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|y=oWv=O C=ar=]t CyH \ki w |W}=tR; 'xOWxDN=vW |xQ@N |=ysDU}U
Qo}O xm CU= u}= QO =yQ=Ri=sQv Qo}O =@ xQ@N |=ysDU}U |rY= Cw=iD [4]"Ov=xOw@
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xQ@N sDU}U |=Q@ =Q C=aq]= Qo}O =} =yC}ak=w =OD@= xQ@N sDU}U Q@ Q=m
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w =yxO=O 'u}v=wk p}rLD w x} RHD =@ xm CU= |}xt=vQ@ G=DvDU= QwDwt [6]"OvwW|t
VwQ wO [7]"Ovm|t x�=Q= =Q |k]vt G}=Dv 'Vv=O x=o}=B QO xOWxQ}NP |=yOQwt
wQ |xQ}HvR w 7wrH x@ wQ |xQ}HvR %OQ=O OwHw xQ@N |=ysDU}U QO G=DvDU=
G}=Dv CtU x@ =yC}ak=w R= xm CU= |H=DvDU= wrH x@ wQ |xQ}HvR "8?ka x@
CmQL =yC}ak=w CtU x@ =yx}[Qi R= ?ka x@ wQ |xQ}HvR w OwQ|t V}B
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Q@ |vD@t sDU}U =} xQ@N sDU}U l} R= CU= CQ=@a |R=i |xQ@N sDU}U
x@ |R=i Oa=wk w C} w[a `@=wD R= |}xawtHt R= =yxO=O pqODU= |=Q@ xm Vv=O
|=ysDU}U xm CU= xOW C@=F [8]"Ovm|t xO=iDU= 9�|rw@� |} wOwO j]vt |=H
umtt |DL=Q x@ =yu; |R=UxO=}B w OvDUy |O=tDa= p@=k |=ysDU}U |R=i |xQ@N
u}v=wk x=o}=B '10R=U|R=i %R= Ov=CQ=@a |R=i |xQ@N sDU}U l} <=RH= [9]"CU=
<=RH= "14Q@ Q=m \@=Q w 13=OR |R=i '12|R=i G=DvDU= QwDwt '11�Vv=O x=o}=B� |R=i
|rY= <=RH= =Q Qo}O <RH 3 w sDU}U |aQi <=RH= =Q =OR |R=i w R=U|R=i
xOW xO=O u=Wv 1 pmW QO Qo}Om} =@ =yu; \=@DQ= |xwLv xm 'Ov} wo|t u;
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xOW xDN=OQB |O=yvW}B |xQ@N sDU}U QO =yu; |Q}oQ=mx@ |xwLv w |R=i |xQ@N
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"|R=i |xQ@N sDU}U l} Q=DN=U "1 pmW
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w |v=tR=U nvyQi xm =QJ &OvDU}v |i=m |vt}= OQmrta Ow@y@ |=Q@ xO=iDU= OQwt
|v=tDN=U x=oQ=m l} uDW=O |=Q@ "Ovvm|t |R=@ =Q |U=U= Vkv R}v |v=Uv= pt=wa
|@U=vt|vt}=C} Q}Ot |=yOQmrta O}=@ '|vt}=C} Q}Ot sDU}U OwHw Q@ xwqa 'ut}=
u=Wv OwN R= =Q?U=vt |vt}= Q=DiQ R}v u=QoQ=m u; |xH}Dv QO =D 'OW=@ xDW=O OwHw R}v
=yVwQ '=yOQ@y=Q '=y|Wt \N %R= Ov=CQ=@a |vt}= C} Q}Ot |=yOQmrta "OvyO
w xO=}B u=Wv=QoQ=m |vt}= hOy =@ u=tR=U l} C} Q}Ot \UwD xm |}=yC}r=ai w
QO xOWQmP |vt}= C} Q}Ot |=yOQmrta u=R}t R= u=QoQ=m |y=o ; "CU= xOW xO=iDU=
OQmrta QO Ovv=wD|t xm 'OvwW|t KQ]t |v=tR=U |rt=wa u=wvax@ =yu; |=yx=oQ=m
u=wvax@ '|YNW |x@ QHD w |vt}= \}Lt pt=wa 'u}=Q@=v@ "OvW=@ Q=PoQ}F-=D |vt}=
Q}F-=D |vt}= C} Q}Ot |=yOQmrta uwJty |rt=wa Cq=aiv= w pai R= xm pt=wa

