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�*ELPqG1.:J1Lha

A �K i`2K2M/QmbHv ;`�i27mH iQ ?�p2 ?�/ i?2 QTTQ`imMBiv iQ rQ`F QM i?Bb T`QD2+iX 6B`bi �M/
7Q`2KQbi- A rQmH/ HBF2 iQ i?�MF .`X a?r2i� aBM;? 7Q` ?2` ;mB/�M+2- K2MiQ`b?BT- �M/ T�iB2M+2
i?`Qm;?Qmi i?Bb T`QD2+ic A ?�p2 �TT`2+B�i2/ H2�`MBM; 7`QK vQm �b �M �/pBbQ` �M/ T`Q72bbQ`-
�M/ +�MMQi i?�MF vQm 2MQm;? 7Q` bmTTQ`iBM; Kv Tm`bmBi Q7 BMi2HH2+im�HHv 7mH}HHBM; `2b2�`+?
rBi?BM �M/ QmibB/2 Q7 i?2 aAL*a ;`QmTX A rQmH/ HBF2 iQ i?�MF .`X 6m w?�Q 7Q` b?�`BM; ?Bb
2tT2`iBb2 QM +`BiB+�H K�i2`B�Hb �M/ 7Q` �;`22BM; iQ #2 QM Kv i?2bBb +QKKBii22X A rQmH/ HBF2 iQ
i?�MF .`X :QF+2 1b2M/m`�M 7Q` ?2` 2tT2`iBb2 QM bmbi�BM�#H2 bmTTHv +?�BM K�M�;2K2Mi �M/
7Q` �;`22BM; iQ #2 QM Kv i?2bBb +QKKBii22X A i?�MF i?2 AMi2;`�i2/ ambi�BM�#BHBiv �M�HvbBb
i2�K �i h?2 lMBp2`bBiv Q7 av/M2v 7Q` �HHQrBM; K2 iQ mb2 i?2 AM/mbi`B�H 1+QHQ;v oB`im�H
G�#Q`�iQ`v UA1G�#V iQ ;2M2`�i2 i?2 KmHiB`2;BQM�H BMTmi@QmiTmi KQ/2Hb mb2/ BM i?Bb rQ`FX
A i?�MF .`X �`M2 :2b+?F2 7Q` ?Bb ;mB/�M+2 BM mbBM; �M/ i`Qm#H2b?QQiBM; i?2 la A1G�#X A
i?�MF .`X :�`;2v� omMM�p� 7Q` i2�+?BM; K2 ?Qr iQ KQ`2 2{+B2MiHv �M�Hvx2 J_AP /�i�X
A rQmH/ HBF2 iQ i?�MF i?2 Sm`/m2 _2b2�`+? *QKTmiBM; ai�z 7Q` i?2B` ?2HT BM Qp2`+QKBM;
Q#bi�+H2b mbBM; i?2 "`QrM +Hmbi2`- 2bT2+B�HHv .`X sB�Q w?mX A rQmH/ HBF2 iQ i?�MF i?2 7�+mHiv
�M/ bi�z Q7 i?2 1MpB`QMK2Mi�H �M/ 1+QHQ;B+�H 1M;BM22`BM; .BpBbBQM �M/ i?2 �;`B+mHim`�H �M/
"BQHQ;B+�H 1M;BM22`BM; .2T�`iK2Mi 7Q` i?2B` �+�/2KB+ �M/ �/KBMBbi`�iBp2 bmTTQ`iX A rQmH/
HBF2 iQ i?�MF .`X a�`�M; amT2F�` 7Q` i�FBM; �M 2�`M2bi BMi2`2bi BM Kv `2b2�`+? QM +`BiB+�H
K�i2`B�Hb- /2p2HQTK2Mi �b � bmbi�BM�#BHBiv `2b2�`+?2`- �M/ ?2HTBM; K2 `2}M2 Kv K�bi2`Ƕb
`2b2�`+? 7Q` �TTHB+�iBQM iQ �//BiBQM�H K�i2`B�HbX A rQmH/ HBF2 iQ i?�MF .`X amb�M� :�`+B�
:QMx�H2x 7Q` ?2` `2+QKK2M/�iBQMb 7Q` �M/ T`2+�miBQM�`v �/pB+2 QM M2irQ`F K2i`B+b 7Q`
BMTmi@QmiTmi KQ/2HbX A rQmH/ HBF2 iQ i?�MF J�`2M GmM/?�m; 7Q` i?2 QT2M /Bb+mbbBQM Q7
?2` }M/BM;b QM +Q#�Hi �M/ bim/vBM; +`BiB+�H K�i2`B�Hb �b � ;`�/m�i2 bim/2MiX A i?�MF .`X
q2bHvMM2 �b?iQM 7Q` ?2` +QMbi�Mi bmTTQ`i Q7 Kv Tm`bmBi Q7 BM/mbi`B�H 2+QHQ;v- `2;�`/H2bb
Q7 r?2`2 A �KX A rQmH/ HBF2 iQ i?�MF Kv 7Q`K2` ;`QmT K�i2b .`X L2?BF� J�i?m` �M/ .`X
:�`;2v� omMM�p� 7Q` b?QrBM; K2 i?`Qm;? i?2B` 2t�KTH2 ?Qr iQ #2 � ;`�/ bim/2Mi- �b r2HH �b
Kv +m``2Mi aAL*a +QHH2�;m2b �TQQ`p� �M/ qBHH 7Q` i?2B` 722/#�+F �M/ bmTTQ`iX A �HbQ i?�MF
.Bp �M/ h?QK�b- �M/ E2M/`B+F- liF�`b?- �M/ .�M r?Q F2Ti K2 7`QK ;QBM; 72`�H Qp2` i?2
H�bi irQ v2�`bc i?�MF vQm 7Q` vQm` 7`B2M/b?BTX

9



h?Bb i?2bBb Bb #�b2/ mTQM rQ`F bmTTQ`i2/ #v i?2 Sm`/m2 lMBp2`bBiv _Qbb 62HHQrb?BT �M/
i?2 L�iBQM�H a+B2M+2 6QmM/�iBQM mM/2` *"1h ;`�Mi MmK#2` R3y8d9RX h?2 La6 ALh1_L
T`Q;`�K �HbQ bmTTQ`i2/ 2ti2MbBQMb Q7 i?Bb rQ`F mM/2`r�vX

�Mv QTBMBQMb- }M/BM;b- �M/ +QM+HmbBQMb Q` `2+QKK2M/�iBQMb 2tT`2bb2/ BM i?Bb K�i2`B�H
�`2 i?Qb2 Q7 i?2 �mi?Q` �M/ /Q MQi M2+2bb�`BHv `2~2+i i?2 pB2rb Q7 i?2 L�iBQM�H a+B2M+2
6QmM/�iBQMX

8
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GAah P6 6A:l_1a
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+QKKQ/Biv QmiTmib U`QrV Q` BM/mbi`v BMTmib U+QHmKMV 7`QK Q`B;BM�H mb2 i�#H2 r
Bb i?2 BMBiB�H /Bb�;;`2;�iBQM r2B;?i +�H+mH�i2/ #�b2/ QM h_A �M/ la:a /�i�X rǶ �
b2+QM/�`v r2B;?i +�H+mH�i2/ #�b2/ QM i?2 `2K�BMBM; +Q#�Hi p�Hm2 iQ #2 �HHQ+�i2/
�7i2` i?2 BMBiB�H b?�`2 Bb `2KQp2/ 7`QK b2H2+i +QHmKM 2H2K2Mib �M/ i?2 6. b2+iBQMX  jd 

kX9 �HHQ+�iBQM Q7 +Q#�Hi p�Hm2 �+`Qbb `2;BQMb BM i?2 J_AP i�#H2bX . . . . . . . . . . .  jN 

kX8 � ivTB+�H 2H#Qr K2i?Q/ THQi Q7 /BbiQ`iBQM UBM2`iB�V pbX +Hmbi2` +QmMi mb2/ iQ
/2i2`KBM2 �M �TT`QT`B�i2 MmK#2` Q7 +Hmbi2`b BM � /�i�b2i- �/�Ti2/ 7`QK ( 89 )X . .  9d 

kXe >2�iK�T Q7 bT2�`K�M +Q``2H�iBQM +Q2{+B2Mi 7Q` 2�+? M2irQ`F K2i`B+ T�B` BM i?2
M�iBQM�H �M/ J_AP M2irQ`FbX . . . . . . . . . . . . . . . . . . . . . . . . . . . .  8R 

kXd h?2 2H#Qr K2i?Q/ �TTHB2/ iQ i?2 /Bb�;;`2;�i2/ AP M2irQ`FbX . . . . . . . . . .  8j 

kX3 *QKT�`BbQM Q7 2+QMQKB+ �M/ K�bb@#�b2/ �HHQ+�iBQM Q7 +Q#�Hi p�Hm2 �+`Qbb `2;BQMb
BM i?2 J_AP i�#H2bX lbBM; 2+QMQKB+ �HHQ+�iBQM- p�Hm2 r�b /Bbi`B#mi2/ �KQM;
bi�i2b #�b2/ QM i?2 bi�i2Ƕb b?�`2 Q7 M�iBQM�H QmiTmi Q` mb2 Q7 i?2 F2v b2+iQ` 7`QK
r?B+? +Q#�Hi r�b #2BM; /Bb�;;`2;�i2/X AM K�bb@#�b2/ �HHQ+�iBQM- �p2`�;2 QMbBi2
biQ+F �b `2TQ`i2/ BM i?2 1S� h_A rQmH/ #2 mb2/ iQ /2i2`KBM2 i?2 /Bbi`B#miBQM Q7
F2v b2+iQ` p�Hm2 �+`Qbb bi�i2bX LQi2 i?2 /Bz2`2M+2 BM +QHQ` b+�H2 `�M;2b #2ir22M
2+QMQKB+ �M/ K�bb@#�b2/ �HHQ+�iBQMX . . . . . . . . . . . . . . . . . . . . . . . .  e8 
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h?2 BM+`2�bBM; /2K�M/ 7Q` KBM2`�H@#�b2/ `2bQm`+2b i?�i 7�+2 bmTTHv `BbFb +�HHb 7Q` K�M@
�;BM; i?2 bmTTHv +?�BMb 7Q` i?2b2 `2bQm`+2b �i i?2 `2;BQM�H H2p2HX *Q#�Hi Bb � rB/2Hv mb2/
+�i?Q/2 K�i2`B�H BM HBi?BmK@BQM #�ii2`B2b- r?B+? 7Q`K i?2 K�DQ` TQ`iBQM Q7 #�ii2`B2b mb2/ 7Q`
`2M2r�#H2 2M2`;v biQ`�;2 ě � M2+2bb�`v i2+?MQHQ;v 7Q` 2H2+i`B7vBM; KQ#BHBiv �M/ Qp2`+QKBM;
i?2 +?�HH2M;2 Q7 BMi2`KBii2M+v- i?mb K�FBM; `2M2r�#H2 2M2`;v KQ`2 `2HB�#H2 �M/ 2M2`;v ;2M@
2`�iBQM KQ`2 bmbi�BM�#H2X h?Bb M2+2bbBi�i2b mM/2`bi�M/BM; +Q#�HiǶb bmTTHv `BbFb �M/ 7Q` i?2
lMBi2/ ai�i2b- B/2MiB7vBM; bQm`+2b Q7 +Q#�Hi �p�BH�#H2 7Q` 7mim`2 mb2 pB� `2+v+HBM; Q` KBMBM;X
h?2b2 M22/b �`2 �//`2bb2/ BM i?Bb rQ`F mbBM; bBM;H2 �M/ KmHiB`2;BQM�H BMTmi@QmiTmi UJ_APV
�M�HvbBb BM +QK#BM�iBQM rBi? ;`�T? i?2Q`vX �M J_AP@#�b2/ �TT`Q�+? Bb /2p2HQT2/ iQ Q#i�BM
i?2 i`�/2 M2irQ`F Q7 +Q#�Hi �M/ Qz2` � KQ`2 2tT2/B2Mi r�v iQ B/2MiB7v TQi2MiB�H +`BiB+�H K�@
i2`B�H bQm`+2b 2K#Q/B2/ BM +QKKQ/BiB2b K�/2 /QK2biB+�HHvX *QKKQ/BiB2b +QMi�BMBM; +Q#�Hi
r2`2 /Bb�;;`2;�i2/ 7`QK irQ BMTmi@QmiTmi UAPV KQ/2Hb �M/ i?2 i`�/2 bi`m+im`2 Q7 +Q#�Hi �i
i?2 M�iBQM�H �M/ bi�i2 H2p2H r�b Q#b2`p2/ �M/ +QKT�`2/X h?2 bB;MB}+�M+2 Q7 B/2MiB}2/ F2v
b2+iQ`b Bb K2�bm`2/ �++Q`/BM; iQ b2p2`�H +`Bi2`B� �M/ /Bz2`2M+2b BM b2+iQ`b ?B;?HB;?i2/ BM i?2
M�iBQM�H p2`bmb bm#M�iBQM�H M2irQ`Fb bm;;2bib i?�i �M�HvbBb �i i?2 irQ `2;BQM�H �;;`2;�iBQM
H2p2Hb T`QpB/2b �Hi2`M�iBp2 BMbB;?ibX _2bmHib 7`QK KBMBM; i?2 AP M2irQ`Fb 7Q` +Q#�Hi ?B;?@
HB;?i i?2 ;2Q;`�T?B+�H /Bbi`B#miBQM Q7 Bib mb2 �M/ BM/mbi`B2b iQ 7m`i?2` BMp2biB;�i2 �b TQi2MiB�H
bQm`+2b 7Q` b2+QM/�`v 722/biQ+FX
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RXR JQiBp�iBQM

h?2 /2K�M/ 7Q` K2i�Hb �M/ KBM2`�Hb iQ bmTTQ`i i?2 +H2�M 2M2`;v i`�MbBiBQM �M/ Qi?2`
2K2`;BM; i2+?MQHQ;B2b Bb 2tT2+i2/ iQ BM+`2�b2 �i �M mMT`2+2/2Mi2/ `�i2 BM i?2 M2ti b2p2`�H
/2+�/2b �M/ i?2`2 Bb T`2+�miBQM�`v +QM+2`M Qp2` i?2 bmbi�BM�#BHBiv Q7 i?2b2 KBM2`�H@BMi2MbBp2
i2+?MQHQ;B2bX AM T�`iB+mH�`- K�i2`B�Hb i?�i �`2 BMi2;`�H iQ +m``2Mi #�ii2`v 2M2`;v biQ`�;2
bvbi2Kb 7Q` 2H2+i`B+�H ;`B/ �M/ KQ#BH2 �TTHB+�iBQMb- bm+? �b +Q#�Hi- ;`�T?Bi2- �M/ HBi?BmK-
K�v b22 BM+`2�b2b BM /2K�M/ Q7 Qp2` 7Qm` ?mM/`2/ }7iv T2`+2Mi #v ky8y ( R )X AM+`2�bBM;
bQ+B2ivǶb /2T2M/2M+2 QM i?2b2 `2bQm`+2b Bb M2+2bb�`v 7Q` /2p2HQTBM; � M2r 2M2`;v bvbi2K
i?�i bm#bi�MiB�HHv `2/m+2b i?2 `2H2�b2 Q7 7QbbBH 7m2H 2M2`;v@/2`Bp2/ ;`22M?Qmb2 ;�b 2KBbbBQMb-
r?B+? ?�p2 +QMi`B#mi2/ KQbi iQ +HBK�i2 +?�M;2 ( k )- �M/ 7Q` i?Bb `2�bQM Bb �HbQ #2M2}+B�HX
>Qr2p2`- i?2 BM+`2�b2/ /2K�M/ rBHH �HbQ ;`Qr 2ti`�+iBp2 BM/mbi`B2b ( R ) �M/ ?�b �H`2�/v `�Bb2/
BMi2`M�iBQM�H +QM+2`Mb Qp2` b2+m`BM; �++2bb iQ ;2QHQ;B+�HHv Q` i2+?MQHQ;B+�HHv +QM+2Mi`�i2/
`2bQm`+2b �b 2pB/2M+2/ #v `2+2Mi �+iBQMb Q7 i?2 lMBi2/ ai�i2b �M/ Qi?2` 72/2`�H ;Qp2`MK2Mib
( j )Ĝ( 8 )X AM �M 2zQ`i iQ bmTTQ`i i?2 bmbi�BM�#H2 2tT�MbBQM Q7 +`BiB+�H K�i2`B�Hb mb2- i?Bb `2b2�`+?
�BKb iQ /2p2HQT � bi`2�KHBM2/ K2i?Q/ 7Q` �M�HvxBM; /Bz2`2Mi BM/mbi`B2bǶ /2T2M/2M+2 QM i?2b2
K�i2`B�Hb i?`Qm;?Qmi � M�iBQM�H 2+QMQKv- 7Q+mbBM; QM +Q#�Hi mb2 BM i?2 lMBi2/ ai�i2b UlaVX

� +`BiB+�H K�i2`B�H Bb /2}M2/ #v i?2 la �b � MQM7m2H KBM2`�H Q` KBM2`�H@#�b2/ K�i2`B�H
r?Qb2 mb2 Bb 2bb2MiB�H iQ i?2 2+QMQKB+ �M/ Q` M�iBQM�H b2+m`Biv Q7 i?2 +QmMi`v �M/ Bb bQm`+2/
7`QK � bmTTHv +?�BM i?�i Bb pmHM2`�#H2 iQ /Bb`mTiBQM ( e )X Pi?2` +QmMi`B2b /2}M2 i?2 i2`K
/Bz2`2MiHv �M/ 2�+? M�iBQM ;2M2`�HHv +QMbB/2`b � /Bz2`2Mi b2i Q7 K�i2`B�Hb iQ #2 +`BiB+�H #�b2/
QM Bib M�iBQM�H T`BQ`BiB2b �M/ �++2bb iQ M�im`�H `2bQm`+2b (  d )Ĝ( N )X AM �+�/2KB+ HBi2`�im`2-
K�i2`B�H +`BiB+�HBiv ?�b #22M /2}M2/ BM i2`Kb Q7 bmTTHv `BbF- +QKT�MBQM�HBiv- 2MpB`QMK2Mi�H
BKTHB+�iBQMb- �M/ pmHM2`�#BHBiv iQ bmTTHv `2bi`B+iBQMb ( Ry )Ĝ( Rj )X *QKT�MBQM�HBiv- Q` #vT`Q/m+i
bi�imb- Bb �M BKTQ`i�Mi 7�+iQ` #2+�mb2 Bi BM~m2M+2b i?2 `2bTQMbBp2M2bb Q7 T`BK�`v T`Q/m+iBQM
`�i2b iQ /2K�M/ +?�M;2b- i?2 2ti2Mi Q7 `2bmHiBM; 2MpB`QMK2Mi�H BKT�+i- �M/ +`BiB+�HBiv ( RR )X
h?2 HBi2`�im`2 QM la@/2}M2/ +`BiB+�H K�i2`B�Hb BHHmbi`�i2b i?2 Qp2`r?2HKBM; /2T2M/2M+2 Q7
i?2 la QM BKTQ`ib iQ K22i Bib +m``2Mi /2K�M/- �b r2HH �b i?2 +QmMi`vǶb TQi2MiB�H iQ 7m`i?2`
/2p2HQT Bib /QK2biB+ 2ti`�+iBQM �M/ T`Q+2bbBM; +�T�+Biv �M/ BM r�vb i?�i 2tT�M/ b2+QM/�`v
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K�i2`B�H K�`F2ib (  e )X AM i?2 la .`�7i *`BiB+�H J�i2`B�Hb HBbi- i?2 la:a QmiHBM2b ?Qr i?2
HBbi Q7 i?B`iv@}p2 +`BiB+�H MQM@7m2H KBM2`�Hb r2`2 B/2MiB}2/ �M/ ;Bp2b �M Qp2`pB2r Q7 i?2B`
bQm`+BM; �M/ �TTHB+�iBQMb ( e )X hr2Hp2 Qmi Q7 i?2 i?B`iv@}p2 �`2 #vT`Q/m+ib- K2�MBM; i?2v
�`2 MQi KBM2/ /B`2+iHv #mi BMbi2�/ `2+Qp2`2/ /m`BM; i?2 T`Q+2bbBM; Q7 � ?Qbi K�i2`B�HX q?BH2
i?2 la BKTQ`ib i?2 p�bi K�DQ`Biv Q7 i?2b2 K�i2`B�Hb UM2i BKTQ`i `2HB�M+2 Bb =8y T2`+2Mi 7Q`
�HH #mi 8 K�i2`B�HbV- i?2 +QmMi`v ?�b i?2 +�T�+Biv iQ BM+`2�b2 /QK2biB+ KBMBM; Q` T`Q+2bb2b
Q7 bQK2 Q7 i?2b2 K�i2`B�Hb- bm+? �b +Q#�Hi- HBi?BmK- K�M;�M2b2- �M/ `�`2 2�`i? 2H2K2Mib ( R9 )X
h?2 la:a i`�+Fb bQm`+2b Q7 �MMm�H +QMbmKTiBQM �i � M�iBQM�H H2p2H- 2biBK�i2b Q7 KBM2`�H
`2bQm`+2b- �M/ �++2bbB#H2 `2b2`p2b QM �M �MMm�H #�bBb- #mi KQ`2 bm#M�iBQM�H bim/B2b �`2 M22/2/
iQ T`Q�+iBp2Hv 2p�Hm�i2 TQi2MiB�H bQm`+2b �M/ bi`�i2;B2b 7Q` bmbi�BMBM; � /QK2biB+ bmTTHv Q7
+`BiB+�H K�i2`B�Hb i?`Qm;? BM+`2�b2/ T`BK�`v Q` b2+QM/�`v T`Q/m+iBQMX

*Q#�Hi Bb +QMbB/2`2/ � +`BiB+�H K�i2`B�H #v KQbi bi�M/�`/b #2+�mb2 Q7 Bib m#B[mBiQmb mb2
BM HBi?BmK@BQM #�ii2`B2b �M/ i?2 +QM+2`Mb Qp2` i?2 bi�#BHBiv Q7 Bib bmTTHv +?�BMX Aib H2�/BM;
mb2 rQ`H/rB/2 Bb BM i?2 +�i?Q/2 Q7 #�ii2`B2b- #mi Bi Bb rB/2Hv mb2/ BM +?2KB+�H �TTHB+�iBQMb
�b � +�i�Hvbi �M/ TB;K2Mi- BM K�+?BMBM; 7Q` �#`�bBp2 +miiBM; iQQHb- �M/ BM i?2 la- T`BK�`BHv
BM �HHQvb 7Q` �B`+`�7i 2M;BM2b (  R9 )X �TT`QtBK�i2Hv ey T2`+2Mi Q7 +Q#�Hi Bb 2ti`�+i2/ 7`QK
QM2 +QmMi`v- i?2 .2KQ+`�iB+ _2Tm#HB+ Q7 *QM;Q U._*V- �M/ *?BM� ?QH/b �TT`QtBK�i2Hv 83
T2`+2Mi Q7 ;HQ#�H `2}MBM; +�T�+Biv rBi? *?BM�- C�T�M- �M/ EQ`2� +QHH2+iBp2Hv +QMi`QHHBM; 38
T2`+2Mi Q7 ;HQ#�H `2}MBM; +�T�+Biv (  R8 )X q?BH2 b2p2`�H Qi?2` +QmMi`B2b KBM2 i?2 K�i2`B�H- i?2
M2ti iQT ;HQ#�H T`Q/m+2`b BM+Hm/2 _mbbB� �M/ �mbi`�HB�X h?2 ._* Bb 2tT2+i2/ iQ `2K�BM
i?2 bmTTHB2` Q7 i?2 K�DQ`Biv Q7 i?2 rQ`H/Ƕb +Q#�Hi 7Q` i?2 M2ti /2+�/2 (  R9 )- ( Re )X AM Q`/2` iQ
�pQB/ b?Q`i�;2b Q7 i?2 K�i2`B�H `2KBMBb+2Mi Q7 i?2 RNd3 +Q#�Hi +`BbBb- /m`BM; r?B+? KBMBM;
HBKBi�iBQMb +�mb2/ i?2 T`B+2 Q7 +Q#�Hi iQ BM+`2�b2 7`QK 0R3fF; U03fH#V iQ 0NNfF; U098fH#V Qp2`
b2p2M KQMi?b (  Rd )- b?QmH/ HBKBi�iBQMb QM KBMBM; +�T�+Biv Q++m` /m2 iQ ;2QTQHBiB+�H +QM~B+i Q`
2tTQ`i [mQi�b 7`QK K�DQ` bmTTHB2`b Q7 `2}M2/ K�i2`B�H- +QmMi`B2b �`2 TH�MMBM; iQ K�tBKBx2
`2+Qp2`v Q7 2M/@Q7@HB72 K�i2`B�Hb +QMi�BMBM; +Q#�HiX a2+QM/�`v K�i2`B�Hb �`2 MQi 2tT2+i2/ iQ
#2 �#H2 iQ 7mHHv +Qp2` /2K�M/ BM i?2 b?Q`i i2`K- #mi +QmH/ TQi2MiB�HHv Qzb2i i?2 /2K�M/
Q7 T`BK�`v K�i2`B�Hb #v jy FiQMM2b i?`Qm;? kyjy ( R8 )X Pzb2iiBM; /2K�M/ rBi? b2+QM/�`v
K�i2`B�Hb +QmH/ ?2HT K�F2 b?Q`i�;2b H2bb b2p2` BM i?2 7�+2 Q7 bmTTHv +?�BM /Bb`mTiBQMb �M/
i?2`27Q`2 KBiB;�i2 T`B+2 bTBF2b �M/ mM`2;mH�i2/ �`iBb�M�H KBMBM; i?�i Bb KQ`2 `2bTQMbBp2 iQ
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b?Q`i@i2`K K�`F2i ~m+im�iBQMbX *Q#�Hi Bb � T`QKBM2Mi +`BiB+�H K�i2`B�H r?Qb2 `�TB/ BM+`2�b2
BM T`BK�`v T`Q/m+iBQM Bb �bbQ+B�i2/ rBi? M2;�iBp2 bQ+B�H BKT�+ib �M/ r?Qb2 /QKBM�Mi mb2 BM
i?2 la K�v +?�M;2 Qp2` i?2 M2ti b2p2`�H /2+�/2bc i?2b2 �`2 �KQM; i?2 `2�bQMb Bi r�b +?Qb2M
�b i?2 K�i2`B�H Q7 7Q+mb BM i?Bb rQ`FX

h?2 BM+`2�b2 BM /2K�M/ 7Q` +`BiB+�H K�i2`B�Hb �M/ i`�MbBiBQM iQ � T`BK�`BHv MQM@7m2H-
KBM2`�H@#�b2/ 2M2`;v bvbi2K T`2b2Mib �M QTTQ`imMBiv iQ /2p2HQT M2r BM/mbi`B2b i?�i �`2 /2@
bB;M2/ iQ #2 bmbi�BM�#H2 7`QK i?2 bi�`iX PM2 r�v iQ Tm`bm2 i?Bb Bb iQ 2K#2/ +B`+mH�` 2+QMQKv
T`BM+BTH2b BMiQ HB72 +v+H2 /2bB;M Q7 i2+?MQHQ;B2b `2[mB`BM; +`BiB+�H K�i2`B�HbX �b i?Q`Qm;?Hv
`2b2�`+?2/ #v h?2 1HH2M J�+�`i?m` 6QmM/�iBQM- i?2b2 T`BM+BTH2b BM+Hm/2 RV /2bB;M Qmi r�bi2
�M/ TQHHmiBQM- kV F22T T`Q/m+ib �M/ K�i2`B�Hb BM mb2- �M/ jV `2;2M2`�i2 M�im`�H bvbi2Kb ( R3 )X
�HQM; rBi? /2bB;MBM; /m`�#H2 T`Q/m+ib- K�tBKBxBM; K�i2`B�H 2{+B2M+v #v MQi H2iiBM; +`BiB+�H
K�i2`B�Hb i?�i ?�p2 #22M 2ti`�+i2/ �M/ T`Q+2bb2/ #2+QK2 r�bi2 +QmH/ ?2HT `2/m+2 ;HQ#�H /2@
T2M/2M+2 QM T`BK�`v `2bQm`+2b Qp2` iBK2 �M/ bBKTHB7v bmTTHv +?�BMbX G2p2`�;BM; b2+QM/�`v
K�i2`B�Hb iQ 7mH}HH /2K�M/ K�v ?�p2 � ;`2�i2` TQi2MiB�H iQ K�F2 i?2 i`�/2 Q7 +Q#�Hi KQ`2
+B`+mH�` i?�M i?�i Q7 Qi?2` +`BiB+�H K�i2`B�Hb #2+�mb2 BM/mbi`B2b �`2 �HbQ �;;`2bbBp2Hv rQ`FBM;
iQ `2/m+2 i?2 �KQmMi Q7 +Q#�Hi `2[mB`2/ BM HBi?BmK@BQM #�ii2`B2b (  RN )- i?2 H2�/BM; ;HQ#�H mb2
( R9 )X h?Bb `2b2�`+? �BKb iQ bmTTQ`i #mBH/BM; � +B`+mH�` 2+QMQKv 7Q` +`BiB+�H K�i2`B�Hb #v
+QMi`B#miBM; iQ i?2 /2p2HQTK2Mi Q7 K2i?Q/b iQ 2{+B2MiHv �M/ i`�MbT�`2MiHv +`2�i2 M�iBQM�H
�++QmMiBM; bvbi2Kb 7Q` K�Mm7�+im`2/ K�i2`B�Hb rBi? � p�`B2iv Q7 �TTHB+�iBQMbX am+? bvbi2Kb
+QmH/ i?2M #2 �TTHB2/ iQ b+2M�`BQ KQ/2HBM; iQ K2�bm`2 i`�/2@Qzb Q7 /Bz2`2Mi bi`�i2;B2b iQ
b2+m`2 +`BiB+�H K�i2`B�Hb �M/ iQ B/2MiB7vBM; TQi2MiB�H b2+QM/�`v bQm`+2b 7Q` 2Bi?2` +m``2Mi Q`
2K2`;BM; �TTHB+�iBQMbX

RXk J2i?Q/QHQ;B+�H "�+F;`QmM/

AMTmi@QmiTmi UAPV �M�HvbBb Bb � K�+`Q2+QMQKB+ �M�HvbBb K2i?Q/ 7Q` BMp2biB;�iBM; ?Qr
+?�M;2b BM i?2 T`Q/m+iBpBiv Q7 QM2 Q` KQ`2 BM/mbi`B2b BM i?2 2+QMQKv rBHH �z2+i i?2 T`Q/m+@
iBpBiv Q7 �HH Qi?2`bX h?2 mM/2`HvBM; /�i� QM i?2 2t+?�M;2b Q7 +QKKQ/BiB2b #2ir22M BM/mbi`B2b
BM AP i�#H2b +�M #2 BM 2Bi?2` KQM2i�`v- T?vbB+�H- Q` KBt2/ mMBibX h?Bb `2b2�`+? 2KTHQvb 2+Q@
MQKB+ AP i�#H2b �b QTTQb2/ iQ T?vbB+�H Q` KBt2/@mMBi AP i�#H2bX AP �M�HvbBb BMpQHp2b mbBM;

R8



i?`22 K�BM /�i� bi`m+im`2b, i`�Mb�+iBQMb i�#H2b- /B`2+i `2[mB`2K2Mib i�#H2b- �M/ iQi�H `2@
[mB`2K2Mib i�#H2bX � i`�Mb�+iBQMb i�#H2 Bb � K�i`Bt i?�i `2+Q`/b i?2 Q#b2`p2/ K�;MBim/2 Q7
2t+?�M;2b #2ir22M BM/mbi`B2b- 2X;X- BM/mbi`v � Tm`+?�b2b 0 x KBHHBQM /QHH�`b rQ`i? Q7 +QK@
KQ/BiB2b 7`QK BM/mbi`v "X AM Q`/BM�`v AP �M�HvbBb- Bi Bb �bbmK2/ i?�i 2�+? BM/mbi`v K�F2b QM2
+QKKQ/BivX AM `2�HBiv- BM/mbi`B2b +�M �M/ Q7i2M /Q K�F2 KQ`2 i?�M QM2 +QKKQ/Biv- bQ i?2
i`�Mb�+iBQMb i�#H2 Bb bTHBi BMiQ irQ i�#H2b- QM2 i�#H2 i?�i `2+Q`/b i?2 K�;MBim/2 Q7 +QKKQ/B@
iB2b bmTTHB2/ #v 2�+? BM/mbi`v UamTTHv Q` J�F2 i�#H2- /2T2M/BM; QM i?2 K�i`Bt bi`m+im`2V
�M/ �MQi?2` i�#H2 i?�i `2+Q`/b i?2 K�;MBim/2 Q7 +QKKQ/BiB2b mb2/ #v 2�+? BM/mbi`v �M/
7`QK r?B+? Qi?2` BM/mbi`B2b i?2v r2`2 bmTTHB2/ Ulb2 i�#H2VX h?2 /B`2+i `2[mB`2K2Mib i�#H2
`2+Q`/b i?2 T2` mMBi BMTmib 2�+? BM/mbi`v `2[mB`2b /B`2+iHv 7`QK Qi?2` BM/mbi`B2b iQ T`Q/m+2
QM2 mMBi Q7 Bib K�BM +QKKQ/Bivc i?2 2t+?�M;2b BM i?Bb i�#H2 `2T`2b2Mi iB2` R bmTTHv +?�BM
2t+?�M;2bX h?2 iQi�H `2[mB`2K2Mib i�#H2 `2+Q`/b i?2 T2` mMBi BMTmib 2�+? BM/mbi`v `2[mB`2b
/B`2+iHv �M/ BM/B`2+iHv 7`QK Qi?2` BM/mbi`B2b iQ T`Q/m+2 QM2 mMBi Q7 Bib K�BM +QKKQ/Bivc i?2
2t+?�M;2b BM i?Bb i�#H2 `2T`2b2Mi i?2 2t+?�M;2b �i 2p2`v H2p2H Q7 �M BM/mbi`vǶb bmTTHv +?�BMX
6B;m`2  RXR b?Qrb i?2 ;2M2`�H bi`m+im`2 �M/ K�i?2K�iB+�H `2T`2b2Mi�iBQM Q7 i?2 i`�Mb�+iBQM-
/B`2+i `2[mB`2K2Mib- �M/ iQi�H `2[mB`2K2Mib i�#H2b BM �M Q`/BM�`v AP bvbi2K �M/ BM � J�F2
�M/ lb2 AP bvbi2KX JQbi M�iBQM�H ;Qp2`MK2Mib K�BMi�BM 2+QMQKB+ AP �++QmMib BM � J�F2
�M/ lb2 Q` amTTHv �M/ lb2 bvbi2K iQ i`�+F i?2 bi`m+im`2 Q7 i?2 2+QMQKv Qp2` iBK2- +`2�i2
7Q`2+�bib- �M/ 2p�Hm�i2 i?2 2z2+ib Q7 2+QMQKB+ ;`Qri? Q` +QMi`�+iBQMX

