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Abstract

The protocol engineering plays an important role in
computer networks. Designing a protocol is a chal-
lenging activity because of the complexity of the rules
defining the interaction between the communicating
entities. At this point, formal approaches have been
proposed: Analysis and Synthesis. The synthesis ap-
proach has the advantage of avoiding errors a priori
and ensuring some desirable properties during the pro-
tocol design process. In this paper, we propose a rela-
tional protocol synthesis method. The method outcome
is specifications of all protocol entities serving the dif-
ferent service access points, which are represented in
R-net diagrams.

1 Introduction

The widespread use of computer-communication
networks means that protocol engineering plays an im-
portant role in computer networks and comprises a
crucial activity in their building process. Designing a
protocol is a challenging activity because of the com-
plexity of the rules defining the interaction between
the communicating entities.

Several informal techniques for designing these pro-
tocols have been successfully applied. However, these
techniques suffer from a number of errors or unex-
pected and undesirable behavior in the protocols that
can be built with them. To cope with these problems,
formal approaches for designing protocols have been
proposed. Among these is the synthesis approach, a
powerful tool for avoiding errors a priori and ensuring
some desirable properties during the protocol design
process.

Many papers have been published on protocol syn-
thesis. They can be divided into two categories ac-
cording to the type of specification they take as a
starting point. In the first category, we find the ap-
proaches [6, 7, 1, 8, 4] that derive a complete protocol
specification from a partly specified protocol. These
approaches do not take into account the service spec-
ification, which is a formal requirement on which the
synthesis method should be based. In the second cat-
egory, we find the approaches [2, 3, 12, 5] that start
from a formal service specification and derive a com-
plete protocol. However, the approaches of both cat-
egories have some important limitations:

- None of the above approaches take into account
the service maintenance process. To update a ser-
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vice, these approaches restart the synthesis pro-
cess from scratch, whether this is desirable or even
possible.

- With the exception of [2, 11], only two-party pro-
tocols are considered. Cases involving more than
two communicating processes are not well-suited
for these approaches.

In this paper, we present a relational method sup-

ported by a computerized tool for deriving protocol
specifications from a given service specification. Our
approach to the derivation of protocol specifications
can handle an arbitrary number of protocol entities.
The method outcome is specifications of all proto-
col entities serving the different service access points.
These specifications are represented in R-net diagrams
[9]. Furthermore, our approach allows protocol up-
dating deriving and adding the protocol point that
corresponds to the new service primitives needed for
the global service specification. The method has been
implemented in relational language into an ORACLE
package environment.
The remainder of the paper is organized as follows.
Section 2 presents a service specification language as
well as a protocol specification language. In Section 3,
we discuss the method for deriving the protocol spec-
ification from a given service specification, illustrated
with an example. Finally, we provide some concluding
remarks in Section 4.

2 Specification Languages
2.1 Service specification language

To facilitate easier specification of services, we
adopted a simple service specification language defined
by the following syntax rules:

1° service-spec = {< priority-rel >}

2° priority-rel ::=< event >< order >< event >
3° event ::=< action >'¢

4° action =< letter > | < letter >< letter >

5° letter ::= alblc|...|z|#|$

6° id =< digit > | < digit >< digit >

7° digit = 0[1|2]...]9

8° order ::=;||| |[]

In this language, an event (see Rule 3) stands for the
service primitive called “action to be performed at
a SAP whose identifier is id’. We define a function



PSap(event) that returns the action label and the SAP
identifier with which the action label is associated. For
example, the event a! represents the service primitive
“a” at the SAP 1. A finite or infinite behavior com-
munication service can comprise coordinated concur-
rent (noted ||) and alternative (noted []) execution of
service primitives associated with different SAP, in
addition to the strictly sequential (noted ;) execution
of service primitives. This way of formally specify-
ing a service allows us to define only the behaviors
of service primitive interactions with SAP. A com-
munication service can be defined as finite or infinite
behavior depending on whether the service primitives
are recursing or not.

Given that a service specification “service-spec” is a
set of priority relations, and a priority relation repre-
sents the ordering of two events, the infinite behavior
may be possible by specifying sequential priority rela-
tions that are circularly linked. For example, al;b?,
b%;¢3, and ¢?;a! give rise to an infinite behavior.

In order to simplify the protocol synthesis, we impose,
in a similar way as in [3], the following restriction on
the form of service specification. For each priority re-
lation where order is “[]”, the two events must have the
same SAP identifier. In other words, the two events
must be associated with the same SAP. This restric-
tion allows us to avoid synthesizing distributed proto-
cols.

