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Résumés de la thèse

Français

Le retrait d’information privé que nous nommons PIR, désigne un groupe
de protocoles qui s’inscrit dans un ensemble plus vaste des technologies
d’amélioration de la vie privée. Sa fonctionnalité principale est de dissimu-
ler l’index d’un élément d’une liste accédée par un client au regard de son
hôte. Sans négliger l’appart de leurs auteurs à la communauté scientifique,
l’utilisabilité de ce groupe de protocoles semble limitée, car pour un client,
télécharger l’intégralité de la liste est plus efficient. À ce jour, les PIR, se
fondent sur des serveurs répliqués mutuellement méfiants, des périphériques
de confiance ou bien des systèmes cryptographiques. Nous considérerons ici
les retraits d’informations privés computationnels et plus particulièrement
ceux reposant sur les réseaux euclidiens qui n’offrent des propriétés parti-
culières, comme l’homomorphisme. Afin d’en démontrer l’utilisabilité, nous
proposons un retrait d’information privé reposant sur un système cryptogra-
phique homomorphe performant et aisé d’utilisation.

English

Private information retrieval, named PIR, is a set of protocols that is
a part of privacy enhancement technologies.Its major feature is to hide the
index of a record that a user retrieved from the host.Without neglecting the
scientific contributions of its authors, the usability of this protocol seems
hard since that, for a user, it seems more and more efficient to receive all the
records.Thus far, PIR can be achieved using mutually distrustful databases
replicated databases, trusted hardware, or cryptographic systems.We focus
on computational private information retrieval, and specifically on thus ba-
sed on cryptographic systems.This decision is contingent to the spread of
cryptographic systems based on lattices who provide specific properties.To
demonstrate it usability, we offer an efficient and easy-to-use private Infor-
mation retrieval based on homomorphic encryption.
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AMi`Q/m+iBQM ;ûMû`�H2

GǶQKMBT`ûb2M+2 /ǶAMi2`M2i /�Mb H2b T�vb /ûp2HQTTûb 2bi 7�+im2HH2X .Ƕ�T`ĕb HǶlMBQM
AMi2`M�iBQM�H2 /2b hûHû+QKKmMB+�iBQMb- 2M kyR8 THmb /2 [m�i`2@pBM;i TQm` +2Mi (k3)
/2b BM/BpB/mb T2mTH�Mi +2b T�vb QMi �++ĕb ¨ BMi2`M2i /2 H2m` /QKB+BH2X 1M kyRe- H2b
`ûb2�mt bQ+B�mt 6�+2#QQF 2i "�B/m- `2bT2+iBp2K2Mi �Kû`B+�BM 2i *?BMQBb- iQi�HBb2Mi
T`ĕb /2 k KBHHB�`/b /ǶmiBHBb�i2m`b �+iB7b /QMi H� T`BM+BT�H2 bQm`+2 /2 `2p2Mmb 2bi Bbbm2
/2 H2m`b `û;B2b Tm#HB+Bi�B`2bX LQmb TQmpQMb �mbbB +Bi2` H2b b2`pB+2b /2 pB/ûQb ¨ H�
/2K�M/2- i2Hb [m2 L2i~Bt 2i _mim#2- [mB b2 TQTmH�`Bb2Mi �BMbB [m2 H2b Q#D2ib +QMM2+iûb
i2Hb [m2 H2b KQMi`2b- i?2`KQbi�ib- Tĕb2@T2`bQMM2- 2i+X 1i TQm` i2`KBM2`- MQmb T2MbQMb
¨ H� MmKû`Bb�iBQM /2b b2`pB+2b Tm#HB+b +QKK2 K�`[m2m` /2 HǶQKMBT`ûb2M+2 /ǶBMi2`M2i
/�Mb +2b T�vbX

.2 THmb- HǶ�+i2 KāK2 /m +?QBt- /ǶmM b2`pB+2 T�`KB THmbB2m`b- /ǶmM2 pB/ûQ T�`KB
THmbB2m`b T�` 2t2KTH2- ;ûMĕ`2 /2b /QMMû2b /Bb+`BKBM�Mi2bX �BMbB b2 TQb2Mi /2b
[m2biBQMb /2 +QMi`ƬH2 /2 +2b BM7Q`K�iBQMb 2i T�` +QMbû[m2Mi /2 pB2 T`Bpû2 /�Mb H2
/û#�i Tm#HB+X 1i THmb T�`iB+mHBĕ`2K2Mi /2TmBb H2 b+�M/�H2 T`Q/mBi T�` H2b `ûpûH�iBQMb
/Ƕû+Qmi2 K�bbBp2 /2 H� ĿL�iBQM�H a2+m`Biv �;2M+vŀ úi�bmMB2MM2 2M kyRjX

SmBb[m2 +2 bQMi H2b +?QBt /2b BMi2`M�mi2b [mB `ûpĕH2Mi H2m`b T`û7û`2M+2b- MQmb
ûim/B2`QMb /�Mb +2 KûKQB`2 mM T`QiQ+QH2 +HB2Mifb2`p2m` [mB T2`K2i /Ƕû+?�M;2` /2b
BM7Q`K�iBQMb 2M K�b[m�Mi H2b +2Mi`2b /ǶBMiû`āi /2b miBHBb�i2m`b MQM b2mH2K2Mi /m
TQBMi /2 pm2 /ǶmM iB2`b +�T�#H2 /2 HB`2 H2b û+?�M;2b- K�Bb �mbbB /m b2`p2m`X *2
T`QiQ+QH2 2bi MQKKû 2M 7`�MÏ�Bb _2i`�Bi /ǶAM7Q`K�iBQM S`Bpû [m2 MQmb �#`ĕ;2`QMi
SA_ TQm` +Q``2bTQM/`2 ¨ H� HBiiû`�im`2 �M;HQ@b�tQMM2X �mi`2K2Mi /Bi- H2 SA_ /QMM2
H� TQbbB#BHBiû /2 K�b[m2` mM +?QBt T�`KB THmbB2m`bX Lû�MKQBMb- MQmb p2``QMb [m2-
K�H;`û b2b TQbbB#BHBiûb- H2 SA_ 2bi 7Q`i2K2Mi HBKBiû 2i +2 bQMi b2b HBKBi2b [m2 MQmb
�pQMb +?2`+?û ¨ 7`�M+?B` /m`�Mi +2ii2 i?ĕb2X

.�Mb H� T`2KBĕ`2 T�`iB2 /2 +2 KûKQB`2- MQmb BMi`Q/mBbQMb H2b +QM+2Tib K�i?ûK�@
iB[m2b 2i i2+?MB[m2b Mû+2bb�B`2b ¨ H� +QKT`û?2MbBQM /2 MQb +QMi`B#miBQMbX LQmb
/Bb+miQMb /2b TQHvMƬK2b miBHBbûb 2M +`vTiQ;`�T?B2 7QM/û2 bm` H2b `ûb2�mt 2m+HB/B2Mb
�BMbB [m2 /2b QmiBHb +QKK2 H� i`�Mb7Q`Kû2 /2 6Qm``B2` /Bb+`ĕi2 2i H2 i?ûQ`ĕK2 /2b
`2bi2b +?BMQBbX

.�Mb H� b2+QM/2 T�`iB2- MQmb T`QTQbQMb mM ûi�i /2 HǶ�`i /2b bvbiĕK2b /2 +?B7@
7`2K2Mi ?QKQKQ`T?2bX LQmb v 2tTHB[mQMb H2m`b T�`iB+mH�`Biûb 2i H2m`b �p�Mi�;2b
/�Mb H2 +�b /m SA_X

.�Mb H� i`QBbBĕK2 T�`iB2- MQmb MQmb BMiû`2bbQMb ¨ HǶûi�i /2 HǶ�`i /2b T`QiQ+QH2b
SA_- 2i THmb T�`iB+mHBĕ`2K2Mi /2b T`QiQ+QH2b SA_ +QMbi`mBib ¨ T�`iB` /2 7QM+iBQMb
Bbbm2b /2 bvbiĕK2b /2 +?Bz`2K2Mi ?QKQKQ`T?2bX

.�Mb H� [m�i`BĕK2 T�`iB2- MQmb /û+`BpQMb MQi`2 T`2KBĕ`2 +QMi`B#miBQM , mM2
#B#HBQi?ĕ[m2- MQKKû2 L6GHB#- /2 K�MBTmH�iBQM /2 TQHvMƬK2b bm` H2b `ûb2�mt
2m+HB/B2Mb /ǶB/û�mtX *2ii2 #B#HBQi?ĕ[m2 � THmbB2m`b Q#D2+iB7b , H2 T`2KB2` 2bi H�
T2`7Q`K�M+2- H2 b2+QM/ 2bi /Ƕāi`2 +QMÏm +QKK2 mM2 #`B[m2 /2 +QMbi`m+iBQM /2 bvbiĕK2b
+`vTiQ;`�T?B[m2b 2i 2M}M /Ƕāi`2 2KTHQvû2 /�Mb /2b T`QiQ+QH2b THmb +QKTH2t2b-
ivTB[m2K2Mi H2b T`QiQ+QH2b SA_X �}M /2 KQMi`2` H2b T2`7Q`K�M+2b /2 L6GHB# MQmb
H� +QKT�`QMb �mt #B#HBQi?ĕ[m2b /2 K�MBTmH�iBQM /2 TQHvMƬK2b H2b THmb `ûT�M/m2b
TQm` H2 KāK2 H�M;�;2 /2 T`Q;`�KK�iBQMX

.�Mb H� +BM[mBĕK2 T�`iB2- MQmb /û+`BpQMb MQi`2 b2+QM/2 +QMi`B#miBQM , mM2
�TTHB+�iBQM /2 `2i`�Bi /ǶBM7Q`K�iBQM T`Bpû MQKKû sSA_ , S`Bp�i2 AM7Q`K�iBQM
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AMi`Q/m+iBQM ;öMö`�H2

_2i`B2p�H 7Q` 1p2`vQM2X *2ii2 �TTHB+�iBQM /QMi H2 +`vTiQbvbiĕK2 2bi û+`Bi �p2+
L6GHB# MQmb T2`K2i /2 KQMi`2` H� T`�iB+�#BHBiû /m SA_ /�Mb /2b +�b `û�HBbi2b
+QKK2 /2b b2`pB+2b /2 pB/ûQb ¨ H� /2K�M/2X .2 THmb- MQmb �pQMb TQ`iû mM2 �ii2MiBQM
T�`iB+mHBĕ`2 ¨ b� `ûmiBHBb�#BHBiû 2i +2ii2 /2`MBĕ`2 2bi 7Qm`MB2 �p2+ mM2 BMi2`7�+2 /2
T`Q;`�KK�iBQMX

1M}M- MQmb i2`KBM2`QMb T�` H� +QM+HmbBQM /2b i`�p�mt T`ûb2Miûb /�Mb +2 KûKQB`2X

k



*?�TBi`2 R

_ûb2�mt /ǶB/û�mt 2i TQHvMƬK2b

h�#H2 /2b K�iBĕ`2b

RXR AMi`Q/m+iBQM 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 X X X X X X X X X X 9
RXk .û}MBiBQMb 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 X X X X X X X X X X X 9

RXkXR SQHvMƬK2 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 X X X X X X X 9
RXkXk SQHvMƬK2b /�Mb H2b `ûb2�mt X X X X X X X X X X X X X X X X X X X X X X 9

RXj _2T`ûb2Mi�iBQM /�Mb mM Q`/BM�i2m` X X X X X X X X X X X X X X X X X X X X X X X 9
RXjXR _2T`ûb2Mi�iBQM /ǶmM +Q2{+B2Mi X X X X X X X X X X X X X X X X X X X X 9
RXjXk _2T`ûb2Mi�iBQM /ǶmM TQHvMƬK2 X X X X X X X X X X X X X X X X X X X X 8

RX9 PTû`�iBQMb �`Bi?KûiB[m2b 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 X X X 8
RX9XR aQKK2 /2 TQHvMƬK2b 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 X 8
RX9Xk S`Q/mBi /2 TQHvMƬK2b 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 8

RX8 *�H+mHb /2 KQ/mHQ 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 X X X X X X X 8
RX8XR aQKK2 KQ/mH�B`2 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 X X X e
RX8Xk S`Q/mBi KQ/mH�B`2 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 X X e

RXe _2T`ûb2Mi�iBQM *_h , i?ûQ`ĕK2 /2b `2bi2b *?BMQBb X X X X X X X X X X X X X X RR
RXeXR _2Hĕp2K2Mi 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 X X X X X X Rk
RXeXk _2T`ûb2Mi�iBQM /2b TQHvMƬK2b KQ/mHQ mM ;`�M/ MQK#`2 X X X X X X Rk
RXeXj aQKK2 *_h 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 X X X X X Rk
RXeX9 S`Q/mBi *_h 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 X X X X X Rj

RXd *�`�+iû`Bb�iBQM /ǶmM TQHvMƬK2 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 R9
RXdXR *Q2{+B2Mib 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 X X X X X X R9
RXdXk o�H2m`b 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 X X X X X X X X R9

RX3 G� i`�Mb7Q`Kû2 /2 6Qm`B2` 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 X X Re
RX3XR AMi`Q/m+iBQM 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 X X X X X X Re
RX3Xk �TT`Q+?2 BMimBiBp2 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 X X Rd
RX3Xj _2T`ûb2Mi�iBQM bQmb 7Q`K2 /2 bQKK2b X X X X X X X X X X X X X X X X Rd
RX3X9 _�+BM2b ։@ĕK2b /2 HǶmMBiû X X X X X X X X X X X X X X X X X X X X X X X R3
RX3X8 LQi�iBQM K�i`B+B2HH2 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 X RN

RXN h`�Mb7Q`Kû2 /2 6Qm`B2` /Bb+`ĕi2 `�TB/2 X X X X X X X X X X X X X X X X X X X X ky
RXRy h`�Mb7Q`Kû2 /2 6Qm`B2` `�TB/2 bm` mM +Q`Tb }MB X X X X X X X X X X X X X X X X kR

RXRyXR S`Q/mBi /2 /2mt TQHvMƬK2b X X X X X X X X X X X X X X X X X X X X X X kR
RXRR *QM+HmbBQM 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 X X X X X X X X X X X kk

_ûbmKû , LQmb /û+`BpQMb H2b /Bzû`2Mib QmiBHb K�i?ûK�iB[m2b- i2Hb [m2 H2b
�MM2�mt /2 TQHvMƬK2b- 2M T�bb�Mi T�` H� i`�Mb7Q`K�iBQM /2 6Qm`B2` Qm H2
i?ûQ`ĕK2 /2b `2bi2b +?BMQBb- Mû+2bb�B`2b ¨ H� #QMM2 +QKT`û?2MbBQM /2 +2 KûKQB`2X

j



_öb2�mt /ǰB/ö�mt 2i TQHvMƦK2b

RXR AMi`Q/m+iBQM
.2TmBb +2b /2`MBĕ`2b �MMû2b- H� +`vTiQ;`�T?B2 #�bû2 bm` H2b `ûb2�mt 2m+HB/B2Mb 2bi /2p2Mm2

BM+QMiQm`M�#H2 /�Mb H2 KBHB2m mMBp2`bBi�B`2X *2b bvbiĕK2b +`vTiQ;`�T?B[m2b QMi H� T�`iB+mH�`Biû
/2 pBp`2 /�Mb /2b bi`m+im`2b K�i?ûK�iB[m2b [mB miBHBb2Mi /2b TQHvMƬK2bX *Ƕ2bi M�im`2HH2K2Mi
¨ +2b TQHvMƬK2b [m2 MQmb �HHQMb MQmb BMiû`2bb2` /�Mb +2 +?�TBi`2X

RXk .û}MBiBQMb
SQm` /û#mi2`- MQmb �HHQMb iQmi /Ƕ�#Q`/ /û}MB` H2b TQHvMƬK2b TmBb MQmb p2``QMb H2m`b

T�`iB+mH�`Biûb /�Mb H2b `ûb2�mt 2m+HB/B2MbX

RXkXR SQHvMƬK2
lM2 +�`�+iû`Bb�iBQM TQbbB#H2 /ǶmM TQHvMƬK2 2bi mM2 bû[m2M+2 /2 ։ � φ R p�H2m`b	ռɱӴ ռȯӴ w Ӵ ռՓ਷ȯӴ ռՓ
 Qm #B2M mM2 7QM+iBQM S /û}MB2 T�` mM2 2tT`2bbBQM /m ivT2 ,ϋ	֓
 � ՓంՎ�ɱ ռՎ֓Վ
Pm H2b ռՎ bQMi �TT2Hûb +Q2{+B2Mib /m TQHvMƬK2X G2 /2;`û /ǶmM TQHvMƬK2 2bi /QMMû T�`

H� p�H2m` ք H� THmb ;`�M/2 TQm` H�[m2HH2 ռՎ ଈ ЈX S�` 2t2KTH2 H2 TQHvMƬK2 Κ֓ɞ � φϯ֓ � Θ �
TQm` /2;`û k 2i H2 TQHvMƬK2 Ϩ֓ȁ � ϵ֓ɞ � ϯϵ � TQm` /2;`û 8X

RXkXk SQHvMƬK2b /�Mb H2b `ûb2�mt
.�Mb +2ii2 +QM};m`�iBQM- H2b +Q2{+B2Mib b2`QMi `2T`ûb2Miûb KQ/mHQ mM 2MiB2` 2i H2b

TQHvMƬK2b KQ/mHQ mM �mi`2 TQHvMƬK2X G� 7Q`K2 /m TQHvMƬK2 /2 KQ/mH2 b2`� iQmDQm`bႤՓ	Ё
 � ЁՓ � φ �p2+ ։ mM2 TmBbb�M+2 /2 kX �BMbB- H2 /2;`û /2b TQHvMƬK2b K�MBTmHûb 2bi
�m K�tBKmK ։ ਷ φX G2 TQHvMƬK2 ႤՓ	Ё
- �TT2Hû TQHvMƬK2 +v+HQiQKB[m2- 2bi H2 TQHvMƬK2
mMBi�B`2 @ /QMi H2 +Q2{+B2Mi /m KQMƬK2 /QKBM�Mi 2bi R @ /QMi H2b `�+BM2b +QKTH2t2b bQMi H2b
`�+BM2b T`BKBiBp2b M@BĕK2b /2 HǶmMBiûX Zm�M/ QM i`�p�BHH2 KQ/mHQ mM TQHvMƬK2 �v�Mi H� 7Q`K2ЁՓ � φ- HǶQTû`�iBQM KQ/mH�B`2 b2 bBKTHB}2 +QKK2 bmBi , H2 +Q2{+B2Mi ЁՓ�Վ /2pB2Mi ਷ЁՎX

