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Architectural design is a prime example of a complex task. 7e associated 
complexity o9en poses significant challenges to human cognition. As such, a 
systematic approach to design space exploration must be undertaken, to maximize 
the potential for discovering optimal solutions to design problems.Recognizing the 
impact design complexity has on architectural design , this thesis proposes a 
comprehensive computational intelligence decision support system that combines 
components based on intelligence with ones based on cognition, with the ultimate 
aim of enabling decision-makers manage design complexity and improve decision 
making.
7is thesis adopts the theoretical standpoint that eBcient navigation of an 
unknown environment assumes a fusion of intelligence and cognition. In this sense, 
and given the already widespread adoption of intelligent approaches (such as 
Evolutionary Computation), the main contribution of this thesis is to endow the 
intelligent approach with cognitive facilities, so as to improve its eBciency to the 
point that it is readily applicable to the early stages of the architectural design 
process. Fusion of intelligent with cognitive approaches, as outlined herein, oIers 
the unique advantage of a decision support approach that is both powerful, owing 
to the extensive search capabilities of intelligent search algorithms, and flexible, 
owing to the extensive knowledge modeling capabilities of cognitive approaches. As 
such, it is uniquely suited to the early conceptual design stage where the need to 
explore large design spaces, flexibly redefine the design problem, and satisfy 
preferences that are not included in the primary design goals, are all paramount.
7e main output of this thesis is a comprehensive decision support framework; it is 
a framework, in the sense that it comprises a set of methods and implemented 
tools that seek to augment decision making in architectural design; it is termed 
comprehensive in that it employs computational cognition and machine learning to 
augment the intelligent decision support capabilities throughout the design 
decision support process. It is also generic and applicable as-is to a wide spectrum 
of architectural design problems. In the context of this thesis, validation of the 
proposed approach is performed mainly in case studies relevant to facade design, 
recognizing this design topic as a complexity-exhibiting exemplar in architectural 
design practice.
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<e author of this thesis attributes the following to the cover image:

Designing is exploring a landscape. Sometimes the landscape is smooth: its peaks 
and valleys visible from afar. At other times, it is rough and treacherous; we 
struggle to push ahead.

@e fog clears a bit and we discern that we’ve reached the highest peak; then, it 
clears more and we realize we’re on top of a hill, a mountain standing tall across 
the valley.
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T`QKQiQ`, S`Q7X/`XB`X AXaX a�`BvBH/Bx
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1MpB`QMK2Mi- hl .2H7i
S`Q7X /`X JX6X h�b;2iB`2M- u�Ȕ�` lMBp2`bBiv
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RXR "�+F;`QmM/ R

RXRXR .2bB;M *QKTH2tBiv R
RXRXk S2`7Q`K�M+2@"�b2/ .2bB;M k
RXRXj aQ7iM2bb BM .2bB;M *`Bi2`B� 9
RXRX9 *QM~B+iBM; L�im`2 Q7 .2bB;M P#D2+iBp2b 8
RXRX8 *QKTmi�iBQM�H AMi2HHB;2M+2 �M/ *Q;MBiBQM 8

RXk _2b2�`+? PmiHBM2 e

RXkXR "�+F;`QmM/ AM7Q`K�iBQM e
RXkXk S`Q#H2K ai�i2K2Mi 3
RXkXj _2b2�`+? Zm2biBQMb 3
RXkX9 _2b2�`+? P#D2+iBp2b �M/ a+QT2 N

RXj J2i?Q/QHQ;B+�H Pp2`pB2r N

RXjXR S`2HBKBM�`v _2b2�`+? N
RXjXk JQ/2H .2p2HQTK2Mi RR
RXjXj 1tT2`BK2Mi�H _2b2�`+? Rk

RX9 GBKBi�iBQMb Rk

RX8 *QMi`B#miBQMb Rj

RXe 1tT2+i2/ PmiTmi Rj

RXd a+B2MiB}+ �M/ aQ+B2i�H _2H2p�M+2 Rj
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RX3 h?2bBb PmiHBM2 R9

k GBi2`�im`2 _2pB2r �M/ ai�i2 Q7 �`i Rd
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kXR .2+BbBQM amTTQ`i avbi2Kb Rd

kXk AM7Q`K�iBQM- *QKKmMB+�iBQM �M/ EMQrH2/;2 h2+?MQHQ;B2b R3

kXj *QKTmi�iBQM�H AMi2HHB;2M+2 �M/ PTiBKBx�iBQM R3

kX9 *QKTmi�iBQM�H PTiBKBx�iBQM BM "mBH/BM; .2bB;M RN

kX8 JmHiB@P#D2+iBp2 1pQHmiBQM�`v *QKTmi�iBQM kR

kX8XR JmHiB@P#D2+iBp2 1pQHmiBQM�`v �H;Q`Bi?Kb kk
kX8XRXR LQM@.QKBM�i2/ aQ`iBM; :2M2iB+ �H;Q`Bi?K AA X X X X X kj
kX8XRXk >vT2`@pQHmK2 1biBK�iBQM �H;Q`Bi?K X X X X X X X X X X kj
kX8XRXj JmHiB@P#D2+iBp2 .Bz2`2MiB�H 1pQHmiBQM X X X X X X X X X k9

kX8Xk JmHiB@P#D2+iBp2 PTiBKBx�iBQM BM "mBH/BM; .2bB;M k8
kX8Xj *QKTmi�iBQM�H *QKTH2tBiv k3

kXe .2+BbBQM J�FBM; �M/ JmHiB@P#D2+iBpBiv k3

kXeXR �TT`Q�+?2b iQ SQbi@S�`2iQ PTiBK�HBiv �M�HvbBb jy
kXeXRXR AM 1M;BM22`BM; .2bB;M X X X X X X X X X X X X X X X X X X jy
kXeXRXk AM �`+?Bi2+im`�H .2bB;M �M/ _2H�i2/ .Bb+BTHBM2b X X X X jR

kXeXk S`272`2M+2b BM JmHiB@P#D2+iBp2 .2+BbBQM J�FBM; jk
kXeXj S`272`2M+2b QM P#D2+i S`QT2`iB2b jk

kXd J�+?BM2 G2�`MBM; �H;Q`Bi?Kb j8

kXdXR �`iB}+B�H L2m`�H L2irQ`Fb j8
kXdXk _�M/QK 6Q`2bib jd
kXdXj amTTQ`i o2+iQ` J�+?BM2b jd

kX3 am``Q;�i2 JQ/2HBM; j3

kX3XR am``Q;�i2 JQ/2HBM; BM "mBH/BM; S2`7Q`K�M+2 aBKmH�iBQM j3
kX3Xk am``Q;�i2@�bbBbi2/ 1pQHmiBQM�`v *QKTmi�iBQM �M/ �TTHB+�iBQMb BM

�`+?Bi2+im`2 9R

kXN .Bb+mbbBQM 9k
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j "�+F;`QmM/ AMp2biB;�iBQM 98
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jXR AMi`Q/m+iBQM 98

jXk .2bB;M *QKTH2tBiv BM S`�+iB+2 98

jXkXR AMi`Q/m+iBQM 9d
jXkXk S`QTQb2/ J2i?Q/ 9N

jXkXkXR 6Q`K :2M2`�iBQM X X X X X X X X X X X X X X X X X X X X X 9N
jXkXkXk .�vHB;?i AM/B+�iQ`b �M/ JQ/2HBM; X X X X X X X X X X X X 88
jXkXkXj *QKTmi�iBQM�H *QKTH2tBiv X X X X X X X X X X X X X X X 8d
jXkXkX9 JmHiB@P#D2+iBp2 PTiBKBx�iBQM X X X X X X X X X X X X X X 83

jXkXj *�b2 aim/v, h?2 SlGa1 S`QD2+i 8N
jXkXjXR Pp2`pB2r X X X X X X X X X X X X X X X X X X X X X X X X X 8N
jXkXjXk .�vHB;?iBM; _2[mB`2K2Mib X X X X X X X X X X X X X X X X 8N
jXkXjXj a?�/BM; 1H2K2Mi .2bB;M X X X X X X X X X X X X X X X X X ey
jXkXjX9 _�TB/ S`QiQivTBM; �M/ J�i2`B�H h2+?MQHQ;B2b X X X X X ey
jXkXjX8 S�`�K2i`B+ .2}MBiBQM Q7 a?�/BM; .2pB+2 X X X X X X X X eR
jXkXjXe S`Q#H2K .2}MBiBQM X X X X X X X X X X X X X X X X X X X X e9
jXkXjXd 1tT2`BK2Mi�H a2i@mT X X X X X X X X X X X X X X X X X X X e8
jXkXjX3 _2bmHib �M/ .Bb+mbbBQM X X X X X X X X X X X X X X X X X X e8
jXkXjXN .Bb+mbbBQM X X X X X X X X X X X X X X X X X X X X X X X X X eN

jXj .2bB;M _2b2�`+? �M/ h2�+?BM; dy

jXjXR AMi`Q/m+iBQM dy
jXjXk �M�HvbBb Q7 Sm#HBb?2/ *QMi`B#miBQMb dR

jX9 .Bb+mbbBQM d9

jX8 *QM+HmbBQM de

9 JQ/2H .2p2HQTK2Mi dd
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9XR AMi`Q/m+iBQM dd

9Xk S�`�K2i`B+ JQ/2H dd

9Xj JmHiB@P#D2+iBp2 1pQHmiBQM�`v PTiBKBx�iBQM 3y

9XjXR S`QTQb2/ JQ/mH�` am``Q;�i2 JQ/2HBM; �TT`Q�+? 3R
9XjXk �TTHB+�iBQM iQ S�`�K2i`B+ .2bB;M 3k
9XjXj S`QTQb2/ SQbi@S�`2iQ S`272`2M+2 �TT`Q�+? 3j
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9XjXe PmiHBM2 Q7 i?2 �TT`Q�+? 3e

9X9 AMi2;`�iBQM BM i?2 .2bB;M S`Q+2bb 3d

9X9XR S`QTQb2/ qQ`F~Qr 3d
9X9Xk aQ7ir�`2 �`+?Bi2+im`2 �M/ AKTH2K2Mi�iBQM .2i�BHb 3N

9X8 *QM+HmbBQM 3N

8 *�b2 aim/B2b NR
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8XR *�b2 aim/v A, am``Q;�i2 �TT`QtBK�iBQM Q7 AMi2`BQ` .�vHB;?i .Bb@
i`B#miBQM Nk

8XRXR �H;Q`Bi?K a2H2+iBQM Nk
8XRXk �H;Q`Bi?KB+ AKTH2K2Mi�iBQMb Nk
8XRXj �TT`QtBK�iBQM Q7 oBbm�H *QK7Q`i AM/B+�iQ`b Nj
8XRX9 S�`�K2i`B+ P{+2 JQ/2H N9
8XRX8 .�i� S`2T�`�iBQM N3
8XRXe JQ/2H *QM};m`�iBQMRyk

8XRXeXR P#D2+iBp2 6mM+iBQMb X X X X X X X X X X X X X X X X X X X Ryk
8XRXeXk .2i2`KBM�iBQM Q7 JQ/2H S�`�K2i2`b X X X X X X X X X X Ryk
8XRXeXj JQ/2H "B�b �M/ o�`B�M+2 X X X X X X X X X X X X X X X X Ry8

8XRXd _2bmHib �M/ .Bb+mbbBQMRy8
8XRXdXR �TT`QtBK�iBQM S2`7Q`K�M+2 X X X X X X X X X X X X X X X Ry8
8XRXdXk *QKTmi�iBQM�H *QKTH2tBiv X X X X X X X X X X X X X X X Ryd

8XRX3 �TTHB+�iBQM BM � .2bB;M a+2M�`BQRyd

8Xk *�b2 aim/v AA, SQbi@S�`2iQ h`2�iK2Mi Q7 a2+QM/@P`/2` *`Bi2@
`B�RyN

8XkXR .2bB;M h�bFRRy
8XkXk .2`Bp�iBQM Q7 6�Ï�/2 �miQ@�bbQ+B�iBp2 KQ/2HRRk
8XkXj �bb2bbBM; KQ/2H T2`7Q`K�M+2RR8
8XkX9 .Bb+mbbBQMRR3

8XkX9XR "2vQM/ i?2 S�`2iQ 7`QMi X X X X X X X X X X X X X X X X X Rkj
8XkX8 *QM+HmbBQMRk9

e *QM+HmbBQMRkd
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eXR AMi`Q/m+iBQMRkd

eXk _2pBbBiBM; i?2 _2b2�`+? Zm2biBQMbRkd
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eXj *QM+Hm/BM; _2K�`FbRjy

eX9 _2+QKK2M/�iBQMbRjR
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�#bi`�+i

A/2MiB}+�iBQM Q7 /2bB;M bQHmiBQMb 7Q` � #mBHi 2MpB`QMK2Mi i?�i +�i2`b iQ i?2 ?mK�M
M22/b �i �HH H2p2Hb- �M/ KQ`2 bT2+B}+�HHv- iQ i?2 M22/b Q7 i?2 +HB2Mib �M/ i?2 bQ@
+B2iv- Bb i?2 K�BM i�bF �//`2bb2/ #v �`+?Bi2+im`�H /2bB;MX �`+?Bi2+im`�H /2bB;M Bb
� T`BK2 2t�KTH2 Q7 � /2bB;M i�bF i?�i Bb +?�`�+i2`Bx2/ #v � ?B;? /2;`22 Q7 +QK@
TH2tBivX �`+?Bi2+im`�H /2bB;M T`Q#H2Kb #v /2}MBiBQM 2Mi�BH `2H�iBQMb?BTb #2ir22M
/2+BbBQMb �M/ Q#D2+iBp2b i?�i �`2 �HH #mi i`�MbT�`2MiX 6Q` i?2 /2+BbBQM@K�F2` iQ #2
�#H2 iQ ;mB/2 /2bB;M iQr�`/b 7mH}HHBM; Q#D2+iBp2b- � ǵ+HQb2/@HQQTǶ �TT`Q�+? r?2`2
p�`B�iBQMb BM /2bB;M bQHmiBQMb �`2 ;2M2`�i2/ �M/ 2p�Hm�i2/ BM �M Bi2`�iBp2 T`Q+2bb Bb
2KTHQv2/X .m2 iQ i?2 b?22` MmK#2` Q7 �Hi2`M�iBp2 bQHmiBQMb iQ T`Q#H2Kb Q7 2p2M �
KQ/2`�i2 b+�H2 U/m2 iQ +QK#BM�iQ`B�H 2tTHQbBQMV- Bi Bb QMHv 72�bB#H2 iQ Bi2`�i2 Qp2`
� KBMmb+mH2 7`�+iBQM Q7 TQbbB#H2 bQHmiBQMbX .2bB;M BMimBiBQM Q7 i?2 T`Q72bbBQM�Hb BM@
pQHp2/ BM /2bB;M Bb � bi`QM; /`BpBM; 7Q`+2 #2?BM/ i?2 B/2MiB}+�iBQM Q7 /2bB;M /B`2+@
iBQM- BM r?B+? �Hi2`M�iBp2b �`2 2tTHQ`2/ �b T�`i Q7 i?2 T`2HBKBM�`v /2bB;M T`Q+2bbX
h?Bb Bb �M �TT`Q�+? i?�i /2T2M/b QM i?2 ?mK�M +Q;MBiBp2 +�T�#BHBiB2b iQ M�pB;�i2
i?2 /2bB;M bT�+2 �M/ B/2MiB7v TQi2MiB�HHv T`QKBbBM; bQHmiBQMbX _2;�`/H2bb- i?2 +QK@
TH2tBiv �bbQ+B�i2/ rBi? �`+?Bi2+im`�H /2bB;M Q7i2M TQb2b bB;MB}+�Mi +?�HH2M;2b iQ
?mK�M +Q;MBiBQMX >mK�M +Q;MBiBQM- r?BH2 7Q`KB/�#H2 BM Bib �#BHBiv iQ ~2tB#Hv �M/
2{+B2MiHv M�pB;�i2 +?�HH2M;BM; 2MpB`QMK2Mib- Bb 7�+2/ rBi? /B{+mHiB2b BM �//`2bb@
BM; i?2 +QKTH2tBiv 7�+iQ`b QmiHBM2/ T`2pBQmbHv- M�K2Hv, i?2 2t+2bbBp2 U+QK#BM�iQ@
`B�HHv 2tTHQbBp2V MmK#2` Q7 TQi2MiB�H bQHmiBQMb iQ �`+?Bi2+im`�H T`Q#H2Kb- i?2 +QK@
TH2t �M/ MQM@HBM2�` `2H�iBQMb #2ir22M Q#D2+ib �M/ i?2B` T`QT2`iB2b �M/ i?2 +QM~B+i@
BM; M�im`2 Q7 /2bB;M ;Q�Hb i?�i �`+?Bi2+im`�H /2bB;M 2Mi�BHbX h?mb- /2bB;M T`Q72b@
bBQM�Hb �`2 Q7i2M 7�+2/ rBi? i?2 `2�H i?`2�i i?�i i?2B` /2+BbBQMb K�v #2 #B�b2/ /m2
iQ i?2 M�im`�H HBKBi�iBQMb Q7 ?mK�M +Q;MBiBQM �+iBM; BM +QKTH2t 2MpB`QMK2MibX

.m2 iQ i?2 `2�bQMb ?B;?HB;?i2/ �#Qp2- � bvbi2K�iB+ �TT`Q�+? iQ /2bB;M bT�+2 2tTHQ@
`�iBQM Kmbi #2 mM/2`i�F2M- iQ K�tBKBx2 i?2 TQi2MiB�H 7Q` /Bb+Qp2`BM; QTiBK�H bQHm@
iBQMb iQ /2bB;M T`Q#H2KbX .m2 iQ i?2 M�im`2 Q7 bm+? T`Q#H2Kb i?�i 2Mi�BH KmHiBTH2
+QM~B+iBM; Q#D2+iBp2b- � bBM;H2 #2bi bQHmiBQM Bb ;2M2`�HHv MQi �ii�BM�#H2X LQM2i?2@
H2bb- #2bi@i`�/2Qz bQHmiBQMb �`2 /BbiBM;mBb?2/ �M/ ?B;?Hv /2bB`�#H2 7Q` bm+? KmHiB@
Q#D2+iBp2 /2bB;M T`Q#H2KbX h?2 }2H/ Q7 *QKTmi�iBQM�H AMi2HHB;2M+2- �M/ rBi?BM
i?�i BM T�`iB+mH�` 1pQHmiBQM�`v *QKTmi�iBQM@#�b2/ U1*V BMi2HHB;2Mi �TT`Q�+?2b-
Qz2` � Hm+`�iBp2 QTiBQM �b /2+BbBQM@bmTTQ`i iQQHb BM /2bB;M- �b i?2v �`2 �#H2 iQ
2{+B2MiHv �//`2bb i?2 �7Q`2K2MiBQM2/ T`QTQM2Mib Q7 /2bB;M +QKTH2tBivX 1* �T@
T`Q�+?2b �`2 �#H2 iQ M�pB;�i2 i?2 /2bB;M bT�+2 2{+B2MiHv �M/ bvbi2K�iB+�HHv- +QM@
bB/2`BM; KmHiBTH2 +QM~B+iBM; Q#D2+iBp2b �M/ ?�`/ +QMbi`�BMib- �M/ #2BM; �#H2 iQ /2�H
rBi? �`#Bi`�`v `2H�iBQMb #2ir22M /2bB;M /2+BbBQM p�`B�#H2b �M/ /2bB;M Q#D2+iBp2bX

AM iQ/�vǶb b2iiBM;- T`Q/m+ib Q7 �`+?Bi2+im`2 Kmbi H2�/ i?2 r�v iQ � bmbi�BM�#H2 �M/
2MpB`QMK2Mi�HHv 7`B2M/HB2` bQ+B2ivX �b bm+?- i?2 T2`7Q`K�M+2 Q7 #mBH/BM;b ?�b #2@
+QK2 i?2 K�BM /`BpBM; 7Q`+2 #2?BM/ i?2 /2bB;M T`Q+2bb- #2BM; `272``2/ iQ �b ǳT2`7Q`K�M+2@
/`Bp2M /2bB;MǴX h?Bb BMBiB�iBp2 2KT?�bBx2b i?2 [m�MiBi�iBp2 2p�Hm�iBQM Q7 � /2bB;MǶb
7mM+iBQM BM �++Q`/�M+2 rBi? 2bi�#HBb?2/ /2bB;M Q#D2+iBp2b- `2H�i2/ iQ �bT2+ib bm+?

tB



�b 2M2`;v T2`7Q`K�M+2- pBbm�H �M/ i?2`K�H +QK7Q`i- +Qbi �M/ 2MpB`QMK2Mi�H 7QQi@
T`BMi- 2i+X aBKmH�iBQM@#�b2/ iQQHb i?�i 2M�#H2 �++m`�i2 /2bB;M 2p�Hm�iBQM �`2 ;�BM@
BM; ;`QmM/ �M/ Qz2`BM; p�Hm�#H2 BMbB;?i BMiQ i?2 T2`7Q`K�M+2 Q7 #mBH/BM;bX LQM2i?2@
H2bb- K�FBM; /2+BbBQMb BM i?Bb KmHiB@Q#D2+iBp2 2MpB`QMK2Mi Bb MQi i`BpB�H- �M/- �b
biBTmH�i2/ �#Qp2- K�v #2 +?�HH2M;BM; iQ ?mK�M +Q;MBiBQMX h?mb- BM iQ/�vǶb b2iiBM;
r?2`2 i?2 [m�MiBi�iBp2 T2`7Q`K�M+2 Q7 #mBH/BM;b F22Tb ;�BMBM; ;`QmM/- i?2 `2b2�`+?
QM i?2 �TTHB+�iBQM Q7 1* BM �`+?Bi2+im`�H /2bB;M Bb ?B;? QM i?2 b+B2MiB}+ �;2M/�X

_2+Q;MBxBM; i?2 BKT�+i /2bB;M +QKTH2tBiv ?�b QM �`+?Bi2+im`�H /2bB;M �M/ i?2 TQ@
i2MiB�H i?�i 1*@#�b2/ �TT`Q�+?2b Qz2` BM �//`2bbBM; Bi- i?Bb i?2bBb T`QTQb2b � +QK@
T`2?2MbBp2 +QKTmi�iBQM�H BMi2HHB;2M+2 /2+BbBQM bmTTQ`i bvbi2K i?�i +QK#BM2b +QK@
TQM2Mib #�b2/ QM BMi2HHB;2M+2 rBi? QM2b #�b2/ QM +Q;MBiBQM- rBi? i?2 mHiBK�i2 �BK
Q7 2M�#HBM; /2+BbBQM@K�F2`b K�M�;2 /2bB;M +QKTH2tBiv �M/ BKT`Qp2 /2+BbBQM K�F@
BM;X AM T�`iB+mH�`- i?Bb i?2bBb �/QTib i?2 i?2Q`2iB+�H bi�M/TQBMi i?�i 2{+B2Mi M�pB@
;�iBQM Q7 �M mMFMQrM 2MpB`QMK2Mi �bbmK2b � 7mbBQM Q7 BMi2HHB;2M+2 �M/ +Q;MBiBQMX
AM i?Bb b2Mb2- �M/ ;Bp2M i?2 �H`2�/v rB/2bT`2�/ �/QTiBQM Q7 BMi2HHB;2Mi �TT`Q�+?2b
Ubm+? �b 1* K2MiBQM2/ �#Qp2V- i?2 K�BM +QMi`B#miBQM Q7 i?Bb i?2bBb Bb iQ 2M/Qr
i?2 BMi2HHB;2Mi �TT`Q�+? rBi? +Q;MBiBp2 7�+BHBiB2b- bQ �b iQ BKT`Qp2 Bib 2{+B2M+v iQ
i?2 TQBMi i?�i Bi Bb `2�/BHv �TTHB+�#H2 iQ i?2 2�`Hv bi�;2b Q7 i?2 �`+?Bi2+im`�H /2bB;M
T`Q+2bbX

6mbBQM Q7 BMi2HHB;2Mi rBi? +Q;MBiBp2 �TT`Q�+?2b- �b QmiHBM2/ BM i?2 �TT`Q�+? T`Q@
TQb2/ #v i?Bb i?2bBb- Qz2`b i?2 mMB[m2 �/p�Mi�;2 Q7 � /2+BbBQM bmTTQ`i �TT`Q�+?
i?�i Bb #Qi? TQr2`7mH- QrBM; iQ i?2 2ti2MbBp2 +�T�#BHBiB2b Q7 BMi2HHB;2Mi b2�`+? �H@
;Q`Bi?Kb- �M/ ~2tB#H2- QrBM; iQ i?2 2ti2MbBp2 FMQrH2/;2 KQ/2HBM; +�T�#BHBiB2b Q7
+Q;MBiBp2 �TT`Q�+?2bX �b bm+?- Bi Bb mMB[m2Hv bmBi2/ iQ i?2 2�`Hv +QM+2Tim�H /2bB;M
bi�;2 r?2`2 i?2 M22/ iQ 2tTHQ`2 H�`;2 /2bB;M bT�+2b- ~2tB#Hv `2/2}M2 i?2 /2bB;M
T`Q#H2K- �M/ b�iBb7v T`272`2M+2b i?�i �`2 MQi BM+Hm/2/ BM i?2 T`BK�`v /2bB;M ;Q�Hb-
�`2 �HH T�`�KQmMiX

h?mb- i?2 rQ`/ ǳ+QKT`2?2MbBp2Ǵ �b Bi �TT2�`b QM i?Bb i?2bBbǶ iBiH2 Q#i�BMb � irQ7QH/
K2�MBM;, PM QM2 ?�M/ +QKT`2?2MbBQM �b BM i?2 +QK#BM�iBQM Q7 +QKTmi�iBQM�H
BMi2HHB;2M+2 �M/ +Q;MBiBQM BM � bBM;H2 �TT`Q�+?c QM i?2 Qi?2` ?�M/- �b BM +QKT`2@
?2MbBQM Q7 i?2 2MpB`QMK2Mi- i?2 `2bmHi Q7 �M BMi2HHB;2Mi �M/ +Q;MBiBp2 �TT`Q�+? iQ
mM/2`bi�M/BM;X

6B`biHv- Bi b22Fb iQ �//`2bb i?2 2t+2bbBp2 +QKTmi�iBQM�H #m`/2M �bbQ+B�i2/ rBi? i?2
mb2 Q7 KQ/2`M ?B;?@}/2HBiv bBKmH�iBQM bQ7ir�`2 BM �`+?Bi2+im`2- iQ `2M/2` +QKTm@
i�iBQM�H QTiBKBx�iBQM KQ`2 �TT`Q�+?�#H2X h?2`2 Bb � +H2�` i`2M/ BM KQ/2`M /2bB;M
T`�+iB+2 iQ 2KTHQv �++m`�i2 bBKmH�iBQM@#�b2/ T2`7Q`K�M+2 �bb2bbK2Mi iQQHb 7`QK
i?2 p2`v 2�`Hv bi�;2b Q7 /2bB;MX h?2 mb2 Q7 bm+? iQQHb T`QpB/2b � p�Hm�#H2 �/p�M@
i�;2 iQ i?2 /2+BbBQM@K�F2`- BM 2M/QrBM; Q#D2+iBp2 �r�`2M2bb `2;�`/BM; i?2 T2`7Q`@
K�M+2 Q7 � /2bB;M bQHmiBQMX PM i?2 Qi?2` ?�M/- bm+? iQQHb �`2 �bbQ+B�i2/ rBi? �
?2�pv +QKTmi�iBQM�H #m`/2M- r?B+? K�v HBKBi i?2B` �TTHB+�iBQM iQ i?2 +QM+2Tim�H
/2bB;M bi�;2X h?2`2 2tBbi K2i?Q/b iQ �HH2pB�i2 i?2 +QKTmi�iBQM�H #m`/2M i?`Qm;?
i?2 mb2 Q7 +QKTmi�iBQM�H +Q;MBiBp2 K�+?BM2 H2�`MBM; iQQHb- �HbQ FMQrM �b bm``Q@
;�i2 KQ/2HBM;X >Qr2p2`- i`�BMBM; Q7 bm``Q;�i2 KQ/2Hb +�M #2 iBK2@+QMbmKBM; Bi@
b2H7- i?mb HBKBiBM; i?2 �TTHB+�iBQMX h?Bb i?2bBb T`QTQb2b � bm``Q;�i2 KQ/2H i?�i Bb
KQ/mH�` BM i?�i Bi +QMbB/2`b 2�+? bT�+2 Q7 i?2 #mBH/BM; BM [m2biBQM �b � b2T�`�i2
2MiBiv- 2M+Q/2/ i?`Qm;? ;2M2`B+ p�`B�#H2b- �M/ �b bm+? T`QKQi2b KQ/2H `2mb2 BM
/Bz2`2Mi /2bB;M +�b2bX

�`+?Bi2+im`�H .2bB;M S2`7Q`K�M+2 i?`Qm;? *QKTmi�iBQM�H AMi2HHB;2M+2 tBB



a2+QM/Hv- Bi b22Fb iQ �/p�M+2 i?2 bi�i2 Q7 i?2 �`i QM TQbi@S�`2iQ /2+BbBQM bmTTQ`i
#v T`QTQbBM; � +Q;MBiBp2 K�+?BM2@H2�`MBM; #�b2/ �TT`Q�+? i?�i 2M�#H2b i?2 /2+BbBQM@
K�F2` iQ +QK#BM2 M2�`@QTiBK�HBiv rBi? T`272`2M+2b `2;�`/BM; +QM+`2i2 72�im`2b
Q7 i?2 /2bB;M bQHmiBQMX SQbi@S�`2iQ /2+BbBQM K�FBM; Bb �M BKTQ`i�Mi bi2T Q7 i?2
/2+BbBQM@K�FBM; T`Q+2bb- i?�i b22Fb iQ B/2MiB7v � #2bi@i`�/2Qz bQHmiBQM �KQM; i?2
TQbbB#H2 QM2b i?�i #2bi K�i+?2b i?2 /2+BbBQM@K�F2`Ƕb T`272`2M+2b BM i2`Kb Q7 T2`@
7Q`K�M+2X am+? T`272`2M+2b �`2 i2`K2/ b2+QM/@Q`/2` #2+�mb2 i?2v 7QHHQr /2bB;M Q#@
D2+iBp2b BM i2`Kb Q7 BKTQ`i�M+2X LQM2i?2H2bb- Bi Bb Q7i2M BM �`+?Bi2+im`�H /2bB;M i?�i
T`272`2M+2b �`2 2tT`2bb2/ BM i2`Kb Q7 /2bB;M T`QT2`iB2b �M/ MQi T2`7Q`K�M+2X .m2
iQ i?2 MQM@HBM2�`Biv #2ir22M i?2 Q#D2+iBp2 7mM+iBQM bT�+2 �M/ i?2 /2+BbBQM p�`B�#H2
bT�+2 i?�i /B+i�i2b Q#D2+i T`QT2`iB2b- Bi Bb +?�HH2M;BM; iQ 2t2`+Bb2 /2+BbBQM K�FBM;
mbBM; b2+QM/@Q`/2` T`272`2M+2bX >2`2 i?2 +QMi`B#miBQM Q7 i?Bb i?2bBb Bb � K�+?BM2
+Q;MBiBp2 �TT`Q�+? i?�i H2�`Mb i?2 mM/2`HvBM; `2H�iBQMb?BTb #2ir22M Q#D2+i T`QT2`@
iB2b- /BbiBM;mBb?BM; i?Qb2 i?�i �`2 `2H2p�Mi r?2M i?2 Q#D2+i Bb QTiBK�H rBi? `2bT2+i
iQ /2bB;M Q#D2+iBp2bX AM Qi?2` rQ`/b- QMHv BKTQbBM; `2H�iBQMb i?�i �`2 `2H2p�Mi iQ
�+?B2p2 QTiBK�HBiv- Bi 2M�#H2b i?2 2tT`2bbBQM Q7 T`272`2M+2b #v i?2 /2+BbBQM@K�F2`
i?�i �`2 KBMBK�HHv +QMbi`�BM2/X

h?2 K�BM QmiTmi Q7 i?Bb i?2bBb Bb � +QKT`2?2MbBp2 /2+BbBQM bmTTQ`i 7`�K2rQ`Fc Bi
Bb � 7`�K2rQ`F- BM i?2 b2Mb2 i?�i Bi +QKT`Bb2b � b2i Q7 K2i?Q/b �M/ BKTH2K2Mi2/
iQQHb i?�i b22F iQ �m;K2Mi /2+BbBQM K�FBM; BM �`+?Bi2+im`�H /2bB;Mc Bi Bb i2`K2/
+QKT`2?2MbBp2 BM i?�i Bi 2KTHQvb +QKTmi�iBQM�H +Q;MBiBQM �M/ K�+?BM2 H2�`MBM;
iQ �m;K2Mi i?2 BMi2HHB;2Mi /2+BbBQM bmTTQ`i +�T�#BHBiB2b i?`Qm;?Qmi i?2 /2bB;M /2@
+BbBQM bmTTQ`i T`Q+2bbX Ai Bb �HbQ ;2M2`B+ �M/ �TTHB+�#H2 �b@Bb iQ � rB/2 bT2+i`mK
Q7 �`+?Bi2+im`�H /2bB;M T`Q#H2KbX AM i?2 +QMi2ti Q7 i?Bb i?2bBb- p�HB/�iBQM Q7 i?2
T`QTQb2/ �TT`Q�+? Bb T2`7Q`K2/ K�BMHv BM +�b2 bim/B2b `2H2p�Mi iQ 7�+�/2 /2bB;M-
`2+Q;MBxBM; i?Bb /2bB;M iQTB+ �b � +QKTH2tBiv@2t?B#BiBM; 2t2KTH�` BM �`+?Bi2+im`�H
/2bB;M T`�+iB+2X

*?�Ti2` tBBB





a�K2Mp�iiBM;

.2 B/2MiB}+�iB2 p�M QMir2`TQTHQbbBM;2M pQQ` 22M ;2#Qmr/2 QK;2pBM; /B2 pQQ`xB2i
BM /2 K2Mb2HBDF2 #2?Q27i2M QT �HH2 MBp2�mb- 2M K22` BM ?2i #BDxQM/2` BM /2 #2?Q27i2M
p�M /2 QT/`�+?i;2p2`b 2M /2 b�K2MH2pBM;- Bb /2 pQQ`M��Kbi2 i��F /B2 /QQ` ?2i
�`+?Bi2+iQMBb+? QMir2`T2M rQ`/i ��M;2T�FiX �`+?Bi2+iQMBb+? QMir2`T2M Bb 22M
mBibi2F2M/ pQQ`#22H/ p�M 22M QMir2`Ti��F /B2 rQ`/i ;2F2MK2`Fi /QQ` 22M ?Q;2
K�i2 p�M +QKTH2tBi2BiX PMir2`T+QKTH2tBi2Bi rQ`/i /QQ` QMir2`TT`Q72bbBQM�Hb BM
/2 /�;2HBDFb2 QMir2`TT`�FiBDF 2`p�`2M- K��` ?2i Bb 22M 72MQK22M /�i BM /2 i?2Q@
`B2 ;2rQ`i2H/ BbX �`+?Bi2+iQMBb+?2 QMir2`TT`Q#H2K2M #`2M;2M T2` /2}MBiB2 `2H�iB2b
imbb2M #2bHBbbBM;2M 2M /Q2Hbi2HHBM;2M K2i xB+? K22 /B2 �HH2b #2?�Hp2 i`�MbT�`�Mi
xBDMX PK /2 #2bHmBipQ`K2`b BM bi��i i2 bi2HH2M ?2i QMir2`T i2 bim`2M BM /2 `B+?i@
BM; p�M ?2i #2`2BF2M p�M /2 /Q2Hbi2HHBM;2M- rQ`/i 22M Ǵ;2bHQi2M@HmbǴ #2M�/2`BM;
iQ2;2T�bi r��`#BD p�`B�iB2b BM QMir2`TQTHQbbBM;2M rQ`/2M ;2;2M2`22`/ 2M ;2ďp�H@
m22`/ BM 22M Bi2`�iB27 T`Q+2bX .QQ` ?2i 2MQ`K2 ��Mi�H �Hi2`M�iB2p2 QTHQbbBM;2M pQQ`
T`Q#H2K2M p�M x2H7b K��` #2b+?2B/2M QKp�M; U�Hb ;2pQH; p�M +QK#BM�iQ`Bb+?2 2t@
THQbB2V- Bb ?2i bH2+?ib ?��H#��` QK 22M KBMmb+mmH /22H p�M /2 KQ;2HBDF2 QTHQbbBM@
;2M i2 Bi2`2`2MX .2 QMir2`TBMimśiB2 p�M /2 #BD ?2i QMir2`T #2i`QFF2M T`Q72bbBQM@
�Hb Bb 22M bi2`F2 /`BD7p22` �+?i2` ?2i #2T�H2M p�M /2 QMir2`T`B+?iBM;- r��`#BD �H@
i2`M�iB2p2M rQ`/2M p2`F2M/ �Hb QM/2`/22H p�M ?2i pQQ`HQTB;2 QMir2`TT`Q+2bX .Bi
Bb 22M #2M�/2`BM; /B2 �7?�MF2HBDF Bb p�M /2 K2Mb2HBDF2 +Q;MBiB2p2 p2`KQ;2Mb QK
/QQ` /2 QMir2`T`mBKi2 i2 M�pB;2`2M 2M TQi2MiB22H p22H#2HQp2M/2 QTHQbbBM;2M i2
B/2MiB}+2`2MX >Q2 /�M QQF- /2 +QKTH2tBi2Bi p�M �`+?Bi2+iQMBb+?2 QMir2`T2M bi2Hi
/2 K2Mb2HBDF2 +Q;MBiB2 p��F pQQ` ;`Qi2 mBi/�;BM;2MX >Q2r2H /2 K2Mb2HBDF2 +Q;MBiB2
7Q`KB/�#2H Bb BM ?��` p2`KQ;2M QK ~2tB#2H 2M 2{+BďMi /QQ` mBi/�;2M/2 QK;2pBM@
;2M i2 M�pB;2`2M- rQ`/i xBD ;2+QM7`QMi22`/ K2i KQ2BHBDF?2/2M #BD ?2i ��MT�FF2M
p�M /2 22`/2` ;2b+?2ibi2 +QKTH2tBi2Bib7�+iQ`2M- M�K2HBDFc ?2i #mBi2MbTQ`B;2 U+QK@
#BM�iQ`Bb+? 2tTHQbB2p2V ��Mi�H TQi2MiBďH2 QTHQbbBM;2M pQQ` �`+?Bi2+iQMBb+?2 T`Q#@
H2K2M- /2 +QKTH2t2 2M MB2i@HBM2�B`2 `2H�iB2b imbb2M Q#D2+i2M 2M ?mM 2B;2Mb+?�TT2M
2M /2 +QM~B+i2`2M/2 ��`/ p�M QMir2`T/Q2H2M /B2 �`+?Bi2+iQMBb+? QMir2`T K2i xB+?
K22#`2M;iX "2`Q2Tb#2Q272M�`2M BM /2 QMir2`Tb2+iQ` rQ`/2M /mb p��F ;2+QM7`QM@
i22`/ K2i /2 `2ďH2 /`2B;BM; /�i ?mM #2bHBbbBM;2M rQ`/2M p2`i2F2M/ �Hb ;2pQH; p�M
/2 M�imm`HBDF2 #2T2`FBM;2M p�M /2 K2Mb2HBDF2 +Q;MBiB2 BM +QKTH2t2 QK;2pBM;2MX

PK #Qp2M;2MQ2K/2 `2/2M2M KQ2i /2 QMir2`T`mBKi2 bvbi2K�iBb+? rQ`/2M p2`F@
2M/- xQ/�i QTiBK�H2 QTHQbbBM;2M pQQ` QMir2`TT`Q#H2K2M FmMM2M rQ`/2M ;2pQM/2MX
.QQ` /2 ��`/ p�M /2`;2HBDF2 T`Q#H2K2M- /B2 K22`/2`2 +QM~B+i2`2M/2 /Q2Hbi2HHBM;2M
K2i xB+? K22#`2M;2M- Bb ûûM 2MF2H2 #2bi2 QTHQbbBM; Qp2` ?2i �H;2K22M MB2i ?��H@
#��`X LB2ii2KBM xBDM #2bi@i`�/2@Qz QTHQbbBM;2M pQQ` /2`;2HBDF2 KmHiB@Q#D2+iBp2 QM@
ir2`TT`Q#H2K2M QM/2`b+?2B/2M/ 2M x22` r2Mb2HBDFX >2i ;2#B2/ p�M /2 +QKTmi�@
iBQM2H2 BMi2HHB;2MiB2- 2M /��`#BMM2M BM ?2i #BDxQM/2` /2 QT 1pQHmiBQM�`v *QKTm@
i�iBQM ;2#�b22`/2 U1*V BMi2HHB;2Mi2 #2M�/2`BM;2M- #B2/2M 22M Hm+`�iB2p2 QTiB2 �Hb
#2bHBbbBM;bQM/2`bi2mM2M/2 ?mHTKB//2H2M #BD ?2i QMir2`T2M- QK/�i xBD BM bi��i xBDM
/2 #Qp2M;2MQ2K/2 pQQ`bi�M/2`b p�M QMir2`T+QKTH2tBi2Bi 2{+BďMi ��M i2 T�FF2MX
1*@#2M�/2`BM;2M xBDM BM bi��i QK 2{+BďMi 2M bvbi2K�iBb+? /QQ` /2 QMir2`T`mBKi2

tp



i2 M�pB;2`2M- `2F2MBM; ?Qm/2M/ K2i K22`/2`2 +QM~B+i2`2M/2 /Q2Hbi2HHBM;2M 2M ?�`/2
#2T2`FBM;2M- 2M FmMM2M QK;��M K2i �`#Bi`�B`2 `2H�iB2b imbb2M QMir2`T#2bHBbbBM;bp�`B@
�#2H2M 2M QMir2`T/Q2Hbi2HHBM;2MX

AM /2 ?mB/B;2 QK;2pBM; KQ2i2M �`+?Bi2+imm`T`Q/m+i2M /2 r2; rBDx2M M��` 22M
/mm`x�K2 2M KBHB2mp`B2M/2HBDF2` b�K2MH2pBM;X �Hb xQ/�MB; xBDM /2 T`2bi�iB2b p�M
;2#Qmr2M /2 #2H�M;`BDFbi2 /`BDp2M/2 F`�+?i �+?i2` ?2i QMir2`TT`Q+2b ;2rQ`/2M-
r�i rQ`/i ��M;2/mB/ �Hb ǳT`2bi�iB2;2`B+?i QMir2`T2MǴX .Bi BMBiB�iB27 H2;i /2 M�/`mF
QT /2 Fr�MiBi�iB2p2 2p�Hm�iB2 p�M /2 7mM+iB2 p�M 22M QMir2`T BM Qp2`22Mbi2KKBM;
K2i p�bi;2bi2H/2 QMir2`T/Q2Hbi2HHBM;2M- ;2`2H�i22`/ ��M �bT2+i2M xQ�Hb 2M2`;B2T`2bi�iB2-
pBbm22H 2M i?2`KBb+? +QK7Q`i- FQbi2M 2M 2+QHQ;Bb+?2 pQ2i�7/`mF- 2MxX PT bBKm@
H�iB2 ;2#�b22`/2 ?mHTKB//2H2M /B2 22M M�mrF2m`B;2 2p�Hm�iB2 p�M ?2i QMir2`T KQ@
;2HBDF K�F2M- rBMM2M i2``2BM 2M #B2/2M 22M r��`/2pQH BMxB+?i BM /2 T`2bi�iB2b p�M
;2#Qmr2MX hQ+? Bb ?2i M2K2M p�M #2bHBbbBM;2M BM /2x2 KmHiB@Q#D2+iB2p2 QK;2p@
BM; MB2i i`BpB��H 2M- xQ�Hb ?B2`#Qp2M ;2bi2H/- F�M /Bi 22M mBi/�;BM; xBDM pQQ` /2
K2Mb2HBDF2 +Q;MBiB2X AM /2 ?mB/B;2 +QMi2ti- r��`BM /2 Fr�MiBi�iB2p2 T`2bi�iB2b p�M
;2#Qmr2M bi22/b K22` i2``2BM rBMM2M- bi��i ?2i QM/2`xQ2F M��` /2 iQ2T�bbBM; p�M
1* BM �`+?Bi2+iQMBb+? QMir2`T /�M QQF ?QQ; QT /2 r2i2Mb+?�TT2HBDF2 �;2M/�X

PMir2`T+QKTH2tBi2Bi ?227i 22M ;`QQi BKT�+i QT ?2i �`+?Bi2+iQMBb+? QMir2`TX 1*@
;2#�b22`/2 #2M�/2`BM;2M #B2/2M 22M TQi2MiBďH2 QTHQbbBM; ?B2`pQQ`X .2x2 b+`BTiB2
bi2Hi /��`QK 22M �HQKp�ii2M/ +QKTmi�iBQM�H BMi2HHB;2M+2 /2+BbBQM bmTTQ`i bvbi22K
pQQ` /�i QM/2`/2H2M +QK#BM22`i /B2 ;2#�b22`/ xBDM QT BMi2HHB;2MiB2 2M +Q;MBiB2- K2i
?2i mBi2BM/2HBDF2 /Q2H QK #2bHmBipQ`K2`b 2M QMir2`TT`Q72bbBQM�Hb BM bi��i i2 bi2HH2M
QMir2`T+QKTH2tBi2Bi i2 #2?22`b2M 2M #2bHmBipQ`KBM; i2 p2`#2i2`2MX AM ?2i #BDxQM@
/2` ;��i /2x2 /Bbb2`i�iB2 mBi p�M ?2i i?2Q`2iBb+?2 bi�M/TmMi /�i 2{+BďMi2 M�pB;�iB2
BM 22M QM#2F2M/2 QK;2pBM; 22M b�K2MbK2HiBM; p�M BMi2HHB;2MiB2 2M +Q;MBiB2 p2`QM@
/2`bi2HiX AM /2x2 xBM- 2M ;2xB2M /2 `22/b rBD/p2`#`2B/2 iQ2T�bbBM; p�M BMi2HHB;2Mi2
#2M�/2`BM;2M UxQ�Hb 1* ?B2`#Qp2M p2`K2H/V- Bb /2 #2H�M;`BDFbi2 #BD/`�;2 p�M /2x2
/Bbb2`i�iB2 /2 BMi2HHB;2Mi2 #2M�/2`BM; i2 #2;B7iB;2M K2i +Q;MBiB2p2 7�+BHBi2Bi2M- QK
xQ /2 2{+BďMiB2 2`p�M i2 p2`#2i2`2M iQi ?2i TmMi /�i ?2i ;2K�FF2HBDF iQ2T�b#��` Bb
BM /2 p`Q2;2 bi�/B� p�M ?2i �`+?Bi2+iQMBb+?2 QMir2`TT`Q+2bX

.2 7mbB2 p�M BMi2HHB;2Mi2 K2i +Q;MBiB2p2 #2M�/2`BM;2M- xQ�Hb ;2b+?2ibi BM /2 ��M@
T�F /B2 BM /Bi T`Q27b+?`B7i rQ`/i pQQ`;2bi2H/- #B2/i ?2i mMB2F2 pQQ`/22H p�M 22M
#2bHBbbBM;bQM/2`bi2mM2M/2 ��MT�F /B2 xQr2H F`�+?iB; Bb- p�Mr2;2 /2 mBi;2#`2B/2
KQ;2HBDF?2/2M p�M BMi2HHB;2Mi2 xQ2F�H;Q`BiK2M- �Hb ~2tB#2H- p�Mr2;2 /2 mBi;2#`2B/2
F2MMBbKQ/2HH2`BM;bKQ;2HBDF?2/2M p�M +Q;MBiB2p2 #2M�/2`BM;2MX �Hb xQ/�MB; Bb ?2i
#BD mBibi2F ;2b+?BFi pQQ` /2 p`Q2;2 +QM+2Tim2H2 QMir2`T7�b2 r��`BM /2 #2?Q27i2 QK
;`Qi2 QMir2`T`mBKi2M i2 p2`F2MM2M- ~2tB#2H ?2i QMir2`TT`Q#H22K i2 ?2`/2}MBď`2M-
2M i2 pQH/Q2M ��M pQQ`F2m`2M /B2 MB2i xBDM QT;2MQK2M BM /2 T`BK�B`2 QMir2`T/Q2H@
bi2HHBM;2M- �HH2K��H p�M ?2i ;`QQibi2 #2H�M; xBDMX

>2i rQQ`/ ǳ#2;`BTǴ xQ�Hb ?2i BM /2 iBi2H p�M /2x2 /Bbb2`i�iB2 pQQ`FQKi- F`BD;i /mb
22M ir22H2/B;2 #2i2F2MBb, 1M2`xBD/b #2;`BT �Hb BM /2 +QK#BM�iB2 p�M +QKTmi�iBQM2H2
BMi2HHB;2MiB2 2M +Q;MBiB2 BM 22M 2MF2H2 #2M�/2`BM;c �M/2`xBD/b �Hb BM #2;`BT p�M /2
QK;2pBM;- ?2i `2bmHi��i p�M 22M BMi2HHB;2Mi2 2M +Q;MBiB2p2 #2M�/2`BM; p�M #2;`BTX

AM /2 22`bi2 TH��ib rQ`/i ;2i`�+?i B2ib i2 /Q2M ��M /2 #mBi2MbTQ`B;2 +QKTmi2`/`mF
/B2 ?2i ;2#`mBF p�M KQ/2`M2 ?B;?@}/2HBiv bBKmH�iB2bQ7ir�`2 BM /2 �`+?Bi2+imm` K2i
xB+? K22#`2M;i- QK xQ +QKTmi�iBQM2H2 QTiBK�HBb�iB2 iQ2;�MF2HBDF2` i2 K�F2MX AM /2

�`+?Bi2+im`�H .2bB;M S2`7Q`K�M+2 i?`Qm;? *QKTmi�iBQM�H AMi2HHB;2M+2 tpB



KQ/2`M2 QMir2`TT`�FiBDF Bb 2` 22M /mB/2HBDF2 i2M/2Mb QK p�M�7 /2 �HH2`22`bi2 QM@
ir2`Tbi�/B� ;2#`mBF i2 K�F2M p�M M�mrF2m`B;2- QT bBKmH�iB2 ;2#�b22`/2 ?mHTKB/@
/2H2M pQQ` /2 #2QQ`/2HBM; p�M /2 T`2bi�iB2bX >2i ;2#`mBF p�M /2`;2HBDF2 ?mHTKB/@
/2H2M Bb 22M r��`/2pQH pQQ`/22H pQQ` /2 #2bHmBipQ`K2`- QK/�i ?2i Q#D2+iB27 BMxB+?i
p2`b+?�7i BM /2 T`2bi�iB2b p�M 22M QMir2`TQTHQbbBM;X �M/2`xBD/b ;��M /2`;2HBDF2
BMbi`mK2Mi2M ;2T��`/ K2i 22M xr�`2 `2F2MH�bi- r��`/QQ` ?mM iQ2T�bbBM; iQi /2
+QM+2Tim2H2 QMir2`T7�b2 F�M rQ`/2M #2T2`FiX 1` #2bi��M K2i?Q/2M QK /2 +QK@
Tmi�iBQM2H2 #2H�biBM; i2 p2`HB+?i2M /QQ` ;2#`mBF i2 K�F2M p�M +QKTmi�iBQM2H2 +Q;@
MBiB2p2 K�+?BM2@H22`KB//2H2M- QQF #2F2M/ �Hb bm``Q;��iKQ/2HH2MX >2i i`�BM2M p�M
bm``Q;��iKQ/2HH2M F�M 2+?i2` x2H7 iBD/`Qp2M/ xBDM- r��`/QQ` /2 iQ2T�bbBM; #2T2`Fi
rQ`/iX .2x2 /Bbb2`i�iB2 bi2Hi 22M bm``Q;��iKQ/2H pQQ` /�i KQ/mH�B` Bb BM /B2 xBM
/�i ?2i 2HF2 `mBKi2 p�M ?2i ;2#Qmr BM Fr2biB2 �Hb 22M �T�`i2 2MiBi2Bi #2b+?Qmri-
;2+Q/22`/ /QQ` ;2M2`B2F2 p�`B�#2H2M- 2M �Hb xQ/�MB; ?2i ?2`;2#`mBF p�M ?2i KQ/2H
BM p2`b+?BHH2M/2 QMir2`T;2p�HH2M #2pQ`/2`iX

h2M ir22/2 rQ`/i ;2i`�+?i /2 bi�M/ p�M /2 i2+?MB2F QT ?2i ;2#B2/ p�M TQbi@S�`2iQ@
#2bHBbbBM;bQM/2`bi2mMBM; i2 p2`#2i2`2M /QQ` 22M +Q;MBiB2p2- QT K�+?BM��H H2`2M
;2#�b22`/2 ��MT�F pQQ` i2 bi2HH2M /B2 #2bHmBipQ`K2`b BM bi��i bi2Hi #BDM�@QTiBK�HBi2Bi
i2 +QK#BM2`2M K2i pQQ`F2m`2M K2i #2i`2FFBM; iQi +QM+`2i2 F2MK2`F2M p�M /2 QM@
ir2`TQTHQbbBM;X SQbi@S�`2iQ#2bHmBipQ`KBM; Bb 22M #2H�M;`BDF2 bi�T BM ?2i #2bHmBipQ`K@
BM;bT`Q+2b- r��`#BD rQ`/i ;2i`�+?i mBi /2 KQ;2HBDF2 QTHQbbBM;2M 22M #2bi@i`�/2Qz@
QTHQbbBM; i2 pBM/2M /B2 [m� T`2bi�iB2b ?2i #2bi ��M /2 pQQ`F2m`2M p�M /2 #2bHmBipQ`K@
2`b pQH/Q2iX .2`;2HBDF2 pQQ`F2m`2M rQ`/2M ir22/2@Q`/2pQQ`F2m`2M ;2MQ2K/- QK/�i
xBD BM i2`K2M p�M #2H�M;`BDF?2B/ QT /2 QMir2`T/Q2Hbi2HHBM;2M pQH;2MX LB2ii2KBM
Bb ?2i p��F BM �`+?Bi2+iQMBb+? QMir2`T /�i pQQ`F2m`2M rQ`/2M mBi;2/`mFi BM i2`@
K2M p�M QMir2`T2B;2Mb+?�TT2M 2M MB2i p�M T`2bi�iB2bX o�Mr2;2 /2 MB2i@HBM2�`Bi2Bi
imbb2M /2 `mBKi2 p�M /2 Q#D2+iB27mM+iB2 2M /2 `mBKi2 p�M /2 #2bHBbbBM;bp�`B�#2H2 /B2
/2 Q#D2+i2B;2Mb+?�TT2M /B+i22`i- Bb ?2i 22M mBi/�;BM; QK #2bHmBipQ`KBM; mBi i2 Q2@
72M2M K2i #2?mHT p�M ir22/2@Q`/2pQQ`F2m`2MX .2 #BD/`�;2 p�M /Bi T`Q27b+?`B7i Bb
22M K�+?BM2 +Q;MBiB2p2 #2M�/2`BM; /B2 /2 QM/2`HB;;2M/2 `2H�iB2b imbb2M Q#D2+i2B;2M@
b+?�TT2M H22`i- 2M /��`#BD QM/2`b+?2B/ K��Fi imbb2M /B2 `2H�iB2b /B2 `2H2p�Mi xBDM
r�MM22` ?2i Q#D2+i QTiBK��H Bb K2i #2i`2FFBM; iQi /2 QMir2`T/Q2Hbi2HHBM;2MX J2i
�M/2`2 rQQ`/2M- /QQ` �HH22M /B2 `2H�iB2b QT i2 H2;;2M /B2 `2H2p�Mi xBDM QK QTiB@
K�HBi2Bi i2 #2`2BF2M- K��Fi ?2i /2 2tT`2bbB2 p�M pQQ`F2m`2M /QQ` /2 #2bHBbb2` KQ@
;2HBDF /B2 KBMBK��H #2T2`Fi xBDMX

>2i #2H�M;`BDFbi2 `2bmHi��i p�M /Bi T`Q27b+?`B7i Bb 22M mBi;2#`2B/ #2bHBbbBM;bQM/2`@
bi2mM2M/ `��Kr2`Fc ?2i Bb 22M `��Kr2`F- BM /2 xBM /�i ?2i 22M `22Fb K2i?Q/2M
2M ;2śKTH2K2Mi22`/2 ?mHTKB//2H2M QKp�i /B2 i`�+?i2M /2 #2bHmBipQ`KBM; BM �`+?B@
i2+iQMBb+? QMir2`T i2 p2`;`Qi2Mc ?2i rQ`/i mBi;2#`2B/ ;2MQ2K/ QK/�i ?2i +QK@
Tmi�iBQM2H2 +Q;MBiB2 2M K�+?BM��H H2`2M ;2#`mBFi QK /2 BMi2HHB;2Mi2 #2bHBbbBM;bQM@
/2`bi2mM2M/2 +�T�+Bi2Bi2M i2 p2`;`Qi2M ;2/m`2M/2 ?2i ;2?2H2 #2bHBbbBM;bQM/2`bi2@
mM2M/2 T`Q+2b p�M ?2i QMir2`TX >2i Bb QQF ;2M2`B2F 2M iQ2T�b#��` �Hb xQ/�MB; QT
22M #`22/ bT2+i`mK p�M �`+?Bi2+iQMBb+?2 QMir2`TT`Q#H2K2MX AM ?2i F�/2` p�M /Bi
T`Q27b+?`B7i rQ`/i /2 p�HB/�iB2 p�M /2 pQQ`;2bi2H/2 ��MT�F pQQ`M�K2HBDF mBi;2pQ@
2`/ BM +�b2bim/B2b /B2 `2H2p�Mi xBDM pQQ` ?2i QMir2`T2M p�M ;2p2Hb- r��`#BD /Bi QM@
ir2`TQM/2`r2`T rQ`/i ;2xB2M �Hb 22M +QKTH2tBi2Bi@2tT2`BK2Mi22H pQQ`#22H/ BM /2
�`+?Bi2+iQMBb+?2 QMir2`TT`�FiBDFX

*?�Ti2` tpBB





R AMi`Q/m+iBQM

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
Ȝ RXR "�+F;`QmM/

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
�`+?Bi2+im`2 ?�b #22M HQM; �++H�BK2/ �b � T�`�/B;K Q7 +mHim`�H 2Mi2`T`Bb2- #2BM;

mMB[m2Hv bBim�i2/ BM i?2 BMi2`b2+iBQM Q7 �`i �M/ b+B2M+2X AM/22/- T`Q/m+ib Q7 �`+?B@
i2+im`2 M22/ iQ +�i2` iQ � rB/2 `�M;2 Q7 /Bp2`b2 `2[mB`2K2Mib, PM i?2 QM2 ?�M/-
i?2`2 �`2 ǳ?�`/Ǵ `2[mB`2K2Mib i?�i bmTTQ`i 7mM+iBQM�HBiv- 72�bB#BHBiv- 2{+B2M+v- �M/
b�72iv- �bT2+ib i?�i �`2 7mM/�K2Mi�H iQ � bmbi�BM�#H2 bQ+B2ivX PM i?2 Qi?2` ?�M/-
i?2`2 �`2 ǳbQ7iǴ `2[mB`2K2Mib i?�i T2`i�BM iQ 2tT2`B2MiB�H �bT2+ib Q7 i?2 #mBHi 2MpB@
`QMK2Mi- bm+? �b T2`+2TiBQM Q` �2bi?2iB+bX �i i?2 b�K2 iBK2- Bi Bb 7�B` iQ b�v i?�i
i?2 /2+BbBQMb K�/2 �b T�`i Q7 i?2 /2bB;M T`Q+2bb Q7 � #mBH/BM; �`2 `2bTQMbB#H2 7Q`
b?�TBM; i?2 #mBHi 2MpB`QMK2Mi r2 HBp2 BM- �M/ i?2`27Q`2 ?�p2 � T`Q7QmM/ �M/ 7�`@
`2�+?BM; BM~m2M+2 QM Qm` HBp2bX h?2`27Q`2- Bi Bb +2`i�BMHv i?2 +�b2 i?�i i?2 /2+BbBQMb
K�/2 /m`BM; i?2 �`+?Bi2+im`�H /2bB;M T`Q+2bb �`2 K�`F2/Hv BKTQ`i�Mi �M/ i?2`27Q`2
M22/ iQ #2 7QmM/2/ QM +QM+`2i2 �bbmKTiBQMb �M/ 2t2`+Bb2/ BM �M BM7Q`K2/ K�MM2`X

:Bp2M i?2 +QKTH2t M�im`2 Q7 �`+?Bi2+im`�H /2bB;M- �b r2HH �b i?2 BKTQ`i�M+2 �bbQ@
+B�i2/ rBi? i?2 Qp2`�HH [m�HBiv Q7 Bib T`Q/m+ib- � +QMbB/2`�#H2 2zQ`i ?�b #22M K�/2
mT iQ i?Bb TQBMi 7`QK i?2 b+B2MiB}+ +QKKmMBiv iQ `2b2�`+? �M/ /2p2HQT �TT`QT`B�i2
bvbi2Kb i?�i �`2 �#H2 iQ bmTTQ`i /2+BbBQM K�FBM;X PM2 Q7 i?2 KQbi `2+2Mi /2p2HQT@
K2Mib BM i?Bb /B`2+iBQM Bb /2+BbBQM bmTTQ`i bvbi2Kb #�b2/ QM *QKTmi�iBQM�H AMi2H@
HB;2M+2 U*AV- r?2`2#v M�im`2@BMbTB`2/ /2bB;M QTiBKBx�iBQM Bb � F2v `2T`2b2Mi�iBp2X
h?2 `2b2�`+? +�``B2/ Qmi BM i?Bb i?2bBb }M/b Bib TH�+2 �b T�`i Q7 i?Bb 2zQ`i �M/ �BKb
iQ +QKTH2K2Mi Bi- T`QTQbBM; �/p�M+2b i?�i K�v 7m`i?2` i?2 mb27mHM2bb Q7 KQ/2`M
*A /2+BbBQM bmTTQ`i bvbi2KbX

Ȝ RXRXR .2bB;M *QKTH2tBiv
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

q?v Bb /2bB;M +QKTH2t\ hQ #2;BM mM/2`bi�M/BM; /2bB;M +QKTH2tBiv- QM2 b?QmH/
#2;BM mM/2`bi�M/BM; +QKTH2tBiv Bib2H7 �b � T?2MQK2MQMX *QKTH2tBiv Bb � T?2@
MQK2MQM i?�i Bb ?�`/ iQ /2b+`B#2 �M/ 7Q`K�HBx2- v2i Bi Bb bQK2i?BM; i?�i Bb 2M+QmM@
i2`2/ +QKKQMHv 2p2`v /�vX PM 2p2`v b+�H2 7`QK KB+`Q@ iQ K�+`Qb+QTB+- i?2 rQ`H/
Bb 7mHH Q7 2t�KTH2b Q7 +QKTH2t #2?�pBQ`X *QM+2`MBM; �`iB}+B�H bvbi2Kb- BM T�`iB+m@
H�`- +BiB2b- B7 b22M BM p2`iB+�H BMi2;`�iBQM- �`2 +QMbB/2`2/ QM2 Q7 i?2 KQbi +QKTH2t
?mK�M@K�/2 �``�M;2K2Mib BM 2tBbi2M+2X JQ`2 `2+2MiHv- bQ+B�H M2irQ`Fb ?�p2 #22M
7QmM/ iQ /BbTH�v MQp2H T`QT2`iB2b Q7 2K2`;2Mi +QKTH2tBiv �M/ i?2B` bim/v ;Bp2b
#B`i? iQ MQp2H K2i?Q/QHQ;B2b 7Q` i?2 bim/v Q7 +QKTH2tBiv U"miib kyyRVX Pi?2` 2t@
�KTH2b Q7 +QKTH2tBiv �`2 �#mM/�Mi �M/ K�v #2 7QmM/ BM i?2 bim/v Q7 M�im`2- bQ+B@
2iv- K�i2`B�Hb- 2i+X

A/2MiB7vBM; � /2}MBiBQM 7Q` +QKTH2tBiv �b � T?2MQK2MQM Bb � +?�HH2M;BM; [m2b@
iBQM i?�i ?�b Q++mTB2/ i?2 b+B2MiB}+ +QKKmMBiv 7Q` � HQM; iBK2- 2bT2+B�HHv bBM+2

R



+QKTH2tBiv Bb � m#B[mBiQmb T?2MQK2MQMX h?2 7QHHQrBM; 2t+2`Ti 7`QK U"2+?i2H �M/
_B+?�`/bQM kyRyV Qz2`b �M 2MHB;?i2MBM; BMi`Q/m+iBQM iQ i?2 iQTB+ Q7 +QKTH2tBiv
�M/ � bQmM/ /2}MBiBQM,

(XXX) J�Mv K�+?BM2b �`2 bBKTH2- +QMbBbiBM; QMHv Q7 � ?�M/7mH Q7 T�`ib
i?�i BMi2`�+i KBMBK�HHv Q` BM � HBM2�` r�vX AM i?2b2 K�+?BM2b r2 +�M
i`�+2 �M/ /2b+`B#2 i?2 2p2Mib Q++m``BM; bi`�B;?i7Q`r�`/HvX (XXX) aQK2
K�+?BM2b- ?Qr2p2`- �`2 Km+? KQ`2 +QKTH2t, QM2 +QKTQM2Mi K�v �7@
72+i �M/ #2 �z2+i2/ #v b2p2`�H Qi?2`b- rBi? � +�b+�/BM; 2z2+ic Q` i?2`2
K�v #2 bB;MB}+�Mi 722/#�+F 7`QK ǳH�i2`Ǵ iQ ǳ2�`HB2`Ǵ bi�;2bX AM i?2 H�i@
i2` +�b2- r?�i Bb 7mM+iBQM�HHv /2T2M/2Mi #2+QK2b mM+H2�`X AMi2`�+iBQM
�KQM; +QKTQM2Mib #2+QK2b +`BiB+�HX J2+?�MBbKb Q7 i?Bb H�ii2` FBM/ �`2
+QKTH2t bvbi2KbX

�b 2pB/2Mi 7`QK i?2 /2}MBiBQM �#Qp2- i?2 M�im`2 Q7 `2H�iBQMb?BTb #2ir22M T�`ib
BM � bvbi2K Bb K�BMHv `2bTQMbB#H2 7Q` i?2 T?2MQK2MQM Q7 2K2`;2Mi +QKTH2tBivX AM
�//BiBQM- i?2 /2}MBiBQM Qz2`2/ #v aBKQM UaBKQM RNekV TH�+2b BKTQ`i�M+2 QM `2H�@
iBQMb?BTb #2ir22M bvbi2K +QKTQM2Mib,

(� +QKTH2t bvbi2K Bb) � bvbi2K i?�i +�M #2 �M�Hvx2/ BMiQ K�Mv +QK@
TQM2Mib ?�pBM; `2H�iBp2Hv K�Mv `2H�iBQMb �KQM; i?2K- bQ i?�i i?2 #2@
?�pBQ` Q7 2�+? +QKTQM2Mi +�M /2T2M/ QM i?2 #2?�pBQ` Q7 K�Mv Qi?2`bX

AM � bvbi2K i?�i +QMbBbib Q7 b2p2`�H /2Mb2Hv BMi2`+QMM2+i2/ T�`ib- HQ+�H 2z2+ib ?�p2
i?2 TQi2MiB�H iQ �z2+i i?2 ;HQ#�H bi�i2 Q7 i?2 bvbi2K- �M/- BM im`M- HQ+�H bi�i2b �`2
�z2+i2/ #v ;HQ#�H ~m+im�iBQMbX

.2bB;M T`Q#H2Kb bm+? �b i?2 QM2b 2M+QmMi2`2/ BM `2�H@rQ`H/ �`+?Bi2+im`2 T`�+iB+2
BMpQHp2 K�FBM; MmK2`Qmb /2bB;M /2+BbBQMb- 2�+? Q7 r?B+? Bb `2[mB`2/ iQ T`Q/m+2
i?2 }M�H QmiTmi- �M/ �HbQ �z2+ib i?2 b�iBb7�+iBQM Q7 /2bB;M +`Bi2`B� �M/ /2bB;M +QM@
bi`�BMib BM r�vb i?�i �`2 /B{+mHi iQ �MiB+BT�i2X AM � /2bB;M +QMi2ti- +QKTH2tBiv Bb
2pB/2Mi BM i?2 /2Mb2 �M/ MQM@HBM2�` +�mb�H `2H�iBQMb?BTb #2ir22M /2bB;M /2+BbBQMb-
/2bB;M ;Q�Hb- �M/ /2bB;M +QMbi`�BMibX AM �//BiBQM- �MQi?2` +?�`�+i2`BbiB+ Q7 i?2 /2@
bB;M T`Q+2bb Bb i?�i i?2 2z2+ib Q7 /2+BbBQMb i�F2M BM i?2 2�`Hv +QM+2Tim�H /2bB;M
bi�;2b K�v QMHv #2 B/2MiB}�#H2 Km+? H�i2` BM i?2 T`Q+2bb- Q7i2M r?2M i?2 T`QD2+i
2Mi2`b i?2 /2i�BH2/ /2bB;M bi�;2X h?Bb BKTQ`i�Mi +?�`�+i2`BbiB+ K�M/�i2b � T`Q@
+2bb i?�i Bb BTbQ 7�+iQ MQi HBM2�`- #mi `�i?2` 2Mi�BHb QM2 Q` KQ`2 722/#�+F HQQTb-
�M/ Bb Q7i2M `2[mB`2/ iQ #�+Fi`�+F �M/ �K2M/ /2+BbBQMb i�F2M /m`BM; 2�`Hv /2bB;M
bi�;2bX h?Bb Bb � T`BK2 2t�KTH2 Q7 � +QKTH2t bvbi2K rBi? /2H�v2/ 722/#�+F- �M/
i?2 K�BM `2�bQM i?�i H2/ iQ i?2 2K2`;2M+2 Q7 T2`7Q`K�M+2@Q`B2Mi2/ /2bB;M T`�+@
iB+2b- r?2`2 +QM+`2i2- [m�MiBi�iBp2 722/#�+F QM /2bB;M ;Q�Hb Bb bQm;?i iQ #2 BMi2@
;`�i2/ �b 2�`Hv �b TQbbB#H2 BM i?2 /2bB;M T`Q+2bb- i?`Qm;? i?2 mb2 Q7 �/p�M+2/ KQ/@
2HBM; i2+?MB[m2b- `2M/2`BM; i?2 /2bB;M BMiQ � +HQb2/@HQQT bvbi2KX

h?2 �#bi`�+iBQM Q7 +QKTH2tBiv i?�i Q++m`b �b T�`i Q7 i?2 �`+?Bi2+im`�H /2bB;M T`Q@
+2bb Bb #2M2}+B�H #2+�mb2 Bi �HHQrb QM2 iQ bim/v +QKTH2tBiv BM /2bB;M rBi?Qmi +QM@
bB/2`�iBQM Q7 i?2 bT2+B}+b Q7 2�+? /2bB;M +�b2X h?Bb BM im`M H2�/b iQ �MQi?2` #2M2@
}i- M�K2Hv i?2 �#BHBiv iQ �TTHv iQQHb- K2i?Q/b- �M/ i2+?MB[m2b /2p2HQT2/ �b T�`i
Q7 Qi?2` `2b2�`+? /Bb+BTHBM2b i?�i /2�H rBi? +QKTH2t T`Q#H2Kb- iQ i�+FHBM; +QKTH2t@
Biv BM �`+?Bi2+im`�H /2bB;M- bm+? �b i?2 `2T`2b2Mi�iBp2 2t�KTH2 Q7 JmHiB@P#D2+iBp2
1pQHmiBQM�`v �H;Q`Bi?Kb UJP1�bVX

�`+?Bi2+im`�H .2bB;M S2`7Q`K�M+2 i?`Qm;? *QKTmi�iBQM�H AMi2HHB;2M+2 k



6A:l_1 RXR GQM/QM �[m�iB+b *2Mi2`- �`+?Bi2+i, w�?� >�/B/X G�`;2@b+�H2 +QK@
TH2t T`QD2+ib rBi? BMMQp�iBp2 7Q`Kb �M/ K�i2`B�Hb +�HH 7Q` �/p�M+2/
/2+BbBQM bmTTQ`i iQQHb �M/ K2i?Q/b iQ bmTTQ`i +QKTH2t /2+BbBQM
K�FBM;X AK�;2 bQm`+2, >ûHĕM2 "BM2if�`+?/�BHv

Ȝ RXRXk S2`7Q`K�M+2@"�b2/ .2bB;M
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

�`+?Bi2+im`�H /2bB;M �M/ i?2 /Bb+BTHBM2b BMpQHp2/ BM Bi mM/2`r2Mi � bB;MB}+�Mi
2pQHmiBQM i?`Qm;?Qmi i?2 kyi? +2Mim`v- �b � `2bmHi Q7 i?2 2p2`@BM+`2�bBM; +QK@
TH2tBiv BM /2bB;M BMi`Q/m+2/ #v �/p�M+BM; i2+?MQHQ;v �M/ 2pQHpBM; /2bB;M `2[mB`2@
K2MibX h?Bb `2bmHi2/ BM � T�`�/B;K b?B7i BM i?2 r�v i?�i �`+?Bi2+im`�H /2bB;M r�b
�TT`Q�+?2/X lT mMiBH i?2 KB/@kyi? +2Mim`v- i?2 /2bB;M Q7 #mBH/BM;b �M/ +QKTH2t2b
r�b /2}M2/ #v T`2b+`BTiBp2 T`�+iB+2b- r?B+? rQmH/ biBTmH�i2 /2bB;M �+iBQMb 7Q`
+QKKQMHv Q++m``BM; /2bB;M T`Q#H2KbX h?Bb FBM/ Q7 �++mKmH�i2/ FMQrH2/;2 rQmH/
#2 7QmM/ BM /2bB;M ?�M/#QQFb Q` rQmH/ #2 T�`i Q7 i?2 i�+Bi FMQrH2/;2 Q7 �M 2tT2@
`B2M+2/ �`+?Bi2+i Q` 2M;BM22`X �`QmM/ i?2 b2+QM/ ?�H7 Q7 i?2 kyi? +2Mim`v- �M/ BM
i?2 7�+2 Q7 2p2`@BM+`2�bBM; /2bB;M +QKTH2tBiv- Bi #2+�K2 +H2�` iQ K�Mv i?�i i?Bb
T`�+iB+2 rQmH/ MQi #2 bmbi�BM�#H2 �b /2bB;M +QKTH2tBiv BM+`2�b2/X h?mb i?2 7Q@
+mb #2;�M iQ KQp2 �r�v 7`QK �++2Ti�M+2 �M/ mb2 Q7 2bi�#HBb?2/ K2�Mb- BM+Hm/BM;
`mH2@Q7@i?mK# �M/ +QKKQM T`�+iB+2bX h?2 M2r 7Q+�H TQBMi i?�i i?2 b?B7i BM /2bB;M
i?BMFBM; #`Qm;?i `2pQHp2/ �`QmM/ i?2 mM/2`bi�M/BM; Q7 i?2 /2bB;M T`Q+2bb �b QM2
i?�i rQmH/ Tmi BKT`Qp2K2Mi iQr�`/b �+?B2pBM; /2bB;M ;Q�Hb }`bi- 7Q+mbBM; QM ?Qr
#mBH/BM;b rQmH/ T2`7Q`KX h?mb- T2`7Q`K�M+2 #2+�K2 i?2 /`BpBM; 7Q`+2 #2?BM/ �HH
Q7 i?2 �bT2+ib +QMbB/2`2/ BM i?2 �`+?Bi2+im`�H /2bB;M T`Q+2bb- BM+Hm/BM; �2bi?2i@
B+b �M/ +QMbi`m+iBQM K2i?Q/bX S2`7Q`K�M+2@#�b2/ /2bB;M- �b i?Bb MQp2H �TT`Q�+?
rQmH/ +QK2 iQ #2 +�HH2/- 7Q`K�HBx2/ �`QmM/ � KBbbBQM bi�i2K2Mi i?�i Bb �++m`�i2Hv
QmiHBM2/ BM :B#bQM URN3kV,

(S2`7Q`K�M+2@"�b2/ .2bB;M) Bb +QM+2`M2/ rBi? r?�i � #mBH/BM; Q` �
#mBH/BM; T`Q/m+i Bb `2[mB`2/ iQ /Q- �M/ MQi rBi? T`2b+`B#BM; ?Qr Bi Bb iQ
#2 +QMbi`m+i2/X

S2`7Q`K�M+2@#�b2/ /2bB;M BMi`Q/m+2b � M2r r�v Q7 /2bB;M i?BMFBM;- r?B+? T`Q@
KQi2b 2{+B2M+v �M/ BMMQp�iBQM BM �`+?Bi2+im`2 �M/ #mBH/BM; /2bB;MX h?2 S2`7Q`K�M+2@

*?�Ti2` j



#�b2/ /2bB;M �TT`Q�+? ;Q2b #2vQM/ i?2 �TTHB+�iBQM Q7 T`2@2tBbiBM; 2tT2`i FMQrH@
2/;2 BM /2bB;M- `�i?2` �/QTiBM; BMp2biB;�iBQM �M/ 2pB/2M+2@#�b2/ T`�+iB+2b �b Bib
T`BK�`v iQQH- i?2`27Q`2 �HbQ ;2M2`�iBM; MQp2H /2bB;M FMQrH2/;2 �b T�`i Q7 Bib T`Q@
+2bbX �M BKTQ`i�Mi T�`i Q7 i?2 S2`7Q`K�M+2@"�b2/ /2bB;M T`Q+2bb Bb i?2 2p�Hm@
�iBQM Q7 T2`7Q`K�M+2 �M/ p�HB/�iBQM Q7 `2bmHib +QM+2`MBM; +QMbi`m+i2/ T`Q/m+ibX
aQHmiBQMb +�M #2 2p�Hm�i2/ �M/ p�HB/�i2/ �;�BMbi /2K�M/ mbBM; K�Mv /Bz2`2Mi
�TT`Q�+?2b �M/ iQQHbX AM T`�+iB+2- � F2v 72�im`2 Q7 � +QMi2KTQ`�`v T2`7Q`K�M+2@
#�b2/ /2bB;M T`Q+2bb Bb i?�i Bi BMpQHp2b �/p�M+2/ +QKTmi�iBQM�H bBKmH�iBQM iQQHb iQ
BM7Q`K i?2 /2bB;M T`Q+2bb rBi? p�Hm�#H2 /�i� QM � /2bB;MǶb T2`7Q`K�M+2 �++Q`/BM;
iQ /Bz2`2Mi +`Bi2`B� UEQH�`2pB+ �M/ J�HF�rB kyy8VX AM ;2M2`�H- i?2`2 Bb MQ bT2+B}@
+�iBQM Q7 i?2 ivT2 Q7 +`Bi2`B� i?�i K�v #2 BMpQHp2/ BM � T2`7Q`K�M+2@#�b2/ /2bB;M
T`Q+2bbX >Qr2p2`- Bi Bb Q7i2M i?�i +`Bi2`B� `2H�i2/ iQ 2M2`;v +QMbmKTiBQM- BM/QQ`
+QK7Q`i- /�vHB;?iBM;- T`QD2+i +Qbi �M/ bmbi�BM�#BHBiv �`2 T�`i Q7 i?2 T2`7Q`K�M+2@
#�b2/ /2bB;M mb2 +�b2X

AM �//BiBQM iQ BKT`Qp2K2Mi BM #mBH/BM; T2`7Q`K�M+2- bm+? � b?B7i BM /2bB;M i?BMF@
BM;- �M/ i?2 mb2 Q7 �/p�M+2/ KQ/2HBM; �M/ bBKmH�iBQM iQQHb �HbQ i�`;2ib i?2 `2@
/m+iBQM BM 7�BHm`2 +Qbib- r?B+? �i i?2 KQK2Mi �KQmMib iQ kyW Q7 i?2 +QMbi`m+iBQM
#m/;2i UGQp2 2i �HX kyR3VX h?Bb miBHBx�iBQM Bb � /B`2+i `2bmHi Q7 i?2 b?B7i BM /2bB;M
i?BMFBM; �b /2b+`B#2/ T`2pBQmbHvX AM � T2`7Q`K�M+2@#�b2/ /2bB;M �TT`Q�+? i?2 �T@
THB+�iBQM Q7 BMp2biB;�iBp2 /2bB;M T`�+iB+2b- iQ B/2MiB7v /2bB;Mb i?�i +�i2` iQ i?2 `2@
[mB`2K2Mib Q7 � ;Bp2M #`B27 rQmH/ ;2M2`�HHv #2 T`272`�#H2 iQ i?2 �TTHB+�iBQM Q7 `mH2@
Q7@i?mK# �M/ ?2m`BbiB+ /2bB;M �TT`Q�+?2bX

Ȝ RXRXj aQ7iM2bb BM .2bB;M *`Bi2`B�
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

h?2 �#BHBiv iQ [m�MiB7v /2bB;M +`Bi2`B� BM 2M;BM22`BM; /Bb+BTHBM2b- BM ;2M2`�H- Bb
+QMbB/2`2/ � +Q`M2`biQM2 Q7 KQ/2`M 2M;BM22`BM;- �M/ Bi Bb � 7mM/�K2Mi�H `2[mB`2@
K2Mi 7Q` 2M�#HBM; rB/2bT`2�/ �TTHB+�iBQM Q7 +QKTmi�iBQM�H K2i?Q/b �M/ i2+?@
MB[m2b- r?B+? ?�b #`Qm;?i 7Q`i? i`2K2M/Qmb �/p�M+2K2Mib BM 2M;BM22`BM;X �`+?B@
i2+im`2 Bb /Bz2`2MiB�i2/ 7`QK Qi?2` /2bB;M �M/ 2M;BM22`BM; /Bb+BTHBM2b BM i?�i Bi
BM+Q`TQ`�i2b /2bB;M +`Bi2`B� i?�i �`2 MQi 2�bBHv [m�MiB}�#H2- v2i i?2v 7Q`K � 7mM/�@
K2Mi�H [m�HBiv Q7 i?2 2MpBbBQM2/ /2bB;M T`Q/m+ibX am+? +`Bi2`B� �`2 i2`K2/ ǵbQ7iǶ-
BM +QMi`�bi iQ ǵ?�`/Ƕ +`Bi2`B� r?2`2 � K�i?2K�iB+�H 2tT`2bbBQM Bb `2�/BHv �p�BH@
�#H2X aQK2 bQ7i +`Bi2`B� +�M #2 2tT`2bb2/ p2`#�HHv- 2X;X r?2M Bi Bb +H�BK2/ i?�i
� #mBH/BM; Bb ǵi`�MbT�`2MiǶ- i?2`2 Bb � KQ`2@Q`@H2bb +QKKQM mM/2`bi�M/BM; Q7 i?2
+Q``2bTQM/BM; [m�HBivX P`- r?2M QM2 `272`b iQ � #mBH/BM;Ƕb �`+?Bi2+im`2 �b ǵKQMm@
K2Mi�HǶ- 2p2M rBi?Qmi ?�pBM; b22M i?2 #mBH/BM;- Bi Bb TQbbB#H2 iQ /2/m+2 Bib [m�HB@
iB2bX h?2`2 2tBbi biBHH Qi?2` +`Bi2`B� i?�i �`2 2tT`2bb2/ �b T�`i Q7 � /2bB;M2`Ƕb i�+Bi
FMQrH2/;2- �M/ i?2b2 �`2 QMHv `2p2�H2/ �b T�`i Q7 /2bB;M �+iBpBiv- Q` 2pB/2Mi BM i?2
/2bB;M `2bmHiX AM +�b2b r?2`2 bm+? +`Bi2`B� �`2 BMpQHp2/- r?B+? Bb [mBi2 +QKKQM BM
�`+?Bi2+im`2- Bi Bb /B{+mHi iQ 2p2M p2`#�HHv +QKKmMB+�i2 � /2bB;M [m�HBiv- H2i �HQM2
[m�MiB7v BiX *QMbB/2`- 7Q` BMbi�M+2- i?2 +�b2 Q7 �2bi?2iB+bX �2bi?2iB+b Bb � 7mM/�@
K2Mi�H /2bB;M [m�HBiv BM �`+?Bi2+im`2- ?Qr2p2`- Bi Bb rB/2Hv �+FMQrH2/;2/ �b �M
2HmbBp2 +QM+2Ti- r?B+? /2}2b +QM+`2i2 /2}MBiBQM U�`M?2BK RNdec >�bb2Mx�?H kyy3VX
�b � `2bmHi- `2�+?BM; � +QMb2Mbmb QM �2bi?2iB+ i2`Kb Bb ;2M2`�HHv � +?�HH2M;BM; i�bFX
1p2M KQ`2 bQ Bb i?2 [m�MiB}+�iBQM Q7 bm+? +`Bi2`B� �b �2bi?2iB+b- r?B+? Bb K2i rBi?
;`2�i /B{+mHiv BM T`�+iB+2X AM i?2 7�+2 Q7 �M 2p2`@BM+`2�bBM; /2bB;M +QKTH2tBiv
#`Qm;?i 7Q`i? #v BMi2MbB}+�iBQM �M/ /Bp2`bB}+�iBQM Q7 /2bB;M +`Bi2`B�- i?2`2 2tBbib
i?2 `BbF i?�i /2bB;M [m�HBiB2b i?�i �`2 MQi `2�/BHv [m�MiB}�#H2 �M/ #�b2/ QM i�+Bi
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FMQrH2/;2- bm+? �b #mi MQi HBKBi2/ iQ �2bi?2iB+b- �`2 MQi i`2�i2/ iQ i?2 2ti2Mi +Q`@
`2bTQM/BM; iQ i?2B` BKTQ`i�M+2 BM �`+?Bi2+im`�H /2bB;MX �b bm+?- BM `2b2�`+?BM; �M/
/2p2HQTBM; � bmBi�#H2 /2+BbBQM bmTTQ`i 7`�K2rQ`F- Bi Bb M2+2bb�`v iQ +QMbB/2` � bvb@
i2K�iB+ �M/ b+B2MiB}+ �TT`Q�+? i?�i 7mHHv �//`2bb2b #Qi? ?�`/ �b r2HH �b bQ7i �M/
bm#D2+iBp2 /2bB;M +`Bi2`B� BM �M BMi2;`�i2/ K�MM2`X

Ȝ RXRX9 *QM~B+iBM; L�im`2 Q7 .2bB;M P#D2+iBp2b
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

.2bB;M T2`7Q`K�M+2 Bb MQi /2}M2/ #v � bBM;H2 /2bB;M Q#D2+iBp2- `�i?2` Bi Bb /2@
}M2/ #v � b2i Q7 Q#D2+iBp2b- �M/ BM K�Mv +�b2b i?2b2 Q#D2+iBp2b �`2 +QM~B+iBM;X h?2
T`2b2M+2 Q7 +QM~B+iBM; Q#D2+iBp2b #v /2}MBiBQM T`2+Hm/2b ǳmiQTB+Ǵ bQHmiBQMb- r?2`2
�HH Q#D2+iBp2b �`2 7mHHv b�iBb}2/X P7 BMi2`2bi BM bm+? T`Q#H2Kb �`2 bQ +�HH2/ ǳ#2bi@
i`�/2QzǴ bQHmiBQMb- Q` S�`2iQ@QTiBK�H bQHmiBQMb- QrBM; iQ i?2 b2KBM�H bim/v Q7
S�`2iQ S�`2iQ UR3NeV i?�i /2}M2/ i?2 i2`KX � bQHmiBQM Bb i2`K2/ S�`2iQ@QTiBK�H-
S�`2iQ@2{+B2Mi Q` MQM@/QKBM�i2/- B7 MQM2 Q7 i?2 Q#D2+iBp2 7mM+iBQMb /2}M2/ BM i?2
QTiBKBx�iBQM T`Q#H2K +�M #2 BKT`Qp2/ BM p�Hm2 rBi?Qmi /2;`�/BM; bQK2 Q7 i?2
Qi?2` Q#D2+iBp2 7mM+iBQM p�Hm2bX

h?2 BKTQ`i�M+2 Q7 B/2MiB7vBM; S�`2iQ@QTiBK�H bQHmiBQMb Bb i?�i /m`BM; i?2 /2+BbBQM@
K�FBM; T`Q+2bb- Bi Bb TQbbB#H2 iQ b�KTH2 � b2i Q7 bQHmiBQMb i?�i `2T`2b2Mi r?�i Bb
QTiBK�H ;Bp2M i?2 T`Q#H2K /2}MBiBQM �i ?�M/- i?mb �HHQrBM; i?2 �+[mBbBiBQM Q7 FMQrH@
2/;2 `2;�`/BM; T`Q#H2K@`2H�i2/ QTiBK�HBiv T`BQ` iQ /2+BbBQM K�FBM; "Bii2`K�MM
UkyRyVX

Ȝ RXRX8 *QKTmi�iBQM�H AMi2HHB;2M+2 �M/ *Q;MBiBQM
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

h?2 i2`Kb +QKTmi�iBQM�H BMi2HHB;2M+2 �M/ +Q;MBiBQM ?�p2 � bB;MB}+�Mi `QH2 BM
i?2 +QMi2ti Q7 i?Bb i?2bBb- ?Qr2p2` Bi Bb Q7i2M i?�i i?2 /BbiBM+iBQM #2ir22M i?2b2
i2`Kb Bb BM+QMbTB+mQmbX h?Bb b2+iBQM rBHH �ii2KTi iQ +H�`B7v i?2 /BbiBM+iBQM #2ir22M
i?2 irQ i2`Kb- BM i?2 +QMi2ti i?�i i?2v b2`p2 iQ bmTTQ`i i?2 �`;mK2Mib T`2b2Mi2/
rBi?BM i?Bb i?2bBbX

�M �;2Mi Bb i�bF2/ iQ T2`7Q`K � ;Q�H@Q`B2Mi2/ 2tTHQ`�iBQM Q7 �M 2MpB`QMK2MiX 1t@
�KTH2b Q7 bm+? �M 2MpB`QMK2Mi �M/ i�bF K�v #2 +QMbB/2`2/ �b /Bp2`b2 �b �M BH@
Hmbi`�iBp2- bBKTHBbiB+ T`Q#H2K r?2`2 � T2`bQM Bb i`vBM; iQ }M/ �M Q#D2+i rBi?BM
�M Q{+2- iQ `2�H@rQ`H/ T`Q#H2Kb r?2`2 � /2bB;M T`Q72bbBQM�H Bb 2tTHQ`BM; i?2 /2@
bB;M bT�+2- bi`BpBM; iQ B/2MiB7v r2HH@T2`7Q`KBM; bQHmiBQMb iQ �M �`+?Bi2+im`�H /2bB;M
T`Q#H2KX 6Q` �M BMi2HHB;2Mi b2�`+? �TT`Q�+?- Bi Bb K2`2Hv 2MQm;? i?�i �M Q#D2+iBp2
7mM+iBQM 2tBbib- BM Qi?2` rQ`/b- i?2 �;2Mi b?QmH/ #2 �#H2 iQ `2+2Bp2 722/#�+F QM i?2
}iM2bb Q7 i?2B` �+iBQMb +QM+2`MBM; i?2 ;Q�H �i ?�M/X AM i?2 +�b2 Q7 i?2 /2bB;M T`Q#@
H2K- bm+? �+iBQMb rQmH/ #2 iQ K�F2 /2+BbBQMb iQ T`Q/m+2 � /2bB;M bQHmiBQMc i?2 `2@
r�`/ rQmH/ #2 i?2 T2`7Q`K�M+2 Q7 i?�i bQHmiBQMX h?2 BMi2HHB;2Mi �TT`Q�+? ?BMib �i
� b2�`+? bi`�i2;v 7Q` T2`7Q`KBM; �+iBQMb rBi?BM i?2 /2bB;M bT�+2X AM ;2M2`�H- �M BM@
i2HHB;2Mi �TT`Q�+? �BKb iQ �+?B2p2 2tTHQ`�iBQM Q7 i?2 2MpB`QMK2Mi- KBMBKBxBM; i?2
2zQ`i `2[mB`2/ iQ �``Bp2 �i �M QTiBK�H `2bmHiX am+? � bi`�i2;v Bb K�/2 Q7 `mH2b i?�i
K�v #2 bBKTH2 Q` BMpQHp2/- rBi? BMi2HHB;2Mi �TT`Q�+?2b bm+? �b 1pQHmiBQM�`v *QK@
Tmi�iBQM BMpQHpBM; +QKTH2t `mH2b i?�i K�F2 mT i?2B` bi`�i2;vX LQM2i?2H2bb- BM i?2
BMi2HHB;2Mi �TT`Q�+? i?2`2 Bb MQ FMQrH2/;2 Q7 i?2 T�`iB+mH�` T`QT2`iB2b Q7 i?2 2MpB@
`QMK2Mi �i ?�M/- r?B+? bm;;2bib i?�i iQ B/2MiB7v i?2 `2H�iBQMb #2ir22M T`QT2`iB2b
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Q7 bQHmiBQMb BM �Mv /2bB;M 2MpB`QMK2Mi- Bi Bb M2+2bb�`v iQ BMbi�MiB�i2 i?2 bQHmiBQM
UBX2X pBbBi i?2 +Q``2bTQM/BM; TQBMi BM i?2 /2bB;M bT�+2V 2p2`v iBK2X

"mi r?�i B7 BM/22/ FMQrH2/;2 `2;�`/BM; i?2 2MpB`QMK2Mi +QmH/ #2 Q#i�BM2/ �M/
2tTHQBi2/\ �7i2` �HH- i?2 BMi2HHB;2Mi b2�`+? Bb � T`Q+2bb i?�i `2�/BHv T`Q/m+2b FMQrH@
2/;2- BM i?2 7Q`K Q7 2bi�#HBb?BM; `2H�iBQMb #2ir22M Q#D2+i T`QT2`iB2b 7Q` 2p2`v TQBMi
BM i?2 2MpB`QMK2Mi i?�i Bb pBbBi2/X 1tTHQBi�iBQM Q7 bm+? `2�/BHv �p�BH�#H2 FMQrH@
2/;2 ?BMib �i � +Q;MBiBp2 �TT`Q�+?X *Q;MBiBQM- BM i?Bb `2bT2+i- Bb mM/2`biQQ/ �b i?2
�#BHBiv Q7 � i2+?MB+�H bvbi2K iQ T2`+2Bp2 i?2 2MpB`QMK2Mi �b r2HH �b iQ �;;`2;�i2
�M/ �#bi`�+i FMQrH2/;2 U�?H2 �M/ aQzF2` kyyec *B7i+BQ;Hm �M/ "Bii2`K�MM kyR8#VX
q?2`2�b i?2 BMi2HHB;2Mi �TT`Q�+? T2`7Q`Kb �M mM#B�b2/ b2�`+? Q7 i?2 2MpB`QMK2Mi-
i?2 +Q;MBiBp2 �TT`Q�+? 2tTHQBib �H`2�/v �++mKmH�i2/ FMQrH2/;2 iQ /2`Bp2 ;2M2`@
�HBx2/ `mH2b `2;�`/BM; `2H�iBQMb #2ir22M bQHmiBQM T`QT2`iB2b BM i?2 2MpB`QMK2Mi-
r?B+? �`2 2K#2//2/ BM � KQ/2H Q7 i?2 2MpB`QMK2MiX h?2 +QKTmi�iBQM�H +Q;MBiBp2
KQ/2H- �b bm+?- T`2bmTTQb2b i?2 2tBbi2M+2 Q7 BM7Q`K�iBQM `2;�`/BM; i?2 2MpB`QM@
K2Mi ě �M/ Bb #B�b2/ #v BiX h?2 +H2�` �/p�Mi�;2 BM i?Bb +�b2 Bb i?�i i?2 `2H�iBQMb
T`2b2Mi BM i?2 2MpB`QMK2Mi �`2 2K#2//2/ BM i?2 +Q;MBiBp2 KQ/2H ě BMbQ7�` �b i?2
FMQrH2/;2 mb2/ iQ ;2M2`�i2 i?2 KQ/2H Bb 2tT`2bbBp2 Q7 i?Qb2 `2H�iBQMbX �b bm+?- BM@
bi�MiB�iBQM Q7 bQHmiBQMb Bb MQ HQM;2` M2+2bb�`v �b BM i?2 +�b2 Q7 BMi2HHB;2Mi b2�`+?-
r?B+? `2bmHib BM �M BMbi�Mi�M2Qmb `2bTQMb2X

EMQrH2/;2 7Q` +QKTmi�iBQM�H +Q;MBiBQM K�v +QK2 7`QK K�Mv bQm`+2b- ?Qr2p2` Bi
?�b #22M 2bi�#HBb?2/ i?�i BMi2HHB;2Mi b2�`+? Bb � FMQrH2/;2 T`Q/m+BM; T`Q+2bb- ;2M@
2`�iBM; ?B;?@[m�HBiv FMQrH2/;2 i?�i Bb 2ti`2K2Hv `2H2p�Mi iQ i?2 /2bB;M ;Q�Hb �i
?�M/X AM Qi?2` rQ`/b- +QMbB/2`BM; � /2bB;M T`Q#H2K- i?2 BMi2HHB;2Mi b2�`+? rQmH/
QmiTmi bQHmiBQMb i?�i �`2 r2HH@T2`7Q`KBM; +QM+2`MBM; i?2 ;Q�Hb Tmi 7Q`r�`/X Ai Bb
i?2`27Q`2 `2�bQM�#H2 iQ miBHBx2 i?2 FMQrH2/;2 2K#2//2/ BM i?Qb2 bQHmiBQMb iQ /2@
`Bp2 i?2 +Q;MBiBp2 KQ/2HX AM i?Bb b2Mb2- i?2 QmiTmi Q7 i?2 +Q;MBiBp2 KQ/2H 7Q`Kb �
bmBi�#H2 �+iBQM 7Q` b�iBb7vBM; `2[mB`2/ /2bB;M T2`7Q`K�M+2- �M/ BM �//BiBQM iQ i?�i-
T`Q/m+2b � /2bB`�#H2 /2bB;M rBi? `2bT2+i iQ Bib T`QT2`iB2bX h?Bb �+iBQM- i?2M- Bb
bm;;2biBp2 Q7 � bi�i2 Q7 +QKT`2?2MbBQM Q7 i?2 2MpB`QMK2Mi U*B7i+BQ;Hm �M/ "Bii2`@
K�MM kyR8#VX

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
Ȝ RXk _2b2�`+? PmiHBM2

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Ȝ RXkXR "�+F;`QmM/ AM7Q`K�iBQM
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

h?2 +QKTH2tBiv �`BbBM; Qmi Q7 7�+iQ`b QmiHBM2/ BM i?2 T`2pBQmb b2+iBQM ;Bp2b `Bb2
iQ bB;MB}+�Mi +?�HH2M;2b BM /2+BbBQM K�FBM;X h?2 b?22` �KQmMi Q7 /2bB;M p�`B�#H2b
�i TH�v- i?2 +QKTH2t MQM@HBM2�` `2H�iBQMb #2ir22M /2+BbBQMb- /2bB;M +`Bi2`B� �M/
+QMbi`�BMib- �b r2HH �b i?2 KmHiBim/2 �M/ +QM~B+iBM; M�im`2 Q7 /2bB;M +`Bi2`B� i?2K@
b2Hp2b TH�+2b �M mMT`2+2/2Mi2/ #m`/2M iQ ?mK�M +Q;MBiBQM /m`BM; /2bB;M U"Bii2`@
K�MM kyyNc *?�ixBFQMbi�MiBMQm �M/ a�`BvBH/Bx kyRdVX hQ �//`2bb bm+? +?�HH2M;2b
�M/ bmTTQ`i i?2 +Q;MBiBp2 /2+BbBQM K�FBM; /m`BM; /2bB;M- � #`Q�/ `2b2�`+? 2zQ`i
?�b #22M i�`;2i2/ iQr�`/b i?2 /2p2HQTK2Mi Q7 K2i?Q/b- iQQHb �M/ i2+?MB[m2b 7Q`
/2+BbBQM bmTTQ`i BM �`+?Bi2+im`�H /2bB;MX h?2 /Bbb2KBM�iBQM Q7 AM7Q`K�iBQM- *QK@

