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<<=(multiset lessthan or equal operator),
reference description; 41-3
syntax and use; 37-6
<=(lessthan or equal numeric operator),
in guards; 5-8
<=(lessthan or equal string operator),
reference description; 32-8
<> (not equal numeric operator),
in guards; 5-8
reference description; 32-8
<> (not equal string operator),
reference description; 32-8
<><>(multiset not equal operator),
reference description; 41-2
syntax and use; 37-5
= (equal numeric operator),
in guards; 5-8
(equal string operator),
reference description; 32-8
equals,
expression specifier use; 36-2
== (multiset equality operator),
reference description; 41-2
syntax and use; 37-5
> (greater than string operator),
reference description; 32-8
> (greater than numeric operator),
boolean operator used in guards; 5-8
>=(greater than or equal string operator),
reference description; 32-8
>=(greater than or equal numeric operator),
boolean operator used in guards; 5-8
>> (multiset greater than operator),
reference description; 41-3
syntax and use; 37-6
>>=(multiset greater than or equal operator),
reference description; 41-3
syntax and use; 37-6
@ (timeappend operator),
appending time list to a one-value multiset with; 39-4
redefinition in CPN ML; 30-4
reference description; 41-5
@+ (delay expression),
characteristics and use with time stamps; 12-7
@+ keyword,
time delay expression use of,
output arc inscriptions; 39-2
time regions; 39-3
@ignorekeyword,
ignoring timing on arc inscriptions with; 39-2
[1 (squarebrackets),
expression specifier use; 36-2
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[]1 (squarebrackets) (cont’d),
guards use as distinguishing characters; 5-8
\ (backslash operator),
inserting control charactersin strings with; 32-8
" (backquotemultiset creation operator),
reference description; 2-8, 41-3
syntax and use; 37-2
{} (curly braces),
expression specifier use; 36-2

A

abs(absolutevalue) operation,
reference description; 32-6
abstract datatypes,
not permitted in CPN ML; 30-4
accessing,
record components,
with selector functions; 32-12
statistical variables; 14-3
action,
keyword,
code segment code action clause identified by;
40-18
term definition; 13-2
section,
bar chart code segments; 15-13
line chart code segments; 15-31
activities,
See transitions;
adding,
See Also creating;
functions,
with addition operator (+); 41-7
multisets; 2-8, 37-3
addition operator reference description; 41-1
places to fusion sets,
with Fusion Place command (CPN menu); 21-22
to occurrence sets; 22-9
addition operator (+),
adding multisets; 37-3
reference description; 41-1
function addition; 41-7
reference description; 32-6
Adjust (Makeup menu),
reference description; 25-4
adjusting,
See Also aligning;
adjustment tool,
characteristics and illustration; 3-6

adjusting (cont’d),
graphic object to fit text,
with Fit to Text command (Makeup menu); 25-5
algorithms,
See Also bindings;
occurrence set execution; 8-14
simulator; 8-11
illustrating with SalesNet model execution with
conflict; 8-12
aliascolorset,
See Also colorsets;
syntax and characteristics; 32-17
Align menu,
See Also menus;
Between command; 29-5
Bottom to Bottom command; 29-7
Bottom to Top command; 29-7
Center command; 29-2
Circular Spread command; 29-5
Horizontal command; 29-2
Horizontal Spread command; 29-4
Left to Left command; 29-6
Left to Right command; 29-6
Position command; 29-3
Projection command; 29-5
reference description; 29-1
Right to Left command; 29-6
Right to Right command; 29-6
Top to Bottom command; 29-7
Top to Top command; 29-7
Vertica command; 29-2
Vertical Spread command; 29-5
aligning,
groups,
with Align menu commands; 29-2
nodes,
along a diagonal, See Vertical Spread (Align menu)
and Horizontal Spread (Align menu);
between reference points, with Between (Align
menu); 29-5
centered, with Center (Align menu); 29-2
equidistantly around acircle, with Circular Spread
(Align menu); 29-5
horizontally, with Horizontal (Align menu); 29-2
relatively, with Position (Align menu); 29-3
vertically, with Vertical (Align menu); 29-2
vertically, with Vertical Spread (Align menu);
29-5
with Align menu commands; 29-1
Altkey,
Design/CPN use of; A-1
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Alt-DownArrow keys,
navigating to an error with; 7-4
andalso (boolean AND),
boolean operator used in guards; 5-8
andalso (boolean conjunction),
expression specifier use; 36-2
animation,
code segments used for; 40-17
appearance,
concurrency,
controlling; 8-18
global fusion place; 10-5
hierarchical CP nets,
improving; 11-8
hierarchy page,
improving; 11-12
markings; 2-12
subpage,
improving; 11-11
superpage,
improving; 11-8
appending,
time lists to multisets; 39-4
time to a one-element multiset,
with time append operator (@); 41-5
Arc (CPN menu),
creating arcs with; 4-10
reference description; 21-4
arcs,
See Also connectors; CPN objects, classes of;
arc creation mode,
term definition; 4-10
arc creation tool,
term definition and illustration; 4-10
arc inscription creation mode,
term definition; 4-11
bidirectional,
term definition; 2-13
characteristics; 2-13
CP net component; 2-1
creating,
connectors from; 23-13
from connectors; 23-11
with Arc (CPN menu); 4-10
drawing,
single and multi-segment; 21-4
endpoint handle use; 21-5
expression evaluation in; 36-8
external,
term definition; 21-17
input,
inscriptions, term definition; 2-14

arcs(cont’d),
input (cont’d),

inscriptions, characteristics as CP net component;

2-1
term definition; 2-13
input arc inscriptions,
conditional; 40-6
examples; 40-7

function application use and restrictions; 40-6

if/then/else restrictions; 38-2

overriding time stamps with; 40-5

timing considerations; 39-2
inscription region,

syntax and characteristics; 40-4

term definition; 2-14
inscriptions,

creating; 4-11

missing, reporting with the Syntax Options

command (Set menu); 24-19

term definition and characteristics; 2-14

merging,
specifying options for; 24-16
output,
binding CPN variables on; 13-1
delay expressions on; 12-8

evaluating inscriptions during transition firing;

5-14

inscriptions, characteristics as CP net component;

2-1

inscriptions, term definition; 2-14
term definition; 2-13

output arc inscriptions,
appending time delays to; 40-6
conditional; 40-6
delay expressions on; 12-8
examples; 40-13

function application use and restrictions; 40-6

if/then/else use in; 38-2
timing considerations; 39-2
rerouting; 11-8
restrictions; 21-4
shape attributes,
changing; 24-8
shapes possible to; 24-5
source/destination nodes,
effect of moving on; 21-4
term definition; 2-13
terminating creation mode; 21-5
arctan operation (arctangent),
reference description; 32-6
arctangent operation (arctan),
reference description; 32-6
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arithmetic operators,
expressions; 36-3
arrow keys,
navigating by means of; 17-2
selecting hidden regions with; 25-9
arrowhead,
changing the fill pattern; 24-5
ASCII characters,
syntax and characteristics; 32-6
aspectratio,
rectangle,
preserving; 3-10
assigning,
port places,
with Port Assignment command (CPN menu);
21-24
time stamps,
example; 12-10
association,
expression evaluation; 36-4

attributes,

bar charts,

redefining; 15-7
chart,

changing; 24-13
diagram default,

term definition; 4-2
display,

changing; 4-2

term definition; 4-2
graphic,

changing for selected objects; 24-3

changing system and/or diagram defaults; 24-3
graphical,

components; 17-15

selectability, changing; 17-17

selectability, characteristics; 17-17

visibility, changing; 17-17

visibility, characteristics; 17-16
mode,

changing; 24-12

changing, for supernodes; 24-13

characteristics and components; 17-16

code segments, characteristics; 17-16

current, generating an initial system state with,

using Initial State command (Sim menu); 22-11

included, characteristics; 17-16

interactive, characteristics; 17-16

observable, characteristics; 17-16

prime page, characteristics; 17-16

proposed occurrence sets, characteristics; 17-16

IDX-4

attributes (cont’d),
object,
term definition; 4-2, 17-15
page,
changing; 24-10
changing system and/or diagram defaults; 24-11
term definition and components; 17-15
regions,
changing; 24-8
components; 17-15
shape,
changing; 24-5
components; 17-15
system default,
term definition; 4-2
term definition and characteristics; 17-15
text,
changing for selected objects; 24-2
changing system and/or diagram defaults; 24-2
components; 17-15
automatic mode,
cautions,
don’t use free variables with; 40-5
Automatic Run (Sim menu),
reference description; 22-10
automatic simulation,
code generation,
with the Simulation Code Options command (Set
menu); 24-21
autoscrolling,
characteristics; 3-4
Aux menu,
See Also menus;
Box command; 23-3
creating rectangles with; 3-6
commands reference (chapter); 23-1
Connector command; 23-2
creating connectors with; 3-14
Convert to Aux command; 23-13
Convert to CPN command; 23-11
creating auxiliary objects with; 3-3
Ellipse command; 23-4
creating ellipses with; 3-10
Label command; 23-9
creating rectangles with; 3-12
Line command; 23-8
Make Node command; 23-11
Make Region command; 23-10
creating regions with; 3-16
ML Evaluate command; 23-14
Polygon command; 23-5
Regular Polygon command; 23-7
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Aux menu (cont’d),
Rounded Box command; 23-4
Start ML command; 23-13
Stop ML command; 23-13
Wedge command; 23-7
auxiliary,
connectors,
term definition and characteristics; 17-7
nodes,
boxes, creation and manipulation; 23-3
CPN node creation from; 23-11
creating from auxiliary regions; 23-11
creating from CPN nodes; 23-13

ellipses, creation and manipulation; 23-4

labels, creation and manipulation; 23-9
lines, creation and manipulation; 23-8

polygons, creation and manipulation; 23-5

region creation from; 23-10

rounded boxes, creation and manipulation; 23-4
rounded polygons, creation and manipulation;

23-7
term definition and characteristics; 17-7

wedges, creation and manipulation; 23-7

objects,
See Also graphical objects;
characteristics; 17-6, 17-10
CPN objects compared with; 4-1
term definition; 3-1, 17-6

regions,
code segment creation from; 23-11
creating; 23-10
creating auxiliary nodes from; 23-11
creating CPN regions from; 23-11
creating from CPN regions; 23-13
effect of Paste command on; 20-5
guards creation from; 23-11
initial markings creation from; 23-11
log regions creation from; 23-11
place names creation from; 23-11
term definition and characteristics; 17-7
transition names creation from; 23-11

aver age,

statistical variable values,

obtaining, with SV’ avrg; 14-3
axis,
rescaling and moving,

as overflow handling methods for line charts;

21-17

B

backquote (") multiset creation operator,

creating multisets with,
reference description; 41-3
syntax and use; 37-2
backslash operator (\),

inserting control charactersin strings with; 32-8

bar charts,
bar names,
characteristics; 15-3
specifying; 21-11
characteristics and use; 15-2
chart node,
characteristics; 15-2
code segment,
capabilities and uses; 15-11
characteristics and use; 15-8
conditional section use; 15-12
control expression use; 15-12
initialization section use; 15-11
using action section; 15-13
copying; 15-13
creating; 15-4
dialog description; 15-5
with Chart command (CPN menu); 21-10
cutting; 15-13
data analysis,
in Resource Use model; 16-10
defining,
in Resource Use model; 16-9
deleting; 15-14
editing; 15-6
grid lines,
specifying; 21-11
in Resource Use model; 16-8
initializing; 21-12
|abels,
supplying; 15-6
legend,
characteristics; 15-3
|abels, characteristics; 15-4
name,
specifying; 21-10
pasting; 15-13
patterns,
characteristics; 15-3
positive and negative values,
characteristics; 15-3
redefining the attributes of; 15-7
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bar charts(cont’d),
regions,
reference description; 21-11
saving a copy; 21-12
title,
characteristics; 15-3
specifying; 21-11
updating,
from transition code segments; 15-10
specifying values for; 15-9
update period specification; 21-12
using SC_upd_chart function in a transition code
segment; 15-10
with chart code segment; 15-8
upper and lower values,
characteristics; 15-3
values,
specifying the type and range; 21-13
bars,
bar chart,
specifying; 21-10
history charts,
specifying; 21-10
behavior,
See Also modeling;
timed,
increasing the realism of; 12-15
Between (Align menu),
reference description; 29-5
bidirectional arcs,
term definition; 2-13
Bind (Sim menu),
reference description; 22-2
requirements; 22-2
bindings,
See Also algorithms; occurrence sets; tuples,
constructors; tuples, patterns;
adding to occurrence sets,
with and without being executed; 22-8
bind dialog,
clearing the editing area; 22-6
control button meanings; 22-5
editing area; 22-3
format description; 22-2
included bindings list box; 22-4
potential bindings list box; 22-4
calculating,
al; 22-6
single; 22-6
conflict and; 8-6
CPN variables,
output arcs; 13-1

bindings(cont’d),
creating and editing for CPN variables,
with Bind command (Sim menu); 22-3
different,
explanation of the setting in the Occurrence Set
Options dialog; 8-21
elements,
executing; 8-13
term definition; 8-11, 8-18
enabling,
identical; 8-3
multiple; 8-2
identical,
explanation of the setting in the Occurrence Set
Options dialog; 8-21
included,
list box format; 22-4
term definition and characteristics of included
bindings list box; 22-5
input arc inscription variables; 5-7
occurrence set contribution,
specifying, with Occurrence Set Options command
(Set menu); 24-30
partial,
term definition and handling in Bind dialog
editing area; 22-4
potential,
list box format; 22-4
term definition and characteristics of included
bindings list box; 22-5
recording information about,
specification with General Simulation Options
(Set menu); 6-10
regions,
characteristics; 17-11
reporting information about,
with the Simulation Code Options command (Set
menu); 24-26
resetting; 22-8
term definition; 34-1
transferring from one area of Bind dialog to another;
22-6
Block by Character Count component (L oad
Text command),
reference description; 19-10
Block by Delimiterscomponent (Load T ext
command),
reference description; 19-10
blocking,
blocking options (Save Subdiagram command),
reference description; 19-9
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blocking (cont’d),
character count,
specifying brackets and character counts used by,
with Text Options command (Set menu); 24-17
delimiter,
specifying brackets and character counts used by,
with Text Options command (Set menu); 24-17
Blowup (Page menu),
See Also Cleanup (Page menu); Reduce (Page menu);
reference description; 26-2
boolean,
See Also colorsets; expressions; guards;
AND (andalso),
boolean operator used in guards; 5-8
colorsets,
ordering of; 32-28
syntax and characteristics; 32-2
conditional (if/then/else),
expression specifier use; 36-2
conjunction (andalso),
expression specifier use; 36-2
disjunction (orelse),
expression specifier use; 36-2
expressions,
bar chart code segment use of; 15-12
guard use; 40-15
line chart code segment use of; 15-29
operators; 36-3

functions,

standard ML, list of supported; 41-10
NOT (not),

boolean operator used in guards; 5-8
operators,

syntax and characteristics; 32-3
used in guards; 5-8
OR (orelse),
boolean operator used in guards; 5-8
selectors; 41-6
syntax and characteristics; 38-2
tests,
constraining token values with; 5-8
value identifiers,
declaring; 33-2
borders,
node,
changing line thickness; 24-4
changing line type; 24-5
page,
changing the size; 24-11
rendering visible or invisible; 24-11
visibility, characteristics; 17-15
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borders(cont’d),
region,
deletion requirements; 20-6
BottomtoBottom (Align menu),
reference description; 29-7
Bottomto Top (Align menu),
reference description; 29-7
bound,
term definition; 5-7
Box (Aux menu),
creating rectangles with; 3-6
reference description; 23-3
boxes,
See Also rectangles;
creating, modifying, and moving; 23-3
shape attributes,
changing; 24-6
term definition and characteristics; 17-5
brackets,
selecting text to a specified,
with Select to Bracket (Text menu); 28-5
square,
guards use as distinguishing characters; 5-8
used by Load Text and Select to Brackets commands,
specifying, with Text Options command (Set
menu); 24-17
breakpoints,
See Also simulation;
beginning of substep,
characteristics; 6-16
concurrent execution; 8-4
concurrent execution of SalesNet model; 8-8
SalesNet’ s appearance; 8-14
continuing execution after,
with Continue command (Sim menu); 6-16
end of substep,
characteristics; 6-16
concurrent execution; 8-4
concurrent execution of SalesNet model; 8-8
SalesNet’ s appearance; 8-15
restarting simulation after,
with Continue command (Sim menu); 22-10

setting,
all, with Option key plus Stop command (Sim
menu); 22-11

with Interactive Simulation Options command (Set
menu); 6-15, 24-27
Bring Forward (Makeup menu),
reference description; 25-9
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cartesian,
coordinates,
C aligning nodes relative to; 29-3
product,
See tuples;
C.lsyntaxerror, P
meaning; 17-22 case,
9 case/of (case),
C.2syntaxerror, . -
. expression specifier use; 36-2
meaning; 17-22
control structure,
C.3syntaxerror, .
. syntax and characteristics; 38-3
meaning; 17-22 .
expression,
C.4syntaxerror, output arc inscription example; 40-14
meaning; 17-22 P o P P
casesensitivity,
C.5syntaxerror, .
meaning; 17-22 required,
9 with Select to Bracket (Text menu); 28-5
C.6syntaxerror, specifying
meaning; 17-23 L
9 with Find (Text menu); 28-3
C.7syntaxerror, .
. causality,
meaning; 17-23 . .
See modeling; representation;
C.8syntaxerror, .
. Center (Align menu),
meaning; 17-23 L
reference description; 29-2
C.9syntaxerror, .. .
. cf (coefficient) function,
meaning; 17-23 L
syntax and characteristics; 37-7
C.1l0syntaxerror, .
. cf function,
meaning; 17-23 _
reference description; 41-3
C.l1lsyntaxerror, . .
. ChangeMarking (Sim menu),
meaning; 17-23 L
reference description; 22-11
C.1l2syntaxerror,
. Change Shape (Makeup menu),
meaning; 17-24 S
reference description; 25-5
C.13syntaxerror, changing
meaning; 17-24 "
9 chart attributes; 24-13
C.l4syntaxerror,
meaning: 17-24 connectors,
9 overlay options; 24-15
C.l15syntaxerror, . .
. diagram and/or defaults for shape attributes; 24-5
meaning; 17-24 . .
display attributes; 4-2
C.l6syntaxerror, .
. fill pattern; 24-5
meaning; 17-24 .
C.17syntaxerror fusion place type,
Y ' with Fusion Place command (CPN menu); 21-21
meaning; 17-24 .
fusion set type; 21-23
C.l18syntaxerror, . .
meaning: 17-25 graphic attributes,
9 for selected objects; 24-3
C.l19syntaxerror, hierarch o
meaning; 17-25 Y page, . .
layout and redrawing options; 24-14
C.20syntaxerror, instance fusion place type
meaning; 17-25 P ype,

with Fusion Place command (CPN menu); 21-21
interaction system options; 24-15
mode attributes; 24-12

for supernodes; 24-13
node border,

line thickness; 24-4

line type; 24-5

canonical expressions,
term definition; 36-1
CapsLock key behavior,
preserving rectangle aspect ratio during size change;
3-10
X-Windows; 3-5
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changing (cont’d), Chart (CPN menu),
nodes, reference description; 21-8
overlay options; 24-15 Chart Attributes (Set menu),
size and position; 21-8 reference description; 24-13

pages, charts,
attributes; 24-10 attributes,
borders, size; 24-11 changing; 24-13

overlay options; 24-15 bar,

page fusion place type; 21-21

palette, overlay options; 24-15
places,

markings; 22-11

size and position; 21-2
regions,

attributes; 24-8

color; 24-9

position; 24-9

size; 24-9

with Change Shape command (Makeup menu);

25-6

scrolling display options; 24-15
shape attributes; 24-5

arcs; 24-8

boxes; 24-6

connectors; 24-8

ellipses; 24-6

lines; 24-8

pictures; 24-6

polygon; 24-7

rounded boxes; 24-7

wedges; 24-7

with Change Shape command (Makeup menu);

25-5

substitution transition modes; 24-12
system and/or diagram defaults,

for graphic attributes; 24-3

for page attributes; 24-11

for text attributes; 24-2
text attributes,

for selected objects; 24-2
transitions,

size and position; 21-3

characters,

character count blocking,

defining brackets and character counts used by;

24-17
used by Load Text and Select to Brackets
commands, specifying; 24-17
corresponding to an octal code,
string operation; 32-8
syntax and characteristics; 32-6

bar name characteristics; 15-3

bar characteristics; 15-3

characteristics and use; 15-2

chart node characteristics; 15-2

code segment, capabilities and uses; 15-8, 15-11

code segment, conditional section use; 15-12

code segment, control expression use; 15-12

code segment, initialization section use; 15-11

code segment, using action section; 15-13

copying; 15-13

creating; 15-4

creating, dialog description; 15-5

creating, with Chart command (CPN menu); 21-10

cutting; 15-13

data analysis, in Resource Use model; 16-10

defining, in Resource Use model; 16-9

deleting; 15-14

editing; 15-6

in Resource Use model; 16-8

initializing; 21-12

legend characteristics; 15-3

legend label characteristics; 15-4

name, specifying; 21-10

nomenclature and illustration; 15-2

pasting; 15-13

pattern characteristics; 15-3

positive and negative values characteristics; 15-3

regions, reference description; 21-11

saving a copy; 21-12

specifying bars; 21-10

specifying grid lines; 21-11

specifying the type and range of values; 21-13

specifying title; 21-11

update period specification; 21-12

updating, from transition code segments; 15-10

updating, specifying values for; 15-9

updating, using SC_upd_chart function in a
transition code segment; 15-10

updating, with chart code segment; 15-8

upper and lower values characteristics; 15-3

creating; 15-1

with Chart command (CPN menu); 21-8

displaying statistical data with,

in Resource Use model; 16-7
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charts(cont’d),

facilities,
(chapter); 15-1

history,
characteristics and use; 15-14
copying; 15-17
creating; 15-14
creating with Chart command (CPN menu); 21-10
cutting; 15-17
data analysis, in Resource Use model; 16-11
defining, in Resource Use model; 16-11
deleting; 15-17
editing; 15-16
in Resource Use model; 16-10
initializing; 21-12
pasting; 15-17
redefining; 15-16
regions, reference description; 21-11
saving a copy; 21-12
specifying bars; 21-10
specifying grid lines; 21-11
specifying the type and range of values; 21-13
specifying title; 21-11
specifying values; 15-16
update period specification; 21-12
updating; 15-16

line,
characteristics and use; 15-17
chart node characteristics; 15-18
code segments, characteristics and use; 15-24,

15-28

code segments, conditional section use; 15-29
code segments, control expression use; 15-29
code segments, initialization section use; 15-28
code segments, using action section; 15-31
conditional drawing of line segments; 15-30
copying; 15-31
creating; 15-19
creating with Chart command (CPN menu); 21-13
creating, dialog description; 15-20
cutting; 15-31
data analysis, in Resource Use model; 16-13
defining, in Resource Use model; 16-13
deleting; 15-31
dialog box; 15-20

grid lines, specifying the characteristics of; 21-15

in Resource Use model; 16-12
initializing; 21-15

legend characteristics; 15-19

line characteristics; 15-19

line characteristics, specifying; 21-14
nomenclature; 15-17

IDX-10

charts(cont’d),
line (cont’d),
pasting; 15-31
pattern characteristics; 15-19
redefining; 15-23
saving a copy; 21-15
specifying methods for handling overflow; 21-17
specifying name; 21-14
specifying origin; 21-16
specifying title; 21-15
specifying values for; 15-25
step updating period; 21-16
time updating period; 21-16
title characteristics; 15-18
update period specification; 21-16
updating; 15-24
updating, from transition code segments; 15-27
updating, using LC_upd_chart function in a
transition code segment; 15-27
updating, with chart code segment; 15-24
values, specifying the type and range; 21-16
nodes,
See Also CPN objects, classes of;
characteristics and region; 17-9
overview of facilities; 15-1
parts,
term definition; 15-2
statistical variables and,
using (chapter); 16-1
updating; 15-1
with Update Chart command (Sim menu); 22-13
Child Object (Makeup menu),
navigating with; 17-4
reference description; 25-10
selecting aregion with; 11-9
child objects,
selecting,
with Child Object (Makeup menu); 25-10
children,
term definition and characteristics; 3-16, 17-5
choice,
See Also modeling;
concurrency and,
(chapter); 8-1
term definition; 8-1
chr (character-octal code) string operation,
reference description; 32-8
circle,
spacing nodes equidistantly around,
with Circular Spread (Align menu); 29-5
Circular Spread (Align menu),
reference description; 29-5
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classifying,
colorsets,
complexity; 32-2
size; 32-1
cleaningup,
pages,
with Cleanup (Page menu); 26-3
Cleanup (Page menu),
See Also Blowup (Page menu);
reference description; 26-3
Clear (Edit menu),
reference description; 20-6
Clear Report (Sim menu),
reference description; 22-13
clearing,
occurrence set; 22-9
simulation reports,
with Save Report command (Sim menu); 22-13
statistical variables; 14-5
clock,
simulated,
mechanism characteristics; 12-3
term definition; 12-2
cloning,
regions; 4-11
Close (Filemenu),
reference description; 19-3
Close Page (Page menu),
reference description; 26-2
closing,
diagram; 1-7
pages,
with Close Page (Page menu); 26-2
clr’ (value) function,
syntax and characteristics; 32-23
code,
generating,
for different types of execution, Simulation Code
Options (Set menu); 6-5
coderegion,
See code segments;
codesegments,
bar charts,
capabilities and uses; 15-11, 15-8
conditional section use; 15-12
control expression use; 15-12
initialization section use; 15-11
characteristics and syntax,
(chapter); 13-1
code action clause,
term definition and characteristics; 13-2
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codesegments(cont’d),
controlling the execution of,
for pages; 24-13
for substitution transitions; 24-12
creating; 21-6
from auxiliary regions; 23-11
deletion requirements; 20-6
expression evaluation in; 36-9
functions permitted with,
with_code; 41-6
with_time; 41-6
1/0,
multisets; 37-9
input pattern,
term definition and characteristics; 13-2
line charts,
capabilities and uses; 15-24, 15-28
conditional section use; 15-29
control expression use; 15-29
initialization section use; 15-28
using action section; 15-31
mode attribute,
characteristics; 17-16
output pattern,
term definition and characteristics; 13-2
reading,
multisets; 37-9
specifying,
code generation for; 24-20
compilation of; 24-22
simulation; 24-24, 41-6
term definition; 13-1
transitions,
code action clause syntax and use; 40-18
examples; 40-19
input clause syntax and use; 40-17
output clause syntax and use; 40-18
region reference description; 40-16
updating bar charts from; 15-10
updating line charts from; 15-27
writing,
multisets; 37-9
coefficient,
coefficient (cf) function,
syntax and characteristics; 37-7
multiset value,
obtaining, with cf function; 41-3
col’ (value) function,
syntax and characteristics; 32-22
color,
regions,
changing; 24-9
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colored Petri nets,

See Also CP nets; Design/CPN;
term definition; 1-1

colorsets,

See Also places;
(chapter); 32-1
alias,
syntax and characteristics; 32-17
boolean,
ordering of; 32-28
syntax and characteristics; 32-2
characteristics; 2-3
classifying,
complexity; 32-2
size; 32-1
composite,
term definition; 2-5
compound,
See colorsets - alias, lists, records, subsets,
tuples, union;
CPN ML extension; 30-2
creating from auxiliary regions; 23-11
declaring value identifiers with; 33-3
duplicate,
term definition and characteristics; 2-5
enumerated values,
cyclic manipulation of values; 32-24
obtaining position of a particular value; 32-22
obtaining value at particular position; 32-22
ordering of; 32-28
syntax and characteristics; 32-8
term definition; 2-4
first value,
obtaining for small colorsets; 32-21
indexed values,
cyclic manipulation of values; 32-24
obtaining identifier-value for index number; 32-23
obtaining index number for identifier-value; 32-23
obtaining position of a particular value; 32-22
obtaining value at particular position; 32-22
ordering of; 32-28
syntax and characteristics; 32-9
integers,
ordering of; 32-28
syntax and characteristics; 32-4
term definition; 2-4
testing for membership in; 32-26
large,
characteristics; 32-1
last value,
obtaining for small colorsets; 32-22

colorsets(cont’d),

lists,

ordering of; 32-28

syntax and characteristics; 32-13

missing,

detecting and handling; 7-2

ordering of; 32-28
reading,

with input_col function; 41-8

real numbers,

ordering of; 32-28

syntax and characteristics; 32-5

testing for membership in; 32-26

records,

constructing multiset for; 32-25

ordering of; 32-28

syntax and characteristics; 32-11

region,

characteristics; 40-3

creating with CPN Region command; 21-5

creation mode, term definition; 4-9

simple,

See colorsets - boolean, enumerated values,
indexed values, integers, real numbers, strings,
unit;

size,

classification; 32-1

obtaining for small colorsets; 32-21

small,

characteristics; 32-1

constants that can be declared for; 32-21

creating multisets for a; 32-21

obtaining first value; 32-21

obtaining last value; 32-22

obtaining size; 32-21

specifying,

with CPN Region (CPN menu); 4-9

strings,

ordering of; 32-28

representation operation; 32-8, 32-19

syntax and characteristics; 32-6

term definition; 2-4

testing for membership in; 32-26

subsets,

ordering of; 32-28

syntax and characteristics; 32-15

testing for membership in; 32-26

term definition; 2-3
timed,

declaring; 12-6, 39-1

defaults; 39-1

removing timing from; 39-1
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colorsets(cont’d),
timed (cont’d),
term definition; 12-2
tuples,
constructing multiset for; 32-25
ordering of; 32-28
syntax and characteristics; 32-10
term definition; 2-5
union,
syntax and characteristics; 32-16
testing for membership in; 32-27
unit,
ordering of; 32-28
syntax and characteristics; 32-2
writing,
with output_col function; 41-8
comma(,),
guards use as shorthand for boolean andal so operator;
5-9
commandsreference,
Align menu (chapter); 29-1
Aux menu (chapter); 23-1
CPN menu (chapter); 21-1
Edit menu (chapter); 20-1
File menu (chapter); 19-1
Group menu (chapter); 27-1
Makeup menu (chapter); 25-1
Page menu (chapter); 26-1
Set menu (chapter); 24-1
Sim menu (chapter); 22-1
Text menu (chapter); 28-1
comments,
CPN ML; 31-3
in models,
auxiliary objects use for; 3-1
communication,
code segments used for; 40-17
comparing,
multisets; 37-5
equality operator reference description; 41-2
greater than operator reference description; 41-3
greater than or equal operator reference
description; 41-3
less than operator reference description; 41-3
less than or equal operator reference description;
41-3
non equal operator reference description; 41-2
comparison,
operators,
strings; 32-8
used in guards; 5-8

Design/CPN Reference Manual for X-Windows

compiling,
See switching;
complexity,
colorsets,
as classification dimension; 32-2
compositecolorset,
See Also colorsets;
term definition; 2-5
compound,
See Also colorsets - alias, lists, records, subsets,
tuples, union;
colorsets,
characteristics; 32-2
expressions,
term definition; 36-1
compressfunction,
syntax and characteristics; 37-10
concatenate (“") list operator,
reference description; 32-14
concatenation string operation ("),
reference description; 32-8
concurrency,
See Also time;
characteristics and implications for CP nets; 8-19
choice and,
(chapter); 8-1
concurrent activities,
term definition; 8-1
concurrent system,
term definition; 8-1
conflict as limiting factor in; 8-6
controlling the appearance of; 8-18
CP net execution; 8-4
firing multiple concurrent transitions; 8-3
problems with; 8-1
representing; 8-2
term definition; 8-1
concurrent,
term definition; 8-19
cond keyword,
bar chart code segment use of; 15-12
line chart code segment use of; 15-29
conditional,
arc inscriptions,
syntax and characteristics; 40-6
control structures,
if/then/else syntax and characteristics; 38-2
expressions,
guard use; 40-16
output arc inscription example; 40-13
section,
term definition; 15-12, 15-29
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conflict,
See Also concurrency;
bindings and; 8-6
executing SalesNet model with; 8-12
representing; 8-5
term definition; 8-1
Connector (Aux menu),
creating connectors with; 3-14
reference description; 23-2
connectors,
See Also arcs;
arcs (formal CPN connector),
See arcs;
auxiliary,
term definition and characteristics; 17-7
creating; 3-14
agroup of; 27-2
arcs from; 23-11
from arcs; 23-13
deleting,
dangling; 3-15
dragging endpoints of,
with Drag command (Makeup menu); 25-3
drawing,
single-segment and multi-segment; 23-2
duplicating,
with Duplicate Node command (Makeup menu);
25-6
editing; 3-15
effect of,
Copy command on; 20-4
Cut command on; 20-2
hiding regions on; 25-9
merging nodes on; 25-8
moving nodes between pages on; 25-7
Paste command on; 20-5
endpoint,
handle, using to reattach a connector; 23-2
regions, creating; 17-14
regions, term definition and characteristics; 17-13
layering order for; 17-1
merging,
specifying options for; 24-16
moving to a different attach point; 23-2
overlay options,
changing; 24-15
page,
deletion requirements; 20-6
routing; 3-14
automatic; 3-15
shape attributes; 24-5
changing; 24-8

connectors(cont’d),

source and destination nodes,

effect of moving on; 23-2
substitution,

characteristics; 17-10
system,

characteristics; 17-10
term definition; 3-2, 3-13

and characteristics; 17-5
terminating creation mode; 23-3

constants,

See Also CPN variables;
first value in colorset,

syntax and characteristics; 32-21
input arc inscription example; 40-8
|ast value in colorset,

syntax and characteristics; 32-22
multisets,

syntax and characteristics; 32-21, 37-3
number of values in colorset,

syntax and characteristics; 32-21
predefined,

reference descriptions; 41-1
size of colorset,

syntax and characteristics; 32-21
small colorsets; 32-21
specifying exact token values with; 5-4
term definition; 41-1

constraining,

See Also guards;

token values; 5-8
multiple; 5-11
with more complex guards; 5-10
with simple guards; 5-9

constraints,

partial,
creating with guards; 5-12
term definition; 5-8

constructing,

See Also creating;
lists,

operators; 32-14
multisets; 37-10
occurrence sets; 8-18

constructors,

characteristics and use; 36-7
lists,

input arc inscription example; 40-11
tuple,

term definition and characteristics; 2-6
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Continue (Sim menu),

copying (cont’d),

continuing execution after a breakpoint with; 6-16, history charts; 15-17

8-15
reference description; 22-10
continuing,
CP net execution,

with Continue command (Sim menu); 6-16

control characters,
inserting in strings; 32-8
control expression,
term definition; 15-12, 15-29
control structures,
boolean selectors,
syntax and characteristics; 38-2
case,
syntax and characteristics; 38-3
if/then/else,
syntax and characteristics; 38-2
controlling,
code segment execution,
for pages; 24-13
for substitution transitions; 24-12
page presence,
during interactive runs; 24-13
during simulation; 24-13
in occurrence sets; 24-13
substitution transition presence,
during interactive runs; 24-12
during simulation; 24-12
in occurrence sets; 24-12
conventions,
CPN ML notation; 30-4
inscription examples; 40-1
ConverttoAux (Aux menu),
reference description; 23-13
Convertto CPN (Aux menu),
reference description; 23-11
converting,

line charts; 15-31
regions; 4-11
cosoperation (cosine),
reference description; 32-6
cosineoperation (cos),
reference description; 32-6
count,
statistical variable values,
obtaining, with SV’ count; 14-3
CPnets,
changing,
in the simulator; 8-9
components (chapter); 2-1
creating,
reguirements for; 4-4
with Design/CPN editor (chapter); 4-1
example description; 2-2
executing,
(chapter); 6-1
example; 5-13
observation of; 6-15
overview; 2-15, 5-1
hierarchical,
developing on a subpage; 11-14
incremental development,
prime page role; 6-3
modularity,
prime page role; 6-3
setting up for execution; 6-5
structure,
term definition; 1-1
syntax errors,
handling, (chapter); 7-1
term definition; 1-1
and characteristics; 17-5
CPN,

lists, term definition; 1-1
to multisets, with list_to_ms function; 41-4 CPN data objects,
multisets, See tokens;
to lists, with ms_to_list function; 41-4 CPN menu,
Copy (Edit menu), See Also menus;

reference description; 20-3

restrictions; 20-4
Copy Defaults (Set menu),

copying diagram defaults with; 4-3

reference description; 24-33
copying,

bar charts; 15-13

diagram defaullts,

with Copy Defaults (Set menu); 4-3

Arc command; 21-4
creating arcs with; 4-10

Chart command; 21-8

commands reference (chapter); 21-1

CPN Region command; 21-5
assigning time stamps with; 12-10
fixing a syntax error with; 7-4
naming transitions with; 4-6

Declaration Node command; 21-7
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CPN menu (cont’d), CPN ML language (cont’d),
Declaration Node command (cont’d), restrictions and modifications of Standard ML; 30-3
creating a global declaration node with; 4-12 rolein CP nets; 2-1
Fusion Place command; 21-20 runtime environment (chapter); 41-1
adding places to a fusion set with; 10-6 specifying image location,
creating a fusion set with; 10-4 with ML Configuration Options command (Set
deleting fusion sets with; 10-8 menu); 24-32
removing places from a fusion set with; 10-7 standard function,
Move to Subpage command; 21-17 list of supported; 41-9
creating a subpage with; 11-5 CPN model,
top-down hierarchical CP net development with; term definition; 1-1
11-14 and characteristics; 17-5
Place command; 21-2 CPN nodes,
Port Assignment command; 21-24 creating,
manually assigning ports to sockets with; 11-27 auxiliary nodes from; 23-13
Port Place command; 21-23 from auxiliary nodes; 23-11
Remove Sim Regions command; 21-28 term definition; 4-1
removing simulation regions with; 6-19 CPN objects,
Replace by Subpage command; 21-19 auxiliary objects compared with; 4-1
Substitution Transition command; 21-19 classes of,
Syntax Check command; 21-26 See arcs; chart nodes; declaration nodes; places;
performing a syntax check with; 6-2 regions; transitions;
Syntax Options command, graphical,
selecting optional syntax restrictions with; 6-1 term definition; 4-1
Transition command; 21-3 term definition; 3-1, 4-1
CPN ML language, and characteristics; 17-6
comments; 31-3 CPN referencevariables,
configuration options, global,
preserving; 4-3 syntax and characteristics; 35-3
specifying, with ML Configuration Options instance,
command (Set menu); 24-32 syntax and characteristics; 35-3
errors, page,
detecting; 7-6 syntax and characteristics; 35-3
evaluating current text object as; 23-14 CPN Region (CPN menu),
extensions to Standard ML; 30-2 assigning time stamps with; 12-10
features; 30-1 creating guards with; 4-7
file, fixing a syntax error with; 7-4
characteristics and components; 1-3 naming transitions with; 4-6
file name, reference description; 21-5
specifying; 21-27 CPNregions,
identifiers (chapter); 31-1 creating; 21-5
interpreter, auxiliary regions from; 23-13
starting; 23-13 from auxiliary regions; 23-11
stopping; 23-13 general technique; 4-4
introduction (chapter); 30-1 multiple; 21-6
library, place regions; 21-5
characteristics and location; 41-9 effect of Paste command on; 20-5
ML Configuration Options (Set menu), restriction on use of CPN Region command; 21-5
reference description; 24-32 term definition; 4-1
saving ML configuration options with; 4-3 terminating creation mode; 21-7
ML Evaluate (Aux menu), text,
reference description; 23-14 specifying options for merging; 24-17
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CPN Settings,
term definition and characteristics; 17-18
CPN variables,
(chapter); 34-1
as CPN ML extension; 30-2
binding values to,
with Bind command (Sim menu); 22-3
calculated,
identification of in included bindings list box;
22-4
identification of in potential bindings list box;
22-5
code segment,
restrictions; 40-17
use of; 13-1
declaration syntax; 34-2
detecting and handling undeclared; 7-4
expression use; 36-2
global reference,
syntax and characteristics; 35-3
input arc inscription example; 40-9
output arcs,
binding of; 13-1
rebinding during transition firing; 5-13
records with,
input arc inscription example; 40-11
specifying token values with; 5-7
term definition and characteristics; 2-9, 34-1
tuples with,
input arc inscription example; 40-10
unbound ,
output arc inscription example; 40-14
creating,
See Also constructing; drawing; editing;
arc inscriptions,
with CPN Region (CPN menu); 4-11
arcs,
from connectors; 23-11
with Arc (CPN menu); 4-10
auxiliary nodes,
from auxiliary regions; 23-11
from CPN nodes; 23-13
auxiliary regions; 23-10
from CPN regions; 23-13
bar charts; 15-4
dialog description; 15-5
bindings for CPN variables,
with Bind command (Sim menu); 22-3
charts; 15-1
with Chart command (CPN menu); 21-8
code segments,
for transitions; 21-6

creating (cont’d),

code segments (cont’d),
from auxiliary regions; 23-11
colorset region (place node),
with CPN Region command; 21-5
colorsets,
from auxiliary regions; 23-11
connectors; 3-14
from arcs; 23-13
CP nets,
reguirements for; 4-4
with Design/CPN editor (chapter); 4-1
CPN nodes,
from auxiliary nodes; 23-11
CPN regions,
from auxiliary regions; 23-11
general technique; 4-4
custom palette page; 24-10
diagram; 1-4
ellipses; 3-10
fusion places,
with Fusion Place command (CPN menu); 21-20
fusion sets,
global; 10-4
instance; 10-11
page; 10-10
with Fusion Place command (CPN menu); 21-20
global declaration node,
with Declaration Node (CPN menu); 4-12
graphical objects; 3-3
from text mode; 3-18
group,
connectors, with Select All Connectors (Group
menu); 27-2
nodes, with Select All Nodes (Group menu); 27-2
regions, with Select All Regions (Group menu);
27-2
guard region (transition node); 21-6
guards,
from auxiliary regions; 23-11
with CPN Region (CPN menu); 4-7
hierarchical CP nets,
by developing on a subpage; 11-14
hierarchy regions,
when moving detail to a subpage with Move to
Subpage command (CPN menu); 21-18
history charts; 15-14
with Chart command (CPN menu); 21-10
initial markings,
from auxiliary regions; 23-11
with CPN Region command; 21-5
labels; 3-12
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creating (cont’d),
labels (cont’ d),
bar charts; 15-6
line charts; 15-19
dialog description; 15-20
with Chart command (CPN menu); 21-13
lists,
operators; 32-14
log regions; 21-6
from auxiliary regions; 23-11
master page; 24-10
multisets; 2-8, 37-2, 37-10
with multiset creation operator, reference
description; 41-3
name regions; 21-6
page instances; 10-11
pages,
with New Page (Page menu); 4-14, 26-2
partial constraints,
with guards; 5-12
perimeter transitions,
when moving detail to a subpage with Move to
Subpage command (CPN menu); 21-17
place names,
from auxiliary regions; 23-11
places,
multiple; 21-2
with Place (CPN menu); 4-7
port places,
when moving detail to a subpage with Move to
Subpage command (CPN menu); 21-17
with Port Place command (CPN menu); 21-23
rectangles; 3-6
aseries of; 3-9
adding text while; 3-10
regions; 3-16
socket places,
when moving detail to a subpage with Move to
Subpage command (CPN menu); 21-17
statistical variables; 14-2
style sheet; 24-10
subpages; 11-5
substitution transitions; 11-5, 11-15
when moving detail to a subpage with Move to
Subpage command (CPN menu); 21-18
with Substitution Transition command (CPN
menu); 21-19
templates; 24-10
time regions,
for transitions; 21-6
from auxiliary regions; 23-11

creating (cont’d),
transitions,
multiple; 21-3
names from auxiliary regions; 23-11
regions from auxiliary regions; 23-11
with Transition (CPN menu); 4-4
current,
marking key region,
term definition; 6-14
marking regions,
characteristics; 17-10
removing with Remove Sim Regions command
(CPN menu); 21-28
term definition; 6-14
markings,
term definition; 2-11
object,
term definition; 3-18
state,
term definition; 2-11
value statistical variable,
obtaining, with SV’value; 14-4
cursor keys,
navigating to an error with; 7-4
custom palettepage,
creating; 24-10
using; 24-11
Cut (Edit menu),
reference description; 20-2
restrictions; 20-3
cutting,
bar charts; 15-13
history charts; 15-17
line charts; 15-31
cyclicmanipulation,
of enumerated and indexed value colorsets; 32-24

D

data,
analysis,
bar charts in Resource Use model; 16-10
history charts in Resource Use model; 16-11
line charts in Resource Use model; 16-13
characteristics as CP net component; 2-1
objects,
See tokens;
datatypes,
See Also colorsets;
abstract,
not permitted in CPN ML; 30-4
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datatypes(cont’d),
CPN,
See colorsets;
functions; 38-1
user-defined,
See colorsets;
DBfile,
characteristics and components; 1-3
debugging,
ML Evauate command (Aux menu),
use for testing new and changed code; 23-14
optional syntax errors,
specifying which to be reported, with the Syntax
Options command (Set menu); 24-18
Declaration Node (CPN menu),
creating a global declaration node with; 4-12
reference description; 21-7
declaration nodetool,
term definition and illustration; 4-13
declaration nodes,
See Also CPN objects, classes of;
as CPN ML extension; 30-3
creating,
multiple; 21-8
with Declaration Node command (CPN menu); 21-7
global,
creating, with Declaration Node (CPN menu); 4-12
term definition; 2-3
restrictions; 21-8
term definition and types; 17-9
declar ations,
See colorsets; global, declaration node;
declareclause,
syntax and characteristics; 32-18
declaring,
functions,
syntax and characteristics; 38-1
local variables,
with let construct; 38-1
decomposition,
See substitution transitions;
defaults,
diagram,
changing; 17-19
copying; 17-19
page attributes, changing; 24-11
shape attributes, changing; 24-5
term definition and characteristics; 17-18
text attributes, changing; 24-2
using; 17-19
standard,
term definition; 17-18
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defaults(cont’d),
system,
changing; 17-19
copying; 17-19
page attributes, changing; 24-11
shape attributes, changing; 24-5
term definition and characteristics; 17-18
text attributes, changing; 24-2
using; 17-19
defining,
bar charts,
in Resource Use model; 16-9
history charts,
in Resource Use model; 16-11
line charts,
in Resource Use model; 16-13
occurrence set,
with a single binding; 22-8
delay expressions,
See Also time;
term definition and syntax; 12-7
deleting,
See Also creating;
bar charts; 15-14
connectors,
dangling; 3-15
fusion sets; 10-8
with Fusion Place command (CPN menu); 21-22
graphical objects; 3-19
history charts; 15-17
line charts; 15-31
occurrence set; 22-9
parents; 3-17
rectangles; 3-8
subpages; 11-23
references to; 11-24
delimiter blocking,
specifying brackets and character counts used by,
with Text Options command (Set menu); 24-17
descendants,
objects,
impact of CPN Region command on; 21-7
term definition and characteristics; 17-5
deselecting,
See Also selecting;
groups; 3-21
Design/CPN,
See Also CP nets;
characteristics and components; 1-2
data,
characteristics; 2-3
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Design/CPN (cont’d),
dynamics,
executing a CP net, (chapter); 6-1
introduction, (chapter); 5-1
editor,
creating a CP net (chapter); 4-1
introduction (chapter); 3-1
getting started with,
(chapter); 1-1
hierarchy,
characteristics; 9-2
quitting; 1-7
settings file missing or obsolete,
problem symptoms and solutions; B-1
simulator,
See simulator;
term definition; 1-1
terminology; 1-1
user interface components; 1-5
X-Windows, characteristics relative to; 1-2
designating,
See Also specifying;
prime page; 6-3
detectingerrors,
See troubleshooting;
diagonal,
spacing nodes along,
See Vertical Spread (Align menu) and Horizontal
Spread (Align menu);
diagrams,
characteristics and components; 1-3
closing; 1-7
creating; 1-4
defaults,
attributes, term definition; 4-2
changing; 17-19
changing graphic attributes; 24-3
changing shape attributes; 24-5
copying; 4-3, 17-19
page attributes, changing; 24-11
setting for ML configuration options; 24-33
setting system defaults with; 24-33
term definition and characteristics; 4-2, 17-18
text attributes, changing; 24-2
using; 17-19
file,
characteristics and components; 1-3
navigating; 1-6, 17-1
opening; 1-4
printing; 1-6
reswitching,
with Reswitch command (Sim menu); 22-13

diagrams(cont’d),
term definition; 1-2
dialogbox,
appearance; 1-4
different bindings,
explanation of the setting in the Occurrence Set
Options dialog; 8-21
Displace (Makeup menu),
reference description; 25-4
displacing,
objects,
with Displace command (Makeup menu); 25-4
display,
attributes,
changing; 4-2
graphical objects, term definition; 3-2
term definition; 4-2
during simulation,
specifying, with Interactive Simulation Options
command (Set menu); 24-27
overlapping objects,
specifying the; 24-4
display attributes,
See attributes;
displaying,
page borders,
rendering visible or invisible; 24-11
page instance name,
with Select Instance command (Sim menu); 22-12
regions,
with Show Regions (Makeup menu); 25-9
dist’ (distance) function,
syntax and characteristics; 32-24
division operation (/),
reference description; 32-6
documenting,
models,
with auxiliary objects; 3-1
doublequote(” ),
type variable use; 30-4
double-clicking,
editor regions; 17-3
hierarchy page node; 17-3
port places; 17-3
simulator regions; 17-3
substitution transitions; 17-3
Drag (Makeup menu),
moving aregion with; 11-9
reference description; 25-2
dragtool,
illustration; 25-2
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dragging,
endpoints of connectors,
with Drag command (Makeup menu); 25-3
objects,
with Drag command (Makeup menu); 25-2
drawing,
See Also creating;
arcs,
single and multi-segment; 21-4
connectors,
single-segment and multi-segment; 23-2
environment,
resetting; 3-5
expression,
term definition; 15-30
graphics tool used for; 3-3
rectangles; 3-6
tool,
term definition; 3-2
duplicatecolor sets,
See Also colorsets;
term definition and characteristics; 2-5
Duplicate Node (M akeup menu),
reference description; 25-6
duplicating,
objects,
with Duplicate Node command (Makeup menu);
25-6
dynamics,
Design/CPN,
executing a CP net, (chapter); 6-1
introduction, (chapter); 5-1

E

Edit menu,
See Also menus;
Clear command; 20-6
commands reference (chapter); 20-1
Copy command; 20-3
Cut command; 20-2
Get Info command; 20-7
Paste command; 20-5
Redo command; 20-2
Undo command; 20-2
editing,
See Also creating;
area,
bind dialog; 22-3
bar charts; 15-6

editing (cont’d),
bindings for CPN variables,
with Bind command (Sim menu); 22-3
connectors; 3-15
history charts; 15-16
line charts; 15-21
regions; 3-17
text; 3-13
editor,
Design/CPN,
creating a CP net (chapter); 4-1
introduction (chapter); 3-1
key/popup regions,
creating and deleting; 17-13
list; 17-12
options,
command that access; 17-17
regions,
changing the visibility of; 17-3
Ellipse (Aux menu),
creating ellipses with; 3-10
reference description; 23-4
ellipses,
See Also graphical objects; places;
creating; 3-10
and manipulating; 23-4
creation mode,
characteristics; 3-11
shape attributes,
changing; 24-6
tool,
characteristics and illustration; 3-11
empty multiset,
See Also multisets;
constant,
reference description; 41-1
syntax and characteristics; 37-3
term definition; 2-7
enabled,
list,
putting all enabled transitions on, for SalesNet
model execution with conflict; 8-12
scanning, for SalesNet model execution with
conflict; 8-12
term definition; 8-11
updating, for SalesNet model execution with
conflict; 8-16
enablement,
See Also algorithms; bindings; occurrence sets;
criteriafor; 5-3
enabling bindings,
identical; 8-3
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enablement (cont’d),
enabling bindings (cont’ d),
multiple; 8-2
factors determining; 5-2
simulated time impact on; 12-3
simulation region identifying; 6-14
term definition; 5-2
enabling,
bindings,
conflict issues; 8-6
term definition; 5-8
multiset,
term definition; 5-3
endpoint,
arcs,
handle use; 21-5
handle,
connectors, using to reattach a connector; 23-2
regions,
creating; 17-14
term definition and characteristics; 17-11, 17-13
enlarging,
pages,
with Blowup (Page menu); 26-2
Enter Editor (Filemenu),
leaving the simulator with; 6-18
reference description; 19-12
Enter Group Mode (Group menu),
reference description; 27-2
Enter Simulator (Filemenu),
entering the simulator with; 6-11
reference description; 19-13
specifying which errors reported,
with the Syntax Options command (Set menu);
24-18
Enter Text Mode (Text menu),
reference description; 28-2
entering,
See Also leaving;
group mode,
with Enter Group Mode (Group menu); 27-2
simulator; 6-11
with a saved state; 6-12
text; 3-13
mode; 28-2
entities,
See modeling; representation;
enumer ated values,
See Also colorsets;
colorsets,
cyclic manipulation of values; 32-24
obtaining position of a particular value; 32-22

IDX-22

enumerated values (cont’d),
colorsets (cont’d),
obtaining value at particular position; 32-22
ordering of; 32-28
syntax and characteristics; 32-8
term definition; 2-4
environment,
drawing,
resetting; 3-5
establishing; 4-3
graphical,
setting; 4-2
runtime,
ML (chapter); 41-1
equality multiset (==) operator,
syntax and use; 37-5
equal numeric operator (=),
boolean operator used in guards; 5-8
equal string operator (=),
reference description; 32-8
equality operator (==),
comparing multisets with,
reference description; 41-2
errors,
error box,
interpreting; 7-3
term definition; 7-2
locating,
with text pointers; 7-3
missing colorset,
fixing; 7-4
ML,
detecting; 7-6
reporting,
Syntax Check command (CPN menu) use for;
21-26
syntax,
detecting, with the Syntax Check command (CPN
menu); 6-1
handling, (chapter); 7-1
list of syntax check error messages; 17-22
missing colorset; 7-2
optional, specifying which to be reported, with
the Syntax Options command (Set menu);
24-18
undeclared CPN variables; 7-4
undeclared CPN variables,
fixing; 7-4
essential graphical objects,
term definition and characteristics; 17-5
establishing,
See Also creating; specifying;
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establishing (cont’d),
environment; 4-3
evaluating,
ML code; 23-14
output arc inscription,
during transition firing; 5-14
examples,
procedures for testing; 30-5
exception mechanism,
CPN ML feature; 30-2
exclamation points,
double (1),
internal representation of multisets with; 37-9
operator for constructing multisets; 37-10
executing,
CP nets,
(chapter); 6-1
concurrent execution; 8-4
overview; 5-1
occurrence set elements; 8-13
SalesNet model with conflict; 8-12
execution,
concurrent,
SalesNet model; 8-7
CP nets,
overview; 2-15
exp operation (exponential),
reference description; 32-6
experimenting,
See modeling;
exponential operation (exp),
reference description; 32-6
expressions,
(chapter); 36-1
arcs,
missing, reporting with the Syntax Options
command (Set menu); 24-19
boolean,
bar chart code segment use of; 15-12
line chart code segment use of; 15-29
used in guards; 5-8
canonical,
term definition; 36-1
compound,
term definition; 36-1
constructors; 36-3, 36-7
lists; 36-8
tuples; 36-8
control,
term definition; 15-29
delay,
syntax and characteristics; 12-7

expressions(cont’d),

drawing,
term definition; 15-30
evaluation; 36-4
association; 36-4
in CP nets; 36-8
operator precedence; 36-4
order; 36-4
inscription,
term definition; 36-1
multisets,
syntax; 37-2
patterns; 36-6
list pattern matching; 36-7
tuple pattern matching; 36-7
simple,
term definition; 36-1
syntax specifiers and reserved words; 36-2
term definition; 36-1

extent,

term definition; 34-1

external arcs,

term definition; 21-17

ext_col function,

reference description; 41-4
syntax and characteristics; 37-8

ext_msfunction,

reference description; 41-4
syntax and characteristics; 37-8

F

fair automatic simulation,

characteristics; 6-7
specifying, with General Simulation Options
command (Set menu); 24-23

fair interactivesimulation,

characteristics; 6-7
specifying, with General Simulation Options
command (Set menu); 24-23

fair simulation,

term definition and code generation; 24-21

fast automatic simulation,

characteristics; 6-7
specifying,
with General Simulation Options command (Set
menu); 24-23
term definition and code generation,
with the Simulation Code Options command (Set
menu); 24-21
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fast automatic simulation (cont’d),

removing,
with Remove Sim Regions command (CPN menu);
21-28
term definition; 6-14

Filemenu,

See Also menus;
Close command; 19-3
commands reference (chapter); 19-1
Enter Editor command; 19-12
leaving the simulator with; 6-18
Enter Simulator command; 19-13
entering the simulator with; 6-11
Load IDEF command; 19-10
Load State command; 19-11
loading execution states with; 5-16
Load Subdiagram command; 19-8
Load Text command; 19-9
New command; 19-2
Open command; 19-2
Page Preview command; 19-6
Page Setup command; 19-6
Print command; 19-7
Quit command; 19-14
Revert command; 19-5
Save As command; 19-5
Save command; 19-3
Save State command; 19-11
saving execution states with; 5-15
Save Subdiagram command; 19-7
Save Text command; 19-9

filesystem,

characteristics and Design/CPN components; 1-3

fill pattern,

changing; 24-5

filter function,

reference description; 41-4
syntax and characteristics; 37-8

filtering,

multisets; 37-8
with filter function; 41-4

Find (Text menu),

reference description; 28-3

Find Beginning (T ext menu),

reference description; 28-4

Find Next (Text menu),

reference description; 28-4

finding,

text,
in agroup, with Find (Text menu); 28-4
with Find (Text menu); 28-3

fire,

term definition; 5-12
firing,

concurrent transitions; 8-3

simulation region identifying; 6-14
first constant,

syntax and characteristics; 32-21
firstvalue,

statistical variable,

obtaining, with SV’ first; 14-4

FittoText (Makeup menu),

reference description; 25-5
fn (function),

expression specifier use; 36-2
fnreserved word,

function datatype indicated by expression using; 38-1

freevariables,
term definition; 40-5
full multiset constant,
syntax and characteristics; 37-3
fun reserved word,
declaring functions with; 38-1
functional language,
CPN ML feature; 30-1
functions,
(chapter); 38-1
addition of,
with addition operator (+); 41-7
application,
output arc inscription example; 40-13
arc inscription use and restrictions; 40-6
boolean,
standard ML, list of supported; 41-10
cf (coefficient) function; 37-7, 41-3
clr’ function; 32-23
col’ function; 32-22
compress function; 37-10
datatype; 38-1
declaring,
syntax and characteristics; 38-1
Design/OA,
use and restrictions; 41-8
dist’ (distance) function; 32-24
expressions; 33-4
declaring value identifiers with; 33-4
ext_col function; 37-8, 41-4
ext_ms function; 37-8, 41-4
filter function; 37-8, 41-4
fn (function); 36-2
expression specifier use; 36-2
function; 41-1, 41-5
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functions(cont’d),

function type operator,

association rule; 36-5
1/0,

standard ML, list of supported; 41-12
identity function; 41-7
ign function; 41-7
in’ function; 32-26
index’ (index number) function; 32-23
input_col function; 41-8
input_ms function; 37-9, 41-5, 41-8
input_tms function; 41-8
integer,

standard ML, list of supported; 41-10
invoking; 38-3
less than (It’) function; 32-16, 32-19
linear extension; 37-8

creating, with ext_col and ext_ms functions; 41-4

list,

standard ML, list of supported; 41-11
list_to_ms function; 37-8, 41-4
It" (less than) function; 32-16, 32-19
membership (in") function; 32-26
membership (of_id’) function; 32-27
ms_to_list function; 37-8, 41-4
mult’ function; 32-25, 37-5, 41-2

multiply multiset (mult’) function; 32-25

of id" function; 32-27
ord’ (ordinal number) function; 32-22
output_col function; 41-8
output_ms function; 37-9, 41-5, 41-8
output_tms function; 41-8
predefined,

reference descriptions; 41-1

ran’ (random value) function; 32-16, 32-18
random function; 37-7, 40-5, 40-15, 41-4
random value (ran’) function; 32-16, 32-18

real,

standard ML, list of supported; 41-10
realtime,

standard ML, list of supported; 41-12
reference,

standard ML, list of supported; 41-12
rot’ (rotation) function; 32-24
scalar multiplication of,

with scalar multiplication operator (*); 41-7

size function; 37-7, 41-3
step function; 41-5
stop_simulation function; 41-6
string,
standard ML, list of supported; 41-11

functions(cont’d),

subtraction of,

with subtraction operator (-); 41-7
SV’ avrg function; 14-3
SV’ count function; 14-3
SV'first function; 14-4
SV'init function; 14-5
SV’ maximum function; 14-4
SV’ minimum function; 14-4
SV'ss function; 14-5
SV'ssd function; 14-5
SV'std function; 14-4
SV’'sum function; 14-5
SV'value function; 14-4
SV'vari function; 14-5
term definition; 41-1
time function; 39-2, 40-15, 41-5
time-related; 39-4
trigonometric; 32-6
value (clr’) function; 32-23
value (col’) function; 32-22
with_code function; 41-6
with_time function; 39-4, 41-6
write_report function; 41-6
zero function; 41-7

fusion,

key region,

term definition and illustration; 10-6
names,

characteristics and use; 17-21

term definition; 17-20
places,

(chapter); 10-1

changing the type of; 21-21

characteristics; 9-2

creating; 21-20

effect of duplication on; 25-6

effect of moving nodes between pages on; 25-7

instance, changing the type of; 21-21

instance, renaming; 21-21

instance, term definition; 10-13

multiple pages; 10-8

page, changing the type of; 21-21

page, renaming; 21-21

page, term definition; 10-10

renaming; 21-21

single page; 10-3

term definition; 9-2, 10-1

turning non-fusion places into; 21-23
regions,

CPN Region command restricted from creating;

21-5
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fusion (cont’d),
regions (cont’d),
deletion requirements; 20-6
term definition; 10-6
sets,
adding places to; 10-6, 21-22
changing the type of; 21-23
creating; 21-20
deleting; 21-22
global, creating; 10-4
global, term definition; 10-5
impact on the results of the Change Marking
command (Sim menu); 22-11
initial markings and; 10-7
instance, creating; 10-11
instance, simulation with; 10-14
moving places between; 21-23
multiple, working with; 10-9
multiplicity and; 10-12
naming conventions; 21-23
page, creating; 10-9
page, term definition; 10-9
page-spanning, working with; 10-8
removing places from; 10-7
selecting; 27-3
subtracting places from; 21-22
term definition; 9-2, 10-1
turning fusion places into non-fusion places;
21-23
subsets,
instance, term definition; 10-13
page, term definition; 10-10
Fusion Place (CPN menu),
adding places to a fusion set with; 10-6
creating a fusion set with; 10-4
deleting fusion sets with; 10-8
reference description; 21-20
removing places from a fusion set with; 10-7

G

general port place,
characteristics; 21-24
General Simulation Options (Set menu),
reference description; 24-23
selecting the termination conditions with; 6-9
selecting the type of simulation with; 6-8
generating,
See Also creating;

generating (cont’d),
code,
for different types of execution, Simulation Code
Options (Set menu); 6-5
initial system state,
with Initial State command (Sim menu); 22-11
Get Info (Edit menu),
reference description; 20-7
global,
declaration nodes,
creating; 4-12, 21-7
creating a page for; 4-14
creation mode, term definition; 4-13
declaring atimed colorset in; 12-6
term definition; 2-3
fusion places,
changing the type of; 21-21
physical appearance; 10-5
renaming; 21-21
term definition; 10-5
fusion set,
term definition; 10-5
reference variables,
syntax and characteristics; 35-3
term definition and characteristics; 17-6
Graphic Attributes (Set menu),
reference description; 24-3
graphical,
animation,
code segments used for; 40-17
attributes,
changing for selected objects; 24-3
changing system and/or diagram defaults; 24-3
components; 17-15
environment,
setting; 4-2
term definition; 4-2
functions,
Design/OA, use and restrictions; 41-8
objects,
adjusting to fit text; 25-5
creating; 3-3
creating, from text mode; 3-18
deleting; 3-19
editing; 3-2
multiple, working with; 3-18
multiple, working with different types; 3-15
selecting; 3-18
term definition and characteristics; 3-1, 17-5
graphics,
Design/CPN editor,
(chapter); 3-1
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graphics(cont’d),
enabled transitions,
specifying with Transition Feedback Options
command (Set menu); 24-31
graphics tool,
term definition and illustration; 3-3
mode,
characteristics; 3-2
term definition; 3-2
updating during simulation,
specifying, with Interactive Simulation Options
command (Set menu); 24-27
greater than multiset operator (>>),
comparing multisets with,
reference description; 41-3
syntax and use; 37-6
greater than numeric operator (>),
in guards; 5-8
greater than stringoperator (>),
reference description; 32-8

greater than or equal multiset operator (>>=),

comparing multisets with,
reference description; 41-3
syntax and use; 37-6
greater than or equal numeric operator (>=),
in guards; 5-8
greater than or equal string operator (>=),
reference description; 32-8
gridlines,
bar chart,
specifying; 21-11
history chart,
specifying; 21-11
line chart,
specifying the characteristics of; 21-15
Group menu,
See Also menus;
commands reference (chapter); 27-1
Enter Group Mode command; 27-2
Leave Group Mode command; 27-2
Regroup command,
reconstructing groups with; 3-21
Select All Connectors command; 27-2
Select All Nodes command; 27-2
Select All Regions command; 27-2
Select Fusion Set command; 27-3
selecting groups with; 3-20
Ungroup command,
deselecting groups with; 3-21
groups,
aligning,
with Align menu commands; 29-2

groups(cont’d),

creating,
with Select All Connectors (Group menu); 27-2
with Select All Nodes (Group menu); 27-2
with Select All Regions (Group menu); 27-2
deselecting; 3-21
effect of,
Copy command on; 20-4
Cut command on; 20-2
Paste command on; 20-5
group tool,
characteristics and illustration; 3-20
mixed,
restrictions; 3-20
mode,
detecting when system is in both text mode and;
28-2
entering; 27-2
leaving; 27-2
Select command (Makeup menu) not available
during; 25-2
term definition; 3-20
moving,
to another page, with Move Node command
(Makeup menu); 25-7
to beginning of; 28-4
operations on; 3-22
reconstructing; 3-21
searching and replace in,
with Find (Text menu); 28-4
selecting; 3-20
term definition; 3-19

guards,

See Also input arc inscriptions;
characteristics,
and term definition; 2-14
as CP net component; 2-1
constraining,
input arc inscriptions with; 40-9
the values of tokens with; 5-8
creating,
from auxiliary regions; 23-11
partial constraints with; 5-12
with CPN Region (CPN menu); 4-7
expression evaluation in; 36-9
functions not permitted with,
with_code; 41-6
with_time; 41-6
guard region creation mode,
term definition; 4-7
if/then/else restrictions; 38-2
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guards(cont’d),
regions,
creating; 21-6
role in determining enablement; 5-3
syntax; 5-8
term definition; 5-8
transition,
region syntax, use, and restrictions; 40-15

H

handles,
See Also arcs; connectors;
connector endpoint,
using; 23-2
term definition; 3-7
handling,
syntax errors,
(chapter); 7-1
hidden,
regions,
selecting with arrow keys; 25-9
HideRegions(Makeup menu),
reference description; 25-9
hiding,
regions,
with Hide Regions (Makeup menu); 25-9
hierarchy,
See Also fusion; substitution transitions;
effect of,
Copy command on; 20-4
Cut command on; 20-3
hierarchical CP nets,
improving appearance; 11-8
hierarchical decomposition,
term definition and characteristics; 9-1
hierarchy key region,
term definition; 11-7
introduction,
(chapter); 9-1
objects,
effect of duplication on; 25-6

effect of moving nodes between pages on; 25-7

page,

appearance after top-down development; 11-16
changing the layout and redrawing options; 24-14

characteristics and components; 1-6
error box location on; 7-2

for ahierarchical CP net diagram; 11-2
improving appearance; 11-12

hierarchy (cont’d),
page (cont’d),
moving detail to a subpage of with Move to
Subpage command (CPN menu); 21-17
navigating to pages from; 17-3
redrawing; 26-3
renaming pages from; 4-15
regions,
CPN Region command restricted from creating;
21-5
creating when moving detail to a subpage; 21-18
deletion requirements; 20-6
term definition; 11-8
term definition; 9-2
Hierarchy Page Options(Set menu),
reference description; 24-14
history charts,
bar names,
specifying; 21-11
bars,
specifying; 21-10
characteristics and use; 15-14
copying; 15-17
creating; 15-14
with Chart command (CPN menu); 21-10
cutting; 15-17
data analysis,
in Resource Use model; 16-11
defining,
in Resource Use model; 16-11
deleting; 15-17
editing; 15-16
grid lines,
specifying; 21-11
in Resource Use model; 16-10
initializing; 21-12
pasting; 15-17
redefining; 15-16
regions,
reference description; 21-11
saving a copy; 21-12
specifying values; 15-16
title,
specifying; 21-11
updating; 15-16
update period specification; 21-12
values,
specifying the type and range; 21-13
Horizontal (Align menu),
reference description; 29-2
Horizontal Spread (Align menu),
reference description; 29-4
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hostname,
specifying,

with ML Configuration Options command (Set

menu); 24-32
hypertext,
using text pointers as; 28-4

I, J

1/0,
arc inscriptions not permitted to use; 40-5
code segments used for; 40-17
functions,
standard ML, list of supported; 41-12
input/output port,
characteristics; 21-24
multiset; 37-9
with input_ms and output_ms functions; 41-5
identical bindings,
explanation of the setting in the Occurrence Set
Options dialog; 8-21
identifiers,
CPN ML (chapter); 31-1
duplication of,
when permitted; 31-2
predeclared; 31-2
identity function,
reference description; 41-7
if-then selector (%),
reference description; 41-6
if-then-elseexpression,
output arc inscription example; 40-13
if-then-elseselector (/),
reference description; 41-6
if/then/else(boolean conditional),
expression specifier use; 36-2
ignfunction,
reference description; 41-7
ignoring,
with zero function; 41-7
in’ (membership) function,
syntax and characteristics; 32-26
included (mode attribute),
characteristics; 17-16
incremental net development,
prime page role; 6-3
indeterminacy,
term definition; 8-1
index’ (index number) function,
syntax and characteristics; 32-23

indexed values,
See Also colorsets;
colorsets,
cyclic manipulation of values; 32-24
obtaining identifier-value for index number; 32-23
obtaining index number for identifier-value; 32-23
obtaining position of a particular value; 32-22
obtaining value at particular position; 32-22
ordering of; 32-28
syntax and characteristics; 32-9
input arc inscription example; 40-10
initkeyword,
bar chart code segment use of; 15-11
line chart code segment use of; 15-28
initial markings,
See Also places;
changing; 8-9
creating from auxiliary regions; 23-11
creation mode,
term definition; 4-9
establishing,
for SalesNet model execution with conflict; 8-12
functions permitted with,
with_code; 41-6
with_time; 41-6
fusion sets and; 10-7
region (place),
syntax and characteristics; 40-3
regions,
creating with CPN Region command; 21-5
initializing with Initial State command (Sim

menu); 8-10
term definition and characteristics; 2-12
specifying,

with CPN Region (CPN menu); 4-9

term definition; 40-3

time stamps and; 12-9
initial state,

term definition; 2-11
Initial State (Sim menu),

initializing SalesNet after changing in the simulator;

8-10

initializing the CP net state with; 6-18

reference description; 22-11
initialization section,

term definition; 15-11, 15-28
initializing,

bar charts; 21-12

history charts; 21-12

line charts; 21-15

statistical variables; 14-2
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initiating,

automatic simulation,

with Automatic Run command (Sim menu); 22-10
interative simulation,

with Interactive Run command (Sim menu); 22-10

input,

keyword,
code segment input clause identified by; 40-17
term definition; 13-2
multiset; 37-9
pattern,
code segment, term definition and characteristics;
13-2
place,
multiset, role in determining enablement; 5-3
term definition; 2-13
port,
characteristics; 21-24
token regions,
characteristics; 17-11
removing with Remove Sim Regions command
(CPN menu); 21-28

input arcs,

See Also arcs; guards; inscriptions;

inscriptions,
characteristics as CP net component; 2-1
conditional; 40-6
evaluating; 5-13
examples; 40-7
function application use and restrictions; 40-6
functions not permitted with, with_code; 41-6
functions not permitted with, with_time; 41-6
if/then/else restrictions; 38-2
overriding time stamps with; 40-5
role in determining enablement; 5-3
specifying, with constants; 5-4
specifying, with CPN variables; 5-7
term definition; 2-14
timing considerations; 39-2

term definition; 2-13

input_col function,

reference description; 41-8

input_msfunction,

reference description; 41-5, 41-8
syntax and characteristics; 37-9

input_tmsfunction,

reference description; 41-8

inscriptions,

(chapter); 40-1
arc inscription region,
term definition; 2-14

inscriptions(cont’d),
arcs,
detecting errorsin; 7-6
missing, reporting with the Syntax Options
command (Set menu); 24-19
term definition and characteristics; 2-14
example diagram; 40-2
expressions,
term definition; 36-1
if/then/else restrictions and uses; 38-2
input arc,
characteristics as CP net component; 2-1
conditional; 40-6
examples; 40-7
function application use and restrictions; 40-6
overriding time stamps with; 40-5
term definition; 2-14
timing considerations; 39-2
output arc,
appending time delays to; 40-6
characteristics as CP net component; 2-1
conditional; 40-6
delay expressions on; 12-8
evaluating during transition firing; 5-14
examples; 40-13
function application use and restrictions; 40-6
term definition; 2-14
timing considerations; 39-2
term definition; 40-1
types of; 40-1
instances,
fusion places,
changing the type of; 21-21
renaming; 21-21
term definition; 10-13
fusion sets,
creating; 10-11
simulation with; 10-14
fusion subsets,
term definition; 10-13
pages,
creating; 10-11
displaying name of; 22-12
specifying the number of; 24-13
reference variables,
syntax and characteristics; 35-3
instrumentation,
code segments used for; 40-17
integers,
See Also colorsets;
colorsets,
ordering of; 32-28
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integers(cont’d),
colorsets (cont’d),
syntax and characteristics; 32-4
term definition; 2-4
testing for membership in; 32-26
functions,
standard ML, list of supported; 41-10
value identifiers,
declaring; 33-2
interaction,
system options,
changing; 24-15
Interaction Options(Set menu),
reference description; 24-15
interactive,
language,
CPN ML feature; 30-1
mode attribute,
characteristics; 17-16
runs,

controlling the presence of pages during; 24-13

controlling the presence of substitution
transitions during; 24-12
simulation,
code generation; 24-21
specifying observation methods for; 24-27
Interactive Run (Sim menu),
constructing an occurrence set with; 8-12
executing CP nets with; 6-16
reference description; 22-10
Interactive Simulation Options(Set menu),
reference description; 24-27
setting breakpoints with; 6-15
invisible,
objects,
rendering; 24-5
page borders,
rendering for display or printing; 24-11
invoking,
functions; 38-3

keyregions,

characteristics; 17-11

editor,
creating and deleting; 17-13
list; 17-12

simulator,
creating and deleting; 17-13
list; 17-12

keyregions(cont’'d),

term definition; 6-14
and characteristics; 17-7, 17-11

keyboard,

Design/CPN use of; 1-4

keysand shortcuts,

(chapter); A-1

keywords,

action,
term definition; 13-2
cond,
bar chart code segment use of; 15-12
line chart code segment use of; 15-29
init,
bar chart code segment use of; 15-11
line chart code segment use of; 15-28
input,
term definition; 13-2
output,
term definition; 13-2

L

Label (Aux menu),

creating rectangles with; 3-12
reference description; 23-9

labels,

bar charts,

creating; 15-6
creating, modifying, and moving; 3-12, 23-9
differences between graphical objects and; 3-13
|abel creation mode,

characteristics; 3-12
|abel tool,

characteristics and illustration; 3-12
resizing,

without moving the center, with Adjust command

(Makeup menu); 25-4

term definition; 3-2

and characteristics; 17-5

language characteristics,

CPN ML; 30-1

large,

See Also colorsets;
colorsets,
characteristics; 32-1

last constant,

syntax and characteristics; 32-22

layered,

term definition; 17-1
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layering,
objects,

changing, with Bring Forward (Makeup menu);

25-9
overlapping objects,
specifying the; 24-4

layeringorder,

regions; 17-1
Leave Group Mode (Group menu),

reference description; 27-2
Leave Text Mode (Text menu),

reference description; 28-2
leaving,

See Also entering;

group mode,

with Leave Group Mode (Group menu); 27-2

text mode; 28-2
LefttoLeft (Align menu),
reference description; 29-6
LefttoRight (Align menu),
reference description; 29-6
length,
lists,
specifying; 32-13
strings; 32-8
lessthan (It’) function,
syntax and characteristics; 32-19
union colorset selector use; 32-16
lessthan multiset operator (<<=),
comparing multisets with,
reference description; 41-3
syntax and use; 37-6
lessthan numeric operator (<),
boolean operator used in guards; 5-8
lessthan string operator (<),
reference description; 32-8

lessthan or equal multiset operator (<<=),

comparing multisets with,
reference description; 41-3
syntax and use; 37-6

lessthan or equal numeric operator (<=),

boolean operator used in guards; 5-8

lessthan or equal string operator (<=),

reference description; 32-8
| et construct,

declaring local variables within a function; 38-1

expression specifier use; 36-2
Line(Aux menu),
reference description; 23-8
linecharts,
axis labels,
characteristics; 15-18

linecharts(cont’d),

box,
characteristics; 15-18
characteristics and use; 15-17
chart node,
characteristics; 15-18
code segment,
capabilities and uses; 15-24, 15-28
conditional section use; 15-29
control expression use; 15-29
initialization section use; 15-28
using action section; 15-31
conditional drawing of line segments; 15-30
copying; 15-31
creating; 15-19
dialog description; 15-20
with Chart command (CPN menu); 21-13
cutting; 15-31
data analysis,
in Resource Use model; 16-13
defining,
in Resource Use model; 16-13
deleting; 15-31
dialog box; 15-20
editing; 15-21
grid lines,
specifying the characteristics of; 21-15
in Resource Use model; 16-12
initializing; 21-15
|abels,
supplying; 15-21
legend,
characteristics; 15-19
|abels, characteristics; 15-19
line,
characteristics; 15-19
lines,
specifying the characteristics of; 21-14
name,
specifying; 21-14
nomenclature; 15-17
origin,
specifying; 21-16
overflow,
specifying methods for handling; 21-17
pasting; 15-31
patterns,
characteristics; 15-19
redefining; 15-23
regions,
specifying; 21-15
saving a copy; 21-15
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linecharts(cont’d),
specifying; 15-25
lines characteristics; 21-14
step updating period; 21-16
time,
updating period; 21-16
title,
characteristics; 15-18
specifying; 21-15
updating; 15-24
from transition code segments; 15-27
specifying values for; 15-25
update period specification; 21-16
using LC_upd_chart function in atransition code
segment; 15-27
with chart code segment; 15-24
values,
specifying the type and range; 21-16
X andY axes,
characteristics; 15-18
linefeed,
inserting in strings; 32-8
linear extension,
functions; 37-8
creating, with ext_col and ext_ms functions; 41-4
lines,
changing,
the fill pattern; 24-5
thickness; 24-4
creating, modifying, and moving; 23-8
line chart,
specifying the characteristics of; 21-14
shape attributes; 24-5
changing; 24-8
list concatenation operator,
redefinition in CPN ML; 30-4
lists,
See Also colorsets;
colorsets,
ordering of; 32-28
syntax and characteristics; 32-13
constructing,
operators; 32-14
constructors,
characteristics and use; 36-8
input arc inscription example; 40-11
converting,
multisets to/from; 37-8
to multisets; 41-4
expression,
constructors; 36-3
operators; 36-3
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lists(cont'd),
functions,
standard ML, list of supported; 41-11
length,
specifying; 32-13
operators and functions; 32-14
patterns,
characteristics and use; 36-7
input arc inscription example; 40-11
specifying,
in expressions; 36-2
in subset declarations; 32-15
value identifiers,
declaring; 33-3
list_to_msfunction,
syntax and characteristics; 37-8
I noperation (natural logarithm),
reference description; 32-6
Load IDEF (Filemenu),
reference description; 19-10
Load State (Filemenu),
loading execution states with; 5-16
reference description; 19-11
restrictions; 19-12
Load Subdiagram (Filemenu),
reference description; 19-8
Load Text (Filemenu),
reference description; 19-9
Load Text command,
specifying brackets and character counts used by,
with Text Options command (Set menu); 24-17
loading,
See Also saving;
execution states,
with Load State (File menu); 5-16
local,
(let/in/end),
expression specifier use; 36-2
nodes,
creating; 21-7
term definition and characteristics; 17-6
variables,
declaring with let construct; 38-1
locality,
See concurrency; modeling;
locking,
objects; 24-4
regions relative to the parent,
with Size component (Region Attributes
command-Set menu); 24-9
logregions,
characteristics and use; 13-3
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logregions(cont’d),
creating; 21-6
from auxiliary regions; 23-11
logarithm,
natural,
operation (In); 32-6
It’ (lessthan) function,
union colorset selector use; 32-16, 32-19

M

macro,
subpages compared to; 11-21
MakeNode (Aux menu),
reference description; 23-11
MakeRegion (Aux menu),
creating regions with; 3-16
reference description; 23-10
Makeup menu,
See Also menus;
Adjust command; 25-4
Bring Forward; 25-9
Change Shape command; 25-5
Child Object command; 25-10
navigating with; 17-4
selecting aregion with; 11-9
commands reference (chapter); 25-1
Displace command; 25-4
Drag command; 25-2
moving aregion with; 11-9
Duplicate Node command; 25-6
Fit to Text command; 25-5
Hide Regions command; 25-9
Merge Node command; 25-8
Move Node command; 25-7
Next Object command; 25-11
navigating with; 17-4
Parent Object command; 25-10
navigating with; 17-4
Previous Object command; 25-11
navigating with; 17-4
Select command; 25-2
Show Regions command; 25-9
mapping,
inputs to output,
role of the simulator in; 8-3
multisets; 37-8
with filter function; 41-4
markings,
appearance of; 2-12

markings(cont’d),
current,
simulation regions describing; 6-14
term definition; 2-11
initial,
characteristics; 2-12
places,
changing, with Change Marking command (Sim
menu); 22-11
term definition and characteristics; 2-11
master page,
creating; 24-10
maximal occurrencerule,
term definition; 24-30
maximum,
statistical variable,
obtaining, with SV’ max; 14-4
member ship,
testing for,
in asubset of a colorset; 32-26
in a union colorset component; 32-27
membership (in’) function,
syntax and characteristics; 32-26
membership (of_id’) function,
syntax and characteristics; 32-27
menus,
See Also Align menu; Aux menu; CPN menu; Edit
menu; File menu; Group menu; Makeup menu;
Page menu; Set menu; Sim menu; Text menu;
Design/CPN,
overview (chapter); 18-1
menu bar,
characteristics; 1-5
Merge Node (Makeup menu),
See Also Merge Options (Set menu);
reference description; 25-8
Merge Options(Set menu),
reference description; 24-16
merging,
arcs,
specifying options for; 24-16
connectors,
specifying options for; 24-16
nodes,
specifying options for; 24-16
with Merge Node command (Makeup menu); 25-8
text in CPN regions,
specifying options for merging; 24-17
text in nodes,
specifying options for merging; 24-16
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minimum,
statistical variable,
obtaining, with SV’ min; 14-4
mkst_col’ operation,
string representation for colorset operation; 32-8
syntax and characteristics; 32-19
mkst_ms’ operation,
string representation for multiset operation; 32-8
syntax and characteristics; 32-20
ML,
See CPN ML;
ML Configuration Options(Set menu),
See Also CPN ML language;
reference description; 24-32
saving ML configuration options with; 4-3
ML Evaluate (Aux menu),
See Also CPN ML language;
reference description; 23-14
mode,
attributes,
changing; 24-12
changing for supernodes; 24-13
characteristics and components; 17-16
current, generating an initial system state with;
22-11
graphics,
term definition; 3-2
graphics editor,
term definition; 3-2

pages,

changing; 24-13
non-text,

navigating in; 17-2
regions,

characteristics; 17-10
deletion requirements; 20-6
substitution transitions,
changing; 24-12
text,
navigating in; 17-3
term definition; 3-2
Mode Attributes (Set menu),
creating multiple page instances with; 10-11
designating prime pages with; 6-4
reference description; 24-12
model,
development,
specifying which optional syntax errorsto be
reported; 24-18
testing new and changed code; 23-14
options,
characteristics and commands that access; 17-17
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model (cont’d),
ResmodSubtrans,
hierarchy page; 11-2
subpage; 11-3
superpage; 11-3
term definition; 1-1
time,
term definition; 12-3
modeling,
See Also behavior; choice; representation;
Resource Use model; 16-1
improvement suggestions; 16-15
models,
See FirstModel model; FirstNet model; FirstNetDemo
model; Resource Use model; Sales Order model;
SalesNet model;
modifier keys,
characteristics and use; A-3
modularity,
See Also hierarchy;
CP nets,
prime page role; 6-3
modules,
not permitted in CPN ML; 30-4
mouse,
Design/CPN use of; 1-3
MoveNode (Makeup menu),
reference description; 25-7
MovetoSubpage (CPN menu),
creating a subpage with; 11-5
reference description; 21-17
top-down hierarchical CP net development with;
11-14
moving,
See Also navigating;
connectors to a different attach point; 23-2
groups,
to another page, with Move Node command
(Makeup menu); 25-7
with Align menu commands; 29-2
nodes,
to adifferent page, with Open Page (Page menu);
4-15
to another page, with Move Node command
(Makeup menu); 25-7
with Align menu commands; 29-1
objects,
with Displace command (Makeup menu); 25-4
with Drag command (Makeup menu); 25-2
parents; 3-17
places between fusion sets; 21-23
rectangles; 3-8
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moving (cont’'d),
rectangles (cont’d),
during creation; 3-8
regions; 11-9
to beginning of current text object,
with Find Beginning (Text menu); 28-4
msreserved word,
declaring multiset variables with; 37-1
syntax and characteristics; 32-21
ms_to_list function,
syntax and characteristics; 37-8
multiplication,
(*) operator,
reference description; 32-6
scalar, multiplying multisets; 37-4
mult’ function,
multiplying multisets with; 37-5
reference description; 41-2
syntax and characteristics; 32-25
multiplicity,
fusion and; 10-12
page instances,
specifying; 24-13
term definition; 10-11, 17-16
multiplying,
functions,
scalar multiplication, with scalar multiplication
operator (*); 41-7
multisets; 32-25
mult’ function reference description; 41-2
scalar multiplication operator reference
description; 41-2
with mult’ function; 37-5
with scalar multiplication (*) operator; 37-4
multiprocessing,
Design/CPN use; 1-2
multiset creation operator (7),
creating multisets with,
reference description; 41-3
syntax and use; 37-2
multisets,
See Also colorsets;
(chapter); 37-1
adding; 2-8, 37-3
addition operator reference description; 41-1
appending time list to; 39-4
coefficient of valuesin,
obtaining, with cf function; 41-3
comparing; 37-5
equality operator reference description; 41-2
greater than operator reference description; 41-3
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multisets(cont’d),
comparing (cont’d),
greater than or equal operator reference
description; 41-3
less than operator reference description; 41-3
less than or equal operator reference description;
41-3
non equal operator reference description; 41-2
constants,
syntax and characteristics; 37-3
constructing; 37-10
for tuple or record colorsets; 32-25
converting,
lists to/from; 37-8
to lists; 41-4
creating; 37-2
for asmall colorset; 32-21
with multiset creation operator, reference
description; 41-3
declaring value identifiers with; 33-4
designator,
term definition and characteristics; 2-8
empty,
constant syntax and characteristics; 37-3
predefined constant representing; 41-1
term definition; 2-7

enabling,

term definition; 5-3
expressions,

syntax; 37-2
filtering,

with filter function; 41-4
full,

constant syntax and characteristics; 37-3
I/O of; 37-9
input place,

role in determining enablement; 5-3
internal representation of; 37-9
linear extension of functions,

creating, with ext_col and ext_ms functions; 41-4
mapping; 37-8
multiplying; 32-25

mult’ function reference description; 41-2

scalar multiplication operator reference

description; 41-2

with mult’ function; 37-5

with scalar multiplication (*) operator; 37-4
number of elementsin,

obtaining, with size function; 41-3
obtaining,

random values from; 37-7

the number of elementsin; 37-7
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multisets(cont’d),
output,
term definition; 5-14
random value,
obtaining, with random function; 41-4
reading,
with input_ms function; 41-5, 41-8
removing enabling from each input place,
during transition firing; 5-13
specifying; 2-8
string representation operation; 32-8, 32-20
subsetting; 2-9
subtracting; 2-8, 37-4
subtraction operator reference description; 41-2
term definition and characteristics; 2-7, 37-1
time stamps and; 12-10
timed; 37-10
variables,
term definition, syntax, and use; 37-1
with CPN variables,
input arc inscription example; 40-9
with enumerated val ues,
input arc inscription example; 40-9
writing,
with output_ms function; 41-5, 41-8

