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CH AP TE R-1

Fu zz y Lo gi c Co nt ro ll er

Fu zz y Lo gi c co nt ro l (F LC ) ha s pr ov en ef fe ct iv e fo r co mp le x, no n-

li ne ar an d im pr ec is el y de fi ne d pr oc es se s fo r wh ic h st an da rd mo de l ba se d

co nt ro l te ch ni qu es ar e im pr ac ti ca l or im po ss ib le . Fu zz y Lo gi c, un li ke

Bo ol ea n or cr is p lo gi c, de al s wi th pr ob le ms th at ha ve va gu en es s,

un ce rt ai nt y an d us e me mb er sh ip fu nc ti on s wi th va lu es va ry in g be tw ee n 0

an d 1. Fu zz y Lo gi c te nd s to mi mi c hu ma n th in ki ng th at is of te n fu zz y in

na tu re .

In fu zz y lo gi c a pa rt ic ul ar ob je ct ha s a de gr ee of me mb er sh ip in a

gi ve n se t, wh ic h is in th e ra nge of 0 to 1. Th e es se nc e of fu zz y co nt ro l

al go ri th ms is a co nd it io na l st at em en t be tw ee n a fu zz y in pu t va ri ab le A an d

a fu zz y ou tp ut va ri ab le B. Th is is ex pr es se d by a li ng ui st ic im pl ic at io n

st at em en t su ch as

IF A TH EN B.

In ge ne ra l a fu zz y va ri ab le is ex pr es se d th ro ug h a fu zz y se t, wh ic h in tu rn

is de fi ne d by a me mb er sh ip fu nc ti on .

1. 1 Co nf ig ur at io n of FL C

Th e ba si c co nf ig ur at io n of an FL C is gi ve n in Fi g. 1. 1. It co mp ri se s

of fo ur pr in ci pa l co mp on en ts :

1. A fu zz if ic at io n in te rf ac e

2. A kn ow le dg e ba se

3. A de cis io n-ma ki ng lo gi c an d

4. A de fu zz if ic at io n in te rf ac e.
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1. Th e fu zz if ic at io n in te rf ac e in vo lv es th e fo ll ow in g fu nc ti on s.

(a ) me as ur es th e va lu es of in pu t va ri ab le .

(b ) pe rf or ms a sc al e ma pp in g th at tr an sf er s th e ra nge of va lu es of

in pu t va ri ab le in to co rr es po nd in g un iv er se of di sc ou rs e.

(c ) pe rf or ms th e fu nc ti on of fu zz if ic at io n th at co nv er ts in pu t da ta

in to su it ab le li ng ui st ic va lu es .

2. Th e kn ow le dg e ba se co ns is ts of da ta ba se an d a li ng ui st ic co nt ro l ru le

ba se .

(a ) Th e da ta ba se pr ov id es ne ce ss ar y de fi ni ti on s, wh ic h ar e us ed to

de fi ne li ng ui st ic co nt ro l ru le s.

(b ) Th e ru le ba se ch ar ac te ri ze d th e co nt ro l go al s an d co nt ro l po li cy

of th e do ma in ex pe rt s by me an s of a se t of li ng ui st ic co nt ro l ru le s.

Knowledge
Base

Decision
making logic

Fuz zi fi ca ti on
In te rf ac e

Defuzzification
In te rf ac e

Fuzzy Fuzzy

Controlled System
(P ro ce ss )

Process States Control

Fi g. 1. 1. Ba si c Co nf ig ur at io n of Fu zz y Lo gi c Co nt ro ll er
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3. Th e de ci si on -ma ki ng lo gi c is th e ke rn el of an FL C. It ha s th e ca pa bi li ty

of si mu la ti ng hu ma n de ci si on-ma ki ng ba se d on fu zz y co nc ep ts an d of

in fe rr in g fu zz y co nt ro l ac ti on s em pl oy in g fu zz y im pl ic at io n an d th e ru le s of

in fe re nc e in fu zz y lo gi c.

4. Th e de fu zz if ic at io n in te rf ac e pe rf or ms th e fo ll ow in g fu nc ti on s.

(a ) A sc al e ma pp in g, wh ic h co nv er ts th e ra ng e of va lu es of ou tp ut

va ri ab le s in to co rr es po nd in g un iv er se of di sc ou rs e.

(b ) De fu zz if ic at io n, wh ic h yi el ds a no n-fu zz y co nt ro l ac ti on fr om an

in fe rr ed fu zz y co nt ro l ac ti on .

Th us th e id ea be hi nd th e FL C is to fu zz if y th e co nt ro ll er in pu ts , an d

th en in fe r th e pr op er fu zz y co nt ro l de ci si on ba se d on de fi ne d ru le s. Th e

ou tp ut is th en pr od uc ed by de fu zz if yi ng th is in fe rr ed co nt ro l de ci si on .

