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Example: 3buffer Medium SPEC

DEST

source

deliver

SOURCE

MEDIUM(e)
MEDIUM(d)

MEDIUM (dm)

MEDIUM (dms)

source(d).MEDIUM (d)
source(m).MEDIUM (dm)+

deliver(d).M EDIU M (¢)
= source(s).MEDIUM (dms)+

deliver(d).MEDIUM (m)
= deliver(d).MEDIUM (ms)
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Example: 3buffer Medium N -

rwd/* M *‘\ write Home Page
“‘// \\\
] “ ICTAC-2004
D S )
LS 44 | 142 |

deliver =~ Source
Normal mode
DEST SOURCE p | N |

C(L) = in(u).C(u) e |
C(u) = uw.C(1) T
D1 (u,) = Clread/in, deliver /out]

Mi(uy) = Clread/out,write/in] FullSeeer
Si(u,) = C[source/in,write/out|

N(d,m,s) = (Dy(d) | Mi(m) | Si(s))\{read, write} Close
Qui
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Example: 3buffer Medium
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Example: 3buffer Medium SC

Internals

SC(d,m,s, 1)

= read(u).Dy(u) + receive(v).D(v)

deliver(w).D(L)

write(u). Ma(u)
read(u).mempty().M(L)
source(u).Ssy(u, 0) + mempty().Ss( L, 1)
mempty().Sy(u, 1)

receive(u).S(L, 1) + write(u).S(L, 0)
source(u).S(u, 1)

{read, write, receive, mempty}

(Dy(d) | Ma(m) | Sa(s, 1))\Internals
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Elaborations
o R C P xPisa weak bisimulation iff for every (p,q) € R
and a € Act,
p—p =3¢ qg= ¢ ApRq and
¢ q =3 p==p APRY

e R C PxPis an elaboration[2] if for every (p,q) € R and
a € Act,

p—p =3¢ q== ¢ ApRq¢

¢g— ¢ =3 :p=p APR¢

e p < ¢ if (p,q) belongs to an elaboration
e < is a preorder close to ~ but finer.

° 7.p ~ p and of course, p ~ T.p

TP S D but p L T
3buffer
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Efficiency Prebisimulations|1]

e R C Px P is an efficiency prebisimulation (EP for short) if
for every (p,q) € R the following conditions are satisfied.

p—p =3¢ q— ¢ ANpRq¢

p—p =pR¢VI:q— ¢ NpRq

¢q— ¢ =3 :p=p ADPRq

e p < qif (p,q) belongs to an EP.

e < is a preorder lying between ~ and <.
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Example: 3buffer Comparisons

SSSSSS

QAN
Y
=
A

N(dms) ~ SC(dms?)
SC(dms?) ~ MEDIUM (dms)
N(LLll) < SC(LLl1)
SC(L111) < MEDIUM / (e)
N(Ll) < MEDIUM()

e All of them are weakly bisimilar to each other,
e But SC' can sometimes be “ " than .

e MEDIUM would be the “ " in every run!
Pity it 1s not available as a basic process!
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LTS Home Page
e |/ : countable set of visible actions, « € V P

e 7 ¢ V: a distinguished invisible action

o Act =V U{7}: the set of actions, a € Act

o (P Act,—): A labelled transition system (LTS) where =
— IP: a set of process states or processes Page 16 of 37

— —— C P x Act x P is the transition relation.
—p —— ¢: denotes (p, a,q) E— and e |

— q is a strong a-derivative of p. [ —
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Strong Simulations and HM L™

e R C PxPis a strong simulation (SS) if for every (p, q) €
R,a € Act,

p—p =3¢:q— ¢ NPRq

e p <45 q iff pRq for some strong simulation R.
e <5 is a preorder (reflexive and transitive).
The class Lgg of strong simulation formulae over Act:
p. = <a> \ /\QOZ'
icl
Note:
e index set / may be infinite.

e It is the empty conjunction.
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LSS: Semantics

The satisfaction relation F C P x Lgg Home Page
e p = tt for all p € P.

