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1 INTRODUCTION 31 Introdu
tionThe Edinburgh Con
urren
y Workben
h (CWB) is an automated tool whi
h 
aters for themanipulation and analysis of 
on
urrent systems. In parti
ular, the CWB allows for variousequivalen
e, preorder and model 
he
king using a variety of di�erent pro
ess semanti
s.With the Workben
h it is possible to:� de�ne behaviours given either in the syntax of the Temporal CCS (TCCS) or SCCS,and perform various analyses on these behaviours, su
h as analysing the state spa
e ofa given pro
ess, or 
he
king various semanti
 equivalen
es and preorders;� de�ne propositions in a powerful modal logi
 and to 
he
k whether a given pro
esssatis�es a spe
i�
ation formulated in this logi
;� derive automati
ally logi
al formulae whi
h distinguish nonequivalent pro
esses;� intera
tively simulate the behaviour of an agent, thus guiding it through its state spa
ein a 
ontrolled fashion.This do
ument is intended to serve as an introdu
tion only to the CWB. Some amountof des
ription is 
ontained within this do
ument on the semanti
 interpretation of termsrepresenting 
on
urrent systems. However, the do
ument is intended for readers alreadyfamiliar with Pro
ess Algebra in some form, su
h as the Cal
ulus of Communi
ating Systems(CCS), as well as the operational semanti
 de�nition of the terms in su
h an algebra. Thoseunfamiliar with these 
on
epts are referred to the list of referen
es whi
h follows the mainbody of the text.Se
tion 8 provides a referen
e guide to the 
ommands of the CWB.2 Using the Con
urren
y Workben
hThe CWB is an intera
tive system; when invoked, the user may issue 
ommands whi
h typi-
ally will bind identi�ers, analyse derivations of pro
esses, or 
he
k for equivalen
es betweenpro
esses. The default input language for the Workben
h is TCCS, but if you invoke it withthe 
ommand line argument \s

s", then the input language will be SCCS.In Figure 1 we have a sample session whi
h demonstrates the implementation in CCS ofa three-pla
e bu�er by linking up three single-element 
ells. The only 
ommands used in thissample session are agent (bind an identi�er to an agent), eq (observational equivalen
e, alsoknown as weak bisimilarity), and quit. Lines 1 through 8 simply bind agent identi�ers topro
ess expressions. Line 9 tests the two agents identi�ed by Bu�3 and Spe
 for observationalequivalen
e. The system responds with the result (line 9a), in this 
ase true signifying thatthe two agents in question are indeed observationally equivalent. Finally, in line 10, the userrequests that the session terminate.Hitting hCTRLi-
 at any point immediately returns you to the top-level 
ommand prompt.This is useful for aborting 
ommands. Also, any line whose �rst printable 
hara
ter is anasterisk * will be interpreted as a 
omment line and will be ignored, as will any blank linewhen the CWB is not expe
ting the user to input a (possibly empty) list. This is useful for
ommenting and formatting 
ode whi
h 
an be read into the CWB using the input 
ommandas des
ribed later.



3 USING THE CWB FROM EMACS 4Edinburgh Con
urren
y Workben
h, version 7.0alpha3,Tue Sep 20 20:42:57 BST 1994(1) Command: agent Cell = a.'b.Cell;(2) Command: agent C0 = Cell[
/b℄;(3) Command: agent C1 = Cell[
/a,d/b℄;(4) Command: agent C2 = Cell[d/a℄;(5) Command: agent Buff3 = (C0 | C1 | C2)nf
,dg;(6) Command: agent Spe
 = a.Spe
';(7) Command: agent Spe
' = 'b.Spe
 + a.Spe
'';(8) Command: agent Spe
'' = 'b.Spe
' + a.'b.Spe
'';(9) Command: eq (Buff3, Spe
);(9a) true(10) Command: quit;Figure 1: Sample session 13 Using the CWB from ema
sIf you have an Ema
s 19 (FSF or XEma
s) you 
an run the CWB from inside ema
s, and thisis the re
ommended way of running the CWB. See the installation for instru
tions on how toinstall the CWB ema
s mode. On
e you are set up, you 
an run the CWB using M-x 
wb.You get a set of fa
ilities whi
h will be familiar to users of shell-mode and other 
omint-basedmodes. For example,� M-p and M-n allow you to 
y
le through previous 
ommands, so that you 
an repeator edit them without retyping.� There is 
ompletion on 
ommand names using TAB.� If you have installed the graph viewer daVin
i, C-
 C-x starts up a graph viewer for usewith the CWB. You 
an then intera
t with the viewer using the ema
s menu. Look atthe top of your ema
s window towards the right hand end of the menu. Choose CWB,then Graph display, to get a list of possibilities. (There are also a few options on thedaVin
i Edit menu.)(Warning: think about how large the statespa
e is before you try displaying it!)� Most importantly, C-
 C-b sets you up to send a bug report or 
omment to the main-tainer of the CWB.For more information, see the online help, a

essed by C-h m. (Or later versions of thismanual!)4 Basi
 format and syntax of input4.1 The very basi
s of CWB formatAll 
ommands end with a semi-
olon ; followed by a newline.Commands, agent de�nitions et
 
an spread over several lines; the Version 6 
ontinuation
hara
ter is no longer required (or even permitted).



5 THE LANGUAGES UNDERSTOOD BY THE CWB 5If you get asked a question expe
ting the answer y or n, the semi-
olon is optional.Anything after a semi-
olon will be ignored. Therefore you 
annot put more than one
ommand on a line, even if you separate them by semi-
olons.* is the 
omment 
hara
ter. Anything between a * and the next newline will be ignored.This is now true even if * is not the �rst 
hara
ter on the line.Note that * and ; 
annot be used for anything other than starting a 
omment or �nishinga 
ommand respe
tively. In parti
ular, they 
annot be used in strings, in
luding �lenamesand arguments to e
ho.4.2 Variables and identi�ersNames of a
tions, and formal parameters standing for a
tions, begin with a lower 
ase lettera - z.Identi�ers for sets, relabelling fun
tions, agents or propositions, and formal parametersstanding for these things, begin with an upper 
ase letter A - Z.The se
ond and subsequent 
hara
ters of an identi�er may be:� lower 
ase letters a - z� upper 
ase letters A - Z� the digits 0 - 9� the 
hara
ters ? ! _ ` ' -� the 
hara
ters # ^ ex
ept in SCCS a
tion names, where these 
hara
ters have a spe
ialmeaning� anything you like between a pair of % signs, at the very end of an identi�er (this featurewas added for use by Glenn Bruns' value-passing front end).Also for obvious reasons:� eps and tau may not be used as a
tion names or formal a
tion parameters� T and F may not be used as proposition identi�ers or formal parameters to propositions.Please note that it is possible that the set of permitted 
hara
ters may be restri
ted furtherin future; if you want to write future-proof s
ripts you would be well advised to sti
k toalphanumeri
 
hara
ters.5 The languages understood by the CWB5.1 (T)CCSACT a tau internal a
tionn name: an identi�er beginning with a lower 
ase let-ter'n 
oname. This is an ASCII�
ation of normal CCS'soverbarred n.eps empty observation, not allowed in agents (be
ause it isn'treally an a
tion!)