"Ov=xDiQo Q=Qk xHwD OQwt QDW}@ xJQy |vt}= |=yOQmrta |xaUwD QO 'OvQ}PB|t
'|YNW |x@ QHD w |vt}= \}Lt pt=wa uDiQoQ_vQO =@ Q=DWwv u}= QO wQ u}= R=
w CN=U |=yx=oQ=m QO |vt}= C} Q}Ot OQmrta x@ |yOR=}Dt= |=Q@ xQ@N sDU}U l}
R}v w |vt}= x@ \w@ Qt pt=wa sy@t Ca}@] x@ xHwD =@ "CU= xOW O=yvW}B u=Q}= R=U
sDU}Ul} |O=yvW}B |xQ@N sDU}U 'sy@t pt=wa =@ OQwNQ@ QO |R=i j]vt |}=v=wD
l} QDt=Q=B |=yQorta w 1Qo}} G=DvDU= QwDwt R= u}vJty "Ow@ Oy=wN |R=i |xQ@N
s=ovy x@ �6Qo}} |=OR|R=i w 5Qo}} ptmt '4Qo}} sQv � T= '3Qo}} sQv � |D� 2Qo}}
QwDwt u}= |=yQDt=Q=B |R=Uxv}y@ |=Q@ l}DvS sD} Qwor= R= w xQ@N sDU}U CN=U

"CU= xOW xO=iDU= =yQorta w G=DvDU=
'OW=@ QDh}a[ R=U w CN=U x=oQ=m l} QO |vt}= C} Q}Ot OQmrta xJQy
"Tmar=@ w Ow@ Oy=wN QDW}@ xt}@ |=yCmQW |=Q@ x=oQ=m u}= uOQm xt}@ lU} Q
xO=iDU= =@ R=U w CN=U |=yx=oQ=m QO |vt}= C} Q}Ot OQmrta x@ |yOR=}Dt= u}=Q@=v@
u}}aD |=DU=Q QO xt}@ |=yCmQW |=Q@ |@U=vt ltm '|O=yvW}B |xQ@N sDU}U R=
u}= =@ R}v R=U w CN=U |=yQ=m u=Q=mv=t}B 'u}vJty "Ow@ Oy=wN xv}y@ |xt}@ jL
QO w OvyO X}NWD =Q OwN |v=tDN=U x=oQ=m QO |vt}= u=R}t Ovv=wD|t |yOR=}Dt=

"Ov};Q@ u; Ow@y@ |=DU=Q
xm CU= xOW |yOv=tR=U CQwY u}= x@ Q=DWwv u}= |xt=O= 'T=U= u}= Q@
TBU "s} wW|t =vW; u; hrDNt <=RH= w |R=i |xQ@N sDU}U =@ |Oa@ VN@ QO
u}}aD VwQ R}v sQ=yJ VN@ QO w u=}@ xar=]t u}= s=Hv= VwQ 'swU VN@ QO
QO u}vJty "CU= xOW |iQat |vt}= C} Q}Ot OQmrta |Q}oxR=Ov= QO QF-wt pt=wa
|xwLv w xDN=OQB |O=yvW}B |R=i |xQ@N sDU}U |L=Q] KQW x@ sHvB VN@
uwtR; |O=yvW}B pOt R}v sWW VN@ QO "CU= xOW xO=O K}[wD u; OQmrta
|v=tDN=U |xSwQB wO |wQ Q@ |OQwt |xar=]t R= xO=iDU= =@ w xOW |@=} RQ= w
R=}Dt= R= xO=iDU= |xwLv w xOW xO}HvU pOt G}=Dv CLY '=QH= p=L QO
x=oQ=m l} |vt}= |=Q@ |O=yvW}B |R=i |xQ@N sDU}U R= xOt;CUOx@ |}=yv
xOW xO=O K}[wD xt}@ |=yCmQW Qw]v}ty w x=oQ=m C} Q}Ot w u=Q=mv=t}B \UwD
xOW x�=Q= xOWKQ]t ?r=]t R= |Ov@`tH l} sDiy VN@ QO 'C}=yv QO "CU=

"CU=

|R=i xQ@N sDU}U "2
"CU= xOWxDN=OQB |R=i |xQ@N sDU}U Q=DN=U w swyit |UQQ@ x@ VN@ u}= QO
|=ysDU}U swyit x@ |R=i |xQ@N sDU}U swyit x@ uO}UQ |=Q@ CU= sRq =OD@= '=Pr
xm CU= |awvYt Vwy |=yxN=W R= |m} xQ@N sDU}U "OwW xDN=OQB xQ@N
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If condition1 and condition2and condition3 ::: Then

action1; action2; ::: (3)

R= xO=iDU= =@ w |Qw;`tH u=oQ@N C=} Q_v 'u}v=wk u}= R= |}xawtHt p}mWD |=Q@
'=yu; u=}t QO ��xv� w �=}� '�w� pt=W� |R=i |xv=oxU |=yQorta |Q}oQ=mx@ w =yu;
|R=i |=yxawtHt u}@ \=@DQ= |=Q@ u}v=wk u}= w OwW|t O=H}= �x=ov; � Qo =� u}v=wk

[11]"OvwW|t xO=iDU= |HwQN w |OwQw

|R=i G=DvDU= QwDwt "4"2
G=DvDU=C}r@=k wCU= sDU}U |xOvQ}os}tYD <RH '|R=i |xQ@N sDU}U R= <RH u}=
|}xt=vQ@ G=DvDU= QwDwt '`k=w QO "OQ=O =Q |R=i |=yQorta w Oa=wk R= =y|HwQN
'C}=yv QO w Ovm|t Q}@aD w p}rLD =Q Vv=O x=o}=B QO OwHwt Vv=O w u}v=wk xm CU=

