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Chapter 1
Introduction

1.1 Motivation and Purpose

The present time is called the age of information. The information industry has made remarkable
progress, and with this progress, information has come to control and influence human behavior
in society. Thus, our society of today can be thought as an information-oriented society. To
deal with a huge amount of information, computers have spread throughout society, and with
this spread, various kinds of information techniques have also made remarkable progress. In
particular, recently we often hear the word, “multimedia‘”, this word is a key word symbolizing
the present-day progression of information techniques. All the information techniques , including
the multimedia technique, have developed for saving a huge amount of inform_a,tion, achieving the
higher efficiency of communication, and realizing human comfortable communication systems.
However, the only system which exists that can zichieve\ these goals so far is the human brain -
except for saving a huge amount of factual information. This fact makes us reéognize the most
uscful communication system is the human communication system, and leads us to construct an
information system imitating human information processing. Therefore, as the purpose of our -
work, we aim to realize human information processing in a computer.

When we consider human information processing, we have to consider that the use of lan-
guage plays a central role in it. This idea comes from philosophers who investigated human
intellectual activities from viewpoint of the uses of semiotic systems including language?, such |

as Ludwig Wittgenstein(1889-1951), Charles Sanders Peirce(1839-1914), and so on. They gave

Y “Multimnedia” means dealing with various kinds of information simultaneously.

“For this reason they are sometimes called lingnistic philosophers.



us excellent considerations about the relation between human intelligence and the role of lan-
guage and semiotic systems. We apply their ideas to realize a type of computing based on
human intellectual information processing, and we call our proposed computing “intelligent
computing’.” The basic concept of intelligent computing is based on using language as the in-
formational currency of computer processing. Therefore, we need a framework of understanding
language: what language is, how language should be defined in a computer, and so on. We apply
systemic functional linguistic theory to this frzunework; because the concept of this linguistic
theory has much in common with the ideas of the above philosophers. By using these ideas and
the theory, we propdsod several methods for using language in information processing. As the
representative methods which we pi'oposeci, we can cite a linguistic model for expressing human
thinking processes, how to express the functional aspécts of language —including information
fusion based on language-, and representing social context.

As an example of hurﬁan intelligent information processing, we consider a human thinking
process, especially, we show a process of estimating the future trend of a social system?. When
we estimate the future trend of a social system, we usually use a mathematical model which
describes a social system approximately using structured equations with numerical data. There
are, however, many cases where social scientists can get better results from a simulation than
from a simulation based on a mathematical model: We think the reasons for this arc that
they use various kinds of information in their estimating process, understand all information
linguistically and apply this information to their estimating process, and so on. Considering
these facts, in this paper, as the main purpose of our work, we model a human thinking process
with linguistic expressions, and apply it to simulating the future trend of a social system as a-
forecast model. Hence, we can also propose a new simulation method whkh has a quite different
viewpoint from conventional simulation methods.

As an cxample of our proposed methods for simulating a social system, we will show a
simulation which estimates the future trend of foreign exchange rates, in particular, we deal

with the yen dollar rate.

In this paper, “intelligent computing” indicates a computing based on human linguistic behayiours.

4 . . ' . . . .
In this paper, a social system means a cansal system which exists in a society.



1.2 Organization of the remainder of this dissertation

This dissertation consists of seven Chapters. In Chapterl, we have introduced the major concept
and the overview of our work. We shall elaborate on these, as follows, in Chapter2 through

Chapter?.

Chapter2: Simulation and Artificial Intellligence
In this chapter, we review the history of simulation and artificial intelligence.

We discuss the importance of our approach to social system simulation.

Chapter3: Intelligent Computing
In this chapter, we discuss thé background of intelligent computing, and its
basic approaching to representing human intelligence in a computer. From this,
we propose several methods for representing human intellectual information
processing based on the role of language: a linguistic model, how to express
functional aspects of language computationally, and how to represent social

context in a computer.

Chapter4 : A Social Activity: Foreign Exchange Rate Forecast
In this chapter, we show the result of analysis of the foreign exchange rate
forecast activity. Since we are constructing a foreign exchange trend forecast
system based on a forecaster’s estimating process, we need to analy‘ze a detailed
investigation of the estimating activity. The knowledge we extract is based on
books, interviews with foreign exchange dealers and economists, and articles in

€COoNOIiC newspapers.

Chapter5: Foreign Exchange Rate Forecast System
In this chapter, we talk about the construction of the implemented system which
estimates the trend of foreign exchange rates. The system comnsists of three main
parts for: economic conditions recognition, natural language processing, and in-

ference. We will give detailed explanations of them.



Chapter6: Simulation Example
In this chapter, we show an example of a simulation in order to show how our
prdposed methods are applied and work. In the simulation example, we consid-
ered the fact that the yen rate shot up due to the statement by Mr. Malford,
the U.S. Treasury Undersecretary, and actual numerical data between January
1991 and April 1992, and show the system’s estimating process making use of

them.

Chapter7: Conclusions .
In this chapter, we review our approach. We discuss the significance of our pro-
posed simulation method and computing, and consider what we found through
our approach. Finally, we discuss the conclusion of our research and discuss our

future work.



Chapter 2

Simulation and Artificial

Intelligence

In this chapter we review the technology of simulation with artificial intelligence[75, 107]. First,
we review the history of simulation, proposed so far, by reviewing the history of simulation

software.

The evolution of simulation software can be divided into five periods[84]:

e 1955-1960,
~ the era of custom programming. Each application required rewriting of all necessary

software.

e 1960-1966,
-- the first-generation simulation languages. Guided by K.D.Tocher’s General Simulation
Prograni, the first Versions of GPSS, SIMULA, CSL, SIMSCRIPT, and GASP were intro-
duced. These packages form the foundation for today’s simulation software. SIMULA was -
the first object-oriented language. GASP was the first hybrid langua,gé allowing mixed

modeling of discrete and continuous systems.

e 1967-1970,
-~ the second-generation simulation languages. Primary these were revised versions of the
v first-generation languages. The publication in 1967 of the “CSSL Report” for continuous

system simulation language established the equation-oriented approach as standard.



e 1971-1978,
-- the era of new features for existing languages. Interactive features appeared early in this

period.

e 1979-1989-present(1994),
This period reflects a change in the paradigm for the simulation process. Whereas pre-
viously the focus was on writing the program that performed the simulation, the focus
has now become the model underlying the program. The use of graphic display inter-
faces and of development environments, such as TESS, also grew during this period. As
a recent trend of simulation languages, many languages that include artificial intelligence
(AI henceforth) technology have been developed, for example, OPS5, KL-ONE, and so
on. These languages were developed primarily for building expert systems, not for simula-
tion. However, during this latest period the relation between AT technology and simulation

engineering has been getting closer.

According to this overview of the development of simulation languages, the history of the
development of simulation metlnods is the history of the development of simulation languages.
The simulation developers have explored useful tools for modeling and simulating a real system.

For many years, simulation languages have been written in general-purpose procedure-

! such as FORTRAN. This is the reason why numerical data is primarily

oriented languages
used for simulating a system for long periods. However, system simulation does not have to be
performed by only using numerical data, because there are many other elements that should be
considered to simulate a system. Moreover, conventional simulation based on numerical data
cannot produce results similar to those produced by humans. From these reasons, simulation
developers focus on Al techniques to solve these probiems. In particular, expert system‘ technol-
ogy has recently been zipplied to various kinds of simulation. We believe that this is the reason

why a number of useful tools for building an expert system have some developed and, simulation

developers came to be able to use them and to require the same high quality results produced by

'Five generations of general languages are also recognized[81]: first, machine languages; .second, assembly
languages; third, génera.l-purpose higher-level languages such as FORTRAN; fourth, interactive(natural-language
interface, graphics, etc.), specialized(spreadsheets, simulation languages, etc.), and application generator lan-
guages; and fifth, intelligent langnages. The goal for fifth-generation languages is that they include the knowledge
of the expert programmer so that the user can write programs for his or her needs without having programming

expertise.



experts. This removed some problems associated with system modeling from only the numerical
relation of system input-output data, system simulation by only using mathematical equations,
and so on. Further, it provided user-friendly environments and cnabled simulation developers
to build more realistic, robust models that yield more reliable and usetul results.

With the spread of simulation with Al technologies, there appears various kinds of simulation
methods. Qualitative simulation and qualitative reagoning have become widely discussed topics
in the recent Al lit.erature.v In particular, the qualitative simulation method, which can deal
with qualitative information to simulate a system, has developed and is a useful method for
describing the dynamics of physical systems. Many qualitative simulation methods have been
studied so far[75]. A well-established mathematical model may be applicable in many situations

for any of the four following reasons[14]:
1. Observational data may be uncertain or incomplete.

2. Precise mathematical models of the underlying physical processes may be unavailable or

too complex for efficient reasoning.

3. The results of mathematical modeling must be further interpreted before they can be used

by human or automated control systems.

4. Mathematical models carry only part of the modeling burden. Specifically, they cannot
conveniently account for the appearance or disappearance of objects in the situation being
modeled, and do not account for the processes by which an appropriate model is formu-

lated. |

Thus, although we would like to model the physical dynamics of an ill-structured system
such as a social system, they cannot be expressed with well-established mathematical equations.
The qualitative simulation method, on the other hand, can reason with incomplete data, and
allows for description of system processes in terms of qualitative expressions such as { —, 0, + }.
Thus, the demand for this type of simulation method has recently increased. For these reasons,
qualitative simulation is a major simulation method in use today.
As a simulation method which can deal with ambiguity and quantitative information, we
can, first of all, cite a simulation method using fuzzy theory. Fuzzy theory can introduce human
sensory information, expressed linguistically, into a simulation process and provides a system

modecling technique using linguistic expressions. Much work on simulation using fuzzy theory



has been studied so far [104, 103, 105, 106, 60, 1, 124]. Wenstop and Kickert[104,‘ 103][45] have
introduced models which simulate a social system? using fuzzy theory. Their models are called
verbal models. A verbal model is a system model described linguistically in terms of fuzzy
propositions. By using fuzzy propositions to express a model of a real system, we can deal with
incomplete and ambiguous information in a simulation process. Moreover, since fuzzy inference?
has aspects of quantitativenéss and qualitativeness, fuzzy theory might be able to bridge the gap
between traditional studies in mathematical modeling and symbolic modeling in AT systems.
From what was mentioned above, we know that it is very important to consider what kind
of tool we should use for modeling and simulating a real system. When modeling a rcal system,
classical simulation methods based on only numerical information use mathematical equations -
for modeling a system, and qualitative simulation methods use qualitative. equations, in particu-
lar, the fuzzy simulation method uses fuzzy propositions. However, if we would like to simulate
a system as human beings do, we should consider human simulation methods and build a sim-
ulation model like human beings build in their heads. They do not use mathematical equations
and precise information such as differential equations and numerical data, but they can produce
good results from a simulation, sometimes a better result than that from a simulation based on
numerical data. The reason for thisis that they linguistically express all information that they
observe, and simulate a system with this translated linguistic information. We can, therefore,
say that natural language is a powerful tool for expressing the physical dynamics of a system.
In this context, there has recently appeared some work which uses natural language as a tool for
modeling the dynamics of a system[9, 3, 10]. Fishwick and Beck[9, 10] have proposed a simula-
tion model using natural language for modeling the physical dynamics of a system. They regard
the model as a human cognitive model for forecasting the future trend of a system. In their
work, however, natural language is not used to present the information in a simulation process,
but is used as a tool for describing a real system: In their system, natural language, given as
input information to the system, ig analyzed to build a mathematical model, a simulation is
performed by using that model, and a scenario oxpressed_with natural language is produced as
the simulation result. » |
" On the other hand, we think natural language must be a tool for human thinking as linguis-

tic philosophers have proposed. Considering this, we propose a new simulation method using

9 . . ' . . A~
“In their models, social models are described with system dynamics as proposed by J.Forrester[25].

3Fuzzy inference is inference with rules described with linguistic expressions using fuzzy sets.



language as the information of simulation processes, like humans do. This means that we con-
sider natural language from the viewpoint that natural language plays a main role in human
intelligence, in other words, a human thinking process can be performed by the use of language.
Thercfore, we do not produce a mathematical model from natural language information, but
produce a linguistic model. On this point, there is a big differcnce between Fishwick and Beck’s
concept of a simulation model and ours. Thus, for our approach we pmposé a new simulation
method that focuses on how a particular social group’s intellectual activity is based upon their
use of language and their customs. This represents how information‘processing based on the
group’s sense of values. We discuss and investigate the uses of language based on customs, in

detail, in the following chapter, in order to introduce this concept in simulation.



Chapter 3
Intelligent Computing

In this paper, we propose a new framework for intélligent computing and apply it to develop
a novel type of simulation. Thig is the core concept of our new proposed simulation method.
The basic concept of our proposal is based on using language as the informational currency of
computer processing. This idea comes from the philosophy of such linguistic philosophers as
Ludwig Wittgenstein and Charles Sanders Peirce. According to Wittgenstein’s latter philosoph-
ical investigations(1933-1951)[111], human intellectual activities are performed through the use
of language. He proposed the concept of a ‘language game’ and made thoughtful investigations
of the relation between language and human intellectual activity. The language game was the
main philosophical investigation in his latter period, and it indicates that language plays a very
important role in human intellectual activity and that this activity also depends on custom.
Wittgenstein focused on the uses of language in daily life and showed that language meanings
are determined by the uses of language in a particular social activity. Thus, we focus on social
activity in a particular social group(i.e., custom) in order to understand how information pro-
cessing can be based on the use of language. Custom is described and represented as cultural
constraints in social semiotics. As a linguistic theory which describes linguistic systems from the
viewpoint of social seiniotics, we can cite systemic functional linguistic theory. This linguistic
theory provides us with a basic concept about the relation between a linguistic system and its
social environment, and it enables us to deal with information in a social semiotic or liriguistic
way.

We explain the background of intelligent computing in the following section.

10



3.1 Background of Intelligent Computing

The basic approach of conventional logic theory, as represented by Descartes’s work, is to consider
everything rationally. In other words, the basic concept of this theory is to express all pheﬁomena
logically with the deductive method. Thus, uncertainty, common sense and other concepts which
can not be explained with logic were disposed of by logic as being meaningless.

There arc many attempﬁs to explore language by taking a logical approach in the field of
linguistics. We can take up Chomsky’s work as the most 1‘epresentativé one[13]. Chomsky
proposed generative grammar !, and it came to be said that he is the linguist who changed
linguistics into a science because his approach to exploring language is based on the deductive
method. In this sense, we may say he is the Descartes of linguistics. His idea was very innovative
and was accepted by computer ehgineers in the 1960’s because his theory is explicit and thus easy
to implement in a computer. The foundation of many of today’s natural languagé processing
technigues might be based on his ideas.

There were, however, many linguistic philosophers who Were opposed to dealing with lan-
guage rationally. We can nominate Ludwig Wittegenstein(1889-1951) as a remarkable person
among them. He is a representative philosopher of this century and gave us excellent ideas about
the relation between human intelligence and language. He investigated the relation between the
universe and philosophical identity through language and proposed the Concept of ‘image the-
ory’ in the early period of his philosophy(1913-1929)[110]. However, he rejected this early work
in his latter period when he proposcd the concept of a ‘language game’. The big distinction
between his work in these periods is his different point of view on the concept of ‘meaning’. The
concept of ‘lariguage game’ is regarded as all the acts performing by language. He emphasized
the role of language in human intelligence by saying “Language is itself the vehicle of .thought('§
329 [111]).” Morcover, in the concept of a language game he focused on the role of practical
knowledge based on customs in human intellectual activities and declared that descript.ions of
human intellectual activity should place much less emphasis on mental activities than on social

activities [59]. In fact he declared that the meaning of language can only be determined by how

!Generative grammar consists of sets of rules to generate tree structures of sentences. Since 1957 this theory has
been used to explore linguistic systems in order to find rules that explain the grammatical structure of sentences
since 1957. Thus, the history of gencrative grammar is the history of work to develop effective sentence generation
rules, and with the spread of this theory, the purpose of the work has moved to considerations of how to generate

all grammatical sentences with such rules.

11



language is used in social contexts. He concluded that human intelligence is based on the daily
language, life style, and so on included in customs.

As well as Wittgenstein, Charles Sanders Peir'co(1839;1914) 2 regarded the role of semiotics
and language in human intellectual activities as also being very important. He studied hu-
man inference from a semiotics perspective and declared that inference is the basis of human
- intelligence[121]. He said that human thought consists of language and other semiotic sys-
tems, therefore, humang can only understand things that can be conveyed by semiotic systems.
Moreover, he also said that as the complexity and variety of human experience, knowledge and
thought increase, the meaning of their linguistic expressions must also increase in richness and
scope, and vice versa[122].

For the reasons mentioned above, we should focus on scmiotic systems when we consider
human intelligence. Although conventional logic ha.é disposed of common sense, uncertainty,
and other concepts included in language and in other semiotic systems, they are really an
important quality of human intelligence and exist in our daily lives. Thus, we should notice
them when we build a model of human thinking to describe thought processes. To deal with the
uncertainty connected td language and to counsider language from a social semiotic perspective,
we introduce fuzzy theory and systemic functional linguistic theory. Fuzzy theory provides
a basis for describing the uncertainty inherent in language, and systemic functional linguiStic
theory is a functional linguistic theory based on social semiotics.

Zadeh pi'oposed fuz'zy' logic theory in 1965[125]. This theory is based on a quite different
concept than conventional logic theory., because fuzzy theory has been studied as a way of
introducing human subjectivity into science, while, conventional logic theory’s approach has
removed human subjectivity from science. However, human subjectivity is closely related to
language and also plays a very important role in human intelligence[87]. In particular, Zadeh’s
idea is an innovative way to deal with uncertainty by using linguistic expressions in inference.
By using this theory, we can deal with uncertainty and realize linguistic inference based on the
character of language. As Wittgenstein and other linguistic philosophers said, we should notice
customs(i.c., conventional constraints?) to understand the meaning of language. That is to say,

language will have meaning only by being used in a social context, and the use of language is

a2 . . . . .
“A representative American philosopher of pragmmatics and modern logic theory.

3Conventional constraints is constraints shared by members of a particular social group. They builds up

custom of a particular social gronp.
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decided by the sense of values of each social group. We, therefore, should first describe the
cultural background of a social group and its activities through social semiotics.

As a linguistic theory that considers Ianguage from the point of view of social interaction
in daily lifc, we can take 'up systemic functional linguistic theory. This linguistic theory is a
functional linguistic theory?, has focused on the uses of language in‘social interaction, and has
introduced the concept of social semiotics to consider linguistic systems. The basic concept
of this linguistic theory was proposed by B.Malinowski (1884-1942)[51], who was a cultural
anthropologist and ethnographer. J .R.Firth(l890—1960) extended his ideas and adapted them
to fit into a linguistic theory. Recently, M.A.K.Halliday(1925-) is a leading representative of
SFLT. Halliday’s work is currently being extended further by other researchers in systemic
functional linguistics. Halliday says that language plays a very important role for human beings
growing up as social animals[30]. Systemic linguists consider language to be a social semiotic

system, and have explored language from a social semiotics perspective.

3.2 Systemic Functional Linguistic Theory

As a linguistic theory that considers language frbm the viewpoint of social semiotics, we can,
first of all, take up systemic functional linguistic theory(SFLT henceforth). SFLT is a functional
linguistic theory, and has focused on the uses of language in social interactions, in other words,
it describes the relation between language and the social environment which surrounds language
from a social semiotic perspective. The basic precepts of SFLT were proposed by Malinowski
carly in the twentieth century[51], and extended by Firth in the 1950-8; and more recently by -
Halliday and his colleagues, primary in England and Australia.

Systemic grammar developed somewhat independently of American generative linguistics
and it approaches language structure from a different starting point. This linguistic theory
regards language as a social semiotic system. In particular, it has a basic concept that “all
texts are manifested by context|[35][114].” We will explain, in turn, the terms and the basic

concepts discussed in SFLT,

*Functional lingnistic theory regards language as social interaction, and takes an approach to discussing lin-

guistic systems pragmatically.
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3.2.1 Text

Text is regarded as a semantic unit in SFLT. This means that a text is formed through a social
interaction, and has a social meaning. The mcaning of a text is determined by the selection of
its meaning potential  from social codes[30]. Social codes consist of the sense of values in a
particular social group, and are expressed as social semiotic systems (see below). Since a text
is embedded in a social context, the selection of its meaning potential is performed by that

context. The relation between context and text is shown in Fig.3.1.

Context
(Social Codes)

(1,2,3) : realization chain
2 = (F2, T2, M2) : register

Figure 3.1: Relation between context and text

3.2.2 Context

The context corresponds to that which we call social code, and consists of two different kinds
of context in SFLT: ‘the context‘of culture’ and ‘the context of situation’. The context of
culture corresponds to ideology, common sense, and so on which are based on the sense of
values in a particular social group. The context of situation is a linguistic environment of
a social interaction. The semiotic structure of the context of situation is formed out of the

three sociosemiotic variables of field, tenor, and mode. Field indicates ‘what takes place in

3The meaning potential is the set concept of a concept of all successive refinements of that shared by members

of a particular social group.

14



the discourse’, Tenor indicates ‘who takes part in the discourse’, and Mode indicates ‘what
channel i3 used in the discourse’. A pattern of field, tenor, and mode, can be thought of as
resonating in a semantic system. A register is a semantic configuration typically associated with
a set of situation types under consideration, and it thus specifies a range of meaning potential
6. The specification of the register by the social context is in turn controlled and modified by
social code. A social code consists of many systems: linguistic, genre, register, ideologic, and so
on[117][54][57][53]. Each system 7 has its own internal organization and is connected to other
systenis in a realization chain®. Thus, systems are part of a multi-stratified relationship. From -
what has been said, we can understand that the selection of meaning potentials are controlled by
social codes, hence, linguistic system is manifested by social codes. Therefore, we can understand
the reason why the basic concept of SFLT is “a text is manifested by its context.”

Let us overview the relation between language and context. Language embedded in a context
and together they are comprised of a set of systems ordered in symbolic abstraction[57]. That

is, these systems are stratified as shown in Fig.3.2.

Context

Situation
Situation 2
Situation

Register

Linguistic
System

Figure 3.2: Stratification of language in context

SThat is, a register is a set of field, tenor, and mode triplets.

"In SFLT, the limits of information reference can be expressed with a related network called the ‘system
network.” Although the system network is basically a network for describing grammay, some work on applying it
to descriptions of context has been reported[52, 53]. Therefore, the system network can visually represent social
code by graphically expressing the relationships of conventional constraints. Basic units of the network are found

in notational conventions[30].

8 A realization chain indicates the social semiotic relationship of selecting meaning potentials from cach of these
systems. It bridges the gap between the semiotic content of high-level cultural meanings and the semantic content

of low-level lingnistic meaning through a series of intermediate strata.



In addition to discussing the relation between the meaning of a text and its context, it is
also very important to discuss the structure of that text. Because a text reflects its context,
the structure of a text also reflects its context. When we consider the structure of a text from
the viewpoint of social semiotics in a particular social group, we will find that cach social group
has its own forms for texts Y. The structure of a text includes an activity sequence that has
obvious affinities with various concepts developed in AT and cognitive psychology (c.g., frames,
scripts, scenarios and schénlata). Hasan has thoroughly explored the structure of texts 10 which

is linguistically nmnife.éted[BS].

3.2.3 SFLT in Natural Language Processing

There are many applications of systemic functional grammar(SFG henceforth) in natural lan-
guage processing. As the most famous example, we can, first of all, cite the work by Terry
Winograd[108]. He developed a very famous- Al application called the ‘blocks world.” His work
was the first attempt to implement a natural language undervstanding system, and SFG was
applied to describe the system’s linguistic grammar. Subsequently, 111a1'1y natural language pro-
‘cessing systems using SFG were developed. In particular, much natural language generation
work using SFG has been developed by Matthiessen [65, 56], Matthiessen & Bateman [58],
Bateman [6, 7, 5, 8], Patten [74], etc. We think the reason why SFG can be applied to text
generation. is that the basic concept of SFLT (i.e., ‘all texts are manifested by context’) is a very
naturval concept for this process.

SEFLT has provided us with many useful theoretical backgrounds to develop various comput-

1

ing applications. Halliday and Matthiessen are trying to construct a human experience ' model
g app Yy Yy p

by drawing its theoretical base from SFLT[37].

Y As mentioned before, texts indicate events existing with a social meaning.

1 .
Tt is called ‘genve structure’.

"Here, exporience is defined as “the reality that we coustruct for ourselves by means of langnage.” The structure
and organization of experience is nsually thought of as kuowledge, having the form of conceptual taxonomies,
schemata, scripts and the like. However, Halliday and Matthicssen offer an interpretation that is complementary
to this, treating experience not as knowing but as meaning; and hence as something that is construed in language.
In other words, they are concerned with the construction of human experience as a semantic system, and since
language plays the central role not only in storing and exchanging experience but also in constructing it, they use
language to interpret experience (i.c., as our interpretative base). Thus, they do not call their model a knowledge

base, but instead a meaning base[37).
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In order to realize a type of computing based on human intellectual activities, we need to con-
sider how to represent the ideas of the above linguistic philosophers and SFLT computationally.

We will show, in turn, the basgic ideas related to this issue in the following.

