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Abstract

FROM SEARCH ENGINES TO QUESTION-ANSWERING
SYSTEMS — THE PROBLEMS OF WORLD
KNOWLEDGE, RELEVANCE, DEDUCTION AND
PRECISIATION

Lotfi A. Zadeh”

Existing search engines, with Google at the top, have many
truly remarkable capabilities. Furthermore, constant progress is
being made in improving their performance. But what is not
widely recognized is that there is a basic capability which
existing search engines do not have: deduction capability — the
capability to synthesize an answer to a query by drawing on
bodies of information which reside in various parts of the
knowledge base. By definition, a question-answering system, or
a Q/A system for short, is a system which has deduction
capability. Can a search engine be upgraded to a question-
answering system through the use of existing tools — tools which
are based on bivalent logic and probability theory? A view which
is articulated in the following is that the answer is: No.

The first obstacle is world knowledge — the knowledge
which humans acquire through experience, communication and
education. Simple examples are: “Icy roads are slippery,”
“Princeton usually means Princeton University,” “Paris is the
capital of France,” and “There are no honest politicians.” World
knowledge plays a central role in search, assessment of relevance

" Professor in the Graduate School and Director, Berkeley initiative in Soft
Computing (BISC), Computer Science Division and the Electronics Research
Laboratory, Department of EECS, University of California, Berkeley, CA
94720-1776; Telephone: 510-642-4959; Fax: 510-642-1712;

E-Mail: zadeh@cs.berkeley.edu . Research supported in part by ONR
N00014-02-1-0294, BT Grant CT1080028046, Omron Grant, Tekes Grant
and the BISC Program of UC Berkeley.




and deduction. The problem with world knowledge is that it is,
for the most part, perception-based. Perceptions—and especially
perceptions of probabilities—are intrinsically imprecise, reflecting
the fact that human sensory organs, and ultimately the brain,
have a bounded ability to resolve detail and store information.
Imprecision of perceptions stands in the way of using
conventional techniques — techniques which are based on
bivalent logic and probability theory — to deal with perception-
based information. A further complication is that much of world
knowledge is negative knowledge in the sense that it relates to
what is impossible and/or non-existent. For example, “A person
cannot have two fathers,” and “Netherlands has no mountains.”

The second obstacle centers on the concept of relevance.
There is an extensive literature on relevance, and every search
engine deals with relevance in its own way, some at a high level
of sophistication. But what is quite obvious is that the problem of
assessment of relevance is quite complex and far from solution.

There are two kinds of relevance: (a) question relevance
and (b) topic relevance. Both are matters of degree. For example,
on a very basic level, if the question is g: “Number of cars in
California?” and the available information is p: “Population of
California is 37,000,000,” then what is the degree of relevance of
p to g? Another example: To what degree is a paper entitled “A
New Approach to Natural Language Understanding” of
relevance to the topic of machine translation.

Basically, there are two ways of approaching assessment of
relevance: (a) semantic; and (b) statistical. To illustrate, in the
number of cars example, relevance of p to ¢ is a matter of
semantics and world knowledge. In existing search engines,
relevance is largely a matter of statistics, involving counts of
links and words, with little if any consideration of semantics.
Assessment of semantic relevance presents difficult problems
whose solutions lie beyond the reach of bivalent logic and
probability theory. What should be noted is that assessment of
topic relevance is more amendable to the use of statistical
techniques, which explains why existing search engines are



much better at assessment of topic relevance then question
relevance.

The third obstacle is deduction from perception-based
information. As a basic example, assume that the question is g:
What is the average height of Swedes?, and the available
information is p: Most adult Swedes are tall. Another example is:
Usually Robert returns from work at about 6 pm. What is the
probability that Robert is at home at 6:15 pm? Neither bivalent
logic nor probability theory provide effective tools for dealing
with problems of this type. The difficulty is centered on
deduction from premises which are both wuncertain and
imprecise.

Underlying the problems of world knowledge, relevance
and deduction is a very basic problem — the problem of natural
language understanding. Much of world knowledge and web
knowledge is expressed in a natural language. A natural
language is basically a system for describing perceptions. Since
perceptions are intrinsically imprecise, so are natural languages.

A prerequisite to mechanization of question-answering is
mechanization of natural language understanding, and a
prerequisite to mechanization of natural language understanding
is precisiation of meaning of concepts and proposition drawn
from a natural language. To deal effectively with world
knowledge, relevance, deduction and precisiation, new tools are
needed. The principal new tools are: Precisiated Natural
Language (PNL); Protoform Theory (PFT); and the Generalized
Theory of Uncertainty (GTU). These tools are drawn from fuzzy
logic—a logic in which everything is, or is allowed to be, a matter
of degree.

The centerpiece of the new tools is the concept of a
generalized constraint. The importance of the concept of a
generalized constraint derives from the fact that in PNL and
GTU it serves as a basis for generalizing the universally accepted
view that information is statistical in nature. More specifically,
the point of departure in PNL and GTU is the fundamental
premise that, in general, information is representable as a system



of generalized constraints, with statistical information
constituting a special case. This, much more general, view of
information is needed to deal effectively with world knowledge,
relevance, deduction, precisiation and related problems.

In summary, the principal objectives of this paper are: (a)
to make a case for the view that a quantum jump in search
engine 1Q cannot be achieved through the use of methods based
on bivalent logic and probability theory; and (b) to introduce and
outline a collection of non-standard concepts, ideas and tools
which are needed to achieve a quantum jump in search engine

1Q.
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KEY ISSUE—DEDUCTION CAPABILITY

Existing search engines, with Google at
the top, have many truly remarkable
capabilities. Furthermore, constant
progress is being made in improving
their performance. But what should be
realized is that existing search engines
do not have an important capability—
deduction capability—the capability to
synthesize an answer to a query by
drawing on bodies of information which
reside in various parts of the
knowledge base.

CONTINUED

» What should be noted, however, is that there
are many widely used special purpose
question-answering systems which have
limited deduction capability. Examples of
stich systems are driving direction systems,
reservation systems, diagnostic systems and
specialized expert systems, especially in the
domain of medicine.
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SEARCH VS. QUESTION-ANSWERING

» A question-answering system may be
viewed as a system which mechanizes
question-answering

» A search engine in a system which
partially mechanizes question-

answering
g
PARTIAL MECHANIZATION
query
.
[ ]
Chirac topic question Age of Chirac
' I i
Homepage | tOPIc-relevant guestion-refevant| chirac has a
of Chirac information information grandson

= A search engine is primarily a provider of fopic-
refevant information

» User of a search engine exploits this capability to
derive an answer to a question

17
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COMPLEXITY OF UPGRADING

= Addition of deduction capability to a search
engine is a highly complex problem—a
problem which is a major challenge to
computer scientists and logicians

= A view which is articulated in the following is
that the challenge cannot be met through the
use of existing methods—methods which are
based on bivalent logic and probability
theory

= To add deduction capability to a search
engine it is necessary to (a) generalize
bivalent logic; (b) generalize probability
theory

HISTORICAL NOTE

= 1970-1380 was a period of infense interest in guestion-
answaring and expert systoms

= There was no discussion of search engines

Example; L.5. Coles, “Techniques for information Retrieval Using
an fnferential Question-Answering System with Natural
Language input,” SRl Report, 1872

» M Nagao, J Tsujii: Mechanism of Daduction in a Question-
Answering Syster with Natural Language inputd, IJCAF 1873
285-200.

= J. R. McSkimin, J. Minker: The Use of 2 Semantic Network in a
Deductive Queastion- Answering Systern. IJCAl 1977 50-58.

= A. R. Aronson, B. E. Jacobs, J. Minker: A Note on Fuzzy
Deduction. J. ACM 27{4): 599-603 (1930)

» W.LH.J Bronnenberg, H.C. Bunt, 5.P.J. Lendsbergen, R.JH.
Scha, W.J. Schoenmakers and E.P.C. van Utteren. The Question
Answering Systern PHLIQAT. In L. Bole {aditor), Natiiraf
Language Question Answering Systems. Macmillan, 1980
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TEST QUERIES: GOOGLE

t: precisiation
q: What is precisiation?

r:
fUAll The concept of cointensive precisialion
... from data expressed in a natural language is
precisiation of meaning. ...
In this perspective, the problem of precisiation
is that of picking a ...
Al Magazine: Precisiated natural fanguage
... The Concepts of Precisiability and
Precisiation Language ... p is precisiable
if it can be transiated into what may be called a
precisiation language, ...

g

SIMPLE EXAMPLES OF DEDUCTION
INCAPABILITY

q: What is precisiation?

t:same as fort
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CONTINUED

q,: What is the capital of New York?
g, What is the population of the capital of New York?
ry

Web definitions for capital of new york Albany: state capital
of New York; located in eastern New York Stafe on the west
bank of the Hudson river

News results for what is the capital of New York - Wew
today's top sitories After the twin-tower nightmare, New
York is back on form, says ... - Economist - 3 hours ago
The New Ralders - BusinessWeek - 14 hours ago
Brascan acguires New York-based Hyperian Capital for
S50M US

CONTINUED

q,: What is the population of the capital of New York?
I
News results for population of New York - View today's fop

staries After the twin-tower nightmare, New York is back on

form, says ...
UN: World's populfation is aging rapidly -
New, deadly threat from AIDS virus
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CONTINUED

q.: What is the distance between the largest cily in Spain
and the fargest city in Portugal?

e

Porto - Oporto - Porfugal Travel Planner

Languange ...

