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?} Q[ 'QwmPt C=QP ẁvD Zwa QO w O@=}|t wHwCUH |=[i QO C=QP C}=Oy
|=Q=O Pbest C=QP w OvwW|t QDtm =yQDUqm O=OaD QwQt x@ "OQ=O |QDq=@ Q}F-=D
"OvwW|t `tH |v=Um} QDUqm QO 'Qo}Om} x@=Wt COW x@ |rw '?U=vt=v |oOvR=Q@
'|oOvR=Q@ XN=W Q}F-=D ?} Q[ w QDtm 'C=QP ẁvD XN=W Q}F-=D ?} Q[ 'xH}Dv QO
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k = kmax � kmax � kmin

tmax
� t (5)

0=4 w 0=9 Q@=Q@ ?}DQD x@ ,qwtat xm OvDUy |}=yC@=F kmin w kmax 'u; QO xm
|xv}W}@ tmax w sD} Qwor= |Q=H Q=QmD |xQ=tW t u}vJty "OvwW|t xDiQo Q_v QO
Q=mwR=U Q}}eD QO |aU GuASPSO sD} Qwor= "CU= sD} Qwor= |=yQ=QmD O=OaD
pY=L |=y?=wH u=}t QO ẁvD xm |}xvwo x@ 'OQ=OPSO sD} Qwor= QO OwHwt swUQt
ẁv R= GuASPSO QO "OwW ^iL |QDQF-wt w QDy@ RQ] x@ sD} Qwor= R= Q=QmD Qy QO

Qw_vt x@ 16�SOM� u=tR=UOwN CW=ov u=wva =@ |@Ya |=yxm@W R= |Y=N
xO=iDU= C=QP x@ |Y=YDN= Gbest OQi x@ QYLvt |=tvy=Q C=QP |x@U=Lt
x@ swUwt |HwQN |x}q l} w |OwQw |x}q l} R= SOM |xm@W "OwW|t
|Oa)@ � wO =} � lD Ov=wD|t |HwQN |x}q "CU= xOW p}mWD 17uvywm |x}q
18u}m}=y Q=DWwv x@ SOM |=yxm@W uwt=Q}B QDW}@ C=L}[wD Qw_vt x@ "OW=@
K} QWD =Hv}= QO SOM |=yxm@W Q@ sm =L sD} Qwor= "OwW xaH=Qt [20]'�2009�
|x]@=Q CQwY x@ SOM |xm@W x@ |OwQw |wor= =} |OwQw Q=OQ@ [20]"CU= xOW

:OwW|t h} QaD 6
X = [x1; x2; : : : ; xD]T (6)

|=yQ=OQ@ "CU= xm@W x@ X |OwQw Q=OQ@ QO OwHwt QY=va O=OaD D 'u; QO xm
CQwY x@ SOM |@Ya |xm@W R= |HwQN |x}q QO uwQv Qy x@ \w@ Qt uRw

:OvwW|t h} QaD 7 |x]@=Q
Wi = [w1i; w2i; :::; wDi]T ; i = 1; 2; :::;M (7)

