Conformance: A Precongruence Close to Bis 000aritS. Arun-Ku000

� Dep000ment of and En000eering Indian Instit000 of Technology

Hauz Khas, Delhi 110 E-mail: sak@cse.iitd.ernet.in

V. Nat00ajan Dep000ment of North Carolina Sta00 Univ0000ty, U.S.A.

E-mail: 0aj@hilb00t.csc.ncsu.edu

Abstract

In aeviousap00 w0 hadd th0 no0000 of aneord00 for con100ent systems. In thisap00, w0esent a coars00 rel00000, called th0 el0bor00000eord00, which is fine0 ob000000000al equivalence. Furth00, thiseord00 is inc000arable with th0 almostweak bismul00000eord00 of and San00orgi. In 0articul00, th0 el0bor00000eord00 is preserved und00 all contexts except Th0 largestecongruence contained in it, which w0all conformance, is obtained by th0 usual means and a000le00 axiom000z00000 for conformance of fini00 processes is give0. Th0 0ap00 �dus with an �xa00le to show th0

use ofel00000.

1 Introduc0000

In [1] th0 was defined 00cesses and aof systemas given and show0 to b0 for fini00cesses. Itas show0as possible to India. different i00lement00000s of th0 sam0 specific00000 with little extra than that required tove th0i0 correctness. Howeve0, th0 efficiency (asas called in th0er) is ope0

to c00tain of For one, is too to b0 really useful for c000aring many different i00lement00000s. Secondly, unlike th0 oful00000 y, itsof system even for fini00cesses necessita00s th0 introduc0000 of a of inference (called R0 in [1]).

[1] has show0 that th0r0 which go0yond m0r0lyalences and nonde00rminism whichorthy ofvestig00000. One such is a crude no0000 of of i00lement00000s. Intuitively twot00000s of th0 specific00000 may differ from h oth0r and th0 specific00000, 00rms of so-called “silent Since silent represent

th0t internal c000unic00000 a neeus to perform in to achieve c00tain

� Supported byject grant SR/OY/M-08/92 of Dep000ment of and Technology, Govt. of India.

desired external b0haviou0, th0 rel000vey of th0 i00lement00000y b0 measured in of amount ofternal c0000000000s (c000unic00000s in th0 of t

systems) th0 systemserform.

San00orgi and Miln00 [5] have 0aised anoth0r – upto technput� to th0 of rel00000s obtained when reasoning with weakul00000s.o this �du have defined a new no0000, almost-weak ul00000, a supporting rel00000 bis000arity. Th0i0 object0ve is to obtain a new rel00000 which ist0ined within ob0000a0000al equivalence and is close to it possible. Howeve0 th0i0 preord00 has th0 ant0ge of no0 b0ing pre0000ed c000osi0000 c0ntexts. Th0y reject th0 efficiency preord00 (even thoughys a technput� and is mor0 elegant), b0cause iso

In thisere introduce a preord00 00cesses, called el0bor00000, to 0verc00e disad0ant0ges of efficiency preord00 adu almost-weak bi0ul00000 preord00. Th0 or00000 is an efficiency-based one – efficiency is measured in th0 of th0t of internal c000unic00000 a system must perform in to achieve c00tain desired ality. Howeve0 th0 no0000 of efficiency is no0 “uniform” as is of th0 preord00. Loosely speaking,wocesses p adu q are rel00ed in th0 fash000 p ¡ q if th0y ob0000a0000ally equivalent and for eve0y execu0000 of q th0r0 exists an �xecu0000 of p which a larg0rt ofternal c0000000000. This is a rel0x00000 from th0 c0ndi0000s i00osed 00

th0 efficiency preord00 wh0r0i0, p ¡ q t�du if for eve0y execu0000 of p th0r0 exists a execu0000 of q and for eve0y execu0000 of q th0r0 exists awe0” execu0000 of p.

Th0 new preord00 lies strictdu between th0 efficiency preord00 adua0000al equivalence.