1. 1. 1. Fu zz if ic at io n an d me mb er sh ip fu nc ti on s

Fu zz if ic at io n is a pr oc es s of t ra ns fe rr in g th e cr is p co nt ro l va ri ab le s

to co rr es po nd in g fu zz y va ri ab le s. Se le ct io n of th e co nt ro l va ri ab le s re li es

on th e na tu re of th e sy st em an d it s de si re d ou tp ut . Th e FL C in pu t an d

ou tp ut si gn al s ar e in te rp re te d in to a nu mb er of li ng ui st ic va ri ab le s. Th e

nu mb er of li ng ui st ic va ri ab le s va ri es ac co rd in g to th e ap pl ic at io n.

In cr ea si ng th e nu mb er of li ng ui st ic va ri ab le s re su lt s in a co rr es po nd in g

in cr ea se in th e nu mb er of ru le s. Ea ch li ng ui st ic va ri ab le ha s it s fu zz y

me mb er sh ip fu nc ti on . Th e me mb er sh ip fu nc ti on ma ps th e cr is p va lu es in to

fu zz y va ri ab le s.

A fu zz y se t A in X is de fi ne d as

A= {( x,A(x )) /x X}

wh er e A (x ) is ca ll ed me mb er sh ip fu nc ti on (M F) . Th e me mb er sh ip

gr ad e of ea ch el em en t of X is in th e ra ng e 0-1.
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Fi g. 1. 2( b) . Ga us si an me mb er sh ip fu nc ti ons

So me of th e on e-di me ns io na l me mb er sh ip fu nc ti on s co mm on ly us ed

ar e:

1. Tr ia ngu la r me mb er sh ip fu nc ti on s.

2. Ga us si an me mb er sh ip fu nc ti on s.

3. Tr ap ez oi da l me mb er sh ip fu nc ti on s.

Th e ge ne ra l de sc ri pt io n of fu zz y cl as se s of Tr ia ng ul ar MF ’s is sh ow n

in Fi g. 1. 2( a) . It is sp ec if ie d by th re e pa ra me te r {a , b, c} wi th (a <b <c) ar e

th e x-co or di na te s of th e th re e co rn er s of th e MF .

Th e cl as s of Ga us si an me mb er sh ip fu nc ti on s is sh ow n in Fi g. 1. 2( b) .

It is gi ve n by

Ai (x i)= (-(c i-x i)2/2 i
2)

wh er e c i an d i ar e th e ce nt er an d wi dt h of th e ‘i ’t h fu zz y se t

Ai res pe ct iv el y.

X max
Xmin cba

7654321

Fi g. 1. 2( a) . Tr ia ng ul ar Me mb er sh ip fu nc ti on s
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Th e Tr ap ez oi da l me mb er sh ip fu nc ti on is sp ec if ie d by fo ur pa ra me te rs

{a , b, c, d} . Th e pa ra me te rs {a , b, c, d} (w it h a< bc< d) de te rm in e th e

x-co or di na te s of th e fo ur co rn er s of th e un de rl yi ng tr ap ez oi da l MF .

Th e me mb er sh ip fu nc ti on de sc ri pt io n of tr ap ez oi da l fa mi ly is

de sc ri be d in Fi g. 1. 2 (c ).

1. 1. 2. Ru le s Cr ea ti on an d In fe re nc e

In ge ne ra l, fu zz y sy st em s ma p in pu t fu zz y se ts to ou tp ut se ts . Fu zz y

ru le s ar e re la ti on s be tw ee n in pu t/ ou tp ut fu zz y se ts . Th e mo de s of de ri vi ng

fu zz y ru le s are ba se d ei th er of th e fo ll ow in g.

 Ex pe rt ex pe ri en ce an d co nt ro l en gi ne er in g kn ow le dg e.

 Op er at or ’s co nt ro l ac ti on s.

 Le ar ni ng fr om th e tr ai ni ng ex am pl es .

In th is th es is th e fu zz y ru le s ar e de ri ve d by le ar ni ng fr om th e tr ai ni ng

ex am pl es . Th e ge ne ra l fo rm of the fu zz y co nt ro l ru le s in th is ca se is

IF x is Ai AN D y is B i TH EN z =f i (x , y)

wh er e x, y an d z ar e li ng ui st ic va ri ab le s re pr es en ti ng th e pr oc es s

st at e va ri ab le s an d th e co nt ro l va ri ab le re sp ec ti ve ly . A i , Bi ar e th e li ng ui st ic

va lu es of th e li ng ui st ic va ri ab le s, f i (x , y) is a fu nc ti on of th e pr oc es s st at e

cb

da

7654321

Range

Fi g. 1. 2( c ). Tr ap ez oi da l me mb er sh ip fu nc ti on s
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va ri ab le s x, y an d th e re su lt in g fu zz y in fe re nc e sy st em (F IS ) is ca ll ed a

fi rs t or de r su ge no fu zz y mo de l.

