( A Study on a Reasoning Method including Uncertainty
in Decision Support Technology
and Its Application to a Decoding Process )
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Summary
The contents of this thesis summary are as follows.

1 Positioning of "Reasoning Method including Uncertainty” in Decision Support
Technology
1.1 Backgrounds and Objective
1.2 Reasoning Method including Uncertainty
2 An Application to the "Decoding Process” of the Reasoning Method including
Uncertainty
2.1 Backgrounds and Objective
2.2 ldentification between a Reasoning Method including Uncertainty and a
"Decoding Process”
3 Thesis Structure
4 Outline of Each Chapter

1 Positioning of "Reasoning Method including Uncertainty" in Decision Support
Technology

1.1 Backgrounds and Objective

(1) Backgrounds
In social activities etc., people are always pressed for decision-making. At this time,
people reason based on the "data" which people gained, and on the "knowledge" people
have, and a conclusion is obtained. However, the situation where people make
decisions is not usually simple as follows.
1) "Required data" is not obtained in many cases. That is, it can be called
"uncertainty" and "ignorance."
2) Obtained "the required data"™ always is not restricted with "accuracy”, but
"inaccurate” data are mixed.
3) That may not be clarified for the criteria of judgments of knowledge when making

decisions based on "required data.”

A moment will be missed, if they waver to judgments and decision making of things,

since data and people's knowledge are uncertain. Therefore, the Reasoning Method
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including Uncertainty is needed.

(2) Objective
The objective is to establish "the Reasoning Method including Uncertainty"” discussed

for the above-mentioned "backgrounds.”

1.2 Reasoning Method including Uncertainty

(1) We apply the technology, which unified the following two kinds of reasoning
systems.
1) Abstraction of data (Conversion to qualitative data from numeric data) : We use
Fuzzy logic.
It is because it is suitable for expressing man's sensuous knowledge.
2) Fusion of data (Integration of two or more qualitative data) : We use the
probability theory of Dempster-Shafer.
It is because fusion is comparatively easy and it is easy to understand a

knowledge representation intuitively.

In addition, this framework (probability theory of Fuzzy logic + Dempster-Shafer)

serves as the "general case".

(2) Above (1), the reason for using the probability theory of Dempster-Shafer is as
follows.
There is a probability theory as principal fields treating data. A typical thing is the
following two kinds and each feature is as follows.

a) The probability theory of Bayes

b) The probability theory of Dempster-Shafer

a) The probability theory of Bayes
The probability theory of Bayes mainly has the following two inconveniences to
uncertain data.
1) Ignorance cannot be expressed well.
The lack of belief is pushed aside into the part of disbelief by force.
2) It is strained to allocation of a-priori probability.

When any information that either of the n-pieces is decided cannot be found,
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a-priori probability of 1/n is sometimes often assigned to each. Since the talk
does not progress if a-priori probability is not given when thinking according to

the probability of Bayes, it will be strained.

b) The probability theory of Dempster-Shafer

On the other hand, the probability theory of Dempster-Shafer can treat the
uncertainty in connection with subjectivity and setting up by force to allocation of
ignorance or a-priori probability. Moreover, the view of Dempster-Shafer includes the
probability of Bayes as a special case, and generalizes the probability theory of Bayes.
People can describe uncertain data in the format of "not understanding”, and it

becomes easy to deal with him/her by this.

In this thesis, it is realized as the main elements of the Reasoning Method including
Uncertainty paying attention to two next to the probability theory of Dempster-Shafer.
(i) From the standpoint of the knowledge representation capability of uncertain data,

it is easy to understand intuitively.
(if) Since there is Dempster's rule of combination, the data fusion is comparatively

easy.

(3) "The Reasoning Method including Uncertainty" is stated in the following chapters.
Part | Reasoning Method including Uncertainty
Chapter 2 On the data fusion based on uncertain data and knowledge
Chapter 3 On the route planning system based on uncertain data and

knowledge

2 An Application to the "Decoding Process' of the Reasoning Method including
Uncertainty

2.1 Backgrounds and Objective

(1) Backgrounds

It is thought that the reasoning based on the data including uncertainty, which people

gained, and obtaining a conclusion is applicable to the following decoding process.
Although the decoding to received word containing distortions and errors has

distortions and errors, it is the process of presuming the original data.

- Xii -
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It can be the same as the method of presuming the original data based on a manner
and an algorithm with a decoding process to reason based on the data including

"uncertainty"”.

(2) Objective
The objective is to show that identification between a Reasoning Method including
Uncertainty and a "Decoding Process”. And, it is to show that a Reasoning Method

including Uncertainty can be applied to a "Decoding Process”.

