Deciding e8F6ciency prebisimulation under the guidance Dr S ArunKumar

INTRODUCTION

8F7 Equivalences and re8F4nement orderings as basis for establishing system correctness▷

8F7 Speci8F4cation and Implementation in the same language8F7 Adavntages1▷ Single formalism for speci8F4cation and implementation

2▷ Explicit support for compositional speci8F4cation and implementation▷

8F7 Many equivalence and preorder relations have been studied▷8F7 One such method is e8F6ciency prebisimulation▷

8F7 A labeled transition system ↼LTS↽ forms the semantic model the system▷

8F7 Finite state LTS lead to calculate these relations in a mechanical manner▷

2

The Model Finite State Processes

8F7 A Finite State Process↼FSP↽ is a 8F4ve tuple hKp

0

,ΓE4, ΓE1, Xiwhere

1▷ K is a 8F4nite set states▷ 2▷ p

0

2 K is the start state▷3▷ ΓE4 is a 8F4nite set symbols called actionsand ζA is a special symbol not in ΓE4 called the unobservable action▷ 4▷ ΓE1 θ K ΓE2↼ΓE4 ♭ ζA↽ ΓE2K is a relation called the transition relation▷ 5▷ X θ K ΓE2 fxg is a relation called the extension relation▷

8F7 We also write q ΓE0ω

a

q

′⊒⟨⌉\ < qa,q

′

⊤∈×E∞

∀F W⌉ ⌈⌉\≀⊔⌉ −E△

∀′∋80Ato denote set all 8F4nite sequence actions

including the internal action 80A▷ 3

8F7 Let s 2ΓE4

∀′∋ 80A and p ′ ⌊⌉ ∫⊔⊣⊔⌉∫_{FSP then we de8F4ne =) as}

follows

1. let ε denote the empty string 2▷ We say p /↽ εp ′ ⊒⟨⌉\ ⊔⟨⌉∇⌉ ⟩∫ ⊣ ∫⌉∐⊓⌉\⌋⌉ k arcs in the FSPφs graph from p to p^′ ⊒⟨≀∫⌉ ∫⊔∇⟩\} ↕⊣⌊⌉↕∫ ⟩∫ 80A

k where k λ0▷3▷ If s/ � 1� 2: 833n2ΓE4, 1 � i ΘA n we say that p /↽ sp ′⊒⟨⌉\ ⊔⟨⌉∇⌉ ⟩∫ ⊣ ∫⌉∐⊓⌉\⌋⌉ k 0 ⇁ k

1⇁_{:+k}

n⇁n arcs FSPs graph from p to p ′ ⊒⟨≀∫⌉ ∫⊔∇⟩\} labels is 80A^k

0

803 180A k

1

803 2 : 803n

80A

n where k 0 , k 1 : : kn 8250▷

4

8F7 Equivalences FSP States

let q be states FSP∫ ⊒⟨⟩⌋⟨ ⟨⊣⊑⌉ ∫⊣⇕⌉ ×E△ ⊣\⌈ R is binary relation on states FSP then pRq is a▷▷▷▷

