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SUMMARY
sprecification in a communication sustem b utilizing Perri ner. Woe
define a1 worvice specification and elarify e feature of the
speification. And we discuss s felation betweoeon a serviee
sperification and Petri net which represents the specification
Furthormure, this [HLpT deswribes sogne kinds of verification for
the specification and shows geveral examples We are now devel-
upieg @ seftware support svelem-EXPRESS EXDPelit svstem for
Felr EXPHESS desipny antarmatwally Uhe service specification
fromn wser's requirements. In EXPREESE. cach roquiroment i
cunverted intn (50 CIndividual Seeviee Geaph' and all 15Gs ane
interratei mite Tl Tugal Service Geapht. TS is the {inal
sepvice specification 180 aml TS are descsilwl by wsing Fetrl
net. Petri et = used for modeling a commnunication protocol and
mik nvEehTinms svelen A service starts from an sdle stare anul
returns o the same idle state oo commumication systenn s
means that a weviee specification should have a ¢-invariant, And
d Cavarant which can ngt be decomposed iv called a prime
sorvice The following: are mesded to vendicalton of e
specification @ verification of 150, detection of ISC from T2 and
Uetectmen of ollver prime seevices than 190G, These are verified by
urilizing an analysis ol Peri net

This paper gives o verticarion methal of a service

1. Introduction

In recent years. user's requirements have become
various and diversified inoa comimunicat ion svstem, and
it takes many hours of expert engineers to develop
communicaion software, especially al the specification
phase. It is important to design the specibication from
user's requirements acvuralely because the specification
it a fundamental document of the next phazes in commu-
nication softwarc. AL present, however, only  some
expert engineers, who have long been engaged in devel-
oping switching seftware, can speciiv user’s require-
ments, that is, can understand user's requirements and
desigm the service specification withoot inconsistency.

We have been developing a support system
EXPRESS (EXPeRt system for ESS! which designs
automatically the service specificarion for a communica-
tion system'™, EXPRESS understands user's require-
ments written in a natural language and designs the
specification. Besides, EXPRESS wverifies the
specitication. The service specification has been verified
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by expert engineers basced on many years” esperience.
But in case that the service specification 12 designed
automatically. it = important that the service
speciiication s verified automatically. This avstem may
decrease the man-hours of engineers. The representation
of the service specification holds the key to the method
of verifving the specification. In EXPRESS, the service
specification is deseribed by using Pedri net™. Petri net
iz said to be one of the best candidates that can be used
ws models of communication profocols. And Petri et is
widely used for verification of asynchronous systems
Espectally a f~invariant in a Petri nel model is said to he
effective tn analvsis of practical systems. A §-invariant
iz also utilized from the feature of service in order Lo
analvze the service specification in a commumication
wyatem, and the specification s venfied logically and
topologicatly by utilizing an analysis of Petri net'™,

This paper gives an outhine of EXPRESS. And it
clarifes the feature of Petri net in EXPREESS and the
relation between o service specification and Petei net.
Then it describes the method of verifving the service
speoifeation and shows some examples,

2. Outiine of EXPRESS
1 Svslem Configuration

Figurc | shows a svslem configuration  of
EXPRESS. The system consists of requirement under-
standing subsyslem, specilication integrating subsystem,
protorvping subsvstem and knowledge basc.

The functions of them are as follows ;

11} Reguirement understanding subsystem

When users mput an ambiguous requirement about
services of a switching svstem in a natural language,
thits subsystem undersiands the requirement by utilizing
the knowledge in the Knowledge base. This subsystem
transforms  each  requirement  into an  individual
specification. When the user's reguirement is inconsist-
ent with the knowledge base, the inconsistency is
resolved mteractively,

(21 Specification integrating subsystem

All of the individual specifications are integrated
into a final specification by this subsystem. Each of the
individual specifications is [ragmentary and they may be
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inconsistent with each other, When some inconsistencies
are made in this process, they are also resolved inter
actively.
{1) Prototyping subsystem

This subsystem controls a switching equipment
according to the specification stored in the knowledge
base and examines whether the specification satisfies
user's requirements semantically or not,
{4) Knowledge base

The service specification which was designed and
the knowledge required to design the specification are
stored in the knowledge base. The knowledge is related
to switching processing, switching hardware and user's
requirements,

2.2 Specification Expression

Figure 2 shows the process of designing the

specification without inconsistency or ambiguity.

