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Abstract

In this paper, we will propose a model and an
environment that facilitate our cooperative works
over a computer network by investigating an mech-
anism that integrates a software process enactment
support and a communication support. The goal
of our work is to achieve the enhancement of pleas-
antness of software development environments fea-
tured by the following four properties: definiteness
of a software design method; independentness of an
individual’s work environment ; smoothness of com-
munications; portability of one’s own computing en-
vironment. In section 1, we will show the purpose
and the goal of our research, addressing several re-
search issues to be solved.

In section 2, we will examine the following three
issues to make principles and philosophies clear
both for defining the model and for constructing
the environment.

e The role of software architectures in a software
design method.

e When and under what conditions can commu-
nication occur and go well ?

e What should be described in a software process
model ?

In section 3, we will introduce the state of the
progress of the JIZAI project in Ochimizu’s labora-
tory. The aim of the JIZAI project is to construct
a support environment for cooperative works over
a computer network, especially for software engi-
neering activities. In section 4, we will show a next
research plan.
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1 The purpose of the JIZAI
project

What should we do now to make software technolo-
gies more emotional and sound like buildings and
musics organized on clear principles ? First of all,
we introduce the Kojima’s essay[l] on the archi-
tecture of Italian buildings. His considerations on
architecture would suggest us several useful view-
points in considering architecture of software envi-
ronments by analogy.

o Architecture consists of the following three
things: what should be ezpressed by buildings
?2; what are the good buildings ?; and how to
make good buildings ¢ Buildings of the ancient
Roman empire expressed the power. Power
was represented by the amount of materials(i.e.
size). The form of a building was simplified to
make us feel sizes of physical objects as a size
of a building. A building of the ancient Ro-
man empire consists of rectangular solids and
cylinders where proportion of the width, depth,
height are carefully examined. The technology
enabled Roman people to do it was cement.

We can say, by analogy: What should we ex-
press by a software development environment(SDE)
?; What are the good SDE ?; How can we make
good SDEs ? It is important to make ourselves
clear about what we want to express for creating
the SDE that is sympathized by the people today
and can survive in the next era. Quickness, robust-
ness, flexibility have been investigated as the goals
in the research area of software engineering. I be-
lieve one of the important goals in the next era is
an enhancement of pleasantness.

It is necessary to discuss proper features of the
pleasant SDE for setting up technical goals to
achieve the goal. I think there are at least four
features. They are definiteness, independentness,
smoothness and portability. Definiteness means
that we can follow a design method in a concrete
and definite manner with an evaluation of design
artifacts. Independentness means that we can keep
the individual’s working environment independent
from the others but with necessary communication.

Smoothness means that every member of the team
can communicate with each other smoothly. Porta-
bility means that we can quickly access the neces-
sary information from any places where we will be,
or information can follow after us to every place we
will visit.

2 Several issues to be solved
in the research area of
a software design method,

CSCW and a software pro-
cess modeling

In this section, we will explain the reason why we
think definiteness, smoothness and independentness
are important factors of a pleasant SDE. Portability
will be discussed in section 4.

2.1 The role of software archi-
tectures in a software design
method

Let’s go back to the Kojima's essay again.

o The style of architecture consists of layout of
spaces and detail features of a building. The
less-detailed architecture appeared in the era of
revolution of the style and layout of spaces was
reorganized to produce new one. On the other
hand, however, in the era without revolution,
various kinds of detail features grew.

The layout of spaces in designing a building cor-
responds to a software architecture in designing a
software. I believe the development of the research
on a software architecture will contribute much to
make a software design method definite. We exam-
ine, here, the definition of the term, software archi-
tecture.

The term, software architecture is used in quite
different ways. David Garlan of CMU discussed
a critical aspect of the design for any large soft-
ware system (i.e. high-level organization of com-
putational elements and interactions between those
elements ) in his paper[2]. He introduced the def-
inition of software architecture according to the
definition given by the SEI research group as fol-
lows; ”The structure of the components of a pro-
gram/system, their inter-relationships, and princi-
ples and guidelines governing their design and evo-
lution over time.”

He classified the research efforts into two distinct
trends.



1. Developing a shared repertoire of methods,
techniques, patterns, and idioms among de-
signers for structuring complex software sys-
tems. Although these terms are rarely assigned
precise definitions, they permit designers to de-
scribe complex systems using abstractions that
make the overall system intelligible.

2. Exploiting specific domains to provide reusable
frameworks for products families. Such ex-
ploitation is based on the idea that common
aspects of a collection of related systems can
be built at relatively low cost by instanciat-
ing the shared design. Familiar examples in-
clude the standard decomposition of a com-
piler, standardized communication protocols,
fourth-generation languages, and user interface
toolkits and frameworks.

He also arranged the focus of concern in software
architectures as follows;

e gross organization and global control structure

o protocols for communication, synchronization,
data access

e assignment of functionality to design elements
e physical distribution

e composition of design elements

¢ scaling and performance

o selection among design alternatives

Roughly speaking, both software design methods
and software architectures have the same purpose;
bridging the gap between requirements and imple-
mentations. Differences are the followings. The
software design method defines steps of transfor-
mation from a class of problems into the solution.
The software architecture exists between the re-
quirement and the implementation independently
to help us examine issues given by D.Garlan and to
help us choose the proper one from possible classes
of architectures. Software design methods and soft-
ware architectures can complement each other.

We have already applied existing software design
methods including SA/SD and OMT to large-scaled
modeling and design problems in real world to rec-
ognize the effectiveness and problems of them(3, 4,
5]. As most of design methods, however, do not de-
fine a software architecture design phase in a con-
crete and definite manner, we gave the following
evaluation to the existing software design methods.
Existing software design methods can only play a
role of connecting the problem-specific solution to
the classified software parts(i.e. object libraries).

We will discuss the flexibility of software archi-
tecture next. People put a high value to the size
of a software when they built software monuments
such as operating systems and online real time sys-
tems. Software engineering was born to control the
size and the complexity of those softwares. The
principle adopted was ’divide and conquer’ or ’hier-
archical organization of functionalities’. A hierar-
chical structure is organized according to the level
of abstractions. It is easy to change the way of im-
plementation at some layer to improve it, whereas
it is difficult to reorganize a hierarchical structure
itself because abstraction is accompanied by opti-
mization[6]. We can not reorganize the layout of
spaces only by accumulating the change of details.