2.2 ldentification between a Reasoning Method including Uncertainty and a
""Decoding Process™

(1) The concept of a process of reasoning based on the data including Uncertainty,
which people gained, and obtaining a conclusion can be expressed as shown in the
following figure.

That is, a "conclusion” can be interpreted as belonging to the same subset as the data
including two or more "Uncertainties".

In addition, the data including Uncertainty can change a priority according to the need

for people.

| Data including Uncertainty

— Conclusion

Figure. The conceptual diagram of the process of reasoning based on

the data including Uncertainty and obtaining a Conclusion

(2) Although the decoding to source / channel coding has distortions and errors, it is the
process of presuming the original data. Therefore, the following methods are used.
1) Reservation of the redundancy according as code space to a) the Hamming

distance between codewords, b) the minimum free distance, etc. as shown in the

- xili -
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following figure.
2) The maximum likelihood decoding method which makes decode error probability

minimum.

Received word containing
distortions and errors

—— Codeword

Figure. Example of code space

In addition, the signal transformation of irreversible conversion can be called actuation

of bringing a received word close to a codeword, by isolated-point clearance etc.

(3) If it thinks as mentioned above, the process of reasoning including "Uncertainty”
which people gained and obtaining a conclusion can be the same as the decoding
process of obtaining a codeword from the received words containing distortions and
errors.
It is possible that the system and code in the following chapters of Part Il, which
writers have studied conventionally, are also the same as that of the reasoning
including uncertainty with this reexamination.

Chapter 4 On the data compression system for the still image based on

Majority Logic
Chapter 5 On Syndrome-Source-Coding for simple Markov sources

Chapter 6 On Two-Dimensional Compound Codes

(4) At the time of Part | Research, when the result of research of "Chapter 4 - Chapter
6" was reviewed, it turned out that "Chapter 4 - Chapter 6" serve as "Specific Case" of
Part I.
The specific conditions from which "Chapter 4 - Chapter 6" become the " Specific Case "
of Part I are the following two.

a) Fuzzy logic : The membership function is the crisp set of “1” in the whole

region.

- Xiv -
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b) The probability theory of Dempster-Shafer : Basic probability is static. That
is, the basic probability assigned to a subset {a,---a,} like m({a,---a,}) is

“0”.
3 Thesis Structure
Thesis structure including the chapters is shown below.

Chapter 1 Introduction -Positioning of this thesis in Decision Support Technology
Etc.-

Part 1 Reasoning Method including Uncertainty
Chapter 2 On the data fusion based on uncertain data and knowledge

Chapter 3 On the route planning system based on uncertain data and knowledge

Part Il An Application to the "decoding process” of the Reasoning Method including
Uncertainty
Chapter 4 On the data compression system for the still image based on Majority
Logic
Chapter 5 On Syndrome-Source-Coding for simple Markov sources

Chapter 6 On Two-Dimensional Compound Codes
Chapter 7 Conclusion
4 Qutline of Each Chapter

Chapter 1 Introduction -Positioning of this thesis in Decision Support Technology
Etc.-
In this chapter, positioning of this thesis in decision support technology etc. is
discussed. Main points are the following two points.
1 Positioning of "Reasoning Method including Uncertainty” in Decision-Making
Supporting Technology
1) Backgrounds and the objective, 2) The relation between a decision-making
process and support technology, 3) Positioning of "the reasoning method

including uncertainty"”, and 4) The reasoning method including uncertainty, are

_XV_
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discussed.
2 An Application to the "Decoding Process” of the Reasoning Method including
Uncertainty
1) Backgrounds and the objective, 2) The outline of Source and Channel
coding/decoding, 3) ldentification between a Reasoning Method including

Uncertainty and a "Decoding Process" are discussed.

In addition, the relation between Part | and "Chapter 4 - Chapter 6" shows that it
is as follows.
- Part | Reasoning Method including Uncertainty : General Case

- "Chapter 4 - Chapter 6" : Specific Case

"Chapter 4 - Chapter 6" serve as the " Specific Case " of Part | ("General Case").
Specific conditions are the following two.
a) Fuzzy logic : The membership function is the crisp set of “1” in the whole
region.
b) The probability theory of Dempster-Shafer : Basic probability is static. That
is, the basic probability assigned to a subset {a,---a,} like m({a,---a,}) is

“0”.
Part 1 Reasoning Method including Uncertainty

Chapter 2 On the data fusion based on uncertain data and knowledge

In this chapter, it proposes permitting uncertain data and people's uncertain
knowledge, and performing data fusion.

Even if data cannot be obtained in many cases, either but it can obtain them, there
are many uncertain data. Moreover, people's knowledge is qualitative data and is
uncertain. By permitting uncertainty, it becomes easy for people to deal with

qualitative data, and broader data can be fused.