AM AP �M�HvbBb- i?2 /B`2+i `2[mB`2K2Mib K�i`Bt Bb +QKKQMHv /2}M2/ A = (aBD) �M/ 2�+?
2H2K2Mi Bb i?2 `�iBQ Q7 i?2 Tm`+?�b2b 7`QK b2+iQ` B #v b2+iQ` D iQ i?2 iQi�H p�Hm2 Q7 BMTmib iQ
b2+iQ` DX � Bb /2}M2/ �b Zx≠1- r?2`2 Z Bb � K�i`Bt Q7 BMi2`BM/mbi`v b�H2b r?2`2 2�+? 2Mi`v
`2T`2b2Mib i?2 p�Hm2 Q7 b�H2b #2ir22M T�B`b Q7 b2+iQ`b �M/ x Bb i?2 p2+iQ` Q7 iQi�H QmiTmi T2`
b2+iQ`- r?B+? BM+Hm/2b i?2 b2+iQ`Ƕb BMi2`BM/mbi`v b�H2b �M/ �//BiBQM�H }M�H /2K�M/ 7Q` Bib
T`Q/m+i (  ky )X h?2 p�Hm2b Q7 Z �`2 2biBK�i2/ 7`QK ;Qp2`MK2Mi bm`p2v /�i�X 6Q` T2`bT2+iBp2-
i?2 /2i�BH2/ AP i�#H2b 7Q` i?2 la +QMi�BM �TT`QtBK�i2Hv 9yy b2+iQ`b ( kR )X

h?2 Q#D2+iBp2 Q7 �M AP T`Q#H2K Bb Q7i2M iQ bQHp2 7Q` i?2 iQi�H b2+iQ` QmiTmi- t- `2[mB`2/ iQ
T`QpB/2 � +2`i�BM KBt Q7 T`Q/m+ib- Q` iQ bQHp2 7Q` i?2 +?�M;2 BM QmiTmi /m2 iQ � +?�M;2 /2K�M/
7Q` QM2 Q` KQ`2 b2+iQ`bX h?2 HBM2�` bvbi2K Q7 2[m�iBQMb- bmKK�`Bx2/ #v x = Ax + f - BM
i2`Kb Q7 A �M/ f Bb �b 7QHHQrb,

Re



x1 = a11x1 + ... + a1nxn + f1

tn = an1x1 + ... + annxn + fn

aQHpBM; 7Q` t +�M #2 /QM2 #v i�FBM; i?2 BMp2`b2 Q7 (I ≠ A) �M/ i?2M KmHiBTHvBM;
#v i?2 p2+iQ` Q7 }M�H /2K�M/X h?Bb AP bvbi2K Bb Q7i2M `2T`2b2Mi2/ #v i?2 2[m�iBQM,
x = (I ≠ A)≠1f = Lf X L = (I ≠ A)≠1 Bb i?2 G2QMiB27 BMp2`b2- � K�i`Bt r?Qb2 +Q2{@
+B2Mib b?Qr i?2 KBMBKmK BMTmib M22/2/ 7Q` 2�+? b2+iQ` iQ bmTTHv �M �//BiBQM�H mMBi iQr�`/b
}M�H /2K�M/X L Bb i?2 BMi2`BM/mbi`v +Q2{+B2Mib b2+iBQM Q7 �M AP i�#H2X _2r`BiBM; x BM i2`Kb
Q7 L �M/ f b?Qrb i?�i i?2 iQi�H QmiTmi Q7 2�+? b2+iQ` Bb /2T2M/2Mi QM i?2 }M�H /2K�M/ 7`QK
2�+? b2+iQ`- BHHmbi`�iBM; i?2 BMi2`/2T2M/2M+2 Q7 /Bz2`2Mi b2+iQ`b BM i?2 2+QMQKv,

x1 = l11f1 + ... + l1nfn

tn = ln1f1 + ... + lnnfn

h?2 KQ/2H �#Qp2 �bbmK2b 2�+? BM/mbi`v K�F2b QMHv QM2 +QKKQ/BivX q?2M �M BM/mbi`v
T`Q/m+2b KmHiBTH2 +QKKQ/BiB2b- i?2 A K�i`Bt Bb /2`Bp2/ mbBM; i?2 bmTTHv �M/ mb2 bvbi2KX
AM i?2 bmTTHv �M/ mb2 bvbi2K- BMbi2�/ Q7 i?2 A K�i`Bt #2BM; /2`Bp2/ 7`QK � bBM;H2 K�i`Bt
Z Q7 �#bQHmi2 BMTmib �M/ QmiTmib- Bi Bb /2`Bp2/ 7`QK irQ b2T�`�i2 K�i`B+2b `2+Q`/BM; i?2
T`Q/m+iBQM Q7 +QKKQ/BiB2b #v 2�+? BM/mbi`v UbmTTHv i�#H2- Q` K�F2 i�#H2 BM i?2 la AP
�++QmMiBM; bvbi2KV �M/ i?2 mb2 Q7 +QKKQ/BiB2b #v BM/mbi`v K�i`Bt Umb2 K�i`BtVX

.Bb�;;`2;�iBM; b2+iQ`b 7`QK �M BMTmi@QmiTmi M2irQ`F r�b MQi�#Hv 7Q`K�HBx2/ #v qQHbFv
BM RN39 ( kk )X h?Bb rQ`F T`2b2Mib � bQHmiBQM iQ i?2 T`Q#H2K Q7 �;;`2;�iBQM BM M�iBQM�H AP
KQ/2Hb #v T`QTQbBM; � ;2M2`�H K2i?Q/ 7Q` 2ti`�+iBM; QM2 b2+iQ` ;Bp2M p�`BQmb /2;`22b Q7 /�i�
QM i?2 /Bz2`2M+2 BM BMi2`BM/mbi`v bi`m+im`2X S�`i Q7 i?Bb K2i?Q/ ?�b #22M rB/2Hv �TTTHB2/
bBM+2 iQ vB2H/ KQ`2 /2i�BH2/ /Bb�;;`2;�i2/ AP KQ/2Hb- r?B+? ?�p2 #22M b?QrM iQ #2 T`272`�#H2
iQ �;;`2;�i2/ KQ/2Hb 2p2M rBi? HBKBi2/ /�i� ( kj )X AMTmi@QmiTmi �M�HvbBb ?�b #22M �TTHB2/
iQ K�i2`B�H ~Qr �M�HvbBb Q7 +`BiB+�H K�i2`B�Hb iQ �Mbr2` i`�/BiBQM�H [m2biBQMb Q7 2+QMQKv
H2p2H QmiTmi BM `2bTQMb2 iQ +?�M;BM; /2K�M/- �M/ ?�b #22M +QK#BM2/ rBi? ;`�T? i?2Q`v
K2i?Q/b iQ BMp2biB;�i2 i?2 2+QMQKv �b � +QKTH2t M2irQ`FX L�F�Km`� L�F�DBK�- kyy8
/2p2HQT � r�bi2 AP@K�i2`B�H ~Qr �M�HvbBb UqAP@J6�V KQ/2H iQ /2i2`KBM2 i?2 T`QTQ`iBQM Q7
� K�i2`B�H i?�i 2M/b mT BM }M�H /2K�M/ b2+iQ`b Q7 �M AP KQ/2H (  k9 )X h?2 KQ/2H Bb �M 2ti2MbBQM
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Q7 i?2 qAP KQ/2H /2p2HQT2/ BM �M 2�`HB2` T�T2` (  k8 )X h?2 qAP@J6� KQ/2H T�`iBiBQMb �M
BMTmi +Q2{+B2Mi K�i`Bt BMiQ irQ K�i`B+2b, QM2 i?�i +QMi�BMb i?2 T`QTQ`iBQM Q7 T?vbB+�H BMTmib
i?�i 2Mi2` T`Q/m+ib U�ǶV �M/ �MQi?2` i?�i +QMi�BMb i?2 T`QTQ`iBQM Q7 T?vbB+�H BMTmib i?�i �`2
/Bb+�`/2/ 7`QK � b2+iQ` �b r�bi2b U�ǴVX h?2 +QKTQbBiBQM Q7 T`Q/m+ib +�M #2 /2i2`KBM2/ 7`QK
i?2 U�ǶV K�i`BtX h?Bb Bb �TTHB2/ BM b2p2`�H T�T2`b (  k9 )- (  ke )- (  kd ) iQ B/2MiB7vBM; ?Qr K�i2`B�Hb
�`2 /Bbi`B#mi2/ �KQM; /Bz2`2Mi }M�H /2K�M/ b2+iQ`bX � #2M2}i Q7 i?2 K2i?Q/ Bb i?�i i?2
iQi�H r2B;?i Q7 � K�i2`B�H BM T`Q/m+ib +�M #2 7QmM/- Q` i?2 KQM2i�`v p�Hm2 Q7 i?�i K�i2`B�H
BM T`Q/m+ib +�M #2 7QmM/- /2T2M/BM; QM i?2 mMBib mb2/ 7Q` i?2 ~Qr BM i?2 Q`B;BM�H BMTmi
+Q2{+B2Mi K�i`BtX h?2 KQ/2H +�M #2 +`Qbb+?2+F2/ r?2M 2ti2`M�H BM7Q`K�iBQM Bb �p�BH�#H2 QM
T`Q/m+i T`B+2 Q` +QKTQbBiBQM #v r2B;?iX 6Q` 2t�KTH2- L�F�Km`� L�F�DBK�- kyy8 �TTHv i?2
qAP@J6� KQ/2H iQ 2biBK�i2 i?2 �KQmMi Q7 K2i�Hb BM }M�H /2K�M/ +�i2;Q`B2b �M/ T`Q/m+ib
( k9 )X PM2 bm+? T`Q/m+i +QMbB/2`2/ r�b � +�`- �M/ Bi r�b +QM}`K2/ i?�i i?2 r2B;?i Q7 K2i�H BM
� +�` 2biBK�i2/ mbBM; i?2 qAP@J6� KQ/2H r�b � ;QQ/ �TT`QtBK�iBQM 7Q` i?2 FMQrM �+im�H
r2B;?iX h?2 qAP@J6� KQ/2H r�b �HbQ mb2/ 7Q` B/2MiB7vBM; i?2 bi`m+im`2 Q7 K2i�H ~Qrb BM
i?2 la 2+QMQKv �M/ 7Q` ;2M2`�iBM; T?vbB+�H BMTmi@QmiTmi i�#H2b USAPhbV 7Q` K2i�Hb i?�i
/Q MQi ?�p2 � b2T�`�i2 b2+iQ` BM i?2 M�iBQM�H AP i�#H2b (  kd )- ( k3 )X h?2b2 irQ T�T2`b /2`Bp2
AP@K�i2`B�H ~Qr M2irQ`Fb UAP@J6LV 7`QK i?2 kyyd la AP i�#H2 �M/ �M�Hvx2 i?2 b?�`2/
2/;2b �KQM; i?2 b2+iQ`b +QMbmKBM; K2i�Hb iQ /2i2`KBM2 i?2 /2;`22 iQ r?B+? +2`i�BM K2i�Hb
+Q2tBbi BM i?2 2+QMQKvX a+`�T �M/ r�bi2b +�M �HbQ #2 2biBK�i2/ mbBM; i?2 K2i?Q/- �HQM;
rBi? i?2 �KQmMi Q7 � K�i2`B�H +QMi�BM2/ BM � }M�H T`Q/m+iX h?2 BMTmi@QmiTmi i�#H2b UAPhbV
;2M2`�i2/ BM i?2b2 T�T2`b �`2 `272``2/ iQ �b J2i�H APhb BMbi2�/ Q7 SAPhb #2+�mb2 i?2 �mi?Q`b
�+FMQrH2/;2 i?�i 2``Q`b 7`QK i?2 M2+2bb�`v �bbmKTiBQM Q7 T`B+2 ?QKQ;2M2Biv i?`Qm;?Qmi i?2
2+QMQKv HBF2Hv `2bmHib BM APh p�Hm2b i?�i /Q MQi �++m`�i2Hv +Q``2bTQM/ iQ K2i�H ~Qrb #v
r2B;?iX AMbi2�/- i?2 i�#H2b b?Qr i?2 `2H�iBp2 r2B;?ib Q7 K�i2`B�Hb #2BM; 2t+?�M;2/X S�`i
Q7 i?2 `2�bQM i?2 K2i�Hb +QMbB/2`2/ BM i?2b2 T�T2`b r2`2 +?Qb2M r�b #2+�mb2 i?2`2 r2`2
2tBbiBM;- i`�/BiBQM�H J6� bim/B2b Q` Qi?2` bm{+B2Mi BM7Q`K�iBQM- 2X;X /�i� BM la KBM2`�Hb
v2�` #QQF- i?�i +QmH/ #2 mb2/ iQ +`Qbb+?2+F i?2 K2i?Q/ UBM i?2 +�b2 Q7 �HmKBMmKV- }HH BM
/�i� 7Q` MQ/2b i?�i r2`2 �//2/- 2X;X �HmKBMmK b+`�T i`�Mb�+iBQMb- �M/ iQ +QMp2`i KQM2i�`v
mMBib iQ T?vbB+�H mMBibX h?Bb Bb � +?�HH2M;2 7Q` #mBH/BM; i�#H2b �i i?2 `2;BQM�H H2p2H Q` 7Q` H2bb
rB/2Hv bim/B2/ +`BiB+�H K�i2`B�Hb- #2+�mb2 72r J6� bim/B2b rBHH #2 �p�BH�#H2 �i i?2 `2[mB`2/
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H2p2H Q7 /2i�BHX �M �Hi2`M�iBp2 K2i?Q/ 7Q` /Bb�;;`2;�iBM; AP i�#H2b 7Q` i?2 bim/v Q7 K2i�Hb
rBi?Qmi �M BM/2T2M/2Mi b2+iQ` r�b T`2b2Mi2/ BM �M AP �M�HvbBb Q7 +Q#�Hi KBM2 +�T�+Biv iQ
7mH}HH /2K�M/ mM/2` /Bz2`2Mi b+2M�`BQb i?`Qm;? ky8y (  kN )X AM i?Bb T�T2` � ky `2;BQM J_AP
KQ/2H 7`QK 1sAP"�a1 Bb ?v#`B/Bx2/ iQ /Bb�;;`2;�i2 +Q#�Hi 7`QK Qi?2` MQM@72``Qmb K2i�HbX
aBM+2 +Q#�Hi ~Qrb r2`2 H2bb i?�M kXeW Q7 i?2 MQM72``Qmb K2i�H b2+iQ` i?2v r2`2 #mM/H2/
BMiQ- i?2 �mi?Q`b Dmbi ǳ?v#`B/Bx2/Ǵ i?2 i�#H2 #v �//BM; /�i� QM T?vbB+�H +Q#�Hi `2[mB`2K2Mib
iQ �TT`QT`B�i2 b2+iQ`bX h?2 ?v#`B/Bx2/ i�#H2 Bb i?2M b+�H2/ mT iQ 2biBK�i2 7mim`2 /2K�M/
#�b2/ QM T`QD2+i2/ `2;BQM�H �p2`�;2 :.S ;`Qri? `�i2b �/Dmbi2/ 7Q` /Bz2`2Mi b2+iQ`b- �M/
7mim`2 bmTTHv Bb 2biBK�i2/ mbBM; � HBM2�` T`Q;`�K +QK#BM2/ rBi? � /vM�KB+ biQ+F KQ/2H
iQ /2i2`KBM2 QTiBK�H 2ti`�+iBQM T�ii2`Mb �M/ `2bQm`+2 /2TH2iBQM b+2M�`BQbX � HBKBi�iBQM
Q7 i?Bb rQ`F Bb i?�i i?2 bmTTHv@mb2 i�#H2 UalhV bi`m+im`2 i?2 �mi?Q`b 2M+QmMi2`2/ /B/ MQi
T2`72+iHv K�i+? i?2 FMQrM mb2 Q7 +Q#�Hi �M/ bQK2 FMQrM +Q#�Hi@+QMbmKBM; BM/mbi`B2b /B/
MQi ǳ+QMbmK2Ǵ �Mv K2i�H 7`QK i?2 b2+iQ` BM r?B+? +Q#�Hi r�b �;;`2;�i2/X A7 QM2 Bb BMi2`2bi2/
BM B/2MiB7vBM; mMFMQrM b2+iQ`b `2H�i2/ iQ i?2 K�i2`B�H- /Bb�;;`2;�iBQM `�i?2` i?�M �TT2M/BM;
� M2r b2+iQ` iQ +QMi�BM i?2 KBMQ` ~Qr rQmH/ `2bmHi BM � i`�/2 M2irQ`F +QMi�BMBM; �HH TQbbB#H2
~Qrb r?B+? rQmH/ i?2M `2[mB`2 T`mMBM; Q` }Hi2`BM;X �//BiBQM�HHv- �TTHB+�#BHBiv Q7 i?2 qAP@
J6� iQ Qi?2` K�i2`B�Hb Bb HBKBi2/ /m2 iQ i?2 /�i� `2[mB`2/ iQ +QMbi`m+i i?2 }Hi2`BM; K�i`Bt
#2BM; +QKT�`�#Hv /B{+mHi iQ Q#i�BM �b i?2 +mbiQK�`v /�i� `2[mB`2/ 7Q` � i`�/BiBQM�H- BM@
/2Ti? K�i2`B�H ~Qr �M�HvbBbX

RXj _2b2�`+? P#D2+iBp2b

a2p2`�H bim/B2b ?�p2 7Q+mb2/ QM i?2 ;HQ#�H +Q#�Hi bmTTHv +?�BM �M/ �i i?2 lXaX M�iBQM�H
H2p2H- #mi MQM2 HQQF 7m`i?2` BMiQ bm#M�iBQM�H K�i2`B�H ~Qrb ( kd )- ( kN )- ( jy )X *m``2Mi K2i?Q/b
`2HvBM; QM 2KTB`B+�H /�i� i?�i Bb `2bQm`+2 BMi2MbBp2 iQ T`Q/m+2 HBKBi i?2 `2T`Q/m+B#BHBiv Q7
AP bim/B2bX �//BiBQM�HHv- +QMbBbi2MiHv K�BMi�BM2/ FMQrH2/;2 Q7 `2;BQM�H K�i2`B�H ~Qrb �M/
biQ+Fb �`2 M22/2/ 7Q` +B`+mH�` 2+QMQKv /2bB;M �i i?2 M�iBQM�H H2p2HX hQ �//`2bb i?2b2 M22/b-
i?2 `2b2�`+? Q#D2+iBp2b Q7 i?Bb bim/v r2`2 iQ,

RN



RV .2p2HQT � bi`2�KHBM2/ K2i?Q/ 7Q` `2;BQM�H BMTmi@QmiTmi �M�HvbBb Q7 +`BiB+�H K�i2`B�Hb BM
i?2 la 2+QMQKv- �M/
kV .Bb�;;`2;�i2 +Q#�Hi p�Hm2 7`QK � KQM2i�`v- KmHiB`2;BQM�H BMTmi@QmiTmi UJ_APV i�#H2
�M/ /2i2`KBM2 bB;MB}+�Mi b2+iQ`b �M/ `2;BQMb 7Q` +Q#�Hi mb2 rBi? M2irQ`F �M�HvbBbX

RX9 PmiHBM2

h?Bb i?2bBb Bb Q`;�MBx2/ BMiQ iQ 7QHHQrBM; b2+iBQMbX *?�Ti2`  k BM+Hm/2b i?2 K2i?Q/QHQ;v
/2p2HQT2/ BM i?Bb rQ`F iQ BbQH�i2 K2i�H ~Qrb BM � M�iBQM�H �M/ bm#`2;BQM�H BMTmi@QmiTmi
KQ/2HX h?2 M�iBQM�H �M/ KmHiB`2;BQM�H AP KQ/2Hb �`2 /Bb+mbb2/ BM b2+iBQM  kXRXk X h?2 `2bmHib
Q7 i?2 M2irQ`F �M�HvbBb T2`7Q`K2/ QM i?2 /Bb�;;`2;�i2/ AP M2irQ`Fb �`2 T`QpB/2/ BM b2+iBQM

 kXk X h?2 +QM+HmbBQMb Q7 i?Bb bim/v �M/ T`QTQb�Hb 7Q` 7mim`2 `2b2�`+? #�b2/ QM i?Bb rQ`F �`2
T`2b2Mi2/ BM *?�Ti2`  j X

ky



6B;m`2 RXRX 1+QMQKB+ BMTmi@QmiTmi /�i� bi`m+im`2X P`/BM�`v AP �bbmK2b
2�+? BM/mbi`v T`Q/m+2b QM2 +QKKQ/BivX h?2 J�F2 �M/ lb2 AP bvbi2K �++QmMib
7Q` i?2 7�+i i?�i K�Mv BM/mbi`B2b T`Q/m+2 b2p2`�H ivT2b Q7 +QKKQ/BiB2bX

kR



kX J_AP *P"�Gh L1hqP_E .1o1GPSJ1Lh �L.

�L�GuaAa

h?2 KmHiB`2;BQM�H BMTmi@QmiTmi i�#H2b mb2/ BM i?Bb bim/v r2`2 ;2M2`�i2/ rBi? i?2 AM/mbi`B�H
1+QHQ;v oB`im�H G�#Q`�iQ`v UA1G�#VX h?2 A1G�# Bb � +HQm/@#�b2/ TH�i7Q`K 7Q` `�TB/ ;2M2`@
�iBQM Q7 J_APb �i +mbiQKBx�#H2 b2+iQ`�H �M/ `2;BQM�H �;;`2;�iBQMb (  jR )- ( jk )c A1G�# J_AP
KQ/2Hb +m``2MiHv 2tBbi 7Q` b2p2`�H +QmMi`B2b BM+Hm/BM; �mbi`�HB�- *?BM�- AM/QM2bB�- C�T�M-
ar2/2M- arBix2`H�M/- h�Br�M- �M/ i?2 lMBi2/ ai�i2b �b /Q2b � :HQ#�H J_AP G�#- r?B+?
7m`i?2` #mBH/b QM i?2 pB`im�H AP H�#Q`�iQ`v KQ/2H �M/ BMi2;`�i2b 1Q`�- 1sAP"�a1- �M/
qAP. /�i� (  jj )- (  j9 )X �Hi?Qm;? i?2 la A1G�# +�M ;2M2`�i2 AP i�#H2b �i i?2 KQbi /2i�BH2/
H2p2H Q7 b2+iQ`�H +H�bbB}+�iBQM- +`BiB+�H K�i2`B�Hb �M/ i?2B` /2`Bp2/ T`Q/m+ib- r?Qb2 bmTTHv
+?�BMb �`2 Q7 BMi2`2bi iQ bim/v mbBM; AP �M�HvbBb- �`2 biBHH �;;`2;�i2/ BM i?2 +QKKQ/BiB2b
i?�i `2T`2b2Mi �HH Q7 � b2+iQ`Ƕb QmiTmi BM i?2 AP KQ/2HbX 6m`i?2` /Bb�;;`2;�iBM; K�i2`B�Hb
Q` T`Q/m+ib 7`QK i?2 J_AP i�#H2b Bb i?2M /2bB`�#H2 BM Q`/2` iQ #2 �#H2 iQ /BbiBM;mBb? #2@
ir22M i?2 2t+?�M;2 Q7 T`Q/m+ib +H�bbB}2/ BM i?2 b�K2 AP b2+iQ` #mi i?�i ?�p2 /Bz2`2Mi i`�/2
bi`m+im`2b i?�M i?2 QM2 `2T`2b2Mi2/ #v i?2 �;;`2;�i2/ b2+iQ`X

.Bb�;;`2;�iBM; AP �++QmMib `2[mB`2b �//BiBQM�H /�i� QM i?2 mb2 Q7 i?2 i�`;2i K�i2`B�H
Q` T`Q/m+i BM `2H�iBQM iQ i?2 `2bi Q7 i?2 +QKKQ/BiB2b +QMi�BM2/ BM i?2 �;;`2;�i2/ b2+iQ`X
h?2 2H2+i`B+ TQr2` ;2M2`�iBQM b2+iQ` ?�b #22M � ;QQ/ +�M/B/�i2 7Q` K�Mv AP /Bb�;;`2;�iBQM
bim/B2b #2+�mb2 i?2`2 Bb �KTH2 /�i� QM i?2 b?�`2 Q7 2H2+i`B+Biv ;2M2`�iBQM #v bQm`+2 i?�i +�M
#2 mb2/ iQ /Bb�;;`2;�i2 i?2 b2+iQ` (  j8 )Ĝ( jd )X 6Q` i`�+FBM; +`BiB+�H K�i2`B�Hb BM AP i�#H2b-
�MMm�H la:a /�i� QM K�i2`B�H +QMbmKTiBQM Bb �M �MMm�HHv mT/�i2/ �M/ Tm#HB+Hv �p�BH�#H2
bQm`+2 Q7 /�i� i?�i ?�b #22M mb2/ 7Q` AP �M�HvbBb Q7 +`BiB+�H K�i2`B�Hb BM i?2 la (  kd )X >Qr2p2`-
7Q` K�Mv K�i2`B�Hb- i?2B` �TTHB+�iBQMb �`2 +H�bbB}2/ #v i?2 la:a BMiQ #`Q�/ b2+iQ` +�i2;Q`B2b
�M/ i?2`27Q`2 i?2 /�i� Kmbi #2 �m;K2Mi2/ rBi? KQ`2 /2i�BH2/ BM7Q`K�iBQM QM K�i2`B�H mb2 #v
BM/mbi`v BM Q`/2` iQ #2 K�TT2/ iQ /2i�BH2/ AP b2+iQ`b 7Q` /Bb�;;`2;�iBQMX 1KTB`B+�H K�i2`B�H
~Qr /�i� ?�b T`2pBQmbHv #22M mb2/ iQ �m;K2Mi la:a /�i� BM i?2 72r bim/B2b i�FBM; �M
AP@#�b2/ �TT`Q�+? iQ +`BiB+�H K�i2`B�H bmTTHv +?�BM �M�HvbBb BM i?2 la- #mi i?Bb K�i2`B�H
~Qr /�i� Bb T`QT`B2i�`v �M/ HBF2 i?2 M�iBQM�H AP �++QmMib i?2Kb2Hp2b- MQi `2;mH�`Hv mT/�i2/
/m2 iQ i?2 `2[mB`2/ `2bQm`+2b 7Q` bm+? 2zQ`iX

kk



� Tm#HB+Hv �p�BH�#H2 �Hi2`M�iBp2 /�i� bQm`+2 rQ`i? BMp2biB;�iBM; 7Q` i?Bb Tm`TQb2 Bb i?2
1S� hQtB+ _2H2�b2 AMp2MiQ`vX h?2 h_A BM+Hm/2b bm#bi�M+2b i?�i +�mb2 2Bi?2` +�M+2` Q` Qi?2`
+?`QMB+ ?mK�M ?2�Hi? 2z2+ib- bB;MB}+�Mi �/p2`b2 �+mi2 ?mK�M ?2�Hi? 2z2+ib- Q` bB;MB}+�Mi
�/p2`b2 2MpB`QMK2Mi�H 2z2+ib (  j3 )X h?2`2 �`2 b2p2M ?mM/`2/ b2p2Miv BM/BpB/m�HHv HBbi2/ +?2K@
B+�Hb �M/ i?B`iv@i?`22 +?2KB+�H +�i2;Q`B2b bm#D2+i iQ `2TQ`iBM; mM/2` i?2 h_A ( j3 ) �M/ K�Mv
#mi MQi �HH la /2}M2/ +`BiB+�H K�i2`B�Hb- BM+Hm/BM; +Q#�Hi- �`2 bm#D2+i iQ h_A `2TQ`iBM;X
6�+BHBiv `2TQ`ib QM i?2 mb2 Q7 `2;mH�i2/ +?2KB+�Hb �M/ +QKTQmM/b +�M #2 Q`;�MBx2/ #v i?2
/2i�BH2/ BM/mbi`v +H�bbB}+�iBQM- r?B+? Bb �HbQ mb2/ BM i?2 AP �++QmMibX h?Bb K�F2b i?2 h_A
� T`QKBbBM; TQi2MiB�H bQm`+2 Q7 /�i� QM K�i2`B�H mb2 #v b2+iQ` �M/ HQ+�iBQM i?�i +QmH/ #2
i�F2M �/p�Mi�;2 Q7 7Q` �TTHB+�iBQM iQ AP �M�HvbBbX

AM �M 2zQ`i iQ +QMi`B#mi2 iQ �/p�M+2/ TH�MMBM; 7Q` i?2 `2+Qp2`v Q7 b2+QM/�`v +Q#�Hi
K�i2`B�Hb- i?Bb `2b2�`+? /2p2HQTb � K2i?Q/ 7Q` B/2MiB7vBM; b2+iQ`b �M/ HQ+�iBQMb i?�i �`2
bB;MB}+�Mi 7Q` � K�i2`B�HǶb Q7 BMi2`2bi bmTTHv +?�BM BM i?2 la 2+QMQKv �M/ �TTHB2b Bi iQ i?2
/QK2biB+ bmTTHv +?�BM Q7 +Q#�HiX h?2`2 Bb MQ Tm#HBb?2/ HBi2`�im`2 i?�i BMp2biB;�i2b +Q#�Hi mb2
�i i?2 bi�i2@ Q` bm#M�iBQM�H H2p2H- r?B+? Bb � M2+2bb�`v M2ti bi2T BM 2p�Hm�iBM; ?Qr +?�M;2b
BM i?2 /2K�M/ 7Q` +Q#�Hi K�v �z2+i Qi?2` BM/mbi`B2b BM i?2 2+QMQKv �M/ i?2 `2;BQMb i?2v �`2
HQ+�i2/X �//BiBQM�HHv- bBM+2 i?2 K�DQ`Biv Q7 +Q#�Hi Bb +m``2MiHv mb2/ BM i?2 la 7Q` MQM@#�ii2`v
�TTHB+�iBQMb- �M/ i?2 /2K�M/ 7Q` i?2b2 �TTHB+�iBQMb Bb �HbQ QMHv 2tT2+i2/ iQ BM+`2�b2 ( R8 )-
BMp2biB;�iBM; TQi2MiB�H b2+QM/�`v bQm`+2b Q7 +Q#�Hi �bB/2 7`QK Dmbi 2H2+i`B+ p2?B+H2@/2`Bp2/
#�ii2`B2b rBHH #2 #2M2}+B�H �b i?2 la 2tT�M/b Bib b2+QM/�`v K�i2`B�H K�`F2ib iQ ?2HT b2+m`2
Bib bmTTHv Q7 i?2 K�i2`B�HX

h?2 Tm`TQb2 Q7 i?Bb bim/v r�b iQ 2Hm+B/�i2 i?2 bm#M�iBQM�H i`�/2 bi`m+im`2 Q7 +Q#�Hi �M/
B/2MiB7v bB;MB}+�Mi bm#M2irQ`Fb Q7 +Q#�Hi@T`Q+2bbBM; b2+iQ`bX

kXR J2i?Q/b

kXRXR E2v a2+iQ` .2i2`KBM�iBQM �M/ *Q#�Hi *QMbmKTiBQM �HHQ+�iBQM

h?2 T`QTQb2/ K2i?Q/QHQ;v 7Q` i`�+FBM; bT2+B}+ K2i�H ~Qrb BM 2+QMQKv 7QHHQrb � iQT
/QrM �TT`Q�+? Q7 /Bb�;;`2;�iBM; +2`i�BM 2+QMQKB+ b2+iQ`b mb2/ BM AP �++QmMib BMiQ }M2`
b+�H2 b2+iQ`b i?�i ?�M/H2 i?2 K�i2`B�H Q7 BMi2`2biX h?2 /Bb�;;`2;�iBQM Bb +�``B2/ Qmi QM

kj



2+QMQKB+ AP i�#H2b #mi � +QK#BM�iBQM Q7 T?vbB+�H �M/ 2+QMQKB+ /�i� Bb mb2/ iQ /2i2`KBM2
?Qr Km+? p�Hm2 iQ b2T�`�i2 �M/ �ii`B#mi2 iQ +Q#�Hi i`�/2X h?2 K�DQ` +Q#�Hi T`Q+2bbBM;
b2+iQ`b �`2 B/2MiB}2/ 7Q` /Bb�;;`2;�iBQM 7`QK �MMm�HHv Tm#HBb?2/ �M/ Tm#HB+Hv �p�BH�#H2 /�i�-
r?B+? �`2 i?2M K�TT2/ iQ b2+iQ`b `2T`2b2Mi2/ BM 2+QMQKB+ AP i�#H2bX L2irQ`F �M�HvbBb Bb
i?2M mb2/ iQ BMp2biB;�i2 i?2 bi`m+im`�H bB;MB}+�M+2 Q7 i?2 B/2MiB}2/ K�DQ` T`Q+2bbBM; b2+iQ`b
�M/ iQ i`v �M/ B/2MiB7v �//BiBQM�H b2+iQ`b Q7 b2+QM/�`v bB;MB}+�M+2 iQ i?2 M�iBQM�H +Q#�Hi
bmTTHv +?�BMX 6B;m`2  kXR b?Qrb i?2 Qp2`�HH rQ`F~Qr Q7 i?2 /2p2HQT2/ K2i?Q/X 1�+? bi2T Q7
i?2 �TT`Q�+? Bb /2b+`B#2/ BM /2i�BH BM i?2 bm#b2[m2Mi b2+iBQMbX