"OUQ|t |k]vt |Q}oxH}Dv l} x@
|=yQwDwt =yu; u} QDOQ@ Q=mQB xm 'OvQ=O OwHw G=DvDU= |=yQwDwt R= |irDNt `=wv=
|x]@=Q R= xO=iDU= =@ Qo}} G=DvDU= QwDwt "OvDUy Qo}} w 17|k]vt '16|v=Ott G=DvDU=
K[=w ,qt=m "Ovm|t ?}mQD sy =@ =Q |k]vt w |v=Ott G=DvDU= QwDwt wO G}=Dv '4
G=DvDU= QwDwt u=ty Qo}} G=DvDU= QwDwt 'OwW xDiQo Q_v QO � = 0 Qo = xm CU=
|k]vt G=DvDU= QwDwt 'xO=iDU= OQwt G=DvDU= QwDwt 'OW=@ � = 1 Qo = w |v=Ott
G=DvDU= QwDwt wO |xOvQ}oQ@ QO Qo}} G=DvDU= QwDwt xmv}= x@ xHwD =@ 'u}=Q@=v@ "CU=
'5 VN@ QO "CU= xOW xO=iDU= Qo}} G=DvDU= QwDwt R= Q=DWwv u}= QO 'CU= Qo}O
l}DvS sD} Qwor= R= xO=iDU= =@ QwmPt G=DvDU= QwDwt x@ \w@ Qt � QDt=Q=B |xv}y@ Q=Okt
R= QwmPt G=DvDU= QwDwt QO ',=vt[ "CU= xOW u}}aD |O=yvW}B |xQ@N sDU}U |=Q@
"CU= xOW xO=iDU= |}=yv |xH}Dv x@ uO}UQ w wrH x@ wQ |xQ}HvR G=DvDU= VwQ

Yager = ��Logical + (1� �)�Mamdani (4)

=OR |R=i "5"2
"Ovm|t pta u; R=U |R=i <RH Tma '|R=i |xQ@N sDU}U |=OR |R=i <RH
xm '|R=i |=yxawtHt R= =Q |a]k Q=Okt =@ |HwQN l} =OR |R=i xm =vat u}= x@
Qo}} |=OR |R=i R= Q=DWwv u}= QO [11]"Ovm|t O}rwD 'OvDUy G=DvDU= QwDwt |HwQN

%�5 |x]@=Q� CU= xOW xO=iDU= |}=yv |a]k ?=wH x@ uO}UQ |=Q@

y� =

NqP
i=1

B0(yi)�yi
NqP
i=1

B0(yi)�
(5)

`@=D |xDUUo pmW uOQw;CUOx@ |=Q@ yi R=U|:tm |=yxvwtv O=OaD Nq 'u; QO xm
Q=}DN= [1;+1] |xR=@ R= =Q OwN Q=Okt � QDt=Q=B "CU= B0(y) |HwQN C} w[a
QDt=Q=B |xv}y@ Q=Okt uOQm =O}B x@ l}DvS sD} Qwor= R= xO=iDU= =@ '5 VN@ QO "Ovm|t

"CU= xOW xDN=OQB |O=yvW}B |xQ@N sDU}U |=Q@ �

Q@ Q=m \@=Q "6"2
Qy |=Q@ =Q OwN Q_vOQwt Q=Okt 'Q@ Q=m \@=Q j} Q] R= xQ@N sDU}U l} u=Q@ Q=m
xm CU= |}xvwo x@ xOWxDWwv |xt=vQ@ "Ovvm|t xQ@N sDU}U OQ=w =y|OwQw R= l}

|R=i j]vt "1"2
|=yRQt xm Ovvm|t xO=iDU= OwN C=Qw=Lt QO |D=Q=@a w C=trm R= xQ=wty =yu=Uv=
'�CWR� '�|wk� '�h}a[� '�O@� '�?wN� Q}_v |D=trm "OvQ=Ov OwN |=Q@ |vWwQ
u}= R= |}=yxvwtv �CQOv x@� w �,qwtat� '�,=QFm =� p}@k R= |}=yO}k R}v w �=@} R�
xQy@ |R=i j]vt R= |ty@t C=Q=@a w C=trm u}vJ =@ OQwNQ@ |=Q@ "OvDUy C=trm

"OwW|t xDiQo
C=aq]= |xrHt QO �|R=i |=yxawtHt� u=wva =@ 1965 p=U QO |Q=DWwv
QO xm OW QWDvt R}v |Qo}O Q=DWwv '1973 p=U QO [10]"CU= xOW QWDvt pQDvm w
sDU}U QO u; |Q}oQ=mx@ w |R=i C=}[=} Q w j]vt OQwt QO |QDW}@ C=}�RH =@ u;
"OW Qy=_ |R=i j]vt |=yOQ@ Q=m u}rw= '1970 |xyO QO "Ow@ xOW EL@ pQDvm
'1980 |xyO QO "OQm x�=Q= u=DUrov= QO =Q |R=i sDU}U u}rw= '15|v=Ott s}y=Q@=
pwYLt 100 R= V}@ '1990 p=U =D w xO=iDU= pQDvm |=Q@ =Q =ysDU}U u}= =y|vB=S