Th e fu nc ti on of th e in fe re nc e en gi ne is to ca lc ul at e th e ov er al l va lu e

of th e co nt ro l ou tp ut va ria bl e ba se d on th e in du di vi al co nt ri bu ti on s of ea ch

ru le in th e ru le ba se . (i .e .) th e de fu zz if ic at io n pr oc es s. Th er e is no

sys te ma ti c pr oc ed ur e fo r ch oo si ng de fu zz if ic at io n. In fi rs t-or de r su ge no

fu zz y mo de l ea ch ru le ha s a cr is p ou tp ut an d ov er al l ou tp ut is ob ta in ed as

we ig ht ed av er ag e th us av oi di ng th e ti me co ns um in g pr oc es s of

de fu zz if ic at io n re qu ir ed in a co nv en ti on al FL C.
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CH AP TE R-2

Ar ti fi ci al Ne ur al Ne tw or ks

Ar ti fi ci al Ne ur al Ne tw or ks (A NN S) ar e sys te ms th at ar e de li be ra te ly

co ns tr uc te d to ma ke us e of so me or ga ni za ti on al pr in ci pl es re se mb li ng th os e

of hu ma n br ai n. Th e ke y fa ct or s th at di st in gu is h Ar ti fi ci al Ne ur al Ne tw or ks

fr om ot he r co mp ut at io na l te ch ni qu es ar e

 AN NS ar e no nl in ea r; Ab le to cl as si fy pa tt er ns an d ca pt ur e

co mp le x in te ra ct io ns am on g th e in pu t va ri ab le s in th e sy st em .

 AN NS ar e ad ap ti ve : th ey ca n ta ke da ta an d le ar n fr om it . (i .e .)

on li ne tr ai ni ng .

 AN NS ca n ge ne ra li ze : th ey ca n co rr ec tl y pr oc es s da ta th at

br oa dl y re se mb le s th e da ta th ey we re tr ai ne d or ig in al ly .

 AN N is a pa ra ll el -di st ri bu te d in fo rm at io n pr oc es si ng st ru ct ur e.

2.1 Ar ti fi ci al Ne ur on mo de l:

Th e mo de l of an ar ti fi ci al ne ur on is sh ow n in Fi g 2. 1. In th is mo de l

th e pr oc es si ng el em en ts (n eu ro n) co mp ut es th e we ig ht ed su m of it s in pu ts

an d ou tp ut s ac co rd in g to wh et he r th is we ig ht ed in pu t su m is ab ov e or be lo w

a ce rt ai n th re sh ol d k . Th e ex te rn al ly ap pl ie d bi as ha s th e ef fe ct of lo we ri ng

th e ne t in pu t of th e ac ti va ti on fu nc ti on

yk =f( u k-k) 2. 1

wh er e uk=wk j x j 2. 2
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He re x1 , x2 , …x p ar e in pu t si gn al s an d wk1 , wk2 , …w kp ar e

in te rc on ne ct io n we ig ht s of th e ne ur on k. uk is th e li ne ar ly co mb in ed

ou tp ut .

So me co mm on ly us ed ac ti va ti on fu nc ti on s ar e

 St ep fu nc ti on f (x ) = 1 fo r x0, 0 ot he rw is e. 2. 3.

 Ra mp fu nc ti on f( x) =1 fo r x> 1, x fo r 0x1, 0 fo r x< 0. 2. 4

 Si gm oi d fu nc ti on f( x) =1 /( 1+ ea x ). 2. 5.

wh er e ‘a ’ is th e sl op e pa ra me te r of th e fu nc ti on .

2. 2 Ne ur al Ne tw or k Co nn ec ti on s

AN NS ar e we ig ht ed di re ct ed gr ap hs in wh ic h ne ur on s ar e no de s an d

di re ct ed ed ge s (w it h we ig ht s) ar e co nn ec te d be tw ee n ne ur on ou tp ut s an d

ne ur on in pu ts .

In pu t

Si gn al s

Ou tp ut

wp

w 2

w1

k
xp

x2

x1

 Activation
Fu nc ti on

Co nn ec ti on
We ig ht s

Summing
Fu nc ti on

Fi g. 2. 1. Ar ti fi ci al Ne ur on Mo de l
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Ba se d on co nn ec ti on pa tt er ns AN NS ar e gr ou pe d as

 Fe ed-fo rw ar d ne tw or ks in wh ic h gr ap hs ha ve no lo op s.

 Re cu rr en t or fe ed ba ck ne tw or ks in wh ic h lo op s oc cu rs .

Fe ed-fo rw ar d ne tw or ks ar e st at ic as th ey pr od uc e on ly on e se t of

ou tp ut va lu es fo r a gi ve n in pu t. Th es e ne tw or ks ar e me mo ry-le ss in th e

se ns e th at th ei r re sp on se to an in pu t is in dep en de nt of th e pr ev io us ne tw or k

st at e. In th e si mp le st fo rm of si ng le la ye r fe ed -fo rw ar d ne tw or ks th es e is an

in pu t la ye r of so ur ce co de s th at pr oj ec t in to an ou tp ut la ye r of ne ur on s. Th e

si mp le la ye r fe ed fo rw ar d ne tw or ks ar e sh ow n in Fi g. 2. 2 (a ). Th e

in te rc on ne ct io n of se ve ra l la ye rs fo rm a mu lt il ay er fe ed -fo rw ar d ne tw or ks

