Fundamentals of Neural
Networks

In this chapier. we introduce the fundamental concepts of Newral Networks (NN The biological

peuron sysiem, which has been the chief sowrce of inspimfion m much of the rese arch work 1
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o 27 TAXONOMY OF
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Fuzzy Set Theory

pm—

sphlems M the real warld quite often turn ouwt 1o be compl ing 1o i
: n the parameters wi b et I ' be complex owing to an element of uncertainty
i in the parameters Wh deline the problem ¢ n the situatic i
cither problem or an the situations in which the problem
poCUrs.

Although probability theory has been an age

; : : to handle uncertamnty, i
can be ilr.‘F‘lI{‘I'j. -‘ll‘.l- o situa vhose characteristics are based on random processes, that is,
processes in wiich the' acourrence :vent trictly determined by chance, However, in reality,
there tarn out to be probler AT pss of them whose uncertainty is characterized by a
ponrgndom process. Here, th 1 ay arise due o partial information about the problem,
o due o informaton win liable, or due o imherent imprecision in the language

with which the probler i receipt of mformation from more than one SOURCE
shout the problem whict

It 15 1n such situa nmense potential for effective solving ol

the uncertainty in the pr gans WigUCHEes Fuzzy set theory is an excellent

lue to vagueness. Understanding human speech

mathematical tool 10 har
tnd recogrizing handwritten cf r flg COMMOT | CEs
It was Lotfi A, Zadeh who pounded the Tuzzy set theory in hus seminal paper (Zadeh,
1965}, Since then, a lot of theoretical deve lopments nave taken :‘-|.|-'r' in this field. It 15 however,
the Japanese who seem to have fully expl ted the potential of Tuzzy sets by commercializing the
Echnology, More than 2000 patents have becn ac juired by the Japanese in the application of the
Feom consumer products and electronic INSIMIMENTS

where fuzziness manmfests

Eﬂ"““[”ﬂ and the area spans a wide SPeCLrLm

I Mitomobile and traffic monitoring sySICHS

81 Fuzzy VERSUS CRISP
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ituation. Such a logic which d.:mndsaw

f fuzzy set theory. Thus, 5ml=mﬁﬂtﬁ'5m‘]_1 85
examples of €risp

of

iﬂlﬁdm the query, “Is water colourless : % .
”m“““'-‘d by the situation. If “yes'/"true 15 "'“'\_"f
W"Enfﬂ this statement results in 4 0/1 type of 3
'Tll ype of handiing is termed crisp in the ORI 9 AR
SMperature 5 32°C", “The running time of the program is 4 seconds ™ arc
-,

Vikafiops

'Qn-m other hand, consider the statement,
. ile “yes” or “no”. Considering the degr

157

uls Ram honest?" The answer @ this que
ee to which one knows Rami S




hmmdr homesr™ wem ol
fextremely dishonest” 2 vy,

syery hoteest”™ could be 15higneg q ;
i Tl that it can acoept valye,

a0 1. Such b situation 5 r_crw!ﬂ

) ';,Jl:.n, T -‘_\1—“\\
o

st gy

T

.._|Il'_'5r i I"MHB

Extramaly ._-,i;;}l
. _(E S
Fig 8.1 Fuzzy wemaus

By Al termed crimp et theorye and fed by Geonpe Cie
fﬂlj' st Just s Boolean log
oot i the-theory of fuzey 5ot

sels (refer |

Classical Bonlear
Imgic

m Fig. 62 Criap sats ang fuzsy ety
mow bricfly mpy
mmn B B opesationg before

gsacen an “"ﬂ‘

a CIRCUAS

i the theory

;_z CcRISP SETS

Univarse of ciSCOUSa
The wnivernn of discourse o uiversal se is the-sen which, with :
contains all pn-wlhl: elemeiits having the ﬂ
The amidwversal 12t is denoted by E me charactersicy hm
Example

i) The pmiversal et of wll numbers in Bacli

(it The amiversal sed of all shdests m & wnk oy

Sal

& e s 3 well defined collcutimn of ohjects, Here, well defincd meams the ubjoct
o does nat. bekong, 10 the sel (obwerve the “crispoesy™ in the definition). )
o wel i cerlaln conmexts may be sssociaied with it unseersal ser Trem witheh s o
Gawen o sef A whose ObECIE S8 @, Ty, O ily, WE WEDE A A= {85 S -
— the iwemtrers of the set, Such o form of rejrosenting = st b Ko il
Exnmpli
e, Maebru)

ock, Divwe)

i { Taenglfy

H | Swnn. Pear
be defined bused om the propertiesy. the. mesmbery have o lﬂb’. o wach &
&l | EXE

aatisfied by the member o This is rend i A e gt

A= Lz }Pul)

