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Abstract 

Methodologies for the description of system re-
quirements. and .the synthesis of forma1 8pecifi-

ca.tions丘omuser requirements are presented. 
We will speci五callydeal with the issues (1) 
ma.thema.tica1 treatment of system req叫児-
ments回 dtheir relationship with formal spec-
i宣cationsrepresented as state仕組sitionsys-

tems， (2) sound and complete systems， i.e. 
st副知dsystems， (3) derivation of standard 
systems from u悶 requirements，and (4) some 
discussions on partial logical Petri N ets姐 d
Produc世onsys旬ms.

1 Introduction 

For a compl既 andsophistica.ted system， op-
era'世onaldescriptions might be too旬diousto 
ha.ndle for rapid prototyping and analysis of a 
system's behavior. In such c回 es，i色ismore 
convenient to express the system on a higher 
level， somehow in a functional m副lner.This 
approach yields formal speci宣回世onsthat em.-
phasize the system's gene四Jbeha.vioralproper-

ties rath町 thanits operational det司18.More-
O刊 r，it has a practical significa.nce if the desired 
descrip世oncan be derived or synthesized， in a 
systematic wa.yをomthe user requirements on 
system functions. 
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τ'his paper proposωnewme也odologiesfor 
the description of system requirements姐 dthe 
synthesis of forma.l specifications告'omuser re-
quirements. The formaJ specific8otions ca.n be 
ta.ken 80S models of the system requir回nents.
Mo四 g~nerally， the ma.in objective is to be 

able to derive組 implement油leor opera.tional 
system description from a given lugh-level de-
scription on system func世ons. The proposed 
me也。dologycan be fully automa.ted， hence 
may / can improve both producti吋守組dq'叫-
ity of system development. We ha.ve imple-
men旬da support system based on our ap-
pro8och姐 da.pplied several pra.c世calsystem de-
signs such as 80 telephone service， a com皿llnI-
cation protocol， a. CATV system， etc. 

In the litera.ture of communicating systems， 
Formal Description Techniques (FDT)， e.g. 
SDL (3)， Estelle (1)阻 dLOTOS [4]， h80ve been 
proposed踊 high-levelspeci:fication languages. 
The conventional state machine oriented 8op-
proaches such as SDL and Estelle and aJge・
bra.ic approach such as LOTOS are sui也.blefor 
the purpose of description and investigation of 
the total behavior of systems. But， these a.p. 
proaches might be not suita.ble for ra.pid proto・

typing岨 dflexible software development. Be・

causewe must enumerate a.nd/or determine aJl 

system behaviors仕om叩 ea.rlystage of 8yS-
tem design. Our objective is to give theoretical 
foundations a.nd proposal of a fle:xible a.pproa.ch 
on the synthesis of formal specifica.tions from 
user require皿entswritten in a.n early sta.ge of 
system design. 

From objectives， our work has some con-
nection wi出組 STR(State Transition R叫e)
method， which is a. specification method based 
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on a production system proposed by Hira1阻m
a.nd Ta.kena.ka. in [8]. But， the methodol-
ogy proposed here dufers告omtheir approa.ch 
mainly in theoretica.l diSCUBsions such as sound 
& completeness a.nd formal treatment， r80ther 
tha.n pr80cticaJ methodology for description a.nd 
use. Another related work is a synthesis of 
co~unicat~g processes企omtemporal logic 
specification by Ma.nna and Wolper in [?]. 
Their approach is b踊 edon tableau-like method 
組 dcompletely different form ours告omtechni-
cal point of view. Besides those works， no other 
related works could be found in the literature. 
The outline of this paper is 80S follows: In 
section 2 after giving prelimi乱世ies，we dea.l in 
detail with the issue of requirements a.nd for-
ma1 specifications. In section 3， we diSCU8S the 
key notions， soundness and completeness. Sec-
tion 4 provides組問uivalent仕組sformation
on requirements with the result of determinacy 
for the resulting transition systems. Section 
5 gives a.n automatic transformation technique 
from user requirements to formal specifications 
followed by the discussions in section 6 and the 
conclusion in section 7. 

