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Abstract

In this paper, we proposea protocol synthesismethod
basedona partial ordermodel(calledeventstructures)for
theclassof context-freeprocesses.First,weassignaunique
namecalledeventID to everyeventexecutableby a given
servicespecification. An event ID is a finite sequenceof
symbolsderivedfromthecontext-freeprocessspecification.
Thenwe showthat someinterestingsetsof eventsare ex-
pressibleby regular expressionson symbols,and that the
eventstructure canbe finitely representedby a setof rela-
tionsamongtheregular expressions.Finally, wepresenta
methodto derivea protocolspecificationwhich implements
a given servicespecificationon distributed nodes,by us-
ing the obtainedfinite representationof event structures.
The derived protocol specificationcontainsthe minimum
message exchanges necessaryto ensure the partial order
of eventsof theservicespecification.

keywords: formal description techniques, distributed
systems,protocol synthesis,context-free processes,event
structures

1. Intr oduction

Protocol synthesisproblem[14] is a problemto derive
automaticallya setof specifications(calledprotocol spec-
ification) containingmessageexchangesamongcomputers
(callednodes) connectedwith networks, from a given ser-
vicespecificationof adistributedsystem.If weassumethat
thereareno errorsnor messagelossagein communication
channels,theprotocolsynthesisproblemis usuallyreduced
to theproblemto guaranteepartialorderof eventsin theser-
vice whenexecutedconcurrentlyon all distributednodes.
Many solutionsof theprotocolsynthesisproblemhavebeen
proposedso far for variousspecificationmodelsandunder
variousassumptions[2, 3, 4, 5, 7, 9, 11, 12, 15]. Especially,

the protocol synthesismethod[7, 9] for the specification
languageLOTOS[8] is usefulbecauseit is very expressive
andpractical.LOTOShasanexpressive power to describe
the classof processescalledcontext-freeprocesses, which
is moreexpressive thanFSMs.

However, theexistingprotocolsynthesismethodfor LO-
TOShavesomeproblemsasfollows. Themethodin [7] can
be only appliedto finite stateLOTOS specifications.The
methodin [9] canbeappliedto theclassof context-freepro-
cesses.But it imposesseveralstrongrestrictionson service
specification.Moreover, the derivedprotocolspecification
maycontainsomeredundantmessageexchanges.If wecan
analyzetheglobalpartialorderstructureof eventsandiden-
tify thepreceding/succeedingeventsof everyevent,wecan
deriveaprotocolspecificationwhichcontainsonly themes-
sageexchangesnecessaryto guaranteethe partial orderof
events.

In this paper, we proposea methodto obtain a finite
representationof eventstructures[10, 13, 16] from context-
freeprocessspecifications.And then,we proposea proto-
col synthesismethodusingthefinite representationof event
structures.Here,an event is an occurrenceof an actionin
theexecutionsequenceof aprocess.For example,in theex-
ecutionsequence“abac”, the first occurrenceof the action
“a” andits secondoccurrencearedistinguishedevents.An
eventstructure, which is a well-studiedconcurrentprocess
modelbasedonpartialorder, is asetof acausalrelationand
a conflict relationdefinedon all sucheventsexecutableby
aprocess.

In thispaper, first weassignauniquename(aneventID)
to eacheventexecutableby acontext-freeprocess.An event
ID is generallya finite sequenceof symbolsderived auto-
matically from the syntacticaltreeof the context-free pro-
cessspecification.Then,weshow thatsomeinterestingsets
of event IDs areregular languages,andthatwe canderive
automaticallythe regular expressionsof the setsof event
IDs. Using the regular expressions,we canobtaina finite



representationof the event structureof the given context-
free processspecificationautomatically. We refer to it as
a symboliceventstructure. Finally, we proposea protocol
synthesismethodusingsymboliceventstructures.We also
give a tiny exampleof context-free processesin order to
demonstrateour method.

The restof this paperis organizedas follows. In Sec-
tion 2, we define the classof the specificationlanguage,
context-freeprocesses.In Section3, we proposea method
to assignauniqueeventID to eacheventusingthesyntacti-
cal treeof a processspecification.We alsoshow thatsome
interestingsetsof event IDs areregular. In Section4, we
introducea notion of a symbolicevent structure.Also we
show that it is automaticallyderivablefrom a context-free
processspecification.In Section5, we proposea protocol
synthesismethodusingsymboliceventstructures.Section6
concludesthis paper.