Exninpls

Venn diagram

dingr mictorial PEprEsERtANONS 10 SEOME & 54 Given 2 set A defimed over 3 amiversal

¢ wnd K in as shown o Fig 63

Fig. 6.3 Venn dhagram of & sl A




mmﬂldm}. S - s

i Demted 8 A < B we say that 4 fn.u
' pard. IF A 18 comtaingd m or o P

§ o i @ cnde. A b calisd e -

; H J#: MIL‘I'I;: i the ser A The
[ i 28 A meany ;5 pgj Npg '\‘ von et A and B on E jke
o ' L =T
: . " A A S et

Ll vl ek
L

[epksd as A B e

Ty A ._

FTad y = 4, we have
- [rummple

* “ o or docs mt by
T {—belongs 10, O—docs |

g memberahip value

3
-

__7-' _i#lu eaedimality Carding e . = ey

LT S ———

R AL 10)) 5 6 e ; 0.4 trations on Crisp Saobs

B

T I‘\-“.. - . )¢
W Al [2)) = () -, K - -ﬂ” h
' an

ot _—y st i o b

g A lq.ll‘I‘an
TI?

L A waid |

Fig Bd Vs Sagas it & B




fxnmphe
given A = (o boeidioe] o Be |6, 4
Figiire & 7 ilhmtrates the Vern disgrum for 4 )

R R (2. 3. 5.1 e et 4
I'
"mm"‘“"‘”ﬂ

Fig. 5.7 Vamn dagre for A —a
§.2.2 Properties of Crisp Sats

The fullowimg propetties of Sets are impomtant for furher lErmipubston of sl
Fig, &8 \iamn diagram for A o erprrnadrail vy AuB=8ua
Amd=8rA
m () » ; I AUTUC=AuiBun
i of o st AfA A7) = the sel of all element: wt bt I AP B =4 EnD
A (B O O = A e By vy o 6
: { A B U ANT)
A

A= frixe A xe £

AE
+ By=
4]

A A
B, B CthenAd ot
Wy=a
) ﬂ!l-ll Vann diagram feir 4 rw oif the Exiclisded Middle AwA=E
i A=A

Hh”-ﬂw,ﬂ'
u"!_au'ﬂ!ﬂtl of 1 huot A= A =A"u B

all elementy which wre in

A-g- . All .
A el v 4ng x58l jid perties could be verified by means of Vens diagrms.




A ‘I‘w. A—aym i urm’_ﬂpmlqu

ﬂﬁlﬂ |s & Fralloas

a1 A I.,I;!':|L|,;|i i be o ey i i .

o A The mon-cmply subselk need Nt e Iil"“"m_ Ty _lﬂh{- *I W &

i o (Rt g, gy T Y fhe v
RS

' Pl S \\t

i = |l A
il Hn.ntmﬂﬂnud-ﬂﬂ- | = || - |8 .. ) . : il
ol N f slonts who ar= 001 pelers |f] = 1] = K == Flg. B8 Covering of mmt .

Ui} Mo nf..u.nddﬂ-ﬁ.rrmnmhdlmrn:r_'; = |E| - It

& cuering T

Wl = 600 L M i ,

1 Fammple

1) Ho, af frmale shadents wihacan bowl A 125 tfromn the Venn g,

o)y Ay = Thin pives
623 partition and Covering i

Partition
-ﬁ-pﬂﬁﬂﬂlbﬂ.l.lﬂ'lmdu.llt.l 5ot af noncemply subse

i mhobe mmoe yields the omgmal =1 A
Partition om A iadicated a5 T}, s there!