6B;m`2 kXRX 6HQr+?�`i Q7 bi2Tb �M/ /�i� +QKT`BbBM; i?2 K2i?Q/X

.Bb�;;`2;�iBM; +Q#�Hi p�Hm2 7`QK b2+iQ`b BM AMTmi@PmiTmi UAPV i�#H2b }`bi `2[mB`2/ B/2M@
iB7vBM; r?B+? b2+iQ`b 2t+?�M;2 +Q#�Hi BM i?2 2+QMQKv �M/ ?Qr Km+? Q7 i?�i b2+iQ`Ƕb iQi�H
p�Hm2 Bb �bbQ+B�i2/ rBi? +Q#�Hi i`�/2X .�i� QM i?2 iQi�H p�Hm2 Q7 �MMm�H +Q#�Hi +QMbmKTiBQM
r2`2 M22/2/- �b r�b BM7Q`K�iBQM QM i?2 /Bbi`B#miBQM Q7 i?�i p�Hm2 �+`Qbb b2+iQ`bX *Q#�Hi
+QMbmKTiBQM /�i� r2`2 +QKTBH2/ 7`QK i?2 la:a JBM2`�H *QKKQ/Biv amKK�`B2b kyRj Ui?2
2�`HB2bi v2�` `2TQ`iBM; kyRk /�i�V (  jN ) �M/ 7`QK i?2 1S� kyRk hQtB+ _2H2�b2 AMp2MiQ`v Uh_AV

k9



( j3 )X h?2 /�i� mb2/ 7`QK i?2 la:a BM+Hm/2/ i?2 KQM2i�`v p�Hm2 Q7 �TT�`2Mi +QMbmKTiBQM-
r?B+? Bb /2}M2/ �b �M 2biBK�i2 Q7 T`BK�`v �M/ b2+QM/�`v /QK2biB+ T`Q/m+iBQM Y BKTQ`ib Ĝ
2tTQ`ib Ǭ �/DmbiK2Mib iQ ;Qp2`MK2Mi �M/ BM/mbi`v biQ+F +?�M;2b (  9y )X LQi2 i?�i �TT�`2Mi
+QMbmKTiBQM /Q2b MQi BM+Hm/2 +QKKQ/Biv [m�MiBiB2b 2K#Q/B2/ BM K�Mm7�+im`2/ T`Q/m+ib-
2Bi?2` BKTQ`i2/ Q` 2tTQ`i2/ (  9R )- bQ i?2 p�Hm2 +QMbB/2`2/ BM i?Bb �M�HvbBb Bb QMHv i?�i Q7
+Q#�Hi i?�i Bb BM bQK2 r�v T`Q+2bb2/ /QK2biB+�HHv �M/ +QMi�BM2/ BM � T`Q/m+i mTQM BKTQ`@
i�iBQMX .2bTBi2 i?Bb 2t+HmbBQM Q7 2K#Q/B2/ K�i2`B�H- i?2 +Q#�Hi �++QmMi2/ 7Q` #v �TT�`2Mi
+QMbmKTiBQM b?QmH/ +Q``2bTQM/ r2HH iQ i?2 K�i2`B�H i?�i Bb bm#D2+i `2TQ`iBM; BM i?2 h_A-
�M/ Bb i?2 K�i2`B�H #2BM; T`Q+2bb2/ #v i?2 b2+iQ`b r2 �`2 BMi2`2bi2/ BM B/2MiB7vBM; Ĝ i?Qb2
r?Q KB;?i #2 � TQi2MiB�H bmTTHv bQm`+2 7Q` b2+QM/�`v +Q#�Hi- Q` r?Q `BbF #2BM; BKT�+i2/ #v
+Q#�Hi bmTTHv +?�BM /Bb`mTiBQMbX h?2 p�Hm2 Q7 �TT�`2Mi +QMbmKTiBQM r�b bQm`+2/ 7`QK la:a
/�i� r?BH2 i?2 1S� h_A /�i� r�b mb2/ iQ B/2MiB7v r?B+? b2+iQ`b iQ /Bb�;;`2;�i2 �M/ ?Qr iQ
�HHQ+�i2 iQi�H �MMm�H +QMbmKTiBQM #2ir22M i?2KX q2 r2`2 BMi2`2bi2/ BM 2tTHQ`BM; i?2 h_A
/�i�Ƕb �TTHB+�#BHBiv iQ AP �M�HvbBb #2+�mb2 Q7 Bib ?B;? H2p2H Q7 b2+iQ` �M/ `2;BQM�H bT2+B}+Biv-
BM �//BiBQM iQ Bi #2BM; Tm#HB+Hv �p�BH�#H2 �M/ mT/�i2/ �MMm�HHvX h?2 bi2Tb i�F2M iQ T`Q+2bb
+QMbmKTiBQM /�i� 7`QK i?2b2 bQm`+2b Bb 7m`i?2` /2b+`B#2/ #2HQrX
J�TTBM; L�A*a +Q/2b `2TQ`i2/ BM i?2 h_A rBi? "1� b2+iQ` +Q/2b

h?2 1S� h_A r�b mb2/ iQ B/2MiB7v r?B+? b2+iQ`b iQ /Bb�;;`2;�i2 BM i?2 M�iBQM�H UbBM;H2@
`2;BQMV �M/ KmHiB`2;BQM�H K�F2 �M/ mb2 i�#H2b �M/ i?2 T`QTQ`iBQMb Q7 �MMm�H +Q#�Hi +QM@
bmKTiBQM iQ �HHQ+�i2 iQ 2�+? b2+iQ`X 6B`bi- i?2 e@/B;Bi L�A*a +Q/2b mb2/ BM i?2 h_A r2`2
K�TT2/ iQ i?2 +Q``2bTQM/BM; b2+iQ` +Q/2b BM i?2 M�iBQM�H 2+QMQKB+ �++QmMibX Ai r�b �HbQ
M2+2bb�`v iQ `2+H�bbB7v i?2 h_A b2+iQ`b 7Q` mb2 rBi? i?2 KmHiB`2;BQM�H A1G�# i�#H2b- r?B+?
r2`2 ;2M2`�i2/ �i i?2 9@/B;Bi L�A*a H2p2HX h?2 "1� M�iBQM�H 2+QMQKB+ �++QmMib b2+iQ`�H
+H�bbB}+�iBQM bvbi2K Bb � ?v#`B/Bx2/ p2`bBQM Q7 i?2 L�A*a bvbi2K- ?2`2�7i2` `272``2/ iQ �b
"1� L�A*ac i?Bb +H�bbB}+�iBQM b+?2K2 +QMi�BMb bQK2 i`m2 e@/B;Bi L�A*a +Q/2b- r?BH2 Qi?2`
e@/B;Bi +Q/2b �`2 �;;`2;�i2/X 6Q` 2t�KTH2- i?2 e@/B;Bi L�A*a +Q/2 jjR9Ry `2T`2b2Mib LQM@
72``Qmb J2i�H aK2HiBM; �M/ _2}MBM;X h?Bb +Q/2 �HbQ 2tBbib BM i?2 "1� i�#H2b- bQ Bi +QmH/ #2
K�i+?2/ 2t�+iHvX >Qr2p2`- jjR9NR `2T`2b2Mib LQM72``Qmb J2i�H _QHHBM;- .`�rBM;- �M/ 1t@
i`m/BM; ě �M/ jjR9Nk `2T`2b2Mib a2+QM/�`v aK2HiBM;- _2}MBM;- �M/ �HHQvBM; Q7 LQM72``Qmb
J2i�HX h?2b2 irQ +Q/2b �`2 �;;`2;�i2/ mM/2` jjR9Ny BM i?2 "1� �++QmMib- bQ i?2 /�i� 7Q`
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7�+BHBiB2b `2TQ`iBM; mM/2` jjR9NR Q` jjR9Nk r2`2 �bbB;M2/ iQ "1� b2+iQ` jjR9NyX 6`QK i?2
h_A /�i�b2i- R8N mMB[m2 e@/B;Bi L�A*a +Q/2b r2`2 �;;`2;�i2/ iQ RRd mMB[m2 "1� L�A*a
+Q/2b Ui?2 7mHH K�TTBM; Bb �p�BH�#H2 BM �TT2M/Bt h�#H2  �XR VX
A/2MiB}+�iBQM Q7 F2v b2+iQ`b 7Q` /Bb�;;`2;�iBQM

�7i2` b2+iQ` `2+H�bbB}+�iBQM- 2�+? b2+iQ`Ƕb T2`+2Mi�;2 Q7 iQi�H `2TQ`i2/ +Q#�Hi mb2 r�b
2biBK�i2/X h?2 bmK Q7 QMbBi2 biQ+F `2TQ`i2/ #v 2�+? 7�+BHBiv Q7 � +2`i�BM b2+iQ` r�b mb2/
�b � T`Qtv 7Q` i?�i b2+iQ`Ƕb iQi�H +Q#�Hi mb2X h?2M i?2 `2H�iBp2 +Q#�Hi mb2 T2` b2+iQ` r�b
+�H+mH�i2/ �b i?2 `�iBQ Q7 QMbBi2 +Q#�Hi biQ+F 7Q` 2�+? b2+iQ` `2H�iBp2 iQ i?2 iQi�H QMbBi2 biQ+F
�+`Qbb b2+iQ`bX 1�+? 7�+BHBiv bm#D2+i iQ h_A `2TQ`iBM; `2TQ`ib � `�M;2 Q7 i?2 K�tBKmK �KQmMi
Q7 +?2KB+�H UJ�P*V QMbBi2 �i �Mv iBK2 /m`BM; i?2 `2TQ`iBM; v2�`X h?2 irQ bK�HH2bi �M/
H�`;2bi `�M;2b- BM TQmM/b- �`2 (y Ĝ NN)c (Ryy Ĝ NNN)c (8yy-yyy-yyy Ĝ NNN-NNN-NNN)c ØR #BHHBQMX
h?2 `2TQ`iBM; QTiBQMb 7Q` J�P* �`2 T`QpB/2/ BM h�#H2  kXR X 1t�+i [m�MiBiB2b Q7 � bm#bi�M+2
`2H2�b2 iQ �B`- r�i2`- �M/ H�M/ �`2 BM+Hm/2/ BM i?2 BMp2MiQ`v- #mi #2+�mb2 mb�;2 /�i� +�M #2
b2MbBiBp2 BM7Q`K�iBQM- MQ �//BiBQM�H /�i� QM T`Q+2bb2/ [m�MiBiB2b Q` biQ+F Bb `2TQ`i2/ �bB/2
7`QK i?2 J�P*X :Bp2M i?Bb /�i� HBKBi�iBQM- r2 mb2/ i?2 KB/`�M;2 Q7 i?2 HQr2` �M/ mTT2`
#QmM/ Q7 i?2 `2TQ`i2/ J�P* `�M;2 �b � T`Qtv- +QKT�`�#H2 �+`Qbb b2+iQ`b- 7Q` �MMm�H +Q#�Hi
mb2 7Q` 2�+? 7�+BHBivX h?Bb KB/`�M;2 Bb ?2`2�7i2` `272``2/ iQ �b Dmbi ǶJ�P*ǶX h?2 2biBK�i2/
QMbBi2 +Q#�Hi T2` 7�+BHBiv r�b �;;`2;�i2/ 7Q` 2�+? b2+iQ` �M/ i?2 b2+iQ`b r?Qb2 +mKmH�iBp2
J�P* r�b ;`2�i2` i?�M QM2 T2`+2Mi Q7 i?2 iQi�H J�P* 7Q` �HH b2+iQ`b r2`2 /2bB;M�i2/ �b
� F2v b2+iQ`- k œ K- 7Q` /Bb�;;`2;�iBQMX
S`mMBM; b2i Q7 F2v b2+iQ`b iQ BM+Hm/2 QMHv i?Qb2 i?�i T`Q+2bb +Q#�Hi BM � i`�+2�#H2 7Q`K BM
i?2 AP i�#H2b

h_A .�i� QM +Q#�Hi mb2 BM 2�+? Q7 i?2 F2v b2+iQ`b r�b i?2M 7m`i?2` BMp2biB;�i2/ iQ
/2i2`KBM2 r?2i?2` i?2 b2+iQ`Ƕb mb2 Q7 +Q#�Hi rQmH/ #2 +�Tim`2/ #v i?2 AP /�i� bi`m+im`2X
*Q#�Hi mb2b r2`2 /22K2/ 2Bi?2` bi`m+im`�H- �mtBHB�`v- /BbbBT�iBp2- Q` � +QK#BM�iBQM #�b2/
QM i?2 7�+BHBivǶb `2TQ`i2/ mb2b Q7 +Q#�Hi Q` +Q#�Hi +QKTQmM/b U2t�KTH2b Q7 mb2 ivT2 BM+Hm/2
7Q`KmH�iBQM +QKTQM2Mi- �M+BHH�`v- #vT`Q/m+i- `2�+i�Mi- K�Mm7�+im`BM; BKTm`Biv- 2i+XVX h?2
bmTTHv +?�BM Q7 +Q#�Hi rBi? bi`m+im`�H mb2b- r?2`2 +Q#�Hi Bb �M BMi2MiBQM�H T`Q/m+i +QKTQM2Mi-
bm+? �b +Q#�Hi BM �HHQvb- K�v #2 i`�+F2/ BM i?2 AP i�#H2bX aQK2 �mtBHB�`v mb2b i?�i `2bmHi
BM +Q#�Hi #2BM; b2Mi iQ Qi?2` b2+iQ`b- bm+? �b bT2Mi +�i�Hvbib /BbTQb2/ Q7 �b r�bi2- K�v �HbQ

ke



h�#H2 kXRX
_2TQ`iBM; +Q/2 �M/ +Q``2bTQM/BM; r2B;?i `�M;2b 7Q` J�tBKmK �KQmMi Q7 i?2
1S*_� a2+iBQM jRj Ƕ*?2KB+�H PMbBi2 �i �Mv hBK2 /m`BM; i?2 *�H2M/�` u2�`Ƕ
UK�tBKmK �KQmMi Q7 +?2KB+�H @ J�P*VX

q2B;?i _�M;2 BM SQmM/b
_�M;2 *Q/2 6`QK hQ
yR y NN
yk Ryy NNN
yj Ryyy N-NNN
y9 Ry-yyy NN-NNN
y8 Ryy-yyy NNN-NNN
ye R-yyy-yyy N-NNN-NNN
yd Ry-yyy-yyy 9N-NNN-NNN
y3 8y-yyy-yyy NN-NNN-NNN
yN Ryy-yyy-yyy 9NN-NNN-NNN
Ry 8yy-yyy-yyy NNN-NNN-NNN
RR R #BHHBQM JQ`2 i?�M R #BHHBQM

#2 i`�+F2/X .BbbBT�iBp2 mb2b �M/ +Q#�Hi i?�i Bb `2TQ`i2/ �b �M mM`2+Qp2`2/ #vT`Q/m+i +�MMQi
#2 i`�+F2/ BM i?2 2+QMQKB+ AP i�#H2bX E2v b2+iQ`b r?Q `2TQ`i KQbi Q7 i?2B` +Q#�Hi BM i?2b2
7Q`Kb �`2 2t+Hm/2/ 7`QK 7m`i?2` +QMbB/2`�iBQMX �M 2t2KTH�`v 2t+Hm/2/ F2v b2+iQ` r�b i?2
1H2+i`B+ liBHBiB2b b2+iQ`c i?Bb b2+iQ` T`BK�`BHv `2TQ`ib +Q#�Hi �B` 2KBbbBQMb 7`QK +Q�H }`2/
TQr2` TH�MibX aBM+2 i?Bb +Q#�Hi rQmH/ MQi #2 i`�+2�#H2 BM i?2 AP i�#H2b- MQ` Bb BM+Hm/2/ BM
i?2 la:a �MMm�H �TT�`2Mi +QMbmKTiBQM 2biBK�i2b- i?2 b2+iQ` r�b 2t+Hm/2/ 7`QK 7m`i?2`
+QMbB/2`�iBQMX
�HHQ+�iBQM Q7 *Q#�Hi o�Hm2 iQ E2v a2+iQ`b

h?2 la:a KQM2i�`v p�Hm2 Q7 �MMm�H +Q#�Hi +QMbmKTiBQM r�b i?2M �HHQ+�i2/ �KQM; i?2
bm#b2i Q7 F2v b2+iQ`b- J ™ K- i?�i `2K�BM2/ �7i2` }Hi2`BM;X 6Q` i?2 `2K�BMBM; F2v b2+iQ`b
D- r?2`2 D œ J - i?2 `�iBQ Q7 +mKmH�iBp2 b2+iQ` J�P* iQ iQi�H J�P* r�b MQ`K�HBx2/ bm+?
i?�i i?2 mb2 T2`+2Mi�;2b 7Q` i?Bb bm#b2i bmK iQ Ryy T2`+2MiX h?Bb MQ`K�HBx�iBQM �HHQrb 7Q`
Ryy T2`+2Mi Q7 �MMm�H +Q#�Hi p�Hm2 iQ #2 �HHQ+�i2/ �M/ Bi Bb �bbmK2/ i?2 b2+iQ`b rBi? J�P*
H2bb i?�M QM2 T2`+2Mi Q7 iQi�H J�P* mb2 M2;HB;B#H2 �KQmMib Q7 +Q#�HiX h?2 mb2 T2`+2Mi�;2
7Q` D Bb i?2 `�iBQ Q7 2biBK�i2/ QMbBi2 +Q#�Hi 7Q` � b2+iQ` �M/ i?2 bmK Q7 QMbBi2 +Q#�Hi 7Q` �HH
F2v b2+iQ`bX G2i i?2 /QHH�` p�Hm2 Q7 +Q#�Hi �HHQ+�i2/ iQ � F2v b2+iQ` D #2 CADX CAD r�b i?2M
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+�H+mH�i2/ mbBM; 1[  kXR �b i?2 T`Q/m+i Q7 i?2 b2+iQ`Ƕb MQ`K�HBx2/ mb2 T2`+2Mi�;2 �M/ i?2
p�Hm2 Q7 �MMm�H +Q#�Hi +QMbmKTiBQM 7`QK i?2 la:a- oX �M 2t�KTH2 +�H+mH�iBQM Q7 CAD 7Q`
b2+iQ` jjR9Ry Bb b?QrM #2HQrX

CAD =
q

MAOCDq
MAOCJ

· V UkXRV

h�#H2 kXkX
.�i� �M/ +�H+mH�iBQM Q7 i?2 MQM72``Qmb K2i�H bK2HiBM; �M/ `2}MBM; b2+iQ`Ƕb mb2
Q7 +Q#�Hi `2H�iBp2 iQ Qi?2` b2+iQ`b `2TQ`iBM; iQ i?2 hQtB+ _2H2�b2 AMp2MiQ`vX

a2+iQ`, jjR9Ry @ LQM72``Qmb K2i�H bK2HiBM; �M/ `2}MBM;
_2TQ`i2/ J�P* +Q/2R j 9 8 e hQi�H
�p2`�;2 QMbBi2 biQ+F T2` `�M;2 UH#bV 8X8ƓRy3 8X8ƓRy4 8X8ƓRy5 8X8ƓRy6

LmK#2` Q7 7�+BHBiB2b `2TQ`iBM; `�M;2 R j R R e
1biBK�i2/ QMbBi2 biQ+F @ J�P* UH#bV RU8X8ƓRy3) jU8X8ƓRy4) RU8X8ƓRy5) RU8X8ƓRy6) eXkƓRy6

*mKmH�iBp2 J�P* 7Q` b2+iQ` UH#bV eXkƓRy6

hQi�H J�P* 7Q` �HH b2+iQ`bk UH#bV kX9ƓRy8

S2`+2Mi Q7 iQi�H J�P* jW

*mKmH�iBp2 J�P* =RW Q7 iQi�Hj 4 q
MAOCJ 4 9.3 ◊ 107 H#b

o�Hm2 Q7 +Q#�Hi +QMbmKTiBQM BM kyRk9 4 0kd8 KBHHBQM

*Q#�Hi p�Hm2 �HHQ+�i2/ iQ b2+iQ` jjR9Ry UCA331410V 4 6.2◊106 lbs
9.3◊107 lbs Ɠ 0kd8 KBHHBQM 4 0R3X9R KBHHBQM

h?2 b?�`2 Q7 �MMm�H +Q#�Hi p�Hm2 �HHQ+�i2/ iQ 2�+? b2+iQ` #2+�K2 i?2 /�i� mb2/ /B`2+iHv
7Q` /Bb�;;`2;�iBM; i?2 K�F2 �M/ mb2 i�#H2bX hQ K�BMi�BM #�H�M+2 Q7 i?2 /Bb�;;`2;�i2/ +Q#�Hi
b2+iBQMb �+`Qbb i?2 K�F2 �M/ mb2 i�#H2b- i?2 b�K2 p�Hm2 Q7 +Q#�Hi r�b /Bb�;;`2;�i2/ 7`QK �
F2v b2+iQ`Ƕb BM/mbi`v �M/ +QKKQ/Biv b2+iBQM BM #Qi? i�#H2b- BX2X- 2�+? /Bb�;;`2;�i2/ b2+iQ`Ƕb
iQi�H +QKKQ/Biv QmiTmi BM i?2 K�F2 i�#H2 Bb 2[m�H iQ i?�i BM i?2 mb2 i�#H2- �M/ HBF2rBb2 7Q`
iQi�H BM/mbi`v QmiTmiX
R+Q``2bTQM/b iQ � `�M;2 BM h�#H2  kXR 

k+�H+mH�iBQMb 7Q` �HH b2+iQ`b �p�BH�#H2 BM bmTTQ`iBM; BM7Q`K�iBQM
j2[m�Hb i?2 bmK Q7 i?2 +mKmH�iBp2 J�P* 7Q` 2�+? F2v b2+iQ` 2t+Hm/BM; T`mM2/ b2+iQ`b HBF2 1H2+i`B+ liBHBiB2b
97`QK la:a
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kXRXk AMTmi@PmiTmi UAPV h�#H2 .Bb�;;`2;�iBQM

L�iBQM�H AP h�#H2 .Bb�;;`2;�iBQM

h?2 BMTmib 7Q` i?2 M�iBQM�H@H2p2H /Bb�;;`2;�i2/ AP KQ/2H r2`2 i?2 /2i�BH2/ kyRk "2M+?@
K�`F K�F2 �M/ mb2 i�#H2bf�7i2` `2/2}MBiBQMb- +`2�i2/ #v i?2 la "m`2�m Q7 1+QMQKB+ �M�H@
vbBb U"1�V (  kR )- �M/ i?2 /�i�b2i Q7 2biBK�i2/ +Q#�Hi +QMbmKTiBQM T2` b2+iQ` ;2M2`�i2/ 7`QK
i?2 kyRk h_A �M/ la:a /�i�X h?2 p�Hm2 Q7 +Q#�Hi +QMbmKTiBQM �HHQ+�i2/ iQ � F2v b2+iQ`-
*�D- r�b /Bb�;;`2;�i2/ 7`QK i?�i b2+iQ`Ƕb BM/mbi`v �M/ +QKKQ/Biv QmiTmib BM i?2 K�F2 �M/
mb2 i�#H2bX h?2 "1� K�F2 �M/ mb2 i�#H2b mb2/ BM i?Bb rQ`F �`2 Q`;�MBx2/ BMiQ 9y8 b2+iQ`b-
2�+? +Q``2bTQM/BM; iQ � e@/B;Bi "1� L�A*a +Q/2c i?2 e@/B;Bi "1� L�A*a �`2 i?2 KQbi
/2i�BH2/ H2p2H Q7 b2+iQ`�H +H�bbB}+�iBQM `2T`2b2Mi2/ BM i?2 M�iBQM�H BMTmi@QmiTmi �++QmMibX 6Q`
i?2 2H2p2M F2v b2+iQ`b B/2MiB}2/ 7`QK i?2 1S� h_A Ub22 _2bmHib b2+iBQM h�#H2  kX8 V- *�D

r�b /Bb�;;`2;�i2/ 7`QK i?2 bmT2`Q`/BM�i2fQ`B;BM�HfT�`2Mi b2+iQ` BM #Qi? i�#H2b- `2bmHiBM; BM
/Bb�;;`2;�i2/ K�F2 �M/ mb2 i�#H2b 2�+? +QMi�BMBM; 9Re +QKKQ/BiB2b �M/ 9Re BM/mbi`B2bX

.Bb�;;`2;�iBQM Q7 � F2v b2+iQ` r�b +�``B2/ Qmi �+`Qbb i?2 BMi2`BM/mbi`v i`�Mb�+iBQMb-
p�Hm2@�//2/ �M/ }M�H /2K�M/ b2+iBQMb Q7 i?2 K�F2 i�#H2b bQ i?�i i?2 p�Hm2@�//2/ �M/ }M�H
/2K�M/ b2+iBQMb- r?B+? +QMi`B#mi2 iQ i�#H2 #�H�M+2- rQmH/ �HbQ +QMi�BM i?2 /Bb�;;`2;�i2/
bm#b2+iQ`b �M/ �HH AP i�#H2 b2+iBQMb M22/2/ iQ bBKmH�i2 /Bz2`2Mi }M�H /2K�M/ b+2M�`BQb
rQmH/ #2 �p�BH�#H2 BM /Bb�;;`2;�i2/ 7Q`KX �//BiBQM�H BM7Q`K�iBQM QM i?2 +QMi`B#miBQMb iQ
/QK2biB+ +Q#�Hi mb2 7`QK BMi2`BM/mbi`v i`�Mb�+iBQMb +QKT�`2/ rBi? i?2 }M�H /2K�M/ �M/
p�Hm2@�//2/ +�i2;Q`B2b r�b mM�p�BH�#H2 7Q` KQbi b2+iQ`b- bQ �HH b2+iBQMb Q7 i?2 mb2 i�#H2 r2`2
�bbmK2/ iQ +QMi`B#mi2 BM 2[m�H T`QTQ`iBQM iQ i?2 ;2M2`�iBQM Q7 p�Hm2 �bbQ+B�i2/ rBi? +Q#�Hi@
+QMi�BMBM; T`Q/m+ibX A7 �//BiBQM�H /�i� QM i?2 `2H�iBp2 +QMi`B#miBQM iQ iQi�H +Q#�Hi mb2 7`QK
BMi2`BM/mbi`v- p�Hm2@�//2/- �M/ }M�H /2K�M/ +�i2;Q`B2b #2+QK2b �p�BH�#H2- Bi +QmH/ #2 mb2/
iQ T2`7Q`K � KQ`2 �++m`�i2 /Bb�;;`2;�iBQM Q7 iQi�H BM/mbi`v Q` +QKKQ/Biv QmiTmiX h?2 HBbi
Q7 F2v b2+iQ`b /Bb�;;`2;�i2/ �M/ i?2B` /2b+`BTiBQMb Bb ;Bp2M BM h�#H2  kX8 - �HQM; rBi? i?2 p�Hm2
Q7 +Q#�Hi �HHQ+�i2/ iQ i?2 b2+iQ` �M/ r?2i?2` i?2 b2+iQ` r�b /Bb�;;`2;�i2/ mbBM; � /27�mHi
Q` K�Mm�H T`Q+2/m`2X
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.27�mHi /Bb�;;`2;�iBQM
.Bb�;;`2;�iBM; � `Qr Q` +QHmKM `2T`2b2Mib �HHQ+�iBM; � TQ`iBQM Q7 i?2 Q`B;BM�H b2+iQ`Ƕb

p�Hm2 iQ i?2 b2;K2Mi Q7 i?�i b2+iQ` �bbQ+B�i2/ rBi? T`Q+2bbBM; +Q#�Hi �M/ i?2 Qi?2` TQ`iBQM iQ
i?2 `2K�BMBM; b2;K2Mi Q7 i?2 b2+iQ` i?�i /Q2b MQi T`Q+2bb +Q#�HiX AM i?Bb +�b2- /Bb�;;`2;�iBQM
2Mi�BHb bTHBiiBM; � `Qr Q` +QHmKM BMiQ irQ M2r `Qrb Q` +QHmKMbX hQ /Q i?Bb- � TQ`iBQM Q7 i?2
p�Hm2 �i 2�+? BMi2`b2+iBQM rBi? �MQi?2` `Qr Q` +QHmKM Kmbi #2 �HHQ+�i2/ iQ i?2 +Q``2bTQM/@
BM; M2r `Qr Q` +QHmKM �bbQ+B�i2/ rBi? +Q#�HiX h?2 `Qr Q` +QHmKM +QMi�BMBM; i?2 `2K�BMBM;-
mM�HHQ+�i2/ p�Hm2 +�M #2 i?Qm;?i Q7 �b i?2 T�`2Mi BM/mbi`v Q` +QKKQ/Biv BM r?B+? i?2 +Q#�Hi
p�Hm2 r�b Q`B;BM�HHv �;;`2;�i2/X JQbi iBK2b i?2`2 Bb BMbm{+B2Mi BM7Q`K�iBQM QM i?2 �KQmMi
Q` p�Hm2 Q7 +Q#�Hi i?�i T�bb2b 7`QK QM2 BM/mbi`v iQ �MQi?2` `2H�iBp2 iQ i?2 iQi�H K�;MBim/2
Q7 i`�Mb�+iBQM #2ir22M i?2 BM/mbi`B2b iQ BM/BpB/m�HHv /2i2`KBM2 i?2 p�Hm2 Q7 +Q#�Hi iQ �HHQ@
+�i2 7`QK 2�+? BMi2`BM/mbi`v BMi2`b2+iBQMX h?2`27Q`2- � /27�mHi K2i?Q/ Q7 /Bb�;;`2;�iBQM r�b
�TTHB2/ iQ i?Qb2 F2v b2+iQ` `Qrb �M/ +QHmKMb 7Q` r?B+? �//BiBQM�H BM7Q`K�iBQM QM BMi2`BM/mb@
i`v i`�/2 Q7 +Q#�Hi rBi?BM i?2 b2+iQ` r�b mM�p�BH�#H2X AM i?Bb /27�mHi K2i?Q/- +Q#�Hi p�Hm2
Bb /Bb�;;`2;�i2/ BM 2[m�H T`QTQ`iBQM 7`QK 2�+? BMi2`BM/mbi`v 2H2K2Mi BM � +QHmKM Q` `QrX
h?2 /27�mHi K2i?Q/ r�b 2KTHQv2/ BM i?2 mb2 i�#H2 /Bb�;;`2;�iBQM 7Q` MBM2 Q7 i?2 2H2p2M F2v
b2+iQ`b /2b+`B#2/ BM h�#H2  kX8 X AM i?2 K�F2 i�#H2- +Q#�Hi p�Hm2 r�b QMHv /Bb�;;`2;�i2/ 7`QK
i?2 i�#H2 2H2K2Mi `2T`2b2MiBM; i?2 T`BK�`v +QKKQ/Biv Q7 � ;Bp2M BM/mbi`v U/B�;QM�H i�#H2
2H2K2MibV- r?B+? r�b +QMbB/2`2/ � bT2+B�H +�b2 Q7 K�Mm�H /Bb�;;`2;�iBQMX
J�Mm�H /Bb�;;`2;�iBQM

AM K�Mm�H /Bb�;;`2;�iBQM- +Q#�Hi p�Hm2 Bb �HHQ+�i2/ 7`QK i?2 Q`B;BM�H b2+iQ` iQ � M2r
/Bb�;;`2;�i2/ b2+iQ` 7`QK QMHv � b2H2+iBQM Q7 `Qr Q` +QHmKM BMi2`b2+iBQMb �bbQ+B�i2/ rBi?
+Q#�Hi i`�/2X AM i?2 K�F2 i�#H2- +Q#�Hi p�Hm2 Bb QMHv /Bb�;;`2;�i2/ 7`QK i?2 K�BM +QKKQ/Biv
Q7 i?2 F2v b2+iQ` #2BM; /Bb�;;`2;�i2/X AM i?2 mb2 i�#H2- +Q#�Hi p�Hm2 Bb }`bi /Bb�;;`2;�i2/
7`QK p�Hm2@�//2/ Q` }M�H /2K�M/ 2H2K2Mib- �M/ i?2M i?2 `2K�BMBM; p�Hm2 Bb /Bb�;;`2;�i2/
BM 2[m�H T`QTQ`iBQM 7`QK i?2 K�Mm�HHv b2H2+i2/ b2i Q7 BMi2`BM/mbi`v 2H2K2Mib �bbQ+B�i2/ rBi?
+Q#�Hi i`�/2X
AMi2`T`2i�iBQM Q7 /Bb�;;`2;�i2/ `Qrb �M/ +QHmKMb BM i?2 K�F2 �M/ mb2 i�#H2b

�M BMi2`T`2i�iBQM #�b2/ QM i?2 K�F2 �M/ mb2 i�#H2b- 2�+? `2bT2+iBp2Hv Q`;�MBx2/ BM �
+QKKQ/Biv@#v@BM/mbi`v �M/ BM/mbi`v@#v@+QKKQ/Biv 7Q`K�i- Bb Qz2`2/ �b 7QHHQrbX .Bb�;;`2@

jy



;�i2/ `Qrb BM i?2 mb2 i�#H2 `2T`2b2Mi i?2 +Q#�Hi +QKKQ/BiB2b Q` +Q#�Hi 2K#Q/B2/ BM +QK@
KQ/BiB2b Q7 � T�`iB+mH�` BM/mbi`vX 1�+? BMi2`b2+iBQM rBi? �M BM/mbi`v +QHmKM b?Qrb i?2 p�Hm2
Q7 +Q#�Hi +QMi�BM2/ BM +QKKQ/BiB2b UBM i?2 `QrV i?�i Bb Tm`+?�b2/ #v i?2 BM/mbi`v UBM i?2 +QH@
mKMVX h?2 `Qr +QMi�BMBM; i?2 `2K�BMBM; p�Hm2 �7i2` /Bb�;;`2;�iBQM `2T`2b2Mib i?2 BM/mbi`vǶb
+QKKQ/BiB2b i?�i /Q MQi +QMi�BM +Q#�HiX

