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ABSTRACT

We are developing an expert system -EXPRESS (EXPeRt
system for ESS). EXPRESS designs automatically the specification
for & communication system from wiers’ requirements. Each
reguirement which means one of service features is converted
into P5G (Partial Service Graph). and all P5Gs are integrated into
TSG (Total Service Graph). T3G is the final specification and the
most fundamental document in programming communication
software. PSG and T5G are described in Petri Net. They may have
some efrors of fnconsistencles, which must be detected and
resolved. The verification of the specification consists of
syntactic part and semantic part, The syntax is verified in the
process of designing the specification by utilizing an algebraic
analysis technique of Petri Net. Besides, the analysis is applied to
the integration of P5Gs and discovery of new service features.

1. Introduction

In a communication =system, user's requirements
have become varieus and diversified regently, and
it takes many hours of engineers and programmers
to design an advanced communication system, A lot
of manpower of high-class engineers are needed
especially at the specification phase. We have
proposed an expert system -EXPRESS (Expert system
for an electronic switching system), which designs
automatically the specificaticon from users'
reguirements written in 2 naftural language. In
EXPRESS the specification is deseribed in Petri
Net and is wverified syntactically by utilizing &n
algebraic method of Petri Net. This paper gives
an outline of EXPRESS and describes an analysis of
the specifiecation.

2. Specification language for a commurnication system

EDL (Specification and Deseriptien Language) is
recommended as a lanpuage for a communieation
sysbem by CCITT {Comité Consultatif Internaticnal
Télegraphique et Télépnonigue) and is used in many

countries. SLEL  is based on speeification
languages which have been already wused in a
eWitehing system, And now speclfication

deseription for a communication system is reviewed
from another point of view, In other words,
Lhough ZDL plays the leading rele in specification
languages, 2 theoretical analysis 1ike

verification or simulatien will be needed.
Fromthis peint, other languages become a matber of
S0mMe CONCErn.

Fetri Met is known as a method of modeling
and analyzing an asynchronous and parallel system.
It has been used a3 kmowledge representation and
applied to logie programming recently, too. This
{3 why we choose Petrl MNet as a specification
language for & communication system.

3. Outline of EXPRESS

Fig.1 shows a system configuration of EXPRESE.
The system consists of specification acquisitieon
subsystem, knowWwledge base and specification
verification subsystem.
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Fig.1 Configuration of the syslem

The function of them are as {ollows,
{1) Specification acquisition subsystem
When uszers Input ambiguous requirements about

service features of a switehing system in a
natural language, this subsystem understands



(2)

(2)

the requirements by using the knowledge pase.

EBach of users' reguirements {s usuwally
fragmentary and there is a possibility thst
they have mutial incomsistencics. Wnen user:

input the rejuirements wWhich eonflict with
the inowledge base, this subsystem resclves
them by interacting with users. It designs

the consistent specifiecation from users!
requirements whieh may be ambiguous and
mutually inconsistent.

Enowledge base

The knowledge base 13 stored with the
specification which was designed and the
knewledge necessary Gto design the
specification. There 15 knowledge abouk
switching processing, users' reguirements,

switching hardware and design specificatieon.
Specification verification subsysben

Thie subsystem works an interpreter according
to Lthe specifications with which the
knowledge base are stored and controlls a
swikehing equipment. Thiz suhsystem can
verify semantieally whether the specification
satisfies users' reguirements completely or
nok.

4. Integration of service graphs

Fig.2 shows the procoss in which EXPRESS designs

the specification which doesn't have any
inconsistency.
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Fig.2 The process of designing
the specification
Each produst of the process i3 oxplained
oelow,
{1} BF (Service Element)

Une of users' recuirements i= converted to SE
at first, SE describes actions of terminals
and states which change by the actions, from
the beginning to the end of a gervice

[

{feature.
reguirements ana
gigling

Fig.3 shows an example of users’
3E about station-to-statien
ir. PBE {Private Brancn elchange).

& calier goes off-hook.
Then he hears a dial Lone.

He dials the number.
Then he hears a ring back tone and a called
parky receives a ringing signal.