5 THE LANGUAGES UNDERSTOOD BY THE CWB 6AGENT A 0 deadlo
k (nil)a.A a
tion pre�xA + A (weak) 
hoi
eA | A parallel 
ompositionA n a restri
tion of a single a
tionA n S restri
tion of a setA[R℄ relabelling(A) you 
an use bra
kets just as you'd expe
tX agent variables begin with upper 
ase� divergen
e (for Walker-style divergen
e pre-orders et
.)$ 0 delayed nil (for TCCS)$ a.A delayed a
tion pre�x (for TCCS)A ++ A strong 
hoi
e (for TCCS)A1 : S1 | | A2 : S2 syn
hronisation merge (CSP style) (S1 and S2are a
tion sets)X(P,...) parameterised agentThe order of pre
eden
e is as usual: Summation binds the weakest, followed by StrongSummation, Parallel Composition, Pre�xing, and �nally Restri
tion and Relabelling. Thesepre
eden
e rules 
an be over
ome by using parentheses.Parameterised agentsAgents 
an be parameterised on other agents, on a
tions or on sets of a
tions. This does notsimulate value-passing CCS, but it does provide some more 
exibility.Some examples of su
h de�nitions:Command: agent A(B,x) = B + x.0;Command: agent C = A(a.0, error);Command: eq(C, A(a.0, y)); * false, of 
ourse: illustrating usage!falseCommand: agent D(S) = a.0\S;Command: print;** Agents **agent A(B : agent,x : a
t) = B + x.0;agent C = A(a.0,error);agent D(S : set) = a.0\S;Command:Types of agent parametersA formal parameter used in the de�nition of a parameterised agent has a 
ertain (monomor-phi
!) type.agentParamType := a
t | set | agentAs before:



5 THE LANGUAGES UNDERSTOOD BY THE CWB 7� Names of formal parameters of type a
t begin with a lower 
ase letter.� Names of formal parameters of type set or agent begin with an upper 
ase letter.The CWB will infer types where it's possible to do so from the de�nition; if it 
an't, itwill ask for 
lari�
ation, or signal an error if the CWB session is not intera
tive.To spe
ify a type:agent A(X : set) = a.0\X;Spe
i�
ations are legal only on the LHS of su
h a de�nition.Details� You 
an only leave the spe
i�
ation out if it 
an be inferred from this de�nition inisolation. For example in this 
ase the spe
i�
ation is essential:agent A(X) = a.X;agent B(X : agent) = A(X);even though the type of X 
ould be inferred by looking at the type of A. The justi�
ationfor this is that the binding of A might 
hange.� More generally, noti
e that for the same reason (late binding) the following is perfe
tlylegal:agent A(X : set) = ...agent B(Y : agent) = ... A(Y)...sin
e ea
h de�nition looks �ne in isolation. Of 
ourse if you attempt to use B without�rst 
hanging the binding of A, an error is likely to result. Slightly less ex
usable isthat the following unusable de�nition will be a

epted (and we will infer X : agent)agent A(X) = a.X + A({a});but I think if you write this kind of thing you deserve what you get.� Parameterised agents used in the body of a de�nition are not bound to formal parame-ters. For example, in this 
ase the X on the RHS is not the same X as on the LHS; thismakes sense only if there is a parameterised X in the environment.agent A(X) = X(a.0);� Note for TCCS users: a formal parameter standing for a time has type a
t!



5 THE LANGUAGES UNDERSTOOD BY THE CWB 8Sets 
an be used in agent de�nitions (restri
tion or syn
hronous merge), and in propositions(modalities). The situation be
omes slightly 
ompli
ated, be
ause agent de�nitions notionallymention sets of names, whereas modalities genuinely 
ontain sets of a
tions.If you give an a
tion set in an agent de�nition expli
itly, by listing its members, the CWBwill prevent you from listing a
tions other than names and 
onames. However, if you use a setidenti�er, it 
annot do this. (Sets, like other CWB entities, are bound dynami
ally, so at anystage you might 
hange the 
ontents of the set mentioned in the agent de�nition.) Thereforeif you do use a
tions other than names and 
onames in an a
tion set used to restri
t an agent,they will simply be ignored.It wouldn't make (mu
h) sense for a set used to restri
t an agent to 
ontain the spe
iala
tions eps or tau; really it's better to think of restri
ting a set of names. Therefore in theCWB you may not de�ne a set identi�er to 
ontain eps or tau. If you want to use tau in amodality, you have to write the modality using an expli
it list of a
tions, rather than using aset identi�er.SET S f a,... g a
tion set (not in
luding eps or tau)V set variables begin with upper 
aseRELABEL R [a/a,...℄ relabelling fun
tion, given as a set of pairsV relabelling variables begin with upper 
aseInterpreting TCCS Agents We give here only a brief explanation of the transitionalsemanti
s of TCCS, and urge the reader to be
ome more familiar with the theory of pro
essesby 
onsulting the referen
es in order to seriously apply the CWB.Terms of the pro
ess algebra are de�ned with respe
t to their behaviour, as stipulated bythe transitions whi
h they 
an perform. For the basi
 
al
ulus, these transitions are des
ribedas follows.� 0 
an do no transitions, and represents the deadlo
ked pro
ess.� ? 
an do no transitions, and represents the divergent or unde�ned pro
ess.� a:P 
an do the a
tion a and evolve into P :a:P a�! P .� A sum 
an behave as any of its summands:A1 + � � � +An a�! A0 whenever Ai a�! A0 for some i.� A parallel 
omposition 
an perform the a
tions of any of its 
omponents, or perform asyn
hronisation between any two of them:A1j � � � jAij � � � jAn a�! A1j � � � jA0ij � � � jAn whenever Ai a�! A0i for some i; andA1j � � � jAij � � � jAj j � � � jAn ��! A1j � � � jA0ij � � � jA0j j � � � jAn wheneverAi a�! A0i andAj a�!A0j for some i and j.� A syn
hronisation merge syn
hronises on 
ommon a
tions:



5 THE LANGUAGES UNDERSTOOD BY THE CWB 9A1 : fa11; : : : ; a1k1g k � � � k An : fan1; : : : ; anknga�! A01 : fa11; : : : ; a1k1g k � � � k A0n : fan1; : : : ; ankngwhenever a = aij for some i and j, and A0i � Ai whenever a 6= aij for all j, andAi a�! A0i whenever a = aij for some j.� AnL 
an do the transitions of A whi
h are not prohibited by the set L:AnL a�! A0nL whenever a; a 62 L and A a�! A0.� A[f ℄ 
an do the transitions of A suitably relabelled:A[f ℄ f(a)�! A0[f ℄ whenever A a�! A0.� 
annot be relabelled, but f(a) = � is allowed, resulting in a and a being hidden.Timed featuresHere we des
ribe the idling transitions for the original 
al
ulus TCCS.Health warning You may reasonably �nd the relationship between what is said here andthe 
ir
umstan
es under whi
h the CWB reports a transition with label 1 obs
ure. This isnot 
ore CWB fun
tionality, and it is not likely to be developed further: but it is left in toa

ommodate 
urrent users. The CWB does have the property that if your agent de�nitionsdo not use the timing 
onstru
ts, the CWB will never give a response that does.Sin
e only dis
rete times are allowed in this version of the CWB, we only need 
onsiderthe unlabelled transition, representing a unit idling step.� 0 
an idle inde�nitely:0; 0.� a:P 
an idle or do the a
tion a and evolve into P :a:P ; a:P and a:P a�! P .� t:P (for t > 0) idles for t steps before evolving into P :1:P ; P ; and(t+ 1):P ; t:P .� A (weak) sum 
an idle as long as at least one of its summands 
an idle, and will evolvea

ording to how its summands evolve:PAi ; PfA0i : Ai ; A0ig, as long as this set is nonempty. (And yes, the orderin whi
h the summands are printed by the CWB is potentially arbitrary. This isprobably a bug: but if so it's an extremely old and do
umented bug...)� A strong sum 
an idle as long as ea
h of its summands 
an idle:A1++ � � �++An ; A01++ � � �++A0n whenever Ai ; A0i for ea
h i.� A parallel 
omposition 
an idle as long as ea
h of its summands 
an idle:



5 THE LANGUAGES UNDERSTOOD BY THE CWB 10A1j � � � jAn ; A01j � � � jA0n whenever Ai ; A0i for ea
h i.Typi
ally one is interested not in these transition relations, but in ones whi
h abstra
t awayfrom the internal 
ommuni
ation a
tion � , giving the following relations.�=) = ( ��!)� (also written =))a=) = =) a�!=)�> = =);=)An important equivalen
e relation is that of observational equivalen
e. This is the mostbasi
 equivalen
e de�ned over CCS agents, and is the one we used in the sample sessionof Figure 1. Informally, observational equivalen
e deems that two terms are equivalent ifwhenever one 
an perform an observable transition (in
luding the empty observation), thenthe se
ond 
an perform that same observation and evolve into an equivalent state.There are many other equivalen
e and preorder relations de�ned over agents whi
h theCWB is 
apable of de
iding. We leave any explanation of these to the referen
es given.5.2 SCCSThe workben
h 
an use pro
ess terms styled after the 
al
ulus SCCS, Syn
hronous Cal
ulusof Communi
ating Pro
esses. These again are built up from a
tions and identi�ers using a
olle
tion of pro
ess 
onstru
tors. The Workben
h uses a similar synta
ti
 
onvention foridenti�ers as with TCCS, but now a
tions are built up from more primitive parti
les.PARTICLE p n name: an identi�er beginning with a lower 
ase let-ter'n 
oname: the inverse of n, usually written with asupers
ript -1.ACT a 1 internal a
tion (ti
k)p parti
lep#q produ
t of parti
lesp^n exponentiation: parti
le p, positive integer n timeseps empty observation, not allowed in agents (be
ause it isn't reallyan a
tion!)Positive integers other than 1 on their own do not 
ount as a
tions, for example in logi
almodalities and a
tion sets, even though they 
an be used as agent pre�xes: think of the latteras synta
ti
 sugar.A
tion sets are just as in CCS.



5 THE LANGUAGES UNDERSTOOD BY THE CWB 11AGENT A 0 deadlo
k (nil)a:A a
tion pre�xn:A n a positive integer: A pre�xed with n ti
ksA + A 
hoi
eA | A parallel 
ompositionA n p permission for a single parti
leA n S permission for a parti
le setA[R℄ relabelling(A) you 
an use bra
kets just as you'd expe
tX agent variables begin with upper 
ase� divergen
e (for Walker-style divergen
e preorders et
.)$ A A with arbitrary delayThe order of pre
eden
e is as usual: Summation binds the weakest, followed by StrongSummation, Parallel Composition, Pre�xing, and �nally Permission and Relabelling. Thesepre
eden
e rules 
an be over
ome by using parentheses.If set used as a permission 
ontains a non-parti
le a
tion, this will 
ause a run-time error.RELABEL R [a/p,...℄ relabelling fun
tion, given as a set of pairs.V relabelling variables begin with upper 
aseRelabel a parti
le to an a
tion: this extends to a relabelling from a
tions to a
tions.Interpreting SCCS Agents Again we give here only a brief explanation of the transitionalsemanti
s of SCCS and urge the reader to be
ome more familiar with the theory of pro
essesby 
onsulting the referen
es in order to seriously apply the CWB.Terms of the pro
ess algebra are de�ned with respe
t to their behaviour, as stipulatedby the transitions whi
h they 
an perform. These transitions are des
ribed as follows. No-ti
e espe
ially that SCCS has a quite di�erent style of 
ommuni
ation from the two-agenthandshaking of CCS.� 0 
an do no transitions, and represents the deadlo
ked pro
ess.� ? 
an do no transitions, and represents the divergent or unde�ned pro
ess.� a : P 
an do the a
tion a and evolve into P :a : P a�! P .� A sum 
an behave as any of its summands:A1 + � � � +An a�! A0 whenever Ai a�! A0 for some i.� A parallel 
omposition performs the a
tion whi
h is the produ
t of the a
tions of the
omponents of the 
omposition:A1j � � � jAn a1#���#an�! A01j � � � jA0n whenever Ai ai�! A0i for all i.� AnL 
an do the transitions of A whi
h are in the subgroup generated by L:AnL p1#���#pn�! A0nL whenever p1; � � � ; pn (or their inverses) are in L and A p1#���#pn�! A0.



5 THE LANGUAGES UNDERSTOOD BY THE CWB 12� A[f ℄ 
an do the transitions of A suitably relabelled:A[f ℄ f(a)�! A0[f ℄ whenever A a�! A0.Again, one is typi
ally interested not in this transition relation, but in that whi
h abstra
tsaway from the internal 
ommuni
ation a
tion 1, giving the following relation:�=) = ( 1�!)� (also written =))a=) = =) a�!=)This transition relation again generates observational equivalen
e.5.3 The modal mu 
al
ulusThe CWB has a model 
he
ker for determining the satis�ability with respe
t to a given agentof propositions expressed in the propositional modal �-
al
ulus. The 
ommand whi
h invokesthe model 
he
ker is 
he
kprop (
he
k proposition), and requires two parameters: an agentto analyse, and a proposition of whi
h to 
he
k the satis�ability.PROP P T trueF falseQ agent variables (whi
h may not be T or F) beginwith upper 
ase�P negationP & P 
onjun
tionP | P disjun
tion(P) you 
an use bra
kets just as you'd expe
tP =i P impli
ation[a,...℄P strong ne
essity[-a,...℄P strong 
omplement ne
essity[[a,...℄℄P weak ne
essity[[-a,...℄℄P weak 
omplement ne
essityha,...iP strong possibilityh-a,...iP strong 
omplement possibilityhha,...iiP weak possibilityhh-a,...iiP weak 
omplement possibility[S℄P strong ne
essity using a set identi�er S[-S℄P strong 
omplement ne
essity using a set identi�er S[[S℄℄P weak ne
essity using a set identi�er S[[-S℄℄P weak 
omplement ne
essity using a set identi�er ShSiP strong possibility using a set identi�er Sh-SiP strong 
omplement possibility using a set identi�er ShhSiiP weak possibility using a set identi�er Shh-SiiP weak 
omplement possibility using a set identi�er Smin(X.P) least �xpoint temporal formulamax(X.P) greatest �xpoint temporal formulaV(Q,...) parameterised agentIn the absen
e of parentheses, the built-in unary operators bind more tightly than binaryones, with => having a lower pre
eden
e than & and | (whi
h have equal pre
eden
e).