2.2 Protocol specifications language

The synthesized protocol specifications are ex-
pressed in R-net language. We adopted the R-net
language because it is appropriate for the specifica-
tion of distributed system behaviors. R-nets was de-
veloped as a part of the Software Requirements Engi-
neering Methodology (SREM) [9, 10], in an attempt
to formalize and automate techniques for specifying
software requirements for a given system. It was de-
signed to remedy to the difficulties of notations such
as FSM in adequately showing the sequence of opera-
tions performed on a given input message.
R-net consists of three kinds of nodes: ALPHA, sub-
net, and structured. ALPHA nodes, represented by
rectangles, specify processing operations, while sub-
net nodes, represented by ovals, are a refinement of
ALPHA nodes. Structured nodes are AND, OR,
SELECT, and FOR-EACH nodes. Except for the
FOR-EACH node, which is a rectangle, all other
structure’ nodes are represented by circles with the
appropriate symbol inside. AN D nodes, noted 8&),
specify operations that can be executed in parallel;
OR nodes, noted {(+), allow the execution of one of
several operations; SELECT nodes specify the con-
dition for selecting one node; and FOR-EAC H nodes
allow iteration of each element on a list to be executed.
Arcs are used to connect nodes. Figure 17 shows a R-
net diagram.
R-net can be coupled with a Requirements Statement
Language (RSL) and a Requirements Engineering and
Validation System (REVS), which is an automated
tool system.
The protocol specifications are characterized by the
set of send and receive messages that are integrated
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with the service primitives. These messages serve for
synchronization in order to ensure the correct ordering
of service primitive interactions.

2.3 Terminology and basic concepts

At this level, we introduce the basic relational op-

erators that enable us to manipulate information in
all parts of the service primitive specification in a very
flexible and powerful way. Understanding these opera-
tors does not require familiarity with programming de-
tails. More details on relational algebra may be found
in [13]. The relational operators transform either a
simple relation or pair of relations into a result that is
a relation.
In presenting the basic relational operators, we shall
make use of the relations S and T of degree m
and n, respectively, denoted: S(X1,Xs,...,X,,) and
T(Y1,Ys,...,Ys)

1. Cartesian product(x ). This operator has two
operands, each a relation. Its purpose is to con-
catenate each and every tuple of its first operand
with each and every tuple of its second operand.
S x T(Xl,Xz, ...,Xm,Yl,Yg, ceey Yn)

2. Project operator(1l): Employs a single relation as
its operand. It generates an intermediate result in
which the domain listed by name in the command
is saved, and all the other domains are ignored.

HX,',.H,XJ'(S) = {(Xh1X])/X“ ’XJ € S}

3. Selector operator(o ). Employs a single relation as
its operand. It generates a relation that contains
only tuples that satisfy the condition expressed in
the command. A condition involves the compari-
son of two domain values.

O-X;’:Xj (S) = {(Xl,XZ, ceey Xm)/(Xl, X2, veey Xm)
ESA (X,' = XJ)}

4. Natural-join operator(X ). Employs two relations
as its operands. It generates a relation that con-
tains tuples of one operand concatenated with
tuples of the second operand, but only when
common domains of the operands have the same
value.

SNHT = {(X1,Xz,...; X, Y, ..., V) /(Xi € S) A
(X: € T) = (Xi(S) = X:(T))}

5. Equijoin operator(] ]): Similar to the natural-join
operator, except that there is a specified condition
on domain to be compared.