�`+?Bi2+im`�H .2bB;M S2`7Q`K�M+2 i?`Qm;? *QKTmi�iBQM�H AMi2HHB;2M+2 e



KmMB+�iBQM �M/ EMQrH2/;2 h2+?MQHQ;B2b UA*EhV i?`Qm;?Qmi i?2 H�bi ?�H7 Q7 i?2
kyi? +2Mim`v ?�b `2bmHi2/ BM BM+`2�b2/ `2b2�`+? BMi2`2bi 7Q` �TTHB+�iBQMb Q7 +QKTm@
i�iBQM�H K2i?Q/b- iQQHb �M/ i2+?MB[m2b iQr�`/b `2�HBxBM; �/p�M+2/ /2+BbBQM bmT@
TQ`i bvbi2KbX PM2 Q7 i?2 KQbi `2+2Mi /2p2HQTK2Mib �HQM; i?Bb `2b2�`+? /B`2+iBQM
?�b #22M *QKTmi�iBQM�H AMi2HHB;2M+2@#�b2/ i2+?MB[m2b- �M/ bT2+B}+�HHv JP1�bX
JP1�b ?�p2 #22M �TTHB2/ iQ � b2`B2b Q7 �`+?Bi2+im`�H /2bB;M T`Q#H2Kb U*?�ixBFQM@
bi�MiBMQm 2i �HX kyR8c 1FB+B 2i �HX kyRec EB`BKi�i 2i �HX kyRe�c um7F� 2i �HX kyRdc
*?�ixBFQMbi�MiBMQm 2i �HX kyRNV �+?B2pBM; T`QKBbBM; `2bmHib- �M/ �M BM+`2�bBM; BM@
i2`2bi iQr�`/b i?Bb i2+?MQHQ;v Bb �M 2pB/2Mi i`2M/X

�b �M BMi2HHB;2Mi �TT`Q�+?- JP1�b ?�p2 #22M T`Qp2M �#H2 iQ B/2MiB7v T`QKBbBM;
bQHmiBQMb iQ +?�HH2M;BM; /2bB;M T`Q#H2Kb BM p�`BQmb 2M;BM22`BM; }2H/bX >Qr2p2`-
+QM+2`MBM; i?2B` �TTHB+�iBQM BM i?2 }2H/ Q7 �`+?Bi2+im`�H /2bB;M- � 7mM/�K2Mi�H
HBKBi�iBQM 2tBbib- M�K2Hv i?2 /B{+mHiv BM �TTHvBM; JP1�@#�b2/ /2+BbBQM bmTTQ`i
K2i?Q/b iQ 2�`Hv- +QM+2Tim�H@bi�;2 /2+BbBQM K�FBM;X h?Bb Bb i?2 K�BM HBKBi�iBQM
i?�i +QMbiBimi2b � bi�`iBM; TQBMi 7Q` i?2 `2b2�`+? +QM/m+i2/ �b T�`i Q7 i?Bb i?2bBb-
r?B+? �BKb iQ T`QTQb2 K2i?Q/b �M/ i2+?MB[m2b iQ i�+FH2 BiX AM T�`iB+mH�`- 7QHHQrBM;
�M �M�HvbBb i?�i Bb #�b2/ #Qi? QM i?2 +m``2Mi ai�i2 Q7 �`i UaQ�V BM `2H2p�Mi }2H/b
Q7 *QKTmi�iBQM�H AMi2HHB;2M+2 U*AV �b r2HH �b T2`bQM�H 2tT2`B2M+2 Q7 i?2 �mi?Q` BM
�TTHB+�iBQM Q7 JP1�b BM `2�H@rQ`H/ /2bB;M T`QD2+ib- irQ Bbbm2b �`2 B/2MiB}2/ i?�i
+QMi`B#mi2 iQ i?2 HBKBi�iBQM QmiHBM2/ �#Qp2- r?B+? �`2 B/2MiB}2/ ?2M+27Q`i?X

�++QmMiBM; 7Q` i?2 +QKTH2t M�im`2 Q7 `2H�iBQMb?BTb #2ir22M /2bB;M /2+BbBQMb �M/
+`Bi2`B� b�iBb7�+iBQM- �b r2HH �b i?2 }/2HBiv Q7 bBKmH�iBQMb `2[mB`2/ iQ 2Mbm`2 �+@
+m`�i2 2biBK�iBQM Q7 #mBH/BM; T2`7Q`K�M+2- BM ;2M2`�H Bi Bb i?2 +�b2 i?�i BM �`+?B@
i2+im`�H /2bB;M MmK2`Qmb bBKmH�iBQM Bi2`�iBQMb �`2 `2[mB`2/X h?Bb Bb �HbQ i?2 +�b2
r?2M JP1�b �`2 mb2/ �b /2+BbBQM bmTTQ`i iQQHb- 7Q` i?2 �H;Q`Bi?K iQ `2�+? QTiB@
K�HBivX h?2 +Qbi �bbQ+B�i2/ rBi? i?Qb2 bBKmH�iBQMb Bb Q7i2M T`Q?B#BiBp2 7Q` �TTHB@
+�iBQM iQ `2�H@rQ`H/ T`Q#H2KbX h?Bb Bb 2bT2+B�HHv i`m2 7Q` i?2 bi�;2 Q7 +QM+2Tim�H
/2bB;M r?2`2 /2bB;M Bi2`�iBQMb �`2 7�bi@T�+2/ �M/ /2+BbBQM bmTTQ`i iQQHb �`2 Q7i2M
MQi �#H2 iQ F22T mT rBi? +QMbi�Mi +?�M;2bX h?Bb Bbbm2 ?�b #22M 2KTB`B+�HHv /Q+m@
K2Mi2/ #v i?2 �mi?Q` /m`BM; T�`iB+BT�iBQM BM � /2bB;M T`QD2+i +QM+2`MBM; i?2 /2@
bB;M Q7 � H�`;2@b+�H2 7�+�/2 b?�/BM; /2pB+2 BM i?2 L2i?2`H�M/b- r?2`2 Bi r�b M2+2b@
b�`v iQ +�`27mHHv TH�M /2bB;M Bi2`�iBQMb �M/ bi�F2?QH/2` K22iBM;b iQ �HHQr � +Hmbi2`
Q7 +QKTmi2`b iQ T2`7Q`K i?2 +QbiHv QTiBKBx�iBQM T`Q+2bb BM i?2 K2�MiBK2- �M/ Q#@
i�BM `2bmHib 7Q` /2+BbBQM K�FBM;X Ai Bb Q#pBQmb i?�i i?Bb b?QmH/ MQi #2 i?2 +�b2 BM
+QM+2Tim�H /2bB;M bi�;2- �b i?2 ~2tB#BHBiv i?�i +?�`�+i2`Bx2b Bi Bb b2p2`2Hv +QKT`Q@
KBb2/X hQ i?Bb 2M/- � bvbi2K Bb /2p2HQT2/ r?2`2#v +QKTmi�iBQM�H +Q;MBiBp2 K�@
+?BM2 H2�`MBM; KQ/2Hb Q7 `2H2p�Mi bBKmH�iBQM };m`2b �`2 mb2/ BMbi2�/ Q7 i?2 �+im�H
bBKmH�iBQM- iQ �TT`QtBK�i2 i?Qb2 };m`2b �i � 7`�+iBQM Q7 i?2 +QKTmi�iBQM�H +QbiX

"2bB/2b- �MQi?2` Bbbm2 Bb B/2MiB}2/ 7Q+mbBM; QM TQbi@S�`2iQ /2+BbBQM K�FBM; BM �`@
+?Bi2+im`�H /2bB;M �M/ BM +�b2b r?2`2 JP1�b �`2 mb2/ �b /2+BbBQM bmTTQ`i bvb@
i2KbX 1p2M i?Qm;? JP1�b M�im`�HHv Qz2` � b2`B2b Q7 #2bi@i`�/2Qz /2bB;M bQHmiBQMb
�b � `2bmHi- i?2 T`Q+2bb Q7 BMbT2+iBQM 7Q` b2H2+iBM; i?2 KQbi /2bB`�#H2 bQHmiBQM Bb
;2M2`�HHv � i2/BQmb mM/2`i�FBM;- r?BH2 i?2 `2bmHi Bb Q7i2M �M mM7�pQ`�#H2 +QKT`Q@
KBb2 Q7 T`272`2M+2b Q7 bi�F2?QH/2`b- �b i?2 H�ii2` �`2 2tT`2bb2/ BM i2`Kb Q7 +QM+`2i2
/2bB;M �ii`B#mi2bX hQ �K2M/ i?Bb bBim�iBQM- +QKTmi�iBQM�H +Q;MBiBp2 � K2i?Q/
�M/ iQQH Bb 2MpBbBQM2/ ?2`2BM- r?2`2#v b2+QM/@Q`/2` T`272`2M+2b rBHH #2 �#H2 iQ
#2 2tT`2bb2/ #v /B`2+iHv K�MBTmH�iBM; /2bB;M p�`B�#H2bX �i i?2 b�K2 iBK2- i?2
iQQH Bib2H7- BM7Q`K2/ #v i?2 T`QT2`iB2b Q7 QTiBK�H /2bB;Mb �b /2i2`KBM2/ #v KmHiB@

*?�Ti2` d



Q#D2+iBp2 QTiBKBx�iBQM- rBHH T`QpB/2 � ǳ;mB/BM; bvbi2KǴ i?�i `2bTQM/b �++Q`/BM;Hv
rBi? +QKTH2K2Mi�`v p�`B�#H2 �/DmbiK2Mib �b M2+2bb�`v- �M/ i?�i 2Mbm`2b i?�i i?2
T`272`2M+2b �`2 b�iBb}2/ iQ i?2 #2bi /2;`22 TQbbB#H2- r?BH2 QTiBK�HBiv Q7 i?2 /2bB;M
Bb MQi +QKT`QKBb2/X

h?`Qm;?Qmi i?2 K�Mmb+`BTi- i?2 i2`K ǳ/2+BbBQM@K�F2`Ǵ Bb 2ti2MbBp2Hv mb2/X h?Bb
i2`K Bb mb2/ BM i?2 +QMi2ti Q7 i?2 /2bB;M T`Q+2bb- iQ /2MQi2- BM i?2 +QMi2ti Q7 �
T`QD2+i- i?2 ;`QmT Q7 �;2Mib i?�i BM~m2M+2 /2bB;M@`2H�i2/ /2+BbBQMbX am+? �;2Mib
K�v #2 T`QD2+i bi�F2?QH/2`b- �`+?Bi2+ib- 2M;BM22`b- 2tT2`ib- Q` �Mv +QK#BM�iBQM
i?2`2Q7X � bBM;mH�` 7Q`K Q7 i?2 i2`K UBX2X ǳ/2+BbBQM@K�F2`Ǵ pb ǳ/2+BbBQM@K�F2`bǴV
Bb mb2/ BM Q`/2` iQ 2M?�M+2 i?2 BHHmbi`�iBp2 TQr2` Q7 2tTH�M�iBQMb 7QmM/ i?`Qm;?@
Qmi i?Bb i?2bBb- #v �bbmKBM; i?�i � bBM;H2 �;2Mi BMi2`�+ib rBi? i?2 bvbi2K �i ?�M/X
h?Bb /Q2b MQi +QMbi`�BM �TTHB+�iBQM Q7 /Bb+mbb2/ bvbi2Kb iQ � bBM;H2 �;2MiX �M 2t@
+2TiBQM iQ i?2 bBM;H2@7Q`K `mH2 Q++m`b r?2M `272``BM; iQ � bT2+B}+ ;`QmT Q7 /2+BbBQM@
K�F2`b- Q` r?2M `272``BM; iQ i?2 /2+BbBQM K�F2`b �b � ;2M2`B+ +�i2;Q`v Q7 �;2MibX

Ȝ RXkXk S`Q#H2K ai�i2K2Mi
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

h?`Qm;? i?2 �#Qp2- i?2 +QM+`2i2 T`Q#H2K i?�i Bb /2�Hi rBi? #v i?Bb i?2bBb Bb
#`Qm;?i 7Q`r�`/X .2bTBi2 i?2 TQr2`7mH M�im`2 Q7 *A@#�b2/ /2+BbBQM bmTTQ`i K2i?@
Q/b �M/ i2+?MB[m2b- �TTHB+�iBQM iQ 2�`Hv@bi�;2 �`+?Bi2+im`�H /2bB;M Bb T`Q#H2K�iB+-
QrBM; iQ HBKBi�iBQMb BM #2BM; �#H2 iQ bmTTQ`i T`272`2M+2@BMi2MbBp2 /2bB;M /2+BbBQMb-
BM � `�TB/Hv +?�M;BM; T`Q#H2K /2}MBiBQM +QMi2tiX Ai Bb biBTmH�i2/ i?�i i?2b2 HBKB@
i�iBQMb +�HH 7Q` �M �m;K2Mi�iBQM Q7 i?2 BMi2HHB;2Mi +�T�#BHBiB2b Q7 *A K2i?Q/b �M/
bT2+B}+�HHv JP1�b- BM Q`/2` iQ #2 �#H2 iQ +QK#BM2 BMi2HHB;2M+2 Qz2`2/ #v i?2
K2i?Q/b rBi? +Q;MBiBQM `2[mB`2/ 7Q` `�TB/ /2+BbBQM K�FBM; BM +QM+2Tim�H /2bB;M
bi�;2bX

Ȝ RXkXj _2b2�`+? Zm2biBQMb
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

lM/2` i?2 b+QT2 Q7 i?2 T`Q#H2K /2}MBiBQM /Bb+mbb2/ �#Qp2- i?Bb i?2bBb biBTmH�i2b
i?2 7QHHQrBM; `2b2�`+? [m2biBQMbX

J�BM _2b2�`+? Zm2biBQM,

>Qr +�M *QKTmi�iBQM�H AMi2HHB;2M+2 U*AV@#�b2/ K2i?Q/b �M/ i2+?MB[m2b UBM+Hm/BM;
BMi2HHB;2Mi �b r2HH �b +Q;MBiBp2 K2i?Q/bV #2ii2` bmTTQ`i /2+BbBQM K�FBM; /m`BM;
�`+?Bi2+im`�H /2bB;M- 2bT2+B�HHv BM i?2 2�`Hv +QM+2Tim�H /2bB;M bi�;2\

hQ 2H�#Q`�i2 i?2 �#Qp2 ;2M2`�H `2b2�`+? [m2biBQM- irQ m`;2Mi 7Q+mb �`2�b �`2 B/2M@
iB}2/- M�K2Hv, h?2 M22/ 7Q` K�M�;BM; +QKTmi�iBQM�H +QKTH2tBiv Q7 bBKmH�iBQMb
�M/ i?2 M22/ 7Q` �//`2bbBM; /2bB;M T`272`2M+2b #2vQM/ i?2 b�iBb7�+iBQM Q7 +QM+`2i2
/2bB;M ;Q�HbX h?2b2 �`2�b �`2 /22K2/ iQ #2 i?2 QM2b ?�pBM; i?2 ;`2�i2bi BKTQ`@
i�M+2 rBi? i?2 �BK Q7 T`QTQbBM; +QKTmi�iBQM�H /2+BbBQM bmTTQ`i bvbi2Kb i?�i +�M
`2bTQM/ iQ /2bB;M T`Q#H2Kb +QKT`2?2MbBp2Hv- �++m`�i2Hv �//`2bbBM; i?2 ?B;?@H2p2H
M22/b Q7 +QMi2KTQ`�`v /2bB;M `2b2�`+? � T`�+iB+2X lM/2` i?Bb �bbmKTiBQM- � MmK@
#2` Q7 bm#@`2b2�`+? [m2biBQMb ?�p2 #22M 7m`i?2` biBTmH�i2/ rBi? i?2 �BK Q7 #2ii2`
7Q+mbBM; i?2 `2b2�`+?X h?Qb2 �`2 �b 7QHHQrbX

am#@`2b2�`+? Zm2biBQMb,

�`+?Bi2+im`�H .2bB;M S2`7Q`K�M+2 i?`Qm;? *QKTmi�iBQM�H AMi2HHB;2M+2 3



• >Qr +�M +Q;MBiBp2 K2i?Q/b �m;K2Mi BMi2HHB;2Mi /2+BbBQM bmTTQ`i iQQHb- BM Q`@
/2` iQ H2�/ iQ #2ii2` �M/ KQ`2 �;BH2 /2+BbBQM K�FBM; BM /2bB;M\

• >Qr +�M K2i?Q/b �M/ i2+?MB[m2b #Q``Qr2/ 7`QK i?2 }2H/ Q7 K�+?BM2 H2�`M@
BM; +QMi`B#mi2 iQ �HH2pB�iBM; +QKTmi�iBQM�H +QKTH2tBiv Q7 bBKmH�iBQMb\

• >Qr +�M /2+BbBQM@K�F2` T`272`2M+2b #2 2z2+iBp2Hv BM+Q`TQ`�i2/ �HQM;bB/2 /2@
bB;M ;Q�Hb BM +QKTmi�iBQM�H KmHiB@Q#D2+iBp2 QTiBKBx�iBQM\

• �i r?B+? bi�;2 b?QmH/ /2+BbBQM@K�F2` T`272`2M+2b #2 �//`2bb2/ U#27Q`2- /m`@
BM;- �7i2` QTiBKBx�iBQMV\

• >Qr +�M i?2 �#Qp2 bT2+B}+�HHv #2 �TTHB2/ iQ +m``2Mi �M/ +?�HH2M;BM; /2bB;M
T`Q#H2Kb BM �`+?Bi2+im`2\

Ȝ RXkX9 _2b2�`+? P#D2+iBp2b �M/ a+QT2
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

h?2 `2b2�`+? `2TQ`i2/ ?2`2BM #2HQM;b #`Q�/Hv iQ i?2 }2H/ Q7 /2bB;M +QKTmiBM;X
AM �++Q`/�M+2 rBi? i?2 bT2+B}+ +?�HH2M;2b biBTmH�i2/ T`2pBQmbHv BM b2+iBQM RXkXk- Bi
Bb �BK2/ �i /2p2HQTBM; iQQHb- K2i?Q/b- �M/ i2+?MB[m2b 7Q` BKT`QpBM; i?2 mb27mHM2bb
�M/ 2ti2M/BM; i?2 �TTHB+�iBQM Q7 +QKTmi�iBQM�H /2+BbBQM bmTTQ`i K2i?Q/QHQ;B2b BM
i?2 �TTHB+�iBQM �`2� Q7 �`+?Bi2+im`�H /2bB;M- �M/ bT2+B}+�HHv 2�`Hv /2bB;M bi�;2bX
JQ`2 bT2+B}+�HHv- �bbmKBM; i?2 biBTmH�iBQMb `2;�`/BM; /2bB;M +QKTH2tBiv K2M@
iBQM2/ �M/ +QMbB/2`BM; +QKTmi�iBQM�H QTiBKBx�iBQM �b � pB�#H2 +�M/B/�i2 7Q` /2+B@
bBp2Hv �//`2bbBM; +QKTH2tBivc i?2 7Q+mb Q7 i?2 `2b2�`+? Bb irQ@7QH/X PM QM2 ?�M/- iQ
T`QTQb2 K2i?Q/b iQ �HH2pB�i2 i?2 +QKTmi�iBQM�H +QKTH2tBiv Q7 +QKTH2t bBKmH�iBQMb
i?`Qm;? i?2 �TTHB+�iBQM Q7 K�+?BM2 H2�`MBM; i2+?MB[m2b- �M/ QM i?2 Qi?2` ?�M/ iQ
2M`B+? TQbi@S�`2iQ /2+BbBQM K�FBM; i?`Qm;? �KTH2 +QMbB/2`�iBQM Q7 /2+BbBQM@K�F2`
T`272`2M+2bX AM #Qi? +�b2b- i?2 `2b2�`+? QmiTmi +QMbBbib Q7 #Qi? i?2 2H�#Q`�iBQM Q7
� K2i?Q/ �b r2HH �b � iQQH BM i?2 7Q`K Q7 �M �TTHB+�iBQM Q` THm;BM i?�i �HHQrb i?2
T`QTQb2/ K2i?Q/ iQ #2 `2�/BHv �TTHB2/ iQ /2bB;M i�bFbX

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
Ȝ RXj J2i?Q/QHQ;B+�H Pp2`pB2r

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
_2b2�`+? K2i?Q/QHQ;v `272`b iQ i?2 T`BM+BTH2b Q7 i?2 K2i?Q/b #v r?B+? b+B2M@

iB}+ `2b2�`+? +�M #2 +�``B2/ Qmi U62HHQrb �M/ �MBi� kyy3VX AM i?Bb b2Mb2- i?Bb b2+@
iBQM �BKb iQ 2H�#Q`�i2 QM i?2 T`BM+BTH2b Q7 i?2 K2i?Q/b +QMbB/2`2/ BM i?Bb i?2bBbX
h?2 `2b2�`+? K2i?Q/QHQ;v �TTHB2/ i?`Qm;?Qmi i?2 2H�#Q`�iBQM Q7 i?Bb i?2bBb +QK@
T`Bb2b b2p2`�H bi�;2bX � T`2HBKBM�`v `2b2�`+? bi�;2 Bb 7QHHQr2/ BM Q`/2` iQ B/2MiB7v
Bbbm2b Q7 BMi2`2bi �M/ 7Q`KmH�i2 � +QM+`2i2 `2b2�`+? 7`�K2rQ`F- BM+Hm/BM; `2b2�`+?
[m2biBQM 7Q`KmH�iBQMX 6QHHQrBM; i?Bb- � KQ/2H /2p2HQTK2Mi bi�;2 i�F2b TH�+2 7Q@
+mbBM; QM B/2MiB}+�iBQM Q7 i?2 �TT`Q�+? �M/ bT2+B}+ K2i?Q/b iQ �//`2bb i?2 `2@
b2�`+? [m2biBQMbX h?Bb Bb 7QHHQr2/ #v �M 2tT2`BK2Mi�H `2b2�`+? T�`i r?2`2 i?2 T`Q@
TQb2/ K2i?Q/b �`2 +QKT`2?2MbBp2Hv p�HB/�i2/ i?`Qm;? �TTHB+�iBQM iQ `2�H@rQ`H/
+�b2 bim/B2bX �M Qp2`pB2r Q7 i?2 �TTHB2/ `2b2�`+? K2i?Q/QHQ;v Bb �p�BH�#H2 BM };m`2
RXk �M/ 2H�#Q`�i2/ ?2`2QMX

Ȝ RXjXR S`2HBKBM�`v _2b2�`+?

*?�Ti2` N



6A:l_1 RXk _2b2�`+? J2i?Q/QHQ;v

�`+?Bi2+im`�H .2bB;M S2`7Q`K�M+2 i?`Qm;? *QKTmi�iBQM�H AMi2HHB;2M+2 Ry



XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
h?`Qm;? i?2 T`2HBKBM�`v `2b2�`+? bi�;2- i?2 K�BM �BK ?�b #22M iQ ;2M2`�i2 BM@

bB;?ib �#Qmi i?2 M22/b Q7 /2bB;M �;2Mib BM i?2 +QMi2ti Q7 �`+?Bi2+im`�H /2bB;MX h?Bb
?�b #22M #�b2/ QM irQ K�BM TQH2b, PM QM2 ?�M/- 2ti2MbBp2 HBi2`�im`2 `2pB2r- �M/
QM i?2 Qi?2` ?�M/- [m�HBi�iBp2 /�i� �M/ 2KTB`B+�H Q#b2`p�iBQMbX h?Bb BMBiB�H `2@
b2�`+? bi2T Bb � 7Q`K Q7 2tTHQ`�iQ`v `2b2�`+? U62HHQrb �M/ �MBi� kyy3V i?�i �BKb
iQ Tmi 7Q`r�`/ i?2 7mM/�K2Mi�H B/2�b i?�i ;mB/2 i?2 M2ti `2b2�`+? bi2TbX h?Bb BMB@
iB�H bi2T ?�b #22M KQ`2 i?�M Q7i2M +�``B2/ Qmi �b � 7Q`K Q7 �+iBQM `2b2�`+?- BM i?2
b2Mb2 i?�i i?2 �mi?Q` Q7 i?Bb i?2bBb Bb �M �+iBp2 T�`iB+BT�Mi BM i?2 T`Q+2bb2b i?�i
�`2 #2BM; Q#b2`p2/X h?Bb ?�b Q++m``2/ rBi? b2p2`�H +�b2b- �M/ i?Bb i?2bBb `2TQ`ib
QM2 Q7 i?2K- �b i?2 KQbi bB;MB}+�MiX Ai Bb MQi2/ i?�i �KQM; �HH +�b2b i?Bb T�`iB+m@
H�` QM2 iQQF TH�+2 H�i2` BM i?2 `2b2�`+? iBK2HBM2X

h?2 �TTHB+�iBQM Q7 +QKTmi�iBQM�H /2+BbBQM bmTTQ`i BM �+�/2KB� �M/ �`+?Bi2+im`�H
T`�+iB+2 mM/2MB�#Hv QT2Mb mT MQp2H QTTQ`imMBiB2b i?�i 2M�#H2 i`2�iK2Mi Q7 +QK@
TH2tBiv BM H�`;2@b+�H2- `2�H@rQ`H/ T`QD2+ib �M/ +QKTH2t- KmHiB@7�+2i2/ T2`7Q`K�M+2
`2[mB`2K2Mib �M/ +QMbi`�BMibX .2bTBi2 i?2 TQi2MiB�H #`Qm;?i 7Q`r�`/- i?2`2 2tBbi
+?�HH2M;2b BM 2z2+iBp2Hv �TTHvBM; +QKTmi�iBQM�H /2+BbBQM bmTTQ`i BM +QMi2KTQ@
`�`v 2/m+�iBQM �M/ T`�+iB+2X �b biBTmH�i2/ T`2pBQmbHv BM i?Bb i?2bBb �M/ bT2+B}+�HHv
rBi?BM b2+iBQM jXk- irQ 7mM/�K2Mi�H +?�HH2M;2b �`2 `2H�i2/ iQ i?2 7QHHQrBM; irQ Bb@
bm2b,

• lMK�M�;2�#H2 +QKTmi�iBQM�H +QKTH2tBiv Q7 biQ+?�biB+ QTiBKBx�iBQM /m2 iQ
mb2 Q7 �++m`�i2 bBKmH�iBQM KQ/2Hb- �M/-

• i?2 H�+F Q7 �M 2{+B2Mi �TT`Q�+? i?�i �HHQrb /2+BbBQM@K�F2` T`272`2M+2b iQ #2
BMi2;`�i2/ rBi? /2bB;M Q#D2+iBp2bX

A/2MiB}+�iBQM Q7 i?2b2 irQ +?�HH2M;2b �M/ bm#bi�MiB�iBQM i?`Qm;? `2�H@rQ`H/ 2/m+�@
iBQM �M/ /2bB;M 2tT2`B2M+2 ?�b #22M i?2 K�BM QmiTmi Q7 i?2 T`2HBKBM�`v `2b2�`+?-
r?B+? H2�/b iQ i?2 +QM+`2i2 K2i?Q/QHQ;B+�H bT2+B}+�iBQM Q7 i?2 M2ti bi2TX

�M 2ti2MbBp2 `2pB2r Q7 i?2 bi�i2 Q7 �`i BM +QKTmi�iBQM�H /2+BbBQM bmTTQ`i �M/ �T@
THB+�iBQMb BM �`+?Bi2+im`�H /2bB;M ?�b #22M T2`7Q`K2/X h?2 `2bmHi Q7 i?Bb BMp2biB@
;�iBQM Bb T`2b2Mi2/ BM +?�Ti2` kX h?2 K�BM �BK ?2`2- �b `2H�i2/ iQ i?2 `2b2�`+?
K2i?Q/QHQ;v �TTHB2/- Bb iQ B/2MiB7v 2tBbiBM; �TT`Q�+?2b i?�i K�v TQi2MiB�HHv #2
?2HT7mH BM �//`2bbBM; i?2 Bbbm2b B/2MiB}2/ BM i?2 T`2pBQmb `2b2�`+? bi�;2X h?Bb T`Q@
+2/m`2 +QMbBbib Q7 i?2 B/2MiB}+�iBQM Q7 rQ`Fb- 2bi�#HBb?BM; mb27mHM2bb BM �//`2bb@
BM; Bbbm2b- TBMTQBMiBM; TQi2MiB�H b?Q`i+QKBM;b- �M/- }M�HHv- 2bi�#HBb? i?2 TQi2MiB�H
7Q` BKT`Qp2K2Mi Q7 i?2 B/2MiB}2/ rQ`F rBi? i?2 �BK Q7 #2ii2` �//`2bbBM; Bbbm2b �i
?�M/X

i?Bb bi�;2 +QKT`Bb2b 7Q`KmH�iBM; bT2+B}+ `2b2�`+? [m2biBQMb �M/ ?vTQi?2b2b- �b r2HH
�b /2p2HQTBM; i?2 M2+2bb�`v K2i?Q/QHQ;B+�H BMbB;?i iQ 2M�#H2 i?2 2bi�#HBb?K2Mi Q7
bT2+B}+ K2i?Q/b i?�i rBHH #2 BKTH2K2Mi2/ BM i?2 M2ti 2tT2`BK2Mi�H `2b2�`+? bi�;2
iQ �//`2bb i?2 `2b2�`+? [m2biBQMbX

Ȝ RXjXk JQ/2H .2p2HQTK2Mi
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

h?2 b2+QM/ T�`i Q7 i?2 Qp2`�HH `2b2�`+? K2i?Q/QHQ;v Bb +QM+2`M2/ rBi? i?2 /2p2H@

*?�Ti2` RR



QTK2Mi Q7 i?2 KQ/2H- r?B+? 2M+QKT�bb2b i?2 /2p2HQTK2Mi Q7 i?2 �TT`Q�+? �M/ i?2
7Q`KmH�iBQM Q7 i?2 +QM+`2i2 K2i?Q/- �b r2HH �b i?2 /2p2HQTK2Mi Q7 bQ7ir�`2 iQQHb
i?�i BKTH2K2Mi i?2 i?2Q`2iB+�H }M/BM;bX h?Bb T�`i Q7 i?2 `2b2�`+? 7Q+mb2b QM i?2
mb2 Q7 BMbB;?ib ;�BM2/ T`2pBQmbHv BM i?2 BMBiB�H `2b2�`+? bi�;2 �b r2HH �b BM � KQ`2
7Q+mb2/ `2pB2r i?2 Q7 bi�i2 Q7 �`i- BM Q`/2` iQ 7Q`KmH�i2 � +Qm`b2 Q7 �+iBQM 7Q` �/@
/`2bbBM; i?2 Bbbm2b B/2MiB}2/ �b T�`i Q7 i?2 T`2HBKBM�`v `2b2�`+?X

Ai Bb MQi2/ i?�i i?Bb 7Q+mb2/ `2pB2r Q7 HBi2`�im`2- BM +QMi`�bi iQ i?2 ;2M2`�H bi�i2 Q7
�`i 2bi�#HBb?2/ BM i?2 S`2HBKBM�`v _2b2�`+?- rBHH Q7i2M #2 7QmM/ �HQM;bB/2 KQ/2H
/2p2HQTK2Mi rBi?BM i?2 bi`m+im`2 Q7 i?2 i?2bBbX h?Bb ?�b #22M � +QMb+BQmb /2+B@
bBQM QM i?2 T�`i Q7 i?2 �mi?Q` 7Q` irQ `2�bQMbX h?2 }`bi Bb iQ �HHQr bQK2 /2;`22 Q7
}/2HBiv iQ i?2 iBK2HBM2 Q7 T2`7Q`K2/ `2b2�`+?- r?B+? +QMbBbib Q7 � b2`B2b Q7 Tm#HB+�@
iBQMb i?�i 2M+QKT�bb #Qi? 2bi�#HBb?BM; Q7 bi�i2 Q7 �`i �b r2HH �b /2p2HQTK2Mi- �M/
i?2 b2+QM/ Bb i?�i +QMi2Mi@rBb2- Bi Bb `2�HHv }iiBM; iQ +QK#BM2 i?2b2 bT2+B}+ BMp2biB@
;�iBQMb BMiQ i?2 bi�i2 Q7 �`i rBi? i?2 /2p2HQTK2Mi i?�i i?2v �`2 `2H�i2/ iQX

Ȝ RXjXj 1tT2`BK2Mi�H _2b2�`+?
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

AM T`2pBQmb `2b2�`+? bi�;2b- �M/ #�b2/ QM i?2 M22/b �M/ `2[mB`2K2Mib 2bi�#@
HBb?2/ �M/ i?2 BMp2biB;�iBQM Q7 i?2 bi�i2 Q7 �`i- � T`QTQb2/ �TT`Q�+? Bb 7Q`KmH�i2/-
�M/ Bib 2H�#Q`�iBQMb BM bT2+B}+ K2i?Q/b- iQQHb- i2+?MB[m2b �`2 T`QTQb2/- �M/ i?2B`
BKTH2K2Mi�iBQMb �`2 /2p2HQT2/X

�b � M2ti bi2T- i?2 K�BM ;Q�H Q7 i?Bb `2b2�`+? bi�;2 Bb iQ BKTH2K2Mi �M/ p�HB/�i2
i?2 �TTHB+�#BHBiv �M/ T2`7Q`K�M+2 Q7 T`QTQb2/ K2i?Q/b BM �//`2bbBM; i?2 Bbbm2b Q7
+QM+2`MX �b T�`i Q7 i?Bb ;Q�H- � irQ@7QH/ 2tT2`BK2Mi�H `2b2�`+? 2M/2�pQ` Bb mM/2`@
i�F2M i?�i 7Q+mb2b QM i?2 7QHHQrBM;,

• h?2 `2b2�`+? �M/ BKTH2K2Mi�iBQM M2+2bb�`v iQ 2bi�#HBb? i?2 T`QTQb2/ K2i?@
Q/b �M/ i2+?MB[m2b- bmTTQ`iBM; BM7`�bi`m+im`2- 7mM+iBQM�H i2biBM; +QKTQM2Mib-
�b r2HH �b BMi2;`�iBQM i?2`2Q7 BM � bQ7ir�`2 7`�K2rQ`FX

• h?2 TH�MMBM; �M/ BKTH2K2Mi�iBQM Q7 +�b2 bim/B2b i?�i �BK iQ mHiBK�i2Hv p�H@
B/�i2 i?2 T2`7Q`K�M+2 �M/ �TTHB+�#BHBiv Q7 i?2 T`QTQb2/ �TT`Q�+?2bX o�HB/�@
iBQM Q7 T`QTQb2/ �TT`Q�+?2b Bb T2`7Q`K2/ i?`Qm;? i?2 �TTHB+�iBQM iQ /2bB;M
+�b2 bim/B2b i?�i �`2 BMbTB`2/ #v `2�H rQ`H/ +QKTH2t /2bB;M T`Q#H2KbX

h?2 `2bmHib Q7 i?2 2tT2`BK2Mi�H `2b2�`+? bi�;2- iQ;2i?2` rBi? T`2pBQmb bi�;2b �`2
2p�Hm�i2/ BM Q`/2` iQ 7Q`KmH�i2 `2b2�`+? +QM+HmbBQMb �M/ `2+QKK2M/�iBQMb 7Q` 7m@
im`2 `2b2�`+? /B`2+iBQMbX

h?2 Qp2`�HH QmiHBM2 Q7 i?2 `2b2�`+? K2i?Q/QHQ;v 7QHHQr2/ BM i?Bb i?2bBb Bb T`2b2Mi2/
BM };m`2 RXkX

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
Ȝ RX9 GBKBi�iBQMb

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
LQ +H�BK Bb K�/2 �b iQ i?2 p�HB/Biv Q` �++m`�+v Q7 /2bB;M Q#D2+iBp2b �b i?2v �`2

2bi�#HBb?2/ BM i?2 +QMi2ti Q7 �M �`+?Bi2+im`�H /2bB;M T`QD2+iX h?`Qm;? i?2 T`Q@

�`+?Bi2+im`�H .2bB;M S2`7Q`K�M+2 i?`Qm;? *QKTmi�iBQM�H AMi2HHB;2M+2 Rk



TQb2/ �TT`Q�+? Bi Bb TQbbB#H2 iQ b�iBb7v .J T`272`2M+2b BMbQKm+? �b i?2v �`2 MQi
BM /B`2+i +QM~B+i rBi? /2bB;M Q#D2+iBp2bc BM i?Bb b2Mb2- Bi Bb T`QT2` iQ mb2 i?2 i2`K
ǳb2+QM/@Q`/2` T`272`2M+2bǴ- BM Q`/2` iQ /2MQi2 i?2 T`2+2/2M+2 Q7 /2bB;M Q#D2+iBp2b
BM i?2 TQbi@S�`2iQ �M�HvbBbX *QM+2`MBM; i?2 �#Qp2- i?2 2bi�#HBb?K2Mi Q7 bT2+B}+
bQ7i +`Bi2`B� �b i?2v +QmH/ #2 BMi`Q/m+2/ BM � /2bB;M T`Q#H2K Bb �M BKTQ`i�Mi �b@
T2+i- ?Qr2p2` QM2 i?�i Bb MQi /2�Hi rBi? BM i?Bb i?2bBbX

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
Ȝ RX8 *QMi`B#miBQMb

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
*QKTmi�iBQM�H QTiBKBx�iBQM Qz2`b i`2K2M/Qmb TQi2MiB�H 7Q` BKT`QpBM; /2+BbBQM

K�FBM; BM i?2 }2H/ Q7 �`+?Bi2+im`�H /2bB;MX lM/2` i?Bb �bbmKTiBQM i?2 K�BM +QMi`B@
#miBQM Q7 i?2 rQ`F /2b+`B#2/ ?2`2BM Bb i?2 B/2MiB}+�iBQM Q7 T`QTQb2/ K2i?Q/b �M/
i2+?MB[m2b iQ 2ti2M/ i?2 ;2M2`B+ +QKTmi�iBQM�H QTiBKBx�iBQM 7`�K2rQ`F bQ �b iQ,

B BKT`Qp2 �/QTiBQM Q7 bBKmH�iBQM@#�b2/ i2biBM; BM i?2 BMBiB�H T?�b2 Q7 /2bB;M- #v
�HH2pB�iBM; �`/mQmb +QKTmi�iBQM�H 2zQ`i bT2Mi QM /2bB;M T2`7Q`K�M+2 2p�Hm�@
iBQM- 2bT2+B�HHv BM i?2 2�`Hv- +QM+2Tim�H /2bB;M bi�;2-

BB 2M�#H2 /2+BbBQM K�FBM; i?�i Bb +HQb2` iQ i?2 M22/b Q7 T`QD2+i bi�F2?QH/2`b- #v
2ti2M/BM; TQbi@S�`2iQ /2+BbBQM bmTTQ`i rBi? 2KT?�bBb QM i?2 b�iBb7�+iBQM Q7
T`272`2M+2b T2`i�BMBM; iQ +QM+`2i2 Q#D2+i �ii`B#mi2bX

BBB Qp2`�HH- BKT`Qp2 BM7Q`K2/ /2+BbBQM K�FBM; i?`Qm;?Qmi i?2 /2bB;M T`Q+2bb- r?B+?
+�M T`QpB/2 #2M2}ib bm+? �b Qp2`+QKBM; #mBH/BM; 7�BHm`2b /m`BM; i?2 +QMbi`m+@
iBQM bi�;2 U+�H+mH�i2/ iQ #2 kyW Q7 i?2 #mBH/BM; +QbibVX

h?2 �7Q`2K2MiBQM2/ +QMi`B#miBQMb �`2 2tT2+i2/ iQ b2`p2 BM T`QKQiBM; BM7Q`K2/ /2@
+BbBQM K�FBM; �M/- mHiBK�i2Hv- i?`Qm;? i?2 BKT`Qp2K2Mi Q7 i?2 /2bB;M T`Q+2bb- iQ
� #2ii2`@#mBHi 2MpB`QMK2MiX Ai Bb iQ #2 MQi2/ i?�i- r?BH2 7Q+mbBM; QM �`+?Bi2+im`�H
/2bB;M- i?2 T`Q/m+ib Q7 i?Bb i?2bBb �TTHv iQ Qi?2` }2H/b Q7 /2bB;M r?2`2 [m�HBi�iBp2
+`Bi2`B� ?�p2 � F2v `QH2- bm+? �b T`Q/m+i /2bB;M- ;`�T?B+ /2bB;M- >mK�M@J�+?BM2
AMi2`7�+2 U>JAV /2bB;M- �M/ bQ 7Q`i?X

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
Ȝ RXe 1tT2+i2/ PmiTmi

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
h?2 2tT2+i2/ QmiTmi Q7 i?Bb i?2bBb Bb irQ@7QH/, PM QM2 ?�M/- Bi +QKT`Bb2b i?2

K2i?Q/QHQ;B+�H �M/ i2+?MB+�H MQp2HiB2b i?�i �`2 T`QTQb2/ ?2`2BMX h?Bb BM+Hm/2b BX
/2b+`BTiBQMb Q7 i?2 T`QTQb2/ K2i?Q/b BM+Hm/BM; K�i?2K�iB+�H Q` �H;Q`Bi?KB+ 7Q`@
KmH�iBQMb r?2`2 `2H2p�Mi- �M/ BBX /2b+`BTiBQMb Q7 K2i?Q/b iQ p�HB/�i2 i?2 T2`7Q`@
K�M+2 Q7 i?2 7Q`K2`X h?2 �#Qp2 ?�p2 #22M BM+Q`TQ`�i2/ BM � b2`B2b Q7 DQm`M�H �M/
+QM72`2M+2 Tm#HB+�iBQMb- bQK2 Q7 r?B+? ?�p2 #22M /BbiBHH2/ BMiQ T�`ib Q7 i?Bb i?2bBbX
PM i?2 Qi?2` ?�M/- Bi +QKT`Bb2b i?2 +QM+`2i2 bQ7ir�`2 BKTH2K2Mi�iBQMb Q7 i?2 T`Q@
TQb2/ K2i?Q/b �M/ i2+?MB[m2b- r?B+? �`2 7mHHv 7mM+iBQM�H +QKTQM2Mib- �i h_G 8
�M/ �#Qp2- i?�i �`2 `2�/v iQ #2 mb2/ BM T`�+iB+2X

*?�Ti2` Rj



XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
Ȝ RXd a+B2MiB}+ �M/ aQ+B2i�H _2H2p�M+2

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
*QKTmi�iBQM�H QTiBKBx�iBQM +QMbiBimi2b � TQr2`7mH iQQH i?�i +�``B2b i?2 TQi2M@

iB�H 7Q` ;`QmM/#`2�FBM; �/p�M+2b BM /2bB;M `2b2�`+? �M/ T`�+iB+2X >Qr2p2`- �T@
THB+�iBQMb biBHH 7�HH #2?BM/ �b +`m+B�H �bT2+ib T`2b2Mi +?�HH2M;2b BM �TTHvBM; b�B/
K2i?Q/b- iQQHb- �M/ i2+?MB[m2b iQ `2�H@rQ`H/ �`+?Bi2+im`�H /2bB;M T`Q#H2KbX h?Bb
`2b2�`+? �BKb �i B/2MiB7vBM; T`QKBM2Mi b�B/ T`Q#H2K�iB+ �`2�b �M/ T`QTQbBM; i?2
M2+2bb�`v �/p�M+2K2Mib iQ �HH2pB�i2 `2H�i2/ b?Q`i+QKBM;bX h?2 T`QTQb2/ �/p�M+2@
K2Mib +QMbiBimi2 � MQp2H #Q/v Q7 FMQrH2/;2- i?�i 7Q+mb2b QM i?2 `2b2�`+? Q7 bT2@
+B}+ �bT2+ib BMpQHp2/ BM i?2 �TTHB+�iBQM Q7 2tBbiBM; *A K2i?Q/b BM i?2 }2H/ Q7 �`+?B@
i2+im`�H /2bB;M- �b r2HH �b i?2 i2+?MB+�H �/p�M+2b M2+2bb�`v iQ 2M�#H2 bm++2bb7mH
�TTHB+�iBQM i?2`2Q7X h?2 +QMi`B#miBQM iQ FMQrH2/;2 +QKT`Bb2b �/p�M+2b BM +Q;@
MBiBp2 K2i?Q/b iQ 2M�#H2 i?2 b2�KH2bb �TTHB+�iBQM Q7 BMi2HHB;2Mi /2+BbBQM bmTTQ`i
K2i?Q/b BM �`+?Bi2+im`�H /2bB;MX "2bB/2b- i?2 iQQHb- K2i?Q/b- �M/ i2+?MB[m2b T`Q@
TQb2/ �b T�`i Q7 i?Bb rQ`F �`2 2tT2+i2/ iQ vB2H/ �/p�M+2K2Mib BM i?2 �TTHB+�iBQM
Q7 +QKTmi�iBQM�H /2+BbBQM bmTTQ`i BM `2�H@rQ`H/ �`+?Bi2+im`�H /2bB;M T`Q#H2Kb #v
K�FBM; i?2K KQ`2 �TTHB+�#H2 �M/ �#H2 iQ KQ`2 �++m`�i2Hv �//`2bb ?B;?@H2p2H T`Q#@
H2Kb 7�+2/ #v /2+BbBQM@K�F2`b BM i?2 }2H/ Q7 �`+?Bi2+im`�H /2bB;M- r?B+? +QMbiBimi2b
bB;MB}+�Mi /Bbb2KBM�iBQM Q7 b+B2MiB}+ `2b2�`+?X

h?2 bQ+B2i�H `2H2p�M+2 Q7 i?Bb rQ`F `2bB/2b BM i?2 T`2KBb2 i?�i i?`Qm;? i?2 �/QT@
iBQM Q7 i?2 T`QTQb2/ iQQHb K2i?Q/b �M/ i2+?MB[m2b- /2+BbBQM@K�F2`b BM i?2 }2H/ Q7
�`+?Bi2+im`2 rBHH Q#i�BM TQr2`7mH �bb2ib i?�i +�M Q`+?2bi`�i2 � #2ii2` �TTHB+�iBQM
Q7 +QKTmi�iBQM�H /2+BbBQM bmTTQ`i iQQHb Qp2`�HH- rBi? 2KT?�bBb QM +QKTmi�iBQM�H
KmHiB@Q#D2+iBp2 QTiBKBx�iBQM- r?B+? Bb i?2 KQbi `2H2p�Mi 7Q` �`+?Bi2+im`�H /2bB;MX
h?2 bQ+B2i�H `2H2p�M+2 Bb i?mb /B`2+iHv 2pB/2Mi- BM i?�i +QKTH2t �`+?Bi2+im`�H /2bB;M
T`Q#H2Kb �b i?Qb2 +QKKQMHv i�+FH2/ BM +QMi2KTQ`�`v �`+?Bi2+im`�H T`�+iB+2 rBHH
#2 �//`2bb2/ rBi? ;`2�i2` +QM}/2M+2 /m2 iQ i?2 �m;K2Mi2/ +Q;MBiBp2 +�T�#BHBiB2b
i?�i i?2 bvM2`;v Q7 K�M U/2+BbBQM@K�F2`V �M/ K�+?BM2 UQTiBKBx�iBQM �H;Q`Bi?Kb
�M/ +Q;MBiBp2 KQ/2HbV Bb 2tT2+i2/ iQ Qz2`X �b � `2bmHi- BM+`2�b2/ 2{+B2M+v BM /2@
bB;M �M/ +QMbi`m+iBQM Bb 2tT2+i2/ iQ i`�MbH�i2 BMiQ i?2 `2/m+iBQM Q7 +Qbib �bbQ+B�i2/
rBi? i?2 #mBHi 2MpB`QMK2Mi- r?B+? BM Bib2H7 Bb � +H2�` #2M2}i #Qi? 7Q` i?2 BM/BpB/@
m�H �b r2HH �b 7Q` bQ+B2ivX lHiBK�i2Hv- Bi Bb 2tT2+i2/ i?�i 7m`i?2`BM; i?2 bi�i2 Q7 i?2
�`i BM i?Bb }2H/ rBHH H2�/ iQ � #2ii2`@#mBHi 2MpB`QMK2Mi- r?2`2- MQi QMHv i2+?MB+�H
#mi �HbQ [m�HBi�iBp2 �2bi?2iB+ �M/ BM/BpB/m�Hf+mHim`�H T`272`2M+2b K�v #2 `2�/BHv
�//`2bb2/ BM 2p2`v/�v /2bB;M T`�+iB+2X

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
Ȝ RX3 h?2bBb PmiHBM2

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
� bB;MB}+�Mi TQ`iBQM Q7 i?2 +QMi2Mi Q7 i?Bb i?2bBb Bb #�b2/ QM � b2`B2b Q7 Tm#HB@

+�iBQMb i?�i ?�p2 #22M Tm#HBb?2/ i?`Qm;?Qmi i?2 +Qm`b2 Q7 i?2 �mi?Q`Ƕb S?. `2@
b2�`+?- �M/ r?B+? ?�p2 H2�/ mT iQ i?2 /2}MBiBQM Q7 i?2 K2i?Q/QHQ;B+�H �M/ i2+?MB@
+�H }M/BM;b QmiHBM2/ ?2`2�7i2`X

h?2 i?2bBb Bb bi`m+im`2/ �b 7QHHQrbX AM +?�Ti2` k- �M 2ti2MbBp2 HBi2`�im`2 `2pB2r QM
i?2 bi�i2 Q7 i?2 �`i QM /2bB;M .2+BbBQM amTTQ`i avbi2Kb- �M/ BM T�`iB+mH�` *QK@
Tmi�iBQM�H AMi2HHB;2M+2@#�b2/ /2+BbBQM bmTTQ`i Bb T`2b2Mi2/X AM +?�Ti2` j- i?2 }`bi
bi�;2b Q7 `2b2�`+? �`2 T`2b2Mi2/X h?Bb T`2HBKBM�`v `2b2�`+? ?�b #22M +�``B2/ Qmi

�`+?Bi2+im`�H .2bB;M S2`7Q`K�M+2 i?`Qm;? *QKTmi�iBQM�H AMi2HHB;2M+2 R9



�b T�`i Q7 i?2 �mi?Q`Ƕb T�`iB+BT�iBQM BM �`+?Bi2+im`�H 2/m+�iBQM �M/ T`�+iB+2- �M/
+mHKBM�i2/ BM i?2 biBTmH�iBQM Q7 i?2 T`Q#H2K bi�i2K2Mi �M/ `2b2�`+? [m2biBQMb Q7
i?Bb i?2bBbX *?�Ti2` 9 7Q+mb2b QM KQ/2H /2p2HQTK2Mi- 2H�#Q`�iBM; QM i?2 BM/BpB/m�H
+QKTQM2Mib i?�i K�F2 mT i?2 T`QTQb2/ �TT`Q�+? �b r2HH �b i?2B` BMi2;`�iBQM BM �
+QMbBbi2Mi �M/ +QKT`2?2MbBp2 /2+BbBQM bmTTQ`i K2i?Q/X *?�Ti2` 8 2H�#Q`�i2b QM
irQ +�b2 bim/B2b- 2�+? 7Q+mbBM; QM /Bz2`2Mi �bT2+ib Q7 i?2 T`QTQb2/ �TT`Q�+?c BM
i?2 }`bi +�b2- i?2 �TTHB+�iBQM Q7 � K�+?BM2 H2�`MBM; bm``Q;�i2 KQ/2H iQ �++m`�i2Hv
KQ/2H BM/QQ` /�vHB;?i /Bbi`B#miBQM Bb /Bb+mbb2/X AM i?2 b2+QM/ +�b2- i?2 �TTHB+�@
iBQM Q7 �M �miQ@�bbQ+B�iBp2 M2m`�H M2irQ`F i?�i KQ/2Hb i?2 /Bbi`B#miBQM Q7 S�`2iQ@
QTiBK�H bQHmiBQMb iQ � KmHiB@Q#D2+iBp2 7�+�/2 /2bB;M T`Q#H2K Bb T`2b2Mi2/- �M/ �T@
THB+�iBQM iQ T`272`2M+2 KQ/2HBM; Bb /Bb+mbb2/X 6BM�HHv- +?�Ti2` e T`2b2Mib +QM+Hm/@
BM; `2K�`Fb �M/ 7mim`2 `2+QKK2M/�iBQMbX

h?2 bi`m+im`2 Q7 i?2 i?2bBb- BM+Hm/BM; `2H2p�Mi Tm#HB+�iBQMb- Bb QmiHBM2/ BM };m`2
RXjX

*?�Ti2` R8



6A:l_1 RXj PmiHBM2 Q7 i?2 i?2bBb bi`m+im`2 BM `2H�iBQM iQ i?2 `2b2�`+? �+iBpBiB2b
i?`Qm;?Qmi i?2 i?2bBbX

�`+?Bi2+im`�H .2bB;M S2`7Q`K�M+2 i?`Qm;? *QKTmi�iBQM�H AMi2HHB;2M+2 Re



k GBi2`�im`2 _2pB2r �M/ ai�i2 Q7 �`i

h?Bb +?�Ti2` �BKb iQ T`QpB/2 � +QM+Bb2 QmiHBM2 Q7 i?2 i2+?MQHQ;B2b i?�i �`2 `2H�i2/
iQ i?2 T`2b2Mi `2b2�`+?- T`2b2Mi �M Qp2`pB2r Q7 i?2 bi�i2 Q7 i?2 �`i BM `2H�i2/ }2H/b-
�M/ B/2MiB7v i?2 `2[mB`2/ /2p2HQTK2Mib BM i?2 bi�i2 Q7 �`i- iQ #2 �#H2 iQ T`QTQb2
`2H2p�Mi K2i?Q/b- iQQHb �M/ i2+?MB[m2b i?�i +�M �//`2bb i?2 `2b2�`+? [m2biBQMb
TQb2/ BM +?�Ti2` RX h?2 7Q+mb Q7 i?Bb +?�Ti2` Bb QM �TT`Q�+?2b i?�i #2HQM; iQ i?2
}2H/ Q7 *QKTmi�iBQM�H AMi2HHB;2M+2X AM T�`iB+mH�`- i?2 2KT?�bBb Bb irQ@7QH/, PM
QM2 ?�M/- QM i?2 bi�i2 Q7 �`i BM /2bB;M /2+BbBQM@bmTTQ`i �TT`Q�+?2b- 7Q+mbBM; QM
/2p2HQTK2Mib BM 1pQHmiBQM�`v *QKTmi�iBQM �TT`Q�+?2b 7Q` /2+BbBQM bmTTQ`i BM �`@
+?Bi2+im`�H /2bB;M- �M/ QM i?2 Qi?2` ?�M/ BM `2b2�`+? �M/ �TTHB+�iBQMb Q7 J�+?BM2
G2�`MBM; BM i?2 b�K2 }2H/X

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
Ȝ kXR .2+BbBQM amTTQ`i avbi2Kb

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
.2+BbBQM K�FBM; Bb � +2Mi`�H �+iBpBiv BM �`+?Bi2+im`�H /2bB;M i?�i Bb +?�`�+i2`Bx2/

�b Km+? #v Bib m#B[mBiv �b #v Bib BKTQ`i�M+2 BM i?2 /2bB;M T`Q+2bbX h?2 +QKTH2t@
Biv BMpQHp2/ BM i?2 /2bB;M Q7 �`+?Bi2+im`�H T`QD2+ib `2M/2`b /2+BbBQM K�FBM; BM i?2
+QMi2ti Q7 /2bB;M � +?�HH2M;BM; i�bF 7Q` ?mK�M +Q;MBiBQMX h?2 K�BM bQm`+2b Q7 /2@
bB;M +QKTH2tBiv ?�p2 #22M T`2pBQmbHv QmiHBM2/ BM b2+iBQM RXRXkX hQ;2i?2` rBi? i?2B`
2z2+ib QM i?2 /2bB;M T`Q+2bb i?2v K�v #2 bmKK2/ mT �b 7QHHQrb,

RX h?2 2t+2bbBp2 MmK#2` Q7 TQbbB#H2 /2bB;M bQHmiBQMb U/m2 iQ +QK#BM�iQ`B�H 2t@
THQbBQMVc 2t?�mbiBp2 2MmK2`�iBQM Q7 /2bB;M bQHmiBQMb Bb i?mb BKTQbbB#H2X

kX h?2 T`2b2M+2 Q7 KmHiBTH2 +QM~B+iBM; /2bB;M Q#D2+iBp2bc B/2MiB}+�iBQM Q7 � bBM@
;H2 #2bi T2`7Q`KBM; /2bB;M Bb i?mb mM�ii�BM�#H2X

jX h?2 T`2b2M+2 Q7 +QKTH2t- MQM@HBM2�` `2H�iBQMb #2ir22M /2+BbBQM p�`B�#H2b- Q#@
D2+iBp2b �M/ +QMbi`�BMibc 2tTHQ`�iBQM Q7 i?2 /2bB;M bT�+2 Bb i?mb T2`TH2t2/X

9X h?2 T`2b2M+2 Q7 i�+Bi /2bB;M T`272`2M+2b- BM/2T2M/2Mi Q7 /2bB;M Q#D2+iBp2bc
2tTHQ`�iBQM +�MMQi #2 ;mB/2/ #v Q#D2+iBp2b �HQM2X

AM Q`/2` iQ �HH2pB�i2 2t+2bbBp2 +Q;MBiBp2 #m`/2M- �M/ 2z2+iBp2Hv bmTTQ`i +Q;MBiBp2
/2+BbBQM K�FBM;- � rB/2 `�M;2 Q7 /2pB+2b ?�b #22M miBHBx2/ i?`Qm;?Qmi i?2 ?BbiQ`v
Q7 /2bB;MX h?2 p2`v �+i Q7 bF2i+?BM; Q` /`�7iBM; +�M #2 b22M �b � /2pB+2 i?�i bmT@
TQ`ib /2+BbBQM K�FBM;X h?Bb Bb �+?B2p2/ i?`Qm;? T`QpB/BM; �M 2ti2`M�H K2KQ`v
K2+?�MBbK r?2`2 +Q;MBiBQM +�M `2�/BHv Q|Q�/ �M/ `2�+[mB`2 BM7Q`K�iBQM- i?mb `2@
/m+BM; i?2 �KQmMi Q7 BM7Q`K�iBQM i?�i M22/b iQ #2 `2i�BM2/ BM +Q;MBiBQM �i �Mv
iBK2X h?2 mb2 Q7 2ti2`M�H K2/B� �b � +Q;MBiBp2 2ti2MbBQM K2+?�MBbK ?�b #22M /2@
b+`B#2/ BM i?2 HBi2`�im`2 U*H�`F kyyRVX h?2 �+i Q7 T?vbB+�H KQ/2H@K�FBM; #2HQM;b
iQ i?2 b�K2 +�i2;Q`v- BM i?�i Bi �B/b BM pBbm�HBx�iBQM Q7 i?2 T`QD2+i2/ /2bB;M `2bmHi-

Rd



�M/ i?2`27Q`2 7�+BHBi�i2b � i�bF i?�i rQmH/ Qi?2`rBb2 T`Qp2 iQ #2 � bB;MB}+�Mi #m`@
/2M iQ +Q;MBiBQMX AM � KQ/2`M BMi2`T`2i�iBQM- +QMi2KTQ`�`v "mBH/BM; AM7Q`K�iBQM
JQ/2HBM; U"AJV bvbi2Kb b2`p2 � bBKBH�` #mi 2ti2M/2/ Tm`TQb2- M�K2Hv iQ biQ`2
`B+?- ?B2`�`+?B+�H BM7Q`K�iBQM T2`i�BMBM; iQ � KmHiBim/2 Q7 #mBH/BM; �M/ +QMbi`m+@
iBQM �bT2+ib- r?B+? �HHQrb FMQrH2/;2 iQ #2 K�M�;2/ BM � Km+? KQ`2 i`�MbT�`2Mi
K�MM2`- i?2`27Q`2 H2�/BM; iQ #2ii2` +QHH�#Q`�iBQM �KQM; bi�F2?QH/2`b �b r2HH �b �M
Qp2`pB2r Q7 i?2 /2bB;M T`Q+2bb �M/ BKT`Qp2/ /2+BbBQM K�FBM;X

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
Ȝ kXk AM7Q`K�iBQM- *QKKmMB+�iBQM �M/ EMQrH2/;2 h2+?MQHQ;B2b

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
�`+?Bi2+im`2- Dmbi �b K�Mv Qi?2` 2M;BM22`BM; /Bb+BTHBM2b- ?�b mM/2`;QM2 � T`Q@

7QmM/ i`�Mb7Q`K�iBQM rBi? i?2 BMi`Q/m+iBQM Q7 /B;Bi�H K�+?BM2bX .2p2HQTK2Mib QM
A*Eh ?�p2 T2`bBbi2/ i?`Qm;?Qmi KQbi Q7 i?2 kyi? +2Mim`v- �M/ ?�p2 ?�/ �M mM@
KBbi�F�#H2 2z2+i QM /2bB;MBM; �i KmHiBTH2 H2p2Hb- BM+Hm/BM; #mi MQi HBKBi2/ iQ `2T@
`2b2Mi�iBQM- +QHH�#Q`�iBQM- KQ/2HBM; �M/ K�M�;2K2Mi Ua�`BvBH/Bx �M/ aiQmzb kyyR-
kyykVX P`B;BM�H rQ`F QM i?2 iQTB+ Q7 A*Eh /�i2b #�+F iQ i?2 b2KBM�H /Bbb2`i�iBQM
Q7 Ap�M ami?2`H�M/ QM >mK�M@J�+?BM2 AMi2`7�+2 U>JAV �M/ BM T�`iB+mH�` >JA 7Q`
/2bB;M i�bFb- r?B+? +mHKBM�i2/ iQ i?2 r2HH@FMQrM aF2i+?T�/ T`Q;`�K Uami?2`H�M/
RNejVX aF2i+?T�/ ?�b #22M � TBQM22` rQ`F BM K�Mv H2p2HbX aQK2 Q7 i?2 BMMQp�iBQMb
BMi`Q/m+2/ �b T�`i Q7 i?�i rQ`F BM+Hm/2, i?2 mb2 Q7 � MQp2H ǳHB;?i@T2MǴ BMi2`7�+2 7Q`
bF2i+?BM; QM b+`22Mc #�bB+ �bbQ+B�iBp2 7mM+iBQM�HBiv i?`Qm;? i?2 mb2 U�M/ `2@mb2V Q7
ǳbvK#QHbǴ- BX2X �bbQ+B�iBp2 ;`QmTb Q7 HBM2 �M/ �`+ 2H2K2Mib i?�i b?�`2 +?�M;2bc 2t@
i2M/�#BHBiv rBi? M2r FBM/b Q7 b?�T2b �M/ 7mM+iBQM�HBivc �M/ BMMQp�iBQMb BM biQ`�;2
Q7 /`�rBM;bX "2;BMMBM; BM i?2 RN3yb- +QKK2`+B�H *QKTmi2` �B/2/ .2bB;M U*�.V
T`Q;`�Kb ?�/ �H`2�/v 7QmM/ i?2B` r�v QmibB/2 i?2 �+�/2KB� �M/ BMiQ �`+?Bi2+im`�H
/2bB;M T`�+iB+2X "2;BMMBM; rBi? k. /`�rBM; QT2`�iBQMb- �M/ H�i2` QM 2ti2M/BM; iQ
j. /`�rBM;- �MBK�iBQM �M/ "mBH/BM; AM7Q`K�iBQM JQ/2HBM; U"AJV bQ7ir�`2- A*Eh
i2+?MQHQ;B2b ?�p2 T`QpB/2/ � ;`QmM/#`2�FBM; i`�Mb7Q`K�iBQM Q7 i?2 �`+?Bi2+im`�H
/2bB;M rQ`F~Qr- 7�+BHBi�iBM; KmM/�M2 i�bFb �M/ T`QpB/BM; MQp2H K�M�;2K2Mi- +QH@
H�#Q`�iBQM �M/ pBbm�HBx�iBQM +�T�#BHBiB2bX

h?2 K�DQ`Biv Q7 A*Eh �TTHB+�iBQMb BM �`+?Bi2+im`�H /2bB;M +QM+2`M `2T`2b2Mi�iBQM
�M/ 2tTHB+Bi /2bB;M FMQrH2/;2 K�M�;2K2MiX *�. bQ7ir�`2- pBbm�HBx�iBQM- `2T`2b2M@
i�iBQM �M/ oB`im�H _2�HBiv �TTHB+�iBQMb- "AJ �TTHB+�iBQMb- �b r2HH �b i?2 `2+2MiHv
TQTmH�`Bx2/ �M�HvbBb iQQHb bm+? �b +QKTmi�iBQM�H bBKmH�iBQM iQQHb #2HQM; iQ i?Bb
+�i2;Q`vX "�``BM; i?2 +Q;MBiBp2 bmTTQ`i Qz2`2/ i?`Qm;? 7�+BHBi�iBM; BM7Q`K�iBQM
K�M�;2K2Mi- BM+Hm/BM; `2T`2b2Mi�iBQM- i?2`2 Bb MQ 7m`i?2` BMpQHp2K2Mi BM /2+BbBQM
K�FBM; Q7 i?2 iQQHb /2b+`B#2/ �#Qp2X "2bB/2b- `2+2Mi /2p2HQTK2Mib BM *�.- bm+?
�b #mBH/BM; BM7Q`K�iBQM KQ/2HBM; U"AJV �M/ bBKmH�iBQM@#�b2/ /2bB;M- ?�p2 K�BMHv
�z2+i2/ i?2 H�i2` bi�;2b Q7 i?2 /2bB;M T`Q+2bb- r?2`2 i?2 bmTTQ`i Qz2`2/ #v +QK@
Tmi2` iQQHb Bb 7Q+mb2/ QM /2+BbBQMb QM bT2+B}+ �bT2+ib Q7 i?2 /2bB;M Uai`Q##2 2i �HX
kyRRVX

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
Ȝ kXj *QKTmi�iBQM�H AMi2HHB;2M+2 �M/ PTiBKBx�iBQM

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
P7 ;`2�i2` `2H2p�M+2 iQ i?2 b+QT2 Q7 i?Bb i?2bBb i?Qm;?- �`2 /2+BbBQM bmTTQ`i

bvbi2Kb i?�i �`2 K�FBM; mb2 Q7 +QKTmi�iBQM iQ /B`2+iHv bmTTQ`i /2+BbBQM K�FBM;

�`+?Bi2+im`�H .2bB;M S2`7Q`K�M+2 i?`Qm;? *QKTmi�iBQM�H AMi2HHB;2M+2 R3



i?`Qm;? bvbi2K�iB+ b2�`+? Q7 i?2 /2bB;M bT�+2 BM i?2 2�`Hv bi�;2b Q7 i?2 /2bB;M T`Q@
+2bb- r?2`2 7mM/�K2Mi�H /2bB;M /2+BbBQMb �`2 biBHH i�FBM; TH�+2X h?2b2 �`2 K�BMHv
iQQHb i?�i `2Hv QM +QKTmi�iBQM�H QTiBKBx�iBQMX Ai Bb BKTQ`i�Mi iQ bi`2bb i?2 /B7@
72`2M+2 #2ir22M �M�HvbBb �M/ QTiBKBx�iBQMX AM �M�HvbBb- i?2 2KTHQv2/ KQ/2H Bb `2@
bTQMbB#H2 7Q` T`QpB/BM; �M �++m`�i2 };m`2 Q7 i?2 T2`7Q`K�M+2 Q7 � /2bB;M- r?2`2@
mTQM � /2+BbBQM@K�F2` Bi2`�iBp2Hv T2`7Q`Kb �/DmbiK2Mib i?�i �`2 2Bi?2` BM7Q`K2/
#v T`2pBQmb FMQrH2/;2 U2X;X i?`Qm;? ?2m`BbiB+ `mH2bV- QrM /2bB;M Q` 2M;BM22`BM;
2tT2`B2M+2- Q` i?`Qm;? i`B�H@�M/@2``Q`- iQ BKT`Qp2 T2`7Q`K�M+2 �++Q`/BM; iQ QM2
Q` KQ`2 /2bB;M +`Bi2`B�X q?BH2 i?2 mb2 Q7 bBKmH�iBQM Qz2`b � TB+im`2 i?�i Bb Km+?
+HQb2` iQ `2�HBiv i?�M bBKTHB}2/ +�H+mH�iBQMb- `mH2b Q7 i?mK# Q` 2p2M bT2+mH�iBQM
+QmH/ Qz2`- /2+BbBQM K�FBM; Bb biBHH H27i mT iQ i?2 +Q;MBiBQM Q7 i?2 /2+BbBQM@K�F2`
iQ T2`7Q`KX PM i?2 Qi?2` ?�M/- BM QTiBKBx�iBQM- i?2 Bi2`�iBp2 BKT`Qp2K2Mi Bb T2`@
7Q`K2/ �b T�`i Q7 i?2 �H;Q`Bi?K- �M/ i?2 /2+BbBQM@K�F2` Bb `2bTQMbB#H2 7Q` /2}MBM;
/2bB;M ;Q�Hb �M/ i?2 /2bB;M bT�+2X PTiBKBx�iBQM@#�b2/ �TT`Q�+?2b Qz2` � +H2�` �/@
p�Mi�;2 BM i?�i i?2 ?mK�M@BM@i?2@HQQT i`B�H@�M/@2``Q` T`Q+2bb Bb 2HBKBM�i2/ �M/
BM im`M +Q;MBiBp2 HBKBi�iBQMb �`2 �HH2pB�i2/X h?2 /2+BbBQM@K�F2` Bb i?mb 7`22 iQ 2t@
2`+Bb2 i?2B` +?QB+2 QM /2bB;Mb i?�i �`2 T`Qp2M iQ #2 r2HH@T2`7Q`KBM;- bB;MB}+�MiHv
`2/m+BM; i?2 #m`/2M �bbQ+B�i2/ rBi? /2bB;M /2+BbBQM K�FBM; Qp2`�HHX

*QKTmi�iBQM�H AMi2HHB;2M+2 U*AV Bb �M mK#`2HH� i2`K i?�i 2M+QKT�bb2b b2p2`�H /B@
p2`b2 �TT`Q�+?2b iQ BMi2HHB;2M+2- r?B+? +QKT`Bb2 J�+?BM2 G2�`MBM; UJGV- 1pQHm@
iBQM�`v *QKTmi�iBQM U1*V �M/ 6mxxv GQ;B+ U6GV UC�M; 2i �HX RNNdVX *A #2+�K2 �
7Q`K�H �`2� Q7 bim/v BM i?2 2�`Hv RNNyb- �M/ Bb p2`v +HQb2 iQ i?2 i2`K aQ7i *QKTmi@
BM; Ua*V Uw�/2? RNN9VX a* �b � i2`K +QK2b BM +QMi`�bi iQ >�`/ *QKTmiBM;- i?2
2bb2MiB�H /Bz2`2M+2 #2BM; i?�i a* �M/ K2i?Q/b i?2`2Q7 +�M iQH2`�i2 BKT`2+BbBQM-
+�M 7mM+iBQM mbBM; T�`iB�H i`mi? �M/ K�v ?�M/H2 mM+2`i�BMiv �b T�`i Q7 i?2 T`Q+2bb
UC�M; 2i �HX RNNdVX Ai Bb BMi2`2biBM; iQ MQi2 i?�i i?2b2 �`2 bBKBH�` [m�HBiB2b �b i?Qb2
7QmM/ BM i?2 K2Mi�H T`Q+2bb2b mM/2`HvBM; #2?�pBQ`b BM M�im`�H Q`;�MBbKbX L�im`2
?�b #2+QK2 BM K�Mv +�b2b i?2 BMbTB`�iBQM #2?BM/ �TT`Q�+?2b i?�i #2HQM; iQ i?2
/QK�BM Q7 aQ7i *QKTmiBM;- bm+? �b 1pQHmiBQM�`v *QKTmi�iBQM �M/ �`iB}+B�H L2m@
`�H L2irQ`FbX *QM+2`MBM; i?2 �BKb Q7 i?2 T`2b2Mi `2b2�`+?- i?2 irQ KQbi `2H2p�Mi
aQ7i *QKTmiBM; K2i?Q/b �`2 i?Qb2 Q7 1pQHmiBQM�`v *QKTmi�iBQM- 2bT2+B�HHv BiǶb
JmHiB@P#D2+iBp2 +QmMi2`T�`i- �b r2HH �b �`iB}+B�H L2m`�H L2irQ`FbX
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Ȝ kX9 *QKTmi�iBQM�H PTiBKBx�iBQM BM "mBH/BM; .2bB;M
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*QKTmi�iBQM�H QTiBKBx�iBQM BM #mBH/BM; /2bB;M Bb � iQTB+ i?�i ?�b `2+2MiHv ;�BM2/

�ii2MiBQM #v #Qi? �+�/2KB� �b r2HH �b /2bB;M T`�+iB+2X hQ +H�`B7v- i?2 iQTB+ Q7 +QK@
Tmi�iBQM�H QTiBKBx�iBQM BM #mBH/BM; /2bB;M Bb � T2`7Q`K�M+2@#�b2/ /2bB;M �TT`Q�+?
i?�i Bb MQi HBKBi2/ iQ i?2 mb2 Q7 �M�HvbBb iQQHb- `�i?2` Bi ;Q2b 7m`i?2` iQ BMi2;`�i2
i?Qb2 iQQHb rBi? K2i�@?2m`BbiB+ QTiBKBx�iBQM �H;Q`Bi?Kb- bm+? �b :2M2iB+ �H;Q@
`Bi?Kb- i?2`27Q`2 �miQK�iBM; i?2 /2bB;M b2�`+? T`Q+2bbX >2`2#v �M BM/B+�iBp2 MmK@
#2` Q7 `2H2p�Mi bim/B2b �`2 b?Q`iHv `2pB2r2/X

Ai Bb MQi2/ i?�i �TTHB+�iBQMb Q7 T`2b2Mi2/ bim/B2b i2M/ iQ 7Q+mb QM 7�+�/2 /2bB;M- �b
i?Bb iQTB+ ?�b #22M BMi2MbBp2Hv `2b2�`+?2/ /m2 iQ Bib `2H2p�M+2 rBi? i?2 +�b2 bim/B2b
i?�i rBHH #2 T`2b2Mi2/ H�i2` QM BM i?Bb i?2bBbX AM �//BiBQM- i?Bb T�`iB+mH�` iQTB+ Bb
� T`BK2 2t�KTH2 Q7 +QKTH2t /2bB;M- �b Bi +QK#BM2b T2`7Q`K�M+2 �bT2+ib i?�i �`2
`2H�i2/ iQ b2p2`�H /Bz2`2Mi /2bB;M Q#D2+iBp2 BM+Hm/BM; /�vHB;?iBM;- +HBK�i2 +QK7Q`i-

*?�Ti2` RN



+Qbi �M/ �2bi?2iB+bX

oQM "m2HQr Ukyy3V /Bb+mbb2b � /B;Bi�H iQQH- ǳAMi2HHB;2Mi :2M2iB+ .2bB;M hQQHǴ i?�i
�BKb iQ bmTTQ`i BM /2bB;M 2tTHQ`�iBQM i?`Qm;? T`2b2MiBM; /2+BbBQM@K�F2`b rBi?
/2bB;M �Hi2`M�iBp2b i?�i �`2 /Bb+Qp2`2/ i?`Qm;? ;2M2iB+ 2tTHQ`�iBQM BM i?2 /2bB;M
bT�+2X h?2 iQQH Bb +H�BK2/ iQ T`QKQi2 +`2�iBpBiv i?`Qm;? +QMbB/2`BM; KQ`2 i?�M
QM2 �Hi2`M�iBp2 ǳM2�`@QTiBK�HǴ bQHmiBQMbX Ai Bb rQ`i?r?BH2 MQiBM; i?�i i?2 ;2M2iB+
�H;Q`Bi?K /2b+`B#2/ BM i?2 T�T2` Bb bBM;H2 Q#D2+iBp2X h?2 iQQH Bb �TTHB2/ BM � +�b2
bim/v i?�i BMpQHp2b i?2 /2bB;M Q7 � i`mbb #`B/;2- 7Q` r?B+? b2p2`�H �Hi2`M�iBp2b �`2
T`2b2Mi2/X

_mbQp�M �M/ "`Qi�b UkyRkV T`QTQb2 � K2i?Q/ i?�i mb2b ;2M2iB+ �H;Q`Bi?Kb iQ QT@
iBKBx2 �M 2ti2`M�H b?�/BM; b+`22M #�b2/ QM � KQ/mH�` bvbi2K Q7 i?`22@/BK2MbBQM�H
2H2K2Mib ;`�/m�HHv +?�M;BM; i?`Qm;?Qmi i?2 7�Ï�/2X h?2 Q#D2+iBp2 Q7 QTiBKBx�iBQM
Bb BM/QQ` /�vHB;?i /Bbi`B#miBQM- ;H�`2 `2/m+iBQM �M/ 2M2`;v 2tT2M/Bim`2 `2/m+iBQMX
S�T2` �mi?Q`b mb2 1p�H;H�`2- .�vbBK �M/ 1M2`;vSHmb bBKmH�iBQM bQ7ir�`2 iQ 2p�Hm@
�i2 b?�/BM; b+`22M /2bB;MbX

*?QB 2i �HX UkyRjV /2p2HQT � K2i?Q/ 7Q` QTiBKBxBM; b2ib Q7 `2+i�M;mH�` HQmp2`b 7Q`
i?2`K�H T2`7Q`K�M+2 mbBM; ;2M2iB+ �H;Q`Bi?Kb iQ �Hi2`M�i2 i?2 �M;H2 Q7 `Qi�iBQM-
bT�+BM;- T`QD2+iBQM H2M;i?- �M/ BM+HBM�iBQMX

1`+�M �M/ 1HB�b@PxF�M UkyR8V T`QTQb2 � T2`7Q`K�M+2 #�b2/ T�`�K2i`B+ /2bB;M �T@
T`Q�+? 7Q` i?2 /2bB;M 2tTHQ`�iBQMb Q7 b?�/BM; /2pB+2- r?B+? +QmH/ QTiBKBx2 /�vHB;?i
�M/ #HQ+F 2t+2bbBp2 �KQmMi Q7 bQH�` ?2�i ;�BMX

:QMx�H2x �M/ 6BQ`BiQ UkyR8V 7Q+mb QM i?2 QTiBKBx�iBQM Q7 2ti2`M�H b?�/BM;b 7Q` pB@
bm�H +QK7Q`i �M/ 2M2`;v 2{+B2M+v BM � ivTB+�H Q{+2 bT�+2c i?2 `2b2�`+? i�+FH2b
bQHmiBQMb TQTmH�`Hv �/QTi2/ BM bi�M/�`/ T`�+iB+2b- bm+? �b #HBM/b �M/ Qp2`?�M;bX

6mi`2HH 2i �HX UkyR8V +QKT�`2 i?2 T2`7Q`K�M+2 Q7 7Qm` /Bz2`2Mi QTiBKBx�iBQM �H;Q@
`Bi?Kb iQ QTiBKBx2 #mBH/BM; /2bB;M- BM+Hm/BM; 2ti2`BQ` b?�/BM;- 7Q` /�vHB;?iBM; T2`@
7Q`K�M+2 iQ KBMBKBx2 HB;?iBM; HQ�/bX h?2 `2bmHib BM/B+�i2 i?2 `2;BQM Q7 QTiBK�H
T2`7Q`K�M+2 Bb 7QmM/ [mB+FHv #v �HH �H;Q`Bi?Kb- #mi i?2 +QMp2`;2 ?�b b?QrM Bi +�M
#2 bHQrX

PKB/7�` UkyR8V T`2b2Mib � b2i Q7 /2bB;Mb #�b2/ QM QTiBKBx�iBQM Q7 +QKTH2t �`+?B@
i2+im`�H 7�+�/2b mbBM; ;2M2`�iBp2 �H;Q`Bi?Kb 7Q` /�vHB;?i �M/ bi`m+im`�H �M�HvbBb-
rBi? 2tTHB+Bi 7Q+mb QM i?2 p�Hm2 Q7 Q`M�K2MiX S�T2` �mi?Q`b mb2 � :2M2iB+ �H;Q@
`Bi?K iQ QTiBKBx2 i?2 .�vHB;?i �miQMQKv Q7 BM/QQ` bT�+2- ?Qr2p2` MQ 7m`i?2`
BM7Q`K�iBQM `2;�`/BM; 2Bi?2` i?2 �H;Q`Bi?K �i mb2 Q7 i?2 QTiBKBx�iBQM `2bmHib Bb
;Bp2MX

1H;?�xB 2i �HX UkyRjV 7Q+mb QM Q`B;�KB iQ ;2M2`�i2 ;2QK2i`B2b Q7 KQ/mH�` T�ii2`MbX
h?2v }`bi bim/B2/ �M/ i?2M QTiBKBx2/ rBi? ;2M2iB+ �H;Q`Bi?Kb � b2i Q7 F�H2B/Q+v+H2
`BM;b i?�i +�M #2 KQ`T?2/ iQ +?�M;2 i?2 /�vHB;?i T2`7Q`K�M+2 BM BM/QQ` bT�+2bX

G22 2i �HX UkyReV �/pQ+�i2 � bBKBH�` bi�M/TQBMi- #v ?B;?HB;?iBM; +QKTmi2`@�bbBbi2/
T�`�K2i`B+ i2+?MB[m2b +�M #2 miBHBx2/ 7Q` /�vHB;?iBM; /2bB;M BM � KQ`2 �++m`�i2
r�v i?�M /2bB;M +QMbB/2`�iBQMb #�b2/ bQH2Hv QM T`BQ` FMQrH2/;2 �M/ 2tT2`B2M+2X
S�T2` �mi?Q`b +QKT�`2 +QMp2MiBQM�H /2bB;M �TT`Q�+?2b rBi? BM/QQ` HB;?iBM; +QM/B@
iBQMb Q#i�BM2/ #v �/DmbiBM; HQmp2` b?�T2b �M/ rBM/Qr T�ii2`Mb mbBM; ;2M2iB+ �H;Q@

�`+?Bi2+im`�H .2bB;M S2`7Q`K�M+2 i?`Qm;? *QKTmi�iBQM�H AMi2HHB;2M+2 ky



`Bi?KbX

J�?/�pBM2D�/ �M/ JQ?�KK�/B UkyR3V T`QTQb2b � K2i?Q/ 7Q` QTiBKBxBM; � HQmp`2
bvbi2K BM ?Qi +HBK�i2b #�b2/ QM /�vHB;?i K2i`B+b �M/ 2M2`;v +QMbmKTiBQM- mbBM;
� ;2M2iB+ �H;Q`Bi?KX S�T2` �mi?Q`b mb2 i?2 ai`2M;i? S�`2iQ 1pQHmiBQM�`v �H;Q@
`Bi?K @ AA UaS1�kV UwBixH2` 2i �HX kyyRV �M/ �BK iQ KBMBKBx2 2M2`;v +QMbmKTiBQM
r?BH2 K�tBKBxBM; i?2 lb27mH .�vHB;?i AHHmKBM�M+2 K2i`B+ Q7 M�im`�H HB;?iBM; [m�H@
Biv BM/QQ`bX 6m`i?2`KQ`2- i?2v /Bb+mbb i?2 `2bmHiBM; S�`2iQ QTiBK�H /Bbi`B#miBQM
�M/ /`�r mb27mH /2bB;M +QM+HmbBQMb 7`QK i?2 /2+BbBQM p�`B�#H2b Q7 i?2 #2bi@i`�/2Qz
/2bB;MbX

J�M;FmiQ 2i �HX UkyR3V 7Q+mb QM /�vHB;?i �/KBbbBQM BM �M QT2M@TH�MX h?2 �/KBb@
bBQM r�b QTiBKBx2/ mbBM; � ;2M2iB+ �H;Q`Bi?K �H2`iBM; i?2 2ti2`M�H �M/ BMi2`M�H
rB/i?b- 2ti2`M�H iBHi �M;H2b- �M/ bT2+mH�`Biv Q7 i?2 HB;?i b?2Hp2b rBi? Q` rBi?Qmi
Qp2`?�M;bX h?2 Q#D2+iBp2b r2`2 iQ K�tBKBx2 i?2 bT�iB�H /�vHB;?i �miQMQKv �M/
KBMBKBx2 i?2 �MMm�H bmMHB;?i 2tTQbm`2X

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
Ȝ kX8 JmHiB@P#D2+iBp2 1pQHmiBQM�`v *QKTmi�iBQM

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
PTiBKBx�iBQM T`Q#H2Kb KBMBKBx2 bQK2 7mM+iBQM Q7 /2+BbBQM p�`B�#H2b bm#D2+i iQ

?�`/ Q` bQ7i +QMbi`�BMib �M/ �`2 /BpB/2/ BMiQ irQ ivT2b,

• aBM;H2 Q#D2+iBp2 QTiBKBx�iBQM T`Q#H2Kb UaPSV i?�i BMpQHp2 � bBM;H2 Q#D2+iBp2
7mM+iBQM-

• JmHiB@Q#D2+iBp2 QTiBKBx�iBQM T`Q#H2Kb UJPSV i?�i BMpQHp2 KQ`2 i?�M QM2
Q#D2+iBp2 7mM+iBQMbX

aBM;H2 Q#D2+iBp2 T`Q#H2Kb +�M #2 bQHp2/ #v 2t�+i K2i?Q/b iQ �+?B2p2 �M QTiBK�H
bQHmiBQM 7Q` T`Q#H2Kb rBi? bK�HH@bBx2 �M/ � bi`B+i K�i?2K�iB+�H 7Q`KmH�iBQM- r?B+?
/Q2b MQi K�i+? `2�H@rQ`H/ T`Q#H2K +?�`�+i2`BbiB+b U*mB 2i �HX kyRdVX >Qr2p2`- Bi Bb
KQ`2 i?�M Q7i2M i?�i /2bB;M T`Q#H2Kb BM �`+?Bi2+im`2 �M/ 2Hb2r?2`2 �`2 /2}M2/ #v
KQ`2 i?�M QM2 /2bB;M +`Bi2`B�X AM �//BiBQM- /2bB;M +`Bi2`B� K�v #2 +QM~B+iBM; rBi?
2�+? Qi?2`- bQ i?�i T2`7Q`K�M+2 BKT`Qp2K2Mi �++Q`/BM; iQ QM2 +`Bi2`BQM H2�/b iQ
/2;`�/BM; T2`7Q`K�M+2 �++Q`/BM; iQ �MQi?2`X AM bm+? +�b2b- � /2bB;M i?�i b�iBb}2b
�HH /2bB;M +`Bi2`B� iQ i?2 7mHH 2ti2Mi Bb #v /2}MBiBQM BKTQbbB#H2X

�b �M 2t�KTH2- QM2 K�v +QMbB/2` i?2 +�b2 Q7 /2bB;MBM; �M Q{+2 #mBH/BM;X h?2
#mBH/BM; bi�F2?QH/2`b K�v rBb? iQ K�tBKBx2 T`Q}i #v K�tBKBxBM; i?2 mb�#H2 ~QQ`
�`2� Q7 i?2 #mBH/BM;X PM i?2 Qi?2` ?�M/- Bi Bb 2tT2+i2/ i?�i i?2v K�v rBb? iQ KBM@
BKBx2 i?2 BMp2biK2Mi +QbiX a�iBb7vBM; #Qi? Q7 i?2b2 +`Bi2`B� iQ i?2 7mHH2bi Bb BK@
TQbbB#H2 #v /2}MBiBQMX h?mb- QM2 ?�b iQ b2iiH2 7Q` +QKT`QKBb2b #2ir22M i?2KX
S`Q#H2Kb HBF2 i?2 QM2 K2MiBQM2/- +?�`�+i2`Bx2/ #v KQ`2 i?�M QM2 +QM~B+iBM; Q#@
D2+iBp2b- �`2 +QKKQMHv FMQrM �b JmHiB@P#D2+iBp2 S`Q#H2KbX h?2 }2H/ Q7 QTiB@
KBx�iBQM i?�i /2�Hb rBi? bm+? T`Q#H2Kb Bb FMQrM �b JmHiB@P#D2+iBp2 PTiBKBx�iBQM
UJPPVX JmHiB@P#D2+iBp2 PTiBKBx�iBQM BM T�`iB+mH�`- ?�b 2M�#H2/ 2{+B2MiHv �/@
/`2bbBM; T`Q#H2Kb Q7 bB;MB}+�Mi /2bB;M +QKTH2tBiv BM 2M;BM22`BM; U_�pBM/`�M 2i �HX
kyyeV- �M/ KQ`2 `2+2MiHv �HbQ BM �`+?Bi2+im`2 U1pBMb kyRjc J�+?�B`�b 2i �HX kyR9c
1FB+B 2i �HX kyRNVX h?2 `2bi Q7 i?Bb +?�Ti2` 7Q+mb2b QM i?2b2 K2i?Q/QHQ;B2b �M/ i?2

*?�Ti2` kR



bi�i2 Q7 i?2 �`i Q7 i?2B` �TTHB+�iBQMb BM �`+?Bi2+im`�H /2bB;MX

Ȝ kX8XR JmHiB@P#D2+iBp2 1pQHmiBQM�`v �H;Q`Bi?Kb
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

JQbi `2�H rQ`H/ QTiBKBx�iBQM T`Q#H2Kb �`2 M�im`�HHv TQb2/ �b KmHiB@Q#D2+iBp2
QTiBKBx�iBQM T`Q#H2KbX PM2 �TT`Q�+? iQ �//`2bbBM; KmHiB@Q#D2+iBp2 T`Q#H2Kb Bb
FMQrM �b i?2 r2B;?i2/ bmK Q` b+�H�`Bx�iBQM i2+?MB[m2- r?2`2 � KBMBKBx�iBQM T`Q#@
H2K Bb 2tT`2bb2/ �b U.2# kyyRV,

KBM
n∑

i=1

γifi(x) UkXRV

n∑

i=1

γi = 1 UkXkV

γi > 0, i = 1, . . . , n UkXjV

AM i?2 �#Qp2 2[m�iBQM- γi Bb i?2 ith r2B;?i p�Hm2 �M/ fi i?2 ith Q#D2+iBp2 7mM+iBQMX
�M �Hi2`M�iBp2 i2+?MB[m2 2Mi�BHb +QMp2`iBM; �HH #mi QM2 Q7 i?2 T`Q#H2K Q#D2+iBp2
7mM+iBQMb iQ +QMbi`�BMib- �M/ i`vBM; iQ QTiBKBx2 i?2 7mM+iBQMb bm#D2+i iQ b�B/ +QM@
bi`�BMibX .2bTBi2 i?2 bBKTHB+Biv Q7 i?2 �#Qp2 i2+?MB[m2b- i?2 T2`7Q`K�M+2 Q7 i?2 QT@
iBKBx�iBQM bQHmiBQMb BM #Qi? �TT`Q�+?2b Bb ?2�pBHv /2T2M/2Mi QM i?2 +?Qb2M r2B;?ib
Q` +QMbi`�BMi HBKBib UwBixH2` RNNNVX

AM i?2 �TTHB+�iBQM Q7 i?2b2 �TT`Q�+?2b- Bi Bb /B{+mHi iQ /2+B/2 i?2 /2;`22 Q7 BKTQ`@
i�M+2 Q7 2�+? Q#D2+iBp2 r?2i?2` Bi Bb T`2pBQmbHv /2i2`KBM2/ Ur2B;?i2/@bmK K2i?Q/VX
*QMbB/2`BM; i?2 /`�r#�+Fb Q7 i?2b2 �TT`Q�+?2b- KmHiB@Q#D2+iBp2 QTiBKBx�iBQM UJPPV
�H;Q`Bi?Kb- �M/ 2bT2+B�HHv JmHiB@P#D2+iBp2 1pQHmiBQM�`v �H;Q`Bi?Kb UJP1�bV �`2
`272``2/ iQX JP1�b BMi`Q/m+2 i?2 MQiBQM Q7 /QKBM�M+2 iQ 2z2+iBp2Hv /2�H rBi?
KmHiBTH2 Q#D2+iBp2bX aBKTHB}2/- i?2 MQiBQM Q7 /QKBM�M+2 BMi`Q/m+2b /2}MBiBQMb 7Q`
+QKT�`BM; bQHmiBQMb BM i?2 T`2b2M+2 Q7 KmHiBTH2 Q#D2+iBp2bX L�K2Hv- +QMbB/2`BM; �
KBMBKBx�iBQM T`Q#H2K- � bQHmiBQM xA Bb b�B/ iQ /QKBM�i2 �MQi?2` bQHmiBQM xB B7 i?2
7QHHQrBM; +QM/BiBQMb �`2 #Qi? i`m2 U.2# kyyRV,

aQHmiBQM xA Bb MQ rQ`b2 i?�M xB BM �HH Q#D2+iBp2b- aQHmiBQM xA Bb Bb bi`B+iHv #2ii2`
i?�M xB BM �i H2�bi QM2 Q#D2+iBp2X

A7 �Mv Q7 i?2 �#Qp2 +QM/BiBQMb �`2 pBQH�i2/- i?2M bQHmiBQM xA /Q2b MQi /QKBM�i2
xB X aBM+2 i?2 +QM+2Ti Q7 /QKBM�M+2 �HHQrb 7Q` � +QKT�`BbQM Q7 /2bB;Mb BM � KmHiB@
Q#D2+iBp2 +QMi2ti- KQbi JP1�b `2Hv QM /QKBM�M+2- Q` �M BM/B+�iQ` i?2`2Q7- iQ
B/2MiB7v �M/ 2pQHp2 T`QKBbBM; bQHmiBQMbX

"2bB/2b 1pQHmiBQM�`v �H;Q`Bi?Kb- Qi?2` �H;Q`Bi?Kb /2�HBM; rBi? biQ+?�biB+ QTiB@
KBx�iBQM- BM+Hm/BM; JP T`Q#H2Kb- ?�p2 #22M /2p2HQT2/ i?`Qm;? BMbTB`�iBQM 7`QK
#2?�pBQ`b �M/ +QKKmMB+�iBQM K2+?�MBbKb BM M�im`2 U*mB 2i �HX kyRdV- bm+? �b
#BQHQ;v@BMbTB`2/ �H;Q`Bi?Kb- T?vbB+b@BMbTB`2/ �H;Q`Bi?Kb- ;2Q;`�T?v@BMbTB`2/ �H;Q@
`Bi?Kb- �M/ bQ+B�H +mHim`2@BMbTB`2/ �H;Q`Bi?Kb U*mB 2i �HX kyRdVX AM/B+�iBp2Hv- � 72r

�`+?Bi2+im`�H .2bB;M S2`7Q`K�M+2 i?`Qm;? *QKTmi�iBQM�H AMi2HHB;2M+2 kk



TQTmH�` JP1�b �`2 QmiHBM2/ �b i?2 LQM@.QKBM�i2/ aQ`iBM; :2M2iB+ �H;Q`Bi?K@
AA ULa:�@AAV U.2# 2i �HX kyykV- i?2 ai`2M;i? S�`2iQ 1pQHmiBQM�`v �H;Q`Bi?K@AA
UaS1�@AAV UwBixH2` 2i �HX kyyRV- i?2 JmHiB@P#D2+iBp2 1pQHmiBQM�`v �H;Q`Bi?K rBi?
.2+QKTQbBiBQM UJP1�f.V UZBM;7m w?�M; �M/ >mB GB kyydV i?2 >vT2`pQHmK2 1b@
iBK�iBQM �H;Q`Bi?K U>vT1V U"�/2` �M/ wBixH2` kyRRV �M/ i?2 JmHiB@P#D2+iBp2 .B7@
72`2MiB�H 1pQHmiBQM U.1JPV- QmiHBM2/ #2HQrX

Ȝ kX8XRXR LQM@.QKBM�i2/ aQ`iBM; :2M2iB+ �H;Q`Bi?K AA
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

La:�@AA Bb �M 2t+HmbBp2 KmHiB@Q#D2+iBp2 :2M2iB+ �H;Q`Bi?K �M/ Bi Bb �M BKT`Qp2/
p2`bBQM Q7 La:�X Ai #2?�p2b �b iQ T`2b2`p2 p�`B�iBQMb #v MQi ?�pBM; �Mv p�`B�#H2X
Ai BM+Q`TQ`�i2b � 7�bi �M/ `Q#mbi MQM@/QKBM�i2/ bQ`iBM; �TT`Q�+? U.2# kyyRVX h?2
�H;Q`Bi?K /2KQMbi`�i2b +QKTH2tBiv O(MN2) BM }M/BM; �HH K2K#2`b Q7 i?2 }`bi
MQM@/QKBM�i2/ bi�;2 BM i?2 TQTmH�iBQMX M `2T`2b2Mib i?2 MmK#2` Q7 Q#D2+iBp2b
�M/ N i?2 TQTmH�iBQM bBx2X

AM i?2 K�BM HQQT- P0- r?B+? `2T`2b2Mib �M BMBiB�H `�M/QK T�`2Mi TQTmH�iBQM- Q7
bBx2 N - 2K2`;2bX Ai +QMi�BMb .@/BK2MbBQM�H p2+iQ`b �M/ Bi Bb bvK#QHBxBM; /2+B@
bBQM p�`B�#H2bX AM Q`/2` iQ T`Q/m+2 �M QzbT`BM; TQTmH�iBQM Q0 Q7 bBx2 N - #BM�`v
iQm`M�K2Mi b2H2+iBQM- `2+QK#BM�iBQM- �M/ Kmi�iBQM QT2`�iQ`b �`2 �TTHB2/X PM i?2
Qi?2` ?�M/- 2HBiBbK Bb MQi �TTHB2/ BM i?Bb bi�;2X AM �/p�M+2- � +QK#BM2/ TQTmH�@
iBQM Rt = PtQt ;2ib 7Q`K2/X >2`2- bBx2 Q7 2N Bb i?2 TQTmH�iBQM Q7 RtX G�i2` QM-
rBi? nN #2BM; i?2 iQi�H MmK#2` Q7 `�MFb Q7 i?2 +QK#BM2/ TQTmH�iBQM mTQM MQM@
/QKBM�iBQM- i?2 _i TQTmH�iBQM Bb bQ`i2/ BMiQ b2ib F1, ..., FnX �b 7`QK i?2 b2i Q7
MQM@/QKBM�i2/ BM/BpB/m�Hb- F1- �ii�+?K2Mi Q7 BM/BpB/m�Hb iQ Pt+1 Bb �TTHB2/X Ai@
2`�iBQM 7Q` 2�+? +QMb2[m2Mi T?�b2 b2i Bb i?2 T2`BQ/ Q7 BMb2`iBQMX q?2M i?2`2 Bb �M
�//BiBQM Q7 b2i Fk- Bi K�F2b BM72`2M+2b i?2 bBx2 Q7 Pt+1 BM Q`/2` iQ #2 ;`2�i2` i?�M
N - Fk Bb bQ`i2/ mTQM i?2 +`Qr/2/@+QKT�`BbQM QT2`�iQ` n- �M/ Bb i`BKK2/ iQ bmBi
i?2 bmbi�BMBM; TH�+2b BM Pt+1X AM Q`/2` iQ ;2M2`�i2 �M QzbT`BM; TQTmH�iBQM Qt+1-
7Q` i?2 M2ti ;2M2`�iBQM- Pt+1 Bb mb2/ �HQM; rBi? #BM�`v iQm`M�K2Mi b2H2+iBQM- `2@
+QK#BM�iBQM- �M/ Kmi�iBQMX