,qta xm CU= |HwQN |x}q QO s)=i uwQv x@ \w@ Qt uRw Q=OQ@ Wi 'u; QO xm
QO OwHwt QY=va pm O=OaD D u}vJty "Ovm|t |oOv}=tv =Q �QDUqm � xWwN l}
|Qo}O ẁv Qy x@=Wt �=yQDUqm � CU=yuwQv pm O=OaD M w =yuwQv uRw Q=OQ@
C}r@=k uDi=} Qw_vt x@ O}=@ R}v SOM |@Ya |xm@W '|@Ya |=yxm@W R=
|xrLQt QO "Ov}@@ VRwt; =OD@= 'u; x@ |OwQw |=yxO=O �|Ov@ QDUqm � |Ov@xWwN
|=yQ=OQ@ u=ty Ck}kL QO 'Q[=L VywSB QO xm |OwQw |=ywor= |t=tD 'VRwt;
x@ l} x@ l} CQwY x@ 'OvDUy =y�Pbest� =y|O=Qiv= |xv}y@ C=QP C}akwt
|iQat SOM |xm@W x@ |OwQw |wor= l} xm u=tR Qy "OvwW|t p=ta= xm@W
|UO}rk= |xrY=i u; QO xm 'OQ}o|t QO xm@W |=yuwQv u=}t |D@=kQ 'OwW|t
R�=L xm |vwQv w OwW|t x@U=Lt |OwQw �wor=� Q=OQ@ w uwQv Qy uRw Q=OQ@ u=}t
RmQt w xOvQ@ uwQv u=wva x@ 'CU= |OwQw Q=OQ@ =@ |UO}rk= |xrY=i u} QDtm
QwmPt uwQv TBU "OvwW|t ?=NDv= 'CU= u; x@ jraDt |OwQw Q=OQ@ xm |QDUqm
u} QDW}@ w xrY=i u} QDtm xm �Pbest |xQP� xm@W x@ |OwQw Q=OQ@ CtU x@
CQwY 8 |x]@=Q j@=]t CmQL u}= "Ovm|t CmQL 'OW=@ xDW=O u; =@ =Q x@=WD

:OQ}o|t
Wi(t+ 1) = Wi(t) + �(t)(X �Wi(t)) (8)
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[1]"|R=i j]vt |@D=Qt xrUrU sDU}U |rm |=tv "1 pmW

QO xm 'OvDUy \no" w \yes" |i}m QDt=Q=B wO pt=W OwN PI w V I |=yQDt=Q=B
"O@=}|t X=YDN= |:tm Q=Okt l} '=yu; R= s=Om Qy x@ uw}U=Q@}r=m Ov}=Qi u=} QH
xmCU= \good" w \average" '\poor"Cr=L xU |xOvQ}oQ@ QO R}v CQ QDt=Q=B
u=tDN=U |}xR=U sDU}U "OvQ}o|t OwN x@ |:tm pmW 'pOt uw}U=Q@}r=m QO R}v =yu;
w |WtN ?=k '�MRF� |WtN ?=k sDU}U xU pt=W 'xOW QmP pOt QO R}v
R= xOW xDN=U |=yQ=w}O =@ |WtN ?=k w �MSW� �xv=owO sDU}U� |WQ@ Q=w}O
VRwt; u=} QH QO OwN |x@ wv x@ xU Qy xm CU= �MRFI� xOvvmQ)B |}=v@ Kr=Yt
|=ysDU}U R= pw= sDU}U Q=yJ u}vJty "OvwW|t s}_vD xv}y@ CQwYx@ |R=i pOt
w �M� \UwDt '�L� sm Cr=L xU 'R5 w R4 'R3 'R2 'R1 |xv=oGvB |R=i
u=tDN=U l} uOW Q}PBCQ=UN QO =yu; |Q=PoQ}F-=D u=R}t |=v@t Q@ =Q �H� O=} R
O=Oa= u=wva x@ QwmPt |=yCr=L xm OvyO|t X=YDN= OwN x@ xrRrR Q=@ p@=kt QO
sDU}U "OvQ}o|t OwN x@ |:tm |Q=Okt w OvwW|t Qy=_ u}v=wk |r=D QO OQivt |R=i
'�H� O=} R '�M� \UwDt '�L� sm '�VL� sm|r}N %Cr=L 5 pt=W OwN R}v R5
xO=O C@Uv =yu; x@ 5 w 4 '3 '2 '1 O=Oa= ?}DQD x@ xm CU= �VH) O=} R|r}N w

