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A software development method based on natural language
description and its support system pamed TELL are presented,
Very high level specification languzge KEL is designed to
describe software systems in a natural wav and precisely. The
language is a fragment of natural lapnguage. By limiting
paradigms of matural lamguage, we can express software systems
structurally and comprehensively, Structure of a software
system reflects structure of naturzl language semantics i.e.
the way how we understand facts or events, In this
abstraction specification method, we introduce a new nodule
decomposition principle which is based on lexical
decomposition. Descriptions in NSL can be translated into
formulas of modal logic so that rigorous semantics is
determined and semantical treatment by wmachine becomes
gvailable. TELL svetem provides natural lsngusge interface and
semantical processing functions., Projecet of TELL system is
outlined along 1ts structure.

INTRODUCTION

A seitware life eyele is roughly divided into the following steps l.e. requirement
specification, module design, precise design, coding, test, debug and maintenance.
It i5 almost all the czses that these steps sre not straightforwards, since
changes and backtracking at various steps are needed. Those rurnarounds are so
costly that software crisis s worried about. A difficult and eritical step in the
life cycle of software systems is concerned with requirement specification and
maintenance of & system. In a specification step, we have to describe
requirements unambiguously, comsistently and precisely., It is also preferable that
the requirement description ¢an be understood easily. On the other hand, one of
the reasson for such costly backtracking is that it is diffieult to write
specifications completely, This fact suppoeris validity of rapid prototyping.
However, specifying systems as precisely as possible and verifying specifications
are needed te reduce the sgfitware development and maitenance cast,

These requirements way concern with human wechauisw of conception and logical
treatment. Conception mechanism has close relation to structure of natural
language. Legical treatment ewploys many important comcepts such as independency,
orthegenality, abstracticn., funcciomality, referential trsnsparency and so on.

Tell system hag beren desipgred to include aheve concepts and overcome mATY
difficulties sppeared in wary previcusly developed software development systems.
Specific featurcs of Tell systems (23} are ac follows.



1) Use of natural language like language with restricted syotax and gsemantics as a

specification language.
Semiotics describes there are a large number of parallelisms between mental
behavieur of human beings and expressive structure of natural language.
Therefore style of natural larguage should be adopted but parzdigms are kept
limited for simplicity of computer precessing.

2) Use of symbolic expressions and iconmic symbols.
In some casc, it i6 cumberseme and incomplete in legical sence Lo eXpress
everything in natural langusge. Then some symbols having artificial concept
may be used, These iconic symbols are useful for gymbolic expression of some
operations.

3) Use of itemized sentenmce representation of object.
Ttemized sentence reprecentation is widely used for arrangement of facts and is
easy to understand toral properties of an object because of decompositicn of
properties which are mutually independent. Thisz is helpful for better
debugging and maintenance.

4) Tse of generic type of objects.
1f an object must be represented individually until atemic level for
everything, wvariation of representation becomes enormously large according to
the number of tvpes. In order to avoid the matter, generic type of cbiects iz
allowed to use orthogonal or abstract feature efficiently.

5} Use of knowiedge base.
It is possible to represent facts effectively and association mechanism
combived with use of generic type can be efficiently implemented in knowiedge
base.

6) Use of interfszce mechanism,
It i: neecessary to have some interface wechanism between speecification and
implementation description, since specification is mainly represented in a
static way but implementation has almost dynamic porticn. Some interface
pechanisms arv necessary for description of a layered architecture. Interface
section will be helpful to aveid duplicate description and increase
maintainancibility,

7) Use of trensformation mechanism to medal logic.
Montague's approach is suitable for transformation of 8 fragment of matural
lanpuage to modal logic evxpressione.7) Therefore Tell system has a tramslator
te legieal expressions which are useful for further development.

ibove features are described along the philosophy of Tell system., 1f there exist
some integrated specifications, readers may guess the rough sketch of the
specifications by Tell system. Therefore, TFLL system is designed te be available
throughout software life cycle.

TELL/NSL(Narural language like Specification language) ig its kernel language.
Specification is written in the natural language (2 fragment of English), which is
used for decempesing o module inte sub-modules based on lexical decomposition.
This gnideline is the onme which is different from the decomposition method
rroposed before.1)~(5) The semantics of the sentences im the natural language is
defined formally, Our specification method belongs tu an ahstract module (8)~(10)
fgmily of specification methods.