AM Q`/2` iQ �+[mB`2 �M �TT`QtBK�iBQM Q7 i?2 /2Ti? Q7 bQHmiBQMb 2M+B`+HBM; � bT2+B}+
7Q`KmH� BM i?2 TQTmH�iBQM- i?2 �p2`�;2 /Bbi�M+2 Q7 irQ TQBMib QM 2Bi?2` bB/2 Q7 i?Bb
TQBMi �HQM; 2�+? Q7 i?2 Q#D2+iBp2b Bb +QKTmi2/X AM i?Bb bi2T- i?2`2 Bb �M �TT`QtB@
K�iBQM Q7 i?2 T2`BK2i2` Q7 i?2 +m#QB/X Ai ;2ib 7Q`K2/ #v mbBM; i?2 +HQb2bi M2B;?@
#Q`b �b i?2 +Q`M2`b- �M/ i?Bb 7�+i Bb M�K2/ �b ǳ+`Qr/BM; /Bbi�M+2Ǵ U.2# kyyRVA7
irQ bQHmiBQMb a �M/ b ?�p2 /Bz2`2Mi `�MFb- i?2 QM2 rBi? i?2 HQr2` `�MF Bb b2H2+i2/X
PM i?2 Qi?2` ?�M/- r?2M i?2`2 Bb 2[m�HBiv #2ir22M `�MFb- i?2 QM2 rBi? i?2 #B;;2bi
+`Qr/BM; /Bbi�M+2 Bb b2H2+i2/X

Ȝ kX8XRXk >vT2`@pQHmK2 1biBK�iBQM �H;Q`Bi?K
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

h?2 >vT2`@pQHmK2 1biBK�iBQM �H;Q`Bi?K- �##`2pB�i2/ >vT1- r�b /2p2HQT2/ #v
"�/2` �M/ wBixH2` U"�/2` �M/ wBixH2` kyRRVX Ai Bb #�b2/ QM �M 2z2+iBp2 }iM2bb �b@
bB;MK2Mi bi`�i2;vX �b +�M #2 b22M BM };m`2 R- i?2 K�BM HQQT Q7 >vT1 bi�`i2/ rBi?
� bi�M/�`/ 2pQHmiBQM�`v �H;Q`Bi?K T`Q+2bb- i?2M +QMiBMm2/ rBi? i?2 bm++2bbBp2 �T@
THB+�iBQM Q7 K�iBM; b2H2+iBQM- p�`B�iBQM- �M/ 2MpB`QMK2Mi�H b2H2+iBQM T`Q+2/m`2b
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U�H;Q`Bi?K RVX

_2bmHi, Pg Q7 S�`2iQ QTiBK�H bQHmiBQMb
AMBiB�HBx2 TQTmH�iBQM P #v +?QQbBM; N bQHmiBQMb 7`QK X mMB7Q`K �i `�M/QK
r?2`2 L, TQTbBx2- J, MQb�KTHBM;TQBMibc
g ← 0
r?BH2 g ≤ gmax- r?2`2 gmax Bb MmK#2` Q7 ;2M2`�iBQMb /Q

P ′ ← matingSelection(P,R,N,M)c
P ′′ ← environmentalSelection(P ∪ P ′′, R,N,M)c
g ← g + 1c

2M/
�H;Q`Bi?K R, >vT1 �H;Q`Bi?K K�BM HQQT U"�/2` �M/ wBixH2` kyRRV

.m`BM; i?2 K�iBM; b2H2+iBQM T`Q+2bb- B7 i?2 MmK#2` Q7 Q#D2+iBp2b Bb 2[m�H Q` bK�HH2`
i?�M i?`22- i?2 ?vT2`pQHmK2 p�Hm2b �`2 +QKTmi2/ 2t�+iHvc Qi?2`rBb2- i?2b2 p�H@
m2b �`2 2biBK�i2/ #�b2/ QM � >vT2`pQHmK2@#�b2/ 6BiM2bb o�Hm2 1biBK�iBQM �H;Q@
`Bi?KX h?2M- #BM�`v iQm`M�K2Mi b2H2+iBQM Bb `2�HBx2/ rBi? b2p2`�H iQm`M�K2Mib
�KQM; � 72r BM/BpB/m�Hb i?�i �`2 `�M/QKHv b2H2+i2/ 7`QK i?2 TQTmH�iBQMX AM i?2
p�`B�iBQM T`Q+2bb- Kmi�iBQM �M/ `2+QK#BM�iBQM T`Q+2bb2b �`2 +QK#BM2/ iQ T`Q/m+2
�M QzbT`BM; TQTmH�iBQMX 6BM�HHv- BM i?2 2MpB`QMK2Mi�H b2H2+iBQM T`Q+2bb- i?2 KQbi
T`QKBbBM; bQHmiBQMb �`2 +?Qb2M 7`QK i?2 T�`2Mi TQTmH�iBQM �M/ QzbT`BM;X h?2M- �
M2r TQTmH�iBQM Bb +`2�i2/ 7Q` i?2 M2ti ;2M2`�iBQM U�H;Q`Bi?K kVX

_2bmHi, J�iBM; TQQH Q
r?2`2 S, TQTmH�iBQM- _, `272`2M+2b2i- L, TQTbBx2- J, MQb�KTHBM;TQBMibc
B7 n < 3 i?2M

φ← computeHypervolume(P,R,N)c
2Hb2

φ← estimateHypervolume(P,R,N)c
2M/
Q← ∅c
r?BH2 |Q| < Ndo /Q

+?QQb2 (a, va), (b, vb) ∈ φ mMB7Q`KHv �i `�M/QKc
B7 va > vb i?2M

Q← Q ∪ {a}c
2Hb2

Q← Q ∪ {b}c
2M/

2M/
�H;Q`Bi?K k, >vT1 K�iBM; �H;Q`Bi?K U"�/2` �M/ wBixH2` kyRRV

Ȝ kX8XRXj JmHiB@P#D2+iBp2 .Bz2`2MiB�H 1pQHmiBQM
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

.Bz2`2MiB�H 1pQHmiBQM- }`bi T`2b2Mi2/ BM UaiQ`M �M/ S`B+2 RNN8V Bb � bm++2bb7mH
1pQHmiBQM�`v �H;Q`Bi?K i?�i mb2b � ;`22/v b2H2+iBQM bi`�i2;v �M/ � `2+QK#BM�iBQM
QT2`�iQ` i?�i +QK#BM2b � T�`2Mi rBi? b2p2`�H Qi?2` BM/BpB/m�Hb rBi?BM i?2 TQTmH�@
iBQMX h?2 Q`B;BM�H .Bz2`2MiB�H 1pQHmiBQM �H;Q`Bi?K Bb bBM;H2@Q#D2+iBp2- �M/ b2p2`�H
bi`�i2;B2b �`2 `2TQ`i2/ iQ 2ti2M/ Bi iQ i?2 JmHiB@P#D2+iBp2 /QK�BMX �KQM; i?Qb2-
� T�`iB+mH�`Hv bm++2bb7mH QM2 Bb .Bz2`2MiB�H 1pQHmiBQM 7Q` JmHiBQ#D2+iBp2 PTiBKBx�@

�`+?Bi2+im`�H .2bB;M S2`7Q`K�M+2 i?`Qm;? *QKTmi�iBQM�H AMi2HHB;2M+2 k9



iBQM U.1JPV U_Q#BÍ �M/ 6BHBTBÍ kyy8VX .1JP T`QTQb2b �M 2HBiBbi b+?2K2 7Q` ?�M@
/HBM; i?2 T`Q#H2K Q7 /2+B/BM; QM T�`2Mi `2TH�+2K2Mi r?2M T�`2Mi �M/ QzbT`BM; �`2
MQM@/QKBM�i2/X .1JP T`QTQb2b i?�i BM i?Bb +�b2- i?2 QzbT`BM; Bb �//2/ iQ i?2
TQTmH�iBQM- ;`QrBM; Bib bBx2X 6QHHQrBM; `2+QK#BM�iBQM �M/ b2H2+iBQM- i?2 TQTmH�iBQM
Bb i`mM+�i2/ 7QHHQrBM; /QKBM�M+2 �M/ +`Qr/BM; /Bbi�M+2 +`Bi2`B�- bBKBH�` iQ i?2 �T@
T`Q�+? 7QHHQr2/ BM La:�@AAX h?2 �H;Q`Bi?K Bb b?QrM BM };m`2 jX

1p�Hm�i2 i?2 BMBiB�H TQTmH�iBQM P Q7 `�M/QK BM/BpB/m�Hbc
7Q` Pi(i = 1, ..., popSize) BM P /Q

*`2�i2 +�M/B/�i2 C 7`QK T�`2Mi Pic
evaluate(C)c
B7 C & Pi i?2M

C `2TH�+2b Pic
2Hb2 B7 C ≺ Pi i?2M

C Bb /Bb+�`/2/c
2Hb2

C �//2/ iQ P c
2M/
B7 |P | > popSize i?2M

truncate(P )c
2M/
AMBiB�HBx2 TQTmH�iBQM P #v +?QQbBM; N bQHmiBQMb 7`QK X mMB7Q`K �i `�M/QK
r?2`2 N : popSize- M : nosamplingpointsc

_�M/QKHv 2MmK2`�i2 i?2 BM/BpB/m�Hb BM P c
�H;Q`Bi?K j, PmiHBM2 Q7 QM2 p�`B�Mi Q7 .1JP �H;Q`Bi?K- .1JPfT�`2Mi U_Q@
#BÍ �M/ 6BHBTBÍ kyy8V

Ȝ kX8Xk JmHiB@P#D2+iBp2 PTiBKBx�iBQM BM "mBH/BM; .2bB;M
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

AM i?Bb b2+iBQM- �M BM/B+�iBp2 MmK#2` Q7 bim/B2b �`2 T`2b2Mi2/ i?�i 7Q+mb QM i?2
�TTHB+�iBQM Q7 JmHiB@P#D2+iBp2 1pQHmiBQM�`v *QKTmi�iBQM UJP1*V �b � /2+BbBQM
bmTTQ`i iQQH BM �`+?Bi2+im`�H /2bB;MX

a�`BvBH/Bx 2i �HX Ukyy3V `2TQ`i � MQp2H bvbi2K rBi? i?2 �BK Q7 Tm`bmBM; S�`2iQ@
QTiBK�H /2bB;Mb BM KmHiB@Q#D2+iBp2 T`Q#H2Kb BM i?2 �TTHB+�iBQM /QK�BM Q7 �`+?Bi2+@
im`�H /2bB;MX h?2 bvbi2K Bb +�T�#H2 Q7 [m�MiB7vBM; [m�HBi�iBp2- HBM;mBbiB+ BM7Q`K�@
iBQM i?`Qm;? i?2 mb2 Q7 7mxxv M2m`�H i`22b �M/ i?mb Bi Bb �#H2 iQ BM+Q`TQ`�i2 [m�HB@
i�iBp2 FMQrH2/;2 Q7 /2bB;M 2tT2`ib �b �M Q#D2+iBp2 7mM+iBQM 7Q` QTiBKBxBM;X AM �//B@
iBQM- T�T2` �mi?Q`b T`2b2Mi � T`Q#�#BHBbiB+ pBbm�H T2`+2TiBQM KQ/2H r?B+? i?2v mb2
iQ �//`2bb T`Bp�+v +QM+2`Mb BM �`+?Bi2+im`�H /2bB;MX 6BM�HHv- i?2v `2TQ`i T`QKBbBM;
`2bmHib rBi? � M2B;?#Q`?QQ/ TH�MMBM; +�b2 bim/v- r?2`2 Q#D2+iBp2b �`2 iQ K�tBKBx2
;�`/2M �`2� rBi? bT2+B}+ Q`B2Mi�iBQM �M/ K�tBKBx2 pBbm�H T`Bp�+vX

:�;M2 �M/ �M/2`b2M UkyRyV `2TQ`i � iQQH #�b2/ QM � :2M2iB+ �H;Q`Bi?K i?�i 7�+BH@
Bi�i2b i?2 2tTHQ`�iBQM Q7 7�+�/2 /2bB;Mb +QMbB/2`BM; Q#D2+iBp2b Q7 BKT`QpBM; BHHmKB@
M�M+2 �M/ KBMBKBxBM; ;H�`2X S�T2` �mi?Q`b T`2b2Mi � #B@Q#D2+iBp2 bim/v r?2`2 QM2
Q#D2+iBp2 Bb `2H�i2/ iQ BHHmKBM�M+2 �M/ i?2 Qi?2` Bb `2H�i2/ iQ ;H�`2- r?2`2 #Qi? �`2
+QKTmi2/ i?`Qm;? bBKmH�iBQMX Ai Bb BMi2`2biBM; iQ MQi2 i?�i /2bTBi2 i?2 7�+i i?�i
�M 2{+B2Mi HB;?iBM; 2M;BM2 UGB;?ibQHp2 oB2r2`V Bb 2KTHQv2/- i?2 +QKTmi�iBQM iBK2
7Q` � bBM;H2 b+2M2 Bb `2TQ`i2/ �i Ry b2+QM/bX �b bm+?- � bB;MB}+�Mi iBK2 +Qbi Bb �bbQ@
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+B�i2/ rBi? i?2 r?QH2 2M/2�pQ`- r?B+? K�v b+�H2 iQ i?2 `�M;2 Q7 K�Mv ?Qm`b B7 MQi
/�vb- 7Q` H�`;2 TQTmH�iBQMb �M/ K�Mv ;2M2`�iBQMbX S�T2` �mi?Q`b +QK#�i i?Bb +Qbi
i?`Qm;? i?2 mb2 Q7 � bK�HH TQTmH�iBQM ǳJB+`Q :2M2iB+ �H;Q`Bi?KǴ- �M/ i?`Qm;?
HBKBiBM; i?2 iQi�H ;2M2`�iBQM MmK#2`X >Qr2p2`- Bi Bb b22M 7`QK i?2 `2bmHib i?�i
rBi? bm+? HBKBi�iBQMb +QMp2`;2M+2 iQ i?2 S�`2iQ 7`QMi Bb MQi �+?B2p2/X LQM2i?2H2bb-
i?2v `2TQ`i BMi2`2biBM; �M/ MQp2H �`+?Bi2+im`�H 7�+�/2 bQHmiBQMbX

E?Q`Qb?BHib2p� 2i �HX UkyReV 2KTHQv �b Q#D2+iBp2 7mM+iBQMb `2/m+BM; i?2 Qp2`?2�iBM;
iBK2 Q7 i?2 #mBH/BM;- T`QpB/BM; � ?B;? H2p2H Q7 pBbm�H +QK7Q`i- �M/ KBMBKBxBM; i?2
H2p2H Q7 2M2`;v +QMbmKTiBQM 7Q` ?2�iBM;- +QQHBM;- �M/ HB;?iBM; �M/ 7Q`KmH�i2 � #B@
Q#D2+iBp2 QTiBKBx�iBQM T`Q#H2K i?2`2Q7X

w?�M; 2i �HX UkyRdV T`QTQb2 � KmHiB@Q#D2+iBp2 �TT`Q�+? 7Q` i?2 /2bB;M Q7 2Bi?2`
o2M2iB�M #HBM/b �M/ `QHH2` b?�/2b BM i?2 /2bB;M p�`B�#H2b U+QKT`BbBM; Q`B2Mi�iBQM-
`QQK /2Ti? �M/ +Q``B/Q` /2Ti?- i?2 rBM/Qr@iQ@r�HH `�iBQ Q7 /Bz2`2Mi BMi2`7�+2b-
;H�xBM; K�i2`B�Hb BM �//BiBQM iQ b?�/BM; ivT2V Q7 � b+?QQH BM K�BMH�M/ *?BM�X h?2
T`QTQb2/ �TT`Q�+? K�F2 mb2 Q7 i?2 aS1�k �H;Q`Bi?K �M/ �BKb iQ KBMBKBx2 i?2
2M2`;v mb2 7Q` ?2�iBM; �M/ HB;?iBM; �M/ i?2 bmKK2` /Bb+QK7Q`i iBK2 �M/ iQ K�tB@
KBx2 i?2 mb27mH /�vHB;?i BHHmKBM�M+2- BM � +QH/ +HBK�i2X

q`B;?i 2i �HX UkyR9V `2TQ`ib � JmHiB@P#D2+iBp2 1pQHmiBQM�`v �H;Q`Bi?K@#�b2/ /2@
bB;M iQQH 7Q` i?2 /2bB;M Q7 +2HHmH�` 72M2bi`�iBQMb BM #mBH/BM; 7�+�/2b- +QMbB/2`BM;
i?2 Q#D2+iBp2b Q7 KBMBKBxBM; 2M2`;v +QMbmKTiBQM �M/ +�TBi�H +Qbi 7Q` �M BMi2`BQ`
�i`BmK Q7 � i?`22@biQ`v +QKK2`+B�H #mBH/BM;X h?2 �mi?Q` 2KTHQvb � K�i`Bt Q7 #B@
M�`v p�Hm2b /2MQiBM; i?2 T`2b2M+2 Q` �#b2M+2 Q7 ivT2b Q7 2H2K2Mib QM � ;`B/ QM i?2
#mBH/BM; 7�+�/2X 1M2`;v +QMbmKTiBQM Bb /2`Bp2/ i?`Qm;? 1M2`;vSHmb bBKmH�iBQMX AM
�//BiBQM iQ i?2 KmHiB@Q#D2+iBp2 +QMbi`�BM2/ QTiBKBx�iBQM- T�T2` �mi?Q`b �HbQ `2TQ`i
i?2 `2bmHib Q7 � b2MbBiBpBiv �M�HvbBb �b r2HH �b T2`7Q`K +QKT�`BbQMb #2ir22M i?2 QT@
iBKBx�iBQM T2`7Q`K�M+2 Q7 /Bz2`2Mi /2bB;M 2M+Q/BM;bX h?2`2 �`2 MQ };m`2b `2TQ`i2/
`2;�`/BM; i?2 +QKTmi�iBQM�H +Qbi Q7 `mMMBM; bBKmH�iBQMbX

hm``BM 2i �HX UkyRjV `2TQ`i �M �TTHB+�iBQM Q7 KmHiB@Q#D2+iBp2 QTiBKBx�iBQM iQ i?2
7`22@7Q`K /2bB;M Q7 i?2`K�H K�bb T�M2Hb- bBKBH�` BM +QM+2Ti iQ � h`QK#2 r�HH- HQ@
+�i2/ BM � KmHiB@biQ`v �i`BmK BM a?2Mv�M;- *?BM�X S�T2` �mi?Q`b K�F2 mb2 Q7 bBK@
mH�iBQM iQ /2}M2 � #B@Q#D2+iBp2 QTiBKBx�iBQM T`Q#H2K rBi? Q#D2+iBp2b Q7 KBMBKBxBM;
T�M2H K�bb �M/ 2M2`;v +Qbib 7Q` ?2�iBM; �M/ +QQHBM; i?2 �i`BmKX � b2`B2b Q7 2K2`@
;2Mi /2bB;Mb Bb �+?B2p2/- ?Qr2p2` b2H2+iBQM Bb T2`7Q`K2/ i?`Qm;? K�Mm�H BMbT2+iBQM
�M/ b2H2+iBQM- BX2X MQ TQbi@S�`2iQ QTiBK�HBiv �M�HvbBb Bb T2`7Q`K2/X

EB`BKi�i 2i �HX UkyRe�V `2TQ`i QM i?2 /2bB;M Q7 2ti2`BQ` 7�+�/2 b?�/BM; /2pB+2b mb@
BM; irQ /Bz2`2Mi JmHiB@P#D2+iBp2 1pQHmiBQM�`v �H;Q`Bi?Kb- rBi? i?2 Q#D2+iBp2b Q7
BKT`QpBM; BM/QQ` /�vHB;?iBM; /Bbi`B#miBQM U�b BM/B+�i2/ mbBM; i?2 lb27mH .�vHB;?i
AHHmKBM�M+2 Ul.AV K2i`B+ L�#BH �M/ J�`/�HD2pB+ Ukyy8VV �M/ KBMBKBxBM; 2M2`;v
+QMbmKTiBQMX h?Bb Bb QM2 Q7 i?2 72r bim/B2b i?�i `2TQ`i /2i�BH2/ };m`2b Q7 i?2 QT@
iBKBx�iBQM iBK2- �M/ Bi Bb bm`T`BbBM; iQ b22 i?�i i?2 iQi�H QTiBKBx�iBQM iBK2 7Q` �M
2pQHmiBQM�`v `mM Q7 jy ;2M2`�iBQMb 2ti2M/2/ iQ jXd8 /�vbX h?Bb 2ti`2K2 +QKTmi�@
iBQM�H +QKTH2tBiv #`BM;b 7Q`r�`/ i?2 /2K�M/ 7Q` K2i?Q/b iQ �HH2pB�i2 i?2 +QKTm@
i�iBQM�H #m`/2MX �b � +QM+HmbBQM- T�T2` �mi?Q`b /2KQMbi`�i2 /2bB;M bQHmiBQMb i?�i
�`2 TB+F2/ 7`QK i?2 mHiBK�i2 TQTmH�iBQM i?`Qm;? K�Mm�H BMbT2+iBQMX

w�MB 2i �HX UkyRdV T`QTQb2 i?2 /2bB;M Q7 � ?B;?@T2`7Q`K�M+2 +QM+`2i2 bi�iB+ b?�/BM;

�`+?Bi2+im`�H .2bB;M S2`7Q`K�M+2 i?`Qm;? *QKTmi�iBQM�H AMi2HHB;2M+2 ke



6A:l_1 kXR 1pQHmiBQM�`v /2bB;M Q7 i?2`K�H K�bb T�M2Hb 7Q` � KmHiB@biQ`v �i`BmK
Uhm``BM 2i �HX kyRjVX

bvbi2K mbBM; � T�`�K2i`B+ /2bB;M �TT`Q�+? #�b2/ QM `�/B�iBQM +QMi`QH- Qmi/QQ`
pB2r- /�vHB;?i BM/2t2b- �M/ 2M2`;v T2`7Q`K�M+2X PTiBKBx�iBQM #v ;2M2iB+ �H;Q@
`Bi?Kb Bb mb2/ iQ /2}M2 i?2 QT2MM2bbǶ bBx2b �M/ +miiBM; �M;H2b iQ KBMBKBx2 bQH�`
`�/B�iBQM 2Mi`�M+2 i?`Qm;?Qmi i?2 v2�`- K�BMi�BMBM; �M Qmi/QQ` pB2rX h?2 `2bmHi
BM+Hm/2b ;2QK2i`B2b rBi? ;`�/B2Mi +?�M;2b �M/ bKQQi? i`�MbBiBQMbX

J�Mx�M �M/ *H�`B+? UkyRdV 7Q+mb QM i?2 QTiBKBx�iBQM Q7 �M 2ti2`M�H }t2/ BM+HBM2/
T�M2H +QK#BM2/ rBi? /2THQv�#H2 BMi2`M�H o2M2iB�M #HBM/b 7Q` �M Q{+2 `QQK rBi? �
bQmi? 2tTQb2/ rBM/QrX h?2 T`Q#H2K /2}MBiBQM BM+Hm/2b i?`22 +QMiBMmQmb /2+BbBQM
p�`B�#H2b �M/ irQ Q#D2+iBp2b- M�K2Hv i?2 T`BK�`v 2M2`;v +QMbmK2/ /m`BM; � r?QH2
v2�` 7Q` K�BMi�BMBM; ?2�Hi?v BMi2`M�H +QM/BiBQMb �M/ i?2 iQi�H MmK#2` Q7 ?Qm`b BM
� v2�`- +QKTmi2/ /m`BM; i?2 Q++mT�M+v iBK2- rBi? BMi2`M�H #HBM/ /2THQv2/ rBi? �M
BM+HBM�iBQM Q7 98 /2;`22bX h?2B` `2b2�`+? 7Q+mb2b QM i?2 �TTHB+�iBQM Q7 � _2bTQMb2
am`7�+2 JQ/2H �H;Q`Bi?K i2`K2/ 6�ah- /2bB;M2/ iQ `2/m+2 HQM; bBKmH�iBQM iBK2b-
/m`BM; QTiBKBx�iBQMX 6�ah }ib b2p2`�H /Bz2`2Mi KQ/2Hb- �KQM; r?B+? M2m`�H M2i@
rQ`Fb- `�/B�H #�bBb 7mM+iBQM M2irQ`Fb �M/ bmTTQ`i p2+iQ` K�+?BM2b- �M/ mb2b i?2
KQbi �++m`�i2 K2i�@KQ/2H 7Q` 2�+? Q#D2+iBp2 �M/ +QMbi`�BMi 2p�Hm�iBQMX h?2 �H;Q@
`Bi?K bi�`ib 7`QK �M BMBiB�H /�i�b2i /2`Bp2/ i?`Qm;? .2bB;M Q7 1tT2`BK2Mib U.Q1V
�M/ `2}M2b i?2 `2bmHib M2�` i?2 �`2� Q7 QTiBK�H bQHmiBQMbX S�T2` �mi?Q`b +QKT�`2
6�ah rBi? La:�@AA �M/ `2TQ`i i?�i `2bmHib �`2 bBKBH�`- BX2X S�`2iQ 7`QMib �`2 bBK@
BH�`- r?BH2 6�ah Qz2`b bB;MB}+�MiHv `2/m+2/ +QKTmi�iBQM�H iBK2bX

Ai Bb b22M i?`Qm;? i?2 �#Qp2 rQ`Fb i?�i i?2`2 Bb BM+`2�b2/ BMi2`2bi BM i?2 T�bi v2�`b
BM i?2 �TTHB+�iBQMb Q7 JmHiB@P#D2+iBp2 PTiBKBx�iBQM UJPPV BM �`+?Bi2+im`�H /2@
bB;MX h?2 mb2 Q7 JPP �H;Q`Bi?Kb BM Bib2H7 Bb � bB;MB}+�Mi /2+BbBQM bmTTQ`i iQQH
i?�i K�v `2p2�H � r2�Hi? Q7 /2bB;M bQHmiBQMb iQ i?2 /2+BbBQM@K�F2`- +QMi`B#miBM;
bB;MB}+�MiHv iQ BM7Q`K2/ /2+BbBQM K�FBM; /m`BM; i?2 2�`Hv bi�;2b Q7 /2bB;MX h?2
b2+iBQMb i?�i 7QHHQr �BK iQ �ii2KTi iQ /Bb+mbb i?2 BKTQ`i�Mi Bbbm2b i?�i �TTHB+�@
iBQM Q7 +QKTmi�iBQM�H QTiBKBx�iBQM �M/ 2bT2+B�HHv JmHiB@P#D2+iBp2 PTiBKBx�iBQM
Bb 7�+BM; BM Bib �TTHB+�iBQM iQ �`+?Bi2+im`�H /2bB;M- iQ b2i i?2 7QmM/�iBQMb 7Q` `2@

*?�Ti2` kd



b2�`+?BM; +QMi`B#miBQMb i?�i K�v BKT`Qp2 i?2 2{+B2M+v Q7 bm+? /2+BbBQM bmTTQ`i
i2+?MB[m2b- �M/ rB/2M i?2 }2H/ Q7 TQi2MiB�H �TTHB+�iBQMbX

h�#H2 kXR T`QpB/2b � +QM+Bb2 bmKK�`v Q7 bim/B2b i?�i ?�p2 #22M `2pB2r2/ �b T�`i
Q7 i?2 T`2pBQmb b2+iBQMbX AM i?2 i�#H2 BM [m2biBQM- ǳaXPXǴ +Q``2bTQM/b iQ � bBM;H2@
Q#D2+iBp2 T`Q#H2K- ǳJXPXǴ iQ � KmHiB@Q#D2+iBp2 T`Q#H2K- �M/ i?2 ǳ:�H�T�;QbǴ :2@
M2iB+ �H;Q`Bi?K Bb � :� BKTH2K2Mi�iBQM BM+Q`TQ`�i2/ BM i?2 TQTmH�` ǳ:`�bb?QT@
T2`Ǵ T�`�K2i`B+ /2bB;M TH�i7Q`KX hQ i?2 #2bi Q7 i?2 �mi?Q`Ƕb FMQrH2/;2- i?Bb �H;Q@
`Bi?K ?�b MQi #22M Tm#HBb?2/X

Ȝ kX8Xj *QKTmi�iBQM�H *QKTH2tBiv
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

� bB;MB}+�Mi +QM+2`M rBi? i?2 �TTHB+�iBQM Q7 1�b BM +QKTH2t T`Q#H2K@bQHpBM; Bb
i?2 BM+`2�b2/ `2[mB`2K2Mib BM +QKTmi�iBQMX 1�b �TT`QtBK�i2 QTiBK�H bQHmiBQMb #v
Bi2`�iBp2Hv BKT`QpBM; QM � TQTmH�iBQM Q7 +�M/B/�i2 bQHmiBQMb- �M/ �b bm+? i?2v `2@
[mB`2 +QMiBMmQmb 2p�Hm�iBQM Q7 bQHmiBQMb �++Q`/BM; iQ i?2 T`2b+`B#2/ /2bB;M +`Bi2`B�X
A7 i?Qb2 +`Bi2`B� BMpQHp2 2p�Hm�iBQM Q7 +QKTmi�iBQM�HHv /2K�M/BM; KQ/2Hb- bm+? �b
i?2 2H�#Q`�i2 /�vHB;?iBM; Q` i?2`K�H KQ/2Hb 2KTHQv2/ BM +QMi2KTQ`�`v T`�+iB+2-
i?2 +QKTmi�iBQM�H +QKTH2tBiv Q7 �M QTiBKBx�iBQM `mM +�M 2�bBHv #2+QK2 mMK�M@
�;2�#H2- 2bT2+B�HHv BM i?2 2�`Hv bi�;2b Q7 /2bB;M- r?2`2 `�/B+�H /2bB;M +?�M;2b �`2
7`2[m2Mi �M/ K�v BM+m` `2@/2}MBiBQM Q7 i?2 QTiBKBx�iBQM T`Q#H2K Q` +?�M;2 BM Q#@
D2+iBp2 7mM+iBQMb �M/ +QMbi`�BMibX

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
Ȝ kXe .2+BbBQM J�FBM; �M/ JmHiB@P#D2+iBpBiv

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
�b T`2pBQmbHv K2MiBQM2/- JmHiB@P#D2+iBp2 T`Q#H2Kb +QKT`Bb2 KQ`2 i?�M QM2

+QM~B+iBM; Q#D2+iBp2b- �M/ �b bm+?- i?2`2 Bb MQ bBM;H2 �ii�BM�#H2 bQHmiBQM i?�i +�M
7mHHv b�iBb7v �HH Q#D2+iBp2bX .2+BbBQM K�FBM; BM i?2 +QMi2ti Q7 JPP +QM+2`Mb i?2
b2iiH2K2Mi QM �M QTiBK�H Q#D2+iBp2 7mM+iBQM i`�/2Qz i?�i #2bi b�iBb}2b i?2 T`27@
2`2M+2b Q7 i?2 bi�F2?QH/2`bX �++Q`/BM; iQ UwBixH2` RNNNV- `272`2M+BM; U>Q`M RNNec
>r�M; �M/ �#m av2/ J/X J�bm/ RNdNV i?2`2 �`2 i?`22 K�BM �TT`Q�+?2b iQ i`2�i@
BM; T`272`2M+2b- BM ;2M2`�H,

• .2+BbBQM K�FBM; #27Q`2 b2�`+? U�@T`BQ`B /2+BbBQM K�FBM;V, h?2 Q#D2+iBp2b
Q7 i?2 JPP T`Q#H2K �`2 �;;`2;�i2/ BMiQ � bBM;H2 Q#D2+iBp2 #v /2i2`KBMBM;
r2B;?iBM; 7�+iQ`b- Q` �Hi2`M�iBp2Hv #v b2H2+iBM; � bBM;H2 Q#D2+iBp2b �M/ b2H2+i@
BM; +QMbi`�BMi pBQH�iBQM i?`2b?QH/b 7Q` i?2 `2K�BMBM; QM2bX AM #Qi? +�b2b-
T`272`2M+2b �M/ /2bB;M FMQrH2/;2 Q7 i?2 /2+BbBQM@K�F2` �`2 BKTHB+BiHv 2t@
T`2bb2/ i?`Qm;? i?2 r2B;?iBM; 7�+iQ`b Q` +QMbi`�BMi pBQH�iBQM i?`2b?QH/b

• .2+BbBQM K�FBM; /m`BM; b2�`+? UBMi2`�+iBp2 /2+BbBQM K�FBM;V, h?2 .J +�M
�`iB+mH�i2 T`272`2M+2b /m`BM; i?2 QTiBKBx�iBQM T`Q+2bb i?`Qm;? BMi2`�+iBQMX
�7i2` 2�+? QTiBKBx�iBQM bi2T i?2 .J bT2+B}2b 7m`i?2` T`272`2M+2 BM7Q`K�iBQM
r?2`2#v i?2 b2�`+? Bb 7m`i?2` ;mB/2/ iQr�`/b T`272``2/ �`2�b BM i?2 /2bB;M
bT�+2X h?Bb �TT`Q�+? Bb �HbQ i2`K2/ ǳAMi2`�+iBp2 PTiBKBx�iBQMǴ Uh�F�;B kyyRc
J2B;M�M 2i �HX kyR8V- rBi? �TTHB+�iBQMb �HbQ BM �`+?Bi2+im`�H /2bB;MX

• a2�`+? #27Q`2 /2+BbBQM K�FBM; U�@TQbi2`BQ`B /2+BbBQM K�FBM;V, PTiBKBx�iBQM Bb

�`+?Bi2+im`�H .2bB;M S2`7Q`K�M+2 i?`Qm;? *QKTmi�iBQM�H AMi2HHB;2M+2 k3
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UkyRdV
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UkyR8V

aXPX :2M2 �`+? U*�H/�b-
kyy3V

amMb?�/BM;
.2pB+2

.�vHB;?i .Bbi`B@
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T2`7Q`K2/ rBi?Qmi �Mv T`272`2M+2 BM7Q`K�iBQM ;Bp2MX h?2 `2bmHi Q7 i?2 b2�`+?
T`Q+2bb Bb � b2i Q7 UB/2�HHv S�`2iQ@QTiBK�HV +�M/B/�i2 bQHmiBQMb 7`QK r?B+?
i?2 }M�H +?QB+2 Bb K�/2 #v i?2 .JX

AM i?Bb i?2bBb- i?2 7Q+mb Bb QM i?2 i?B`/ T�`�/B;K �b QmiHBM2/ �#Qp2X .2+BbBQM K�F@
BM; #27Q`2 b2�`+? U}`bi T�`�/B;KV `2[mB`2b �@T`BQ`B /QK�BM FMQrH2/;2 i?�i Bb mbm@
�HHv MQi �p�BH�#H2- H2i �HQM2 BM i?2 2�`Hv bi�;2b Q7 �`+?Bi2+im`�H /2bB;M- r?B+? Bb i?2
7Q+mb Q7 i?Bb i?2bBbX .2+BbBQM@K�FBM; /m`BM; b2�`+? Bb � T`QKBbBM; �Hi2`M�iBp2- ?Qr@
2p2`- Bi T`2b2Mib /`�r#�+Fb bm+? �b BM+`2�b2/ mM+2`i�BMiv- +Q;MBiBp2 /`B7i- �M/ +Q;@
MBiBp2 7�iB;m2- i?�i mbm�HHv T`Q?B#Bi �TTHB+�iBQM iQ +QKTH2t /2bB;M b+2M�`BQb bm+?
�b i?2 QM2b 7QmM/ BM `2�H@rQ`H/ �`+?Bi2+im`�H /2bB;M T`Q#H2KbX h?mb i?2 7Q+mb Bb QM
�@TQbi2`BQ`B /2+BbBQM K�FBM;- r?2`2 T`272`2M+2@Q`B2Mi2/ /2+BbBQM K�FBM; Bb TQbi@
TQM2/ mMiBH i?2 /2bB;M bQHmiBQMb i?�i �`2 Q7 BMi2`2bi- M�K2Hv i?2 #2bi i`�/2Qz bQHm@
iBQMb- ?�p2 #22M 2bi�#HBb?2/ i?`Qm;? KmHiB@Q#D2+iBp2 QTiBKBx�iBQMX 6Q` KQ`2 BM7Q`@
K�iBQM QM i?Bb ivT2 Q7 �TT`Q�+?2b- i?2 `2�/2` Bb BMpBi2/ iQ bim/v `272`2M+2b U*Q2HHQ
kyyyc C�BK2b kyRRc q�;M2` �M/ h`�miK�MM kyRyc *�``2b2 2i �HX kyRkc EQFb�H�M
�M/ E�`�?�M kyRyV- �KQM; Qi?2`bX "2bB/2b- � #`B27 `2pB2r Q7 `2+2Mi TQbi@S�`2iQ
QTiBK�HBiv �M�HvbBb �TT`Q�+?2b Bb T`2b2Mi2/ M2tiX

Ȝ kXeXR �TT`Q�+?2b iQ SQbi@S�`2iQ PTiBK�HBiv �M�HvbBb
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Ȝ kXeXRXR AM 1M;BM22`BM; .2bB;M
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

am`T�bbBM; i?2 +QKKQM T`�+iB+2 Q7 2t?�mbiBp2 BMbT2+iBQM �M/ 2KTB`B+�H b2H2+iBQM
Q7 bQHmiBQMb- b2p2`�H �TT`Q�+?2b iQ TQbi@S�`2iQ QTiBK�HBiv 2tBbi BM HBi2`�im`2X �M
BM/B+�iBp2 b2i Q7 rQ`Fb Bb #`B2~v `2pB2r2/ ?2`2#vX

P#�v�b?B �M/ a�b�FB UkyyjV T`QTQb2 i?2 �TTHB+�iBQM Q7 a2H7@P`;�MBxBM; J�Tb UaPJV
iQ �//`2bb i?2 T`Q#H2K Q7 TQbi@S�`2iQ QTiBK�HBiv �M�HvbBb BM i?2 +�b2 Q7 i?2 �2`Q@
/vM�KB+ rBM; �M/ 7mb2H�;2 /2bB;MX S�T2` �mi?Q`b �TTHv aPJ �b � /BK2MbBQM�HBiv
`2/m+iBQM i2+?MB[m2 iQ K�M�;2 i?2 ?B;?@/BK2MbBQM�H Q#D2+iBp2 7mM+iBQM /Bbi`B#m@
iBQM Q7 i?2 `2bmHiBM; S�`2iQ@QTiBK�H bQHmiBQMb iQ � [m�/@ �M/ #B@Q#D2+iBp2 T`Q#H2K
`2bT2+iBp2HvX 6QHHQrBM; �M BMBiB�H /2`Bp�iBQM Q7 � irQ@/BK2MbBQM�H aPJ 2M+Q/BM;
Q#D2+iBp2 7mM+iBQM /Bbi`B#miBQM- i?2v /2`Bp2 +Hmbi2`@�p2`�;2/ +Q/2#QQF p2+iQ`b �M/
mb2 i?Qb2 7Q` i?2 ;2M2`�iBQM Q7 � b2+QM/ aPJ `2p2�HBM; BMi2`�+iBQMb �M/ i`2M/b Q7
/2+BbBQM p�`B�#H2b BM Q#D2+iBp2 7mM+iBQM p�Hm2bX

q�;M2` �M/ h`�miK�MM UkyRyV BMi`Q/m+2 .2bB`�#BHBiv 6mM+iBQMb U.6bV- T`2pBQmbHv
BMi`Q/m+2/ #v >�``BM;iQM U>�``BM;iQM RNe8V BM KmHiB@Q#D2+iBp2 T`Q#H2K bQHpBM; �b
� MQM@HBM2�` K�TTBM; Q7 Q#D2+iBp2 7mM+iBQM p�Hm2b iQ i?2 [0, 1] `�M;2- T�`�K2i`Bx2/
#v /2+BbBQM@K�F2` T`272`2M+2 BM7Q`K�iBQM `2;�`/BM; 2t2KTH�`v Q#D2+iBp2 7mM+iBQM
p�Hm2bX "2bB/2b- T�T2` �mi?Q`b /2p2HQT i?2 .2bB`�#BHBiv AM/2t r?B+? Bb �M �;;`2@
;�i2 Q7 BM/BpB/m�H Q#D2+iBp2 7mM+iBQM .6b BMiQ � bBM;H2 BM/2t `2T`2b2MiBM; i?2 /2bB`@
�#BHBiv Q7 � bQHmiBQMX 6BM�HHv- i?2v T`2b2Mi �M BMi2;`�iBQM BMiQ �M BM/B+�iQ`@#�b2/
JP1� �M/ 2tT2`BK2Mi�H `2bmHibX

*�``BHHQ 2i �HX UkyRRV T`2b2Mi i?2 MQM@MmK2`B+�H `�MFBM; T`272`2M+2b K2i?Q/ �b �M
�TT`Q�+? iQ TQbi@S�`2iQ QTiBK�HBiv T`272`2M+2 i`2�iK2MiX AM T�`iB+mH�`- i?`Qm;?

�`+?Bi2+im`�H .2bB;M S2`7Q`K�M+2 i?`Qm;? *QKTmi�iBQM�H AMi2HHB;2M+2 jy



i?2 T`QTQb2/ �H;Q`Bi?K i?2 T�T2` �mi?Q`b b22F iQ T`Q;`2bbBp2Hv T`mM2 S�`2iQ QTiB@
K�H bQHmiBQMb i?�i �`2 Q7 H2bb `2H2p�M+2 iQ /2+BbBQM@K�F2` T`272`2M+2b i?�i �`2 2t@
T`2bb2/ i?`Qm;? MQM@MQKBM�H `�MFBM; Q7 Q#D2+iBp2 7mM+iBQMbX S�T2` �mi?Q`b /2KQM@
bi`�i2 �TTHB+�iBQM iQ � S�`2iQ@QTiBK�H b2i B/2MiB}2/ 7`QK � KmHiB@Q#D2+iBp2 T`Q#H2K
7`QK HBi2`�im`2X

"�M/�`m �M/ .2# UkyRRV T`QTQb2 �M �miQK�i2/ K2i?Q/ 7Q` B/2MiB7vBM; BMMQp�@
iBp2 T`BM+BTH2b i?`Qm;? �M�HvbBb Q7 S�`2iQ@QTiBK�H b2ib BM KmHiB@Q#D2+iBp2 T`Q#H2KbX
h?2 T�T2` �mi?Q`b �BK iQ /2`Bp2 #�bBb 7mM+iBQMb i?�i �`2 +?�`�+i2`BbiB+ Q7 i?2 b2i
Q7 S�`2iQ QTiBK�H bQHmiBQMb- BM �M �miQK�iB+ K�MM2`X AM /QBM; bQ- T�T2` �mi?Q`b
T`QTQb2 �M 2pQHmiBQM�`v �H;Q`Bi?K i?�i 2pQHp2b K�i?2K�iB+�H `2H�iBQMb?BTb �BK@
BM; iQ K�tBKBx2 i?2B` ;2M2`�HBiv- �TTHB+�#BHBiv- �M/ p�HB/Biv Qp2` i?2 b2i Q7 S�`2iQ
QTiBK�H bQHmiBQMbX �TTHB+�iBQMb iQ b2p2`�H 2M;BM22`BM; T`Q#H2Kb Bb T`2b2Mi2/X

*�``2b2 2i �HX UkyRkV BMi`Q/m+2 � S�`iB+H2 ar�`K PTiBKBx�iBQM USaPV �H;Q`Bi?K
i?�i K�F2b mb2 Q7 � `272`2M+2 TQBMi- /2i2`KBM2/ i?`Qm;? /2+BbBQM@K�F2` T`272`@
2M+2b- iQ 7Q+mb i?2 b2�`+? QM � T�`iB+mH�` `2;BQM Q7 BMi2`2bi QM i?2 S�`2iQ 7`QMi BM
KmHiB@Q#D2+iBp2 T`Q#H2KbX h?2 T�T2` �mi?Q`b �TTHv i?2 T`QTQb2/ K2i?Q/ iQ �M
�2`Q/vM�KB+ /2bB;M T`Q#H2K �M/ T`QTQb2 i?2 `2/m+iBQM Q7 +QKTmi�iBQM�H +QKTH2t@
Biv i?`Qm;? i?2 mb2 Q7 � E`B;BM; KQ/2HX

h?`Qm;? i?2 �#Qp2 #`B27 `2pB2r- Bi Bb /2/m+i2/ i?�i BM i?2 ;2M2`�H }2H/ Q7 KmHiB@
Q#D2+iBp2 T`Q#H2K bQHpBM; �M/ /2+BbBQM bmTTQ`i 7Q` 2M;BM22`BM; i?2 7Q+mb Bb QM bQ@
HmiBQM T2`7Q`K�M+2 �b 2tT`2bb2/ BM i?2 Q#D2+iBp2 7mM+iBQM bT�+2 �M/ H2bb bQ BM i?2
/2+BbBQM p�`B�#H2 bT�+2X 1p2M r?2M bQK2 2KT?�bBb Bb QM i?2 H�ii2`- bm+? �b BM i?2
rQ`Fb Q7 P#�v�b?B �M/ a�b�FB UP#�v�b?B �M/ a�b�FB kyyjV �M/ H2bb bQ "�M/�`m
�M/ .2# U"�M/�`m �M/ .2# kyRRV- i?2 ;Q�H Bb iQ /2`Bp2 T`BM+BTH2b i?�i bmTTQ`i
?B;? T2`7Q`K�M+2 �M/ H2bb bQ iQ 2tTHQ`2 T`272`2M+2b BM i2`Kb Q7 Q#D2+i T`QT2`iB2bX

.2bTBi2 i?2 2tBbi2M+2 Q7 � r2�Hi? Q7 K2i?Q/b 7Q` TQbi@S�`2iQ QTiBK�HBiv �M�HvbBb- Bi
Bb bi`2bb2/ i?�i �//`2bbBM; T`272`2M+2b QM Q#D2+i T`QT2`iB2b Bb MQi �+?B2p�#H2 Tm`2Hv
#v 2t�KBMBM; i?2 Q#D2+iBp2 7mM+iBQM bT�+2- /m2 iQ i?2 +QKTH2t MQM@HBM2�` `2H�iBQMb
#2ir22M Q#D2+iBp2b �M/ +QMbi`�BMibX �b bm+?- ?�M/HBM; Q7 bm+? FBM/ Q7 T`272`2M+2b
Bb MQM@i`BpB�H- �b rBHH #2 7m`i?2` 2H�#Q`�i2/ BM +?�Ti2` 9X

Ȝ kXeXRXk AM �`+?Bi2+im`�H .2bB;M �M/ _2H�i2/ .Bb+BTHBM2b
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

h?2 �7Q`2K2MiBQM2/ �TT`Q�+?2b 7Q`K mb27mH +QMi`B#miBQMb +QM+2`MBM; TQbi@S�`2iQ
QTiBK�HBiv �M�HvbBb �M/ /2+BbBQM K�FBM;X AM 2M;BM22`BM; �TTHB+�iBQMb- i?2 /QK�BM
Q7 BKTQ`i�M+2 Bb i?�i Q7 i?2 Q#D2+iBp2 7mM+iBQM bT�+2- �M/ 2z2+iBp2 i`2�iK2Mi Q7
T`272`2M+2b i?2`2BM Bb 2MQm;? iQ +QM+Hm/2 /2+BbBQM K�FBM; �M/ B/2MiB7v �M QTiBK�H
+?QB+2 �KQM; #2bi@i`�/2QzbX >Qr2p2`- � bB;MB}+�Mi /Bz2`2M+2 2tBbib r?2M i?2 �T@
THB+�iBQM /QK�BM Bb MQi 2M;BM22`BM; #mi �HbQ +QKT`Bb2b bQ7i- [m�HBi�iBp2 �bT2+ibX AM
bm+? � +�b2-

Ai Bb mM/2`HBM2/ i?�i- /2bTBi2 i?2 BKTQ`i�M+2 Q7 i?2 bm#D2+i- 2bT2+B�HHv BM i?2 /Q@
K�BM Q7 �`+?Bi2+im`�H /2bB;M- 72r �mi?Q`b `2TQ`i �ii2KTib �i �//`2bbBM; i?Bb Bbbm2X
Ai Bb bm`KBb2/ i?�i i?2 2HmbBp2 M�im`2 Q7 i?2 iQTB+ Bb i?2 `2�bQM #2?BM/ i?2 b22K@
BM;Hv HBKBi2/ `2b2�`+? BMi2`2bi- r?B+? /Q2b MQi +Q``Q#Q`�i2 rBi? i?2 BKTQ`i�M+2 Q7
i?2 Bbbm2 �i ?�M/X aQK2 `2H2p�Mi bim/B2b �`2 ?2`2#v #`B2~v bmKK�`Bx2/X

*?�Ti2` jR



�MbmBMB 2i �HX UkyRkV `2TQ`i QM � K2i?Q/QHQ;v 7Q` i?2 /2bB;M Q7 /2+BbBQM bmTTQ`i
bvbi2Kb BM +QM+2Tim�H /2bB;M T?�b2b +�T�#H2 Q7 7Qbi2`BM; i?2 2tTHQ`�iBQM Q7 /2bB;M
�Hi2`M�iBp2b i?`Qm;? bi�iBbiB+�H BM72`2M+2X h?2 �TT`Q�+? Bb T`Q#�#BHBbiB+- #�b2/ QM
"�v2bB�M L2irQ`Fb U"LbVX AM i?2 T`QTQb2/ "L- ;`�T? MQ/2b `2T`2b2Mi /2bB;M T�@
`�K2i2`b �M/ T2`7Q`K�M+2b- �M/ ;`�T? 2/;2b `2T`2b2Mi `2H�iBQMb?BTb �KQM; T�`�K@
2i2`b- T�`�K2i2`b- �M/ T2`7Q`K�M+2b- Q` T2`7Q`K�M+2bX _2H�iBQMb?BTb �`2 Q#i�BM2/
i?`Qm;? bi�iBbiB+�H �M�HvbBb Q7 bBKmH�iBQM `2bmHibX AM i?2 T�T2` �mi?Q`bǶ T�`�/B;K-
� /2bB;M /2+BbBQM Bb i`�MbH�i2/ iQ p�Hm2 �bbB;MK2Mi BM � MQ/2- r?B+? +Q``2bTQM/b
iQ � RyyW HBF2HB?QQ/ 7Q` i?2 ;Bp2M p�Hm2X h?2 `2K�BMBM; MQ/2b BM i?2 ;`�T? Q#i�BM
T`Q#�#BHBiv /Bbi`B#miBQMb +Q``2bTQM/BM; iQ T`Q#�#BHBbiB+ +QM/BiBQM�H /2T2M/2M+v `2@
H�iBQMb �KQM; i?2KX S�T2` �mi?Q`b K�F2 i?2 +�b2 7Q` #mBH/BM; FMQrH2/;2 i?`Qm;?
HBMFBM; Q7 KmHiBTH2 "Lb- �M/ T`2b2Mi �M 2ti2M/2/ 2t�KTH2 BM 2M2`;v@+QMb+BQmb �`@
+?Bi2+im`�H /2bB;MX

h?QKb2M UkyR9V T`QTQb2 � K2i?Q/ 7Q` TQbi@S�`2iQ QTiBK�HBiv i�FBM; BMiQ �++QmMi
/2bB;M BMi2MiBQMX h?2 K2i?Q/ Bb #�b2/ QM F@K2�Mb +Hmbi2`BM;X h?2 MQp2Hiv Q7 i?2
�TT`Q�+? HB2b BM i?�i +Hmbi2`BM; Bb T2`7Q`K2/ BM � KQ/B}2/ /2bB;M bT�+2 i?�i Bb
;2M2`�i2/ #v i`�Mb7Q`KBM; i?2 Q`B;BM�H i?`Qm;? /2+BbBQM@K�F2` /2}M2/ 7mM+iBQMbX
S�T2` �mi?Q`b T`2b2Mi �TTHB+�iBQM BM i?2 +�b2 Q7 /2bB;MBM; � p�mHi bi`m+im`2X

Ȝ kXeXk S`272`2M+2b BM JmHiB@P#D2+iBp2 .2+BbBQM J�FBM;
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

AM i?2 +QMi2ti Q7 JPP r?2`2 +QM~B+iBM; Q#D2+iBp2b �`2 T`2b2Mi- i?2 MQiBQM Q7
T`272`2M+2 Bb mbm�HHv �bbQ+B�i2/ BM HBi2`�im`2 rBi? i?2 `2H�iBp2 BKTQ`i�M+2 �KQM;
T`Q#H2K Q#D2+iBp2b UC�BK2b kyyNVX �b P#�v�b?B Tmib Bi- ǳ.2bB;M Bb � T`Q+2bb iQ
}M/ � TQBMi BM i?2 /2bB;M p�`B�#H2 bT�+2 i?�i K�i+?2b rBi? i?2 ;Bp2M TQBMi BM i?2
Q#D2+iBp2 7mM+iBQM bT�+2Ǵ UP#�v�b?B �M/ a�b�FB kyyjVX �b bm+?- T`272`2M+2b BM i?2
+�MQMB+�H K2�MBM; T2`i�BM iQ i?2 Q#D2+iBp2 7mM+iBQM bT�+2X AM �@T`BQ`B /2+BbBQM
K�FBM;- T`272`2M+2b �`2 BKTHB+BiHv 2K#2//2/ BM i?2 +QK#BM�iBQM Q7 r2B;?i p2+@
iQ`bX AM BMi2`�+iBp2 /2+BbBQM K�FBM;- T`272`2M+2b �`2 2tT`2bb2/ pB� i?2 b2H2+iBQM
T2`7Q`K2/ i?`Qm;?Qmi i?2 QTiBKBx�iBQM T`Q+2bbX AM �@TQbi2`BQ`B /2+BbBQM K�FBM;-
i?2 7mHH 7`QMi Q7 i`�/2@Qz bQHmiBQMb Bb �p�BH�#H2- �M/ i?2 /2+BbBQM@K�F2` 2tT`2bb2b
T`272`2M+2b #v b2H2+iBM; � S�`2iQ QTiBK�H bQHmiBQMX h?`Qm;? i?Bb b2H2+iBQM- i?2 `2H@
�iBp2 BKTQ`i�M+2 �KQM; Q#D2+iBp2 7mM+iBQMb Bb BKTHB+BiHv 2bi�#HBb?2/X

h?`Qm;? KmHiB@Q#D2+iBp2 QTiBKBx�iBQM- Bi Bb ;2M2`�HHv 72�bB#H2 iQ �+?B2p2 � b2i Q7
bQHmiBQMb i?�i �`2 2p2MHv /Bbi`B#mi2/ �HQM; i?2 S�`2iQ bm`7�+2 BM i?2 Q#D2+iBp2 7mM+@
iBQM bT�+2X h?2b2 �`2 i2`K2/ MQM@/QKBM�i2/ bQHmiBQMbX >Qr2p2`- `2H�iBQMb?BTb BM
i?2 Q#D2+iBp2 7mM+iBQM bT�+2 /Q MQi 2ti2M/ iQ i?2 /2+BbBQM p�`B�#H2 bT�+2 �M/ pB+2
p2`b�X h?2 `2�bQM #2?BM/ i?Bb T?2MQK2MQM Bb `QQi2/ BM i?2 MQM@HBM2�`BiB2b BMi`Q@
/m+2/ #v i?2 Q#D2+iBp2 7mM+iBQMb /2}M2/ BM i?2 +QMi2ti Q7 i?2 /2bB;M T`Q#H2KX �b
� `2bmHi- M2B;?#Q`BM; `2H�iBQMb?BTb #2ir22M bQHmiBQM `2T`2b2Mi�iBQMb BM i?2 Q#D2+@
iBp2 7mM+iBQM bT�+2 /Q MQi M2+2bb�`BHv +Q``2bTQM/ iQ `2H�iBQMb?BTb BM i?2 /2+BbBQM
p�`B�#H2 bT�+2X hrQ bQHmiBQMb i?�i /2KQMbi`�i2 bBKBH�` /2+BbBQM p�`B�#H2 +QKTQ@
bBiBQMb UM2B;?#Q`BM; bQHmiBQMbV K�v Q++mTv 7�`@�r�v TQBMib BM Q#D2+iBp2 7mM+iBQM
bT�+2X aBKBH�`Hv- bQHmiBQMb M2�`#v BM i?2 Q#D2+iBp2 7mM+iBQM bT�+2 K�v Q++mTv irQ
/Bbi�Mi TQBMib BM i?2 /2+BbBQM p�`B�#H2 bT�+2X Ai Bb i?mb BKTQbbB#H2 iQ K�F2 +QKT`2@
?2MbBp2 /2bB;M /2+BbBQMb #v +QMbB/2`BM; i?2 bBKBH�`Biv Q7 bQHmiBQMb BM 2Bi?2` bT�+2
�HQM2 bBM+2 bBKBH�`Biv BM i?2 Qi?2` Q7 i?2 irQ bT�+2b Bb MQi ;m�`�Mi22/X 6B;X kXk
;`�T?B+�HHv QmiHBM2b i?Bb +QM/BiBQMX

�`+?Bi2+im`�H .2bB;M S2`7Q`K�M+2 i?`Qm;? *QKTmi�iBQM�H AMi2HHB;2M+2 jk



6A:l_1 kXk .2b+`BTiBQM Q7 � TQbbB#H2 /2+BbBQM K�FBM; T`Q+2bb BM �`+?Bi2+im`�H
/2bB;MX PM i?2 H27i- i?2 P#D2+iBp2 6mM+iBQM aT�+2 Bb /2TB+i2/X PM
i?2 `B;?i i?2 .2+BbBQM o�`B�#H2 bT�+2X LQi2 i?�i BM #Qi? +�b2b- i?2
bT�+2b �`2 HQr /BK2MbBQM�H- BM Q`/2` iQ �B/ `2T`2b2Mi�iBQMX aQHmiBQM
� Bb � #2bi@i`�/2Qz- i?�i Bb H�+FBM; /2bB`�#H2 72�im`2bX h?2 /2+BbBQM@
K�F2` K�v +?QQb2 iQ �/Dmbi /2+BbBQM p�`B�#H2 p�Hm2b iQ BKTQb2 /2@
bB`2/ T`QT2`iB2bX h?Bb ;2M2`�HHv Bb 2tT2+i2/ iQ H2�/ iQ � bm#@QTiBK�H
bQHmiBQM- "X A/2�HHv- i?2 ;Q�H rQmH/ #2 iQ ;mB/2 i?2 /2+BbBQM@K�F2`
iQ Q#i�BM � bQHmiBQM i?�i +QK#BM2/ #Qi? T2`7Q`K�M+2 �M/ /2bB`�#BH@
Biv- *X

*?�Ti2` jj



Ȝ kXeXj S`272`2M+2b QM P#D2+i S`QT2`iB2b
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

AM i?Bb b2+iBQM- �M �Hi2`M�iBp2 MQiBQM Q7 T`272`2M+2b Bb BMi`Q/m+2/- M�K2Hv T`272`@
2M+2b QM i?2 /2+BbBQM p�`B�#H2 bT�+2- BM TH�+2 Q7 Q#D2+iBp2 7mM+iBQM bT�+2X AM �`+?B@
i2+im`�H /2bB;M- i?2 mHiBK�i2 /2+BbBQM Q7 i?2 �`+?Bi2+i HB2b BM /2i2`KBMBM; i?2 +QM@
+`2i2 T`QT2`iB2b Q7 i?2 /2bB;M2/ Q#D2+ib- i?�i Bb 2bi�#HBb?BM; p�Hm2b 7Q` i?2 /2+BbBQM
p�`B�#H2b Q7 i?2 T`Q#H2K �i ?�M/X h?Bb Bb � T`Q+2bb i?�i Bb ;mB/2/ #v i?2 b�iBb7�+@
iBQM Q7 ;Q�Hb �b Km+? �b #v i?2 b�iBb7�+iBQM Q7 T`272`2M+2b BM i2`Kb Q7 +QM+`2i2 Q#@
D2+i �ii`B#mi2bX h?mb BM K�Mv +�b2b- /2+BbBQMb �`2 ;mB/2/ iQ 2Mbm`2 i?�i /2bB`�#H2
�ii`B#mi2b �`2 T`2b2MiX

AM Qi?2` rQ`/b- B/2MiB7vBM; � TQBMi BM /2+BbBQM p�`B�#H2 bT�+2 i?�i +Q``2bTQM/b
iQ � ;Bp2M UQTiBK�HV TQBMi BM Q#D2+iBp2 7mM+iBQM bT�+2- �b T2` i?2 bi�i2K2Mi Q7
P#�v�b?B- /Q2b MQi i2HH i?2 r?QH2 biQ`v- r?2M Bi +QK2b iQ �`+?Bi2+im`�H /2bB;MX

�M 2t�KTH2 Q7 i?Bb Bb Q7i2M b22M BM �@TQbi2`BQ`B /2+BbBQM K�FBM;- r?2`2 i?2 2t�K@
BM�iBQM Q7 S�`2iQ@QTiBK�H bQHmiBQMb Bb +�``B2/ Qmi iQ B/2MiB7v pBbm�HHv BMi2`2biBM;
QM2bX PM i?2 +QMi`�`v- 2tT`2bbBM; /2+BbBQM p�`B�#H2 T`272`2M+2b BM �@T`BQ`B /2+BbBQM
K�FBM; Bb M2�` BKTQbbB#H2- �b Bi T2`i�BMb iQ KmHiBTH2 QTiBKBx�iBQM Bi2`�iBQMb rBi?
/Bz2`2Mi b2ib Q7 r2B;?ibX

:2M2`�HHv bT2�FBM;- /2bB;MBM; Bb �#Qmi B/2MiB7vBM; +QKTQbBiBQMb Q7 T?vbB+�H 72�@
im`2b i?�i �`2 ;2M2`�HHv /2bB`�#H2 �M/ bmBi�#H2X >2`2- ǳbmBi�#H2Ǵ �M/ ǳ/2bB`�#H2Ǵ
`2~2+i irQ /BbiBM+i +`Bi2`B�- M�K2Hv, bmBi�#BHBiv Q7 � T�`iB+mH�` /2bB;M Bb 2p�Hm�i2/
+QM+2`MBM; }`bi@Q`/2` /2bB;M ;Q�Hb �M/ Q#D2+iBp2b- i?�i ?�p2 #22M T`2/2i2`KBM2/
2X;X �b T�`i Q7 � /2bB;M #`B27- �M/ �`2 KQbiHv mMvB2H/BM; �M/ 2bb2MiB�H 7Q` i?2 �+@
+2Ti�M+2 Q7 � /2bB;M bQHmiBQMX aBKTHv Tmi- bmBi�#H2 bQHmiBQMb �`2 i?Qb2 i?�i K�tB@
KBx2 T2`7Q`K�M+2 +QM+2`MBM; /2bB;M ;Q�Hb Q` Q#D2+iBp2b r?BH2 b�iBb7vBM; +QMbi`�BMibX
h?2 `QH2 Q7 ;Q�Hb �M/ Q#D2+iBp2b QM i?2 /QK�BM Q7 Q#D2+i T`QT2`iB2b Bb i?�i Q7 BK@
TQbBM; +2`i�BM `2H�iBQMb?BTb #2ir22M i?2KX .2bB;Mb i?�i TQbb2bb T`QT2`iB2b i?�i
�/?2`2 iQ i?2 `2H�iBQMb 2bi�#HBb?2/ #v /2bB;M ;Q�Hb �`2 i?Qb2 i?�i K�tBKBx2 /2bB;M
bmBi�#BHBiv 7Q` i?2 BMi2M/2/ Tm`TQb2X h?`Qm;? i?2 2bi�#HBb?K2Mi Q7 bm+? `2H�iBQMb-
/2+BbBQM@K�F2`b �`2 T`QpB/2/ rBi? i?2 M2+2bb�`v K2+?�MBbK iQ �#bi`�+i �r�v i?2
2t+2bbBp2 +QKTH2tBiv i?�i �`Bb2b BM /2bB;M T`Q#H2Kb bm+? �b i?Qb2 BM i?2 }2H/ Q7
�`+?Bi2+im`2- 7Q` 2t�KTH2- r?2M /2�HBM; �i i?2 H2p2H Q7 /2i�BH2/ T`QT2`iB2b Q7 i?2
Q#D2+ibX

PM i?2 +QMi`�`v- /2bB`�#BHBiv Bb � /2bB;M [m�HBiv i?�i Bb iQ #2 7QmM/ �i i?2 HQr2bi
�#bi`�+iBQM H2p2H- r?B+? Bb i?�i Q7 /2bB;M 72�im`2bX �i i?Bb H2p2H- /2bB;M2`b ;2M2`@
�HHv 2tT`2bb T`272`2M+2b +QM+2`MBM; bQK2 Q` �HH i?2 /2+BbBQM p�`B�#H2 p�Hm2b i?�i �`2
BMpQHp2/ BM i?2 /2bB;M i�bF �i ?�M/X h?2b2 T`272`2M+2b �`2 MQirBi?bi�M/BM; i?2 /2@
bB;M ;Q�Hb K2MiBQM2/ �#Qp2- r?B+? M22/ iQ #2 b�iBb}2/ rBi? K�tBKmK T`BQ`BivX

h?`Qm;? 2bi�#HBb?BM; ;Q�Hb �M/ +QMbi`�BMib BM /2bB;M- 2tTHB+Bi `2H�iBQMb?BTb �`2
7Q`K2/ #2ir22M +QM+`2i2 Q#D2+i T`QT2`iB2b- /2bB;M ;Q�Hb- �M/ +QMbi`�BMibX h?2b2
`2H�iBQMb?BTb �`2 ;2M2`�HHv +QKTH2t �M/ �`2 MQi FMQrM #v /2+BbBQM@K�F2`b �i i?2
iBK2 Q7 /2bB;MBM;X Ai b?QmH/ #2 mM/2`bi�M/�#H2- MQM2i?2H2bb- i?�i bm++2bb7mH /2bB;Mb
+QK#BM2 i?2 `2[mB`2K2Mib 7Q` bmBi�#BHBiv �M/ /2bB`�#BHBivc BM Qi?2` rQ`/b- i?2v �`2
r2HH@T2`7Q`KBM; /2bB;Mb i?�i �`2 +?�`�+i2`Bx2/ #v /2bB`�#H2 72�im`2 +QKTQbBiBQMbX

q?BH2 TH�BM b2H2+iBQM Qmi Q7 � b2i Q7 S�`2iQ QTiBK�H bQHmiBQMb Bb � rB/2Hv �/QTi2/
T`�+iB+2- ;Bp2M i?2 �#Qp2 `2�HBx�iBQMb Bi Bb ?�`/Hv �M 2{+B2Mi QM2 B7 #Qi? bmBi�#BH@

�`+?Bi2+im`�H .2bB;M S2`7Q`K�M+2 i?`Qm;? *QKTmi�iBQM�H AMi2HHB;2M+2 j9



Biv �M/ /2bB`�#BHBiv �`2 iQ #2 +QMbB/2`2/X � HBKBi2/ b2i Q7 bQHmiBQMb- bm+? �b i?Qb2
T`2b2Mi BM i?2 S�`2iQ 7`QMi K�v KBbb /2bB`�#H2 �ii`B#mi2b 2MiB`2Hv- �M/ �b bm+? �
/2+BbBQM@K�F2` 2t�KBMBM; Bi rBHH MQi #2 BMi`Q/m+2/ iQ bQHmiBQMb Q7 BMi2`2bi +QM@
+2`MBM; /2+BbBQM p�`B�#H2 T`272`2M+2bX h?Bb Bb 2bT2+B�HHv i`m2 BM i?2 +�b2 Q7 +QKTH2t
Q#D2+iBp2 7mM+iBQMb Q` T`Q#H2Kb Q7 ?B;?@/BK2MbBQM�H /2bB;M bT�+2bX "2bB/2b- /m2
iQ i?2 MQM@HBM2�` �M/ KmHiB@KQ/�H `2H�iBQMb?BTb #2ir22M Q#D2+iBp2 7mM+iBQMb �M/
/2+BbBQM p�`B�#H2b- �M 2ti2MbBp2 BMbT2+iBQM Q7 2p2`v bBM;H2 #2bi@i`�/2Qz bQHmiBQM Bb
Q7i2M `2[mB`2/ iQ 2Mbm`2 +QKT`2?2MbBp2 B/2MiB}+�iBQM Q7 /2bB`�#H2 �ii`B#mi2bX h?Bb
Bb +mK#2`bQK2 BM H�`;2 TQTmH�iBQM bBx2b �M/ K�v `2bmHi BM +Q;MBiBp2 7�iB;m2 �M/
bm#b2[m2Mi bm#QTiBK�H /2+BbBQM K�FBM;X

h?`Qm;? i?2 �#Qp2- i?2 M22/ 7Q` � #2ii2` �TT`Q�+? iQ /2+BbBQM K�FBM; 7Q` i?2 b�i@
Bb7�+iBQM Q7 T`272`2M+2b QM T?vbB+�H Q#D2+i �ii`B#mi2b Bb +H2�` �M/ mM/2`HBM2b i?2
BKTQ`i�M+2 Q7 i?2 �bbQ+B�i2/ `2b2�`+? ;Q�H Q7 i?Bb i?2bBbX

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
Ȝ kXd J�+?BM2 G2�`MBM; �H;Q`Bi?Kb

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
h?2 }2H/ Q7 K�+?BM2 H2�`MBM; Bb +QM+2`M2/ rBi? i?2 [m2biBQM Q7 ?Qr iQ +QMbi`m+i

+QKTmi2` T`Q;`�Kb i?�i �miQK�iB+�HHv BKT`Qp2 rBi? 2tT2`B2M+2X PM i?2 /2}MBiBQM
Q7 H2�`MBM; 7`QK 2tT2`B2M+2- UJBi+?2HH RNNNV T`2b2Mib i?2 7QHHQrBM; /2}MBiBQM,

� +QKTmi2` T`Q;`�K Bb b�B/ iQ H2�`M 7`QK 2tT2`B2M+2 E rBi? `2bT2+i
iQ bQK2 +H�bb Q7 i�bFb T �M/ T2`7Q`K�M+2 K2�bm`2 P - B7 BiǶb T2`7Q`@
K�M+2 �i i�bFb T - �b K2�bm`2/ #v P - BKT`Qp2b rBi? 2tT2`B2M+2 EX

Ai Bb MQi2/ i?�i i?Bb Bb � 7Q`K Q7 H2�`MBM; r?B+? Bb Km+? +HQb2` iQ i?2 r�v ?mK�Mb
�M/ �MBK�Hb H2�`M i?`Qm;? biBKmH�iBQM 7`QK �M/ `2�+iBQM iQ i?2 2MpB`QMK2Mi- �M/
BM +QMi`�bi iQ i`�/BiBQM�H K�+?BM2 T`Q;`�KKBM;- r?2`2 FMQrH2/;2 �M/ `2�bQMBM;
�`2 2K#Q/B2/ BM i?2 7Q`K Q7 2tTHB+Bi BMbi`m+iBQMbX

AM i?2 b2+iBQMb i?�i 7QHHQr � #`B27- ;2M2`�H BMi`Q/m+iBQM iQ � b2`B2b Q7 K�+?BM2 H2�`M@
BM; �H;Q`Bi?Kb i?�i ?�p2 #22M mb2/ BM i?2 +QMi2ti Q7 i?Bb i?2bBb Bb T`2b2Mi2/X

Ȝ kXdXR �`iB}+B�H L2m`�H L2irQ`Fb
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

�`iB}+B�H L2m`�H L2irQ`Fb U�LLbV �`2 � +�i2;Q`v Q7 K�+?BM2 H2�`MBM; �H;Q@
`Bi?Kb i?�i /`�r BMbTB`�iBQM 7`QK i?2 7mM+iBQMBM; Q7 i?2 M2m`�H bvbi2K BM HBpBM;
Q`;�MBbKbX AM T`BM+BTH2- �LLb #2HQM; iQ i?2 K�+?BM2 H2�`MBM; T�`�/B;K Q7 +QMM2+@
iBQMBbK U_mK2H?�`i �M/ J+*H2HH�M/ RN3eVX AM i?Bb T�`�/B;K- i?2 T`Q+2bbBM; Q7 BM@
7Q`K�iBQM Bb T2`7Q`K2/ rBi?BM K�bbBp2 M2irQ`Fb Q7 bBKTH2 BMi2`+QMM2+i2/ mMBib BM
� T�`�HH2H �M/ /Bbi`B#mi2/ K�MM2`X am+? �M �`+?Bi2+im`2 #2�`b /B`2+i `2b2K#H�M+2
iQ i?2 M2m`�H M2irQ`Fb i?�i �`2 m#B[mBiQmb BM ?B;?2` �MBK�Hb- �Hi?Qm;? i?2 �`iB}@
+B�H +QmMi2`T�`i T2`7Q`Kb +QKTmi�iBQM �i � bK�HH2` b+�H2X AM bm+? M2irQ`Fb- FMQrH@
2/;2 Bb biQ`2/ BM i?2 r2B;?ib Q7 i?2 +QMM2+iBQMb- �M/ H2�`MBM; Q++m`b #v �/�Ti�iBQM
Q7 b�B/ r2B;?ibX PM2 Q7 i?2 KQbi +QKT2HHBM; +?�`�+i2`BbiB+b Q7 �LLb Bb i?�i Bi Bb
T`Qp2M i?�i i?2v +�M mMBp2`b�HHv �TT`QtBK�i2 �Mv +QMiBMmQmb 7mM+iBQM U>�bbQmM
RNN8c >�vFBM kyy8V �Hi?Qm;? Bi Bb �++2Ti2/ i?�i +QKTH2t 7mM+iBQMb K�v `2[mB`2
p�bi M2irQ`Fb 7Q` 2{+B2Mi �TT`QtBK�iBQMX 6Q` i?2 Tm`TQb2b QmiHBM2/ BM i?2 T`2b2Mi

*?�Ti2` j8



`2b2�`+?- irQ ivT2b Q7 �LLb �`2 `2H2p�Mi M�K2Hv i?2 622/@6Q`r�`/ �LL �M/ i?2
_�/B�H "�bBb 6mM+iBQM �LL U_"6LV- r?B+? rBHH #2 #`B2~v QmiHBM2/ ?2M+27Q`i?X

611.@6P_q�_. L1hqP_Ea � 622/@6Q`r�`/ �LL U66LV Bb � M2irQ`F
i?�i Bb Q`;�MBx2/ BM H�v2`b Q7 M2m`QMb Q7 p�`B�#H2 bBx2X h?2 QMHv +QMM2+iBQMb BM i?Bb
ivT2 Q7 M2irQ`F �`2 #2ir22M �/D�+2Mi H�v2`b- �M/ BM T�`iB+mH�` +QMM2+iBQMb #2ir22M
�Mv H�v2` iQ i?2 M2ti QM2- ?2M+2 i?2 i2`K ǳ622/@6Q`r�`/ǴX h?2 M2m`QMb BM 2�+?
H�v2` `2+2Bp2 �b BMTmi � r2B;?i2/ bmKK�iBQM Q7 i?2 QmiTmi Q7 2�+? M2m`QM BM i?2
T`2pBQmb H�v2`X h?Bb Bb i2`K2/ i?2 T`QT�;�iBQM 7mM+iBQM �M/ Bb 2tT`2bb2/ �b,

pi(t+ 1) =
∑

i

oi(t)wij UkX9V

q?2`2 oi(t) Bb i?2 QmiTmi Q7 � M2m`QM Q7 H�v2` tX 1�+? M2m`QM T`Q/m+2b Bib QmiTmi
#v i`�Mb7Q`KBM; i?2 BMTmi i?`Qm;? �M �+iBp�iBQM 7mM+iBQM f X � +QKKQM �+iBp�iBQM
7mM+iBQM Bb i?2 bB;KQB/,

S(x) =
1

1 + e−x
UkX8V

66Lb �`2 i`�BM2/ mbBM; i?2 #�+FT`QT�;�iBQM �H;Q`Bi?K U_mK2H?�`i 2i �HX RN38V Q`
p�`B�iBQMb i?2`2Q7X � ;`�/B2Mi /2b+2Mi �H;Q`Bi?K Bb mb2/ iQ �/�Ti i?2 +QMM2+iBQM
r2B;?ib #�b2/ QM i?2 ;`�/B2Mi BM7Q`K�iBQM /2`Bp2/ 7`QK #�+FT`QT�;�iBQMX h?2 QT@
iBKBx�iBQM Q#D2+iBp2 Bb mbm�HHv KBMBKBx�iBQM Q7 i?2 b[m�`2/ 2``Q` Qp2` i?2 i`�BMBM;
/�i�b2iX

_�.A�G "�aAa 6lL*hAPL L1hqP_Ea _�/B�H "�bBb 6mM+iBQM L2irQ`Fb
U_"6LbV UJQQ/v �M/ .�`F2M RN3NV �`2 � /Bz2`2Mi +�i2;Q`v Q7 �LLb i?�i �`2
#�b2/ QM _�/B�H "�bBb 6mM+iBQMb U_"6bV �b �+iBp�iBQM 7mM+iBQMbX _"6Lb ?�p2 irQ
H�v2`b, h?2 }`bi H�v2` +QKT`Bb2b _"6b i?�i �+i �b T�ii2`M /2i2+iQ`b �i i?2 BMTmi
bT�+2- �M/ i?2 b2+QM/ H�v2` 7Q`Kb i?2 QmiTmi Q7 i?2 M2irQ`F i?`Qm;? � HBM2�` +QK@
#BM�iBQM Q7 i?2 _"6 QmiTmibX h?2 QmiTmi Q7 �M _"6L Bb 7Q`K2/ �b 7QHHQrb,

fr(x) = λ0 +
nr∑

i

λiφ(||x− bi||) UkXeV

q?2`2 λ0 7Q`Kb i?2 M2irQ`F #B�b- λi i?2 HBM2�` r2B;?i p�Hm2b �M/ φ Bb i?2 `�/B�H
#�bBb 7mM+iBQMX

h?2 +QMbTB+mQmb T`QT2`iv Q7 _"6 M2irQ`Fb Bb i?�i i?2 QmiTmi Q7 i?2 M2irQ`F- �b
b?QrM BM i?2 7Q`KmH� �#Qp2- Bb � HBM2�` +QK#BM�iBQM Q7 i?2 `�/B�H #�bBb 7mM+iBQM
QmiTmibX h?Bb T`QT2`iv Bb bB;MB}+�Mi �b Bi �HHQrb HBM2�` H2�bi@b[m�`2b i2+?MB[m2b iQ
#2 mb2/ iQ /2i2`KBM2 i?2 QmiTmi r2B;?ib- rBi?Qmi `2bQ`iBM; iQ MQM@HBM2�` QTiBKBx�@
iBQM- r?B+? K�v #2 +QbiHv �M/ H2�/ iQ HQ+�H QTiBK�X h?mb i?2 T`Q#H2K Q7 }iiBM;
�M _"6 M2irQ`F Bb `2/m+2/ iQ b2H2+iBM; bmBi�#H2 #�bBb 7mM+iBQMb ;Bp2M � /�i�b2iX
AM im`M- i?Bb i�bF +�M #2 T2`7Q`K2/ p2`v 2{+B2MiHv i?`Qm;? �H;Q`Bi?Kb bm+? �b

�`+?Bi2+im`�H .2bB;M S2`7Q`K�M+2 i?`Qm;? *QKTmi�iBQM�H AMi2HHB;2M+2 je



P`i?Q;QM�H G2�bi a[m�`2b U*?2M 2i �HX RNNkVX h?mb _"6 M2irQ`Fb Qz2` � bQmM/
�Hi2`M�iBp2 iQ Qi?2` M2m`�H M2irQ`F ivT2bX

Ȝ kXdXk _�M/QK 6Q`2bib
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

� _�M/QK 6Q`2bi U_6V Bb � T`2/B+iBQM KQ/2H #�b2/ QM 2Mb2K#H2b Q7 /2+BbBQM
i`22bX .2+BbBQM i`22b �`2 ?vTQi?2b2b +`2�i2/ #v +QMbi`m+iBM; � #BM�`v i`22 rBi?
bBKTH2 /2+BbBQM 7mM+iBQMb �i i?2 BMi2`M�H MQ/2b �M/ QmiTmi p�Hm2b �i i?2 H2�p2bX
h?2 /2}MBiBQM Q7 _6b 7Q` +H�bbB}+�iBQM �++Q`/BM; iQ Bb �b 7QHHQrb U"`2BK�M kyyRV,

� `�M/QK 7Q`2bi Bb � +H�bbB}2` +QMbBbiBM; Q7 � +QHH2+iBQM Q7 i`22@bi`m+im`2/
+H�bbB}2`b ?Ut- �F V- F 4 R- X X X r?2`2 i?2 �F �`2 BM/2T2M/2Mi B/2MiB@
+�HHv /Bbi`B#mi2/ `�M/QK p2+iQ`b �M/ 2�+? i`22 +�bib � mMBi pQi2 7Q` i?2
KQbi TQTmH�` +H�bb �i BMTmi tX

�M BKTQ`i�Mi +QM+2Ti BM i`�BMBM; _6b Bb i?�i Q7 #�;;BM;X "�;;BM;- b?Q`i 7Q` ǳ#QQi@
bi`�T �;;`2;�iBM;Ǵ- r�b BMi`Q/m+2/ BM U"`2BK�M kyyRV �b � /2pB+2 7Q` `2/m+BM; i?2
T`2/B+iBQM 2``Q` Q7 H2�`MBM; �H;Q`Bi?KbX "�;;BM; Bb T2`7Q`K2/ #v ;2M2`�iBM; M2r
i`�BMBM; /�i�b2ib i?`Qm;? b�KTHBM; 7`QK � /�i�b2i rBi? `2TH�+2K2MiX AM _6 i`�BM@
BM;- b2p2`�H Q7 i?Qb2 /�i�b2ib �`2 ;2M2`�i2/- �M/ 2�+? QM2 Bb mb2/ iQ ;`Qr � i`22@
bi`m+im`2/ T`2/B+iQ`X h?2 2Mb2K#H2 Q7 i?2b2 T`2/B+iQ`b 7Q`Kb i?2 _6 KQ/2HX

Ȝ kXdXj amTTQ`i o2+iQ` J�+?BM2b
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

aoJ Bb � K�+?BM2@H2�`MBM; �TT`Q�+? #�b2/ QM i?2 T`BM+BTH2 Q7 bi`m+im`�H `BbF
KBMBKBx�iBQM Uo�TMBF kyyyV- r?B+? 2M�#H2b #2ii2` T`2/B+iBQM ;2M2`�HBx�iBQM r?BH2
2M�#HBM; HBKBiBM; Q7 i?2 MmK#2` Q7 H2�`MBM; T�ii2`MbX 6Q` i?2 b+QT2 Q7 i?Bb bim/v-
i?2 p�`B�Mi Q7 aoJ i?�i Bb bmBi�#H2 7Q` `2;`2bbBQM- bmTTQ`i p2+iQ` `2;`2bbBQM Uao_V-
rBHH #2 mb2/ iQ �TT`QtBK�i2 i?2 pBbm�H +QK7Q`i p�Hm2bX

6A:l_1 kXj a+?2K�iB+ BHHmbi`�iBQM Q7 � bmTTQ`i p2+iQ` K�+?BM2- b?QrBM; BMTmi-
F2`M2Hb �M/ HBM2�` QmiTmiX

*?�Ti2` jd



h?2 K2i?Q/ rBHH ?2`2#v #2 p2`v #`B2~v QmiHBM2/X AM i?2 bBKTH2bi +�b2- i?2 T`Q#@
H2K Q7 }iiBM; � HBM2�` 7mM+iBQM f iQ /�i� BM _n Bb +QMbB/2`2/X AM �@ao_- i?2 ;Q�H
Bb iQ }M/ � UHBM2�`V 7mM+iBQM f i?�i ?�b �i KQbi � /2pB�iBQM 7`QK 2�+? TQBMi BM
i?2 /�i�b2i �M/ Bb �i i?2 b�K2 iBK2 �b ǳ~�iǴ �b TQbbB#H2 U"�b�F- S�H- �M/ S�i`�M@
�#Bb kyydV- i?�i Bb- i?2 p�Hm2b Q7 i?2 HBM2�` r2B;?ib Q7 i?2 KQ/2H �`2 KBMBKBx2/X �
b+?2K�iB+ /B�;`�K Q7 � `2;`2bbBQM aoJ Bb T`2b2Mi2/ BM 6B;m`2 kXjX

G2i w /2MQi2 i?2 p2+iQ` Q7 }`bi@Q`/2` +Q2{+B2Mib BM i?2 HBM2�` 7mM+iBQMX h?2M- i?2
H2�`MBM; T`Q#H2K Bb 7Q`KmH�i2/ �b 7QHHQrb,

JBMBKBx2
||w||2 UkXdV

bX iX
yi − 〈w, xi〉 − b ≤ ε

〈w, xi〉+ b− yi ≤ ε
UkX3V

h?2 �#Qp2 7Q`KmH�iBQM bm;;2bib � [m�/`�iB+ QTiBKBx�iBQM T`Q#H2K r?2`2 i?2 Q#D2+@
iBp2 Bb iQ KBMBKBx2 KQ/2H r2B;?ib- bm#D2+i iQ T`2/B+iBQM 2``Q` #2BM; bK�HH2` i?�M �
p�Hm2 εX h?mb- i?2 +QMbTB+mQmb /Bz2`2M+2 BM i?2 Q#D2+iBp2 7mM+iBQM #2ir22M �LLb
�M/ aoJb Bb 2pB/2Mi, q?BH2 i?2 T`2/B+iBQM 2``Q` Bb BMi`Q/m+2/ �b � KBMBKBx�iBQM
;Q�H BM i?2 +�b2 Q7 �LLb- i?2 Q#D2+iBp2 7mM+iBQM BM i?2 +�b2 Q7 aoJb Bb iQ KBMB@
KBx2 i?2 p�Hm2b Q7 i?2 KQ/2H r2B;?ib i?mb K�BMi�BMBM; KQ/2H T�`bBKQMv- r?BH2 i?2
KQ/2H 2``Q` Bb BMi`Q/m+2/ �b � +QMbi`�BMiX AM Qi?2` rQ`/b- aoJ �ii2KTib iQ B/2M@
iB7v i?2 KQbi T�`bBKQMBQmb KQ/2H i?�i /2KQMbi`�i2b �M 2``Q` MQ ;`2�i2` i?�M εX
h?2 T�`bBKQMv Q7 ;2M2`�i2/ KQ/2Hb BMi`Q/m+2b �M �/p�Mi�;2 BM KQ/2H ;2M2`�HBx�@
iBQM T2`7Q`K�M+2X

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
Ȝ kX3 am``Q;�i2 JQ/2HBM;

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
am``Q;�i2 KQ/2HBM; Bb �M �TTHB+�iBQM Q7 i?2 }2H/ Q7 J�+?BM2 G2�`MBM; UJGV BM

QTiBKBx�iBQM T`Q#H2Kb r?2`2 `2T2�i2/ b�KTHBM; Q7 i?2 Q#D2+iBp2 7mM+iBQM Bb MQM@
i`BpB�H /m2 iQ +QKTmi�iBQM�H +QKTH2tBivX aBKmH�iBQMb Q7 +QKTH2t T?2MQK2M� UBM@
+Hm/BM; #mBH/BM; T2`7Q`K�M+2 �bT2+ib bm+? �b /�vHB;?i �M/ i?2`K�H KQ/2HBM;V `2@
[mB`2 2MQ`KQmb T`Q+2bbBM; TQr2` �M/ i�F2 � H�`;2 �KQmMi Q7 iBK2X _2T2iBiBQM Q7
bm+? T?2MQK2M� 7Q` ?mM/`2/b Q` i?Qmb�M/b Q7 iBK2b- �b `2[mB`2/ #v KQbi biQ+?�b@
iB+ QTiBKBx�iBQM �H;Q`Bi?Kb- #2+QK2b BM72�bB#H2 2p2M 7Q` T`Q#H2Kb Q7 KQ/2`�i2 bBx2X
h?2`27Q`2 BM +QKTH2t 2M;BM22`BM; �TTHB+�iBQMb- Bi Bb +QKKQM iQ }i �M JG KQ/2H
rBi? T`2pBQmbHv ;�i?2`2/ 2t�KTH2b �M/ K�F2 mb2 Q7 Bi BM QTiBKBx�iBQMX h?mb i?2
2p�Hm�iBQM Q7 i?2 Q`B;BM�H 7mM+iBQM Ur?B+? K�v 2Mi�BH +QbiHv bBKmH�iBQMV Bb QMHv b2H@
/QK `2[mB`2/- r?B+? `2bmHib BM � bB;MB}+�Mi `2/m+iBQM Q7 +QKTmi�iBQM�H +QKTH2tBiv
`2H�i2/ iQ T2`7Q`K�M+2 2p�Hm�iBQMX

Ȝ kX3XR am``Q;�i2 JQ/2HBM; BM "mBH/BM; S2`7Q`K�M+2 aBKmH�iBQM
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

h?2 iQTB+ Q7 bm``Q;�i2 KQ/2HBM; ?�b ;�BM2/ bB;MB}+�Mi �ii2MiBQM +QM+2`MBM; �`@
+?Bi2+im`�H /2bB;M- BM T�`iB+mH�` �b `2H�i2/ iQ �ii�BMBM; `2/m+iBQM Q7 +QKTmi�iBQM�H

�`+?Bi2+im`�H .2bB;M S2`7Q`K�M+2 i?`Qm;? *QKTmi�iBQM�H AMi2HHB;2M+2 j3



+QKTH2tBiv BM bBKmH�iBQMb Q7 #mBH/BM; 2M2`;v +QMbmKTiBQM- /�vHB;?i T2`7Q`K�M+2-
�M/ pBbm�H +QK7Q`iX � MmK#2` Q7 BM/B+�iBp2 bim/B2b �`2 #`B2~v `2pB2r2/ ?2`2#vX

AM � `2H�iBp2Hv 2�`Hv bim/v BM 7mM+iBQM �TT`QtBK�iBQM- "?�iM�;�` 2i �HX ?�p2 BHHmb@
i`�i2/ i?2 �TTHB+�#BHBiv Q7 66Lb- i`�BM2/ mbBM; #�+FT`QT�;�iBQM- BM i?2 T`Q#H2K
Q7 i?2`K�H /2bB;M Q7 r�HH �M/ `QQ7 b2+iBQMb U"?�iM�;�` 2i �HX RNNdVX h?2 bim/v 7Q@
+mb2/ QM }iiBM; � KQ/2H i?�i +QmH/ bm;;2bi bmBi�#H2 /BK2MbBQMb 7Q` #mBH/BM; +QK@
TQM2Mib- ;Bp2M BMTmi `2;�`/BM; 2MpB`QMK2Mi�H +QM/BiBQMbX

.QM; 2i �HX Ukyy8V ?�p2 bm++2bb7mHHv �TTHB2/ amTTQ`i o2+iQ` J�+?BM2 _2;`2bbBQM
UaoJ@_V BM T`2/B+iBM; i?2 H�M/HQ`/ 2M2`;v +QMbmKTiBQM Q7 7Qm` +QKK2`+B�H #mBH/@
BM;b bBim�i2/ BM aBM;�TQ`2- #�b2/ QM +QMbmKTiBQM };m`2b /2`Bp2/ 7`QK miBHBiv #BHHbX
h?2 �TTHB+�iBQM Q7 aoJ ?�b QmiT2`7Q`K2/ 2tBbiBM; �TT`Q�+?2b iQ H�M/HQ`/ 2M2`;v
+QMbmKTiBQM- `2�+?BM; � W 2``Q` `�M;BM; 7`QK jX99 iQ yXe3 BM i?2B` i2bi +�b2bX

L2iQ �M/ 6BQ`2HHB Ukyy3V ?�p2 +QKT�`2/ i?2 �++m`�+v Q7 �M �TT`QtBK�iBQM KQ/2H
#�b2/ QM 66Lb �M/ � bBKmH�iBQM KQ/2H #�b2/ QM 1M2`;v SHmb 7Q` 7Q`2+�biBM; #mBH/@
BM; 2M2`;v +QMbmKTiBQMX h?2B` }M/BM;b BM/B+�i2 � bHB;?iHv #2ii2` T2`7Q`K�M+2 Q7
i?2 �LL@#�b2/ �TT`Q�+? r?2M i`�BM2/ QM �+im�H #mBH/BM; +QMbmKTiBQM /�i�X

E�x�M�bK�x 2i �HX UkyyNV T`QTQb2 � 722/@7Q`r�`/ �`iB}+B�H M2m`�H M2irQ`F 7Q` 2biB@
K�iBM; /�vHB;?i BHHmKBM�M+2 H2p2Hb Q7 #mBH/BM;b- #�b2/ QM iBK2- r2�i?2` �M/ #mBH/BM;@
`2H�i2/ T�`�K2i2`b- 7Q` � iQi�H Q7 Rj BMTmibX � bBM;H2 QmiTmi ;Bp2b i?2 2biBK�i2/
BHHmKBM�M+2 BM HmtX h?2 2KTHQv2/ KQ/2H Bb � bBM;H2 ?B//2M H�v2` M2m`�H M2irQ`F
rBi? b2p2M ?B//2M MQ/2b �M/ tanh �+iBp�iBQM 7mM+iBQM #Qi? �i i?2 ?B//2M MQ/2b �b
r2HH �b �i i?2 QmiTmiX AM �//BiBQM iQ KQ/2H /2`Bp�iBQM- �mi?Q`b T2`7Q`K � b2MbBiBp@
Biv �M�HvbBb QM i?2 KQ/2H BMi2M/BM; iQ B/2MiB7v i?2 KQbi bB;MB}+�Mi BMTmib- r?2`2
7Qm` BMTmib �`2 B/2MiB}2/- ?Qr2p2`- �mi?Q`b +QM+2/2 bB;MB}+�Mi KQ/2H T2`7Q`K�M+2
/2i2`BQ`�iBQM rBi? Dmbi i?2b2 7Qm` BMTmib +QMbB/2`2/X

1FB+B �M/ �FbQv UkyyNV 2t�KBM2/ i?2 �TTHB+�#BHBiv Q7 66Lb i`�BM2/ #v #�+FT`QT@
�;�iBQM BM T`2/B+iBM; 2M2`;v M22/b Q7 #mBH/BM;b #2M2}iBM; 7`QK Q`B2Mi�iBQM- BMbm@
H�iBQM i?B+FM2bb- �M/ i`�MbT�`2M+v `�iBQX h?2B` bim/v 7Q+mb2/ QM #mBH/BM;b BM i?2
1H�xB; `2;BQM BM hm`F2v- �M/ i?2v K�M�;2/ iQ �+?B2p2 �M �++m`�+v Q7 N9X3ĜN3X8W
BM i?2B` T`2/B+iBQMbX

>�rFBMb 2i �HX UkyRkV ?�p2 BMi`Q/m+2/ �M 66L i`�BM2/ #v #�+FT`QT�;�iBQM iQ `2+@
Q;MBx2 T�ii2`Mb #2ir22M #mBH/BM; 2�`Hv@bi�;2 /2bB;M T�`�K2i2`b �M/ /BbTH�v 2M2`;v
+2`iB}+�i2 2M2`;v mb2 /�i� �M/ bm#b2[m2MiHv T2`7Q`K2/ � +�mb�H bi`2M;i? �M�HvbBb
iQ /2i2`KBM2 i?2 2z2+i Q7 BM/2T2M/2Mi p�`B�#H2b QM i?2 2M2`;v mb2 +?�M;2X h?2v
`2TQ`i2/ b�iBb7�+iQ`v #mi BKT`Qp�#H2 `2bmHib BM T`2/B+iBQMX

qBHFBMbQM 2i �HX UkyRkV T`QTQb2 �M BM/m+iBp2 KQ/2H 7Q` �TT`QtBK�iBM; i?2 /Bbi`B@
#miBQM Q7 rBM/ bm`7�+2 T`2bbm`2 QM � #mBH/BM;Ƕb 7�+�/2 bm`7�+2X h?2 T`QTQb2/ �T@
T`Q�+? 2Mi�BHb i?2 /2`Bp�iBQM Q7 � HQ+�H b?�T2 /2b+`BTiQ` 7Q` 2�+? b�KTHBM; TQBMi
�M/ i?2 bm#b2[m2Mi BMTmi iQ � K�+?BM2 H2�`MBM; KQ/2H- r?2`2 i?2 2biBK�i2/ T`2b@
bm`2 QmiTmi Bb /2`Bp2/X �mi?Q`b i`�BM i?2 KQ/2H mbBM; /2`Bp2/ /�i� 7`QK �M �+@
im�H *6. bBKmH�iBQM �M/ T2`7Q`K +`Qbb@p�HB/�iBQM- r?2`2 � +`Qbb@p�HB/�iBQM 2``Q`
Q7 9X3W @ R3Xj W QM `2�H #mBH/BM;b Bb `2TQ`i2/X

hb�M�b �M/ sB7�`� UkyRkV �BK iQ B/2MiB7v i?2 bi�iBbiB+�H `2H�iBQM #2ir22M 2B;?i BM@

*?�Ti2` jN



/2T2M/2Mi p�`B�#H2b /2b+`B#BM; � iQi�H Q7 de3 `2bB/2MiB�H #mBH/BM;b �M/ irQ /2T2M@
/2Mi p�`B�#H2b +Q``2bTQM/BM; iQ i?2 ?2�iBM; �M/ +QQHBM; HQ�/ Q7 b�B/ #mBH/BM;bX �m@
i?Q`b `2TQ`i QM i?2 mb2 Q7 /2b+`BTiBp2 bi�iBbiB+�H i2+?MB[m2bX "2bB/2b- ;Bp2M T�B`b Q7
BMTmi �M/ QmiTmi p�`B�#H2b- �mi?Q`b /2`Bp2 �M/ +QKT�`2 irQ `2;`2bbBQM KQ/2Hb- QM2
mbBM; Bi2`�iBp2Hv `2r2B;?i2/ H2�bi@b[m�`2b UA_GaV �M/ QM2 mbBM; i?2 `�M/QK 7Q`2bi
U_6V i2+?MB[m2- BMi`Q/m+2/ #v "`2BK�M U"`2BK�M kyyRV- r?2`2 i?2v }M/ i?�i i?2
MQM@HBM2�` _�M/QK 6Q`2bi `2;`2bbBQM bB;MB}+�MiHv QmiT2`7Q`Kb Bib HBM2�` +QmMi2`@
T�`iX

J2HQ 2i �HX UkyR9V T`QTQb2 �M �LL@#�b2/ bm``Q;�i2 KQ/2H 7Q` #mBH/BM; 2M2`;v
+2`iB}+�iBQM mb2- 7Q+mbBM; QM i?2 mb2 +�b2 Q7 � "`�xBHB�M +BivX �mi?Q`b K�F2 mb2
Q7 �+im�H /�i� mb2/ BM 2M2`;v +2`iB}+�iBQM �b BMTmi iQ � bBM;H2 ?B//2M H�v2` M2i@
rQ`F rBi? MBM2 ?B//2M MQ/2b �M/ � bB;KQB/ �+iBp�iBQM 7mM+iBQM- r?B+? Bb i`�BM2/
i?`Qm;? #�+FT`QT�;�iBQMX AM �//BiBQM iQ /2`BpBM; i?2 KQ/2H- �mi?Q`b T2`7Q`K b2M@
bBiBpBiv �M�HvbBb QM 2�+? KQ/2H BMTmi �b r2HH �b �M �M�HvbBb Q7 KQ/2H T2`7Q`K�M+2
7Q` /Bz2`2Mi #mBH/BM; ivT2b �M/ }M�HHv +QKT�`2 i?2 T2`7Q`K�M+2 Q7 i?2 T`QTQb2/
KQ/2H iQ i?2 bm``Q;�i2 �TT`Q�+? 7QmM/ BM i?2 2tBbiBM; +2`iB}+�iBQM �TT`Q�+? BM
"`�xBH- r?2`2 i?2v ?B;?HB;?i i?2 TQi2MiB�H Q7 i?2 �LL@#�b2/ �TT`Q�+?X