"OwW|t

|}xRQr CQ=UN |v}@V}B QO |R=i j]vt pOt OQmrta |xwLv "3"2
QDt=Q=B wO pt=W OwN 'xOW xQ=W= |R=i |=ysDU}U R= l} Qy 'OW u=}@ xm xvwou=ty
�Premise� |=ysOkt xm OvDUy xrRrR p@=kt QO =yu=tDN=U |Q}PB?}U; QO QF-wt
l} 'u}v=wk sDU}U Qy R= uwv=k Qy <=R= x@ xm|r=L QO &OvyO|t p}mWD =Q |R=i u}v=wk
xDiQo Q=m x@ |R=i |=ysDU}U |t=tD xm =Hv; R= w OQ=O OwHw R}v |r=D =} QN-wt |xQ=Ro
Q}N= |=y|r=D 'OvDUy wvowU ẁv R= Q[=L Q=DWwv QO |@D=Qt xrUrU pOt QO xOW
|xawtHt l} w Ov=xOW xDiQo Q_v QO �Singleton� OQivt |R=i O=Oa= CQwYx@
sDU}U Qy |r=D "CU= l} C} w[a xHQO =@ QYva l} \ki |xOvQ}oQ@ QO '|R=i
O=Oa= 'p=L u}ty QO "OwW|t |W=v u}W}B sDU}U |R=i |HwQN |R=U|R=iQ}e R=
l} x@ ?UDvt C}tm Qov=}@ xm OvQ=O Qw[L =ysDU}U QO R}v |Qo}O OQivt |R=i
pOt x@ w xOy=Wt RVS VwQ QO xm |rwyHt |=yQDt=Q=B x@ xm OvDUy |v=@ R Q}eDt
R= '|R=i |xv=oHvB |=ysDU}U |t=tD QO "Ov@=}|t X=YDN= 'OvwW|t OQ=w |R=i
R}v w =ysOkt C} w[a |=yxHQO ?}mQD Qw_vt x@ uUQq ?Q[pY=L s=RrDU= `@=D

xHw w GuASPSO |O=yvW}B sD} Qwor= Cwk |x]kv u=wva x@ Ov=wD|t '?U=vt
?w@Lt sD} Qwor= |LqY= |=yxNUv Q}=U w PSO OQ=Ov=DU= sD} Qwor= =@ u; R}=tD

"OwW |krD GuASPSO |xOW xDN=vW w

|R=i j]vt |@D=Qt xrUrU pOt "2"2
\UwD Q=@ u}DUNv xm |@D=Qt xrUrU |R=i j]vt pOt l} 'Q[=L Q=DWwv QO
|v}@V}B CyH 'CU= xOW O=yvW}B [1]'�2008� wrew=|JDa=U w s=} Q=t=iUD
pOt "CU= xOW xO=iDU= xtQ;uD@ |=yu=tDN=U |}xRQr |Q}PBCQ=UN XN=W
p}mWD R5 w R4 'R3 'R2 'R1 |=ys=v x@ |R=i O=}v@ � xOa=k sDU}U 5 R= QwmPt
xOy=Wt 1 pmW QO Q}N= |R=i |@D=Qt xrUrU pOt R= |rm |=tv l} "CU= xOW