.Bb�;;`2;�i2/ +QHmKMb BM i?2 mb2 i�#H2 `2T`2b2Mi i?2 b2;K2Mi Q7 �M BM/mbi`v /2/B+�i2/ iQ
K�Mm7�+im`BM; T`Q/m+ib +QMi�BMBM; +Q#�HiX 1�+? BMi2`b2+iBQM rBi? � +QKKQ/Biv `Qr b?Qrb
i?2 p�Hm2 Q7 �M BMi2`BM/mbi`v Tm`+?�b2 K�/2 iQ bmTTQ`i i?2 T`Q/m+iBQM Q7 +QKKQ/BiB2b
+QMi�BMBM; +Q#�Hi #v i?2 b2+iQ`X

.Bb�;;`2;�i2/ `Qrb BM i?2 K�F2 i�#H2 `2T`2b2Mi i?2 b2;K2Mi Q7 � T�`2Mi b2+iQ` i?�i K�F2b
+QKKQ/BiB2b +QMi�BMBM; +Q#�HiX h?2 +QKKQ/BiB2b T`Q/m+2/ #v 2�+? +Q#�Hi@T`Q+2bbBM; b2+iQ`
�`2 �bbmK2/ iQ QMHv #2 �;;`2;�i2/ BM i?2 K�BM T`Q/m+i Q7 i?2 T�`2Mi b2+iQ`- �b QTTQb2/ iQ
�bbmKBM; bQK2 +QKKQ/BiB2b �`2 �;;`2;�i2/ BM �Mv Q7 i?2 b2+QM/�`v T`Q/m+ib �HbQ �++QmMi2/
7Q` BM i?2 K�F2 i�#H2X

.Bb�;;`2;�i2/ +QHmKMb BM i?2 K�F2 i�#H2 `2T`2b2Mi +Q#�Hi +QKKQ/BiB2b �M/ i?2 +Q#�Hi
2K#Q/B2/ BM +QKKQ/BiB2b T`Q/m+2/ #v i?2 F2v BM/mbi`B2bc �;�BM- +Q#�Hi +QKKQ/BiB2b �`2
�bbmK2/ iQ #2 T`Q/m+2/ #v QMHv i?2 /Bb�;;`2;�i2/ +Q#�Hi BM/mbi`B2bX
J�F2 i�#H2 /Bb�;;`2;�iBQM

1�+? Q7 i?2 F2v b2+iQ` `Qrb �M/ +QHmKMb r�b `2TH�+2/ rBi? 2Bi?2` irQ M2r `Qrb Q` irQ
+QHmKMb- QM2 `2T`2b2MiBM; i?2 T�`i Q7 i?2 T�`2Mi b2+iQ` �bbQ+B�i2/ rBi? +Q#�Hi T`Q/m+ib �M/
i?2 Qi?2` `2T`2b2MiBM; i?2 `2K�BMBM; TQ`iBQM Q7 i?2 bmT2`Q`/BM�i2 b2+iQ`Ƕb p�Hm2X .Bb�;;`2@
;�iBQM Q7 i?2 K�F2 i�#H2 +�M #2 +QMbB/2`2/ � bT2+B�H +�b2 Q7 K�Mm�H /Bb�;;`2;�iBQM #2+�mb2
+Q#�Hi T`Q/m+ib K�/2 #v � b2+iQ` �`2 �bbmK2/ iQ #2 �;;`2;�i2/ BM i?�i b2+iQ`Ƕb T`BK�`v
+QKKQ/BivX h?2`27Q`2- +Q#�Hi p�Hm2 r�b QMHv /Bb�;;`2;�i2/ 7`QK QM2 i�#H2 2H2K2Mi �HQM; �
+QHmKM Q` `Qr bm+? i?�i +Q#�Hi p�Hm2 �HHQ+�i2/ iQ � F2v b2+iQ` r�b QMHv `2KQp2/ 7`QK i?2
BMi2`b2+iBQM Q7 i?2 T�`2Mi b2+iQ` rBi? Bib K�BM +QKKQ/BivX h?Bb `2bmHi2/ BM +Q#�Hi +QKKQ/Biv
p�Hm2b QMHv �HQM; i?2 /B�;QM�H Q7 i?2 K�F2 i�#H2- BM i?2 b2+iBQM r?2`2 /Bb�;;`2;�i2/ +Q#�Hi
BM/mbi`v `Qrb BMi2`b2+i rBi? /Bb�;;`2;�i2/ +Q#�Hi +QKKQ/Biv +QHmKMbX
lb2 i�#H2 /Bb�;;`2;�iBQM
.27�mHi /Bb�;;`2;�iBQM

jR



h?2 /27�mHi /Bb�;;`2;�iBQM T`Q+2/m`2 rBHH #2 /2b+`B#2/ 7Q` QMHv i?2 mb2 i�#H2 +QHmKMb-
#mi i?2 b�K2 T`Q+2/m`2 r�b �TTHB2/ iQ i?2 `QrbX 6B`bi- � r2B;?i- rD- `2T`2b2MiBM; i?2 b?�`2
Q7 � iQi�H b2+iQ`Ƕb QmiTmi �bbQ+B�i2/ rBi? +Q#�Hi +QKKQ/Biv T`Q/m+iBQM �M/ mb2/ iQ b2T�`�i2
i?2 Q`B;BM�H +QHmKM BMiQ irQ- r�b +�H+mH�i2/ mbBM; 1[  kXk X h?2 p�Hm2 BM i?2 MmK2`�iQ`
+QK2b 7`QK h�#H2  kX8 - r?B+? r�b +�H+mH�i2/ #�b2/ QM h_A �M/ la:a /�i�X h?2 p�Hm2 BM i?2
/2MQKBM�iQ` Bb i?2 iQi�H BM/mbi`v QmiTmi Q7 b2+iQ` D 7`QK i?2 "1� AP �++QmMibX

wD = Cobalt valu2 allocat2d to s2ctor D
Total output of s2ctor D = CAD

gD
UkXkV

h?2 /Bb�;;`2;�i2/ +Q#�Hi b2+iQ` +QMi�BMb i?2 T`Q/m+i Q7 i?Bb r2B;?i �M/ i?2 p2+iQ` Q7
BMTmib iQ b2+iQ` D b?QrM BM 1[  kXj X h?2 p2+iQ` Q7 BMTmib iQ b2+iQ` D- /2}M2/ �b mD- +QMi�BMb
i?2 mTbi`2�K bmTTHv +?�BM �M/ p�Hm2@�//2/ i`�Mb�+iBQMb �bbQ+B�i2/ rBi? i?2 +QMbmKTiBQM
Q7 i?2 �HHQ+�i2/ p�Hm2 Q7 +Q#�HiX

wDmD UkXjV

h?2 `2K�BMBM; b2+iQ` Bb i?2 T`Q/m+i Q7 i?2 p2+iQ` Q7 BMTmib iQ b2+iQ` D �M/ i?2 `2K�BMBM;
b?�`2 Q7 i?2 b2+iQ`Ƕb QmiTmi 7Q` �+iBpBiB2b mM`2H�i2/ iQ T`Q+2bbBM; +Q#�Hi ;Bp2M BM 1[  kX9 X

(1 ≠ wD)mD UkX9V

h?Bb T`Q+2/m`2 r�b i?2M `2T2�i2/ 7Q` i?2 b�K2 b2i Q7 F2v b2+iQ` `QrbX LBM2 Q7 i?2 2H2p2M
F2v b2+iQ`b r2`2 /Bb�;;`2;�i2/ mbBM; i?Bb /27�mHi K2i?Q/X h?2 `2K�BMBM; irQ F2v b2+iQ`b
jk9RRy @ S2i`QH2mK `2}M2`B2b �M/ 8ekyyy @ q�bi2 K�M�;2K2Mi �M/ `2K2/B�iBQM b2`pB+2b
r2`2 /Bb�;;`2;�i2/ mbBM; � K�Mm�H T`Q+2/m`2 #2+�mb2 �//BiBQM�H BM7Q`K�iBQM QM i?2 bT2+B}+
mb2b Q7 +Q#�Hi rBi?BM i?2b2 b2+iQ`b r�b �TT�`2MiX
J�Mm�H /Bb�;;`2;�iBQM

PM+2 /27�mHi /Bb�;;`2;�iBQM ?�/ #22M /QM2 7Q` #Qi? `Qrb �M/ +QHmKMb- i?2 `2K�BMBM;
b2+iQ`b r2`2 /Bb�;;`2;�i2/ mbBM; � K�Mm�H T`Q+2/m`2X �;�BM- i?2 bi2Tb 7Q` /Bb�;;`2;�iBM;
+QHmKMb rBHH #2 /2b+`B#2/ #mi i?2 b�K2 T`Q+2/m`2 r�b �TTHB2/ iQ i?2 `QrbX

jk



J�Mm�H /Bb�;;`2;�iBQM bi�`i2/ rBi? i?2 b�K2 F2v b2+iQ` r2B;?i- rD- #mi i?2 r2B;?i r�b
MQi KmHiBTHB2/ #v 2�+? 2H2K2Mi BM i?2 +QHmKM- BX2X- +Q#�Hi p�Hm2 r�b MQi /Bb�;;`2;�i2/ #HBM/Hv
7`QK 2�+? 2H2K2Mi BM i?2 +QHmKMX hQ �pQB/ ?�pBM; iQ K�Mm�HHv /Bb�;;`2;�i2 2Bi?2` i?2 p�Hm2@
�//2/ Q` }M�H /2K�M/ b2+iBQMb- i?2b2 b2+iBQMb r2`2 /Bb�;;`2;�i2/ BM i?2 b�K2 K�MM2` �b BM
i?2 /27�mHi K2i?Q/- #v i�FBM; i?2 T`Q/m+i Q7 rD �M/ 2�+? 2H2K2MiX h?2 /Bb�;;`2;�i2/ p�Hm2@
�//2/ 2H2K2Mib �`2 +�H+mH�i2/ mbBM; 1[  kX8 - r?2`2 mp�D Bb i?2 p2+iQ` Q7 p�Hm2@�//2/ BMTmib
iQ b2+iQ` DX h?2 /Bb�;;`2;�i2/ }M�H /2K�M/ 2H2K2Mib �`2 +�H+mH�i2/ mbBM; 1[  kXe - r?2`2 m7/B

Bb i?2 p2+iQ` Q7 }M�H /2K�M/ p�Hm2b 7Q` +QKKQ/Biv B �M/ rB Bb i?2 r2B;?i `2T`2b2MiBM; i?2
b?�`2 Q7 iQi�H +QKKQ/Biv QmiTmi 7Q` � ;Bp2M b2+iQ` i?�i Bb �ii`B#mi2/ iQ +Q#�Hi +QMi�BM2/
BM i?2 +QKKQ/BivX h?2 `2K�BMBM; p�Hm2@�//2/ 2H2K2Mib �`2 +�H+mH�i2/ mbBM; 1[  kXd �M/ i?2
`2K�BMBM; }M�H /2K�M/ 2H2K2Mib �`2 +�H+mH�i2/ bBKBH�`HvX

wDmvaD UkX8V

wBmfdB UkXeV

(1 ≠ wD)mvaD UkXdV

hQ bi�`i K�Mm�H /Bb�;;`2;�iBQM Q7 i?2 BMi2`BM/mbi`v p�Hm2b- i?2 F2v b2+iQ` r2B;?ib rD r2`2
KmHiBTHB2/ #v QMHv � b2H2+i MmK#2` Q7 BMi2`BM/mbi`v +QHmKM 2H2K2Mib FMQrM iQ #2 BMpQHp2/
BM i?2 i`�/2 Q7 +Q#�HiX 6Q` 2t�KTH2- r2 �bbmK2/ i?�i �HH p�Hm2 �bbQ+B�i2/ rBi? +Q#�Hi i?�i Bb
2K#2//2/ BM i?2 S2i`QH2mK _2}MBM; b2+iQ` Bb 7`QK i?2 mb2 Q7 +Q#�Hi +�i�Hvbib 7Q` /2bmHT?m`@
Bx�iBQM U*Q#�Hi AMbiBimi2- kyR3VX h?2`27Q`2- i?2 +Q#�Hi p�Hm2 /Bb�;;`2;�i2/ 7`QK i?Bb BM/mbi`v
U+QHmKMV Bb `2KQp2/ QMHv 7`QK i?2 BMi2`b2+iBQM rBi? i?2 AMQ`;�MB+ *?2KB+�H J�Mm7�+im`BM;
+QKKQ/Biv U`QrV- r?B+? Bb �bbmK2/ iQ #2 i?2 7Q`K i?`Qm;? r?B+? +Q#�Hi +�i�Hvbib �`2 bmT@
THB2/X qBi? `2;�`/b iQ i?2 S2i`QH2mK _2}MBM; +QKKQ/Biv U`QrV- i?2 +Q#�Hi p�Hm2 2K#2//2/
BM Bi Bb b2T�`�i2/ QMHv 7`QK i?2 `QrǶb BMi2`b2+iBQM rBi? i?2 q�bi2 J�M�;2K2Mi BM/mbi`v- �b
�Mv +Q#�Hi 2K#2//2/ BM T`Q/m+ib H2�pBM; i?2 S2i`QH2mK _2}MBM; BM/mbi`v UbT2Mi +�i�HvbiV
Bb �bbmK2/ iQ #2 ǵmb2/Ƕ QMHv #v r�bi2 K�M�;2K2Mi i?`Qm;? /BbTQb�HX

jj



h?2 q�bi2 J�M�;2K2Mi �M/ _2K2/B�iBQM a2`pB+2b Uq�bi2 J�M�;2K2MiV BM/mbi`v �M/
+QKKQ/Biv �`2 #Qi? /Bb�;;`2;�i2/ #v `2KQpBM; +Q#�Hi p�Hm2 7`QK QMHv i?2 BMi2`b2+iBQMb rBi?
i?2 Qi?2` F2v b2+iQ`b #2BM; /Bb�;;`2;�i2/X h?Bb +�M #2 BMi2`T`2i2/ �b q�bi2 J�M�;2K2Mi
`2+2BpBM; r�bi2 +QMi�BMBM; +Q#�Hi 7`QK QMHv i?2 F2v b2+iQ`b �M/ QMHv i?2 F2v b2+iQ`b ;2M2`�i2
r�bi2 +QMi�BMBM; +Q#�HiX h?Bb �bbB;MK2Mi Q7 i?2 b2+iQ`b ;2M2`�iBM; r�bi2 +QMi�BMBM; +Q#�Hi
K�v MQi #2 2MiB`2Hv �++m`�i2- #mi Bi T`QpB/2b � KQ`2 `2�bQM�#H2 2biBK�iBQM Q7 i?2 bQm`+2b
Q7 +Q#�Hi r�bi2 i?�M rQmH/ i?2 /27�mHi /Bb�;;`2;�iBQM K2i?Q/X �TTHvBM; i?2 /27�mHi /Bb�;@
;`2;�iBQM K2i?Q/ iQ i?2 q�bi2 J�M�;2K2Mi b2+iQ` rQmH/ ?�p2 `2bmHi2/ BM i?2 BM�++m`�i2
BMi2`T`2i�iBQM i?�i M2�`Hv 2p2`v b2+iQ` ;2M2`�i2b bQK2 r�bi2 +QMi�BMBM; +Q#�HiX

h?2 /Bb�;;`2;�iBQM Q7 � +QHmKM Q` `Qr i�F2b TH�+2 BM irQ T?�b2bX AM +QHmKM /Bb�;;`2;�@
iBQM- KmHiBTHvBM; rD #v � b2H2+iBQM Q7 BMi2`BM/mbi`v i�#H2 2H2K2Mib �M/ i?2 p�Hm2@�//2/ b2+iBQM
vB2H/2/ BMi2`K2/B�i2 /Bb�;;`2;�i2/ +QHmKMb 7Q` #Qi? +Q#�Hi p�Hm2 �M/ `2K�BMBM; b2+iQ` p�Hm2X
L2ti- i?2 H27iQp2` �HHQ+�i2/ p�Hm2 Q7 +Q#�Hi r�b i`�Mb72``2/ 7`QK i?2 b2+iQ` Q7 `2K�BMBM; p�Hm2
iQ i?2 /Bb�;;`2;�i2/ +Q#�Hi b2+iQ`X h?Bb r�b /QM2 #v +�H+mH�iBM; � M2r r2B;?i 7`QK i?2 iQi�H
`2K�BMBM; p�Hm2 Q7 +Q#�Hi iQ #2 /Bb�;;`2;�i2/ �M/ i?2 bmK Q7 i?2 BMi2`BM/mbi`v 2H2K2Mib BM
i?2 `2K�BMBM; b2+iQ` +QHmKM /2bB;M�i2/ 7Q` /Bb�;;`2;�iBQMX h?2 T`Q/m+i Q7 i?Bb M2r r2B;?i
�M/ i?2 BMi2`BM/mbi`v 2H2K2Mib BM i?2 `2K�BMBM; b2+iQ` /2bB;M�i2/ 7Q` /Bb�;;`2;�iBQM vB2H/2/
i?2 b?�`2 Q7 i?2 `2K�BMBM; +Q#�Hi p�Hm2 iQ #2 bm#i`�+i2/ 7`QK i?2 `2K�BMBM; b2+iQ` �M/ �//2/
iQ i?2 /Bb�;;`2;�i2/ +Q#�Hi b2+iQ`X J�Mm�H /Bb�;;`2;�iBQM +�M #2 K�i?2K�iB+�HHv `2T`2b2Mi2/
�b 7QHHQrb BM 2[m�iBQMb  kX3 @  kXRR X

AMi2`K2/B�i2 p�Hm2b �`2 �HHQ+�i2/ iQ i?2 /Bb�;;`2;�i2/ +Q#�Hi +QHmKMc i?2 p�Hm2b �HHQ+�i2/
iQ i?2 /Bb�;;`2;�i2/ p�Hm2@�//2/ b2+iBQM �`2 +�H+mH�i2/ mbBM; 1[  kX8 X h?2 p�Hm2b �HHQ+�i2/
iQ i?2 BMi2`K2/B�i2- /Bb�;;`2;�i2/ BMi2`BM/mbi`v b2+iBQM �`2 +�H+mH�i2/ mbBM; 1[  kX3 - r?2`2
m+ Bb i?2 p2+iQ` Q7 +QKKQ/Biv BMTmib iQ b2+iQ` D FMQrM iQ +QMi�BM +Q#�HiX

wDmc UkX3V

V A =
sÿ

D=1
wDmvaD UkXNV

j9



M1 =
ÿ

cœC

wDmc UkXRyV

h?2 +Q#�Hi p�Hm2 /Bb�;;`2;�i2/ 7`QK �M BM/mbi`v +QHmKM BM i?2 }`bi T?�b2 Q7 K�Mm�H
/Bb�;;`2;�iBQM Bb JRYo�X h?2 `2K�BMBM; p�Hm2 Q7 +Q#�Hi iQ #2 /Bb�;;`2;�i2/ BM i?2 b2+QM/
T?�b2 Bb i?2 Q`B;BM�H p�Hm2 Q7 +Q#�Hi iQ #2 �HHQ+�i2/ iQ b2+iQ` D KBMmb i?2 �KQmMi /Bb�;;`2;�i2/
BM i?2 }`bi T?�b2, *�D @ UJRYo�VX

AM i?2 b2+QM/ T?�b2- � M2r r2B;?i Bb +�H+mH�i2/ #�b2/ QM i?2 `2K�BMBM; p�Hm2 Q7 +Q#�Hi
iQ #2 �HHQ+�i2/ �M/ i?2 p�Hm2 Q7 +QKKQ/BiB2b BM *- i?2 b2i Q7 +QKKQ/Biv BMTmib iQ b2+iQ`
D FMQrM iQ +QMi�BM +Q#�Hi- BM i?2 `2K�BMBM; T�`2Mi b2+iQ`X A7 JR Bb i?2 iQi�H BMi2`K2/B�i2-
/Bb�;;`2;�i2/ BMi2`BM/mbi`v +Q#�Hi p�Hm2 i?�M R@JR Bb i?2 H27iQp2` BMi2`BM/mbi`v p�Hm2 BM i?2
T�`2Mi b2+iQ` 7`QK +QKKQ/BiB2b i?�i biBHH +Q``2bTQM/ iQ +Q#�Hi BM i?2 b2+iQ` #2BM; /Bb�;;`2@
;�i2/X h?2 M2r r2B;?i mb2/ iQ �HHQ+�i2 i?2 `2K�BMBM; +Q#�Hi p�Hm2 7`QK i?2 T�`2Mi b2+iQ` iQ
i?2 /Bb�;;`2;�i2/ b2+iQ` Bb +�H+mH�i2/ �b b?QrM BM 1[  kXRR X

wÕ
D = CAD ≠ M1 ≠ V A

1 ≠ M1
UkXRRV

h?2 M2r r2B;?i- rǶD Bb i?2M KmHiBTHB2/ #v 2�+? 2H2K2Mi BM `2K�BMBM; BM/mbi`v +QHmKM �i
i?2 BMi2`b2+iBQM rBi? � +QKKQ/Biv BM * iQ vB2H/ i?2 `2K�BMBM; p�Hm2 iQ �// iQ i?2 2H2K2Mib
BM i?2 /Bb�;;`2;�i2/ +Q#�Hi +QHmKMX G2i Jk #2 i?2 iQi�H `2K�BMBM; +Q#�Hi p�Hm2 iQ i`�Mb72`
7`QK i?2 BMi2`BM/mbi`v 2H2K2Mib BM i?2 T�`2Mi BM/mbi`v +QHmKM iQ i?2 /Bb�;;`2;�i2/ BM/mbi`v
+QHmKMX Jk +�M #2 +�H+mH�i2/ mbBM; 1[  kXRk �M/ JRYJk 2[m�Hb i?2 Q`B;BM�H +Q#�Hi p�Hm2 iQ
�HHQ+�i2 iQ b2+iQ` D H2bb i?2 p�Hm2 �HHQ+�i2/ iQ i?2 p�Hm2@�//2/ b2+iBQMX 6B;m`2b  kXk �M/  kXj 

b?Qr � ;`�T?B+�H 2t�KTH2 Q7 /27�mHi �M/ K�Mm�H /Bb�;;`2;�iBQM T2`7Q`K2/ QM i?2 K�F2 �M/
mb2 i�#H2bX

M2 =
ÿ

cœC

wÕ
D(1 ≠ wD)mc UkXRkV
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6B;m`2 kXkX :`�T?B+�H `2T`2b2Mi�iBQM Q7 i?2 /27�mHi /Bb�;;`2;�iBQM K2i?Q/X
m Bb i?2 p2+iQ` Q7 +QKKQ/Biv QmiTmib U`QrV Q` BM/mbi`v BMTmib U+QHmKMV 7`QK
i?2 Q`B;BM�H mb2 i�#H2X r Bb i?2 /Bb�;;`2;�iBQM r2B;?i +�H+mH�i2/ #�b2/ QM h_A
�M/ la:a /�i�- �M/ iQi�H QmiTmiX �M �M�H�;Qmb +Q``2bTQM/BM; QT2`�iBQM Bb
�TTHB2/ 7Q` +QHmKM /Bb�;;`2;�iBQMX

*QMp2`bBQM Q7 /Bb�;;`2;�i2/ K�F2 �M/ mb2 i�#H2b iQ iQi�H `2[mB`2K2Mib
h�#H2b

h?2 /Bb�;;`2;�i2/ K�F2 �M/ mb2 i�#H2b r2`2 i?2M +QMp2`i2/ iQ �M BM/mbi`v #v BM/mbi`v
iQi�H `2[mB`2K2Mib K�i`Bt 7QHHQrBM; "1� ;mB/2HBM2b /2b+`B#2/ #2HQr ( 9k )X

[ 4 � +QHmKM p2+iQ` BM r?B+? 2�+? 2Mi`v b?Qrb i?2 iQi�H �KQmMi Q7 2�+? +QKKQ/BivǶb QmiTmiX

; 4 � +QHmKM p2+iQ` BM r?B+? 2�+? 2Mi`v b?Qrb i?2 iQi�H �KQmMi Q7 2�+? BM/mbi`vǶb QmiTmiX

l 4 BMi2`BM/mbi`v TQ`iBQM Q7 i?2 mb2 i�#H2c i?Bb Bb � +QKKQ/Biv@#v@BM/mbi`v K�i`BtX

o 4 K�F2 K�i`Btc i?Bb Bb �M BM/mbi`v@#v@+QKKQ/Biv K�i`BtX

� 4 .B`2+i `2[mB`2K2Mib K�i`Bt 4 V q̂
≠1

Uĝ
≠1

G 4 BM/mbi`v@#v@BM/mbi`v iQi�H `2[mB`2K2Mib K�i`Bt 4 (I ≠ A)≠1

je



6B;m`2 kXjX :`�T?B+�H `2T`2b2Mi�iBQM Q7 i?2 K�Mm�H /Bb�;;`2;�iBQM K2i?Q/X
m Bb i?2 p2+iQ` Q7 +QKKQ/Biv QmiTmib U`QrV Q` BM/mbi`v BMTmib U+QHmKMV 7`QK
Q`B;BM�H mb2 i�#H2 r Bb i?2 BMBiB�H /Bb�;;`2;�iBQM r2B;?i +�H+mH�i2/ #�b2/ QM
h_A �M/ la:a /�i�X rǶ � b2+QM/�`v r2B;?i +�H+mH�i2/ #�b2/ QM i?2 `2K�BMBM;
+Q#�Hi p�Hm2 iQ #2 �HHQ+�i2/ �7i2` i?2 BMBiB�H b?�`2 Bb `2KQp2/ 7`QK b2H2+i +QHmKM
2H2K2Mib �M/ i?2 6. b2+iBQMX

JmHiB`2;BQM�H AP UJ_APV h�#H2 .Bb�;;`2;�iBQM

h?2 b�K2 /2i2`KBM�iBQM Q7 F2v b2+iQ`b mb2/ BM i?2 M�iBQM�H i�#H2 /Bb�;;`2;�iBQM r�b
�HbQ mb2/ iQ /Bb�;;`2;�i2 i?2 KmHiB`2;BQM�H bmTTHv �M/ mb2 i�#H2bX >Qr2p2`- i?2 M�iBQM�H
i�#H2b r2`2 Q`;�MBx2/ #v e@/B;Bi "1� L�A*a +Q/2 r?BH2 i?2 J_AP i�#H2b r2`2 Q`;�MBx2/
#v 9@/B;Bi L�A*a +Q/2X h?2 HBbi Q7 e@/B;Bi F2v b2+iQ` +Q/2b �M/ i?2B` /2b+`BTiBQMb Bb ;Bp2M
BM h�#H2  kX8 BM �//BiBQM iQ i?2 p�Hm2 Q7 +Q#�Hi �HHQ+�i2/ iQ i?2 b2+iQ` �M/ r?2i?2` i?2
b2+iQ` r�b /Bb�;;`2;�i2/ mbBM; i?2 /27�mHi Q` K�Mm�H T`Q+2/m`2X h?2 F2v b2+iQ`b B/2MiB}2/
�i i?2 e@/B;Bi L�A*a H2p2H r2`2 K�TT2/ iQ i?2 9@/B;Bi H2p2H �M/ i?2 p�Hm2 �bbB;M2/ iQ 2�+?
b2+iQ` r�b �;;`2;�i2/ �++Q`/BM;HvX AM QM2 +�b2- i?2 b2+iQ`- 8ekyyy Ĝ q�bi2 K�M�;2K2Mi
�M/ `2K2/B�iBQM b2`pB+2b r�b 7m`i?2` /Bb�;;`2;�i2/ BMiQ irQ b2T�`�i2 9@/B;Bi L�A*a r�bi2@

jd



`2H�i2/ b2+iQ`b BM i?2 J_AP i�#H2bX h?2 K�TTBM; Q7 e@/B;Bi b2+iQ`b mb2/ 7Q` i?2 M�iBQM�H H2p2H
i�#H2 /Bb�;;`2;�iBQM iQ i?2B` 2M+QKT�bbBM; 9@/B;Bi b2+iQ`b 7Q` /Bb�;;`2;�iBQM Q7 i?2 J_AP Bb
b?QrM BM h�#H2  kXe BM i?2 _2bmHib b2+iBQMX

h?2 BMTmib 7Q` /Bb�;;`2;�iBM; i?2 KmHiB`2;BQM�H AP KQ/2H r2`2 J_AP bmTTHv �M/ mb2
i�#H2b UalhbV 7Q` kyRk- ;2M2`�i2/ #v i?2 AM/mbi`B�H 1+QHQ;v oB`im�H G�#Q`�iQ`v UA1G�#V 7Q`
i?2 la ( 9j ) �M/ i?2 /�i�b2i Q7 2biBK�i2/ +Q#�Hi +QMbmKTiBQM T2` b2+iQ` �M/ `2;BQM ;2M2`�i2/
7`QK i?2 h_A �M/ la:a /�i�X h?2 la A1G�# r�b mb2/ iQ ;2M2`�i2 � jRk b2+iQ`- 8k `2;BQM
J_AP KQ/2H mbBM; i?2 M�iBQM�H AP �++QmMib �M/ /�i� bQm`+2b bm+? �b bi�i2@H2p2H :.S
�M/ +QKKQ/Biv ~Qr bm`p2vb iQ +QMbi`�BM i?2 bT2+B}2/ `2;BQM�H �M/ b2+iQ`�H /Bb�;;`2;�iBQMX
6H2;;Ƕb HQ+�iBQM [mQiB2Mi r�b mb2/ iQ +`2�i2 i?2 BMBiB�H `2;BQM�HBx�iBQM �M/ i?2 /�i� mb2/ iQ
7m`i?2` +QMbi`�BM i?2 i�#H2b iQ i?2 /2bB`2/ `2;BQM�H �M/ b2+iQ`�H +H�bbB}+�iBQM �`2 HBbi2/ BM
h�#H2  kXj X

h�#H2 kXjX
.�i�b2ib mb2/ iQ +QMbi`�BM i?2 J_AP KQ/2H BM i?2 la A1G�#X

laG�# *QMbi`�BMib AbbmBM; �;2M+v
*QKKQ/Biv 6HQr am`p2v "m`2�m Q7 h`�MbTQ`i�iBQM ai�iBbiB+b
1tTQ`i AKTQ`i .�i� *2Mbmb "m`2�m
ai�i2 :.S "m`2�m Q7 1+QMQKB+ �M�HvbBb
S2`bQM�H *QMbmKTiBQM 1tT2M/Bim`2b "m`2�m Q7 1+QMQKB+ �M�HvbBb
J�F2 �M/ lb2 i�#H2b- /2i�BH2/ H2p2H "m`2�m Q7 1+QMQKB+ �M�HvbBb
J�F2 �M/ lb2 i�#H2b- bmKK�`v H2p2H "m`2�m Q7 1+QMQKB+ �M�HvbBb

AM +QMi`�bi iQ i?2 M�iBQM�H K�F2 �M/ mb2 i�#H2b- i?2 J_AP bmTTHv �M/ mb2 i�#H2b r2`2
;2M2`�i2/ rBi? b2+iQ` /Bb�;;`2;�iBQM �i i?2 9@/B;Bi L�A*a +Q/2 H2p2H �M/ `2;BQM�H /Bb�;;`2@
;�iBQM �i i?2 la bi�i2@H2p2H UBM+Hm/BM; q�b?BM;iQM- .* �M/ Sm2`iQ _B+QVX J_AP /�i� QM
i?2 bmTTHv Q7 +QKKQ/BiB2b 7`QK /Bz2`2Mi BM/mbi`B2b iQ 2�+? `2;BQM 7Q`K2/ i?2 iQi�H bmTTHv
7`QK r?B+? +Q#�Hi p�Hm2 r�b /Bb�;;`2;�i2/- �M�HQ;Qmb iQ i?2 /Bb�;;`2;�iBQM 7`QK i?2 K�F2
i�#H2 �i i?2 M�iBQM�H H2p2HX J_AP /�i� QM i?2 mb2 Q7 +QKKQ/BiB2b #v /Bz2`2Mi BM/mbi`B2b BM
2�+? `2;BQM- p�Hm2 �//2/- BKTQ`ib #v `2;BQM�HBx2/ b2+iQ`- 2tTQ`ib #v `2;BQM- �M/ }M�H /2@
K�M/ r2`2 �;;`2;�i2/ iQ 7Q`K i?2 iQi�H /2K�M/ 7`QK r?B+? +Q#�Hi p�Hm2 r�b /Bb�;;`2;�i2/-
�M�HQ;Qmb iQ i?2 /Bb�;;`2;�iBQM 7`QK i?2 mb2 i�#H2 �i i?2 M�iBQM�H H2p2HX

j3



� bBKBH�` T`Q+2/m`2 �b #27Q`2 r�b 7QHHQr2/ iQ bTHBi i?2 F2v b2+iQ`b BMiQ � bm#b2+iQ`
T`Q+2bbBM; +Q#�Hi �M/ � `2K�BMBM; TQ`iBQM mbBM; � /27�mHi Q` K�Mm�H T`Q+m/m`2X h?2 9@/B;Bi
b2+iQ`b +Q``2bTQM/BM; iQ i?2 e@/B;Bi b2+iQ`b /Bb�;;`2;�i2/ rBi? i?2 K�Mm�H T`Q+2/m`2 BM
i?2 M�iBQM�H@H2p2H i�#H2b r2`2 �HbQ /Bb�;;`2;�i2/ rBi? i?2 K�Mm�H T`Q+2/m`2 BM i?2 J_AP
i�#H2bX h?2 K�BM /Bz2`2M+2 #2ir22M /Bb�;;`2;�iBM; i?2 bBM;H2@`2;BQM �M/ KmHiB`2;BQM�H AP
i�#H2b r�b i?�i i?2 +Q#�Hi p�Hm2 /Bb�;;`2;�i2/ 7`QK F2v b2+iQ`b BM i?2 KmHiB`2;BQM�H i�#H2b
r�b �HbQ �HHQ+�i2/ �+`Qbb `2;BQMbX *Q#�Hi p�Hm2 r�b �HHQ+�i2/ �+`Qbb `2;BQMb #�b2/ QM i?2
b2+iQ`Ƕb T2`+2Mi�;2 Q7 M�iBQM�H QmiTmi +QKBM; 7`QK 2�+? `2;BQMX 6B;m`2  kX9 b?Qrb ?Qr +Q#�Hi
p�Hm2 r�b �HHQ+�i2/ iQ F2v b2+iQ`b �M/ �+`Qbb `2;BQMb BM i?2 J_AP i�#H2b #�b2/ QM � `2;BQMǶb
+QMi`B#miBQM iQ iQi�H b2+iQ` QmiTmiX

