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i Introduction

Petri nets: graphical and mathematical modelling tool
for the description of dynamic systems

system types: concurrent, asynchronous, distributed,
parallel, nondeterministic, stochastic

graphical representation: structural description and
dynamic characterization

mathematical description: state equations, algebraic
equations

analysis tool: behavioral and structural features of
systems
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Introductory example

* Problem description
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Introductory example

* Low level Petri net of example

q-procecses

p-processes
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Introductory example

* The first step to get the CPN model

g-processes

p-processes

color U=wlthp | q; 3(q.0) \
color | =Int; P 3(q,0)
color P = product U * |; (Es)) «
color E =with g; ) if x=q
varx:U; [x=q] then 1°(q,i+1)
T1
vari:|; — else empty
(2)2(p,0)
It X=p
Mre then 1°(p,i+1)
1e else empty
if x=q then 1'e
@ 3e / else empty bl
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case x of
p=>2e i
lgq=>1'e
S
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Introductory example

 Declaration

* sets:
« U—-type of processes 'p'or'q"
. . color U = withp | g;
| — number of cycles 'int’ color | = It
. _ color P = product U * |,
P Ux| color E = with g;
. E — resources i
vari:|;

e variables:
e X —an element of set U
 j—an element of set /
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Introductory example

* Notation on CP-nets

name current marking:
< , - total number of tokens
- type of tokens

initialization
expression

arc expression

type of color sets function

guard function
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Introductory example

* occurrence of T,:
* X, I variables
* p, g, e constants o

* T, moves the tokens
from B to C without

then 1°(p,i+1)

changing e G |
their color, (3) 3% lq=>1'e (x.h)
and 18 hen 1'e i
removes a -

multi-set of tokens
from S
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i Introductory example
7

» binding of variables: "
i ] case X of
* input arc expressions of T,: , p=>2¢
ig=>1e

(x, I) (variables) and e (constant)
variables have to be bound to colors’
b,=<x=p,i=0> or b,=<x=q,=10>

* enabling of a transition with a given binding:

* b,: the two input arc expressions evaluate to (p,0)
and e » b, enabled

 b,: evaluate to (q,10) and 2'e — b, enabled not
enabled
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i Introductory example

enabled transition may occur

binding element: (t, b)

* (T by)

the binding element (T,, b,) is enabled in the initial
marking M, and that it transforms M, into the marking
M,
the binding element (T, b,) where (b,=<x=q,i=0>) is
also enabled in the initial marking M, and that it
transforms M, into the marking M,
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Introductory example

» Markings M, and M, are reachable from M,

by T,,<x=p,i=0>

colorU=withplq; (0.0 3
color 1 = int; P 3'(q,0
color P = product U * I; (x(? @9
color € = with e; by if x=q
varx:U; q) then 1°(q,I+1)
vari:l; else empty
(D 1(p,0)
if x=p Y
M 1e then 1°(p,i+1)
. case x of else emply
e p=>2'e
Iq=>1'e ()
P 1°(p,0
if x=q then 1'e (K%D o)
@ Te else empty '
de
il x=pthen 1'e {x.1)
else emptly
@ze ()
2e (T)
1, (x.0)
case x of
p=>2'¢ : (D
Iq=>1e
S

color | = int;

color P = product U * |;
color E =with e;
varx:U;
vari:l;

if x=qthen 1'e
else empty

if x=p then 1"e

B
P(A) @2@o)
() if x=q
[x=q] then 1°(g,i+1)
else empty
(D2 (p.0)+1'(0.0)
if x=p N
then 1°(p,i+1)
case X cgf else empty
p=>2e )(,[]
(i)
(%)
y,
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Introductory example

« CP-net consists of three different part:
* the net structure:
places, transitions, arcs
 declarations:
color U: with p | q;
var x: U,
* net inscriptions
arc expressions
Initialization expressions
guard functions
current marking,...
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Introductory example

* introducing of
functions
instead of complex
arc expressions

color U =withp | g;
calor | = int;

color P = product U * I;

color E = with e;
funFi{x)=casexolp=>2elg=>1e
fun F2{x} = if x=q then 1'e else empty;
fun F3{x} = Iif x=p then 1'e else empty;
varx : U
vari:l;

if x=q O
then 17(g,i+1)
else emply

if x=p 4

then 1°{p,i+1)
else empty
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Introductory example