CONTINUED
q: Age of Chirac
5

Jacques Chirac
Date of Birth: 29 November 1932
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CONTINUED
¢: Age of son of Chirac

f:

... Albert, their only son, becomes Monaco's de facto ruler
until a formal investiture

... French President Jacques Chirac hailed the prince's
"courage and ...

CONTINUED

¢: How many Ph.D. degrees in mathematics were granted
by European Universities in 19862

£

A History of the University of Podlasie

Annual Report 1936

A Brief Repotri on Mathematics in fran
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UPGRADING

= There are three major problems in upgrading a
search engine fo a question-answering system

- World knowledge
: Relevance

- Deduction

- Precisiation

» These problems are beyond the reach of existing
methods based on bivalent logic and probability
theory

= A basic underfying problem is mechanization of
natural language understanding. A prerequisite to
mechanization of natural language understanding is
precisiation of meaning
7

NEED FOR NEW TOOLS
Tools in cutrent use New Tools

Theory of Generallzed-
Constraimt-Based
Reasaning

probability theony

PT

B em | [PNL] [ew | |etu

hivalemt logic

Gereralized Consiraint

fuzzy fogic FL

FT: standard bivalent-logic-based probability theory

TP& ; Theory of Precisiation of Meaming

FNL: Precisiated Natural Language

CW: Computing with Words

GTU: Gereralized Theory of Uncerlaity 8
GCR: Theory of Gemeralized-Constraimt- Based Reasorinmg
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KEY CONCEPT

= The concept of a generalized constraint is
the centerpiece of new tools—the tools that
are needed to upgrade a search engine to a
question-answering system

= The concept of a generalized constraint
serves as a bridge between linguistics and
mathematics by providing a means of
precisiation of propositions and concepits
drawn from a natural language

» Information = generalized constraint

WORLD KNOWLEDGE

» World knowledge is the knowledge acquired through
experience, education and communication

« Few professors are rich

« There are no honest politicians

« It is ot likely to rain in San Francisco in
midsummer

« Most Swedes are tafl

« There are no mountains in Holland

« Usually Princeton means Princeton University

« A person can have only one father

20
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A QUICK EXAMPLE OF LACK OF WORLD
KNOWLEDGE

Query: number of fathers of Bush

Google:

Resuits 1- 10 of about 803,000 for pymber of felfrers of Bysh (0.20 seconds)

» Sins of the Fathers -- in Thase Tines

American Dynasty impressively describes an America where a small
number of key

... Phillips traces the origins of the Bush Dynasty to two of Dubya's
great ...

sk Ji, L] 1
eorge eush Jr. e er 13. by Robert Howard ... We have
President George

gushh..‘r, who is 13th cousin of Britain's Queen Mother, and of her
aughter ...
wwnw. theFforbiddenknowle comheroiruth/ Hus 13.him

k|

COMPONENTS OF WORLD KNOWLEDGE

» Propositional

- Paris is the capital of France
» Conceptual

- Climate
» Ontological

- Rainfall is related to climate
» Existential

- A person cannot have more than one
father

» Contexiual
. Tall

22
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CONTINUED

= Much of world knowledge is perception-
based

« Most Swedes are tall

« Most Swedes are much taller than most
ftalians

« Usually a large house costs more than a
small house

» Much of world knowledge is negative, i.e.,
relates to impossibility or nonexistence

« A person cannot have more than one
father

« There are no honest politicians

» Much of world knowledge is expressed in a
natural language

Z3

PROBLEM

» Existing methods cannot deal with deduction
from perception-based knowledge

« Most Swedes are tail
What is the average height of Swedes?
How many are not tall?
How many are short?

« A box contains about 20 black and white
balls. Most are black. There are several
times as many black balls as white balls.

How many balls are white?

24
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W

THE PROBLEM OF DEDUCTION

Py usually temperature is not very low
P, usually temperatire is not very high

7average value of temperature

most students are young
most young students are singfe

7students are young and single

Brian is much older than most of his close friends

How old is Brian?

23

THE PROBLEM OF RELEVANCE

A major obstacle to upgrading is the concept of
relevance. There is an extensive literatiure on
relevance, and every search engine deals with
relevarnce in its own way, some at a high fevel of
sophistication. But what is quite obvious is that the
problem of assessment of relevance is very complex
and far from solfution

What is relevance?
Relevance is not bivalent

Relevance is a matter of degree, i.e., isa fuzzy
concept

There Is no colntensive definition of relevance in the
fiterature

26
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CONTINUED

Definition of refevance function

R(4y/p)
| L— proposition of coffection of propositions
question or topic
degree of relevanceofptoq
q: number of cars in California?

p: population of California is 37,000,000
To what degree is p refevant to g?

» assessment of degree of refevance requires world
knowledge

ZF

A SERIOUS COMPLICATION—
NONCOMPOSITIONALITY
» R{g/p, =7
+ R{g/p) =0: R(q/r) =0; R(q/p, 1) #0

Example

q: How old is Mary?

p: Mary’s age is the same as Carol’s age

#: Carol is 32 R(g/p) = 0; Rg/r) = 0; R(g/p, ©) = 1

* Conclusion: relevance cannot be assessed in
isolation

+ Definition

= p s l-refevant fo q If p is relevant fo q in Isclafion

* p is [-irelevant to q if p is not relevant to g in
fsolation

25
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RELEVANCE

g: How old is Vera page ranking algorithims
p,: Vers has a son who is In mid- word colmnts
iwenties keywords
p,: Vers has a daughter who is in
mid-thirties
w: child-bearing age is about
sixteon to about forty two

29

MECHANIZATION OF QUESTION ANSWERING

= Much of world knowledge and web knowledge is
expressed in a natural language

= Natural language understanding is a prereqguisite fo
question-answering

» Precisiation of meaning is a prerequisite to
mechanization of natural language understanding

= Human natural language understanding is a
prerequisite fo precisiation

» Machines do not have the human ability fo
understand what has imprecise meaning

Example: Take a few sfeps
30
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THE CONCEPTY
OF PRECISIATION
AND COINTENSIVE

WHAT IS PRECISE?

1

PRECISE

v-precise m-precise

i |

precise value precise meaning

» p: X is a Gaussian random variable with mean m and
variance o2 m and o2 are precisely defined real
numbers

+ pis v-imprecise and m-precise

= p: Xisn the interval [a, b]. a and b are precisely
defined real numbers
* p is v-imprecise and m-precise

m-precise = mathematically well-defined

30
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PRECISIATION AND IMPRECISIATION

1' _____ v-imywecislation
[ ] o
w-precislation
a X x
m-precise m-precise
VHPF'ECJSG V—}mprecfse

1
IFX iz small then Y is small
I/—\ Yodmprecistation e ¥ is medium then Y is large

0 = If X is large then Y is smalf
v-precise v-imprecise
33
DIGRESSION

SINGULAR AND GRANULAR VALUATION

L~ 5 granular value of X
(/ :I "
r a——— singular value of X
i r
1 -l
b B e -
= singular: Xisa singleton

= granular: Xisr A —— granule
» a granule is defined by a generalized constraint
example:

X: unemployment

a: 7.3%

A: high 34
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ATTRIBUTES OF A GRANULE

= Probability measure
» Possibility measure

= Verity measure

B s
25
V-PRECISIATION
X: variable A

g-precisiation o /’ !

< AV

X " - » IJ- m j

s-precisiation § e
L] __,"

- isiation
St 7.3%

unemployment < high
g-precisiation

» s-precisiation is used routinely in scientific theories
and especially in probability theory

35
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m-PRECISIATION AND COINTENSIVE

PRECISIATION
el precisiand
concept o
proposition precisiation | model of
question meaning
command

» To be useful, precisiation must be cointensive

» Cointension = goodness of model of meaning

ar

MODALITIES OF m-PRECISIATION

m-precisiation
I
[ ]
mb-precisiation mm-precisiation
| [
human-oriented machine-oriented
m-precisiation

p ———"" precisiand of p (Pre(p))

L
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STAGES OF m-PRECISIATION

mm-precisiation
NL NL language
p .p’ np*
mi-precisiation nwT-grecisiation
mwm-precisiation
exampie

p: bear market

p': steadily declining stock market with negative
outiook for future

p*: We classify a bear marhef as a 30 percent decline
after 50 days, or a 13 percent decline after 145
days. (Robert Shuster)

28
BIMODAL DICTIONARY (LEXICON)
mh-precisiand mm-preclislang
P I¥ifprecisiation Def{p} I pRe TS At ion Pre{p}
!
machine-oriented
{mathematical)
human-oriented
natural language
proposition or concept
Motumntain mh a natural raised patt of the earth’s surface,

usually rising more or less abruptly, and larger than a hill
_mm.
40
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RATIONALE FOR IMPRECISIATION
IMPRECISIATION PRINCIPLE

p: Xis
‘L value of X

variable

X: real-valued variable
XF: 'rxj': L] xn}

X: function

X: reflafion

Vis v-precise if V¥ is a singlefon {singuiar)

v-imprecisiation: singular—— granular
41

v-IMPRECISIATION

v-imprecisiation
|
[ ]

forced deliberate

forced: V is not known precisely
deliberate: \V need not be known precisely

v-imprecisiation principle: Precision carries a cost. If
there is a tolerance for imprecision, exploit it by
employing v-imprecisiation to achieve lower cost,
robustness, tractability, decision-relevance and

frigher leve! of confidence
42
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CONFIDENCE

p=XisV
value of X Is uncertain

Con{p) = Prob that (X is \Y} is true

» Gernerally, v-imprecisiation of V serves fo increase
Con(p)