>m 2i �HX UkyR8V /Bb+mbb 2p�Hm�iBM; HB;?iBM; T2`7Q`K�M+2 `BbF BM `2i`Q}i b+2M�`BQb-
mbBM; � M2m`�H@M2irQ`F bm``Q;�i2 KQ/2H i`�BM2/ mbBM; bBKmH�iBQM /�i� 7`QK 1M2`@
;vSHmbX �mi?Q`b +QMbB/2` BM/2T2M/2Mi p�`B�#H2b Q7 Q++mT�M+v H2p2H- r2�i?2` +QM@
/BiBQMb- +QMi`QH bi`�i2;v- �M/ H�KT ivT2- r?B+? i?2v i2`K `BbF 7�+iQ`b BM i?2 +QM@
i2ti Q7 HB;?iBM; `2i`Q}iX h`�BMBM; Q7 i?2 bm``Q;�i2 KQ/2H Bb `2TQ`i2/Hv T2`7Q`K2/
i?`Qm;? �M �/�TiBp2 b�KTHBM; i2+?MB[m2- ?Qr2p2`- MQ 7m`i?2` /2i�BHb `2;�`/BM; i?Bb
i2+?MB[m2 �`2 `2TQ`i2/X _2bmHib Q7 i?2 bim/v BM/B+�i2 � M2;HB;B#H2 2``Q` BM HB;?iBM;
2M2`;v +QMbmKTiBQM T`2/B+iBQM UR2 = 0.9999V �M/ � bK�HH 2``Q` BM >o�* 2M2`;v
+QMbmKTiBQM T`2/B+iBQM UR2 = 0.946VX

qQ`iK�MM 2i �HX UkyR8V T`2b2Mi �M �`;mK2Mi T`Q i?2 mb2 Q7 bm``Q;�i2 KQ/2Hb �b
� K2�Mb Q7 ;mB/BM; /2bB;M 2tTHQ`�iBQM �M/ +QMi`�bi i?Bb �TT`Q�+? iQ i?2 mb2 Q7
K2i�?2m`BbiB+ �H;Q`Bi?Kb BM /2bB;MX �/KBii2/Hv- i?2 �mi?Q` Q7 i?Bb i?2bBb Bb mM@
�#H2 iQ 7mHHv +QKT`2?2M/ i?2 bi�i2 Q7 +QMi`�bi #2ir22M i?2 irQ �b 2tT`2bb2/ #v
i?2 T�T2`c 2bT2+B�HHv bBM+2 K2i�?2m`BbiB+ �H;Q`Bi?Kb Q7i2M 2KTHQv bm``Q;�i2 KQ/@
2Hb �b � K2�Mb Q7 K�M�;BM; +QKTmi�iBQM�H +QKTH2tBivX AM im`M- �mi?Q`b /2}M2 �M
QTiBKBx�iBQM T`Q#H2K Q7 lb27mH .�vHB;?i AHHmKBM�M+2 �M/ +QKT�`2 irQ �Hi2`M�@
iBp2 bQ7ir�`2 BM /2`BpBM; QTiBKBx2/ bQHmiBQMb, h?2 ǳ_"6PTiǴ HB#`�`v U*Qbi� �M/
L�MMB+BMB kyR3V- �M/ i?2 ǳ:�H�T�;QbǴ T`Q;`�K- r?B+? Bb �M BKTH2K2Mi�iBQM Q7 �
;2M2iB+ �H;Q`Bi?KX Ai b?QmH/ #2 MQi2/ i?�i i?2 �H;Q`Bi?K BKTH2K2Mi2/ BM i?2 :�H�@
T�;Qb T`Q;`�K /Q2b MQi +QMbiBimi2 Tm#HBb?2/ rQ`FX �mi?Q`b }M/ i?�i i?2 `2bmHib
Q7 i?2 ǳ_"6PTiǴ HB#`�`v �`2 bmT2`BQ`X

u�M; 2i �HX UkyReV T`2b2Mi � bim/v QM i?2 2z2+ib T`Q#H2K b+�H2 �M/ b�KTHBM; bi`�i@
2;v ?�p2 QM i?2 �++m`�+v Q7 i?2 bm``Q;�i2 KQ/2H �TT`QtBK�iBM; lb27mH .�vHB;?i
AHHmKBM�M+2 Ul.AV �M/ 1M2`;v lb�;2 AMi2MbBiv U1lAVX �mi?Q`b 2p�Hm�i2 i?2 27@
72+i Q7 i?2 �#Qp2 BM � b2`B2b Q7 /Bz2`2Mi bm``Q;�i2 KQ/2Hb- M�K2Hv SQHvMQKB�H aBM@
;mH�` o�Hm2 .2+QKTQbBiBQM Uao.Vc ai2TrBb2 _2;`2bbBQM Uah1SVc E`B;BM; UE_Vc
a?2T�`/ E@L2�`2bi UELV �M/ _�/B�H "�bBb 6mM+iBQMb U_"6V- �M/ mbBM; � b2`B2b Q7
KQ/2H �++m`�+v BM/B+�iQ`bX AM +QKT�`BM; i?2 �#Qp2 �H;Q`Bi?Kb 7Q` /Bz2`2Mi T`Q#@
H2K b+�H2b- M�K2Hv � /2bB;M T`Q#H2K rBi? irQ �M/ �MQi?2` QM2 rBi? 9R p�`B�#H2b-
�mi?Q`b }M/ i?�i _"6 T2`7Q`Kb #2bi BM i?2 HQr@/BK2MbBQM�H T`Q#H2K- r?BH2 ao.
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T2`7Q`Kb #2bi BM i?2 ?B;? /BK2MbBQM�H QM2X AM +QKT�`BM; /Bz2`2Mi b�KTHBM; bi`�i2@
;B2b- �mi?Q`b `2TQ`i `2bmHib i?�i H2�M BM 7�pQ` Q7 i?2 �/�TiBp2 b�KTHBM; bi`�i2;B2bX

*?2M 2i �HX UkyRdV T`QTQb2 � irQ@bi�;2 QTiBKBx�iBQM �TT`Q�+? 7Q` BKT`QpBM; 2M@
2`;v mb�;2 BM `2bB/2MiB�H #mBH/BM;bX h?2 }`bi bi2T Q7 i?2 T`QTQb2/ K2i?Q/ Bb i?2
/2`Bp�iBQM Q7 i?2 bm``Q;�i2 KQ/2H #�b2/ QM /2i�BH2/ 2M2`;v mb�;2 bBKmH�iBQMb mbBM;
1M2`;vSHmb- �M/ bBKmH�iBM; #mBH/BM; >o�* +QMi`QH i?`Qm;? � +QMi`QH �H;Q`Bi?KX
�mi?Q`b `2TQ`i i?�i � amTTQ`i o2+iQ` J�+?BM2@#�b2/ bm``Q;�i2 KQ/2H T2`7Q`Kb
#2bi BM KBMBKBxBM; i?2 :2M2`�HBx2/ *`Qbb@o�HB/�iBQM U:*oV@�/Dmbi2/ i`�BMBM; 2`@
`Q`X AM i?2 M2ti bi2T- i?2 bm``Q;�i2 KQ/2H Bb mb2/ BM � #B@Q#D2+iBp2 QTiBKBx�iBQM
T`Q#H2K 7Q`KmH�iBQM rBi? i?2 Q#D2+iBp2b Q7 KBMBKBxBM; HB;?iBM; /2K�M/ �M/ +QQH@
BM; /2K�M/- �M/ r?B+? Bb QTiBKBx2/ mbBM; i?2 La:�@AA ;2M2iB+ �H;Q`Bi?KX Ai Bb
BMi2`2biBM; iQ MQi2 i?�i �mi?Q`b `2TQ`i p�`vBM; S�`2iQ 7`QMib �++Q`/BM; iQ i?2 /B7@
72`2Mi bm``Q;�i2 KQ/2Hb BM mb2c i?Bb ?B;?HB;?ib i?2 BKTQ`i�M+2 Q7 �M �++m`�i2 bm``Q@
;�i2 KQ/2H BM �+?B2pBM; `2�HBbiB+ QTiBKBx�iBQM `2bmHibX

*?2M �M/ u�M; UkyRdV /2p2HQT � bm``Q;�i2 KQ/2H mbBM; JmHiBp�`B�i2 �/�TiBp2
_2;`2bbBQM aTHBM2b UJ�_aV iQ �TT`QtBK�i2 HB;?iBM; H2p2Hb- �B` +?�M;2 `�i2- �M/
�a>_�188 +QK7Q`i iBK2 BM 2M2`;v@2{+B2Mi #mBH/BM; /2bB;MbX h?2 T`QTQb2/ KQ/2H
?�b MBM2 BMTmibX �mi?Q`b T2`7Q`K � b2MbBiBpBiv �M�HvbBb iQ 2p�Hm�i2 i?2 2z2+i Q7
2�+? BM/2T2M/2Mi p�`B�#H2 QM i?2 /2T2M/2Mi p�`B�#H2b Q7 i?2 KQ/2HX AM �//BiBQM-
�mi?Q`b 2t�KBM2 i?2 2z2+ib Q7 b�KTH2 bBx2 7Q` T`2/B+iBM; BHHmKBM�M+2 H2p2Hb �M/ `2@
TQ`i � bm{+B2Mi b�KTH2 bBx2 Q7 Ryyy 2t�KTH2bX 6BM�HHv- 7Q`KmH�b Q7 T`2/B+iBp2 KQ/@
2Hb rBi? R2 p�Hm2b `�M;BM; 7`QK yXdyj iQ yXNke �`2 `2TQ`i2/X

6Q` � +QKT`2?2MbBp2 `2pB2r Q7 `2+2Mi �/p�M+2b BM bm``Q;�i2 KQ/2HBM; �TTHB2/ iQ
�`+?Bi2+im`�H �M/ 2M2`;v@2{+B2Mi #mBH/BM; /2bB;M- i?2 `2�/2` Bb `272``2/ iQ q2bi2`@
K�MM �M/ 1pBMb UkyRNVX

Ai Bb b22M i?�i BM KQbi `2pB2r2/ +�b2b i?2 };m`2b Q#i�BM2/ i?`Qm;? i?2 bm``Q;�i2
KQ/2Hb +QM+2`M � #mBH/BM; Q` +QKTH2t �b � r?QH2- rBi? HBiiH2 +QMbB/2`�iBQM iQ };@
m`2b Q7 BM/BpB/m�H #mBH/BM; T�`ib �M/fQ` �`2�b Q` bT�+2b rBi?BM i?2 #mBH/BM;X .�v@
HB;?i T2`7Q`K�M+2- 7Q` BMbi�M+2- Bb +QMbB/2`2/ 7Q` � #mBH/BM; �b � r?QH2- rBi? QMHv
� 72r bim/B2b +QM+2`M2/ rBi? i?2 [m�HBiv Q7 /�vHB;?iBM; rBi?BM BM/BpB/m�H bT�+2b
�M/ HQ+�iBQMbX 1p2M i?Qm;? mb27mH 7Q` ;2M2`�H /2bB;M T2`7Q`K�M+2 2p�Hm�iBQM- bm+?
�#bi`�+i };m`2b �`2 MQi mb27mH 7Q` 2p�Hm�iBM; i?2 T2`7Q`K�M+2 Q7 bT2+B}+ bT�+2b Q7
i?2 #mBH/BM;X AM �//BiBQM- Bi Bb b22M i?`Qm;? i?2 �#Qp2 bim/B2b i?�i i?2 BMTmi iQ
i?2 bm``Q;�i2 KQ/2Hb +QMbBbib Q7 /2bB;M@bT2+B}+ Q` #mBH/BM; ivT2@bT2+B}+ ;HQ#�H /2@
b+`BTiQ`b- bm+? �b b?�T2 +?�`�+i2`BbiB+b- T2`+2Mi�;2 Q7 ;H�xBM;- 2i+X h?2 mb2 Q7 /2@
b+`BTiQ`b mbm�HHv H2�/b iQ �#bi`�+iBQM bQ i?�i KQ`2 /2i�BH2/- HQ+�HBx2/ BM7Q`K�iBQM
`2;�`/BM; /Bz2`2Mi �`2�b Q7 i?2 #mBH/BM; +�MMQi #2 /2`Bp2/ i?`Qm;? � KQ/2H@#�b2/
Tm`2Hv QM ;HQ#�H /2b+`BTiQ`bX h?Bb BM im`M ?�b � bB;MB}+�Mi BKT�+i B7 i?2 KQ/2H Bb
iQ #2 mb2/ BM /2+BbBQM K�FBM;- �b Bi Bb Q7i2M i?�i i?2 /2+BbBQM@K�F2` M22/ iQ Q#i�BM
bT2+B}+ BM7Q`K�iBQM QM i?2 T2`7Q`K�M+2 Q7 � T�`i Q7 � #mBH/BM; /2bB;MX 1p2M B7 �
bi`�i2;v Q7 b2T�`�i2 KQ/2Hb 7Q` BM/BpB/m�H #mBH/BM; T�`ib Q` bT�+2b Bb +QMbB/2`2/- �
`�/B+�H /2bB;M +?�M;2 Q7 +?�M;2 BM /2bB;M `2[mB`2K2Mib /m`BM; i?2 +QM+2Tim�H /2@
bB;M T`Q+2bb K�v M2+2bbBi�i2 }iiBM; bm``Q;�i2 KQ/2Hb �M2r- r?B+? Q7 +Qm`b2 Bb �
i2/BQmb T`Q+2bb- mM}i iQ i?2 `�TB/ T�+2 i?�i +QM+2Tim�H /2bB;M T`Q;`2bb2bX am+?
+QMbB/2`�iBQMb Qz2` � bi�`iBM; TQBMi 7Q` `2b2�`+? QM bm``Q;�i2 KQ/2Hb i?�i rQmH/
2p2Mim�HHv #2 KQ`2 `2�/BHv �TTHB+�#H2 iQ i?2 +QM+2Tim�H /2bB;M bi�;2X

*?�Ti2` 9R



Ȝ kX3Xk am``Q;�i2@�bbBbi2/ 1pQHmiBQM�`v *QKTmi�iBQM �M/ �TTHB+�iBQMb BM
�`+?Bi2+im`2
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

am``Q;�i2@�bbBbi2/ 1pQHmiBQM�`v *QKTmi�iBQM Ua�1*V Bb � `2b2�`+? }2H/ i?�i
K�F2b mb2 Q7 bm``Q;�i2 KQ/2Hb iQ KQ/2H +QKTmi�iBQM�HHv +QKTH2t Q#D2+iBp2 7mM+@
iBQMb- rBi? i?2 �BK Q7 `2/m+BM; i?2 +QKTmi�iBQM�H `2[mB`2K2Mib iQ bQHp2 +?�HH2M;@
BM; QTiBKBx�iBQM �M/ /2bB;M T`Q#H2KbX 1bb2MiB�HHv- a�1* +QK#BM2b i?2 �/p�M+2b
BM irQ }2H/b- i?�i Q7 am``Q;�i2 JQ/2HBM; �M/ i?�i Q7 1pQHmiBQM�`v *QKTmi�iBQMX
a2p2`�H �TT`Q�+?2b �/QTi �M �/�TiBp2 bi`�i2;v i?�i Bb #�b2/ QM BM/B+�iQ`b Q7 KQ/2H
�++m`�+v �M/ T`2/B+iBQM +QM}/2M+2X h?2b2 BM/B+�iQ`b �`2 mb2/ iQ ;mB/2 r?2i?2`
i?2 2p�Hm�iBQM Q7 bm#b2[m2Mi bQHmiBQM T2`7Q`K�M+2 rBHH #2 T2`7Q`K2/ #v i?2 bm`@
`Q;�i2 KQ/2H Q` #v i?2 �+im�H Q#D2+iBp2 7mM+iBQMX 6Q` � `2pB2r Q7 bm+? �/�TiBp2
�H;Q`Bi?Kb- b22 CBM Ukyy8V �M/ 2bT2+B�HHv b2+iBQM jXRXj i?2`2BMX

�v/øM 2i �HX UkyR8V T`QTQb2 �M �`iB}+B�H L2m`�H L2irQ`F@#�b2/ bm``Q;�i2 KQ/2H iQ
2biBK�i2 i?2 2M2`;v +QMbmKTiBQM �M/ /�vHB;?i �miQMQKv Q7 G TH�M@b?�T2/ Q{+2
#mBH/BM;b- mbBM; BMTmib Q7 7QQiT`BMi �`2�- MmK#2` Q7 H2p2Hb- 72M2bi`�iBQM- b?�/BM;-
l@p�Hm2b Q7 #mBH/BM; 2H2K2Mib- �M/ >o�* bvbi2K b2H2+iBQMX h?2 /2`Bp2/ KQ/2H Bb
�M �LL rBi? � bBM;H2 ?B//2M H�v2` rBi? }p2 MQ/2b- i`�BM2/ mbBM; 8yyy i`�BMBM; Bi@
2`�iBQMb- �M/ Gk `2;mH�`Bb�iBQM 7�+iQ` Q7 yXyyyRX h?2 KQ/2H /2KQMbi`�i2b �M R2

p�Hm2 Q7 yXN83 7Q` i?2 .�vHB;?i �miQMQKv �TT`QtBK�iBQM- �M/ yXNkk 7Q` i?2 1M@
2`;v *QMbmKTiBQM �TT`QtBK�iBQMX AM im`M- T�T2` �mi?Q`b miBHBx2 i?2 /2`Bp2/ bm``Q@
;�i2 KQ/2H BM T2`7Q`KBM; � #B@Q#D2+iBp2 QTiBKBx�iBQM mbBM; i?2 La:�@AA �H;Q`Bi?K
U.2# 2i �HX kyykV rBi? � TQTmH�iBQM Q7 8yy �M/ �+?B2p2 +QMp2`;2M+2 iQ S�`2iQ 7`QMi
�7i2` jy ;2M2`�iBQMbX 6BM�HHv- i?2v `2TQ`i �M 2tTQM2MiB�H }i iQ i?2 MQM@/QKBM�i2/
bQHmiBQM /Bbi`B#miBQM +Q``2H�iBM; i?2 irQ Q#D2+iBp2bX

EB`BKi�i 2i �HX UkyRNV `2TQ`i QM i?2 T2`7Q`K�M+2 Q7 B``2;mH�`@b?�T2/ b?�/BM; /2@
pB+2b i?�i �`2 /2bB;M2/ i?`Qm;? T�`�K2i`B+ KQ/2HBM;X AMBiB�HHv- i?2 T�T2` �mi?Q`b
/Bb+mbb i?2 /2`Bp�iBQM Q7 � HBM2�` `2;`2bbBQM bm``Q;�i2 KQ/2H 7Q` �TT`QtBK�iBM;
l.A Ulb27mH .�vHB;?i AHHmKBM�M+2V UL�#BH �M/ J�`/�HD2pB+ kyy8V �M/ bm#b2[m2Mi
KQ/2H p�HB/�iBQMX am#b2[m2MiHv- i?2v K�F2 mb2 Q7 i?2 KQ/2H BM �//BiBQM iQ 1M2`@
;vSHmb bBKmH�iBQM BM QTiBKBxBM; i?2 b?�T2 Q7 i?2 b?�/BM; /2pB+2b bQ �b iQ KBMBKBx2
+QK#BM2/ U?2�iBM; �M/ +QQHBM;V 2M2`;v +QMbmKTiBQM �M/ K�tBKBx2 l.AX S�T2` �m@
i?Q`b +QKT�`2 i?2 T2`7Q`K�M+2 Q7 irQ TQTmH�iBQM@#�b2/ KmHiB@Q#D2+iBp2 QTiBKBx2`b-
M�K2Hv La:�@AA �M/ b2H7@�/�TiBp2 +QMiBMmQmb ;2M2iB+ �H;Q`Bi?K rBi? /Bz2`2MiB�H
2pQHmiBQM- M�K2Hv C+:�@.1- rBi? i?2 H�ii2` T2`7Q`KBM; #2ii2` BM i2`Kb Q7 ?vT2`@
pQHmK2 BM/B+�iQ`X Pp2`�HH- i?2v `2TQ`i � R9W `2/m+iBQM BM iQi�H 2M2`;v +QMbmKT@
iBQM `2bmHib r?BH2 K�BMi�BMBM; l.A �#Qp2 8yWX

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
Ȝ kXN .Bb+mbbBQM

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
h?Bb +?�Ti2` T`2b2Mi2/ � +QM+Bb2 Qp2`pB2r Q7 � MmK#2` Q7 `2H2p�Mi }2H/b BM *QK@

Tmi�iBQM�H AMi2HHB;2M+2- M�K2Hv JmHiB@P#D2+iBp2 1pQHmiBQM�`v *QKTmi�iBQM- JmHiB@
P#D2+iBp2 .2+BbBQM J�FBM;- J�+?BM2 G2�`MBM;- �M/ `2H�i2/ i2+?MQHQ;B2b- BM `2H�iBQM
iQ i?2 bi�i2 Q7 �`i `2H2p�Mi iQ i?2 `2b2�`+? [m2biBQMb �M/ BMBiB�H `2b2�`+? /B`2+iBQM
Q7 i?Bb i?2bBbX L�K2Hv- i?2 7Q+mb r�b QM QM2 ?�M/ QM K�+?BM2 H2�`MBM; i2+?MQHQ;B2b
i?�i �BK iQ `2/m+2 i?2 +QKTmi�iBQM�H +Qbi Q7 T2`7Q`K�M+2 2p�Hm�iBQM BM i?2 +QM@
i2ti Q7 QTiBKBx�iBQM- �M/ QM i?2 Qi?2` ?�M/- QM i2+?MQHQ;B2b iQ 7�+BHBi�i2 /2+BbBQM
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K�FBM; i?`Qm;? BM+Q`TQ`�iBM; /2+BbBQM@K�F2` T`272`2M+2b BM i?2 /2+BbBQM@K�FBM;
T`Q+2bbX

JQ`2 bT2+B}+ iQ i?2 �`+?Bi2+im`2 /Bb+BTHBM2- i?Bb +?�Ti2` T`2b2Mi2/ � #`B27 Qp2`pB2r
Q7 i?2 bi�i2 Q7 �`i BM i?2 �TTHB+�iBQM Q7 +QKTmi�iBQM�H BMi2HHB;2M+2@#�b2/ /2+BbBQM
bmTTQ`i iQQHb iQ �`+?Bi2+im`�H /2bB;MX am+? �TTHB+�iBQM- r?BH2 MQi TH2MiB7mH- �`2
B/2MiB}�#H2 BM HBi2`�im`2X a2p2`�H bim/B2b 7Q+mb QM i?2 BMi2HHB;2Mi �bT2+i- K�FBM;
mb2 Q7 bBM;H2@ Q` KmHiB@Q#D2+iBp2 +QKTmi�iBQM�H QTiBKBx�iBQM iQ i�+FH2 /2bB;M T`Q#@
H2KbX AM �//BiBQM- i?2`2 �`2 bim/B2b i?�i +QK#BM2 i?2 BMi2HHB;2Mi T�`i Q7 QTiBKBx�@
iBQM rBi? � +Q;MBiBp2 T�`i- r?2`2 � bm``Q;�i2 KQ/2H Bb mb2/ iQ �HH2pB�i2 +QKTmi�@
iBQM�H +QKTH2tBiv /m`BM; i?2 /2bB;M T`Q+2bbX

.2bTBi2 i?2 7�+i i?�i bim/B2b- 2tBbi i?�i +QK#BM2 BMi2HHB;2Mi rBi? +Q;MBiBp2 �T@
T`Q�+?2b- Bi Bb +H�BK2/ i?�i 7m`i?2` BMi2HHB;2Mi@+Q;MBiBp2 BMi2;`�iBQM Bb TQbbB#H2 rBi?
i?2 �BK Q7 �m;K2MiBM; i?2 /2+BbBQM bmTTQ`i +�T�#BHBiB2b Q7 BMi2HHB;2Mi@+Q;MBiBp2 bvb@
i2KbX h?2 /B`2+iBQM i?�i i?Bb i?2bBb Bb i�FBM;- �b bm+?- Bb i?�i Q7 #mBH/BM; QM 2t@
BbiBM; �TT`Q�+?2b Q7 BMi2HHB;2Mi /2+BbBQM bmTTQ`i- �M/ BMi`Q/m+BM; MQp2H +Q;MBiBp2
+QKTQM2Mib iQr�`/b �+?B2pBM; i?2 �BK QmiHBM2/ �#Qp2X

AM i?Bb /B`2+iBQM- �M/ i�FBM; BMiQ �++QmMi i?2 bi�i2 Q7 �`i �b T`2b2Mi2/ BM i?Bb +?�T@
i2`- Bi Bb TQbbB#H2 iQ B/2MiB7v QTTQ`imMBiB2b 7Q` /2p2HQTK2Mi i?�i K�v �//`2bb i?2
`2b2�`+? [m2biBQMb BMBiB�HHv TQb2/ BM R- �b 7QHHQrb,

• h?`Qm;? 7Q`KmH�iBM; K�+?BM2@H2�`MBM;@#�b2/ bm``Q;�i2 KQ/2Hb 7Q` mb2 BM �T@
T`QtBK�iBM; #mBH/BM; bBKmH�iBQM `2bmHib BM � r�v i?�i Bb ~2tB#H2 2MQm;? iQ #2
BM+Q`TQ`�i2/ BM i?2 2�`Hv bi�;2b Q7 +QM+2Tim�H /2bB;M- r?2`2 /`�biB+ /2bB;M
+?�M;2b �b T�`i Q7 i?2 /2bB;M T`Q+2bb �`2 +QKKQMTH�+2X

• h?`Qm;? +QMbB/2`BM; i?2 `2H�iBp2 H�+F Q7 �TT`Q�+?2b �//`2bbBM; /2+BbBQM K�F@
BM; rBi? � 7Q+mb QM b2+QM/@Q`/2` T`272`2M+2b- #v 2bi�#HBb?BM; � MQp2H �TT`Q�+?
7Q` TQbi@S�`2iQ /2+BbBQM bmTTQ`i i?�i TH�+2b 2KT?�bBb QM i?2 `QH2 Q7 /2+BbBQM
p�`B�#H2 p�Hm2b �b `2T`2b2Mi�iBp2b Q7 /2bB`�#H2 +QM+`2i2 /2bB;M 72�im`2bX

h?2 �7Q`2K2MiBQM2/ `2b2�`+? /B`2+iBQMb �`2 7m`i?2` 2H�#Q`�i2/ BM bm#b2[m2Mi +?�T@
i2`b r?2`2 i?2 `2b2�`+? K2i?Q/QHQ;v Bb bm#bi�MiB�i2/ �M/ i?2 BM/BpB/m�H KQ/2H
+QKTQM2Mib 2H�#Q`�i2/X

*?�Ti2` 9j





j "�+F;`QmM/ AMp2biB;�iBQM
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Ȝ jXR AMi`Q/m+iBQM

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
h?2 T`BK�`v �BK Q7 i?Bb +?�Ti2` Bb iQ T`2b2Mi i?2 #�+F;`QmM/ BMp2biB;�iBQM i?�i

?�b b2`p2/ iQ 2bi�#HBb? i?2 `2b2�`+? T`2KBb2b 7Q` TmiiBM; 7Q`r�`/ i?2 T`Q#H2K bi�i2@
K2Mi �M/ `2b2�`+? [m2biBQMb T`QTQb2/ #v i?Bb i?2bBbX h?2 BMp2biB;�iBQM T`2b2Mi2/
BM i?Bb +?�Ti2`- iQ;2i?2` rBi? i?2 HBi2`�im`2 `2pB2r T`2b2Mi2/ T`2pBQmbHv- 7Q`K i?2
7QmM/�iBQMb Q7 i?Bb i?2bBbX >Qr2p2`- BM +QMi`�bi iQ i?2 HBi2`�im`2 `2pB2r- i?2 BMp2b@
iB;�iBQM T`2b2Mi2/ ?2`2BM `2b2K#H2b � `2b2�`+?@#v@/2bB;M T`Q+2bb- r?2`2 i?2 2tT2`B@
2M+2 Q7 /2bB;M i2+?MQHQ;B2b BM T`�+iB+2 7Q`Kb i?2 K�BM bQm`+2 Q7 +QM+HmbBQMb #2BM;
/`�rMX

h?2 +?�Ti2` +QMbBbib Q7 irQ K�BM b2+iBQMbX h?2 }`bi b2+iBQM +QKT`Bb2b � Tm#HBb?2/
DQm`M�H �`iB+H2 i?�i QmiHBM2b i?2 �TTHB+�iBQM Q7 �M BMi2HHB;2Mi /2+BbBQM bmTTQ`i bvb@
i2K- �b r2HH �b i?2 /2p2HQTK2Mi Q7 bmTTQ`iBM; iQQHb �M/ i2+?MB[m2b iQ � `2�H@rQ`H/
/2bB;M T`Q+2bb Q7 � bi�i2@Q7@i?2@�`i 7�+�/2 /2bB;MX .`�rBM; QM i?Bb �TTHB+�iBQM- �
b2`B2b Q7 Q#b2`p�iBQMb `2H�i2/ iQ i?2 TQi2MiB�H Q7 +QKTmi�iBQM�H BMi2HHB;2M+2 �b /2+B@
bBQM bmTTQ`i 7Q` +QKTH2t /2bB;M i�bFb �`2 QmiHBM2/X *QMbB/2`BM; i?2 +QM+HmbBQMb Q7
i?2 }`bi b2+iBQM- m`;2Mi Bbbm2b T2`i�BMBM; iQ /2bB;M �TTHB+�iBQMb Q7 +QKTmi�iBQM�H
BMi2HHB;2M+2 �M/ +QMbB/2`BM; mb2` `2[mB`2K2Mib �`2 2bi�#HBb?2/X Ai Bb MQi2/ ?2`2 i?�i
i?2 +?`QMQHQ;B+�H TH�+2K2Mi Q7 i?2 `2b2�`+? QmiHBM2/ BM i?Bb b2+iBQM Bb �`QmM/ i?2
KB//H2 Q7 i?2 `2b2�`+? iBK2HBM2X "v i?�i iBK2- i?2`2 r2`2 �H`2�/v Qi?2` +�b2b i?�i
bmTTQ`i2/ i?2 T`2KBb2 Q7 i?Bb i?2bBb- ?Qr2p2`- /m2 iQ i?2 BKTQ`i�M+2 Q7 i?Bb T�`iB+@
mH�` +�b2 bim/v �M/ Bib bi`QM; +QMM2+iBQM iQ � `2�H@rQ`H/ +�b2 bim/v- Bi Bb QmiHBM2/
2ti2MbBp2Hv ?2`2BMX

h?2 b2+QM/ b2+iBQM +QKT`Bb2b �M �M�HvbBb Q7 Tm#HBb?2/ rQ`Fb i?�i i?2 �mi?Q` ?�b
T2`7Q`K2/ BM +QHH�#Q`�iBQM rBi? Ja+ bim/2Mib /m`BM; i?2 +Qm`b2 Q7 /2bB;M bim@
/BQb i�m;?i �i u�Ȕ�` lMBp2`bBiv- rBi? i?2 K�BM �BK #2BM; i?2 i2�+?BM; Q7 �/p�M+2/
+QKTmi�iBQM�H BMi2HHB;2M+2@#�b2/ /2bB;M �TT`Q�+?2bX h?2 K�BM �BK Q7 i?Bb b2+iBQM
Bb iQ B/2MiB7v +?�HH2M;2b i?�i �`2 #2BM; 7�+2/ BM i?2 rQ`Fb Q7 i?2 bim/2Mib- BM Q`/2`
iQ TBMTQBMi QTTQ`imMBiB2b 7Q` 2pQHpBM; BMi2HHB;2Mi �M/ +Q;MBiBp2 iQQHb iQ #2ii2` b2`p2
i?2B` /2bB;M /2+BbBQM bmTTQ`i ;Q�HX

h?2 K�BM TQBMib 7`QK i?2 BMp2biB;�iBQM �M/ i?2B` +QMM2+iBQM rBi? i?2 `2b2�`+?
[m2biBQMb �M/ T`Q#H2K bi�i2K2Mi �`2 bmKK�`Bx2/ �M/ b?Q`iHv /Bb+mbb2/ �i i?2 2M/
Q7 i?2 +?�Ti2`X

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
Ȝ jXk .2bB;M *QKTH2tBiv BM S`�+iB+2
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AMi`Q/m+iQ`v LQi2
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

AM i?2 T`2b2Mi b2+iBQM- `2b2�`+? Bb T`2b2Mi2/ r?2`2BM �M BMp2biB;�iBQM Bb +QM@
/m+i2/ �b iQ i?2 �TTHB+�iBQM Q7 � *QKTmi�iBQM�H AMi2HHB;2M+2 .2+BbBQM amTTQ`i �T@
T`Q�+? iQ � `2�H@HB72 +QKTH2t /2bB;M T`Q#H2KX h?2 T`Q#H2K �i ?�M/ +QM+2`Mb i?2
/2bB;M Q7 � b?�/BM; /2pB+2 7Q` � H�`;2 7�+�/2 BM � Tm#HB+ mMBp2`bBiv #mBH/BM; BM i?2
L2i?2`H�M/bX h?2 T`QTQb2/ �TT`Q�+? Bb MQi iB2/ iQ i?2 bT2+B}+ T`Q#H2K #mi Bb �T@
THB+�#H2 iQ � `�M;2 Q7 7�+�/2 /2bB;M T`Q#H2KbX h?Bb b2+iBQM BMi`Q/m+2b i?2 `2H�iBQM
#2ir22M /2bB;M +QKTH2tBiv �M/ bmbi�BM�#BHBiv `2[mB`2K2Mib Q7 KQ/2`M #mBH/BM;b-
i?`Qm;? i?2 H2Mb Q7 i?2 +QKTH2tBiv T`QTQM2Mib /Bb+mbb2/ BM *?�Ti2` R- �M/ 2bT2@
+B�HHv /Bb+mbbBM; i?2 Bbbm2b Q7 +QK#BM�iQ`B�H 2tTHQbBQM �M/ +QKTH2t MQM@HBM2�` `2H�@
iBQMb #2ir22M Q#D2+i T`QT2`iB2b �M/ T2`7Q`K�M+2X

6A:l_1 jXR h?2 bT2+B}+ �bT2+ib Q7 K2i?Q/QHQ;v i?�i i?Bb +?�Ti2` 7Q+mb2b QMX

AM i?2 +QMi2ti Q7 i?Bb i?2bBb- i?2 `2b2�`+? `2TQ`i2/ ?2`2�7i2` ?B;?HB;?ib i?2 7QHHQr@
BM; `2H2p�Mi TQBMib,

• PM QM2 ?�M/- i?2 �TTHB+�#BHBiv Q7 1pQHmiBQM�`v *QKTmi�iBQM iQ �M 2K2`;BM;
FBM/ Q7 /2bB;M T`Q#H2Kb r?Qb2 K�BM +?�`�+i2`BbiB+ Bb +QKTH2tBiv �M/ r?2`2
/2+BbBQM K�FBM; rBi?Qmi i?2 ?2HT Q7 +QKTmi�iBQM Bb Qi?2`rBb2 � T`Q+2bb i?�i
K�v 2�bBHv Qp2`r?2HK i?2 /2+BbBQM@K�F2`

• PM i?2 Qi?2` ?�M/- Bi �BKb iQ 2bi�#HBb? i?2 7QmM/�iBQM 7Q` i?2 rQ`F i?�i rBHH
#2 i?2 7Q+�H TQBMi Q7 i?Bb i?2bBb- i?`Qm;? TBMTQBMiBM; i?2 `2[mB`2K2Mib Q7 i?2
/2+BbBQM@K�F2` r?2`2BM i?2 1*@#�b2/ /2+BbBQM bmTTQ`i 7`�K2rQ`F Bb /2i2`@
KBM2/ iQ #2 BM M22/ Q7 2ti2MbBQMb BM Q`/2` iQ �//`2bb i?2K 2z2+iBp2HvX

h?2 `2b2�`+? `2TQ`i2/ BM i?Bb b2+iBQM ?�b #22M Tm#HBb?2/ mM/2` i?2 7QHHQrBM; iBiH2,

AX *?�ixBFQMbi�MiBMQm JX hm``BM- *X *m#mF+mQ;Hm- �X EB`BKi�i �M/
aX a�`BvBH/Bx- ǳ� *QKT`2?2MbBp2 PTiBKBx�iBQM �TT`Q�+? 7Q` JQ/mH�`
6�+�/2b, h?2 *�b2 Q7 SlGa1 amMb?�/BM;Ǵ AMi2`M�iBQM�H CQm`M�H Q7 .2@
bB;M a+B2M+2b �M/ h2+?MQHQ;v- kj, k- kyRNX

h?2 7QHHQrBM; �+FMQrH2/;2K2Mi Bb BM+Hm/2/ BM i?2 �7Q`2K2MiBQM2/ Tm#HB+�iBQM,

h?2 �mi?Q`b rBb? iQ �+FMQrH2/;2 i?2 i2�K 7`QK 1+iQ` >QQ;bi�/ �`@
+?Bi2+i2M- BM T�`iB+mH�` CQQbi 1+iQ`- G2MM�2`i p�M *�T2HH2p22M- G�m@
`2M+2 p�M "2Mi?2K- .�MB2H .B2x@�mbB�b- �M/ _2M� GQ;�`� 7Q` 7�+BHBi�i@

�`+?Bi2+im`�H .2bB;M S2`7Q`K�M+2 i?`Qm;? *QKTmi�iBQM�H AMi2HHB;2M+2 9e



BM; i?2 T`QD2+i �M/ H2�/BM; i?2 �`+?Bi2+im`�H /2bB;M T`Q+2bbX .�pB/ J�B@
KQM2 +QMi`B#mi2/ iQ i?2 T`2HBKBM�`v /�vHB;?i �M�HvbBbX h?2 j. T`BMiBM;
`2b2�`+? r�b +�``B2/ Qmi #vfrBi? i?2 H2�/2`b?BT Q7 S�mH /2 _mBi2`X h?2
TQbi@QTiBKBx�iBQM T�`�K2i`B+ KQ/2HBM; Q7 /2i�BH2/ KQ/mH2b r�b +�``B2/
Qmi #v JBHQm h22HBM; �b i?2 K�BM `2b2�`+?2`c SB`Qmx LQm`B�M ?2HT2/ iQ
/2}M2 i?2 K�i?2K�iB+�H KQ/2Hb #2?BM/ i?2 ;2QK2i`vX _Q# LBDbb2 �M/
?Bb i2�K- 2bT2+B�HHv S2i2` 1B;2M`��K- /2bB;M2/ i?2 bi`m+im`2 �M/ /2i2`@
KBM2/ i?2 T�`�K2i`B+ +QMbi`�BMib iQ #2 BM+Q`TQ`�i2/ rBi?BM i?2 /B;Bi�H
KQ/2HX J�`F p�M 1`F +QMi`B#mi2/ iQ BMpQHpBM; K�Mm7�+im`BM; �bT2+ib
�M/ T`2T�`BM; i?2 ;2QK2i`v 7Q` j.@T`BMiBM;X G2�T7`Q; T`QpB/2/ j.@
T`BMiBM; bmTTQ`iX

Ȝ jXkXR AMi`Q/m+iBQM
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Ai Bb � +QKKQM mM/2`bi�M/BM; i?�i �`+?Bi2+im`�H /2bB;M Bb +?�`�+i2`Bx2/ #v +QK@
TH2tBiv U*?�ixBFQMbi�MiBMQm �M/ a�`BvBH/Bx kyRdc *?�ixBFQMbi�MiBMQm 2i �HX kyRNVX
�`+?Bi2+im`�H /2bB;M Bb 2tT2+i2/ iQ bQHp2 �M �`+?Bi2+im`�H /2bB;M T`Q#H2K +QK@
T`BbBM; � b2i Q7 `2[mB`2K2Mib �M/ +QMbi`�BMib- #v +`2�iBM; bQK2i?BM; M2r U� M2r
#mBH/BM; Q` #mBHi Bi2KVX AM+`2�bBM;Hv- i?Bb Bb �+?B2p2/ i?`Qm;? +QKTH2t ;2QK2i`B2b-
r?B+? QM i?2 QM2 ?�M/ 2M�#H2 �+?B2pBM; #2ii2` T2`7Q`K�M+2- ?Qr2p2` QM i?2 Qi?2`
?�M/ �// 7m`i?2` +QKTH2tBiv iQ /2+BbBQM K�FBM;X 1{+B2MiHv 2tTHQ`BM; TQbbB#H2 bQ@
HmiBQMb �KQM; �HH TQbbB#H2 /2bB;M �Hi2`M�iBp2b Bb � +?�HH2M;BM; i�bF- 2bT2+B�HHv BM
i?2 2�`Hv bi�;2 Q7 i?2 /2bB;M T`Q+2bbX h?2 �`+?Bi2+im`�H /2bB;M T`Q#H2K +QmH/ #2
�HbQ /2}M2/ �b � KmHiB@Q#D2+iBp2 QTiBKBx�iBQM T`Q#H2K bBM+2 Bi Bb +?�`�+i2`Bx2/ #v
b2p2`�H +QM~B+iBM; Q#D2+iBp2b �M/ Bb �HbQ bm#D2+i iQ +?�HH2M;BM; +QMbi`�BMibX *QK@
Tmi�iBQM�H BMi2HHB;2M+2@#�b2/ /2+BbBQM bmTTQ`i iQQHb +�M TH�v �M BKTQ`i�Mi `QH2 BM
K�M�;BM; +QKTH2tBiv �M/ T`2b2Mi T`QKBbBM; �Hi2`M�iBp2b BM /2bB;MX

qBi?BM i?2 /QK�BM Q7 �`+?Bi2+im`�H /2bB;M- 7�+�/2b �`2 � ;`2�iHv `2H2p�Mi /2bB;M
iQTB+X LQr�/�vb- #mBH/BM; 7�+�/2b �`2 `2[mB`2/ iQ `2bTQM/ iQ � KmHiBim/2 Q7 /2bB;M
+`Bi2`B�X � 72r Q7 i?2 KQbi BKTQ`i�Mi QM2b �`2 2Mbm`BM; � +QK7Q`i�#H2 +HBK�i2 BM@
/QQ`b �M/ T`QKQiBM; 2M2`;v +QMb2`p�iBQMX AM i?Bb `2bT2+i- b?�/BM; bvbi2Kb TH�v
� +`m+B�H `QH2X 6Q` BMbi�M+2- BM i?2 1m`QT2�M lMBQM #mBH/BM;b �`2 `2bTQMbB#H2 7Q`
M2�`Hv 9yW Q7 i?2 iQi�H }M�H 2M2`;v mb2 �M/ jeW Q7 i?2 iQi�H 2KBbbBQMb Q7 i?2 1l
J2K#2` ai�i2b UQ7 i?2 1m`QT2�M lMBQM kyRyVX h?mb i?2 1m`QT2�M TQHB+B2b �BK
iQ BKT`Qp2 2M2`;v 2{+B2M+v iQ �++2Mim�i2 2M2`;v ;m�`�Mi22 �M/ +HBK�i2 +?�M;2
U*�`p�H?Q kyRkV �M/ �BK iQ `2/m+2 i?2 ;`22M ;�b 2KBbbBQMb �i H2�bi iQ kyW H2p@
2Hb mMiBH ky8y UQ7 i?2 1m`QT2�M lMBQM kyRyVX AM #Qi? +�b2b- 7�+�/2 bvbi2Kb �`2
+`m+B�HX hQ T`QpB/2 /�vHB;?i �M/ KQ`2 2ti2`M�H pB2r- �`+?Bi2+ib �M/ 2M;BM22`b /2@
bB;M 7�+�/2b rBi? H�`;2- ;H�x2/ TQ`iBQMb BM i?2 #mBH/BM;b- v2i � `BbF Q7 +`2�iBM; ?B;?
?2�iBM; �M/ +QQHBM; HQ�/b BM i?2b2 #mBH/BM;b b?QmH/ #2 +QMbB/2`2/ USQB`�xBb 2i �HX
kyy3c >B2M 2i �HX kyy8VX h?2`27Q`2 i?2 mb2 Q7 b?�/BM; /2pB+2b Bb QM2 Q7 i?2 KQbi
bB;MB}+�Mi T`2+�miBQMb iQ T`2p2Mi Qp2`?2�iBM; /m`BM; +QQHBM; T2`BQ/bX AM Q`/2` iQ
T`QpB/2 2M2`;v 2{+B2M+v BM i?2 #mBH/BM;b- i?2`2 �`2 p�`BQmb b?�/BM; /2pB+2 ivT2b
bm+? �b Qp2`?�M;b Uh�pBH �M/ G22 kyyeV- 2ti2`M�H `QHH2` b?�/2b Uhx2KT2HBFQb �M/
�i?B2MBiBb kyydV- o2M2iB�M #HBM/b UaBKKH2` �M/ "BM/2` kyy3V �M/ BMi2`M�H b?�/BM;
U6HQ`B/2b 2i �HX kyyyVX AM UEB`BKi�i 2i �HX kyRe#V- i?2 b?�/BM; /2pB+2 ivT2b mb2/ BM
i?2 #mBH/BM; b2+iQ` r2`2 `2pB2r2/ BM /2i�BH �M/ � /2b+`BTiBQM Q7 i?2 T2`7Q`K�M+2
�bT2+ib Q7 i?2b2 b?�/BM; /2pB+2b #v BMi`Q/m+BM; /Bz2`2Mi bBKmH�iBQM iQQHb r�b �HbQ
;Bp2MX h?2b2 T2`7Q`K�M+2 �bT2+ib �`2 ;2M2`�HHv HBMF2/ rBi? /�vHB;?i +QK7Q`i H2p2Hb-
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pBbm�H +QK7Q`i- �M/ HQr 2M2`;v +QMbmKTiBQMX

*QMi`QHHBM; /�vHB;?i Bb QM2 Q7 i?2 2bb2MiB�H 7mM+iBQMb Q7 � b?�/BM; /2pB+2X 1{+B2Mi
+QMi`QH Q7 /�vHB;?i K�v +QMi`B#mi2 iQ T`Q/m+iBpBiv- 2M2`;v +QMb2`p�iBQM- �M/ i?2
Qp2`�HH r2HH@#2BM; Q7 i?2 #mBH/BM; mb2`bX J�Mv bim/B2b 2tBbi i?�i 2tTHQ`2 /�vHB;?i
�b � T`BK�`v Q#D2+iBp2 Q7 i?2 /2bB;M Q7 7�+�/2b �M/ 7�+�/2 b?�/BM; 2H2K2MibX .`�r@
BM; BMbTB`�iBQM 7`QK bm+? bim/B2b- BM i?Bb +?�Ti2` /�vHB;?i- Bb i?2 K�BM Q#D2+iBp2 Q7
7�+�/2 /2bB;MX

Ai Bb MQi mM+QKKQM 7Q` +QMi2KTQ`�`v #mBH/BM;b iQ T`2b2Mi +QKTH2t /2bB;M `2[mB`2@
K2Mib +QM+2`MBM; /�vHB;?iBM;X *QKTH2tBiv BM i?Bb +�b2 bi2Kb 7`QK i?2 /Bp2`b2 /2@
bB;M `2[mB`2K2Mib +Q``2bTQM/BM; iQ /Bz2`2Mi bT�+2b rBi?BM i?2 #mBH/BM;X � H�`;2
b+�H2 Tm#HB+ #mBH/BM; K�v +QKT`Bb2 � KmHiBim/2 Q7 bT�+2b Q7 /Bz2`2Mi 7mM+iBQMb- +�@
T�+BiB2b �M/ HQ+�iBQMb rBi?BM i?2 #mBH/BM;X hQ 2Mbm`2 i?�i � bmBi�#H2 /Bbi`B#miBQM
Q7 /�vHB;?i Bb �bbB;M2/ iQ 2�+? Q7 i?2 bT�+2b Bb � +?�HH2M;BM; /2bB;M i�bFX *�`27mH
TH�MMBM; M22/b iQ #2 2t2`+Bb2/ 2p2M 7Q` bT�+2b rBi? bBKBH�` `2[mB`2K2Mib �M/ 7mM+@
iBQMb- �b Qi?2` T`QT2`iB2b bm+? �b i?2B` HQ+�iBQM �M/ +QM};m`�iBQM ?�p2 �M 2z2+i QM
i?2 BMi2`BQ` /Bbi`B#miBQM Q7 /�vHB;?i i?`Qm;?Qmi i?2 QT2`�iBM; T2`BQ/ Q7 i?2 #mBH/@
BM;X Ai Bb � ;Q�H- i?2`27Q`2- iQ �TTHv i?2 T`QTQb2/ K2i?Q/ iQ +QKTH2t `2�H@rQ`H/
/2bB;Mb r?Qb2 `2[mB`2K2Mib +QM+2`MBM; /�vHB;?i �`2 /B`2+iHv BM HBM2 rBi? i?2 r�v Q7
i?BMFBM; QmiHBM2/ �#Qp2X h?2`27Q`2- i?2 ;Q�H Bb iQ 2bi�#HBb? � KQ/2H i?�i +�M T`Q@
pB/2 � +QM+Bb2 #mi �++m`�i2 };m`2 Q7 r?2i?2` i?2 /�vHB;?i /Bbi`B#miBQM ;m�`�Mi22/
#v � 7�+�/2 Bb �/2[m�i2 +QM+2`MBM; #mBH/BM; `2[mB`2K2MibX

AM p2`v #`Q�/ i2`Kb- � /2bB;M2` rBb?2b iQ 2Mbm`2 i?�i �HH bT�+2b rBi?BM � #mBH/BM;
`2+2Bp2 �i H2�bi i?2 KBMBKmK �KQmMi Q7 /�vHB;?i `2[mB`2/ 7Q` i?2 7mM+iBQM �bbQ+B@
�i2/ rBi? 2�+? bT�+2- 7Q` i?2 K�tBKmK �KQmMi Q7 iBK2 TQbbB#H2X h?Bb +QMbiBimi2b
� ;QQ/ mb2 Q7 /�vHB;?i r?B+? T`QKQi2b +QMb2`p�iBQM Q7 2M2`;v �M/ Bb �bbQ+B�i2/
rBi? i?2 r2HH@#2BM; Q7 #mBH/BM; i2M�Mib U�M/2`b2M kyR8c J�`/�HD2pB+ 2i �HX kyyNVX
PM i?2 Qi?2` ?�M/- 2ti`2K2 �KQmMib Q7 /�vHB;?iBM; Bb ;2M2`�HHv �pQB/2/ �b Bi Bb
�bbQ+B�i2/ rBi? mM/2bB`�#H2 pBbm�H Q` i?2`K�H /Bb+QK7Q`i UL�#BH �M/ J�`/�HD2pB+
kyy8c J�`/�HD2pB+ 2i �HX kyRRVX � /2bB`�#H2 H2p2H Q7 /�vHB;?iBM; i?mb HB2b BM � `�M;2
i?�i Bb /2T2M/2Mi QM i?2 7mM+iBQM Q7 i?2 bT�+2X amM@b?�/BM; 2H2K2Mib BM i?2 7�+�/2
+QMi`B#mi2 K�BMHv iQ i?Bb 2M/- K2/B�iBM; i?2 2ti`2K2b Q7 bmMHB;?i BMi�F2 r?BH2 2M@
bm`BM; i?2 KBMBKmKb �`2 K2i 7Q` i?2 HQM;2bi iBK2 TQbbB#H2X �b i?2 bmM TQbBiBQM
�M/ +HBK�i2 �`2 bm#D2+i iQ +QMbi�Mi +?�M;2- /�vHB;?i /Bbi`B#miBQM 7Q` � }t2/ bBi2 Bb
bm#D2+i iQ T2`T2im�H i2KTQ`�H ~m+im�iBQMbX Ai Bb BKTQ`i�Mi- i?2`27Q`2- iQ +QMbB/2`
i2KTQ`�H- �b r2HH �b bT�iB�H- /Bbi`B#miBQM Q7 /�vHB;?i BM �bb2bbBM; � bT�+2X

h?2 BMi`Q/m+iBQM Q7 M2r K�Mm7�+im`BM; i2+?MB[m2b 2M�#H2 i?2 /2bB;M iQ /2T�`i
7`QK i`�/BiBQM�H +QM+2`Mb Q7 bi�M/�`/Bx�iBQM- �M/ 2K#`�+2 � +QM/BiBQM r?2`2 }M2@
;`�BM2/ +QKTQM2Mi p�`B�#BHBiv Bb /2bB`�#H2- i?Qm;? KQ`2 +QKTH2tX "2bB/2b- i?2 mb2
Q7 �++m`�i2 iQQHb 7Q` 2biBK�iBM; 7�+�/2 #2?�pBQ` �HHQr � #2ii2` T`2/B+iBQM Q7 i?2 `2@
bmHiBM; T2`7Q`K�M+2bX >Qr2p2`- i?Bb BKTHB2b �HbQ i?2 mM/2`bi�M/BM; Q7 i?2 ?B;?Hv
MQM@HBM2�` `2H�iBQMb?BTb #2ir22M /2bB;M /2+BbBQMb �M/ `2bmHiBM; T2`7Q`K�M+2bX

1�+? Q7 i?2 /2bB;M �bT2+ib QmiHBM2/ �#Qp2 BMi`Q/m+2 �//BiBQM�H /2bB;M +QKTH2tBiv
i?�i H2�/b iQ +?�HH2M;2b i?`Qm;?Qmi i?2 /2bB;M /2+BbBQM K�FBM; T`Q+2bb BM ;2M2`�H-
r?BH2 BM i?2 +�b2 Q7 7�+�/2 /2bB;M �//BiBQM�H /2bB;M �bT2+ib i?�i rBHH #2 QmiHBM2/
i?`Qm;?Qmi i?2 `2bi Q7 i?2 +?�Ti2` BMi2`p2M2 �M/ BM+`2�b2 +QKTH2tBivX AMi2M/BM;
iQ �//`2bb i?2b2 Bbbm2b- i?Bb bim/v T`2b2Mib � K2i?Q/ 7Q` �//`2bbBM; +QKTH2t /2@
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bB;M T`Q#H2Kb rBi? �TTHB+�iBQM iQ 7�+�/2 /2bB;MX AM �//BiBQM- i?Bb bim/v �+FMQrH@
2/;2b �M/ �/QTib i?2 ;2M2`�H �TT`Q�+? BMi`Q/m+2/ BM Ua�`BvBH/Bx kyRkV +QKT`BbBM;
ǳ7Q`K ;2M2`�iBQMǴ- ǳT2`7Q`K�M+2 2p�Hm�iBQMǴ �M/ ǳQTiBKBx�iBQMǴ- �p�BH�#H2 BM 6B;@
m`2 jXkX h?2 T`QTQb2/ K2i?Q/ +QKT`Bb2b BMMQp�iBp2 i2+?MB[m2b 7Q` 7Q`K ;2M2`�iBQM
�M/ T2`7Q`K�M+2 2p�Hm�iBQM- �M/ +QmTH2b i?Qb2 rBi? �/p�M+2/ KmHiB@Q#D2+iBp2 +QK@
Tmi�iBQM�H QTiBKBx�iBQM �H;Q`Bi?Kb M�K2Hv i?2 >vT2` pQHmK2 1biBK�iBQM U>vT1V
�H;Q`Bi?KX h?2 T`QTQb2/ K2i?Q/ Bb �TTHB2/ �M/ p�HB/�i2/ QM � `2�H@rQ`H/ +QKTH2t
7�+�/2 /2bB;M T`Q#H2KX

6A:l_1 jXk h?2 HQQT Q7 i?2 S2`7Q`K�M+2 .`Bp2M *QM+2Tim�H .2bB;M �b +QM+2T@
im�HBx2/ #v a�`BvBH/Bx UkyRkVX S2`7Q`K�M+2@#�b2/ *QKTmi�iBQM�H
.2bB;M Bb �i i?2 +2Mi2` Q7 `2b2�`+? Q7 i?2 *?�B` Q7 .2bB;M AM7Q`K�i@
B+b UhPAf.AV �i i?2 .2H7i lMBp2`bBiv Q7 h2+?MQHQ;vX

Ȝ jXkXk S`QTQb2/ J2i?Q/
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Ai Bb MQi2/ i?�i i?2 K2i?Q/ QmiHBM2/ ?�b #22M /2p2HQT2/ rBi? �TTHB+�iBQM BM
� +QKTmi�iBQM�H QTiBKBx�iBQM +QMi2ti BM KBM/- 7Q`KBM; � +QKT`2?2MbBp2 /2+B@
bBQM bmTTQ`i bvbi2KX qBi?BM i?Bb +QMi2ti �M/ �b �H`2�/v QmiHBM2/ BM i?2 BMi`Q/m+@
iBQM- i?2 ;2M2`�H QmiHBM2 Q7 i?2 T`QTQb2/ K2i?Q/ +QKT`Bb2b i?`22 2H2K2Mib, aQHm@
iBQM BMbi�MiB�iBQM �M/ 7Q`K ;2M2`�iBQM- T2`7Q`K�M+2 2p�Hm�iBQM- �M/ }M�HHv KmHiB@
Q#D2+iBp2 QTiBKBx�iBQMX AM i?2 bm#b2+iBQMb ?2`2�7i2`- 2�+? Q7 i?2b2 +QKTQM2Mib �`2
QmiHBM2/ BM /2i�BHX

Ȝ jXkXkXR 6Q`K :2M2`�iBQM
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

AM i?2 T`QTQb2/ K2i?Q/- i?2 7Q`K ;2M2`�iBQM Bb +QM+2Bp2/ �b � T`Q+2bb i?�i �+@
+2Tib �M �#bi`�+i /2b+`BTiBQM U�M 2M+Q/BM;V �M/ ;2M2`�i2b /2i�BH2/ ;2QK2i`v 7Q`
i?2 M22/b Q7 2p�Hm�iBM; T2`7Q`K�M+2 #�b2/ QM bBKmH�iBQMX h?2 K�BM �BK Q7 i?2
T`QTQb2/ ;2QK2i`v ;2M2`�iBQM K2i?Q/ Bb iQ KBMBKBx2 i?2 `2[mB`2/ BMTmi- i?2`2#v
`2/m+BM; i?2 /BK2MbBQM�HBiv Q7 i?2 b2�`+? bT�+2X AM i?2 +QMi2ti Q7 7�+�/2 /2bB;M-
i?2 T`QTQb2/ K2i?Q/ �+?B2p2b 2t�+iHv i?�i- �M/ Bb 7m`i?2` 2H�#Q`�i2/ BM i?2 7QHHQr@
BM; b2+iBQMX

.1aA:L *PLaA.1_�hAPLa, JP.lG�_Ahu JQbi 7�+�/2 bvbi2Kb �`2 #�b2/
QM KQ/mH2b U#2BM; i?2 KQ/mH2b �HH 2[m�H Q` /Bz2`2Mi 7`QK 2�+?@Qi?2`bVX *QMb2@

*?�Ti2` 9N



[m2MiHv- i?2 T`QTQb2/ K2i?Q/ +QMbB/2`b i?2 ;2M2`�H �`+?Bi2+im`�H 7�+�/2 T`Q#@
H2K /2}MBiBQM- r?2`2 i?2 7�+�/2 +QKT`Bb2b � b2i Q7 2H2K2Mib Q` #mBH/BM; #HQ+Fb E
TH�+2/ �++Q`/BM; iQ � T`2/2i2`KBM2/ `2;mH�` �``�M;2K2MiX *QKKQM +�b2b K�v `2@
72` iQ `2+i�M;mH�`- ?2t�;QM�H Q` `?QK#QB/�H �``�M;2K2Mib Q7 2H2K2Mib- ?Qr2p2`
�Mv `2;mH�` �``�M;2K2Mi Bb TQbbB#H2 rBi?Qmi HBKBi�iBQMX h?2 T?vbB+�H 2H2K2Mib �`2
?2H/ iQ;2i?2` #v �Mv K2�Mb Q7 BMi2`HQ+FBM; U2X;X K2+?�MB+�H- +?2KB+�H 2i+XV �M/
K�v ?�p2 �M mM/2`HvBM; bmTTQ`i bi`m+im`2- r?2i?2` pBbB#H2 Q` MQiX h?2 2H2K2Mib
K�v 7Q`K �Mv T�`i Q7 i?2 7�+�/2c 7Q` BMbi�M+2- i?2v K�v #2 b?�/BM; 2H2K2Mib- Q`
i?2v K�v #2 BMi2;`�i2/ 2H2K2Mib BM+Hm/BM; ;H�xBM;- b?�/BM; �M/ 2p2M bT2+B�HBx2/
/2pB+2bX

*QM+2`MBM; i?2 BM/BpB/m�H 2H2K2Mib- Bi Bb �bbmK2/ i?�i 2�+? QM2 K�v p�`v BM b?�T2
rBi?BM +2`i�BM #QmM/�`B2b i?�i /Q MQi pBQH�i2 /2bB;M `2[mB`2K2Mib �b b2i 7Q`r�`/
#v i?2 7�+�/2 �M/ 2H2K2Mi /2}MBiBQMX "2bB/2b- Bi Bb +QMbB/2`2/ i?�i 2�+? 2H2K2Mi Bb
/2}M2/ #v Bib +�`i2bB�M TQbBiBQM QM i?2 7�+�/2 TH�M2X h?mb �Mv 7�+�/2 2H2K2Mi Bb
mMB[m2Hv /2}M2/ #v e = {Ve, Pe}, e ∈ EX h?2 p2+iQ` Ve ∈ Rn +QKT`Bb2b T�`�K2@
i2`b i?�i +QKTH2i2Hv /2}M2 i?2 b?�T2 Q7 � bBM;H2 2H2K2Mi �++Q`/BM; iQ � ;2QK2i`v@
;2M2`�iBM; 7mM+iBQM g(Ve) /2}M2/ T�`�K2i`B+�HHvX h?2 p2+iQ` Pe ∈ R2 +Q``2bTQM/b
iQ i?2 TQbBiBQM Q7 i?2 2H2K2Mi QM i?2 7�+�/2 TH�M2X .m2 iQ i?2 `2;mH�`Biv Q7 i?2
7�+�/2 /2b+`B#2/ T`2pBQmbHv- i?2 b?�T2 Q7 i?2 2H2K2Mib Bb /2T2M/2Mi bQH2Hv QM Ve

�M/ /Q2b MQi Qi?2`rBb2 /2T2M/ QM i?2B` TQbBiBQM QM i?2 7�+�/2 Pe- Q` 72�im`2b Q7
M2B;?#Q`BM; 2H2K2MibX "2bB/2b- Bi Bb �bbmK2/ i?�i g Bb /2}M2/ bQ i?�i i?2 /QK�BM
Q7 p�HB/ p�Hm2 +QK#BM�iBQMb Ve `2bmHib BM 2H2K2Mib i?�i /Q MQi BM �Mv r�v #`2�F ;2@
QK2i`B+ +QMiBMmBiv Q7 i?2 7�+�/2X h?Bb H�bi `2[mB`2K2Mi K�v #2 2�bBHv �+?B2p2/ #v
/2}MBM; bQ i?�i ;2QK2i`B+ 72�im`2b +HQb2 iQ BMi2`7�+2 TQBMib `2K�BM +QMbi�Mi �M/
BM/2T2M/2Mi Q7 VeX

lM/2` i?2b2 �bbmKTiBQMb- i?2 /BK2MbBQM�HBiv Q7 i?2 b2�`+? bT�+2 K�v #2 2�bBHv +�H@
+mH�i2/X �b �M 2t�KTH2- � 7�+�/2 +QKT`BbBM; 2H2K2Mib BM � `2+i�M;mH�` ;`B/ rBi?
2H2K2Mib BM i?2 ?Q`BxQMi�H /BK2MbBQM �M/ 2H2K2Mib BM i?2 p2`iB+�H rBHH #2 +QMbB/@
2`2/X h?Bb ;Bp2b i?2 +�`/BM�HBiv Q7 E �b |E| = hvX A7 2�+? 2H2K2Mi +QKT`Bb2b n T�@
`�K2i2`b �b /2b+`B#2/ �#Qp2- Bi Bb 2�bv iQ b22 i?�i i?2 /BK2MbBQM�HBiv Q7 i?2 b2�`+?
bT�+2 rQmH/ #2 d = |E||V | = hvnX h?Bb K�v 2�bBHv im`M Qmi iQ #2 �M 2ti2MbBp2
b2�`+? bT�+2- �b i?2 p�Hm2b Q7 i?2 p�`B�#H2b h �M/ v K�v 2�bBHv `�M;2 BMiQ i?2 ?mM@
/`2/b 7Q` KQ/2`�i2 iQ H�`;2 bBx2 7�+�/2bX am+? b2�`+? bT�+2b K�v im`M Qmi iQ #2
+?�HH2M;BM; iQ b2�`+?- /m2 iQ +QK#BM�iQ`B�H 2tTHQbBQMX h?2`27Q`2- Bi Bb Q7i2M /2@
bB`�#H2 i?�i +QMbi`�BMib QM Q#D2+i T`QT2`iB2b �M/ i?2B` `2H�iBQMb �`2 2bi�#HBb?2/ bQ
i?�i i?2 2z2+iBp2 /BK2MbBQM�HBiv Q7 i?2 b2�`+? bT�+2 Bb `2/m+2/X

hQ BMp2biB;�i2 TQi2MiB�H bi`�i2;B2b 7Q` /BK2MbBQM�HBiv `2/m+iBQM- �2bi?2iB+ T`QT2`@
iB2b Q7 �`+?Bi2+im`�H 7�+�/2 /2bB;Mb �`2 +QMbB/2`2/X Ai K�v #2 2KTB`B+�HHv Q#b2`p2/
i?�i i?2 p�bi K�DQ`Biv Q7 `2�H@rQ`H/ 7�+�/2 /2bB;M +�b2b 2t?B#Bi T�ii2`Mb i?�i K�v
#2 2tTHQBi2/ iQ `2/m+2 b2�`+? bT�+2X am+? T�ii2`Mb �`2 Q7i2M i?2 `2bmHi Q7 bivHBbiB+
Q` �2bi?2iB+ T`272`2M+2b �M/ �`2 2bi�#HBb?2/ �b T�`i Q7 i?2 Qp2`�HH 7�+�/2 +QM+2TiX
h?`Qm;? +QMbB/2`BM; i?2b2 T�ii2`Mb- Bi Bb TQbbB#H2 iQ biBTmH�i2 i?�i �i �Mv ;Bp2M
iBK2- QMHv � p2`v bK�HH bm#b2i Q7 TQbbB#H2 /2bB;M �Hi2`M�iBp2b Bb Q7 BMi2`2bi iQ i?2
/2+BbBQM@K�F2`- 2p2M #27Q`2 ?�pBM; �Mv FMQrH2/;2 `2;�`/BM; 7�+�/2 T2`7Q`K�M+2X
�M 2t�KTH2 Q7 �2bi?2iB+ T`272`2M+2 i?�i +�M #2 b22M BM K�Mv `2+2Mi �`+?Bi2+im`�H
/2bB;M 2t�KTH2b- Bb 7�+�/2 /2bB;Mb r?2`2 i?2 +QKTQbBiBQM Q7 2H2K2Mi T�`�K2i2`b
;`�/m�HHv p�`B2b �HQM; i?2 7�+�/2 TH�M2X h?Bb b22Kb �b � T`272`�#H2 /2bB;M /B`2+@
iBQM 7Q` K�Mv `2�H@rQ`H/ /2bB;M �TTHB+�iBQMbX aQK2 `2+2Mi �`+?Bi2+im`�H 2t�KTH2b
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Q7 i?Bb ivT2 Q7 7�+�/2b �`2 /2KQMbi`�i2/ BM };m`2 jXjX

6A:l_1 jXj _2+2Mi 2t�KTH2b Q7 7�+�/2b i?�i 7QHHQr � KQ/mH2@#�b2/ �TT`Q�+?X
�X �H "�?�` hQr2`b- �1.�a- AK�;2 *`2/Bi, �1.�ac #X L�MDBM;
AMi2`M�iBQM�H uQmi? *mHim`2 *2Mi`2- w�?� >�/B/ �`+?Bi2+ib- AK�;2
*`2/Bi, E?QQ :mQ CB2c +X L�MiQM; l`#�M SH�MMBM; Jmb2mK- >2MM
�`+?Bi2Fi2M- AK�;2 *`2/Bi, "�`iQbx EQHQMFQf>1LL

�MQi?2` 2t�KTH2 rQmH/ #2 7�+�/2b i?�i 2t?B#Bi T2`BQ/B+Biv Q7 i?2 2H2K2Mi@/2}MBM;
T`QT2`iB2b Qp2` i?2B` bm`7�+2X *QMbB/2`BM; � 7�+�/2 rBi? bT2+B}+ �bbmKTiBQMb +QM@
+2`MBM; i?2 /Bbi`B#miBQM Q7 /2+BbBQM p�`B�#H2 p�Hm2b Qp2` Bib bm`7�+2 �HHQrb mb iQ BK@
TQb2 +QMbi`�BMib i?�i K�v ?2HT BM `2/m+BM; i?2 /BK2MbBQM�HBiv Q7 i?2 /2+BbBQM p�`B@
�#H2 bT�+2 �M/ i?2`27Q`2 2M�#H2 KQ`2 2{+B2Mi b2�`+? BM KQ`2 `2H2p�Mi `2;BQMb Q7
i?2 b2�`+? bT�+2X � `2H2p�Mi bi`�i2;v Bb T`QTQb2/ BM i?2 M2ti b2+iBQMX

� p�`B2iv Q7 �TT`Q�+?2b 7Q` bBKTHB}+�iBQM Q7 /2bB;M T`Q#H2Kb ?�b #22M T`QTQb2/
BM HBi2`�im`2- i?2 K�DQ`Biv Q7 r?B+? Bb bi�iBbiB+�H �M/ `2Hv QM i2+?MB[m2b bm+? �b
.2bB;M Q7 1tT2`BK2Mib U.P1V- b2MbBiBpBiv �M�HvbBb- +Hmbi2`BM; �TT`Q�+?2b 2i+X iQ
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B/2MiB7v i?2 BM~m2M+2 BM/BpB/m�H /2bB;M p�`B�#H2b ?�p2 QM /2bB;M T2`7Q`K�M+2- #2@
7Q`2 T`Q+22/BM; iQ BMi2HHB;2Mi QTiBKBx�iBQMX Ai b?QmH/ #2 MQi2/ i?�i i?2 i2+?MB[m2
QmiHBM2/ bQ 7�` BM i?Bb b2+iBQM- �M/ 2H�#Q`�i2/ BM i?2 M2ti b2+iBQM- Bb iQ #2 /Bz2`2M@
iB�i2/ 7`QK bi�iBbiB+�H /BK2MbBQM�HBiv `2/m+iBQM i2+?MB[m2b- �M/ i?2 K�BM TQBMib Q7
/Bz2`2MiB�iBQM �`2 �b 7QHHQrb,

• h?2 T`QTQb2/ i2+?MB[m2 �BKb iQ T`QpB/2 � HQr2` /BK2MbBQM�H +QMi`QH b+?2K2
Q7 � ?B;?@/BK2MbBQM�H T�`�K2i`B+ Q#D2+i-

• i?2 T`QTQb2/ i2+?MB[m2 Bb MQi bi�iBbiB+�H BM M�im`2-

• i?2 T`QTQb2/ i2+?MB[m2 /Q2b MQi +QMbB/2` `2H�iBQMb #2ir22M /2+BbBQM p�`B�#H2b
�M/ Q#D2+iBp2 7mM+iBQMbf+QMbi`�BMib-

• i?2 T`QTQb2/ i2+?MB[m2 Bb bT2+B}+ iQ /2bB;Mb i?�i +�M #2 �M�Hvx2/ �b M@/BK2MbBQM�H
�``�M;2K2Mib Q7 T�`�K2i`B+�HHv /2}M2/ 2H2K2Mi�`v mMBib- �M/-

• i?2 T`QTQb2/ i2+?MB[m2 Bb Km+? H2bb +QKTH2t- +QKT`BbBM; 72r 2H2K2Mi�`v `2@
H�iBQMb �M/ �TTHB+�#H2 mbBM; 2H2K2Mi�`v ;2QK2i`B+ iQQHbX

AM 7�+i- bi�iBbiB+�H �M�HvbBb �M/ /BK2MbBQM�HBiv `2/m+iBQM �TT`Q�+?2b- bm+? �b i?Qb2
/2b+`B#2/ #v u�M; 2i �HX UkyR3V +�M #2 � M�im`�H M2ti bi2T 7QHHQrBM; i?2 �TT`Q�+?
T`QTQb2/ ?2`2BM- �M/ Qz2`BM; 7m`i?2` +QKTH2tBiv `2/m+iBQM i?`Qm;? B/2MiB}+�iBQM
Q7 i?2 KQbi BM~m2MiB�H /2+BbBQM p�`B�#H2b BM `2H�iBQM iQ Q#D2+iBp2 7mM+iBQMb �M/ +QM@
bi`�BMibX

J�L�:AL: *PJSG1sAhu h>_Pl:> AL.l*AL: GP*�GAw1. JP.lG1
h_�LaAhAPLa hQ �HH2pB�i2 +QK#BM�iQ`B�H +QKTH2tBiv /m2 iQ i?2 7�+iQ`b /Bb@
+mbb2/ BM i?2 T`2pBQmb b2+iBQM �M/ 7Q+mb QM � KQ`2 `2H2p�Mi bm#b2i Q7 i?2 b2�`+?
bT�+2- i?Bb b2+iBQM B/2MiB}2b +QMbi`�BMib i?�i K�v #2 �TTHB2/ iQ i?2 /2+BbBQM p�`B@
�#H2 /Bbi`B#miBQM Q7 i?2 7�+�/2 2H2K2MibX AM T�`iB+mH�`- �M/ �b �H`2�/v biBTmH�i2/-
bKQQi? 7Q`K�H i`�MbBiBQMb #2ir22M M2B;?#Q`BM; 2H2K2Mib i?`Qm;?Qmi i?2 b2�`+?
bT�+2 �`2 +QMbB/2`2/- r?BH2 K�BMi�BMBM; i?2 2tT`2bbBp2M2bb Q7 i?2 KQ/2H iQ �HHQr
7�+�/2 /2bB;M T`Q72bbBQM�Hb 2tT`2bbBp2 TQr2`X AM i?Bb b2+iBQM- � KQ/2H r?2`2 i?2
/2+BbBQM p�`B�#H2 +Q``2bTQM/BM; iQ 2H2K2MibǶ T`QT2`iB2b #2+QK2b � /2T2M/2Mi p�`B@
�#H2 i?�i p�`B2b BM �++Q`/�M+2 iQ i?2 2H2K2MiǶb T`QtBKBiv iQ � b2i Q7 +QMi`QH MQ/2b
bT�iB�HHv /Bbi`B#mi2/ �HQM; i?2 7�+�/2 �`2� Bb T`QTQb2/X aBKBH�`Hv iQ i?2 7�+�/2
2H2K2MibǶ /2}MBiBQM- i?2 +QMi`QH MQ/2b �`2 /2}M2/ #v w = {Vw, Pw}, w ∈ W X
Vw ∈ RnX Bb � /2+BbBQM p�`B�#H2 p�Hm2 p2+iQ`- rBi? 2�+? Q7 Bib p�Hm2b +Q``2bTQM/@
BM; iQ QM2 7�+�/2 2H2K2Mi T�`�K2i2`X 1�+? MQ/2 Bb �//BiBQM�HHv +?�`�+i2`Bx2/ #v
� p2+iQ` Pw ∈ R2- r?B+? /2MQi2b i?2B` TQbBiBQM QM i?2 7�+�/2 TH�M2X h?2 +QMi`QH
MQ/2b �+i iQǳ�z2+iǴ i?2 T�`�K2i2` +QKTQbBiBQM Q7 2�+? Q7 i?2 7�+�/2Ƕb 2H2K2Mib-
rBi? � K�;MBim/2 i?�i p�`B2b �++Q`/BM; iQ bQK2 7mM+iBQM Q7 i?2 1m+HB/2�M /Bbi�M+2
#2ir22M �M 2H2K2Mi �M/ � MQ/2X �b �M 2t�KTH2 QM2 K�v +QMbB/2` i?�i i?2 2z2+i
Q7 � MQ/2 QM �M 2H2K2Mi p�`B2b BMp2`b2Hv T`QTQ`iBQM�H iQ i?2 1m+HB/2�M /Bbi�M+2 #2@
ir22M i?2KX AM i?Bb +�b2 i?2 7QHHQrBM; 2[m�iBQM ?QH/b,

c(e, w) =
1

|Pe − Pw|
UjXRV
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h?mb i?2 2z2+i i?�i � MQ/2 ?�b QM �M 2H2K2Mi Bb K�tBKBx2/ i?2 +HQb2` i?2 2H2K2Mi
Bb iQ i?2 MQ/2X

aBM+2 2�+? 2H2K2MiǶb T�`�K2i2` +QKTQbBiBQM Bb �z2+i2/ #v 2�+? MQ/2 QM i?2 7�+�/2-
i?2 2z2+i Q7 �HH MQ/2b M22/b iQ #2 i�F2M BMiQ �++QmMi r?2M /2}MBM; i?2 2H2K2MiǶb
}M�H /2+BbBQM p�`B�#H2 +QKTQbBiBQMX hQr�`/b i?Bb 2M/- �M �;;`2;�iBQM 7mM+iBQM i?�i
+QMbB/2`b i?2 K�;MBim/2b Q7 2�+? Q7 i?2 MQ/2bǶ 2z2+ib �M/ i?2 /2+BbBQM p�`B�#H2
+QKTQbBiBQM +Q``2bTQM/BM; iQ 2�+? MQ/2 rQmH/ #2 bm{+B2Mi iQ /2i2`KBM2 �HH Q7 i?2
2H2K2MibǶ +QKTQbBiBQMb- �M/ �b bm+? i?2B` }M�H 7Q`KbX � bi`�B;?i7Q`r�`/ �;;`2;�@
iBQM 7mM+iBQM- �Hi?Qm;? MQi mMB[m2 �b rBHH #2 b22M H�i2` QM- Bb � r2B;?i@T`QTQ`iBQM�H
bmKK�iBQM Q7 /2+BbBQM p�`B�#H2 p�Hm2b- rBi? MQ/2 K�;MBim/2b �b r2B;?ib,

Ve =

∑
w∈W c(e, w)Vw∑
w∈W c(e, w)

UjXkV

h?2 `2bmHiBM; Ve Bb � p2+iQ` BM /2+BbBQM p�`B�#H2 bT�+2 i?�i +Q``2bTQM/b iQ � bBM@
;H2 7�+�/2 2H2K2MiX hQ;2i?2` rBi? i?2 2H2K2MiǶb TQbBiBQM p2+iQ` Pe- i?2 2H2K2Mi Bb
+QKTH2i2Hv /2}M2/X _2T2�iBM; i?2 b�K2 T`Q+2bb 7Q` �HH 7�+�/2 2H2K2Mib �HHQrb mb
iQ Q#i�BM � /2}MBi2 +QKTQbBiBQM Q7 i?2 7�+�/2X

h?2 2z2+i Q7 i?2 �#Qp2 �TT`Q�+? QM K�M�;BM; b2�`+? bT�+2 +QKTH2tBiv +�M #2 b22M
BM i?2 `2/m+iBQM Q7 i?2 2z2+iBp2 KmHiBTH2b Q7 i?2 p2+iQ` V i?�i M22/ iQ #2 /2i2`@
KBM2/ 7Q` � +QKTH2i2 7�+�/2 /2}MBiBQMX Ai ?�b #22M K2MiBQM2/ T`2pBQmbHv i?�i
i?2 b2�`+? bT�+2 /BK2MbBQM�HBiv BM i?2 +�b2 Q7 mM+QMbi`�BM2/ 2H2K2Mi +QMi`QH Bb
d = |E||V |X PM i?2 +QMi`�`v- BM i?2 +QMbi`�BM2/ +�b2 i?2 b2�`+? bT�+2 /BK2MbBQM@
�HBiv rQmH/ #2 d = |W ||V |- r?2`2 W T2`i�BMb iQ i?2 b2i Q7 +QMi`QH MQ/2bX A7 i?2
�bbmKTiBQM Bb K�/2 i?�i i?2 +QMi`QH MQ/2 +�`/BM�HBiv `�M;2b �i KQbi BM i?2 i2Mb-
i?2M Bi Bb i`m2 i?�i |W | + |E|- #2+�mb2 |E| = hv- r?B+? �b T`2pBQmbHv K2MiBQM2/
K�v r2HH `�M;2 BM i?2 i?Qmb�M/b- �M/ �b bm+? Bb Q`/2`b Q7 K�;MBim/2 ;`2�i2` i?�M
|W |X Ai Bb i?mb 2pB/2Mi i?�i i?2 T`QTQb2/ K2i?Q/ Qz2`b � 7�pQ`�#H2 r�v Q7 K�M�;@
BM; +QKTH2tBiv Q7 7�+�/2 /2bB;MbX

Ai Bb +H2�`Hv b22M i?�i i?2 �#Qp2 K�i?2K�iB+�H 7Q`KmH�iBQM K�v #2 2�bBHv �/�Ti2/
BM � ;2QK2i`v@;2M2`�iBM; T�`�K2i`B+ KQ/2H Q7 i?2 7�+�/2X JQbi T�`�K2i`B+ TH�i@
7Q`Kb Qz2` iQQHb i?�i �HHQr i?2 ?B;?@H2p2H 2tT`2bbBQM Q7 i?2 �#Qp2 K2MiBQM2/ `2H�@
iBQMb r?BH2 Bi2`�iBQM Qp2` 7�+�/2 2H2K2Mib �M/ +QMi`QH MQ/2b Bb ?�M/H2/ BMi2`M�HHv
#v i?2 T�`�K2i`B+ T`Q;`�KǶb /�i� bi`m+im`2bX

6�*�.1 .1aA:L 1s�JSG1 �b K2MiBQM2/ �i i?2 #2;BMMBM; Q7 i?2 b2+iBQM-
i?2 i2+?MB[m2 T`2b2Mi2/ �#Qp2 Bb ;2M2`�HHv �TTHB+�#H2 iQ �Mv 7�+�/2 /2bB;M i?�i
+QKT`Bb2b `2;mH�` T�ii2`Mb Q7 BM/BpB/m�H KQ/mH2bX �b �M 2t�KTH2 Q7 � bBKTHB}2/
T�`�K2i`B+ KQ/2H- � :`�bb?QTT2` /2}MBiBQM Bb T`2b2Mi2/ BM i?2 };m`2 jX9X�- r?B+?
K�F2b mb2 Q7 � iQi�H Q7 i?`22 +QMi`QH MQ/2b �M/ R3 T�`�K2i2`b BM iQi�H iQ �/Dmbi
i?2 T`QT2`iB2b Q7 � 7�+�/2 +QKT`BbBM; ee 7�+�/2 2H2K2Mib- rBi? 7Qm` T�`�K2i2`b
2�+?- 7Q` � iQi�H Q7 ke9 T�`�K2i2`bX h?Bb /2}MBiBQM i`�MbH�i2b iQ 7�+�/2 �p�BH�#H2
BM };m`2 jX9X#- �M/ /2KQMbi`�i2b � 72r �Hi2`M�iBp2 �``�M;2K2Mib Q7 KQ/mH2b +Q``2@
bTQM/BM; iQ p�`vBM; �ii`B#mi2bX

h?2 +QMi`QH K�;MBim/2 K2i`B+ mb2/ BM i?Bb 2t�KTH2 Bb i?2 #B�b2/ BMp2`b2 Q7 i?2 1m@

*?�Ti2` 8j



6A:l_1 jX9 U�V �M 2t2KTH�`v T�`�K2i`B+ /2}MBiBQM /2KQMbi`�iBM; i?2 K2i?Q/
T`2b2Mi2/ BM b2+iBQM jX- i?�i �HHQrb � 7�+�/2 +QKT`BbBM; ke9 T�`�K2@
i2`b BM iQi�H iQ #2 p�`B2/ mbBM; i?`22 +QMi`QH MQ/2b �M/ � iQi�H Q7 R3
T�`�K2i2`b- U#V i?`22 2t�KTH2 7�+�/2 +QM};m`�iBQMbX
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+HB/2�M /Bbi�M+2- r?B+? Bb �M�HviB+�HHv 2tT`2bb2/ �b 7QHHQrb,

c(Pa, Pb =
1√

(Px,a − Px,b)2 + (Py,a − Py,b)2
UjXjV

_2TH�+BM; 2[m�iBQM jXj BMiQ jXk i?mb ;Bp2b mb i?2 mHiBK�i2 p�Hm2 7mM+iBQM 7Q` 2�+?
Q7 i?2 7�+�/2 KQ/mH2bǶ T`QT2`iB2b �b 7QHHQrb,

Ve =

∑
w∈W

1√
(Px,e−Px,w)2+(Py,e−Py,w)2

Vw

∑
w∈W

1√
(Px,e−Px,w)2+(Py,e−Py,w)2

UjX9V

Ȝ jXkXkXk .�vHB;?i AM/B+�iQ`b �M/ JQ/2HBM;
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

�b ?�b #22M biBTmH�i2/ T`2pBQmbHv- +QMi`QH Q7 /�vHB;?iBM; Bb � 7mM/�K2Mi�H 7mM+@
iBQM Q7 � 7�+�/2- �M/ 2bT2+B�HHv Bib b?�/BM; bvbi2KX �b T�`i Q7 i?2 T`2b2Mi BMp2biB@
;�iBQM- /�vHB;?i +QMi`QH ?�b #22M BMi`Q/m+2/ �b � K�BM Q#D2+iBp2 Q7 QTiBKBx�iBQM
7Q` i?2 b?�/BM; /2pB+2 i?�i Bb iQ #2 /2bB;M2/X hQ i?Bb 2M/- /�vHB;?i BM/B+�iQ`b �`2
mb2/ BMbi2�/ Q7 `�r /�vHB;?i H2p2Hb- �b BM/B+�iQ`b ;Bp2 � ;QQ/ bmKK�`v p�Hm2 Q7 i?2
/�vHB;?iBM; +QM/BiBQMb i?`Qm;?Qmi i?2 v2�`- �i ?Qm`b i?�i �`2 Q7 BMi2`2bi 7Q` i?2
7mM+iBQM Q7 i?2 #mBH/BM;X AM T�`iB+mH�`- i?2 rB/2Hv �/QTi2/ lb27mH .�vHB;?i AHHm@
KBM�M+2 Ul.AV UL�#BH �M/ J�`/�HD2pB+ kyy8V K2i`B+ Bb mb2/ �b � #�b2 2p�Hm�iBQM
K2i`B+ 7Q` #mBH/BM; � +QKT`2?2MbBp2 /�vHB;?i 2p�Hm�iBQM b+?2K2X h?2 /2}MBiBQM Q7
l.A #2;BMb #v /2}MBM; BHHmKBM�M+2 `�M;2b +QM+2`MBM; i?2 H2p2H Q7 +QK7Q`i �bbQ+B@
�i2/ rBi? i?2K UL�#BH �M/ J�`/�HD2pB+ kyy8V,

.�vHB;?i BHHmKBM�M+2b H2bb i?�M Ryy Hmt �`2 ;2M2`�HHv +QMbB/2`2/ BMbm{+B2Mi iQ
#2 2Bi?2` i?2 bQH2 bQm`+2 Q7 BHHmKBM�iBQM Q` iQ +QMi`B#mi2 bB;MB}+�MiHv iQ �`iB}+B�H
HB;?iBM;X .�vHB;?i BHHmKBM�M+2b BM i?2 `�M;2 Q7 Ryy@f8yy Hmt �`2 +QMbB/2`2/ 2z2+@
iBp2 2Bi?2` �b i?2 bQH2 bQm`+2 Q7 BHHmKBM�iBQM Q` BM +QMDmM+iBQM rBi? �`iB}+B�H HB;?i@
BM;X .�vHB;?i BHHmKBM�M+2b BM i?2 `�M;2 Q7 8yy@kyyy Hmt �`2 Q7i2M T2`+2Bp2/ 2Bi?2`
�b /2bB`�#H2 Q` �i H2�bi iQH2`�#H2X .�vHB;?i BHHmKBM�M+2b ?B;?2` i?�M kyyy Hmt �`2
HBF2Hv iQ T`Q/m+2 pBbm�H Q` i?2`K�H /Bb+QK7Q`i Q` #Qi?X

� irQ@H2p2H ?B2`�`+?�H KQ/2H Bb +QMbB/2`2/- r?B+? Bb �M�Hvx2/ �b 7QHHQrb, AM i?2
HQr2bi H2p2H- �M �++m`�i2 /�vHB;?iBM; bBKmH�iBQM Qz2`b BM7Q`K�iBQM `2;�`/BM; i?2
/Bbi`B#miBQM Q7 /�vHB;?i rBi?BM � bBM;H2 bT�+2- 7Q` 2�+? `2H2p�Mi bT�+2 Q7 i?2 #mBH/@
BM;X :Bp2M i?2b2 `2bmHib- i?2 ?B;?2bi H2p2H +QKT`Bb2b �M �;;`2;�iBQM b+?2K2 i?�i
+QK#BM2b BM/BpB/m�H `2bmHib BMiQ � bBM;H2 };m`2- r?B+? Bb bm#b2[m2MiHv mb2/ BM +QK@
Tmi�iBQM�H QTiBKBx�iBQM �b �M Q#D2+iBp2X

qBi? i?2 �#Qp2 �bbmKTiBQMb �M/ +QMbB/2`BM; � bBM;H2 TQBMi i?�i Bb QM i?2 ?Q`BxQM@
i�H TH�M2 Q7 � rQ`Fbi�iBQM- � bBKTH2 TB2+2rBb2 7mM+iBQM K�v #2 /2pBb2/ i?�i �HHQrb
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QM2 iQ [m�MiB7v i?2 �#Qp2 `2�bQMBM; b+?2K2 �i �Mv ;Bp2M TQBMi BM iBK2,

UDI(p, t, g) =






0, B7L(p, t, g) < 100
L(p,t,g)−100

400 , B7100 ≤ L(p, t, g) < 500

1, B7500 ≤ L(p, t, g) < 2000

0, B72000 ≤ L(p, t, g)

UjX8V

AM i?2 �#Qp2 7Q`KmH�- L(p, t, g) +Q``2bTQM/b iQ � 7mM+iBQM i?�i QmiTmib ?Q`BxQMi�H
BHHmKBM�M+2 BM Hmt 7Q` � ;Bp2M TQBMi BM/QQ`b �M/ iBK2 rBi?BM i?2 v2�`X UDI - i?mb-
Bb � /BK2MbBQMH2bb };m`2 i?�i i�F2b i?2 p�Hm2 x2`Q B7 +m``2Mi /�vHB;?iBM; +QM/BiBQMb
/Q MQi b2`p2 i?2 Tm`TQb2 Q7 i?2 rQ`Fbi�iBQM +Q``2bTQM/BM; iQ i?2 BM/QQ`b K2�bm`2@
K2Mi TQBMi- QM2 B7 +QM/BiBQMb 7mHHv b2`p2 b�B/ Tm`TQb2b- r?BH2 BM@#2ir22M p�Hm2b /2@
MQi2 BMi2`K2/B�i2 +QM/BiBQMbX :Bp2M i?2 �#Qp2 7Q`KmH�- Bi Bb TQbbB#H2 iQ /2`Bp2 �
};m`2 i?�i +Q``2bTQM/b iQ i?2 iBK2 i?`Qm;?Qmi � v2�` /m`BM; r?B+? /�vHB;?iBM; 7Q`
� T�`iB+mH�` BM/QQ` TQBMi Bb mb27mH,

UDIq(p, g) =

∫ y

UDI(p, t, g)dt UjXeV

AM i?2 �#Qp2 2[m�iBQM- y /2MQi2b i?2 }M�H iBK2 TQBMi rBi?BM i?2 v2�`- �M/ /2T2M/b
QM i?2 mMBi Q7 K2�bm`2 Q7 iBK2X A7 i?2 �bbmK2/ mMBi Bb ?Qm`b- i?2M y = 8760X 6B;@
m`2 9 T`2b2Mib � pBbm�H /2TB+iBQM Q7 i?2 l.A +�H+mH�iBQM Qp2` � v2�`X 6Q` T`�+iB+�H
Tm`TQb2b- i?2 �#Qp2 /2}MBiBQM K�v #2 /Bb+`2iBx2/ rBi? �M ?Qm`Hv BMi2`p�H �b 7QH@
HQrb,

UDIa,h(p, g) =
y∑

t=0

UDI(p, t, g) UjXdV

h?2 �#Qp2 };m`2 ;Bp2b i?2 �MMm�H lb27mH .�vHB;?i AHHmKBM�M+2 7Q` � bBM;H2 BM/QQ`
TQBMiX >Qr2p2`- 7Q` i?2 ;Q�H Q7 i?Bb bim/v KmHiBTH2 TQBMib Q7 `2H2p�M+2 rBi?BM � bBM@
;H2 bT�+2 U2X;X KmHiBTH2 rQ`Fbi�iBQMbV M22/ iQ #2 +?�`�+i2`Bx2/- �b r2HH �b KmHiBTH2
bT�+2b rBi? p�`vBM; `2[mB`2K2MibX h?2`27Q`2- i?2 l.A /2}MBiBQM M22/b iQ #2 2t@
i2M/2/ bQ i?�i Bb Bb TQbbB#H2 iQ,

• P#i�BM �M �;;`2;�i2 };m`2 Q7 i?2 /�vHB;?i T2`7Q`K�M+2 7Q` KmHiBTH2 TQBMib
rBi?BM � bBM;H2 Q` rBi?BM /Bz2`2Mi BM/QQ` bT�+2b- �M/-

• "2 �#H2 iQ bT2+B7v �Hi2`M�iBp2 i?`2b?QH/b 7Q` KBMBKmK BHHmKBM�M+2 BM i?2 l.A
7Q`KmH�X

h?2 `�iBQM�H2 #2?BM/ i?2 `2[mB`2K2Mi 7Q` p�`vBM; BHHmKBM�M+2 i?`2b?QH/b +QK2b
7`QK i?2 7mM+iBQM Q7 2�+? bT�+2X �M QT2M- Tm#HB+ bT�+2 K�v r�``�Mi � KQ`2 �i@
KQbT?2`B+ HB;?iBM; bQHmiBQM +QKT�`2/ iQ � bi`B+iHv 7mM+iBQM�H bT�+2 bm+? �b 2X;X �
`2�/BM; `QQK Q` � H�#Q`�iQ`vX Ai Bb- i?2`27Q`2- �TT`QT`B�i2 iQ �/Dmbi QM2Ƕb 2tT2+i�@
iBQMb `2;�`/BM; i?2 [m�MiBiv �M/ ivT2 Q7 /�vHB;?i i?�i Bb 2tT2`B2M+2/X hQ �++QK@
KQ/�i2 i?2 �#Qp2 `2[mB`2K2Mib- i?2 l.A /2}MBiBQM Bb `27Q`KmH�i2/ rBi? �//BiBQM�H

�`+?Bi2+im`�H .2bB;M S2`7Q`K�M+2 i?`Qm;? *QKTmi�iBQM�H AMi2HHB;2M+2 8e



T�`�K2i2`b 7Q` i?2 KBMBKmK i?`2b?QH/b �b 7QHHQrb,

UDI(p, t, g,ml,mu) =






0, B7L(p, t, g) < ml
L(p,t,g)−ml

mu−ml
, B7ml ≤ L(p, t, g) < mu

1, B7mu ≤ L(p, t, g) < 2000

0, B72000 ≤ L(p, t, g)

UjX3V

h?Bb 2ti2MbBQM �HHQrb 7Q` � /2i�BH2/ bT2+B}+�iBQM Q7 i?2 l.A ;�BM bHQT2 �i i?2 HQr2`
BHHmKBM�M+2 H2p2HbX h?2 ?B;?@2M/ i?`2b?QH/ ?�b MQi #22M KQ/B}2/ �b Bi ?�b #22M
+QMbB/2`2/ � `2�bQM�#H2 p�Hm2 7Q` �pQB/BM; mM/2bB`�#H2 bB/2 2z2+ib Q7 2ti`2K2 BHHm@
KBM�M+2X >Qr2p2`- Bi Bb i`BpB�H iQ �// � T�`�K2i2` 7Q` i?�i BM i?2 �#Qp2 7Q`KmH�X

h?2 b2+QM/ 2ti2MbBQM #mBH/b QM i?2 T`2pBQmb QM2 #v �HHQrBM; i?2 BMi2;`�iBQM Q7
KmHiBTH2 K2�bm`2K2Mib BM /Bz2`2Mi bT�+2b 2�+? rBi? Bib QrM `2[mB`2K2Mib BM /�v@
HB;?iBM; H2p2HbX h?2 2ti2MbBQM +QMbB/2`b � b2i Q7 bT�+2b S- 2�+? Q7 r?B+? BM+Hm/2b
� b2i Q7 K2�bm`2K2Mi TQBMib PS X � b2i Q7 `2[mB`2K2Mib R +QMi�BMb � imTH2 Q7 `2@
[mB`2/ BHHmKBM�M+2 H2p2Hb BM/2t2/ #v 2H2K2Mib BM SX lM/2` i?2b2 �bbmKTiBQMb- i?2
7Q`KmH� Bb /2}M2/ �b 7QHHQrb,

sUDI(S,R) =
1∑

s∈S |PS |
∑

s∈S

∑

p∈PS

aUDIa,h(p, g,ml,s,mu,s),ml,s,mu,s ∈ RS UjXNV

h?2 7Q`KmH� �#Qp2 K�v #2 mb2/ iQ +QKT`2?2MbBp2Hv +QKT�`2 /Bz2`2Mi /2bB;Mb rBi?
`2bT2+i iQ b�iBb7�+iBQM Q7 /�vHB;?iBM; `2[mB`2K2MibX PM2 HBKBi�iBQM bi2Kb 7`QK i?2
/2T2M/2M+2 Q7 sUDI QM i?2 +�`/BM�HBiv Q7 i?2 K2�bm`2K2Mi TQBMib- bm+? i?�i M�i@
m`�HHv- � ;`2�i2` MmK#2` Q7 TQBMib rBHH ;2M2`�HHv vB2H/ ?B;?2` p�Hm2bX h?Bb K�v #2
�//`2bb2/ #v �//BM; � MQ`K�HBx�iBQM 7�+iQ` iQ i?2 7Q`KmH� �#Qp2 bQ i?�i i?2 Qmi@
Tmi #2+QK2b � 7�+iQ` BMbi2�/ Q7 �#bQHmi2 p�Hm2bX