Reflecting on the situation, object-oriented tech-
nologies have been studied setting up the goal to-
ward the classification. The principle is based on
the concept of type. In object-oriented design meth-
ods, though we must take the research results on
design patterns into consideration, it is difficult to
organize the layout of spaces because of a bottom-
up manner of construction. Moreover, in the era
of network, we need the new purpose and princi-
ples to deal with the flexibility of the network-wide
computing structures among computing entities.

I think we can agree that the computing in the
next era will take a form mentioned below.

Computing entities represented as objects inter-
act with each other by message passing(i.e. gross
organization and global control structure). Control
will be decentralized and communication protocols
for message sending/receiving will be standardized.
Management of persistent objects would provably
be centralized to maintain consistency. Communi-
cations between application objects and persistent
objects will cause long-running activities[7} because
of popularization of CSCW applications. Concur-
rency control techniques considering the delay of a
network will be developed|8].

There are a lot of researches related to these sub-
jects now. What issues will be raised when these
research subjects are solved to a certain degree ?

I think one of most important issues is scaling
of architectures especially in the field of supporting
cooperative works over a computer network. What
are the major parameters that feature the scale in
architectural design. Delay is one of the important
one. Delay varies depending on the scale of network
and it affects the performance of the system.

It is important to promote the study on classify-
ing software architectures based on the scale, with
providing the control objects related to gross or-
ganization and global control structure, protocols
for communication, synchronization, data access to
give the designers frameworks and parts for a sys-
tem construction. It is also necessary to define de-



sign methods and languages which enable us assign
the application objects to the physical layout of the
system considering the level of distribution.

When and under what condi-
tions can communication occur
and go well?

2.2

Groupwares gave us useful communication tools to
conquer time and space distribution{9] of our com-
munication by developing the following technolo-
gies: enhancement of realtime synchronous inter-
action and a feeling of togetherness made by real-
time groupwares; proper presentation of informa-
tion given by using multi-media; reduction of co-
ordination cost of face-to-face meetings by using
e-mails[10]. Effectiveness of the asynchronous com-
munication (e.g. e-mail) that guarantee the comple-
tion of a communication from/to the other without
interrupting one’s own work is also widely accepted.

However, if they are the only benefits got back
from huge investment for networks as a social in-
frastructure, the benefit is too small. We should
explore the new application areas where we can use
networks and computers to the full as a tool of in-
telligence augmentation in the communication.

One of the keys to exploit the new application
area exists in dealing with background informa-
tion of communication explicitly in the foreground.
In the software development process, for example,
most of the conversations are related to some part
of the large amount of documents and/or knowl-
edges of designers/programmers. Although exist-
ing groupwares can support well the activities such
as noticing, asking, explaining and so on, but as
for treatment of the documents, what we can do
now is to display one of them on the screen and
to manipulate it together. Taking large amount of
documents and complex interrelationships among
contents of the documents into consideration, ca-
pabilities of existing groupwares seem to be insuf-
ficient. Groupwares should provide the capabilities
that can deal with a large amount of background in-
formation explicitly in the foreground, sharing them
among participants.

There is a paper that point out this problem
clearly. C. Ellis suggests us the research direc-
tion of groupwares in his paper[11], by defining and
discussing the three user-oriented models of group-
wares based on the research results in software mod-
elling. They are; ontological model that is a static
description of objects manipulated by users; coordi-
nation model that is a structural representation of
activities performed by users; user interface model
that is an interface representation between a system
and users, or among users.

According to the ontological model, we can de-
fine necessary static information to be stored in a
repository that plays a role of background informa-
tion during our conversations. No one can know
everything. In most of the situations, every par-
ticipant has partial knowledge on the content of
the repository and some of them are shared by the
others. The motivation of the communication hap-
pens when someone is aware that there exists the
gap of the knowledge between/among people. And
then conversation would happen to remove the gap.
The content of a conversation is understood by the
context that each participant has. Structural con-
text is a representation of the dynamic state of a
repository. The social context and the organiza-
tional context are representation of dynamic men-
tal states of the participants and their social back-
ground respectively. The flow of the conversation
is controlled by the the context. The procedures,
rules and common sense are represented by the co-
ordination model. User Interface Model provides us
the related documents, contents of communication,
state of the progress of a conversation using visual
representation of them.

Let us limit the range of discussion, here, to the
decisions made through conversations. For exam-
ple, a software development process can be regarded
as a decision making process. Everyone manages
the decisions made by him/herself based on the
range of responsibility of his/her task. For exam-
ples, a software designer makes a specification re-
lated to design artifacts by him/herself and passes
it to a programmer. A programmer designs data
structures and control structures of a program re-
ferring the specification and then writes a code. The
decision ( i.e. the specification related to design ar-
tifacts) should be shared between the designer and
the programmer from the time of delivery. A vari-
ous kinds of conversation would happen if there is
a gap in understanding the content of the delivered
thing. Second example is a communication between
a project manager and designers/programmers. A
project manager should communicate with design-
ers and programmers on the subjects mainly related
to the decisions related to time resource manage-
ment.

In those situations mentioned above, we need
the following information to make conversations
smooth.

e Structural representation of whole decisions
e The state of the progress to the project goal

e Accumulative structure of partial decisions for
each subject, and pre-conditions necessary for
each partial decision

o Uncertainty and cost of each decision



These requirements suggests that it is necessary
for us to develop a repository that can help us man-
age decisions systematically, from coarse-grained
decisions to fine-grained decisions to promote a con-
sensus making and to support change control of de-
cisions. We must take into account of temporal fea-
tures of decisions in modeling the repository. In the
most of the situations, decisions are temporarily. It
means an agreement would become a disagreement
and a disagreement would also become an agree-
ment as the time passes and the situation changes.

Merging the technique of decision-management
into the current state of the arts of groupwares
would make our long-term discussions smooth and
help us produce a feeling of togetherness

2.3 What should be described in a
software process model?

There are two major research results on the software
process modeling: software process description lan-
guages and their enacting environments; the Capa-
bility Maturity Model. The former gives us a tool
to design a software development process and the
latter gives us both criteria to judge the develop-
mental capability of an organization and a guideline
to improve the development process[12]. In this sec-
tion, we discuss the research direction of the soft-
ware process modeling by presenting the author’s
opinions about the necessity and effectiveness of the
software process modeling.