8F7 Strong bisimulation if for every s 2ΘE4^{∀′∋} 80A 1▷ p ΘE0ω

s

p′ ⊔⟨⌉\ ∃q ′ ¬ q ΓE0ω s

q ′ ⊣\⌈ p ′ Rq′↙∈↙ q ΓE0ω sq

′⊔⟨⌉\ ∃p

′¬ p ΘE0ω

sp

′⊣\⌈ p

′Rq

′

∀F W⌉⊣‖ ⌊⟩∫⟩⇕⊓↕⊣⊔⟩≀\

⟩{ {≀∇ ⌉⊑⌉∇† s 2ΘE4 ∀′∋80A 1▷ p /↽

s

p

′

⊔⟨⌉\ ∃q ′ ¬ q /↽ s

q ′ ⊣\⌈ p ′

R∐

′

↙∈↙ q /↽

′⊔⟨⌉\ ∃p

′¬ p /↽

′⊣\⌈ p

′Rq

′

∀F E↕⊣⌊≀∇⊣⊔⟩≀\

⟩{ {≀∇ ⌉⊑⌉∇† t 2ΓE4

∀′∋

80A 1▷ p ΘE0ω

s

p ′ ⊔⟨⌉\ ∃q ′ ¬ ∃t. ⌣s⌣t and q ΓE0ω t q′

⊣\⌈ p

′

Rq

′↙

▽

∈↙ q ΓE0ω

t

q ′ ⊔⟨⌉\ ∃p ′ ¬ ∃s . ⌣s⌣ t and jtj ΘA jsj.p ΓE0ω^s p^′ ⊣\⌈ p

′

R∐ ′↙

∀F E∀F⌋̸⟩⌉\⌋† √∇⌉⌊⟩∫⟩⇕⊓↕⊣⊔⟩≀\

⟩{ {≀∇ ⌉⊑⌉∇† t 2ΓE4

∀′∋

80A 1▷ p ΘE0ω

s

p′ ⊔⟨⌉\ ∃q ′ ¬ ∃t. ⌣s⌣ t and jsj λ jtj and q ΓE0ω^t q

′

⊣\⌈ p

′

R∐

′

↙ ∈↙ q ΓE0ω tq ′ ⊔⟨⌉\ ∃p ′ ¬ ∃s . ⌣s⌣ t and jtj ΘA jsj and p ΓE0ω^s p

′

⊣\⌈ p

′

Rq

′

↙

∞↙ ∼ ⊣\⌈ ≈ ⊣∇⌉ ⊔⟨⌉ ↕⊣∇}⌉∫⊔ ∫⊔∇≀\} ⊣\⌈ ⊒⌉⊣‖ ⌊⟩∫⟩⇕⊓↕⊣⊔⟩≀\∫↙∈↙ ⪯ ⊣\⌈ ≺ ⊣∇⌉ ⊔⟨⌉ ↕⊣∇}⌉∫⊔ ⌉↕⊣⌊≀∇⊣⊔⟩≀\ ⊣\⌈ ⌉∀F⌋̸⟩⌉\⌋†

√∇⌉⌊⟩∫⟩⇕⊓↕⊣⊔⟩≀\⇐∫⇒ ∇⌉∫√⌉⌋⊔⟩⊑⌉↕⌉†↙ ∋↙ ∼ ⊣\⌈ ≈ ⊣∇⌉ ⊔⟨⌉ E∐⊓⟩⊑⊣↕⌉\⌋⌉ ∇⌉↕⊣⊔⟩≀\∫↙

Results

8F7 Every strong bisimulation is an e8F6ciency prebisimulation

8F7 Every e8F6ciency prebisimulation is an elaboration 8F7 Every elaboration is a weak bisimulation

8

AIMTo 8F4nd and implement a method for Deciding Prebisimulation

Related work

Deciding equivalence thru partitioning

Strong bisimulation

8F7 Input: A set S an initial partition S into disjoint blocks

831 / B1 B 2:::Bp and k functions f_{l.} S ω2^S 1 ΘA l ΘA k.

8F7 Output. A partition S into disjoint blocks

831^′ ℑ E

1

E 2::;Eq st that. 1▷ 831

′

⟩∫ ∫⊔⊣⌊↕⌉ ⊒⟩⊔⟨ π ie each E i

is a subset ∫≀⇕⌉ B j

2▷ For each b in block E

i any block E j 1 � j ΘA q and any function f l,1 � l � k,f_l ↼a↽ ♮E_j 6/ ,i8F3 f_l ↼b↽ ♮E_j 6/ , 3▷ π

′

⟩∫ ⊔⟨⌉ ⌋≀⊣∇∫⌉∫⊔ ∫⊓⌋⟨ √⊣∇⊔⟩⊔⟩≀\↙

∞′

∀F ⊒⌉ ⌋⊣\ ⌈⌉∀F△\⌉ ⊣ {⊓\⌋⊔⟩≀\ F ¬ ∈

S×E∈S

8E0ω2

S×E∈S

such that

F↼R↽ / f↼q↽ j 8l. fp ΓE0ω^l p^′ ℑ⇒ ∪∃q^′ ¬ q ΓE0ω lq_{′∧√ ′} Rq^{′⊎ ∧∐ −E′→} lq ′ℑ⇒ ∪∃p ′¬ p ΓE0ω l

p

′∧√ ′Rq′⊎}}

∞↙ F ⟩∫ ⇕≀\≀⊔≀\⌉ ⟩↙⌉↙ R θ S /↽ F↼R↽ θ F↼S↽ 2▷ 2^{S×E∈S} is a complete lattice under θ▷3▷ For 8F4nite state FSP ξ/

⋂

n∀∈▽′∼ n where ξ nιξ n⇁1and F↼ξ n ↽ /ξ n⇁1 ▷

8F7 We represent each function f l as a directed graph with noset S and arcs ↼j↽ i8F3 j is in f

l

↼i↽▷

11

Lemma Let q be the states FSP having a total n states and a of m transitions▷ We can test whether p � q by reducing problem in O↼n ⇁m↽ to a generalized partition problem size most (m↽ Theorem

Let p, q be the states FSP having a total n states and a of m transitions▷ We can test whether p � q by using Paige Tarjan generalized partitioning in O↼mlog

2

↼n↽ ⇁m ⇁n↽ time▷

Weak bisimulation

8F7 Deciding Weak bisimulation is very similar to the problem deciding strong bisimulation.

8F7 Our additional concern are the 80A transitions▷

8F7 In particular let q be the states of the FSP

P /< Kp

0

,ΓE4, ΓE1, X >▷ The problem deciding p π q is

reducible to deciding strong bisimulation as follows Compute the transition relation ΓE1 the FSP

P /< Kp

0

,ΓE4 ♭ fεg,ΓE1, X > s▷t▷ ΓE1 / f< p, 803, q > jp /↽^{803}q in P, 803 2ΓE4 ♭ fεgg▷ To do this we 8F4rst note that for each 803 2ΓE4p /↽

803

q in P i8F3

there exist a p^′ ⊣\⌈ p^{′′} ∫⊔ p/↽^ε p ′ −E′→ 803p′′ ℑ⇒ε

q▷ Thus 8E1 can

be