Con{Carol is young) = Con{Carol is 23}
fower specificity higher confidence

i3

GRANULATION REVISITED
# Granulation is a derivative of v-imprecisiation
principle

continuous

Hise / quantized 1,2,3.4,5 ...
\ graniilated

youing + middfe-aged + ofd

H 1 middie
4|Young  -aged ofd

i 1] A
guantized Age granulated e

granulation = v-imprecisiation / m-precisiation

¢l
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k)

KEY POINT

Granulation plays a key role in human
cognition

In human coghition, v-imprecisiation is
followed by mh-precisiation. Granulation is
mh-precisiation-based

In fuzzy logic, v-imprecisiation is followed by
mm-precisiation. Granulation is mm-
precisiation-based

mm-precisiation-based granulation is a major
contribution of fuzzy logic. No other logical
system offers this capability

KEY IDEAS

fn TPM, a proposition, p, is precisiafed by representing
fts meaning as a generalized constraint, GC{p)

in TPM,
precisiation = m-precisiation

precisiation of meaning does not imply precisiation of
value

A desliderafum of precisiation is colntension

Informally, p and g are colnfensive if the intension
(attribute-based-meaning) of p is approximately the
same as the infension {attribute-based-meaning) of q

48
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DIGRESSION: EXTENSION VS, INTENSION

u universe of discourse
DiC) - denotation of C
C Us objfect in U
concepf

= DIC)=set of all u's which fit C
» Extensional definition of D{C): instance-based, sinface-
structure-hased

» Ibnarensiﬂna! definition of D(C): attribute-based, deep-siructure-
1]

» Extension of C= DfC) if D{C] is defined extensionally

» [Intension of C: intensional definition of DfC)

Example;
it = Robert extensional, Rohert Is younig
FOUNG {u = Robert intensional, yvolung — Age<25
Robert is 23 — Robert Is young
a7

KEY POINT

» Precisiation is hecessary but not sufficient

» To serve its pupose, precisiation must be
cointensive

Cointensive precisiation is a key to
mechanization of natural language
understanding

g
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COINTENSIVE DEFINITION
CONCEFT

human percepfion of C definition of C
£(C) Def(C)
intension of p(Cj} intension of Def(C}

cofntension: coincidence of the intended infensfon of the
definiendum, C, and the intension of the definiens Def{C)

If C is a concept and Def(C) is its definition, then Def(C) is a
valld definition if it is cointensive with C 48

AN IMPORTANT IMPLICATION FOR SCIENCE

» It is a deep-seated tradition in science to
employ the conceptual structure of bivalent
logic and probability theory as a basis for
formulation of definitions of concepits. What
is widely unrecognized is that, in reality,
most concepts are fuzzy rather than bivalent,
and that, in general, it is not possible to
formiilate a cointensive definition of a fuzzy
concept within the conceptual structure of
bivalent logic and probability theory.

a0

39



Scientificand Technical Bulletin Series: Electrotechnics, Electronics, Automatic
Control and Computer Science, Vol. 2, No. 2, 2005, ISSN 1584-9198

TEST PROBLEMS (PROBABILITY THEORY)

» X is a real-valued random variable. What is knowrn
about X is: afusually X is much larger than
approximately a; b usually X is much smalfer than
approximately b, where 5 and b are real numbers
with a = b. What is the expected value of X?

= X and Y are random variables. (X, Y) takes values In
the unit circle. Prob(1) is approximately 0.1; Prob(2)
s approximately 0.2; Prob(3) is approximatefy 0.3;
Prob(4) is approximately 0.4. What is the marginal
distribution of X?

4|1
0 X
3|z
|
EXAMPLES OF FUZZY CONCEFPTS WHOSE

STANDARD, BIVALENT-L OGIC-BASED DEFINITIONS
ARE NOT COINTENSIVE

= stability

= causality

» relevance

» bear market

» recession

» mountain

= independence
» Stationarity

» cluster
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EXAMPLE OF A BIVALENT DEFINITION OF A
FUZZY CONCEPT

Robert Shuster iNed Davis Research)

We classify a bear market as a 30 percent deciine
after 50 days, or a 13 percent decline after 145 days.

= A problem with this definition of bear market Is that
it is not cointensive

a3

COINTENSION

» In general, a cointensive definition of a fuzzy
concept cannot be formulated within the
conceptual structure of bivalent logic and
probability theory

» To understand the meaning of this
cointension, an analogy is helpful

a4
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ANALOGY
S M(S)
system el i modef
! Pre(l)
lexeme gacoares precisland

= input-output refation —— intension {tesit-score function)

+ sysfem analysis —— semantical analysis (Frege’s Principle
of Compositionality)

* degree of match between M(5) and 5 cointension

+ In general, it is not possible to construct a cointensive
model of a nonlinear system from linear components

£S5

PRECISIATION OF MEANING
BASIC POINT

» The meaning of a proposition, p, may be precisiated
in many different ways

precisiation |

P Pre,(p}

Pre,(p)
> precisiands of p

Pmnll'PJ w,

]
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CHOICE OF PRECISIANDS
#In TPM, Pre(p) is equated to GC{p)

» The concept of a generalized constraint
opens the door to an unfimited
enlargement of the number of ways in
which a proposition may be precisiated

» An optimal choice is one which
achieves a compromise between
complexity and cointension

af

THE KEY IDEA

= In TPM, a proposition, p, is precisiated by expressing
its meaning as a generalized constraint. in this
sense, the concept of a generalized constraint
serves as a bridge from natural languages to
mathematics.

NL Mathematics

p p* (GC(p))

|
generalized constraint

* The concepl of a generalized constraint is the
cenferpiece of TPM

ad
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THE GONCERT
OF A GENERALIZED

GENERALIZED CONSTRAINT (Zadeh 1986}

* Bivalent constraint (hard, inelastic, cafegorical:)

Xe E
consiraining bivalent relation

e« Generalized constraint:

XisrR
Pt

- constraining non-hivalent ffuzzy) relation
index of modality (defines semantics)
constrained variable

rel=lzlz|c|... |Mank|p|v|u|rs|fg|ps|...

e

hivalent 3
primary

&0
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CONTINUED
* constrained variable

* X s an n-ary variable X=(X,, ..., X)

* X is a proposition, e.g., Leslie is tall

® X Is a functfon of another variable: X=fY}

* X is condifioned on another variable, X/'Y

* X has a striictiire, e.qg., X= Location
(Residence(Carol))

* X is a generalized constraint, X:YisrR
® X Is a group variable. In this case, there ls a
group, GfA]: (Name,, .. Name,l with each

member of the group, Namer, i=1, ... n
gssocfated with an attribute- vafue A,. A may be
vector-valued. Symbolically

GfA]l: (Name, /A+... +Name /A )

Basically, X is a relation &1

SIMPLE EXAMPLES

» “Check-out time is 1 pm,” is an instance of a
generalized constraint on check-out time

» “"Speed limit is 100km/h" is an instance of a
genetalized constraint on speed

» "Vera is a divorcee with two young children,”
is an instance of a generalized constraint on
Vera’s age

62
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n=

GENERALIZED CONSTRAINT—MODALITY r

XisrR

equality constraint: X=R is abbreviation of X is=R

rs Inequality constraint: X< R

o subsethood constraint: X ¢« R

r: blank possibilistic constraint; X is R; R is the possibility
distribution of X

v veristic constraint; X isv R; R is the verity
distribution of X

rp probabilistic constraint; X isp R; R is the

probability distribution of X

Sfandard constraints: bivalent possibilistic, bivalent veristic

and probabilistic

CONTINUED

&3

. bm bimodal constraint; X is a random variable; R is a

bimodal distribution

r:re  random set constraint; X isrs R; R is the sef-

valued probability distribution of X

r: fg fuzzy graph constraint; X isfg R; X is a function

rou

rg

and R is its fuzzy graph

the attribute-values of the group

usuality constraint; X isu R means usually (X is B}

group constraint; X isg R means that R constrains
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PRIMARY GENERALIZED CONSTRAINTS

» Possibilistic: Xis R
» Probabilistic: X isp R
» Veristic: Xisv R

» Primary constraints are formalizations of
three basic perceptions: (a) perception of
possibility: {b) perception of likelihood:; and
(c) perception of truth

» In this perspective, probability may be
viewed as an attribute of perception of
likelihood

63

DIGRESSION—FQUNDATIONS OF SCIENTIFIC
THEORIES

= Scientific theories have their origins in perceptions

= A scientific theory may be viewed as a formalization
of perceptions

Basic perceptions and their formalizations

= Likelihood —— probability theory , probability is an
attribute of likelihood

= Possibility possibility theory

» Truth and consequence — logic

» Similarity —— classification theory
» Causality —— theory of causality

-1:]
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EXAMPLES: POSSIBILISTIC

» Monika is young——Age (Monitka) is young
X R

» Monika is much younger than Maria —
{Age (Monika), Age (Maria}) is much younger

Lx Lr

» most Swedes are tali
—iCount (tall.Swedes/Swedes) is maLsf
R
X

&7

EXAMPLES: PROBABILISITIC

» X is a normally distributed random
variable with mean m and variance o2 ——

X isp N{m, 2}

» X is a random variable taking the values
Uy, U, U, with probabilities p,, p, and p,,
respectively —