RXj _2T`ûb2Mi�iBQM /�Mb mM Q`/BM�i2m`

RXjXR _2T`ûb2Mi�iBQM /ǶmM +Q2{+B2Mi
GǶ�`+?Bi2+im`2 /2b T`Q+2bb2m`b KQ/2`M2b /QMM2 HǶQTTQ`imMBiû /Ƕ2z2+im2` /2b QTû`�iBQMb

i`ĕb 2{+�+2b- ivTB[m2K2Mi bm` e9 #Bib- [mB miBHBb2Mi H2b `2;Bbi`2b ¨ KûKQB`2 T`ûb2Mib bm`
H2b T`Q+2bb2m`bX �}M /2 K�tBKBb2` H2b T2`7Q`K�M+2b Qz2`i2b- MQmb TQmpQMb +QM};m`2` H2b
+Q2{+B2Mib /2b TQHvMƬK2b TQm` `2KTHB` �m K�tBKmK H2b `2;Bbi`2b /BbTQMB#H2bX

§ MQi2` [m2- KāK2 bm` mM2 �`+?Bi2+im`2 e9 #Bib- H2b T`Q+2bb2m`b /Ƕ�mDQm`/Ƕ?mB T`QTQb2Mi
/2b QTû`�iBQMb /Bi2b aBM;H2 AMbi`m+iBQM JmHiBTH2 .�i� bm` jk pQB` Re #BibX G2b D2mt /ǶBMbi`m+@
iBQMb H2b THmb +QMMmb bQMi ai`2�KBM; aAJ. 1ti2MbBQMb Uaa1V 2i �/p�M+2/ o2+iQ` 1ti2MbBQMb
U�osVX *Ƕ2bi@¨@/B`2 [mǶ�m HB2m /2 biQ+F2` mM b2mH 2MiB2` /2 e9 #Bib /�Mb mM `2;Bbi`2- mM
T`Q;`�KK2m` T2mi 2M biQ+F2` `2bT2+iBp2K2Mi k Qm 9 /�Mb /2b `2;Bbi`2b /û/Bûb /2 i�BHH2
THmb BKTQ`i�Mi2 2i /Ƕ2z2+im2` /2b QTû`�iBQMb T�`�HHĕH2K2MiX G2b +QKTBH�i2m`b `û+2Mib i2Hb
[m2 ;++ bQMi +�T�#H2b /ǶmiBHBb2` +2 ivT2 /ǶQTû`�iBQMb c +2 T`Q+2bbmb 2bi �TT2Hû p2+iQ`Bb�iBQMX
*2T2M/�Mi- iQmi2b H2b BMbi`m+iBQMb M2 bQMi T�b ;û`û2b 2i BH T2mi āi`2 Mû+2bb�B`2 /2 /2pQB`
7�B`2 �TT2H ¨ +2b BMbi`m+iBQMb /B`2+i2K2Mi /�Mb H2 T`Q;`�KK2X

RX PM +QKK2M+2 H2 /û+QKTi2 ¨ y 2i QM i2`KBM2 ¨ ։
9



RX9 PTö`�iBQMb �`Bi?KöiB[m2b

RXjXk _2T`ûb2Mi�iBQM /ǶmM TQHvMƬK2
lM TQHvMƬK2 T2mi āi`2 `2T`ûb2Miû +QKK2 mM i�#H2�m /2 ։ +�b2b /Ƕ2MiB2`b /2 e9 #BibX

*2ii2 +QM};m`�iBQM- BHHmbi`û2 +B@/2bbQmb- HB2 H2 ք@ĕK2 +Q2{+B2Mi ¨ H� ք@ĕK2 +�b2- bBKTHB}�Mi H�
+QM+2TiBQM 2i H� H2+im`2 /2b �H;Q`Bi?K2bX

+�b2 y +�b2 R +�b2 k Ę +�b2 ։ ਷ φռɱ ռȯ ռɞ Ę ռՓ਷ȯ
RX9 PTû`�iBQMb �`Bi?KûiB[m2b

G� +`vTiQ;`�T?B2 7QM/û2 bm` H2b `ûb2�mt 2m+HB/B2Mb Mû+2bbBi2 HǶmiBHBb�iBQM /ǶQTû`�iBQMb
�`Bi?KûiB[m2b bm` H2b TQHvMƬK2b i2HH2b [m2 H� bQKK2 2i H2 T`Q/mBi /2 /2mt TQHvMƬK2b [m2
MQmb �HHQMb T`ûb2Mi2` /�Mb +2ii2 b2+iBQMX

RX9XR aQKK2 /2 TQHvMƬK2b
GǶQTû`�iBQM �`Bi?KûiB[m2 /2 bQKK2 2Mi`2 /2mt TQHvMƬK2b 2bi bBKTH2X 1HH2 +QMbBbi2 ¨

+�H+mH2` mM MQmp2�m TQHvMƬK2- `ûbmHi�i /2 H� bQKK2 /2b k T`2KB2`b- +Q2{+B2Mib ¨ +Q2{+B2Mib
KQ/mHQ mM 2MiB2`X

aQB2Mi ͗ 2i ͢ /2mt TQHvMƬK2b /2 /2;`û ։ /QMi H2b ք@ĕK2 +Q2{+B2Mib b2`QMi û+`Bib
`2bT2+iBp2K2Mi ռՎ 2i սՎX GǶ�H;Q`Bi?K2 +�H+mH�Mi H2b +Q2{+B2Mib վՎ /m TQHvMƬK2 ͨ- bQKK2
/2 ͗ 2i ͢- bǶû+`Bi ,

�H;Q`Bi?K R aQKK2 /2 /2mt TQHvMƬK2b
R , T`Q+2/m`2 amKU�- "V
k , 7Q` Ԙ ݁ �
 ԝ /Q ௃ SQm` iQmb H2b +Q2{+B2Mib
j , Ԓք ݁ Ԑք � ԑք NPE ԟ
9 , 2M/ 7Q`
8 , `2im`M $
e , 2M/ T`Q+2/m`2

*QM+2`M�Mi H2b `2;Bbi`2b- H2 `ûbmHi�i /B`2+i /2 H� bQKK2 /2 /2mt +Q2{+B2Mib T2mi ûp2M@
im2HH2K2Mi /ûT�bb2` H2m` i�BHH2- 7�mbb�Mi H2b /QMMû2bX �}M /2 T�HHB2` ¨ iQmb /û#Q`/2K2Mib
TQbbB#H2b- QM miBHBb2 mM KQ/mH2 /2 R Qm k #Bib THmb T2iBib [m2 H2b `2;Bbi`2b- BX2 ej@ek #BibX

RX9Xk S`Q/mBi /2 TQHvMƬK2b
GǶQTû`�iBQM �`Bi?KûiB[m2 M�śp2 /2 T`Q/mBi 2Mi`2 /2mt TQHvMƬK2b 2bi THmb +QKTH2t2X G�

KmHiBTHB+�iBQM ûi�Mi /Bbi`B#miBp2- +?�[m2 +Q2{+B2Mi /m T`2KB2` TQHvMƬK2 2bi KmHiBTHBû T�`
+?�[m2 +Q2{+B2Mi /m b2+QM/X *2ii2 Kûi?Q/2 BKTHB[m2 /ǶBK#`B[m2` /2mt #Qm+H2b 7Q`X

*QKK2 T`û+û/2KK2Mi- bQB2Mi ͗ 2i ͢ /2mt TQHvMƬK2b /2 /2;`û ։ /QMi H2b ք@ĕK2
+Q2{+B2Mib b2`QMi û+`Bib `2bT2+iBp2K2Mi ռՎ 2i սՎX GǶ�H;Q`Bi?K2 +�H+mH�Mi H2b +Q2{+B2Mib վՎ
/2 ͨ- T`Q/mBi /2 ͗ 2i ͢- bǶû+`Bi ,

.�Mb H2 +�b /m T`Q/mBi /2 /2mt +Q2{+B2Mib- H2 `ûbmHi�i /2p`� āi`2 biQ+Fû /�Mb mM
`2;Bbi`2 /2mt 7QBb THmb ;`�M/ �}M /ǶûpBi2` iQmi /û#Q`/2K2MiX S�` 2t2KTH2- H2 `ûbmHi�i /2 H�
KmHiBTHB+�iBQM /2 /2mt 2MiB2`b /2 e9 #Bib /QBi āi`2 biQ+Fû bm` Rk3 #BibX

RX8 *�H+mHb /2 KQ/mHQ
GǶQTû`�iBQM /2 `û/m+iBQM KQ/mH�B`2 /ǶmM T`2KB2` 2MiB2` T�` mM b2+QM/- H2 KQ/mH2- 2bi

Q#i2Mm2 2M +�H+mH�Mi H2 `2bi2 /2 H� /BpBbBQM 2m+HB/B2MM2 /2 HǶ2MiB2` ¨ `û/mB`2 T�` H2 KQ/mH2X
.�Mb HǶQTû`�iBQM /2 /BpBbBQM- +QMi`�B`2K2Mi ¨ H� KmHiBTHB+�iBQM Qm HǶ�//BiBQM- BH 7�mi Ŀ/2pBM2`ŀ
+QK#B2M /2 7QBb H2 /BpBb2m` UH2 KQ/mH2V b2 i`Qmp2 /�Mb H2 /BpB/2M/2 UHǶ2MiB2` ¨ `û/mB`2V �}M
/2 /ûi2`KBM2` H2 `2bi2X

8



_öb2�mt /ǰB/ö�mt 2i TQHvMƦK2b

�H;Q`Bi?K k S`Q/mBi M�ś7 /2 /2mt TQHvMƬK2b
R , T`Q+2/m`2 S`Q/m+iU�- "V
k , 7Q` Ԙ ݁ �
 ԝ /Q
j , Ԓք ݁ �
9 , 2M/ 7Q`
8 , 7Q` Ԙ ݁ �
 ԝ /Q
e , 7Q` ԙ ݁ �
 ԝ /Q
d , ၒ ݁ 	Ԑք ੎ ԑօ
 NPE ԟ ௃ �� ੎ �� ݂ ��� #Bib
3 , B7 Ԙ � ԙ �� ԝ i?2M
N , Ԙ஥ ݁ Ԙ � ԙ ਷ ԝ

Ry , Ԓք஬ ݁ Ԓք஬ ਷ ၒ NPE ԟ ௃ NPE 9։ � �
RR , 2Hb2
Rk , Ԓք�օ ݁ Ԓք�օ � ၒ NPE ԟ
Rj , 2M/ B7
R9 , 2M/ 7Q`
R8 , 2M/ 7Q`
Re , `2im`M $
Rd , 2M/ T`Q+2/m`2

RX8XR aQKK2 KQ/mH�B`2
G2b `2bbQm`+2b T`Q+2bb2m`b `2[mBb2b TQm` mM2 QTû`�iBQM /2 KQ/mHQ bQMi T`Q?B#BiBp2b

UQTû`�iBQM Ŀ/2pBM2ii2ŀV /�Mb H2 +�/`2 /ǶmM2 `2+?2`+?2 /2 T2`7Q`K�M+2bX SQm` HǶ�H;Q`Bi?K2 R
HB;M2 j- MQmb TQmpQMb `2KTH�+2` HǶQTû`�iBQM T�` H� bQmbi`�+iBQM +QM/BiBQMM2HH2 bmBp�Mi2 ,

B7 վՎ � ֋ i?2MվՎ � վՎ ਷ ֋
2M/ B7

RX8Xk S`Q/mBi KQ/mH�B`2
*QM+2`M�Mi HǶ�H;Q`Bi?K2 /2 T`Q/mBi- H� `û/m+iBQM KQ/mH�B`2 M2 T2mi T�b b2 bBKTHB}2`

�mbbB i`BpB�H2K2Mi [m2 TQm` H� bQKK2- +�` H2 MQK#`2 /ǶQ++m``2M+2b /m KQ/mH2 /�Mb HǶ2MiB2`
¨ `û/mB`2 M2 T2mi T�b āi`2 +QMMm ¨ HǶ�p�M+2X �mi`2K2Mi /Bi- QM M2 b�Bi T�b /2 ĿƘ+QK#B2MƘŀ
� ûiû /ûT�bbû H2 KQ/mH2 �T`ĕb mM2 KmHiBTHB+�iBQM /2 /2mt 2MiB2`bX

LQmb TQmpQMb 2MpBb�;2` /ǶQTiBKBb2` H2 KQ/mH2 �}M /2 /BKBMm2` H2 +Qmi +�H+mH�iQB`2 /2
HǶQTû`�iBQM KQ/mH�B`2 2i THmb T�`iB+mHBĕ`2K2Mi /2 H� /BpBbBQMX *2ii2 `û/m+iBQM `2pB2Mi ¨ 7�B`2
mM /û+�H�;2- mM2 KmHiBTHB+�iBQM T�` mM2 +QMbi�Mi2 2i mM2 bQKK2X

S�mH "�``2ii T`QTQb2 /�Mb (k) mM2 Kûi?Q/2 /Ƕ�++ûHû`�iBQM /m +�H+mH /2 `û/m+iBQM /QMi H2
T`BM+BT2 2bi H2 bmBp�Mi ,

_û/m+iBQM /2 SX "�``2ii , PM p2mi +�H+mH2` ֓ � ռ ζπͷ ։ �p2+ /2b KQib K�+?BM2 /2ֆ #Bib- ռ � ։ɞ ûi�Mi `2T`ûb2Miû bm` k KQib- 2i ։ bm` R KQiX SX "�``2ii 2tT`BK2 H� `û/m+iBQM
+QKK2 bmBi , ֓ � ռ ζπͷ ։ ࡇ ֓ � ռ ਷ ঋ ռ։ঌ ੁ ։X aB H2 KQ/mH2 ։ 2bi }t2- BH 2bi TQbbB#H2
/2 T`û+�H+mH2` φ�։ /QMi H� p�H2m` 2bi BM7û`B2m`2 ¨ R 2i /QBi āi`2 biQ+Fû2 /�Mb mM ~Qii�MiX
_�TT2HQMb [m2 HǶQM p2mi `û/mB`2 mM 2MiB2` ռ /2 /2mt KQib /2 ֆ #BibX �}M /2 i`�p�BHH2`
mMB[m2K2Mi �p2+ /2b 2MiB2`b- QM p� /û+�H2` H� K�MiBbb2 /2 φ�։ TQm` H� `2T`ûb2Mi2` /�Mb mM
2MiB2` /2 k KQib- +2 [mB `2pB2Mi ¨ 7�B`2 mM /û+�H�;2 /2 ϵֆ #Bib Qm mM2 KmHiBTHB+�iBQM /2 ϵɞՐ
Qm 2M+Q`2 ΚՐX PM Q#iB2Mi mM2 p�H2m` BMi2`Kû/B�B`2 ֈ � ষΚՐ։ স [mB T2`K2ii`� /Ƕ�TT`Q+?2` H2

[mQiB2Mi ळռ�։ऴ 2M KmHiBTHB�Mi ռ 2i ֈ 2i 2M /BpBb�Mi T�` ΚՐ �}M Ŀ /Ƕ�MMmH2` ŀ H2 T`2KB2`
/û+�H�;2 miBHBbû TQm` `2T`ûb2Mi2` φ�։ /�Mb mM 2MiB2` /2 k KQibX *2+B /QMM2 , ֌ � ঋռ ੁ ֈΚՐ ঌX
J�BMi2M�Mi- BH `2bi2 ¨ +�H+mH2` ֓ � ռ ਷ ։ ੁ ֌X J�Bb mM2 bQmbi`�+iBQM +QM/BiBQMM2HH2 /QBi āi`2

e



RX8 *�H+mHb /2 KQ/mHQ

`û�HBb2` �}M /ǶQ#i2MB` H2 `ûbmHi�i ,

֓ � ৘৖ৗ৖৕ ֓ ਷ ։ ֎ք ֓ ଯ ։֓ ֎ք։֊։
1M 2z2i- HQ`b[m2 HǶQM +�H+mH2 ֈ � ষΚՐ։ স- H� T�`iB2 �m@/2H¨ /2b ΚՐ #Bib- [m2 HǶQM �TT2HH2`�

T�` H� bmBi2 Ŀ[m2m2ŀ- 2bi i`QM[mû2X �BMbB QM �m`� ΚՐ։ � ষΚՐ։ স � ႔- �p2+ ႔ � φ `2T`ûb2Mi�Mi
H� [m2m2 /m ~Qii�MiX SQm` +�H+mH2` H� p�H2m` 2t�+i2 /2 ळռ�։ऴ- BH �m`�Bi 7�HHm +�H+mH2` ,ռ ੁ 	ֈ � ႔
�ΚՐ � ռ ੁ ֈ�ΚȖX

hQmi27QBb- /�Mb H� Kûi?Q/2 T`ûb2Miû2 H� p�H2m` ႔ MǶBMi2`pB2Mi T�b /�Mb H2 +�H+mH- +2 [mB
#B�Bb2 TQi2MiB2HH2K2Mi H2 `ûbmHi�i /ǶmM2 7QBb H� p�H2m` /2 KQ/mH2 ։X *QKK2 BHHmbi`û 2M p2`i
bm` H� };m`2 RXR- HǶ2``2m` ႔ 2bi i`ĕb BM7û`B2m`2 ¨ RX *2T2M/�Mi- HQ`b[m2 HǶQM bQKK2 +2ii2 2``2m`
�}M /2 +�H+mH2` H� p�H2m` 2t�+i2 /2 ळռ�։ऴ QM pQBi [mǶ2HH2 b2 T`QT�;2X 1i THmb T�`iB+mHBĕ`2K2Mi
Dmb[mǶ�mt #Bib 2M D�mM2 bm` H2 b+?ûK� +2 [mB- }M�H2K2Mi- �DQmi2 �m K�tBKmK R ¨ ळռ�։ऴX
1M 2z2i- QM � ႔ � Κ਷Ր 2i ռ � ։ɞ � ΚՐ 2i /QM+ ռ ੁ ႔ � φ #Q`M�Mi ռ ੁ ႔X § MQi2` [m2 THmb
H� #�M/2 D�mM2 2bi H�`;2 UTHmb BH v � /2 R ¨ H� bmBi2V- THmb H� T`Q#�#BHBiû /2 T`QT�;�iBQM /2ռ ੁ ႔ �m@/2bbmb /2 H� pB`;mH2 2bi ûH2pû2X �BMbB- +QKK2 QM M2 +QMM�ŗi T�b ¨ HǶ�p�M+2 H� p�H2m`
/2 ռ- BH 7�mi iQmDQm`b i2bi2` bB +2 T?ûMQKĕM2 bǶ2bi T`Q/mBi- +Ƕ2bi@¨@/B`2 [m2 HǶQM � +�H+mHûळռ�։ऴ ਷ φ �m HB2m /2 ळռ�։ऴ- 2i +2 BM/ûT2M/�KK2Mi /2 H� T`û+BbBQM /2 ႔X

ԝ਷φ ੃ �������������������������� w
Ԝ ੃ ������������������������� w

���������������� RR ��������������ଈԠ , �������������0

ၖ ੁ �ֆ
& ੃ ���������� w
��������������

	Ԝ ੁ Ԑ � & ੁ Ԑ
��ֆ
�������������1�001 w

	ԝ ਷ ၖ
਷φ ੁ �ֆ
Ԝ ੁ Ԑ

	Ԝ ੁ Ԑ
��ֆ

& ੁ Ԑ

6B;m`2 RXR Ĝ 1t2KTH2 `2T`ûb2Miû 2M #BM�B`2 /2 HǶ2z2i T`Q/mBi T�` HǶ�``QM/B /2 φ�։X