“ ICTAC-2004
oepFE <a>pfora € Actif dp’ € P: p — p’ and
wE RN
opFE Nig;piifpFE @ forall i el ||

Alternatively the meaning of a formula is the set of processes

that satisfy It: Page 18 of 37

[[tt:” _ ]P) Go Back
<CL> gp}] - {p | Hp/ : p L) p/7p/ e [[(10]]} Full Screen

901 — ngz]]
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L gg: Characterization

Proposition 1

PEp < pe

e Consider the set of all formulae a process satisfies,
SS(p)={p € Lss|p F ¢}

e and define an ordering Cg5 (induced by SS(p)) on pro-
cesses:

p Css q iff SS(p) € SS(q)

e whose kernel =g, is

p =ss q iff SS(p) = SS(q)
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L gg: Characterization

Lgg characterizes the behavioural preorder <gg.

Theorem 1 (Hennessy-Milner[3], van Glabeek[4]).
p<ssq < pLssq < S5(p) € 55(q)

Proof.

(=). Assume p <g5 g and p € SS(p). Proceed by induction
on the structure of .

(«<=). Show that Cgg is a strong simulation.
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e Containment. For any behavioural preorder <j,
Lz characterizes <j if

p <p qiff B(p) € B(q)

where B(p) is the set of formulae that p satisfies.

e Consequently, the kernel =3, of the preorder <g,
=p = <pN<p™'
is an equivalence relation and is characterized by

p=5q ift B(p) = Bq)

equality on sets of satisfying formulae.

Sep 2004

a logic
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Expressiveness
e A logic L, is as expressive as another L, if it can express
every property that L, can. It is more expressive, denoted _emeor |
L, < Ls, if there are formulae in L; that cannot be ex-
44 44
pressed in Ls. NI
e Given behavioural preorders <;, and <, characterized re- BRI L

spectively by logics L; and Lo,
<) C <Xyiff Ly < Ly

Page 22 of 37
Go Back
since L, can allow for finer distinctions to be made than
L2 Full Screen
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Strong Bisimulations and H M L

e R C P x IPis a strong bisimulation (SB) if both R and
R~ are strong simulations.

e p ~ q iff pRq for some strong bisimulation R.

® ~ is an equivalence relation.

The class Lgp of strong bisimulation formulae over Act:

o= <a>¢| Noi ||

1€l

c.f. LSS
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Lgp: Semantics

o As for Lgg. In addition TAC2000

o p F —pif p ¥ . Alternatively, [-p] =P — [¢]. | i
e SB(p) is the set of all formulae of HML that p satisfies.

o p Csp q iff SB(p) C SB(q) and p =s5 q iff SB(p) = ]

SB(Q) Page 24 of 37
Proposition 2 (van Glabeek)[4]. p Csp q <= p =55 q.
Proof. If p € SB(q) — SB(p) then =p € SB(p) — SB(q)

which contradicts p Cgp g. [] Full Screen
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L gp: Characterization
Theorem 2 (Hennessy-Milner[3], van Glabeek[4]).
p~q < pLlspq < SB(p) C SB(q)

Proof.

(=). Assume p ~ g and ¢ € SB(p). Proceed by induction
on the structure of .

(«=). Suffices to show that =gp is a strong bisimulation. By
proposition 2 suffices to show that C g5 is a strong simu-
lation since =¢5 = Cgp = Cop L.
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Derived Operators
e Duals: -
[l = —<a> -y
Vieri = 7 Nies i
Home Page
e Iteration:
0 ICTAC-2004
<a>" @ = @
<a>""Mp = <a><a>"p meN “ | » |
| >
e Weak Operators: KNS
<> = V0 <m>"0p [ momar |
La>p = <>2><a><> @ o Bock
e Duals: Full Screen
H ng T Close
lalle = ([ lalll )¢ _ e |
Quit

<< a>> denotes <<>> if a = 7 and << a >> otherwise.
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Negation-free HML

e Negation may be pushed inward and finally eliminated al-

together, provided duals are added to the language. [
e The following negation-free logic L', is as expressive as ICTAC-2004
Lsp.

P = <a>90\/\90¢’ ale | || Vier i IR

el

e With ff the empty disjunction,  is extended in the obvi- P |

ous fashion.