"OwW|t
"2 w u=tDN=U |Q}PB?}U; OL=w "1 :OQ=O OwHw |rY= OL=w wO 'QwmPt pOt QO
u=tDN=U OwN |=y|oS} w R= |W=v?k=wa 'pw= OL=w "xrRrRC}=U |}xRQr Q]N OL=w
xrRrR Q@=Q@ QO Ctw=kt Vy=m w �ID� |}xRQr |=[=kD V}=Ri= Ovv=t '|L=Q] QO
u=tDN=U |}xR=U u=Ykv u=R}t OwN R}v pt=a wO u}= xm 'OQ}o|t Q_v QO =Q �DR�
QO |t_vt=v w �PI� uqB QO |t_vt=v "OvyO|t u=Wv =Q xrRrR Q=@ Q@=Q@ QO �SD�
=Q |}xRQr |=[=kD V}=Ri= xm OvDUy |rt=wa u} QDsyt R= �VI� u=tDN=U `=iDQ=
�YC� u=tDN=U CN=U p=U w �CQ� CN=U C}i}m xm |r=L QO 'OvwW|t ?@U
sDU}U "OvDUy xrRrR Q=@ p@=kt QO u=tDN=U Ctw=kt Vy=m QO QF-wt pt=wa xrtH R=
|QDt=Q=B |Q}opmW QO �SD� u;|}xR=U u=Ykv x=Qty x@ R}v �SS� u=tDN=U|}xR=U
u=tDN=U |Q}PB?}U; "OvQ=O Vkv �IBV � u=tDN=U |Q}PB?}U; XN=W u=wva =@
"CU= Q[=L Q=DWwv QO Q_vOQwt |R=i |@D=Qt xrUrU sDU}U R= pw= OL=w |HwQN
R= |a@=D OwN xm CU= KQ]t �ISH � xrRrR C}=U |}xRQr Q]N 'swO OL=w QO =t=
xHwD =@ "CU= u=tDN=U C=k@] O=OaD w C}=U \}=QW 'C}=U |R}NxRQr QDt=Q=B xU
R}v u=tDN=U MU=B h}] R= ,=t}kDUt Ov=wD|t C}=U |}xRQr Q]N xm xDmv u}= x@
=@ [1]'�2008� wrew=|JDa=U w s=} Q=t=iUD |x}YwD j@] QDt=Q=B u}= 'O}; CUOx@
|Q}PB?}U; w |i}] ?=DW ?}mQD "CU= xOW u} Ro}=H �Sa� |i}] ?=DW QDt=Q=B
XNWt =Q CQ=UN K]U u=ty =} u=tDN=U |Q}PBCQ=UN XN=W 'u=tDN=U
"CU= Q[=L Q=DWwv QO KQ]t |R=i |@D=Qt xrUrU sDU}U |}=yv |HwQN xm 'Ovm|t
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1|
xQ=t

W'
39

�2
|xQ

wO'
�14

02
Q=y@

�h
}QW

u=Qt
a|

UOv
yt

|R=i j]vt pOt uw}U=Q@}r=m "4"2
OvtWwy pOt Qy Ovv=t |}xRQr CQ=UN K]U |xOvvm|v}@V}B '|R=i j]vt pOt
'uw}U=Q@}r=m |xrLQt QO "CU= �VRwt;� uw}U=Q@}r=m OvtR=}v |Qo}O QwLt � xO=O
VwQ QO |D=Oy=Wt |=yQDt=Q=B p}O@D ?}=Q[ pt=W 'pOt pwyHt |=yQDt=Q=B s=tD
|=ysDU}U QO u}v=wk |r=D QO xm 'OQivt |R=i O=Oa= |:tm Q}O=kt pm R}v w RVS

VRwt; Ov}=Qi s=Hv= CyH "OvwW|t u}}aD xv}y@ CQwYx@ 'OvwW|t xO=iDU= |R=i
C=QP s=LOR= |xOWxDN=vW w hwQat sD} Qwor= wO R= Q[=L Q=DWwv QO '|R=i pOt
s=LOR= |xDiQW}B sD} Qwor= l} R}v w [19]�GWO� |QDUm =N nQo w [18]'�PSO�
|k}@]D |wHwCUH Q@ |vD@t C=QP s=LOR= |R=Uxv}y@ sD} Qwor= u=wva =@ C=QP
pOt VRwt; G}=Dv 'u=}=B QO "CU= xOW xO=iDU= [17]'�GuASPSO�xOWC}=Oy
sD} Qwor= w xU}=kt Qo}Om} =@ |R=Uxv}y@ sD} Qwor= xU Qy \UwD |R=i j]vt
19?rDt Q=Ri=sQv \}Lt QO sD} Qwor= xU Qy |U} wvOm "CU= xOW ?=NDv= QDQ@
pB QU |}xRQr C}=U QO u=tDN=U 72 ' ẁtHt QO "CU= xOW s=Hv= �R2018b�
x@ ��30� u=tDN=U 22 w VRwt; |=Q@ ��70� u=tDN=U 50 xm CU= OwHwt ?=yP
VywSB QO |R=Uxv}y@ |=ysD} Qwor= hOy `@=D "Ov=xOW xO=iDU= |HvUQ=@Da= Qw_vt
|D=@U=Lt CQ=UN K]U u=}t |=]N C=a@ Qt u}ov=}t QPH |R=Uxv}tm 'Q[=L
RMSE ,=Lq]Y= xm 'CU= RVS VwQ \UwD |D=Oy=Wt w |R=i pOt \UwD
25 |r= 21 \@=wQ KQW x@ \@DQt Ow}k w |R=Uxv}y@ hOy `@=D "OwW|t xO}t=v