�H;Q`Bi?K j _û/m+iBQM /2 "�``2ii
_2[mB`2 , Ԑ � ԝϵ
R , T`Q+2/m`2 "�``2ii_2/m+iBQMU�- KV

k , Ԝ ݁ ষ�ֆԝ স ௃ �ֆ- j KQib

j , Ԡ ݁ ঋԐ ੁ Ԝ�ֆ ঌ ௃ ��� ੎ ��� ݂ ��� #Bib
9 , ԧ ݁ Ԑ ਷ ԝ ੁ Ԡ
8 , B7 ԧ ଯ ԝ i?2M
e , ԧ ݁ ԧ ਷ ԝ
d , 2M/ B7
3 , `2im`M ԧ
N , 2M/ T`Q+2/m`2
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_öb2�mt /ǰB/ö�mt 2i TQHvMƦK2b

�ii2MiBQM- +2i �H;Q`Bi?K2 T2mi TQb2` /2b T`Q#HĕK2b i2+?MB[m2b HQ`b /ǶmM2 `û/m+iBQM TQm`
/2mt `�BbQMb ,

RX G2 +�H+mH /2 H� HB;M2 k /2 HǶ�H;Q`Bi?K2 j- `2pB2Mi ¨ 7�B`2 mM /û+�H�;2 bm` H� ;�m+?2
/2b #Bib /2 ։਷ȯX SQm` +�H+mH2` ϵɞՐ 2i H2 /BpBb2` T�` ։ BH 7�mi T�bb2` T�` mM MQK#`2
bm` i`QBb KQib +�` /2mt KQib T2mp2Mi +QMi2MB` H2b 2MiB2`b 2Mi`2 y 2i ϵɞՐ ਷ φ- +2 [mB
MǶ2bi T�b ;û`û M�iBp2K2Mi bB +2b /2`MB2`b bQMi /2 e9 #BibX

kX G� KmHiBTHB+�iBQM /2 H� HB;M2 j /2 HǶ�H;Q`Bi?K2 j- b2 i`Qmp2 2Mi`2 /2mt 2MiB2`b /2 /2mt
KQib Qm 2Mi`2 mM 2MiB2` /2 /2mt KQib 2i mM 2MiB2` /ǶmM b2mHX .2 MQmp2�m- miBHBbû
�p2+ /2b KQib /2 e9 #Bib- BH 7�m/`�Bi biQ+F2` H2 `ûbmHi�i /�Mb /2b `2;Bbi`2b /2 THmb /2
Rk3 #Bib [mB MǶ2tBbi2Mi T�b 2M+Q`2 M�iBp2K2Mi /�Mb H2b T`Q+2bb2m`b /ǶQ`/BM�i2m`b /2
#m`2�mX G2 i`�Bi2K2Mi /2 +2b MQK#`2b 2M;2M/`2 /QM+ mM bm`+Qȿi bB;MB}+�iB7- +2 [mB
i2`MBi HǶ�p�Mi�;2 Q#i2Mm 2M ûpBi�Mi H� /BpBbBQMX

JmHiBTHB+�iBQM KQ/mH�B`2 /2 oX a?QmT , PM p2mi +�H+mH2` ֍ � ռ ੁ ս ζπͷ ։ �p2+
/2b KQib K�+?BM2 /2 ֆ #Bib- M � ϵՐ- � 2i # ୮ <ЈӴ ։
X *2i �H;Q`Bi?K2 i2Mi2 /2 `ûTQM/`2 �m
KāK2 T`Q#HĕK2 [m2 +2HmB /2 "�``2ii 2M bmTT`BK�Mi HǶmM2 /2b +QMi`�BMi2b , /2b QTû`�iBQMb bm`
/2b /QMMû2b +Q``2bTQM/�Mi ¨ i`QBb Qm [m�i`2 KQib K�+?BM2X �BMbB- oX a?QmT T`QTQb2 /�Mb
(8R) mM �H;Q`Bi?K2 [mB `û/mBi KQ/mHQ mM 2MiB2` H2 `ûbmHi�i /ǶmM2 KmHiBTHB+�iBQM 2M T�bb�Mi
T�` /2b /QMMû2b [mB bǶ2tT`BK2 2M �m THmb /2mt KQib K�+?BM2X *2T2M/�Mi- H� i2+?MB[m2
BMi`Q/mBi mM T`û+�H+mH bm` HǶmM2 /2b QTû`�M/2b UH2b +Q2{+B2Mi /Bib Ŀ/2 L2riQMŀV- [m2 HǶQM
p2``� T�` H� bmBi2X

1M T`2KB2` HB2m- QM p� û+`B`2 ռ ੁ ս ζπͷ ։ � ռ ੁ ս ਷ ֌ ੁ ։- �p2+ ֌ H2 [mQiB2Mi /2 H� /BpBbBQM
2m+HB/B2MM2 /2 ռ ੁ ս T�` ։X AH 7�mi �HQ`b i`Qmp2` mM2 Kûi?Q/2 TQm` +�H+mH2` ֌ b�Mb miBHBb2` /2
~Qii�Mib 2i b�Mb �pQB` /2 `ûbmHi�ib BMi2`Kû/B�B`2b bmTû`B2m`b ¨ ϵɞՐ UTHmb ;`�M/ [m2 k KQib
K�+?BM2VX L�śp2K2Mi- QM T2mi +�H+mH2` ֌ � ռ ੁ ս։ K�Bb +2ii2 Kûi?Q/2 MǶ� T�b /ǶBMiû`āi /�Mb
H2 +�b T`ûb2Mi- +�` 2HH2 Q#HB;2- bQBi /2 7�B`2 mM2 /BpBbBQM T�` ։ ¨ +?�[m2 �TT2H U`�TT2H , H2b
/BpBbBQMb bQMi H2Mi2bV- bQBi /2 +�H+mH2` φ�։ TmBb /2 7�B`2 ռ ੁ ս ੁ φ�։ TQm` `2i`Qmp2` H2b KāK2b
/B{+mHiûb [mǶ�p2+ HǶ�H;Q`Bi?K2 /2 "�``2iiX

�}M /2 `ûbQm/`2 mM2 T�`iB2 /m T`Q#HĕK2- HǶB/û2 2bi H� bmBp�Mi2 , QM T2mi ĿbQ`iB`ŀ
mM2 T�`iB2 /m +�H+mH +QKK2 bmBi , ֌ � ռ ੁ ս։ � ռ ੁ ս։ X *QKK2 QM M2 T2mi iQmDQm`b T�b
+�H+mH2` /B`2+i2K2Mi ֌ b�Mb miBHBb2` /2 ~Qii�Mi bQmb +2ii2 7Q`K2- QM p� /Ƕ�#Q`/ T`û+�H+mH2`
BM/ûT2M/�KK2Mi mM2 �TT`QtBK�iBQM /2 ՇՓ �p2+ TQm` Q#D2+iB7 /2 b2 bûT�`2` /2b ~Qii�MibX
*2T2M/�Mi ՇՓ � φ +�` ս � ։- H2 `ûbmHi�i /2 +2ii2 /BpBbBQM M2 iB2Mi T�b /�Mb mM `2;Bbi`2
/Ƕ2MiB2`X PM p� �HQ`b /û+�H2` ՇՓ /2 ֆ #Bib �}M /2 7�B`2 i2MB` H2 `ûbmHi�i bm` mM 2MiB2`- `2p2M�Mi

¨ KmHiBTHB2` T�` ϵՐ 2i i`QM[m2` H2 `2bi2- +2 [mB /QMM2 ս஬ � ষϵՐ ੁ ս։ সX SmBb- ¨ T�`iB` /2 ս஬ QM

T2mi Q#i2MB` H2 [mQiB2Mi ֌X 1M 2z2i- bB QM /ûp2HQTT2 ռ ੁ ս஬ QM � , ռ ੁ ս஬ ஈ ռ ੁ ս ੁ ϵՐ։ - QM pQBi
[mǶBH `2bi2 ϵՐ- /QM+ TQm` i`Qmp2` ֌ BH 7�mi H2 bmTT`BK2` 2M /BpBb�Mi T�` ϵՐX *2+B ûMQM+û- QM
T2mi 2tT`BK2` ֌ i2H [m2 ֌ � ভռ ੁ ս ੁ ϵՐ։ মϵՐ
hQmi27QBb- bB QM +�H+mH2 ষռ ੁ ս஬ϵՐ স MQmb �pQMb mM2 �TT`QtBK�iBQM /2 ֌ +�` ս஬ � ষϵՐ ੁ ս։ স �ϵՐ ੁ ս։ ਷ ႔ TQm` mM ႔ BM7û`B2m` ¨ mMX

�BMbB- bB QM +�H+mH2 ֍ � ռ ੁ ս ਷ ষռ ੁ ս஬ϵՐ স ੁ ։- BH 7�m/`�- ¨ HǶBMbi�` /2 H� `û/m+iBQM /2 "�``2ii-
+Q``B;2` �p2+ mM2 bQmbi`�+iBQM +QM/BiBQMM2HH2 ֍ ,

֍ � ৘৖ৗ৖৕ ֍ ਷ ։ ֎ք ֍ ଯ ։֍ ֎ք։֊։
GǶ2z2i /Ƕ�KTHB}+�iBQM /2 HǶ2``2m` /Ƕ�``QM/B 2bi /Ƕ�BHH2m`b T`Q+?2 /2 +2HmB /2 HǶ�H;Q`Bi?K2 /2

3



RX8 *�H+mHb /2 KQ/mHQ

"�``2ii- 2i bB QM 2tT`BK2 H2b /2mt 2``2m`b +QKK2 bmBi ,	φ
 ੃ Ј ମ ս ੁ ϵՐ։ ਷ ս஬ � φ 2i 	ϵ
 ੃ Ј ମ ռ ੁ ս஬ϵՐ ਷ ֌ � φ
�p2+ 	φ
 `2T`ûb2Mi�Mi HǶ2``2m` /Ƕ�``QM/B T`Q/mBi2 HQ`b /m +�H+mH /2 ս஬ 2i 	ϵ
 +2HH2 T`Q/mBi2
HQ`b /2 HǶ�``QM/Bi /m +�H+mH /2 ֌X SmBb- [m2 HǶQM +?2`+?2 2tT`BK2` ֍ ¨ T�`iB` /2 	φ
 2i 	ϵ
- QM
p� KmHiBTHB2` 	φ
 T�` ՆੁՓɞՐ 2i 	ϵ
 T�` ։- +2 [mB /QMM2 ,	ϯ
 ੃ Ј ମ ռ ੁ ս ਷ ռ ੁ ս஬ ੁ ։ϵՐ � ռ ੁ ։ϵՐ ր֏ 	Κ
 ੃ ռ ੁ ս஬ ੁ ։ϵՐ ਷ ֌ ੁ ։ � ։
SmBb QM �//BiBQMM2 	ϯ
 2i 	Κ
 ,Ј ମ ռ ੁ ս ਷ ռ ੁ ս஬ ੁ ։ϵՐ � ռ ੁ ս஬ ੁ ։ϵՐ ਷ ֌ ੁ ։ � ։ � ռ ੁ ։ϵՐ

ࡇ Ј ମ ռ ੁ ս ਷ ֌ ੁ ։ � ։ � ռ ੁ ։ϵՐ
hQmi27QBb- ռ ੁ ։ϵՐ � ։ +�` ռ � ։ � ϵՐ- /QM+ ,Ј ମ ռ ੁ ս ਷ ֌ ੁ ։ � ϵ։
S�` +QMbû[m2Mi- bB QM �TT`Q+?2 ֌ T�` ষռ ੁ ս஬ϵՐ স- BH 7�mi pû`B}2` bǶBH 7�mi �DQmi2` mM ¨ +2 +�H+mH
BMi2`Kû/B�B`2 TQm` #B2M Q#i2MB` ֌X

*2i �H;Q`Bi?K2 � mM �p�Mi�;2 7�+2 ¨ H� `û/m+iBQM /2 "�``2ii , BH MǶv � T�b /2 +�b Qɍ
j KQib K�+?BM2 bQMi Mû+2bb�B`2bX 1M `2p�M+?2- BH 7�mi mM T`û+�H+mH TQm` +?�[m2 QTû`�M/2սX J�Bb H2 +Qȿi /2 +2 T`û+�H+mH T2mi āi`2 �KQ`iB bB `ûmiBHBbû- +2 [mB 2bi T�`iB+mHBĕ`2K2Mi
BMiû`2bb�Mi HQ`b /ǶmM SA_ HQ`b[m2 H2 MQK#`2 ս `2T`ûb2Mi2 mM ûHûK2Mi /ǶmM2 #�b2 /2 /QMMû2bX

�H;Q`Bi?K 9 JmHiBTHB+�iBQM KQ/mH�B`2 /2 oX a?QmT
_2[mB`2 , Ԑ
 ԑ ୮ <�
 ԝ
- �p2+ ԝ � ၓ��- 2i ԑ஥ � ळ�ֆ ੁ ԑ�ԝऴ T`û+�H+mHûX
1Mbm`2 , ԡ � Ԑ ੁ ԑ NPE ԝ
R , T`Q+2/m`2 JmHJQ/U�- #- #ǶV
k , Ԡ ݁ ळԑ஥ ੁ Ԑ��ֆऴ ௃ S�`iB2 ?�mi2 /m T`Q/mBi #Ƕ�
j , ԡ ݁ 	Ԑ ੁ ԑ
 ਷ 	Ԡ ੁ ԝ

9 , B7 ԡ ଯ ԝ i?2M
8 , ԡ ݁ ԡ ਷ ԝ
e , 2M/ B7
d , `2im`M `
3 , 2M/ T`Q+2/m`2

_û/m+iBQM `�TB/2 , AH 2tBbi2 û;�H2K2Mi /Ƕ�mi`2b �H;Q`Bi?K2b /2 `û/m+iBQM THmb bQT?Bb@
iB[mûb i2Hb [m2 +2HmB [m2 MQmb �pQMb T`ûb2Miû /�Mb (R)- `2T`Q/mBi B+B T�` HǶ�H;Q`Bi?K2 8X PM
miBHBb2`� mM2 MQi�iBQM bmTTHûK2Mi�B`2 TQm` mM MQK#`2 bm` /2mt KQib ֓ � ਓ֓ȯӴ ֓ɱਔ �p2+֓ɱ H2 T`2KB2` KQi /2 ֓ 2i ֓ȯ H2 b2+QM/X .�Mb +2ii2 T`QTQbBiBQM- QM +?2`+?2 ¨ +�H+mH2`
2{+�+2K2Mi ռ ζπͷ ։ �p2+ ռ � ਓռȯӴ ռɱਔ 2i ։ pû`B}�Mi HǶBMû[m�iBQM RXR /QMi H� Mû+2bbBiû
b2`� 2tTHB[mû2 T�` H� bmBi2X	φ � φ�ϵɘӲɱ
 ੁ ႑�	ϵɞӲɱ � φ
 � ։ � ႑�ϵɞӲɱ URXRV

�p2+ ӵɱ mM +2`i�BM MQK#`2 /2 #Bib /2 K�`;2 i2H [m2 Ј � ӵɱ � ӵX

N



_öb2�mt /ǰB/ö�mt 2i TQHvMƦK2b

*QKK2 TQm` HǶ�H;Q`Bi?K2 /2 SX"�``2ii- QM +?2`+?2 ¨ /ûi2`KBM2` H2 [mQiB2Mi /2 H� /BpBbBQM
2m+HB/B2MM2 /2 ռ T�` ։ 2M +�H+mH�Mi φ�։X *QKK2 QM M2 bQm?�Bi2 T�b miBHBb2` /2 ~Qii�Mi
QM p� /û+�H2` HǶBMp2`b2 /2 ։ �}M /2 H2 7�B`2 i2MB` bm` mM 2MiB2` /2 k KQib +2 [mB /QMM2 ,ֈ � ষ႑ɞ֋ সX *Ƕ2bi T`û+BbûK2Mi B+B [m2 DQm2 H� +QMi`�BMi2 /2 HǶBMû[m�iBQM RXR �TTHB[mû2 ¨ ։X

1M 2z2i- +2ii2 /2`MBĕ`2 �bbm`2 [m2 H� 7Q`K2 /2 ֈ b2`� H� bmBp�Mi2 ֈ � ਓϵӲɱӴ ֈɱਔX
*2+B MQmb �KĕM2 �m +�H+mH /2 ֌X *QKK2 QM +QMM�Bi ¨ HǶ�p�M+2 H� 7Q`K2 /2 ֈ- QM T2mi

b2 T2`K2ii`2 /2 +QMb2`p2` b2mH2K2Mi ֈɱX *2T2M/�Mi- QM M2 T2mi T�b +�H+mH2` /B`2+i2K2Mi
mM2 �TT`QtBK�iBQM /2 ֌ T�` ռ ੁ ֈ +�` ռ- 2i ֈ bQMi bm` /2mt KQib- 2i H2m` T`Q/mBi bm`
[m�i`2X úim/BQMb +2 T`Q/mBi 2M H2 /ûp2HQTT�Mi TQm` +QKT`2M/`2 +QKK2Mi ûpBi2` /2 T�bb2`
T�` [m�i`2 KQib K�+?BM2 ,ռ ੁ ֈ � ռɱ ੁ ֈɱ � ႑	ռȯ ੁ ֈɱ
 � ႑	ռɱ ੁ ϵӲɱ
 � ႑ɞ	ռȯ ੁ ϵӲɱ
ӳ
SQm` +�H+mH2` ֌ MQmb /2pQMb /BpBb2` ռ ੁ ֈ T�` ႑ɞ TQm` Ŀ�MMmH2`ŀ H2 T`2KB2` /û+�H�;2 `û�HBbû
2M +�H+mH�Mi ֈ , ռ ੁ ֈ႑ɞ � ռɱ ੁ ֈɱ႑ɞ়�ȯ �	ռȯ ੁ ֈɱ
႑ � 	ռɱ ੁ ϵӲɱ
႑ � 	ռȯ ੁ ϵӲɱ
ӳ
PM `2K�`[m2 [m2 /�Mb H2 `ûbmHi�i }M�H 	ռɱੁֈɱ
�႑ɞ b2`� i`ĕb T2m bB;MB}+�iB7- +�` 7`�+iBQMM�B`2-
2i QM T2mi b2 T2`K2ii`� /QM+ /2 HǶB;MQ`2` /�Mb H2 +�H+mHX hQmi27QBb- BH `2bi2 mM ;`�M/ MQK#`2
/2 /BpBbBQMb T2m T`�iB[m2bX �BMbB MQmb �HHQMb /�Mb mM T`2KB2` i2KTb MQi2` ֌ � ռ ੁ ֈ�႑ 2i
HǶ�TT`Q+?2` T�` , ռȯ ੁ ֈɱ � ռɱ ੁ ϵӲɱ � ႑	ռȯ ੁ ϵӲɱ
 � ռȯ ੁ ֈɱ � ϵӲɱ ੁ ռ
+�` ϵӲɱ	ռɱ � ႑ռȯ
ք � ϵӲɱ ੁ ռX

