Crash course — Petri nets
General definitions
Coverability
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Basic definitions

= State © Marking (Do not confuse states and places !!1!)
" Pre and Post sets for transitions: Pre set: of := {p | (p,t) € F'}

Post set: te := {p | (t,p) € F},
(likewise for places)

= Upstream W~ and Downstream W™ incidence matrices:

Transitions

|
{ |

_ . . w if p; € et; and has weight w
Wo=1|: - ]»Places , W (l,])={0 othlerwisé

* |ncidence matrix: A=Wt —-—W~
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Basic definitions

= Token game
From a marking M, for a firing sequence vector T, the marking obtained is

1f|r|ngoft3
ol lo| |2 1ol
ol =17 1 o -1 g
| 2 | 0 | 0 -2 2 |t
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Coverability Tree

= Question: What token distributions are reachable?

= Problem: There might be infinitely many reachable markings, but we must avoid an
infinite tree.

= Solution: Introduce a special symbol ® to denote an arbitrary number of tokens:

M, =[100]
t3 (D) - \ti
M,=1[00 1] =[1» 0]
@ de1adlock / tm\‘
t0 =0 1 1®0
t2 3 l o old el
=[0 » 1]

old



Coverability Graph -> Merge nodes

= Question: What token distributions are reachable?

= Problem: There might be infinitely many reachable markings, but we must avoid an
infinite tree.

= Solution: Introduce a special symbol ® to denote an arbitrary number of tokens:

M, =[10 0]

t3 (D) no N8
M,=[001] M;=[1w0]
@ de1adlock A/t13 .
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1 Structural Properties of Petri Nets and Token Game

a) ots = {ps5,po}, tze = {pe} pay
otz = {ps}. ts® = {p10.ps5} o

-~ N
op3 = {t25, 3@ — {1 N - N '
p3 = {t2} p3 {3} S f—D‘_(‘}‘—D*—K ;“—Df-
S ottt \
y
Port T} :\;—> P1o
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1 Structural Properties of Petri Nets and Token Game

a) 'f5 o {lf)5.1'_ig}. ?L_Ei — {};6} f}_?'i\
ots = {ps}. tgs® = {p1o,ps5} _—
o3 — {?L.g}. p3e = { 13} é . e — D

| | o= g . ‘—g --—ID-—'L&___/;--—DE.

b) tlfires... t2 fires... ) l,»—*-\ A~ ;
] 0 . : 10
— t5 is enabled N/ \}_/
—>t3] Nt De £ pr tr Ps ; :
t3 is not X N AN N s /
d N J J N ™
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— - .
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S
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1 Structural Properties of Petri Nets and Token Game

a) ots = {ps5,po}, tze = {pg} __+|;f.':’1_\1___
ofg = { P8 } . tg® = { P10.P5 }* ,_,.-f--*"""_____ ~ =~

op3 = {ta2}, pze = {3} b ~—|"f-_q\‘.--—|:|*—t/—\‘--—|]-—"’f_-\;--—ﬂf.,
_ - t t '

b) t1fires... t2 fires... . D "
— t5 is enabled / N
RN i ) ts Ps to b7 to Ds + f
t3 is not N N ﬁ P4
c) 3tokensin the net after t2 has been < N \_/ 1 —/ D)
fired. "H.H___H_ N ;__f_,,_/
(D
A
Ps
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1 Structural Properties of Petri Nets and Token Game

a) ots = {ps5,po}, tze = {pg} __+|;f.':’1_\1___
ofg = { P8 } . tg® = { P10.P5 } ,_,.-f--*"""_____ ~ =~

op3 = {ta2}, pze = {3} b ~—|"f-_q\‘.--—|:|*—t/—\‘--—|]-—"’f_-\;--—ﬂf.,
_ - t t :

b) t1 fires... t2 fires... o ) "
— t5 is enabled e N
RN i ) ts Ps to b7 to Ds + f
t3 is not N N ﬁ P4
c) 3tokensin the net after t2 has been < N \_/ 1 —/ D
fired. ~_ . ,f/
—( )
.1‘1.1‘2. .fb.w.fg.fg/.