One of the aims of software process description
is to formalize software design methods. Will it
be successful 7 In this discussion, we should care-
fully distinguish between the effectiveness of a soft-
ware design method itself and the effectiveness of
the formal description of a software design method.
As most of software design methods give us only
guidelines for the software development, the soft-
ware process model(i.e. the formal description of a
software design method ) also has the same kinds
of defects. The subject we are going to discuss here
is the effectiveness of the formal description itself.

Now, let’s back to the point. The question:
Whether the formalization of a software design
method is useful or not ?; has the same meaning
as the question: Whether abstraction of procedures
is useful or not ?; has. A software process model
consists of both a set of activities represented by
3-tuples, (operation, input, output), and control
structures organizing them. By applying the con-
cept of type and polymorphism to (opel, dil, dol)
and (ope2, di2, do2), we can get an abstract repre-
sentation form of activities as (ope, di, do). In an
object-oriented approach, we further combine (ope-
x, di, do) and (ope-y, di, do) to get a basic repre-
sentation unit as ([ope-x, ope-y], di, do). This is,

however, not peculiar to the software process mod-
eling area because it is from the programming lan-
guage area. As for the control structures, we can
observe several peculiar features in software process
modeling. One of them is an iteration or a back-
tracking. In the case of software process, we can
not decide the backward-jump points in looping in
advance because of nondeterministic feature. It is
determined dynamically [13,14].

The dynamic process evolution is also the pecu-
liar feature of a software process modeling[15,16].
Most of human beings’ behaviours are uncertain
and not reproducible. Both the order of the execu-
tion and the content of a software process would of-
ten be changed and modified every software process
enactment according to the mental/physical condi-
tions of the agent(human being). Nondeterminancy
and uncertainty are the peculiar features in the soft-
ware process modeling.

What can we expect as the benefits of describing
these control structures ? I am afraid that we do not
have a concrete perspective to the point. For exam-
ple, both in water-fall model and in object-oriented
development approach, the iteration always hap-
pens. The difference is that the iteration is the evil
in water-fall model but the good in object-oriented
approach. Does the formal description of a soft-
ware process enable us evaluate the defects of a
water-fall model quantitatively ? Does it give us
concrete and useful guidelines for prototyping ap-
proach in object-oriented software development ?
Does it helpful in designing the flexible standard-
ized development process ? Unless we can expect
such kinds of effectiveness, the formalization might
be just a tautological transformation from the ac-
tivities of real world into another expressions.

We need to examine the origin of the problem
again. The iteration happens because human be-
ings can not make a perfect one at a time. The
larger the scale of software is, the more serious this
weakness of a human being become. It is difficult to
predict and reproduce behaviours of human beings
because human being is not a machine. We must
take these human factors into account in software
process modeling.

In our approach, we put our primary concern in
defining the context of one’s task instead of writing
the procedures they must obey. Admitting the it-
erations as natural ones, goal of the task(e.g. qual-
ity level of products), constraints and regulations
not to be violated, inter-relationships of tasks(e.g
shared documents) to the other and their priorities
are placed around the individual’s working environ-
ment. Quality level of products is one of attributes
of an object in a object base. Constrains, regu-
lations and relationships are the attributes of task
interfaces. One of the important technical issues



to be studied is a coordination support mechanism
among related people when they are violated.

Will the research effort on the CMM(Capability
Maturity Model) be able to give us a use-
ful guideline to improve development processes ?
F.Cattaneo pointed out in his paper[17] that the
improvement of real situations is not necessarily
achieved only by applying the CMM. What is wrong
°

We examine here the coordination problem be-
tween the individual’s activity and the goal of the a
team as one of the problem sources among several
possibilities. For examples, they are: taking over
another’s duty or handing over one’s duty; keeping
the regulation and standards both of a project and
an organization; producing a product satisfying the
quality standards. Most critical thing is we must do
every thing just in time for delivery within a limited
time resource.

There is a big gap between the goal of individuals
and the goal of the project team. The former admits
a self-centered type of work that means one goes on
with one’s work within one’s capability, making one-
self consent, to make a good result. The latter re-
quires a self-sacrificial type of work that means one
tries to finish one’s duty on a limited time. Some
one can do both but it is a rare case. We developed
the theory and the system that enable us to reuse
the know-how of an expert using case-based reason-
ing and model-based reasoning techniques[18,19].
We do not have, however, any perspective to turn
it to practical use because it needs huge amount of
cost. We need another process model for coordina-
tion supports that can bridge between the goal of
individuals and the goal of a project team.

2.4 Summary of section 2

In this section, first, we showed our principles and
philosophies both for defining the model and for
constructing the environment to support cooper-
ative works over a computer network, especially
for software engineering activities. Our goal is to
achieve "Pleasantness of the environment” featured
by the following four properties.

o Definiteness: we can follow a design method in
a concrete and definite manner with an evalu-
ation of design artifacts.

o Independentness: we can keep the individ-
ual’s working environment independent from
the others but with necessary communication.

e Smoothness: every member of the team can
communicate with each other smoothly.

e Portability: we can quickly access the neces-
sary information from any places where we will

be, or information can follow after us to every
place we will visit.

Next, we reviewed related research efforts in the
areas of software design methods, CSCW, and soft-
ware process modeling to raise the research issues
to be solved. They are:

e Scaling of software architectures over a
network-wide computing structure

e Merging repository control technologies, espe-
cially for decision-management, into the cur-
rent state of the arts of groupwares to make
long-term discussions smooth and to help us
produce a feeling of togetherness

¢ Developing a software process model for a coor-
dination support that can bridge between the
goal of individuals and the goal of a project
team.

o Human factors such as unpredictableness, not
reproducibleness and imperfectness should be
considered in defining the models.

3 The JIZAI project

In this section, we introduce the state of the
progress of the JIZAI project[20] in Ochimizu’s lab-
oratory to give one of solutions for the research is-
sues raised in section 1 and 2.

First we examine how to integrate software pro-
cess enactment supports and communication sup-
port based on a decision management. Next,
we propose a reference model named CSCSD
model(Computer Supported Cooperative Software
Development model) to support cooperative works.
Third, we introduce the state of the progress of the
JIZAI prototype that has the following four subsys-
tems.

e A CSCSD server to enhance Portability: En-
hancing the portability of one’s own computing
environment over a new computing environ-
ment that consists of Internetworking, mobile
computing environments and ubiquitous infor-
mation environments by absorbing heterogene-
ity of data. we are developing a prototype sys-
tem named HISYO.

e A distribution server to guarantee Indepen-
dentness: Supporting the management of
shared data using control objects such as
the workspace-manager and the autonomous-
mediator. We have already developed the
model and a prototype named GUNBU.



e A groupware base to provide Smoothness: Sup-
porting the management of decisions by record-
ing the progress and the reasoning of deliber-
ations. We have already defined a scheme of
a repository that consists of three layers orga-
nized by the granularity of decisions. We also
developed a prototype system named SIORI.

o Active Channel to support Exploratory Learn-
ing: One of the new kinds of applications that
works on the above servers. We are developing
a prototype system named TANKYU.

