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k *QMi`QHbki,t + εi,tX Uh_�*1 A: /QHH�` #QM/bV
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! ai�M/�`/ `BbFb �M/ BMbiBimiBQM�H 7�+iQ`b 7�BH iQ �++QmMi 7Q` i?2 /Bb+QmMiX

�M mM+2`i�BMiv@#�b2/ 2tTH�M�iBQM,
! h?2 mM+2`i�BMiv BM/2t 7`QK "�F2`- "HQQK- �M/ .�pBb UkyReV +�M 2tTH�BM � bm#bi�MiB�H TQ`iBQM Q7 i?2 /Bb+QmMiX
! h?2 mM+2`i�BMiv@#�b2/ KQ/2H +�HB#`�iBQMb +�M K�i+? i?2 2KTB`B+�H /�i� [mBi2 r2HHX

AKTHB+�iBQMb,
! 6Q`2B;M a[m22x2, 7Q`2B;M /QHH�` #QM/b bmz2` 7`QK ?B;? b2HHBM; T`2bbm`2 /m`BM; *PoA.@RNX
! h?2 7Q`2B;M /Bb+QmMi Ula� 2z2+iV /QKBM�i2b i?2 /QHH�` b�72iv T`2KBmK Ula. 2z2+iVX

! *`2/BiaT`2�/i,t = at + #i 6Q`2B;Mi,t + ct _�iBM;i,t +
∑

k *QMi`QHbki,t + εi,tX Uh_�*1 A: /QHH�` #QM/bV

w?2 :2M; 6Q`2B;M .Bb+QmMi BM AMi2`M�iBQM�H *Q`TQ`�i2 "QM/b J�v kR- kyk9 j f RN



J�BM 6BM/BM;b
.Q+mK2Mi �M/ [m�MiB7v i?2 7Q`2B;M /Bb+QmMi,

! 6Q`2B;M Bbbm2`b T�v ky #Tb ?B;?2` +`2/Bi bT`2�/b i?�M la +QmMi2`T�`ibX
! LQi mMB[m2 iQ i?2 /QHH�`- Bi �HbQ 2tBbib rBi?BM 2m`Q@/2MQKBM�i2/ +Q`TQ`�i2 #QM/bX

.Bb+QmMi

q?�i FBM/ Q7 `BbFb\
! Abbm2`@H2p2H `BbF- +QmMi`v@H2p2H `BbF- la `BbF T`2KBmK- BMbiBimiBQM�H /Bz- �M/ BMp2biQ` +HB2Mi2H2X
! ai�M/�`/ `BbFb �M/ BMbiBimiBQM�H 7�+iQ`b 7�BH iQ �++QmMi 7Q` i?2 /Bb+QmMiX

�M mM+2`i�BMiv@#�b2/ 2tTH�M�iBQM,
! h?2 mM+2`i�BMiv BM/2t 7`QK "�F2`- "HQQK- �M/ .�pBb UkyReV +�M 2tTH�BM � bm#bi�MiB�H TQ`iBQM Q7 i?2 /Bb+QmMiX
! h?2 mM+2`i�BMiv@#�b2/ KQ/2H +�HB#`�iBQMb +�M K�i+? i?2 2KTB`B+�H /�i� [mBi2 r2HHX

AKTHB+�iBQMb,
! 6Q`2B;M a[m22x2, 7Q`2B;M /QHH�` #QM/b bmz2` 7`QK ?B;? b2HHBM; T`2bbm`2 /m`BM; *PoA.@RNX
! h?2 7Q`2B;M /Bb+QmMi Ula� 2z2+iV /QKBM�i2b i?2 /QHH�` b�72iv T`2KBmK Ula. 2z2+iVX

! *`2/BiaT`2�/i,t = at + #i 6Q`2B;Mi,t + ct _�iBM;i,t +
∑

k *QMi`QHbki,t + εi,tX Uh_�*1 A: /QHH�` #QM/bV

w?2 :2M; 6Q`2B;M .Bb+QmMi BM AMi2`M�iBQM�H *Q`TQ`�i2 "QM/b J�v kR- kyk9 j f RN



*QMi`B#miBQMb
*Q`TQ`�i2 �M/ aQp2`2B;M "QM/ S`B+BM;,

! *`2/Bi S`B+BM;, *QHHBM@.m7`2bM2- :QH/bi2BM- �M/ J�`iBM UkyyRV- *�KT#2HH �M/ h�FbH2` UkyyjV- 1/r�`/b- >�``Bb-
�M/ SBrQr�` UkyydV- "�Q- S�M- �M/ q�M; UkyRRV- GQM;bi�z 2i �HX UkyRRV- Em2?M �M/ a+?KB/ UkyR9V- *mHT-
LQx�r�- �M/ o2`QM2bB UkyR3V- >m�M;- LQx�r�- �M/ a?B Ukyk9V- q�M; Ukyk9VXXX

! h?Bb T�T2` 7Q+mb2b QM ǳMQM@la Qp2` laǴ- `�i?2` i?�M la- �M/ /Q+mK2Mi i?2 7Q`2B;M /Bb+QmMi 2z2+iX

>QK2 "B�b �M/ *m``2M+v "B�b,
! >QK2 "B�b, 6`2M+? �M/ SQi2`#� URNNRV- *Qp�H �M/ JQbFQrBix URNNNV- P#bi72H/ �M/ _Q;Qz UkyyyV-

*Q2m`/�+B2` �M/ _2v UkyRjV- *QQT2`- a2`+m �M/ o�MTû2 UkyRjV- "m`;2` 2i �HX UkyR3V- J�;;BQ`B- L2BK�M �M/
a+?`2;2` UkykyVXXX

! h?Bb T�T2` 7Q+mb2b QM i?2 T`B+BM;- `�i?2` i?�M ?QH/BM;b- �M/ /Q+mK2Mi i?2 7Q`2B;M b[m22x2 2z2+iX

.QHH�` .2#i .QKBM�M+2 �M/ .QHH�` a�72iv S`2KBmK,
! E`Bb?M�Km`i?v �M/ oBbbBM;@CǠ`;2Mb2M UkyRkV- Ap�b?BM�- a+?�`7bi2BM- �M/ ai2BM UkyR8V- "`mMQ �M/ a?BM UkyR9-

kyRdV- *�#�HH2`Q �M/ 6�`?B UkyR3V- .m- h2TT2`- �M/ o2`/2H?�M UkyR3V- *2M2/2b2 2i �HX UkykRV- CB�M;-
E`Bb?M�Km`i?v �M/ GmbiB; UkyR3- kyky- kykjV- J�;;BQ`B- L2BK�M �M/ a+?`2;2` UkykyV- GB�Q UkykyV-
*�`�KB+?�2H- :QTBM�i? �M/ GB�Q UkykRV- a?B- oBbr�M�i?@L�i`�D �M/ q�M; UkykkV- >m 2i �HX UkykkVXXX

! h?Bb T�T2` 7Q+mb2b QM i?2 +Qbi- `�i?2` i?�M #2M2}i- �bbQ+B�i2/ rBi? /QHH�` #QM/ Bbbm�M+2X
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_Q�/K�T

