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|R=i � |@Ya |k}@]D G=DvDU= |R=Ux}@W |xw}W |Q}oQ=mx@ =@ =D CU= xOW |aU

"OwW xO=O Vy=m |O=yvW}B pOt |R=Ux}@W u=tR w |oO}J}B �ANFIS�
QO xar=]t u}rw= |xk@=U xm OvO=O u=Wv 1970 p=U QO u=Q=mty w uwUrm}v
u=tRsy |Oq}t 70 |xyO x@ uR=Nt |i}m � |tm C} Q}Ot w |R} Qxt=vQ@ |xv}tR
u=Wv u}kkLt 1970 p=U QO "OOQo|tQ@ uR=Nt |i}m |R=Ux}@W |=ypOt OWQ =@
u}ty QO w 'O=O s=Hv= |i}m w |tm h=Oy= =@ u=wD|t =Q uR=Nt R= |Q=OQ@xQy@ xm OvO=O
pOt l} 'p=U hrDNt |=yx=t QO uRNt QO ?; |=tO C=Q}}eD x@ xHwD =@ =DU=Q
'CUOu}}=B |=yxv=NOwQ |=yxOv}q; |x}iYD |=yxv} RyVy=m |=Q@ =} wB |R=Uxv}y@
pOt l} =yOa@ [1]"OvO=O x�=Q= 'CU= uRNt R= |HwQN ?; |=tO w |@O R= QF-=Dt xm

"CU= xH=wt |@; w |}=Pe hrDNt |=yR=}v uwRi=RwQ OWQ =@ C}atH V}=Ri= xRwQt=
?; `@=vt C}OwOLt '?; hQYt uwRi=RwQ OWQ uwJty |rt=wa Q}N= |=y p=U QO
|=yQyW h=Q]= QO |DavY |=yC}r=ai w hQYt \=kv V}=Ri= 'p=YLDU= p@=k
Q@ |vRNt |=yOU CUOu}}=B |=yxv=NOwQ x@ hrDNt |=yxOv}q; OwQw R}v w 'nQR@
C}ty= "CU= xOwRi= uR=Nt R= |i}m � |tm |Q=OQ@xQy@ |=Q@ |R} Qxt=vQ@ |oO}J}B
XNWt =Q OwHwt OwOLt `@=vt R= Q=O}=B w xv}y@ |xO=iDU= CQwQ[ 'xr�Ut u}=
?; `@=vt |=ysDU}U R= |i}m w |tm |Q=OQ@xQy@ QO xm |Qo}O |x@vH "OR=U|t
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xO}J}B w O=[Dt h=Oy= R= pmWDt CU= |}xr�Ut ?; `@=vt |=ysDU}U |i}m w
xO=iDU= sRrDUt u; |=Q@ ?wr]t G}=Dv u}t-=D xm 'syt s}tYD |=yQ}eDt |=Q=O w
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Sm;y

Y
m = 1; :::; 12 (4)

Cm =

YP
y=1

((
PP
k=1

Rk;m;y � Ck;m;y)=Rm;y)

Y
m = 1; :::; 12 (5)8>>>>>>><>>>>>>>:

Sm+1;y = Sm;y + Im;y �Rm;y � Lm;y
m = 1; :::; 11; y = 1; :::; Y

S1;y+1 = Sm;y + Im;y �Rm;y � Lm;y
m = 12; y = 1; :::; Y

(6)

Smin � Sm;y � Smax (7)

0 � rk;m;y � rk;max 8 m; y (8)

Ck;m;y = g(
�
T ; �w;

�
Cin;

�
T in;

�
I ;�rk) 8 m; y; k (9)

%R= Ov=CQ=@a =yQ}eDt jwi CqO=at QO
`@=D u}=� m x=t QO uRNt R= |HwQN u=R}t x@ \w@ Qt C}@ wr]t `@=D %fr;m()