Fourth, we will discuss the architectural issues
related to the JIZAI prototype. Lastly, we will in-
troduce several results on the protocol analysis of
software modeling activities over a computer net-
work. The purpose of the experiment is to evaluate
existing four factors of plesantness and to find new
factors of plesantness by observing the behaviour of
human beings. We also introduce activities of the
BUNSAN project that is a field test environment of
JIZAL

3.1 CSCSD model

What are the major elements of our cooperative
works 7 How are they organized to form a coop-
erative work 7 We can enumerate at least four el-
ements; products, communications, processes and
human beings. The purpose of consideration of this
section is to examine the role of each element in a
cooperative work and to define inter-relationships
among them. As a result of the consideration,
we propose a reference model of cooperative works
named the CSCSD model.

The author has already investigated the informa-
tion to be managed in a software repository for sup-
porting software engineering activities and classified
them into the 3 X 3 matrix; (communication sup-
port, process management support, product man-
agement support) x ( for individual, for a team, for
a project )[21]. We re-examine it here by adding
the following human factors discussed in section 2:

e Necessity of support both for making long-term
discussions smooth and for helping us form a
feeling of togetherness.

e Kind consideration on limits of human be-
ings’ capabilities. Their behaviours are unpre-
dictable, imperfect and not reproducible.

e Gap on goals between individuals(i.e. going on
with one’s work within one’s capability) and a
project (i.e. finishing one’s duty on a limited
time).

Is there any reasonable solution satisfying these
requirements ? If it exists, it gives us a foundation
for defining the CSCSD model. What kinds of role
can computer play in executing the solution? The
answer gives us a foundation for constructing the
JIZAI environment.

3.1.1 Integration of a process model and
a communication support based on a
decision management

We will consider here how to record and man-
age the decisions, especially for decisions made by
conversations by examining the relationships be-
tween products/communication and decisions pro-
duced through a software process enactment.

On decisions

There are two kinds of decisions in software de-
velopment activities. One of them is an artifact or
a product itself made by a designer or programmer
and verified by a test team. The other is a result
of choice from design alternatives made through de-
veloping an artifact or a product. The former one
is formed by structuring the latter ones.

The latter type of decisions, the design ratio-
nale, tend to be made by conversations because of
low cost of communication. For this reason, the
most of researchers take a stand that it is sufficient
to record the contents of conversations themselves
along the flow of conversations in order to man-
age design rationales[22]. I think, however, it is re-
dundant because these conversations include a lot
of paraphrases and question-answering routines to
achieve a good mutual understanding.

What should be recorded?

It is important for every participant to be able
to look at the topic of a current conversation in the
proper perspective to the final goal to make commu-
nication smooth. A decision tends to be changed so
often because human beings can not make a perfect
one at a time. So decisions are usually momentary
and there is no perfect decision. We need a record-
ing scheme that supports us to change decisions and
to analyze the ripple effect of changes.

Decision management means to manage the con-
tent mentioned above in addition to the arti-
facts/products and their dependency relationships.
How can we record and manage both types of de-
cisions ? This is the main subject of defining the
CSCSD model.

We should refer to, here, the other factors that
make communication smooth. They are a para-
phrasing process and a feeling of togetherness.
One’s ability to achieve something usually differs
from ability of another person with respect to speed



and quality when they are engaged in the same co-
operative problem solving activity. It is a usual case
that one who achieves a goal first of all explains a
point to the others carefully and throughly consid-
ering the others’ ability. We call it a paraphrasing
process. The paraphrasing process also occurs when
they are aware of a discrepancy caused by either dif-
ference of understanding or gap of understanding.
They try to resolve the discrepancy by paraphrasing
their standpoints.

It seems to be useless to record conversations of
a paraphrasing process because the contents of the
conversation depend on ones’ experience, knowledge
and physical conditions. Needless to say, it is im-
portant to support a paraphrasing process because
it helps us form a feeling of togetherness and help
us share the state of progress and issues to be dis-
cussed next( i.e. what are decided and what are
not). We think support of paraphrasing processes
is a role groupwares and/or user interface.

On adopting Coarse-grained dependency-
-relationships among artifacts
as a basis of integration

Modeling and designing activities transform in-
put artifacts into output artifacts/products with re-
ferring to materials such as existing products, stan-
dardized rules and quality criteria using software
tools and/or human beings’ thought processes. It
means that there are input-output dependency re-
lationships among artifacts/products.

Coarse-grained dependency relationships define
input-output relationships among documents such
as specifications, design documents and program
codes. We can define a software process by adding
a temporal order to the coarse-grained dependency
relationships among artifacts/products. Fine-
grained dependency relationships define use/used
or refer-to/referred-to relationships among items
included in the documents and give us a basis
to understand design rationales. We adopt the
coarse-grained dependency-relationships among ar-
tifacts/products as a basis for integrating definition
of software process models and for recording com-
munications.

We do not think that the coarse-grained depen-
dency is a necessary and sufficient thing as a basis
of the integration. It is, however, one of the ma-
jor basis for the integration, because it provides us
constraints in designing the execution order of task
and gives us outline of expected conversations.

On defining a task and a software process

based on

the coarse-grained dependency-relationships
A subset of artifacts/products is assigned to one

of team members according to his/her role and

range of responsibility. We call this subset a task.
Each task has attributes, for example, rules and
forms for describing artifacts/products, constraints
on performing the task, interface definitions to the
others’ tasks, pre/post conditions of the task, qual-
ity criteria. As the details of an attribute definition
depends on organizations or projects, we consider
here the general features common to every task at-
tribute definition to be useful for a project man-
agement. We think, at least, we need information
required by the following functions.

o Constraints not to be violated should be rea-
sonable and should be expressed clearly.

o A system should be able to detect constraint
violations.

e A system should be able to give us an instruc-
tion in the case of constraint violations.

e A system should be able to support coordi-
nations among related people if a treatment
would cause wrong side-effects to the other
people.

