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ABSTRACT

We have been developing the software support sysiem —
EXPRESS-- which designs the specification for a
communication system. Specification phase ir the most
impartant in developing communication software. Expert
engineers spend 8 lot of man-hours to upgrade 2
cammunication systerm, EXPRESS has been built up according
te the design procedure wsed by experis EXPRESS designs
the specification according to users’ requirements written in a
natural lenguage and verifies the specification. Each
requirement is converted inte PRG(Partial Service Graph) and
all P5Gs are integrated intoc TaG(Total Service Graph). T5G is
the final design specification. PSG and T5G are described by
using petri nets.  PSG and TSG may have ambiguities and
rconsstencies which are included in the original reguirements
or made in the process of integrating P5Gs into T5G, These
ambiguitier and inconnistencies should be detected and
resalved. The verification of the specification consists of
syntagtic verification and semantic one.

1. INTRODUCTION

In recent years, the service features have become various
gpd mdvanced in 8 communicetion system because of
sophisticated networks. And it takes a lot of man-hours to
develop corm munication softwara. [t is important to design the
specilication from users' requirements accurately because the
specification is a fundamental document of the next phases in
commurnication softwere. In order to seitle the problem, we
have been developing the suppoert system EXPRESS (EXPeRt
system for ES5) which automatically designs tha specification
fur & communication system. EXPRESS understands users'
requirements written in & natural fanguage, designs the
specification and verifies it.

First, this paper describes the design procedure used by
exparis, clarifies required conditions of the support system and
outlines the configuration of the system. Then it describes how
EXFHESS designs and verifies the spacification.

2. DESIGN

The fallowing is the process in which experts design the
specification accurataly from users' requiraments:

{1) Listen to users' requirements
Usars' requirementa are fragmeantary in general.

(2] Clarify the service specification for each requirement.
Compare each of fragmentary users’ requirements
with known services and choose some services which
seem to mest the requirements. Show the operation of

terminals in the services and verdy whether to meet the
users' requirements or nat. For a new service, clarily
the operation on the basis of fragmentary
requirements. 1§ the operating methed is ineonsistent
with the hardware function, give up the service or
propose en aliernative service.

{3) integrate the above service specificetions,

Unify the same states in the above service
specifieations, Resolve inconsistencies that though
two of the sbove epecifications have the same present
states und the same operations, the state of gne service
specification is different from that of the other aflter the
gperation, If it is impossible to resalve the
incomsiatency, either give up the service or propose an
alternative service. Check whether new services
are included in the integrated specification or not. If
new serviees exist, ask to users if Lthe services are
allowed,

{4) Add the error processing to the specification.

The support system must be built up eccording to the
design procedure. Hequired conditions for the aupport system
are a3 follows:

{a) Easy to loput requirementa

(b) Easy to verily the specification

{¢) Divided into two kinds of stages : one is a partially
designing stage and the other is a totally designing stage
{d) Knowledge for verifieation

(&) Stored with the specification us knowledge

() Verifiable whether the specification meet users’
requirements or not

EXPRESS is the support system which aatisfies the above
conditions.

3. il NFIGURATIL

Fig.l shows a gystam configuration of EXPRESS. The
sysiem consists of requirement understanding subsystem,
specification integrating subsystem, knowledge base and
specification verifying subsystem.
The functions of them are 85 follows:

{1} Requirement understanding subsystem

When users input an ambiguous requirement about service
of & switching system in a natural language, this
subsystem understands the requirement by ulilizing the
knowledge in the knaowiedge base. This subsystem
transforms each requirement inte en individual
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Fig.l System Configuration of EXPRESS

specification. When the users’ requirement is inconsistent
with the knowiedge base, the inconsistency is resslved
inberactively.

Speciication integrating subsystem

The individusl apecifications is integrated into & final
specification by this subsystem. Each of individual
specifications is fragmentary and they may be inconsistent
with each other, When some inconsistencies are made in
this process, they are alss resolved interactively.

