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h�#H2 �XR, amKK�`v bi�iBbiB+b- 1aa

o�`B�#H2 J2�M ai/ JBM J�t L
622Hb /Bb+`BKBM�i2/ yXRk yXjk y R k9-kkR
62K�H2 yX89 yX8y y R k9-8je
�;2 9jX3N RdX3e Rj RyR k9-99k
*QMiB;mQmb yX8y yX8y y R k9-8yN
*QKKQM Q{+B�H H�M;m�;2 yXkj yX9k y R k9-8yN
6Q`K2` +QHQMB�H `2H�iBQM yXjj yX9d y R k9-8yN
.Bbi�M+2 #2ir22M +�TBi�Hb RX3R kXjN yXye RNXR8 k9-8yN
.Bz2`2M+2 HQ; :.S TX+X yXde yXdk y 9XjN k9-jRj
_2HB;BQmb bBKBH�`Biv 9Xke kX9y y NX9d k9-8je
.Bbi�M+2 `2p2M;2 KQiB7b yXyj yXyj y yXkN k9-jRN
.Bbi�M+2 pBQH2M+2 KQiB7b yXyk yXyk y yXRd k9-jRN
.Bbi�M+2 +?2�iBM; KQiB7b yXy9 yXy8 y yXke k9-jRN
.Bbi�M+2 `2p2M;2 U2>_�6V yXRk yXkN y R N-deN
.Bbi�M+2 T�iB2M+2 yX9k yXjk yXyR RX8e Re-kky
.Bbi�M+2 `BbF@i�FBM; yXR3 yXR3 y RXjk Re-kky
.Bbi�M+2 TQbBiBp2 `2+BT`Q+Biv yXk3 yXR3 y RXj8 Re-kky
.Bbi�M+2 M2;�iBp2 `2+BT`Q+Biv yXk3 yXk8 y RXyj Re-kky
.Bbi�M+2 �Hi`mBbK yXjj yXkd y RXje Re-kky
.Bbi�M+2 i`mbi yXkR yXRe y RXyR Re-kky

h�#H2 �Xk, S�B`rBb2 +Q``2H�iBQMb- K2�bm`2b Q7 `2Tmi�iBQM

.Bbi�M+2 `2p2M;2 KQiB7b .Bbi�M+2 `2p2M;2 U2>_�6V .Bbi�M+2 M2;�iBp2 `2+BT`Q+Biv

.Bbi�M+2 `2p2M;2 KQiB7b R

.Bbi�M+2 `2p2M;2 U2>_�6V yXkyRR R
UyXyyyV

.Bbi�M+2 M2;�iBp2 `2+BT`Q+Biv @yXyRk9 yXRky9 R
UyXdkkyV UyXykyjV

LQi2b, S@p�Hm2b BM T�`2Mi?2b2bX
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h�#H2 �Xj, amKK�`v bi�iBbiB+b- +BpBH +QM~B+i

o�`B�#H2 J2�M ai/ JBM J�t L
*QM~B+i BM+B/2M+2 yXyN yXk3 y R j-NeN
.Bbi�M+2 `2p2M;2 KQiB7b yXRy yXy3 y yX9R j-NeN
.Bbi�M+2 +?2�iBM; KQiB7b yXRR yXyN y yX8y j-NeN
.Bbi�M+2 pBQH2M+2 KQiB7b yXye yXye y yXjy j-NeN
GBM;mBbiB+ /Bbi�M+2 yX99 yXkN y R j-NR8
_2HB;BQmb /Bbi�M+2 yXj9 yXjR y R j-NeN
:2Q;`�T?B+ /Bbi�M+2 yXNk yXdk y 9Xyk j-NeN
.Bbi�M+2 Dm`Bb/B+iBQM�H ?B2`�`+?v RXkR RXye y 9 j-ejy
.Bbi�M+2 b2iiH2K2Mi +QKTH2tBiv RXkj RXek y e j-dRj
.Bbi�M+2 >B;? :Q/b yXRN yXje y R k-N3e
.Bbi�M+2 ?2`/BM; /2T2M/2M+2 RyXRy RRXNy y 88Xd8 j-NeN
.Bbi�M+2 b2;K2Mi�`v HBM2�;2 yX89 yX99 y R N8N
.Bbi�M+2 �;`B+mHim`�H bmBi�#BHBiv yXRk yXRk y yX99 j-dN9
.Bbi�M+2 `m;;2/M2bb 8yNXN9 ekRXNe y j-kj9X9e j-dN9
.Bbi�M+2 2H2p�iBQM 8RNX38 838Xye y k-dNRX9R j-dN8
.Bbi�M+2 ;`QmT bBx2 yXjN yXjR y yXN3 j-NeN
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r�v +Hmbi2`2/ bi�M/�`/ 2``Q`b

.2TX p�`B�#H2 622Hb /Bb+`BKBM�i2/

URV UkV UjV U9V

.Bbi�M+2 `2p2M;2 KQiB7b yXRy9⇤⇤ yXyNRj⇤ yXyN8R⇤⇤ yXye8j⇤⇤
UyXy9djV UyXy9ejV UyXy9e9V UyXykN9V

*QMiB;mQmb @yXyje9⇤⇤⇤ @yXyjNj⇤⇤⇤ @yXyk93⇤⇤
UyXyRkyV UyXyyN3kV UyXyRyjV

*QKKQM Q{+B�H H�M;m�;2 yXy8dj⇤⇤ yXy8Nk⇤⇤ yXyj88⇤
UyXykReV UyXykRdV UyXyR3dV

6Q`K2` +QHQMB�H `2H�iBQM yXyy9R9 yXyy89j @yXyy9R3
UyXyk8NV UyXyk8eV UyXyk9RV

.Bbi�M+2 #2ir22M +�TBi�Hb yXRky yXRj8⇤ yXy88R
UyXydR3V UyXyed8V UyXy98NV

.Bz2`2M+2 HQ; :.S TX+X @yXyy8e8 @yXyyNyR
UyXykNNV UyXyk3kV

_2HB;BQmb bBKBH�`Biv @yXR8j⇤⇤⇤
UyXyj8dV

P#b2`p�iBQMb kj3Ne kj3Ne kjeNj kjeNj
_@b[m�`2/ yXye9N yXyeee yXyee9 yXyeNk
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h�#H2 �Xe, aQm`+2b Q7 p�`B�iBQM- +BpBH +QM~B+i /�i�

L`X Q#bX L`X /v�/b 6B`bi v2�` G�bi v2�`
�7;?�MBbi�M 38 j RN9e kyky
�M;QH� R39 9 RNd8 kyky
"2MBM RN 9 RNe9 kyye
"m`mM/B jR R RNee kyyR
*2Mi`�H �7`B+�M _2Tm#HB+ kd j RNey kyky
*?BM� jjN 8 RN8y kyky
*QM;Q 8 R RNe9 RNe3
*QM;Q- .2KQ+`�iB+ _2Tm#HB+ Q7 Uw�B`2V 88N 9j RNey kyky
*Qi2 .ǶApQB`2 e9 e RNey kyky
1i?BQTB� R3j 8 RN9e kyRN
:�#QM Rj k RNey kyy8
:2Q`;B� jy R RNNR kyky
A`�M US2`bB�V R8y k RN9e kyky
A`�[ Rd R kyy9 kyky
C�T�M Rje j RN8j kyky
E2Mv� N8 d RNej kyky
GB#2`B� RR k RN3R kyky
J�HB jk R RNey RNNR
LB;2` Rej e RNey kyky
LB;2`B� kyd Ry RNey kyky
_r�M/� 8N k RNek kyky
aB2``� G2QM2 Ry k RNe8 kyR8
hQ;Q 9e k RNey kyky
l;�M/� RdR k9 RNed kyky
wBK#�#r2 U_?Q/2bB�V kR j RN3k kyy3
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h�#H2 �Xd, .Bz2`2M+2 BM `2p2M;2 T`2p�H2M+2 �M/ +QM~B+i BM+B/2M+2- �Hi2`M�iBp2 +Hmbi2`@
BM;

.2TX p�`B�#H2 *QM~B+i BM+B/2M+2

URV UkV UjV U9V U8V UeV

.Bbi�M+2 `2p2M;2 KQiB7b yXk9N yXjkN⇤ yXdNN⇤ RXRRd⇤⇤ RXRkR⇤⇤ RXyNd⇤⇤
UyXRkkV UyXyNjV UyXy3kV UyXyR8V UyXyR9V UyXyRyV