In this chapter, the technique, which unified the following two kinds of reasoning
methods, is applied.

(1) Data Abstraction : Use Fuzzy logic.

(2) Data Fusion : Use the probability theory of Dempster-Shafer.
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The following is shown as results of this chapter.

Based on uncertain data and people's uncertain knowledge, the reason method,
which fuses various data , such as the mixture of numeric / sign data and the
data itself which is not exact, is establishable using the technique, which Fuzzy
logic and the Dempster-Shafer theory unified.
A data fusion process is analyzed and it can classify into four primitive
operations: (1) abstraction, (2) translation, (3) integration, and (4)
interpretation.

Based on this, the knowledge compilation environment where the descriptiveness
and the readability of knowledge are high, and maintenance service is also easy

can be prepared.

Chapter 3 On the route planning system based on uncertain data and knowledge
This Chapter is associated with "Chapter 2 On the data fusion based on uncertain
data and knowledge".

As application to decision support, a Geographic Information System (GIS) is taken

up, and application to a "route planning system" is discussed specifically.

The following is shown as results of this chapter.
Apply "On the data fusion based on uncertain data and knowledge" to a route
planning system, and check the effectiveness.
This method means adding intellectual feature to GIS, and can become a key

component.

Part Il An Application to the "Decoding Process" of the Reasoning Method including
Uncertainty

The following contents are discussed in this Part.

1 Identification between Part | and "Chapter 4 - Chapter 6"

2 Applications to Source Decoding
The cross form pattern used as the basis of Majority Logic of "Chapter 4" is
extended to the rectangle pattern of 3x3 which added the slanting adjacent
points.

And the weight (membership function) of slanting adjacent points is changed,

- XVII -
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and Majority Logic is considered. As a result, in "Method( )" and "Method( )"
on "Model 3"of "Chapter 4", it is shown that 9.7% of decrease in compressibility

but the same rate of remain in original information is expectable.

3 Applications to Channel Decoding
The information on soft-decision decoding is not used as it is, but it is shown that
the method to which bias is applied can be considered by the inclination

(equivalent to a membership function) based on a user's subjectivity.

4 "Chapter 4 - Chapter 6" are discussed as Specific Cases of Part I.

Chapter 4 On the data compression system for the still image based on Majority
Logic

In this chapter, when carrying out data compression for still images, the new

preprocessing method based on “Majority Logic" is proposed as a signal

transformation processing.

And the qualitative comparisons with this new method and other signal

transformation processings are performed. Moreover, quantitative analyses are

performed in quest of an entropy and ideal compressibility.

The following are shown as results of this chapter.
The new method based on this "Majority Logic" is an easy algorithm, and can be
implemented comparatively easily.
It is mode of processing with few problems on image quality. Moreover, when
high-density sampling is performed, the effectiveness of image quality
betterment can also be expected.
A new method can improve compressibility about 40 to 25% by a two-dimensional

model compared with a conventional system.

Chapter 5 On Syndrome-Source-Coding for simple Markov sources

There is a method called syndrome-source-coding for data compression using error
correcting code. When memoryless sources are assumed as a source-model to this
system, syndrome-source-coding was compared with Run-Length coding etc. The
result of being more general was obtained that syndrome-source-coding was more

efficient for memoryless sources of the larger range.
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In this chapter, when simple Markov sources are assumed according to the actual
sources and five kinds of methods are applied, the effectiveness of all types is
compared.

In addition, two of five kinds of methods are newly proposed in this chapter.

The following is shown as a result of this chapter.
When considering the application for still images, such as facsimile, in the large
range, the conventional method is not necessarily good, but newly proposed

methods in this chapter are more "universal”.

Chapter 6 On Two-Dimensional Compound Codes
There is Compound Code as code, which corrects both those, is generated in general
channels.

(1) Random Errors

(2) Burst Errors

This chapter discusses the two-dimensional compound codes newly extended to two
dimensions.
As results of this chapter, the following are shown specifically.

The theorem about the lower bound of the error correction capability of codes

Construction of codes

This two-dimensional compound code is used for the improvement in reliability of
two-dimensional information, and also it is applicable to the data compression of

Images.

Chapter 7 Conclusion
The conclusion of this thesis is discussed. Specifically, the results acquired in each
chapter are stated. Moreover, references are made also about the areas of research

those will be considered that they are related in the future.
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DSS Decision Support System [1]

1940 ENIAC Electronic Numerical
Integrator And Computer
1950

EDP Electronic Data Processing

1960 MIS Management Information System

MIS

1970 MIS
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OA Office Automation
PC Personal Computer WS Work Station
OCR Optical Character Reader

1980
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