2 Requirements and Formal 
Speciftcations 

Let P be 3;. set of atomic prop08iUonB. Each 
a.tomic proposition describes a. specific prop-
erty of the intended system under the target 
of design. A partial Inte申retation1 is a pa.rtial 
function 1 : 'p→ {true， fa1se}， where true 
叩 dfalse are the truぬ vaJuesof propositions. 
Jf the truth vaJue of a. proposition J under 1 is 
defined色obe trueぬenwe say tha.t 1 Bati8fie8 
J， denoted by 1ト/.1 ~ / denotes出品 the
truth va1ue of J is defined to be fa1se and we 
say 1 doeB not 8ati8fy J. Theses c組 bedefined 
inductively as follows: 

(1) 1ドA(1 枠A)if 1 is defi.ned on A回 d
I(A) = true (I(A) =仙 e)，where A E P. 
(2) 1ト-./(1ド-./)if 1ド/(1ト/).
(3) 1トf八9(1 砕f八g)if 1ト=J a.nd 1ト=g
(1 幹Ior 1 併g).
(4) 1ト=J V 9 (1 併JV g) if 1ト=J or 1ト=g
(1梓1and 1許g).

For propositions / a.nd 9， /時9denotes the 
a.ssertion that for any partiaJ interpreta.tion 1， 
Iト=I implies1ト=g， i.e. Vl.1ト=1コIト=g.

Deflnition 2.1 Let f a.nd 9 be propo品・
tions. 

(1) f is consi8tent if 1ト=f for some pa.rtial 
int町preta.tion1. 

(2) f is incon8istent U f is no七consistent.
(3) l is dependent on 9 if either 9 =令 I(in 
positive) or 9 吟-./(in nega.tive). 

(4) J is independent of 9 if J is not dependent 
on g. ロ

Le川，γIbe co悶 isten'色conjunctionsof勘er-
a1s. It is cle町告omthe definition that l'吟ず
ift' .L(-y)コ.L(1")， where .L(γ) denotes the set of 
literaJs a.ppearing in γ.司lIsimplies the follow-
ing proposition. 

Propooition 2.1 .Let γbe a con8iotent con-
junction 0/ literals. An atomic propoBition A 
iB independent 0/ γザAdoe8 not appear in 
γat all neither in p08iti旬enor negative. The 
negative literal -.A Is independent 0/ l' iff A I8 
independent 0/小口

A system c組 beessentiaJIy specifi.ed by its 
fundam.ental functions and their rela.ted con-
straints for execution. To b~ more precise， a 
system function may be invoked by a specific 
input provided tha.t its pre-condition to be sa'ι 
isfied before execution ca.n hold in the current 
state. Then， the function is executed， possibly 
producing some a.ppropriate 0凶put.After the 
ほ ecutionthe current state is cha.nged into the 
new one. In the new state，組oth町 functions
(including. the .same functionωwell) c組 be
applicable. Talang account of this intuition of 
system specifications， a function requirement is 
formally defined in the next definition. 

Deftnition 2.2 A Junction陀 guirementis a. 
tuple p = (id，tJ，Jin，O，/oot)， where 
(1) id is a. name of色herunctionj 

(2) a is回 inputB1Imbol of the fu.nctionj 

(3) t向 isa pre-condition of the functioD to 
be sa.tisfied before execution， which is rep-
resented舗 aconsiste凶 propositionusing 
a.tomic propositioDS in P; 

-298-



(4) 0 is組 outputsymbol of the functionj 

(5) tωis a post-condition of the function to 
be satisfied after execution， which is repre-
sented笛 aconsistent conjunction of liter-

als by atomic propositions in 1'.ロ

For simplicity， in what follows we omit the 
names andぬeoutput symbols企om色hede-

scription of function requirements because出ey

do not pla.y the central roles on the theoretical 
trea.tmen色intms pa.per. A function require-
ment p = (α， Jin.， J uu.t) is 。抗ena.bhreviated嗣
p: lin ~ 10叫t・
Deflnition 2.3 A 8ystem requirementis a pair 
冗 =(R， "Yo)， where R is a set of function re-
quirements叩 dγ'0is an initial condition repre-
sented as a consistent conjunction of Iitera.Is in 

for all atomic propositions A. Let Sat(q) de-
note the set of all Iiterals 1 such that the truth 
value of a literaJ 1 is defined in q臼 dqト=1. 