§ HǶBMbi�` /2b T`û+û/2Mib �H;Q`Bi?K2b BH 7�mi pû`B}2` bB HQ`b /m +�H+mH /2 ֍ QM � miBHBbûळռ�։ऴ ਷ φ 2M HB2m 2i TH�+2 /2 ळռ�։ऴX SQm` H2 T`Qmp2`- QM p� /Ƕ�#Q`/ +?2`+?2` ¨ 2tT`BK2` ֍
�p2+ H2b /Bzû`2Mi2b T�`iB2b [m2 HǶQM i`QM[m2 �m +Qm`b /2 HǶ�H;Q`Bi?K2X֍ � ռ ਷ ড ֌႑ঢ ੁ ։ ζπͷ ႑
SmBb QM /ûp2HQTT2 ֌ �p2+ H� 7Q`KmH2 miBHBbû2 /�Mb H� HB;M2 k /2 HǶ�H;Q`Bi?K2 ,֍ � ռɱ ਷ ষֈɱ ੁ ռȯ � ϵӲɱ ੁ ռ႑ স ੁ ։ ζπͷ ႑

PM � bm#biBimû ռ T�` ռɱ TQm` H� KāK2 `�BbQM [m2 +2HH2 /û+`Bi2 TQm` H� `û/m+iBQM /2
oX a?QmT- +�` QM b�Bi [m2 H2 `ûbmHi�i /2 H� bQmbi`�+iBQM pû`B}2 ֍ � ႑X J�BMi2M�Mi- QM p�
+?2`+?2` ¨ �DQmi2` H2b /2mt 2``2m`b ¨ H� 7Q`KmH2 /2 ֍X

G� T`2KBĕ`2 2``2m` �TT�`�Bi /�Mb H2 +�H+mH /2 ֈ HQ`b /2 H� i`QM+�im`2- +Ƕ2bi H� T�`iB2
7`�+iBQMM�B`2 /2 ֈX PM MQKK2 +2ii2 2``2m` ႔ 2i QM � ႔ � ႑ɞ ਷ ֈ ੁ ։X �}M /ǶBMi`Q/mB`2 THmb
�BbûK2Mi ႔ /�Mb HǶ2tT`2bbBQM /2 ֍- QM /ûi2`KBM2 , ֈɱ ੁ ։ � ႑ɞ ਷ ႔ ਷ ႑ϵӲɱ։X

G� b2+QM/2 bǶ2tT`BK2 HQ`b /2 H� /BpBbBQM ֌ 2z2+imû2 2M HB;M2 jX *QKK2 ֌ � ֌ɱ � ႑֌ȯ-ळ֌�႑ऴ � ֌ȯ- QM QK2i ֌ɱ- +2 [mB T2`K2i /Ƕû+`B`2 ळ֌�႑ऴ � 	֌ ਷ ֌ɱ
�႑X PM Q#iB2Mi �HQ`b TQm`֍ , ֍ � ռɱ ਷ ռȯ ੁ ႑ɞ ਷ ռȯ ੁ ႔ ਷ ռȯ ੁ ႑ϵӲɱ։ � ռ ੁ ϵӲɱ ੁ ։ ਷ ֌ɱ ੁ ։႑ ζπͷ ႑
PM BMp2`b2 H2 bB;M2 /2p�Mi H� 7`�+iBQM 2i HǶQM 7�Bi /BbT�`�Bi`2 ռȯ ੁ ႑ɞ�႑ +�` ռȯ ੁ ႑ɞ�႑ �ռȯ ੁ ႑ ଉ Ј ζπͷ ႑ c QM � �HQ`b ,֍ � ռɱ � ռȯ ੁ ႔ � ռȯ ੁ ႑ϵӲɱ։ ਷ ռ ੁ ϵӲɱ ੁ ։ � ֌ɱ ੁ ։႑ ζπͷ ႑ URXkV

J�BMi2M�Mi- QM `ûQ`;�MBb2 RXk �}M /2 7�B`2 �TT�`�Bi`2 /2mt T�`iB2b /BbiBM+i2b [mB bBKTHB@

Ry



RXe _2T`öb2Mi�iBQM *_h , i?öQ`ĐK2 /2b `2bi2b *?BMQBb

}2Mi H� `2+?2`+?2 /ǶmM2 #Q`M2 bmTû`B2m`2- +2 [mB /QMM2 ,֍ � ভռɱ ਷ ռɱ ੁ ϵӲɱ ੁ ։႑ ম � ռȯ ੁ ႔ � ֌ɱ ੁ ։႑
+�`	ռȯ ੁ ႑ϵӲɱ։ ਷ ռ ੁ ϵӲɱ ੁ ։
�႑ � 	ռȯ ੁ ႑ϵӲɱ։ ਷ 	ռɱ ੁ ϵӲɱ ੁ ։ � ռȯ႑ ੁ ϵӲɱ ੁ ։

�႑ � ਷ռɱ ϵӲɱ ੁ ։႑ ӳ
§ T�`iB` /2 +2ii2 2tT`2bbBQM /2 ֍ QM pQBi +H�B`2K2Mi b2 /û}MB` H� #Q`M2 bmTû`B2m`2 /2 ֍ [mB
2bi /2 ϵ ੁ ։X 1M b2 `�TT2H�Mi [m2 ռ ମ ႑ɞ- QM � ,Ј ମ ভռɱ ਷ ռɱ ੁ ϵӲɱ ੁ ։႑ ম৷৸৸৸৹৸৸৸৺�Փӱ +�` ɞӲɱੁՓၲ �ȯ

� ռȯ ੁ ႔ � ֌ɱ ੁ ։႑৷৸৸৹৸৸৺�Փӱ +�` Նȯၵ 2i ՖɱՓ�Փɞ
� ϵ ੁ ։

*2 [mB KQMi`2 TQm`[mQB mM2 bQmbi`�+iBQM +QM/BiBQMM2HH2 }M�H2 2bi Mû+2bb�B`2 2i bm{b�Mi2
TQm` Q#i2MB` ֍ � ռ ζπͷ ։X

�p�Mi�;2b , *2ii2 Kûi?Q/2 /2 `û/m+iBQM KQ/mH�B`2 2bi i`ĕb T2`7Q`K�Mi2 bB HǶQM `2bT2+i2
H� +QMi`�BMi2 BKTQbû2 bm` H2 KQ/mH2X .2 THmb- QM T2mi T`û+�H+mH2` H� p�H2m` ֈ +2 [mB 2bi
T�`iB+mHBĕ`2K2Mi �p�Mi�;2mt T�` `�TTQ`i ¨ H� KmHiBTHB+�iBQM KQ/mH�B`2 /2 oX a?QmTX 17@
72+iBp2K2Mi- HQ`b[m2 HǶQM `û�HBb2 /2b QTû`�iBQMb �`Bi?KûiB[m2b bm` H2b TQHvMƬK2b- H2 KQ/mH2
miBHBbû 2bi H2 KāK2 TQm` iQmb H2b +Q2{+B2MibX .2 THmb- HǶ�H;Q`Bi?K2 MǶûi�Mi T�b /ûT2M/�Mi /2
HǶQTû`�M/2- BH 2bi iQmi ¨ 7�Bi miBHBb�#H2 2M /2?Q`b /ǶmM T`QiQ+QH2 SA_ T�` 2t2KTH2X

�H;Q`Bi?K 8 _û/m+iBQM KQ/mH�B`2
_2[mB`2 , Ԑ � Ԑφ
 ԐЈ 2i ԝ pû`B}2 URXRV- � ମ ԢЈ ମ ӯ ਷ � #Bib /2 K�`;2 2i ԜЈ �ळၓϵ�ԝऴ NPE ၓ
R , T`Q+2/m`2 _2/m+iBQMU�V
k , Ԡ ݁ ԜЈ ੁ Ԑφ � �֎ɱ ੁ Ԑ NPE ၓϵ ௃ ஈ 	ԥ ੁ Ԑ
�ၓ
j , ԡ ݁ Ԑ ਷ ळԠ�ၓऴ ੁ ԝ NPE ၓ ௃ KmHHQr
9 , B7 ԡ ଯ ԝ i?2M
8 , ԡ ݁ ԡ ਷ ԝ
e , 2M/ B7
d , `2im`M `
3 , 2M/ T`Q+2/m`2

RXe _2T`ûb2Mi�iBQM *_h , i?ûQ`ĕK2 /2b `2bi2b *?BMQBb
Cmb[mǶ¨ K�BMi2M�Mi- MQmb bmTTQbBQMb [mǶmM `2;Bbi`2 TQmp�Bi +QMi2MB` 2MiBĕ`2K2Mi mM

KQ/mH2X .�Mb H2 +�b +QMi`�B`2- /2mt TQbbB#BHBiûb bǶQz`2Mi ¨ MQmbX
G� T`2KBĕ`2 TQbbB#BHBiû 2bi /ǶmiBHBb2` /2b #B#HBQi?ĕ[m2b bTû+B�HBbû2b /�Mb H� ;2biBQM

/Ƕ2MiB2`b /2 i�BHH2 �`#Bi`�B`2X *2T2M/�Mi- +2b #B#HBQi?ĕ[m2b T`QTQb2Mi /2 i`ĕb MQK#`2mb2b
7QM+iBQMM�HBiûb [mB M2 bQMi T�b Mû+2bb�B`2b HQ`b /ǶQTû`�iBQMb �`Bi?KûiB[m2b +QKK2 +2HH2b
T`ûb2Miû2b T`û+û/2KK2MiX .2 THmb- 2HH2b bQMi Q`B2Miû2b p2`b mM mb�;2 ;ûMû`�H2 2i /QM+ M2
T2mp2Mi T�b b2 T2`K2ii`2 H2 KāK2 MBp2�m /ǶQTiBKBb�iBQM [mǶ2M b2 7Q+�HBb�Mi bm` H2 +�b /2b
`ûb2�mt /2 TQHvMƬK2bX

G� b2+QM/2 TQbbB#BHBiû 2bi /2 /û+QKTQb2` H2 KQ/mH2 /2 ;`�M/2 i�BHH2 2M mM 2Mb2K#H2 /2
bQmb KQ/mH2b TQmp�Mi āi`2 +QMi2Mmb +?�+mM /�Mb mM b2mH `2;Bbi`2X lM2 7QBb H2b QTû`�iBQMb
�`Bi?KûiB[m2b 2z2+imû2b- QM �bb2K#H2 +2b bQmb@KQ/mH2b �}M /2 `2+QMbi`mB`2 H2 `ûbmHi�iX *2ii2
�TT`Q+?2 2bi mM2 �TTHB+�iBQM /m i?ûQ`ĕK2 /2b `2bi2b +?BMQBb [m2 HǶQM T2mi ûMQM+2` +QKK2
bmBi ,

RR



_öb2�mt /ǰB/ö�mt 2i TQHvMƦK2b

.û}MBiBQM RX aQB2Mi ֆ MQK#`2b 2MiB2`b ֋ȯӴ ֋ɞӴ w Ӵ ֋Ր T`2KB2`b 2Mi`2 2mt /2mt@¨@/2mt 2i֋ � ௵ՐՎ�ȯ ֋ՎX AH 2tBbi2 mM BbQKQ`T?BbK2 /Ƕ�MM2�m 2Mi`2 HǶ�MM2�m /2b 2MiB2`b KQ/mHQ ֋ 2i H2
T`Q/mBi /2b �MM2�mt /2b 2MiB2`b KQ/mHQ ֋Վ TQm` ք �HH�Mi /2 φ ¨ ֆX

G� MQiBQM /ǶBbQKQ`T?BbK2 BKTHB[m2 ,
ě [mǶBH 2tBbi2 mM2 7QM+iBQM #BD2+iBp2 T2`K2ii�Mi /2 T�bb2` /ǶmM 2MiB2` ֓ KQ/mHQ ֋ ¨ mM

p2+i2m` /Ƕ2MiB2`b 	֍ȯӴ ֍ɞӴ w Ӵ ֍Ր
 KQ/mHQ H2b T`2KB2`b ֋ȯӴ ֋ɞӴ w Ӵ ֋Ր 2i BMp2`b2K2Mi c
ě [mǶBH 2bi TQbbB#H2 /2 `û�HBb2` /2b bQKK2b 2i /2b T`Q/mBib /�Mb mM2 bBim�iBQM U�p2+

/2b MQK#`2b KQ/mHQ ֋V +QKK2 /�Mb HǶ�mi`2 U�p2+ /2b p2+i2m`b /2 MQK#`2b KQ/mHQ֋ȯӴ ֋ɞӴ w Ӵ ֋ՐV 2i /2 T�bb2` /ǶmM2 `2T`ûb2Mi�iBQM ¨ HǶ�mi`2 [m�M/ +2H� MQmb �``�M;2X
SQm` T�bb2` /ǶmM ;`�M/ MQK#`2 ֓ KQ/mHQ ֋ ¨ mM p2+i2m` /2 MQK#`2b BH bm{i /2 +�H+mH2` H2b

`2bi2b KQ/mHQ H2b T2iBib T`2KB2`b 	֍ȯӴ ֍ɞӴ w Ӵ ֍Ր
 � 	֓ ζπͷ ֋ȯӴ ֓ ζπͷ ֋ɞӴ w Ӵ ֓ ζπͷ ֋Ր
X
G2 T�bb�;2 BMp2`b2 2bi THmb +QKTHB[mûX

RXeXR _2Hĕp2K2Mi
GǶQTû`�iBQM /2 `2+QMbi`m+iBQM /m `ûbmHi�i KQ/mHQ mM ;`�M/ 2MiB2` ¨ T�`iB` /2b `2bi2b

KQ/mHQ /2b 7�+i2m`b /2 +2i 2MiB2` 2bi �TT2Hû2 `2Hĕp2K2MiX
G� bQHmiBQM 2bi /QMMû2 T�` H� 7Q`KmH2 ֓ � ֍ȯ ੁ 	֋�֋ȯ
 ੁ ֔ȯ � ੈ � ֍Ր ੁ 	֋�֋Ր
 ੁ ֔Ր �p2+֔Վ � 	֋�֋Վ
਷ȯֈ֊տ֋Վ HǶBMp2`b2 /2 	֋�֋Վ
 KQ/mHQ ֋ՎX

G2 +�H+mH /2 	֋�֋Վ
਷ȯ֓ b2 7�Bi 2M +QK#BM�Mi HǶ�H;Q`Bi?K2 ûi2M/m /Ƕ1m+HB/2 2i HǶB/2MiBiû /2
"ûxQmiX

A/2MiBiû /2 "ûxQmi , aQB2Mi ռ 2i ս /2mt 2MiB2`b `2H�iB7b 2i տ H2m` S:*. �HQ`b- BH 2tBbi2
/2mt 2MiB2`b ֐ 2i ֑ i2Hb [m2 ռ ੁ ֐ � ս ੁ ֑ � տX

*QKK2 H2b T`2KB2`b ֋ȯӴ ֋ɞӴ w Ӵ ֋Ր bQMi T`2KB2`b 2Mi`2 2mt- ֋�֋Վ 2i ֋Վ bQMi T`2KB2`b 2Mi`2
2mt 2i HǶB/2MiBiû /2 "ûxQmi MQmb �bbm`2 /QM+ [mǶBH 2tBbi2 Ӵ֐	 ֑
 i2H [m2 	֋�֋Վ
 ੁ ֐ � ֋Վ ੁ ֑ � φX
*QKK2 	֋�֋Վ
 ੁ ֐ � φ ζπͷ ֋Վ- QM � ֐ 2bi HǶBMp2`b2 `2+?2`+?ûX GǶQ#i2MiBQM /2 ֐ 2i ֑ b2
7�Bi T�` HǶ�H;Q`Bi?K2 /Ƕ1m+HB/2 ûi2M/mX

RXeXk _2T`ûb2Mi�iBQM /2b TQHvMƬK2b KQ/mHQ mM ;`�M/ MQK#`2
G2b TQHvMƬK2b �p2+ H2b[m2Hb MQmb i`�p�BHH2`QMb QMi /2b +Q2{+B2Mib `û/mBib KQ@

/mHQ mM ;`�M/ MQK#`2 ֋ [mB 2bi H2 T`Q/mBi /2 T`2KB2`b ֋ȯӴ ֋ɞӴ w Ӵ ֋ՐX G2b TQHvMƬK2b
2mt@KāK2b- +QKK2 /ûD¨ /Bi- b2`QMi `û/mBib KQ/mHQ mM TQHvMƬK2 /2 H� 7Q`K2 ЁՓ �φX �BMbB H2b +Q2{+B2Mib /ǶmM TQHvMƬK2 ͗ TQm``QMi āi`2 `2T`ûb2Miûb +QKK2 mM p2+@
i2m` /2 MQK#`2b KQ/mHQ ֋- 	ռɱӴ w Ӵ ռՓ਷ȯ
- K�Bb �mbbB +QKK2 mM p2+i2m` /2 p2+i2m`b		ռɱӱɱӴ w Ӵ ռՐ਷ȯӱɱ
Ӵ w Ӵ 	ռɱӱՓ਷ȯӴ w Ӵ ռՐ਷ȯӱՓ਷ȯ

 2M miBHBb�Mi H� `2T`ûb2Mi�iBQM *_h TQm`
+?�+mM /2b +Q2{+B2MibX �BMbB ռՎӱՏ `2T`ûb2Mi2 H2 օ@ĕK2 +Q2{+B2Mi /m TQHvMƬK2 ͗- `û/mBi
KQ/mHQ ֋ՎX

.2 7�ÏQM +QKTHĕi2K2Mi û[mBp�H2Mi2- 2M `ûQ`/QMM�Mi H2b +Q2{+B2Mib- QM T2mi `2T`ûb2Mi2`
H2 TQHvMƬK2 T�` H2 p2+i2m` 		ռɱӱɱӴ w Ӵ ռɱӱՓ਷ȯ
Ӵ w Ӵ 	ռՐ਷ȯӱɱӴ w Ӵ ռՐ਷ȯӱՓ਷ȯ

- +Ƕ2bi ¨ /B`2 H�
Dmti�TQbBiBQM /2 ͗ ζπͷ ֋ȯӴ ͗ ζπͷ ֋ɞӴ w Ӵ ͗ ζπͷ ֋ՐX 1M T`�iB[m2 +2+B û[mBp�mi ¨ +QMbB@
/û`2` [m2 ͗ 2bi 7Q`Kû /2 ֆ bQmb@TQHvMƬK2b [mB bQMi H2b p2`bBQM `û/mBi2b /2 ͗ KQ/mHQ֋ȯӴ w Ӵ ֋ՐX

SQm` +2ii2 `2T`ûb2Mi�iBQM- MQmb /2pQMb /û}MB` /2 MQmp2�mt �H;Q`Bi?K2b /2 bQKK2 2i
T`Q/mBi /2 TQHvMƬK2bX