5 THE LANGUAGES UNDERSTOOD BY THE CWB 13Interpreting logi
al formulas The meaning of propositions is de�ned with respe
t toagents. Intuitively, an agent is said to satisfy a proposition if the proposition is true of theagent. Thus, every agent satis�es T, and no agent satis�es F. The meanings of the propositional
onne
tives and ma
ro terms are as one would expe
t; we will not go into them but instead
on
entrate on the modal and �xed point operators.� An agent A satis�es [K℄P if every K-derivative of A satis�es P ; that is, if A0 satis�esP whenever there is an a 2 K su
h that A a�! A0.� An agent A satis�es <K>P if it has a K-derivative satisfying P , that is, if there is somea 2 K su
h that A a�! A0 with A0 satisfying P .� An agent A satis�es [[K℄℄P if every K-observation derivative of A satis�es P ; that is,if A0 satis�es P whenever there is an a 2 K su
h that A a=) A0.� An agent A satis�es <<K>>P if it has a K-observation derivative satisfying P , that is,if there is some a 2 K su
h that A a=) A0 with A0 satisfying P .Empty sets of a
tions are allowed as modalities, as are their 
omplements, so that for instan
e[-℄F represents a strongly deadlo
ked property: upon performing any a
tion (in the 
omple-ment of the empty set), you arrive at a state satisfying F, or in other words, it is not possibleto do any a
tion whatsoever. In su
h 
ases, the 
omplement of the empty set, written simplyas \-", should be read as a wild 
ard a
tion.The maximal �xed point operator max(X.P), 
an be interpreted as the in�nite 
onjun
tionP 0 & P 1 & P 2 & � � � ; where P 0 = T,and P i+1 = P hP i=Xi.This 
onstru
tor is useful for expressing invarian
e properties su
h as the bran
hing timetemporal logi
 operator 2, whi
h 
an be de�ned by2P = max(X.P & [-℄X)This property states of an agent that the property P holds of the agent, and re
ursively
ontinues to hold upon doing any derivation. We 
an also use maximal �xpoints to expressweak eventuality properties, su
h as the weak until operatorWeakUntil P Q = max(X.Q | (P & [-℄X)).This property states of an agent that the property P 
ontinues to holds of the agent through-out its derivation until su
h time as the property Q holds. This is a weak eventuality propertyin the sense that Q need never hold at any time.The minimal �xed point operator min is the dual of max. That is, min(X.P) 
an beinterpreted as the in�nite disjun
tionP0 | P1 | P2 | � � � ; where P0 = F,and Pi+1 = P hPi=Xi.It 
an be de�ned in terms of the maximal �xpoint operator as follows.min(X.P) = -max(X.-P h�X=Xi)



6 ENVIRONMENTS 14This 
onstru
tor is useful for expressing strong eventuality properties su
h as the strong untiloperator StrongUntil P Q = min(X.Q | (P & <->T & [-℄X)).This property states of an agent that the property P 
ontinues to holds of the agent through-out its derivation until su
h time as the property Q holds, and furthermore Q is guaranteedto hold at some point. This �nal 
lause makes this a strong eventuality property.6 EnvironmentsAn environment is a (partial) mapping from identi�ers to obje
ts, whi
h allows for the obje
tsto be globally referred to by an identi�er to whi
h the obje
t is bound. There are severalseparate environments built into the CWB, for di�erent obje
ts, namely agents, a
tion sets,parti
le sets (for SCCS) and propositions. We begin by dis
ussing the environment whi
h wehave already seen, that for agents.We saw that we 
an bind identi�ers to agents within an environment by using the 
ommandagent. For example, the e�e
t of the 
ommandagent Cell = a.'b.Cell;as used in the example session of Figure 1 is to asso
iate with the identi�er Cell the agentwhi
h 
an perform the a
tions a and 'b in a 
y
li
 fashion. The asso
iation allows us to de�nethe agent re
ursively, and allows us to de�ne other agents in terms of this agent, simply byreferring to the identi�er Cell. Thus we were able in our example session to de�ne the threeindividual 
ell agents C0, C1 and C2, and �nally the three-pla
e bu�er agent Buff3.Note that the bindings are \dynami
" rather than \stati
", so that 
hanging the bindingof some identi�er may 
hange 
ompletely the behaviour of another agent de�ned in termsof it. For example, suppose that A is bound to a.B, and B is bound to b.0 in the agentenvironment. If B is rebound to 
.0, then the B in the de�nition of A is the \new" B. Thusafter the rebinding, A 
an perform the transition sequen
e a�! 
�!. The reason for dynami
binding is that it a�ords one the ability to modify intera
tively agents and propositions.The next type of environment of interest is that of a
tion sets. Noti
e that a

ordingto the syntax of CCS agents given above, we 
ould write a restri
tion as A\L, where L isassumed to be bound to some set of a
tions. We 
an bind sets to identi�ers by using the
ommand set (bind set identi�er). For example, in the sample session of Figure 1, we 
ouldhave repla
ed the 
ommand on line 5 by the following 
ommands.set L = f
, dg;agent Buff3 = (C0 | C1 | C2)nL;When listing the a
tions to in
lude in the a
tion set, we are restri
ted from using the a
tionstau (for CCS) or 1 (for SCCS), or eps, whi
h represent the CCS event � or the SCCS eventti
k, and � whi
h 
annot be prevented from o

urring through the use of the a
tion restri
tionoperator. The a
tions to be in
luded in the set must be listed wholly on one line, separatedby spa
es or 
ommas. We will dis
uss the format of 
ommands and their parameters morefully in Se
tion 8.There is one further environment in the CWB, pertaining to logi
al propositions. Wepostpone dis
ussion of this environment until after dis
ussing the logi
al aspe
t of the CWB,apart from noting that the binding of propositional identi�ers is a

omplished using the
ommand prop.