.�i� amKK�`v

Zm�MiB7v i?2 6Q`2B;M .Bb+QmMi
! *`Qbb@*QmMi`v �M/ *`Qbb@*m``2M+v
! _BbF �M/ AMbiBimiBQM�H 6�+iQ`b

lM+2`i�BMiv@"�b2/ 1tTH�M�iBQM
! amTTQ`iBM; 1KTB`B+�H 1pB/2M+2b
! JQ/2H *�HB#`�iBQMb

AKTHB+�iBQMb
! 6Q`2B;M a[m22x2
! *QKT�`BbQM rBi? a�72 .QHH�` S`2KBmK



_Q�/K�T

.�i� amKK�`v

Zm�MiB7v i?2 6Q`2B;M .Bb+QmMi
! *`Qbb@*QmMi`v �M/ *`Qbb@*m``2M+v
! _BbF �M/ AMbiBimiBQM�H 6�+iQ`b

lM+2`i�BMiv@"�b2/ 1tTH�M�iBQM
! amTTQ`iBM; 1KTB`B+�H 1pB/2M+2b
! JQ/2H *�HB#`�iBQMb

AKTHB+�iBQMb
! 6Q`2B;M a[m22x2
! *QKT�`BbQM rBi? a�72 .QHH�` S`2KBmK
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.�i� amKK�`v

Zm�MiB7v i?2 6Q`2B;M .Bb+QmMi
! *`Qbb@*QmMi`v �M/ *`Qbb@*m``2M+v
! _BbF �M/ AMbiBimiBQM�H 6�+iQ`b

lM+2`i�BMiv@"�b2/ 1tTH�M�iBQM
! amTTQ`iBM; 1KTB`B+�H 1pB/2M+2b
! JQ/2H *�HB#`�iBQMb

AKTHB+�iBQMb
! 6Q`2B;M a[m22x2
! *QKT�`BbQM rBi? a�72 .QHH�` S`2KBmK
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_Q�/K�T

.�i� amKK�`v

Zm�MiB7v i?2 6Q`2B;M .Bb+QmMi
! *`Qbb@*QmMi`v �M/ *`Qbb@*m``2M+v
! _BbF �M/ AMbiBimiBQM�H 6�+iQ`b

lM+2`i�BMiv@"�b2/ 1tTH�M�iBQM
! amTTQ`iBM; 1KTB`B+�H 1pB/2M+2b
! JQ/2H *�HB#`�iBQMb

AKTHB+�iBQMb
! 6Q`2B;M a[m22x2
! *QKT�`BbQM rBi? a�72 .QHH�` S`2KBmK



_BbF �M/ _BbF S`2KB�
6Q`2B;M RdXyy   RdX3e   ReXj3   RdXyR   ReXNe   R9X3j   

(jXke) (jXdN) (jXee) (jX99) (jX98) (kX8e)
_�iBM; RNXyj   R3Xkj   ReXkR   ReXkj   ReXk3   ReXje   

(RyXRy) (RyX33) (RyXRj) (RyXj3) (RyX8N) (RyX39)
J�im`Biv jXjk   kXdj   kXde   kXd8   kXdd   kXd3   

(RkXd3) (eX9N) (eX3N) (eXNy) (eX3N) (dXRy)
�;2 kXkj   kXRj   RXNj   RX39   RX3e   RX39   

(8X99) (8Xj9) (8Xdk) (8X99) (8X9R) (8XNe)
hm`MQp2` RXdj   RX93   RX9k   RX9R   RX9y   

(jXRk) (kXNj) (kX3e) (kX3k) (kX33)
:�KK� RdXkk   ReX9e   ReXjR   R8X83   R8X8k   

(jX9k) (jXdd) (jXdN) (jX8R) (jXdk)
G2p2`�;2 yX99   yX9e   yX9e   yX9e   

(9Xj3) (9X39) (9XdN) (8XyR)
�bb2i:`Qri? @yXj9   @yXy3 @yXy3 @yXyN

(@kX3k) (@yXN9) (@yXN8) (@RXyN)
1[mBivoQH�iBHBiv RXjd   yXe8  yXe8   yXe9   

(eX3j) (kX8R) (kXeR) (kX8e)
.27�mHi_BbF RXyy   RXyR   RXyy   

(kXe8) (kXe8) (kXe3)
1[mBivS`2KBmK @R9X9N  @R8Xd3   

(@kXje) (@jXRR)
o�`B�M+2S`2KBmK yX8k yX89

(RXRN) (RXjj)
h2`KS`2KBmK yXdk @yXNR

(yX8R) (@yX8d)
.27�mHiS`2KBmK @RXy8 @yXjk

(@RX9d) (@yXdR)
SQHBiB+�H_BbF @yXNN

(@yX38)
*m``2M+v_BbF @yXe3

(@RXyd)
*`2/Bi_BbF RXdj

(RXjd)
�/D R2 yXkj yXjd yX9j yX99 yX98 yX9e

Abbm2`@G2p2H _BbF,
! GB[mB/Biv `BbF, im`MQp2`- BHHB[mB/BivX
! *`2/Bi `BbF, J2`iQMǶb JQ/2HX

" AMTmib, H2p2`�;2- �bb2i
;`Qri?- �M/ 2[mBiv pQH�iBHBivX

" PmiTmi, .Bbi�M+2@iQ@.27�mHi
�M/ /27�mHi `BbF K2�bm`2X

la _BbF S`2KB�,
! 1[mBiv `BbF T`2KBmKX
! o�`B�M+2 `BbF T`2KBmKX
! h2`K T`2KBmKX
! .27�mHi T`2KBmKX

*QmMi`v@G2p2H _BbF,
! SQHBiB+�H `BbF UA*_:VX
! *m``2M+v `BbF U6s `�i2VX
! GQ+�H *`2/Bi `BbFX

w?2 :2M; 6Q`2B;M .Bb+QmMi BM AMi2`M�iBQM�H *Q`TQ`�i2 "QM/b J�v kR- kyk9 N f RN



_BbF �M/ _BbF S`2KB�
6Q`2B;M RdXyy   RdX3e   ReXj3   RdXyR   ReXNe   R9X3j   

(jXke) (jXdN) (jXee) (jX99) (jX98) (kX8e)
_�iBM; RNXyj   R3Xkj   ReXkR   ReXkj   ReXk3   ReXje   

(RyXRy) (RyX33) (RyXRj) (RyXj3) (RyX8N) (RyX39)
J�im`Biv jXjk   kXdj   kXde   kXd8   kXdd   kXd3   

(RkXd3) (eX9N) (eX3N) (eXNy) (eX3N) (dXRy)
�;2 kXkj   kXRj   RXNj   RX39   RX3e   RX39   

(8X99) (8Xj9) (8Xdk) (8X99) (8X9R) (8XNe)
hm`MQp2` RXdj   RX93   RX9k   RX9R   RX9y   