"OvOQm x�=Q= |R=i pQDvm |=yOQ@ Q=m =@
C} w[a `@=D l} \UwD U |v=yH |xawtHt l} QO A |R=i |xawtHt l}
|xawtHt QO =Q xC} w[a Q=Okt 'C} w[a `@=D u}= xm 'OwW|t XNWt �A(x)

"OQ=O Q=Qk [1; 0] |xR=@ QO C} w[a `@=D u}= Q}O=kt "Ovm|t XNWt A
|R=i OOa "OwW|t xO=iDU= |}xkvRwP =} |FrFt |R=i O=Oa= R= ,qwtat pta QO
CQwYx@ |FrFtC} w[a `@=D =@R QO |R=i |xawtHtl} 'A = (a; b; c) |FrFt

%CU= 1 |x]@=Q

�A(x) =

8>>>><>>>>:
(x� a)=(b� a) if a � x � b
(c� x)=(c� b) if b � x � c
0 if x > c; or x < a

(1)

QO |R=i |xawtHt l} 'A = (a; b; c; d) |}xkvRwP |R=i OOa 'x@=Wt Qw] x@
%CU= 2 |x]@=Q CQwYx@ |}xkvRwP C} w[a `@=D =@ R

�A(x) =

8>>>>>>><>>>>>>>:
(x� a)=(b� a) if a � x � b
1 if b � x � c
(d� x)=(d� c) if c � x � d
0 if x > d or x < a

(2)

R=U |R=i "2"2
Q}O=kt =@ |=yQ}eDt xm 'CU= |OwQw CtUk QO |R=i |xQ@N sDU}U l} R=U |R=i
|OwQw Q}O=kt 'xrLQt u}= QO "Ovm|t p}O@D |R=i |xawtHtl} x@ =Q|v=@ R =}|k}kL
|=yQ}eDt `k=w QO "OvwW|t p}O@D Q_=vDt |v=@ R |=yQ}eDt C} w[a |xHQO x@
p}O@D |R=i O=Oa= x@ R=U |R=i OL=w j} Q] R= C} w[a `@=wD R= xO=iDU= =@ |OwQw

[11]"OvwW|t

�Vv=O x=o}=B� |R=i u}v=wk x=o}=B "3"2
pt=W w O};|t OwHw x@ |UQQ@ CLD |xRwL u=oQ@N Vv=O ?}mQD R= Vv=O x=o}=B
|R=i uwv=k l} |twta pmW "CU= |v=@ R |=yQ}eDt =@ u}v=wk R= |}xawtHt
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=mx@xm CU= xO=O u=Wv [12]'QwmPt VywSB QO xOt;CUOx@ |]N uw}UQoQ pOt

w =yOv}=Qi '|vt}= <=kDQ= |=yCU=}U pt=wa x@ |v=tDN=U x=oQ=m |vt}= C}U=UL
u}= 'xar=]t u}= QO wQ u}= R= "CU= QDtm R=HtQ}e C=@ wQWt uO}Wwv w |vt}= u}v=wk
VywSB QO xOt;CUOx@ G}=Dv 'u}= Q@ xwqa "Ov=xDiQov Q=Qk |UQQ@ OQwt pt=a xU
'OW=@ xDW=O |vt}= x@ |i=m OyaD C} Q}Ot xm |DQwY QO Ov=xO=O u=Wv [12]'QwmPt
=@ CQwY u}= QO w O=O Oy=wN Q=Qk OwN |=yQ=m C} wrw= QO =Q |vt}= VRwt; ,=tDL
=Q x=oQ=m QO ?U=vt |vt}= Q=_Dv= u=wD|t pt=wa |x}k@ QO |vt}= VRwt; Q}F-=D x@ xHwD
CW=Oy@ w |vt}= x@ C} Q}Ot OyaD pt=a wO u}@ R= VywSB u}= QO 'wQ u}= R= "CW=O
C} Q}Ot OQmrta x@ |yOR=}Dt= |=Q@ |vt}= x@ C} Q}Ot OyaD pt=a '|vt}= VRwt; w

"CU= xOW ?=NDv= |vt}=
|=Q@ xm |rt=wa [12]'QwmPt VywSB QO xOt; CUOx@ G}=Dv x@ xHwD =@ 'u}=Q@=v@
Ov=CQ=@a 'Ov=xOW ?=NDv= VywSB u}= QO |vt}= C} Q}Ot OQmrta x@ |yOR=}Dt=
'23|vt}= C=]=@DQ= w OQwNR=@ '22u=QoQ=m uOWQ}oQO '21|vt}= x@ C} Q}Ot OyaD %R=
2 pmW QO OwN pt=wa R} Q x=Qty x@ pt=wa u}= "25|vt}= Vv=O w '24u=QoQ=m C=Q}F-=D
w xOW G=QNDU= [12]'QwmPt Q=DWwv R= R}v xOWKQ]t pt=waR} Q "Ov=xOW xO=O u=Wv