7 ANOTHER EXAMPLE SESSION 15Edinburgh Con
urren
y Workben
h, version 7.0alpha3,Tue Sep 20 20:42:57 BST 1994* Assume we have the agents from Session 1(1) Command: sort (Buff3);(1a) fa,'bg(2) Command: size (Buff3);(2a) Buff3 has 12 states.(3) Command: min (Buff3Min, Buff3);(3b) Buff3Min has 4 states.(4) Command: vs (3, Buff3Min);(4a) === a a a ==>=== a a 'b ==>=== a 'b a ==>(5) Command: random (16, Buff3Min);(5a) a,'b,a,a,'b,'b,a,a,a,'b,'b,a,'b,a,a,'b(6) Command: quit;Figure 2: Sample session 27 Another Example SessionIn this se
tion, we extend the sample session of Figure 1 to demonstrate a few useful 
om-mands. The session appears in Figure 2.We �rst 
ompute the synta
ti
 sort of the agent Buff3 (line 1), and dis
over that it hassort fa; bg (line 1a). Computing the sort 
an be a useful 
he
k to see that one has typed inan agent 
orre
tly.Next we 
ompute the size (of the state spa
e) of the agent (line 2), and dis
over that ithas 11 states (line 2a). This 
an give us an impression of how big our analysis problem is,and how feasible the analysis of the agent is. Noti
e, however, that be
ause there are severaldi�erent notions of what it means for two states to be the same, and sin
e there are severaldi�erent CWB 
ommands that tell you, among other things, how many states an agent has,it's possible that you may get slightly di�erent answers depending on exa
tly how you askthe question! Do not be disturbed by this; just remember that the number of states is onlysupposed to be a rough guide.Many of these states are weakly bisimilar, and so a useful pro
edure to apply beforeperforming many analyses on an agent is to minimise (the state spa
e of) the agent (line 3).After minimisation, you are informed of the resulting size of the minimised agent (line 3b); inthis 
ase, the agent Bu�3 is minimised down to 4 states.A �rst analysis of an agent might be to witness its behaviour. One possibility is to look atall possible sequen
es of visible a
tions of a given length whi
h the agent 
an perform, usingthe vs (visible sequen
e 
ommand (lines 4 and 4a). Another possibility, whi
h is suitablefor analysis of depth of behaviour rather than breadth of behaviour, is to ask for a randomsequen
e of visible a
tions of a given length whi
h the agent 
an perform using the 
ommandrandom (lines 5 and 5a).There are many other analysis routines whi
h 
an be used. These are des
ribed in therest of this do
ument, and summarised in Se
tion 8.



8 THE COMMANDS OF THE CWB 168 The Commands of the CWBIn this se
tion we present the full list of 
ommands available in the system, des
ribing theirparameters and results.8.1 Using on-line helpFrom basi
 module.help : provide on-line helpUsage: help; brief help on what help is availableUsage: help 
ommands; list all 
ommands, with one-line des
riptionsUsage: help h
ommandi; give help on the parti
ular 
ommandSyntax of the pro
ess algebra, whi
h used to be under help syntax, is now given by a
ommand with the name of the pro
ess algebra, 

s or s

s. Similarly, to get help onthe syntax of the logi
, use 
ommand logi
. The old help brief has been removed, sin
eit didn't seem very useful. (Let me know what would be useful!)8.2 QuittingFrom basi
 module.quit : terminates the workben
h sessionUsage: quit;Synonyms: exit, bye8.3 De�ning things and maintaining the environmentsFrom basi
 moduleagent : 
hange (or show) the de�nition of an agent identi�erUsage: agent X = A; binds agent A to identi�er XUsage: agent X(FP) = A; binds a parameterised agent ((T)CCS only)Usage: agent X; prints the de�nition of XAn agent identi�er must begin with an upper 
ase letter.(T)CCS only:If P is a formal parameter, it is an error to use P(anything) in the body of the de�nition.If a formal parameter name starts with a lower 
ase letter, it stands for an a
tion. If itstarts with an upper 
ase letter, it stands for an agent or for an a
tion set, dependingon 
ontext.Synonyms: bi,pi



8 THE COMMANDS OF THE CWB 17set : 
hange (or show) the de�nition of a set identi�erUsage: set S = a,b,...; binds a set of a
tionsUsage: set S; prints set bound to SA set identi�er must begin with an upper 
ase letter. A named set 
annot (
urrently)
ontain eps or tau.Synonyms: basi,pasirelabel : 
hange (or show) the de�nition of a relabelling identi�erUsage: relabel R = [a/p,...℄; binds a relabelling fun
tionUsage: relabel R; prints fun
tion bound to Ra/p means that p is relabelled to a. You 
annot relabel tau. If p is relabelled to a, then'p is also relabelled to 'a. You 
annot de�ne a relabelling fun
tion whi
h violates thisrule.print : show the de�nitions of all identi�ersUsage: print;To print just one binding, say that of agent A, use `agent A;'. Et
.Synonyms: pe,pae,pase,ppeSee also: agent, set, relabel, prop, save
lear : removes all bindings (a fresh start)Usage: 
lear;From optional module Logi
prop : 
hange (or show) the de�nition of a proposition identi�erUsage: prop P = F; binds proposition F to identi�er PUsage: prop P(FP) = Q; binds a parameterised propositionUsage: prop P; prints the de�nition of PA proposition identi�er must begin with an upper 
ase letter.If a formal parameter starts with an upper 
ase letter, it stands for a proposition. Forobvious reasons T and F are not valid formal parameter names!If a formal parameter name starts with a lower 
ase letter, it stands for a modality. The
orresponding a
tual parameter 
an be positive or negative and 
an be an a
tion setidenti�er, or an expli
it list, e.g. Set, -Set, a,b, -a,b.If the a
tual parameter is a modality (positive or negative) 
ontaining a single a
tion,you may omit the , writing for exampleprop Can(a) = haiT;but WARNING: it is still a modality parameter, not an a
tion parameter. So if youwriteprop P(a) = ha,biQ,



8 THE COMMANDS OF THE CWB 18the a
tion a on the right hand side has NOTHING TO DO with the modality a on theleft hand side. You have been warned!Synonyms: bpi,ppiSee also: logi
8.4 Working with �lesAll from basi
 module.input : exe
ute the CWB 
ommands in the given �leUsage: input "file";The �le may 
ontain any CWB 
ommands (provided they do not require user intera
-tion: e.g. you 
annot use sim in an input �le!) In parti
ular, the �le 
an itself 
ontaininput 
ommands. If an error is found at any level, the CWB will stop pro
essing input�les and return to standard terminal input mode.There must be quotes around the �le name. The �le name 
an be absolute or relative,but must not 
ontain meta
hara
ters like ..output : 
ontrol where CWB output is writtenUsage: output "file"; sends output to the given �le in futureUsage: output; sends output to stdout (e.g. the terminal) in futureThe CWB keeps a sta
k of output (and input) �les; the two forms of the output 
om-mand push a new �le onto the sta
k and pop the sta
k, respe
tively. So nested output
ommands will do what you probably expe
t.See also: save, savemeije, savef
2, inputsave : save the 
urrent environment in a �leUsage: save "file";This 
an be read as a short way of writing:output �file�;print;output;To get a CWB session to read su
h a �le, use the input 
ommand.See also: savemeije, savef
2, input8.5 Working with a single agentFrom basi
 modulediverges : does the agent 
ontain an unguarded o

urren
e of �?Usage: diverges A;Returns true i� there is an unguarded o

urren
e of bottom (�). Noti
e espe
ially thatan agent whi
h 
an just do taus for ever does not diverge in this sense!Synonyms: div