Cmp Engineering a dewok



2 Basic Properties of Petri Nets

= For which k is the net bounded?

= For which k is the net deadlock
free
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2 Basic Properties of Petri Nets

* Bounded foranyk <1

= Deadlock-freeifk > 1
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Crash course — Petri nets
General definitions
Coverability
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3 Identifying a deadlock

a) Example of blocking sequence: o ) pao @ PBo
tAO tB 0 PR1 PR2

~(0,0,1.0,0,1,0,0) o °
?‘V

F16,1,0,0,1,1.0.0)

)

tA0 [ 1%Bo
Blocking

| t. t .
\ ﬂV " marking p‘“ pBl
My = (1,0,0,1,1,1,0,0) @ t )
T Al ? Bl
[

"/" tBo tao

\ (1,0,0,1,0,0,1,0)

&51

~(1,0,0,0,0,0,0,1)
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3 Identifying a deadlock

b) Justread it from the graph

or

b 0 1 40 8 b 1 0 0 0 0 0
1 0 0 0 0 0 01 0 0 0 0
0 1.0 0 0 0 00 1 0 0 0
e | B8 10 0 L| . |18 08 10 f
00 1 0 0 1 g 1 0 1 0 0 — B0
00 0 0 0 1 00 0 1 0 0
0 0 0 1 0 0 0 0 0 0 1 0 )
EREEREE 000 0 0 0 1] ‘. PB1
<1 @ 1 © 0781
)t
{ 4 B 4 I b Bl
0 1 -1 0 0 0
? - 4 8 1 8 4 1 ]
A — W+ _ 77— — PB2
Rer=0=ly 9 T 4 B I
0O 0 0 -1 0 1
0O 0 0 1 -1 0 —tpo
| 8 & @& 3 =% |
ETH
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3 Identifying a deadlock

b) Justread it from the graph

0 0 1
10 0
A

; 00
+

=l g
0" 0" 0
0 0 0
R

A=W+ -_W- =
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3 Identifying a deadlock

b) Justread it from the graph

-1 0 1 0 0 0
I -1 0 0 0 O
o 1 -1 0 0 0

-1 0 1 0 -1 1
o -1 1 -1 0 1
o o0 0 -1 0 1
o o0 o0 1 -1 0
o o0 o0 0 1 -1

@ PAo @ PBo

PR2

A=W+ -_W- =

[ 1tRo

. PB1

E T BN ‘
& 0 1 1
18
0 0 0 0 B
| i 01 L iaf=L]_189
J[dea.diock er i\[{j + A- 1 = 1 K o= 0 PB2
0 1 i | 0
L3 0 1 1
1 | 0 | & | 8 | [ Jtpo
t A0t BO

Eidgendssische Technische Hochschule Zirich
Swiss Federal Institute of Technolegy Zurich

17

Technische Informatik und Kommunikationsnetze
Computer Engineering and Networks



3 Identifying a deadlock

c) Proving marking is blocking @ P Ao
1 06 6 4 0 0] [0 ]
001 0 0 0 0 1
00 1 0 0 0 0
= 4+ 1 0 B & 1B _, |0
=19 1 8 1 D0 Maeadiocr = | tA0
00 0 1 0 0 0 T
00 0 0 1 0 1
ENEIEENEY 0| . Pa1
‘ /
|
V\ T tA1
Do not cover any column 9 pas
[ Jta2
ETH
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3 Identifying a deadlock

d) Correct by adding a semaphore

@ PAo

PR1

O
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tBo

C 1tp1
PB2

- tBo
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4 From mutual exclusion to starvation

a) Derive the net from the specification

™~
T 3]
1. One process executes its program. i./
(@)
| /
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1

Eidgendissische Technische Hochschule Ziirich Technische Informatik und Kommunikationsnetze
Swiss Federal Institute of Technology 2urich Computer Engineering and Networks