{a) Uzers' requirement {in a natural
language)

{ltriofThook, [agent{caller]]}],
[stlhear,[goal{caller),object{dt)]}])

([te{dial, lagent{caller},object( number) 131,
{zt{hear,[goal{ealler),objectirbt} ),
st{receive, [goal{called),object{rgt)]}]]

{b) BE[service element)

Fig.3 #&n example of users' reguirements and 3E

(2)

(3}

(station-to-station dialing}
P56 (Partial Serviece Graph)

SE is converted to P3G whien is described in
Petri Net. In PS50 an acticn is expressed as
a transition, and a state before the action
and a state after the acllon are eupressed as
a set of input places and as a set of oubput
places respectively. EXFHESS can not only
represent states but alsec make clear changing
of states by moving tokens and firing them.
Fig.4ia}, Fig.L(b) and Fig.4(e} show a
cage of the standard eall, s case when the
calling party dials & busy number and A case
when bhe ealler hangs up while the ealled
station instrument is rung respectively.

TSE (Totel Servlee Craph)

f1l P30s each of which ifs fragmentary are
integrated inte TSG, and TS50 is a f(inal
design speeifieation. Fig.4{d) showz T3G

which i3 created from 3 P3Gs. Thiz example
enplainge only about a station-to-station
dialing service, but FEXPRESS usually
integrates all P5Gs which mean many service
featurcs 1n PBEY, including oubgoing call,
inooming call, eall forwarding ete.

Fip.5 shows the internal espressien of
T5G. Each stabte correspends to 2 place and
the expression of T3C clarilfies transitions
which can be connected to 2 place and places
which can be concected to a transition.

P5Gs are iotegrated into T3C as follows.
{1} unify one PEG with TS0
{2} add the P55 ke TSG Lf unification is nob
completod
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(3} do nothing if unifieation i3 completed

place(PLl, gplirel{toker(T=i!, extension),
idlel),
sptl(TLL, Tes, Tt7]),
snt(Tt1, Tt2])).
transition(Tt1, Arel, offhook, transit
{[Arel, Are2l),
sppi [Pt1, Pr&]),
snpd [PE2]1)).

Fig.5 An example of TS50 expression

5. Matrix of Petri Net

The matrixz of Petri Het is described below, We
define D= and D+ which represent an input funetisn
and amn outpubt function of transitions
respectively. Each matrix consists of m rows
which correspond So transitions and n  columns
which ecorrespond to places. An element of j-th
row and i-th column of - means a multiple degres
of ares whieh go from i-th place to i-th
transition, and an element of j-th row and i-th
eolumn of D+ means a multiple degree of arcs which
go from j-th transition to i-th place. When n-
dimension wector p, which is wocalled marking,
represents  the number of tokens whish exist in
each place, the jJ-th tranmsition T] fires il the
following expression 1s realized.

p=eldl - 0= .o.oo.. (R

e(j] is m-dimensien vector in which the )J-th
element is 1| and other elements are all . When
T} fires in the marking pp, the new merking becomes
the following.

p=pg + e[J] - D ... (8]
-0+ - D~
Therefere, when ignition series Tlys Tz
----- Tl Tire, the new marking becomss the
following,
p=pg + fe{j1]+E[jE]f ----- c[.jk]} « D
=pg + Flo) - D Looll, {c)

6. Delection of syntactie ineonsistencies

The specification must not have any inconsistency.
There are twWwe kinds of inconsistencies; syntactic
one and semanbic one. But, there is a possibility
that the specification may include sooe
ingonsistencies, because users' regulrements have
#lready Inciuded some inconsistencies or they can
e wmade in the process of desigring Lhe
specification. EXFREZES ecan wverifly whether the
specificstion satisfles wusers' requirements by
working a switching system or not, bBut when
inconsistencies are found at the phase, it takes a
lobt of manpower Lo ecorreot them. Therefore, it is
desirable to detect and resolve the
inconsistencies in Ehe process of designing SE,
P3G ar T3G.

Detection of inconsistencies vconsists of

s¥yntactic wveriflieation and semantic one.
Syntactic inconsistency and semantic one are
detected respectively. Eemantle wverifiestion
means verifying whether users' penuirements are
realized correctly or not, and iL needs kno«ledge
about & switeh.ing equipment, design specilication
ete. The specification ecan be wverified
semantically by means of knowledge in *.e
computer, but it is wverified mainly by a
prototyping metnod.