&�OwW PN= ?; |xOvvmhQYt |=yVN@ R= Ov=wD|t C}@ wr]t
`@=D u}=� m x=t |=yDv= QO uRNt sHL u=R}t x@ \w@ Qt C}@ wr]t `@=D %fs;m()

&�OQm PN= ?; |xOvvmu}t-=D |=yu=tR=U R= u=wD|t =Q C}@ wr]t
x=t QO XN=W |i}m Q}eDt \UwDt C_re u=R}t x@ \w@ Qt C}@ wr]t `@=D %fc;m()

|=yu=tR=U =} ?; |xOvvmhQYt |=yu=tR=U R= u=wD|t =Q C}@ wr]t `@=D u}=� m
&�OQm PN= CU} R \}Lt C_=iL x@ \w@ Qt

|xQ}NP sHL =@ \@DQt u=oOvQ}os}tYD |@Uv CQOk =} uRw ?}DQDx@ %ws=wr=wc
&|HwQN u=} QH C}i}m w |HwQN |xv=y=t u=} QH u=R}t 'uRNt

uRNt R= |HwQN u=R}t x@ \w@ Qt C}@ wr]t `@=D =@ Q_=vDt ji=wD sOa |x]kv %dr;m
&m x=t QO

&m x=t QO uRNt sHL x@ \w@ Qt C}@ wr]t `@=D =@ Q_=vDt ji=wD sOa |x]kv %ds;m
|HwQN u=} QH C}i}m x@ \w@ Qt C}@ wr]t `@=D =@ Q_=vDt ji=wD sOa |x]kv %dc;m

&m x=t QO
&�?amt QDt uw}r}t� m x=t |=OD@= QO uRNt \UwDt sHL %Sm

&�?amt QDt uw}r}t� uRNt sHL pk=OL %Smin

&�?amt QDt uw}r}t� uRNt sHL QFm =OL %Smax

&�?amt QDt uw}r}t� y p=U R= m x=t |=OD@= QO uRNt sHL %Sm;y
&�?amt QDt uw}r}t� y p=U R= m x=t QO uRNt |HwQN %Rm;y

&�?amt QDt uw}r}t� |Q=OQ@xQy@ |xQwO QOm x=t QO uRNt \UwDt |HwQN %Rm
|Q=OQ@xQy@ xQwO QO y p=U R= m x=t QO uRNt s=k |xJ} QO R= |HwQN %rk;m;y

&�?amt QDt uw}r}t�
&�x=t QO ?amt QDt uw}r}t� k |xJ} QO C}iQ_ %rk;max

&uRNt |=yxJ} QO pm O=OaD %P
&|R} Qxt=vQ@ |=yp=U O=OaD %Y

&p=U |xOvQ=tW %y
&�?amt QDt uw}r}t� y p=U R= m x=t QO uRNt x@ |OwQw %Im;y

&�?amt QDt uw}r}t� y p=U R= m x=t QO uRNt C=irD %Lm;y
&�QD}r QO sQo|r}t� |HwQN u=} QH QO |i}m Q}eDt \UwDt C_re %Cm