Proposition 2.2 qトJiD J is implied from 
Sat(q)， Sat(q)ト1，Jor all propo8itions J. 
Pr，ω1: . The proofis by structural induction on 
propositions /.ロ

Two states p and q in M are logically equiv-
alent ifF 1(P) = l(q). A tra.nsition system M is 
logicall，l 陀~ducibleif there exist distinct Iogica1ly 
equivalent states in M. Otherwise， the system 
is logical'，l ir陀ducible.To the rest of thispaper， 
sta.ted otherwise， a transition system means a 
logically irreducible system. Thus， p = q iff 
1(P) = l(q) (Sat(p) = Sat(q)). 

1'.ロ~ Soundness and Complete-
ness 

In this paper， state 仕組sitionsystems a.re -
considered回 forma1specifica.tions. In the Iit-
erature， a. sta.te transition system is an un-
derling structure of Formal Description Tech-
niques， e.g. SDL (3]， Estelle (1] and LOTOS 
附， a.nd used to give the operationa1 sema.ntics 
of concurrent戸ocessesin process calculi例，
based on the pa.ra必gmof SOS (Structural Op-
erational Semantics) by Plotkin [11]. 

Definition 2.4 A state tranaiUon ayatem is a. 
qua.druple M = {Q， lJ，へqo}，where Q is a. set 
of 8tates， Il is a. set of input symbo1s，→ is a. 
transition relation denned回→cQ x lJ x Q， 
and qo is an initialatate. ロ
Tl1e transition rel叫iondefines the dynamical 
d組 geofstates回 inputsymbols ma.y be read. 

For (p，a，q)ε→， we normally w討tepム q.
Thus， the 仕組sitionrelation ca.n be written制
→=  {~I a E Il}・ pA q may be interpreted 
制 "inthe state p if a is input then也estate 
of the system moves to q". N ow， we assume 
tha.t for an atomic proposition A and for a sta.te 
q E Q it is pre-defined whether or not A holds 
h凶凶叫 inq if the truth value of A in q is 
defi.ned. qト=A indicates that the truth叫 ue
of A in q is defined and A holds in q. Leもdefine
the partiaJ interpreter ωBociated with a state 
q in M， denoted by l(q)， in such a way tha.t 

r true if qトA
l(q) (A) = < false if q幹A(qト=-，A) 

I undef. 0出erwise

Deflnition 3.1 A state tra.nsition t = (pムq)
8ati8fie8 (is correct w. r. t.) a function require-

ment p: i拘J， 10叫， denoted副 tト=p， if the 
foDowing conditions hold: 

(1) pトJan.，a = b，組 dqト=t側 t・
(2) The pa.rtial interpretations l(p) and l(q) 
a.re identica.l jf atoIDIc propositions inde-
pendent of J out a.re oIUY concemed. ロ

The condition (1) means the precondi色ion
組 dthe postcondition must hold in the current 
state組 dthe next state， respectively. The con-
ditioIl (2) states that for a.n ato凶 .cproposition 

A independent of f uu.t， PドA 事時 qト=A. 
百 isme組 sthat the truth value of indepen-
dent atomic prop08itions w. r. t.也epostcondi・
色ionremain uncha.nged through the transition. 