GBM;mBbiB+ /Bbi�M+2 @yXke3 @yXkN3⇤⇤ @yXk9R⇤ @yXkj3⇤ @yXkde⇤
UyX98RV UyXykkV UyXyN9V UyXydRV UyXye3V

_2HB;BQmb /Bbi�M+2 yXNNy kX89j jX8de⇤⇤ jXRdy⇤⇤ kXkky⇤⇤
UyXR88V UyX939V UyXyReV UyXykjV UyXyk9V

GQ; ;2Q;`�T?B+ /Bbi�M+2 yX9kR yX83d⇤ yX8e9 yX8ey yX8Rj
UyX99jV UyXydRV UyXRdjV UyXR8eV UyXRd3V

.Bbi�M+2 Dm`Bb/B+iBQM�H ?B2`�`+?v @yXdd3 @RXR9y @RXRjk @RXRey
UyXRjjV UyXRekV UyXRedV UyXR8dV

.Bbi�M+2 b2iiH2K2Mi +QKTH2tBiv @yXyjjd @yXR8N @yXRNN @yXjy9
UyXdkyV UyX9y8V UyXjj3V UyXjejV

.Bbi�M+2 >B;? :Q/b yXy3ee yXe83 yXe39⇤ yXedd
UyXej9V UyXRjjV UyXyN3V UyXRkyRV

.Bbi�M+2 �;`B+mHim`�H bmBi�#BHBiv @yXRjN @yXR8j @yXRdj⇤
UyXRReV UyXRy3V UyXy3yRV

.Bbi�M+2 `m;;2/M2bb yXN3k RXyRy RXR99
UyXRRNV UyXRjdV UyXRR3V

.Bbi�M+2 2H2p�iBQM @yXj98 @yXjRR @yXkdN
UyXj8kV UyXj3dV UyXj9yV

.Bbi�M+2 ;`QmT bBx2 yX99j⇤ RXkRy⇤
UyXy89V UyXye8V

P#b2`p�iBQMb jNe3 jNR8 kN38 k3RR k3RR kR8d
_@b[m�`2/ yXjNy yXjNj yXjee yXjee yXje3 yXejj

*QmMi`v ⇥ u2�` 61 !
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H2p2Hb, ⇤⇤⇤ T< yXyR- ⇤⇤ T< yXy8- ⇤ T< yXRX

ee



h�#H2 �X3, .Bz2`2M+2 BM `2p2M;2 T`2p�H2M+2 �M/ +QM~B+i BM+B/2M+2- BMi2`�+iBQM Q7 ;Qp@
2`MK2Mi �M/ `2#2H ;`QmT +?�`�+i2`BbiB+b

.2TX p�`B�#H2 *QM~B+i BM+B/2M+2

URV UkV UjV U9V U8V UeV

_2p2M;2 KQiB7b @yXR3R @yXj8j⇤⇤⇤ @RX9dk⇤⇤ @RXed8⇤⇤⇤ @RX8ee⇤⇤⇤ @RX99N⇤⇤⇤
UyXRkNV UyXRj9V UyXe99V UyXjNkV UyX9jkV UyX89yV

GBM;mBbiB+ /Bbi�M+2 @yXk3R⇤⇤⇤ @yXk9k⇤⇤ @yXk93⇤⇤⇤ @yXjyd⇤⇤ @yX99k⇤⇤⇤
UyXRydV UyXRRjV UyXyd8jV UyXRRNV UyXR9yV

_2HB;BQmb /Bbi�M+2 yX8R8 kX89y⇤⇤ jX9yk⇤⇤⇤ kX3RR⇤⇤ RXdRk
UyX8kRV URXkR8V UyX33RV URXk88V URXkNeV

GQ; ;2Q;`�T?B+ /Bbi�M+2 yX8ye⇤⇤⇤ yXdRe⇤⇤⇤ yXe8d⇤⇤⇤ yXe98⇤⇤⇤ yXekj⇤⇤⇤
UyXRkyV UyXkyeV UyXR9dV UyXR8yV UyXR38V

a2iiH2K2Mi +QKTH2tBiv @yXyReN @yXReR @yXReN @yXyjkd
UyXjRdV UyXkdeV UyXkd8V UyXjR9V

Cm`Bb/B+iBQM�H ?B2`�`+?v @yXydkk yXkdj yXjyN yX9eR⇤
UyXkdRV UyXkyRV UyXkyNV UyXkj8V

>B;? :Q/b @yXykdd yXR9N yXRjy yXydye
UyXkRRV UyXk3kV UyXk38V UyXj9RV

�;`B+mHim`�H bmBi�#BHBiv @yXRyy @yXyekk ye9j
UyXRy9V UyXRR3V UyXRkRV

_m;;2/M2bb @jXjy8⇤⇤ @jXkNN⇤⇤ @jXdye⇤
URX9eNV URX9ejV UkXy8RV

1H2p�iBQM kX9k9 kX9ke kXedj
URX9NeV URX9NyV UkXRyRV

:`QmT bBx2 @yX93N @RXR33⇤⇤⇤
UyXdy3V UyXjN9V

P#b2`p�iBQMb jNe3 jNR8 kN38 k3RR k3RR kR8d
_@b[m�`2/ yXjNy yXjNj yXje8 yXjed yXje3 yXej9

*QmMi`v ⇥ u2�` 61 !

LQi2b, .�i� 7`QK 1S_ �M/ l*.SX �M Q#b2`p�iBQM Bb �M 2i?MB+ ;`QmT T�B`@+QmMi`v@v2�`X *QM~B+i BM+B/2M+2 Bb �M
BM/B+�iQ` 7Q` +QM~B+i #2ir22M i?2 ;Qp2`MK2Mi �M/ � T�B`2/ 2i?MB+ ;`QmT Qmi Q7 TQr2` BM � ;Bp2M v2�`X _2p2M;2 KQiB7b
Bb i?2 BMi2`�+iBQM #2ir22M ;Qp2`MK2Mi �M/ `2#2H ;`QmT T`QTQ`iBQMb Q7 7QHFHQ`2 KQiB7b i?�i �`2 `2p2M;2@`2H�i2/X �HH Qi?2`
`2TQ`i2/ 2biBK�i2b �`2 BMi2`�+iBQMb #2ir22M ;Qp2`MK2Mi �M/ `2#2H ;`QmT +?�`�+i2`BbiB+bX �HH +QHmKMb +QMi`QH 7Q` ;`QmT
U;Qp2`MK2Mi �M/ `2#2HbV }t2/ 2z2+ib- +QmMi`v �M/ v2�` }t2/ 2z2+ibX ai�M/�`/ 2``Q`b �`2 +Hmbi2`2/ �i i?2 ;`QmT T�B` H2p2HX
aB;MB}+�M+2 H2p2Hb, ⇤⇤⇤ T< yXyR- ⇤⇤ T< yXy8- ⇤ T< yXRX

ed



h�#H2 �XN, 6�HbB}+�iBQM i2bib- BMi2`�+iBQM Q7 ;Qp2`MK2Mi �M/ `2#2H ;`QmT +?�`�+i2`BbiB+b

.2TX p�`B�#H2 *QM~B+i BM+B/2M+2

URV UkV UjV U9V U8V UeV UdV

_2p2M;2 KQiB7b @RX99N⇤⇤⇤ @RX9kj⇤⇤ @RXdy8⇤⇤⇤ @8kjXR⇤⇤⇤ @RjjX8⇤⇤⇤
UyX89yV UyXee3V UyXejeV URd8X8V U9yXjRV

oBQH2M+2 KQiB7b @yXjRe @yXykj3
UyXk38V UyXky3V

*?2�iBM; KQiB7b kX33y RXNe3
URjXeeV URyXR8V

.2T2M/2M+2 QM ?2`/BM; yX3yR @NXee3⇤⇤⇤
UyX39eV UjXjeRV

a2;K2Mi�`v HBM2�;2 9RXde⇤⇤⇤ RyX3y⇤⇤⇤
UR9XRyV UjXj8jV

P#b2`p�iBQMb kR8d kR8d kR8d kR8d kR8d 88y 88y
_@b[m�`2/ yXej9 yXejj yXejj yXej9 yXej9 yXe9d yXe9d