The process in which experts design the
specification from user's requirements can be considered
as the conversion of the service expression representing
the user's requirements into that representing the
specification. Each of service expressions is explained
below, Figure 3 shows an example of user's require
ments about PBX (Private Branch eXchange) : a stan-
dard call (the caller first goes on-heok! in a station-to-
station dialing.

{1) URE {User's Requirement Element)

URE describes the terminal operation which means
an operation for a telephone and the terminal state
changed by the operation from the beginning to the end
of a user's requirement. Figure 4 shows an example of
URE. URE expression consists of an ‘act’ part and a
‘greg’ part. The former means a terminal operation and
the latter a terminal state. Each expression consists of a

—_— g =
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L. Acalier goes off-hook.
Then the caller hears = dial tone,
2, Thecaller dials the number of a calles.
Then the caller hears a ringback tone.
The callee is rung
3. Thecallee goes off-hook.
Then the caller and the callee talk to each other,
4. Thecaller goes on-hook.

Then the calles kears 2 busy tone.

o

The callee goes or-hook.
The busy tone stops.

| oeer'e meguireinen  Csbslon-psstation dialing - the

caller Frst sees on-hook

1. wrodactoll-aock [agentieallerh|)].
isresihear, (ehjecticaller:, influence dial-tone 1)
2 wreilactdial,[agenticallerijl],
|sresireceive, |objecticaller) inlluenceirbtl )i,
srestreceive, [nhjerticallest, influence rgti]i])

Fig. 4 An example of URE can interm pupression of URE

correspends to b oand 2 in Fig A,

verd and cases of the verb such as an agent,
21 SGE (Service Graph Element}

I'RE 1= conwerted into 50GE which 1= described in
Petri net. In 5GE, a resource such as a telephons or a
dial tone is expressed as a token, an action as a transi-
Lion #nd a state as a place, Each unit of SGE consists of
a preseny state. an action amd a next stale. A present
state is represented as a sel of nput places and a nesxdt
state az a =et of outpul places. A state represents termi-
nal relations cach of which means a relation between
two terminals, For example, a ringing state represents
two relations g caller is hearing a ringback tone, and o
callee receives a bell. A terminal relation i= an element
of a state. Thus, each place consists of termnal rela-
tionz, A unit of SGI can be treated as an element of a
service graph. Figure 5 shows o unit of SGE. Figore o
&y shows an internal expression of S0E and Fig. 30 b
shows a representation of 5GE by Petri net. A represen-
tation of Petri net in Fig. 30 b ) corresponds to a repre-
sentation of 3GE in Fig. 508 1. Places and transitions in
ths example are as follows

pl: place ([rel (token (caller, ext), idle. nil) |}

p?: place ([rel (token (dial-tone. di). idle, nil} ]

i place (lrel (token (caller, ext). receive.

token {dial-tone, dtii ]

tl: tr (teken (caller, ext). off-hook, nil)

The mpul function values which mean the number of
arcs connecting a place with a transition, a{p, ¢), and the
output function values which mean the number of arcs
connecting a transition with a place. d(p, (), are as

VERIFICATION OF SERVICE SPECIFICATION

sgpetsppd place [relitokenlcaller, ext), idle, nil¥fy,
plaed | el bobend diab-tone, di ), idle, nil R,
Lritokentesler, ex), ofT-hook, nill,
sapfplacel] rebitokenicaller, exl), recoivi.
tokenidial-tone, de]iY

tal

IM idle

@cxl idle
b

[ 1t

eut off-hook

@ exl +— 1

bi
Fig 5308 Apexample of SGE (an internal expression of S3GE
corresponds ta 1in Fig 41,

iHt Representation of SGE in petri net {this representa-
s 1o SGE in Fig. ata i

11650 COTFEs)

piace Pt]l gpiifrelitokeni Ttk]l. exti, 1dlei],
spti T4, Tes),
snulTtl, Te2]
transition T, Arel, offhook, transiti[Arel, Arc2]),
sppi[PE1.Pud ],
ST i_l-'tZlil
arctArel, i Tekly outi Tek3), atr] ]