Hnowledge base

The specification which was designed and the knowledge
required to design the specilication are stored in the
knowledge base. The knowledge is related to a switching
processing, switching hardware, users' requirements, etc,

Spagification verifying subsystem

This subsystem controls a switching equipment according
to the specilication stored in the knowledge base and
verifies whether the specification satisfies semantically
users’ requirements or not.

4. SPECIFICATION DESIGN

4.1 Specification expression

Fig.2 shows the process of designing the specification

without Inconsistency or ambiguity.

{rom the users' requirements can be considered as

The process in which experts design the spesification
the

conversion from the service expression representing the users'
requirements into that representing the specification, Each
service expression is explained below:

(1]

BE(Servies Element)

Each of users' requirements iz converled ints SE at first.
5E describes the terminal pperation and the terminal
state changed by the operation from the beginning to the
end of the service. Fig.3 shows an example of 5E.

selkntikn(station- to-station_call,
caller_first_goes_on-hook), time( 1)),
{[tr{oli-hook [agenticallec)])],
[stibear [goailculler) ebject{dial_toned) ).

Fig.3 An example of SE

{2) PSG(Pu‘l.ia] Saervice Graph)

SE is converted to PSG which is described in petri nets, In
P3G, an action i8 expressed as a transition, a stale as a
place and & terminal a5 n Wwken. Euch PSG consists of &
present state, an action and & next state. A present state
is represented as a setof input places and & next state as u
aet ol putput places. Fig.4 shows an example of PSC.

peglknt{kn{station-to-station_call,
caller_first_goes_on-hook) Bme{1)),
sppd[place{{rel{tokenicatler ext) idle nil)]},
place([rel{token(dial_tone dth,idle nil)))],
tritokenicallerext) of-heok,mll,
sapilplacel[relitokenicaller ext),
receive token(dial_tone,dt)) ).

Figd An example of PSG

SE SG TSG
a:tiaiﬂl ) O a
result AZ-1
UR —{result A2-2 + C1
- action2 ] ) A2~
. result A3-1 . )
E result 1#3-2 SE A3 PSG 2
: ] : l UR : User's Requirement
?::iﬁﬁi - PSG El 1TSG ] SE :Service Elament
UR —| result B2.2 82 7 P3G : Partial Service Graph
actiond ] e TSG : Total Service Graph
result B3-1 3 ¢4
result B3-2 E3

Fig.2 The process of the designing the specification



{3} TSG(Tetal Service Qraph)

TSC is the fnal specification, which is designed by
integrating several fragmentary PSGs. A single state
corresponds t0 8 plece and an action to a transiton. T5G 15
expressed as 4 seb of these places and transitions, and the
conneckion between a place and a transition is clarified.
Fig.5 shows an example of TEG.

place Pl gplilgrel(gtoken{Tik 1 ext) idlel]),
spti{Tt2 T4 T, Teal),
snt[Tt1, T3, T
transition(Ttl, Arcl off-hook, transit{{ Arcl ArcZ]),
sppllPel PLel,
snpi[PLE].
arciArel,in{Tukl) out(Tik3),atr(l 11,
Fig.s5 An example of TSG
As mentioned above, both PSGs and TSG correspond to
petri nets. SDL (Specification and Description Language)
recommended in CCITT is well known among the languages
deseriving the specification in & communication system. Petri
nels are used inorder to medel and analyze dynamic gystems,
and the featurs of petri nets is to simplify werification and
enalysis. In eddition, EXPRESS uses obtained specification as
knowledge. In this case, petri nets are considerd to be effective
for specification representation because the specification ean
be easily ndded ar modified by discribing it in petri mets,

4.2 Example of designing specification

The integration of P3Gs inte TSG, resalution of
ineonziztencies produced during integration and creation of new
sarvices sre deseribed here. (a)(b} and {c) in Fig.8 represent
petri neks of PEG obtained by users’ requirements shown s (o),
(bl and (c) in Fip.6 respectively, Noerror exists in these PSGs,

(1} Iotegration

P5Gs are integrated into TSG by searching and unifving
the se e ztates and the same actions of PS3Gsa. The state is
expressed as the relation betwaen terminala. The same state
means that the types of terminals are the same and the
relations are the same between terminels, The same sction
means that the types of action are the same and the states of
the terminals before the action are the same.