as sh ow n in Fi g .2 .2 (b ). Th e la ye r be tw ee n th e in pu t an d ou tp ut la ye r is

ca ll ed a hi dd en la ye r an d it s fu nc ti on is to in te rv en e be tw ee n th e ex te rn al

in pu t an d ou tp ut . Th e hi dd en la ye r ha d no di re ct co nt ac t wi th th e ex te rn al

en vi ro nm en t. Th e ra di al ba si s fu nc ti on ne tw or k is a sp ec ia l cl as s of

mu lt il ay er fe ed -fo rw ar d ne tw or ks . Th e hi dd en la ye r in th is em pl oy s a ra di al

ba si s fu nc ti on , su ch as a Ga us si an ke rn el as th e ac ti va tion fu nc ti on .

Ou tp ut s

x4

x3

x1

x2

Fi g. 2. 2. (a )S in gl e la ye r fe ed fo rw ar d ne tw or k
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Fe ed ba ck ne tw or ks th at ha ve cl os ed lo op s ar e ca ll ed re cu rr en t

ne tw or ks . In si ng le la ye r re cu rr en t ne tw or k th e pr oc es si ng el em en t ou tp ut is

fe ed ba ck to it se lf or to ot he r pr oc es si ng el em en t or to bo th . In th e

mu lt ip la ye r re cu rr en t ne tw or k the ne ur on ou tp ut ca n be di re ct ed ba ck to th e

no de s in th e pr ec ed in g la ye rs .

2. 3 Le ar ni ng in AN N

Le ar ni ng is no t a un iq ue pr oc es s; th er e ar e di ff er en t le ar ni ng

pr oc es se s, ea ch su it ab le to di ff er en t sp ec ie s. In AN N th e co nc ep ts of

le ar ni ng pr oc es se s ha ve be en bo rr ow ed fr om th e be ha vi or is t’ s la b an d

im pl em en te d in el ec tr on ic ci rc ui tr y.

Le ar ni ng is a pr oc es s by wh ic h ne ur al ne tw or k ad ap ts it se lf to

st im ul us an d ev en tu al ly (a ft er ma ki ng th e pr op er pa ra me te r ad ju st me nt s to

it se lf ) it pr od uc es a de si re d re sp on se . Le ar ni ng is al so a co nt in uo us

cl as si fi ca ti on pr oc es s of in pu t st im ul i. Du ri ng th e pr oc es s of le ar ni ng th e

ne tw or k ad ju st s it s pa ra me te rs , th e sy nap ti c we ig ht s in re sp on se to an d

x1

x3

x4

x2

Outputs

In pu t
La ye r

Hi dd en
La ye r

Ou tp ut
La ye r

Fi g. 2. 2( b) Mu lt il ay er fe ed fo rw ar d ne tw or k
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in pu t st im ul us so th at it s ac tu al ou tp ut re sp on se co nv er ge s to th e de ri ve d

ou tpu t re sp on se .

Ba ck pr op ag at io n Le ar ni ng Al go ri th m

Ba se d on th is al go ri th m, th e ne tw or ks le ar ns a di st ri bu te d as so ci at iv e

ma p be tw ee n th e in pu t an d ou tp ut la ye rs . Wh at ma ke s th is al go ri th m

di ff er en t th an th e ot he rs is th e pr oc es s by wh ic h th e we ig ht s ar e ca lc ul at ed

du ri ng th e le ar ni ng ph as e of th e ne tw or k. In ge ne ra l, di ff ic ul ty wi th

mu lt il ay er pe rc ep ti on s is ca lc ul at in g th e we ig ht s of th e hi dd en la ye rs in an

ef fi ci en t wa y th at re su lt s in th e le as t (o r ze ro ) ou tp ut er ro r; th e mo re

hi dd en la ye rs th er e ar e; th e mo re di ff ic ul t it be co me s. To up da te th e

we ig ht s, on e mu st ca lc ul at e an er ro r. At th e ou tp ut la ye r th is er ro r is ea si ly

me as ur ed ; th is is th e di ff er en ce be tw ee n th e ac tu al an d de si re d (t ar ge t)

ou tp ut s. At th e hi dd en la ye rs ho we ve r, th er e is no di re ct ob ser va ti on of th e

er ro r, he nc e so me ot he r te ch ni qu e mu st be us ed to ca lc ul at e er ro r, as th is is

th e ul ti ma te go al .