Fig 4 Awn example of 156G tan internal expression of 156G

follovws -
gl t1)=1, el g, r1i=1, alpd, 1)=0,
Alpl, A=, SUp2, P =0, 8ip3, 11)=2

A present state is expressed as a ‘spp’ part, an action as
a1 part and a next stale as a snp’ part. A terminal
relation is expreszed a2 a ‘rel’ part, An action consists of
i token which represents a terminal to e operated, a
tvpe of an action and a token which represents a termi-
nal influenced by the action. A type of a token i= an
element of a4 token. For example, if a tvpe of 2 token is
et the token corresponds o a telephone. If a type of
token 1z ‘dt’, the token corresponds to a dial-tone.

L3 186G Individual Service Graph)

[SG is a service specification which is designed by
integrating SGFs. A single state corresponds to a place
and an action o a lransition, and the connection
between a place and a transition is clarified. Each [SG
consists of places, transitions and arcs Fipure 6 shows
an example of [5G, A state is expressed as a ‘gpl’ part,
4 connection to transitions as ‘spt’ and ‘snt’ part, and a
connection to places az “spp’ and 'snp’ part. An input
token which means a token contained in an input place
is expressed as an 'in' part and an outpot token which
means a token contained in an output place as an “out’

— 3 -
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Fig. 7 Representation of [5G in petri net (standard call in a

statinn-to-station dialing)

part, An attribute of transition, which points cut a token
that enables the transition to fire, is expressed as an ‘atr’
part. Figure 7, Fig. 8 and Fig. 9 show a case that a
standard call in a station-to-station dialing, a case that
a caller goes on-hook while hearing a ringback tone and
4 case that a caller goes on-hook while hearing a ring-
back tone in hotline, respectively.

(4) TSG {Total Service Graph)

T5G iz a final service specification which is designed
by integrating all of fragmentary ISGs. The expression
of TS0 is as same as that of ISG. Figure 10 shows TSG
which is created from 3 15Gs.

2.3 Process of Designing Service Specification

In this section, we describe the process of designing
the service specification. This process consists of 4
phases ; User's requirement-URE conversion, URE-SGE
conversion, SGE-ISG conversion and ISG-TSG conver.
sion. Each conversion is explained below :
{1) User's requirement-1URE

Each sentence of user's requirements is converted
into URE. This process consists of morphological analy-
sis, syntactic analysis and semantic analysis. In this
process, the system finds syntactic errors which may be

Fig. 7 Hepresentation of 150G in petri net (8 caller goes on
hook while hearing a ringback tone)

m A idle
@ ) A off hook \\'
|".1|: |
ftf.’i é;)ﬁﬂi

1*3:: |

.i. on hook v

Fig. 9 Repm&en:a[mn of I5G m petri net (a caller gnes on:
houk whiie hearing a ringback tone in hotline)

included in a sentence and deletes them. URE is re-
presented in a unified clause such as shown in Fig. 4.
{2) URESGE

URE s converted into SGE in accordance with a
sequence of each clause. In this process, a transition is
made from an action of each clause, tokens are made
from resources in the clause, input places are made from
the set of present places and output places are made
from the states changed as a result of the action. In case
that the token in the input place does not appear in any
output place and vice versa, the system gensrates an idle
place which means an idle state of the token.

For each clause, this conversion consists of 4 phases
explained below. When this conversion is carried out for
all clauses, conversion of URE into SGE is completed.
{1 Create Tokens Each token is created from each
object that appears in URE, unless the taken has been

.
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already created. This object represents a resource such
as # tetephone and a dial tone.
&1 Create Transitions A transition 15 associated
with an action in URE. A transition conzists of an action
and a terminal which is operated. A token which corre.
sponds to the terminal is selected from Lokens created in
step (1
3 Create Input Places An input place is created
from a set of output places created from a previous
clause of URE. If there does not exist any place that
comtalns tokens which are created in step (U in the set,
the system generates an idle place which means an idle
state.
40 Create Qutput Placez An output place is created
from a changed state after an action in URE. If there
exists a token which appears in an input place and not
in an output place, the system generates an idie place
where a token exists.
(31 SGEISG

SiE iz converted into IS0 which is described in
Petri net This conversion is made hy integrating all
units of SGE. Places, transitions and arcs in cach unit of
SGE are integrated with those of other units of SGE,
respectively.
(4 T=0:-TS(0