N

names,
bar chart,
specifying; 21-10
bars,
specifying for bar and history charts; 21-11
changing; 17-21
creating; 21-6
with CPN Region command; 21-5
entering; 17-21
fusion,
characteristics and use; 17-21
term definition; 17-20
generating; 17-20
line charts,
specifying; 21-14
name region creation mode,
term definition; 4-6
page,
duplicate, reporting with the Syntax Options
command (Set menu); 24-19
instance, displaying with Select Instance
command (Sim menu); 22-12

names (cont’d),

page (cont’d),
ML-illegal, reporting with the Syntax Options
command (Set menu); 24-19
term definition; 17-20
places,
changing; 17-21
creating from auxiliary regions; 23-11
duplicate, reporting with the Syntax Options
command (Set menu); 24-18
entering; 17-21
missing, reporting with the Syntax Options
command (Set menu); 24-18
ML-illegal, reporting with the Syntax Options
command (Set menu); 24-19
syntax and characteristics; 40-2
term definition; 17-20
syntax; 17-20
term definition; 17-19
transition,
changing; 17-21
creating from auxiliary regions; 23-11
duplicate, reporting with the Syntax Options
command (Set menu); 24-19
entering; 17-21
missing, reporting with the Syntax Options
command (Set menu); 24-19
ML-illegal, reporting with the Syntax Options
command (Set menu); 24-19
region reference description; 40-14
term definition; 17-20
types of; 17-20
unacceptabl e to the Occurrence Graph Analyzer,
reporting with the Syntax Options command (Set
menu); 24-20
using; 17-20

naming,

conventions,

fusion sets; 21-23
pages,

with Page Attributes (Set menu); 4-14
places,

with CPN Region (CPN menu); 4-8
simulation reports,

with Save Report command (Sim menu); 22-13
substitution transitions; 11-8
transitions,

with CPN Region (CPN menu); 4-6

natural logarithm operation (In),

reference description; 32-6

navigating,

See Also moving;
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navigating (cont’d),
by arrow keys; 17-2
diagrams; 17-1
hierarchy page use for; 1-6
from subpage to superpage,
by double-clicking on a port; 11-5
in non-text mode; 17-2
in text mode; 17-3
means of; 17-2
objects; 17-1
with Design/CPN commands; 17-4
negation operation (~),
reference description; 32-6
New (Filemenu),
reference description; 19-2
New Page (Page menu),
creating a page for global declarations with; 4-14
reference description; 26-2
Next Object (Makeup menu),
navigating with; 17-4
reference description; 25-11
nodes,
See Also regions;
aligning,
between reference points, with Between (Align
menu); 29-5
centered, with Center (Align menu); 29-2
horizontally, with Horizontal (Align menu); 29-2
relatively, with Position (Align menu); 29-3
vertically, with Vertical (Align menu); 29-2
with Align menu commands; 29-1
auxiliary,
boxes, creating, modifying, and moving; 23-3
creating CPN nodes from; 23-11
creating from auxiliary regions; 23-11
creating from CPN nodes; 23-13
creating regions from; 23-10
ellipses, creating, modifying, and moving; 23-4
labels, creating, modifying, and moving; 23-9
lines, creating, modifying, and moving; 23-8
polygons, creating, modifying, and moving; 23-5
rounded boxes, creating, modifying, and moving;
23-4
rounded polygons, creating, modifying, and
moving; 23-7
term definition and characteristics; 17-7
wedges, creating, modifying, and moving; 23-7
border,
changing line thickness; 24-4
changing line type; 24-5

nodes(cont’d),
changing (cont’d),
size and position; 21-8
chart,
characteristics and region; 17-9
creating with Chart command (CPN menu); 21-8
connector source and destination,
effect of moving on; 23-2
converting regions into; 3-17
CPN,
creating auxiliary nodes from; 23-13
creating from auxiliary nodes; 23-11
creating a group of,
with Select All Nodes (Group menu); 27-2
declaration,
as CPN ML extension; 30-3
creating multiple; 21-8
creating with Declaration Node command (CPN
menu); 21-7
restrictions; 21-8
term definition and types; 17-9
duplicating,
with Duplicate Node command (Makeup menu);
25-6
effect of,
Copy command on; 20-3
Cut command on; 20-2
hiding regions on; 25-9
Paste command on; 20-5
error,
characteristics; 21-26
global,
creating with Declaration Node command (CPN
menu); 21-7
global declaration,
term definition; 2-3
local,
creating with Declaration Node command (CPN
menu); 21-7
merging,
into a single node; 25-8
specifying options for; 24-16
moving,
to adifferent page, with Open Page (Page menu);
4-15
to another page, with Move Node command
(Makeup menu); 25-7
with Align menu commands; 29-1
overlay options,
changing; 24-15

characteristics; 17-10

changing, page,
shape; 25-5
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nodes (cont’d),
page (cont’d),
deletion requirements; 20-6
navigating to a page from; 17-3
projecting aline of,
with Projection (Align menu); 29-5
regions and; 3-16
repositioning,
with Align menu commands; 29-1
resizing,
with Change Shape command (Makeup menu);
25-5
without moving the center, with Adjust command
(Makeup menu); 25-4
selecting all,
with Select All Nodes (Group menu); 27-2
shapes possible to; 24-5
source/destination,
effect on arcs of moving; 21-4
spreading,

along a diagonal, See Vertical Spread (Align menu)

and Horizontal Spread (Align menu);
equidistantly around acircle, with Circular Spread
(Align menu); 29-5
horizontally, with Horizontal Spread (Align
menu); 29-4
vertically, with Vertical Spread (Align menu);
29-5
system,
characteristics; 17-10
temporary,
creating with Declaration Node command (CPN
menu); 21-7
term definition; 3-2, 3-13
and characteristics; 17-5
terminating declaration mode; 21-8
text,
specifying options for merging; 24-16
non-text mode,
navigating in; 17-2
not (boolean NOT),
boolean operator used in guards; 5-8
not equal multiset (<><>) operator,
comparing multisets with,
reference description; 41-2
syntax and use; 37-5
not equal numeric operator (<>),
used in guards; 5-8
not equal string operator (<>),
reference description; 32-8
notation,
CPN ML; 30-4

numbers,

See Also integers; real numbers;
changing; 17-21

entering; 17-21

syntax; 17-20

term definition; 17-19

using; 17-20

O

objects,

See Also arcs; auxiliary; connectors; labels; nodes;
regions; text;
attributes,
term definition and components; 17-15
auxiliary,
characteristics; 17-7, 17-10
term definition; 17-6
changing,
preventing the; 24-4
the order on a page for; 25-9
the shape of; 25-5
CPN,
classes of, See arcs; chart nodes; declaration
nodes; places; regions; transitions;
compared with auxiliary; 3-1
term definition and characteristics; 17-6
custom palette page,
creating; 24-10
using; 24-11
data,
See tokens;
descendants,
impact of CPN Region command on; 21-7
difficult to select,
accessing with Select (Makeup menu); 17-4
duplicating,
with Duplicate Node command (Makeup menu);
25-6
essential graphical,
term definition and characteristics; 17-5
getting information about; 20-7
graphical,
term definition and characteristics; 3-1, 17-5
hidden,
selecting, with Select command (Makeup; 25-2
hierarchy,
term definition and characteristics; 17-5
invisible,
rendering; 24-5
locking; 24-4
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objects(cont’'d),
navigating; 17-1
non-sel ectabl e,
locking and unlocking; 24-4
original parent,
term definition and characteristics; 17-5
overlapping,
specifying display and printing of; 24-4
repositioning,
with Displace command (Makeup menu); 25-4
with Drag command (Makeup menu); 25-2
resizing,
with Change Shape command (Makeup menu);
25-5
without moving the center, with Adjust command
(Makeup menu); 25-4
selecting,
the next object in the layering order, with Next
Object (Makeup menu); 25-11
the previous object in the layering order, with
Previous Object (Makeup menu); 25-11
with Select command (Makeup menu); 25-2
selecting the parent of,
with Parent Object (Makeup menu); 25-10
system,
term definition and characteristics; 17-6
types,
auxiliary, characteristics; 17-10
effect of Copy command on; 20-3
effect of Cut command on; 20-2
effect of Paste command on; 20-5
system, characteristics; 17-10
term definition and characteristics; 17-6
unlocking; 24-4
visible,
selecting, with Select command (Makeup; 25-2
observability,
controlling for,
pages; 24-13
substitution transitions; 24-12
mode attribute characteristics; 17-16
obtaining,
multisets,
random values from; 37-7
the number of elementsin; 37-7
occlusion order,
term definition; 3-19, 17-1
occur,
term definition; 5-2
Occur button (Bind dialog, Sim menu),
invoking without displaying the dialog; 22-8
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occurrence,
rule,
setting, with Occurrence Set Options command
(Set menu); 24-30
what happens when a transition occurs; 5-12
Occurrence Graph Analyzer,
reporting names not acceptable to,
with the Syntax Options command (Set menu);
24-20
Occurrence Set (Sim menu),
reference description; 22-9
Occurrence Set Options(Set menu),
examining and changing occurrence set parameters
with; 8-20
reference description; 24-28
occurrencesets,
See Also algorithms; bindings;
adding to; 22-9
calculation of,
specifying, with Occurrence Set Options command
(Set menu); 24-28
clearing; 22-9
constructing; 8-18
for SalesNet model execution with conflict; 8-12
controlling the presence of,

pages in; 24-13

substitution transitions in; 24-12
defining,

with a single binding; 22-8
deleting; 22-9
editing area consistency; 22-4
executing,

algorithm for; 8-14
the elements in; 8-13
listing of bindings included in; 22-5
parameters,
examining and changing; 8-20
retaining; 22-8
review of; 8-18
term definition; 8-11, 8-18
octal codestringoperation (ord),
reference description; 32-8
of _id’ (membership) function,
syntax and characteristics; 32-27
Omit PageBorderscomponent (Page Setup
command),
reference description; 19-7
omitting,
See Also deleting;
time stamp; 12-8
Open (Filemenu),
reference description; 19-2
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Open Page (Pagemenu),

moving nodes between pages with; 4-15
reference description; 26-2
selecting a page with; 6-4

opening,

diagram; 1-4
pages,
with Open Page (Page menu); 26-2

operatorsand operations,

See Also expressions,

AN (concatenate list); 30-4, 32-14
A (concatenation) string; 32-8

~ (negation); 32-6

* (scalar multiplication); 32-6, 37-4, 41-2, 41-7

+ (addition); 32-6, 37-3, 41-1, 41-7
- (subtraction); 32-6, 37-4, 41-2, 41-7
/ (division); 32-6
:: (prepend) list; 32-14
< (less than) string; 32-8
<<  (multiset less than); 37-6, 41-3
<<= (multiset less than or equal); 37-6, 41-3
<= (lessthan or equal) string; 32-8
<> (not equal) string; 32-8
<><> (multiset not equal); 37-5, 41-2
= (equal) string; 32-8
== (multiset equal); 37-5, 41-2
> (greater than) string; 32-8
>=  (greater than or equal) string; 32-8
>>  (multiset greater than); 37-6, 41-3
>>= (multiset greater than or equal); 37-6, 41-3
@  (time append); 41-5
@  (time stamp); 30-4, 39-4
\ (backslash); 32-8
) (backquote) multiset creation operator; 37-2,
41-3
abs; 32-6
absolute value (abs); 32-6
addition (+); 32-6, 37-3, 41-7
reference description; 41-1
arctan (arctangent); 32-6
arctangent (arctan); 32-6
backquote (*) multiset creation; 2-8, 37-2
backslash (\); 32-8
binary,
association rule; 36-5
boolean,
used in guards; 5-8
chr (character-octal code) string; 32-8
comparison,
used in guards; 5-8
concatenate string (*); 32-8
concatenate list (*); 32-14

operatorsand operations(cont’d),
cos (cosine); 32-6
cosine (cos); 32-6
division (/); 32-6
equal string (=); 32-8
equal multiset (==); 37-5
reference description; 41-2
exp (exponential); 32-6
exponential (exp); 32-6
expressions; 36-3
precedence; 36-4
function type,
association rule; 36-5
greater than multiset (>>); 37-6
greater than string (>); 32-8
greater than or equal multiset (>>=); 37-6
reference description; 41-3
greater than or equal string (>=); 32-8
less than multiset (<<); 37-6
reference description; 41-3
less than string (<); 32-8
less than or equal multiset (<<=); 37-6
reference description; 41-3
less than or equal string (<=); 32-8
list concatenation; 30-4
In (natural logarithm); 32-6
mkst_col’; 32-8, 32-19
mkst_ms'; 32-8, 32-20
multiplication (*); 32-6
multiplying multisets; 37-4
multiset,
addition (+); 41-1
creation (°); 37-2, 41-3
creation (), reference description; 41-3
creation (), syntax and use; 37-2
equality (==); 41-2
greater than (>>); 41-3
greater than or equal (>>=); 41-3
less than (<<); 41-3
less than or equal (<<=); 41-3
not equal (<><>); 37-5, 41-2
scalar multiplication (*); 41-2
subtraction (-); 41-2
time append (@); 41-5
natural logarithm (In); 32-6
negation (~); 32-6
not equal string (<>); 32-8
octal code string (ord); 32-8
operation; 41-1
ord (octal code) string; 32-8
precedence and association (table); 36-5
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operatorsand operations(cont’d),
predefined,
reference descriptions; 41-1
prepend (::) list; 32-14
scalar multiplication (*); 37-4, 41-2, 41-7
sin (sine); 32-6
sine (sin); 32-6
size string; 32-8
sqrt (sguare root); 32-6
square root (sgrt); 32-6
subtraction (-); 32-6, 37-4, 41-7
reference description; 41-2
tan (tangent); 32-6
tangent (tan); 32-6
term definition; 41-1
time append (@); 41-5
optionkey,
navigating in text mode with; 17-3
options,
model,
characteristics and commands that access; 17-17
term definition; 17-15, 17-17
ord (octal code) string operation,
reference description; 32-8
ord’ (ordinal number) function,
syntax and characteristics; 32-22
order occlusion,
for connectors; 17-1
for regions; 17-1
on apage; 17-1
term definition; 17-1
ordering,
colorsets; 32-28
ordinal number (ord’) function,
syntax and characteristics; 32-22
orelse(booleandisjunction),
expression specifier use; 36-2
orelse(boolean OR),
boolean operator used in guards; 5-8
origin,
line charts,
specifying; 21-16
original parent object,
term definition and characteristics; 17-5
output,
keyword,
code segment output clause identified by; 40-18
term definition; 13-2
multiset,
term definition; 5-14
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output (cont’d),
pattern,
code segment, term definition and characteristics;
13-2
place,
term definition; 2-13
port,
characteristics; 21-24
token regions,
characteristics; 17-11
removing; 21-28
output arcs,
binding CPN variables on; 13-1
inscriptions,
appending time delays to; 40-6
characteristics as CP net component; 2-1
conditional; 40-6
delay expressions on; 12-8
evaluating; 5-14
examples; 40-13
free variables on, uses and cautions; 40-5
function application use and restrictions; 40-6
functions permitted with, with_code; 41-6
functions permitted with, with_time; 41-6
if/then/else use in; 38-2
term definition; 2-14
timing considerations; 39-2
term definition; 2-13
Output Form component (Page Setup
command),
reference description; 19-6
output_col function,
reference description; 41-8
output_msfunction,
reference description; 41-8
syntax and characteristics; 37-9
output_tmsfunction,
reference description; 41-8
overflow,
line charts,
specifying methods for handling; 21-17
overloading,
CPN ML feature; 30-1
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P

Page Attributes (Set menu),
naming pages with; 4-14
reference description; 24-10
pagekind (pageattribute),
characteristics; 17-15
Pagemenu,
See Also menus;
Blowup command; 26-2
Cleanup command; 26-3
Close Page command; 26-2
commands reference (chapter); 26-1
New Page command; 26-2
creating a page for global declarations with; 4-14
Open Page command; 26-2
moving nodes between pages with; 4-15
selecting a page with; 6-4
Redraw Hierarchy; 26-3
Redraw Hierarchy command,
redrawing the hierarchy page with; 11-13
Reduce command; 26-3
Scroll command; 26-2
PagePreview (Filemenu),
reference description; 19-6
Page Setup (Filemenu),
reference description; 19-6
pages,
attributes,
changing; 24-10
changing system and/or diagram defaults; 24-11
term definition and components; 17-15
borders,
changing the size; 24-11
rendering visible or invisible; 24-11
visibility, characteristics; 17-15
characteristics and components; 1-5, 17-5
cleaning up,
with Cleanup (Page menu); 26-3
closing,
with Close Page (Page menu); 26-2
connectors,
deletion requirements; 20-6
creating,
with New Page (Page menu); 4-14, 26-2
enlarging,
with Blowup (Page menu); 26-2
fusion place,
term definition; 10-10

pages(cont’d),

fusion sets,
creating; 10-9
term definition; 10-9
fusion subsets,
term definition; 10-10
hierarchy,
changing the layout and redrawing options; 24-14
for ahierarchical CP net diagram; 11-2
moving detail to a subpage of with Move to
Subpage command (CPN menu); 21-17
renaming pages from; 4-15
instances,
creating; 10-11
displaying name of; 22-12
specifying the number of; 24-13
switching among; 22-12
term definition; 10-11

master,

creating; 24-10
mode,

changing; 24-13
moving,

nodes and groups to; 25-7
nodes to adifferent; 4-15
names,
duplicate, reporting with the Syntax Options
command (Set menu); 24-19
ML-illegal, reporting with the Syntax Options
command (Set menu); 24-19
term definition; 17-20
naming,
with Page Attributes (Set menu); 4-14
navigating,
among; 1-6
to, from a hierarchy page node; 17-3
nodes,
characteristics; 1-6, 17-10
deletion requirements; 20-6
navigating to a page from; 17-3
numbers,
specifying pages to print with; 1-6
term definition; 17-20
occlusion order on; 17-1
occurrence set contribution,
specifying, with Occurrence Set Options command
(Set menu); 24-29
opening,
with Open Page (Page menu); 26-2
overlay options,
changing; 24-15
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pages(cont’'d),
Page Menu commands reference,
(chapter); 26-1
page mode key region,
term definition; 6-5
page mode region,
term definition; 6-5
palette,
changing overlay options; 24-15
creating; 24-10
using; 24-11
prime,
designating; 6-3
specifying; 24-13
redrawing diagrams,
with Cleanup (Page menu); 26-3
reference variables,
syntax and characteristics; 35-3
relationship in a hierarchy; 11-20
renaming,
from the hierarchy page; 4-15
scrolling,
with Scroll (Page menu); 26-2
specifying occurrence set contribution; 24-30
size,
characteristics; 17-15
enlarging, with Blowup (Page menu); 26-2
reducing, with Reduce (Page menu); 26-3
tags,
deletion requirements; 20-6
term definition; 17-5
palettepages,
creating; 24-10
overlay options,
changing; 24-15
using; 24-11
Parent Object (Makeup menu),
navigating with; 17-4
reference description; 25-10
parentheses (()),
guards use of; 5-9
parents,
See Also regions;
deleting; 3-17
locking regions relative to,
with Size component (Region Attributes
command-Set menu); 24-9

parents(cont’'d),
selecting,
with Parent Object (Makeup menu); 25-10
term definition; 3-16
and characteristics; 17-5
unlocking regions relative to,
with Size component (Region Attributes
command-Set menu); 24-9
parts(charts),
term definition; 15-2
Paste (Edit menu),
reference description; 20-5
pasting,
bar charts; 15-13
history charts; 15-17
line charts; 15-31
patterns,
characteristics and use; 36-6
lists; 40-11
records,
input arc inscription example; 40-11
tuples,
input arc inscription example; 40-10
term definition and characteristics; 2-6
performing,
See Also executing;
syntax check; 6-1
perimeter transitions,
creating when moving detail to a subpage,
with Move to Subpage command (CPN menu);
21-17
term definition; 21-17
Petri nets,
See CP nets; Design/CPN;
Place (CPN menu),
reference description; 21-2
places,
See Also colorsets; CPN objects, classes of; ellipses;
initial markings;
adding to fusion sets,
with Fusion Place command (CPN menu); 21-22
changing size and position; 21-2
characteristics,
and regions; 17-8
and term definition; 2-10
as CP net component; 2-1
colorset region,

moving; 3-17 syntax and characteristics; 40-3
operations performed on auxiliary regions effect on; creating,
23-10 multiple; 21-2
with Place (CPN menu); 4-7
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places(cont’d),
current marking simulation regions,
characteristics; 6-14
fusion,
(chapter); 10-1
changing the type of, with Fusion Place command
(CPN menu); 21-21
creating, with Fusion Place command (CPN menu);
21-20
global, physical appearance; 10-5
global, term definition; 10-5
instance, changing the type of, with Fusion Place
command (CPN menu); 21-21
instance, renaming, with Fusion Place command
(CPN menu); 21-21
instance, term definition; 10-13
multiple pages; 10-8
page, changing the type of, with Fusion Place
command (CPN menu); 21-21
page, renaming, with Fusion Place command (CPN
menu); 21-21
page, term definition; 10-10
renaming, with Fusion Place command (CPN
menu); 21-21
single page; 10-3
term definition; 10-1
turning non-fusion places; 21-23
initial marking region,
syntax and characteristics; 40-3
input,
term definition; 2-13
markings,
changing, with Change Marking command (Sim
menu); 22-11
term definition and characteristics; 2-11
moving between fusion sets; 21-23
name region,
syntax and characteristics; 40-2
names,
changing; 17-21
creating from auxiliary regions; 23-11
duplicate, reporting with the Syntax Options
command (Set menu); 24-18
entering; 17-21
missing, reporting with the Syntax Options
command (Set menu); 24-18
ML-illegal, reporting with the Syntax Options
command (Set menu); 24-19
term definition; 17-20
naming,
with CPN Region (CPN menu); 4-8
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places(cont’d),
output,
term definition; 2-13
place creation mode,
term definition; 4-7

place tool,
term definition and illustration; 4-7
port,
assigning with Port Assignment command (CPN
menu); 21-24

creating when moving detail to a subpage with
Move to Subpage command (CPN menu); 21-17
creating with Port Place command (CPN menu);
21-23
deletion requirements; 20-6
effect of Replace by Subpage command (CPN
menu) on; 21-19
general, characteristics; 21-24
term definition; 21-18
regions,
creating; 21-5
creating from auxiliary regions; 23-11
removing from fusion sets; 10-7
socket,
effect of Replace by Subpage command (CPN
menu) on; 21-19
term definition; 21-18
with Move to Subpage command (CPN
menu)creating when moving detail to a
subpage; 21-17
subtracting from fusion sets,
with Fusion Place command (CPN menu); 21-22
terminating creation mode; 21-2
text usein; 21-2
pointer tool,
characteristics and illustration; 3-16
pointer variables,
See reference variables;
polar coordinates,
aligning nodes relative to,
with Position (Align menu); 29-3
Polygon (Aux menu),
reference description; 23-5
polygons,
creating, modifying, and moving; 23-5
shape attributes,
changing; 24-7
popup regions,
term definition; 6-14
and characteristics; 17-11
Port Assignment (CPN menu),
manually assigning ports to sockets with; 11-27
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Port Assignment (CPN menu) (cont’d),
reference description; 21-24
Port Place (CPN menu),
reference description; 21-23
ports,
assignments,
impact on the results of the Change Marking
command (Sim menu); 22-11
effect of duplication on; 25-6
input,
characteristics; 21-24
input/output,
characteristics; 21-24
manually assigning to sockets; 11-25
navigating from a subpage to a superpage by double-
clicking on; 11-5
number,
specifying; 24-32
output,
characteristics; 21-24
places,
assigning; 21-24
creating; 21-23
creating when moving detail to a subpage; 21-17
deleting assignments; 21-25
deletion requirements; 20-6
effect of moving nodes between pages on; 25-8
effect of Replace by Subpage command (CPN
menu) on; 21-19
general characteristics; 21-24
navigating to a superpage from; 17-3
term definition; 21-18
types of; 21-24
port key region,
term definition; 11-4
regions,
CPN Region command restricted from creating;
21-5
term definition; 11-4
socket relationship to; 11-4
term definition; 11-1
position,
nodes,
changing; 21-8
places,
changing; 21-2
regions,
changing; 24-9
transitions,
changing; 21-3
Position (Align menu),
reference description; 29-3

power commands,

keys and shortcuts,

(chapter); A-1

precedence,

operators,

expression evaluation; 36-4

preferences,

characteristics and components; 17-15
prepend (::) list operator,

reference description; 32-14
preserving,

See aligning;
PreviousObject (Makeup menu),

navigating with; 17-4

reference description; 25-11
prime,

term definition; 17-16
primepages,

See Also occurrence sets; simulation;

characteristics; 17-16

designating; 6-3

specifying; 24-13

term definition; 6-3
Print (Filemenu),

reference description; 19-7

Print Hierarchy Pagecomponent (Page Setup

command),
reference description; 19-7
printing,
diagram; 1-6
overlapping objects,
specifying the; 24-4
page borders,
rendering visible or invisible; 24-11
products,
See tuples,
projecting,
aline of nodes,
with Projection (Align menu); 29-5
Projection (Align menu),
reference description; 29-5
proposed occurrencesets(modeattribute),
characteristics; 17-16
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Q

Quit (Filemenu),
reference description; 19-14
quitting,
See Also entering;
Design/CPN; 1-7

R

random values,
obtaining from a multiset,
with random function; 41-4
ran’ (random value) function,
arc inscriptions not permitted to use; 40-5
guards not permitted to use; 40-16
reference description; 41-4
syntax and characteristics; 32-18, 37-7
time region use; 40-15
union colorset selector use; 32-16
random number generation,
setting seed value for, with Occurrence Set Options
command (Set menu); 24-31
reading,
See Also colorsets;
colorsets,
with input_col function; 41-8
multisets; 37-9
timed, with input_tms function; 41-8
with input_ms function; 41-5, 41-8
real numbers,
See Also colorsets;
colorsets,
ordering of; 32-28
syntax and characteristics; 32-5
testing for membership in; 32-26
functions,
standard ML, list of supported; 41-10
operations predefined for; 32-6
value identifiers,
declaring; 33-2
realtime,
functions,
standard ML, list of supported; 41-12
reattaching,
connectors; 23-2
rebinding,
See bindings; CPN variables;
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reconstructing,
groups; 3-21
recording,
results of simulation,
adding information, with write_report function;
6-11
specification with General Simulation Options
(Set menu); 6-9
records,
See Also colorsets;
colorsets,
constructing multiset for; 32-25
ordering of; 32-28
syntax and characteristics; 32-11
expression constructors; 36-3
multiplying multisets of; 37-5, 41-2
patterns,
input arc inscription example; 40-11
selector functions; 32-12
specifying in expressions; 36-2
rectangles,
See Also transitions;
adding text to; 3-9
creating; 3-6
aseries of; 3-9
adding text while; 3-10
deleting; 3-8
moving; 3-8
during creation; 3-8
preserving the aspect ratio during size change; 3-10
rectangle creation mode,
characteristics; 3-6
rectangle tool,
characteristics and illustration; 3-6
reshaping; 3-7
redefining,
bar chart attributes; 15-7
history charts; 15-16
line charts; 15-23
Redo (Edit menu),
reference description; 20-2
Redraw Hierarchy (Page menu),
redrawing the hierarchy page with; 11-13
reference description; 26-3
redrawing,
hierarchy page,
with Redraw Hierarchy (Page menu); 26-3
pages,
with Cleanup (Page menu); 26-3
Reduce (Page menu),
See Also Blowup (Page menu);
reference description; 26-3
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reducing,
pages,
with Reduce (Page menu); 26-3
reference,
functions,
standard ML, list of supported; 41-12
summaries,
(chapter); 17-1
referencevariables,
(chapter); 35-1
arc inscriptions not permitted to use; 40-5
CPN,
global, syntax and characteristics; 35-3
instance, syntax and characteristics; 35-3
page, syntax and characteristics; 35-3
CPN ML extension; 30-3
expression use and restrictions; 36-2
restrictions on use; 35-1
val-defined; 35-1
syntax and characteristics; 35-2
Region Attributes (Set menu),
reference description; 24-8
regions,
See Also CPN objects, classes of; nodes;
arc inscription,
term definition; 2-14
arc inscription region,
syntax and characteristics; 40-4
arcs; 17-9
attributes,
changing; 24-8
components; 17-15
auxiliary,
creating; 23-10
creating auxiliary nodes from; 23-11
creating code segments from; 23-11
creating CPN regions from; 23-11
creating from auxiliary regions; 23-11
creating from CPN regions; 23-13
creating guards from; 23-11
creating initial markings from; 23-11
creating log regions from; 23-11
creating place names from; 23-11
creating transition names from; 23-11
effect of Paste command on; 20-5
term definition and characteristics; 17-7
binding,
characteristics; 17-11
border,
deletion requirements; 20-6

regions(cont’'d),

changing,
with Change Shape command (Makeup menu);
25-6
charts; 17-9
bar, specifying; 21-11
history, specifying; 21-11

code,

creating; 21-6

deletion requirements; 20-6
color,

changing; 24-9
colorsets,

characteristics; 40-3
creating with CPN Region command; 21-5
creation mode, term definition; 4-9
converting into nodes; 3-17
copying; 4-11
CPN,
characteristics and relationships with parent
objects; 17-10
creating auxiliary regions from; 23-13
creating from auxiliary regions; 23-11
creating multiple; 21-6
effect of Paste command on; 20-5
place regions, creating; 21-5
terminating creation mode; 21-7
creating; 3-16
agroup of; 27-2
current marking,
characteristics; 17-10
removing with Remove Sim Regions command
(CPN menu); 21-28
displaying,
with Show Regions (Makeup menu); 25-9
duplicating,
with Duplicate Node command (Makeup menu);
25-6
editing; 3-17
editor,
changing the visibility of; 17-3
editor key/popup,
list; 17-12
effect of,
Child Object (Makeup menu) on; 25-11
Copy command on; 20-4
Cut command on; 20-2
merging nodes on; 25-8
moving nodes between pages on; 25-7
endpoint,
creating; 17-14
term definition and characteristics; 17-11, 17-13
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regions(cont’'d),

feedback,
removing with Remove Sim Regions command
(CPN menu); 21-28
fusion,
CPN Region command restricted from creating;
21-5
deletion requirements; 20-6
key region, term definition and illustration; 10-6
term definition; 10-6
guard,
creating; 21-6
hidden,
selecting with arrow keys; 25-9
hiding,
with Hide Regions (Makeup menu); 25-9
hierarchy,
CPN Region command restricted from creating;
21-5
creating when moving detail to a subpage with
Move to Subpage command (CPN menu); 21-18
deletion requirements; 20-6
key region, term definition; 11-7
term definition; 11-8
initial marking,
creating with CPN Region command; 21-5
syntax and characteristics; 40-3
term definition; 2-12
input token,
characteristics; 17-11
removing with Remove Sim Regions command
(CPN menu); 21-28
inscription,
See inscriptions; specific names;
key,
editor, creating and deleting; 17-13
simulator, creating and deleting; 17-13
term definition and characteristics; 17-7, 17-11
layering order for; 17-1
line charts; 21-15
locking relative to the parent,
with Size component (Region Attributes
command-Set menu); 24-9
log,
characteristics and use; 13-3
creating; 21-6
mode,
characteristics; 17-10
deletion requirements; 20-6
moving; 11-9
the parent of; 3-17

regions(cont’'d),

name,
creating; 21-6
output token,
characteristics; 17-11
removing with Remove Sim Regions command
(CPN menu); 21-28
place,
creating; 21-5
name, syntax and characteristics; 40-2
places and; 17-8
popup,
changing; 24-9
term definition and characteristics; 17-11
port,
CPN Region command restricted from creating;
21-5
key, term definition; 11-4
term definition; 11-4
position,
changing; 24-9
region tool,
term definition and illustration; 4-6
resizing,
without moving the center, with Adjust command
(Makeup menu); 25-4
selecting; 11-9
shapes possible to; 24-5
simulation,
changing the visibility of; 17-3
characteristics and purpose; 6-13
key/popup, list; 17-12
removing with Remove Sim Regions command
(CPN menu); 6-18, 21-28
size,
changing; 24-9
substitution tag,
term definition; 11-2
system,
characteristics; 17-10
term definition and characteristics; 3-16, 17-5
time,
assigning time stamps with CPN Region (CPN
menu); 12-10
creating; 21-6
creating from auxiliary regions; 23-11
term definition; 12-7
transitions; 17-8
creating; 21-6
feedback, characteristics; 17-11
reference description; 40-14
time region; 39-3
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regions(cont’'d),
unlocking relative to the parent,
with Size component (Region Attributes
command-Set menu); 24-9
Regroup (Group menu),
reconstructing groups with; 3-21
Regular Polygon (Aux menu),
reference description; 23-7
relational,
expression operators; 36-3
Remove Sim Regions(CPN menu),
reference description; 21-28
removing simulation regions with; 6-19
removing,
See Also creating;
simulation regions,
with Remove Sim Regions command (CPN menu);
6-18
renaming,
fusion places,
with Fusion Place command (CPN menu); 21-21
instance fusion places,
with Fusion Place command (CPN menu); 21-21
page fusion places,
with Fusion Place command (CPN menu); 21-21
pages,
from the hierarchy page; 4-15
rendering,
objects invisible; 24-5
Replaceby Subpage (CPN menu),
reference description; 21-19
replacing,
substitution transition with subpage,
using the Replace by Subpage command (CPN
menu); 21-19
text,
in agroup, with Find (Text menu); 28-4
with Find (Text menu); 28-3
reports,
simulation,
clearing, with Save Report command (Sim menu);
22-13
customizing, with the Simulation Code Options
command (Set menu); 24-26
naming, with Save Report command (Sim menu);
22-13
saving, with Save Report command (Sim menu);
22-13
specifying, with the Simulation Code Options
command (Set menu); 24-25
writing,
with write_report function; 41-6
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repositioning,
groups,
with Align menu commands; 29-2
nodes,
with Align menu commands; 29-1
objects,
with Displace command (Makeup menu); 25-4
with Drag command (Makeup menu); 25-2
representation,
concurrency; 8-2
conflict; 8-5
multisets,
internal; 37-9
state,
transition use as; 8-3
time,
simulated (chapter); 12-1
rerouting,
See Also aligning;
arcs; 11-8
reserved words,
CPN ML; 31-2
resetting,
drawing environment; 3-5
reshaping,
See Also aligning; creating;
rectangles; 3-7
resizing,
|abels,
without moving the center, with Adjust command
(Makeup menu); 25-4
nodes,
with Change Shape command (Makeup menu);
25-5
objects,
with Change Shape command (Makeup menu);
25-5
without moving the center, with Adjust command
(Makeup menu); 25-4
regions,
without moving the center, with Adjust command
(Makeup menu); 25-4
ResmodSubtrans model,
hierarchy page; 11-2
subpage; 11-3
superpage; 11-3
ResourceUse M odel,
data; 16-2
description; 10-1
executing; 10-3
graphics and global declarations; 16-3
improvement suggestions; 16-15
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Resource UseModel (cont’d),
introduction and overview; 16-1
running the model; 16-4

resour ces,
allocation of; 8-1
competition for,

as concurrency problem; 8-1

restarting,

simulation after breakpoint or interruption by Stop
command; 22-10

restoring,
drawing environment; 3-5

Reswitch (Sim menu),
reference description; 22-13
reswitching SalesNet after changing in the simulator;

8-10

reswitching,
after changing a CP net in the simulator; 8-10
diagrams,

with Reswitch command (Sim menu); 22-13
retaining,
occurrence set; 22-8

Revert (Filemenu),
reference description; 19-5

RighttoLeft (Align menu),
reference description; 29-6

RighttoRight (Align menu),
reference description; 29-6

rot’ (rotation) function,
syntax and characteristics; 32-24

rotation (rot’) function,
syntax and characteristics; 32-24

rounded,
boxes,
changing shape attributes; 24-7
creation and manipulation; 23-4
polygons,
creation and manipulation; 23-7

Rounded Box (Aux menu),
reference description; 23-4

routing,

See Also aligning;
connectors; 3-14
automatic; 3-15

rows,
aligning nodes in,

See Horizontal (Align menu); Vertical (Align
menu);

running,

See executing;
runtimeenvironment,
ML (chapter); 41-1
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SalesNet model,
changing in the simulator; 8-9
concurrent execution of; 8-7
executing with conflict; 8-12
satisfy,
term definition; 5-10
Save(Filemenu),
reference description; 19-3
SaveAs(Filemenu),
reference description; 19-5
SaveReport (Sim menu),
reference description; 22-13
Save State (Filemenu),
reference description; 19-11
saving execution states with; 5-15
Save Subdiagram (Filemenu),
reference description; 19-7
SaveText (Filemenu),
reference description; 19-9
saved states,
entering the simulator with; 6-12
loading with Open command (File menu); 19-12
opening; 19-2
term definition; 5-15
saving,
See Also loading;
bar chart copy; 21-12
execution states,
with Save State (File menu); 5-15
history chart copy; 21-12
line charts; 21-15
simulation reports,
with Save Report command (Sim menu); 22-13
scalar multiplication operator (*),
function scalar multiplication; 41-7
scalar multiplication of multisets with; 37-4, 41-2
scope,
local,
declaring local variables within afunction; 38-1
term definition; 34-1
scoping,
static,
CPN ML feature; 30-2
Scroll (Page menu),
reference description; 26-2
scrolling,
autoscrolling characteristics; 3-4
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scrolling (cont’d),
display options,
changing; 24-15
pages,
with Scroll (Page menu); 26-2
searchingfor,
text,
in agroup, with Find (Text menu); 28-4
with Find (Text menu); 28-3
segments,
term definition; 3-14
Select (Makeup menu),
accessing difficult to select objects with; 17-4
reference description; 25-2
Select All Connectors(Group menu),
reference description; 27-2
Select All Nodes (Group menu),
reference description; 27-2
Select All Regions (Group menu),
reference description; 27-2
Select All Text (Text menu),
reference description; 28-5
Select Fusion Set (Group menu),
reference description; 27-3
Select Instance (Sim menu),
reference description; 22-12
Select t o (Text menu),
reference description; 28-5
Select t o Bracket (Text menu),
reference description; 28-5
Select t o Bracket command,
specifying brackets and character counts used by,
with Text Options command (Set menu); 24-17
selectability (graphical attribute),
changing; 17-17
characteristics; 17-17
selectable,
term definition; 17-17
selecting,
all nodes,
with Select All Nodes (Group menu); 27-2
child objects,
with Child Object (Makeup menu); 25-10
fusion sets,
with Select Fusion Set (Group menu); 27-3
graphical objects; 3-18
hidden regions,
with arrow keys; 25-9
objects,
the next object in the layering order, with Next
Object (Makeup menu); 25-11

selecting (cont’d),

objects (cont’d),

the previous object in the layering order, with

Previous Object (Makeup menu); 25-11

with Select command (Makeup menu); 25-2
parents,

with Parent Object (Makeup menu); 25-10
regions; 11-9
simulation type of,

with General Simulation Options (Set menu); 6-8
text,

with Select All Text (Text menu); 28-5

with Select to (Text menu); 28-5

with Select to Bracket (Text menu); 28-5

selectors,

boolean; 41-6
expression operators; 36-3
selector functions,
records; 32-12
union colorsets,
specifying; 32-16

Set menu,

See Also menus;
Chart Attributes command; 24-13
commands reference (chapter); 24-1
Copy Defaults command; 24-33
copying diagram defaults with; 4-3
General Simulation Options,
selecting the type of simulation with; 6-8
General Simulation Options command; 24-23
selecting the termination conditions with; 6-9
Graphic Attributes command; 24-3
Hierarchy Page Options command; 24-14
Interaction Options command; 24-15
Interactive Simulation Options command; 24-27
setting breakpoints with; 6-15
Merge Options command; 24-16
ML Configuration Options,
saving ML configuration options with; 4-3
ML Configuration Options command; 24-32
Mode Attributes command; 24-12
creating multiple page instances with; 10-11
designating prime pages with; 6-4
Occurrence Set Options command; 24-28
examining and changing occurrence set parameters
with; 8-20
Page Attributes command; 24-10
naming pages with; 4-14
Region Attributes command; 24-8
Shape Attributes command; 24-5
Simulation Code Options command; 24-20
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Set menu (cont’d),
Simulation Code Options command (cont’d),
generating code for different types of execution
with; 6-5
Syntax Options command; 24-18
Text Attributes command; 24-2
Text Options command; 24-17
Transition Feedback Options command; 24-31
sets,
See multisets;
setting,
breakpoints,
all, with Option key plus Stop command (Sim
menu); 22-11
with Interactive Simulation Options command (Set
menu); 6-15, 24-27
graphical environment; 4-2
shape,
attributes,
changing; 24-5
components; 17-15
changing,
with Change Shape command (Makeup menu);
25-5
Shape Attributes (Set menu),
reference description; 24-5
shiftkey,
navigating in text mode with; 17-3
Show Regions(Makeup menu),
reference description; 25-9
showing,
regions,
with Show Regions (Makeup menu); 25-9
sideeffects,
arc inscriptions not permitted to have; 40-5
CPN ML restrictions on the use of; 30-4
Sim menu,
See Also menus;
Automatic Run command; 22-10
Bind command; 22-2
Change Marking command; 22-11
characteristics and purpose; 6-12
Clear Report command; 22-13
commands reference (chapter); 22-1
Continue command; 22-10
continuing execution after a breakpoint with;
6-16, 8-15
Initial State command; 22-11
initializing SalesNet after changing in the
simulator; 8-10
initializing the CP net state with; 6-18
Interactive Run command; 22-10
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Sim menu (cont’d),

Interactive Run command (cont’ d),
constructing an occurrence set with; 8-12
executing CP nets with; 6-16

Occurrence Set command; 22-9

Reswitch command; 22-13
reswitching SalesNet after changing in the

simulator; 8-10

Save Report command; 22-13

Select Instance command; 22-12

Start Step command; 22-9

Stop command; 22-10

Update Chart command; 22-13

updating bar charts with; 15-10
updating line charts with; 15-27
simple,

See Also colorsets - boolean, enumerated values,
indexed values, integers, real numbers, strings,
unit;

colorsets,

characteristics; 32-2
expressions,
term definition; 36-1
simplifying,
See aligning;
simulation,

See Also breakpoints;

automatic,
initiating with Automatic Run command (Sim

menu); 22-10

controlling the presence of,
pages during; 24-13
substitution transitions during; 24-12

generating code for different types of,
with Simulation Code Options (Set menu); 6-5

interative,
initiating with Interactive Run command (Sim
menu); 22-10
managing,
with write_report and stop_simulation functions;
41-6
options,

specifying with with_time and with_code
functions; 41-6
testing for the with time option; 39-4
recording results of,
adding information, with write_report function;
6-11
specification with General Simulation Options
(Set menu); 6-9
regions,
characteristics and purpose; 6-13
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simulation (cont’d),
regions (cont’d),
current marking; 6-14
feedback; 6-14
removing, with Remove Sim Regions command
(CPN menu); 6-18
term definition; 6-13
transition feedback; 6-14
reports,
clearing, with Save Report command (Sim menu);
22-13
naming, with Save Report command (Sim menu);
22-13
saving, with Save Report command (Sim menu);
22-13
specifying, with the Simulation Code Options
command (Set menu); 24-25
restarting after breakpoint or interruption by Stop
command; 22-10
selecting the type of,
with General Simulation Options (Set menu); 6-8
specifying,
parameters for; 24-23
prime pages; 24-13
time for; 12-4
step,
starting; 22-9
stopping,
specifying criteriafor, with the Simulation Code
Options command (Set menu); 24-24
with Stop command (Sim menu); 22-10
with stop_simulation function; 41-6
term definition; 1-1
termination,
specifying conditions for, with General
Simulation Options (Set menu); 6-9
type of,
specifying, with General Simulation Options
command (Set menu); 24-23
with and without code,
code segment characteristics, syntax, and use;
13-1
specifying, with General Simulation Options
command (Set menu); 24-24
with and without time; 12-14
mechanism; 12-3
specifying, with General Simulation Options
command (Set menu); 24-24
with instance fusion sets; 10-14
writing a report on status of,
with write_report function; 41-6

Simulation Code Options (Set menu),
generating code for different types of execution with;
6-5
reference description; 24-20
simulator,
changing anet in; 8-9
code options,

specifying which to use, with the Simulation Code

Options command (Set menu); 24-20
entering; 6-11
with a saved state; 6-12
executing CP nets with,
(chapter); 6-1
execution algorithm; 8-11
illustrating with SalesNet model execution with
conflict; 8-12
key/popup regions,
creating and deleting; 17-13
list; 17-12
leaving,
with Enter Editor command (File menu); 6-18
options,
command that access; 17-17
overview; 5-1
regions,
changing the visibility of; 17-3
removing with Remove Sim Regions command
(CPN menu); 21-28
role in mapping inputs to outputs; 8-3
sin operation (sine),
reference description; 32-6
sineoperation (sin),
reference description; 32-6
singlequote ('),
type variable use; 30-4
size,
colorsets,
as classification dimension; 32-1
multiset,
obtaining, with size function; 41-3
nodes,
changing; 21-8
page,
borders, changing; 24-11
characteristics of page attribute; 17-15
enlarging, with Blowup (Page menu); 26-2
reducing, with Reduce (Page menu); 26-3
places,
changing; 21-2
rectangle,
preserving the aspect ratio while changing; 3-10
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size(cont’d),
regions,
changing; 24-9
size constant,
syntax and characteristics; 32-21
size function,
reference description; 41-3
syntax and characteristics; 37-7
size string operation,
reference description; 32-8
transitions,
changing; 21-3
small colorsets,
See colorsets, small;
socket places,
creating when moving detail to a subpage,
with Move to Subpage command (CPN menu);
21-17
effect of Replace by Subpage command (CPN menu)
on; 21-19
term definition; 21-18
sockets,
deletion requirements; 20-6
manually assigning ports to; 11-25
port relationship to; 11-4
term definition; 11-1
spacing,
nodes,
along a diagonal, See Vertical Spread (Align menu)
and Horizontal Spread (Align menu);
equidistantly around acircle, with Circular Spread
(Align menu); 29-5
vertically, with Vertical Spread (Align menu);
29-5
specifying,
bar charts,
bar names; 21-11
grid lines; 21-11
title; 21-11
character count blocking used by Load Text and Select
to Brackets commands,
with Text Options command (Set menu); 24-17
code generation for,
code segments; 24-20
simulation type; 24-21
timed simulation; 24-21
colorsets,
with CPN Region (CPN menu); 4-9
graphics updating during simulation,
with Interactive Simulation Options command (Set
menu); 24-27
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specifying (cont’d),
history charts,
bar names; 21-11
grid lines; 21-11
title; 21-11
values; 15-16
initial marking,
with CPN Region (CPN menu); 4-9
input arc inscriptions,
with CPN variables; 5-7
line charts,
grid lines characteristics; 21-15
lines characteristics; 21-14
methods for handling overflow; 21-17
name; 21-14
origin; 21-16
regions; 21-15
values, the type and range; 21-16
ML configuration options,
with ML Configuration Options command (Set
menu); 24-32
multisets; 2-8
number of pages instances; 24-13
occurrence set parameters,
with Occurrence Set Options command (Set menu);
24-28
options,
merging arcs; 24-16
merging connectors; 24-16
merging nodes; 24-16
merging text in CPN regions; 24-17
merging text in nodes; 24-16
overlapping object display and printing; 24-4
prime page; 6-3, 24-13
simulation parameters,
with the General Simulation Options command
(Set menu); 24-23
text brackets used by Load Text and Select to Brackets
commands,
with Text Options command (Set menu); 24-17
tokens,
exact values with constants; 5-4
multiple tokens with the different values; 5-6
multiple tokens with the same value; 5-5
with CPN variables; 5-7
spreading,
See Also aligning;
nodes,
along a diagonal, See Vertical Spread (Align menu)
and Horizontal Spread (Align menu);
equidistantly around acircle, with Circular Spread
(Align menu); 29-5
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spreading (cont’d),
nodes (cont’ d),
horizontally, with Horizontal Spread (Align
menu); 29-4
vertically, with Vertical Spread (Align menu);
29-5
sqrt operation (squareroot),
reference description; 32-6
squareroot operation (sqrt),
reference description; 32-6
standard defaults,
term definition; 17-18
standard deviation,
statistical variable,
obtaining, with SV’std; 14-4
Standard M L,
See Also CPN ML language;
CPN ML,
extensions to; 30-2
restrictions and modifications; 30-3
Start ML (Aux menu),
See Also CPN ML language;
reference description; 23-13
Start Step (Sim menu),
reference description; 22-9
starting,
See Also entering; quitting; stopping;
Design/CPN; 1-4
simulation step; 22-9

states,
CP net,
initializing with Initial State command (Sim
menu); 6-18
current,
term definition; 2-11
execution,

loading, with Load State (File menu); 5-16
saving, with Save State (File menu); 5-15
initial,
concurrent execution; 8-4
term definition; 2-11
saved,
entering the simulator with; 6-12
starting execution with; 5-16
term definition; 5-15
system,

generating an initial, with Initial State command

(Sim menu); 22-11
term definition and characteristics; 2-11
timein relation to; 12-2
transitions as representation of; 8-3

staticscoping,

CPN ML feature; 30-2

statistical variables,

(chapter); 14-1
accessing; 14-3
charts and,

using (chapter); 16-1
clearing; 14-5
creating; 14-2
initializing; 14-2

in Resource Use model; 16-5
methodology for use; 14-1
structure; 14-2
updating; 14-3

in Resource Use model; 16-6

statistics,

Resource Use model; 16-5

statusbar,

characteristics; 1-5

statusbar information,

error reporting from Syntax Check command (CPN
menu); 21-27

steps,

line chart updating period; 21-16
number,
accessing with step function; 39-4
recording information about,
specification with General Simulation Options
(Set menu); 6-10
reporting information about,
with the Simulation Code Options command (Set

menu); 24-26
simulation,
starting; 22-9

step function,
reference description; 41-5
syntax and characteristics; 39-4
term definition; 8-12

Stop (Sim menu),

reference description; 22-10

stop criteria,

simulation,
specifying conditions for, with General
Simulation Options (Set menu); 6-9

Stop ML (Aux menu),

See Also CPN ML language;
reference description; 23-13

stopping,

simulation,
specifying criteriafor, with the Simulation Code
Options command (Set menu); 24-24
with Stop command (Sim menu); 22-10
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stopping (cont’d),
simulation (cont’d),
with stop_simulation function; 41-6
stop_simulation function,
reference description; 41-6
strings,
See Also colorsets;
colorsets,
ordering of; 32-28
syntax and characteristics; 32-6
term definition and characteristics; 2-4
testing for membership in; 32-26
comparison operators; 32-8
control character insertion; 32-8
escape sequences; 32-8
expression operators; 36-3
functions,
standard ML, list of supported; 41-11
length; 32-8
operations; 32-8
representing colorset value as; 32-19
with mkst_col’ operation; 32-8
representing multiset value as; 32-8
selecting text to a specified,
with Select to (Text menu); 28-5
value identifiers,
declaring; 33-2
structure,
statistical variables; 14-2
stylesheet,
creating; 24-10
submodel,
term definition; 9-3, 11-1
subnet,
term definition; 9-3, 11-2
subpages,
creating; 11-5
with Move to Subpage command (CPN menu);
21-18
deleting; 11-23
references to; 11-24
designating net components to move to; 11-6
improving the appearance; 11-11
moving detail to,
with Move to Subpage command (CPN menu);
21-17
navigating,
from to the superpage; 11-5
to from substitution transition; 17-3
replacing substitution transition with,
using the Replace by Subpage command (CPN
menu); 21-19

subpages (cont’d),
ResmodSubtrans model; 11-3
term definition; 11-1
using more than one; 11-17
subroutine,
subpages compared to; 11-21
subsets,
See Also colorsets;
colorsets,
ordering of; 32-28
syntax and characteristics; 32-15
testing for membership in; 32-26
subsetting,
multiset(s); 2-9
substep,
term definition; 8-12
substitution,
connectors,
characteristics; 17-10
tag region,
term definition; 11-2
tags,
characteristics; 17-10
transitions,
(chapter); 11-1
changing the mode of ; 24-12
characteristics; 9-3
creating; 11-5, 11-15
creating, when moving detail to a subpage; 21-18
creating, with Substitution Transition command
(CPN menu); 21-19
effect of Child Object (Makeup menu) on; 25-10
effect of duplication on; 25-6
effect of moving nodes between pages on; 25-7
naming; 11-8
navigating to a subpage from; 17-3
replacing with subpage; 21-19
reversing the creation of; 11-21
specifying the location of; 11-6
substitution transition creation mode, term
definition; 11-6
term definition; 9-3, 11-1, 21-18
Substitution Transition (CPN menu),
reference description; 21-19
subtracting,
functions,
with subtraction operator (-); 41-7
multisets; 2-8, 37-4
subtraction operator reference description; 41-2
places from fusion sets,
with Fusion Place command (CPN menu); 21-22
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subtraction operator (-),
reference description; 32-6
function subtraction; 41-7
subtracting multisets; 37-4
reference description; 41-2
sum,
statistical variable,
obtaining, with SV’sum; 14-5
sumofthesquares,
statistical variable,
obtaining, with SV’ss; 14-5
sumofthesquaresofdeviation,
statistical variable,
obtaining, with SV’ssd; 14-5
summaries,
reference,
(chapter); 17-1
supernodes,
changing mode attributes for; 24-13
superpage,
improving the appearance; 11-8
navigating,
to from a port place; 17-3
to from the subpage; 11-5
ResmodSubtrans model; 11-3
term definition; 11-1
SV’avrgfunction,
reference and use; 14-3
SV'count function,
reference and use; 14-3
SV'first function,
reference and use; 14-4
SV'init function,
reference and use; 14-5
SV'maximum function,
reference and use; 14-4
SV'minimum function,
reference and use; 14-4
SV'ssfunction,
reference and use; 14-5
SV'ssd function,
reference and use; 14-5
SV'std function,
reference and use; 14-4
SV’'sum function,
reference and use; 14-5
SV'valuefunction,
reference and use; 14-4
SV'vari function,
reference and use; 14-5

switching,
among page instances,
with Select Instance command (Sim menu); 22-12
simulation code options that affect the speed of;
24-21
syntax,
check,
compulsory restrictions, list and characteristics;
17-22
performing; 6-1
compulsory restrictions,
list; 17-22
descriptions,
format; 30-4
errors,
deciphering ambiguous messages; 7-5
handling (chapter); 7-1
locating; 7-2
missing colorset; 7-2
optional, specifying which to be reported; 24-18
undeclared CPN variables; 7-4
guards; 5-8
Syntax Check (CPN menu),
performing a syntax check with; 6-2
reference description; 21-26
specifying which errors reported,
with the Syntax Options command (Set menu);
24-18
Syntax Options (CPN menu),
selecting optional syntax restrictions with; 6-1
Syntax Options(Set menu),
place name validation criteria; 40-2
reference description; 24-18
system,
connectors,
characteristics; 17-10
defaults,
attributes, term definition; 4-2
changing; 17-19
changing graphic attributes; 24-3
changing shape attributes; 24-5
changing text attributes; 24-2
copying; 17-19
page attributes, changing; 24-11
setting diagram defaults with; 24-33
setting for ML configuration options; 24-33
term definition and characteristics; 4-2, 17-18
using; 17-19
nodes,
characteristics; 17-10
objects,
characteristics; 17-7
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system (cont’d),
objects (cont’d),
term definition; 17-6
types; 17-10
regions,
characteristics; 17-10
state,
generating an initial; 22-11

T

tab,
inserting in strings; 32-8
tags,
page,
deletion requirements; 20-6
substitution,
characteristics; 17-10
tan operation (tangent),
reference description; 32-6
tangent operation (tan),
reference description; 32-6
templates,
creating; 24-10
temporary,
declaration nodes,
creating with Declaration Node command (CPN
menu); 21-7
term definition and characteristics; 17-6
terminating,
arc creation mode; 21-5
CPN region creation mode; 21-7
nodes declaration mode; 21-8
place creation mode; 21-2
termination,
simulation,
specifying conditions for, with General
Simulation Options (Set menu); 6-9
terminology,
reference description; 1-1
testing,
ML Evauate command (Aux menu),
use for testing new and changed code; 23-14
optional syntax errors,

specifying which to be reported, with the Syntax

Options command (Set menu); 24-18
text,
adding to,
arectangle; 3-9
arectangle, while creating it; 3-10

text (cont’d),

adjusting a graphic object to fit,
with Fit to Text command (Makeup menu); 25-5
attributes,
changing for selected objects; 24-2
changing system and/or diagram defaults; 24-2
brackets used by Load Text and Select to Brackets
commands,
specifying, with Text Options command (Set
menu); 24-17
character counts used by Load Text and Select to
Brackets commands,
specifying, with Text Options command (Set
menu); 24-17
CPN regions,
specifying options for merging; 24-17
editing; 3-13
effect of,
Copy command on; 20-4
Cut command on; 20-3
Paste command on; 20-6
entering; 3-13
into a global declaration node; 4-13
finding,
with Find (Text menu); 28-3
impact of CPN Region command on; 21-7
|abels,
creating, modifying, and moving; 23-9
mode,
characteristics; 3-3
creating objects from; 3-18
detecting when system is in both group mode and;
28-2
entering; 28-2
impact on duplication; 25-6
leaving; 28-2
navigating in; 17-3
term definition; 3-2
moving,
to beginning of current text object; 28-4
with Drag command (Makeup menu); 25-2
nodes,
specifying options for merging; 24-16
place use of; 21-2
pointers,
following to find the error location; 21-26
locating an error with; 7-3
moving to the node pointed to, with Child Object
(Makeup menu); 25-11
moving to the node pointed to, with Parent Object
(Makeup menu); 25-10
term definition; 7-3
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text (cont’d),

pointers (cont’d),

using as hypertext; 28-4
replacing,

with Find (Text menu); 28-3
searching for,

with Find (Text menu); 28-3
selecting,

with Select All Text (Text menu); 28-5

with Select to (Text menu); 28-5

with Select to Bracket (Text menu); 28-5
tool,

term definition and illustration; 3-3
transition use of; 21-3

text attributes,

components; 17-15

Text Attributes (Set menu),

reference description; 24-2

Text menu,

See Also menus;
commands reference (chapter); 28-1
Enter Text Mode command; 28-2
Find Beginning command; 28-4
Find command; 28-3
Find Next command; 28-4
Leave Text Mode command; 28-2
Select All Text command; 28-5
Select to Bracket command; 28-5
Select to command; 28-5
Turn On Text command,

adding text to rectangles with; 3-9

Text Options(Set menu),

reference description; 24-17

time,

See Also concurrency;
(chapter); 39-1
appending,
time lists to multisets; 39-4
time lists to multisets, with time append operator
(@); 41-5
delay,
transition time region, reference description;
40-15
function; 41-5
output arc inscription use of; 39-2
syntax and characteristics; 39-4
time region use; 39-3, 40-15
increasing the realism of simulation with; 12-15
initial marking region (place),
time delay syntax and characteristics; 40-3
input arc inscriptions,
overriding time stamps with @ignore; 40-5

time(cont’d),
line chart,
updating period; 21-16
multisets; 37-10
reading, with intput_tms function; 41-8
writing, with output_tms function; 41-8
output arc inscriptions; 12-8
appending time delays to; 40-6
real,
term definition; 12-2
regions,
assigning time stamps with CPN Region (CPN
menu); 12-10
creating; 21-6
creating from auxiliary regions; 23-11
term definition; 12-7
removing from a colorset; 39-1
representation methods in CP nets; 12-2
simulated,
(chapter); 12-1
characteristics; 12-2
impact on enablement; 12-3
term definition; 12-2
uses for; 12-3
simulation with,
and without; 12-14
disabling, with the Simulation Code Options
command (Set menu); 24-21
generating code for, with the Simulation Code
Options command (Set menu); 24-21
specifying; 12-4
specifying, with General Simulation Options
command (Set menu); 24-24
specifying, with the with_time function; 41-6
stamps,
@ operator use for appending; 30-4
assigning, example; 12-10
colorset defaults; 39-1
giving to atoken; 12-7
initial markings and; 12-9
multisets and; 12-10
omitting; 12-8
term definition and characteristics; 12-2, 39-1
state in relation to; 12-2
testing for the with time simulation option; 39-4
time append operator (@); 41-5
time region,
characteristics and use; 39-3
timed colorsets,
See Also colorsets;
declaration; 39-1
declaring; 12-6
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time(cont’d),
timed colorsets (cont’ d),
defaults; 39-1
term definition; 12-2
timed token,
term definition; 12-2
transition,
region reference description; 40-15
title,
bar charts,
specifying; 21-11
history charts,
specifying; 21-11
line charts,
specifying; 21-15
tokens,
See Also multisets;
constraining,
multiple; 5-11
with more complex guards; 5-10
with simple guards; 5-9
giving atime stamp to; 12-7
specifying,
exact values with constants; 5-4
multiple tokens with the different values; 5-6
multiple tokens with the same value; 5-5
with CPN variables; 5-7
term definition; 2-3, 2-7, 37-1
timed,
delay expression syntax; 12-7
values,
constraining; 5-8
constraining with the use of guards; 5-8
ToptoBottom (Align menu),
reference description; 29-7
ToptoTop (Align menu),
reference description; 29-7
top-down development,
hierarchical CP nets; 11-14
Transition (CPN menu),
reference description; 21-3
transition creation mode,
term definition; 4-5
Transition Feedback Options(Set menu),
reference description; 24-31
transition names,
changing; 17-21
entering; 17-21
term definition; 17-20
transitiontools,
term definition and illustration; 4-5

transitions,
See Also CPN objects, classes of; rectangles;
as state representation; 8-3
characteristics,
and regions; 17-8
and term definition; 2-12
as CP net component; 2-1
code segments,
examples; 40-19
reference description; 40-16
updating bar charts from; 15-10
updating line charts from; 15-27
concurrent,
firing; 8-3
creating,
multiple; 21-3
regions of; 21-6
with Transition (CPN menu); 4-4
enablement,
reference variables restricted from effects on; 35-1
explanation of the setting in the Occurrence Set
Options dialog; 8-20
factors controlling,
enablement; 5-2
occurrence; 5-2
graphical appearance when enabled,
specifying with Transition Feedback Options
command (Set menu); 24-31
guards,
syntax, use, and restrictions; 40-15
names,
duplicate, reporting with the Syntax Options
command (Set menu); 24-19
missing, reporting with the Syntax Options
command (Set menu); 24-19
ML-illegal, reporting with the Syntax Options
command (Set menu); 24-19
reference description; 40-14
naming,
with CPN Region (CPN menu); 4-6
occurrence of; 5-12
occurrence set contribution,
specifying, with Occurrence Set Options command
(Set menu); 24-30
perimeter,
creating when moving detail to a subpage with
Move to Subpage command (CPN menu); 21-17
term definition; 21-17
regions,
creating from auxiliary regions; 23-11
reference description and illustration; 40-14
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transitions(cont’'d),
substitution,
(chapter); 11-1
changing the mode of ; 24-12
creating, when moving detail to a subpage with
Move to Subpage command (CPN menu); 21-18
creating, with Substitution Transition command
(CPN menu); 21-19
replacing, with subpage using the Replace by
Subpage command (CPN menu); 21-19
term definition; 11-1, 21-18
term definition; 17-5
terminating creation mode; 21-3
text usein; 21-3
time regions,
characteristics, syntax, and use; 12-7, 39-3
reference description; 40-15
transition feedback region,
term definition; 6-14
characteristics; 17-11
trigonometricfunctions,
reference description; 32-6
troubleshooting,
common problem symptoms and solutions,
(chapter); B-1
memory problems,
problem symptoms and solutions; B-6
ML,
configuration not specified, problem symptoms
and solutions; B-2
interpreter cannot be started, problem symptoms
and solutions; B-6
settings file missing or obsolete,
problem symptoms and solutions; B-1
tuples,
See Also colorsets;
colorsets,
constructing multiset for; 32-25
ordering of; 32-28
syntax and characteristics; 32-10
term definition; 2-5
constructors,
characteristics and use; 36-8
term definition; 2-6
expression constructors; 36-3
formats in syntax description; 30-5
multiplying multisets of; 37-5, 41-2
patterns; 36-7
input arc inscription example; 40-10
term definition and characteristics; 2-6
specifying in expressions; 36-2
term definition; 2-5
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tuples(cont’'d),
value,
declaring; 33-2
term definition; 2-5
with CPN variables,
input arc inscription example; 40-10
Turn On Text (Text menu),
adding text to rectangles with; 3-9
typevariables,
term definition; 30-4
typing,
polymorphic,
CPN ML feature; 30-1
strong,
CPN ML feature; 30-1

U

unbound,
term definition; 2-9, 5-7
unbound variables,
expression,
output arc inscription example; 40-14
Undo (Edit menu),
reference description; 20-2
Ungroup (Group menu),
deselecting groups with; 3-21
union color sets,
See Also colorsets;
input arc inscription example; 40-12
selectors; 32-19
specifying; 32-16
syntax and characteristics; 32-16
testing for membership in; 32-27
unit color sets,
See Also colorsets;
ordering of; 32-28
syntax and characteristics; 32-2
unlocking,
objects; 24-4
regions relative to the parent,
with Size component (Region Attributes
command-Set menu); 24-9
untimed reserved word,
making a colorset with; 39-1
Update Chart (Sim menu),
reference description; 22-13
updating,
bar charts with; 15-10
line charts with; 15-27
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updating,
bar charts,
from transition code segments; 15-10
specifying values for; 15-9
update period specification; 21-12
using SC_upd_chart function in a transition code
segment; 15-10
with chart code segment; 15-8
charts; 15-1
with Update Chart command (Sim menu); 22-13
history charts; 15-16
update period specification; 21-12
line charts; 15-24
from transition code segments; 15-27
specifying values for; 15-25
update period specification; 21-16
using LC_upd_chart function in atransition code
segment; 15-27
with chart code segment; 15-24
statistical variables; 14-3
usecommand,
arc inscriptions not permitted to use; 40-5
user interface,
code segments used for; 40-17
design,
See appearance;
Design/CPN components; 1-5

V

val reserved word,
reference variables defined with; 35-1
syntax and characteristics; 33-1
val-defined identifiers,
expression use; 36-2
validating,
place names; 40-2
value (clr’) function,
syntax and characteristics; 32-23
value(col’) function,
syntax and characteristics; 32-22
values,
(chapter); 33-1
bar charts,
specifying the type and range; 21-13
binding to variables,
with Bind command (Sim menu); 22-3
declaring; 33-1
expression use; 36-2
history charts,
specifying the type and range; 21-13
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values (cont’d),
line charts,
specifying the type and range; 21-16
representation; 33-1
statistical variables,
average; 14-3
count; 14-3
current value; 14-4
first value; 14-4
maximum; 14-4
minimum; 14-4
standard deviation; 14-4
sum; 14-5
sum of the squares; 14-5
sum of the squares of deviation; 14-5
variance; 14-5
tokens,
constraining; 5-8
constraining with the use of guards; 5-8
specifying multiple tokens with the different
values; 5-6
specifying multiple tokens with the same value;
5-5
specifying with constants; 5-4
specifying with CPN variables; 5-7
tuple,
term definition; 2-5
variables,
CPN,
See Also CPN variables;
(chapter); 34-1
as CPN ML extension; 30-2
binding values to with Bind command (Sim menu);
22-3
calculated, identification of in included bindings
list box; 22-4
calculated, identification of in potential bindings
list box; 22-5
code segment restrictions; 40-17
code segment use of; 13-1
declaration syntax; 34-2
expression use; 36-2
global reference, syntax and characteristics; 35-3
input arc inscription example; 40-9
output arcs, binding of; 13-1
records with, input arc inscription example; 40-11
specifying token values with; 5-7
term definition and characteristics; 2-9, 34-1
tuples with, input arc inscription example; 40-10
free,
term definition; 40-5
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variables(cont’d),
instance reference,
syntax and characteristics; 35-3
local,
declaring, with let construct; 38-1
multisets,
term definition, syntax, and use; 37-1
page reference,
syntax and characteristics; 35-3
reference,
See Also reference variables;
(chapter); 35-1
arc inscriptions not permitted to use; 40-5
as CPN ML extension; 30-3
expression use and restrictions; 36-2
restrictions on use; 35-1
val-defined; 35-1
val-defined, syntax and characteristics; 35-2
statistical,
(chapter); 14-1
accessing; 14-3
charts and, using (chapter); 16-1
clearing; 14-5
creating; 14-2
initializing; 14-2
initializing, in Resource Use model; 16-5
methodology for use; 14-1
structure; 14-2
updating; 14-3
updating, in Resource Use model; 16-6
term definition; 34-1
type,
term definition; 30-4
unbound ,
output arc inscription example; 40-14
variance,
statistical variable,
obtaining, with SV’vari; 14-5
variant record,
See union colorset;
vertexes,
term definition; 3-14
Vertical (Align menu),
reference description; 29-2
Vertical Spread (Align menu),
reference description; 29-5
visibility (graphical attribute),
changing; 17-16
characteristics; 17-16
of editor regions,
changing; 17-3

visibility (graphical attribute) (cont’d),
of simulator regions,
changing; 17-3
visibility of pageborder (pageattribute),
characteristics; 17-15
visible,
page borders,
rendering for display or printing; 24-11

W

Wedge (Aux menu),
reference description; 23-7
wedges,
creating, modifying, and moving; 23-7
shape attributes,
changing; 24-7
wildcards,
not permitted in CPN ML; 30-4
with_codefunction,
reference description; 41-6
with_timefunction,
reference description; 41-6
syntax and characteristics; 39-4
write_report function,
reference description; 41-6
writing,
colorsets,
with output_col function; 41-8
multisets,
timed, with output_tms function; 41-8
with output_ms function; 41-5, 41-8
reports,
with write_report function; 41-6

X, Y

X-Windows,
Caps Lock key behavior; 3-5

Z

zerofunction,

reference description; 41-7
zeroing,

with zero function; 41-7
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Chapter 1

Getting Started With
Design/CPN

Prerequisites

This manual assumes that you have taken The Design/CPN Tutorial,
which is available from Meta Software, or have become thoroughly
familiar with colored Petri netsin some other way.

Terminology

The following terms are used in this manual:

* Model: A symbolic representation of some aspects of asys-
tem.

* Simulation: The execution of amodel to derive information
about a system.

» Colored Petri Net: A specidized graphical network with
associated computer language statements, typically used for
system modeling and simulation.

* CP Net: Short for Colored Petri Net.
* Net: Unless otherwise stated, a CP net.

* Net Structure: Graphics and text that comprise a CP net.
Net structure isto a net as code isto aprogram.

* CPN: A programming language that provides the syntactic,
graphical, and textual capabilities needed for building CP
nets.

* CPN Model: A CP net that is specifically intended to model
asystem.

» Design/CPN: Aninteractive utility for creating, modifying,
and executing CP nets.
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» Diagram: A CP net built with Design/CPN and stored on a
computer. A diagramisto anet asatext fileisto text.

More detailed definitions of these term will be given as needed
throughout this manual.

What Is Design/CPN

Design/CPN is an interactive computer tool for performing modeling
and simulation with CP nets. Design/CPN provides:

» An editor for creating and manipulating CP nets.

» A syntax checker for validating CP nets.

* A simulator for executing CP nets.

* Interactive monitoring and debugging capabilities.

» Facilitiesfor organizing a CP net into a hierarchy of modules.
* Charting facilities for displaying simulation results.

These capabilities allow CP nets to be conveniently created, modi-
fied, organized, executed, debugged, examined, and validated.

Design/CPN and X-Windows

Design/CPN is a standard X-Windows program. All standard X-
Windows user interface techniques are available, and work as they
do in X-Windows programs generally.

Design/CPN Multiprocessing

When Design/CPN is active, it sometimes accesses a second pro-
cess, called the ML process, that interprets and compiles computer
code. Thetwo processes communicate and cooperate with each
other to execute CP nets.

In order to be executed, a net must contain some information that
Design/CPN uses to access the ML process. Thisinformationis
automatically included in anew net when it is created. When apre-
existing net isimported from another system, the necessary informa-
tion must be explicitly loaded into the net before it can be executed.
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Design/CPN and the File System

A diagramis a CP net and optional additional graphics created using
Design/CPN. Design/CPN stores a diagram as agroup of three
files. Multiple files are used rather than one because asinglefile
would often be inconveniently large. Thefilesare:

1. Thediagramfile. Thiscontainsdatathat representsthe dia-
gram in aform suitable for displaying and editing.

2. TheDBfile. Thiscontainsadatabase describing the dia-
gram. It has the same name as the diagram file, with the
addition of the suffix “.DB”.

3. TheML file. Thiscontains code that represents the diagram
in executable form. It has the same name as the diagram file,
with the addition of the suffix “.ML".

Thusthe diagram AirlineModd would be stored in the files:

AirlineModd
AirlineMode .DB
AirlineModa .ML

The diagram and DB files contain a complete description of the
model. The ML fileisnot generated until it is needed, and can be
regenerated if necessary using the information in the diagram and
DB files. Therefore adiagram may not have an ML file, either be-
cause the file was never created by Design/CPN, or because it was
subsequently deleted. ML files are quite large, and are often deleted
to save disk space.

DB and ML filesarefor internal use only by Design/CPN. When
you want to open a particular diagram, open the diagram file; DB
and ML files cannot be opened directly.

The only time you need to think about DB and ML filesiswhen you
copy, move, or rename adiagram viafile system commands. Be
sureto treat al of thefilesthat constitute the diagram in the same
way.

Design/CPN Use of the Mouse

When you manipulate windows and scroll bars while using
Design/CPN, the three mouse buttons have their standard functions
in the X-Windows user interface. When you perform a mouse op-
eration that is specific to Design/CPN rather than to X-Windowsin
genera, use the left button. Design/CPN uses only one mouse but-
ton (to alow for porting to one-button mouse systems such asthe
Macintosh), so it ignores the middle and right buttons.
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Design/CPN Use of the Keyboard
Design/CPN documentation specifies the use of the ALT key in vari-
ous keystroke shortcuts. Some keyboards use a DIAMOND (a) key

instead; occasionally other keysare used. If ALT does not produce
the described results, check your terminal configuration.

Figures in This Manual
Thisversion of the Design/CPN Reference Manual shows
Macintosh-style dialog boxes rather than X-Windows-style boxes.
In almost every case, the Macintosh and X-Windows boxes are
functionally identical, differing only in the details of their appear-
ance. Wherethereisafunctiona difference that bears on atopic
under discussion in the manual, the difference is explicitly de-
scribed.
Other than dialog box appearance, there should be no differences

between what this manual describes and what happens under X-
Windows.

Starting Design/CPN

Start Design/CPN as you would any X-Windows program.

If you see adialog that mentions a problem of any kind, see
Appendix B, “Troubleshooting.”

Creating or Opening a Diagram
To create anew diagram:
Choose N ew from theFile menu.
To open an existing diagram:

Choose Open from theFile menu.
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The Design/CPN User Interface

The Menu Bar

The Status Bar

The Page

The Design/CPN user interface has three components:
1. A menubar at thetop of asmall window.

2. A datusbar, immediately below the menu bar in the same
window.

3. A pagein asecond window.

Thisisan ordinary pulldown menu bar.

The status bar is used by Design/CPN to post brief messages that
describe CP net components, editor and ssmulator states and actions,
and various other things that you may want to know about as you
work with Design/CPN.

If you are ever in doubt about where you are in Design/CPN, or
want to seeif anything is going on that you should know about but
do not, check the status bar. It can be extremely informative.

A pageisa“blank date’” on which you can create CP net structure.
A diagram may contain any number of pages.

Every pageis displayed in a separate window. A newly created
page is centered under its window, rather than extending down and
to theright asafilein atext editor would. It is centered because CP
nets, being graphical rather than textual, tend to grow radially rather
than linearly, so that empty drawing spaceis aslikely to be needed
in one direction as in another.

The center of apage is marked by arectangle, called the page bor-
der. Thedimensions of this rectangle are the Page Width and
Page Height specified in the Page Attributesdialog (Set
menu). If you print a page and do not specify any other behavior
(viaPage Setup from theFile menu), the areainside the page
border will be printed. The page border can be madeinvisiblevia
thePage Attributesdialog.
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Navigating a Diagram

A Design/CPN diagram typically consists of several pages. A given
page may be open, in which case it isvisiblein awindow, or
closed, in which caseit isnot visible.

When a diagram contains more than one page, a method is necessary
for keeping track of the pages and their relationship to each other.
To provide this capability, every diagram contains a specia page
caled a hierarchy page.

A diagram's hierarchy page contains asmall oval, called a page
node, for every page in the diagram, including itself. Each page
node contains the name of the corresponding page. For example:

E[ &=——— Hierarchy#10010 §E§|

(Hierarchy#lOOlO) ( Sales#1 )

Declare#2

When adiagram contains many pages linked into a hierarchical CP
net, the hierarchy page becomes arich source of information about
the composition and structure of the net.

Y ou can use the hierarchy page to navigate to any other pagein adi-
agram by selecting the page node and either double-clicking or
choosing Open Page from thePage menu. Seethe section
“Navigating aDiagram” in Chapter 17, “ Reference Summaries,” for
further techniques.

Printing a Diagram

1-6

Printing adiagram is similar to printing any other file. The details of
the printer dialog depend on the particular printer you are using, so
they cannot be covered here.

Every Design/CPN page name includes a page number, e.g.
Sales#l and Declare##2. Page numbers can be used to tell the
printer to print a particular page or range of pages. Diagram pages
have no intrinsic order, so Design/CPN numbers them by assigning
each new page the lowest number not currently in usein the dia-
gram. Thisnumber can be changed viathe Page Attributes
command (Set menu).
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Closing a Diagram
To close adiagram:
Choose Close from theFile menu.

If you have made any changes to the diagram, the Save Changes
diaog appears:

Do you want to save the changes
to your current diagram?

[Eancel] [ No ]

Quitting Design/CPN
To quit Design/CPN:
Choose Quit from theFile menu.

If you have made any changes to the diagram, the Save Changes
dialog appears.
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Chapter 2
CP Net Components

A CP net isagraphical structure with associated computer language
statements. The principal components of a CP net are:

» Data: CP nets make use of datatypes, data objects, and vari-
ablesthat hold data values. CPN datais defined using a
computer language called CPN ML .

* Places: Locationsfor holding data.
* Transitions: Activities that transform data.

» Arcs: Connect places with transitions, to specify data flow
paths.

* Input Arc Inscriptions: Specify datathat must exist for an
activity to occur.

* Guards: Define conditions that must be true for an activity to
occur.

* Output Arc Inscriptions: Specify datathat will be pro-
duced if an activity occurs.

This chapter defines all of these components, and shows how they
interrelate syntactically to form a CP net. This chapter does not dis-
cuss how they work together dynamically to define a CP net's be-
havior when it is executed. That iscovered in Chapters 5 through 8,
“CPN Dynamics.”

The CPN ML Language

Thelanguage ML (for Meta Language, no relation to Meta Software)
isastrongly typed functional language that provides great economy
of expression, is easily extended by the user, and can execute inter-
pretively or be compiled.

To facilitate the use of ML with CP nets, Meta Software has added
various extensions, resulting in the language CPN ML (for Colored
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Petri Net ML). Very little of ML isever needed for working with
CP nets, so in practice CPN ML isavery small language.

CP nets use CPN ML statementsto declare data, define arc inscrip-
tions and guards, and provide communication between a CP net and
its environment.

Y ou do not need to become a CPN ML programmer in order to use
CP nets. The CPN equivalent of programming is done by creating
graphical CP net structure, not by writing language statements. Y ou
need only learn the particular syntactic conventions through which
CPN ML does various low-level things that any computer language
does. declaring datatypes and variables, comparing one data value
with another, and so on.

A CP Net Example

[if (order = Big)

The various CP net components will be discussed in the context of a
net called OrderProcessing:

[if (order = Big)

then staff = Expert then equip = Fast
else staff = Novice] else equip = Slow]

Enter Order

order

(order, staff)

ProductShipped

Order In A
1'Big +
2'Small
1'Big + 2°Small
staff
Staff
Staff Pool

1'Expert + 1'Novice t

OrderEntered
Product Out
Entered
Order

Process Order

(order, staff)

(order, staff)
OrderProcessed

Processed
Order
Equipment
quip Ship Product
Equip Pool
2 Fast + 1'Slow

(order, staff)

order
equip

staff

2-2 Design/CPN Reference Manual for X-Windows



CP Net Components

CPN Data

CP nets use datatypes, data objects, and variables. CPN datatypes
arecaled colorsets. CPN data objects are called tokens. Tokens are
somewhat like objectsin an object-oriented programming system.
All CPN datatypes and variables must be declared. They are de-
clared in adeclaration box called a global declaration node.
OrderProcessings global declaration node contains the following
declarations:

color Oder =with Big | Small; (* Oders for products *)

col or Product Shi pped = Order; (* Oders shipped *)

color Staff = with Expert | Novice; (* Staff nmenbers *)

col or Equipnent = with Fast | S ow (* Pieces of equipnent *)

color OderEntered = product Order * Staff; (* Oders entered but unprocessed *)

col or O derProcessed = O der Ent ered; (* Oders processed but unshi pped *)

var order: Oder;
var staff: Staff;
var equi p: Equi prent ;

(* An order *)
(* A staff nenber *)
(* A piece of equipnent *)

Colorsets

CP net tokens can be of al the datatypes generaly availableina
computer language: integers, reals, strings, booleans, lists, tuples,
records, and so on. In the context of CP nets, these types are called
colorsets.

“Colorset” isredly just asynonym for “token datatype.” Theterm
“colorset” isused, rather than a standard term such as “datatype,” to
avoid confusion between token datatypes, which are extensions to
standard ML, and ordinary ML datatypes.

Just as every piece of datain an ordinary computer program is of
some datatype, so every token in aCP net is of some colorset. All
colorsets used in anet must be explicitly declared. The declaration
syntax is:

color name = definition;

wherename isthe name of the colorset, and def i ni ti on speci-
fieswhat it consists of. The syntax for def i ni ti on varies, de-
pending on what sort of colorset is being declared.
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Enumerated Colorsets

One common colorset defines tokens that may have any of a set of
predefined literal values. The possible values are all enumerated in
the colorset declaration, so this colorset is called an enumerated col-
orset. The syntax of an enumerated colorset declaration is:

col or name = with value {| value}...;

The construction “{}. . .” indicates that the material in braces may
be repeated zero or moretimes. Underliningindicatesatermthat is
to be replaced with an actua value.

Examples:
col or oneval = with EXI STS;
color booltok = with yes | no;
color chord = with Major | M nor |

Augment ed | Di mi ni shed;

Thefirst declaration defines an enumerated colorset named

oneval . All tokens of this colorset have the same value: EXI STS.
The second defines an enumerated colorset bool t ok. Every token
of typebool t ok hasether thevaueyes or thevaueno. The
third declaration defineschor d, whose tokens may have any of the
valuesMaj or, M nor, Augnment ed, or Di mi ni shed. All of
these names and values, and all other CPN ML keywords and iden-
tifiers, are case-sensitive.

OrderProcessing uses three enumerated col orsets:

col or Order with Big | Small;
col or Staff with Expert | Novice;
col or Equi prment = with Fast | Sl ow,

Thefirst declaration indicates that Or der tokens may have either of
thevaluesBi g or Smal | . The others should be obvious.
String and Integer Colorsets

Strings and integers are commonly used in CP nets. The syntax for
astring colorset declaration is:

col or name = string;
The syntax for an integer colorset declaration is:
col or name = int;

It is possible to restrict the length and character set of a string col-
orset, and the range of an integer colorset, by adding clauses to the
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declaration. These are discussed in Part 3, “The CPN ML
Reference Guide.”

Duplicate Colorsets

It is often useful, both in programming and in modeling (whichis
really just akind of programming), to have more than one colorset
that consists of the same values. In CPN ML, such acolorset is
caled aduplicate colorset. The declaration syntax is:

col or Dupli cateNane = Exi sti ngNane;

whereDupl i cat eNane isthe name of the duplicate type being
defined, and Exi st i ngNane isthe name of some colorset that has
already been declared. OrderProcessing declares a duplicate colorset
caled Pr oduct Shi pped:

col or Product Shi pped = Order;

Pr oduct Shi pped tokens may have the same valuesthat Or der
tokens can: Bi g or Smal | .

Tuple Colorsets

A composite colorset isa colorset that is constructed of other col-
orsets. CPN ML provides many composite colorsets. records, lists,
tuples, and various others.

A tupleisacomposite colorset that is acartesian product of two or
more other colorsets. Every member of atuple colorset isan or-
dered sequence of values, each of which is drawn from the sub-
sidiary colorset defined for its position in the tuple. The syntax of a
tuple colorset declaration is:

col or name = product colorsetl1* col orset 2;

For example, OrderProcessing includes the colorset
Or der Ent er ed:

col or Order Ent ered = product Order * Staff;

Or der Ent er ed isatuple. Thus every member of
Or der Ent er ed isasequence of two values, thefirst of whichis
of typeOr der , and the second of which is of type St af f .

A tuplevalueis denoted by listing the constituent values in parenthe-
ses separated by commas. For example, Or der Ent er ed consists
of the four values:

(Bi g, Expert)
(Bi g, Novice)
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(Smal |, Expert)
(Smal |, Novi ce)

These values are smply the cartesian product of the colorsets
Order and St af f.

Tuple Constructors

A tuple constructor isamethod of specifying atuple value by using
CPN variables rather than constants. CPN variables are discussed
in the section “CPN Variables’ later in this chapter. The syntax is:

(variablel, variable?)

For example, the colorset of Ent er ed Or der is
Or der Ent er ed, which was declared as:

col or Order Ent ered = product Order * Staff;

That is, every member of Or der Ent er ed isatuplethefirst ele-
ment of which hasthevalueBi g or Smal | (the e ements of

Or der ) and the second element of which hasthe value Expert or
Novi ce (theelementsof St af f).

The output arc inscription to Ent er ed Or der hasthe form of an
Or der Ent er ed tuple, but instead of using wired-in values of ap-
propriate type, asin:

(Bi g, Expert)
it uses CPN variables of appropriate type:
(order, staff)

If or der isboundtoBi g andst af f isboundtoExpert,then
(order, staff) evaluatesto (Bi g, Expert).

Tuple Patterns

The specification on the arc between Ent er ed Or der and
Process Or der iscaled atuplepattern. Itistheinverse of atu-
ple constructor. Where a constructor takes bound variables and
produces a composite value, a pattern takes a composite value and
bindsits constituents to variables. The binding of variablesisdis-
cussed in the section “Binding an Arc Inscription Variable” in
Chapter 5, “CPN Dynamics:. Introduction.”

When the smulator checks the enablement of atransition with that

has a pattern on an input arc, it does not bind whole token values to
variables. Instead it matches the value of each token that it looks at
against the pattern, and binds the variablesin the pattern to the com-
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Tokens

ponents in the token value. The bound values are then available for
usejust asif the variables had been bound directly, asor der and
st af f areinthe context of the Ent er Or der transition.
Enablement is discussed in the section “Criteriafor Enablement” in
Chapter 5, “CPN Dynamics:. Introduction.”

Other Colorsets

Part 3, “The CPN ML Reference Guide,” describesin detail all the
colorsets supported by CPN ML.

CPN data objects are called tokens. They are called tokens rather
than objects to avoid confusion with graphical objects. Every token
used in a CP net must be of one of the colorsets declared for the net.

A CPN token isrepresented by giving itsvaue. For example:

Xeni a
"Clifton"
45387

Thefirst example specifies atoken of an enumerated colorset. The

token'svalueis Xeni a. The second specifies token of a string col-
orset (a string token) with thevalue“ Cl i f t on” . Thethird speci-
fiesan integer token; itsvalueis45387.

Note that when there is more than one colorset that includes some
possible value, there isno way to tell by looking at atoken which
colorset the token belongsto. This doesn't create ambiguity, be-
cause the way tokens are used in CP nets always indicates the cor-
rect colorset contextually.