X Isp (pustp s +psiuy)
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EXAMPLES: VERISTIC

» Robert is half German, quarter
French and quarter Italian

Ethnicity (Robert) isv (0.5|German
+ 0.25|French + 0.25|italian)

» Robert resided in London from 1985
to 1990

Reside (Robert, London) isv [1985,
1990]

[=1]

STANDARD CONSTRAINTS

» Bivalent possibilistic: X ¢ C (crisp set)
» Bivalent veristic: Ver(p) is true or false
» Probabilistic: X isp R

» Standard constraints are instances of
generalized constraints which underlie
methods based on bivalent logic and
probability theory

fil1]
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GENERALIZED CONSTRAINT—SEMANTICS

A generalized constraint, GC, is associated with a
fest-score function, ts(u), which associates with
each object, u, fo which the constraint is
applicable, the degree fo which u satisfies the
constraint Usually, ts{u} is a point in the unit
interval. However, if necessary, it may be an
element of a semi-ring, a lattice, or more generally,
a partially ordered set, or a bimodal distribution.

example: possibilistic constraint, Xis R
XisR Poss{X=u) = upfu)
tsfu} = pp(u)

ol

TEST-SCORE FUNCTION

GCfX): generalized constraint on X
X takes values in U= {u}

= test-score function ts(u): degree fo which u satisfies
GC

ts(u) may be defined {a} directly fextensionally} as a
function of u; or indirectly (Intensionally) as a
function of attributes of u

intensional definition=attribute-based definition

¥ oW

¥

.

example (a) Andrea is tall 0.9

fh} Andrea’s height is 175em; . {175=0.9;
Andrea is 0.9 tall

72
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CONSTRAINT QUALIFICATION
» pisr Rmeansrvalue of pis R

in particular
p isp R— Frob(p) is R {probability qualification)
p isv R——Tr{p) is R (truth (verity) qualification)
pis R —— Poss{p} is R (possibility qualification)

examples
(X is small} isp likely — Prob{X is small} is likely
(X is small) isv very triue — Ver{X is small} is very true
(X isu R) —Prob{X is R} is usually

3

GENERALIZED CONSTRAINT LANGUAGE (GCL)

» GCL is an abstract language

» GCL is generated by combination, gualification and
propagation of generalized constraints

examples of elements of GCL

+« (Xisp R)and (XY} is 5)

« {(Xisr R) is unlikely} and (X iss 5} is likely
« IfXisAthenYis B

» the language of fuzzy if-then rules is a sublanguage
of GCL

‘-{

= deduction= generalized constraint propagation

» the language of fuzzy if-then rules is a sublanguage
of GCL

4
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STANDARD CONSTRAINT LANGUAGE (SCL)

» SCL is a sublanguage of GCL
GCL

» SCL is generated by combination,
qualification and propagation of standard
constraints

» The languacge of differential equations is a
sublanguage of SCL

PRECISIATION = TRANSLATION INTO GCL

BASIC STRUCTURE
NL GCL
i precisiation i
P translation p* ﬂﬁ,
GCip)

generalized constraint

annoitation
p—X/Aisr R\B ~—— GC-form of p

example
p: Carol lives in a small city near Sanh Francisco
X/Location{ResidencefCarol]) is RINEAR[CIty] ~ SMALL{City]

i
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STAGES OF PRECISIATION
perceptions NL
p’ it
pere deseription . mh-precisiation

I v-imprecise
v-imprecise m-impracise

GCL NL

mm-grecisiafion | p’

p"' L]
v=imprecise
m-precise

b
PRECISIATION
|
| |
s-precisiation g-precisiation

conventional GCL-based
{degranulation) fgranulation)
& precisiation * T
I_-'&_' e e T a > Ersc:rsrafinn X isr R

t ] f'\ ‘—‘v—t

approximately a proposition  GC-form

Lcommon practice in probability theory

+ cg-precisiation: crisp granular precisiation
i}
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PRECISIATION OF “approximately a,” *a

M
1
s-precisiation singfeton
T
cy-precisiation feredr
probabifity distribution
g-precisiation <
possibility distribution
1)
a
ﬁ; e X
B --_ fuzzy graph
I |
(] [_ _ AN
lk ¢ 20 25 X i
CONTINUED
P R
e " . bimodal distribution
g-precisiation o A 3
E i i 'l i
X

GCL-based (maximal generality)

o g-recigiaiion Xisr R
\_.ﬂ'__.a

t
GC-form
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EXAMPLE
+ p: Speed limit is 100 km/'h
poss
cg-precisiation
p— r = blank (possibilistic)
160 g SPQ'B;’
poss 1
g-precisiation
p— N r = blank (possibilistic)
100 110
prok
g-precisiation
p— r = p (probabilistic)

108 110 Speed

a1

CONTINUED
prob e
e :
: Sor DL | g-precisiation
p— :'""'-.---a ¥ = bm (bimodal)
1
100 110 120 speed

If Speed is less than *110, Prob{Ticket) is low
if Speed is befween *110 and *120, Prob{Ticket) is medium
If Speed is greater than *120, Prob{Ticket) is high

a2

55



Scientificand Technical Bulletin Series: Electrotechnics, Electronics, Automatic
Control and Computer Science, Vol. 2, No. 2, 2005, ISSN 1584-9198

THE CONCEPT OF GRANULAR VALUE

Xis a singular value
singlefon

X is A —— granular value

15 grantife
A granular value
': as—— singular value
0 '
B3
CONTINUED

» A is defined as a generalized constraint

example
X is small ——— granular value
I— fuzzy set
granulation
! : |
forced defiberate
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GRANULAR COMPUTING (GrC}

» The objects of computation in granular
computing are granular values of variables
and parameters

» Granular computing has a position of
cemtrality in fuzzy logic

» Granular computing plays a key role in
precisiation and deduction

85

GRANULAR DEFINITION OF A FUNCTION

‘/-medlmn x large
________ ~ T" {fuzzy graph) perception

| : f
_1 if X is sma en Y is sma

(4] - X if X is large then Y is small

L]
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PRECISIATION AND DEDUCTION
> p: most Swedes are tall

p*: ECount(tall. Swedes/Swedes) is
most

further precisiation

h{u): height density function

h{u)du: fraction of Swedes whose height
isinfu utdu], a<u<bh
I® h{u)du =1

BY

CONTINUED
» TCount(tall. Swedes/Swedes) = [ h{e)u,.,(4)du

» constraint on h

|: [ hle)p Au)du  js most

(1) = 1t (12 DU, (1))
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CALIBRATION/ PRECISIATION

» calibration
1 j
o

A rpltt
1 height 0.8 i fracficn

« precisiation
most Swedes are tali —— w{h) = (% b{t)p, (U)dur)

fi: count density function

» Frege principle of compositionality—precisiated version
» precisiation of a proposition reqiiires precisiations
(calibrations) of its constituents B4

DEDUCTION

q: How many Swedes are not tall
g% [ () ) is ? Q
soiution: ]': h{en) (1 — ., (U))du =
[; hunydu - [ b, (u)du = 1—most

- I
i_ mf";'_ mosf

Y

a0
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DEDUCTION

gq: How many Swedes are short
q* " b, (u)da is7q
solution: | s Bt (1) is most

[o B o) is?Q

exfension principle

Ly v)= Sup, {”'nu.ll'{-[: h{u}”m{u}du”
subject to

R I (7) T (737, 7

1

CONTINUED

q: What is the average height of Swedes?
q*: I® A{u)udu i 7 @
sofution: I Bt} (LAY is most

I'_’ hitnuduy is 2 @

exfension principle

g (v)= supn{umm I-I-: h{uh'lm (u)du))
subject to

v = [* hig)udu

2
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PROTOFORMAL DEDUCTION

Example:

most Swedes are tall — 1/ Count{GfA] is R} is @
]

Height

g3

PROTOFORMAL DEDUCTION RULE

1/n> Count{G[A] is R} is Q
1/n3 Count(GfA] Is S) is T

A} is Q
JugA)is T

HAV) =8Up,, 4 (HolE a(A)
subject to
v =2 (A}

94
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PROTOFORM LANGUAGE
AND
PROTOFORMAL DEDUCTION

THE CONCEPT OF A PROTOFORM
PREAMBLE

» As we move further into the age of machine
intelligence and automated reasoning, a daunting
problem becomes harder and harder to master. How
can we cope with the explosive growth in
knowledge, information and data. How can we
focate—and infer from—decision-refevant
information which is embedded in a large dafabase.
Among the many concepts that relate to this issue
there are four that stand out in importance: search,
precisiation and deduction. In relation to these
concepts, a basic underlying concept is that of a
protoform—a concept which is centered on the
confluence of abstraction and summarization
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WHAT IS A PROTOFORM?