All 150z eachk of which is fragmentary are integrat-
ed into TG,

This conversion consists of 3 phases as follows :
1! Search a place in TSG which corresponds to a place
in ISG. A place in ISC corresponds to a place in TSG if
the elements of each place are the same. The elements
are the same if the types of tokens are the same and the
tvpes of relations are the same. If there exists in TS0
any placc that corresponds to the place in [5G, go to (@)
Tf not, add the place to TS0
@ Check the transition whose input place is the place
in I50G with that in TSG. A transition in TS0 corre:
sponds to & transition in 156 if the tvpes of actions are
the same and the types of terminals are the same. And
check the output place of the transition in [5G with that
in TSG. If there exist both a transition and a place in
ISG which correspond to those in TSG, go to G0 If not,
add the transition and the place to 1SG.
% Do nothing when onification between 150G and TSG
iz completed. Return to 30

3. Basic Terminology' ¥

This section presents the lerminology and some
results.
[Definition 1]
A1, whers
(1) Fisa fnite and non-empty set of places.

{2) 7T isa finite and non-empty set of transitions.
(3} PNT=¢

{4} a: PxT=N, iz an input function,

(8} F: TxF-=N iz an vulput function

Petri net is a quadruple C=(P. T, a,

VERIFICATION OF SERVICE SFECIFICATION

(N represents a set of non-negative integers: 0,

L2
We can represent Peirt net by bipartite graph, Places
are represented by circles and transitions by rectangles.
Places and transitions are connected by orienled ares.
The input function values are associated to arcs con-
necting a place with a transition. The output function
values are associated 1o arce connecting a transition
with a place.
[['Ieﬁnj[jnn 2: We adopt the fn“nwing potations :
For t= 1, "t={p=Flalp, t}=0} and *=[p=P|3(p, 1+
it We call "#i7) a set of input (owtput} places of /. Let
" {th U=
[Definition 37 The matrix of Petri net is described
below. We define 17 and [} which represent and input
function and an outpul function of transitions, respec.
tively. Each matrix consists of m rows which corre-
spond to transitions and » columns which correspond to
places. A component of J-th row and i-th column of L7
means a multiple degree of arcs which go from ith
place to f-th transition, and a component of j-th row and
t-th column of I means a multiple degree of arcs which
gn from j-th transition to i-th place, When n-dimension
vector g, which is called marking, represents the num.
her of tokens which exist in each place, the j-th transi.
rion 1 fires it the following expression is realized.

el i1 (1]
¢{j] is a m-dimension vector in which the ;-th compo-

nent is 1 and other components are all . When T fires
in the marking p. the new marking is as follows.

g+l fle D (z)
where D=0"—-0"

Therefore, when a firing sequence a=1,, T, -, Ta
ﬁ[E'.;i, W I'Iij'l."t‘: il T IIIHII'I'i.[IS.

=i 4 Celp] el +-—+ el D
== [}
where flal=eln]+eli]4 < | eli]

[Definition 41
=0,
[Definition 5] A marked Petri net is a pair (7, m)
where  is Petri net and o is an initial marking. A place
is said to be &-bounded if the number of tokens in that
place cannot exceed an integer & A marked Petri net is
said to he bbounded if all places are k-bounded. A
marked Petri net is said to be live if for every Lransition
¢ and every marking p, there exists a firing sequence
from g containing /.
[Definition 6]  T-base of Petri net satizfies the next
properties:
{1} Ttisa set of f-invariants,
(2) T-invariants in {-base are linearlv independent of
each nther.

A vector T is a f-invariant of Cif f«0)
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(37 Al t-invariants of Petri net are linear cumbina-
tion of elements of ¢-base,
[Definition 7| Petri net is said to be consistent if there
exists a f-invariant f whose components are all non-
negative.
A minimal consistent net satisfies the next prop-
erlies:
(1) A net iz consistent.
{21  Any subset of transition does not satisfy properly
(1.
| Definition &) Petri net is said to be {-complete if ° T
=T A f-complete element is a subnet which is deter-
mined by X, if X satisfies XS T and "X =X"
[Definition 9] Petri net is said to be rigidly connected
if it satizfies the next properties:
(1) Anv place p has one input trampsition and one
cutput transition at least.

