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"CU= xOW xO=iDU= pmW H w I `]=kt
p}rLD w |R=UpOt OpenSees Q=Ri=sQv QO xOW QmP C=YNWt =@ ?=k u}=
|v=UWm pwOtpt=W OqwiC=YNWt =@|]NwOCQwY x@Kr=Yt Q=DiQ "CU= xOW
?}W w p=mU=B=ot 240 Q@=Q@ (Fy) s}rUD OLVvD 'p=mU=B=ot 2�105 Q@=Q@ �E�
u}= "CU= xOW xDiQo Q_v QO p=mU=B=ot 200 Q@=Q@ Ec) |oOvwWCNU |x}L=v
10|}xDWQ ẁv R= 9?=k |=RH= Q=DiQ "OwW|t xOy=Wt R}v 3 pmW QO C=YNWt
uO}UQ '=yxDWQ R= l} Qy s}rUD Q=}at 'pY=it R= ẁv u}= QO "CU= u=UWm =v
CQwY x@ Qo}Om} x@ =RH= Cq=YD= "CU= xOW XNWt s}rUD OL x@ |QwLt VvD
R}v u}tR x@ xR=U p=YD= "CU= xOWv xDiQo Q_v QO p=YD= |xtWJ w CU= xJQ=Bl}
VywSB u}= QO "CU= so =Qi=}O xk@] Qy hm \=kv u}vJty "CU= Q=OQ}o CQwY x@

"CU= xOW Q_vhQY P-Delta C=QF= R=

VywSB s=Hv= VwQ "2
|Q=PoQ=@ CLD xk@] GvB |Oqwi |Oa@ wO ?=k l} ut}= |x}[k |UQQ@ Qw_vt x@
xm |}=Hu; R= "CU= xDiQo Q=Qk hrDNt CW=ov?=DW 29 =@ |]NQ}e |m}t=v}O
s}rUD \QW 'CiQ Oy=wNv QD=Qi OwN s}rUD OL R= =[a= VvD '|]NQ}e p}rLD QO
CLD xR=U |oDN} QwQi "Ow@ Oy=wN Q=QkQ@ xQ=wty xR=U |vt}= |=Q@ sRq \wQW R=
l} p}mWD xR=U QO xOW p}mWD pY=it xm ODi=|t j=iD= |v=tR =DU}= |=yQ=@
"Ovvm|t p}t C}=yv|@ CtU x@ xR=U |=ypmWQ}}eD Cr=L u}= QO "OvyO@ sR}v=mt
|W=v pY=it CUmW sOa ZQi =@ 'xrRrR l} QLD |DWoQ@ w CiQ C}y=t p}rO x@
p}t C}=yv|@ CtU x@ xrRrR QF= CLD xR=U |=yu=mtQ}}eD x=oI}y '|Q}PBpmW R=
=@ "OQm |UQQ@ =Q xR=U sR}v=mt u=wD|tv xR=U Q=DiQ |UQQ@ |=Q@ xH}Dv QO "Ovvm|tv
=[a= |=Q@ |i=m |Q}PBpmW 'ut}= |x}[k |UQQ@ w C=@F= OvwQ QO xmu}= x@ xHwD
&CU}v Q}PBu=mt= pta QO \}=QW u}= O=H}= u}vJty w CU= xOW xDiQo Q_v QO
"OQ=O OwHw |i=m =v =} sm |Q}PBpmW OwHw p}rO x@ xR=U QO |a[wt |@=QN p=tDL=
R= TB =[a= |WNQJ |Q}PBpmW |=[=kD C@Uv xR=U Q=DiQ |UQQ@ QO 'u}=Q@=v@
x}rw= |xR=U QO C@Uv u}= Q}O=kt =@ xU}=kt QO '|DNU w Ctw=kt C=Q}}eD p=ta=
|=yDv= =} =OD@= |DNU w Ctw=kt VywSB u}= QO "CU= xOW xO=O Q=Qk pta lqt
'Ov=xDW=O =Q OwN s}rUD OLVNQJ x@ |Q}tNVNQJC@Uv u} QDV}@ xm|}=[a=
j@=]t s}rUD OL VNQJ Q=Okt "CU= xOW xO=O Q}}eD Q_v OQwt |xOwOLt QO