6B;m`2 kX9X �HHQ+�iBQM Q7 +Q#�Hi p�Hm2 �+`Qbb `2;BQMb BM i?2 J_AP i�#H2bX

amTTHv i�#H2 /Bb�;;`2;�iBQM
�b BM i?2 /Bb�;;`2;�iBQM Q7 i?2 M�iBQM�H K�F2 i�#H2- /Bb�;;`2;�iBQM Q7 i?2 bmTTHv K�i`B+2b

r�b +QMbB/2`2/ � bT2+B�H +�b2 Q7 K�Mm�H /Bb�;;`2;�iBQM #2+�mb2 +Q#�Hi T`Q/m+ib bmTTHB2/ #v �
b2+iQ` r2`2 /Bb�;;`2;�i2/ QMHv 7`QK i?�i b2+iQ`Ƕb T`BK�`v +QKKQ/BivX h?2 �KQmMi Q7 +Q#�Hi
iQ /Bb�;;`2;�i2 7`QK � F2v b2+iQ` BM � `2;BQM r�b +�H+mH�i2/ #v KmHiBTHvBM; irQ T2`+2Mi�;2b-
Q` r2B;?ib- #v i?2 KQM2i�`v p�Hm2 Q7 +Q#�Hi �HHQ+�i2/ iQ i?2 2MiB`2 b2+iQ` 7`QK h�#H2  kXe X h?2
}`bi r2B;?i mb2/ Bb rDǶ- � bBKBH�` p2`bBQM Q7 i?2 r2B;?i mb2/ BM i?2 M�iBQM�H H2p2H /Bb�;;`2;�iBQM-
1[  kXk - �M/ `2T`2b2Mib i?2 b?�`2 Q7 � b2+iQ`Ƕb iQi�H QmiTmi i?�i +�M #2 �HHQ+�i2/ iQ +Q#�Hi
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~QrbX �M �TT`QtBK�iBQM Q7 iQi�H b2+iQ` DǶ QmiTmi Bb i�F2M iQ #2 i?2 p�Hm2 Q7 +QKKQ/Biv b
bmTTHB2/ #v i?2 b2+iQ`b r?Qb2 T`BK�`v T`Q/m+i Bb bX h?Bb Bb � `2�bQM�#H2 �TT`QtBK�iBQM Q7
i?2 iQi�H /QK2biB+ bmTTHv Q7 � +QKKQ/Biv #2+�mb2 i?2 p�bi K�DQ`Biv Q7 �Mv +QKKQ/Biv Bb
bmTTHB2/ #v i?2 b2+iQ` i?�i T`Q/m+2b Bi �b Bib T`BK�`v T`Q/m+iX 6Q` `2;BQM�H /Bb�;;`2;�iBQM-
r2B;?i rDǶ r�b +�H+mH�i2/ mbBM; 1[  kXRj X h?2 p�Hm2 BM i?2 MmK2`�iQ` +QK2b 7`QK h�#H2 kXe -
r?B+? r�b +�H+mH�i2/ #�b2/ QM h_A /�i� �M/ la:a /�i�X h?2 p�Hm2 BM i?2 /2MQKBM�iQ` Bb
i?2 iQi�H T`BK�`v QmiTmi Q7 +QKKQ/Biv b +�H+mH�i2/ 7`QK i?2 J_AP K�i`B+2bX

ws = Cobalt valu2 allocat2d to s2ctor DÕ (CADÕ)
Total prBmary output of s from DÕ UkXRjV

h?2 b2+QM/ r2B;?i mb2/- rDǶ`- `2T`2b2Mib i?2 b?�`2 Q7 i?2 iQi�H bmTTHv Q7 � /Bb�;;`2;�i2/
+Q#�Hi +QKKQ/Biv T`QpB/2/ #v � T�`iB+mH�` `2;BQMX h?Bb p�Hm2 +QmH/ 2Bi?2` #2 /2i2`KBM2/
mbBM; 2+QMQKB+ �HHQ+�iBQM #�b2/ bQH2Hv QM J_AP /�i� Q` rBi? � K�bb@#�b2/ �HHQ+�iBQM mbBM;
h_A /�i�- r?B+? Bb HBMF2/ iQ 7�+BHBiv HQ+�iBQMX lbBM; /�i� 7`QK i?2 J_AP iQ +�H+mH�i2 i?2
`2;BQM�H r2B;?ib �HHQrb 7Q` b2T�`�i2 b2ib Q7 `2;BQM�H r2B;?ib iQ #2 +�H+mH�i2/ 7Q` bmTTHv �M/
mb2 /Bb�;;`2;�iBQM �b r2HH �b b2T�`�i2 r2B;?ib 7Q` BM/mbi`v BMTmib �M/ mb2 Q7 +QKKQ/BiB2b
BM i?2 mb2 i�#H2bX � F2v b2+iQ`Ƕb �HHQ+�i2/ p�Hm2 r�b 7m`i?2` /Bbi`B#mi2/ iQ bi�i2b ` mbBM;
1[  kXR9 X

�b i?2 2+QMQKB+ �HHQ+�iBQM �TT`Q�+? r�b T`272``2/ 7Q` BMBiB�H i2biBM;- Q` ?�/ BM/mbi`v
HQ+�iBQM /�i� MQi #22M �p�BH�#H2- p�Hm2 +�M #2 /Bbi`B#mi2/ �KQM; `2;BQMb #�b2/ QM � `2;BQMǶb
b?�`2 Q7 M�iBQM�H bmTTHv 7Q` i?2 F2v b2+iQ`b mM/2` +QMbB/2`�iBQMX G2i 2�+? `2;BQMǶb bmTTHv
i�#H2 #2 a`X � `2;BQM�H bmTTHv r2B;?i r`b- /2b+`B#2/ BM 1[  kXR9 - rQmH/ #2 +�H+mH�i2/ 7Q` 2�+?
`2;BQM BM r?B+? � F2v b2+iQ` QT2`�i2b iQ /2i2`KBM2 i?2 TQ`iBQM Q7 iQi�H +Q#�Hi p�Hm2 �HHQ+�i2/
iQ DǶ iQ /Bb�;;`2;�i2 7`QK i?2 `2;BQM�H bmTTHv Q7 b BM a`X

wrs = PrBmary output of commodBty s Bn r2gBon r

Total prBmary supply of s from DÕ UkXR9V

�;�BM- 7Q` �HHQ+�iBQM Tm`TQb2b- iQi�H bmTTHv r�b �TT`QtBK�i2/ �b i?2 p�Hm2 Q7 +QKKQ/Biv
b T`QpB/2/ #v Bib T`BK�`v T`Q/m+BM; b2+iQ`X hQi�H T`BK�`v bmTTHv Q7 �Mv b i?2M 2[m�Hb i?2

9y



bmK Q7 +Q``2bTQM/BM; /B�;QM�H 2Mi`B2b BM 2�+? a`- rBi? /B�;QM�H 2H2K2Mib `2T`2b2Mi2/ �b a`bb -
b?QrM BM 1[  kXR8 X

PrBmary output of commodBty s =
52ÿ

r=1
Srss UkXR8V

h?2 `Qr �M/ +QHmKM BM a`- +Q``2bTQM/BM; iQ � F2v b2+iQ` �M/ Bib K�BM +QKKQ/Biv r2`2
b2T�`�i2/ BMiQ irQ T�`ib �b r�b /QM2 BM i?2 M�iBQM�H H2p2H /Bb�;;`2;�iBQMX h?2 +Q#�Hi p�Hm2
/Bb�;;`2;�i2/ 7`QK /QK2biB+ bmTTHv r�b +�H+mH�i2/ mbBM; 1[  kXRe X h?2 `2K�BMBM; p�Hm2 Q7 �
+QKKQ/Biv bmTTHB2/ 7Q` /QK2biB+ mb2 #v `2;BQM ` r�b +�H+mH�i2/ mbBM; 1[  kXRd X

wDÕwrsSrss UkXReV

(1 ≠ wDÕ)(1 ≠ wrs)Srss UkXRdV

lb2 i�#H2 /Bb�;;`2;�iBQM
�7i2` i?2 bmTTHv i�#H2b r2`2 /Bb�;;`2;�i2/- +Q#�Hi p�Hm2 r�b /Bb�;;`2;�i2/ 7`QK i?2 mb2

i�#H2b r?Qb2 b2+iBQMb BM+Hm/2 BMi2`BM/mbi`v K�i`B+2b- p�Hm2@�//2/- BKTQ`ib- 2tTQ`ib- �M/ }@
M�H /2K�M/X �b BM i?2 /Bb�;;`2;�iBQM Q7 i?2 bmTTHv i�#H2b- irQ r2B;?ib U� b2+iQ` �M/ `2;BQM
r2B;?iV �`2 mb2/ iQ b2T�`�i2 mb2 i�#H2 2H2K2Mib 7Q` � F2v b2+iQ` BMiQ � TQ`iBQM `2T`2b2MiBM; i?2
+QKKQ/BiB2b +QMbmK2/ i?�i +QMi�BM +Q#�Hi �M/ �MQi?2` TQ`iBQM Q7 +Q#�Hi@7`22 +QKKQ/BiB2bX
h?2 b2+iQ` r2B;?i mb2/ Bb rb- `2T`2b2MiBM; i?2 b?�`2 Q7 � iQi�H b2+iQ`Ƕb QmiTmi �ii`B#mi�#H2 iQ
+Q#�Hi +QMbmKTiBQM �M/ r�b +�H+mH�i2/ mbBM; 1[  kXR3 X *b Bb i?2 iQi�H BM/mbi`v Q` +QKKQ/Biv
QmiTmi 7Q` � F2v b2+iQ`- /2T2M/BM; QM r?2i?2` i?2 r2B;?i Bb mb2/ 7Q` `Qr Q` +QHmKM /Bb�;@
;`2;�iBQMX aBM+2 i?2 mb2 i�#H2b �`2 Q`;�MBx2/ +QKKQ/Biv #v BM/mbi`vX 7Q` `Qr /Bb�;;`2;�iBQM-
*b Bb +�H+mH�i2/ mbBM; 1[  kXRN �M/ 1[  kXky Bb mb2/ 7Q` +QHmKM /Bb�;;`2;�iBQMX

ws = CADÕ

Cs
UkXR3V
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Cs,com = total Bnt2rBndustry outputs + total 2xports + total Bmports + total f Bnal d2mand

UkXRNV

Cs,Bnd = total Bnt2rBndustry Bnputs + total Bmports by Bnd. + (valu2 ≠ add2d) UkXkyV

AKTQ`ib �`2 �//2/ BMbi2�/ Q7 bm#i`�+i2/ BM i?2 +�H+mH�iBQM Q7 *b-+QK #2+�mb2 BKTQ`ib �`2
`2+Q`/2/ BM i?2 J_AP �b B7 i?2v �`2 b2T�`�i2 +QKKQ/BiB2bX q2 /Q MQi /BbiBM;mBb? #2ir22M
BKTQ`i2/ bmTTHv �M/ /QK2biB+ bmTTHv BM i?Bb rQ`F- i?Qm;? i?2 K�DQ`Biv Q7 +Q#�Hi Bb BKTQ`i2/-
bQ i?2 p�Hm2 Q7 BKTQ`i2/ +QKKQ/BiB2b 7`QK BM/mbi`v ivT2 DǶ r�b �//2/ iQ i?2 p�Hm2 Q7 i?�i
b2+iQ`Ƕb /QK2biB+ +QKKQ/BiB2b iQ vB2H/ i?2 iQi�H +QMbmKTiBQM Q7 +QKKQ/Biv b 7`QK r?B+? iQ
/Bb�;;`2;�i2 +Q#�Hi p�Hm2X
*QMp2`bBQM Q7 /Bb�;;`2;�i2/ bmTTHv �M/ mb2 i�#H2b iQ iQi�H `2[mB`2K2Mib i�#H2

h?2 "1� K2i?Q/ 7Q` +QMp2`iBM; K�F2 �M/ mb2 i�#H2b iQ iQi�H `2[mB`2K2Mib i�#H2b Bb M2�`Hv
B/2MiB+�H iQ i?2 K2i?Q/ 7Q` i?2 bmTTHv �M/ mb2 7`�K2rQ`FX PM+2 i?2 KmHiB`2;BQM�H bmTTHv
�M/ mb2 K�i`B+2b r2`2 /Bb�;;`2;�i2/ �M BM/mbi`v@#v@BM/mbi`v iQi�H `2[mB`2K2Mib K�i`Bt r�b
/2`Bp2/ mbBM; i?2 1m`Qbi�i JQ/2H . K2i?Q/ (  99 )- KQ/B}2/ 7Q` KmHiB`2;BQM�H alhbX *Q2{+B2Mi
K�i`B+2b r2`2 +`2�i2/ mbBM; 2[m�iBQMb  kXkR �M/  kXkR X h?2 K�`F2i b?�`2 +Q2{+B2Mi K�i`B+2b-
Dr- /2`Bp2/ 7`QK i?2 bmTTHv i�#H2b r2`2 +�H+mH�i2/ Dr 4 Vrq̂≠1

r r?2`2 Vr Bb i?2 bBM;H2 bmTTHv
i�#H2 7Q` � `2;BQM ` �M/ qr Bb i?2 p2+iQ` Q7 iQi�H +QKKQ/Biv QmiTmi 7`QK i?�i `2;BQMX h?2
/B`2+i `2[mB`2K2Mib +Q2{+B2Mi K�i`B+2b- Btr- /2`Bp2/ 7`QK i?2 mb2 i�#H2b r2`2 +�H+mH�i2/
Btr 4 Utrĝ≠1

r r?2`2 Utr Bb i?2 mb2 i�#H2 Q7 +QKKQ/BiB2b mb2/ #v `2;BQM ` 7`QK `2;BQM i
�M/ gr Bb i?2 p2+iQ` Q7 iQi�H BM/mbi`v QmiTmib 7`QK `X h?2 K�`F2i b?�`2 K�i`Bt �M/ /B`2+i
`2[mB`2K2Mib K�i`B+2b 7Q` 2�+? `2;BQM �`2 i?2M +QMp2`i2/ iQ i?2 `2;BQMbǶ i`�Mb7Q`K�iBQM
K�i`B+2b Atr i?`Qm;? 1[  kXkj X

Dr = Vrq̂
≠1
r UkXkRV
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Btr = Utrĝ
≠1
r UkXkkV

Atr = DrBtr UkXkjV

A = [Atr] UkXk9V

h`�Mb7Q`K�iBQM K�i`Bt � r�b Q`;�MBx2/ �b BM 1[  kXk9 �M/ +QMp2`i2/ iQ � +QKTQmM/ iQi�H
`2[mB`2K2Mib K�i`Bt mbBM; i?2 G2QMiB27 KQ/2H,

L = (I ≠ A)≠1 UkXk8V

kXRXj .Bb�;;`2;�i2/ AP L2irQ`F �M�HvbBb

h?2 /Bb�;;`2;�i2/ iQi�H `2[mB`2K2Mib i�#H2b �i i?2 M�iBQM�H �M/ bi�i2@H2p2H r2`2 i?2M
+QMp2`i2/ iQ � iQi�H `2[mB`2K2Mib K�i`Bt- r?B+? 7Q`K2/ i?2 #�bBb Q7 i?2 AP M2irQ`F- /Bb@
�;;`2;�i2/ 7Q` +Q#�HiX a2p2`�H BMTmi@QmiTmi �M/ ;`�T? i?2Q`v@#�b2/ K2i`B+b i?�i ?�p2 #22M
/22K2/ bmBi�#H2 7Q` �M�HvbBb Q7 /2Mb2- r2B;?i2/- �M/ /B`2+i2/ M2irQ`Fb U(  98 )Ĝ( 93 )V r2`2 +�H+m@
H�i2/ mbBM; i?2 M�iBQM�H �M/ KmHiB`2;BQM�H AP M2irQ`Fb iQ i`v iQ /2i2`KBM2 i?2 bB;MB}+�M+2 Q7
i?2 /Bb�;;`2;�i2/ b2+iQ`b `2H�iBp2 iQ 2�+? Qi?2` �M/ B/2MiB7v �//BiBQM�H b2+iQ`b Q7 BKTQ`i�M+2
iQ i?2 /QK2biB+ +Q#�Hi i`�/2 M2irQ`FX h?2 iQi�H `2[mB`2K2Mib K�i`Bt UG2QMiB27 BMp2`b2V r�b
mb2/ 7Q` M2irQ`F �M�HvbBb iQ +�Tim`2 i?2 /B`2+i �M/ BM/B`2+i +QMM2+iBQMb #2ir22M b2+iQ`b �i �HH
H2p2Hb Q7 i?2 bmTTHv +?�BMX AM ;`�T? `2T`2b2Mi�iBQM Q7 i?2 AP M2irQ`F- BM/mbi`B2b +Q``2bTQM/
iQ MQ/2b �M/ 2+QMQKB+ i`�Mb�+iBQMb +Q``2bTQM/ iQ 2/;2b- BX2X- i?2 HBMFb #2ir22M MQ/2bX lMH2bb
Qi?2`rBb2 bi�i2/- 2/;2b `2T`2b2Mi /B`2+i Q` BM/B`2+i 2+QMQKB+ +QMM2+iBQMb #2ir22M b2+iQ`bX
� bmKK�`v Q7 i?2 K2i`B+b mb2/ iQ B/2MiB7v bB;MB}+�Mi b2+iQ`b Bb b?Qr BM h�#H2  "X8 �M/ �`2
7m`i?2` /2b+`B#2/ #2HQrX
1B;2Mp2+iQ` *2Mi`�HBiv U1*V

h?2 2B;2Mp2+iQ` +2Mi`�HBiv Q7 � MQ/2 Bb i?2 bmK Q7 i?2 2B;2Mp2+iQ` +2Mi`�HBiB2b Q7 �HH Q7
Bib +QMM2+iBM; MQ/2b /BpB/2/ #v i?2 H�`;2bi 2B;2Mp�Hm2 Q7 i?2 �/D�+2M+v K�i`Bt Q7 i?2 ;`�T?X
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h�#H2 kX9X
J2i`B+b i2bi2/ 7Q` B/2MiB7vBM; bB;MB}+�Mi b2+iQ`b BM i?2 /Bb�;;`2;�i2/ +Q#�Hi
M2irQ`F �M/ i?2 Svi?QM T�+F�;2 mb2/ iQ +�H+mH�i2 i?2 K2i`B+X

L2irQ`F �M�HvbBb J2i`B+ .2b+`BTiBQM S�+F�;2
AMfPmi@.2;`22 LmK#2` Q7 BM+QKBM;fQmi;QBM; +QMM2+iBQMb iQ � MQ/2 M2irQ`Ft

1B;2Mp2+iQ` *2Mi`�HBiv AM/B+�i2b MQ/2 bB;MB}+�M+2 #�b2/ QM i?2 BM+QKBM; Q` Qmi;QBM; +QMM2+iBQMb
iQ 2Bi?2` K�Mv MQ/2b Q` iQ Qi?2` ?B;?Hv BKTQ`i�Mi MQ/2b M2irQ`Ft

S�;2_�MF AM/B+�i2b MQ/2 bB;MB}+�M+2 #�b2/ QM i?2 i?2 BM+QKBM; UmTbi`2�KV +QMM2+iBQMb
iQ 2Bi?2` K�Mv b2+iQ`b Q` iQ Qi?2` ?B;?Hv BKTQ`i�Mi b2+iQ`b M2irQ`Ft

�mi?Q`Biv a+Q`2 _�MFb bB;MB}+�M+2 Q7 MQ/2b rBi? K�Mv BM+QKBM; HBMFb- +�H+mH�i2/ BM i�M/2K
rBi? ?m# b+Q`2 M2irQ`Ft

>m# a+Q`2 _�MFb bB;MB}+�M+2 Q7 MQ/2b rBi? K�Mv Qmi;QBM; HBMFb- +�H+mH�i2/ BM i�M/2K
rBi? �mi?Q`Biv b+Q`2 M2irQ`Ft

*HQb2M2bb *2Mi`�HBiv S`QTQ`iBQM�H iQ i?2 bmK Q7 b?Q`i2bi T�i?b #2ir22M � MQ/2 �M/ Bib /B`2+i �M/
BM/B`2+i +QMM2+iBQMb B;`�T?

"2ir22MM2bb *2Mi`�HBiv S`QTQ`iBQM�H iQ i?2 MmK#2` Q7 b?Q`i2bi T�i?b #2ir22M irQ MQ/2b i?�i T�bb
i?`Qm;? i?2 MQ/2 Q7 BMi2`2bi B;`�T?

*Hmbi2`BM; mbBM; F@K2�Mb S�`iBiBQMb /�i� BMiQ ;`QmTb #v KBMBKBxBM; i?2 bmK Q7 b[m�`2/ 2``Q` #2ir22M
� /�i� TQBMi �M/ +Hmbi2` +2Mi`QB/ bFH2�`M

"�+Fr�`/f 6Q`r�`/ GBMF�;2 AM/B+�i2b K�;MBim/2 Q7 BKT�+i QM Qi?2` mTbi`2�K Q` /QrMbi`2�K b2+iQ`b i?�i
rQmH/ Q++m` /m2 iQ � +?�M;2 BM }M�H /2K�M/ 7Q` � b2+iQ` T�M/�b

.BzmbBQM A/2MiB7v b2+iQ`b i?�i K�v /Bbi`B#mi2 i?2 2z2+i Q7 � +?�M;2 BM }M�H /2K�M/ rB/2Hv
�+`Qbb K�Mv Qi?2` b2+iQ`b p2`bmb iQ � +QM+2Mi`�i2/ 72r T�M/�b

Ai Bb +�H+mH�i2/ `2+m`bBp2Hv- r?2`2#v � `2H�iBp2 b+Q`2 Bb �bbB;M2/ iQ 2�+? MQ/2 �M/ �i 2�+?
Bi2`�iBQM � MQ/2Ƕb b+Q`2 i?2M #2+QK2b BM~m2M+2/ #v i?2 b+Q`2b Q7 i?2 +QMM2+iBM; MQ/2bX
S�;2_�MF US_V

S�;2_�MF Bb � KQ/B}2/ K2�bm`2b i?2 BKTQ`i�M+2 Q7 � MQ/2 #�b2/ QM i?2 bi`m+im`2 Q7 Bib
BM+QKBM; +QMM2+iBQMbX

h?2 S�;2_�MF Q7 � MQ/2 v Bb i?2 bmK Q7 �V i?2 MQ`K�HBx2/ bmK Q7 i?2 T�;2`�MFb Q7
�HH Qi?2` MQ/2b i?�i HBMF iQ v- /BpB/2/ #v i?2 MmK#2` Q7 Qmi;QBM; 2/;2b 7`QK i?Qb2 MQ/2b-
KmHiBTHB2/ #v � /�KTBM; 7�+iQ` �M/ #V i?2 T`Q#�#BHBiv Q7 HBMFBM; iQ �Mv Qi?2` MQ/2 �i `�M/QKX

S�;2`�MF Bb �HbQ +�H+mH�i2/ `2+m`bBp2Hvc 2�+? MQ/2Ƕb `2H�iBp2 �bbB;M2/ b+Q`2 Bb KQ/B}2/ �i
2�+? Bi2`�iBQM #�b2/ QM i?2 b+Q`2b Q7 i?2 +QMM2+iBM; MQ/2bX

h?2 T�;2`�MF Q7 b2+iQ` v /2T2M/b QM i?2 T�;2`�MFb Q7 �HH Qi?2` b2+iQ`b i?�i HBMF iQ b2+iQ`
v- /BpB/2/ #v i?2 MmK#2` Q7 Qmi;QBM; 2/;2b UGV 7`QK 2�+? b2+iQ` HBMF2/ iQ vX
>m# �M/ �mi?Q`Biv a+Q`2 U>af�aV

�b BMi2`/2T2M/2Mi +2Mi`�HBiv K2�bm`2b- ?m# �M/ �mi?Q`Biv b+Q`2b �`2 �HbQ +�H+mH�i2/ `2@
+m`bBp2HvX
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*HQb2M2bb *2Mi`�HBiv U**V
*HQb2M2bb +2Mi`�HBiv K2�bm`2b i?2 �p2`�;2 b?Q`i2bi /Bbi�M+2 #2ir22M � MQ/2 �M/ �HH Qi?2`

MQ/2b n i?�i +QMM2+i iQ Bi ( 9N )X *HQb2M2bb +2Mi`�HBiv 7Q` � MQ/2 v Bb +�H+mH�i2/ mbBM;  kXke 

r?2`2 ‡(u, v) Bb i?2 b?Q`i2bi /Bbi�M+2 U;2Q/2bB+ T�i?V #2ir22M MQ/2b u �M/ vX

cC(v) = n ≠ 1
qn

B=1 ‡(uB, v) UkXkeV

AM i?2 r2B;?i2/ AP M2irQ`F- i?2 2/;2 r2B;?i Q` K�;MBim/2 Q7 2t+?�M;2 #2ir22M irQ
b2+iQ`b Bb i`2�i2/ �b i?2 BMp2`b2 Q7 i?2 /Bbi�M+2 #2ir22M i?2K- bQ i?2 H�`;2` i?2 2t+?�M;2-
i?2 +HQb2` i?2 irQ MQ/2b �`2 iQ 2�+? Qi?2`X
"2ir22MM2bb *2Mi`�HBiv U"*V

"2ir22MM2bb +2Mi`�HBiv K2�bm`2b i?2 2ti2Mi iQ r?B+? � MQ/2 HB2b QM i?2 b?Q`i2bi T�i?b
#2ir22M Qi?2` MQ/2b BM i?2 M2irQ`FX AM r2B;?i2/ M2irQ`Fb- 2/;2 r2B;?i Bb BM+Q`TQ`�i2/ BMiQ
i?2 H2M;i? Q7 i?2 T�i? (  8y )X AM i?2 +QMi2ti Q7 AP M2irQ`Fb- i?Bb K2�bm`2 ?�b #22M BMi2`T`2i2/
iQ ?B;?HB;?i b2+iQ`b i?�i K�v �+i �b #QiiH2M2+Fb BM i?2 bmTTHv +?�BM (  93 )- (  8R )X a2+iQ`b rBi?
?B;?2` #2ir22MM2bb �`2 KQ`2 HBF2Hv iQ +�mb2 /Bb`mTiBQMb iQ i?2 ~Qr Q7 `2bQm`+2b /2T2M/2Mi
QM T�bb�;2 i?`Qm;? i?2KX "2ir22MM2bb +2Mi`�HBiv 7Q` � MQ/2 v œ V Bb +�H+mH�i2/ �b 7QHHQrb
BM  kXkd r?2`2 ‡(s, t) Bb i?2 MmK#2` Q7 b?Q`i2bi Q` ;2Q/2bB+ T�i?b #2ir22M T�B`b Q7 MQ/2b Ub-iV
BM i?2 M2irQ`F �M/ ‡(s, t|v) Bb i?2 MmK#2` Q7 b?Q`i2bi T�i?b i?�i T�bb i?`Qm;? pX

cB(v) =
ÿ

s,tœV

‡(s, t|v)
‡(s, t) UkXkdV

AKTQ`i�Mi iQ MQi2 Bb i?�i i?2 `2+BT`Q+�H Q7 2/;2 r2B;?i r�b mb2/ �b i?2 Ƕr2B;?iǶ �ii`B#mi2
BM +�H+mH�iBM; r2B;?i2/ #2ir22MM2bb Q7 i?2 AP M2irQ`FbX 6Q` r2B;?i2/ M2irQ`Fb- r2B;?i +�M
#2 mb2/ �b � T`Qtv 7Q` /Bbi�M+2 #mi BM i?2 #2ir22MM2bb �H;Q`Bi?K- b?Q`i2bi T�i?b rBi? ;`2�i2`
/Bbi�M+2 i?�i �`2 BMi2`+2Ti2/ #v � MQi2 rQmH/ vB2H/ � bK�HH2` +2Mi`�HBiv 7Q` i?2 BMi2`+2TiBM;
MQ/2 (  8k )X aBM+2 Bi Bb /2bB`�#H2 7Q` i?2 r2B;?i �bbQ+B�i2/ rBi? i?2 b?Q`i2bi T�i? iQ #2 T`QTQ`@
iBQM�H iQ i?2 +2Mi`�HBiv b+Q`2- i?2 `2+BT`Q+�H Q7 2/;2 r2B;?i Ubi`2M;i? Q7 2+QMQKB+ +QMM2+iBQM
#2ir22M b2+iQ`bV r�b mb2/ �b i?2 �ii`B#mi2 iQ +�H+mH�i2 r2B;?i2/ #2ir22MM2bb +2Mi`�HBivX
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*Hmbi2`BM; 7Q` *QKKmMBiv .2i2+iBQM
h?2 E@K2�Mb �H;Q`Bi?K BM i?2 b+BFBi H2�`M Svi?QM HB#`�`v r�b mb2/ iQ /BpB/2 i?2 /Bb�;@

;`2;�i2/ AP M2irQ`Fb BMiQ +Hmbi2`bX h?2 �H;Q`Bi?K /BpB/2b i?2 /�i� BMiQ F +Hmbi2`b- bT2+B}2/
#v i?2 mb2`- #v KBMBKBxBM; i?2 bmK Q7 b[m�`2/ /Bbi�M+2b #2ir22M i?2 b�KTH2b BM � +Hmbi2`
�M/ i?2 K2�M Q7 i?2 b�KTH2b BM i?2 +Hmbi2`- �HbQ +�HH2/ i?2 +2Mi`QB/ (  8j )X h?2 iQi�H bmK
Q7 b[m�`2/ /Bbi�M+2b 7Q` i?2 2MiB`2 /�i�b2i Bb +�HH2/ i?2 BM2`iB� Q` /BbiQ`iBQM b+Q`2 �M/ i?Bb
[m�MiBiv +�M #2 �miQK�iB+�HHv `2im`M2/ �7i2` +Hmbi2`BM;X

h?2 ǵ2H#Qr K2i?Q/Ƕ r�b mb2/ 7Q` +?QQbBM; i?2 KQbi �TT`QT`B�i2 MmK#2` Q7 +Hmbi2`b iQ
b2T�`�i2 i?2 AP M2irQ`F BMiQX h?Bb ;`�T?B+�H �M�HvbBb i2+?MB[m2 BMpQHp2b THQiiBM; i?2 BM2`iB�
pbX +Hmbi2`b iQ }M/ i?2 MmK#2` Q7 +Hmbi2`b �i r?B+? /BKBMBb?BM; `2im`Mb QM /2+`2�b2/ BM2`iB�
#2;BMX h?2 MmK#2` Q7 +Hmbi2`b i?Qm;?i iQ #2bi }i i?2 KQ/2H Bb �M/ i?2 TQBMi BM i?2 ;`�T?
r?2`2 i?2`2 �`2 MQiB+2�#H2 /BKBMBb?BM; `2im`Mb BM i?2 /2+`2�b2 BM BM2`iB� rBi? �//BiBQM�H
+Hmbi2` �//2/- BM Qi?2` rQ`/b- �i i?2 2H#Qr Q7 i?2 +?�`iX AM 6B;m`2  kX8 - i?2 MmK#2` Q7 +Hmbi2`b
i?�i rQmH/ KBMBKBx2 BM2`iB� r?BH2 `2[mB`BM; i?2 H2�bi �KQmMi Q7 +QKTmi�iBQM�H TQr2` Bb i?`22X
h?2 7QHHQrBM; /Q+mK2Mi�iBQM 7m`i?2` /2b+`B#2b i?2 2H#Qr K2i?Q/ (  8j )- #mi i?2 u2HHQr#`B+F
Svi?QM T�+F�;2 r�b MQi mb2/ 7Q` +�H+mH�iBQMX AMbi2�/- BM2`iB� r�b THQii2/ �;�BMbi � `�M;2 Q7
+Hmbi2` [m�MiBiB2bX
GBMF�;2 U"Gf6GV

h`�/BiBQM�H BMTmi@QmiTmi �M�HvbBb K2�bm`2b Q7 HBMF�;2 r2`2 �HbQ mb2/ iQ i`v iQ TB+F Qmi
bB;MB}+�Mi b2+iQ`b BM i?2 AP M2irQ`FX a2+iQ`b rBi? ?B;? #�+Fr�`/ Q` 7Q`r�`/ HBMF�;2 U"G
Q` 6GV ?�p2 � bi`QM;2` i2+?MB+�H +QMM2+iBQM iQ 2Bi?2` i?2B` mTbi`2�K Q` /QrMbi`2�K bmTTHv
+?�BMb (  88 )X h?2 bmTTHv +?�BM Q7 � b2+iQ` rBi? �M �#Qp2 �p2`�;2 HBMF�;2 rBHH #2 KQ`2 ?2�pBHv
�z2+i2/ #v BKT�+ib iQ b2+iQ`b BM Bib bmTTHv +?�BM- 2bT2+B�HHv #v i?Qb2 i?�i �HbQ ?�p2 ?B;?
HBMF�;2X q?2i?2` � b2+iQ` ?�b � ?B;? Q` HQr HBMF�;2 Bb /2i2`KBM2/ #v 2t�KBMBM; i?2 �p2`�;2
HBMF�;2 +QKT�`2/ iQ Qi?2`bX �p2`�;2 Q` MQ`K�HBx2/ #�+Fr�`/ (b̄(t)) �M/ 7Q`r�`/ (̄f(t)) HBMF�;2
Bb +�H+mH�i2/ �b i?2 iQi�H HBMF�;2 U2[m�iBQMb  kXk3 �M/  kXkN V BM 2Bi?2` /B`2+iBQM /BpB/2/ #v i?2
bBKTH2 �p2`�;2 Q7 �HH b2+iQ`bǶ HBMF�;2 p�Hm2b BM i?�i /B`2+iBQM ( ky )- ( 88 )X