8 THE COMMANDS OF THE CWB 19pre�xform : print an agent in pre�x formUsage: prefixform A;This produ
es an agent whi
h is strongly bisimilar to A and whi
h is a sum of pre�xes,e.g. a.A + b.B + 
.C.Warning: identi�ers appearing in the de�nition of A may get repla
ed by their 
urrentde�nitions, so if you later 
hange the de�nition of su
h an identi�er, A may 
ease to bebisimilar to what pre�xform returned.Synonyms: pfSee also: normalform, sim, transitionsFrom option module AgentExtra (TCCS only)transitions : list the (single-step) transitions of an agentUsage: transitions A;Synonyms: trSee also: sim, derivatives, 
losure, obs, vs, random, initgraph : list the transition graph of an agentUsage: graph A;Simple-mindedly, and not parti
ularly eÆ
iently, 
al
ulates the whole transition graphof the agent. You do not want to do this for large agents, let alone in�nite ones!Be
ause of a feature of how graphs are 
al
ulated and stored, internal a
tions don'tshow what 
ommuni
ation they 
ome from (in CCS, you see tau, never tauhai). Use"transitions" to get this information when you want it.size : �nd the number of states of a �nite-state agentUsage: size A;The number of states of an agent is not as 
lear a 
on
ept as you might think: treatthe number as a rough indi
ation of size, only.See also: states, statesexp, statesobs
losure : �nd the weak derivatives of an agent via a tra
eUsage: 
losure(a,A); lists the agents rea
hable from A via a
tion aUsage: 
losure(a,b,...,A); ditto, but via the observation a,b,...The �rst 
ase lists all B su
h that A =a=i B, where a may be an observable a
tion,tau, or eps.In the se
ond 
ase, tau or eps may be in
luded in the tra
e, but will be ignored: if thetra
e is l, you get all B su
h that A =^l=i B.(Strange? yes, I think so!)Synonyms: 
l,a
t
lSee also: sim, transitions, derivatives, obs, vs, random, init



8 THE COMMANDS OF THE CWB 20deadlo
ks : �nd dead- or live-lo
ked states and tra
es leading to themUsage: deadlo
ks A;A state is deadlo
ked if after rea
hing it no observable a
tion will ever be possible. Thisde�nition follows Milner's book, but in
ludes what is often known as livelo
k.For ea
h su
h state, we give one sequen
e of a
tions by whi
h it may be rea
hed (justone, even if there are many ways of rea
hing that state).Synonyms: fdSee also: deadlo
ksobs, �ndinit, �ndinitobsdeadlo
ksobs : �nd dead- or live-lo
ked states with observationsUsage: deadlo
ksobs A;A state is deadlo
ked if after rea
hing it no observable a
tion will ever be possible. Thisde�nition follows Milner's book, but in
ludes what is often known as livelo
k.For ea
h su
h state, we give one sequen
e of observable a
tions by whi
h it may berea
hed (just one, even if there are many ways of rea
hing that state).Synonyms: fdobsSee also: deadlo
ks, �ndinit, �ndinitobsderivatives : �nd the derivatives of an agent via a given a
tionUsage: derivatives(a,A);If there are several derivations of A -a-i B, B will still only be listed on
e.Synonyms: dr, a
tdersSee also: sim, transitions, 
losure, obs, vs, random, init�ndinit : �nd states with a given set of next observable a
tionsUsage: findinit(a,b,...,A);So, for example, �ndinit (a,b,A) is equivalent to �ndinit (b,a,A), and will give statesrea
hable from A from whi
h a and b are the only possible next observable a
tions.That is, a state D rea
hable from A should appear if D =a=i and D =b=i and for noother observable 
 does D =
=i. Note the weak transitions here! It's not true thatinit(D) will be f a,b g. Of 
ourse only observable a
tions are legal arguments.For ea
h su
h state, we give a tra
e leading to it.See also: �ndinitobs, deadlo
ks�ndinitobs : �nd states with a given set of next observable a
tionsUsage: findinitobs(a,b,...,A);Exa
tly like �ndinit, ex
ept that for ea
h state with the given set of next observablea
tions, we give an observable tra
e leading to the state. That is, we take the the tra
eprodu
ed by �ndinit and delete all taus!See also: �ndinit, deadlo
ks



8 THE COMMANDS OF THE CWB 21freevars : list the free agent variables of an agentUsage: freevars A;Tells you nothing about free set or relabelling variables! However, may be useful for
he
king that you've got re
ursive de�nitions right.Synonyms: fv,freevariablesinit : �nd the observable a
tions an agent 
an perform immediatelyUsage: init A;See also: sim, transitions, derivatives, 
losure, obs, vs, randomnormalform : print an agent in normal formUsage: normalform A;This is a slight misnomer, and this 
ommand is not really intended for the end user.It takes what's returned by pre�xform and simpli�es further, still returning somethingstrongly bisimilar to A.See also: pre�xformobs : �nd observations of a given length, and their resultsUsage: obs(n,A);Lists all observations of length n, and the �nal state of ea
h. If there are several stateswhi
h 
an be rea
hed by the same observation, all will be listed.See also: sim, transitions, derivatives, 
losure, vs, random, initrandom : give a pseudo-random observation of at most a given lengthUsage: random(n,A);Sele
ts a pseudo-random observation of length h= n.See also: sim, transitions, derivatives, 
losure, obs, vs, initsort : �nd the synta
ti
 sort of the agentUsage: sort A;See also: freevarsstable : is the agent stable?Usage: stable A;An agent is stable i� it 
an not initially perform an unobservable a
tion. (tau for TCCS,1 for SCCS)states : list the state-spa
e of a �nite-state agentUsage: states A;See also: size, statesexp, statesobs



8 THE COMMANDS OF THE CWB 22statesexp : list the state-spa
e, and a tra
e leading to ea
h stateUsage: statesexp A;Lists the state spa
e of an agent, if it is �nite. For ea
h state a sequen
e of a
tions bywhi
h it may be rea
hed from the initial state will be printed.See also: size, statesobsstatesobs : list the state-spa
e and an observation leading to ea
h stateUsage: statesobs A;Lists the state spa
e of an agent, if it is �nite. For ea
h state a sequen
e of observablea
tions by whi
h it may be rea
hed from the initial state will be printed.See also: size, statesexpvs : �nd observations of a given lengthUsage: vs(n,A);Lists all observations (visible sequen
es) of length n from A. This is exa
tly like obs(n,A),ex
ept that we don't 
are what the �nal state is.See also: sim, transitions, derivatives, 
losure, obs, random, initFrom optional module Equivalen
esmin : minimise an agent with respe
t to weak bisimulationUsage: min(X,A); minimise A, binding the result to XIf your variable is X, the CWB will use identi�ers like XminStateNNN for the states ofthe minimised agent. Any existing bindings will be overridden.See also: eq8.6 Comparing two agentsEa
h of these 
ommands takes two agents. None of them will terminate if either agent givenas a parameter has an in�nite state spa
e.From optional module Equivalen
esbran
hingeq : are agents bran
hing bisimilar?Usage: bran
hingeq(A,B);
ong : are two agents observationally 
ongruent (equal)?Usage: 
ong(A,B);Returns true i�whenever A -a-i A' there exists B' st B =a=i B' and A' �� B' andwhenever B -a-i B' there exists A' st A =a=i A' and A' �� B'(where A' �� B' means that A' and B' are weakly bisimilar)See also: eq, strongeq