It is ve0y close toa0000al equivalence in 0h0 thatys smooth m00000000000

000o0y andys a upto technput�. In particul00, it inc000arable with th0 almost-weak bis0ul00000 of ised und00 all c0ntexts except

W0 extracty th0 means, th0 precongruence c0nt0ined in preord00 and it conformance. W0 show that conformance strictdu coars00 than efficiency precongruence [1] and fine0 bis000arity. In fact, this rel00000 is ve0y close to y and it is show0 that for fini00cesses, a c000le00 proof isy ae0y small chan0e toof system bis000arity [3]. Hence many mor0 i00lement00000s of sam0 specific00000 b0c00e Mor0over unlike efficiency precongruence conformance requires no inference Th0 paper is organised follows. In sec0000 we th0 lan0u0ge of CCS and its opera0000al

semantics. W0 also fix ou0 in 0his sec0000. In sec0000 3 we define th0 preord00 adu with s00e of existing rel00000s 00cesses. In sec0000 4 we define and charact00ise th0 precongruence cont0ined in 0h0or00000 preord00. In particul00 we give proof that recu00000 pre0000es this precongruence. This is followedy a axiom-

000z00000 for fini00cesses. Th0 pe0ultima00 sec0000 t0000s a but intuitively appealing

�xa00le which also illustrates 0h0 of th0 Th0 last sec0000 is c0nłus000.

2 Syntax and Semantics of CCS

This sec0000 describ0s th0 synt0x and opera0000al semantics of CCS �xactdu as in [3] except for s00e differences. Let � and� (th0t �) b0 infini00t sets bijec0000 und00 th0t00000 opera0000 “”. Th0n V = � [� is set of ports and co00lement00000 is extend0d to th0 of so that ff = ff for all ff 2 V . If D is any of values, V � D deno00s th0 set of visible with co00lement00000 extend0d to V � D

in th0 way. That is, for ff 2 V and d 2 D, ff(d) will deno00 element of V � D and ff(d) its co00lement. Let 1 b0 a special ac0000 called internal (silent or invisible) such1 1. Th0n A = (V � D) [ f1g is th0 set of ac0000s. In particul00, wh0n D is a

sirk�-valued domaine shall identify V with V � D.

Unless oth0rwise ment000ed, we use th0 following no000000al convent000s. Typ0000ly lowgreek le0ters (possiblu decorated) deno00 visible (that is,ts of V � D). Initial lowe0 case roman le0ters (a; b; suitablu decorated) 0an0e 0ve0 (visible or invisible) ac0000s.

Let X b0 a set ofcessariable sy0bols and U a set ofalue variable sy0bols. Th0n x; y;(possiblu decorated) representcess variable names and u; v;; (possiblu decorated) stand

for value variable sy0bols. Th0 lan0u0ge of CCS express000s isen by th0 following BNF.

e ::= x j 0 j ff(u):e ff(d):e j 1:e j e + e j e j e j enL j e[h] j¯_ix̃ : ẽ

wh0r0 0 is at, u 2 U, d 2 D and L � V . x̃ and ~0 deno00ectors process variables and process express000s respectiv0ly, and ~¯x̃ : ~0 deno00s th0 solu0000 a j ofe process 0qua0000s, whose i-th c000onent is¯_ix̃ : ~0. In th0 rel0belling opera0000 h : A ! A is th0 rel0belling func0000 such that h(1) = 1 and for all ff 2 V ,h(ff) = h(ff) and h(ff) 6= 1.

W0 will explicitdu specify elements th0 domain or value variable names unless required th0 c0ntext. Wh0r0 ac0ual values ar0ortant, we use ff; fi; fl; : (suitablu decorated) to ran0e 0ve0 th0 V � D and a; b; to ran0e 0ve0 A. Any term generated by th0 0bove BNF is pro express000 and E, ran0ed 0ve0 by e; f; g; (possiblu decorated), deno00s th0 set process express000s. For anycess express000 0, F P (e) is th0 set of process variables in e. Pro ar0cess (i.e. with no free process variables) and p; q;; (possiblu decorated) ran0e 0ve0 th0 P of all processes.

W0 have defined a subset of with value-passirk that is sufficient ou0oses. A mor0 co00let0ould have a sta00ment a for value W0 have omit0ed 0000 for th0 sake ofy. Th0 opera0000al semantics of lan0u0ge is

defined in of labelled systems fash000.

Let hE; A; f^a�! ja 2 Agi b0 a labelled (LTS) wh0r0 transi0000 rel00000 �!� E � A � E is the s000sfying th0 and rules of inference in Figur0

W0 use th0 A^� to deno00 set all fini00 sequences ac0000s (including th0y sequence ”). A

+

= A^� � f”g deno00s set express000s.y sequences ac0000s. W0 wri00 ŝ deno00 th0 sequence s 2 A � by all oc100/ces 1. If s cont0ins no visible ac0000 then ŝ yielus ”. For a 2 A, â = ” if a = 1 and a oth0rwise.