BL(total)D =
nÿ

B=1
lBD UkXk3V
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60

80

100

*Hmbi2` +QmMi UFV

.
Bbi

Q`
iBQ

M

6B;m`2 kX8X � ivTB+�H 2H#Qr K2i?Q/ THQi Q7 /BbiQ`iBQM UBM2`iB�V pbX +Hmb@
i2` +QmMi mb2/ iQ /2i2`KBM2 �M �TT`QT`B�i2 MmK#2` Q7 +Hmbi2`b BM � /�i�b2i-
�/�Ti2/ 7`QK ( 89 )X

FL(total)B =
nÿ

D=1
lBD UkXkNV

.BzmbBQM U.6V
� /BzmbBQM K2i`B+- T`QTQb2/ #v U�H�i`Bbi2@*QMi`2`�b- kyRkV- Bb mb2/ iQ B/2MiB7v b2+iQ`b

i?�i K�v rB/2Hv /Bbi`B#mi2 i?2 2z2+i Q7 �M 2+QMQKB+ b?Q+F iQ Bib }M�H /2K�M/ �KQM; K�Mv
Qi?2` b2+iQ`b p2`bmb � +QM+2Mi`�i2/ 72r (  Re )X .BzmbBQM Bb /2}M2/ BM 2[m�iBQMb  kXjy �M/  kXjR 

r?2`2 b Bb i?2 T`QTQ`iBQM Q7 2+QMQKB+ 2z2+i �#bQ`#2/ #v b2+iQ` BX _�MFBM; b2+iQ`b #�b2/
QM i?2B` /BzmbBQM +QmH/ �B/ BM /2bB;MBM; TQHB+B2b i?�i K�tBKBx2 i?2 2z2+i Q7 � biBKmHmb
i?`Qm;?Qmi i?2 2+QMQKv- Q` i?Qb2 i?�i b22F iQ HBKBi i?2 bT`2�/ Q7 � M2;�iBp2 b?Q+F iQ }M�H
/2K�M/ (  Re )X � ?B;?2` /BzmbBQM b+Q`2 dB- �b +�H+mH�i2/ BM 1[  kXjR - BM/B+�i2b � b2+iQ` B ?�b
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;QQ/ /BzmbBQM T`QT2`iB2b �M/ i?2 2z2+ib Q7 � b?Q+F iQ Bib }M�H /2K�M/ rBHH #2 /Bbi`B#mi2/
KQ`2 2p2MHv i?`Qm;?Qmi i?2 AP M2irQ`FX

HB =
nÿ

B=1
s2

B =
nÿ

D=1
(lDB/

nÿ

D=1
lDB)2 UkXjyV

dB = 1 ≠ HB UkXjRV

h?2 �#Qp2 M2irQ`F K2i`B+b r2`2 mb2/ iQ 2Hm+B/�i2 i?2 r�vb BM r?B+? F2v b2+iQ`b K�v
#2 BKTQ`i�Mi BM i?2 2+QMQKv �bB/2 7`QK ?�pBM; #22M B/2MiB}2/ �b BKTQ`i�Mi iQ /QK2biB+
+Q#�Hi mb2 #�b2/ QM ?Qr Km+? +Q#�Hi i?2v T`Q+2bb `2H�iBp2 iQ Qi?2` b2+iQ`bX � +QK#BM�iBQM Q7
+QKKmMBiv /2i2+iBQM �M/ +QKT�`BbQM Q7 K2i`B+ b+Q`2b r2`2 mb2/ iQ B/2MiB7v �//BiBQM�H b2+iQ`b
Q7 bB;MB}+�M+2 iQ i?2 /Bb�;;`2;�i2/ AP M2irQ`FbX h?2 F@K2�Mb +Hmbi2`BM; �H;Q`Bi?K r�b mb2/
iQ /2i2+i +QKKmMBiB2b Q7 b2+iQ`bX h?2 M2irQ`F K2i`B+ b+Q`2b Q7 b2+iQ`b BM +QKKmMBiv rBi?
T`2pBQmbHv B/2MiB}2/ F2v +Q#�Hi T`Q+2bbBM; b2+iQ`b r2`2 7m`i?2` 2tTHQ`2/ 7Q` BMbB;?ib QM i?2
`2H�iBp2 BKTQ`i�M+2 Q7 M2B;?#Q`BM; b2+iQ`b- �M/ HQ+�iBQMb BM i?2 J_AP KQ/2H- #�b2/ QM i?2
+`Bi2`B� K2�bm`2/ #v 2�+? K2i`B+X

kXk _2bmHib

kXkXR a2+iQ`b A/2MiB}2/ 7Q` .Bb�;;`2;�iBQM BM AP JQ/2H

PM2 ?mM/`2/ }7iv@MBM2 L�A*a BM/mbi`B2b `2TQ`i2/ K�Mm7�+im`BM; Q` T`Q+2bbBM; �i H2�bi
k8-yyy TQmM/b- Q` Qi?2`rBb2 mbBM; �i H2�bi Ry-yyy TQmM/b Q7 +Q#�Hi Q` +Q#�Hi +QKTQmM/b
BM i?2 kyRk hQtB+ _2H2�b2 BMp2MiQ`vX h?2b2 BM/mbi`B2b +Q``2bTQM/ iQ QM2 ?mM/`2/ b2p2Mi22M
"1� L�A*a b2+iQ`bc Q7 i?2b2 b2+iQ`b- 2H2p2M r2`2 /2i2`KBM2/ iQ #2 F2v b2+iQ`b �M/ ?�/
+Q#�Hi p�Hm2 /Bb�;;`2;�i2/ 7`QK i?2K BM i?2 M�iBQM�H K�F2 �M/ mb2 i�#H2bX h�#H2  kX8 b?Qrb
r?B+? b2+iQ`b r2`2 /Bb�;;`2;�i2/ 7`QK i?2 M�iBQM�H AP i�#H2b �M/ h�#H2  kXe b?Qrb r?B+?
�M�H�;Qmb b2+iQ`b r2`2 /Bb�;;`2;�i2/ 7`QK i?2 J_AP i�#H2bX
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h�#H2 kX8X
E2v b2+iQ`b 7`QK r?B+? +Q#�Hi p�Hm2 r�b /Bb�;;`2;�i2/ BM i?2 K�F2 �M/ mb2
i�#H2bX h?2 p�Hm2 Q7 �MMm�H +Q#�Hi +QMbmKTiBQM BM kyRk r�b /Bbi`B#mi2/ �KQM;
i?2 F2v b2+iQ`b #�b2/ QM 2�+? b2+iQ`Ƕb +Q#�Hi mb2 `2H�iBp2 iQ Qi?2` b2+iQ`b
2biBK�i2/ 7`QK h_A /�i�X

E2v a2+iQ`
*Q/2 a2+iQ` .2b+`BTiBQM *Q p�Hm2 �HHQ+�i2/ iQ

b2+iQ` UBM KBHHBQM la.V
.Bb�;;`2;�iBQM
J2i?Q/

jk8R3y Pi?2` #�bB+ BMQ`;�MB+ +?2KB+�H K7;X jyXjy .27�mHi
jk8RNy Pi?2` #�bB+ Q`;�MB+ +?2KB+�H K7;X RydXd9 .27�mHi
jjRjRj �HmKBM� `2}MBM; �M/ T`BK�`v T`Q/m+iBQM ReXeR .27�mHi
jjR9Ry LQM72``Qmb K2i�H bK2HiBM; �M/ `2}MBM; R3X9k .27�mHi
jjR9Ny LQM72``Qmb K2i�H `QHHBM;- /`�rBM;- 2ti`m/BM;- �HHQvBM; j9Xdk .27�mHi
jjjNky J�i2`B�H ?�M/HBM; 2[mBTK2Mi K7;X 3Xjy .27�mHi
jjejdy JQiQ` p2?B+H2 K2i�H bi�KTBM; RdXN9 .27�mHi
jje9Rk �B`+`�7i 2M;BM2 �M/ 2M;BM2 T�`ib K7;X dX8R .27�mHi
jjkRR� �HH Qi?2` 7Q`;BM;- bi�KTBM;- �M/ bBMi2`BM; RRXRd .27�mHi
jk9RRy S2i`QH2mK `2}M2`B2b R9XN9 J�Mm�H
8ekyyy q�bi2 K�M�;2K2Mi �M/ `2K2/B�iBQM b2`pB+2b dXj9 J�Mm�H

kXkXk L2irQ`F �M�HvbBb _2bmHib

"Qi? i?2 M�iBQM�H �M/ bi�i2@H2p2H AP M2irQ`Fb Q7 /B`2+i �M/ BM/B`2+i +QMM2+iBQMb r2`2
}Hi2`2/ iQ 2t+Hm/2 BMi2`b2+iQ`�H /2T2M/2M+B2b UM2irQ`F 2/;2bV 2[mBp�H2Mi iQ H2bb i?�M QM2
?mM/`2/ /QHH�`bX h?Bb r�b M2+2bb�`v iQ T`Q+2bb i?2 bi�i2@H2p2H M2irQ`F /m2 iQ +QKTmi2`
K2KQ`v HBKBi�iBQMb 2M+QmMi2`2/ mbBM; #Qi? i?2 M2irQ`Ft T�+F�;2 BM Svi?QM �M/ B;`�T? BM
_ U� MQ/2 rBi? K2KQ`v Q7 Ne:" r�b mb2/VX "27Q`2 }Hi2`BM;- i?2 M�iBQM�H AP M2irQ`F ?�/
9Re MQ/2b- Re9-dNy 2/;2b- �M/ � /2MbBiv Q7 N8 T2`+2Mic i?2 J_AP M2irQ`F ?�/ Re-d99 MQ/2b-
kdN-N9k-NeR 2/;2b- �M/ � /2MbBiv Q7 NNXN T2`+2MiX �7i2` }Hi2`BM; 2/;2b `2T`2b2MiBM; 2+QMQKB+
~Qrb Q7 H2bb i?�M Ryy /QHH�`b- i?2 M�iBQM�H AP M2irQ`F ?�/ 9Re MQ/2b- Ry3-dR8 2/;2b- �M/ �
/2MbBiv Q7 ej T2`+2Mic i?2 J_AP M2irQ`F ?�/ Re-d99 MQ/2b- k-R3j-dRe 2/;2b- �M/ � /2MbBiv
Q7 yX3 T2`+2MiX

aT2�`K�MǶb +Q``2H�iBQM +Q2{+B2Mi r�b mb2/ iQ /2i2+i �Mv KQMQiQMB+ `2H�iBQMb?BTb #2@
ir22M M2irQ`F K2i`B+b i?�i K�v MQi #2 HBM2�` BM M�im`2X h?2 +Q``2H�iBQM #2ir22M K2i`B+b BM
i?2 M�iBQM�H �M/ KmHiB`2;BQM�H M2irQ`Fb Bb BHHmbi`�i2/ #v i?2 ?2�iK�Tb BM 6B;m`2  kXe X JQ`2
i?�M �Mv Qi?2` b2+iQ` T�B`b- 7Q`r�`/ HBMF�;2 �M/ /BzmbBQM r2`2 bi`QM;Hv TQbBiBp2Hv +Q``2H�i2/
�M/ b?�`2/ �M 2[m�H /2;`22 Q7 +Q``2H�iBQM rBi? Qi?2` b2+iQ`bX "�b2/ QM i?2 aT2�`K�M +Q`@
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h�#H2 kXeX
J�TTBM; Q7 e@/B;Bi "1� L�A*a b2+iQ`b iQ 9@/B;Bi L�A*a b2+iQ`b �M/ +Q#�Hi
p�Hm2 �HHQ+�i2/ iQ 2�+? 9@/B;Bi F2v b2+iQ`X

e@.B;Bi
E2v a2+iQ`

9@.B;Bi
E2v a2+iQ` a2+iQ` .2b+`BTiBQM *Q p�Hm2 �HHQ+�i2/

UBM KBHHBQM la.V
jk9RRy jk9R S2i`QH2mK �M/ *Q�H S`Q/m+ib J�Mm7�+im`BM; R9XN9
jk8R3y jk8R "�bB+ *?2KB+�H J�Mm7�+im`BM; Rj3Xy9
jk8RNy
jjRjRj jjRj �HmKBM� �M/ �HmKBMmK S`Q/m+iBQM �M/ S`Q+2bbBM; ReXeR
jjR9Ry jjR9 LQM72``Qmb J2i�H S`Q/m+iBQM �M/ S`Q+2bbBM; 8jXRj
jjR9Ny
jjjNky jjjN Pi?2` :2M2`�H Sm`TQb2 J�+?BM2`v J�Mm7�+im`BM; 3Xjy
jjejdy jjej JQiQ` o2?B+H2 S�`ib J�Mm7�+im`BM; RdXN9
jje9Rk jje9 �2`QbT�+2 S`Q/m+i �M/ S�`ib J�Mm7�+im`BM; dX8R
8ekyyy 8ekk q�bi2 h`2�iK2Mi �M/ .BbTQb�H dXyR

8ekN _2K2/B�iBQM �M/ Pi?2` q�bi2 J�M�;2K2Mi a2`pB+2b yXj9
jjkRR� jjkR 6Q`;BM; �M/ ai�KTBM; RRXRd

`2H�iBQM +Q2{+B2Mi- i?2 bi`2M;i? Q7 � K2�bm`2 �TT2�`b iQ #2 BM~m2M+2/ #v QM2 Q7 irQ K�BM
7�+iQ`b- mTbi`2�K +QMM2+iBQMb Q` /QrMbi`2�K +QMM2+iBQMbX *HQb2M2bb +2Mi`�HBiv- 2B;2Mp2+iQ`
+2Mi`�HBiv- #�+Fr�`/ HBMF�;2- �M/ iQ � H2bb2` 2ti2Mi �mi?Q`Biv b+Q`2 r2`2 �HH TQbBiBp2Hv �M/
bQK2r?�i bi`QM;Hv +Q``2H�i2/ rBi? BM@/2;`22 �M/ r2B;?i2/ BM@/2;`22X 6Q`r�`/ HBMF�;2- /B7@
7mbBQM- �M/ ?m# b+Q`2 r2`2 �HH TQbBiBp2Hv �M/ bQK2r?�i bi`QM;Hv +Q``2H�i2/ rBi? Qmi@/2;`22
�M/ r2B;?i2/ Qmi@/2;`22X S`2pBQmb BMi2`T`2i�iBQMb Q7 ?m# b+Q`2b `2T`2b2MiBM; BKTQ`i�Mi bmT@
THB2`b BM AP M2irQ`Fb �M/ �mi?Q`Biv b+Q`2b `2T`2b2MiBM; BKTQ`i�Mi #mv2`b (  Re ) �`2 bmTTQ`i2/
#v i?2b2 `2bmHib #2+�mb2 Bi Bb 2tT2+i2/ 7Q` BKTQ`i�Mi bmTTHB2`b iQ 2t?B#Bi bB;MB}+�M+2 �b Bi
`2H�i2b iQ i?2B` Qmi;QBM; +QMM2+iBQMb �M/ pB+2 p2`b� 7Q` bB;MB}+�Mi #mv2`bX AM +QMi`�bi iQ i?2
K2i`B+b TQbBiBp2Hv +Q``2H�i2/ rBi? bi`QM; Qmi#QmM/ +QMM2+iBQMb- S�;2_�MF b?Qr2/ � bi`QM;-
M2;�iBp2 +Q``2H�iBQM rBi? Qmi@/2;`22- r2B;?i2/ Qmi@/2;`22 �M/ 7Q`r�`/ HBMF�;2f/BzmbBQMc Bi
r�b i?2 QMHv K2i`B+ iQ ?�p2 � bi`QM; M2;�iBp2 +Q``2H�iBQM rBi? Qi?2` K2i`B+bX h?Bb bm;;2bib
i?�i i?Qb2 b2+iQ`b rBi? ?B;? S�;2_�MF rQmH/ ?�p2 � bK�HH2` i?�M �p2`�;2 2z2+i QM i?2B`
/QrMbi`2�K b2+iQ`b �M/ �M B7 i?2`2 r2`2 b?Q+Fb iQ i?2 b2+iQ`- � 72r /QrMbi`2�K b2+iQ`b
rQmH/ �#bQ`# KQbi Q7 i?2 BKT�+iX h?2 M2;�iBp2 +Q``2H�iBQM rBi? ?m# b+Q`2 7m`i?2` bmTTQ`ib
i?2 BMi2`T`2i�iBQM i?�i b2+iQ`b ?B;?HB;?i2/ #v S�;2_�MF �`2 MQi bB;MB}+�Mi #2+�mb2 i?2v �`2
bi`QM; bmTTHB2`bX a22 �TT2M/Bt h�#H2b  "XR @  "Xe 7Q` 2t�+i aT2�`K�M +Q``2H�iBQM +Q2{+B2Mib
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�M/ �bbQ+B�i2/ T@p�Hm2bX E2v /Bb�;;`2;�i2/ b2+iQ`b rBi? i?2 H�`;2bi M2irQ`F K2i`B+ b+Q`2b
�i #Qi? i?2 M�iBQM�H �M/ KmHiB`2;BQM�H H2p2H �`2 T`2b2Mi2/ BM h�#H2  kXd �M/ �`2 /Bb+mbb2/
7m`i?2` #2HQrX

U�V L�iBQM�H AP M2irQ`F U#V J_AP M2irQ`F

6B;m`2 kXeX >2�iK�T Q7 bT2�`K�M +Q``2H�iBQM +Q2{+B2Mi 7Q` 2�+? M2irQ`F
K2i`B+ T�B` BM i?2 M�iBQM�H �M/ J_AP M2irQ`FbX

*2Mi`�HBiv

*2Mi`�HBiv K2�bm`2b [m�MiB7v � b2+iQ`Ƕb BKTQ`i�M+2 QM � K�+`Q b+�H2X h?2 +2Mi`�HBiv@#�b2/
K2�bm`2b �TTHB2/ iQ i?2 AP M2irQ`Fb BM+Hm/2/ +HQb2M2bb +2Mi`�HBiv- #2ir22MM2bb +2Mi`�HBiv-
2B;2Mp2+iQ` +2Mi`�HBiv- S�;2_�MF- �M/ ?m# �M/ �mi?Q`Biv b+Q`2bX AM i?2 M2irQ`F �b � r?QH2-
i?2`2 Bb � bi`QM;- TQbBiBp2 +Q``2H�iBQM #2ir22M +HQb2M2bb +2Mi`�HBiv- �M/ 2B;2Mp2+iQ` +2Mi`�HBivX

"2ir22MM2bb +2Mi`�HBiv Bb x2`Q 7Q` bBt Q7 i?2 /Bb�;;`2;�i2/ +Q#�Hi b2+iQ`b BM i?2 M�iBQM�H AP
M2irQ`F �M/ 7Q` �HH Q7 i?2 /Bb�;;`2;�i2/ +Q#�Hi b2+iQ`b BM i?2 J_AP M2irQ`FX � #2ir22MM2bb
+2Mi`�HBiv Q7 x2`Q 7Q` i?2b2 b2+iQ`b K2�Mb i?�i i?2v �`2 MQi BM i?2 KB//H2 Q7 �Mv b?Q`i2bi
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T�i?bX AM � T?vbB+�H M2irQ`F i?Bb rQmH/ BM/B+�i2 i?2`2 �`2 Qi?2` `Qmi2b +Q#�Hi +QmH/ i�F2 BM
Q`/2` iQ #2 BM+Q`TQ`�i2/ BMiQ � }M�H T`Q/m+iX

*HQb2M2bb �M/ #2ir22MM2bb +2Mi`�HBiv 7Q` /Bb�;;`2;�i2/ b2+iQ`b r�b MQi 2biBK�i2/ r2HH
rBi? i?2 }Hi2`2/ M2irQ`F #2+�mb2 bQ K�Mv Q7 i?2 bK�HH2` ~Qrb ?�p2 #22M `2KQp2/X �M
2biBK�i2 #�b2/ QM � KQ`2 /2Mb2 p2`bBQM Q7 i?2 M2irQ`F K�v T`QpB/2 � #2ii2` BM/B+�iQ` Q7
T�i?@#�b2/ +2Mi`�HBiv- T`QpB/2/ i?2 +QKTmi�iBQM�H TQr2` iQ bmTTQ`i T`Q+2bbBM; � M2irQ`F
Q7 i?Bb bBx2 Bb �p�BH�#H2X AM i2`Kb Q7 i?2 T2i`QH2mK `2}M2`B2b �M/ r�bi2 K�M�;2K2Mi b2+iQ`b
#2BM; i?2 QMHv irQ K�Mm�HHv /Bb�;;`2;�i2/ b2+iQ`b rBi? #2ir22MM2bb +2Mi`�HBiv ;`2�i2` i?�M
x2`Q i?Bb +QmH/ #2 #2+�mb2 i?2 Qi?2` b2+iQ`b b?�`2 �HH i?2 b�K2 b?Q`i2bi T�i?b rBi? i?2B`
bmT2`Q`/BM�i2 b2+iQ`bX aBM+2 i?2 bmT2`Q`/BM�i2 b2+iQ`b ?�p2 ?B;?2` 2/;2 r2B;?i- i?2 r2B;?i2/
#2ir22MM2bb 7Q` i?2K rBHH #2 ;`2�i2` i?�M 7Q` i?2 /Bb�;;`2;�i2/ +QmMi2`T�`ib- i?2`27Q`2
;BpBM; i?2 bmT2`Q`/BM�i2 b2+iQ`b � b?Q`i2`- r2B;?i2/ b?Q`i2bi T�i?- T`2p2MiBM; i?2 /27�mHi
/Bb�;;`2;�i2/ b2+iQ`b 7`QK BMi2`b2+iBM; �Mv b?Q`i2bi T�i?bX

h?2`2 r�b � /Bz2`2M+2 BM r?B+? /Bb�;;`2;�i2/ F2v b2+iQ`b ?�/ i?2 ?B;?2bi +2Mi`�HBiv
b+Q`2b BM i?2 M�iBQM�H �M/ KmHiB`2;BQM�H AP M2irQ`FbX h?2 F2v /Bb�;;`2;�i2/ b2+iQ`b rBi?
?B;?2bi b+Q`2b 7Q` 2�+? K2�bm`2 �`2 b?QrM BM h�#H2  kXd X AM i?2 M�iBQM�H M2irQ`F- i?2 AMQ`@
;�MB+ +?2KB+�H K�Mm7�+im`BM; b2+iQ` ?�/ i?2 ?B;?2bi 2B;2Mp2+iQ` +2Mi`�HBiv U1*V- S�;2_�MF
US_V- >m# U>aV- �M/ �mi?Q`Biv b+Q`2b U�aVX AM i?2 KmHiB`2;BQM�H M2irQ`F- i?2 b2+iQ` rBi?
i?2 ?B;?2bi +2Mi`�HBiv b+Q`2 p�`B2b #2ir22M 2�+? K2i`B+- #mi "�bB+ +?2KB+�H K�Mm7�+im`BM;-
i?2 b2+iQ` BM r?B+? AMQ`;�MB+ +?2KB+�H K�Mm7�+im`BM; Bb �;;`2;�i2/- QMHv ?�b i?2 ?B;?2bi
S�;2_�MFX AM i?2 M�iBQM�H M2irQ`F- i?2 7QHHQrBM; i?`22 b2+iQ`b �`2 `�MF2/ BM i?2 iQT }p2 7Q`
2�+? +2Mi`�HBiv K2�bm`2 #mi i?2 bT2+B}+ `�MFBM; rBi?BM; i?2 iQT }p2 p�`B2b #2ir22M K2�@
bm`2b, q�bi2 K�M�;2K2Mi �M/ `2K2/B�iBQM b2`pB+2b- LQM72``Qmb K2i�H U2t+2Ti �HV bK2HiBM;
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Q7 +Hmbi2`bX h?2`27Q`2- mbBM; i?2 E@K2�Mb K2i?Q/ 7Q` +QKKmMBiv /2i2+iBQM- M�iBQM�H i�#H2
+Hmbi2`BM; T`QpB/2/ KQ`2 BMbB;?i BMiQ ?Qr i?2 F2v b2+iQ`b +QmH/ #2 T�`iBiBQM2/ �M/ r?B+?
MQM@F2v b2+iQ`b �`2 /2Mb2Hv +QMM2+i2/ BM i?2 b�K2 +QKKmMBivX

6Q` +QKT�`BbQM- i?2 AP M2irQ`Fb r2`2 �HbQ T�`iBiBQM2/ mbBM; i?2 :2T?B M2irQ`F �M�HvbBb
bQ7ir�`2Ƕb KQ/mH�`Biv �H;Q`Bi?KX E@K2�Mb Bb � +QKKQM M2irQ`F +Hmbi2`BM; i2+?MB[m2- #mi
i?2`2 ?�b #22M 2pB/2M+2 i?�i E@K2�Mb bQK2iBK2b KBb@T�`iBiBQMb /�i� b2ib BMiQ /Bz2`2Mi
+Hmbi2`b i?�M i?Qb2 FMQrM iQ 2tBbi rBi?BM i?2 /�i�b2i (  8e )X E@K2�Mb B/2MiB}2b `2H�i2/ MQ/2b
#v KBMBKBxBM; aa1- r?BH2 :2T?B mb2b �M QTiBKBx�iBQM �H;Q`Bi?K iQ KBMBKBx2 i?2 KQ/mH�`Biv
Q7 +Hmbi2`b U� K2�bm`2 Q7 i?2 /2MbBiv Q7 +QMM2+iBQMb rBi?BM i?2 +Hmbi2` +QKT�`2/ iQ i?2
/2MbBiv Q7 +QMM2+iBQMb #2ir22M +Hmbi2`bVX S�`iBiBQMBM; i?2 M�iBQM�H AP M2irQ`F BMiQ }7i22M
+Hmbi2`b mbBM; :2T?B `2bmHi2/ BM ;`QmTBM;b +QMi�BMBM; F2v b2+iQ`b b?QrM BM h�#H2  kXN X h?2
J_AP M2irQ`F r�b i?2M mb2/ iQ B/2MiB7v `2;BQM�HHv@bT2+B}+ p2`bBQMb Q7 i?2b2 b2+iQ`b i?�i
biQQ/ Qmi #�b2/ i?2B` `�MFBM; 7Q` b2H2+i2/ M2irQ`F K2�bm`2bX h?2 HQ+�iBQMb Q7 i?2b2 b2+iQ`b
�M/ r?2i?2` i?2v �HbQ `2TQ`i2/ +Q#�Hi mb2 BM i?2 kyRk h_A Bb /2b+`B#2/ BM h�#H2  kXRk X h?2
E@K2�Mb �H;Q`Bi?K r�b �HbQ mb2/ iQ T�`iBiBQM i?2 M�iBQM�H@H2p2H- +Q2{+B2Mi A K�i`Bt BMiQ
+Hmbi2`bX Ai r�b 2tT2+i2/ i?�i i?2 b2+iQ`b BM +QKKmMBiB2b /2`Bp2/ 7`QK i?2 A K�i`Bt rQmH/
#2 KQ`2 `2+Q;MBx�#Hv bBKBH�` BM 7mM+iBQM /m2 iQ QMHv /B`2+i +QMM2+iBQMb #2BM; `2T`2b2Mi2/X
>Qr2p2`- �HH /Bb�;;`2;�i2/ F2v +Q#�Hi b2+iQ`b r2`2 ;`QmT2/ BM i?2 b�K2 +Hmbi2`- rBi? i?2
K�DQ`Biv Q7 Qi?2` b2+iQ`b- bQ MQ �//BiBQM�H BM7Q`K�iBQM r�b ;H2�M2/ 7`QK mbBM; i?2 A BMbi2�/
Q7 i?2 L K�i`Bt 7Q` +Hmbi2`BM; rBi? E@K2�MbX

GBMF�;2b

h?2 bB;MB}+�M+2 Q7 i?2 AP b2+iQ`b r�b �HbQ 2p�Hm�i2/ #�b2/ QM i?2 b2+iQ`Ƕb HBMF�;2 K2�@
bm`2X .Bb�;;`2;�i2/ b2+iQ`b �M/ i?2B` bmT2`Q`/BM�i2 +QmMi2`T�`ib �i i?2 M�iBQM�H H2p2H �`2
+H�bbB}2/ #v HBMF�;2 K2�bm`2b BM i�#H2b  kXRy �M/  kXRR X �HH #mi 7Qm` /Bb�;;`2;�i2/ F2v b2+iQ`b
BM i?2 M�iBQM�H M2irQ`F ?�/ ?B;?2` i?�M �p2`�;2 #�+F HBMF�;2 U"GV K2�bm`2bX P7 i?2 /Bb�;;`2@
;�i2/ b2+iQ`b- i?2 7QHHQrBM; ?�/ i?2 iQT }p2 ?B;?2bi "G K2�bm`2b Qmi Q7 �HH b2+iQ`b- /Bb�;;`2@
;�i2/ Q` MQi- BM Q`/2` Q7 /2+`2�bBM; K�;MBim/2, AMQ`;�MB+ *?2KB+�H J7;X Ujk8R3yV- J�i2`B�H
>�M/HBM; 1[mBTK2Mi J7;X UjjjNkyV- q�bi2 J;KiX �M/ _2K2/B�iBQM a2`pB+2b U8ekyyyV- �M/
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LQM72``Qmb J2i�H aK2HiBM; �M/ _2}MBM; UjjR9RyVX h?2 bmT2`Q`/BM�i2 b2+iQ` +QmMi2`T�`ib
7`QK r?B+? +Q#�Hi p�Hm2 r�b /Bb�;;`2;�i2/ r2`2 MQi �HbQ �KQM; i?2 ?B;?2bi `�MF2/ b2+iQ`b
BM i?2 /Bb�;;`2;�i2/ M2irQ`F �M/ BM i?2 Q`B;BM�H M2irQ`F- AMQ`;�MB+ *?2KB+�H J7;X �M/ q�bi2
J;KiX �M/ _2K2/B�iBQM a2`pB+2b /Q MQi /BbTH�v ?B;?2` i?�M �p2`�;2 "GX h?Bb bm;;2bib i?�i
i?2 /Bb�;;`2;�iBQM K2i?Q/ ?�b ?B;?HB;?i2/ i?2b2 7Qm` +Q#�Hi b2+iQ`b �b ?�pBM; � +QMM2+iBQM
iQ i?2B` mTbi`2�K bmTTHv +?�BMb i?�i Bb /BbiBM+iHv bi`QM;2` i?�M i?�i Q7 i?2 b2+iQ` BM r?B+?
i?2v r2`2 �;;`2;�i2/ �M/ i?�i i?2v �`2 bB;MB}+�Mi �KQM; i?2 F2v b2+iQ`b #�b2/ QM i?2 "G
K2i`B+X LQ /Bb�;;`2;�i2/ b2+iQ`b BM 2Bi?2` i?2 M�iBQM�H Q` J_AP M2irQ`F ?�/ � ?B;?2` i?�M
�p2`�;2 7Q`r�`/ HBMF�;2 U6GVX h?Bb K�v #2- BM T�`i- #2 #2+�mb2 K�Mv Q7 i?2 Qmi;QBM; 2/;2b
7`QK i?2b2 b2+iQ`b `2T`2b2Mi2/ i`�Mb�+iBQMb H2bb i?�M QM2 ?mM/`2/ /QHH�`b �M/ r2`2 i?2`27Q`2
}Hi2`2/ 7`QK i?2 M2irQ`FX aQK2 F2v b2+iQ`b K�v ?�p2 ?�/ ?B;?2` i?�M �p2`�;2 HBMF�;2 K2�@
bm`2b B7 i?2 7mHH M2irQ`F r�b +QMbB/2`2/X >Qr2p2`- bK�HH BM+QKBM; 2/;2b r2`2 �HbQ }Hi2`2/-
b?QrBM; i?2`2 r2`2 H�`;2` i`�Mb�+iBQMb #2ir22M BM/mbi`B2b BM i?2 mTbi`2�K bmTTHv +?�BMb Q7
i?2 /Bb�;`2;�i2/ b2+iQ`b +QKT�`2/ iQ i?2b2 b2+iQ`Ƕb /QrMbi`2�K 2t+?�M;2bX

h�#H2 kXRyX
*H�bbB}+�iBQM Q7 HBMF�;2 `2bmHib- L�iBQM�H AP F2v +Q#�Hi /Bb�;;`2;�i2/ b2+iQ`b

hQi�H (̄f(t)) 6Q`r�`/ GBMF�;2
GQr UIRV >B;? U=RV

GQr UIRV �HH Qi?2` 7Q`;BM;- bi�KTBM;- bBMi2`BM; UjjkRR�V
JQiQ` o2?B+H2 J2i�H ai�KTBM; UjjejdyV ě

hQi�H (b̄(t)) LQM72``Qmb J2i�H S`Q+2bbBM; UjjR9NyV
"�+Fr�`/ GBMF�;2 P`;�MB+ *?2KB+�H J7;X Ujk8RNyV

>B;? U=RV
AMQ`;�MB+ *?2KB+�H J7;X Ujk8R3yV
J�i2`B�H >�M/HBM; 1[mBTK2Mi J7;X UjjjNkyV
q�bi2 J;KiX �M/ _2K2/B�iBQM a2`pB+2b U8ekyyyV ě
LQM72``Qmb J2i�H aK2HiBM; �M/ _2}MBM; UjjR9RyV
S2i`QH2mK _2}M2`B2b Ujk9RRyV
�B`+`�7i 1M;BM2 J7;X Ujje9RkV
S`BK�`v �HmKBMmK S`Q/m+iBQM UjjRjRjV