LQi2b, .�i� 7`QK 1S_ �M/ l*.SX �M Q#b2`p�iBQM Bb �M 2i?MB+ ;`QmT T�B`@+QmMi`v@v2�`X *QM~B+i BM+B/2M+2 Bb �M BM/B+�iQ`
7Q` +QM~B+i #2ir22M i?2 ;Qp2`MK2Mi �M/ � T�B`2/ 2i?MB+ ;`QmT Qmi Q7 TQr2` BM � ;Bp2M v2�`X _2p2M;2 KQiB7b- oBQH2M+2
KQiB7b �M/ *?2�iBM; KQiB7b �`2 BMi2`�+iBQMb #2ir22M ;Qp2`MK2Mi �M/ `2#2H ;`QmT T`QTQ`iBQMb Q7 7QHFHQ`2 KQiB7b i?�i �`2
`2p2M;2@- pBQH2M+2@ �M/ +?2�iBM;@`2H�i2/- `2bT2+iBp2HvX .2T2M/2M+2 QM ?2`/BM; Bb i?2 BMi2`�+iBQM #2ir22M ;Qp2`MK2Mi �M/
`2#2H ;`QmT BM /2T2M/2M+2 QM ?2`/BM;- +QMbi`m+i2/ 7QHHQrBM; "2+F2` UkykRV �M/ *�Q 2i �HX UkykRVX a2;K2Mi�`v HBM2�;2 Bb i?2
BMi2`�+iBQM #2ir22M � ;Qp2`MK2Mi �M/ � `2#2H ;`QmT BM/B+�iQ` 7Q` i?2 T`2b2M+2 Q7 b2;K2Mi�`v HBM2�;2b- 7`QK JQb+QM� 2i �HX
UkyRNVX �HH +QHmKMb +QMi`QH 7Q` ;`QmT U;Qp2`MK2Mi �M/ `2#2HbV }t2/ 2z2+ib- +QmMi`v #v v2�` }t2/ 2z2+ib �M/ BMi2`�+iBQMb
Q7 #BH�i2`�H +QMi`QHb 7`QK +QHmKM e Q7 h�#H2 eX ai�M/�`/ 2``Q`b �`2 +Hmbi2`2/ �i i?2 ;`QmT T�B` H2p2HX aB;MB}+�M+2 H2p2Hb,
⇤⇤⇤ T< yXyR- ⇤⇤ T< yXy8- ⇤ T< yXRX

e3



h�#H2 �XRy, .Bz2`2M+2b BM `2p2M;2 T`2p�H2M+2 �M/ +QM~B+i BM+B/2M+2- �Hi2`M�iBp2 bT2+@
B}+�iBQMb Q7 }t2/ 2z2+ib

.2TX p�`B�#H2 *QM~B+i BM+B/2M+2

URV UkV UjV U9V U8V UeV UdV U3V

.Bbi�M+2 `2p2M;2 KQiB7b yX98d⇤⇤⇤ yX9N3⇤⇤⇤ yXde9⇤⇤⇤ yXde3⇤⇤⇤
UyXRkjV UyXRk3V UyXk9eV UyXRNjV

_2p2M;2 KQiB7b UBMi2`�+iBQMV @yX99R⇤⇤⇤ @yXjky⇤ @RXNk9⇤⇤⇤ @RX8e3⇤⇤⇤
UyXRj9V UyXRdkV UyX83NV UyX99yV

P#b2`p�iBQMb k3RR k3RR kR8d k3RR k3RR k3RR kR8d k3RR
_@b[m�`2/ yXjeR yXje8 yXeje yXjdy yXje3 yXjeN yXejd yXjdj

SQr2`H2bb ;`QmT 61 ! ! ! ! ! !

u2�` 61 ! ! ! !

*QmMi`v 61 ! !

*QmMi`v ⇥ u2�` 61 ! ! ! !

:`QmTb ⇥ *QmMi`v 61 ! !

LQi2b, .�i� 7`QK 1S_ �M/ l*.SX �M Q#b2`p�iBQM Bb �M 2i?MB+ ;`QmT T�B`@+QmMi`v@v2�`X *QM~B+i BM+B/2M+2 Bb �M
BM/B+�iQ` 7Q` +QM~B+i #2ir22M i?2 ;Qp2`MK2Mi �M/ � T�B`2/ 2i?MB+ ;`QmT Qmi Q7 TQr2` BM � ;Bp2M v2�`X .Bbi�M+2 `2p2M;2
KQiB7b K2�bm`2b i?2 �#bQHmi2 /Bz2`2M+2 #2ir22M i?2 irQ 2i?MB+ ;`QmTb BM i?2 T`QTQ`iBQM Q7 7QHFHQ`2 KQiB7b i?�i �`2 `2p2M;2@
`2H�i2/X aT2+B}+�iBQMb BM +QHmKMb R@9 BM+Hm/2 �HH #BH�i2`�H /Bbi�M+2 +QMi`QHb 7`QK +QHmKM e Q7 h�#H2 eX aT2+B}+�iBQMb BM
+QHmKMb 8@3 BM+Hm/2 i?2 b�K2 +QMi`QHb �b BMi2`�+iBQMb #2ir22M +?�`�+i2`BbiB+b Q7 i?2 ;Qp2`MK2Mi �M/ `2#2H ;`QmTX ai�M/�`/
2``Q`b �`2 +Hmbi2`2/ �i i?2 +QmMi`v T�B` H2p2HX aB;MB}+�M+2 H2p2Hb, ⇤⇤⇤ T< yXyR- ⇤⇤ T< yXy8- ⇤ T< yXRX

eN



" .�i� +QMbi`m+iBQM

"XR J2�bm`2b Q7 TmMBb?K2Mi@#�b2/ `2Tmi�iBQM
"XRXR 6QHFHQ`2

Pm` K�BM K2�bm`2 Q7 TmMBb?K2Mi@#�b2/ `2Tmi�iBQM Bb i?2 7`2[m2M+v Q7 `2p2M;2@`2H�i2/
KQiB7b BM � bQ+B2ivǶb Q`�H i`�/BiBQMX q2 `2Hv QM i?2 +�i�HQ; Q7 7QHFHQ`2 Q`;�MBx2/ �M/
/Bbb2KBM�i2/ #v JB+?�HQTQmHQb �M/ sm2 UkykRVX h?2 T`BK�`v K�i2`B�H 7Q` i?Bb +�i�HQ;
Bb i?2 rQ`F Q7 �Mi?`QTQHQ;Bbi um`B "2`2xFBM- r?Q +QKTBH2/ � +QHH2+iBQM Q7 k-8e9 KQiB7b
BM i?2 i`�/BiBQMb Q7 N83 ;`QmTbX � KQiB7 ǳ`2~2+ib � +QK#BM�iBQM Q7 BK�;2b- 2TBbQ/2b-
Q` bi`m+im`�H 2H2K2Mib 7QmM/ BM irQ Q` KQ`2 i2tibǴ UJB+?�HQTQmHQb �M/ sm2- kykRVX
JB+?�HQTQmHQb �M/ sm2 UkykRV i�;;2/ 2�+? KQiB7 BM i?2 +�i�HQ; �b `2H�iBM; iQ � +QM+2Ti-
mbBM; i?2 iQT Ry-yyy +QM+2Tib 7`QK *QM+2TiL2i- � 7`22 QMHBM2 b2K�MiB+ M2irQ`F /2bB;M2/
iQ +`2�i2 rQ`/ 2K#2//BM;bX � KQiB7 Bb i�;;2/ �b `2H2p�Mi iQ � +QM+2Ti B7 Bi +QMi�BMb
� K2MiBQM Q7 i?2 +QM+2Ti Q` Q7 QM2 Q7 i?2 iQT@8y rQ`/b `2im`M2/ #v *QM+2TiL2i r?2M
i?2 +QM+2Ti Bb mb2/ �b � b22/ i2`KX � KQiB7 K�v #2 �bbB;M2/ iQ /Bz2`2Mi +QM+2TibX
JB+?�HQTQmHQb �M/ sm2 UkykRV T`QpB/2 � /�i�b2i rBi? i?2 7`2[m2M+v UMmK#2`V Q7 KQiB7b
`2H�i2/ iQ /Bz2`2Mi +QM+2Tib �;;`2;�i2/ �i i?2 H2p2H Q7 i?2 +QmMi`v �M/ �i i?2 H2p2H Q7
i?2 2i?MB+ ;`QmT- 7Q` R-k98 ;`QmTb BM i?2 1i?MQ;`�T?B+ �iH�b U1�VX q2 `2Hv QM i?2b2
7`2[m2M+B2b 7Q` i?2 +QMbi`m+iBQM Q7 Qm` K�BM BM/2T2M/2Mi p�`B�#H2X

