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Abstroct Une of the main problems in developing and
maintaining software is that the leve! of description
reguired from designers and programmers 1s Lloo
detailed. The Japanese Fifth Generation Computer
Systems project plans  to  implement a software
development consultaticon system as a fundamental
solution to this problem. We are considering two
approaches ! inlroducing a formal specification
language, similar to a natural language;: or extending a
logic programming language to make it more compatible
with Lhe type of thinking processes that software
designers and programmers naturally engage in  the
course of their work., The functions plammed for this
consultation s=system include semi-automatic  program
synthesis, and retrieval and explanation of existing
programs, based on the formal specification language.
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#1 Introduction

The number of soflware users is increasing rapidly, in part
because the rapid growth 1n sales of affordable personal
computers. This is due to recent advances in  hardware, such as
mieroprocessors and 798K RAM chips. Furthermore. there is no
doubt that new products will utilize advanced hardware and
software technology.,

ne of tLhe main problems facing this rapidly growing
industry is that the task of developing and maintaining softvare
requires particularly detailed accuracy. This work regquires the
expertise of a considerable number of high-trained individuals.

The Fifth Generation Computer System project has decided to
attempt a fundamental solution to this problem. We plan to
develop software design Lools. a new programming language and
other  facilities %o better control the design process by
supporting and enhancing the natural thinking of human beings.

Here, we discuss considerations for a software development

consultation systemtjz}.

£2 Software development and maintenance

Designing and implementing software are prime examples of
human problem-solving tasks. A working enviromment that reflects
the capabililties of an expert software development Leam leader is
required.

Here, we discuss a model of the human thinking process. As
shown in Fig.l. there are roughly two types of human memory:
short-term memory (STM) and long-term memory (LTM}. It is said
that STM ecan hold 7+2 chunks of information. STM capacity 1s
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small. Also, the duration for which a person can relain such
information is, at most, several minutes 3J.

The capacity of LTM is large. It takes, however, 100
milliseconds to access the contents of LTM and it takes 5 seconds
to store a content into LTM, Therefore, external memory (EM) is
needed during the software design, implementation and maintenance
phases. In the case of software development, EM corresponds to
various type of decumentation,

Designers write design documents, which are then used by the
program development team. Under current software technology,
documentation is the method used to  maintain  all  such
specifications.

However. as such documentation increases in  volume, it
becomes more difficult to incorporate it into the natural
thinking process. A human being can grasp only a limited amount
of information at any given moment. In this paper. we refer to
thi= limit on visuval focus as "foveal” . In this sense, no matter
how many documents we write, they cannot be used effectively
without an efficient method of description and a logical strategy
ffor utilizing the descriptions generated by such a method., As
always. clear documentation is a primary regquirements.

Today, we write documents using a word processor or a
Japanese processing . system 1in a general purpose  computer,
Therefore, documents stored 1in computer memory devices are
becoming an integral part of the human thought process (Fig. 2).
In this case also only & single displayed screen can be
comprehended by the user at any given time, he can focus only on
that portion of the overall data that is directly related to the
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problem he is actively engaged in solving.

In addition to conventional documents, program execution
results, prompt messages, and error messages are regarded as
documents in the broad sense of the term.

In a system in which man and computer interacts, such as a
goftware development consultation system, documents and the
representation must always be easy to understand.

Historically. in the process of developing high-level
programming languages, steps/man-month, one of the standard units
used to evaluate software productivity, have been almost
constant. Software productivity has increased in proportion to
the descriptive power of the languages employed. Parallels can be
drown to the development of human cognitive capabilities.

Unless we develop simple and clear methods of representing
and using the information stored in computers, these devices will

remain little more than enormously complex black boxes®).

§3 Documents and specifications for softvare development

The primary document for software development is called a
specification, There are many kind of specifications according to
the level of description required, and there are several names in
use for the same level. Here. we consider a  reaguirement
specification. a functional specification. a detailed specifica-
tion and a program listing.

