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Chapter 1 Introduction to Computational
Intelligence ( CI)

Current Computational Intelligence ( CI) derives from Artificial Intelligence ( AI) and Biolog-
ical Intelligence (BI). The roots of Al can be traced to some 50 years ago, but the term CI has
just been coined about 10 years ago. CI consists of several base components (Al, Fuzzy Sets and
Logic , Neural Networks ; sometimes referred to as FAN) and other components GA ( Genetic Algo-
rithm ) /EC ( Evolutionary Computation) , Chaos, Fractal, and more recently Granular Computing.

A brief history of CI is summarized in the followings.

In 1945, ENIAC was built at University of Pénnsylvania, USA. It used hard-wiring as a pro-
gramming method. In the same 1945, the concept of stored program method was proposed by Von
Neumann (born in Hungary). In 1949, EDSAC ( Electronic Delay Storage Automatic Computer)
was made as the world first, stored program computer at University of Cambridge, UK. In 1956,
during the Dartmouth AI Summer Seminar, it was predicted that an English-to-Russian speech
translator machine will be realized before 1980s. Unfortunately, this pre&ibtion failed. In 1965,
ALPAC (Automatic Language Processing Advisory Committee ) —report was presented by Pierce
who concluded that it might be better to invest the funds in establishing a human translators train-
ing school rather than funding research into automatic language translation because it seemed al-
most impossible to realize such machines based on the current computer technology. In 1965, L.
A. Zadeh introduced a paper “Fuzzy Sets” published in the journal'of Information & Control, Vol-
ume 8, pp.338 —353. In 1970, the first 4 bit one chip microprocessor using IC (Integrated Cir-
cuit) memory was developed by Intel Corp.

Computational Intelligence

Al : Artificial Intelligence
CI:

for about 50 years
for about 10 years

BI : Biological Intelligence

Cl = {Al, Fuzzy, Neuro, GA/EC, Chaos, Fractal}

Fig 1.1.b Computational Intelligence

Starting from 1970, Experts Systems research grew ( Al boom). Starting from the middle of

1980s there was Fuzzy Control boom in Japan. Neural Networks also experienced its boom from
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1985 onwards. The Al booms were symbolized by IJCAI ( Intemational Joint Conference on Artifi-
cial Intelligence) that was held in 1985 in Los Angles, USA. This period is called the peak of Al
in which more than 5000 persons participated in the conference. GA/EC also étarts growing in
1990. |

America, Japan, and Europe are leading players in the field of CI. In Japan during 1980s,
the government provided abundance of research funds for investigations in the CI field. Starting
from 1993, however, the CI research volume decreased because of the cutback of support from the
Japanese government and the economical recession affecting major companies. This condition

seems to have been overcome in the last 1 -2 years.

History of CI (2/2)

v 1965: Fuzzy Sets, Inf. & Control, Volume 8, pp. 338-353
by L. A. Zadeh
v~ 1970s: Expert System vogue started
v~ 1985: 1JCAI (International Joint Conference on Al)
5000 participants, Los Angeles, peak of Al boom
v~ 1980s: Fuzzy Control From Japan to the world
v~ Around 1985: Neural Networks from America
v 1990s: GA / EC boom

Fig1.2.b History of CI(2/2)
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2.1

“RINE”HE SR M L. A, Zadeh H#FE AR B (L. A. Zadeh, fuzzy sets, information &

control, vol. 8. pp. 338 -353, 1965), :
{6t RBRE—IY R

OB 4R B B, B 2-
BiH B2 H BHEE | |
({011} ,é’w" ‘7 +)Lﬂ([0’1]’§’ ®, ®1 ©
FT NOT AND OR [0,1] ={xl0 éxél}’lﬁﬁifﬂ_i - s-Tg
Fuzzy Negatiyon: ® (173)
" :NOT]| ¢ |Fuzzy Negation: ®
-:{1,0} > {1,0} ®:[1,0]1 =[1,0]
] W
lﬁ a u;{] x=0 X a x@
0x=1
x| = N1)0® =1
o[1 TP>5  N)vxx e[l
1lo X, <x, =>x,®>x2
N3)vx €[l, 0]
(x®) O=
E2.1.a HMIFEE(1/3)
BRIk
®HMIE(0 T NOT)
~:{0,1}—{0,1} . ®:[0,1]-[0,1]
w w w w
= ®
x a E:{l =0 (2.1.a) roax
0 x=1
x _{>O_§ x O=1-x
H2.3.a BMEEN

2.2.a E{EIEN

)

(2.2.a)
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Chapter 2 Fuzzy

2.1 Fuzzy Logic

The concept of “fuzzy” hz;s been originally introduced by Prof. L. A. Zadeh(L. A. Zadeh,
fuzzy sets, information & control, vol. 8. pp. 338 —353, 1965).