Le ar ni ng wi th Ba ck pr op ag at io n Al go ri th m

Du ri ng th e tr ai ni ng se ss io n of th e ne tw or k, a pa ir of pa tt er ns is

pr es en te d (x k ,d k), wh er e xk is th e in pu t pa tt er n an d d k is th e ta rg et or

de si re d pa tt er n. Th e x k pa tt er n ca us es ou tp ut re sp on se s at ea ch ne ur on in

ea ch la ye r an d, he nc e ac tu al ou tp ut Ok at th e ou tp ut la ye r. At th e ou tp ut

la ye r, th e di ff er en ce be tw ee n th e ac tu al an d ta rg et ou tp ut s yi el ds on er ro r

si gn al . Th is er ro r si gn al de pe nd s on th e va lu es of th e we ig ht s of th e

ne ur on s in ea ch la ye r. Th is er ro r is mi ni mi ze d, an d du ri ng th is pr oc es s ne w

va lu es fo r th e we ig hts ar e ob ta in ed . Th e sp ee d an d ac cu ra cy of th e le ar ni ng

pr oc es s (i .e ). th e pr oc es s of up da ti ng th e we ig ht s al so de pe nd s on fa ct or

kn ow n as th e le ar ni ng ra te .

Th e ba si s fo r th is we ig ht up da te al go ri th m is si mp ly th e gr ad ie nt –

de sc en t me th od as us ed fo r si mp le pe rc ep tr on s wi th di ff er en ti ab le un it s. Fo r
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a gi ve n in pu t – ou tp ut pa ir (x k’, dk ’ ) th e ba ck – pr op ag at io n al go ri th m

pe rf or ms tw o ph as e of da ta fl ow . Fi rs t, th e in pu t pa tt er n ax’ is pr op ag at ed

fr om th e in pu t la ye r to th e ou tp ut la ye r an d, as a re su lt of th is fo rw ar d fl ow

of da ta , it pr od uc es an ac tu al ou tp ut yk . Th en th e er ro r si gn al s re su lt in g

fr om th e di ff er en ce be tw ee n d k an d yk ar e ba ck - pr op ag at ed fr om th e

ou tp ut la ye r to th e pr ev io us la ye rs fo r th em to up da te th ei r we ig ht s.

Le t us co ns id er 'm ' PE s (p ro ce ss in g el em en ts ) in th e in pu t la ye r, 'l '

PE s in th e hi dd en la ye r an d ‘n ’ PE s in th e ou tp ut la ye r as sh ow n in

Fi g (2.3 ).

Co ns id er an in pu t – ou tp ut tr ai ni ng pa ir (x , d) a PE q in th e hi dd en

la ye r re ce iv es a ne t in pu t of

w i qvq j

yn

yi

y1

xm

x j

x1

x j (j =1 ,… m) zq (q =1 ,… .l ) yi (i =1 ,… n)

Fi g. 2.3 . Ba ck pr op ag at io n Ne tw or k
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ne t q=vq i xj j= 1, …m . 2. 6.

an d pr od uc es an ou tp ut of

zq=a (n et q) =a (vq i xj ) 2. 7.

Th e ne t in pu t fo r a PE 'i ' in th e ou tp ut la ye r is th en

ne t i=wi q zq=w i q a(vq i xj ) q= 1, …l . 2. 8.

an d it pr od uc es an ou tp ut of

y i = a (n et i) = a(wi qzq)

=a (wiq a(vq i xj )) 2. 9.

Th e ab ov e eq ua ti on s in di ca te th e fo rw ar d pr op ag at io n of in pu t

si gn al s th ro ug h th e la ye rs of ne ur on s. Ne xt , we sh al l co ns id er th e er ro r

si gn al s an d th ei r ba ck pr op ag at io n.

E (w )= 1/ 2*(d i- yi)2 i= 1, …n .

Th en ac co rd in g to th e gr ad ie nt – de ce nt me th od th e we ig ht s in th e

hi dd en to ou tp ut co nn ec ti on s ar e up da te d by

∆w i q=-∂E/∂w i q

=-[∂E/∂y i][ ∂yi /∂ne t i][ ∂net i /∂wiq]

=[d i-yi][ a’ (n et i)] [z q]

=o i z q .

Th e pr oc es s of co mp ut in g th e gr ad ie nt an d ad ju st in g th e we ig ht s is

re pe at ed un ti l a mi ni mu m er ro r is fo un d. In pr ac ti ce , on e de ve lo ps on

al go ri th m te rm in at io n cr it er io n so th at th e al go ri th m do es no t co nt in ue th is

it er at iv e pr oc es s fo re ve r.
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In su mm ar y th e er ro r ba ck – pr op ag at io n al go ri th m ca n be ou tl in ed as

St ep 1: In it ia li ze al l we ig ht s to sm al l ra nd om va lu es .

St ep 2: Ch oo se an in pu t-ou tp ut tr ai ni ng pa ir .

St ep 3: Ca lc ul at e th e ac tu al ou tp ut fr om ea ch ne ur on in a la ye r by

pr op ag at in g th e si gn al fo rw ar d th ro ug h th e ne tw or k la ye r by la ye r (f or wa rd

pr op ag at io n) .

St ep 4: Co mp ut e th e er ro r va lu e an d er ro r si gn al s fo r ou tp ut la ye r.

St ep 5: Pr op ag at e th e er ro rs ba ck wa rd to up da te th e we ig ht s an d co mp ut e

th e er ro r si gn al s fo r th e pr ec ed in g la ye rs .