8 THE COMMANDS OF THE CWB 23diveq : are two agents divergen
e equivalent?Usage: diveq(A,B);This is observational equivalen
e whi
h respe
ts divergen
e. A state is divergent in thissense if it 
an perform an in�nite sequen
e of unobservable a
tions (tau for CCS or 1 forSCCS), or if it 
an rea
h an unguarded o

urren
e of the divergent agent, �, throughsome sequen
e of unobservable a
tions.eq : are two agents observationally equivalent (weakly bisimilar)?Usage: eq(A,B);Returns true i� the agents are related by some weak bisimulation. R is a weak bisimu-lation i� PRQ implieswhenever P -a-i P' there exists Q' st Q =^a=i Q' and P' R Q' andwhenever Q -a-i Q' there exists P' st P =^a=i P' and P' R Q'.See also: 
ong, strongeqpb : print largest weak bisimulation over the state-spa
e of two agentsUsage: pb(A,B);If the agents are weakly bisimilar, then they will appear in the same bisimulation 
lass.See also: eqstrongeq : are two agents strongly bisimilar?Usage: strongeq(A,B);Returns true i� A and B are related by some strong bisimulation. R is a strong bisim-ulation i� PRQ implieswhenever P -a-i P' there exists Q' st Q -a-i Q' and P' R Q' andwhenever Q -a-i Q' there exists P' st P -a-i P' and P' R Q'.See also: eq, 
ongFrom optional module Testingmayeq : are two agents may equivalent, i.e. tra
e equivalent?Usage: mayeq(A,B);maypre : are two agents related by the may preorder?Usage: maypre(A,B);Returns true i� the language of A is 
ontained in the language of B.See Hennessy: Algebrai
 Theory of Pro
esses, MIT Press.See also: mayeq, mustpre, testpremusteq : are two agents must equivalent?Usage: musteq(A,B);Returns true i� A and B are related both ways round by mustpre.See Hennessy: Algebrai
 Theory of Pro
esses, MIT Press.



8 THE COMMANDS OF THE CWB 24mustpre : are two agents related by the must preorder?Usage: mustpre(A,B);Returns true i� for every s in the language of B (in
luding the empty s) if A 
onvergesat s (i.e. you 
an't get to a divergent state by following observable path s) then B
onverges at s and every a

eptan
e set of B after s 
ontains some a

eptan
e set of Aafter s.(Here "divergen
e" in
ludes performing an in�nite sequen
e of tau moves, as well as �.)See Hennessy: Algebrai
 Theory of Pro
esses, MIT Press.See also: musteq, maypre, testpretesteq : are two agents testing equivalent (i.e. failures equivalent)?Usage: testeq(A,B);Returns true i� A and B are both must and may equivalent, that is, if they are relatedboth ways round by both mustpre and maypre.See Hennessy: Algebrai
 Theory of Pro
esses, MIT Press.testpre : are two agents related by the testing preorder?Usage: testpre(A,B);Returns true i� maypre (A, B) and mustpre (A, B).See Hennessy: Algebrai
 Theory of Pro
esses, MIT PressSee also: testeq, maypre, mustpreFrom optional module Contra
tion
ontra
tion : are agents related by the 
ontra
tion pre-order?Usage: 
ontra
tion(A,B);Returns true i� A and B are related by some 
ontra
tion. C is a 
ontra
tion i� PCQimplieswhenever P -a-i P' there exists Q' s.t. Q =^a=i Q' and P' C Q' andwhenever Q -a-i Q' there exists P' s.t. (P -a-i P' or P -^a-i P') and P' C Q'(P and Q are weakly bisimilar, and P need never do more tau moves than Q)See Milner "Contra
tions", RM 13, Handwritten notes, dated 23 Mar
h 1990.From optional module Divergen
epre : are two agents related by the (weak) bisimulation preorder?Usage: pre(A,B);This is NOT one half of a weak bisimulation relation!Returns true i� A and B are related by some weak bisimulation preorder. R is a weakbisimulation preorder i� PRQ impliesQ is no more divergent than P and



8 THE COMMANDS OF THE CWB 25P=^a=iP' implies Q=^a=iQ' and P' R Q' andeither P diverges globally or Q=^a=iQ' implies P=^a=iP' and P' R Q' (ex
ept thatwe allow Q=^a=iQ' to go unmat
hed if P is lo
ally divergent at a)We set divergen
e by maximal �xpoint: a thing gets to be marked not globally divergentby not having � as a summand or 
omponent (even under restri
tion/relabelling), andnot having any tau-su

essors, or having every tau-su

essor satisfy that. Then Pdiverges at a i� P=a=iP' globally divergent. (So, e.g., � does not diverge at tau.)See also: strongpre, pre
ongpre
ong : are two agents related by the bisimulation pre
ongruen
e?Usage: pre
ong(A,B);This is NOT one half of a bisimulation 
ongruen
e relation.This is like pre (q.v.) ex
ept that we �ddle the =^a=i graph su
h that the roots P andQ don't have tau arrows to themselves but Q does have an eps arrow to itself, whi
his deemed to mat
h a tau-arrow from P to a divergent state P' whi
h is related to Q.(We 
opy the roots, in fa
t, so if P or Q o

ur as derivatives of themselves then in that
ontext they will have tau loops like all other nodes. The e�e
t is simply to treat the�rst transition spe
ially, just as in equality vs w. bisim.)See also: strongpre, prestrongpre : are two agents related by the strong bisimulation preorder?Usage: strongpre(A,B);This is NOT one half of a strong bisimulation relation!Returns true i� A and B are related by some strong bisimulation preorder. R is a strongbisimulation preorder i� PRQ impliesQ is no more divergent than P andP-a-iP' implies Q-a-iQ' and P' R Q' andeither P diverges globally or Q-a-iQ' implies P-a-iP' and P' R Q' (ex
ept that we allowQ-a-iQ' to go unmat
hed if P -a-i some globally divergent state.)Here "P diverges globally" means P has � as a summand or 
omponent, (possibly aftervariable lookup, possible under restri
tion/relabelling) "P diverges lo
ally at a" meansP -a-i P' whi
h diverges globally. "Q is no more divergent than P" means if Q diverges(globally, at a) so does P.So if there are no �s in sight, this is the same as strongeq.See also: pre, pre
ongtwothirdseq : are agents related both ways by 2/3 bisimulation preorder?Usage: twothirdseq(A,B);twothirdspre : are two agents related by the 2/3 bisimulation preorder?Usage: twothirdspre(A,B);



