IST / DEEC / MAPI

Modeling and Automation of Industrial Processes

Modelacao e Automacdo de Processos Industriais / MAPI

Absorbing States vs Deadlocks
(MC vs STPN vs PN )

hitps.//web.tecnico.ulisboa.pt/~ist13495/courses/mapi24d

Prof. Jose Gaspar

Page 1


https://web.tecnico.ulisboa.pt/~ist13495/courses/mapi24d

IST / DEEC / MAPI

Motivation question, given the ""Gambler’s ruin'’ : Yy,
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Q: Can the MC

analysis help to
detect deadlocks
in Petri nets?
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A: Clearly
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livelock(s)
O
& O\_/ \7/ S
d%)\bd& ‘Q‘A(x
(;\c.(a Vi
g 5
O
[,;§5%& <:2\Ef/2(:2\_+/4 Ly elsc
FUMQ f)Laa

Page 3



IST / DEEC / MAPI

A: Clearly

q q q .

1 | . . 3 1 absorbing states
0 1 . .

et - point to "issues”".

Detail 2: Markov Chains have some bridges with Stochastic
Timed Petri Nets (STPN), not with Petri Nets (PN).

Note that the definitions of Petri Nets (PN) in this course
do not include statistical information on the firing vector.
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Where to study PN Deadlocks ?



IST / DEEC / MAPI

See chapters 6, 7 and 8 of the book [lordache06] :

Systems & Control: Foundations & Applications
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[lordache06] Supervisory Control of Concurrent Systems: A Petri Net Structural Approach,
Marian V. lordache, Panos J. Antsaklis, Birkhauser, 2006
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"A deadlock is a state in which the system (or a part of the system) has no
feasible sequence of operations to continue its execution. Therefore, the
system (or the part of the system that is involved) halts when it reaches a
deadlock state. Liveness is the quality of a system that has no deadlocks."

"A survey of deadlock prevention results on Petri net models can be found in
(...). Deadlock prevention has been studied first in the context of computer
operating systems. A survey of the early results can be found in (...).
Deadlock prevention has also been studied in the context of resource
allocation in flexible manufacturing systems."

from [lordache06] pages 3 and 4
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"This book considers liveness enforcement without any assumptions on the
Petri net structure. Partial controllability and observability is (...) allowed.
Unlike most previous results, the supervisor design approach presented here
is independent of the initial state. These benefits come at the cost of a
design procedure that does not have guaranteed termination."

from [lordache06] page 4
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Key concepts to study deadlocks and liveness enforcement:
Siphons and Traps.

Definition 6.1. A Petri net N = (P,T.F,W) is PT-ordinary if Vp €
PVteT, (p.t) € F = W(p,t)=1.

An asymmetric choice Petri net is defined by the property that Vp,., ps €
P, if p; e Npoe # () then p,e C poe or poe C pye. Alsiphon is a set of places
S C P, S # 0, such that ¢S C Se. A siphon S is minimal if there is no siphon
S" € S. A siphon is empty at a marking p if it contains no tokens. Given
a Petri net (N, jg). a controlled siphon is a siphon which is not empty at
any reachable marking. A well-known necessary condition for deadlock in an
ordinary Petri net is that there is at least one empty siphon [160]. It can easily
be seen that the proof of this result also is valid for PT-ordinary Petri nets.

Proposition 6.2. A deadlocked PT-ordinary Petri net contains at least one
empty siphon.

from [lordache06] page 127
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A siphon 1s a subset of places such that any input transition of a place is
an output transition of some other place.

A trap is a subset of places such that any output transition of a place 1s an
output transition of some other place.
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Theorem: For any ordinary PN,

* A ssiphon free of tokens at a marking remains token-free

* A trap marked by a marking remains marked

* The empty places of a dead marking form a siphon for any marking such that no
transition 1s enabled.

* A Petri net 1s deadlock-free if no siphon eventually becomes empty.

[Proth96] Petri nets: a tool for design and management of manufacturing systems,
J.-M. Proth and X. Xie, John Wiley & Sons, 1996 Page 10
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