:CU=

MinimizeRMSE =

vuut 1
N

NX
i=1

�
IBD0i � IBDi �2 (21)

Subject to :

V I; PI : 0 01 <00 no00 < 0 51; 0 49 <00 yes00 < 0 99 (22)

CQ : 0 51 <00 poor00 < 0 99;

0=25 <00 average00 < 0 75; 0 01 <00 good00 < 0 50 (23)

SS : 0 <00 MSW 00 < 0 25; 0 25 <00 MRFI 00 < 0 70;

0 70 <00 MRF 00 < 1 (24)

ID;DR; SD; IBV : 0 <00 L00 < 0 25;

0 25 <00 M 00 < 0=70; 0=70 <00 H 00 < 1 (25)

Q@ Q=@ |=ysDU}U Qov=Wv ?}DQD x@ MRF w MRFI ' MSW '=yu; QO xm
|=yQ=w}O x=Qty x@ |WtN ?=k '�xv=owO sDU}U� |WQ@ Q=w}O w |WtN ?=k |}xRQr
QO =yu=tDN=U O=OaD N u}vJty "OvDUy |WtN ?=k w xOvvmQ)B |}=v@ Kr=Yt
w |D=Oy=Wt CQ=UN K]U ?}DQD x@ IBDi w IBD0i w |WRwt; |xawtHt
|=yxO=O |xawtHt QO OwHwt u=tDN=U 50 R= u=tDN=U u}t)=i |=Q@ |D=@U=Lt

"CU= |WRwt;
|xrLQt wO Qy QO O}=@ |R=i j]vt |xOvvm|v}@V}B pOt l} xm |}=Hv; R=
p=@vO x@ O}=@ 'OyO RwQ@ OwN R= =Q |rw@k p@=k OQmrta '|HvUQ=@Da= w VRwt;
"Ow@ u=tRty Qw] x@ |HvUQ=@Da= w VRwt; |xrLQt wO Qy QORMSE |R=Uxv}tm
RMSE |UOvy u}ov=}t xm CU= xOW O=yvW}B Q[=L VywSB QO '=DU=Q u}= QO
|@=UL u}ov=}t hqNQ@ |UOvy u}ov=}t xm =Hv; R= "OwW |R=Uxv}tm 'xrLQt wO QO
xOW |Q}ou}ov=}t |=yQ}eDt Cy=@W u=R}t sy w u}ov=}t sy xm OQ=O =Q C}r@=k u}=
'OwW xv}tm OOa wO |UOvy u}ov=}t xm |DQwY QO 'Ovm x�=Q= u=tRsy Qw] x@ =Q

OQmQ=m |xw}W uOQm uWwQ Qw_vt x@ "CU= xOW xO=iDU= pkF RmQt R=U|R=iQ}e R=
�R5� |va} sDU}U GvB R= |R=i sDU}U u} QN; 'Q[=L VywSB QO '|R=i pOt u}=
C} w[a `@=wD u}vJty "CU= xOW |Ov@pwtQi 18 |r= 13 \@=wQ j@=]t w ?=NDv=
QO QwmPt |=ysOkt ?}mQD |xwLv R}v w =ysOkt |R=U|R=i QO xOW xO=iDU= |R=i