S[Xs = YalT = {(Xy, X3, ..., Xn, Y1, ..., Ya)/
(X3 €S)A(Ya€T) A (Xa=Yy)}

6. Torename (attribute) domains, we proceed as fol-
lows:
Ox; Xje—Xit,.., x;1(S)

7. Difference operator(—). S—T is the relation con-
taining those tuples that are in S but not in T



3 From Service Specification to Proto-

col Specification

We present, in this section, a relational synthesis
method and an automated tool to derive the proto-
col specification in R-net from the given service spec-
ification. The basic idea of the protocol derivation
algorithm is that synchronizing service primitives as-
sociated with different SAP, is done by the exchange
of synchronizing messages required for the sequenc-
ing operator “”. The subexpressions “e;” and “e;” of
an order relation “e;;e;” involve service interaction
expressed in “e;” that should not start before ser-
vice interaction expressed in “e;” has been finished.
This kind of synchronization is formalized by sending
a synchronization message from the SAP where the
interaction of “e;” is performed to the SAP where the
interaction of “e;” is to be performed.
To determine which synchronization messages must be
exchanged between SAP,, we should determine, for
the given SAP,, the service primitives that must be
synchronized as well as the send and receive messages
according to which those service primitives should syn-
chronized.
For each order relation of the sequence type “e;;e;” in
the service specification, we add the appropriate send
and receive messages of synchronization. This is done,
in our approach, by deriving tables 9relations) from
parallel service primitives (Service.P) , alternative
service primitives (Service.A), and sequential service

primitives (Service.S) . The required send or receive

messages, noted as “message};,” where “message” is

either “r” or “s”, stands for either the synchronizing
message sent by the service access point “2” to the ser-
vice access point “j,” or the message recetved by the
service access point “¢” from the service access point
“3”. The derivation process of the synchronizing pro-
tocol from a given global service specification is com-
posed of six major steps, each of which is discussed in

the following subsections.

>

1° Building the tables representing the service spec-
ification.

2° Representing the parallel and alternative event in

each column of the corresponding tables.

3° Divide the sequential order relations into those

associated with the same SAP and those associ-

ated with different SAP,.

4° Adding send and recetve messages to the appro-

priate sequential service primitives.

5° Adding send and receive messages to the appro-

priate parallel and alternative service primitives.

6° Building a R-net for each SAP protocol.

3.1 Building the tables of the service
specification

In this step, we build three different tables: one
for sequential order relations, one for parallel order
relations, and one for alternative order relations.
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Ev.s.s | Site.o.s | Ev.d.s | Site.d.s
a 1 e 3
a 1 c 3
a 1 d 3
b 2 e 3
b 2 c 3
b 2 d 3
[3 3 e 3
c 3 c 3
c 3 d 3
e 3 a 1
e 3 b 2
e 3 c 3
e 3 g 4
c 3 a 1
c 3 b 2
d 3 a 1
d 3 b 2
d 3 c 3
g 4 f 2
g 4 1 4

Figure 1: Table of sequential events

Each of these tables (relations) can be formally ex-
pressed as:
Service.S(Ev.s.s, Site.o.s, Ev.d.s, Site.d.s)
which stands for the order relations of type sequence
EUAS.SSME'O'S; Ev.d.sSite.d.s
Service.P(Ev.s.p, Site.o.p, Ev.d.p, Site.d.p)
which stands for the order relations of type parallel
Ev's'PSzte,o‘p H E"u.d.ps'te'd‘p
Service.A(Ev.s.a, Site.o.a, Ev.d.a, Site.d.a)
which stands for the order relations of type alternative
Ev.s‘as:’te.o,aDEv.d‘aSite.d.a
A domain whose label begins with Ev represents an
event; a domain whose label begins with Site repre-
sents the service access point where an event is exe-
cuted.
The semantics of the relation Service.S is that the
service primitive Ev.s.s at SAP Site.o.s must be exe-
cuted before service primitive Ev.d.s at SAP Site.d.s.
The semantics of the relation Service.P is that the
service primitive Ev.s.p at SAP Site.o.p is executed
concurrently with the service primitive Fv.d.p at SAP
Site.d.p. The semantics of the relation Service.A
is that one of the service primitives Fv.s.a at SAP
Site.o.a and Ev.d.a at SAP Site.d.a may be executed.
Let consider an example adapted from [3] in which the
service specification is:
PROC A = (a® || 2 || ® ) ; B END
PROCB = (2 || (3] 43 )); (A || D) END
PROC D = g* ; (i* || f2) END
We represent this service specification in the tables
shown in Figures 1, 2, and 3.

3.2 Representation of parallel and alter-
native events in one column

To facilitate processing the relations Service.P,

and Service.A, we represented all the service prim-

itives that are parallel or alternative in each column

of the relations Service. P and Service.A, respectively.