(0 AjA, =8 for each pairin pel, i

< My =da, by d ) = A

i [Ja=4 + vhere 4y m 2
(13

The members 4, af e partition are known ns block f | il :
k=1l Al = Xl

o, bl Ay = e, dl A= el Al= S0 el

Rule af Inclusion and Exclusion

Fig. 88 Parstion of sm 4 Rule of addition i not appheable on the covoriag of set A, cepecially if the sabests arenot
Example Berwise disjoine, Tn such & case, the rulk of iclusion: and evckiion Mol
Examiple
mﬁﬂﬂnlihﬂ.d,e]‘ Aim fEb). 4o (e d I

e and A i), which gives Given A 10 be a covering of n sst Ay, A iy,
l:m' A ':JJ*I' ﬂ|-ﬁ._.’|3._.- Ay =1 fog & 1 4 Ay qri=ﬂ,|+|-l_~|-|."-.l'"-l1j ﬂ'm.
Hence, |4;, Axds) i g “n-._i i=Awa b e 4 - - A= Wy Ay Aol = Byl + I # 4l

- —H...-“-.i]]—M:r"-hl—llhﬁ:iith.ﬁl,nﬂ 1620




flemin il it

0= t 2"‘1 gl gy #et A s that ihe fenering

Maps —
Ll et the indsrval {0, [y iy Elmpny " -
rel Framnafly, 1he Maping . srgies Ui
]

" i v ihefimed o iy f+m i

s PR . " tiom o Iileingt g, -"thhﬁqlﬁ-l
L v N Hilal, v 1)
e itk d 8 tisglotem. b e

I_ﬂ- e 1 . '- : ek g T I-__rld;-rr: My Lih m e

_'-Iw“- oy . | : . . lmamaﬂmn:{r-h_-

: 20 fram i Mudtieslea Tech . - -

. Al 12 sy suhject ity : . . Wi
gt 30 s pan wiuily mny subnect o .

o smbem =hv Emdy sshyect

B C alrs wmbes shi st
T proibliem & find |3~ 2
P e of e whe do onol 16

Y Y ——

ez el v u sesle of -1
T e —

ToEs e el ol
e T

=y o stmew wd caciuo
""‘"*'ﬁ'd--,ﬂ « il
“""'-‘1.'.-:,1 I

RN

=M - &
*R-2-2.s5. 05,
=3

ht-"—*'ﬂh-m._.

"ty

Coflitucus FPeenberatl lueeion b Crenl




g2 Basic Fuzzy Set Operations
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i ol Genetic Awm—symmm and Appﬁ%m

A= (0.0 %2,0.8)(x3,0-6)} ince fuz2Y sets can overlap, the 1aws of excluded s : 1
AU oy madle donot hold goog, Ty,

B= 0.2)(x: ,0.6)(x3,0.9)]
B = (=) )(x2 Knl{t:
A= [(xl,O.ﬁ)(xz,ﬂ-z)(xj.OA)] E“mpk -

5 = (5,085, 0:9)(x.0.D]
tem- - s 7 2
Define two fuzzy se MF‘DFEPmsuu.,,' e

B= {(;1,0.2}(,:;.0-2)(-\'3'0-4)}
I'=1(F.04), & 03), x, 0.1, (1, 0.0), 1, 09), (T, 0.8

An
B = [(3.08)(x2,04)(x3,0.D)
o F = (F,099), (E, 08), (x, 0.1), (¥,02), 1, 0.5), (T, 0.5))
Find the following. S
6.3.3 Properties of Fuzzy Sets e o

Fuzzy sets follow some of the properties satisfied hy_ 1.:risp sets. In fact, Crisp sets can B ®)
of as special instances of fuzzy sets. Any fuzzy set A is a subset of the reference gy y- Al
membership of any element belonging to the null set @ is 0 and the membership of any ﬂlun::
belonging to the reference set is 1.
The properties satisfied by fuzzy sets are
(ii) I-

Verify De Morgan’s Law, (iug-)c o
Solution
@ TuF= {(F,0.99), (E,0.8), (X,0.1), (¥.0),1,09),(T,08))
s F =({dnF9
Commutarivity:
= ((F,0.01),(£,0.2), (X,0.1), (¥,0.1), (1,0.5), (T,0.5))
Associativity: (i) FuF= ((F,099),(E,08),(X,09),¥,08), (1,0.5), (7,0.5)
= (b) De Morgan's Law
Distributivity: i JUFf = I‘nF*
e IUF = {(F,0.99), (E,0.8), (X,0.1), (¥,0.2), (1,0.9), (T,0.8))
g (U FY = ((F,0.01), (£,0.2), (X,0.9), (7,0.8), (1.0.1), (T,02)}
7o = ((F.0.6), (E,0.7), (X,09),(¥,0.9),(1,0.1),(T.0.2))