3.3 Context Representation

If the basic concept of intelligent computing is to build a human thinking model based on
the uses of language, then, we should use language as the informational curfency of computer
processing. To use language in such a way, we first have to represent the environment under
which language is used for human intellectual activities and consider how humans deal with
observed information under that environment. We can apply the concept of contexts in SFLT to
this problem. Before representing the environment as somefhing which corresponds to contexts
in SFLT, we should reconsider ‘the context of situation’. The context of situation scems to
be defined from the viewpoint of a linguistic system, in other words, it is defined based on
the lexico-grammatical characteristics of a particular situation. This approach is a bottom-up
approach to deciding situation types. We, however, consider and distinguish situation types
from the viewpoint of human information processing. This is the reason why we think that
they should be defined based on social codes that include linguistic and other semiotic systems.
That is to say, we assume that language is not the only tool for defining situation types, but
that the other scmiotic systems also play a role in doing so. In this sense, we define context
as the environment in which semiotic systems exist. We represent custom in a particular social
group by considering the group memibers’ behavior in dealing with observed information under
particular situations. Therefore, we focus on the relation between situations and knowledge 2.
This means that language and other semiotic systems are used by applying practical knowledge
based on custom to an observed situation. From this idea, we can regard contexts as consisting
Qf relations between situations and practical knowledge. Thus, we arc mostly concerned about‘
the question of how this relationship should be represented.

Generally speaking, situation can be regarded as the limits of information reference. Here,
we can assunie that limits of information reference are decided based on custom. Therefore, we

introduce social semiotics to decide situation types. We show an overview of situation recognition

bt ' . ) . . . . .
5 this paper, knowledge is synonymons with the constraints humans obey. In situation semantic theory,

these corresponds to conventional, nomic, and necessary constraints{4].
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in a social semiotics perspective in Fig.3.3'3.

Universe

nomic structual constraints
< necessary constraints

~"social group

E— ideology,
culture | sense of values,
etc.

conventional constraints ~~

Uses of images
Uses of sounds
elc,

Figure 3.3: An overview of situation rccognition

Fig.3.3 shows how situations are recognized. Culture, the origin of custom, is partly de-
termined by physical environments and influences human spiritual life. Thus, the customs
developed in a culture, and exist as various kinds of conventional constraints. Moreover, there
exist various kinds of social activity that respect the conventional constraints and sense of values
of a particular social group. In cach social activity, those situation variables which should be
recognized are decided based on these constraints. Humans also deal with the observed informa-
tion in a way that depends on their sense of values. We think that human situation recognition

activity can be regarded as a habit of human intelligent activity in a social semiotic sense. This

BThe three types of constraints in F ig.3.3 -nomic structural, necessary, and conventional constraints— are
explained in situation semantic theory. So, I will give brief definitions herc. Nomic structural constraints cor-
respond to natural laws. Necessary constraints correspond to necessary relations holding among the properties.

Conventional constraints correspond to constraints that exist in a particular social group.
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is the reason why we assume that a human being is a large-scale expert-system having customary

knowledge.

3.3.1 Situation

As mentioned above, context is represented by the relation between situation and knowledge. In

this section, we consider how that relation is derived by considering how situations are defined.

Situation Semantic Theory

As a theory of situations, we can, first of all, cite situation semantic theory broposed by Barwise
and Perry[4]. Situation semantic theory(SST henceforth) is a theory which attempts to create an
informational semantic theory. The framework of this theory is based on the idea of situations
being composed of ‘partial’ descriptions of the real world. In fact, a real situation cannot be
described completely. Thus, it is described by a set of basic pieces of infonnation called ‘infons’
M 4;. On the assumption that a situation S has already been given, it is described in the

following form:
S l: Tl, 02,00 Oy

This expresses that the situation S ‘supports’ the infons o, ( i.c., the infons are concluded in
the situation.)

In SST, a situation is a basic entity as arc individuals, features, relations, etc., and has its
own features and relatioxis with other events. We live in an cnvironment like that, are given
information from that environment, and perform various kinds of activity. Humans and all
other organisms live in the same reality and derive meaningful and relevant information relevant
based on interactions between themselves and their environment. (In general, SST is based on

ecological realism.) Accordingly, a situation is classified and individualized in ways that are
~ uniquely suitable for cach organism. Ih SST, to share the elements in each situation is called
‘uniformity’, and depending on this uniformity, cach situation can be classified and assigned to

a situation type. As examples of the elements, we can cite object, space-time, location, property

1A situation is represented by a sct of Austinian propositions. Austinian proposition is usually expressed as s
= o. The big difference between Austinian proposition and Russellian proposition is that the former deals with
portion of the reality as its subject, on the other hand, the latter deals with the entirety of the reality as its

subject.
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15 relation, and so on. Therefore, they arc used in cases where situation types are classified. In
SST, the meaning of a sentence is not determined by truth or falsehood, but by identifying what
information flows in which portion of reality. In a word, the focus moves from the determination
of truth or falsehood to the flow of information. |

Generally speaking, if we arc given a situation type ‘smoke comes from something’, then,
we can easily infer another situation type ‘something burns’. The reason for this is that we can
recognize many constraint relations among situation types. In other words, we can say that we
‘attune’ ourselves to constraint relations in terms of SST'6. Various kinds of constraints defined

in SST are as follows[4]:

e Necessary constraints
Constraints that arise from necessary relations holding among the properties that we
recognize are called mecessary constraints. For example, every woman is a human, every

kiss is a touch, and every dog is a mammal.

e Nomic constraints
There are inviolable patterns in nature. These patterns are usually called natural laws,

and we call them nomic structural constraints

e Conventional constraints
Another type of pattern is a conventional structural constraint. These arc constraints that
arise out of cxplicit or, more often, implicit conventions that hold within a community of
living beings. An example of this sort of constraint is the relation between the ringing of

a bell and the end of class.

e Conditional constraints
Conditional constraints are not a fourth kind of constraint, as our numbering might sug-
gest. Rather, this classification cuts across the grain of the other constraints. Conditional

constraints are those which hold only in certain conditions.

The most important and useful advantage of SST is that it makes it possible to consider

theoretically a portion of reality by adopting Austin’s propositions to describe a situation. That

15 A property can be thought of as a unary relation.

B he core concept of SST is the notion of a constraint. Constraints give rise to meaning; attunement to
constraints makes life possible. Attunement to constraints is what allows an agent to pick up information from

one situation and apply it to another.
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is to say, it makes it possible to treat portions of and the limitations of information reference.
This differs from set theory based on Russel’s propositions. This problem is too involved td be
treated here in detail. Moreover, as mentioned aboiro, SST is based on the concept of ecological
realism. This approach is different from our approach to describing situations, because our ap-
proach is based on social semiotics'?. Although SST provides us with many useful investigations
about how to treat situations (e.g., it can be applied to solving the frame problem[64], and other
problems related to the efficiency 6f computation), we only use somec basic concepts and terms

proposed in SST in this paper.

3.3.2 Situation Recognition

We will expiain situation recognition in terms of the key concept of ‘attune’. The idea of
‘attune’ in SST is that humans follow various kinds of constraints unconsciously, and behave
according to the sense of values of a particular social group. There, however, seems to be a
lack of systemizing attunements to situations in SST. Therefore, it is not clear how the limits of
meaningful information reference should be deﬁned, how situation recognition should be defined,
and so on. On this point, if we apply social semiotics to this problem, we can have a policy to
represent situation recognition.

Menibers of a particular social group attune themselves to various constraints which exist in
a particular social group, and they deal with the observed information obeying the constraints.
This means that they have typical patterns of information processing that reflects their common
sense of values, and we regard situation recognition activity as also being one of these patterns.
Therefore, the information which exists in these typical patterns would be not regarded as
important, and is not needed to explain the reason why the information exists. On the other
hand, when the information, which cannot be explained by using ordinary information processing
patterns, is observed, the observer tries to understand the meaning of the information. With
this activity, he sets up limits of information reference in his head to understand the information.
This can be thought of as an early step of situation recognition activity. Using this procedure, we
try to clarify situation recognition activity based on custom. To clarify this activity, we consider

the question of how the limits of information reference (i.e., a situation type) is decided.

"In SFLT, a situation is regarded as being defined from the viewpoint of the cognitive subject. Thus, various
projections of the reality can be considered.. On the other hand, we assume that the definition of situation type

depends on customs in a particular social group, and humans do not have so many kinds of situation types.
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Situation type

We assumie that a situation type is defined by the constraints to which human beings attune |
themselves. Therefore, in order to represent a situation type in terms of custom, we should
define it by knowing what constraints are included in it, and also specify, if constraints exist,v
a situation type that we assume includes them. Thus, situation types are systematized by
reflecting the organization of constraints in social semiotic systems. On this point, there is a

difference between situation semantic theory and our concept of situation recognition.

Constraints

We explore the character of the constraints'® that define a situation type. As mentioned above
in SST, theré are several kinds of constraints having different characteristics. We can generally
gay that we attune ourselves more strongly to nomic and necessary constraints than conventional
constrvaints. Therefore, we find that there exists, with regard to attunement to a situation, an
order of ‘priority among the constraints. In this paper, we say that ‘the level of attunement
is high’ when the constraints attune to a situation strongly(i.e., other situation types also share
the same constraints), and we say that ‘the level of attunement is low’ when the constraints
attune to a situation weakly(i.e., the situation has its own unique constraints). This order of
priority of the constraints determines the level of attunement in a situation, and shows what

constraints are concluded-in a situation. This can be summarized as follows:

Non-specific constraints exists — The level of attunement is high

Specific constraints exists —— The level of attunement is low.

For example, let us consider the fact that we live on the earth. We conform to lots of
environmental constraints which the earth gives us. We do not feel they are specific, and deal
with them unconsciously. Thus, we say that we attune ourselves to the constraints strongly,
and that the level of attunement is high. Furthermore, let us consider the case in which we
drive a car. We conform to the specific constraints in the driving activity. These constraints are
" specific for the activity, so, it is not necessary that every person must have them. Thus, we say
that we attune ourselves to the constraints weakly because it is a specific case and the level of

attunement is low.

1815 this paper, constraints is synonymous with knowledge.
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We show the domain, or domains, of these constraints in Table.3.1.

Table 3.1: Domain of constraints

Frequency of Appearance
Level of Attunement Domain of Constraints
of the Constraint

strongest Human existence énvironment nomic, necessary
strong Particular social group conventional
normal Particular social activity v conventional
normal Human intellectual activity mostly conventional

Generally, the regions containing different kinds of constraints are related by the following

inclusional relationships.
particular social activity C particular social group C human existence environment

Human intellectual activity is also restricted by the constraints of its physical, social, and
mental environments. Constraints generally indicate what information we should get from an
observed situation, and what problems we should solve, and how we should solve them. We can,
therefore, say that the behaviors, including the social meanings, are performed by obeying the
conventional constraints of a particular social group. -

Next, let us consider how humans process 6bservations. From now on, for the sake of
c011s;'erlience, we call a situation which includes constraints attuning at a high level, ‘a typical
situation type’, and a situation which includes constraints attuning at a low level, ‘a specific
situation type’. Generally speaking, the constraints in a specific situation type are regarded as
more valuable information than the constraints in a typical situation type. The reason for this
is that constraints routinely concluded are not useful for solving problems and have no effect on
state changes. Thus, we may say that almost all of human inference is performed by using the
constraints attuning at a low level. However, we should also keep in mind that the constraints
attuning at a low level cannot exist without the constraints attuning at a high level.

From these considerations, we can explicate the relation between situations and knowledge.
There is a close relation between situations and knowledge because situation type is determined
by knowledge conventional constraints.(i.e., situations are classified according to conventional
constraints.) Thus, knowledge is defined by considering the definition of a situation type. This

means that the content of knowledge has to be in harmony with situation types. In this paper,
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we assume that the human thinking process mainly consists of applying practical knowledge
based on conventional constraints. Thus we regard memory-oriented knowledge representation'?
as very important to expressing human thought, as opposed to inference-oriented knowledge
representation. This is because we assume a human being as a large-scale expert gysten having
practical knowledge, and we think that the central role in human thinking processes should not be
explained by mathematical methods (i.e., ‘correct deductive inference’) but instead by common
sense, eonventional judgment, and such knowledge which consists of practical knowledge. We
COIlSidCl‘ representing memory-oriented knowledge from the viewpoint of the functional aspects

of storing and applying constraints.

3.3.3 Knowledge Representation

Many knowledge representation methods have been proposed. As examples of popular knowl-
edge representation methods, we can cite production rules, frames, and semantic networks.
Such knowledge representations were developed based on various concepts for AI applications.
Hewever, we can generally say that they were developed by imitating human knowledge from a
cognitive science'perspectivezo, that is, they were developed by imitating human memory ability,
psychological characteristics,‘ and so on. They were not developed by considering the relation
between situations and knowledge, but can, in most cases, be regarded as useful for represent-
ing typological and ontological knowledge. We think that typological modeling of knowledge is
based on the result of arranging observed information from tho world, and hence it is hard to
say that this knowledge representation is natural for representing human intelligence. Moreover,
ontologmﬂ modeling of knowledge seems not to be able to provide a policy for processmg that
information. We believe th‘mt human knowledge is used for solving ploblems (i.e., it should be

practical knowledge), but not for representing the world. Therefore, in this paper, we take a |
different approach to knowledge representation from the conventional knowledge representation
approach. We consider the role of custom in a particular social group, and represent human
knowledge based on custom, (i.e., practical knowledge), assuming that human intellectual activ-
ity mainly consists ol' applying pieces of practical knowledge. In particular, since we represent

practical knowledge, we should focus on constraints based on custom, that is, conventional con-

19Here, memory-oriented knowledge indicates the knowledge which stores lot’s of conventional constraints of a
particular social group.

a . - .. i
0T this- paper, we use the term ‘cognitive activity’ to express human mental activity.
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straints. Conventional constraints necessarily exist in social situations, therefore, we cannot
define knowledge without considering situations. Accordingly, we investigated functional as-
pects of practical knowledge, and we proposed three basic types of situation-based knowledge:
‘inheritable knowledge’, ‘structured knowledge’, and ‘restricted knowledge’. We assume that
practical knowledge consists of thesc types of knowledge for solving problems and accomplishing
purposes in a social activity. The reason why we define these types of knowledge is motivated
by principles in SFLT because SFLT provides us with ideas about the construction of linguistic
systems. ‘Language is a social phenomena manifested by social context, and human intellectual
activities can also be a social phenomena. Becaﬁse, as mentioned above, language plays a central
role in human intelligence, we can model human intelligence by considering how linguistic sys-
tems are described in SFLT. Accordingly, we are going to express the relation between text and
context mentioned in SFLT in human information processing terms. In SFLT, text is manifested
by selecting meaning potentials from multi-stratified system networks, which form the sense of
values of a particular social group. In our approach, we express the above relation functionally
by representing hierarchical relations among situation types and three types of situation-based
knowledge which consist of practical knowledge. We summarize the relation between our pro-
posed representation method for human information processing based on custom and the basic

concept of SFLT in Table 3.2.

- Table 3.2: Comparison between our method and SFLT’s

Our Representation Method SFLT

Context Relation between Situation Context of Culture

Representation | and Constraints (sense of wvalues, common

(Inheritable Knowledge)
(Restricted Knowledge)
(Structured Knowledge)

sénse)

Context of Situation

(The situation directly related
to a linguistic system)

Genre Structure

Description of

the Context

Hierarchical Relation of Situ-

ation Types

Multi-Stratified Relationl de-

scribed with System Network




We will show detailed explanations of three types of situation-based knowledge.

e Inheritable knowledge ‘
This type of knowledge can be thought of as the constraints that attune at a high level,
that is, it exists in typical situation types. It can be applied to any given situation type
by inheritance through other situation types and is defined by considering the relation
between situations and knowledge. This means that a situation must raise the efficiency
of information processing. For example, if we are not given all available information,
but have to infer something by using what is given,. we can use éontextual information
to infer the missing information. In order to realize this prdcess, we have to use a,n-
inheritance mechanism in our knowledge representation. In the sense that this knowledge
type represents meta-knowledge, we can say that it corres_ponds to the context of cultﬁre

in SFLT.

e Structured knowledge
Structured knowledge corresponds to sequential procedural knowledge like scripts?'. This
type of knowledge represents the serial structure of a social activities. It corresponds to
the genre structure of a text in SFLT, and (like inheritable knowledge) is also included in
the context of culture, and is codified based on conventional constraints associated with a
social activity. It plays a very important role in recognizing a situation, solving a problem,
forccasting the future of an event, etc., which are built on the foundation of the human

thinking structure.

¢ Restricted knowledge
In this paper, the type of knowledge which is applied to a specific or a particular situation
is called restricted knowledge. Restricted knowledge corresponds to the knowledge which
exists in the cont.ext of situation in SFLT'. Specific knowledge, such ds which experts have,

also belongs to this type of knowledge.

Our proposed knowledge representation method may be expressed with frames. However, it
is not cquivalent to frames. This is because our proposed knowledge representation is based on
represehting customs associated with the relation between situations and :knowledge," that is, it
is based on social semiotics. We have proposed some ideas, such as how to deal with information

efficiently in a social semiotic sense, in our representation of contexts.

1The concept of a script was proposed by Schank[80].
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3.4 Linguistic Model

Considering what we mentioned above, we propose a new model called a linguistic model for
simulating a social system. | .

Wenstop([104, 103] and Kickert[45] have introduced models which simulate social systems
using fuzzy theory and are constructed based on system dynamics. Their models are called verbal
models and are system models described in terms of fuzzy propositions. These models consist
of descriptions of mathematical expressions and use fuzzy sets as the informational currency
of inference. The most outstanding characteristic of their models is that they express the
dynamics of a systém linguistically using fuzzy sets, and use them as a simulation model. Beck
and Fishwick[9, 10] have proposed a qualitative simulation model of human cognitive processes
involved in determining language meaning. They have suggestéd that qualitative simulations
can be generated as a particular kind of cognitive model. This idea is similar to our concept
for generating a simulation model. However, we do not focus on human cognitive activity, but
- also on human social activity when we model a human thinking process as a simulation model.
Wittgenstein says that one of the basic characteristics of the use of language is obeying a rule
22 (8202, [111]), and obeying a rule is not an independent event, but it is a feature of an action
performed in a context(§217, [111]). Therefore, we attempt to represent a human thinking
model as a simulation model based on custom and the uses of language. The basic concept of a
linguistic model is that it expresses a human thinking model and is generated based on context
by following conventional constraints. This concept is the same as “All texts are manifested by
context” in SFLT. The linguistic model does not consist of verbal descriptions of mathematical
expressions but instead consists of human beings’ practice or experience in solving problems in
a social activity. Moreover, language is used as processing information in the model. Thus, the
model has the same functions which language has. These are outstanding characteristics in our
proposcd model.

The comparison among linguistic models, mathematical models, and other models related
to linguistic description is shown in Table 3.3.

The detailed construction of a linguistic model will be explained in Chapter 5.

292 . . P . .
Here a rule means a conventional constraint in a particular social group.
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Table 3.3: Comiparison of models

Model Name Mathematical Model Verbal Model Humal\r/xkf‘:‘jlglmtwe Linguistic Model
. | Wenstop&Kicker Fishwick&Beck Sugeno &
Model Developer — (1976,1979) (1989,1991) Kobayashi
. o . i (1993)
trucuire o rject . Human Thinkin Human Thinking
Target of the System Social System Process from ag Process from ag
Model Cognitive Science Social Semiotic
Perspective Perspective
Method to ' Practiced Knowledge
Describe the || Differential Equations Fuzzy Rules Qualitative Equations based on Custom

System &

Fuzzy Rules
Information . ‘ » Puzzy Sets : Textual Information
Processed in the Numerical Data o Textual Information ' '

. i (Lingnistic Values) &
Simulation Numerical Data
o . ‘ ‘ Language

Inf;;;::::;z of Numerical Information (Lmzslys?:cs\(}t:luc%) Qualitative Information (Functions "f.
' A6 Ve language are realized

in the model.)
Information Fusion

Note o [ Contextual Informa-

tion Processing

We will explain the functions of language, in detail, in the following section.

3.5 Functions of Language

The functions of language?? include[12):

Information exchange(i.e., communication)

Feeling expression

Social interaction

Information recording

‘e Human thinking

B There are many ideas about the functions of language. The lingnist and philosopher of language Roman Jakob-

son has classified the functions of natural language iuto six categories: referemtial, connotative, poetic, phatic,

metalingual, and emotive[41]. In this paper, however, we list the functions found in a lingnistic encyclopedia[12].
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In this paper, we focus on human thinking. In order to build a computational model of
human thinking based on language, we have to be able to express language in a computer.
However, we cannot express the real nature of language in a computer, thercfore, we express
some characteristics of language computationally so that we can model aspects of linguistic
behavior in a computer.

We will describe several such aspects of language as follows:

1. Information fusion
Language can be used to aggregate or unify various kinds of information. Human beings

routinely aggregate information obtained through their five senses using language.

2. Various forms
Language includes various forms of linguistic information. We consider three kinds of
linguistic information in this paper: symbolic, qualitative, and quantitativé linguistic in-
formation. |

3. Efficiency of information®

The meaning of language is decided by context. Because the meaning of a word depends
upon its context, different uses of the same word will generally be associated with different

meanings.

4. Association of words

Words can be associated by considering all their possible meanings.

In this paper, we focus on the former three functions of language in information processing.

In particular, we explain the concept of information fusion based on language in the next section.

Information fusion based on language

The concept of information fusion based on language depends on the fact that human beings
aggregate information obtained through their five senses using lyanguage. This motivates the
idea of unifying various kinds of information with language. This method will be useful for
raising the efficiency of inference in a computer simulation, because it allows us to deal with

information uniformly. In this paper, we assume that language consists of three kinds of linguistic

a2 . . . : Vo . . . .
*This idea is the same as the idca of ‘the efficiency of langnage’ in situation semantic theory.
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information: quantitative, qualitative, and symbolic. Each kind of information (e.g., numerical,
natural language, etc.) is translated into one of these three linguistic categorics of information.
A fuzzy set can assume each form of linguistic information, because it has a fuzzy label that
corresponds to qualitative and symbolic linguistic information, and its membership function
corresponds to quantitative information. Therefore, it is very useful for changing one form
of linguistic information to another. Henée, using fuzzy sets as the information of computer
processing is very useful for achieving our proposal to fuse information in the commion medium
of language. However, we should notice that this does not mean fuzzy sets are used as language
in information fusion, but rather as a tool for changing the forms of information. In this paper,
as an example of information fusion with language, we merge numerical information and textual

. information.

3.6 Understanding based on Custom

It is impossible to clearly define an algorithm for the human understanding process because
exploring the concept of ‘understanding’ is a philosophical problem, and there are many as-
pects, processes, and various kinds of activity agsociated Wiﬂl it. Roger C.Shank, a well known
AT scientist who explores human intelligence from a cognitive perspective, described‘the un-
derstanding process as an explaining process, and explored various kinds of und'erstanding by
exploring different kinds of ekplaining[m]. In this paper, however, we do not focus on various
understanding styles, but illustrate the most typical style of understanding based on custom.
We believe human understanding activity is also a social activity based on cﬁstom, and
can be regarded as a problem solving activity. Thus, it is performed by applying inheritﬁble,
structured, and restricted knowledge because these three types of knowledge were defined as
expressing the social codes exhibited in a particular social activity by a particular social group.
Knowledge is applied by recognizing a situation that differs from an ordinary state (i.e., an
attuned situation) because a deviation from an ordinary state need‘s to be explained. This is the
core concept of problem solving activity. The same procedure is used when a linguistic model
is constructed, during and used for problem solving. In summary, we can éay that humans

construct a linguistic model to understand observed information.
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We will describe a typical understanding procedure as follows:

1. Observe unusual or interesting information.
2. Decide on a situation type from observed information.

3. Relevant information is inherited through a hierarchy of situation types, that is, available

inheritable knowledge is applied to solving problems in this stage.

4. Structured knowledge is applied to conStructing a procedure for problem solving, and

restricted knowledge in the situation type is applied to solving problems.

Through this process, an appropriate linguistic model for problem solving is constructed.

The overview of information processing during an understanding activity is shown in Fig.

3.4.

....... Social Activity ................................................... .

\ Purpose

Inheritable Knowledge

<—- Situation Recognition

Restricted Knowledge ! Based on
5 Problem Solving

Structured Knowledge

-----------------------------------------------------------------------

Problem Solving Observed Info.

---------------------------------------------------------------------------------------------------------------------------------------------------------------

Figure 3.4: Overview of Understanding Activity
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3.7 Overview of Proposed Information Processing

A basic purpose of proposing intelligent computing is the hope of developing improved informa-
tion processing systems. With the progress of the information industry, high quality and high
performance systems hzwe. been required. Here, high quality systems are human comfortable
systems, and . high perfofmance systems are systcms having significant information processing - -
ability. As mentioned in the introduction, the only system which exists with these properties is
the human brain. Considering this fact, we have proposed several methods to represent human
information processing in this chapter. We believe that a system imitating human information
processing will be required in the near future. ‘\

We illustrate an overview of our proposed information processing scheme in Fig. 3.5.

System World

Knowledge Representation
( High Abstract Level )

( Inference)

Language
( Unified Form of Information )

Information Fusion
( Unification of Various Kinds of Information )

AN

( Information Summarization )

/ AN

Natural Language Numerical Information

Object World of Observation

Figure 3.5: Overview of Proposed Information Processing
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Various kinds of information in the object world of obscrvation are translated into language
by information fusion. (In Fig.3.5, we show two kinds of object information: natural language
and numerical information.) According to this, all information is summarized semantically
and made comparable with each other at a common level of information abstraction. If this
unified information is expressed with language, then we can raise the efficiency of information
processing. This means that we do not need to deal with each kind of information individually.
This can provide an innovative revolution for the information industry, because we can reduce
the development cost for a system that processes various kinds of information. (This method
might be the basis for a future multimedia information processing industry.) |

To use language as the medium of information processing and to represent human infor-
mation processing in a computer, we discussed how humans process observations by reviewing
some investigations by linguistic philosophers of the role of language in human intelligence. We
also proposed how to represent information processing based on custom -more concretely, we
proposed a relation between situations and knowledge that can be used for realizing human
information processing in a computer.