q2 T`Q+22/ �b 7QHHQrb, }`bi- r2 B/2MiB7v � b2i Q7 +QM+2Tib `2H�i2/ iQ `2p2M;2 �M/
`2i�HB�iBQM BM i?2 7QHFHQ`2 /�i�b2i Q7 JB+?�HQTQmHQb �M/ sm2 UkykRVX 6Q` +QMbBbi2M+v
rBi? *�Q 2i �HX UkykRV- r?Q �HbQ bim/v +mHim`2b Q7 ?QMQ`- r2 b2H2+i i?2 7QHHQrBM; i2`Kb,
`2p2M;2- TmMBb?- TmMBb?K2Mi- T2M�Hiv- `2i�HB�i2- `2i�HB�iBQMX q2 i?2M +QKTmi2 i?2 iQi�H
MmK#2` Q7 KQiB7b i�;;2/ #v 2�+? Q7 i?2 b2H2+i2/ F2vrQ`/b �M/ /BpB/2 i?�i #v i?2 iQi�H
MmK#2` Q7 KQiB7b +�i�HQ;m2/ 7Q` 2�+? ;`QmT- iQ �/Dmbi 7Q` i?2 7�+i i?�i bQK2 bQ+B2iB2b
?�p2 `B+?2` Q`�H i`�/BiBQMb i?�M Qi?2`bX Pm` }M�H K2�bm`2 Bb i?2 `2H�iBp2 7`2[m2M+v Q7
`2p2M;2@`2H�i2/ KQiB7b BM i?2 7QHFHQ`2 Q7 � ;Bp2M bQ+B2iv U+QmMi`v Q` 2i?MB+ ;`QmTVX

q2 7QHHQr i?2 b�K2 �TT`Q�+? iQ +QKTmi2 i?2 `2H�iBp2 7`2[m2M+v Q7 KQiB7b `2H�i2/
iQ pBQH2M+2 �M/ /2+2TiBQMX 6Q` pBQH2M+2- r2 b2H2+i i?2 b�K2 i2`Kb �b *�Q 2i �HX UkykRV,
pBQH2M+2- pBQH2Mi- #�iiH2- };?iBM;- �ii�+?- bQH/B2`- ;m�`/- i`QQT- �`Kv- 2M2Kv- };?i2`-
BMp�bBQM- BMp�/2- /272M/2`X 6Q` /2+2TiBQM- r2 7QHHQr JB+?�HQTQmHQb �M/ sm2 UkykRV
�M/ b2H2+i i?2 i2`Kb +?2�i- /2+2Bp2 �M/ i`B+FX

dy



"XRXk >mK�M _2H�iBQMb �`2� 6BH2b U>_�6V

6Q` i?2 �M�HvbBb �i i?2 +QmMi`v@T�B` H2p2H- r2 mb2 � +QKTH2K2Mi�`v K2�bm`2 Q7 TmMBb?K2Mi@
#�b2/ `2Tmi�iBQM i?�i /`�rb 7`QK i?2 b+?QH�`Hv 2i?MQ;`�T?B+ `2+Q`/X q2 `2Hv QM
2>_�6 qQ`H/ *mHim`2b- � /�i�#�b2 Q7 2i?MQ;`�T?B+ +QHH2+iBQMb +Qp2`BM; +mHim`2b �+`Qbb
i?2 rQ`H/- T`Q/m+2/ �M/ K�BMi�BM2/ #v >mK�M _2H�iBQMb �`2� 6BH2b U>_�6V- � MQM@
T`Q}i `2b2�`+? �;2M+v #�b2/ �i u�H2 lMBp2`bBivX h?2 QMHBM2 /�i�#�b2 T`QpB/2b � bmK@
K�`v Q7 i?2 2i?MQ;`�T?B+ `2+Q`/ QM 2�+? +mHim`2- Q`;�MBx2/ BM b2+iBQMb +Qp2`BM; /Bz2`@
2Mi ivT2b Q7 #�bB+ BM7Q`K�iBQM U2X;X HQ+�iBQM- H�M;m�;2V- /QK�BMb Q7 bQ+B�H Q`;�MBx�iBQM
U2X;X K�``B�;2 �M/ 7�KBHv- BM?2`Bi�M+2V Q` �+iBpBiv U2X;X bm#bBbi2M+2- i`�/2VX q2 +`�rH
i?`Qm;? i?2 HBbi Q7 bmKK�`B2b 7Q` �Mv K2MiBQMb Q7 `2p2M;2 �M/ `2i�HB�iBQM BM i?2 irQ
b2+iBQMb KQbi +HQb2Hv `2H�i2/ iQ Qm` i?2Q`2iB+�H 7`�K2rQ`F, +QM~B+i �M/ bQ+B�H +QMi`QHX
h?2 7Q`K2` +Qp2`b `2H�iBQMb iQ 2ti2`M�H ;`QmTb- rBi? � 7Q+mb QM i?2 7`2[m2M+v Q7 r�`
�M/ KBHBi�`v �+iBpBivc i?2 H�ii2` `2H�i2b iQ BMi2`@+QKKmMBiv `2H�iBQMb- BM+Hm/BM; rBi?BM@
;`QmT /BbTmi2b �M/ b�M+iBQMb 7Q` bQ+B�H /2pB�M+2X q2 K�Mm�HHv BMbT2+i � MmK#2` Q7
bmKK�`B2b �M/ b2H2+i i?2 7QHHQrBM; HBbi Q7 i2`Kb �b KQbi �TT`QT`B�i2 iQ +�Tim`2 i?2
BKTQ`i�M+2 Q7 b2+QM/@T�`iv TmMBb?K2Mi, p2M;- 72m/- p2M/2ii�- `2i�HB- `2K2/B2b- `2i`B#-
#HQQ/- `2T`Bb- ?QMQm`- FBM- HBM2�;2X q2 i�; �b TmM@`2T �HH +mHim`2b +QMi�BMBM; �i H2�bi QM2
Q7 i?2b2 i2`Kb BM �i H2�bi QM2 Q7 i?2 irQ `2H2p�Mi b2+iBQMb Q7 i?2B` +mHim`2Ƕb bmKK�`vX
q2 �`2 �#H2 iQ +QMbi`m+i i?Bb BM/B+�iQ` 7Q` i?2 jy9 bQ+B2iB2b BM 2>_�6 rBi? `2+Q`/2/
BM7Q`K�iBQM QM +QM~B+i �M/ bQ+B�H +QMi`QHX

h?2 7QHHQrBM; 2t�KTH2b BHHmbi`�i2 r?�i Bb +�Tim`2/ #v i?Bb K2i?Q/X aQ+B2iB2b i�;;2/
�b TmM@`2T BM+Hm/2 bQK2 Q7 i?2 KQbi r2HH@FMQrM ;`QmTb i?�i mb2 #HQQ/ `2p2M;2- bm+? �b
i?2 S�b?imM Q7 bQmi?2�bi2`M �7;?�MBbi�M �M/ r2bi2`M S�FBbi�M �M/ i?2 Lm2` Q7 aQmi?
am/�MX 6`QK i?2 /2b+`BTiBQM Q7 bQ+B�H +QMi`QH BM i?2 S�b?imM bQ+B2iv,

ǳh`�/BiBQM�HHv bQ+B�H +QMi`QH r�b K�BMi�BM2/ #v � +Q/2 Q7 #2?�pBQ` �M/ ?QMQ` +�HH2/
S�E>hlLq�GAX Ai +QK#BM2b i?2 T`BM+BTH2b Q7 `2p2M;2- ?QbTBi�HBiv iQ ;m2bib- /272Mb2
Q7 i?Qb2 r?Q ?�p2 bQm;?i T`Qi2+iBQM BM QM2Ƕb +�`2- i?2 +?�biBiv Q7 K�``B2/ rQK2M-
�M/ `2bi`�BMi iQr�`/ i?Qb2 +QMbB/2`2/ r2�F Q` ?2HTH2bb U>BM/mb- rQK2M- �M/ #QvbVX
S�E>hlLq�GA BM bQK2 +�b2b +QMi`�/B+ib �M/ ;2M2`�HHv i�F2b T`2+2/2M+2 Qp2` AbH�KB+
H�rX Ai Bb ?�`b? Ĝ i?2 T2M�Hiv 7Q` BHHB+Bi b2tm�H #2?�pBQ`- 7Q` 2t�KTH2- Bb /2�i? Ĝ �M/
Bi Bb 2M7Q`+2/ #v bi`QM; bQ+B�H T`2bbm`2X oBQH�iBQMb Q7 H�r QmibB/2 Q7 i?2 �+iBpBiB2b i?2
+Q/2 2M+QKT�bb2b �`2 /2�Hi rBi? #v i?2 CA_:� Q` i?2 ;Qp2`MK2Mi �/KBMBbi`�iBQMXǴ