(jXRk) (kXNj) (kX3e) (kX3k) (kX33)
:�KK� RdXkk   ReX9e   ReXjR   R8X83   R8X8k   

(jX9k) (jXdd) (jXdN) (jX8R) (jXdk)
G2p2`�;2 yX99   yX9e   yX9e   yX9e   

(9Xj3) (9X39) (9XdN) (8XyR)
�bb2i:`Qri? @yXj9   @yXy3 @yXy3 @yXyN

(@kX3k) (@yXN9) (@yXN8) (@RXyN)
1[mBivoQH�iBHBiv RXjd   yXe8  yXe8   yXe9   

(eX3j) (kX8R) (kXeR) (kX8e)
.27�mHi_BbF RXyy   RXyR   RXyy   

(kXe8) (kXe8) (kXe3)
1[mBivS`2KBmK @R9X9N  @R8Xd3   

(@kXje) (@jXRR)
o�`B�M+2S`2KBmK yX8k yX89

(RXRN) (RXjj)
h2`KS`2KBmK yXdk @yXNR

(yX8R) (@yX8d)
.27�mHiS`2KBmK @RXy8 @yXjk

(@RX9d) (@yXdR)
SQHBiB+�H_BbF @yXNN

(@yX38)
*m``2M+v_BbF @yXe3

(@RXyd)
*`2/Bi_BbF RXdj

(RXjd)
�/D R2 yXkj yXjd yX9j yX99 yX98 yX9e

Abbm2`@G2p2H _BbF,
! GB[mB/Biv `BbF, im`MQp2`- BHHB[mB/BivX
! *`2/Bi `BbF, J2`iQMǶb JQ/2HX

" AMTmib, H2p2`�;2- �bb2i
;`Qri?- �M/ 2[mBiv pQH�iBHBivX

" PmiTmi, .Bbi�M+2@iQ@.27�mHi
�M/ /27�mHi `BbF K2�bm`2X

la _BbF S`2KB�,
! 1[mBiv `BbF T`2KBmKX
! o�`B�M+2 `BbF T`2KBmKX
! h2`K T`2KBmKX
! .27�mHi T`2KBmKX

*QmMi`v@G2p2H _BbF,
! SQHBiB+�H `BbF UA*_:VX
! *m``2M+v `BbF U6s `�i2VX
! GQ+�H *`2/Bi `BbFX
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_BbF �M/ _BbF S`2KB�
6Q`2B;M RdXyy   RdX3e   ReXj3   RdXyR   ReXNe   R9X3j   

(jXke) (jXdN) (jXee) (jX99) (jX98) (kX8e)
_�iBM; RNXyj   R3Xkj   ReXkR   ReXkj   ReXk3   ReXje   

(RyXRy) (RyX33) (RyXRj) (RyXj3) (RyX8N) (RyX39)
J�im`Biv jXjk   kXdj   kXde   kXd8   kXdd   kXd3   

(RkXd3) (eX9N) (eX3N) (eXNy) (eX3N) (dXRy)
�;2 kXkj   kXRj   RXNj   RX39   RX3e   RX39   

(8X99) (8Xj9) (8Xdk) (8X99) (8X9R) (8XNe)
hm`MQp2` RXdj   RX93   RX9k   RX9R   RX9y   

(jXRk) (kXNj) (kX3e) (kX3k) (kX33)
:�KK� RdXkk   ReX9e   ReXjR   R8X83   R8X8k   

(jX9k) (jXdd) (jXdN) (jX8R) (jXdk)
G2p2`�;2 yX99   yX9e   yX9e   yX9e   

(9Xj3) (9X39) (9XdN) (8XyR)
�bb2i:`Qri? @yXj9   @yXy3 @yXy3 @yXyN

(@kX3k) (@yXN9) (@yXN8) (@RXyN)
1[mBivoQH�iBHBiv RXjd   yXe8  yXe8   yXe9   

(eX3j) (kX8R) (kXeR) (kX8e)
.27�mHi_BbF RXyy   RXyR   RXyy   

(kXe8) (kXe8) (kXe3)
1[mBivS`2KBmK @R9X9N  @R8Xd3   

(@kXje) (@jXRR)
o�`B�M+2S`2KBmK yX8k yX89

(RXRN) (RXjj)
h2`KS`2KBmK yXdk @yXNR

(yX8R) (@yX8d)
.27�mHiS`2KBmK @RXy8 @yXjk

(@RX9d) (@yXdR)
SQHBiB+�H_BbF @yXNN

(@yX38)
*m``2M+v_BbF @yXe3

(@RXyd)
*`2/Bi_BbF RXdj

(RXjd)
�/D R2 yXkj yXjd yX9j yX99 yX98 yX9e

Abbm2`@G2p2H _BbF,
! GB[mB/Biv `BbF, im`MQp2`- BHHB[mB/BivX
! *`2/Bi `BbF, J2`iQMǶb JQ/2HX

" AMTmib, H2p2`�;2- �bb2i
;`Qri?- �M/ 2[mBiv pQH�iBHBivX

" PmiTmi, .Bbi�M+2@iQ@.27�mHi
�M/ /27�mHi `BbF K2�bm`2X

la _BbF S`2KB�,
! 1[mBiv `BbF T`2KBmKX
! o�`B�M+2 `BbF T`2KBmKX
! h2`K T`2KBmKX
! .27�mHi T`2KBmKX

*QmMi`v@G2p2H _BbF,
! SQHBiB+�H `BbF UA*_:VX
! *m``2M+v `BbF U6s `�i2VX
! GQ+�H *`2/Bi `BbFX

w?2 :2M; 6Q`2B;M .Bb+QmMi BM AMi2`M�iBQM�H *Q`TQ`�i2 "QM/b J�v kR- kyk9 N f RN



_BbF �M/ _BbF S`2KB�
6Q`2B;M RdXyy   RdX3e   ReXj3   RdXyR   ReXNe   R9X3j   

(jXke) (jXdN) (jXee) (jX99) (jX98) (kX8e)
_�iBM; RNXyj   R3Xkj   ReXkR   ReXkj   ReXk3   ReXje   

(RyXRy) (RyX33) (RyXRj) (RyXj3) (RyX8N) (RyX39)
J�im`Biv jXjk   kXdj   kXde   kXd8   kXdd   kXd3   

(RkXd3) (eX9N) (eX3N) (eXNy) (eX3N) (dXRy)
�;2 kXkj   kXRj   RXNj   RX39   RX3e   RX39   

(8X99) (8Xj9) (8Xdk) (8X99) (8X9R) (8XNe)
hm`MQp2` RXdj   RX93   RX9k   RX9R   RX9y   