Another important vbjective of this paper is to demunstrate that a restricted
naturzl ladguage can be used for formal specifications, and that lexical
decompositien presents naturul maduie decomposition so thet it can be understood
eazily and gives not only a way to mechanization of forwmal semantics trestment
cveh as verificatioz. consistenmcy checking and document generation but alse geod
tuman iaterface and gridelines,

DESCRIPTICH STRUCTURE OF TELL./hAL

Seme +f - .0 c+ . ‘:r regrvirement speecificeation languages are discussed in



great detail in (6). Especially communicability is strongly requested since
multiple persons are concerned in developing a software system.

Natural language is used to describe specificatioms in gemeral. It is very natural
and adeguate for being read by wen to describe specificstions in a natural
language.(12) However, the semantics of 2 sentence in an unrestricted pnatural
language tends to be ambiguous, so that it does not £it to formal specificacion
and semantical processing by machine, and it has been used just for human
documents and comments. Ono the other hand requirement description method based
on legic or algebra whose specificatien beody iz a set of axioms are studied.
(8),(9),(13) BHowever, it is difficult to read for untrained persons in
mathematics.

Therefcre, one effective methoed is to provide a concrete relation for limited
natural language peradigms with logical expressions, so that the paradigms refrect
naive structures of the world model in nur mind, since struecrure of concepts
follows the structure of natural language paradigms. One of the main objectives of
this research is to develop a subset of natural language satisfving properties
deseribed above.

In general, & sofitware system 15 a model of a real world., A word in a matural
language is used for representing & unit of concepts. If we select an appropriate
word which represents a concept of an object or a matter in a real world modeled
by a software system, we can get image on the system at least vaguely by the word
2t a glance.

Meanings of the words used in the gentences except for reserved words are
specified by a set of sentences hierarchically. This specification method
corTesponds teo the noetion of lexical decomposition. In the field of maturzl
language cemantic theory, the method that describes semantice of 2 word by the
construction of more atomic semantic elements or atomic concepts is called lexical
decomposition method. The syntax of the restricted natural language is so simple
that selection of words which corresponds to module decomposition is guided.

In brief, the way to define the meanings of words is to give
1} 2 collection of itemized sentences which is semantically eguivalent t¢ them
or
2) a collection of itemized sentences which represents relations between the other
words related to each other.

We consider that each word appearing iu a specification corresponds te a software
module, so in this specification method, a software eystem ig decomposed into
smaller software modules according to occurrences of the words in sentences of &
specification. %ipnce each itemized sentence in a specification is simple sentence
easy to be understood the number of words appearing in one semtence is small, them
interface of software modules corresponding to the words becomes simple. When we
construct specifications by using itemized sentences, we select words
unconscicusly, as the result we can get natural moduls decomposition.

Each itemized sentence in natural language is translated into logical formula
eccording to the semantic rules associated with syntactic rules., This translation
rules 2re so naive and simple that there iz no inconsistency between machine
processed sScmantics and human understanding, and that it provides resdability of
sentences and no misresding.

Coneidering the general properties of words snd their lexical categories, there
gre four kinds of modules of words or phrase definitions, thet is functiomal,

action, ciass, and dynamic c¢lass definitiom as shown in Fig.l.

Because Tell eystem has perzmeterization function by using generic words, it is
avolded to define similar definitions many times. This leads to eingle writinog

=
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principle im all documents. Furthermore, for all categeries, additional imtegrity
conditions can be added in 'satisfv' section as well zs5 data integrity conditionms,
and the names of modules zre medified by an adjective.

static properties dynamic properties
_ T e Y— —
class defimition dynamic class definition
Construction properties Tiwe coordinating properties of
of the object words are defined manipulation words for the object
class || with necessary operations word are supplementslly defined
{abstract data type) : {abstract data type + timing):
common noun and adjective common noun and adjective
with generic common noun with verb amnd adverb
Relational properties among Time coordinating properties of
a subject word and object words object words are defined,
func~ || are defined (input-output elation + timing}:
tion (input -output relationl): verh, common noun{converted frem
noun and adjective with peneric verb) with adverdb
common néun
functional defipitiom action defimition

Fig.l., Definition cetegories of words im TEL1/KSL.

DESCRIPTION OF FUNCTIONAL SYETEMS

In this section, we present langusge features of natural languwage like
specification language NSL. NSL is designed for specifying both functional systems
in which inputs and cutputs relations of modules are essential, and dyramic
syvstems in which dvnamic concurrent behaviour of systems is concermed. To present
fundamental functions of the language, we first concentrate on specification of
functional systems. The syntax of this specification is as follows.

