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: Preface i

Our research on DSS started from a joint project with Prof. M. D.
Mesarovic, Case Western Reserve University, the United States, about 15
years ago. At that time his group had a DSS generator called Aristotle. The
system was originally designed to support his consulting work for developing
countries. He was a member of Club of Rome and had already developed a
computer system before Aristotle in order to prepare the second report of
Club of Rome, “Mankind at a Turning Point”. Aristotle was designed based
on experiences of the first system.

Since Prof. Mesarovic is a systems scientist, the design of Aristotle
was strongly influenced by the systems theory and his General Systems
Theory. In particular, it had a model building language which was quite
strong in describing a dynamic system. It could handle a vector valued vari-
able easily, which differed it from the System Dynamics of Prof.
Forrestor’ s.Aristotle was also running on a UNIX workstation and has a
graphical user interface, which was a rare case at the time.

Since application area of Aristotle was gradually expanded and préblem
solving in business was included, Prof. Mesarovic proposed to one of us a
joint project to develop an intelligent DSS. Ultimately, the project started
involving a system developer, Nomura Computer Systems (the current
name is Nomura Research Institute), Japan and our DSS research started
using Aristotle at TIT (Tokyo Institute of Technology which we belonged
to at the time) as well as in the US.

At the initial stage our group at TIT developed a spreadsheet and an
expert system generator for Aristotle for the sake of easy construction of in-
telligent systems. The spreadsheet worked as an operating system as well as
a convenient Ul (user interface) . A numerical model and a symbolic model
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were built in the model description language of Aristotle and the expert sys-
tem generator, respectively. Model call commands could be stored in cells of

the spreadsheet. Data and data call commands were also stored in cells.
(Aristotle had a small data base system) . Since a user could arrange these
commands and data in an organized form on the spread sheet and their exe-
cution control programs were also stored in cells, the spread sheet worked as
an OS of the DSS, which had turned it into a dominant component of the
system.

Applications like a portfolio decision making support system were de-
veloped on the system.

It was immediately recognized that the expert system generator of ours
was not so convenient because variables could not used in a model. It did
not support matching function of variables. In order to overcome the diffi-
culty Prolog was introduced.

Since a Prolog interpreter was not available, the TIT group developed
a Prolog interpreter. It was connected with Aristotle and the spreadsheet.
Even if a Prolog interpreter had been available, the group could not have
helped developing its own interpreter because of necessity of the connectivi-
ty.

At first, the Prolog interpreter was used as a flexible expert system
generator. A Prolog model was embedded into a cell. Its execution was con-
trolled by the spreadsheet. But it was soon found that the functions of the
spreadsheet, OS and Ul, could be realized by a Prolog program in a more
convenient and powerful way.

A window system was designed for the Prolog interpreter using the X
window system. The data structure of the spreadsheet was integrated into
that of the Prolog interpreter. Then, the Prolog system became able to con-
trol the spreadsheet. A spreadsheet could be opened on a window and its
cells could be accessed and controlled by Prolog predicates. The Prolog in-
terpreter has become a dominant component of our system.

The model describing language of Aristotle was designed on Fortran
language. Since it was not compatible with the Prolog interpreter, a new
language was designed for model building, namely MDL (model description
language) . It inherited some of the basic features of the language of Aris-
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totle. For instance, MDL is a functional language. It is strong in describing
a dynamic system. A variable can be a multi-dimensional. Since the internal

representation of a model in MDL is a Prolog program, it can completely fit

the interpreter.

As MDL is a functional language, capsulation of a model by its IORep
(input output representation) was naturally conceptualized. The capsulation
leads to concepts of a model space, whose components are IOReps, and
model integration which is easily implemented due to the typeless property
of Prolog.

Around this time, 1995, one of the authors of this book joined the
TIT group from China as a research scholar to stay for half a year. Before
coming to Japan, she had already completed practical projects of DSS devel-
opment. The most serious problem of the TIT group was deficiency of ex-
periences of practical systems development which are indispensable to DSS
research. Her joining in the group greatly mended the problem. The system
development method or the skeleton approach of this book came from com-
bination of her experiences with a complex hierarchical model of the general
systems theory.

Our system was originally implemented on UNIX workstations, first
on a Masscomp work station and later on SUN work stations. Both were
expensive. However, due to luck of the rapid progress of the PC hard
ware, the PC UNIX technologies and open soft wares, in particular, Linux
and postgreSQL, we could shift our hard ware base from expensive work
stations to cheap PCs. We may be one of the earliest users of Linux. This
shift opened a door to research on EUD (end user development) . It is ob-
vious that EUD is an ideal style for a problem solving DSS development be-
cause a problem formulation is the most crucial stage of the system develop-
ment and it is an end user that knows and controls a problem best.