�M/ 7Q` i?2 Lm2`,
ǳqBi?BM i?2 Lm2`- ?QKB+B/2 Bb +QKKQM �M/ Bb mbm�HHv `2H�i2/ iQ +�iiH2X Lm2` b�v
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i?�i KQ`2 T2QTH2 ?�p2 /B2/ 7Q` i?2 b�F2 Q7 � +Qr i?�M 7Q` �Mv Qi?2` +�mb2X �+ib Q7
?QKB+B/2 +�M #2 BKK2/B�i2Hv �p2M;2/ Q` ?2H/ �b #HQQ/@72m/b mMiBH bm+? iBK2 r?2M i?2
irQ bB/2b }M�HHv b[m�`2 2p2M- �M/ i?2 K2+?�MBbK iQ /2i2` ?QKB+B/2 �M/ `2p2M;2 ?�b
#22M i?2 BKTQbBiBQM Q7 #HQQ/ r2�Hi?- r?B+? Bb T�v�#H2 BM +�iiH2X h?2 MQ`K ?�b #22M
jy +Qrb T�B/ iQ i?2 7�KBHv Q7 i?2 bH�BM T2`bQMX Ai +�M i?2`27Q`2- #2 b�B/ i?�i #2+�mb2
+�iiH2 �`2 � bQm`+2 Q7 im`KQBH- � i?`2�i Q7 QM2Ƕb +�iiH2 #2BM; i�F2M �r�v BM TmMBb?K2Mi
BM/m+2b T`m/2M+2 BM i?2 `2H�iBQMb #2ir22M T2QTH2XǴ

*�K#Q/B�Mb BMbi2�/ �`2 MQi i�;;2/ �b � TmM@`2T +mHim`2 #�b2/ QM Qm` b2H2+i2/
F2vrQ`/bX h?2 /2b+`BTiBQM Q7 i?2B` bQ+B2iv }ib i?2 +QQT@`2T 2[mBHB#`BmK BM Qm` KQ/2H,

ǳ�i i?2 +QKKmMBiv H2p2H- bQ+B�H +QMi`QH Bb K�BMi�BM2/ i?`Qm;? bQ+B�HBx�iBQM 7`QK
+?BH/?QQ/ BMiQ MQ`Kb Q7 T`QT2` +QM/m+i �M/ i?`Qm;? mb2 Q7 BM7Q`K�H b�M+iBQMb bm+? �b
;QbbBT Q` Qbi`�+BbKX AM/BpB/m�Hb b22F iQ �pQB/ i?2 2K#�``�bbK2Mi Q` b?�K2 Q7 BKT`QT2`
#2?�pBQ`- �b r2HH �b iQ 2�`M `2HB;BQmb K2`Bi #v 7QHHQrBM; i?2 K�DQ` "m//?Bbi `mH2b Q7
+QM/m+i U/Q MQi HB2- bi2�H- /`BMF �H+Q?QHB+ #2p2`�;2b- 7Q`MB+�i2- Q` FBHH HBpBM; +`2�im`2bVX
*2`i�BM FBM/b Q7 KBb#2?�pBQ` �`2 i?Qm;?i iQ #`BM; TmMBb?K2Mi 7`QK bmT2`M�im`�H #2@
BM;b- mbm�HHv BM i?2 7Q`K Q7 BHHM2bbX �Hi?Qm;? TQHB+2 �M/ H�r +Qm`ib 2tBbi- K�Mv T2QTH2
�pQB/ mbBM; i?2K 2t+2Ti r?2M �#bQHmi2Hv M2+2bb�`vXǴ

6Q` i?2 �M�HvbBb Q7 +QM~B+i- r2 K�i+? +mHim`2b BM 2>_�6 iQ ;`QmTb BM i?2 1i?MQ@
;`�T?B+ �iH�b mbBM; i?2 +Q``2bTQM/2M+2 i�#H2 T`QpB/2/ #v 2>_�6XRj 6Q` i?2 �M�HvbBb Q7
1aa /�i�- r2 �;;`2;�i2 i?2 BM7Q`K�iBQM QM 2i?MB+ ;`QmTb iQ i?2 +QmMi`v H2p2H- 7QHHQrBM;
� T`Q+2/m`2 bBKBH�` iQ �H2bBM� 2i �HX UkyRjV �M/ :BmHB�MQ �M/ LmMM UkyR3VX 6B`bi- r2
mb2 i?2 K�i+? +`2�i2/ #v :BmHB�MQ �M/ LmMM UkyR3V #2ir22M i?2 1i?MQ;`�T?B+ �i@
H�b �M/ i?2 1i?MQHQ;m2, G�M;m�;2b Q7 i?2 qQ`H/ U:Q`/QM �M/ :`BK2b- kyyNV /�i�b2i-
iQ �bbB;M i?2 `2p2M;2 BM/B+�iQ` iQ KQ/2`M@/�v H�M;m�;2 ;`QmTbX :BmHB�MQ �M/ LmMM
UkyR3V T`QpB/2 � b?�T2}H2 i?�i �bbQ+B�i2b 2�+? Q7 i?2 �TT`QtBK�i2Hv d-8yy H�M;m�;2
;`QmTb BM i?2 1i?MQHQ;m2 iQ � TQHv;QMc TQHv;QMb �`2 MQM@Qp2`H�TTBM; �M/ Kmim�HHv
2t+HmbBp2X L2ti- r2 BMi2`b2+i i?Bb b?�T2}H2 rBi? � b?�T2}H2 Q7 +QmMi`v #Q`/2`b �M/
Qp2`H�v i?2 `2bmHiBM; TQHv;QMb Q7 2i?MB+ ;`QmTb BM � bT2+B}+ +QmMi`v rBi? � `�bi2` }H2
Q7 i?2 rQ`H/Ƕb TQTmH�iBQM i�F2M 7`QK G�M/a+�M :HQ#�H SQTmH�iBQM .�i�#�b2 UG�M/a+�M
kyReVX h?2 G�M/a+�M `�bi2` `2TQ`ib TQTmH�iBQM 2biBK�i2b 7Q` 2�+? jy �`+@b2+QM/ #v jy
�`+@b2+QM/ +2HHX "v bmKKBM; mT �HH +2HHb rBi?BM 2�+? ;`QmT@+QmMi`v@bT2+B}+ TQHv;QM-

Rjh?2 i�#H2 +�M #2 7QmM/ �i ?iiTb,ff?`�7Xv�H2X2/mf`2bQm`+2bf`272`2M+2f2�@+�b2b@BM@2?`�7fX
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r2 +QKTmi2 i?2 iQi�H TQTmH�iBQM Q7 �M 2i?MB+ ;`QmT BM � +QmMi`vX 6BM�HHv- r2 �;;`2;�i2
i?2 2>_�6 `2p2M;2 BM/B+�iQ` �i i?2 +QmMi`v H2p2H- #v i�FBM; i?2 �p2`�;2 Q7 `2p2M;2
BM/B+�iQ`b �+`Qbb �HH 2i?MB+@;`QmTb rBi? MQM@KBbbBM; p�Hm2b- mbBM; i?2 ;`QmTbǶ b?�`2b Q7
i?2 +QmMi`vǶb iQi�H TQTmH�iBQM �b r2B;?ibX