&�QD}r QO sQo|r}t� |OwQw u=} QH QO |i}m Q}eDt C_re |v=tR |QU %�Cm

xH=wt ?; |QwW CqmWt =@ xm |vR=Nt R= |Q=OQ@xQy@ |=Q@ |i}m � |tm |Q=OQ@xQy@
|Ov@x}q uDiQo Q_vQO Q@ xwqa �1379� u=Q=mty w Rwt;Q=m [2]"OW O=yvW}B OvOw@
u} wOD QO p@k x=t QO |HwQN |=tO w ltv \UwDt C_re R= 'uR=Nt QO |DQ=QL
|Q=OQ@xQy@ |R=Uxv}y@ pOt l} w CU= xOW xO=iDU= x=t Qy |HwQN |=yCU=}U
xO=O \U@ |i}m h=Oy= uDiQo Q_v QO |=Q@ uw}UQoQ w =} wB |R} Qxt=vQ@ '|a]k
|R=Uxv}y@ |=yxw}W R= u}kkLt '2004 p=U QO xOW s=Hv= xar=]t QO "CU= xOW
=yv; [3]"OvOQm xO=iDU= uRNt R= |Q=OQ@xQy@ w |R=Ux}@W |=Q@ |awvYt Vwy w
|=yCU=}U |R=Uxv}y@ Ov}=Qi |x@U=Lt |=Q@ =Q |a]kQ}e |=} wB |R=i pOt l}
xv=NOwQ u=} QH |a]kQ}e |=yxYNWt 'C=ar=]t u; QO "OvO=O xaUwD |Q=OQ@xQy@
Q_v QO =Q uRNt |DQ=QL w |i}m |Ov@x}q |R=Ux}@W pOt =t= CU= xOW xDiQo Q_v QO
p=U QO |rN=O u}kkLt "OQ}o|tv Q=Qk xHwD OQwt |@=NDv= CW=OQ@ ,qta w OQ}o|tv
|Q=OQ@xQy@ u}v=wk |iO=YD w |a]k |R=Uxv}y@ |=Q@ =Q |}=ypOt 2007 w 2006
|a}@] Ov}=Qi Q@ RmQtD =@ '|HwQN w xOWxQ}NP ?; C}i}m Ow@y@ Qw_vtx@ uR=Nt R=
|R=Ux}@W pOt '|O=yvW}B pOt u}= QO [5w4]"OvO=O xaUwD uRNt |i}m |Ov@x}q
|v} Ro}=H 'u; R= hOy w OwW|t =QH= |R=Uxv}y@ pOt |=yxkrL pN=O QO |OOa
Nash |vRxv=J |x} Q_v R= =yv; "CU= ANFIS pOt l} =@ |R=Ux}@W pOt
[6]OvOQm xO=iDU= sDU}U u=aiv|P w u=oOvQ}os}tYD hqDN= `iQ uDiQo Q_vQO |=Q@
l}DvS sD} Qwor= s=vx@ O}OH |WwQ R= 'xr�Ut |D=@U=Lt CqmWt Vy=m |=Q@ w
j}kLD u}= QO "CU= xOW xO=iDU= �2SV LGA� Q}eDt swRwtwQm pw] =@ |a]kQ}e
|i}m |R=Ux}@W pOt l} R= xO=iDU= =@ w xOvvmxO=U C=}[Qi p=ta= =@ xOW |aU
|=ypOt |D=@U=Lt CqmWt |R=i � |@Ya |k}@]D G=DvDU= sDU}U |x}=B Q@
x�=Q= xOWxO=O xaUwD |=ypOt C=}�RH xt=O= QO "OwW xO=O Vy=m |r@k |xOWx�=Q=

"Ov=xOW

|O=yvW}B pOt Q=DN=U
[5w4]'|r@k |O=yvW}B pOt =@ =QH= u=tR w G}=Dv |xU}=kt |=Q@ OW xQ=W= xm Qw]u=ty
|=yR=}v u}t-=D |xv=oxU |=yC}@ wr]t `@=D =@Nash |@ Q[ `@=D R= R}v Q=DWwv u}= QO
u=} QH \UwDt C}i}m wm x=t |=yDv= QO uRNt sHL 'm x=t Qy QO CUOu}}=B |@;
`@=D u=wvax@ 'm x=t QO �XN=W |i}m Q}eDt C_re T=U=Q@� uRNt R= |HwQN
|=yQ}eDt 'uRNt |=yxJ} QO R= xv=y=t |xv}y@ |HwQN "CU= xOW xO=iDU= hOy
C=YNWt pt=W |R=Uxv}y@ pOt |=y|OwQw "OvDUy |R=Uxv}y@ pOt s}tYD
w u=oOvQ}os}tYD |@Uv uRw '|OwQw u=} QH C}i}m w C}tm |v=tR |QU 'uRNt
Gwt pw] =@ |O}WQwN `WaWD w =wy |=tO pt=W |U=vW=wy C=aq]= |v=tR |QU