2. Context-FreeProcesses

In this section,we definethe syntaxand semanticsof
context-freeprocessspecifications.

Definition 1 The syntax of behaviour expressions of
context-freeprocessesis definedby thefollowing BNF.�������	��

����� ������
���������� ���  "!#�$� �&% '(�$� �*)+),�
where,
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is an actionnameand

/413

is a setof an

actionname.We denotea setof behaviour expressionsby�5���
. 6

Definition 2 A context-freeprocessspecification7 �8�91 is a
3-tuple : �<;9�=1��?> 7 >�@&�9AB�9C , where

�<;=�=1��
is a finite setof

processnames,7 is an initial processname, and
@��=AB�<D�E�F�G �H�I>J����� �K-.�<;=�=1��L>#�M-.�5���ON

is a finite mappingfrom
eachprocessnameto a behaviour expression. We call�H�I>#�P�I-Q@��=AB�

asaprocessdefinition, denotedby
�R���.�

.

The intuitive meaningof behaviour expressionsis as fol-
lows. The behaviour expression

��

���
is a processwhich

doesnothing.
������


is a processwhich just executesan ac-
tion S , which representsa successfultermination, andthen
stops.

 "!#�
is a processwhich executesan action

 
and

thenbehaves like
�

.
�+T=% 'U�WV

is a processwhich behaves
either

�+T
or
�WV

. The choiceof
�<T

or
�WV

is madewhen
executingthe first action.

�+TX)+)Y�2V
is a processwhich

behaves like
�<T

until
�<T

successfullyterminates,that is,
until

�+T
executed S , and then it behaves like

�2V
.
�

is a
processwhich behaveslike theright hand

�
of theprocess

definition
�*�Z�[�

. Finally, thebehaviour of a context-free
processspecification7 �"��1 is thesameasthebehaviour ex-
pression7 , where 7 is aninitial processnameof 7 �8�91 .

Formally, the structuredoperationalsemanticsof be-
haviour expressionsof context-free processspecifications
is givenasFigure1.

3. Event Identifiers

In this section,we introducethe notion of event identi-
fiers (abbreviatedaseventIDs). To defineanevent ID, we
needtwo notions,anoccurrencepositionanda processin-
vocationstack. Our intentionis to usethefirst onein order
to identify thesyntactical(static)occurrenceof eachevent
(or eachsubexpression),andthelatteronein orderto iden-
tify the dynamicoccurrenceof eachevent. The main idea
of aneventID is thatif theabovetwo notionsof occurrence
arecombined,we can completelyidentify any event exe-
cutedby the possiblyrecursive process.The notion of an
eventID is inspiredby both[1] and[10].

Definition 3 For each processdefinition
� ���\�

of a
context-freeprocessspecification,let ] ����� bethesyntacti-
cal treeof thebehaviour expression

�
. Thenwe represent

a path from the root nodeof ] �H�P� to any other nodeby�H�^����>J��� T`_`a >#��� V9_�b >�c�c�c�>#���8dfe T _�gihja >#���"dk�
, wherefor eachl - Gjm >�c�c�c`>#npo m N

,
���"q�- G % 'r>�!�>�)+)<N

, s q�- G9t >Ju5N andforl �vn
,
���8d$- G % '�>�!�>�)+)<N?wx/213
Jw G ��

���y>J������
�N

.
���zq={

[
���zq9|

]
meansthattheleft [right] subtreeof thesubtreewhoseroot
nodeis an operator

��� q
is traversed. We refer to the path

asanoccurrencepositionof thesubexpressionwhoseroot
nodeof thecorrespondingsubtreeis

��� d
in theprocess

�
.6

For example,considera processdefinition
�}���}�� "!J~��% 'O�#���9!J���8��
���)+)	�H "!f� s !?������
����#� . Thesyntacticaltreeof this

processdefinition is illustratedin Fig. 2. The occurrence
positionof the subexpression

� s !#������
�� in
�

is represented
by the path

�H� �Z��>�% ' | >�)+) | >�! | >�!��
. Also, the occur-

rencepositionof theprocessinvocation
~

is representedby�H�^����>�% ' { >�! | >�~��
. Theoccurrencepositionsof the action

name
 

are
�H���Z��>�% ' { >�! { >J ��

and
�H���Z��>�% ' | >�)+) | >�! { ># f�

.
In therestof this paper, we mayassigna uniquenumberto
eachoccurrencepositionandabbreviateit to thenumber.