Accordingly, we may be able to use language as the 'medium of information processing. In
our proposal, knowledge should be expressed with natural language, because we believe that
knowledge and natural language are one and the same. If knowledge is represented with highly
abstract natural language expressions, it can be flexible enough to respond to any observed
information. This means that knowledge, as well as natural language, can only be understood
by considering its context, and the most suitable knowledge can be applied to solving problems.
As a result, we do not need to develop complex reasoning mechanisms and can reduce the amount

of knowledge in a system. We can, therefore, make intelligent information processing efficient.
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Chapter 4

A Sdcial Activity : Foreign

Exchange Rate Forecasting

To demonstrate a sogial system simulation based on human intellectual activity, we take up
the foreign exchange rate (FER henceforth) forecasting as an example of such a simulation.
Since our proposed simulation method depends on information processing based on customs
and the uses of language, we need detailed explorations of FER forecast activity to understand
how, information in this domain is influenced by customs. We are going to show the results of
these explorations in this chapter. Domain knowledge was extracted from articles in economic

newspapers, interviews with economic researchers, foreign exchange dealers, and so on.

4.1 Main causes of FER changes

There are many elements ‘which influence foreign exchange rates: world news, release of eco-
nomic indices, statements by very important person(s) (VIP henceforth), and so on. We apply
our proposed methods (i.e., information fusion based on language and a linguistic model) to
simulating the future trend of FERs, especially, yen-dollar trends. The main causes of FER
change arc shown in Fig. 4.1. (The detailed elements in each cause are described in Appendix

A)
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{
— Fundamentals of the economy
— Fiscal policy of the government

— Monetary policy of the central banks
"Main causes of FER change —
— Market consciousness

— State of the market

— Trend of the market

[ — Other causes from outside the market

Figure 4.1: Main causes of FER changes

Generally speaking, when we estimate the trend of the yen-dollar rate, we have to take
account of the economic trends in Japan, the U.S., and Europe. Therefore, in this paper, we
focus on the former two economic trends, and German cconomic trends are taken to be as -

representative of economic trends in Europe.



4.2 Forecaster’s estimation model

The developed system is constructed based on actual FER forecasters’ knowledge. A FER

forecaster’s model for estimating FER changes is shown in Fig. 4.2.

renewal
pestesisvasianentonnianaes P .
' .v. ........... I'. e.r-]-e.‘&.a] .................. o.‘:.,.’. .
FORECASTER Eorocasters Future Numerical
View N Rough Events Info.
Forecast s, ",
Model o
" Observed ' Situation ¥ 1 Observed
Economic Economic
Conditions Economic Market / Conditions
State . Consciousness |jes "".,
Ny , ., TextInfo.
Predicted Value *
Yy . of :
‘ Participants ] Economic Trend Partcipants

Interpretation _|Behavioural ~ Statement ] Actual Statement

Knowledge Pattern Content - Behaviour Content
General Knowledge J Communication Differentia Communication

NN Medium ‘t Medium
\ ~ Economic System }\I predicﬁon] Interpl"etation l Actual Statement
of
ﬂ Economic Trend - obser\lled info.

Synthesizing based Total evaluation v y
on the priority of of .
obsewgd infy). observed info. l Differentia I
Forecast Knowledge | Forecast Process Interpretation ECONOMIC

of
Forecasting Text info. TREND
‘Patterns ﬁ

Figure 4.2: FER forecaster’s estimation model

FER forecasters (simply forccaster(s) henceforth) have their own views on the trends of
economic condi‘gions, therefore, they first create a rough foreéast model based on their views
and their knowledge of upcoming cconomic events. Further, they start to recognize economic
conditions that obey the created model. In other words, situation recognition depends on fore-
casters’ views and concerns about economic conditions. A forecaster has common knowledge for
understanding observed information, for FER forecasting, and so on, based on typical economic
conditions, thercfore, we can say that he shares the same sensc of values with other forecasters.
Generally speaking, forccasters estimate beforehand the value of economic indices, the content

of VIP statenients, the trends of the market, etc., which cause FER changes, and they act on
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the results of their prediction. If later observations are different from these predictions, their
reaction to the observed information will be large.

4.3 Information used in the estimating process

In this section, we show the information used in the estimating process.

Numerical Information

Announcements of economic indices are treated as numerical data in the system. Economic

indices used to determine economic conditions in the estimating process are as follows:

U.S.A.
Trade
e Government Expenditure e Imports
e New Orders to Manufactures e Trade Balance(Exports)

e New Orders to Durable Goods ¢ Trade Balance(Imports)

e Exports

Product

¢ Business Inventories ¢ Non-farm Employment

e Industrial Production e Personal Consumer Price Index
o Average Hourly Earnings e Wholesale Price Index

e Unemployment Rate

Bond & Stock
e Financial Surplus e Stock Price(D-J 30 Industrials Average)

o Financial Deficit

Long-Term Money Rate

e Housing Starts e GDP Private Construction Investment
e Wholesale Price Index e Money Supply
e Corporate Profits e Long-Term Government Bond(30-year)
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Price
e Wage Level
e Production Price Index

e Consumer Price Index

Short-Term Money Rate
e Treasury Bill Rates(3-Months)
e I'F Rate

Goods

e Oil Price(WTI)

e CRB Index
JAPAN

Bond & Stock

¢ Industrial Capacity Utilization

o Industrial Production

e Official Discount Ratio

e Reuter’s Index

e Financial Deficit - e Consumer Price Index

e Financial Surplus e Wholesale Price Index

e The Nikkei Stock Average

Business Cycle & Money Rate
e Sales of Department Stores
e Indexcs of Operating Ratio

¢ GNP Growth Ratio

e Certificates of Deposit(3-Months)

Trade
¢ Exports 7
¢ Trade Balance(Exports)

GERMAN

Economy
e Short-Term Money Rate
e Long-Term Money Rate

e Qfficial Discount Rate

e Money Supply
e Long-Term Government

years)

o Imports

e Trade Balance(Imports)

o Official Discount Rate

¢ Money Supply
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Situational Information

Situational information corresponds to information which helps to foretell the trend of the mar-
ket: the trend of investors’ investments, the official attitude of the government and banks, and
50 on, which cannot be obtained from numerical information or natural language information
directly, but can be obtained from newspapers, TV news, etc. Several types of situational in-

formation used to determine economic conditions in the estimating process are shown below.

U.S.A

e Investment trends of institutional investors

o Investment trends of e'xport-import companies
e Trends of FRB’s intervention in the market

¢ FRB’s monetary policy on the market
JAPAN

o Investment trends of institutional investors

Investment trends of export-import companies

Trends of Bank of Japan’s intervention in the market

Bank of Japan’s monetary policy on the market
e Trends of Japan’s domestic demand
GERMAN

e Economic trends

Natural Language Information

When we cstimate the .future trend of foreign exchange rates, statements by VIPs (who have a
strong influence on the foreign exchange market) are also regarded as important information.
Thus, we treat a VIP’s statement as natural language information input to the system. When
we understand the statements made by VIPs, we have to consider their social status and the

media they used, because these are regarded as very important to decide whether or not to have
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confidence in their statements. The content of predictable government and bank statements are

shown in Figurcs 4.3 and 4.4, respectively. These correspond to field components in the context

of situation in SFLT. The social status of VIPs (i.c., tenor), whose statements are thought to

influence the market, is shown in Fig. 4.5. The media used by VIPs (i.e., mode) arc shown in

Fig. 4.6. (We use system network to illustrate the schemes.)
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Figure 4.3: Field of Central Banks
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Figure 4.4: Field of Government Sources
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Figure 4.5: Social Status of VIPs (Tenor)
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Chapter 5

FER Forecast System

In this chapter, we will explain a developed prototype system which gives support to estimating

the future trend of FERs.

5.1 Basic Concept of FER Forecast System

We aim to construct a system able to imitate a forecaster’s FER change estimation process.
A forecaster’s FER estimation activity is regarded as a social activity in a particular social
group, so we built a system based on the result of analyzing this activity. Generally speaking,
f'ox'ecasﬁel's estimate the trend of FERs by considering economic conditions. This means that
forecasters build forecast models which reflect current economic conditions. Based on this fact,
we built a system which generates a suitable model for FER Jforecasting from observed economic
conditions. This concept corresponds to “Text i3 manifested by context” in SFLT. We also
show the validity of our proposed methods in a forecasting process - that is, we demonstrate
a knowledge representation for expressing customs, use language as the informational currency
of computer processing, and use a linguistic model- for the model genemtioﬁ process. The

overview of the process of forecast model generation is shown in Fig. 5.1.
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Flgule .1: Overview of the process of forecast model generation

5.2 Specification of FER Forecast System

The specification of the system is shown in Table 5.1.

Table 5.1: Specification of FER, forecast system

forecasting target

trend of FER (yen-dollar rate)

forecasting range

a week ~ a month

input information

approximately sixty economic indices (as numer-
ical data),

trends of the market (as situational info.),
statements by VIPs (as natural language info.),

forecaster’s view of economic conditions

output information

future trend of FER (yen-dollar rate)
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The forecasting target is the trend of the yen-dollar rate. The forecasting range is an interval
from a week to a month. This interval is decided by considering the influence on FER changes
by the statements of VIPs. (Most economiic indices are announced monthly.) Situation variables
which should be recognized are decided by considering the character of the input information.
This means that cach piece of input information has its own influence on the market -depcﬁding
on the existence of information. As numerical input information to the system, we use approxi-
mately sixty economic indices observed from January 1991 to April 1992. (Numerical data can
be found in Appendix B.) We treat the statements by VIPs who influence foreign exchange
markets as natural language information. As situational information, we treat market trend
information (e.g., the attitude of FRB monetary policy) extracted from economic newspapers,
TV news, etc. Moreover, the forecaster’s view of economic: conditions tells us how to process
the giveﬁ information. By using this information, the system builds a forecast model reflecting
economic conditions and suitable for forecasting, estimates FER changes using the model, and

finally shows the future trend of the yen-dollar rate as output information.
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5.3 Construction of FER Forecast System

Our FER system has been implemented on a Sun4 workstation and is written in the SICStus
Prolog language. It also includes components written in the C language. The construction of

the FER forecast system is shown in Fig. 5.2.
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Figure 5.2: Construction of FER forccast system
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The FER forccast system counsists of three main processes: situation type selection,
natural language processing, and inference. We show each part in detail in the following

sections.

5.4 Situation Type Selection

This process consists of three main modules: linguistic approximation, economic condi-
tions pre-recognition, and economic condition type recognition. Basically, this part
works to translate the observed input information into linguistic information (i.e., numerical
and situational information is translated into linguistic information) and decides on a suitable
situation type ( i.e., economic condition type) for estimating the future trend of the yen-dollar

rate.

5.4.1 Linguistic Approximation Module

This module translates the observed numerical data of approximately sixty economic indices
into the most suitable linguistic expressions consistent with current economic conditions. It
should be performed by taking into account standard levels of indices appropriate for current
economic conditions and by applying knowledge of economic conditions!. We will show a basic
way of accomplishing this translation.

First, we should decide how to interpret numerical data. In the system, in order to know current

L}

economic states, the tendencies of “change on year?” economic long term trends ( i.e., current
values compared with the previous year) are available, and to know current economic trends,
the tendencies of “change on month” or “change on quarter” economic short term trends ( i.e.,
current, values compared with the previous month or term) are available. An illustration of these

viewpoints of economic state is shown in Fig. 5.3.

"This corresponds to linguistic approximation knowledge in Fig. 5.2.

2 . . Tt 1 . N
1t is expressed as the value one hundred less than the seasonally adjusted variation ratio. Change of month

and change on quarter data are also expressed in this way.
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Figure 5.3: Viewpoints of Economic State

Standard economic conditions values are cxpressed with fuzzy sets. (Standard economic
index values are found in Appendix C.) By using fuzzy sets to express standard economic values,
we can raise the relevancy of expressing observed values linguistically (see [27]). The procedure

for selecting the most suitable linguistic expression is shown below.

A= Obsmdem - AStdindm: (51)
_JAna i

(5 = 2

W= oA 52

fio) = max s(4) (5.3)
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where, Obsipdee :  Observed numerical data of the index
Astdinger :  Value of the standard level of the index (expressed with a
fuzzy subset)
A; :  Linguistic label in the observed range of the index (expressed

with a fuzzy subset)

E; : Function for deciding the similarity between 4; and A’.
f :  Function for choosing the most suitable linguistic expression
i coi=1,-45

Il 1 :  Cardinality of fuzzy set
The most suitable linguistic expression A;p for an observed numerical datum is selected
through this procedure, and it is expressed with fuzzy propositions like that shown below,

Xlt 8 F,th %8 G,...,Xnt 1s H

where, Xy ,Xo1,..., Xy : Situation variables at time ¢.

F,G,...,H : Values of situation variables.

We show an example of approximating of a numerical value of an economic index.

Ex. U.S. Non-farm Employment

Change on Month Change on Year

Standard level 0.0 % 1.0 %
Observed range -0.3~03% 0.0 ~ 2.0%
Observed value +0.184% © 40.164%

After the linguistic approximation procedure, we get the result shown below.

Non-farm Employment(change on month) is very high.

Non-farm Employnient(change on year) is high.

We will show the knowledge that is applied when translating numerical data into linguistic

expressions in the following paragraph.



U.S. Economic Indices

We use three months Treasury Bill R.ates and the official discount ratio as representative indices
for the U.S. short-term money rate. “Generally speaking, the change of the official discount ratio
would follow the fluctuation of FF rate. That is, Federal Rescrve Bank (FRB) would raise the
official discount ratio, if the spread between Federal Funds (FF) rate and the official discount
ratio is large (approximately 2.5 %), and on the contrary, lower the official discount ratio, if the
spread is small (approximately 0.5 %)[50].” From this statement, we can express the state of

the official discount ratio linguistically with the fuzzy sets shown in Fig. 5.4.

grade

1.00
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0.80
o.70
0.60

very_low low medium high very_high

o.50

0.00 .50 1.00 1.50 2,00 250 a.00 spread

Figure 5.4: State of the official discount ratio

From the statement, “with regard to Treasury Bill Rates, it is about 0.9% lower than FF

rate[50],” we define the fuzzy sefs shown in Fig. 5.5.
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Figure 5.5: State of Treasury Bill Rates



JPN Economic Indices

Concerning the JPN official discount ratio, a proper linguistic expression is given by the relative

evaluation based on JPN economic trends. The rules which decide the state of the official

discount ratio arc as follows:

Linguistic Translation Rule

Antecedent

Consequent

JPN Economic Trends | Relative Evaluation Standard Value(%)

very high
high
normal
low

very low

(7,6,5,4)
(6,5,4,3)
(5,4,3,2)
(4,3,2,1)
(3,2,1,0)

Linguistic Expression Relation bétween Observed Value and

Relative Evaluation Standard Value

very high
high
normal
low

very low

Observed Value > S1
S1 > Observed Value > S2
S2 > Observed Value > S3
S3 > Observed Value > S4
54 > Observed Value

Here, S1, S2, 83, and S4 indicate relative evaluation standard values, which are expressed as

(S1, S2, S3, S4).



GMN Economic Indices

Concerning the GMN official discount ratio, a proper linguistic expression is similarly given by
the relative evaluation based on GMN economic trends. The rules which decide the state of the

official discount ratio are as follows:

Linguistic Translation Rule
Antecedent Consequent
GMN Economic Trends Relative Evaluation Standard
Value(%)

very high (9,8,7,6)

high (8,7,6,5)

normal (7,6,5,4)

low (6,5,4,3)

very low (5,4,3,2)

Linguistic Expression Relation between Observed Value and

Relative Evaluation Standard Value

very high Observed Value > S1
high S1 > Observed Value > 52
normal S2 > Observed Value > S3
low 83 > Ob:served Value > 54
very low - S4 > Observed Value

5.4.2 Economic Conditions Recognition Module

In this module, the system recognizes economic conditions through linguistic rules which express
the causal relations of the foreign exchange system. (The linguistic rules are placed in Appendix
D.) Here, we should notice that the causal rclations do not consist of mathematical equations,
but rather linguistically expressed rules which are obtained through interviews with economic
researchers, foreign exchange dealers, economic books, and so on. They are, however, not fuzzy

rules(cf. [27]). We show the relations which the system has as follows.
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U.S. Trade

The causal relations of U.S. Trade are shown in Fig. 5.6.

Government
Expenditure

Total Amount
of Domestic
Demand

New Orders for
Manufacturers

New Orders for
Durable Goods

Exports - Expo'rts JI Exports
Trade Balance \
(Exports) Trade Balance Trade Balance I

/

Trade Balance ,
(Imports) Imports »1 Imports
Imports
. Figure 5.6: U.S. Trade Causal Relations
Recognized Situation Variables
o Exports Trend e Imports Trend
e Trade Balance Trend e Total Amount of Domestic
Demand



U.S. Production Causal Relations

The causal relations of U.S. Production are shown in Fig. 5.7.

Business Business
Inventories Inventories
industrial
Production Labor
Productivity m

!

Corporate
Profits

Average Hourly

Earnings
wage level ‘ Employment

Unemployment Unemployment
Rate Rate

Number of Non-
farm Employment Housing
Construction

Consumption

personal

Consumption Index \

Personal
Consumption

Purchasing Manager’s

Wholesale Price Composite Diffusion
index Index
N Busines Cycle
Industrial }
Production

Unemployment
Rate

Figure 5.7: U.S. Product Causal Relations

Recognized Situation Variables

* Business Inventories Trend e Personal Consunption Trend
"o Labor Productivity o Production Trend

e Wage Level ' ¢ Employment Trend

e Unemployment Rate e Consumption Trend

o Economic Trends

[
(3§



U.S. Bond & Stock

The causal relations in the U.S. Bond & Stock market are shown in Fig. 5.8.

FRB monetary policy

!

Financial Surplus \

Recognized Situation Variables

/ Financial Trend FRB Bond Market
Financial Deficit Operations
Bond Publishing Bond Supply and

] Trend Demand Trend
Investment Trend of JPN /

Institutional Investors

Long-Term Money

Investment Trend of

U.S. Institutional Investors

Rate Trend

Stock Price(D-dJ 30

Bond Market Trend

Industrials Average)

/

Stock Price Trend

Figure 5.8: U.S. Bond & Stock Market Causal Relations

e Financial Trend
¢ Bond Publishing Trend
e Investment Trend of JPN institutional e Bond Market Trend

Investors

¢ FRB Bond Market Operations
¢ Bond Supply and Demand Trend

o Investment Trend of U.S. Institutional e Stock Price Trend

Investors

o FRB monetary policy
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U.S. Long Term Money Rate

The causal relations that determine the U.S. Long Term Money Rate is shown in Fig. 5.9.

Housing Starts
\, Housing |nvestmentJ

Wholesale Price

Index JPN Long-Term
Money Rate Trend
Corporate
Profits Trend
Corporate /
Profits GMN Long-Term

Money Rate Trend

Construction \1
| t t
/ nvestmen Relative Long-Term
\ Money Rate Trend
GDP Private Con-

struction Investment Domestic Funds
Demand Trend

Money Supply

/ Trend

Money Supply

Long-Term The U.S. Long-Term The U.S. Long-Term

Government Bonds Money Rate Trend Money Rate Trend
(30-year)

Bond Market Trend

Figurc 5.9: U.S. Long Term Money Rate Causal Relations

Recognized Situation Variables

¢ Housing Investment Trend o Corporate Profits Trend
¢ Construction Investment Trend ¢ Money Supply Trend
e Domestic Funds Demand Trend ¢ Bond Market Trend

e JPN Long-Term Money Rate Trend e Long-Term Money Rate Trend
e GMN Long-Term Money Rate Trend e Relative Long-Term Money Rate Trend
e U.S. Long-Term Money Rate Trend



U.S. Price

The causal relations that determine U.S. Price Levels are shown in Fig. 5.10.

Commodity
Market
U.S. business | U.S. wage
Inventories level
U.S. Production U.S. Production
Price Index Price U.S. Price
U.S. Consumer U.S. Consumer .
Price Index Price U.S. Inflation
U.S. Industrial
Capacity Utilization | - {1 U.S. Money
Supply

U.S. Industrial
Production

Figure 5.10: U.S. Price Level Causal Relations

Recognized Situation Variables

e Production Price Trend e Price Trend

e Consumer Price Trend e Inflation Trend




U.S. Short-Term Money Rate

The causal relations that determine the U.S. Short-Term Money Rate are shown in Fig. 5.11

JPN Short-Term
Money Rate Trend

Relative Short-Term

GMN Short-Term |_—"] Money Rate Trend
Money Rate Trend

FRB Monetary

Market Operation Policy Trend
Trend
FF Rate Change Pressure
Treasury Bill
Rates(3-Months) v
The U.S. Short-Term
FF Rate FF Rate Trend 7 Money Rate Trend
Official Discount
Ratio Trend

Market Participants
Investment Trend

Figure 5.11: U.S. Short-Term Money Rate Causal Relations

Recognized Situation Variables

e Market Operation Trend e Relative Short-Term Money Rate Trend
o F'T Rate Change Pressure e U.5. Short-Term Money Rate Trend
o FF Rate Trend o Market Participants Investment Trend

e Official Discount Ratio Trend



U.S. FRB Policy

The causal relations that determine U.S. FRB Policy are shown in Fig. 5.12.

Expenditure Trend J

I Unemployment Rate !

Price Trend

U.S. Long-Term
Money Trend

FRB Basic Policy

Long-Term Money
for Monetary Policy \ ]

FRB Monetary

Policy Trend
FF Rate Trend
Money Supply Money Supply
Trend
FRB’s Market Official attitude of the
Operations U.S. central bank

Possibility of FRB’s
Market Operations

Yen-Dollar Rate

Figure 5.12: U.S. FRB Policy Causal Relations

Recognized Situation Variables

o FRB Basic Policy e Possible FRB Market Operations
e FRB Monetary Policy Trend o Official Attitude of the U.S. Central
Bank ' ’
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U.S. Commodity Market

The causal relations in the U.S. Commodity Market are shown in Fig. 5.13.

Price Trend

Qil Price(WTI) } Oil Price Trend

Producer Price

Trend
World Commodity
CRB Index Market Trend
(Foods) \
World Commodity
Market Trend
World Commodity /
Reuter’s Index Market Trend
(Materials)

Figure 5.13: U.S. Commodity Market Causal Relations

Recognized Situation Variables

¢ Oil Price Trend e World Commodity Market Trend(Materials)
e World Commodity Market Trend(Foods) e World Commodity Market Trend(Price)
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JPN Bond & Stock

The causal relations in the JPN Bond & Stock market are shown in Fig. 5.14.

Financial Deficit

Financial Trend
Financial Surplus /

Bond Publishing Bond Supply and
Trend Demand Trend

Bond Institutional
Investor Investment
Trend

The Nikkei Stock
Average

Stock Price Trend

/

Long-Term Money
Rate Trend

Money Supply Inflation Trend
Trend f
Consumer Price
Index
\‘ Price Trend
Wholesale Price /
Index

Qil Price Trend

Figure 5.14: JPN Bond & Stock Market Causal Relations

Recognized Situation Variables

¢ Financial Trend e Stock Price Trend
e Bond Publishing Trend e Inflation Trend
¢ Bond Supply and Demand Trend ‘e Price Trend

e Bond Institutional Investor Investment Trend o Oil Price Trend
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JPN Money Rate & Economic Trends

The causal relations that determine the JPN Money Rate & Business Cycle Trend are shown in
Fig. 5.15.

Yen-Dollar Rate Trend

\ JPN bank’s Market
Operations Trend
Yen-Mark Rate Trend -

Official Attitude of JPN
Central Bank

Certificates of
Deposit(3-Months)

———————— [ Short-Term Money

4 Rate Trend
Official Discount /

Rate Trend
Monetary Policy of
Bank of JPN
Money Supply Money Supply
Trend
Government Long-Term Money
Bond(10-years) Rate Trend

Sales of Depart-
ment Stores \

Indices of Operat-
ing Ratio

Economic Trends

GNP Growth Ratio

Figure 5.15: JPN Money Rate & Economic Trends Causal Relations
Recognized Situation Variables

e JPN Bank’s Market Operations Trend e Long Term Money Rate Trend
o Official Attitude of JPN Central Bank e Economic Trends

e Short-Term Money Rate Trend e Money Supply Trend
e Monetary Policy of JPN Central Bank
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JPN Trade

The causal relations determining JPN Trade are shown in Fig. 5.16.

Exports

Exports Trend

Trade Balance
(Exports)
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\
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Figure 5.16: JPN Trade Causal Relations

Recognized Situation Variables

e Exports Trend

e Imports Trend

e Trade Bal
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GMN Economy

The causal relations in the GMN Economy arc shown in Fig. 5.17.

Official Attitude of
GMN Central Bank

Inter-Bank Money Short-Term Money
Rate Rate Trend
Official Discount
Rate Trend
Money Rate Trend
Money Supply Monetary Policy of
Trend GMN Central Bank
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Long-Term Money
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ren
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Figure 5.17: GMN Economy Causal Relations

Recognized Situation Variables

o Official Attitude of GMN Central Bank e Monetary Policy of GMN Central Bank
e Short-Term Money Rate Trend e Long Term Money Rate Trend
e Money Rate Trend |



5.4.3 Economic Condition Type Recognition Module

Depending on the observed numerical values of the economic indices, the system recognizes an
economic condition type suitable for forecasting. In this module, the system determines an
economic condition type by observing the state of twelve key cconomic variables for estimating
the future trend of the yen-dollar rate. These variables are obtained through the analysis of
forecast scenarios from cconomic newspapers. Generally speaking, when forecasters recognize
an overall economic condition, they first recognize the state of these economic variables and
then begin to recognize an economic situation in more detail. A forecaster’s view of economic
conditions input to the system is also selected from these twelve economic variables to decide
the situation variables which should be recognized. The twelve economic variables are shown in

Table 5.2.