%CU= u}vJ |R=Uxv}y@ pOt Q=DN=U "OvDUy Ovr@ w x=Dwm

Maximize
12Y
m=1

(fr;m(Rm)� dr;m)wr (fs;m(Sm+1)� ds;m)ws

(fc;m(Cm)� dc;m)wc (1)

Subject to :

Rm;y = r1;m;y + r2;m;y + :::+ rP;m;y m = 1; :::; 12 (2)

Rm =

YP
y=1

Rm;y

Y
m = 1; :::; 12 (3)
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Rwt;
Q=mO

tLt
wu

=}J=
Qm=[

Q'|
v=]r

UO
= -wi u} wOD Qw_vtx@ [5w4]"CU= xOW x�=Q= � Q}eDt swRwtwQm pw] =@l}DvS sD} Qwor= Ovv=t �

u=} QH pt=W� xr�Ut s}tYD |=yQ}eDt CU= sRq 'l}DvS sD} Qwor= |R=Uxv}y@ pOt
"OvwW x�=Q= swRwtwQm |=yuS ?r=k QO �uRNt hrDNt |=yxJ} QO R= xv=y=t |HwQN
%OwW|t x@U=Lt 10 |x]@=Q R= |R=Uxv}y@ |xr�Ut u}= QO swRwtwQm Qy |=yuS O=OaD
NG = Y � 12� n (10)

n w '|R} Qxt=vQ@ |xQwO |=yp=U O=OaD Y 'swRwtwQm Qy |=yuS O=OaDNG u; QO xm
CW=OQ@ |xJ} QO 2 w xr=U30|v=tRji=l} |=Q@,qFt "CU=uRNt|=yxJ} QO O=OaD
Q}oCkw w Q@u=tR Q=}U@ pOt u}= |=QH= xH}DvQO "Ow@ Oy=wN 720 Q@=Q@ =yuS O=OaD '?;
u=tR RwQ 5 pk=OL x@ R=}v V LGA VwQ =@ pOt u}= pL p=Ft u=wvax@ &Ow@ Oy=wN
OwW|t xDUmW pOt wO x@|i}m �|tm pOt pmWt u}= `iQ |=Q@ "CW=O Oy=wN =QH=
|=Q@ =Q p=U Qy |=yDv= QO uRNt |xv}y@ s=HL= xr=U 30 ji= QO|tm pOtl} =OD@= xm
pOt u}= G}=DvTBU &Ovm|t x@U=Lt ?; |R=UxQ}NP wCUOu}}=B R=}v x@|} woMU=B
l} ji= QO|i}m �|tm |=ypOt |=yC}OwOLt u=wvax@ �p=U Qy |=yDv= |=ysHL�
24 x@ uS 720 R= =yswRwtwQm pw]Vy=m QO Q=m u}= uUL "OwW|t xDiQo Q_vQO xr=U
u=tRVy=m QO OW Oy=wN =QH= syp=@vOx@ w x@DQt30pOtu}= xmu}= OwHw =@ wCU=uS
=y?=wH CkO Q@ ZQi u}= Q}F-=D Q=DWwv u}= QO "CU= Q=PoQ}F-=D |Q}osWJ Qw]x@ =QH=
|R=Uxv}y@ |=Q@ �QP; =D OviU=� x=t 9 'xvq=U |i}m�|tm pOt QO "OwW|t |@=} RQ=
xDiQo Q_v QO uRNt|} wW?; wltv |x}rND |=Q@ �uty@ '|O 'QP;� x=t 3 w ?;C}i}m
|i}m|R=Uxv}y@ x@\w@ QtVN@ 'OwW|t xO}O 12|x]@=Q QO xm Qw]u=ty "CU= xOW
x@ =Q xOv=t|k=@ x=t 3 OvtWwy Qw]x@ pOt xmCU= xOWh} QaD p=U R= x=t 9 |=Q@ =yvD
"Ovm x�=Q= |HwQN |=Q@ |QDy@C}i}m Q_v OQwt x=t 9 QO =D OR=OQB|t uRNt |} wW?;
%OwW|t xDiQo Q_v QOu}vJ|i}m �|tm w|tm|=ypOt QO?}DQDx@ 1hOy`@=Du}=Q@=v@