We define a software process as a lattice of tasks
by adding a temporal order to the coarse-grained
dependency relationship among artifacts/products.
In defining the software process, there is a strong
difficulty in balancing time resource assigned to the
project and time resource required by the individual
depending on one’s capability and capacity.

On recording decisions

The flow of conversations represents a transition
of participants’ concerns. At beginning of the flow,
a conversation starts from the the most concerned
issue and goes on. In the middle of the conver-
sation, it sometimes occurs to move to the other
subject for a time because someone is aware of ex-
isting of unsatisfied pre-conditions for the original
issue. At the end of the conversation, another is-
sue to be discussed successively is raised when the
original issue is solved. It also the usual case that
we can not get to the conclusion during the con-
versation and suspend it. Talking another issue,
we sometime suddenly recognized the solution, then
we resume the suspended conversation again. How
can we record the decisions made through the flow
of conversations mentioned above ? It is easy to
record conversation itself along the flow of conver-
sations like a diary. It is, however, the worst style of
recording because it can not represent a cause-effect
relationship among decisions explicitly.

We often experience the situation during a con-
versation where we review the conversations so far
by arranging what are solved or not and what to be
discussed next. We usually arrange the following
information at this situation.



e a whole view of decisions made or to be made

e proper perspective of the current situation in
the whole view

o the state of progress for the final goal

e issues to be discussed next

It is better to record the above four items.

Now we must take it into account that the struc-
ture and the content mentioned above might change
in progress of the discussion. It also often occurs we
can become aware of the imperfection of some de-
cisions later. We should record the following infor-
mation that can support restructuring of discussion
or resteaming of a previous discussion.

e For each subject, an accumulative structure of
partial decisions, and pre-conditions required
to make each partial decision

e Uncertainty of each decision and cost required
for it

Moreover, it is obviously necessary to record

e a correspondence between conversations and
software objects

because a subject of conversation is caused by
software object.

We introduce here three-layers record-
ing scheme:a deliberation space(the top layer), a
deliberation process(the middle layer), a delibera-
tion type (the bottom layer).

e We represent a cause-effect relationships
among decisions as a deliberation space. The
role of a deliberation space is to give us a whole
view of decisions and to help us understand
both proper perspective of the current conver-
sation to the final goal and the state of progress
to the final goal

¢ We manage a series of conversations for an is-
sue by a deliberation process. The role of the
deliberation process is to manage an accumu-
lative structure of partial decisions and pre-
conditions required to make each partial de-
cision

e We manage a series of utterance in a conver-
sation by a deliberation type such as transmit-
ting and adjustment, decision and creation|23].
Most of conversations during a software devel-
opment process can be represented by the fol-
lowing three types: transmitting some decision
or knowledge from the person who know it well
to the person who does not know it well; select-
ing a candidate for the solution from several

alternatives by hearing what the other has to
say each other; creating some new information
by combining the partial knowledges each par-
ticipant has. The role of a deliberation type
is to manage attributes of a decision such as
uncertainty of a decision and cost required for
a decision. Each deliberation type has several
states and we can judge uncertainty of a de-
cision and/or degree of achievement by seeing
at what state the conversation suspended or
finished. Time attribute and numbers of utter-
ances can represent a cost of decision.

We call a repository with the above scheme
groupware base.

On relation between an enactment of
a software process and
communications occurred

Does a cause-effect relationship among decisions
made through conversations have the same struc-
ture as an execution order of tasks has ? A structure
of a deliberation process does not always match to
a structure of an execution order of tasks because
some issues happen depending a state of a software
development as mentioned later. Therefore we man-
age a cause-effect relationships among decisions and
an execution order of tasks separately.

an example

correspondence between a deliberation type and a task
In a software process enactment, most of commu-
nications occur when multiple people are assigned
to the same task or artifacts are shared by several
tasks directly /indirectly. There are several types of
communication. Followings are typical examples.

e In the case that multiple people assigned to
the same task, communication happens: to ex-
change ideas and expertise with each other;
to choose a candidate for the solution among
several alternatives; to compensate the gap of
skills or experiences related to the task.

o In the case of artifacts shared by several tasks,
communication happens: to deliver some ar-
tifact from one to the other; to make a com-
mon understanding and a consensus related to
the content of delivered thing; to detect and
correct errors caused by the incompleteness of
artifacts.

In these cases, an instance of deliberation type
corresponds to either a task or a connection of tasks
directly.

correspondence between a deliberation space



and an execution order of tasks

A functional requirement specification consists of
requirements. At the design phase, each of func-
tions is assign to either a fast processor or a slow
processor according to the performance requirement
specification and designer’s expertise. Each of two
groups of functions become a software module re-
spectively. After deciding module interfaces, global
data, data structures and code of each module, each
module is implemented.

Suppose the load module can not fulfill the de-
sired performance at the integration test or alfa
test. We must change the following two kinds of
decisions already made.

e coarse-grained level of decisions: a functional
requirement specification, a performance re-
quirement specification, selection of proces-
sors(a system specification), two modules, a
load module.

o fine-grained level of decisions: assignment of
a function to one of two processors, number
of modules, content of interface specifications
among modules( i.e. number of arguments, ar-
gument type and so on), selection of data struc-
tures and program logics.

We must re-examine the decisions as follows; Was
the selection of a processor right ? Was the assign-
ment of a function to a processor right 7 Was the
selection of a data structure and a logic right ?

After re-examination, we should change the re-
lated specifications and programs. It is better
to evoke a new deliberation process and its sub-
deliberation processes for each document to be
changed to proceed change in organized manner.

As shown in the example, it is necessary to evoke
a deliberation process not corresponding to a com-
ponent of a software process model in the occur-
rence of unpredictable extraordinary situation. In
general, a cause-effect relationship has a different
structure as an execution order of tasks has.

3.1.2 CSCSD model for cooperative works

The central issues for modeling the CSCSD model
are as follows:

e Management of tasks that define individuals’
responsibility and management of an execution
order of tasks(software process) based on the
coarse-grained dependency relationship among
artifacts/products.

e Management of cause-effect
relationships among decisions(groupware base)
based on fine-grained dependency relationships
among the items included in the documents.