In 2 reguirement specification, an outline of the system
that we are going to design. implement and maintain is described.
This specification hecomes the interface between the writer who
produce it and the system designers, There are some syslems 1in
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use for detecting contradictions in the contents of a description
and for converting descriptions to diagrammatic representations,
15005 and SREM are two such syslems.

A functiornal specification describes the functions in
accordance with the requirement specification. This specification
is used as the basis for the detailed design. In the process of
describing a functional specification, we confirm the function
and detect any contradictions.

At presenl. a funclional specificalion 1s used [for
communication among human designers. Therefore, the description
format must be easy for people to read.

The detailed design specilicalion 1s eilher writlen in
natural language (Japanese. 1in thizs case) or displayed 1in
diasremmatic form (HIPO. FESDD, YAC, HCP, PAD, flow chart,
ete, 10,

This specification 18 also used for communication purposes.

84 Detailed design specification and program

The detailed design specification has been in use for about
20 years. Cenerally, natural language represenlation has been
used. There has been little change in the level of
representation. because specifications have not. until now  been
nrocessed automatically.

Much  interest has  recently been focused on logic
programming. With the increased avallability of lanpuapes having
this capability. the time has come to reconsider the relationship
between detailed design specifications and programs.

Tools to help people understand programs
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To understand the contents of a program, tools are needed to
supply required information or to convert the program into an
eguivalent form that i1s easier to understand.

In Fig.3., the process represented by Conversion-1 converts a
kernel lansuagze program wriiten by a user inte an equivalent form
thal is easier to understand.

Conversion-2 exiracis necessary auxiliary information from a
Do an o converts it 1into natural language text for
documenlation purposes,

The process of program understanding demonstrates  the
advantage of automatically transforming programs to facilitate
quick comprehension,

Transforming execotable programs directly from detailed
specifications is also a primary goal®),

Toe define a detailed specification language for this
purpese. the folloving need further eclarification:

{1 The relationship between natural language descriptions and
corresponding programs in a logic programming language.

(2 The scope of application of first-order predicate logic.

{3) Mew techniques being developed through increased experience
in logic programming.

The relationship between natural language specification and
oredicate logic is being investigated from the point of view of
first—order predicate logic and iLls extensions® )

The above concepts are vital te the development of the type
of documentation required for effective software development and
maintenance. A softvare development consultation system is needed
to support the design process by making use of such
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documentation.

So that the designer may develop software as he wishes, an
interactively responsive system is required.

To implement this system, the following items must be
considered:

(1) The structure of the knowledge base required for interaction
between system and designer.

(2% The hierarchical arrangement of levels of detail in system
responses to user queries.

{3) The further definition of an optimal interactive design
environment.

Many problems arise in attempting to implement a software
development consultation system.

We first started researching the relationship between
software descriptions written in natural language and the
correspeonding programs. We are also collecting data for the
investigation of semi-autematic or fully-automatic program
synlhesis, For this purpose. we are implementing a tool for
generating functional explanations in natural language from
programs written in a logle programming language. This tool {or
generating explanatory text can be used not only to collect
methodological data, but also during the actual software

development for documentation,

85 Software development consultation system
A software development consultation system must be capable
of achieving the following objectives:
{13 The implementation and maintenance of software, in
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accordance with the design document
{(#% The automatic or semi-—automatic synthesis of programs based
on the design document
{3) Program verification by interactive simulation.
In the software design process. designers are working on the
following:
10 Design of  objects iin the s=zense of object-oriented
programming
The selection of cbjects to be created or to be processed.
(2} Desecription of rules to describe relations between objects
The description of ohject relations, restriclion rules,
abbreviation conditions, and so forth.
(&) Explanalory commenis
Supplying descripiicons of 1ndividual process steps,
In implementing a software design consultation system, the
fellowing poinks are also important:
(1) Description of module structure
Module structure must define object units and  their
locality? /.
(2 Stepwise refinement
Functions based on human cognitive processes are reguired
to support stepvise refinement®),
i3} Design constructs
Several design constructs are required., A construct 1s a
framework in which designers can describe higher—level
functions they wish to implement. Up to now, there has been
constructs for datafloworiented design, and structured
programming for conventional  programming  languages.
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Emphasis must now be placed on constructs for logic
programming and the set processing.