Example 3.1 

Consider the requirement description匁1= 
({pl : A ~ -，A， p2 : B :i A}， 4八B)姐 dthe 
transition system M1 given in (a) in Figure 
1. Now， consider the仕組sitiontl = (qOムql)
and the Itmction requirement Pl A ~ -，A. 
Since qOト=A祖 dqlト=-，A the condition (1) 
in Definition 3.1 holds for tl w.r.t・Pl・The
a.tolDIc proposition independent of ..，A is B. 
Since the truth va.lues of B in qo， ql a.re de貴ned
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and qO， qtト=B the condi色ion(2) in Definition 
3.1 holds. Thus， the transition tl sa.tisfies the 
function req凶rementpl・Inthe exa.ctly same 
wa.y， we ca.n easily check th叫 thetra.nsitions 
qoムqo，qILqos凶 sfy七hefunction require・
ment P2 : B ~ A. ロ

ぶ戸J誌、
応回(/.Ud

q a 

(aI 
'. 
(b) 

Figure 1: Tra.nsition Systems Ml a.nd M2 

Example 3.2 As a. more involved example， let 
us consider the requirement 
冗2= ({ Pt: A ~ ..，A八..，B，

内:..，A ̂  ..，B V A ̂  C ~ .....C， 
p3 :-，C~C， 

内:C:! A}， 
A .̂.，B ̂  -，0) 

a.nd the tra.nsition system M2 given (b) in Fig-
ure 1. In the s町田 wa.ya.s in Ex回nple3.1，抗is
checked也前:

• the tr祖母tionqoムqt，q2 .!!. q3 sa.tis命Pl;
b ・thetransi首onql→ ql， q2 ...... qo， q3吋 ql

sa.tisfy P2; 

• the transition qOムQ2，ql .!.邸 s&tisfyP3i 
d d 

• the tr，回目itionq2→Q2， QS斗 q2satisfy P4・
ロ

requirement description匁 =(R， ')'0) if the fol-
lowing conditions a.re satisfied: 

(1) l(qo} = 1(γ'o}; 
(2) for any tra.nsition t in M there exists a. 
function requiremen t P εR such tha.t 
t トp. ロ

The 仕組sitionsystems M1 a.nd M2 are sound 
with respect to the requirement description匁1
and 'R.2， respectively. 

Deflnition 3.3 Let M = (Q，E，......，qo)， M' = 
(Q'， E， ......'， Q~) be脚色etra.nsi tion systems in 
common input symbols. A homomo叩hiBm
from M into M' is a ma.pping e : Q ...... Q' 
8uch that 

(1)と(qo)=~. 
(2)江p~q in M， then e(p)ムe(q)in M'. 
(3) pト=1 implies e (p)← f for aJl states p in 
M and propositions 1. ロ

The third condition in the above definition 
can be eq叫.vaJently四la.xed:

(3') pト1implies e (P)ド 1for aJl 8t叫esp in 
M 姐 dfor allliterals 1. 

If a. homomorphism e : M →~' is a. bijec-
tion a.nd the inverse function f.L is a homo-
morphism from M' to M， then e is called a.n 
Isomo中hI8m.If there is回 isomorphism告om
M to M'， then M a.nd M' are IBomorphic. 

Deflnition 3.4 Let M be a sound sta.te tra.n-
siもionsystem with resp配 tto冗.M is called 
complete with respect to匁i久thereis a homo-
morpbism e : M'→ M for every sound sta.te 
transition system M' with respect to冗.ロ

Letγbe a. consistent conjunc伽 oflite凶. Deftnition 3.6 A sound叩 dcomplete tra.nsi-
We define a. pa.rt姐1interpreta.tion 1(γ) b蹴 d tion system with respect to冗 iscalled a stan-

on γ町 dard8118tem (mode~ of免.ロ

I true 

1(γ)(A) < false 
I undef. 
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。 Theorem 3.1 Let M， M' be slandard 8ystemo 

01丸 thenM and M' a同 isomo叩hac[?].ロ
for aJl a.tomic propositions A. 