RXeXj aQKK2 *_h
SQm` H� bQKK2- HǶ�H;Q`Bi?K2 +�H+mH2 H2b �//BiBQMb TQm` +?�[m2 bQmb@KQ/mH2X JQ/B}û-

HǶ�H;Q`Bi?K2 T`2M/ H� 7Q`K2 bmBp�Mi2 ,
aQB2Mi ͗ 2i ͢ /2mt 2Mb2K#H2b /2 ֆ bQmb@TQHvMƬK2b /2 /2;`ûb ։ ਷ φ /QMi H2b օ@ĕK2

+Q2{+B2Mib /m ք@ĕK2 KQ/mH2 b2`QMi û+`Bib `2bT2+iBp2K2Mi ռՎӱՏ 2i սՎӱՏX GǶ�H;Q`Bi?K2 +�H+mH�Miͨ H� bQKK2 /2 ͗ 2i ͢ bǶû+`Bi ,

Rk



RXe _2T`öb2Mi�iBQM *_h , i?öQ`ĐK2 /2b `2bi2b *?BMQBb

�H;Q`Bi?K e aQKK2 /2 /2mt TQHvMƬK2b *_h
R , T`Q+2/m`2 amKU�- "V
k , 7Q` Ԙ ݁ �
 Ԛ /Q ௃ SQm` iQmb H2b KQ/mH2b
j , 7Q` ԙ ݁ �
 ԝ /Q ௃ SQm` iQmb H2b +Q2{+B2Mib
9 , ԒքӴօ ݁ ԐքӴօ � ԑքӴօ NPE ԟք
8 , 2M/ 7Q`
e , 2M/ 7Q`
d , `2im`M $
3 , 2M/ T`Q+2/m`2

_2K�`[m2X

G2b bQKK2b /2 TQHvMƬK2b ûi�Mi BM/ûT2M/�Mi2b 2Mi`2 2HH2b +2i �H;Q`Bi?K2 2bi 7�+BH2K2Mi
T�`�HHûHBb�#H2X

RXeX9 S`Q/mBi *_h

.2 H� KāK2 7�ÏQM [m2 TQm` H� bQKK2- H2b KmHiBTHB+�iBQMb bQMi 2z2+imû2b 2Mi`2 H2b
bQmb@TQHvMƬK2b +Q``2bTQM/�Mi ¨ mM KāK2 KQ/mH2X GǶ�H;Q`Bi?K2 /2 T`Q/mBi /2pB2Mi ,
aQB2Mi ͗ 2i ͢ /2mt 2Mb2K#H2b /2 ֆ bQmb@TQHvMƬK2b /2 /2;`ûb ։਷φ /QMi H2b օ@ĕK2 +Q2{+B2Mib
/m ք@ĕK2 KQ/mH2 b2`QMi û+`Bib `2bT2+iBp2K2Mi ռՎӱՏ 2i սՎӱՏX GǶ�H;Q`Bi?K2 +�H+mH�Mi ͨ H2 T`Q/mBi
/2 ͗ 2i ͢ bǶû+`Bi ,

�H;Q`Bi?K d S`Q/mBi *_h /2 /2mt TQHvMƬK2b
R , T`Q+2/m`2 S`Q/m+iU�- "V
k , 7Q` Ԙ ݁ �
 Ԛ /Q ௃ SQm` iQmb H2b KQ/mH2b
j , 7Q` ԙ ݁ �
 ԝ /Q
9 , ԒքӴօ ݁ �
8 , 2M/ 7Q`
e , 2M/ 7Q`
d , 7Q` Ԙ ݁ �
 Ԛ /Q ௃ SQm` iQmb H2b KQ/mH2b
3 , 7Q` ԙ ݁ �
 ԝ /Q
N , 7Q` ԛ ݁ �
 ԝ /Q

Ry , B7 ԙ � ԛ � ԝ i?2M
RR , ԒքӴօ�և ݁ ԒքӴօ�և � ԐքӴօ ੎ ԑքӴև NPE ԟք ௃ �� ੎ �� ݂ ���ԑԘԣԢ
Rk , 2M/ B7
Rj , B7 ԙ � ԛ �� ԝ i?2M
R9 , ԒքӴօ ݁ ԒքӴօ ਷ ԐքӴօ ੎ ԑքӴև ௃ NPE 9։ � �
R8 , 2M/ B7
Re , 2M/ 7Q`
Rd , 2M/ 7Q`
R3 , 2M/ 7Q`
RN , `2im`M $
ky , 2M/ T`Q+2/m`2

_2K�`[m2X

*QKK2 TQm` H� bQKK2- +2i �H;Q`Bi?K2 T2mi �BbûK2Mi āi`2 T�`�HHûHBbûX

Rj



_öb2�mt /ǰB/ö�mt 2i TQHvMƦK2b

RXd *�`�+iû`Bb�iBQM /ǶmM TQHvMƬK2
.�Mb H2b b2+iBQMb T`û+û/2Mi2b MQmb �pQMb `2T`ûb2Miû H2b TQHvMƬK2b T�` H2m`b +Q2{+B2MibX

_2T`ûb2Mi�iBQM miBHBbû2 BMimBiBp2K2Mi TQm`- T�` 2t2KTH2- +QKT�`2` /2mt TQHvMƬK2bX *2T2M@
/�Mi BH 2tBbi2 /Ƕ�mi`2b `2T`ûb2Mi�iBQMb +�`�+iû`BbiB[m2b /2 +2b Q#D2ib K�i?ûK�iB[m2b +QKK2
H2b `�+BM2b Qm KāK2 mM2 bû[m2M+2 /2 p�H2m`b Q#i2Mm2 T�` /2b ûp�Hm�iBQMb bm++2bbBp2b /ǶmM
TQHvMƬK2X

.2 +2b /Bzû`2Mi2b `2T`ûb2Mi�iBQMb /û+QmH2Mi /Bzû`2Mib KQv2Mb /2 `û�HBb2` /2b QTû`�iBQMb
2Mi`2 TQHvMƬK2bX

RXdXR *Q2{+B2Mib
G2b TQHvMƬK2b miBHBbûb /�Mb H� +`vTiQ;`�T?B2 7QM/û2 bm` H2b `ûb2�mt 2m+HB/B2Mb /2K�M/2

[mǶmM2 `2T`ûb2Mi�iBQM T�` +Q2{+B2Mib bQBi miBHBbû2 ¨ +2`i�BMb KQK2MibX 1M 2z2i- 2HH2 /QMM2
H� TQbbB#BHBiû /2 7�B`2 H� /Bzû`2M+2 2Mi`2 H2b #Bib /2 TQB/b 7Q`i 2i H2b #Bib /2 TQB/b 7�B#H2 /2b
+Q2{+B2MibX

RXdXk o�H2m`b
lM2 `2T`ûb2Mi�iBQM T�` p�H2m`b bB;MB}2 [m2 HǶQM p� ûp�Hm2` H2 TQHvMƬK2 2M mM 2Mb2K#H2

/2 TQBMib 2i +Ƕ2bi HǶ2Mb2K#H2 /2b p�H2m`b +�H+mHû2b bmBi2 ¨ +2b KmHiBTH2b ûp�Hm�iBQMb [mB
+�`�+iû`Bb2 H2 TQHvMƬK2X

*2T2M/�Mi BH 7�mi āi`2 �ii2MiB7 �m MQK#`2 /Ƕûp�Hm�iBQM �BMbB [mǶ�mt p�H2m`b bm` H2b[m2HH2b
+2b ûp�Hm�iBQMb bQMi 7�Bi2bX

1M 2z2i- QM p2mi [m2 HǶ2Mb2K#H2 /2b p�H2m`b Q#i2Mm2b T2`K2ii2 /2 +�`�+iû`Bb2` ¨ +QmT bȿ`
H2 TQHvMƬK2- +Ƕ2bi@¨@/B`2 [mǶBH MQmb 7�mi mM2 #BD2+iBQM 2Mi`2 H� `2T`ûb2Mi�iBQM T�` +Q2{+B2Mi
2i H� `2T`ûb2Mi�iBQM T�` ûp�Hm�iBQMX

RXdXkXR úp�Hm�iBQM
S�bb2` /2 H� `2T`ûb2Mi�iBQM T�` +Q2{+B2Mi ¨ H� `2T`ûb2Mi�iBQM T�` p�H2m`b 2bi BMimBiB7X

amTTQbQMb [m2 HǶQM bQm?�Bi2 �mi�Mi /2 p�H2m`b ûp�Hmû2b [m2 /2 +Q2{+B2Mib- QM T2mi û+`B`2
HǶ�H;Q`Bi?K2 bmBp�Mi ,

�H;Q`Bi?K 3 úp�Hm2 H2 TQHvMƬK2 S bm` ԝ 2MiB2`b /2 � ¨ ԝ ਷ �
R , 7mM+iBQM 1p�HUSV
k , 7Q` Ԣք ݁ �
 ԝ ਷ � /Q
j , Ԣք ݁ �
9 , 7Q` ԙ ݁ �
 ԝ ਷ � /Q
8 , Ԣք ݁ ԟօ ੁ Ԙօ � Ԣք
e , 2M/ 7Q`
d , 2M/ 7Q`
3 , `2im`M Ԣք
N , 2M/ 7mM+iBQM

AH 2bi BKTQ`i�Mi /2 MQi2` [m2 +2ii2 H� `2T`ûb2Mi�iBQM /ǶmM TQHvMƬK2 /2 /2;`û ։ ਷ φ T�`։ p�H2m`b 2M ։ TQBMib /BbiBM+ib +QMbiBim2 mM2 +�`�+iû`Bb�iBQM UBX2X BH v � mM mMB[m2 TQHvMƬK2
/QMM�Mi +2b ։ p�H2m`b 2M +2b ։ TQBMibVX AH 2bi 7�+BH2 /2 T`Qmp2` +2+B +�` bB ϋ 2i ϋ஬ QMi H2b ։
KāK2b p�H2m`b �HQ`b ϋ ਷ ϋ஬ p�mi Ј 2M ։ TQBMib /Bzû`2MibX *QKK2 ϋ ਷ ϋ஬ 2bi /2 /2;`û �m
THmb ։ ਷ φ- bǶBH �/K2i ։ `�+BM2b +Ƕ2bi �HQ`b H2 TQHvMƬK2 MmH 2i ϋ � ϋ஬- 2i /QM+ BH v � #B2M
mM b2mH TQHvMƬK2 TQm` mM 2Mb2K#H2 /2 ։ p�H2m`bX

RXdXkXk AMi2`TQH�iBQM
GǶQTû`�iBQM BMp2`b2- T�bb2` /2 H� `2T`ûb2Mi�iBQM T�` p�H2m`b ¨ H� `2T`ûb2Mi�iBQM T�`

+Q2{+B2Mib- 2bi MQKKû2 BMi2`TQH�iBQMX GǶBMi2`TQH�iBQM b2 72`� 2M /2mt ûi�T2b- H� T`2KBĕ`2
+QMbBbi2 ¨ i`Qmp2` /2b TQHvMƬK2b /Bib TQHvMƬK2b /2 G�;`�M;2- MQiûb ίՎ- TQm` +?�+mM /2b

R9



RXd *�`�+iö`Bb�iBQM /ǰmM TQHvMƦK2

TQBMibX �mi`2K2Mi /Bi- TQm` BMi2`TQH2` mM TQHvMƬK2 bm` ։ TQBMib- QM +�H+mH2 ։ TQHvMƬK2 /2
G�;`�M;2X SmBb- 2M miBHBb�Mi H2b TQHvMƬK2b /2 G�;`�M;2 QM /ûi2`KBM2 H� 7QM+iBQM TQHvMQKB�H2ί	Ё
 T�bb�Mi T�` +2b TQBMibX
�BMbB H2b TQHvMƬK2b /2 G�;`�M;2 ίՎ bQMi /QMMûb T�` ,

ίՎ	Ё
 � Փ਷ȯఃՏ�ɱӱՏଈՎ Ё ਷ ֓Տ֓Վ ਷ ֓Տ � Ё ਷ ֓ɱ֓Վ ਷ ֓ɱ ੈ Ё ਷ ֓Վ਷ȯ֓Վ ਷ ֓Վ਷ȯ ੈ Ё ਷ ֓Վ�ȯ֓Վ ਷ ֓Վ�ȯ ੈ Ё ਷ ֓Փ֓Վ ਷ ֓Փ
SmBb H2 TQHvMƬK2 BMi2`TQHû �v�Mi H2b p�H2m`b 	֔ɱӴ w Ӵ ֔Փ਷ȯ
 2bi /QMMû T�` ,ί	Ё
 � Փ਷ȯంՎ�ɱ ֔ՎίՎ	Ё


2t2KTH2 RX

�}M /ǶBHHmbi`2` H2 T`Q+2bbmb /ǶBMi2`TQH�iBQM- QM p� +?2`+?2` ¨
/ûi2`KBM2` H2 TQHvMƬK2 /2 /2;`û k T�bb�Mi T�` H2b TQBMib ,		֓ɱ � φӴ ֔ɱ � ϵ
Ӵ 	֓ȯ � ϵӴ ֔ȯ � ਷φ
Ӵ 	֓ɞ � ਷φӴ ֔ɞ � φ



RX PM +�H+mH2 H2b TQHvMƬK2b /2 G�;`�M;2ևɱ � 	Ё ਷ φ
	Ё � φ
	φ ਷ ϵ
	φ � φ
 � φϵЁɞ � ϵЁ � φևȯ � 	Ё ਷ φ
Ё � φ 	ϵ ਷ φ
	ϵ � φ
 � φϯЁɞ ਷ φևɞ � 	Ё ਷ φ
	Ё ਷ ϵ
	਷φ ਷ φ
	਷φ ਷ ϵ
 � ਷φϩЁɞ ਷ ϯ֓ ਷ ϵ
kX PM /ûi2`KBM2 H2 TQHvMƬK2 /ǶBMi2`TQH�iBQMί	Ё
 � ϋ	Ё
 � ϵևɱ � ਷φևȯ � ևɞ � φϵЁɞ � ΘϩЁ � ϵϯ

GǶBMi2`TQH�iBQM /2 G�;`�M;2 Mû+2bbBi2 ย	։ɞ
 QTû`�iBQMb- TmBb[mǶBH 7�mi bQKK2` ։ TQHv@
MƬK2b /2 /2;`û ։ ਷ φX *2 +Qȿi- [mB T2mi T�`�Bi`2 7�B#H2 +QKTi2 i2Mm /2 HǶ2t2KTH2 /QMMû
T`û+û/2KK2Mi- /2pB2Mi K�D2m` HQ`b[m2 H2 MQK#`2 /2 +Q2{+B2Mib /2b TQHvMƬK2b �m;K2Mi2X
SQm` mM TQHvMƬK2 /2 Ryyy +Q2{+B2Mib- R yyy yyy /ǶQTû`�iBQMb b2`QMi Mû+2bb�B`2bX

RXdXkXj JmHiBTHB+�iBQM 2i bQKK2 T�` p�H2m`b

aB ͗ 2i ͢ bQMi /2mt TQHvMƬK2b /2 /2;`û ։ ਷ φ ûp�Hmûb 2M ։ TQBMib T�` 	ռɱӴ w Ӵ ռՓ਷ȯ
 2i	սɱӴ w Ӵ սՓ਷ȯ
 H2m` bQKK2 ͗ ੁ ͢ �m`� 2M +2b KāK2b ։ TQBMib H2b p�H2m`b 	ռɱ � սɱӴ w Ӵ ռՓ਷ȯ �սՓ਷ȯ
X �BMbB BH 2bi TQbbB#H2 /2 bQKK2` /2mt TQHvMƬK2b b�Mb `2p2MB` ¨ mM2 `2T`ûb2Mi�iBQM
T�` +Q2{+B2MibX

aB QM bQm?�Bi2 +�H+mH2` H2m` T`Q/mBi ͗ ੁ ͢- +2HmB@+B �m`� 2M +2b KāK2b ։ TQBMib H2b p�H2m`b	ռɱ ੁ սɱӴ w Ӵ ռՓ਷ȯ ੁ սՓ਷ȯ
X *2T2M/�Mi ͗ ੁ ͢ 2bi mM TQHvMƬK2 /2 /2;`û ϵ։ ਷ ϵ 2i TQm` āi`2
+�`�+iû`Bbû T�` mM p2+i2m` /2 p�H2m`b BH 7�m/`�Bi �pQB` ϵ։ ਷ φ p�H2m`bX

�BMbB bB QM bQm?�Bi2 Q#i2MB` mM p2+i2m` /2 p�H2m`b +�`�+iû`Bb�Mi ͗ ੁ ͢ BHb MQmb 7�mi
�pQB` H2b ûp�Hm�iBQMb /2 ͗ 2i ͢ 2M ϵ։ ਷ φ TQBMibX amTTQbQMb [m2 MQmb /BbTQbBQMb /ǶmM2
i2HH2 ûp�Hm�iBQM 2i [m2 MQmb +�H+mHBQMb 	ռɱ ੁ սɱӴ w Ӵ ռɞՓ਷ɞ ੁ սɞՓ਷ɞ
X *2ii2 KmHiBTHB+�iBQM 2bi
`2T`ûb2Miû2 /�Mb H2 b+?ûK� RXkX

R8
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ԧ

Ԩ

6B;m`2 RXk Ĝ _2T`ûb2Mi�iBQM /2 H� KmHiBTHB+�iBQM /2 ͗ 2M #H2m 2i ͢ `Qm;2 bQmb 7Q`K2 /2
TQBMib ûp�HmûbX G2 `ûbmHi�i 2bi `2T`ûb2Miû T�` H2b TQBMib p2`ibX

G2 p2+i2m` `ûbmHi�i +�`�+iû`Bb2 ͗ ੁ ͢X AH 2bi `2K�`[m�#H2 /2 pQB` [m2 TQm` T�bb2` /2
p2+i2m`b +�`�+iû`Bb�Mi ͗ 2i ͢ T�` p�H2m`b- ¨ mM p2+i2m` +�`�+iû`Bb�Mi ͗ ੁ ͢ BH bm{i /2 7�B`2ο	։
 KmHiBTHB+�iBQMbX aB QM �p�Bi T`Q+û/û T�` +Q2{+B2Mib BH �m`�Bi 7�HHm ο	։ɞ
 QTû`�iBQMbX

