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|OwQw |=yGwt |=Q@ �|OwQw Gwt u}ov=}t ?w=vD |xQwO x@ sDU}U |U=U=
|xir-wt w Tm = 1 s =@ Loma Prieta �1989� |xrRrR R= |W=v� 1 YBI

wChi-Chi �1999� |xrRrR R= |W=v� TAP051-W (TAP) w �090 |ki=
=yCW=ov?=DW "CU= xOW xO=O u=Wv �051 |ki= |xir-wt =@ Tm = 0 99 s

QO xOWxDiQo Q_v QO |}=Q}t C@Uv xm CU= QmP u=}=W "Ov=xOW T=}kt 0 4 g x@
"CU= Q=oOv=t u=mtQ}}eD 'u=mtQ}}eD R= Qw_vt w �15 'VywSB u}= C=@U=Lt |t=tD
(ky) |oDN}Uo?} Q[lJwm Q}O=kt QO 'OwW|t xOy=Wt 2 pmW QO xmQw]u=ty
QDW}@ =Q Q=oOv=t u=mtQ}}eD 'xDU@=wQ}e p}rLD l} x@ l}ORv ?w=vD |xQwO C@Uv w

'xDU@=w p}rLD 'lQ=tw}v?rY lwr@ |=yVwQ Q=oOv=t u=mtQ}}eD |xU}=kt "2 pmW
"xDU@=wQ}e w
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}B?=DW u}=Q@=v@ w O@=}|tV}=Ri= k1 'VRer pw]Vy=m =@ xm 'CU= 8 |x]@=Q hqDN=
x@ xDU@=w |oDN}Uo ?} Q[ QF= u}=Q@=v@ &O@=}|t Vy=m u=mtQ}}eD w V}=Ri= s}rUD
?4 w hr=4 |=ypmW xU}=kt "OwW|t QDOwyWt VRer pw] Vy=m =@ u=mtQ}}eD
Qo}Om} =@ YBI w TAP |OwQw |=yGwt u}@ u=mtQ}}eD hqDN= xm OyO|t u=Wv
Gwt wO QO "OOQo|t R=@ |OwQw |=yGwt C=}YwYN x@ u; Cra xm 'CU= Cw=iDt
"OQ=O Vy=m x@ p}=tD Oa@ x@ 3 ?w=vD |xQwO C@Uv R= =yVwQ u}@ hqDN= |OwQw
|xDU@=w p}rLD 'sm VRer |=ypw] QO xm OyO|t u=Wv QwmPt pmW u}vJty
�QDtm � xv=Q=mx_i=LtQ}e hQ=aDt |xDU@=w p}rLD x@ C@Uv =Q u=mtQ}}eD 'xOWKqY=

"OwW|t l}ORv Qo}Om} x@ G}=Dv ,=@} QkD O=} R |=ypw] QO w Ovm|t |v}@V}B
hqDN= |wQ Q@ s}rUD ?=DW 'VRer pw] Q@ xwqa 'xOWu=}@ OQ=wt x@ xHwD =@
|UQQ@ x@ R=}v u}=Q@=v@ &OvDUy QF-wt xOWKqY= |xDU@=wQ}e w xDU@=w p}rLD wO u}@