Identity:
F* = {(F,0.01), (E,0.2),(X,0.9), (¥,0.8), (1,0.5), (T.0.5)}

I°AFC = {(F,0.01),(E,0.2), (X,0.9), (¥,0.8), (1,0.1), (T,0.2)}

Transitivity:  If Hence, TUF)F = I'nF
Involution: Example 6.6
Consider the fuzzy sets A and B defined on the interval X = [0, 5] of real numbers, by the

De Morgan’s [ays:
i 1 -
embership grade functions

nonor 9N




= min (fg(x), u ()

. X e
mm[:ﬁ_l, 2 J

= Hinp(x) (© De Morgan's law) 1
jue

. min (fze(x), Mg (x))
@ pael® =1-g;0) =1-77

[1 ?-q #
min . A

x+1" o

1
x+1

[ 2 s L

6.4 CRISP RELATIONS

In this section, we review crisp relations as a prelude to fuzzy relations. The concept of relations
between sets is built on the Cartesian product operator of sets.

6.4.1 Cartesian Product

The Carresian product of two sets A and B denoted by A x B is the set of all ordered pairs such
that the first element in the pair belongs to A and the second element belongs to B.

ie. AXB = ((a.b)jac A, beB)

IfA#Band A and B are non-empty then A x B # B x A.

The Cartesian product could be extended to n number of sets

® Hi0s0) = maxy (), Hg(x)) X A, = {(ay,asayss )t €A, foreveryi=1,2,.n]

=1
= ma'.x(-—._I ; 2-1] "
T+l Observe that X4l =

n
i=1 i=l

4
Example

Givcn -41 = [“‘ b}_m:{l,!].Aﬁl“].
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BRI UK, 23 Xu) BmONE CTISP SCIs X, X x i o Subge
d o

TR association or relati
'X‘M ﬁ'm " ; binary relai'mn- ﬂ:mng % tuple )
elati mx]_xz“stmmdns 3 ion; Orn=3vﬂle :

- . for n = 5, quinary and so on.
- n = 4, quarternary; : : 4
for dw or sets are finite, the n-ary relation can be expr

erse

- olarion matrix. Thus, for a binary relation R(X, Y) where x = o Wu,‘

n ). the relation matrix R is a two dimensional matrix where ¥ fﬂpr::sg;;""li
 the columns and R (i, ) = 1 if (x. ) €R and R(,j) = 0 if .y ep

Given X =

i
g

(1, 2,3,4},

e,

(L D(L,2)(1,3)(1,4)(2,1)(2,2)(2,3)(2.4)
~ [BD6.263C.9¢, 1)(4,2)(4,3)(4,4)

- Let the relation R be defined as
)

R=

{6y = x+1, xye X}

. R={{L2)23)(3, 4))
‘The relation matrix R is given by

it 2
1o 1 0 o
R=20 0 1 ¢
SN0 S0 |
4000 0

- 643 Operations on Relations

ven nvu relations R ang § defined

- OPerations are suppy,

nonor 9N

rted by R and §

on X x ¥ and Tépresented by relation matrices, the follawrt

L -
RUS(x,y) = max (R(x,y), 8wy L

RN S8(x,y) = mip (R( x 9, 806,39

Rix.y) = 1~ R(x,y)
composition of relations: R.§

i R tobea relation on X, ¥ and § 1o pe a
1

relati ¥
Jation on X, Z defined as aion an ¥, Z then R < § is a composition of
relal

Re§ = {(r2)/(n )< XXZ, 35 Y MCHGEIEEE B ges} @30
A common form of the composition relation is the maz.min composition
Max-min composition:
Given the relation matrices of the relation R and 8, the max-min composition is defined as
For T=R ok

Tx,2) = ma:(mjn(R(x. ¥ 8y, 2))) 6.51)
yE

Example
Let R, S be defined on the sets {1, 3, 3} % {1, 3,5}

Let Ril(x ) | y=x+2}, 8 {(x,3) |x<y)
R=((LHB.5L  §= {1 3L 5G9

The relation matrices are
1 w385

1{i05N1=]
§:3(0 0 1
510 0 O

Usmg max-min composition




& has its membership function given
“t a o
Hp(xy) = By
= M ey

pﬂl’k - :

i = {(x, 02). (= 0.7). (x3. 04)} and B = {(y,,
La;;ni\'ﬁscs of discourse X={x. X. x3) and ¥ = ["l
::!-'-]uns out of the fuzzy Cartesian product Ax B