Next, we will definethe notion of a processinvocation
stack. Intuitively, a processinvocationstackholds the in-
formationaboutwhichprocess(sayprocessA) hasinvoked
thecurrentrunningprocess(at which occurrenceposition),
andwhich process(sayprocessB) hasinvokedtheprocess
A, andsoon.

Definition 4 A processinvocationstack is a sequenceof
occurrencepositionsof processinvocationswhich is in the
form of � 7 �Z��>�c�c�c�>#��T`�`����T<����>�c�c�c�>#��V��zc�c�c�H� q�e V��Z��>�c�c�c`>#� q�e T����H� q�e T+����>�c�c�c�>#� q �3c
(There are possibly duplicate process names in7 >#� T >�c�c�c�>#��q .)

An event ID of an action
 

[or
������


] is a sequenceof
occurrencepositionsuchthat an occurrencepositionof
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Figure 1. Structured Operational Semantics for Context-Free Processes

P:=

[]

;

a Q

>>

;

b exit

;

a ;

d exit

(P:=,[]R,>>R,;R,;)

(P:=,[]R,>>L,;L,b)

Figure 2. Syntactical Tree and Occurrence Position

[
������


, resp.] in the process
� q

is appendedin the last of a
processinvocationstack. 6
Example1 The followings are someexamplesof event
IDs.

� � 7 �Z��>�% ' { >�)+) | >�! { ># f�
� � 7 �Z��>�)+) | >#���`�����Z��>�% ' | >�! | >#���8�r
��
� � 7 ����>�c�c�c�>#���`��� �Z��>�c�c�c`>�~��`�r~ �Z��>�c�c�c`>J���`�H� ���>�c�c�c`>J ��

NotethatthesecondeventID representstheaction
���8�r


ex-
ecutedby the process

�
, which hasbeeninvoked by the

process7 at the right handof the operator
)+)

. The third
eventID representstheaction

 
, wheretheinitial process7

hasinvokedtheprocess
�

,
�

hasinvokedtheprocess
~

,
~

hasinvoked
�

(
�

and
~

aremutuallyrecursiveprocesses),
andfinally

�
executedtheaction

 
. 6

Example2 For thecontext-freeprocessspecification

7 �8�91�� : G 7 >J�I>J~PNj> 7 >G 7 �Z�� 8!J�I>���Z���r�9!J~5� )+)	�H "!J���3>
~��Z���H1=!J���`% '�� s !J���8��
���N9C`>

the following is a sequenceof event IDs executableby



7 �8�91 :� 7 ����>�! { ># f�`>� 7 ����>�! | >#�����H�¡����>�)+) { >�! { >��`�3>� 7 ����>�! | >#�����H�¡����>�)+) { >�! | >J~5�`��~R�Z��>�% ' | >�! { > s �3>� 7 ����>�! | >#�����H�¡����>�)+) { >�! | >J~5�`��~R�Z��>�% ' | >�! | >#������
��`>� 7 ����>�! | >#�����H�¡����>�)+) | >�! { ># f�`>� 7 ����>�! | >#�����H�¡����>�)+) | >�! | >#�����H�R����>�)+) { >�! { >��`�3>c�c�c
Observe thatthefirst andthesecondoccurrencesof theac-
tion

�
havedifferenteventIDs, sincetheprocessinvocation

stacksaredifferent. 6
For asetof eventIDs of acontext-freeprocessspecifica-

tion, thefollowing holds.

Theorem1 A setof eventIDsof everycontext-freeprocess
specification7 �8�91 is a regularlanguage,whereits alphabet
is asetof occurrencepositions.