"OwW|t T=UL= QDt=Q=B wO u}= QDW}@
p}rLD x@ xOWKqY= |xDU@=w p}rLD |xOWp=tQv |}=Hx@=H 5 pmW QO
xO=iDU= =@ VRer |xOwD `=iDQ= x@ xOWp=tQv VRer pw] ?UL Q@ hQ=aDt |xDU@=w
?=DW C@Uv QF= pmW u}= QO "CU= xOW s}UQD TAP w YBI |OwQw |=yGwt R=
1 5 w 1 ?w=vD |=yxQwO C@Uv |=Q@ xOWp=tQv |}=Hx@=H QO (ky=kmax) s}rUD
'ky=kmax Vy=m =@ xm OyO|t u=Wv QwmPt pmW "CU= xDiQo Q=Qk |UQQ@ OQwt
Vkv 'ky=kmax Vy=m =@ Qo}O CQ=@ax@ &O@=}|t Vy=m R}v xOWp=tQv |}=Hx@=H
|=y?}W QO u}=Q@=v@ "OW Oy=wN QDQF-wt u=mtQ}}eD x@ xDU@=w |oDN}Uo ?} Q[
uiO |=yuiOt Ovv=t� OvDUy sQv w CU )U O=wt R= pmWDt xm '=yR} Qm =N w |m =N
xDU@=w |oDN}Uo ?} Q[ QF= 'CU= lJwm ky=kmax Q=Okt xmv; Cra x@ '�xr=@ R
C@Uv |=Q@ xOWp=tQv u=mtQ}}eD Q=Okt u} QDtm "Ow@ Oy=wN xHwD p@=k u=mtQ}}eD x@
OyO|t u=Wv xr�Ut u}= "CU= 0 25 Q@=Q@ ,=@} QkD TAP Gwt w 1 `=iDQ= x@ pw]
�75 OwOL QO |R}J hQ=aDt |xDU@=w u=mtQ}}eD 'lJwm VRer |=ypw] QO xm
l} QO xm OyO|t u=Wv QwmPt pmW u}vJty "Ovm|t |v}@V}B QDW}@ =Q |}=Hx@=H
u=mtQ}}eD �10 ,=@} QkD� `=iDQ= x@ VRer pw] C@Uv V}=Ri= =@ XNWt ky=kmax

"OvwW|t l}ORv Q�o}Om} x@ xOWKqY= |xDU@=w w hQ=aDt |xDU@=w p}rLD wO
|yHwD p@=k Q}F-=D Ov=wD|t s}rUD ?=DW C@Uv C=Q}}eD xm OyO|t u=Wv 5 pm�W

"OW=@ xDW=O u=mtQ}}eD |v}@V}B QO
[3]'xOWKqY=?rYlwr@VwQ\UwD xOWx@U=Lt Q=oOv=tu=mtQ}}eD6pmWQO
?UL Q@ [4]'xOWKqY= |xDU@=wQ}e w �VywSB u}=� xOWKqY= |xDU@=w p}rLD
s}UQD TAP w YBI Gwt wO |=Q@ w QDt 50 w 10 pw] wO |=Q@ ?w=vD |xQwOC@Uv
|=yp}rLD \UwD xOWx@U=Lt u=mtQ}}eD xm OyO|t u=Wv pmW u}= "CU= xOW
QDlJwm ?w=vD |=yxQwO C@Uv QO xOWKqY= |xDU@=wQ}e w xOWKqY= |xDU@=w
u=wD|t QwmPt pmW T=U=Q@ "OvwW|t l}ORv Qo}Om} x@ 4 R= QDnQR@ w 0 5 R=
'xOWKqY= |xDU@=wQ}e p}rLD '0 5-4 u}@ ?w=vD |xQwO |=yC@Uv QO xm Cio
"Ovm|t |v}@V}B xv=Q=mx_i=Lt 'xOWKqY= |xDU@=w p}rLD x@ C@Uv =Q u=mtQ}}eD
=Q u=mtQ}}eD 'xOWKqY= |xDU@=w p}rLD 'QDnQR@ ?w=vD |xQwO |=yC@Uv |=Q@
QDW}@ TAP Gwt QO p}rLD wO u}@ hqDN= xm OvJ Qy 'Ovm|t |v}@V}B QDW}@
QO [3]'xOWKqY= ?rY lwr@ VwQ |xOWx@U=Lt u=mtQ}}eD "CU= YBI Gwt R=
?w=vD |=yxQwO C@Uv |t=tD QO u=mtQ}}eD Q}O=kt xm 'CU= xOW s}UQD R}v 6 pmW
|xDU@=w p}rLD =OD@= QO 'OyO|t u=Wv QwmPt pmW xm Qw]u=ty "CU= |D@=F Q=Okt
w Ovm|t |v}@V}B xOWKqY= ?rY lwr@ VwQ R= QDW}@ =Q u=mtQ}}eD 'xOWKqY=
"OwW|t Tma ẁ[wt u}= '�2 5 R= V}@� QDnQR@ ?w=vD |=yxQwO |=yC@Uv QO
QO |OwQw Gwt ẁv xm CU= u}= 'OQm xQ=W= u; x@ O}=@ xm |OQ=wt R= |m}