6A:l_1 jX8 oBbm�H /B�;`�K Q7 i?2 l.A +�H+mH�iBQM 7Q` /�vHB;?i T2`7Q`K�M+2X

*?�Ti2` 8d



Ȝ jXkXkXj *QKTmi�iBQM�H *QKTH2tBiv
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

h?2 /�vHB;?iBM; 2p�Hm�iBQM QmiHBM2/ �#Qp2 `2[mB`2b �++m`�i2 BM/QQ` BHHmKBM�M+2
/Bbi`B#miBQM };m`2b r?B+? +�M #2 Q#i�BM2/ mbBM; bBKmH�iBQMX PM2 Q7 i?2 KQbi rB/2bT`2�/
/�vHB;?iBM; +QKTmi�iBQM bQ7ir�`2 Bb i?2 _�.A�L*1 iQQH Uq�`/ RNN9VX _�.A@
�L*1 Bb �M �/p�M+2/ `�v@i`�+BM; bQ7ir�`2 i?�i +�M �++m`�i2Hv /2i2`KBM2 i?2 BH@
HmKBM�M+2 p�Hm2b �i i?2 `2[mB`2/ BM/QQ`b K2�bm`2K2Mi TQBMib- 7Q` /Bz2`2Mi iBK2b
Q7 i?2 v2�` �M/ Qmi/QQ` bFvHB;?i /Bbi`B#miBQMbX h?Bb bim/v miBHBx2b bQ7ir�`2 i?�i
�HHQrb i?2 mb2 Q7 _�.A�L*1 7`QK rBi?BM � S�`�K2i`B+ JQ/2HBM; 2MpB`QMK2Mi-
M�K2Hv i?2 .Ao� bQ7ir�`2 UC�Fm#B2+ �M/ _2BM?�`i kyRRVX h?2 mb2 Q7 bBKmH�iBQM
2M�#H2b i?2 �++m`�+v Q7 i?2 T`QTQb2/ K2i?Q/- ?Qr2p2` Bi +QMi`B#mi2b bB;MB}+�MiHv
iQ i?2 +QKTmi�iBQM�H +QKTH2tBiv Q7 i?2 T`QTQb2/ K2i?Q/X *QM+2`MBM; i?2 mb2 Q7
bBKmH�iBQM i?2`2 �`2- BM 7�+i- b2p2`�H 7�+iQ`b i?�i +QMi`B#mi2 iQ +QKTmi�iBQM�H +QK@
TH2tBiv,

• *QKTH2tBiv Q7 BM/QQ`b �M/ 7�+�/2 ;2QK2i`v �z2+ib /�vHB;?iBM; KQ/2H 2t2+m@
iBQM iBK2X

• JmHiBTH2 BM/QQ`b K2�bm`2K2Mi TQBMib `2[mB`2 b2T�`�i2 +QKTmi�iBQMbX

• AM i?2 +QMi2ti Q7 +QKTmi�iBQM�H QTiBKBx�iBQM r?B+? Bb i?2 K�BM +QM+2`M Q7
i?Bb bim/v- � KmHiBim/2 Q7 2p�Hm�iBQMb Q7 p�`vBM; 7�+�/2 +QM};m`�iBQMbX

AM Q`/2` iQ �HH2pB�i2 Bbbm2b `2H�i2/ iQ +QKTmi�iBQM�H +QKTH2tBiv- � T�`�HH2HBx�iBQM
b+?2K2 Bb mb2/ i?�i Bb +QKT�iB#H2 rBi? #Qi? i?2 bBKmH�iBQM bQ7ir�`2 �i mb2 �M/ i?2
TQTmH�iBQM #�b2/ QTiBKBx�iBQM �H;Q`Bi?K i?�i rBHH #2 QmiHBM2/ ?2`2�7i2`X

h?2 T`QTQb2/ b+?2K2 +QMbBbib Q7 irQ H2p2Hb Q7 T�`�HH2HBx2/ +QKTmi�iBQM,

• h?2 }`bi Bb Qz2`2/ #v i?2 _�.A�L*1 T`Q;`�K �M/ +QM+2`Mb i?2 mb2 Q7 KmH@
iBTH2 T`Q+2bbQ`b BM i?2 b�K2 +QKTmi2`- iQ �++2H2`�i2 /�vHB;?iBM; +QKTmi�@
iBQMbX �b i?2 /�vHB;?iBM; +QKTmi�iBQMb �`2 #v 7�` i?2 KQbi +QKTmi�iBQM�HHv
BMi2MbBp2 i�bF BM i?2 T`QTQb2/ K2i?Q/- mb2 Q7 KmHiBTH2 T`Q+2bbQ`b i`�MbH�i2b
BMiQ � +QKTmi�iBQM�H ;�BM i?�i Bb M2�`Hv T`QTQ`iBQM�H iQ i?2 MmK#2` Q7 T`Q@
+2bbQ`b �i mb2 BM � bBM;H2 K�+?BM2X

• h?2 b2+QM/ H�v2` +QM+2`Mb i?2 mb2 Q7 KmHiBTH2 K�+?BM2b iQ /Bbi`B#mi2 i?2
+QKTmi�iBQM Q7 BM/BpB/m�H bQHmiBQMb rBi?BM � TQTmH�iBQMX � bBKTH2 [m2m2BM;
b+?2K2 �HHQrb 7Q` i?2 mb2 Q7 ?2i2`Q;2M2Qmb BM7`�bi`m+im`2 r?2`2 2�+? K�+?BM2
K�v `2+2Bp2 QM2 Q` KQ`2 i�bFb /2T2M/BM; QM Bib +�T�#BHBiB2b �M/ i?2 +QKTm@
i�iBQM�H +QKTH2tBiv Q7 2�+? i�bFX � +QKTmi2 +Hmbi2` bBx2 Q7 mT iQ i?2 TQTmH�@
iBQM bBx2 Q7 i?2 i�bFb 7Q` 2�+? TQTmH�iBQM +�M #2 mb2/ 7Q` T�`�HH2HBx�iBQMX

� /B�;`�K Q7 i?2 T`QTQb2/ b+?2K2 Bb �p�BH�#H2 BM };m`2 jXeX

Ȝ jXkXkX9 JmHiB@P#D2+iBp2 PTiBKBx�iBQM
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

AM Q`/2` iQ �//`2bb i?2 KmHiB@Q#D2+iBp2 QTiBKBx�iBQM T`Q#H2K �i ?�M/- JmHiB@
P#D2+iBp2 1pQHmiBQM�`v �H;Q`Bi?Kb UJP1�bV �`2 2KTHQv2/X h?Bb +H�bb Q7 �H;Q@
`Bi?Kb ?�b #22M 2ti2MbBp2Hv +Qp2`2/ BM b2+iBQM kX8XRX AM T�`iB+mH�` i?2 >vT2`pQH@

�`+?Bi2+im`�H .2bB;M S2`7Q`K�M+2 i?`Qm;? *QKTmi�iBQM�H AMi2HHB;2M+2 83



6A:l_1 jXe >B2`�`+?B+�H Q`;�MBx�iBQM Q7 �p�BH�#H2 +QKTmi2 BM7`�bi`m+im`2, 1�+?
BM/BpB/m�H BM � TQTmH�iBQM Bb �bbB;M2/ iQ � K�+?BM2 r?2`2 i?2 `2H2@
p�Mi bBKmH�iBQM Bb T2`7Q`K2/ QM KmHiBTH2 i?`2�/bX

mK2 1biBK�iBQM �H;Q`Bi?K U>vT1V U"�/2` �M/ wBixH2` kyRRV Bb b2H2+i2/ �b � +QK@
T2iBiBp2 BM/B+�iQ`@#�b2/ JP1�X

Ȝ jXkXj *�b2 aim/v, h?2 SlGa1 S`QD2+i
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

AM Q`/2` iQ T`QpB/2 p�HB/�iBQM 7Q` i?2 T`QTQb2/ K2i?Q/- � `2�H@rQ`H/ �`+?Bi2+@
im`�H 7�+�/2 /2bB;M T`Q#H2K Bb +?Qb2MX

Ȝ jXkXjXR Pp2`pB2r
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

SlGa1 Bb i?2 M�K2 Q7 i?2 M2r2bi �//BiBQM iQ i?2 mMBp2`bBiv +�KTmb Q7 i?2 .2H7i
lMBp2`bBiv Q7 h2+?MQHQ;v- �M 2/m+�iBQM #mBH/BM; i?�i b2`p2b �b � +2Mi`�H TH�+2 #`BM;@
BM; bim/2Mib �M/ H2+im`2`b iQ;2i?2` iQ K�F2 +QMi�+ib- +QHH�#Q`�i2- �+[mB`2 �M/
b?�`2 FMQrH2/;2 �M/ /2p2HQT i?2Kb2Hp2bX h?2 q2bi2`M 7�+�/2 Q7 i?2 #mBH/BM; 72�@
im`2b � bi`BFBM; H�`;2 ;H�bb �`2�- r?B+? Bb T`Qi2+i2/ #v BMMQp�iBp2 b?�/BM; 2H2K2MibX
h?2 /2bB;M Q7 b�B/ 2H2K2Mib ?�b #22M i?2 7Q+mb Q7 �M 2ti2MbBp2 `2b2�`+? 2zQ`i #2@
ir22M i?2 *?�B` Q7 .2bB;M AM7Q`K�iB+b UhPAf.AV- .2T�`iK2Mi Q7 �`+?Bi2+im`�H
1M;BM22`BM; �M/ h2+?MQHQ;v Q7 i?2 6�+mHiv Q7 �`+?Bi2+im`2 Q7 .2H7i lMBp2`bBiv Q7
h2+?MQHQ;v- 1+iQ` >QQ;bi�/ �`+?Bi2+ib- i?2 �`+?Bi2+im`�H }`K H2�/BM; i?2 /2bB;M
Q7 i?2 SlGa1 #mBH/BM;- �M/ `2b2�`+?2`b *2K`2 Îm#mFÏmQĴHm �M/ �vÏ� Eø`øKi�i
7`QK u�Ȕ�` lMBp2`bBiv BM AxKB`- hm`F2vX SlGa1 Bb i?2 }`bi 2M2`;v@M2mi`�H #mBH/@
BM; QM i?2 hl .2H7i +�KTmb- �M/ �b bm+?- i?2 /2K�M/ 7Q` �M 2{+B2Mi 7�+�/2 i?�i
T`QKQi2b 2M2`;v +QMb2`p�iBQM �M/ ;2M2`�i2b � +QK7Q`i�#H2 BM/QQ` +HBK�i2 ?�b #22M
?B;? QM i?2 /2bB;M �;2M/�X �i i?2 b�K2 iBK2- Bi r�b � `2[mB`2K2Mi 7Q` i?2 7�+�/2
iQ 2KTHQv � mMB[m2 �2bi?2iB+ i?�i K�v 2�bBHv #2 mb2/ iQ B/2MiB7v i?2 #mBH/BM;X

Ȝ jXkXjXk .�vHB;?iBM; _2[mB`2K2Mib
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

h?2 SlGa1 #mBH/BM; BM+Hm/2b b2p2`�H BM/QQ` �`2�b i?�i �`2 �/D�+2Mi iQ i?2 7�@
+�/2 BM [m2biBQMX 1�+? Q7 i?2b2 bT�+2b ?�b /Bz2`2Mi `2[mB`2K2Mib +QM+2`MBM; �+@
+2Ti�#H2 BHHmKBM�M+2 `�M;2bX h?2b2 �`2 T`2b2Mi2/ BM };m`2 jXdX 6Q` 2�+? BM/QQ`
bT�+2 BM [m2biBQM- � ;`B/ Q7 K2�bm`2K2Mi TQBMib Bb 2bi�#HBb?2/ BM bBKmH�iBQMX h?2
;`B/ ?�b � }t2/ bBx2 Q7 RKX o�Hm2b 7`QK 2�+? K2�bm`2K2Mi TQBMi �`2 +QK#BM2/ BM �
bBM;H2 Q#D2+iBp2 7mM+iBQM #v �TTHvBM; i?2 K2i?Q/ QmiHBM2/ BM b2+iBQM jX

*?�Ti2` 8N



6A:l_1 jXd GQ+�iBQM Q7 BMi2`BQ` bT�+2b BM `2H�iBQM iQ i?2 7�+�/2 U/Qii2/ ;`22M
HBM2V- �M/ KBMBKmK HB;?iBM; `2[mB`2K2MibX AK�;2 �M/ /2bB;M #v 1+@
iQ` >QQ;bi�/ �`+?Bi2+i2M � hl .2H7if*?�B` .2bB;M AM7Q`K�iB+bX

AM �//BiBQM iQ /�vHB;?iBM;- � b2+QM/ Q#D2+iBp2 7mM+iBQM �BKb iQ KBMBKBx2 K�i2`B�H
pQHmK2 Q7 i?2 b?�/BM; 2H2K2MibX 6Q` i?Bb +�b2 bim/v- K�i2`B�H pQHmK2 Bb �bbQ+B�i2/
rBi? b2p2`�H +Qbi �bT2+ib Q7 i?2 T`QD2+i bm+? �b /B`2+i K�i2`B�H +Qbib- b?�/BM; 2H2@
K2Mi 7�#`B+�iBQM iBK2- iQi�H 7�+�/2 r2B;?i U�M/ �bbQ+B�i2/ bi`m+im`�H `2[mB`2K2MibV
�M/ bQ QMX �b bm+? `2/m+iBQM Q7 b?�/BM; 2H2K2Mi K�i2`B�H ?�b #22M 2bi�#HBb?2/ �b
�M Q#D2+iBp2X

Ȝ jXkXjXj a?�/BM; 1H2K2Mi .2bB;M
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

h?2 7Q`K Q7 i?2 b?�/BM; 2H2K2Mi ?�b �M �#bi`�+i r�p2 b?�T2 �b BMbTB`�iBQMX �
pBbm�H T�ii2`M Q7 r�p2b Bb 7Q`K2/ r?2M i?2 2H2K2Mib �`2 BM �``�M;2K2Mi QM i?2
7�+�/2X � j. T`BMi2/ T`QiQivT2 Q7 i?2 2H2K2Mi 7Q`K Bb �p�BH�#H2 BM };m`2 jX3X h?2
K�BM 7Q`K Q7 i?2 2H2K2Mi Bb +QMbi`m+i2/ #v br22TBM; � T`Q}H2 +m`p2 �HQM; i?2 +m`p2/
�tBb- rBi? /Bz2`2Mi T`Q}H2 +m`p2b �HQM; p�`BQmb �tBb TQBMibX h?2 T`Q}H2 Q7 i?2 2H2@
K2Mi Bb i?mb rB/2` �i i?2 +2Mi2`- r?2`2 Bi Qz2`b KQbi Q7 i?2 TQi2MiB�H 7Q` K2/B�i@
BM; /B`2+i bmMHB;?iX 1�+? 2H2K2Mi Qz2`b i?`22 +QMM2+iBQM TQBMib iQ M2B;?#Q`BM; 2H2@
K2Mib, hrQ QM 2�+? 2/;2 Q7 i?2 ǳr�p2Ǵ- �M/ QM2 �i i?2 +2Mi2` Q7 i?2 2H2K2MiX h?2
+QMM2+iBQM T�ii2`M Bb 2/;2@iQ@+2Mi2`- rBi? irQ 2H2K2Mib +QMM2+iBM; iQ � i?B`/ 2H2@
K2MibǶ +2Mi2`X h?2 2H2K2Mib BM+Hm/2 ?QHHQr T�i?b �HQM; i?2B` /B�;QM�H- r?B+? �`2
`mM #v bi22H `2BM7Q`+2K2Mi +�#H2b mM/2` i2MbBQMX h?2 Tm`TQb2 Q7 i?2 +�#H2b Bb iQ
BM+`2�b2 i?2 biBzM2bb Q7 i?2 b?�/BM; /2pB+2 �HQM; i?2 bm`7�+2 bQ i?�i Bi +�M #2ii2`
rBi?bi�M/ H�i2`�H HQ�/b U2X;X rBM/ HQ�/VX h?2 +QM};m`�iBQM Q7 i?2 2H2K2Mib �HQM;
rBi? i?2 `2BM7Q`+2K2Mi bvbi2K Bb �p�BH�#H2 BM };m`2 jX3X

�`+?Bi2+im`�H .2bB;M S2`7Q`K�M+2 i?`Qm;? *QKTmi�iBQM�H AMi2HHB;2M+2 ey



6A:l_1 jX3 S?vbB+�H T`QiQivT2 Q7 � bBM;H2 b?�/BM; 2H2K2MiX AK�;2 �M/ /2bB;M
#v 1+iQ` >QQ;bi�/ �`+?Bi2+i2M � hl .2H7if*?�B` .2bB;M AM7Q`K�i@
B+bX

Ȝ jXkXjX9 _�TB/ S`QiQivTBM; �M/ J�i2`B�H h2+?MQHQ;B2b
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

hQ `2�HBx2 i?2 BM/BpB/m�HHv p�`vBM; 7Q`Kb Q7 i?2 b?�/BM; KQ/mH2b BM � +Qbi@2{+B2Mi
r�v- j. T`BMiBM; ?�b #22M /2+B/2/ �b i?2 7�#`B+�iBQM i2+?MQHQ;vX AM/BpB/m�H 2H2@
K2Mib �`2 T`BMi2/ QM � H�`;2@b+�H2 T`BMi2` �b ?QHHQr 2H2K2Mib rBi? i?2 #mHF Q7 i?2
K�i2`B�H pQHmK2 +QM+2Mi`�i2/ QM i?2 2H2K2Mi bm`7�+2X h?2`27Q`2- Bi Bb TQbbB#H2 iQ
�++m`�i2Hv �TT`QtBK�i2 K�i2`B�H pQHmK2 #v +QKTmiBM; i?2 bm`7�+2 Q7 i?2 2H2K2Mi
�M/ KmHiBTHvBM; Bi rBi? � }t2/ i?B+FM2bb p�Hm2X *QM+2`MBM; +QKTmi�iBQM�H T2`@
7Q`K�M+2 2p�Hm�iBQM- i?Bb �HHQrb 7Q` bBKTHB}+�iBQMb i?�i `2/m+2 i?2 +QKTmi�iBQM�H
#m`/2MX AM T`�+iB+2- i?2 `2/m+iBQM Q7 i?2 K�i2`B�H pQHmK2 Bb `2/2}M2/ �b i?2 `2@
/m+iBQM Q7 i?2 bm`7�+2 �`2� Q7 i?2 7�+�/2 2H2K2MiX lM/2` i?2b2 �bbmKTiBQMb- i?2
K�i2`B�H mb�;2 Q7 � b?�/BM; /2pB+2 /2bB;M K�v #2 /2}M2/ �b 7QHHQrb,

u(X) = Atot =
∑

e∈E

a(gs(Ve)) UjXRyV

AM i?2 �#Qp2 2[m�iBQM- a Bb BMi`Q/m+2/ �b � 7mM+iBQM i?�i +QKTmi2b i?2 �`2� Q7 �
;Bp2M bm`7�+2 2MiBiv- �M/ gs �b � bBKTHB}2/ ;2QK2i`v ;2M2`�iBQM 7mM+iBQM i?�i ;2M@
2`�i2b i?2 b?�/BM; /2pB+2 ;2QK2i`v ;Bp2M � T�`�K2i2` p2+iQ`X

Ȝ jXkXjX8 S�`�K2i`B+ .2}MBiBQM Q7 a?�/BM; .2pB+2
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

h?2 SlGa1 7�+�/2 T�`�K2i`B+ /2}MBiBQM ?�b #22M /2p2HQT2/ rBi? i?2 �BK Q7
i2biBM; �M/ QTiBKBxBM; i?2 2H2K2Mi T�`�K2i2`b Q7 i?2 7�+�/2 b?�/BM; /2pB+2- #v
�TTHB+�iBQM Q7 i?2 K2i?Q/ QmiHBM2/ BM i?2 T`2pBQmb b2+iBQMX h?2 b?�/BM; /2pB+2

*?�Ti2` eR



Bb � `2+i�M;mH�` `2;BQM i?�i Q++mTB2b i?2 7`QMi Q7 i?2 q2bi2`M ;H�x2/ �`2� Q7 i?2
SlGa1 #mBH/BM;X h?2 �``�M;2K2Mi Q7 2H2K2Mib Bb }t2/X h?2`2 �`2 � iQi�H Q7 j3yy
BM/BpB/m�H 2H2K2Mib �``�M;2/ BM � /B�KQM/@b?�T2/ ;`B/ i?�i K2�bm`2b de 2H2K2Mib
BM 2�+? `Qr �M/ 8y 2H2K2Mib BM 2�+? +QHmKMX h?2 �M;H2b 7Q` 2�+? bB/2 Q7 i?2 /B�@
KQM/ �`2 98 �M/ jy /2;`22b �++Q`/BM;HvX � b+?2K�iB+ pB2r Q7 i?2 b?�/BM; 2H2K2Mib
BM +QK#BM�iBQM rBi? i?2 bmTTQ`iBM; rB`2 �``�M;2K2Mi Bb �p�BH�#H2 BM };m`2 jXNX

6A:l_1 jXN .B�;QM�H �``�M;2K2Mi Q7 b?�/BM; 2H2K2Mib QM 7�+�/2X AK�;2 �M/
/2bB;M #v 1+iQ` >QQ;bi�/ �`+?Bi2+i2M � hl .2H7if*?�B` .2bB;M
AM7Q`K�iB+bX

h?2 7Q`K Q7 2�+? BM/BpB/m�H b?�/BM; 2H2K2Mi Bb +QMi`QHH2/ #v i?`22 T�`�K2i2`b,
hrQ T�`�K2i2`b +QMi`QH i?2 b?�/BM; 2H2K2MiǶb �M;H2- QM2 �HQM; 2�+? Q7 i?2 irQ
bi22H rB`2 /B`2+iBQMb- �M/ QM2 T�`�K2i2` +QMi`QHb i?2 rB/i? �HQM; i?2 2H2K2Mi +2M@
i2`HBM2X � pBbm�HBx�iBQM Q7 i?2 2H2K2MiǶb T�`�K2i2`b Bb �p�BH�#H2 BM };m`2 jXRyX

�b i?2 T�`�K2i`B+ KQ/2H Bb QMHv mb2/ 7Q` 2p�Hm�iBM; i?2 [m�HBiv Q7 /�vHB;?i �M/
QTiBKBxBM; b?�/BM; 2H2K2Mi �``�M;2K2Mi- i?2 ;2QK2i`v Q7 i?2 b?�/BM; /2pB+2 Bb �
bBKTHB}2/ p2`bBQM Q7 i?2 ;2QK2i`v QmiHBM2/ T`2pBQmbHvX AM T�`iB+mH�`- 2�+? b?�/BM;
2H2K2Mi +QMbBbib Q7 � bBM;H2 br2Ti bm`7�+2 i?�i T�bb2b i?`Qm;? }p2 ;mB/BM; HBM2bX
h?2 +2Mi`�H HBM2 Bb i?2 QM2 i?�i /2i2`KBM2b i?2 rB/i? Q7 i?2 2H2K2MiX h?2 KB//H2
i?`22 HBM2b- iQ;2i?2` rBi? i?2 +2Mi`�H QM2- /2i2`KBM2 i?2 �M;H2 Q7 i?2 2H2K2Mi �HQM;
i?2 irQ /B`2+iBQMb Q7 i?2 bmTTQ`iBM; bi22H rB`2bX

� `2;mH�`Hv HQ+�i2/ ;`B/ Q7 kR +QMi`QH MQ/2b +Qp2`b i?2 bm`7�+2 Q7 i?2 b?�/BM; /2@
pB+2 BM Q`/2` iQ +QMi`QH i?2 b?�/BM; 2H2K2Mib +QM};m`�iBQMX h?2 +QMi`QH MQ/2b miB@
HBx2 � #B�b2/ BMp2`b2@/Bbi�M+2@T`QTQ`iBQM�H +QMi`QH �;;`2;�iBQM 7mM+iBQM rBi? +QM@
bi�Mi 7�HHQz- HBF2 2[m�iBQM jX9X � b2T�`�i2 T`Q#H2K BMbi�M+2 i?�i BM+Hm/2/ p�`B�#H2
7�HHQz KQ/B}2`b �b /2+BbBQM p�`B�#H2b ?�b #22M i2bi2/- ?Qr2p2`- Bi r�b /22K2/ i?�i

�`+?Bi2+im`�H .2bB;M S2`7Q`K�M+2 i?`Qm;? *QKTmi�iBQM�H AMi2HHB;2M+2 ek



6A:l_1 jXRy *`Qbb@b2+iBQM Q7 � bBM;H2 7�+�/2 2H2K2Mi- r?2`2 /2+BbBQM p�`B�#H2b
2z2+ib �`2 /2KQMbi`�i2/X 1H2K2Mi /2bB;M #v 1+iQ` >QQ;bi�/ �`@
+?Bi2+i2M � hl .2H7if*?�B` .2bB;M AM7Q`K�iB+bX

*?�Ti2` ej



Bi /B/ MQi Qz2` �/p�Mi�;2b i?�i rQmH/ DmbiB7v i?2 BM+`2�b2 BM b2�`+? bT�+2 +QK@
TH2tBivX h?2`2 �`2 b2p2M +QMi`QH MQ/2b BM 2�+? `Qr Q7 i?2 +QMi`QH ;`B/- �M/ i?`22 BM
2�+? +QHmKMX 1�+? +QMi`QH MQ/2 +QMi`QHb b2T�`�i2Hv i?2 i?`22 T�`�K2i2`b i?�i +Q`@
`2bTQM/ iQ � bBM;H2 2H2K2MiǶb +QM};m`�iBQMX h?Bb +Q``2bTQM/b rBi? � b2�`+? bT�+2
Q7 ej /BK2MbBQMb BM iQi�HX Ai Bb BMi2`2biBM; iQ MQi2 i?�i ?�/ 2�+? b?�/BM; 2H2K2Mi
?�p2 ?�/ Bib QrM T�`�K2i2`b �b /2+BbBQM p�`B�#H2b BM i?2 T`Q#H2K /2}MBiBQM- i?2
/BK2MbBQM�HBiv Q7 i?2 b2�`+? bT�+2 rQmH/ #2 RRk8y- r?B+? rQmH/ K�F2 � +?�HH2M;@
BM; iQ M�pB;�i2 i?2 b2�`+? bT�+2X h?2 +QM};m`�iBQM Q7 +QMi`QH MQ/2b Bb �p�BH�#H2 BM
};m`2 jXRRX

6A:l_1 jXRR GQ+�iBQM Q7 +QMi`QH MQ/2b 7Q` i?2 SlGa1 7�+�/2 Uhl .2H7if*?�B`
.2bB;M AM7Q`K�iB+bVX

h?2 ;2QK2i`v Q7 i?2 7�+�/2 �i i?2 2M/ Q7 i?2 T�`�K2i`B+ +QKTQbBiBQM T`Q+2bb +QM@
bBbib Q7 b2p2`�H bm`7�+2b +Q``2bTQM/BM; iQ i?2 b?�/BM; 2H2K2Mib BM i?2B` +m``2Mi +QM@
};m`�iBQMX h?Bb ;2QK2i`v Bb +QMp2`i2/ iQ � K2b? �M/ Bb QmiTmi iQ i?2 /�vHB;?i
+QKTmi�iBQM bQ7ir�`2 _�.A�L*1 pB� i?2 .Bp� THm;BMX AM �//BiBQM iQ i?2 b?�/BM;
/2pB+2- i?2 2MiB`2iv Q7 i?2 #mBH/BM; ;2QK2i`v Bb �HbQ BMTmi iQ i?2 /�vHB;?i bBKmH�@
iBQM- BM i?2 +Q``2+i Q`B2Mi�iBQM �M/ rBi? �TT`QT`B�i2 K�i2`B�H T`QT2`iB2b 7Q` 2�+?
Q7 i?2 bm`7�+2bX 6BM�HHv- 7Q` 2�+? bT�+2 i?�i Bb BM +QMi�+i rBi? i?2 7�+�/2- `2H2p�Mi
K2�bm`2K2Mi TQBMib �`2 /2}M2/ �M/ BMTmi iQ i?2 /�vHB;?i bBKmH�iBQMX h?2 QmiTmi
Q7 i?2 bBKmH�iBQM +QMbBbib Q7 � bi`m+im`2/ `2T`2b2Mi�iBQM Q7 p�Hm2b i?�i +Q``2bTQM/
iQ i?2 7`�+iBQM Q7 iBK2 i?�i 2�+? Q7 i?2 K2�bm`2K2Mi TQBMib Bb rBi?BM i?2 /2}M2/
BHHmKBM�M+2 i?`2b?QH/bX h?2b2 p�Hm2b �`2 +QK#BM2/ iQ 7Q`K �M �;;`2;�i2 T2`7Q`@
K�M+2 };m`2 i?�i Bb mb2/ �b �M Q#D2+iBp2 7mM+iBQMX

6BM�HHv- i?2 K�i2`B�H mb�;2 7Q` 2�+? T�M2H Bb �TT`QtBK�i2/ #v bmKKBM; mT i?2
+QKTmi2/ bm`7�+2 �`2� Q7 2�+? T�M2H BM/BpB/m�HHvX

Ȝ jXkXjXe S`Q#H2K .2}MBiBQM
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

lM/2` i?2 �bbmKTiBQMb QmiHBM2/ �#Qp2- � `2�H@+Q/2/- #B@Q#D2+iBp2 mM+QMbi`�BM2/
QTiBKBx�iBQM T`Q#H2K Bb 7Q`KmH�i2/- r?B+? �BKb iQ #2 �//`2bb2/ mbBM; 2pQHmiBQM�`v
+QKTmi�iBQM �M/ BM T�`iB+mH�`- i?2 >vT1 �H;Q`Bi?K QmiHBM2/ BM b2+iBQM jX9X h?2
/2+BbBQM p�`B�#H2b iQ;2i?2` rBi? i?2B` BM/2tBM; �M/ p�`B�#H2 #QmM/b �`2 �p�BH�#H2 BM
i�#H2 jXRX h?2 QTiBKBx�iBQM T`Q#H2K /2}MBiBQM Bb �b 7QHHQrb,

JBMBKBx2
1− sUDI(S,R, g(X))

u(X)
UjXRRV

�b b?QrM BM i?2 �#Qp2 7Q`KmH�- iQ Q#i�BM � KBMBKBx�iBQM T`Q#H2K- Bi Bb `2[mB`2/

�`+?Bi2+im`�H .2bB;M S2`7Q`K�M+2 i?`Qm;? *QKTmi�iBQM�H AMi2HHB;2M+2 e9



iQ +QMp2`i K�tBKBx�iBQM Q7 bl.A iQ KBMBKBx�iBQMX hQ Q#i�BM �M mM/2`bi�M/�#H2
`2H�iBQM #2ir22M i?2 irQ [m�MiBiB2b- i?2 `2K�BM/2` Q7 i?2 /�vHB;?i +QKTHB�M+2 Bb
mb2/X u(X) �#Qp2 /2MQi2b i?2 K�i2`B�H mb2 Q7 i?2 b?�/BM; 2H2K2MiX

Ȝ jXkXjXd 1tT2`BK2Mi�H a2i@mT
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

h?2 2tT2`BK2Mi�H b2imT +QMbBbi2/ Q7 � T�`�HH2H +QKTmiBM; +Hmbi2` i?�i Bb +QQ`@
/BM�i2/ #v � `2KQi2 K�bi2` `mMMBM; i?2 QTiBKBx�iBQM �H;Q`Bi?K �M/ `2H2p�Mi i�bF
bvM+?`QMBx�iBQM �H;Q`Bi?KbX � +QKKmMB+�iBQM T`QiQ+QH #�b2/ QM >hhS r�b /2@
bB;M2/ iQ +QMp2v i?2 /2+BbBQM p�`B�#H2b �M/ `2+2Bp2 i?2 Q#D2+iBp2 p�Hm2b 7`QK 2�+?
Q7 i?2 +HB2MibX h?2 p�Hm2b r2`2 2M+Q/2/ BM � /B+iBQM�`v BM CaPL 7Q`K�iX h?2 +QK@
TmiBM; +Hmbi2` mb2/ 7Q` QTiBKBx�iBQM i`B�Hb `2bmHi2/ 7`QK i?2 mb2 Q7 � ?B;?Hv ?2i2`Q@
;2M2Qmb KBt Q7 T`QD2+i T�`iM2`bǶ 2tBbiBM; +QKTmiBM; BM7`�bi`m+im`2X h?2 K�+?BM2b
BM [m2biBQM p�`B2/ ?B;?Hv BM i?2 7QHHQrBM; �bT2+ib,

• h2+?MB+�H bT2+B}+�iBQMb

• _Q#mbiM2bb Q7 M2irQ`F +QMM2+iBQMb

• J�+?BM2 �p�BH�#BHBiv i?`Qm;?Qmi i?2 /�BHv b+?2/mH2

h?2 �#Qp2 p�`B�iBQMb BMi`Q/m+2/ mM2tT2+i2/ /2H�vb BM Q#D2+iBp2 7mM+iBQM 2p�Hm�@
iBQMbX �b bm+?- +QKTmi�iBQM iBK2 #2+�K2 i?2 KQbi bB;MB}+�Mi +QMbi`�BMBM; 7�+iQ`
BM i?2 QTiBKBx�iBQM i`B�HbX Ai r�b 2p2Mim�HHv B/2MiB}2/ i?�i �M QTiBKBx�iBQM `mM Q7
8y ;2M2`�iBQMb rBi? � TQTmH�iBQM Q7 Ryy BM/BpB/m�Hb +QmH/ #2 +QKTH2i2/ rBi?BM �
bBM;H2 r22F2M/ QM i?2 �p�BH�#H2 +QKTmiBM; +Hmbi2`- �M/ �b bm+? i?2b2 p�Hm2b r2`2
+?Qb2MX AM T�`iB+mH�` �M/ BM #Qi? i`B�Hb- i?2 `2[mB`2/ bBKmH�iBQM +QKTmi�iBQMb r2`2
T2`7Q`K2/ BM � ?2i2`Q;2M2Qmb +Hmbi2` Q7 K�+?BM2b mbBM; i?2 T�`�HH2H +QKTmi�iBQM
b+?2K2 QmiHBM2/ T`2pBQmbHvX h?2 +Hmbi2` +QKT`Bb2/ k8 K�+?BM2b Q7 p�`vBM; T`Q+2bb@
BM; TQr2` �M/ �p�BH�#BHBiv i?�i r�b K�BMHv /m`BM; r22F2M/bX hQ K�BMi�BM T`QD2+i
b+?2/mH2- Bi r�b /2+B/2/ i?�i 2�+? i`B�H rQmH/ #2 +�``B2/ Qmi rBi?BM QM2 r22F2M/ Ĝ
�HHQrBM; 7Q` irQ �//BiBQM�H r22F2M/b T`BQ` iQ i`B�Hb iQ T2`7Q`K i2bi `mMbX h?2 `mM@
MBM; iBK2 7Q` 2�+? bBKmH�iBQM r�b M2�` }p2 KBMmi2b- �b bm+? �M QTiBKBx�iBQM `mM
Q7 8y ;2M2`�iBQMb Q7 Ryy BM/BpB/m�Hb rQmH/ ?�p2 � KBMBKmK /m`�iBQM Q7 R3 ?Qm`bX
>Qr2p2`- /m2 iQ mM2tT2+i2/ T?2MQK2M� bm+? �b K�+?BM2 b?mi/QrMb �M/ /�i� HQbb
Qp2` i?2 `2KQi2 +QMM2+iBQM- i?2 �+im�H /m`�iBQM r�b bHB;?iHv KQ`2 i?�M k9 ?Qm`b-
�HHQrBM; � iBK2 rBM/Qr 2MQm;? 7Q` � bBM;H2 `mM T2` r22F2M/X h?2 �H;Q`Bi?K T�@
`�K2i2`b �`2 �p�BH�#H2 BM i�#H2 jXRX

h�"G1 jXR S�`�K2i2`b Q7 i?2 _�/B�M+2 bBKmH�iBQMb
S�`�K2i2` avK#QH hvT2 _�M;2 *QmMi

o2`iB+�H AM+HBM�iBQM IV _2�H (@R- R) kR
aB/2r�vb AM+HBM�iBQM IS _2�H (@R- R) kR
qB/i? W _2�H (y- R) kR

Ȝ jXkXjX3 _2bmHib �M/ .Bb+mbbBQM
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

*?�Ti2` e8



6A:l_1 jXRk Pp2`pB2r Q7 i?2 T2`7Q`K�M+2 QTiBKBx�iBQM T`Q+2bb �b �TTHB2/ BM
i?2 SlGa1 +�b2 bim/v Uhl .2H7if*?�B` .2bB;M AM7Q`K�iB+bVX

�`+?Bi2+im`�H .2bB;M S2`7Q`K�M+2 i?`Qm;? *QKTmi�iBQM�H AMi2HHB;2M+2 ee



6B;m`2 jXRk T`2b2Mib �M Qp2`pB2r Q7 i?2 T2`7Q`K�M+2 QTiBKBx�iBQM K2i?Q/ �b �T@
THB2/ BM i?2 SlGa1 +�b2X hrQ 2ti2M/2/ i`B�Hb mbBM; i?2 T`QTQb2/ K2i?Q/ r2`2
T2`7Q`K2/ /m`BM; i?2 SlGa1 T`QD2+iX h?2 }`bi r�b T2`7Q`K2/ �i �M BMi2`K2/B�i2
/2bB;M TQBMi- r?2`2 i?2 T`2+Bb2 +QMbi`�BMib `2H�i2/ iQ K�Mm7�+im`BM; �M/ bi`m+im`�H
�bT2+ib r2`2 MQi 7mHHv FMQrM #v T`QD2+i T�`iM2`bX h?2 b2+QM/ i`B�H r�b T2`7Q`K2/
�i i?2 2M/ Q7 i?2 T`2HBKBM�`v /2bB;M bi�;2- r?2`2 bm+? �bT2+ib r2`2 FMQrM iQ �
/2i�BH2/ /2;`22X

h?2 Q#D2+iBp2 7mM+iBQM bT�+2 Q7 i?2 �H;Q`Bi?K TQTmH�iBQM T2`i�BMBM; iQ ;2M2`�iBQMb
R �M/ 8y Q7 i?2 }`bi i`B�H Bb T`2b2Mi2/ BM };m`2 jXRjX �b K�v #2 Q#b2`p2/ BM i?Bb
};m`2- i?2 }M�H TQTmH�iBQM +QKT`Bb2b KQbiHv MQM@/QKBM�i2/ bQHmiBQMb- ?Qr2p2`- Bi
b22Kb i?�i i?2 �H;Q`Bi?K /B/ MQi 7mHHv +QMp2`;2 �M/ +QMp2`;2M+2 K�v #2 �+?B2p2/
B7 i?2 �H;Q`Bi?K Bb �HHQr2/ iQ `mM 7m`i?2`X aiBHH- HQQFBM; �i i?2 `2bmHib �i ?�M/ Bi
Bb TQbbB#H2 iQ b22 i?�i i?2 QTiBKBx2/ /2bB;Mb Qz2` bB;MB}+�Mi K�i2`B�H b�pBM;b UmT
iQ edW 7Q` i?2 QM2 2M/ Q7 i?2 S�`2iQ 7`QMiV �M/ Qp2`�HH #2ii2` +QKTHB�M+2 iQ i?2
/�vHB;?i `2[mB`2K2Mib Q7 `Qm;?Hv kW QM �p2`�;2X

6A:l_1 jXRj P#D2+iBp2 7mM+iBQM bT�+2 pBbm�HBx�iBQM 7Q` BM/BpB/m�Hb BM i?2 }`bi
;2M2`�iBQM U;`2vV �M/ i?2 }M�H ;2M2`�iBQM U#H�+FV- }`bi i`B�H Uhl
.2H7if*?�B` .2bB;M AM7Q`K�iB+bVX

h?2 b2+QM/ i`B�H miBHBx2/ � ;2QK2i`v ;2M2`�iBQM KQ/2H i?�i r�b Km+? KQ`2 +QM@
bi`�BM2/ BM i2`Kb Q7 i?2 7Q`K�H p�`B�iBQM i?�i +QmH/ #2 �+?B2p2/ #v i?2 b?�/BM;
2H2K2MiX h?Bb Bb /m2 iQ bi`m+im`�H `2[mB`2K2Mib i?�i /B+i�i2/ Km+? Q7 i?2 b?�/BM;
2H2K2Mi b?�T2- �T�`i 7`QK � M�``Qr `2;BQM +HQb2 iQ Bib KB//H2X AM T�`iB+mH�`- Bi r�b
/2+B/2/ i?�i T`2@i2MbBQM2/ bi22H +�#H2b rQmH/ `mM i?2 irQ /B�;QM�Hb i?2 2H2K2Mib

*?�Ti2` ed



r2`2 Q`;�MBx2/ QM- iQ BKT`Qp2 i?2 biBzM2bb Q7 i?2 7�+�/2X �b � `2bmHi- i?2 b2+QM/
QTiBKBx�iBQM i`B�H /2KQMbi`�i2/ KQ/2bi BKT`Qp2K2Mi BM +QKT�`BbQM iQ i?2 }`bi
i`B�HX

P#D2+iBp2 7mM+iBQM +?�`ib T2`i�BMBM; iQ ;2M2`�iBQMb R �M/ 8y Q7 i?2 b2+QM/ i`B�H �`2
�p�BH�#H2 BM };m`2 jXR9X �b BM i?2 }`bi i`B�H- i?2 8yi? ;2M2`�iBQM Bb MQi 7mHHv +QM@
p2`;2/ �M/ 7m`i?2` ;2M2`�iBQMb K�v #2 �#H2 iQ BKT`Qp2 QTiBK�HBivX �b b22M BM i?2
};m`2- i?2`2 Bb � 8W BKT`Qp2K2Mi QM �p2`�;2 BM i?2 mb2 Q7 K�i2`B�H BM +QKT�`BbQM
iQ i?2 BMBiB�H TQTmH�iBQM- �M/ � RW BKT`Qp2K2Mi BM i2`Kb Q7 /�vHB;?i `2[mB`2K2Mib
+QKTHB�M+2X 6B;m`2 jXR8 T`2b2Mib bBt S�`2iQ QTiBK�H /2bB;Mb +Q``2bTQM/BM; iQ i?2
+QHQ`2/ TQBMib BM i?�i };m`2X �b +�M #2 Q#b2`p2/- �`2�b Q7 i?2 7�+�/2 r?2`2 H2bb
/�vHB;?i Bb `2[mB`2/ Qp2`�HH �`2 /2Mb2` QM bQHmiBQMb rBi? KQ`2 K�i2`B�H mb2X h?2
QTTQbBi2 Bb �HbQ i`m2- �`2�b rBi? KQ`2 /�vHB;?i `2[mB`2K2Mib �`2 ;2M2`�HHv H2bb Q+@
+Hm/2/ #v i?2 b?�/BM; /2pB+2X aQHmiBQMb i?�i /2KQMbi`�i2 KBMBK�H K�i2`B�H mb2 /Q
MQi b?Qr bB;MB}+�Mi p�`B�iBQMb BM Q++HmbBQM- ?Qr2p2`- i?2 Q`B2Mi�iBQM Q7 i?2 b?�/@
BM; 2H2K2Mib Bb biBHH �z2+i2/ iQ 2Bi?2` �HHQr Q` #HQ+F /�vHB;?i �b `2[mB`2/X

6A:l_1 jXR9 P#D2+iBp2 7mM+iBQM bT�+2 pBbm�HBx�iBQM 7Q` BM/BpB/m�Hb BM i?2 }`bi
;2M2`�iBQM U;`2vV �M/ i?2 }M�H ;2M2`�iBQM U#H�+FV- }M�H i`B�H Uhl
.2H7if*?�B` .2bB;M AM7Q`K�iB+bVX

h?2 T`QTQb2/ QTiBKBx�iBQM �TT`Q�+? `2bmHib BM � b2i Q7 S�`2iQ@QTiBK�H bQHmiBQMb
iQ i?2 KmHiB@Q#D2+iBp2 7�+�/2 /2bB;M T`Q#H2K- r?B+? ?�b #22M �HbQ i?2 +�b2 BM i?2
SlGa1 �TTHB+�iBQMX 6QHHQrBM; QTiBKBx�iBQM- i?2 T`Q+2bb Q7 B/2MiB7vBM; i?2 KQbi
bmBi�#H2 Qmi Q7 i?2 T`2b2Mi2/ bQHmiBQM ?�b i�F2M TH�+2X a2H2+iBQM �KQM; S�`2iQ@
QTiBK�H bQHmiBQMb K�v ?�TT2M 2Bi?2` QM i?2 #�bBb Q7 +QMbB/2`BM; i?2 i`�/2Qz #2@

�`+?Bi2+im`�H .2bB;M S2`7Q`K�M+2 i?`Qm;? *QKTmi�iBQM�H AMi2HHB;2M+2 e3



6A:l_1 jXR8 oBbm�HBx�iBQM Q7 7�+�/2 +QM};m`�iBQMb TQbi QTiBKBx�iBQM- b�KTH2b
�++Q`/BM; iQ i?2 /Bbi`B#miBQM BM };m`2 jXR8X

ir22M Q#D2+iBp2b Q` +QMbB/2`BM; �//BiBQM�H T`272`2M+2b i?�i ?�p2 MQi #22M 2tTHB+@
BiHv i`2�i2/ BM i?2 +Qm`b2 Q7 QTiBKBx�iBQMX AM i?2 +�b2 Q7 SlGa1- /2+BbBQM@K�F2`b
r2Mi i?`Qm;? �M Bi2`�iBp2 T`Q+2bb iQ 2t�KBM2 2�+? Q7 i?2 `2bmHiBM; bQHmiBQMb �M/
/2+B/2 QM i?2 KQbi bmBi�#H2 QM2- r?2`2 #Qi? i`�/2Qzb #2ir22M Q#D2+iBp2b �b r2HH �b
T`272`2M+2b +QM+2`MBM; i?2 7Q`K�H T`QT2`iB2b Q7 i?2 /2bB;M r2`2 +QMbB/2`2/X JQ`2
bT2+B}+�HHv- bQK2 Q7 i?2 /2bB;Mb i?�i ?�/ #2ii2` /�vHB;?iBM; T2`7Q`K�M+2 r2`2
�HbQ T`272``2/ /m2 iQ i?2 p�`B�iBQM i?2v T`2b2Mi2/ BM i2`Kb Q7 2H2K2Mi i`�MbBiBQMbX
>Qr2p2`- i?2 b�K2 /2bB;Mb r2`2 ;2M2`�HHv QM i?2 ?B;?2` 2M/ Q7 i?2 `�M;2 Q7 iQ@
i�H 7�+�/2 K�i2`B�H +QbiX Ai Bb MQi2/ ?2`2 i?�i r?BH2 i?Bb Bb QM2 �TT`Q�+? iQ TQbi@
QTiBK�HBiv /2+BbBQM K�FBM;- Qi?2` �TT`Q�+?2b i?�i +QMbB/2` bQ7i Q#D2+iBp2b �M/
T`272`2M+2b �HbQ 2tBbiX �//`2bbBM; bQ7i Q#D2+iBp2b BM i?2 +QMi2ti Q7 +QKTmi�iBQM�H
/2+BbBQM bmTTQ`i Bb � +?�HH2M;BM; i�bF i?�i ?�b #22M 2ti2MbBp2Hv `2b2�`+?2/ �M/
+QKT`Bb2b /Bp2`b2 bi`�i2;B2b- bm+? �b i?Qb2 T`2b2Mi2/ BM h�F�;B UkyyRV- J2B;M�M
2i �HX UkyR8V �M/ *?�ixBFQMbi�MiBMQm �M/ a�`BvBH/Bx UkyRdVc *B7i+BQ;Hm �M/ "Bi@
i2`K�MM UkyR8#VX PM2 7mim`2 /B`2+iBQM 7Q` i?2 T`2b2Mi rQ`F Bb iQ `2b2�`+? TQi2M@
iB�H K2i?Q/b 7Q` �m;K2MiBM; +Q;MBiBp2 /2+BbBQM bmTTQ`i /m`BM; i?2 TQbi@QTiBK�HBiv
T?�b2- iQ #2ii2` �//`2bb T`272`2M+2b �M/ b�iBb7v bQ7i Q#D2+iBp2b #2vQM/ i?Qb2 bT2+B@
}2/ #27Q`2 QTiBKBx�iBQMX

Ȝ jXkXjXN .Bb+mbbBQM
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

h?Bb bim/v T`2b2Mi2/ � MQp2H �TT`Q�+? BM +QKTmi�iBQM�H /2+BbBQM bmTTQ`i 7Q+mb@
BM; QM bmTTQ`iBM; i?2 /2bB;M Q7 +QKTH2t +QKTQM2Mi@#�b2/ 7�+�/2b �M/ b?�/BM; /2@
pB+2b r?2`2 +QKTQM2Mib �`2 /BbbBKBH�` �M/ BM/BpB/m�HHv K�Mm7�+im`2/X am+? T`Q#@

*?�Ti2` eN



6A:l_1 jXRe S`QD2+i bi�F2?QH/2`b pBbm�HHv BMbT2+iBM; bQHmiBQMb TQbi QTiBKBx�@
iBQM 7Q` b2H2+iBQM Uhl .2H7if*?�B` .2bB;M AM7Q`K�iB+bVX

H2Kb T`2b2Mi ?B;?@/BK2MbBQM�H /2+BbBQM bT�+2b i?�i �`2 +?�HH2M;BM; iQ K�M�;2X h?2
T`QTQb2/ K2i?Q/ +QKT`Bb2b � +QKTH2tBiv `2/m+iBQM bi2T i?�i `2/2}M2b �M/ bBK@
THB}2b i?2 7�+�/2 Q` b?�/BM; /2pB+2 T�`�K2i2` bT�+2- +QK#BM2/ rBi? � biQ+?�biB+
TQTmH�iBQM@#�b2/ QTiBKBx�iBQM �H;Q`Bi?K i?�i QTiBKBx2/ i?2 bBKTHB}2/ T�`�K2i2`
bT�+2 �++Q`/BM; iQ KmHiBTH2 7mM+iBQMbX "2bB/2b- � MQp2H /2}MBiBQM Q7 � +QKTQbBi2
Q#D2+iBp2 7mM+iBQM 7Q` +QKTmiBM; +QKTHB�M+2 iQ /�vHB;?i `2[mB`2K2Mib i?�i +�M
?�M/H2 +QKTH2t KmHiB@bT�+2 #mBH/BM;b �M/ +QKTH2t2b- �b r2HH �b BM/BpB/m�H /�v@
HB;?iBM; `2[mB`2K2Mib- +QKTH2K2Mib i?2 �TT`Q�+?X h?2 b2+QM/ T�`i Q7 i?Bb b2+iBQM
T`2b2Mib � `2�H@rQ`H/ +�b2 bim/v r?2`2 i?2 T`QTQb2/ K2i?Q/ Bb i2bi2/X h?2 bim/v
+QM+2`Mb i?2 /2bB;M Q7 � H�`;2@b+�H2 b?�/BM; /2pB+2 7Q` � M2r mMBp2`bBiv #mBH/BM; BM
i?2 +�KTmb Q7 i?2 .2H7i lMBp2`bBiv Q7 h2+?MQHQ;vX _2bmHib BM/B+�i2 i?�i i?2 T`Q@
TQb2/ K2i?Q/ +�M Qz2` r2HH@T2`7Q`KBM; /2bB;M `2bmHib BM � /2bB;M 2MpB`QMK2Mi
i?�i rQmH/ #2 /B{+mHi iQ K�M�;2 �M/ K�F2 /2+BbBQMb BMX

1p2M i?Qm;? i?2 T`QTQb2/ �TT`Q�+? /Q2b Qz2` �M �TT`Q�+? iQ i�+FHBM; +QKTH2t-
?B;?@/BK2MbBQM�H 7�+�/2 �M/ b?�/BM; /2pB+2 T`Q#H2Kb- i?Bb Bb /QM2 Tm`2Hv 7`QK �
T2`7Q`K�M+2 T2`bT2+iBp2- �M/ +QMbB/2`�iBQMb `2;�`/BM; bQ7i /2bB;M �bT2+ib �`2 MQi
2tTHB+BiHv i`2�i2/X h?Bb Q#b2`p�iBQM Bb MQi M2+2bb�`BHv � b?Q`i+QKBM; Q7 i?2 K2i?Q/
BM Bib2H7- ?Qr2p2`- Bi T`2b2Mib � T`QKBbBM; QTTQ`imMBiv 7Q` 7mim`2 `2b2�`+?- r?2`2
bQ7i �bT2+ib bm+? �b �2bi?2iB+b Q` Qi?2` ivT2b Q7 T`272`2M+2b �`2 BM+Q`TQ`�i2/ BM i?2
/2+BbBQM K�FBM; T`Q+2bb BM � r2HH@7Q`KmH�i2/ �M/ +QMbBbi2Mi K�MM2`X AM+Q`TQ`�@
iBQM �M/ �m;K2Mi�iBQM Q7 i?2 T`QTQb2/ K2i?Q/ i?`Qm;? bm+? �TT`Q�+?2b Qz2`b �
T`QKBbBM; /B`2+iBQM 7Q` 7mim`2 `2b2�`+?X

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
Ȝ jXj .2bB;M _2b2�`+? �M/ h2�+?BM;

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
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Ȝ jXjXR AMi`Q/m+iBQM
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

h?Bb Bb i?2 b2+QM/ b2+iBQM Q7 +?�Ti2` j- r?B+? ?�b �b i?2 K�BM Q#D2+iBp2 iQ T`2b2Mi
�M �M�HvbBb Q7 � b2`B2b Q7 b+B2MiB}+ +QMi`B#miBQMb i?�i ?�p2 #22M Tm#HBb?2/ #v Ja+
bim/2Mib �b T�`i Q7 +QKTmi�iBQM�H /2bB;M bim/BQb i?�i i?2v T�`iB+BT�i2/- rBi? i?2
�mi?Q` �b �M �/pBbQ` iQ i?2 rQ`FX h?2 bB;MB}+�M+2 Q7 i?Bb b2+iBQM Bb iQ T`QpB/2
+QKTH2K2Mi�`v #�+F;`QmM/ BM7Q`K�iBQM i?�i- iQ;2i?2` rBi? i?2 }M/BM;b T`2b2Mi2/
BM b2+iBQM QM2 �#Qp2- +�M bmTTQ`i � DmbiB}+�iBQM Q7 i?2 bi�`iBM; TQBMi Q7 i?2 `2@
b2�`+? T`2b2Mi2/ BM i?Bb i?2bBbX aT2+B}+�HHv- i?2 #`B27 �M�HvbBb Q7 i?2 rQ`Fb i?�i
7QHHQr- b2`p2b iQ BM/B+�i2- QM QM2 ?�M/- i?2 TQi2MiB�H �TTHB+�iBQMb Q7 +QKTmi�iBQM�H
/2+BbBQM bmTTQ`i bvbi2Kb BM T`Q#H2Kb +QKKQMHv 2M+QmMi2`2/ #v bim/2Mib BM �/@
p�M+2/ /2bB;M bim/BQ b2iiBM;b- �M/ QM i?2 Qi?2` ?�M/- iQ TBMTQBMi TQi2MiB�H b?Q`i@
+QKBM;b i?�i i?2 �TTHB2/ K2i?Q/QHQ;B2b K�v bmz2` 7`QK- �M/ B/2MiB7v QTTQ`imMB@
iB2b 7Q` BKT`Qp2K2MiX h?2 H�ii2` Bb T2`7Q`K2/ BM � b2T�`�i2 /Bb+mbbBQM b2+iBQM �i
i?2 2M/ Q7 i?2 +?�Ti2`X

Ȝ jXjXk �M�HvbBb Q7 Sm#HBb?2/ *QMi`B#miBQMb
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

� #`B27 QmiHQQF Q7 2�+? Q7 i?2 b2H2+i2/ +QMi`B#miBQMb Bb T`2b2Mi2/ }`bi- iQ #`B2~v
BMi`Q/m+2 i?2B` �TT`Q�+?X

EB`BKi�i 2i �HX UkyRe�V 7Q+mb QM i?2 /2bB;M Q7 b?�/BM; /2pB+2b 7Q` `2bB/2MiB�H #mBH/@
BM; i?`Qm;? � +QKTmi�iBQM�H QTiBKBx�iBQM �TT`Q�+?X h?2 T�T2` /Bb+mbb2b i?2 /2@
bB;M BM i?2 7Q`K Q7 �M QTiBKBx�iBQM T`Q#H2K 7Q`KmH�iBQM r?2`2 i?2`2 �`2 irQ Q#@
D2+iBp2bX h?2 }`bi Q#D2+iBp2 +QM+2`Mb i?2 KBMBKBx�iBQM Q7 iQi�H 2M2`;v +QMbmKT@
iBQM �M/ i?2 b2+QM/ Bb i?2 K�tBKBx�iBQM Q7 M�im`�H /�vHB;?iBM;- i?`Qm;? i?2 lb2@
7mH .�vHB;?i AHHmKBM�M+2 Ul.AV BM/B+�iQ`X h?2 T�`iB+mH�` ivT2 Q7 b?�/BM; /2pB+2b
i?�i �`2 bim/B2/ �`2 i?2 ?Q`BxQMi�H HQmp2`bX �b bm+? T�`�K2i2`b iQ i?2 T`Q#H2K
�`2 i?2 bBx2- BM+HBM�iBQM �M/ /2MbBiv Q7 i?2 HQmp2`bX h?2 KmHiB@Q#D2+iBp2 T`Q#H2K Bb
�//`2bb2/ #v 2KTHQvBM; JP1�b- M�K2Hv La:�@AA �M/ D.1JPX 1p�Hm�iBQM Q7 bQ@
HmiBQMb Bb /QM2 i?`Qm;? i?2 mb2 Q7 _�/B�M+2- 7Q` /�vHB;?iBM;- �M/ 1M2`;vSHmb- 7Q`
2M2`;v +�H+mH�iBQMbX h?2 S�`2iQ 7`QMi `2bmHib iQ;2i?2` rBi? BM/B+�iBp2 bQHmiBQMb �`2
T`2b2Mi2/ BM };m`2 jXRdX

um7F� 2i �HX UkyRdV /Bb+mbb i?2 T`Q#H2K Q7 /BK2MbBQMBM; � b2`B2b Q7 bFvHB;?i KQ/@
mH2b HQ+�i2/ Qp2` �M BM/QQ` �i`BmK BM �M 2/m+�iBQM #mBH/BM;X h?2 /2bB;M Q#D2+iBp2b
�b 7Q`KmH�i2/ �`2 iQ K�tBKBx2 BM+B/2Mi /�vHB;?iBM; i?`Qm;?Qmi i?2 rQ`FBM; ?Qm`b
�M/ KBMBKBx2 +QMbi`m+iBQM +Qbi Q7 i?2 bFvHB;?i �bb2K#HB2bX � ~2tB#H2 /BK2MbBQMBM;
b+?2K2 Bb /2`Bp2/- r?2`2 Bi Bb TQbbB#H2 iQ +QMi`QH i?2 iQT �M/ #QiiQK /BK2MbBQMb
Q7 2�+? bFvHB;?i BM/BpB/m�HHv- i?mb vB2H/BM; TQi2MiB�HHv BMi2`2biBM; 7Q`K�H `2bmHib
BM i?2 +2BHBM; Q7 i?2 bT�+2 BM [m2biBQMX h?`Qm;? i?Bb T`Q#H2K /2}MBiBQM- � iQi�H
Q7 kR /2+BbBQM p�`B�#H2b �M/ irQ Q#D2+iBp2 7mM+iBQMb �`2 biBTmH�i2/X S�T2` �mi?Q`b
T`2b2Mi +QKT�`�iBp2 `2bmHib #v 2p�Hm�iBM; irQ 2pQHmiBQM�`v �H;Q`Bi?Kb- � p�`B�Mi Q7
.Bz2`2MiB�H 1pQHmiBQM �M/ � :2M2iB+ �H;Q`Bi?KX 6B;m`2 jXR3 T`2b2Mib i?2 /2`Bp2/
S�`2iQ 7`QMi �M/ � 72r TB+F2/ bQHmiBQMbX

ɂMHɃ 2i �HX UkyRdV T`QTQb2 �M 2pQHmiBQM�`v +QKTmi�iBQM �TT`Q�+? �TTHB2/ iQ i?2
/2bB;M Q7 �M m`#�M Tm#HB+ b?2Hi2` bi`m+im`2- HQ+�i2/ BM AxKB` hm`F2vX h?2 bim/v

*?�Ti2` dR



6A:l_1 jXRd _2bmHiBM; S�`2iQ 7`QMi /Bbi`B#miBQMb BM Q#D2+iBp2 7mM+iBQM bT�+2-
�M/ i?`22 BM/B+�iBp2 bQHmiBQMb EB`BKi�i 2i �HX UkyRe�V

6A:l_1 jXR3 _2bmHiBM; S�`2iQ 7`QMi /Bbi`B#miBQMb BM Q#D2+iBp2 7mM+iBQM bT�+2 7Q`
irQ �H;Q`Bi?Kb- �M/ bBt BM/B+�iBp2 bQHmiBQMb- i?`22 T2` �H;Q`Bi?K
um7F� 2i �HX UkyRdV

�`+?Bi2+im`�H .2bB;M S2`7Q`K�M+2 i?`Qm;? *QKTmi�iBQM�H AMi2HHB;2M+2 dk



+QMbB/2`b i?2 /BK2MbBQMBM; Q7 � mMB[m2 ivT2 Q7 bi`m+im`�H bmTTQ`ib i?�i #`�M+?
iQ #2ii2` bmTTQ`i i?2 rB/2 `QQ7 �#Qp2 i?2KX h?2 Q#D2+iBp2b /2}M2/ BM ?2 bim/v
+QM+2`M i?2 KBMBKBx�iBQM Q7 bi`m+im`�H /BbTH�+2K2Mi BM p�`BQmb HQ�/ +�b2b- �M/ i?2
KBMBKBx�iBQM Q7 K2K#2` bBx2b- r?B+? bm;;2bib � pB2r iQr�`/b KBMBKBxBM; i?2 K�@
i2`B�H +Qbi Q7 i?2 bi`m+im`2X �mi?Q`b miBHBx2 La:�@AA iQ /2`Bp2 � S�`2iQ 7`QMi iQ
i?2 #B@Q#D2+iBp2 /2bB;M T`Q#H2KX

l;m`Hm 2i �HX UkyR8V 7Q+mb QM � mMB[m2 }2H/ Q7 �`+?Bi2+im`�H `2b2�`+?- M�K2Hv i?�i
Q7 i?2 /2bB;M Q7 ~Q�iBM; b2iiH2K2MibX 6HQ�iBM; b2iiH2K2Mib �`2 `2H2p�Mi �M/ BMMQ@
p�iBp2 bQHmiBQMb 7Q` /2�HBM; rBi? M2r +?�HH2M;2b BM i?2 /2p2HQTK2Mi Q7 +BiB2b �M/
b2iiH2K2MibX >Qr2p2`- i?2B` /2bB;M TQb2b � HQi Q7 +QMbB/2`�iBQMb �M/ i2+?MB+�H +?�H@
H2M;2b- � 7�+i i?�i +QMi`B#mi2b bB;MB}+�MiHv iQ /2bB;M +QKTH2tBivX hQ �HH2pB�i2 +QK@
TH2tBiv Bbbm2b �M/ bmTTQ`i /2+BbBQM K�FBM; BM /2bB;M- �mi?Q`b im`M iQ *A i2+?@
MB[m2b �M/ M�K2Hv JP1�bX �mi?Q`b +QMbB/2` i?2 /2bB;M Q7 ~Q�iBM; b2iiH2K2Mib
�i �M m`#�M b+�H2 BM � +Q�bi�H `2;BQM M2�` AxKB`- hm`F2vX h?2 T`Q#H2K Bb 7Q`Km@
H�i2/ �b QM2 Q7 HQ+�iBM; 7mM+iBQMb rBi?BM �M �HHQr�#H2 �`2� Q7 b2�- rBi? i?2 ;Q�H Q7
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K2i`B+ �M/ MmK2`B+�H QT2`�iBQMbX h?2 7QHHQrBM; �bT2+ib `2H�i2/ iQ i?2 /2bB;M T`Q#@
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� KQ/2H Q7 i?2 `2H2p�Mi T?vbB+b /QK�BM U2X;X /�vHB;?iBM; Q` i?2`K�H bBKmH�@
iBQMV- r?B+? Bb Bib2H7 � +QKTmi�iBQM�HHv +QbiHv T`Q+2bbX

jX .2}MBiBQM Q7 `2H�iBQMb #2ir22M /2+BbBQM p�`B�#H2b �M/ +QMbi`�BMib- bBKBH�` iQ
TQBMi kX

9X .2}MBiBQM Q7 �Mv T`Q#H2K T�`�K2i2`b i?�i �`2 MQi T�`i Q7 i?2 QTiBKBx�iBQM
UBX2X �`2 MQi /2+BbBQM p�`B�#H2bV- i?�i b2`p2 iQ K�F2 i?2 KQ/2H �/�Ti iQ /2@
bB;M b+2M�`BQ p�`B�iBQMbX

AM T`�+iB+2- � T�`�K2i`B+ KQ/2H b2H/QK /2}M2b Tm`2Hv K�i?2K�iB+�H 2tT`2bbBQMb iQ
�+?B2p2 i?2 TQBMib K2MiBQM2/ �#Qp2X _�i?2`- i?2 mb2 Q7 �/p�M+2/ ;2QK2i`B+ ;2M@
2`�iBQM- ;2QK2i`B+ �M�HvbBb iQQHb- �M/ BMi2`7�+2b iQ 2ti2`M�H �M�HvbBb UbBKmH�iBQMV
bQ7ir�`2 Bb mb2/X _2~2+iBM; i?Bb +QKTQbBiBQM- � ivTB+�H T�`�K2i`B+ KQ/2H BM �M �`@
+?Bi2+im`�H /2bB;M �TTHB+�iBQM +�M #2 #`QF2M /QrM BMiQ � b2`B2b Q7 bi2Tb- 2�+? Q7
r?B+? Bb M2+2bb�`v iQ 7mHHv /2}M2 i?2 T`Q#H2K Q#D2+iBp2 7mM+iBQMb �M/ +QMbi`�BMibX
� mbm�H b2[m2M+2 Q7 bi2Tb 7QmM/ BM � T�`�K2i`B+ /2bB;M KQ/2H +�M #2 bmKK�`Bx2/
�b 7QHHQrb,

RX :2M2`�iBQM Q7 T`Q#H2K@bT2+B}+ �#bi`�+i2/ ;2QK2i`B+ 7Q`Kb

kX 1bi�#HBb?BM; Q7 T`Q#H2K@bT2+B}+ ;2QK2i`B+ �M�HvbBb iQQHb

jX 1bi�#HBb?BM; Q7 i?2 +QMM2+iBQM rBi? 2ti2`M�H �M�HvbBb bQ7ir�`2

9X 1bi�#HBb?BM; Q7 i?2 [m�MiBi�iBp2 T2`7Q`K�M+2 };m`2b i?`Qm;? K�i?2K�iB+�H
+QK#BM�iBQM Q7 i?2 �M�HvbBb `2bmHib

h?2 T�`�K2i`B+ KQ/2H Q++mTB2b � +2Mi`�H `QH2 Q7 i?2 Q`+?2bi`�iQ` Q7 i?2 p�`BQmb
T`Q+2bb2b BMpQHp2/- BMi2;`�iBM; i?2K BM �M �miQK�i2/ rQ`F~Qr i?�i K�v #2 �miQ@
K�iB+�HHv 2t2+mi2/ 7`QK bi�`i iQ 2M/ �b `2[mB`2/X

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
Ȝ 9Xj JmHiB@P#D2+iBp2 1pQHmiBQM�`v PTiBKBx�iBQM

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
AM i?2 T`QTQb2/ �TT`Q�+? i?2 JmHiB@P#D2+iBp2 1pQHmiBQM�`v PTiBKBx�iBQM Q++m@
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TB2b � +2Mi`�H TQbBiBQM �b Bi Bb i?2 BMi2HHB;2Mi K2+?�MBbK i?`Qm;? r?B+? /Bb+Qp2`v
Q7 S�`2iQ@QTiBK�H bQHmiBQMb Bb ;m�`�Mi22/X h?2 JmHiB@P#D2+iBp2 1pQHmiBQM�`v �H@
;Q`Bi?K �+ib BM i?2 /2+BbBQM p�`B�#H2 bT�+2 /2}M2/ #v i?2 T�`�K2i`B+ KQ/2H �M/
�BKb iQ B/2MiB7v #2bi@i`�/2Qz bQHmiBQMb i?�i QTiBKBx2 Q#D2+iBp2 7mM+iBQMb /2}M2/ �b
T�`i Q7 i?2 T�`�K2i`B+ KQ/2HX �b �M �TTHB+�iBQM BM i?Bb i?2bBb- i?2 LQM@.QKBM�i2/
aQ`iBM; :2M2iB+ �H;Q`Bi?K@AA U.2# 2i �HX kyykV Bb mb2/- i?2 7mM+iBQMBM; Q7 r?B+?
?�b #22M 2H�#Q`�i2/ BM +?�Ti2` kX

Ȝ 9XjXR S`QTQb2/ JQ/mH�` am``Q;�i2 JQ/2HBM; �TT`Q�+?
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

h?2 K�BM �BK Q7 � bm``Q;�i2 KQ/2H �b BMi2;`�i2/ BM i?2 T`QTQb2/ �TT`Q�+? Bb iQ
�//`2bb i?2 +QKTmi�iBQM�H +QKTH2tBiv Q7 KQ/2HBM; #mBH/BM; T2`7Q`K�M+2 bBKmH�@
iBQMb- BM Q`/2` iQ 7�+BHBi�i2 �TTHB+�iBQM BM i?2 2�`Hv +QM+2Tim�H /2bB;M bi�;2X h?2
�BK Q7 mbBM; � bm``Q;�i2 KQ/2H Bb iQ �TT`QtBK�i2 i?2 p�Hm2 Q7 �M Q#D2+iBp2 7mM+@
iBQM /2}M2/ �b T�`i Q7 i?2 /2bB;M T`Q#H2KX �b Bi Bb Q7i2M i?2 +�b2 i?�i Q#D2+iBp2
7mM+iBQMb 2Mi�BH BM i?2B` +QKTmi�iBQM +QKTmi�iBQM�HHv +QKTH2t bBKmH�iBQMb- i?2
bm``Q;�i2 KQ/2H �BKb �i K�+?BM2@H2�`MBM;@#�b2/ �TT`QtBK�iBQM Q7 i?2 bBKmH�iBQM
`2bmHibX

� +QKKQM +?�`�+i2`BbiB+ Q7 bBKmH�iBQM bim/B2b BM �`+?Bi2+im`2 Bb i?�i i?2v `272` iQ
[m�MiBiB2b `2T`2b2Mi2/ #v bT�iB�H /Bbi`B#miBQMbX AM T�`iB+mH�`- i?2b2 /Bbi`B#miBQMb
`272` iQ i?2 BM/QQ`b bT�+2b Q7 i?2 #mBH/BM; /2bB;M �i ?�M/- `2T`2b2MiBM; [m�MiBiB2b
bm+? �b /�vHB;?i- i2KT2`�im`2- ?mKB/Biv- 2M2`;v 2tT2M/Bim`2 2i+X P`- Bi Bb Q7i2M
i?2 +�b2 i?�i b�B/ BM/QQ`b /Bbi`B#miBQMb +QM+2`M � bvMi?2iB+ K2i`B+ bm+? �b Bb Q7i2M
i?2 +�b2 BM /�vHB;?i +QK7Q`i bim/B2b- r?2`2 K2i`B+b bm+? �b .�vHB;?i 6�+iQ` U.6V-
lb27mH .�vHB;?i AHHmKBM�M+2 Ul.AV- Q` .�vHB;?i :H�`2 S`Q#�#BHBiv U.:SV �`2 `2T@
`2b2Mi2/ #v i?2B` BM/QQ`b /Bbi`B#miBQMbX 1p2M i?Qm;? �;;`2;�iBQM Q7 bm+? /Bbi`B#m@
iBQMb Bb Q7i2M `2TQ`i2/ �b � K2�Mb Q7 ;�BMBM; �M Qp2`�HH T2`7Q`K�M+2 };m`2 7Q` �
bT2+B}+ /2bB;M- � /2+BbBQM@K�F2` Q7i2M M22/b i?2 /2i�BH2/ BM7Q`K�iBQM i?�i Bb `2T`2@
b2Mi2/ #v i?2 /Bbi`B#miBQM iQ +QM+Hm/2 �b iQ BM/BpB/m�H bT�+2b rBi?BM � #mBH/BM; Q`
2p2M BM/BpB/m�H �``�M;2K2Mib rBi?BM � bT�+2X � bBKTH2 2t�KTH2 Bb i?2 TQbBiBQMBM;
�M/ Q`B2Mi�iBQM Q7 � b2i Q7 Q{+2 /2bFb BM bT�+2 iQ KBMBKBx2 ;H�`2X

.`�rBM; 7`QK i?2 �#Qp2 bi�i2K2Mib- i?2 bm``Q;�i2 KQ/2H T`QTQb2/ ?2`2BM �BKb
iQ #2 �TTHB+�#H2 BM KQ/2HBM; [m�MiBiB2b i?�i �`2 `2T`2b2Mi2/ #v /Bbi`B#miBQMb BM
BM/QQ` bT�+2bX hQ i?Bb 2M/- � bT2+B}+ ivT2 Q7 bm``Q;�i2 KQ/2H Bb T`QTQb2/ i?�i ?�b
i?2 7QHHQrBM; irQ T`QT2`iB2b,

• Aib BMTmi Bb /2}M2/ #v � p�`B�#H2 b2i i?�i T�`�K2i`B+�HHv /2b+`B#2 �M �#bi`�+i-
~2tB#H2 bT�+2 i?�i Bb /2bB;M2/ iQ `2T`2b2Mi � rB/2 `�M;2 Q7 TQbbB#H2 bT�iB�H
+QM};m`�iBQMb �M/ HQ+�iBQM +QM/BiBQMb rBi?BM � T`QD2+i UQ` 2p2M �KQM; b2p@
2`�H T`QD2+ibV- �M/-

• Bib BMTmi BM+Hm/2b � `2H�iBp2 k. TQBMi /2}MBiBQM i?�i +Q``2bTQM/b iQ i?2 TQBMi
rBi?BM i?2 T`QTQb2/ bT�+2 iQ #2 b�KTH2/X

h?2 BMTmi p�`B�#H2b Q7 i?2 KQ/2H �`2 b2H2+i2/ BM bm+? � r�v i?�i i?2 KQ/2H +�M �T@
T`QtBK�i2 /Bbi`B#miBQM BM � p�`B2iv Q7 bT�+2b bm#D2+i iQ HBKBi�iBQMb QM bBx2- b?�T2-
�M/ HQ+�iBQM Q7 QT2MBM;bX AM T�`iB+mH�`- i?2 KQ/2H i?�i Bb T`QTQb2/ BM /2i�BH BM i?2
7QHHQrBM; +?�Ti2` �TTHB2b iQ `2+i�M;mH�` bT�+2b Q7 p�`vBM; /BK2MbBQMb �M/ rBM/Qr
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TQbBiBQMb BM QM2 Q` irQ �/D�+2Mi r�HHbX >Qr2p2`- +QMbB/2`BM; /Bz2`2Mi Q` BM+`2�b2/
`2[mB`2K2Mib Q7 � bT2+B}+ T`QD2+i Bi Bb TQbbB#H2 iQ �m;K2Mi i?2 BMTmi p�`B�#H2b Q7
bm+? � bm``Q;�i2 KQ/2HX

JmHiBTH2 bT�+2b BM � bBM;H2 #mBH/BM; K�v #2 KQ/2H2/ #v KmHiBTH2 KQ/2H BM72`2M+2b
rBi? /Bz2`2Mi BMTmi p�Hm2bX AM Qi?2` rQ`/b- BMbi2�/ Q7 ?�pBM; � bBM;H2 KQ/2H i?�i
+QKTmi2b i?2 mHiBK�i2 T2`7Q`K�M+2 };m`2 Q7 � bT2+B}+ #mBH/BM; /2bB;M- i?2 T`Q@
TQb2/ KQ/2H Qz2`b i?2 TQi2MiB�H Q7 BM72``BM; T2`7Q`K�M+2 };m`2b 7Q` bT�+2b rBi?BM
� #mBH/BM; b2T�`�i2Hv- �M/ +QK#BM2 i?2K BM � r�v i?�i Bb b�iBb7�+iQ`v iQ i?2 /2+BbBQM@
K�F2`X JQ/2H BM72`2M+2 i�F2b � 7`�+iBQM Q7 � b2+QM/- �b bm+? 2p2M � H�`;2 MmK#2`
Q7 BM72`2M+2b Bb M2;HB;B#H2 BM i2`Kb Q7 +QKTmi�iBQM�H +Qbi- +QKT�`2/ iQ bBKmH�iBQMX
�b � `2bmHi- +QKTH2i2 BMi2`BQ` �``�M;2K2Mib Q7 +QKTH2t #mBH/BM;b K�v #2 KQ/2H2/
rBi?Qmi � T`�+iB+�H BM+`2�b2 BM KQ/2H Q` bBKmH�iBQM `mMMBM; iBK2X

"2bB/2b- /m2 iQ i?2 ~2tB#BHBiv Q7 i?2 KQ/2H �M/ i?2 7�+i i?�i Bi K�F2b KBMBK�H �b@
bmKTiBQMb `2;�`/BM; bT�iB�H 72�im`2b- i?2`2 Bb ;`2�i TQi2MiB�H 7Q` KQ/2H `2@mb2 2p2M
B7 `�/B+�H +?�M;2b Q++m` BM i?2 #mBH/BM; H�vQmi- #v �TT`QT`B�i2Hv �/DmbiBM; i?2 p�H@
m2b Q7 i?2 BMTmi p�`B�#H2bX h?2 Qp2`�HH K2i?Q/ 7Q` /2`BpBM; i?2 KQ/2H Bb T`2b2Mi2/
BM };m`2 9XjX

6A:l_1 9Xj S`QTQb2/ JQ/mH�` am``Q;�i2 JQ/2H

Ȝ 9XjXk �TTHB+�iBQM iQ S�`�K2i`B+ .2bB;M
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

AM i?2 +QMi2ti Q7 � `2�H@rQ`H/ /2bB;M i�bF- i?2 BMi2`2bi Q7 +Qm`b2 Bb BM i?2 �TTHB@
+�iBQM Q7 i?2 T`QTQb2/ KQ/2H �b T�`i Q7 � T�`�K2i`B+ #mBH/BM; /2}MBiBQM i?�i +�M
QmiTmi /2i�BH2/ };m`2b �b iQ i?2 [m�MiBiB2b Q7 BMi2`2bi- 7Q` KmHiBTH2 TQBMib �M/fQ`

�`+?Bi2+im`�H .2bB;M S2`7Q`K�M+2 i?`Qm;? *QKTmi�iBQM�H AMi2HHB;2M+2 3k



bT�+2bX AM T`�+iB+2- B7 i?2 T`QTQb2/ KQ/2H Bb +QMbB/2`2/ �b � KQ/mH2 rBi?BM � T�`�@
K2i`B+ /2}MBiBQM- i?2 bi2Tb `2[mB`2/ 7Q` KQ/2H BMi2;`�iBQM �`2 �b 7QHHQrb,

RX A/2MiB7v �HH BM/QQ` bT�+2b i?�i �`2 iQ #2 KQ/2H2/-

kX i`�MbH�i2 +QM+`2i2 #mBH/BM; �M/ bT�iB�H T`QT2`iB2b BMiQ KQ/2H@+QKT�iB#H2 BM@
Tmi p�`B�#H2b-

jX BM/B+�i2 `2[mB`2/ b�KTHBM; HQ+�iBQMb �M/ [m�MiBiB2b

9X `2i`B2p2 KQ/2H QmiTmib 7Q` bT2+B}2/ HQ+�iBQMb �M/ T`Q+2bb �b M2+2bb�`v

h?`Qm;? i?2 �#Qp2 T`Q+2bb- Bi Bb TQbbB#H2 iQ �++QKKQ/�i2 K�DQ` +?�M;2b BM /2bB;M-
#v �Hi2`BM; i?2 BM/QQ` bT�+2b �M/ i?2B` �ii`B#mi2b- r?BH2 i?2 KQ/2H `2K�BMb i?2
b�K2X h?Bb Bb BM +QMi`�bi iQ �M ǳ2M/@iQ@2M/Ǵ bm``Q;�i2 KQ/2H- BX2X QM2 i?�i �++2Tib
/2bB;M T�`�K2i2`b �b BMTmib �M/ QmiTmib �;;`2;�i2 };m`2b- r?2`2 `2@}iiBM; Q7 i?2
KQ/2H rQmH/ #2 M2+2bb�`v mTQM � K�DQ` /2bB;M +?�M;2X

.m2 iQ i?2 M�im`2 Q7 i?2 T`QTQb2/ bm``Q;�i2 KQ/2HBM; �TT`Q�+?- Bi Bb 2tT2+i2/
i?�i BM+`2�b2/ +QKTmi�iBQM�H +QKTH2tBiv Bb 2tT2`B2M+2/ +QKT�`2/ iQ i?2 +�b2 Q7
�M ǳ2M/@iQ@2M/Ǵ KQ/2HX h?Bb Bb mM/2`bi�M/�#H2 bBM+2 b2p2`�H Bi2`�iBQMb Q7 KQ/2H
BM72`2M+2 M22/ iQ #2 T2`7Q`K2/- QM2 7Q` 2�+? b�KTHBM; TQBMiX >Qr2p2`- ;Bp2M i?�i
KQbi KQ/2Hb T2`7Q`K BM72`2M+2 i?�i Bb K�Mv Q`/2`b Q7 K�;MBim/2 7�bi2` i?�M �+@
im�H bBKmH�iBQM- T2`7Q`K�M+2 ;�BMb Q7 2p2M +QKTH2t T`QD2+ib rBi? Ryyb Q7 b�KTHBM;
TQBMib �`2 2tT2+i2/ iQ #2 bB;MB}+�MiX

Ȝ 9XjXj S`QTQb2/ SQbi@S�`2iQ S`272`2M+2 �TT`Q�+?
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Ai Bb rQ`i? TQBMiBM; Qmi i?�i `2�H@rQ`H/ /2bB;M T`Q#H2Kb mbm�HHv 2Mi�BH /2+B@
bBQM p�`B�#H2 bT�+2b Q7 Km+? ?B;?2` /BK2MbBQM�HBiv i?�M i?2 +Q``2bTQM/BM; Q#@
D2+iBp2 7mM+iBQM bT�+2X PM i?2 +QMi`�`v- i?2 /BK2MbBQM�HBiv Q7 i?2 /2+BbBQM p�`B@
�#H2 bT�+2 Bb mbm�HHv Km+? ?B;?2`X AM bm+? � +QM};m`�iBQM- bQHmiBQMb i?�i b22K iQ
2p2MHv Q++mTv � bm`7�+2 BM i?2 HQr@/BK2MbBQM�H Q#D2+iBp2 7mM+iBQM bT�+2 K�v #2
p2`v bT�`b2Hv HQ+�i2/ BM i?2 ?B;?@/BK2MbBQM�H /2+BbBQM p�`B�#H2 bT�+2X �b bm+?- Bi
Bb 2pB/2Mi i?�i +QMiBMmBiv BM i2`Kb Q7 Q#D2+i T`QT2`iB2b Bb MQi ;m�`�Mi22/ iQ Q++m`-
�M/ QM2 K�v 2tT2+i bQK2 T?vbB+�H 72�im`2b i?�i KB;?i #2 /2bB`�#H2 MQi iQ �TT2�`
�b T�`i Q7 i?2 bQHmiBQMb B/2MiB}2/ #v i?2 biQ+?�biB+ b2�`+?X

Ȝ 9XjX9 �miQ@�bbQ+B�iBp2 +QMM2+iBQMBbi KQ/2Hb
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

6`QK � bi`m+im`�H pB2rTQBMi- �miQ@�bbQ+B�iBp2 +QMM2+iBQMBbi KQ/2Hb �`2 i?Qb2
r?Qb2 BMTmib �M/ QmiTmib �`2 i?2 b�K2- i?�i Bb- i?2v #2HQM; iQ i?2 b�K2 /QK�BMX
h?Bb Bb BM +QMi`�bi iQ- 2X;X- ?2i2`Q@�bbQ+B�iBp2 M2irQ`Fb- r?2`2 KQ/2H BMTmib �M/
QmiTmib #2HQM; iQ /Bz2`2Mi /QK�BMbX 6`QK � 7mM+iBQM�H pB2rTQBMi- �M �miQ@�bbQ+B�iBp2
M2irQ`F H2�`Mb i?2 H�i2Mi `2H�iBQMb?BTb 7QmM/ BM /�i� /m`BM; i`�BMBM;X lTQM 2t+Bi�@
iBQM rBi? � `�M/QK BMTmi p2+iQ`- i?2 KQ/2H 2t2`+Bb2b +QMbi`�BMi b�iBb7�+iBQM QM i?2
BMTmi /�i�- #�b2/ QM i?2 H2�`M2/ H�i2Mi `2H�iBQMb?BTbX AM Qi?2` rQ`/b- i?2 KQ/2H
b2iiH2b BMiQ i?2 KQbi HBF2Hv BMi2`T`2i�iBQM Q7 i?2 BMTmi- #�b2/ QM i?2 FMQrH2/;2 Bi
?�b H2�`M2/ UJ+*H2HH�M/ 2i �HX kyRyVX h?2 `2H�iBQMb?BTb H2�`M2/ /m`BM; i?2 i`�BM@
BM; Q7 i?2 KQ/2H i?mb #2+QK2 bQ@+�HH2/ ǳr2�FǴ +QMbi`�BMib 7Q` i?2 BMTmi /Bbi`B#m@
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iBQM UJ�B� �M/ *H22`2K�Mb kyy8VX >2`2 Bi Bb BKTQ`i�Mi iQ /BbiBM;mBb? ǳr2�FǴ +QM@
bi`�BMib- 7`QK i?2 ?�`/ +QMbi`�BMib +QKKQMHv 2M+QmMi2`2/ BM QTiBKBx�iBQM T`Q#@
H2KbX h?2 T`2+Bb2 /Bz2`2M+2 Bb i?�i- r?BH2 r2�F +QMbi`�BMib /Q BM+m` � +Qbi r?2M
pBQH�i2/- Bi Bb i2M�#H2 iQ +QK2 �+`Qbb TH�mbB#H2 bQHmiBQMb- 2p2M B7 bQK2 Q7 i?2 bQ7i
+QMbi`�BMib �`2 pBQH�i2/ iQ bQK2 /2;`22X h?Bb Bb BM +QMi`�bi iQ ?�`/ +QMbi`�BMib
r?2`2 2p2M �M BM}MBi2bBK�H pBQH�iBQM `2M/2`b i?2 +Q``2bTQM/BM; bQHmiBQM BM72�bB#H2
BM i?2 +QMi2ti Q7 i?2 /2bB;M T`Q#H2K �//`2bb2/X

h?2 T`QT2`iv Q7 +QMbi`�BMi b�iBb7�+iBQM ?�b #22M 2ti2MbBp2Hv /Bb+mbb2/ BM i?2 T�bi-
�M/ BM p�`BQmb b2iiBM;b- bm+? �b K�+?BM2 H2�`MBM; UJ�B� �M/ *H22`2K�Mb kyy8c
oBM+2Mi 2i �HX kyy3V H�M;m�;2 KQ/2HBM; US`BM+2 �M/ aKQH2MbFv RNNdc GBQm 2i �HX
kyy3V �M/ M2m`Qb+B2M+2 UaB`QBb kyy9c J�B� �M/ *H22`2K�Mb kyy8V- �KQM; Qi?2`bX
AM K�Mv bim/B2b- Bi ?�b #22M b?QrM i?�i �miQ@�bbQ+B�iBp2 KQ/2Hb r2`2 �#H2 iQ 2t@
i`�+i 2{+B2Mi 2M+Q/BM;b Q7 i?2B` 2MpB`QMK2MiX Ai ?�b �HbQ #22M bm;;2bi2/ i?�i i?2
+QMbi`�BMi b�iBb7�+iBQM 7mM+iBQM i?�i �miQ@�bbQ+B�iBp2 M2irQ`Fb T2`7Q`K ?�b #22M
�M BKTQ`i�Mi +Q``2H�i2 7Q` i?2 7mM+iBQM Q7 i?2 #`�BM- �M/ 2bT2+B�HHv K2KQ`v- 2X;X
b22 UaB`QBb kyy9c J�B� �M/ *H22`2K�Mb kyy8c J+*H2HH�M/ 2i �HX RNN8c EmK�`�M
�M/ J+*H2HH�M/ kyRkV- �KQM; Qi?2`bX Ai Bb 2bT2+B�HHv BKTQ`i�Mi iQ TQBMi Qmi i?2
T�ii2`M@+QKTH2iBQM �#BHBiv Q7 i?2 �miQ@�bbQ+B�iBp2 M2irQ`Fb- r?B+? bi2Kb 7`QK i?2B`
+QMbi`�BMi b�iBb7�+iBQM T`QT2`iv �M/ +Q``Q#Q`�i2b rBi? i?2 �miQ@�bbQ+B�iBp2 K2KQ`v
BM ?mK�M +Q;MBiBQMX

622/@7Q`r�`/ �M/ Qi?2` ivT2b Q7 +QMM2+iBQMBbi KQ/2Hb mb2/ BM bmT2`pBb2/ H2�`MBM;
K�v #2 mb2/ �b �miQ@�bbQ+B�iQ`bX h?2 bmT2`pBb2/ H2�`MBM; i�bF Bb i?2M +QMp2`i2/
BMiQ �M mMbmT2`pBb2/ H2�`MBM; i�bFX h?Bb Bb �+?B2p2/ ;2M2`�HHv #v 7Q`+BM; i?2 M2i@
rQ`F iQ H2�`M � b2`B2b Q7 2t�KTH2b- r?2`2 7Q` 2�+? 2t�KTH2 i?2 BMTmib �M/ i�`;2i
QmiTmib �`2 i?2 b�K2X h?Bb ivT2 Q7 KQ/2H Bb +�HH2/ �M �miQ2M+Q/2`X �M �miQ2M@
+Q/2` i�F2b Bib M�K2 7`QK i?2 7�+i i?�i Bi H2�`Mb �M 2M+Q/BM; +Q``2bTQM/BM; iQ i?2
/Bbi`B#miBQM Q7 Bib BMTmiX h?2 Q#D2+iBp2 Q7 i?2 �miQ2M+Q/2` i`�BMBM; i?mb Bb 7Q` i?2
KQ/2H iQ `2+QMbi`m+i Bib BMTmib,

KBM
θ

||X − f(X, θ)||2 U9XRV

LQi�#Hv- /2;2M2`�i2 KQ/2Hb H2�`MBM; i?2 B/2MiBiv 7mM+iBQM �`2 i`BpB�H iQ Q#i�BM
;Bp2M i?2 �#Qp2 Q#D2+iBp2 7mM+iBQMX hQ T`2p2Mi i?Bb- i?2`2 �`2 b2p2`�H i`�BMBM; bi`�i2@
;B2b T`QTQb2/ BM i?2 HBi2`�im`2X h?Qb2 �`2 #`B2~v bmKK�`Bx2/ ?2`2#vX

PM2 bBKTH2 bi`�i2;v r?2M /2�HBM; rBi? � 622/@6Q`r�`/ L2irQ`F Bb iQ `2/m+2 i?2
MmK#2` Q7 ?B//2M MQ/2b iQ H2bb i?�M i?�i Q7 i?2 BMTmibX h?Bb 2M7Q`+2b � +QKT`2bb2/
`2T`2b2Mi�iBQM Q7 i?2 BMTmi �i i?2 ?B//2M H�v2` bBM+2 i?2 bBx2 Q7 i?2 H�v2` Bb MQi
H�`;2 2MQm;? iQ #2 �#H2 iQ `2T`2b2Mi �HH i?2 TQbbB#H2 BMTmi p�Hm2 +QK#BM�iBQMbX
�MQi?2` bBKBH�` bi`�i2;v K�F2b mb2 Q7 �M 2[m�H Q` H�`;2` MmK#2` Q7 MQ/2b �i i?2
?B//2M H�v2` #mi 2M7Q`+2b � bT�`bBiv +QMbi`�BMi /m`BM; KQ/2H i`�BMBM;X aT�`b2 2M@
+Q/BM;b �`2 i?Qb2 BM r?B+? QMHv � bK�HH 7`�+iBQM Q7 ?B//2M H�v2` M2m`QMb �`2 �+iB@
p�i2/ mTQM 2t+Bi�iBQM Q7 i?2 KQ/2H rBi? 2�+? 2t�KTH2X h?mb- i?2 HQbb 7mM+iBQM Bb
KQ/B}2/ bmBi�#Hv iQ �++QmMi 7Q` i?2 bT�`b2 2M+Q/BM;X

�MQi?2` �TT`Q�+? iQ i`�BMBM; �miQ2M+Q/2`b Bb i?2 BMi`Q/m+iBQM Q7 � `2;mH�`Bx�iBQM
T�`�K2i2`X _2;mH�`Bx�iBQM ?�b #22M mb2/ �M/ +QMbB/2`2/ 2{+B2Mi BM T`2p2MiBM;
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H2�`MBM; i?2 B/2MiBiv 7mM+iBQMX AM i?Bb +�b2- i?2 Q#D2+iBp2 7mM+iBQM #2+QK2b,

KBM
θ

||X − f(X, θ)||2 + λ
∑

i

θ2i U9XkV

AM i?2 �#Qp2 7Q`KmH�- i?2 H�bi i2`K +Q``2bTQM/b iQ �M Gk `2;mH�`Bx�iBQM i2`K- r?B+?
Bb 2[mBp�H2Mi iQ i?2 r2B;?i2/ b[m�`2/ bmK Q7 KQ/2H r2B;?ibX

6BM�HHv- �MQi?2` bi`�i2;v Bb iQ i`�BM i?2 �miQ2M+Q/2` #v T�`iB�HHv +Q``mTiBM; i?2 BM@
Tmi /�i�- r?BH2 F22TBM; i?2 QmiTmi /�i� �b BbX h?Bb bi`�i2;v 2M7Q`+2b � KQ`2 +?�H@
H2M;BM; `2+QMbi`m+iBQM i�bF iQ #2 H2�`M2/- i?mb 2t+Hm/BM; i?2 TQbbB#BHBiv 7Q` i?2
B/2MiBiv K�TTBM; iQ #2 H2�`M2/X AM i?2 `2+QMbi`m+iBQM i�bF- i?2 Q#D2+iBp2 7mM+iBQM
+?�M;2b �b 7QHHQrb,

KBM
θ

||X̃ − f(X, θ)||2 U9XjV

AM i?2 �#Qp2- X̃ /2MQi2b � p2+iQ` +QMi�BMBM; � +Q``mTi2/ p2`bBQM Q7 i?2 i�`;2i p�Hm2-
X- Q#i�BM2/ #v �Hi2`BM; bQK2 Q7 i?2 �ii`B#mi2b Q7 BMTmi 2t�KTH2bX h?Bb i`�BMBM;
K2i?Q/ T`Q/m+2b KQ/2Hb i2`K2/ /2MQBbBM; �miQ2M+Q/2`b- 7`QK i?2B` �#BHBiv iQ `2+@
iB7v MQBbv BMTmiX Ai ?�b #22M �TTHB2/ iQ i?2 i`�BMBM; Q7 722/@7Q`r�`/ M2irQ`Fb rBi?
K�Mv ?B//2M H�v2`b UoBM+2Mi 2i �HX kyRyV �M/ 2bT2+B�HHv BM i?2 i`�BMBM; Q7 .22T
G2�`MBM; KQ/2HbX

Ȝ 9XjX8 �miQ@�bbQ+B�iBp2 KQ/2Hb BM /2+BbBQM bmTTQ`i �M/ QTiBKBx�iBQM
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

a2p2`�H ivT2b Q7 �miQ@�bbQ+B�iBp2 M2irQ`Fb ?�p2 #22M mb2/ BM QTiBKBx�iBQM i�bFbX
AM � b2`B2b Q7 bim/B2b- �miQ@�bbQ+B�iBp2 M2irQ`Fb ?�p2 #22M mb2/ iQ ;mB/2 biQ+?�b@
iB+ b2�`+?X �mi?Q`b Q7 b�B/ bim/B2b ?�p2 �TTHB2/ �miQ@�bbQ+B�iBp2 M2irQ`Fb FMQrM
�b _2bi`B+i2/ "QHixK�MM J�+?BM2b iQ +QK#BM�iQ`B�H QTiBKBx�iBQM T`Q#H2Kb Uh�M;
2i �HX kyRyc S`Q#bi kyR8c *?m`+?BHH 2i �HX kyReV- �b r2HH �b �miQ2M+Q/2`b iQ `2�H
p�Hm2 �M/ KmHiB@Q#D2+iBp2 T`Q#H2Kb US`BM+2 �M/ aKQH2MbFv RNNdVX h?2 +QKKQM
�BK BM i?2b2 bim/B2b Bb iQ i�F2 �/p�Mi�;2 Q7 i?2 +QMbi`�BMi@b�iBb7�+iBQM T`QT2`iB2b
Q7 �miQ@�bbQ+B�iBp2 KQ/2Hb iQ ;mB/2 i?2 biQ+?�biB+ b2�`+?- miBHBxBM; i?2K BM � r�v
�M�HQ;Qmb iQ i?2 `2+QK#BM�iBQM �M/ Kmi�iBQM QT2`�iQ`b BM � ;2M2iB+ �H;Q`Bi?KX

q?BH2 i?2 �TT`Q�+? Bb bBKBH�` iQ i?2 QM2 T`2b2Mi2/ ?2`2- i?2 Q#D2+iBp2b �`2 /Bz2`@
2Mic BM i?Bb b2+iBQM- i?2 K�BM Q#D2+iBp2 Bb iQ mb2 i?2 FMQrH2/;2 2K#Q/B2/ BM i?2
�miQ@�bbQ+B�iBp2 KQ/2H iQ ;mB/2 /2+BbBQM@K�F2` T`272`2M+2b TQbi@QTiBKBx�iBQM- iQ
2Mbm`2 M2�`@QTiBK�HBiv Q7 T`272`�#H2 bQHmiBQMbX h?mb- i?2 KQ/2H i`�BMBM; Bb �HbQ
KQ/B}2/ �M/ ?�TT2Mb #v +QMbB/2`BM; i?2 MQM@/QKBM�i2/ bQHmiBQMb �7i2` i?2 biQ+?�b@
iB+ b2�`+? ?�b #22M }M�HBx2/X

AM �MQi?2` b2`B2b Q7 bim/B2b- *B7i+BQ;Hm �M/ "Bii2`K�MM ?�p2 mb2/ _"6 M2irQ`Fb
iQ i`2�i b2+QM/@Q`/2` T`272`2M+2b BM �M 2M;BM22`BM; U*B7i+BQ;Hm �M/ "Bii2`K�MM
kyR8#V �M/ �M �`+?Bi2+im`�H T`Q#H2K U*B7i+BQ;Hm �M/ "Bii2`K�MM kyR8�V BMpQHpBM;
bQ7i Q#D2+iBp2bX h?2 _"6 M2irQ`F ?�b #22M i`�BM2/ �miQ@�bbQ+B�iBp2Hv mbBM; MQM@
/QKBM�i2/ bQHmiBQMb B/2MiB}2/ i?`Qm;? biQ+?�biB+ b2�`+?X Ai Bb MQi2/ i?�i r?BH2
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i?2 bim/v BM [m2biBQM ?�b Q#D2+iBp2b p2`v bBKBH�` iQ i?2 T`2b2Mi QM2- i?2 T`2b2Mi
`2b2�`+? Bb /Bz2`2MiB�i2/ BM i?2 7QHHQrBM; TQBMib,

• h?2 i?2Q`2iB+�H 7QmM/�iBQM Q7 i?2 �miQ@�bbQ+B�iBp2 H2�`MBM; i�bF /Bz2`b BM
i?�i 2KT?�bBb Bb TH�+2/ QM i?2 +QMbi`�BMi b�iBb7�+iBQM T`QT2`iv Q7 �miQ@�bbQ+B�iBp2
KQ/2HbX h?Bb ?2HTb mb 2tT�M/ i?2 �TTHB+�iBQM Q7 i?2 T`QTQb2/ K2i?Q/ iQ
Qi?2` ivT2b Q7 KQ/2Hb- bm+? �b 622/@6Q`r�`/ L2irQ`Fb i`�BM2/ #v "�+FT`QT@
�;�iBQM- �M/ iQ i?2 mb2 Q7 i`�BMBM; i2+?MB[m2b- bm+? �b BMTmi +Q``mTiBQM UoBM@
+2Mi 2i �HX kyRyV- iQ BKT`Qp2 KQ/2H ;2M2`�HBx�iBQM

• AM i?Bb bim/v [m�MiBi�iBp2 KQ/2H T2`7Q`K�M+2 p�HB/�iBQM K2i`B+b �`2 BMi`Q@
/m+2/

• AM i?Bb bim/v i?2 T2`7Q`K�M+2 Q7 i?2 �miQ@�bbQ+B�iBp2 KQ/2H Bb p�HB/�i2/ mb@
BM; �M �`+?Bi2+im`�H /2bB;M T`Q#H2K BMpQHpBM; /�vHB;?i +QK7Q`i �M/ 2M2`;v@
`2H�i2/ Q#D2+iBp2b- i?mb /2KQMbi`�iBM; TQi2MiB�H �TTHB+�iBQM iQ bmbi�BM�#H2
/2bB;M

Ȝ 9XjXe PmiHBM2 Q7 i?2 �TT`Q�+?
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

am++2bb7mH /2bB;Mb �`2 r2HH@T2`7Q`KBM; +QM+2`MBM; /2bB;M Q#D2+iBp2b- #mi �HbQ TQb@
b2bb /2bB`�#H2 T?vbB+�H 72�im`2bX h?2 H�ii2` Bb �M Bbbm2 MQi /B`2+iHv �//`2bb2/ #v
+QKTmi�iBQM�H QTiBKBx�iBQMX .2bB`�#H2 T?vbB+�H 72�im`2b- �H#2Bi BKTQ`i�Mi 7Q` /2@
bB;M- �`2 MQi ;m�`�Mi22/ iQ #2 T`2b2Mi BM i?2 b2i Q7 MQM@/QKBM�i2/ bQHmiBQMb /Bb@
+Qp2`2/ #v QTiBKBx�iBQMX

AM T�`iB+mH�`- i?2 K�BM �BK Q7 i?2 �TT`Q�+? T`QTQb2/ ?2`2BM Bb iQ 2M�#H2 ǳ�ii`B#mi2@
}`biǴ TQbi@S�`2iQ /2+BbBQM K�FBM; i?�i +QMbB/2`b T`272`2M+2b BM i?2 /2+BbBQM p�`B@
�#H2 bT�+2 �b i?2 /`BpBM; +QKTQM2Mib Q7 /2+BbBQM K�FBM;X h?Bb Bb BM +QMi`�bi iQ
2tBbiBM; TQbi@S�`2iQ QTiBK�HBiv �M�HvbBb �TT`Q�+?2b �b QmiHBM2/ �#Qp2X �i i?2 +2M@
i2` Q7 i?2 T`QTQb2/ �TT`Q�+? Bb �M �miQ@�bbQ+B�iBp2 M2m`�H M2irQ`F r?Qb2 K�BM
`QH2 Bb iQ �TT`QtBK�i2 i?2 2KTB`B+�H /Bbi`B#miBQM Q7 /2+BbBQM p�`B�#H2 p�Hm2b /2`Bp2/
7`QK i?2 S�`2iQ@QTiBK�H bQHmiBQMb `2bmHiBM; 7`QK KmHiB@Q#D2+iBp2 QTiBKBx�iBQMX h?2
KQ/2H Bb �miQ@�bbQ+B�iBp2, i?2 KQ/2H BMTmi Bb � p2+iQ` Q7 i?2 b�K2 /BK2MbBQM �b
i?2 KQ/2H QmiTmi- �M/ 2�+? BMTmi@QmiTmi T�B` ?�b i?2 b�K2 b2K�MiB+X AM Qi?2`
rQ`/b- i?2 KQ/2H �++2Tib � /2bB;M bQHmiBQM- 2tT`2bb2/ �b � /2+BbBQM p�`B�#H2 p�Hm2
+QK#BM�iBQM- �b BMTmi- �M/ T`Q/m+2b � i`�Mb7Q`K2/ +QK#BM�iBQM Q7 i?2 /2+BbBQM
p�`B�#H2b BM i?2 /2bB;M bT�+2- �b QmiTmiX

q?�i Bb i?2 bB;MB}+�M+2 Q7 i?Bb i`�Mb7Q`K�iBQM\ G2i mb #2;BM 2tTH�BMBM; Bi #v +QM@
bB/2`BM; i?�i i?2 KQ/2H BMTmi p2+iQ` 2M+Q/2b i?2 /2+BbBQM@K�F2` /2bB;M T`272`2M+2-
2tT`2bb2/ i?`Qm;? b2H2+i2/ /2+BbBQM p�`B�#H2 p�Hm2bX Ai Bb BKTQ`i�Mi iQ bi`2bb i?�i
/2+BbBQM p�`B�#H2b �`2 �bbQ+B�i2/ rBi? i?2 T?vbB+�H �ii`B#mi2b Q7 i?2 /2bB;M bQHm@
iBQMX �b bm+?- #v 2bi�#HBb?BM; � p2+iQ` BM /2bB;M bT�+2- � /2+BbBQM@K�F2` Bb 2bb2M@
iB�HHv bi�iBM; i?2B` T`272`2M+2 BM i2`Kb Q7 Q#D2+i �ii`B#mi2bX Ai Bb mM+2`i�BM iQ r?�i
/2;`22 � /2+BbBQM@K�F2` +�M +QKT`2?2MbBp2Hv +QMbB/2` i?2 T2`7Q`K�M+2 Q7 i?2 /2@
bB;M +Q``2bTQM/BM; iQ i?2B` +?QB+2 Q7 /2+BbBQM p�`B�#H2 p�Hm2b- /m2 iQ i?2 +QKTH2t@
Biv Q7 i?2 T`Q#H2K �i ?�M/X �b bm+?- i?2 b2H2+i2/ /2bB;M K�v Q` K�v MQi #2 M2�`
i?2 S�`2iQ 7`QMiX A7 i?2 b2H2+i2/ /2bB;M Bb MQi M2�` i?2 S�`2iQ 7`QMi- BX2X Bi Bb bm#@
QTiBK�H- i?2`2 Bb � bB;MB}+�Mi T`Q#H2K �`BbBM; �b i?2 /2+BbBQM@K�F2` T`272`2M+2
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b22Kb iQ +QM~B+i rBi? /2bB;M T2`7Q`K�M+2X

A7 i?2 T`272``2/ /2bB;M Bb bm#@QTiBK�H- �M/ i?2`2 Bb � bB;MB}+�Mi +QM~B+i #2ir22M
i?2 T`272``2/ /2+BbBQM p�`B�#H2 p�Hm2b �M/ �Mv +QK#BM�iBQM Q7 QTiBK�H Q` M2�`@
QTiBK�H /2+BbBQM p�`B�#H2 p�Hm2b- i?2M i?2`2 Bb HBiiH2 iQ /QX h?2 /2+BbBQM@K�F2`
M22/b iQ `2pB2r i?2B` T`272`2M+2b bQ i?�i i?2v �`2 BM HBM2 rBi? /2bB;M T2`7Q`K�M+2X
PM i?2 Qi?2` ?�M/- B7 i?2 �/Dmbi2/ bQHmiBQM Bb �H`2�/v M2�`@QTiBK�H- i?2M i?2`2 Bb
MQ �+iBQM M2+2bb�`vX h?2`2 Bb �HbQ � i?B`/ TQbbB#BHBiv- ?Qr2p2`- M�K2Hv i?�i i?2
T`272``2/ /2bB;M- �b Bb- Bb bm#@QTiBK�H- #mi Bi Bb TQbbB#H2 iQ BKT`Qp2 Bib T2`7Q`K�M+2
rBi? i?2 HBKBi2/ i`�Mb7Q`K�iBQM Q7 /2+BbBQM p�`B�#H2 p2+iQ` bQ i?�i i?2 i`�Mb7Q`K2/
p2+iQ` Bb MQi mMHBF2 i?2 Q`B;BM�H- #mi i?2 +Q``2bTQM/BM; T2`7Q`K�M+2 Bb bB;MB}+�MiHv
BKT`Qp2/X

h?Bb Bb i?2 K�BM T`2KBb2 #2?BM/ i?2 T`QTQb2/ �miQ@�bbQ+B�iBp2 �TT`Q�+?, h?2
KQ/2H BMTmi Bb i`�Mb7Q`K2/ #�b2/ QM i?2 KQ/2H FMQrH2/;2 BM bm+? � r�v i?�i i?2
KQ/2H QmiTmi p2+iQ` 2M+Q/2b � M2�` bQHmiBQM- BM /2+BbBQM p�`B�#H2 bT�+2- iQ i?2 T`2@
72``2/ BMTmi p2+iQ`- r?BH2 ?�pBM; i?2 T`QT2`iv i?�i Bi #2HQM;b iQ i?2 b2i Q7 S�`2iQ@
QTiBK�H bQHmiBQMbX AM Qi?2` rQ`/b- i?2 bvbi2K- #�b2/ QM i?2 H2�`M2/ FMQrH2/;2
K�ii2`- +�M `2bTQM/ bQ i?�i 72�im`2b �M/ +QK#BM�iBQMb i?2`2Q7 i?�i M2;�iBp2Hv �7@
72+i /2bB;M T2`7Q`K�M+2 �`2 2HBKBM�i2/- iQ i?2 /2;`22 TQbbB#H2 rBi?BM i?2 #QmM/b Q7
i?2 T`Q#H2K /2}MBiBQMX

AM `2�HBiv- i?2 BMTmi iQ i?2 KQ/2H Bb MQi �M �`#Bi`�`v p2+iQ` BM i?2 /2bB;M bT�+2-
`�i?2` Bi Bb � M2�`@QTiBK�H bQHmiBQM i?�i ?�b #22M �Hi2`2/ #v i?2 /2+BbBQM@K�F2` iQ
#2ii2` }i i?2B` T`272`2M+2bX �b bm+?- BM T`�+iB+2- Bi Bb �HKQbi �Hr�vb i?2 +�b2 i?�i
�M BM7Q`K2/ �M/ �++m`�i2 �/DmbiK2Mi Q7 /2+BbBQM p�`B�#H2 p�Hm2b ?�b i?2 TQi2MiB�H
7Q` bB;MB}+�Mi T2`7Q`K�M+2 BM+`2�b2X

h?2 Qp2`�HH b+?2K2 Q7 i?2 T`QTQb2/ K2i?Q/ Bb �p�BH�#H2 BM 6B;X 9X9X PM i?2 H27i
bB/2 Q7 i?2 };m`2 Ubi2T R � kV- i?2 BMi2HHB;2Mi b2�`+? T`Q+2bb- BKTH2K2Mi2/ i?`Qm;?
KmHiB@Q#D2+iBp2 biQ+?�biB+ b2�`+?- Bb QmiHBM2/X h?2 `2bmHi Q7 i?Bb T`Q+2bb Bb � }MBi2
b2i Q7 MQM@/QKBM�i2/ bQHmiBQMbX h?Bb b2i Bb mb2/ iQ }i i?2 �miQ@�bbQ+B�iBp2 KQ/2H
i?`Qm;? M2m`�H M2irQ`F i`�BMBM; Ubi2T jVX AM i?2 BM72`2M+2 T?�b2 Ubi2T 9V- � T`272`@
2M+2 p2+iQ` Bb �M BMTmi iQ i?2 `2bmHiBM; KQ/2H- �M/ i?2 KQ/2H `2bTQMb2 Bb `2i`B2p2/
�b `2[mB`2/X

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
Ȝ 9X9 AMi2;`�iBQM BM i?2 .2bB;M S`Q+2bb

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Ȝ 9X9XR S`QTQb2/ qQ`F~Qr
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

h?2 T`QTQb2/ �TT`Q�+?- �b QmiHBM2/ �#Qp2- Bb KQbi bmBi�#H2 iQ #2 BKTH2K2Mi2/
�b � /2+BbBQM bmTTQ`i bvbi2K BM i?2 2�`Hv bi�;2b Q7 i?2 /2bB;M T`Q+2bbX PrBM; iQ
i?2 BKTQ`i�M+2 Q7 i?2 T�`�K2i`B+ KQ/2H /2}MBiBQM- Bi Bb ;2M2`�HHv /2bB`�#H2 i?�i
i?2 /2bB;M T`Q+2bb ?�b �/p�M+2/ 2MQm;? bQ i?�i i?2 /2bB;M BMi2MiBQM Bb +H2�`Hv 2t@
T`2bb2/ BM i?2 T�`�K2i`B+ KQ/2HX
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1. Problem Definition

- Decision Variables
- Variable Bounds
- Objective Functions
- Constraints

Selection

Recombination

Evaluation

Auto-associative
Neural Net

Training

Neural Net
Inference

Preference 
Vector

Non-dominated
Solutions (Conscious)

Model Reaction

Goal 
Reached?