To complete these tables, we add tuples (a*,d/) such



[(Ev.s.p | Site.o.p Ev.d.p | Site.d.p
a 1 b 2
a 1 [ 3
b 2 c 3
e 3 [ 3
e 3 d 3
i 4 f 2

Figure 2: Table of parallel events

[[Evisa | Site.o.a | Ev.d.a | Site.d.a |
e | 83 [ 4 [ 3 1]

Figure 3: Table of alternative events

that (b/,a*) € Service.P or Service.A. These new
tuples are useful in the computation of synchroniz-
ing messages of events in the same SAP. The same
principle is applied to the service primitives that are
alternative; these tables are formally updated as fol-
lows:
Service.A=Service. A
U

JEv.d.a,Site.d‘a,Ev.s.a,Site.o.a(—E’v.s.a,Site‘o,a,Eu.d.a,Site.da

((MEv.d.a,site.d.a(Service.A)) X Service.A)

Service.P=Service.P
U
aEv.d.p,Site.d.p,Ev.s,p,Site,op(—Ev.s‘p,Site.o.p,E’u.d.p,Site.d.p
((MEy.d.p,site.d.p(Service. P)) X Service.P)
The contents of tﬁeses tables are shown in Figure 4
and Figure 5.
3.3 Partition of sequential (events) order
relations
Since two sequential service primitives can be asso-
ciated either with the same SAP or with two dis-
tinct SAP,, we consider two types of service primitive
synchronization: synchronization of sequential ser-
vice primitives in the same SAP and synchronization
of sequential primitives in two different SAP,. Se-
quential order relations involving two different SAP,
are represented in the table Service.S.1; those in-
volving the same SAP are represented in the table
Service.5.2. The table Services.S.2 (see Figure 7),
obtained from the selection of tuples in the table
Service.S where Site.o.s = Site.d.s, represents ser-
vice primitives that are sequential in the same SAP.
The table Service.S.1 (see Figure 6), obtained from
the selection of tuples in the table Service.S where
Site.o.s # Site.d.s, represents service primitives that
are sequential but in different SAP;. Formally, these
tables are obtained as follows:

1. Table of sequential service primitives involving
two different SAP,:
Service.S.1 = 0gite.0.s25ite.d.s(Service.S)

2. Table of sequential service primitives involving
the same SAP,:
Service.S.2 = USite.o.s:Site.d,s(Service's)
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Ev.s.p | Site.o.p | Ev.d.p [ Site.d.p
a 1 b 2
a 1 c 3
b 2 C 3
e 3 C 3
e 3 d 3
1 4 T 2
b 2 a 1
[ 3 a 1
c 3 b 2
[ 3 e 3
d 3 e 3
f 2 1 4

Figure 4: Service.P completed

Ev.s.a | Site.o.a | Ev.d.a | Site.d.a
c 3 d 3
d 3 [ 3

Figure 5: Service.A completed

Ev.s.s | Site,o.s | Ev.d.s [ Site.d.s
a 1 e 3
a 1 c 3
a 1 d 3
b 2 e 3
b 2 c 3
b 2 d 3
e 3 a 1
e 3 b 2
e 3 g 4
c 3 a 1
c 3 b 2
d 3 a 1
d 3 b 2
g 4 f 2

Figure 6: Service.S.1

Ev.s.s | Site.o.s [ Ev.d.s | Site.d.s
[ 3 e 3
c 3 C 3
c 3 d 3
e 3 c 3
d 3 c 3
g 4 i 4

Figure 7: Service.S.2

3.4 Adding synchronizing messages to se-
quential events

To synchronize sequential events in two different
SAPy, we add an event of sending a message to the
SAP where an event execution is waiting for the end of
execution of the preceding event after each preceding
event in a sequential order relation (i.e., event spec-
ified in the column Ev.s.s of the table Service.S.1).
We also add an event of receiving a message from the
SAP where the preceding event execution ends be-
fore each successor event in a sequential order relation
(i.e., event specified in the column Ev.d.s of the table
Service.S.1).

The table Send (see Figure 8), representing sequen-
tial events with their corresponding sending messages,
is computed from the Cartesian product of the ta-
ble Service.S.1 and an event of sending a message
“s,” whose origin is the SAP specified in the column
Site.o.s and whose destination is the SAP specified



Ev.s.s | Site.o.s | message | Site.o.s/ | Site.d.s
a 1 8 1 3
b 2 S 2 3
e 3 ] 3 1
e 3 8 3 2
e 3 s 3 4
c 3 8 3 1
c 3 5 3 2
d 3 s 3 1
d 3 S 3 2
g 4 8 4 2

Figure 8: Table Send
message | Site.d.s/ ite.o.s | Ev.d.s | Site.d.s
T 4 3 g 4
r 3 1 e 3
r 3 1 C 3
r 3 1 d 3
T 3 2 e 3
r 3 2 C 3
r 3 2 d 3
r 1 3 a 1
r 2 3 b 2
r 2 4 f 2

Figure 9: Table Receive

in the column Site.d.s.