Table 5.2: Twelve Economic Variables

U.S. Business Cycle JPN Business Cycle

U.S. Trade JPN Trade

U.S. Long-Term Money Rate JPN Long-Term Money Rate
U.S. Short-Term Money Rate JPN Short-Term Money Rate
U.S. Stock ' JPN Stock

| U.S. Price JPN Price

Here, we should consider how to distinguish an economic condition type from other economic
condition types. First, we should analyze the kinds of information forecasters consider. Generally
speaking, they focus on any unusual state of an economic condition (i.e., states that differ from
the standard level of economic conditions at a certain time) because there are many ways that
the unﬁsual state can move the current economic condition to other, very different, economic
conditions. Thus, we assume that forecasters recognize and gather information based on observed
unusual economic conditions. This common activity shared by forecasters leads us to think
that forecasters generally have common sense of values for FER forecasting, and know typical
economic condition types and methods of solving problems. This can be regarded as the activity
based on conventional constraints in FER forecasting activity.

Considering these things, economic condition types are distinguished based on the state of

the above twelve economic variables as differentiated from the standard levels for the economic
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conditions at a certain time. An overview of the hicrarchical relation of economic condition

types is shown in Fig. 5.18.

Stock Drop Trade unbal. Trade unbal.
Money. Dif. big Money. Dif. big Stock drop

Figure 5.18: Overview of the hierarchical relation of situation types

Among the key cconomic variables, the business cycles and foreign trade figures are judged
by observing their long term trends — change on year. The economic states of the other variables

arc judged by observing their short term trends - change on term or month.
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5.4.4 Situational Information for Recognition of Economic Conditions

Situational information is given to the system in the form of qualitative linguistic expressions
or natural language text. As qualitative information, the user can give one of five fuzzy labels:
very low, low, medium, high, very high to the system, and for natural language text, the system
observes almost the same procedures as the natural language understanding process (see below).
An overview of situational information processing is shown in Fig. 5.19 (We explain the process

of analyzing natural language information in the following section.)

Input Text
- Case Marker Check
[ Verb Type Check
[ Japanese Grammar

- Semantic Marker

Word Dictionary

/

Assign Case Relation -
based on Verb Type %] Case Relation

[Case Expression ]

|

Matching of
Case Relation and (e Sjtuation Variables
Situation Variable

\

The State of a Situation
Variable

To Inference Rules

Figure 5.19: Overview of Situational Information Processing
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5.5 Natural Language Processing

Natural language processing in the system is implemented only for the purpose of forecasting
the foreign exchange rate. In particular, it only aims to understand statements by VIPs. First,
we analyzed how forecasters understand statements by VIPs from economic newspapers, inter-
viewed economic researchers, and so on. Based on the results of this analysis, we realized a
natural language understanding for the purpose of simulation. This part consists of two main
modules for: natural language information analysis and natural language infdrmation
interpretation. An overview of the natural language processing in the system is shown in Fig.

5.20. (An example of this processing procedure will be shown in Chapters.)

| Input Text l

Analysis....c..
1' Case Marker Check i

-— lr Verb Type Check |

-
e - Japanese Grammall

: Semantic Marker

Word Dictionary

Assign Case Relation -
based on Verb Type | Case Relation

LCase Expression]

IrTranslation RulesJ

l Translated Expression ] Forecaster’s Intepreta-
tion Categories

" Matching of Situation Variable for
Case Relation and [™ Understanding Text
Situation Variable (Category Dictionary)

Forecaster’s Forecasting Points
Interpretation . Depending on Context
Interpretation----

To Inference Rules

Figure 5.20: Overview of Natural Language Processing
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5.5.1 Analysis Module

As input natural language information to the system, we use simple Japanese sentences whose
morphological structures analyzed. Newspaper statements by VIPs are the source of natural
language information. In this module, an input sentence is analyzed and translated into a
Japanese case expression. Generally speaking, the meaning type of a verb plays a very important
role in analyzing the structure of a sentence. In this work, we analyze Japanese case markers
and the meaning type of each verb, thus, we can assign a case relation to each word in an input

sentence, by respecting the semantics of each word and Japanese grammar.

Japanese Grammar

Japanese grammar is utilized when analyzing the structure of a sentence and assigning each
word in the input sentence to a Japanese case expression. The system has some basic Japanese
grammar 3 to analyze the structure of natural language information.

The basic Japanese grammar which the system has is as follows:

N.P. CM. NP. CM. NP. CM. V.P.or AD.P. or ADV.P. Period

~  gahe ~  wo,ni ~  niwo sury, i, da
where, N.P. :  Noun Phrase
C.M. :  Case Marker
V.P. : Verb Phrase
AD.P.  : Adjectival Phrase
ADV.P. : Adjectival Verb Phrase (Keiyou-dousi, in Japanese)

Depending on this grammar, we show the basic types of sentences which can be input to the

systern.
¢ Sentences which include one required case particle

[ha] or [ ga|

Ex. Keiki no kaifuku [ ha | jyunchou da.
(The recovery of the business cycle has been making satisfactory progress.)
Koyou toukei [ ga | sagatte iru.

( The employment ratio has been decreased.)

3 Althongh there are many theories about Japancse grammar, we refer specifically to books {61] and [96].
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¢ Sentences which include two required case particles

[ ha | +
[ ha | +
[ga) +
[ga] +

[ ni ]
[ wo |
[ i
[ wo |

Ex. Tsuuka toukyoku [ ha | genzai no endaka [ wo | younin suru:

(The central bank allows the current state of the high yen rate.)

Bei seifu [ ha | keiki no kaifuku [ ni | cywumoku suru.

(The U.S. government pays attention to the recovery of the U.S. business cycle.)

Tsuuka toukyoku [ ga | kinyu hikisime [ wo | jissi suru.

(The central bank tightens the money supply.)

Bei seifu [ ga | FRB | ni | youkyuu suru.

(The U.S. requires the FRB to do something.)

¢ Sentences which include three required case particles

[ ha] +
[ ha| +
[gal +
[ga] +

[ i
[ wo ]
[ ni |
[ wo ]

-+

+
+
._I_

[ wo ]
[ i ]
[ wo |
[ ni |

Ex. Kyuugekina kinri jyousyou [ ha | sijyou [ ni | ookina eikyou [ wo | ataeru.

(A rapid change in money rate will have a big influence on the market.)

Saikin no endake [ ha | sijyou | wo | na-basu [ ni | site iru.

(The recent high yen rate makes the market nervous.)

Bei seifu [ ga | enyasu [ ni | kenen [ wo | hyoumei suru.

(The U.S. government expresses fear about the low yen rate.) -

Saikin no endake [ ga | sijyou [ wo | na-basu [ ni | site iru.

(The recent high yen rate makes the market nervous.)

Noun Phrase and Verb Phrase

Basically, we deal with sentences which consist of case marker, noun phrase, and verb phrase,

as the input natural language information. Here, we explain the grammatical character of the

noun phrase and verb phrase in an input sentence.
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e Noun Phrase
There are various kinds of noun phrases. In this paper we deal with some basic noun

phrase types as follows: (An noun phrase is expressed with <> .)

1. The noun phrase consists of a noun.
Ex. < hana > ga saku.

(Flowers bloom.)
2. The noun phfase consists of nouns with a conjunctive particle,
[ no |.
Ex. <« kyou no jyoutar >
(Today’s condition)
3. The noun phrase consists of a quantifier and a noun with a conjunctive particle,
[ no |. '
Ex. <« takusan no hana >
(Many flowers)
4. The noun phrase consists of an adjective and a noun.
Ex. < kireina hana >

(Beautiful flowers)

e Verb Phrase
Basically, a Japanese verb phrase consists of a verb and auxiliary verbs?. The system
cannot deal with conjugation of verbs —that is, the system can only deal with the original

dictionary form of verbs.

Classification based on Verb Meaning

When we analyze a natural language sentence, the meaning of the verb plays a very important
role in this analysis. Verbs are classified into verb types based on their meaning[31][95]. In the
case of Japanese grammar, each verb type has suitable case particles. By using this character,
the coexistence of a verb and its case particles can be predicted, and this relation can be
formali},ed[%]. In this paper, we refer to the book[61], and establish the following relation

between a verb and its cases in the system as follows:

‘(Verb, [(Case Expression;, Case Marker;) (Case Expressiony, Case Markers),...]).’

*There are five kinds of auxiliary verbs: aspect, modal, voice, tense, and polarity.

72



Ex. (‘Ataeru (give)’, [(target, ‘wo’ )(goal, ‘ni )]).
(¢ Chyuui wo harau (pay attention to)’, [(goal, ‘né’ )]).

Dictionary

e Word Dictionary
This dictionary is used for interpreting the words in an input natural language sentence

by assigning a case relation to each word. Basically, this takes the following form:
‘word(A Part of Speech of the Word, Word, Semantic Marker).’

Ex. word(noun, ‘Ketki (Economic Trends)’, social_phenomenon).

word(adj, ‘ Kyuugeki-na (Rapid)’, degree).

¢ Category Dictionary
This dictionary is utilized when matching the meaning of a word in an input sentence to

a rccognized situation variable. Basically, this takes the following form:

‘sit-item(Situation Variable, Word).’

Ex. sit.item(yen.dol. TREND, ’Yenyasu (low yen rate)’).
sit-item(us_official_attitude_ TREND, ’Be: tsuuka toukyoku no shisei (FRB’s policy)’

5.5.2 Understanding Module

This system understands of natural language based on the meaning type of main and auxiliary
verbs. In other words; a VIP stateﬁent is understood by selecting an interpretation element from
a forecaster’s interpretation categories based on the meaning type of the sentence’s main and
auxiliary verbs. (We will explain this in detail later.) The forecaster’s interpretation categories
were extracted from newspapers by researching about fifty VIP statements. The understanding

procedure in the system is as follows:
stepl. Check the meaning of a verb type and use it to select an interpretation element from
the forecaster’s interpretation categories shown in Table 5.3.

step2. Check the correspondence between the content of the sentence and the situation vari-
ables which the system réoognizes.

Here, we show an example of the result of steps 1 and 2 as follows:
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Interpretation Element :  fear
Situation Variable : - Yen-Dollar Trend

State , . Very Low (Yen against the U.S. dollar)

step3. Check the forecaster’s view of economic conditions. This influences the result of under-

standing the input sentence. An example of a forecaster’s view is as follows:

Forccaster’s Concern @ The Recovery of U.S. Economic Trends

step4. Determine the meaning of the input sentence. Select an interpretation element by con-
sidering the forecaster’s view.
Each forecaster’s view contains situation variables which should be considered when inter-
preting the input sentence. (We later present a table showing the relation between possible

forecasters’ views and situation variables.) An example of this is as follows:

Forecaster’s Concern: : The Recovery of U.S. Economic Trends

Situation Variables : Yen-Dollar Trend, Trade Balance

The system has rules which interpret the given state of the situation variables.(The rules

can be found in Appendix E.) These rules interpret the given state, as shown below.

Forecaster’s Concern :  The Recovery of U.S. Economic Trends
State of Situation Variables : Yen-Dollar Trend(very low), Trade Balance(very low)

Interpretation :  U.S. Economic Trends will be delayed.

The system also has rules which predict a forecaster’s interpretation from the state of the

situation variables shown above. An example of such a rule is as follows:

Interpretation : U.S. Economic Trends will be delayed.

Interpretation Element : strong fear
To summarize the examples mentioned above,

1. The forecaster’s concern is the U.S. business recovery. (forecaster’s view)

2. When forecasters are concerned about the U.S. business recovery, they consider the
trend of the yen-dollar rate and the trend of the trade balance between the U.S. and

Japan. (situation recognition based on a forecaster’s view)
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3. The future trend of the U.S. business recovery is predicted based on the trend of the

yen-dollar rate and the trend of trade balances. (prediction based on situation)

4. Therefore, forecasters express strong fear for the current low yen rate. (forecaster’s

interpretation)

step5. Check the influence on the foreign exchange market by VIP statements, and by tenor

5o .
and mode” information.

An cxample of this is shown below.

Tenor : Mr. Malford, the U.S. Treasury Undersecretary : rank A
Mode : The U.S. Congress : rank A

(We later show a table of social status ranks and the media which VIPs use.)

As the result of the interpretation procedure shown above, it is decided to what degree the
statement by a VIP has an influence on the foreign exchange market, especially the yen-dollar
rate. The degree of this influence is shown by selecting a suitable fuzzy relation expressing the

future trend of the yen dollar rate. An example of this is as follows:

Interpretation Element :  strong fear

Tenor : Mr. Malford, the U.S. Treasury Undersecretary : rank A
Mode :  The U.S. Congress : rank A
Future Trend : Considerably higher | | |

This result can be interpreted as Mr. Malford having a big influence on the foreign exchange
market®. Because he spoke at the U.S. congress, his statement can be considered to be rather
.reliable. Therefore, as the result of considering natural language information, the future yen

rate will be considerably higher than its current state.

5Here, tenor and mode do not correspond to tenor and mode in SFLT exactly. However, we use the term

‘tenor’ to show who speaks the statement, and use the term ‘mode’ to show which media the person utilizes.

SRank A indicates the highest degree of status among social ranks. There are three levels of ranks: rankA,

rankB, and rankC.



Forecasters’ interpretation categories

VIPs make pronouncements about desirable market behavior. We believe that forecasters un-
derstand these statements according to a fow categories. As the result of analyzing about fifty
statements by VIPs in economic newspapers, we extracted five such interpretation categories

shown in Table 5.3.

Table 5.3: Forecasters’ interpretation categories

fear
admit
position &: attitude
forecast

request

Forecasters’ interpretation categories were equivalent for the views of both Central Banks and
Governments. That is, ‘fear’ corresponds to ‘Dissatisfaction’, ‘admit’ corresponds to ‘Approval’,
‘position & attitude’ correspond to ‘Wait and Sce, Attitude’, ‘forecast’ corresponds to ‘Prospect’,

and ‘request’ corresponds to ‘Request’.

Equivalent translation based on the meaning type of a verb

As explained above, verbs are classified into some typical categories based on their meaning
types. The category of a verb has a big influence on the meaning of the associated sentence.
From this fact, in this paper, we realize an understanding of natural language by selecting a

forecaster’s interpretation element. An example of this is shown in Table 5.4.
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Table 5.4: Example of the correspondence between a verb and a forecaster’s interpretation

category

Verb & Auxiliary Category

take care of, pay attention to, etc. fear

intent to, will

position, ete. & attitude

approve, accept, etc. admit

will, may, think, etc. forecast

hope, ask, etc.

request

Forecaster’s View & Situation Variables Recognized

When forecasters interpret VIP statements, they take into account current economic conditions.

Situation variables recognized by forecasters are determined by their view of economic conditions.

The relation between a forecaster’s view and situation variables recognized is shown in Table

5.5.

Table 5.5: The relation between a forecaster’s view and situation variables recognized

U.S. Business Cycle

U.S. Trade

U.S. Long Term Moncy Rate
U.S. Short Term Money Rate
U.S. Stock

U.S. Price

JPN Business Cycle

JPN Trade ‘

JPN Long Term Money Rate
JPN Short Termm Money Rate
JPN Stock

JPN Price

Trade Balance, Foreign Exchange Rate

Trade Balance, Financial Balance

Relative Balance of Long Term Money Rate

Relative Balance of Short Term Money Rate

Investment Trend of the U.S. and JPN Institutional Investors
Official Attitude of the U.S. and JPN Central Bank

Trade Balance, Foreign Exchange Rate

Trade Balance, Financia,l Balance

Relative Balance of Long Term Money Rate

Relative Balance of Short Term Money Rate

Investment Trend of the U.S. and JPN Institutional Investors

Official Attitude of the U.S. and JPN Central Bank
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Information of Tenor and Mode
When we interpret statements by VIPs, we also consider their social status and the media
they use. The later are very important pieces of information for determining the reliability

of a statement. Social status and media used by VIPs are shown in Table 5.6 and Table 5.7,

respectively.
Table 5.6: Social status of VIPs
U.S.A. | JPN.
U.S. President - ¢ rank A || JPN Prime Minister : rank C
U.S. Treasury Secretary : rank A || JPN Foreign Minister : rank C
U.S. Treasury Undersecretary : rank A'|| JPN Finance Minister : rank B
U.S. Trade Representative : rank B || Bank of JPN Chairman ¢ rank A
FRB Chairman : rank A
FOMC Committee Member : rank C
Table 5.7: Media used by VIPs
U.S. Congress : rank A | JPN Congress : rank B
Summit . : rank A | Financial Minister Interview : rank B
Financial Minister Conference : rank A | Foreign Minister Interview : rank B
Top-level Conference : rank A | Bank of JPN Biweekly Interview : rank C
Prime Minister Interview . rank C
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5.6 Inference

This part consists of threc modules: forecast model construction module, estimating
module, and linguistic approximation module. We will give detailed explanations of them,

in turn.

5.6.1 Forecast Model Construction Module

In this module, a forecast model (i.e., a linguistic model) is constructed based on economic
conditions. As explained above, first the system decides on a suitable economic condition type
for the current economic conditions, and then recognizes more detailed economic conditions
by following the limits of information references which the situation type provides. Through
this process, both situation variables for the constrvuction of a forecast model and the inference

procedure are decided.

Determination of the Structure of a Forecast Model

A forecaster’s knowledge for estimating FER changes is represented in the system by considering
the relation between situation and knowledge. Situation types are organized hiérarchically. The
relation between a situation type and a piece of knowledge is decided by the level of attunement
as explained in Chapter 3. This relation expresses the social semiotic aspect of FER forecasting,
and it makes it possible for the system to realize the limit of information reference, and raise
the efficiency of information processing by introducing knowledge inheritance among situation

types. An example of a forecaster’s knowledge for FER estimation is shown in Fig. 5.21.
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Knowledge existing in

/"—_ each economic condition type

—

Investment Trend of
export-import companies

Trade Imbalance

Investment Trend of
export-import companies

Official Attitude of —
the Banks

Money Flow Trend
at the Market

investment Trend of nd
export-import companies

Money Flow Trend — Yen-Dollar Rate Trend
at the hiarket

#S{Trade Imbalance}

Inheritance

#S{Trade Imbalance &
Short Term Money
Rate Imbalance}

Attuned
Situation Type

Trade Imbalance

Short Term Money — yen-Dollar Rate Trend
Rate imbalance

. #S{Short Term Money
Rate Imbalance}

— Exchange AdJustment for
Yen-Doliar Rate

Officlal Attitude of — Exchange Adjustment for
the Banks

Yen-Dollar Rate

Exchange Adjustment for — yen-Dollar Rate Trend
Yen-Dollar Rate

Constructed Form of a Forecast Model

Official Attitude of -
the Banks

Trade Imbalance,’

fnvestment Trend of —
export-import companies

Official Attitude of i
the Banks

Money Flow Trend
at the Market .

Trade Imbalance,

Exchange Adjustment for
Yen-Dollar Rate B

Investment Trend of
export-impart companies

Money Flow Trend
at the Market

Exchange Adjustment for
Yen-Dollar Rate

Short Term Money

Rate Imbalance - yen-Dollar Rate Trend

Figure 5.21: An example of forecaster’s estimation knowledge

Each situation type has its own knowledge:
Here, structured knowledge represents the inference structure and the order of priority of knowl-
edge for problem solving under a certain situation, and restricted knowledge represents specific
knowledge —that is, the sense of values existing in a particular situation type. A lower situation
type, if it is possible, inherits knowledge defined in upper situation types. Knowledge inheri-
tance can raise the efficiency of information processing by saving memory, for example, it permits

knowledge to be inherited by and applied to many subordinate situation types. Therefore, it is

structured knowledge and restricted knowledge.
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natural to think that knowledge inheritance represents one functional aspect of common sense
reasoning. - |

In Fig. 5.21, the knowledge existing in two situation types, #{Trade Imbalance} and
#{Short-Term Money Rate Imbalance}, is inherited by the situation type, #{Trade Im-
balance & Short-Term Money Rate Imbalance}, and combined as suitable estimating
knowledge to construct a forecast model. In a forecasting process, (i) pieces of FER forecasting
knowledge are gathered by inheritance from upper situation types (i.e., inheritable knowledge),
(ii) the form of a forecast model is constructed (i.c., structured knowledge), and (iii) a FER fore-
cast is performed by applying the gathered knowledge and existing knowledge (i.e., restricted .
knowledge) in an attuned situation type. (The relation between situation types and knowledge

is explicated in Appendix F.)

From Fig. 5.21, we obtain the form of a forecast model shown below.

Trade imbal(t), Off. Att.(t), —  Ex-Im Comp.(t+1)
Trade imbal(t), Off. Att.(t), —  Ex. Adj.(t+1)
Ex-Im Comp.(t+1), —  MF trend(t+1)
Ex. Adj.(t+1), MF trend(t+1), STM imbal(t) -— kYDR trend(t+1)
where, Trade imbal(t) : Trade imbalance between JPN and U.S. at time ¢
Off. Att.(%) :  Official Attitude of the central bank at time ¢
Ex-Im Comp.(t) : Investment trend of Export-Import cdmpanies at time t
Ex. Adj.(t) :  Official Exchange Adjustment for yen-dollar rate at time ¢
MF trend(t) :  Money Flow trend of the yen-dollar market at time ¢
STM imbal(t) :  Short Term Money rate imbalance trend between JPN and
U.S. at time ¢ _
YDR(t) : Yen-Dollar Rate trend at time &

The antecedents of the above causal relations indicate the causes for which the values of con-
sequents change. This reflects the fact that the result of a forecast depends on which situation
variables are established in rule antecedents. Here, we should notice that the above causal rela-
tionships are for selecting suitable fuzzy relations’ to express the future trend of the consequent

variables.

"Seven fuzzy relations are established in the system: considevably higher, higher, somewhat higher, similar to,

somewhat lower, lower, considerably lowenr.
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Thus, an above causal relationship is interpreted as the following rule.
If X(t) 4s F and Y() is G then fp(Z(t+1), Z(t)) is R

where, fr : Fuzzy relation function
R : An element of a fuzzy relation
Ex.
If Tradeimbal(t) s very low and Off. Att.(t) 45 medium then
| fr(Ex-Im Comp.(t+1), Ex-Im Comp.(t)) is higher
(Here, the state value is expressed with one of five qualitative words: very low, low, medium,
high, very high. We give a detailed explanation for this in Appendix D. Knowledge for selectbing
fuzzy relations is contained in Appendix G.) _
Through the above process, a suitable forecast model for estimating FER changes is con-
structed. The knowledge needed for FER forecasting is extracted from books about foreign
exchange forecasting[98, 97, 18, 90, 42, 17, 94, 67, 43, 20], int.berviews with economists and deal-

ers, and articles from economic newspapers.

5.6.2 Estimating Module

This module executes the inferences for estimating the future trend of the FER.

The basic form of the inference is shown below.
Z(t+1) is R than Z(t)

where, R : A selected fuzzy relation

Ex-Im(t+1) dis  higher than Ex-Im(t)

Fuzzy subsets and fuzzy relations in the system are represented with discrete expressions,
and fuzzy inference is performed with matrix calculations —in this case, the max-min operation

of fuzzy composition.

5.6.3 Linguistic Approximation Module

Since a forecast result will be produced in the form of fuzzy subset, we express it linguistically
with fuzzy labels. It is expressed by selecting the most suitable expression from five fuzzy labels

~very high, high, medium, low, very low.
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5.6.4 Window Construction

The windows in the system are implemented with the library in SICStus Prolog. The system

user sclects items for input information. The user can see the graphical image of the trend of

an cconomic index with X-graph, which can be executed by the system. An example of such an

image is shown in Fig. 5.22.

Bnmea

[§] FOREIGN EXCHANGE RATE FORECASTING
U.S. Busingss U.S. Stock & Long Term Money JPN. Credit & Stock
Pra. Year Pre. 5_Term : Pre. Year Pre. S_Term Pre. Yeur Pre. S_Term
_earn medium us_stock _DJ30 high medinm jpn_long bond medium high
us_non-farma_employ high very low us_long bond 30y  medtmm mediam jpn_cd_rate_3mon low high
us_housing low - -
us_corp very_high 5. Money
_consumer_confd  very high us. M Supply : JPN. Money & Bosiness Cycle
us_opa_ind yrodact  high high - Pme.Year . Pre.S Term Pre.Year  Pre.S Tem
'Mhn higlt___ high us_money supply  medium medinm la:v
us_retall_sales . . ® /homa/sugenc/koba’/bin/xgraph BOABE low
w_quiv_const_inv high hlgh
::ﬂ:"“’"ﬂ o e Tnodim 5'"" [ Harseopy ]| Apout] U.S. Federal Fand rate
us_unemploy rate  high low : S Term
us_cons_confd | high high RS T e -
w bus_faventaries  medium mediom 700 \ FArRpIVESI P Jaie
B.90—\—
.60 \ : . §_Term
U.S. Price \ high
Pre.Year  Pre.S_Term 5AG- medium
us_prod_price_indox mediom medium 20 \
m_mrha_hﬂax mediom medium ad \
us ) _pri_indax  high high 6.00 S_Term
very_low
U.S. Businass Index .80 \ very high
Pro.Year  Pre.S_Term - N\ very high |
us_napm_index medium low o \
5.40 \ . §_Term
5.20-
s 8 result of simulation 00 2
:‘; Graphical Economic Condition 480 \ . S_Term
] ) | high |
4.60 \\
@unft Qwa_wice 40 L
T| 420
400 \”\ \
Ling. Ex. 380 .
X-~Graph 3.60 X
91.05 391.10 91.15
quit

Figure 5.22: An example of a graphical image of an economic index
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Chapter 6

Simulation Example

As an example of a simulation, we consider the situation in which the yen rate shot up due to -
the statement made by Mr. Malford, the U.S. Treasury Undersecretary, at the U.S. Congress

on May 12, 1992. The content of his statement is as follows :
“We pay attention to an extreme low yen rate.”