(jXRk) (kXNj) (kX3e) (kX3k) (kX33)
:�KK� RdXkk   ReX9e   ReXjR   R8X83   R8X8k   

(jX9k) (jXdd) (jXdN) (jX8R) (jXdk)
G2p2`�;2 yX99   yX9e   yX9e   yX9e   

(9Xj3) (9X39) (9XdN) (8XyR)
�bb2i:`Qri? @yXj9   @yXy3 @yXy3 @yXyN

(@kX3k) (@yXN9) (@yXN8) (@RXyN)
1[mBivoQH�iBHBiv RXjd   yXe8  yXe8   yXe9   

(eX3j) (kX8R) (kXeR) (kX8e)
.27�mHi_BbF RXyy   RXyR   RXyy   

(kXe8) (kXe8) (kXe3)
1[mBivS`2KBmK @R9X9N  @R8Xd3   

(@kXje) (@jXRR)
o�`B�M+2S`2KBmK yX8k yX89

(RXRN) (RXjj)
h2`KS`2KBmK yXdk @yXNR

(yX8R) (@yX8d)
.27�mHiS`2KBmK @RXy8 @yXjk

(@RX9d) (@yXdR)
SQHBiB+�H_BbF @yXNN

(@yX38)
*m``2M+v_BbF @yXe3

(@RXyd)
*`2/Bi_BbF RXdj

(RXjd)
�/D R2 yXkj yXjd yX9j yX99 yX98 yX9e

Abbm2`@G2p2H _BbF,
! GB[mB/Biv `BbF, im`MQp2`- BHHB[mB/BivX
! *`2/Bi `BbF, J2`iQMǶb JQ/2HX

" AMTmib, H2p2`�;2- �bb2i
;`Qri?- �M/ 2[mBiv pQH�iBHBivX

" PmiTmi, .Bbi�M+2@iQ@.27�mHi
�M/ /27�mHi `BbF K2�bm`2X

la _BbF S`2KB�,
! 1[mBiv `BbF T`2KBmKX
! o�`B�M+2 `BbF T`2KBmKX
! h2`K T`2KBmKX
! .27�mHi T`2KBmKX

*QmMi`v@G2p2H _BbF,
! SQHBiB+�H `BbF UA*_:VX
! *m``2M+v `BbF U6s `�i2VX
! GQ+�H *`2/Bi `BbFX

w?2 :2M; 6Q`2B;M .Bb+QmMi BM AMi2`M�iBQM�H *Q`TQ`�i2 "QM/b J�v kR- kyk9 N f RN



AMbiBimiBQM�H .Bz2`2M+2
>Qr +�M MQM@la }`Kb Bbbm2 /QHH�`@/2MQKBM�i2/ #QM/b\

! _2;Bbi`�iBQM mM/2` a1* Ubi`BM;2Mi /Bb+HQbm`2V- _mH2 R99� UZA"bV- _2; a U1m`Q/QHH�`VX

h�t i`2�iK2Mi,
! 6Q`2B;M }`Kb T�v +Q`TQ`�i2 BM+QK2 i�t- #`�M+? T`Q}ib i�t- �M/ rBi??QH/BM; i�tX
! AMi2`M�iBQM�H i�t�iBQM, i2``BiQ`B�H UlE- .1- 6_- *�- CSV pXbX rQ`H/rB/2 Ula- *L- JsVX

.27�mHi �M/ "�MF`mTi+v,
! Pmi@Q7@+Qm`i `2bi`m+im`BM;- *?�Ti2` RR `2Q`;�MBx�iBQM Q` HB[mB/�iBQMX
! aBKBH�` /27�mHi T`Q#�#BHBiv #mi ?B;?2` `2+Qp2`v `�i2X

S�vK2Mi BM .QHH�`,
! 62/ ar�T GBM2, T`QpB/2 7Q`2B;M +2Mi`�H #�MFb rBi? /QHH�` 7mM/BM; iQ BMbiBimiBQMb BM i?2B` Dm`Bb/B+iBQMbX

*QHH�i2`�H �M/ +Qp2M�Mib,
! .h* UkyW@jyW ?�B`+mi 7Q` A:V BM laX
! *Qp2M�Mib �`2 HB;?i 7Q` A:X UM2;�iBp2 TH2/;2V

AMp2biQ` *HB2Mi2H2, "QM/ >QH/2`b
! lb2 2J�ss iQ K2`;2 rBi? h_�*1X
! _2p2`b2Hv B/2MiB7v BMp2biQ` ivT2 #v mbBM; i`�/2 bBx2X

w?2 :2M; 6Q`2B;M .Bb+QmMi BM AMi2`M�iBQM�H *Q`TQ`�i2 "QM/b J�v kR- kyk9 Ry f RN



_Q�/K�T

.�i� amKK�`v

Zm�MiB7v i?2 6Q`2B;M .Bb+QmMi
! *`Qbb@*QmMi`v �M/ *`Qbb@*m``2M+v
! _BbF �M/ AMbiBimiBQM�H 6�+iQ`b

lM+2`i�BMiv@"�b2/ 1tTH�M�iBQM
! amTTQ`iBM; 1KTB`B+�H 1pB/2M+2b
! JQ/2H *�HB#`�iBQMb

AKTHB+�iBQMb
! 6Q`2B;M a[m22x2
! *QKT�`BbQM rBi? a�72 .QHH�` S`2KBmK



RX *QmMi`v@G2p2H lM+2`i�BMiv
1+QMQKB+ SQHB+v lM+2`i�BMiv U1SlV AM/2t 7`QK "�F2`- "HQQK- �M/ .�pBb UkyReVX

! QrM@+QmMi`v M2rbT�T2` +Qp2`�;2 Q7 TQHB+v@`2H�i2/ 2+QMQKB+ mM+2`i�BMivX
! i?2 MmK#2` Q7 72/2`�H i�t +Q/2 T`QpBbBQMb b2i iQ 2tTB`2 7`QK *"PX
! /BbT2`bBQM �KQM; 2+QMQKB+ 7Q`2+�bi2`b 7`QK am`p2v Q7 S`Q72bbBQM�H 6Q`2+�bi2`bX

6Q`2B;M RdXyy   8XNR RdXyR   dX93 R9X3j   eXye
(jXke) (yXNN)) (jX99) (RX9y)) (kX8e) (yXN3))

1Sl RXN3   RXdR   RX9d   
(9Xee) (dXyj) (8Xee))

_�iBM; RNXyj   R3XN8   ReXkj   ReXR9   ReXje   ReXjR   
(RyXRy) (RyXRN) (RyXj3) (RyXke) (RyX39) (RyXdN)

J�im`Biv jXjk   jXjR   kXd8   kXde   kXd3   kXd3   
(RkXd3) (RkXd3) (eXNy) (eXNj) (dXRy) (dXRk)

�;2 kXkj   kXRN   RX39   RX3k   RX39   RX3k   
(8X99) (8XNk) (8X99) (8XeN) (8XNe) (eXRR)

Abbm2`_BbF LQ LQ u2b u2b u2b u2b
la_BbFS`2KBmK LQ LQ LQ LQ u2b u2b
*QmMi`v_BbF LQ LQ LQ LQ u2b u2b
AM/mbi`v�u2�` 61 u2b u2b u2b u2b u2b u2b
P#b 9k83ee 9k83ee 9k83ee 9k83ee 9k9N93 9k83ee
�/D R2 yXkj yXk9 yX99 yX99 yX9e yX9e

w?2 :2M; 6Q`2B;M .Bb+QmMi BM AMi2`M�iBQM�H *Q`TQ`�i2 "QM/b J�v kR- kyk9 RR f RN



RX *QmMi`v@G2p2H lM+2`i�BMiv
1+QMQKB+ SQHB+v lM+2`i�BMiv U1SlV AM/2t 7`QK "�F2`- "HQQK- �M/ .�pBb UkyReVX