Multisets of Tokens

In dealing with CP nets, it is often necessary to manipulate and refer
to collections of tokens. A collection of zero or more tokensis
caled amultiset. A multiset issimilar to an ordinary mathematical
Set, except that it may contain more than one instance of the same -
ement. That is, amultiset may contain multiple tokens that have the
samevalue. All tokensin amultiset must be of the same colorset.
Any subset or union of multisetsis again amultiset.

A multiset is not a data structure that exists separately from the to-
kensit contains. It isjust aconvenient way to refer to a collection of
tokens. Thus a single token and amultiset of one token are the same
thing. A multiset of no tokens has no properties of its own, so there
isonly one such multiset, called the empty multiset. When the
empty multiset must be designated explicitly, it iswritten asenpt y.
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2-8

Specifying Multisets
A multiset is specified by giving an expression that describesthe

multiset. The simplest such expression specifies amultiset of iden-
tical tokens. Such an expression is called a multiset designator.

A multiset designator consists of an integer denoting the number of
tokens in the multiset, followed by a backquote (*), the multiset
creation operator, followed by the value of the tokens:

count “val ue
For example:

1" Xeni a

3’ "Clifton"

2745387
The first example specifies a (multiset containing @) single token of
an enumerated colorset. Thetoken'svalueis Xeni a. The second
specifiesamultiset of three string tokens, each with the value
“Clifton”. Thethird specifiesamultiset of two integer tokens,
each with the value 45387.
Multiset Addition
Multisets of the same colorset may be added:

1""Springfield" + 3 "Springfield" =>
4" " Springfield"

A multiset containing tokens with different values is specified by
giving an expression that is a sum of multiset designators. Thus:

7767 + 773 + 31
isamultiset expression. It specifiesamultiset of 17 integer tokens:
seven with the value 67, seven with the value 3, and three with the
value 1. (The same multiset would result if the termswere added in
any other order.)

Multiset Subtraction

Multisets of the same colorset may be subtracted:

5’"Clifton" - 3 "Clifton" => 2 ""Clifton"
2 Gegner - 2 Gegner => enpty

The empty multiset may be subtracted from any multiset:
1°513 - enpty => 1 513
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CPN Variables

Multiset subtraction may not attempt to take away tokens that do not
exist. Therefore:

2°10 - 35
1" "Helen" - 1" "G en"
enpty - 2 Birch

are not valid subtractions, and would result in an error.

Multiset Subsets

When all the elements of one multiset also exist in a second multiset,
so that the first could be subtracted from the second, the secondisa
subset of thefirst. (Thereisno needto call it a“submultiset”, be-
cause the context aways prevents confusion with ordinary setsand
subsets.) By definition, the empty multiset is a subset of every
multiset.

Thus the subsets of the multiset:
1 Land + 2" Sea
are:

1°'Land + 2 Sea
1'Land + 1 Sea
1 Land

2" Sea

1

CP net execution often requires token values to be accessed and
used in various ways. Such usage is no different than the manipu-
lation of data valuesthat occursin ordinary computer programs.

It would not work to restrict a CP net to handling only token values
that are known in advance. Thiswould be equivalent to requiring a
computer program to use only constants. Therefore CP nets contain
variables that can take on token values as needed. These variables
are caled CPN variables.

Like colorsets, CPN variables must be explicitly declared. Every
CPN variableis of a particular colorset, and can take on only values
of that type. When a CPN variable has taken on the value of some
token, it issaid to be bound to that value. When a CPN variableis
not bound to any value, and is said to be unbound.

The OrderProcessing example uses three variables: or der, st af f,
andequi pment :
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var order: Oder;
var staff: Staff;
var equi p: Equi pnent;

color Oder =with Big | Snall; (* Orders for products *)

col or Product Shi pped = Order; (* O ders shipped *)

color Staff = with Expert | Novice; (* Staff menbers *)

color Equipnent = with Fast | S ow (* Pieces of equipnent *)

color OderEntered = product Order * Staff; (* Oders entered but unprocessed *)
col or O derProcessed = O der Ent er ed; (* Oders processed but unshi pped *)

(* An order *)
(* A staff nenber *)
(* A piece of equipnent *)

Places

Thevariable Or der can be bound to the valuesBi g or Smal | .

Thevariable St af f can be bound to the valuesExpert or
Novi ce.

Thevariable Equi pment can be bound to the values Fast or
Sl ow.

See the section “Binding an Arc Inscription Variable” in Chapter 5,
“CPN Dynamics: Introduction,” for further details about the use of
CPN Variables.

Tokens would be of little useif they could not be stored and ac-
cessed as needed. CP nets keep tokens in locations called places.

A placeisalocation that can contain zero or more tokens (a multiset)
of some particular colorset. A place's colorset is one of the col-
orsets defined for the net. All tokensin a place must be of that col-
orset.

A place may optionally have aname. Such anameisuseful for in-
dicating what the place means as a part of amodel, for identifying
the place when humans confer about the net, and for labeling com-
puter-generated information about activity in the place during smu-
lation runs.

A placeisgraphically represented as an ellipse. Its name and/or col-
orset may optionally be displayed next to or inside the place. They
are graphically represented as labels that are regions of the place.
The regions are named for their contents. aplacesnameiskeptina
nameregion, its colorset in acolorset region, etc. The section
“Creating Regions’ in Chapter 3, “The Design/CPN Editor:
Introduction,” discusses regions and their use.
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Place Markings

The example net, OrderProcessing, contains six places:

e Order In

St af f Pool

* EnteredOrder

* Equi p Pool

* Processed Order

e Product OQut

The purpose of aplaceisto hold tokens. Thetokensin aplace, like
any group of tokens, constitute amultiset. The multiset inaplaceis
called the marking of the place. A place dways has amarking: if it
contains no tokens, its marking isthe multiset enpt y.

When a placeis empty, no marking is shown for it. (An explicit
enmpt y could be written, but that would serve no purpose.) The
marking of a nonempty place is depicted as a circle with a number
inside indicating the number of tokensin the multiset, followed by
an expression that describesits contents:

@ 1" Xenia"
@ 4°Big
@ 7°67 +73+31

States and Markings

Taken together, the markingsin al the placesin a CP net congtitute
the sate of the net. Thefirst state of anet, before execution begins,
iscalled theinitial sate of the net, and the place markings that
congtitute it are called the initial markings of the places.

As a CP net executes, tokens are put into and removed from places,
so that the state of the net changes. Its state at agiventimeiscalled
its current state, and the place markings that congtitute that state are
the current markings of the places. Thusa CP net'sinitial stateis
thefirst of asuccession of current states, and a place'sinitial mark-
ing isthefirst of a succession of current markings.
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Transitions

Initial Marking Regions

In the example net OrderProcessing, Or der | n has an associated
multiset expression: 1" Bi g + 2" Smal | . Thisisanother region
of the place, called the initial marking region. When
OrderProcessingis executed, the tokens specified in this region will
be put into the place Or der | n before execution starts, providing
Or der I n'sinitia marking.

Product Out hasno initial marking region, so no tokenswill be
put in it before execution starts. Put another way, itsinitial marking
isenpt y. Thesection “Creating Regions’ in Chapter 3, “The
Design/CPN Editor: Introduction,” discusses regions and their use.

Appearance of Markings

Theinitial marking and current marking of Order Inplacein the
Order Processing example looks like this:

order

Order

Order In
@ ‘Big +
2°Small
1'Big + 2°Small

In thisfigure, the place Or der | n contains three tokens, one of
valueBi g and two of value Smal | , as specified by theinitia
marking region. These tokens constitute the initial marking of the
place, and are its current marking as well.

The existence of both an initial marking region and a current mark-
ing for aplaceisnot aredundancy. Theinitial marking region is
just alabel with sometext in it that specifies some tokens that will be
put in the place before execution starts. The current marking repre-
sents the actual tokens.

A place's current marking may be depicted anywhere that is conve-
nient. Placing it as shown aboveisjust a convention, used because
it gives agood appearance in this case.

A trangtion is an activity whose occurrence can change the number
and/or vaue of tokensin one or more places. A transition may op-
tionally have a name, kept in a name region, which serves the same
purposes as a place name. A transition is graphically represented as
arectangle. If it has an associated name, it may optionally be dis-
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Arcs

played next to or inside the transition. The section “ Creating
Regions’ in Chapter 3, “The Design/CPN Editor: Introduction,”
discusses regions and their use.

OrderProcessing has three transitions:

e Enter Order
* Process Order

* Shi p Product

Anarc isaconnection between a place and atransition. Every arc
connects one place with one transition. Every arc hasadirection,
either from a place to atransition, or from atransition to a place.

An arcis represented graphically as an arrow with ahead that indi-
catesits direction.

An arc that runs from a place to atransition is called an input arc,
and the place it connectsto iscalled an input place. An arc that runs
from atransition to aplaceis called an output arc, and the placeto
which it connectsis called an output place. It ispossiblefor aplace
to be both an input place and an output place.

When atransition occurs, it may remove tokens from any or all of
itsinput places, and put tokens into any or all of its output places.
The number and values of tokens removed and added are determined
by arc inscriptions and guards.

Bidirectional Arcs

The arc between Equi p Pool andProcess Or der ishidirec-
tional. Such an arc can be used (but does not have to be) whenever
both an input and an output arc connect a given place and transition,
and the inscriptions on the two arcs are identical. Thus these two
structures are exactly equivalent:
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Process Order Process Order

equip equip equip

Equipment Equipment

Equip Pool

Bidirectiona arcs are commonly used when transition enablement
requires the existence of aresource that firing does not consume, or
of acondition that firing does not change.

Arc Inscriptions

Guards

Anarcinscription isamultiset expression associated with anarc. It
iskept in aregion of the arc called an arcinscriptionregion. The
section “ Creating Regions’ in Chapter 3, “The Design/CPN Editor:
Introduction” discusses regions and their use.

Anarcinscription on aninput arc is called an input arc inscription;
an arc inscription on an output arc is called an output arc inscription.

The tokens in the multiset specified by an input arc inscription must
be present in the input place in order for the transition to occur (there
may be other tokensthere also). These tokenswill be removed from
the input placeif the transition does occur. The multiset specified by
an output arc inscription will be put into the output placeif the tran-
sition occurs.

An arc inscription need not be given explicitly. The default arcin-
scription isenpt y, the multiset of no tokens. When an input arc
inscription is given as or defaultsto enpt y, no tokens need to be in
the input place in order for the transition to occur. When an output
arcinscription isgiven asor defaultsto enpt y, no tokenswill be
put into the output place if the transition does occur.

A guard is a boolean expression associated with atransition.
Guards are customarily written inside square brackets, to help dis-
tinguish them from other regions. The section “ Creating Regions’
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in Chapter 3, “The Design/CPN Editor: Introduction” discusses re-
gions and their use.

A transition's guard must evaluate to boolean true in order for the
transition to occur.

A guard need not be given explicitly. The default guard is boolean
true. When aguard isgiven asor defaults to true, the guard never
restricts the transition from occurring.

The section “ Congtraining Token Values with Guards’ in Chapter 5,
“CPN Dynamics: Introduction,” describes the use of guards during
CP net execution.

CP Net Execution

We have now looked at the principal components of a CP net, and
have seen how they relate to each other syntactically. But that is
only part of the story. We wouldn't need all this machinery just to
describe the structure of a system: a static modeling paradigm such
as IDEFO can do that with much less effort.

A CP net ismore than a description of system structure: CP nets are
intended to be executed. Such execution can provide information
about system dynamics that could never be derived by looking at a
static model and considering itsimplications. Thereisjust too much
information involved in the functioning of acomplex system for the
unaided human mind to cope with.

This chapter has not addressed the question of how CPN compo-
nents work together to define how a CP net will behave during exe-
cution. This question isanswered in Chapters 5 through 8, “ CPN
Dynamics.” Chapter 4, “The Design/CPN Editor: Creating a CP
Net,” describes how the CPN components combine into CP nets.
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Chapter 3

The Design/CPN Editor:
Introduction

The Design/CPN editor providesfacilities for dealing with both ge-
ometric forms and textual information. It represents such informa-
tion asgraphical objects. Each graphical object represents one
graphical entity: arectangle, ellipse, text string, etc. A graphical
object is stored as a set of instructions for drawing the particular
object on the screen.

Design/CPN graphical objects are of two kinds: auxiliary objects
and CPN objects. Anauxiliary object isjust an ordinary graphical
object, such as any graphics editor can produce. A CPN objectisa
graphical object that is part of a CP net.

The difference is not one of appearance, but one of function. An
auxiliary object isjust itself; thereis nothing to it but its physical
form. A CPN object ismore than its physical form: it also hasa
meaning as a CP net component.

Auxiliary objects are used primarily to add commentary to CP nets.
Objects can be converted between auxiliary and CPN status as
needed. This permits objects to be deactivated as CP net compo-
nents without having to be deleted, just as otherwise executable lines
are often “commented out” for various reasons during development
of an ordinary program.

This chapter demonstrates all the essential Design/CPN editor tech-
niques. It illustrates these techniques using auxiliary objects rather
than CPN components. This approach makesit possible to ignore
the details of CPN syntax and concentrate on describing graphical
operations. Chapter 4 covers using the Design/CPN Editor to create
CP nets. The section “Graphical Objects’ in Chapter 17, “ Reference
Summaries,” provides detailed descriptions of al the Design/CPN
graphical objects and their characteristics.
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Design/CPN Graphical Objects

The Design/CPN editor provides many types of graphical objects,
including rectangles, elipses, connectors, labels, and many more.
All of these are created and edited in essentialy the same way; the
details differ dightly from type to type, to suit the individual charac-
teristics of each.

Every Design/CPN graphical object is either a node or a connector.
A nodeisany object that can exist inits own right, such as arect-
angleor an dlipse. A connector isan arrow that runs between one
node and another. A connector cannot exist independently: it can
exist only when there are two nodes for it to connect.

Every Design/CPN graphical object consists of one or both of:
* A geometric form.
o Atextfidd.

One object type, the labd, has no geometric form and a required text
field. Every other object type has a geometric form and an optional
text field.

A graphical object's geometric form and/or text field define its fun-
damental properties, but do not specify the details of its physical ap-
pearance: its line thickness, fill pattern, color, font, etc. All aspects
of an object's appearance can be controlled by setting various
graphic and textual attributes of the object. Such attributes are called
display attributes.

Graphics Editor Modes

3-2

It is often useful to perform the same operation repeatedly while us-
ing the editor: to create a series of rectangles, for example, or to edit
text in aseries of locations. To facilitate such repested operations,
the editor offersavariety of editor modes. When the editor isin a
particular mode, you can perform the mode's characteristic action
repeatedly using only the mouse and keyboard, without the need to
respecify each time what you want to do.

In each editor mode, Design/CPN displays a distinctive mouse
pointer that indicates the mode. Such a pointer isknown asa
drawing tool. Specific drawing tools are described later in this
chapter.

The capabilities needed for editing geometric forms differ from those
needed for editing text. The editor therefore has two editing modes
graphics mode and text mode. In graphics mode, you can move and
reshape an object's geometric form using the mouse. In text mode,
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Graphics Mode

Text Mode

you can use both the mouse and the keyboard to edit an object’s text
field.

When the editor isin graphics mode, the status bar displays Text:
Off. If you are not performing any particular activity, the mouse
pointer isthe graphicstool:

(Thetool isshown larger than actual size.)

The graphicstool smply indicates alocation: the location it indicates
isthe pixel under the dot at the center of thetool. All drawing tools
that indicate a specific pixel location include such a dot.

Asyou perform particular activities in graphics mode, the mouse
pointer changesto various other tools to indicate the activity cur-
rently underway, then reverts to the graphics tool when the activity
iscomplete.

When the editor isin text mode, the status bar displays Text: On. If
you are not performing any particular activity, the mouse pointer is
thetext tool:

T
Thistool indicates alocation, as the graphics tool does, and contains
a“T” toindicate text mode. Asyou perform particular activitiesin
text mode, the mouse pointer changes to various other tools to indi-

cate the activity currently underway, then reverts to the text tool
when the activity is complete.

Creating Graphical Objects

When you are in the editor, you can create new graphical objects at
any time. The general sequence for creating anew auxiliary object
is.
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1. Usethe Aux menu to choose the type of object you want to
draw.

2. Usethe mouse to specify the location and shape of the ob-
ject.

3. Create more objects of the specified typeif desired.

When you choose an object type from the A ux menu, the editor
switches from whichever editing mode it isin (graphics or text) to a
creation mode. Mouse movement then creates objects of the chosen

type.

Exiting Creation Mode

Drawing Tools

Autoscrolling

When you have finished creating objects of a particular type, you
exit the creation mode. There are two ways to exit a creation mode:

1. PressEsC.

2. Click the mouse anywhere in the menu bar (with or without
executing a command).

When you do one of these, the editor leaves the creation mode, and
returns to whichever editing mode it was in before you began creat-
ing. For brevity, the rest of this user guide specifies using ESC to
exit a creation mode. If you prefer, you can click in the menu bar
instead.

When the editor isin acreation mode, and you are not performing
any particular activity, the mouse pointer isatool that indicates the
mode. Asyou go through the various steps that create an object, the
mouse pointer changes to various other tools to indicate the current
step, then reverts to the relevant creation tool when the step is com-
plete. Specific drawing tools used during object creation are de-
scribed in the following sections.

Usually you can use the mouse and the scroll bars to move to any
part of apage. During some operations for creating and editing
graphical objects, the mouse becomes dedicated to a particular pur-
pose, and could not be used for scrolling without disrupting the op-
eration’s progress.

If you begin creating or editing a graphical object, then discover that
you want to extend the operation to alocation not currently visiblein
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the window, move the mouse pointer off the edge of the window in
the direction of the location, and the window will scroll automati-
caly. When the desired location is in view, move the mouse pointer
back onto the window, and scrolling will stop.

If you move the mouse pointer off the window without intending to
autoscroll, but the window begins autoscrolling, the reason is that
you have inadvertently begun some editor operation but have not
completed it. Complete or cancel the operation, and the auto-
scrolling will cease to occur.

Resetting the Drawing Environment

If at any time you find yourself in a state that you don't know how
to get out of, reset the drawing environment by doing the following:

Press ESC. This cancels any object creation sequencethat is
in progress.

Pull down the T ext menu. If itsfirstitemisTurn Off
Text, choosethat item. Repeat until thefirst item in the
menu isTurn On Text, then leave the menu without
choosing anything. This cancels any text-editing operation
that may bein progress.

Press the DELETE key until awarning appearsthat “This
command cannot be applied when the active pageis empty.”
This deletes any |eftover objects.

These steps leave the editor in graphics mode with no operationsin
progress and an empty page on display.

CAPS Lock Under X-Windows

Under X-Windows, setting CAPS LOCK changes the behavior of the
editing environment in various ways, as described later in this
chapter. Except where noted, the instructions in this chapter assume
that CAPS Lock isoff. If you find that the results of following the
instructions differ from those that are described, check that CAPS
Lock isdtill off: afinger dip may have set it.
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Working With Rectangles

This section shows you how to create, reshape, move, add text to,
and delete rectangles.

Creating Rectangles

3-6

To create arectangle, execute the following steps:

Enter Rectangle Creation Mode
Choose B ox from the Aux menu

Move the mouse pointer over the page on which you will
draw the rectangle.

The editor enters rectangle creation mode; the mouse pointer changes
to therectangletoal:

]

The dot in the tool indicates the specific pixel that the tool pointsto.

Specify the First Corner

Position the rectangle tool anywhere over the page, then de-
press and hold the mouse button.

(Generic references to “the mouse button” in this user guide refer to
the left button.)

When you depress the mouse button, the editor does three things:

1. Drawsasmall square whose upper right corner is at the loca-
tion of the rectangle tool.

2. Changesthe rectangletool to the adjustment tool :

=

3. Poditions the adjustment tool to point at the lower left corner
of the square.
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The purpose of the adjustment tool isto set or change the shape of a
graphical object.

Specify the Diagonal Corner

Holding the mouse button depressed, move the adjustment
tool around on the page.

Asthetool moves, the corner at which it points moveswith it. This

allowsyou to give the rectangle whatever dimensionsyou like. You

can position the corner in alocation that is not currently visiblein the
window by moving the tool off the window in the direction of the

location. The window will autoscroll until you move the tool back
onto the window.

Finish the Rectangle
To finish therectangle:
Release the mouse button.
A small editing box appearsthat just coversthe rectangle. The box

has scroll bars and atext insertion cursor. Y ou can use this box to
write text inside the rectangle.

Leave Rectangle Creation Mode
To leave rectangle creation mode:

Press EsC.
Therectangle tool is replaced by the graphics tool, and eight small
black squares appear on the rectangle, one at each corner and one at
the center of each side.
Look at the left side of the status bar. 1t now displays Auxiliary
Node, indicating that the rectangle you just created is not a CPN
object, and is anode.

Reshaping Rectangles

The black squares on arectangle are caled handles. They can be
used to modify arectangle's shape.

Position the graphics tool over one of the rectangle's han-
dles.
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Depress and hold the mouse button.
The adjustment tool gppears next to the handle.
Move the adjustment tool around on the page.

The handle tracks the tool, and the rectangle changes shape appro-
priately.

Release the mouse button.

The graphicstool reappears.

Moving Rectangles
A rectangle once created may be moved anywhere on the page:
Move the graphicstool to the interior of the rectangle.
Depress and hold the mouse button.
Move the mouse pointer around on the page.

The rectangle tracks the mouse pointer, keeping the same position
relative to it that it had when you depressed the mouse button.

Rel ease the mouse button.

The rectangle remainsin the position to which you have moved it.

Deleting Rectangles
To delete arectangle:
Pressthe DELETE key.
The rectangle disappears.

Moving Rectangles During Creation

It might be that the point at which you place theinitial corner of a

rectangle turns out not to be the correct location. 'Y ou could finish
drawing the rectangle, and then move it; or you can moveit while
you are still drawing it, by using the SHIFT key.

If you press and hold SHIFT while you are using the adjustment tool
to define the shape of arectangle, the rectangle will stop changing
shape as you move thetool. Instead it will track the tool by moving
asawhole, asif it were tracking the drag tool. When you release
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SHIFT, the rectangle will go back to changing shape as the tool
MmoVves.
Adding Text to Rectangles

Y ou can add textua information to rectangles by switching from
graphics mode to text mode. To do this:

Choose Turn On Text from the T ext menu.
Four things happen:
1. The mouse pointer becomes the text tool.
2. The handles disappear from the edges of the rectangle.

3. A small editing box appearsthat just covers the rectangle.
The box has scroll bars and atext insertion cursor.

4. The status bar displays Text. On.
Y ou can now perform simple text editing operations. Y ou can enter
characters via the keyboard, and delete them by pressing DELETE.
If you move the text tool onto the rectangle, it will changeto an |-
beam. The I-beam can be used to position the insertion cursor, and
to select sections of text; these sections can be copied, cut, and
pasted.
The editing box is part of the X-Windows environment; it is not
specific to Design/CPN. Therefore you can use al three mouse

buttons to manipulate its scroll bars and edit its text, using the tech-
niques characteristic of the X-Windows user interface.

Creating a Series of Rectangles
Y ou don't have to enter and leave rectangle creation mode once for
each rectangle you create. Onceyou areinit, you can cregte as
many rectangles asyou like, by repeating the sequence:
Depress and hold the mouse button,
Use the adjustment tool to position the diagonal corner,
Release the mouse button,

once for each rectangle.
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Adding Text to Rectangles During Creation

When you create a rectangle, an editing box with scroll barsand a
cursor appears over the rectangle after you specify the second cor-
ner. Thisfacility exists as aconvenienceto allow immediate text
entry.

Immediately after you create arectangle, the status bar displays Text:
On even though you did not explicitly enter text mode. The editor
has automatically entered a special form of text mode, called creation
text mode, to give you the opportunity to enter text during the rect-
angle creation process. It will leave creation text mode as soon as
you do anything other than enter or edit text, so you don't haveto
leaveit explicitly.

Preserving a Rectangle's Aspect Ratio

A rectangle's aspect ratio istheratio of its height to itswidth. Itis
sometimes useful to preserve the aspect ratio while adjusting a rect-
angle. For example, suppose the rectangle is a square, and you
want to change its size while maintaining its squareness: it would
then be inconvenient to have the height and width vary indepen-
dently during the adjustment process.

To preserve arectangl€e's aspect ratio during either the adjustment
phase of rectangle creation, or later reshaping of the rectangle, set
CAPS LOCK before you begin adjusting its shape, or at any time
during the adjustment process. While CAPS LOCK is set, the rectan-
gle's aspect ratio isfixed, and motion of the adjustment tool changes
only the rectangle's size. When you release CAPS LOCK, the aspect
ratio ceases to be fixed, and again varies with motion of the adjust-
ment tool. You can set and release CAPS LOCK as desired during
the shape-adjustment process.

Working With Ellipses

Working with ellipsesis very similar to working with rectangles.
This section shows you how to create, reshape, move, and delete
ellipses.

Creating an Ellipse

To create asingle elipse, execute the following steps.

Enter Ellipse Creation Mode

Choose Ellipse from the Aux menu.
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Move the mouse pointer over the page on which you will
draw the ellipse.

The editor enters dlipse creation mode; the mouse pointer changesto
thedlipsetooal:

O
Specify the First Corner

Position the ellipse tool anywhere over the page, and depress
and hold the mouse button.

The editor draws a small circle that fills an invisible square whose
upper right corner is at the location of the ellipse tool, switchesto
the adjustment tool, and positionsit to point at the lower left corner
of theinvisible square.

Specify the Diagonal Corner

Holding the mouse button depressed, move the adjustment
tool around on the page.

Asthe tool moves, the invisible corner at which it points moves with
it, and the ellipse changes shape so that it dwaysfillsthe invisible
rectangle. Autoscrolling works as with rectangles.
Finish the Ellipse
Tofinishthe élipse:

Release the mouse button.
The dlipse tool reappears, and an editing box appears over the -
lipse. It can be used to write text inside the ellipse.
Leave Ellipse Creation Mode

Press EsC.
The dlipsetoal is replaced by the graphicstool, and eight handles

appear on the invisible rectangle that the ellipsefills. These can used
to reshape the ellipse.
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Other Operations With Ellipses

All the operations that work with rectangles work with ellipsesin
exactly the sameway. The reason ellipses and rectangles are so
smilar isthat an elipseis completely defined by the rectangle that
containsit. See the previous section, “Working with Rectangles,”
for details.

CAPS LOCK preserves an elipse's aspect ratio just asit does that of
arectangle.

Working With Labels

Creating Labels

A labd isanodethat consists entirely of text; it has no associated
geometric form. For editing purposes, alabel is no different from
the text field that is associated with every rectangle or dlipse. Its
lack of an accompanying geometric formisits only unusua prop-
erty.

To create alabel, execute the following steps:

Enter Label Creation Mode
Choose L abel from the A ux menu.

Move the mouse pointer over the page on which you will
draw the label.

The editor enters label creation mode; the mouse pointer changes to

thelabd tool:

Create the Label

Position the label tool anywhere over the page, then click the
mouse.

A text insertion cursor appears at the location where you clicked the
mouse.
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Enter and Edit Text

Y ou can now enter and edit text just asiif the editor were in text
mode, and you were editing the text field of arectangle or ellipse.

Type and edit several short lines of text.

Note that there are no scroll bars. Since alabel consists only of its
text, thereis no frame in which the text must fit, and hence no need
for scrolling.

Other Operations With Labels

To edit alabd's text after the label has been created, sdlect the [abel
intext mode. You can either select it first or enter text mode first.

For most purposes, labels are the same as rectangles and ellipses,
and can be treated in the sameway. The only differences are:

* You can't move alabel while you are creating it, because its
creation is a one-step process.

* You can't reshape alabel in graphics mode, sinceit has no
geometric form: its shape isjust the shape of the text it con-
sists of, and changes only when you edit that text.

* Anempty label would serve no purpose, so the editor deletes
any label that contains no text.

Working With Connectors

Objects of the types we have worked with so far can exist indepen-
dently of other objects. In Design/CPN parlance, such objects are
caled nodes.

A connector isan arrow that runs between one node and another,
establishing adirected link between them. A connector cannot exist
independently: it can exist only when there are two nodes for it to
connect. Every Design/CPN auxiliary object is either anode or a
connector that links two nodes.

This section shows you how to create, reroute, edit, and delete con-
nectors. In general, the methods are the same as for other objects.
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Creating Connectors
To create a connector:
Choose Connector from the Aux menu.

The editor is now in connector creation mode, and the mouse pointer
is the connector tool:

-

Position the connector tool in the interior of some node.
Depress and hold the mouse button.
Move the connector tool to the interior of some other node.
Rel ease the mouse button.
A connector now points from the first node to the second. The edi-
tor is still in connector creation mode, so you can create additional
connectors.
Look at the left side of the status bar: it displays Auxiliary
Connector, because that is the type of the object you have just cre-
ated.
Routing Connectors
When there are many objects on a page, the best route for a connec-
tor may not be astraight line. 'Y ou can make a connector follow any
path you want.

Position the connector tool inside a node, and depress and
hold the mouse button.

Move thetool to alocation not inside any node, and release
the mouse button.

Move the tool around without depressing the mouse button.
The location at which you released the mouse button becomes a
fixed point. Asyou move the tool, the connector tracks it, extend-
ing between the fixed point and the current connector tool location.
Click the mouse somewhere outside any node.

Another fixed point results. Y ou can repeat this sequence as often
asyou like, creating an arbitrarily complex connector. The fixed
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points are called vertexes. The lines between them are called seg-
ments.

Editing Connectors

To reroute a connector, drag its handles. If you drag the point at the
center of a segment, resulting in a new vertex and two new seg-
ments, new handles appear on the two new segments.

Y ou can use the handles at either end of a connector to detach it from
one node and attach it to another: just drag the handle to the edge or
interior of the node you want to connect to.

Y ou can edit connectors in most of the ways that you can edit ob-
jects generdly. Y ou can make aconnector current in text mode and
add text to it, delete it with DELETE, etc.

Automatic Rerouting of Connectors

If you move a node that has an attached connector, the connector
automatically reroutes itself so that it remains connected to the node.

No agorithm for automatic rerouting can give ideal resultsin all
cases, so you will sometimes need to manually adjust a connector's
route after automatic rerouting has occurred.

Deletion of Dangling Connectors

If you delete anode that has any attached connector, the connector
no longer has anode at each end. Such aconnector isillegal; the
editor deletesit automatically.

Working with Other Types of Objects

Rectangles, ellipses, labels, and connectors are sufficient for repre-
senting al CP net components, as described in the next chapter. To
aid in documenting CP nets, Design/CPN a so provides many other
graphical objects. These are described in Chapter 23, “Aux Menu
Commands.”
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Creating Regions

It isfrequently useful to define anode as being logically subordinate
to some other object. Such a subordinate nodeiscalled aregion. A
node that is aregion does not cease to be anode. It just takeson
some additional propertiesthat make it aregion aswell.

An object may have any number of regions. These may in turn have
regions, sometimes called subregions, and so on indefinitely. An
object and any associated regions always form atree; non-tree-
structured relationships may not be defined. Objects and their re-
gions are referred to as parents and children, asis customary with
tree structures.

When anodeisaregion, it is affected not only by operations per-
formed on itself, but also by operations performed on its parent.
For example, when aregion's parent is deleted, the region is auto-
matically deleted aswell. Details appear later in this section.

Both nodes and connectors can have regions, but only a node can be
aregion: aconnector cannot be. The reason isthat allowing a con-
nector to be aregion would lead to unresolvabl e contradictions be-
tweenitsroleasalink and itsrole as a subordinate object.

Designating Regions

3-16

Y ou can designate a hode to be aregion of an object whenever the
editor isin graphics mode or text mode. The operation of designat-
ing aregion does not affect the editing mode.
To designate anode as aregion:

Select the node that will be the region.

Choose M ake Region from the Aux menu.

The status bar displays Select Parent, and the mouse pointer be-

comes the pointer tool:

Movethetool sothat it ison or insde the object that isto be
the parent of the region.

A dark border flashes on and off around the prospective parent. An
object that could not legally become the parent, because the result
would not be atree, will not show such a border.
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Click on the object that is to be the parent.

The selected node is now aregion of the object you designated asiits
parent.

Y ou can execute M ake Region on anodethat is aready aregion.

It will ceaseto be aregion of its current parent, and become instead
aregion of the newly designated parent.

Converting Regions into Nodes
Y ou can disconnect aregion from its parent, restoring its indepen-
dent node status, whenever the editor isin graphics or text mode. If

the region has subregions, their status relative to the region is not af-
fected by its disconnection.

Select aregion that isto be returned to independent status.
Choose M ake Node from the Aux menu.

Theregion isreturned to independent status. It has the same prop-
ertiesthat it would have if it had never been aregion.

Editing Parents and Regions

Editing aregion does not affect its parent, but editing the parent can
affect the region in anumber of ways:

Moving Parents

When aregion's parent is anode, and the parent is moved, the re-
gion moves with it so that they retain the same relative positions.

When aregion's parent is a connector, the situation is complicated
by the fact that a connector (unlessit isastraight line) has no center
point that can be taken asits position. Consequently there is no way
to define how rerouting a connector would move aregion.
Rerouting a connector therefore does not affect region position.

The position of a connector is defined as the midpoint of a straight
line connecting its endpoints. When that point moves, because one
of the connected nodes moves, any regions will move a so.

Deleting Parents

When aregion's parent is deleted, the region is automatically deleted
along withit.
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The deletion of the node deletes the connector, and the deletion of
the connector deletes the region.

Creating Objects From Text Mode

Y ou can enter a creation mode directly from text mode. While the
editor isin the creation mode, it makes no difference that it got there
from text mode. The only differenceisthat when you leave the
creation mode, the editor will return to text mode, since that iswhere
it started. The editor's automatic activation and deactivation of cre-
ation text mode during object creation is orthogonal to the underly-
ing text mode.

Selecting Graphical Objects

Current Objects

Selecting Objects

When there is more than one graphical object on a page, and you

want to edit one of them, you must tell the editor which one, or it
will not know where to apply your instructions. The way to give
the editor thisinformation isto select the object.

The object that is currently selected is called the current object. A
description of the current object (e.g. Auxiliary Node) is displayed
on the left side of the status bar. If the editor isin graphics mode,
handles appear around the current object, so you can change its
shape. Intext mode, an editing box appears on top of it, so you can
edit itstext field.

When you create a new object, it automatically becomes the current
object.

When a page contains only one object, that object is always sel ected.
When there is more than one object, and the object you wish to edit
is not selected, click the mouse anywhere on or inside the object of
interest. That object isthereby selected, and the object that was se-
lected previously ceases to be selected.

Y ou can select an object whenever the editor isin graphics or text
mode. Its appearance (with handles or covered by an editing box)
will become the one appropriate to the mode. When you change
modes, the current object will change its appearance accordingly.
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Selection After Deletion

When there is more than one object on a page, the editor keeps them
in an order, called the occlusion order. When an object is created, it
isput at the front of the occlusion order.

The occlusion order is used primarily to control what happens when
objects with opaque interiors are drawn on top of each other. The
objects you create in this chapter are al transparent, so the occlusion
order does not affect their display appearance.

Another use of the occlusion order is to determine what object will
become selected when the current object isdeleted. Theruleis:
when an object is deleted, the object at the front of the occlusion or-
der becomes current. This behavior can be useful when you have
created severa objects in sequence, but then decide to delete them al
and try a different approach.

If you press DELETE when there are no objects on the page, adiaog
appears.

Stop gl

This command cannot be applied when
the active page is empty.

Working With More Than One Object Type

When a page contains objects of more than one type, they are al
kept in asingle occlusion order.

Y ou don't have to leave one object creation mode before you enter
another. You can go directly from one to another by choosing the
new mode while you are still in the old one.

Groups of Objects

It isfrequently necessary to perform the same operation on more
than one object, and it would be inefficient to have to select and then
operate on them one at atime. Therefore the editor allows you to
designate a group of objects and operate on them simultaneoudly.
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Mixed Groups

Selecting Groups

Thereisthen no one selected object: al the objectsin the group are
selected.

When a group has been selected, the editor indicates the group by
drawing a gray border around each of its members. Handles do not
appear around group members, since they intrinsically refer only to
individual objects.

Whenever you select more than one object ssmultaneoudly, the editor
entersgroup mode. Thismode is not an alternative to graphics or
text mode; it is orthogonal to them.

When the editor isin group mode, the mouse pointer becomes the
group tool:

i
Thistool is displayed whether the editor isaso in graphics or text
mode. Examine the status bar to tell which mode isin effect.

The properties of nodes, connectors, and regions are so different
that it is not possible to create a useful group that combines objects
from more than one of these classes. The reasons are:

* Whenever anode is changed, any connectors and regions as-
sociated with it automatically adjust themselves. Therefore
thereis never any reason to include connectors and regionsin
agroup that contains nodes.

» Allowing connectors and regions to be part of the same group
could lead to unresolvable conflicts among the various opera-
tions that are performed on them automatically when their as-
sociated nodes are edited.

Therefore when more than one object is selected at atime, they must
al be nodes, or al connectors, or all regions.

There are many ways to select agroup. None of them can be used
to create a mixed group.

* TheGroup menu contains the commands Select All
Nodes, Select All Regions, and Select All
Connectors. These have the obvious effects. They may be
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combined with mouse and keyboard techniques to further
specify the group.

* Pressing and holding SHIFT and then clicking on an object se-
lectsit (if it was not selected and is of appropriate type) or de-
sdlectsit (if it was selected) without affecting the selection
status of other objects.

» Depressing the mouse button when it is not inside an object,
then moving it, creates arectangular selection area. When the
mouse button is released, all objectsin the area (that are not
selected and are of appropriate type) will become selected,
and any other selected objects will cease to be selected.

* Pressing and holding SHIFT, then using the mouse to create a
rectangular selection area, toggles the selection status of all
objectsin the area (except that none becomes selected that is
not of appropriate type) without affecting that of other ob-
jects.

Whenever a group rather than asingle object is current, the status
bar displays a description of the content of the group.

Deselecting Groups

When the editor isin group mode, the command Ungr oup isavail-
ableinthe Group menu. If you choose this command, the group
will cease to be selected, and the object that was current before you
entered group mode will become current again.

A group is aso deselected if you select some other group in its
place, or use the mouse to select a single object that is not a member
of the group.

Reconstructing Groups

Sometimes a particular group will be useful more than once during
an editing session, but is not useful continuously. To save you the
effort of reconstructing such a group each time you need it, the edi-
tor always records the composition of the group that is current when
you leave group mode. It can use thisinformation later to recon-
struct the group.

When the editor is not in group mode, the command Regroup is
availablein the Group menu. If you choose this command, and
you had previously defined a group at some time, the editor will re-
enter group mode and reselect the group.
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Operating on Groups
Y ou can do anything to agroup of objects that:
» Could be done to each of its membersindividualy, and:

* |Ismeaningful when applied to more than one object smulta-
neously.

For example, you can move a group, delete a group, make all the
members of a group regions of the same parent, or turn a group of
regions back into nodes even if they had different parents. But you
cannot edit the text in agroup of nodes, or reroute a group of con-
nectors, since there is no way to deal with text fields or connector
routes generically.

There are also operations that are meaningful for groups but not for
the individuals within them. Most of them concern the physical lay-
out of the group's members on the page, and are used to improve
the physical appearance of anet.

Aligning Graphical Objects

The Align menu provides commands that position graphical objects
in relation to each other. Different types of nodes can be mixed
freely in any alignment operation.

Horizontal Spread Command

Horizontal Spread evenly spaces graphical objects horizontally
between two designated objects. To useit:

Select the nodes to be horizontally spread. Be sure nothing
elseis selected.

Choose Horizontal Spread from theAlign menu.

Y ou can now designate two nodes, called reference nodes, between
which the selected objects will be evenly spread. The status bar
prompts for the first reference node by displaying: Please select
node as reference for aignment. The reference node does not have
to be one of the nodesin the selected group.

Move the mouse pointer to the interior of node that will be
the first reference node.

A dark border flashes on and off around the node.

Click the mouse on the node.
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The status bar prompts for the second reference node by displaying:
Pl ease select second node.

Click the mouse on the node that will be the second reference
node.

The nodes are now evenly spaced horizontaly.

Vertical Spread Command

Vertical Spread isexactly likeHorizontal Spread, except that
it spaces graphical objects vertically rather than horizontally.

Horizontal Command

Vertical Command

Horizontal aignsnodes horizontally, so that the centers of the
nodes lie exactly inarow. The row passes through the center of a
particular node called areference node. To use the command:

Select the node, or create a group that contains all the nodes,
that are to be aligned horizontally. This group may contain
the reference node, but does not have to.

Choose Horizontal from the Align menu.

Click the mouse on the desired reference node.

The selected node(s) are now horizontally aligned with the reference
node.

Vertical isexactly like Horizontal, except that it aigns nodesinto
acolumn rather than arow.

Other Alignment Commands

The Align menu aso contains many other commands for aligning
graphical objects. For details, see Chapter 29, “Align Menu
Commands.”

Undoing Alignment Commands

If you don't like the results of any command in the Align menu,
you can undo the operation by choosing Undo from the Edit
menu.
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Matching Object Sizes

3-24

It isdifficult to get different graphical objects to have exactly the
same size and shape using the mouse. Design/CPN therefore pro-
vides an easy way to make one graphical object look exactly like
another.

If necessary, reshape one of the objects so that it hasthe size
and shape you want them all to have.

Select the object, or make agroup that contains al the ob-
jects, that are to be reshaped.

Choose Change Shape from theM akeup menu.

The status bar displays: Select Node or Region as amodel for shape
change

Move the mouse over an object that has the desired shape.
The object’ s border flashes on and off.
Click the mouse.

The selected object(s) are reshaped to be identical to the one that you
clicked on.

This technique may be applied to any graphical object except a con-
nector.
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Chapter 4

The Design/CPN Editor:
Creating a CP Net

This chapter shows you how to use the Design/CPN editor to create
aCP net. The varioustechniques are demonstrated by tracing the
creation of anet called SmallNet:

[ordent = Big]

Order ProductShipped

- 1 ordent Process Orders 1 ordent Product Out
®—p

1'Big +
2'Small

color Oder = with Big | Small;
col or Product Shi pped = Order;
var ordent : Order;

Auxiliary Graphics and CPN Graphics

Y ou could draw graphicsthat ook exactly like SmallNet net using
the techniques covered in the previous chapter. But the result would
not be a CP net: it would just be a collection of auxiliary graphical
objects.

The Design/CPN editor provides commands that let you draw a
graphical object, make it aregion if appropriate, specify its CPN
meaning, and give it display attributes appropriate to that meaning,
using only one command per object. These commands are available
from the CPN menu. This chapter shows you how to use them.

A graphical object that is also a CP net component is called aCPN
graphical object, which is usually shortened to CPN object. A node
that isalso a CP net component is called aCPN Node. A region that
isalso a CP net component iscalled a CPN Region. Asthese names
suggest, the realms of auxiliary objects and of CPN objects are ex-
actly paraldl. Theonly difference between an auxiliary object and
the corresponding CPN object is the presence or absence of a CPN
meaning: graphically the objects are identical.
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This chapter does not reiterate the information about creating and
manipulating graphical objects that was covered in the previous
chapter. Refer to that chapter as needed to obtain or review thisin-
formation.

Setting the Graphical Environment

A CP net contains many kinds of information. All of them are rep-
resented in some way in the physical appearance of the net. To help
make nets and their behavior during execution visually self-explana-
tory, different types of information are customarily given different
physical appearances, using avariety of graphical and textual con-
ventions. These conventions are called display attributes. Their
combined effect isto establish a particular graphical environment.

Display attributes exist at three levels: object attributes, diagram de-
fault attributes, and system default attributes.

Levels of Attributes
Object Attributes

Each graphical object has a set of display attributes that governsits
individual appearance. These are the object attributes.

Diagram Default Attributes

Each diagram has a set of display attributes that it applies by default
to every newly created graphical object. These are the diagram de-
fault attributes. For brevity they are usually called the diagram de-
faults.

System Default Attributes

Design/CPN keeps amaster list of display attributes that it copies by
default into every newly created diagram. These are the system de-
fault attributes. For brevity they are usualy called the system de-
faults. (This*system” has nothing to do with the computer's op-
erating system; it refers only to Design/CPN's internal record-keep-
ing system.)

Changing Display Attributes

Display attributes can be changed whenever anet is not being exe-
cuted. The change can be applied to a selected object or group of
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objects, to the diagram default attributes, to the system default at-
tributes, or to any combination of these.

It isaso possibleto replace al of adiagram's default attributes with
the current system default attributes, or vice versa.
Establishing an Environment

To establish a new system environment, copy diagram defaults from
an existing diagram into Design/CPN's system defaults, as follows:

Open the diagram containing the diagram defaults.
Preserving the ML Configuration Options
When Design/CPN isinstalled, one of the stepsisto record in the
system defaults some information that Design/CPN needsin order to
communicate with the ML process that was described at the begin-
ning of this chapter. Thisinformation must be preserved when a
new system environment is established. To preserveit:
- Choose ML Configuration Optionsfrom the Set menu.
A dialog appears. One of itsoptionsisL oad.
- ClickL oad.
- ClickOK.
The necessary information about the ML processis copied from the
system defaults to the existing diagram’ s diagram defaults. Y ou can
now make those diagram defaults the system defaults without eras-
ing the information about the ML process.
Copying the Diagram Defaults
Choose Copy Defaultsfrom the Set menu.

The Copy Defaultsdialog appears.

Copy Defaults =—=|

@ System -> Diagram
(" Diagram -> System
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Click Diagram -> System.
Click OK.

The dialog disappears. The system defaults are now the same as the
diagram defaults.

Creating CP Nets

The components of a CP net can be created in almost any order.
The only requirements are:

1. A region's parent must be drawn before the region is drawn.

2. The nodesthat an arc connects must be drawn before the arc
isdrawn.

Within these requirements, the choice of how to createanet isa
matter of individua style.

General Technique for Creating CPN Regions

Each of the CPN objects described in this chapter has associated re-
gions. Thetechnique for creating all of these regionsis the same:

Select the object that isto have the region.
Choose CPN Region from theCPN menu.
Indicate the desired type of region.
Typeintheregion.

Adjust appearance as needed.

The section “ Creating Regions” in Chapter 3, “The Design/CPN
Editor: Introduction.” discusses regions and their use.

Creating a Transition

From the graphical standpoint, creating atransition isthe same as

creating arectangle. The only differenceisin the command you use
to specify its creation.

Choose Transition from theCPN menu.
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The editor enters trangition creation mode. The transition tool ap-
pears:

O
In transition creation mode, you can draw rectangles that are prede-
fined as representing transitions.

Draw arectangle (transition).

A small editing box appears over the rectangle, just aswith auxiliary
rectangle creation (described in Chapter 3, “The Design/CPN Editor:
Introduction”). If you entered text, and did not specified a separate
name region later, the text would by default become the name of the
trangition. If you did create a name region later, the text would
thereafter have no functional significance. Such text is often used as
acommentsfield.

Leave trangition creation mode (Press ESC or click the
mouse in the menu bar).

The rectangle you have just drawn looks like any other, and has all
the usual graphical properties of arectangle:

[[E—————— New#¥1

]

The transition acts exactly like an ordinary rectangle. Graphically it
isarectangle. Its CPN status as a transition has nothing to do with
its graphical nature. However, the status bar shows that you have
drawn atransition, not just arectangle. The editor has automatically
performed the additional operations needed to designate the rectangle
asatransition.
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Naming a Transition
To name atrangtion, attach alabel region to it and type the name
into thelabel. Thisisdone with asingle command. When thereis
more than one node on the page you must first select which one you
want to name.
Select the transition to be named.
Choose CPN Region from theCPN menu.

TheCPN Region diaog for transitions appears.

CPN Region =———=

W Name
¢y Guard
iy Code

ok |

The default isName, which is what we want, so:

Click OK.

The dialog disappears. The editor enters name region creation
mode. The mouse pointer becomes the region tool:

R

Thistool isexactly like the label tool, except that the result of using
itisa CPN region of whatever kind you have indicated, rather than a
generic label.

Move thetool to the inside top of the transition and click the
mouse.

Typethe name. Example: Process Or der s.

L eave name region creation mode.
Theresult looks like alabel, and has al the graphical properties of a
label, but the status bar shows that it isalso anameregion. The edi-

tor has automatically performed the additional operations needed to
designate the label as aregion that specifies a name.
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Creating a Guard

Creating aguard isjust like creating a name, except that you specify
aguard region rather than aname regioninthe CPN Region
menu.

Select the transition.

Choose CPN Region from theCPN menu.
TheCPN Region dialog for transitions appears.

ClickGuard.

Click OK.

The dialog disappears. The editor enters guard region creation
mode. The mouse pointer is again the region tool.

Move thetool to the desired guard location and click the
mouse.

Type the expression enclosed in square brackets. Example:

[ordent = Big].

L eave guard region creation mode.

Creating a Place

Creating a place is graphically the same as creating an dlipse. The
only differenceisin the command you use:

Choose Place from theCPN menu.

The editor enters place creation mode. The placetool appears.

O

The status bar shows that you have drawn a place, not just an €l-
lipse.

Draw an elipse (place).
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-

Naming a Place
Naming aplaceis essentially the same as naming atransition.
Select the place.
Choose CPN Region from theCPN menu.
TheCPN Region diaog for places appears.

CPN Region

i Name
i Color Set
i1 Initial Marking

[ ok ]

The default is Name, which is what we want, so:
Click OK.

The dialog disappears. The editor enters name region creation
mode, and the mouse pointer becomes the region tool.

Move thetool to theinside top of the place and click the
mouse.

Typethe name. For example: Or der I n.

Leave name region creation mode.
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The status bar shows that the region is a name region.

Specifying a Place’s Colorset

Specifying aplace' s colorset isjust like specifying its name, except
that you specify a colorset region rather than a name region in the
CPN Region menu.

Select the place.

Choose CPN Region from theCPN menu.

Click Color Set.

Click OK.

The editor enters colorset region creation mode; the mouse pointer
becomes the region toal.

Move thetool to the desired location for the colorset region
and click the mouse.

Type the colorset name. For example: Or der .

L eave colorset region creation mode.

Specifying a Place’s Initial Marking
A place' sinitial marking is just another CPN region.
Select the place.
Choose CPN Region from theCPN menu.
Click Initial Marking.
Click OK.

The editor enters initial marking region creation mode; the mouse
pointer becomes the region tool.

Move the tool to the desired location for the initial marking
region and click the mouse.

Typetheinitia marking. For example: 1" Bi g + 2" Snal | .

Be careful to use backquote (the multiset creation operator) not sin-
gle quote.
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Leaveinitial marking region creation mode.

Input and Output Places

Input and output places are graphically identical, and are created in
the sameway. Whether aplaceisan input place, an output place, or
both, is determined by the arcs connected to the place, not by the
placeitself.

SmallNet has one output place. ItsnameisPr oduct Qut andits
colorset isPr oduct Shi pped:

[ordent = Big]

Order ProductShipped

Process Orders
Product Out
1Big +

2°Small

Creating an Arc

4-10

Creating an arc is graphically the same as creating a connector.
Input and output arcs are graphically identical. The only difference
isinthedirection of thearc. Aninput arc runsfrom aplaceto a
trangition; an output arc runs from atransition to aplace. To create
anarc:

Choose Arc from theCPN menu.

The editor enters arc creation mode. The arc creation tool appears.

-

Draw aconnector (arc) from aplaceto atranstion, or a
trangition to a place.

Leave arc creation mode.
The status bar shows that the connector is an arc.

SmallNet contains two arcs;

[ordent = Big]

Order ProductShipped

Process Orders
Product Out
—»
1'Big +

2'Small
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Creating an Arc Inscription

Creating an arc inscription is graphically the same as adding atext
region to aconnector. To add an inscription to an arc:

No CP

Select the arc.
Choose CPN Region from theCPN menu.

N Region dialog appears. Noneis needed, because an arc

can have only one type of region. The editor entersarcinscription
creation mode, and the mouse pointer becomes the label tool.

Position the labdl tool in the desired location for the arc in-
scription.

Typetheinscription. Example: 1" or dent . (Backquote,
not single quote.)

Leave arc inscription creation mode.

With the addition of 1" or dent asthe inscription on the arc from

Or der

Order

I ntoProcess Order s, SmalNet lookslikethis:

[ordent = Big]

ProductShipped

< Process Orders
1 ordent S Product Out
—»

1'Big +
2'Small

Cloning CPN Regions

When a net needs more than one copy of the same region, you don't

haveto

typethem inindividually. Y ou can copy aregion that al-

ready exists, and paste it into as many locations (of appropriate type)
asyou like. Thistechnique workswith all types of CPN text re-
gions. For example, to copy an arc inscription region:

Select the region to be copied.
Execute Copy.

Execute Paste.

The editor does not paste the region anywhere yet. The mouse

pointer
Arcfor

becomes the pointer tool, and the status bar displays. Sdlect
next arc inscription region.
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Move the mouse over the arc that isto receive a copy of the
inscription.

The arc flashes.
Click the mouse on the target arc.
The copied inscription is pasted.
The problem of where to paste a cloned region has no reliable algo-
rithmic solution. Therefore manual adjustment is sometimes neces-

sary:

If necessary, move the pasted arc inscription region to the
correct position for it.

If the techniques described were used to clone the input arc inscrip-
tion 1 ordent in SmallNet to the output arc between Pr ocess

Or der s and Pr oduct Out, SmalNet would look something like
this:

[ordent = Big]

Order ProductShipped

- 1~ordent Process Orders 1 ordent Product Out
®—p

Creating a Global Declaration Node
Graphically, creating aglobal declaration node is just a matter of
drawing arectangle and typing sometext into it. To create aglobd
declaration node:

Choose Declar ation Node from theCPN menu.

TheDeclaration Node diaog appears.

Declaration Node

® Global
i Temporary
7 Local

Global isthe default, indicating aglobal declaration node.
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Click OK.

The editor enters global declaration node creation mode, and the
mouse pointer becomes the declaration node tool:

D
Thistool draws arectangle that is also a declaration node.

Draw arectangle (global declaration node) in the desired lo-
cation.

Recall that depressing SHIFT while creating arectangle causesthe
rectangle to move with the mouse rather than reshaping.

A small editing box appears over the rectangle. Text entered now or
later into the declaration node's text field will be treated by
Design/CPN as CPN ML code that specifies global declarations.

Y ou can stay in the creation mode and enter text immediately, but it
is generally more convenient to enter it from text mode.

Leave the creation mode.
Enter text mode.

Type the desired declarations. For example:

color Order = with Big | Small;
col or Product Shi pped = Order;
var ordent : Order;

Leave text mode.

Y ou have now created a globa declaration node. SmallNet with a
global declaration node added might look like this:

[ordent = Big]

Order ProductShipped

1 ordent Process Orders 1 ordent Product OUt
.@—b
1'Big +

2'Small

color Oder = with Big | Small;
col or Product Shi pped = Order;
var ordent : Order;
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Creating a Page for Global Declarations

Creating a Page

Naming a Page

SmallNet is contained on asingle page. This page contains both the
data declarations for the net (in the global declaration node) and all
graphical structure that makes use of those declarations.

Putting the global declaration node on the same page as a net's
graphics can be helpful when you arefirst learning about CP nets,
but otherwiseit is not the best practice. Asanet grows, the global
declaration node ends up competing with it for page space, and has
to be moved aside where it can be seen only by scrolling over to it.
Furthermore, it is of little interest once you know what isin it.
Therefore it is customarily kept on a page of its own, where it can be
quickly accessed when needed and ignored otherwise.

Putting a global declaration node on a page of its own isjust a matter
of creating the page, and then creating or moving the declaration
node there. New pages can be created only in the editor.

Enter the editor if necessary.

Choose New Page from thePage menu.

A new, blank page appears.

The default page name, New, does not tell much about a page'sin-
tended purpose. To rename the page:

Choose Page Attributesfrom the Set menu.

ThePage Attributesdiaog appears.
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Page Attributes =

Name & No [T ¢ 2]

[d Change Current Page
[J save as Defaults

- Page Kind——
i Standard Page
1 Palette Width
- Page Border —— Page 376
i Visible Height
1 Invisible

[ Reset ] [Eancel]

The page name field contains the current page name.
Edit the page name field to specify the desired name.
Click OK.

Renaming a Page
Y ou don't have to make a page the current page in order to rename
it. You can renameit, and make many other changes to its status,
directly from the hierarchy page.
Make the hierarchy page the current page.
Select the page node.

Choose Page Attributesfrom the Set menu.

Rename the page.

Moving a Global Declaration Node
To move aglobal declaration node another page:
Make the page where the node is located the current page.
Select the node.
Execute Cut.

Choose Open Page from thePage menu.
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The hierarchy page appears.

Double-click on the page node of the page that will receive
the declaration node.

Execute Paste.

Note that neither putting the global declaration node on its own page
nor giving that page any particular name has any functiona signifi-
cance. The global declaration node may appear on any page, and
that page may have any name.
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Chapter 5

CPN Dynamics:
Introduction

CP net components are covered in Chapter 2. This chapter shows
how those components interrel ate to specify the behavior of an exe-
cuting CP net.

This chapter does not give complete details on any topic that it cov-
ers. Chapter 6, “CPN Dynamics. Executing a CP Net,” provides
detail s about how to set up and execute a CP net. Chapter 8, “CPN
Dynamics. Concurrency and Choice,” provides details about the
simulator algorithm and its handling of complex execution deci-
sions.

Executing CP Nets

CP nets are actually programs, expressed in a hybrid language of
graphics and text. CPN syntax is designed to insure that any legal
CP net is completely and unambiguously defined.

CP nets do not execute themselves. Like any program, aCP net is
executed. A CP net could be compiled into a stand-alone executable
file, and executed directly by the computer. The problem with this
method is that the file would have to contain alot of code to manage
the details of net execution, and to provide an interactive interface to
it. This code would be the same in each file, which would be very
wasteful. Therefore CP nets are executed by a run-time package
caled the smulator.

The Design/CPN Simulator
Design/CPN contains a CP net simulator that is closely integrated
with the editor. The simulator both manages and displays CP net
execution, and allows its course to be controlled in various ways to
facilitate study and debugging.

The simulator is not just a passive intermediary between the com-
puter and an executing net. It isan active agency that drives net exe-
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cution forward by investigating the state of the net, determining how
to change that state, and making the requisite changes.

When anet is given to the simulator for execution, the smulator first
creates tokens as specified by any initial marking regions, and puts
thetokensin the places. This establishesthe initial state of the net.
The simulator then executes the net by identifying transitions that
can occur and effecting their occurrence.

Understanding CP Net Execution

In order to build an understanding of CP net execution, and of what
the ssimulator does to accomplishit, we must first look at two topics:

* When can atransition occur?

» What happens when atransition occurs?

When Can a Transition Occur?

A transition can occur whenever certain conditions are met. When
the conditions are met, the transition is said to be enabled. The fact
that atransition is enabled does not mean that it will actually occur:
some other enabled transition might occur first, and change the state
of the net so that the first transition is no longer enabled.

Factors Determining Enablement

5-2

Three factors work together to determine whether atransition isen-
abled:

1. Themultiset of tokensin each input place of the transition.

2. Theinput arc inscription on each input arc connected to the
transition.

3. Thetranstion's guard.

These three factors work together to determine whether atransition
can occur. They work together so closely that none of them can be
fully understood without understanding the other two. Chapter 2,
“CP Net Components,” provides additiona detail on the input place
multiset, input arc inscription, and guard.
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Input Place Multiset

The multiset of tokens present in an input place determines what to-
kens are available when the smulator is determining if atrangition is
enabled.

Input Arc Inscriptions

Aninput arc inscription is an expression on an arc that connects a
placeto atrangition. Theinscription (possibly in conjunction with a
guard) specifies amultiset, which may be empty. The default input
arcinscriptionisenpty.

Guards

A guard is a boolean expression that is associated with atransition.
This expression must evaluate to true in order for the transition to
be enabled. The default guardistrue.

Criteria for Enablement

If each of atransition's input places contains the multiset specified
by the place's input arc inscription (possibly in conjunction with the
guard), and the guard evaluates to true, the transition is enabled, and
can occur. Otherwiseit isnot enabled, and cannot occur. A transi-
tion's output places have no effect on its enablement.

A multiset whose existence allows atransition to be enabled is called
an enabling multiset. When an enabling multiset exists, so that a
transition is enabled, the transition is said to be enabled with that
multiset.

The SmallNet example used in Chapter 4, “The Design/CPN Editor:
Creating a CP Net,” has morein it than we need for examining
transition enablement. Therefore we will start with an even smaller
net:

Order

Process Orders
Order In >
(3® v8i
Small

1'Big +
2'Small

color Order = with Big | Snmall;
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Theinput place has an initial marking and current marking of 1'Big
and 2°Small. Thereisno guard and the input arc inscription has not
yet been specified.

Or der I n'scurrent marking is shown, sinceit isafactor in
whether Pr ocess Or der s isenabled. From this point on we will
show place markings whenever they are relevant to some point be-
ing made. But keep in mind that markings are not part of a CP net,
as places and trangitions are, but rather indicators of its state.

Process Or der s hasno (explicit) guard. Such aguard defaults
to true, and so can be ignored: its requirement is guaranteed to be
satisfied irrespective of other factors.

Output places don't affect enablement, so thereis no output placein
this net. Enablement in this simple case is determined only by the
tokens in the input place, and the input arc inscription.

Specifying Exact Token Values

Sometimes the exact token values that are to enable atrangition are
known in advance. In such acase, input arc inscriptions can specify
the needed values literally, and no guard is needed.

Specifying a Single Token

5-4

The ssimplest form of input arc inscription specifies amultiset of one
token, and gives the tokens value as a constant:

Order

Order In 17 Big Process Orders
‘Ri Small

1'Big +

color Order = with Big | Small;

Here the input arc inscription specifiesthemultiset 1° Bi g: that is, a
multiset of one token whose valueisBi g. Does such atoken exist
intheinput place Or der I n? Yes. Therefore Pr ocess Or der s
isenabled (can occur). Thefact that there are also two Smal | to-
kensin Or der | n makes no difference one way or the other.
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The Simulator's Algorithm

When the simulator examines the above net to see whether

Process Order s isenabled, it scansthetokensin Or der |1 n and
tests each one to see whether itsvalueisBi g. If such atokenis
found (asit will bein this case), the smulator ends its search at that
point, and puts Pr ocess Or der s on alist caled the enabled lit.
See “The Simulator’ s Algorithm” in Chapter 8, “CPN Dynamics:
Concurrency and Choice,” for complete details on the smulator’s
algorithm.

Omitting a Count of One
As a convenience, the count in an arc inscription that specifies just

one token can be omitted. Thusthe following net is exactly equiva-
lent to the one above:

Order

. Process Orders
Order In Big >
(3® vsi
- Small

1'Big +
2'Small

color Order = with Big | Snmall;

Specifying More Than One Token Instance

Aninput arc inscription can specify more than one token of agiven
vaue:

Order

Order 1 2~Small Process Orders
. Small

1'Big +

color Order = with Big | Small;

Here the input arc inscription requires two tokens of value Smal | .
The tokens exist, so the transition is enabled. The ssmulator will
end its search as soon as it encounters the second value Smal | to-
ken, and put Pr ocess Or der s on the enabled list.
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Specifying More Than One Token Value

An arc inscription can specify tokens of more than one value. For

example:
Order 1°Big +
Order 1 1~Small Process Orders
1'Big + Small
2'Small

color Order = with Big | Small;

Process Or der s isagain enabled.

The General Rule

In general, Pr ocess Or der s will be enabled whenever the multi-
set specified by the input arc inscription is asubset of the multiset in
Or der I n. Thusany of the following arc inscriptions (some of
which we have seen already) will enable Pr ocess Or der s:

1'Big + 2 Smal |
1'Big + 1 Smal |
1'Big

2" Smal |

1" Smal |

enpty

Non-enabled transitions

The following example illustrates a situation when the transition is
not enabled:

Order

~n: Process Orders
Order In 2" Big >
@ 1'Bj
. Small

1'Big +

color Order = with Big | Small;

Thereisonly oneBi g tokeninOr der | n, but the arc inscription
requirestwo, so Process Or der s isnot enabled. Thereisanin-
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finite number of possible non-enabling arc inscriptions. All share
the same property: they define a multiset that is not a subset of the
multiset in Or der I n.

Specifying Variable Token Values

Sometimes it does not matter exactly what values enabling tokens
have: al that mattersisthat they are present in appropriate numbers.
To allow for such acase, input arc inscriptions can use CPN vari-
ables rather than constants. For example:

Order

Order 2~ ordent Process Orders
P
@ 1'Bj
. Small

1'Big +

color Order = with Big | Small;
var ordent : Order;

Hereor dent (which standsfor “order entered”) isa CPN variable
that can take on any value from the colorset Or der . CPN variables
are discussed in the section “CPN Variables’” in Chapter 2, “ CP Net
Components.”

Binding an Arc Inscription Variable

Initially the CPN variable or dent in the example above has no
particular value: it is said to be unbound. Since or dent isun-
bound, the arc inscription that uses it does not evaluate to a multiset:
trying to evaluate it would just produce an error.

The ssimulator'stask at this point isto determine whether Pr ocess
Or der s isenabled. To do that it needs to evaluate the arc inscrip-
tion2" or dent , and to perform the evaluation it must have avalue
for or dent . Lacking any other source for avalue, it chooses one
from among the possible legal values and makesit the value of or -
dent . When this has occurred, ordent is said to be bound to that
value.

Suppose the simulator bindsor dent toBi g. Theinscription then
evaluatesto 2" Bi g. But thereisonly oneBi g tokeninOr der
I'n, soProcess O der s isnot enabled when or dent isbound
toBi g. The simulator does not give up, however: it next tries
bindingor dent toSmal | . The arc inscription then evaluates to
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2' Smal | . TherearetwoSmal | tokensinOr der | n, SO
Process Order s isenabled when or dent isbound to Smal | .

A binding that causes atransition to be enabled is called an enabling
binding, and the transition is said to be enabled with that binding.

In this case, thereis one enabling binding, or dent = Smal | . The
simulator will put Pr ocess Or der s on the enabled list along with
arecord of the enabling binding.

Constraining Token Values With Guards

Guard Syntax

We have now looked at away to specify the values of enabling to-
kens exactly (with constants), and away to leave their values un-
specified (with variables). Obviousdly these methods would not be
enough in areadistic model. In order to model real systems, we
need away to require token values to meet any criterion we can de-
fine. Such arequirement is called a congtraint.

In order to constrain token values, CP nets use arc inscriptionsin
conjunction with guards. The method isto bind CPN variablesin
arc inscriptions, and perform boolean tests on those valuesin a
guard.

A guard is a boolean expression that operates on token values (or
parts of composite values). Guards have the syntax typical of
boolean expressions with infix notation. The comparison operators
used are:

equal

greater than or equal
greater than

less than or equal
less than

not equal

NNNV VI
I I

V

These may be linked together with (in order of precedence):

not boolean NOT
andalso boolean AND
orelse  booleaninclusve OR

Guards are customarily written enclosed in brackets, to help distin-
guish them visually from other CP net components.
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Use of Parentheses

When not, andalso, or or el se are used, parentheses are required
around the comparisons that they link. Thus:

[A < B andalso C > D]
isillegal. Instead use:
[(A < B) andalso (C > D)]

Parentheses may also be used as needed for clarity or to override the

precedence order.

Shortcut for andalso

A commamay be used in place of andal so.

[(A < B) andalso (C > D)]
and:
[(A<B), (C>D]

mean the same thing.

Constraining a Single Token

Thus:

The simplest constraint restricts the value of asingle token:

[ordent = Big]

Order

Order In 1 ordent
@ 1'Bj >
e Small

Process Orders

1'Big +
2'Smal

color Order = with Big |
var ordent : Order;

Smal | ;

In order for Pr ocess Or der s to be enabled, there must be a
binding for or dent suchthat1® or dent evaluatesto amultiset
that existsin Order In, and [ or dent = Bi g] istrue.
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Obvioudly thisis not much of a constraint: the transition is enabled
whenor dent = Bi g. Wemight aswell have stuck with our very
first example:

Order

Order In 17 Big Process Orders
‘Ri Small

1'Big +

color Order = with Big | Small;

The equivalence between these two netsis asimple example of a
very genera truth: the realms of arc inscriptions and guards are not
digoint. A given constraint can often be implemented in severa
ways, each of which uses the capabilities of arc inscriptions and
guards in adifferent manner to produce the same effect.

More Complex Constraints

Order

Order In 1~ ordent Process Orders
P>
(3 18i
N Small

1'Big +

A dightly more interesting example includes more possibilities:

[(ordent = Big) orelse (ordent = Medium)]

color Order = with Big | Medium | Snall;
var ordent : Order;

There are now threetypesof Or der : Bi g, Medi um and Smal | ;
and hence three possible bindingsfor or dent . Binding or dent
to Smal | doesn't work, because then the guard is not true.
Binding it to Medi umdoesn't work, because there are no Medi um
tokensinOr der I n. BindingittoBi g works. ThereisaBi g to-
keninOr der I n, which satisfies the arc inscription, and the bind-
ing causes the guard to evaluate to true. Such abinding is some-
times said to satisfy the guard.

On the other hand, consider:
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[(ordent = Big) orelse (ordent = Medium)]

Order

Order 1 2>~ordent Process Orders
@ 1'Bi >
mall

1'Big +
2'Small

color Order = with Big | Medium| Small;
var ordent : Order;

Herethetransition isnot enabled. If or dent = Bi g or or dent =
Medi um there are not enough tokens to satisfy the requirements of
thearc inscription, but if or dent = Smal | , the guard isfalse.

Constraining More Than One Token

The techniques we have looked at are completely general: you can
do anything with them that makes syntactic sense. For example:

[((ordentl = Big) orelse (ordentl = Medium))
andalso (ordentl <> ordent2)]

Order 2 ordentl +

Srder 1 ordent2 Process Orders
: >
(4 _vBig +

1'Big + 1'Medium +
1'Medium + 2 Small
2 Small

color Order = with Big | Medium| Snall;
var ordentl, ordent2 : Order;

In this case there are two CPN variablesto bind. The simulator will
try various bindings for each of them, looking for a binding that
satisfies the arc inscription and the guard. A successful binding will
bindor dent 1 toBi g or Medi um and or dent 2 to either of the
valuesthat or dent 1 isnot bound to; and will cause the arc inscrip-
tion to evaluate to amultiset such that Or der | n contains two of
whatever or dent 1 is bound to, and one of whatever or dent 2 is
bound to.

Thistransition is not enabled.

Design/CPN Reference Manual for X-Windows 5-11



Design/CPN User’s Guide

Using a Guard to Create a Partial Constraint

The guards we have described so far have been very smple. Their
only effect has been to predicate enablement on the existence of to-
kens with fixed values or combinations of values. Thisisan ex-
tremely common use of guards, but it barely scratches the surface of
thelr capabilities.

The definition of aguard isvery general. It isaboolean expression
that must evaluate to true in order for atransition to be enabled.
Nothing requires aguard to constrain tokens to fixed values.
Nothing requires aguard to constrain tokens at al! A guard can be
anything wewant it to be. If it evaluatesto true, the transition can
be enabled; if it evaluatesto fal se, the transition cannot be enabled.
Therestisup to us.

For example, suppose we want a guard that enforces a constraint in
some cases, and no constraint in others. The requisite guard hasa
then clause that requires a particular binding, and an el se clause
that isaways true irrespective of any binding:

[if (order = Big)
then staff = Expert
el se true]

What Happens When a Transition Occurs

5-12

The previous sections describes what is necessary in order for a
transition to be enabled: that is, in order for it to be able to occur.
When the simulator effects the occurrence of atransition, it issaid to
firethe trangition. For brevity, transitions themselves are often said
to fire, but it isimportant to remember that the smulator actually
does everything: the transition just defines what is to be done.

Now we will examine what happens if the transition actually occurs.
Theif issignificant. Not every enabled transition actually occurs:
some other enabled transition might occur first, and change the net
so that the first trangition is no longer enabled.

When the smulator fires atransition, it does the following:

1. Rebind any CPN variables as indicated by the enabling
binding.

2. Evaluate each input arc inscription.

3. Remove the resulting multiset from the input place.
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4. Evauate each output arc inscription.

5. Put the resulting multiset into the output place.

CP Net Execution Example

Let’ s use SmallNet to illustrate CP net execution:

[ordent = Big]
Order ProductShipped
R Process Orders <
Order In 1 ordent 1 ordent Product Out
—  »
(3) 1 Big#
1'Big + Small
2'Small

color Order = with Big | Snall;

col or Product Shi pped = O der;
var ordent : Order;

Note the highlighting around Pr ocess Or der s. Thisisacon-
vention that indicates that the transition is enabled. The section
“Simulation Regions’ in Chapter 6, “CPN Dynamics. Executing a
Net,” provides detail s about such conventions.

Rebind Any CPN Variables per the Enabling Binding

A transition doesn't necessarily fire as soon asit is found to be en-
abled. The enabling binding has to be restored before firing can
proceed.

The enabling bindingwasor dent = Bi g, SO or dent becomes
bound to the value Bi g.

Evaluate Each Input Arc Inscription

Thereisonly oneinput place, so thereis only one input arc inscrip-
tion to evaluate. When 1" or dent isevaluated with the binding
ordent = Bi g, theresultisthemultiset 1" Bi g. Thisistheen-
abling multiset: its existence iswhat caused Pr ocess Or der s to
be listed as enabled.

Remove the Enabling Multiset from Each Input Place

Thisisjust amatter of multiset subtraction. Thereisamultisetin
the input place, and there is an enabling multiset. Subtracting the
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latter from the former removes the enabling multiset from the input
place. When the subtraction has been accomplished, SmallNet

looks like this:
[ordent = Big]
Order ProductShipped
< Process Orders R
1 ordent 1 ordent Product Out
—_—
(2) all
1'Big +
2'Small

color Order = with Big | Snall;
col or Product Shi pped = O der;
var ordent : Order;

Process Or der s isdtill highlighted, but the highlighting is now
twice asthick. Double-thickness highlighting indicates that atransi-
tionisin the process of firing. The marking of Or der | n isnow
2" Smal | , reflecting the subtraction of the enabling multiset 1° Bi g
from the place's previous marking, 1" Bi g + 2" Smal | .

Subtracted tokens don't go anywhere: they just disappear. Thisis
the principal difference between atoken and an object in an object-
oriented programming system: tokens are really indicators of the
state of a CP net, not objects that are conserved.

Evaluate Each Output Arc Inscription

Thereisonly one output place, so thereisonly one output arc in-
scription to evaluate. The inscription usesthe CPN variableor -
dent , whichiscurrently bound toBi g. When 1" or dent iseval-
uated with the binding or dent = Bi g, theresult is the multiset

1" Bi g. Thisisthe output multiset.

Put the Output Multiset into the Output Place

Thisisjust amatter of multiset addition. Thereisamultiset in the
output place (in the current case it isthe multiset enpt y), and there
isanewly created multiset. Adding the latter to the former puts the
output multiset into the output place, where it joins any tokens that
were already there. When the addition has been accomplished,
SmallNet looks like this:
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[ordent = Big]
Order ProductShipped
1~ordent Process Orders 1~ordent S dUCL On
1Big +
2'Small

color Oder = with Big | Small;
col or Product Shi pped = Order;
var ordent : Order;

There is no highlighting now, because firing is complete and the
transition is no longer enabled. The marking of Pr oduct Qut is
now 1" Bi g, reflecting the addition of the output multiset 1° Bi g to
the output place's previous marking, enpt y.

Thel" Bi g that has been added to Pr oduct Out has no connec-
tion whatever with 1" Bi g that was subtracted from Or der I n. It
isanew token: the fact that its value is the same as that of the sub-
tracted token results fro the fact that both got their values from the
binding of or dent . If the output arc inscription had been

10" or dent , there would now be tenBi g tokensinPr oduct
Qut .

Saving and Loading Execution States

Saving a State

After acomplex net has been executed for along time, its state rep-
resents a considerable investment of time: if that state were lost, the
information contained in it could be recovered only by repeating the
whol e execution process.

When adiagram is saved with an ordinary Save command, al state
information islost: if it isreopened, the net will revert to itsinitial
state on entry to the smulator.

Y ou can aso save anet along with its current state. A diagram that
contains a net saved in aparticular stateis called a saved state.
When a saved state is reopened, the net is till in the state it wasin
when it was saved, and execution can continue from that point as if
there had been no interruption.

Y ou can create a saved state whenever you are in the simulator and
execution is stopped between steps.

Choose Save State from theFile menu.
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TheSave Asdiaog appears. If thereisaready a saved copy of the
net, you can overwrite it, or you can create a new copy by giving a
different name. In either case the net is saved along with its current
State.

Loading a Saved State

Loading asaved state is no different from opening a diagram gener-
aly, except that it is done from within the simulator.

Choose L oad State from theFile menu.

The Save State dialog appears.

save State De0e———e—|

Do you want to save the changes to
the current state?

[Eﬂncel][ No ]

If you clicked Y es, the Save Asdiaog would appear; you could
then save the net's current state, just asif you had explicitly chosen
Save State from theFile menu.

Starting With a Saved State

5-16

Y ou don't have to already be in the smulator and use L oad State
in order to make use of asaved state. Y ou can open a saved state
from the editor, or you can start Design/CPN by opening the saved
state, as you could with any ordinary diagram.

If you took a saved state into the editor, and then into the simulator,
the state would be destroyed and the net's initial state established.
To protect against this, Design/CPN displays a dialog when you
open a saved state rather than loading it:

switch to Simulator —00——=)

The diagram is in @ saved simulation
state. Do you want to enter the
Simulator?
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N o: The saved state does not open. Design/CPN remains the
active application.

Y es: The saved state opens in the smulator. Everythingisjust

asit would have been if you had aready been in the simulator
and had |oaded the saved state with L oad State.
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Chapter 6

CPN Dynamics:
Executing a CP Net

This chapter shows you how to use the Design/CPN simulator to
execute a CP net.

Performing a Syntax Check

There would be no use attempting to execute anet that had syntax
errors. Therefore Design/CPN requires that a syntax check be per-
formed before you take a net into the simulator.

TheSyntax Options (Set menu) command permits you to specify
which optional syntax errors are to be reported during syntax check.
The settings chosen in this dialog affect what happens when either
the Syntax Check (CPN menu) command or Enter Simulator
(File menu) command isinvoked.

These optiona restrictions can be very helpful when creating alarge
net spread over many pages. They increase the length of timeto
syntax check a net, however, so when asmall change isto be syntax
checked it is probably a good ideato turn them off.

Choose Syntax Optionsfrom the Set menu.

The Syntax Optionsdiaog appears.
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Syntax Options

Optional Synta Hestrictions

Report Errors for:

[ Missing Place Names

[] Duplicate Place Mames
CIML-illegal Place Names

[]Missing Transition Names

E<] Duplicate Transition Names

[ ML-illegal Transition Names

] Duplicate Page Names

[ ML-illegal Page Names

B Missing Arc Expressions (Ordinary)
] Missing Arc EXpressions (Substitution)
[ Names lllegal for 0G Analyzer

[Saue...] [ Load ] [ Reset ] [Eancel ]

Each of these optionsis described in the command descriptionin
Part 2, “The Design/CPN Menu Reference.”

Choose the options desired.

Click OK.

Performing the Check
Choose Syntax Check from theCPN menu.

If you see adialog that mentions a problem of any kind, see
Appendix B, “Troubleshooting.”

If the diagram on which you are performing the check once had an
ML file, but no longer does, adialog appears that states:

Cannot find ML file.
The dialog offers you two options:
Build from scratch

Modify ML file name
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Thefirst choice, Build from scratch, isthe default: choosing it
will cause the ssmulator to build anew ML file based on information
in the diagram and DB files.

Click OK.
If the syntax check is successful, the status bar displays Finished

Syntax Check, and the Syntax Check Successful dialog ap-
pears:

Stop %I

0 syntax check was successful.

Click OK.

If there are errors, an error message is displayed. Chapter 7, “CPN
Dynamics: Handling CPN Syntax Errors,” describes how to handle
syntax errors uncovered during the syntax check.

If you direct Design/CPN to enter the smulator, and have not first
done a syntax check, Design/CPN does one automatically. If the
check is unsuccessful, Design/CPN remains in the editor and dis-
plays information about the error(s), as described in Chapter 7.

Designating a Prime Page

The process of creating and debugging alarge net is a substantia
undertaking. It would not be feasible to require that a net be com-
pletely executable before any of it could be executed. The same
consideration arises in ordinary programming: a program must be
usable in pieces, with the piecesin various stages of completion, in
order for efficient development work to be done.

To facilitate incremental net devel opment, Design/CPN does not
automatically execute an entire net if it executes any of it. It executes
only those parts of the net that either appear on aspecially desig-
nated type of page, called a prime page, or arein some way refer-
enced (directly or indirectly) by aprime page. A net may have any
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number of prime pages. In order to execute, a net must have at least
one prime page, or the smulator will not find anything to execute.

A page must be designated as a prime page even if it isthe only page
inthe net. To so designateit:

Choose Open Page from the Page menu.

The hierarchy page appears.

[[==———— Hierarchy#10010

( Hierarchy#10010 ) Fnet#1

Select the page node. In this example, Fnet#1.
Choose M ode Attributes from the Set menu.

TheMode Attributesdialog appears.

Mode Attributes §—|

—Mode
i Standard
[] 0o Mot Include in Simulation (n
[] Do Mot Make Observable (o
[] Do Mot Propose Occ Set (P]
[] Do Mot Use in Interactive Runs  (R)
[] Do Not Execute Code Segments (C)

[]Change for Substitution Transitions

—Prime Page

MO
g?es Multiplicity ||

[ save... ][ Load...|[ Reset ][ Cancel |

Under Prime Page, click Y es.
Click OK.

The designated page is now a prime page. Some new information
appears on the hierarchy page to indicate this. For example:
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E[1==——= Hierarchy#10010 =———F|

The new information consists of two regions. The iscdleda

page mode key region; theiFrime_____!iscalled a page mode region.
These regions together indicate a prime page. The section “ Creating
Regions’ in Chapter 3, “The Design CPN Editor: Introduction,” de-
scribes regions and their relationship to their parent nodes.

Setting Up a Net for Execution

The simulator has three different parameters for execution that are
controlled through generating different types of code:

1. Occurrence set selection algorithm

2. Timed simulation

3. Simulation with code segments
Each affects the type of ssmulation, its speed, and outcome. Two
commands in the Set menu control the generation of code for these
options when the net is compiled (Simulation Code Options
command) and the determination of what code to use when the net is
executed (General Simulation Options command).

Generating Code for Different Types of Simulation

To generate code for a particular type of simulation:

Choose the Simulation Code Optionscommand (Set
menu). Thefollowing dialog appears.
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Simulation Code Options §‘|

—Mode
@ Fair Simulation (Interactive and Automatic)

1 Fast Simulation (Automatic)

{7y Both
— Time
@ With @ Integer I
3 Without ) Real 6.8
{7y Both

— Code Seqments
i With

O Without

i3 Both

[Saue...] [ Load ] [ Reset ] [Eancel] lI]

TheSimulation Code Optionsdiaog determines what code will
be generated for the simulation and what options are available for
simulation in the General Simulation Options command (Set
menu):

 Mode: Fair Simulation - turns off Fast Automatic inthe
General Simulation Optionsdialog.

« Mode Fast Simulation - lockson Fast Automatic and
turns off Fair Automatic and Fair Interactiveinthe
General Simulation Optionsdialog.

e Time With -lockson TimeintheGeneral Simulation
Optionsdialog.

* Time: Without - turns off TimeintheGeneral
Simulation Optionsdiaog.

* Code Segments: With - lockson Code Segmentsin the
General Simulation Optionsdialog.

* Code Segments: Without - turns off Code Segmentsin
theGeneral Simulation Optionsdiaog.

In all three sections- M ode, Time, and Code Segments - selec-
tion of Both causes the generation of code for all possibilitieslisted
in the section, and enables the selection of any of these possibilities
intheGeneral Simulation Optionsdiaog.
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Generating Code for the Method of Simulation
The ssimulator provides three modes of execution:

» Fair Interactive

» Far Automatic

» Fast Automatic

They differ in speed of code generation, size of code generated, and
in speed of execution.

Each method affects which options can be set in the Gener al
Simulation Optionsdiaog and which commands are availablein
the Sim menu.

Selecting Fair Simulation (Interactive and Automatic) in the
M ode section causes Design/CPN to generate code for both the Fair
interactive smulation and Fair automatic simulation.

» Fair meansthat the ssimulator makes arandom selection
among potential enabling bindings. Each such binding is
equally likely to be selected. This method is slower than
Fast but helps ensure that each enabled token has an equal
opportunity to be chosen.

* Fast meansthat the smulator chooses as fast as possible
among the enabled tokens. Thisisfaster than the Fair
method, but can result in skewed choices among the tokens.

Fair interactiveisused for debugging and is the slowest in exe-
cution. It providesthe ability to stop net execution at specific
points, called breakpoints. While execution is stopped various ex-
periments can be performed, such as changing the bindings, modi-
fying markings, etc. Some of these options are discussed in this
chapter and some are discussed in Chapter 8, “CPN Dynamics:
Concurrency and Choice.”

Fair Automatic isused for execution when execution timeisless
important than modeling accuracy.

Fast Automatic isused for execution when execution timeis more
important than modeling accuracy.

Time Section

With causes Design/CPN to generate code for timed ssimulation.

Without causes Design/CPN to generate code for non-timed simu-
lation.
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Both causes Design/CPN to generate code for both timed and non-
timed simulation.

Timed simulation is discussed in Chapter 12.

Code Segments Section

With causes Design/CPN to generate code for executing code seg-
ments during simulation code.

Without causes Design/CPN to generate code ignores code seg-
ments during simulation.

Both causes Design/CPN to generate code for simulation with and
without code segment execution.

Selecting Different Types of Simulation

To select the type of smulation:

Choose the General Simulation Optionscommand (Set
menu). Thefollowing dialog appears.

General Simulation Options =

— Simulate With —Stop Criteria

O Fade Butomaiin 0 No Limit

@ Fast Automatic [] Additional Steps _

O Faly intarad by [J until Step Number Is a

<] Time ] Additional Time a

[<] Code Segments J until Time Is i}
 Record [J until Time Adrances

3 None

(<] Step Information

[<] Bindings

[Saue... ] [ Load ] [ Reset ] [Eancel ]

Specifying the Type of Execution

6-8

The Simulate With section specifies the type of execution. Which
options are available depends on the options that were selected in the
Simulation Code Optionsdialog. The section “ Generating
Code for Different Types of Simulation” in this chapter describesthe
various code generation options.
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Specifying Termination Conditions

The Stop Criteria section specifies the conditions under which the
simulation will terminate:

No Limit

Simulation continues until there are no enabled transitions. Provides
the possible for non-terminating simulations.

Additional Steps

Simulation continues for the number of steps specified in the value
box.

Until Step Number Is

Simulation continues until the step number specified in the value box
isreached.

Additional Time

Simulation continues for the number of time units specified in the
value box.

Until Time is

Simulation continues until the time value is that specified in the value
box.

Until Time Advances

Simulation continues until time changes.

Recording the Results of Execution
TheRecor d section specifiesthe recording of simulation datain a

report. Recorded data can be written to afile using the Save
Report dialog (Sim menu).

None

No dataisrecorded. Thisresultsin slightly faster simulation.
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Step Information

Step information isrecorded. For each simulation step, alineis
stored whose syntax is.

Step M Transition@(I nstance: Page)
For example:
11 Process@(1:Fnet#1)

Thisline specifiesthat in Step 1, while executing in an Interactive
simulation mode, atransition named Pr ocess occurred on Instance
1 of page Fnet#l. If the transition had occurred during Automatic
simulation, the line would have read:

1 A Process@(1:Fnet#1)

Bindings

Bindings are recorded. For each simulation step, alineis stored
whose syntax is:

{variable = value [,variable = value]...}
For example:
{ordent = Big, staff = Expert}

Thisline specifies that a step occurred in which a CPN variable
namedor dent was bound to the value Bi g, and a CPN variable
named St af f was bound to thevalue Expert .

Simulation Report Example

The following report shows both step information and bindings for
anet in which atransition named T1 fired aone in three consecutive

steps:

Si mul ati on Report
11 T1@ 1: New#l)
{x =1,y =3}
2 | T1@ 1: New#1)
{x =2y =1}
31 T1@ 1: New#l)
{x =1,y =3}

Thefirst lineis astandard header; it isincluded in every smulation
report.
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Adding Information to the Report

It is also possible to include information in areport by calling an ML
function from the code segment of atransition. Thefunctioniis:

write_report: string -> unit

Theinformation contained in st r i ng will appear immediately be-
fore the automatically generated information that describes the firing
of thetransition. For example, if the code segment for transition T1
contained the statement:

write_report
("The tinme is: " ~n
(makestring (time()));

the example report above might look likethis:

Si mul ati on Report

The time is: O

1 1 Ti@ 1: New#l)
{x =1, y = 3}

The time is: 5

2 | T1@ 1: New#l)
{x =2, y =1}

The time is: 7

3 1 T1@ 1: New#1)
{x =1, y = 3}

Entering the Simulator
Entering the Simulator from the Editor After a Syntax Check

Choose Enter Simulator from theFile menu.