This statement had a strong effect on the FER. The trend of the yen exchange rate is shown

in Fig.6.1.

vyen exchange rate

126.00
128.00 1
130.00 Mr. Malford’s statement.
New York
132.00 G7
134.00
136.00
Washington
138.00 G7
140.00 \ .
time
Jan. May 1992

Figure 6.1: Trend of Exchange Rate of the Yen
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An article about this event from a Japanesc financial neWspaper on May 14, 1992 is as

follows:

“The yen shoot up by the statement by Mr. Malford, the U.S. Treasury Undersecre-
tary hard expressing fear about the recent low yen rate at the Congress of the U.S.
on May 12. This is because Bush government takes account of the continuous growth
of U.S. economy. It is highly possible that the recent low yen rate makes U.S. do-
mestic demand decrease. Recently Japanese current account balance is surplus of $
90 billion and also long term capital income is surplus of § 40 billion. If Japanese
trade goes forward, U.S. domestic demand will decrease and the U.S. recovery will
be delayed. But since it takes much time to correct the surplus of Japanese trade
by the rising yen, only the exchange adjustment cannbt wipe o fear that Japan will
increase in black. Probably Japan will be requested to rise yen and increase domestic

demand.” (Nikkei Kinyuu Shinbun, May 14 1992)

We will show an estimation process that depends on such facts for predicting the future

trend of the yen-dollar rate in a simulation.

6.1 Simulation Process

We outline the simulation procedure of our FER forecast system as follows:

step 1. Start

step 2. Linguistic approximation of observed numerical data
step 3. Input situational information

step 4. Input a forecaster’s economic variable of interest

step 5. Recognition of the state of twelve key economic variables

step 6. Input information about a VIP statement the social status of the VIP, and the place

where the statement was made.
step 7. Understanding of the content of the statement by the VIP
step 8. Construction of a FER forecast model based on the observed economic conditions.
step 9. Estimation of the future trehd of the yen-dollar rate.

step 10. End



An overview of the simulation process is illustrated in Fig.6.2

Input Info.
/ stepd. Input Info.
step2.
Forecaster’s view of ’./ P
economic conditions | Numerical Info. |
1
Standard Level of
Economic Conditions
. . . T
Recognized Situation  |y4erpretation Input Info.
Variables ‘ / step3.
step5. \ Conditions Info.
Select a Situation Social Causal Relations
Type Input Info.
Contextual Info. / step6

Natural La’ngage Info.

Construction of a

, . Linguistic Model \

. step8. Understanding
step7.

Linguistic Model
step9.

Figure 6.2: Overview of simulation process

We show an example simulation process of our FER forecast system by following the proce-

dure shown above.

step 1. Start

The system starts to estimate the future trend of FER.

step 2. Linguistic approximation of the observed numerical data

We show an example of approximating the numerical value of an economic index.

Ex. U.S. Non-Farm Employment

Change on Month Change on Year

Standard level 0.0 % 1.0 %
Observed range -0.3~0.3% 0.0 ~ 2.0%

Observed value +0.184% +0.164%
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After the linguistic approximation procedure, we obtain the result shown below.

Non-Farm Employment(change on month) is wery high.

Non-Farm Employment(change on year) is high.

The results of linguistic approximation of the observed numerical data are shown in Table 6.1

and Table 6.2, Table 6.3. (Observed numerical data arc placed in Appendix H.)

Table 6.1: Linguistic approximation of U.S. economic conditions

| Economic Index

| Pre. Year | Pre. Term || Economic Index

Pre. Year l Pre. Term l

Average Hourly Earnings

Housing Starts
Consumer Confidence

Index
Index of Industrial

Production
GDP Private Construc

tion Investment
New Orders for

Durable Goods
Consumer Confidence

Index .
Producer Price Index -

Wholesale Price Index

Exports

Trade balance(Exports)
Financial Surplus
Government Expenditure
FF rate

Stock Price(D-J 30
Industrials Average)
Money Supply
Reuter’s Index

medium

low
very high

high
high
medium
high
medium

high

medium
low

medium
medium
medium

high

medium
low

medium

low
medium

high
high
low
high
medium

high

very low
low

high
medium
medium

medium

medium
medium

Number of Non-farm
Employment

Corporate Profits
Operating Ratio of

Industrial Production

Retail Sales

New Orders for

Manufactures
Unemployment Rate

Business Inventories

Consumer Price Index
Purchasing Manager’s
Composite Diffusion

Index
Imports

Trade balance(Imports)
Financial Deficit

Official Discount Ratio
Treasury Bill Rates
(3-Month) -

Long-Term Government
Bonds(30-year)

Oil Price WTI

CRB Index

high
high
high
medium
high
high
medium

medium
medium

high

very high
medium
low

very low

medium

high
low

very low

very high
high

medium
medium
low

medium

medium
low

high
high
high
medium

medium

high
medium
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Table 6.2: Linguistic approximation of JPN economic conditions

Economic Index

Pre. Year [ Pre. Term H

Economic Index

I Pre. Year I Pre. Term }

Exports

Trade balance(Exports)
Interest Rates on the
Certificates of Deposit
(3 Month)

The Nikkei Stock Average

Financial Surplus
Sales of Department

Stores
GNP Growth Ratio

Consumer Price Index

high
high
low

low
low
medium

low
high

low
high
high

low
very high
high

low
high

Imports

Trade balance(Imports)
Long-Term Government
Bonds Yield

Money Supply
Financial Deficit
Indexes of Operating

Ratio )
Official Discount Rate

Wholesale Price Index

very high
very high
| medium

medium
low
low

high
medium

medium
medium

high

low
very high
medium

medium

Table 6.3: Linguistic approximation of GMN economic conditions

Economic Index

' Pre. Year ] Pre. Term “

Economic -

| Pre. Year | Pre.'TermW

Interbank Rate
Long-Term Money Rate

medinum
high

high
medium

Money Supply
Official Discount Rate

high
very high

medium
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The system window which displays the results of linguistic expressions of numerical data is

shown in Fig.6.3.

[ FOREIGN EXCHANGE RATE FORECASTING [: T i =]E]
U.S. Business . U.S. Stock & Long Term Monay JPN. Credit & Stock
Pro, Year Pre, S_Term Pre. Year Pre. S_Torm Pra, Year Pre. S_Term
us hmrl}] earn " Mghmedtun meadbon us_lstnv.k aa?ym Mgghm medhm Jpn_long | medhm high
us_non-farm_employ very_low us_] me medion ed rata 3n:nn Iow
s haasing : mh Jer _m ong | pn_ high
m "corp_profits very 8.
us_consumer_confd  very high mediim U-S. Manay Supply . JPN. Money & Business Cycle
us opa_nd oduct  high high Pre.Year  Pre. $ Term Pro.Year  Pre.S_Tarm
us”ind proi high high us_mwoney_supply  mediom medhun ’ o
usre me’ Al I : Jpn_stock_price low low
| |uspriv_fonst_inv high high jpn_money_supply madizm low
| JusTnow ordar mamn  high mediom U.5. Trade
us_new, t;xlder r:lt? mhl:)d‘hnn }w Preo. Year Pre. S Torm JPN Officfal Index
us unemplay ow us_trade_hal_export low low Pre, Year Pra. S_Term
u_cons confl Index high high vs_trade bl impart very high  high -
o us_trode_ ;;1;:“ )ligh thy_lm
us_trade
JPN Prica
trada_bal
ujn Hgh el Pro.Year-  Pre.S Term
U.S. Prica Jpm_¢ index  high high
Pre.Year  Pre.S Term us. Oﬂc";:ﬂ'; B:r W;;ﬂ; 1‘:::: m_-mlpr; Index very high  mediam
us_prod price_index medbm medinm’ . il
m{omj rice index medinm mediuom us_off_ disent ratio low JPN Government
o_priindex high high us_tre_bill Jmon  very_low Pre. Year  Pre. S _Term
jpm_financial_trond very_low very_low
U.S. Business Indax U.S. FF Rate fp fincial suplus Low very_high
Pre.Vesr  Pre,S_Term Pro.Your  Pre.S Tom | Pt fincialdeficht _ low ____ vory high |
us_napm_fndex mediuom law us_FF_rate mediom medinm JPN BANK AGNCY
Pro. Year Pre. S_Term
\.S. Coods U.S. Governament
Pre, Yesr Pre. §_Term Pre. Year Pre. 8 Term
us_oil_price wtl high high us_gov_expenditure medinm medim JPN BUSINESS CYCLE
m Index :aw medinon us_mdal_m&l;‘a moediam high Pre. Yeor Pre. S Term
oex o o g e high ipn dept store_sales  mediom h!ﬂf_‘_

Figure 6.3: Result of Linguistic Expression of Numerical Data

step 3. Input situational information
Situational information input to the system is extracted from Japanese financial newspapers

published from May 1 to May 12, 1992. The information input to the system is summarized in

Table 6.4.

Table 6.4: Situational Information

Input Situation Variable Trend

Investment trend of U.S. institutional investors  yen-buy, dollar-sell
Investment trend of JPN institutional investors — yen-buy, dollar-sell

Investment trend of U.S. export-importb yen-buy, dollar-sell

comipanies
Official Attitude of FRB neutral
Official Attitude of Bank of JPN neutral
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Situational Information Analysis

Situational information given to the system is expressed with cither natural language
or qualitative linguistic information. Qualitative linguistic information is input to
the system exactly ag it is (e.g., “Money flow trend of the yen-dollar market is high.”).
On the other hand, Japanese natural language needs to be analyzed before it is input
to the system. That is, we use natural language information whose morphological
structure has already been analyzed before it is input to the system. An example of

the analysis of natural language in situational information is as follows:

‘Wareware (FRB)’,‘ha’,‘chyuuritsugata no’, ‘kinyuu chyousetsu’, ‘wo’,

‘keizokusurw’. (FRB takes a neutral position.)

The analyzed form of the sentence is shown below.

[[subject(FRB)],[attrb(chyuritsugata no), goal(kinyuu chyousetsu)],

[process(keizokusuru)l]

Situational information selects a situation variable in the system based on the ‘sub-
ject’ and ‘goal’” variables. In this case, from the subject FRB and goal kinyuu
chyousetsu, the most suitable situation variable for expressing the content of the
“input information, official attitude of FRB is selected. The information the vari-
able ‘attrd’ expresses is that their monetary position is neutral. Then we get the -

result shown below.

Input Situation Variable Trend

Official Attitude of FRB neutral
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An cxample of a situational information input window is shown in Fig.6.4.

[%] situational information BLOEEH

" SITUATIONAL INFORMATION
FRB takes a neutral position.

O FRB squeezes credit further
{OTFRE squeezes credit

® FRB takes aneutral position
O FRE eases credit reing

{3 FRE eases credit reins further

OK

Figure 6.4: Example of situational information input window

step 4. Input a forecaster’s economic variable of interest

Forecaster’s economic variable of interest input to the system :
U.S. business cycle (the degree of recovery)

The input window for entering a forecaster’s view is shown in Fig.6.5.

[¢] forecaster”s concern MU E
FORECASTER’S CONCERN

@ U.S. BUSINESS CYCLE

O U.S. SHORT TERM MONEY
OU.5.LONG TERM MONEY
OU.S. CREDIT

OU.S.PRICE

OU.S. TRADE

O JPN. BUSINESS CYCLE

O JPN. SHORT TERM MONEY
O JPN. LONG TERM MONEY
O JPN. CREDIT

O JPN. PRICE

O JPN. TRADE

Figure 6.5: Forecaster’s View Window

step 5. Recognition of the state of the 12 key economic variables
In this system, an economic condition type is decided from the difference between the standard

level of an cconomic condition and the observed level of an economic condition. In this example,
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an cconomic condition type is expressed by the state of the bold face situation variables in Table

6.5.

Table 6.5: Observed economic condition

U.S. business cycle low . JPN business cycle low
U.S. trade : _ very low : JPN trade very |
U.S. long-term interest on money  be stable  : JPN long-term interest on money high
U.S. short-term interest on money be stable : JPN short-term interest on money very t
U.S. stock be stable : JPN stock | low

U.S. price . be stable : JPN price high

The system window which displays a situation type is shown in Fig.6.6.

8] selection of situation type . BIOAEHR
‘ SITUATION TYPE
. - Long_Term ' Short_Term
hei_bou_syu TREND very low ni_short_term_money TREND very high
ni_bou_syn_TREND very_high yendol = very low
0K

Figure 6.6: Attuned situation type
step 6. Input information about a statement by a VIP, the social status of that VIP,
and the place where the statement was made.

As was explained in step 3, we use natural language information whose morpho-
logical structure has already been analyzed. The result of analyzing our example

statement is shown below.

The statement by a VIP to the system:

‘Wareware (U.S. seifu)’,‘ha’,’kyokutan na’, ‘en yasu’, ‘nt’, ‘chyuui’,‘wo’,.

‘haratte iru’.
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(“We (U.S. government) pay attention to the extremely low yen rate.”)

Table 6.6 shows the context of situation of the statement.

Table 6.6: Context of situation of the statement

| Field: The statement about the status of the yen- dollar

trend

Tenor: Mr. Malford, the U.S. Treasury Undersecretary

Mode: the Congress of the U.S.

We show the natural language information input window in Fig.b6.7.

[#] natural language information RAUOREH

NATURAL LANGUAGE INFORMATION

Tenor: U.S. Treasﬁry Undersecretary Mode: U.S. Congress

Statement by VIP: We pay attention to extremely low yen rate.

QO U.S. President

QO U.S. Treasury Secretary QU.S. Congress

QU.S. Treasury Undersecretary O JPN Congress

(O U.S. Trade Representative € Sunmit

O FRB Chairman (O Finance Minister Conference

O FOMC Cammittee Member ) (O Top Level Conference

O JPN Prime Minister O Prime Minister Intexview

O JPN Minister of Foreign Affairs (O Financial Minister Interview

O JPN Minister of Finamce (O Minister of Foreign Affairs Intexview
(O Governor of Bank of JPN O Biweekly Interview of Bank of JPN

@® We pay attention to an extremely low yen rate.

(O We ask that the changes of the yen- dollar rate will he stable.
(O We allow the current yen-dollar rate.

(O We think that the changes of the yen-dollar rate will be stahle.
O We will intervene in the foreign exchemge marclet.

Figure 6.7: Natural language information input window
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step 7. Understanding the content of the statement by a VIP

Natural Language Information Analysis
Natural language information is translated into Japanese case expressions in the

system.

[[subject(U.S. seifu)],[attrb(kyokutan na), goal(en yasu)],

[process(chyuui wo harau), aspect(te iru)]]

Natural Language Information Understanding

step 1. Select an interpretation element from a forecaster’s interpretation

categories depending on the meaning of the verb.

Verb Interprt. elmt.
chyuut wo harau fear
(pay attention to)
step 2. Select one of the verb’s case relations to be filled in later steps of

the understanding process.

Verb Case relation
chyuut wo. harau goal
(pay attention to)
step 3. Select an economic variable which corresponds to the category of

the word selected in step 2.

Subject word Economic variable
en yasu yen dollar trend
(low yen rate)
step 4. Decide on the meaning of the input sentence. That is, decide on an inter-
pretation element by considering the forecaster’s economic variable of interest.

Forecaster’s view given to the system :

U.S. business cycle (the degree of recovery)
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The economic variables associated with a forccaster’s economic variable of in-

terest :
Yen dollar trend : low (Yen against Dollar)
Trade imbalance between JPN and U.S. : wery high (against the U.S.)

According to the state of these variables, it is concluded that the VIP expresses
“strong fear for the low yen rate.”

step 5. Check the statement’s influence on the foreign exchange market by consid-
ering the content of the VIP’s statement, the social status of the VIP, and the

place .Where the statﬁement was made.
‘Tenor : Mr. Malford,the U.S. Treasury Undersecretary : rank A
Mode : U.S. Congress : rank A
Field : strong fear for the low yen rate

It is concluded that the observed information will have a big influence on the

yen dollar rate.

. step 8. Construction of a FER forecast model based on the observed economic con-

‘ditions.

A forecast model is constructed based on a selected(i.e., attuned) situation type. In this simu-

lation example, an selected situation type is

#S{(U.S. trade : very low)(JPN trade : very high)
(JPN short term interest on money : very low)

(yen dollar trend(against dollar) : very low)}.
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The hierarchical relations, which an attuned situation type has, is shown in Fig. 6.8.

#S{ JPN Short- #S{ U.S. Short-
Term Money} Term Money}

#S{ JPN Trade} ] #S{ U.S. Tradeﬂ

NS

#S{ Trade Imbalance
(JPNvs.US)}

Money Imbalance

#S{ Short-Term
(JPNvs. U.S.) }‘

#S{ Trade Imbalance

&
Short-Term #S{Yiﬁc:.a nhge
Money Imbalance ( igh) }

(JPNvs.US8)}

' )
#8{ Trade Imbalance
&
Short-Term
Money Imbalance
(JPNvs. US.))
&

Exchange
(YEN high) }

J

Figure 6.8: Hierarchical relations of an attuned situation type

BEach situation type has the FER trend estimating knowledge shown below.

#S{yen-dollar-rate }

Trend of yen-dollar rate — Official attitudes of the JPN and
U.S. central banks

Official attitudes of the JPN and — Investment trend of JPN and U.S.

U.S. central banks export-import companies

Investment trend of JPN and U.S. — Money flow trend of the yen-dollar

‘export-import companies market

Money flow trend of the yen-dollar -~  yen-dollar rate trend

market
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#S{Trade imbalance }

Recognize the trend of trade imbalance between JPN and U.S.

Trade imbalance between JPN and — Investment trend of JPN and U.S.
U.S. export-import companies

Official attitudes of the JPN and — Investment trend of JPN and U.S.
U.S. central banks export-import companies
Investment trend of JPN and U.S. — Money flow trend of the yen-dollar
export-import companies market

Money flow trend of the yen-dollar —  yen-dollar rate trend

market

#S{Short term money rate imbalance }

Recognize the trend of short term 'money rate imbalance between JPN and U.S.
Short term money rate imbalance —  yen-dollar rate trend

trend between JPN and U.S.

#S{Trade imbalance & Short term money rate imbalance }

Trade imbalance between JPN and — Trend of exchange adjustment for

U.s. yen-dollar rate by the JPN and U.S.
central banks

Official attitude of the JPN and U.S. — Trend of exchange adjustment for

central banks yen-dollar rate by the JPN and U.S.

central banks

The knowledge existing in each situation type is (i) inherited through the hierarchy of situa-
tion types, (il) gathered in the attuned situation, and (iil) reconstructed in a way that is suitable
for estimating the FER. trend at a particular time. A forecast model is built from the knowledge
gathered through this process. We show a forecast model constructed in the attuned situation

as follows:
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YDR trend(t) — U.S. Off. Att.(t+1)
YDR trend(t) — JPN Off. Att.(t+1)
U.S. Off. Att.(t+1), JPN Off. Att.(t+1), Trade imbal.(t) — U.S. Ex-Im.
| Comp.(t+1)
USS. Off. Att.(t+1), JPN Off. Att.(t+1), - Trade imbal.(t) — JPN Ex-Im.
Comp.(t+1)
U.S. Ex-Im. JPN Ex-Im. — MF trend(t+1)
Comp.(t+1), Comp.(t+1),
MF trend(t+1), STM imbal.(t), VIP Statement(t) — YDR trend(t+1)
where,. YDR trend(t) :  yen-dollar rate trend at time t
U.S. Off. Att.(t) :  Official attitude of the U.S. central bank (FRB) at time t
Trade imbal.(t) :  Trade imbalance between JPN and U.S. at time t
U.S. Ex-Im. Comp.(t) Investment trend of U.S. export-import companies at time t
JPN Ex-Im. Comp.(t) : Investment trend of JPN éxport~imp0rt companies at time t
MF trend(t) :  Money flow trend of the yen-dollar market at time t
STM imbal.(t) : Short term money rate imbalance trend between JPN and U.S.
at time ¢
VIP statement(t) . A statement by a VIP at time t

step 9. Estimation of the future trend of the yen-dollar rate.

The model forecast rules shown ih step 8. were constructed with knowledge from
each situation type. Inheritable knowledge was inherited through the hierarchy of
situation types, and structured knowledge gave the order of rule construction. Fi-
nally, the FER forecast is performed by applying restricted knowledge existing in
attuned situatvivon types. This restricted knowledge gives a suitable fuzzy relation for

estimating the FER. trend.
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A FER forecast model built in the attuned situation is shown ag follows:

U.S. Off. Att.(t+1)

JPN Off. Att.(t-+1)

U.S. Ex-Im. Comp.(t+1)

JPN Ex-Im. Comp.(t+1)

MF trend(t+1)

YDR(t+1)

[SoN

S

is

considerably higher than U.S. Off. Att.(t)

if YDR trend(t) is low

considerably higher than JPN Off. Att.(t)

if YDR trend(t) is low

higher U.S. Ex-Im. Comp.(t)

it US. Off. Att.(t+1) is very low, JPN Off. Att.(t+1) is

medium, and Trade imbal.(t) is very low

higher JPN Ex-Im. Comp.(t)

if U.S. Off. Att.(t+1) is very low, JPN Off. Att.(t+1) is
medium, and Trade imbal.(t) is very low

somewhat higher MF trend(t)

if U.S. Ex-Im. Comp.(t+1) is medium and JPN Ex-Im.

Comp. (t+1) is medium
considerably higher YDR(t)
if MF trend(t+1) is medium, STM imbal.(t) is very high,

and VIP Statement(t) expresses strong fear for YDR(t)
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The system window which shows a constructed model and the result of a forecast is shown

in Fig.6.9.

CONSTRUCTED LINGUISTIC MODEL k) i

ven_dol —— us_officlal attitede TREND  medium

yen_dol low very_low high
Implication -> somwhat_hlglwr considerably_higher
yen_dol —  jpn_officla] attitude TREND medium

yen_dol low very_low high
Implication -» somewhat_higher  considerably_higher
us_official_attitnde_ TREND —— us_ex in_compy_TREND high
Jpn_official_attimde TREND —_— high
trade_unbalance U — :

us_offlcial_attitude_TREND mediom  high

Jon_official attitude TREND redim high

trade_unbalance very low  very low
Implication -> higher higher
us_official_attituds TREND —— jpn_ex in compy_TREND high
Jpn_officlal_attitude TREND — high
trade_unbalance —

us_official_attitude TREND medioma  high

jon_official attitude TREND mediom  high

trade_unhalance very low  very_low
Implication -> higher higher
us_ex_in_compy TREND —— exchange_money_flow_TREND medium
jom_ex_in_compy TREND —_— high

us_ex_in_compy TREND " high high

Jpn_ex _In_corapy_TREND high high
Implication ->» somewhat_higher somewhat_higher
exchange_money flow TREND . yen dol TREND medium
money_rate_diff —_ high
vip_statement —_—

exchange_money flow_ TREND medium  high

maoney_rate_diff very high very_low

vip_statement very high very_high
Implication -> similar to - considerably higher 5.

Y o

Figure 6.9: Constructed Model and Forecast Result
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6.1.1 Discussion of Simulation Result

By using the causal relations represented in our forcign exchange simulation, the System recog-
nized short term money rate imbalance between the U.S. and Japan, trade imbalance
between the U.S. and Japan, and low yen rate against the U.S. dollar, as the current
economic position. Since forecasters had been concerned about the recovery of the U.S. busi-
ness cycle, and because the trade imbalance can be considered as an obstacle for U.S. economic
recovery, they estimated the current low yen rate would cause easy-money operation by the
Federal Reserve Bank (FRB), even though the FRB takes a ncutral position at time ¢ They
also assumed the U.S. and ‘J aparnese export-import companies would buy yen against the U.S.
dollar. From these reasons, the yen rate was predicted to shoot up on the foreign exchange
market. Moreover, the recent short-term money rate imbalance between the U.S. and Japan
could also be considered as a cause of the yen's appreciation against the U.S. dollar. Under
these cconomic conditions, at the U.S. Congress Mr. Malford ! expressed strong fear for the
current low yen rate Since forecasters had been concerned about the recovery of the U.S. busi-
ness cycle, both the current yen-dollar exchange level and the trade imbalance between the U.S.
and Japan could be considered as obstacles to U.S. economic recovery. Therefore, Malford’s
statements could be interpreted as significantly influencing the foreign exchange market. From
these factors, forecasters estimated that the future trend of the yen rate would be considerably

higher than the current one.

"Because Mr. Malford is the U.S. Treasury Undersecretary (i.c., a VIP), he can have a big influence on the

FER market.
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6.1.2 Information Fusion in the System

An overview of an information fusion example in the system is illustrated in Fig.6.10.

Conditions Info. - | Natural Language Info.
v . . )‘-
1 The statement by Mr. Malford,
U.S. & JPN Export-Import : the U.S. Treasury Undersecretary
Companies o
' .Qualztattye linguistic Interpretation
information
Money Flow Trend in Market(t) hard fear (low yen rate) (t)
. \ / \ Symbolic linguistic
Yen-Dollar Rate Trend(t) information

/ Considerably higher

Short Term Money Rate Trend(t)
4

! 4 Quantitative linguistic
L information

Yen-Dollar Rate Trend(t+1)

Numerical Info.