"Ov=xO}UQ xQw=Wt CLD u=oQ@N O}}-=D x@ =yu; |xty

KQW w |O=yvW}B |R=i |xQ@N sDU}U |L=Q] "5
u; OQmrta

QO |vt}= C} Q}Ot OQmrta x@ xm '|O=yvW}B |R=i |xQ@N sDU}U |L=Q] CyH
=@ "CU= xOW xO=iDU= ?rDt Q=Ri=sQv R= 'OyO|t R=}Dt= R=U w CN=U |=yx=oQ=m
� T= 'sQv � |D |=yQorta =D s}DUy OOY QO VywSB u}= QO xmv}= x@ xHwD
R= 's}vm xO=iDU= Qo}} G=DvDU= QwDwt x=Qty x@ =Q Qo}} |=OR |R=i w ptmt 'sQv
CtUk QO =y|U} wvOm |t=tD w xOWv xO=iDU= ?rDt |R=i j]vt Q=R@= |x@aH
'|R=i |xQ@N sDU}U l} O}rwD Q=m |=OD@= QO "CU= xOW s=Hv= ?rDt |U} wvOm
|=yQ}eDt w u}v=wk O=OaD O}=@ |va} 's}yO s=Hv= =Q 26u}v=wk Q=DN=U u}}aD O}=@
u}}aD |xrLQt x@ C@ wv 'Q=DN=U u}}aD R= TB "s}vm XNWt =Q |HwQN w |OwQw
sDU}U QO xO=iDU= OQwt |R=i C} w[a `@=wD O}=@ |va} 'O}UQ Oy=wN 27QDt=Q=B
=Q =yQorta u}= x@ \w@ Qt |=yQDt=Q=B w xO=iDU= OQwt |=yQorta ẁv w xQ@N
sDU}U l} |=Q@ QDt=Q=B u}}aD w u}v=wk Q=DN=U u}}aD xmv; R= TB "s}vm u}}aD
sDU}U l} <=RH= OQwt QO 2 VN@ C=L}[wD x@ xHwD =@ 'OW s=Hv= |R=i |xQ@N
s=Hv= =Q |R=i |xQ@N sDU}U |U} wvOm w |}=yv |L=Q] Q=m u=wD|t '|R=i |xQ@N

"O=O

u}v=wk Q=DN=U u}}aD "1"5
|R=i u}v=wk CQwYx@ =Q Vv=O ,=QFm = '|R=i |xQ@N sDU}U l} Vv=O x=o}=B QO
|HwQN w |OwQw |=yQ}eDt xm CU= sRq u}v=wk Q=DN=U u}}aD |=Q@ "OvyO|t u=Wv
2 pmW QO xOWxO=O u=Wv pt=aR} Q 17 "OvwW XNWt R=}vOQwt u}v=wk O=OaD w
KQ]t xOWxO=O xaUwD |R=i |xQ@N sDU}U |=Q@ x}rw= |OwQw |=yQ}eDt u=wvax@
u=Wv |@D=Qt xrUrU Q=DN=U R= 'Vv=O x=o}=B CtUk QO xO=iDU= OQwt u}v=wk "OvDUy
xawtHt 8 'Vv=O x=o}=B u}= QO xH}Dv QO w Ovvm|t C}a@D 2 pmW QO xOWxO=O

"CW=O s}y=wN uwv=k
w OwW|t sDU}U OQ=w |OwQw u=wvax@ x}rw= pt=aR} Q 17 =OD@= '2 pmW j@=]t

'|FrFt |R=i OOa '|k}kL OOa |=Q@ =Q ?U=vt |Q}o s}tYD Ovv=wD|t |=y|OwQw
TB "OyO CQwY OQwt xU u}= R= |y=wNrO ?}mQD Qy |DL w |}xkvRwP |R=i OOa
\UwD =y|OwQw u}= |wQ Q@ G=DvDU= w C=@U=Lt pta 'Q@ Q=m Q_vOQwt O=Oa= OwQw R=
Q@ Q=m \@=Q R= xO=iDU= =@ =yu; |xOt;CUOx@ |xH}Dv 'C}=yvQO w s=Hv= xQ@N sDU}U