If you see adialog that mentions a problem of any kind, see
Appendix B, “Troubleshooting.”

Design/CPN displays the following diaog:

Save §|

Do you want to save the diagram
before starting the switch?

[Eancel][ Mo ]

Cancel: Design/CPN remainsin the editor.
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Y es. Design/CPN savesthe diagram. The diagram now in-
cludes the ML code that was generated during the syntax check.

N o: Design/CPN enters the simulator without saving the dia-
gram.

Entering the Simulator With a Saved State

If you double click on a diagram icon that has been saved with the
Save State diaog described later in this chapter in the section
“Leaving the Simulator,” the ssimulator offers the opportunity to im-
mediately enter the smulator:

Switch to Simulator Bie——=

The diagram is in a saved simulation
state. Do you want to enter the
Simulator?

N o: The saved state does not open. Design/CPN remains the
active application.

Y es: The saved state opens in the smulator. Everythingisjust
asit would have been if you had aready been in the ssimulator
and had loaded the saved state with L oad State.

The Sim Menu

On entry to the simulator the CPN menu item isreplaced by Sim.
The CPN menu isno longer needed since in the simulator you can-
not create new net structure (though you can modify existing struc-
ture to some extent). The Sim menu commands prepare the net for
simulation and alow you to regulate the simulation cycle, switch
between instances, and return the net to its original state. (The sec-
tion “Instance Fusion Sets’ in Chapter 10, “CPN Hierarchy: Fusion
Places,” describes what instances are and one particular use of
them.)

The appearance of the menu is controlled by the ssimulation options
selected inthe General Simulation Options command (Set
menu). The following commands are grayed out unlessthe re-
quirement listed is met:

» Bind requires Fair Interactive Simulation.
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» Occurrence Set requires Fair Interactive Simulation.
o Start Step requires Fair Interactive Simulation.
* Interactive Run requires Fair Interactive Simulation.

» Automatic Run requires either Fair Automatic simulation or
Fast Automatic simulation.

e Continuerequires Fair Interactive Simulation.

» Stop requires Fair Interactive Simulation.

Simulation Regions

The menu bar is not the only thing changed on entry to the smula-
tor; the net itself has a different appearance in the smulator than it
didinthe editor. New regions, called simulation regions, have ap-

peared.
For example:
[if ordent = Big then staff = Expert else staff = Novice]
Order ProductShipped
R Process Orders R
@ 1 ordent 1 ordent roduct Ot
® ’
1Big+ L Bio*

2°Small 2 Small

1" equipment

1" staff
1" staff 1~ equipment
Staff Equipment
Staff Pool Equip Pool
@ _

2 Expert + 2‘Exp.ert+ 1'Fast

S—— 2"Novice -
2 Novice

Thismodel, SalesNet, illustrates changes that occur during CP net
execution. In thisexample, a multiset representation has appeared
insideOr der | n, indicating its current marking, and Pr ocess

Or der s has been highlighted, indicating that it isenabled. All of
these indications are provided automatically by the ssmulator to make
the state of the net more obvious.

The simulator changes a net's appearance to indicate its state by

adding smulation regions to the net. Simulation regions are similar
to the CPN regionsin that they are subsidiary graphical objects.
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The differenceisthat they are created automatically by the simulator
to indicate net state, rather than by a human to indicate net structure.

Simulation Region Types

Simulation Regions Indicating Place Markings

The multiset representationin Or der | n consists of two regions.
the number in acircleis called the current marking key region, and
thecount *~ val ue pairsnext to it constitute the current marking re-
gion. Together these regionsindicate that there are currently three
tokens in the place, one of value Big and two of value Small, as
specified by theinitial markingregion1°Big + 2" Smal | .

The existence of both the initial marking region and the current
marking regionsis not aredundancy. Theinitial marking regionis
just alabel region with sometext in it that tells the ssimulator what to-
kensto create asthe place'sinitial marking. The current marking
regions represent actual tokens, created on entry to the ssmulator.

Asthe net executes, the current marking regions change to indicate
the changing marking of Or der I n, but the initial marking region
remainsthe same. Current marking regions are used during simula-
tion to indicate all non-empty place markings.

Simulation Region Indicating Enablement and Firing

The highlighting around Or der | n indicatesthat it is enabled, as
you can verify by looking at its marking and the arc inscription.
This highlighting is actually aregion called atransition feedback re-
gion, or for brevity afeedback region.

Whenever atransition is enabled or isin the process of firing, itis
highlighted with afeedback region. When the transition is enabled,
thisregion looks asit doesin the case of Or der 1 n. When atran-
sition isfiring, the thickness of the region doubles.

Key and Popup Regions

6-14

Thereisaregular pattern in the names given to the current marking,
input token, and output token regions. Thereisawaysakey re-
gion, anumber in acircle that tells the number of tokens in the mul-
tiset, and an associated region that shows the exact composition of
the multiset. These associated regions are called popup regions

Popup regions are so called because they can be made to appear
(“pop up”) and disappear at any time by double-clicking on the as-
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sociated key region. Thistrick works in both the editor and the
simulator.

Popup regions are often a great convenience: the detailed informa-
tion in the popup region can be displayed when it is useful, and hid-
denwhenitisnot. When it is hidden, the key region remains to
provide a summary and to permit quick access to the complete in-
formation in the popup region.

Popup regions are used for more than just representing multisets.
The Page M ode Region associated with a prime page on the hierar-
chy page is actually a popup region, and would disappear and reap-
pear if you double-clicked the associated Page Mode Key Region.
Whenever aregion is described as a key region, thereis an associ-
ated popup region, and vice versa.

Repositioning Key and Popup Regions
Key and popup regions are just ordinary graphical objects. You can
move them anywhere you like by dragging them with the mouse. A

popup region is aregion of its key region: you can drag the key re-
gion and the popup will follow, tracking the parent.

Setting Interactive Options
To better display the details of CP net execution:

Choose I nteractive Simulation Optionsfrom the Set

menu.
Interactive Simulation Options gl
Breakpoints __Update Graphics
(<] Beginning of Substep @ During Substeps
(<] End of Substep i Between Substeps
[<] Between Steps 1 Between Steps
i End of Run

[Saue...] [ Load ] [Heset ] [Eancel]

Click options as needed to set breakpoints (Br eakpoints
section), and to show tokens (Update Graphics section ):
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Breakpoints Section

* Beginning of Substep. Selecting this breakpoint causes

the ssimulator to pause when it has determined what input to-
kens to subtract, and what output tokens to add, but before
the transition fires. For brevity, the status bar describes this
breakpoint as Breakpoint 1.

End of Substep. Selecting this breakpoint causesthe
simulator to pause immediately after the firing transition has
subtracted the input tokens and added the output tokens. For
brevity, the status bar describes this breakpoint as Breakpoint
2.

Between Steps. Selecting this breakpoint causes the ssimu-
lator to at the end of each step.

Update Graphics Section

* During Substeps. Selecting this option causes the ssimula-

tor to update graphics as they are changed.

» Between Substeps. Selecting this option causes the smu-

lator to update graphics at the end of each substep.

* Between Steps. Selecting this breakpoint causes the smu-

lator to update graphics at the end of each step.

* End of Run. Selecting this breakpoint causes the simulator

to update graphics at the end of the run.

Running an Interactive Simulation

Interactive ssimulation provides the ability to stop the smulation at
breakpoints set in the I nter active Simulation Optionsdiaog
(Set menu). To start the simulation:

Choose I nter active Run from the Sim menu.

If breakpoints have been set, the simulator stops when the break-
point isreached. Substep breakpoints do not present adialog but
areindicated by status bar messages.

Continuing from a Substep Breakpoint

To continue from a substep breakpoint:

Choose Continue from the Sim menu.
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When a step is finished the smulator stops and displaysa Step
Finished dialog that displays the step number just finished and
provides options for further action. For example:

Step Finished =
Step 1 is finished

Stop: Stops the simulation and provides the opportunity to modify
breakpoints, graphic update parameters, and certain components of
the net such as guards, initial markings, and arc inscriptions. Net
structure itself may only be modified by leaving the smulator and
returning to the editor.

Cont: Continues the simulation.

When any stop criterion is satisfied (See the section “ Setting
Substep Options’ earlier in this chapter) the simulator displays.

0 One of the set stop criteria is
satisfied

When net execution ends because there is nothing left to do, the
simulator displays:

Stop gl

0 There are no more enabled transitions.
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Re-Executing a Net

When a CP net cannot be re-executed in its current state because
there are no enabled transitions, you must restore its original state
before you can execute it again.

Choose | nitial State from the Sim menu.

Caution

f Initial $tate

Generation of a new initial system state
will destroy the current system state.

When a complex net has been executing for along time, its current
state represents a considerable investment in time, sinceit could be
recreated only by redoing the entire execution process. Thisdialog
helpsto protect against accidental erasure of such a state.

Cancel: Cancelstheinitial state request, thereby providing the op-
portunity to issue the Save State command (File menu).

OK:: Continue with state initialization.
When initiaization is complete, the status bar displays Finished

Initidizing State. The net is now in exactly the same state that it was
in before it executed.

Leaving the Simulator

Y ou can leave the smulator only when a simulation is stopped, ei-
ther through smulator termination or through cancellation at the end
of astep.

Choose Enter Editor from theFile menu.

Removing Simulation Regions

6-18

Design/CPN doesn't automatically remove simulation regions when
you transfer back to the editor. Y ou might want to keep the infor-
mation in them around for some reason, perhaps to help with deci-
sions about net modification.
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If you don't want to keep leftover simulation regions after you are
back in the editor, you can remove them by selecting them and
deleting them with DELETE. However this method would be incon-
venient if there were alarge number of unwanted simulation re-
gions, so Design/CPN allows you to eliminate them all in one op-
eration.

Choose Remove Sim Regionsfrom theCPN menu.

TheRemove Sim Regionsdiaog appears.

Remove S5im Begions

—Remove
(<] Current Marking
[<] Feedback
[<] Input Token
[<] Output Token

[ Reset ] [Eancel]

The four options describe various types of smulation region. Tore-
move al simulation regions on the current page:

Click OK.

Any simulation regions left over from net execution are gone. The
results of any manual adjustments of simulation regions are gone
also, whether or not the regions were visible in the editor when you
removed all simulation regions. If you now re-entered the simulator
and re-executed the net, the various simulation regions would appear
in their default positions: with respect to simulation regions, it isas
if you had never entered the smulator at al.

Removing Simulation Regions from Multiple Pages

Y ou can remove simulation regions from pages other than the cur-
rent page. To do this, open the hierarchy page, select agroup con-
taining the page nodes for all the pages whose simulation regions
you want removed, and execute Remove Sim Regionsasde-
scribed above.
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Chapter 7
CPN Dynamics:

Handling CPN Syntax Errors

This chapter shows you the general method for handling CPN syn-
tax errors, and illustrates appropriate responses to some specific er-
rors. Examplesin this chapter use SmallNet, whose construction
and execution were covered in the preceding chapters.

[ordent = Big]

Order ProductShipped

- 1~ordent Process Orders 1 ordent Product Out
®—>

1'Big +
2°Small

color Order = with Big | Small;
col or Product Shi pped = Order;
var ordent : Order;

CPN syntax errors never involveillegal net structure, because the
Design/CPN editor does not alow you to create anything struc-
turaly illegal. Most CPN syntax errorsinvolve one of the follow-

ing:

* Missing net components.

» Typographical errors.

* CPN ML syntax errors.
The errorsillustrated in this chapter do not cover the spectrum of
possible errors, nor do they need to. The goa here isto show you
how Design/CPN responds when an error occurs. Once you have

the general picture, you can deal with any particular error by reading
the resulting error message(s) and responding as needed.
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Missing Colorset Specification

Failure to specify a place's colorset is one of the most common
syntax errors. Inthisexample, theOr der colorset is not specified
for theinput place Or der I n.

[ordent = Big]

ProductShipped

—

1'Big +
2°Small

When this net is syntax checked a dialog appears:

Stop gl

0 Syntax errors were found.

Click OK.

This dialog appears whenever you request a syntax check on a net
that is correct enough to be checkable, but that contains one or more
syntax errors.

In this case, you know where the error is and what it consists of,
but this would not ordinarily be the case. Unintentional errors must
first be located in the net, then analyzed, then repaired.

Locating a Syntax Error

When syntax errors are found, Design/CPN brings the hierarchy
page to the front, and adds to that page an auxiliary rectangle called
anerror box. Thisbox isinitialy positioned in the upper left corner
of the page border. Itstext field identifies each page that has one or
more errors.
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S(J=—— Hierarchy#10010 =————_5|
Errors i
Fret# k286

(Hierarchy#lOOlO) ( Fnetf#l )M

The error box isreally just an auxiliary rectangle: it can be moved
and reshaped just as any rectangle can be.

Move the hierarchy page error box away from the page
nodes, and enlargeit if necessary until you can read its con-
tents:

E[[E&———u— Hirrarchy#10010 =—F———=|

(Hierarchy#lOOlO) C Fnet#1 )

Errors
Fnet#1««1285»»

In this example, the text in the box indicates that thereis an error on
the page Fnet#1. |If there were other pages with one or more errors,
the name of each page would be listed below the Fnet#1 line.

Text Pointers

Every Design/CPN error message that relates to a particular compo-
nent of a net contains a pointer to that component. Such a pointer is
caled atext pointer. A text pointer consists of a number surrounded
by angle braces. In the example error message depicted above, the
text pointer is ««1285»». The number in atext pointer isjust an
arbitrary number that Design/CPN generates to distinguish one
pointer from another.

Y ou can use atext pointer to jJump directly to whatever it pointsto.
Thetext pointer in each error notification in a hierarchy page error
box can take you to the page on which the error exists. To follow a
text pointer:

Enter text mode.
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Place the text insertion cursor anywhere inside the text
pointer.

Press ALT-DOWN-ARROW.
In the SmalINet example, Design/CPN opens the page Fnet#l.

When an unsuccessful syntax check has been performed,
Design/CPN creates an error box on every page that has any errors.
Thisbox is positioned in the upper |eft corner of the page border.
The text pointer in ahierarchy page error notification actually points
to the error box on the page that containsthe error. Following the
pointer opens the page and selects the error box. The box may have
to be moved and expanded to make its contents completely visible.

The error box on page Fnet#1 would look something like this:

Errors

C.6 Place must have a color set
««1290»»

Now all you need to do isfind a place on Fnet#1 that lacks a col-
orset region, and you have located the error. The text pointer in the
error message can take you directly to the place in question.

Follow the text pointer in the error message.
Design/CPN sdlectstheplace Or der | n. Sinceyou are still in text
mode, you could now edit the place'stext field if that were appro-
priate. Inthis case, the appropriate action would be:

Leave text mode.

Supply the missing colorset region by using CPN Region
(CPN menu).

Undeclared Variables

Another common error isfailure to declare avariable. For example,
suppose that SmallNet’ s global declaration node was not:

color Order = with Big | Snmall;
col or Product Shi pped = O der;
var ordent : Order;
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but rather:

color Order = with Big | Small;
col or Product Shi pped = O der;
var XXX : Order;

Running a syntax check will now produce an error box on Fnet#l
that looks about like this:

Errors
C.9 Guard region must be legal

Type checking error in:ordent
Unbound value identifier: ordent
[Closing <string>]

««1303»»

Navigating the text pointer in this error message would lead to the
trangition Pr ocess Or der s, even though the actual error, afailure
to provide a variable declaration, occurred in the global declaration
node.

Design/CPN does not attempt to analyze the ultimate origin of the er-
rorsit encounters: doing so would be unacceptably time-consuming,
and could not produce reliable resultsin any case. Instead it indi-
cates the location at which it encountered a problem, leaving it to
you to determine whether the problem originates there or is a conse-
guence of a problem somewhere else.

In this case, Design/CPN happened to check the transition before
checking either arc inscription, and found an unbound variablein the
guard. The error message therefore points to the transition. It isup
to you to determine whether the wrong variable is used in the guard,
or theright variable is used but has not been declared: thisisase-
mantic rather than a syntactic question, so Design/CPN cannot de-
termine the answer. In this case, the appropriate action would be:

Remain in text mode.
Select the global declaration node.

Edit it to correctly define the variable or dent.
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lllegal CPN ML Constructs

7-6

The CPN ML parts of a CP net can experience the same kinds of er-
rors that can occur with programming languages generally.
Sometimes an almost invisible error can occur: Design/CPN's way
of handling errors can lead you directly to it. In the example below,
the backquote () in the input arc inscription between Or der 1 n and
Process Or der s isasingle quote ().

[ordent = Big]
Order ProductShipped
1'ordent Process Orders 1 ordent Product Ot
——»

2°Small

Following a syntax check, the Fnet#1 error box would look about
likethis:

Errors
C.11 Arc expression must be legal

Parse error:
Was expecting ;"

In: ... fun CPN'AF6 ( CPN'bb : CPN'BT4 ) : Order
ms = 1 <?>'ordent

[Closing <string>]
[Closing <string>]

The description in the error box is not that informative. It describes
the error asiit appeared to the CPN ML syntax checker, not asit ap-
pears to a human observer. The answer isto follow the text pointer
in the error box message. Thiswill select the input arc that has the
erroneous inscription. Direct inspection can then reveal what the
problemis.
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Chapter 8

CPN Dynamics:
Concurrency and Choice

All of the nets we have looked at so far executed sequentially: only
one thing happened at atime. Such execution does not require any
particular sophistication or complexity on the part of the CPN simu-
lator. It does onething, and then the next, and then the next, as
long as anything remains to be done.

Sequential operation is not typical of real systems. Systems that
perform many operations and/or deal with many entities usually do
more than one thing at atime. Activities that happen at the same
time are called concurrent activities. A system that contains such ac-
tivitiesis called a concurrent system. The phenomenon of concur-
rent activitiesis called concurrency.

Concurrency Problems

Concurrency can create problemsthat do not arise in sequentia sys-
tems. These problems typically involve competition for resources.
In asystem in which thereis only one active agency, there can be no
such competition, because there is nothing for the agency to compete
with. But where there are concurrent activities that need the same
resources, and there are not enough resources to insure that every
activity will always have al that it needs, the activities are forced to
compete for what resources there are.

There are two possible ways to deal with competition for resources.
Oneisto implement a determinate algorithm for resource allocation.
Thissolution issimple, but it is not always possible or desirable.
Where it is not, the only way to resolve the competition isto ran-
domly allocate resources to some contenders, and require others to
wait. The subsequent course of eventsin the net often depends on
which activities prevailed and which had to wait.

Activities that vie for resources in the absence of a determinate alo-

cation mechanism are said to be in conflict. The act of adjudicating
such aconflict is called choice. Since the choice is made at random,
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and may affect the subsequent course of execution in unpredictable
ways, the result of choice is indeterminacy.

Due to the possibility of conflict and the resulting need for choice, it
isimpossible for the simulator to get by using only the simple meth-
odswe have ascribed to it so far. 1t must be able to handle conflicts
and make choices that can be quite complex, and it must be able to
do so efficiently, or the execution of anet that requires many choices
will betoo dlow. This chapter describes the capabilities that the
simulator uses to adjudicate conflicts by making choices.

Representi ng Concurren Cy
Before we see how the simulator handles conflict and choice, we

need to see how concurrency and conflict are actually represented in
a CP net, and how they affect its execution.

Multiple Enabling Bindings
Example:

Order

P
Order In 1 ordent > rocess Orders
(2 18i
‘Ri Small

1'Big +

color Order = with Big | Small;
var ordent : Order;

Here there are two orders waiting to be processed, aBi g order and
aSmal | order. Consequently there are two bindings of or dent
for whichPr ocess Or der s isenabled: or dent = Bi g andor -
dent = Smal | .

How should the simulator handle this situation? The two possibili-
tiesare:

1. Process one of the orders, and then process the other.
2. Process both orders at the same time.

Thefirst is straightforward enough. It would entail Pr ocess
Or der s firing with one binding, and later firing with the other.

8-2 Design/CPN Reference Manual for X-Windows



CPN Dynamics: Concurrency and Choice

The second option may seem a bit strange: how can the same activity
occur in two different ways at the same time? How can one thing do
several things simultaneously?

Concurrent Transition Firing

Nothing in the net specifiesthat Pr ocess Or der s can do more
than one thing at atime. But neither does anything specify that it
cannot! CP nets make no assumption of sequential behavior: they
allow as many things as possible to happen at the sametime. Since
concurrency abounds in real systems, this property is extremely
convenient in amodeling paradigm.

In this case there are two jobs ready to process, represented by the
two tokens that produce the two enabling bindings, so Pr ocess
Or der s will process them concurrently. If we don't want them
processed concurrently, we must explicitly specify something that
preventsit, as described later in this chapter.

It istempting to see atrangition like Pr ocess Or der s asan active
principle that maps inputs to outputsin a sequentia way, but this
imageiswrong. A trangitionisjust arepresentation of away in
which the state of a CP net can change: it has no life of itsown. The
mapping of inputs to outputsis done by the ssmulator, not by the
transition. Nothing prevents the simulator from carrying out more
than one such mapping at atime, and thereby implementing concur-
rency.

Identical Enabling Bindings

Nothing requires that enabling bindings be unique. For example:

Order

Order 1 1~ordent Process Orders
@ 1'Bj q
“Big + Small

1Big+

color Order = with Big | Small;
var ordent : Order;

Here there are three enabling bindings, not two. The fact that two of
them are identical does not mean they are not distinct entities. 1f we
allowed only one binding at atime with agiven value, thiswould be
equivalent to ruling out the possibility of concurrently processing
identical entitiesin the same way. Thiswould obviously be unac-
ceptable as ageneral restriction in amodeling paradigm.
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Concurrent CP Net Execution

Let'stake alook at a concurrent execution of SmallNet. One possi-
ble sequenceis:

Initial State of the Net

Order ProductShipped
Order In 1 ordent Process Orders 1 ordent Product Out

Ce—= T

1Big+ Small

2'Small

color Order = with Big | Small;
col or Product Shi pped = Order;
var ordent : Order;

Breakpoint 1: Beginning of Substep

Order

ProductShipped

e 1~ordent Process Orders 1 ordent roduct On
1'Big+ 1'Big+
1°Big + 2'Small

2°Small
2'Small
Breakpoint 2: End of Substep
Order ProductShipped
~ Process Orders ~
1 ordent 1 ordent Product Out
—_— )
1'Bjgf
1'Big + Small
2°Small
Execution Is Complete
Order ProductShipped
1 ordent Process Orders 1 ordent Product Out
—_—> )
1"Bjgh
1°Big + Small
2°Small
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Analysis of the Execution

The only difference between this execution of SmallNet and those
described in Chapter 6 isthat three Or der tokens were processed in
the same step, while previously only one Or der token was pro-
cessed, after which there was nothing left to do. This merely re-
flects the fact that this time there are three enabling bindings, one for
each of three Or der tokens, while previoudly there was only one
enabling binding.

Note that nothing special wasdoneto Pr ocess Or der s to makeit
process one order or three: it just processes the ordersthat giverise
to enabling bindings. If the result is concurrent processing, then it
is. InaCP net, no special effort isrequired to specify either concur-
rent of sequential behavior: onejust creates anet that has the desired
structure, and its behavior, whether concurrent or sequential, fol-
lows as a matter of course.

Representing Conflict

SmallNet places no limitation on the number of ordersthat can be
processed concurrently. There could be athousand or amillion or-
ders, and they would all be processed at once. Obvioudly thisis un-
realistic: in area system, there is aways some limit to how much
can be done at one time.

Nothing requires that a CP net be realistic, or protects automatically
against the consequences of unrealistic modeling. The problem here
isthat SmallNet istoo smple. It contains no representation of any-
thing that would limit concurrent processing of orders, so thereisno
limit. If wewant to limit concurrency in anet, we must explicitly
specify some limiting factor. A CP net is exactly what we make it
be, and nothing more.

SalesNet shows how concurrency can be limited:
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[if ordent = Big then staff = Expert else staff = Novice]

Order ProductShipped

< Process Orders -
@ 1 ordent 1 ordent Product OUt
—»
1'Big +

2°Small

1" equipment

1" staff 1" equipment

Staff

Staff Pool

2 Expert + 1 Fast
2 Novice

Equipment
Equip Pool

SalesNet specifiesthat aBi g order can be processed only when
thereisan Exper t staff member and one piece of equipment avail-
able, whileaSmal | order can be processed only when thereisa
Novi ce staff member and one piece of equipment available.

Thereis no problem with staff availability: there are enough staff
members to process all three orders concurrently. But thereisonly
one piece of equipment. Since each order must have a piece of
equipment in order to be processed, and there is only one piece, the
three orders cannot be processed concurrently. One must use it and
then replace it, after which another can use it, and so on.

The fact that the three orders cannot use the piece of equipment si-
multaneously means that they must compete to obtain it. That is,
they are in conflict for the piece of equipment, and this conflict pre-
vents them from being processed concurrently. It is conflict that
limits concurrency.

If there were two pieces of equipment, concurrency would be par-
tially limited. Two orders could be processed at atime, but there are
three; the third would have to wait until one of the two has returned
its equipment to Equi p Pool . If there were three or more pieces
of equipment, there would be no conflict in the net as shown, but
increasing the number of orders to be processed would cause re-
newed conflict for equipment and possibly for staff aswell.

Conflicts and Bindings

8-6

It may seem strange to describe “orders’ as being in conflict. This
isreally just ashorthand for saying that the activities of processing
the orders are in conflict.

In SalesNet the three activities of processing the three orders are rep-
resented by the trangition Pr ocess Or der s in conjunction with
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three enabling bindings. The activitiesare in conflict because the
transition can fire with only one of these bindings at atime.

Thereason it can fire with only one binding at atimeisthat any one
firing will remove the equipment token from Equi p Pool , so that
it is not there to be removed by some other firing. Consequently
there can be no other firing until the equipment has been returned.

In other words, though there are three enabling bindings, only one
of them at atime can actually be used. As soon asthe transition
fireswith any one of them, there is no equipment token for use by
any other. The other enabling bindings have in fact disappeared,
since any enabling binding for Pr ocess Or der s must include a
piece of equipment and thereis no longer any such piece.

When the transition has finished firing, restoring the equipment, two
enabling bindings will remain, only one of which can actualy fire;
and so on, until no enabling bindings remain.

Concurrent Execution of SalesNet

Let'stake alook at a concurrent execution of SalesNet. We'll ook
first at the case where there are enough resources to prevent conflict,
then cut the number down so that conflict arises.

Initial State of the Net

[if ordent = Big then staff = Expert else staff = Novice]

Order

1 ordent Process Orders
©) '

1'Big + 1°Big+
2'Small 2'Small

ProductShipped

1" ordent Product Out

1" equipment

1" staff 1 equipment

Staff

@)

2°Expert+ 3'Fast 3'Fast
2'Novice 2 Expertr
2 Novice

Equipment
Equip Pool
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Breakpoint 1: Beginning of Substep

[if ordent = Big then staff = Expert else staff = Novice]

Order

ProductShipped
N 1~ordent Process Orders(eD 1 ordent Product Out
—_—
1'Big+ 1'Big+
2'Small

1°Big + e e 2°Small

2'Small 1" Expert+ 3'Fast
— 2 Novice

1" equipment

1 equipment

Staff Equipment

Staff Pool 3 Equip Pool
@ 1 Expert+
2"Novice

2 Expert +

. 3'Fast
2'Novice 1 Expert

Breakpoint 2: End of Substep

[if ordent = Big then staff = Expert else staff = Novice]

Order ProductShipped

@ 1~ordent Process Orders 1 ordent roduct Om
— " ®

L'Big + 1'Big+

2'Small 2°Small

1 equipment

1" staff 1 equipment

Staff

®

Equipment

Equip Pool
2Expert+ 3'Fast 3'Fast
2Novice 2 Expert+

2"Novice
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Execution Is Complete

[if ordent = Big then staff = Expert else staff = Novice]

Order ProductShipped
1 ordent Process Orders 1 ordent Broduct Ot
' ©)
1'Big + 1'Big+
2'Small 2'Small

1 equipment

1" staff

1 equipment

Staff Equipment
Equip Pool

@ ®

2°Expert+ 3'Fast 3'Fast
2'Novice 2 EXpertt
— 2'Novice

Changing a Net in the Simulator

The execution of SalesNet would be more informative if we cut back
to two pieces of equipment. Then we could watch the orders com-
pete for them. To accomplish this, we need to change theinitia
marking of Equi p Pool . Thereisno need to return to the editor to
make minor changes such asthis. They can be made directly in the
simulator, as follows:

Select the initial marking region.
Enter text mode.

Edit the region.

L eave text mode.

After theinitial marking region of Equi p Pool has been edited to

reduce the equipment number from three to two, SalesNet looks like
this:
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8-10

[if ordent = Big then staff = Expert else staff = Novice]

Order ProductShipped
1 ordent Process Orders 1 ordent Product Out

' ©
1'Big + 1'Big+
2°Small

2'Small

1 equipment

1" staff 1 equipment

Staff

Equipment

Staff Pool Equip Pool
2 Expert+ 2'Fast  3'Fast
2°Novice 2" Expert+
- 2 Novice

After you make a change in the smulator, the parts of the net that
you have changed must be syntax checked again, and new exe-
cutable code must be generated for them. This processis called
reswitching

Choose Reswitch from the Sim menu.

Executing the reswitch does not change the marking of Equi p
Pool hasnot changed because you changed itsinitial marking re-
gion. Thereason isthat the creation of initial tokens as specified by
aninitial marking region happens only when anet'sinitial stateis
established on entry to the smulator, or viathe I nitial State com-
mand.

Choose | nitial State from the Sim menu.

When the new initial state has been established, the status bar dis-
plays Finished Initiaizing State.
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There are now two Fast tokensinEqui p Pool , as specified by
itsinitial marking region:
[if ordent = Big then staff = Expert else staff = Novice]

Order ProductShipped

< Process Orders <
1 ordent 1 ordent Product Out
® '

1'Big + 1'Big+
2°Small 2'Small

1" equipment

1" staff 1 equipment

Staff Equipment
Equip Pool

O ©

2Expert+ 2'Fast 2 Fast
2 Novice 2 Expert+ -
2"Novice

Y ou can now run the net just asif Equi p Pool 'sinitial marking
had alwaysbeen 2° Fast . All effectsof previous executions were
erased when you executed I nitial State.

The Simulator's Execution Algorithm

When anet is given to the simulator for execution, the simulator
does the following:

1. Evauate any initial marking regions and put tokensinto
places as the regions specify.

2. Scanthenet and make alist of al transitions for which there
exists at least one enabling binding. Thisisthe enabled list.

3. Do thefollowing:

3A. Scan the enabled list and construct alist of transi-
tions and enabling bindings such that there is no
conflict among the bindings. Such alistiscalled an
occurrence set. Its elements are called binding ele-
ments.

3B. For every binding element in the occurrence s, fire
the trangition it indicates with the binding it indi-
cates. Since the bindings are nonconflicting, all
these firings can happen concurrently.

3C. Update the enabled list by rechecking the enable-
ment of al transitions whose input places were
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changed by the firings just completed. (Transitions
whose input places have not changed do not need to
be rechecked.)

4. If theenabled list is not empty after the update in 3C, repeat
from 3A.

5. If theenabled list is empty, terminate execution. (Y ou can
also terminate execution at any time by pressing ESC.)

Each iteration of 3A, 3B, and 3C iscaled a Sep. Thefiring of an
individual binding element is called a Substep.

Executing SalesNet With Conflict

Let's trace the execution of SalesNet with insufficient equipment,
and look at everything the smulator does as it follows its algorithm.

1: Establish Initial Markings

This has already been done by the I nitial State command. There-
sulting markings are shown in the above figure.

2: Put All Enabled Transitions on the Enabled List

This has dready been done by the I nitial State command. There
was at least one enabling binding for Pr ocess Or der s, soitis
enabled and has been put on the enabled list. The simulator indi-
cates the transition's enabled status by highlighting it, as shown in
the above figure.

3A: Scan the Enabled List and Construct an Occurrence Set

8-12

Choose I nter active Run from the Sim menu

The status bar displays Constructing Occurrence Set. The simulator
now examines all transitions on the enabled list, and constructs a list
of transitions with enabling bindings such that there is no conflict
among the bindings. Thislist is the occurrence set for the step that
is currently underway.

When severd transitions exist and have mutual conflicts, adjudicat-
ing the conflicts can become quite complex, but the situation is fun-
damentally no different when only one transition isinvolved: the
same sorts of decisions have to be made, and the same rules are
followed in making them. In the current case thereisonly one
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transition, Pr ocess Or der s, and there are three enabling bind-
ingsfor it. Thereisone binding:

ordent: Big
staff: Expert
equi p: Fast

And there are two identical bindings:

ordent: Smal |
staff: Novice
equi p: Fast

Any two of these bindings can fire concurrently, because there are
two (and only two) Fast tokensavailable. Thereisno way to pre-
fer one binding over another, so the simulator chooses any two at
random. Thisisthe choice that must be made whenever conflict
exists. Sinceit is made at random, the result isindeterminacy.

In this case the indeterminacy is of little import, due to the smplicity
of the net, but amore complex net could behave very differently in
future steps depending on what orders are processed now and what
orders are forced to wait.

3B: Execute the Elements in the Occurrence Set

Chapter 6, “CPN Dynamics. Executing a CP Net,” described the al-
gorithm for firing atransition as follows:

1. Rebind any CPN variables asindicated by the enabling
binding.

2. Evauate eachinput arc inscription. The result isamultiset
of tokens called input tokens.

3. Evaluate each output arc inscription. The result is amultiset
of tokens called output tokens.

4. Subtract each multiset of input tokens from each input place.
5. Add each multiset of output tokens to each output place.
It was convenient but imprecise to describe this as the algorithm for
firing atrangition. It ismore correct to call it the algorithm for exe-
cuting abinding element. When an occurrence set has only one &l-

ement (asthey all did in previous chapters) the distinction is unim-
portant, but now we can be more precise.
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8-14

Executing an Occurrence Set

Since the elements in an occurrence set are not in conflict, they can
be executed in any order. On amultiprocessing computer they could
all be executed simultaneously by different processors. Thiswould
be faster than executing them in some order, but neither the presence

of some particular order nor the absence of any order makes any dif-
ference, because the net ends up in the same state in any case.

Thislack of dependence on, or even need for, an ordering for bind-
ing element execution allows the simulator to intersperse such exe-

cutions. This makes possible the breakpoints Beginning of
Substep and End of Substep.

The algorithm for executing an occurrence set is:
1. For each element in the set:

1A. Rebind any CPN variables asindicated by the en-
abling binding.

1B. Evaluate each input arc inscription.

1C. Evaluate each output arc inscription.
2. If Show Input Tokensis set, display the input tokens.
3. If Show Output Tokensis set, display the output tokens.

4. If the breakpoint Beginning of Substep is set, pause ex-
ecution.

5. When execution continues:

5A. Subtract each multiset of input tokens from each in-
put place.

5B. Add each multiset of output tokens to each output
place.

6. If thebreakpoint End of Substep is set, pause execution.

Execution of the occurrence set is now complete. When net execu-
tion continues, the ssimulator will recheck enablement, as described
below.

SalesNet's Appearance at Breakpoint 1

When you chosel nter active Run above, the smulator con-
structed an occurrence set and began to execute it. Breakpoint 1is
set, so execution has paused after creating and displaying the input
and output tokens.
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Suppose that the ssimulator created an occurrence set that contains
two binding elements. One specifiesfiring Pr ocess Or der s with
ordent =Bi g, staff = Expert, equi p = Fast ; theother
specifiesor dent = Smal |, st af f = Novi ce, equi p = Fast.
The net would look like this at Breakpoint 1.

[if ordent = Big then staff = Expert else staff = Novice]

Order ProductShipped

1~ordent Process Orders 1 ordent Product om
e 1'Big+ 1'Big+

1'Big + 1°Small 1"Small 1"Small
2°Small 2'Fast

1~ equipment

1 equipment
Staff
Staff Pool

Equipment
1" Expert+

e Equip Pool
1'Novice

2’ Expert+ 2'Fast
2'Novice 1 Expert+
~ 1'Novice

Alternatively, the smulator might have constructed an occurrence set
in which both elements specified or dent = Smal |, in which case
the net would now look like this:

[if ordent = Big then staff = Expert else staff = Novice]

Order ProductShipped
R Process Orders R
Order n 1" ordent ~ 1 ordent Product Out
(2 2
@ 2°Small 2'Small
1Big+ 1Big )
s 2"Novice ) <2"

2'Small 2'Fast

1" equipment

1 equipment

Staff

Staff Pool
Cor

2 Expert + 2 Fast
2 Novice 2 Expert

Equipment

Equip Pool

2"Novice 2'Fast

SalesNet's Appearance at Breakpoint 2
Choose Continue from the Sim menu.

The ssimulator proceeds with the execution of the occurrence set: it
subtracts the input tokens, and it adds the output tokens. Since
Breakpoint 2 is set, it then pauses execution once more. Assuming
the occurrence set described above, the net would look like this at
Breakpoint 2:
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[if ordent = Big then staff = Expert else staff = Novice]

Order ProductShipped

< Process Orders R
1 ordent 1 ordent Product Out
©) @

1'Big + 1°'Small
2'Small

1'Big+
1°Small

1" equipment

1" staff 1 equipment

Staff

Equipment

Staff Pool Equip Pool
2Expert+ 2'Fast 2'Fast
2°Novice 2 Expert+

2 Novice

If your simulator constructed an occurrence set in which both ele-

ments specified or dent = Smal | , in which case the net you see
will look likethis:

[if ordent = Big then staff = Expert else staff = Novice]

Order ProductShipped

- 1 ordent Process Orders 1~ ordent Product Out
® — ©,

1'Big + 1'Big 2°Small
2'Small

1" equipment

1" staff 1" equipment

Staff

@

2Expert+ 2Fast 2'Fast
2Novice 2 Expert+
2'Novice

Equipment

Equip Pool

Execution of the occurrence set is now complete.

3C: Update the Enabled List

Choose Continue from the Sim menu.

Transitions whose input places have not changed need not be
rechecked for enablement, because their status cannot have changed.
Process Or der s hasachanged input place, so it will be
rechecked and found to be enabled. It istherefore again highlighted.

With the enabled list has been updated, the step is over. The break-
point Between Stepsisset, sothe Step Finished dialog appears
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Step Finished ===
Step 1 is finished

4: Continue Execution
Click Cont.

SincePr ocess Or der s isenabled, the smulator executes another
step (3A-3C). This step involves no choices, since thereisonly one
order to be processed, but the stages are the same.

Continue execution through the two breakpoints

The Step Finished dialog reappears.
5: Complete Execution
Click Cont.

Now the situation is different. When the ssimulator rechecked en-
ablement, it found that there is no enabling binding for any transi-
tion. It therefore displays adialog that states this fact:

Stop EI

There are no enabled transitions in the
relepant part of the diagram.

Click OK.
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Controlling the Appearance of Concurrency

While concurrency is adistinguishing feature of Petri nets, it can get
in the way when we need a very detailed and localized view of ex-
actly what anet isdoing. Thisis particularly true when anet is be-
ing debugged. When dozens of transitions are concurrently en-
abled, each with dozens of enabling bindings, so much can happen
in one execution step that debugging is amost impossible.

Therefore Design/CPN provides away to control how concurrency
is presented to the observer. By setting some parameters, you can
control how much, or how little, is done in each step of the smula
tor's execution algorithm. Such control has no effect on the mean-
ing of the net: it has the same structural and behavioral properties no
matter how its execution is made to appear.

By controlling the appearance of concurrency you can in effect look
at net execution through amicroscope. Y ou can see each individual
microevent of net execution, without interference from other things
that are happening concurrently. Thisisexactly what is needed
when it isunclear exactly what a net does, and/or why it is not doing
what it is supposed to do.

The appearance of concurrency is controlled by tuning the algorithm
that Design/CPN uses to construct occurrence sets.

Review of Occurrence Sets

In Chapter 6, “CPN Dynamics. Executing a CP Net,” we looked in
detail at the simulator's execution algorithm. Part of that algorithm
isthe construction of an occurrence set. An occurrencesetisalist
of elements called binding elements, each of which specifiesa
binding for a particular transition.

The simulator changes the state of a net by executing the elementsin
an occurrence set. Executing a binding element consists of rebind-
ing the arc inscription variables of the transition that the element in-
dicates to the values in the binding that the element indicates, and
then firing the transition.

By definition, the elementsin an occurrence set are not in conflict:
the trangition firings that the set indicates can al occur in the same
step without attempting to subtract more tokens from any input place
than currently exist inthe place. That is, the firings can occur con-
currently.

Constructing an Occurrence Set

When it constructs an occurrence set, the ssimulator has many deci-
sionsto make. Even SalesNet, which has only one transition, pro-
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vided the possibility of several different occurrence sets. When
there are many transitions with many bindings that conflict in many
ways, the number of possible occurrence sets may be very large.

There is no one best algorithm for constructing an occurrence set.
One agorithm might result in very fast execution, but obscure the
details of net execution by doing too many things at once. Another
might execute dowly but illuminate every detail. A third might ac-
complish both these ends very well, and afourth very poorly. An
algorithm that gives the desired results with one net might be inef-
fective with another.

Therefore CPN does not require that occurrence sets be constructed
in any particular way, or have any particular property other than the
nonexistence of conflict among the constituent binding e ements. In
particular, nothing requires the smulator to construct the largest
possible occurrence set, or one of the largest possible. If we want
to look at very small increments in the behavior of a net, we might
want very small occurrence sets.

The obvious question is: how can we be sure that changing the oc-
currence set algorithm will not change the meaning of the net itself?
How can we be sure that the behavior of anet isinvariant of the way
in which occurrence sets are constructed? To answer this question,
we need a precise definition of concurrency.

What Is Concurrency?

Informally, concurrent activities are those that happen “ at the same
time’. But what exactly doesthat mean? If we are to have auseful
modeling paradigm, it cannot mean “in the same instant,” because
no real activity isinstantaneous; there is always some duration. Nor
can it mean “ occurring during exactly the same interval,” because
rarely if ever could this property be guaranteed for different activities
at different physical locations.

CPN defines concurrency asfollows. A collection of activitiesis
concurrent if the result of their occurrence is unaffected by the pres-
ence or even the existence of any particular occurrence order. That
is, the defining property of concurrency is not that activities do
overlap in time, but only that they can. 1t makes no difference
whether they actually do or not, and if they do, it makes no differ-
ence just how they overlap. When al are complete, the result will
be the same regardless of all such details.

Asaresult of this definition, we have complete freedom to construct
occurrence setsin any way we like. We know that all the eventswe
might put into an occurrence set can happen concurrently, because
they are guaranteed not to be in conflict. Therefore, by the defini-
tion of concurrency, no ordering of events that results from this or
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that choice of occurrence sets makes any difference, because the or-
dering does not matter at all.

Similarly it makes no difference whether we execute a set of concur-
rent events by creating a single occurrence set or several of them. At
the extreme we could require that every occurrence set consist of just
one binding element, and it would make no difference: the effect
would be the same as if we concatenated binding eementsin al the
setsinto a single set, and then executed that set; or into several sets;
or in different ordersinto one or severa sets. It makes no difference
at all to the outcome.

Occurrence Set Parameters

Transitions

Most features of the simulator's execution algorithm are determined
by the rules of CPN dynamics (Chapter 6, “CPN Dynamics:
Executing a CP Net”), and so cannot be changed. But the algorithm
by which the smulator constructs occurrence sets can be anything
that isuseful. Since different algorithms are better with different
nets and for different purposes, Design/CPN allows you to specify
various features of the algorithm that the smulator uses. Thisis
done by setting parameters called occurrence set parameters.

To examine and change these parameters, first:
Choose Occurrence Set Optionsfrom the Set menu.
TheOccurrence Set Optionsdialog appears.

Under X-Windows, the dider bars shown in the above dialog do
not appear, but the box is otherwise similar.

The setting for Transitions determines how the smulator will
construct occurrence sets when more than one transition is simulta-
neously enabled on a page.

When the setting is 100%, all enabled transitionswill be represented
in the set, subject to the restriction that no occurrence set will be
constructed that contains conflicting binding el ements.

Settings between 1% and 99% define the probability that a particular
enabled transition will be represented in the occurrence set. For ex-
ample, at a setting of 50%, each candidate transition has a 50%
chance of being represented. Note that setting a value of 50% does
not mean that 50% of the candidates will be represented: more or
less might be, depending on chance and the requirement to avoid
conflicting binding elementsin a set.
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There would be no purpose in constructing an empty occurrence set.
Therefore at least one transition will be represented in the set no
matter what the outcome of any random choices. When the setting
is 0%, exactly one enabled transition will be represented in the set.

Different Bindings

The setting for Differ ent Bindings determines how the smulator
will construct occurrence sets when a given transition is enabled
with two or more nonidentical bindings.

When the setting is 100%, all enabling bindings will be represented
in the set, subject to the restriction that no occurrence set will be
constructed that contains conflicting binding el ements.

Settings between 1% and 99% define the probability that a particular
binding will be represented in the occurrence set.

Subject to the restriction on conflicting binding elements, at |east one
binding will be represented in the set no matter what the outcome of
any random choices. When the setting is 0%, exactly one of the
bindings will be represented.

Identical Bindings

The setting for | dentical Bindings determines how the simulator
will construct occurrence sets when atransition is enabled with two
or more bindings that are identical, i.e. consist of the exactly the
same values.

Subject to the restriction on conflicting binding elements: when the
setting is 100%, all the bindings will be represented in the occur-
rence set; when it is 0%, exactly one will be; and intermediate set-
tings give proportionate intermediate results.

Scope of Occurrence Set Parameters

Each of the five parameter settings works within the bounds estab-
lished by those higher inthelist. Thus Transitionsdetermines
how many enabled transitions (if there is more than one) will be rep-
resented in an occurrence set; Differ ent Bindings determines
how many different bindings (if there is more than one) will be in-
cluded for each represented trangition; and | dentical Bindings
determines how many copies (if there is more than one) will bein-
cluded for each represented binding.
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Setting Occurrence Set Parameters
To set any of the occurrence set parameters:

Edit the number in the box to the right of the name of the
particular parameter.

The value must be between 0 and 100.
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Chapter 9

CPN Hierarchy:
Introduction

Effective CPN modeling requires the ability to distribute a CP net
across multiple pages, so asto divide it into modules small enough
to keep track of. Such amoduleis called a submodel.

Distributing a net across multiple pages requires some mechanism
for interconnecting the submodels on the various pages, so that the
state of one can influence the state of another. Otherwise we would
have several disconnected nets rather than one distributed net.

Design/CPN offers two mechanisms for interconnecting CP net
structure on different pages. substitution transitions and fusion
places. A substitution transition isatransition that standsfor a
whole page of net structure. A fusion placeis aplace that has been
equated with one or more other places, so that the fused places act as
asingle place with asingle marking.

Substitution transitions and fusion places together provide avery
general capability for organizing a CP net into submodels. Thisca
pability is called CPN Hierarchy.

Definition of Hierarchical Decomposition

The SalesNet model represents avery high-level view of the system
it models. Such aview can be useful, of course; but it would also
be useful to have more detailed information about how orders are
processed, staff and equipment used, and products shipped. Ideally
we would like to represent this additional information without hav-
ing to lose the simplicity of the high-level overview that SalesNet
currently provides.

In order to add detail to amodel without losing overview, atransi-
tion may have associated with it a separate page of CP net structure
caled asubpage This page contains amore detailed view of the ac-
tivity that the transition represents. Such atransition is called a sub-
dtitution trangition. The details on the subpage are called the decom-
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CPN Hierarchy

Fusion Places

position of the transition. The page that holds the transition is called
the superpage.

Transitions on a subpage may in turn have associated subpages, and
so on. Since this method of representing details resultsin a hierar-
chy of subpagesthat contain decompositions, it is called hierarchical
decomposition.

Models whose primary purpose is educational, or that represent very
small systems, can often be drawn on asingle page. However this
practice would not suffice for making arealistic model of alarge
and/or complex system. Trying to model such asystem on asingle
page would be like trying to write a complex program without using
subroutines. Such amodel, or such a program, would be far too
complex, poorly structured, and redundant to be useful, or in many
cases even constructible.

The answer isto allow a CP net to be kept on multiple pages that can
be organized into a functioning whole, much as an ordinary program
can be written as multiple modules that can be linked into an exe-
cutablefile. The system CP nets use to provide such modularization
isknown as hierarchy.

CPN hierarchy consists of two capabilities. fusion places and substi-
tution trangitions. These capabilities allow anet to be divided into
modules, and provide facilities for linking the modules in various
ways.

The fusion place capability allows CP net placesthat exist in differ-
ent locationsin anet to act functionally asif they were the same
place. Such places are called fusion places and a group of such
placesiscalled afusion set.

Fusion places are similar to global variablesin a conventional pro-
gram. Just asreferencesto aglobal variable by different parts of a
program refer to the same variable and yield the same value, so uses
of “different” placesin afusion set by different parts of anet are
actually uses of the same place, and will find that place to have the
same marking.

Fusion places can be used in many ways to simplify and generalize a
net. For example, anet might model many different activitiesthat all
make use of the same pool of resources. Representing the pool as a
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fusion place would allow the various activities to be drawn on dif-
ferent pages and yet al have access to a single shared resource pool.

Fusion places are also useful in the context of asingle page. When
many arcs connect to a place, and these arcs come from physically
distant locations on the page, it is often clearer to represent the place
more than once on the page, and equate the various representations
by including them al in afusion set.

Substitution Transitions

The subgtitution transition capability allows a CP net transition to
represent an entire page of net structure. The effect isthe same asif
the page that the transition represents appeared physicaly at the site
of thetrangition. Such atransitionis called a substitution transition,
and the page of net structure that it representsis called a subnet or a
submodel.

Substitution transitions are similar to subroutines in a conventional
program. The effect is not identical, because the substitution occurs
physically, as with a macro, rather than by invocation, but the result
is essentialy the same:

1. A net can beimplemented as multiple modules that can be
modified independently of each other.

2. Thevarious modules can be linked together as needed to
Create anet.

3. The same module can be used repeatedly at different places
in anet, so that redundant logic need not be created to handle
the same situation in different contexts.

For example, anet might model a computer installation with many
identical workstations working in parallel on different tasks.
Creating a submodel that represents the details of aworkstation, and
using that submodel as the value of many different substitution
transitions, would allow just one submodel to represent all of the
workstations.

Top-Down and Bottom-Up Development

There are two different ways to specify a decomposition for atran-
sition:

1. Create apage containing a submodel, then link the submodel
to the trangition. The page then becomes a subpage, and the
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transition becomes a substitution transition on a superpage.
Thisisbottom-up development.

2. Start with atransition, have Design/CPN create a subpage
for it, then edit the subpage to create the submodel. Thisis
top-down devel opment.

Neither of these methods isintrinsically preferable. The choice of
which to useislargely a matter of how one prefersto work.
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CPN Hierarchy:
Fusion Places

In the CP nets we have worked with so far, each place has been an
independent entity: there was no relationship between places except
that provided by arcs and transitions.

Another form of relationship is possible in a CP net. We can estab-
lish amethod for defining sets of places so that anything that hap-
pens to each placein aset dso happensto all the other placesin the
set. The places are then functionally identical. Such places are
caled fusion places and a set of fusion placesis afusion set.

Fusion adds nothing fundamentally new. If al the members of a
fusion set are on the same page, we could replace the set with asin-
gle place and connect to it al the arcs that connected to any member
of the set. If the members are on different pages, we could copy ev-
erything on the severa pagesto asingle page, and again collapse the
Set.

Conversaly, if anet contains a place that has many arcs connecting
toit, or requires very long arcsto reach it, we could unfold it into
severa places, on the same or different pages, and so simplify the
net's graphical structure without changing its meaning. Such un-
folding is acommon event during the process of CP net develop-
ment. Frequently the need for it can be anticipated, and fusion
places used from the beginning.

Wereally need only one type of fusion place to derive dl the bene-
fitsfusion can provide. But aswe shall seg, it is useful to have dif-
ferent types that have different scopes. The rest of this chapter
shows how to use fusion places.

The Resource Use Model

This chapter demonstrates fusion place techniques using a model
called the Resource Use Model. Let'stake aquick look at this
model before we begin working with it.
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The hierarchy page:
= Hierarchy#10010
{ Resmodt |
| PP Borciece. n E:Eﬁ-rég-:---__'
v, Globakd &

The page Global#4 contains the global declaration node:

color Process = with Proc2 |
var PROC: Process;
color Resource = with Res tined;

Proc3 tined;

The page Resmod#1 contains the executable part of the model:

Process
Processing

5'Proc2
+4'Proc3

PROC

Request

PROC

Process
Waiting

PROC

Resource
if (PROC = Proc2) ur

then 2°'Res else 3'Res

Obtain | 4

PROC T'Res

Process
Using

PROC

Release

PROC @+5

Description of the Model

@
@+ if (PROC = Proc2) then 7 else 11

Process
Processing

5'Proc2
+4°Proc3

PROC

Request

PROC

Process
Waiting

PROC
if (PROC = Proc2) Resource

- then 2°Res else 3'Res ResPool
ad
@+ if (PROC = Proc2) then 7 else 11

7'Res

Obtain

PROC

Process
Using

PROC

Release

AN

PROC @+5

Resmod#1 contains two identical copies of the Resource Use
Model. This model represents a ssimple computer system in which
processes vie for resources. Each process goesthrough acyclein
which it develops a need for resources, requests them, possibly
waits for them, then obtains, uses, and releases them.

10-2
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There are two kinds of processes, Pr oc2 and Pr oc 3, as defined
by the colorset Pr ocess. Thereisonly onetype of resource, Res,
defined by the colorset Resour ce. A Proc2 process usestwo Res
resources at atime, and aPr oc 3 process uses three Res resources
at atime, as defined by the inscription on the input/output arc be-
tween Obt ai n and ResPool . A Pr oc2 process Uses resources
for 7 time units, and a Pr oc 3 process uses them for 11 time units,
as defined by the time region on the transition Obt ai n.

Therest of this chapter refers to the Resource Use Model as Resnet,
and the two copies as Resnetl (on the left) and Resnet2 (on the
right).

Results of Executing the Model

If the model were executed asit is now, what would happen? Since
thereis no functiona connection between the two copies, they
would execute side by side just asif each existed done. They
would have no effect on each other at all. We could consider the
copies to be two independent nets or a single net with two digoint
components. Nothing requires a CP net to be connected, so the two
interpretations are equally valid.

However, it would obviously be useless to have multiple identical
independent nets executing simultaneously. None of them would do
anything that the others would not do; the only effect would beto
slow execution down.

Fusion on a Single Page

To study fusion places we will first look at an examplein which
Resnet1 and Resnet2 share a common pool of resources. We could
of course do this by deleting one of the resource pools and connect-
ing the other to both copies. The result could look something like:
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Process
Processing

0

5"Proc2
+ 4 'Proc3 PROC

A 4

Request

PROC

Process
Waiting

PROC

\ 4
Obtain

<

if (PROC = Proc2)
then 2'Res else 3'Res

Resource

PROC

Process
Using

PROC
A 4

\ Release

PROC @+5

@+ if (PROC = Proc2)
then 7 else 11

if (PROC = Proc2)
then 2'Res else 3'Res

Process

5Proc2
+ 4 'Proc3 PROC

y

Request

PROC

Process
Waiting

PROC

\ 4
Obtain

7'Res

@+ if (PROC = Proc2)
then 7 else 11

»

PROC

Process
Using

PROC

Release J

PROC @+5

This technique would be enough for the smple case we are working
with, but if the resource pool were needed in many more locations
that were much farther apart on the page, alot of very long arcs
would be needed. These would clutter up the page. It would be
better to leave the resource pools where they are, and combine them
functionally into asingle pool by putting them in afusion set.

Creating a Fusion Set

Select thefirst place to include in the fusion set. For exam-
ple, ResPool inResnetl.

Choose Fusion Place from theCPN menu.

TheFusion Placedialog appears.
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Fusion Place

Fusion Set Name
usion Se =
@ Create
" Add to
O Subtracl fram
i Delete
R /Ret =
i) Rename/Retype g3
—Type
@ Glohal
) Page
T Instance
[ Reset } [ Cancel ]

Thisdialog alows you to create and edit fusion sets. Create, the
operation we want, is aready selected as the default.

When you create a new fusion set, you must give it aname and indi-
cate itstype. For example, the name of the new resource model fu-
sion set will be “RPOOL”.

Type the name of the new fusion set into the edit box
(immediately below the Name section). For example,
“RPOOL".

A fusion set that smply equates all constituent places wherever they
occur iscalled aglobal fusion set. Since Global isthe default type
inthedialog, it isn't necessary to do anything explicit to indicate the
new set'stype. (Pageand I nstance fusion setswill be explained
later in this chapter.)

Click OK.
The dialog disappears.
The example global fusion set named RPOOL, contains one place,
ResPool . A placethat isamember of aglobal fusion setis called
aglobal fusion place.
Physical Appearance of a Global Fusion Place
In the exampl e, the status bar lists the type of Res Pool as Place,

Global-Fusion. ResPool 's appearance changesto include afusion
placeindicator:
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Resource
ResPool
RPOOL
7 Res

The marker isaFusion Key Region. It indicates that the place
isaglobal fusion place. The name of the fusion set to which the
place belongs, RPOOL, isindicated next to the Fusion Key Region,
in another region called the Fusion Region. A Fusion Regionisa
popup, so you can hide and redisplay it by double-clicking on the
associated key region.

Adding Places to a Fusion Set

Select the other place(s) to be added to the fusion set. For
example, ResPool in Resnet2.

Choose Fusion Place from theCPN menu.

TheFusion Place dialog reappears.

Fusion Place EI

Fusion Set Mame
usion e Glob: RPOOL [
i Create
1 Add to
O Bubtradd from
1 Delete
Rename/Retype =
- yp g8
Type
i Global
iy Page
i Instance
(heset ) (“cancel ]

In this example, note thelisting of Gl ob: RPOOL in the box under
Name. Thisbox listsal existing fusion sets, both to help you keep
track of what they are, and to let you select an existing set without
retyping its name.

Click Add To under Fusion Set.
The edit box and the Ty pe section disappear, since you can add
only to afusion set that already exists.
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Click on the desired fusion set name in the box under
Name. Inthisexample, d ob: RPOOL.

Click OK.

The dialog disappears. The selected place is now part of the fusion
set. The placesin set are functionally not two places, but one place
that is physically represented severa timesin severa different loca-
tions.

Multiple places may be selected when afusion set isinitially created,
thereby eliminating the need to first create and then add to afusion
Set.

Initial Markings and Fusion Sets

Both places in RPOOL have an initial marking region, and each re-
gion specifies the same marking. In the editor, they could just as
well have had different markings:. they are just text regions, so it
does not matter if they agree or not.

The smulator is another matter. When you enter the smulator, any
initial marking regions are evaluated, and the tokens they specify are
put into the corresponding places: marking regions are converted
into actual markings. But the placesin afusion place, being func-
tionally one place, intrinsically can have only one marking.
Therefore al placesin afusion set must have the sameinitia mark-
ing region (if any) before entry to the smulator. If they do not, a
syntax error will occur, and you will remain in the editor.

Removing Places from a Fusion Set

Removing places from afusion set isjust the inverse of adding
them.

Select the place(s) to be removed from the fusion set. Be
sure no other places are selected.

Choose Fusion Place from theCPN menu.

Subtract From isaready selected under Fusion Set.
That is the operation we want, so:

Click OK.
The place removed from the fusion set is now an ordinary place.

If the place removed from the fusion set isthe last place in the fusion
set, the fusion set is deleted.
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Shortcut: you can remove aplace from afusion set by deleting its
Fusion Key Region.

Deleting a Fusion Set

It is sometimes useful to delete afusion set. All of its constituent
places then revert to independent status.

Choose Fusion Place from theCPN menu.
Click Delete under Fusion Set.

Sdlect the fusion set to be deleted from the Name box. For
example, d ob: RPOOL.

Click OK.

In this example, RPOOL isgone; al ResPool places are now free-
standing, as if RPOOL had never existed.

Removing the last place from afusion set also deletes the fusion set.

Fusion Across More Than One Page

10-8

In the context of a single page, fusion does not add any fundamental
power, since anything fusion can do on a single page could be done
by drawing arcs. Fusion on a page can be very convenient, but the
real purpose of fusion isto make it possible to establish connections
between net structures that exist on different pages. Without fusion
there would be no way to do this, because there is no way to draw
an arc that runs between one page and another. With fusion we can
equate places on one page with places on another, and so connect
the pages.

Working with afusion set that equates places on more than one page
is essentially the same asworking with asingle-page set. The only
differences result from the fact that it isimpossible to form a group
of places (or anything else) that extends across pages.
To create afusion set that spans multiple pages:

Create afusion set from the places on one page.

Make the next page with placesto be added to the fusion set
the current page.

Add those places to the newly-created fusion set.
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Repeat the second and third steps as many times as there are
pages with places to be added to the fusion set.

For example, if there werethree Resnet s in the example described
above, and one was on a different page, we could not create afusion
set containing al three Res Pool sin one operation. We would
need to follow the procedure above to create the RPOOL fusion set.
All three ResPools would have the same appearance, however:

Resource
ResPool
RPOOL
7' Res

Thisisjust how the two ResPool son Resmod#1 looked when
RPOOL equated places on only one page. Its extension to equate
places on more than one page adds nothing new.

Working With More Than One Fusion Set

The existence of more than one fusion set adds nothing fundamen-
tally new. The only requirement is that each fusion set must have a
unigue name.

Page Fusion Sets

A shared resource pool is often agood idea. For example, we
would not want every printer user to have its own dedicated printer
if one shared printer would be enough to servethem all. On the
other hand, complete resource sharing is not always desirable. A
computer network might be distributed through several buildings,
but its users would probably want print jobs to be done only on
printersin their own building. How can Resmod#1 be modified to
model thiskind of situation.

The obvious answer isto use multiple fusion sets. But if alarge
model required many similar but separate fusion sets, this technique
would result an annoying proliferation of different names for differ-
ent instances of essentially the same thing.

Thereis abetter way: page fusion sets. Page fusion sets are identi-
cal with global fusion sets (the kind we have been working with so
far) in every way but one: while aglobal fusion set equates every
congtituent place irrespective of page, a page fusion set isdivided
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10-10

into subsets, each of which equates only constituent places that are
on the same page.

Put another way, a page fusion set is a collection of fusion sets that
have the same name but exist on different pages. The members of
such acollection are caled page fusion subsets, and each constituent
placeis caled apage fusion place

Page fusion sets are created and modified much as global sets are.
The only difference occurs at the beginning: when a page fusion set
isfirst created, select Page rather than Global intheType section
of theFusion Placediaog:

Fusion Place EI

Fusion Set Mame
usion e Glob: MFRAME [
@ Create Glob: RPOOL
1 Add to
O Bubtradd from
1 Delete
Rename/Retype =
- yp g8
Type
1 Global
i Page
i Instance
(heset ) (“cancel ]

Once a page fusion set exists, al the techniques you have just used
for global fusion setswill work on it exactly asthey would if the set
were aglobal set.

All of the placesin a page fusion set look the same. For example:

Resource
ResPool
RPOOL
7 Res

Note the change from to , indicating the change from a
global fusion set to apage fusion set. Thereis nothing in the place's
appearance to indicate which page fusion subset the place belongs
to: its presence on the particular page is indication enough.
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Relationship Among Page Fusion Constituents
» All members of apage fusion set must have the same col orset

» The members of apage fusion set on any one page must agree
astoinitia marking

» The members of apage fusion set on different pages can have
different initial markings.

Instance Fusion Sets

Page fusion sets require the various fusion subsets to be physically
represented on different pages. A few copies of apageis not that
bad, but suppose we want to model a situation in which there are
many hundreds or thousands of instances of the same entity, and
that this entity istoo complex to represent with atoken but must be
modeled with a piece of net structure? We would not want to put
hundreds or thousands of copies of the same structure on a page, or
worse yet, have hundreds or thousands of copies of the same page.
Either method would render the net completely unmanageable.

To deal with such situations, Design/CPN allows you to create a
single page in the editor, and then use that page as many times as
needed in the smulator. Thisalows usto have it both ways. physi-
cally thereisonly one page, but functionally there can be as many
copies of the page aswe need. This capability is called multiplicity,
and the different functional copies of the same page are called page
instances.

Aswe noted above, completely digoint copies of the same net
structure would serve no purpose, since none would do anything the
othersdo not do. The same argument applies when the copies are
multiple instances of apage: the instances must be interconnected in
some way to form alarger whole, or there is no reason to have
them. Aswith physically separate pages, the interconnection is ac-
complished by using fusion places.

Creating Multiple Page Instances

Open the hierarchy page.

Select the page node for which multiple instances are
needed. For example, Resmod#1.

Choose M ode Attributes from the Set menu.

TheMode Attributesdialog appears.
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Mode Attributes §—|

—Muode
i Standard
[] Do Not Include in Simulation (i
[] Do Not Make Observable (m
[]1Do Mot Propose Occ Set (P)
[] Do Not Use in Interactive Runs  (R)
[ ] Do Not Execute Code Segments (C)

[l Change for Substitution Transitions

—Prime Page

MO
g Yes Multipticity | LN

[Save... ][ Load... ][ Reset ][ Cancel ]

In the example above the figurefor M ultiplicity is 1, indicating
that there is only one instance of Resmod#1.

Type the number of page instances desired. For example,
“2n.

Click OK.

In our example there are now two instances of Resmod#1. The hi-
erarchy page now looks as follows:

HllieVYV—=—— Hierarchy#18818 EEE|
ferarchy 10 :
&l
(Pme:2 1
Global#d

;;;;;;;;;;;;;;;;;

Note the new designation Prime:2 for Resmod#1. The“2” indicates
that there are now two instances of the page.

Multiplicity and Fusion
Let's take amoment to look at the overall structure of the model,

with particular attention to relationships between fusion sets and
multiple page instances.
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The moddl ResourceModel has one executable page: Resmod#1.
There are furthermore two instances of Resmod#1. These are of
course identical with each other. There are physically two copies of
Resnet; but functionally there are four copies, because each copy on
Resmod#1 exists twice, once on each instance of the page.

Thereisonefusion set: RPOOL. RPOOL isapage fusion set. What
should it do with the Res Pool sin the two instances of Resmod#1?

There are two possibilities, equally reasonable:

1. Form asinglefusion subset that includes all instances of the
page, on the grounds that thereisreally only one page and a
page fusion set, by definition, equates al constituent places
on each page.

2. Form aseparate fusion subset for each instance of the page,
on the grounds that the instances are so much like separate
pages that they deserve separate fusion subsets.

In practice, there are situations where the first method would more
useful, and situations when the second would be. Therefore
Design/CPN allows both possibilities. Page fusion sets conform to
the first possibility: there is one page fusion subset for all instances
of apage. To create a separate fusion subset for each instance of a
page, we use the third type of fusion set: the instance fusion set.

Comparison With Page Fusion Sets

Instance fusion sets are identical with page fusion setsin every way
but one: while a page fusion set equates every constituent placeirre-
spective of page instance, an instance fusion set is divided into sub-
sets, each of which equates only constituent places that are on the
same page instance.

In other words, an instance fusion set is a collection of fusion sets
that have the same name but exist on different page instances. The
members of such acollection are called instance fusion subsets and
each constituent placeis called an instance fusion place.

Working With Instance Fusion Sets

Instance fusion sets are created and modified much as global and
page setsare. The only difference occurs at the beginning: when
you first create an instance fusion set, select | nstanceintheType
section of the Fusion Place diaog.

In the example below, note the change in the appearance of the
ResPool place
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Resource

ResPool

7'Res
The fusion key region contains Fi, indicating instance fusion.

Instance sets are created on a per-page basis. For example, if
RPOOL is a page instance set spread over two pages, each pageis
treated separately. Thus RPOOL could be a page fusion set on one
page and an instance fusion set on another.

Observing Fusion Across Multiple Instances

10-14

To switch between instances of apage, usethelnstance Switch
diadog. Toactivateit:

Depressthe SHIFT key.
Click the mouse on the page title bar.

Y ou can get the same effect by choosing Select | nstance from the
Sim menu. In either case, thel nstance Switch dialog appears.

Instance Switch —0—r———=

Page Instances

(2:Resmod¥#1)

(1:Resmod#1) I
7

Full Name

(Z2:Resmod#1)

In the example above, al the instances of Resmod#1 are listed under
Page I nstances. Theinstance currently on display in the
Resmod#1 window is highlighted. Note that the highlighted name
matches the name in the Resmod#1 window'stitle bar. Thetitle bar
of awindow that displays a page with multiple instances alwaystells
which instance is currently visible.
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Use the mouse to salect another instance.
Click Switch.

The dialog disappears. Thetitle bar now indicates that the other in-
stanceison display. At the beginning of a simulation there won't be
any other change, because both instances of the page are in the same
initial state. Once simulation beginsthey will diverge.
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Chapter 11

CPN Hierarchy:
Substitution Transitions

In CP nets that do not use substitution transitions, each transition is
afundamental unit: there is no functional significanceto atransition
other than that defined by any associated places, arcs, arc inscrip-
tions, guard, code segment, and/or time region.

Another form of transitionis possible in a CP net. We can establish
amethod by which atransition can stand for an entire piece of net
structure, so that the net containing the transition executes asif the
logic that the transition represents were physically present at the lo-
cation of the transition. Such atransition is called a substitution
trangtion.

Substitution transitions add nothing fundamentally new. Everything
that can be done with them can also be done by using fusion places.
But like fusion places, substitution transitions, add so much conve-
nience that they can make the difference between feasibility and total
impossibility.

When a CP net uses a substitution transition, the logic that the tran-
sition represents must be kept somewhere. It is kept on a page
called a subpage and the logic on the subpage is called a subnet, or
sometimes a submodel. The page that contains the substitution
trangtion is called asuperpage. Superpages and subpages are con-
nected by equating places on the two pages using special-purpose
fusion sets. A place that belongs to such afusion set is called a port
if it ison asubpage, and a socket if it is on a superpage.

It would be inconvenient to have to create substitution transitions by
manually creating the requisite fusion sets, though it could be done.
Design/CPN provides extensive capabilities for facilitating the cre-
ation and use of substitution transitions. This chapter tells you what
those capabilities are, and shows you how to use substitution transi-
tionsto create hierarchical CP nets.
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Structure of a Model With Substitution

This section illustrates substitution transitions in the context of a
mode called ResmodSubtrans.

ResmodSubtrans Component Pages

The Hierarchy Page

E[J=== Hierarchy#10010

eeeeeeeeeeeeeeeeeeeeeeeeeeeee

aaaaaaaaaaaaaaaa

;;;;;;;;;;;;;

eeeeeeeeeeeeeeeeee

ResmodSubtrans contains a globa declaration page, Global#1, and
two executable pages, Resmod#1 and New#2. The arrow linking
the two page nodes indicates that Resmod#1 contains a substitution
transition representing net structure that is kept on New#2. When
two pages are related in this way, the page that contains the substi-
tution transition is called a superpage, and the page that contains the
net structure that the transition representsis called asubpage The
net structure on a subpage is sometimes referred to as a subnet or a
submodel.

Resmod#1l is a prime page, so the smulator will executeit. New#2
isnot aprime page, but it does not have to be: when a superpageis
prime, all subpagesthat it uses are automatically included in smula-
tion.

Below the node for New#2 the string “ResMgr” appears, in aregion
caled a substitution tag region. Thisindicates that the substitution
trangition in Resmod#1 has aname: ResMgr .
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The Superpage Resmod#1

The page looks like this:

Process
Processing

5'Proc2
+ 4'Proc3 PROC

Resource

A 4 if (PROC = Proc2)
\ ResMgr then 2'Res else 3'Res ResPool
< >
PROC @+5 I HS
T'Res

Note that this pageis, in and of itself, afunctional CP net. If
ResMgr were an ordinary transition, and everything else were as
shown, we could take this net into the ssmulator and execute it.

When the place Res Pool is selected, the Status Bar describesit as
aPlace, 1/0 Socket. Thisindicatesthat ResPool isasocket:
somewhere, on some other page (by definition a subpage), thereis
another place, a port, associated with it.

The Subpage New#2

New#2, as we saw on the hierarchy page, is the subpage for the
substitution transition Res Mgr on Resmod#1, so the ports must be
on New#2.

To get to New#2, you could reopen the hierarchy page, then open
New#2 like any other page. But there isamore convenient method.
By double-clicking on a substitution transition, you can jump di-
rectly to the subpage that it represents.
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Process E /10
Processing

5'Proc2
+ 4'Proc3 PROC

Request

PROC

Process
Waiting

PROC

Resource |
if (PROC = Proc2) E /o
Obtain then 2'Res else 3'Res ResPoo
<
@+ if (PROC = Proc2) then 7 else 11
PROC TRes
Process
Using
PROC
Rell
\ elease

@+5

ThelPliscaleda port key region. It indicates that the associated
placeisaport. The“1/O” iscontained in aregion called aport re-
gion. The“1/O” meansthat the ports have both input arcs and out-
put arcs connecting to them on the subpage.

In the example above, when the place Res Pool is selected, the
Status Bar describesit asaPlace, 1/0-Port. Thisindicates that
ResPool isaport: somewhere, on some other page (by definition a
superpage), there is another place, a socket, associated with it.

Ports and Sockets

How can you tell what port is equated with what socket? In this
caseit iseasy: they have the same name. ThePr ocessi ng places
on the two pages are one port-socket pair, and the Res Pool places
are another.

If the names did not match, Design/CPN would show additional in-
formation to tell you what is equated with what.

A port-socket pair is nothing more that a two-member fusion set.
Port-socket pairs are what link superpages and subpages so asto
implement substitution transitions. Therefore substitution transi-
tionsarein practice just a specialized application of fusion sets.

114 Design/CPN Reference Manual for X-Windows



CPN Hierarchy: Substitution Transitions

Jumping Directly to a Superpage

Y ou can jump directly from a subpage to its superpage, bypassing
the hierarchy page, by double-clicking on any port on the subpage.

Moving Existing Net Structure to a Subpage
The smplest way to create a substitution transition is to move part of
an existing net to a subpage, leaving a superpage behind. The steps
in this process are:
Select the net component(s) that are to move to the subpage.
Choose M ove to Subpage from theCPN menu.

Specify where on the superpage you want the substitution
transition to appear.

Name the substitution transition (if desired).

The following exampleillustrates this procedure using the model
ResourceModel.

ResourceModel Component Pages

Hierarchy Page

E[[== Hierarchy#10010 §|:|_'|§|

] u
¥ Globalgd &
]

LR s
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Resmod#1 Page

Process
Processing

5'Proc2
+4°Proc3 PROC
A /4

Request

PROC

Process
Waiting

PROC
. Resource
v if (PROC = Proc2)

Obtain then 2'Res else 3'Res ResPool
<
@+ if (PROC = Proc2) then 7 else 11

PROC 7'Res

Process
Using

PROC
v

\ Release

PROC @+5

Designate the Net Components to Move to the Subpage

To move asingle trangition, click the mouse on it so that it
becomes the sel ected object.

To move alarger piece of net structure, form a group that
contains al of the constituent nodes.

In the example we are using, Resnet, we select the following five
nodes that comprise asubnet: Request, Wai ti ng, Obt ai n,
Usi ng, and Rel ease.

Initiate Subpage Creation

Choose M ove to Subpage from theCPN menu.

Specifying the Substitution Transition's Location

Design/CPN has no way to know where you want the substitution
trangition to appear. It therefore enters a speciaized editor mode:
subgtitution transition creation mode. This mode is similar to ordi-
nary transition creation mode, except that the result is a substitution
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transition. Aswith ordinary transition creation, moving the mouse
during the creation process reshapes the transition at its current loca-
tion, while depressing SHIFT and moving the mouse moves the
transition while preserving its shape.

Use the mouse with the SHIFT key to create atransition that
just surrounds the existing transition Obt ai n.

Just before you release the mouse button, Obt ai n should look like
this:

>

|| Obtain "

| .%-# if PROC = Proc2) then 7 else 11

When you have finished creating the transition, Design/CPN moves
al the nodes you selected, and any associated regions, to a new
page that it creates for this purpose. That page is a subpage, and the
page you have been working on is a superpage. The superpage now
lookslikethis:

Process
Processing

5'Proc2
+ 4 Proc3 PROC

) Resource
4 if (PROC = Proc2)

l_men.zae? else 3'Res ResPool
E A i S—

7°Res

PROC @+5

The transition is now a substitution transition. To indicate this, a
region called the hierarchy key region has been created. This con-

sists of abox, . The box is currently partly obscured by the arc
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to ResPool . The next section shows you how to move thisregion
to a better location.

Next to the hierarchy key region is another region, called the hierar-
chy region, containing the text New#2. This region indicates that
the net structure that the substitution transition stands for is on the
page New#2. It isapopup region, so you can make it appear and
disappear by double-clicking on the key region.

Name the Substitution Transition (If Desired)
A substitution transition does not have to have aname. If it does
not, three dots will appear on the hierarchy page by the node for the
transition's subpage, where the transition's name would otherwise
be displayed. But it isgenerally agood ideato provide a name, par-
ticularly if amodel is complex.
Naming a substitution transition is exactly like naming any other
trangition: select the trangition, then use the CPN Region com-
mand from the CPN menu.

Improving a Superpage's Appearance
Itisrarefor asuperpage to have an ideal appearance from the first.
Usually some tuning is appropriate, asin the current case. Inthe
example, two changes would obviously be useful:

1. Reroute the arc that runs from the substitution transition to
Processi ng.

2. Movethe hierarchy key region and hierarchy region so that
the arc does not obscure them.

Rerouting an Arc

Position the mouse pointer over the adjustment point just
above the arc inscription.

Depress the mouse button.

Move the adjustment point so that the arc follows aright an-
gle (no “jaggies’ in the adjacent segments).

Release the mouse button.

Use the mouse to move the arc inscription until it isjust be-
low the bottom segment of the arc.

The superpage now looks like this:
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Process
Processing

5'Proc2
+4°Proc3 PROC

. Resource
A 4 if PROC = Proc2)

\ ResMgr E l_ﬂaen.LE% else 3'Res ResPool
ST New#2 >
PROC @+5

7' Res

Moving Regions

Moving regions can present a problem: they may be so small that it
isdifficult to grab onto them with the mouse without getting the arc
instead. 1n the example, the hierarchy key region is particularly hard
to get hold of.

To deal with situations like this, Design/CPN provides commandsin
the M akeup menu that allow you to select and move objects with-
out using the mouse.

Select the substitution transition.

Choose Child Object from theM akeup menu.
The transition has only one child object, the hierarchy key region, so
the region becomes selected. (If there were more than one child ob-
ject, and Child Object did not select the needed object, you could
use Next Object and Previous Object to select anong the child
objects.)
To move the region:

Choose Drag from theM akeup menu.

The editor isnow in drag mode. The mouse pointer becomes the
drag tool:
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N

b
e

In drag mode, you can move objects without having to position the
mouse pointer directly over them. If you depress the mouse button
anywhere over the current window, then move the mouse, all se-
lected objects will move along with the mouse.

Move the drag tool to the general vicinity of the obscured hi-
erarchy key region.

Depress the mouse button.

Move the mouse around.
Note how the key region tracks the movement of the mouse. Since
the hierarchy region isaregion of the key region, it follows the
movement also.

Position the hierarchy key region in the desired location.
Example: the lower right corner of the substitution transition.

To exit drag mode:

PressEsC.
The editor returnsto graphics mode. Additional adjustments can
now be done with the mouse. Example: positioning the hierarchy
region so that it is directly below the key region.

If the described adjustments were carried out, the superpage would
look about like this:
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Process
Processing

5'Proc2
+ 4 Proc3 PROC

. Resource
v if ;PROC = Proc2)
\ ResMgr then 2'Res else 3'Res
<
PROC @+5 [ns]
TRes

Improving a Subpage's Appearance

A subpage created by moving part of an existing page usually needs
little appearance tuning, but sometimes improvements can be made.

Process
Processing
-
5'Proc2
+4°Proc3 PROC
Request
PROC
Process
Waiting
PROC
. Resource
v if (PROC = Proc2)
Obtain then 2°Res else 3'Res ResPool
< =1
1"
@+ if (PROC = Proc2) then 7 else 11
PROC 7"Res
Process
PROC
\ Release
PROC @+5
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This page |ooks pretty good except for the placement of the port re-
gions. To move them to better locations:

Use Child Object, Next Object, Previous Object, and
Drag, from the CPN menu, to position the port regions at
the upper right edge of thelir places.

The subpage would then look like this:
Process [r] vo

Processing

5'Proc2
+4'Proc3  |proC

\ 4
Request

PROC

Process
Waiting

PROC
R o
v if (PROC = Proc2) esource [e]

Obtain then 2'Res else 3'Res ResPool
<
@+ if (PROC =Proc2) then 7 else 11

PROC IRes

Process I
lPROC

\ Release

PROC @+5

Improving a Hierarchy Page's Appearance

After you create anew page, it isagood ideato check the hierarchy
page to be sure that it still has a good appearance.

Choose Open Page from the Page menu.

The hierarchy page appears. For example:

11-12 Design/CPN Reference Manual for X-Windows



CPN Hierarchy: Substitution Transitions

E[1== Hierarchy#10010

When you create a substitution transition, Design/CPN automatically
updates the hierarchy page. It does not attempt to do thisintelli-
gently, because such an attempt could destroy a hand-crafted hierar-
chy page organization that could not have been produced algorithmi-
caly.

Obvioudly thisis not an acceptable layout. But we don't have to
improve it by hand. Design/CPN can do the job automatically.

Choose Redraw Hierar chy from thePage menu.

TheRedraw Hierarchy diaog appears.

Redraw Hierarchy ==

Spacing
i@ Compressed
i Non Compressed

[] start from Scratch

[ Reset ][ Cancel ]

Click OK.

The dialog disappears. Design/CPN redraws the hierarchy page:
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E[1=== Hierarchy#10010 ==

Developing on a Subpage

In the preceding example, we created a net first, then moved part of
it to a subpage, leaving behind a subgtitution transition to represent
it.

It isalso possible to create a substitution transition first, open the re-
sulting subpage, and do devel opment work on the subpage. This
method is generally preferable to creating anet and then extracting
from it, because it never requires everything to be on the same page
a the sametime. After all, the whole purpose of hierarchy isto
avoid having to put everything on the same page.

Development Procedure

Sdlect the transition that is to become the substitution transi-
tion.

Choose M ove to Subpage from theCPN menu.

Draw the a substitution transition so that it just surrounds the
selected transition.

Make the new subpage current.
Develop the net on the new subpage.

The following example illustrates this procedure using the model
ResmodSubtrans described at the beginning of this chapter.
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Creating the Substitution Transition

To create the substitution transition:

Select thetrangition Obt ai n. Be sure nothing elseis se-
lected.

Choose M ove to Subpage from theCPN menu.

Draw the substitution transition so that it just surrounds
Obt ai n, just asyou did before.

Name the substitution transition “ Smart Obtain”.

New#2 should now look about like this:

Process E o)
Processing

5'Proc2
+4°Proc3 PROC

v

Request

PROC

Process
Waiting

PROC

if (PROC = Proc2) Resource E| ITte)

Smart Obtain then 2°Res else 3'Res ResPool
<
HS

[New#ts | T'Res

Process I PROC

PROC

\ Release
PROC @+5
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The Modified Hierarchy Page

The New Subpage

After the operations described, the hierarchy page looks like this:

SJ=—= Hierarchy#10010 =——1|

" Global#d
nin R T

The page shows that New#2 is a subpage of Resmod#1 and con-
tains the details of the substitution transition Res Mgr , and that
New#3 is a subpage of New#2 and contains the details of the substi-
tution transition Smar t Obt ai n, which has been truncated to
Smar t . Design/CPN does thisto avoid cluttering up the hierarchy
page with long names.

Process

Waiting
[l
PROC
) Resource El e}
4 if (PROC = Proc2)
Obtain then 2'Res else 3'Res ResPool
<
@+ if (PROC = Proc2) then 7 else 11
PROC TRes

Process
B

Thereis only one general difference between this subpage and
New#2, the subpage (which is now also a superpage) that you cre-
ated previously. Both ports on New#2 werelisted as“1/O”. Here
Wai tingislistedas“In”, andUsi ngislisted as“Out”. These
designations refer to the status of the ports in the context of the sub-
page: Wai ti ngisan“In” port becauseitisan input place of
Obt ai n, and Usi ng isan“Out” port becauseit is an output place
of Obt ai n.
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ResPool now exists on three different pages. It isasocket on
Resmod#1, both a port and a socket on New#2, and a port here on
New#3. All thisrealy meansisthat ResPool isnow part of a
three-member fusion group that spans three pages. It is still the
same place on al three pages: nothing new has been added.

Using a Subpage More Than Once

Example

The capabilities described so far in this chapter would be more than
enough to make substitution transitions a useful technique. But
these capabilities are only the beginning. The real power of substi-
tution trangitions liesin the fact that a subpage need not be the value
of only one subgtitution transition: it can be used repeatedly, asthe
value of any number of substitution transitions on any number of

superpages.

In our example, the page Resmod#1 currently looks like:

Process
Processing

5°Proc2
+ 4 Proc3 PROC

Resource
A 4 if PROC = Proc2)

\ ResMgr then 2'Res else 3'Res ResPool
<
PROC @+5 [ks
TRes

Suppose the page were modified as follows:
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PROC @+5
Process W
Processing™ PROC ResMgr2
—/ .
5'Proc2 A

+4Proc3  |prOC

if (PROC = Proc2)
then 2°Res else 3'Res

. Resource,
A 4 if ;PROC = Proc2)
\ ResMgrl < then 2'Res else 3'Res ResPool
PROC @+5 I HS

T'Res

Thereisnow asecond ResMyr transition, ResMgr 2. Itisan ordi-
nary transition, while ResMgr 1 (previously Res Mgr ) is a substitu-
tion transition. The next step isto convert Res Myr 2 to a substitu-
tion trangition, then associate it with the existing subpage New#2.

Sdlect ResMgr 2.

Choose Substitution Transition fromtheCPN Menu.
In order to convert ResMgr 2 into a substitution transition,
Design/CPN needs to know what subpage to associate with the
trangition. It therefore displaysthe hierarchy page, allowing you to
use the mouse to indicate the subpage.

Click the mouse on the page node for New#2.

Resmod#1 reappears. ResMgr 2 isnow a substitution transition
whose value is the subpage New#2:
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5Proc2
+4°Proc3

Process

PROC @+5

\

PROC ResMgr2

A

PROC

if (PROC = Proc2)
then 2'Res else 3'Res

Resource,

if (PROC = Proc2)
\ ResMgrl < then 2'Res else 3'Res ResPool
PROC @+5 | HS
TRes

Thetwo port places Pr ocessi ng and ResPool on the subpage
have the same names as two socket places connected to Res Mgr 2
on the superpage. Design/CPN has used this information to assign
the ports to the sockets automatically. If any port had a name that
did not match that of a socket, you would need to assign that port to
asocket manually, as described later in this chapter.

The hierarchy page changes to reflect the second use of page

New#2:

==

Hierarchy#10010

6"-*:5:9 1B i Global#d 3

{Prime |

Resmodé 1

=—rg|
5

New#2 isnow the value of two substitution transitions, so both
names appear below its page node in substitution tag regions:
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Process |E| 110
Processing

5'Proc2
+4°Proc3 PROC

Request

PROC

Process
Waiting

PROC

Resource 110
v if (PROC = Proc2) lEI

Smart Obtain then 2'Res else 3'Res ResPool
<
@+ if (PROC = Proc2) then 7 else 11
Process PROC
Using

7'Res
PROC

v

\ Release
@+5

New#2's appearance hasn't changed at all. Itistill looks the same
asit did when it was the value of only one substitution transition. It
would remain the same no matter how many substitution transitions
it was the value of.

Relationship of Pages in a Hierarchy

11-20

The various pages in a hierarchy created with substitution transitions
are connected only by their ports and sockets. They have no other
functional relationship to each other. Therefore they can be modi-
fied completely independently of each other: changes made on a
subpage have no effect whatever on the net structure on a super-
page, and changes made on a superpage have no effect on a sub-

page.

Subpages and superpages interact directly only during simulation.
Their interaction consists only of the consequences of the fact that a
port and a socket are functionally the same place, so that any change
that a subpage makes to a port's marking intrinsically changes the
superpage's socket's marking, and vice versa.