<Defining =entence>
means that
«Specification Body>
<Fupctional sub-definitions>
<Cless definition®
<Lexicon declaration>
end
Fig. 2. The syntax of a specification.

Defioliog sentence declares @ relation of words by a sentence of natural language.
Thie relation corresponds te g medule nome and is presentend by a common noun or am
adiective (phrasel). Therefore only be-verb is used for defining functiomal
definition. General verbs are used for defining dynamic definitions, These
typical sentences way coptaln information about inputs and ocutputs of a module.
Specification body it a set of itemized centences which explains conditions that
words 1n the defining sentence should satisfy. Those sentences zan be writtem by
symbolic expressions such as arithmetic expressicus or logicel formulas in the
case thar they seem more informative than sentences in notural language. Those
are reserved words and there gre other reserved words such 25 'every', 'some',
2ty Tawl and Tazadl,

Fumecticuzx: svb-definitions part consists 0f a set ¢of specifications which have the
same svyntax as the functiope]l deflinition, That is to say, this specification
method surteris Riercrehical specification of modules. Defining sentence for each
fupetins. . ..c o -1 6 covtzirns a2 word which is used in the sentences in the



specification body of its parent definition.

Class definition are written according to the following syntax similar to that of
functional definition,

< Class neme> associated with I[related words]
Construction
{ Sentences io natural language
which represent their functional type p*

<Functional definitiom>

<Class definition>

“Lexicon declaration>

end
Fig. 3 The syntax of clasgs definition.

Cilass name is a word in natural language which are used as a common noun. When we
specify a class., first we define words or phrases of natural language whose
syntactic category is common noun or adjective, depending on range type of
corresponding functions or predicates, Functional definition part in a class
definition defines words representing attributes of the class, Words which follow
'associated with' should be defined in the class definition and can be used im
other definitions,

When a common noun ig modified by an adjective, such a noun phrase is comsidered
as a sub-class of a class represented by the common noun, for example, a noun
phrase '"finite set' corresponds to a sub=class of class "set'. If 2 common noun
is wodified by prepositicnal phrase, this commen noun corresponds to & meta-class
and the noun phrase with propesitional phrase is its instance, for example 3 poun
phrase "sequence' corresponds to & meta-class of class instance "sequence of
integer'. This concerns with a generic type.

Be-verb ie also used for defining sub-class. Sentence "4 is B.' ie interpreted as
4 class represented by 4 is a sub-class of a class represented by B, and A
inherits all the properties associated with B. An example is shown as follows.

Natural number is integer,

satisfy
1)Every natursl mumber is greater than (.
end

Conditiens that each operation should satisfy are specified in the part of
specification body. Those conditions consist of sentences in natural language with
which logical expression can be mixed., Claes expreseions are also allewed. In
this case, a class is defined according to the following syntax.

<Class nzme® is
<Clzss sxpression>
end
Fig. 4. The syntax of class definition with class expression,

Class expression includes enumeration type, zecord type, function type and so on
whose syntsx is just like {r Fzscal. Finally it chould be noted that synonymuos
words cap be defined in @ lexicon declerzticn part.

Example of speciiicetion for eight queens' problem is given in Fip,3. Eight
queens' problen is to compute the arrangement of eight queens on a standard chess
board such that each row, colusn, and diagopal contains mo more than one queen,

Eight queens problem is o softwere module which coneistes of twe sub-definitions,
checking and placed, snd also three classes, chess board, queen and arrangement.
First two sentences defipes conditions that the solution should satisfy.



Sentences are written in an itemized style snd each sentences should be satisfied
conjunctively. There are undefined words, 'quuen’, 'placed! and "checking' in the
centences. The meaning of those words are defined in sub-definitiens. For example
in the specification of "checking' definition, defined word "checking' is
introduced in s sentential form of 'Queen gl is ghecking against quees q2 in
arrangement X'. In the sentence 'queen' and ‘arrangement' are uvsed as common
nouns which correspond to classes. 0l, g and X are used 25 PrOPET OOUNS whose
classes vcorrespond to preceding words respectively.

Arrangement X 15 a gight queens! solution
means that .
1} Eight gueens are placed in X .
2) No gqueen is checking agaimst
any other queen 1o X .

