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Summary

e Conditions for (safe) realizability for languages haverbebtained for a finite setf MSCs

e Checking realizability is coNP-complete; safe realiziapis decidable in PTIME

But..

e Can results be obtained for a larger class of MSGs? E.g., Mi&&specify an infinite set of MSCs?
e What happens if we allow synchronization messages?
e How do we obtain an MPA that realizes an MSG?

e ConditionsABS, AB’, AB are semantic notions. Can we find - possibly only necessampls
syntacticconditions that guarantee realizability?

Regular MSCs

Let T'r(M;) be the traces of MS@/;.

e The set of MSCH M3, .., M} }, with possiblyk = oo, is regularif

is a regular language.
e MSCG is regulaif Tr(G) is a regular language.
e MPA A is regulaif L(A) is regular.



Facts:

‘ EveryV-bounded MPA is regular

The decision problem "I& C Act* with L regular realizable by a set of MSCs?" is decidable.

l.e., do MSCsM;, .., M}, exist such tha\Uf:1 Tr(M;) = L for a regular languagé?

Proof:

Let L C Act* beregular. Let DFAA = (S, %, s, d, F') be the minimal DFA fotZ, i.e. L(A) = L. Assume
w. log. thatA has_nodead states (i.e., from evesye S, it is possible to reach somé € F). Associate
with each state € S a channel-capacity functianp : S x Ch — N satisfying:

1.ep(s,c) =0if s=sg0rs € F,foranyc € Ch

ep(s,c)if c# (p,q)

ep(s,c) +1if c=(p,q)
ep(s,c)if ¢ # (p,q)

ep(s,c) = lif c=(p,q)
4.1t 6(s,a) = sy andd(s1,b) = sy witha € £, b € £, p # g then

if not (a = plg and b = q7p) orcp(s, (p,q)) > 0 then
Js’ € St 4(s,b) = s} andd(s, a) = sa.

2. 1f §(s, plg) = sthenep(s',c) = {

3. 1fd(s,q?p) = ' thenep(s', ¢) = {

Claim: L C Act* with L regular is realizable by a set of MSCs if and onlythiere exists functiomp
satisfying 1-4.

But..

‘ The decision problem "Is MSG' regular?" is undecidablelenriksen et al., 200#]




Examples
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MSG G;: Not regular MSG G,: Not regular
Tr(G,) = Dyck language Tr(Gs) = (plg(a) q?p(a) q'p(b) p?q(b))

plg(a) q?p(a) @
q°p(b)@ pla@) p(a)@ atp(o)

Regularity and Realizability

L C Act* is an MSC languagi

for some MSC4d\/;.
Then (Henriksen et al. 03]:
‘ L is aregular language if and only if is realizable by &-bounded deterministic MP/-*.




An MPA A is V-bounded if there exist® € N such that for each reachable configurationdofin(c)| < B for each
channel.

Equivalently: Any MSC inL(A) is VB - bounded.

Regular MSGs

e MSGG isregular ifTraces(G) is a regular language
e The decision problem "Is MSG regular?" is undecidable

e Now try to impose structural conditiorm G that guarantee that is regular

e Use: So-called communication graph

The communication graph of the MS = (P, E, C, [, m, <) is the digraph(V, —) with:
e V=P\ {pe P|E, =0}
N

7inactive’ processes

!
e p — qif and only if for somea € C {p'g(a) € Eor
- g

?p(a) € E
Examples:
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Communication-closed MSGs

MSG G is communication-closeif for any loop v, v, .., v, in G, the MSCM () has a strongly connectedmmu-
\*/ -

=7

nication graph.

E.g.,



is communication-closed since for the only loop, the comication graph is:

o€

which is strongly connected

Note: Checking whether MSG' is communication-closed is in PTIME (determine all loopginconstruct for every
loop its communication graph, check strong connectedness)

Communication-Closedness vs. Regularity

‘ For any MSGG: G is communication-closeé> G is regular‘

Notes:

1. The reverse does not hold (see example below);
2. Not every language can be represented by an MSG (see Yaisaxam).
But:

For a set of MSC9/1, .., My |k possibly in finite which is regular:

L can be represented by an MSG
if and only if
L can be represented by an communication-closed MSG
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Communication graph not communication-closed.
But 7r(G) is regular: A

(112271 211 172) - (112 271 211 112 + 314 473 413 374)*

Summary of Realizability

comm.-closed MSG | general MSG
undecidable undecidable FIFO communication

EXPSPACE-completg undecidable FIFO communication
undecidable | non-FIFO communication

non-FIFO communication

finite MSG*
realizability coNP-complete

safe realizability PTIME
realizability coNP-complete PSPACE-hard
safe realizability PTIME EXPSPACE-completg undecidable

* G is finite if the number of MSGs defined lty is finite, i.e.,L(G) is finite.




Regular Expressions over MSCs

Let M € M be an MSC.
The set of regular expressiooger M is given by the grammar:
a = B|M|a1 * azloq + az|a”
Semantics of regular expressions is given by
L: RegExpm — oM

and defined as:

Lw)=o

L(M) = {M}

L(ai * a2) = L(an) * L(a2), a concatenation of sets of MSCs
L(Oﬂ + Oég) = L(Oﬂ) @] L(OCQ)

L(a*) = L(a)*, where* is the Kleene star over sets of MSCs

E.g.({M1, M>, M3})* is to be read as:

N2
L= ]|l
TN

Regular Expressions for MSCs

mscA mscB mscC




Consider the regular expressions:

a1 = (Ax B)* deterministic safe product MPAL-bounded
az = (A+ B)* deterministic31-bounded MPA
as = (AxC)* not realizable

as = Ax(A+ B)* 3Jl-bounded safe MPA
How about the realizability of. (cv;)?

(Note: AllrealizableL(«;) have as possible realization a locally accepting MPA, Fe= [ ]

Can we obtain a simple criterion on regular expressionsgthatantees realizability?

e MSCM = (P,E,C,l,m, <) is connected ifVe,e/ € E:e <" elore/ < e

msc

eq < e3

Not connected, sincer £* ez Aex £1 1

msc

pcp Fp forsomery, C Sp)

€2 <

e

€3 — €4

€6 <> €5

Connected

e Regular expressioa is connectedf for any subexpressiop™ of a, L(3) is a set of connected MSCs
o Let{M;,.., M;} be MSCs such thab C E* for some finite sef? of MSCs.
N———

D
Then [Genest et al. 2006]:

‘ D is realizable if and only if there exists a connectedular expressioa such thatZ(«) = D. ‘