Fuzzy logic is an extension of the crisp logic, i.e., 2-valued Boolean logic.

crisp logic fuzzy logic _

( { 0 Y 1 t b} é ? - ’ " b + ) L.ﬂ ( [0 k4 1 ] b g ’ @ L4 ® ’ @)
FT NOT AND OR [0,1] ={xl0 =

% = 1}fuzzy t-norm s-norm

Fuzzy Negation: ©  (1/3)

:NOT & |Fuzzy Negation: ®

- - ®: [1,0] ~[1,0
.{1&]0} {50} [w] [w]
Y x{1x=0 ¥ a x®

0x=1

x| = N1) 09 =1

0j1 T  Nvxxn el

1]0

x,<x, =9%,8>x2
N3)vx €[1, 0]

=) 0=

Fig.2.1.b Fuzzy Negation(1/3)
Fuzzy Negation

®. fuzzy negation ()

. NOT)
~:10,1} —{0,1} ®.10,11-[0,1]
w w w w
1 =0 ®
x a ;:{ * (2.1.b) x a %
0 x=1

(2.2.b)

. p. o= 1ox

Fig 2.3.b Fuzzy Negation Gate

Fig 2.2.b Crisp Not Gate
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#2.1.a FEREX N1) 0®=1 (2.3.a)
- N2) Vax,x,e[0,1] (2.4.a)
: 1 - 71 <x2le®>xl®>x2®
N3) Yxe[0,1] (2.5.a)
1 0
(x®)®=x

N1) B—A i Rt
N2) & —AMRAE B

N3) BRWEEE
Ql: ¥R ,
N1) N2) N3) = N1)' N2) N3)
n&s
(FEArHEERM) H2.4.0 SNENES

PN 1%=0

Q2. KR - ORZFRELE

Q3 . £ HIBH IR E R

Q4.

BRI 4 AT - - AW AEEE?
HE 4 S —i 2R HAT7HESI

-
4 .4 — —>—
. B

2.5.a 4 frdEMdE
F2.2.a 4{riEEEE

& WA B L
15/15 1111 1-(15/15) =0/15 0000
14/15 1110 1-(14/15) =1/15 0001

. . . .

. . . .

. . . .
1715 0001 1-(1/15) =14/15 1110
0/15 0000 1-(0/15) =15/15 1111
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Table 2.1.b Negation Truth Table N1) 0®=1 (2.3.b)
- N2) Yx,x,e[0,1] (2.4.b)
; : x1<x2=>xl®>x1®>x2®
: p N3) Vxe[0,1] (2.5.b)
L (™=
N1) is a boundary condition »
N2) is evaluation inversion
N3) is double negation [ e
Ql:
Show that
N1) N2) N3) &  NI)'N2) N3) NIy i
n&s 0 1
( necessary and sufficient condition) Fig2.4.b Graph of Fuzzy Negation
Where N1)' 1%=0
Q2:
Show that - @ is pointwise continuous.
Q3:

Draw the graph of fuzzy negation!
Q4:

How to construct 4 bit parallel 1- « fuzzy

Just put 4 one bit inverters in parallel.

inverter?
__.bo_
= =
—

Fig 2.5.b 4-bist Fuzzy Negation

Table 2.2.b 4-bits Fuzzy Negation Truth Table
value input inversion output
15/15 11 1-(15/15) =0/15 0000
14/15 1110 1-(14/15) =1/15 0001

. . . .

[ ] L L .

L ] ’ L ] [ ] L]
1715 0001 1-(1/15) =14/15 1110
0/15 0000 1-(0/15) =15/15 1111