St ep 6: Ch ec k wh et he r th e wh ol e se t of tr ai ni ng da ta ha s be en cy cl ed on ce ,

ye s – go to st ep 7; ot he rw is e go to st ep 2.

St ep 7: Ch ec k wh et he r th e cu rr en t to ta l er ro r is ac ce pt ab le ; ye s- te rm in at e

th e tr ai ni ng pr oc es s an d ou tp ut th e fi el d we ig ht s, ot he rw is e in it ia te a ne w

tr ai ni ng epo ch by go in g to st ep 2.
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CH AP TE R-3

AD AP TI VE NE UR O-FU ZZ Y CO NT RO LL ER S

Th e fu si on of id ea s fr om fu zz y co nt ro l an d ne ur al ne tw or ks ha d

ac kn ow le dg ed a si gn if ic an t ro le in im pr ov in g co nt ro ll er pe rf or ma nc es .

Fu zz y lo gi c ha s pr ov en ef fe ct iv e fo r co mp le x, no n-li ne ar an d im pr ec is el y

de fi ne d sy st em s. Th e co mm on bo tt le ne ck in fu zz y lo gi c is th e de ri va ti on of

fu zz y ru le s an d th e pa ra me te r tu ni ng fo r th e co nt ro ll er . Th e ne ur al ne tw or ks

ha ve po we rf ul le ar ni ng ab il it ie s, op ti mi za ti on ab il it ie s an d ad ap ta ti on . Th e

fu zz y lo gi c an d ne ur al ne tw or ks ca n be in te gr at ed to fo rm a co nn ec ti on is t

Ad ap ti ve ne tw or k ba se d Fu zz y lo gi c co nt ro ll er . Th is in te gr at ed ad ap ti ve

sy st em mo di fi es th e ch ar ac te ri st ic s of th e ru le s, to po lo gy of fu zz y se ts

an d/ or th e st ru ct ur e of co nt ro l sys te m.

3. 1. Fu zz y Ad ap ti ve Le ar ni ng Co nt ro l Ne tw or k

Th e ba si c co nc ep t of Ne ur o-Fu zz y co nt ro l mo de ls [2 9, 30 ,3 1] is fi rs t

to us e st ru ct ur e-le ar ni ng al go ri th ms to fi nd ap pr op ri at e fu zz y lo gi c ru le s

an d th en us e pa ra me te r- le ar ni ng al go ri th ms to fi ne -tu ne th e me mb er shi p

fu nc ti on s an d ot he r pa ra me te rs . Th e fu zz y ad ap ti ve le ar ni ng co nt ro l

Ne tw or k (F AL CO N) is a fe ed fo rw ar d mu lt il ay er ne tw or k, wh ic h in te gr at es

th e ba si c el em en ts , an d fu nc ti on s of a tr ad it io na l fu zz y lo gi c co nt ro ll er in to

a co nn ec ti on is t st ru ct ur e th us ha d di st ri bu te d le ar ni ng ab il it ie s. In th is

co nn ec ti on is t st ru ct ur e, th e in pu t an d ou tp ut no de s re pr es en t th e in pu t

st at es an d ou tp ut co nt ro l or de ci si on si gn al s re sp ec ti ve ly , an d in hi dd en

la ye rs th er e ar e no de s fu nc ti on in g as me mb er sh ip fu nc ti on s an d fu zz y lo gi c

ru le s.

Th e FA LC ON ca n be co ns tr uc te d fr om tr ai ni ng ex am pl es by ne ur al

le ar ni ng te ch ni qu es an d th e co nn ec ti on is t st ru ct ur e ca n be tr ai ne d to

de ve lo p fu zz y lo gi c ru le s an d de te rm in e pr op er in pu t -ou tp ut me mb er sh ip

fu nc ti on . Ex pe rt kn ow le dg e ca n al so be in co rp or at ed in to th e FA LC ON .

Th e ru le ba se of co nn ec ti on is t st ru ct ur e co nt ai ns fu zz y IF -TH EN ru le s of
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su ge no ’s fi rs t or de r ty pe in wh ic h th e ou tp ut of ea ch ru le is a li ne ar

co mb in at io n of in pu t va ri ab le s pl us a co ns ta nt te rm . Fo r a fi rs t -or de r

su ge no fu zz y mo de l th e co mm on ru le se t wi th tw o fu zz y IF -TH EN ru le s is

th e fo ll ow in g.

Ru le 1: If x is A1 an d y is B 1 th en f1 = p 1x +q 1y+ r1

Ru le 2: If x is A2 an d y is B 2 th en f2= p 2x +q 2y+ r2

Th e fi na l ou tp ut is th e we ig ht ed av er ag e of ea ch ru le ’s ou tp ut .

3. 2 Ad apti ve Ne ur o-Fu zz y In fe re nc e Sy st em Ar ch it ec tu re

Th e ar ch it ec tu re of th e Ad ap ti ve Ne ur o-fu zz y In fe re nc e Sy st em

(A NF IS ) is sh ow n in Fi g. 3. 1. Co ns id er a fi rs t-or de r su ge no fu zz y mo de l

wi th tw o in pu t x an d y an d on e ou tp ut wi th ab ov e-me nt io ne d fu zz y IF -

TH EN ru le s.