"Q}eDt w C@=F s}rUD ?=DW "3 pmW

"xOWKqY= |xDU@=w w hQ=aDt |xDU@=w |=yp}rLD u=mtQ}}eD |xU}=kt "4 pmW
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|v}
@V

}BwO x@ =yOQwmQ [18]'|r w x}Uy O=yvW}B T=U=Q@ Q=DWwv u}= QO xm CU= QmP u=}=W
�D w C ẁv |=yx=oCN=U� sQv w �B w A ẁv |=yx=oCN=U� CNU 'x=oCN=U

"Ov=xOW |Ov@s}UkD
'u=mtQ}}eD |v}@V}B CyH ?U=vt |oDU@ty pOt l} uOQw;CUOx@ |=Q@
'0 2 '0 1 '0 05 '0 02 %pt=W ky hrDNt Q}O=kt R= xOWKqY= |xDU@=w p}rLD
'1 '0 5 '0 %pt=W Ts hrDNt Q}O=kt u}vJty "CU= xOW xO=iDU= 0 4 '0 3
|oDN}Uo pw] hrDNt Q}O=kt w x}v=F 6 '5 5 '5 '4 5 '4 '3 5 '3 '2 5 '2 '1 5

"CU= xOW xDiQo Q=mx@ QDt 1000 '500 '100 '50 '10
Qw]x@ =Q VRer |xOwD MU=B ky=kmax xm Ov=xO=O u=Wv u}W}B |=yVywSB
VwQ QOky=kmax C@Uv QF= =OD@= u}=Q@=v@ [18�13w11]"Ovm|t |v}@V}B ?U=vt
'xOWs=Hv= |=y|UQQ@ T=U=Q@ "CU= xDiQo Q=Qk |UQQ@ OQwt xDU@=w |xOWKqY=
"CU= xDU@=w ky=PGA w Ts=Tm |=yQDt=Q=B x@ QDW}@ ky=kmax C@Uv
|=yQDt=Q=B C=Q}}eD x@C@Uv =Q |oDN}Uo?} Q[C@Uv C=Q}}eD ?7 whr=7 pmW
Qw]u=ty "OyO|t u=Wv QDt 1000 w 10 VRer |=ypw] QO ky=PGA wTs=Tm
CU= |W}=Ri= |oDN}Uo ?} Q[ C@Uv =OD@= 'OyO|t u=Wv ?7 w hr=7 pmW xm
OwN Q=Okt u} QDW}@ x@ ky=kmax C@Uv '10 x@ l}ORv ?w=vD |xQwO C@Uv QO w
|oDN}Uo ?} Q[ C=Q}}eD O7 w G7 pmW "OQ=O |Wy=m OvwQ u; R= Oa@ w OUQ|t
|oDN}Uo ?} Q[ C=Q}}eD OvwQ "OyO|t u=Wv ky=PGA C@Uv ?UL Q@ =Q
xm Cio u=wD|t "CU= |W}=Ri= w |}=tv CQwYx@ ky=PGA C@Uv ?UL Q@
?} Q[ C@Uv =t= 'CU= C@=F C@Uv u}= xmv; =@ 50 Q@=Q@ ky=PGA C@Uv QO
hrDNt |=yQDt=Q=B Q}F-=D x@ u=wD|t xO}OB u}= p}qO R= "O@=}|t V}=Ri= |oDN}Uo
OyO|t u=Wv 7 pmW "OQm xQ=W= |m =N |xR=U |m}t=v}O MU=B QO |OwQw Gwt
?} Q[ V}=Ri= =@ u}vJty "OQ=Ov |oDN}Uo ?} Q[ QO |v=OvJ Q}F-=D pw] Q}}eD xm