"O};|t CUO x@ 1 |x]@=Q
�y = ZEyL

6EI [15] (1)

"CU= 1 pmW |WOQo Q=Owtv j@=]t G}=Dv G=QNDU= w VywSB s=Hv= OvwQ
l} QO |Q}tN VNQJ Q}O=kt 'xR=U =} wB p}rLD w |Q=PoQ=@ '|R=UpOt R= TB
R= - |Q}tN pYit p}mWD p}Uv=DB |=ypLt - =yuwDU w =yQ}D |=yDv= w =OD@= QDt
1 |x]@=Q j@=]t OwN s}rUD OL VNQJ x@ w xOW G=QNDU= Q=Ri=sQv |HwQN G}=Dv
Q=Okt u} QDV}@ =yQ}D C=YNWt Q}}eD C=QF= |UQQ@ |=Q@ TBU "CU= xOW p=tQv
Q}}eD s=Hv= |=Q@ pYit ?=NDv= Ov}=Qi "CU= xOW ?=NDv= =yQ}D u}@ C@Uv u}=
Q=Owtv QO �0max =@ C@Uv u}= "CU= ?}DQD u}ty x@ R}v =yuwDU C=YNWt
|=Q@ hrDNt CW=ov?=DW 29 R= xmu}= x@ xHwD =@ "CU= xOW xO=O u=Wv |WOQo
"CU= Cw=iDt p}rLD Qy |=Q@ �0max C}akwt 'CU= xOW xO=iDU= 2=} wB |Q=PoQ=@
'0 90 '0 85 '0 8 u=R}t x@ 'u; |DNU w Ctw=kt 'Q_v OQwt pYit ?=NDv= R= TB
xOW xO=O Q}}eD x}rw= Q=Okt 1 50 w 1 40 '1 30 '1 20 '1 15 '1 10 '1 00
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"|Oqwi |Oa@ wO |WtN ?=k |R=UpOt "2 pmW

"QDt|Dv=U ?UL Q@ pOt |L=Q] |=Q@ `]=kt C=YNWt "1 pwOH

s}rUD OL VNQJ `]kt T=U= jQw Ctw=N[ jQw ZQa jQw Ctw=N[ |rm `=iDQ= ẁv |xQ=tW
(�y)

(Z) |Q}tN
(cm) =yp=@ (cm) =yp=@ (cm) u=H (cm) `]kt `]kt `]kt

(cm3)
0/003435 2928 2 30 2 40 H 1
0/004505 1933/50 2 30 1/5 30 H 2
0/003435 1227/24 1/2 30 1 30 H 3
0/004411 1501/40 2 25 0/6 30 I 4
0/007317 964/35 1/5 20 0/6 30 I 5
0/008359 484 1 02 13/5 0/6 27 IPE 6

"pOt |]NQ}e |m}t=v}O p}rLD |HvUCLY "4 pmW

=yuwDU C=YNWt |a[wt Q}}eD |=yQ=Owtv "4
VNQJ C@Uv u} QDV}@ 'ut}= |x}[k G}=Dv |OOa |UQQ@ Qw_vt x@ xt=O= QO
=yuwDU C=YNWt Q}}eD =@ xR=U pm QO 'OwN s}rUD OL VNQJ x@ =[a= |Q}tN
Ctw=kt C=Q}}eD VN@ wO pt=W =y|UQQ@ "CU= xOW xOQw; Q_v OQwt |xOwOLt QO
xU}=kt |]NQ}e =DU}= p}rLD =@ swRr CQwY QO R}v s=Om Qy G}=Dv w CU= |DNU w

"OwW|t

"|Oqwi Kr=Yt Q=DiQ "3 pmW

xOW xO=iDU= 2 pwOH |=yCW=ov?=DW R= |]NQ}e =} wB p}rLD s=Hv= |=Q@
u} QDV}@ =@ Q@=Q@ pOt Qy hOy u=mtQ}}eD R}v |]NQ}e =DU}= p}rLD s=Hv= |=Q@ "CU=

