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What I hope to convince you:
™ that Petri nets nets provide a “natural” modeling method

™ that they are “easy” to learn

M that they allow to “fix” important features of software systems, in
particular distributed systems

™ that they support “clear” structuring in software development

™ that are supported by “nice” tools

What I cannot show you here:
M the complete mathematical formalism (see references)
™ formal theorems and structural results

™ all application areas
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General Properties of Petri Nets
@ graphical and equivalent algebraic/textual representation
@ (formally verified) analysis algorithms
@ abstraction and hierarchical structures

@ striking concepts in concurrency

C: Z:= X+Y |

STOP

START
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General Properties of Petri Nets

@ Tools for eding, execution and analysis

1

RENEW http://www.renew.de/

-’

Design/CPN http://wiki.daimi.au.dk/cpntools/cpntools.wiki

&/

)
&/

MARS [MACAO | CPN-AMI]| http://www-src.lip6.fr/logiciels/mars/

@ universality in applications (nearly all application areas)

@ variants of the concept

lw time

& stochastic

‘@ high-level C: Z:= X+Y |

STOP

f."'

& object oriented

T

START

>
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Introducting Petrinets by 3 approaches:

& starting from program code
& communicating automata/transition systems

& from lower to higher level models
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starting from program code

010: x:=3
020: y:=4 010:
030: z:=x+y

[ x:=3 |
X .=

020: ._I4
[yi=4 |
Z:=X+Yy |
L_-TJ

-

<

030:

010:
020:
030:
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g g

..

010: x :=3 @
020: y:=4
030: z:=x+Yy OlO:' X ;=3 '
i i 020: y:=4
010:; 3 020: y:=4
030:

X =
030: |

|Z:X+y|

-

g
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e communicating automata/transition systems
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& from lower to higher level models
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starting two racing cars

List of conditions

p1: car a; preparing for start
po:  car a; waiting for start

p3:  car a; running

ps:  ready sign of car a Last Of AcLis

ps:  start sign for car a ti:  car a; send ready sign
pg:  starter; waiting for ready signs to:  car a: start race

p7:  starter; start sign given ts:  starter; give start sign
ps:  ready sign of car b t4:  car b; send ready sign
pg:  start sign for car b ts:  car b; start race

p1o: car b; preparing for start

p11: car b; waiting for start
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starting two racing cars

global state transition.

car a; preparing for start
car a; waiting for start
car a; running

ready sign of car a

start sign for car a
starter; waiting for ready s.
starter; start sign given
‘ready sign of car b

start sign for car b

car b; preparing for start
car b; waiting for start
car b; running

tl

pl10=true
pll
pl2

car a; preparing for start
car a; waiting for start
car a; running

ready sign of car a

start sign for car a
starter; waiting for ready s.
starter; start sign given
ready sign of car b

start sign for car b

car b; preparing for start
car b; waiting for start
car b; running



starting two racing cars

local state transition.

car a; preparing for start
car a; waiting for start
car a; running

ready sign of car a

start sign for car a
starter; waiting for ready s.

car a; preparing for start
car a; waiting for start
car a; running

ready sign of car a

start sign for car a
starter; waiting for ready s.

starter; start sign given p7 p7 starter; start sign given
ready sign of car b p8 p3 ready sign of car b

start sign for car b p9 p9 start sign for car b

car b; preparing for start  plO=true plO=true car b; preparing for start
car b; waiting for start pll pll car b; waiting for start

car b; running pl2 pl2 car b; running

12



starting two racing cars

independent state transition.
concurrent Sstate transition..

car a; preparing for start  pl=true e O bl car a; preparing for start
car a; Waltlng for Start p2 O tl /V@ p%ztrue car a, Waltlng for start
car a; runnin 3 O p car a; running
ready sign Ofg car a 54 O \% pd4=true ready .si gn of car a
start sign for car a p5 O O pPS start sign for car a
starter; Wamn’g for.ready s. pb=true ® ® pb=true starter; waiting for ready s.
staréer; start f31gn %wen pg O O p7 starter; start sign given
ready sign of car = '
s O 8 L,
car b; preparing for start  plO=true | O 4 O 10 car b: preparing for start
: % preparing
car b; waiting for start pll e O Dll=true carb; waiting for start
car b; running pl2 O —® pl2 car b; running
O O
T I T ZU0Y TRy R T T T Petri Nets =
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The Principle of Duality

Two kinds of elements:

state elements, passive elements: Places P
(conditions, places, resources, waiting pools, channels)

transition elements, active elements: Transitions T
(conditions, places, resources, waiting pools, channels)
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The Principle of Locality