"Xk *QMbi`m+iBQM Q7 +QM~B+i /�i�b2i
.�i� QM +QM~B+i #2ir22M i?2 ;Qp2`MK2Mi �M/ ;`QmTb MQi BM TQr2` +QK2b 7`QK i?2
1i?MB+ SQr2` _2H�iBQMb .�i�b2i 6�KBHv U1S_V UoQ;i 2i �HX- kyR8VX h?2 1S_ i`�+Fb
TQHBiB+�HHv `2H2p�Mi ;`QmTb 7Q` �HH +QmMi`B2b BM i?2 rQ`H/ �M/ 7Q` 2p2`v v2�` #2ir22M
RN9e �M/ kykRX :`QmTb �`2 /2}M2/ �b TQHBiB+�HHv `2H2p�Mi B7 i?2v ?QH/ ;Qp2`MK2Mi
TQr2`- Q` �`2 Q{+B�HHv 2t+Hm/2/ 7`QK TQr2` Q` /Bb+`BKBM�i2/X h?2 bi�imb Q7 ;`QmTb BM
;Qp2`MK2Mi Bb HBbi2/ �b ǳ/QKBM�MiǴ- ǳKQMQTQHv-Ǵ ǳb2MBQ` T�`iM2`Ǵ Q` ǳDmMBQ` T�`iM2`XǴ
:`QmTb QmibB/2 i?2 ;Qp2`MK2Mi �`2 +H�bbB}2/ �b ǳ/Bb+`BKBM�i2/Ǵ- ǳTQr2`H2bbǶ Q` ǳb2H7@
2t+Hm/2/XǴ AM +�b2b r?2`2 � b2MBQ` T�`iM2` �M/ QM2 Q` b2p2`�H DmMBQ` T�`iM2`b DQBMiHv
;Qp2`M- r2 mb2 i?2 b2MBQ` T�`iM2` iQ +H�bbB7v i?2 ;Qp2`MK2MiXR9 6Q` 2�+? +QmMi`v �M/
v2�`- r2 i?2M ?�p2 � b2i Q7 T�B`b #2ir22M i?2 ;Qp2`MK2Mi �M/ 2�+? Qi?2` TQHBiB+�HHv
`2H2p�Mi ;`QmTX

.�i� QM +QM~B+i +QK2b 7`QK i?2 lTTb�H� *QM~B+i .�i� S`Q;`�K Ul*.SVX h?2
l*.S Bb � /�i�b2i Q7 ;2Q@`272`2M+2/ +QM~B+i BM+B/2Mib rBi? �i H2�bi k8 7�i�HBiB2b #2ir22M
RN3N �M/ kyRe- rBi? BM7Q`K�iBQM QM BMpQHp2/ �+iQ`bX �+iQ`b BM i?2 l*.S �`2 K�i+?2/
iQ ;`QmTb BM i?2 1S_ i?`Qm;? i?2 �*.k1S_ /�i�b2iX Pm` K�BM /2T2M/2Mi p�`B�#H2
Bb � +QM~B+i BM/B+�iQ` i?�i i�F2b QM i?2 p�Hm2 QM2 B7 i?2 ;Qp2`MK2Mi Bb BM +QM~B+i rBi?
�MQi?2` ;`QmT BM � ;Bp2M v2�`- �M/ x2`Q Qi?2`rBb2X

1i?MB+ ;`QmTb BM i?2 1S_ �`2 HBMF2/ iQ p�`B�#H2b 7`QK i?2 7QHFHQ`2 /�i�b2i �M/
Qi?2` 2i?MQ;`�T?B+ +QMi`QHb i?`Qm;? i?2 1i?MQ;`�T?B+ �iH�bX JB+?�HQTQmHQb �M/ S�@
T�BQ�MMQm UkyReV T`QpB/2 � +QM+Q`/�M+2 i�#H2 #2ir22M 1S_ �M/ i?2 1i?MQ;`�T?B+
�iH�b 7Q` �7`B+�X q2 2ti2M/ i?Bb K�i+? iQ �bB� #v +QK#BMBM; bT�iB�H �M/ H�M;m�;2
BM7Q`K�iBQM QM ;`QmTb 7`QK p�`BQmb bQm`+2bX AM7Q`K�iBQM QM ;`QmTbǶ HQ+�iBQM +QK2b
7`QK i?2 :2Q1S_ /�i�b2i Uqm+?2`T72MMB; 2i �HX- kyRRV- r?B+? �bbB;Mb ;`QmTb iQ bT�@

R9� T`Q+2/m`2 HBF2 i?2 QM2 7QHHQr2/ BM :m�`MB2`B UkykkV- i?�i �;;`2;�i2b +?�`�+i2`BbiB+b Q7 ;`QmTb
BM KmHiB@;`QmT ;Qp2`MK2Mib �M/ r2B;?ib b2MBQ` T�`iM2`b KQ`2 i?�M DmMBQ` T�`iM2`b vB2H/b p2`v bBKBH�`
`2bmHibX �p�BH�#H2 mTQM `2[m2biX
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iB�H TQHv;QMbc BM7Q`K�iBQM QM H�M;m�;2 +QK2b 7`QK 7`QK i?2 1S_ 1i?MB+ .BK2MbBQMb
U1S_@1.V .�i�b2i U"Q`K�MM 2i �HX- kyRdVX lbBM; i?2 +QQ`/BM�i2b QM ;`QmTbǶ 2i?MB+
?QK2H�M/b �M/ BM7Q`K�iBQM QM H�M;m�;2 T`QpB/2/ #v i?2 1i?MQ;`�T?B+ �iH�b- r2 B/2M@
iB7v ;`QmTb BM i?2 1i?MQ;`�T?B+ �iH�b i?�i BM?�#Bi i?2 TQHv;QMb Q7 ;`QmTb BM i?2 1S_
�M/ bT2�F i?2 b�K2 H�M;m�;2X q2 +QMbB/2` i?Qb2 ;`QmTb �b K�i+?2/XR8 6Q` `2K�BMBM;
;`QmTb- r2 T2`7Q`K � K�Mm�H K�i+? #�b2/ QM QMHBM2 b2�`+?2bX

"Xj o�`B�#H2 /2}MBiBQMb �M/ bQm`+2b
6QHFHQ`2 KQiB7b

.Bbi�M+2 `2p2M;2 KQiB7bX �#bQHmi2 /Bz2`2M+2 #2ir22M 2i?MB+ ;`QmTb Q` +QmMi`B2b BM i?2
MmK#2` Q7 `2p2M;2@`2H�i2/ KQiB7b �b � T`QTQ`iBQM Q7 iQi�H KQiB7b- 7`QK JB+?�HQTQmHQb
�M/ sm2 UkykRVX _2p2M;2@`2H�i2/ KQiB7b �`2 i?Qb2 i�;;2/ #v i?2 7QHHQrBM; F2vrQ`/b,
`2p2M;2- TmMBb?- TmMBb?K2Mi- T2M�Hiv- `2i�HB�i2- `2i�HB�iBQMX

.Bbi�M+2 pBQH2M+2 KQiB7bX �#bQHmi2 /Bz2`2M+2 #2ir22M 2i?MB+ ;`QmTb Q` +QmMi`B2b BM i?2
MmK#2` Q7 pBQH2M+2@`2H�i2/ KQiB7b �b � T`QTQ`iBQM Q7 iQi�H KQiB7b- 7`QK JB+?�HQTQmHQb
�M/ sm2 UkykRVX oBQH2M+2@`2H�i2/ KQiB7b �`2 i?Qb2 i�;;2/ #v i?2 7QHHQrBM; F2vrQ`/b,
pBQH2M+2- pBQH2Mi- #�iiH2- };?iBM;- �ii�+?- bQH/B2`- ;m�`/- i`QQT- �`Kv- 2M2Kv- };?i2`-
BMp�bBQM- BMp�/2- /272M/2`X

.Bbi�M+2 +?2�iBM; KQiB7bX �#bQHmi2 /Bz2`2M+2 #2ir22M 2i?MB+ ;`QmTb Q` +QmMi`B2b BM i?2
MmK#2` Q7 /2+2TiBQM@`2H�i2/ KQiB7b �b � T`QTQ`iBQM Q7 iQi�H KQiB7b- 7`QK JB+?�HQTQmHQb
�M/ sm2 UkykRVX .2+2TiBQM@`2H�i2/ KQiB7b �`2 i?Qb2 i�;;2/ #v i?2 7QHHQrBM; F2vrQ`/b,
+?2�i- /2+2Bp2- i`B+FX

R8AM i?Bb bi2T- r2 �`2 �HbQ �B/2/ BM }M/BM; � +Q``2bTQM/2M+2 #2ir22M i?2 1i?MQ;`�T?B+ �iH�b �M/ i?2
1S_ /�i�b2i #v i?2 �@J�_ T`QD2+i U"B`MB` 2i �HX- kyR3VX h?2 1i?MQ;`�T?B+ �iH�b +QMi�BMb ;`QmTb i?�i
�`2 Q7i2M �;;`2;�i2/ BMiQ ǳmTT2` H2p2HǴ ;`QmTb BM i?2 1S_X h?2 �@J�_ T`QD2+i K�F2b /BbiBM+iBQMb
#2ir22M ǳmTT2`Ǵ �M/ ǳHQr2`Ǵ H2p2H ;`QmTb- �HHQrBM; mb iQ �bbB;M 1i?MQ;`�T?B+ �iH�b ;`QmTb iQ KQ`2
�;;`2;�i2/ ;`QmTb i?�i +�M i?2M #2 K�i+?2/ iQ i?2 1S_X 6Q` 2t�KTH2- �++Q`/BM; iQ �@J�_ i?2
a2K�M; �`2 BM+Hm/2/ �KQM; i?2 P`�M; �bHB- r?B+? �TT2�` BM i?2 1S_X
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*QmMi`v@H2p2H p�`B�#H2b