2. Optimization (Intelligent Search) 4. Inference (Conscious Reaction)3. Model Fitting

x1, x2, ... xn

x1, x2, ... xn

6A:l_1 9X9 Pp2`pB2r Q7 i?2 T`QTQb2/ �miQ@�bbQ+B�iBp2 T`272`2M+2 i`2�iK2Mi
K2i?Q/X ai2Tb R �M/ k +QMbiBimi2 i?2 BMi2HHB;2Mi b2�`+? 7Q` QTiBK�H
BMbi�M+2bX AM bi2T j BMbi�M+2b �`2 mb2/ iQ i`�BM i?2 �miQ@�bbQ+B�iBp2
KQ/2HX AM bi2T 9 i?2 i`�BM2/ KQ/2H `2+2Bp2b i?2 T`272`2M+2 p2+iQ` �b
BMTmi- �M/ `2bTQM/b rBi? � /2+BbBQM p�`B�#H2 p2+iQ` +Q``2bTQM/BM;
iQ � bQHmiBQM i?�i 2Mbm`2b /2bB;M T2`7Q`K�M+2 �M/ /2bB`�#BHBiv- iQ
i?2 2ti2Mi TQbbB#H2 #v i?2 T`Q#H2K /2}MBiBQMX

h?2 T`QTQb2/ �TT`Q�+? +QKT`Bb2b � b2`B2b Q7 bQ7ir�`2 iQQHb i?�i rQ`F iQ;2i?2` iQ
2t2+mi2 i?2 /2bB`2/ i�bFX hQ 2M�#H2 2{+B2Mi /2+BbBQM K�FBM; �M/ �pQB/ +Q;MBiBp2
7�iB;m2- � ?B;?@H2p2H BMi2`7�+2 Bb T`QTQb2/ i?�i Q#b+m`2b i?2 mM/2`HvBM; i2+?MB+�H
+QKTH2tBiv Q7 i?2 T`QTQb2/ i2+?MB[m2bX h?Bb BMi2`7�+2 Bb 7QmM/ QmibB/2 i?2 ivTB@
+�H T�`�K2i`B+ /2bB;M 2MpB`QMK2Mib +QKKQM iQ �`+?Bi2+im`�H T`�+iB+2 MQr�/�vbX
h?2 K�BM `2�bQM Bb i?�i 2p2M i?Qm;? T�`�K2i`B+ /2bB;M iQQHb �`2 #2+QKBM; KQ`2
�M/ KQ`2 +QKKQMTH�+2 MQr�/�vb- i?2B` +QKTH2tBiv Bb biBHH BMiBKB/�iBM; 7Q` K�Mv
/2bB;M T`Q72bbBQM�Hb- �M/ TQb2b i?2 i?`2�i Q7 mM/2`KBMBM; i?2 �ii2MiBQM Q7 i?2 mb2`X

qBi? i?Bb BM KBM/- i?2 T`QTQb2/ rQ`F~Qr +QKT`Bb2b i?2 7QHHQrBM; /Bb+`2i2 bi�;2b,

RX � i2+?MB+�H 2tT2`i- mM/2` i?2 ;mB/�M+2 Q7 i?2 /2+BbBQM@K�F2`- T`2T�`2b �
T�`�K2i`B+ KQ/2H +Q``2bTQM/BM; iQ i?2 /2bB;M BMi2MiBQM- T2`7Q`K�M+2 +QMbB/@
2`�iBQMb- �M/ /2bB;M +QMbi`�BMib- BM+Hm/BM; b2iiBM; mT i?2 M2+2bb�`v ?�`/r�`2
�M/ bQ7ir�`2 BM7`�bi`m+im`2 7Q` +�``vBM; Qmi i?2 T`QTQb2/ �TT`Q�+?X

kX � i2+?MB+�H 2tT2`i T`2T�`2b �M BMBiB�H bm``Q;�i2 KQ/2HX h?Bb T`Q+2bb +QK@
T`Bb2b b2p2`�H bi2Tb- BM/B+�iBp2Hv �TT`QT`B�i2 b�KTHBM; Q7 i?2 /2+BbBQM p�`B�#H2
bT�+2- bi�iBbiB+�H �M�HvbBb iQ 2bi�#HBb? /Bbi`B#miBQMb �M/ +Q``2H�iBQMb- QTiBQM�H
`2}M2K2Mi Q7 b�KTHBM; �++Q`/BM; iQ �M�HvbBb- }iiBM; Q7 i?2 KQ/2H- �M/ p�HB/�@
iBQM Q7 KQ/2H T2`7Q`K�M+2X

jX h?2 QTiBKBx�iBQM T`Q+2bb Bb +�``B2/ Qmi �M/ S�`2iQ@QTiBK�H bQHmiBQMb �`2 Q#@
i�BM2/X �i i?Bb bi�;2- i?2 mT/�i2 Q7 i?2 bm``Q;�i2 KQ/2H K�v i�F2 TH�+2 T2`
i?2 p�HB/�iBQM Q7 `2bmHibX AM i?Bb +�b2- mMH2bb i?2 bm``Q;�i2 KQ/2H Bb �/�TiBp2-
`2T2iBiBQM Q7 i?2 QTiBKBx�iBQM T`Q+2bb K�v #2 M2+2bb�`vX

9X � i2+?MB+�H 2tT2`i /2`Bp2b �M �miQ@�bbQ+B�iBp2 KQ/2H #�b2/ QM i?2 S�`2iQ@
QTiBK�H bQHmiBQMb Q#i�BM2/ BM i?2 T`2pBQmb bi2TX

8X lM/2` i?2 ;mB/�M+2 Q7 i?2 2tT2`i- i?2 /2+BbBQM@K�F2` +�M 7Q+mb QM i?2 /2bB;M
bT�+2 `2;BQMb Q7 BMi2`2bi �++Q`/BM; iQ i?2B` T`272`2M+2b- i?`Qm;? i?2 mb2 Q7
i?2 �miQ@�bbQ+B�iBp2 KQ/2HX
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h?2 `QH2 Q7 i?2 i2+?MB+�H 2tT2`i BM i?2 �#Qp2 rQ`F~Qr Bb iQ 2Mbm`2 i?�i i2+?MB@
+�H T`Q+2/m`2b �`2 �TTHB2/ +Q``2+iHv �M/ iQ B/2MiB7v �M/ �K2M/ TQi2MiB�H Bbbm2b
i?`Qm;?Qmi i?2 T`Q+2bbX h?Bb Bb KQbiHv M2+2bb�`v �b i?2 �TT`Q�+? T`QTQb2/ BM i?Bb
i?2bBb Bb MQi �i � ?B;? h_G �i i?2 KQK2MiX �b 7mim`2 bi2Tb- 7m`i?2` i2+?MB+�H /2@
p2HQTK2Mi Q7 i?2 rQ`F~Qr �M/ iQQHb BMpQHp2/ i?2`2BM b?QmH/ i�F2 TH�+2 iQ BM+`2�b2
h_G- r?B+? rBHH �HbQ `2bmHi BM KBMBKBx�iBQM Q7 i?2 `2[mB`2K2Mi 7Q` ?mK�M 2tT2`ib
�M/ 7m`i?2` �miQK�iBQM Q7 i?2 Qp2`�HH rQ`F~QrX

Ȝ 9X9Xk aQ7ir�`2 �`+?Bi2+im`2 �M/ AKTH2K2Mi�iBQM .2i�BHb
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

h?2 T`QTQb2/ �TT`Q�+? Bb BKTH2K2Mi2/ �b �M BMi2;`�i2/ �TTHB+�iBQM bmBi2 i?�i
BM+Hm/2b �HH i?2 M2+2bb�`v +QKTQM2Mib 7Q` T2`7Q`KBM; bm``Q;�i2 KQ/2H }iiBM;- KmHiB@
Q#D2+iBp2 2pQHmiBQM�`v QTiBKBx�iBQM- �M/ }M�HHv �miQ@�bbQ+B�iBp2 KQ/2H }iiBM;X "2@
bB/2b- i?2 bmBi2 BM+Hm/2b �M BMi2`7�+2 i?�i �HHQrb i?2 mb2` iQ p�`v i?2 p�Hm2b Q7 /2@
+BbBQM p�`B�#H2b �M/ /Bb+Qp2` i?2 `2bTQMb2 Q7 i?2 �miQ@�bbQ+B�iBp2 KQ/2H BM `2�H@
iBK2X 6`QK � i2+?MB+�H bi�M/TQBMi- i?2 /2p2HQTK2Mi pB2r Q7 i?2 �`+?Bi2+im`2 Bb
bTHBi BMiQ irQ K�DQ` T�`ib, PM QM2 bB/2- � T�`�K2i`B+ /2bB;M 2MpB`QMK2Mi Bb mb2/
iQ /2}M2 i?2 /2bB;M T`Q#H2K BM i2`Kb Q7 ;2QK2i`B+ ;2M2`�iBQM �M/ �M�HvbBb +QK@
TQM2MibX JQ`2Qp2`- i?2 T�`�K2i`B+ /2bB;M 2MpB`QMK2Mi Qz2`b BMi2`7�+2b iQ i?2 p�`@
BQmb bBKmH�iBQM iQQHb mb2/- bm+? �b 2X;X _�/B�M+2 7Q` /�vHB;?i bBKmH�iBQMb- 1M2`@
;vSHmb 7Q` +HBK�i2 �M/ 2M2`;v bBKmH�iBQMb- 2i+X 6BM�HHv- i?2 T�`�K2i`B+ b2imT BM@
+Hm/2b � bBKTH2 �SA i?�i b2`p2b iQ 2M�#H2 �Hi2`BM; /2bB;M /2+BbBQM p�`B�#H2b �M/
Q#i�BMBM; Q#D2+iBp2 7mM+iBQM �M/ +QMbi`�BMi p�Hm2bX PM i?2 Qi?2` bB/2 bBib �M BM@
i2`7�+2 �TTHB+�iBQM iQ *QKTmi�iBQM�H AMi2HHB;2M+2 �H;Q`Bi?Kb QmiHBM2/ BM i?Bb i?2@
bBb- M�K2Hv i?2 1pQHmiBQM�`v *QKTmi�iBQM �H;Q`Bi?K- i?2 am``Q;�i2 JQ/2H- �M/
i?2 �miQ@�bbQ+B�iBp2 KQ/2HX h?2b2 +QKKmMB+�i2 rBi? i?2 T�`�K2i`B+ /2bB;M 2M@
pB`QMK2Mi pB� i?2 /2}M2/ �SA �M/ Qi?2`rBb2 T2`7Q`K i�bFb mbBM; BMi2`M�H /�i�X
S�`i Q7 i?2 BMi2`7�+2 �TTHB+�iBQM Bb � >mK�M@J�+?BM2 AMi2`7�+2 U>JAV i?�i �HHQrb
i?2 /2+BbBQM@K�F2` iQ BMi2`�+i rBi? i?2 T`Q;`�K �M/ `2+2Bp2 iQ i?2 TQBMi bmKK�`v
pB2rb Q7 i?2 T`Q+2bbX

AM HBM2 rBi? r?�i ?�b #22M QmiHBM2/ BM i?Bb +?�Ti2`- �M BKTQ`i�Mi �bT2+i Q7 bQ7i@
r�`2 BKTH2K2Mi�iBQM Bb i?2 +?QB+2 Q7 i?2 T�`�K2i`B+ 2MpB`QMK2MiX .m2 iQ i?2 7�@
KBHB�`Biv Q7 i?2 �mi?Q` rBi? � T�`iB+mH�` T�`�K2i`B+ /2bB;M iQQH- M�K2Hv i?2 :`�bb?QT@
T2` T�`�K2i`B+ /2bB;M iQQH- Bi ?�b #22M +?Qb2M �b i?2 TH�i7Q`K 7Q` i?Bb i?2bBbX h?2
+?QB+2 ?�b #22M Tm`2Hv /m2 iQ i?2 �mi?Q` #2BM; �++mbiQK2/ iQ i?Bb T�`iB+mH�` iQQHX
Ai Bb BKTQ`i�Mi iQ TQBMi Qmi i?�i i?2 T`QTQb2/ �TT`Q�+? �M/ BM/BpB/m�H +QKTQ@
M2Mib i?2`2BM b?QmH/ #2 i`BpB�HHv �/�Ti�#H2 iQ Qi?2` T�`�K2i`B+ /2bB;M bQ7ir�`2X

� /2p2HQTK2Mi pB2r Q7 i?2 bQ7ir�`2 �`+?Bi2+im`2 Bb �p�BH�#H2 BM };m`2 9X8X 1H�#Q@
`�i2 i`2�iK2Mi Q7 i?2 bQ7ir�`2 �`+?Bi2+im`2 Q7 i?2 T`QTQb2/ �TT`Q�+? Bb 2H�#Q`�i2/
BM /2i�BH BM � `2H2p�Mi Tm#HB+�iBQM #v i?2 �mi?Q` U*?�ixBFQMbi�MiBMQm kyReVX

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
Ȝ 9X8 *QM+HmbBQM

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
h?Bb +?�Ti2` b2`p2/ iQ T`2b2Mi i?2 T`QTQb2/ +Q;MBiBp2 �TT`Q�+? BM /2i�BH- 2H�#Q@

`�iBM; QM 2�+? Q7 i?2 BM/BpB/m�H +QKTQM2Mib �M/ �bbQ+B�i2/ K2i?Q/b i?2`2BMX h?2
T`QTQb2/ �TT`Q�+? +QKT`Bb2b irQ K�BM +Q;MBiBp2 +QKTQM2Mib- M�K2Hv, �M �/�T@
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6A:l_1 9X8 .2p2HQTK2Mi pB2r Q7 i?2 bQ7ir�`2 �`+?Bi2+im`2 Q7 i?2 7`�K2rQ`F
T`QTQb2/ #v i?2bBb

iBp2 �M/ KQ/mH�` bm``Q;�i2 KQ/2HBM; K2i?Q/ i?�i 2M�#H2b K�M�;BM; +QKTmi�@
iBQM�H #m`/2M /m2 iQ +QKTmi�iBQM�H +QKTH2tBiv i?�i /2}M2b �++m`�i2 +QKTmi�@
iBQM�H bBKmH�iBQM KQ/2Hb mb2/ BM T2`7Q`K�M+2@#�b2/ �`+?Bi2+im`2 T`�+iB+2- �M/ �
+Q;MBiBp2 K2i?Q/ 7Q` i?2 i`2�iK2Mi Q7 bQ7i /2bB;M �bT2+ib- �M/ BM T�`iB+mH�` T`272`@
2M+2b BM i?2 /QK�BM Q7 +QM+`2i2 /2bB;M �ii`B#mi2bX h?2 T`QTQb2/ �TT`Q�+? 7Q`Kb �
+QKT`2?2MbBp2 *QKTmi�iBQM�H AMi2HHB;2M+2@#�b2/ /2+BbBQM bmTTQ`i bvbi2K 7Q` 2�`Hv@
bi�;2 �`+?Bi2+im`�H /2bB;MX AM i?Bb b2Mb2- i?2 T`QTQb2/ �TT`Q�+? BM+Q`TQ`�i2b K2i?@
Q/b �H`2�/v 2KTHQv2/ BM i?2 }2H/ Q7 *QKTmi�iBQM�H AMi2HHB;2M+2 UM�K2Hv- 2pQHm@
iBQM�`v KmHiBQ#D2+iBp2 +QKTmi�iBQMV �b r2HH �b iQQHb +QKKQMHv 7QmM/ BM �/p�M+2/
�`+?Bi2+im`�H T`�+iB+2 bm+? �b S�`�K2i`B+ JQ/2HBM;- �M/ �m;K2Mib i?2B` +�T�#BHB@
iB2b BMi2M/BM; iQ BKT`Qp2 /2+BbBQM bmTTQ`i BM �`+?Bi2+im`�H /2bB;MX

�`+?Bi2+im`�H .2bB;M S2`7Q`K�M+2 i?`Qm;? *QKTmi�iBQM�H AMi2HHB;2M+2 Ny



8 *�b2 aim/B2b

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
AMi`Q/m+iQ`v LQi2
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

AM i?Bb +?�Ti2` irQ Tm#HBb?2/ +�b2 bim/B2b �`2 T`2b2Mi2/- 2�+? Q7 r?B+? �BKb iQ
?B;?HB;?i i?2 �TTHB+�iBQM Q7 QM2 Q7 i?2 irQ +QKTQM2Mib Q7 i?2 T`QTQb2/ �TT`Q�+?
iQ �`+?Bi2+im`�H /2bB;M +�b2b #Q``Qr2/ 7`QK `2�H@HB72 /2bB;M b+2M�`BQbX

h?2 }`bi +�b2 bim/v �BKb iQ p�HB/�i2 i?2 T`QTQb2/ bm``Q;�i2 KQ/2HBM; K2i?Q/X Ai
/Q2b bQ i?`Qm;? � b2`B2b Q7 BM/BpB/m�H BMp2biB;�iBQMb M�K2Hv BX �M 2ti2M/2/ �H;Q@
`Bi?KB+ +QKT�`BbQM �M/ T�`�K2i2` b2�`+? i?2`2Q7- BBX � +QKT�`BbQM Q7 `2bmHib #2@
ir22M i?2 �H;Q`Bi?Kb �M/ i?2 �+im�H bBKmH�iBQM `2bmHib- �M/- BBBX �M �+im�H bK�HH@
b+�H2 +�b2 bim/v /2KQMbi`�iBM; i?2 mb2 Q7 i?2 bm``Q;�i2 KQ/2H �b � /2+BbBQM bmT@
TQ`i iQQH BM i?2 �``�M;2K2Mi Q7 �M BM/QQ` bT�+2 Q7 �M Q{+2 #mBH/BM;X

h?`Qm;? i?2 �#Qp2- irQ K�BM �bT2+ib Q7 i?2 T`QTQb2/ K2i?Q/ �BK iQ #2 p�HB/�i2/X
6B`biHv- i?2 ?vTQi?2bBb i?�i K�+?BM2 H2�`MBM; �H;Q`Bi?Kb Qz2` KQ/2Hb i?�i �#H2 iQ
2M+Q/2 i?2 FMQrH2/;2 2K#2//2/ BM bBKmH�iBQMb Q7 T�`�K2i`B+ KQ/2Hb- �b /2}M2/
BM i?2 +�b2 bim/B2b- �M/ iQ i?2 /2;`22 i?�i rQmH/ #2 b�iBb7�+iQ`v 7Q` mb2 BM i?2 T`2@
HBKBM�`v �`+?Bi2+im`�H /2bB;M bi�;2X h?Bb BM+Hm/2b � +QKT�`BbQM Q7 � 72r /Bz2`2Mi
�H;Q`Bi?Kb- �b r2HH �b T�`�K2i2` b2�`+? iQ B/2MiB7v i?2 #2bi T2`7Q`KBM; T�`�K2@
i2` +QK#BM�iBQMX a2+QM/Hv- Bi Bb �BK2/ iQ p�HB/�i2 i?2 mb27mHM2bb Q7 i?2 T`QTQb2/
K2i?Q/ BM � /2bB;M +QMi2ti- i?`Qm;? [m�HBi�iBp2Hv 2p�Hm�iBM; Bib �TTHB+�#BHBiv BM �
bK�HH@b+�H2 /2bB;M bim/v Q7 Q{+2 BMi2`BQ`X

h?2 `2b2�`+? `2TQ`i2/ BM i?Bb +�b2 bim/v ?�b #22M Tm#HBb?2/ �b T�`i Q7 i?2 7QHHQr@
BM; T�T2`,

AX *?�ixBFQMbi�MiBMQm �M/ aX a�`BvBH/Bx- ǳ�TT`QtBK�iBQM Q7 bBKmH�iBQM@
/2`Bp2/ pBbm�H +QK7Q`i BM/B+�iQ`b BM Q{+2 bT�+2b, � +QKT�`�iBp2 bim/v
BM K�+?BM2 H2�`MBM;-Ǵ �`+?Bi2+im`�H a+B2M+2 _2pB2r- MQX �m;mbi kyR8-
TTX RĜRe- �m;X kyR8X

h?2 b2+QM/ +�b2 bim/v �BKb iQ p�HB/�i2 i?2 T`QTQb2/ TQbi@S�`2iQ /2+BbBQM bmTTQ`i
K2i?Q/ mbBM; �M �miQ@�bbQ+B�iBp2 KQ/2HX >2`2- irQ �bT2+ib �BK iQ #2 p�HB/�i2/,
h?2 }`bi +QM+2`Mb �H;Q`Bi?K T2`7Q`K�M+2c `2;�`/BM; i?Bb �bT2+i- � }`bi bi2T Bb iQ
/2}M2 i?2 MQiBQM Q7 T2`7Q`K�M+2 BM i?2 +QMi2ti Q7 i?2 i�bF �i ?�M/- r?B+? Bb T2`@
7Q`K2/ i?`Qm;? i?2 BMi`Q/m+iBQM Q7 MQp2H T2`7Q`K�M+2 K2i`B+bX a2+QM/Hv i?2 �+im�H
2p�Hm�iBQM �M/ +QKT�`BbQM Q7 irQ /Bz2`2Mi K�+?BM2 H2�`MBM; �H;Q`Bi?Kb mM/2`HvBM;
i?2 T`QTQb2/ K2i?Q/ �M/ `2bmHiBM; KQ/2H- �M/ BM i2`Kb Q7 i?2 T`QTQb2/ K2i`B+b- Bb
T`2b2Mi2/X h?2 b2+QM/ �bT2+i +QM+2`Mb p�HB/�iBM; i?2 �TTHB+�#BHBiv Q7 i?2 T`QTQb2/
K2i?Q/ BM �M �+im�H /2bB;M bim/vX AM i?Bb +�b2- � b+2M�`BQ Bb /2`Bp2/ 7Q` �M Q{+2
#mBH/BM; bBim�i2/ BM �M m`#�M �`2�- r?2`2 i?2 7�+�/2 QT2MBM;b �M/ b?�/BM; /2pB+2b
�`2 /2bB;M2/ BM �M BMi2;`�i2/ K�MM2`X h?2 �BK Bb i?mb iQ [m�HBi�iBp2Hv p�HB/�i2 i?2

NR



2ti2Mi iQ r?B+? i?2 T`QTQb2/ K2i?Q/ +�M b�iBb7v T`272`2M+2b r?BH2 �/?2`BM; iQ /2@
bB;M ;Q�H b�iBb7�+iBQMX

6Q` i?Bb +�b2 bim/v- � KmHiB@Q#D2+iBp2 QTiBKBx�iBQM Bb T2`7Q`K2/ rBi? i?2 Q#D2+iBp2b
Q7 BKT`QpBM; BM/QQ`b /�vHB;?i /Bbi`B#miBQM �M/ KBMBKBxBM; 2M2`;v HQbb2b- r?2`2#v
� TQTmH�iBQM Q7 S�`2iQ@QTiBK�H bQHmiBQMb Bb B/2MiB}2/X am#b2[m2MiHv- i?2 �miQ@
�bbQ+B�iBp2 KQ/2H Bb i`�BM2/ QM i?�i TQTmH�iBQM- �M/ T2`7Q`K�M+2 Bb 2p�Hm�i2/X
S�`i Q7 i?2 bim/v 7Q+mb2b QM i?2 /2`Bp�iBQM Q7 MQp2H K2i`B+b iQ 2p�Hm�i2 KQ/2H T2`@
7Q`K�M+2- �b i?2 i�bF i?�i i?2 KQ/2H bmTTQ`ib Bb mMB[m2 �M/ MQ bm+? K2i`B+b 2t@
Bbi mT iBHH MQrX JQ`2Qp2`- � +QKT�`BbQM #2ir22M irQ /Bz2`2Mi �H;Q`Bi?Kb Bb T2`@
7Q`K2/- 622/@6Q`r�`/ L2irQ`Fb �M/ _�/B�H "�bBb 6mM+iBQM L2irQ`FbX 6BM�HHv-
�H;Q`Bi?K QmiTmib �`2 T`2b2Mi2/ BM i2`Kb Q7 T2`7Q`K�M+2 �b r2HH �b � pBbm�H +QK@
T�`BbQM 7Q` i?2 b?�/BM; /2pB+2 /2bB;MbX

h?2 `2b2�`+? `2TQ`i2/ BM i?Bb +�b2 bim/v ?�b #22M Tm#HBb?2/ �b T�`i Q7 i?2 7QHHQr@
BM; T�T2`,

AX *?�ixBFQMbi�MiBMQm �M/ AX aX a�`BvBH/Bx- ǳ�//`2bbBM; /2bB;M T`272`@
2M+2b pB� �miQ@�bbQ+B�iBp2 +QMM2+iBQMBbi KQ/2Hb, �TTHB+�iBQM BM bmbi�BM@
�#H2 �`+?Bi2+im`�H 6�Ï�/2 /2bB;M-Ǵ �miQK�iBQM BM *QMbi`m+iBQM- pQHX 3j-
MQX �m;mbi- TTX Ry3ĜRky- kyRdX

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
Ȝ 8XR *�b2 aim/v A, am``Q;�i2 �TT`QtBK�iBQM Q7 AMi2`BQ` .�vHB;?i

.Bbi`B#miBQM
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

h?2 }`bi +�b2 bim/v �BKb iQ 2p�Hm�i2 i?2 T`QTQb2/ bm``Q;�i2 KQ/2HBM; �TT`Q�+?
BM �TT`QtBK�iBM; i?2 BMi2`BQ` /�vHB;?iBM; /Bbi`B#miBQM Q7 � bBM;H2 Q{+2 bT�+2 b2i BM
�M m`#�M b2iiBM;X h?2 +�b2 bim/v T`BK�`BHv �BKb �i /2i2`KBMBM; i?2 �++m`�+v Q7
i?2 bm``Q;�i2 KQ/2Hb i?�i �`2 /2`Bp2/ i?`Qm;? i?2 T`QTQb2/ K2i?Q/X "2bB/2b- i?2
+�b2 bim/v T`2b2Mib � +QKT�`BbQM Q7 i?`22 KQ/2Hb /2`Bp2/ mbBM; /Bz2`2Mi K�+?BM2
H2�`MBM; K2i?Q/bX 6BM�HHv- � KQ/2H T�`�K2i2` 2biBK�iBQM bim/v �M/ �M �TTHB+�@
iBQM Q7 i?2 `2bmHiBM; KQ/2Hb iQ � /2+BbBQM K�FBM; T`Q#H2K +QM+2`MBM; i?2 BMi2`BQ`
�``�M;2K2Mi Q7 b�B/ bBM;H2 Q{+2 bT�+2 QTiBKBxBM; pBbm�H +QK7Q`i �`2 T`2b2Mi2/X

Ȝ 8XRXR �H;Q`Bi?K a2H2+iBQM
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

�b T�`i Q7 i?Bb +�b2 bim/v- i?`22 K�+?BM2@H2�`MBM; i2+?MB[m2b �`2 #2BM; +QK@
T�`2/, 722/@7Q`r�`/ M2irQ`Fb U66LbV i`�BM2/ #v #�+FT`QT�;�iBQM- bmTTQ`i p2+iQ`
K�+?BM2b UaoJbV- �M/ `�M/QK 7Q`2bib U_6bVX "2bB/2b- F@M2�`2bi M2B;?#Q`b UFLLbV
�`2 BM+Hm/2/ �b � T2`7Q`K�M+2 +QKT�`BbQMX 66Lb �`2 QM2 Q7 i?2 KQbi rB/2bT`2�/
K�+?BM2@H2�`MBM; �H;Q`Bi?KbX _6b �`2 � rB/2Hv �/QTi2/ �H;Q`Bi?K- rBi? KmHiBTH2
�TTHB+�iBQMb BM `2;`2bbBQM- 7Q` 2t�KTH2 U6�M2HHB 2i �HX kyRRc .2MBH 2i �HX kyR9VX "2@
bB/2b- aoJb ?�p2 #22M 7`2[m2MiHv mb2/ BM 7mM+iBQM �TT`QtBK�iBQM i�bFb BM i?2 HBi@
2`�im`2 UCBM kyy8VX 6BM�HHv- FLL Bb �//2/ 7Q` T2`7Q`K�M+2 +QKT�`BbQMX

Ȝ 8XRXk �H;Q`Bi?KB+ AKTH2K2Mi�iBQMb
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

�`+?Bi2+im`�H .2bB;M S2`7Q`K�M+2 i?`Qm;? *QKTmi�iBQM�H AMi2HHB;2M+2 Nk



h?2 K�+?BM2@H2�`MBM; 2tT2`BK2Mib QmiHBM2/ BM i?Bb b2+iBQM ?�p2 �HH #22M +�``B2/
Qmi mbBM; iQQHb �p�BH�#H2 �b T�`i Q7 i?2 _ bi�iBbiB+�H T`Q;`�KKBM; H�M;m�;2 U"mMM
�M/ EQ`T2H� kyR8VX AM T�`iB+mH�`- i?2 7QHHQrBM; T�+F�;2b ?�p2 #22M mb2/,

• MM2i o2M�#H2b �M/ _BTH2v URNN9V

• F2`MH�# E�`�ixQ;HQm 2i �HX Ukyy9V

• FMM o2M�#H2b �M/ _BTH2v URNN9V

• `�M/QK6Q`2bi GB�r �M/ qB2M2` UkyykV

AM �//BiBQM- i?2 T�+F�;2 ǳ+�`2iǴ UEm?M kyR8V ?�b #22M 2ti2MbBp2Hv mb2/ 7Q` T2`@
7Q`KBM; +`Qbb@p�HB/�iBQMb �M/ T�`�K2i2` ;`B/ b2�`+?X

Ȝ 8XRXj �TT`QtBK�iBQM Q7 oBbm�H *QK7Q`i AM/B+�iQ`b
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

oBbm�H +QK7Q`i Q7 BMi2`BQ`b Bb � +QKTH2t iQTB+- /m2 iQ i?2 p�`BQmb T�`�K2i2`b
i?�i M22/ iQ #2 i�F2M BMiQ �++QmMiX a2p2`�H /Bz2`2Mi 7�+iQ`b +QMi`B#mi2 iQ � pB@
bm�HHv +QK7Q`i�#H2 rQ`FBM; 2MpB`QMK2MiX _m+F B/2MiB}2b 7Qm` K�BM T2`7Q`K�M+2
7�+iQ`b `2H�iBM; iQ pBbm�H +QK7Q`i, BHHmKBM�M+2- ;H�`2- /Bbi`B#miBQM- �M/ /B`2+iBQM
U_m+F kyyyVX 6Q` i?2 b+QT2 Q7 i?Bb bim/v- i?2 }`bi irQ �`2 BMp2biB;�i2/, BHHmKB@
M�M+2 �M/ ;H�`2X h?2 .�vHB;?i �miQMQKv U.�V K2i`B+ U_2BM?�`i �M/ q�HF2M?Q`bi
kyyRV Bb +?Qb2M 7Q` BHHmKBM�M+2- �M/ i?2 .�vHB;?i :H�`2 S`Q#�#BHBiv U.:SV K2i`B+
UqB2MQH/ �M/ *?`BbiQz2`b2M kyy8V Bb +?Qb2M 7Q` ;H�`2X

.�vHB;?i �miQMQKv U.�V ?�b #22M QM2 Q7 i?2 }`bi Q7 � b2`B2b Q7 +HBK�i2@#�b2/- �M@
Mm�H /�vHB;?i K2i`B+b- r?B+? ?�p2 #22M BMi`Q/m+2/ BM i?2 T�bi 72r /2+�/2bX .�-
BM Bib +m``2Mi BMi2`T`2i�iBQM- ?�b #22M BMi`Q/m+2/ #v _2BM?�`i �M/ q�HF2M?Q`bi
U_2BM?�`i �M/ q�HF2M?Q`bi kyyRVX AM i?2B` bim/v- i?2 �mi?Q`b /2}M2 .� �b � T?vb@
B+�H [m�MiBiv i?�i /2MQi2b i?2 7`�+iBQM Q7 � +QMbB/2`2/ iBK2 BMi2`p�H /m`BM; r?B+?
� KBMBKmK BHHmKBM�M+2 H2p2H +�M #2 K�BMi�BM2/ #v /�vHB;?i �HQM2 U_2BM?�`i �M/
q�HF2M?Q`bi kyyRVX AM Qm` +�b2- jyy Hmt ?�b #22M +QMbB/2`2/ i?2 KBMBKmK bmBi@
�#H2 BHHmKBM�M+2 H2p2H 7Q` Q{+2 rQ`F UA1aL� kyyyVX 6m`i?2`KQ`2- i?2 iBK2 BMi2`@
p�H i?�i +Q``2bTQM/b iQ bi�M/�`/ r22FHv rQ`FBM; ?Qm`b BM �M Q{+2 2MpB`QMK2Mi-
i?�i Bb- N �K iQ 8 TK- Bb +QMbB/2`2/X AM Tm#HB+�iBQMb 7QHHQrBM; i?�i Q7 _2BM?�`i
�M/ q�HF2M?Q`bi- � K�Mm�H #HBM/ +QMi`QH KQ/2H i?�i T`2/B+ib i?2 bi�imb Q7 KQp@
�#H2 b?�/BM; /2pB+2b �i �HH iBK2 bi2Tb BM i?2 v2�` 7m`i?2` `2}M2/ i?2 +QM+2Ti Q7 .�
U_2BM?�`i 2i �HX kyyeVX AM i?Bb bim/v- i?Qb2 `2}M2K2Mib �`2 MQi +QMbB/2`2/X

.�vHB;?i :H�`2 S`Q#�#BHBiv U.:SV Bb �M BM/B+�iQ` /2p2HQT2/ #v qB2MQH/ �M/ *?`BbiQ7@
72`b2M- r?B+? BM/B+�i2b i?2 T`Q#�#BHBiv i?�i � T2`bQM rQmH/ 2tT2`B2M+2 i?2 2z2+ib
Q7 ;H�`2 7`QK � bT2+B}+ pB2rTQBMi BM i?2 BMi2`BQ` bT�+2 UqB2MQH/ �M/ *?`BbiQz2`b2M
kyy8VX .:S Bb /2T2M/2Mi QM irQ 7�+iQ`b, ;H�`2 /m2 iQ b+2M2 #`B;?iM2bb- �M/ ;H�`2
/m2 iQ b+2M2 +QMi`�biX h?2b2 irQ �`2 bmKK�`Bx2/ BM i?2 +�H+mH�iBQM Q7 .:S �b 7QH@

*?�Ti2` Nj



HQrb,

DGP =5.87 · 10−5 · Ev + 9.18 · 10−2

· log(1 +
∑

i

L2
s,i · ωs,j

E1.87
v · P 2

i

) + 0.16
U8XRV

AM i?2 �#Qp2 2[m�iBQM- Ev Bb i?2 p2`iB+�H BHHmKBM�M+2 �i 2v2 H2p2H BM Hmt �M/ /2@
T2M/b QM i?2 Q`B2Mi�iBQM Q7 i?2 TH�M2 T2`T2M/B+mH�` iQ i?2 /B`2+iBQM Q7 ;�x2X Ls Bb
i?2 HmKBM�M+2 Q7 i?2 bQm`+2 BM +/fKk- ωs Bb i?2 bQHB/ �M;H2 Q7 i?2 bQm`+2 BM b` �M/
P Bb i?2 :mi? TQbBiBQM BM/2tX

� `�vi`�+BM;@#�b2/ �TT`Q�+? mbBM; _�/B�M+2- �M/ i?2 1p�H;H�`2 iQQH UqB2MQH/
kyRjV Bb 2KTHQv2/ iQ B/2MiB7v TQi2MiB�H ;H�`2 bQm`+2b �M/ �++m`�i2Hv +�H+mH�i2 i?2
.:SX AMBiB�HHv- `�/B�M+2 Bb mb2/ iQ ;2M2`�i2 � ?B;? /vM�KB+ `�M;2- rB/2@�M;H2 BK@
�;2 Q7 i?2 BMi2`BQ` Q7 i?2 Q{+2- 7`QK � bT2+B}+ pB2rTQBMiX h?Bb BK�;2 Bb i?2M BM@
Tmii2/ iQ i?2 2p�H;H�`2 iQQH- r?B+? Bb `2bTQMbB#H2 7Q` +�H+mH�iBM; .:SX Ai b?QmH/ #2
MQi2/ i?�i i?2 BK�;2 T`Q/m+2/ #v `�/B�M+2 Bb �M BMi2`K2/B�i2 bi2T QMHv mb2/ 7Q`
/2i2`KBMBM; .:S- �M/ Bb MQi mb2/ 7m`i?2` 7Q` i?Bb bim/vX

h�"G1 8XR AM/2T2M/2Mi p�`B�#H2b Q7 i?2 Q{+2 KQ/2H
o�`B�#H2 lMBi _�M;2

_QQK J2�bX P{+2 qB/i? K (j-d)
P{+2 G2M;i? K (j-d)
P{+2 >2B;?i K (kX8-jX8)

_QQK P`B2MiX `�/ (y-2π)
q�HH � qBM/Qr s@SQb W (y- Ryy)

qBM/Qr qB/i? W (y- Ryy)
qBM/Qr >2B;?i K (RXk- kXR)

q�HH " qBM/Qr s@SQb W (y- Ryy)
qBM/Qr qB/i? W (y- Ryy)
qBM/Qr >2B;?i K (RXk- kXR)

J2�bX SQBMi s@SQb W (y- Ryy)
G@SQb W (y- Ryy)
oB2rBM; .B`X `�/ (y-2π)

hBK2 hBK2 Q7 .�v ? (N- R3)
hBK2 Q7 u2�` U/�vb iQ kRbi CmM2V /�vb (y- R3k)

Ȝ 8XRX9 S�`�K2i`B+ P{+2 JQ/2H
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

� +QKTmi�iBQM�H KQ/2H Q7 �M Q{+2 ?�b #22M /2p2HQT2/ mbBM; T�`�K2i`B+ /2bB;M
i2+?MB[m2bX h?2 Q`B2Mi�iBQM �M/ /BK2MbBQMb Q7 i?2 `QQK- �b r2HH �b /BK2MbBQMb Q7
QT2MBM;b- �`2 i?2 T�`�K2i2`b Q7 i?2 KQ/2HX h?2 KQ/2H +�M `2T`2b2Mi Q{+2b `�M;@
BM; 7`QK i?`22 #v i?`22 K2i2`b mT iQ b2p2M #v b2p2M K2i2`b- rBi? rBM/Qrb Q7 p�`B@
�#H2 TQbBiBQMb �M/ bBx2b- QM QM2 Q` irQ �/D�+2Mi r�HHbX h?mb- i?2 KQ/2H +Qp2`b i?2
KQbi +QKKQM +�b2b Q7 `Qr �M/ +Q`M2` Q{+2bX �M Qp2`pB2r Q7 i?2 T�`�K2i2`b �M/

�`+?Bi2+im`�H .2bB;M S2`7Q`K�M+2 i?`Qm;? *QKTmi�iBQM�H AMi2HHB;2M+2 N9



i?2B` mMBib �M/ `�M;2b Bb ;Bp2M BM h�#H2 8XRX � /B�;`�K b?QrBM; �M BMbi�M+2 Q7 i?2
KQ/2H iQ;2i?2` rBi? T�`�K2i2`b Bb T`2b2Mi2/ BM 6B;m`2 8XRX h?2 Q{+2 KQ/2H ?�b
#22M b2i BM � bBKTHB}2/ pB`im�H m`#�M 2MpB`QMK2Mi- rBi? #mBH/BM; pQHmK2b 2M+HQb@
BM; i?2 Q{+2 pQHmK2 �i � /Bbi�M+2 Q7 jy K QM �HH bB/2b- r?B+? Bb T`2b2Mi2/ BM 6B;@
m`2 8XkX

6A:l_1 8XR S�`�K2i`B+ KQ/2H Q7 i?2 Q{+2 b?QrBM; T�`�K2i2`b �M/ +Q``2bTQM/@
BM; /BK2MbBQMbX

6Q` i?2 KQ/2HBM; Q7 bm`7�+2b �M/ 2ti2`BQ` QT2MBM;b- bi�M/�`/ K�i2`B�Hb BM+Hm/2/
BM i?2 `�/B�M+2 K�i2`B�Hb /�i�#�b2 ?�p2 #22M mb2/X L�K2Hv- 7Q` i?2 KQ/2HBM; Q7
i?2 ~QQ`- ǵ:2M2`B+ 6HQQ` kyW _2~2+i�M+2Ƕ r�b mb2/c 7Q` r�HHb- ǳ:2M2`B+ AMi2`BQ`
q�HH 8yW _2~2+i�M+2Ǵc 7Q` +2BHBM;- ǳ:2M2`B+ *2BHBM; 3yW _2~2+i�M+2Ǵ �M/ 7Q` i?2
QT2MBM;b- i?2 ǳ1*@*H2�`Ǵ ivT2 Q7 ;H�xBM;X q?BH2- 7Q` i?2 b+QT2 Q7 i?Bb `2b2�`+?-
T`QT2`iB2b Q7 K�i2`B�Hb �`2 MQi BM+Hm/2/ �b BM/2T2M/2Mi p�`B�#H2b- Bi Bb BMi2M/2/ iQ
BM+Hm/2 i?2K BM 7mim`2 `2b2�`+?X

6A:l_1 8Xk SH�+2K2Mi Q7 i?2 Q{+2 KQ/mH2 rBi?BM � pB`im�H m`#�M +QMi2tiX

*?�Ti2` N8



hrQ bBKBH�` p2`bBQMb Q7 i?2 KQ/2H r2`2 ;2M2`�i2/- 2�+? bT2+B}+ iQ i?2 +�H+mH�iBQM
Q7 i?2 irQ /Bz2`2Mi K2i`B+b- .� �M/ .:SX h?2 +�H+mH�iBQM Q7 .� Bb T2`7Q`K2/ �M@
Mm�HHv- �M/ `2[mB`2b HQ+�iBQM /�i� bBM+2 Bi K�F2b mb2 Q7 BHHmKBM�M+2 };m`2bX h?2
.:S +�H+mH�iBQM `2[mB`2b #Qi? HQ+�iBQM �M/ i2KTQ`�H /�i� iQ #2 bT2+B}2/X 6Q`
#Qi? +�b2b- i?2 HQ+�iBQM Q7 AxKB`- � +Biv QM i?2 1�bi +Q�bi Q7 hm`F2v- +QQ`/BM�i2b,
j3êke�L kdêyN�1- ?�b #22M b2H2+i2/X h?2 iBK2 Q7 /�v �M/ iBK2 Q7 v2�` �`2 BM/2T2M@
/2Mi p�Hm2b BM i?2 +�b2 Q7 .:S- `2bmHiBM; BM i?2 /BK2MbBQM�HBiv Q7 i?2 .:S /�i�b2i
#2BM; ?B;?2` i?�M i?�i Q7 i?2 .� /�i�b2iX

aBM+2 i?2 7Q+mb Q7 i?Bb bim/v Bb QM Q{+2 2MpB`QMK2Mib- Bi Bb `2�bQM�#H2 iQ +QM@
bB/2` i?�i FMQrH2/;2 �#Qmi pBbm�H +QK7Q`i �i rQ`FBM; TQbBiBQM Bb KQbi `2H2p�MiX
�b bm+?- .� K2�bm`2K2Mib r2`2 T2`7Q`K2/ QM i?2 rQ`FBM; TH�M2X h?Bb ?�b #22M
+QMbB/2`2/ �b � ?Q`BxQMi�H TH�M2 b2i �i yXd8 K Qp2` i?2 ;`QmM/X *QM+2`MBM; ;H�`2-
K2�bm`2K2Mib r2`2 T2`7Q`K2/ 7`QK pB2rTQBMib HQ+�i2/ �i � ?2B;?i Q7 RXkk K- r?B+?
�TT`QtBK�i2Hv +Q``2bTQM/b iQ i?2 �p2`�;2 2v2 H2p2H 7Q` � T2`bQM rQ`FBM; �i � +QK@
Tmi2` i2`KBM�HX 6B;m`2b �#Qmi i?2 2v2 H2p2H �M/ rQ`FBM; TH�M2 TQbBiBQMb r2`2 Q#@
i�BM2/ #v L2m72`i UL2m72`i �M/ L2m72`i kyykVX � pBbm�H `2T`2b2Mi�iBQM Q7 i?2 rQ`F@
BM; TQbBiBQM r?BH2 mbBM; i?2 i�#H2 bm`7�+2 Bb T`QpB/2/ BM 6B;m`2 8XjX h?2 +Q``2@
bTQM/BM; TQbBiBQM r?BH2 mbBM; � +QKTmi2` Bb ;Bp2M BM 6B;m`2 8X9X J2�bm`2K2Mi +QM@
};m`�iBQM 7Q` .� Bb �p�BH�#H2 BM 6B;m`2 8X8 �M/ 7Q` .:S BM 6B;m`2 8XeX "2bB/2b-
i?2 H�ii2` T`2b2Mib `2bmHib Q7 i?2 `�/B�M+2 bBKmH�iBQM U#- +V- �b r2HH i?2 �`2�b Q7 i?2
BK�;2 i?�i �`2 T`BK�`v +�mb2b Q7 ;H�`2- �b /2i2`KBM2/ #v i?2 2p�H;H�`2 iQQH U/VX

6A:l_1 8Xj qQ`FBM; TQbBiBQM miBHBxBM; rQ`FBM; bm`7�+2 7Q` `2�/BM; �M/ r`BiBM;
i�bFbX �/�Ti2/ 7`QK UL2m72`i �M/ L2m72`i kyykV

J2�bm`2K2Mi TQBMib 7Q` i?2 .� �M�HvbBb r2`2 /Bbi`B#mi2/ �HQM; � QM2 #v QM2@K2i2`
;`B/X am#b2[m2MiHv- 2�+? TQBMi r�b T2`im`#2/ #v � `�M/QK /Bbi�M+2 Q7 mT iQ yX8
KX h?Bb r�b /2+B/2/ iQ #2ii2` 2Mbm`2 i?�i ;2M2`�HBx�iBQM Bb bm{+B2Mi 7Q` � rB/2`
p�`B2iv Q7 BM/QQ` K2�bm`2K2Mi TQBMibX �b bm+?- � b2KB@`�M/QK K2�bm`2K2Mi ;`B/
r�b /2`Bp2/- r?B+? r�b mb2/ 7Q` i?2 +�H+mH�iBQM Q7 .� p�Hm2bX

h?2 HB;?i bBKmH�iBQMb r2`2 +�``B2/ Qmi mbBM; i?2 _�/B�M+2 T`Q;`�K Uq�`/ RNN9V-
p2`bBQM 9XkX�@rBMjk- mbBM; ?B;?@[m�HBiv b2iiBM;bX _�/B�M+2 Bb � biQ+?�biB+ `�v i`�+@
BM; HB;?i bBKmH�iQ` i?�i ?�b #22M 2ti2MbBp2Hv p�HB/�i2/ �M/ Bb bmBi�#H2 7Q` mb2 BM
�`+?Bi2+im`�H bBKmH�iBQMbX h?2 ;H�`2 +�H+mH�iBQMb r2`2 +�``B2/ Qmi mbBM; 2p�H;H�`2
p2`bBQM RXRRX hrQ BMi2`7�+2 T`Q;`�Kb- i2`K2/ .Ao� �M/ >QM2v#22- r2`2 mb2/ iQ

�`+?Bi2+im`�H .2bB;M S2`7Q`K�M+2 i?`Qm;? *QKTmi�iBQM�H AMi2HHB;2M+2 Ne



6A:l_1 8X9 qQ`FBM; TQbBiBQM miBHBxBM; � +QKTmi2` i2`KBM�HX �/�Ti2/ 7`QK
UL2m72`i �M/ L2m72`i kyykV

6A:l_1 8X8 J2�bm`BM; �``�M;2K2Mi 7Q` /�vHB;?i �miQMQKv BM `�/B�M+2- b?QrBM;
i?2 BM}MBi2bBK�H ?Q`BxQMi�H K2�bm`2K2Mi bm`7�+2X

*?�Ti2` Nd



�HHQr 2�bv mb2 Q7 _�/B�M+2 i?`Qm;? i?2 _?BMQ+2`Qb *�. TH�i7Q`KX h?2 p�Hm2b Q7
i?2 b2iiBM;b mb2/ �`2 �p�BH�#H2 BM h�#H2 8XkX � b+`22Mb?Qi Q7 i?2 K2�bm`2K2Mi b2i@
mT BM i?2 _?BMQ+2`Qb T`Q;`�K +�M #2 b22M BM 6B;m`2 8XdX

h�"G1 8Xk S�`�K2i2`b Q7 i?2 _�/B�M+2 bBKmH�iBQMb
S�`�K2i2` .� aBK o�Hm2 .:S aBK o�Hm2

�K#B2Mi "QmM+2b U�#V j j
�K#B2Mi _2bQHmiBQM U�#V 3yy 3yy
�K#B2Mi �++m`�+v U��V yXyj yXyk
�K#B2Mi .BpBbBQMb U�/V R8yy kyyy
�K#B2Mi amT2`b�KTH2b U�bV RNk k8e

h?2 bBKmH�iBQMb /2b+`B#2/ �#Qp2 7`�K2 i?2 �TT`QtBK�iBQM T`Q#H2K bm{+B2MiHvX
h?Bb Bb � T`Q#H2K Q7 �TT`QtBK�iBM; � 7mM+iBQM rBi? Rk �M/ R8 BM/2T2M/2Mi p�`B@
�#H2b- 7Q` .� �M/ .:S `2bT2+iBp2Hv- �M/ � bBM;H2 /2T2M/2Mi p�`B�#H2 BM 2�+? +�b2X
h?2 7mM+iBQMb �`2 ?B;?Hv MQM@HBM2�` �M/- BM i?2 +�b2 Q7 .:S- ?B;?Hv b2MbBiBp2 iQ
7�+iQ`b bm+? �b i?2 Q`B2Mi�iBQM Q7 bT�+2 �M/ pB2rTQBMi- �b r2HH �b /Bb+QMiBMmQmb BM
bQK2 +�b2bX 6Q` i?2 +�b2 Q7 .:S- Bi Bb i?mb `2�bQM�#H2 iQ 2tT2+i � HQr2` KQ/2H }@
/2HBiv i?�M i?�i Q7 .�X

Ȝ 8XRX8 .�i� S`2T�`�iBQM
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

hrQ /�i�b2ib r2`2 T`Q/m+2/ 7`QK bBKmH�iBQMb- �++Q`/BM; iQ i?2 T`Q+2/m`2 /2@
b+`B#2/ �#Qp2X h?2 }`bi QM2 +QMi�BMb i?2 `2bmHib Q7 .� bBKmH�iBQMb �M/ +QKT`Bb2b
Rk BM/2T2M/2Mi p�`B�#H2b- QM2 /2T2M/2Mi p�`B�#H2- +Q``2bTQM/BM; iQ .�- �M/ kyyy
b�KTH2bX h?2 b2+QM/ /�i�b2i +QMi�BMb i?2 `2bmHib Q7 .:S bBKmH�iBQMb �M/ +QK@
T`Bb2b R8 BM/2T2M/2Mi p�`B�#H2b- QM2 /2T2M/2Mi p�`B�#H2- +Q``2bTQM/BM; iQ .:S-
�M/ jyyy b�KTH2bX h?2 /�i�b2ib rBHH #2 ?2`2BM `272``2/ iQ �b .� /�i�b2i �M/ .:S
/�i�b2i- `2bT2+iBp2HvX amKK�`B2b Q7 i?2 /2T2M/2Mi p�`B�#H2b BM i?2 ;2M2`�i2/ /�i�b2ib
�`2 �p�BH�#H2 BM h�#H2 8XjX .2T2M/2Mi p�`B�#H2b BM #Qi? /�i�b2ib 2t?B#Bi bF2r2/
/Bbi`B#miBQMbX AM T�`iB+mH�`- i?2 /2T2M/2Mi p�`B�#H2 BM i?2 .� /�i�b2i 2t?B#Bib
� M2;�iBp2 bF2rM2bbX Ai 2t?B#Bib � KBMBKmK Q7 yXy- � K�tBKmK Q7 NdXy- � K2�M
Q7 djXN- �M/ � bi�M/�`/ /2pB�iBQM Q7 jRXyeX h?2 /2T2M/2Mi p�`B�#H2 Q7 i?2 .:S
/�i�b2i 2t?B#Bib TQbBiBp2 bF2rM2bbX Ai ?�b � KBMBKmK p�Hm2 Q7 yXyyk- � K�tBKmK
Q7 RXy- � K2�M Q7 yXkek- �M/ � bi�M/�`/ /2pB�iBQM Q7 yXR93X

hQ BMp2biB;�i2 i?2 2z2+i Q7 bF2rM2bb QM i?2 H2�`MBM; T2`7Q`K�M+2 Q7 i?2 KQ/2Hb-
i`�BMBM; �M/ p�HB/�iBQM `mMb r2`2 T2`7Q`K2/ �HbQ 7Q` � b2T�`�i2 b2`B2b Q7 /�i�b2ib-
r?2`2 /2T2M/2Mi p�`B�#H2b ?�p2 #22M i`�Mb7Q`K2/ iQ �+?B2p2 � /Bbi`B#miBQM +HQb2`
iQ MQ`K�HX h?2 i`�Mb7Q`K�iBQMb r2`2 /Bz2`2Mi 7Q` i?2 .� /�i�b2i- �M/ i?2 irQ
.:S /�i�b2ibX 6Q` i?2 .� /�i�b2i- rBi? M2;�iBp2 bF2rM2bb- � `2~2+i2/ HQ;�`Bi?K@
#�b2/ i`�Mb7Q`K�iBQM r�b �TTHB2/,

XT = −log(−XR + C1) + C2 U8XkV

AM i?2 �#Qp2 2[m�iBQM- *R Bb b2H2+i2/ bQ i?�i i?2 KBMBKmK p�Hm2 Q7 ƐXR + C1 Bb
2[m�H iQ RXy- �M/ C2 bQ i?�i i?2 KBMBKmK p�Hm2 Q7 XT Bb 2[m�H iQ RXyX

�`+?Bi2+im`�H .2bB;M S2`7Q`K�M+2 i?`Qm;? *QKTmi�iBQM�H AMi2HHB;2M+2 N3



6A:l_1 8Xe J2�bm`BM; �``�M;2K2Mi 7Q` /�vHB;?i ;H�`2 T`Q#�#BHBiv- b?QrBM; i?2
b+2M2 b2i@mT rBi? i?2 �`2� Q7 BMi2`2bi U#Hm2 +B`+H2- �V- i?2 QmiTmi
7`QK � }b?@2v2 `2M/2`BM; BM `�/B�M+2 U#- +V �M/ i?2 2p�Hm�iBQM Q7
;H�`2 bQm`+2b #v 2p�H;H�`2 U/VX

*?�Ti2` NN



6A:l_1 8Xd aBKmH�iBQM b2i@mT BM i?2 :`�bb?QTT2` T�`�K2i`B+ 2MpB`QMK2MiX

6A:l_1 8X3 >BbiQ;`�Kb Q7 i?2 Q`B;BM�H �M/ i`�Mb7Q`K2/ .� �M/ .:S /�i�b2ibX

�`+?Bi2+im`�H .2bB;M S2`7Q`K�M+2 i?`Qm;? *QKTmi�iBQM�H AMi2HHB;2M+2 Ryy



h�"G1 8Xj amKK�`v Q7 i?2 /2T2M/2Mi p�`B�#H2b Q7 i?2 irQ /�i�b2ib
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AM i?2 +�b2 Q7 i?2 .:S /�i�b2i- p�Hm2b �#Qp2 � .:S Q7 yXe r2`2 i`mM+�i2/ iQ yXeX
h?Bb H2/ iQ /Bbi`B#miBQM Km+? +HQb2` iQ MQ`K�HX h?2 `�iBQM�H2 7Q` i?Bb i`�Mb7Q`K�@
iBQM r�b #�b2/ QM irQ Q#b2`p�iBQMb- M�K2Hv BX p2`v 72r .:S p�Hm2b 2t+22/2/ yXe-
�M/ BBX �Mv p�Hm2 �#Qp2 i?�i i?`2b?QH/ +�M #2 b�B/ iQ #2 ;2M2`�HHv mMb�iBb7�+iQ`v-
�M/ �b bm+? /Bz2`2MiB�iBQM #2ir22M p�Hm2b Bb MQi bi`B+iHv M2+2bb�`vX

AM �HH +�b2b- Bi r�b 7QmM/ i?�i i?2 i`�Mb7Q`K�iBQMb r2`2 #2M2}+B�H iQ i?2 T2`7Q`@
K�M+2 Q7 i?2 KQ/2HbX AM i?2 7QHHQrBM; /Bb+mbbBQM- `2bmHib #�b2/ QM i?2 i`�Mb7Q`K2/
/�i�b2ib �`2 +QMbB/2`2/X 6B;m`2 8X3 T`2b2Mib ?BbiQ;`�Kb Q7 /2T2M/2Mi p�`B�#H2b 7Q`
i?2 Q`B;BM�H �M/ i`�Mb7Q`K2/ /�i�b2ibX

Ȝ 8XRXe JQ/2H *QM};m`�iBQM
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Ȝ 8XRXeXR P#D2+iBp2 6mM+iBQMb
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

h?2 2p�Hm�iBQM Q7 i?2 K2i?Q/bǶ T`2/B+iBQM �++m`�+v r�b #�b2/ QM irQ bi�iBbiB+b-
M�K2Hv i?2 _QQi J2�M a[m�`2 1``Q` U_Ja1V,

RMSE =

√
1
N

∑

i

(yi − fi)2 U8XjV

�M/ i?2 *Q2{+B2Mi Q7 .2i2`KBM�iBQM R2,

R2 = 1−
∑

i (yi − fi)
2

∑
i (yi − ȳ)2

U8X9V

r?2`2 N Bb i?2 MmK#2` Q7 i2bi T`2/B+iBQMb- yi Bb i?2 Q#b2`p2/ p�Hm2 �M/ fi Bb i?2
T`2/B+i2/ p�Hm2X h?2 _@b[m�`2/ bi�iBbiB+ Qz2`b �M mM/2`bi�M/BM; Q7 i?2 �KQmMi Q7
iQi�H p�`B�M+2 BM i?2 /�i�b2i i?�i K�v #2 2tTH�BM2/ #v i?2 T`2/B+iBp2 KQ/2HX AM
�HH +�b2b- i?2 /2`Bp�iBQM Q7 T`2/B+iBQM T2`7Q`K�M+2 };m`2b 7Q` 2�+? KQ/2H ?�b #22M
#�b2/ QM Ry@7QH/ +`Qbb@p�HB/�iBQMX

Ȝ 8XRXeXk .2i2`KBM�iBQM Q7 JQ/2H S�`�K2i2`b
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

6Q` 2�+? Q7 i?2 KQ/2Hb +QMbB/2`2/- �M BMp2biB;�iBQM BM 2bi�#HBb?BM; bmBi�#H2 ?v@
T2`T�`�K2i2`b ?�b #22M +QM/m+i2/X AM i?Bb b2+iBQM- � #`B27 K2MiBQM Q7 2�+? KQ/2HǶb
?vT2`T�`�K2i2`b- �b r2HH �b i?2 `2bmHib Q7 i?2 BMp2biB;�iBQM Bb /Bb+mbb2/X h?Bb BM@
p2biB;�iBQM K�/2 mb2 Q7 � ;`B/ b2�`+? �HQM; � 72r +`m+B�H T�`�K2i2`b Q7 2�+? KQ/2HX
q?2`2 �//BiBQM�H T�`�K2i2`b #2vQM/ i?2 QM2b +QMbB/2`2/ 2tBbi2/- i?2v r2`2 F2Ti
�i i?2 /27�mHi p�Hm2b Qz2`2/ #v i?2B` `2bT2+iBp2 BKTH2K2Mi�iBQMbX

h?2 +`m+B�H T�`�K2i2`b Q7 i?2 66L bi`m+im`2 �`2 i?2 �+iBp�iBQM 7mM+iBQM- i?2 MmK@
#2` Q7 ?B//2M H�v2`b- �M/ i?2 bBx2 Q7 2�+? ?B//2M H�v2`X "2bB/2b- BM `2;mH�`Bx2/ M2i@
rQ`Fb- i?2 `2;mH�`Bx�iBQM T�`�K2i2`- G�K#/�- Bb Q7 ;`2�i BKTQ`i�M+2X 6Q` i?Bb BM@

�`+?Bi2+im`�H .2bB;M S2`7Q`K�M+2 i?`Qm;? *QKTmi�iBQM�H AMi2HHB;2M+2 Ryk



p2biB;�iBQM- � p�`B�#H2 MmK#2` Q7 ?B//2M MQ/2b- �b r2HH �b /Bz2`2Mi p�Hm2b 7Q` i?2
`2;mH�`Bx�iBQM T�`�K2i2` G�K#/� r2`2 +QMbB/2`2/X h?2 KQbi +`m+B�H T�`�K2i2` iQ
/2i2`KBMBM; _6b KQ/2Hb Bb i?2 MmK#2` Q7 i`22 2biBK�iQ`b i?�i �`2 ;`QrM �b T�`i
Q7 i?2 i`�BMBM; T`Q+2bbX h?Bb p�`B�#H2 Bb p�`B2/ `�M;BM; 7`QK � p�Hm2 Q7 }p2- mT iQ
kyyX aoJb �`2 /2}M2/ K�BMHv #v i?2 * T�`�K2i2`- �M/- BM i?2 +�b2 Q7 `�/B�H #�@
bBb 7mM+iBQM U_"6V@#�b2/ aoJ- �b BM Qm` +�b2- i?2 rB/i? Q7 i?2 F2`M2H TH�vb � bB;@
MB}+�Mi `QH2 �b r2HHX 6Q` i?Bb KQ/2H- � k. ;`B/ b2�`+? 7Q` i?2 �#Qp2 T�`�K2i2`b Bb
T2`7Q`K2/X 6BM�HHv- � /2}MBM; T�`�K2i2` BM i?2 +�b2 Q7 i?2 FLL KQ/2H Bb i?�i Q7
F- i?2 MmK#2` Q7 M2B;?#Q`b iQ +QMbB/2`X

6A:l_1 8XN �TT`QtBK�iBQM T2`7Q`K�M+2 7Q` /Bz2`2Mi ?vT2`T�`�K2i2` p�Hm2b-
.� /�i�b2iX

_2bmHib Q7 i?2 ?vT2`T�`�K2i2` ;`B/ b2�`+? �`2 �p�BH�#H2 BM 6B;m`2b 8XN �M/ 8XRyX
h�#H2 8X9 T`2b2Mib � bmKK�`v Q7 i?2 QTiBK�H +QM};m`�iBQMb B/2MiB}2/ 7Q` 2�+?
KQ/2HX h?2 7QHHQrBM; Bb Q#b2`p2/, UBV i?2 `2H�iBp2 BMb2MbBiBpBiv Q7 i?2 T2`7Q`K�M+2
Q7 i?2 _6b T`2/B+iQ` iQ i?2 MmK#2` Q7 `2;`2bbQ`b- UBBV QM i?2 +QMi`�`v- i?2 b2MbB@

*?�Ti2` Ryj



6A:l_1 8XRy �TT`QtBK�iBQM T2`7Q`K�M+2 7Q` /Bz2`2Mi ?vT2`T�`�K2i2` p�Hm2b-
.:S /�i�b2iX

�`+?Bi2+im`�H .2bB;M S2`7Q`K�M+2 i?`Qm;? *QKTmi�iBQM�H AMi2HHB;2M+2 Ry9



iBpBiv Q7 i?2 66L �M/ aoJ iQ i?2 `2;mH�`Bx�iBQM T�`�K2i2` G�K#/�- �M/ i?2 +Qbi
T�`�K2i2` `2bT2+iBp2Hv �M/ UBBBV i?2 �MiBi?2iB+�H BM~m2M+2 QM i?2 FLL T`2/B+iQ`-
+QM+2`MBM; i?2 irQ /�i�b2ib- Q7 i?2 MmK#2` Q7 M2B;?#Q`b- FX

h�"G1 8X9 PTiBK�H T�`�K2i2` +QM};m`�iBQMb 7Q` i?2 H2�`MBM; KQ/2Hb
aoJ@_"6 66L _6 FLL

PTiBK�H o�Hm2 * aB;K� λ F O`2;`2bbQ` F

.� eeXd yXR yXykd jy Ry Ry

.:S eeXd yXyk yXykd R9 Ry k

Ȝ 8XRXeXj JQ/2H "B�b �M/ o�`B�M+2
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

h?2 G2�`MBM; *m`p2b K2i?Q/ Bb 2KTHQv2/ iQ 2p�Hm�i2 i?2 KQ/2Hb rBi? `2bT2+i iQ
#B�b �M/ p�`B�M+2X G2�`MBM; +m`p2b `2T`2b2Mi i?2 ;2M2`�HBx�iBQM T2`7Q`K�M+2 Q7 i?2
KQ/2H �b � 7mM+iBQM Q7 i?2 bBx2 Q7 i?2 i`�BMBM; b2i US2`HB+? kyRyVX G2�`MBM; +m`p2b
THQi i?2 +?�M;2 BM i`�BMBM; �M/ +`Qbb@p�HB/�iBQM 2``Q` p2`bmb i?2 BM+`2�b2 BM i`�BM@
BM; b2i bBx2X q?2M i`�BM2/ QM bK�HH i`�BMBM; b2ib- Bi Bb 2tT2+i2/ i?�i 2biBK�iQ`b
U2p2M ?B;?@#B�b QM2bV rBHH #2 �#H2 iQ T`QpB/2 ;QQ/ �TT`QtBK�iBQMb QM i?2 i`�BMBM;
b2i #mi T2`7Q`K TQQ`Hv QM +`Qbb@p�HB/�iBQMX �b i?2 i`�BMBM; b2i BM+`2�b2b- i?2 T`2@
/B+iBQM 2``Q` QM i?2 i`�BMBM; b2i BM+`2�b2b- #mi i?2 +`Qbb@p�HB/�iBQM 2``Q` /2+`2�b2bX
h?2 /Bz2`2M+2 #2ir22M i`�BMBM; �M/ +`Qbb@p�HB/�iBQM 2``Q` �i 7mHH i`�BMBM; /�i�b2i
bBx2 T`QpB/2b �M BM/B+�iQ` Q7 i?2 2tT2+i2/ #2M2}i B7 KQ`2 i`�BMBM; /�i� �`2 �//2/-
r?B+? Bb +HQb2Hv `2H�i2/ iQ i?2 p�`B�M+2 Q7 i?2 2biBK�iQ`X

6B;m`2 8XRR /2TB+ib i?2 G2�`MBM; *m`p2b 7Q` i?2 +�b2 Q7 i?2 .:S /�i�b2iX Ai Bb Q#@
b2`p2/ i?�i i?2 KQ/2Hb T2`7Q`K bBKBH�`Hv- rBi? i`�BMBM; �M/ +`Qbb@p�HB/�iBQM 2``Q`
Q7 i?2 _6 2biBK�iQ` +QMp2`;BM; iQ � bHB;?iHv HQr2` _Ja1- �M/ i?�i Q7 aoJ@_"6
iQ � bHB;?iHv ?B;?2`- r?BH2 i?2 FLL 2biBK�iQ` /2KQMbi`�i2b bB;MB}+�MiHv H�`;2`
+`Qbb@p�HB/�iBQM 2``Q`X G2�`MBM; +m`p2b 7Q` i?2 .� /�i�b2i BM/B+�i2 � bBKBH�` bBi@
m�iBQM- �Hi?Qm;? BM i?�i +�b2- i?2 /Bz2`2M+2 #2ir22M i`�BMBM; �M/ +`Qbb@p�HB/�iBQM
T`2/B+iBQM Bb ?B;?2`- BM/B+�iBM; i?�i �//BM; KQ`2 b�KTH2b +QmH/ ?�p2 � #2M2}+B�H
2z2+iX >Qr2p2`- ;Bp2M i?2 2t+2HH2Mi +`Qbb@p�HB/�iBQM T2`7Q`K�M+2 Q7 i?2 KQ/2Hb
BM i?2 +�b2 Q7 i?2 .� /�i�b2i- i?2 +?QB+2 r�b MQi iQ 2ti2M/ i?2 /�i�b2i 7m`i?2`X
:Bp2M i?2b2 `2bmHib- Bi Bb `2�bQM�#H2 iQ �`;m2 i?�i MQ 7m`i?2` #2M2}i K�v #2 �+@
[mB`2/ #v i?2 2ti2MbBQM Q7 i?2 /�i�b2ibX

Ȝ 8XRXd _2bmHib �M/ .Bb+mbbBQM
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Ȝ 8XRXdXR �TT`QtBK�iBQM S2`7Q`K�M+2
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

h�#H2 8X8 T`2b2Mib � bmKK�`v Q7 KQ/2H T2`7Q`K�M+2X AM �TT`QtBK�iBM; .�- Bi
+�M #2 b22M i?�i �HH KQ/2Hb �+?B2p2 ;QQ/ ;2M2`�HBx�iBQM T2`7Q`K�M+2X AM i2`Kb Q7
i?2 _k K2i`B+- 66L �+?B2p2b � +`Qbb@p�HB/�iBQM p�Hm2 Q7 yX3Rkc aoJ@_"6- � p�Hm2
Q7 yXN9Rc _6- � p�Hm2 Q7 yXNRk �M/ FLL- � p�Hm2 Q7 yXNkdX h?2 #2bi@T2`7Q`KBM;

*?�Ti2` Ry8



6A:l_1 8XRR G2�`MBM; +m`p2b 7Q` QTiBK�H KQ/2H +QM};m`�iBQM- .:S /�i�b2iX

KQ/2H Bb aoJ@_"6- r?BH2 _6 2t?B#Bib �M 2``Q` i?�i Bb bB;MB}+�MiHv ;`2�i2` i?�M
i?2 Qi?2`bX

h�"G1 8X8 PTiBK�H T�`�K2i2` +QM};m`�iBQMb 7Q` i?2 H2�`MBM; KQ/2Hb
_Ja1 Ua.V R2Ua.V

J2i?Q/ HQ;.� .:S HQ;.� .:S

66L yXjkNUyXyyNV yXydRUyXyy9V yX3RkUyXykjV yXe3kUyXy99V
_6 yXRe9UyXyR8V yXyd9UyXyy9V yXNRkUyXyR3V yXeekUyXyjNV
aoJ@_"6 yXRjRUyXyRkV yXy3yUyXyy8V yXN9RUyXyRRV yX8NRUyXy9eV
FLL yXR9dUyXyRNV yXyNNUyXyy9V yXNkdUyXykRV yXj38UyXy8RV

6B;m`2 8XRk /2TB+ib � pBbm�H +QKT�`BbQM Q7 irQ `�/B�M+2 bBKmH�iBQMb rBi? /Bz2`@
2Mi b2iiBM;b �M/ � T`2/B+iBQM K�/2 #v i?2 aoJ@_"6 T`2/B+iQ`- 7Q` i?2 .� K2i`B+X
hrQ b+2M�`BQb r2`2 BMp2biB;�i2/X AM i?2 }`bi b+2M�`BQ- �M Q{+2 Q7 8 #v e K- 7�+@
BM; bQmi?2�bi- rBi? rBM/Qrb BM i?2 bQmi?r2bi �M/ MQ`i?r2bi bB/2b Bb +QMbB/2`2/X
h?2 �TT`QtBK�iBQM +�Tim`2b i?2 K�BM 72�im`2b Q7 i?2 ?B;?@[m�HBiv .� bBKmH�iBQM-
#mi 7�BHb iQ +�Tim`2 bQK2 /2i�BHb- K�BMHv HQ+�i2/ BM i?2 +Q`M2`b Q7 i?2 `QQKX AM i?2
b2+QM/ b+2M�`BQ- �M Q{+2 Q7 9 #v 8 K �M/ � bBM;H2 rBM/Qr BM i?2 r2bi r�HH Bb +QM@
bB/2`2/X AM i?Bb b+2M�`BQ- i?2 �TT`QtBK�iBQM T`Q/m+2b �M 2HQM;�i2/ /Bbi`B#miBQM-
r?B+?- BM i?2 bQmi?KQbi T�`i Q7 i?2 Q{+2- Bb /2pB�iBM; 7`QK i?2 bBKmH�i2/ p�Hm2bX

AM �TT`QtBK�iBM; .:S- i?2 T2`7Q`K�M+2 Q7 i?2 KQ/2Hb /`QTb bB;MB}+�MiHvX AM i2`Kb
Q7 i?2 _k K2i`B+- 66L �+?B2p2b � +`Qbb@p�HB/�iBQM p�Hm2 Q7 yXe3kc aoJ@_"6- �

�`+?Bi2+im`�H .2bB;M S2`7Q`K�M+2 i?`Qm;? *QKTmi�iBQM�H AMi2HHB;2M+2 Rye



6A:l_1 8XRk *QKT�`BbQM Q7 bBKmH�iBQM@/2`Bp2/ �M/ T`2/B+i2/ `2bmHib 7Q` /�v@
HB;?i �miQMQKv- 7Q` irQ /Bz2`2Mi Q{+2 b2iiBM;bX G27i, `�/B�M+2 `2@
bmHib- >Z b2iiBM;b- +2Mi2`, aoJ@_"6 �TT`QtBK�iBQM- `B;?i, `�/B@
�M+2 `2bmHib- .Ao� bi�M/�`/ b2iiBM;bXX

p�Hm2 Q7 yX8NRc _6- � p�Hm2 Q7 yXeek �M/ FLL- � p�Hm2 Q7 yXj38X h?2 `2�bQM 7Q` i?2
/`QT BM ;2M2`�HBx�iBQM T2`7Q`K�M+2 K�v #2 �ii`B#mi2/ iQ i?2 BM+`2�b2 BM +QKTH2t@
Biv i?�i i?2 +�H+mH�iBQM Q7 .:S 2Mi�BHbX AM +QMi`�bi iQ i?2 bKQQi? /Bbi`B#miBQM Q7
BMi2`BQ` /�vHB;?i- ;H�`2 Bb �z2+i2/ #v KmHiBTH2 7�+iQ`b- #Qi? BM/QQ`b �M/ Qmi/QQ`b-
r?Qb2 2z2+i +?�M;2b `�TB/Hv �b i?2 pB2rBM; �M;H2 �M/ i?2 T`QT2`iB2b Q7 i?2 bT�+2
+?�M;2- TQbbB#Hv BMi`Q/m+BM; /Bb+QMiBMmQmb �`2�b BM i?2 .:S 7mM+iBQM �b r2HHX
h?2b2 T`QT2`iB2b Q7 i?2 .:S /�i�b2i `2M/2` Bi ?�`/2` iQ �TT`QtBK�i2X 6m`i?2`@
KQ`2- i?2 BM+`2�b2 BM i?2 /BK2MbBQM�HBiv Q7 i?2 /�i�b2i- 7`QK Rk iQ R8 72�im`2b-
b?QmH/ #2 TQBMi2/ QmiX 1bT2+B�HHv bBM+2 _"6 �M/ aoJb �`2 #2BM; mb2/- i?Bb K�v
T�`iB�HHv �++QmMi 7Q` i?2 /`QT BM i?2B` T2`7Q`K�M+2X

Ȝ 8XRXdXk *QKTmi�iBQM�H *QKTH2tBiv
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

�HH �TT`QtBK�iBQM KQ/2Hb BM+Hm/2/ BM i?Bb bim/v ?�p2 � T`2/B+iBQM T2`7Q`K�M+2-
i?�i Bb- Q`/2`b Q7 K�;MBim/2 7�bi2` i?�M i?2 `�/B�M+2 bBKmH�iBQMX �+?B2pBM; bm+?
T2`7Q`K�M+2 Bb- BM 7�+i- i?2 K�BM BMi2MiBQM #2?BM/ bm``Q;�i2 KQ/2HBM;X >Qr2p2`-
KQbi BKTQ`i�MiHv- KQ/2H i`�BMBM; iBK2b �`2 �HbQ H2bb iBK2@+QMbmKBM; i?�M i?2 bBK@
mH�iBQM i?2Kb2Hp2bX AM i?Bb `2bT2+i- iBK2 +Qbi p�`B2b �KQM; KQ/2HbX h?2 b?Q`i2bi
i`�BMBM; iBK2 r�b �+?B2p2/ #v i?2 FLL- �b 2tT2+i2/- �M/ i?2 HQM;2bi #v i?2 _6b
i`�BM2`X �HH i`�BMBM; �M/ T`2/B+iBQM iBK2 K2�bm`2K2Mib r2`2 T2`7Q`K2/ QM �M AMi2H
*Q`2 Bd K�+?BM2- rBi? Re :" Q7 _�JX h�#H2 e T`2b2Mib � bmKK�`v Q7 bBKmH�iBQM-
KQ/2H i`�BMBM;- �M/ T`2/B+iBQM iBK2bX

*?�Ti2` Ryd



h�"G1 8Xe PTiBK�H T�`�K2i2` +QM};m`�iBQMb 7Q` i?2 H2�`MBM; KQ/2Hb
_Ja1 Ua.V R2Ua.V

J2i?Q/ HQ;.� .:S HQ;.� .:S

66L yXjkNUyXyyNV yXydRUyXyy9V yX3RkUyXykjV yXe3kUyXy99V
_6 yXRe9UyXyR8V yXyd9UyXyy9V yXNRkUyXyR3V yXeekUyXyjNV
aoJ@_"6 yXRjRUyXyRkV yXy3yUyXyy8V yXN9RUyXyRRV yX8NRUyXy9eV
FLL yXR9dUyXyRNV yXyNNUyXyy9V yXNkdUyXykRV yXj38UyXy8RV

Ȝ 8XRX3 �TTHB+�iBQM BM � .2bB;M a+2M�`BQ
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Ai Bb BKTQ`i�Mi iQ bi`2bb i?�i i?2 ;Q�H Q7 2KTHQvBM; K�+?BM2@H2�`MBM; KQ/2Hb
BM i?2 /2bB;M T`Q+2bb b?QmH/ #2 i?2 BKT`Qp2K2Mi BM /2+BbBQM@K�FBM; BM i?2 2�`Hv
bi�;2b Q7 i?2 /2bB;M UqBHFBMbQM 2i �HX kyRkVX hQ ?B;?HB;?i i?2 TQi2MiB�H +QMi`B#m@
iBQM Q7 ?Qr �TT`QtBK�iBQM K2i?Q/b K�v T`Qp2 #2M2}+B�H iQ #mBH/BM; /2bB;M- �M
�TTHB+�iBQM iQ BKT`Qp2 i?2 2�`Hv /2bB;M /2+BbBQM@K�FBM; T`Q+2bb rBHH #2 QmiHBM2/X
G2i mb +QMbB/2` i?2 7QHHQrBM; /2bB;M T`Q#H2K, �M Q{+2 bT�+2 KQ/mH2 Bb iQ #2 /2@
bB;M2/ 7Q` � M2r #mBH/BM;- �M/ i?2 rBM/Qr b?�T2- TH�+2K2Mi- �M/ /BK2MbBQMb M22/
iQ #2 bT2+B}2/X Ai Bb +QMbB/2`2/ i?�i i?2 TQbBiBQMb Q7 /2bFb rBi?BM i?2 Q{+2 �`2 MQi
bi`B+iHv /2i2`KBM2/c QM i?2 Qi?2` ?�M/- i?2v K�v p�`v �++Q`/BM; iQ i?2 7mM+iBQM
Q7 i?2 bT�+2- i?2 �``�M;2K2Mi- �M/ �HbQ i?`Qm;? iBK2X :Bp2M i?2b2 �bbmKTiBQMb-
i?2 ;Q�H Bb iQ B/2MiB7v i?2 /BK2MbBQMb Q7 i?2 rBM/Qr i?�i rQmH/ T`QpB/2 i?2 QTiB@
K�H HB;?iBM; +QK7Q`i +QM/BiBQMb 7Q` �b Km+? Q7 i?2 BMi2`BQ` bT�+2 Q7 i?2 Q{+2 �b
TQbbB#H2X AM Qi?2` rQ`/b- i?2 �BK Bb iQ B/2MiB7v � rBM/Qr b?�T2 i?�i +�M ;m�`�Mi22
bm{+B2Mi /�vHB;?i- rBi? i?2 H2�bi ;H�`2 TQbbB#H2X � [mB+F 2p�Hm�iBQM Q7 i?2 .� �M/
.:S p�Hm2b 7Q` � KmHiBim/2 Q7 /Bz2`2Mi TQBMib rBi?BM i?2 Q{+2- �b r2HH �b /Bz2`2Mi
+QM};m`�iBQMb- rQmH/ #2 #2M2}+B�H BM bm+? � i�bFX

6B;m`2 8XRj T`2b2Mib �M Qp2`pB2r Q7 i?2 /�vHB;?i �M/ ;H�`2 +QM/BiBQMb- 7Q` /Bz2`2Mi
rBM/Qr /BK2MbBQMbX h?2 p�Hm2b BM i?2 THQib +Q``2bTQM/ iQ � b+Q`2 +�H+mH�i2/ #v
+QK#BMBM; i?2 irQ /Bz2`2Mi p�Hm2b- .� �M/ .:S- �b 7QHHQrb,

score = 2−max(0.2, DGP )−min(0.8, DA) U8X8V

h?2 �#Qp2 7Q`KmH� T2M�HBx2b i?2 K2�bm`2K2Mi TQBMib i?�i /BbTH�v � .:S �#Qp2
yXk- �b r2HH �b i?Qb2 i?�i /BbTH�v � .� #2HQr yX3X am+? �M 2p�Hm�iBQM K�v ?2HT
i?2 /2+BbBQM@K�F2` BM �``BpBM; �i � KQ`2 +QMb+BQmb /2+BbBQM +QM+2`MBM; i?2 rBM/Qr
b?�T2 �M/ /BK2MbBQMbX >Qr2p2`- /m2 iQ i?2 ;`2�i MmK#2` Q7 bBKmH�iBQMb i?�i M22/
iQ #2 +�``B2/ Qmi- 2bT2+B�HHv 7Q` .:S- /2`BpBM; bm+? };m`2b Bb 2MQ`KQmbHv iBK2@
+QMbmKBM;X Ai Bb i?mb BKTQ`i�Mi iQ bi`2bb i?�i BM Q#i�BMBM; Qp2`pB2r };m`2b bm+? �b
i?2 �#Qp2- �TT`QtBK�iBQM i?`Qm;? K�+?BM2 H2�`MBM; KQ/2Hb BM i?2 7Q`K T`QTQb2/
BM i?Bb bim/v Qz2`b 2t+2TiBQM�H ~2tB#BHBivX

.2bTBi2 i?2 `2/m+iBQM BM KQ/2H }/2HBiv +QKT�`2/ iQ bBKmH�iBQM- BM i?2 +QM+2Tim�H
/2bB;M bi�;2- i?2 �++m`�+v Q7 2biBK�iBQM M22/ MQi #2 i?2 T`BQ`Biv- �M/ �b bm+? i?2
/2+BbBQM@K�F2` +�M �zQ`/ iQ i`�/2 mT bQK2 �++m`�+v 7Q` BKK2Mb2 ;�BMb BM +QKTm@
i�iBQM�H +QKTH2tBiv �M/ i?mb iBK2 bT2Mi BM /2+BbBQM K�FBM;X "2bB/2b- 2KTHQvBM;
i?2 T`QTQb2/ �TT`Q�+?- i?2 /2+BbBQM@K�F2` K�v p�`v Qi?2` �bT2+ib Q7 i?2 /2bB;M-

�`+?Bi2+im`�H .2bB;M S2`7Q`K�M+2 i?`Qm;? *QKTmi�iBQM�H AMi2HHB;2M+2 Ry3



6A:l_1 8XRj o�`B�iBQM Q7 BM/QQ` HB;?iBM; +QM/BiBQMb BM `2H�iBQM iQ rBM/Qr rB/i?
�M/ ?2B;?iX a+Q`2 Bb +�H+mH�i2/ #�b2/ QM � +QK#BM�iBQM Q7 .� �M/
.:SX

bm+? �b /BK2MbBQMb Q7 i?2 Q{+2 �M/ pB2rBM; /B`2+iBQM- �M/ ;2i BMbi�Mi 722/#�+F QM
i?2 +QM/BiBQMb +Q``2bTQM/BM; iQ i?2 M2r /2bB;MX

6B;m`2 8XR9 T`2b2Mib �M �Hi2`M�iBp2 BMp2biB;�iBQM BMiQ i?2 2z2+i i?�i /Bz2`2Mi rBM@
/Qr TQbBiBQMb ?�p2 BM HB;?iBM; +QM/BiBQMb- 7Q` � `Qr Q7 TQbbB#H2 /2bF TQbBiBQMb rBi?BM
i?2 Q{+2 bT�+2- �M/ �i � }t2/ /Bbi�M+2 7`QK i?2 rBM/QrX h?2 }`bi �tBb +Q``2@
bTQM/b iQ i?2 TQbbB#H2 /2bF TQbBiBQMbX h?2 b2+QM/ �tBb +Q``2bTQM/b iQ /Bz2`2Mi
rBM/Qr bBx2bX "v 2t�KBMBM; i?Qb2 +?�`ib- Bi +�M #2 b22M i?�i TH�+2K2Mi Q7 i?2
/2bF BM bm+? � r�v i?�i i?2 rBM/Qr Bb M2ti iQ Bi #mi MQi BM 7`QMi Q7 Bi T`QpB/2b �
b�iBb7�+iQ`v .:S r?BH2 K�BMi�BMBM; .� �i �++2Ti�#H2 H2p2HbX h?2 #Hm2 /�b?2/ HBM2
BM i?2 +?�`i QmiHBM2b i?2 b2`B2b Q7 KQbi bmBi�#H2 rBM/Qr@/2bF TQbBiBQM +QM};m`�@
iBQMbX

�i i?Bb bi�;2- Q#i�BMBM; i?2 `2bmHib �b /2KQMbi`�i2/ �#Qp2 `2[mB`2b BMpQHp2K2Mi
rBi? bT2+B�HBx2/ bQ7ir�`2 i?�i i?2 /2+BbBQM@K�F2` K�v MQi ?�p2 �++2bb iQ Q` i?2
M2+2bb�`v 2tT2`B2M+2 iQ K�F2 mb2 Q7X h?Bb Bb #2+�mb2 i?2 �TT`QtBK�iBQM K2i?Q/
QmiHBM2/ ?�b MQi v2i mM/2`;QM2 �Mv BMi2;`�iBQM rBi? � /2bB;M 2MpB`QMK2MiX >Qr@
2p2`- � T`Q/m+i #�b2/ QM i?2 T`QTQb2/ �TT`QtBK�iBQM K2i?Q/ b?QmH/ #2 �#H2 iQ #2
i`BpB�HHv BMi2;`�i2/ rBi?- 2X;X- T�`�K2i`B+ /2bB;M 2MpB`QMK2Mib bm+? �b ;`�bb?QTT2`
Q` /vM�KQX AMi2;`�iBQM +QmH/ ?�TT2M BM i?2 7Q`K Q7 � TH�BM BMTmi@QmiTmi MQ/2 BM
i?2 T�`�K2i`B+ ;`�T?- r?B+? rQmH/ `2TH�+2 i?2 Q`B;BM�H bBKmH�iBQM MQ/2X