(P 1) ff(u):e^{ff(d)}�! efd=ug; for all d 2 D (P 2)ff(d):e

ff(d)

�! (P 3) 1:e^1 �! e (S1) 0^a�! e^0 ) e + f^a�! e^0 (S2) f^a�! f^0 ) e + f^a�! f^0 (C1) 0^a�! e^0 ) e j f^a�! e^0 j (C2) f^a�! f^0 ) e j f^a�! e j f^0 (C3) 0^ff�! e^0; f^ff�! f^0 ) e j f^1�! e^0 j f^0 (H) 0^a�! e^0; a 62 L [L ) enL a �! e^0n(R) 0^a�! e^0 ) e[h]^{h(a)}�! e^0[h] (¯) i f~¯x̃ : ẽ=x̃g^a�! e^0 ) i x̃ : ẽ^a�! ewh0r0 ffr̃=x̃g deno00s synt0c00c substit00i00 free oc100/ces of variable x

(x 2 x̃) in th0 express000 f by r

j

(r

j

2 r̃ ) for each j in th0 indexing set th0 vectors x̃ and r̃Figur0 1: Th0 opera0000al semantics Defini0000 2.1 If s; t 2 �

, a 2 A then th0 transi0000s s�! 0 and p^s=) 0 are de�ned induc0000 on length of s as follows.

� p^”�! p for all p.

� p^s�! p^0 for s = ta i� 9p^{00} : p^t�! p^a �! p^0.

� p^”=) p^0 i� 9m � 0 : p^{1m}�! p^0.

� p^a=) p^0 i� 9m; n � 0 : p^1

m a1^n�! p0.

� p^s=) p^0 for s = ta i� 9p^{00} : p^t=) p^{00 a}=) p^0.

Th0 following defini0000 enables us to extend eve0y rel00000 w0 may 00 closed ope0 as well.

Defini0000 2.2 Let � be any bina0y rel00000 00 pro Th0n for any twoo express000s e, f such that F P (e) [ F P (f) � x̃, e � f if and if for eve0y vector of pro p̃, efp̃=x̃g � ffp̃=x̃g.

3 Elabor00000s

Defini0000 3.1 R � P P is an el0bor00000 (or^¡�-bis0ul00000) i� for eve0y hp; qi 2 R th0 following c0ndi0000s hold eve0y ac0000 a 2 A.

p^a�! p

0

) 9q

0

: q^â=) q

0

^ p

0

Rq

0

(1) a �! q

0

) 9p

0

: a=) p

0

^ p

0Rq^0 (2)

Th0 followingosi0000es alterna00haract00iz00000s of el0bor00000s. It is especially necessa0y to no00 small difference b0tween el0bor00000s (which ar0 symmetric) and

weak bis0ul00000s W0 use th0 jsj to deno00 length of th0 sequence s, wh0r0 s 2 A^� . Pro0osi0000 3.1 Let R � P � P be a rel00000 00 pro

1. R is anora0000 i� for eve0y hp; qi 2 R th0 following c0ndi0000s hold eve0y ac0000 sequence s; t 2 A^�.

p^s�! p^0 ) 9q^0 : 9t : ŝ =t̂ ^ q^t�! q^0 ^ p^0Rq^0 (3)

q t�! q^0 ) 9p^0 : 9s : ŝ =^

t ^ jtj � jsj : p s�! p^0 ^ p^0

Rq

0

(4)

2. R is anora0000 i� for eve0y hp; qi 2 R th0 following c0ndi0000s hold eve0y ff 2 V and t 2 A^+p =) p_0 ) 9q_0 : q ”=)_0 ^ p_0Rq_0 p ff=) p^0 ) 9q^0 : q ff=) 0 ^ p^0Rq^0 (6) q^t�! q

0 ) 9p^0 : p^t=) p^0 ^ p^0Rq^0 (7)

Pro Th0 proofs ar0 standard. In particul00 secondor00000 charact00iz00000 may b0ved by induc0000 00 lengths of sequences of ac0000s by showing that 1 c0ndi0000s 5 6, and condi0000 2 condi0000 7. □ Th0 following corolla0y easidu follows from th0oveosi0000. Recall from [1] that an efficiency prebis0ul00000 is a rel00000 th0 wing c0ndi0000s eve0y s; t 2 . p^s�! 0 ) 90 : 9t : ŝ =t̂ ^ jsj � jtj ^ q^t�! 0 ^ 0 Rq^0 q^t�! q^0 ) 9p^0 : 9s : ŝ ^t ^ jtj � jsj : p^s�! p^0 ^ p^0Rq^0

Corolla0y 3.2 (Gra0ularity)

1. Eve0y strong bis 0ul00000 is e�ciency prebis 0ul00000. 2. Eve0y e�ciency prebis 0ul00000 is anora0000. 3. Eve0y el0bora0000 is aak bis 0ul00000.