The table Receive (see Figure 9), representing sequen-
tial events with their corresponding receiving mes-
sages, is computed from the Cartesian product of the
table Service.S.1 and an event of receiving a message
“r” whose origin is the SAP specified in the column
Site.o.s and whose destination is the SAP specified
in the column Site.d.s.

3.4.1 Synchronizing events in different SAP;
1. Computation of the table Send corresponding to

Service.S.1 :
Send(FEwv.s.s, Site.o.s, message, Site.o.sl, Site.d.s)
where Ev.s.ss'te‘o";messagesﬁgjj‘;' and

message stands for an event send.
Send = HEv.s..9,Site.o.s,message,Site.o.sl,Site«d..s
(((HEu.s.s,Site.o,s(ServiCC.S.l))
x {s : message})
EEv.s.s = Ewv.s.sl, Site.o.s = Site.o.s]
JEUJ.s,Site.o.s(———Ev.sJI,Site.o.sl(Ser'Uice-S-l)))

2. Computation of the table Receive corresponding
to Service.S.1 :

Receive(message, Site.d.s!, Site.o.s, Ev.d.s, Stte.d.s)

where messagesite ', Bv.d.s%"e 4

message stands for an event receive.

Receive = {r : message} x
(0site.d.se—sSite.d.s/(lsite.d.s(Service.S.1)))
Site.d.s! = Site.d.s]

Wsite.0.s,Bv.d.s,Site.d.s(Service.S.1)))

and

3.4.2 Synchronizing events in the same SAP

We distinguish two cases in synchronizing events in
the same SAP. In the first case, we determine among
sequential events performed in the same SAP, those
that are successors (Ev.d.s) in the table Service.S.1
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and whose predecessors are executed concurrently
with another event. The events thus determined, even
if they are sequential to other events in the same SAP,
must be synchronized to those events that are parallel
to their corresponding predecessor’s events. The syn-
chronizing messages added in this case are of the type
receive because the SAP associated with the event
to be synchronized does not need to send a synchro-
nizing message to itself but needs to receive synchro-
nizing messages from SAP, associated with an event
that 1s parallel to the predecessor’s events (Ev.s.s) of
the event that must be synchronized.

This is done by building a table Syn(FEv.s.s, Site.o.s,
message, Site.o.p, Site.d.p, Ev.d.s, Site.d.s) whose tu-

ples stand for the following  sequence:
Ev.s.ss'te'o";messagei}ﬁi::,"g;Ev‘d.ss’te‘d".
The table Syn is computed from the tables

Service.S.2 and Service.P. For each tuple a’;b® in
the table Service.S.2 and a’, ¢ in the table Service.P
(i # j), we create a new tuple ¢/; b in table Inter.
Then, for each tuple ¢/; b in the table Inter, we add

. Site.o. ; ;
a receive message message g, o between ¢/ and b

Site.o.p

The message messages . 4y

has the same meaning as
above.

Formally, the computation of the table Syn. is ex-
pressed as follows.

Inter = (DgE'u.s.s,S‘ite.o,s(——Ev‘d‘p,Site.d.p(Service-s~2))

(Service. P
[Ev.s.p=Fv.s.s, Stte.o.p=Site.o.s)
Service.S.2)
Inter = 0gite.dp£Site.op(Inter
We compute the contents of the table Syn from the
contents of the table Inter:
Syn = (((HEv,s.s,.S‘it&o.s(Inter))

X
{r : message})
(HSit&o.p,EvJ..s,Site.o.s(Inter)))

(Isite.d.p,Ev.d.s,Site.d.s,Ev.s.3,Site.o.s{ Inter))

The second case concerns sequential events in the
same SAP whose predecessor events do not have par-
allel events. These sequential events are supposed to
be directly sequenced in the same SAP and are pro-
cessed in the substeps of the joining protocol parts.

3.5 Joining protocol parts

In building a protocol specification for a given
SAP, it may happen that a protocol specification
for a given SAP 1s comprised of two or more el-
ementary event sequences that are not explicitly
linked. To ensure that these elementary event se-
quences do not constitute in themselves indepen-
dent protocols, we infer some global event sequences
that can include these elementary event sequences.