"O@=}|t V}=Ri= ky=kmax C@Uv |oDN}Uo
Q@ 'CU= sDU}U MU=B |xOvyOu=Wv |awv x@ ky=kmax C@Uv xm |}=Hv; R=
|oDN}Uo ?} Q[ C@Uv |x@U=Lt |=Q@ |}x]@=Q |x�=Q= x@ =OD@= QO T=U= u}ty
CU= xOW |aU XwYN u}= QO xOWx�=Q= |=ypOt x@ xHwD =@ "CU= xOW xDN=OQB
|x@U=Lt |=Q@ 11 |x]@=Q "OwW x�=Q= ?} Q[ u}= u}tND |=Q@ |@U=vt pOt xm

%CU= xOW O=yvW}B |oDN}Uo ?} Q[ C@Uv

ln( ky
kmax

) =a1 + a2 ln( Ts
Tm

) + a3 ln( ky
PGA

) + a4 ln( Ts
Tm

)2

+ a5 ln( Ts
Tm

) ln( ky
PGA

) (11)

=@ "OvDUy g ?UL Q@ ky w PGA 'C@=F ?}=Q[ a1; a2; :::; a5 'u; QO xm
w CNU |=yx=oCN=U |=Q@ R2 = �89 |oDU@ty ?} Q[ '1 |xrO=at x@ xHwD
Qy |=Q@ C@=F ?}=Q[ Q}O=kt w xOt; CUOx@ sQv |=yx=oCN=U |=Q@ R2 = �87

"CU= xOW x�=Q= 2 pwOH QO x=oCN=U

"ky=kmax |x@U=Lt |=Q@ 9 |x]@=Q C@=F ?}=Q[ Q}O=kt "2 pwOH
sQv x=oCN=U CNU x=oCN=U QDt=Q=B
�0 311 �0 425 a1
0 942 1 247 a2
0 892 0 91 a3
�0 0807 �0 201 a4

0 11 0 097 a5

|awv x@ =yVwQ u=mtQ}}eD u}@ hqDN= w CU= Q=PoQ}F-=D =y?}W Q=oOv=t u=mtQ}}eD
|}xRQr |=yQDt=Q=B xm CU= R=}v u}=Q@=v@ "CU= xDU@=w R}v |OwQw Gwt |=yQDt=Q=B x@

"OvQ}o Q=Qk |UQQ@ OQwt X=N Qw]x@

|oDU@ty w |QDt=Q=B p}rLD "4
Q=Qk |@=} RQ= OQwt ?rY lwr@ VwQ QO u=QoWywSB \UwD |}xRQr |=yQDt=Q=B QF=
|xDU@=w p}rLD x@ xHwD =@ [18�13w11]"CU= xOW x�=Q= XwYN u}= QO |]@=wQ w xDiQo
|@=} RQ= OQwt p}rLD u}= G}=Dv |wQ Q@ |}xRQr |=yQDt=Q=B 'VywSB u}= QO xOWKqY=
u=yH QO xO=ONQ |xrRrR 25 R= |W=v OQwmQ 1363 R= Qw_vt u}O@ "Ov=xDiQo Q=Qk
|}=Hx@=H QO Tm w Ia 'PGA 'PGV Q}_v hrDNt |=yQDt=Q=B QF= w xOW xO=iDU=
xOW xO=O u=Wv xOWxO=iDU= |=yxrRrR 1 pwOH QO "CU= xDiQo Q=Qk |UQQ@ OQwt
�4 '=yCW=ov?=DW �USGS T=U=Q@� x=oCN=U ẁv |Ov@s}UkD T=U=Q@ "CU=
�43 '�750m/s R= QDW}@ |WQ@ Gwt CaQU =@ sm =QDt Q=}U@ x=oCN=U� A ẁv R=
R= �51 '�750-360 m/s u}@ |WQ@ Gwt CaQU =@ CNU |=yl =N� B ẁv R=
'�180-360 m/s u}@ |WQ@ Gwt CaQU =@ \UwDt sm =QD =@ |=yl =N� C ẁv
"OvDUy �180 m/s R= QDtm |WQ@ Gwt CaQU =@ sQv |=yxDWyv� D ẁv R= �2