Queen ql is ghecking agginst queen g2 jin arrangement X
means that .
1) ql and g2 are on the same row in X or
ql and g2 are on the same column in X or
ql and q2 are on the same diegonal in X .

Queen ql and queen g2 sre gn the some row In arrangement b3
means that . L.
1) The X-coordinate of the position of L .
al in K is the &-coordinate of the position of q2 in X .
epd on the zame TOW ;

Cueer gl queen q2 is pp the same golump in arrangement R
means that L
1) The Y-coordinate of the position of
ql in X is the Y-coordinste of
the position of g in X .
end on the same columa :
Quecn ¢l and queen g2 is gn the same dissonal
iln arrangement X
means that L . o
1) /X-coordinate[position{ql,x]] + Y-coordinatelposition[ql x]1]
= x—cnardingte[pog1tlonf§2 X111+ Y-cnnrﬁluate[pagltluuf§2 il v
X=coordinatelposition[ql 9} = ¥-coordinate[position([ql 1
= X-ﬂngrdlnate[pnsltionfq!.K]] - Y-cnard1na:e{pﬂ31t10ntq2,I]]f .
end on the same diagonal §

end checkiog ;

Queen is
[1..8] .
end agqueen ;

2 ¢ T -
g ?ﬂﬂ:ﬂ_i £QuUare 1E ]
Y-coordinate: [l..8]s Y-coordinate: [1..8]) .

end chessboard's sguare

Arrangement is
sequence of chesshoard's square.
end arrangement

lexieon | L .
1) p is a pesitiou of q in X, :
:= the index of p 1n X 18 g.
Z}Cisa!._c_?,ﬂ:iimr.ﬁgf,y
] P c=X-coordinatelyl/ .
3} ¢ is & nordinate gf vy
c=Y-coordinately]/ .

4) g is p s ip X
:= Jo<lengh{®]/.
end eight gueens' sclulion
Fig. 5. GSpecification of eight queens' problem.

Prepositions 'sguinst' and "in' are used for determining positions of arguments.
The reason is because 'checking' is translated three place predicate, and ql, g2
and % are used for its arguments., Prepositions, however, have no semantics but
work just like markers. As mentioned before, when sentences in natural language
become complex, Chat is, notion we want to specify is essentially s mathematical



one, we can use symbolic expression instead of one in natural language. In that
case, expressions are parenthesized by /../. Definition "on the same diagonal' is
guch zn example.

DESCRIPTIOHN OF DYNAMIC SYSTEMS

Qur specification lanpguapge is alsc designed to specify by natural language
sentences such a system in which timing of process actiom is very important
requirement., One of the main diffrent aspects from a description of & functional
system iz that we take a state notion ionto account, In a specification of a
dynamiec svetem, we use a peneral verb whieh is not a be-verb and which describes
timing of process called TAction'.

45 well known, & multi-processing system which accesses shared objects needs
synchronization. Usuwally resources can be specified as a class. BHowever., in this
formalism specifications of sypchronization are implicit, We introduce here an
alrternative definition called "Dynamic class' that consists of a class and an
explicit synchronization specification. We explain specification description
method of dynamie econcurrent evstems using the example of the deseription of
alternating bit protocol (AE-protocel), which is a part of layvered architecture
description(23).

{Alterpating bit protocol)

Fig.b. shows the bleock diagram of szlternating bit protecel, which has a
simple recover facility for transmission errors, e.g., loss, duplication, or
delayed transmission, by repeated transmiss=iopns,

A

A
begin finish finish !begin
I terminal ~terminal . | —
\ 4L e | | |
| !tran:?;:r1 i | - __»rTgceive
send % ! receive receive _h_send
N o |
C T sm_iime )|
i ﬂ | RSL line o ' "}1|

- tranemission line

Fig. 6. Block diagram of AB protocol.

The scenario of transmitting ome data is as feollows. A transmission dstz comsists
of a message (bit sequence) and one bit sequence number called alternating bit,
Alrernating bit is complemented and added to 2 message whenever 8 new messgge is
transmitted. Afrer the rransmitter sends g transmission data throuvgh SRL lime to
the receiver, it waits until it receives the acknowledgement through RSL line from

the receiver., The receiver komows the value of an altersating bit which should be
sent in the next transmission,

Wheo the receiver reeeives a dats, it checks its own slternating bit with that of
the received data. If the check of the alternating bit is sucecessful, the
teceiver has correctly received the data. The receiver sends an acknowledgement
which ie the same 85 the received data to Craoswmitter through RSL line to tell
that the check was svecessiul, 1f transmilter recelves no scknowledgement in a
time-vut pericd or the veceived acknowledgement is different from the sent data,



AR-proten] machine is the system such that
1} There are line EEL and line SR

2} There are counter 530 and counter REY
Timing

1} Initially REL and SRL is empty.