[Proof sketch] From the following context-free process
specification

��T¢�Z�	c�c�c=� � c�c�c9�O£l ¤c�c�c� � �Z�� 8!�c�c�c¥
where

��T
is an initial processname,

l
and

¤
areoc-

currencepositionsof processinvocations
� � and

�B£
in
��T

, respectively, and ¥ is anoccurrencepositionof
theactionname

 
in
� � , constructadeterministicfinite

automaton(DFA) asfollows:� T o l o	) � �� T o ¤ o�) � £c�c�c
� � o ¥ o�)  

In this DFA, the set of statesare the set of process
names,the setof input symbolsarethe setof occur-
rencepositions,the initial stateis the initial process
name,and the setof final statesare the setof action
names.Clearly, this DFA acceptsexactlyall eventIDs
of eventsexecutableby theprocess

��T
. 6

In the next definition we definetwo interestingsetsof
eventIDs.

Definition 5 For any occurrenceposition
�

of any subex-
pression

�
of any context-freeprocessspecification,wecall

a setof eventIDs of thefirst [the last] executableeventsof�
asa setof startingevents[a setof endingevents, resp.],

denotedby 7�¦ ���"� [ ¦5¦ �Z�z� , resp.]. 6

From Theorem 1, immediately the following corollary
holds.

Corollary 1 7x¦ �Z�z� and ¦5¦ �Z�z� areregular.

[Proof sketch] Similar to Theorem1. The main idea of
the proof is that we only allow occurrencepositions
which do not containany

! |
’s and

)+) |
’s (in caseof7�¦ ���"� ) asinput symbolswhenconstructingtheDFA.

Thedetailsareomitted. 6
4. Symbolic Event Structur es

In this section,we definesymboliceventstructuresfor-
mally.

Definition 6 Let
1

denotea variable rangesover process
invocationstacks,and let

;
and

; �
denoteregular expres-

sionswhosealphabetis a setof occurrencepositions. Let
“
c
” denotetheconcatenationoperatorfor any two sequences

and/orregularexpressionsof occurrencepositions.Let the
(extended)regularexpression

1=c ;
denotea setof event IDs

whosesuffixesmatchthe regular expression
;

(the restof
thesequenceis assignedto thevariable

1
). A symbolicevent

structure is a pair of relations
u T

and
u V

, where

u � � G �H1ic ;=>J1=c ; � ��� 1
is avariable,;
and

; �
areregularexpressions.

N
for each

��- GLm >J§�N
. Let

1=c ;Po8��1ic ; �
denote

�H1=c ;=>#1=c ; � �¨-�u<T
and we refer to it as a symbolic

causalrelation. And let

1ic ;��,©�1=c ; �
denote

�H1=c ;=>#1=c ; � �¨-�u2V
and we refer to it as a symbolic

conflictrelation. 6
Theintuitivemeaningsof symboliccausal/conflictrelations
are as follows. A symbolic causalrelation

1=c ;ªo8�«1=c ; �
meansthatany eventwhoseevent ID

� �
matches

1=c ; �
must

beexecutedjustaftersomeeventwhoseeventID
�

matches1=c ;
. Notethatthetwo eventIDs

�
and

� �
havethesamepre-

fix
1
. A symbolicconflict relation

1=c ;<��©�1=c ; �
meansthat

any eventwhoseeventID matches
1ic ;

andany eventwhose
eventID matches

1ic ; �
mustbeexclusively executed.

We canautomaticallyderive a symboliceventstructure
for any context-free processspecification 7 �8�91 . Specifi-
cally, we can derive either a causalrelation or a conflict
relationfor eachoccurrenceof theoperators

!
,
% '

and
)+)

as
follows.



For the case
�����Kc�c�c��� "!#���Bc�c�c

, that is, for the occur-
renceof the operator

!
in the processdefinition of

�
, we

deriveacausalrelation1ic����R�Z��>�c�c�c`>�! { ># f�o"��1=c u<����� 7�¦ ���H�R�Z��>�c�c�c�>�! | >#�P�����`>
where

u<���¬� ¦ � denotesaregularexpressionof a regularset¦ , and
1

is a variablewhich matchesany processinvoca-
tion stackendingwith anoccurrencepositionin theform of�
c�c�c�>J���

.
Similarly, for thecase

�R���­c�c�c��H�$% '¯®+�zc�c�c
, we derive

1=c u<���¬� 7x¦ �������Z��>�c�c�c`>�% ' { >#�P������,©�1=c u<���¬� 7�¦ �#�H�R����>�c�c�c�>�% ' | >�®+�����`>
andfor thecase

�R�Z�[c�c�c�����)+)v®+�zc�c�c
, we derive

1=c uW����� ¦�¦ �#�H�¡�Z��>�c�c�c`>�)+) { >J�����#�o"��1=c u<����� 7�¦ ���H�R�Z��>�c�c�c`>�)+) | >�®+�����`c
FromCorollary1, we canconstructDFAs automatically

which accept7�¦ ��� and ¦�¦ �r� andderive automaticallythe
correspondingregularexpressionsfrom theDFAs[6].