Figure 6.10: Overview of an Information Fusion Example

In the system, natural language information is translated into symbolic information, nu-

merical data is translated into qualitative linguistic information, and situational information

is translated into qualitative or symbolic information. Since all information is translated into

linguistic form (based on current and standard economic conditions), they are all mutually com-

parable at the same level of abstraction in the system. This information is then used to estimate

the future trends of other economic variables. These estimated values are also expressed lin-

guistically and interpreted by contextual information. In general, information fusion based on

language is performed by interpreting all information contextually.
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Chapter 7
Conclusions

In this paper, we focused our attention on human intellectual information processing based
on the uses of language and custom in a particular social group, and attempted to realize
it in a computer. As background for proposing a new framework of information processing,
we reviewed the ideas of linguistic philosophers such as Wittgenstein and Peirce. Then, we
proposed a type of computing based on their philosophical investigations about the relation
between human intellectual activity and the role of language. Wittgenstein gave us an rich
philosophical investigation about the relation between human intellectual activity and the uses
of language -that is, language is a tool for thinking, and human intellectual activities depend
on the uses of language and custon in a particular social group. Moreover, Peirce insisted that
the human thinking process is a semiotic process, and the function of this‘ process is to allow
humans to achieve intellectual activities.

Based on their bllilosopllical investigations, we proposed a new type of computing called
“intelligent computing.” The basic concepts of intelligent bomputing are that language is the
currency of information processing, information processing is based on custom. Intelligent com-
puting was developed based on several ideas: (i) how to process information fm a way that
depends on custom, (ii) how to represent language in a compﬁter, and (iii) how to represent
a human thinking model with linguistic expressions. To realize information processing based
on language, we had to understand how to represent and usc language. Therefore, we intro-
duced the concept of systemic functional lingﬁistic theory (SFLT) into our proposing computing
framework, because SFLT is a linguistic theory which discusses language from a social semiotic
perspective. In addition, SFLT and the above linguistic philosophies have a common fundamen-

tal concept of language. SFLT gives us a fundamental concept of how language works in social
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activities, how a linguistic system is coustructed by reflecting its social context, and so on, all
of which is based on the uscs of language in social activities. According to this linguistic theory,
we could learn how we should treat language, and how we should represent the environment in
which scmiotic systems exist.

Concerning (i), we proposed a method of processing information in a social semiotic sense.
We believe that custom is represented by the social semiotic relation between situation and
~ knowledge, in other words, it is represented by the relation between practical knowledge and
common situation types in a particular social activity. To be concrete, in order to realize
information processing based on custom in a pdrticular social group, we considered how to
represent custom by taking account of its functional aspects in our proposed relation between
“situations and knowledge. Moreover, we defined three types of situation-based knowledge (i.e.,
inheritable, structured, and restvricted knowledge) for representing practical knowledge.

Concerning (ii), since we attempt to use language as processing information, we need to
represent language in a computer. However, in fact, it is in principle impossible to cxpress the
real nature of language in a computer. Therefore, we focus on functional aspects of language,
and we only express these features in linguistic processes in a computer. In particular, as a
functional aspéct of language, we proposed an information fusion technique based on language.
By using this method, we can unify various kinds of information with language and use language
ag a common form of information in computational processes. We believe that this method can
raise the efficiency of information processing.

Concerning (iii), we attempted to buil.d a model of the human thinking process. This model
is called a linguistic model. A linguistic model is expressed with linguistic expressions that
reflect social context and involves some functional aspects of language to process information.

It was applied to a social system as a simulation model.
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An overview of our work is shown in Fig.7.1.

The Meaning of Language Language Expression

Customary, Social Semiotic Functional

Meaning / Aspects

Language as Medium] Situation De_pendency

of Information Information Fusion

" Language is a tool for thinking."

Investigations of Language

from Social Customs L. WltteTenstem

B.Malinowski

J.R.Firth . Textual information
M.A.K.Halliday Human intellectual Activity i B
Numerical Information
j based on Custom

Functional
[ Representation J/ Aspects

of Custom
T~ Uses of Simulation for
l Information a Social System
. Example:
Representation
pre ‘0 Foreign Exchange Rates
of Context
Forecast
l " Text is manifested by Context "

Social Semiotic Relation between
Situation and Knowledge

Forecast Model

Situation Knowledge Generation
Representation Representation
Hierarchical Relation Three Types of Situation-Based
of Situation Types Knowledge Representation

Figure 7.1: Overview of our work

In order to show an example of our proposed method and verify its validity, we considered

an activity, estimation of future trends of FER changes, and represented a foreign exchange
forccaster’s estimation process with our proposed methods. In a simulation process, each kind
of input information to the system is translated linguistically and unified by considering current
_ceconomniic conditions. Hence, a suitable forecast model for the economic conditions is constructed,

and applied to estimating the trends of the FER. In this process, we introduced the methods
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proposed above. The information used in a simulation process contains actual numerical data,
situational information from newspapers, and statements by VIPs as natural language infor-
mation. As an example of a simulation, we took up the fact that the yen rate shot up due
to a statement by Mr. Malford (U.S. Treasury Undersecretary) at the U.S. Congress on May
12, 1992. As a simulation result, we could get a prediction for the future trends of yen-dollar
exchange rate changes. We obtained a reasonable simulation result.

Gencrally speaking, when we simulate a social system, the result of that simulation depends
on model structure, available information for the simulation, and so on. Therefore, it is not
necessarily true that we can realize perfectly correct simulations. However, with regard to
this, a simulation based on numerical information is no better than our proposed simulation
based on linguistic information. In particular, the proposed simulation is realized based on a
forecaster’s estimating‘knowledge so that the validity of the result of a simulation depends on
the knowledge (i.e., inference methods, algorithm for information reference, and so on) which
is established in the system. However, although ordinary conventional social system simulation
has been performed by using numerical information, the trends of a real social system cannot be
determined with only numerical information. For the reason given above, our proposed method,
which attempts to deal with various kinds of linguistic information, is required. Our proposed
simulation is superior to a numerical simulation, because it can deal with various kinds of
information, processes information on the assumption that it must also understand the meaning
of information, and gets results similar to those produced by humans. We can, therefore, say
that our method is the first attempt to introduce the concept of human information processing
based on language into the field of social simulation engineering, and can also be evaluated as a
new approach to social system simulation.

In the 1970’s, growth of AI technologies unfortunately reached a dead end. At that time,
expert system technologies provided us with a different method for developing human like intel-
ligent systems. We extended this concept by regarding a human being as a large-scale expert
system having an information processing system bdsod on the customs of a particular social
group. In so doing, we propose a different approach from conventional AI and a new type of
information processing. The importance of introducing the uses of language and customs of a
particular social group can be easily understood by observing the difference between a social
group which uses Chinese characters and a social group which uses phonetic characters. Be-

cause, each Chinese character originates from a hieroglyphic character (i.e., a picture), it has its
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own sct of connotive meanings, and can remind us of associated meanings. On the other hand,
meaning in an alphabetic language is determined by logically combining symbols. Therefore, it
can be considered that language which originates from pictures is superior when expressing con-
notive meaning (c.g., sensory/perceptual features, feeling, etc.), and language which consists of
symbols is superior when explaining something logically. We believe that this difference reflects
the 01'gmlization of human memory and the method of information processing. From this, we
can say that human information processing differs in each social group, and semiotic systems,
‘including language, plays a very important role to build up the national character.

In future Work, we will further explore human intellectual activities based on custom and
the uses of language, and improve existing and propose new functional aspects of language in
information processing. Hence, we try to represent knowledge with natural language to further
develop flexible and intelligent information processing systems. We will expand the quantity
and quality of FER estimating knowledge in our simulation, and improve the system’s general

purpose natural language understanding capability.
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A Main Causes of FER Changes
A.1 Fiscal Policy of the Government

The fiscal policy of the government is shown in Fig.1.

Fiscal Policy of the —
Government

— DPublic Investment
— Government  —

Expenditure — Foreign Investment

— Tax Reform

Figure 1: Fiscal Policy of the Government

A.2 Monetary Policy of the Central Banks

The monetary policy of the central banks is shown iu Fig.2.

Monetary Policy of the —

Ceutral Banks

( — Operations for the offi-
cial discount ratio

— Loan Policy —

— Changes in the atti-
tude for loan charges

— Exchange market opera-
tions

— Bond market opera-
tions
— Open market opera: —

tions ,
— Short-term  money

market operations

\ — Lip Intervention

— Reserve ratio opera-
tions

— The guidelines for the lending ac-
\ tivities of commercial banks

Figure 2: Monetary Policy of the Central Banks
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A.3 State of the Market

The tendencies of cconomic conditions, market consciousness, and so on, can be thought of as main causcs of
foreign exchange rate changes. We show the terms which can be considered to express market consciousness and
the trends of the market in Fig.3 and Fig.4, respectively.

— Predict the value of the economic
indices announced

( ‘ — Interest
rates trends in domestic
and foreign market

— Interest rates —

— Predict the trends of the — — Tendencics in long and
market short-term money rate

— Stock price trends

L — Exchange trends
Market —
Consciousness — Care about the ceiling of
the exchange rates

— Care about the chart
points

— Estimation of the attitnde of the
central banks

— Estimation of the tendencics in the
external causes of the exchange
changes

. — Care about the rumors

Figure 3: Market Consciousness
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( ( — Interest rates trends
in domestic and for-
eign market

— Interest rates —

— Money Market . — Tendencics in

long and short-term

money rate
— Stock price trends

\ — Exchange trends

— Insurance companics
Trend of the Mar- —
ket ) — Investment trends of — - banks
institutional

investors — ete.

— Investment trend of
— Trends of the market —» export-import  com-
participants panies

| etc.

— Domestic investor

L L — Foreign investor

Figure 4: Trend of the Market
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A.4 External causes of the exchange changes

The external canses of the exchange changes is shown in Fig.5.

External Causes of the —
Exchange Changes

— Politics

\

— Military affairs

— Unexpected affairs

— International
conference

— The political situ- —
ation

— International dis-
pute

—

— Dispute
based on racial prej-
udice

— Act of terrorism
N

— Natural disasters

— Accidents

Figure 5: External Causes of the Exchange Changes
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B Economic Indices Data

We show the economic indices data of U.S., Japan, and German, which are from Jan. 1991 to April 1992.

B.1 U.S. Economic Indices Data

Economic Average Average Average Number Number Housing Housing Housing
Indices Hourly Hourly Hourly of Non- | of Non- | Starts Starts Starts
Earnings Earn- Earn- farm Em- | farm Em- (Pre. (Pre.
' ings (Pre. | ings (Pre. | ployment | ployment Mon.) Year)
Mon.) Year) (Pre.
Mon.)
91.1 $ 10.18 0.2% 3.7% 108845thou.| -256thou. 84.4 -12.3% -47.1%
2 10.20 0.2 3.1 108557 -288 100.8 19.4 -31.1
3 10.24 0.3 3.2 108344 -213 91.8 -8.9 -30.1
4 10.28 0.3 3.3 108178 -166 97.8 6.5 -19.6
5 10.32 0.4 3.4 108265 87 98.3 0.5 -19.5
6 10.37 0.5 3.5 108227 -38 103.6 5.4 -11.1
7 10.36 -0.1 3.1 108190 -37 105.3 1.6 -8.9
8 10.40 0.4 3.3 108267 77 105.3 0.0 -6.6
9 10.41 0.1 3.1 108293 26 102.0 -3.1 -8.3
10 10.40 -0.1 3.0 108285 -8 108.5 6.4 7.3
11 10.44 0.4 3.1 108139 -146 108.5 0.0 -4.1
12 10.48 0.4 3.0 108154 15 111.8 3.0 16.2
92.1 10.47 -0.1 2.8 108100 -54 118.0 3.5 39.8
2 10.51 0.4 3.0 108142 42 125.7 6.5 24.7
3 10.55 0.4 3.0 108200 58 134.4 6.9 46.4
4 10.54 -0.1 2.5 108377 177 111.5 -17.0 14.0
Economic || Corporate Corporate Consumer Consumer Index of | Index of | Index of
Indices Profits(a.f. | Profits Con- Con- Industrial Industrial Industrial
season) (Pre. fidence In- | fidence In- | Production | Produc- Produc-
Year) dex (Pre. | dex (Pre. tion (Pre. | tion (Pre.
Term) Year) Year) Term)
911 302.1 -11.2 106.6 -0.8% -0.6
2 302.1 -11.2 1056.7 -2.6 -0.8
3 302.1 -11.2 1.0% 0.4% 105.0 -3.6 -0.7
4 303.5 -10.7 -0.9 -0.4 105.5 -3.0 0.5
5 303.5 -10.7 0.4 0.1 106.4 2.7 0.9
6 T 303.5 -10.7 0.3 -0.3 107.3 -2.5 0.8
7 306.1 2.1 0.3 -0.3 108.1 -2.1 0.7
8 306.1 2.1 -0.2 -0.3 108.0 -2.3 -0.1
9 306.1 2.1 0.2 -0.3 108.4 -2.0 0.4
10 315.6 6.6 -0.4 0.2 108.4 -1.4 0.0
11 315.6 6.6 0.5 0.9 108.1 -0.2 -0.3
12 315.6 6.6 -0.1 0.7 107.4 0.2 -0.6
92.1 347.0 14.9 1.1 3.0 106.6 0.0 -0.7
2 347.0 14.9 0.4 2.7 107.2 1.4 0.6
3 347.0 14.9 -0.5 1.2 107.6 2.5 0.4
4 347.0 14.9 0.1 2.2 108.1 2.5 0.5

124




Economic || Retail Retalil Private Private Private New  Or- | New Or- | New Or-
Indices Sales Sales Con- Con- Con- ders for | ders ders for
(Pre.Mon.) (Pre.Year)| struction | struction | struction | Manufac- | for Man- | Durable
Invest- Invest- Invest- tures ufactures | Goods
ment ment ment (Pre.Year)
(Pre.Term) (Pre.Year)
91.1 -1.7 -1.6 5191 -17.4 -5.7 2344.6 -0.2 1177.9
2 2.0 0.6 5191 -17.4 -5.7 2331.3 -1.2 1175.5
3 0.7 1.3 5191 -17.4 -5.7 2264.3 -8.1 1121.2
4 -0.3 1.5 5148 -3.3 -5.4 2312.3 -3.8 1161.4
5 0.9 2.7 5148 -3.3 -5.4 2365.4 -3.6 1184.3
6 0.0 1.7 5148 -3.3 -5.4 2337.3 -3.6 1171.3
7 0.4 1.8 5100 -3.7 -8.2 2480.9 1.2 1308.3
8 -0.7 0.8 5100 -3.7 -8.2 2431.6 -3.0 1254.8
9 0.3 0.5 5100 -3.7 -8.2 2376.2 -4.6 1200.9
10 -0.1 0.3 5056 -3.4 -7.1 2422.3 -5.0 1233.3
11 0.0 -0.1 5056 -3.4 -7.1 2431.4 1.6 1240.5
12 0.0 1.5 5056 -3.4 -7.1 2341.0 -7 1177.9
92.1 2.1 5.5 5077 1.7 -2.2 2351.9 0.3 12056.7
2 1.6 4.9 5077 1.7 -2.2 2369.4 1.6 1208.6
3 -1.0 3.2 5077 1.7 -2.2 2408.0 6.3 1236.1
Economic || New Unemploy- | Consumer Business Business Consumer Consumer
Indices Orders for | ment Rate | Confidence | Invento- Invento- Price Price
Durabls - Index ries ries Index Index
Goods (Pre.Year) (Pre.Year)
91.1 -3.0 6.2 55.1 8303.3 2.4 134.7 5.6
2 -4.0 6.5 59.4 8275.9 2.2 134.9 5.3
3 -14.4 6.7 81.1 8185.3 0.9 135.1 5.0
4 -7.5 6.6 79.4 8168.9 0.5 135.4 5.0
5 -8.9 6.8 76.4 8117.1 -0.6 135.7 5.0
6 -7.8 6.9 78.0 8071.1 0.7 136.1 4.7
7 1.1 6.8 7.7 8068.0 -1.3 136.2 4.3
8 -2.7 6.8 76.1 8066.5 -1.9 136.6 3.7
9 -5.4 - 6.8 72.9 8097.9 -2.0 137.1 3.4
10 -5.8 6.9 60.1 8130.2 -1.9 1374 2.9
11 6.8 6.9 52.7 8139.0 -2.0 137.9 3.1
12 -2.0 7.1 52.5 8166.8 -1.1 138.2 3.0
92.1 2.4 7.1 50.2 8129.9 -2.1 138.3 2.7
2 2.8 7.3 47.3 8131.8 -1.7 138.7 2.8
3 10.3 7.3 56.5 8162.6 -0.3 139.4 3.2
4 8.0 7.2 65.1 8286.3 0.0 139.7 3.2
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Economic || Producer Wholesale Wholesale Exports Exports Imports Imports
Indices Price Price Price (Pre.Term) | (Pre.Year) | (Pre.Term) | (Pre.Year)
Index Index Index .
(Pre.Year)
91.1 113.2 1449.0 -2.3 1.1 7.6 4.3 -3.5
2 104.4 1439.0 -3.0 -14 5.3 -3.2 -1.6
3 100.7 1428.6 -4.2 1.7 2.4 -0.5 -8.8
4 100.4 1450.2 -7 3.8 10.1 4.1 -1.5
5 100.9 1449.3 -2.4 -0.8 7.9 1.0 -3.3
6 99.3 1452.2 -3.1 -0.7 2.8 -0.9 -4.8
7 99.3 14764 -0.6 1.9 9.5 4.2 -2.2
8 99.1 1455.2 -4.1 -1.7 7.1 0.5 1.1
9 98.4 1460.0 -2.6 2.1 10.5 1.2 7.4
10 100.5 1453.7 -3.5 4.1 8.5 1.5 4.4
11 100.4 1447.7 -2.2 1.2 13.1 -3.0 3.2
12 98.3 1442.0 -2.8 1 -2.9 8.7 1.3 10.7
92.1 97.7 1451.4 0.2 -1.3 6.2 -0.3 5.8
2 99.4 1455.7 1.2 5.8 13.8 -0.9 8.3
3 97.9 1474.4 3.2 -2.0 9.7 4.9 14.2
4 98.4
Economic || Trade Trade Trade bal- | Treasury FF Rate Oil CRB
Indices Balance Balance ance Bill Price(WTI)| Index
(Exports) | (Imports). | By Japan | Rates(3-
(s.a.) (s.a.) (s.a.) Month)
91.1 34292 41190 -3462 6.22 6.91 24.70 220
2 33657 38962 -3159 5.94 6.25 20.54 215
3 34156 38501 -3575 5.91 6.12 19.88 222
4 35461 39744 -3347 5.65 5.91 20.82 218
5 35019 40000 -2432 5.46 5.78 21.24 212
6 34715 39384 -3231 5.57 5.90 20.20 215
7 35190 40823 -3797 5.58 5.82 21.43 218
8 34464 41078 -3737 5.33 5.66 21.68 217
9 35283 41757 -4183 5.22 5.4H 21.85 214
10 36842 42712 -4638 4.99 5.21 23.23 213
11 37269 41382 -3413 4.56 4.81 22.43 212
12 36053 41675 -4462 4.07 4.43 19.53 213
92.1 35467 41266 -3817 3.80 4.03 18.82 214
2 37654 40948 -2967 3.84 4.06 19.01 215
3 37085 42668 -3086 4.04 3.98 18.97 204
4 36406 43469 -4210 3.75 3.73 20.31 207
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Economic || Reuter’s Financial Financial Govern- Govern- Govern- Purchas-
Indices Index Surplus Deficit ment ment ment ing
Expendi- Expendi- Expendi- Manager’s
ture ture ture Composite
(Pre.Term) | (Pre.Year) | Diffusion
Index

91.1 1732.3 1007 991 9445 2.8 2.3 38.7

2 1732.3 677 938 9445 2.8 2.3 39.1

3 1732.3 648 1060 9445 2.8 2.3 40.4

4 1778.5 1404 1104 9443 -0.1 1.7 42.1

5 1778.5 636 1169 9443 -0.1 1.7 45.0
.6 1778.5 1034 1060 9443 -0.1 1.7 50.0

7 1755.5 786 1194 9361 -3.4 0.9 51.1

8 1700.8 764 1201 9361 -3.4 0.9 53.5

9 1671.6 1093 1162 9361 -3.4 0.9 54.3
10 1683.4 781 1147 9233 -5.4 -1.6 53.2
11 1650.6 732 1179 9233 -5.4 -1.6 50.3
12 1642.3 1037 1062 9233 -5.4 -1.6 474
92.1 1611.4 1041 1197 9304 3.1 -1.5 474

2 1609.2 621 1112 9304 3.1 -1.5 52.4

3 1625.4 729 1236 9304 3.1 -1.5 54.1

4 1635.9 1384 1238 9327 1.0 -1.2 51.3
Economic || Money Money Money Exports Imports

Indices Supply Supply Supply (0.1 (0.1

(billion) (Pre.3Mon.)| (Pre.Year) | bil.dol.) bil.dol.)

91.1 3344.0 1.1% 3.2% 315.4 366.1

2 3369.4 4.4 34 3111 354.5

3 3386.9 5.9 3.5 316.5 352.9

4 3394.8 6.2 3.5 328.6 367.2

5 3405.6 4.4 3.7 326.0 370.9

6 3411.8 3.0 3.6 323.8 367.7

7 3407.5 1.5 3.3 330.0 383.2

8 3409.7 0.5 2.8 324.4 385.1

9 3411.9 0.0 2.4 331.4 389.6

10 3417.9 1.2 2.5 345.0 395.5

11. 3431.6 2.0 2.9 349.2 383.7

12 3439.8 3.3 3.0 339.1 388.7

92.1 3447.5 3.5 3.1 334.9 387.4

2 3474.4 5.1 3.1 354.1 384.0

3 3475.7 4.2 2.6 347.2 402.9

4 3471.5 2.8 2.3
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Economic New New Business Consumer Whole- Consumer Retail
Indices Orders for | Orders for | Invento- Price sales Price | Price Sales

Manufac- Durable ries Index Index

tures Goods (Pre.Term) | (Pre.Term) | (Pre.Term)

(Pre.Term) (Pre.Térm)
91.1 -1.6 -2.0 0.6 0.4 -2.3 3791.8 149481
2 -0.6 -0.2 -0.3 0.1 -0.7 3814.3 152410
3 -2.9 -4.6 -1.1 0.1 -0.7 3858.9 153622
4 2.1 3.6 -0.2 0.2 1.5 3845.5 153009
5 2.3 2.0 -0.6 0.2 -0.1 3877.2 154686
6 -1.2 -1.1 -0.6 0.3 0.2 3893.1 154669
7 6.1 11.7 0.0 0.1 1.7 3907.4 1546060
8 -2.0 -4.1 0.0 0.3 -l.4 3906.6 153767
9 -2.3 -4.3 0.4 0.4 0.3 3928.7 154071-
10 1.9 2.7 0.4 0.2 -0.4 3920.8 154464
11 0.4 0.6 0.1 0.4 -0.4 3946.6 153974
12 -3.7 -5.0 0.3 0.2 -0.4 3961.5 154280
92.1 0.5 2.4 -0.5 0.1 0.7 4007.8 157808
2 0.7 0.2 0.0 0.3 0.3 4030.3 159753
3 1.6 2.3 0.4 0.5 1.3 4030.3 157873
4 1.4 0.3 0.2 4039.9 158385
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B.2 JPN Economic Indices Data

Economic || Imports Exports Trade Trade Trade Interest Long-

Indices Balance Balance Balance Rates . on | Term Gov-
(Imports) (Exports) CD ernment
(s.a.) (s.a.) 3Mons. Bonds

Yield

91.1 20902 21813 3104 18585 25551 8.184 6.523

2 19916 24979 - T084 18203 25535 8.014 6.539

3 21051 29546 10541 18349 26061 8.098 6.643

4 17793 24107 8591 14869 23061 7.954 6.650

5 20296 24459 5470 17492 25218 7.811 6.612

6 18194 25426 9291 16871 25064 7.791 6.725

7 20008 26609 8204 16666 25092 T.554 6.636

8 19102 24806 8269 16310 25647 7.306 6.444

9 17987 27650 10852 16962 26428 6.703 6.208

10 21257 28459 10127 16702 26370 6.413" 6.015

11 20678 27091 8460 16990 26247 6.217 6.009

12 19552 209581 12631 15582 26350 6.022 5.769

92.1 20151 23984 5960 17401 27744 5.177 5.533

2 17889 28102 12438 15583 27392 5.193 5.586

3 19389 30358 12970 16243 26980 4.969 5.512

4 20056 27248 10096 16652 26085 4.721 5.696

Economic || Financial Financial Sales Indexes of | GNP Money Money

Indices Surplus Deficit of Depart- | Operating | Growth Supply Supply

ment Ratio(s.a.) | Ratio(s.a.) (Pre.Year)
Stores
_ (Pre.Year)

91.1 71% 106.7 6.4 497.9 7.4

2 5.1 106.2 6.4 492.6 5.5

3 5.1 104.0 6.4 497.0 5.1

4 7372 7703 5.1 105.5 4.3 498.6 3.8

5 3844 2009 4.0 106.1 4.5 496.3 3.6

6 9690 4524 6.9 103.4 4.5 498.4 3.7

T 5280 2654 2.7 106.3 4.1 504.0 34

8 4302 1224 5.6 103.1 4.1 502.1 2.7

9 3581 4028 2.3 103.0 4.1 504.1 2.2

10 3061 2763 2.5 103.0 3.0 503.2 2.1

11 3370 3910 4.4 101.9 3.0 501.9 2.4

12 8678 4664 0.3 100.3 3.0 512.2 2.0

92.1 4987 1392 1.5 100.4 2.4 507.0 1.8

2 2807 1532 3.1 99.3 2.4 500.5 1.6

3 4420 4666 2.9 96.9 2.4 505.8 1.8

4 7500 7836 1.5 . 97.1 1.4 506.3 1.6
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Economic || Exports Exports Imports Imports Real Num- | Wholesale Wholesale
Indices (Pre.Term) | (Pre.Year) | (Pre.Term) | (Pre.Year) | ber Price Price
‘ of Sales of | Index Index

Depart- (Pre.Term)
ment
Stores

91.1 2.0% $ 16.8 -4.7% $13.8 8924

2 0.9 13.5 -1.6 16.9 7557 .