— p E ff for no process p,
—pklajpforac ActifVp eP:p ——p = p F o.
—pEV.gpifF el pkE . Close
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Weak Bisimulations
e p — p for all processes p
ep —— qgand ¢ = r implies p = r
op — qif p=—"= ¢, and
(YY) N q denotes p = ¢ if a = 7 and p == ¢ otherwise.

e R C P x Pisa weak simulation if for every (p,q) € R
and a € Act,

p—p =3¢ ¢== ¢ APYR¢

R is a weak bisimulation (WB) if both R and R™' are
weak simulations.

e p ~ q if (p,q) belongs to a weak bisimulation R

e ~ is an equivalence relation.
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Observable HML

e The logic Ly p of weak bisimulation formulae over V.

o = <Ka>> e ]/\goi\—'go

el

e ~~ is coarser than ~, so it requires a less expressive logic
to characterize it.

e The semantics of << a>> ¢ may be derived from HM L
and =

pE<<a> pifIp  p=p Ap Ep

e WB(p) ={¢ € Lwp | pF ¢}
o p Lypqiff WB(p) C WB(q)
o p =yp qiff WB(p) = WB(q).

Theorem 3 Ly characterizes weak bisimilarity i.e. p ~ q
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The Agenda

We require a gradation of logics

e with the following relationships:

Granularity

Expressiveness

~ C

Lsg <

< C

LEP <

C =~

QAN

LE =< LWB

e and satisfying the principle of containment:

[

i
Q

Lgsg (p)

Lgp(p)

= LSB(Q)

Lgp(q)

I

1M
=~
=

S
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Logic for Elaborations S

e The class Ly D Ly of elaboration formulae over Act is

given by the following two-level grammar, where a@ € V' e Poge
and a € A.
p o= a9 | Nyl o ==
44 44 |
T o= <a>7||en allm | N |\,
e | | | llallw | Aiermi | Vies o
where £ > 0. <] |

Page 31 of 37

e Semantics:

pESTIEVY EPip T PAp ET = j <k _come |
Full Screen

More perspicuously,

Close
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http://www.cse.iitd.ernet.in/~sak

ICTAC2004, Guiyang, China, Sep 2004

Expressiveness of L p: Examples

o c'tt = p is stable i.e. p cannot perform a 7 action.

o \/,_,€"tt = p convergesi.e. p cannot perform an infinite
sequence of 7 actions.

o ¥ ff = p may perform any finite sequence of T's.
(Caution! Does not necessarily imply that p diverges,
unless p is also finitely branching).

o c/m = cfrforall 0 < j < k.
o \is, €'n = €&, j>0.
e p diverges is not expressible

e Statements specifying lower bounds on number of consec-
utive 7 actions not expressible.
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Logic of EP

e The class Lgp of efficiency prebisimulation formulae over

Act is given by the following grammar.
p o= K> 9| Ngei | np
1= | <a>w | |(Dr] | x| [[alln
| Nier i | Vier i
c.f. LE
e Semantics:
pE(MrifpEav (T eP:p——p Ap En)
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Expressiveness of L p p

e The use of <a > instead of << a>> obviously adds more
expressive power in terms of determining that a visible
action is immediately possible.

e The possiblity operator (7) does not allow for exact deter-
mination of the number of consecutive 7 actions possible.

e Statements such as p has a 7* derivative that satisfies
7 are not expressible.

e HML formulae such as = <7><7> ¢ are not express-

ible.
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The Characterizations

Lemma 1p < qg= p=p,,qandhencep S q=pLCpg,,q.

[]
Theorem 4 p < q iffp Cp q.

[]
Lemma2p < ¢ = p =gp,, ¢ and hence p < q =
P Cepyr 4

[]
Theorem 5 p < q iffp Cpp q.

[]

e Nothing special in the proof techniques used here.

e Proof proceeds in two levels. The proof for the 7 level of
the language requires the use of the preceding lemma for
the .
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Conclusion & Open Questions

e Fquivalences have been done before, but preorders
rarely.

e The principle of containment generalizes from equivalences
to preorders very naturally.

e Can something akin to characteristic formulae of Kim
Larsen be done in the setting of preorders?

e Solving equations has been done, but how does one solve
preordering equations?
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