Fig.3 .1 .Archi tectur e of Adapt ive Neur o -Fuzzy Infere nce Sy stem
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Th e sy st em ha s a to ta l of fi ve la ye rs .

La ye r 1:

Ev er y no de I in th is la ye r is an ad ap ti ve no de pe rf or mi ng me mb er sh ip

fu nc ti on .

O1 , i =Ai (x i ) i= 1, …n . 3. 1

wh er e xi is th e in pu t to no de i.

Th e me mb er sh ip fu nc ti on ca n be an y ap pr op ri at e pa ra me te ri ze d

me mb er sh ip fu nc ti on . Pa ra me te rs in th is la ye r ar e re fe rr ed to as pr em is e

pa ra me te rs .

La ye r2 :

Ev er y no de in th is la ye r is a fi xe d no de wh os e ou tp ut is th e pr od uc t

of al l th e in co mi ng si gn al s. (i .e .) th es e no de s pe rf or m th e fu zz y AN D

op er at io n.

O 2 , i =w i =Ai (x i).B i(y ) i= 1, …n . 3. 2

Ea ch no de ou tp ut re pr es en ts th e fi ri ng st re ng th of a ru le .

La ye rs 3:

Th e no de s of th is la ye r ca lc ul at e th e no rm al iz ed fi ri ng st re ng th of

ea ch ru le .

O 3 , i =w i =w i /iw i i= 1, …n . 3. 3

wi –fi ri ng st re ngt h of a ru le .

La ye r 4:

Ev er y no de i in th is la ye r is an ad ap ti ve no de wi th a no de fu nc ti on .

O 4 , i =w i f i=w i(p ix+ q i y+ r i) i= 1, …n . 3. 4

wh er e w i a no rm al iz ed fi ri ng st re ng th fr om la ye r 3 an d {p i ,q i ,r i} th e

pa ra me te r se t. Pa ra me te rs in th is la ye r ar e re fe rr ed to as co ns eq ue nt

pa ra me te rs .

La ye r5 :

Th e si ng le no de in th is la ye r co mp ut es th e ov er al l ou tp ut as th e

su mm at io n of al l in co mi ng si gn al s.
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O 5 ,1 =w if i =I wi fi /Iw i i= 1, …n . 3 .5

wh er e O l , i de no te th e ou tp ut of th e ‘i ’t h no de in la ye r l. Th is

st ru ct ur e ca n up da te me mb er sh ip fu nc ti on s an d ru le ba se pa ra me te rs

ac co rd in gl y to th e gr ad ie nt de sc en t up da te pr oc ed ur e.
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CHA PTE R-4

GEN ETI C ALG ORI THM S
4. 1 In tr od uc ti on

Ev ol ut io na ry al go ri th ms in cl ud e a wi de va ri et y of po pu la ti on ba se d

al go ri th ms wh ic h ca n be ap pl ie d to di ff er en t ki nd s of pr ob le ms . Th e ma in

id ea th er e is to fo rm a gr ou p of al ter na ti ve so lu ti on s fo r th e pr ob le m, th at

is , a po pu la ti on , an d th en to br ee d th is in it ia l po pu la ti on ac co rd in g to

ev ol ut iv e la ws . A fi tn es s fu nc ti on is us ed to me as ur e th e qu al it y of ea ch

in di vi du al an d to se le ct th e be st in di vi du al s to pr od uc e of fs pr in g.

Th e ba si c an d mo st co mm on fo rm of ev ol ut io na ry al go ri th ms ar e

ge ne ti c al go ri th ms , wh er e a so lu ti on fo r a ty pi ca ll y nu me ri ca l op ti mi za ti on

pr ob le m is se ar ch ed fo r. In di vi du al s ar e si mp ly (b in ar y) co de d st ri ng s

de sc ri bi ng po ss ib le co mb in at io ns of th e pa ra me ter va lu es , an d th e fi tn es s

fu nc ti on is th e fu nc ti on to be op ti mi ze d.

A mo re co mp le x fo rm of ev ol ut io na ry al go ri th ms is us ed in ge ne ti c

pr ogr am mi ng . Th er e ea ch in di vi du al is a co mp ut er pr og ra m wh ic h in cl ud es

so me ca lc ul at io ns an d pe rf or ms so me ta sk . Fi tn es s fu nc ti on de sc ri be s ho w

we ll th e pr og ra ms pe rf or m th e gi ve n ta sk , th us fa vo ur in g be tt er so lu ti on s.