! QrM@+QmMi`v M2rbT�T2` +Qp2`�;2 Q7 TQHB+v@`2H�i2/ 2+QMQKB+ mM+2`i�BMivX
! i?2 MmK#2` Q7 72/2`�H i�t +Q/2 T`QpBbBQMb b2i iQ 2tTB`2 7`QK *"PX
! /BbT2`bBQM �KQM; 2+QMQKB+ 7Q`2+�bi2`b 7`QK am`p2v Q7 S`Q72bbBQM�H 6Q`2+�bi2`bX

6Q`2B;M RdXyy   8XNR RdXyR   dX93 R9X3j   eXye
(jXke) (yXNN)) (jX99) (RX9y)) (kX8e) (yXN3))

1Sl RXN3   RXdR   RX9d   
(9Xee) (dXyj) (8Xee))

_�iBM; RNXyj   R3XN8   ReXkj   ReXR9   ReXje   ReXjR   
(RyXRy) (RyXRN) (RyXj3) (RyXke) (RyX39) (RyXdN)

J�im`Biv jXjk   jXjR   kXd8   kXde   kXd3   kXd3   
(RkXd3) (RkXd3) (eXNy) (eXNj) (dXRy) (dXRk)

�;2 kXkj   kXRN   RX39   RX3k   RX39   RX3k   
(8X99) (8XNk) (8X99) (8XeN) (8XNe) (eXRR)

Abbm2`_BbF LQ LQ u2b u2b u2b u2b
la_BbFS`2KBmK LQ LQ LQ LQ u2b u2b
*QmMi`v_BbF LQ LQ LQ LQ u2b u2b
AM/mbi`v�u2�` 61 u2b u2b u2b u2b u2b u2b
P#b 9k83ee 9k83ee 9k83ee 9k83ee 9k9N93 9k83ee
�/D R2 yXkj yXk9 yX99 yX99 yX9e yX9e

w?2 :2M; 6Q`2B;M .Bb+QmMi BM AMi2`M�iBQM�H *Q`TQ`�i2 "QM/b J�v kR- kyk9 RR f RN



kX Abbm2`@G2p2H lM+2`i�BMiv
*`2/BiaT`2�/i,t = a+ # 6Q`2B;Mi,t + + si,t + / 6Q`2B;M·si,t + εi,tX

s4�;2nBMnla s4a�H2bnBMnla s4_mH2R99� s4AMbi>QH/BM;b
6Q`2B;M s @RXRR   @yXje  @dX39 @yX8R   

(@jX93) (@kXRN) (@RXke) (@8X9y)
6Q`2B;M k3XyR   kdXk8  R3Xj8   9eXN8   

(eX8N) (kX9k) (9Xey) (9Xdj)
s @eXky   @yXye kdXd3   yXyj

(@9XRy) (@yXNN) (8Xd3) (yXj3)
_�iBM; RNXy9   RdX3k   RNXyR   kyXNd   

(NX3j) (dX8N) (NXNd) (8Xj8)
J�im`Biv jXNy   9XR8   jXN9   jXeN   

(k9Xky) (kkX9N) (k9Xey) (ReXd8)
Abbm2aBx2 @9X8R @eXy3 @9XRN @RRXjj   

(@RXNk) (@RXdd) (@RXdd) (@kXed)
�;2 RyXRd   kXNR   jXe3   jXde   

(eXek) (eXeN) (3Xed) (eXde)
hm`MQp2` kXy3   RX33   kXRR   kX8j   

(9Xdy) (9X8k) (9Xey) (9Xyd)
AM/mbi`v�u2�` 61 u2b u2b u2b u2b
P#b 8y9RN9 R9d9kN 8y9RN9 R9yRyj
�/D R2 yXjd yX9k yXj3 yXk3

�;2nBMnla, iBK2 bBM+2 2Mi2`BM; iQ laX

a�H2bnBMnla, 7`�+iBQM Q7 b�H2b 7`QK laX

_mH2R99�, Abbm2/ mM/2` _mH2 R99�X

AMbi>QH/BM;b, ?QH/BM; T+i #v BMbiBimiBQMbX

w?2 :2M; 6Q`2B;M .Bb+QmMi BM AMi2`M�iBQM�H *Q`TQ`�i2 "QM/b J�v kR- kyk9 Rk f RN



jX hBK2@a2`B2b lM+2`i�BMiv

S�M2H �, _2; �;;`2;�i2 6Q`2B;M .Bb+QmMi QM lM+2`i�BMiv �M/ la o�`B�#H2b
∆1Sl dXke   dXkk   

(9Xye) (jXRk)
∆1SlUS 9Xye   @yX9e

(jXj9) (@yXjy)
∆oAs yXj9  yXj8

(kXyR) (RXeR)
∆A*_ @9X9k  @kXyd

(@kXyR) (@RXyd)
∆uB2H/ 3Xky  8X93 

(kXy9) (RXdd)
_SP500 @yXj9 yXk3

(@RXed) (yXNj)
_DXY yX9R @yXy8

(RXky) (@yXR3)
*QMbi�Mi yX9k yX9j yX9d yXdR @yXRe yXej yXRR yXye

(yX9y) (yX9R) (yX8k) (yX38) (@yXR8) (yXe8) (yXRk) (yXy8)
P#b kkR kkR kkR kkR kkR kkR kkR kkR
�/D R2 yXR3y yXRjk yXRk8 yXyNd yXRj8 yXyN8 yXydy yXkek

∆1Sl, ;HQ#�H 1Sl BM/2tX

∆1SlUS , la@bT2+B}+ 1Sl BM/2tX

∆A*_, AMi2`K2/B�`v *�TBi�H _BbF
7`QK >2- E2HHv- �M/ J�M2H�
UkyRdVX

h?2 ;HQ#�H 1Sl BM/2t ?�b i?2
bi`QM;2bi 2tTH�M�iQ`v TQr2` QM i?2
7Q`2B;M /Bb+QmMi- bm`T�bbBM; Qi?2`
7�+iQ`bX

w?2 :2M; 6Q`2B;M .Bb+QmMi BM AMi2`M�iBQM�H *Q`TQ`�i2 "QM/b J�v kR- kyk9 Rj f RN



jX hBK2@a2`B2b lM+2`i�BMiv

S�M2H ", _2; �;;`2;�i2 6Q`2B;M .Bb+QmMi QM AMi2`�+iBQMb
s4∆oAs s4∆A*_ s4∆uB2H/ s4_SP500 s4_DXY

∆1Sl s yXd3   @RRXjy  3Xed @RX99   kXk9 
(jXd3) (@kX89) (RXjk) (@9X8j) (RXNj)