Thus a subpage functions as a module in much the same way that a
subroutine does. Thereisaclearly defined interface, implemented
in this case by the ports and sockets, and the only connection be-
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tween amodule and anything that usesit isthe interface. However a
subpage is not exactly like a subroutine: it isin some ways more like
amacro.

Subpages, Subroutines, and Macros

The similarity between a subpage and a subroutine should now be
obvious. Just asyou can create a subroutine independently of other
code, have only one copy of it, and call it from many pointsin a
program, so you can create a submodel independently of other net
structures, have only one copy of it, and useit in many locationsin
amodel.

However, subpages differ from subroutines in one important way.
Although they are not physically copied into superpages, the effect
of such copying being provided by using instances, the functional
effect isthe same asif they actually had been copied. Consequently
substitution transitions are really more like macros than like subrou-
tines: they are not called during execution and instantiated only when
and if they are called, as subroutines are, but are replaced by their
values during compilation, as macros are.

In practice, the macro-like quality of substitution transitions has only
one consequence: substitution transitions cannot be used recur-
sively, ether directly or indirectly, for such usage would lead to an
infinite loop of substitution. Design/CPN does not permit you to
specify recursive substitution.

Removing Hierarchical Constructs

Reversing Substitution Transition Creation

Asamodel evolves, it sometimes happens that a substitution transi-
tion that was once useful ceasesto be so. When this occurs, you
can reverse the creation process, copying the subpage into the su-
perpage and eliminating the substitution transition.
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Process
Processing

5"Proc2
+4°Proc3 PROC

Resource

v if PROC = Proc2)
\ ResMgr then 2°Res else 3'Res ResPool
<
PROC @+5 I HS
T'Res

Select the substitution transition to be replaced: in the exam-
ple above, the transition Res Mgr .

Choose Replace by Subpage from the CPN menu.
TheReplace By Subpage diaog appears.

Replace By Subpage

Delete Pages which have
Mo Other Supernodes

Delete Port Nodes with
Mo Port Assignment

4

4

Duplicate Port Nodes with
Multiple Port Assignment

[ Reset | [ cCancel |

4

Click OK.

The dialog disappears. Design/CPN copies the subpage back into
the superpage. Theresultis:
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Process

’_@

5'Proc2
+4'Proc3  |prOC
A 4

Request

PROC

Process I

PROC
. Resource
if (PROC = Proc2)

Obtain then 2°'Res else 3'Res ResPool
‘ >
@+ if (PROC = Proc2) then 7 else 11

PROC TRes

Process

PROC

\ Release
PROC @+5

Status of the Model

The model isnow exactly as it was before the substitution transition
was created. Itisnot structurally or functionally different in any
way for having been split into two hierarchical pages and then re-
assembled. The two operations are exactly inverse.

Deleting a Subpage

Asamode evolves, it sometimes happens that a subpage is no
longer needed for some reason. The need then is not to copy it to a
superpage, but to get rid of it entirely.

Deleting such a subpage is no different from deleting any other
page. Design/CPN automatically makes all adjustments necessary to
reflect the fact that the subpage no longer exists.

For example, suppose you decided that implementing a more intelli-
gent algorithm for Obt ai n isnot necessary after al, so that the
subpage New#3 on which you might have implemented such an al-
gorithmis no longer necessary. To delete the subpage:
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Open the hierarchy page.
Select the page node for New#3.
PressDELETE. (You can't Cut awhole page.)

A confirmation dialog appears:

Caution

Selection contains page nodes. Are you
sure you want to delete the
corresponding pages?

Cancel 11,4

Click OK.

The page node for New#3, and the connector designating it asa
subpage of New#2, both disappear. New#3 is gone.

Open New#2.

Smart Obt ai nisnow just an ordinary transition, and the regions
designating it as a subgtitution transition have disappeared.

Status of the Model

Isthe net functionally the same as before Smar t Obt ai n wascre-
ated? Itisnot! Smart Obt ai n doesnot have atime region (See
Chapter 12, “Simulated Time,” for a discussion of time regions),
but Obt ai n did: the region was moved to a subpage along with
Obt ai n, and disappeared from the model when the subpage was
deleted. Creating and then deleting a subpage, even if only one
transition was moved to the subpage, can permanently change a su-

perpage.

Deleting a Reference to a Subpage

11-24

Sometimes there is a reason to break the association between a
substitution transition and its subpage. When such an association is
broken, the substitution transition becomes an ordinary transition.
The subpage remains associated with any other substitution transi-
tionsthat referenceit, and continues to be available for use by addi-
tional substitution transitions.
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To delete areference to a subpage, delete the hierarchy key region
from the substitution transition that referencesit.

Open Resmod#1.

Select the hierarchy key region next toResMyr 2.

Press DELETE.

The hierarchy key region and associated hierarchy region disappear:

PROC @+5
Process \
Processing PROC ResMgr2
._/ ’
5'Proc2 A

+ 4'Proc3 PROC

if (PROC = Proc2)
then 2°Res else 3'Res

Resource,

v if (PROC = Proc2)
\ ResMgrl then 2'Res else 3'Res ResPool
<
PROC @+5 | HS
T'Res

ResMgr 2 isnow an ordinary transition. Its statusisthe same as if
it had never been a substitution transition.

Manually Assigning Ports to Sockets

It was easy to convert Resngr 2 into a subgtitution transition in the
exampl e above, because there was no need to indicate explicitly
which port should be associated with which socket: Design/CPN
made the assignment automatically by matching port names with
socket names.

Equating ports and sockets by matching their names can be a great
convenience, but it does not always provide what is needed.
Requiring port and socket names to match would be like requiring a
subroutine always to be called with the same variable namesin the
argument list. The disadvantages are obvious. To avoid such
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problems, Design/CPN allows you to manually specify what port
will be matched with what socket when a substitution transition is
created.

In the Resmod example, page New#2 is currently the value of the
substitution transition ResMgr 1, and ResMgr 2 isan ordinary
transition, having been restored to that status in the previous section.

Suppose that the port named ResPool on page New#2 in the ex-
ample were renamed Rez Pool . This makes no functional differ-
ence. Design/CPN matched the names when Res Mgr 1 becamea
substitution transition, but the association of port with socket that
was created then has no further connection with the name of either
place. Port and socket names may therefore be changed without ref-
erence to one-another.

When names don't match, we need some other way to determine
what port is associated with what socket. The necessary informa:
tion is kept in the hierarchy region of the subgtitution transition. If
you expanded the hierarchy region of ResMgr 1 to display al of its
contents, the page would look like this:

PROC @+5
Process w
Processing PROC ResMgr2
_/ ’
5'Proc2 A

+4°Proc3 PROC

if (PROC = Proc2)
then 2°Res else 3'Res

. Resource
v if PROC = Proc2)
ResMagrl then 2°Res else 3'Res ResPool
| esMgr < e
PROC @+5 | HS

New#2 7"Res
ResPool->RezPool

The second line in the region indicates that the socket Res Pool in
Resmod#1 is associated with a port named Rez Pool . Thefirst line
indicatesthat Rez Pool ison New#2. Thereisno linefor
Processi ng, because it has the same name asits port (at least in
the context of ResMgr 1). Theregion could contain aline
"Processing->Processing”, but for economy such lines are just
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omitted. If bothPr ocessi ng and ResPool matched their ports,
the region would contain only the name of the relevant subpage.

If you madeRes Myr 2 a subgtitution transition whose value isthe
page New#2, then expanded Res Mgr 2’ s hierarchy region to dis-
play itsfull contents, the page would look like this:

PROC @+5
Process w
Processing PROC > ResMgr2
_/ HS
5'Proc2 A New#2
+4°Proc3  |prOC ResPool->7??

if (PROC = Proc2)
then 2°Res else 3'Res

N

PROC @+5

v if (PROC = Proc2) Resource
ResMgrl then 2'Res else 3'Res ResPool
<
| HS

New#2 7' Res
ResPool->RezPool

(The region has been repositioned to make the figure fit on the
page.)

The port and socket named Pr ocessi ng have been matched auto-
matically, so no reference to them appears in the hierarchy region.
Theregion indicates that Res Mgr 2 has one unassigned socket:
ResPool .
To assign the port RezPool to the socket Res Pool :

Select ResPool .

Choose Port Assignment from theCPN menu.

The status bar displays Select one of the compound Nodes.

Click onResMgr 2.

Design/CPN displays the subpage for ResMgr 2, so that you can
indicate which port you want.
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Click onRezPool .

Design/CPN returns you to Resmod#1. The hierarchy region for
ResMgr 2 now shows that the socket Res Pool isassociated with
the port Rez Pool :

PROC @+5

W

ResMgr2

HS

[ New#2
ResPool->RezPool

if (PROC = Proc2)
then 2'Res else 3'Res

Resource,

if (PROC = Proc2)
\ ResMgrl then 2'Res else 3'Res ResPoo
PROC @+5 I HS

New#2 7'Res
ResPool->RezPool

Y ou can aso use this technique to reassign ports and sockets. Just
make the assignment you want, and the existing assignment will be
replaced by the new one.
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[if (order = Big)

Chapter 12

Simulated Time

The model we will usein this chapter, FmodTimed, consists of a
superpage containing an overview of a sales order system, a sub-
page containing a decomposition of that overview, and (as aways) a
global declaration node.

FmodTimed, as shown below, gives afairly redlistic, though quite
high-level, view of asimple Sales Order System, except for one
thing: it contains no representation of time.

This chapter shows you how to represent and manage timein a CP
net, and how to use this understanding to create a version of
FmodTimed that takes account of the fact that no activity happens
instantaneously.

We don't need to be concerned with the hierarchy page or the super-
pagein this chapter. The subpage and global declaration node ook
likethis:

[if (order = Big)

then staff = Expert then equip = Fast

else true]

else true]

Enter Order

(order, staff)

ProductShipped

staff

Staff
Staff Pool

OrderEntered

Process Order

(order, staff)

(order, staff)

OrderProcessed

Processed
Order
l Ship Product

(order, staff)

order

equip

Equipment

[r]wo

Equip Pool

staff
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var order: Oder;
var staff: Staff;
var equi p: Equi pnent;

color Oder =with Big | Small; (* Oders for products *)

col or Product Shi pped = O der; (* Oders shipped *)

color Staff = with Expert | Novice; (* Staff menbers *)

col or Equiprent = with Fast | Sl ow (* Pieces of equipnent *)

color OrderEntered = product Order * Staff; (* Oders entered but unprocessed *)
col or OrderProcessed = O derEntered; (* Oders processed but unshi pped *)

(* An order *)
(* A staff nenber *)
(* A piece of equipnent *)

The Nature of Simulated Time

In order to understand how time is represented in a CP net, we must
first distinguish clearly between real time and smulated time. Real
timeisjust that: timeintherea physical world in which the ssimula-
tor executes amodel and we can watch what happens. Smulated
timeisjust asymbolic representation of time that we may optionally
build into amodel. It has no reality outside the symbolic world of
the model that containsit.

Real time and simulated time have no intrinsic relationship whatso-
ever. We may or may not build a symbolic representation of time
into amodel. If we do not, the sequence of states that an executing
model passes through has no temporal interpretation: it isjust ase-
guence of states.

Representing Time in a CP Net

In order to take time into account, we need away to represent and
manipulate time within amodel. A surprisingly simple methodol ogy
provides everything we need in order to represent time in a CP net:

» A token may have an associated number, called atime stamp.
Such atoken is called atimed token, and its colorset isa
timed colorset.

» The smulator contains a counter caled the clock. The clock
isjust anumber (integer or real) whose current valueisthe
current time.

» A timed token is not available for any purpose whatever un-
less the clock time is greater than or equal to the token'stime
stamp.
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» When there are no enabled transitions, but there would be if
the clock had a greater value, the smulator increments the
clock by the minimum amount necessary to enable at least one
transition.

That's al we need to create a dimension of simulated time that has
exactly the properties that we need. Let'slook more exactly at how
these rules work to provide ssimulated time.

How Simulated Time Works

Simulated time has nothing to do with the external time during
which the simulator steps through net execution and observers pos-
sibly watch the execution process, or with the numbered sequence
of steps by which the smulator executesanet. Simulated timeis
just an incrementable number that is globally available within an ex-
ecuting model. The value of this number can be thought of asthe
timeindicated by asimulated clock. When the number isincre-
mented, the clock moves forward to alater time.

The units of simulated time do not inherently represent any particular
absolute time unit. We may interpret smulated time units as mi-
croseconds or millennia, depending on what we are modeling, but
syntactically timeisjust anumber. For brevity, smulated timeis
sometimes referred to as model time

Simulated Time and Transition Enablement

The state of anet changes only when enabled transitions fire. In or-
der for smulated time to affect on net execution, it must therefore af-
fect transition enablement and firing.

This effect is produced by the rule that atimed token is unavailable
for any purpose unless the clock is greater than or equal to the to-
ken'stime stamp. Such atoken isignored when transitions are
checked for enablement: it might aswell not be there at all.

In effect, atimed token does not exist until the clock reaches a cer-
tain time, given by the token's time stamp. When the clock reaches
that time, the token suddenly springsinto existence, becomes a fac-
tor in determining enablement, and can be subtracted by transition
firing.

The Simulated Clock
Simulated time could tick forward continually, as rea time does, but

that would be a very inefficient way to do things: the clock would
frequently waste real time counting off intervals of smulated time
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during which the model remains unchanged. Such counting would
accomplish nothing. It ismore efficient in such a case to jump the
simulated clock immediately to the next time when some changeis
possible, and proceed with executing the net.

Therefore the smulated clock does not move at a steady rate.
Instead, it remains at its current value as long as there are any en-
abled transitions. When there are no enabled transitions |eft the
clock jumps forward by the smallest amount necessary for at least
one transition to become enabled. Thisimpliesthat time will never
move forward in a net that always has enabled transitions indepen-
dently of time.

Simulated time passes when and only when the clock isincre-
mented. Everything that happens while the clock remains at a par-
ticular setting is both simultaneous and instantaneous in simulated
time.

Thisis convenient when a system contains an event that happens at a
particular moment, but that is sufficiently complex that modeling it
by firing a sequence of simple transitions, rather than one complex
transitions, ismost convenient. Leaving the clock unincremented
during such a sequence lets us model the event as a manageable se-
ries of small changes, while preserving the instantaneity of the
event's effect on the state of the model.

Other Uses for Simulated Time

Simulated timeisjust a mechanism that follows certain rules.
Nothing requires this mechanism to be used only for the purpose of
simulating the passage of time. It can be used in any way that is
useful.

A net that will use the charting facility to display information about
net execution will probably need to initialize one or more statistical
variables at the start of execution. Y ou can accomplish this by using
timing, but it is much more convenient to usethei ni t section of a
chart’ s code segment, as described in Chapter 15.

Specifying Timed Simulation

12-4

Not all nets need to usetiming. A net that does not has no need of
the logic necessary to manage simulated time. Including such logic
in the model would just add overhead.

A net that will use timing must specify the fact in the Time section
of theSimulation Code Optionsdiaog (Set menu). The speci-
fication may include an initia time value, which must be nonnega-
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tive and defaultsto 0. Before execution begins, the clock will be set
to the time indicated in the dialog.

Simulation Code Options §‘|

—Mode
@ Fair Simulation (Interactive and Automatic)
1 Fast Simulation (Automatic)

{7y Both
— Time
@ With @ Integer I
3 Without ) Real 6.8
{7y Both

— Code Seqments
i With

O Without

i3 Both

[Saue...] [ Load ] [ Reset ] [Eancel] lI]

The option Both causes code to be generated to support both timed
and untimed simulation. This option is useful with amodel that will
sometimes be run with time, and sometimes without it.

TheTime option inthe Simulate With section of the General
Simulation Optionsdialog (Set menu) specifies whether a par-
ticular smulation run isto be timed or not:

General Simulation Options =

—Simulate With

—_Stop Criteria

O Fade Bulomalis @ Mo Limit
@ Fast Automatic [ Additional Steps (I
O Fady intarad Hee J until Step Number 1% ]
B Time [ Additional Time
(4 Code Segments J until Time Is i}
— Record [J until Time Advances
3 None
B Step Information
&4 Bindings

[Saue...] [ Load ] [Heset ] [Eancel]
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The Stop Criteria section of the General Simulation Options
diaog permits termination of the smulation to be controlled by time:
Additional Time

Simulation stops as soon as the number of time units specified in the
value box have elapsed. Thisoptionisavailableonly if Timeis
chosen inthe Simulate With section.

Until Time is

Simulation stops as soon as the clock value equals or exceeds the
time specified in the value box. Thisoption isavailable only if
Timeischoseninthe Simulate With section.

Until Time Advances

Simulation stops as soon as the clock advances. Thisoption is
availableonly if Timeischosen inthe Simulate With section.

Declaring a Timed Colorset

To declare atimed colorset, declare it as you ordinarily would, and
append the keyword t i med to the declaration.

When a colorset is timed, duplicate colorsets and composite col-
orsets that include it are timed a so, and therefore do not need be
explicitly declared t i med.

For example, the colorsets Or der, St af f, and Equi pment in
FmodTimed are specified as follows:

color Order = with Big | Small tinmed; (* Orders for products *)
col or Product Shi pped = Order;

color Staff = with Expert | Novice timed;
col or Equi prment = with Fast | Slow tined;

(* Oders shipped *)
(* Staff nmenbers *)
(* Pieces of equipnment *)

color OderEntered = product Order * Staff;
col or O derProcessed = O derEntered;

var order: Oder;
var staff: Staff;
var equi p: Equi pnent;

(* Oders entered but unprocessed *)
(* Orders processed but unshi pped *)

(* An order *)
(* Astaff menber *)
(* A piece of equiprment *)

Pr oduct Shi pped, Or der Ent er ed, and Or der Pr ocessed
inherit the timed attribute, so all colorsets are now timed.
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Giving a Token a Time Stamp

Tokens get time stamps via expressions called delay expressions A
delay expression has the form:

@ expression

where“@ " appearsliteraly, and expr essi on isan arithmetic ex-
pression.

A delay expression defines atime equal to the current simulated time
(symbolized by the @ sign) plus (+) the value of theexpr essi on.
This value becomes the time stamp of any tokens created under the
aegis of the delay expression.

There are two ways to use a delay expression to provide time stamps
for tokens: by putting it in atime region, and by appending it to an
output arc inscription.

Delay Expressions in Time Regions
A timeregion isaregion associated with atransition. Theregion
contains adelay expression. Every output token of atimed colorset
that is created by the transition will have atime stamp as designated

by the delay expression. Output tokens of non-timed colorsets will
be handled just asif there was no time region. For example:

ProductShipped

mor

OrderProcessed

Processed
Order
order

1°(Big,Expert)

Staff

Staff Pool i
IE' /0 - Ship Product
@+5

(order, staff)

J

staff

All tokensthat Shi p Product addstoPr oduct Qut or St af f
Pool will have atime stamp equal to the model time when the to-
kens were created plus 5. They will therefore be effectively nonex-
istent until the clock has been incremented by at least 5. This might
represent a situation in which shipping a product takes 5 minutes,
after which the staff member is again available to process orders.

Design/CPN Reference Manual for X-Windows 12-7



Design/CPN User’s Guide

Delay Expressions on Output Arc Inscriptions

When atimeregion is used, al output tokens of timed col orsets nec-
essarily get the same time stamp. It is often convenient to give dif-
ferent time stamps to the tokensin different output places. Thiscan
be accomplished by appending delay expressions to individual out-
put arc inscriptions. For example:

ProductShipped

mor (D)

OrderProcessed

Processed
Order
order @+5

1°(Big,Expert
Staff (Big.Expert)

Staff Pool Ship Product
G p

(order, staff)

)

staff @+10

All tokensthat Shi p Product addstoPr oduct Qut will havea
time stamp equal to the model time when the tokens were created
plus5, and al tokensthat it addsto St af f Pool will haveatime
stamp equal to the model time plus 10.

This might represent a situation in which shipping a product takes 5
minutes, after which the staff member takes a5 minute break. The
product is thus available for further processing after 5 minutes, but
the staff member is not available to process another order for 10
minutes. (Since no logic is shown that uses the tokensin Pr oduct
Qut , their time stamp would make no actual difference, but such
logic could easily exist.)

Omitting a Time Stamp

12-8

The fact that a colorset istimed does not mean that time is necessar-
ily of interest in everything atoken of that colorset does. Therefore
atimed token does not have to have atime stamp; it only has the op-
tion to have one. If no time stamp is given to atimed token, the de-
fault time stamp isthe current time. Since the clock never hasa
negative value, such atoken is guaranteed to be immediately avail-
able, just asif it came from a non-timed colorset but was otherwise
the same.
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For example, sincetime delays on tokensin Pr oduct Out accom-
plish nothing because the tokens will never be used again, the pre-
ceding example would be more economically expressed as.

ProductShipped

or (D

OrderProcessed

Processed
Order
order
Staff
IE' /0 Staff Pool Ship Product

(order, staff)

J

staff @+10

Time Stamps and Initial Markings

It is often useful to give atime stamp to the tokensin aplace'sinitia
marking. Thisisaccomplished by appending adelay expression to
theinitial marking region. For example:

Order ProductShipped
Process Orders
1" order 1~ order Product OUt
—b
10'Big + HSI ProcOrds#3
10°Small

1" staff 1 equip

Staff Equipment

Staff Pool Equip Pool
4 Expert + 2 Fast +
2"Novice 4°Slow @+20

This could represent a situation in which equipment must warm up

for 20 minutes at the beginning of awork day, and is not available
until the warmup time has elapsed.

When noinitial time stamp is specified for an initial token of atimed
colorset, the default initial time stamp is the time specified in the
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Time section of the Simulation Code Optionsdialog (Set
menu).

Time Stamps and Multisets

When a multiset that defines more than one token is created, by an
initial marking region or in any other way, al of the tokensin the
multiset get the same time stamp. Thus:

Order ProductShipped
Process Orders
1 order 1 order Product Out
—»
10'Big + HSl ProcOrds#3
10°Small

1" staff 1" equip

Staff

Staff Pool

Equipment
Equip Pool

4 Expert + 2'Fast @+10 +
2 Novice 4°Slow @+20

Thisisillegal, and would cause a syntax error.

Example of Time Region Use

In the following examples the FmodTimed model uses time regions
instead of output arc delay expressions and time stampsin initial
markings. Examples of these techniques would not demonstrate
anything fundamental that examples of time regions do not.

Suppose every order takes 5 minutes to enter, 10 minutes to pro-
cess, and 5 minutesto ship. To represent this, Pr ocess Or der
needs the time region @10, and the other two transitions need time
regions of @5.

CPN Region command (CPN menu) sets the time regions:
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CPN Region —

1 Name
1 Guard
iy Code
Cilog

i Time

L ok ]

Creating atime region is no different graphically from creating a
guard or any other text region.

When all the time regions have been added the net should look like

this:
[if (order = Big) [if (order = Big)
then staff = Expert then equip = Fast
else true] else true]

Enter Order
order (order, staff)

@+5 ProductShipped

Order OrderEntered
> El o

Process Order

(order, staff)

(order, staff) @+10

OrderProcessed

Processed
Order
Staff Equipment Ship Product
Staff Pool i
E 170 aif Poo E /0 Equip Pool \ »

(order, staff) @+5

J

order

staff

equip

staff

Therest of this chapter illustrates timed execution in the context of
the above net.

Executing a Timed CP Net

A timed net is executed just asany net is. The only differenceisin
what the net does as it executes.

At the beginning of simulation the example net would look some-
thing like:
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[if (order = Big)
then staff = Expert
else true]

Enter Order

[if (order = Big)

then equip = Fast

else true

order (order, staff)
+5
@ ProductShipped
Order
Y OrderEntered
Entered EI Out
@ Order
= t
In
- Process Order
10'Big@]0,0,0,0,0,0,0,0,0,0]+ (order, staff)
10"Small@[0,0,0,0,0,0,0,0,0,0
(order, staff) @+10
OrderProcessed
Processed order
equip
Staff Equipment | Ship Product
Staff Pool Equip Pool
[®] vo [e] o
(order, staff) @+5
4’Expert@[0,0,0,0] 2'Fast@[0,0]+
+ 2 Novice@[0,0] 4’Slow@]0,0,0,0] J

staff

Note the way the time stamps of the individual tokens are indicated.
Thetimesindicated are not delays, but the actual times that the clock
must reach before the various tokens become available. Thetime
stamps all happen to be the same now, but thiswill not generally be
the case as the net executes.

The status bar displays: Time: 0 Step: 1.

If we begin execution, then stop execution when the simulator has
finished Step 3, timing doesn't make any great differencein the
sorts of things you see as a net executes. All it has added is more
realistic behavior with respect to time. At the end of Step 3, the net
would look like this:
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order

Order In

Eln

6°Big@]0,0,0,0,0,0]+
8'Small@[0,0,0,0,0,

[] vo

[if (order = Big) [if (order = Big)
then staff = Expert then equip = Fast
else true] else true]
Enter Order
(order, staff)
+5
e ProductShipped
A OrderEntered
Entered E Out
Or @
2'Small@[20,20]
2°(Big,Expert) Process Order
@I[5,5] (order, staff)
0,0,0]
(order, staff) @+10
OrderProcessed
staff ” order
equip -
Staff Equipment 2'(Big,Expert) Ship Product
Staff Pool EI /o Equip Pool @[25,25]
e (order, staff) @+5
2"Novice@[20,20] 2 Fast@[25,25]+
4'Slow@]0,0,0,0] |
staff

Carefully examine Pr ocess Or der anditsinput places. There are
two Bi g ordersin Ent er ed Or der , each with an associated
Expert, and there aretwoFast equipment piecesin Equi p

Pool , but Process Or der isnot enabled. Why not?

The status bar shows that the timeis 20. Now look at the time
stampsinthetwo Fast equipment pieces. Both stamps are 25.
Therefore the tokens are not available; that iswhy Pr ocess Or der
is not enabled.

The pieces of equipment that the two Fast tokens represent are ac-
tualy still in use to process the two orders whose tokens are now in
Processed Or der, aso with time stamps of 25. Notethat Shi p
Or der isalso not enabled: the jobswill not be ready to be shipped
until the model time reaches 25.

Tokens that represent unavailable entities are visible in their places,
but functionally they might aswell not be there at al. The simulator
could have been designed to make such tokens actually invisible,
which would better reflect their functional status, but doing so
would make a net harder to understand by looking at it, since infor-
mation would be missing.
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Simulation With and Without Time

It is sometimes useful to execute atimed net without taking account
of time. Such execution can make it easier to examine the causa
structure of amodel, which sometimes becomes obscured when
timing complicates the model's behavior.

Timed simulation can be switched on and off whenever executioniis
stopped between steps.

Choose General Simulation Optionsfrom theSet
menul.

TheGeneral Simulation Optionsdiaog appears.

General Simulation Options

—Simulate With

——5top Criteria

1 Fair Automatic 0 No Limit

O Fasd dutamatis [J Additional Steps _

@ Fair Interactive [J until Step Number Is ]

< Time (] Additional Time i

[<] Code Segments J until Time Is i}
 Record ] Until Time Adrances

i Mone

] Step Information

[] Bindings

[save..] [ Load | [ Reset | [cancel]

Under Simulate With, click Time, so that it becomes de-
selected.

Click OK.
The net now ignores al time stamps: tokens are available if they ex-

ist, no matter how they are stamped. Therefore both Pr ocess
Or der andEnt er Or der are now enabled:
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[if (order = Big) [if (order = Big)
then staff = Expert then equip = Fast
else true] else true]
Enter Order
order (order, staff)
@+5 .
order ProductShipped
A OrderEntered
Entered E Out
< Opder ©
Fin @ 2'Small@[20,20]
o 2°(Big,Expert) Process Order
6'Big@[0,0,0,0,0,0]+ @ES,S] (order, staff)
8'Small@[0,0,0,0,0,0,0,0]
(order, staff) @+10
OrderProcessed
staff Prose order
equip ©), r
Staff Equipment 2'(Big,Expert) Ship Product
Staff Pool Equip Pool @][25,25]
[F] vo [F] vo
e (order, staff) @+5
2'Novice@[20,20] 2 Fast@[25,25]+
4°Slow@[0,0,0,0] ]
staff

If we return to doing timed ssmulation, time stamps are again opera-

tiveand Pr ocess Or der andEnt er Or der areno longer en-
abled.

More Realistic Timed Behavior

To increase the realism of the model we will changeit so that orders
of different types are handled differently. To accomplish the
change, al we need to do is have one or moretime regions assign a
delay that is conditional on the type of the order.

All bound arc variables are available to atime region, so everything
we need to make this change is already available.

Moving Pr ocess Or der 'stimeregion to the clear area above the
transition and editing Pr ocess Or der 'stime region to be

@ if (order Bi g)
then 10 el se 2

The net now looks like this:
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Entered @+ if (order = Big)
Order then 10 else 2
Process Order
l (order, staff)

(order, staff)

OrderProcessed

Processed
Order

equip

Equipment
Equip Pool

1'Fast

Executing the net now produces more complex and redlistic behav-
ior.
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Code Segments

Simulation with Code

Each transition may have an attached code segment which contains
ML code, typically used for 1/O such as chart displays and file
communication. Code segments may be executed when their parent
transition occurs.

Y ou can globally and locally (for each page instance) define whether
you want a s mulation to generate code for execution with code and
then whether or not to execute the code segments. Code must have
been generated for execution with code in order to specify code
segment execution.

Code generation is specified with the Simulation Code Options
command (Set menu).

Global code segment execution is specified with the Gener al
Simulation Optionscommand (Set menu).

Page level code segment execution is specified with the M ode
Attributes command (Set menu). This command permits you to
specify either individual pages or substitution transitions.
Characteristics and Syntax

Code segments are key/popup regions and the keys contain “C” (for
Code). Code segments may use CPN variables and may bind CPN
variables |ocated on output arcs that are not bound el sewhere.
Each code segment may contain:

* Input pattern (optional)

* QOutput pattern (optional)

 Code action (mandatory)
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13-2

Input pattern

Aninput pattern is atuple of CPN variables, preceded by the key-
word i nput . Theinput pattern liststhe CPN variables that can be
used in the code action. The code action can use the values of these
CPN variables but it cannot change them.

The CPN variableslisted in the input pattern can be used in the code
action even if you have declared an ML identifier with the same
name in the declaration node.

If theinput clauseis omitted, it impliesthat no CPN variables can be
used in the code action.

Output pattern

An output pattern is atuple of CPN variables, preceded by the key-
word out put . The output pattern lists the CPN variablesto be
changed as aresult of the execution of the code action.

An output pattern must be a CPN variable or atuple of CPN vari-
ables without repetitions.

If the output clauseis omitted, it impliesthat no CPN variables are
calculated.

Code actions

A code action isan ML expression, preceded by the keyword ac -
tion.

The code action cannot contain any declaration of colorsets, CPN
variables, or reference variables. It can, however, apply user-de-
clared and predeclared constants, operations, and functions. In ad-
dition, new functions and constants can be defined for local use by
means of let/in/end.

The code action is executed as aloca declaration in an environment
containing the CPN variables specified in the input pattern. This
guarantees that the code action cannot directly change any CPN vari-
ables but only local copies of them.

When the code action has been executed, itsresult is applied to bind
the CPN variables in the output pattern. The code action, when
evaluated in an environment containing the input pattern variables
must yield aresult of the same type as the output pattern. 1f no out-
put pattern is given, itstype is assumed to be unit.
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Log regions

When a code segment creates output for the predeclared output
stream called “log”, the text argument is gppended to the text in the
log region for the corresponding transition.

Thelog region is a key/popup region and the key contains“L” (for

log). If thetransition does not already have alog region, anew log
region isautomatically created.

Design/CPN Reference Manual for X-Windows 13-3






Chapter 14

Statistical Variables

Statistical variables provide the ability to accumulate and access
statistics about data generated during the execution of amodel. The
available statistics include standard deviation, variance, average, and
many others.

Touse astatistical variable, you declareit, initialize it, update it with
values, and access the statistics that the variable has accumul ated
about those values. Updating and accessing can be freely inter-
mixed. A datistical variable may be cleared (reinitialized) at any
time, allowing anew set of statistics to be accumulated.

This chapter shows how statistical variables are created, updated,
and accessed. Chapter 16 contains an example of statistical vari-
ables, and shows how to use them with charts to display the results
of model execution.

Using Statistical Variables
The general method for using a statistical variableis:
1. Createthevariable.

2. Usethe variable to accumulate data about some aspect of an
executing model. Thisisaccomplished by calling a statisti-
cal update function on the variable and supplying the new
data.

3. Usethevariable to derive the results of statistical calculations
performed on the data it has accumulated. Thisis accom-
plished by calling statistical access functions on the variable.

Statistical variables are declared in the global declaration node, and

initialized, updated, and accessed in code segments or user-supplied
functions called by code segments.
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Structure of Statistical Variables

A datistical variable could be implemented asalist of al the datathat
it has accumulated, and the task of calculating statistics about the
data could be left until the statistics are needed. But accumulating a
large quantity of datawould use up too much memory, and the pro-
cess of calculating statistics on it would cause significant delays.

Instead a statistical variable is a structure with adot for the value of
each supported statistical function. Each time the variableis up-
dated, each of itsdotsis recalculated to contain the value of its par-
ticular statistical function computed over all the data that the variable
has accumulated. A statistical variable retains the most recent value
with which it was updated, but earlier values are not kept individu-
ally. Thisapproach conserves memory and distributes the time
needed to calculate statistical resultsinto imperceptible increments.

Creating Statistical Variables

To declare an integer Statistical variable, for example
“StatVarName”, type:

val StatVarName = SV'creatint ();
Thevauereturned is:

> val StatVarName = statvar {Avrg = ref
0.0, Count = ref 0O, First = ref 0, Mxi =
ref O, Mni = ref 0, SSum = ref 0, Sx = ref
O, Ssd = ref 0.0, Std = ref 0.0, Value =
ref 0, Vari = ref 0.0}

Note the structure of the variable: it isarecord with adot for each
statistical function that the variable keeps track of .

Thevariable St at Var Name now exists. It must beinitialized be-
fore values are added and used.

Initializing Statistical Variables

14-2

Toinitidize theinteger Statistical variable St at Var Nanme created
above, type:

SV'init StatVar Nane;

Thevariable St at Var Name isnow ready to receive valuesviathe
functionSV' upd.
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Updating Statistical Variables

To update the integer Statistical variable St at Var Name with the
value 4, type:

SV' upd (St at Var Nane, 4);

St at Var Name now has one value, the integer 4. Subsequent uses
of SV' upd updates St at Var Name with additional values. For
example, typing:

SV' upd ( St at Var Nanme, 2);
SV' upd (St at Var Name, 8);

updates St at Var Name with the values 2 and 8. Itsfirst valueis4,
its current value is 8, and the sum of all accumulated valuesis 14.

Accessing Statistical Variables

Average

Count

The following functions can be used to access the values stored in a
statistical variable. Except as noted, these values are not individua
data values with which the variable has been updated, but calcula
tions performed on all such values. The sample values shown are
those that would be returned from a statistical variable updated with
the values shown in the previous section.

To obtain the average of the values accumulated in St at Var Name,
type:

SV' avrg St at Var Nanme;

The value returned is 4.666666666666667.

To obtain the count of the number of values accumulated in
St at Var Nanme, type:

SV' count St at Var Nane;

Thevauereturned is 3.
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Current Value

To obtain the most recent value with which St at Var Name was
updated, type:

SV' val ue St at Var Nane;

The value returned is 8.

First

To obtain the first value with which St at Var Name was updated,
type:

SV' first StatVar Nane;

The value returned is 4.

Maximum

To obtain the maximum of the values accumulated in
St at Var Nane, type:

SV' max St at Var Nane;

The value returned is 8.

Minimum

To obtain the minimum of the values accumulated in
St at Var Nane, type:

SV' m n St at Var Nane;

The value returned is 2.

Standard Deviation

To obtain the standard deviation of the values accumulated in
St at Var Nane, type:

SV' std St at Var Nane;

The value returned is 3.055050463303893
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Sum

To obtain the sum of the values accumulated in St at Var Nane,
type:

SV' sum St at Var Nane;

The valuereturned is 14.

Sum of the Squares

To obtain the sum of the squares of the values accumulated in
St at Var Nane, type:

SV' ss St at Var Name;

The value returned is 84.

Sum of the Squares of Deviation

To obtain the sum of the squares of deviation of the values accumu-
lated in St at Var Name, type:

SV' ssd St at Var Nane;

The value returned is 18.66666666666666

Variance

To obtain the variance of the values accumulated in
St at Var Nane, type:

SV' vari St at Var Nane;

The value returned is 9.333333333333329

Clearing Statistical Variables
Toclear St at Var Nane, type:
SV'init StatVar Nanme;
SV' i ni t isthe same function with which the variable was origi-
nally initialized. Using it again clearsall valuesin St at Var Name.

The variable is again ready to receive values viathe function
SV' upd.
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Chapter 15

Chart Facilities

Overview of Charts

Creating Charts

Updating Charts

Charts are used to display numeric information in graphical form.
The information is often drawn from statistical variables, but it can
come from any source.

The CPN chart facility provides three types of charts:

1. Bar Chart: Displays values as the lengths of sectionswithin
one or more bars. Updating the chart modifies the lengths of
any or all bar sections.

2. History Chart: Displays values as the lengths of sections
within asingle bar. Updating the chart creates a new bar;
older bars are scrolled automatically to make room for the
new bar. Each bar remains on display until it scrolls off the
edge of the chart

3. Line Chart: Displays vaues as distances of linesfrom an
axis. Updating the chart adds a new segment to any or all
lines. All datawritten to the chart remains visible indefi-
nitely. The chart'sdisplay scale is automatically adjusted as
needed to provide room.

A model can create and display achart at any time during execution.
To create a chart, use the Chart command (CPN menu). To
change a chart definition, use Chart Attributes (Set menu).

Every chart has an associated code segment. This code segment
contains function calls that supply new valuesto be displayed in the
chart. Asmodel execution proceeds, every chart’s code segment is
executed as specified by the chart’ s attributes. This execution calls
the functions listed in the code segment. The chart is thereby up-
dated.
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A chart can also be updated in the simulator by selecting the chart,
then executing Update Chart (Sim menu).

Bar Charts

Bar charts display the values of expressions as the lengths of one or
more bars. The values of several expressions can be displayed as
separate sections, called parts, within anindividua bar. Typicaly a
bar chart displays values of several expressions calculated at the
same simulation step or model time.

This section covers the essentials of bar chart creation and use. A
complete example of bar chart use appears in the next chapter.
Bar Chart Nomenclature

Thisfigure shows atypical bar chart, and gives the names of its

components:
Char¢ Node
Bﬁr Pe‘rt Tit}e Gwd Lines
/ .
Bar Chart Tltle /— Upper Values
0 10 2§ 30 40 50 60 70 80 90100
Bar Names
“barl nvall pvall }gend
M Patl
bar2  nval 2 [ pval2 L] Part2 N~
Legend Labels
N
bar3  nval 3 pval3 Patterns
0 10 20 30 40 50 60 70 80 90 100
1 \ N.
Negative Values Lower Values P05|}|ve Values

Chart Node

The chart node surrounds the other chart objects. It has a box
shape, white fill and distinctive border.
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Title

Thetitle givesthe chart aname. It existsto describe the chart to the
user; it has no formal significance.

Bars

The bars form atwo-dimensiona display in which each row isa
bar. Bars may optionally be subdivided into two or more sections
caled parts. A bar that has not been subdivided has a single part.
Every part in abar has adistinctivefill pattern.

Bar Names

The bar labels contain text strings that describe the contents of the
corresponding bar.

Positive and Negative Values

The positive and negative values are labels that contain integer/real
values that reflect the current length of the corresponding bar. A
negative value labdl contains the sum of al parts that have negative
values, and similarly for a positive value label. These valuesare
automatically updated when the update functions are called.

Upper and Lower Values

The upper and lower values are labels that contain integer/real values
that give the scale of the horizontal axis. When the chart is updated,
they are automatically updated as needed to reflect the range of val-
ues currently displayed in the chart.

Legend

The legend describes the meaning of the patterns used in the bar
parts.

Patterns

The patterns contained in the legend are those used in the bar parts.
The systems assigns the specific patterns used.
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Legend Labels

The legend labels are positioned next to the patternsin the legend
and contain text strings that describe the contents of the correspond-
ing bar column.

Creating a Bar Chart

154

To create abar chart, select the Chart command (CPN menu).
Design/CPN displays the following dialog:

S [=—— Chart ———r———

Chart Type
(@ Bar Chart

3 Line Chart

If no charts have been created, the default isBar Chart. Otherwise
it isthe type of the most recently created chart.

Select Bar Chart if necessary.
Click OK.

The chart tool appears:

'ch

Creating abar chart is graphically the same as creating arectangle.
Depressing the mouse creates a default size chart node. The chart
tool is positioned at the lower right corner. Dragging this corner ad-
just the shape of the chart. To move the chart as awhole, hold
down SHIFT while dragging the corner.

Releasing the mouse terminates node creation and causes the system
to display theBar Chart diaog.

Design/CPN Reference Manual for X-Windows



Chart Facilities

Bar Chart Dialog

Sl Bar Chart
Name Regions Update Period
[Bar Chart i | [ Title [ End of Run
Bars [(JLegend []Time I:I
No of Bars l:l ] Bar Names O step I:I
Mo of Parts I:l [<] Pos. Dalues
Bar Height (] Neg. Dalues Value Type
[ History Chart (] Upper Ualues ® Integer
Retain I:I [<] Lower Palues ) Real
Grids Lines Initialization lalue Range
i Number .
[ save Cop Min a
_ Distance 4
[ Ticks Only (<] Keep Contents Max 168
[Saue...] [ Load ] [Heset ] [Eancel]

This dialog defines the appearance, initialization, method of updat-
ing, and value range for the chart. The defaults are as shown in the
dialog above. The meanings of the optionsin thisdialog are cov-
ered in Chapter 21, “CPN Menu Commands,” section “Chart,” sub-
section “Bar Chart Didlog.” Please read the information there before

you proceed.

Select options and enter values to describe the desired bar

chart.

The values that produce the bar chart shown in the nomenclature bar

chart above are;
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Ell BarChart V——:———|
Name Regions Update Period
Bar Chart 1
| ] Title (<] End of Run
Bars  Legend [ Time I:I
No of Bars ] Bar Names [Istep I:I
Mo of Parts [ Pos. Dalues
Bar Height [ Neg. Ualues Palue Type
] History Chart (] Upper Dalues @ Integer
Retain I:I [<] Lower Values 3 Real
Grid Lines Initialization Value Range
@ Number ;
[ save Cop Min i}
O Distance K C Ltl t | 188
[ Ticks Only [<] Keep Contents ax
[Saue...] [ Load ] [Heset ] [Eﬂncel]

When you have specified the desired options and values:
Click OK.

The dialog closes, and the chart appears on the page.

Editing a Bar Chart

15-6

Every component of abar chart isagraphical object, and can be
changed in the editor or the ssimulator. Such changes can be made as
soon as the chart is created, or anytime thereafter.

All bar chart components are regions of the chart node. Thisallows
achart to be scaled by dragging any of its handles with the mouse.
All components except fonts will scale themselves proportionately.
To change font sizes, select the textual object(s) to be changed, then
use Text Attributes (Set menu).

Supplying Bar Chart Labels

When anewly created bar chart has atitle, alegend, and/or bar
names, alabel that contains dummy text appears for each of these
that is present. These dummy labels, including thetitle, are shown
in bold in the following figure:
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Title

0O 10 20 30 40 50 60 70 80 90 100
L L L L L L L

barl nval | pval

W Partl
bar2 nva2 pva2 O Part2
bar3 nva3 [ pval3

0O 10 20 30 40 50 60 70 80 90 100

None of these labelsis functionally significant, so thereisno re-
guirement to change any of them. Values should be supplied in or-
der to make the chart self-explanatory. To supply these values:

Edit the dummy labelsin text mode to specify the desired
values.

Y ou can also change the positions, fonts, and styles of any or all
dummy labels, and you can resize the chart or any component of it
to make room for the edited |abels. For example, the labelsin the
above chart could be edited to make the chart like this:

Expense and Income by Market
0O 10 20 30 40 50 60 70 80 90 100

U.S.A nvall pvall

Bl Expense
E.E.C nval2 [ pva2| [ Income
C.1.s. nval3 pval3

0O 10 20 30 40 50 60 70 80 90 100

Redefining a Bar Chart

Any of the attributes specified for abar chart at its creation may sub-
sequently be changed, with the exception of the chart name, which
remains the same throughout the life of the chart. Changes can be
made in the editor or the smulator. To change an existing chart:
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Select Chart Attributesfrom the Set menu.
TheChart Attributesdiaog appears. The chart name does not
appear, because it cannot be changed. All other attributes ook as

they did when you clicked OK to approve the chart definition cur-
rently in effect.

Make any desired changes to chart attributes.
Click OK to approve the changes.

For example, suppose you redefined the above chart by deselecting
theUpper Valuesoption. The chart would then look like this:

Expense and Income by Market

U.S.A nvall [ pvall

B Expense
E.E.C nval2 [ pva2| [ Income
C.1.s. nval3 pval3

0 10 20 30 40 50 60 70 80 90 100

Some changes require reswitching, chart initialization, and/or re-
placement of the chart’s code segment. Design/CPN will notify you
if any of theseis necessary.

Updating a Bar Chart

When abar chart is created, it is automatically supplied with a code
segment. This segment contains everything that is necessary to up-
date the chart except the update values themselves. For example, the
code segment for the bar chart in the above figure initially looks like
this:

action

SC upd_chart{

sc = "Bar Chart 0",
val ues = |

(1, [v1, v2], true),
(2, [vl, v2], true),
(3, [vl, v2], true)]};
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The barsin abar chart are numbered from top to bottom. The chart
in the example has three bars, so its code segment has aline for
each. Each line begins with the number of the bar it controls: 1, 2,
and 3.

The partsin abar are numbered from left to right. The chart in the
example has two parts, so the line for each bar has afield for each
congtituent part: v1 andv2.

Thus the arrangement of the fieldsin abar chart code segment is vi-
sualy similar to the arrangement of the corresponding bars and parts
inthe chart itself. This makesit easy to keep track of which code
segment field corresponds to which bar and part.

Specifying Bar Chart Values

To specify the values to be written to a bar chart each timeit is up-
dated:

Use text mode to replace each code segment value field with
an expression that when evaluated will yield the desired in-
formation.

The only restriction on the expressions supplied is that each must
evaluate to an integer if the chart isan integer chart, or ared if itisa
real chart. The most commonly used source of bar chart dataisa
function that accesses a statistical variable, as described in Chapter
14, “Statistical Variables.”

Using constants for bar chart fields would rarely be useful in prac-
tice, but there is nothing wrong with doing so. Suppose the bar
chart in the above figure were updated by executing this code seg-
ment:

action

SC upd_chart{

sc = "Bar Chart 0",

val ues = |

(1, [50, 20], true),
(2, [~20, 40], true),
(3, [10, ~30], true)]};

Note that unary minusisindicated by atilde, rather than an ordinary
minus sign, consistent with ML practice generally. Following the
update, the chart would look like this:
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Expense and Income by Market

U.S.A 0 ] 70

H Expense
E.E.C -20 | — 40 O Income
C.1.s. -30 — 10

-40-30-20-10 O 10 20 30 40 50 60 70 80 90 100

The chart has automatically rescaled the horizontal axisto accommo-
date the new values, and has reversed the order of the partsin the
third bar to put the part representing a negative value on the negative
side of the vertical axis.

Requirement to Specify Values

Thevauefieldsv1l, v2, etc. that areinitially supplied in abar chart
code segment are not themselves legal values. They are only place-
holders to indicate where values must be supplied. Failureto re-
place any of them with an actual value will result in a syntax error.

Code segment examples in this chapter that do not concern value
fields sometimes show unsubstituted fields. I1n order for these seg-
ments to actually execute, values would have to be substituted for al
such fields.

Other Ways to Update a Bar Chart
There are two other ways in which abar chart may be updated:

1. AcdltoSC upd_chart,thefunction that performsthe
actual update, may appear in the code segment of any transi-
tion. The chart will then be updated whenever the transition
fires. If that isthe only kind of updating that is desired, the
chart’s code segment can be deleted.

2. The chart can be selected, and the Update Chart command
chosen from the Sim menu.
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Additional Chart Code Segment Capabilities

A bar chart’s code segment provides several capabilities additiona to
those mentioned so far:

* |t can contain initialization code that executes only when the
simulator isentered or I nitial State (Sim menu) is chosen.

* |t can specify that updating a chart is conditiona on aboolean
expression. Updating will occur only if this expression eval-
uates totr ue when the code segment is executed.

* |t can specify that updating an individual bar is conditional on
aboolean expression. Updating of the particular bar will oc-
cur only if this expression evaluates to tr ue when the code
segment is executed.

* |t'saction section is not restricted to updating abar chart. It
can contain any CPN ML code that could appear in atransi-
tion’s code segment.

Initialization Code

A bar chart code segment may contain a section called an initializa-
tion section. This section beginswith the keyword i ni t . Codein
aninitialization section will be executed when the simulator is en-
tered or I nitial State (Sim menu) is chosen.

The presence of an initiaization section has no effect on execution of
abar chart code segment’ s action section. Code in the action section
will be executed only when the chart is to be updated, just asif there
were no initialization section.

To add an initialization section to a bar chart code segment:

Use text mode to insert the keyword i ni t followed by the
code to be executed.

For example, suppose we wanted to initialize a statistical variable

namedst at var whenever amodel’sinitial state was established or
re-established. The following code segment would accomplish this:
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init
SVinit statvar;

action

SC upd_chart{

sc = "Bar Chart 0",
val ues = |

(1, [v1, v2], true),
(2, [v1, v2], true),
(3, [v1, v2], true)l};

Conditional Chart Update

A bar chart code segment may contain a conditional section. This
section begins with the keyword cond. A conditional section must
contain a boolean expression. This expression will be evaluated
whenever the chart isto be updated. If it evaluatesto true, the up-
date will take place. If it evaluatesto fal se, the update will not take
place, and the chart will be left unchanged.

To add a conditional section to abar chart code segment:

Use text mode to insert the keyword cond followed by a
boolean expression.

For example, suppose we wanted to update a chart only when the
standard deviation stored in the statistical variablest at var is
greater than 2. The following code segment would accomplish this:

cond
(SV std statvar) > 2;

action

SC upd_chart{

sc = "Bar Chart 0",
val ues = |

(1, [v1, v2], true),
(2, [v1, v2], true),
(3, [v1, v2], true)l};

Conditional Bar Update

Each code segment line that specifies the updating of a particular bar
consists of three components. Thefirst gives the number of the bar,
and the second gives the values with which the bar is to be updated,
as described above. Thethird isaboolean expression that controls
updating of the bar. Thisexpressionis called the control expres-
sion.
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When achart is being updated, the control expression in each update
lineis evauated before that bar is changed. If the expression evalu-
atesto true, the bar will be updated. If it evaluatesto false, the bar
will be left unchanged.

The default control expression in an update lineistrue. Thisvalue
is specified in each line when the initial code segment is created. To
make bar updating conditional:

Use text mode to replace the default control expression true
in the update line for the bar with a boolean expression.

For example, suppose we have abar chart with three bars and two
parts, want to update the first and third bar with every update, and
want to update the second only when the variance stored in the sta-
tistical variablest at var islessthan 5. The following code seg-

ment would accomplish this:

action

SC upd_chart{

sc = "Bar Chart 0",

val ues = [

(1, [v1, v2], true),

(2, [vl, v2], ((SV vari statvar) < 5),
(3, [vl, v2], true)l};

Arbitrary Code in the Action Section

The essential purpose of the action section of abar chart’s code
segment is to contain code that updates the chart. However, it can
also contain any CPN ML code that could appear in atransition’s
code segment. This code may come before and/or after the call to
the update function SC_upd_char t , and will be executed when-
ever the chart is updated. If thereisaconditional section that evalu-
atestofal se, so that updating does not take place, no other codein
the action section will be executed either.

Copying, Cutting, and Pasting a Bar Chart

A bar chart can be copied, cut, and pasted as any graphical object
can. However, a pasted chart is no longer functional: it just an
auxiliary node with various regions. It retains its appearance, but
will not be updated by further model execution, and cannot be
changed by the Chart Attributes command (Set menu).
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Deleting a Bar Chart

To delete abar chart, select the chart, then press DELETE or execute
Cut.

History Charts
History charts are essentially the same as bar charts. The only dif-
ferenceisin the method of updating. When a bar chart is updated,
each bar changes to reflect the new values specified for it. When a
history chart is updated, a new bar is created at the bottom of the
chart, and the existing bars scroll up to make room for it. If the
chart isfull, updating causes old bars to be discarded at the top of
the chart to make room for new bars added at the bottom.
This section focuses on areas in which history charts differ from
ordinary bar charts. Be sure to read the preceding section, “Bar

Charts,” before you proceed. A complete example of history chart
use appears in the next chapter.

Creating a History Chart
To create a history chart:
Select the Chart command (CPN menu).
TheChart Typediaog appears.
Specify abar chart.
Click OK.
The Editor enters chart creation mode, and the chart tool appears.

Use the mouse to indicate the shape and position of the
chart.

TheBar Chart dialog appears.
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Bar Chart 1

| | ] Title (<] End of Run
Bars [JLegend ] Time I:I

Mo of Bars D ] Bar Names O step I:I

Mo of Parts D (<] Pos. Dalues

Bar Height [] Neg. Dalues Value Type

(] History Chart (] Upper lalues @ Integer

Retain I:I <] Lower Values ) Real

Grids Lines Initialization Ualue Range

i® Number :

[] Save Cop Min a
C Distance K C Etl t M 188
[ Ticks Only <] Keep Contents au
[Sﬂue...] [ Load ] [Heset ] [[:ﬂnl:el]

To specify that the chart isto be a history chart:

Check the History option.

Retain

TheRetain field determines how many bars will be retained when
the history chart is scrolled up to make room for anew bar. The
maximum permissible valuein onelessthan No of Bars. This
value will cause the chart to retain al but one bar when it scrolls, so
that room for each new bar is made be discarding the oldest existing

bar.

Lower Retain values cause more than one bar to be discarded each
time the chart is scrolled. Subsequent updates progressively fill the
resulting empty space, from the top down, until the chart is again
full. The next update will then reduce the number of bars again to
theRetain value.

If Retain is zero, the chart will be cleared completely by thefirst
update after it becomes full, then filled again by that and subsequent

updates.

Specify the desired figure for Retain.
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Other History Chart Options

All the options and their effects are the same as for ordinary bar
charts.

Editing and Redefining a History Chart

These are done exactly asthey are for ordinary bar charts. Y ou can
redefine a snapshot chart to be a history chart, or vice versa, by
toggling the History option. Doing this requires reswitching, and
causes Design/CPN to replace the chart’ s code segment with one
appropriate to its new definition.

Updating a History Chart

15-16

The code segment of a history chart is somewhat different than the
segment for a snapshot chart. If the example chart used in the pre-
vious section is defined as a history chart, its code segment initially
looks like this:

action
HC upd_chart{
hc = "Bar Chart 0",

val ues = [
([vl, v2], true)],
tags = ["Tag"]};

History charts are updated one bar at atime, so thereis only oneline
to specify bar values. Barsin the example chart have two parts, so
the update line contains two vauefields: v1 andv2.

A history chart’s code segment defines a parameter that is not appli-
cableto bar charts: thet ags field. Thisfield can be used to supply
alabel for each bar when it is created. Such alabel iscalled atag.
Specifying History Chart Values

To specify the values to be written to each new bar that is created
each time a history chart is updated:

Use text mode to replace each code segment value field with
an expression that when evaluated will yield the desired in-
formation.

The expressions must evaluate to an integer if the chart is an integer
chart, or aredl if itisareal chart.

To specify the value to be written to the tag of each new bar:
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Use text mode to replace the string “ Tag” with an expression
that when evaluated will yield astring that is the desired tag.

It is often convenient to give each bar atag that indicates the smu-
lated time at which the datain the chart was generated. Thisinfor-
mation can be obtained by calling thet i me function. Thisfunction
returns an integer, but astring is needed. Theinteger can be con-
verted to astring by using themakest r i ng function.

Suppose we have a history chart that consists of bars with two

parts, and two functionsget val 1 and get val 2, which return the
valuesthat areto be displayed in the two parts of each bar. The
following code segment would accomplish the desired updating:

action

HC upd_chart{

hc = "Bar Chart 0",

val ues = |

([getval 1(), getval 2()], true)],
tags = [makestring (time())]};

Copying, Cutting, Pasting, and Deleting a History Chart

Line Charts

These operations are the same as for ordinary bar charts.

Line charts display values as distances of linesfroman X andaY
axis. Updating the chart adds a new segment to any or al lines. All
data written to the chart remains visible indefinitely; the chart's dis-
play scaleisautomatically adjusted as needed to provide room.

This section covers the essentials of line chart creation and use. In
order to be self-contained, this section repeats some of the informa:
tion that appears in the section on bar charts earlier in this chapter.

If you are reading this chapter sequentialy, you can safely skip over
the repeated information. A complete example of line chart use ap-
pears in the next chapter.

Line Chart Nomenclature

Thisfigure shows atypical line chart, and gives the names of its
components:
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Chart Node
Axis L abel Box Lifes Title L egend Legend Labels
\ / / \ \
\ / /Line CHart Title
0 y-axis

Y AXis

S—j\}:% s
A

20 30
. \ o\ \
X AXis Center Label AXxis Label Patterns
Chart Node

The chart node surrounds the other chart objects. It has a box
shape, white fill and distinctive border.

Title

Thetitle givesthe chart aname. It exists to describe the chart to the
user; it has no formal significance.

X and Y Axes

The X and Y axes define the coordinate space of the chart.

Axis labels

Axis labels name the entities which are represented along the two
axes.

Box

A box terminates each line segment and displays the pattern associ-
ated with that line.
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Line

Each chart line is shown as a series of line segments. The segments
may be terminated by boxes. The system distinguishes each line by
aunique pattern displayed in the box terminator.

Line charts are commonly incremented left-to-right, but thisisjust a
convention: anew point on achart line may be drawn anywhere.
For example, object movement within a plane could be displayed
using aline chart.

Legend

The legend describes the patterns associated with the lines.

Patterns

The patterns contained in the legend are those used in the chart line
box terminators. The system assigns the specific patterns used.
Legend labels

The legend labels are positioned next to the patternsin the legend

and contain text strings that describe the contents of the correspond-
ing chart line.

Creating a Line Chart

To create aline chart, select the Chart command (CPN menu).
Design/CPN displays the following diaog:

Chart Type
(@ Bar Chart

3 Line Chart
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If no charts have been created, the default isBar Chart. Otherwise
it isthe type of the most recently created chart.

Sdect Line Chart if necessary.
Click OK.

The Editor enters chart creation mode. The chart tool appears.

'ch

Creating aline chart is graphically the same as creating arectangle.
Depressing the mouse creates a default size chart node. The chart
tool is positioned at the lower |eft corner. Dragging this corner ad-
just the shape of the chart. To move the chart as awhole, hold
down SHIFT while dragging the corner.

Releasing the mouse terminates node creation and causes the system
todisplay theLine Chart dialog.

Line Chart Dialog

S([=E==————— line Chart
Name Regions Update Period Origin
Line Chart1 |  [Title b End of Run y
| Cltegend Coime [ ]
Lines < Azis Names y
Mo of Lines D I - L1step I:l
Initialization
Box Size [ save Copy Ualue Type Overflow
[]5tart at Origin [<] Keep Contents @ Integer ® Rescale Axis
(] Horiz/Dert []start at Origin ) Real O Move Anis
Grid Lines Ualue Range
%) Number {® Number Min -
- 8 Min (8
" (I Distance Y ) Distance H M ™ y ™
_ ax
[ Ticks Only & Ticks Only Max
[Saue...] [ Load ] [Heset] [l:am:el]

This dialog defines the appearance, initialization, method of updat-
ing, and value range for the chart. The defaults are as shown in the
dialog above. The meanings of the optionsin thisdialog are cov-
ered in Chapter 21, “CPN Menu Commands,” section “Chart,” sub-
section “Line Chart Dialog.” Please read the information there be-
fore you proceed.

Select options and enter values to describe the desired bar
chart.
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The values that produce the line chart shown in the nomenclature
line chart above are:

Line Chart

—Name ——  —Regions ——  ~Update Period — —0rigin
Line Chart 8 | = Title & End of Run

= Legend (] Time I:l H

| e L |
Box Size [15ave Copy rUalue Type —Overflow
[ start at Origin [ Keep Contents @ Integer ) Rescale ARis
[J Horiz/ert [ start at Origin > Real 2 Mouve Axis
Grid Lines —Ualue Range
y g I]NiL;TahnEcre m y g :il.;rtrlal.'nnecrE El . Min |a . Min |8
[ Ticks Only O Ticks Only Man |48 Man |18

[Saue...] [ Load ] [Heset ] [[:anl:el]

When you have specified the desired options and values:
Click OK.
The dialog closes, and the chart appears on the page.

Editing a Line Chart

Every component of aline chart isagraphical object, and can be
changed in the editor or the smulator. Such changes can be made as
soon asthe chart is created, or anytime thereafter.

All line chart components are regions of the chart node. Thisallows
achart to be scaled by dragging any of its handles with the mouse.
All components except fonts will scale themselves proportionately.
To change font sizes, select the textual object(s) to be changed, then
use Text Attributes (Set menu).

Supplying Line Chart Labels
When anewly created line chart has atitle, axis |abels, and/or aleg-
end, alabel that contains dummy text appears for each of these that

ispresent. These dummy labels, including thetitle, are shown in
bold in the following figure:
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Title
y-axis
10
MW Linel
O Line2
5 M Line3
E Line4
0 X-axis
0 10 20 30 40

None of these labelsis functionally significant, so thereisno re-
guirement to change any of them. Values should be supplied in or-
der to make the chart self-explanatory. To supply these values:

Edit the dummy labelsin text mode to specify the desired
values.

Y ou can also change the positions, fonts, and styles of any or all
dummy labels, and you can resize the chart or any component of it
to make room for the edited |abels. For example, the labelsin the
above chart could be edited to make the chart look like this:

Profitability by Department

% Profit

10

W Auto
O Clothes

5 B Food
B Hardware

0 Day
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Redefining a Line Chart

Any of the attributes specified for aline chart at its creation may
subsequently be changed, with the exception of the chart name,
which remains the same throughout the life of the chart. Changes
can be made in the editor or the smulator. To change an existing
chart:

Sdect Chart Attributes from the Set menu.

TheChart Attributesdiaog appears. The chart name does not

appear, because it cannot be changed. All other attributes ook as

they did when you clicked OK to approve the chart definition cur-
rently in effect.

Make any desired changes to chart attributes.

Click OK to approve the changes.
For example, suppose you needed to redefine the above chart by re-
defining the X axisto run from 1 to 7, so that the chart can be used

to represent a one-week period. The way to do thisisto redefine the
Value Range, Grid Linesand X Origin asshown:

Box Size ] Save Copy —Llalue Type

Line Chart
—Regions ——— ~Update Period — —0rigin
] Title [ End of Run
H

] < Legend ] Time I:l D
Lines — - [] Axis Names [] step I:l Yy

No of Lines -

- —Initialization

Overflow
[] start at Origin [ Keep Contents @ Integer ® Rescale Axis
[0 Horiz/vert [ start at Origin 7 Real 2 Move ARis
Grid Lines —Ualue Range
) Number 3 Number Min ;
- 1 Min |@
" @ Distance Y @ Distance El H Man |3 y 10
O Ticks Only Ol Ticks Only Max

[Saue...] [ Load ] [Heset } [Eancel] 1] 4

The chart would then look like this:
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Profitability of Departments

% Profit

10

W Auto
O Clothes

5 B Food
B Hardware

0 Day

Some changes require reswitching, chart initialization, and/or re-
placement of the chart’s code segment. Design/CPN will notify you
if any of theseis necessary.

Updating a Line Chart

15-24

When aline chart is created, it is automatically supplied with a code
segment. This segment contains everything that is necessary to up-
date the chart except the update values themselves. For example, the
code segment for the line chart in the above figure initially looks like
this:

action

LC upd_chart{

Ic = "Line Chart 0",

val ues = |

(1, vx, vy, true, true),
(2, vx, vy, true, true),
(3, vx, vy, true, true),
(4, vx, vy, true, true)]};

A line chart’ s code segment contains aline of code, called an update
ling, for each linein the chart. Thelinesin aline chart are numbered
from top to bottom in the same order that they arelisted in the legend
box. The chart in the example has four lines, so its code segment
has four update lines. Each update line begins with the number of
the chart lineit controls: 1, 2, and 3, and 4.

Updating a chart line consists of drawing abox at aparticular X and
Y position, and connecting that box to the box previously drawn, or
totheoriginif itisthefirst box drawn and Start at Origin was
checked inthe Chart Attributesdialog. Each update linethere-
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fore contains two value fields. vx for the X coordinate, and vy for
the Y coordinate.

Specifying Line Chart Values

To specify the values to be written to aline chart each timeit is up-
dated:

Use text mode to replace each update line value field with an
expression that when evaluated will yield the desired infor-
mation.

The only restriction on the expressions supplied is that each must
evaluate to an integer if the chart isan integer chart, or ared if itisa
real chart. The most commonly used source of line chart dataisa
function that accesses a statistical variable, as described in Chapter
14, “Statistical Variables.”

Using constants for line chart update fields would rarely be useful in
practice, but there is nothing wrong with doing so. Suppose the line
chart in the above figure were updated by executing this code seg-
ment:

action
LC upd_chart{
lc = "Line Chart 0",

val ues = |

(1, 1, 2, true, true),
(2, 1, 3, true, true),
(3, 1, 5, true, true),
(4, 1, 9, true, true)l};

Following the update, the chart would look like this:
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Profitability of Departments

% Profit

10‘

W Auto
O Clothes

5 I B Food
B Hardware

0 Day

Figures for each day can be added by performing additional updates.
If adepartment lost rather than made money on a given day, the loss
could be represented as a negative profit. For example, suppose that
on Day 2, the Auto department experienced a4% loss. This can be
indicated by using a negative number in an update, as shown in the
following code segment:

action

LC upd_chart{

Ic = "Line Chart 0",

val ues = |

(1, 2, ~2, true, true),
(2, 2, 4, true, true),

(3, 2, 8, true, true),

(4, 2, 6, true, true)l};

Note that unary minusisindicated by atilde, rather than an ordinary
minus sign, consistent with ML practice generally. After updating
with this code segment, the chart would look like this:
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Profitability of Departments

% Profit

10

5 /LJ] W Auto
O Clothes

Bl Food
B Hardware

0 Day

Design/CPN has automatically rescaled the Y axis to accommodate
the negative value.

There is no requirement that successive updates to aline chart pro-
ceed from left to right, or show any other regular pattern. Updates
may be made with any valuesin any order. Design/CPN will draw
lines and rescal e axes as needed to make the updates.

Requirement to Specify Values

Thevauefieldsvl, v2, etc. that areinitially supplied in aline chart
code segment are not themselves legal values. They are only place-
holders to indicate where values must be supplied. Failureto re-
place any of them with an actual value will result in asyntax error.

Code segment examples in this chapter that do not concern vaue
fields sometimes show unsubstituted fields. In order for these seg-
ments to actually execute, values would have to be substituted for all
such fields.

Other Ways to Update a Line Chart
There are two other ways in which aline chart may be updated:

1. AcdltoLC upd_chart,thefunction that performsthe
actual update, may appear in the code segment of any transi-
tion. The chart will then be updated whenever the transition
fires. If that isthe only kind of updating that is desired, the
chart’ s code segment can be deleted.

2. The chart can be selected, and the Update Chart command
selected from the Sim menu.
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Additional Chart Code Segment Capabilities
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A line chart’s code segment provides several capabilities additional
to those mentioned so far:

* |t can contain initialization code that executes only when the
simulator isentered or I nitial State (Sim menu) is chosen.

* |t can specify that updating a chart is conditiona on aboolean
expression. Updating will occur only if this expression eval-
uates totr ue when the code segment is executed.

* |t can specify that updating an individual lineis conditional on
aboolean expression. Updating of the particular line will oc-
cur only if this expression evaluates to tr ue when the code
segment is executed.

* |t can specify that drawing of the segment that connects a new
update point and the previous update point for any lineis
conditional on aboolean expression.

* |t'saction section is not restricted to updating aline chart. It
can contain any CPN ML code that could appear in atransi-
tion’s code segment.

Initialization Code

A line chart code segment may contain a section called an initializa-
tion section. This section begins with the keyword i ni t. Codein
aninitialization section will be executed when the simulator is en-
tered or I nitial State (Sim menu) is chosen.

The presence of an initiaization section has no effect on execution of
aline chart code segment’ s action section. Code in the action sec-
tion will be executed only when the chart isto be updated, just asif
there were no initialization section.

To add an initialization section to aline chart code segment:

Use text mode to insert the keyword i ni t followed by the
code to be executed.

For example, suppose we wanted to initialize a statistical variable
namedst at var whenever amode’sinitia state was established or
re-established. The following code segment would accomplish this:
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init
SV'init statvar;

action

LC upd_chart{

lc = "Line Chart 0",

val ues = |

(1, vx, vy, true, true),
(2, vx, vy, true, true),
(3, vx, vy, true, true),
(4, vx, vy, true, true)l};

Conditional Chart Update

A line chart code segment may contain a conditional section. This
section begins with they keyword cond. A conditional section
must contain a boolean expression. This expression will be evalu-
ated whenever the chart isto be updated. If it evaluatestotrue, the
update will take place. If it evaluatesto fal se, the update will not
take place, and the chart will be left unchanged.

To add aconditional section to aline chart code segment:

Use text mode to insert the keyword cond followed by a
boolean expression.

For example, suppose we wanted to update a chart only when the
standard deviation stored in the statistical variablest at var is
greater than 2. The following code segment would accomplish this:

cond
(SV std statvar) > 2;

action

LC upd_chart{

lc = "Line Chart 0",

val ues = |

(1, vx, vy, true, true),
(2, vx, vy, true, true),
(3, vx, vy, true, true),
(4, vx, vy, true, true)l};

Conditional Line Update

An update linein aline chart code segment consists of five compo-
nents. The first gives the number of the line, and the second and
third givethe X and Y coordinates of the new update point, as de-
scribed above. The fourth is covered in the next section. The fifth
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is aboolean expression that controls updating of the line. This ex-
pression is called the control expression.

When achart is being updated, the control expression in each update
lineis evauated before that lineis changed. If the expression eval-
uates to true, the line will be updated. If it evaluatesto false, theline
will be left unchanged.

The default control expression in an update lineistrue. Thisvalue
is specified in each update line when the initial code segment is cre-
ated. To make line updating conditional:

Use text mode to replace the default control expression true
in the update line with a boolean expression.

For example, suppose we have afour-line chart, want to update the
first, third line, and fourth lines with every update, and want to up-
date the second only when the variance stored in the statistical vari-
ablest at var islessthan 5. The following code segment would
accomplish this:

action

LC upd_chart{

lc = "Line Chart 0",

val ues = |

(1, vx, vy, true, true),

(2, vx, vy, true, ((SV vari statvar) < 5))),
(3, vx, vy, true, true),

(4, vx, vy, true, true)l]};

Conditional Drawing of Line Segments

Thefourth field of an update line is aboolean expression called the
drawing expression. This expression is evaluated whenever the
chart lineis updated. If it evaluatesto true, a segment is drawn
between the new update point and the previous one. If it evaluates
to fal se, no segment isdrawn. Drawing of boxes is unaffected.

The default drawing expression in an update lineistrue. Thisvalue
is specified in each update line when theinitial code segment iscre-
ated. To make the drawing of segments conditional:

Use text mode to replace the default drawing expression
true in the update line with a boolean expression.

Sometimes no segments are desired. To specify this:

Use text mode to replace the default drawing expression
true in the update line with fal se.
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For example, suppose we have afour-line chart, and that we want
to:

» Draw segmentsfor the first and third line with every update.

* Never draw segments for the second line.

» Draw asegment for the fourth line only when sum of the
sguares stored in the statistical variable st at var isgreater
than 100.

The following code segment would accomplish this:

action

LC upd_chart{

Ic = "Line Chart 0",

val ues = |

(1, vx, vy, true, true),

(2, vx, vy, false, true),

(3, vx, vy, true, true),

(4, vx, vy, ((SV ss statvar)) > 100, true)]};

Arbitrary Code in the Action Section

The essential purpose of the action section of aline chart’s code
segment is to contain code that updates the chart. However, it can
also contain any CPN ML code that could appear in atransition’s
code segment. This code may come before and/or after the call to
the update function LC_upd_char t, and will be executed when-
ever the chart isupdated. If thereisaconditiona section that evalu-
atestofal se, so that updating does not take place, no other codein
the action section will be executed either.

Copying, Cutting, and Pasting a Line Chart
A line chart can be copied, cut, and pasted as any graphical object
can. However, a pasted chart isno longer functiona. It retainsits

appearance, but will not be updated by further model execution, and
cannot be changed by the Chart Attributes command (Set menu).

Deleting a Line Chart

To delete aline chart, select the chart, then press DELETE or execute
Cut.
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Chapter 16

Using Charts and
Statistical Variables

This chapter uses a simple model, the Resource Use Model, to dem-
onstrate the capabilities of charts and statistical variables. Be sure
you have read Chapters 14 and 15 before you proceed: this chapter
does not repeat the materia presented there.

Introduction to the Resource Use Model

This section introduces the Resource Use Moddl. We will use the
thismodel to illustrate the use of statistical variables and the creation
and use of each type of chart. Y ou should take some time to become
familiar with this model in general before examining its use of charts
and statistical variables.

Overview of the Model
The Resource Use Model represents a computer in which processes
regquest, use, and release resources. Each process goes through a

seven-step cycle:

1. Do processing without any resources (Pr ocessi ng
Local ly).

2. Ask the computer to alocate resources (Request
Resour ces).

3. If necessary wait for resourcesto be allocated (Awai t i ng
Resources).

4. Take control of allocated resources (Obt ai n Resour ces).

5. Do processing with the resources (Usi ng Resour ces).
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6. Return the resourcesto the computer (Rel ease
Resour ces).

7. Returnto Step 1.

Resources that are not currently in use are kept in a pool
(Resour ce Pool ).

Resource Use Model Data

16-2

The datain the model, and the colorsets used to represent it, are:

Processes

The model includes seven processes; they are represented asan in-
dexed colorset (Pr oc), and are named P( 1), P( 2), ..., P( 7).
The processes are not used directly, but as acomponent of the tuple
colorset Pr ocRes (below).

Resources

The model includes nine resources; they are represented as another
indexed colorset (Res), and arenamedR( 1), R(2), ..., R(9).
Theresources are kept in apool (Resour ce Pool ) when they are
not in use.

Allocation Patterns

Each process requests the same three resources every time through
theloop. The association of a process and the resources it requests
is established using atuple colorset (Pr ocRes). The tuples have
the form:

(process, resource, resource, resource)

where processis one of the processesP( 1) . . .P(7), and each
resour ceisone of theresourcesR(1)...R(9). Toprovidea
convenient way of keeping track of which processes use which re-
sources, Pr oc Res tokens, rather that Pr oc tokens, represent pro-
cesses during simulation.

The association of aprocess with its required resourcesis an arbi-
trary one; the associations defined in the model have been selected to
generate considerable competition for resources.
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Resource Use Model Graphics and Global Declarations

The following are the graphics and the Global Declaration Node of
the Resource Use Model. Declarations relating to statistical vari-
ables and token counts, and the techniques by which the model uses
them to accumulate statistics, will be explained in later sections.

1°(P(1), R(1), R(2), R(3))

+1°(P(2), R(2), R(3), R(4))
+1°(P(3), R(3), R(4), R(5))
+1°(P(4), R(4), R(5), R(6))
+ 1'(P(5), R(5), R(6), R(7))
+ 1'(P(6), R(6), R(7), R(8))
+ 1°(P(7), R(7), R(8), R(9))

ProcRes Processing Locally

(pid, resl, res2, res3)

Request Resources

[c

(pid, res1, res2, res3)

ProcRes Awaiting Resources

(pid, resl, res2, res3)

Obtain Resources

1'resl+ 1'res2 + 1'res3

E<

(pid, resl, res2, res3)

@+ index'Proc pid Using Resources

ProcRes

(pid, resl, res2, res3)

Release Resources

N

Resource
Pool

1'resl +1'res2 + 1'res3

(pid, resl, res2, res3)
@+ index'Proc pid
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(* STATI STI CAL VARI ABLES AND CHART FACI LI TI ES EXAMPLES *)
(* GLOBAL DECLARATI ONS *)

(* DECLARATI ONS FOR THE RESOURCE USE MODEL. *)

val ProcCount = 7, (* Nunber of processes being sinulated. *)
val ResCount 9; (* Nunber of resources being sinulated. *)

val MaxCount max (ProcCount, ResCount); (* Max num of entities. *)
color Proc = index P with 1..ProcCount declare index; (* Processes. *)
color Res = index Rwith 1..ResCount; (* Resources. *)

color ProcRes = product Proc * Res * Res * Res timed; (* Proc & Res *)

var pid: Proc; (* Holds a process identifier. *)
var resl, res2, res3:Res; (* Each holds a resource. *)

(* STATI STI CAL VARI ABLES FOR ACCUMULATI NG DATA. *)

val isv_ProclLoc SV createint (); (* Tokens in Processing Locally. *)
val isv_AwaitRes SV createint (); (* Tokens in Awaiting Resources. *)
val isv_UseRes SV createint (); (* Tokens in Using Resources. *)
val isv_ResPool SV createint (); (* Tokens in Resource Pool. *)

(* REFERENCE VARI ABLES FOR HOLDI NG PREVI OUS TOKEN COUNTS. *)

val ol d_ProclLoc ref 0; (* AOd token count in Processing Locally. *)
val ol d_Await Res ref 0; (* AOd token count in Awaiting Resources. *)
val ol d_UseRes ref 0; (* AOd token count in Using Resources. *)
val ol d_ResPool ref O (* Ad token count in Resource Pool. *)

Running the Model

When execution of the Resource Use Model begins, nine tokens of
colorset Pr ocRes, one for each process, are processing locally
(without resources). As execution proceeds, each requests the three
resources that are wired into its definition, waits (if necessary) until
they are available, obtains them from the resource pool, then uses
and releases them.

The progress of Pr ocRes tokens through the loop is controlled by
the availability of resources, and by timing delays. Each Pr ocRes
token first processes locally, then processes with resources, for a
length of time given by index number of the process referenced in
thetoken. That is, the token for P( 1) processesfor one time unit,
the token for P( 2) processes for two time units, etc. Thisdelay
pattern has been selected to give each process a different behavior
over time.

The dependence of time delay on index number is accomplished via
the CPN ML functioni ndex. Thisfunction inputs amember of an
index colorset and returns an integer that is the member’ sindex
number. For example, if pi d isboundtoP(3), (i ndex’ Proc
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pi d) returns3. Thei ndex function must be used because the
numeric characters an index colorset member’ s name do not consti-
tute an integer: they are just characters.

Statistics in the Resource Use Model

The tatistics kept by the Resource Use Model when it executes all
concern the number of tokens that are present in the model’ s places
at varioustimes. These statistics are displayed in chartsthat are up-
dated at intervals during model execution.

For each of the four placesin the model, thereis a statistical vari-
able. Thisvariable accumulates statistics about the number of to-
kensin the place. The names of the variables are:

Transition Name Stigtical Variable
Processing Locally i sv_ProclLoc
Awai ting Resources i sVv_Awai t Res
Usi ng Resources i sv_UseRes
Resour ce Pool i sv_ResPoo

For each of the four placesin the model, thereis also an ordinary
reference variable. Thisvariableis used to store the number of to-
kensthat were in the place prior to the most recent change to that
number. The names of these variables are:

Trangtion Reference Variable
Processing Locally ol d ProclLoc
Awai ti ng Resources ol d_Awai t Res
Usi ng Resources ol d_UseRes
Resour ce Pool ol d_ResPool

The purpose of these variables will be explained in the section on
bar charts.

Initializing the Statistical Variables

Before execution begins, the four statistical variables areinitialized
(viaSV' i ni t), and each is updated with the number of tokensin
itsplace (viaSV’ upd). Theinitializing and updating happen in the
i ni t section of the code segment of one of the charts that the model
displays. (Any chart’s code segment can be used in thisway.) The
i ni t sectionlookslikethis:

Design/CPN Reference Manual for X-Windows 16-5



Design/CPN User’s Guide

init

(* Initialize the statistical variable structures. *)
SV'init isv_ProclLoc;

SV'init isv_AwaitRes;

SV'init isv_UseRes;

SV'init isv_ResPool;

(* Initialize the statistical variable values. *)
SV upd (isv_ProcLoc, ProcCount);

SV upd (isv_AwaitRes, 0);

SV upd (isv_UseRes, 0);

SV upd (isv_ResPool, ResCount);

Pr ocCount and ResCount areglobal variablesthat givetheini-
tial numbers of processes and resources. They are used to avoid
wiring these numbers directly into the model. (Strictly speaking,
they should also be used to generate the initial markings of
Processi ng Local | y and Resour ce Pool , but doing this
would complicate the model in ways that do not bear on the subject
of this chapter.)

Updating the Statistical Variables

16-6

There are three trangitionsin the model: Request Resour ces,
Obt ai n Resour ces, and Rel ease Resour ces. When any of
these trangitionsfires, it changes the token counts in the places con-
nected to it. Each of the three transitions has a code segment. This
code segment updates the statistical variable for each place whose
token count the transition changes.

When atoken is added to aplace, the statistical variable for that
placeis updated with the value 1. When atoken is subtracted from a
place, the statistical variable for that place is accumulated with the
value -1 (expressed as~1in ML). Theresultisthat caling

SV’ sumon any of the statistical variables will return the number of
tokens currently in its place.

All three code segments follow the same pattern:

1. Savetheexisting (now outdated) SV' sum of the Satistica
variable for each place that the transition affects.

2. Update the statistical variables for each of the placesthat the
trangition affects.

The code segments look like this:
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(* Request Resources Code Segment *)
action

(* Save previous counts. *)
old ProcLoc := SV sumisv_ProclLoc;
old_AwaitRes := SV sumisv_Await Res;

(* Accunul ate data. *)
SV upd (isv_ProcLoc, ~1);
SV upd (isv_AwaitRes, 1);

(* ntain Resources Code Segnent *)
action

(* Save previous counts. *)

old_Awai tRes := SV sum i sv_Await Res;
ol d_UseRes := SV sum i sv_UseRes;
ol d_ResPool := SV sum i sv_ResPool ;

(* Accunul ate data. *)

SV upd (isv_AwaitRes, ~1);
SV upd (isv_UseRes, 1);
SV upd (isv_ResPool, ~1);

(* Rel ease Resources Code Segment *)
action

(* Save previous counts. *)

old ProcLoc := SV sumisv_ProclLoc;
old UseRes := SV sumisv_UseRes;
ol d_ResPool := SV sumisv_ResPool ;

(* Accunul ate data. *)

SV upd (isv_ProcLoc, 1);
SV upd (isv_UseRes, -~1);
SV upd (isv_ResPool, 1);

Using the Accumulated Data

Statistical datais of little use unlessit can be conveniently accessed.
Tables of figures are often used for such purposes, but graphical
charts often provide amuch more useful view. Therest of this
chapter contains an example of each type of chart that Design/CPN
provides. The chartswill show the following information:

Bar Chart: The number of processesin Pr ocessi ng
Local Iy, Awai ti ng Resources, and Usi ng
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Resour ces; the number of resources currently availablein
Resour ce Pool ; and the previous values of each of these
guantities. Thisinformation is updated every 5 time units.

History Chart: The number of processes currently in
Processing Locally, Awai ti ng Resources, and
Usi ng Resour ces; and the values that these quantities had 5,

10, 15, and 20 time units ago.

Line Chart: The number of processes currently in Pr ocessi ng
Local |y, Awai ti ng Resources, and Usi ng

Resour ces; the number of resources currently availablein
Resour ce Pool ; and the valuesthat these quantities had at
the end of every period of 5 time units since the simulation be-

gan.

Aswelook at each type of chart in turn, we will use the information
it displaysto examine the efficiency of the modeled computer sys-
tem, confirm a suspicion that its efficiency islow, analyze the cause
of theinefficiency, and suggest possible improvements.

Resource Use Model: Bar Charts

16-8

The following bar chart was produced by the Resource Use Model
during atypical execution. The chart shows the number of pro-
cesses currently in Pr ocessi ng Local |y, Awai ti ng
Resour ces, and Usi ng Resour ces; the number of resources
currently availablein Resour ce Pool ; and the previous values of

each of these quantities.

Process and Resour ce Counts

Processing .:l 3
Using Res .:l 3
oo [ 5

0123456789 101112131415161718

Il Old Count
[ Cur Count
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Definition of the Bar Chart

TheChart Attributesdiaog for the above chart ook like this:

Bar Chart 0e——————|
—Regions ————— ~Update Period —
] Title (<] End of Run
—Bars & Legend ] Time IZI
No of Bars (<] Bar Names [] step I:l
No of Parts (< Pos. Ualues
Bar Height O Neg. Ualues ~Dalue Type
(] History Chart []Upper Dalues @ Integer
Retain I:I &) Lower Values 3 Real
—bGrid Lines — —|Initialization —UWalue Range
3 Number .
[ Save Cop Min 3}
@ Distance D K c E‘I " M s
[ Ticks Only [<] Keep Contents ax
[save..] [Load | [Reset] [cancel]

As mentioned above, the bar chart’s code segment containsani ni t
section that initializes the statistical variables. The section of code
segment that updates the chart looks like this:

action

SC upd_chart{

sc = "Bar Chart 0",

val ues = |

(1, ['old _ProcLoc, SV sumisv_ProclLoc], true),
(2, ['old AwaitRes, SV sumisv_AwaitRes], true),
(3, ['old UseRes, SV sumisv_UseRes], true),

(4, ['old _ResPool, SV sumisv_ResPool], true)]};

As this segment shows, the first part of each bar shows the previous
number of tokensin the place that the bar describes. Thisinforma:
tion is read from the reference variable for the place. The second
part isthe number of tokens currently in the place, read from its sta-
tistical variable,

Various other statistical functions could be used instead of SV’ sum

or in addition to it, to retrieve and display information about how the
number of tokensin the place has varied over time.
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Analysis of the Bar Chart Data

The bar chart indicates that the computer is not very efficient in its
use of resources. There are many processes waiting for resources,
but only afew are using them, even though many resources are
available.

How reliableisthisindication? On the basis of this chart alone, we
cannot tell. The chart shows only the current and most recent previ-
ous value for the number of processes and resources in each state,
so the information displayed may not be representative. Itisjust a
snapshot.

To see whether thisis arepresentative picture, we need to be able to
track conditions farther into the past than this bar chart permits. We
could do this by creating additional columns, to represent views in-

creasingly far into the past, but historical information of thiskind is
more clearly depicted by using a history chart.

Resource Use Model: History Charts

The following history chart was produced by the Resource Use
Model at Time=30 during atypical execution. The chart showsthe
number of processes currently in Pr ocessi ng Local |y,

Awai ti ng Resources,and Usi ng Resour ces; andtheval-
ues that these quantities had 5, 10, 15, and 20 time units ago.

Process State History

10 7
15 7
M Processing
20 7 O Avyatlng Res
B Using Res
25 7
30 7
1 2 3 4 5 6 7 |_
C
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Definition of the History Chart

TheChart Attributesdiaog for the above chart ook like this:

Bar Height

[<] History Chart

Retain [4 |

(] Neg. Values
Jupper Dalues
&) Lower Values

Bar Chart |
—Regions —Update Period —
] Title (<] End of Run
—Bars & Legend 4 Time
No of Bars (<] Bar Names [] step %
No of Parts (< Pos. Ualues

~lalue Type

) Integer
> Real

—Grid Lines —Initialization —UWalue Range
3 Number .
[ Save Cop Min 3}
@ Distance D K c E‘I " M >
[ Ticks Only [<] Keep Contents ax
[save..] [Load | [Reset] [cancel]

The history chart’s code segment looks like this:

action

HC upd_chart{

hc = "Bar Chart 1",

val ues = |

([SV sumisv_ProcLoc, SV sumisv_AwaitRes,
tags = [nakestring (time())]};

SV sumisv_UseRes], true)],

Asthis segment shows, thefirst part of each bar shows the number
of tokensinPr ocessi ng Local | y, the second the number of
tokensinAwai t i ng Resour ces, and the third the number in

Usi ng Resour ces. Each of thesefiguresisread from the appro-
priate Statistical variable. Each bar istagged with the time at which
the bar was created, obtained by polling the simulator and convert-
ing the result to a string.