We organize the above functions as a hierarchical
structure as follows.

e At the lowest layer we put the CSCSD server
that enable us a network transparent data ac-
cess with resolving heterogeneity of data.

e At the first layer from the bottom, we man-
age the dependency relationships among arti-
facts/products. Functions of this layer support
to define guidelines of works and constraints re-
lated to tasks for constructing the distribution
server in the upper layer and also give a group-
wares the basis for recording the contents of
communication by keeping links between con-
tents of conversations and artifacts or depen-
dency relationships of artifacts.

o At the second layer from the bottom, we put a
distribution server, a groupware base. The dis-
tribution server consists of a process server and
workspaces. The process server define tasks, an
execution order of them, and resources avail-
able. The workspace defines a group of re-
lated artifacts according to one’s responsibility
and manage shared data between tasks. The
groupware base keeps a cause-effect relation-
ship among decision made through conversa-
tions.

o At the third layer from the bottom, we put
CASE tools and groupwares to support both
producing artifacts and making conversations
like consensus making or delegation.

e At the fourth layer from the bottom( The top
layer), we put a UIMS to display information
related to various kinds of servers and tools.
Context information proposed by Ellis will be
displayed if necessary.

3.2 Current states of the progress of
the JIZAI prototype

In this section, we will summarize our prototyping
efforts on the JIZAI project. We are developing the
several prototypes based on the goal introduced in
section 1 and the CSCSD model defined in section
3. What parts of functions should be executed by
computers in performing the functions defined in
the CSCSD model. How should we properly de-
fine the interfaces between the works done by hu-
man beings and tasks executed by computers ? We
will examine first these issues for each layers of the
model.

o CSCSD Server(the lowest layer): It is desirable
to automate most of the functions as possible
as we can. It also desirable to make the func-
tion calls transparent for users.
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e Management of Dependency Relationships
among Artifacts(the fourth layer): It is nec-
essary to adopt DBMS technologies both for
representing a scheme related to the order of
tasks and for maintaining consistency of data
access such as creating, deleting and changing.

e Distribution Server and Groupware Base(the
third layer): we should contrive to use software
agents(i.e. control objects) to reduce users’ ef-
fort. It is also necessary to design and imple-
ment a recording scheme of a groupware base
that can deal with a side-effect analysis of a
decision change.

e Tool Kits (the second layer): We need a
tool integration mechanism for CASE tools
and groupwares to guarantee the succession of
works.

o User Interface (the top layer): It is necessary to
use graphics to represent structural contexts,
social contexts and organizational contexts by
defining and using new metaphors instead of
multi-windows paradigm. We need to develop
the new UIMS to support it.

3.2.1 A CSCSD server to enhance Portabil-
ity

An infrastructure for the new computing environ-
ment such as internetworking, mobile computing
environment, ubiquitous information environment
are growing now. What kinds of new possibilities
will these environment bring us ? In a word, we
can quickly access the necessary information from
any places where we will be, or information can fol-
low after us to every place we will visit. One of
the features of these new computing environment
is heterogeneity of data. The purpose of develop-
ment of a CSCSD server in JIZAI project is to offer
the infrastructure that can fully utilize the possi-
bilities of internetworking and wireless LAN tech-
nologies, mobile computing environments and ubig-
uitous computing environments.

There are several points to be considered in con-
structing the server. They are, for examples, treat-
ment of heterogeneity of data and asynchronous
operations. Gio Wiederhold proposed the Medi-
atted Architecture that is an extension of a tra-
ditional client-server model by putting a media-
tor between clients and a server[24]. Mediator
supports : accessing to proper information re-
sources; data selection and format conversion; ar-
ranging data in common abstract level of rep-
resentation; integration of informations from dif-
ferent information resources; preparing meta in-
formation according to purposes of applications.
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These are called middlewares and we have al-
ready a lot of products such as CORBA(Common
Object Request Broker Architecture), DOE( Dis-
tributed Objects Everywhere), ILE(Inter-Language
Unification), KQML(Knowledge Query and Manip-
ulation Language), OLE(Object Linking and Em-
bedding), OpenDoc(Open Document Exchange),
PDES( Product Data Exchange using STEP).
Standrarization efforts are now going on(see
http://isx.com/pub/I3).

S. Heiler address interoperability problems in
large-scaled distributed system[25]. He pointed
out that it is necessary to guarantee semantic in-
teroperability to exchange data and services in a
heterogeneous system configuration in addition to
agreement on message passing protocols, procedure
name, error code, types of arguments. He showed
an interesting example that the probability that
two database designers, even domain experts, will
choose the same element names for the same data
is only between seven and eighteen percent.

Frank Manola also discussed interoperability is-
sues in large-scale distributed object systems[26].
Classical and traditional construction methods
of information systems have been matured(e.g
Datarun method by D.Pascott[27]). They are pow-
erful and useful in constructing a system for a homo-
geneous world. However, in large-scale distributed
system, it is necessary to guarantee exchange of het-
erogeneous data. Interoperability of data represen-
tation and object interfaces should be certified in
every level of services such as database, common
services, application.

we summarize functional requirements of the
CSCSD server as follows. It should be able to treat
with:

(1) scaling: easy to select proper global control
structures, communication protocols, ways of
synchronization and data access according to
the scale.

(2) heterogeneity: guarantee of data selection
and format conversion in accessing proper in-
formation resources.

(3) multi-computing environments:
executable on multi-platforms.

(4) flexibility of architecture: designed by an
object-oriented architecture

3.2.2 A Distribution Server to guarantee
Independentness

We are studying management of shared informa-
tion as one of the necessary conditions to achieve
the goal ’independentness’. By the term ”indepen-
dentness”, we mean one can do one’s work without



unnecessary communications and interaction to the
others. We have already succeeded in developing
several control objects named a workspace-manager
and an autonomous-mediator which can support us
to manage shared data in distributed software de-
velopment[28,29]. The major features of them are
as follows;

1. A workspace-manager object and an artifact
object which can support us(i.e. software engi-
neers ) to manage their range of responsibility
and control of data sharing.

An autonomous-mediator object can support
negotiation among software engineers occurred
through the modification of shared data.

. Each object has a meta-object that supports us
to select an available proper action dynamically
according to the situation.

Using these objects, a software engineer will pro-
ceed his work, only using both the directly related
knowledge to his own responsibility and the direct
relationships to the others who share data with him.
Our environment will support us to change policies
related to data sharing in a cooperative and flexible
manner.

Next research step is to add some degree of
intelligences to the workspace- manager and the
autonomous-mediator by applying the results on
the Trio Environment[30,31]. The research results
of the Trio Environment would be extensible to the
software process modeling by considering the con-
currency control and communication issues among
objects. For example, in Trio Environment, be-
haviours of objects are formulated by capturing the
following semantics; ” As a consequence of event A,
event B must occur within X seconds.”