"OwW|t xO=O V}=tv Q@ Q=m x@

VywSB VwQ "3
C} Q}Ot OQmrta x@ |yOR=}Dt= |=Q@ xm '|R=i |xQ@N sDU}U CN=U QO s=o u}rw=
QO QF-wt pt=wa u}}aD 'OW Oy=wN xO=iDU= R=U w CN=U |=yx=oQ=m QO |vt}=
|@r]t �1390� Q=DWwv u}= u=oOvU} wv "CU= |vt}= C} Q}Ot OQmrta |Q}oxR=Ov=
pt=wa |UQQ@ =@ u=Q}= QO u=QoQ=m |vt}= Q=DiQ Ow@y@ |=yOQ@y=Q X}NWD� u=wva =@
x@ u; QO w xOv=UQ A=J x@ T=U= |xrHt QO �|YNW |x@ QHD w |vt}= \}Lt
x}=B =@ VywSB u}= QO [12]"Ov=xDN=OQB u=QoQ=m |vt}= Q=DiQ QO QF-wt pt=wa |}=U=vW
|rY= pt=wa 'xQ@N O=Qi= =@ xQw=Wt w QwmPt Q=DWwv QO xOt;CUOx@ G}=Dv uO=OQ=Qk
u=oQ@N "Ov=xOW |}=U=vW u=Q}= QO R=U w CN=U x=oQ=m l} |vt}= QO Q=PoQ}F-=D
w CN=U u=Q=mv=t}B w u=U=vWQ=m 'x=oWv=O O}D=U= R= Qiv 7 pt=W CQwWt CLD
x@ C@Uv w OvOw@ Q_v ?L=Y x=oQ=m QO |vt}= C} Q}Ot |xv}tR QO xm 'OvOw@ R=U
QwmPt u=oQ@N C=O=yvW}B w C=Q_v Ci=} QO "OvDW=O |i=m |y=o ; VywSB ẁ[wt
w |k]vt |v=@t 'xOW?=NDv= pt=wa OwW|t ?@U xm OQ=O C}ty= ^=Lr u}= R=
"OvwW xDiQ}PB u=Q}= |v=tDN=U |=yx=oQ=m |Q=m \}=QW QO w OvW=@ xDW=O |tmLt
x@ =yu; uDN=U?=Ht Qw_vt x@ u=oQ@N =@ |OOaDt |y}HwD C=UrH '=DU=Q u}= QO
|xQ@N sDU}U |L=Q] Qw_vt x@ u}vJty "CU= xOW Q=RoQ@ VywSB u}= QO |Q=mty
R= sDU}U |R=Uxv}y@ =@ =D CU= xOW VqD w xO=iDU= 18?rDt Q=Ri=sQv R= |R=i
|O=yvW}B |R=i |xQ@N sDU}U |=Q@ =yQDt=Q=B u} QD?U=vt 'l}DvS sD} Qwor= j} Q]

"OvwW ?=NDv=

C} Q}Ot OQmrta |Q}oxR=Ov= QO QF-wt pt=wa u}}aD "4
|vt}=

OQmrta QO QF-wt pt=wa u}}aD |=Q@ 'CU= xOW xQ=W= u}W}B VN@ QO xm Qw]u=ty
w [12]'u=Q=mty w |QwB}ra VywSB G}=Dv R= |v=tDN=U |=yx=oQ=m QO |vt}= C} Q}Ot
OQmrta |xOvyOu=Wv pt=wa xOQ@s=v u=QoWywSB "CU= xOW xO=iDU= Qt= u=oQ@N Q_v
|vt}= VN@ u=Q_v?L=Y w u=QoQ=m R= |}xt=vWUQB j} Q] R= =Q |vt}= C} Q}Ot
=@ =yu; |Q=oR=U w ẁ[wt C=}@O= |xar=]t R= QwmPt pt=wa "OvO=O Q=Qk p=-wU OQwt
|x@ QHD w 19|vt}= \}Lt |xN=W wO QO u=Q}= R=U w CN=U |=yx=oQ=m C}a[w
OyaD %R= Ov=CQ=@a |vt}= \}Lt x@ \w@ Qt pt=wa "Ov=xOt; CUOx@ 20|YNW
'|vt}= C=]=@DQ= w OQwNR=@ 'u=QoQ=m uOWQ}oQO '|vt}= VRwt; '|vt}= x@ C} Q}Ot
\w@ Qt pt=wa "u=QoQ=m C=Q}F-=D w '|vt}= <=kDQ= |=yCU=}U '|vt}= u}v=wk w =yOv}=Qi
C=@ wQWt w QONt O=wt hQYt w '|vt}= Vv=O %R= Ov=CQ=@a R}v |YNW |x@ QHD x@

[12]"R=HtQ}e
uwtR; VwQ R= xO=iDU= =@ =Q =yxt=vWUQB R= xOt;CUOx@ |=yxO=O =yu; 'TBU
SPSS Q=Ri=sQv =@ |]N uw}UQoQ w |oDU@ty uwtR; w �|Q=O|vat uwtR;� t ZQi

[12]"OvO=O Q=Qk xar=]t OQwt
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"u=Q}= |v=tDN=U |=yx=oQ=m QO |vt}= C} Q}Ot OQmrta |@=} RQ= |=Q@ ?NDvt pt=wa "2 pmW

u=QoQ=m uOWQ}oQO x@ |yOQ=Okt |=Q@ xm CU= |v}v=wk pt=W %2 uwv=kxawtHt �
"OvQ=O |HwQN l} w |OwQw 4 u}v=wk u}= "OvwW|t xO=iDU= |vt}= QO