05). (.09
» ¥l W pecti
is given by

|

R=A~XE=

3
. m*ﬂ::;cﬁ;:is?ﬂh et seis X, ‘r?"—"l‘-"'):mi“wi(xl)’f"i(l’l))zﬁn(ﬂl.o.i)=u
i:’u?:agﬁ'dgm: r=cla.':=:'. be the tu R(x.32) =min(02,0.6)=0.2
: R(x5.%)=min(0.7.0.5) =05
R(x3.y,) = min(0.7,0.6)=0.6
R(x;,%) = min(0.4,0.5 =04

R(x5.y,) =min(0.4,0.6)=04
: = [rmsing sose, Bigh temperature. shivering) 6.5.2 Operations on Fuzzy Relations
R may be defied 2

Running Hizh Shivering Let R and § be fuzzy relations on X x Y.

nose temperature Union

. 0.5 0.3

0.1 0.9 Mg 5(x,¥) = max (z(x,3), ts(x.3)
02 0.9 0.7

Intersectio
" 09 0.4 0.6 z

Hp ~5(xy) = min(Ug(xy), Hz(xy)
Complement

) . ] M (x,y) = 1= pg(x,y)
defined on the universe x and B the w0

_ B be a fuzzy set defined on s Compositj i
:m e fuzzy sets A and G o s Axch resulis® Position of relations

The definition is similar to that of crisp relation. Suppose R is a fuzzy relation

::: S 1s a fuzzy relation defined on ¥ x Z, then R o 8 is a fuzzy relation on X X Z
Min composition is defined as

OO
nonor 9N




o Algorithms—Synthesis ang &Ppﬁmﬁo

) in(is (5.9 Hs(3.2)))
) 10
y Exsml’le 6.7

der aset P= [Py, P?. Py, Py} of four Vi .- ‘
) F= (22t 2= {21 22 23) f‘:n:;d;ou& diseases affecting ihe plants ang § :‘E?] O.szpe;:d,; p}lg::, :1::‘ D= (D, p,
= i + 82 5y, 8, R 2

R diseases = .
«[05 0.1 Let R he‘”e'd““’”’““‘““d“emiatiuuunpxs
[0,

502 09 D b, b, p,
x;[0.8 0.6 0.6 06 09 gg

0.1 02 09 gg
G o 0.9 03 04 og
03 0.1 02

§ 55

» yf06 04 07
Let § be a fuzzy relation y;[(lﬁ 08 0.9

Obtain the association of the plants with the different
; = ition yields, omposition.
Then R= . by max-min composi ¢
: Ab R

tion
x[05 04 05 Sulh

To obtain the association of the plants with the s
RoS=x)05 08 09 ol

x3/06 0.6 0.7 Using max-min composition,

S 5, 8 Sy
R[08 08 08 g9
= max (0.5, 0.1) RoS=Pl08 08 08 g9
=05 P08 08 08 09
F[08 08 07 09

Hg.5(x,5) = max (min (0.5, 0.6), min (0.1, 0.5))

Hi5(%1:23) = max (min (0.5, 0.4), min (0.1, 0.8))
=max (0.4, 0.1)

. SUMMARY

Fuzzy set theory is an effective ool to tackle the problem of uncertainty.

In crisp logic, an event can take on only two values, either a 1 or 0 depending on

Hs(x,3) = max (0.2, 0.5) = 0.5 whether its occurrence is true or false Tespectively. However, in fuzzy logic, the event
may take a range of values between 0 and 1.

Hpo5(x3,2,) = max (0.2, 0.8) = 0.8 Crisp sets are fundamental to the study of fuzzy sets. The basic concepts include
universal set, membership, cardinality of a set, family of sets, Venn diagrams, null set,

Has(72,23) = max (0.2, 0.9) = 0.9 singleton set, power set, subset, and super set. The basic operations on crisp sets are
union, intersection, complement, and difference. A set of properties are satisfied by crisp

Hpo5(r3,2) = max 0.6, 0.5) = 0.6 sets. Also, the concept of partition and covering result in the two important rules, namely
rule of addition and principle of inclusion and exclusion.