Requiremeni specifications. functional design specificaltions
and detailed design specifications, will bhe in a form approaching
that of natural language. We will be able to maintain the
sof tness of correspondence relations between general descriptions
and detailed descriptions through functional concepts.

We concluded from stwdying possible intermal structures for
this consultation system, that the difference between natural
language specifications and logic language programs is so great
that we must fill the gap. We are going to employ a formal
language 1intermediate between natural language and logic
programming  language, Such a formal language should have

folloving features:

Object-oriented design

Both functional and logic programming

Design constructs

Various object access paths (data access paths)
¥We will also adopt the following extended features into our
logic programming language:
~ (Object—-orientation
A combination functional and logic programming
- Module siructure

Uur approach is shown in Fig.4d,

Summary of functions
(1) Semi-automatic software synthesis module
This module semi-automatically pgenerates a kernel language
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program from a software specification in either Japanese or
English. Because of ambiguities in the meaning of natural
language specificaltions or lack of stored program
primitives there will be cases in which a program cannot be
synthesized, In this eveni, designers can interactively
inspect and modify the program 10911123

(2 Functicn retrieval module
This module searches a module which has a related function
as specified in natural language. The function of this
module is not necessarily to search a module having exactly
the same funetion, but aims at searching a module set
having a similar function. For this purpose, we implement
function retrieval using the function concept. As
envisioned. this function will be able to be called either
from the semi—automatic software synthesis module or
directly by the designers. It will also be executed for
retrieving objects (data structures).

(3) Function explanation module
The function explanation module explains the program logic
of the kernel language program, Several methods were
considered for making programs and function explanation
Lext correspond. We selected a method that enhances the
man-machine interface and that can also be used for ‘object
explanation and function retrieval.

The configuration of software development consultation
system module is shown in Fig.B. Users develop software while
storing module specifications into a module specification
library. Stepwise refinement is made possible by this module
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specification library.
The s=emi-automatic synthesis module generates a kernel
language program based on the module specifications.
After a module is synthesized, it is stored in the program
library.
13 Function descriptlion support system
The function description support system has an editing
function which supports specification in natural language.
[t also supports stepwise refinement.
(27 Specification analysis module
This module analyzes a specification text written in
natural language and converts it to an internal
representation.
(3} Program synthesis module
The  program  synthesis  module  searches the module
specification library veing., as a key. a specification
analyzed by the analysis module. it then synthesizes a
program.
The function retrieval module consists of two parts.
11} Retrieval module using the “functional concept”
This module searches a module  specification library
according to  the functicnal concept of the function to be
implemented.
i2) Retrieval module using the "object concept”
This module searches a module library for data structures.
The functicn explanation module explains the logic of the
kernel language program in natural language.
(1) Function explanation parameter registration module
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Thiz meodule registers the formats for sentences which then
become the (rameworks for function explanation  text,
parameters, parameter types, eto,

(2) Type/mode inference module
The type/mode inference module determines the tvpe of a
predicate’ s parameter or inpuot/output mode by analyzing the
kernsel languase program.

{3 Program reccostiruction module
The program reconstruciion module rearranges predicates by
analyzing the kernel language program for an
“easler—to-understand formal .

{4) Explanatory text generation module
The explanatory text generation module explains each

predicate,

56 Conclusion

Throvgh consideration of the problems of current software
development and maintenance, we discussed design concepts for
implementing a software develapment consultation system. We have
described a software development consultation system in which the
main modules are a sofiware semi—automatic synthesiz module, a
function retrieval module and a function explanation module.

We  are now proceeding  to the detailed design and

implementation of a prototype system.
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Fig.4 An approach to a software development consultation system
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