Example3 (Distrib uted Stack) Fig. 3 is an exampleof a
context-free processspecificationof a simple (but infinite
state)servicewhich inputsdata

�
from nodeA by the ac-

tion pushˆA?x , pushes
�

on the top of the stack,andre-
trievesthedatafrom thetop of thestackandoutputsto the
nodeB by theactionpopˆB!x . If thelastdatain thestack
hasbeenretrieved, the processsuccessfullyterminates.It
is specifiedthat both popˆB!x and the next pushaction
pushˆA?y are always executable,except the first action
pushˆA?x .

Let 7�¦ �H�I> l { � [ 7x¦ �H�I> l | � ] denotethe set of the first
eventsof the left [right, resp.] subexpressionof theoccur-
renceposition

l
. Similarly, let ¦�¦ ���I> l { � [ ¦5¦ �H�I> l | � ]

denotethesetof the endingeventsof the left [right, resp.]
subexpressionof

l
.

The event structurespecifiedby eachoccurrenceof the
operatorsis expressedcompletelyby the following rela-
tions.

[Causal relations]

1=c uW����� ¦�¦ � 7 >#° { ���±o"� 1=c u<���¬� 7�¦ � 7 >#° | �#�1=c uW����� ¦�¦ ���I>#² { ���±o"� 1=c u<���¬� 7�¦ ���I>#² | �#�1=c u<���¬� ¦�¦ ���I> m?m { ���±o"� 1=c u<���¬� 7�¦ ���I> m?m | ���1=c u<���¬� ¦�¦ ���I> m § { ���±o"� 1=c u<���¬� 7�¦ ���I> m § | ���
[Conflict relations]

1ic u<���¬� 7�¦ �H�I> m�³ { �#�´��© 1=c uW����� 7�¦ ���I> m�³ | ���

Clearly,
u<����� ¦�¦ �H�I>#° { ���µ� m and

u<���¬� 7x¦ �H�I>J° | ���µ�§k��¶8� ·?�
hold (here,

�H;k� ; � �
denotea unionoperatorof regular

expressions,i.e., if thesequencematcheseither
;

or
; �

, then
it matches

�¯;k� ; � �
).uW����� ¦�¦ ���I> m § { ���¸� ¹�c u<���¬� ¦�¦ ������� holds. A

DFA which accepts ¦�¦ �H��� is constructedas º ��»G �I>J���8��
�NL>�¼2> G �½o$¾�o�)v������
3>#�¨oQ¿�o	)��PNj>#�I> G ������
�N<)
(
¼

is a setof occurrencepositionseachof which doesnot
contain

! {
and

)+) {
). From the DFA, the corresponding

regularexpressionis constructedas
u<���¬� ¦5¦ �H���#������¿i�JÀ3¾

(here,
�¯;i�#À

denotesKleene’sstarclosure,i.e., it represents0
or morerepetitionof thesequenceswhichmatchtheregular
expression

;
). Hence,

u<���¬� ¦�¦ ���I> m § { ���4�R¹8�r¿i� À ¾ holds.
Otherregularexpressionsareobtainedsimilarly.

Finally, the following symbolic event structureis ob-
tained. 1=c m o"� 1ic §��H¶8� ·?�

1=c ¶ o"� 1ic ¾
1=c�· o"� 1ic ¹8�H¶8� ·?�

1=c ¹8�r¿?� À ¾ o"� 1ic�¿k�H¶8� ·?�
1=c ¶ �,© 1ic ·

6
5. Protocol Synthesis

In this section,we describea protocolsynthesismethod
usingthenotionof symboliceventstructures.