C=]=@DQ= w OQwNR=@ x@ |yOQ=Okt |=Q@ xm CU= |v}v=wk pt=W %3 uwv=k xawtHt �
"OvQ=O |HwQN l} w |OwQw 3 u}v=wk u}= "OvwW|t xO=iDU= |vt}=

QO u=QoQ=m Q}F-=D x@ |yOQ=Okt |=Q@ xm CU= |v}v=wk pt=W %4 uwv=k xawtHt �
"OvQ=O |HwQN l} w |OwQw 2 u}v=wk u}= "OvwW|t xO=iDU= |vt}=

xO=iDU= |vt}= Vv=O x@ |yOQ=Okt |=Q@ xm CU= |v}v=wk pt=W %5 uwv=k xawtHt �
"OvQ=O |HwQN l} w |OwQw 4 u}v=wk u}= "OvwW|t

|]}Lt pt=wa x@ |yOQ=Okt |=Q@ xm CU= |v}v=wk pt=W %6 uwv=k xawtHt �
"OvQ=O |HwQN l} w |OwQw 4 u}v=wk u}= "OvwW|t xO=iDU=

\w@ Qt Q}O=kt 'Vv=O x=o}=B QO OwHwt uwv=k xawtHt 5 R= xO=iDU= =@ G=DvDU= QwDwt
'|vt}= C=]=@DQ= w OQwNR=@ 'u=QoQ=m uOWQ}oQO '|vt}= x@ C} Q}Ot OyaD %pt=a 5 x@
|Q}oxQy@ =@ G=DvDU= QwDwt 'TBU "Ovm|t x@U=Lt =Q |vt}= Vv=O w 'u=QoQ=m C=Q}F-=D
x=o}=B QO OwHwt Qo}O uwv=k xawtHt wO w QwmPt pt=a 5 |=Q@ xOt;CUOx@ G}=Dv R=
"Ovm|t x@U=Lt =Q |YNW |x@ QHD w |]}Lt pt=wa x@ \w@ Qt Q}O=kt 'Vv=O
|vt}= C} Q}Ot OQmrta |xOvyOu=Wv xm 'xQ@N sDU}U |}=yv |xH}Dv 'C}=yv QO
w |YNW |x@ QHD w |]}Lt pt=wa |=Q@ xOt;CUOx@ Q}O=kt R= xO=iDU= =@ 'CU=
8 "OwW|t x@U=Lt Vv=O x=o}=B QO OwHwt uwv=k xawtHt u} QN; R= |Q}oxQy@ =@

%R= Ov=CQ=@a EL@ OQwt uwv=k xawtHt

x@ C} Q}Ot OyaD x@ |yOQ=Okt |=Q@ xm CU= |v}v=wk pt=W %1 uwv=k xawtHt �
"OvQ=O |HwQN l} w |OwQw 4 u}v=wk u}= "OvwW|t xO=iDU= |vt}=
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w O}OH swRwtwQm |O=OaD O}rwD R= Oa@ "OvwW|t |r@k |xOWhPL |=yswRwtwQm
|=yswRwtwQm |xawtHt QO OwHwt swRwtwQm u} QDy@ =D n R= O}OH C}atH O=H}=
=D ,qwtat Ov}=Qi u}= "Ovm|t =O}B xt=O= O}OH C}atH |wQ sD} Qwor= '|r@k w O}OH
=} w OwW |@=} RQ= w O=H}= C}atH R= |YNWt O=OaD xm Ovm|t =O}B xt=O= |v=tR

"OUQ@ |Qo}O |xOW XNWt hkwD Q=}at x@ sD} Qwor=
|R=i C}w[a `@=wD u}}aD "2"2"5

|xr�Ut j]vt x@ xHwD =@ w Qt= u=oQ@N O}}-=D w |Qmisy w CQwWt R= |Q}oxQy@ =@
|}xkvRwP |R=i O=Oa= R= xm OW xDiQo s}tYD R=U w CN=U |=yx=oQ=m QO |vt}=
x=o}=B u}v=wk R= l} Qy |HwQN w |OwQw QO xO=iDU= OQwt |v=@ R |=yQ}eDt |=Q@
w |OwQw |=yQ}eDt s=tD |=Q@ |}xkvRwP |R=i C} w[a `@=wD "OwW xO=iDU= Vv=O
|=Q@ w 3 pmW CQwYx@ �8 uwv=k xawtHt� |}=yv |HwQN Q}eDt RH x@ |HwQN

"Ov=xOW xDiQo Q_v QO 4 pmW CQwYx@ |}=yv |HwQN Q}eDt
sQv � T= w sQv � |D |=yQorta w G=DvDU= QwDwt QDt=Q=B u}}aD "3"2"5