"xO=iDU= OQwt |=yCW=ov?=DW "1 pwOH
O=OaD =oRQ@ M} Q=D xrRrROQwmQ (M)

12 7 1 25=04=1992 Cape Mendocino, CA

202 7 6 21=09=1999 Chi-Chi, Taiwan

20 6 4 05=05=1983 Coalinga, CA

12 7 5 06=08=1979 Coyote Lake, CA

45 7 1 12=11=1999 Duzce, Turkey

10 6 5 06=05=1976 Friuli, Italy

2 6 18=05=1940 Imperial Valley, CA

68 6 5 15=10=1979 Imperial Valley, CA

10 7 4 21=07=1952 Kern County, CA

22 6 9 17=01=1995 Kobe, Japan

29 7 4 17=08=1999 Kocaeli, Turkey

124 7 3 28=06=1992 Landers, CA

111 6 9 17=10=1989 Loma Prieta, CA

6 6 3 25=05=1980 Mammoth Lakes, CA

8 6 27=05=1980 Mammoth Lakes, CA

54 6 2 24=04=1984 Morgan Hill, CA

6 6 9 23=12=1985 Nahanni, Canada

280 6 7 17=01=1994 Northridge, CA

11 6 1 28=06=1966 Park�eld, CA

61 6 6 09=02=1971 San Fernando, CA

4 6 13=08=1978 Santa Barbara, CA

10 6 7 23=11=1987 Superstition Hills, CA

14 7 4 16=09=1978 Tabas, Iran

12 5 8 26=04=1981 Westmoreland, CA

230 6 01=10=1987 Whittier Narrows, CA

84



|Qo
Wr

|ra
wu

=}Qi
aH

QU=}

"|oDN}Uo hrDNt |=y?} Q[ QO 'CNU x=oCN=U ky=kmax C=Q}}eD "7 pmW

8 pmW "OwW|t xOy=Wt u=mtQ}}eD u} QDtm Ia < 0 03 m=s QO w u=mtQ}}eD
OvwQ =yu=mtQ}}eD Vy=m OvwQ '|oDN}Uo ?} Q[ Q=Okt V}=Ri= =@ xm OyO|t u=Wv
"OwW|t QDW}@ |Wy=m OvwQ u}= '0 4 |oDN}Uo ?} Q[ QO |rw &CU= |y@=Wt
OyO|t u=Wv QDt 1000 w 10 VRer pw] wO u}@ u=mtQ}}eD u}@ |xU}=kt u}vJty

"O@=}|t V}=Ri= Q@=Q@ 5 ,=@} QkD u=mtQ}}eD '|oDN}Uo pw] V}=Ri= =@ xm
|m =N |=yOU w =y?}W Q=oOv=t u=mtQ}}eD |x@U=Lt |=Q@ |O=} R|@ QHD\@=wQ
QF= xm OvDUy lQ=tw}v ?rY lwr@ VwQ T=U=Q@ =yu; QDW}@ |rw 'CU= xOW x�=Q=
"CU= xOWv xO}O =yu; QO sDU}U MU=B QF= w u=mtQ}}eD x@ xDU@=w |oDN}Uo ?} Q[
|x]@=Q 'VywSB u}= QO "OvwW KqY= xOWQmP \@=wQ xm CU= R=}v T=U= u}= Q@
w |oDN}Uo pw] '|OwQw Gwt |=yQDt=Q=B =@ xOWKqY= |xDU@=w p}rLD u=mtQ}}eD
u=mtQ}}eD |x@U=Lt |=Q@ 14 |r= 12 \@=wQ w |UQQ@ |oDN}Uo ?} Q[ C@Uv