For a given servicespecificationwritten in context-free
processspecification,wederiveaspecificationof eachnode
underthefollowing policy:

1. Basically, a specificationof node
�

is a projection�<;=�`Á � � 7 � onto node
�

of the servicespecification7 ,
except that somenecessarymessageexchangingac-
tionsandsomeauxiliarydatamanipulationsareadded.

2. For eachprocessdefinition
�±���Â�

of the service
specification,we derive

� � �H1������}�<;=�`Á � �H��� for each
node

�
.
1

is avariablewhich representsaprocessinvo-
cationstack.

3. For eachprocessinvocation
�

of theservicespecifica-
tion, we derive

� � �H1=c l � for eachnode
�
.
l

is anoccur-
rencepositionof

�
in theservicespecification.

4. For each subexpression
 8!J�

, we derive
�<;=�M)+) "!#�+�i��
&)+)}�<;=�`Á � ����� if the action

 
is assignedto

node
�
, otherwisewe derive

�<;9�`Á � �H�P� , for eachnode�
. Here,theprocess

�<;=�
receivestheprecedingevent

IDs (if any) of theeventID of
 
. Theprecedingevent

ID of the samenodeis not received. Regular expres-
sion of the precedingevent IDs is chosenby looking



8
S:=pushˆA?x;P(x)

1 2

9 10 11 12
P(x):=(popˆB!x;exit) [] ((pushˆA?y;P(y)) >> P(x))

3 4 5 6 7

[Occurrence positions]
actions: 1,3,4,5
process invocations: 2,6,7
operators: 8,9,10,11,12

Figure 3. Example of Service Specification

somealphabets(occurrencepositions)from the top of
theprocessinvocationstack

1
.

Theprocess
�+�i��


sendstheeventID
1ic �

of theaction
 

to theothernodes(if any) thatis waiting for receiving
thiseventID.

5. For each subexpression
���8��


, we derive
�<;=�M)+)�+�i��
.)+)Ã������


, where the process
�+�i��


sendsthe
event ID of

������

if the precedingevent is assignedto

node
�
.
�<;=�

receivestheprecedingeventIDs of
���8�r


.

6. For each subexpression
� )+) � �

, we derive�<;=�`Á � �H�P�I)+),�<;=�`Á � �H���U� .
7. For eachsubexpression

�$% '(� �
, if the conflicting first

events
�P- 7�¦ �H�P� , �P- 7�¦ �H� � � in

�
and

� �
, respec-

tively, areassignedto thedifferentnodes,wederivethe
specificationfor eachnodeasfollows. Specifically, us-
ing the auxiliary processesÄ  jÅj� ] � l ��n � ��1=c �¬>#�P� andÆ[ j�r
 ] � l ��n"£=��1=c �¬>#� � � , wederive

Ä  jÅ�� ] � l ��n"£=��1=c �¬>#�<;=�`Á � �H���#�`% 'U�<;=�`Á � �H� � �
for thespecificationof node

�
, and�<;=�`Á £ �H�P�`% '(Æ[ j��
 ] � l ��n � �H1=c �y>J�<;9�`Á £ ��� � ���

for the specificationof node
Á
. Here,

1
is a process

invocationstackand
�

is anoccurrencepositionof the
operator

% '
. Without lossof generality, we assumethat7�¦ ��� � � [ 7�¦ �H��� ] containsnoeventassignedto node�

[node
Á
, respectively] 1.

Ä  jÅj� ] � l ��n £ �H1ic �¬>#��� is a processwhich chooseslo-
cally at node

�
eitherto sendansequence

1��
to node

Á
asatokenandtheninvoke

Æ[ j��
 ] � l ��n £ �H1=c �y>��P� , or to
execute

�
.
Æ[ j��
 ] � l ��n � �H1ic �¬>j� � � is a processwhich

1Otherwise,Ç�È canbedecomposedinto Ç�È ÈrÉ ÊËÇ¬Ì , whereÍ�ÎIÏUÇ�È È�Ð con-
tainsno event assignedto node Ñ and Í�ÎIÏUÇ¬ÌHÐ containsonly eventsas-
signedto nodeÑ . In thiscase,weconsiderÏUÇIÉ ÊËÇ¬Ì�Ð
É ÊËÇ È È insteadof ÇIÉ ÊËÇ È .

waits for receiving a token
1=c �

from node
�

and then
invoke Ä  jÅ�� ] � l ��n � �H1ic �¬>#� � � .