12} Anv subnet, that is made from the suhset of
transitions, does not satisfy property (1.
[Definition 104] A minimal consistent net has only one
{-invariant and the components of the f-invariant are all

non-negative, Structurally it satisfies P="T=1T".

4. Expression of Service Specification

Petri net has been used in order to model and
analyze dynamic systems, and the feature of Petri nct 13
to simplify verification and analysis. Petri net is consid-
ered to bhe effective to specification representation
because the specification can be easily added or modified
by describing it in Petri nat.

We discuss the feature of the representation used in
thiz system. And we clarify the feature of Petri net in
EXPRESS and the relation between a service
specification and Petri net which represents  the
apecification

4.1 The Feature of Service Specification

Required conditions for a service specification in
switching software are as follows:
{a) All transitions should be able to cccur logically in
the service specification,
(13} All states that are described in the service
specification should be able (o exist,
€} Al resources should return to the initial state.
dl There exists onc service at least,

We can say that the service specification is integra-
tion of services which users require. A service is defined
as follows.

[Definition of Service] The fireable vector f(s) is

defined when #{7) satisfies the following conditions.

{a} flo)isa f-invariant.

ib) Among the firing sequences of the transitions
which correspond to £ a), there exists at least one
firing sequence which saeisfies Eq. (1) in any
marking.

—

When f{7) is a fireable vector, any marking ¢ can
reach from g itself by firing in sequence the transitions
which correspond to f(s). If the tokens exist in only the
places which means idle states, f(a) represents one
service. In other words, the loop from an idle state to the
idle state means a service. The service which is re-
presented by the fireable vector may be linear combina-
tion of independent services which can not be made from
other services. We call such an independent service a
prime service,

1.2 Correspondence between Specification Representa.
tion and Petri Net

It is important to mvestigate the feature of a service
specification {(I3G, TSG) for analysis of the
specification. The features of Petri net which represents
the service specification are as [ullows:

[a] Petrinet is live because all transitions may ocour.

[b} Petri net is strictly conservative because all
tokens represent the resources,

(e} Petrinet is ¢-complete.

{d} Inamatrix £, there should exist one f-invariant
or more. This means that the noxt expression
should he satisfied.

rank{Di=m 1

where m is the number of rows in matrix [

We discuss  further investigations of service
specifications and point out that ISG and TSG belong to
a sub-class of Petri net.

1SG corresponds to one service, [f any transition is
removed from Petri net which represents a service, the
zervice will not be realized. Therefore, Petri net which
represents 1SG is rigidly connected. If the number of
firing times of inpul transitions is equal to that of output
transitions for every place in Petri net, there exists
t-invariants in the Petri net'”.

Petri net which represents 15G is strictly conserva-
tive as shown in Fig. 7. Consequently 15G has necessar-
ily a tinvariant. Furthermore, all the elements of the
f-invariant are non-negative becanse a transition means
action in ISG, and Petri net which s created fruin the
transitions decided by the ¢-invariant is consistent. And
the net is a minimal consistent net because the net which
represents 156G is rigidly connected as mentioned above.
A= an independent #-invariant of a minimal consistent
net is unigue™, one independent {-invariant exists in
1580;. This f-invariant ie the vector which represents a
prime service.

TSG is designed by inlegrating T5Gs. TSG is -
complete and is a set of minimal {-complete elements
each of which represents [5G,
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5. Verification of Service Specification
3.1 What Verification is Needed ?

User's requirements may be frequently modified and
added in a switching svstem. There is a possibility that
the specification includes some inconsistencies, because
user's requirements have already included zome incon-
sistencies or they can be made in the process of design-
ing the service specification.

We consider what kind of verification is needed in
the process of designing Lhe service specification.

The followings are needed.

ray 150G i designed correctly.

LB} T30 contains every required service.

[w1 Mo service bevond user's reqguirement is included
in TS,

id} The service specification which is designed by
adding a partial service iz correct. A partial
gervice means A service which is decided by a
liring sequence of transitionz from one state to
the other, both of which are not idle srates,

We should examine the followings to verify (a) to
dl
0 180G s 3 minimal consistent net.

@ Every required service belongs to a set of prime

services which are obtained from TS0

@ Any prime service obtained (rom TSG is included in

prime services which mean all 15Gs.