On the other hand,syntactic verificaticn does
not nesd working of a switching system and can bo
made by an analytic method.

6.1 Syntactie inconsistencies
There are tWo cases in whieh TS2G  has

inconsistencles. Some  inconsistencles are what
PSG has itsell, and others are what are created in
the process of integrating PSGs inte TSG.

PEC has itsell inconsistencies in  the
following caso.

(1} After tokens pass all or some transitions,
the ipitizl state cannot he obtained again
including the number of tokens in each place.
This inconsistency which exists in P30 is
suceeeded to by T3G, after PEGs are
integrated into TSG.

P5Gs have mutual inconsistenciez in the
fellowing case.

{2) A transition and a sect of input places in one
PEG eorrespond with those of another P3G, and
a sget of outpub places in LWe P3Gs  are
different {rom each other.

(3} One PSC explains a users' requirement in
detail and the other P3G doesn't. IL i=m
necessary  to resolve lneconsistencles before

TG is completed.

6.2 Detectlon of inconsistencies by means of

Pebtri Netis

EXPRESS werifies the design specification by
analyzing inconsistencies deseribed in &.1 by
means of a matrix of Fetri Net in the process of
designing TSG., At first (1) can be verified by
utilizing the expression {C). For example,tha
matriz @ of TEQ in Fig.4 is as follows,

D=D"=D"
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-1 2 8 0 0-1 0 0 ¢

=1 =2 4 0 0 1-1 -1 @
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The next expression shows that the state
returns  to the initial state and the marking
doesn't change whem T1, T2 and T7 Tire in
SEQUEenCE .

sfg0o0oo1i 11}

7. Integpration by utilizing a matrix

EXPRESS integrates PSGs into TSG by unifying each
paragraph of P5G with TSG. The integration can be
realized by unifying each row and each column of
PSG matrlx with that of T30 matrix. G- and D+ of
TEC are complebed by adding places and transitions
whieh domn't wcolneide with those of TSG, Far
example, Fig.6 shows the process of making D- of
TS im Fig.d. In this exazple, P11 and PIA in
F5G1 are unified as the same kind of bterminals.
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Fig.& &n example of integration of matrix D-

8. Presentation of new service

The system proposes a new route from the Petri Net
graph of the design specification. The system
finds {ireable transitions and make them fire on
the condition that all resourees like terminals
and trunks are idle. fnd then the system can
disecaver new service features which users didn't
think about. Fig.7 shows the process. In Fig.7
(a) and {b} are integrated into (o), when Pp=Pg.
Then two new services are crezted:
BT —PaaT5—lg, Pu—Ty—Po—Ta—P3

Besides, the system can find a new service
iiture by adding a new transition and conmecting
places without adding & place, This Is completed
by utilizing knowledge, Fig. 8 shows the example.

fi station can hang up while he is hearing a dial
tons.,  (P1=T1—=Py)
A station ean hang up while he is hearing a ring-
back tone, (Pa—Tz—-PL)

1

A station can hang up uiﬂile he iz hearing a busy
tone.  {F3=T3=Py)

n .
T T,
Fy Fy
Ts Ts
Fy Fy (:)
1al 18 il

Fig.7 Representation of a new service (ex.1)]
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Fig.8 GRepresentation of a new service (ex.2)

In this case, the system informs users of 2
new service at CRT ete. It depends on users
whether the new service can be allowed or not.

9. Conclusions

In this paper we have analyzed the design
speeifieation by utllizipg Petrl Net matrix and
applied it to detection of inconsistencles,
integration of PSCs into TSC and discovery of new
service features. It is very important to detect
and resalve various ipeconsistencles in Lhe process
of designing the specification f{rom users’
requirements, and this is one of methods of
analyzing them. Moreover, wWwe are going to
investigate an inbroduckbion of a colored boken Lo
the zysbtem and a problem that the matrix doesn't
decide the sequence of ignitions and doesn't have
every information sbout Petri Het.
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