"CU= xOW xDiQo Q_v QO =} wB p}rLD Qy QO s=@ u=mtQ}}eD Q=Okt
Q=Ri=sQv QO Q_v OQwt ?=k '|R=UpOt |=]N OwHw sOa R= u=v}t]= |=Q@
s=@ u=mtQ}}eD |xJN} Q=D 4 pmW QO "CU= xOW |Q=PoQ=@ w pOt R}v SAP2000
"OwW|t xOy=Wt Q=Ri=sQv wO Qy QO u=kRQw xrRrR |Q=PoQ=@ w|]NQ}e =} wBp}rLDCLD
=@ |rw@k p@=k |xR=Ov= x@ Q=Ri=sQv wO Qy QO s=@ u=mt Q}}eD 5 pmW j@=]t
=DU}= p}rLD |] 's=@ u=mtQ}}eD - VQ@ Q=Owtv pmW QO u}vJty "OvQ=O j@=]D sy

"CU= xOW xOQw; |]NQ}e
"OvwW|t =Qosy Qo}Om} x@ '|@ wN?} QkD =@ Q=Ri=sQv wO QyG}=Dv R}vpmWu}=j@=]t
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=yuwDU Ctw=kt C=Q}}eD ?UL Q@ |Q}tN VNQJ C@Uv C=Q}}eD Q=Owtv "7 pmW
"|m}t=v}O p}rLD CLD

10 \N Qy |wQ "CU= 2 pwOH C=YNWt =@ |m}t=v}O p}rLD l} Qou=}@ \N
l} x@ \w@ Qt 'xOW QmP QDV}B |xOwOLt j@=]t x]kv Qy xm OwW|t xO}O x]kv

"CU= Ctw=kt C=Q}}eD R= TB pOt
VNQJ x@ xOW O=H}= |Q}tN VNQJ C@Uv u} QDV}@ Q@=Q@ �0 pmW u}= QO
VNQJ C@Uv u} QDV}@ � w �C=Q}}eD R= p@k� x}rw= |xR=U QO =yuwDU s}rUD OL
C=YNWt Q}}eD R= TB xR=U |=[a= pm s}rUD OL VNQJ x@ xOW O=H}= |Q}tN
Qy �Ctw=kt |xYNWt� s}rUD OL VvD ?}DQD x@ R}v Fy w Fy0 R= Qw_vt "CU=

"CU= C=Q}}eD p=ta= R= R= TB w p@k w[a
0/8 |xOwOLt QO Ctw=kt Q}}eD =@ |rm Qw] x@ hr= - 7 pmW Q=Owtv j@=]t
,=@} QkD xR=U |Q}PBpmW |=[=kD C=Q}}eD C@Uv 'x}rw= Ctw=kt Q@=Q@ 1/50 |r=
|=[=kD C=Q}}eD |xOwOLt Qo}O CQ=@a x@ "CU= 1/54 |r= 0/64 |xR=@ QO
QDV}@ |] pmW u}= x@ xHwD =@ "CU=yuwDU Ctw=kt Q}}eD R= QDV}@ |Q}PBpmW
u} QDV}@ |H} QOD Vy=m ?Hwt =yuwDU QO Ctw=kt |a[wt V}=Ri= '=yp}rLD
CU= xOW |Q}PBpmW |=[=kD Vy=m xH}Dv QO w =[a= |Q}tN VNQJ C@Uv
V}=Ri= OYQO CWy xv}tm =D |Q}PBpmW |=[=kD |OQ=wt OwOat QO "TmaQ@ w
'=yuwDU R= |m} QO Ctw=kt V}=Ri= p}rO x@ CU= umtt OQ=wt u}= QO "CU= xDi=}
QHvt Qt= u}= w O@=} Q}}eD xR=U |}=Hx@=H |wor= =} |Q}tN pY=it p}mWD |wor=

"OwW |Q}PBpmW |=[=kD V}=Ri= x@
Q=Owtv u}= "CU= xOW sUQ |r@k Q=Owtv u=ty p=tQv `} RwD ? - 7 pmW QO