�b +�M #2 b22M BM 6B;m`2  kXe - i?2`2 Bb � M2�`Hv QM2 iQ QM2 TQbBiBp2 +Q``2H�iBQM #2ir22M
7Q`r�`/ HBMF�;2 �M/ /BzmbBQM- /BzmbBQM #2BM; �M BM/B+�iQ` Q7 ?Qr r2HH � b2+iQ` +�M #mz2`
2+QMQKB+ b?Q+Fb ( Re )X �++Q`/BM;Hv- BM i?2 M�iBQM�H@H2p2H i�#H2 i?2 /Bb�;`2;�i2/ b2+iQ`b �`2

83



`�MF2/ BM i?2 b�K2 Q`/2` mbBM; 2Bi?2` Q7 i?2b2 irQ K2i`B+b �M/ i?2 `�MFBM;b �`2 M2�`Hv
B/2MiB+�H BM i?2 J_AP M2irQ`FX >Qr2p2`- �HH /Bb�;;`2;�i2/ b2+iQ`b �i i?2 M�iBQM�H H2p2H ?�p2
HQr 7Q`r�`/ HBMF�;2b +QKT�`2/ iQ #�+Fr�`/b HBMF�;2 �M/ �++Q`/BM; iQ i?2 +`Bi2`B� ;2M2`�HHv
mb2/ 7Q` /2}MBM; ?B;? HBMF�;2 p�Hm2b �b #2BM; ;`2�i2` i?�M QM2 r?2M MQ`K�HBx2/X

h�#H2 kXRRX
*H�bbB}+�iBQM Q7 HBMF�;2 `2bmHib- L�iBQM�H AP F2v +Q#�Hi T�`2Mi b2+iQ`b

hQi�H (̄f(t)) 6Q`r�`/ GBMF�;2
GQr UIRV >B;? U=RV

GQr UIRV �B`+`�7i 1M;BM2 J7;X Ujje9RkV AMQ`;�MB+ *?2KB+�H J7;X Ujk8R3yV
q�bi2 J;KiX �M/ _2K2/B�iBQM a2`pB+2b U8ekyyyV

hQi�H (b̄(t))
"�+Fr�`/ GBMF�;2 S2i`QH2mK _2}M2`B2b Ujk9RRyV

JQiQ` o2?B+H2 J2i�H ai�KTBM; UjjejdyV P`;�MB+ *?2KB+�H J7;X Ujk8RNyV
>B;? U=RV J�i2`B�H >�M/HBM; 1[mBTK2Mi J7;X UjjjNkyV LQM72``Qmb J2i�H S`Q+2bbBM; UjjR9NyV

LQM72``Qmb J2i�H aK2HiBM; �M/ _2}MBM; UjjR9RyV
�HH Qi?2` 7Q`;BM;- bi�KTBM;- bBMi2`BM; UjjkRR�V
S`BK�`v �HmKBMmK S`Q/m+iBQM UjjRjRjV
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.BzmbBQM
�HH i?2 /Bb�;;`2;�i2/ +Q#�Hi b2+iQ`b ?�p2 � p2`v HQr /BzmbBQM +�T�+Biv- r?B+? +�M #2

BMi2`T`2i2/ �b BKT�+ib iQ i?2b2 b2+iQ`b rQmH/ ?�p2 � bi`QM;2` `2H�iBp2 2z2+i QM i?2B` /QrM@
bi`2�K BM/mbi`B2bX *Q#�Hi b2+iQ`b rBi? HQr2bi /BzmbBQM rQmH/ i?2`27Q`2 TQb2 � ;`2�i2` `BbF
iQ bmTTHv +?�BM +QMiBMmBiv B7 i?2v r2`2 /Bb`mTi2/X A7 � b2+iQ` Bb bi`QM;Hv HBMF2/ iQ Bib 2MiB`2
/B`2+i �M/ BM/B`2+i /QrMbi`2�K bmTTHv +?�BM- �b K2�bm`2/ #v 7Q`r�`/ HBMF�;2- i?2 2z2+i Q7
�M BKT�+i iQ i?�i b2+iQ` +�M #2 KQ`2 2p2MHv /Bbi`B#mi2/ �+`Qbb i?2 bmTTHv +?�BMX

kXj .Bb+mbbBQM

�i i?2 M�iBQM�H H2p2H- i?2 +?2KB+�H K�Mm7�+im`BM; b2+iQ`b �M/ BM T�`iB+mH�` BMQ`;�MB+
+?2KB+�H K�Mm7�+im`BM; r�b � /Bb�;;`2;�i2/ +Q#�Hi b2+iQ` i?�i r�b +QMbBbi2MiHv ?B;?HB;?i2/
�b QM2 Q7 i?2 KQbi bB;MB}+�Mi b2+iQ`b �+`Qbb �HH K2i`B+bX q�bi2 K�M�;2K2Mi �HbQ ?�/ �
+QMbBbi2MiHv ?B;? `�MFBM; mbBM; �HH K2�bm`2b 2t+2Ti 7Q`r�`/ HBMF�;2X h?2 KQbi +Q#�Hi p�Hm2
r�b �HHQ+�i2/ iQ i?2 Q`;�MB+ +?2KB+�H K�Mm7�+im`BM; b2+iQ`- #�b2/ QM �M�HvbBb Q7 h_A /�i�-
bQ i?2 bB;MB}+�M+2 Q7 BMQ`;�MB+ +?2KB+�H K�Mm7�+im`BM; �M/ r�bi2 K�M�;2K2Mi r�b MQi /m2
iQ i?2b2 b2+iQ`b ?�p2 � H�`;2 TQ`iBQM Q7 iQi�H +Q#�Hi p�Hm2 �HHQ+�i2/ iQ i?2K 7`QK i?2 bi�`iX
LQM72``Qmb K2i�H bK2HiBM; �M/ `2}MBM; Bb �HbQ ?B;?HB;?i2/ �b bB;MB}+�Mi BM i?2 M�iBQM�H AP
M2irQ`F #mi iQ � H2bb 2ti2Mi i?�M +?2KB+�H K�Mm7�+im`BM; �M/ r�bi2 K�M�;2K2MiX >Qr2p2`-
BM i?2 J_AP- b2+iQ`b i?�i `2Hv QM MQM72``Qmb K2i�H bK2HiBM; �M/ `2}MBM;- BX2X- b2+iQ`b mbBM;
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sBfBr UkXjkV

SDÕ =
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r=1
SDÕr UkXjjV

wDÕr = SDÕr
SDÕ

UkXj9V
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*�DǶ` Bb i?2 +Q#�Hi p�Hm2 �HHQ+�i2/ iQ DǶ BM `X

lb2 Q7 h_A /�i� 7Q` AP �M�HvbBb
h?2 h_A r�b mb2/ iQ 2biBK�i2 i?2 `2H�iBp2 K�;MBim/2 Q7 +Q#�Hi mb2 �KQM; b2+iQ`b- #mi Bi
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biQ+F UJ�P*V HBMF2/ iQ 7�+BHBiv HQ+�iBQM +QmH/ #2 mb2/ iQ /2i2`KBM2 i?2 F2v b2+iQ`b 7Q`
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H�`;2 7Q`K�i HBi?BmK@BQM #�ii2`v K�Mm7�+im`BM; Q++m``BM; BM i?2 la 7Q` i?Bb b2+iQ` iQ #2 �
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/�i� T`QTQb2/ BM i?Bb rQ`FX

h?2 �TT`Q�+? T`2b2Mi2/ BM i?Bb rQ`F r2`2 BMi2M/2/ iQ 2M�#H2 � `2H�iBp2Hv [mB+F b+`22M
Q7 i?2 AP M2irQ`F iQ B/2MiB7v mMFMQrM b2+iQ`b Q7 bB;MB}+�M+2 iQ � K�i2`B�H- #mi Tm`bmBM;
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T`272``2/X AKTH2K2Mi�iBQM Q7 qAP@J6� Q` K�Mm�HHv /Bb�;;`2;�iBM; KQ`2 b2+iQ`b rBi? i?2
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bmTTHv +?�BM /�i� QM T?vbB+�H BMTmib U#mi M2+2bb�`BHv MQi T`Q/m+i 7Q`KmH�iBQMb Q` T`Q+2bb2bV
�M/ T`Q/m+iBQM +QM/BiBQMb �i � KQ`2 /2i�BH2/ H2p2H- rQmH/ ;`2�iHv #2M2}i 2+QMQKv@rB/2 �M/
BM/BpB/m�H +QKT�MB2bǶ bmTTHv +?�BM K�M�;2K2Mi 2zQ`ibX

jXRXR .B`2+iBQMb 7Q` 6mim`2 _2b2�`+?

AKT`Qp2K2Mib iQ i?2 /Bb�;;`2;�iBQM K2i?Q/b mb2/ BM i?Bb bim/v rQmH/ BM+Hm/2 +QM/m+iBM;
� b2MbBiBpBiv �M�HvbBb QM i?2 `�M;2 Q7 p�Hm2b mb2/ �b T`Qtv +QMbmKTiBQM /�i� 7`QK i?2 h_A
7Q` 2�+? b2+iQ`X

A/2MiB7vBM; +Hmbi2`b Q7 +QMM2+i2/ b2+iQ`b BM AP M2irQ`Fb rQmH/ #2 �MQi?2` �`2� 7Q` �//B@
iBQM�H `2b2�`+?X EK2�Mb r�b i?2 T`BK�`v +Hmbi2`BM; �TT`Q�+? mb2/ BM i?Bb bim/v- #mi Qi?2`
+QKKmMBiv /2i2+iBQM �H;Q`Bi?Kb K�v #2 #2ii2` bmBi2/ 7Q` AP M2irQ`Fb (  9d )X h?Bb rBHH `2[mB`2
�//BiBQM�H +QMbB/2`�iBQM BMiQ #2bi T`�+iB+2b 7Q` M�pB;�iBM; i?2 +QKTmi�iBQM�H BMi2MbBiv Q7
M2irQ`F �M�HvbBb QM H�`;2 ;`�T?bX

�M BMi2M/2/ /B`2+i �TTHB+�iBQM Q7 i?Bb rQ`F Bb iQ BM7Q`K i?2 /2p2HQTK2Mi Q7 T?vbB+�H
BMTmi@QmiTmi i�#H2b USAPhbV 7Q` +Q#�Hi@#�b2/ T`Q/m+ibX h?2 F2v b2+iQ`b B/2MiB}2/ BM i?Bb
bim/v rQmH/ #2 i?2 KQbi T`BQ`BiBx2/ BM/mbi`B2b iQ BM+Hm/2 BM T`Q+2bb@KQ/2H #�b2/ SAPhb ( 8d )-
( 83 )X SH�MMBM; 7mim`2 `2mb2 �M/ `2+v+HBM; bmTTHv +?�BMb 7Q` +`BiB+�H K�i2`B�Hb rQmH/ #2 #2ii2`
/QM2 #�b2/ QM T?vbB+�H ~Qr �M�HvbBb BMbi2�/ Q7 KQM2i�`v ~Qr �M�HvbBb- r?B+? Bb �H`2�/v
#2BM; Tm`bm2/ #v `2b2�`+? bm+? �b qAP@J6� �M/ #mB/BM; SAPha 7`QK T`Q+2bb KQ/2HbX h?2

ed



H�ii2` #2BM; /B`2+iHv K2�Mi iQ �//`2bb i?2 HQM;@bi�M/BM; +QM+2`M i?�i SAPhb /2`Bp2/ 7`QK
JAPhb �`2 mMHBF2Hv iQ `2~2+i i?2 �+im�H T?vbB+�H ~Qrb i?2v �TT`QtBK�i2 ( 8N )X

.Bb�;;`2;�i2/ AP M2irQ`Fb 7Q` Qi?2` +`BiB+�H K�i2`B�Hb �`2 �HbQ #2BM; /2p2HQT2/ rBi? i?Bb
�TT`Q�+?X h?2 7Q+mb Q7 i?Bb bim/v �M/ Bib BKK2/B�i2 2ti2MbBQMb Bb +`BiB+�H K�i2`B�Hb 7Q`
2M2`;v biQ`�;2- #mi �TTHvBM; i?2 mb2 Q7 h_A /�i� iQ 2biBK�i2 `2H�iBp2 b2+iQ` +QMbmKTiBQM
+QmH/ TQi2MiB�HHv #2 �TTHB2/ iQ � /Bp2`b2 b2i Q7 `2;mH�i2/ +?2KB+�Hb �M/ +QKTQmM/bX

lbBM; i?2 /Bb�;;`2;�i2/- KQM2i�`v J_AP M2irQ`F 7Q` i`�/BiBQM�H AP �M�HvbBb Bb �MQi?2`
�`2� Q7 BMi2`2bi 7Q` 7mim`2 rQ`FX JQ/2HBM; TQHB+v b+2M�`BQb i?�i BM+2MiBpBx2 `2;2M2`�iBp2 mb2
Q7 +`BiB+�H K�i2`B�Hb- bBKmH�i2 BKTH2K2Mi�iBQM Q7 i2+?MQHQ;v bQHmiBQMb- �b r2HH �b KQ/2HBM;
TQbbB#H2 /Bb`mTiBQMb iQ F2v b2+iQ`b +QmH/ �HbQ bi2K 7`QK i?Bb rQ`FX

e3
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(R) h?2 qQ`H/ "�MF- ǳJBM2`�Hb 7Q` *HBK�i2 �+iBQM, h?2 JBM2`�H AMi2MbBiv Q7 i?2 *H2�M
1M2`;v h`�MbBiBQM-Ǵ h2+?X _2TX- kykyX (PMHBM2)X �p�BH�#H2,  ?iiTb,ffrrrXrQ`H/#�MFXQ`;f2Mf
iQTB+f2ti`�+iBp2BM/mbi`B2bf#`B27f+HBK�i2@bK�`i@KBMBM;@KBM2`�Hb@7Q`@+HBK�i2@�+iBQM X

(k) AS**- ǳ*HBK�i2 *?�M;2 kyR9, avMi?2bBb _2TQ`i-Ǵ h2+?X _2TX- kyR9- AS**- kyR9, *HBK�i2
*?�M;2 kyR9, avMi?2bBb _2TQ`iX *QMi`B#miBQM Q7 qQ`FBM; :`QmTb A- AA �M/ AAA iQ i?2 6B7i?
�bb2bbK2Mi _2TQ`i Q7 i?2 AMi2`;Qp2`MK2Mi�H S�M2H QM *HBK�i2 *?�M;2 (*Q`2 q`BiBM; h2�K-
_XEX S�+?�m`B �M/ GX�X J2v2` U2/bXV)X AS**- :2M2p�- arBix2`H�M/- R8R TTX

(j) EX CX a+?mHx- CX >X .2uQmM; C`X- _X _X a2�H AA- �M/ .X *X "`�/H2v- ǳ*`BiB+�H KBM2`�H
`2bQm`+2b Q7 i?2 lMBi2/ ai�i2bě�M BMi`Q/m+iBQM-Ǵ 1M;HBb?- _2biQM- o�- _2TQ`i R3yk�- kyRd-
TX kkX /QB,  RyXjRjjfTTR3yk� X (PMHBM2)X �p�BH�#H2,  ?iiT,ffTm#bX2`Xmb;bX;QpfTm#HB+�iBQMf
TTR3yk� X

(9) h?2 q?Bi2 >Qmb2- ǳ"mBH/BM; `2bBHB2Mi bmTTHv +?�BMb- `2pBi�HBxBM; �K2`B+�M K�Mm7�+im`@
BM;- �M/ 7Qbi2`BM; #`Q�/@#�b2/ ;`Qri?-Ǵ h2+?X _2TX- CmMX kykRX (PMHBM2)X �p�BH�#H2,  ?iiTb,
ffrrrXr?Bi2?Qmb2 X;QpfrT@+QMi2MifmTHQ�/bfkykRfyefRyy @/�v@ bmTTHv @+?�BM @ `2pB2r@
`2TQ`iXT/7 X

(8) uX a?2M- _X JQQKv- �M/ _X :X 1;;2`i- ǳ*?BM�Ƕb Tm#HB+ TQHB+B2b iQr�`/ `�`2 2�`i?b-
RNd8ĜkyR3-Ǵ 2M- JBM2`�H 1+QMQKB+b- pQHX jj- MQX R- TTX RkdĜR8R- CmHX kyky- BbbM, kRNR@kkRRX
/QB,  RyXRyydfbRj8ej@yRN@yykR9@k  X (PMHBM2)X �p�BH�#H2,  ?iiTb,ff/QBXQ`;fRyXRyydfbRj8ej@yRN@
yykR9@k X

(e) aX JX 6Q`iB2`- LX hX L�bb�`- :X qX G2/2`2`- CX "`�BM�`/- CX :�K#Q;B- �M/ 1X �X J+@
*mHHQm;?- ǳ.`�7i +`BiB+�H KBM2`�H HBbiěamKK�`v Q7 K2i?Q/QHQ;v �M/ #�+F;`QmM/ BM7Q`K�@
iBQMělXaX :2QHQ;B+�H am`p2v i2+?MB+�H BMTmi /Q+mK2Mi BM `2bTQMb2 iQ a2+`2i�`B�H P`/2`
LQX jj8N-Ǵ lXaX :2QHQ;B+�H am`p2v- _2biQM- o�- la:a LmK#2`2/ a2`B2b kyR3@RykR- kyR3-
TX keX /QB,  RyXjRjjfQ7`kyR3RykR  X (PMHBM2)X �p�BH�#H2,  ?iiT,ffTm#bX2`Xmb;bX;QpfTm#HB+�iBQMf
Q7`kyR3RykR X

(d) *QKKQMr2�Hi? Q7 �mbi`�HB�- ǳ�mbi`�HB�Ƕb *`BiB+�H JBM2`�Hb ai`�i2;v kyRN-Ǵ 2M- TX kk-
kyRNX (PMHBM2)X �p�BH�#H2,  ?iiTb , f f rrr X BM/mbi`v X ;Qp X �m f bBi2b f /27�mHi f 7BH2b f kyRN @ yj f
�mbi`�HB�b@+`BiB+�H@KBM2`�Hb@bi`�i2;v@kyRNXT/7 X

(3) >X >�i�v�K� �M/ EX h�?�`�- ǳ*`BiB+�HBiv �bb2bbK2Mi Q7 J2i�Hb 7Q` C�T�M�`b[mQcb _2@
bQm`+2 ai`�i2;v-Ǵ 2M- J�h1_A�Ga h_�La�*hAPLa- pQHX 8e- MQX k- TTX kkNĜkj8- kyR8-
BbbM, Rj98@Ned3- Rj9d@8jkyX /QB,  RyXkjkyfK�i2`i`�MbXJkyR9j3y  X (PMHBM2)X �p�BH�#H2,  ?iiTb,
ffrrrXDbi�;2XDbiX;QXDTf�`iB+H2fK�i2`i`�Mbf8efkf8enJkyR9j3yfn�`iB+H2 X

eN
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(N) 1m`QT2�M *QKKBbbBQM- ǳ*`BiB+�H K�i2`B�Hb 7Q` bi`�i2;B+ i2+?MQHQ;B2b �M/ b2+iQ`b BM i?2
1l @ � 7Q`2bB;?i bim/v-Ǵ h2+?X _2TX- kykyX (PMHBM2)X �p�BH�#H2,  ?iiTb,ff`KBbXD`+X2+X2m`QT�X2mf
mTHQ�/bf*_Jbn7Q`nai`�i2;B+nh2+?MQHQ;B2bn�M/na2+iQ`bnBMni?2n1lnkykyXT/7 X

(Ry) hX 1X :`�2/2H- 1X JX >�`T2`- LX hX L�bb�`- SX Lmbb- �M/ "X EX _2+F- ǳ*`BiB+�HBiv
Q7 K2i�Hb �M/ K2i�HHQB/b-Ǵ S`Q+22/BM;b Q7 i?2 L�iBQM�H �+�/2Kv Q7 a+B2M+2b Q7 i?2 lMBi2/
ai�i2b Q7 �K2`B+�- pQHX RRk- MQX R9- TTX 9k8dĜ9kek- kyR8- BbbM, yykd@39k9X (PMHBM2)X �p�BH�#H2,
 ?iiTb,ffrrrXDbiQ`XQ`;fbi�#H2fke9ek9de X

(RR) LX hX L�bb�`- hX 1X :`�2/2H- �M/ 1X JX >�`T2`- ǳ"v@T`Q/m+i K2i�Hb �`2 i2+?MQHQ;B+�HHv
2bb2MiB�H #mi ?�p2 T`Q#H2K�iB+ bmTTHv-Ǵ a+B2M+2 �/p�M+2b- pQHX R- MQX j- �T`X kyR8- BbbM,
kjd8@k893X /QB,  RyXRRkefb+B�/pXR9yyR3y  X (PMHBM2)X �p�BH�#H2,  ?iiTb,ffrrrXM+#BXMHKXMB?X
;QpfTK+f�`iB+H2bfSJ*9e9yejyf X

(Rk) SX Lmbb �M/ JX CX 1+F2HK�M- ǳGB72 *v+H2 �bb2bbK2Mi Q7 J2i�Hb, � a+B2MiB}+ avMi?2bBb-Ǵ
1M;HBb?- SGQa PM2c a�M 6`�M+Bb+Q- pQHX N- MQX d- 2RyRkN3- CmHX kyR9X /QB,  ?iiT,ff/tX/QBXQ`;f
RyXRjdRfDQm`M�HXTQM2XyRyRkN3 X (PMHBM2)X �p�BH�#H2,  ?iiTb,ffb2�`+?XT`Q[m2biX+QKf/Q+pB2rf
kyRjk898kyf�#bi`�+if�d*6e3jek3dd9�e3SZfR X

(Rj) CX .2rmH7- :X �X "H2M;BMB- .X S2MMBM;iQM- SX Lmbb- �M/ LX hX L�bb�`- ǳ*`BiB+�HBiv QM
i?2 BMi2`M�iBQM�H b+2M2, ZmQ p�/Bb\Ǵ 2M- _2bQm`+2b SQHB+v- pQHX 8y- TTX ReNĜRde- .2+X kyRe-
BbbM, yjyR@9kydX /QB,  RyXRyRefDX`2bQm`TQHXkyReXyNXyy3  X (PMHBM2)X �p�BH�#H2,  ?iiTb,ffrrrX
b+B2M+2/B`2+iX+QKfb+B2M+2f�`iB+H2fTBBfayjyR9kydRejyR88e X

(R9) la:a UlXaX :2QHQ;B+�H am`p2vV- ǳJBM2`�H *QKKQ/Biv amKK�`B2b kyRN-Ǵ q�b?BM;iQM-
.*, lXaX- h2+?X _2TX- kyRNX (PMHBM2)X �p�BH�#H2,  ?iiTb , ffrrrXmb;b X ;Qpf+2Mi2`bfMKB+f
KBM2`�H@+QKKQ/Biv@bmKK�`B2b X

(R8) sX 6m- .X LX "2�iiv- :X :X :�mbi�/- :X *2/2`- _X _Qi?- _X 1X EB`+?�BM- JX "mbi�K�Mi2-
*X "�##Bii- �M/ 1X �X PHBp2iiB- ǳS2`bT2+iBp2b QM *Q#�Hi amTTHv i?`Qm;? kyjy BM i?2 6�+2 Q7
*?�M;BM; .2K�M/-Ǵ 2M- 1MpB`QMK2Mi�H a+B2M+2 � h2+?MQHQ;v- pQHX 89- MQX 8- TTX kN38ĜkNNj-
J�`X kyky- BbbM, yyRj@Njes- R8ky@838RX /QB,  RyXRykRf�+bX2biXN#y9Nd8  X (PMHBM2)X �p�BH�#H2,
 ?iiTb,ffTm#bX�+bXQ`;f/QBfRyXRykRf�+bX2biXN#y9Nd8 X

(Re) JX �H�i`Bbi2 *QMi`2`�b- ǳ.2i2+iBM; /BzmbBQM T`QT2`iB2b Q7 b2+iQ`b BM i?2 J2tB+�M 2+QM@
QKv- kyRk-Ǵ AMp2biB;�+BƦM 1+QMƦKB+�- pQHX dN- TX RRy- .2+X kyRNX /QB,  RyXkkkyRf72XyR38ReedTX
kykyXjRRXdk9j3 X

(Rd) EX "X a?2//- 1X �X J+*mHHQm;?- �M/ .X AX "H2Br�b- ǳ:HQ#�H i`2M/b �z2+iBM; i?2 bmT@
THv b2+m`Biv Q7 +Q#�Hi-Ǵ 1M;HBb?- JBMBM; 1M;BM22`BM;c GBiiH2iQM- pQHX eN- MQX Rk- TTX jdĜ9k-
.2+X kyRd- BbbM, yyke8R3dX (PMHBM2)X �p�BH�#H2,  ?iiTb , f f b2�`+? X T`Q[m2bi X +QK f /Q+pB2r f
RN3yyjye9kf�#bi`�+ifkj..N.jRe.�y91�3SZfR X

dy
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(R3) 1HH2M J�+�`i?m` 6QmM/�iBQM- q?�i Bb � *B`+mH�` 1+QMQKv\ % 1HH2M J�+�`i?m` 6QmM@
/�iBQM- kykRX (PMHBM2)X �p�BH�#H2,  ?iiTb , f f rrr X 2HH2MK�+�`i?m`7QmM/�iBQM X Q`; f +B`+mH�` @
2+QMQKvf+QM+2Ti X

(RN) SX �X .B�b- .X "H�;Q2p�- *X S�p2H- LX �`p�MBiB/Bb- 1m`QT2�M *QKKBbbBQM- �M/ CQBMi
_2b2�`+? *2Mi`2- *Q#�Hi, /2K�M/@bmTTHv #�H�M+2b BM i?2 i`�MbBiBQM iQ 2H2+i`B+ KQ#BHBivX 2MX
kyR3- P*G*, RRRRRkNeey- Bb#M, Nd3@Nk@dN@N9jRR@NX (PMHBM2)X �p�BH�#H2,  ?iiT,ffTm#HB+�iBQMbX
2m`QT�X2mfTm#HB+�iBQMfK�MB72bi�iBQMnB/2MiB7B2`fSl"nECL�kNj3R1LL X

(ky) _X 1X JBHH2`- AMTmi@QmiTmi �M�HvbBb 7QmM/�iBQMb �M/ 2ti2MbBQMb- kM/ 2/X- SX .X "H�B`- 1/X
*�K#`B/;2, *�K#`B/;2 lMBp2`bBiv S`2bb- kyyNX

(kR) "1� U"m`2�m Q7 1+QMQKB+ �M�HvbBbV- ǳkyRk AMTmi@PmiTmi �++QmMib .�i�-Ǵ lXaX .2T�`i@
K2Mi Q7 *QKK2`+2- h2+?X _2TX- kyRkX (PMHBM2)X �p�BH�#H2,  ?iiTb,ffrrrX#2�X;QpfBM/mbi`vf
BMTmi@QmiTmi@�++QmMib@/�i� X

(kk) �X JX qQHbFv- ǳ.Bb�;;`2;�iBM; AMTmi@PmiTmi JQ/2Hb-Ǵ h?2 _2pB2r Q7 1+QMQKB+b �M/
ai�iBbiB+b- pQHX ee- MQX k- TTX k3jĜkNR- RN39- Sm#HBb?2`, h?2 JAh S`2bb- BbbM, yyj9e8j8-
R8jyNR9kX /QB,  RyXkjydfRNk83kN X (PMHBM2)X �p�BH�#H2,  ?iiT,ffrrrXDbiQ`XQ`;fbi�#H2fRNk83kN X

(kj) JX G2Mx2M- ǳ�::_1:�hAPL o1_ala .Aa�::_1:�hAPL AL ALSlhĜPlhSlh
�L�GuaAa P6 h>1 1LoA_PLJ1Lh-Ǵ 1+QMQKB+ avbi2Kb _2b2�`+?- pQHX kj- MQX R- TTX djĜ
3N- J�`X kyRR- Sm#HBb?2`, _QmiH2/;2- BbbM, yN8j@8jR9X /QB,  RyXRy3yfyN8j8jR9XkyRyX893dNj X
(PMHBM2)X �p�BH�#H2,  ?iiTb,ff/QBXQ`;fRyXRy3yfyN8j8jR9XkyRyX893dNj X

(k9) aX L�F�Km`� �M/ EX L�F�DBK�- ǳq�bi2 AMTmi�M/�b?cPmiTmi J�i2`B�H 6HQr �M�HvbBb
Q7 J2i�Hb BM i?2 C�T�M2b2 1+QMQKv-Ǵ 2M- J�h1_A�Ga h_�La�*hAPLa- pQHX 9e- MQX Rk-
TTX k88yĜk88j- kyy8- BbbM, Rj98@Ned3- Rj9d@8jkyX /QB,  RyXkjkyfK�i2`i`�MbX9eXk88y X (PMHBM2)X
�p�BH�#H2,  ?iiTb,ffrrrXDbi�;2XDbiX;QXDTf�`iB+H2fK�i2`i`�Mbf9efRkf9enRknk88yfn�`iB+H2 X

(k8) aX L�F�Km`� �M/ uX EQM/Q- ǳAMTmi@PmiTmi �M�HvbBb Q7 q�bi2 J�M�;2K2Mi-Ǵ 2M- CQm`@
M�H Q7 AM/mbi`B�H 1+QHQ;v- pQHX e- MQX R- TTX jNĜej- kyyk- n2T`BMi, ?iiTb,ffQMHBM2HB#`�`vXrB@
H2vX+QKf/QBfT/7fRyXRRekfRy33RN3ykjkyNdRejk- BbbM, R8jy@NkNyX /QB,  RyXRRekfRy33RN3ykjkyNdRejk X
(PMHBM2)X �p�BH�#H2,  ?iiTb,ffQMHBM2HB#`�`vXrBH2vX+QKf/QBf�#bfRyXRRekfRy33RN3ykjkyNdRejk X

(ke) qX@ZX *?2M- hX 1X :`�2/2H- SX Lmbb- �M/ >X P?MQ- ǳ"mBH/BM; i?2 J�i2`B�H 6HQr L2i@
rQ`Fb Q7 �HmKBMmK BM i?2 kyyd lXaX 1+QMQKv-Ǵ 1MpB`QMK2Mi�H a+B2M+2 � h2+?MQHQ;v- pQHX 8y-
MQX d- TTX jNy8ĜjNRk- �T`X kyRe- Sm#HBb?2`, �K2`B+�M *?2KB+�H aQ+B2iv- BbbM, yyRj@NjesX
/QB,  RyXRykRf�+bX2biX8#y8yN8 X (PMHBM2)X �p�BH�#H2,  ?iiTb,ff/QBXQ`;fRyXRykRf�+bX2biX8#y8yN8 X

(kd) >X P?MQ- SX Lmbb- qX@ZX *?2M- �M/ hX 1X :`�2/2H- ǳ.2`BpBM; i?2 J2i�H �M/ �HHQv L2i@
rQ`Fb Q7 JQ/2`M h2+?MQHQ;v-Ǵ 1MpB`QMK2Mi�H a+B2M+2 � h2+?MQHQ;v- pQHX 8y- MQX d- TTX 9y3kĜ
9yNy- �T`X kyRe- Sm#HBb?2`, �K2`B+�M *?2KB+�H aQ+B2ivX /QB,  RyXRykRf�+bX2biX8#y8yNj X (PM@
HBM2)X �p�BH�#H2,  ?iiTb,ff/QBXQ`;fRyXRykRf�+bX2biX8#y8yNj X
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(k3) qX@ZX *?2M- hX 1X :`�2/2H- SX Lmbb- �M/ >X P?MQ- ǳ"mBH/BM; i?2 J�i2`B�H 6HQr L2i@
rQ`Fb Q7 �HmKBMmK BM i?2 kyyd lXaX 1+QMQKv-Ǵ 1MpB`QMK2Mi�H a+B2M+2 � h2+?MQHQ;v- pQHX 8y-
MQX d- TTX jNy8ĜjNRk- �T`X kyRe- Sm#HBb?2`, �K2`B+�M *?2KB+�H aQ+B2iv- BbbM, yyRj@NjesX
/QB,  RyXRykRf�+bX2biX8#y8yN8 X (PMHBM2)X �p�BH�#H2,  ?iiTb,ff/QBXQ`;fRyXRykRf�+bX2biX8#y8yN8 X

(kN) �X hBbb2`�Mi �M/ aX S�mHBmF- ǳJ�i+?BM; ;HQ#�H +Q#�Hi /2K�M/ mM/2` /Bz2`2Mi b+2M�`BQb
7Q` +Q@T`Q/m+iBQM �M/ KBMBM; �ii`�+iBp2M2bb-Ǵ 2M- CQm`M�H Q7 1+QMQKB+ ai`m+im`2b- pQHX 8-
MQX R- TX 9- 62#X kyRe- BbbM, kRNj@k9yNX /QB,  RyXRR3efb9yyy3@yRe@yyj8@t X (PMHBM2)X �p�BH�#H2,
 ?iiTb,ff/QBXQ`;fRyXRR3efb9yyy3@yRe@yyj8@t X

(jy) sX amM- >X >�Q- 6X w?�Q- �M/ wX GBm- ǳh`�+BM; ;HQ#�H HBi?BmK ~Qr, � i`�/2@HBMF2/
K�i2`B�H ~Qr �M�HvbBb-Ǵ 2M- _2bQm`+2b- *QMb2`p�iBQM �M/ _2+v+HBM;- pQHX Rk9- TTX 8yĜeR- a2TX
kyRd- BbbM, yNkR@j99NX /QB,  Ry XRyRef D X `2b+QM`2+ X kyRd Xy9 X yRk  X (PMHBM2)X �p�BH�#H2,  ?iiT ,
ffrrrXb+B2M+2/B`2+iX+QKfb+B2M+2f�`iB+H2fTBBfayNkRj99NRdjyRRR3 X