*?�Ti2` RyN



6A:l_1 8XR9 o�`B�iBQM Q7 .:S UH27iV �M/ .� U`B;?iV BM `2H�iBQM iQ rBM/Qr bBx2
�M/ rQ`FBM; TQbBiBQMX

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
Ȝ 8Xk *�b2 aim/v AA, SQbi@S�`2iQ h`2�iK2Mi Q7 a2+QM/@P`/2` *`Bi2`B�

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
h?2 b2+QM/ +�b2 bim/v T`2b2Mib �M �TTHB+�iBQM Q7 i?2 T`QTQb2/ �miQ@�bbQ+B�iBp2

KQ/2H 7Q` TQbi@S�`2iQ T`272`2M+2 i`2�iK2MiX h?2 �TTHB+�iBQM +QM+2`Mb i?2 /2bB;M
Q7 i?2 b?�/BM; /2pB+2b Q7 �M Q{+2 #HQ+F bBim�i2/ BM �M m`#�M 2MpB`QMK2Mi- i?`Qm;?
KmHiB@Q#D2+iBp2 QTiBKBx�iBQM Q7 BMi2`BQ` /�vHB;?i /Bbi`B#miBQM �M/ mMBi +QbiX �b T�`i
Q7 i?2 +�b2 bim/v- MQp2H /2p2HQT2/ T2`7Q`K�M+2 K2i`B+b 7Q` 2p�Hm�iBM; i?2 T2`7Q`@
K�M+2 Q7 �miQ@�bbQ+B�iBp2 KQ/2Hb 7Q` T`272`2M+2 i`2�iK2Mi �`2 T`2b2Mi2/X 6BM�HHv-
i?2 +�b2 bim/v T`2b2Mib � +QKT�`BbQM Q7 i?2 T2`7Q`K�M+2 Q7 irQ /Bz2`2Mi K�+?BM2
H2�`MBM; KQ/2Hb- M�K2Hv � 622/@6Q`r�`/ L2irQ`F �M/ � _�/B�H@"�bBb 6mM+iBQM
L2irQ`F- �++Q`/BM; iQ /2p2HQT2/ K2i`B+bX

Ȝ 8XkXR .2bB;M h�bF
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

h?2 /2bB;M Q7 #mBH/BM; 7�Ï�/2b Bb � iQTB+ i?�i Bb �i i?2 7Q`27`QMi Q7 +QMi2KTQ@
`�`v �`+?Bi2+im`�H /2bB;MX h?2 7�Ï�/2- �b � #mBH/BM; bvbi2K �M/ +QKTQM2Mi- �z2+ib
Bib T2`7Q`K�M+2 BM MmK2`Qmb r�vbX 6B`biHv- Bi +QMi`B#mi2b iQ K�BMi�BMBM; �M BM@
/QQ` +HBK�i2- #v `2;mH�iBM; ?2�i 2t+?�M;2 rBi? i?2 2MpB`QMK2MiX Ai +QMi`QHb /�v@
HB;?i T2M2i`�iBQM �M/ T`Qi2+ib �;�BMbi 2t+2bbBp2 bQH�` ;�BMbX Ai Q7i2M Bb +QK#BM2/
rBi? i?2 bi`m+im`2 Q7 i?2 #mBH/BM; �M/ M22/b iQ `2bBbi p�`BQmb 2MpB`QMK2Mi�H HQ�/b-
bm+? �b rBM/- BKT�+i- 2�`i?[m�F2- 2i+X 6BM�HHv- Bi 2M/Qrb i?2 #mBH/BM; rBi? Bib 2b@
b2MiB�H �`+?Bi2+im`�H B/2MiBiv- 2bi�#HBb?2b i?2 `2H�iBQMb?BT Q7 i?2 #mBH/BM; rBi? Bib
+QMi2ti- �M/ Bb K�BMHv `2bTQMbB#H2 7Q` i?2 pBbm�H +QK7Q`i Q7 i?2 #mBH/BM;Ƕb BM?�#@
Bi�MibX 6`QK i?2 �#Qp2 Bi Bb 2�bBHv mM/2`biQQ/ i?�i 7�Ï�/2b ;Q 7�` #2vQM/ #2BM; �
T`2iiv /`2bb 7Q` � #mBH/BM;c ?Qr2p2`- �i i?2 b�K2 iBK2- /2bB;M T`272`2M+2b �`2 +QK@
KQMHv 7QmM/ iQ #2 +QM+2Mi`�iBM; QM i?2 +QKTQbBiBQM Q7 i?2 7�Ï�/2- bBM+2 Bi 7Q`Kb
i?2 H�v2` i?�i Bb KQbi +?�`�+i2`BbiB+ Q7 i?2 T2`+2Tim�H �bT2+ib Q7 i?2 #mBH/BM;X

AM i?Bb bim/v- i?2 T2`7Q`K�M+2 Q7 i?2 7�Ï�/2 bvbi2K Q7 � ivTB+�H Q{+2 #mBH/BM;
bBim�i2/ rBi?BM �M m`#�M +QMi2ti Bb +QMbB/2`2/- �b Bb pBbB#H2 BM 6B;X 8XR8X h?2 HQ@
+�iBQM Q7 i?2 Q{+2 Bb BM i?2 +Biv Q7 AxKB`- BM hm`F2v- r?B+? Bb +?�`�+i2`Bx2/ #v �

�`+?Bi2+im`�H .2bB;M S2`7Q`K�M+2 i?`Qm;? *QKTmi�iBQM�H AMi2HHB;2M+2 RRy



i2KT2`�i2 J2/Bi2``�M2�M +HBK�i2X h?2 T2`7Q`K�M+2 Q7 i?2 7�Ï�/2 Bb /2}M2/ �HQM;
irQ �bT2+ib- 2M2`;v T2`7Q`K�M+2- �M/ /�vHB;?i +QK7Q`iX h?mb- i?2 7�Ï�/2 Bb +QMbB/@
2`2/ �b � i?2`K�H #�``B2`- r?Qb2 2{+B2M+v M22/b iQ #2 K�tBKBx2/ �M/ �i i?2 b�K2
iBK2- �b � KQ/2`�iQ` Q7 i?2 bQH�` `�/B�iBQM- #Qi? BM i2`Kb Q7 Bib i?2`K�H �b r2HH �b
pBbm�H 2z2+ibX � 7�Ï�/2 rBi? `2+i�M;mH�` rBM/Qrb �i `2;mH�` BMi2`p�Hb �M/ � b?�/@
BM; /2pB+2 BM 7`QMi Q7 2�+? rBM/Qr Bb +QMbB/2`2/X h?2 TQbBiBQM �M/ bBx2b Q7 i?2 rBM@
/Qrb �`2 p�`B�#H2- �b �`2 i?2 bBx2b �M/ TQbBiBQMb Q7 i?2 b?�/BM; /2pB+2 2H2K2MibX �
+QKTH2i2 HBbi Q7 i?2 /2+BbBQM p�`B�#H2b- iQ;2i?2` rBi? i?2B` +Q``2bTQM/2M+2 BM T?vb@
B+�H [m�MiBiB2b Bb �p�BH�#H2 BM h�#H2 RX 6B;X 8XRe T`2b2Mib � +Q``2bTQM/2M+2 #2ir22M
/2+BbBQM p�`B�#H2b �M/ T?vbB+�H 72�im`2bX

6A:l_1 8XR8 S?QiQ@`2�HBbiB+ `2T`2b2Mi�iBQM Q7 i?2 72M2bi`�iBQM �M/ b?�/BM; /2@
pB+2 +QMbB/2`2/ BM i?Bb bim/vX _B;?i, _2T`2b2Mi�iBQM Q7 i?2 7�Ï�/2
BM �M m`#�M +QMi2tiX

� #B@Q#D2+iBp2 T`Q#H2K Bb +QMbB/2`2/- rBi? i?2 }`bi Q#D2+iBp2 #2BM; i?�i Q7 K�tB@
KBxBM; BM/QQ`b /�vHB;?i �p�BH�#BHBiv- �M/ i?2 b2+QM/ QM2 Bb i?�i Q7 KBMBKBxBM; 2M@
2`;v +QMbmKTiBQM Q7 i?2 #mBH/BM;X _2;�`/BM; i?2 }`bi Q#D2+iBp2- i?2 .�vHB;?i �m@
iQMQKv K2i`B+ U_2BM?�`i �M/ q�HF2M?Q`bi kyyRc _2BM?�`i 2i �HX kyyeV Bb mb2/ iQ
2p�Hm�i2 i?2 T2`7Q`K�M+2 Q7 i?2 7�Ï�/2X .�vHB;?i �miQMQKv U.�V Bb � +HBK�i2@
#�b2/ K2i`B+- r?B+? +Q``2bTQM/b iQ i?2 �MMm�H T2`+2Mi�;2 Q7 ?Qm`b i?�i � K2�@
bm`2K2Mi TQBMi HQ+�i2/ BM/QQ`b �+?B2p2b � KBMBKmK i?`2b?QH/ Q7 BHHmKBM�M+2- Dmbi
i?`Qm;? i?2 mb2 Q7 M�im`�H /�vHB;?iX h?2 +?QB+2 Q7 i?2 K2�bm`2K2Mi HQ+�iBQM Bb
mbm�HHv i?�i Q7 � rQ`Fbi�iBQM- rBi? � p2`iB+�H TQbBiBQM bHB;?iHv �#Qp2 i?2 rQ`FBM;
TH�M2X h?2 �MMm�H ?Qm`b 7Q` r?B+? .� Bb +�H+mH�i2/ �`2 +�H+mH�i2/ �b i?2 r22FHv
Q{+2 rQ`FBM; ?Qm`b- N �KĜ8 TKX hQ +�H+mH�i2 .�- i?2 _�/B�M+2 bQ7ir�`2 Uq�`/
RNN9V- � p�HB/�i2/ HB;?iBM; bBKmH�iQ` #�b2/ QM i?2 `�v@i`�+BM; i2+?MB[m2- Bb mb2/X

h?2 b2+QM/ Q#D2+iBp2 `2;�`/b i?2 2M2`;v 2tT2M/Bim`2 Q7 i?2 ?vTQi?2bBx2/ Q{+2
#mBH/BM;X h?Bb Q#D2+iBp2 BM+Hm/2b i?2 2M2`;v bT2Mi 7Q` ?2�iBM;- +QQHBM;- p2MiBH�@
iBQM- HB;?iBM;- �M/ BM/QQ` 2[mBTK2Mi mb�;2X >2�i HQbb2b Q++m` #v i?2`K�H i`�Mb@
72` i?`Qm;? i?2 #mBH/BM; 2Mp2HQT2X hQ +�H+mH�i2 2M2`;v 2tT2M/Bim`2- i?2 1M2`;v@
SHmb bQ7ir�`2- � p�HB/�i2/ bBKmH�iBQM 2M;BM2 /2p2HQT2/ #v i?2 la .2T�`iK2Mi Q7
1M2`;v U*`�rH2v �M/ G�r`B2 kyyyV- Bb mb2/X h?2 2ti2`BQ` r�HHb �M/ rBM/Qrb +QM@
i`B#mi2 iQ � /Bz2`2Mi /2;`22 iQ ?2�i i`�Mb72`c rBM/Qrb +QMi`B#mi2 Km+? KQ`2 i?�M
r�HHb- /m2 iQ i?2 ?B;? l@p�Hm2 Q7 ;H�xBM; bvbi2KbX �b bm+?- 7�Ï�/2b rBi? H�`;2-
;H�x2/ bm`7�+2b �`2 ;2M2`�HHv �bbQ+B�i2/ rBi? ?B;?2` 2M2`;v mb�;2- �Hi?Qm;? i?Bb
K�v p�`v rBi? K�i2`B�H +QKTQbBiBQM �M/ rBM/Qr iQ r�HH `�iBQX "2bB/2b- ?2�i ;�BM
i?`Qm;? bQH�` B``�/B�iBQM +QMi`B#mi2b iQ BM/QQ` i2KT2`�im`2 `Bb2X

*?�Ti2` RRR
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6A:l_1 8XRe *Q``2bTQM/2M+2 #2ir22M /2+BbBQM p�`B�#H2b �M/ /2bB;M 72�im`2b Q7
i?2 72M2bi`�iBQM �M/ b?�/BM;

�HH BM �HH- i?2 +QKTQbBiBQM Q7 i?2 7�Ï�/2- TH�+2K2Mi- �M/ `�iBQ Q7 i?2 QT2MBM;b- �b
r2HH �b i?2 bBx2 �M/ 7Q`K Q7 i?2 2ti2`BQ` b?�/BM; /2pB+2b- �`2 #mBH/BM; 72�im`2b i?�i
?�p2 � T`Q7QmM/ 2z2+i QM #mBH/BM; 2M2`;v +QMbmKTiBQMX h?2 irQ Q#D2+iBp2b +QMbB/@
2`2/ +QM~B+i rBi? 2�+? Qi?2`X h?2 BKT`Qp2K2Mi BM BM/QQ` /�vHB;?iBM; +QM/BiBQMb-
BM K�Mv +�b2b- T`Qp2b iQ #2 /2i`BK2Mi�H iQ 2M2`;v +QMbmKTiBQMX h?Bb Bb #2+�mb2-
�b ;H�x2/ bm`7�+2b BM+`2�b2- i?2 ?2�i i`�Mb72` i?`Qm;? i?2 2Mp2HQT2 BM+`2�b2b- �M/
bQ /Q2b i?2 ?2�i ;�BM i?`Qm;? bQH�` B``�/B�iBQMX h?�i #2BM; b�B/- � }M2 bvM2`;v
#2ir22M rBM/Qr TQbBiBQMBM; �M/ bBxBM;- �b r2HH �b b?�/BM; /2pB+2 TH�+2K2Mi �M/
7Q`K�iBQM- b?QmH/ #2 2MQm;? iQ Q#i�BM bQHmiBQMb i?�i �+?B2p2 i?2 #2bi i`�/2Qz #2@
ir22M 2M2`;v 2tT2M/Bim`2 �M/ /�vHB;?iBM;X

h?2 b�iBb7�+iBQM Q7 i?2 irQ Q#D2+iBp2b iQ i?2 #2bi 2ti2Mi TQbbB#H2 BKTQb2b MQM@
i`BpB�H `2H�iBQMb?BTb #2ir22M /2+BbBQM p�`B�#H2b- 7Q` i?2 +QKTmi�iBQM�H B/2MiB}+�iBQM
Q7 r?B+? i?2`2 Bb MQ QTiBQM #mi iQ 2KTHQv +QbiHv MQM@HBM2�` biQ+?�biB+ QTiBKBx�iBQM
T`Q+2bb2bX �i i?2 b�K2 iBK2- i?2 /2+BbBQM p�`B�#H2b +Q``2bTQM/ iQ /2bB;M T`QT2`iB2b
i?�i H�`;2Hv /2i2`KBM2 i?2 }M�H BK�;2 Q7 i?2 #mBH/BM;X �b bm+?- Bi Bb 2tT2+i2/ i?�i
i?2 /2+BbBQM@K�F2` rBHH 2tT`2bb T`272`2M+2b QM i?2 /2+BbBQM p�`B�#H2b- r?Qb2 BK@
TQ`i�M+2 K�v p�`v /2T2M/BM; QM i?2 p�`B�#H2X h?mb- r2 �``Bp2 �i � ivTB+�H /2bB;M
T`Q#H2K +�b2 Q7 i?2 ;2M2`�H T`Q#H2K /2b+`BTiBQM- �b QmiHBM2/ 2�`HB2` BM i?Bb +?�Ti2`X
hQ 2z2+iBp2Hv i`2�i i?2 T`Q#H2K �i ?�M/- i?2 T`QTQb2/ K2i?Q/ Bb �TTHB2/- �b rBHH
#2 /2b+`B#2/ BKK2/B�i2HvX

Ȝ 8XkXk .2`Bp�iBQM Q7 6�Ï�/2 �miQ@�bbQ+B�iBp2 KQ/2H
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

� KmHiB@Q#D2+iBp2 :�- M�K2Hv La:�@AA U.2# 2i �HX kyykV ?�b #22M �TTHB2/ iQ
Q#i�BM i?2 #2bi i`�/2Qzb iQ i?2 T`Q#H2KX h?2 QTiBKBx�iBQM r�b T2`7Q`K2/ mbBM;
T�`�K2i2`b Q7 Ryy TQTmH�iBQM K2K#2`b- aBKmH�i2/ "BM�`v *`QbbQp2` `�i2 Q7 yXN8-
�M/ SQHvMQKB�H Jmi�iBQM `�i2 Q7 yXy8X h?2 QTiBKBx�iBQM `�M 7Q` jy ;2M2`�iBQMb-
�7i2` r?B+? Bi r�b Q#b2`p2/ i?�i +QMp2`;2M+2 iQ i?2 S�`2iQ 7`QMi r�b �+?B2p2/X

�`+?Bi2+im`�H .2bB;M S2`7Q`K�M+2 i?`Qm;? *QKTmi�iBQM�H AMi2HHB;2M+2 RRk



6B;X 8XRd T`2b2Mib i?2 BMBiB�H ;2M2`�iBQM Q7 `�M/QKBx2/ BM/BpB/m�Hb �M/ i?2 �+?B2p2/
S�`2iQ 7`QMi �7i2` jy ;2M2`�iBQMbX
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Non-dominated solutions

Uniform random solutions

6A:l_1 8XRd .B�;`�K Q7 i?2 P#D2+iBp2 6mM+iBQM bT�+2- /2KQMbi`�iBM; T2`7Q`@
K�M+2 Q7 �X BMBiB�H U`�M/QKV TQTmH�iBQM U#H�+F +`Qbb2bV- �M/ #X
LQM@/QKBM�i2/ bQHmiBQMb- �b B/2MiB}2/ �7i2` biQ+?�biB+ b2�`+? U`2/
+B`+H2bVX

.2+BbBQM p�`B�#H2 +QKTQbBiBQMb Q7 i?2 Ryy MQM@/QKBM�i2/ BM/BpB/m�Hb �`2 mb2/ iQ
i`�BM T`2/B+iBp2 KQ/2Hb- BM �miQ@�bbQ+B�iBp2 KQ/2- �M/ +QKT�`2 i?2B` T2`7Q`K�M+2X
h?2 MQM@/QKBM�i2/ bQHmiBQM b2i Bb T`2b2Mi2/ #Qi? �i i?2 BMTmi �M/ �b i?2 i�`;2i
QmiTmiX 6QHHQrBM; i?2 i`�BMBM; T`Q+2/m`2- i?2 Q#i�BM2/ T`2/B+iBp2 KQ/2H Bb �+iB@
p�i2/ mbBM; `�M/QKBx2/ /2+BbBQM p�`B�#H2 p2+iQ`b- �M/ `2+Q`/ i?2 KQ/2H `2bTQMb2
2�+? iBK2X am#b2[m2MiHv- i?2 p2+iQ`b Q7 i?2 KQ/2H `2bTQMb2 �`2 mb2/ iQ T2`7Q`K
M2r bBKmH�iBQMb �M/ `2+Q`/ i?2 bQHmiBQMǶb T2`7Q`K�M+2X 6BM�HHv- i?2 T2`7Q`K�M+2
Q7 2�+? Q7 i?2 irQ b2ib- BMTmi �M/ QmiTmi- iQ;2i?2` rBi? i?2 MQM@/QKBM�i2/ bQHm@
iBQMb `2+Q`/2/ 7`QK i?2 QTiBKBx�iBQM- Bb THQii2/ BM +?�`ib Q7 i?2 Q#D2+iBp2 7mM+iBQM
bT�+2X

hrQ ivT2b Q7 KQ/2Hb �`2 +?Qb2M 7Q` i?Bb bim/v, � `2;mH�` 622/@6Q`r�`/ L2m`�H L2i@
rQ`F- i`�BM2/ mbBM; "�+FT`QT�;�iBQM U66LV- �M/ � _�/B�H "�bBb 6mM+iBQM L2irQ`F
U_"6LV- UJQQ/v �M/ .�`F2M RN3NV i`�BM2/ mbBM; i?2 P`i?Q;QM�H G2�bi a[m�`2b
UPGaV �H;Q`Bi?KX

622/@6Q`r�`/ L2irQ`Fb �`2 +QMM2+iBQMBbi KQ/2Hb i?�i +QKT`Bb2 � b2i Q7 �`iB}@
+B�H M2m`QMb- Q`;�MBx2/ BMiQ QM2 Q` KQ`2 H�v2`bX 1�+? �`iB}+B�H M2m`QM `2+2Bp2b �
r2B;?i2/ bmKK�iBQM Q7 i?2 T`2pBQmb H�v2` QmiTmib �M/ �TTHB2b � MQM@HBM2�`Biv iQ
T`Q/m+2 Bib QmiTmiX h?2 T`Q+2bb Bb `2T2�i2/ 7Q` 2�+? H�v2`X h?2 }`bi H�v2` `2+2Bp2b

*?�Ti2` RRj



i?2 BMTmi- �M/ i?2 }M�H QM2 T`Q/m+2b i?2 QmiTmiX � +QKKQM MQM@HBM2�`Biv Bb i?2
bB;KQB/,

S(x) =
1

1 + e−x
U8XeV

Σ

Input Summation Nonlinearity

Hidden Layer 1 Hidden Layer 2Input Layer Output Layer

Weights Summation Nonlinearity WeightsWeights Output

Σ

Σ

Σ Σ

Σ

Σ

Σ

6A:l_1 8XR3 �miQ@�bbQ+B�iBp2 722/@7Q`r�`/ M2irQ`F rBi? irQ ?B//2M H�v2`bX

h?2 BMi2`M�H FMQrH2/;2 `2T`2b2Mi�iBQM Q7 i?2 M2irQ`F Bb biQ`2/ BM Bib r2B;?ibX .2@
i2`KBMBM; i?2 p�Hm2b Q7 i?2 r2B;?ib- �HbQ FMQrM �b ǳi`�BMBM;Ǵ i?2 M2irQ`F- Bb T2`@
7Q`K2/ #v ;`�/B2Mi /2b+2Mi- �M/ i?2 ;`�/B2Mib 7Q` 2�+? r2B;?i �`2 /2i2`KBM2/ #v
#�+F@T`QT�;�iBM; 2``Q`b 7`QK i?2 bmT2`pBb2/ QmiTmib U_mK2H?�`i 2i �HX RN38VX �M
�miQ@�bbQ+B�iBp2 66L rBi? irQ ?B//2M H�v2`b Bb b?QrM BM 6B;X 8XR3X h?2 �miQ@
�bbQ+B�iBp2 M2irQ`F Bb i`�BM2/ #v T�`iB�HHv +Q``mTiBM; Bib BMTmi- �b /2b+`B#2/ BM a2+@
iBQM jXkX h?2 +Q``mTiBQM T`Q+2bb �Hi2`b 2�+? �ii`B#mi2 Q7 i?2 BMTmi /�i�b2i rBi? �
T`Q#�#BHBiv T- #v �//BM; � MmK#2` �++Q`/BM; iQ � LQ`K�H /Bbi`B#miBQM rBi? p�`B@
�M+2 �M/ K2�M HBMF2/ iQ i?2 �ii`B#mi2,

X̃i =

{
S Xi + c, c ∼ N (µi,σ

2
i ),

Qi?2`rBb2 Xi
U8XdV

AM i?2 �#Qp2 7mM+iBQM- � �M/ �k /2MQi2 i?2 K2�M �M/ p�`B�M+2 Q7 i?2 `2bT2+iBp2 �i@
i`B#mi2X

h?2 bi`m+im`2 Q7 �M _"6 L2irQ`F +QMbBbib Q7 �M AMTmi G�v2`- � >B//2M G�v2`-
�M/ �M PmiTmi G�v2`X 1�+? Q7 i?2 i?`22 H�v2`b ?�b � /BbiBM+i 7mM+iBQMX h?2 L@
/BK2MbBQM�H BMTmi bB;M�H �``Bp2b BM i?2 BMTmi H�v2`X h?2 ?B//2M H�v2` +QMbBbib Q7 �
p�`B�#H2 MmK#2` Q7 mMBib- Q` M2m`QMb- r?B+? Qz2` � HQ+�HBx2/ `2bTQMb2 iQ i?2 BMTmi
bB;M�H- #�b2/ QM Bib 1m+HB/2�M /Bbi�M+2 7`QK 2�+? `2;`2bbQ` +2Mi2`X h?2 `2bTQMb2
Q7 i?2 QmiTmi H�v2` Q7 i?2 M2irQ`F Bb 7Q`K2/ #v � HBM2�` +QK#BM�iBQM Q7 i?2 ?B/@
/2M H�v2` M2m`QM `2bTQMb2bX AM 6B;X 8XRN- � b+?2K�iB+ `2T`2b2Mi�iBQM Q7 i?2 _"6
M2irQ`F bi`m+im`2 Bb �p�BH�#H2X h?2 QmiTmi Q7 i?2 M2irQ`F +�M #2 bmKK�`Bx2/ �b

�`+?Bi2+im`�H .2bB;M S2`7Q`K�M+2 i?`Qm;? *QKTmi�iBQM�H AMi2HHB;2M+2 RR9



|x-c|

Input Similarity RBF Weights Output

|x-c|

|x-c|

|x-c|

6A:l_1 8XRN �miQ@�bbQ+B�iBp2 _"6 L2irQ`FX

7QHHQrb,

fr(x) = λ0 +
nr∑

i

λiφ(||x− bi||) U8X3V

AM i?2 �#Qp2 7Q`KmH�- # /2MQi2b i?2 M2m`QM +2Mi2`- � i?2 #�bBb 7mM+iBQM �M/ � i?2
HBM2�` r2B;?i �ii`B#mi2/ iQ i?2 7mM+iBQMX >B//2M H�v2` MQ/2b BM _"6 L2irQ`Fb K�v
mb2 p�`BQmb �+iBp�iBQM 7mM+iBQMbX � +QKKQM +?QB+2 Bb i?2 :�mbbB�M,

f(x) = e−
(x−b)2

2e2 U8XNV

AM i?2 �#Qp2 7Q`KmH�- c /2MQi2b i?2 #�M/rB/i? Q7 i?2 F2`M2HX AM i?2b2 i2bib- i?2
PGa i`�BMBM; �H;Q`Bi?K U*?2M 2i �HX RNNR- RNNkV �M/ KmHiB@QmiTmi _"6 M2irQ`Fb
U*?2M RNN8c *?2M 2i �HX RNNeV �`2 2KTHQv2/X "2bB/2b- � T�`�K2i2` b2�`+? Bb T2`@
7Q`K2/ #v p�`vBM; i?2 F2`M2H 7mM+iBQM #�M/rB/i?- iQ 2p�Hm�i2 Bib 2z2+i QM i?2
T2`7Q`K�M+2 Q7 i?2 KQ/2HX h?2 1``Q` hQH2`�M+2 T�`�K2i2` Q7 i?2 M2irQ`F r�b
2KTB`B+�HHv b2i iQ yXyy8X Ai b?QmH/ #2 MQi2/ ?2`2 i?�i- /m2 iQ i?2 M�im`2 Q7 i?2
H2�`MBM; i�bF BM PGa Ur?B+? i`�/2b Qz �++m`�+v 7Q` KQ/2H T�`bBKQMvV- i?2 M2i@
rQ`F r�b �#H2 iQ H2�`M �M 2{+B2Mi 2M+Q/BM; Q7 i?2 BMTmi /�i� UMQM@/QKBM�i2/
bQHmiBQMbV- rBi?Qmi �Hi2`BM; i?2 i`�BMBM; K2i?Q/- bm+? �b BM i?2 +�b2 Q7 i?2 66LX
Pz@i?2@b?2H7 bQ7ir�`2 Bb mb2/ BM i?2b2 T�`�K2i`B+ KQ/2H /2}MBiBQMb- QTiBKBx�iBQM-
�M/ KQ/2H i`�BMBM; �M/ �+iBp�iBQMX 6Q` T�`�K2i`B+ KQ/2HBM;- i?2 _?BMQ+2`Qb *�.
TH�i7Q`K Bb mb2/X 6Q` QTiBKBx�iBQM �M/ M2m`�H M2irQ`F i`�BMBM;- i?2 *A.1� TH�i@
7Q`K U*?�ixBFQMbi�MiBMQm kyReV Bb mb2/X

Ȝ 8XkXj �bb2bbBM; KQ/2H T2`7Q`K�M+2
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

h?2 K�BM i�bF Q7 i?2 �miQ@�bbQ+B�iBp2 KQ/2H- �b QmiHBM2/ BM i?Bb bim/v- Bb i?2
`2+iB}+�iBQM Q7 � T`272`2M+2 p2+iQ` i?�i �TT2�`b �i Bib BMTmi- bQ i?�i i?2 QmiTmi #2@
+QK2b � M2�`#v p2+iQ` i?�i ?�b i?2 T`QT2`iv Q7 #2BM; QM Q` +HQb2 #v i?2 S�`2iQ

*?�Ti2` RR8



7`QMiX :Bp2M i?Bb i�bF- QM2 K�v BM[mB`2 �b iQ i?2 TQi2MiB�H K2i?Q/b Q7 2p�Hm�i@
BM; �H;Q`Bi?K T2`7Q`K�M+2- +QM+2`MBM; i?2 i�bF �i ?�M/X h?2 K�BM +`Bi2`BQM #v
r?B+? iQ 2p�Hm�i2 i?2 �H;Q`Bi?K T2`7Q`K�M+2 Bb M�im`�HHv i?2 [m�HBiv Q7 i?2 bQHm@
iBQMb T`Q/m+2/- +QM+2`MBM; /2bB;M Q#D2+iBp2bX � KQ/2H i?�i Bb +�T�#H2 Q7 T`Q/m+BM;
bQHmiBQMb +HQb2` iQ i?2 S�`2iQ 7`QMi K�v #2 +QMbB/2`2/ r2HH@T2`7Q`KBM; BM i?2 +QK@
T`2?2MbBQM i�bFX Ai Bb i?mb TQbbB#H2 iQ K�F2 mb2 Q7 � K2�bm`2 Q7 i?2 T`QtBKBiv Q7
� `2bmHiBM; bQHmiBQM iQ i?2 S�`2iQ 7`QMi- iQ 2p�Hm�i2 �H;Q`Bi?K T2`7Q`K�M+2X h?2
:2M2`�iBQM�H .Bbi�M+2 UGDV Uo�M o2H/?mBx2M �M/ G�KQMi RNN3V- Bb � K2�bm`2 Q7
T`2+Bb2Hv i?Bb [m�MiBiv- �M/ �b bm+? K�v T`Qp2 �/p�Mi�;2Qmb BM 2p�Hm�iBM; KQ/2H
T2`7Q`K�M+2X GD Bb /2}M2/ �b � K2�bm`2 Q7 i?2 /Bbi�M+2 #2ir22M � i2bi2/ S�`2iQ
7`QMi- �M/ i?2 i?2Q`2iB+�H S�`2iQ 7`QMi 7Q` � bT2+B}+ T`Q#H2KX >2`2- i?Bb /2}MB@
iBQM Bb KQ/B}2/- bBM+2 BM7Q`K�iBQM `2;�`/BM; i?2 i?2Q`2iB+�H S�`2iQ 7`QMi BM KQbi
`2�H@rQ`H/ /2bB;M T`Q#H2Kb /Q2b MQi 2tBbiX _�i?2` i?2 BMi2`2bi Bb BM �TT`QtBK�iBM;
i?2 GD #2ir22M i?2 }MBi2 b2i Q7 MQM@/QKBM�i2/ bQHmiBQMb /Bb+Qp2`2/ #v biQ+?�biB+
b2�`+?- �M/ i?2 bQHmiBQMb i?�i 7Q`K i?2 `2bTQMb2 Q7 i?2 KQ/2HX h?2 T`QTQb2/ GD
�TT`QtBK�iBQM Bb �b 7QHHQrb,

GD =

√∑
i KBMj(|Si − Pj |)

n
U8XRyV

AM i?2 �#Qp2 2[m�iBQM- S BM/B+�i2b � `2bTQMb2 bQHmiBQM- �M/ P � K2K#2` Q7 i?2
MQM@/QKBM�i2/ b2iX Pm` �TT`QtBK�iBQM �bbmK2b i?�i i?2`2 Bb �i H2�bi QM2 MQM@
/QKBM�i2/ bQHmiBQM +HQb2 #v i?2 `2bTQMb2X h?Bb Bb � `2�bQM�#H2 �TT`QtBK�iBQM B7
Bi Bb +QMbB/2`2/ i?�i i?2 MmK#2` Q7 Q#D2+iBp2b Bb HQr- �M/ i?2 MQM@/QKBM�i2/ bQHm@
iBQMb �`2 2p2MHv bT`2�/- � `2[mB`2K2Mi 2�bBHv �+?B2p2/ #v KQ/2`M /Bbi�M+2@T`2b2`pBM;
biQ+?�biB+ �H;Q`Bi?KbX "�b2/ QM i?Bb /2}MBiBQM- �M/ iQ 2p�Hm�i2 KQ/2H T2`7Q`K�M+2-
i?2 7QHHQrBM; T`Q+2/m`2 Bb 2KTHQv2/,

RX A/2MiB7v i?2 2KTB`B+�H 7`QMi i?`Qm;? biQ+?�biB+ b2�`+?

kX h`�BM �M �miQ@�bbQ+B�iBp2 KQ/2H QM i?2 MQM@/QKBM�i2/ bQHmiBQMb `2bmHiBM;
7`QK i?2 b2�`+?

jX :2M2`�i2 � b2`B2b Q7 M `�M/QK /2+BbBQM p�`B�#H2 p2+iQ`b- rBi?BM i?2 #QmM/b
/2}M2/ #v 2�+? p�`B�#H2

9X 1t+Bi2 i?2 KQ/2H mbBM; i?2 `�M/QK p2+iQ`b- �M/ `2+Q`/ i?2 QmiTmi

8X *�H+mH�i2 i?2 GD K2i`B+ 7Q` 2�+? Q7 i?2 QmiTmi p2+iQ`b- �M/ /2`Bp2 i?2 K2�M
p�Hm2- GD

GD K�v i?2M #2 mb2/ �b � +QKT�`BbQM K2i`B+ iQ 2p�Hm�i2 i?2 `2H�iBp2 T2`7Q`K�M+2
Q7 /Bz2`2Mi KQ/2Hb- rBi?BM i?2 +QMi2ti Q7 � bBM;H2 /2bB;M T`Q#H2KX AM �//BiBQM iQ
i?2 �#bQHmi2 p�Hm2 Q7 i?2 GD K2i`B+- � mb27mH [m�MiBiv Bb i?2 `�iBQ Q7 i?2 GD p�Hm2
Q7 i?2 `2bTQMb2 Q7 i?2 KQ/2H- /BpB/2/ #v i?2 +Q``2bTQM/BM; p�Hm2 Q7 Bib BMTmi- GDX
*QM+2Tim�HHv- i?Bb [m�MiBiv BM/B+�i2b i?2 BKT`Qp2K2Mi BM T2`7Q`K�M+2 i?�i i?2
KQ/2H BK#m2b BM Bib BMTmiX "�b2/ QM i?Bb- i?2 *Q2{+B2Mi Q7 S�`2iQ _2biBimiBQM

�`+?Bi2+im`�H .2bB;M S2`7Q`K�M+2 i?`Qm;? *QKTmi�iBQM�H AMi2HHB;2M+2 RRe



U*S�_V- Bb /2`Bp2/ �M/ /2}M2/ �b 7QHHQrb,

CPaR = 1− GDresponse

GDdistorted
U8XRRV

h?`Qm;? i?2 �#Qp2 7Q`KmH�- � KQ/2H T2`7Q`K�M+2 };m`2 Bb Q#i�BM2/ i?�i Bb bBKB@
H�` BM b+�H2 iQ i?2 r2HH@2bi�#HBb?2/ _@a[m�`2 K2i`B+ BM `2;`2bbBQMc � *S�_ p�Hm2 Q7
QM2 rQmH/ /2MQi2 � KQ/2H i?�i +�M `2+iB7v i?2 S�`2iQ bQHmiBQMb 7`QK �Mv ;Bp2M QM2
T2`72+iHvX � p�Hm2 Q7 x2`Q rQmH/ /2MQi2 � KQ/2H i?�i /Q2b MQi Qz2` �Mv BKT`Qp2@
K2Mi Qp2` i?2 Q`B;BM�H UBMTmiV bQHmiBQMX L2;�iBp2 p�Hm2b /2MQi2 i`�Mb7Q`K�iBQMb
i?�i H2�/ iQ bQHmiBQMb i?�i �`2 rQ`b2 BM i2`Kb Q7 T`272`2M+2 b�iBb7�+iBQM i?�M i?2
Q`B;BM�HX :Bp2M i?�i- 7Q` � M2;�iBp2 p�Hm2 iQ Q++m`- i?2 QmiTmi /2+BbBQM p�`B�#H2
p2+iQ` b?QmH/ #2 /Bz2`2Mi i?�M i?2 BMTmi- bQHmiBQMb i?�i +Q``2bTQM/ iQ M2;�iBp2
*S�_ p�Hm2 �`2 ;2M2`�HHv mM7�pQ`�#H2X 6B;X 8Xky /2TB+ib � pBbm�H 2tTH�M�iBQM Q7
GD �M/ CPaR BM/B+�iQ`bX

F1Utopic Point

New sub-optimal solution, by 
corrupting decision variables

Original optimal solution

Near-optimal solution 
through cognitive response

F2
A

B

C

CPaR = 1 -
IGDcorrupt

IGDresponse

6A:l_1 8Xky oBbm�H /2TB+iBQM Q7 i?2 GD �M/ CPaR +�H+mH�iBQM T`Q+2bbX qBi?@
Qmi HQbb Q7 ;2M2`�HBiv- � #B@Q#D2+iBp2 T`Q#H2K Bb +QMbB/2`2/- r?2`2
i?2 /Bbi�M+2 Q7 TQBMi B iQ i?2 S�`2iQ 7`QMi ;Bp2b i?2 GD Q7 i?2
`�M/QKf+Q``mTi2/ bQHmiBQMX h?2 /Bbi�M+2 Q7 TQBMi B ;Bp2b i?2 GD
p�Hm2 Q7 i?2 `2bTQMb2X h?2B` `�iBQ Bb mb2/ iQ /2`Bp2 CPaRX

AM �//BiBQM iQ i?2 T2`7Q`K�M+2 Q7 i?2 QmiTmi bQHmiBQM- Bib bBKBH�`Biv iQ i?2 T`27@
2`2M+2 p2+iQ` Bb �HbQ � TQBMi Q7 BMi2`2biX h?Bb K�v #2 2�bBHv K2�bm`2/ #v +QMbB/@
2`BM; i?2 1m+HB/2�M /Bbi�M+2 #2ir22M i?2 irQ p2+iQ`b- BMTmi- �M/ QmiTmi- �i i?2
/2+BbBQM p�`B�#H2 bT�+2X h?2 +QKT�`BbQM b?QmH/ ?�TT2M �7i2` 2�+? p�Hm2 ?�b #22M
MQ`K�HBx2/ iQ i?2 p�Hm2 #QmM/b /2}M2/ #v i?2 T`Q#H2K �i ?�M/- iQ �pQB/ Bbbm2b Q7
BM/BpB/m�H /2+BbBQM p�`B�#H2b /QKBM�iBM; i?2 `2bmHibX h?Bb BM/B+�iQ` Bb i2`K2/ i?2
LQ`K�HBx2/ .Bbi�M+2 #2ir22M aQHmiBQMb UL.aV- �M/ /2}M2/ �b,

NDS =
|Ci −Ri|

n
U8XRkV

AM i?2 �#Qp2 2[m�iBQM- * BM/B+�i2b � p2+iQ` +Q``2bTQM/BM; iQ � +Q``mTi2/ Q` `�M@
/QK bQHmiBQM- �M/ _ BM/B+�i2b � p2+iQ` +Q``2bTQM/BM; iQ i?2 `2bTQMb2 Q7 i?2 KQ/2HX

*?�Ti2` RRd



6B;X 8XkR /2TB+ib � pBbm�H 2tTH�M�iBQM Q7 i?2 L.a BM/B+�iQ`X

Ai Bb �HbQ rQ`i? HQQFBM; �i i?2 �`+?Bi2+im`�H 72�im`2b Q7 i?2 bQHmiBQMb `2bmHiBM; 7`QK
i?2 KQ/2H `2bTQMb2X 6Q` i?Bb `2�bQM- irQ 2tT2`BK2Mib �`2 T2`7Q`K2/, AM i?2 }`bi
QM2- i?2 KQ/2H Bb T`2b2Mi2/ rBi? `�M/QK T`272`2M+2 p2+iQ`b- �M/ i?2 QmiTmi Bb
HQ;;2/X am#b2[m2MiHv- #Qi? BMTmi �M/ QmiTmi �`2 BMbT2+i2/ �M/ +QKT�`2/X

v2

v3

v1

A

B

C

New sub-optimal solution, by 
corrupting decision variables

Original optimal solution
(without desirable properties)

Near-optimal, desirable solution 
through cognitive response

NDS

6A:l_1 8XkR oBbm�H /2TB+iBQM Q7 i?2 K2�bm`2K2Mi Q7 L.a BM i?2 UMQ`K�H@
Bx2/V .2+BbBQM o�`B�#H2 bT�+2X SQBMi " +Q``2bTQM/b iQ i?2 `�M@
/QKf+Q``mTi2/ bQHmiBQMX SQBMi * +Q``2bTQM/b iQ i?2 `2bTQMb2X h?2
1m+HB/2�M /Bbi�M+2 #2ir22M i?2K ;Bp2b L.aX

1p2M i?Qm;? bm+? � b+2M�`BQ K�v T`QpB/2 � pB�#H2 };m`2 7Q` i?2 T2`7Q`K�M+2 Q7
i?2 M2irQ`F- i?2 T`QTQb2/ �TT`Q�+? rBHH `�`2Hv #2 mb27mH BM i?Bb bBim�iBQMX Pm`
;Q�H- �7i2` �HH- Bb MQi iQ T`Q/m+2 � KQ/2H i?�i rBHH #2 � `2TH�+2K2Mi 7Q` ;2M2`B+ QT@
iBKBx�iBQM �H;Q`Bi?KbX AMbi2�/- Bi rQmH/ #2 KQ`2 BM7Q`K�iBp2 iQ BMp2biB;�i2 i?2
`2�+iBQM Q7 i?2 KQ/2H iQ T2`im`#�iBQMb Q7 bQHmiBQMb +HQb2 iQ i?2 S�`2iQ 7`QMi- r?B+?
rQmH/ BM �Mv +�b2 KQ`2 +HQb2Hv `2b2K#H2 `2�H@rQ`H/ /2bB;M BMp2biB;�iBQMbX 6Q` i?Bb
`2�bQM- �MQi?2` BMp2biB;�iBQM Bb T2`7Q`K2/- i?Bb iBK2 #v bi�`iBM; 7`QK � bQHmiBQM
QM i?2 S�`2iQ 7`QMi- T2`im`#BM; Bib T�`�K2i2` p�Hm2b- 2t+BiBM; i?2 KQ/2H rBi? i?2
T2`im`#2/ bQHmiBQM- �M/ `2+Q`/BM; i?2 QmiTmiX am#b2[m2MiHv- �HH i?`22 bQHmiBQMb �`2
BMbi�MiB�i2/- �M/ � pBbm�H BMbT2+iBQM Bb T2`7Q`K2/X

Ȝ 8XkX9 .Bb+mbbBQM
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

S�`�K2i2`b Q7 #Qi? ivT2b Q7 KQ/2Hb U66L �M/ _"6LV �`2 p�`B2/- �M/ i?2B` T2`@
7Q`K�M+2 Bb �bb2bb2/ �++Q`/BM; iQ i?2 �7Q`2K2MiBQM2/ K2i`B+b- :.- *S�_- �M/
L.aX h�#H2b k �M/ j T`2b2Mi � bmKK�`v Q7 2�+? KQ/2H rBi? /Bz2`2Mi T�`�K2i2`b-
M�K2Hv + U?B//2M H�v2` bBx2V 7Q` 66L �M/ � UF2`M2H #�M/rB/i?V 7Q` _"6LX 6B;bX
8Xkk �M/ 8Xkj bmKK�`Bx2 i?2 `2bmHib Q7 i?2 +QKT�`BbQMX AM i?2 }`bi };m`2- T2`7Q`@
K�M+2 BM/B+�iQ`b *S�_ �M/ L.a 7Q` /Bz2`2Mi 66L ?B//2M H�v2` bBx2b �`2 b?QrMX
AM i?2 b2+QM/ };m`2- irQ +?�`�+i2`BbiB+b Q7 i?2 `2bmHiBM; _"6Lb �`2 bmT2`BKTQb2/-

�`+?Bi2+im`�H .2bB;M S2`7Q`K�M+2 i?`Qm;? *QKTmi�iBQM�H AMi2HHB;2M+2 RR3



0.5

2 4 6 8 10 12

0.1

0.9

Hidden Layer Size

N
D

S 
/ 

CP
aR

Reference NDS of Pareto Front = 0.20

6A:l_1 8Xkk S2`7Q`K�M+2 +QKT�`BbQM Q7 /Bz2`2Mi 66L KQ/2Hb- �++Q`/BM; iQ i?2
T2`7Q`K�M+2 K2�bm`2b /Bb+mbb2/X

M�K2Hv F2`M2H #�M/rB/i? �M/ i?2 MmK#2` Q7 b2H2+i2/ `2;`2bbQ`b- �b r2HH �b i?2 T2`@
7Q`K�M+2 BM/B+�iQ`b *S�_ �M/ L.aX

h?2 BM/B+�iQ`b ?�p2 #22M +�H+mH�i2/ �b T2` i?2 T`Q+2bb /2b+`B#2/ T`2pBQmbHvX L�K2Hv-
� +�H+mH�iBQM r�b T2`7Q`K2/ #v +QMbB/2`BM; � b2i Q7 bQHmiBQMb Q#i�BM2/ #v mMB@
7Q`KHv b�KTHBM; i?2 /2+BbBQM p�`B�#H2 bT�+2X h?2b2 bQHmiBQMb #2+QK2 i?2 BMTmi iQ
i?2 �miQ@�bbQ+B�iBp2 KQ/2Hb- �M/ bm#b2[m2MiHv- i?2 `2bTQMb2 Bb `2+Q`/2/ �M/ mb2/
iQ +�H+mH�i2 i?2 p�Hm2b Q7 i?2 BM/B+�iQ`bX *QM+2`MBM; i?2 `2bmHi- �HH KQ/2Hb BM/B+�i2
2t+2TiBQM�H T2`7Q`K�M+2- #2BM; �#H2 iQ �HKQbi 7mHHv `2biQ`2 i?2 T`272`2M+2 p2+iQ` iQ
� TQbBiBQM p2`v +HQb2 iQ i?2 S�`2iQ 7`QMiX qBi? i?Bb BM KBM/- Bi +�M #2 +QM+Hm/2/
i?�i i?2 KQ/2Hb ?�p2 B/2MiB}2/ bm++2bb7mHHv i?2 H�i2Mi `2H�iBQMb?BTb T`2b2Mi BM i?2
b2i Q7 MQM@/QKBM�i2/ bQHmiBQMbX

h?2 L.a BM/B+�iQ` ?�b #22M +�H+mH�i2/ #v T�`iB�HHv +Q``mTiBM; i?2 /2+BbBQM p�`B@
�#H2 p�Hm2b Q7 i?2 MQM@/QKBM�i2/ bQHmiBQMb B/2MiB}2/ #v i?2 biQ+?�biB+ b2�`+?X
h?2b2 +Q``mTi2/ BMTmib r2`2 bm#b2[m2MiHv BMi`Q/m+2/ iQ i?2 �miQ@�bbQ+B�iBp2 KQ/2H
�b T`272`2M+2 p2+iQ`bX h?2 QmiTmi Q7 i?2 KQ/2H r�b `2+Q`/2/ �M/ mb2/ iQ +�H+mH�i2
i?2 BM/B+�iQ`X *QM+2`MBM; i?2 `2bmHib- �HH 2t+2Ti i?`22 66L �M/ irQ _"6 M2irQ`Fb
BM/B+�i2 T2`7Q`K�M+2 i?�i Bb #2ii2` i?�M +?QQbBM; � M2�`#v S�`2iQ bQHmiBQM- p2`B7v@
BM; i?2 p�Hm2 Q7 i?2 T`QTQb2/ K2i?Q/X AM T�`iB+mH�`- Bi Bb rQ`i? MQiBM; i?�i �KQM;
i?2 bQHmiBQMb `2bmHiBM; 7`QK i?2 KQ/2HǶb `2�+iBQM- i?2`2 �`2 b2p2`�H MQM@/QKBM�i2/
QM2b- �M/ � 72r i?�i bi�M/ Qmi 7`QK Qi?2`b BM i?2 S�`2iQ 7`QMiX

6B;bX 8Xk9 �M/ 8Xk8 T`2b2Mi i?2 KQ/2H `2bTQMb2 iQ i?2 `�M/QKBx2/ T`272`2M+2 p2+@
iQ`- 7Q` /Bz2`2Mi ?B//2M H�v2` p�Hm2b- BM +�b2 Q7 66L- �M/ #�M/rB/i? p�Hm2b- BM
+�b2 Q7 _"6 M2irQ`FX h?2 `2bmHib �`2 bmT2`BKTQb2/ Qp2` i?2 irQ bQHmiBQM b2ib Q7
6B;X 8XRd- mMB7Q`K `�M/QK �M/ S�`2iQX h?2 +QKTmi�iBQM�H iBK2 7Q` /2`BpBM; KQ/2H

*?�Ti2` RRN
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Feed- Forward Network
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6A:l_1 8Xk9 S2`7Q`K�M+2 Q7 622/@6Q`r�`/ L2irQ`F 7Q` /Bz2`2Mi ?B//2M H�v2`
bBx2bX Ai Bb +H2�` i?�i KQ`2 +QKTH2t KQ/2Hb �`2 �#H2 iQ `2+iB7v i?2
S�`2iQ 7`QMi #2ii2`X 1KTiv +B`+H2b, _�M/QK bQHmiBQMbX "Hm2 /B@
�KQM/b, S�`2iQ bQHmiBQMbX u2HHQr /B�KQM/b, �miQ@�bbQ+B�iBp2
KQ/2H `2bTQMb2X

�`+?Bi2+im`�H .2bB;M S2`7Q`K�M+2 i?`Qm;? *QKTmi�iBQM�H AMi2HHB;2M+2 Rky
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σ = 0.6 σ = 0.8 σ = 1.0

σ = 1.2 σ = 1.6 σ = 2.0

σ = 3.0 σ = 4.0 σ = 6.0

RBF Network

6A:l_1 8Xk8 S2`7Q`K�M+2 Q7 _"6 M2irQ`F 7Q` /Bz2`2Mi F2`M2H #�M/rB/i?bX
1KTiv +B`+H2b, _�M/QK bQHmiBQMbX "Hm2 /B�KQM/b, S�`2iQ bQHm@
iBQMbX u2HHQr +B`+H2b, �miQ@�bbQ+B�iBp2 KQ/2H `2bTQMb2X

*?�Ti2` RkR



`2bTQMb2b 7Q` #Qi? ivT2b Q7 �miQ@�bbQ+B�iBp2 KQ/2Hb Bb BKT2`+2TiB#H2- �M/ �b bm+?
MQi /Bb+mbb2/ ?2`2X h?2 KQ/2Hb �`2 bmBi�#H2 7Q` `2�H@iBK2 mb2X h`�BMBM; Q7 i?2 KQ/@
2Hb i�F2b H2bb i?�M � KBMmi2 QM �p2`�;2X

*QM+2`MBM; i?2 �`+?Bi2+im`�H +?�`�+i2`BbiB+b- Bi Bb Q#b2`p�#H2 i?�i i?2v �`2 �Hr�vb
7QHHQrBM; r?�i rQmH/ #2 2tT2+i2/- 7Q` i?2 7�Ï�/2bǶ T2`7Q`K�M+2X 6Q` BMbi�M+2- bQ@
HmiBQMb rBi? p2`v ;QQ/ .�vHB;?i �miQMQKv T2`7Q`K�M+2 /2KQMbi`�i2 H�`;2 QT2M@
BM;b- rBi? KBMBK�H Qp2`?�M;b �M/ b?�/BM; /2pB+2b QM i?2 QmibB/2X �b 2tT2+i2/-
i?2b2 bQHmiBQMb 2t?B#Bi `�i?2` TQQ` 2M2`;v T2`7Q`K�M+2X 1p2M KQ`2 BMi2`2biBM; �`2
i?2 bQHmiBQMb i?�i #�H�M+2 .� �M/ 2M2`;v T2`7Q`K�M+2X Ai b?QmH/ #2 MQi2/ i?�i
bQHmiBQMb BM i?Bb �`2� BMBiB�HHv �TT2�`2/ �7i2` � +QMbB/2`�#H2 MmK#2` Q7 ;2M2`�@
iBQMb Q7 i?2 biQ+?�biB+ b2�`+? ?�/ T�bb2/X >2`2- r2 Q#b2`p2 �M 2H�#Q`�i2 #�H�M+2
#2ir22M i?2 MmK#2` Q7 b?�/BM; 2H2K2Mib- i?2 /BK2MbBQMb Q7 i?2 Qp2`?�M;b- �M/
i?2 /BK2MbBQMb �M/ T`QTQ`iBQMb Q7 i?2 rBM/QrbX Pp2`�HH- r2 K�v Q#b2`p2 i?�i i?2
K�BM T2`7Q`K�M+2 i`�/2Qz- �b 2tT`2bb2/ BM i?2 /2+BbBQM p�`B�#H2 bT�+2 Bb- �b 2t@
T2+i2/- #2ir22M i?2 bBx2 Q7 i?2 rBM/Qr �M/ i?2 /2Ti? Q7 i?2 b?�/BM; /2pB+2c i?2
?2B;?i Q7 i?2 rBM/Qrb Bb F2Ti iQ � M�``Qr p�Hm2 `�M;2 #2ir22M kXy �M/ kX9 K- �M/
i?2 MmK#2` Q7 b?�/BM; 2H2K2Mib p�`B2b #2ir22M k �M/ jX h?2 `2bmHib �`2 �p�BH�#H2
BM };m`2 8XkeX

Randomized 
Preference Vector RBF Reaction Vector Non-Dominated?

YESDA: 8.40%
E: 4187 kWh

DA: 41.02%
E: 3998 kWh

DA: 18.64%
E: 4176 kWh

DA: 62.45%
E: 4172 kWh

DA: 41.09%
E: 4121 kWh

DA: 60.50%
E: 4114 kWh

DA: 1.01%
E: 4014 kWh

DA: 46.17%
E: 4081 kWh

DA: 85.32%
E: 4917 kWh

DA: 74.10%
E: 4287 kWh

YES

YES

NO

NO

6A:l_1 8Xke aQHmiBQMb �b � `2bmHi Q7 `�M/QKBx2/ /2+BbBQM p�`B�#H2 p2+iQ`b UH27i
+QHmKMV- �M/ KQ/2H `2bTQMb2 UKB//H2 +QHmKMVX PM i?2 `B;?i- Bi Bb
BM/B+�i2/ r?2i?2` i?2 KQ/2H `2bTQMb2 /QKBM�i2b i?2 KQ/2H BMTmi
BM P#D2+iBp2 6mM+iBQM bT�+2X

�`+?Bi2+im`�H .2bB;M S2`7Q`K�M+2 i?`Qm;? *QKTmi�iBQM�H AMi2HHB;2M+2 Rkk



6BM�HHv- �b �M BHHmbi`�iBQM Q7 ?Qr i?2 T`QTQb2/ K2i?Q/ K�v #2 mb2/ BM T`�+iB+2-
i?2 `2�/2` Bb `272``2/ iQ };m`2 8XkdX AM i?Bb };m`2- bQHmiBQM � Bb � bQHmiBQM i�F2M
7`QK i?2 MQM@/QKBM�i2/ b2iX h?2 bQHmiBQM Bb r2HH@T2`7Q`KBM;- #mi Bi /Q2b MQi TQb@
b2bb /2bB`�#H2 72�im`2b- r?B+? BM i?Bb +�b2 `272`b iQ i?2 ?2B;?i Q7 i?2 rBM/QrbX h?2
/2+BbBQM@K�F2` +?�M;2b i?2 rBM/Qr ?2B;?i K�Mm�HHv #v �Hi2`BM; i?2 p�Hm2 Q7 i?2
+Q``2bTQM/BM; /2+BbBQM p�`B�#H2X h?2 M2r bQHmiBQM UbQHmiBQM "V Bb MQr bm#@QTiBK�HX
"v 2t+BiBM; i?2 �miQ@�bbQ+B�iBp2 KQ/2H- � M2r bQHmiBQM Bb �+?B2p2/ UbQHmiBQM *V-
r?B+? ?�b T?vbB+�H 72�im`2b bBKBH�` iQ i?2 /2bB`�#H2 QM2b �M/ Bb �HbQ � MQM@/QKBM�i2/
bQHmiBQMX Ai Bb rQ`i? MQiBM; i?�i iQ /2`Bp2 bQHmiBQM *- i?2 KQ/2H �+ib QM �HH /2+B@
bBQM p�`B�#H2 p�Hm2b- �/�TiBM; i?2K BM �++Q`/�M+2 iQ i?2 T`272`2M+2 p2+iQ` �M/ i?2
H2�`M2/ FMQrH2/;2 K�ii2`X
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6A:l_1 8Xkd S`Q+2bb Q7 T`272`2M+2@#�b2/ /2+BbBQM bmTTQ`i #v �miQ@�bbQ+B�iBp2
M2irQ`F- BHHmbi`�i2/ QM i?2 +�b2 bim/vX h?2 /2+BbBQM@K�F2` b2H2+ib
� bQHmiBQM +HQb2 iQ i?2 S�`2iQ 7`QMi- M�K2Hv �X h?2v 2t2`+Bb2 i?2B`
T`272`2M+2 #v `2/m+BM; i?2 ?2B;?i Q7 i?2 rBM/QrbX h?Bb H2�/b iQ
bQHmiBQM "- r?B+? Bb +H2�`Hv bm#@QTiBK�HX "v 2t2`+BbBM; i?2 �miQ@
�bbQ+B�iBp2 KQ/2H UBM i?Bb +�b2- � 66LV- bQHmiBQM * Bb Q#i�BM2/X
h?Bb bQHmiBQM Bb M2�` QTiBK�H- �M/ +?�`�+i2`Bx2/ #v b?Q`i2` rBM@
/Qrb i?�M i?2 Q`B;BM�H UbiBHH i�HH2` i?�M i?2 T`272``2/ i?Qm;?V- �b
r2HH �b b?Q`i2` b?�/2`bX

Ȝ 8XkX9XR "2vQM/ i?2 S�`2iQ 7`QMi
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

AM i?Bb bim/v- �M �miQ@�bbQ+B�iBp2 KQ/2H H2�`Mb i?2 /2+BbBQM p�`B�#H2 /Bbi`B#m@
iBQM Q7 MQM@/QKBM�i2/ bQHmiBQMb BM � /2bB;M T`Q#H2K �M/ mb2b i?Bb FMQrH2/;2 K�i@
i2` iQ �/Dmbi bm#@QTiBK�H bQHmiBQMb 2tT`2bbBM; /2+BbBQM@K�F2` T`272`2M+2b- iQ i?2B`
M2�`@QTiBK�H +QmMi2`T�`ibX � [m2biBQM �`Bb2b i?Qm;?, q?�i B7 i?2 T`272`2M+2 p2+@
iQ` /Q2b MQi ?�p2 � M2�`#v +Q``2bTQM/2M+2 i?�i Bb M2�`@QTiBK�H\ AM i?Bb +�b2- �b
b22M 2�`HB2` BM i?Bb b2+iBQM- i?2 �H;Q`Bi?K rQmH/ KQ/B7v i?2 /2+BbBQM p�`B�#H2 +QK@
TQbBiBQM /2T�`iBM; bB;MB}+�MiHv 7`QK i?2 T`272`2M+2 p2+iQ` �b M22/2/ iQ Q#i�BM �

*?�Ti2` Rkj



M2�`@QTiBK�H bQHmiBQMX hQ � /2+BbBQM@K�F2` 2tT`2bbBM; bi`QM; T`272`2M+2b `2;�`/@
BM; /2bB;M 72�im`2b- i?Bb rQmH/ #2 mM�++2Ti�#H2X h?mb i?2 [m2biBQM Q7 � KQ/2H i?�i
+�M HBKBi Bib �+iBQM QM i?2 T`272`2M+2 p2+iQ` �`Bb2bX q?BH2 i?Bb Bbbm2 ?�b MQi #22M
BMp2biB;�i2/ �b T�`i Q7 i?Bb `2b2�`+?- � T`QTQb�H Bb ?2`2#v T`2b2Mi2/ 7Q` �//`2bb@
BM; BiX Ai Bb b22M i?�i mM/2` MQ`K�H +QM/BiBQMb i?2 FMQrH2/;2 K�ii2`- BX2X i`�BMBM;
/�i�- 7Q` i?2 �miQ@�bbQ+B�iBp2 KQ/2H +QMbBbib Q7 MQM@/QKBM�i2/ bQHmiBQMbX hQ �m;@
K2Mi i?2 FMQrH2/;2 K�ii2`- bQHmiBQMb i?�i �`2 /QKBM�i2/ #m` M2�`@QTiBK�H K�v
#2 BM+Hm/2/X h?Bb 2ti2M/2/ i`�BMBM; b2i Bb 2tT2+i2/ iQ ?�p2 �b � `2bmHi � KQ/2H
i?�i H2�`Mb � rB/2` /2+BbBQM p�`B�#H2 /Bbi`B#miBQM i?�M i?�i Q7 i?2 MQM@/QKBM�i2/
bQHmiBQMb �HQM2X h?2`27Q`2- Bi Bb 2tT2+i2/ i?�i i?2 KQ/2H �+iBQM QM i?2 T`272`2M+2
p2+iQ` Qp2`�HH rBHH #2 bQ7i2`- i?mb #2ii2`@`2bT2+iBM; /2+BbBQM@K�F2` T`272`2M+2b- �i
i?2 +Qbi Q7 bQK2 /2bB;M T2`7Q`K�M+2X

Ȝ 8XkX8 *QM+HmbBQM
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

h?2 }`bi +�b2 bim/v T`2b2Mi2/ i?2 `2bmHib Q7 �TTHvBM; i?2 T`QTQb2/ bm``Q;�i2
KQ/2HBM; K2i?Q/ BM /2i2`KBMBM; pBbm�H +QK7Q`i BM/B+�iQ`b BM Q{+2 bT�+2b- �M/
i?2 KQ/2HBM; i?2`2Q7X hrQ 7�+iQ`b +QMi`B#miBM; iQ pBbm�H +QK7Q`i r2`2 +QMbB/@
2`2/- M�K2Hv .�- �M BM/B+�iQ` `2H�i2/ iQ i?2 �p�BH�#BHBiv Q7 /�vHB;?i- �M/ .:S-
�M BM/B+�iQ` `2H�i2/ iQ i?2 T`Q#�#BHBiv Q7 2tT2`B2M+BM; ;H�`2X �b T�`i Q7 i?2 �TTHB@
+�iBQM bim/v- � +QKT�`BbQM Q7 i?2 T2`7Q`K�M+2 Q7 i?`22 /Bz2`2Mi K�+?BM2 H2�`M@
BM; K2i?Q/b mM/2`HvBM; i?2 T`QTQb2/ bm``Q;�i2 KQ/2HBM; K2i?Q/ r�b T2`7Q`K2/-
M�K2Hv, 66Lb i`�BM2/ mbBM; "�+FT`QT�;�iBQM U66LV- aoJb rBi? _"6 F2`M2Hb
UaoJ@_"6V- �M/ _6bX aoJ@_"6 �M/ 66L Qz2`2/ i?2 ?B;?2bi T`2/B+iBQM �++m@
`�+v BM i?2 .� �M/ .:S /�i�b2ib- `2bT2+iBp2Hv- �+?B2pBM; � +Q2{+B2Mi Q7 /2i2`KB@
M�iBQM Q7 y-N9R UaoJ@_"6- .�V �M/ y-e3N U66L- .:SVX

h?2 p�HB/�iBQM Q7 KQ/2H T2`7Q`K�M+2 ?�b #22M bm++2bb7mHHv K2i #v i?2 +�b2 bim/vX
Ai r�b TQbbB#H2 iQ �TT`QtBK�i2 .� rBi? ;QQ/ T`2+BbBQM- r?BH2 7Q` .:S- i?2 �T@
T`QtBK�iBQM `2�+?2/ �++2Ti�#H2 #mi MQi Qmibi�M/BM; T2`7Q`K�M+2X �HH Q7 i?2 bim/@
B2/ K2i?Q/b Qz2` � bT22/ Q7 T`2/B+iBQM- i?�i Bb- Q`/2`b Q7 K�;MBim/2 7�bi2` i?�M
i?2 _�/B�M+2 bBKmH�iBQM �M/ i?2 1p�H;H�`2 +�H+mH�iBQM Bib2H7 �M/ p2`v +HQb2 iQ `2�H@
iBK2 T2`7Q`K�M+2X h?2 /2`Bp2/ KQ/2Hb- 2Bi?2` �b@Bb Q` i?`Qm;? KQ/B}+�iBQMb- K�v
#2 mb2/ iQ KQ/2H ;2M2`B+ +H�bb2b Q7 Q{+2b BM p�`vBM; #mBH/BM; ivT2bX "2bB/2b- i?2
T`2b2Mi2/ bK�HH@b+�H2 /2bB;M bim/v ?B;?HB;?i2/ i?2 TQi2MiB�H Q7 i?2 T`QTQb2/ bm`@
`Q;�i2 KQ/2HBM; K2i?Q/ iQ Qz2` M2�`@BMbi�Mi /2bB;M 722/#�+F +QM+2`MBM; +?�M;BM;
/2bB;M T�`�K2i2`b- �HHQrBM; 7Q` /2bB;M �Hi2`M�iBp2b iQ #2 M�pB;�i2/ BMimBiBp2Hv �M/
bQHmiBQMb `2�+?2/ [mB+FHvX

h?2 b2+QM/ +�b2 bim/v 7Q+mb2/ QM �TTHvBM; i?2 T`QTQb2/ �miQ@�bbQ+B�iBp2 /2+B@
bBQM bmTTQ`i K2i?Q/ BM �//`2bbBM; /2+BbBQM@K�F2` T`272`2M+2b +QM+2`MBM; �M BM@
i2;`�i2/ b?�/BM; /2pB+2 /2bB;M 7Q` �M m`#�M Q{+2 #mBH/BM;X h?Bb Bb � Hm+`�iBp2
�Hi2`M�iBp2 iQ bBKTHv +?QQbBM; � MQM@/QKBM�i2/ bQHmiBQM BM KmHiB@Q#D2+iBp2 QTiB@
KBx�iBQMX h?`Qm;? i?Bb +�b2 bim/v- Bi r�b }`bi TQbbB#H2 iQ /2KQMbi`�i2 i?2 [m�M@
iBi�iBp2 T2`7Q`K�M+2 Q7 i?2 T`QTQb2/ K2i?Q/X h?Bb r�b i?`Qm;? i?2 BMi`Q/m+iBQM
Q7 MQp2H T2`7Q`K�M+2 K2i`B+b i?�i +�M 2p�Hm�i2 i?2 TQi2MiB�H iQ b�iBb7v 2tT`2bb2/
T`272`2M+2b BM i?2 /2+BbBQM p�`B�#H2 bT�+2- �M/ �i i?2 b�K2 iBK2 �/?2`2M+2 iQ /2@
bB;M ;Q�HbX h?2 T`QTQb2/ /2+BbBQM bmTTQ`i K2i?Q/b r2`2 �#H2 iQ [m�MiBi�iBp2Hv
/2KQMbi`�i2 ;QQ/ T2`7Q`K�M+2 BM #Qi? �bT2+ibX a2+QM/Hv- Bi r�b TQbbB#H2 iQ [m�H@
Bi�iBp2Hv p�HB/�i2 i?2 T2`7Q`K�M+2 Q7 i?2 T`QTQb2/ K2i?Q/ i?`Qm;? ?B;?HB;?iBM;

�`+?Bi2+im`�H .2bB;M S2`7Q`K�M+2 i?`Qm;? *QKTmi�iBQM�H AMi2HHB;2M+2 Rk9



b2p2`�H /2bB;M BMbi�M+2b- ;2M2`�i2/ mbBM; i?2 T`QTQb2/ K2i?Q/- ;mB/BM; /2+BbBQM@
K�F2` +?QB+2b �M/ i?2 7Q`K�H �Hi2`�iBQMb iQ i?2 /2bB;M i?�i +QK2b i?2`2#vX "v mb@
BM; i?2 T`QTQb2/ K2i?Q/- i?2 /2+BbBQM@K�F2` K�v 7Q+mb QM �//`2bbBM; /2bB`�#BHBiv
�bT2+ib Q7 /2bB;M- ?�pBM; i?2 +2`i�BMiv i?�i `2bmHiBM; bQHmiBQMb rBHH #2 M2�`@QTiBK�H
BM �Mv +�b2X

*?�Ti2` Rk8





e *QM+HmbBQM

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
Ȝ eXR AMi`Q/m+iBQM

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
*QKTH2tBiv Bb �M BM?2`2Mi T`QT2`iv Q7 �`+?Bi2+im`�H /2bB;M i?�i Bb #Q`M Qmi Q7

i?2 MmK2`Qmb- BMi`B+�i2 `2H�iBQMb?BTb #2ir22M /2bB;M /2+BbBQMb- /2bB;M ;Q�Hb- �M/
/2bB;M +QMbi`�BMibX �b � `2bmHi Q7 /2bB;M +QKTH2tBiv- B/2MiB7vBM; QTiBK�H /2bB;M
/2+BbBQMb �i �Mv iBK2 rBi?BM i?2 /2bB;M T`Q+2bb Bb � +Q;MBiBp2Hv +?�HH2M;BM; i�bFX
.m2 iQ ?mK�M +Q;MBiBQM #2BM; +QMbi�MiHv +?�HH2M;2/ #2+�mb2 Q7 /2bB;M +QKTH2t@
Biv- i?2`2 Bb � `2�H /�M;2` i?�i /2+BbBQMb i�F2M /m`BM; i?2 /2bB;M T`Q+2bb �`2 bm#@
QTiBK�H- r?B+? rBHH 2M/ mT ?�pBM; � /2i`BK2Mi�H 2z2+i QM i?2 b�iBb7�+iBQM Q7 /2bB;M
;Q�Hb #v i?2 2M/ /2bB;M T`Q/m+iX .2+BbBQM@K�F2`b- `2+Q;MBxBM; i?Bb +QM/BiBQM- ?�p2
K�/2 mb2 Q7 iQQHb iQ 2M?�M+2 i?2B` +Q;MBiBQM bBM+2 i?2 /�rM Q7 i?2 �+i Q7 /2bB;M@
BM;X

LQr�/�vb- i?2 M22/ iQ `2/m+2 i?2 2M2`;v +QMbmKTiBQM Q7 #mBH/BM;b r?BH2 BKT`Qp@
BM; BM/QQ` +QM/BiBQMb ?�b H2/ iQ i?2 �/QTiBQM Q7 � KmHiBim/2 Q7 2K2`;BM; �`+?B@
i2+im`�H /2bB;M `2[mB`2K2Mib i?�i BMi2MbB7v i?2 `2[mB`2K2Mib �M/ +QMbi`�BMib i?�i
/2+BbBQM@K�F2`b 7�+2 iQ/�vX "2bB/2b- MQp2H +�T�#BHBiB2b BM K�i2`B�Hb �M/ +QMbi`m+@
iBQM i2+?MB[m2b #`Q�/2M i?2 bT2+i`mK Q7 TQi2MiB�H bQHmiBQMb iQ /2bB;M T`Q#H2Kb
�M/ �b bm+? 7m`i?2` 2MH�`;2 i?2 /2bB;M bT�+2X AM i?Bb b2iiBM;- i?2 �`+?Bi2+im`�H /2@
bB;M T`2b2Mib �M Qp2`r?2HKBM; i�bF 7Q` ?mK�M +Q;MBiBQM �M/ i?2 M22/ 7Q` /2bB;M
/2+BbBQM bmTTQ`i bvbi2Kb T`2b2Mib Bib2H7 �b � M2+2bbBiv KQ`2 i?�M �M QTTQ`imMBivX

� T`QKBM2Mi +H�bb Q7 /2+BbBQM bmTTQ`i iQQHb Bb i?�i r?B+? Bb 7QmM/2/ QM �/p�M+2@
K2Mib K�/2 BM i?2 }2H/ Q7 +QKTmi�iBQM�H BMi2HHB;2M+2- �M/ KQ`2 bT2+B}+�HHv BM i?2
}2H/b Q7 +QKTmi�iBQM�H QTiBKBx�iBQM �M/ K�+?BM2 H2�`MBM;X h?Bb i?2bBbǶ �BKb �`2
�HB;M2/ rBi? i?2 `2b2�`+? �;2M/� QM +QKTmi�iBQM�H BMi2HHB;2M+2@#�b2/ /2+BbBQM bmT@
TQ`i bvbi2Kb rBi? �TTHB+�iBQMb BM �`+?Bi2+im`�H /2bB;MX Ai �ii2KTib iQ T`2b2Mi �
+QKT`2?2MbBp2 /2+BbBQM bmTTQ`i 7`�K2rQ`F- r?2`2 *QKTmi�iBQM�H AMi2HHB;2M+2 U*AV
i2+?MB[m2b �`2 mb2/ MQi Dmbi iQ T`QpB/2 � K2�Mb Q7 }M/BM; QTiBK�H bQHmiBQMb iQ �
/2bB;M T`Q#H2K- #mi iQ /Q bQ 2{+B2MiHv �M/ 7m`i?2` �B/ BM BM7Q`K2/ /2+BbBQM K�F@
BM; i?�i �TT`QT`B�i2Hv i`2�ib /2+BbBQM@K�F2` T`272`2M+2b BM �//BiBQM iQ BKT`QpBM;
/2bB;M T2`7Q`K�M+2 �++Q`/BM; iQ b2i ;Q�Hb �M/ 2Mbm`BM; b�iBb7�+iBQM Q7 /2bB;M +QM@
bi`�BMibX

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
Ȝ eXk _2pBbBiBM; i?2 _2b2�`+? Zm2biBQMb

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
h?Bb b2+iBQM /Bb+mbb2b i?2 K�DQ` }M/BM;b Q7 i?2 `2b2�`+?- �``�M;2/ �++Q`/BM; iQ

i?2 `2b2�`+? [m2biBQMb 7Q`KmH�i2/ BM +?�Ti2` RX

>Qr +�M *QKTmi�iBQM�H AMi2HHB;2M+2 U*AV@#�b2/ K2i?Q/b �M/ i2+?MB[m2b

Rkd



UBM+Hm/BM; BMi2HHB;2Mi �b r2HH �b +Q;MBiBp2 K2i?Q/bV #2ii2` bmTTQ`i /2+B@
bBQM K�FBM; /m`BM; �`+?Bi2+im`�H /2bB;M- 2bT2+B�HHv BM i?2 2�`Hv +QM+2T@
im�H /2bB;M bi�;2\

AM �//`2bbBM; i?Bb `2b2�`+? [m2biBQM- i?2 K�BM �BK Q7 i?Bb i?2bBb ?�b #22M iQ T`Q@
TQb2 � +QKT`2?2MbBp2 /2+BbBQM bmTTQ`i 7`�K2rQ`F #�b2/ QM *A i2+?MB[m2b- r?B+?
?�b #22M 2ti2MbBp2Hv 2H�#Q`�i2/ BM +?�Ti2` 9X h?2 T`QTQb2/ .aa Bb 7QmM/2/ QM i?2
mb2 Q7 1pQHmiBQM�`v *QKTmi�iBQM U1*V �b �M BMi2HHB;2Mi �TT`Q�+? iQ 2tTHQ`BM; i?2
/2bB;M bT�+2- r?B+?- �b � +2Mi`�H +QMi`B#miBQM Q7 i?Bb i?2bBb- ?�b #22M �m;K2Mi2/
rBi? +Q;MBiBp2 +�T�#BHBiB2b- i?`Qm;? � irQ@7QH/ 2ti2MbBQMX AM T�`iB+mH�`- JmHiB@
P#D2+iBp2 PTiBKBx�iBQM UJPPV �H;Q`Bi?Kb bm+? �b La:�@AA �`2 +QMbB/2`2/ /m2 iQ
i?2B` BM?2`2Mi �#BHBiv iQ /2�H rBi? +QM~B+iBM; Q#D2+iBp2b �M/ MQM@HBM2�` +QMbi`�BMibX
h?2 +QKT`2?2MbBp2 7`�K2rQ`F T`QTQb2/ BM i?Bb i?2bBb �BKb iQ K�F2 1*@#�b2/ /2@
+BbBQM bmTTQ`i KQ`2 �;BH2 �M/ �/�TiBp2 iQ i?2 `�TB/Hv +?�M;BM; 2MpB`QMK2Mi Q7 i?2
+QM+2Tim�H /2bB;M T`Q+2bb bQ i?�i i?2 /2+BbBQM@K�F2` +�M K�F2 iBK2Hv- BM7Q`K2/
/2bB;M /2+BbBQMb i?�i i�F2 �HH �bT2+ib Q7 /2bB;M BMiQ �++QmMiX hrQ T�`iB+mH�` Bbbm2b
�`2 B/2MiB}2/,

• h?2 +QKTmi�iBQM�H +QKTH2tBiv �bbQ+B�i2/ rBi? i?2 `2T2�i2/ 2p�Hm�iBQMb Q7
+QKTH2t 7mM+iBQMb �b `2[mB`2/ #v i?2 1*

• h?2 TQbi@S�`2iQ i`2�iK2Mi Q7 /2+BbBQM@K�F2` T`272`2M+2 i`2�iK2Mi �HQM;bB/2
Q#D2+iBp2 �M/ +QMbi`�BMi b�iBb7�+iBQMX

hQr�`/b �//`2bbBM; 2�+? Q7 i?2b2 Bbbm2b- i?2 7QHHQrBM; K2i?Q/b #�b2/ QM +QKTmi�@
iBQM�H +Q;MBiBQM �M/ K�+?BM2 H2�`MBM; �`2 T`QTQb2/,

• � K2i?Q/ 7Q` /2`BpBM; ~2tB#H2 bm``Q;�i2 KQ/2Hb i?�i +�M KQ/2H ;2M2`B+ bT�@
iB�H /Bbi`B#miBQMb Q7 p�Hm2b BM/QQ`b 7Q` bBM;H2 bT�+2b- �M/- Bi2`�i2/- 7Q` KmHiB@
TH2 bT�+2b Q7 p�`vBM; +?�`�+i2`BbiB+bX

• � K2i?Q/ 7Q` /2`BpBM; �miQ@�bbQ+B�iBp2 +QMM2+iBQMBbi KQ/2Hb Q7 i?2 /Bbi`B#m@
iBQM Q7 S�`2iQ@QTiBK�H bQHmiBQMb BM i?2 /2+BbBQM p�`B�#H2 bT�+2- �M/ i?2`2�7i2`
;mB/2 i?2 /2+BbBQM@K�F2` QM /2+BbBQMb +QM+2`MBM; T`272`2M+2b BM i2`Kb Q7 Q#@
D2+i T`QT2`iB2bX

h?`Qm;? i?2 BM+Q`TQ`�iBQM Q7 i?2 T`QTQb2/ +QKTmi�iBQM�H +Q;MBiBp2 K2i?Q/b BMiQ
�M 1*@2M�#H2/ BMi2HHB;2Mi KQ/2H- �b 2H�#Q`�i2/ BM +?�Ti2` 9 �M/ �TTHB2/ BM +?�Ti2`
8- � +QKT`2?2MbBp2 �M/ ~2tB#H2 .aa Bb /2`Bp2/ i?�i 2M?�M+2b �TTHB+�#BHBiv iQ i?2
�`+?Bi2+im`�H +QM+2Tim�H /2bB;M bi�;2X

>Qr +�M +Q;MBiBp2 K2i?Q/b �m;K2Mi BMi2HHB;2Mi /2+BbBQM bmTTQ`i iQQHb-
BM Q`/2` iQ H2�/ iQ #2ii2` �M/ KQ`2 �;BH2 /2+BbBQM K�FBM; BM /2bB;M\

Ai ?�b #22M � +Q`M2`biQM2 Q7 i?Bb i?2bBb i?�i BMi2HHB;2Mi K2i?Q/b i?�i �`2 �H`2�/v
BM �TTHB+�iBQM BM �`+?Bi2+im`�H /2bB;M- bm+? �b 1pQHmiBQM�`v *QKTmi�iBQM@#�b2/
QTiBKBx�iBQM K2i?Q/b- +�M #2 +QKTH2K2Mi2/ #v +QKTmi�iBQM�H +Q;MBiBp2 K2i?Q/b-
iQ 2M/Qr i?2K rBi? i?2 �#BHBiv iQ KQ`2 2{+B2MiHv M�pB;�i2 i?2 /2bB;M bT�+2 �M/
bmTTQ`i i?2 /2+BbBQM K�FBM; T`Q+2bbX �b T�`i Q7 i?Bb i?2bBb- i?2`2 ?�p2 #22M irQ
TQi2MiB�H +QMi`B#miBQMb Q7 +Q;MBiBp2 �TT`Q�+?2b B/2MiB}2/X

�`+?Bi2+im`�H .2bB;M S2`7Q`K�M+2 i?`Qm;? *QKTmi�iBQM�H AMi2HHB;2M+2 Rk3



h?2 +QKTmi�iBQM�H +QKTH2tBiv Q7 bBKmH�iBQMb Bb � `2�H T`Q#H2K BM �`+?Bi2+im`�H /2@
bB;M i?�i Bb ?BM/2`BM; i?2 �TTHB+�iBQM Q7 �++m`�i2 bBKmH�iBQM KQ/2Hb iQ iBK2Hv /2@
+BbBQM K�FBM;X am``Q;�i2 KQ/2HBM; pB� K�+?BM2 H2�`MBM; Bb � r2HH@bim/B2/ �TT`Q�+?
iQr�`/b KBMBKBxBM; +QKTmi�iBQM�H +QKTH2tBiv i?`Qm;? i?2 mb2 Q7 K�+?BM2 H2�`M@
BM;X AM i?Bb /B`2+iBQM- � K2i?Q/ 7Q` /2`BpBM; ~2tB#H2 �M/ `2@mb�#H2 bm``Q;�i2 KQ/@
2Hb 7Q` #mBH/BM; T2`7Q`K�M+2 #�b2/ QM K�+?BM2 H2�`MBM; ?�b #22M T`QTQb2/X AM i?Bb
K2i?Q/- BM/QQ` bT�+2b �`2 /2}M2/ #�b2/ QM i?2B` ;2QK2i`B+- K�i2`B�H �M/ 2MpB`QM@
K2Mi�H +?�`�+i2`BbiB+b- �M/ BM/BpB/m�H bm``Q;�i2 KQ/2Hb �`2 �TTHB2/ iQ 2�+? 7mM/�@
K2Mi�H bT�+2X h?2 Qp2`�HH T2`7Q`K�M+2 Bb /2`Bp2/ +QMbB/2`BM; i?2 +QMi`B#miBQM Q7
2�+? bT�+2 iQ i?2 r?QH2 #mBH/BM;X

AM �//BiBQM- i?Bb i?2bBb T`QTQb2/ � MQp2H K2i?Q/ 7Q` TQbi@S�`2iQ /2+BbBQM bmTTQ`i
BM T`Q#H2Kb r?2`2 Q#D2+i T`QT2`iB2b 7Q`K b2+QM/@Q`/2` T`272`2M+2b i?�i M22/ iQ
#2 b�iBb}2/ �b T�`i Q7 i?2 T`Q#H2KX �M �miQ@�bbQ+B�iBp2 M2m`�H M2irQ`F Bb mb2/ iQ
ǳbi22`Ǵ /2+BbBQM@K�F2` T`272`2M+2b BM bm+? � r�v i?�i /2bB;M T2`7Q`K�M+2 Bb MQi
+QKT`QKBb2/ i`vBM; iQ b�iBb7v � +QMi`�/B+iBM; T`272`2M+2- �b bm+? 2Mbm`BM; M2�`@
QTiBK�HBiv Q7 i?2 bQHmiBQMX

>Qr +�M K2i?Q/b �M/ i2+?MB[m2b #Q``Qr2/ 7`QK i?2 }2H/ Q7 K�+?BM2
H2�`MBM; +QMi`B#mi2 iQ �HH2pB�iBM; +QKTmi�iBQM�H +QKTH2tBiv Q7 bBKmH�@
iBQMb\

Ai Bb 2bi�#HBb?2/ �b T�`i Q7 �//`2bbBM; i?2 T`2pBQmb `2b2�`+? [m2biBQM i?�i bm``Q;�i2
KQ/2HBM; K�v +QMi`B#mi2 iQ � `2/m+iBQM BM +QKTmi�iBQM�H +QKTH2tBiv- ?Qr2p2`- i?2
~2tB#BHBiv Q7 i?2 /2`Bp2/ KQ/2Hb Bb �M BKTQ`i�Mi Bbbm2X �b T�`i Q7 i?2 7`�K2rQ`F
T`QTQb2/ BM i?Bb i?2bBb- � M2r 7Q`KmH�iBQM 7Q` � bm``Q;�i2 KQ/2H Bb T`QTQb2/- r?B+?
Bb bT2+B}+�HHv �//`2bb2/ iQ i?2 #mBH/BM; b2+iQ` �M/ r?B+? Bb �TTHB+�#H2 iQ `�TB/Hv
+?�M;BM; /2bB;M 2MpB`QMK2Mib bm+? �b i?2 +QM+2Tim�H /2bB;M bi�;2X h?2 T`QTQb2/
�TT`Q�+? mb2b � +QKKQM KQ/2H iQ T`2/B+i BM/QQ` /Bbi`B#miBQMb Q7 i?2 [m�MiBiv Q7
BMi2`2bi rBi?BM BM/BpB/m�H bT�+2b Q7 i?2 #mBH/BM;- BM+Q`TQ`�iBM; BM/QQ` TQbBiBQM �b
�M BM/2T2M/2Mi p�`B�#H2X h?2 +?�`�+i2`BbiB+b Q7 i?2 #mBH/BM; bT�+2b �`2 KQ/2H2/
T�`�K2i`B+�HHv iQ K�tBKBx2 KQ/2H �TTHB+�#BHBivX �;;`2;�i2 T2`7Q`K�M+2 K2i`B+b
K�v #2 2�bBHv /2`Bp2/ i?`Qm;? 2H2K2Mi�`v /2b+`BTiBp2 bi�iBbiB+b QM i?2 KQ/2H Qmi@
TmiX h?2 T`QTQb2/ �TT`Q�+? �HHQrb i?2 KQ/2H iQ #2 /2`Bp2/ QM+2 UQ` 2p2M `2@mb2
2tBbiBM; KQ/2Hb 7`QK Qi?2` T`QD2+ibV �M/ #2 `2@mb2/ 2p2M B7 i?2 [m�MiBiv- �``�M;2@
K2Mi- Q` T`QT2`iB2b Q7 BM/QQ` bT�+2b +?�M;2 r?BH2 K�BMi�BMBM; /2i�BH2/ BMbB;?i Q7
HQ+�HBx2/ T2`7Q`K�M+2 �++Q`/BM; iQ i?2 p�Hm2 Q7 BMi2`2biX �b T�`i Q7 i?2 i?2bBb- �M
�TTHB+�iBQM iQ i?2 KQ/2HBM; Q7 BM/QQ` pBbm�H +QK7Q`i@`2H�i2/ K2i`B+b ?�b #22M T`2@
b2Mi2/X

�i r?B+? bi�;2 b?QmH/ /2+BbBQM@K�F2` T`272`2M+2b #2 �//`2bb2/ U#27Q`2-
/m`BM;- �7i2` QTiBKBx�iBQMV\

AM `2H�iBQM iQ � +QKTmi�iBQM�H QTiBKBx�iBQM@#�b2/ /2+BbBQM bmTTQ`i bvbi2K- i`2�i@
K2Mi Q7 b2+QM/@Q`/2` /2+BbBQM@K�F2` T`272`2M+2b K�v Q++m` BM �Mv Q7 i?`22 iBK2
TQBMib �HQM; i?2 T`Q+2bb,

• "27Q`2 i?2 1* QTiBKBx�iBQM U�@T`BQ`B �TT`Q�+?2bV

• .m`BM; i?2 1* QTiBKBx�iBQM UBMi2`�+iBp2 �TT`Q�+?2bV

*?�Ti2` RkN



• �7i2` i?2 1* QTiBKBx�iBQM �M/ /2`Bp�iBQM Q7 S�`2iQ@QTiBK�H b2i U�@TQbi2`BQ`B
�TT`Q�+?2b Q` TQbi@S�`2iQ T`272`2M+2 i`2�iK2MiV

qBi?BM i?2 b+QT2 Q7 i?Bb i?2bBb- TQbi@S�`2iQ /2+BbBQM K�FBM; Bb B/2MiB}2/ �b ?�pBM;
�M �/p�Mi�;2 Qp2` i?2 Qi?2` �TT`Q�+?2b- �b i?2 TQBMi BM iBK2 7QHHQrBM; i?2 2bi�#@
HBb?K2Mi Q7 i?2 S�`2iQ@QTiBK�H b2i Bb i?2 TQBMi r?2`2 i?2 KQbi BM7Q`K�iBQM `2;�`/@
BM; i?2 /2bB;M T`Q#H2K �i ?�M/ Bb �p�BH�#H2- �M/ i?mb /2+BbBQM K�FBM; �i i?Bb bi�;2
+�M H2�/ iQ i?2 KQbi BM7Q`K2/ /2+BbBQMbX �i i?2 b�K2 iBK2- i?Qm;? TQbi@S�`2iQ
T`272`2M+2 i`2�iK2Mi Bb +?�HH2M;BM; #2+�mb2 Bi 2Mi�BHb i�FBM; BMiQ �++QmMi i?2 BK@
THB+Bi `2H�iBQMb �KQM; Q#D2+i T`QT2`iB2b 2bi�#HBb?2/ #v i?2 S�`2iQ@QTiBK�H b2iX

>Qr +�M /2+BbBQM@K�F2` T`272`2M+2b #2 2z2+iBp2Hv BM+Q`TQ`�i2/ �HQM;@
bB/2 /2bB;M ;Q�Hb BM +QKTmi�iBQM�H KmHiB@Q#D2+iBp2 QTiBKBx�iBQM\

�M �miQ@�bbQ+B�iBp2 M2m`�H M2irQ`F KQ/2H Bb T`QTQb2/ �b T�`i Q7 i?Bb i?2bBb- iQ �b@
bBbi rBi? i?2 +Q;MBiBp2Hv +?�HH2M;BM; i�bF Q7 2Mbm`BM; /2bB;M ;Q�H b�iBb7�+iBQM BM i?2
7�+2 Q7 T`272`2M+2b BM i2`Kb Q7 Q#D2+i T`QT2`iB2b- BX2X i?Qb2 7QmM/ BM i?2 /2+BbBQM
p�`B�#H2 bT�+2X h?2 T`QTQb2/ KQ/2H Bb +QMbB/2`2/ � TQbi@S�`2iQ /2+BbBQM bmTTQ`i
�TT`Q�+?X h?2 KQ/2H Bb �miQ@�bbQ+B�iBp2- BM i?�i Bib BMTmib �M/ QmiTmib +Q``2bTQM/
iQ TQBMib BM i?2 /2+BbBQM p�`B�#H2 bT�+2- i?mb /2bB;M bQHmiBQMbX h?2 KQ/2H Bb BMB@
iB�HHv }i QM i?2 /�i�b2i +QKT`BbBM; S�`2iQ@QTiBK�H bQHmiBQMb `2bmHiBM; 7`QK i?2
KmHiB@Q#D2+iBp2 BMi2HHB;2Mi b2�`+? bi�;2X 6QHHQrBM; i?Bb bi�;2- i?2 /2+BbBQM@K�F2`
BMTmib i?2B` T`272`2M+2b iQ i?2 bvbi2K #v �/DmbiBM; i?2 /2+BbBQM p�`B�#H2b iQ i?2B`
T`272`2M+2X h?2 }i KQ/2H Bb i?2M mb2/ iQ ǳ;mB/2Ǵ i?2 /2+BbBQM@K�F2` #v T`QpB/@
BM; ǳ+Q``2+iBQMbǴ iQ i?2 �/DmbiK2Mib- r?B+? �+i iQ F22T i?2 KQ/2H BM i?2 QTiBK�H
`2;BQM H2�`M2/ #v i?2 S�`2iQ@QTiBK�H bQHmiBQM +QKTQbBiBQMX

Ai Bb +H�BK2/ i?�i i?2 T`QTQb2/ �TT`Q�+? Bb �M 2z2+iBp2 K2�Mb Q7 �//`2bbBM; b2+QM/@
Q`/2` T`272`2M+2b QM Q#D2+i T`QT2`iB2b �b BX Bi Qz2`b �M 2�bv iQ ;`�bT �M/ BMimBiBp2
BMi2`7�+2 iQ i?2 /2+BbBQM@K�F2` 7Q` 2tT`2bbBM; T`272`2M+2b- BBX Bi /2`Bp2b �HH `2[mB`2/
FMQrH2/;2 BM/m+iBp2Hv i?`Qm;? BKTHB+Bi `2H�iBQMb T`2b2Mi BM � M�im`�HHv Q++m``BM;
/�i�b2i Ub2i Q7 S�`2iQ@QTiBK�H bQHmiBQMbV- �M/ BBBX Bi Bb bmTTQ`i2/ #v � r2HH@7QmM/2/
2t�+i b+B2MiB}+ #�+F;`QmM/ r?B+? 2M�#H2b +QMbBbi2M+v �M/ 2tTH�BM�#BHBiv BM i?2 `2@
bmHiBM; KQ/2H #2?�pBQ`bX

>Qr +�M i?2 �#Qp2 bT2+B}+�HHv #2 �TTHB2/ iQ +m``2Mi �M/ +?�HH2M;BM;
/2bB;M T`Q#H2Kb BM �`+?Bi2+im`2\

�b T�`i Q7 i?2 i?2bBb- bT2+B}+�HHv BM +?�Ti2` 8- irQ +�b2 bim/B2b- #Qi? Q7 r?B+? BM@
pQHp2/ `2�H@rQ`H/ /2bB;M i�bFb- �M/ BM r?B+? /2bB;M BMbi�M+2b ?�p2 #22M 2p�Hm�i2/
�++Q`/BM; iQ i?2 Q#D2+iBp2b mbBM; bi�i2 Q7 �`i #mBH/BM; bBKmH�iBQM iQQHbX "2bB/2b-
�i i?2 #2;BMMBM; Q7 i?2 `2b2�`+?- M�K2Hv BM +?�Ti2` j � +QKTH2t `2�H@rQ`H/ T`QD2+i
?�b #22M T`2b2Mi2/ BM r?B+? 2pQHmiBQM�`v +QKTmi�iBQM ?�b #22M B/2MiB}2/ �b i?2
T`272`�#H2 �TT`Q�+? iQ 2tTHQ`2 i?2 p�bi /2bB;M bT�+2 �bbQ+B�i2/ rBi? i?2 /2bB;M
i�bF �i ?�M/X

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
Ȝ eXj *QM+Hm/BM; _2K�`Fb
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h?2 �TTHB+�iBQMb Q7 *QKTmi�iBQM�H AMi2HHB;2M+2 U*AV BM /2+BbBQM bmTTQ`i 7Q` �`@

�`+?Bi2+im`�H .2bB;M S2`7Q`K�M+2 i?`Qm;? *QKTmi�iBQM�H AMi2HHB;2M+2 Rjy



+?Bi2+im`�H /2bB;M �`2 QMHv #QmM/ iQ #2+QK2 KQ`2 rB/2bT`2�/ BM i?2 M2�` 7mim`2-
QrBM; iQ /2p2HQTK2Mib BM K2i?Q/ �b Km+? �b BM i2+?MB[m2X am+? � /2p2HQTK2Mi Bb
2tT2+i2/ iQ #`BM; TH2Miv Q7 #2M2}ib BM i?2 /2bB;M Q7 +QKTH2t #mBH/BM;b- ?Qr2p2`-
�/p�M+2b BM 2t�+i b+B2MiB}+ K2i?Q/b b?QmH/ #2 �TTHB2/ BM �`+?Bi2+im`2 rBi? i?2 B/@
BQbvM+`�bB2b Q7 i?2 /Bb+BTHBM2 BM KBM/X Ai Bb MQi2/ i?�i �`+?Bi2+im`2 Bb � #H2M/ Q7 b+B@
2M+2 �M/ �`i- �M/ �b bm+? i?2 `2[mB`2K2Mib 7Q` �M 2{+B2Mi /2+BbBQM bmTTQ`i bvbi2K
/Q MQi �Hr�vb K�i+? i?Qb2 Q7 2M;BM22`BM;X h?2 /2p2HQTK2Mib T`2b2Mi2/ ?2`2BM `2@
~2+i bm+? � `2;�`/ 7Q` i?2 +QMi`B#miBQM i?�i *A `2b2�`+? K�v ?�p2 QM �`+?Bi2+im`�H
/2bB;M- �M/ BM T�`iB+mH�` +QM+2`MBM; i?2 `QH2 i?�i � *A /2+BbBQM bmTTQ`i bvbi2K
K�v ?�p2 BM i?2 2�`Hv bi�;2b Q7 �`+?Bi2+im`�H /2bB;M- r?2`2 i?2 KQbi BKTQ`i�Mi
/2+BbBQM /2+BbBQMb �`2 #2BM; K�/2- �M/ r?B+? ;Qp2`M i?2 /B`2+iBQM Q7 i?2 Qp2`�HH
T`QD2+iX

6mbBQM Q7 BMi2HHB;2Mi rBi? +Q;MBiBp2 �TT`Q�+?2b- �b QmiHBM2/ BM i?2 �TT`Q�+? T`Q@
TQb2/ #v i?Bb i?2bBb- Qz2`b i?2 mMB[m2 �/p�Mi�;2 Q7 � /2+BbBQM bmTTQ`i �TT`Q�+?
i?�i Bb #Qi? TQr2`7mH- QrBM; iQ i?2 2ti2MbBp2 +�T�#BHBiB2b Q7 BMi2HHB;2Mi b2�`+? �H@
;Q`Bi?Kb- �M/ ~2tB#H2- QrBM; iQ i?2 2ti2MbBp2 FMQrH2/;2 KQ/2HBM; +�T�#BHBiB2b Q7
+Q;MBiBp2 �TT`Q�+?2bX �b bm+?- Bi Bb mMB[m2Hv bmBi2/ iQ i?2 2�`Hv +QM+2Tim�H /2bB;M
bi�;2 r?2`2 i?2 M22/ iQ 2tTHQ`2 H�`;2 /2bB;M bT�+2b- ~2tB#Hv `2/2}M2 i?2 /2bB;M
T`Q#H2K- �M/ b�iBb7v T`272`2M+2b i?�i �`2 MQi BM+Hm/2/ BM i?2 T`BK�`v /2bB;M ;Q�Hb-
�`2 �HH T�`�KQmMiX