{2} leconsistency Hesolution

The integration shown as (a) and (b) in Fig. 8 is made by
the above method. However, there is inconsistency between [a)
and (¢}, In the portions P1l—T11—+P12 of (a) and
P31 —T31—+P33 of {c) in Fig.B, next states of them difTer from
each other though they have the same present slates and Lhe
same metion. In this case, two telephene sets should be
suparately handled. For example, the hot line attribute is
given to the telephone sets of (). As a result the integration
an be made,

{3 Creation of new services

It may be possible that features other than those of
requirements are included in TSG. Whether ta allow these
services to be created or not should depend on user's will. For
the above case, the requirements eorrespond to
Pl—+T5—+Pi-+Td-+P1 and PZ—Ti—+FP3—+T6—=F4 as shown in
Fig.T and the follewing twe new routes are obtained from
TSG : P1=Ti—=F3—=+T6~+F4 and PE=TI—=+Pi=T4=F1.

1. A caller goes off-hook.
Then the caller hears a dial tone,
2. The ealler dials the number of called party.
Then the callar hears a ringback tone.
A called party is rung.
3. The ealled party goes off-hook.
Then the ealler and the called party talk to each other.
4, 'The ealler goes on-hook.
Then the called party hears a busy tone.
5. The called party goes on-hovk,
The busy tone stops.
{a) station-to-station call,the caller first goes on-hook

1. A ealler goes off-hook.
Then the caller hears o dial lone,
2. The ealler goes on-hook.

The dial tone stops,

(b} station-to-station call, the caller goes on-hook while
hearing a disl tone

1. A caller goss off-hook.
Then the caller hears & ringback bone.
A called party is rung.

2. The caller goes on-hook.

Then the ringback tone and the ringing signal stop.

{¢) hotline, the crller goes on-hook while hearing a
ringhack tone

Fig.6 Users’ Hequiremeant
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Fig.7T Representation of & new service

PECIFL YERIFICATION

Users' requirements may be frequently modified and
added in & switching system. There i3 & pessibility that the
specification includes some inconsistencies, because uwsess'
requirements have already included some inconsistencies or
they can be made In the process of designing the
specification. Therefore it is necessacry lo detect and resolve
inconsistencies during the design of the specification. It is also
important to verify whether the apecification salisfivs

requirements of oot
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EXPRESS executes the following verification:

(1} VYeridy whether the specification is syntactically correct

(2] Varify whether the specification is semantically correct
5.1 Syntactic verification
Syntactically correct specification means that PS0s and
T8G described in petri nets are ayntactically correct. The
syntactical inconsistensy consists of bwo types @ one is included
in each P30 and the olher is produced when PSGs are
integrated inte TSG. For example, there is a case in which the
state dose not return to the initial state after tokens have
pussed through all or several tramsitions. The syntactical
inconsistency like the above can be detected by the analysis
methoed of using petri nets matrices.

5.2 Semantic verification

Semantically correct specifieation satisfies the following
properties:

(1} uniqueness: the specification is unique and has no

armbiguity

(Z) consistency: the specification has no inconsistency

(2} requirement satisfactory: the specification sutisfies

users’ requiremeants completaly.

Users do not always have accurate knowledge about a
communication system. Therelore they may use ambiguous
words  or require an operation which cannot be realized.
Enowledge about switching is used for designing the
specifieation in order to resolve ambiguity and inconsistency.
In additien, EXPRESS works & switching equipment to
veriy the specification. Users can confirm their requirements
by operating terminals actually.

G, CONCLUSIONS

This paper has clarified the procedure used by experts
designing & communication system and outlined the
specification design support system which was made azeording
to the procedure. The program language of the system is
E5P(Extended Self-contained Prolog) on PSl{Personal
Sequential Infervnce machine). AL present, EXPRESS designs
the specification for certain services from users’ regquirements
and controls the swikching equipment according to TSG. It is
confirmed that the ugers can themsalves perform the semantie
verification about the specification. [t is aiso confirmed that
petri nets are applicable to the expression of the knowledge for
aervises,
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