There are two points to be discussed when we
want to apply the results to software modeling.
First, WFFs are expressed with respect to single
current time in the Trio model. In the case of soft-
ware process modeling, it is natural to define that
each object has own current time (i.e. starting time
of job) with preconditions. It is also necessary to
define their communication during software process
enactment. It is the concurrency control and com-
munication control issues. Second, in the case of
software process modeling, ”must” and ”within” are
just a expectation of a project manager, because
behaviours of human being are not predictable and
can not be reproduced even if agents are the same.

Therefore, we need to formulate the following se-
mantics regarding to conflicts resolution; ”If one of
the objects violates the assigned constraints, the
other objects should be able to detect it, and if
possible, they must find the solution by negotiat-
ing with each other with help of human beings.”
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3.2.3 A Groupware Base to provide

Smoothness

We are also developing a theory and a system for
decision management[32] to make the communica-
tion among team members smooth. We have al-
ready proposed a framework and schematic repre-
sentations for recording the progress and reasoning
of deliberations. The aim of our scheme is to help
us grasp the whole view of decisions easily and to
permit us control the change of decisions efficiently,
by managing the decisions produced over a long-
term discussions. Our framework is organized into
a hierarchy consisting of three layers: a delibera-
tion space; a deliberation process; a deliberation

type [23].

o A deliberation space records the cause-effect
relationships among subjects to represent the
whole view of decisions and the degree of
achievement for a goal of a group.

A deliberation process represents the state of
progress of a subject by recording a series of
partial decisions and their preconditions.

A deliberation type manages the related utter-
ances in a conversation by grouping them by
using recording types of a conversation such as
Transmission and Adjustment, Decision, and
Creation. It can also record degree of firmness
and cost of a partial decision.

Our scheme supports us to manage decisions
made and changed through conversations by orga-
nizing decisions systematically from a global view
to a detailed level. We call the database managed
by this scheme the Groupware Base.

In the design of the groupware base, we were es-
pecially careful for the following point. When we
make decisions of various degrees of granularity,
agreement would be momentary very often. It is
usual that an agreement changes to a disagreement
or a disagreement changes to an agreement when a
situation change.

We have already designed and implemented a
prototype system “Siori”[33], for electronic meet-
ings using mailing lists, based on the groupwarebase
model. Its purpose is to facilitate the coordination
among participants and to reduce the possibility of
occurrence of redundant conversations caused from
an insufficient management of decisions.

3.2.4 An Active Channel to support Ex-
ploratory Learning

The advanced software development environment
using JIZAI also supports our daily activities over
a computer network to make good softwares[34].



They are: Information transmission and acquisition
by news and e-mail; World-wide discussions with re-
lated researchers; Consensus making, decision mak-
ing, Cooperative works via tele-conferencings; Re-
altime presentation of research results. An appli-
cation program to satisfy this purpose is an active
channel for ubiquitous information.

Technical innovation of information retrieval
technologies will occur in near future based on in-
formation filtering techniques that support us to
find and use only necessary information from huge
amount of data scattered over a computer network.
Various kinds of information is now being accumu-
lated on world-wide spread nodes of networks due
to popularization of WWW. We call these infor-
mation ubiquitous information. It will be one of
important applications that supports exploratory
learning, where a user with limited knowledge on
information acquisition can find necessary informa-
tion from ubiquitous information scattered over a
computer network with help of a computer. We call
the application(i.e. a tool that support exploratory
learning) an active channel. A channel means a
link for information filtering generated dynamically
for each information retrieval request. Term active
means that increase in information useful for infor-
mation retrieval.

Basic functional requirements for exploratory
learning is proposed and discussed by Denning[35].
Denning classified the task domain of CSCW into
three domains; method, media of information ex-
change, exploratory learning and discussed the role
of software agents in each domain.

method: we use CSCW as a method to get a
known output in the known domain.

media: we use CSCW as media when we do not
know an output in advance, but know the
method to get it. Goal is achieved by the in-
teraction of users.

exploratory learning: user does have a limited
knowledge both for task domain and issues and
does not have a specific output

We are now trying to design and implement the
function ”activeness”.

3.3 Architectural design of the

JIZAI prototype

We consider here a gross organization and global
control structures of the JIZAI prototype with dis-
cussing how to assign the functions of the CSCSD
model defined in section 3.1.2 to a computing envi-
ronment. As we have not yet done a consideration
on scaling of architectures, we suppose here the in-
ternet environment in JAPAN.
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3.3.1 Displacement of and

databases

servers

e Displacement of CSCSD servers: There
are three possible plans for displacements of
CSCSD servers. They are:

1. put each CSCSD server to each database;

2. provide independent CSCSD servers to
treat with information

3. retrieval requests over several databases;

4. put each CSCSD server for each user.

We will examine the merits and demerits of
these three ways of displacements. The merit
of displacement(1) is that we can customize
each CSCSD server for each database manage-
ment system to enhance the efficiency of data
access to each database. The overhead of com-
munication among servers, however, increase
and the system performance would be reduced
because information retrieval requests would
be done over several databases. It is also neces-
sary to do consistency checking over a network.

Next we will examine the displacement(2).
Displacement of only one CSCSD server is not
feasible because of the workload of the CSCSD
server. We must decide how many CSCSD
servers are necessary under what criteria. We
think it is reasonable to put a CSCSD server
to each project taking account into the long
transaction natures of software engineering ac-
tivities(i.e. the same data tends to be re-
ferred /updated for long duration of time). We
should provide cash memory with each CSCSD
server to guarantee the efficiency. Consistency
checking should be treated by each CSCSD
server.

There is only one merit of displacement(3).
Data access over a network would be reduced
because data necessary for some user would be
put in the cash memory of the CSCSD server.

¢ Displacement of artifacts and their de-
pendency relationships: It is proper to
put related artifacts and their dependency for
each project. We must decide, however, which
is better providing an independent server for
them or putting them in the workarea of a
CSCSD server. We think it is better to
put them in an independent server physically
closed to a project manager because depen-
dency relationship among artifacts is rather
static and usually updated by the project man-
ager.



e Displacement of distribution servers and
groupware bases: A distribution server is
logically placed for each user according to
his/her role. It is better to place it physi-
cally closed to the user to guarantee the quick
response. As for a groupware base, it better
to distinguish the following two cases: to help
us understand the representation of a whole of
decisions; and to help us perform heavy dis-
cussions in software modeling and software re-
views. In the former case, it is enough for us
to refer the content of the groupware base by
using a WWW server. In the latter case, we
think it is better to place SIORI server for each
deliberation process to improve the efficiency.

e Displacement of tool kits: This is obviously
put in the individuals’ environment.