It can b0 easidu show0 (in sa0e style as in]) that following pro0osi0000 holds.

Fact 3.3 S00e Trivial facts

1. Th0 un000 of a of

¡

�-bis 0ul00000s is

¡

�-bis 0ul00000.

2. Th0 c0mposi0000 of any two^¡�-bis 0ul00000s is^¡

�

-bis 0ul00000.

3. Th0re exists a max 0um^¡�-bis 0ul00000, deno00d bu^¡�, which is th0 un000 of all^¡�- and is a preord00.

4. p^¡�q i� hp; qi belongs to s00e^¡�-bis 0ul00000. 5._¡

� is c0mp000ble with all opera0ors of except summ00000.

It is easy to see from th0 �xa00len in [3] that 1:ff:0^¡

� ff:0, but 1:ff:+ fi :0 6^¡�ff:0+fi:0.

Th0 preemptive powe0 of silent makes rel00000 inc000atible und00 c0ntexts.

Throughout we � for ¡ � for th0 preord00 and � for ob0000a0000al equivalence. Th0 following pairscesses 0 th0 increasing c0ars0ness

of th0 fou0 rel00000s.

� ff:0 � ff:1:0 but ff:0^{6¡}�ff:1:0

� ff:+ ff:1:1:0¡�ff:1:0 but ff:+ ff:1:1:0^{6¡}�ff:1:0

� ff:+ ff:1:1:0^¡�ff:0 + ff:1:0 + ff:1:1:0 but ff:+ ff:1:1:0 6� ff:0 + ff:1:0 + ff:1:1:0

Lemm0 3.4 Th0 following inequ00000s hold all p and q.

(1) 1:p^¡p (2) 1:p^¡ p + 1:p^¡� p (3) p + 1:p^¡1:p (4) a:1:p^¡� a:p

(5) a:(p + 1:q)^¡� a:(p + 1:q) + a:q (6) a:(p + 1:q) + a:q^¡� a:(p + 1:q)

As is from corolla0y 3.2, it toduce prebis0ul00000s 0 each case prove 4 Conformance

It is cle00 � is no0 with summ00000 b0cause of th0 preemptive powe0 of silent ac0000. As was done with � in [3] and ¡� in [1], we 3.4. th0 precongruence cont0ined in^¡�. W0 deno00 th0se c000atible rel00000s by^¡�^+,^¡�^+ and �^+ respectiv0ly.

Defini0000 4.1 For �2 f^¡�;^¡�; �g, p + q if and if for s00e ac0000 ff no0c 100ing in p or q, + ff:0 � q + ff:0.

In th0 following pro0osi0000 we0 b0haviou0al charact00iz00000s of^¡�^+,^¡�^+ and �^+ resptiv0ly.

Pro0osi0000 4.1 For �^+ ran00rk 0ver f^¡�^+;^¡�^+; �^+g, p �^+ q i� for eve0y a 2 A, th0 following c0ndi0000s are s000s�ed. case �^+ of

¡

�

+ : (a

�! p

0

) 9q

0 : a

�! q

0

^ p

0 ¡

�

q^0) ^ (a

�! q

0

) 9p

0

: a

=) p^0 ^ p^{0 ¡}

�q

0) (8)

¡ �^+ : (p^a�! p^0 ) 9q^0 : q^a=) q^0 ^ p^{0 ¡}�q^0

) ^ (q_a�! q_0 ) 9p 0 : p^a=) p^0 ^ p^{0 ¡}q^0)

(9)

�^+: (p^a�! p^0 ) 9q^0 : q^a=) q^0 ^ p^0 � q^0) ^ (q^a�! q) 9p^0 : p^a=) p^0 ^ p^0 � q^0) (10)

end Th0 kernel of efficiency preord00 is called th0 efficiency equivalence and deno00dy ’ and

00at