Example4 For theservicespecificationin Example3, we
canderive a protocolspecificationasfollows. First, we as-
signeacheventto eithernodeA or B asfollows.

node A
�

c.1,c.5

node B
�

c.3,c.4

wherec
����§�� ¹8� ¿i� À

Accordingthepolicy asabove,wederivetheprotocolspec-
ification shown in Fig. 4. In Fig. 4, send_i(c.p) is
an actionwhich sendsthe event ID

1=c �
to the node

�
, and

recv_i(c.r) is an actionwhich receivesany event ID
which matchestheregularexpression

1=c ;
. In this example,

we also use send_i(c.p,x) and recv_i(c.r,x) ,
which meanssendingdata

�
with eventID

1ic �
, andreceiv-

ing data
�

with event ID matching
1=c ;

, respectively. Note
thatthedatapartof thespecificationis notautomaticallyde-
rived. We manuallyaddedthe actionssend_i(c.p,x)
or recv_i(c.r,x) , respectively, to thederivedprotocol
specification.

We alsousea construct“
�
AX% 1`�9n s ��
����9n m '8
�Ò���nQ j1`
����9n m� ¤ �����
A�c�c�c

” in thefollowing. Weomit theprecisedefinition
herebecausethemeaningof this constructis obvious. 6
6. Conclusion

In this paper, we proposeda protocolsynthesismethod
for the classof context-freeprocesses,by usingthenotion
of symbolicevent structures.Our methodis applicableto
not only the classof FSMs, but also the non-finite-state
servicespecificationwhich canbespecifiedin context-free
processes.In comparisonwith [9], our methodis better
in messagecomplexity. For example,considerthe service
specificationsuchasbelow.



[A]
S_A(c):=pushˆA?x;send_B(c.1,x);P_A( x,c.2 )
P_A(x,c):=(if c=c’.7 then recv_B(c’.6(7)*4));

(recv_B(c.3);exit
[] HaveToken_B(c.10,

pushˆA?y;send_B(c.5,y);P_A(y,c.6) >> P_A(x,c.7)))

[B]
S_B(c):=P_B(x,c.2)
P_B(x,c):=(if c=c’.2 then recv_A(c’.1,x)

else if c=c’.6 then recv_A(c’.5,x));
(WaitToken_A(c.10, popˆB!x;send_A(c.3);send_A(c.4);exit )
[] P_B(y,c.6) >> P_B(x,c.7))

where for i in {A,B}, p : occurrence position,
P: behaviour expression

HaveToken_i(c.p,P):=P[]send_i(c.p );Wai tToken _i(c. p,P)
WaitToken_i(c.p,P):=recv_i(c.p);H aveTo ken_i( c.p,P )

Figure 4. Protocol Specification for Example 3

S:= (aˆ1;bˆ2;cˆ3;exit
[] dˆ1;eˆ3;exit) >> (fˆ2;exit)

Note that aˆi meansthat the action a must be executed
at nodei. The protocol specificationsderived by [9] and
our methodare shown in Fig. 5. This specificationhas
two alternative traces,


#T����
aˆ1

>
bˆ2

>
cˆ3

>
fˆ2

�
and

VÓ�Ã�

dˆ1
>
eˆ3

>
fˆ2

�
. For trace


#T
, the numberof ex-

changedmessagesby the two protocolspecificationsare3
([9]) and3 (ourmethod).However, for trace



V
, thenumber

of exchangedmessagesby the two protocolspecifications
are 3 ([9]) and 2 (our method). In this case,the method
of [9] derives one redundantmessageexchangeand our
methodeliminatesit. In general,in our method,message
exchangesin thederivedprotocolspecificationonly appear
if andonly if thoseareessentiallynecessary, i.e. thereis a
causalrelationbetweenthe currentevent andthe possible
next eventsandsomeof thenext eventsmustbeexecutedin
differentnode. Therefore,theoreticallyno redundantmes-
sageexchangesareintroducedin our method.

The future work is to extend our methodto deal with
parallelcomposition,datainputs/outputs,and timing con-
straints.
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