?U=vt
Qo}} G=DvDU= QwDwt '|O=yvW}B |R=i |xQ@N sDU}U QO xO=iDU= OQwt G=DvDU= QwDwt
Qo}} |=OR |R=i x=Qty x@ Qo}} ptmt w sQv � T= 'sQv �|D |=yQorta u}vJty "CU=
|O=yvW}B |R=i |xQ@N sDU}U G=DvDU= QwDwt pN=O QO |R=i C=@U=Lt s=Hv= |=Q@
Q}O=kt u} QD?U=vt 'l}DvS sD} Qwor= R= xO=iDU= =@ =D CU= xOW VqD w xO=iDU=
"OwW ?=NDv= Qo}} G=DvDU= QwDwt � QDt=Q=B u}vJty w =yQorta u}= |=yQDt=Q=B |=Q@
w1 QDt=Q=B xm 'CU= 6 |x]@=Q CQwYx@ Qo}} sQv � |D Qorta x@ \w@ Qt x]@=Q

%OwW|t xv}y@ l}DvS sD} Qwor= R= xO=iDU= =@ QwmPt |x]@=Q QO OwHwt
T (y1; y2) = 1�minf1; (((1� y1)w1) + ((1� y2)w1))(1=w1)g

(6)

RH x@ |HwQN w |OwQw |=yQ}eDt s=tD |=Q@ |}xkvRwP C}w[a `@=wD "3 pmW
"|}=yv |HwQN Q}eDt

"|}=yv |HwQN Q}eDt |=Q@ |}xkvRwP |R=i C}w[a `@=wD "4 pmW

|YNW x@ QHDpt=wa x@|yOQ=Okt |=Q@ xmCU=|v}v=wkpt=W %7 uwv=k xawtHt �
"OvQ=O |HwQN l} w |OwQw 1 u}v=wk u}= "OvwW|t xO=iDU=

C} Q}Ot OQmrta x@ |yOQ=Okt |=Q@ xm CU= |v}v=wk pt=W %8 uwv=k xawtHt �
"OvQ=O |HwQN l} w |OwQw 2 u}v=wk u}= "OvwW|t xO=iDU= |vt}=

xOWxO=O xaUwD |R=i |xQ@N sDU}U OQmrta OQwt QO q=@ QO xJv; x@ xHwD =@
G=DvDU= QwDwt w u}v=wk x=o}=B R= G=DvDU= CyH |R=i |xQ@N sDU}U 'OW u=}@
OQmrta |@=} RQ= QO QF-wt pt=waR} Q O=OaD uOw@O=} R x@ xHwD =@ "Ovm|t xO=iDU= |R=i
QO xm 'Ow@ Ovy=wN O=} R Vv=O x=o}=B CtUk QO OwHwt u}v=wk O=OaD '|vt}= C} Q}Ot

"Ov=xOW |iQat u}v=wk u}= R= |O=OaD 'xt=O=
|xH}Dv RH x@ pt=waR} Q w pt=wa |xty |=Q@ xQw=Wt CLD u=oQ@N CQwWt =@
xOW xDiQo Q_v QO q=@ w \UwDt 'u}}=B Cr=L xU �|vt}= C} Q}Ot OQmrta� |}=yv
q=@ '\UwDt 'u}}=B 'u}}=B |r}N Cr=L 5 R}v |vt}= C} Q}Ot OQmrta |=Q@ "CU=
O=OaD x@ xHwD =@ '?}DQD u}= x@ "Ov=xOW `k=w u=oQ@N xty pw@k OQwt q=@ |r}N w
|r= 1 u}v=wk xawtHt 'xOW|iQat uwv=k xawtHt 8 QO OwHwt u}v=wk |=y|OwQw
372 pt=W ẁtHt QO w 9 w 3 '81 '81 '9 '27 '81 '81 %pt=W ?}DQD x@ 8
'OQ=O |OwQw xU xm '3 uwv=k xawtHt QO OwHwt uwv=k 27 "Ow@ Ovy=wN |R=i uwv=k
8 uwv=k xawtHt QO OwHwt uwv=k 9 R}v 2 pwOH "Ov=xOW xO=O u=Wv 1 pwOH QO

"OyO|t u=Wv =Q

=yQDt=Q=B u}}aD "2"5
`@=wD u}}aD %OwW|t CtUk wO pt=W |R=i |xQ@N sDU}U l} |=yQDt=Q=B u}}aD
|=yQorta x@ \w@ Qt |=yQDt=Q=Bu}}aD w xQ@N sDU}U QO xO=iDU= OQwt |R=iC} w[a
QO � QDt=Q=B Q=Okt u}}aD Qw]u}ty w Qo}} |=OR |R=i w ptmt 'sQv � T= 'sQv � |D
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1. Yager's inference engine
2. Yager's operators
3. Yager's T-norm
4. Yager's S-norm
5. Yager's complement
6. Yager's defuzzi�cation
7. forward chaining
8. backward chaining
9. Boolean logic
10. fuzzi�er
11. knowledge base
12. fuzzy inference engine
13. defuzzi�er
14. user interface
15. Ebrahim Mamdani
16. Mamdani inference engine
17. logical inference engine
18. Matlab
19. safety climate
20. personal experience
21. management commitment on safety
22. workers' involvement
23. safety communication and feedback
24. workmate's inuences
25. safety knowledge
26. structure identi�cation
27. parameter identi�cation
28. cost function
29. �tness function
30. selection rate
31. crossover
32. mutation
33. mutation rate
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