∆1Sl eXN3   8XN9   eXyk   dXky   eXky   
(8X89) (9Xy3) (9XjR) (eXeR) (jXd9)

s yXkR @RX8e eXyy @yXRR yXkN
(RXey) (@yX3d) (RXej) (@yXdk) (RXyy)

*QMbi�Mi yX8k yXey yXyy yX8R yXy9
(yX9N) (yXek) (yXyy) (yX9d) (yXy9)

P#b kkR kkR kkR kkR kkR
�/D R2 yXkNd yXk8y yXk8j yXjk8 yXkk3

h?2 mM+2`i�BMiv BM/2t 2t2`ib � KQ`2 T`QMQmM+2/ 2z2+i QM i?2 /Bb+QmMi /m`BM; rQ`b2MBM; K�`F2i
+QM/BiBQMb- �b 2pB/2M+2/ #v BM+`2�bBM; ∆oAs- /2+`2�bBM; ∆A*_- /2+`2�bBM; _SP500 �M/ BM+`2�bBM; _DXY X

w?2 :2M; 6Q`2B;M .Bb+QmMi BM AMi2`M�iBQM�H *Q`TQ`�i2 "QM/b J�v kR- kyk9 R9 f RN



_Q�/K�T

.�i� amKK�`v

Zm�MiB7v i?2 6Q`2B;M .Bb+QmMi
! *`Qbb@*QmMi`v �M/ *`Qbb@*m``2M+v
! _BbF �M/ AMbiBimiBQM�H 6�+iQ`b

lM+2`i�BMiv@"�b2/ 1tTH�M�iBQM
! amTTQ`iBM; 1KTB`B+�H 1pB/2M+2b
! JQ/2H *�HB#`�iBQMb

AKTHB+�iBQMb
! 6Q`2B;M a[m22x2
! *QKT�`BbQM rBi? a�72 .QHH�` S`2KBmK



lM+2`i�BMiv@"�b2/ JQ/2H

ai2T R, aQHp2 7Q` T`B+BM; F2`M2HX
! hrQ@+QmMi`v UirQ i`22bV �M/ QM2 `2T`2b2Mi�iBp2 BMp2biQ` UlaVX
! la BMp2biQ` 2t?B#Bib mM+2`i�BMiv �p2`bBQM φ BM i?2 2tT2+i2/ ;`Qri? `�i2 Q7 7Q`2B;M i`22X U_Q#mbi *QMi`QHV
! S`B+BM; F2`M2H, dmt

mt
= −rdt− ηHdBH

t − ηF dBF
t , ηH = γσHβ, ηF = γσF (1− β)(1 + φ)X

ai2T k, �TTHv iQ G2H�M/ 7`�K2rQ`F �M/ T`B+2 #QM/bX
! hrQ #QM/b Bbbm2/ #v i?2 la }`K �M/ 7Q`2B;M }`K b2T�`�i2HvX
! h?2 7Q`2B;M }`K ?�b `BbF 2tTQbm`2 7`QK Bib HQ+�H K�`F2i r?BH2 i?2 iQi�H `BbF Bb i?2 b�K2 �b i?2 la }`K X
! 6Q`2B;M .Bb+QmMi, R FD(φ, γ)φ=0 = 0c k FD Bb BM+`2�bBM; BM φc j ∂FD

∂φ Bb BM+`2�bBM; BM γX

E2v AMimBiBQM,
! AMp2biQ`b �bF 7Q` ?B;? +QKT2Mb�iBQM 7Q` #2�`BM; i?2 mM+2`i�BMiv QM 7Q`2B;M #QM/b- 2bT2+B�HHv BM pQH�iBH2 bi�i2b

r?2M `BbF �p2`bBQM γ �M/ K�`F2i pQH�iBHBiv σ BM+`2�b2X

w?2 :2M; 6Q`2B;M .Bb+QmMi BM AMi2`M�iBQM�H *Q`TQ`�i2 "QM/b J�v kR- kyk9 R8 f RN



lM+2`i�BMiv@"�b2/ JQ/2H *�HB#`�iBQM

.�i� U#TbV JQ/2H U#TbV
_BbF �p2`bBQM γ4k

kyy8@kykj φ4y φ4R φ4k φ49
CSUS RjN R9y R9y R9y R9y
CSNon−US Rey R9y ReR R3e k9k
CSDiff kR y kR 9e Ryk
.Bb+QmMi ky y kR 9e Ryk

_BbF �p2`bBQM γ49
kyy3@kyyN φ4y φ4R φ4k φ49

CSUS k3N kdk kdk kdk kdk
CSNon−US j8d kdk jjN 939 8eR
CSDiff e3 y ed kRk k3N
.Bb+QmMi d8 y ed kRk k3N

φ, h?2 /2;`22 Q7 mM+2`i�BMivX

h?2 KQ/2H +�M `2THB+�i2 i?2
7Q`2B;M /Bb+QmMi mM/2` #Qi? MQ`K�H
�M/ 2ti`2K2 +QM/BiBQMbX

h?2 mM+2`i�BMiv ?�b � H�`;2` 2z2+i
QM i?2 7Q`2B;M /Bb+QmMi /m`BM;
rQ`b2MBM; K�`F2i +QM/BiBQMb r?2M
i?2 `BbF �p2`bBQM Bb ?B;?2`X

w?2 :2M; 6Q`2B;M .Bb+QmMi BM AMi2`M�iBQM�H *Q`TQ`�i2 "QM/b J�v kR- kyk9 Re f RN



lM+2`i�BMiv@"�b2/ JQ/2H *�HB#`�iBQM

.�i� U#TbV JQ/2H U#TbV
_BbF �p2`bBQM γ4k

kyy8@kykj φ4y φ4R φ4k φ49
CSUS RjN R9y R9y R9y R9y
CSNon−US Rey R9y ReR R3e k9k
CSDiff kR y kR 9e Ryk
.Bb+QmMi ky y kR 9e Ryk

_BbF �p2`bBQM γ49
kyy3@kyyN φ4y φ4R φ4k φ49

CSUS k3N kdk kdk kdk kdk
CSNon−US j8d kdk jjN 939 8eR
CSDiff e3 y ed kRk k3N
.Bb+QmMi d8 y ed kRk k3N

φ, h?2 /2;`22 Q7 mM+2`i�BMivX

h?2 KQ/2H +�M `2THB+�i2 i?2
7Q`2B;M /Bb+QmMi mM/2` #Qi? MQ`K�H
�M/ 2ti`2K2 +QM/BiBQMbX

h?2 mM+2`i�BMiv ?�b � H�`;2` 2z2+i
QM i?2 7Q`2B;M /Bb+QmMi /m`BM;
rQ`b2MBM; K�`F2i +QM/BiBQMb r?2M
i?2 `BbF �p2`bBQM Bb ?B;?2`X
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lM+2`i�BMiv@"�b2/ JQ/2H *�HB#`�iBQM