The behaviour of a transition exclusively
depends on its locality:

The Principle of Concurrency

S 8
O O
8 ®
O
g ®
O
O ® III
&0
®, O
O —®
O O

Transitions having disjoint locality occur
independently (concurrent).
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['V'| The Principle of Graphical Representation
Place O T

Transition |

AI‘C —
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V | The Principle of textual Representation

N = (BTF)
F c (P xT) U (T xP)

(ps,t3) € F (t3,p5) € F
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Ablaufsemantik:
. Folgen

« Schritte

. Prozess
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« Schritte
« Prozess
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t2 p3

ps Q P9
p1o pit \ pr2
>

t4 ts

te

t7 P14

ts

conf

pis

to P16

car race with
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!

|

i

\
Place/Transttion -Neb,\

new:

" multiple tokens
arc weights

FORTE 2006 Tutorzial:

> > )
]
| Q\ P,
T p1 1 ? p1 2
t, t
marked net

G RO G

l |

: o

ts

P/T-net
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!

|

i

\
Place/Transttion -Neb,\

new:

" multiple tokens
arc weights
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T p1 1 ? p1 2
t, t
marked net

G RO G

l |

: o
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P/T-net
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!

|

i

\
Place/Transttion -Neb,\

new:

" multiple tokens
arc weights

FORTE 2006 Tutorial:

P, B P, t Py
p é gps

Pe t: ¢/r P,

e : > )
P
8@\ .

Py T P4 CB Pis

t, t
marked net

O—tr— &t ——C

l |

: o

ts

P/T-net
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!

|

i

\
Place/Transttion -Neb,\

new:

" multiple tokens
arc weights
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P, B P, t Py
p é éps

Pe t: ¢/r P,

O— : >®)
P
8@\ .

Py T P4 %) Pis

t, t
marked net

O—tr— &t ——C

l |

: .

ts

P/T-net
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Place/ Transition net. P/T net,

P/T-net

Definition 4.1.2. A place/transition net (P/T net) is defined by a tuple
N = (P, T,F,W), where

o (P,T,F) is a net (Definition 2.2.1) with finite sets P and T, and
o W :F — IN\{0} is a function (weight function).
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transition rule for Place/Transition-Nets

Pg

“Side

condition” p, -

Pe Si%ii///{1 P7
2 4

€,--——>t3 ) ><j)
T
(=)

Pg Pg
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5 Ps
Pe ) L3 1 P7
@\)tgg 4 ?

Po

@\,?7/®

Ps
1 . Pz
>(®)
2
Po

Q,

Ps

Petr: Nets
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Q the state of a P/T net: a marking

, pr(2)
& represented as a mapping: « 10
R ° 0
m(p;) = 2,m(pg) = 1,m(p;) = 0firi € {p2, p3, pa, ps,p7} I
¥ represented as a Vector: ——————% | . |
11
A : P7 \ o
& represented as a multiset: \ 0/

2'p1 + 1'pg On A"

.
\
O

P/T-net
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4 t
P1PsP10 » P2P4PsP10

t4 t4

t

Y Y
P1PePgP11 » P2P4PsPsP11

i3

ts Y
P3P7P9P11 < P2P5P7P9P 11

ts ts

\4 A Y
- P3P7P12 <«— P2PsP7P12
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consume

produce

producer consumer system.
sender receiver system.

bounded buffer system.
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arc - constant nets

place pio car b

P 3&12
cars
b
)Q 6lour
set
colour sets: k\\
cars = {a,b}
Pe starter = {s}
starter constants:
Q S a,b,s
S —>
FORT Page 31




rsa
Pg
starter rsa+rsb
S
S —>

starter

colour sets:

cars = {a,b}
starter = {s}
ready = {rsa,rsb}
start = {ssa,ssb}

constants:
a,b,s,rsa,rsb,ssa,ssb

a+b

2’b

FORTE 2006 Tutorial:
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70 = 7€ N
P/T - net arc-constant net
colour set: {e®} i
counting down..

coloured net.

XlTXJ
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arc - constant neL

coloured net.