Defl凶tion3.2 A state tr組 sition system Let M(冗)denote a. unique sta.ndard system 
M = (Q，:E，→， qo) is 80und wiぬ respec色toa. of冗 upto isomorplusm. 
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4 Transformation and Deter-
mtnacy 

Without loss of genera.lity， a proposition J ca.n 
be equivalently expressed as a diojundive nor-

mal form 11 V . .. V 1'"， where 1'i are conjunc-
tions of literals. Now， consider the fol1owing 
transformation rules on sets of function req凶re-
ments: 

rule 1 R U {1'1 V • .. V 1'"斗 γ}=令 RU{1'1 ~ 
1'， ...， γ'n~ 1'} 

Example 4.1 If we a.pply the a.bove transfor-
mation rules to the requirement冗2in Example 

3.2， we obta.in the following requirement冗2・
元2= ({ Pl: A ~ ...，A八...，B，

P2: ...，A 八 ...，B~ ...，C 八 ...，AA ...，B ，
P2: A ハ c~ ...，c 八 A，
p3 :~C~C， 

内 :C4A八C}，
AA..，B A ...，C) 

By Theorem 4.1， both requirements have the 
isomorphic standa.rd tra.nsition systems.ロ

rule 2 RU{''Y1八A八γ2~ 1'} =争 RU{1'tAAA1'2~ Deflnition 4.1 Let M be a.仕組sitionsystem. 
γ八A} M is ca.lled determiザsticぜthereare no tra.nsi-

where neither A nor ...，A appea.rs inγ. 
tions p .=. ql and p ~ q2 for any states p， ql， q2 
a.nd for any input symbol αsuch that ql 1= q2・

rule 3 RU {1'l A..，Aハγ2~ 'Y} =令 RU{γlA...，A八口
1'2 ~ 'Y A -.A} 

where neither A nor ...，A appears in γ. 

Lemma 4.1 We have抗efollowing陀 sultson 

the transJormation rules: 

(1) A tranaition t I8 correct ω. r. t. a Junction 
陀 quirement1'1 V. . . V 'Y" ~γifJ it is co門官ct
w.r.t. some Junction陀 qui陀 ment'Yi ~ 1'， 
Jor aome i. 

(2) A trons幼・ont is co門前tw.r.t. αJunc・
tion requi陀 ment'Yl八AA 1'2 ~γ iD it 
is corred w. r. t. the function陀 quirement

γ1 AA八γ'2~1'八 A， where neither A nor 
..，A appears in γ. 

Proposition 4.1 Let冗 aa requi何 mentde-
scription. 11 the陀 α陀 nofundiono Pt : iI ~ 
11， p2 : h ~ I~ with the input symbol飢 com-
mon 8uch幼atft A 12 ;8 consIstent， then the 
standard syatem oJ冗 isdeterministic. 

Proof: Suppose the standard system M(冗)is 
nondeterministic， then there e語8ttransitions 
tl = (p.!. ql)， t~ = (pム q2)for some states 
P，qt，q2組 dfor soine input symbol a such that 
ql ::F Q2' Let Pl : ft ~ II， P2 : i2 ~ I~ be the 
functions such that tlト=Pl， t2ト=P2・Then，
pト=11 andpド12・Hence，ft八12is consistent. 
ロ

Synthesis of Specification 
(3) A transition t is correct凹.r.t.a function ~ 
同卯Irement1'lA..，AA1'2~ l' iJJ it is co門官tU 
w.r.t. the function requirement 1'1 ̂...，A八 Our t日 getis to derive a s01md and complete 

state transition system M 仕oma given req'世間-

ment description匁 =(R， 'Yo)， Now， we state a 
1'2 ~γ^ -.A， whe陀 neitherA nor ...，A 
appears in l'・ロ

Let冗 (R，γ'0)be a requirement. Let tra.nsformation T ttom冗 intoM. Let define a 
え=(Il，1'O) denote the resulting requirement 仕組sitionsystem T(冗)= (r，E，→，qo)， where 
by applying the above tra.nsformatioD r叫esto 
元副much回 possible.We caJlえ th~-~~n~~ical (1) r is a consistent conjunction of litera.ls in 

? form of冗.