.�i� U#TbV JQ/2H U#TbV
_BbF �p2`bBQM γ4k

kyy8@kykj φ4y φ4R φ4k φ49
CSUS RjN R9y R9y R9y R9y
CSNon−US Rey R9y ReR R3e k9k
CSDiff kR y kR 9e Ryk
.Bb+QmMi ky y kR 9e Ryk

_BbF �p2`bBQM γ49
kyy3@kyyN φ4y φ4R φ4k φ49

CSUS k3N kdk kdk kdk kdk
CSNon−US j8d kdk jjN 939 8eR
CSDiff e3 y ed kRk k3N
.Bb+QmMi d8 y ed kRk k3N

φ, h?2 /2;`22 Q7 mM+2`i�BMivX

h?2 KQ/2H +�M `2THB+�i2 i?2
7Q`2B;M /Bb+QmMi mM/2` #Qi? MQ`K�H
�M/ 2ti`2K2 +QM/BiBQMbX

h?2 mM+2`i�BMiv ?�b � H�`;2` 2z2+i
QM i?2 7Q`2B;M /Bb+QmMi /m`BM;
rQ`b2MBM; K�`F2i +QM/BiBQMb r?2M
i?2 `BbF �p2`bBQM Bb ?B;?2`X
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lM+2`i�BMiv@"�b2/ JQ/2H *�HB#`�iBQM

.�i� U#TbV JQ/2H U#TbV
_BbF �p2`bBQM γ4k

kyy8@kykj φ4y φ4R φ4k φ49
CSUS RjN R9y R9y R9y R9y
CSNon−US Rey R9y ReR R3e k9k
CSDiff kR y kR 9e Ryk
.Bb+QmMi ky y kR 9e Ryk

_BbF �p2`bBQM γ49
kyy3@kyyN φ4y φ4R φ4k φ49

CSUS k3N kdk kdk kdk kdk
CSNon−US j8d kdk jjN 939 8eR
CSDiff e3 y ed kRk k3N
.Bb+QmMi d8 y ed kRk k3N

φ, h?2 /2;`22 Q7 mM+2`i�BMivX

h?2 KQ/2H +�M `2THB+�i2 i?2
7Q`2B;M /Bb+QmMi mM/2` #Qi? MQ`K�H
�M/ 2ti`2K2 +QM/BiBQMbX

h?2 mM+2`i�BMiv ?�b � H�`;2` 2z2+i
QM i?2 7Q`2B;M /Bb+QmMi /m`BM;
rQ`b2MBM; K�`F2i +QM/BiBQMb r?2M
i?2 `BbF �p2`bBQM Bb ?B;?2`X
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_Q�/K�T

.�i� amKK�`v

Zm�MiB7v i?2 6Q`2B;M .Bb+QmMi
! *`Qbb@*QmMi`v �M/ *`Qbb@*m``2M+v
! _BbF �M/ AMbiBimiBQM�H 6�+iQ`b

lM+2`i�BMiv@"�b2/ 1tTH�M�iBQM
! amTTQ`iBM; 1KTB`B+�H 1pB/2M+2b
! JQ/2H *�HB#`�iBQMb

AKTHB+�iBQMb
! 6Q`2B;M a[m22x2
! *QKT�`BbQM rBi? a�72 .QHH�` S`2KBmK



6Q`2B;M a[m22x2 BM *PoA.@RN
a2HHBM;S`2bbm`2i,t = at + #i 6Q`2B;Mi,t + ct _�iBM;i,t +

∑
k *QMi`QHbki,t + εi,tX

a2HHBM;S`2bbm`2, 7`�+iBQM Q7 b2HH i`�Mb�+iBQMb #v +mbiQK2`b rBi?BM �HH i?2 +mbiQK2`@/2�H2` i`�Mb�+iBQMbX
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*QKT�`BbQM rBi? .QHH�` a�72iv S`2KBmK
la. 2z2+i U#2M2}iV, � H�`;2 #�b2 Q7 BMp2biQ`b- ?B;? HB[mB/Biv- +QMp2MB2M+2 vB2H/X UGB�Q UkykyVV
la� 2z2+i U+QbiV, la BMp2biQ`b K�v �bF 7Q` �//BiBQM�H +QKT2Mb�iBQM /m2 iQ ?B;? mM+2`i�BMivX
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*QM+HmbBQMb

.Q+mK2Mi �M/ [m�MiB7v i?2 7Q`2B;M /Bb+QmMi- r?B+? Bb bvKK2i`B+X

ai�M/�`/ `BbF �M/ `BbF �p2`bBQM +�M MQi 2tTH�BM �r�v i?2 7Q`2B;M /Bb+QmMiX

lM+2`i�BMiv@#�b2/ 2tTH�M�iBQM rBi? bmTTQ`iBM; 2KTB`B+�H 2pB/2M+2X

lM+2`i�BMiv@#�b2/ KQ/2H +�HB#`�iBQMb +�M K�i+? i?2 /�i� [mBi2 r2HHX

6Q`2B;M /QHH�` #QM/b bmz2` ?B;? b2HHBM; T`2bbm`2 /m`BM; *PoA.@RNX

h?2 la� 2z2+i /QKBM�i2b i?2 la. 2z2+i- 2bT2+B�HHv BM /2i2`BQ`�iBM; +QM/BiBQMbX
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amKK�`v ai�iBbiB+b

J2�M, CmHv kyR9 @ CmM2 kykj J2�M, C�Mm�`v kyy8 @ CmM2 kyR9
la 1l :" *� CS *L la 1l :" *� CS *L

LmKAbbm2`b R-993 RNk RR9 NN 89 8e R-k9k Rjk 3e dy ke Rj
LmK"QM/b Rj-RdN Ryk3 dkN dRy 8R8 kR9 3-e3j 9Nd 9R9 jNd Rj3 jR
*`2/BiaT`2�/ UWV RXke RXkN RXj8 RX9d yXN3 RX88 RXdj kXRj RXdy RXd3 RXdj kXyk
uB2H/ UWV jXje jXk9 jXj9 jX83 kX3k jX93 9X8j 9Xd3 9Xj3 9X9d 9XR3 8XRy
_�iBM; dXjd dXky dXjj dXjN eXje eXkR dXRR eXd3 eXj8 dX3N eXke 3Xje
J�im`Biv UuV RRXyk 3XR8 NXy8 RyXNk 9XN3 3X3k NXNe 3X3y NXye RRX8e eXNN R8Xe8
�;2 UuV 8XkR 9X9R 9XNd 8XN3 kXdd jX8d 9X3j 9XjN 9XNy 9XNy jXjk 9XRd
Abbm2aBx2 UHQ;V RjXk9 RjXeR RjX88 RjXkR RjX8y RjXej RkXNe RjXjk RjXjR RkX3N RkXNN RjXy3
*QmTQM UWV 9Xkj 9Xyk 9Xkd 9X98 jXRy jX3d 8Xdj 8Xd8 8XeN 8X39 9X3j 8Xdj
hm`MQp2` UWV jXed jXkd jX9d jXRe jXye kXRk 9XyN 9Xjd jXNe jXj3 jXek 8Xje
LmKh`�/2b RykXRj 89Xje djX89 8NXNe 8NXe8 kRXNR 39Xkd 3RXyR 38Xdk jyX9d e8Xy8 j8X8k
LmKh`�/BM;.�vb RjXNd R9XjR R9XN3 RkXRe R9XdR NXNk RRXe8 RkXeR RkXdd 3XjR RyXeN NXk9
h`�/2aBx2 UKBHHBQMV yX9k yXN9 yXdR yX8j yXd8 RXy3 yX89 yXeN yXey yX3y yX8k RXRy
:�KK� yXjN yXk8 yXkN yX8y yXRd yXje RXje RXjy RXRj RXkj RXkj RXRR