"B2M bȿ` bB QM T�`i /ǶmM2 `2T`ûb2Mi�iBQM /2 ͗ 2i ͢ T�` +Q2{+B2Mib BH 7�mi ο	։ɞ

QTû`�iBQMb TQm` i`�Mb7Q`K2` +2HH2b@+B 2M mM2 `2T`ûb2Mi�iBQM T�` p�H2m`b- TmBb ο	։
 QTû`�iBQMb
TQm` Q#i2MB` H� `2T`ûb2Mi�iBQM /2 ͗ ੁ ͢ T�` +Q2{+B2Mib- 2i 2M}M ο	։ɞ
 QTû`�iBQMb TQm`
Q#i2MB` H� `2T`ûb2Mi�iBQM /2 ͗ ੁ ͢ T�` +Q2{+B2Mib U2M 7�Bb�Mi mM2 BMi2`TQH�iBQMVX .m +QmT H2
+Qȿi iQi�H 2bi BM+?�M;û �bvKTiQiB[m2K2MiX J�Bb bB QM � THmbB2m`b bQKK2b 2i KmHiBTHB+�iBQMb ¨
`û�HBb2` QM T2mi BK�;BM2` M2 7�B`2 H2b QTû`�iBQMb H2b THmb +Qȿi2mb2b Uûp�Hm�iBQM 2i BMi2`TQH�iBQMV
[mǶ2M /û#mi 2i }M /2 +�H+mH 2i /QM+ /2 H2b �KQ`iB`X

RX3 G� i`�Mb7Q`Kû2 /2 6Qm`B2`
RX3XR AMi`Q/m+iBQM

PM � pm /�Mb H� b2+iBQM RXdXk [m2 HǶQM TQmp�Bi +�H+mH2` H2 T`Q/mBi /2 /2mt TQHvMƬK2b 2M
H2b ûp�Hm�Mi bm` ϵ։ TQBMib- 2M KmHiBTHB�Mi +2b TQBMib k ¨ k TmBb 2M BMi2`TQH�Mi H2 `ûbmHi�i �}M
/2 i`Qmp2` H2 TQHvMƬK2 T�bb�Mi T�` +2b TQBMibX *2T2M/�Mi H2b QTû`�iBQMb /Ƕûp�Hm�iBQM 2i
/ǶBMi2`TQH�iBQM bQMi �m KQBMb �mbbB +Qmi2mb2b [m2 H� KmHiBTHB+�iBQM M�śp2 /2b /2mt TQHvMƬK2b-
+2 [mB `2M/ H� KmHiBTHB+�iBQM TQBMi ¨ TQBMi BMmiBHBb�#H2X

hQmi27QBb- BH 2tBbi2 mM2 Kûi?Q/2 �TT2Hû2 i`�Mb7Q`Kû2 /2 6Qm`B2` /Bb+`ĕi2 UT`Q+?2 /2
MQi`2 ûp�Hm�iBQMV 2i bQM BMp2`b2 UT`Q+?2 /2 MQi`2 BMi2`TQH�iBQMV bm{b�KK2Mi 2{+�+2 TQm`
[mǶ�m }M�H H� KmHiBTHB+�iBQM TQBMi ¨ TQBMi bQBi THmb `�TB/2 [m2 H� KmHiBTHB+�iBQM M�śp2X .�Mb
MQi`2 +QMi2ti2- Qɍ QM i`�p�BHH2 KQ/mHQ mM TQHvMƬK2 ЁՓ � φ- mM /2mtBĕK2 BMiû`āi /2 H�
i`�Mb7Q`Kû2 /2 6Qm`B2` UTHmb T`û+BbûK2Mi- /2b TQBMib /Ƕûp�Hm�iBQM /�Mb H� i`�Mb7Q`Kû2 /2
6Qm`B2`V 2bi [mǶBH M2 b2`� T�b Mû+2bb�B`2 /Ƕ�pQB` THmb /2 ։ ûp�Hm�iBQM- KāK2 [m�M/ QM 7�Bi
/2b KmHiBTHB+�iBQMbX

GǶB/û2 Q`B;BM�H2 2bi [mǶBH 2bi TQbbB#H2- bQmb +2`i�BM2b +QM/BiBQMb- /2 /û+QKTQb2` mM2
7QM+iBQM Tû`BQ/B[m2 bQmb H� 7Q`K2 /ǶmM2 bQKK2 BM}MB2 /2 bB;M�mt bBMmQB/�mtX 1M /Ƕ�mi`2b
i2`K2b H� i`�Mb7Q`Kû2 /2 6Qm`B2` i`�Mb7Q`K2 mM bB;M�H i2KTQ`2H 2M mM2 bQKK2 /2 bBMmb
�TT2Hûb 7`û[m2M+2bX G� 7`û[m2M+2 T2mi b2 /û}MB` +QKK2 H2 MQK#`2 /2 7QBb [m2 H2 bBMmb p�mi R
T�` mMBiû /2 i2KTbX *QKK2 H� 7QM+iBQM bBMmb 2bi ϵ႟@Tû`BQ/B[m2- +Ƕ2bi@¨@/B`2 [mǶ2HH2 p�mi
R 2M ႟Ӵ ϯ႟Ӵ Θ႟Ӵ ੈ c +?�[m2 7QBb [m2 HǶ�t2 /2b ֓ T`2M/`� mM2 /2 +2b p�H2m`b- QM �m`� 7�Bi mM
iQm` /m +2`+H2 i`B;QMQKûi`B[m2X

�}M /2 /QMM2` mM 2t2KTH2 T`2MQMb H2 /QK�BM2 /2 H� +QKT`2bbBQM /m bQM �p2+ T2`i2X
*2ii2 QTû`�iBQM /2 +QKT`2bbBQM i`�Mb7Q`K2 mM bQM- ivTB[m2K2Mi /2 H� KmbB[m2- 2M mM mM
�mi`2 bQM bBKBH�B`2 ¨ HǶû+Qmi2 /�Mb H2[m2H QM �m`� `û/mBi H� T`û+BbBQM /2 7`û[m2M+2b �mt[m2HH2b

Re



RX3 G� i`�Mb7Q`Kö2 /2 6Qm`B2`

HǶQ`2BHH2 ?mK�BM2 2bi T2m b2MbB#H2 2i bmTT`BKû H2b 7`û[m2M+2b BM�m/B#H2bX G2 T`Q+û/û bBKTHB}2
/2 +QKT`2bbBQM �p2+ T2`i2b 2bi H2 bmBp�Mi ,

RX PM i`�Mb7Q`K2 H2 bB;M�H Q`B;BM�H 2M bQKK2 /2 7`û[m2M+2b T�` H� i`�Mb7Q`Kû2 /2
6Qm`B2`X

kX PM �TT`QtBK2 H2b 7`û[m2M+2b T2m b2MbB#H2b TQm` HǶQ`2BHH2 ?mK�BM2X S�` 2t2KTH2 bB H2b
/QMMû2b /2 H� i`�Mb7Q`Kû2 iB2MM2Mi bm` Re #Bib- QM T2mi �TT`QtBK2` +2`i�BM2b 7`û@
[m2M+2b bm` 9 #Bib THmiƬi [m2 Re- [m2 HǶQM KmHiBTHB2`� T�` 9yNe HQ`b /2 H� `2+QMbi`m+iBQM
/m bB;M�H /2 bQMX �BMbB QM `û/mBi H� i�BHH2 /m bB;M�HX

jX PM bmTT`BK2 H2b 7`û[m2M+2b BM�m/B#H2b TQm` HǶQ`2BHH2- +Ƕ2bi@¨@/B`2 iQmi2b H2b 7`û[m2M+2b
�m /2bbmb /ǶmM +2`i�BM b2mBHX *2ii2 bmTT`2bbBQM 2bi mM }Hi`2 T�bb2 #�bX

RX3Xk �TT`Q+?2 BMimBiBp2
amTTQbQMb [m2 HǶQM bQm?�Bi2 /û+QKTQb2` H2 bB;M�H /2 p�H2m`b <ΚӴ ЈӴ ЈӴ Ј> 2M mM2 bQKK2 /2

bBMmbX *QKK2 QM � 9 TQBMib ¨ /û+QKTQb2`- QM �m`� #2bQBM /2 9 7`û[m2M+2b , y>x- R>x- k>x-
j>xX G� 7`û[m2M+2 y>x ¨ mM2 p�H2m` }t2 2HH2 M2 Ŀ iQm`M2 ŀ T�b bm` H2 +2`+H2 i`B;QMQKûi`B[m2-
R>x +Q``2bTQM/ ¨ R iQm` T�` mMBiû /2 i2KTb- k>x +Q``2bTQM/ ¨ /2mt iQm`b 2i ։ >x +Q``2bTQM/
¨ ։ iQm`bX .�Mb MQi`2 /û+QKTQbBiBQM- bB iQmi2 7`û[m2M+2 /ûK�``2Mi ¨ R- H� p�H2m` Q#i2Mm2 2M
y b2`� #B2M /2 9 +�` ֎ք։	Ј
 � φX *2T2M/�Mi- +QKK2Mi b2 +QKTQ`i2Mi +2b 7`û[m2M+2b TQm`
H2b j mMBiûb `2bi�Mi2b \ PM T2mi +QMbi`mB`2 H2 i�#H2�m bmBp�Mi ,

7`û[
i2KTb y R k j

y >x UR-yV UR- yV UR- yV UR- yV
R >x UR-yV Uy- BV U@R- yV Uy- @BV
k >x UR-yV U@R- yV UR- yV Uy- RV
j >x UR-yV Uy- @BV U@R- yV U@R- yV௴ U9-yV Uy-yV Uy-yV Uy-yV

ԧ
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h�#H2 RXR Ĝ .û+QKTQbBiBQM 2M bBMmb /ǶmM bB;M�H <ΚӴ ЈӴ ЈӴ Ј> 2M 7`û[m2M+2 φӴ φӴ φӴ φX

G2 i�#H2�m RXR `2T`ûb2Mi2 H� /û+QKTQbBiBQM 2M bBMmb /m bB;M�H <ΚӴ ЈӴ ЈӴ Ј> 2M 7`û[m2M+2bφӴ φӴ φӴ φX *?�[m2 HB;M2 `2T`ûb2Mi2 H� TQbBiBQM- /2 H� 7`û[m2M+2 /m`�Mi 9 mMBiûb /2 i2KTbX G�
/2`MBĕ`2 HB;M2 2bi H� bQKK2 /2b 9 7`û[m2M+2b T�` mMBiû /2 i2KTbX PM `2K�`[m2 [m2 /�Mb +2
i�#H2�m- 7�B`2 /ûK�``2` H2b 9 7`û[m2M+2 ¨ R- T2`K2i /2 /û+QKTQb2` +Q``2+i2K2Mi H2 bB;M�H
/Bb+`2iX 1M 2z2i ¨ ֏ɱ H2b 7`û[m2M+2b bǶ�//BiBQMM2Mi iQmi2b 2i /QMM2Mi H� p�H2m` 9X SmBb 2HH2b
bǶ�MMmH2Mi H2b mM2b T�` `�TTQ`i �mt �mi`2b +2 [mB /QMM2 H2b i`QBb y `2bi�Mi /m bB;M�HX

PM T2mi pQB` T�` +2i 2t2KTH2 [mǶBH 2bi TQbbB#H2 /2 `2T`ûb2Mi2` mM bB;M�H +QKK2 mM2
bQKK2 /2 bBMmbX *2ii2 QTû`�iBQM /2 /û+QKTQbBiBQM [m2 MQmb �pQMb `û�HBbû2 /2 7�ÏQM BMimBiBp2
T2mi bǶû+`B`2 /2 K�MBĕ`2 7Q`K2HH2 2M miBHBb�Mi H� MQi�iBQM i`B;QMQKûi`B[m2 /m +2`+H2 T`ûb2Miû2
THmb iƬiX

RX3Xj _2T`ûb2Mi�iBQM bQmb 7Q`K2 /2 bQKK2b
.û}MBiBQM kX aQBi mM TQBMi ֋ [m2H+QM[m2 bm` H2 +2`+H2 mMBiû- QM �TT2HH2 ႗ H� K2bm`2 /2
HǶ�M;H2 /2 bQKK2i y 7Q`Kû T�` HǶ�t2 /2b �#b+Bbb2b- H2 TQBMi y 2i H2 TQBMi ֋X G2b +QQ`/QMMû2b
/m TQBMi ֋ T2mp2Mi bǶû+`B`2 	ͩπϣ ႗Ӵ ϣЏμ ႗
 � 	ͩπϣ	႗ � ϵ႟
Ӵ ϵ႟ ϣЏμ	႗ � ϵ႟

 +�` H2b 7QM+iBQMb
bBMmb 2i +QbBMmb bQMi /2 Tû`BQ/2 ϵ႟X

Rd
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úp�Hm�iBQM , .�Mb H� i`�Mb7Q`Kû2 /2 6Qm`B2` QMi +?2`+?2 ¨ /û+QKTQb2` mM bB;M�H /Bb+`û@
iBbû- +Ƕ2bi@¨@/B`2 mM2 bû[m2M+2 /Ƕ2MiB2`b 2M mM2 bQKK2 /2 7QM+iBQMb i`B;QMQKûi`B[m2bX SQm`
i`Qmp2` +?�+mM2 /2b 7`û[m2M+2b- QM p� T`QD2i2`- TQm` mM2 7`û[m2M+2 /QMMû2- H2b TQBMib /m
bB;M�H bm` H2 +2`+H2 i`B;QMQKûi`B[m2 �}M /ǶQ#i2MB` TQm` +?�+mM /2b TQBMib b� +QMi`B#miBQM
¨ H� 7`û[m2M+2- TmBb 7�B`2 H� bQKK2 /2 iQmi2b H2b +QMi`B#miBQMb Q#i2Mm2bX �BMbB QM Q#iB2Mi-
TQm` H� 7`û[m2M+2 /QMMû2- b� p�H2m` /�Mb H2 bB;M�H /Bb+`ûiBbûX �mi`2K2Mi /Bi- QM T2mi pQB`
H2 +�H+mH /2 7`û[m2M+2b +QKK2 mM2 7Q`K2 T�`iB+mHBĕ`2 ûp�Hm�iBQM /m TQHvMƬK2 bm` H2 +2`+H2
mMBiûX aQBi mM TQHvMƬK2 ϋ	Ё
 �v�Mi TQm` +Q2{+B2Mib 	վɱӴ ੈ Ӵ վՓ਷ȯ
 c QM /BpBb2 pB`im2HH2K2Mi
H2 +2`+H2 2M ։ TQBMibX �BMbB- /ûi2`KBM2` H� TQM/û`�iBQM /ǶmM2 7`û[m2M+2 ֆ /�Mb H� bû[m2M+2
/Ƕû+?�MiBHHQMb- `2pB2Mi- ¨ TQM/û`2` +?�[m2 TQBMi և /m +2`+H2 T�` H2 MQK#`2 +QKTH2t2 [mB HmB
2bi �bbQ+BûX SQm` i`Qmp2` +2 +QKTH2t2- QM miBHBb2 H� MQi�iBQM i`B;QMQKûi`B[m2 Qm 2tTQM2MiB2HH2
/2 HǶ�M;H2 7Q`Kû T�` HǶ�t2 /2b �#b+Bbb2b 2i H2 TQBMi և /m +2`+H2X *QKK2 mM iQm` +QKTH2i /m
+2`+H2 /QMM2 HǶ�M;H2 ϵ႟ 2i [m2 HǶQM /BpBb2 H2 +2`+H2 2M ։ TQBMib- H� K2bm`2 /2 HǶ�M;H2 ႗ /mև਷ĕK2 TQBMi ¨ H� 7`û[m2M+2 ֆ 2bi /QMMû T�` ႗ � ϵ႟ֆ ՑՓ X AH 2bi T`BKQ`/B�H /2 KmHiBTHB2` T�`ֆ +�` THmb H� 7`û[m2M+2 2bi ûH2pû2 THmb H2b TQBMib ûp�Hmûb Ŀ iQm`M2Mi `�TB/2K2Mi ŀ �miQm` /m
+2`+H2X G2 MQK#`2 +QKTH2t2 +Q``2bTQM/�Mi 2bi /QMMû T�` 	ͩπϣ	਷ϵ႟ֆ ՑՓ 
 � ք ϣЏμ	਷ϵ႟ֆ ՑՓ 
X
*QKK2 QM +?2`+?2 H� TQM/û`�iBQM iQi�H2 /2 +?�+mM2 /2b ։ ਷ φ 7`û[m2M+2b c TQm` H� ֆ਷ĕK2
7`û[m2M+2 H� 7Q`KmH2 /2 H� i`�Mb7Q`Kû2 /2 6Qm`B2` 2bi ,ցՐ � Փ਷ȯంՑ�ɱ վՑ ੁ 	ͩπϣ	ϵ႟ֆ և։
 � ք ϣЏμ	ϵ႟ֆ և։

Ӵ ֆ ୮ ඾
*2 [mB /QMM2 2M MQi�iBQM 2tTQM2MiB2HH2 ,ցՐ � Փ਷ȯంՑ�ɱ վՑ ੁ րɞՎႀՐ ՑՓ URXjV

AMi2`TQH�iBQM , SQm` BMp2`b2` H� h6. BH 7�mi 2ti`�B`2 H2b +Q2{+B2Mib ¨ T�`iB` /2b 7`û@
[m2M+2bX AH 7�mi /QM+- TQm` +?�[m2 +Q``2bTQM/�M+2 `2i`Qmp2` H� K2bm`2 /2 HǶ�M;H2 /m TQBMi
+Q``2bTQM/�Mi bm` H2 +2`+H2 2i H2 KmHiBTHB2` T�` H� 7`û[m2M+2 ֆ TQm` 2ti`�B`2 H� p�H2m` /2 H�
TQM/û`�iBQM /m +Q2{+B2Mi `2+?2`+?û /�Mb H� 7`û[m2M+2 ֆX �BMbB 2M bQKK�Mi H� +QMi`B#miBQM
/m +Q2{+B2Mi ¨ +?�[m2 7`û[m2M+2 QM `2i`Qmp2 H2 +Q2{+B2MiX G� 7Q`KmH2 /2 H� i`�Mb7Q`Kû2 /2
6Qm`B2` BMp2`b2 TQm` `2i`Qmp2` H2 և@ĕK2 +Q2{+B2Mi 2bi ,վՑ � φ։ Փ਷ȯంՐ�ɱ ցՐ ੁ 	ͩπϣ	਷ϵ႟ֆ և։
 � ք ϣЏμ	਷ϵ႟ֆ և։

Ӵ և ୮ ඾
*2 [mB /QMM2 2M MQi�iBQM 2tTQM2MiB2HH2 ,վՑ � φ։ Փ਷ȯంՐ�ɱ ցՐ ੁ ր਷ɞՎႀՐ ՑՓ URX9V

RX3X9 _�+BM2b ԝ@ĕK2b /2 HǶmMBiû

GǶû[m�iBQM ֕Փ � φ �/K2i ։ bQHmiBQMb +QKTH2t2bX *2H� bB;MB}2 [m2 H2 MQK#`2 R �/K2i ։
`�+BM2b ։@ĕK2bX *2HH2b@+B QMi TQm` BK�;2b /�Mb H2 TH�M +QKTH2t2 H2b bQKK2ib /ǶmM TQHv;QM2
`û;mHB2` BMb+`Bi /�Mb H2 +2`+H2 /2 +2Mi`2 H2 TQBMi /Ƕ�{t2 y 2i /2 `�vQM R- �p2+ mM bQKK2i /2
+QQ`/QMMû2b UR- yVX G2b +QQ`/QMMû2b /2 +2b TQBMib- Qm 2M+Q`2 H2b T�`iB2b `û2HH2b 2i BK�;BM�B`2b
/2b `�+BM2b ։@ĕK2b bQMi 	ͩπϣ	ϵ႟և�։
Ӵ ϣЏμ	ϵ႟և�։