Theorem 4.1 Let冗 bea requirement. Sup-
pose that state transition syBtems M and M 
are atandard systems oJ冗 and冗，同8pectively，
then M and M a問 i80morphic[?].ロ

(2) E = {a I p: li" ~ Jaut E R} 

(3)γ ムイ iffthere exists a function require・
ment p: Jiπ ~J01J.t ε R such tha.t 

(a) I(γ)←lin. 
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(b) 1(γ')ト=Juut・ 6 DiscussIons 
(c) If a.n a.to凶 cproposition A is inde・
pendent of foul， th叩 1(γ)ドAiff 6.1 Partial Logical Petri Net 

1(デ)ドA. The derived state transition system T(冗)from 

(4) qo = 1'0・

The partial interpreta.tion associa.ted with a 
state γin T(匁)is defined 80S 1(γ). In other 
words， the states correspond possible partiaJ 
interpretations for all atomic propositions in 1'. 
It is trivial仕omthe construction tha.t 'T (匁)is 
irreduci ble. 

a requirement冗canbe proved to coincide with 

the re8ocha.bility graph of a. Partia1 Logical Petri 
Net. A Partia1 Logical Petri Net， where inhib-
ited arcs are allowed in both inputs and out-
puts of transitions，組dtwo kinds of tokens are 
provided. The PartiaJ Logical Petri Net is an 
straight extension of 80 Logica1 Petri Net pro-
posed by Song a.nd et a1 [13]. 

Theorem 5.1 The date transition system 
T(匁)derilled Jrom a r.勾uIremenldesc吋~non D~fl~ti~D. ~.1 .(P~ti~ .L .. ~g~~al P.et~ N~t1 
定={R，γ唱)by r ia a ~~!，dar..d BlI'!tem. of冗 APartial Logical Petri Net is a tuple PN  = 
Proo/: -， '.，fourIdne88: This direetion is" clear (P，T，I，O，Mo)， where 
金omthe construction of the transition syste皿

T(冗).
Completeness: Let M = (Q， lJ，→，qo) be a 
sound state transition system with respect to 
冗.Let define a. mapping e : Q →r bye(q) = l' 
for qεQ， where l' is a. consistent conjunction 
of literals such th80t l(q) = 1(γ). The mapping 
e is well defined. 
N ow， we will show th80tとisa homomorphism 
仕omM into T(冗).批 canbe e踊i臼Iychecke吋d 
七也h叫 E“的(匂qωo心)=γ初'0s血inc印eM is a. 80und transition 
system包a.ndthe in凶n泊1註it“ialstate ql蜘0担 M sa凶“sfi，量e偲8 
onlyl勘i比，teぽra.lsappearing in ・拘.Let p ~ q be組 y
tra.nsition in M. 5uppose p :ん~ fout be 
the function requirement in R satisfi.ed by this 
transition. 50， we have 

pトfin qト=Jout. 

Thus， 

と(p)ト=fin と(q)ト=fouh 
by the definition of e. The following statement 
と(P)ト=A i賓と(q)ト=A

for all atoIDIc proposition A independent of 
fout， c回 beimplied by the sta.tement 

pドA jff q←A 
for all叫omicproposition A independent of 
J out. Therefore， we have a. tr祖母tione(P)ム
と(q)in T(匁).By the definition of e， pトf
imp1iesと(P)ト=J for all proposition J. Hence， 
e is a homomorphism企omM into T(冗).ロ

(1) P is a set of place8j 

(2) T is a set of tran8ilionB; 

(3) 1 = (ら，ん)is a p町 ofinput functions 
I1U 1u. : T→2

P such tha.tら(t)n1n(t) = 0 
for a.ll t E Tj 

(4) 0 = (O"On) is a. pa.ir of output Junc・
tion8 0，， 0旬 :T→ 2P such that O，(t) n 
On(t) = 0， for all t E T; 
(5) Mo: P→ {0，1，斗isa.n initial mar1cing.ロ

A Partial Logica1 Petri N et can be repre-
sentedω80 bipartite graph in the almo叫 same
wo.y掛 aus叫 Pe凶 Net[10]. However， in a 
Partial Logica.1 Petri Net， we have the follow-
ing extensions and restrictions. 

• There are two kinds of arC8， called positive 
arcB and neganve a陀 8.H p E Ip(t) (pε 
Op(t))， we ma.ke a. positive町 c，depicted 
箇吋，台omp to t (仕omt to p). If pε 
In(t) (p E 0π(t))， we ma.ke a. negative arc， 
depicted 80S -0，告omptot(丘omt to p). 