4. 2 Ba si cs of Ge ne ti c Al go ri th ms

A ty pi ca l ge ne ti c al go ri th m co ns is ts of th e fo ll ow in g st ep s:

1. Cr ea te th e in it ia l po pu la ti on .

2. Ev al ua te th e fi tn es s of ea ch in di vi du al .

3. Se le ct th e be st in di vi du al s an d pe rf or m re co mb in at io n.

4. Mu ta te th e ne w ge ne ra ti on .

5. If te rm in at io n co nd it io n is no t re ac he d, go ba ck to st ep 2.

Th e ca lc ul at io n ca n be te rm in at ed fo r ex am pl e wh en a ce rt ai n fi tn es s

le ve l is re ac he d or aft er a ce rt ai n nu mb er of it er at io ns is pe rf or me d. Al so ,

if it se em s th at th e so lu ti on s wi ll no t ge t an y be tt er fo r a lo ng ti me , it ca n

be de du ce d th at it is be st to st op th e ca lc ul at io n. Ne xt , th e op er at io ns gi ve n

ab ov e ar e ex pl ai ne d in mo re de ta il .
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4. 2. 1 Re co mb in at io n

Re co mb in at io n is th e op er at io n wh er e tw o in di vi du al s in th e ol d

ge ne ra ti on ar e us ed to pr od uc e tw o of fs pr in g fo r th e ne w ge ne ra ti on .

Se le ct io n of th e pa re nt in di vi du al s is do ne ba se d on th ei r fi tn es s va lu es ,

an d th e ty pi ca l me th od s ar e ei th er ro ul et te wh ee l se le ct io n or to ur na me nt

se le ct io n. In ro ul et te wh ee l se le ct io n, an in di vi du al is se le ct ed wi th

pr ob ab il it y wh ic h is pr op or ti on al to it s re la ti ve fi tn es s va lu e. So th e be tt er

in di vi du al s wi ll be se le ct ed mo re of te n, bu t al so th e ot he r so lu tio ns ca n be

se le ct ed . In to ur na me nt se le ct io n, a fi xe d nu mb er of so lu ti on s (e .g . tw o) is

ra nd om ly ch os en fr om th e ge ne ra ti on . Th en th e on e of th em wi th th e be st

fi tn es s va lu e is se le ct ed to be th e pa re nt . Th is wa y, al so th e no t so go od

so lu ti on s ha ve a ch anc e to be ch os en . As su mi ng th at th e tw o pa re nt s ar e

no w se le ct ed , th e re co mb in at io n is si mp ly pe rf or me d by pi ck in g a ra nd om

in de x of th e bi t st ri ng s an d sw ap pi ng th e en ds of th e st ri ng s as pr es en te d in

Fi gu re 4. 1.

Fi gu re 4. 1: Re co mb in at io n of tw o pa re nt in di vi du al s (l ef t) re su lt s to tw o

of fs pr in g (r ig ht ).

4. 2. 2 El it is m

To ma ke su re th at th e be st so lu ti on in th e ol d ge ne ra ti on is pr es er ve d,

el it is m ca n be us ed . It me an s th at a fi xe d nu mb er of be st so lu ti on s in th e

ol d ge ne ra ti on is di re ct ly co pi ed to th e new ge ne ra ti on . Th is wa y th e

al go ri th m ma y co nv er ge fa st er to th e de si re d op ti mu m.

2. 3 Mu ta ti on

An im po rt an t pa rt of a ge ne ti c al go ri th m is mu ta ti on , wh er e ea ch bi t

of th e in di vi du al s in th e ne w ge ne ra ti on is re ve rs ed wi th a sm al l

pr ob ab il it y. Th is mu ta ti on pr ob ab il it y is ty pi ca ll y ch os en to be ar ou nd 0. 01 .
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Th e id ea of mu ta ti on is to in cr ea se th e ra nd om ne ss of th e al go ri th m, wh ic h

ag ai n he lp s to pr ev en t th e co nv er ge nc e to a lo ca l op ti mu m.

4. 2. 4 Ad va nt ag es

Th er e is co up le of ad va nt ag es in ge ne ti c al go ri th ms whe n co mp ar ed

wi th mo re tr ad it io na l op ti mi za ti on me th od s. Fi rs t of al l, th e ma in ad va nt ag e

is th at ge ne ti c al go ri th ms ca n ha nd le th e lo ca l op ti ma qu it e we ll un li ke th e

si mp le gr ad ie nt ba se d me th od s. Th ey ca n al so be ap pl ie d to a wi de va ri et y

of pr ob le ms , in cl ud in g hi gh di me ns io na l on es , as fa r as th e so lu ti on s ca n be

ef fe ct iv el y co de d to bi na ry st ri ngs .

Th e ma in dr aw ba ck of ge ne ti c al go ri th ms is th e la rg e nu mb er of fr ee

pa ra me te rs an d pr ob le m de pe nd en t ch oi ce s fo r ex am pl e in th e al go ri th m

st ru ct ur e. Th is is be ca us e th e me th od is pu re ly he ur is ti c an d is no t ba se d on

an y gl ob al th eo ry . Th e co mp ut at io na l co st ca n al so be qu it e hi gh , es pe ci al ly

if th e ca lc ul at io n of th e fi tn es s fu nc ti on is co mp li ca te d. Ad di ti on al ly , in th e

ba si c fo rm on ly di sc re te so lu ti on s ar e all ow ed si nc e th e co di ng is do ne

us in g bi na ry st ri ng s.