8 THE COMMANDS OF THE CWB 26Returns true i� A and B are related by some two-thirds preorder. R is a two-thirdspreorder i� PRQ implieswhenever P -a-i P' there exists Q' su
h that Q -a-i Q' and P'RQ' andinitial a
tions of P = initial a
tions of QNote that twothirdseq (P,Q) i� twothirdspre (P,Q) and twothirdspre (Q,P)See also: twothirdseqFrom optional module Logi
dftra
e : �nd a tra
e distinguishing two agentsUsage: dftra
e(A,B);Produ
es a sequen
e of observable a
tions whi
h 
an be performed by one agent butnot by the other, unless the agents are tra
e (may) equivalent.See also: dfstrong, dfweak, mayeq8.7 Working with logi
All from optional module Logi
.
he
kprop : model-
he
king: does an agent satisfy a formula?Usage: 
he
kprop(A,P);Uses the new games-based lo
al model-
he
king algorithm. Generates a winning strat-egy for the 
orresponding Stirling model 
he
king game, and if you have the toggle"hateGames" set to false (the default) it will o�er to play this strategy against you. Wehope you will �nd this useful, espe
ially when the CWB gives you an answer you didnot expe
t. Feedba
k espe
ially wel
ome!See also: logi
,toggle,
he
kpropold
he
kpropold : DEPRECATED model
he
king using old algorithmUsage: 
he
kpropold(A,P);This 
ommand uses the old (v7.0 and earlier) implementation of tableau-based lo
almodel-
he
king. This is always(?) slower than the new games based algorithm; it isin
luded so that if you suspe
t the new algorithm of giving the wrong answer or being tooslow you have something to 
ompare with. Please let me know if there are 
ir
umstan
eswhere this algorithm is better than the old one; by default it will disappear from thenext release.See also: 
he
kprop,logi
dfstrong : �nd a strong HML formula distinguishing two agentsUsage: dfstrong(A,B);Produ
es a strong HML formula whi
h distinguishes between the two agents if they arenot strongly bisimilar. The formula is true of the �rst agent and false of the se
ond.Synonyms: dfSee also: dfweak, dftra
e



8 THE COMMANDS OF THE CWB 27dfweak : �nd a weak HML formula distinguishing two agentsUsage: dfweak(A,B);Produ
es a weak HML formula whi
h distinguishes between the two agents if they arenot weakly bisimilar. The formula is true of the �rst agent and false of the se
ond.See also: dfstrong, dftra
e8.8 Simulating the behaviour of an agent.From optional module Simulation.sim : simulate an agent intera
tivelyUsage: sim A;(If you are running under Solaris 2.x using X, you might like to 
onsider using theprototype graphi
al simulator instead. See the CWB WWW home page for more infor-mation.)The following 
ommands are available in the simulator:sim B; Stops 
urrent simulation, deletes breakpoints, starts simulating B instead.menu; Lists the (one-step) transitions from the 
urrent state.n; Follows the transition labelled with the integer n in the menu.random n; Simulates no more than n steps, 
hoosing transitions at random. Halts if itrea
hes a deadlo
ked agent, or one whi
h 
an perform an a
tion whi
h is on the list ofbreakpoints (see the break 
ommand).; Short for random 1;history; Lists the states and transitions by whi
h the 
urrent state was rea
hed.return n; Stops 
urrent simulation, simulates the agent rea
hed at step n of the 
urrentsimulation instead. (E.g. return 0; starts again at the beginning.)break a,b...; Sets breakpoints on a
tions a, b et
. See random.lb; Lists all the breakpoints.db a,b,...; Deletes a,b et
. from the list of breakpoints.bind A; Bind the 
urrent state to identi�er A: if the 
urrent state is B, this is equivalentto agent A = B; at the CWB main prompt.help; Prints out a summary of these simulation 
ommands.quit; Stops simulation, returns to the CWB main prompt.A
knowledgementThis do
ument is a (thorough) reworking of the do
ument \The Con
urren
y Workben
h:Operating Instru
tions", Ran
e Cleaveland, Joa
him Parrow & Bernhard Ste�en, Universityof Edinburgh Computer S
ien
e Te
hni
al Note LFCS-TN-10, 1988. Any similarities betweenthe present do
ument and this earlier do
ument are purely intentional. (Though probablyfew remain.)



9 REFERENCES 289 Referen
esThis se
tion 
ontains an in
omplete list of referen
es for those wishing to learn more aboutthe theory underlying the Workben
h.Firstly, the standard referen
e for CCS is the following.R. Milner, Communi
ation and Con
urren
y, Prenti
e Hall International, 1989.Two further referen
es on Pro
ess Algebras whi
h des
ribe the theory of the testing equiv-alen
es and preorders (de�ned in the 
ase of the se
ond referen
e here in terms of failures)are as follows.M. Hennessy, Algebrai
 Theory of Pro
esses, MIT Press, 1988.C.A.R. Hoare, Communi
ating Sequential Pro
esses, Prenti
e Hall International, 1985.The theory behind the timing 
onstru
ts used in the CWB is provided by the following.F. Moller, C. Tofts, \A Temporal Cal
ulus of Communi
ating Systems", Pro
eedings ofCONCUR'90, pp401-415, Le
ture Notes in Computer S
ien
e 458, Springer-Verlag,1990.The theory behind the prebisimulation preorders and divergen
e equivalen
e 
omputed inthe Workben
h are given in the following.D. Walker, \Bisimulations and Divergen
e in CCS", Pro
eedings of the Third Annual Sym-posium on Logi
 in Computer S
ien
e, pp186-192, Computer So
iety Press, 1988.The modal �-
al
ulus is due to Pratt and Kozen, as des
ribed in the following.D. Kozen, \Results on the Propositional �-Cal
ulus", Theoreti
al Computer S
ien
e 27,pp333-354, 1983.The utility of modal logi
s for CCS is dis
ussed in the following.C. Stirling, \An Introdu
tion to Modal and Temporal Logi
s for CCS", Pro
eedings of the1989 Joint UK/Japan workshop on Con
urren
y, pp2-20, Le
ture Notes in ComputerS
ien
e 491, Springer-Verlag, 1991.Details of the original design of the Workben
h 
an be found in the following. (Warning:a lot has 
hanged sin
e this was written!)R. Cleaveland, J. Parrow, B. Ste�en, \The Con
urren
y Workben
h: A Semanti
s-basedVeri�
ation Tool for Finite-state Systems", Pro
eedings of the Workshop on AutomatedVeri�
ation Methods for Finite-state Systems, Le
ture Notes in Computer S
ien
e 407,Springer-Verlag, 1989.
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tIf you have any queries, 
omments or diÆ
ulties with the CWB, please get in tou
h with:Perdita StevensDivision of Informati
sUniversity of EdinburghThe King's BuildingsMay�eld RoadEdinburgh EH9 3JZSCOTLANDemail: Perdita.Stevens�d
s.ed.a
.uk