) There exists a minimal {-complete clement which

includes an idle state and all transitions contained in

the added service.

4.2 Example of Specification Verification

(1Y WVerihcation of 150
The matrix £ of 159G in Fig. 7 iy as follows

P'l PI? lril?- FII. P“u PLI'- P.? Rﬁ Pﬂ

Twl -1 2 0 0 0-1 0 0 0]
:;a=T"’-I “1 =2 4 0 0 1 -1-1 o
Tol 0 % -4 2 0 0 1 1 0
Tl 1 0 0 -2 2 0 0 0 -
mlo1 0 ¢ 0-2 0 0 0 1

There exists a linearly independent f-invariant of
the TS(7 hecause the nexl eguation is satisfied,

m--ranki{) =1
The next vector is the {-invariant obtained from the
180,
={11111)

Conssquently, the ISG is desipned correctly because

VERIFICATION OF SERVICE SPECIFICATION

®t i
I.. '’
LI - =
& off hook
%m—m 6!)1 idle
A dial ‘} ¥
_J ]
— i
I'[ & on =\ "3
h

=
[=]

&
S
T
@
]

m

L
-1 =

- ] - a off
YA+Rbt «Hgt hook
13 |
B off hook
]
| A on hook
{ T4 1]

! $

| Ts |
X J A on hook

Fig. 10 Tepresentation of TSG i petrl net (this TS50 is crealed
Drn 3 130s wionch are shown in Fig, 7, Fig. &, and Fig
i,

the Petri net is a minimal consistent.
(2 Conclusion of all prime services of [5G

We can get all prime services by using a2 method of
the f-base construction™. The next vectors are the
minimal {-invariants which represent prime services
obtained from TSG in Fig, 10,

s={(1111100
(=(1100010)
0000011
v=(0011101)

For cxampie, the vector 5 means firing transitions
(L £2, 83, 44, £5) but it does not decide a firing sequence.
The vector 5, ¢ and « mean ISG in Fig. 7, Fig. 8 and Fig.
9, respeciively. Therefore, we can verify that TSG
inciudes I required services.
37 Detection of services bevond uzer's requirement

We have the 4 vectors which represent prime ser-
vices in TSG. The vector ¢ means a service beyond
user's requirement. This new service means a firing
sequence (¢7, {3, ¢4, 15). If new services are detected, the

- T —
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Fig. 1l Representation of T80 in petri net {this TSG is created
by adding a partial service to 150 shown in Fig. 70,

A on hook

system informs users of the service, and ask users
whether they are allowed or not.
(47 Verification of a partial service

We assume that a partial service includes a set of
transitions : Ta=1{#, &, -, k!. The minimal t-complete
element, which contains Ta, can be obtained as follows,

Let T=T. Add to 7" a transition which has an input
place which belongs to T° and net to * 7T or 7. Obtain
“T and T" on modified T. When T°="T, a set which is
meant by T and * T i5 a minimal /.complete element. In
this process, if ° T =T for a net without T., remove the
transition from T and choose another Lransition.

We consider the addition of a partial service from a
ringing state to an idle state, to the standard call of a
station-to-station dialing service, In TSG of Fig. 11, the
transition #6 is included in the added partial service. The
minimal {-complete element including the transition 6
becomes the next subset.

T={11,12,16), T*="T={pl, g2, p3, p6, p7, p8}

Consequently, the added service is proved to be
correct.

6. Conclusion

This paper has described design of a service
specification and a method of verifyving the specification

in a commumicalion system.

Each of user's requirements is converted into 150
which represents an individual service and all 150Gs are
integrated inte T50G which representz a service
specification. A serviee specification consists of prime
services which can't be made from other services, and a
vector which represents a prime service corresponds to
a nvariant in 153G described in Peici net. We consider
what kind of wverification i3 needed for a service
!-‘.p&l.".iﬁc.‘al{nn and examine a method of verification. A
service specification is verified by utilizing an analysis of
Petri net. Ar present, EXPRESS designs service
specifications for certain services from user's require-
ments and verifies service specification. Tt is confirmed
that Petri net is applicable to the expression for a
service specification. Moreover, we are going to apply a
method of verification to many services and evaluate it,
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