E(

P, ty
cars tq cars a a
a a
N X t5
b b b
N > o
rsa ty
rsb ssb
Py Ps
Pg
starter rsa+rsb
s P,
S g starter

start

colour sets:
cars = {a,b}
starter = {s}
ready = {rsa,rsb}
start = {ssa,ssb}

constants:
a,b,s,rsa,rsb,ssa,ssb

@ (Xx=a Ay=rsa) Vv
P, (x=bAy=rsb)

P

starter

y
p, p
ready ssa+ssb S
start
rsa+rsb l
S S Starter

4|

L,

(z=a A y=ssa)v
(z=b A y=ssb)

t;

colour sets:

cars

={ab}

starter = {s}

ready = {rsa,rsb}

start

"ready signs"

= {ssa, ssb} "start signs"

variables: x,y,z,s

constants: rsa,rsb,ssa,ssb

Valk
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transition rule of coloured nets

pl p3 ° °

y t /@ binding of (local)

27 A Y7 , —- ~variables

P, P,

RO

a) b)
transition.
rule o f arc-constant.
h

—_—

arc-constant nerL.

netL.,
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coloured net.

d |

L

X Z 7
d % | (x=any=rsa)v (z=a A y=ssa)v
P 1 @ (x=bAy=rsb) —> (z=b A y=ssb)
cars

P, p
y cars 3
cars
P, p
ready ssa+ssb Smrst
rsa+rsb l
P, @ —> »Q P
starter S S starter
t3
colour sets: variables: x,y,z,s
cars ={ab} - oYL
starter = {S} constants: rsa,rsb,ssa,ssb
ready ={rsa,rsb} '"ready signs"
start = {ssa, ssb} "start signs"
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coloured net.

L t,
X >||(x=2 AY=TISa) V X z (z=a A y=Ssa)v Z
P, (X=bAy=isb) A (z=b A y=ssb)
cars p
2 p
y cars 3
cars
P,
read ps
Yy ssa+ssb
start
rsa+rsb l
P, @ —> »Q P
starter S S starter
t3
colour sets: variables: x,y,z,s
cars ={ab} - oYL
starter = {S} constants: rsa,rsb,ssa,ssb
ready ={rsa,rsb} '"ready signs"
start = {ssa, ssb} "start signs"
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case: the Alternating Bit Protocol

correct transmission

X d+( —d—]a d o O—d— d—( d o Has(O-as [ 0O

/ Sender
d+1 d

Receiver

correct transmission

X O O Ol Oe T ——O

/ Sender

d "error" Receiver
d+1 [d ~a e
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case: the Alternating Bit Protocol

:l—d—’Q<d—’|I|_d de—{ ]

d d
A \-/”error" ‘( i
d
A/QDV\ “error" d
A

d+1 llokll
d ||not Ok "nOt Okll }f

et —e—— O ﬁ/
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case: the Alternating Bit Protocol

[ ¢ Ixd] x,d]*_h_|—[x.d] [x,d] —E\
Ix d]/‘ ’ [x,d] /"error" [x,d]

x.d] [x,d] | [>§,d] 1-x

x,d]
./QD‘\ d ) "errorl_‘
rd xl=y ~—
[x] a x.d] C
/ \ [x,d]
d+1 d X v / X
él\ [x,d] "error" x| X }ﬁ
1-x /-‘\ X
N "error" X __ﬂ/
e~ —

<
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The data base managers

Prozesse und Nebenlaufigkeit - Kap 4: Hobere Petrinetze (1éil 2) Seite 41
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States of managers: inactive, waiting, performing

Messages MS ={(s,r)|s,r € DBM A s # r}
States of channels: unused, sent, received, acknowledged
mutual exclusion: exclusion.

colours:

DBM = {d;.ds,...,d,}
MS = {(s,r)|s,r € DBM A s # r}

E = {e}

Prozesse und Nebenliufigkeit - Kap 4: Hobere Petrinetze (1éil 2) Seite 42



Variables: var = {e,r, s}
dom(e) = E, dom(r)=dom(s) = DBM

Functions:
MINE : DBM — Bag(MS) MINE(s) i= ¥,., (5,7)
REC : MS — DBM REC((s,r)) = r
ABS : DBM — E ABS(s) := e
DBM falls p = inactive
Initial marking:  mfey = 112 Blsp= unusco
{e} falls p = exclusion
0 sonst

Prozesse und Nebenliufigkeit - Kap 4: Hobere Petrinetze (1éil 2) Seite 43



Prozesse und Nebenliufigkeit - | *“R¥pIge:

update
and send
messages

c
Yy
E
c

b

receive
acknowledge-
ments

MINE(s)

receive
message

DBM v MB

send

dpgre Petrinetze (Téil 2) Seite 44
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End of Part I

Content of Part I1:

Petri nets as objects
Petrinets as mobile agents
Software development

Prozesse und Nebenliufigkeit - Kap 4: Hobere Petrinetze (1éil 2) Seite 4§