• There町 etwo kinds of tokens， a positive 
toJ:en・a.nda. negative toJ:en 0 which rep-
resent truth constant true a.nd fa1se， re-
spectively. 

• Marking functions are restricted to the 
加 ctionswith the ra.nge {0，1，斗，where 0， 
l，and事 mea.nsthat the踊 soci抗edcondi-
tion with the place is "not 8&色isfied"，CCsat_ 
isfied"， and "undefined"， respectively. 
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The graphicaJ representation of a PartiaJ 

Logical Petri Net is given in Figure 2 (a.). 

O O 
(a) 

(b) 

Figure 2: PartiaJ LogicaJ Petri Nets 

In a marking M， a. tra.nsitions t is fi陀 able
(e:r:ecutable) if the following conditions師陣，t-
isfied: 

(1) M(P) = 1 for aJ1 p E I1'(t). 
(2) M(p) = 0 for all p E 1，，(t). 

If t is firea.ble， then t suddenly fires a.nd the t. 
marking is changed Into the ma.rking M' de-
貴nedby 

向
V

0
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*

M

 

F
E
E
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E
E
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E
E
-
-

九
VM
 

if p E O，，(t) 
if P E Op(t) 
ifp E (ん(t)U l1'(t)) 
nO，，(t)C n Op(t)C 
otherwise 

Thetr組出onin the net (a.) in Figure 2 is me-
able. After firing， the marlang is changed into 
the one (b) in the figure. 
Let匁=(R，γ。)be a r叩 irementin canoni-
四Jform. We can obtain a Partial Logica1 Petri 
Net (P，T，I，O，M砂金om匁 ωfollows:
1. P = 'P: Pla.ces correspond atomIc proposi-
討ons.

2. T = R: Tr組sitionscorrespond function 
requirem~nts. 

3. Let p: A)八・・・̂ An ̂  ...，B1八・・・八 -，Bm~ 
Cl̂ ・・・八匂八 -，Dl八・・・̂ ...，Dk be a function， 
where capita1 letters denote atomIc proposi・
tions. Then， define input functions 1 = (ら，In)
担 doutput functions 0 = (O1"O，，) by 

Ip(p) = {At，...， A，，} 
I，，(p) = {Bl"・"Bm}

O1'(p) = {Cl，・・・，C;}
On(P) = {Dl，・・・，Dk'}

4. The initia1 ma.rking Mo is defined by 

r 0 if A appears nega.tive in ""'0 
Mo(A) = { 1 if A ap抑制 positivein γo 

l事 otherwise

Example 6.1 If we a.pply the a.bove transfor-
mation to the canonica.I form in Exa.mple 4.1 
of the requirement in Example 3.2， we obtain 
the Pa.rtiaJ LogicaJ Petri Net in Figure 3.旬le
resulting reachability graph of the net coincide 
with the tra.nsition system (b) in Figure 1. This 
C姐 beguar回，teedin genera1 by the ~ext propo・
sition. ロ

B t21 

Figure 3: The transformed Pa.rtial Logical 
Petri Net 

Proposition 6.1 Let M be a 6tandard syotem 
0/ a同qui問 ment冗 Then，the reachability 
gra.ph 0/ the Partial Logical Petri Net deri1Jed 
from冗I8iBomorphic to M. ロ

6.2 Branching Time Temporal Logic 

A function requirement P : Jan =1. J 0叫 C組 be
ほ.pressed回a.propositionロ(んコ (a)/mu)in 
an extended branching time tempora11ogic. 

6.3 Production System 

The derived 仕組sitionsystem T (冗)can be 
ch世 acterizedby Production Systems as well. 
To be more precise， if冗 isa. requiremen t in 
cano凶calform， then each function requirement 

-303-



p :JI向斗 Jo叫 ca.nbe regardedω a. production References 
rnle AIJ.・...10000t. Then， we ha.ve the following 
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7 Conclusion 

A formal methodology for the description of 

system requirements and the synthesis of for-

maJ spedfica.tions仕omuser requirements have 

been presented. We have specifically dealt with 

the issues (1) mathem.a.tical description of func-
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