*QMiB;mQmbX AM/B+�iQ` 7Q` +QMiB;mQmb ?Qbi@Q`B;BM +QmMi`v T�B`b- 7`QK :mBbQ 2i �HX
UkyyNVX

*QKKQM Q{+B�H H�M;m�;2X AM/B+�iQ` 7Q` +QKKQM Q{+B�H Q` T`BK�`v H�M;m�;2 #2ir22M
?Qbi@Q`B;BM +QmMi`v T�B`b- 7`QK :mBbQ 2i �HX UkyyNVX

6Q`K2` +QHQMB�H `2H�iBQMX AM/B+�iQ` 7Q` ?Qbi@Q`B;BM +QmMi`v T�B`b i?�i ?�p2 2p2` #22M
BM � +QHQMB�H `2H�iBQMb?BT- 7`QK :mBbQ 2i �HX UkyyNVX

.Bbi�M+2 #2ir22M +�TBi�HbX .Bbi�M+2 U�b i?2 +`Qr ~B2bV #2ir22M ?Qbi@Q`B;BM +QmMi`v
+�TBi�Hb BM FK- 7`QK :mBbQ 2i �HX UkyyNVX

.Bz2`2M+2 HQ; :.S T2` +�TBi�X �#bQHmi2 /Bz2`2M+2 BM HQ; :.S T2` +�TBi� BM kyyyX
:.S /�i� Bb 7`QK i?2 qQ`H/ "�MFX

_2HB;BQmb bBKBH�`BivX J2�bm`2 7`QK :mBbQ 2i �HX UkyyNVX S`Q/m+i Q7 i?2 7`�+iBQM Q7 BM/B@
pB/m�Hb BM +QmMi`v j �M/ BM +QmMi`v i r?Q ?�p2 `2HB;BQM k- bmKK2/ �+`Qbb �HH `2HB;BQMbX
.�i� QM `2HB;BQmb �/?2`2M+2 Bb 7`QK i?2 qQ`H/ o�Hm2b am`p2vX

.Bbi�M+2 T�iB2M+2X �#bQHmi2 /Bz2`2M+2 #2ir22M ?Qbi �M/ Q`B;BM +QmMi`v BM T�iB2M+2
7`QK i?2 :Sa U6�HF 2i �HX- kyR3VX h?2 +QmMi`v@H2p2H K2�bm`2 Q7 T�iB2M+2 Bb � r2B;?i2/
�p2`�;2 Q7 � b2H7@�bb2bbK2Mi Q7 i?2 rBHHBM;M2bb iQ r�Bi �M/ �M BMi2`i2KTQ`�H +?QB+2 b2@
[m2M+2 mbBM; bi�B`+�b2 K2i?Q/X

.Bbi�M+2 `BbF@i�FBM;X �#bQHmi2 /Bz2`2M+2 #2ir22M ?Qbi �M/ Q`B;BM +QmMi`v BM `BbF@i�FBM;
T`272`2M+2 7`QK i?2 :Sa U6�HF 2i �HX- kyR3VX h?2 +QmMi`v@H2p2H K2�bm`2 Q7 `BbF@i�FBM;
Bb � r2B;?i2/ �p2`�;2 Q7 � b2H7@�bb2bbK2Mi Q7 i?2 rBHHBM;M2bb iQ i�F2 `BbFb BM ;2M2`�H �M/
� HQii2`v +?QB+2 b2[m2M+2 mbBM; bi�B`+�b2 K2i?Q/X

.Bbi�M+2 TQbBiBp2 `2+BT`Q+BivX �#bQHmi2 /Bz2`2M+2 #2ir22M ?Qbi �M/ Q`B;BM +QmMi`v BM
TQbBiBp2 `2+BT`Q+Biv 7`QK i?2 :Sa U6�HF 2i �HX- kyR3VX h?2 +QmMi`v@H2p2H K2�bm`2 Q7
TQbBiBp2 `2+BT`Q+Biv Bb � r2B;?i2/ �p2`�;2 Q7 � b2H7@�bb2bbK2Mi Q7 i?2 rBHHB;M2bb iQ `2im`M
� 7�pQ` �M/ �;`22K2Mi rBi? � bi�i2K2Mi QM ;B7i@;BpBM; BM 2t+?�M;2 7Q` ?2HTX
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.Bbi�M+2 M2;�iBp2 `2+BT`Q+BivX �#bQHmi2 /Bz2`2M+2 #2ir22M ?Qbi �M/ Q`B;BM +QmMi`v BM
M2;�iBp2 `2+BT`Q+Biv 7`QK i?2 :Sa U6�HF 2i �HX- kyR3VX h?2 +QmMi`v@H2p2H K2�bm`2 Q7
M2;�iBp2 `2+BT`Q+Biv Bb � r2B;?i2/ �p2`�;2 Q7 i?`22 b2H7@�bb2bbK2Mi [m2biBQMb QM i?2
rBHHBM;M2bb iQ i�F2 `2p2M;2- i?2 rBHHBM;M2bb iQ TmMBb? mM7�B` #2?�pBQ` iQr�`/ QM2Ƕb b2H7
�M/ i?2 rBHHBM;M2bb iQ TmMBb? mM7�B` #2?�pBQ` iQr�`/ Qi?2`bX

.Bbi�M+2 �Hi`mBbKX �#bQHmi2 /Bz2`2M+2 #2ir22M ?Qbi �M/ Q`B;BM +QmMi`v BM �Hi`mBbK
7`QK i?2 :Sa U6�HF 2i �HX- kyR3VX h?2 +QmMi`v@H2p2H K2�bm`2 Q7 �Hi`mBbK Bb � r2B;?i2/
�p2`�;2 #2ir22M � /QM�iBQM /2+BbBQM �M/ � b2H7@�bb2bbK2Mi Q7 i?2 rBHHBM;M2bb iQ ;Bp2 iQ
;QQ/ +�mb2bX

.Bbi�M+2 i`mbiX �#bQHmi2 /Bz2`2M+2 #2ir22M ?Qbi �M/ Q`B;BM +QmMi`v BM i`mbi 7`QK i?2
:Sa U6�HF 2i �HX- kyR3VX h?2 +QmMi`v@H2p2H K2�bm`2 Q7 i`mbi Bb #�b2/ QM �;`22K2Mi rBi?
i?2 bi�i2K2Mi i?�i T2QTH2 ?�p2 QMHv i?2 #2bi BMi2MiBQMbX

*QM~B+i

*QM~B+i BM+B/2M+2X S�B`@H2p2H BM/B+�iQ` 7Q` +QM~B+i BM � ;Bp2M v2�` #2ir22M i?2 ;Qp2`M@
K2Mi �M/ �MQi?2` TQHBiB+�HHv `2H2p�Mi ;`QmTX "�b2/ QM /�i� 7`QK i?2 i?2 �*.k1S_
/�i�b2i UoQ;i 2i �HX- kyR8VX

1i?MB+ ;`QmT@H2p2H p�`B�#H2b

GBM;mBbiB+ /Bbi�M+2X q2 +QKTmi2 +H�/BbiB+ HBM;mBbiB+ /Bbi�M+2 7QHHQrBM; 62�`QM UkyyjVX
6B`bi- r2 K2`;2 i?2 H�M;m�;2 Q7 2�+? 2i?MB+ ;`QmT iQ i?2 1i?MQHQ;m2X h?2 1i?MQHQ;m2
BM+Hm/2b BM7Q`K�iBQM QM 2�+? H�M;m�;2Ƕb TQbBiBQM BM � HBM;mBbiB+ i`22 i?�i bi�`ib rBi? �
#`Q�/ H�M;m�;2 7�KBHv �M/ #`�M+?2b Qmi iQ BMi2`K2/B�i2 MQ/2b #27Q`2 2M/BM; rBi? i?2
H�M;m�;2 Bib2H7X .Bbi�M+2 #2ir22M � T�B` Q7 H�M;m�;2b i �M/ j Bb +QKTmi2/ �b

di,j = 1�
✓

#Q7 +QKKQM MQ/2b #2ir22M i �M/ j

1
2(Q7 MQ/2b Q7 H�M;m�;2 i+ Q7 MQ/2b Q7 H�M;m�;2 j)