Analysis of the History Chart Data

The history chart supports the suspicion generated by the bar chart,
but it also shows that the data depicted in the bar chart was not en-
tirely representative. The bar chart gave the impression that pro-
cesses spend most of their time waiting, while the history chart
shows that processes divide their time about equally between wait-
ing for resources and using them. Thereis still too much waiting
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going on, but afair amount of processing is nevertheless taking
place.

Note that this chart does not show resources. only processes are
depicted. Thereason isthat a history chart is not well adapted to
showing different types of data simultaneoudly: putting data of dif-
ferent kinds into the same bar can be confusing. We could have
gotten away with it in this case, but it is not agood practice in gen-
eral.

Information on the number of resourcesin useisimplicit in the
number of processes that are using them, but only because every
process uses exactly three resources. A real computer would prob-
ably not show such aregular pattern of resource usage.

What we need isaway to smultaneoudy display historical informa
tion for dissimilar types of entity. One method would be to put up
two (or more) history charts, but this could require alot of paging
back and forth among the chartsto derive an overal picture. A more
convenient solution isto use aline chart to display the information.

Resource Use Model: Line Charts

The following line chart was produced by the Resource Use Model
at Time=30 during atypical execution. The chart shows the number
of processes currently in Processi ng Local |y, Awai ti ng
Resour ces, and Usi ng Resour ces; the number of resources
currently availablein Resour ce Pool ; and the values that these
guantities had at the end of every period of five time units since the
simulation began.

Process and Resource Graph

Count
10
B—ia
\-—-—-—- :

Il Processing
[ Awaiting Res

5 Bl Using Res
B ResPool

EI—[]\D/E]\D/E]

(o

0 10 30 40 E

0
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Definition of the Line Chart

TheChart Attributesdiaog for the above chart ook like this:

Line Chart =" ———————
—Regions Update Period — —0Origin
< Title < End of Run
H
[ Legend =] Time
Lines ——————— . 0|
[ Axis Names y
No of Lines P — O step I:I
—Initialization
Box Size [ save Copy —lalue Type —Overflow
[ start at Origin [€] Keep Contents @ Integer @ Rescale Axis
CJHoriz/Dert [ start at Origin ) Real i) Move Rxis
Grid Lines —Ualue Range
) Number ) Number Min -
a Min (@
H @ Distance m y @® Distance El H M y
) ad (48 18
[ Ticks 0Only [ Ticks Only Max

[Saue...] [ Load ] [Hesel ] [Eancel]

Theline chart’s code segment looks like this:

action

LC upd_chart{

lc = "Line Chart 0",

val ues = |

(1, time (), SV sumisv_ProclLoc, true, true),
(2, time (), SV sumisv_AwaitRes, true, true),
(3, tinme (), SV sumisv_UseRes, true, true),
(4, tinme (), SV sumisv_ResPool, true, true)]};

As this segment shows, each update adds a new data point to each

of thelines of the chart. The X value of each point is the time of the
update, obtained by polling the smulator. TheY vaue of each point
isthe number of tokensin the place that the line describes. Each of
these token countsis read from the appropriate statistical variable.

Analysis of the Line Chart Data

Theline chart leaves little doubt: the computer is not efficiently using
the resources that it does have, and processes spend alot of time
waiting for resources that do not exist. A single glance is enough to
produce a verdict.

Isthere any chance that the state this chart showsis an artifact?
Perhaps the model'sinitial conditions were very far from its equi-
librium state, so that a different picture would ultimately emerge if
the simulation ran long enough. Perhaps an exceptionally unlucky
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16-14

series of random choices during the simulation has produced a dis-
torted picture.

To explore these possihilities, it would be convenient to be able to
run the ssmulation for very long intervals, and display the results
without having to lose previous information to make room for more
recent data, as happened with the bar and history charts. Line charts
allow such display by automatically readjusting their scale when
they are given data that would otherwise fall outside the current dis-
play area.

For example, continuing the simulation shown in the above chart to
Time=50 resulted in the following chart:

Process and Resource Graph

Count
10
=—a
Il Processing
[ Awaiting Res
" )
5 Il UsingRes
O—) 1 2" @ ResPoo

N
ST T

0

—N—a—a—a —& —
=AAN.1
0 Time
10 20 30 40

50 60 F

If the ssimulation had gone on longer, additional X-axis scale com-
pressions would have occurred. Eventually the chart would become
too compressed to read, but the increasing compression would not
lead to an error. The problem of excessive compression could be
handled, if necessary, by editing the chart to make it physically
larger.

In any event, the additional simulation gives no sign of revealing
anything new. Of course, no finite amount of simulation can abso-
lutely guarantee that representative results have been obtained, but a
picture like the above is certainly unambiguous enough to justify the
conclusion that a problem exists and should be investigated.
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Improving the Resource Use Model

There is no reasonable doubt that something is wrong with the com-
puter that is represented in the Resource Use Model. But what is
wrong, and what is the most efficient way to remedy it?

The Essential Problem

Possible Solutions

Seeking a Solution

Thefirst obvious conclusion isthat there are ssimply not enough re-
sources. But this does not explain why the resources that are pre-
sent are used o little.

The reason can be seen by examining the way processes use re-
sources. Dueto the closely overlapping pattern of resource re-
guirements, any process that is using resources will cause three oth-
ersto wait until it is done, even though most of the resources needed
by the waiting processes areidle.

Of course, thisvery inefficient pattern isartificial: it isunlikely that
anything so regular would characterize the operations of areal com-
puter. But the exampleis nevertheless redlistic in that system per-
formance sometimes varies dramatically with differing load patterns,
giving rise to very nonlinear results as conditions change.

One obvious solution to improving the computer would be to pro-
vide two of each type of resource, or even three. Either of these
solutions would reduce waiting, but neither isideal because both
provide more of some resources than is needed to meet even the
heaviest demand. Only one process ever needs Resource 1 or 9,
and only two need Resource 2 or 8. Providing resources in propor-
tion to demand would be more economical that just increasing their
number overall.

However, another factor is also operating: processes with higher in-
dex numbers go for longer times between requests for resources,
and hold on to resources longer once they have them. Proportioning
resources to the number of processes that use them may not be
enough. It may also be necessary to take into account how long
each resource is retained, on the average, once it has been allocated.
Or perhaps the fact that some processes use resources longer is off-
set by the fact that they use them less frequently.

The Resource Use Model isintentionally simple: it was chosen asa
teaching tool rather than as aredlistic example of the kind of system
for which models are typically built. Yet even this simple model has
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given rise to aquestion that cannot easily be answered just by
thinking about it. What does the computer need?

It would be ideal if simulation could automatically generate guaran-
teed formulas for system improvement, but thisis generally not
possible. In order to discover what improvements an inadequate
system needs, a cycle of hypothesis and experiment is typically nec-
essary. Simulation cannot substitute for this cycle.

The purpose of smulation isto provide quantitative analyses of
system performance, so that existing problems can be characterized,
and to predict the effect on performance of proposed changes, so
that experiments can be done inexpensively. Appropriate use of
charts and statistical variables can do much to make the results of
analyses and experiments accessible, and to present them in ways
that are likely to lead to rapid convergence on a useful answer.
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Chapter 17

Reference Summaries

Navigating a Diagram

Navigating Objects

Y ou can move from object to object on a page, or from page to page
in adiagram, using the mouse, and/or various Design/CPN com-
mands.

Pages consist of objects. When you navigate a page, your move-
ment is defined by the occlusion order on the page.

Occlusion Order on a Page

Objects on a page are layered or stacked in the order of creation; the
most recently created objects are on the top of the stack.
Design/CPN remembers the order in which objects are created. Y ou
can change the layering order with Bring Forward (Makeup
menu).

Layering Order for Connectors

Anaogoudly, each page contains an ordered set of connectors. You
can determine whether nodes are drawn on top of connectors, or
vice versa, by means of acheck box in I nteraction Options (Set
menu).

Layering Order for Regions

Each object has an ordered set of regions which is often empty.
Each set of regionsis drawn immediately on top of the parent.

When a node becomes aregion (by means of M ake Region (Aux

menu)), it isremoved from the layering order for the nodes, and
entered into the layering order for regions of the new parent object.
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When aregion becomes a node (by means of M ake Node (Aux
menu)), it is removed from the layering order for regions of its par-
ent object, and is entered into the layering order for nodes.

Means of Navigation

Y ou can navigate through a page or the hierarchy using one or more
of the following Macintosh/X-Window System navigation tech-
niques.

o arrow keys

 double-clicking

e commands

* mouse selection
Design/CPN makes extensive use of the arrow keys, double clicks,
and commands to move on apage or in the hierarchy. Each of the
featuresislisted and described in some detail.
Arrow Keys
The arrow keys can be used to select other objects or to move the
text cursor.

Navigating in a Non-Text Mode

The arrow keys can be used to jump from one object to another on a
page, according to their layering order:

» LEFT-ARROW moves you from the selected object to the pre-
vious object, in anode layering, a connector layering, or a

region layering.

* RIGHT-ARROW moves you from the selected object to the
next object in the same order, in anode layering, a connector
layering, or aregion layering.

» TheDOWN-ARROW movesyou to thefirst child, that is, the
first object in the corresponding region layering.

» The UP-ARROW moves you to the parent.

The arrow keys cannot be used in certain conditions (for example,
when you cannot move down because the selected object has no re-

gion).
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Navigating in Text Mode (Not Group Mode)
No key: Movethetext cursor.

OPTION: Layering hierarchy. The system stays in text mode and
the entire text of the object becomes selected.

SHIFT: Text pointer hierarchy, used only in syntax error messages.

Double-Clicking

Double-clicking on certain objects with the mouse produces the fol -
lowing results:

Double-Clicking a Substitution Transition

Double-clicking a substitution transition on arelated node opens the
corresponding subpage and makesit active.

Double-Clicking a Port Place

Double-clicking a port place opens the superpage and makesiit ac-
tive. When there is more than one superpage, all of them are opened
and one of them becomes active.

Double-Clicking a Page Node on the Hierarchy Page
Double-clicking a page node opens the corresponding page and
makesit active.

Double-Clicking for Editor Regions

Double-clicking a key region changes the visibility and selectability
of the corresponding popup region. When the popup region isvisi-
ble, it becomes non-visible and non-selectable; if the popup regionis
non-visible, it becomes visible and selectable.

Double-clicking a sel ectable popup region makes the popup region
non-visible and non-selectable.

Double-Clicking for Simulator Regions

The presence and display of asimulator popup region is governed
by the region attribute of the (parent) key region. The popup can be
shown (both key and popup will be updated and displayed during

simulation), hidden (only the key region will be displayed), or
missing (only the key region will be updated and displayed during
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simulation). The default value of the popup attribute is specified in
Region Attributes (Set menu) for the (parent) key region in the
Editor and the Simulator.

In the Editor, double-clicking asimulator key region or a selectable
popup region works exactly as described above for the editor re-
gions — this operation does not influence the popup attribute of the
actual key region.

In the Simulator, double-clicking asimulator key region changes the
popup attribute as follows: hidden -> shown, missing -> shown,
shown -> hidden. Double-clicking a popup region changes the
popup attribute of the (parent) key region to hidden.

Commands

Y ou can use Design/CPN commands to navigate a page or a hierar-
chy.

Parent Object, Child Object, Next Object and Previous
Object Commands

These commands works in the same way as the corresponding ar-
row keys. They have the same modifier keys, which also work
when the commands are called by means of user-defined keyboard
equivalents.

Select Command
When objects are layered, closely spaced, or contained within other

objects, they may be difficult to select with the graphic tool. The
Sel ect command (M akeup menu) allows you to access the object.
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Graphical Objects

A CPN model is composed of graphical objects. The objects appear
on the primary unit of aCPN model, called apage. This chapter
presents the basic elements of a page in a CPN model, the classes
into which the el ements are grouped, and the types of objects within
each class. Cross-references indicate where you can locate detailed
information in the manual on specific topics.

Essential Graphical Objects

Nodes, regions, and connectors are essential graphical objects that
is, these objects cannot be defined in terms of other graphical ob-
jects.

A nodeisthe building block of amodel. Nodes can be created in
many shapes, such as boxes, rounded boxes, ellipses, polygons,
wedges, and labels. In thismanual, for the sake of brevity, a box-
shaped node will be called a box. Note that the shape of anodeis
only one of its many attributes.

Other attributes of anode includeits size, placement, pattern for in-
terior filling, and border. Typically, a node appears with a border
around it which can be assigned different graphical attributes.

A node may also contain text in atext field. A labd isanode where
the size is determined by itstext contents. It usually hasno visible
borders.

Two nodes are linked by a connector (aline containing one or more
segments and bending points). A connector may contain text and it
may be assigned arrows and graphical attributes. Connectors al-
ways remain attached to their source and destination and are auto-
matically redrawn when their connected nodes are moved.

Nodes linked by connectors form a graph called anet. Petri nets are
aspecia type of net with two kinds of nodes called places and
trangitions, and atype of connector called an arc. Places can be con-
nected to transitions by an arc. However, you cannot connect two
nodes of the same type (for instance, a place with another place) in a
Petri net.

An object (anode or aconnector) may relate to a subordinate object
(node, region, or connector) in anobject hierarchy. A subordinate
object, onelevel or more down in the object hierarchy, iscalled a
region.

Thefirgt-level regions of an object are called children of the parent
object while al regions (together with the children) are called de-

scendants. This parent object is also called the original parent ob-
ject. Changesto a parent can affect its descendants. For instance,
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Classes of Objects

when you move a parent object, you also move its descendants; the
latter preserve their positions with respect to the parent object.

An origina parent object, such as anode or a connector, may some-
times have along line of descendants. Notice that aregion cannot
be an original parent but all objects can have achain of regions as
their descendants.

Graphically, nodes and regions look similar, whereas connectors
have adistinctly separate form. However, the system recognizes the
distinction in the object hierarchy and indicatesit as such in the sta-
tus bar for the selected object.

CPN models consist of three major classes of objects: CPN objects,
auxiliary objects, and system objects. CPN objects have formal
meaning whereas auxiliary objects do not. System objects are sys-
tem-defined and maintained and reflect important structures of the
model.

Each of the three mgjor classes of objects contain nodes, regions,
and connectors. Asaresult, CPN objects, auxiliary objects, and
system objects have corresponding nodes, regions, and connectors.
For instance, CPN objects have CPN nodes; auxiliary objects have
auxiliary connectors, and so on.

For the sake of precision, CPN objects and system objects are fur-
ther subdivided into object typeswhich are recognized by the system
assuchin the type field of the status bar.

The shape of an object does not determine its object type but only its
graphical appearance.

CPN Objects and Object Types

The CPN objects consist of the following object types: places,
transitions, arcs, CPN regions, and declaration nodes. Places and
trangitions are nodes. Technically, arcs are CPN connectors. (The
terms“arc”, “place” and “transition” comply with the Petri net ter-
minology and will be used as such throughout the manual.) All CPN
objects have aformal meaning — that is, they describe aswell as
influence the behavior of the net.

Places, transitions, and arcs have CPN regions. (CPN regions are
central to the tool and are designated as such to distinguish them
from other regions.)

CPN objects also include three kinds of declaration nodes. global,
temporary, and local.
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Auxiliary Objects and Object Types

Nodes, connectors, and regions may be auxiliary objects, called
auxiliary nodes, auxiliary connectors, and auxiliary regions, respec-
tively. Auxiliary objects have no formal meaning — that is, they do
not influence the behavior of the net. Consequently, they are not di-
vided into object types but only by the essential graphical elements
such as shapes etc. Auxiliary objects enhance the readability of a
CPN model. They:

» create abetter overview

make the model neater

show additional relationships between the objects

add extra explanation

provide user-coded animation

They may be compared to the comments added in a programming
language.

CPN objects and auxiliary objects can have any number of auxiliary
regions. Auxiliary objects cannot have CPN regions.

System Objects and Object Types

CPN models contain athird kind of object type called system ob-
jects. These objects are generated by the system and provide graphi-
cal feedback on system structures. For instance, an indicator gener-
ated by the system called a key region differentiates transitions that
have hierarchical properties. Such key regions are used to mark
special objects.

Other groups of objects generated by the system provide page in-
formation, simulation information, or ameans for positioning the
connectors ends.

Individual Classes and Object Types

The object type determines the allowable types for regions of the
object. Each of the following lists provides a short summary of the
object type for each class of objects, a brief description of its corre-
sponding regions, and a cross reference to sections or chapters with
more details.

CPN objects can be classified into places, transitions, arcs, declara-
tion nodes, chart nodes, and regions.
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Place

A placeisa CPN node, typically drawn as an ellipse. A place can
have the following kinds of CPN regions:

* Name: Anoptional user-defined identification. Typically, a
label. Thetext field of the place may be used instead.

» Colorset: A designated type of dataresiding in aplace.
Typically, alabel. The syntax is described in CPN ML.

* Initial Marking: An optional specification of initial datafor
aplace. Typicaly, alabel. The syntax is described in CPN
ML.

* Hierarchy: Typicaly, abox. If present, the nodeiscalled a
substitution transition and the hierarchy region contains the
details of the hierarchy relationship. The hierarchy region’s
text is maintained by the system and it has a system key re-
gion with text HS.

» Fusion: Typicaly, abox. If present, the placeisafusion
set. Thefusion region contains the name of the set. Itstextis
maintained by the system and it has a system key region with
the text FP.

» Port: A box. If present, the placeis a port type/exit node.
Itstext is maintained by the system. Contents of the port re-
gion indicate the type of port.

Theterm “typically” indicates the shape commonly used and pro-
vided in the standard defaults. Y ou may use other shapes for these
objects (see the commands Change Shape and Convert to CPN
for more details).

Transition

A trangtion isa CPN node, typically drawn asan box. A transition
can have the following kinds of CPN regions:

* Name: Anoptional user-defined identification. Typically, a
label. Thetext field of the transition may be used instead.

» Guard: Anoptiona region for restricting the transition.
Typicaly, alabel. 1t complies with the Standard CPN termi-
nology. The syntax isdescribed in CPN ML.

» Code: An object for specifying code for execution during

simulation. Typically, abox. A code segment has a system
key region. The syntax is described in CPN ML.
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e Time: An object that allows you to specify delays for timed
simulation. Typicaly, alabel. The syntax isdescribed in
CPN ML.

* L og: Anobject that iswritten into by the codein the code
segment during ssmulation. Typically, abox. A log hasa
system key region.

» Hierarchy: Typicaly, abox. If present, a substitution
transition. The hierarchy region contains the details of the hi-
erarchy relationship and its text is maintained by the system.

Arc

Anarc isanother name for the CPN connector between aplace and a
transition. The arc’sdirection is determined by the position of the
arrowhead, and not by the order in which the two nodes were se-
lected when the arc was constructed. Two nodes may be connected
by more than one arc.

Arcs can aso be undirected (with no arrowheads) or bidirected (with
two arrowheads). Undirected and bidirected arcs are equivalent.
They are both a shortcut for two arcs — having opposite direction
and the same arc inscription.

An arc hasthe following CPN region:
» Arcinscription: An object providing details of the token
flow. Typically, alabel.
Declaration Nodes
CPN declaration nodes contain declarations such as colorsets and
variable declarations. The three types of declaration nodes are
global, local, and temporary nodes. Declaration nodes cannot have
CPN regions.
Chart Nodes
A chartisa CPN node. It can have the following region:
* Chart code segment: An object for specifying chart man-
agement code for execution during smulation. Typicaly, a

box. A chart region has asystem key region. The syntax is
described in CPN ML.
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Regions

CPN regionsrelate to their parent objects. Note that CPN regions
can have auxiliary regions, but they cannot have other CPN regions
astheir descendants. However, when an object has akey region
with a CPN region as its descendant, the object is regarded as the
true parent of the CPN region; the system key region only performs
the function of a*“stand-in” parent.

Auxiliary Object Types

Unlike CPN objects and system objects, auxiliary objects are not
governed by formal rules. Asaresult, auxiliary nodes can be placed
anywherein amodel. All classes of objects can be assigned auxil-
iary regions. Auxiliary connectors can link any two nodes or re-
gions.

System Object Types

17-10

System objects types are system nodes, system connectors, and
system regions. The system generates system regions both in the
Editor and the Simulator.

System Nodes

The system node is as follows:

» Page nodes: Represent pagesin amodel.

System Connectors
The system connector is asfollows:
* Substitution connectors. Represent substitution relation-
ships.
System Regions
The system regions are as follows:

» Substitution tags: Supply the name of the substitution
transition corresponding to the substitution connector.

* Mode regions: Record the mode attributes or setting for the
Simulator.

* Current marking regions: Show the state of simulation
data.
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Special Regions

» Transition feedback regions: Highlight transitions dur-
ing simulation.

* Input token regions. Show the effects of smulating a step
for an arc.

» Output token regions : Show the effects of smulating a
step for an arc.

» Binding regions: Indicate bindings included for the next
step.

Two system regions enjoy special statusin thetool. They are:
» Key regions: Indicate additional model information.

* Endpoint regions: Optional feature for positioning the con-
nectors endpoints.

Key, popup, and endpoint regions perform non-trivial functionsin
the model. They therefore require special mention.

Key and Popup Regions

A key region isagraphical object that indicates when a parent object
has additional model information associated with it. A key region
has a popup region asitsregion. Key regions provide accessto in-
formation in the popup region. They function, in some respects,
like akey inalock aswell as resembling the key on akeyboard —
they “lock” and “unlock” the information in the popup region.

A key region istypically drawn as asmall solid circle/square, con-
taining anumber, asingle capital letter, or two capital letters. The
key region is always aregion of aplace, atransition, or a page
node. Asin the case of other objects, defaults govern the attributes
assigned to key regions at creation. Key regions and popup regions
contain many types of information, such as hierarchy information,
code segments, and markings.

Design/CPN makes a distinction between editor regions and simula-
tor regions. Editor regions are created and changed during editing to
reflect the net structure, but remain unaltered during simulation.
Simulator regions are created when switching to the Simulator — if
not already present — and their contents are updated during smula-
tion to reflect the current state.
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Simulation key regions have a specia attribute for dictating the pres-
ence and absence of popup regions. The attribute’ s defaults deter-
mine whether a popup region is created for akey region.

In the smulator, double-clicking on akey region without a popup
region creates a popup region and changes the attribute accordingly.

All key regions are system regions. However, popup regions are of
two types. those that are CPN regions and those that are merely
system regions. Popup regions for hierarchy information, fusion

information, port information, code segments and log information
are CPN regions. The status bar displays the name of the selected

key or popup region.
When we talk about a hierarchy region, we always mean the popup
region — and not the key region — which is called a hierarchy key
region. Analogously, for the other kinds of key/popup regions.
The editor and simulator key/popup regions and their corresponding
parent nodes are listed below.
Editor (Key/Popup) Regions
These are asfollows:

 Hierarchy information (region of atransition).

» Fusion information (region of aplace).

 Port information (region of aplace).

» Code segment (region of atransition or a chart).

» Modeinformation (region of a page node).

» Loginformation (region of atransition).

Simulator (Key/Popup) Regions
These are asfollows:
» Current marking (region of aplace).
* Input token (region of an arc).

* Output token (region of an arc).
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Creating And Deleting Key/Popup Regions

The system generates the key and popup regions, except for code
and log regions.

Editor key/popup regions are always created as apair — that is, a
key region with a corresponding popup region (which may initially
be invisible depending on the defaults). However, as an exception
to thisrule, you can create code segments and log regions, while the
system adds the corresponding key regions. When you delete one
of the pair, the system automatically deletes the corresponding re-
gion.

Simulator key regions are created when you enter the Simulator, if
they do not already exist. Some of these regions are displayed dur-
ing simulation if defined in Substep Options, other regions are
always displayed. Simulator popup regions are created according to
the defaults for the corresponding key region. When asimulator
popup region is deleted, the popup attribute of the parent key region
ischanged to missing. Simulator key regions can only be deleted in
the Editor.

Editing Key/Popup Regions

Y ou can define the default attributes — that is, the border, fill, font,
shape, etc. — for each kind of key/popup region using the attribute
commands in the Set menu.

Y ou cannot accidentally change the size of the existing key regions
as preset in the standard defaults. Thisrestriction isimposed in or-
der to prevent the key regions from being automatically resized
when their parent objects are resized. Setting the Region
Attributes allows you to then change the size of the key region.

Endpoint Regions

Endpoint regions alow you to customize the placement of connec-
tors between two nodes. Traditionally, the position of a connector
is determined from the center of one node to the center of the other
node. The pointswhere the two ends of the connectors meet the
borders of the nodes are system determined. Y ou can change the
position of the connector, using its endpoint regions.

Connectors can have endpoint regions at one or both ends. When
the connector has an endpoint region, the position of the connector
is determined from the center of one endpoint region to another, if
any. Typicaly, since the endpoint regions are located on the border
of anode, the position of the connector is determined from border to
border.
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Endpoint regions are regions of anode. Hence, they can be placed
outside the nodes they are connecting, even if thisisnot common
practice. By default, an endpoint regionis*“hidden”; it isnot
printed.

Creating Endpoint Regions

Endpoint regions are not created automatically by the system. They
are created by invoking Dr ag in theM akeup menu, which then au-
tomatically creates the endpoint region.

Alternatively, you can create or move endpoint regions by selecting
the corresponding connector handle with the SHIFT key depressed,
which puts the system in adrag mode. The endpoint regionis cre-
ated before the drag, near the border. When the drag is completed, a
new endpoint position is calculated (in the same way asfor a new
connector). The endpoint region will be positioned at the border of
the node near the cursor.

Endpoints regions are system regions and when selected, are indi-
cated as such in the status bar.
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Preferences

Design/CPN’ s defaults consist of the preferred attributes and op-
tions. You can ater the appearance and behavior of agraphical ob-
ject or amodel by changing its attributes and options. Names and
numbers are tags of identification for objects and are determined by
the user.

Attributes and Options

Attributes are characteristics of an object. Y ou can set or ater the at-
tributes to change the appearance or the behavior of your model.
Attributes may be assigned to individual objects or pages.
Characteristics assigned to the model as awhole are called options.

Object Attributes

Object attributes are characteristics of nodes, regions, and connec-
tors. Hence, CPN objects, auxiliary objects, and system objects
have object attributes. Object attributes are divided into five digoint
sets; the first four sets appear as commandsin the Set menu.

» Graphical attributes: Line (thickness, color, pattern), fill
(color, pattern), text (color), visibility, selectability (see
Visibility and Selectability below), and layering logic.

» Text attributes: Font, style, size, justification and text
scroll bars.

» Shape attributes: Size, orientation, and shape (for connec-
tors).

* Region attributes: Relative offset from parent center, with
color and resizing dependent upon the parent object (only for
regions). In addition, ssmulator key regions have popup at-
tributes.

Page Attributes
Pages have page attributes:

» Page kind: Specifies whether apageisastandard or a
palette page.

» Visibility of page border: Specifies whether the page
border is displayed.

» Page size: Specifiesthe boundary rectangle of the page.
When the drawing exceeds the boundary, the page should be
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Special Attributes

scaled or reduced to the standard Page Setup requirements for
printing.

The page attributes are accessible under Page Attributesin the
Set menu.

Mode Attributes

Pages and subsgtitution transitions have mode attributes. Mode at-
tributes regulate the way in which pages are treated for simulation.
The mode attributes are:

* Prime page: Specifieswhether apageis astarting page
caled aprimepage; multiplicity of prime page impliesthe
number of prime instances for a prime page.

* Included: Specifieswhether page instances are included

» Observable: Specifieswhether pages instances are observ-
able

» Proposed occurrence sets. Specifies whether page in-
stances are proposed to participate in occurrence sets

* Interactive: Specifieswhether pages instances participate in
interactive runs.

» Code segments: Specifies whether pages instances are
permitted execution with code segments

The mode attributes are accessiblein M ode Attributes (Set
menu).

Visbility and selectability are graphical attributes. Unlike the other
attributes in this group, they require a more detailed description of
their functions.

Graphical Attributes: Visibility and Selectability

Objects may be visible or non-visible and they may be selectable or
non-selectable.

Visibility

Each object has a graphic attribute, which determines whether the
object isvisible or not. Non-visible objects are not deleted.
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Options

Although invisible, they continue to influence the behavior of the
CP-net, if they are CPN objects.

Changing Visibility

A region’ s substructure can be hidden by means of Hide Regions
(Makeup menu) and Show Regions (Makeup menu)

The attributes of visibility for popup regions can be changed by
double-clicking on the corresponding key region or the popup re-
gion itself, when invisible.

Selectability

Each object has a graphic attribute that determines whether the object
is selectable or not.

When an object is non-selectable it cannot be selected in the usual
ways, for example by clicking with the mouse. It can, however, be
selected in the following ways:

* By meansof Select All Nodes, Select All Regions,
and Select All Connectors (Makeup menu) commands
when OPTION is pressed.

* By meansof the Child, Parent, Next Object, and
Previous Object (M akeup menu) commands.

Changing Selectability

Selectability is changed by means of Graphic Attributes (Set
menu).

A large number of properties relate to the entire model. Such prop-
erties are called options. The model optionsin the Editor are ac-
cessed through the Set menu commands Hier ar chy Page
Options, Interaction Options, Merge Options, Text
Options, Syntax Optionsand ML Configuration Options.
The model optionsin the Simulator are accessed through the Set
menu commands Simulation Code Options, General
Simulation Options, Interactive Simulation Options,
Occurrence Set Options, and Transition Feedback
Options.
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The two kinds of defaults are

o System defaults, which determine the diagram defaults for
new diagrams.

» Diagramdefaults, which determine the attributes of new
pages and objects within a diagram.

System Defaults

System defaults determine diagram defaults for new diagrams. Each
kind of object (that is, places, arcs, code segments, auxiliary boxes,
and auxiliary polygons) hasits own set of system defaults for its at-
tributes. Moreover, a system default exists for each option.

Y our copy of the CPN Editor has a set of system defaults proposed
by the designers of Design/CPN in the CPN Settingsfile that ac-
companies your application (see below). These defaults are called
the standard defaults.

CPN Settings

System defaults are recorded in afile called CPN Settings in the
system folder on the Macintosh. Thisfileisused each time
Design/CPN hasto save or load system defaults; if the file cannot be
found, a new oneis generated with the crude, hardcoded defaults.
This means that you can change the system defaults back to the
standard defaults by replacing the current CPN Settings file with the
original one you received with the application. If you delete, re-
name, or move the current CPN Settings file, the system will gen-
erate anew one, but it will not contain the standard defaults.

System defaults are recorded in afile called CPN Settingsin the
home directory.

Diagram Defaults

The diagram defaults determine the default attributes of new objects
and new pages.

When anew diagram is created, the diagram defaults are copied
from the system defaults. Later changes to the system defaults do
not change the diagram defaults for existing diagrams.

Each kind of object (i.e., places, arcs, code segments, connectors,
polygons) hasits own set of diagram defaults for its attributes.
There are, however, no diagram defaults for options. The reasonis
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that options relate to the entire diagram and thus there is no differ-
ence between an option default and a current option value.

The diagram defaults are saved together with the diagram and they
will automatically be in effect the next time the diagram is opened.

Changing System And Diagram Defaults

Y ou can modify defaults by means of the Save button or by check-
ing Save Default in the appropriate dialogs for commands relating
to attributes and options.

When the Save button isinvoked, asmall dialog appears, prompt-
ing you to choose whether you want to save the current settings of
the diaog as system defaults and/or as diagram defaults (options can
only be saved as system defaults).

Using System And Diagram Defaults

Defaults can be loaded into adialog by means of the L oad button,
which appearsin the dialogs of some commands dealing with at-
tributes or options. When this button is clicked, a small dialog ap-
pears and you choose whether you want to load the system defaults
or the diagram defaults. (For options, you can only load system de-
faults; hence, thereisno dialog.)

Loading a set of defaults changes the setting of adialog. 1t does not
change the attributes of any objects or pages or change any option
until you click the OK' button.

Copying Defaults

Y ou can copy the entire set of system defaults into the diagram de-
faults of the current diagram. Y ou can also copy the diagram de-
faults of the current diagram into the system defaults. Both opera-
tions are performed by means of Copy Defaults in the Set menu.

To reproduce the original CPN Settingsfile, use Copy Defaults
to copy the diagram defaults from the Defaults diagram, provided in
the release, into the system defaults. Alternatively, reinstall the
CPN Settings file, provided in the release.

Names and Numbers

A number is apositive integer, while a nameis a sequence of char-
acters.
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Using Names and Numbers

When you refer to a page, place or transition, you use names or
numbers (for example, in code segments). Moreover, the system
uses names and numbers as part of the feedback (for example, in hi-
erarchy regions).

Names should be unique when they refer to a page, place, or transi-
tionin order to avoid confusion; thisis not necessary when names
provide system feedback (although non-uniqueness may create some
confusion).

Different Kinds of Names

Design/CPN communicates the identity of certain kinds of objectsto
you by means of names and numbers. The names and numbers are
automatically generated from text strings you enter. The four differ-
ent kinds of names are page names, place names, trangition names
and fusion names, while thereis only one kind of number: page
number.

Syntax for Names

Each nameis a sequence of at most eight characters, and these may
not be whitespace characters (for example, created by SPACEBAR,
TAB, or RETURN) or the # character (which isused for signaling the
beginning of a number).

The feedback from the system separates and surrounds names by
certain characters. Do not include the following characters in names
if you wish to receive readable feedback:

2@ -> () [ 1 {1}

Additionally, you may want to comply with the standard for ML
identifierswhich start with a letter.

Syntax for Numbers

Each number is a sequence of at most 5 digits.

Generating Names

Each nameis generated from atext string that you enter. The sys-
tem skips any leading format characters. It then takes the succeed-
ing characters until one of four conditionsis met: eight characters
have been taken, the end of the text string, aformat character, or a#
character has been reached.
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Page names, place names and transition names (but not fusion
names) may be identical to the empty text string (which the system
displays as three stars).

Entering and Changing Numbers and Names

Page names and numbers appear in page nodes. They can be
changed by means of Page Attributes (Set menu).

Page names and page numbers are used in different kinds of system
feedback, that is, in window title bars and hierarchy regions.

Entering and Changing Place Names and Transition Names

Place names and transition names are usually generated from the
name region of the place or transition. When the nameregionis
missing, the name is generated from the text of the place or transi-
tion. Y ou cannot change a name using acommand. A name can be
changed by tying in the text field or the name region of the CPN
node.

Place and transition names are used in different kinds of system
feedback, such as hierarchy regions and instance names.

Fusion Names

Fusion names are entered by the user in the Fusion Place dialog.
Fusion names are used in different kinds of system feedback, for
example, in fusion regions.

Fusion names have aformal meaning when you define afusion set.
Thisis necessary — at least for global fusion sets— whereit is not
possible to form a group containing objects from severa pages.

Fusion set names must be non-empty. A name can designate only

one fusion set on apage. Itispermissible to use the same name for
two non-global fusion setsif they belong to two different pages.
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List of Compulsory Syntax Restrictions
A number of compulsory syntax restrictions are checked by the
system when Syntax Check isinvoked or the CPN Simulator is
entered.

Format for Syntax Violations

Each displayed syntax violation has three sections:

» Thefirst section contains a number and a short description of
the violated syntax restriction.

» The second section is adescription of the restriction.

» Thethird section indicates where the restriction was viol ated.

C.1 Missing global declaration node

Each diagram must contain one global declaration node.

C.2 Too many global/temporary declaration nodes

Each diagram must contain one globa declaration node and may
contain one temporary declaration node.

<<Pointer to Declaration Node>>

C.3 Too many local declaration nodes
Each pageis allowed to contain at most one local declaration node.

<<Pointer to Declaration Node>>

C.4 Error in global/temporary declaration node
An error was found in a global/temporary declaration node.

<<Pointer to Declaration Node>>

C.5 Error in local declaration node
An error was found in aloca declaration node.

<<Pointer to Declaration Node>>

17-22 Design/CPN Reference Manual for X-Windows



Reference Summaries

C.6 Place must have a color set
Each place must have a non-empty colorset region.

<<Pointer to Place>>

C.7 Color set region must be legal

All colorset regions must be legal, that is, they must contain the
name of a colorset declared in aglobal declaration box.

<<Pointer to Place>>

C.8 Initial marking must be legal

All initial markings must be legd, that is, they must contain a multi-
set or asingle value (of the correct colorset ).

<<Pointer to Place>>

C.9 Guard region must be legal

All guard regions must be legal, that is, contain a boolean expres-
sion or alist of boolean expressions.

<<Pointer to Transition>>

C.10 Code segment must be legal
All code segments must be legal, that is, they must contain a code
guard, input pattern, output pattern and a code action (of which
some may be missing).

<<Pointer to Transition>>

C.11 Arc expression must be legal

All arc inscriptions must be legal, that is, evaluate to a multi-set or a
single value (of the correct colorset).

<<Pointer to Arc>>
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C.12 CPN variables in code segment
All code segments must use CPN variablesin alegal way. For ex-
ample, they must al occur on the surrounding arcs and none of them
are allowed to be both in the input pattern and the output pattern.

<<Pointer to Transition>>

C.13 Code guard must be legal

A code guard must evaluate to a boolean expression or alist of
boolean expressions.

<<Pointer to Transition>>

C.14 Code action must be legal

All code segments must have alegal code action which evaluates to
the type determined by the output pattern.

<<Pointer to Transition>>

C.15 Color set in port assignment

All socket places must have the same prime colorset as the corre-
sponding port place.

<<Pointer to Socket/Param>>

C.16 Color set in fusion set
All placesin afusion set must have the same prime colorset.

<<Pointer to Place>>

C.17 Initial marking in fusion set

All placesin afusion set must have the same initial marking
(textualy).

<<Pointer to Place>>
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C.18 Socket must be assigned
Each socket node must be assigned to a port place.

<<Pointer to Socket>>

C.19 Port type must match socket

Each socket node must be assigned to a port place with a matching
port type.

<<Pointer to Socket/Param>>

C.20 Time region must be legal

Each time region must start with “@+”, followed by an expression
of the actual time type.

<<Pointer to Transition>>
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Chapter 18

Overview of Design/CPN Menus

File Menu

Edit Menu

CPN Menu

Part 2 of the Design/CPN Reference Manua lists and describes each
Design/CPN menu and itsindividual commands. This chapter con-
tains an overview of the Design/CPN menus. Therest of Part 2
contains a chapter for each menu.

File menu commands affect entire diagrams. They create new dia-
grams, open existing ones, as well as saving closing, previewing,
and printing diagrams.

The current page can a so be saved as a subdiagram which can then
be |oaded and opened from within a diagram.

Edit menu commands cut, copy, and paste graphical objects and
text, and provide undoing and redoing of some graphical operations.

The CPN menuisavailable only inthe editor. Inthe simulator, it is
replaced by the Sim menu.

C PN menu commands create CPN objects — places, transitions,
arcs, CPN regions, declaration nodes, and charts. Other commands
in the menu form hierarchies by creating or relating pages.

The menu also contains commands for syntax checking the diagram
and removing the ssimulation regions that participate in ssimulation.
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Sim Menu

Aux Menu

Set Menu

Makeup Menu

Page Menu

Group Menu

Sim menu isavailable only in the simulator. In the editor, itisre-
placed by the CPN menu.

Sim menu commands prepare the diagram for simulation. They
also regulate the smulation cycle, switch between page instances, or
return the diagramto itsinitial state.

A ux menu commands draw graphic objects (nodes and connectors)
that have no significance as CP net components. They also start and
stop the ML interpreter, and allow evauation of individual ML
statements.

Set menu commands specify object attributes, diagram options, and
simulation options.

M akeup menu commands manipulate and alter graphic objects.

Page menu commands affect the appearance, labeling, and page
numbering of the diagram. Other commands move around the pages
and hierarchies of the diagram viathe page hierarchy window.

Group menu commands group objects according to their object
types. The objects within the group can be changed or manipulated
asasingleunit. A group isindicated by agray outline around al its
member nodes that are not regions.
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Text Menu

Align Menu

T ext menu commands manipulate text objects, permitting the cre-
ation, editing, formatting, selecting, and searching of text.

Align menu commands reposition the currently selected node or
group by aligning it to one or two reference objects.
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Chapter 19

File Menu Commands

New Alt+0
Open...

Close

Save

Save As...

Revert

Page Preview...
Page Setup...
Print... Alt+P

Save Subdiagram...
Load Subdiagram...
Save Text...
Load Text...

Load IDEF...

Save State...
Load State...

Enter Editor/Simulator
Quit Alt+Q

TheFile menu commands affect entire dia-
grams. They create new diagrams, open ex-
isting ones, as well as saving closing, pre-
viewing, and printing diagrams.

The current page can also be saved as a sub-
diagram which can then be loaded and opened
from within a diagram.

Only one diagram can be open at atime.
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New

Creates anew, untitled CPN diagram with its hierarchy page. The
diagram defaults are copied from the system defaullts.

If adiagram is open, N ew displays the following dialog:

Do you want to save the changes
to your current diagram?

[Eancel][ Mo ]

Open

Opens an existing diagram or saved state:

| TEST ERAMPLES ¥ | —Meta
O savestatel ifs
O Testl
O Test2 Desktop

O TestZ2-savestate

Cancel

=

The pages are placed on the desktop in the form in which they were
saved.

Diagrams created with earlier versions are converted to the current
version when read.

Saved States

When opening a saved state, Open displays the following dialog:
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Switch to Simulator g_l

The diagram is in @ saved simulation
state. Do you want to enter the
Simulator?

Clicking Y esloads the saved state and enters the Simulator.

Clicking N o does not load the saved state. The system remainsin
the Editor.

Close

Closesadiagram. The name of the current document islisted in the
menu next to the Close command.

Closedisplaysthe same dialog asdoes New (File menu) if there
have been any changesto thefile:

Do you want to save the changes
to your current diagram?

[Eancel][ MO ]

Save

Savesadiagram on disk. If the current document is untitled, Save
prompts for a name and location:
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|1 CPN APPLICATION ¥ |

O fharisemd

O fharisemiad

B ODEN FRM

D LPn detbings

% f g bl

G Besign/ PR 99405

Save Diagram as:

The diagram is saved in two filesif it has never been successfully
syntax checked, or threefilesif it has. Thetwo filesare:

» A diagramfile. Thiscontains graphical information about the
diagram. It has the name specified in the dialog.

» A databasefile. Thiscontainsthe Petri Net representation of
the diagram. It has the specified name with the extension
“.DB”.

A saved diagram aways has a diagram and a database file. If the di-
agram has been syntax checked successfully, it aso has:

* AnML file. Thiscontainsthe image produced during the
syntax check, plus additional information if the diagram was
switched to the simulator after a successful check. The ML
file has the name specified in the dialog, with the extension
“ML".

The three files must be kept in the same directory. If the saved dia-
gram includes an ML file, you will be asked to specify (or verify)
the file name. No path name can be specified.

If adiagram is new and untitled, the Save command is disabled.
Use Save Asto savethefile.
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Save As

Revert

Saves a diagram with a new name:

[ CPN APPLICATION ¥ |

0 harisemd

i
O D harigemi-d
i
i

B L PN OFRM

O LFm teitings

0 L FrmL

G Besignsi PR 9945

| smus |

Save Diagram as: Cancel

Saving under anew nameis aso agood way of making backup

copies, since the original fileis not removed. All filesare savedin

Design/CPN diagram format.

Aswith Save (File menu), the ML filename must be specified for

anew diagram, or verified for an existing one.

Replaces the current diagram with the last saved version of that dia

gram:

Replace current diagram
with last saved version?

Revert isavailable only if there have been changes since the last

Save.
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Page Preview

Page Setup

Output Form

Previews adiagram (or part of a diagram) before printing by dis-
playing the current page asit appears when printed.

ThePage Preview window does not display the effects of the
master page or the Page Setup (File menu) optionsTiling,
Scale to Fit, Omit Page Borders, and Print Hierarchy
Page.

Specifies how the pages of adiagram appear when printed. When a
new diagram is created, the page setup options are copied from the
previous diagram (or from the system defaullts, if no previous dia-
gram exists).

Most of the Page Setup diaog is specific to the printer that your
system uses. For details see the documentation for your printer.
The dialog a'so contains three components that are specific to
Design/CPN:

e Output Form
* Omit Page Borders

* Print Hierarchy Page

Specifies the number of pieces of paper each diagram page prints on:

Normal: The diagram page prints on one piece of the selected pa-
per size. Any part of the diagram that doesn't fit is truncated.

Scale to Fit: Reducesthe diagram if necessary so that every object
will fit on the selected paper size.

Tile: Everything within the diagram page prints on the selected pa-
per size, at the selected scale, on as many pages as necessary. The
diagram prints according to the paper orientation setting, beginning
with the top left corner.

Tile Overlap: Printsthe diagram in the sameway asTile, but ex-
tends the printing on each piece of paper so that edges of the dia-
gram sections overlap sightly.
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Omit Page Borders

Page border lines, which are visible on the screen, do not print.

Master pages with visible borders cause the bordersto print even if
Omit Page Bordersis checked.

Print Hierarchy Page

Print

Prints the hierarchy page. The hierarchy page aso printsif itisin-
cluded in the pages selected in Print (File menu).

Printsal or part of adiagram according to Page Setup (File
menu) instructions. Print uses printer-specific dialogs.

Select the number of copiesto print and the page range in the dialog
invoked by this command. Other selections vary according to the
printer. Selecting All means all pages with a page number between
1 and 9999. The page scale influences the printing.

The master page in the document superimposes its imprint on every
page. (See Master Page under Page Setup (File menu) for more
information.)

Save Subdiagram

Saves the current page as a separate subdiagram:

= CPN APPLICATION W™ |

O hmrinemd — Meta
D fharby et

S OLEN FRM

D DPr Seitings

D1 f P b ™

S Bealgn P L9045 Lot

Save Page as:

| | Cancel

@ Design Format ) PICT Format
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The subdiagram icon appears on the desktop, but can only be
opened from within the Design/CPN application by L oad
Subdiagram (File menu). For example, to use a Design/CPN
submodel in other diagrams, use this command to save it and the
L oad Subdiagram command to open it.

The Save Subdiagram/L oad Subdiagram sequence preserves
the exact appearance and formal meaning of the current page, with
the following changes:

* All substitution transitions become ordinary transitions.

* All fusion places become ordinary places.

 All port places become general places.

* All declaration nodes are misinterpreted astransitions. These
can befixed by using Convert to Aux (Aux menu) and
Convert to CPN (Aux menu).

War ning: CPN nodes that have the shape of arectangle are recog-
nized astransitions. CPN nodes that have the shape of an ellipse are

recognized as places. If these defaults have been changed the subdi-
agram will not be loaded properly.

Load Subdiagram

19-8

Adds apreviousy saved subdiagram to any open Design/CPN dia-
gram.

Once opened, this subdiagram becomes part of the current diagram.
Use this command to make non-hierarchical submodels available
across diagrams.
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Save Text

Saves the text in the selected object:

|=2 Design/CPN ¥ | — MetaDisk
G BesigniPi i
0 ESML
[0 NJSML Desktop
ez I
Save Text as: Cancel

“ | | saup

The saved text can be loaded into a different Design/CPN diagram,
using Load Text (Filemenu), aswell as being edited with a stan-
dard text editor.

Restrictions

The command is not implemented for groups.

Load Text

L oads the contents of atext file into one or more box-shaped auxil-
iary nodes and placed on the current page. The status bar displays
the number of charactersin thefile.

Blocking Options

L oad prompts for a blocking option:

Load Text —r—=

Format

2 Block by Delimiters

i@ Block by Character
Count: (188a8@)
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Load IDEF

Blocking by Delimiters

Each unit of text enclosed by matching delimitersis put in anode
and placed on the page.

The minimum number of characters per node is 30, unless the de-
fault ischanged by Text Options (Set menu).

Text within nested pairs of delimitersis placed in anode one level
lower than the text enclosing it.

The top-level node always contains atext pointer to lower-level text
boxes. For traveling along text pointers, see Syntax Check
(CPN menu).

Blocking by Character Count

Text isdivided into nodes according to the number of characters
(including blanks) indicated in parentheses.

If the text length exceeds the count, more nodes are created and the
top-level node contains atext pointer to its subordinate nodes.

For traveling along text pointers, see Syntax Check (CPN
menu).

The program default block size of 10000 characters may be changed
in Text Options (Set menu).

Loads amodel exported by Design/IDEF (version 2.5 or later) for
conversion to a CPN, either manually or by the Workflow Analyzer.

When L oad I DEF isinvoked, adialog appears:

Load Idef

[] Start Workflow Analyzer

|Eance|| | 0K |

If the model isintended for conversion to CPN by the Workflow
Analyzer, choose Start Wor kflow Analyzer, then click OK. If
the modé is intended for manual conversion to CPN, just click OK.
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Save State

Load State

TheOpen Filediaog appears, allowing you to indicate the file
containing the model that isto be loaded. If thereisaready adia-
gram open in Design/CPN, it is augmented with the model in the
file. Loading the file without an open diagram resultsin anew dia-
gram.

For further details on generation of the fileto load, consult The

Design/IDEF User’sManual. For further information on the
Workflow Analyzer, see The Workflow Analyzer Tutorial.

Saves adiagram and its current state from within the Simulator:

|== TEST EHAMPLES ¥ | —Meta

% savasinipd

F savaesinipi i
D sapasinlp i
% fputd

% Testl g

% fputld

Save Diagram as: Cancel
ST |

The saved state may be reopened from the Editor with Open (File
menu) or from the Simulator with L oad State (File menu).

Loads a diagram saved with Save State (File menu), permitting
execution to start from the point that Save State was invoked.

If thereisadiagram currently open whose state has either not been

saved or has changed sincethe last Save State, the system dis-
playsthe following dialog:
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save State V———=

Do you want to save the changes to
the current state?

[Eancel][ No ]

Clicking Y es causes the system to display the Save As(File
menu) dialog before loading the saved state.

Clicking N o causes the system to load the saved state, overwriting
the current diagram.

Loading Saved States With Open (File Menu)

Open displays the following dia og:

switch to Simulator —00——=)

The diagram is in @ saved simulation
state. Do you want to enter the
Simulator?

Clicking Y es loads the saved state and enters the Simulator.

Clicking N o does not load the saved state. The system remainsin
the Editor.

Restrictions

L oad Stateisavailable only in the Simulator.

Enter Editor

Leaves the Simulator and entersthe Editor. Enter Editor isavail-
able only inthe Simulator. Inthe Editor, Enter Simulator ap-
pearsin placeinthe File menuin place of Enter Editor.
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Enter Simulator

Leaves the Editor and entersthe Simulator. Enter Simulator is
available only in the Editor. Inthe Simulator, Enter Editor ap-
pearsinthe File menuin place of Enter Simulator.

If you see adialog that mentions a problem of any kind, see
Appendix B, “Troubleshooting.”

Enter Simulator syntax checks the diagram and, if successful,
generates the code necessary to run the simulation. This processis
caled aswitch. Both the syntax check and the remaining part of the
switch are incremental ; the system only rechecks and reswitches
those parts of the diagram that have been changed since the last
syntax check/switch.

Before the switch begins, the system prompts:

Sauve

Do you want to save the diagram
before starting the switch?

[Eancel][ No ]

After the syntax check isfinished, the system triesto open the ML
filefor the diagram. If the diagram previously had an ML file, but
the file no longer exists, the system prompts:

Caution gl

A previously saved ML file for the
current diagram could not be found. Do

you want to create a new image? (Al
declarations and inscriptions will need
to be recompiled.)

As the switch proceeds, the status bar displays the number of ob-
jects that have been checked or switched so far.
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Quit

Leaves Design/CPN, closing the current document before quitting
the system.

Y ou can quit from either the editor or the ssmulator. If you quit
from the editor, Quit displaysthe same dialog asdoesNew (File
menu) if there have been any changes to the file. If you quit from
the simulator, Quit displaysthe same dialog as does Save State
(File menu).
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Edit Menu Commands

The Edit menu commands use the clipboard.

Undo Alt+Z They apply to the selected objects and text.
Redo

Cut Alt+X

Copy Alt+C

Paste Alt+V

Clear

Get Info Alt+1
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Undo/Redo

Cut

Undo negatesthelast Align menu command.

Redo performsthe action that Undo negated.

Removes objects from the active page and puts them on the clip-
board, replacing any previous clipboard contents. Objects placed on
the clipboard retain all their attributes and the contents of their text
fields.

Effect on Object Types

The effect of Cut varies with the type of object selected:

Nodes

Removes the node, its descendants and its connectors. Only the
node and its descendants are placed on the clipboard. However, hi-
erarchy, fusion, and port regions are lost because they are never put
on the clipboard. See Effect on hierar chiesbelow for morein-
formation.

Connectors

Removes the connector and its descendants. In a subsequent paste
operation, the system prompts for the connector source and destina-
tion.

Regions

Removes the region and its descendants. In a subsequent paste op-
eration, the system prompts for aregion parent.

When the current selection is a code segment, Cut puts the corre-
sponding key region on the clipboard along with its code segment.

Groups of Nodes

Removes everything contained within the group, including all inter-
nal connectors and descendants. Connectors with only their source
or only their destination nodes in the group are removed without
being saved to the clipboard.
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Text

Selected text within an object can be cut asin any other X-Windows
application.

Effect on Hierarchies

Restrictions

Copy

When the current selection contains socket or port places, Cut re-
moves the port assignment (in the hierarchy region of the corre-
sponding substitution transition).

To move objects without losing their hierarchical relationships (as

happens when Cut is applied) use M ove Node (M akeup menu)
or palette pages (discussed in Page Attributes (Set menu)).

Cut cannot be applied (but Clear can be) to the following:
» Groups of regions or connectors.
» Page objects.

» Hierarchy, fusion, border, or mode regions, or one of their
key regions.

Copies objects from the diagram to the clipboard by replacing any
previous clipboard contents. Copied objectsretain al their attributes
and the contents of their text fields. Copy has the same effect as
Cut except that there is no change on the active page.

Effect on Object Types

The effect of Copy varies with the type of object selected:

Nodes

Copies the node, its descendants and its connectors. Only the node
and its descendants are placed on the clipboard. However, hierar-
chy, fusion, and port regions are not copied. SeeEffect on hier-
ar chies below for more information.
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Connectors

Copies the connector and its descendants. In a subsequent paste op-
eration, the system prompts for the connector source and destina-
tion.

Regions

Copiesthe region and its descendants. In a subsequent paste opera-
tion, the system prompts for aregion parent.

When the current selection is a code segment, Copy puts the corre-
sponding key region on the clipboard along with its code segment.
Groups of Nodes

Copies everything contained within the group, including al internal
connectors and descendants. Connectors with only their source or
only their destination nodes in the group are not copied.

Text

Selected text within an object can be copied to the clipboard asin
any other X-Windows application.

Effect on Hierarchies

Restrictions

20-4

To duplicate objects without losing their hierarchical relationships
(as happens when Copy isapplied) use Duplicate Node

(M akeup menu), or palette pages (discussed in Page Attributes
(Set menu)).

Copy cannot be applied in the following circumstances:

* When the current selection is a group of regions or connec-
tors.

» When the current selection contains page objects.

* When the current selection is a hierarchy, fusion, border, or
mode region, or one of their key regions.
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Paste

Pastes objects from the clipboard into the active window. Parent
objects and their regions retain their relationships.

Effect on Object Types
The effect of Past e varies with the type of object to be pasted:

Nodes

The center of the node to be pasted is placed in the active window
wherever the graphic tool is positioned. If the pointer is outside the
active window, the copy will be placed in the center of the active
window.

Connectors

When prompted, first place the graphic tool in the source node and
click. Then place the graphic tool in the destination node and click

again.

Auxiliary Regions

When prompted, place the graphic tool on the prospective parent
node and click. The region retains the same relative position to the
new parent asit had to its original parent object.

CPN Regions

When the clipboard contains a CPN region Past e works as de-
scribed for auxiliary regions, except that only places, transitions,
places/transitions or arcs (depending on the kind of CPN region on
the clipboard) can be selected. When the prospective parent aready
has a CPN region of that kind, the text from the existing CPN re-
gion isreplaced with the text from the region in the clipboard.

Groups of Nodes

Place the group pointer where the center of the upper left node of the
group isto be drawn.
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Clear

Special Cases

Text

Text must be turned on. Place the insertion point where the copied
text isto appear.

Deletes objects from the diagram without putting them on the clip-
board.

The DELETE key has exactly the same effect as Clear.

Certain kinds of objects require special action when they are deleted:

Page Nodes

Removes the corresponding pages after a Caution Alert. When
some of the deleted pages are subpages, the corresponding hierarchy
regions are changed accordingly.

Page Connectors or Page Tags

Removes the corresponding part of the CPN hierarchy after a
Caution Alert.

Hierarchy Regions:

Removes the corresponding part of the CPN hierarchy.

Socket or Port Places

Removes the port assignment in the hierarchy region of the corre-
sponding substitution transitions.

Hierarchy, Fusion, Border, Code, or Mode Region

Removes the corresponding key regions.
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Get Info

Displays detailed information about the current object or group. The
information displayed depends on the object type and whether the
selection isasingle object or agroup.

Single Object Display

Group Display

The object type, that is, place, transition, code segment, hier-
archy key region, auxiliary region, or page node.

If the object has been syntax checked and/or switched, the
internal ML number (if any) is given after the object type.

Whether the object is a substitution transition, or afusion,
socket, or port/exit place.

Name, contents of CPN regions, etc. Thiskind of informa-
tion isonly provided for places, transitions, arcs, global dec-
laration nodes and page nodes (see the dialogs below).

How many CPN regions and auxiliary regions the object has
(only children are counted). Three asterisks (***) indicate
that thefield is empty.

The arc direction for an arc.

The object type, that is, the node, region or connector.

The number of objects.

Colorsets, initia markings, guards, code segments and arc inscrip-
tions are truncated after the first 15 characters.
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Examples of Get Info Dialogs

Get Info

Transition ML:3

Mame: Process0
Guard: ***
Time: ***
Code: **#*

Has 1 CPN Region(s)
Has 1 Auxiliary Region(s)
Has Mo Text Parents
Has No Text Children

Get Info

Arc ™ML:d

Arc Exp: 3

Place: NewdOrd
Trans: Process0
Place --> Trans

Has 2 CPN Region(s)
Has No Auxiliary Regions
Has No Text Parents
Has No Text Children

20-8
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Chapter 21

CPN Menu Commands

Place Alt+E The CPN menu commands create CPN ob-

Transition Alt+B jects — places, transitions, arcs, CPN re-

Arc Alt+K gions, declaration nodes, and charts —

CPN Region Alt+R according to the defaults. Other commandsin

Declaration Node... the menu form hierarchies by creating or
relating pages.

Chart. .. The menu also contains commands for syntax

checking the diagram and removing the smu-

lation regions that participate in simulation.

Move to Subpage
Replace by Subpage...

Substitution Transition...
Fusion Place...

Port Place...

Port Assignment...

Syntax Check... Alt+'

Remove Sim Regions...
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Place

Text Use

Changing Size and

Creates places, with an dllipse as the default shape. The diagram de-
faults for places determine the attributes. For instance, to change the
default size of the ellipse, choose Shape Attributes (Set menu)
with a place selected.

The cursor, abold €lli pse_ii:'I , indicates that the system isin place
creation mode.

A placeis not created with CPN regions.

Clicking the mouse creates a place and turns on text mode with the
cursor inside the place. This provides the opportunity to immedi-
ately identify the place. Note, however, that this text is not the place
name region. To create the place nameregion, use CPN Region
(CPN menu).

Position

Mouse clicks create default size places. Holding down the mouse
and dragging the cursor aso creates a node, the size of whichis de-
termined by the extent of the drag. Pressing SHIFT while dragging
the cursor moves the node.

Creating Multiple Places

Whilein place creation mode each mouse click creates anew place.

Terminating Place Creation Mode

The mode is terminated by:
* Pressing Esc.
» Selecting another command.

Terminating place creation mode turns off text mode.
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Transition

Text Use

Changing Size and

Creates transitions, with arectangle as the default shape. Thedia-
gram defaults for transitions determine the attributes. For instance,
to change the default size of the rectangle, choose Shape
Attributes (Set menu) with atransition selected.

The cursor, abold box 'O , indicates that the systemisin transition
creation mode.

A transition is not created with CPN regions.

Clicking the mouse creates a transition and turns on text mode with
the cursor inside the transition. This provides the opportunity to
immediately identify the transition. Note, however, that thistext is
not the trangition name region. To create the transition name region
seetheCPN Region (CPN menu) command.

Position

Mouse clicks create default size transitions. Holding down the
mouse and dragging the cursor also creates atransition, the size of
which is determined by the extent of the drag. Pressing SHIFT while
dragging the cursor moves the transition.

Creating Multiple Transitions

Whilein transition creation mode, each mouse click creates anew
transition.

Terminating Transition Creation Mode

The mode is terminated by:
* Pressing Esc.
» Selecting another command.

Terminating trangition creation mode turns off text mode.
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Arc

Restrictions

Draws connectors between places and transitions. The diagram de-
faults for arcs determine the attributes.

The cursor, abold arrow — , indicates that the systemisin arc
creation mode.

An arc is not created with an arc inscription region.

Each arc must start inside a place or atransition and end inside a
CPN node of the opposite kind. Thisrestriction isautomatically en-
forced by the system: afirst mouse-down outside a CPN node has
no effect. Only amouse-up (aclick for segmented connectors) in-
side a CPN node of the opposite kind terminates the arc.

Drawing Single-Segment Connectors

Click inside one node (the source node) and drag the connector tool
inside another node (the destination node). Design/CPN always
draws arcs from border to border, along aline from the center of the
source node to the center of the destination node.

Delete an arc by double-clicking outside anode during adrag. Arc
length and placement are determined by the nodes they connect.

Drawing Multi-Segment Connectors

Follow the above process, with one difference: rel ease the mouse at
the location of the first bend point, outside the destination node.
Subsequent clicks outside the destination node create other bend
points. Click in the destination node to complete the arc.

Create aright angle by pressing the mouse on a bend point and
pressing the COMMAND key.

Delete abend point by placing the pointer tool on the bend point and
by pressing the mouse button along with SPACEBAR.

Add abend point by placing the pointer tool on a midpoint selection
handle and dragging it to alocation.

Effect of Moving Source/Destination Nodes

Design/CPN automatically redraws connectors when their source
and destination nodes are moved or resized.

21-4 Design/CPN Reference Manual for X-Windows



CPN Menu Commands

Endpoint Handle Use

Reattach an arc by selecting the endpoint handle and dragging it to
another object (of allowable kind). After the arc has been created,
use the endpoint regions to change the position of the source or des-
tination endpoint.

Terminating Arc Creation Mode

CPN Region

Restrictions

The modeis terminated by:
* Pressing Esc.

» Sdecting another command.

Creates CPN regions. The diagram defaults for the specified kind
of CPN region determine the attributes.

The cursor, |.E , indicates that the system isin CPN region creation
mode.

The command cannot be used to create hierarchy regions, fusion
regions or port regions. These are created by means of the CPN
menu commands M ove to Subpage, Substitution Transition,
Fusion Place, and Port Place.

Creating CPN Regions

Places

When the current selectionisaplace, CPN Region displaysthe
following dia og:
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CPN Reqgion

@ Name
s Color Set
{_» Initial Marking

Transitions

When the current selection isatransition, CPN Region displays
the following dialog:

CPMN RHegion

i Name
{3y buard
{3 Code
) Log
oy Time

Arcs

When the current selection isan arc, no diaog is displayed since the
only possibility is an arc inscription region.

Multiple CPN Regions

Create anew CPN region for another object of the same object type
(place, trangition, or arc) by clicking on that object. Other kinds of

clicks and pressing RETURN result in a prompt for a new parent ob-
ject.

The created objects are CPN regions of the specified kind. Each of
them isaregion of the object that was selected immediately before
the region was created. This means that the first CPN region be-
comes aregion of the CPN object that was selected when the com-
mand was invoked. Similarly, the second CPN region becomes a
region of the CPN object that was clicked between the creation of
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Text

the first and second CPN regions; the same process is applied to the
other CPN regions, if any.
Object Descendants

Theresult isasif the corresponding ancestor node were selected.

Text mode is automatically turned on.

Selecting a CPN object that already has a CPN region of the speci-
fied kind causes the entire text of the region to become selected for
editing.

Terminating CPN Region Creation Mode

The modeis terminated by:
* Pressing Esc.

» Sdlecting another command.

Declaration Node

Creates declaration nodes. The diagram defaults for the specified
declaration nodes determine the attributes.

The cursor, g , indicates that the system isin declaration node
mode.

Declaration Node displaysthe following dialog:

Declaration Node

@ Global
{_» Temporary
"y Local
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Changing Size and

When the OK button has been clicked, the command enters declara
tion creation mode. The created objects are declaration nodes of the
specified kind.

Position

Mouse clicks create declaration nodes of the default size. Holding
down the mouse and dragging the cursor also creates a node, the
size of which is determined by the extent of the drag. Pressing
SHIFT while dragging the cursor moves the node.

Creating Multiple Declaration Nodes

Restrictions

While in declaration creation mode, each mouse click creates a new
declaration node

During asyntax check, adiagram is allowed to have only one global
declaration node and at most one temporary declaration node.
Moreover, each page can have at most one local declaration node.

Terminating Declaration Node Mode

Chart

The mode is terminated by:
* Pressing Esc.

» Selecting another command.

Creates achart node. The diagram defaults for charts determine the
default attributes of the new chart.

Design/CPN displays the following diaog:
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Bar Chart

S[[=— Chart ———=|

Chart Type
& Bar Chart

1 Line Chart

After specifying the chart type and clicking OK, the Editor enters
chart creation mode. The chart tool appears:

'ch

Clicking the mouse creates a default size chart node. The cursor lo-
cation is the lower right corner.

Holding down the mouse and dragging the cursor creates a node the
size of which is determined by the extent of the drag. Holding
down Shift while dragging the cursor moves the node. Releasing
the mouse terminates node creation and causes the system to display
the appropriate chart attributes dia og:

Dialog
E[] Bar Chart
Name Regions Update Period
[Bar Chart i | = Title [ End of Run
Bars Legend ] Time I:I
No of Bars I:I ] Bar Names [ step I:I
Mo of Parts I:I (<] Pos. Values
Bar Height (I Neg. Dalues Dalue Type
] History Chart [] Upper Dalues @® Integer
Retain I:I ] Lower UValues ) Real
Grids Lines Initialization Ualue Range
i Number ;
[]save Cop Min i}
O Distance K C Ltl t M 188
[ Ticks Only [l Keep Contents aH
[Saue...] [ Load ] [Heset ] [Eﬂncel]
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Name

Bars

21-10

Defines the appearance, initialization, method of updating, and value
range for the chart. The defaults are as shown in the dialog above.
They produce a chart that looks like:

Bar Chart 1

o ul 20 30 40 50 80 70 80 80 100

varl el | |l

o ul 20 30 40 50 80 70 80 20 100

Specifies the chart identifier, which is used by al the ML functions
that reference this chart. The chart name must be unique within the
diagram. Otherwise the system displays an error message when you
try to click the OK button.

No of Bars

Specifies the number of barsin the chart.

No of Parts

Specifies the number of partsinto which each bar is subdivided.

Bar Height

Specifies the height of theindividual bars. The valueisin pixels.

History Chart

Causes the system to generate a history chart.

Retain

Specifies the number of history chart bars to retain when the bars are
moved up during updating. The number must be smaller than or
equal to the number specified inthe No of Bar soption and greater
than or equal to zero.
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Grid Lines

Regions

Number

Causes the distance between two grid linesto be fixed while the
numeric range between the grid lines varies. The number entered
for Distance must be of the type specified inthe Value Type op-
tion. If not, the system displays an error message.

Distance

Causes the numeric range between two grid lines to be fixed while
the number of grid lines varies.

Tics Only

Specifies whether the grid lines are visible or not. If checked, only
small tics can be seen where there are value regions.

Title

Causes the system to generate atitle region for the chart. Theinitial
titleisthe string “ Title".

Legend

Causes the system to generate a legend describing the bar part pat-
terns.

Bar Names

Causes the system to generate bar names.

Pos. Values

Causes the system to generate positive value regions containing de-
fault text. The font information may be changed in the Editor.

Neg. Values

Causes the system to generate negative val ue regions containing de-
fault text. The font information may be changed in the Editor.
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Initialization

Update Period

Upper Values

Causes the system to generate value range regions corresponding to
the grid range above the chart. Thetext in theseregionsis generated
from the min and max values (see the Value Range option) and
can not be changed by the user. The font can be changed in the
Editor.

Lower Values

Causes the system to generate value range regions corresponding to
the grid range below the chart. Thetext in theseregionsis generated
from the min and max values (see the Value Range option) and

can not be changed by the user. The font information may be
changed in the Editor.

Save Copy

Causes the chart to be copied to a new page as an Aux node when
thelnitial State (Sim menu) command isinvoked.

Keep Contents

Specifieswhether or not the chart will beinitialized when the I nitial

State (Sim menu) command isinvoked. If checked, the chart will
not beinitialized when caling Initia State.

End of Run

Specifies that the chart isto be updated at the end of the smulation
run.

Time

Specifies the number of time units between chart updates for timed
models being simulated with time. If both Time and Step are
checked, the chart will be updated with both time and step intervals.
Step

Specifies the number of steps between chart updates. If both Step

and Time are checked, the chart will be updated with both time and
step intervals.
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Value Type

Specifies whether values displayed in achart areinteger or real.

Value Range

Specifies the minimum to maximum range of values which areini-
tially displayed in the plot area.

Real values must be entered for min and max if real isthevalue

Line Chart Dialog

type.
The vaue of min must not be larger than 0; max must not be
smaller than O.
Sl Line Chart
Name Regions Update Period Origin
Line Chart 1 | ETitle DX End of Run ,
) [ Legend [ Time l:l
Lines ] Axis Names y
No of Lines Initialization [1step l:l
Box Size [ Save Copy Dalue Type Overflow
[ start at Origin [€ Keep Contents @ Integer @ Rescale Rxis
O Horiz/Dert []Start at Origin 7 Real 2 Mouve ARis
Grids Lines Ualue Range
® Number i@ Number Min |8 .
M i}
¥ 7 Distance “ Yy () Distance " " y in
[ Ticks Only [ Ticks Only ax |168 Max |1088
[Saue...] [ Load ] [Heset ] [Eancel]

Defines the appearance, initialization, method of updating, and value
range for the chart. The defaults are as shown in the dialog above.
They produce a chart that looks like:

Line Chart 1
R

a0
80
0
&0
50
40
30
20
jul

X-axis
oo 1 20 30 40 50 &0 70 80 a0 100
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Name
Specifies the chart identifier, which is used by all the ML functions
that reference this chart. The name must be unique within the dia
gram. Otherwise the system displays an error message when you
try to click the OK button.

Lines

No of lines

Specifies the number of graph linesin the chart.

Box Size

Specifies the size of the line terminators. The valueisin pixels.

Start at Origin

Causes all linesto start from the origin.

Horiz/Vert
Specifies how the data points on the graph lines are connected.

Checked causes lines to be drawn with right angles, such asin a
time series for hardware circuits seen below:

Non-checked causes straight lines to be drawn between points.
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Grid Lines

Regions

Initialization

Thex andy entries have the same meaning:

Number
Causes the distance between two grid linesto be fixed while the

numeric range between the grid lines varies. The number should be
of the type specified inthe Value Type option.

Distance

Causes the numeric range between two grid lines to be fixed while
the number of grid lines varies.

Tics Only

Specifies whether the grid lines are visible or not. If checked, only
small tics can be seen where there are value regions.

Title

Causes the system to generate atitle region for the chart. Theinitial
titleisthe string “ Title".

Legend

Causes the system to generate alegend describing the patterns asso-
ciated with the lines.

Axis Names

Causes the system to generate axis names.

Save Copy

Causes the chart to be copied to a new page as an Aux node when
thelnitial State (Sim menu) command isinvoked.
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Update Period

Value Type

Value Range

Origin

Keep Contents
Specifies whether or not the chart will be initialized when invoking

thelnitial State (Sim menu) command. If checked, the chart will
not beinitialized when invoking I nitial State.

End of Run

Specifies that the chart isto be updated at the end of the smulation
run.

Time

Specifies the number of time units between chart updates for timed
models being simulated with time.

Step

Specifies the number of steps between chart updates.

Note: If both Time and Step are checked, the chart may be updated
with both time and step intervals.

Specifies whether values displayed in achart areinteger or real.

Thex andy entries have the same meaning:

Specifies the minimum to maximum range of values which areini-
tially displayed in the plot area.

Real values must be entered for min and max if rea isthevalue
type.

Specifieswherethex andy axesintersect initialy. x andy must be
located withinthe Min and Max range. Checkingthe M ove axis
option can change the location of the origin.

21-16 Design/CPN Reference Manual for X-Windows



CPN Menu Commands

Overflow

Specifies methods to handle data that exceeds the limits specified
when the chart was created. Rescal e axis compressesthe data;
M ove axisisanaogous to the history chart update method.

Rescale Axis

Causes the system to automatically adjust the chart's display scale to
accommodate changes in the data.

Move Axis

Causes the system to move the display scale to accommodate
changesinthedata. Thedisplay scaleisfixed. If achart will be

updated in both the negative and positive direction, this feature
should not be used.

Move to Subpage

Terms

Reduces the graphic complexity on a page by moving detail to a
subpage, one level lower in the page hierarchy.

A selection nodes and connectors is moved to the subpage and re-
placed on the superpage with a substitution transition. The selected
nodes are allowed to contain fusion places.

If the command isinvoked when aregion is selected, it works as if
the corresponding ancestor node were selected.

External Arcs

Those arcs that connect transitionsin the group of selected nodes to
places outside of the selection.

Perimeter Transitions

Those transitions in the salection that have an external arc. The
perimeter must be non-empty.
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Socket Places

Those places outside of the selection that are connected to perimeter
trangitions through external arcs. These are the placesthat define the
external arcs.

Port Places

The copies of the socket placesthat are created on the subpage.

Substitution Transition

The system replaces the selection on the superpage with a substitu-
tion transition. The position and size of the new substitution transi-
tion is determined in the same way asfor ordinary transitions. The
other attributes are determined by the diagram defaults for transi-
tions.

Creating the Subpage

21-18

The subgtitution transition replaces al the selected nodes, which are
moved to the subpage. All arcs between socket places and the
perimeter trangitions are reattached, so that they now have the new
node as sourceltarget (instead of the perimeter nodes). Auxiliary
connectors between selected and non-selected nodes are del eted.

Subpage Contents

The subpage contains a set of port places and the selected nodes
moved from the superpage. The subpage nodes have the same posi-
tion as the superpage nodes. The subpage nodes also have the same
set of interconnecting arcs and auxiliary connectors as they had on
the superpage. Moreover, all arcs and auxiliary connectors are
drawn in the same way as on the superpage.

Hierarchy Regions

The system automatically creates the hierarchy region for the substi-
tution trangition, assigns each socket place to the corresponding port
place, and creates the port regions for the port places. The port type
of aport placeis determined relative to the corresponding socket
place and the new supernode. It will be either In, Out or /0.
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Replace by Subpage

Replaces an existing substitution transition with the objects on its
corresponding subpage:

Replace By Subpage §‘|

Delete Pages which have
Mo Other Supernodes

4

Delete Port Nodes with
Mo Port Assignment

4

Duplicate Port Nodes with
Multiple Port Assignment

[ Reset | [ Cancel |

4

The substitution transition and its surrounding arcs are replaced by a
copy of the objects on the subpage.

Each port place is merged with the corresponding socket places
without merging any of the arcs, connectors, or texts. This conven-
tion guaranteesthat aM ove to Subpage (CPN menu), if imme-
diately followed by aReplace by Subpage, will not result in any
changesto the net. In effect, Replace by Subpage undoes the
Move to Subpage.

However, if Replace by Subpage does not follow directly after
Move to Subpage, changes made to the subpage are carried over.

The command can aso be invoked when aregion is selected and
works asif the corresponding ancestor node were selected.

Substitution Transition

Turns transitions into substitution transitions by relating them to an
existing subpage.

The hierarchy page window appears, and the status bar prompts:
Click on Page Node to Select a Subpage.

Clicking on the page node returns to the original node, which is now
labeled in the status bar as a substitution transition. When more than
one trangition is selected, each of them isturned into a substitution
trangtion. The system automatically creates the hierarchy region for
the substitution transition.

The actual subpageis active after the command is executed.
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Double-clicking on a substitution transition goes from the origina
page to the related page.

Invoking Substitution Transition when aregion is selected
works as if the corresponding ancestor node were sel ected.

Restrictions

Neither pages which are substitution-ancestors of the page contain-
ing the substitution transition nor the page itself can be selected for
thiswould introduce a cycle in the substitution hierarchy.

Fusion Place

Turns non-fusion placesinto fusion places. The places are either in-
serted in anew fusion set or added to an existing one.

Fusion Place displays adialog with one of three different forms.
Clicking the left-hand set of radio buttons changes the right-hand
side of the dialog and thus changes the form of the dialog.

When the current selection contains fusion places or port places,
Createand Add To aredisabled. When the current selection con-
tains non-fusion places, Subtract From is disabled.

Invoking Fusion Place when aregion is selected works asif the
corresponding ancestor places were selected. The system automati-
cally creates/del etes/updates the corresponding fusion regions.

The same dialog appears for both Create and Rename/Retype.
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Create and Rename/Retype

Fusion Node D00———e————o|

Fusion Set Name
—Fusion Se =
i@ Create ]
i) Add to
O Bubivact fram
1 Delete
) Rename/Retype =
Type
i@ Global
i Page
i1 Instance
(Reset ) (cancer )

Create creates anew fusion set:

» Specify the name in the edit box, immediately below the list
box.

» Select thetype from the T ype section.
» Click OK.
Rename/Retype renames or changes the type of afusion set:

* Click onalist element. Thefusion nameis copied to the edit
box.

» Select afusion type.
* Makethe changes.
» Click OK.
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Add to

) Name
—Fusion Set Glob: Namel i
{_ Create Glob: Name2
{®) Add to Inst: Name3
O Bubrdead § fram Inst: Named4
() Delete Inst: Name5
{_* Rename/Retype Page: Nameb 3

[ Reset ][ Cancel ] 14

Add To adds selected placesto afusion set:

* Click on thelist element representing the fusion set to which
the selected places are added.

» ClickOK.

Subtract from and Delete

Fusion Node VFicFF—7r—p———

—Fusion Set

O Evenie

O Bst i

i Subtract from
1 Delete

) Rename/Retype

[ Reset ] [ Cancel ]

Subtract From subtracts the selected places by clicking OK..
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Del ete deletes an entire fusion set.

Subtracting all places from afusion set deletes the fusion set.

Naming Conventions

Fusion set names follow the syntax defined in Names and Numbers.

Moving Places Between Fusion Sets
To move places from one fusion set to another, subtract them before
adding them.

Turning Fusion Places Into Non-Fusion Places
Turn fusion placesinto non-fusion places by deleting the corre-
sponding fusion region.

Retyping Global Fusion Sets

The global fusion set is split into a number of fusion sets— one for
each page that had placesin the global fusion set.

Port Place

Turns non-port places into port places:

Port Node

@ beneral Port

> Input Port

> Output Port

> Input & Output Port
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Port Types

Using Port Place

General Port

Allows any set of arcs between the assigned socket place and the
substitution transition. However, in order to be a socket place there
must be at least one arc between the place and the substitution tran-
sition.

Input Port

The assigned socket place must have an input arc to the substitution
transition and no output arc from the substitution transition.
Output Port

The assigned socket place must have an output arc from the substi-
tution transition and no input arc to the substitution transition.

Input & Output Port

The assigned socket place must have an input arc to the substitution
transition and an output arc from the substitution transition.

When Port Placeisinvoked for aregion it works asif the corre-
sponding ancestor node were selected.

Port Place may be used to change the port type of a port place.

To turn port places into non-port places, delete the corresponding
port region.

The port type information is used by Port Assignment. During a
syntax check, the arcs for each socket place are checked for amatch
with the port types of the assigned port places.

Port Assignment

Establishes the port assignment between socket places and port
places.

When invoked with a selected socket place, the subpage is made ac-
tive before port selection.
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Selecting Ports

Restrictions

Port Assignment can be invoked when aregion is selected and
works asif the corresponding ancestor place were selected.

Select normally to select ports with a matching port type.

Press OPTION to select ports with a non-matching port type.

Input Place

The port must be an input port or ageneral port.

Output Place

The port must be an output port or agenera port.

Both an Input Place and an Output Place

The port must be an input/output port or a general port.

Place of More Than One Substitution Transition

One of the substitution transitions must be sdlected.

Port Assignment Exists

The old port assignment is overwritten.

Deleting Port Assignments

Remove a port assignment by overwriting it.

To remove the port assignment without creating a new one, do one
of thefollowing:

» Dedlete the corresponding hierarchy region.

» Delete the arcs between the socket place and the substitution
transition.

» Make the port place a non-port.
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Syntax Check

Error Reporting

Error Nodes

Checks declarations, inscriptions, substitution transitions, and fu-
sion sets. Syntax Check also checks whether the compulsory re-
strictions are satisfied or not.

If you see adialog that mentions a problem of any kind, see
Appendix B, “Troubleshooting.”

If the diagram previoudly had an ML file, but the file no longer ex-
ists, the system prompts:

Caution 00—

A previously saved ML file for the
current diagram could not be found. Do

you want to create a new image? (A
declarations and inscriptions will need
to be recompiled.)

When an error islocated, an auxiliary node is created on the hierar-
chy page. Thiserror node contains the name and number of each
page showing an error and atext pointer to an auxiliary node on the
erroneous page. Each of these error nodes contains a description of
the errors found on the page and atext pointer to the error object.

Following the Text Pointers

In text mode, with the cursor in the text pointer (<<...>>),

» Sdect Child Object to moveto the object with the error.
Return to the error node by means of Par ent Object.

* Use SHIFT-DOWN-ARROW.

The error nodes are created with the default attributes of auxiliary
boxes and are positioned in the upper left corner of the correspond-

ing page.
A deleted error node is automatically recreated when needed.
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Error nodes in the diagram are reused when new errors are reported.
The error nodes are emptied before a syntax check.

Status Bar Information

The status bar displays the number of objects checked. The syntax
check can be stopped by typing ESC.

If the ML interpreter is not already running, Start ML will auto-
matically be invoked before the syntax check.

Specifying the ML File Name

Design/CPN savesthe ML file name, including path or file name,
respectively, with the diagram. If that file cannot be found, the fol-
lowing dialog appears:

ML Image

Cannot find ML file

i® Build from scratch
) Modify ML file name

SavedlmageName

Usethis dialog to specify:
» Start from the default image, resulting in atotal syntax check.
* Let the system try again with another name.
If more than one ML image exists for the same diagram, be careful
to select the right one; otherwise there may be a mismatch between

the image and the database. Such a mismatch can always be elimi-
nated by doing a complete syntax check.
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Remove Sim Regions

Deletes smulator regions:

Hemove Sim Regions

—Remouve

[<] Current Marking
[<] Feedback

(<] Input Token

(<] Output Token

[ Reset ] [Eancel] | 0K |

Use Remove Sim Regionson returning to the Editor after simu-
lation to make significant changesin the diagram.

Remove Sim Regionsworks on the selected set of pagesin the
page hierarchy window, or on the active page.
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Sim Menu Commands

Bind Alt+B
Occurrence Set

Start Step

Interactive Run Alt+E
Automatic Run Alt+R
Continue Alt+K
Stop Alt+D
Change Marking...

Initial State...

Select Instance

Save Report...

Clear Report...

Update Chart

Reswitch Alt+ '

The commands in this menu prepare the dia-
gram for simulation. They also allow you to
regulate the simulation cycle, switch between
page instances, or return the diagram to its
initial state.
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Bind
Manipulates bindings by:
» Manually including new bindings into the occurrence set
» Removing some of the already included bindings
* Inspecting the included bindings
 Calculating potential bindings.
Bind can be invoked only when al of the following are true:

* Fair Interactive simulation is specified in the Gener al
Simulation Optionsdialog (Set menu).

» A singletrangition (or asingle region of atransition) is se-
lected.

» The selected transition is enabled, or has bindingsin the cur-
rent occurrence set.

Bind Dialog Format
TheBind dialog hasthree sections:
» Theediting area for the CPN variables.
» Theincluded bindings list box.
» Thepotential bindings list box.

The dialog a so contains two bars of control buttons, the upper con-
trol button bar and lower control button bar.
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Editing Area

sendPack=(2:Receiver®3)

no;INT
flag:BOOL
mes:STRING

<d,a,18,true,"This is a long message -...
<e,a,1111, true,"">
<e,q,128,true,"This is a message">

<g,a,1111, true,"">

<e,q,128,true,"This is a message">
<a,q,1,true,"The message can be of gr...
<e,q,128,true,"Just testing">
<e,q,128,true,"0ne, Twao, Three, Four, F...
<e,q,128,true,"This is a message">

[ Reset ][Eancel][ 1] 4 ]

The editing areais where values may be entered for avariable. It
consists of:

* A list box (left) containing one entry for each variable for the
transition

* Anedit box (right) containing the value of the variable se-
lected on the | eft.

Selecting a Variable
Scroll the list box using the scroll bars and select avariable by
clickingonit. Only onevariable' svalueisaccessible at any given
time.
Editing the Contents
Edit in the usual way by typing in the data.
Each time a new variable or abinding in the included or potential
bindings list box is selected, the system checks that the current value

belongs to the corresponding colorset. A beep occursif thevalueis
not of the appropriate type.
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Pressing the One button causes the system to assign avalue to each
unassigned variable.

Values for the Variables

The editing area may contain partial bindings, that is, when some of
the CPN variables are calculated by the code segment or have miss-
ing values.

The editing areais said to be consistent if its current contents can be
extended to a binding for inclusion in the occurrence set. This
means that the extended binding must be enabled in the current sys-
tem state, concurrent with the binding elements that are already in
the current occurrence set.

Included and Potential Bindings

22-4

There are two list boxes between the two rows of control buttons.
Thefirst list box consists of included bindings; the second list box
has potential bindings. They appear as shown:

<d,b,18,false,"This is a short message"» i

<d,a,18,true,"This is a long message -...
{e,a, 1111, true,"">
<e,0,128,true,"This is a message ">

{e,d,1111,true,"">

<e,q,128,true,"This is @ message ">
<a,q,1,true,"The message can be of gr...
<e,q,128,true,"Just testing">
<e,q,12%,true,"0One, Two, Three, Four, F...
<e,q,128,true,"This is @ message ">

o] [

<]

Syntax

To save space in the included and potential bindings list boxes, each
binding <x=a,y=b,...,z=c> is abbreviated to: <ab,...,c>, where the
order is defined by the order of the variablesin the editing area.
Included Bindings List Box:

Containstheletter “©” for calculated CPN variables.
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Potential Bindings List Box:
Containstheletter “©” for calculated CPN variables.

The bindings contain asingle space for CPN variables with missing
values. For example, <b,a, ,©,c, ,g> represents a binding where
the third and sixth CPN variable have missing values, while the
fourth is calculated.

Included Bindings List Box

Included bindings are those bindings that have been included in the
occurrence set for the transition (and page instance) in question.

Each time a binding is added to or deleted from thislist, the follow-
ing items are recal culated and redisplayed:

» The enabled transitions (shown by means of feedback re-
gions)

* The non-committed part of the marking (shown in the current
marking region)

» Theinput tokens (shown in the optional input token region)
» The output tokens (shown in the optional output token region)

Enter bindings in the included bindings by means of the U p and
Down buttonsin the upper control button bar.

Potential Bindings List Box

Control Buttons

Potential bindings are bindings that are stored for later manipulation
or display.

Clicking the All button causes the bindings to be calculated and put
into the potentia bindings.

Enter bindings in the potential bindings list box by means of the U p
and Down buttons.

The control buttons work differently depending on which of the
three sectionsis selected. Selecting abinding in the included or po-
tential bindings list boxes highlights the binding.

The default selection isthe editing area.

Design/CPN Reference Manual for X-Windows 22-5



Design/CPN Menu Reference

22-6

Upper Control Button Bar
Clear Button

Works on the selected section of the Bind dialog: when the editing
areais selected, Clear emptiesthe large edit box for the current
variable. When an included or potential binding is selected, Clear
removes the selected binding.

One Button

Calculates one binding, consistent with the current contents of the
editing area. The calculated binding isinserted into the editing area.
It may be apartia binding, that is, some of the values may be miss-

ing.

If the editing areaisinconsistent, a beep occurs. If the editing area
can be extended in several different ways, the choice is random
(total bindings are preferred to partia bindings).

If all edit boxes contain acolor, before One is clicked, One checks
the consistency of the binding.

All Button

Cdculates dl bindings that are consistent with the current contents
of the editing area and shows them in a potentia bindings as poten-
tial bindings. The editing areais not changed. Some of the calcu-
lated bindings may be partial.

Down and Up Buttons

Transfer bindings from the selected section of the Bind diaog to
another. The buttons' names indicate the direction of the transfer.