Maximize
360Y
m=1

(fr;m(Rm)� dr;m)(wr)

(fs;m(Sm+1)� ds;m)ws (11)

Maximize
12Y
m=1

(fr;m(Rm)� dr;m)(wr=12)�
9Y

m=1
(fc;m(Cm)� dc;m)(wc=9) (12)

QDt=Q=B C_re Q}O=kt "CU= 1 hOy `@=D |=yQ}eDt u=ty `@=D wO u}= |=yQ}eDt
|R=Ux}@W pOt\UwD 'CU= 12 |xrO=at swO <RH |xOvQ}oQ@ QO xm |HwQNC}i}m
[8]xOW u} wOD |OOa |R=Ux}@W pOt l} G}=Dv R= xO=iDU= =@ xm ANFIS

"OvwW|t |R=Ux}@W

|R=i � |@Ya |k}@]D G=DvDU= pOt Q=DN=U
(ANFIS)

=yCL=QY sOa uDiQo Q_v QO |=Q@ |R=i j]vt |x} Q_v Q=@u}rw= |=Q@ xm u=tR u; R=
Q=m x@ C}kiwt =@ w xOQDUo Qw]x@ |UOvyt hrDNt p�=Ut QO x} Q_v u}= [9]'OW x�=Q=
|Q=OQ@xQy@ |xr�Ut |R=UpOt |=Q@ x} Q_v u}= Q}N= |=yp=U QO "CU= xOW xOQ@
Q=@u}rw= |=Q@ 1993 p=U QO "CU= xDiQo Q=Qk xO=iDU= OQwt R}v uR=Nt R= xv}y@
sDU}U pOt '|@Ya |xm@W w |R=i |x} Q_v |=y|}=v=wD uO=O Q=Qk Q_vOt =@

p=U R= m x=t QO 'k |xJ} QO R= |HwQN u=} QH QO |i}m Q}eDt C_re %Ck;m;y
&�QD}r QO sQo|r}t� OwW|t x@U=Lt uRNt |i}m |R=Ux}@W pOt R= xO=iDU= =@ xm y
w C}tm |v=tR |QU T=U=Q@ =Q |HwQN u=} QH C}i}m u; T=U=Q@ xm |a@=D %(g)

|QU w 'xk]vt |U=vW=wy w |t}rk= C=YNWt |v=tR |QU '|OwQw u=} QH C}i}m
|r}rLD CQwYx@ `@=D u}= "OyO|t CUO x@ =yxJ} QO R= |HwQN u=} QH |v=tR
=@ u=wD|t =Q |OwQw hrDNt Q}O=kt |=R=x@ u; |HwQN Q}O=kt |rw CU}v OwHwt

&OQm x@U=Lt uRNt |i}m w |tm |R=Ux}@W pOt R= xO=iDU=
&�Tw}UrU xHQO� \}Lt |=tO |v=tR |QU %�T

&�Tw}UrU xHQO� |OwQw u=} QH |=tO |v=tR |QU %�T in
Gwt pw] =@ |O}WQwN `WaWD Ovv=t |U=vW=wy w |t}rk= |=yQ}eDt |v=tR |QU %�w
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CWwv=B
1. adaptive neuro-fuzzy inference systems (ANFIS)
2. stochastic varying chromosome length genetic algorithm

(SVLGA)
3. �ring strength
4. consequent parameters
5. forward pass
6. least square error
7. backward pass

8. gradient descent
9. mean absolute error
10. mean squared error
11. root mean squared error
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