Hi5(13,2;) = max (0.4, 0.6) = 0.6 Fuzzy sets support a flexible sense of membership and is defined to be the pair (. patx))

where 115(x) could be discrete or could be described by a mn_tmmus_ t'mmn_ . The

membership functions could be triangular, trapezoidal, curved or its variations.

Hps(x.23) = max (0.5, 0.1) = 0.5

Hios(E3023) = max (0.7, 0.6) = 0.7

nonor 9N




enetic Algorithms

Decision-making features occur in all fields of human activities such as scientific and

mchﬂo]ogical and affe_cl every sphere of our life. Engineering design, which entails sizing,
gmensioning, and detailed element planning is also not exempt from its influence.

For example an aircraft wing can be made from aluminium or steel and once material and
shape are chosen, there are many methods of devising the required internal structure. In civil
engineering also, designing a roof to cover large area devoid of intermediate columns requires

optimal designing.
The aim is to make objective function a maximum or minimum, that is, it is required to find
an element X; in A if it exists such that

F(Xy) < F(X) for minimization
F(X) < F(X,) for maximization : (8.1)
The following major questions arise in this process

* Does an optimal solution exist?

s [s it unique?

What is the procedure?

s How sensitive the optimal solution is?

How the solution behaves for small changes
Smce 1940, several optimization problems have not been tackled by classical procedures
Iaelnding:

in parameters?

Linear programming
Transportation
Assignment

Nonlinear programming
Dynamic programming
Inventory

Queuing

Replacement

- Scheduling




Synthesis and_Applicatioy,q

is shown in Fig. 8.1. Basicaljy, We hg =

olving nonlinear equations. Figure 82 sh:e
search techniques. Normally, 2, WS e
Bt e feasible ang S
out e and

of solutions the best solution out of the feasible ..\ . Om

Solutiopg, ¢
?m: stitutes feasible design space and the progreg, towa;i:;: =
The

of ) h within the space (combinatorial opt_imizaﬁon)'
irect Indirect
method
, Optimization techniques

| W and stochastic.
= y ‘ <y
@ Evnlutiuna{-y
E [ Swchie | s
] Random cost

f Infinite dimension lT-‘lnfba dimension Rechenberg
;—‘—; & Schwelfel
Asparagos Distributed GA

[ Non discrete ’ Discrete
(Goges Schleuter’ (Tanese)

eam——
L Multi-stage ] LSIngfe stage 1

| Linear ol L Non-linear |

(Goldberg) | | (Whitiey)
Fig. 8.1 Classification of optimization techniques.

) Fig. 8.2 Classes of search techniques.
In the case of deterministic search, algorithm methods such as steepest gradient methods are !

amployed (using gradient concept), whereas in stochastic approach, random variables are
introduced. Whether the search is deterministic or stochastic, it is possible to improve the
T lity “:l; the results where reliability means getting the resul
must be to improve the reliability. Algorithms v,
fupanthe iy ty. Alg ary accord
Nontraditional search and op
optimization problems in recent past

Simulated annealing mimics the cuoling lphﬂlm of n
search procedure. Genetic algorithm and evolutionary IWI‘!&"
t near optimum. A transition rule genetics and natural selection to construcllsea_rch mmm
ing to the transition rule used to behaviour that emerges from a group of social insects

: led to a novel
been dubbed as Swarm intelligence. The foraging GL:‘E hl§ \munication
timization methods havye become popular in engineering colony optimization for rerouting network traffic “tlmdei by Dorigo (1
- These algorithms include: Was originally developed by Dcneubomi'a:dmfves as i s
1. Simulated annealing (Kirkpatrik, et a]. 1983) f0st method is a stochastic algorithm whi ot Edadd end and is able to find |
b aling ‘ Method has no severe problems in escaping fro algorithms.

4 colony optimization (Dorigo and Caro, 1999) thapter, we discuss the' fudREEEIEEE 5
3. Random cost (Kost and Baumann, 1999)
4. Evolution strategy (Kost, 1995)

: \
5. Genetie algorithms (Holland, 1975, 31 GENETIC ALGORITHMS: HISTOR
6. Cellular automata (Wolfram, 1994)

- +oduced in 1960 by L
The ideq of evolutionary computing was it

nonor 9N




: ithms—Synthesis and Ay
= whined 5 oeic, and Genetic Algori i p;ut;c,,,m"
' *m ‘Neural Networks, Fuzzy Logic, s

; uterized search and OPtimiga:

- 4 etic algorithms are comp ) Mizatjop
Mﬂbﬂaﬁr‘y ﬂr::eg‘?:; C:;ﬂm | genetics and natural selection. Prof. Hollang of Un?:EOﬁu,ml
based on the mechan . Xties ang &"'Ynf

% hese algorithms in the mid-gj
TR isaged the concept of ¢ : I
bay

i f this field.
mnm;ums :: ﬂ:ﬂ;e\;eflo&r:eg; studies are available through some bogks by Daviy
Goidberog (?98‘9). Holland (1975), Michalewicz (1992)dan(! De.:'ﬂ (II;J()S)??M] ‘Ihmugh i ﬂ'!n(lllrh' ‘
conference proceedings. The first application towards 5{’}”} ”_1'; Engineering ya. Carrigg
Goldberg and Samtani (1986). They applied Eene‘_'_f’;',&“f!‘}: Sl OPtimizgjiq, .
ten-member plane truss. Jenkins (1991) applied gc"’f‘_’)‘_- : f:"il rrn lu' a lrussed begn, g
Deb (1991) and Rajeev and Krishnamoorthy (l_‘JLJ .hiv.L :a SO upphcd“ GA (o “nlc::jﬂ
engineering problems. Apart from structural cnglzncmng‘!hu«, are m.uny mh.;r fields ip whigy ]
have been applied successfully. It inC]I'.IdCS .bmlog)‘. computer science, image Procesging aA;
pattern recognition, physical science, social SCIEI’I.CCS and neural nc!_wnrk.m In this chapter, Wew
discuss the basic concepts, representatives of chror_nns::mm‘ fitness functions, an Wil
inheritance operators with example. In Chapter 9, genetic modelling for real

3 £ene
life problemg will ;:

discussed.

8.2 BASIC CONCEPTS

Genetic algorithms are good at taking larger, potentially huge,
them looking for optimal combinations of things and solutions wih

search spaces and navigaripy
ich we might nor find in a lif

fime.
Genetic algorithms are very different from most of the traditional optimization methods,

Genetic algorithms need design space to be converted into genelic space. So, genetic algorithms
work with a coding of variables. The advantage of working with a coding of variable space is th

coding discretizes the search space even though the function may be continuous, A more striking

difference between genetic algorithms and most of the traditional optimization methods is that GA
uses a population of points at one time in contrast to the single point approach by tradition
optimization methods. This means that GA processes a number of designs at the same time, As we
have seen earlier, to improve the search direction in traditional optimization methods, transiior
tules are used and they are deterministic in nature but GA uses randomized operators. Random
Operators improve the search space in an adaptive manner.

Three most Important aspects of using GA are:

1. definition of objective function

2. definition and implementation of genetic representation

3. definition and implementation of genetic operators.
by
g;:;: thlese l:hrea have been defined, the GA should work fairy well beyond doubt. We cia r:')of
ent variations, improve the perfo, i i i ies i they ¢
parallelize the algorithms. periormance, find multiple optima (specie
8.2.1 Biological Background

i ) ‘ : string!
All living organisms consist of cells. In each cell, there is a set of chromosomes which 4%

serve as a model for the whole .
al‘“:!hown in Fig. 8.3. Each gene “W:m
odes a trait, e.g. colour of eyes,
" © Jlleles. Each gene has its own position in
Jled [ocus- Complete set of genetic material ig _
alled "i‘ called genotype. The genotype s P me ;
Baﬂ;’;'“‘:“s'phyﬁical and mental characteristics gyep, P
pirth}s -

of as 5l
of DNA e enc

Fig. 8.3 Genome consisting of chromosomes.

83 CREATION OF OFFSPRINGS

During the creation of offspring, recombination occurs (due to cross over) and in d
genes from parents form a whole new chromosome in some way. The _uewmuu!
then be mutated. Mutation means that the element of DNA is modlﬁad.'l‘hﬂ chang
caused by errors in copying genes from parents. The fimess of an organism is n

of success of organism in life.

831 Search Space
. B v . # d
If we are solving some problems, we work towards some solution which is the best among others. "

The space for all possible feasible solutions is called search space. :Eldl g w:nﬁ:& . .
by its value of the fitness of the problem. ‘Looking for a solution m::nmw s
(€ither maximum or minimum) in search space. The search spauf:.:dmg the solution &

Solving a problem and we generate other points as the process o i

{shown in Fig. 8.4).