"pOt |]NQ}e =DU}= p}rLD |HvUCLY "5 pmW

"|m}t=v}O|=yp}rLD|]|Q}tNVNQJC@Uv Q=Oktu} QDV}@ =@pY=it "6 pmW

=yuwDU Ctw=kt |a[wt Q}}eD |=yQ=Owtv "1"4
xm =yuwDU |=[a= R= |m} |=yDv= =} =OD@= QOCtw=kt |a[wt C=Q}}eDCtUk u}= QO
|UQQ@ 'CU= xDW=O OwN s}rUD OL VNQJ C@Uv x@ =Q |Q}tN VNQJ u} QDV}@
x@ w xR=UQO|m}t=v}O|Q=O}=B=v OwHw sOap}rO x@ '|r@kC=L}[wDj@=]t "CU= xOW
|Q}tNVNQJC@Uvu} QDV}@C=Q}}eD '=[a=|a[wt|@=QNp=tDL=|UQQ@ Qw_vt
pY=itu} QD|v=QL@C}akwt "CU= xOW|UQQ@ =[a=|WNQJ|Q}PBpmW|=[=kD =}
Qw] x@hrDNt|=yxrRrRl}miD x@ =yuwDU w =yQ}D|DNU wCtw=kt Q}}eD R=TB wp@k
|=[i C}OwOLt p}rO x@ xr=kt u}= QO |rw "CU= xOW xOQw; [18]`HQt QO |r}YiD
|xty |] Ctw=kt Q}}eD R= p@k xm =yuwDU R= |rY=it hr= - 6 pmW QO |Q=DWwv
|rY=it? -6pmWQO wOv=xOw@|Q}tNVNQJC@Uvu} QDV}@|=Q=O '=y|Q=PoQ=@
"CU= xOW xOQw; 'Ov=xDW=O =Q Ctw=kt Q}}eD R= TB |Q}PBpmW |=[=kD u} QDV}@ xm
|=yC}akwt QOpYit xU '|m}t=v}Op}rLD 29 s=Hv=|]hr= -6pmWj@=]t
OL VNQJ x@ |Q}tN VNQJ C@Uv Q=Okt u} QDV}@ |=Q=O '=yuwDU Cw=iDt
|=[=kD C=Q}}eD G}=Dv w CU= xDi=} Q}}eD =[a= u}= Ctw=kt 'u}=Q@=v@ "Ov=xOw@ s}rUD
xOt;CUO x@ ? - 6 pmW j@=]t uwDU =} Q}D R= sa= xR=U pm pY=it QO |Q}PBpmW
u} QD|v=QL@ pLt '=yuwDU Ctw=kt Q}}eD =@ 'OwW|t xOy=Wt xm Qw] u=ty "CU=
u}= G}=Dv xt=O= QO "CU= xOQm Q}}eD =} xOv=t C@=F =} '|Q}PBpmW ^=Lr x@ pYit

"OwW|t x�=Q= Q=Owtv CQwY x@ C=Q}}eD
=D 0/8 |xOwOLt QO =yuwDU |a[wt Ctw=kt Q}}eD G}=Dv hr= - 7 pmW QO
Qy xm OQ=O OwHw \N 29 pmW u}= QO "OwW|t xOy=Wt x}rw= Ctw=kt Q@=Q@ 1/5
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[17 w 16]"=yCW=ov?=DW C=YNWt "2 pwOH
|xQwO =D xrY=i T=}kt |xv}W}@ s=v s=v s=v p=U xQ=tW?r=e xrRrR uwv=m |}=tvnQR@ ?=DW pOt x=oDU}= xrRrR ẁkw
(sec) (Km) ?=DW (m=s2)
0/24 54 1 8/98 Tabas Tabas Tabas 1978 1
0/21 39 1 6/84 Sarpolzahab Sarpolzahab Sarpolzahab 2017 2
0/16 41 3 6/35 Manjil Manjil Manjil 1990 3
0/21 6 1 8 Bam Bam Bam 2003 4
0/19 35 1/20 4/26 Varzaqan Varzaqan Varzaqan 2012 5