3 5.6 13.5 -1.1 10.8 10648

4 -13.2 10.0 -13.9 -3.3 9287

5 101 13.5 14.5 10.0 9114 96.5

6 -1.7 7.0 -4.2 6.4 9408 96.5

7 2.1 11.3 4.9 7.7 12570 96.5 0.0

8 1.1 10.6 -34 0.5 8000 96.5 0.0

9 -0.1 7.0 22.3 -5.1 8543 96.3 0.2

10 3.0 6.5 6.2 ~9.5 10046 96.2 0.1

11 -0.3 5.3 -4.1 -12.0 10161 96.1 0.0

12 -1.3 4.3 -3.5 -14.7 16608 96.1 0.1

92.1 7.1 10.0 7.9 -3.6 9308 95.1 0.2

2 1.4 12,5 -8.2 -10.2 9323 95.9 0.0

3 -3.6 2.7 1.3 -7.9 9306 95.9 0.0

4 -4.3 13.0 5.7 ° 12.7 12462 95.8 0.1

Economic || Wholesale.

Indices Price

Index
Pre.Year

91.1

2

3

4

5

6

7 1.7

8 1.5

9 0.7

10 0.3

11 0.1

12 0.2

92.1 0.6

2 0.6

3 0.6

4 0.8
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B.3 GMN Economivc Indices Data

Economic || Call Rate Interbank Official Long-Term | Money Money
Indices Rate Discount Money Supply Supply
Rate Rate Pre.Year

91.1 8.48 9.27 6.0 9.1 1468.0 19.9

2 8.68 8.96 6.5 8.6 1475.3 19.9

3 8.72 8.98 6.5 8.5 1462.0 20.6

4 8.81 9.09 6.5 8.5 1459.3 19.9

5 8.55 8.98 6.5 8.5 1469.3 20.2

6 8.76 8.96 6.5 8.5 1473.1 4.8

7 8.82 9.06 6.5 8.8 1469.4 4.4

8 8.84 9.22 7.5 8.8 1483.1 4.6

9 9.01 9.17 7.5 8.6 1486.5 4.5

10 8.64 . 9.28 7.5 8.6 1494 .4 4.8

11 8.99 9.32 7.5 8.6 1534.9 5.7

12 9.12 9.46 8.0 8.5 1597.6 6.3

92.1 9.47 9.44 8.0 8.1 1566.4 6.7

2 9.55 9.50 8.0 8.1 1574.3 6.7

3 9.60 9.58 8.0 8.2 1568.7 7.3

4 9.50. 9.63 8.0 8.2 1577.9 8.1
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C Standard Levels of Indices Appropriate for May, 1992 Eco-
nomic Conditions

C1 U.S.

L Economic Indices ” Standard Level | Observation Range I
Average Hourly Earnings(Pre.Mon.) about 3.0% 0.0~6.0%
Average Hourly Earnings(Pre.Year) about 0.0% -2.0~2.0%
Number of Non-farm Employment(Pre.Mon.) about 0.1% 0.0 ~ 0.2%
Number of Non-farm Employment(Pre.Year) about 0% -0.3 ~0.3 %
Housing Starts(Pre.Mon.) about 0% -25 ~ 25%
Housing Starts(Pre.Year) - about 25% 0 ~ 50%
Corporate Profits(Pre.Term) about 3.0% -6.0 ~ 12.0%
Corporate Profits(Pre.Year) about 10% 2 ~ 18%
Consumer Confidence Index(Pre.Term) about 0.0 % -1.0 ~1.0%
Consumer Confidence Index(Pre.Year) about 3.0 % 1.0 ~5.0%
Operating Ratio of Industrial Production(Pre.Term) about -2.0% -10.0 ~ 6.0%
Operating Ratio of Industrial Production(Pre.Year) about -1.0 % -3.0 ~ 1.0 %
Index of Industrial Production(Pre.Term) about 0 % -0.8 ~ 0.8%
Index of Industrial Production(Pre.Term) about 1.5 % 0~30%
Retail Sales(Pre.Mon.) ' ~ about 1.0 % -2.0 ~ 4.0%
Retail Sales(Pre.Year) about 3.0 % 0~6.0%
Private Construction Investment(Pre.Mon.) about -4.0% -14.0 ~ 6.0 %
Private Construction Investment(Pre.Year) about -3.5 % -7.0~0.0%
New Orders for Manufactures(Pre.Term) about 1.0 % -4.0 ~ 6.0%
New Orders for Manufactures(Pre.Year) about 3.0 % -2.0 ~ 8.0 %
New Orders for Durable Goods(Pre.Term) about 2.5 % 0.0 ~ 5.0%
New Orders for Durable Goods(Pre.Year) about 8.0 % 3.0 ~13.0%
Business Inventories(Pre.Term) about 0.0 % -2.0 ~ 2.0%
Business Inventories(Pre.Year) about 0.0 % -2.0 ~20%
Consumer Price Index(Pre.Term) about 0.0 % -2.0 ~ 2.0%
Consumer Price Index(Pre.Year) about 3.0 % 0.0 ~6.0%
Producer Price Index(Pre.Term) about 0% -2.0 ~ 2.0%
Producer Price Index(Pre.Year) about -2.0% -7.0 ~ 3.0%
Wholesale Price Index(Pre.Term) about 0.0% -2.0 ~ 2.0%
Wholesale Price Index(Pre.Year) about 0.0 % -5.0 ~ 5.0 %
Exports(Pre.Term) about 1.5% -3.0 ~ 6.0%
Exports(Pre.Year) about 10.0 % 6.0 ~ 14.0%
Imports(Pre.Term) about 1.0 % -5.0 ~ 7.0 %
Imports(Pre.Year) about 4.0 % -10.0 ~ 18.0 %
Trade Balance(Exports)(Pre.Term) about 2.0% -5.0 ~9.0%
Trade Balance{Exports)(Pre.Year) about 8.0% 0.0 ~ 16.0%
Trade Balance(Imports)(Pre.Term) about 0.0% -5.0 ~5.0 %
Trade Balance(Imports)(Pre.Year) about 7.0% 4.0 ~ 10.0 %
Trade balance By Japan(Pre.Term) about 0.0 % -35 ~ 35%
Trade balance By Japan(Pre.Year) about 0.0 % -80~ 80%
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r . Economic Indices

W Standard Level LObservation Range ‘

Unemployment Rate(Pre.Mon.) about 0.0 % -5.0 ~ 5.0%
Unemployment Rate(Pre.Year) about 8.0 % 4.0~ 12.0%
Consumer Confidence Index(Pre.Term) about 6.0 % -14.0 ~ 26.0%
Consumer Confidence Index(Pre.Year) about -25.0 % -50.0~ 0.0%
Treasury Bill Rates(3-Month)(Pre.Term) about 0.0% -10.0 ~ 10.0%
Treasury Bill Rates(3-Month){(Pre.Year) about 0.0% -50~50 %
Long-Term Government Bonds(Pre.Mon.) about 0.0% -5.0 ~ 5.0%
Long-Term Government Bonds(Pre.Year) about -4.0% -8.0~ 0.0 %
FF Rate(Pre.Mon.) about -6.0% -12.0 ~0.0 %
FF Rate(Pre.Year) about -35.0% -45.0~-25.0 %
Oil Price(WTI)(Pre.Term) about 0.0% -8.0 ~ 8.0%
Oil Price(WTI)(Pre.Year) about -6.5% -13.0 ~ 0.0 %
CRB Index(Pre.Term) about -2.0% -8.0 ~4.0%
CRB Index(Pre.Year) about 0.0% -6.0~ 6.0 %
Reuter’s Index(Pre.Term) about 0.0% -4.0 ~ 4.0%
Reuter’s Index(Pre.Year) about -7.0% -10.0~-4.0 %
Financial Surplus(Pre.Term) about 0.0% -100.0~100.0%
Financial Surplus(Pre.Year) about 0.0% -200.0~200.0 %
Financial Deficit(Pre.Term) about 0.0 % -200.0 ~200.0 %
Financial Deficit(Pre.Year) about 0.0 % -500.0 ~500.0 %
Government Expenditure(Pre.Term) about 0 % -6.0 ~86.0%
Government Expenditure(Pre.Year) about -1.5 % -3.0~0.0 %
Purchasing Manager’s Composite Diffusion Index about 5.0 % 0.0 ~ 10.0%
(Pre.Term) '

Purchasing Manager's Composite Diffusion Index about 20.0% 5.0 ~ 35.0%
(Pre.Year) :

Money Supply(Pre.Term) about 3.0% 0 ~ 6.0%
Money Supply(Pre.Year) about 2.0 % 1.0 ~ 3.0%
D-J 30 Industrial Average(Pre.Mon.) about 2.0% 0.0 ~ 4.0%
D-J 30 Industrial Average(Pre.Year) about 10.5 % 8.0 ~ 13.0%
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C.2 JPN

l . Economic Indices

” Standard Level I Observ.ation Range |

Imports(Pre.Mon.) about 0% -14.0 ~ 14.0%
Imports(Pre.Year) about 0% -16.0 ~ 16.0%
Exports(Pre.Mon.) about 0% -10.0~ 10.0%
Exports(Pre.Year) about 8.0% 0.0~ 16.0%
Trade Balance(Pre.Term) about 0.0% -100 ~100%
Trade Balance(Pre.Year) about 0.0 % -100 ~ 100%
Trade Balance(Imports)(Pre.Term) about 2.0% -11.0 ~ 15.0%
Trade Balance(Imports)(Pre.Year) about -2.0 % -20.0 ~16.0 %
Trade Balance(Exports)(Pre.Term) about 0.0% -7.0 ~7.0 %
Trade Balance(Exports)(Pre.Year) about 9.0 % 0.0 ~18.0 %
Interest Rates on CD 3Mons.(Pre.Term) about -8.0% -18.0 ~2.0 %
Interest Rates on CD 3Mons.(Pre.Year) about -35.0% -45.0 ~-25.0 %
Long-Term Government Bonds Yield(10year) about 0.0% -6.0 ~6.0%
(Pre.Term) A
Long-Term Government Bonds Yield(10year). about -15.0% -18.0 ~-12.0 %
{Pre.Year)

Financial Balance(Pre.Term) about -40% -80.0 ~0.0 %
Financial Balance(Pre.Year) about 0.0% -100.0~100.0 %
Financial Surplus(Pre.Term) about -50.0% -100 ~ 0.0 %
Financial Surplus(Pre.Year) about -50.0% -100.0 ~100.0 %
Financial Deficit(Pre.Term) about 0.0% -200~200%
Financial Deficit(Pre.Year) about 0.0% -200 ~ 200%
Wholesale Price Index(Pre.Term) about 0.0% -1.0 ~1.0 %
Wholesale Price Index(Pre.Year) about 0.0% -3.0 ~3.0%
Consumer Price Index(Pre.Term) about -20.0% -70.0 ~ 30.0%
Consumer Price Index(Pre.Year) about -40.0% -70.0 ~-10.0%
Sales of Department Stores(Pre.Term) about 20.0% -20 ~ 60 %
Sales of Department Stores(Pre.Year) about 25.0% -25.0 ~ 75.0%
Indexes of Operating Ratio(Pre.Term) about 0.0% 25 ~25%
Indexes of Operating Ratio(Pre.Year) about -7.0 % -10.0~-4.0 %
GNP Growth Ratio(Pre.Term) about -25.0% -70.0 ~ 20.0%
GNP Growth Ratio(Pre.Year) about -60.0 % -85.0 ~ -35.0%
Money Supply(Pre.Term) about 0.0% -20.0 ~ 20.0%
Money Supply(Pre.Year) about -60.0% -80.0 ~-40.0 %
The Nikkei Stock Average(Pre.Term) about 0.0% -5.0 ~ 5.0%
The Nikkei Stock Average(Pre.Year) about -25% -40.0 ~-10.0%
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C.3 GMN

[ Economic Indices “ Standard Leveﬂ-Observation Range ] '

Call Rate(Pre.Term) about 2.0% -3.0 ~7.0%

Call Rate(Pre.Year) about 10.0% 8.0~ 12.0%
Interbank Rate(Pre.Term) about 0.0% -1.0 ~1.0 %
Interbank Rate(Pre.Year) about 6.0% 4.0 ~ 8.0 %
Long-Term Money Rate(Pre.Term) about 0.0% -8.0 ~ 8.0% .
Long-Term Money Rate(Pre.Year) about -5.0% -2.0 ~-8.0%

Money Supply(Pre.Term) about 0.0% -5.0 ~ 5.0%

Money Supply(Pre.Year) about 7.0% 4.0 ~ 10.0%
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D Linguistic Rules for Recognizing Economic Conditions

In this section, we show the linguistic rules for recognizing economic conditions. The system has some’
typical rule types!, and each causal relation shares the rules for saving computer memories. We show the
relation between rule types and causal relations below.

D.1 TU.S. Economic Trend

Rule_1
U.S Trade
¢ Reuter’s Index ~— World Commodity Market Trend{Materials)
e CRB Index — World Commodity Market Trend(Foods)

U.S Product

o U.S. GDP Private Construction Investment — U.S. Construction Investment Trend

U.S Short Term Money Rate Trend

e U.S. Treasury Bill Rate(3-Months) — U.S. Market Operation Trend

U.S. Market Operation Trend is “high/low” means that the possibility of intervention to the market by U.S.
FRB is “high/low’. :

— U.S. FF Rate Change Pressure
—~— U.S. FRB Monetary Policy Trend

e U.S. Market Operation Trend
¢ U.S. Market Operation Trend

U.S. FRB Moﬁetm-y Policy Trend is “high” means that the possibility of easing money rate by U.S. FRB
is “high”, and “low” means that the possibility of tightening money rate by U.S. FRB is “high”.

FRB Attitude . o
e U.S. FRB Monetary Policy Trend ~—— U.S. FRB Intervent Trend on Bond Market

U.S. FRB Intervent Trend on Bond Market is “high” means that the possibility of FRB’s buying operation
is “high”, and “low” means that the possibility of FRB’s selling operation is “high”.

A — X

Premise( Antecedent) Consequents
A X

very high very high
high high
medinm medinm

low low

very low very low

' The system has eleven rule types: Rule-l, Rule_l_spl, Rule.2, Rule2.spl, Rule-2_sp2, Rule_3, Rule_3.spl, Rule3.sp2,
Rule_3.sp3, Rulesstate.n3d, Rule_.FRB_policy, and Rule_Relative_money.
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Rule_1_spl
U.S Stock & Bond

e U.S. Financial Trend -— U.S. Bond Publishment Trend

A — X

Antecedents Consequents
A X

very high very low
high low

medinm medinm

low high

very low very high

Rule_2

U.S Trade

e U.S. Exports, )
U.S. Trade Balance(Exports)

¢ U.S. Imports,
U.S. Trade Balance(Imports)

¢ World Commodity Market Trend(Materials),

World Commodity Market Trend(Foods)

U.S Product

e U.S.
U.S.

e U.S.
U.S.

e U.S.
U.S.

Ceorporate Profits,
Wholesale Price Index

Industrial Production Trend,
Corporate Profits Trend

Personal Consumption Index,
Wholesale Price Index

U.S Long Term Money Rate

e U.S. Housing Investment Trend,
U.S. Construction Investment Trend

e U.S. Housing Construction Trend,
U.S. Unemployment Rate Trend

U.S Price

¢ U.S.
U.S.

s U.S.
U.S.

e U.S.
U.S.

e U.S.
U.S.

Money Supply,
Stock Price Trend

Industrial Capacity Utilization,
Industial Production Trend

Consumer Price Index,
Industrial Capacity Utilization Trend

Produce Price Trend,
Consumer Price Trend
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— U.S. Exports Trend
— U.S. Imports Trend

— World Commodity Market Trend

— U.S8. Corporate Profits Trend

— U.S. Production Trend

— U.S. Personal Consumption Trend

— U.S. Domestic Funds Demand Trend

— U.S. Consumption Trend

— U.S. Money Supply Trend
— U.S. Industrial Capacity Utilization Trend

— U.S. Consumer Price Trend

— U.S. Price Trend



FRB Attitude

e U.S. Long-Term Money Rate Trend, — U.S. Long-Term Money Rate Trend for FRB Policy
U.S. FF Rate Trend

U.S. Long-Term Money Rate Trend for FRB Policy is “high” means that the possibility of easing long-term
money rate by U.S. FRB is “high”, and “low” means that the possibility of tightening long-term money
rate by U.S. FRB is “high”.

A,B— X

Antecedents Consequents
A B X

very high and very high very high
very high and high very high
very high ' and - high

very low and very high medium
very low and high low

very low and - very low
low and very high high

low : and high medium
high and high very high
high and low medinm
low and low very low
- and high high

- “and very high very high
- and very low very low
low and - low

- and low low

- and very low very low
medium and - | low low
“high » and medinm high
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Rule_2_spl
U.S Trade

e U.S. Trade Balance(Exports),
U.S. Trade Balance(Imports)

e U.S. Stock Price(D-J Average),
U.S. Oil Price(WTI) Trend

U.S Product

e U.S. Unemployment Rate,
U.S. Number of Non-Farm Employment

e U.S. Wage Trend,
U.S. Unemployment Trend

U.S. Stock & Bond
¢ U.S. Financial Surplus,
U.S. Financial Deficit
U.S Short Term Money Rate vTrend

e U.S. FF Rate Trend,
U.S. Official Discount Rate

— U.S.

— U.S.

— U.S.

— U.S.

— U.S.

— U.S.

Trade Balance

Stock Price Trend

Unemployment Trend

Employment Trend

Financial Trend

Short-Term Money Rate Trend

A/B— X

Antecedents(rule_2_spl) : Consequents
A B X

very high and very low very high
very high and low very high
very high and - high
very low and very low medium
very low and low low

very low and - very low
low and very low high

low and low medinm
high and low very high
high and high medium
low and high very low
- and low high

- and very low very high
- and very high very low
low and - . low

- and high low

- and very high very low
medinn and - | high low

high and medium high
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Rule_3

U.S Long Term Money Rate

¢ U.S. Long-Term Government Bonds(30years),
U.S. Bond Market Trend,

— U.S. Long-Term Money Rate Trend

U.S. Domestic Funds Demand Trend *
A, B.C— X
Antecedents(rule 3) Consequents
A B | C X
very high and very high and - very high
very high and - and very high very high
- and very high and very high very high
very high and high and - high
very high and - and high high
- and very high and high high
high and very high and - high
high and - and very high high
- and high and very high high
high and high and - high
high and - and high high
- and high and high high
high and high and - high
high and - and high high
- and high and high high
very low and very low and - very low
vory low and - and very low very low
- and very low and | very low very low
very low and low and - low
very low and - and low low
- and very low and low - low
low and very low and - low
low and - and very low low
- and low and very low low
low and ¢ | low and - low
low and - and low low
- and low and low low
low and low and - low
low and - and low low
- and low and low low
- and - and - medium
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Rule_3_spl

U.S Trade

¢ U.S. Trade Balance,
U.S. Imports Trend ,
U.S. Exports Trend

— U.S. Total Domestic Demand Trend

A/ B,C—X

Antecedents(rule_3_spl) Counsequents
A B C X

very low and very high and - very low
very low and’ - and very low very low
- and very high and very low very low
very low and high and - low

very low and - and low low

- and very high and low low

low and very high and - low

- and high and very low low

low and - and very low low

very high and very low and - very high
very high and - and very high very high
- and very low and very high very high
very high and low and - high

very high and - and high high

- and very low and high high

high and very low and - high

- and low and very high high
high and - and very high high

low and high and - low

low and - and low low

- and high and low low

low and high and - low

- and high and low low

low and - and low low

high and low and - high
high and - and high high

- and low and high high
high and low and - high

- and low and high high
high and - and high Ligh

- and - and - medium
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Rule_3_sp2
U.S Stock & Bond

e U.S. Bond Publishment Trend, — U.S. Bond Supply and Demand Trend
Investment Trend of the U.S. Institutional In-
vestors,

Investment Trend of JPN Institutional Investors

Investment Trend of the U.S./JPN Institutinal Investors is “high” means that they buy yen, and “low”
means that they buy dollar.

U.S. Bond Supply and Demand Trend is “high” means that bond demand is highly requested, and “low”
means that bond supply is highly requested.

A B C—X

Antecedents(rule_3_sp2) : : Consequents
A B C X

very low and very high and - very high
very low and - and very high very high -
- and very high and very high very high
very low and high i and - o high
very low : and - and high high

- and very high and high high

low and very high and - high

low and - and very high high

- and high and very high high

low and high and - high

low and - and high high

- and high ‘ and high high

low and high and - high

low and - and high high

- ' and high and high high
very high and very low and - very low
very high and - . and very low very low
- and very low and very low very low
very high and low and - low

very high and - and low low

- and very low and low low

high and very low and - low

high and - and very low low

- and low and very low low

high and low and - low

high and - and low low

- and low and low low

high and low and - » low

high and - and low low

- and low and low low

- and - and - medinm
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Rule_3_sp3

U.S Product

¢ U.S. NAPM Index, —— U.S. Economic Trends
U.S. Unemployment Trend,
U.S. Industrial Production Trend

U.S Price

e« U.S. Production Price Index, — U.S. Production Price Trend
U.S. Business Inventories Trend,
U.S. Wage Level Trend

e U.S. Production Price Trend, — U.S. Inflation Trend
U.S. Consumer Price Trend,
U.S. Money Supply Trend

FRB Attitude

e U.S. Production Price Trend, — U.S. Inflation Trend
U.S. Consumer Price Trend,
U.S. Money Supply Trend

e U.S. Bond Supply and Demand Trend, — Bond Market Trend
U.S. Stock Price Trend,
U.S. FRB Bond Market Operations Trend

U.S. FRB Bond Market Operations Trend is “high” means that the possibility of FRB’s buying operation
is “high”, and “low” means that the possibility of FRB’s selling operation is “high”.
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A, B,C—X

Antecedents(rule_3_sp3)

Consequents

A

B

C

X

very high
very high
very high
very high

high

‘high
very low
very low
very low
very low

low
low
high
high
high
high
low
low

low

low

and
and
and
and
and
and
and
and
and
and
and
and
and
and

and

and
and
and
and
and
and
and
and
and
and
and
and
and

‘and

and
and

very low
very low
low

very low
very low
low

very high
very high
high
very high
very high
high

low

very low
very low
low

high
very high
very high
high

and
and
and
and
and
and
and
and
and
and
and
and
and
and
and
and
and
and
and
and
and
and
and
and
and
and
and

and

and
and
and

very high
very high
high
high
very high
very high
very low
very low
low
low
very low
very low

high
high

high
high
low
low
low
low

very high
very high
very high
high
high
high
high
high
high
very low
very low
very low
low

low

low

low

low

low

high
high
high
high
high
high

fow

low

low

low

low

low
medinm
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Rule_state_n3
U.S Trade

¢ U.S. Government Expenditure,

U.S. New Orders for Manufactures,
U.S. New Orders for Durable Goods

— U.S. Total Domestic Demand Trend

A B, C— X

Antecedents(rule_staten3)

Consequents

A

B

C

X

very high
very high
very high
very high
high

high

very low
very low
very low
very low

low
low
high
high
high
high
low
low

low

low

and
and
and
and

and’

and
and
and
and
and
and
and
and
and
and
and
and
and
and
and
and
and
and
and
and
and
and
and
and
and
and

very 11igll
very high
high
very high
very high
high
very low
very low
low
very low
very low
low

high

high
high
high
low
low
low
low

and
and
and
and
and
and
and
and
and
and
and
and
and
and
and
and
and
and
and
and
and
and
and
and
and
and
and
and
and
and
and

very high
very high
high
high
very high
very high
very low

very low
low
low
very low
very low

high
high
high
high
low
low
low
low

very high
very high
very high
high
high
high
high
high
high
vory low
very low
very low
low

low

low

low

low

low
high
high
high
high
high
high
low

low

low

low

low

low
medinm




Rule_FRB_policy
FRB Attitude

¢ U.S. Government Expenditure,
U.S. Unemployment Trend,
U.S. Price Trend

— U.S. FRB Basic Monetary Policy

U.S. FRB Mouctary Policy 1s “high” meaus that FRB regards the recovery of business cycle as important,
and “low” means that FRB regards the stability of price trend as important.

A, B C—X

Antecedents(rule_.FRB_policy) Consequents
A B C X

very low and very high and - very high
low and very high and medinm very high
very low and high and medinm very high
low and high and medium high

very low and very low and medinm high

very low and low and medium very high
very high and very high and medium medinm
high and high and medinm medinm
high and low and medium medinm
- and - and very high very low
- and - and high low

- and - and - medinm
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D.2 Japan’s Economic Trend
Rule_1

JPN Money Rate - Economic Trends
¢ JPN Governmental Bond(10years) — JPN Long-Term Money Rate Trend
e JPN The Nikkei Stock Average — JPN Stock Price Trend

Rule_1_spl

JPN Stock & Trend
¢ JPN Financial Trend — JPN Bond Publishment Trend

JPN Money Rate - Economic Trends
e JPN Money Supply Trend — Monetary Policy of Bank of Japan

Monctary Policy of Bank of Japan is “high” means that Monetary Policy of Bank of Japan is “high” mcans
that Bank of Japan regards the recovery of business cycle as imnportant, and “low” means that Bank of
Japan regards the stability of price trend as important.