"CU= xOy=Wt p@=k [21]'�2008� s=} Q=t=iUD Q=DWwv
R1 : If IBV is V L AND ISH is V L THEN IBD = 1

(13)

R2 : If IBV is V L AND ISH is L THEN IBD = 1 (14)

R3 : If IBV is V L AND ISH isM THEN IBD = 1
(15)

R4 : If IBV is V L AND ISH is H THEN IBD = 2 (16)

R5 : If IBV is V L AND ISH is V H THEN IBD = 2
(17)

...
...

...
...

R25 : If IBV is V H AND ISH is V H THEN IBD = 5
(18)

w |}xRQr Q]N XN=W ISH 'u=tDN=U |Q}PB?}U; XN=W IBV '=yu; QO xm
CQ=UN K]U ,=Lq]Y= xm OvDUy u=tDN=U |}xRQr |Q}PBCQ=UN XN=W IBD
QwmPt uwv=k 25 |xty p}mWD R= TB "CU= Q}eDt 5 =D 1 R= w OwW|t xO}t=v R}v
x@ pkF RmQt R=U|R=iQ}e VwQ '|R=i |@D=Qt xrUrU pOt |R=i sDU}U u}tHvB R=

:OR=OQB|t CQ=UN K]U |}=yv OOa |x@U=Lt x@ 19 |x]@=Q CQwY

IBD
�

=
P25
i=1 I

BD
i � �Ci �IBDi �P25

i=1 �Ci (IBDi ) + "
(19)

u}v=wk |xOvQ=tW i w �Ci �IBDi �
= �Ai

�
IBVi

�� �Bi �ISHi � 'u; QO xm
w CU= |R=i C} w[a xHQO Qov=}@ � "CU= Q}eDt 25 =D 1 R= xm CU= |R=i
'IBVi |=yXN=W |=Q@ xOW h} QaD |R=i C} w[a `@=wD ?}DQD x@ Ci w Bi 'Ai
l} " w |R=i |@D=Qt xrUrU pOt |}=yv |HwQN IBD

� "OvDUy IBDi w ISHi
IBD

� QUm GQNt QO |ov}mD R= |Q}owrH |=Q@ xm CU= lJwm Q=}U@ C@Ft OOa
�|Q=Wa=� |k}kL OOa l} |rm Cr=L QO IBD� xm =Hv; R= "CU= xOW xO=iDU=
K]U u=wva x@ 5 =} w 4 '3 '2 '1 :Ovv=t 'xDUUo |D:}tm Q@=Q@ O}=@ xm |r=L QO 'CU=
xO=iDU= IBD� |R=UxDUUo CyH 20 |x]@=Q R= u}=Q@=v@ 'OW=@ |}xRQr CQ=UN

:OwW|t

IBD
�

dis = Round
�

max(IBD
�
; 1)
�

(20)

|}xRQr CQ=UN K]U u=ty =} w |Q}PBCQ=UN |}=yv XN=W IBD
�

dis 'u; QO xm
xO}t=v IBD Q=YDN= x@ |D; \@=wQ QO xm CU= |R=i pOt \UwD xOW x@U=Lt
CQwY x@=Wt |k} Q] x@ R}v xv=oGvB |R=i |=ysDU}U Q}=U C=@U=Lt "OwW|t
C}tm l} 'R5 sDU}U hqNQ@ xOW QmP |=ysDU}U |r=D xm Cw=iD u}= =@ 'OQ}o|t
u}}aD w x@U=Lt |R=i pOt �VRwt;� uw}U=Q@}r=m Ov}=Qi |] OwN xm CU= pwyHt

"OwW|t
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SIobs =

vuuut NP
i=1

(IBD0i � IBD0)2

N
(32)