This book is organized according to a layer model, which consists of
four layers, i.e. application layer, task layer, logical layer and physical lay-
er. It presents a comprehensive view of DSS. As the above history shows,
the joint work with Prof. Mesarovic contributed to development of the task
layer and the logical layer. The joining of one of the authors contributed to
development of the application layer and the progress of PC technologies
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contributed to development of the physical layer.

We are still moving.

Quite a few books have been published about DSS. Many of them are
written by management scientists. This book may be an only book which
attacks DSS from formal systems theoretic view point. DSS is certainly a
system. There must be a systems approach to develop it.

This book uses Prolog as an implementation language although it is not
a so popular language. The reason we adhere to it comes from the character
of the book, which emphasizes the systems approach and the formal ap-
proach. We believe in a bright future of Prolog due to the remarkable
progress of hard wares. As far as we can see, execution speed is practically
the only problem with Prolog for problem solving systems development.

This book is a summary of contributions of many friends, colleagues
and former students of ours. If the book is worthy of reading, it is due to
their contributions. In particular, we must express the deepest thanks to
Nomura Research Institute and Mr. Toda who was Vice President of the
Institute, for the financial and personnel support for the project. But for
the help the project and hence this book could not exist.

As the above history indicates, our research owes Prof. Mesarovic a
huge amount of help. His imagination, encouragement and guidance were
indispensable to our research. Originally, he was supposed to be one of the
authors of this book. It is a pity that he could not join us due to his time
constraints.

The final statement is an obvious one that if the book cannot be appre-

ciated well, it is due to our faults.

fall, 2002
Y. Takahara
X. Chen
N. Shiba
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Chapter 1

Basic Concepts

his book may not be considered as an introductory textbook for a
DSS (decision support system). We want to develop a comprehensive view
on a DSS from the so-called specific DSS to a DSS generator and its physical
realization from a theoretical basis to real application. We want to discuss
the topics as deeply as possible. In order to avoid superficial arguments we
will use our real working system, actDSS, as a reference model of this
book. This trial, however, has a danger to make the book lead to a “spe-
cialized meaningless”. In order to avoid the danger the book adopts the
strategy that systems, whatever they may be, are formalized in the spirit of
the MGST (mathematical general systems theory) or by GST (general sys-
tem theory) concepts using the set theory [1,2] and their implementations
are examined using a logic programming language, Prolog. Prolog can ac-
cept a structural formulation by the set theory and execute it on a computer
system [3]. The working computer system will be discussed in Chap. 5.
It can be said, then, that an official description language of this book
is the GST on the set theory. Its implementation language is the extProlog
(extended Prolog) and every argument is supported by a real working im-
plementation. The GST and the Prolog must be considered as general tools.
This book has another feature that it emphasizes EUD (end user devel-
opment) as one of the most important application field of a DSS generator.
As Sec. 1.5 will discuss, EUD must be an important issue of the current
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information technology. A DSS generator can make a significant contribu-
tion to implementation of the EUD concept. One of the objectives of this

book is to demonstrate the claim is true.

1.1 MGST (Mathematical General Systems Theory)

This section will explain why MGST can be used for the study of infor-
mation systems.

It is obvious that an information system is a system. Then, an infor-
mation system must be a legitimate target of the MGST. We have made the
following statements about the MGST in Ref. [1].

"Systems theory is a scientific discipline concerned with the explana-
tions of various phenomena, regardless of their specific nature, in terms of
the formal relationships between the factors involved and the ways they are
transformed under different conditions; the observations are explained in
terms of the relationships between the components, i.e., in reference to
the organization and function rather than with an explicit reference to the
nature of the mechanisms involved (e.g., physical, biological, social, or
even purely conceptual) . The subject of study in systems theory is not a
physical object, ‘a chemical or social phenomenon, for example, but a sys-
tem’: A formal relationship between observed features or attributes. For
conceptual reasons, the language used in describing the behavior of systems
is that of information processing and goal seeking ( decision making, con-
trol).”

Furthermore, the reference book says that ”“General systems theory
deals with the most fundamental concepts and aspects of systems. Many
theories dealing with more specific types of systems (e.g., dynamical sys-
tems, automata, control systems, game-theoretic systems, among many
others) have been under development for quite some time. General systems
theory is concerned with the basic issues common to all of these specialized
treatments. Also, for truly complex phenomena, such as those found pre-
dominantly in the social and biological sciences, the specialized descriptions
used in classical theories (which are based on special mathematical struc-

tures such as differential or difference equations, numerical or abstract alge-