*QKT�`2/ iQ 7Q`2B;M /QHH�` #QM/b- la /QHH�` #QM/b QM �p2`�;2 ?�p2 HQr2` `�iBM;b- HQM;2` K�im`Biv- bK�HH2`
Bbbm�M+2 bBx2- ?B;?2` +QmTQM `�i2b �M/ �`2 QH/2`- ?B;?2` im`MQp2`- �M/ ?B;?2` ;�KK�X

w?2 :2M; 6Q`2B;M .Bb+QmMi BM AMi2`M�iBQM�H *Q`TQ`�i2 "QM/b J�v kR- kyk9 RN f RN



*QmMi`v@G2p2H lM+2`i�BMiv, φ

*QMb2Mbmb 1+QMQKB+b bm`p2v, 7Q`2+�bib Q7 kyky :.S ;`Qri? QM /Bz2`2Mi +QmMi`B2b #v ;HQ#�H �M/ HQ+�H BMbiBimiBQMbX
:HQ#�H, :QH/K�M- CSJ- *BiB- "P�- Ja- "�`+H�vb- .2mib+?2- l"a- *`2/Bi amBbb2- JQQ/vǶb- J�`FBiXXX
GQ+�H, L�iBQM�H "�MF Q7 *�M�/�- hQ`QMiQ .QKBMBQM "�MF- "JP *�TBi�H J�`F2ib- *QM7 "Q�`/ Q7 *�M�/�XXX

LmK Q7 AMp2biQ`b .BbT2`bBQM Q7 :.S 6Q`2+�bi UWV J2�M Q7 :.S 6Q`2+�bi UWV
*QmMi`v GQ+�H la GQ+�H la 6o�Hm2 Sp�Hm2 GQ+�H la .Bz io�Hm2 _2�HBx2/

*� RR 3 yXdN RXey 9XRR  yXy9 @eXRk @dXke @RXR9 @RX3d @8X9y
.1 Rd Rj RX9d RXdy RXj9 yX8d @eXyN @dXy8 @yXNd @RXed @9XNy
6_ N Rj yXNy RXd3 jXNk yXye @RyXye @NX9R yXe8 RXRk @3XRy
CS Rk Rj yXdR RXR3 kXdj yXRy @8XR3 @8Xje @yXRN @yX93 @9X3y
lE Rd R9 kXyk kXj8 RXj8 yX8e @3XjN @NXe3 @RXkN @RXe8 @NX3y
la Ry R9 RXky RXjk RXkR yX3y @eXk3 @8XR3 RXRy  kXyN @jX8y
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*QmMi`v@G2p2H lM+2`i�BMiv, φ

*QMb2Mbmb 1+QMQKB+b bm`p2v, 7Q`2+�bib Q7 kyky :.S ;`Qri? QM /Bz2`2Mi +QmMi`B2b #v ;HQ#�H �M/ HQ+�H BMbiBimiBQMbX
:HQ#�H, :QH/K�M- CSJ- *BiB- "P�- Ja- "�`+H�vb- .2mib+?2- l"a- *`2/Bi amBbb2- JQQ/vǶb- J�`FBiXXX
GQ+�H, L�iBQM�H "�MF Q7 *�M�/�- hQ`QMiQ .QKBMBQM "�MF- "JP *�TBi�H J�`F2ib- *QM7 "Q�`/ Q7 *�M�/�XXX

LmK Q7 AMp2biQ`b .BbT2`bBQM Q7 :.S 6Q`2+�bi UWV J2�M Q7 :.S 6Q`2+�bi UWV
*QmMi`v GQ+�H la GQ+�H la 6o�Hm2 Sp�Hm2 GQ+�H la .Bz io�Hm2 _2�HBx2/

*� RR 3 yXdN RXey 9XRR  yXy9 @eXRk @dXke @RXR9 @RX3d @8X9y
.1 Rd Rj RX9d RXdy RXj9 yX8d @eXyN @dXy8 @yXNd @RXed @9XNy
6_ N Rj yXNy RXd3 jXNk yXye @RyXye @NX9R yXe8 RXRk @3XRy
CS Rk Rj yXdR RXR3 kXdj yXRy @8XR3 @8Xje @yXRN @yX93 @9X3y
lE Rd R9 kXyk kXj8 RXj8 yX8e @3XjN @NXe3 @RXkN @RXe8 @NX3y
la Ry R9 RXky RXjk RXkR yX3y @eXk3 @8XR3 RXRy  kXyN @jX8y
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*QmMi`v@G2p2H lM+2`i�BMiv, φ

*QMb2Mbmb 1+QMQKB+b bm`p2v, 7Q`2+�bib Q7 kyky :.S ;`Qri? QM /Bz2`2Mi +QmMi`B2b #v ;HQ#�H �M/ HQ+�H BMbiBimiBQMbX
:HQ#�H, :QH/K�M- CSJ- *BiB- "P�- Ja- "�`+H�vb- .2mib+?2- l"a- *`2/Bi amBbb2- JQQ/vǶb- J�`FBiXXX
GQ+�H, L�iBQM�H "�MF Q7 *�M�/�- hQ`QMiQ .QKBMBQM "�MF- "JP *�TBi�H J�`F2ib- *QM7 "Q�`/ Q7 *�M�/�XXX

LmK Q7 AMp2biQ`b .BbT2`bBQM Q7 :.S 6Q`2+�bi UWV J2�M Q7 :.S 6Q`2+�bi UWV
*QmMi`v GQ+�H la GQ+�H la 6o�Hm2 Sp�Hm2 GQ+�H la .Bz io�Hm2 _2�HBx2/

*� RR 3 yXdN RXey 9XRR  yXy9 @eXRk @dXke @RXR9 @RX3d @8X9y
.1 Rd Rj RX9d RXdy RXj9 yX8d @eXyN @dXy8 @yXNd @RXed @9XNy
6_ N Rj yXNy RXd3 jXNk yXye @RyXye @NX9R yXe8 RXRk @3XRy
CS Rk Rj yXdR RXR3 kXdj yXRy @8XR3 @8Xje @yXRN @yX93 @9X3y
lE Rd R9 kXyk kXj8 RXj8 yX8e @3XjN @NXe3 @RXkN @RXe8 @NX3y
la Ry R9 RXky RXjk RXkR yX3y @eXk3 @8XR3 RXRy  kXyN @jX8y
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