7) Imitielly HSK end 858 1s 0.

It tranemits sequence of bit t means that

1) Tmitially it begins to send the message wmade
from sequence of bit t amd SSN to line SHL.

2} 1f it fimishesr sending to line 3RI,
then it begins to read from line REL
and timer is started
3} 1f it finishes resding ackmowledgement A
from lipe REL and
3-1) the altermating bit of A is B8N,
then it begins to complement S84
-2 the altermating bit of A 1s oot S5,
then it berins to send the message
made from sequence of bit ¢ and 55N
to lins SEL
and timer 1§ reset.
4) If it fimishes complementing 53N,
then it fimishes transmitrine,

5y If it docsot Findsh reading from linme RSL

mtil timer is time-oul,
then 1t becins to send the message
made from sequence of bit t and 55N
to line SEL
after timer iz limcout,
end transmit

It recoives a sequence of bit mesns that
1) Ipitially it begins to read from line SEL
2} If it finishes reading
message m Srom line SFL and
2-1) the alternstine bit of m is REH,

Line associsted with send, read, snd empty line
construction
1) It sends message m fo line 1
= rhe result of sending m to 1
iz 3 line,
2) It reads message m from line 1
= the result of reading from 1
is 2 message and a line.

3) Eopty line is a iine.

1) Message m is correctly comveyed
through line 1
or message m i lest to lime 1.

Message m is gcorrectly comveved through line 1
mesms that
1} The result of reading from
the result of sending m to L is m and 1.
end correctly corveyed

Message m 15 1ost Lo line 1
mesns that
1) The result of sending m to 1
is empty line,
end  lost

Tomoe
1) If it begins to read.
then it iz waiting to read
until line is mot emply.
23 If it iz waiting to read
ared line 1s ool eaptys
then it will be reading.
3} If it begine to send infinitely often,
then it will firmdish sending
and them line iz mot empty.
erad 1ime

then it begins to reply acknowledgement m Timer is

to line REL
and it is successful in receiving
the dats unit of m
wmeil it fimishes receiving,
2-2) the alternstimg bit of @ 1s not RSN,

then it begins to reply acdmowledgement m

to line REL and
it is mot successful in receiving

until it finishes replying to line BSL.

3 If it fimehes replving to line REL amd
it is suceessful in receiving,
then it begins to complement REL
4) If it is suecessful in
receiving sequence of bit t
and it Fimches complementing RSH,
then it fipishes
receiving sequence of bit t.
5) If it fimishes replying to lins RSL and
it iz mot sueceseful in recedving,
then it begins to read fton line SEL.

Lemicon

1} 1t replies ackmowledgement £ to lice REL
= it sendz messsgc A Lo line RSL
end receive ;

el Cimer

started,reset, or stopped .

1} If timer is started,
then timer will be time—out
or Teset.
2} If timer is rTeset,
then timer isn't time-out
wuntil timer is started,

Coumper 15 boolean .
end coumCer;

L con

1) messgpe = soquence of bit.
2) acimowledpment = sequence of bits
3) Message m is pade
Fror sequence of bit € and bit b

= m is the concatenation of b and .
&) The alberpatine bit of message m is bit b

= b is the head of m.
5) The dars il of message m

is sequenmce of bit t
= t iz the tail of m.

end Al-protocol machine

Fig. 7. Specification of AB protocol.



transmitter sends the data repeatedly until it gets the expected acknowledgement.
At this time, alternating bit added to the message is not coemplemented. The
protocol guarantees correctly sequenced delivery of messages even if messages
and/or ackowledgements are lost to the line,

In Fig.h, SEN and RSN are registers of current alternmating bits and "timer' lets &
trensmitter know that time-ouwt event occurs., Fig.7. shows a part of the
specification of slternating bit protocol in Tell/NSL. 'AB-protocol machine',
'transmit’, and 'receive' are defined by action definiticns, and "line', "timer',
and 'eounter' by dynamic class definition. Proper nouns 'SRL' and 'RSL' are
declsred as instances of dynamic class "line'. Instances of classes are declared
in 'configurstion’ part, which presents the number of the actions and shared
resources, Counter 55N and RSN, in which the value of alternating bit is stored,
are declared in the same way. Two sentences following the 'configuration' part
present the initial values of share resources,