* introducing of one
resource place having
tokens with three
different colors

colorU=withplq;
color | = int;

color P =product U * I;
colorV=withrlsit
varx LU

varl: |

il x=q Y
then 1°(g,l+1)
else empty
(%)
x=q]
o 2(0.0) w*"
1‘r+1 ‘5 " i] H x=p W
"1 then 1'(p,i+1)
case x of else empty
p=>2'3 -
lg=>1's b
__—aise ampty
o— __ ifx=qthen1'r
TS~ elseempty _ (x4
| H‘-““‘-\__“.
N (%)
(x.0)
case x of
p=>2"8+2'1
lg=>2"s+1t (%)
\_ y
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Introductory example

Mave to '
Next State

color U =withp | q; 1ra3s+ 2t
colorS=withalblcldle; LA
color | = int;
color P = product U *S * |;
colorR=withrlslt;
fun Succ(y) = case y of a=>b | b=>c | c=>d | d=>e | e=>a:
fun Next(x,y.i) = (x, if (x,y) = (p.e) then b else Succ(y), if y=e then i+1 else i);
fun Reserve(x,y) = case (x,y) of (p,b)=>2's | (p,c)=>1"t | (p,d)=>1"t
I{g,a)=>1"r+1"s | (q,b)=>1"s 1 (q,d)=>1"t | _=>empty:
fun Release(x,y) = case (x.y) of (p,e)=>2's+2't | (q,c)=>1"r | (q,€)=>2"s+1"t | _=>empty;
varx: U;
vary:S;
vari: |,

2(0.0%T(0a0)
F

Release(x.y) Next(x,y,i}

color sets:

color U = with p | g; — processes
colorS=witha|b|c|d]|e; — states, steps of processes
color | = int; number of cycles

color P = product U *S *[ — UxSxI

color R =with r| s | t; — resources
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Introductory example

Resorvo(x.y)

color U =withp | q; Ir+3s+2
colorS=withalblcldle; A
color | = int;
color P = product U *S * |;
colorR=withrlslt;
fun Succ(y) = case y of a=>b | b=>c | c=>d | d=>e | e=>a:
fun Next(x,y.i} = (x, if (x,y) = (p,e) then b else Succ(y), if y=e then i+1 else i);
fun Reserve(x,y) = case (x,y) of (p,b)=>2's | (p,c)=>1"t | (p,d)=>1"t
I{g,a)=>1"r+1"s | (q,b)=>1"s 1 (q,d)=>1"t | _=>empty:
fun Release(x,y) = case (x.y) of (p,e)=>2's+2't | (q,c)=>1"r | (q,€)=>2"s+1"t | _=>empty;
varx:U;
vary:S;
vari: |,

Release(x.y)

variables:

var x = U (processes)

var y = S (states, steps of processes)
var i = | (number of cycles)

Next State

Mave to .

Soie) 2(p.b.0)+3(0.8.0)
F

Next(x,y.i}
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Introductory example

Succ(x,y,i)

Mave to

color U =withp | q; 1'r+3'8+2 (State) 2'(p.0.0)+3'(0.8.0)
colorS=withalblcldle; LA fext State —
color | = int;
color P = product U *S * |;
colorR =withrlslt;
fun Succ(y) = case y of a=>b | b=>c | c=>d | d=>e | e=>a:
fun Next(x,y.i} = (x, if (x,y) = (p,e) then b else Succ(y), if y=e then i+1 else i);
fun Reserve(x,y) = case (x,y) of (p,b)=>2's | (p,c)=>1"t | (p,d)=>1"t
I{g.a)=>1"r+1"s | (q,b)=>1"s 1 (q,d)=>1"t | _=>empty;
fun Release(x,y) = case (x.y) of (p,e)=>2's+2't | (q,c)=>1"r | (q,€)=>2"s+1't | _=>empty,
varx: U;
vary:S;
vari: I

Releasea(x.y) Next(x,y,i}

arc expression functions:
fun Succ(y) = case yof a=b | b=c | c=d | d=e | e=3a;

fun Next(x,y,i) = (x, if (x,y) = (p,e) then b else Succ(y),
If y=e then i+1 else i);

fun Reserve(x,y) = case (x,y) of (p,b)=2 s | (p,c)=1't|
(p,d)=>1t] (q,@)=>1r+1's|(q,0)=1"s | (q,d)=1"t | _—empty;

fun Release(x,y) = case (x,y) of (p,e)=2"s+2°t| (q,c)=1r|
(g,e)=2's+1't| _—empty; Colored._Peti_nets/17



Homework

e Convert this
PT-net into
CP-net form!
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