The buttons work in a cyclic manner at the two ends; Down trans-
fersfrom the potential bindings to editing areawhile U p transfers
from the editing area to the potential bindings.

When atarget is not present, it is created. When the source section
isthe editing area, the transfer isamove ; otherwise it isacopy.

The following section describes in detail the workings of Down and
Up:

« Editing area —> included bindings
When the editing areais selected, D own tries to move the

contents of the editing areato the list box for included bind-
ings. However, before this can be done, the contents are ex-

Design/CPN Reference Manual for X-Windows



Sim Menu Commands

tended to afull binding; thisis only possible when the editing
areais consistent.

If the editing area contains afull consistent binding, this
binding is smply added to the included bindings. If the edit-
ing area does not contain afull binding, the system extends
the partia binding. Thisisdone in the same way as when
Oneisclicked, except that it aso applies random drawing to
find values for unbound CPN variables.

In both cases, the editing areais cleared. A beep occursif the
operation is unsuccessful; for instance, if the binding cannot
be added to the occurrence set.

Editing area —> potential bindings

When the editing areaiis selected, U p moves the binding in
the editing area to the potential bindings (without any modifi-
cations). Thisisaways possible, even when the binding is
partial.

Included bindings —> potential bindings

When asingle included binding is selected, Down copiesthe
binding to the list box for potential bindings.

Included bindings —> editing area

When asingle included binding is selected, U p copiesthe
binding to the editing area. This operation is useful when you
want to inspect an included binding in more detail than what
isavailable for review in the included bindings.

Potential bindings —> editing area

When asingle potential binding is selected, Down copiesthe
binding to the editing area. This operation is useful when you
want to inspect a potential binding in more detail than what is
available for review in the potential bindings.

Potential bindings —> included bindings

When asingle potential binding is selected, U p tries to copy the
binding to the list box for included bindings. However, before this
can be accomplished, the binding is extended to full bindings (in the
same way as described in One button). The full bindings must be
checked for conflict with each other. A beep occursif the operation
is unsuccessful.
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Lower Control Button Bar

Reset Button

Resets the bindings to the initial state.

Cancel Button

Cancelsthe diaog.

OK Button

Retains the occurrence set for atrangition in the included bindings
and closesthe Bind dialog. The contents of the potential bindings
arelost in this process.

Occur Button

Speeds up the ssimple cases. This button is a shortcut for the follow-
ing sequence:

* Down
« OK
o Start Step

To define and invoke an occurrence set with asingle binding, do the
following:

* InvokeBind (for example, by means of the key equivalent).
» Type the binding (unless you want arandom binding).

* Invoke Occur (for example, by means of RETURN).

Invoking Bind Without the Bind Dialog

22-8

Invoking Bind with SHIFT and OPTION depressed invokes Occur
directly without displaying adialog. A single random binding is
added to the occurrence set, which isimmediately executed.

Invoking Bind with SHIFT depressed invokes D own directly with-
out displaying adialog. A single random binding is added to the oc-
currence set without being executed.
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Occurrence Set

Creates and manipulates occurrence sets. Occurrence Set can be
invoked only when Fair Interactive simulation is specified in the
General Simulation Optionsdialog (Set menu).

Occurrence 5et E—l

@ New Occurrence Set
O fheled Yo e puryang g Bl

O Hhetads O purrand g Sal

New Occurrence Set

Creates a new randomly generated occurrence Set.

Add To Occurrence Set

Adds arandomly generated occurrence set to the existing occurrence
set. The new bindings are from page instances that are members of
the proposed occurrence set.

Delete Occurrence Set

Deletes the existing occurrence set.

Start Step

Start asimulation step. Start Step can be invoked only when Fair
Interactive simulation is specified inthe General Simulation
Optionsdialog (Set menu), and the occurrence set is not empty.
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Interactive Run
Initiates an interactive run. I nteractive Run can beinvoked only

when Fair Interactive simulation is specified in the Gener al
Simulation Optionsdiaog (Set menu).

Automatic Run
Initiates an automatic run. Automatic Run can be invoked only

when Fast Automatic or Fair Automatic smulation is specified
intheGeneral Simulation Optionsdiaog (Set menu).

Continue

Restarts smulation after a breakpoint, or when it has been inter-
rupted viathe Stop command (Sim menu).

If simulation stops at the following breakpoints:
» Beginning of substep
* End of substep

then ssimulation is considered paused, and only Continueisavail-
able.

If simulation stops at the following breakpoint:
* Between steps

then the following dialog is presented:

Step Finished

Step 13 is finished

[y
=]
=
=

Stop

Causes simulation to stop at the end of the current step. It may also
stop before that point if breakpoints are set.
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Pressing the OPTION key with Stop causes the same behavior asif
all breakpoints had been set.

Change Marking

Initial Marking

Specified Marking

Empty Marking

Initial State

Changes the marking of a selected place or agroup of places when
the occurrence set is empty.

The marking is only explicitly changed for the current page instance
of the active window. The change may, however, imply that the
markings of other places are changed because of fusion sets and port
assignments.

Change Marking

New Marking

Change To
) Initial Marking
@ Specified Marking

) Empty Marking

[ Reset | [ Cancel |

Specify the new marking by typing it at the cursor.

Specify the marking to be identical to the initial marking of each of
the selected places.

Clear the marking.

Generates anew initial system state by applying the current mode
atributes. This means that the number of instances of the individual
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pages may changeif prime, multiplicity or include has been changed
for some pages or compound nodes.

When you invoke I nitial State, the Save State dialog appears,
allowing you to save the current state.

Select Instance

Switches between instances of the current page.

Instance Switch §_|

Fage Instances

(1:New#1) e

Full MName

(2:New#1)

You can aso invoke Select | nstance by depressing the SHIFT key
and clicking the mouse in the current page’ stitle bar.

Page Instances
Each line corresponds to a page instance. The line displays a short
form of the instance’ s name. Select the page instance that you
would like to switch to.

Full Name

Displays the full name of the page instance currently selected in the
Page I nstances section.
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Select

Save Report

Clear Report

Update Chart

Reswitch

Clicking Sel ect causes the page instance selected in the Page
| nstances section to become the current instance.

Save a copy of the current smulation report. Invoking Save Report
displaystheSave Asdiaog, alowing you to name the reports and
indicate where it isto be saved.

TheRecord subdialog of General Simulation Options (Set
menu) specifiesthe information included in the report.

Ddetes al stored information on the course of ssimulation. See
Save Report (Set menu).

Available only when a chart or group of chartsis currently selected.
Causes an immediate update of the selected chart(s).

Reswitches the current diagram. Initial State (Sim menu) re-
quires reswitching whenever inscriptions are changed in the simula-
tor. Using Simulation Code Options (Set menu) to change any
code generation parameter also requires reswitching.
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Aux Menu Commands

Connector

Box

Rounded Box

Ellipse

Polygon

Regular Polygon

Wedge

Picture

Line

Label Alt+L

Make Region Alt+M
Make Node

Convert to CPN...
Convert to Aux

Start ML/Stop ML
ML Evaluate Alt+;

The A ux menu commands draw non-formal
graphic objects (nodes and connectors).

They can also start, stop, and evaluate ML
with commands in this menu.
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Connector

Draws auxiliary connectors between two nodes. The diagram de-
faults for connectors determine the attributes.

The cursor, alight arrow— , indicates that the system isin auxiliary
connector creation mode.

Drawing Single-Segment Connectors

Click inside one node (the source node) and drag the connector tool
inside another node (the destination node). Design/CPN aways
draws connectors from border to border, along a line from the center
of the source node to the center of the destination node.

Delete a connector by double-clicking outside a node during adrag.
Connector length and placement are determined by the nodes they
connect.

Drawing Multi-Segment Connectors

To create a segmented connector, follow the above process, with
one difference: release the mouse at the location of the first bend
point, outside the destination node. Subsequent clicks outside the
destination node create other bend points. Click in the destination
node to complete the connector.

Pressing the mouse on a bend point and pressing the COMMAND
key snaps the two segments of the bend point into aright angle.

Delete abend point by placing the pointer tool on the bend point and
pressing the mouse button along with SPACEBAR.

Add abend point by placing the pointer tool on a midpoint selection
handle and dragging it to alocation.

Effect of Moving Source/Destination Nodes

Design/CPN automatically redraws connectors when their source
and destination nodes are moved or resized.

Endpoint Handle Use

Resttach a connector by selecting the endpoint handle and dragging
it to another object. After the connector has been created, use the
endpoint regions to change the position of the source or destination
endpoint.
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Terminating Connector Creation Mode

Box

Text Use

Changing Size and

The modeis terminated by:
* Pressing Esc.

» Sdlecting another command.

Creates auxiliary nodes with a box shape. The diagram defaults for
boxes determine the attributes. For instance, to change the default
size of the rectangle, choose Shape Attributes (Set menu) with a
box selected.

The cursor, abox L1, indicates that the system isin box creation
mode.

Clicking the mouse creates abox and turns on text mode with the
cursor inside the box. This provides the opportunity to immediately
identify the box.

Position

Mouse clicks create default size boxes. Holding down the mouse
and dragging the cursor aso creates a box, the size of which isde-
termined by the extent of the drag. Pressing SHIFT while dragging
the cursor moves the box.

Creating Multiple Boxes

Whilein box creation mode, each mouse click creates a new box.

Terminating Box Creation Mode

The modeis terminated by:
* Pressing Esc.
» Selecting another command.

Terminating box creation mode turns off text mode.
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Rounded Box

Text Use

Changing Size and

Creates auxiliary nodes with arounded box shape. The diagram de-
faults for rounded boxes determine the attributes. For instance, to
change the default size of the rectangle, choose Shape Attributes
(Set menu) with arounded box selected.

The cursor, arounded box 1, indicates that the systemisin
rounded box creation mode.

Clicking the mouse creates a rounded box and turns on text mode
with the cursor inside the rounded box . This provides the oppor-
tunity to immediately identify the rounded box.

Position

Mouse clicks create default size rounded boxes. Holding down the
mouse and dragging the cursor aso creates arounded box, the size
of which is determined by the extent of the drag. Pressing SHIFT
while dragging the cursor moves the rounded box.

Creating Multiple Rounded Boxes

Whilein rounded box creation mode, each mouse click creates a
new rounded box.

Terminating Rounded Box Creation Mode

Ellipse

The mode is terminated by:
* Pressing Esc.
» Selecting another command.

Terminating rounded box creation mode turns off text mode.

Creates auxiliary nodes with an ellipse shape. The diagram defaults
for ellipses determine the attributes. For instance, to change the de-
fault size of the éllipse, choose Shape Attributes (Set menu) with
an ellipse selected.
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Text Use

Changing Size and

The cursor, an eIIipse_if:l' , indicates that the system isin ellipse
creation mode.

Clicking the mouse creates an €llipse and turns on text mode with
the cursor inside the ellipse. This provides the opportunity to im-
mediately identify the elipse.

Position

Mouse clicks create default size ellipses. Holding down the mouse
and dragging the cursor also creates an ellipse, the size of whichis
determined by the extent of the drag. Pressing SHIFT while drag-
ging the cursor movesthedlipse.

Creating Multiple Ellipses

Whilein ellipse creation mode, each mouse click creates anew el-
lipse.

Terminating Ellipse Creation Mode

Polygon

The modeis terminated by:
* Pressing Esc.
» Selecting another command.

Terminating ellipse creation mode turns of f text mode.

Creates an auxiliary node, shaped as a polygon. The diagram de-
faults for boxes determine the attributes. For instance, to change the
default size of the rectangle, choose Shape Attributes (Set menu)
with a polygon selected.

The cursor, apol ygon_i_ﬂ , indicates that the system isin polygon
creation mode.
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Text Use

Changing Size and

Clicking the mouse creates a polygon and turns on text mode with
the cursor inside the polygon. This provides the opportunity to im-
mediately identify the polygon.

Position

Mouse clicks create default size polygons. Holding down the
mouse and dragging the cursor also creates a polygon, the size of
which is determined by the extent of the drag. Pressing SHIFT while
dragging the cursor moves the polygon.

Creating Multiple Polygons

Drawing Polygons

Whilein polygon creation mode, each mouse click cresates anew
polygon.

The command sets the first vertex or bend point. Subsequent ver-
tices are created by clicking the mouse. To complete the polygon,
double-click on the last vertex. A polygon must have at |least three
verticesor it will be removed when double-clicked.

Pressing the mouse on a bend point and pressing the COMMAND
key snaps the two segments of the bend point into aright angle.

Delete a bend point by placing the pointer tool on the bend point and
pressing the mouse button along with SPACEBAR.

Add abend point by placing the pointer tool on a midpoint selection
handle and dragging it to alocation.

Terminating Polygon Creation Mode

The modeis terminated by:
* Pressing Esc.
» Selecting another command.

Terminating polygon creation mode turns off text mode.
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Regular Polygon

Text Use

Changing Size and

Creates auxiliary nodes with aregular polygon shape. The diagram
defaults for regular polygons determine the attributes. For instance,
to change the default size of the regular polygon, choose Shape
Attributes (Set menu) with aregular polygon selected.

The cursor, aregular polygon'E. , indicates that the systemisin
regular polygon creation mode.

Clicking the mouse creates aregular polygon and turns on text mode
with the cursor inside the regular polygon . This provides the op-
portunity to immediately identify the regular polygon.

Position

Mouse clicks create default size regular polygons. Holding down
the mouse and dragging the cursor also creates aregular polygon,
the size of which is determined by the extent of the drag. Pressing
SHIFT while dragging the cursor moves the regular polygon.

Creating Multiple Rounded Boxes

Whilein regular polygon creation mode, each mouse click createsa
new regular polygon.

Terminating Regular Polygon Creation Mode

Wedge

The modeis terminated by:
* Pressing Esc.
» Sdecting another command.

Terminating regular polygon creation mode turns off text mode.

Creates auxiliary nodes with awedge shape. The diagram defaults
for wedges determine the attributes. For instance, to change the de-
fault size, choose Shape Attributes (Set menu) with awedge se-
lected.
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The cursor, '# , indicates that the system isin wedge creation
mode.

Text Use
Clicking the mouse creates a wedge and turns on text mode with the
cursor inside the wedge. This provides the opportunity to immedi-
ately identify the wedge.
Changing Size and Position
Mouse clicks create default size wedges. Holding down the mouse
and dragging the cursor aso creates awedge, the size of whichis
determined by the extent of the drag. Pressing SHIFT while drag-
ging the cursor moves the wedge.
Creating Multiple Wedges
Whilein wedge creation mode, each mouse click creates anew
wedge.
Terminating Wedge Creation Mode
The modeis terminated by:
* Pressing Esc.
» Selecting another command.

Terminating wedge creation mode turns off text mode.

Line

Creates multi-point lines classified as auxiliary nodes.

The cursor, a cross—l_ , indicates that the system isin line creation
mode.

Terminating Line Creation Mode
The modeis terminated by:

* Pressing Esc.
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Label

Dimensions

Restrictions

Moving Labels

» Selecting another command.

Creates auxiliary nodes shaped as |abels.

The cursor, alabel A , indicates that the system isin label creation
mode.

L abel creates aspecial borderless node to contain text. Text isal-
ways turned on when the [abel tool isactive. A click of the |abel
tool places an insertion point on the page.

A label’ s dimensions are determined by the text typed into it.
Design/CPN does not word-wrap text typed in alabel. Pressthe
RETURN key to break lines.

A label’ s dimensions may not be changed by dragging or by any
other graphic operation. For example, alabel that isagroup mem-
ber does not change with the group, and alabel that is aregion does
not change with its parent.

Labd s cannot have fill added nor can the layering logic be altered.

Move alabel around the diagram with the graphic tool. Thelabd’s
boundary isindicated by selection handles.

Terminating Label Creation Mode

The modeis terminated by:
* Pressing Esc.

» Sdecting another command.
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Make Region

Creating a Region

Effect on Parents

Restrictions

Turns auxiliary nodes into auxiliary regions or selects a new parent
for auxiliary regions. The command subordinates the current node
to another object on the page.

1. The status bar prompts. Select a Node, Region, or
Connector to contain the new Region.

2. Place the pointer within the region’s parent.

3. When the object’ s borders flash, click the mouse and the ac-
tionis complete.

4. Selection handles reappear on the boundary of the new re-
gion and the status bar displays: Type: Region.

Some operations performed on a parent are also be performed on its
regions (with the exception of alabel), including moving and resiz-

ing.

Operations performed on aregion do not affect its parent.

All the selected objects must be auxiliary nodes or auxiliary regions;
all selected objects become auxiliary regions. 1f some of the selected
objects are descendants of places, it isonly possible to select places.
The same appliesto transitions.

SHIFT isno longer amodifier key.

M ak e Region does not reposition aregion when it gets anew par-
ent. To obtain thisresult, apply Cut + Paste.
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Make Node

Turns auxiliary regions into auxiliary nodes.

Convert to CPN

Converts auxiliary objectsinto CPN objects.

Nodes
Auxiliary nodes may be converted into places, transitions, or decla-
ration nodes. Nothing happens to their regions or their connectors.

Regions
Auxiliary regions may be converted into CPN regions of a specified
kind. Thiscan only be done when all the corresponding parent
nodes are already CPN nodes.

Connectors
Auxiliary connectors are converted into arcs (nothing happensto
their regions). This can only be done, when all the corresponding
source/destination nodes are already CPN nodes.

Dialogs

The command evokes three different dialogs. Auxiliary connectors
can only be converted into arcs, while regions of arcs can only be
converted into arc inscriptions. These cases do not evoke dialogs.
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Nodes Selected:

Convert to CPN

i Place

{7 Transition

y Global Declaration Node

(_) Temporary Declaration Node
3 Local Declaration Node

Place Regions Selected:

CPN Region

@ Name
3 Color Set
i Initial Marking

Transition Regions Selected:

CPN Region

@ Name
{» buard
» Code
) Log
T Time
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Convert to Aux

Converts objects into auxiliary objects.

Nodes
Nodes are converted into auxiliary nodes, simultaneoudly, all their
regions and surrounding connectors are converted into auxiliary re-
gions and auxiliary connectors.

Regions
Regions are converted into auxiliary regions.

Arcs

Arcs are converted into auxiliary connectors. Simultaneously, the
existing arc inscription region is converted into an auxiliary region.
Restrictions

Note that page objects are not converted.

Start ML

Starts up the ML interpreter. Start ML isavailable only inthe
Editor when the ML Interpreter is not running, in which case Start
ML replaces Stop ML intheAux menu. Theinterpreter aways
runsin the smulator, so Start ML isnever available there.

If you see a dialog that mentions a problem of any kind, see
Appendix B, “Troubleshooting.”

Stop ML

Shuts down the ML interpreter. Stop ML isavailableonly inthe
Editor when the ML Interpreter isrunning, in which case Stop ML
replaces Start ML intheAux menu. Theinterpreter always runs
in the ssmulator, so Stop ML isnever available there.

Stop ML displaystheSave Asdiaog, alowing you to save the
diagram.
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ML Evaluate

Evaluates the text of the current object asML code. The result of
this evaluation appears in an auxiliary region which the system cre-
ates next to the selected object.

If part of the current object’ stext is selected in text mode, only the
selected part will be evaluated.

The auxiliary regions are created with the default attributes of auxil-
iary rounded boxes. If an auxiliary region already exists (from an
earlier evaluation), this region isre-used; hence its old contents are
overwritten.

23-14 Design/CPN Reference Manual for X-Windows



Chapter 24

Set Menu Commands

Text Attributes... Alt+6 The Set menu command specify
Graphic Attributes... Alt+7 object attributes, diagram options, and
Shape Attributes... Alt+8 simulation options.

Region Attributes... Alt+9

Page Attributes... Alt+0

Mode Attributes...

Chart Attributes...

Hierarchy Page Options...
Interaction Options...

Merge Options...
Text Options...
Syntax Options...

Simulation Code Options...

General Simulation Options... Alt+U
Interactive Simulation Options...
Occurrence Set Options...

Transition Feedback Options...

ML Configuration Options...

Copy Defaults...
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Text Attributes

Changes the text attributes of the selected objects. The command
changesthe font, size, style, and justification; it also removes and
adds text scroll bars globally.

Text Attributes
—SL'::LEH Tesxt Font Name: - Scroll Bars —
(<] Bold Chicago & | @ on
O 1talic Courier & 0ff
] Underline Eea
i
S g::.:gfu Mobile Font Size
Monaco
Justification New York
3 Center symbol
@ Left Times
() Right USPS Bar Code |[m
B4 Change Current Object
[] save as Defaults
[ Reset ] [ Cancel ]

Saving Settings

Save the current settings as either system or diagram defaults by
checking Save as Defaultsand clicking OK. This brings up the
following diaog:

Save Default

S5ave Defaults for:
Selected Objects

(<] Diagram
[]System

Cancel
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Graphic Attributes

Changes graphic attributes for an object. These attributes include
object fill, border line thickness, line type, and layering logic.

Graphic Attributes

— Line Thickness —
Ed Change Current Object

[] save as Defaults

Layering Logic
[@ Copy O 10R —‘ [<] Selectable

@ Laser Hairline

3 IND (> HOR

Line
Fill
Tent

[ Reset | [ cancel |

Under X-Windows, color is not supported.

Saving Settings
Save the current settings as either system or diagram defaults by

checking Save as Defaultsand clicking OK. This brings up the
following diaog:
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Layering Logic

Selectable

Line Thickness

Save Default

Save Defaults for:
Selected Dbjects

[<] Diagram
[] System

Cancel

These options affect how thefill and border of overlapping objects
are displayed on the screen and printed on the ImageWriter. They
affect an object in relation to the object that underliesit (its back-
ground).

Note: The LaserWriter supports only copy logic.

Copy
The Copy setting is most often used. The border and fill of the cur-
rent object is not affected by the attributes of the underlying object.

However, if the top layer has afill of None, thefill of the object
below it will show through.

To avoid accidentally atering an object, remove the check to make
the object non-selectable. Use thisfeatureto lock aregionin place.

To manipulate the object again use:
* Next (Makeup menu) or Previous (Makeup menu)
» Parent (Makeup menu) or Child (M akeup menu)

» Arrow keys and recheck the selectable box.

Sets the line thickness of anode’ s border or a connector line.
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Line and Fill Pattern

To set an object’ s or an arrowhead’ sfill, click on the Fill button
and click in a pattern box.

To set the border or connector line type, click on the L ine button
and click in a pattern box tofill it.

A linetype of Noneand afill of None make objectsinvisible.
Clicking within an invisible object’ s boundaries, selection handles
appear (unless the object is non-selectable).

Shape Attributes

Saving Settings

Changes the shape attributes of selected objects. The shape category
of the current object — not its object type — determines which dia-
log appears on the screen.

The command applies a number of different dialogs, one for each
shape:

» Nodes and regions can have these shapes: box, rounded box,
ellipse, polygon, regular polygon, wedge, picture, and label.

» Connectors can have these shapes: segmented and curved.

The method of saving the current settings as either system or dia-
gram defaults varies with the particular dialog: either check Save as
Defaultsand click OK, or click theSave button. Both method
bring up the following dia og:

Save Default

Save Defaults for:
Selected Db jects

[<] Diagram
[] System

| Cancel || (1] 4 |

A L oad button is available in certain dialogs.
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Dialog Determination

The shape of the selected object — or the first object in the selected
group — determines which dialog is invoked.

The selected object also determines the attribute values displayed in
thedialog. Attributes not applicable to some group members be-
cause of their shape do not affect those members.

When alabel or akey regionis selected, the command does not af-
fect the object itsalf, but all descendants get anew size and anew
position.

When a selected group of regions contains ancestors/descendants of
each other, some regions may change more than once.

Initial State of the Dialog

Dialogs

24-6

Defined by selected objects. If objectsin the current selection are of
the same shape, the corresponding dialog will appear for the selected
shape. If the objectsin the current selection are of different shapes,
only the common attributes are shown — typically, width and height
(for nodes and regions) or arrow orientation and width/height of
heads/text (for connectors).

Box Shape, Ellipse Shape, Picture Shape

Shape Attributes

Width
Height |46

[Saue... ][ Load... ][ Reset ][ Cancel ]
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Rounded Box Shape

Shape Attributes

Width Curvature |21

Height |53

[Sﬂue... ][ Load... ][ Reset ][ Cancel ]

Regular Polygon Shape

Shape Attributes

O Shsngs Durrant 8b st
(<] Save as Diagram Defaults

Mo of Sides Uertex Above Center
®3 O6 @yes L
04 O7 ONe  —
o5 O8

{:}uther|:|
[ Reset ] [Eancel]

Wedge Shape

Shape Attributes

(< Change Current Object
[] save as Defaults

start Angle ([N

End Angle 270

[ Reset ] [Eancel]
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Connector Shape

Shape Attributes

Shape Attributes

[<] Change Current Db ject

[Jsave as Defaults

Orientation Shape

Text Head

wiatn [[l][¢ ]
Height [1 |

Curvature EI

[1]=] 2]

v ] u ] ] u ]
n ) n
(] :j E: n

[1]

@ Segmented (O Curve Top O Curve Side

[ Reset ] [ Cancel ]

Region Attributes

Changes position, size, and color relationships between parent and

child objects:

I—— Region Attributes = |

Horizontal
Dertical

Uer

Size
@ Change with Parent
1Mot Resizable

Hor

Color On Creation
i As Parent
i® As Specified

[Saue... ][ Load... ][ Reset ][ Cancel ]

Initial State of the Dialog

The selected object — or thefirst object in the selected group — de-
termines the attribute values displayed in the dialog. When a se-
lected group of regions contai ns ancestors/descendants of each
other, some regions may change more than once.
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Position

Size

Color

Popup

Determined relative to the corresponding parent object:

Nodes

It isthe center.

Arcs

It isthe intersecting point between the arc and the node.

Determines whether the size of the child changes with the size of the
parent.

Specifies whether the color of aregion follows the parent’s color or
those set in the defaults at creation time.

Only applicable for smulator key regions.
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Page Attributes

Name & No

Page Kind

Changes the page attributes.

Page Attributes

Name & No (RN * [T |

9 Change Current Page
[] Save as Defaults

- Page Kind
@ Standard Page oo,
) Palette Width

- Page Border ——— Page 377
i Uisible Height
1 Invisible

[ Reset | [ Cancel |

Names and numbers the current page.

Master Page

Create a master page by typing “10000” in the page number box.
Master page contents are printed on every page in the diagram when
print output is set to Nor mal in thePage Setup diaog.

See Page Setup (File menu) for a complete description of master
page creation, and Print (File menu) for the effects of the master
page on the diagram.

Palette Page

Creates a custom palette of objects and thus greatly ssimplify the dia-
gramming task.

Custom pal ette objects can include any collection of objectsthat can
be created or pasted into Design/CPN, including objects with curved
connectors, picture nodes, filled wedges, and irregular polygons.
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Objects drawn with the custom palette can be manipulated in the
same way as objects created with the Design/CPN menu commands.

Using the palette page: The paette page functions as a palette
when it is not the active page and when another pageis active:

1. Click on the desired palette object to highlight it.

2. Movethe cursor to the active page. The pointer changesto
the paette tool 1,

3. Position the pointer tool where the center of the object isto
be drawn.

4. Click to draw the selected object.
The palette object is terminated by:

» Sdecting another pa ette object.

» Choosing another command.

* Pressing Esc.

Change On-Screen Page Border Size

The page size is measured in points (72 points = 1 inch, 25.4 mm).
Changes in the on-screen page size made in this dialog do not affect
the printed page size, which isset in Page Setup (File menu).

To restore the page size from Page Setup, click theReset button
inthisdialog. The system default isset in Page Setup.

Make Page Borders Visible or Invisible

Saving Settings

The standard default setting isVisible.

Invisible

The page borders will aso be invisible when the diagrams printed.
To see the page borders on the screen but not on the printed dia-
gram, check the Omit Bor der s sectioninthe Page Setup dialog.

Save the current settings as either system or diagram defaults by
checking Save as Defaultsand clicking OK. This brings up the

following diaog:
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Save Default

Save Defaults for:
Selected Dbjects

[<] Diagram
[] System

Cancel

Restrictions

The page name may have defaults but not the page number.

The command cannot be applied to a group of page nodes.

Mode Attributes

Changes the mode attributes. M ode Attributes appliestwo di-
alogs.

Substitution Transitions Selected

=———————— Mode Attributes §_l

—Mode
@ Standard
[] 0o Mot Include in Simulation (n
[] Do Not Make Observable (m
[] Do Mot Propose Dcc Set (P)
[ Do Mot Use in Interactive Runs  (R)
[0 Do Mot Execute Code Segments (C)

[ save... ][ Load... |[ Reset |[ Cancel |

When the current selection is a substitution transition (or a group of

substitution transitions), M ode Attributes changes the mode at-
tributes for these transitions.
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Page Nodes Selected

Chart Attributes

Bar Charts

Mode Attributes §—|

—Mode
i Standard
[J 0o Not Include in Simulation (n
(] 0o Not Make Observable (o)
(] Do Mot Propose Occ Set (P}
] Do Mot Use in Interactive Runs  (R)
[1Do Mot Execute Code Segments [(C)

[] Change Mode Attributes of Supernodes
—Prime Page

N
gv:s Multiplicity

[ Save... ][ Load...][ Reset ][ Cancel ]

Change Mode Attributes of Supernodes
Determines the application of the specified mode attributes (minus

the prime page information) for all substitution transitions that have
the selected page as subpage.

Prime

Specifies whether or not the current page isto be a prime page.

Multiplicity

Controls the number of page instances.

Changes chart attributes.

When the current selection isabar chart (or agroup of bar charts),
the command changes the chart attributes for the corresponding bar
charts.
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Line Charts
When the current selection isaline chart (or agroup of line charts),
the command changes the mode attributes for the corresponding line
charts.

Dialogs

The dialogs displayed by the system are the same as those displayed
by the Chart (CPN menu) command. If one chart is selected the
values will be those of the chart. If agroup of chartsis selected
there are no defaults; al the options must be specified and the charts
will be redrawn according to the new specifications.

See theChart (CPN menu) command for a complete description of
each dialog and its options.

Hierarchy Page Options

Specifies the automatic layout and redraw of the hierarchy page.

Hierarchy Page Options =

—Layout
Grid Spacing

Horizontal (B (©

Uertical a a

] Ignore Substitution Hierachy

[save...] [ Load | [Reset | [cancel]
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Interaction Options

Specifies system interaction:

Interaction DOptions

[] Pages Overlay Palettes
[ Show Window Scroll Bars
[J Auto Scroll to Selected Object

[JNodes Overlay Connectors

Scroll Rate

Flash Rate

[ Reset ] [[:am:el] |m|

Pages Overlay Palettes

Causes new pages to overlay an open palette page.

Show Window Scroll Bars

Shows window scroll bars.

Auto Scroll to Selected Object
Scrolls when necessary to make the current object visible on an ac-
tive page.

Nodes Overlay Connector
Specifies whether connectors are drawn on top of nodes, or vice
versa.

Scroll Rate

Adjusts the window scrolling speed.
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Flash Rate

Adjusts the speed at which the object borders flash when prompted
to select an object.

When a new diagram is created, the interaction options are copied

from the previous diagram (or from the system defaults, if no previ-
ous diagram exists).

Merge Options

Specifies the operations of the merge node when using M er ge
Node (Makeup menu).

Merge Options

[]™erge Arcs O s rape Fosd dn Bros
[I™Merge Aux Conns [ misresge ¥ont in Bun § onas

[I™Merge Text in Nodes
CJ™erge Text in CPN Regions

[ save.. ][ Load | [ Reset ] [ cancel |[[ ok ]

Merge Arcs
Specifies whether arcs with the same source node and the same tar-

get node are merged or not. If the box is checked, the correspond-
ingMerge Text in Arcsismade active.

Merge Aux Connectors
Specifies whether connectors with the same source node and the

same target node are merged or not. If the box is checked, the cor-
responding M erge Text in Aux Connsismade active.

Merge Text in Nodes

Specifies whether the texts of the nodes are merged or not.
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Merge Text in CPN Regions

Text Options

Specifies whether the texts of the CPN regions are merged or not.
Only regions of the same kind are merged. Arc inscription regions
areonly merged M er ge Arcsis checked.

Defines the text brackets and character counts used by L oad T ext
and Select to Bracket.

_ Teul Iptlions = ————m——r—e=

—5elect Brackets

—Load Brackets

Left Right Left Right
1L | b ] L | [ |
—Load Counts 2 I: I I: I
Min Chars/Block + [begin ] [end |
Max Chars/Block 5 | | | |

Load Brackets and Load Counts

Select Brackets

Use these options to set the parametersfor Load Text (File
menu). Seel oad Text for adescription of the brackets' functions.

Min Chars/Block only influencesalL oad T ext with delimiter
blocking.

Max Chars/Block only influencesalL oad T ext with character
count blocking.

Specifiesthe delimiters used by Select to Brackets (T ext menu).
Use these pairs of boxes to specify custom sets of delimiters.
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Syntax Options

Specifies which optional syntax errors are to be reported during
syntax check. The settings chosen in this dialog affect what hap-
pens when either Syntax Check or Enter Simulator isinvoked.

Syntax errors found as aresult of optional restrictions are reported
in exactly the same way as all other syntax errors, i.e. with error
boxes and hypertext pointersto erroneous objects.

syntax Options D0D080—r———|

Optional Syntad Restrictions

Report Errors for:

< Missing Place Names

[J Duplicate Place Names
[]ML-illegal Place Names

[ Missing Transition Names

E<] Duplicate Transition Names

[ ML-illegal Transition Names

[ ] Duplicate Page Names

] ML-illegal Page Names

B Missing Arc Expressions (Ordinary)
] Missing Arc Expressions (Substitution)
[ Mames lllegal for 0G Analyzer

[Saue...] [ Load ] [ Reset ] [Eancel ]

Missing Place Names
The system generates a syntax error when it encounters a place with
an empty name.

Duplicate Place Names
The system generates a syntax error when it encounters a place with
aname that has been used before for a place on the same page.

Places within the same fusion group are not subject to this restric-
tion.
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ML-illegal Place Names

The system generates a syntax error when it encounters a place with
anamethat isnot alegal ML identifier.

Note: Thisrestriction appliesto ML reserved words since they are
not legal ML identifiers.

Missing Transition Names
The system generates a syntax error when it encounters atransition
with an empty name.

Duplicate Transition Names
The system generates a syntax error when it encounters atransition
with a name that has been used before for atransition on the same
page.

ML-Illegal Transition Names

The system generates a syntax error when it encounters atransition
with anamethat isnot alegal ML identifier.

Note: Thisrestriction appliesto ML reserved words since they are
not legal ML identifiers.

Duplicate Page Names
The system generates a syntax error when it encounters a page with
aname that has been used before for another page.

ML-Illegal Page Names

The system generates a syntax error when it encounters a page with
anamethat isnot alegal ML identifier.

Note: Thisrestriction appliesto ML reserved words since they are
not legal ML identifiers.

Missing Arc Expressions (Ordinary)

The system generates a syntax error when it encounters an ordinary
arc with an empty arc inscription.
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Missing Arc Expressions (Substitutions)
The system generates a syntax error when it encounters a substitu-
tion arc with an empty arc inscription.

Names lllegal for OG Analyzer

The system generates a syntax error when it encounters a name that
is not acceptable to the Occurrence Graph Analyzer.

Simulation Code Options

Determines what features of the ssimulator will be available after the
diagram is switched.

simulation Code Options —rce—=|

—Mode
@ Fair Simulation (Interactive and Automatic)

3 Fast Simulation (Automatic)

1 Both
— Time
@ With @ Integer |
o Without ) Real 6.8
' Both

— Code Seqments
@ With

3 Without

1 Both

[Saue...] [ Load ] [Hesel ] [Eancel]

Thisdialog alows you to speed up the process of switching to the
simulator by omitting the creation of executable code that will never
be used. The choices made in this dialog aso affect what options
areavailableinthe General Simulation Optionsdiaog (Set
menu), and in the Sim menu.
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Mode

Time

Fair Simulation (Interactive and Automatic)

Enablesfair smulation. Fair simulation specifies arandom selection
from among potential enabling bindings. Each possible binding is
equally likely to be used. Thisoption resultsin intermediate
switching time and slowest execution speed.

Fast Simulation (Automatic)

Enablesfast simulation. Fast smulation specifies that selections
from among potential enabling tokens will be made as rapidly as
possible, without consideration for fairness. This option resultsin
minimum switching time and fastest execution speed.

Both

Enables both fair and fast ssimulation. Y ou can then do either type of
simulation without having to reswitch the diagram by making ap-
propriate choicesinthe General Simulation Optionsdialog
(Set menu). Thisoption resultsin maximum switching time.
Execution speed depends on the type of execution selected in the
General Simulation Optionsdialog.

With

Enablestimed simulation. Any time regions, inscriptions, etc. will
affect the course of smulation. This option resultsin intermediate
switching time.

Without

Disablestimed smulation. The model may not contain any time re-
gions, inscriptions, etc. This option results in minimum switching
time.

Both

Enables both timed and untimed ssimulation. 'Y ou can then smulate
with or without time by making appropriate choicesin the Gener al
Simulation Optionsdiaog (Set menu). Thisoption resultsin
the maximum switching time. Execution speed depends on the type
of execution selected inthe General Simulation Optionsdiaog.
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Code Segments

Integer

Available only when With or Both ischosen. Specifiesthat timeis
measured as an integer. The number in the accompanying edit box
specifies the clock setting at the start of smulation. This number
cannot be changed in the simulator.

Real

Available only when With or Both ischosen. Specifiesthat timeis
measured as areal number. The number in the accompanying edit
box specifiesthe clock setting at the start of smulation. This num-
ber cannot be changed in the simulator.

With

Causes code segments to be compiled in amanner that requires them
to be executed during simulation. This option resultsin intermediate
switching time and slowest execution speed.

Without

Causes code segments to not be compiled. They therefore cannot be
executed during smulation. This option resultsin minimum
switching time and fastest execution speed.

Both

Causes code segments to be compiled, but allows ssmulation to oc-
cur with or without executing them, depending on choices madein
theGeneral Simulation Optionsdialog (Set menu). This op-
tion results in maximum switching time. Execution speed depends
on the type of execution selected inthe General Simulation
Optionsdiaog.
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General Simulation Options

Simulate With

Specifies the parameters for asimulation run. The settingsin this
dialog can be changed whenever simulation is not in progress.

General Simulation Options §—|

—Simulate With ——5top Criteria
O Fade Butnmalin & No Limit
@ Fast Automatic ] Additional Steps I
O Faby intarad Huy Juntil Step Number Is a
B Time ] Additional Time 8
[] Code Segments CJuntil Time Is a
— Record Juntil Time Adrances
1 None
[<] step Information
[] Bindings
[Saue... ] [ Load ] [ Reset ] [Eancel ]

Specifies the type of simulation. The choices available depend on
the options that were in effect in the Simulation Code Options
dialog (Set menu) when the diagram was switched.

Fair Interactive

Specifiesfair interactive smulation. Thisoptionisavailable only if
Fair Simulation or Both was chosen in theM ode section of the
Simulation Code Optionsdialog (Set menu).

Fair Automatic

Specifies fair automatic simulation. Thisoptionisavailable only if

Fair Simulation or Both was chosen in theM ode section of the
Simulation Code Optionsdialog (Set menu).

Fast Automatic

Specifies fast automatic simulation. Thisoption isavailable only if

Fast Simulation or Both was chosen in theM ode section of the
Simulation Code Optionsdialog (Set menu).
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Stop Criteria

Time

If Both was chosen in the Time section of the Simulation Code
Optionsdiaog (Set menu), choosing this option specifies that
simulation will be with time. Otherwise, ssimulation will be without
time.

If With was chosen in the Time section, this option is automati-
cally chosen and cannot be toggled. If Without was chosen in the
Time section, this option is automatically unchosen and cannot be
toggled.

Code Segments

If Both was chosen intheCode Segments section of the
Simulation Code Optionsdialog (Set menu), choosing this op-
tion specifies that code segments will be executed during simulation.
Otherwise, code segments will not be executed during ssimulation.

If With was chosen intheCode Segments section, this optionis
automatically chosen and cannot be toggled. If Without was cho-

sen intheCode Segments section, this option is automatically un-
chosen and cannot be toggled.

Specifies how ssimulation is to terminate.

No Limit

Simulation terminates when there are no enabled transitions. If there
isaways at least one enabled transition, ssimulation will continue in-
definitely. Y ou should therefore be extremely careful in using N o
Limit.

Additional Steps

Simulation stops after execution of the number of steps specified in
the value box.

Until Step Number Is

Simulation stops when the step number specified in the value box is
reached.
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Record

Additional Time
Simulation stops as soon as the number of time units specified in the

value box have elapsed. Thisoptionisavailableonly if Timeis
chosen inthe Simulate With section.

Until Time is

Simulation stops as soon as the clock value equals or exceeds the
time specified in the value box. Thisoptionisavailable only if
Timeischoseninthe Simulate With section.

Until Time Advances

Simulation stops as soon as the clock advances. Thisoption is
availableonly if Timeischosen inthe Simulate With section.

Specifies the recording of simulation datain areport. Recorded data
can be written to afile using the Save Report dialog (Sim menu).
None

No dataisrecorded. Thisresultsin dlightly faster smulation.

Step Information

Step information isrecorded. For each simulation step, alineis
stored whose syntax is:

Step M Transition@(I nstance: Page)
For example:

1 | Process@(1:Fnet#1)
Thisline specifiesthat in Step 1, while executing in an Interactive
mode, atransition named Pr ocess occurred on Instance 1 of page
Fnet#l. If the transition had occurred in Automatic mode, the line
would have read:

1 A Process@(1:Fnet#1)
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24-26

Bindings

Bindings are recorded. For each smulation step, alineis stored
whose syntax is.

{variable = value [,variable = value]...}
For example:
{ordent = Big, staff = Expert}

Thisline specifies that a step occurred in which a CPN variable
namedor dent was bound to the value Bi g, and a CPN variable
named St af f was bound to thevalue Expert .

Simulation Report Example

The following report shows both step information and bindings for
anet in which atransition named T1 fired alone in three consecutive
steps:

Si mul ati on Report
11 T1@ 1: New#l)
{x =1,y =3}
2 | Tl@ 1: New#l)
{x =2y =1}
3| T1@& 1: New#l)
{x =1,y =3}

Thefirst lineisastandard header; it isincluded in every simulation
report.
Adding Information to the Report

It is also possible to include information in areport by calling an ML
function from the code segment of atransition. Thefunctioniis:

write report: string -> unit

Theinformation contained inst r i ng will appear immediately be-
fore the automatically generated information that describes the firing
of thetransition. For example, if the code segment for transition T1
contained the statement:

write_ report
("The time is: " An
(makestring (time()));
the example report above might look likethis:

Si mul ati on Report
The tinme is: O
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11 T1@ 1: New#l)
{x =1, y = 3}

The time is: 5

2 | T1@ 1: New#l)
{x =2, y =1}

The time is: 7

3| T1@ 1: New#l)
{x =1, y = 3}

Interactive Simulation Options

Breakpoints

Update Graphics

Specifies the observation methods for astep. Interactive
Simulation Optionsaffectsonly Fair Interactive simulation. The
Settings can be changed whenever simulation is not in progress.

Interactive Simulation Options §—|

Breakpoints __Update Graphics
[ Beginning of Substep i® During Substeps
(<1 End of Substep i) Between Substeps
[<] Between Steps 1 Between Steps

7 End of Run

[Saue...] [ Load ] [Heset ] [Eancel]

Specifies when the ssimulation is to pause.

Specifies how the graphics will be updated during a simulation

During Substeps

Updates all existing simulation regions. These simulation regions
include:

* Input and output tokens
» Enabled and occurring transitions

* Markings
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Between Substeps
Updates simulation regions only after each substep. This eliminates
the display of input and output tokens. Simulation regions dis-
played include:

» Enabled and occurring transitions

* Markings

Between Steps
Updates simulation regions only after each step. This eliminates the
display of input and output tokens and well as occurring transitions.
Simulation regions displayed include:

» Enabled trangitions

* Markings

End of Run

Updates simulation regions only the end of asimulation run. This
eliminates the display of simulation regions.

Occurrence Set Options

24-28

Specifies the way how the system is to cal culate occurrence sets.
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Settings

Occurrence Set Options §_|

one Max

Pages
Page Instances

Transitions

Different Bindings

Identical Bindings

Seed
Random
Draws ®
1 O Finek

[Saue...] [ Load ] [ Reset ] [Eancel]

Under X-Windows, edit boxes appear instead of scroll bars.

Pages

Each calculated occurrence set contains binding elements from at
least one page. The first contributing page is found by arandom
drawing among all pages that have enabled transitions.

When the binding elements for the first page have been calculated, a
random number between 1 and 100 is generated. If this number is
smaller than or equal to the specified percentage for pages (in
Occurrence Set Options), asecond pageis allowed to contribute
to the occurrence set (if a page with enabled bindings can be found).
The second contributing page is found by arandom drawing among
all pagesthat have enabled transitions and have not yet contributed.
All pages undergo the same process, until smulation comesto a
halt.

A specified percentage of 0% means that you only want asingle
page to contribute to the occurrence set. A specified percentage of
100% means that you want a maximal set of pages to contribute to
the occurrence set (in this context, maxima means that the set cannot
be extended, not necessarily that it is the largest one).

Design/CPN Reference Manual for X-Windows 24-29



Design/CPN Menu Reference

Occurrence Rule

Page Instances

Each contributing page has binding e ements from at least one page
instance. The number and identities of the contributing page in-
stances are determined by a sequence of numbers that are randomly
drawn and analogous to the one for pages. However, the drawn
numbers are among the enabled page instances of the contributing
page and the applied percentage is the one for page instances.

Transitions

Each contributing page instance has binding elements from at least
one transition. The number and identities of the contributing transi-
tions are determined by a sequence of numbers that are randomly
drawn and analogous to the one for pages. However, the drawn
numbers are among the enabled transitions of the contributing page
instance and the applied percentage is the one for transitions.

Different Bindings

Each contributing transition has at least one contributing binding.
The number and identities of the contributing bindings are deter-
mined by a sequence of numbers that are randomly drawn and anal-
ogous to the one for pages. However, the drawn numbers are
among the potential bindings of the contributing transition and the
applied percentage is the one for different bindings.

Identical Bindings

Each contributing binding is always included at |east once in the oc-
currence set. The number of timesit isincluded is determined by a
sequence of numbers that are randomly drawn and analogous to the
one for pages. However, the drawn numbers are between 1 and
100 and the applied percentage is the one for identical bindings.

Some applications of CP-nets apply the maximal occurrencerule.
To achieverthis, set all five percentages to 100%.

Some applications of CP-nets do not allow bindings to occur con-
currently with themselves. To achieve this, set the percentage for
identical bindingsto 0%.

Mutual Influence

It should be noted, that the drawing sequences described above in-
fluence each other because they all compete for the same set of to-

24-30 Design/CPN Reference Manual for X-Windows



Set Menu Commands

kens. Specifying high-percentages for identical and different bind-
ings makes it easier for thefirst transitions to get many bindings but
it may make it difficult for the following ones because many of the
tokens have aready become committed. A similar relationship ex-
ists between the other percentages.

Random Generator

The numbers are randomly drawn by means of a conventiond
arithmetic random number generator, which has a seed value deter-
mining the generated sequence of numbers. In Occurrence Set
Options you specify the seed value directly.

The seed is set each time the CPN Simulator is entered and each time
Initial State or Occurrence Set Optionsisinvoked. This

means that you can repeat a simulation by choosing the same seed
and the same five percentages.

Transition Feedback Options

Specifies the properties of the transition feedback region that the
simulator uses to highlight an enabled or occurring transition.

The dialog isthe same used for Graphic Attributes (Set menu):

Graphic Attributes =—F80brim—F—7—-—"=—

— Line Thickness —
[] Change Current Object

T Laser Hairline
[ save as Defaults

] 1
Layering Logic g i
@ Copy O 10R [ selectable o) 6
T IND O HOR ® 8

[ Reset ] [Eancel]

Design/CPN Reference Manual for X-Windows 24-31



Design/CPN Menu Reference

The line thickness specified will be used to highlight enabled transi-
tions. Thisthicknesswill be doubled to highlight transitions that are
occurring.

ML Configuration Options

24-32

Design/CPN needs some information about the ML interpreter it is
to use. Without thisinformation, it cannot start the interpreter, and
hence cannot syntax check or execute adiagram. Use ML
Configuration Optionsto specify the necessary information.

ML Configuration Options

Hosthame

Port Number

Default
ML Image

[SEILIE...] [ Load ] [Heset][tancel]

The information needed is;

* Hostname: Wherethe ML interpreter isto be run.

* Port number: Which port is used by the daemon isto run
the interpreter.

* ML image: Wheretheinterpreter islocated in the file sys-
tem.

Design/CPN keeps this information as system defaults. In order for

aparticular diagram to use it, the information must be present in its
diagram defaults. If any of the information is missing or incorrect:

Enter correct valuesin the Hostname, Port number, and
ML image sections.

Design/CPN Reference Manual for X-Windows



Set Menu Commands

See the Design/CPN Installation Notes for information on determin-
ing these values.
Setting the System Defaults
If you want the new values to become system defaults:
Click Save.
A confirmation dialog appears.
Click OK in the confirmation dialog.
ThevauesintheML Configuration Options diaog are now
the system defaullts.
Setting the Diagram Defaults
To make the new values the diagram defaullts:
Click OK intheM L Configuration Optionsdialog.
Thevauesinthe ML Configuration Options diaog are now
the diagram defaults. The dialog closes.
Copying the System Defaults to the Diagram

To copy the system defaults to the diagram defaults:
Click L oad.

Click OK.

The system defaults are now the diagram defaultsalso. Thisstepis
necessary whenever a diagram that was created on some other sys-
tem is syntax checked or executed for the first time.

Copy Defaults

This command allows you to copy the entire set of system defaults
into the diagram defaults of the current diagram, and vice versa.
Each system attribute is copied into the corresponding diagram at-
tribute, or vice versa. Each system option is copied into the corre-
sponding option value, or vice versa.
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' Copy Defaults

{® System -> Diagram
{_» Diagram -> System
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Makeup Menu Commands

Select

Drag

Displace
Adjust

Fit to Text
Change Shape

Alt+1 TheM akeup menu commands manipulate

Alt+2 and alter graphic objects.
Alt+3
Alt+4
Alt+5

Duplicate Node
Move Node
Merge Node

Alt+/

Hide Regions...
Show Regions...
Bring Forward

Alt+-
Alt+=

Parent Object
Child Object
Next Object
Previous Object
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Select
Selects objects by temporarily hiding other objects.
When objects are layered, closaly spaced, or contained within other
objects, they may be difficult to select with the graphic tool.
Selecting Visible Objects
Moving the pointer tool across an object causes its borders flash.
Clicking on aflashing object makes it become the current object.
Selecting Hidden Objects
While the obscuring object is flashing, press SPACEBAR to make it
invisible. Continue to hide objects until the desired object isvisible.
Select the object by clicking the mouse. All the hidden objects are
restored.

Clicking anywhere in the active window restores all the temporarily
hidden objects.

While Sel ect is active, automatic scrolling isin effect.

Note: The command cannot be applied when the system isin group
mode.

Drag

Repositions objects.

The drag tool ‘*':'* indicates that the system isin drag mode.
Use thistool to move the current object or group without placing the
pointer inside a selected object. Thisis especialy useful for moving
small objects and objects inside other objects.

Dragging Text
If text isturned on, text can be moved as a block within its object.

To begin adrag text, the drag tool must be inside the graphic object
containing the text.
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Dragging the Endpoints of a Connector
Endpoint Source
When the source object of the selected connector is an endpoint re-
gion, the command sel ects this region and enters drag mode.
Node Source
When the source object isanode, Dr ag:

» Creates a new endpoint region of the node.

Positions the region at the connector endpoint.

Attaches the connector to the region.

Selects the region.

Enters drag mode.

The new endpoint region isasmall box, has None as line and fill
patterns, and is selectable.

Target

When OPTION is pressed, the command works on the target instead
of the source.

Endpoint Target

Pressing one of the endpoint handles of a selected connector with
SHIFT depressed has the same effect as described above in permit-
ting the selection and drag of the source/target object if it isaregion.
Node Target

Otherwise, it creates an endpoint region which can be dragged.

Terminating Drag Mode
The mode is terminated by:
* Pressing Esc.

» Selecting another command.
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Displace

Adjust

Repositions objects by moving the current node or group the same
distance (horizontally and vertically) asthe last drag or alignment of
an object or group.

SHIFT + menu command reverses the last displacement.

Note: The command cannot be applied to groups of regions.

Resizes the current node without moving its center.

Resizing in Two Dimensions

The hand pointer ™= appears at the lower right corner of the current
object. Drag the hand to resize the object in either dimension. Click
the mouse to complete the operation.

Resizing in One Dimension

To resize one dimension while retaining the object’ s other dimension
and its center, hold down the OPTION key.

Drag horizontally, with the vertical dimension locked.
Drag vertically and the horizontal dimension islocked.

Click the mouse to complete the operation.

Resizing Regions and Labels

When alabel or akey region is selected, the command has no effect
unless the object is part of agroup. In such acase, the command
does not affect the object itself but only its descendants, which get a
new size and position.

When a selected group of regions contains ancestors/descendants of
each other, some regions may change more than once.
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Fit to Text

Width

Height

Word Wrap

Adjusts the boundary of the selected graphic object to fit its text.

The new width is determined by the longest line of text plus a mar-
gin. Textisjustified according to the new width.

The height of the object is adjusted so that all text isvisiblewith a
minimum of empty space above and below. Thismeansthat it has
no effect on objects that have no text.

The box width set before choosing this command determines word
wraparound. Resize the width to fit more characters on the line.

Labels and Key Regions

Change Shape

Shape Changing

When alabel or akey region is selected, the command cannot be
applied, unlessthe object is part of agroup. In such acase, the
command does not affect the object itself, but its descendants change
Size and position dlightly.

Changes the size and shape of objects.

Change Shape changes the shape and size of the current node or
group to match that of any other node on the page.

The status bar prompts the selection of a node or region as a model
for the shape and size change.

Placing the pointer within the selected object causes its borders
flash.

Clicking on the flashing object compl etes the change.
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Region Changing
Note that when a selected group of regions contains ances-

tors/descendants of each other, some regions may change more than
once.

Duplicate Node

Duplicates objects on the current page without altering their object
type.

Duplicate Node places acopy of the group or current node on the
page dightly below and to the right of the original. The duplicate
becomes the current node.

Duplicating Regions and Connectors

Regions and connectors are duplicated, along with the correspond-
ing nodes as follows:

* A regionisduplicated if the corresponding object is dupli-
cated.

» A connector isduplicated if either the source or the destination
node is duplicated.

Thisis unlike the Copy and Paste commands, which only handle
internal connectors.

Text Mode Impact on Duplication

Text mode may be turned on or off without affecting duplication.

Effect on Hierarchy Objects
Duplicate Node makesit possible to reproduce:
 Substitution transitions without losing their hierarchy region.
If some of the socket places are not duplicated along with the
substitution transition, the corresponding lines describing the
port assignment will be removed from the hierarchy region.
» Fusion places, without losing the fusion region.

* Port/exit places, without losing the port region.
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Move Node

Moving Nodes

Moves the current node or group to another page in the diagram.

The hierarchy page window appears and the status bar prompts:
Click on page to receive object.

M ove Node returnsto the current page after the target page has
been selected.

Effect on Regions and Connectors

Regions and connectors are moved, along with the corresponding
nodes, in the usua way:

* A regionismoved if the corresponding node is moved.
» A connector is moved if both the source and destination nodes

are moved. If only one of these nodes is moved, the connec-
tor is deleted.

Effect on Hierarchy Objects

Substitution Transitions

Moving substitution transitions rearranges the hierarchical structure
of pagesin adiagram. The hierarchy region is retained.

If some of the socket places are not moved along with the substitu-
tion transition, the corresponding lines will be removed from the hi-
erarchy region.

The system checks whether this move introduces cyclesinto the
substitution hierarchy.

Fusion Places

The fusion region is retained.

Thismay create new fusion sets at the target page and delete fusion
sets at the source page.

Moreover, the fusion type may change (from page to instance, or
vice versa).
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Restrictions

Merge Node

Restrictions

Regions

Connectors

Port Places

If aport place is moved to another page, the system checksto see if
there are any socket places attached to it. If there are, the corre-
sponding lines are removed from the port assignment information (if
any) in the hierarchy region.

Page nodes cannot be moved.

Merges nodes into a single node by combining anode or group into
asingle target node.

Specify options for the merge with M er ge Options (Set menu).

Each kind of CPN node — places, transitions and declaration nodes
— can only be merged with objects of the same kind.

M er ge cannot be applied when the current selection contains substi-
tution transition, or fusion, socket, or port/exit places, or page
nodes.

Regions of merged nodes become regions of the target node.

When some of the source nodes have CPN regions of akind already
existing at the target node, the CPN regions are merged or deleted
with the target region, depending on the settingsin M er ge
Options.

Any connectors attached to the node or group to be merged are at-
tached to the target node unless they are duplicate connectors. A
duplicate connector isoneidentical in orientation and node endpoints
to atarget node connector.
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Targets

Hide Regions

A member of agroup to be merged may also be the target node.

CPN nodes can be target nodes, where some of the source nodes are
auxiliary nodes.

Substitution transition, or fusion, socket, and port/exit places, and
page nodes can be used as target nodes.

Hides descendants of selected objects, making them non-visible and
non-selectable.

Nodes and Connectors

Regions

Show Regions

Bring Forward

Hides all the descendants of the selected objects.

Hides the selected regions, together with al their descendants.
The hidden regions can, however, still be selected by means of the

arrow keys; clicking one of the selection handles, the region and its
descendants reappear.

Shows descendants of selected objects, making the descendants
visible and selectable.

Changes the object order of objects on a page.

Reordering Object Layering

1. Select the object to bring forward.

2. ChooseBring Forward.
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Restrictions

Parent Object

Text Pointers

Child Object

3. Place the pointer on the object to put one layer below the se-
lected object. The object chosen to underlie the selected ob-
ject flashes.

4. Click to bring the selected object forward .

To travel through the layering order sequentially, use Next Object
(Makeup menu) and Previous Object (Makeup menu).

The command is not yet implemented for groups of regions.

Selects the parent of an object.

Parent Object movesonelevel higher in the diagram hierarchy to
the parent of the current page, node, or text, making the parent ac-
tive. If the selection has no parent, Parent Object isdimmed.

If text isturned on and Par ent Object is highlighted in the menu,
this command goes to the node containing the text pointer in an error
mode.

If the tracer is on another page, that page becomes active and the text
tracer is highlighted.

Selectsachild of an object.

If the current object, text, or page is a parent, this command moves
one level lower in the hierarchy and selects the child. Child
Object isdimmed if the current selection is not a parent.

Substitution Transitions

Goes to the node's subpage. Double-clicking in the substitution
trangition has the same effect.
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Regions

Text Pointers

Next Object

Goes to the object’ s region.

If an object has more than one region, Child Object goesto the
first created region of this parent, unlessthe Bring Forward
(M akeup menu) command has changed the layering order.

Double-clicking in the parent node has the same effect.

If the selected object is both a substitution transition and a parent of
aregion, Child Object goes to the subpage.

If text is turned on and the insertion point isin atext pointer in the
error box, choosing the Child Object command goes to the object
with the error.

Selects the object one layer above the current object.

This processis repeated with each selection of Next Object until
the top layer of the stack of objectsisreached. Previous Object
(M akeup menu) reverses the process.

Previous Object

Selects the previous object (or text pointer).

Previous Object sdlects the object one layer below the current
object. Thisprocessis repeated with each selection of Previous
Object until the bottom layer of the stack isreached. Next Object
(M akeup menu) reverses the process.
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Page Menu Commands

The Page menu commands affect the appear-

New Page ance, labeling, and page numbering of the di-

Open Page Alt+Y agram. Other commands move around the

Close Page pages and hierarchies of the diagram by
means of the page hierarchy window.

Scroll

Blowup Alt+ \

Reduce Alt+ °

Cleanup Alt+ |

Redraw Hierarchy...
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New Page
Creates new pages.

» The attributes of the page (size and name) are determined by
the diagram defaults for pages.

* New Page places a page node, which represents the new
page, on the hierarchy page.

Open Page
Opens pages.

» When the page hierarchy window is active, Open Page
opens the selected set of pages and activates one of them.

» When the page hierarchy window is not active, Open Page
makes the page hierarchy window open and active.

Close Page
Closes the selected set of pages.

If all pages are closed, Close Page automatically opensthe hierar-
chy page.

Scroll

Scrolls the selected set of pages so that the upper left corner of the
page border coincides with the upper left border of the window.

It isalso possibleto Scroll closed pages.

Blowup
Enlarges the page scale for a selected set of pages.
Eachtime Blowup isused, it enlarges the active page to twiceits

present size up to the maximum of 400 percent of normal. The page
scaleisindicated in the status bar.
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Reduce

Cleanup

Some degrading of the screen image may occur. The actua diagram
and the printed diagram are not degraded by Blowup or Reduce.
Use the Cleanup (Page menu) command to restore on-screen
resolution after using Blowup.

Blowup can also be used to enlarge closed pages.

Reduces the page scale for the selected set of pages.

Each time Reduce is used, the active page is reduced to one half its
present size to the minimum of 25 percent of normal. Reducere-
versesthe effect of Blowup, and like Blowup, may affect screen
resolution.

Reduce can be used to reduce the page scale of closed pages.

Cleans up a selected set of pages.

Cleanup redraws the diagram on the active page, restoring the on-
screen resolution of objects and text distorted by operations such as
Blowup and Reduce.

Cleanup can be used on closed pages.

Redraw Hierarchy

Redraws the hierarchy page. If necessary, the hierarchy pageis
made active and remains active.

Redraw Hierarchy

Spacing
i Compressed

i Non Compressed

[] start from Scratch

[ Reset ][ Cancel ]
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Group Menu Commands

Enter Group Mode

Alt+G

The Gr oup menu commands group objects
according to their object types. The objects
within the group can be changed or manipu-

Select All Nodes
Select All Regions
Select All Connectors
Select Fusion Set

Alt+A

lated asasingle node. A group isindicated
by agray outline around al its member nodes
that are not regions.
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Enter/Leave Group Mode

Enters or leaves group mode.

Enter Group Mode

Restores the last group that existed on apage if the page has not
changed.

The pointer changes to the group pointer, e

Leave Group Mode

Leaves the current group and makes current the last object selected
before the group was formed.

. . | L
The pointer changesto the graphic tool, ~i™, or to the text tool, 'T,
if text isturned on.

Clicking outside a group member also leaves group mode.

Select All Nodes

Selects al nodes on the active page whether the system isin text or
group mode.

Select All Nodes isavailablewhen text isturned off and no
group isactive. It formsagroup of al the nodes on the current

page.

Select All Regions

Selects al regions on the active page.

Select All Connectors

Selects al connectors on the active page.
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Select Fusion Set

Selects al members on the active page of the fusion set to which the
selected object belongs.

Select Fusion Set can only be invoked when afusion place, or a

descendant of afusion place, is selected. Inthe latter case, the com-
mand works as if the corresponding ancestor node were selected.
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Text Menu Commands

The T ext menu commands manipulate text
Enter Text Mode Alt+T objects, permitting the creation, editing, for-
matting, selecting, and searching of text.

Find. .. Alt+E Graphical objects can have text associated
Find Next Alt+N with them.

Find Beginnin
' ginning Editing text in Design/CPN follows the stan-

dard editing procedures. Text attributes (font,
Select All Text Alt+W style, size, and justification) can not be mixed
Select to... within asingle graphic object.

Select to Bracket
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Enter/Leave Text Mode

Enter Text Mode

Leave Text Mode

Group Text Mode

Enters or exits text mode.

Changes the pointer to the text tool, T . Aninsertion point appears
in the current object.

Use text mode to create, edit, salect, and search text.

Leavestext mode. The current object is now indicated by selection
handles and the pointer changes to the graphic tool. Text can no
longer be edited, selected, or searched.

The status bar indicates whether text is on or off.

When the system is both in group que and text mode, the cursor
contains“GT” rather than only “G”: &t .

In group mode, the menu item does not toggle; thus, it always reads
Enter Text Mode, even when it invokesal eave Text M ode.
However, the status bar and the group cursor indicate the current
state.
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Find

Search Method

Match Case

Performs searches and replacements in texts:

Find

Search Method -Search Domain

i Search i@ Hypertenut

"y Replace i3 0Object

1 Replace All ) 0bject & Descendants
i) Page

[]Match Case () Document

Search for || |

Replace with | |

[Eancel] [ 1] 4 ]

Up to 255 characters may be searched for at each invocation of
Find. Text matchesare highlighted in the current object and text
mode is turned on.

Search
Sea_trches for the first occurrence of the search text in the search do-
main.

Replace

Replacesthe first occurrence of the search text in the search domain.

Replace All

Replaces al occurrences of the search text in the search domain.

Causes the search to be case-sensitive.
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Search Domain

Hypertext

An object and its substructure (regions and sub-regions) down the
chain of text pointers.

Current Object

The current object or group of objects.

Pages

All open pages.

Document

The entire moddl.

Searching and Replacing in a Group

Find Next

Find Beginning

Text is searched from the insertion point, scrolled, and replaced in
every group member.

Choosing L eave Text M ode and selecting a searched object
leaves matched selections highlighted.

Repesats the last invocation of Find.

The command continues to search for matches of text entered in the
last Find operation. This search begins at the insertion point.

Moves text cursors to the beginning of the corresponding texts.

The command scrollsto the beginning of the current object’ s text
and places the insertion point in front of the first character.

If agroup isactive, Find Beginning scrollsto the beginning of all
group members.
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Select All Text

Select to

Selects al text in an object and enters text mode.
Select All Text isavailable whether text is turned on or off.

All the text in the current node is highlighted and can be edited, cut,
copied, pasted, or cleared.

Extends the text selection, until aspecified text string is found:

Select to

Select to

| Heset] [Eancel]

Select to Bracket

Case Sensitivity

Extends the text salection until a bracket is found.

When the insertion point is placed immediately before an open
bracket, this command finds and sel ects text up to the matching
close bracket. Design/CPN recognizesthe delimiterslisted in the
Text Optionsdiaog.

Select to Bracket isespecialy useful for selecting and editing text
that is hidden from view.

When using Select to Bracket, the text entries must match the
case (upper/lower) of the searched text.
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Align Menu Commands

Horizontal
Vertical
Center
Position...

Alt+H
Alt+J

Horizontal Spread
Vertical Spread
Circular Spread
Between
Projection

Alt+[
Alt+]

Left to Left

Left to Right
Right to Left
Right to Right
Top to Top

Top to Bottom
Bottom to Top
Bottom to Bottom

The Align menu commands reposition the
currently selected node or group by aligning it
to one or two reference objects.

Aligning is atwo-step process: first select the
command and then the reference object(s). A
click of the mouse on the reference object ac-
complishes the alignment.

All aignments can be undone or redone with
Undo/Redo (Edit menu).
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Horizontal
Performs a horizontal alignment.
Horizontal aignsthe center of the current object along a horizontal

axis drawn through the center of the reference object.

Group Alignment
Shift

With SHIFT pressed in group mode, the first element in the group is
aligned in the usua way.

All the other objectsin the group remain in the same position relative
to the first object in the group.
Option

With OPTION pressed in group mode, the group isaligned asa
whole: the smallest box covering all objectsin the group is aligned.

All the objectsin the group keep their positionsrelative to this
imaginary box.

Vertical
Performs avertical alignment.

Vertical aignsthe center of the current object along avertical axis
drawn through the center of the reference object.

Group Alignment

SeeHorizontal (Align menu).

Center
Performs a center alignment.

Center placesthe center of the current object over the center of the
reference object.
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Group Alignment

Position

Group

Group Alignment

Dialogs

SeeHorizontal (Align menu).

Repositions objects by specifying their relative position, compared
to another object.

The position can be given either in Cartesian or polar coordinates.

Only non-conflicting values are shown in agroup.

SeeHorizontal (Align menu).

TheCartesian Coordinates dialog appears when Position isin-
voked. Click thePolar button to select the Polar Coordinates
dialog.

Cartesian Coordinates

Positioh Deene0————|
System
i Cartesian
1 Polar Horizontal |CIEEEE
Uer Vertical a

[ Reset | [ cancel |
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Polar Coordinates

Positioh 00—
System
i Cartesian Angle
& Polar & Absolute
90* i Relative
180° 0° Distance (@
207
[ Reset ] [[:am:el ]

Horizontal Spread
Performs a horizontal spread of a selected group of nodes.

Targets

Horizontal Spread can be applied to groups of nodes, single
nodes or single regions, and to a group of regions.

To Perform the Horizontal Spread

Choose two reference objects (which may or may not be part of the
current selection and which may or may not be identical).

Effect of the Horizontal Spread

The spread changes the horizontal position of the currently selected
objects in such away that the:

» Leftmost object becomes verticaly aligned with the leftmost
reference object.

* Rightmost object becomes vertically aligned with the right-
most reference object.

The spread is always performed horizontally, even when the refer-
ence objects are close to each other.
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Reference Objects Far Apart

Positions the sel ected objects evenly, without overlapping.

Reference Objects Close Together

Positions the selected objects such that their centers become
(horizontally) equidistant, but the objects may overlap.

Vertical Spread

Similar tothe Horizontal Spread in features and functions.

Circular Spread
Spreads a group of objects equidistantly on acircle.
To spread the objects:
1. Select an object indicating the center of thecircle
2. Select another object to specify the circle radius, which isthe
distance between the two objects’ centers.
Between

Places the center of the current object at the midpoint of animagi-
nary line drawn between the centers of the two reference objects.

Group Alignment

SeeHorizontal (Align menu).

Projection

Places the current object at one end of an imaginary line, whose first
endpoint isthe center of the first reference object, and whose mid-
point isthe center of the second reference point.

Design/CPN Reference Manual for X-Windows 29-5



Design/CPN Menu Reference

Group Alignment

SeeHorizontal (Align menu).

Left to Left

Performs aleft-to-left alignment.

Group Alignment

SeeHorizontal (Align menu).

Left to Right

Performs aleft-to-right alignment.

Group Alignment

SeeHorizontal (Align menu).

Right to Left

Performs a right-to-left alignment.

Group Alignment

SeeHorizontal (Align menu).

Right to Right

Performs aright-to-right alignment.

Group Alignment

SeeHorizontal (Align menu).
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Top to Top

Performs atop-to-top alignment.

Group Alignment

SeeHorizontal (Align menu).

Top to Bottom

Performs a top-to-bottom alignment.

Group Alignment

SeeHorizontal (Align menu).

Bottom to Top

Performs a bottom-to-top alignment.

Group Alignment

SeeHorizontal (Align menu).

Bottom to Bottom

Performs a bottom-to-bottom alignment.

Group Alignment

SeeHorizontal (Align menu).
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Chapter 30

Introduction to CPN ML

Design/CPN uses an extension of Standard ML called CPN ML

for:

CP net inscriptions - initial markings, arc expressions and
guards.

Internal algorithms that cal cul ate the enabling and occur-
rence of bindings.

Transition code segments.

Standard ML Features

Standard ML includes the following features that support the exe-
cution of CP nets:

Functional language - provides a natural and general way
to specify the arc expressions and guards.

Moreover, Standard ML makes it very easy to translate a CP
graph into a CP matrix because it supports lambda notation.

Finally, it simplifies the calculation of place invariants for
CP nets by applying a set of reduction rules formulated in
terms of standard operations on functions.

I nter active language - enables users to change individual
net inscriptions without having to reevaluate all of them.

Strong typing - allows Design/CPN to detect colorset errors
during syntax checking.

Polymor phic type system - permits operations and func-
tions to be used by different colorsetsinstead of having to
declare aversion for each colorset.

Overloading - permits operations and functions to be used
for several different purposes. For example, the symbol "+"
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isused for addition in an integer or real colorset aswell as
for the addition of multisets and function.

The polymorphic type system and operator/function over-
loading facilitates the use of standard mathematical notation
for net inscriptions.

» Static scoping - provides a consistent and stable runtime
environment. Since the environment isfixed at runtime, itis
easier to understand the functionality of large code seg-
ments.

In addition, internal routines are more efficient because
identifiers can be bound when the functions are declared in-
stead of when they are evaluated.

» Exception mechanism - handles runtime errors. When an
error occurs, an exception is raised and the ML system looks
for an exception handler. If no system or user-defined ex-

ception handler is found, the exception is reported as an er-
ror.

CPN ML Extensions to Standard ML

CPN ML extends Standard ML by the addition of three capabili-
ties:

» CPN datatypes, called colorsets.
» CPN variables.

» Reference variables with a specified scope.

Colorsets
Colorsets are extensible. This allows CP nets to more accurately
reflect the system structures being modeled. Colorsets are de-
scribed in Chapter 32.

CPN Variables
CPN variables provide CP net components, such as arc inscrip-
tions and guards, with the ability to reference different values.
They are characterized by:

» Scopeislocal to transitions.
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» Multiple possible simultaneous bindings on different transi-
tions.

» Extent isthefiring of a particular transition.

CPN Variables are described in Chapter 34.

Reference Variables

A page may have many instances. These instances have identical
code segments and thus they usually work on the same set of vari-
ables.

However, sometimesit is necessary (or at least convenient) to de-
clare local variables where each page instance has its own private
version of the variable called areference variable.

CPN ML alowsyou to declare global, page, and instance refer-
ence variables. Chapter 35, “Reference Variables,” describes both
CPN reference variables and val -defined reference variables.

Declaration Nodes

All colorset, CPN variable, and value declarations (with the excep-
tion of value declarationswithin | et structures) must be declared
in adeclaration node.

Thisis adeparture from Standard ML requirements. It means that
avalue identifier cannot be redefined during the execution of the
CP net.

Each syntactically correct CPN diagram can contain exactly one
global declaration node and at most one temporary declaration
node. In addition, each page can contain at most one local declara-
tion node. Each of the three types of nodes contains declarations
of items that can be used as inscriptions on the diagram.

CPN ML Restrictions and Modifications

Standard ML provides many more capabilities than are actually
needed to support CPN modeling, and afew conventionsthat are
not appropriate to the needs of Design/CPN. CPN ML does not
implement the unnecessary capabilities, and changes the inappro-
priate conventions, as described in this section.
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Abstract Datatypes

Colorsets cannot be defined in terms of abstract datatypes.

Wildcards

Wildcards are not supported.

Modules

Modules are not relevant to CP Nets and are not supported.

Side Effects

Side effects are only allowed in code segments.

@ Operator (List Concatenation Operator)
In timed smulation CPN ML redefines the @ operator to append

time stamps. The list concatenation operator becomes ™ (double
hat).

Conventions

Syntax descriptions
Format

1) Format line - The actual form to use when writing a spe-
cific operator, function, or constant.

Thefontiscourier.

Words and symbols that must be entered literally are shown
in bold.

Optional components are shown with angle brackets. As
with the required portion, literal words to be entered are
shown in bold.

In al cases the form terminates in a semicolon, even though
sometimes the Design/CPN context does not requireit. For
example, initial markings do not terminate in a semicolon.
2) Description line - Shows the colorset of the constant, or the
domain and range colorset for the function or operator.
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Examples

If any colorset may be used, then type variables are used to
indicate thisfact. Each type variable, usually alowercase
a, is preceded by either asingle quote or a double quote.

The single quote indicates that any colorset may be used.
The double quote indicates that any colorset for which the
equality operation is defined may be used. In practice this
means that any colorset may be used since currently all
colorsets have an equality operation defined for them.

If either the domain or the range is the Cartesian product of
two colorsets, then it is shown as:

(col orset, col orset 2)

Examples provide one or al of the following:

1)
2)

3)

Testing Examples

Declarations, if any, required to understand the example

Expression(s) actually entered, preceded by an ML>
prompt.

The value returned by the system isin the form returned by
Design/CPN after evaluation, preceded by asingle >.

To test non-CPN inscription examples:

1)

2)
3)
4)

5)

If there are any declarations, create a global or temporary
declarations box with the declarations required and then
syntax check it with the Syntax Check command.
Create an aux box with the box command (Aux menu).
Type in the expressions exactly as shown in the example.

Select the expressions and evaluate it with the M L
Evaluate command (Aux menu).

The result is shown in a separate evaluate box and should
match the results shown in the example.

To test CPN inscription examples:

See the User Guide for CP net creation techniques.
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ldentifiers

CPN ML identifiers are a phanumeric sequences of letters, digits,
primes (apostrophe), and underscores starting with aletter.

They are used as the names for:
* Colorsets (Chapter 32)
» Record colorset field labels (Chapter 32)
» Value constructors (Chapter 33)
* CPN variables (Chapter 34)
* Reference variables (Chapter 35)
» Operators and function symbols (Chapters 36 & 38)

Examples

These identifiers are legal:
SmallOrder
e3f4
big_bertha

These areillegal, because they do not begin with aletter:
3edf
_New_Id
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Reserved Words

Reserved words are words that have a predefined meaning for CPN
ML. They may not be used as identifiers:

abstype action all and andalso as bool
by case color colorset datatype declare do
else end exception fn fun gl obref guard
handle if in index infix infixr input
instref int let list local ns nonfix of
op open orelse output pageref product
raise real rec record ref same start
string subset then time TIME tnms type unit
untinmed val value var while with ( ) |
L { Y, =5 .. ... |11l ? @! == ->

Identifier Duplication

The syntax check in Design/CPN will usually not allow CPN ML
identifiersto be identical to each other. However, there are excep-
tions:

* Record labels - allowed to be identical to each other if they
appear in different colorset declarations. Record labels are
also allowed to beidentical to other kinds of CPN ML iden-
tifiers, with the exception of CPN variables. See Chapter 32
for adiscussion of colorsets.

» Page/instance reference variables - allowed to have identi-
cal identifiersif their scopes do not overlap (they are de-
clared on different pages).

Pagelinstance reference variables are also allowed to have
the same name as global reference variables: the
page/instance reference variable overwrites the global refer-
ence variable at the page where the page/instance reference
variable is declared. See Chapter 35 for a discussion of ref-
erence variables.

Predeclared Identifiers

In addition to the reserved words which may not be used as identi-
fiers, Design/CPN uses a number of predeclared identifiers:

» Predeclared constants, operations and functions.
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» Predeclared exceptions (all of these begin with“CPN' " or
end with an apostrophe ('), also called a prime, and the
name of the colorset).

» Constants, variables and functions in the internal algorithms
(al of these begin with “CPN ).

* Internal representation of multisets and bindings (applies the
identifiers“t 1™, “1117 “$” “$$” and “$$$”).

All the predeclared identifiers are described in Chapter 41. You

can safely reuse these identifiers unless they are marked for inter-
nal use by a star in tables and descriptions in that chapter.

Comments

Comments are identified by an initial (* and aterminating *).
Comments may be inserted anywhere that white space can appear
in CPN net inscriptions. For example,

(* Enunerated col orset *)

col or Banks = with HarvardTrust | Chase
| Marbl eheadSavi ngs | Shawnut
| National G and;
(* I ndexed col orset *)

col or BankBranch =
i ndex branch_nunmber with 1...8;

color integer = (* Integer colorset *) int;

Since comments are treated as white space, inserting them in the
middle of identifiers causes a syntax error. For example,

var New_int : inte(* comment *)ger

resultsin the following error message:

Error: _ _ _
Syntax error in vari abl e decl arati on:
i nte ger;
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Colorsets

Design/CPN provides a mechanism for user-defined datatypes.
For historic reasons these user-defined datatypes are called col-
or sets.

Each colorset represents a set of values and isidentified by an al-
phanumeric identifier.

The colorsets must be declared in global, local, and temporary dec-
laration nodes. Design/CPN automatically generates a set of pre-
declared constants, operations, and functions for each colorset de-
clared.

Classifying Colorsets

Size

Colorsets are classified by size and by complexity.

Colorsets can be classified aslarge or small. Thisdistinction de-
termines which optional system-defined constants, operations,
functions may be declared for a particular colorset.

A colorset islargeif it contains too many elements to enumerate.
Otherwise, it issmall:

* Unit, bool, indexed and enumerated colorsets are small.

* Int, and string colorsets are small if and only if they include
the appropriate with specification. Note that the real col-
orset is always large, even with the with specification.

» Product, record, and union colorsets are small if and only if
all their component colorsets are small.

* List colorsets are small if and only if their component col-

orset is small and they are declared by means of awith
clause.

Design/CPN Reference Manual for X-Windows 32-1



CPN ML Reference

» Subset colorsets are small if and only if either their compo-
nent colorset is small or their subset specificationisalist.

Complexity

A colorset is compound if it is constructed from other colorsets.
Otherwise, it issimple.

Simple Colorsets

Unit
The unit colorset comprises asingle element, denoted (). It hasno
predefined operations that use it, but is very useful as aplace-
holder. See examplesin Chapter 40, “Inscriptions.”
Declaration Syntax
color colorset_name = unit <<with
new_unit _i d>>;
Optional With Clause
Renames the value, that is, defines the identifier representing ().
The new value name must be an aphanumeric identifier.
Declaration Example
color termnator = unit w th nothing_here;
Value Representation Example
M_> not hi ng_here;
> () : termnator
Boolean

The boolean values are the constants tr ue and false.
Declaration Syntax

color colorset _name = bool <<with
(new_fal se, new_true)>>;
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Optional With Clause
Renames the values, that is, defines the identifiers representing
“true” and “false”. The new value names must be alphanumeric
identifiers.
Declaration Example

color answer = bool wth

(no, yes);

Value Representation Example

M.> no;

> false : answer

Boolean Operations
The following operations are predefined for booleans:
not The unary negation operation.
For example:
ml>  not true;
false : bool

This example returns false, which is the negation
of the boolean value true.

andalso Boolean conjunction. And.
orelse Boolean digunction. Inclusive or.
relational

> Greater than

< Lessthan

>= Greater than or equal
<= Less than or equal

<> Not equal
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Integers

32-4

= The equality operator. All the colorsets, with
the exception of functions have their own infix
equality operators that return boolean values.

if, then, else

The conditional expression. See Chapter 38,
“Functions,” for a discussion of its use.

Boolean Selectors

See Chapter 38, “Functions,” for adiscussion of their meanings
and use.

Integers are numerals without adecimal point. The integer col-
orset islarge unless restricted by the with clause, in which case it
issmall.

Declaration Syntax

color colorset_name = int <<with

int-expg, oo -int-exp, >>

Optional With Clause

Restricts the integer colorset to an interval determined by the two

expressionsi nt - exp and int-exp

start end.

The expressioni nt - eXPgy op ¢ MUSt befint- eXPang

Declaration and Use Example

color small _integer = int with 1..3;

var SmallInt : small _integer;
The CPN variable Smal | | nt may have arange of integer values
from 1to 3. For example, 2isalega vaue, but 4isnot and 2.9is

not. See Chapter 34 for adiscussion of the creation and use of
CPN Variables.
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Real Numbers

Integer Operations

The following operations are predefined for integers:
abs The unary absolute value operator.
~ The unary negation operator.
+ The infix addition operator.
- The infix subtraction operator.

* The infix multiplication operator.

Division is handled by two operations:

div Quotient
mod Remainder
For example:

M.> 37 div 5;
7 int
M.> 37 nod 5;

2 . int

Real numbers are distinguished from integers by the decimal point.
The period separates the integer part from the fractional part. One
or more digits must follow after the decimal point

The number can be written in scientific notation where the power
of 10 is given after the exponent symbol E. The fraction part is
optional if the exponent part is present. Thereal colorset islarge.

Declaration Syntax

color colorset _nanme = real <<with

real - ex .. real -ex >>:
pst art pend

Optional With Clause

Restricts the real colorset to an interval determined by the two ex-

pressionsr eal - exp and real -exp

start end.
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The expressionr eal - exp must be £ r eal - exp

start end’

Declaration and Use Example
color small _real =real with 1.0..3.0;
var Smal | Real : snmall _real;
The CPN variable Snal | Real may have arange of real values
from 1.0to 3.0. For example, 1.0 and 2.9 are legal values but 1
and 4.9 are not.
Real Operations
The following operations are predefined for reals:
abs Absolute value (infix)
~ Negation (prefix)
+ Addition(infix)

- Subtraction (infix)

* Multiplication (infix)

/ Division (infix)

sqgrt Square root (unary)

In Natural logarithm (unary)
exp Exponential (unary)

sin Sine (unary)

cos Cosine (unary)

tan Tangent (unary)

arctan Arc tangent (prefix)

The trigonometric functions all work in units of radians.

Strings
Strings are specified by sequences of printable ASCII characters

surrounded with double quotes. The string colorset is large unless
restricted by the with clause, in which caseit issmall.
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Characters are strings of length one.

Declaration Syntax
color colorset_nanme = string <<with

stri ng-exp, - stri ng- exp; and

int—epr .. int—expt >>;

Optional With Clause
Restricts the character set of string colorsets.

The character set is specified by the string expressions

string-exp ..string-exp

start end.

Each string expression must evaluate to a single character
(characters are defined as strings of length one) and

string-exp must be £ string-exp

start end’

Optional And Clause
Restricts the length of string colorsets.

The minimum and maximum length of the string is specified by the

integer expressions i nt - exp .int- eXPang

start
The integer expressions must be:

Of£int —expy, Ei nt - exp,

Declaration and Use Example

color small _string = string

with "a".."d" and 3..9;

var Smal |l String : small_string;
The CPN variable Smal | St ri ng may contain only the letters a, b,
c,andd. Itslengthmust be3® 3 and £9. For example, "abcd"
and "bdbdbdbdb" are legal values but "bcde" and "ab" are not.

M.> "abc"

> "abc" : string
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Enumerated Values

String Operations

size length of a string (prefix)

n concatenate strings (infix)

ord octal code word corresponding to a character
(prefix)

chr character corresponding to an octal code word
(prefix)

mkst_ms string representation for a multiset

mkst_col string representation for a colorset

String Compare

Lexigraphic comparison based on the ASCII code representation of
the string. The comparison is based on the first character pair that
differsin the string.

> greater than

< less than

>= greater than or equal
<= less than or equal

= equal

< not equal

Escape Sequences

The backslash operator provides away to insert control characters
in strings.

\n line feed

\t tab

Enumerated values are explicitly named as identifiers in the decla-
ration. These values must be alphanumeric identifiers. Thisisa
small colorset.
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Indexed Values

Declaration Syntax
col or col orset_nane =
withid0|id1| ..... | id;
Declaration Example
To represent several banks operating in Massachusetts:
col or Banks = with HarvardTrust |
Shawrut | Nati onal Grand;
Value Representation Example
A particular bank is then simply entered:
M.> HarvardTrust ;

> HarvardTrust : Banks

Suggested Uses
Typically used for alimited set of predefined values.

Indexed values are sequences of values comprised of an identifier
and an index-specifier. The index-specifier rangeis:

i nt-exp .int-exp

start end

When:

i nt -exp andi nt - €XP g are integers,

start

and:
int-expenol is3 0
and:

i nt-exp ISE int-exp

start end

the colorset is small.
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Declaration Syntax

col or colorset_name = index identifier

withint-expStart int-expend;

Declaration Example
To represent the different branches in a bank:
col or HarvardTrust _bank = index branch_nunber
with 1..8;
Value Representation Example
M_> branch_nunber (3);

> branch_nunber 3 : HarvardTrust bank

Suggested Uses

Typically used for naturally indexed values.

Compound CPN Colorsets

The following colorsets use previously declared colorsets.

Tuples

A fixed-length, positional colorset whose set of valuesisidentical
to the cartesian product of the valuesin previously declared col-
orsets. Each of the component colorsets may be a different type.

Declaration Syntax

col or col orset_name= product
col or set _namsl*col orset name,*

2
...*col orset _name_;

n must be? 2for col orset _nane
col or set _nare, .

| or n .
10 colo set _ ane,, ..

Thevaluesin the set aretuples. Individual values are positionally
accessed.
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Records

Declaration Example

A businessrule that large customer orders must be processed by
expert staff members, where the customer order colorset is de-
clared by:

color custoner_order_size = with Big | Medium
| Small;

and the staff expertise is declared by:

color staff_type = with Expert | Journeyman |
Novi ce

can be represented by atuple colorset:
col or order_process_requirenent =
product customer_order_size * staff_type;
Representation Examples
M.> (Bi g, Expert);

> (Bi g, Expert) : custoner_order_size
* staff _type

Note: This example uses explicit values. If the tuple had con-
tained CPN variablesit could have been used as a pattern. See
Chapter 36, “Expressions,” for adiscussion of tuple patterns.

Suggested Uses

Used in the collecting of data where the values are tuples.

A fixed-length colorset whose set of valuesisidentical to the carte-
sian product of the valuesin previously declared colorsets. Each
of the component colorsets may be a different type and each is
identified by a unique label so that each field is position-indepen-
dent.