Ev.s.s | Site.0.s [ message | Site.o.p | Site.d.p | Ev.d.s | Site.d.s

C 3 T 3 1 e 3

C 3 r 3 2 e 3

c 3 r 3 1 c 3

c 3 r 3 2 c 3

c 3 T 3 1 d 3

c 3 r 3 2 d 3

Figure 10: Table Syn

Let Service.S.I(Ewv.s.s5, Site.o.s, Ev.d.s, Site.d.s) denotes f—Evl;s.s Sltez.o.s Ev}d.s S‘“;'d's
derived sequential events. 3 1 I i

Add to Service.S.I events sequences specified in Sevice.S.2:
Service.S.] = 0gy. 5.0 Bv.a.s (Service.S.2)
.‘S‘ervice.SAl.Z = 5Eu.d.s,5itc.d.a1—-1.Ev‘a,l.Site.o(Ser”ice'S'l)
1=1
REPEAT
Determine sequential events that constitute a path:
Service.S.1.2 = Service.S.1.2
>
(6Ev.s.s,5ite.o.s(-—i.E‘v.s,i.Site.o(Service'S'l))
Add to Service.S.I sequential events
(Ev.s.s5t€05; By d.gSite-d-5) guch that
(Site.o.s = Site.d.s) A (Ev.s.s # Ev.d.s) in Service.5.1.2:
Service.S.I = (Service.S.I)
U

HEuAa.s,Site.o.s,Eudd,Sitc.d.s
(U(Site.o.s=5ite.d‘s)A(Ews.s#Eu.d.s)
(Service.S.1.2))
Service.5.1.2 = 0(site.0.0#Site.d.s) (Service.S.1.2)
Service.S.1.2 = 8gy.d.s,Site.d.se—(i41).Bv.s,(i+1).Site.o
(Service.5.1.2)
Delete from Service.S.1.2 sequential events specified twice
in a tuple ¢; in Service.S.1.2:
i=1
REPEAT
Service.5.1.2 = 0(;.site.of (i+1).Site.0)V(j. Bv.s#(i+1). Bv.s)
{Service.S.1.2)

i=Ji+1
UNTIL (j =:+1)
=141

UNTIL (Service.S.1.2 = NULL)

Delete from Service.S.I events that are either parallel or
alternative:

Service.S.I = (Service.S.I
_6Ev.a.a,Sitc.o.a,Ev.d.a,Sitc‘d.at——— Euv.s.s,Site.o.s,Ev.d.s,Site.d.s

(Service.A))

_6Ev .s.p,Site.o.p,Ev.d.p,Site.d.p+— Ev.s.5,Site.0.s,Bv.d.s,Site.d.s
(Service.P)

Figure 13: Algorithm for computing the table Service.S.I.

To build a global events sequence, we perform a
Jjoin operator on the relation Serwice.S.1 and itself
such that the attributes Ev.d.s, Site.d.s and Ev.s.s,
Site.o.s are respectively equal. We remove from the
result of this “join-operator” all the tuples whose
attributes Fv.d.s, Site.d.s and Ewv.s.s, Site.o.s are
respectively equal. Then, we gather in the table
Service.S.I tuples whose attributes Ev.s.s and Ev.d.s
are not equal, and Site.o.s and Site.d.s are equal. In
other words, we keep in the table Service.S.I tuples
representing the sequences of different events executed
in the same SAP. We proceed in a similar fashion
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Figure 11: Service.S.I

Figure 12: Protocol parts of SAP 2

with the table thus obtained until the table obtained
is empty. When the table Service.S.1.2 is empty, we
verify whether the ending event of an elementary event
sequence and the starting event of another elemen-
tary event sequence are both sequenced in a tuple of
the table Service.S.I. If the verification is positive,
we concatenate the two elementary event sequences.
The ending and starting events do not take into ac-
count the synchronizing messages(i.e., events of the
type send and receive).

To illustrate how to join two elementary event se-
quences, let us consider the two event sequences shown
in Figure 12. Applying the algorithm shown in Figure
13 to the table Service.S.1 gives the table Service.S.1,
shown in Figure 11.

Given that the ending event b2 and the starting event
f? are sequential events in the table Service.S.I, we
concatenate the two elementary event sequences and
we obtain the protocol specification shown in Fig-
urel2.