» protoform = abbreviation of prototypical form

» informally, a protoform, A, of an object, B, wrilten as
A=PF{B), is an abstracted summary of B

= usually, B is texical entity such as proposition,
question, command, scenarlo, decision problem, efc

= more generally, 8 may be a relation, system,
geometrical form or an object of arbitrary complexity

= Usually, A is a symbolic expression, but, fike B, it
may he a complex object

» the primmary function of PR(B) is fo place in evidence
the deep semantic structure of B

ar

CONTINUED
object space

profoform space

sumymary of p

ob{ect summarization abstraction protefon
P

S{p) A(S(p))
PF(p}

PF(p): abstracted summary of p
deep structure of p
« profoform equivalerice

= protfoform similarity
a4
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PROTOFORMS
object space  protoform space
2 |~
:ﬂdﬁ g
m .
PF-equivaience { :%
class -—

» at a given level of abstraction and summarization,
obfects p and q are PF-equivalent if PR{p)=PF(q)

example
p: Most Swedes are fall Count (A/B) Is Q
: Few professors are rich Count (A/B) is Q

EXAMPLES

instanftiation
» Monika is young —— Age{Monika) is young A{B) is C
I}

— J
abstraction
= Monika is much younger than Robert ———

{Age(Monika), Age(Robert} is much.younger——
D(A(B), A(C)) is E
# Usually Robert returns from work at about 6:15pm——
Prob{Time(Return{Rober)} is 6:15% Is usually
Prob{A(B) Is C} is D
‘ L L usuaiy
6:75*
ReturniRobert)
Time 160
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EXAMPLES

Alan has severe back pain. He goss to gant +
see g doctor. Tie decfor tefls him that .
there are twa oplions: (1) do nothing;
and (Z) do surgery. In e case of

surgery, there are fwo possibilities; (a} Q !
surgery is successful, in which case

Alan will be pain free; and (B} surgery is

nof successiul, in which case Alan will ‘-/

be paralyzed from [he neck dowrn. 2
Question: Should Alan elect surgery? option 1

aption 2

object
/ _— i-protoform

1

PROTOFORMAL DEDUCTION
i —GCL _ PFL

precisiyiion surmwrarization R
p . p

P
-q*

o precisiation ahstraction q*’

WHA DA

World
Knowledge &
Module

| a

deduction ﬂl‘OﬂUfE/ answer

102
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PROTOFORMAL DEDUCTION

» Rules of deduction in the Deduction Database (DDB)
are protoformal

examples: (a) compositional rule of inferenice

XisA s (v) =supf u,(u) A (u,v))
symbolic—— | (X, Y)is B T_
Yis A8 compitational

(h) extension principle

Xis A g, (v)=sup.(p.(u))
Y=f09 v =F(u)
Y =14y
symbaolic computational =
RULES OF DEDUCTION

= Rules of deduction are basically rules governing
generalized constraint propagation

» The principal rule of deduction is the extension

principte
Xis A #o(v) = Sup, ( p1,(11)
| fEX) is B v =F{u)
symbolic L computational

104
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GENERALIZATIONS OF THE EXTENSION

PRINCIPLE

information = constraint on a variable

X) is A
gX) is B

— given information about X

—— infarred information about X

#y(v)=sup,(p,(F(u))

- v =g{u)
105
CONTINUED

Xy, ... XJis A s (v ) =sup.(p(flu))

Xy ... X J)I1sB v =gfu)
m'p wear Xn} isA a“af""'} =3”Puf#ﬁfff”ﬂ
g;(X,, e XI,J is Y_; ’ i=1, ... n Subiert ta v=g[uj
(Y, .. Y)isB j=1,.n
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PROTOFORMAL DEDUCTION

Example:

most Swedes are tall— 1/ Count{GfA] is R) is Q
|

Height

10¢

PROTOFORMAL DEDUCTION RULE

1/n.¥ Count(G[A] is R) is Q
1/nF Count(G[A] is S) is T

21(A) is Q
JufA)is T

BAV) = 8UPy, | a (Hal2 He(A)
subject to
v =Xl A)

105
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EXAMPLE OF DEDUCTION

p: Most Swedes are much faller than most lfalians

g: What is the difference in the average height of Swedes
and ltallans?

TPM-based sofution

Step 1. precisiation: transfation of p into GCL

SELS, L5k population of Swedes
f={l, ..., 1.}:population of ltalians

g, = height of 5; » 3=(Gy, --; G
fi, = helght of I, h=(hy, ., h)
Hi = Boen med 9 1) = degree to which S, is much taller than I,
108
CONTINUED

7.
r, = — &1, = Relative T Count of ftalians in refation to whom
o+ S, is much taller

t = [l..e: (T} = degree to which S, is much taller than

most ftalians
V= 1Etr. = Relative > Count of Swedes who are
Lt much taller than most ltaffans

tsfg, i) = YopedV)

p —+generalized consfraint on 5 and f

1 1
g:d= mErgi o nth:‘

110
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CONTINUED

Step 2. Deduction via extension principle

ho(d) = sup, ,ts(g,h)

subject to
d= %Efgff —%Ejhj
111
DEDUCTION FPRINCIPLE

+ Point of departure; question, g
» Dara: D= (X u, .... X/u)

u. is a generic value of X,

= Ansfgl: answer o g

= Ifwe knew the values of the X, u,. ..., v, we could express
Ansfo) as a function of the U,

Ansfg)=gfu,, ....u) u=(u, ... u)

» Our Information about the U, Ifu,, ..., u) is a generafized
constraint on the u. The constraint is defined by its test-score
furction

flu)=fu,, ..., 1}

1M
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CONTINUED

» Use the extension principle

Hoansiqy (¥ ) = SUp,(ts(u))

subject to
v=g(u)

113

MODULAR DEDUCTION DATABASE

POSSIBILITY PROBABILITY  FUZZY ARITHMETIC
MODULE MODULE ?gm MODULE

SEARCH FUZZY LOGIC EXTENSION
MODULE MODULE PRINCIPLE MODULE|

114
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PROBABILITY MODULE

115

THE CONCEFT OF BIMODAL DISTRIBUTION
(ZADEH 1979)
Xisbhm R

|_ L bimodai distribution
random variable

» A bimodal distribution is a colfection of ordered
pairs of the form

R: {{Py, AJ. ..., (P, A}
or equivalently
E(P\A) : =1, ...n

where the P, are fuzzy probabilities and the A, are

fuzzy sets
118
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CONTINUED

Special cases:
1. The P, are crisp; the A, are fuzzy
2. The P;are fuzzy; the A; are crisp
3. The P,are crisp; the A, are crisp

» The Demspter-Shafer theory of evidence is
basically a theory of crisp bimodal
distributions

117

EXAMPLE: FORD STOCK

= | am considering buying Ford stock. | ask my
stockbroker, “\What is your perception of the
near-term prospects for Ford stock?” He tells
me, “A moderate decline is very likely; a
steep decline is unlikely; and a moderate
gain is not likely.” My question is: What is
the probability of a large gain?

118
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'\-{

CONTINUED

Information provided by my stockbroker may be
represented as a collection of ordered pairs:

Price: {{unlikely, steep.decline),

fvery.likely, moderate.decline),

{rot likefy, moderate.gain))
in this coffection, the second element of an ordered
pair is a fuzzy event or, equivalently, a possibility
distribution, and the first element is a fuzzy
probability.
The importance of the concept of a bimodal
distribution derives from the fact that in the context
of human-centric systems, most probability
distributions are bimodal

118

BIMODAL DISTRIBUTIONS

Bimodal distributions can assume a variety
of forms. The principal types are Type 1,
Type 2 and Type 3. Type 1, 2 and 3 bimodal
distributions have a common framework but
differ in important detail

120
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BIMODAL DISTRIBUTIONS (Type 1, 2, 3)
(5]

(4

» Type T {default): X is a randaom variable taking values in U
A, ..A,A areevents ffuzzy sets)
p,=Frob{Xis A] , =t ...n
P is unconstrained
p,is P, {granufar probabifity)

EMD: bimodal distribution: {{P,, A, ..., (P, AJ))
Xisbm (P A, + - +P\A ]

Problem: What is the probability, p, of A7 In general, this

probability is fuzzy-sel-valued, that is, granuiar 134

CONTINUED

» Type 2 (fuzzy random set): X is a fuzzy-set-valued
random varfable with
values A,, ..., A (fuzzy
sets)

P, =Prob(X=A) i=1 ..n

BMD: Xisrs (pA; +-- +p,JA,)
Ip; =1

Frablem: What is the probability, p, of A7 p is not
definable. What are definable are {a) the
expected value of the conditional
possibility of A given BMD, and (b) the
expecfed value of the conditional
necessity of A given BMD
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CONTINUED

= Type 3 {augmented random set; Dempster-Shafer):
X is a set-valued random variable taking the values X,
..., X, with respective probabilities p,, ..., p,
« Y, is a random variable taking values in A, i=1,... n
« Probability distribution of Y, In A, I =1, ..., n, Is not
specified
« Xisp (p, X+ 4p, X))

Problem. What is the probability, p, that Y, or Y, ... or Y,
is in A7 Because probability distributions of the Y, in the

A, are not specified, p is interval-valued. What is
important to note is that the concepts of upper and
lower probabifities break down wheri the A; are fuzzy

sefs

1S DEMPSTER SHAFER COINTENSIVE?

# In applying Dempster Shafer theory, it Is important fo
check on whether the data fif Type 3 model.

precisiation Bimodal
Type 1

NL precisiation Bimodal
description Type 2
_Fﬁ

of problem
\ precisiation Bimodal | Dempsier-
Type 3 Shafer

» Caveat: In many cases the cointensive (weil-fitting)

precisiand {model) of a problem statement is
bimodal distribution of Type 1 rather than Type 3

{Demspter-Shafer)
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BASIC BIMODAL DISTRIBUTION (BMD) (Type 1)
(PERCEPTION-BASED PROBABILITY

DISTRIBUTION)
X is a real-valued random variable
probability
Pa hhhhhh

w'ow’

A, A A,

BMD: P(X) = Pi\A; + Pip\A, + ProlA,
Prob (X is A} is Py,
PiX)= low\small + high\medium + lowllarge .