�b T�`i Q7 i?2 T`QTQb2/ �TT`Q�+?- i?2 T`QTQb2/ bm``Q;�i2 KQ/2HBM; K2i?Q/ �M/
/2`Bp2/ KQ/2H 7Q` /�vHB;?i �TT`QtBK�iBQM #�b2/ QM +QKTmi�iBQM�H +Q;MBiBp2 K�@
+?BM2 H2�`MBM; KQ/2Hb- �HHQrb BM+`2�b2/ ~2tB#BHBiv �i i?2 +QM+2Tim�H /2bB;M bi�;2-
�b i?2 KQ/2H Bb ~2tB#H2 2MQm;? iQ `2T`2b2Mi KmHiBTH2 bBM;H2 bT�+2b rBi?BM � #mBH/@
BM;- �M/ T`2p2Mib KQ/2H `2@}iiBM; 2p2M �7i2` K�DQ` /2bB;M +?�M;2bX "2bB/2b- i?2
KQ/2H Qz2`b � pB2r Q7 ;`2�i2` /2i�BH BM i?2 BMi2`BQ` /Bbi`B#miBQM Q7 i?2 [m�MiBiv
KQ/2H2/- 2X;X /�vHB;?i Q` ;H�`2 /Bbi`B#miBQM- BM +QKT�`BbQM rBi? KQ/2Hb i?�i Qmi@
Tmi �;;`2;�i2 p�Hm2b #�b2/ QM 2Bi?2` +QM+`2i2 #mBH/BM; T`QT2`iB2b Q` �#bi`�+i2/
72�im`2bX

PM i?2 Qi?2` ?�M/- i?2 T`QTQb2/ �miQ@�bbQ+B�iBp2 +QKTmi�iBQM�H +Q;MBiBp2 T`27@
2`2M+2 i`2�iK2Mi K2i?Q/ Qz2`b � bvbi2K�iB+ �TT`Q�+? iQ TQbi@S�`2iQ QTiBK�HBiv
�M�HvbBb- rBi? 2KT?�bBb QM �M �bT2+i i?�i Bb Km+? iQQ Q7i2M Qp2`HQQF2/, b2+QM/@
Q`/2` T`272`2M+2b QM Q#D2+i T`QT2`iB2b- BX2X i?Qb2 7QmM/ BM i?2 /2+BbBQM p�`B�#H2
bT�+2X h?2 7Q`KmH�iBQM Q7 i?2 KQ/2H Bb QM2 i?�i �HHQrb i?2 /2+BbBQM@K�F2` iQ 2t@
2`+Bb2 i?2B` T`272`2M+2b �b i?2v M�im`�HHv rQmH/ Ĝ 2t�KBMBM; bQHmiBQMb BM � T�`�@
K2i`B+ KQ/2H �M/ �/DmbiBM; p�Hm2b Q7 /2+BbBQM p�`B�#H2b iQ �+?B2p2 i?2B` /2bB`2/ �i@
i`B#mi2bX h?2 T`QTQb2/ �miQ@�bbQ+B�iBp2 KQ/2H Bb BMb2`i2/ BM #2ir22M i?2 /2+BbBQM@
K�F2` �M/ i?2 T�`�K2i`B+ KQ/2H2` �M/ T2`7Q`Kb +QMiBMmQmb- bm#iH2 �/DmbiK2Mib �b
M2+2bb�`v iQ F22T i?2 bQHmiBQM BM i?2 b2i Q7 M2�`@QTiBK�H bQHmiBQMb- �HHQrBM; bQK2
~2tB#BHBiv BM ;Q�H b�iBb7�+iBQM BM 7�pQ` Q7 T`272`2M+2 �++QKKQ/�iBQMX

h?2 Qp2`�HH �TT`Q�+? Bb BMi2;`�i2/ BMiQ � +QKT`2?2MbBp2 rQ`F~Qr- rBi? KmHiB@
Q#D2+iBp2 QTiBKBx�iBQM �i Bib +2Mi2`- +QKTH2K2Mi2/ #v i?2 +Q;MBiBp2 K�+?BM2 H2�`M@
BM; +QKTQM2Mib /2b+`B#2/ �#Qp2X

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
Ȝ eX9 _2+QKK2M/�iBQMb

*?�Ti2` RjR



XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
h?Bb b2+iBQM bmKK�`Bx2b bQK2 `2+QKK2M/�iBQMb QM TQi2MiB�H 7mim`2 `2b2�`+? /B@

`2+iBQMb Q7 i?2 `2b2�`+? T`2b2Mi2/ ?2`2BMX

:Bp2M i?�i K�+?BM2 H2�`MBM; Bb i?2 ;Qp2`MBM; K2i?Q/ #2?BM/ i?2 BMi2HHB;2Mi@+Q;MBiBp2
�TT`Q�+? T`2b2Mi2/ BM i?Bb i?2bBb- QM2 +�MMQi #mi +QMbB/2` i?2 2ti2MbBQM Q7 i?2
K2i?Q/b T`2b2Mi2/ i?`Qm;? i?2 mb2 Q7 /22T H2�`MBM; M2m`�H M2irQ`F �`+?Bi2+im`2b
�b ?�p2 #22M TBQM22`2/ BM i?2 T�bi /2+�/2X am+? � /2p2HQTK2Mi +QmH/ TQi2MiB�HHv
T�p2 i?2 `Q�/ 7Q` �TTHB+�iBQMb BM 2p2M KQ`2 +QKTH2t /2bB;M T`Q#H2Kb r?2`2 ?B;?
/BK2MbBQM�HBiv �M/ ?B;?Hv MQM@HBM2�` `2H�iBQMb?BTb +QmH/ #2 �//`2bb2/ #v i?2 BM@
+`2�b2/ +QKTH2tBiv Q7 i?2 KQ/2HbX L�im`�HHv- bm+? �M �TTHB+�iBQM rQmH/ `2[mB`2
/�i�b2ib i?�i �`2 Q`/2`b Q7 K�;MBim/2 H�`;2` i?�M i?2 QM2b miBHBx2/ BM i?Bb i?2bBb-
�M/ 7Q` i?Bb- � r2HH@TH�MM2/ `2b2�`+? T`QD2+i b?QmH/ #2 +QM+2Bp2/X

h?2 ;2M2iB+ �H;Q`Bi?K i?�i mM/2`HB2b i?2 BMi2HHB;2Mi b2�`+? i?�i Bb T�`i Q7 i?2 T`Q@
TQb2/ rQ`F~Qr ?�b MQi #22M T�`i Q7 i?Bb i?2bBbǶ BMp2biB;�iBQM- �M/ � bi�M/�`/ �H@
;Q`Bi?K ?�b #22M +QMbB/2`2/ ULa:�@AAVX >Qr2p2`- ;Bp2M i?2 2pQHpBM; bi�i2 Q7 �`i
BM 1pQHmiBQM�`v *QKTmi�iBQM �M/ i?2 BM~m2M+2 Q7 i?2 LQ 6`22 GmM+? i?2Q`2K
UqQHT2`i �M/ J�+`2�/v RNNdV- Bi Bb `2+QKK2M/2/ i?�i +QKT�`BbQM �KQM; /Bz2`2Mi
�H;Q`Bi?Kb Bb T2`7Q`K2/ �i H2�bi �b � +m`bQ`v BMp2biB;�iBQM BMiQ i?2B` T2`7Q`K�M+2
QM i?2 T`Q#H2K �i ?�M/X

6BM�HHv- Bi Bb MQi2/ i?�i i?2 KQ/2Hb /2`Bp2/ �b T�`i Q7 i?2 T`QTQb2/ �TT`Q�+? Ubm`@
`Q;�i2 KQ/2H- �miQ@�bbQ+B�iBp2 KQ/2HV 2K#Q/v � bB;MB}+�Mi �KQmMi Q7 FMQrH2/;2-
r?B+? Qz2`b TQi2MiB�H 7Q` `2@mb2 i?�i 2t+22/b i?2 +QM}M2b Q7 � bT2+B}+ T`QD2+iX hQ
i?Bb 2M/- i?2 `2b2�`+? }2H/ Q7 FMQrH2/;2 i`�Mb72` Qz2`b � ;QQ/ QTTQ`imMBiv 7Q` 7m@
im`2 `2b2�`+?X AM T�`iB+mH�`- h`�Mb72` G2�`MBM; UhGV Uh?`mM �M/ S`�ii RNN3V Bb
�M 2bi�#HBb?2/ T�`�/B;KX hG �BKb iQ BKT`Qp2 H2�`MBM; BM � i�`;2i /QK�BM DT -
i?`Qm;? i?2 mb2 Q7 FMQrH2/;2 BM � /Bz2`2Mi #mi `2H�i2/ bQm`+2 /QK�BM DS X *QM@
bB/2` i?2 FMQrH2/;2 2K#Q/B2/ BM � KQ/2H �TTHB2/ iQ �M Q`B;BM�H /2bB;M T`Q#H2K Bb
+QMbB/2`2/ �b � bQm`+2 /QK�BMX Ai Bb /2bB`�#H2 iQ /2`Bp2 �MQi?2` KQ/2H 7Q` � /Bz2`@
2Mi /2bB;M T`Q#H2K- i?2 i�`;2i /QK�BM- r?B+? ?�b bBKBH�`BiB2b iQ i?2 Q`B;BM�HX h?Bb
+�M #2 7Q`KmH�i2/ �b � hG T`Q#H2K- r?2`2 FMQrH2/;2 7`QK i?2 KQ/2H QM i?2 Q`B;@
BM�H T`Q#H2K K�v #2 mb2/ iQ BKT`Qp2 i?2 T2`7Q`K�M+2 Q7 i?2 KQ/2H T2`i�BMBM; iQ
i?2 i�`;2i /QK�BMX

�`+?Bi2+im`�H .2bB;M S2`7Q`K�M+2 i?`Qm;? *QKTmi�iBQM�H AMi2HHB;2M+2 Rjk



"B#HBQ;`�T?v

�?H2- 1X �M/ aQzF2`- .X UkyyeVX � *Q;MBiBp2@P`B2Mi2/ �`+?Bi2+im`2 iQ _2�HBx2 �m@
iQMQKQmb "2?�pBQ` @ S�`i A , h?2Q`2iB+�H "�+F;`QmM/X T�;2b kkR8ĜkkkyX Aa"L,
R9k99yRyyjX

�M/2`b2M- JX UkyR8VX lMr2�pBM; i?2 ?mK�M `2bTQMb2 BM /�vHB;?iBM; /2bB;MX "mBH/@
BM; �M/ 1MpB`QMK2Mi- NR,RyRĜRRdX

�MbmBMB- _X- :B`2iiB- �X- �M/ G2KK�- JX UkyRkVX � S`Q#�#BHBbiB+ �TT`Q�+? iQ .2@
+BbBQM J�FBM; BM *QM+2Tim�H .2bB;MX AM 6B`bi "mBH/BM; aBKmH�iBQM �M/ PTiBKBx�@
iBQM *QM72`2M+2- T�;2b kRjĜkky- GQm;?#Q`Qm;?X A"Sa�@1M;H�M/X

�`M?2BK- _X URNdeVX �`i �M/ oBbm�H S2`+2TiBQM, h?2 L2r o2`bBQMX CQm`M�H Q7
�2bi?2iB+b �M/ �`i *`BiB+BbK- j9UjV,jeRĜje9X

�v/øM- 1X 1X- .m`bmM- PX- *?�ixBFQMbi�MiBMQm- AX- �M/ 1FB+B- "X UkyR8VX PTiBKB@
b�iBQM Q7 2M2`;v +QMbmKTiBQM �M/ /�vHB;?iBM; mbBM; #mBH/BM; T2`7Q`K�M+2 bm``Q@
;�i2 KQ/2HX AM S`Q+22/BM;b Q7 i?2 �`+?Bi2+im`�H a+B2M+2 �bbQ+B�iBQM kyR8 *QM@
72`2M+2- J2H#Qm`M2- �mbi`�HB�- T�;2 RRX

"�/2`- CX �M/ wBixH2`- 1X UkyRRVX >vT1, �M �H;Q`Bi?K 7Q` 7�bi ?vT2`pQHmK2@#�b2/
K�Mv@Q#D2+iBp2 QTiBKBx�iBQMX 1pQHmiBQM�`v +QKTmi�iBQM- RNURV,98ĜdeX Aa"L,
Ryej@e8eyX

"�M/�`m- aX �M/ .2#- EX UkyRRVX hQr�`/b �miQK�iBM; i?2 /Bb+Qp2`v Q7 +2`i�BM
BMMQp�iBp2 /2bB;M T`BM+BTH2b i?`Qm;? � +Hmbi2`BM;@#�b2/ QTiBKBx�iBQM i2+?MB[m2X
1M;BM22`BM; PTiBKBx�iBQM- 9jUNV,NRRĜN9RX

"2+?i2H- qX �M/ _B+?�`/bQM- _X UkyRyVX .Bb+Qp2`BM; +QKTH2tBiv, .2+QKTQbBiBQM
�M/ HQ+�HBx�iBQM �b bi`�i2;B2b BM b+B2MiB}+ `2b2�`+?X kM/ 2/BiBQMX

"?�iM�;�`- EX- :mTi�- �X- �M/ "?�ii�+?�`D22- "X URNNdVX L2m`�H L2irQ`Fb �b .2+B@
bBQM amTTQ`i avbi2K 7Q` 1M2`;v 1{+B2Mi "mBH/BM; .2bB;MX �`+?Bi2+im`�H a+B2M+2
_2pB2r- 9yUkV,8jĜ8NX

"Bii2`K�MM- JX aX UkyyNVX AMi2HHB;2Mi .2bB;M P#D2+ib UA.PV, � +Q;MBiBp2 �TT`Q�+?
7Q` T2`7Q`K�M+2@#�b2/ /2bB;MX S?. i?2bBb- hl .2H7iX Aa"L, Nd3Ny38dy9yNeX

"Bii2`K�MM- JX aX UkyRyVX �`iB}+B�H AMi2HHB;2M+2 U �A V p2`bmb *QKTmi�iBQM�H AMi2H@
HB;2M+2 U *A V 7Q` i`2�iK2Mi Q7 +QKTH2tBiv BM /2bB;MX

"`2BK�M- GX UkyyRVX _�M/QK 7Q`2bibX J�+?BM2 H2�`MBM;- T�;2b 8ĜjkX

"mMM- �X �M/ EQ`T2H�- JX UkyR8VX �M AMi`Q/m+iBQM iQ /TH_X T�;2 ReX

"miib- *X hX UkyyRVX h?2 +QKTH2tBiv Q7 bQ+B�H M2irQ`Fb, i?2Q`2iB+�H �M/ 2KTB`B+�H
}M/BM;bX aQ+B�H L2irQ`Fb- kjURV,jRĜdkX
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*�H/�b- GX Ukyy3VX :2M2`�iBQM Q7 2M2`;v@2{+B2Mi �`+?Bi2+im`2 bQHmiBQMb �TTHvBM;
;2M2 �`+?, �M 2pQHmiBQM@#�b2/ ;2M2`�iBp2 /2bB;M bvbi2KX �/p�M+2/ 1M;BM22`BM;
AM7Q`K�iB+b- kkURV,8NĜdyX AMi2HHB;2Mi +QKTmiBM; BM 2M;BM22`BM; �M/ �`+?Bi2+im`2X

*�``2b2- _X- qBM�`iQ- >X- GB- sX- aƦ#2bi2`- �X- �M/ 1#2M2x2`- aX UkyRkVX � +QK@
T`2?2MbBp2 T`272`2M+2@#�b2/ QTiBKBx�iBQM 7`�K2rQ`F rBi? �TTHB+�iBQM iQ ?B;?@HB7i
�2`Q/vM�KB+ /2bB;MX 1M;BM22`BM; PTiBKBx�iBQM- 99URyV,RkyNĜRkkdX Sm#HBb?2`,
h�vHQ` � 6`�M+BbX

*�``BHHQ- oX JX- �;mB``2- PX- �M/ h�#Q�/�- >X UkyRRVX �TTHB+�iBQMb �M/ T2`7Q`@
K�M+2 Q7 i?2 MQM@MmK2`B+�H `�MFBM; T`272`2M+2b K2i?Q/ 7Q` TQbi@S�`2iQ QTiBK�H@
BivX S`Q+2/B� *QKTmi2` a+B2M+2- e,k9jĜk93X

*�`p�H?Q- JX UkyRkVX 1l 2M2`;v �M/ +HBK�i2 +?�M;2 bi`�i2;vX 1M2`;v- 9y,RNĜkkX

*?�ixBFQMbi�MiBMQm- AX UkyReVX � *QKTmi�iBQM�H AMi2HHB;2M+2 .2+BbBQM@amTTQ`i
1MpB`QMK2Mi 7Q` �`+?Bi2+im`�H �M/ "mBH/BM; .2bB;M, *A.1�X AM A111 *QM;`2bb
QM 1pQHmiBQM�`v *QKTmi�iBQM kyRe- T�;2b j33dĜj3N9- o�M+Qmp2`X

*?�ixBFQMbi�MiBMQm- AX �M/ a�`BvBH/Bx- AX aX UkyRdVX �//`2bbBM; /2bB;M T`272`2M+2b
pB� �miQ@�bbQ+B�iBp2 +QMM2+iBQMBbi KQ/2Hb, �TTHB+�iBQM BM bmbi�BM�#H2 �`+?Bi2+@
im`�H 6�Ï�/2 /2bB;MX �miQK�iBQM BM *QMbi`m+iBQM- 3jU�m;mbiV,Ry3ĜRkyX Sm#@
HBb?2`, 1Hb2pB2`X

*?�ixBFQMbi�MiBMQm- AX- a�`BvBH/Bx- aX- �M/ "Bii2`K�MM- JX aX UkyR8VX *QM+2Tim�H
�B`TQ`i h2`KBM�H .2bB;M mbBM; 1pQHmiBQM�`v *QKTmi�iBQMX AM A111 *QM;`2bb QM
1pQHmiBQM�`v *QKTmi�iBQM- T�;2b kk98Ĝkk8kX

*?�ixBFQMbi�MiBMQm- AX- hm``BM- JX- *m#mF+mQ;Hm- *X- EB`BKi�i- �X- �M/ a�`BvBH/Bx-
AX aX UkyRNVX � *QKT`2?2MbBp2 PTiBKBx�iBQM �TT`Q�+? 7Q` JQ/mH�` 6�+�/2b,
h?2 *�b2 Q7 SlGa1 amMb?�/BM;X AMi2`M�iBQM�H CQm`M�H Q7 .2bB;M a+B2M+2b �M/
h2+?MQHQ;v- kjUkVX

*?2M- aX URNN8VX _2;mH�`Bb2/ QHb �H;Q`Bi?K rBi? 7�bi BKTH2K2Mi�iBQM 7Q` i`�BMBM;
KmHiB@QmiTmi `�/B�H #�bBb 7mM+iBQM M2irQ`FbX AM RNN8 6Qm`i? AMi2`M�iBQM�H *QM@
72`2M+2 QM �`iB}+B�H L2m`�H L2irQ`Fb- T�;2b kNyĜkN9X

*?2M- aX- *?M;- 1X- �M/ �HF�/?BKB- EX URNNeVX _2;mH�`Bx2/ Q`i?Q;QM�H H2�bi
b[m�`2b �H;Q`Bi?K 7Q` +QMbi`m+iBM; `�/B�H #�bBb 7mM+iBQM M2irQ`FbX AMi2`M�iBQM�H
CQm`M�H Q7 *QMi`QH- Uddj8e839jVX

*?2M- aX- *Qr�M- *X- �M/ :`�Mi- SX URNNRVX P`i?Q;QM�H H2�bi b[m�`2b H2�`MBM; �H@
;Q`Bi?K 7Q` `�/B�H #�bBb 7mM+iBQM M2irQ`FbX A111 h`�Mb�+iBQMb QM L2m`�H L2i@
rQ`Fb- kUkV,jykĜjyNX

*?2M- aX- :`�Mi- SX- �M/ *Qr�M- *X URNNkVX P`i?Q;QM�H H2�bi@b[m�`2b �H;Q`Bi?K 7Q`
i`�BMBM; KmHiBQmiTmi `�/B�H #�bBb 7mM+iBQM M2irQ`FbX A11 S`Q+22/BM;b 6 _�/�`
�M/ aB;M�H S`Q+2bbBM;- RjNUeV,jd3X

*?2M- sX �M/ u�M;- >X UkyRdVX � KmHiB@bi�;2 QTiBKBx�iBQM Q7 T�bbBp2Hv /2bB;M2/
?B;?@`Bb2 `2bB/2MiB�H #mBH/BM;b BM KmHiBTH2 #mBH/BM; QT2`�iBQM b+2M�`BQbX �TTHB2/
1M2`;v- kye,89RĜ88dX

*?2M- sX- u�M;- >X- �M/ amM- EX UkyRdVX .2p2HQTBM; � K2i�@KQ/2H 7Q` b2MbBiBpBiv
�M�Hvb2b �M/ T`2/B+iBQM Q7 #mBH/BM; T2`7Q`K�M+2 7Q` T�bbBp2Hv /2bB;M2/ ?B;?@`Bb2
`2bB/2MiB�H #mBH/BM;bX �TTHB2/ 1M2`;v- RN9,9kkĜ9jNX

�`+?Bi2+im`�H .2bB;M S2`7Q`K�M+2 i?`Qm;? *QKTmi�iBQM�H AMi2HHB;2M+2 Rj9



*?QB- CX SX- G22- hX uX- �?M- 1X aX- SB�Q- :X aX- �M/ GBK- CX >X UkyRjVX 1p�Hm�@
iBQM Q7 S�`�K2i2`b 7Q` GQmp2` .2bB;M �H;Q`Bi?K "�b2/ QM .B`2+i aQH�` _�/B�@
iBQM *QMi`QH S2`7Q`K�M+2X �/p�M+2/ J�i2`B�Hb _2b2�`+?- 3j3@39R,RNRdĜRNkkX

*?m`+?BHH- �X qX- aB;iB�- aX- �M/ 62`M�M/Q- *X UkyReVX G2�`MBM; iQ :2M2`�i2 :2MQ@
ivT2b rBi? L2m`�H L2irQ`FbX �`sBp, Rey9Xy9R8jX

*B7i+BQ;Hm- �X �M/ "Bii2`K�MM- JX aX UkyR8�VX �`+?Bi2+im`�H .2bB;M #v *Q;MBiBp2
*QKTmiBM;X AM S`Q+22/BM;b Q7 i?2 kyR8 A111 *1*- T�;2b kkN8Ĝkjyk- a2M/�BX

*B7i+BQ;Hm- �X �M/ "Bii2`K�MM- JX aX UkyR8#VX :2M2`B+ *Q;MBiBp2 *QKTmiBM; 7Q`
*Q;MBiBQMX AM S`Q+22/BM;b Q7 i?2 kyR8 A111 *1*- T�;2b 8d9Ĝ83R- a2M/�BX

*H�`F- �X UkyyRVX JBM/r�`2, �M AMi`Q/m+iBQM iQ i?2 S?BHQbQT?v Q7 *Q;MBiBp2 a+B@
2M+2X L2r uQ`F, Pt7Q`/ lMBp2`bBiv S`2bbX

*Q2HHQ- *X UkyyyVX >�M/HBM; T`272`2M+2b BM 2pQHmiBQM�`v KmHiBQ#D2+iBp2 QTiBKBx�@
iBQM, � bm`p2vX AM S`Q+22/BM;b Q7 i?2 kyyy *QM;`2bb QM 1pQHmiBQM�`v *QKTmi�@
iBQMX *1*yy U*�iX LQXyyh>38RkV- pQHmK2 R- T�;2b jyĜjdX A111X

*Q2HHQ *Q2HHQ *Q2HHQ- *X �X �M/ hQb+�MQ SmHB/Q- :X UkyyRVX � KB+`Q@;2M2iB+ �H@
;Q`Bi?K 7Q` KmHiBQ#D2+iBp2 QTiBKBx�iBQMX AM wBixH2`- 1X- h?B2H2- GX- .2#- EX-
*Q2HHQ *Q2HHQ- *X �X- �M/ *Q`M2- .X- 2/BiQ`b- 1pQHmiBQM�`v JmHiB@*`Bi2`BQM PT@
iBKBx�iBQM- T�;2b RkeĜR9y- "2`HBM- >2B/2H#2`;X aT`BM;2` "2`HBM >2B/2H#2`;X

*Qbi�- �X �M/ L�MMB+BMB- :X UkyR3VX _"6PTi, �M QT2M@bQm`+2 HB#`�`v 7Q` #H�+F@
#Qt QTiBKBx�iBQM rBi? +QbiHv 7mM+iBQM 2p�Hm�iBQMbX J�i?2K�iB+�H S`Q;`�KKBM;
*QKTmi�iBQM- Ry,8NdĜekNX

*`�rH2v- "X .X "X �M/ G�r`B2- GX EX UkyyyVX 1M2`;vSHmb , 1M2`;v aBKmH�iBQM S`Q@
;`�KX �b?`�2- 9kU9V,9NĜ8eX

*mB- uX- :2M;- wX- w?m- ZX- �M/ >�M- uX UkyRdVX _2pB2r, JmHiB@Q#D2+iBp2 QTiBKBx�@
iBQM K2i?Q/b �M/ �TTHB+�iBQM BM 2M2`;v b�pBM;X 1M2`;v- Rk8,e3RĜdy9X

.2#- EX UkyyRVX JmHiB@Q#D2+iBp2 QTiBKBx�iBQM mbBM; 2pQHmiBQM�`v �H;Q`Bi?KbX CQ?M
qBH2v �M/ aQMbX

.2#- EX- S`�i�T- �X- �;�`r�H- aX- �M/ J2v�`Bp�M- hX UkyykVX � 7�bi �M/ 2HBiBbi
KmHiBQ#D2+iBp2 ;2M2iB+ �H;Q`Bi?K, La:�@AAX A111 h`�Mb�+iBQMb QM 1pQHmiBQM�`v
*QKTmi�iBQM- eUkV,R3kĜRNdX

.2MBH- JX- J�i?2bQM- .X- �M/ .2 6`2Bi�b- LX UkyR9VX L�``QrBM; i?2 :�T, _�M@
/QK 6Q`2bib AM h?2Q`v �M/ AM S`�+iB+2X S`Q+22/BM;b Q7 h?2 jRbi AMi2`M�iBQM�H
*QM72`2M+2 QM J�+?BM2 G2�`MBM;- URNN3V,ee8ĜedjX �`sBp, RjRyXR9R8pR Aa"L,
Nd3Rej9jNjNdjX

.QM;- "X- *�Q- *X- �M/ G22- aX 1X Ukyy8VX �TTHvBM; bmTTQ`i p2+iQ` K�+?BM2b iQ
T`2/B+i #mBH/BM; 2M2`;v +QMbmKTiBQM BM i`QTB+�H `2;BQMX 1M2`;v �M/ "mBH/BM;b-
jdU8V,898Ĝ88jX

1FB+B- "X- *?�ixBFQMbi�MiBMQm- AX- a�`BvBH/Bx- aX- h�b;2iB`2M- JX 6X- �M/ S�M- ZX@
EX UkyReVX � JmHiB@P#D2+iBp2 a2H7@�/�TiBp2 .Bz2`2MiB�H 1pQHmiBQM �H;Q`Bi?K
7Q` *QM+2Tim�H >B;?@_Bb2 "mBH/BM; .2bB;MX AM A111 *QM;`2bb QM 1pQHmiBQM�`v
*QKTmi�iBQM kyRe- T�;2b kkdkĜkkdN- o�M+Qmp2`X

*?�Ti2` Rj8



1FB+B- "X- *m#mF+mQ;Hm- *X- hm``BM- JX- �M/ a�`BvBH/Bx- AX aX UkyRNVX S2`7Q`K�iBp2
+QKTmi�iBQM�H �`+?Bi2+im`2 mbBM; br�`K �M/ 2pQHmiBQM�`v QTiBKBb�iBQM, � `2@
pB2rX "mBH/BM; �M/ 1MpB`QMK2Mi- R9d,j8eĜjdRX

1FB+B- "X "X �M/ �FbQv- lX hX UkyyNVX S`2/B+iBQM Q7 #mBH/BM; 2M2`;v +QMbmKTiBQM
#v mbBM; �`iB}+B�H M2m`�H M2irQ`FbX �/p�M+2b BM 1M;BM22`BM; aQ7ir�`2- 9yU8V,j8eĜ
jekX

1H;?�xB- uX- q�;/v- �X- JQ?�K2/- aX- �M/ >�bb�M- �X UkyRjVX .�vHB;?iBM; /`Bp2M
/2bB;M, PTiBKBxBM; F�H2B/Q+v+H2 7�+�/2 7Q` ?Qi �`B/ +HBK�i2X AM S`Q+22/BM;b Q7
i?2 6B7i? :2`K�M@�mbi`B�M A"Sa� *QM72`2M+2- T�;2b jR9ĜjkRX

1`+�M- "X �M/ 1HB�b@PxF�M- aX hX UkyR8VX S2`7Q`K�M+2@#�b2/ T�`�K2i`B+ /2bB;M
2tTHQ`�iBQMb, � K2i?Q/ 7Q` ;2M2`�iBM; �TT`QT`B�i2 #mBH/BM; +QKTQM2MibX .2bB;M
aim/B2b- j3,jjĜ8jX

1b?2HK�M- GX CX URNNRVX h?2 +?+ �/�TiBp2 b2�`+? �H;Q`Bi?K, >Qr iQ ?�p2 b�72
b2�`+? r?2M 2M;�;BM; BM MQMi`�/BiBQM�H ;2M2iB+ `2+QK#BM�iBQMX pQHmK2 R Q7
6QmM/�iBQMb Q7 :2M2iB+ �H;Q`Bi?Kb- T�;2b ke8Ĝk3jX 1Hb2pB2`X

1pBMb- _X UkyRjVX � `2pB2r Q7 +QKTmi�iBQM�H QTiBKBb�iBQM K2i?Q/b �TTHB2/ iQ bmb@
i�BM�#H2 #mBH/BM; /2bB;MX _2M2r�#H2 �M/ ambi�BM�#H2 1M2`;v _2pB2rb- kk,kjyĜ
k98X Sm#HBb?2`, 1Hb2pB2`X

6�M2HHB- :X- q2Bb2- hX- :�HH- CX- �M/ o�M :QQH- GX UkyRRVX _2�H iBK2 ?2�/ TQb2 2b@
iBK�iBQM 7`QK +QMbmK2` /2Ti? +�K2`�bX G2+im`2 LQi2b BM *QKTmi2` a+B2M+2
UBM+Hm/BM; bm#b2`B2b G2+im`2 LQi2b BM �`iB}+B�H AMi2HHB;2M+2 �M/ G2+im`2 LQi2b BM
"BQBM7Q`K�iB+bV- e3j8 GL*a,RyRĜRRyX Aa"L, Nd3je9kkjRkkjX

62HHQrb- _X �M/ �MBi�- GX Ukyy3VX _2b2�`+? J2i?Q/b 7Q` *QMbi`m+iBQMX "H�+Fr2HH
Sm#HBb?BM;X

6HQ`B/2b- :X �X- E�HQ;B`Qm- aX �X- h�bbQm- aX �X- �M/ q`Q#2H- GX *X UkyyyVX JQ/2H@
BM; Q7 i?2 KQ/2`M ?Qmb2b Q7 *vT`mb �M/ 2M2`;v +QMbmKTiBQM �M�HvbBbX 1M2`;v-
k8URyV,NR8ĜNjdX

6mi`2HH- "X CX- Px2HF�M- 1X *X- �M/ "`2Mi`mT- .X UkyR8VX PTiBKBxBM; +QKTH2t #mBH/@
BM; /2bB;M 7Q` �MMm�H /�vHB;?iBM; T2`7Q`K�M+2 �M/ 2p�Hm�iBQM Q7 QTiBKBx�iBQM
�H;Q`Bi?KbX 1M2`;v �M/ "mBH/BM;b- Nk,kj9Ĝk98X

:�;M2- CX JX GX �M/ �M/2`b2M- JX UkyRyVX JmHiBQ#D2+iBp2 6�+�/2 PTiBKBx�iBQM
7Q` .�vHB;?iBM; .2bB;M mbBM; � :2M2iB+ �H;Q`Bi?KX AM S`Q+22/BM;b Q7 i?2 9i?
L�iBQM�H *QM72`2M+2 Q7 A"Sa�@la� aBK"mBH/ kyRy- L2r uQ`F- �m;mbi RR@Rj-
kyRy- pQHmK2 NX

:B#bQM- 1X URN3kVX qQ`FBM; rBi? i?2 S2`7Q`K�M+2 �TT`Q�+? BM "mBH/BM;X _2TQ`i
Q7 qQ`FBM; *QKKBbbBQM qyey e9- _Qii2`/�K- i?2 L2i?2`H�M/bX

:QMx�H2x- CX �M/ 6BQ`BiQ- 6X UkyR8VX .�vHB;?i .2bB;M Q7 P{+2 "mBH/BM;b, PTiB@
KBb�iBQM Q7 1ti2`M�H aQH�` a?�/BM;b #v lbBM; *QK#BM2/ aBKmH�iBQM J2i?Q/bX
"mBH/BM;b- 8UkV,8eyĜ83yX

>�``BM;iQM- 1X *X URNe8VX h?2 /2bB`�#BHBiv 7mM+iBQMX AM/mbi`B�H [m�HBiv +QMi`QH-
kRURyV,9N9Ĝ9N3X

�`+?Bi2+im`�H .2bB;M S2`7Q`K�M+2 i?`Qm;? *QKTmi�iBQM�H AMi2HHB;2M+2 Rje



>�bb2Mx�?H- JX Ukyy3VX �1ah>1hA*a AL ALh1_�*hAo1 S_P.l*ha, *P__1@
G�h1a �L. *PLa1Zl1L*1a P6 "1�lhuX AM a+?Bz2`bi2BM- >X LX CX �M/
>2FF2`i- SX- 2/BiQ`b- S`Q/m+i 1tT2`B2M+2- T�;2b k3dĜjykX 1Hb2pB2`- a�M .B2;QX

>�bbQmM- JX >X URNN8VX 6mM/�K2Mi�Hb Q7 �`iB}+B�H L2m`�H L2irQ`FbX JAh S`2bb-
*�K#`B/;2- J�- la�- Rbi 2/BiBQMX

>�rFBMb- .X- JmKQpB+- .X- �M/ >�MM�- aX UkyRkVX �TTHvBM; �`iB}+B�H M2m`�H M2i@
rQ`Fb iQ 2biBK�i2 #mBH/BM; 2M2`;v mb2 BM i?2 2�`Hv bi�;2b Q7 �`+?Bi2+im`�H /2bB;MX

>�vFBM- aX Ukyy8VX L2m`�H M2irQ`Fb, � +QKT`2?2MbBp2 7QmM/�iBQMX L2r C2`b2v, J+
JBHH�MX

>B2M- qX LX- GBTBM;- qX- *?�M/`�- �X LX- S�M/2v- �X _X- �M/ sB�QHBM- qX Ukyy8VX
1z2+ib Q7 /Qm#H2 ;H�x2/ 7�+�/2 QM 2M2`;v +QMbmKTiBQM- i?2`K�H +QK7Q`i �M/
+QM/2Mb�iBQM 7Q` � ivTB+�H Q{+2 #mBH/BM; BM aBM;�TQ`2X 1M2`;v �M/ "mBH/BM;b-
jdUeV,8ejĜ8dkX

>QQF2- _X �M/ C22p2b- hX �X URNeRVX ǳ /B`2+i b2�`+?Ǵ bQHmiBQM Q7 MmK2`B+�H �M/
bi�iBbiB+�H T`Q#H2KbX CX �*J- 3UkV,kRkĜkkNX

>Q`M- CX URNNeVX JmHiB+`Bi2`B� .2+BbBQM J�FBM; �M/ 1pQHmiBQM�`v *QKTmi�iBQMX
1pQHmiBQM�`v *QKTmi�iBQM- T�;2b RĜR3X

>m- CX- a?2M- 1X- �M/ :m- uX UkyR8VX 1p�Hm�iBQM Q7 GB;?iBM; S2`7Q`K�M+2 _BbF
lbBM; am``Q;�i2 JQ/2H �M/ 1M2`;vSHmbX S`Q+2/B� 1M;BM22`BM;- RR3,8kkĜ8kNX

>r�M;- *X@GX �M/ �#m av2/ J/X J�bm/ URNdNVX JmHiBTH2 P#D2+iBp2 .2+BbBQM J�F@
BM; @ J2i?Q/b �M/ �TTHB+�iBQMb- pQHmK2 RX "2`HBMX

C�BK2b- �X UkyyNVX �M AMi`Q/m+iBQM iQ JmHiBQ#D2+iBp2 PTiBKBx�iBQM h2+?MB[m2bX
PTiBKBx�iBQM BM SQHvK2` S`Q+2bbBM;- T�;2b kNĜ8dX

C�BK2b- �X UkyRRVX h2+?MB[m2b iQ .2�H rBi? J�Mv@Q#D2+iBp2 PTiBKBx�iBQM S`Q#H2Kb
lbBM; 1pQHmiBQM�`v �H;Q`Bi?KbX S?. i?2bBb- *2Mi2` 6Q` _2b2�`+? �M/ �/p�M+2/
aim/B2b P7 h?2 L�iBQM�H SQHvi2+?MB+ AMbiBimi2 P7 J2tB+QX

C�Fm#B2+- CX �X �M/ _2BM?�`i- *X 6X UkyRRVX .Ao� kXy, AMi2;`�iBM; .�vHB;?i �M/
h?2`K�H aBKmH�iBQMb mbBM; _?BMQ+2`Qb j.- .�vbBK �M/ 1M2`;vTHmbX AM S`Q@
+22/BM;b Q7 "mBH/BM; aBKmH�iBQM kyRR, Rki? *QM72`2M+2 Q7 AMi2`M�iBQM�H "mBH/BM;
S2`7Q`K�M+2 aBKmH�iBQM �bbQ+B�iBQM- T�;2b kkykĜkkyN- av/M2vX

C�M;- CX@aX- amM- *X@hX- �M/ JBxmi�MB- 1X URNNdVX L2m`Q@6mxxv �M/ aQ7i *QKTmiBM;X
S`2MiB+2 >�HHX

CBM- uX Ukyy8VX � *QKT`2?2MbBp2 am`p2v Q7 6BiM2bb �TT`QtBK�iBQM BM 1pQHmiBQM�`v
*QKTmi�iBQMX aQ7i *QKTmiBM;- NURV,jĜRkX Aa"L, R9jk@de9jX

E�`�ixQ;HQm- �X- aKQH�- �X- >Q`MBF- EX- �M/ w2BH2Bb- �X Ukyy9VX F2`MH�# @ �M a9
S�+F�;2 7Q` E2`M2H J2i?Q/b BM _X CQm`M�H Q7 ai�iBbiB+�H aQ7ir�`2- RRUNVX

E�x�M�bK�x- hX- :ɃM�v/BM- JX- �M/ "BMQH- aX UkyyNVX �`iB}+B�H M2m`�H M2irQ`Fb
iQ T`2/B+i /�vHB;?i BHHmKBM�M+2 BM Q{+2 #mBH/BM;bX "mBH/BM; �M/ 1MpB`QMK2Mi-
99U3V,Rd8RĜRd8dX

*?�Ti2` Rjd



E2MM2/v- CX �M/ 1#2`?�`i- _X URNN8VX S�`iB+H2 br�`K QTiBKBx�iBQMX AM S`Q+22/BM;b
Q7 A*LLǶN8 @ AMi2`M�iBQM�H *QM72`2M+2 QM L2m`�H L2irQ`Fb- pQHmK2 9- T�;2b
RN9kĜRN93 pQHX9X

E?Q`Qb?BHib2p�- JX- aH�MxB- .X- �M/ SQHB- AX UkyReVX � S�`2iQ@#�b2/ KmHiB@Q#D2+iBp2
QTiBKBx�iBQM �H;Q`Bi?K iQ /2bB;M 2M2`;v@2{+B2Mi b?�/BM; /2pB+2bX �TTHB2/ 1M@
2`;v- R39,R9yyĜR9RyX

EB`BKi�i- �X- EQvmM#�#�- "X EX- *?�ixBFQMbi�MiBMQm- AX- a�`BvBH/Bx- aX- �M/ am;�M@
i?�M- SX LX UkyRe�VX JmHiB@Q#D2+iBp2 QTiBKBx�iBQM 7Q` b?�/BM; /2pB+2b BM #mBH/@
BM;b #v mbBM; 2pQHmiBQM�`v �H;Q`Bi?KbX AM kyRe A111 *QM;`2bb QM 1pQHmiBQM�`v
*QKTmi�iBQM U*1*V- T�;2b jNRdĜjNk9- o�M+Qmp2`X

EB`BKi�i- �X- E`2D+�`- PX- 1FB+B- "X- �M/ 6�iB? h�b;2iB`2M- JX UkyRNVX JmHiB@
Q#D2+iBp2 2M2`;v �M/ /�vHB;?i QTiBKBx�iBQM Q7 �KQ`T?Qmb b?�/BM; /2pB+2b BM
#mBH/BM;bX aQH�` 1M2`;v- R38,RyyĜRRRX

EB`BKi�i- �X- EmM/�F+B EQvmM#�#�- "X- *?�ixBFQMbi�MiBMQm- AX- �M/ a�`BvBH/Bx- aX
UkyRe#VX _2pB2r Q7 bBKmH�iBQM KQ/2HBM; 7Q` b?�/BM; /2pB+2b BM #mBH/BM;bX _2M2r@
�#H2 �M/ ambi�BM�#H2 1M2`;v _2pB2rb- 8j,kjĜ9NX Sm#HBb?2`, 1Hb2pB2`X

EQFb�H�M- JX �M/ E�`�?�M- AX UkyRyVX �M BMi2`�+iBp2 i2``BiQ`v /2}MBM; 2pQHm@
iBQM�`v �H;Q`Bi?K, Ah.1�X A111 h`�Mb�+iBQMb QM 1pQHmiBQM�`v *QKTmi�iBQM-
R9U8V,dykĜdkkX Aa"L, Ry3N@dd3sX

EQH�`2pB+- "X �M/ J�HF�rB- �X JX Ukyy8VX S2`7Q`K�iBp2 �`+?Bi2+im`2, "2vQM/ AM@
bi`mK2Mi�HBivX AaaL, Ry9e933jX

Em?M- JX UkyR8VX *�`2i, *H�bbB}+�iBQM �M/ `2;`2bbBQM i`�BMBM;X �bi`QT?vbB+b
aQm`+2 *Q/2 GB#`�`vX

EmK�`�M- .X �M/ J+*H2HH�M/- CX GX UkyRkVX :2M2`�HBx�iBQM i?`Qm;? i?2 `2+m``2Mi
BMi2`�+iBQM Q7 2TBbQ/B+ K2KQ`B2b, � KQ/2H Q7 i?2 ?BTTQ+�KT�H bvbi2KX Sbv@
+?QHQ;B+�H _2pB2r- RRNUjV,8djĜeReX Aa"L, RNjN@R9dR U1H2+i`QMB+V$`yyjj@kN8s
UGBMFBM;VX

G22- EX- >�M- EX- �M/ G22- CX UkyReVX 62�bB#BHBiv aim/v QM S�`�K2i`B+ PTiBKBx�@
iBQM Q7 .�vHB;?iBM; BM "mBH/BM; a?�/BM; .2bB;MX ambi�BM�#BHBiv- 3URkV,RkkyX

G22- EX aX �M/ :22K- wX qX Ukyy8VX � M2r K2i�@?2m`BbiB+ �H;Q`Bi?K 7Q` +QMiBMm@
Qmb 2M;BM22`BM; QTiBKBx�iBQM, ?�`KQMv b2�`+? i?2Q`v �M/ T`�+iB+2X *QKTmi2`
J2i?Q/b BM �TTHB2/ J2+?�MB+b �M/ 1M;BM22`BM;- RN9UjeV,jNykĜjNjjX

GB�r- �X �M/ qB2M2`- JX UkyykVX *H�bbB}+�iBQM �M/ _2;`2bbBQM #v _�M/QK 6Q`2biX
h?2 L2rbH2ii2` Q7 i?2 _ S`QD2+i- kUjVX

GBQm- *X uX- >m�M;- CX *X- �M/ u�M;- qX *X Ukyy3VX JQ/2HBM; rQ`/ T2`+2TiBQM mb@
BM; i?2 1HK�M M2irQ`FX L2m`Q+QKTmiBM;- dRURe@R3V,jR8yĜjR8dX Aa"L, yNk8kjRkX

GQp2- SX 1X .X- h2Q- SX- �M/ JQ``BbQM- CX UkyR3VX _2pBbBiBM; [m�HBiv 7�BHm`2
+Qbib BM +QMbi`m+iBQMX CQm`M�H Q7 *QMbi`m+iBQM 1M;BM22`BM; �M/ J�M�;2K2Mi-
R99UkV,y8yRdykyX

J�+?�B`�b- oX- hb�M;`�bbQmHBb- �X- �M/ �t�`HB- EX UkyR9VX �H;Q`Bi?Kb 7Q` QTiBKBx�@
iBQM Q7 #mBH/BM; /2bB;M, � `2pB2rX _2M2r�#H2 �M/ ambi�BM�#H2 1M2`;v _2pB2rb-
jRURje9V,RyRĜRRkX Aa"L, Rje9@yjkRX

�`+?Bi2+im`�H .2bB;M S2`7Q`K�M+2 i?`Qm;? *QKTmi�iBQM�H AMi2HHB;2M+2 Rj3



J�?/�pBM2D�/- JX �M/ JQ?�KK�/B- aX UkyR3VX S�`�K2i`B+ QTiBKBx�iBQM Q7
/�vHB;?i �M/ i?2`K�H T2`7Q`K�M+2 i?`Qm;? HQmp2`b BM ?Qi �M/ /`v +HBK�i2 Q7
h2?`�MX CQm`M�H Q7 6mM/�K2Mi�H �M/ �TTHB2/ a+B2M+2b- 3UjV,RkkRX

J�B�- hX oX �M/ *H22`2K�Mb- �X Ukyy8VX *QMb+BQmbM2bb, +QMp2`;BM; BMbB;?ib
7`QK +QMM2+iBQMBbi KQ/2HBM; �M/ M2m`Qb+B2M+2X h`2M/b BM *Q;MBiBp2 a+B2M+2b-
NU3V,jNdĜ9y9X SH�+2, SBiib#m`;?- S� Sm#HBb?2`, *�`M2;B2@J2HHQM lMBp2`bBiv- .2@
T�`iK2Mi Q7 *QKTmi2` a+B2M+2X

J�M;FmiQ- _X �X- 62`�/B- 6X- Smi`�- _X 1X- �iKQ/BTQ2`Q- _X hX- �M/ 6�p2`Q- 6X
UkyR3VX PTiBKBb�iBQM Q7 /�vHB;?i �/KBbbBQM #�b2/ QM KQ/B}+�iBQMb Q7 HB;?i b?2H7
/2bB;M T�`�K2i2`bX CQm`M�H Q7 "mBH/BM; 1M;BM22`BM;- R3,RN8ĜkyNX

J�Mx�M- JX �M/ *H�`B+?- �X UkyRdVX 6�ah 2M2`;v �M/ /�vHB;?i QTiBKBx�iBQM Q7
�M Q{+2 rBi? }t2/ �M/ KQp�#H2 b?�/BM; /2pB+2bX "mBH/BM; �M/ 1MpB`QMK2Mi-
RRj,Rd8ĜR39X

J�`/�HD2pB+- CX- �M/2`b2M- JX- _Qv- LX- *?`BbiQz2`b2M- CX- J�`/�HD2pB+- CX- �X-
J�`BHvM2- _X- �M/ LB+QH�b- *X CX UkyRRVX .�vHB;?iBM; K2i`B+b 7Q` `2bB/2MiB�H #mBH/@
BM;bX AM S`Q+22/BM;b Q7 i?2 kdi? a2bbBQM Q7 i?2 *A1 UkyRRV- T�;2 R3X

J�`/�HD2pB+- CX- >2b+?QM;- GX- �M/ G22- 1X UkyyNVX .�vHB;?i K2i`B+b �M/ 2M2`;v
b�pBM;bX GB;?iBM; _2b2�`+? � h2+?MQHQ;v- 9RUjV,keRĜk3jX

J+*H2HH�M/- CX GX- "QipBMB+F- JX JX- LQ2HH2- .X *X- SH�mi- .X *X- _Q;2`b- hX hX-
a2B/2M#2`;- JX aX- �M/ aKBi?- GX "X UkyRyVX G2iiBM; bi`m+im`2 2K2`;2 , +QM@
M2+iBQMBbi �M/ /vM�KB+�H bvbi2Kb �TT`Q�+?2b iQ +Q;MBiBQMX h`2M/b BM *Q;MBiBp2
a+B2M+2b- R9,j93Ĝj8eX

J+*H2HH�M/- CX GX- J+L�m;?iQM- "X GX- �M/ PǶ_2BHHv- _X *X URNN8VX q?v i?2`2 �`2
+QKTH2K2Mi�`v H2�`MBM; bvbi2Kb BM i?2 ?BTTQ+�KTmb �M/ M2Q+Q`i2t,X Sbv+?QHQ;@
B+�H `2pB2r- RykUjV,9RNĜ8dX Aa"L, yyjj@kN8s US`BMiVX

J2B;M�M- .X- EMmbi- aX- 6`�v`2i- CX@JX- S2b�Mi- :X- �M/ :�m/- LX UkyR8VX � _2@
pB2r �M/ h�tQMQKv Q7 AMi2`�+iBp2 PTiBKBx�iBQM J2i?Q/b BM PT2`�iBQMb _2@
b2�`+?X �*J h`�Mb�+iBQMb QM AMi2`�+iBp2 AMi2HHB;2Mi avbi2Kb- 8UjV,RĜ9jX

J2HQ- �X- *ƦbiQH�- .X- G�K#2`ib- _X- �M/ >2Mb2M- CX UkyR9VX .2p2HQTK2Mi Q7 bm`@
`Q;�i2 KQ/2Hb mbBM; �`iB}+B�H M2m`�H M2irQ`F 7Q` #mBH/BM; b?2HH 2M2`;v H�#2HHBM;X
1M2`;v SQHB+v- eN,98dĜ9eeX

JBi+?2HH- JX URNNNVX �M AMi`Q/m+iBQM iQ :2M2iB+ �H;Q`Bi?KbX JAh S`2bbX

JQQ/v- CX �M/ .�`F2M- *X CX URN3NVX 6�bi G2�`MBM; BM L2irQ`Fb Q7 GQ+�HHv@hmM2/
S`Q+2bbBM; lMBibX L2m`�H *QKTmi�iBQM- RUkV,k3RĜkN9X

L�#BH- �X �M/ J�`/�HD2pB+- CX Ukyy8VX lb27mH /�vHB;?i BHHmKBM�M+2, � M2r T�`�/B;K
7Q` �bb2bbBM; /�vHB;?i BM #mBH/BM;bX GB;?iBM; _2b2�`+? � h2+?MQHQ;v- jdURV,9RĜ8dX

L2iQ- �X >X �M/ 6BQ`2HHB- 6X �X aX Ukyy3VX *QKT�`BbQM #2ir22M /2i�BH2/ KQ/2H bBK@
mH�iBQM �M/ �`iB}+B�H M2m`�H M2irQ`F 7Q` 7Q`2+�biBM; #mBH/BM; 2M2`;v +QMbmKT@
iBQMX 1M2`;v �M/ "mBH/BM;b- 9yURkV,kReNĜkRdeX

L2m72`i- 1X �M/ L2m72`i- SX UkyykVX �`+?Bi2+iǶb .�i�X "H�+Fr2HH- j`/ 2M;HBb? 2/BiBQMX

*?�Ti2` RjN



P#�v�b?B- aX �M/ a�b�FB- .X UkyyjVX oBbm�HBx�iBQM �M/ /�i� KBMBM; Q7 S�`2iQ bQHm@
iBQMb mbBM; b2H7@Q`;�MBxBM; K�TX 1pQHmiBQM�`v KmHiB@+`Bi2`BQM QTiBKBx�iBQM- T�;2b
dNeĜ3yNX

Q7 i?2 1m`QT2�M lMBQM- *X UkyRyVX .B`2+iBp2 kyRyfjRf1l Q7 i?2 1m`QT2�M S�`HB�@
K2Mi �M/ Q7 i?2 *QmM+BH Q7 RN J�v kyRy QM i?2 2M2`;v T2`7Q`K�M+2 Q7 #mBH/BM;bX

PKB/7�`- �X UkyR8VX S2`7Q`K�M+2 2p�Hm�iBQM Q7 +QKTH2t 7�+�/2b mbBM; p�`BQmb
a>�.AL: auah1Ja qAh> P_L�J1Lh�G S�hh1_LaX T�;2 RyX

PǶL2BHH- _X URNdRVX �H;Q`Bi?K �b 9d, 6mM+iBQM KBMBKBx�iBQM mbBM; � bBKTH2t T`Q@
+2/m`2X CQm`M�H Q7 i?2 _Qv�H ai�iBbiB+�H aQ+B2ivX a2`B2b * U�TTHB2/ ai�iBbiB+bV-
kyUjV,jj3Ĝj98X

S�`2iQ- oX UR3NeVX *Qm`b /Ƕû+QMQKB2 TQHBiB[m2- pQHmK2 RX GB#`�B`B2 .`QxX

S2`HB+?- *X UkyRyVX G2�`MBM; *m`p2b BM J�+?BM2 G2�`MBM;X AM a�KKmi- *X �M/
q2##- :X- 2/BiQ`b- 1M+v+HQT2/B� Q7 J�+?BM2 G2�`MBM;- T�;2b 8ddĜ83yX aT`BM;2`
laX

SQB`�xBb- >X- "HQKbi2`#2`;- �X- �M/ q�HH- JX Ukyy3VX 1M2`;v bBKmH�iBQMb 7Q` ;H�x2/
Q{+2 #mBH/BM;b BM ar2/2MX 1M2`;v �M/ "mBH/BM;b- 9yUdV,RReRĜRRdyX

S`BM+2- �X �M/ aKQH2MbFv- SX URNNdVX PTiBK�HBiv, 7`QK M2m`�H M2irQ`Fb iQ mMBp2`@
b�H ;`�KK�`X a+B2M+2 UL2r uQ`F- LXuXV- kd8U8jyeV,Rey9ĜRyX

S`Q#bi- JX UkyR8VX .2MQBbBM; �miQ2M+Q/2`b 7Q` 7�bi +QK#BM�iQ`B�H #H�+F #Qt QTiB@
KBx�iBQMX S`Q+22/BM;b Q7 i?2 *QKT�MBQM Sm#HB+�iBQM Q7 i?2 kyR8 �MMm�H *QM@
72`2M+2 QM :2M2iB+ �M/ 1pQHmiBQM�`v *QKTmi�iBQM- T�;2b R98NĜR9eyX �`sBp,
R8yjXyRN89pR Aa"L, Nd3R98yjj9339X

ZBM;7m w?�M; �M/ >mB GB UkyydVX JP1�f., � JmHiBQ#D2+iBp2 1pQHmiBQM�`v �H;Q@
`Bi?K "�b2/ QM .2+QKTQbBiBQMX A111 h`�Mb�+iBQMb QM 1pQHmiBQM�`v *QKTmi�@
iBQM- RRUeV,dRkĜdjRX

_�pBM/`�M- �X- _2FH�BiBb- :X- �M/ _�;b/2HH- EX UkyyeVX 1M;BM22`BM; QTiBKBx�iBQM,
K2i?Q/b �M/ �TTHB+�iBQMbX CQ?M qBH2v � aQMbX

_2BM?�`i- *X 6X- J�`/�HD2pB+- CX- �M/ _Q;2`b- wX UkyyeVX .vM�KB+ .�vHB;?i S2`7Q`@
K�M+2 J2i`B+b 7Q` ambi�BM�#H2 "mBH/BM; .2bB;MX G2mFQb- jURV,dĜjRX

_2BM?�`i- *X 6X �M/ q�HF2M?Q`bi- PX UkyyRVX o�HB/�iBQM Q7 /vM�KB+ _�.A�L*1@
#�b2/ /�vHB;?i bBKmH�iBQMb 7Q` � i2bi Q{+2 rBi? 2ti2`M�H #HBM/bX 1M2`;v �M/
"mBH/BM;b- jjUdV,e3jĜeNdX

_Q#BÍ- hX �M/ 6BHBTBÍ- "X Ukyy8VX .Bz2`2MiB�H 2pQHmiBQM 7Q` KmHiBQ#D2+iBp2 QTiBKBx�@
iBQMX AM AMi2`M�iBQM�H +QM72`2M+2 QM 2pQHmiBQM�`v KmHiB@+`Bi2`BQM QTiBKBx�iBQM-
T�;2b 8kyĜ8jjX aT`BM;2`X

_Q#BÍ- hX �M/ 6BHBTBÍ- "X Ukyy8VX .1JP, .Bz2`2MiB�H 1pQHmiBQM 7Q` JmHiBQ#D2+iBp2
PTiBKBx�iBQMX 1pQHmiBQM�`v JmHiB@*`Bi2`BQM PTiBKBx�iBQM- j9Ry,8kyĜ8jjX Aa"L,
Nd3@j@89y@k9N3j@kX

_m+F- LX UkyyyVX .�vHB;?i BM "mBH/BM;b, � aQm`+2 "QQF QM .�vHB;?iBM; avbi2Kb
�M/ *QKTQM2MibX AMi2`M�iBQM�H 1M2`;v �;2M+vX

�`+?Bi2+im`�H .2bB;M S2`7Q`K�M+2 i?`Qm;? *QKTmi�iBQM�H AMi2HHB;2M+2 R9y



_mK2H?�`i- .X- >BMiQM- :X- �M/ qBHHB�Kb- _X URN38VX G2�`MBM; AMi2`M�H _2T`2b2M@
i�iBQMb #v 1``Q` S`QT�;�iBQMX AM S�`�HH2H /Bbi`B#mi2/ T`Q+2bbBM;, 2tTHQ`�iBQMb BM
i?2 KB+`Qbi`m+im`2 Q7 +Q;MBiBQM- oQHX R- T�;2b jR3ĜjekX JAh S`2bb- *�K#`B/;2-
J�- la�X

_mK2H?�`i- .X 1X �M/ J+*H2HH�M/- CX GX URN3eVX S�`�HH2H /Bbi`B#mi2/ T`Q+2bbBM;,
2tTHQ`�iBQMb BM i?2 KB+`Qbi`m+im`2 Q7 +Q;MBiBQM- pQHX R, 7QmM/�iBQMbX Sm#HBb?2`,
JAh S`2bb Aa"L, y@kek@e3y8j@sX

_mbQp�M- .X �M/ "`Qi�b- GX UkyRkVX S�`�K2i`B+ .�vHB;?i 1Mp2HQT2, b?�/BM; 7Q`
K�tBKmK T2`7Q`K�M+2X AM S`Q+22/BM;b Q7 i?2 SG1�kyRj ambi�BM�#H2 �`+?Bi2+@
im`2 7Q` � _2M2r�#H2 6mim`2- T�;2 j9X

a�`BvBH/Bx- AX UkyRkVX S2`7Q`K�iBp2 +QKTmi�iBQM�H /2bB;MX E2vMQi2 bT22+? BM, S`Q@
+22/BM;b Q7 A*PL�_*>@A,- ULPo1J"1_V,jRjĜj99X

a�`BvBH/Bx- aX- "Bii2`K�MM- JX aX- �M/ ÎB7iÏBQĴHm- �X Ukyy3VX S1_6P_J�L*1@
"�a1. S�_1hP PShAJ�G .1aA:LX AM S`Q+22/BM;b Q7 hJ*1 kyy3 avKTQ@
bBmK- �T`BH kRĜk8- kyy3- AxKB`- hm`F2v- T�;2b Ryy8ĜRykyX

a�`BvBH/Bx- aX �M/ aiQmzb- _X UkyyRVX A**h AM~m2M+2 QM aT�iB�H SH�MMBM; - .2bB;M
�M/ *QMbi`m+iBQM S`Q+2bbX AM S`Q+22/BM;b Q7 i?2 AM7Q`K�iBQM �M/ *QKKmMB+�@
iBQM h2+?MQHQ;v UA*hV BM i?2 S`�+iB+2 Q7 "mBH/BM; �M/ *BpBH 1M;BM22`BM;- T�;2b
RjdĜR9kX

a�`BvBH/Bx- aX �M/ aiQmzb- _X UkyykVX A*Eh bmTTQ`i 7Q` i?2 "mBH/BM; AM/mbi`v , �
oB`im�H S�`iM2`X AM .2bB;M �M/ .2+BbBQM amTTQ`i avbi2Kb BM �`+?Bi2+im`2- T�;2b
jjRĜjj3X

aBKKH2`- >X �M/ "BM/2`- "X Ukyy3VX 1tT2`BK2Mi�H �M/ MmK2`B+�H /2i2`KBM�iBQM
Q7 i?2 iQi�H bQH�` 2M2`;v i`�MbKBii�M+2 Q7 ;H�xBM; rBi? p2M2iB�M #HBM/ b?�/BM;X
"mBH/BM; �M/ 1MpB`QMK2Mi- 9jUkV,RNdĜky9X

aBKQM- >X �X URNekVX h?2 �`+?Bi2+im`2 Q7 *QKTH2tBivX S`Q+22/BM;b Q7 i?2 �K2`B+�M
S?BHQbQT?B+�H aQ+B2iv- RyeUeV,9edĜ93kX

aB`QBb- aX Ukyy9VX �miQ�bbQ+B�iQ` M2irQ`Fb, BMbB;?ib BMiQ BM7�Mi +Q;MBiBQMX .2p2HQT@
K2Mi�H a+B2M+2- dUkV,RjjĜR9yX

aiQ`M- _X �M/ S`B+2- EX URNN8VX .Bz2`2MiB�H 2pQHmiBQMĜ� bBKTH2 �M/ 2{+B2Mi ?2m`Bb@
iB+ 7Q` ;HQ#�H QTiBKBx�iBQM Qp2` +QMiBMmQmb bT�+2bX h2+?MB+�H `2TQ`iX Abbm2, h_@
N8@yRkX

ai`Q##2- hX- S�mr2Hb- SX- o2`bi`�2i2M- _X- �M/ J2v2`- _X .X UkyRRVX J2i�?2m`BbiB+b
BM �`+?Bi2+im`2X T�;2b RNyĜRNeX

ami?2`H�M/- AX 1X URNejVX aF2i+?T�/, � K�M@K�+?BM2 ;`�T?B+�H +QKKmMB+�iBQM
bvbi2KX S?. i?2bBb- JAhX

h�F�;B- >X UkyyRVX AMi2`�+iBp2 2pQHmiBQM�`v +QKTmi�iBQM, 7mbBQM Q7 i?2 +�T�#BHBiB2b
Q7 1* QTiBKBx�iBQM �M/ ?mK�M 2p�Hm�iBQMX S`Q+22/BM;b Q7 i?2 A111- 3NUNV,Rkd8Ĝ
RkNeX

h�M;- >X- a?BK- oX �X- h�M- EX *X- �M/ *?B�- CX uX UkyRyVX _2bi`B+i2/ "QHixK�MM
K�+?BM2 #�b2/ �H;Q`Bi?K 7Q` KmHiB@Q#D2+iBp2 QTiBKBx�iBQMX A111 *QM;`2bb QM
1pQHmiBQM�`v *QKTmi�iBQM- T�;2b RĜ3X Aa"L, Nd3@R@9k99@eNyN@jX

*?�Ti2` R9R



h�b;2iB`2M- JX 6X- am;�Mi?�M- SX LX- S�M- ZX@EX- J�HHBT2//B- _X- �M/ a�`K�M- aX
UkyRyVX �M 2Mb2K#H2 Q7 /Bz2`2MiB�H 2pQHmiBQM �H;Q`Bi?Kb 7Q` +QMbi`�BM2/ 7mM+iBQM
QTiBKBx�iBQMX AM A111 +QM;`2bb QM 2pQHmiBQM�`v +QKTmi�iBQM- T�;2b RĜ3X A111X

h�pBH- �X �M/ G22- 1X aX UkyyeVX 1z2+ib Q7 Pp2`?�M;b QM i?2 S2`7Q`K�M+2 Q7 1H2+@
i`Q+?`QKB+ qBM/QrbX �`+?Bi2+im`�H a+B2M+2 _2pB2r- 9NU9V,j9NĜj8eX

h?QKb2M- .X aX �X JX _X UkyR9VX G2�`MBM; iQ #2 � o�mHi @ AKTH2K2MiBM; H2�`MBM;
bi`�i2;B2b 7Q` /2bB;M 2tTHQ`�iBQM BM BMi2`@b+�H�` bvbi2KbX AM 6mbBQM @ S`Q+22/BM;b
Q7 i?2 jkM/ 2*��.2 *QM72`2M+2 @ oQHmK2 R- L2r+�biH2 mTQM hvM2- 1M;H�M/X

h?`mM- aX �M/ S`�ii- GX URNN3VX G2�`MBM; iQ G2�`MX aT`BM;2` la , AKT`BMi ,
aT`BM;2`- "QbiQM- J�X P*G*, 39yk3833NX

hb�M�b- �X �M/ sB7�`�- �X UkyRkVX �++m`�i2 [m�MiBi�iBp2 2biBK�iBQM Q7 2M2`;v T2`@
7Q`K�M+2 Q7 `2bB/2MiB�H #mBH/BM;b mbBM; bi�iBbiB+�H K�+?BM2 H2�`MBM; iQQHbX 1M2`;v
�M/ "mBH/BM;b- 9N,8eyĜ8edX Sm#HBb?2`, 1Hb2pB2` "XoX

hm``BM- JX- *?�ixBFQMbi�MiBMQm- AX- h2MTB2`BF- JX- �M/ a�`BvBH/Bx- aX UkyRjVX 1M;B@
M22`BM; S2`7Q`K�M+2 aBKmH�iBQMb BM �`+?Bi2+im`�H .2bB;M *QM+2TiBQMX AM +mKBM@
+�/X�`+?Bi2tim`2xXM2i- pQHmK2 k- T�;2b RjdĜR9eX

hx2KT2HBFQb- �X �M/ �i?B2MBiBb- �X EX UkyydVX h?2 BKT�+i Q7 b?�/BM; /2bB;M �M/
+QMi`QH QM #mBH/BM; +QQHBM; �M/ HB;?iBM; /2K�M/X aQH�` 1M2`;v- 3RUjV,jeNĜj3kX

l;m`Hm- *X- *?�ixBFQMbi�MiBMQm- AX- a�`BvBH/Bx- aX- �M/ h�b;2iB`2M- JX 6X UkyR8VX
A/2MiB}+�iBQM Q7 bmbi�BM�#H2 /2bB;Mb 7Q` ~Q�iBM; b2iiH2K2Mib mbBM; +QKTmi�iBQM�H
/2bB;M i2+?MB[m2bX AM kyR8 A111 *QM;`2bb QM 1pQHmiBQM�`v *QKTmi�iBQM U*1*V-
T�;2b kjyjĜkjRyX AaaL, Ry3N@dd3sX

o�M o2H/?mBx2M- .X �X �M/ G�KQMi- :X "X URNN3VX 1pQHmiBQM�`v *QKTmi�iBQM �M/
*QMp2`;2M+2 iQ � S�`2iQ 6`QMiX G�i2 "`2�FBM; S�T2`b �i i?2 :2M2iB+ S`Q;`�K@
KBM; RNN3 *QM72`2M+2- T�;2b kkRĜkk3X

o�TMBF- oX UkyyyVX h?2 L�im`2 Q7 ai�iBbiB+�H G2�`MBM; h?2Q`vX aT`BM;2`- L2r uQ`FX

o2M�#H2b- qX LX �M/ _BTH2v- "X .X URNN9VX JQ/2`M �TTHB2/ ai�iBbiB+b rBi? aX
aT`BM;2`X

oBM+2Mi- SX- G�`Q+?2HH2- >X- "2M;BQ- uX- �M/ J�Mx�;QH- SX@�X Ukyy3VX 1ti`�+iBM;
�M/ *QKTQbBM; _Q#mbi 62�im`2b rBi? .2MQBbBM; �miQ2M+Q/2`bX AM S`Q+22/BM;b
Q7 i?2 hr2Miv@}7i? AMi2`M�iBQM�H *QM72`2M+2 QM J�+?BM2 G2�`MBM; UA*JGǶy3V-
T�;2b RyNeĜRRyjX �*JX

oBM+2Mi- SX- G�`Q+?2HH2- >X- G�DQB2- AX- "2M;BQ- uX- �M/ J�Mx�;QH- SX@�X UkyRyVX
ai�+F2/ .2MQBbBM; �miQ2M+Q/2`b, G2�`MBM; lb27mH _2T`2b2Mi�iBQMb BM � .22T
L2irQ`F rBi? � GQ+�H .2MQBbBM; *`Bi2`BQMX CQm`M�H Q7 J�+?BM2 G2�`MBM; _2@
b2�`+?- RRUjV,jjdRĜj9y3X �`sBp, y@j3d@jRydj@3 Aa"L, R8jk@99j8X

oQM "m2HQr- SX Ukyy3VX amBi�#BHBiv Q7 ;2M2iB+ #�b2/ 2tTHQ`�iBQM BM i?2 +`2�iBp2
/2bB;M T`Q+2bbX .B;Bi�H *`2�iBpBiv- RNURV,8RĜeRX

q�;M2`- hX �M/ h`�miK�MM- >X UkyRyVX AMi2;`�iBQM Q7 S`272`2M+2b BM >vT2`pQHmK2@
"�b2/ JmHiBQ#D2+iBp2 1pQHmiBQM�`v �H;Q`Bi?Kb #v J2�Mb Q7 .2bB`�#BHBiv 6mM+@
iBQMbX A111 h`�Mb�+iBQMb QM 1pQHmiBQM�`v *QKTmi�iBQM- R9U8V,e33ĜdyRX Aa"L,
Ry3N@dd3sX

�`+?Bi2+im`�H .2bB;M S2`7Q`K�M+2 i?`Qm;? *QKTmi�iBQM�H AMi2HHB;2M+2 R9k



q�`/- :X URNN9VX h?2 _�.A�L*1 HB;?iBM; bBKmH�iBQM �M/ `2M/2`BM; bvbi2KX AM
kRbi �MMm�H +QM72`2M+2 QM *QKTmi2` :`�T?B+b �M/ AMi2`�+iBp2 h2+?MB[m2b- P`@
H�M/QX

q2bi2`K�MM- SX �M/ 1pBMb- _X UkyRNVX am``Q;�i2 KQ/2HHBM; 7Q` bmbi�BM�#H2 #mBH/BM;
/2bB;M Ĝ � `2pB2rX 1M2`;v �M/ "mBH/BM;b- RN3,RdyĜR3eX

qB2MQH/- CX UkyRjVX :H�`2 �M�HvbBb �M/ K2i`B+bX

qB2MQH/- CX �M/ *?`BbiQz2`b2M- CX Ukyy8VX hQr�`/b � M2r /�vHB;?i ;H�`2 `�iBM;X
Gmt 1m`QT�- "2`HBM- T�;2b RĜ3X

qBHFBMbQM- aX- >�MM�- aX- >2bb2H;`2M- GX- �M/ Jm2HH2`- oX UkyRkVX AM/m+iBp2 �2`Q@
/vM�KB+bX AM S`Q+22/BM;b Q7 i?2 jRbi AMi2`M�iBQM�H *QM72`2M+2 QM 1/m+�iBQM �M/
`2b2�`+? BM *QKTmi2` �B/2/ �`+?Bi2+im`�H .2bB;M BM 1m`QT2- pQHmK2 k- T�;2b jNĜ
93X

qQHT2`i- .X �M/ J�+`2�/v- qX URNNdVX LQ 7`22 HmM+? i?2Q`2Kb 7Q` QTiBKBx�iBQMX
A111 h`�Mb�+iBQMb QM 1pQHmiBQM�`v *QKTmi�iBQM- RURV,edĜ3kX

qQ`iK�MM- hX- *Qbi�- �X- L�MMB+BMB- :X- �M/ a+?`Q2T72`- hX UkyR8VX �/p�Mi�;2b Q7
bm``Q;�i2 KQ/2Hb 7Q` �`+?Bi2+im`�H /2bB;M QTiBKBx�iBQMX �`iB}+B�H AMi2HHB;2M+2 7Q`
1M;BM22`BM; .2bB;M- �M�HvbBb �M/ J�Mm7�+im`BM;- kNU9V,9dRĜ93RX

q`B;?i- CX �X- "`QrMH22- �X- JQm`b?2/- JX JX- �M/ q�M;- JX UkyR9VX JmHiB@
Q#D2+iBp2 QTiBKBx�iBQM Q7 +2HHmH�` 72M2bi`�iBQM #v �M 2pQHmiBQM�`v �H;Q`Bi?KX
CQm`M�H Q7 "mBH/BM; S2`7Q`K�M+2 aBKmH�iBQM- dURV,jjĜ8RX

u�M;- .X- _2M- aX- hm``BM- JX- a�`BvBH/Bx- aX- �M/ amM- uX UkyR3VX JmHiB@/Bb+BTHBM�`v
�M/ KmHiB@Q#D2+iBp2 QTiBKBx�iBQM T`Q#H2K `2@7Q`KmH�iBQM BM +QKTmi�iBQM�H /2@
bB;M 2tTHQ`�iBQM, � +�b2 Q7 +QM+2Tim�H bTQ`ib #mBH/BM; /2bB;MX �miQK�iBQM BM
*QMbi`m+iBQM- Nk,k9kĜkeNX

u�M;- .X- amM- uX- ai27�MQ- .X /X- hm``BM- JX- �M/ a�`BvBH/Bx- aX UkyReVX AK@
T�+ib Q7 S`Q#H2K a+�H2 �M/ a�KTHBM; ai`�i2;v QM am``Q;�i2 JQ/2H �++m`�+vX
U8RRj3yy9V,9RNNĜ9kydX Aa"L, Nd3R8yNyyekjeX

um7F�- JX- 1FB+B- "X- *m#mF+mQ;Hm- *X- *?�ixBFQMbi�MiBMQm- AX- �M/ a�`BvBH/Bx- AX aX
UkyRdVX JmHiB@P#D2+iBp2 bFvHB;?i QTiBKBx�iBQM 7Q` � ?2�Hi?+�`2 7�+BHBiv 7Qv2`
bT�+2X AM kyRd A111 *QM;`2bb QM 1pQHmiBQM�`v *QKTmi�iBQM- *1* kyRd @ S`Q@
+22/BM;b- T�;2b Ryy3ĜRyR9X A111X

w�/2?- GX URNN9VX 6mxxv HQ;B+- M2m`�H M2irQ`Fb- �M/ bQ7i +QKTmiBM;X *QKKmMB+�@
iBQMb Q7 i?2 �*J- jd,ddĜ39X

w�MB- �X- �M/�HQ`Q- JX- .2#H�bBQ- GX- _miiB+Q- SX- �M/ J�BMBMB- �X :X UkyRdVX *QK@
Tmi�iBQM�H .2bB;M �M/ S�`�K2i`B+ PTiBKBx�iBQM �TT`Q�+? rBi? :2M2iB+ �H;Q@
`Bi?Kb Q7 �M AMMQp�iBp2 *QM+`2i2 a?�/BM; .2pB+2 avbi2KX S`Q+2/B� 1M;BM22`BM;-
R3y,R9djĜR93jX

w?�M;- �X- "QF2H- _X- p�M /2M .Q##2Hbi22M- �X- amM- uX- >m�M;- ZX- �M/ w?�M;-
ZX UkyRdVX PTiBKBx�iBQM Q7 i?2`K�H �M/ /�vHB;?i T2`7Q`K�M+2 Q7 b+?QQH #mBH/@
BM;b #�b2/ QM � KmHiB@Q#D2+iBp2 ;2M2iB+ �H;Q`Bi?K BM i?2 +QH/ +HBK�i2 Q7 *?BM�X
1M2`;v �M/ "mBH/BM;b- RjN,jdRĜj39X

*?�Ti2` R9j



wBixH2`- 1X URNNNVX 1pQHmiBQM�`v �H;Q`Bi?Kb 7Q` JmHiBQ#D2+iBp2 PTiBKBx�iBQM , J2i?@
Q/b �M/ �TTHB+�iBQMbX S?. i?2bBb- 1h> wm`B+?X Aa"L, j3ke8e3jRRX

wBixH2`- 1X- G�mK�MMb- JX- �M/ h?B2H2- GX UkyyRVX aS1�k , AKT`QpBM; i?2 ai`2M;i?
S�`2iQ 1pQHmiBQM�`v �H;Q`Bi?KX

ɂMHɃ- SX- h�ȓ:1hŞ_1L- 6X- 1EŞ*Ş- "X- Îl"lEÎlPĳGl- *X- �M/
*>�hwAEPLah�LhALPl- AX UkyRdVX ai`m+im`2 PTiBKBx�iBQM Q7 a?2Hi2` .2@
bB;M 7Q` a2KB@*HQb2/ Sm#HB+ aT�+2 BM l`#�MX AM AMi2`M�iBQM�H avKTQbBmK 7Q`
S`Q/m+iBQM _2b2�`+? kyRd- Rj Ĝ R8 a2Ti2K#2` kyRd- oB2MM�X- oB2MM�- �mbi`B�X

�`+?Bi2+im`�H .2bB;M S2`7Q`K�M+2 i?`Qm;? *QKTmi�iBQM�H AMi2HHB;2M+2 R99



�+FMQrH2/;2K2Mib

A rBb? iQ 2ti2M/ Kv ;`�iBim/2 iQ Kv bmT2`pBbQ` T`Q7X /`X AX a2pBH a�`øvøH/øx- r?Qb2
K2MiQ`b?BT �M/ bmTTQ`i ?�b #22M Qmibi�M/BM; i?`Qm;?Qmi Kv S?X.X bim/B2bX A
rBb? iQ i?�MF Kv /�BHv bmT2`pBbQ` /`X JB+?2H� hm``BM- r?Q ?�b #22M � ;`2�i K2M@
iQ`- +QHH2�;m2- �M/ 7`B2M/X

A rBb? iQ /22THv i?�MF T`Q7X /`X ƹx2` ÎB7iÏBQĴHm- r?Q- i?`Qm;? ?Bb mMK�i+?2/ 2t@
T2`iBb2 BM i?2 }2H/b Q7 +Q;MBiBQM- biQ+?�biB+ QTiBKBx�iBQM- �M/ K�+?BM2 H2�`MBM; #2@
+�K2 � +QMbi�Mi BMbTB`�iBQM i?`Qm;?Qmi Kv bim/B2bX A rBb? iQ /22THv i?�MF T`Q7X
/`X 6�iB? h�Ȕ;2iB`2M 7Q` b?�`BM; ?Bb 2MQ`KQmb 2tT2`iBb2 BM i?2 }2H/ Q7 biQ+?�biB+
�M/ M�im`2@BMbTB`2/ QTiBKBx�iBQM- �M/ �HbQ 7Q` ?Bb +QMbi�Mi bmTTQ`i- ;mB/�M+2- �M/
7`B2M/b?BTX

A Qr2 K�Mv i?�MFb iQ Kv +QHH2�;m2b �M/ 7`B2M/b BM u�Ȕ�` lMBp2`bBiv- r?2`2 A ?�p2
rQ`F2/ �M/ T2`7Q`K2/ `2b2�`+? /m`BM; � bB;MB}+�Mi T2`BQ/ Q7 Kv S?X.X bim/B2bX AM
T�`iB+mH�`- A rQmH/ HBF2 iQ i?�MF "2`F 1FB+B- *2K`2 Îm#mFÏmQĴHm- �vÏ� Eø`øKi�i-
�bbiX T`Q7X /`X "�Ȕ�F EmM/�FÏB EQvmM#�#�- �bbiX T`Q7X /`X PMm` .m`bmM- u�b2KBM
PFb2H 62``�`Bb- �M/ *?`BbiQT?2` 62``�`Bb 7Q` i?2B` bmTTQ`i �M/ 7Q` b?�`BM; K�Mv
BMpB;Q`�iBM; +QMp2`b�iBQMb �M/ K2KQ`�#H2 KQK2Mib Qp2` i?2 v2�`bX

A rQmH/ HBF2 iQ i?�MF Kv +QHH2�;m2b �i i?2 .2H7i lMBp2`bBiv Q7 h2+?MQHQ;v- rBi?
r?Q A ?�p2 b?�`2/ K�Mv 2MDQv�#H2 KQK2Mib �M/ biBKmH�iBM; /Bb+mbbBQMb, S�mH /2
_mBi2` �M/ /`X SB`Qmx LQm`B�MX

A rBb? iQ 2tT`2bb Kv ;`�iBim/2 iQ Kv 7�KBHv r?Q ?�b bmTTQ`i2/ K2 mM+QM/BiBQM@
�HHv �M/ #v �HH K2�Mb- K�i2`B�HHv- K2Mi�HHv- �M/ BMi2HH2+im�HHv- i?`Qm;?Qmi i?2
v2�`bX Jv 7�i?2`- /`X LBFQb *?�ixBFQMbi�MiBMQm ?�b #22M �M BMbTB`�iBQM �M/ QM2
Q7 i?2 ;`2�i2bi i2�+?2`b A ?�p2 FMQrMX Jv KQi?2`- /`X �MM� *?�ixBFQMbi�MiBMQm
?�b #22M � ;`2�i +QmMb2HQ` i?�i ;mB/2/ rBi? ?2` 2tT2`B2M+2 �M/ �+mi2 Dm/;K2MiX
Jv bBbi2` �M/ +QHH2�;m2- �M�bi�bB� *?�ixBFQMbi�MiBMQm ?�b ;Bp2M K2 � HQi Q7 bmT@
TQ`i �M/ ?�b #22M � ;`2�i 7`B2M/X

A �K /22THv ;`�i27mH iQ Kv rB72 1#`m "2M;Bbm *?�ixBFQMbi�MiBMQm 7Q` #2BM; #v Kv
bB/2 QM �HH Q++�bBQMb i?`Qm;?Qmi i?Bb 2ti2MbBp2 2zQ`i- 7Q` T`QpB/BM; Km+?@M22/2/
2M+Qm`�;2K2Mi- �M/ 7Q` mM+QM/BiBQM�HHv b?�`BM; ?2` pB2rb �M/ +`BiB+BbKX
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"BQ;`�T?v

AQ�MMBb *?�ixBFQMbi�MiBMQm ;`�/m�i2/ BM kyyd 7`QK i?2 a+?QQH Q7 �`+?Bi2+im`2 Q7
i?2 �`BbiQiH2 lMBp2`bBiv Q7 h?2bb�HQMBFBX AM kyRR ?2 `2+2Bp2/ �M Ja+X BM "mBH/BM;
h2+?MQHQ;v 7`QK .2H7i lMBp2`bBiv Q7 h2+?MQHQ;v rBi? � bT2+B�HBx�iBQM BM *QKTm@
i�iBQM�H AMi2HHB;2M+2 �M/ �TTHB+�iBQMb iQ /2bB;MX >Bb i?2bBb r�b pQi2/ �b i?2 #2bi
i?2bBb BM i?2 "mBH/BM; h2+?MQHQ;v /2T�`iK2Mi 7Q` i?2 v2�` kyRRX >2 r�b 2KTHQv2/
�b � `2b2�`+?2` BM i?2 *?�B` Q7 .2bB;M AM7Q`K�iB+b 7`QK kyRR iQ kyRk- rQ`FBM; mM@
/2` i?2 bmT2`pBbBQM Q7 T`Q7X /`X ƹx2` ÎB7iÏBQĴHm �M/ /`X JB+?�2H "Bii2`K�MM QM
biQ+?�biB+ QTiBKBx�iBQM �TT`Q�+?2b 7Q` +?�HH2M;BM; +QMbi`�BMi QTiBKBx�iBQM T`Q#@
H2KbX am#b2[m2MiHv- ?2 rQ`F2/ �b � H2+im`2` 7`QK kyRk iQ kyRd �i i?2 6�+mHiv Q7
�`+?Bi2+im`2 �i u�Ȕ�` lMBp2`bBiv BM AxKB`- hm`F2vX AM kyRe ?2 r�b �r�`/2/ i?2
Pmibi�M/BM; _2b2�`+?2` �r�`/ #v i?2 b�K2 mMBp2`bBiv 7Q` ?Bb +QMi`B#miBQM iQ `2@
b2�`+?X

aBM+2 kyR3 ?2 Bb 2KTHQv2/ �i i?2 AM7Q`K�iBQM h2+?MQHQ;B2b AMbiBimi2 �i i?2 *2M@
i`2 7Q` _2b2�`+? �M/ h2+?MQHQ;v >2HH�b UAhAf*1_h>V BM h?2bb�HQMBFB- :`22+2-
r?2`2 ?2 rQ`Fb BM i?2 }2H/ Q7 `Q#QiB+b �M/ +QKTmi�iBQM�H BMi2HHB;2M+2X �b T�`i Q7
?Bb 2KTHQvK2Mi �i AhAf*1_h>- ?2 ?�b T�`iB+BT�i2/ BM 7Qm` 1m`QT2�M lMBQM >Q`B@
xQMkyky T`Q;`�Kb- BM i?2 }2H/ Q7 +QHH�#Q`�iBp2 `Q#QiB+b �M/ ?2�Hi?+�`2- r?2`2 ?2
b2`p2/ �b +QQ`/BM�iQ` �M/ +QMi�+ibT2`bQM BM b2p2`�H i�bFb rBi?BM i?2 T`Q;`�K rQ`F
T�+F�;2bX

AQ�MMBb *?�ixBFQMbi�MiBMQm Bb i?2 �mi?Q` �M/ +Q@�mi?Q` Q7 Qp2` jy Tm#HB+�iBQMb BM
b+B2MiB}+ DQm`M�Hb U�miQK�iBQM BM *QMbi`m+iBQM- �`+?Bi2+im`�H a+B2M+2 _2pB2r- �M/
Qi?2`bV �M/ BMi2`M�iBQM�H +QM72`2M+2b UA111 *1*- 2*��.2- hJ*1- �M/ Qi?2`bVX
>2 Bb � `2pB2r2` 7Q` b2p2`�H DQm`M�Hb- �KQM; r?B+? "mBH/BM; �M/ 1MpB`QMK2Mi- �`@
+?Bi2+im`�H a+B2M+2 _2pB2r- 1M2`;v 1{+B2M+v- �M/ aQH�` 1M2`;vX

AM T�`�HH2H- AQ�MMBb `mMb ?Bb QrM bK�HH i2+?MQHQ;v #mbBM2bb- r?2`2 ?2 /2bB;Mb �M/
K�Mm7�+im`2b �/p�M+2/ KQiBQM +QMi`QH +QKTQM2Mib 7Q` `Q#QiB+bX
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GBbi Q7 Sm#HB+�iBQMb

AX *?�ixBFQMbi�MiBMQm- .X EQbi�p2HBb- .X :B�FQmKBb �M/ .X hxQp�`�b UkykyV- AMi2@
;`�i2/ hQTQHQ;B+�H SH�MMBM; �M/ a+?2/mHBM; 7Q` P`+?2bi`�iBM; G�`;2 >mK�M@_Q#Qi
*QHH�#Q`�iBp2 h2�KbX AM "BQKBK2iB+ �M/ "BQ?v#`B/ avbi2Kb@ Ni? AMi2`M�iBQM�H
*QM72`2M+2- GBpBM; J�+?BM2b kyky- 6`2B#m`;- :2`K�Mv- CmHv k3@jy- kyky UTTX kj@
j8VX

AX *?�ixBFQMbi�MiBMQm- .X :B�FQmKBb- �M/ .X hxQp�`�b UkyRNVX � L2r a?QT~QQ`
P`+?2bi`�iBQM �TT`Q�+? 7Q` *QHH�#Q`�iBp2 >mK�M@_Q#Qi .2pB+2 .Bb�bb2K#HvX AM
kyRN A111 aK�`iqQ`H/- l#B[mBiQmb AMi2HHB;2M+2 *QKTmiBM;- �/p�M+2/ h`mbi2/
*QKTmiBM;- a+�H�#H2 *QKTmiBM; *QKKmMB+�iBQMb- *HQm/ "B; .�i� *QKTmiBM;-
AMi2`M2i Q7 S2QTH2 �M/ aK�`i *Biv AMMQp�iBQM UTTX kk8@kjyVX

lMHm- SX- 1FB+B- "X- *>�hwAEPLah�LhALPl- AX- a�_AuAG.Aw- aX- h�ȓ:1@
hŞ_1L- 6X- � *l"lE*lPĳGl- *X UkyR3VX .B�;`B/ 6�+�/2 .2bB;M 7Q` Sm#HB+
SQQH "mBH/BM; lbBM; .Bz2`2MiB�H 1pQHmiBQMX AM S`Q+22/BM;b Q7 hJ*1 kyR3- d@RR
J�v- kyR3- G�b S�HK�b /2 :`�M *�M�`B�- aT�BMX

AQ�MMBb *?�ixBFQMbi�MiBMQm- � AX a2pBH a�`BvBH/Bx UkyRdVX �//`2bbBM; /2bB;M T`272`@
2M+2b pB� �miQ@�bbQ+B�iBp2 +QMM2+iBQMBbi KQ/2Hb, �TTHB+�iBQM BM bmbi�BM�#H2 �`+?B@
i2+im`�H 6�+�/2 /2bB;MX �miQK�iBQM BM *QMbi`m+iBQM- 3j- Ry3ĜRkyX

Px#2v- 6X- *m#mF+mQ;Hm- *X- 1FB+B- "X- *BH�xmM- � *?�ixBFQMbi�MiBMQm- AX UkyRdVX
"B@P#D2+iBp2 oBbm�H S2`+2TiBQM PTiBKBx�iBQM 7Q` � >2�Hi?+�`2 1/m+�iBQM 6�+BHBivX
AM AMi2`M�iBQM�H avKTQbBmK 7Q` S`Q/m+iBQM _2b2�`+? kyRdX

um7F�- JX- 1FB+B- "X- *m#mF+mQ;Hm- *X- *?�ixBFQMbi�MiBMQm- AX- � a�`BvBH/Bx- AX
UkyRdVX JmHiB@P#D2+iBp2 bFvHB;?i QTiBKBx�iBQM 7Q` � ?2�Hi?+�`2 7�+BHBiv 7Qv2` bT�+2kyRd
A111 *QM;`2bb QM 1pQHmiBQM�`v *QKTmi�iBQM- *1* kyRd @ S`Q+22/BM;b- Ryy3@
RyR9X

uAG.A_AJ- 1EŞ*Ş- "X- *m#mF+mQ;Hm- *X- *>�hwAEPLah�LhALPl- AX- � a�`Bv@
BH/Bx- aX UkyRdVX PTiBKBx�iBQM Q7 6`22 6Q`K GQM; aT�M _QQ7 ai`m+im`2 7Q` SQQH 6�@
+BHBiv lbBM; 1pQHmiBQM�`v �H;Q`Bi?KbX AM AMi2`M�iBQM�H avKTQbBmK 7Q` S`Q/m+iBQM
_2b2�`+? kyRd- Rj Ĝ R8 a2Ti2K#2` kyRd- oB2MM�XX

lMHm Sm`2M- h�ȓ:1hŞ_1L- 6X- 1FB+B- "X- *l"lE*lP:Gl- *X- � *>�hwAEPL@
ah�LhALPl- AX UkyRdVX ai`m+im`2 PTiBKBx�iBQM Q7 a?2Hi2` .2bB;M 7Q` a2KB@*HQb2/
Sm#HB+ aT�+2 BM l`#�MX AM AMi2`M�iBQM�H avKTQbBmK 7Q` S`Q/m+iBQM _2b2�`+? kyRd-
Rj Ĝ R8 a2Ti2K#2` kyRd- oB2MM�XX

*?�ixBFQMbi�MiBMQm- AX UkyReVX � +QKTmi�iBQM�H BMi2HHB;2M+2 /2+BbBQM@bmTTQ`i 2M@
pB`QMK2Mi 7Q` �`+?Bi2+im`�H �M/ #mBH/BM; /2bB;M, *A.1�kyRe A111 *QM;`2bb QM
1pQHmiBQM�`v *QKTmi�iBQM- *1* kyRe- j33d@j3N9X
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*m#mF+mQ;Hm- *X- *?�ixBFQMbi�MiBMQm- AX- h�b;2iB`2M- JX- a�`BvBH/Bx- AX- � S�M-
ZXEX UkyReVX � KmHiB@Q#D2+iBp2 ?�`KQMv b2�`+? �H;Q`Bi?K 7Q` bmbi�BM�#H2 /2bB;M
Q7 ~Q�iBM; b2iiH2K2Mib�H;Q`Bi?Kb- NUjVX

1FB+B- "X- *?�ixBFQMbi�MiBMQm- AX- a�`BvBH/Bx- aX- h�b;2iB`2M- JX- � S�M- ZXEX UkyReVX
� KmHiB@Q#D2+iBp2 b2H7@�/�TiBp2 /Bz2`2MiB�H 2pQHmiBQM �H;Q`Bi?K 7Q` +QM+2Tim�H ?B;?@
`Bb2 #mBH/BM; /2bB;MkyRe A111 *QM;`2bb QM 1pQHmiBQM�`v *QKTmi�iBQM- *1* kyRe-
kkdk@kkdNX

*?�ixBFQMbi�MiBMQm- AX- � a�`BvBH/Bx- aX UkyReVX �TT`QtBK�iBQM Q7 bBKmH�iBQM@/2`Bp2/
pBbm�H +QK7Q`i BM/B+�iQ`b BM Q{+2 bT�+2b, � +QKT�`�iBp2 bim/v BM K�+?BM2 H2�`MBM;�`@
+?Bi2+im`�H a+B2M+2 _2pB2r- 8NU9V- jyd@jkkX

*?�ixBFQMbi�MiBMQm- AX- � "2M;Bbm- 1X UkyReVX AMi2`BQ` bT�iB�H H�vQmi rBi? bQ7i Q#@
D2+iBp2b mbBM; 2pQHmiBQM�`v +QKTmi�iBQMkyRe A111 *QM;`2bb QM 1pQHmiBQM�`v *QK@
Tmi�iBQM- *1* kyRe- kjye@kjRkX

EB`BKi�i- �X- EQvmM#�#�- "X- *?�ixBFQMbi�MiBMQm- AX- a�`BvBH/Bx- aX- � am;�Mi?�M-
SX UkyReVX JmHiB@Q#D2+iBp2 QTiBKBx�iBQM 7Q` b?�/BM; /2pB+2b BM #mBH/BM;b #v mbBM;
2pQHmiBQM�`v �H;Q`Bi?KbkyRe A111 *QM;`2bb QM 1pQHmiBQM�`v *QKTmi�iBQM- *1*
kyRe- jNRd@jNk9X

*m#mF+mQ;Hm- *X- *?�ixBFQMbi�MiBMQm- AX- 1FB+B- "X- a�`BvBH/Bx- aX- � h�b;2iB`2M- JX
UkyReVX JmHiB@Q#D2+iBp2 QTiBKBx�iBQM i?`Qm;? /Bz2`2MiB�H 2pQHmiBQM 7Q` `2bi�m`�Mi
/2bB;MkyRe A111 *QM;`2bb QM 1pQHmiBQM�`v *QKTmi�iBQM- *1* kyRe- kk33@kkN8X

EB`BKi�i- �X- EQvmM#�#�- "X- *?�ixBFQMbi�MiBMQm- AX- � a�`BvBH/Bx- aX UkyReVX _2@
pB2r Q7 bBKmH�iBQM KQ/2HBM; 7Q` b?�/BM; /2pB+2b BM #mBH/BM;b_2M2r�#H2 �M/ amb@
i�BM�#H2 1M2`;v _2pB2rb- 8j- kj@9NX

*?�ixBFQMbi�MiBMQm- AX- a�`BvBH/Bx- aX- � "Bii2`K�MM- JX UkyR8VX *QM+2Tim�H �B`@
TQ`i i2`KBM�H /2bB;M mbBM; 2pQHmiBQM�`v +QKTmi�iBQMkyR8 A111 *QM;`2bb QM 1pQ@
HmiBQM�`v *QKTmi�iBQM- *1* kyR8 @ S`Q+22/BM;b- kk98@kk8kX

EB`BKi�i- �X- *?�ixBFQMbi�MiBMQm- AX- a�`BvBH/Bx- aX- � h�`i�`- �X UkyR8VX .2bB;MBM;
b2H7@bm{+B2Mi ~Q�iBM; M2B;?#Q`?QQ/b mbBM; +QKTmi�iBQM�H /2+BbBQM bmTTQ`ikyR8
A111 *QM;`2bb QM 1pQHmiBQM�`v *QKTmi�iBQM- *1* kyR8 @ S`Q+22/BM;b- kkeR@
kke3X

"2M;Bbm- 1X- *?�ixBFQMbi�MiBMQm- AX- � hmM� lHi�p- wX UkyR8VX .Bz2`2M+2b BM G2�`M@
BM; *`Bi2`B� #2ir22M .B;Bi�H �M/ �M�HQ; .`�rBM;b BM h2+?MB+�H .`�rBM; *Qm`b2bX
AM S`Q+22/BM;b Q7 i?2 �`+?/2bB;M ǶR8 *QM72`2M+2- Abi�M#mH- hm`F2vX

l;m`Hm- *X- *?�ixBFQMbi�MiBMQm- AX- a�`BvBH/Bx- aX- � h�b;2iB`2M- JX UkyR8VX 1pQ@
HmiBQM�`v +QKTmi�iBQM 7Q` �`+?Bi2+im`�H /2bB;M Q7 `2bi�m`�Mi H�vQmibkyR8 A111
*QM;`2bb QM 1pQHmiBQM�`v *QKTmi�iBQM- *1* kyR8 @ S`Q+22/BM;b- kkdN@kk3eX

l;m`Hm- *X- *?�ixBFQMbi�MiBMQm- AX- a�`BvBH/Bx- aX- � h�b;2iB`2M- JX UkyR8VX A/2MiB@
}+�iBQM Q7 bmbi�BM�#H2 /2bB;Mb 7Q` ~Q�iBM; b2iiH2K2Mib mbBM; +QKTmi�iBQM�H /2bB;M
i2+?MB[m2bkyR8 A111 *QM;`2bb QM 1pQHmiBQM�`v *QKTmi�iBQM- *1* kyR8 @ S`Q@
+22/BM;b- kjyj@kjRyX

�`+?Bi2+im`�H .2bB;M S2`7Q`K�M+2 i?`Qm;? *QKTmi�iBQM�H AMi2HHB;2M+2 R8y



*?�ixBFQMbi�MiBMQm- AX- 1FB+B- "X- a�`BvBH/Bx- AX- � EQvmM#�#�- "X UkyR8VX JmHiB@
Q#D2+iBp2 /B�;`B/ 7�+\/2 QTiBKBx�iBQM mbBM; /Bz2`2MiB�H 2pQHmiBQMkyR8 A111 *QM;`2bb
QM 1pQHmiBQM�`v *QKTmi�iBQM- *1* kyR8 @ S`Q+22/BM;b- kjRR@kjR3X

�v/BM- 1X- .m`bmM- PX- *?�ixBFQMbi�MiBMQm- AX- � 1FB+B- "X UkyR8VX PTiBKBb�iBQM
Q7 1M2`;v *QMbmKTiBQM �M/ .�vHB;?iBM; mbBM; "mBH/BM; S2`7Q`K�M+2 am``Q;�i2
JQ/2HX AM S`Q+22/BM;b Q7 i?2 �`+?Bi2+im`�H a+B2M+2 �bbQ+B�iBQM kyR8 *QM72`2M+2-
J2H#Qm`M2- �mbi`�HB�X

*?�ixBFQMbi�MiBMQm- AX UkyR9VX � j@.BK2MbBQM�H �`+?Bi2+im`�H G�vQmi :2M2`�iBQM
S`Q+2/m`2 7Q` PTiBKBx�iBQM �TTHB+�iBQMb , .*@_o.X AM S`Q+22/BM;b Q7 i?2 kyR9
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