3.6 Building R-net diagrams for protocol
specifications

At this level, we build a set of R-net diagrams rep-

resenting protocol specifications of the service access
points (SAP;) from the tables Send, Receive, and
Syn.
Each tuple ¢; in the tables Send, Receive, and Syn
stands for a sequence of transition (arc) in the R-net
diagram representing the protocol specification of the
SAP i.



If Ev.s.5%t€%:% is a label of a transition T; in a R-net G;,
Then If messageg::z:ﬁ'_:l is the label of a transition T}
that is an immediate successor of T;;
Else Create a T; with label messagegégizgif as
an immediate successor of T;;
FElse Create a sequence of two transitions T; and T}

Site.o.s’

with labels Ev.s.s5%¢€-%:¢ and messageziis gl

respectively.
If there is a parallel or an alternative event T} to transition
T;
Then Link T; to T} either as a parallel or as an alternative
transitions in G;.

Figure 14: Algorithm for building transitions from
the table Send.

If Ev.s.5%°%¢%¢ is a label of a transition T; in a R-net Gj,

Then If messagegf::g::’ is the label of a transition T;
that is an immediate predecessor of Tj;

Site.d.s’'

Else Create a T; with label messageg!;$S-3

an immediate predecessor of T};
Else Create a sequence of two transitions T; and T
with la!:,els messagegj:::g:jl and Ev.s.sStte-0-s
respectively.
If there is a parallel or an alternative event 7} to transition

I
Then Link T; to T; either as a parallel or as an alternative
transitions in G;.

Figure 15: Algorithm for building transitions from
the table Receive.

If Ev.s.s5t¢4:3 i5 3 label of a transition T; in a R-net Gy,

Then If message‘;z:j_’; is the label of a transition T;

that is an immediate predecessor of T7;
Then If Ev.s.p5"€ %7 is the label of a transition
T;_, that is an immediate predecessor of T;;
Else Create a T;_; with label Ev.s.pSit¢-oP
as an immediate predecessor of Tj;

Else Create a sequence of two transitions T;—; and T;

Site.o.p

Site.d.p
respectively that precedes immediately Tj;

Else Create a sequence of three transitions T;_y, T}, and T

. Site.o.p Site.o.p
with labels Ev.s.p MESSAGC it d.p

with labels Ev.s.p5'¢%P and message

,and
Ev.d.sStte-d:s respectively.
If there is a parallel or an alternative event T} to transition
Ty,
Then Link T; to T; either as a parallel or as an alternative
transitions in Gj.

Figure 16: Algorithm for building transitions from
the table Syn.

To build a R-net diagram (G;), we determine the SAP
identification by getting the value of the attribute
Site.o.s in a tuple ;. We create, whenever it does
not exists in G;, a transition 7; whose label is the
same as that in an attribute in #; such that there ex-
ists a sequence of transitions that corresponds to the
sequences of events in tuple ¢;. To integrate the tran-
sition sequences in G;, we link to the transition 7; the
transitions T; that are either parallel or alternative.
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Each table (i.e., Send, Receive, Syn) is processed by
its appropriate algorithm (see Figures 14-16).
Integrating protocol parts

During the derivation of a protocol specification, we
must deal with situations in which a protocol specifica-
tion is obtained from the integration of several chunks
of a protocol specification. To integrate parts in a
protocol specification, we use the information in the
table Service.S.I that allows us to determine junction
points between protocol specification parts.
For each tuple in the table Service.S.I , we iden-
tify the SAP in which the integration process can
be performed. Then we check whether the two se-
quential events in the same SAP are concatenated or
not. If there are two or more chunks, each of which
contains one event, we concatenate the chunks accord-
ing to the order of the events in the tuple in the ta-
ble Service.S.I. An illustration of this case is the
derivation of protocol SAP 2 (Figure 17) from proto-
col specification chunks shown in Figure 12 and the
table Service.S.I shown in Figure 11.

4 Conclusion

We propose in this paper an algorithm to de-
rive protocol specification from a service specification
based on a relational approach. The research reported
herein allows more flexible specification of services and
protocols. The representation of a protocol specifica-
tion is represented in a diagrammatic form that is easy
to understand and to validate.
In this approach, updating a service does not require
restarting the synthesis process from scratch. We can
derive only the protocol specification parts that are in-
volved in the modification and integrate it into whole
protocol specification.
The implementation of this synthesis algorithm is
simple because it requires only some basic concepts
in relational database and any relational software
database. We implemented this algorithm as a pro-
totype system on a Sun workstation in a relational
language supported with an ORACLE database sys-
tem.
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