4 From mutual exclusion to starvation

a) Derive the net from the specification

1. One process executes its program.

2. In order to enter the critical section, the mutex
value must be 1 (i.e. the mutex is available).
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4 From mutual exclusion to starvation

a) Derive the net from the specification

/et
: 1
1. One process executes its program. |
2. In order to enter the critical section, the mutex ,-' o
value must be 1 (i.e. the mutex is available). / N |
3. If this is the case, the process sets the mutex to 0 P1 k J
and executes its critical section. / /
2 —

/
O
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4 From mutual exclusion to starvation

a) Derive the net from the specification

1. One process executes its program.

2. In order to enter the critical section, the mutex
value must be 1 (i.e. the mutex is available).

3. If this is the case, the process sets the mutex to 0
and executes its critical section.

4. When it is done, it resets the mutex to 1 and enters
an uncritical section.

5. It loops back to start.

ETH
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4 From mutual exclusion to starvation

a) Derive the net from the specification

1. One process executes its program.

2. In order to enter the critical section, the mutex
value must be 1 (i.e. the mutex is available).

3. If this is the case, the process sets the mutex to 0
and executes its critical section.

4. When it is done, it resets the mutex to 1 and enters
an uncritical section.

5. It loops back to start.
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4 From mutual exclusion to starvation

b) How to avoid starvation ?

Add a semaphore/resource kind of place
— Consumed by one process
— Generated by the other process

To avoid starvation in both direction, you need two of
such places

The total number of tokens in those places in the
maximal number of possible execution in a row.
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4 From mutual exclusion to starvation

b) How to avoid starvation ? Add a semaphore/resource kind of place
— Consumed by one process — Generated by the other process
To avoid starvation in both direction, you need two of such places

The total number of tokens in those places in the maximal number of
possible execution in a row.




4 From mutual exclusion to starvation

c) What's the problem with this?
— If B does not executes anymore, A is forced to stop as well. And vice versa.
What would you propose as specification?

For example:
— “If both processes want to access the resource, they get it in turns.”

d) Bonus Try to implement this specification in your Petri Net... (Is it possible?)

ETH 28
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5 Coverability tree and graph

a) Coverability tree

My = (1,0,0)
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5 Coverability tree and graph

a) Coverability tree

My = (1,0,0) —— (1.w.0) hew
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5 Coverability tree and graph

a) Coverability tree

(1,w.0) old
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5 Coverability tree and graph

a) Coverability tree

(1,w,0) old + Done!
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5 Coverability tree and graph

b) Coverability graph

P1 t P2 s

I1-3 P3

—> M= (1,0,0) 2 (Lw,0) =2 (Lww)

T 2 T

tlatQ t17t27t3
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6 Reachability Analysis for Petri Nets

a)

ssssssssssssssssssssssss

Not feasible in general because infinite number of states

— When do we stop if looking for a non-reachable marking?
Coverability? Always finite!

— Can only prove non-reachability in the general case.

Iss = (101,99, 4) reachable?
— Start with necessary condition using
the incidence matrix: 3 F,s =so+A-F?

=i I @& 2 jf} 101

1 -1 -1 0 “Il=19 ] _._

0 o0 1 -1/ |3 g ) TS0
Ja

P1
O
|i| fl |:| f4
Yy P2
t3 P3
[ 11o



6 Reachability Analysis for Petri Nets

b) Iss =(101,99,4) reachable?
— Start with necessary condition using
the incidence matrix: 3 F,s=sg+ A -F?

=it 4 &6 D /? 101
1 -1 -1 0 |- f? =199 | =s5-s5
o 0 1 =1 i 4

\ /4

No systematic approach... Look at the net and try it out.

F, = (203,0,203,203) = s, = (204,0,0)
F, = (103,0,0,0) = s, = (101,103,0)
F, = (0,0,4,0) = s, = (101,99,4) = s

" - 35
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Crash course — Petri nets
Introduction
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See you next week!
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