INTERPOLATION OF A BASIC BIMODAL
p DISTRIBUTION (TYPE 1)

Vi gfu}: probability density of X

A, A, A A

n

p,is P, : granular value of p,, i=1, ..., n
(P.,A),i=1,..,n aregiven
A is given

(7P, A)
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INTERPOLATION MODULE AND PROBABILITY
MODULE

L
o

subj t&

OPERATIONS ON BIMODAL DISTRIBUTIONS

P(X) defines possibilify distribution of g

problem
. - B
a) w»ei\me expected value of X
k -
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EXPECTED VALUE OF A BIMODAL
DISTRIBUTION

E(P*) =, ug(u)du=f(g)

Extension Principfe
HerenfV) =SUp (1, (1, 1, (W)e()de) A -
NN () () )

subjectto: ¥ = |, ug(u )du

SUMMATION

» addition of significant question-answering
capability to search engines is a complex,
open-ended problem

» Incremental progress, but not much more, is
achievable through the use of bivalent-logic-
based methods

» to achieve significant progress, it is imperative
to develop and employ hew methods based on
computing with words, protoform theory,
precisiated naturaf language and
computational theory of precisiation of
meaning

» The centerpiece of hew methods is the concept
of a generalized constraint
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APEEND\\

13

DEDUCTION
THE BALLS-IN-BOX PROBLEM

Version 1. Measurement-based gjo %
(@)

A flat box contains a lfayer of black and white
balls. You can see the balls and are alfowed
as much time as you need to count them

» g, What is the number of white balls?

» 5 What is the probability that a ball drawn at
random is white?

» g, and q, remain the same in the next version
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DEDUCTION

Version 2. Perception-based

You are alfowed n seconds to ook at the
box. n seconds is not enough to allow you

to count the balls

You describe your perceptions in a natural

language

p,: there are abotit 20 balls

p,: most are black

ps: there are several times as many black
balis as white balls

PT’s solution?

MEASUREMENT-BASED

v

version 1

a box contains 20 black
and white balls

over seventy percent
are black

there are three times as
many black balls as
white balls

what is the number of
white balls?

whatis the probability
that a ball picked at
random is white?

PERCEPTION-BASED
version 2
> a box contains about 20
black and white balls
» most are black

» there are several times
as many black balls as
white balls

» what is the number of
white balls

> what is the probability
that a ball drawn at
random is white?
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COMPUTATION (version 2)

= measurement-based B perce'pﬁon—based
4 R mUCROR At X = number of black
balls balls
Y, number of white :
b;;,rr: moerotwi Y = number of white
X>0720=14 balls
X+v¥=20 X = most x 20*
X=3Y X = several *Y
X=15 = ¥=5 x.l.Y:zﬂ*
p =5/20= .25 P=YN

135

FUZZY INTEGER PROGRAMMING

X= most % 20*

X+Y=20"

X=several x y




Scientificand Technical Bulletin Series: Electrotechnics, Electronics, Automatic
Control and Computer Science, Vol. 2, No. 2, 2005, ISSN 1584-9198

REL EVANCE, REDUNDANCE AND

DELETABILITY
DECISION TABLE
Name A, A A, D !
A: | th symptom
f'n’lﬂ."i‘.!e1 L aﬁ a;, df
a, value of j th
symptom of
Name, Ay, ay Ay d, Name
N&meﬁﬂ aﬁ-j-f’ 1 E;H.IJ ak.}_-’, H dz D: diagﬂusj&
Mame, ay a, a, d,
Mame" a. a, i o dr

137

REDUNDANCE —— DELETABILITY

Name A, A

L

,,_, D

Name, a4 i @y d,

A, is conditionally redundant for Name_ 8, s a3, A isa_
IfD is d, for all possible values of A in *

A Is redundant if it is conditionally redundant for all values of Name

» compactification algorithm (Zadeh, 1976); Quine-McCluskey algorithm
128
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RELEVANCE

Dis?2d ifAjisa,

constraint on A, induces a constraint on D
example: {(blood pressure is high) constrains D
(A;is ay) is uniformative if D is unconstrained

Aj is irrelevant if it AJ, is uniformative for all a,

irrelevance —— deletability

IRRELEVANCE (UNINFORMATIVENESS)

Name| A, Aj A, D

(A; is a;) is irrelevant

funinformative)

d
Name| a, :
r df
d;
Name| a, ) _
fis d,

140
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EXAMPLE

D: biack or whita

2 A
1
A, and A, are irrelevant (uninformative) but not defetable

A,

D: black or white

] e S |
A, is redundant (deletable) 1

141

KEY POINT—THE ROLE OF FUZZY LOGIC

» Existing approaches to the enhancement of web
intelfigence are based on classical, Aristotelian,
bivalent logic and bivalent-logic-based probability
theory. In our approach, bivalence is abandoned,
What is employed instead is fuzzy logic—a logical
system which subsumes bivalent logic as a special
case.

» Fuzzy logic is not fuzzy

» Fuzzy logic is a precise fogic of fuzziness and
imprecision

» The centerpiece of fuzzy logic is the concept of a
generalized constraint.

142
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= In bivalent logic, BL, fruth is bivalent, implying that
every proposition, p, is either true or false, with no
degrees of truth allowed

» In multivalent logic, ML, truth is a matter of degree

= In fuzzy logic, FL:

« everything is, or is aflowed tfo be, to be partial, j.e,
a matter of degree

« everyihing is, or js allowed to be, imprecise
(approximate)

« everything is, or is allowed fo be, granular
(linguistic)

« everythingis, oris allowed fo be, perception
based

143

CONTINUED

» The generality of fuzzy logic is needed fo cope with
the greaf complexity of problems related fo search
and question-answering in the context of world
knowledge; to deal computationally with perception-
based information and natural languages; and fo
provide a foundafion for management of uncertainfy
and decision analysis in realistic setfings
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January 26, 2005

Factual Information About the Impact of Fuzzy
Logic

PATENTS

@ Number of fuzzy-logic-related patents applied for in
Japan: 17,740

@ Number of fuzzy-logic-related patents issued in
Japan: 4,801

@ Number of fuzzy-logic-related patents issued in the
US: around 1,700

145

PUBLICATIONS

Count of papers confaining {he word “fuzzy™ in fifle, as cifed in INSPEC
arnd MATH SCILNET dalabases.

Compiled by Camille Wanaf, Head, Engineering Library, UC Berfieley,
Decamber 22, 2004

Number of papers in INSPEC and Math3ciNet which have "fuzzy™ i fheir
titles:

INSPEC - “fuzzy™ it the Iitle
1870-7978: 563

15980-1989: 2,404
1880-7988; 23,207
2000-present: 14,172

Total: 40,352

MafhSciNef - “fuzzy™ In fhe e
1870-1878: 443

1980-71980; 2465

1980-1989: 5483
2000-prasent: 3,980

Toial: 12,351 148
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JOURNALS (“fuzzy” or “soft computing™ in title)

Fuzzy Sels and Systems

[EEE Transactions on Fuzzy Systems

Fuzzy Optimization and Decision Making

Journal of Intefligent & Fuzzy Sysiems

Fuzzy Economic Review

Irternational Journal of Uncertainty, Fuzziness and

Krowledge-Based Systems

Journal of Japan Soclety for Fuzzy Theory and Systems

fnrernational Jotrnal of Fuzzy Systems

5 Soft Computing

0. frternational Journal of Approximate Reasoming--5Soft
Computing in Recognition and Search

11.  frtelligent Automation and Soft Computing

12 Journal of Multipfe-Valued Logic and Soft Computing

13 Mathware and Soft Computing

14. Biomedical Soft Computing and Human Sciences

15 Appifed Soft Computing

phom o

& N

147

APPLICATIONS

The range of applleation-areas of fuzzy logle I too wide for exhaustive
ligfing. Following is & partial lisf of existing applicafion-areas in which there
1% a record of substantial actvity.

1. Industrial conlrol 8. Finahelal engineating

2. Qualily confrol 20 Assessmeni of credit-worlRiness
3.  Elevator control and scheduling 29, Fraud defection

4. Traln controf 22. Mine detection

& Traffle control 23. Paltern classification

B. Loading erane conlrol 24. OH exploralfon

7. Reactor conirol 25. Geology

8. Aulomobile fransmissions 26. Civil Enginesring

9. Automoblle climate control 27. Chemistry

1d. Aulomobile bedy painiing contral 28, Mathematics

9. Aulomobite engine contral 28 Madicine

12. Paper manufacluring 30. Biomedical instrumernlation

13. Steef manufaciuring 3. Healffh-care products

14. Power disirfbufion confrol 32. Economics

15, Soffware engltearind 33, Social Sclences

16. Exper sysiems 34. Intermetl

7. Cperalion research 35. Library and Informalion Science
18. Decision analysis 148
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Produet information Adderdn 1

This addendunt relates to information about products which employ fuzzy logle singly or
fry eorrrbirration. The infoanation which s presenied came front SIEMENS and
QMRON. It is fragmentary and far from complate. Such adaenda will he samt fo e

Growp fron Hime to time.