SIcomp =

vuuut NP
i=1

(IBDi � IBD)2

N
(33)

DSI = jSIobs � SIcompj (34)

u}ov=}t QPH RRMSE 'u}ov=}t jr]t OYQO |=]N MAPE '=yu; QO xm
XN=W d 'OQmrta XN=W PI '|oDU@ty ?} Q[ R '|@Uv |=]N C=a@ Qt
XN=W Slcomp '|D=Oy=Wt CQ=UN Kw]U |oOvm =QB XN=W SIobs 'j@=]D
XN=W wO u}= p[=iD jr]tQOk DSI w |D=@U=Lt CQ=UN Kw]U |oOvm =QB
l} Q=}at h=QLv= C@Uv Q@=Q@ |oOvm =QB XN=W xm CU= QmP x@ sRq [22]"OvDUy
T=}kt QF= hPL =@ |oOvm =QB XN=W 'u}=Q@=v@ "CU=yu; u}ov=}t x@ xO=O xawtHt
|QD|k]vt pmW x@ Qo}O |=yxO=O =@ xU}=kt QO =Q =yu; u=}t ẁvD u=R}t '=yxO=O

"Ovm|t Tmavt
pOt CkO 'OvW=@ QDlJwm RRMSE w MAPE |=yQ=}at Q}O=kt xJ Qy
R |=yQ=}at QDnQR@ Q}O=kt w Ow@ Oy=wN QDW}@ |}xRQr CQ=UN K]U |v}@V}B QO
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0(�) 0(�) 0=1983 0=1983 0=1983 SIobs

2=5673(+) 2=7101(�) 0=2477 0=2415 0=2546 SIcomp

14=3519(�) 12=2558(+) 0=0494 0=0432 0=0563 DSI

|R=i j]vt |=ypOt OQmrta |@=} RQ=CyH xOW QmP QDW}B |}=Q=m Q=}at 9 u}vJty
x@ 3 |r= 1 |=ypwOH QO xm 'Ov=xOW xO=iDU= |}xRQr |Q}PBCQ=UN |v}@V}B QO
sD} Qwor= xU ltm x@ xOW |L=Q] |R=i j]vt pOt |=Q@ =yu; |OOa Q}O=kt ?}DQD

"Ov=xOW x�=Q= =yxO=O pm QO w |HvUQ=@Da= 'VRwt; %|xrLQt xU QO |R=Uxv}y@
|xOvyOu=Wv ?}DQD x@ ��� w ��� '�+� s�qa ' 3 |r= 1 |=ypwOH QO
wO =@ xU}=kt QO GuASPSO |xDiQW}B sD} Qwor= |w=UD w |QDQ@ sOa '|QDQ@

:|v=@ R |=yQ}eDt x@ ?UDvt sy@t |=yC}tm pt=W xOW QmP |=yQDt=Q=B "Ov=xOW
&�CQ� CN=U C}i}m "3 &�PI� uqB QO |t_vt=v "2 &�VI� `=iDQ= QO |t_vt=v "1
T=U=Q@ hrDNt |=yu=tDN=U |=Q@ u; p}O@D ?}=Q[ xm &�YC� CN=U p=U "4
sDU}U "5 &Ov=xOW u}}aD [24]'�2020� u=Q=mty w |OR} Q=DWwv QO xOW x�=Q= VwQ
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xU ?r=k QO 'CU= xOW XNWt D5 w D4 'D3 'D2 |=yO=tv =@ ?}DQD x@ xm
C}U=UL w CkO R}v 7 pwOH QO "Ov=xOW x�=Q= 6 |r= 4 |=ypwOH QO T} QD=t

"CU= xOW x�=Q= CQ=UN hrDNt Kw]U |v}@V}B QO |R=i |=ypOt \UwDt

78



1|
xQ=t

W'
39

�2
|xQ

wO'
�14

02
Q=y@

�h
}QW

u=Qt
a|

UOv
yt "=ypOt |L=Q] xrLQt xU QO |R=i hrDNt |=ypOt |=Q@ |WR=U |R} Qxt=vQ@ XN=W "8 pwOH

