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Framework

» Resource Allocation Systems (RAS)
» A set of processes
» A set of (reusable) resources
« They have a concurrent nature

Objective. to con-
trol the system so
that no deadlock
can occur
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S4PR nets: a general class of S—-RAS

Compositional definition

RAS features PN model features

¢ Processes
¢ Sequential process nature

¢ On-line routing decisions

® No internal cycles

® Resources
® Conservative use of resources

¢ Multiple copies of each resource
¢ Multiple types of resources

®  Free acquiring/releasing

Process as a strongly connected sta-
te machine whose cycles contain the
idle state.

Resources defined as SIP

Related weighted arcs
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Features of the model

« Clear mapping between model structure and
system features

« Minimal T-Semiflows — production
sequences

 Resource related Minimal P-Semiflows
— Resource reusabillity

- State places related minimal P—Semiflows
— State of parts in the system
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Liveness analysis

We provide a Liveness analysis

» Characterization of the problem
« circular waits involving resources
» Reformulation of this characterization In
terms of siphons
- for deadlock prevention
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L_1veness: circular waits

Theorem

Let (N, mg), N=(Py U Ps U Pr,T,C), be
a marked S*PR. The net is non-live if
and only if there exists a marking m &
RS(N, mg) such that:

the set of m—process—enabled
transitions is non—empty

® each one of these transitions is m—
resource—disabled.
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Liveness: siphons

Theorem

Let (N, mg), N=(Py U Ps U Pr, T, C), be
a marked S*PR. The net is non-live if
and only if, there exists a marking m &
RS(N,mg), and a siphon D such that
m[Ps] > 0 and the firing of each m-
process—enabled transition is prevented by a
set of resource places belonging to D.

1. DRZDQPR:{TEPR|
dt € r® suchthat mr] < Pre[r,t]
and m[*t N Pg] > 0} # 0 ;

2. Ds=DNPs={p€ Hp, |mp| =
0} # 0;
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Liveness: siphons (Improved)

Theorem

Let (N, mg), N=(Py U Ps U Pr,T,C), be
a marked S*PR. The net is non-live if, and
only if, there exists a siphon D, and a mar-
kingmp € RS(N, mg), such that:

1. mp[Ps] > 0.
2. mD[PS \ ThD] = 0.

3. Vpé& Thpy, such that mp[p] > 0,
the firing of each ¢ € p® is prevented
by a set of resource places belonging
to D.
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Using these liveness characterizations

Deadlock problems «+ bad siphons + bad
markings
Objective: Preventing bad states

« Without computing the reachability set
Solution: potential reachabllity set approximation
« Advantage: linear description

- Drawback: spurious solutions

» No bad makings in PRS — No bad
markings in RS
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How to compute a bad siphon

If m is a bad marking, the following set of inequalities has a solution

( Vp € P\ Po,Vt € °pup > 3 coyvg — |t +1 [Sil85]: Siphon
S err v < [P\ Po Property
m|[Ps] >0

. €t
Vvt € T\ Pp*, being{p} = *tnN Pg,
o] > Processes
m e
S _[p3/ bl enabled/
e:r > m|pl/s
{ b= disabled
Vr € Pg,
Ert
Vit er®\ P®*, mlr]/Pre[r,t]+ v, > ert
Resources
ert > (m[r] — Pre[r,t] + 1)/(mgq[r] — Pre|r,t] + 1)
enabled/
ert = Ur
disabled

Vit € T\PO.’Zr€°tﬂPR ert < |.tﬂPR| +1— e
| Vpe P\ Poup € {0,1},Vt € T\ Py e; € {0,1},¥r € P Vi € r* \ Py® ey € {0,1}
(0)
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How to compute a bad siphon

Let (M, mg), N=(Py U Ps U Pg, T, C), be a marked S*PR. If net is non-live, there
exists a marking m € PRS(N, mg), with m[Pg] > 0, and a siphon D such that the
following system of inequalities has, at least, one solution with

D ={p€ PsUPgr | v, =0}

( maximize 35 ¢ p\ p, Vp

such that

(0)) { m=mg+C-O
m>0, O ¢z

L System (Previous Slide)
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We need more

Problems happen when ...
Too many resources are used at the same time

Or, alternatively, too many active processes

ICRA 2005. April. Barcelona, Spain.— p.15/??



Computing representative markings

mpeT = maximize -, -, m|r] s.t.

( m=mgqg + C o
m>0, O ¢z
m[Ps \ Thp] =0
m[Pg] > 0
Vte T\ Po°®, being {p} = *t N Pg,
m(p] > e;
{ et > m[p]/sb|p]
Vr € Dpg,
Vter®\ P, m|r|/Pre[r,t] > ert
ert > (m[r] — Pre[r,t] + 1)/(mgo[r] — Pre[r,t] + 1)
Vr € Pr \ Dg, Vier®\ Pp®,ert =1
Vte T\ Po°®, 2reotnpp €rt < |[* TN Pr[+1—e;
Vit €T\ Py®, er € {0,1}
| V7 € Pg, Vter®\ P, ert € {0,1}
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Control place

Let (N, mg), N=(Py U Ps U Pg, T, C), be a non-live S*PR. Let D be a bad siphon,
and m'5%* as in previous Definition. Then,

¢ The associated D—-resource place, pp, is defined by means of the addition of the
following incidence matrix row and initial marking:

CPPpp,T] = — 2 ,eThp, YDrIP] Clp,T]
mo?P [pp] = mo[D] — (m75** +1)
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Computing representative markings

mp*" = minimize -+, m[p] s.t.

[ m= mg + C Yo
m>0, O ¢z
m[Ps \ Thp] =0
m|[Ps] >0
Vte T\ Po®, being {p} = *t N Pg,
m(p] > et
{ et > m(p|/sbp]
Vr € Dp,
Vtier®\ P°, m|r|/Prer,t] > et
ert > (m[r] — Pre[r,t] + 1)/(mgo[r] — Pre[r,t] + 1)
Vr € Pr \ Dg, Vter®\ Po®,ert =1
Vie T\ Py®, ZreompRe’r‘t<|.tﬂPR|+1_et
Vte T\ Po°, et € {0,1}
| Vr € Pp, Vter®\ Py®, et € {0,1}
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Control places

Let (N, mg), N=(Py U Ps U Pg, T, C), be a non-live S*PR. Let D be a bad siphon,
and m”’g’m as in previous Definition. Then,

¢  The associated D—process place, pp, is defined by means of the addition of the
following incidence matrix row and initial marking:

CPD [pD7T] - _ ZpGThD C[paTL
mgqgPD [pD] = m%"m —1
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Which one to use?

« Using D-resource approach usually gives
more permissive solutions
But ...

« Not always possible (sometimes the marking
IS not acceptable)
So ...

 First try with resources, and If it fails use
processes
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So ... how to control?

— No more D—deadlocked states

« The control places can be seen as ‘virtual’
resources, which add generalized mutual
exclusion properties.

» The obtained system is a S*PR

« ItIs analyzable in the same terms as the
original
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|terative process

An sketch of the algorithm

1. Compute a bad siphon

2. Compute the control place
3. Repeat

Does it terminate?
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S4PR: Conclusions

Advantages:

« More general than previous approaches

» At least as permissive as others (more In
most cases)

« It does not need siphon enumeration
Drawbacks:
« Sub-optimal

« It does not scale well (modification,
reconfiguration)
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The End

Thanks!
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