1 212 20 0/08 Qoml Qoml � 2002 6
0/12 45 31 0/24 Duzce Sakarya Duzce-Turkey 1999 7
0/32 12 1/1 7/3 Duzce2 Bolu Duzce-Turkey 1999 8
0/43 49 5 1/14 Elcentro Coachella Canal Imperial Valley 1979 9
0/49 22 2/5 2/3 ImpVall Delta Imperial Valley 1979 10
0/42 0/44 1 5/8 ImpVall3 Bonds Comer Ipmerial Valley 1979 11
0/14 25 2 2/03 El Mayor Mexico El Mayor 201 12
0/12 62 9/5 2/03 Sfern Carbon Canyon Dam Scan Fernando 1971 13
0/22 10 2/5 2/6 Hector Hector Hector 1999 14
0/19 18 2 3/5 Super El Centro Superstition Hills 1987 15
0/46 11 1/6 4/7 Super2 Poe Road Superstition Hills 1987 16
0/07 4 1 5/9 Gazli Karakyr Gazli 1976 17
0/53 9/5 1 4/4 Northr Beverly Hills Northridge 1994 18
0/58 11/4 1/2 4/04 Northr2 Canyon Country Northridge 1994 19
0/68 24 2/1 2/4 Northr3 LA-Sepulveda Notrhridge 1994 20
0/68 24 2/1 2/4 Landers Yermo Fire Station Landers 1992 21
0/33 20 2/2 2/8 Landers2 Coolwater Landers 1992 22
0/28 8/7 1 5/1 Lomap Capitola Loma Prieta 1989 23
0/22 3/85 1 4/48 Lomap3 Bran Loma Prieta 1999 24
0/93 0/18 1 3/3 Denali TAPS Pump Denali 2002 25
0/17 10 2 3/3 ChiChi CHY101 Chi-Chi 1999 26
0/44 26 1/5 4/6 ChiChi2 TCU045 Chi-Chi 1999 27
0/34 0/62 1 4/9 ChiChi3 TCU067 Chi-Chi 1999 28
0/24 22 3/2 2/2 Sfern2 LA-Hollywood Scan Fernando 1971 29

'CU= xDW=O OwN s}rUD OL VNQJ C@Uv x@ =Q |Q}tN VNQJ u} QDV}@ xm
|Q=PoQ=@ x@ xHwD =@ w[a u}= C}akwt |r@k C=L}[wD j@=]t "CU= xOW |UQQ@

"CU= Q}eDt |m}t=v}O

|m}t=v}O p}rLD CLD =yuwDU |DNU Q}}eD "1"2"4
QDV}B xm : : : w CN=U |=y=]N 'xR=U O=a@= 'Kr=Yt Q=DiQ p}@k R= |}=yhqDN=
p}rO u}ty x@ "CU= QF-wt R}v =yv; |DNU Q@ =[a= Ctw=kt Q@ xwqa 'OW QmP R}v
=[a= |Q}tN VNQJ C@Uv u} QDV}@ Q}O=kt '=yuwDU |a[wt |DNU Q}}eD |]
xOy=Wt hr= - 8 pmW QO C=Q}}eD u}= R= pY=L G}=Dv "CU= xOW G=QNDU=
TB w Q}}eD R= V}B w[a |DNU =@ Q@=Q@ ?}DQD x@ K w K0 pmW u}= QO "OwW|t
xOW x�=Q= |r@k CtUk QO Q=Owtv u}= |xQ=@ QO QDV}@ C=L}[wD "CU= Q}}eD R=

"CU=
|=[=kD |DNU V}=Ri= u} QDV}@ =@ xm OQm xOy=Wt hr= - 8 pmW QO u=wD|t

|=yvt u}ov=}t w Q=}at h=QLv= xwqa x@ u}ov=}t 'Q}O=kt u}ov=}t \N xU pt=W
OYQO 84 '|v=}t \N R= Q}O=kt OYQO 50 Q=Owtv u}= QO "CU= Q=}at h=QLv=
MQv pmW u}= j@=]t "Ovvm|t |wQ}B |v}}=B \N R= OYQO 16 w |}q=@ \N R=
"CU= Q@=Q@ ,=@} QkDCtw=ktVy=m wV}=Ri=Cr=L QO |Q}tNVNQJC@Uv C=Q}}eD
VNQJ C@Uv OYQO VW xv}W}@ Ctw=kt V}=Ri= =@ u}ov=}t Qw] x@ u}vJty
QO "CU= xDi=} V}=Ri= OYQO Q=yJ C@Uv u}= |}q=@ |xv=Qm QO w Vy=m |Q}tN
=} |�RH |oDN} QwQi Q=JO Q_v OQwt KQ] Ctw=kt V}=Ri= =@ u}ov=}t Qw] x@ xH}Dv
=@ p}rLD u}= G}=Dv |xU}=kt x@ |R=}v 'u}=Q@=v@ "OQ=O =Q sRq |vt}= w OwW|tv |rm