SIEMENS:

* washing machines, 2 millfon units sold
= feieey giichamce for navigaiion systems (Opel, Parschel
T QCS: Qocupant Classification System {to determine, if a place in a caris

accupled by

& PErsOl oF SoMeting efse; to comirof e alrbag 85 well 85 e infensity of Hhe
arbragh. Here FL is used fn the product as well as in the design process
foptimization of paramefers),
* fuzzy automaohile transmission (Porsche, Peugeot, Hyundai]

OMRON:
* fuzzy fogle blood pressure meter, 7.4 mitifon unita sold, approcimate retall value
740 million dollars

Node: IF yaw have any irformalion abot products amd or manufaciudng which may be of
refevance please communicate i fo Dr. Vesa Niskanen vesssnickenenfibelinkl
Mikraveshiics berkeley eal -

and Masoud Nikravesh
1449

Froduct information Addemium 2

This acdendum refales fo dnformation abawl products which employ fuzzy Togic singly or
In combination. The information which iz presented came from Prafessor Hidepokl Takagl,
Kyushu University, Fufaoka, Japan. Professor Takagd (s the co-inventor of neurofuzzy
systams. Such addenda will be sent to the Group from time 1o time.

Facts on FL-hased sysierne in Japan (as of 2065004)

1. Somy's FL camcorders

Total amownt of camcorder production of alf cmgﬂn.fes in 1995-1998 vimes Sony's marked
share 15 the following Fuzey fodic s weed v all Sony's camcarders at least in Hese four
years, Le. toral production of Sony's FL-based camcorders is 2.4 milllons products fn

these foLW years.
1,228K tnits X 49% in 1995
1, 375K tafte X 52% in 1886

1, 367K mafts X 50% fn 1987
T, 476K tnlts X 57% In 1998

2. FL control at demitsu ofl factonies

Fuzzy logie control Is reandng ar more than 70 places gt 4 off factorles of Idenltsu Kosan
Co. Lid fnclidiog not oy pure FL control but afzo the combination of FL and conventlional
control.

They eslfimate hat the effect of thefr FL conirod fs more than 200 miilion YEN per pear arnd

fT sves nove Hian 4,000 ROLs per |rear.
120
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3. Canon

Canon used (uses) FL in their cameras, cemoorders, cogy macfiine, and
sfepper alignment eguipment for semiconducior production. But, they have
a rule nof to announce feir production and sales dafa to public.

Canon holds 31 and 31 esfablisfred FL patenfs in Japan and US,
respectively.

4, Minolfa cameras

Minolta has a rule not fo announce thelr production and sales data to
pubille, too.

whese name in US markef was Maxxum Fxi. It used six FL sysfems in a
camerz and was puf on fhe market in 19971 with 98,000 YEN (body price
without lenses). If was produced 30,008 per month In 1991 lfs sister
cameras, alpha-2xi, alpha-5x1, and thelr successors used FL systems, foo.
Bui, total number of production Is confidentlal.

191

3. FL planf controdlers of Yamatake Corporation

Yamatake-Honeywell {Vamatake's former name) put FUZZICS, Tuzzy
soffware package for plant operation, on the market In 1992 If has
heen used af the planfs of cil, oil chemical, chemical, pulp, and other
indusfries wiere if is hard for convenifonal PID coniroflers fo
describe the plan process for these more than 10 years.

They plarred fo sell fre FUZZICE 20 - 30 per year and total 200 million
YEMN.

Az this soffware runs ot Yamatahe's own confrol systems, the

soffware package itself iz nof expensive comparafive to the hardware
conlrol sysiems.

6. Ofhers

Mames of 225 FL systems and praducls picked up from fews articles
It 1987 - 996 are [isted af

hrito e o, com/ialeciuzryinole 10bimi in Japanese.}

MNofe: IF you have any Informafion about products and or manufaciuring
which may be ofmfefuance pIease communicate it to Dr. Vesa
NIERH'TEH pewe, g s ianenthersini. i and Masoud Nikravesh
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Abstract:

In this paper are analyzed the operating characteristics at the
rotorical parameters variation in comparison with the charge

and in that conditions when rotorical parameters R;,X;) are
constant.
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asynchronous motor, characteristics.



Scientific and Technical Bulletin Series: Electrotechnics, Electronics, Automatic
Control and Computer Science, Vol. 2, No. 2, 2005, ISSN 1584-9198

1. INTRODUCTION

The equations for the asynchronous motor with cage rotor
in permanent regime of working, are [1], [2]:

Q1:Z1£1_Qe1

0=_Z2£2+Qel (1)
101 =1,+1,

U, ,=~Z,,1n

Zlm=

where:
Z, =R, + jX, - statorical winding impedance;
Z,, =R, +JjX,, - magnetizing impedance;

, R, , D ) )
Z,=Cr—%+ jC X, - rotorical impedance in comparison
)

with rotorical frequency.

. l:z&(fzjw()qm[ﬁ)) R+le[f2) {R;X [ﬁ}xﬁm[ﬁm (Sfoj Xgoﬂ o
gl

[RZX@MR@ fork [ j {RI& m : ‘"(szj IX@ X‘"@} 3)
& {ap-{a]

Knowing the electrical parameters:
R,R,,R, ,X,,X, andX,  at a nominal frequency (f=50 Hz)

Im>

\_/

#nen(L)

and the supply, we can ﬁnd—out the current in the stator winding
and in the rotor winding.

L:Lﬂ; Z;Z—A (4)
Z,+CZ, Z,+C 2,
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where:

C =1+21 (5)

Zlm Zlim

Equivalent impedance of the motor is:

Z Z.
Ze=21+$_2' (6)
Z,,+2Z,

Zim

from where we can determine the power factor:

R(2.) o

—e

cosQ, =

The electromagnetic torque and the efficiency of the machine
will be determined with the relations:

L ®)
w S
Mz—ﬂfl(l—s)
Y 9
7 3U,1, cos ¢, ©)

Using the relations (4), (5), (8) and (9) we can sketch the
operating characteristics of the asynchronous motor in camporison
with the charge, taken into account the rotorical parameters
variation in camporison with the rotorical frequency f,.

2. PRACTICAL PARAGRAPH

We consider a triphases asynchronous motor, with a nominal
power Px=4 KW at 1500 rot/min, supplies by a nominal voltage
U;=220 V.

In figure 1 it is shown the working characteristics: 1, =f(s);

1, =f(s); cos@,=f(s); M=A(s).
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kI I I I I
024

0.A3
cosh 1(9)
052

036
035, 5 ! ! ! !

0.00% g 1.

sas5e7, B0
3333

467

M(s) 40
1333

2667

25512, | | | |
4 02 0.4 06 08 1

0o s 1

Fig.1. The working characteristics to the rotorical parameters modification
in comparison with the frequency.
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3. CONCLUSIONS

From mechanical characteristic M=f(s), at discharge
regime (s=0), appear an increase of the electromagnetic torque
due to the increase of the dispersion reactance of the rotor
coefficient Cy.
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Abstract:

In this paper it is shown the variation of the rotor
resistance R, and the dispersion reactance X,, magnitudes
reduced at the stator in coparison with the charge.
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1. INTRODUCTION

The determination of the charging work characteristics is
done, if we know all the parameters from the equivalent scheme
in ,,T”, for the inductive (electric) motor, shown in figure 1.

I, R X X, R, I,

Fig. 1 Equivalent scheme in ,,T” for the inductive electric motor

The parameters for the sketch below are:
R, — the resistance of the statorical phase winding;
X, — dispersion reactance of the statorical phase;
le
X

R; — the resistance of the rotor winding, reduced at the stator;

— magnetizing rezistance;

— magnetizing reactance;

Im

X, — the dispersion reactance of the rotor winding, reduced at
the stator.

In many simulations, the parameters are treated like to be
steady at a frequency of ;=50 Hz.

These suppositions make that the final results given by
the machine model, in a certain regime, clear-away from reality.

To take into account the influence of the rotorical
frequency f,, on the rotorical parameters, improve the machine
model, based on the equivalent scheme in ,,T”. We try to
improve a new modality to find out which of the rotorical
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parameters are implicit functions to the rotorical frequevency.
These determinations are made on the short-circuit evidence at a
variable frequency [1], [2].

In the mathematical relations of the resistance and
reactance we introduce the corrective coefficients:

Ry(f)=CyR, 1)
X,(f)=CyX, 2)
where:
AS. +BS
C — I1 r X 3
BR824+ 52) ®
Cy = B‘j,’ A5 @)
X, L |\S* + 82
Z(SOJ( r x)
o () vy (LY
A =RR |—|+X X, |— 5
| =1 1m(50j+ 2 1m[50) )
o () v (L)
A =RR | —|-XX, | 6
2 2 lm(SOJ 2 lm[soj ( )
f 2
B=RX, | = |+ X,R |- 7
2 lm( Oj+ 2 lm(so ()
. f)
S =R, +R, | — 8
7 2+ lm(so ()
(&)-x(%)
S =X,|—|+X, | = 9
X 2(50 1m 50 ( )
In this relations R,, R, , X,,, X, are coresponding to a

nominal frequency (f;=50 Hz).
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2. EXPERIMENTAL PARAGRAPH

We consider a triphases asynchronous motor, with a
nominal power Px=4 KW at 1500 rot/min, supplies by a nominal
voltage U;=220 V.

The electrical parameters found-out on the schort-circuit
evidence and discharge working regime at a frequency of 50 Hz
are next:

R =1,694Q; R, =1124Q; R =3,690Q;

X,=2323Q; X,=2529Q; X, =59,410Q2.