Itemized sentences in action defimitiems 'transmit! and 'reccive' are
specification bodies respectively and present the scenazrioc of AR protocol im
detail. The verbs or adjectives modified by infinitive or gerund of verbs, e.z.
'begin', '"finish', and "successful' etc. represent execution states of the action
corresponding te the wmodifving verb. If the declaration part of werds
representing states iz omitted, words modified by infinitive or gerund of verhb
corresponding to the action definition distimguish its execution states.

Dynamic clase defipition "line' im Fig. 7. defines not only common neun 'line’ but
also proper noun 'empty line', verbs 'send' and 'read'. Im "satisfy' part, static
relations among the words are specified. "Timing! part specifies control and
timing conditions in the same way as in a action defipition. For example, first
two sentences describe that the controls of 'read' sctioun from lime L depend
whether line L is empty or not. Sentence 3) in Fig. 7. says that a datas will not
be lest if it is re-sent infinitely many times.

'Lexicon' part defines a new word available only in the definition a5 a synonyo of
8 pre-defined word, First santence 'message:=sequence of bit' declares 'message’
as a mew word, whose meanings is the same as "sequence of bit' previously defined.

TELL SYSTEM

TELL system consists of various software tools to provide sophisticated software
development environment. Such teels are structured editor with guideline for
deseriptions, logical formula generater, translator between distinguished natural
languages, z2ad so on,

Fig.8 shows the overview of Tell environment. Main part of the system is a
structured editor. Thie editor includes isteractive human interface fer
integrating a facility of specification of an obiect problem. Furthermore this
editor will serve as an integrator for program generztipon of layered arcthitecture
and verification purpose.

Specificetion database is used for specification designers teo store the
definitions of words which are often used. Therefore, it is possible to comstruet
specificacions hiding commorn knowledges which are stored in the database. The
database can be considered to be & knowledge base for users. We have implemented
pretotypes of translator into logical formulass and of structured editer inm
English version on VAX/UNIX. Language design of HSL in Japanese version has been
completed,



SPECIFICATION LANGUAGE PART

spec%fi:ation database

___=pguideline kowledge base

[l

pditor——>specification —translatori—logical ;armulas
#1 Y

[ P
| document generator
. |translator between Japanese and English
\ & consistency checker -
L I',
Y ! )
- . ¥ o . . . - .
.usern-—---——Lnterface specification sinteractive verification —--—.

L)

logical formulas

v

-~ logic program

editor|—-= executable program -itarnslator
with the same module structure
as a specification

EXECUTION LANGUAGE PART
Fig. 8 oOverview of Tell system.

CONCLUSTOR

We have introduced z seftware development system based on the structure of natural
language which provides natural way of module design, readsbility and capability
of semantical processing by machime such as verification, document generalion.

Another advantage of our approach we should mention here ie that there is a
poseibility to translate the specificatioun into another natural language by giving
correspondence of words of both languages and syntactic tramslation tules, eince
very simple semantics is exploited.

From the experiepces of writing various specifications such as X.25 communication
protocols, on-line character recegnition system and text editor, we feel this
specification method is very natural and comprehensive, and found out that more
sophisticated environment or intelligent tools which support writing specification
are desired,

Original idea of TELL (Totsl glaboration language) system has been proposed by
Tokye Institute of Technology. EKEDD Research Laboratory took an interest ino
potential power for dynamic cencurrent system such as communicatien pretocol
svstems, coopersted with Tokye Tech. since 1983, and contributed te structured
design, guidelines for deseriptiom and R.25 protocol description. Simultaneouslys,
Institute for new generation computer techmolegy (ICOT) bLegan the project of
intelligent programming system. After scveral discussions, these three parties
agreed to work together for Tell system. In order te achieve total rapid
prototyping of Tell system within short periocd, Fujitsu and NEC joined this
project and began clese cooperatico with them.

To integrate and minimize the specifications, it may be needed to exploit more
expressive logic which can treat conmtext informatien (21) or to exploit nou-
wenetonic leogic {22}, Syothesis of & program from a specification in this style
must be built and tested in a real environment., Thig is one major direction of
future research.
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