"CU}v |]NQ}e =DU}= p}rLD

=yuwDU |DNU |a[wt Q}}eD |=yQ=Owtv "2"4
=yuwDU |=[a= R= |m} |=yDv= =} =OD@= QO |DNU |a[wt C=Q}}eD CtUk u}= QO
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"|]NQ}e |m}t=v}O p}rLD CLD =yuwDU |DNU C=Q}}eD ?UL Q@ |Q}tN VNQJ C@Uv C=Q}}eD Q=Owtv "8 pmW

"|]NQ}e =DU}= p}rLD CLD =yuwDU |DNU C=Q}}eD ?UL Q@ |Q}tN VNQJ C@Uv C=Q}}eD Q=Owtv "9 pmW

p}rLD wO CLD =[a= |Q}tN VNQJ C=Q}}eD u}ov=}t Q=Okt Q=Owtv "10 pmW
"=yuwDU |DNU Q}}eD =@ |]NQ}e =DU}= w |m}t=v}O

=DU}= p}rLD w xOW xDiQo Q_v QO hOy u=mtQ}}eD u=wva x@ s=@ u=mtQ}}eD u} QDV}@
u=Wv =Q u; p=tQv `} RwD R}v ? - 9 pmW "CU= xOW s=Hv= u; |=R= x@ |]NQ}e

"OyO|t
|Q}PBpmW |=[=kD OYQO 17 xv}W}@ |DNU V}=Ri= =@ hr= -9 pmW j@=]t
|=[=kD |DNU V}=Ri= =@ |rm Qw] x@ ? - 9 pmW QO u}vJty "CU= xDi=} V}=Ri=
Qw_vt x@ "CU= OYQO 5 Q@=Q@ u}ov=}t Qw] x@ xm CU= xDi=} V}=Ri= |Q}PBpmW
VNQJ u} QDV}@ Q}O=kt u}ov=}t 10 pmW QO p}rLD wO u}= u}@ xU}=kt s=Hv=

"CU= xOW xOQw; p}rLD wO Qy |Q}tN

OYQO Q=yJ =D Q=Okt u}= |DNU Vy=m =@ w OYQO 23 xv}W}@ |WNQJ |Q}PBpmW
|a[wt |DNU V}=Ri= =@ xm OyO|t u=Wv R}v Q=Owtv |rm pmW "CU= xDi=} V}=Ri=
"TmaQ@ w CU= xDi=} V}=Ri= =[a= |Q}tN VNQJ C@Uv u} QDV}@ '=yuwDU
wQ}v `} RwD |xR=U QO =yuwDU R= |m} |DNU |a[wt V}=Ri= =@ OUQ|t Q_v x@
|Q}PBpmW |=[=kD 'OQ=wt QFm = QO 'QDV}@ |wQ}v ?PH p}rO x@ w CU= xOQm Q}}eD

"CU= xDi=} V}=Ri= |WNQJ
Q=Owtv p=tQv `} RwD '=yuwDU Ctw=kt Q}}eD |=yQ=Owtv x@=Wt ? - 8 pmW QO
V}=Ri= s=ovy QO C=Q}}eD MQv Q=Owtv u}= j@=]t "CU= xOW sUQ |DNU C=Q}}eD
|DNU V}=Ri= =@ u}ov=}t Qw] x@ Cr=L u}= QO "CU= u; Vy=m R= QDV}@ |DNU

"CU= xDi=} V}=Ri= |Q}PBpmW |=[=kD OYQO GvB ,=@} QkD

=DU}= p}rLD CLD =yuwDU |DNU Q}}eD "2"2"4
|Q}PBpmW R=}v '=yuwDU |DNU V}=Ri= =@ 'OW xOy=Wt |r@k VN@ QO xJv=vJ
O=H}= ?Hwt CU= umtt ẁ[wt u}= "CU= xOQm =O}B V}=Ri= |rm Qw] x@
p@=k |xDmv "OwW |a[wt =} |rm |oDN} QwQi xH}Dv QO w xR=U QO CUmW
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