In figure 2 it is shown the variation of Cr and Cx
coefficients in comparison with the rotorical frequency.

In figure 3 it is shown the rotorical impedance deviation,
to rotorical impedance at a frequency of 50 Hz.

1.5 I —— a0

125F - 5 -
1- — 0
Crisin.7s — Cyis) 13
— 05 - — 1
025 — 5
0 | | | | 0

0 10 20 30 40 50 0 10 20 30 40 30

Si& Sf&

Fig.2. The variation of Cr and Cx coefficients.

100 100 | | |
|Z' 2(5)|
— <0 .
|2 ante)|
0 0 ] | |
20 a0 40 S0
i gy a0

Fig.3. The rotorical impedance, to frequency.
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3. CONCLUSIONS

The corrective coefficients Cr and Cx that we introduce
in the relations (1) and (2) have major variations, from 0+10 Hz.

In figure 3 Z,, is the value of the rotorical impedance is

calculated at the nominal frequency.
As we have already expected important variations of the
rotative impedance are at low frequency from 0+10 Hz.
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Abstract

Complex decision making in a complex, dynamic environment is
often a very difficult task. Investigation into huge amount of
multivariate data is needed to extract and manipulate
information distributed within, so that decision making can be
soundly sustained.
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1. INTRODUCTION

Decision support systems built for this purpose should have
advanced features such as:
= Good explanation facilities, preferably presenting the
decision rules used;
= Dealing with vague, fuzzy information, as well, as with
crisp information;
= Dealing with contradictory knowledge, e.g. when two
experts predict different trends in the stock market;
= Dealing with large data bases with a lot of redundant
information, or coping with lack of data.
= Hierarchical organization, i.e., they can involve different
levels of processing, comparing different possible
solutions, using alternatives, sometimes in a recurrent
way.
Techniques of computational intelligence, such as artificial
neural networks, fuzzy logic systems, genetic algorithms,
advanced statistical methods, along with traditional statistical
and financial analysis methods, have been widely applied on
various problems in finance and economics. Firs of all, it must
be noticed, that in the field, like economics, the expert’s
knowledge is always used. This expert’s knowledge is the basis
of each economic decision support system. Rule-based system
and fuzzy rule-based system in particular have been used in
financial and economic decision making. The main advantage of
rule-based systems is that their functioning is based on expert
rules. The main disadvantage is that these systems are not
flexible enough to react to changes in the data. It is proposed to
decompose the data domain involved into two parts: the fuzzy
hierarchy of the purposes and tasks, which is changed only in a
crisis situation, and a cognitive map of the situation, which is
changed at each receipt of new information in the system.
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2. THE HYBRID METHOD

The structure of the hierarchy of the purposes and tasks holds the
main factors of the involved data domain and the links between
these factors, which stay invariant. This hierarchical structure is
determined by the experts of this domain. Only in the crises
situations this structure can be changed, but these changes must
be controlled by the expert’s rules. The development of the
hierarchy is made by the experts, they select the main factors and
determine they levels and the links between them. The meta-
levels of the structure are the following: first level is the level of
the global aim; the others are levels of the criteria, which
determine the global aim. The last level is the level of factors
with a set of values. The links in the hierarchy define the
dependency between the upper level element’s realization and
the corresponding underlying level element’s realization.

After hierarchy construction, the elementary estimations should
be made by experts. The elementary estimation consists on the

getting for certain vertex ieV, paired estimations 5’,3 of the
arcs weights (1,j))e W, jeFiZ{k| (1, k) eW}. Paired
estimations show, in how many times the contribution of the
object j is more than the contribution of the object k in the
achievement of the object 1 aim; j, keI',. The proposed method
of the hierarchy analysis allows to get the experts estimations as
exact (r') €eR, - nonnegative numbers), interval

(r(’) =[a S’k) ,b yk) ]cR - intervals) or fuzzy numbers

) = {(t, n) (1) |teR, } —closed convex fuzzy sets on R, ).

The last case includes the linguistic estimates and two previous
cases. Thereby, we get as a result of an elementary estimation a

binary relation R = {((j,k), r(l)) |J, kel';} on the objects set
I';, which gives the intensity of the objects superiority. After
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getting the estimations, we must average them. In each of the
elementary estimations may participate several experts, so for
some pairs (J, k) of the objects j, keI, different experts s can

assign different estimations r&i,gs (s —expert’s number). The

procedure of the expert estimation averaging consists in the
determination of the mean geometric estimation. The result of
the pairs estimations average in the i elementary estimation —
exact, interval or fuzzy relation R —is used in the

determination of the weights y, , of all the arcs (i,j))e W,

coming out of the vertex i. The arcs weights satisfy the following
condition:

Zyij =1; yl.jZO, Viel,
jefl
If there are several objects on the first level y, , then the

“zero” elementary estimation is made, it means, that the pair
comparison of the objects importance coefficients must be made.
As a result of the “zero” estimation, the importance coefficients
of the first level objects are determined. After the elementary
estimations results processing, the importance coefficients z ; of

the objects je V, of the first level of the hierarchic structure are
determined. And also the weights y , of all the arcs (i, j) € W are
determined (the coefficients of the relative importance of the
vertex Y (/f) for the vertex Y*™" of the nearest upper level, where

s — is a level number. The weights of the underlying level objects
are determined by the recurrence from top to bottom
recalculation of the objects weights (objects importance
coefficients):

z, = Zlyjl-zj,ieVz,

Jerl';
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zZ, = z yjiZj’iEVM
Jjel;

=61 G newp.

Directly influenced factors are situated on the hierarchy last
level. The realization of these factors (they represent the factors
with a set of taken values), spreading upwards on consecutively
located levels of the factors hierarchical structure, will bring into
the realization of all above located factors and, finally, - to the
achievement of the global aims of the considered complex object
development. Last level’s factors are also independent and have
no links between each other. Obviously, in reality, the actions
have the links between each other. That why, the hierarchic
model is insufficient. To allow this contradiction, we will use the
cognitive model.

The cognitive model allows analyzing the currant situation state.
The current situation state model is presented by the graph,
which is called a cognitive map. To each node of the map
corresponds a function f; , which is called a factor. In each
moment of time a factor takes on a value from a linear ordered
set. These sets are called scales. The factor’s value is also called
factor’s expression rate. If these values are measurable in
impartial scores, then they form a quantitative scale. But, more
typical for the natural systems is the case, where factor’s
expression rate can not be measured directly and can only be
estimated by the expert as a linguistic value. The set of these
values must be also ordered and forms a linguistic scale.
Hereinafter f; will denote the name of the factor i. Its value in the
moment of time ¢ will be denoted as x;(f). The vector X(¢) =
(x1(2), x2(9), ..., xu(2)) of all the factors values in the moment ¢
forms a situation state at the moment ¢.

The variable wy;, assigned to the branches (f;, /), is numerical and
can take on all real values. It is called link’s weight (f;, f;) and
characterizes the intensity of the influence of the factor f; on the
factor f;. The variables w;; whole is given by the contiguity
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matrix of the graph W = | [ w; ] |. Variable value wy, i.e. the
influence intensity fi on f; generally depends on the factor f;
value. But, practically, the branches weights are changed seldom,
that why they can be considered as constant. A cognitive model
is established, if

= Set of situation factors F’={f;}; is established
» Linguistic (Z;) and numerical (X;) scales are established
and also the reflection Z,—.X; is given
= [Established cause-and-effect relations between factors,
which are given by the contiguity matrix of the oriented
graph W=|w; 4 |.
» The initial incremental vector of the situation factors
P@)= (p1(%), pa(%), ..., pu(f)) is defined.
The task is to find the incremental vector of the situation factors
P@), P(t+1), ..., P(t+n) and the situation states X(?), X(t+1), ...,
X(t+n) in successive discrete moments of time ¢, t+1, ..., t+n.
This task is accomplished with the aid of some matrix
algorithms (for example, the algorithm of the transitive closure).

The factors of both models represent the same situation in the
involved data domain, but their sense differs. The factors in the
hierarchy represent the main aim to reach and the criteria of the
general aim realization. The last hierarchy level contains the
concrete actions, which can confront with the factors in the
cognitive model. The cognitive model’s factors represent the
concrete actions and the links between them. But, we can simply
take the factors from the last hierarchical level and consider them as
cognitive factors. The factors on the last level are the concrete
actions which exert influence on the upper factors. And the
cognitive model gives all the actions of the situation. It exist a
univocal correspondence between a subset of cognitive factors and
the set of the last level’s hierarchical factors. Each factor in the
cognitive has its value, which is defined in each moment of time
from the cognitive map. Each factor in the hierarchy has only the
importance coefficient, which shows the contribution of this factor
in the realization of the global aim, but doesn’t have the concrete
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quantitative value. The synthesis of both models occurs
independently from each other, for their synthesis different expert
estimations are required. After this synthesis, we need to compare
the corresponding factors. To construct the correspondence between
the factors it is proposed to use the expert’s rule-based algorithm.

3. CONCLUSION

The situation modeling in the fuzzy environment, like sociology,
economics etc requires first of all the expert’s knowledge. All the
fuzzy data domain modeling systems are built with the expert’s
participation. The proposed method gives the possibility to
distinguish the global aims and the backbone factors of the situation.
Also the method allows to follow up the situation state and to have
the values of the situation factors in each moment of time.
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