(jR) �X :2b+?F2 �M/ JX >�/DBF�FQm- ǳoB`im�H H�#Q`�iQ`B2b �M/ J_AP �M�HvbBb Ĝ �M BMi`Q/m+@
iBQM-Ǵ 1+QMQKB+ avbi2Kb _2b2�`+?- pQHX kN- MQX k- TTX R9jĜR8d- kyRd- Sm#HBb?2`, _QmiH2/;2
n2T`BMi, ?iiTb,ff/QBXQ`;fRyXRy3yfyN8j8jR9XkyRdXRjR33k3X /QB,  Ry X Ry3y f yN8j8jR9 X kyRd X
RjR33k3 X (PMHBM2)X �p�BH�#H2,  ?iiTb,ff/QBXQ`;fRyXRy3yfyN8j8jR9XkyRdXRjR33k3 X

(jk) JX G2Mx2M- �X :2b+?F2- hX qB2/K�MM- CX G�M2- LX �M/2`bQM- hX "�vM2b- CX "QH�M/-
SX .�MB2Hb- *X .2v- CX 6`v- JX >�/DBF�FQm- aX E2Mr�v- �X J�HBF- .X JQ`�M- CX Jm``�v- aX
L2iiH2iQM- GX SQ`mb+?B- *X _2vMQH/b- >X _QrH2v- CX l;QM- .X q2##- �M/ CX q2bi- ǳ*QKTBHBM;
�M/ mbBM; BMTmiĜQmiTmi 7`�K2rQ`Fb i?`Qm;? +QHH�#Q`�iBp2 pB`im�H H�#Q`�iQ`B2b-Ǵ a+B2M+2 Q7
h?2 hQi�H 1MpB`QMK2Mi- pQHX 938@93e- TTX k9RĜk8R- CmHX kyR9- BbbM, yy93@NeNdX /QB,  RyXRyRef
DXb+BiQi2MpXkyR9XyjXyek  X (PMHBM2)X �p�BH�#H2,  ?iiTb,ffrrrXb+B2M+2/B`2+iX+QKfb+B2M+2f�`iB+H2f
TBBfayy93NeNdR9yyjNkR X

(jj) JX G2Mx2M- �X :2b+?F2- JX .X �#/ _�?K�M- uX sB�Q- CX 6`v- _X _2v2b- 1X .B2ix2M@
#�+?2`- aX AMQK�i�- EX E�M2KQiQ- "X GQb- .X JQ`�M- >X a+?mHi2 BM /2M " mK2M- �X hmFF2`-
hX q�HKbH2v- hX qB2/K�MM- _X qQQ/- �M/ LX u�K�MQ- ǳh?2 :HQ#�H J_AP G�# Ĝ +?�`iBM;
i?2 rQ`H/ 2+QMQKv-Ǵ 1+QMQKB+ avbi2Kb _2b2�`+?- pQHX kN- MQX k- TTX R83ĜR3e- �T`X kyRd- Sm#@
HBb?2`, _QmiH2/;2- BbbM, yN8j@8jR9X /QB,  RyXRy3yfyN8j8jR9XkyRdXRjyR33d X (PMHBM2)X �p�BH�#H2,
 ?iiTb,ff/QBXQ`;fRyXRy3yfyN8j8jR9XkyRdXRjyR33d X

(j9) hX qB2/K�MM- ǳ�M BMTmiĜQmiTmi pB`im�H H�#Q`�iQ`v BM T`�+iB+2 Ĝ bm`p2v Q7 mTi�F2- mb�;2
�M/ �TTHB+�iBQMb Q7 i?2 }`bi QT2`�iBQM�H A1G�#-Ǵ 1+QMQKB+ avbi2Kb _2b2�`+?- pQHX kN- MQX k-
TTX kNeĜjRk- �T`X kyRd- Sm#HBb?2`, _QmiH2/;2- BbbM, yN8j@8jR9X /QB,  RyXRy3yfyN8j8jR9XkyRdX
Rk3jkN8 X (PMHBM2)X �p�BH�#H2,  ?iiTb,ff/QBXQ`;fRyXRy3yfyN8j8jR9XkyRdXRk3jkN8 X

(j8) CX oX �H;�`BM- hX _X >�rFBMb- CX J�``BQii- >X aX J�ii?2rb- �M/ oX E?�MM�- ǳ.Bb�;;`2@
;�iBM; i?2 SQr2` :2M2`�iBQM a2+iQ` 7Q` AMTmi@PmiTmi GB72 *v+H2 �bb2bbK2Mi-Ǵ 2M- CQm`M�H Q7
AM/mbi`B�H 1+QHQ;v- pQHX RN- MQX 9- TTX eeeĜed8- kyR8- BbbM, R8jy@NkNyX /QB,  RyXRRRRfDB2+XRkkyd X
(PMHBM2)X �p�BH�#H2,  ?iiTb,ffQMHBM2HB#`�`vXrBH2vX+QKf/QBf�#bfRyXRRRRfDB2+XRkkyd X
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(je) *X@>X GBm- JX G2Mx2M- �M/ CX Jm``�v- ǳ� /Bb�;;`2;�i2/ 2KBbbBQMb BMp2MiQ`v 7Q` h�Br�M
rBi? mb2b BM ?v#`B/ BMTmi@QmiTmi HB72 +v+H2 �M�HvbBb UAP@G*�V-Ǵ 2M- L�im`�H _2bQm`+2b 6Q`mK-
pQHX je- MQX k- TTX RkjĜR9R- kyRk- n2T`BMi, ?iiTb,ffQMHBM2HB#`�`vXrBH2vX+QKf/QBfT/7fRyXRRRRfDXR9dd@
3N9dXkyRkXyR9jNXt- BbbM, R9dd@3N9dX /QB,  RyXRRRRfDXR9dd@3N9dXkyRkXyR9jNXt  X (PMHBM2)X �p�BH@
�#H2,  ?iiTb,ffrrrXQMHBM2HB#`�`vXrBH2vX+QKf/QBf�#bfRyXRRRRfDXR9dd@3N9dXkyRkXyR9jNXt X

(jd) aX GBM/M2`- CX G2;�mHi- �M/ .X :m�M- ǳ.Bb�;;`2;�iBM; i?2 1H2+i`B+Biv a2+iQ` Q7 *?BM�Ƕb
AMTmiĜPmiTmi h�#H2 7Q` AKT`Qp2/ 1MpB`QMK2Mi�H GB72@*v+H2 �bb2bbK2Mi-Ǵ 1+QMQKB+ avbi2Kb
_2b2�`+?- pQHX k8- MQX j- TTX jyyĜjky- a2TX kyRj- Sm#HBb?2`, _QmiH2/;2 n2T`BMi, ?iiTb,ff/QBXQ`;fRyXRy3yfyN8j8jR9XkyRkXd9ee9e-
BbbM, yN8j@8jR9X /QB,  RyXRy3yfyN8j8jR9XkyRkXd9ee9e X (PMHBM2)X �p�BH�#H2,  ?iiTb,ff/QBXQ`;f
RyXRy3yfyN8j8jR9XkyRkXd9ee9e X

(j3) la 1S�- ǳhQtB+ _2H2�b2 AMp2MiQ`v-Ǵ h2+?X _2TX- kyRkX (PMHBM2)X �p�BH�#H2,  ?iiTb,ffrrrX
2T�X;QpfiQtB+b@`2H2�b2@BMp2MiQ`v@i`B@T`Q;`�K X

(jN) la:a UlXaX :2QHQ;B+�H am`p2vV- ǳJBM2`�H *QKKQ/Biv amKK�`B2b kyRj-Ǵ q�b?BM;iQM-
.*, lXaX- h2+?X _2TX- kyRjX (PMHBM2)X �p�BH�#H2,  ?iiTb , ffrrrXmb;b X ;Qpf+2Mi2`bfMKB+f
KBM2`�H@+QKKQ/Biv@bmKK�`B2b X

(9y) E2HHv- hX.X �M/ J�iQb- :X_X- ǳ:2M2`�H LQi2b QM >BbiQ`B+�H bi�iBbiB+b 7Q` KBM2`�H �M/
K�i2`B�H +QKKQ/BiB2b BM i?2 lMBi2/ ai�i2b UkyRe p2`bBQMV, lXaX :2QHQ;B+�H am`p2v .�i� a2`B2b
R9y-Ǵ h2+?X _2TX- kyReX (PMHBM2)X �p�BH�#H2,  ?iiTb,ffrrrXmb;bX;Qpf+2Mi2`bfMKB+f?BbiQ`B+�H@
bi�iBbiB+b@KBM2`�H@�M/@K�i2`B�H@+QKKQ/BiB2b@mMBi2/@bi�i2b X

(9R) .X _X qBH#m`M �M/ "m+FBM;?�K- .�pB/ �X- ǳ�TT�`2Mi +QMbmKTiBQM pbX iQi�H +QMbmKT@
iBQMě� H2�/@�+B/ #�ii2`v +�b2 bim/v, lXaX :2QHQ;B+�H am`p2v a+B2MiB}+ AMp2biB;�iBQMb _2@
TQ`i kyyeĜ8R88-Ǵ lXaX :2QHQ;B+�H am`p2v- h2+?X _2TX 8R88- kyyeX (PMHBM2)X �p�BH�#H2,  ?iiTb,
ffTm#bX2`Xmb;bX;QpfTm#HB+�iBQMfbB`kyye8R88 X

(9k) "1� U"m`2�m Q7 1+QMQKB+ �M�HvbBbV- ǳ*QM+2Tib �M/ J2i?Q/b Q7 i?2 lXaX AMTmi@PmiTmi
�++QmMib-Ǵ h2+?X _2TX- kyyNX (PMHBM2)X �p�BH�#H2,  ?iiTb,ffrrrX#2�X;QpfbBi2bf/27�mHif7BH2bf
K2i?Q/QHQ;B2bfAPK�Mm�HnyNkNyeXT/7 X

(9j) 6X 6�im`�v- oX aX :X omMM�p�- JX G2Mx2M- �M/ aX aBM;?- ǳlbBM; � M2r la� KmHiB@`2;BQM
BMTmi QmiTmi UJ_APV KQ/2H 7Q` �bb2bbBM; 2+QMQKB+ �M/ 2M2`;v BKT�+ib Q7 rBM/ 2M2`;v
2tT�MbBQM BM la�-Ǵ 2M- �TTHB2/ 1M2`;v- pQHX keR- TX RR9 R9R- J�`X kyky- BbbM, yjye@keRNX
/QB,  RyXRyRefDX�T2M2`;vXkyRNXRR9R9R  X (PMHBM2)X �p�BH�#H2,  ?iiTb,ffrrrXb+B2M+2/B`2+iX+QKf
b+B2M+2f�`iB+H2fTBBfayjyekeRNRNjR3k33 X

(99) 1m`Qbi�i- ǳ1m`Qbi�i J�Mm�H Q7 amTTHv- lb2 �M/ AMTmi@PmiTmi h�#H2b-Ǵ P{+2 7Q` P{+B�H
Sm#HB+�iBQMb Q7 i?2 1m`QT2�M *QKKmMBiB2b- Gmt2K#Qm`;- h2+?X _2TX- kyy3X
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(98) 6X "Hƺ+?H- 6X CX h?2Bb- 6X o2;�@_2/QM/Q- �M/ 1X PX 6Bb?2`- ǳo2`i2t +2Mi`�HBiB2b BM BMTmi@
QmiTmi M2irQ`Fb `2p2�H i?2 bi`m+im`2 Q7 KQ/2`M 2+QMQKB2b-Ǵ S?vb _2p 1 ai�i LQMHBM aQ7i
J�ii2` S?vb- pQHX 3j- MQX 9 Si k- TTX y9e RkdĜy9e Rkd- kyRR- SH�+2, lMBi2/ ai�i2b Sm#HBb?2`,
lMBi2/ ai�i2b- BbbM, R8jN@jd88X /QB,  RyXRRyjfS?vb_2p1X3jXy9eRkd X

(9e) 6X .2S�QHBb- SX Jm`T?v- �M/ JX *X .X E�Hmx�- ǳA/2MiB7vBM; E2v a2+iQ`b BM i?2 _2@
;BQM�H 1+QMQKv, � L2irQ`F �M�HvbBb �TT`Q�+? lbBM; AMTmi@PmiTmi .�i�-Ǵ kyky- �`+?Bp2,
�`sBp,kyy8XRRk38pR (2+QMX:L)X (PMHBM2)X �p�BH�#H2,  �`sBpXQ`; X

(9d) SX Lmbb- >X P?MQ- qX@ZX *?2M- �M/ hX 1X :`�2/2H- ǳ*QKT�`�iBp2 �M�HvbBb Q7 K2i�Hb
mb2 BM i?2 lMBi2/ ai�i2b 2+QMQKv-Ǵ 2M- _2bQm`+2b- *QMb2`p�iBQM �M/ _2+v+HBM;- pQHX R98-
TTX 993Ĝ98e- CmMX kyRN- BbbM, yNkR@j99NX /QB,  RyXRyRefDX`2b+QM`2+XkyRNXykXyk8 X (PMHBM2)X
�p�BH�#H2,  ?iiT,ffrrrXb+B2M+2/B`2+iX+QKfb+B2M+2f�`iB+H2fTBBfayNkRj99NRNjyy3k8 X

(93) 1X SX >�`p2v �M/ .X _X CX PǶL2�H2- ǳlbBM; M2irQ`F b+B2M+2 iQ [m�MiB7v 2+QMQKB+ /Bb`mT@
iBQMb BM `2;BQM�H BMTmi@QmiTmi M2irQ`Fb-Ǵ kyRN- �`+?Bp2, �`sBp,RNRyXRk9N3pR (T?vbB+bXbQ+@T?)X
(PMHBM2)X �p�BH�#H2,  �`sBpXQ`; X

(9N) GX *X 6`22K�M- ǳ*2Mi`�HBiv BM bQ+B�H M2irQ`Fb +QM+2Tim�H +H�`B}+�iBQM-Ǵ 2M- aQ+B�H L2i@
rQ`Fb- pQHX R- MQX j- TTX kR8ĜkjN- C�MX RNd3- BbbM, yjd3@3djjX /QB,  RyXRyRefyjd3@3djjUd3V
NyykR@d X (PMHBM2)X �p�BH�#H2,  ?iiTb,ffrrrXb+B2M+2/B`2+iX+QKfb+B2M+2f�`iB+H2fTBBfyjd33djjd3NyykRd X

(8y) lX "`�M/2b- ǳPM p�`B�Mib Q7 b?Q`i2bi@T�i? #2ir22MM2bb +2Mi`�HBiv �M/ i?2B` ;2M2`B+ +QK@
Tmi�iBQM-Ǵ aQ+B�H L2irQ`Fb- pQHX jy- MQX k- TTX RjeĜR98- J�v kyy3- BbbM, yjd3@3djjX /QB,
 RyXRyRefDXbQ+M2iXkyydXRRXyyR  X (PMHBM2)X �p�BH�#H2,  ?iiTb,ffrrrXb+B2M+2/B`2+iX+QKfb+B2M+2f
�`iB+H2fTBBfayjd33djjydyyydjR X

(8R) SX Lmbb- qX@ZX *?2M- >X P?MQ- �M/ hX 1X :`�2/2H- ǳai`m+im`�H AMp2biB;�iBQM Q7 �Hm@
KBMmK BM i?2 lXaX 1+QMQKv mbBM; L2irQ`F �M�HvbBb-Ǵ 1MpB`QMK2Mi�H a+B2M+2 � h2+?MQHQ;v-
pQHX 8y- MQX d- TTX 9yNRĜ9RyR- �T`X kyRe- Sm#HBb?2`, �K2`B+�M *?2KB+�H aQ+B2iv- BbbM, yyRj@
NjesX /QB,  RyXRykRf�+bX2biX8#y8yN9 X (PMHBM2)X �p�BH�#H2,  ?iiTb,ff/QBXQ`;fRyXRykRf�+bX2biX
8#y8yN9 X

(8k) 6Q`BMbi�M+2 �M/ h�`� 1B+?2`- Svi?QM @ M2irQ`Ft @ K2�MBM; Q7 r2B;?i BM #2ir2MM2bb �M/
+m``2Mi ~Qr #2ir22MM2bb- kyRNX (PMHBM2)X �p�BH�#H2,  ?iiTb,ffbi�+FQp2`7HQrX+QKf[m2biBQMbf
8y9NdR3efM2irQ`Ft@K2�MBM;@Q7@r2B;?i@BM@#2ir2MM2bb@�M/@+m``2Mi@7HQr@#2ir22MM2bb X

(8j) b+BFBi@v# /2p2HQT2`b- 1H#Qr J2i?Q/ ě u2HHQr#`B+F pRXjXTQbiR /Q+mK2Mi�iBQMX (PMHBM2)X
�p�BH�#H2,  ?iiTb,ffrrrXb+BFBi@v#XQ`;f2MfH�i2bif�TBf+Hmbi2`f2H#QrX?iKH X

(89) h2�K :QH/2M EBrB- h2�K :QH/2M EBrB, 1+QMQKB+ AKT�+i Q7 *PoA.@RN #v ai�i2- 2M-
kykyX (PMHBM2)X �p�BH�#H2,  ?iiTb,ff�TTXKBT�b�X+QKf;2Q`;2XiQHF�+?2pfMQi2#QQFbfpB2rfh2�K@
:QH/2M@EBrB@1+QMQKB+@AKT�+i@Q7@*PoA.@RN@#v@ai�i2\i�#4a2�`+?Y_2bmHib X
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(88) JX :X �H�i`Bbi2@*QMi`2`�b- ǳh?2 `2H�iBQMb?BT #2ir22M i?2 F2v b2+iQ`b BM i?2 2m`QT2�M
mMBQM 2+QMQKv �M/ i?2 BMi`�@1m`QT2�M lMBQM i`�/2-Ǵ 2M- CQm`M�H Q7 1+QMQKB+ ai`m+im`2b-
pQHX 9- MQX R- TX R9- �m;X kyR8- BbbM, kRNj@k9yNX /QB,  RyXRR3efb9yyy3@yR8@yyk9@8  X (PMHBM2)X
�p�BH�#H2,  ?iiTb,ff/QBXQ`;fRyXRR3efb9yyy3@yR8@yyk9@8 X

(8e) >�b ZlAhĜ�MQMv@JQmbb2 U?iiTb,ffbi�ibXbi�+F2t+?�M;2X+QKfmb2`bfd3k3f?�b@[mBi@�MQMv@
KQmbb2V- >Qr iQ mM/2`bi�M/ i?2 /`�r#�+Fb Q7 E@K2�Mb- kyR8X (PMHBM2)X �p�BH�#H2,  ?iiTb ,
ffbi�ib Xbi�+F2t+?�M;2X+QKf[m2biBQMbfRjje8ef?Qr@iQ@mM/2`bi�M/@i?2@/`�r#�+Fb@Q7@F@
K2�Mb X

(8d) ǳ� LBi`Q;2M S?vbB+�H AMTmi@PmiTmi h�#H2 USAPhV KQ/2H 7Q` AHHBMQBb-Ǵ pQHX jey- TTX RN9Ĝ
kyj- a2TX kyRd- BbbM, yjy9@j3yyX /QB,  RyXRyRefDX2+QHKQ/2HXkyRdXyeXyR8 X (PMHBM2)X �p�BH�#H2,
 ?iiTb,ffrrrXb+B2M+2/B`2+iX+QKfb+B2M+2f�`iB+H2fTBBfayjy9j3yyRdjykRe3 X

(83) GX q�+?b �M/ aX aBM;?- ǳ� KQ/mH�` #QiiQK@mT �TT`Q�+? 7Q` +QMbi`m+iBM; T?vbB+�H
BMTmiĜQmiTmi i�#H2b USAPhbV #�b2/ QM T`Q+2bb 2M;BM22`BM; KQ/2Hb-Ǵ CQm`M�H Q7 1+QMQKB+
ai`m+im`2b- pQHX d- MQX R- TX ke- P+iX kyR3- BbbM, kRNj@k9yNX /QB,  RyXRR3efb9yyy3@yR3@yRkj@R X
(PMHBM2)X �p�BH�#H2,  ?iiTb,ff/QBXQ`;fRyXRR3efb9yyy3@yR3@yRkj@R X

(8N) >X q2Bbx �M/ 6X .m+?BM- ǳS?vbB+�H �M/ KQM2i�`v BMTmiĜQmiTmi �M�HvbBb, q?�i K�F2b
i?2 /Bz2`2M+2\Ǵ 1+QHQ;B+�H 1+QMQKB+b- pQHX 8d- MQX j- TTX 8j9Ĝ89R- J�v kyye- BbbM, yNkR@3yyNX
/QB,  RyXRyRefDX2+QH2+QMXkyy8Xy8XyRR  X (PMHBM2)X �p�BH�#H2,  ?iiTb,ffrrrXb+B2M+2/B`2+iX+QKf
b+B2M+2f�`iB+H2fTBBfayNkR3yyNy8yyk93s X
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�X L�A*a hP "1� *P.1 J�SSAL:

h�#H2 �XRX J�TTBM; Q7 `2TQ`i2/ L�A*a +Q/2b BM
kyRk *Q#�Hi 1S� h_A iQ 2[mBp�H2Mi kyRk "1� KQ/B}2/
L�A*a +Q/2bX

h_A +Q/2 "1� +Q/2 h_A +Q/2 "1� +Q/2 h_A +Q/2 "1� +Q/2
R RR8kRy RR8yyy 89 jjRkRy jjRkyy Ryd jjj8R9 jjj8R9
k kRkRRk kRkRyy 88 jjRkkR jjRkyy Ry3 jjj8R8 jjj8R"
j kRkkkR kRkk�y 8e jjRkkk jjRkyy RyN jjj8Re jjj8Rd
9 kRkkj9 kRkkjy 8d jjRjRk jjRjRj RRy jjjeRR jjjeRR
8 kRkkNN kRkk�y 83 jjRjR9 jjRjRj RRR jjjeRj jjjeRj
e kRjRRj kRjRR� 8N jjRjR8 jjRjR" RRk jjjeR3 jjjeR3
d kkRRRk kkRRyy ey jjR9RR jjR9Ry RRj jjjNRR jjjNR�
3 kkRRkR kkRRyy eR jjR9RN jjR9Ry RR9 jjjNkk jjjNky
N kkRRkk kkRRyy ek jjR9kR jjR9ky RR8 jjjNk9 jjjNky
Ry jRRRRN jRRRRN ej jjR9kj jjR9ky RRe jjjNNR jjjNNR
RR jRRkkR jRRkkR e9 jjR9NR jjR9Ny RRd jjjNNk jjjNN�
Rk jR9RRy jR9RRy e8 jjR9Nk jjR9Ny RR3 jjjNNj jjjNNj
Rj jkRkRN jkRkyy ee jjR8RR jjR8Ry RRN jjjNN8 jjjNN"
R9 jkRNRR jkRNRy ed jjR8Rk jjR8Ry Rky jjjNNe jjjNN"
R8 jkkRRy jkkRRy e3 jjR8Rj jjR8Ry RkR jjjNNN jjjNN�
Re jkkRkR jkkRky eN jjR8k8 jjR8ky Rkk jj99Rj jj99Rj
Rd jkkRjy jkkRjy dy jjR8k3 jjR8ky Rkj jj98R9 jj98R9
R3 jk9RRy jk9RRy dR jjkRRR jjkRR� Rk9 jj8kkR jj8kkR
RN jk8RRy jk8RRy dk jjkRRk jjkRR� Rk8 jj8kk3 jj8kk3
ky jk8RjR jk8Rjy dj jjkRRe jjkRR� Rke jj8jRR jj8jRR
kR jk8R33 jk8R3y d9 jjkRRd jjkRR� Rkd jj8NRR jj8NRR
kk jk8RNk jk8RNy d8 jjkkRj jjkkyy Rk3 jjeRky jjeRky
kj jk8RNj jk8RNy de jjkjRR jjkjRy RkN jjekRR jjekRR
k9 jk8RNN jk8RNy dd jjkjkR jjkjky Rjy jjekRk jjekRk
k8 jk8kRR jk8kRR d3 jjkjkj jjkjky RjR jjejRR jjejRy
ke jk8kRk jk8k�y dN jjk9ky jjk9ky Rjk jjejRk jjejRy
kd jk8jRR jk8jRy 3y jjk8Ry jjk8yy Rjj jjejjy jjej�y
k3 jk8jRk jk8jRy 3R jjkeR3 jjkeyy Rj9 jjejey jjejey
kN jk8jR9 jk8jRy 3k jjkdRy jjkdRy Rj8 jjejdy jjejdy
jy jk8jky jk8jky 3j jjkdkR jjkdky Rje jjejNN jjejNy

+QMiBMm2/ QM M2ti T�;2

de



h�#H2 �XRX +QMiBMm2/

h_A +Q/2 "1� +Q/2 h_A +Q/2 "1� +Q/2 h_A +Q/2 "1� +Q/2
jR jk88Ry jk88Ry 39 jjkdkk jjkdky Rjd jje9Rk jje9Rk
jk jk8eRj jk8eRy 38 jjk3RR jjk3yy Rj3 jje9Rj jje9Rj
jj jk8NRy jk8NRy 3e jjk3Rk jjk3yy RjN jjeeRR jjeeRR
j9 jk8NNR jk8N�y 3d jjk3Rj jjk3yy R9y jjeNNN jjeNNN
j8 jk8NN3 jk8N�y 33 jjkNRk jjkNR� R9R jjdRkd jjdRkd
je jkeRkR jkeRky 3N jjkNRN jjkNR� R9k jjdkR8 jjdkR8
jd jkeRkk jkeRky Ny jjkNN9 jjkNN� R9j jjNRRk jjNRRk
j3 jkeR9y jkeR9y NR jjkNNe jjkNNe R99 jjNRRj jjNRRj
jN jkeRNN jkeRNy Nk jjkNN3 jjkNNN R98 jjNRR9 jjNRR9
9y jkekRR jkekRy Nj jjkNNN jjkNNN R9e jjNNky jjNNky
9R jkekNN jkekNy N9 jjjRRR jjjRRR R9d jjNNNR jjNNNy
9k jkdRRk jkdRyy N8 jjjRRk jjjRRk R93 jjNNN8 jjNNNy
9j jkdRRj jkdRyy Ne jjjRky jjjRky R9N jjNNNN jjNNNy
99 jkdkRR jkdkyy Nd jjjRjR jjjRjy R8y 9kj8ky 9kj�yy
98 jkdkRj jkdkyy N3 jjjRjk jjjRjy R8R 9kjNjy 9kj�yy
9e jkdkR8 jkdkyy NN jjjkRy jjjk9k R8k 9k9eNy 9k9�yy
9d jkdjRy jkdjRy Ryy jjjkNR jjjkN� R8j 9k9dRy 9k9dyy
93 jkdjNy jkdjNy RyR jjjkN9 jjjkN� R89 8jk9Rk 8jk9yy
9N jkdNRy jkdNRy Ryk jjjjRN jjjjR3 R88 89RdRk 89Rdyy
8y jkdNNj jkdNNj Ryj jjj9Rk jjj9Rj R8e 8ekkRR 8ekyyy
8R jkdNNN jkdNNN Ry9 jjj9R8 jjj9R8 R8d 8ekNky 8ekyyy
8k jjRRRR jjRRRy Ry8 jjj8RR jjj8RR R83 3RRjRy 3RRjyy
8j jjRRRk jjRRRy Rye jjj8Rk jjj8RR R8N Nk3RRy ayy8yy

dd



"X *P__1G�hAPL "1hq11L L1hqP_E J1h_A*a

aT2�`K�M +Q``2H�iBQM +Q2{+B2Mi 7Q` 2�+? M2irQ`F K2i`B+ T�B`

h�#H2 "XRX
Q`B;nbT2�`K�Mn`?Q

BMn/2; Qmin/2; /2; r2B;?inBMn/2; r2B;?inQmin/2; r2B;?in/2; +HQb2 #2ir22M 1* S_ ?m# �mi? "G 6G /BzmbBQM
BMn/2; R @yXR3 yXR3 yXd3 @yXRy yXkN RXyy yXkk RXyy yXjN yXkk yXey yXd3 @yXRy @yXRR
Qmin/2; @yXR3 R yX3e @yXyN yX33 yXe9 @yXRN yXdR @yXR3 @yX3N yXdR yXkR @yXyN yX3d yXNy
/2; yXR3 yX3e R yXkR yXdd yXe9 yXR3 yX39 yXR3 @yXdy yXdy yX9k yXkR yXde yX3y
r2B;?inBMn/2; yXd3 @yXyN yXkR R yXy3 yX8y yXd3 yXR3 yXd3 yXk9 yX9k yX39 RXyy yXy3 yXy8
r2B;?inQmin/2; @yXRy yX33 yXdd yXy3 R yX3j @yXRy yXej @yXyN @yXNk yX3d yXjN yXy3 RXyy yXNN
r2B;?in/2; yXkN yXe9 yXe9 yX8y yX3j R yXkN yX9N yXjy @yXeR yXNe yXdj yX8R yX3j yX3R
+HQb2 RXyy @yXRN yXR3 yXd3 @yXRy yXkN R yXkR RXyy yXjN yXkR yXey yXd3 @yXRy @yXRR
#2ir22M yXkk yXdR yX39 yXR3 yXej yX9N yXkR R yXkk @yX88 yX8j yXjy yXR3 yXej yXe9
1* RXyy @yXR3 yXR3 yXd3 @yXyN yXjy RXyy yXkk R yXj3 yXkk yXey yXd3 @yXyN @yXRy
S_ yXjN @yX3N @yXdy yXk9 @yXNk @yXeR yXjN @yX88 yXj3 R @yXdy @yXR9 yXk9 @yXNR @yXN9
?m# yXkk yXdR yXdy yX9k yX3d yXNe yXkR yX8j yXkk @yXdy R yXdj yX9k yX3d yX3e
�mi? yXey yXkR yX9k yX39 yXjN yXdj yXey yXjy yXey @yXR9 yXdj R yX39 yXjN yXj3
"G yXd3 @yXyN yXkR RXyy yXy3 yX8R yXd3 yXR3 yXd3 yXk9 yX9k yX39 R yXy3 yXy8
6G @yXRy yX3d yXde yXy3 RXyy yX3j @yXRy yXej @yXyN @yXNR yX3d yXjN yXy3 R yXNN
/BzmbBQM @yXRR yXNy yX3y yXy8 yXNN yX3R @yXRR yXe9 @yXRy @yXN9 yX3e yXj3 yXy8 yXNN R

h�#H2 "XkX
M�iBQM�H@/Bb�;nbT2�`K�Mn`?Q

BMn/2; Qmin/2; /2; r2B;?inBMn/2; r2B;?inQmin/2; r2B;?in/2; +HQb2 #2ir22M 1* S_ ?m# �mi? "G 6G /BzmbBQM
BMn/2; R @yXRd yXRd yXdN @yXRy yXjk RXyy yXkR RXyy yXj3 yXk9 yXek yXdN @yXRy @yXRR
Qmin/2; @yXRd R yX3d @yXyN yX3N yXej @yXR3 yXdj @yXRd @yX3N yXdy yXR3 @yXyN yX3N yXNk
/2; yXRd yX3d R yXRN yXdN yXe9 yXRd yX3e yXR3 @yXdj yXdy yXjN yXRN yXdN yX3R
r2B;?inBMn/2; yXdN @yXyN yXRN R yXye yX8k yXdN yXR3 yXdN yXk9 yX9j yX39 RXyy yXyd yXyj
r2B;?inQmin/2; @yXRy yX3N yXdN yXye R yX3y @yXRy yXed @yXyN @yXNk yX39 yXj8 yXye RXyy yXNN
r2B;?in/2; yXjk yXej yXe9 yX8k yX3y R yXjk yX8y yXjk @yX8N yXNe yXdj yX8k yX3y yXd3
+HQb2 RXyy @yXR3 yXRd yXdN @yXRy yXjk R yXky RXyy yXj3 yXkj yXek yXdN @yXRy @yXRR
#2ir22M yXkR yXdj yX3e yXR3 yXed yX8y yXky R yXkR @yX83 yX89 yXkN yXR3 yXed yXe3
1* RXyy @yXRd yXR3 yXdN @yXyN yXjk RXyy yXkR R yXj3 yXk9 yXek yXdN @yXyN @yXRy
S_ yXj3 @yX3N @yXdj yXk9 @yXNk @yX8N yXj3 @yX83 yXj3 R @yXe3 @yXRR yXk9 @yXNk @yXN9
?m# yXk9 yXdy yXdy yX9j yX39 yXNe yXkj yX89 yXk9 @yXe3 R yXdk yX9j yX39 yX3j
�mi? yXek yXR3 yXjN yX39 yXj8 yXdj yXek yXkN yXek @yXRR yXdk R yX39 yXj8 yXj9
"G yXdN @yXyN yXRN RXyy yXye yX8k yXdN yXR3 yXdN yXk9 yX9j yX39 R yXyd yXyj
6G @yXRy yX3N yXdN yXyd RXyy yX3y @yXRy yXed @yXyN @yXNk yX39 yXj8 yXyd R yXNN
/BzmbBQM @yXRR yXNk yX3R yXyj yXNN yXd3 @yXRR yXe3 @yXRy @yXN9 yX3j yXj9 yXyj yXNN R

h�#H2 "XjX
K`BQnbT2�`K�Mn`?Q

hQi�H BM/mbi`v QmiTmi AM@/2;`22 Pmi@/2;`22 .2;`22 q2B;?i2/ BM@/2;`22 q2B;?i2/ Qmi@/2;`22 q2B;?i2/ /2;`22 *HQb2M2bb "2ir22MM2bb 1B;2M+2Mi`�HBiv S�;2_�MF >m# b+Q`2 �mi?Q`Biv b+Q`2 "�+F HBMF�;2 6Q`r�`/ HBMF�;2 .BzmbBQM
hQi�H BM/mbi`v QmiTmi R yXy8 @yXy9 yXR8 @yXR3 @yXR3 @yXR3 yXkd yX8k yXR8 @yX9d yX9y @yXjd @yXk9 yXdR yXdR
AM@/2;`22 yXy8 R @yXk8 yXyy @yXyk @yXyk @yXyk yXyj yXyR yXyy @yXyk yXyk @yXyj @yXy9 yXy9 yXy9
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