Rule_2

JPN Stock & Trend
o JPN Money Supply Trend,JPN Price Trend — JPN Inflation Trend

1

JPN Trade |
¢ JPN Exports,JPN Trade Balance(Exports) — JPN Exports Trend

¢ JPN Imports,JPN Trade Balance(Imports) — JPN Imports Trend

Rule 2_spl

JPN Stock & Trend
e JPN CD Rate(3Months),JPN Official Discount Rate — JPN Short-Term Money Rate Trend

¢ JPN Bond Publishment Trend, — JPN Bond Supply and Demand Trend
JPN Bond Institutional Investors Investment
Trend

JPN Boud Iustitutional Investors Investment Trend is “hegh” meaus that they they buy Japanese bond,
and “low” means that they buy U.S. bond.

JPN Bond Supply and Demand Trend is “high” means that “high” means that bond supply is highly
requested, and “low” means that bond demand is highly requested.

Rule_3
JPN Money Rate - Economic Trends
¢ JPN Sales of Department Stores, — JPN Economic Trends

Indexes of Operating Ratio,
JPN GNP Growth Ratie
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Rule_3_spl

JPN Trade

e JPN Trade Balance, — JPN Trade Balance Trend
JPN Exports Trend, -
JPN Imports Trend

Rule.3_sp3

JPN Stock & Trend

o JPN Financial Index, — JPN Financial Trend
JPN Financial Deficit,
JPN Financial Surplus

e QOil Price Trend, —— JPN Price Trend
JPN Consumer Price Index,
JPN Wholesale Price Index

D.3 German’s Economic Trend
Rule_1
¢ GMN Money Supply — Monetary Policy of GMN Central Bank
Monetary Policy of GMN Central Bank is “high” means that GMN Central Bank regards the recovery of

business cycle as important, and “low” means that GMN Central Bank regards the stability of price trend
as lmportant.

Rule_2
¢ GMN Inter-Bank Money Rate, — GMN Short-Term MoneyiRate Trend
GMN Official Discount Ratio
¢ GMN Short-Term Money Rate Trend, — GMN Money Rate Trend

GMN Long-Term Money Rate Trend
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D.4 Rule_Relative_money

e U.S. Short-Term Money Rate Trend,
JPN Short-Term Money Rate Trend,
GMN Short-Term Money Rate Trend

— Relative U.S. Short-Term Money Rate Trend

Relative U.S. Short-Term Money Rate Trend is “high” means that U.S. short-term money rate is relatively
higher that the other country’s short-term money rate, and “low” means that U.S. short-term money rate

is relatively lower than the other conntry’s short-terin money rate.

A B C—X

Autecedents Consequents
A B C X

very high and very low and - medinm
very high and - and very high medinm
very high and - and high high
very high and high and - high
very high and | - and . | - very high
high and very high and - low

high and - and very high low

high and high and - medinm
high and - and high medinm
high and very low and very low very high
high and low and low very high
high and low and low very high
high and - and - high

very low and very low and - medinmn
very low and - and very low medinm
very low and - and low low

very low and low and - low

very low and - and - very low
low and very low and - high

low and - and very low high

low and low and - medinm
low and - and low medium
low and very high and very high very low
low and high and high very low
low and low and low very low
low and - and - low

- and - and - medinm
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E Rules for Situation Variables related to Forecaster’s View

Rule_ 1

¢ Relative Blance of Long Term Money Rate — U.S. Long Term Money Rate

e Relative Balance of Short Term Money Rate —— U.S. Short Term Money Rate

¢ Official Attitude of the U.S. FRB

¢ Relative Balance of Long Term Money Rate

Official Attitude of the Bank of Japan

— _U.S. Price

-— JPN Long Term Money Rate

— JPN Price

A — X

Antecedents Consequents
A X

very high very high
high high
medium medium

low low

very low very low

Rule_ 2
s Trande Blance ,
Financial Blance
¢ Domestic Demand,

Foreign Exchange Rate

e Trade Blance,
Financial Blance

— U.S. Trade

— JPN Business Cycle

— JPN Trade

¢ Investment Trend of the U.S. Institutional In- — JPN stock

vestors,

Investment Trend of JPN Institutional Investors

AB—X

Antecedents Consequents
A B X

very high and very high very high
very high and high very high
very high and - high
very low and very high medinm
very low and high low

very low and - very low
low and very high high

low and high medium
high and high very high
high and low medium
low and low very low
- and high high

- and very high very high
- and very low very low
low and - low

- and low low

- and very low very low
medinm and low low

high and medium high




Rule_2_spl

e Investment Trend of the U.S8., Institutional In- — U.S. Stock

vestors,

Investment Trend of JPN Institutional Investors

AB— X

Antecedents Cousecuents
A B X

very high and very high very low -
very high and high very low
very high - and - low

very low and very high medinm
very low and high high

very low and - very high
low and very high low

low and high medinm
high and high very low
high and low medium
low and low very high
- and high low

- and very high * very low
- and very low very high
low and - high

- and low high

- and very low very high
medinm and low high
high and medium low

Rule_3

¢ Trade Balance,
Foreign Exchange Rate

— U.8. Business Cycle

Trade Balance,Foreign Exchange Rate — U.S. Business Cycle

Antecedents

Consecuents

Trade Balance

Foreign Exchange Rate

U.S. Business Cycle

and

very high very high medinm
very high and high high

very high and - very high
very low and very low medinm
very low and low low

very low and - very low
low and very low high

low and low medinm
high and low very high
high and high medium
medinm and low high

- and very high very low
- and very low very high
low and medinm low
medinm and high low

high and medium high
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F The Relation between Situation Types and Knowledge

The knowledge which the system has is related to the position of business recession.

#S{Short term money rate imbalance}

;?:f&Term i&:;{gTerm Basic Forecasting Pattern
- o JPN short term money rate trend, U.S. short term money rate trend
JPN high — Short term money rate imbalance trend
o Short term money rate imbalance trend — Yen-Dollar rate trend
- - e JPN short term money rate trend, U.S. short term money rate trend
JPN low — Short term money rate imbalance trend
o Short term money rate imbalance trend — Yen-Dollar rate trend
- e JPN short term money rate trend, U.S. short term money rate trend
U.S. high — Short term money rate imbalance trend
o Short term money rate imbalance trend — Yen-Dollar rate trend
- o JPN short term money rate trend, U.S. short term money rate trend
U.S. low — Short term money rate imbalance trend '

o Short term money rate imbalance trend — Yen-Dollar rate trend

#5{Stock Fluctuation}

g;):f&Term 'SISE;Q(;{Term Basic Forecasting Pattern
o JPN stock trend, Investment trend of U.S. institutional investor —
JPN low JPN low JPN long-term money trend( | )
o Investment trend of U.S. institutional investor — Trend of Yen-
Dollar rate
e U.S. stock trend, Investment trend of JPN institutional investor —»
U.S. low U.S. low U.S. long-term money trend( | )
o Investment trend of U.S. institutional investor — Trend of Yen-
Dollar rate
- o JPN stock trend — JPN long-term money trend(bond rate( 1)
PN low o JPN stock trend — Investment trend of JPN institutional investor
9 JPN stock trend — Yen-Dollar trend
- e U.S. stock trend — U.S. long-term money trend(bond rate( 1)
U.S. low

o U.S. stock trend — Investment trend of U.S. institutional investor
o U.S. stock trend — Yen-Dollar trend
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F#S{Trade Imbalance}

Long-Term
Trend

Short-Term
Trend

Basic Forecasting Pattern

JPN Surplus

» JPN Trade Balance, U.S. Trade Balance — Trade Balance(b.w.
JPN&U.S.) :

o Trade Balance(JPN&U.S.), Financial Balance(JPN&U.S.) — Offi-
cial attitudes of JPN and U.S. central banks

o Trade Balance(JPN&U.S.), Official attitudes of JPN and the U.S.
central banks — Investment trend of JPN and U.S. export-import
companies

¢ Investment trend of JPN and U.S. export-import companies — Yen-
Dollar rate trend

o JPN Trade Balance, U.S. Trade Dalance — Trade Balance(b.w.
JPN&U.S.)

JPN Deficit ’
o Trade Balance(JPN&U.S.), Financial Balance(JPN&U.S.) — Offi-
cial attitudes of JPN and U.S. central banks
o Trade Balance(JPN&U.S.), Official attitudes of JPN and the U.S.
central banks — Investment trend of JPN and U.S. export-import
companies
o Investment trend of JPN and U.S. export-import companies — Yen-
Dollar rate trend '

- ¢ JPN Trade Balance, U.S. Trade Balance — Trade Balance(b.w.

JPN&U.S.)

U.S. Surplus
o Trade Balance(JPN&U.S.), Financial Balance(JPN&U.S.) — Offi-
cial attitudes of JPN and U.S. central banks
o Trade Balance(JPN&U.S.), Official attitudes of JPN and the U.S.
central banks — Investment trend of JPN and U.S. export-import
companies
e Investment trend of JPN and U.S. export-import companies — Yen-
Dollar rate trend

- e JPN Trade Balance, U.S. Trade Balance — Trade Balance(b.w.

JPN&U.S.) .

U.S. Deficit

¢ Trade Balance(JPN&U.S.), Financial Balance(JPN&U.8.) — Offi-
cial attitudes of JPN and U.S. central banks

e Trade Balance(JPN&U.S.), Official attitudes of JPN and the U.S.
central banks — Investment trend of JPN and U.S. export-import
companies

e Investment trend of JPN and U.S. export-import companies — Yen-
Dollar rate trend
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#S{Business Cycle Recovery}

Long-Term Short-Term . ) .
Trend Trend Basic Forecasting Pattern
Us. i - o U.S. money supply trend — U.S. easy-money policy trend
.S. low
e U.S. easy-money policy trend — Yen-Dollar trend
1PN 1 - ¢ JPN money supply trend — JPN easy-money policy trend
ow i
o JPN easy-money policy trend — Yen-Dollar trend
- e U.S. business recovery trend — U.S. bond publishment trend
U.S. very low

¢ U.S. bond publishment trend — U.S. long-term money trend

e U.S. business cycle trend — JPN domestic deman enlargement

¢ U.S. money supply trend — U.S. easy-money policy trend

e U.S. easy-money policy trend, U.S. long-term money trend — Yen-
Dollar trend

JPN very low

o JPN business recovery trend — JPN bond publishment trend

¢ JPN bond publishment trend — JPN long-term money trend

e JPN money supply trend — JPN easy-money policy trend

o JPN easy-money pohcy trend, JPN long-term money trend — Yen-
Dolla.r trend

#S{Exchange Trend Imbalance}

Long-Term
Trend

Short-Term
Trend

Basic Forecasting Pattern

o Yen-Dollar trend — Official attitudes of JPN and U.S. central banks
o Official attitudes of JPN and U.S. central banks — Investment trend
of JPN and U.S. export-import companies -

e Investment trend of JPN and U.S. export-import companies — Yen-
Dollar trend

#S{Long-Term Money Imbalance}

Long-Term
Trend

Short-Term
Trend

Basic Forecasting Pattern

o Relative balance of long-term money rate(U.S., JPN, GMN), U.S.
inflation trend — Investment trend of U.S. institutional investor, In-
vestment trend of JPN institutional investor

o Investment trend of U.S. institurional investor;, Invetment trend of
JPN institutional investor — Yen-Dollar trend
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#{Price Flctuation}

I’i.‘::ng(-lTerm 'ilszzitzi-Term Basic Forecasting Pattern
- e U.S. price trend, Official attitude of U.S. central bank — U.S. easy-
U.S. money policy trend
low or high
o Investment trend of U.S. institutional investor, U.S. easy-money pol-
icy trend — Yen-Dollar trend
- o JPN price trend, Official attitude of JP'N central bank — JP'N easy-
JPN money policy trend ;
low or high

o Investment trend of JE'N institutional investor, JP'N easy-money pol-
icy trend — Yen-Dollar trend

#S{Short-Term Money Imbalance&Trade Imbalance }

I,f::f(iTerm ’SIS;):(;-Term Basic Forecasting Pattern

o o o Trade imbalance(b.w. JP'N and U.S.) — Trend of exchange adjust-
gEPN high LP N high ment for Yen-Dollar rate by JPN and U.S. central banks
U.S.low U.S8.low

o Official attitude of JPN and U.S. central banks — Trend of exchange
adjustment for Yen-Dollar rate by JE'N and U.S. central banks

o Short-term money rate unbalnace trend — Yen-Dollar rate trend

e Trend of exchange adjustment for Yen-Dollar rate by JPN and U.S.
central banks — Yen-Dollar rate trend

o Trade imbalance — Trend of exchange adjustment for Yen-Dollar
rate by JP'N and U.S. central banks — Yen-Dollar rate trend

o Official attitude of JP'N and U.S. central banks — Trend of exchange
adjustment for Yen-Dollar rate by JP'N and U.S. central banks — Yen-
Dollar rate trend

e Short term money imbalance trend — Yen-Dollar rate trend

e Trend of exchange adjustment for Yen-Dollar rate by JP'N and U.S.
central banks — Yen-Dollar rate trend — Yen-Dollar rate trend

#S{Trade Imbalance & Business cycle Recovery}

Ilig:fé'l‘erm i‘lrx;);l(;i-Term ‘Basic Forecasting Pattern .

JPN high U.S. low o Trade Imbalance — Trend of exchange adjustment for Yen-Dollar
& rate by JP'N and U.S. central banks — Yen-Dollar rate trend
U.S.low ’

e Official attitude of JP'N and U.S. central banks — Trend of exchange
adjustment for Yen-Dollar rate by JP'N and U.S. central banks — Yen-
Dollar rate trend

e U.S. business cycle recovery trend — JPN domestic demand
enlargement

o Trend of exchange adjustment for Yen-Dollar rate by JP'N and U.S.
central banks — Yen-Dollar rate trend — Yen-Dollar rate trend

e Trade imbalance — Trend of exchange adjustment for Yen-Dollar
rate by JP'N and U.S. central banks

o Official attitude of JP'N and U.S. central banks — Trend of exchange
adjustment for Yen-Dollar rate by JP'N and U.S. central banks

o Trend of exchange adjustment for Yen-Dollar rate by JEN and U.S.
central banks — Yen-Dollar rate trend
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#S{Short-Term Money Imbalance & Business Cycle Recovery}

Long-Term Short-Term ) .
Trengd Trend » Basic Forecasting Pattern
JPN low & JPN  high o Short term money rate trend, Official attitude of U.S. central bank
U.S. low - & U.S.low — Yen-Dollar rate trend
JPN low & e Short term money rate trend, Official attitude of JPN central bank
U.S.high — Yen-Dollar rate trend
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G Linguistic Rules for Estimating FER Changes

Rule_ex_dbl
Short Term Money Rate Imbalance

e Short term money rate imbalance trend — Yen-dollar rate trend(yen agst. dollar )

Business Cycle Recovery

e U.S. bond publishment trend — U.S. long-term money rate trend

¢. JPN bond publishment trend — JPN long-term money rate trend

A — X

Antecedents Consequents

A X

very high considerably higher
high somewhat higher
meidum similar to

low somewhat lower
very low considerably lower

Rule_ex.dbl_spl

Business Cycle Recovery
e U.S. money supply trend — U.S. easy-money policy trend
o JPN money supply trend — JPN easy-money policy trend
¢ U.S. business recovery trend — U.S. bond publishment trend
e U.S. business recovery trend — JPN domestic demand enlargement trend
¢ JPN business recovery trend — JPN bond publishment trend
¢ JPN money supply trend — JPN easy-money policy trend

A — X

Antecedents Consequents

A X

very high considerably lower
high somewhat lower
medium similar to

low somewhat higher
very low considerably higher
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Rule_ex_db2
Short-Term Money Rate Imbalance

¢ U.S. short-term money rate trend, JPN short-term money rate trend — Short-term money
rate imbalance trend (dollar agst. yen)
Trade Imbalance
s U.S. trade trend, JPN trade trend — Trade balance(b.w, JPN&U.S.)

Business Cycle Recovery

e JPN long-term money rate trend, JPN easy-money policy trend — Yen-Dollar rate trend

Short Trem Money Imbalance & Business Cycle Recovery
e Official attitude of the U.S. central bank, Short term money rate trend — Yen-Dollar rate

trend

A, B — X
Antecedents Consequents
A B X
very high - and very high similar to
very high and high slightly higher
very high and medium somewhat higher
very high and low higher
very high and very low considerably higher
high ‘ and very high slightly lower
high : and high similar to
high and medium slightly higher
high and low somewhat higher
high and very low higher
medium and very high ' somewhat lower
medium | and high slightly lower
medium and medium similar to

| medium and low ' slightly higher
medium and very low somewhat higher
low and very high lower
low - | and high somewhat lower
low and medium |l slightly lower
low and low similar to
low and very low slightly higher
very low and very high considerably lower
very low and high ) lower
very low and medium somewhat lower
very low and low slightly higher
very low and very low similar to
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Rule_ex_db2_spl
Business Cycle Recovery

e Investment trend of U.S. export-import companies, Investment trend of JPN export-import
companies — Money flow trend of the yen-dollar market(yen agst. dollar)

A, B—B

Antecedents : Consequents

A B X

very high and very high considerably higher
very high and high higher

very high and medium somewhat higher
very high ' and low slightly higher
very high and very low similar to

high ' and very high higher

high and high somewhat higher
high ) and medium slightly higher
high and low similar to

high and very low ' : slightly higher
medium and very high somewhat higher
medium and high slightly higher
medium and medium similar to
medium .| and low slightly lower
medium and very low somewhat lower
low ' and very high slightly higher
low and high similar to

low and medium slightly lower
low and low somewhat lower
low and very low lower

very low and very high similar to

very low and high slightly lower
very low and medium somewhat lower
very low and low lower

very low and very low . considerably lower
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Rule_ex_db2_sp2
Business Cycle Recovery

e U.S. long-term money rate trend, U.S. easy-money policy trend — Yen-dollar trend

A.B—X .
Antecedents Consequents

A B X

very high and very high similar to

very high and high - slightly lower
very high and medium somewhat lower
very high and low lower

very high and very low considerably lower
high and very high slightly higher
high v and high similar to

high and medium slightly lower
high and low somewhat lower
high ' and very low lower

medium o and very high somewhat higher
medium | and high slightly higher
medium and medium ' similar to
medium and low slightly lower
medium and very low somewhat lower
low ’ and very high higher

low and high somewhat higher
low : and medium slightly higher
low and low similar to

low and very low slightly lower
very low and very high considerably higher
very low and high higher

very low and medium somewhat higher
very low and low : slightly higher
very low and very low similar to

160



Rule_ex_db2_sp3
Short Money Rate Imbalance & Business Cycle Recovery

o Short-term monery imbalance trend, Official attitude of JPN central bank — Yen-Dollar

trend
A.B—X
Antecedents Consequents
A B X
very high and very high ' .considerably lower
very high and high lower
very high and medium somewhat lower
very high and low slightly lower
very high and very low similar to
high .| and very high lower
high and high somewhat low
high and medium slightly lower
high and low similar to
high and very low slightly higher
medium : and very high somewhat low
medium and high slightly lower
medium and medium similar to
medium and low slightly higher
medium and very low somewhat higher
low and very high slightly lower
low and high similar to
low . and medium slightly higher
low and low somewhat higher
low and very low higher
very low and very high similar to
very low ' and high slightly higher
very low and medinm somewhat higher
very low and low : higher
very low and very low considerably higher
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Rule_ex_db3_spl

Trade Imbalance_

o Official attitude of U.S. central bank, Official attitude of JPN central bank, Trade imbalance

trend(b.w. JPN & U.S.)— Investment trend of U.S. export-import companies

A.B.C—X

Antecedents Consequents

A B C X

very high and very high and - considerably lower
very high and - and very high considerably lower
- and very high and very high - considerably lower
very high and high and - lower

very high and - and high lower

- and very high and high lower

high and very high and - lower

- and high and very high lower

high and - and very high lower

very low and very low | and - considerably higher
very low and - and very low considerably higher
- and very low and very low considerably higher
very low and low and - higher

very low and - and low higher

- and very low and low higher

low and very low and - higher

- and low and very low higher

low and - and very low higher

high and ‘high and - somewhat lower
high and - and high somewhat lower

- and high and high somewhat lower
high and high and - somewhat lower

- and high and high somewhat lower
high and - and high somewhat lower
low and | low and - somewhat higher
low and - and low somewhat higher

- and low and low somewhat higher
low and low and - somewhat higher

- and low and low somewhat higher
low and - and low somewhat higher

- and - and - similar to

162



Rule_ex_db3_sp2

Short-term money rate imbalance & Trade imbalance

¢ Trend of exchange adjustment for the yen dollar rate by JPN and U.S. central banks, Money
flow trend of the yen-dollar market, Short-term money imbalance trend(b.w. JPN& U.S.)—
Yen-Dollar rate trend

A.B.C— X :
Antecedents Consequents

A B C X

very high and very high and - considerably higher
very high and - and very low considerably higher
- and very high and very low considerably higher -
very high and high and - higher

very high and - and low higher

- and very high and low higher

high and very high and - higher

- and high and very low high

high and’ - and very low higher

very low and very low and - considerably lower
very low and - and very high considerably lower
- and very low and very high considerably lower
very low and low and - lower

-very low and - and high lower

- and very low and high lower

low and very low and - lower

- and low and very high lower

low and - and very high lower

high and high and - : somewhat higher
high and - and low somewhat higher
- and high and low somewhat higher
high and high and - somewhat higher
- and high and low somewhat higher
high and - and low sormewhat higher
low and low and - somewhat lower
low and - and high somewhat lower

- and low and high somewhat lower
low and low and - somewhat lower

- and low and high somewhat lower
low and - and high somewhat lower

- and - and - similar to
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Rule_ex_db3_sp3

Short-Term Money Rate Imbalance & Trade Imbalance

o Official attitude of U.S. central bank, Official attitude of JPN central bank, Trade imbalance
trend(b.w. JPN & U.8.)— Yen-Dollar rate trend

A-\ B\ C — X

Antecedents Consequents

A B C X ‘

- and very high and very high considerably higher
very low and very high and - considerably higher
very low and - and very high considerably higher
- and high and very high higher

low and very high and - higher .

low and - and very high higher

- and high and very high higher

very low and - and high higher

very low and - | high and - higher

- and very low and very low considerably lower
very high and very low and - considerably lower
very high and - and very low considerably lower
- and very low and low lower

high and very low and - lower

high and - and very low lower

- and low and very low lower

very high and - and low lower

very high and low and - lower

- and high and high somewhat higher
low and high and - somewhat higher
low and - and high somewhat higher

- and high and high somewhat higher
low and - and high somewhat higher
low and high and - somewhat higher
- and low and low somewhat lower
_high and low and - somewhat lower
high and - and low somewhat lower

- and low and low somewhat lower
high and - and low somewhat lower
high and low and - somewhat lower

- and - and - similar to
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H Observed Numerical Data of Economic Indices

Observed Numerical Data of U.S. Economic Indices

Economic Index Pre. Year | Pre. Term Economic Index Pre. Year | Pre. Term
Average Hourly Earnings | 2.53% -0.1% Number of Non-farm | 0.184% 0.164%
Employment
Housing Starts 14.0 -17.0 Corporate Profits 14.86 9.95
Consumer Confidence 5.06 0.24 Operating Ratio of 0.13 0.38
Index ‘ Industrial Production
Index of Industrial 2.46 0.46 Retail Sales 3.51 0.32
Production : ‘
GDP Private Construc -2.19 0.42 New Orders for 6.35 1.63
tion Investment Manufactures
New Orders for 7.96 1.43 Unemployment Rate 9.09 -1.37
Durable Goods y
Consumer Confidence -18.0 15.22 Business Inventories -0.28 0.38
Index
Producer Price Index -1.99 0.51 Consumer Price Index 3.18 0.22
Wholesale Price Index 3.20 1.28 Purchasing Manager’s 21.85 -5.18
’ Composite Diffusion In-
dex
Exports 9.70 -1.95 Imports 14.17 4,92
Trade balance(Exports) 2.66 1.83 Trade balance(Imports) 9.37 1.88
Financial Surplus -20.59 69.68 Financial Deficit -17.04 67.94
Government Expenditure | -1.49 0.0 Official Discount Ratio -45.45 -14.29
FF rate -36.89 -6.28 Treasury Bill Rates -31.32 -7.18
(3-Month)
Stock Price(D-J 30 12.05 2.32 Long-Term Government | -3.05 0.13
Industrials Average) Bonds(30-year)
Money Supply 2.26 -0.12 Oil Price WT1 -2.45 7.06.
Reuter’s Index -8.02 0.65 CRB Index -5.05 1.47
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Observed Numerical Data of JPN Economic Indices

Economic Index Pre. Year | Pre. Term Economic Index Pre. Year | Pre. Term
Exports 13.03% -10.24% Imports 12.72% 3.44%
Trade balance(Exports) 13.11 -3.32 Trade balance(Imports) 11.99 2.52
Interest Rates on the -40.65 -4.99 Long-Term -14.35 3.34
Certificates of Deposit Government
(3 Month) Bonds Yield
The Nikkei Stock Average | -33.53 -13.55 Money Supply -57.89 -11.11
Financial Surplus -66.96 -3.12 Financial Deficit -44.96 208.00
Sales of Department 34.19 | 33.91 Indexes of Operating -8.28 -0.41
Stores Ratio '
GNP Growth Ratio -68.89 -41.67 Official Discount Rate -40.91 -13.33
Consumer Price Index -29.41 20.00 Wholesale Price Index -0.73 -0.104

Observed Numerical Data of GMN Economic Indices
Economic Index Pre. Year | Pre. Term Economic Pre. Year | Pre. Term
Interbank Rate 5.94% 0.52% Money Supply 8.13% 0.59%
Long-Term Money Rate -3.53 0.0 Official Discount Rate 23.08 0.0
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