 TQm` և �HH�Mi /2 y ¨ ։ ਷ φX

R3



RX3 G� i`�Mb7Q`Kö2 /2 6Qm`B2`

2t2KTH2 kX

PM T2mi `2K�`[m2` [mǶ2M ûH2p�Mi �m +�``û H2b ?mBi `�+BM2b 3 ĕK2b /2 R- QM i`Qmp2 H2b
9 `�+BM2b 9 ĕK2b /2 R- +?�+mM2 ûi�Mi `ûTûiû2b /2mt 7QBb ,

	ႧɱǮ
ɞ � Ⴇɱȃ � φ	ႧȯǮ
ɞ � ႧɞǮ � Ⴇȯȃ	ႧɞǮ
ɞ � ႧȃǮ � Ⴇɘȃ	ႧɘǮ
ɞ � ႧɒǮ � Ⴇɘȃ	ႧȃǮ
ɞ � ႧǮǮ � Ⴇɱȃ	ႧȁǮ
ɞ � ႧɞǮ � Ⴇȯȃ	ႧɒǮ
ɞ � ႧȃǮ � Ⴇɞȃ	ႧɑǮ
ɞ � ႧɒǮ � Ⴇɱȃ
PM MQi2 �mbbB [m2 H2b [m�i`2 /2`MBĕ`2b `�+BM2b 3@ĕK2b bQMi H2b QTTQbû2b /2b [m�i`2

T`2KBĕ`2b- T�` 2t2KTH2 ႧȁǮ � ਷ႧȯǮ- +2 [mB b2 ;ûMû`�HBb2 �p2+ H� 7Q`KmH2 ,ႧՑ�Փ�ɞՓ � ਷ႧՑՓ URX8V

RX3X8 LQi�iBQM K�i`B+B2HH2

aB HǶQM `2T`2M/ H� MQi�iBQM 2tTQM2MiB2HH2 RXj /2 H� h6.- QM pQBi [m2 HǶQM T2mi H� `ûû+`B`2
+QKK2 bmBi , ցՐ � Փ਷ȯంՑ�ɱ վՑ ੁ ५ր ɞႀՎՓ ६Ց੟Ր URXeV

*2 [mB 7�Bi �TT�`�Bi`2 H� +QMbi�Mi2 Ⴇ � ր ɞႀՎՓ X

LQiQMb [m2 H� i`�Mb7Q`Kû2 /2 6Qm`B2` T2mi āi`2 pm2 +QKK2 H2 p2+i2m` Q#i2Mm
2M ûp�Hm�Mi mM TQHvMƬK2 SUsV bm` H2b ։ `�+BM2b ։@ĕK2 /2 HǶmMBiû- ϫΑͶ	ϋ	Ё

 �	ϋ	ႧɱՓ
Ӵ ϋ	ႧȯՓ
Ӵ ੈ Ӵ ϋ	ႧՓ਷ȯՓ 

X aB QM û+`Bi H2 +�H+mH /2b /Bzû`2Mi2b 7`û[m2M+2b bQmb 7Q`K2 /2
K�i`B+2 H� HBbi2 /2b ր਷ɞՎႀՐ ՑՓ TQm` +?�[m2 7`û[m2M+2 +�H+mHû2- QM Q#iB2Mi mM2 K�i`B+2 +�``û2
/2 +Ƭiû ։ [m2 HǶQM KmHiBTHB2 T�` H2b û+?�MiBHHQMb- +Ƕ2bi@¨@/B`2 mM2 HB;M2 +QKTQbû2 /2 վՑX PM �
�HQ`b , ৉ৈৈৈৈৈৈৈৈৈৈৈৈে

ցɱցȯցɞੇ
ցՓ਷ȯ

ৌোোোোোোোোোোোো৊
� ৉ৈৈৈৈৈৈৈৈৈৈৈৈে

φ φ φ ੈ φφ ֒ ֒ɞ ੈ ֒Փ਷ȯφ ֒ɞ ֒ȃ ੈ ֒ɞ	Փ਷ȯ
ੇ ੇ ੇ ੊ ੇφ ֒Փ਷ȯ ֒ɞ	Փ਷ȯ
 ੈ ֒	Փ਷ȯ
ɞ

ৌোোোোোোোোোোোো৊
৉ৈৈৈৈৈৈৈৈৈৈৈৈে

վɱվȯվɞੇ
վՓ਷ȯ

ৌোোোোোোোোোোোো৊
Ӵ ֒ � ր਷ ɞႀՎՓ

PM MQi2 [m2 HǶQM � miBHBbû H2b `�+BM2b ։@BĕK2b /2 R THmiƬi [m2 /Ƕ�mi`2b MQK#`2bX 1M 2z2i-
H2 7�Bi /2 7�B`2 BMi2`p2MB` /2b +QbBMmb 2i /2b bBMmb- [mB bQMi H2b +QQ`/QMMû2b /2b `�+BM2b /2
HǶmMBiû- `�TT`Q+?2 H� i`�Mb7Q`Kû2 /2 6Qm`B2` /Bb+`ĕi2 /2 H� i`�Mb7Q`Kû2 /2 6Qm`B2` +H�bbB[m2-
i2HH2 [mǶQM H� /û}MBi /�Mb H2 /QK�BM2 /m +QMiBMm- 2i T�` H� KāK2 Q++�bBQM +2H� `2M/ H�
i`�Mb7Q`K�iBQM BMp2`b2 i`ĕb bBKTH2- TmBb[mǶ2HH2 b2 `�KĕM2 ¨ mM2 BMi2`TQH�iBQMX

aQmb +2ii2 7Q`K2- HǶBMi2`TQH�iBQM `2pB2Mi ¨ KmHiBTHB2` H2b ցՐ T�` HǶBMp2`b2 /2 H� K�i`B+2
/2b `�+BM2b ։@ĕK2b /2 HǶmMBiûX PM � �HQ`b ,

RN
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৉ৈৈৈৈৈৈৈৈৈৈৈৈে
վɱվȯվɞੇ

վՓ਷ȯ

ৌোোোোোোোোোোোো৊
� ȯՓ

৉ৈৈৈৈৈৈৈৈৈৈৈৈে
φ φ φ ੈ φφ ֒ ֒ɞ ੈ ֒Փ਷ȯφ ֒ɞ ֒ȃ ੈ ֒ɞ	Փ਷ȯ
ੇ ੇ ੇ ੊ ੇφ ֒Փ਷ȯ ֒ɞ	Փ਷ȯ
 ੈ ֒	Փ਷ȯ
ɞ

ৌোোোোোোোোোোোো৊

਷ȯ ৉ৈৈৈৈৈৈৈৈৈৈৈৈে
ցɱցȯցɞੇ

ցՓ਷ȯ

ৌোোোোোোোোোোোো৊
_2K�`[m2X

PM +QMbi�i2 BMimBiBp2K2Mi [m2 +2b /2mt û[m�iBQMb /2 h6. 2i /2 h6.B /2K�M/2Miย	։ɞ
 QTû`�iBQMb bm` mM Q`/BM�i2m`- +2 [mB M2 /QMM2 T�b /Ƕ�p�Mi�;2 T�` `�TTQ`i ¨
mM2 ûp�Hm�iBQM 2i mM2 BMi2`TQH�iBQM /2 TQHvMƬK2 +H�bbB[m2 bm` /2b p�H2m`b �`#Bi`�B`2bX
*2T2M/�Mi- QM pQBi T�` HǶû+`Bim`2 K�i`B+B2HH2 [m2 /2 MQK#`2mb2b TmBbb�M+2b /2 Ⴇ b2
`2i`Qmp2Mi /2 HB;M2 2M HB;M2X AH 2tBbi2 mM �H;Q`Bi?K2 TQm` +�H+mH2` H� h6. 2i H� h6.B
2tTHQBi�Mi +2b `2/QM/�M+2b [mB T2`K2i /2 `û/mB`2 ;`�M/2K2Mi H2 MQK#`2 /ǶQTû`�iBQMb
Mû+2bb�B`2bX

RXN h`�Mb7Q`Kû2 /2 6Qm`B2` /Bb+`ĕi2 `�TB/2
G� h6._ 2bi mM2 Kûi?Q/2 K�i?ûK�iB[m2 2i �H;Q`Bi?KB[m2 [mB +�H+mH2 H� i`�Mb7Q`Kû2

/2 6Qm`B2` /û+`Bi2 /�Mb H� b2+iBQM T`û+û/2Mi2 2M ย	։ ΰπΜ ։
 QTû`�iBQMbX

�ii2MiBQM .�Mb MQi`2 +QMi2ti2 /2 i`�p�BH ։ 2bi mM2 TmBbb�M+2 /2 /2mt- +2 [mB bBKTHB}2
HǶ�H;Q`Bi?K2X

aQBi ϋ	Ё
 � 	վɱ � վȯЁ � ੈ � վՓ਷ȯЁՓ਷ȯ
 mM TQHvMƬK2 /2 /2;`û ։ ਷ φ U�p2+ ։ mM2
TmBbb�M+2 /2 kV- QM T2mi �HQ`b `ûQ`;�MBb2` b2b +Q2{+B2Mib 2M /2mt T�`iB2b- /ǶmM +Qiû H2b
+Q2{+B2Mib T�B`b /2 HǶ�mi`2 H2b BKT�B`bX PM � �HQ`b ,ϋ	Ё
 � 	վɱ � վɞЁɞ � ੈ � վ	Փ਷ȯ
�ɞЁՓ਷ȯ�ɞ
 � Ё	վȯ � վɘЁɞ � ੈ � վ	Փ਷ɞ
�ɞЁՓ਷ȯ�ɞ

*2 [m2 MQmb MQi2`QMb THmb bBKTH2K2Mi ,ϋ	Ё
 � ϋՕՆՎ՗Ёɞ � Ё ੁ ϋՎՒՕՆՎ՗Ёɞ
J�BMi2M�Mi `2KTH�ÏQMb Ё T�` mM2 `�+BM2 ։@ĕK2 /2 HǶmMBiûX PM � pm /�Mb H� b2+iBQM RX3X9
[m2 H2 7�Bi /ǶûH2p2` �m +�``û i`�Mb7Q`K�Bi mM2 `�+BM2 ։@ĕK2 2M mM2 `�+BM2 ։�ϵ@BĕK2 2i +2H� ¨
/2mt `2T`Bb2b HQ`b[m2 HǶQM T`2M/ iQmi2b H2b `�+BM2b ։@ĕK2bX

2t2KTH2 jX

PM T`2M/ λ � ΅ , ϋ	ႧɱǮ
 � ϋՕՆՎ՗	Ⴇɱȃ
 � ႧɱǮϋՎՒՕՆՎ՗	Ⴇɱȃ
ϋ	ႧȯǮ
 � ϋՕՆՎ՗	Ⴇȯȃ
 � ႧȯǮϋՎՒՕՆՎ՗	Ⴇȯȃ
ϋ	ႧɞǮ
 � ϋՕՆՎ՗	Ⴇɞȃ
 � ႧɞǮϋՎՒՕՆՎ՗	Ⴇɞȃ
ϋ	ႧɘǮ
 � ϋՕՆՎ՗	Ⴇɘȃ
 � ႧɘǮϋՎՒՕՆՎ՗	Ⴇɘȃ
ϋ	ႧȃǮ
 � ϋՕՆՎ՗	Ⴇɱȃ
 � ႧɱǮϋՎՒՕՆՎ՗	Ⴇɱȃ
ϋ	ႧȁǮ
 � ϋՕՆՎ՗	Ⴇȯȃ
 � ႧȯǮϋՎՒՕՆՎ՗	Ⴇȯȃ
ϋ	ႧɒǮ
 � ϋՕՆՎ՗	Ⴇɞȃ
 � ႧɞǮϋՎՒՕՆՎ՗	Ⴇɞȃ
ϋ	ႧɑǮ
 � ϋՕՆՎ՗	Ⴇɘȃ
 � ႧɘǮϋՎՒՕՆՎ՗	Ⴇɘȃ

ky



RXRy h`�Mb7Q`Kö2 /2 6Qm`B2` `�TB/2 bm` mM +Q`Tb 7BMB

PM +QMbi�i2 [m2 H2b `ûTûiBiBQMb /2b `�+BM2b /�Mb +2b û[m�iBQMb 7QMi [mǶûp�Hm2` mM
TQHvMƬK2 bm` ։ p�H2m`b U�p2+ ։ɞ QTû`�iBQMbV `2pB2Mi ¨ ûp�Hm2` /2mt TQHvMƬK2b /2 HQM;m2m`
KQBiBû bm` ։�ϵ p�H2m`b U�p2+ ϵ ੟ ։ɞ�Κ QTû`�iBQMbVX �BMbB H2 +Qȿi 2bi /BpBbû T�` ϵX aB ։ 2bi
mM2 TmBbb�M+2 /2 /2mt BH 2bi �HQ`b TQbbB#H2 /2 `2+QKK2M+2` ΰπΜ ։ 7QBb +2ii2 bm#/BpBbBQM 2i /2
;�;M2` mM 7�+i2m` ϵ bm` H2b +Qȿib ¨ +?�[m2 7QBbX G2 ;�BM iQi�H 2bi /QM+ /2 ϵșȩȅ Փ � ։X 1M
T`2M�Mi 2M +QKTi2 H2b KmHiBTHB+�iBQMb ?Q`b ûp�Hm�iBQM TQHvMQKB�H 2i H2b bQKK2b H2 +Qȿi }M�H
2bi /2 ο	։ ΰπΜ ։
X
RXRy h`�Mb7Q`Kû2 /2 6Qm`B2` `�TB/2 bm` mM +Q`Tb }MB

PM � pm- /�Mb H� b2+iBQM T`û+û/2Mi2 H� i`�Mb7Q`Kû2 /2 6Qm`B2` /ǶmM2 bû[m2M+2 /2 p�H2m`b
Qm /ǶmM TQHvMƬK2 S /2 /2;`û ։ ਷ φ /�Mb H2 +Q`Tb /2b +QKTH2t2b ටX *2ii2 ûp�Hm�iBQM +QMbBbi2
¨ ûp�Hm2` ։ `�+BM2b ։@ĕK2b /2 HǶmMBiû /�Mb ට /2 H� 7Q`K2 ႧՎ �p2+ Ⴇ mM2 `�+BM2 T`BKBiBp2։@ĕK2 /2 HǶmMBiûX G2 +?QBt /2b `�+BM2b /2 ։@BĕK2b /2 HǶmMBiû bǶ2tTHB[m2 T�` H2 7�Bi [mǶ2HH2b
bBKTHB}2Mi H2 +�H+mH /2 H� i`�Mb7Q`Kû2 /2 6Qm`B2` 2M 7�Bb�Mi �TT�`�ŗi`2 /2b bvKûi`B2b /�Mb H2b
+�H+mHbX

.�Mb +2ii2 T�`iB2- QM p� ;ûMû`�HBb2` H� i`�Mb7Q`Kû2 `�TB/2 /�Mb mM +Q`Tb [mB MǶ2bi THmb
+2HmB /2b +QKTH2t2b- K�Bb /�Mb ඾�֋඾V �p2+ ֋ mM MQK#`2 T`2KB2`X *QKK2 BH 2bi ?�#Bim2H 2M
+`vTiQ;`�T?B2 QM MQi2`� +2 +Q`Tb ඾ՕX *2ii2 bi`m+im`2 2bi mM +Q`Tb }MB- 2i bQM bQmb@;`QmT2
KmHiBTHB+�iB7 2bi +v+HB[m2 /ǶQ`/`2 ֋ ਷ φX 1M /Ƕ�mi`2b i2`K2b BH 2tBbi2 mM ւ- �TT2Hû ;ûMû`�i2m`-
/QMi H2b TmBbb�M+2b 	ւӴ ւɞӴ w Ӵ ւՕ਷ȯ
 KQ/mHQ ֋ 2M;2M/`2Mi iQmb H2b ûHûK2Mib /2 ඾�֋඾ b�m7Ј �p2+ 2M T�`iB+mHB2` ւՕ਷ȯ � φ 2i ւՎΏ � φ TQm` ք � ֋ ਷ φ Uւ 2bi /QM+ mM2 `�+BM2 T`BKBiBp2֋ ਷ φ@ĕK2 /2 HǶmMBiûX

G� i`�Mb7Q`Kû2 /2 6Qm`B2` /�Mb +2 +Q`Tb 2bi MQKKû2 2M �M;H�Bb LmK#2` h?2Q`2iB+
h`�Mb7Q`K 2i 2HH2 miBHBb2 /2b `�+BM2b T`BKBiBp2b ։@BĕK2b /2 HǶmMBiû [mB bQMi /�Mb ඾Օ 2i T�b
/2b MQK#`2b +QKTH2t2bX

.û}MBiBQM jX PM /Bi [m2 Ⴇ 2bi mM2 `�+BM2 T`BKBiBp2 ։@ĕK2 /2 HǶmMBiû /�Mb ඾Օ bB ,
RX ႧՓ � φ
kX ႧՎ ଈ φ TQm` ք 2Mi`2 φ 2i ։ ਷ φ
LQmb +?QBbB`QMb bvbiûK�iB[m2K2Mi ֋ /2 H� 7Q`K2 φ � ֆ ੟ ϵ։ �p2+ ֆ mM2 +QMbi�Mi2

[m2H+QM[m2 2i ։ H2 /2;`û /m TQHvMƬK2 [mQiB2Mi ЁՓ � φ [m2 MQmb bQm?�BiQMb miBHBb2`X *QKK2
H2 ;ûMû`�i2m` ւ 2M;2M/`2 H2 ;`QmT2 KmHiBTHB+�iB7 /2 i�BHH2 ֋ ਷ φ � ֆ ੟ ϵ։ BH bm{i /2 T`2M/`2ւՐ TQm` �pQB` mM2 `�+BM2 ϵ։@BĕK2 /2 HǶmMBiû Qm ւɞՐ TQm` �pQB` mM2 `�+BM2 ։@BĕK2 /2 HǶmMBiûX

2t2KTH2 9X

ě aQBi ֋ � φϨ 2i λ � ΅ mM2 TmBbb�M+2 /2 k [mB /BpBb2 ֋ ਷ φX lM ;ûMû`�i2m`ศ	φϨ
 2bi jX lM ûHûK2Mi /ǶQ`/`2 λ � ΅ 2bi ϯȯɒ�Ǯ � νX aQM BMp2`b2 k 2bi �mbbB
/ǶQ`/`2 3- +QKK2 QM T2mi H2 pû`B}2` 2M T`2M�Mi b2b TmBbb�M+2b bm++2bbBp2b
k-9-3-Re-R8-Rj-N-RX