%CU= xOW O=yvW}B Q=oOv=t
%ln( ky

kmax
) > 1 5 Qo =

D = 0 (12)

%�4 < ln( ky
kmax

) � 1 5 Qo =
ln(D) =a1 + a2 ln( ky

kmax
) + a3 ln(L) + a4 ln(PGV )

+ a5 ln(Ia) + a6M (13)

|=Q@ hrDNt |=yQDt=Q=B C=Q}}eD x@ C@Uv Q=oOv=t |=yu=mtQ}}eD C=Q}}eD
u=Wv 8 pmW QO QDt 1000 w 10 |=ypw] w �B w A� CNU |=yx=oCN=U
hrDNt |=yQDt=Q=B QO |oDN}Uo ?} Q[ C=Q}F-=D 'QwmPt pmW QO "CU= xOW xO=O
ky=kmax V}=Ri= =@ xm OyO|t u=Wv hr=8 pmW "CU= xDiQo Q=Qk |UQQ@ OQwt
QiY Q@=Q@ u=mtQ}}eD '1 5 R= QDnQR@ ky=kmax R= w O@=}|t Vy=m |}=Hx@=H Q=Okt
"CU= xOW pY=L u=mtQ}}eD u} QDW}@ ky=kmax = 0 02 QO ,=@} QkD w OwW|t
?8 pmW "OwW|t xDU=m u=mtQ}}eD Q=Okt R= ky V}=Ri= =@ 'C@=F kmax QO u}vJty
"OQ=O |W}=Ri= OvwQ R}v u=mtQ}}eD Q=Okt (M) xrRrR |=oQR@V}=Ri= =@ xm OyO|t u=Wv
x@ 'O@=}|t Vy=m R}v |}=Hx@=H Q=Okt 'X=N |=oQR@ l} QO ky V}=Ri= =@ u}vJty
|oDN}Uo ?} Q[ u}@ �QDt 1000 VRer pw] |=Q@� hqDN= u} QDW}@ QO xm |wLv
xm OyO|t u=Wv G8 pmW "CU= Q@=Q@ 20 ,=@} QkD 0 4 |oDN}Uo ?} Q[ =@ 0 02
0 9 =D 0 1 u}@ PGA QO xm 'O@=}|t V}=Ri= R}v u=mtQ}}eD Q=Okt PGAV}=Ri= =@
u=mtQ}}eD Q=Okt ,=@} QkD PGA < 0 03 QO "OwW|t xOy=Wt u=mtQ}}eD u} QDW}@
xOW s}UQD CaQU |xv}W}@ x@ C@Uv |}=Hx@=H C=Q}}eD 'O8 pmW QO "CU= R}J=v
V}=Ri= R}v u=mtQ}}eD CaQU |xv}W}@ V}=Ri= =@ xm OyO|t u=Wv pmW u}= "CU=
xOy=Wt u=mtQ}}eD u} QDW}@ 'PGV = 100 cm=s QO xm |wLv x@ 'Ovm|t =O}B
C=Q}}eD 'w8 pmW "CU= R}J=v u=mtQ}}eD Q=Okt PGV < 5 cm=s QO w OwW|t
V}=Ri= =@ 'OwW|t xOy=Wt xm Qw]u=ty "OyO|t u=Wv =Q Ia x@ C@Uv |}=Hx@=H
u} QDW}@ Ia = 10 m=s QO xm |wLv x@ "O@=}|t V}=Ri= R}v u=mtQ}}eD Q=Okt Ia
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}B

"C=Q}}eD x@ C@UvQDt 1000 w 10 |oDN}Uo pw] w |oDN}Uo hrDNt |=y?} Q[ QO CNU x=oCN=U u=mtQ}}eD C=Q}}eD "8 pmW

"12 w 11 |=yx]@=Q C@=F ?}=Q[ Q}O=kt "3 pwOH
sQv x=oCN=U CNU x=oCN=U QDt=Q=B
�18 919 �17 109 a1
�5 464 �5 046 a2