Declaration Syntax
col or col orset _name= record
[ dl: col or set _name, * d2: col or set _nane, *
LR dn: col or set _narren;

Design/CPN Reference Manual for X-Windows 32-11



CPN ML Reference

n must be3 2forcol orset _nane
col or set _name .

col orset nane
11 —_ 2;

The valuesin the set are labeled records and their contents can be
recognized by the fieldname.
Selector Functions

For records, CPN ML contains a set of predeclared selector func-
tions that access components of the tuple:

#i dl’ #i d2, .., Hi dn'

Declaration Example

A business rule that large customer orders must be processed by
expert staff members, where the customer order colorset is de-
clared by:

col or custoner_order_size = with Big | Medium
| Small;

and the staff expertiseis declared by:

color staff _type = with Expert | Journeyman |
Novi ce

can be represented by arecord colorset:
col or order_process_requirenent =
record Order: custoner_order _size
* Staff:staff_type;
Value Representation Example
M.> {Order=Big, Staff=Expert};
> {Oder=Big, Staff=Expert}

{ Order:custoner_order_size,
Staff:staff_type }

Note: This example uses explicit values. If the record had con-

tained CPN variablesit could have been used as a pattern. See
Chapter 36, “Expressions,” for adiscussion of record patterns.
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Lists

Selector Example
M.> #Order{Order=Big, Staff=Expert};

> Big : custoner_order_size

Suggested Uses

Used in the collecting of data where the values are records.

A variable-length colorset. The values are a sequence whose col-
orset must be the same type.
Declaration Syntax

color colorset_name = list col orset _nane
<<wi t h int-epr . int-expt>>;

0

Optional With Clause

The with clause specifies the minimum and maximum length of
thelists.

Declaration Example

The asset types for abank could be maintained in alist where the
assets have been declared as strings:

color asset list = 1ist assets;

Value Representation Example
M.> ["real estate", "treasury bonds"] ;

> ["real estate","treasury bonds"]
string |ist

Note: This example uses explicit values. If thelist had contained

CPN variablesit could have been used as a pattern. See Chapter
36, “Expressions,” for adiscussion of list patterns.
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List Operators and Functions

Prepend: The: : operator creates alist from an element and a list
by placing the element at the head of the list:

M>  1::[2,3,4]
> [1,2,3,4] : int list

If thelist isthe empty list, theresult isalist of one member. For
example:

M>  1::[] ;
> [1] : int list
Thisisone way to get list construction started.
Concatenate: The”” operator createsalist from two source
lists. The elements of each list are extracted and combined to form
the new list:
M> [1,2,63]""[4,5,6] ;
> [1,2,3,4,5,6] : int |ist
To create a new list whose elements are the source lists, not the el-
ﬁrgzents of the source list, put an extra set of brackets around each
M>  [[1,2,3]]""[4,5,6]];
> [[1,2,3],[4,56]] : (int list) list
Thisisthe same asif you had said:
M> [1,2,3]::[[4,5,6]];
> [[1,2,3],[4,56]] : (int list) Iist

because the element colorset in this example is an integer list.

Suggested Uses

Using one token with alist of values gives access to al the values
at once and makes ordering and other behavior "based on all to-
kens' possible.
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Subsets

Subsets are a selection of valuesin a previously declared colorset.

Declaration Syntax

The subset specification can take two different forms, function and
list:

Function Form

col or col orset_nanme = subset col orset_narreo
by subset-function;

By Clause
Specifies afunction whose return value is aboolean. col-

orset_name will contain exactly those values from col -
orset_name that are mapped into the boolean value true.

List Form

col or col orset_nane = subset col orset_nan’eO
with subset-list;

With Clause

Specifies alist with elementsfrom col or set _name,. col -
or set _nane will contain exactly those values that are listed.

Declaration and Use Example - List Form

col or Banks = with HarvardTrust |
Shawmut | Nati onal Grand;

col or Banksub = subset Banks
wi th [ Shawrut, National G and];

M.> [ Shawrut, National G and];
> [Shawmrut, National G and] : Banks |ist
Notice that when simply given asavalue list CPN ML responds

with a combination colorset - Bankslist. CPN ML would have
similarly accepted the following:
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Union

32-16

M.> [HarvardTrust, National Grand];

> [HarvardTrust, National G and]
Banks |i st

However, if Banksub isthe colorset for a place, Design/CPN
would enforce the subset and would reject an inscription of
[ HarvardTrust, National Grand] asasyntax error.

Suggested Uses

Restriction of an already defined colorset. Implies runtime checks,
initial, and current markings.

union isa(digoint) union of previously declared colorsets.

Declaration Syntax

col or colorset_nanme =
uni on |d1<<:colorset_nane >> +

_ 1
i d2<<: col orset _name,>>
+ ... + idn<<:colorset_nanen>>;

For each component colorset, provide a unique selector. This con-
struction is similar to variant records in other programming lan-

guages.
If col or set _nane, isomitted, then i d, istreated as a new
value, and it can be referred to simply as i d, .

The sequence of selectors in the declaration defines the order of el-
ements in the new colorset. For the predeclared function| t ' -
col or set _nane, thisimpliesthat any value with selector i di is

less than any value with selector i dj , provided that i <j .

For agiven selector, i di , the ordering of valuesis defined by
It'colorset_nanei.

The predeclared functionr an' col or set _nane works as follows:

o first aselectoridi isdrawn randomly,

e thenthefunctionran' col or set _nane, for the corre-
sponding component colorset (if any) is applied.
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Alias CPN Colorset

Declaration Example

col or Banks = with HarvardTrust | Chase
| Marbl eheadSavi ngs | Shawrut
| National G and;

color No_of Branches = int with 0..10;
col or No_of Custoners = int with 0..99999;

col or Regi onBanksSi ze = uni on Nane: Banks +
CustonerBase : No_of Custoners +
BranchNunbers : No_of Branches;

See Chapter 40, “Inscriptions,” for an example showing arc in-
scriptions based on this colorset.

Suggested Uses

A union colorset is similar to avariant record in other program-
ming languages with selectorsto signify variant type.

A colorset that provides an alias construct. The colorset has ex-
actly the same values and properties as a previously declared col-
orset. However, each of the two colorsets hasits own, possibly
different, set of predeclared constants, operations, and functions as
specified by the optional declare clause. Thus, to obtain the same
declare set as the source colorset, specify decl are sane.

Declaration Syntax

col or col orset_nane = col orset _nane
decl are sane;

0

The type checking mechanism in Design/CPN does not distinguish
between the original colorset and its duplicates. Hence colorsets
for al membersin aplace fusion set must have the same prime
colorset. The samerule appliesfor port nodes and their assigned
socket/parameter nodes.

Declaration Example

If two banks are merging and want to describe the same internal
structure but distinguish their origin, they could defineit:

col or BayBank_bank = HarvardTrust _bank;
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Function

Declare Clause

Random Value

Suggested Uses

To prevent inconvenience when colorsets are needed that differ
only in name.

See Chapter 38, “Functions.”

The declare clause makes the system constants, operations, and
functions described below available to the colorset.

The syntax is:
col or colorset declare i dl’ ey dk;
i dl’ cey dk IS a comma-separated sequence of the desired

names. Two special keywords have been defined to ease the decla-
ration:

» declareall - yields all possible constants, operations, and
functions for the actual kind of colorset.

» declare same - declares for a duplicate colorset the same
functions that were requested for the original colorset.

Returns arandom value. The colorset of the returned value is that
specified in the function call.
Syntax

ran' col orset ();

Function from: unit -> colorset.

The function cannot not be used in net inscriptions such as arc in-
scriptions and guards. It can, however, be used in time regions and
in code segments.

Example

Given the following colorset declaration:
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col or Banks =
wi th HarvardTrust | Shawrut |
Nat i onal Gr and;

then the following function call:
ran' Banks ();

returns one of the enumerated values. One response might be:
> Shawmut : Banks

Another time the response might be:

> Nati onal Grand: Banks

Less Than
Tests whether avalue in the specified colorset is less than another
value in same colorset with respect to the colorset ordering. (See
the section on colorset ordering at the end of this chapter).

Syntax

It'colorset (value-identifier
val ue-identifi er2);

11

Function from: (colorset * colorset) -> bool.

Example
Given the following colorset declaration:

col or Banks =
wi th HarvardTrust | Shawrut |
Nat i onal Gr and;

then the following function call:
| t' Banks (Shawrut, National Grand);
returns.

> true : bool
String Representation of a Value

Returns the string representation for a value of a particular col-
orset.
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Syntax
nkst _col ' col orset (value-identifier);
Function from: colorset -> string.
To get around the limited input line length in the Edinburgh inter-
preter (256 characters), aline feed is inserted after each element in
alistand in arecord by nkst _col for list and record colorsets,
respectively.

Example

Given the following colorset declaration:

col or Banks =
wi th HarvardTrust | Shawrut |
Nat i onal Gr and;

then the following function call:
nkst _col ' Banks ( Shawmrut);
returns:

> "Shawmut" : string

String Representation of a Multiset
Returns the normalized string representation for a multiset of a
particular colorset.
Syntax
nmkst _ns' col orset (nultiset-specifier);

Function from: colorset ms-> string.

Example

Given the following colorset declaration:
col or Banks =
wi th HarvardTrust | Shawrut |
Nat i onal Grand;
then the following function call:

nkst _ns' Banks (1 Shawnut + 2 HarvardTrust);
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returns:

> "2 HarvardTrust + 1 Shawrut" : string

Multiset, Size, First, and Last Constants

These constants can only be declared for small colorsets. They de-
fine:

1) The full multiset over thecol orset.  The multiset con-
tains exactly one occurrence of each colorset value.

2) The number of valuesin col or set .
3) Thefirst valuein col or set .

4) Thefirst valueincol or set .

ms
Mul ti set constant declaration

<<col orset decl aration >> decl are ms;

Mul ti set constant use
To create amultiset for the colorset with ms declared, either:

Specify the colorset name to obtain the internal representa-
tion of the multiset, or

Use the function mkst_ms to obtain a string representation
of the multiset.
size
si ze' col orset;

Function from: colorset ->integer-value

first
first'col orset;

Function from: colorset ->identifier-value
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last
| ast' col orset;

Function from: colorset ->identifier-value

Examples
Given the following colorset declaration:

col or Banks = with HarvardTrust | Chase
| Marbl eheadSavi ngs | Shawrut
| National Gand
decl are ns, size, first, |ast;

then evalution of the following :

Banks;

nmkst _ns' Banks (Banks);
si ze' Banks;

first' Banks;

| ast ' Banks;

displays:
> 1

((
((

((1, HarvardTrust),!! ((1, Chase),!
1, Mar bl eheadSavi ngs),!! ((1, Shawrut),!
1, National Gand), enpty))))) : Banks ns

> "1 HarvardTrust + 1" Chase +
1" Mar bl eheadSavi ngs +
1" Shawmut + 1" National Gcand" : string
>3 : int

Har var dTrust : Banks

\Y

Nat i onal Grand : Banks

\%

Ordinal Number and Value

ord and col can only be declared for enumerated and indexed col-
orsets. They

1) Convert from avalue to a number representing its position in
the colorset definition.

2) Convert from a number representing avalue's position in the
colorset definition to the value.

Theresult of or d' col or set isalwaysin theinterval:
0..(size' colorset-1).
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The argument of col ' col or set should be in the sameinterval;
otherwise, an exception is raised.
Syntax
ord' col orset (identifier_value);
Function from: colorset -> int
col ' col orset (position_value);

Function from: int -> colorset

Examples

Given the following colorset declaration:
col or Banks =
wi th HarvardTrust | Shawrut | National G and
decl are ord, col
then evalution of the following :

ord' Banks (HarvardTrust);
col ' Banks (2);

displays:
> 1 : int
> Shawnmut : Banks

Index Number and Value

index and clr convert from index number to identifier-value, and
viceversa. They can only be declared for indexed colorsets.

The argument to index is the identifier-value specified in the col-
orset definition followed by an index number in paretheses. The
value returned is the integer index number.

The range of the argument to clr must be that of the index numbers
specified in the colorset definition; otherwise, an exception is
raised.

Syntax

i ndex' col orset (identifier _value
(i ndex_nunber));

Function from: colorset -> int

Design/CPN Reference Manual for X-Windows 32-23



CPN ML Reference

clr'colorset (index_nunber);

Function from: int -> colorset

Examples
Given the following colorset declaration:

col or Fl eetBank branch = i ndex branches with

i
1..8 declare index, clr;

then evalution of the following :

i ndex' Fl eet Bank_branch (branches(1));
clr' Fl eet Bank_branch (3);

displays:

>1: int

> branches 3 : Fl eet Bank_branch

Distance and Rotation for Values

dist and rot provide cyclic manipulation of the values of col -
or set . They can only be declared for enumerated and indexed
colorsets.
dist returns the distance from the first value to the second in the
forward direction. Theresult isalwaysin theinterval:
0..(size' colorset-1).
rot returns avalue, which is reached from a given value by rotating
a specified distance, positive or negative. There isno restriction
upon the integer argument of r ot ' col or set .
Syntax

di st' col orset (identifier_val ue,,
identifier_valuel);

Function from: (colorset * colorset) -> int

rot' colorset distance-to-rotate
identifier_val ue;

Function from: int -> (colorset -> col orset)
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Examples
dist example
Given the following colorset declaration:
col or Banks =
with HarvardTrust | Shawnut | National G and
decl are dist, rot;
then evalution of the following :
di st' Banks (HarvardTrust, National Grand);
displays:

> 2 int

rot example
Given the following colorset declaration:
col or Banks =
with HarvardTrust | Shawnut | National G and
decl are dist, rot;
then evalution of the following :
rot' Banks 2 Shawnrut ;
displays:

> HarvardTrust : Banks

Multiplication of Multisets

mult constructs a multiset for atuple or record colorset by multi-
plying a set of multisets constructed from its component col orsets.

Syntax

mul t' col or set (colorset, ms * colorset, ns *

..... * col orsetn ns) ;

1 2

Function from: (multiset* multiset...)-> multiset
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Example
Given the following colorset declarations:
color alpha =with a| b | c;
col or nunber = with nunml | nun | nunB;
color tuple = product al pha * nunber declare
mul t;
then evalution of the following :

mult'tuple ((1°a) + (3°c), (3 numl) +
(4 nunB));

displays the internal multiset representation:
> 11 ((3,(a,nunl)),!'! ((4,(a, nunB)),
' ((9, (¢, numt)),
'Y ((12,(c,nunB)),enpty)))) : tuple ns
To display the multiset as a string:

nmkst_nms'tuple (mult'tuple ((1°a) + (3 ¢),
(3 numl) + (4 nunB)));

displays:
> "3 (a,nunl) + 4 (a,nunB) + 9 (c,numl) +
12" (c,nunB)" : string
Membership of a Subset CPN Colorset
in tests whether a given value is amember of the colorset.
This function can only be declared for subset colorsets or for i nt
real or string colorsetsdefined using awith-clause specifi-
cation.
Syntax

in'colorset (value);

Function from: colorset -> bool

Example
col or Banks = with HarvardTrust | Chase

| Marbl eheadSavi ngs | Shawnrut
| National Gand;
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col or

M.>

>

Local Banks = subset Banks
with [National G and,
Mar bl eheadSavi ngs] ;
i n' Local Banks (National Grand);

true : bool

Membership of Union Base CPN Colorset

of_idi tests whether a value from a union colorset belongsto a
specific component colorset (with the selector i d; ).

Syntax

of i di "col orset (conmponent col orset);

Function from: colorset -> bool

Example

col or

col or
col or

col or

M_>

M.>

Banks = with HarvardTrust | Chase
| Marbl eheadSavi ngs | Shawnut

| National G and;

No_of Branches = int with 0..10;

No_of Custoners = int with 0..99999;

Regi onBanksSi ze = uni on Name: Banks +

Cust oner Base : No_of Custoners +

BranchNunbers : No_of Branches

decl are of CustonerBase,
of _BranchNunbers;

of Cust oner Base' Regi onBanksSi ze
(Cust oner Base 8);

true : bool

of _Cust oner Base' Regi onBanksSi ze
(Cust oner Base 50000000) ;

fal se : bool

of _BranchNunber s' Regi onBanksSi ze
(BranchNunber s 50000000) ;

fal se : bool
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Ordering of CPN Colorsets

All colorsets are ordered. The order is defined in the following
way':

enumerated Determined by the order in which the value
names appear in the colorset declaration.

indexed Determined by the usual integer ordering of the
indexes.

product L exicographic (with the ordering of the base

colorsets).

record L exicographic (with the ordering of the base
colorsets).

list L exicographic (with the ordering of the base
colorset).

subset Determined by the order of the base colorset.

unit Trivial order.

bool False before true.

int, real Usual ordering of numbers.

string Lexicographic (with the ASCII ordering).

For non-predefined ML colorsets, the order is determined from the
It function in the additional specification.
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Declaration

Syntax

Value Representation

Chapter 33

Values

A value declaration connects an identifier to avalue. Thereserved
word val is used to declare an identifier and an arbitrary expression
may be used as the value.

Values are not just constants - functions are declared as values (the
reserved word fun, used to declare functions, returns a value decla-
ration). Function values are discussed in Chapter 38, “Functions.”

In CPN ML values must declared in adeclaration node. They may
be used but not redefined in inscriptions and in code segments.
The exception is valuesthat are declared in al et structure.

They are frequently used to define constants used in multiple loca-
tions as well as for specifying time delays.

The syntax is:
val identifier = expression;
wherei denti fi er isanidentifier and expr essi onisaCPN

ML expression, including multiset expressions. The expression
represents the value to be associated with the identifier.

Val declaration expressions may use any value representation that
is syntactically unique, without a prior colorset declaration. These
include:
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o unit
* bool
e int

* red
 string
* tuple

o list

record

Examples:

These examples all use the conventions described in Chapter 30,
“Introduction to CPN ML,” in order to show the result of the decla-
ration. In Design/CPN practice, however, they would be declared
in a declaration node and no value would be displayed.

Integer value
M.> val intval = 3;
> val intval =3 : int
Boolean value
M.> val bool eanval = true;

> val bool eanval true : bool

Real value
M.> val realval = 3.0;
> val realval = 3.0 : real
String value
M.> val stringval = "string 3.0";

"string 3.0" : string

> val stringval

Tuple value

M.> val tupleval (3,4.0);

> val tupl eval (3,4.0) : int * real
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Colorsets

List value
M.> val listval = [3,4];
> val listval =[3,4] : int |ist

Vaue declarations may use expressions of previously declared
colorsets. For example, the following declaration is acceptable be-
cause the colorset of the value of bi gj ob has been previously de-
clared:

color Staff =
with Expert | Journeyman | Novi ce;

col or ProcessOrder = product Order * Staff;
val bigjob = (Big, Expert);

The following example is also acceptable:
val integer _tuple = (1, 4);

because the (1, 4) specification is one of the syntactically unique
value representations known to Design/CPN.

The following example, however:
val al pha_tuple = (ss, aa);

produces the following error message:

Errors
C.4 Error in global/temporary declaration node

Type checking error in: ss
Unbound value identifier: ss
[Closing <string>]

[Closing <string>]

««18»»

because the system doesn't recognize thevaue ( ss, aa) . If ss
and aa were specified as strings.

val al pha_tuple = ("aa", "ss");

the declaration would be acceptable.
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Other types of specifiers
Multiset Expression

Multiset expressions may be used as value specifiers. For exam-
ple

1°'3 + 3 4;

P ((3,4),!'! ((1,3),enpty)):int

M.> val baz

> val baz
ns

See Chapter 37, “Multisets,” for a complete description.

Function expression

Function expressions may be used as value specifiers. For exam-
ple:

M.> val baz fn x == 3 + x;

> val baz fn: int ->int

See Chapter 38, “Functions,” for a compl ete description.

Value Uses in CPN Inscriptions

Chapter 40, “Inscriptions,” describes the use of constantsin CPN
inscriptions.

Chapter 34, “CPN Variables,” describes the Design/CPN mecha-
nism for representing changing values in CPN inscriptions.
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CPN Variables

Term Definitions

Variables
A variableis an identifier whose value can be changed during the
execution of the model.

Binding
Binding is the association of avalue with avariable. A binding has
both scope and extent.

Scope
Scopeisthe locations in amodel in which a particular binding can
be referenced.

Extent

Extent isthe interval during which a particular binding isin effect.

CPN Variables

CPN variables are variables that are used in CP net inscriptions.
They have the following characteristics:

» They are declared using the reserved word var and the name
of apreviously declared colorset in aglobal or temporary
declaration node.

» They are bound to a variety of different values from their

colorset by the simulator as it attempts to determineif a
transition is enabled.
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» There can be multiple bindings simultaneously active on dif-
ferent transitions. These bindings can exist simultaneously
because they have different scopes.

» Theextent of a CPN variable binding is the firing of a par-
ticular transition.

» They provide arc inscriptions with the ability to reference
different values. See Chapter 33, “Values,” for adiscussion
of constants and their use in arc inscriptions.

Declaration syntax

var 'dl’ |d2, . |dn . col orset _nane;

where:
i d isan aphanumeric identifier,
is the syntactic separator between the identifier(s)

col orset _nane
isthe name of a previously declared CPN colorset.

The system checks whether any of the CPN variable names have
been used for type constructors, for example, in a colorset declara-
tion. If an error occurs, awarning is given.

See Chapter 32, “Colorsets,” for adiscussion of the declaration and
use of CPN colorsets.

Example of Declaration and Use

34-2

This example illustrates the significance of the scope characteris-
ticsof CPN variables. The following CPN colorset and CPN vari-
ables are declared in the global declaration node:

color Order = with Big | Medium| Snmall;

color Staff with Expert | Journeynman | Novi ce;
color ProcessOrder = product Order * Staff;

var ordent : ProcessOrder;

The following three transitions are all enabled with different values
for the CPN variable or dent :
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ProcessOrder
@ 2°(Big,Expert) g =
’L—_l ordent
2°(Big, Expert) ordent
ProcessOrder
ProcessOrder @ 1°(Small,Novice) - .
>
L <1 ordent
1°(Small, Novice) ordent

ordent

processo%D@) 3‘(Medium,\]ourneyma’n[

Lol

R . rden
3°(Medium, Journeyman) ordent
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Chapter 35

Reference Variables

Reference Variables

ML reference variables are the same thing as pointer variablesin
imperative languages such as C. They may be used only in code
segments.

Reference variables must never be used in any way that affects
transition enablement. Toillustrate the problemsthat could arise if
this rule were broken, consider the following example:

A reference variable, r ef var , isused in the arc inscription of two
different transitions, transition A and transition B. Both are en-
abled, and transition A fires. Transition A changes the value of
ref var insuch away that transition B isno longer actually en-
abled. But the system has no way of knowing this, since enabled
transitions are not rechecked before they are fired (to recheck each
time atransition is chosen for firing would degrade performance to
the point of unusability). Attempting to fire transition B resultsin
unpredictable system errors.

Reference variables are necessary for accessing information out-
side the model, such as files and databases, and for providing in-
formation about the model. They are used in this manual to handle
statistical variables and 1/0 access.

Val-defined Reference Variables

Val-defined reference variables are defined in declaration nodes.
The value stored at the location named by the identifier is accessed
asyntax that tells the system to obtain a value pointed to be a
name, not to change the value of the name itself.

Caution

Design/CPN is unable to check whether areference variable has
been declared with val instead of globref. If areference variable
declared by means of ref has the same name as another reference
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35-2

variable declared by means of globref, pageref, or instref, the
CPN Simulator will apply the latter.
Declaration Syntax

To declare aval-defined reference variable and provide an initial
value:

val id = ref data_val ue;
where <id> is an aphanumeric identifier, and the value following
ref istheinitial value. The colorset of theinitia valueiseither
predefined (See Chapter 33, “Values,” for adiscussion of prede-
fined identifiers) or has been previously declared with a color
declaration.
For example,

val foo = ref (3,4);

If this form were interactively evaluated by ML, the system would
return:

> val foo =ref (3,4) : (int * int) ref
which declares the identifier f oo astuple- (int * int) - reference
variable with the value of ( 3, 4) .
Reference Syntax
To update the value of f oo by 1, type:
foo :=1foo + 1;
accesses the value (which is 0) at the location f oo and updates it
by 1. The: = and! syntax specifierstell the system to access the
value at the location identified by the namef oo.
Value Syntax
Entering the reference variable name by itself:
f 0o;
resultsin:
>ref 2 : int ref

which says that the identifier is areference variable whose valueis
two and whose colorset isinteger reference.
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CPN Reference Variables

Global Reference Variables

CPN global reference variables provide the same capabilities as do
the val-ref defined reference variables: they define reference vari-
ables with a global scope.

Declaration syntax
gl obref id = exp;

Global reference variables must be declared in aglobal or tempo-
rary declaration node and can be used in all code segmentsin the
entire diagram.

The colorset of the global reference variable is determined by the
colorset of the expression, which also determines the initial value.

Page Reference Variables

Defines reference variables with a page scope.

Declaration syntax

pageref id = exp;
Page variables must be declared in alocal declaration node and can
only be used in code segments on the corresponding page. All
page instances of the page with the local declaration node refer to
the same reference variable.

The colorset of the expression determines the colorset of the refer-
ence variable, which in turn determines the initia value.

Instance Reference Variables

Defines reference variables with an instance scope.

Declaration syntax

instref id = exp;
Instance variables must be declared in alocal declaration node and
can only be used in code segments on the corresponding page.

Each page instance of the page with the local declaration node
refersto its own copy of the reference variable.
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The colorset of the expression determines the colorset of the in-
stance reference variable, which in turn determines the initial
value.
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Chapter 36

Expressions

In this chapter we first talk about the expression syntax, then ex-
pression evaluation, and finally expression use as inscription pat-
terns and constructors.

Multiset expressions are not discussed in this chapter but are de-
scribed, along with those predefined functions that operate on
multisets, in Chapter 37, “Multisets.”

Functional expressions are not discussed in this chapter but are de-
scribed in Chapter 38, “Functions,” along with the let and case
forms.

Term Definitions

An expression is a sequence of values, CPN variables, type con-
structors, and operators that can be evaluated. The result of ex-
pression eval uation depends on both the types of operators and the
CP net use of the expression.

A canonical expression is an expression that hasitself asavalue;
it has been reduced to its lowest, or most fundamental form.

A simple expression is an expression whose components are all the
same colorset.

Compound expressions are expressions whose components are
simple expressions of different colorsets or other compound ex-
pressions.
Inscription expressions are expressions used as CP net arc inscrip-
tions and guards. They do not contain reserved words, keywords,
or semicolons, with the exception of

()YI[L1 {1}, : =andalso orel se not

if/then/else let/in/end case/of fn
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Expression Syntax

Syntactic Specifiers and Reserved Words

Variables

Values

36-2

The syntactic specifiers and reserved words that may used inin-
scription expressions include:

()YI[1{}, : =andalso orelse
if/then/else let/in/end case/of fn

Their meanings are:

Specifier Meaning Where Described
0 tuple constructor
expression associator
(] list constructor
{} record constructor

, tuple, list, or record
component, or

subexpression separator
= equality operator
andalso boolean conjunction
orelse boolean disunction

if/fthen/else  boolean conditional
let/in/fend local

case/of case

fn function

Expressions used in code segments may contain CPN variables and
reference variables, but inscriptions may contain only CPN vari-
ables.

Val-defined identifiers may be anything legally definable by aval
construct, including functions. See Chapter 33, “Values,” for a
complete discussion of theval construct, and Chapter 38,
“Functions,” for adiscussion of val-defined identifiers whose value
isafunction.
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Constructors
Constructors include:
» Tuple constructors:
(idil, ..., idn)
 Record constructors:
{idlname = idl, ..., idnnane = idn}
 List constructors and operators:
[idl, ..., idn]
Chapter 32, “Colorsets,” provides complete descriptions of the
constructors and their use.
Operators

Operatorsinclude:
» Arithmetic:
~ * |/ div npd + -
o String:
o List:

AN

* Relational:

= <> < > <= >=
* Boolean:

andal so orelse % \
» Selector

#

Chapter 32, “Colorsets,” provides complete descriptions of the op-
erators and their use.
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Expression Evaluation

Evaluation Order

Operator Precedence

Association

Expressions are evaluated within the context of their CP net |oca-
tion. The result of the evaluation depends on:

1) Component colorsets
2) Operator precedence
3) Associativity rules

4) CP net context

The default evaluation proceeds from left to right under the control
of operator precedence and operator association.

The default evaluation order can be changed by the use of paren-
thesis grouping. For example, multiplication has a higher prece-
dence than addition, so that evaluation of the following expression:

M.> 3 + 4*5;
yields:

> 23 : int

but

M.> (3 + 4)*5;
yields:

> 35 : int

Precedence is the default order in which different operators are
evaluated. The Operator Precedence and Association Table below
givesthe default precedence for all the operators that are used in
CPN ML expressions.

Association is the direction of evaluation. An expression contain-
ing sequential occurrences of the same operator can be interpreted
in several ways. For example, the expression:
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5-4-3

can be interpreted as

(5-4) -3
or as
5- (4 - 3).

In the first case the minus associates to the left and in the second
the minus associates to the | eft.

The default association for operators of the same precedenceis
from left to right (left association).
Binary operators

All standard binary operators associate to the | eft.

Function Type Operator

The function type operator associates to the right. For example,
the type:

int -> real -> bool
isto be interpreted as the type:

int -> (real -> book)
and not as

(int ->real) -> bool.

Operator Precedence and Association Table

Operator Meaning Precedence Association Inscription
~ arithmetic negation 1 right yes
* arithmetic multiplication 7 left yes
/ arithmetic real division 7 left yes
div arithmetic integer division 7 left yes
mod arithmetic modulo 7 left yes
A string concatenation 6 left yes
+ arithmetic addition 6 left yes
- arithmetic subtraction 6 left yes
- list constructor 5 right yes
AN list concatenation 5 left yes
= equality 4 left yes
<> relational not equal 4 left yes
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Expression Uses

Patterns

Frequently the elements of a compound data object must be ac-
cessed independently of one another. Often the most convenient
way isto set variables to the values of the separate elements, then

use the variables as needed.

ML facilitates this type of access via pattern matching. A pattern

isan ML expression that consists only of CPN variables and type

constructors. Itisused ininput arc inscriptions to access and bind
components of compound CPN data objects.

For example, given the following colorset and variable declara-

tions:;

< relational lessthan 4 left yes
> relational greater than 4 left yes
<= relational less than

or equal to 4 left yes
>= relational greater than

or equal to 4 left yes
= reference access 3 left no
o] function composition 3 left no
andalso  boolean conjunction 2 left yes
% boolean selector
\ boolean selector
# sel ector
orelse boolean disunction 2 left yes
case/of left yes
! reference access no
-> function type right no

col or Banks = with HarvardTrust | Chase
| Marbl eheadSavi ngs | Shawnrut
| National Gand;

color No_of Branches = int with 0..10;

col or Bankl nportance = product
No_of Branches * Banks;

var national banks,
regi onal _banks, banks: Banks;

var branch_no: No_of Branches;

var bank_si ze: Bankl nport ance;

The following expressions are patterns:
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Constructors

(branch_no, regional banks)
(branch_no, banks)
The following expression is not a pattern:

(9, Chase)

Tuple Pattern Matching

A tuple pattern is a sequence of variables that have the same
type(s) as the elementsin the tuple to be matched. The variables
are enclosed in parentheses and separated by commas. For exam-
ple:

(intvar, realvar, stringvar)

matches a three-element tuple in which the first element is an inte-
ger, the second isareal, and the third is a string.

List Pattern Matching

A pattern to match each element in alist is a sequence of variables
of the type characteristic of the list. There must be as many vari-
ablesasthere are list elements. The variablesare enclosed in
brackets and separated by commas. For example:

[intvarl, intvar2, intvar3, intvar4]
matches a four-member list of integers.

Often the length of alist is unimportant or unknown, or only the
first member is of specific interest. The double-colon pattern can
be used in such cases. For example, alist of integers could be
matched with the pattern:

intvar::intlistvar

Thefirst variable will be set to the first element of the list, and the
second will be set to therest of thelist. If the list contained only
one member, intlistvar would be set to the empty list.

A constructor is an expression that when evaluated yields a com-
pound data object. They are used in guards and output arc inscrip-
tions to generate and bind output variables.

It is often useful to construct a compound object whose values are
given by expressions. CPN ML accomplishes this through the use
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of constructors. There are appropriate constructors for each com-
pound data type.

Constructor expressions may include any combination of identi-
fiers, operators, and type constructors. They are distinguished
from other expressions in that they evaluate to a compound data
object. Thus, apattern such as( a, b, ¢c) when used as an output
arc inscription is a constructor, whereas an expression such as:

(abs (intvarl + intvar?2),
stringvar " "New York",
realvarl <= realvar2, 4.4)

isnot a pattern, but isatuple constructor.

Tuple Constructors

A tuple constructor is a sequence of expressions that evaluate to
data objects of same types as the elements of the type of tuple to be
constructed. The sequence is enclosed in parentheses and the ex-
pressions are separated by commas, as with tuples generaly. For
example:

(abs (intvarl + intvar?2),
stringvar " "New York",
realvarl <= realvar2, 4.4)

constructs a tuple whose elements are an integer, astring, a
boolean, and areal.

List Constructors

A list constructor is a sequence of expressions that evaluate to the
same colorset. The sequence is enclosed in square brackets and the
expressions are separated by commas. For example:

[intvarl* intvar2, if boolvarl
then intvar3
el se intvar4, 46]

constructs alist consisting of three integers.

Expression Evaluation in CP Nets

Arcs

Expressions used as input and output arc inscriptions yield a multi-
set when evaluated.
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Guards

Expressions used as guards yield a boolean value when eval uated.
They may both constrain enablement and bind a CPN variablein at
the same time.

Code Segments
Expressions used in code segments yield values depending on the
colorset and operators of the expression components. The only re-

striction is that code segments must not rebind CPN variables
bound on the input arcs or guards.

Further Discussion

See Chapter 40, “Inscriptions,” for a complete discussion and co-
pious examples of their use.
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Multisets

Term Definitions

A token is atyped data object. Tokens are not called objectsto
avoid confusion with graphical objects.

A multiset isacollection of tokens. Unlike ordinary sets each to-
ken may have duplicate values, hence the name multiset.

Multiset Variables

Syntax

Use

A multiset variableis a CPN variable that yields a multiset when
evaluated.

An ordinary CPN variable can have any value of the colorset for
which the variable isdefined. The value of amultiset variableisa
multiset of the colorset for which the variableis defined. See
Chapter 34, “CPN Variables,” for further information about CPN
variables.

The syntax for declaring a multiset variableis:

varid ,id, ...... ,id_: colorset ms;

1 2 n
Thisisthe same as an ordinary CPN variable declaration, except
for the addition of ms after the colorset name.

Multiset variables can be referenced in a code segment and used in
output arc inscriptions. They can used to read in multiset expres-
sions from an input file. This expression can then be evaluated
and set as the value of the variable.
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Multiset Creation

Syntax

Use

The multiset creation operator, backquote (), creates a multiset
containing a given value, a given number of times.

int” col orset-val ue;
Operator from: (int * colorset_value) -> multiset

The integer argument must be non-negative. If thisis not the case,
an exception is raised.

The multiset operator combined with multiset addition and sub-
traction provides a succinct method for specifying multisets. For
example:

22a+1c + 4f

isamultiset consisting of seven CPN variables. two of variable a,
one of variable ¢, and four of variablef.

Multiset expressions

Syntax

37-2

A multiset expression isan ML expression that when evaluated
yieldsamultiset. Multiset expressions are used as arc inscriptions.
Input arc inscriptions may consist of regular multiset expressions,
including functions.

Examples

Two integer tokens each of whose value is the integer 3:
2°3

One integer variable named
("intvarl + 4 intvar?2)

A tuple pattern

(staff _type, order_type)
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Multiset Constants, Operations, and Functions

Constant Definitions
Empty Multiset

The empty constant constructs an empty multiset that is polymor-
phic, e.g. identical for all kinds of multisets.

enpty;
Constant: ->"ams
For example:
M.> enpty;

> enpty : "a ns

Full Multiset
Thecol or set constant defines a constant which contains exactly
one occurrence of each valuein col or set for the full multiset
over col or set . The colorset must have been declared with s
and must be small.
col orset _nane;
Constant: -> <colorset> ms
For example:
color small __int = int with 1..10 declare ns;
M.> smal | _int;
>0 ((1,D),! ((1,2),!'! ((1,3),!! ((1,4)),
I ((1,5),!'! ((1,6),!! ((1,7),
I ((1,8),!'! ((1,9),
'l ((1,10),enpty)))))))))) : small_int ns
Addition, Subtraction, and Scalar Multiplication, of Multisets
Addition ( + operator)
"anms + "a ms;

Operator from: ("ams* "ams)->"ams

For example:
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M.> 3°5 + 5 5;
> 11 ((8,5),enpty) : int ns
M> 65 + 3 6;

> 11 ((3,6),!! ((6,5),enpty)) : int ns

Subtraction (- operator)
"a ns - "a ns;
Operator from: ("ams* "ams)->"ams

The first multiset must be greater than or equal to the second. If
thisis not the case, an exception is raised.

The second multiset must be a subset of the first multiset. If thisis
not the case, an exception is raised.

For example:
M> 65 - 3 6;
> Failure: CPN IIllegal Milti Set Subtr
M> 6"5 - 3°5;

> 11 ((3,5),enpty) : int ns

Scalar Multiplication ( * operator )
For scalar multiplication the integer must be non-negative.
int * "a ns;
Operator from: (int * "ams)->"ams
For example:
M.> 3*2°5;
> 11 ((6,5),enpty) : int ns
M.> 45 - 3°5;

> 11 ((1,5),enpty) : int ns
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Multiplication of Multisets

mul t' col orset canonly be declared for tuple and record col-
orsets. It constructs amultiset over col or set by multiplying a
set of multisets (one for each base colorset).

mul t' col or set (col orset
.... colorset n ns) ;

LT col orset2 s,

Function from: (colorsetl ms * colorset_ms
* o * col orset ms)-> colorset ms

For example:
color integer = int;
color realno = real; _
col or tupleno = product integer * realno;

M.> nul t'tupl eno
((1°’3 +46), (333.0+46.0));

> 11 ((3,(3,3.0)),!! ((4,(3,6.0)),!!
((12,(6,3.0)),!!
((16,(6,6.0)),enpty)))) : baz ns
Comparing Multisets
These operations compare two multisets.
Equality (== operator)
"a nms == "a ns;
Operator from: ("ams* "ams) -> bool
For example:
M> 65 == 8 5;

> false : bool

Not Equal ( <><> operator)
"a s <><> "a ns;
Operator from: ("ams* "ams) -> bool
For example:

M> 65 <><> 8 5;
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> true : bool

Less Than or Equal ( <<= operator )
"a nms <<= "a ns;
Operator from: ("ams* "ams) -> bool
For example:
M> 85 <<= 8'5

> true : bool

Less Than (<< operator)

an << "a ns;

Operator from: ("ams* "ams) -> bool

For example:
M> 85 << 85
> fal se : bool
M> 65 << 85

> true : bool

Greater Than or Equal ( >>= operator )
n a rTB >>S= n a rTB;

Operator: ("ams* "ams) -> bool

For example:
6°5 >>= 8 5;

> false : bool

Greater Than ( >> operator )

ans >> "a ns;

Operator: ("ams * "ams) -> bool

Design/CPN Reference Manual for X-Windows



Multisets

Coefficient

Size

For example:
M> 65 >> 8 5;

> false : bool

cf returns the coefficient of agiven value in agiven multiset.
cf ("a, "a ns);
Function from: ("a* "ams)->int
For example:
M.> cf (3, (56 + 36));

>0 : int

size returns the number of elements in a multiset.
size ("a nsv);
Function from: "ams-> int
For example:
M.> size (36 + 4°7);

> 7 : int

Random Value From a Multiset

random returns arandom value from a given multiset. The prob-
ability for the selection of avalue is proportional to its coefficient
in the multiset.

random cannot be applied in net inscriptions such as arc inscrip-
tions and guards. It can, however, be applied in code segments.

random ("a ns);
Function from: "ams->"a

For example:
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M.> random (3°6 + 4°7);

> 6 : int

Conversion Between Lists and Multisets

list_ to_ msand ms_to_list provide the conversion between the two

types.
list to ns ["a, "b, .., "c];
Function from:  "alist->"ams
For example:

M> list to ms [1,3,4];

> ((1,D),' ((1,3),! ((1,4),enpty)))
Dint s

ms_to list ("a ns);
Function from:  "ams-> "alist
For example:
M.> ns_to list (1°3 + 4°6);
> [6,6,6,6,3] : int list

Filter Function
filter constructsafilter (afunction mapping multisets into smaller
or identical multisets) from a predicate (a function mapping values
into booleans).
filter ('a bool);

Function from:  (‘a->booal) -> ("ams->"ams)

Linear Extension of Functions
ext_col and ext._ ms make alinear extension of afunction.
ext_col ('a ''b);

Function from:  (‘a->"b) -> ("ams->"b ms)
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ext_ ms ("a''b m);

Function from:  (‘a->"b ms) -> (‘ams-> "b ms)

Multiset Input and Output

i nput _ns and out put _ns allow code segments to read and write
multisets.

i nput_ns (instreanj;

Function from: instream -> colorset ms

out put _ms (outstream <colorset> ns);

Function from: (outstream * colorset ms)-> unit

Internal Representation of Multisets

Design/CPN represents each multiset as a nested sequence of pairs,
separated by double exclamation points (!!) where each pair con-
tains a coefficient followed by avalue. The constant enpt y de-
notes the empty multiset and terminates the sequence.

For example:
M>2"3+14+ 15+ 3 6;

> 11 ((3,6),!! ((1,5,!'!" ((1,4),
't ((2,3),enpty)))) : int ns

A multiset representation is said to be:

» Compressed, if each color occursin at most one pair, with a
positive coefficient.

 Sorted, if the colors occur in increasing order with respect to
the ordering of the colorset.

» Normalized, if it is both compressed and sorted.

Design/CPN assumes all multiset representations to be com-
pressed, but it does not assume them to be sorted.

When you apply the predeclared constants, operations, and func-

tions, all multiset representations automatically become com-
pressed.
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When you define your own multisets or functions (between multi-
sets) — by means of the internal representation of multisets — you
must define them in such away that all multiset representations be-

come compressed. An easy way to do thisisto apply the prede-
clared compr ess function.

Construct, Compress, and Sort

The following operations/functions are only necessary for users
who want to work with the internal representation of multisets.
The!! operation alows you to construct — and pattern match —
the internal representation of multisets. The compress function al-
lows you to compress a multiset representation.

Multiset constructor (!! operator)
' ((int * "a) * "a ms);
Operator from: ((int * "a) * "ams) ->"ams
conpr ess "a s

Function from: "ams->"ams

Timed Multisets

To support simulation with time, a new colorset is declared, when
atime declaration is given:

colorset "atms=!!! of
((int * "a* (TIMElist)) * ("a tms)) | tempty;

Furthermore, +, -, si ze, cf and conpr ess are overloaded to
support timed multisets, when atime declaration is given.
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Syntax

Datatype

Example

Chapter 38

Functions

The syntax is:

fun identifier (paraneter-tuple)
= functi on-body;

i denti fi er isassociated with thef uncti on- body.

The datatype of afunction is the combined datatype of the domain
(parameter) and the range (result). Itisindicated by the reserved
word fn followed by an expression whose syntax is:

fn paraneter-type -> result-type

The function operator, - >, indicates the mapping between the
domain and range of the function.

The following example increments its parameter by 1:

fun suml (n) = n + 1;

Local Declarations - Let

Thel et construct permits the declaration of locally-scoped vari-
ables within afunction definition. Inaddition, | et may be used
within a code segment. This use provides the only casein CPN
ML whereval may be used outside of a declaration node.
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Syntax

| et val declaration in expression end;

whereval _decl ar at i on isavaue declaration using val , and
expr essi on, isaCPN ML expression. See Chapter 33,
“Values,” for adiscussion of val , and Chapter 36, “Expressions,
for adiscussion of CPN ML expressions.

Control Structures

if-then-else

Boolean Selectors

i f-then-el se providesaconditiona control structure that may
be used in function declarations, inscriptions, and code segments.

Syntax

i f bool ean- expression
t hen expression
el se expression

The uses of the if-then-else construct determine which expressions
are legal in the then and else clauses:

Input Arc Inscription: CPN variables may not be bound by a
conditional input arc inscriptions; they must be bound somewhere
else on the transition - either on a different input arc or in the
guard.

Guard: Each expression must be a boolean expression, evaluating
totrue or false. Thus the following exampleislegal because each
variable binding is either true or not true:

[if a=3then b = 4 else ¢ = 5]

The following example is not legal because thet hen and el se
clauses evaluate to integers:

[If a =3 then 4 else 5]

Output Arc Inscription: CPN variables may be bound by a con-
ditional output arc inscription.

These operations allow you to apply a boolean selector to avalue,
amultiset, apair of valuesor apair of multisets. The first two op-
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Case

erations work as an if-then command, while the last two work as an
if-then-else.

% (bool list * "a) ->"a ns

/[ (bool list * "ans) ->"a ns

Thecase structureisaconditional expression generations that
providesan i f -t hen-el se, if-then-else,... capability.

Syntax
case identifier of
bool ean_test1 |
bool ean_test2 |
endf'

The evaluation proceeds until thereisamatch. If none of the tests
succeed then the result of evaluation isfalse.

Function Invocation

To use afunction, apply it to its argument, which must bein the
domain of the function. For example, to add 1 to the number 100:
sum1to to the argument 100:

M.> sunil (100);

> 101 : int
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Time Stamps

Declaration

Chapter 39

Timing

For simulation with time, each token may, in addition to its token
value, carry atime stamp, that is, an integer or real expression.

The time stamps are calculated in the CPN Simulator by adding the
transition delay, if any, and the arc delay, if any, to the model time
at which the token is created.

Each colorset that is to be timed must append the keyword t i med
to the colorset declaration. For example:

color A=withid | id,| idy| id, tined;

Defaults for Time Stamps

Index, enumeration, and simple colorsets are untimed by default.
Compound colorsets (that is, unions, products, records, and lists)
aretimeif and only if at least one of the base colorsetsistimed. In
the case where more than one base colorset is timed, the compound
colorset will still only have a single time stamp for each token.

Duplicate and subset colorsets are timed by default if and only if
the base colorset is timed.

To make a default timed colorset non-timed, append the keyword
untimed to the colorset declaration. For example:

col or colorset = col orsetO unt i ned;
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Timed Arc Inscriptions

Input Arc Inscriptions
To ignore the time stamps of tokens from an input place whose
colorset istimed, append the keywords @ gnor e to the input arc
inscription. For example:
The following declaration creates atimed colorset:

col or Banks = with HarvardTrust |
Shawrut | National Grand ti med;

so that an input place with Banks asacolorset istimed. Thefol-
lowing input arc inscription:

2" Banks@ gnor e
causes the simulator to ignore that specification.

Input arc inscriptions may not specify time delays.

Output Arc Inscriptions
Output arc inscriptions may specify time delays by appending a
time delay expression to the output arc inscription. The time delay
expression consist of the keyword @- followed by an integer or
real expression. For example, the following output arc inscription:

2" Banks @5

causes the simulator to put atime delay on the tokens going into
the output place. A missing arc delay is equivalent to azero time
delay.

Output arc delays can use CPN variables and the function t i ne.
Combined Use

The CP net below shows an example of how the input and output
arc time delays can interact:
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Time region

color Banks =
with BayBank | HarvardTrust timed,;

BayBank
Banks

BayBank @+ 3

BayBank @ignore

Thetimeregionisaregion of atransition that specifies atime de-
lay. Transitions may specify time delays by specifying an integer
or real expression preceded by @-. For example, the following
transition time delay:

@5

causes the simulator to put atime delay of + 5 time unitson al to-
kens leaving the transition. The example CP net above could be
expressed with atransition time region instead of atimed output
arc inscription:

color Banks =
with BayBank | HarvardTrust timed,;

BayBank
@+3 Banks Y

BayBank

BayBank @ignore

A missing arc delay is equivalent to a zero time delay.

Time regions can use all the CPN variables of the corresponding
transition. This means that the time delay may depend upon the
token values for input and output tokens.

Moreover, the expression may, via calculated CPN variables, de-
pend upon reference variables and input files. (See the discussion
of calculated CPN variablesin the code segment discussion in
Chapter 40, “Inscriptions.”)

Finally, thetimeregionisalso allowedtouseti me() .
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Time-Related Functions

39-4

Append time list to one-element multiset ( @ operator )

The @ operator takes a one-value multiset and appends a list of
time stamps. The length of the list must be equal to the number of
occurrences of the value in the multiset. The function can only be
used if time has been declared. If the multiset has more than one
value, an exception israised.

mul ti set_specification @
[integer_list_specification];

Function from:  ("ams* intlist) ->"atms
For example:
M> 26 @1, 2];

> 1 ((2,6,[1,2]),tenpty) : int tns

Time and step

The current model time and the step number can be inspected by
means of the functions:

time ();
Function from:  unit -> integer or real
step ();
Function from:  unit -> integer
Time and step can be used in initial marking, arc inscription,
guard, code and time regions, with the following exceptions: Time
cannot be used in input arc inscriptions, guards and code guards,
while step may only be used for reporting purposes in code seg-
ment action clauses.

Simulation options

with_time tests whether or not the simulation option Smulation
with time is currently in force.

with time ();

Function from:  unit -> bool
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Inscriptions

This section describes the inscriptions associated with CPN net
components. Aninscriptionisa CPN ML construct that affects
the behavior of the net. Inscriptions vary in their syntactic re-
guirements depending on the type of inscriptions. The inscription
typesinclude:

» Colorset region (place)

* Initial marking region (place)

» Arcinscription region (arcs)

» Timeregion (transition)

* Guard region (transition)

» Code segment (transition)
We present the inscriptions in the context of a sample model in
which the regions associated with each place, arc, and transition

are shown and briefly described. Each inscription is defined along
with its syntax and one or more examples.

Example Conventions

In the examples in this chapter we use the default typographic con-
ventions used by CPN:

* Initial markings are underlined
» Colorset regions areitalic
In addition, guards are always enclosed in square bracketsto dis-

tinguish them from other inscriptions. Square brackets are only re-
quired for guards when they consist of alist of expressions.
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Example Diagram

The diagram below has an example of each inscription and region
we will discussin this chapter. The global declaration nodeis not
an inscription, but isincluded because it is an essential part of any
model.

Name Region Ti Reqi
ime Region Arc Inscription

Place Transition fire
Colorset Region
+ .
integer @+3 Integer
Initial Input inp ) Process out
Marking _Ll E
13+2% [inp=3] Guard Region
(* Global Declarations *) (* Process Code Region *) input: 3
. R input inp; output: 6
colo.r mteger = int; output out:
var inp : integer; action
var out : integer; (output (log, "input:"
~ makestring inp
~™\n"
Global Deciaration Node ~ "output:” Log Reai
) ~ makestring (inp + 3))); 0g Region
Code Region .
(inp + 3);

Places

There are three regions that may be associated with a place. Two
are optional and oneis required:

Initial Marking

Colorset Region 3°32 4+ 7°55

Integer
Place Name Input

» Nameregion - optional
» Colorset region - required

* Initial marking region - optional

Place Name Region

The nameregion isalabel that identifies the place. It isnot aCPN
ML inscription and may contain any sequence of characters. The
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Colorset Region

Initial Marking Region

Syntax Options dialog (Set menu) provides the additional valida-
tion criteria:

Syntax Options

Optional Syntax Restrictions

Report Errors for:

[ Missing Place Names
[ Duplicate Place Names
[ ML-illegal Place Names

The colorset region contains the identifier of a colorset declared in
aglobal or temporary declaration node. The colorset determines
the colorset of all the tokens that can be put in the place.

Theinitial marking is amultiset expression that specifiestheinitial
tokensfor aplace. The colorset for the expression must match the
colorset of the place. If the colorset istimed, the initial marking
can specify atime delay.

Theinitial marking isoptional. When an initial marking is absent,
it isequivalent to empty, the empty multiset.

Optional Time Delays

An initial marking time delay is an expression of type TIME that is
appended to the initial marking expression with @+ as a separator.
A missing initial marking time delay is equivalent to a zero delay.
When an initial state is generated, each timed token gets atime
stamp which is equal to the start value of model time plustheini-
tial marking delay of the corresponding place. This ensuresthat all
the initial tokens get the same time stamp.

Syntax

The initial marking region has the form:

initial-mrking <<@ init-mark-del ay>>

Design/CPN Reference Manual for X-Windows 40-3



CPN ML Reference

Arcs

40-4

wherei ni ti al - mar ki ng isamultiset expression andi ni t -
mar k- del ay isan expression whose SML datatype isinteger or
real.

Examples

Example 1: In the example below bank, the colorset for the place
bank_i nput, isdeclared:

col or bank =

wi t h Fl eet| BayBank| Shawrut | Nat i onal Gr and;

bank .M

2 Fleet

2" Fl eet specifiestwo initial tokens each of whose valueisthe
constant Fl eet .

Example 2: In the example below bank, the colorset for the place
bank_i nput, isdeclared:

col or bank =

wi t h Fl eet | BayBank| Shawut | Nat i onal G- and

tinmed;
bank .M

2'Fleet @+ 10

2" Fl eet specifiestwo initial tokens each of whose value isthe
constant Fl eet . @10 specifiesatime delay of 10 time units.

Arcs have one region associated with them - the arc inscription re-
gion. The following figure shows two arc inscriptions - one input

arc inscription and one output arc inscription. Each arc inscription
has a CPN variable, i np, of colorset integer.
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+ .
integer @+3 integer
_inp_’ Process outp @
1] [c]
13+25

Arc Inscription Region

AnarcinscriptionisaCPN ML expression that evaluates to a
multiset.

A missing arc inscription isequivalent toenpty (tenpty), the
empty (timed) multiset.
Patterns and Constructors
See Chapter 36, “Expressions,” for adiscussion of patterns and
constructors as arc inscriptions.
Side Effects
Arc inscriptions are not alowed to have side effects and cannot:
» Contain input/output or use commands.
» Update or use reference variables.
» Usether andomfunction.

Thisrestriction is currently not checked by Design/CPN and the
system may malfunction if the restriction is violated.

Free variables are output arc variables that have not been bound on
an input arc or in the guard. They are assigned random values
when executing in interactive mode.

Caution: Do not use free variables when executing in automatic
mode, since that will stop the simulator.

Time Stamps

An input arc inscription can override atime stamp on an input
place by specifyingi gnore. The syntax is:

arc-inscripti on@gnore.

Specifying i gnor e causes time stamps not to be taken into ac-
count when the time enabling of the transition is calcul ated.
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An output arc delay must be an expression of type TIME and it
must be appended to an output arc inscription, using @ asa
separator. The syntax is:

arc-exp @rarc-del ay.
An omitted output arc delay is equivalent to a zero delay.
Arc delays can, in exactly the same way as transition delays, use
CPN variablesand t i ne() .
Conditional arc inscriptions

Conditional arc inscriptions may be used on input arcs, if all the
variables are bound in the guard or in another input arc.

In the example below, the input arc inscription from | nput 2 can
use conditional boolean selectors (%, which means "if then" ) be-
cause the variables br anch_no and banks are bound on the input
arc from | nput 1. See Chapter 38, “Functions,” for a discussion of
boolean selectorsand the i f - t hen- el se structure.

@ P | Notify Bank

Conditional arc inscriptions on output arcs may bind output vari-
ables mentioned in the output clause of the code segment.

Function application
Functions used in arc inscriptions must not have side effects.

Functions may be used on input arcs only if the function parame-
ters are bound elsewhere at that transition.

Functions on output arc inscriptions may bind output variables.
In the example below, the input arc inscription from | nput 2 can

use a function because the variable cnd isbound on the input arc
from | nput 1:
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RateCheck

>

Input Arc Inscription Examples - Declarations

Colorset Declarations

(*

(*

(*

(*

(*

(*

(*

Enurner at ed col orset *)
col or Banks = with HarvardTrust | Chase
| Marbl eheadSavi ngs | Shawnut

| National G and;

| ndexed col orset *)
col or BankBranch =

i ndex branch_nunmber with 1...8;
Constrai ned integer colorsets *)

color No_of Branches = int with 0..10;

color No_of Custoners = int with 0..99999;

Tupl e col orset *)

col or Bankl nportance = product

No_of Branches * Banks;
Record col orset *)

col or Bankl nportanceRec = record
Si ze: No_of Branches *

Nane: Banks;
Uni on col orset *)

col or Regi onBanksSi ze = uni on Name: Banks +

Cust oner Base : No_of Custoners +

BranchNunbers : No_of Branches;
Li st col orset *)
col or BankList = |ist Banks;
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(*

Subset col orset *)

col or Local Banks = subset Banks
with [National Gand,
Mar bl eheadSavi ngs] ;

Variable declarations

(*

(*

(*

(*

(*

(*

(*

(*

(*

enuner at ed col orset *)

var national banks,
regi onal _banks, banks: Banks;

i ndexed col orset *)

var branch: Bank_Branch;

i nteger col orset *)

var branch_no: No_of Branches;

i nteger col orset *)

var customers : No_of _Custoners;
tupl e col orset *)

var bank_si ze: Bankl nport ance;

record col orset *)

var bank_size rec :Bankl nportanceRec;

uni on col orset *)

var regi onbank: Regi onBanksSi ze;
[ist colorset *)

var bankl i st: BankLi st ;

subset col orset *)

var | ocal bank : Local Banks;

Input Arc Inscription Examples

40-8

Constant:

col or

Banks = with HarvardTrust | Chase

| Marbl eheadSavi ngs | Shawnrut

| National Gand;
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Multiset expression with enumerated values:

col or Banks = with HarvardTrust | Chase
| Marbl eheadSavi ngs | Shawnut
| National G and;

Variable:

col or Banks = with HarvardTrust | Chase
| Marbl eheadSavi ngs | Shawrut
| National Grand;

var banks: Banks;

Multiset expression with variables:

col or Banks = with HarvardTrust | Chase
| Marbl eheadSavi ngs | Shawnrut
| National Grand;

var national banks,
regi onal _banks, banks: Banks;

Multiset expression using variables constrained by

a guard:
col or Banks = with HarvardTrust | Chase
| Marbl eheadSavi ngs | Shawrut
| National G and;

var national _banks,
regi onal _banks, banks: Banks;
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[regional_banks = Shawmut ]

Indexed values:

col or BankBranch =
i ndex branch_nunmber with 1...8;

var branch_no: No_of Branches;

Tuple colorset, CPN variable arc inscription:

color No_of Branches = int with 0..10;
col or Banks = with HarvardTrust | Chase
| Marbl eheadSavi ngs | Shawnrut
| National Grand;

col or Bankl nmportance = product
No_of Branches * Banks;

var bank_si ze: Bankl nport ance;

Tuple colorset, pattern arc inscription:

color No_of Branches = int with 0..10;
col or Banks = with HarvardTrust | Chase
| Marbl eheadSavi ngs | Shawnrut
| National Gand;

col or Bankl nmportance = product
No_of Branches * Banks;
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Record colorset, pattern arc inscription with variables:
color No_of _Branches = int with 0..10;
col or Banks = with HarvardTrust | Chase

| Marbl eheadSavi ngs | Shawnut
| National G and;
col or Bankl nmportanceRec = record
Si ze: No_of Branches *
Nane: Banks;
var branch_no: No_of Branches;

var regi onal _banks: Banks;

List colorset, list constructor arc inscription:

col or Banks = with HarvardTrust | Chase
| Marbl eheadSavi ngs | Shawrut
| National Gand;
col or BankLi st = |i st Banks;
var banks: Banks;

var bank_|i st: BankLi st ;

List colorset, list pattern arc inscription:

col or Banks = with HarvardTrust | Chase
| Marbl eheadSavi ngs | Shawnut
| National G and;
col or BankList = |ist Banks;

var national banks,
r egi onal _banks: Banks;
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Union colorset:

In this example, the union colorset Regi onBanksSi ze isused in
an input place that sends different components of the union to dif-
ferent transactions for different kinds of processing. The output
places of those transitions have colorsets corresponding to the in-
puts that came into the transitions.

The colorset of thefirst place, Qut put 1, issimply the colorset of

one of the union colorset components- No_of _Cust oners. The
colorset of the second place, Qut put 2, isatuple,

Bank! nport ance, that combines two of the union colorset com-
ponents - No_of _Br anches, and Banks.

col or Banks = with HarvardTrust | Chase
| Marbl eheadSavi ngs | Shawrut
| National G and;
color No_of Custoners = int with 0..99999;

col or No_of Branches = int with 0..10;

col or Bankl nportance = product
No_of Branches * Banks;

col or Regi onBanksSi ze = uni on Name: Banks +
Cust orer Base : No_of Custoners +
BranchNunbers : No_of Branches;

var banks: Banks;

var branch_no: No_of Branches;

.
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Output Arc Inscription Examples
Function application

In this example the first output arc has one token, the second
output arc hastwo. Note the use of free variables.

RateCalc /

\

Conditional output arc inscriptions

Example 1

e

ContRate >

e

Example 2

ContRate P
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Example 3

ContRate

Unbound variables on an output arc

Generate

Transition Regions

There are five regions that may be associated with atransition. All
are optional:

Time Region
Transition

@+3

Process

[c

Transition Name Region

e

integer

13+25 [inp=3] Guard Region
(* Global Declarations *) (* Process Code Region *) input: 3
. R input inp; output: 6
colo.r mteger = int; output out;
var inp : integer; action
var out : integer; (output (log, "input:"
~ makestring inp
~™\n"
~ "output:” i
) ~ makestring (inp + 3))); Log Region
Code Region .
(inp + 3);

Transition Name Region

The name region isalabel that identifiesthe transition. Itisnot a
CPN ML inscription and may contain any sequence of characters.
The Syntax Options dialog (Set menu) provides the additional
validation criteria.
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Time Region

Guard Region

A transition delay must be a positive integer or real expression.
The expression is preceded by @ and this means that the time
region hasthe form @ del ay- expr.

Time delay is aways added relative to the current time. for exam-
ple, if current timeis 10 and the time delay is @2 then the time
stamp of tokens sent to the output place will be 12.

A missing time region is equivalent to azero delay.

The time delay expression can use all the CPN variables of the cor-
responding transition. This means that the time delay may depend
upon the token values for input and output tokens.

Moreover, the expression may, via calculated CPN variables, de-
pend upon reference variables and input files.

The time region may use ther andomfunction and thet i ne
function.

Anguardisa CPN ML boolean expression that evaluates to atrue
or false.

Syntax:
» aboolean expression or

» alist of boolean expressions:. [ b- expq, b-exp,, .}

Use
Guards are used for tests on input arc inscription variables
(enabling restrictions), typically with the following syntactical el-
ements:

= <> <= >= < >

andal so orel se

Guards are also used to restrict values of output arc inscription
variables, based on the values of the input arc inscription variables
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Side Effects
Guards are not allowed to have side effects and cannot:

» Contain input/output or use commands.

» Update or use reference variables.

» Usether andomfunction.
Thisrestriction is currently not checked by Design/CPN and the
system may malfunction if the restriction is violated.
Conditional Expressions
Each expression used in a guard must be a boolean expression,
evaluating to true or false. Thus the following exampleislega be-
cause each variable binding is either true or not true:

[if a=3then b =4 else c = 5]

The following example is not legal because thet hen and el se
clauses evaluate to integers:

[If a =3 then 4 el se 5]
Example

A transition and a guard with two tests, providing a value to the
output variable rate.

[ #p cmdrec = ph,

index'Phone ph <=5,

rate = encode (#ct cmdrec) + n ]

Code Segment

Each transition may have a code segment, which is a sequential
piece of CPN ML code, executed each time the transition occurs.
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Typical uses of transition code segments:
 Instrumentation (for example, statistics, tests, reports)

* Communication (for example, with the user through dialogs
and thefiles)

» Complex calculations

» Graphic animation

CPN Variable Restrictions

Code segments may use CPN variables that appear on the input arc
and in the guard. However, code segments may not change the
value of input arc and guard variables since the input arc and guard
variables are aready bound by the time the code segment is exe-
cuted.

Code segments may calculate the value of CPN variables that ap-
pear on the output arc since these are not bound at the time the
code segment is executed.

Syntax

The code segments have syntax restrictions. Each code segment
may contain an ordered list of one each of the following:

* Input clause (optional)
* Output clause (optional)

« Code action clause (mandatory)

Input Clause

The input clause isidentified by the keyword i nput andisaCPN
variable or atuple of CPN variables without repetitions.

The input pattern lists the CPN variables that can be used in the
code action clause. If the input clause is omitted, it implies that no
CPN variables can be applied in the code action.

As described above, under CPN Variable Restrictions, the code
action can apply the values of these CPN variables but it cannot
change them.

The CPN variableslisted in the input pattern can be used in the

code action even if you have declared an SML identifier with the
same name in the declaration node.
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Output Clause

The output clause isidentified by the keyword out put andisa
CPN variable or atuple of CPN variables without repetitions.

The output clause lists the CPN variables that are to be calculated
in the code action clause; these variables are said to be calcul ated
CPN variables. If the output clause is omitted, no CPN variables
may be cal cul ated.

The output clause is atuple whose type is the cartesian product of
the types of the variables. The result of evaluating the action ex-

pression is bound to the output variablesin the order listed in the

output clause.

Code Action Clause

The code action clause isidentified by the keyword act i on and is
aCPN ML expression.

The code action cannot contain any colorset, CPN variable, or ref-
erence variable declarations. However, new functions and con-
stants can be defined for local use by means of thel et /i n/ end
construct, as shown in Example 1. See Chapter 38, “Functions,”
for adiscussion of thel et /i n/ end construct.

In addition, it can apply user-declared and predeclared constants,
operations, and functions.

The code action is executed as alocal declaration in an environ-
ment enriched by the input arc and guard CPN variables. This
guarantees that the code action cannot directly change any CPN
variables but only local copies of them. When the code action has
been executed, itsresult is applied to bind the output arc CPN vari-
ables.

If no output clauseis given, itstype is assumed to be unit.
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Examples
Example 1:

@+3
inp > Process
A n [c!
13+25 [inp=3]

integer

(* Global Declarations *)
color integer = int;

var inp : integer;

var out : integer;

(* Process Code Region *)
input inp;
output out;
action
(output (log, "input:"
~ makestring inp
A "\n"
2 "output:"
~ makestring (inp + 3)));

(inp + 3);

input: 3
output: 6

Example 2:

[c!

(* Global Declarations *)

output ms_var;

color U = unit;
color | = int declare input_ms;
var ims: | ms;

Design/CPN Reference Manual for X-Windows

action

let

val infile = open_in "filename"
val ms_val = input_ms'l infile
val _ = close_.in infile

in (ms_val) end;
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Chapter 41

The CPN ML
Runtime Environment

Predeclared Environment
Design/CPN automatically generates a runtime environment con-
taining a set of predeclared constants, operations and functions
which you can apply to manipulate values, multisets and functions:
» A constant is an identifier with afixed value.

« A function aways takes one argument (at atime), and its
name is written before the argument. The argument may be

atuple, for example: di st' A (c,f).

» An operation always takes exactly two arguments, and the
name of the operation is written between the arguments, for

example: 3 + 7.

Predefined Constants, Functions, and Operators

Empty Multiset

The empty constant constructs an empty multiset that is polymor-
phic, e.g. identical for all kinds of multisets.

enpty;

Constant: ->"ams

Addition, Subtraction, and Scalar Multiplication, of Multisets
Addition ( + operator)
"a ms + "a ns;

Operator from: ("ams* "ams)->"ams
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Subtraction (- operator)
" a ITB - " a ITB;
Operator from: ("ams* "ams)->"ams

The first multiset must be greater than or equal to the second. If
thisis not the case, an exception israised.

The second multiset must be a subset of the first multiset. If thisis
not the case, an exception is raised.
Scalar Multiplication ( * operator )
For scalar multiplication the integer must be non-negative.
int * "a ns;

Operator from: (int * "ams)->"ams

Multiplication of Multisets

mul t' col or set can only be declared for tuple and record col-
orsets. It constructs amultiset over col or set by multiplying a
set of multisets (one for each base colorset).

mul t' col or set (col orset
.... colorset n ns) ;

ms, colorset., ns,

1 2

Function from: (colorset1 ms * colorsetzms
* o * col orset_ ms)-> colorset ms

Comparing Multisets
These operations compare two multisets.
Equality (== operator)
"a nms == "a ns;

Operator from: ("ams* "ams) -> bool

Not Equal ( <><> operator)

"a ms <><> "a ns;

Operator from: ("ams* "ams) -> bool
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Multiset Creation

Coefficient

Size

Less Than or Equal ( <<= operator)
||a ITB <<= ||a ITB;

Operator from: ("ams* "ams) -> bool

Less Than ( << operator )
||a ITB << lla ITB;

Operator from: ("ams* "ams) -> bool

Greater Than or Equal ( >>= operator)
n a rTE >>S= n a rTB;

Operator: ("ams* "ams) -> bool

Greater Than ( >> operator )
n a ITB >> n a ITB;

Operator: ("ams * "ams) -> bool

The multiset creation operator, backquote (), creates a multiset
containing a given value, a given number of times.

i nt” col orset—val ue;
Operator from: (int * colorset_value) -> multiset

The integer argument must be non-negative. If thisis not the case,
an exception is raised.

cf returns the coefficient of agiven value in agiven multiset.

cf ("a, "a ns);

Function from: ("a* "ams)->int

size returns the number of elementsin a multiset.
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size ("a nsv);

Function from: "ams-> int

Random Value From a Multiset
random returns a random value from a given multiset. The prob-
ability for the selection of avalueis proportional to its coefficient
in the multiset.

random cannot be applied in net inscriptions such as arc inscrip-
tions and guards. It can, however, be applied in code segments.

random ("a mns);

Function from: "ams->"a

Conversion Between Lists and Multisets

list_ to msand ms_to_list provide the conversion between the two
types.

list tons ["a, "b, .., "c];

Function from:  "alist->"ams

Filter Function
filter constructsafilter (afunction mapping multisets into smaller
or identical multisets) from a predicate (a function mapping values
into booleans).
filter ('a bool);

Function from:  (‘a->bool) -> ("ams->"ams)

Linear Extension of Functions
ext_col and ext_ms make alinear extension of afunction.
ext_col ('a "b);
Functionfrom:  (‘a->"b) -> ("ams->"b ms)
ext_ms ("a "b ns);

Function from:  (‘a->"bms) -> (‘'ams->"b ms)
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Multiset Input and Output

i nput _ns and out put _ns allow code segments to read and write
multisets.

i nput_ns (instrean);
Function from: instream -> colorset ms
out put _nms (outstream <colorset> ns);

Function from: (outstream * colorset ms)-> unit

Append time list to one-element multiset ( @ operator )
The @ operator takes a one-value multiset and appends a list of
time stamps. The length of the list must be equal to the number of
occurrences of the value in the multiset. The function can only be
used if time has been declared. If the multiset has more than one
value, an exception is raised.

nmul ti set_specification @
[integer _list_specification];

Functionfrom:  ("ams* int list) ->"atms
For example:
M> 26 @1, 2];

> 1 ((2,6,[1,2]),tenpty) : int tns

Time and step

The current model time and the step number can be inspected by
means of the functions:

time ();
Function from:  unit -> integer or real
step ();
Function from:  unit -> integer
Time and step can be used ininitial marking, arc inscription,
guard, code and time regions, with the following exceptions: Time
cannot be used in input arc inscriptions, guards and code guards,

while step may only be used for reporting purposes in code seg-
ment action clauses.
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Simulation options

with_time and with_code test whether or not the simulation op-
tions Smulation with time and simulation with code are currently
in force.
with time ();
Function from:  unit -> bool
with _code ();
Function from:  unit -> bool

These functions can be used in initial marking, output arc inscrip-
tion, and code segments. They may not be used in input arc in-
scriptions and guards.

Simulation management

Boolean Selector

write_report manipulates the simulation reports given by CPN. It
is possible to turn off the simulator’ s use of the facility and use the
facility for other purposes.

wite report (string);

Function from:  string -> unit

stop_simulation permits the simulation to be stopped from within
acode segment. This provides away of handling exceptions from
within the model.

stop_simulation ();

Function from:  unit -> unit

% and / apply aboolean selector to avalue, amultiset, a pair of
values or apair of multisets.

% isan if-then command, while/ isan if-then-else.
[boolean list] % 'a;
Operator from:  (bool list * 'a) -> 'ams
[ bool ean list] / 'a ns;

Operator from:  (bool list * ‘ams) ->'ams
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Addition, Subtraction, and Scalar Multiplication of Functions
Addition ( + operator)
("a ->"bm) + ("a->"b ns);
Operator from: (("a->"b ms) *
("a->"b ns)) -> ("a ->"b ms)
Subtraction (- operator)
("a "b nms) - ("a "b ns);

Operator from: (("a->"b ms) *
("fa->"b mg)) -> ("a->"bmes)

Function subtraction applies multiset subtraction.

The first multiset must be greater than or equal to the second. If
thisis not the case, an exception is raised.

The second multiset must be a subset of the first multiset. If thisis
not the case, an exception is raised.
Scalar Multiplication ( * operator )
For scalar multiplication the integer must be non-negative.

(int * ("a'b ns);

Operator from: ((int * (‘a->'b ms)) ->
(‘a->'bms)
Identity, Zero, and Ignore

id, zer o, and ign can be applied to all kinds of arguments, for ex-
ample: values and multisets. They can even be applied to func-
tions.
Identity
Id maps everything into itself.

id("a);

Function from: a->'a
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Zero

Zer o maps everything into the empty multiset, which is polymor-
phic (that is, the same for all kinds of multisets).

zero ("a);
Function from: "a->"bms
Ignore

I gn maps everything into () — the only element in the primitive
ML type unit.

ign ("a);

Function from:  "a-> unit

Graphical Functions

Y ou can use ML functions to access most of the functionsin the
graphic library of Design/OA. Users of Design/OA should note
that the functions have the same names as their C counterparts.

Using these functions you can write animation code for code seg-
ments of transitions. The functions should only be used to manipu-
late auxiliary objects.

ColorlO Functions

41-8

These functions allow code segments to read and write colorset
and multiset definitions.

i nput _col (instream;
Function from:  instream -> <colorset>
out put _col (instream colorset);
Function from:  (outstream * <colorset>) -> unit
i nput_ns (instream;
Function from:  instream -> <colorset> ms
output_ns (outstream col orset ms);
Function from:  (outstream * <colorset> ms) -> unit

i nput _tns (instream;
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ML Library

Function from:  instream ->
(<colorset>ms* TIME list)

output _tns (outstream colorset tns);
Function from:  (outstream * <colorset> tms) -> unit

NOTE: The timed multiset functions (i nput _t ns and out -
put _t ns) are implicitly defined when the colorset istimed. They
can not be explicitly declared.

A number of declarations can be grouped in an ML structure.

They can then be referred to by prefixing the name with

St ruct ur eNane followed by period. Y ou can open the structure
by writing open Struct ureNanme; and then referring to the
items simply by means of their names.

When atext file contains a number of ML structures, the corre-
sponding items are made accessible by writing

use "FileNanme"; open Structl; ..., open StructN,
in the global or temporary declaration node.

Thefile MLlib containsalibrary of ML structures with additional
constants, operations, and functions. These structures can be ap-
plied if you include the “use” command, described above, in a
global or temporary declaration node. Please consult the file to see
the items available.

Standard Constants, Operations, and Functions

The following constants, operations, and functions are part of the
standard image called cpn.ML. Thusthey may be used in inscrip-
tions and code segments.

Since these are standard SML constructs, they are not defined in
detail; the description simply identifies whether a particular con-
struct is a constant, operator, or function and gives the SML
datatype for the domain and range. In the case of constantsit isthe
SML datatype of the constant. Minor differences for the two inter-
preters are specified as well.
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General Functions

Fun o ((la->'b)* ('d->'a)) -> ('d->"'b)
Fun use string -> unit

Fun  usestring (string list) -> unit

Fun use stream instream -> unit (New Jersey)

Fun open_string string -> instream (New Jersey)

Boolean Functions

datatype bool

con false bool

con true bool

Fun = "a* "a-> bool
Fun <> "a* "a-> bool
Fun  makestring bool -> string
Fun not bool -> bool

Integer Functions

datatype int

Fun * (int * int) -> int
Fun + (int * int) -> int
Fun - (int * int) -> int
Fun < (int * int) -> bool
Fun <= (int * int) -> bool
Fun > (int * int) -> bool
Fun >= (int * int) -> bool
Fun abs int ->int

Fun div (int * int) -> int
Fun  makestring int -> string

Fun  max (int * int) -> int
Fun min (int * int) -> int
Fun mod (int * int) -> int
Fun ~ int ->int

Real Functions

datatype real

Fun * (real * redl) -> redl
Fun + (real * redl) ->red
Fun - (real * redl) ->red
Fun / (real * redl) ->red
Fun < (real * real) -> bool
Fun <= (real * real) -> bool
Fun > (real * redl) -> bool
Fun >= (real * real) -> bool
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Fun
Fun
Fun
Fun
Fun
Fun
Fun
Fun
Fun
Fun
Fun
Fun
Fun

String Functions

datatype string

Fun
Fun
Fun
Fun
Fun
Fun
Fun
Fun
Fun
Fun
Fun
Fun
Fun

List Functions

abs real -> red

arctan real -> red

cos real -> red

exp real -> red

floor real -> int

In real -> red
makestring real -> string

min (real * real) -> real
max (real * redl) -> real
real int -> real

sin real -> red

sgrt real -> red

~ real -> red

<
<=
>
>=
AN

chr

explode
implode

length
ord
ordof
size

substring

datatype ‘alist
con

con nil

Fun 7"~

Fun app
Fun exists
Fun fold
Fun hd

Fun length
Fun  map
Fun nth
Fun null
Fun rev
Fun revapp
Fun revapp
Fun revfold

(string * string) -> bool
(string * string) -> bool
(string * string) -> bool
(string * string) -> bool
(string * string) -> string
int -> string

string -> (string list)
(string list) -> string

string ->int  (Edinburgh)
string -> int

(string * int) -> int

string -> int

(string * int * int) -> string

(a* (alist)) -> (‘alist)

‘alist

(Calist) * (alist)) -> (alist)

(‘a->"'b) -> ((‘alist) -> unit)

(Ca->booal) * (‘alist)) -> bool

((a* 'b) ->'b) -> ((alist) -> (‘b ->'b))
(alist) ->'a

(alist) ->int

(‘a->'b) -> ((alist) -> (‘b list))

(Calist) * int) ->'a

(‘alist) -> bool

(alist) -> (‘alist)

(‘a-> unit) -> (('alist) -> unit) (Edinburgh)
(‘a->"'b) -> ((‘alist) -> unit) (New Jersey)
((a* 'b) ->'b) -> ((alist) -> (‘b ->'b))
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Fun tl (alist) -> (‘alist)

CPN ML uses ™ as the operator symbol for list concatenation
(instead of the standard @). If you are not using the time clause,
you may reinstall the Standard name by typing “val @"*;”

Reference Functions

datatype' aref

con ref "a->("_aref)

Fun ! (aref) ->'a

Fun := (Caref) * 'a) -> unit
Fun dec (int ref) -> unit

Fun inc (int ref) -> unit

I/0 Functions

datatype instream
datatype outstream

exception io_failure string

Fun close. in instream -> unit

Fun close out outstream -> unit

Fun end of stream instream -> bool

Fun file exists string -> bool

Fun input (instream * int) -> string
Fun input_line instream -> string

Fun lookahead instream -> string

Fun open_in string -> instream

Fun  open_out string -> outstream

Fun  open_append string -> outstream

Fun output (outstream * string) -> unit
Fun print 'a->'a (* Writesto std_out *)
Fun std_in instream

Fun std out outstream

Fun log outstream

Never call cl ose_in withstd_in. Itwill causethe system to
malfunction.

Real Time Functions

The following function makes it possible to test with respect to the
time shown by the operating system clock. The function returns the
number of seconds elapsed since 00.00 GMT January 1, 1970.

Fun tod unit -> int
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Appendix A

Keys and Shortcuts

Design/CPN provides arange of “power commands’ for quick and
efficient performance. The modifier keys are used with a command,

during an operation invoked by a command, or during direct ma-

nipulation with the mouse.

Design/CPN Use of the Alt Key

Design/CPN documentation specifies the use of the ALT key in vari-
ous keystroke shortcuts. Some keyboards use a DIAMOND (&) key
instead; occasionally other keysare used. If ALT does not produce
the described results, check your terminal configuration.

Keystroke Shortcuts

Y ou can invoke some of the most commonly applied commands by
using keystroke shortcutsinstead of the itemsin the menus. Some

keystroke shortcuts have different meanings in different contexts.

The following table lists al shortcuts.

Alt+A
Alt+B
Alt+C
Alt+D
Alt+E
Alt+F
Alt+G
Alt+H
Alt+1
Alt+J
Alt+K
Alt+L
Alt+M
Alt+N

Sdlect All Nodes
Transition, Bind
Copy

Stop

Place, Interactive Run
Find

Enter/Leave Group Mode
Horizontal

Get Info

Vertica

Arc, Continue

Labd

Make Region

Find Next
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Alt+0
Alt+P
Alt+Q
Alt+R
AlIt+S
Alt+T
Alt+U
Alt+V
Alt+W
Alt+X
Alt+Y
Alt+Z
Alt+1
Alt+2
Alt+3
Alt+4
Alt+5
Alt+6
Alt+7
Alt+8
Alt+9
Alt+0
Alt+-
Alt+=
Alt+[
Alt+]
Alt+;
Alt+'
Alt+,
Alt+.
Alt+/
Alt+"
Alt+\

Open

Print

Quit

CPN Region, Automatic Run
Save

Enter/Leave Text Mode
Genera Simulation Options
Paste

Select All Text

Cut

Open Page

Undo/Redo

Select

Drag

Displace

Adjust

Fit to Text

Text Attributes

Graphic Attributes
Shape Attributes

Region Attributes

Page Attributes

Hide Regions

Show Regions

Between

Projection

ML Evauate

Syntax Check, Reswitch
Cleanup

Terminates modal commands
Duplicate Node

Reduce

Blowup
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Modifier keys

Y ou can change the way a command works by pressing certain

keys:

Option key

Pressing the OPTION key with the relevant command produces the
following results:

Shift key

Makes port assignment to ports with a non-matching port
type.

Constrains repositioning to horizontal or vertical for Drag.
Constrains resizing with the mouse to horizontal or vertical.
Invokes the instance menu.

Modifiesal Align menu commandsin group mode.

Selects target node for connector drag.

Pressing the SHIFT key with the relevant command produces the
following results:

Option + Shift keys

Arrow keys scroll or move in text pointer hierarchy .
Adds and subtracts to/from current selection.
Repositions during adjust/creation.

Creates asingle binding for the selected transition.
Invokes the page instance dialog box.

Modifiesall Align menu commands in group mode.

Pressing the OPTION + SHIFT keys:

Creates asingle binding for the selected transition and starts
an execution.
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Caps Lock key

Maintains object proportions.

Space bar
Pressing the space bar:

» Removes a point from object when the graphic tool is placed
onit.

 Hides an object during selection.
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Troubleshooting

When you try to start Design/CPN, and the CPN Settingsfileis
missing or obsolete, Design/CPN displays:

Caution gl

Your CPNSettings file was
A unreadable or not found.

To start up generation of a new

CPNSettings file is required.

This appendix describes various problems that you may encounter
when you attempt to run Design/CPN, and tells you how to solve
them. All of the problems relate in some way to the interface be-
tween Design/CPN and the computer on which it runs. The prob-
lems described are:

» CPN Settingsfileis missing or obsolete.
* ML configuration is unspecified or incorrect.
* ML Interpreter cannot be started.
When one of these problems occurs, Design/CPN displays a de-

scriptive dialog box. These boxes, the problems they indicate, and
the solutions to those problems, are described in this appendix.

CPN Settings File Missing or Obsolete

When you try to start Design/CPN, and the .CPNSettings fileis
missing or obsolete, Design/CPN displays adialog that states:
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Your .CPNSettings file was unreadable or not found.
To start up, generation of a new .CPNSettings fileis
required.

The choices offered are OK and Cancel.
- ClickCancel.

Design/CPN quits.

Problem Description
When Design/CPN isinstalled, adirectory caled Design/CPN is
created. Thisdirectory containsafile caled .CPNSettings. In order
for Design/CPN to run, thisfile must be copied to your home direc-
tory. If thefile was not copied there, or was subsequently renamed
or removed, Design/CPN cannot find the settings it needsin order to
run correctly. It therefore displays the above dialog.

Problem Solution
If you have a copy of .CPNSettings in your Design/CPN directory:

- Copy .CPNSettings to your home directory.

If you do not have a copy of .CPNSettings in your Design/CPN di-
rectory:

- Reinsgtall Design/CPN from the source tape.

- Copy .CPNSettings to your home directory.
After you have copied the settingsfile:

- Start Design/CPN.

The application should now start without problems relating to CPN
settings.

ML Configuration Unspecified or Incorrect.
Before you can run the ML interpreter to syntax check or execute a
diagram, you must usethe ML Configuration Optionscom-
mand (Set menu) to tell Design/CPN:

* Hostname: Where the ML interpreter isto be run.
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e Port number: Which port is used by the daemon isto run
the interpreter.

ML image: Wheretheinterpreter islocated in the file sys-
tem.

Design/CPN keeps this information as system defaults. In order for
aparticular diagram to use it, the information must be present in its
diagram defaults.

Identifying the Problem

If any ML configuration information is missing or incorrect,
Design/CPN will be unableto start the ML interpreter, and will dis-
play adialog box. The dialog displayed depends on which informa:
tionisfaulty. If more than one of the parametersisfaulty, the dia-
log that appears will describe the first erroneous parameter encoun-
tered.

If theH osthnameis missing or wrong, the dialog offers an oppor-
tunity to log in, with OK and Cancel buttons. Attempting tologin
will fail, so:

- ClickCancel.
If thePort number ismissing or wrong, the dialog states:

Network not responding. Connection with host
could not be established.

The dialog contains an OK button.
- ClickOK.
If the ML image is missing or wrong, the dialog states:

ML could not be started. Check available memory
and presence of default ML file.

The dialog contains an OK button.

- ClickOK.
Y ou must now supply the necessary information. Y ou may be able
to do this by copying the system defaults, or you may have to sup-

ply correct information by typing it intothe ML Configuration
Optionsdialog.
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Copying Diagram Default ML Configuration Options

When the system defaults are correct, but the diagram defaults are
not, the system defaults must be copied to the diagram defaullts.
Thisistypically necessary when the diagram was created on some
other computer. It isalso necessary if the system defaults have
changed since the diagram was created. To update the diagram de-
faults:

- Choose ML Configuration Optionsfrom the Set menu.
TheML Configuration Optionsdialog appears.

- ClickL oad.

- ClickOK.

The necessary information about the ML processis copied from the
system defaults to the diagram defaults. Design/CPN can now start
the ML process and use it to syntax check and execute the diagram.

When the ML process fails to start, loading the system defaultsis
thething totry first. If Design/CPN is correctly installed on your
system, it will awayswork, and it can never do any harm since the
diagram defaults were wrong in any case. If it does not work, the
system default ML configuration options must be established or cor-
rected.

Setting ML Configuration Options

B-4

To establish new valuesfor any or all ML configuration options:
- Choose ML Configuration Optionsfrom the Set menu.

TheML Configuration Optionsdiaog appears.
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ML Configuration Options = |

Hostname

Port Number

Default
ML Image

[SEIUE...] [ Load ] [Heset][tancel]

- Enter correct values as needed for the Hostname, Port
number, and ML imagefields.

See the Design/CPN Installation Notes for information on determin-
ing these values.

If you want the new values to become system defaults:
- ClickSave.

A confirmation dialog appears.
- Click OK inthe confirmation dialog.

ThevauesintheML Configuration Options diaog are now
the system defaults.

To make the new values the diagram defaults:

- ClickOK intheML Configuration Options dialog .
ThevauesintheML Configuration Options diaog are now
the diagram defaults. The dialog closes. If the values are correct,

you will now be able to use the ML interpreter to syntax check and
execute the diagram.
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ML Interpreter Cannot Be Started
In order to run, the ML interpreter needs:
* A least 32 meg of RAM.
» At least twice as much swap space as RAM.
Larger alocations will result in better performance.
If the ML interpreter does not have enough RAM or swap space to
runin, attempting to start it will display adialog that mentions a lack
of available memory. There are two possible solutions:
- Terminate other processes that are running in your memory
space, freeing their memory allocations for use by the ML
interpreter.

If there are no such processes, or terminating them does not free
enough memory:

- Ask your system administrator to increase your memory al-
location.
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