◆�

r?2`2 � Bb � +QM+�pBiv 7�+iQ` mb2/ iQ �ii`B#mi2 ?B;?2` r2B;?i iQ 2�`HB2` +QKKQM
MQ/2b- �b b2T�`�iBQM BM 2�`HB2` MQ/2b BKTHB2b ?B;?2` HBM;mBbiB+ /Bp2`;2M+2X q2 b2i � = 0.5

de



7QHHQrBM; 2tBbiBM; HBi2`�im`2 U62�`QM �M/ G�BiBM- kyyjc :m�`MB2`B �M/ hm`@S`�ib- kykyc
:m�`MB2`B- kykkVX

_2HB;BQmb /Bbi�M+2X q2 BKTH2K2Mi i?2 b�K2 7Q`KmH� �b �#Qp2 iQ +QKTmi2 `2HB;BQmb
/Bbi�M+2 7QHHQrBM; :m�`MB2`B �M/ hm`@S`�ib UkykyVX q2 mb2 `2HB;BQMb `2TQ`i2/ 7Q` 2�+?
2i?MB+ ;`QmT BM i?2 1S_@1. /�i�b2i U"Q`K�MM 2i �HX- kyRdVX

:2Q;`�T?B+ /Bbi�M+2X aBKTH2 ;2Q/2bB+ /Bbi�M+2 #2ir22M +2Mi`QB/b Q7 ;`QmT TQHv;QMb-
7`QK :2Q1S_ Uqm+?2`T72MMB; 2i �HX- kyRRVX

.Bbi�M+2 Dm`Bb/B+iBQM�H ?B2`�`+?vX �#bQHmi2 /Bz2`2M+2 #2ir22M 2i?MB+ ;`QmTb BM p�`B@
�#H2 pjj Q7 i?2 1i?MQ;`�T?B+ �iH�b- +�Tim`BM; Dm`Bb/B+iBQM�H ?B2`�`+?v #2vQM/ i?2 HQ+�H
+QKKmMBivX h?2 p�`B�#H2 i�F2b QM p�Hm2b #2ir22M R UMQ ?B2`�`+?v #2vQM/ HQ+�H +QK@
KmMBivV �M/ 8 U7Qm` H2p2Hb Q7 ?B2`�`+?vVX

.Bbi�M+2 b2iiH2K2Mi +QKTH2tBivX �#bQHmi2 /Bz2`2M+2 #2ir22M 2i?MB+ ;`QmTb BM p�`B�#H2
pjy Q7 i?2 1i?MQ;`�T?B+ �iH�bX h?2 p�`B�#H2 i�F2b QM p�Hm2b 7`QK R UMQK�/B+ Q` 7mHHv
KB;`�iQ`vV iQ 3 U+QKTH2t b2iiH2K2MibV- rBi? ?B;?2` p�Hm2b BM/B+�iBM; KQ`2 T2`K�M2Mi
�M/ +QKTH2t b2iiH2K2MibX

.Bbi�M+2 >B;? :Q/bX �#bQHmi2 /Bz2`2M+2 #2ir22M 2i?MB+ ;`QmTb BM i?2 T`2b2M+2 Q7 >B;?
:Q/b- #�b2/ QM pj9 Q7 i?2 1i?MQ;`�T?B+ �iH�bX q2 +Q/2 >B;? :Q/b �b T`2b2Mi B7 i?2
p�`B�#H2 i�F2b QM p�Hm2b #2ir22M j ULQi �+iBp2 BM ?mK�M �z�B`bV �M/ 8 UamTTQ`iBp2 Q7
?mK�M KQ`�HBivVX _2bmHib �`2 bBKBH�` r?2M r2 +Q/2 i?2 T`2b2M+2 Q7 >B;? :Q/b QMHv
r?2M >B;? :Q/b �`2 KQ`�HBxBM; Uv34 = 5VX

.Bbi�M+2 ?2`/BM; /2T2M/2M+2X �#bQHmi2 /Bbi�M+2 #2ir22M 2i?MB+ ;`QmTb BM /2T2M/2M+2
QM ?2`/BM;X q2 +Q/2 i?Bb p�`B�#H2 7Q` 2�+? 2i?MB+ ;`QmT 7QHHQrBM; "2+F2` UkykRV �M/
*�Q 2i �HX UkykRVX q2 mb2 i?2 p�`B�#H2 p9 Q7 i?2 1i?MQ;`�T?B+ �iH�b- r?B+? +Q/2b bQ+B@
2iB2b #v H2p2Hb Q7 /2T2M/2M+2 QM �MBK�H ?mb#�M/`v- `�M;BM; 7`QK y@8W iQ 3e@RyyWX q2
`2+Q/2 i?Bb iQ i?2 K2/B�M Q7 2�+? +�i2;Q`v �M/ KmHiBTHv rBi? � /mKKv i?�i 2[m�Hb QM2
B7 i?2 T`2/QKBM�Mi �MBK�H Bb � ?2`/BM; �MBK�H Ub?22T- +�iiH2- ?Q`b2b- `2BM/22`- �HT�+�b-
Q` +�K2Hb- #�b2/ QM p9y Q7 i?2 1i?MQ;`�T?B+ �iH�bVX

dd



.Bbi�M+2 b2;K2Mi�`v HBM2�;2X �#bQHmi2 /Bz2`2M+2 #2ir22M 2i?MB+ ;`QmTb BM �M BM/B+�iQ`
7Q` b2;K2Mi�`v HBM2�;2bX h?Bb p�`B�#H2 +QK2b 7`QK JQb+QM� 2i �HX UkyRNV �M/ Bb QMHv
�p�BH�#H2 7Q` R98 2i?MB+ ;`QmTb BM �7`B+�X

.Bbi�M+2 �;`B+mHim`�H bmBi�#BHBivX �#bQHmi2 /Bbi�M+2 #2ir22M 2i?MB+ ;`QmTb BM �p2`�;2
bmBi�#BHBiv 7Q` HQr@BMTmi `�BM72/ �;`B+mHim`2 BM i?2 2i?MB+ ;`QmTbǶ i2``BiQ`B2bX amBi�#BHBiv
/�i� Bb 7`QK 6�P U6Bb+?2` 2i �HX- kyykV- �p2`�;2/ Qp2` TQHv;QMb BM i?2 :2Q1S_ /�i�b2i
Uqm+?2`T72MMB; 2i �HX- kyRRVX

.Bbi�M+2 `m;;2/M2bbX �#bQHmi2 /Bbi�M+2 #2ir22M 2i?MB+ ;`QmTb BM �p2`�;2 `m;;2/M2bb
BM i?2 2i?MB+ ;`QmTbǶ i2``BiQ`B2bX q2 +QKTmi2 i2``�BM `m;;2/M2bb 7QHHQrBM; LmMM �M/
Sm;� UkyRkVXlM/2`HvBM; 2H2p�iBQM /�i� �`2 7`QK :hPSPjy- � ;HQ#�H /B;Bi�H 2H2p�iBQM
KQ/2H U.1JV Q7 jy �`+@b2+QM/ #v jy �`+@b2+QM/ +2HHbX _m;;2/M2bb Bb �p2`�;2/ Qp2`
TQHv;QMb BM i?2 :2Q1S_ /�i�b2i Uqm+?2`T72MMB; 2i �HX- kyRRVX

.Bbi�M+2 2H2p�iBQMX �#bQHmi2 /Bbi�M+2 #2ir22M 2i?MB+ ;`QmTb BM �p2`�;2 2H2p�iBQM BM
i?2 2i?MB+ ;`QmTbǶ i2``BiQ`B2bX .�i� QM 2H2p�iBQM Bb T`QpB/2/ #v 1S_ UoQ;i 2i �HX- kyR8VX

.Bbi�M+2 ;`QmT bBx2X �#bQHmi2 /Bbi�M+2 BM ;`QmT bBx2 #2ir22M 2i?MB+ ;`QmTbX AM7Q`K�@
iBQM QM ;`QmT bBx2 Bb T`QpB/2/ #v 1S_ UoQ;i 2i �HX- kyR8VX

d3