¢ User interface issues: UIMS is obviously put
in the individuals’ environment. We must be
careful for placing the information related to
the context proposed by Ellis because display-
ing those information consumes the lot of com-
puting powers. As for structural context, we
must decide the place related to the placement
of a CSCSD server and a distribution server.
Placement of information related to an organi-
zational context should be decided related to
the placement of groupware bases. All of the
information related to contexts have a short
lifetime and requires high degree of realtime re-
sponseness. Detail consideration is left to the
future works.

3.3.2 On an object-oriented architecture of
the JIZAI prototype

We are going to construct the JIZAI prototype us-
ing an object-oriented architecture to increase the
flexibility of the architecture. On this issues, we
have only developed the workspace-manager and
autonomous-mediator as constituents of the JIZAI
architecture. Most of the works to be done are left
in future.

3.4 Understanding human beings’
behaviour by protocol analysis

In this paper, we have discussed the enhancement of
pleasantness of an environment featured by the four
properties: definiteness of software design meth-
ods; independentness of individual’s working envi-
ronment; smoothness of communication among par-
ticipants; portability of one’s own computing en-
vironment. We should have methods and metrics
to evaluate the goodness of models and prototypes.
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We think protocol analysis is one of the useful meth-
ods to do it. There are two purposes of our protocol
analysis experiments.

¢ finding another useful metrics for evaluating
pleasantness

e preparing the evaluation methods for indepen-
dentness and smoothness

The former means we are going to re-examine
the features of plesantness including existing four
features such as definiteness, independentness,
smoothness and portability. The latter means we
are going to develop how to evaluate them. In
the JIZAI project, protocol analysis experiments
, mainly related to the evaluation of smoothness
of communication, have been performed to under-
stand the problems of existing groupwares quanti-
tatively[36].

3.5 The BUNSAN project as a field
test environment for JIZAI

BUNSAN project is a cooperative work among
JAIST, NAIST and TITECH from academies and
PFU from industries[37]. The purpose of BUNSAN
project is to provide a network-wide field test en-
vironment to examine fundamental research results
in laboratories. The role and aim of JAIST is to
have a field test environment for JIZAI. The follow-
ing experiments have been performed in the past
experiments of the BUNSAN project.

e Remote presentation, Remote cooperative for-
mal specification review, Remote cooperative
programming activities: using existing multi-
cast tools for communication and the network
environments such as Internet and ATM. The
purpose of the experiments was to discover the
problems of existing multicast tools and net-
work facilities. We have already finished a se-
ries of first-term experiments, and have got sev-
eral useful knowledges about the delay problem
of networks, the communication protocol prob-
lems among human beings, that will be useful
to develop new technologies related to cooper-
ative works over a computer network.

o We performed several protocol analysis experi-
ments to find obstructions in cooperative work
over a computer network.

The next goal of JAIST in BUNSAN project is
the improvement of prototype systems of JAIZAI
such as GUNBU, SIORI and HISYO.



3.6 Summary of section 3

In this section, we proposed the CSCSD model as a
reference model of cooperative works consisting of
the following functional layers.

User Interface: this layer supports us to form a
feeling of togetherness among participants of
cooperative works by showing the structural
context, social context and organizational con-
text.

Tool Kits: this layer contains CASE tools that
can automate our transformation processes and
groupwares that support us paraphrasing pro-
cess. It also contains new application tools
such as active channel. A tool integration
mechanism guarantee the succession of works
using these tools.

Distribution Server and Groupware Base:
a distribution server support us to manage
workspaces and to change shared data for the
purpose of increasing the independentness of
one’s work. A groupware base support us to
manage the decisions made through a software
development process

Management of Dependency Relationships
among Artifacts: this layer supports us to
manage dependency relationships among arti-
facts/products. It also support us to manage
software process models(i.e. scheme related
to the execution order of tasks) and to main-
tain consistency when its instances are cre-
ated/deleted /changed.

CSCSD Server: It supports us to deal with scal-
ing of networks, heterogeneity of data, treat-
ment of multi-platforms.

We also introduced the several on-going proto-
types. Finally we made a basic consideration on
the architecture of JIZAI prototype.

4 Summary and Future re-
search issues

In this paper, first, we showed our principles and
philosophies both for defining the model and for
constructing the environment to support cooper-
ative works over a computer network, especially
for software engineering activities. Our goal is to
achieve pleasantness of the environment featured
by definiteness, independentness, smoothness, and
portability. The research issues to be solved for
achieving our goal are as follows:
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e Scaling of software architectures over the
network-wide computing structures

Merging repository control technologies, espe-
cially for decision-management, into the cur-
rent state of the arts of groupwares

Developing a software process model for coor-
dination supports

Consideration on human factors such as unpre-
dictableness, not reproducibleness and imper-
fectness

We proposed the CSCSD model for cooperative
works based on the decisions management. The
CSCSD model consists of six layers hierarchical
structure. They are user interface , tool kits, distri-
bution server and groupware base, management of
dependency relationships among artifacts, CSCSD
server.

We have developed the distribution server and
the group ware base of a JIZAI prototype now. Fu-
ture works to be done are the followings to realize
the new software development style and its environ-
ment.

Further research survey on software architec-
ture, especially on scaling problems.

Research survey on flexible software architec-
tures and object-oriented software architec-
tures.

Further deep considerations on the following
issues based on the above two surveys;

definition of classes of a software architecture

arranging parts of a software architecture(i.e.
control objects)

studies on gross organization and global control
structure

Case studies of object-oriented software devel-
opment to make software architecture design
phase clear and concrete.

Completion of development of the JIZAI proto-
type version 1 and evaluation of the net effect
of GUNBU and SIORI.

Research survey on software process especially
on representation of policy and constraints.

Investigation and Case studies related to deci-
sion management in real world, especially for
granularity, protection and security of decisions
to recognize what to be managed and how to
do it.



o Further deep understanding on integration of
process and communication supports to im-
prove the CSCSD model based on the research
results on the above three issues

e Establishment of the JIZAI Consortium with
researchers both from industries and academies
to promote technology transfer and to produce
a new useful software environment as one of
the major activities of the Software Colab.
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