��� Cw=iD =ysD} Qwor= xrLQt
GUAPSO vs:PSO GUAPSO vs:GWO GuASPSO PSO GWO

60=6467(+) 68=7077(+) 0=8166 2=0750 2=6096 VRwt;
8=0858(+) 33=1044(+) 1=7321 1=8844 2=5892 |HvUQ=@Da=
40=1990(+) 73=2325(+) 0=7082 1=1843 2=6458 pm

"�|R=Uxv}y@ hrDNt |=ysD} Qwor= \UwD xOW xv}y@ s}tYD |=yQ}eDt� |R=i j]vt pOt |xOWx@U=Lt |rN=O |=yQDt=Q=B "9 pwOH
|R=i pOt VRwt; sD} Qwor= xOW xQ@}r=m |=yQDt=Q=B

GuASPSO PSO GWO

0=3958 0=2595 0=0133 V I(no)

0=7935 0=5009 0=5439 V I(yes)

0=3045 0=4224 0=3715 PI(no)

0=6767 0=6727 0=7682 PI(yes)

0=8891 0=7812 0=99 CQ(poor)

0=6386 0=2854 0=7157 CQ(average)

0=1526 0=1275 0=2440 CQ(good)

0=2192 0=0373 0=0138 SS(MSW )

0=4128 0=6438 0=4235 SS(MRFI)

0=7479 0=8845 0=7652 SS(MRF )

0=1703 0=2099 0=25 R1(L)

0=4922 0=5496 0=6276 R1(M)

0=8334 0=7 0=8991 R1(H)

0=1328 0=2489 0=0330 R2(L)

0=6175 0=7 0=5022 R2(M)

0=9418 0=9321 1 R2(H)

0=0811 0=0574 0=1467 R3(L)

0=3645 0=4054 0=4059 R3(M)

0=7810 0=9245 0=7162 R3(H)

0=0 0=0056 0=0269 R4(L)

0=3340 0=2652 0=2748 R4(M)

0=7856 0=9005 0=8125 R4(H)
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Q=@Da= Q@ Ov=wD|t Q[=L Q=DWwv G}=Dv 'Ow@ xO=O u=Wv Qo}O |OQ@ Q=m p=Ft wO pL
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"OwW|t

xOW xO=iDU= �GuASPSO� xOW C}=Oy |k}@]D |wHwCUH Q@ |vD@t C=QP
"CU=

|}=Q=m Q=}at 9 R= xOW |L=Q] |=ypOt R= l} Qy |}=Q=m |@=} RQ= CyH
sD} Qwor= =@ xO}O VRwt; |R=i j]vt pOt xm O=O u=Wv G}=Dv w OW xO=iDU=

|xOW xDN=vW sD} Qwor= wO =@ xU}=kt QO =Q |QD?U=vt ,qt=m OQmrta '=yxO=O
|QDQ@ R= |m =L R}v xQ=}atOvJ p}rLD l} G}=Dv "CU= xO=O u=Wv OwN R= Qo}O
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1. Rapid Visual Screening (RVS)

2. Federal Emergency Management Agency (FEMA)
3. Harirchian
4. Uncertainty
5. Tesfamarian & Saatcioglu
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w@y@6. Northridge
7. Hyper Parameters
8. Guided Adaptive Search Based Particle Swarm Optimization

Algorithm (GuASPSO)
9. Particle Swarm Optimization Algorithm (PSO)

11. Rezaei & Safavi

13. constriction coe�cient
14. Exploration
15. Exploitation
16. Self-Organizing Map
17. Kohonen
18. Haykin
19. MATLAB
20. Peak Ground Acceleration (PGA)
21. GAL
22. Bold
23. Programming Compromise
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