0 1 0 1 a3
0 126 0 107 a4
0 1 0 1 a5

1 361 1 079 a6

|=v@t Q@ \@=wQ QDW}@ "CU= QDt=Q=B OvJ x@ xDU@=w 'Qo}O |NQ@ QO w QDt=Q=B wO x@
xDU@=wQ}e w xDU@=w VwQ T=U=Q@ |tm O=OaD w OvDUy lQ=tw}v ?rY lwr@ VwQ
|x]@=Q =@ u=QoWywSB Q}=U \@=wQ |QDt=Q=B p}rLD |xU}=kt '9 pmW QO "OvDUy
"CU= xOW xO=O u=Wv QDt 1000 w 10 pw] wO |=Q@ �JL� VywSB u}= QO xOWx�=Q=
T=U=Q@ "CU= xOW sUQ =oQR@ C=Q}}eD x@ C@Uv u=mtQ}}eD C=Q}}eD 'hr=9 pmW QO
pw] wO Qy QO� JL \UwD xOW|v}@V}B u=mtQ}}eD =oQR@ V}=Ri= =@ 'QwmPt pmW
[17]'SR08 [18]'HL10 |rw &Ov@=}|t V}=Ri= [10]'BT07 [16]'J07 '�|oDN}Uo
wO u=mtQ}}eD u}@ |xU}=kt "OvDUy C@=F [20]'HF84 w [14]'FC77 [13]'AM88
u}@ hqDN= '5 5 |=oQR@ QO xm OyO|t u=Wv Cw=iDt |=y=oQR@ QO hrDNt pw]

%ln( ky
kmax

) � �4 Qo =
ln(D) =a1 + a2(�3 3) + a3 ln(L) + a4 ln(PGV )

+ a5 ln(Ia) + a6M (14)

Q@ L 'x}v=F Q@ QDt|Dv=U ?UL Q@ PGV 'C@=F ?}=Q[ a1; a2; :::; a5 'u; QO xm
\@=wQ QO "CU= QDt|Dv=U ?UL Q@ D w 'x}v=F Q@ QDt ?UL Q@ Ia 'QDt ?UL
|=Q@ w �76 CNU |=yx=oCN=U |=Q@ (R2) |oDU@ty ?} Q[ '14 |r= 12
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=Q ẁ[wt u}= "O};|t O}OB |QDtm |=yu=mtQ}}eD =Pr 'OwW|t QDW}@ u=mtQ}}eD x@
Ts=Tm xJ Qy 'CU= C@=F ky=kmax xm |v=tR %OQm x}HwD CQwY u}= x@ u=wD|t
ky 'ky=kmax \}=QW QO =Pr "OwW|t QDlJwm xrRrR pO=at ?=DW 'OW=@ QDnQR@
xDU@=w |oDN}Uo ?} Q[ w �j}ta |=yVRer� 'Ovm|t Q=}DN= =Q |QDlJwm OOa

"CW=O Oy=wN |QDW}@ Q}F-=D 'u=mtQ}}eD x@
|xDU@=wQ}e p}rLD '0 5-4 u}@ ?w=vD |xQwO |=yC@Uv QO xm Cio u=wD|t
xv=Q=mx_i=Lt 'xOWKqY= |xDU@=w p}rLD x@ C@Uv =Q u=mtQ}}eD 'xOWKqY=
'xOWKqY= |xDU@=wp}rLD 'QDnQR@ ?w=vD |xQwO |=yC@Uv |=Q@ "Ovm|t|v}@V}B
|xDU@=w p}rLD 'x=Dwm ?w=vD |=yxQwOC@Uv QO "Ovm|t|v}@V}B QDW}@ =Q u=mtQ}}eD
QO w Ovm|t |v}@V}B xOW?rY lwr@ VwQ R= QDW}@ =Q u=mtQ}}eD 'xOWKqY=
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