ě aQBi ֋ � φϨ 2i λ � φϩ mM2 TmBbb�M+2 /2 k [mB /BpBb2 ֋ ਷ φX § T�`iB` /m
`�BbQMM2K2Mi T`û+û/2Mi- mM2 `�+BM2 T`BKBiBp2 2bi Ⴇ � ϯ [mB 2bi mM ;ûMû`�i2m`-
2i bQM BMp2`b2 e 2bi �mbbB /ǶQ`/`2 ReX

ě aQBi ֋ � νϨ 2i λ � ϯϵX lM ;ûMû`�i2m` /2 ศ	νϨ
 2bi 8X PM T`2M/ +QKK2
`�+BM2 T`BKBiBp2 jk@ĕK2 /2 HǶmMBiû Ⴇ � ΘȦɒ�ɘɞ � Θɘ � ϵ΅X

RXRyXR S`Q/mBi /2 /2mt TQHvMƬK2b
LQmb �pQMb 2tTHB[mû TQm`[mQB H� i`�Mb7Q`Kû2 /2 6Qm`B2` `�TB/2 2bi mM2 ûp�Hm�iBQM /2

TQHvMƬK2 2M ։ TQBMib 2M ย	։ ΰπΜ ։
 QTû`�iBQMbX G� i`�Mb7Q`Kû2 BMp2`b2 /2K�M/2 mM MQK#`2
/ǶQTû`�iBQMb /m KāK2 Q`/`2X G2b T2`7Q`K�M+2b /2 +2b /2mt Kûi?Q/2b Hû;BiBK2Mi HǶmiBHBb�iBQM
/2 H� `2T`ûb2Mi�iBQM ûp�Hmû2 /2b TQHvMƬK2b /�Mb H2 /2bbBM /2 +�H+mH2` H2m`b T`Q/mBibX

§ T`2KBĕ`2 pm2- +2ii2 Kûi?Q/2 /BbTQb2 /ǶmM2 +QMi`�BMi2 û[mBp�H2Mi2 ¨ +2HH2 /Bb+miû2
/�Mb H� T�`iB2 RXdXkX G2b TQHvMƬK2b /QMi QM bQm?�Bi2 Q#i2MB` H2 T`Q/mBi bQMi i2Mmb /Ƕāi`2
ûp�Hmûb bm` ϵ։ TQBMib- 2M +QMbB/û`�Mi +QKK2 MmHb H2b +Q2{+B2Mib 2Mi`2 ЁՓ � φ 2i ЁɞՓ /2b

kR
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TQHvMƬK2b ¨ KmHiBTHB2` BMBiB�H2K2Mi- TQm` 2MbmBi2 BMi2`TQH2` H2 TQHvMƬK2 /2 /2;`û ϵ	։ ਷ φ
-
`ûbmHi�i /m T`Q/mBiX

aQBi H� 7QM+iBQM Lhh [mB 2z2+im2 H� i`�Mb7Q`Kû2 /2 6Qm`B2` `�TB/2 2M miBHBb�Mi /2b `�+BM2bϵ։@BĕK2b /2 HǶmMBiû TQm` mM TQHvMƬK2 /2 /2;`û ։ ਷ φ 2i BLhh H� 7QM+iBQM 2z2+im�Mi H�
i`�Mb7Q`Kû2 BMp2`b2- HǶ�H;Q`Bi?K2 /û+`Bi H� KmHiBTHB+�iBQM /2 /2mt TQHvMƬK2b Α 2i ΛX

�H;Q`Bi?K N JmHiBTHB+�iBQM /2 /2mt TQHvMƬK2b- ' 2i ( bQmb 7Q`K2 ûp�Hmû2 T�` H�
LhhX
R , 7mM+iBQM JmHiBTHvU6- :V
k , '஥ ݁ LhhU'V
j , (஥ ݁ LhhU(V
9 , 7Q` Ԙ ݁ �
 �	ԝ ਷ �
 /Q
8 , ԡ஥ք ݁ ԕ ஥ք ੎ Ԗ஥ք
e , 2M/ 7Q`
d , 3 ݁ BLhhU3஥V
3 , `2im`M _
N , 2M/ 7mM+iBQM

*2i �H;Q`Bi?K2 `2iQm`M2 mM TQHvMƬK2 /2 /2;`û ϵ	։ ਷ φ
X hQmi27QBb- MQmb �pQMb pm /�Mb
H2 +?�TBi`2 R [m2 H� bi`m+im`2 miBHBbû2 /�Mb H� +`vTiQ;`�T?B2 7QM/û2 bm` H2b `ûb2�mt BKTHB[m2
/2 `û/mB`2 H2b TQHvMƬK2b KQ/mHQ mM �mi`2 TQHvMƬK2 /2 H� 7Q`K2 ЁՓ � φX GǶ�H;Q`Bi?K2 N
`2iQm`M2 mM TQHvMƬK2 /2 /2;`û ϵ	։ ਷ φ
 [mǶBH 7�mi �HQ`b `û/mB`2 KQ/mHQ ЁՓ � φX *2ii2
QTû`�iBQM `2pB2Mi ¨ bQmbi`�B`2 �mt ։ T`2KB2`b +Q2{+B2Mib H2b ։ bmBp�MibX

�BMbB- BH 2bi TQbbB#H2 /ǶQTiBKBb2` +2ii2 `û/m+iBQM KQ/mH�B`2 2M `2bi`2B;M�Mi ¨ ։ H2 MQK#`2
/2 TQBMib ûp�Hmûb TQm` H2b /2mt TQHvMƬK2bX LQmb �HHQMb KQMi`2` [m2 H2 TQHvMƬK2 /2 /2;`û։ ਷ φ `ûbmHi�Mi /2 H� `û/m+iBQM /ǶmM TQHvMƬK2 ϋ /2 /2;`û ϵ։ ਷ φ 2bi û;�H �m TQHvMƬK2
Q#i2Mm T�` H� i`�Mb7Q`Kû2 /2 6Qm`B2` /2 ϋ bm` ։ TQBMib- bmBpB /2 b� i`�Mb7Q`Kû2 BMp2`b2X aQBi
S mM TQHvMƬK2 /2 /2;`û ϵ։ ਷ φ /QMi H2 ք@ĕK2 +Q2{+B2Mi 2bi MQiû վՎXϋ	Ё
 � վɱ � վȯЁȯ � ੈ � վՓ਷ȯЁՓ਷ȯ � վՓЁՓ � ੈ � վɞՓ਷ȯЁɞՓ਷ȯ
1M +�H+mH�Mi ϋ஬՗	Ё
 � ϋ	Ё
 ζπͷ ЁՓ � φ- QM Q#iB2Mi b�Mb 7�+iQ`Bb2` H2b +Q2{+B2Mib ,ϋ஬	Ё
 � վɱ � վȯЁȯ � ੈ ਷ վՓ਷ȯЁՓ਷ȯ ਷ վՓ � ੈ � վɞՓ਷ȯЁՓ਷ȯ
1M Qmi`2- HQ`b[m2 HǶQM ûp�Hm2 ϋ	Ё
 bm` H2b `�+BM2b ϵ։@ĕK2b /2 HǶmMBiû QM `2K�`[m2 T�` H�
T`QT`Bûiû URX8V /2b `�+BM2b [m2 ႧՐ�ՓɞՓ � ਷ႧՐɞՓX úp�Hm2` ϋ	Ё
 bm` ։ `�+BM2b /2 HǶmMBiû `2pB2Mi
¨ ûp�Hm2` /B`2+i2K2Mi ϋ஬	Ё
 +�` H2b `�+BM2b /2 HǶmMBiû i`�Mb7Q`K2Mi H2b +Q2{+B2Mib �m@/2H¨
/m 	։ ਷ φ
@ĕK2 +Q2{+B2Mi /ǶmM2 K�MBĕ`2 b2K#H�#H2 ¨ `û/m+iBQM THmb ;ûMû`�H2 /2 ϋ T�`ЁՓ � φX �BMbB- HQ`b[m2 HǶQM BMi2`TQH2 HǶ2Mb2K#H2 /2 p�H2m`b ûp�Hmû2b /2 ϋ	Ё
 bm` ։ `�+BM2b
/2 HǶmMBiû- QM Q#iB2Mi /B`2+i2K2Mi ϋ஬	Ё
X
RXRR *QM+HmbBQM

LQmb �pQMb pm /�Mb +2 +?�TBi`2 H2b QmiBHb- 2i THmb T�`iB+mHBĕ`2K2Mi H2b TQHvMƬK2b /�Mb H�
bi`m+im`2 T�`iB+mHBĕ`2 [mǶ2bi H2 `ûb2�m 2m+HB/B2M /ǶB/û�mt �BMbB [m2 H2b QTû`�iBQMb /Ƕ�//BiBQMb
2i /2 KmHiBTHB+�iBQM- Mû+2bb�B`2b ¨ H� #QMM2 +QKT`û?2MbBQM /m `2bi2 /2 +2 KûKQB`2X .2
MQK#`2mb2b `û7û`2M+2b v b2`QMi 7�Bi2b iQmi �m HQM; /2b +?�TBi`2b [mB bmBp2Mi �}M /2 `�TT2H2`
H2b MQiBQMb �#Q`/û2bX

kk



*?�TBi`2 k

*?Bz`2K2Mi ?QKQKQ`T?2

h�#H2 /2b K�iBĕ`2b

kXR AMi`Q/m+iBQM 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 X X X X X X X X X X kj
kXk S`ûKB+2b 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 X X X X X X X X X X X X k8

kXkXR >vTQi?ĕb2 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 X X X X X X X k8
kXkXk *?Bz`2K2Mib ?QKQKQ`T?2b KmHiBTHB+�iB7b X X X X X X X X X X X X X X ke

kXj *?Bz`2K2Mi /2 S�BHHB2` 2i ;ûMû`�HBb�iBQM X X X X X X X X X X X X X X X X X X X X k3
kXjXR *?Bz`2K2Mi /2 S�BHHB2` 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 k3
kXjXk :ûMû`�HBb�iBQM /m +`vTiQbvbiĕK2 X X X X X X X X X X X X X X X X X X X k3
kXjXj AM+QMpûMB2Mib K�D2m`b 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 k3

kX9 *?Bz`2K2Mi 7QM/û bm` H2b `ûb2�mt 2m+HB/B2Mb X X X X X X X X X X X X X X X X X X k3
kX9XR aAa 2i +`vTiQbvbiĕK2b 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 k3
kX9Xk Gq1- _BM;@Gq1 2i +`vTiQbvbiĕK2b X X X X X X X X X X X X X X X X X jy

kX8 *QM+HmbBQM 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 X X X X X X X X X X X jj

_ûbmKû , G2b bvbiĕK2b /2 +?Bz`2K2Mi ?QKQKQ`T?2b TQbbĕ/2Mi /2b T`QT`Bûiûb
T�`iB+mHBĕ`2K2Mi BMiû`2bb�Mi2b /�Mb H2 +�/`2 /2 H� T`Qi2+iBQM /2 H� pB2 T`Bpû2X LQmb
7�BbQMb B+B HǶûi�i /2 HǶ�`i /ǶmM QmiBH [mB b2`� 7QM/�K2Mi�H /�Mb H2b +QMbi`m+iBQMb
[m2 MQmb T`QTQbQMb T�` H� bmBi2X

kXR AMi`Q/m+iBQM
G2 +?Bz`2K2Mi 2bi mM2 i2Mi�iBp2 /2 `ûTQMb2 �m T`Q#HĕK2 bmBp�Mi ,

*QKK2Mi �bbm`2` H2 b2+`2i /ǶmM2 +QKKmMB+�iBQM HQ`b[m2 +2HH2@+B 2bi i`�MbKBb2
bm` mM +�M�H BMbû+m`Bbû \

.2TmBb THmbB2m`b KBHHûM�B`2b- H2b ;`QmT2b ;Qmp2`M�Mib QMi `2+?2`+?û /2b KQv2Mb /2 +QK@
KmMB+�iBQM 2{+�+2b 2i bȿ`b �}M /2 K�Bi`Bb2` H� /BzmbBQM /ǶBM7Q`K�iBQMbX Zm2 +2 bQBi TQm`
`û;2Mi2` mM i2``BiQB`2 Qm +QKK�M/2` mM2 �`Kû2 H2 /�M;2` BM?û`2Mi ¨ H� +�Tim`2 /2 +2
ivT2 /2 K2bb�;2b T�` /2b �/p2`b�B`2b 7mi `�TB/2K2Mi �bbBKBHûX PM `2i`Qmp2 /2b T`�iB[m2b
/2 #`QmBHH�;2 /2 HǶBM7Q`K�iBQM /ĕb HǶûTQ[m2 �MiB[m2 �p2+ T�` 2t2KTH2 H� a+vi�H2 Ĝ #�iQM
�miQm` /m[m2H H2 K2bb�;2 /BbbBKmHû /QBi āi`2 2M`QmHû TQm` āi`2 HBbB#H2 Ĝ +?2x H2b aT�`iB�i2b
(8k)X AMimBiBp2K2Mi- H2 T`Q#HĕK2 /m i`�Mb72`i /ǶBM7Q`K�iBQMb �TT�`�Bi HQ`b[m2 /2mt T�`iB2b
/BbiBM+i2b +QKKmMB[m2Mi T�` H2 #B�Bb /ǶmM KQv2M /2 i`�MbKBbbBQM b2MbB#H2 ¨ H� 7mBi2 2ifQm ¨
HǶBMi2`+2TiBQM /ǶBM7Q`K�iBQMbX G2b /2mt T�`iB2b +?2`+?2Mi ¨ û+?�M;2` /2b BM7Q`K�iBQMb 2M i2M@
i�Mi /2 KBMBKBb2` H2b 7mBi2b p2`b H2 TQi2MiB2H �/p2`b�B`2 +Q``QKT�Mi H2 +�M�H /2 i`�MbKBbbBQMX
G� bQHmiBQM +�MQMB[m2 KQ/2`M2 ¨ +2 T`Q#HĕK2 2bi /Ƕ2KTHQv2` mM bvbiĕK2 +`vTiQ;`�T?B[m2
/2 +?Bz`2K2Mi Qm +`vTiQbvbiĕK2X aQKK�B`2K2Mi- mM +`vTiQbvbiĕK2 2bi mM T`QiQ+QH2 [mB
/QMM2 /2b ;�`�MiB2b /2 b2+`2i /2b +QKKmMB+�iBQMb 2Mi`2 THmbB2m`b T�`iB2b /BbiBM+i2bX

GǶmM /2b �H;Q`Bi?K2b /ǶmM bvbiĕK2 +`vTiQ;`�T?B[m2 2bi �TT2Hû +?Bz`2K2Mi Ĝ /�Mb mM
T`QiQ+QH2 +`vTiQ;`�T?B[m2- BH 2bi 2tû+miû T�` HǶûK2ii2m` /m K2bb�;2 Ĝ i�M/Bb [m2 bQM BMp2`b2

kj



*?B77`2K2Mi ?QKQKQ`T?2

Ĝ 2tû+miû T�` H2 `2+2p2m` Ĝ 2bi MQKKû /û+?Bz`2K2MiX �BMbB �p�Mi /Ƕ2MpQv2` mM K2bb�;2
HǶûK2ii2m` �TTHB[m2 HǶ�H;Q`Bi?K2 /2 +?Bz`2K2Mi �p2+ 2M 2Mi`û2 bQM K2bb�;2X GǶ2tû+miBQM /2
HǶ�H;Q`Bi?K2 i2`KBMû2- BH 2MpQB2 H2 `ûbmHi�i- MQKKû +?Bz`û bm` mM +�M�H MQM bû+m`BbûX G2
+?Bz`û `2Ïm- H2 `2+2p2m` 2tû+mi2 HǶ�H;Q`Bi?K2 /2 /û+?Bz`2K2Mi 2i `û+mTĕ`2 H2 K2bb�;2 BMBiB�H-
�TT2Hû i2ti2 +H�B`X

SQm` [m2 H2 T`QiQ+QH2 /û+`Bi T`û+û/2KK2Mi �bbm`2 H� +QM}/2MiB�HBiû /ǶmM û+?�M;2 - H2
`2+2p2m` b2 /QBi /2 +QMM�Bi`2 mM2 BM7Q`K�iBQM ě mM b2+`2i ě BM+QMMm2 /2 HǶ�/p2`b�B`2X .�Mb
H2 +�b +QMi`�B`2- HǶ�/p2`b�B`2 TQm``�Bi- +QKK2 H2 `2+2p2m`- /û+?Bz`2` H2 K2bb�;2 +?Bz`û 2i HB`2
H2 i2ti2 +H�B`X G� +QMM�Bbb�M+2 bmTTHûK2Mi�B`2 Mû+2bb�B`2 �m `2+2p2m` T2mi T`2M/`2 H� 7Q`K2
/2 HǶ�H;Q`Bi?K2 /2 /û+?Bz`2K2Mi Qm /ǶmM T�`�Kĕi`2 bmTTHûK2Mi�B`2 miBHBbû T�` HǶ�H;Q`Bi?K2
/2 /û+?Bz`2K2MiX *2ii2 BM7Q`K�iBQM bmTTHûK2Mi�B`2 2bi �TT2Hû2 *Hû /2 /û+?Bz`2K2MiX

G2b bvbiĕK2b /2 +?Bz`2K2Mi Ŀi`�/BiBQMM2Hbŀ miBHBb2Mi mM b2+`2i T�`i�;û 2Mi`2 HǶ�H;Q`Bi?K2
/2 +?Bz`2K2Mi 2i /2 /û+?Bz`2K2MiX *2b bvbiĕK2b /2 +?Bz`2K2Mi bQMi �TT2Hûb +?Bz`2K2Mib
bvKûi`B[m2b 2i BKTHB[m2Mi [m2 H2 b2+`2i T�`i�;û bQBi i`�MbKBb bm` mM +�M�H bû+m`BbûX lM2
�M�HQ;B2- MQM 2t2KTi2 /2 /û7�mib- T2mi T`2M/`2 H� 7Q`K2 bmBp�Mi2X GǶBM/BpB/m � bQm?�Bi2 φ

2MpQv2` mM +QHBb ¨ HǶBM/BpB/m " 2i ϵ
 [m2 H2 +QMi2Mm /m +QHBb bQBi mMB[m2K2Mi �++2bbB#H2 ¨ "X
G2b /2mt BM/BpB/mb pQMi 2M T`2KB2` HB2m bǶ�++Q`/2` bm` H2 +�/2M�b ¨ miBHBb2` TQm` 72`K2` H2
+QHBb 2i mM2 7QBb H2 +�/2M�b +?QBbB- 7�B`2 mM /Qm#H2 /2 H� +Hû UmM2 TQm` � 2i mM2 TQm` "VX �BMbB-
HQ`b[mǶ � 2MpQB2 mM +QHBb ¨ " Ĝ bQm?�Bi φ
 Ĝ - � H2 72`K2 �p2+ H2 +�/2M�b +?QBbB T`û+û/2KK2Mi
TQm` āi`2 +2`i�BM [m2 b2mH " TQm``�- mM2 7QBb `2Ïm HǶQmp`B` Ĝ bQm?�Bi ϵ
 ĜX *2T2M/�Mi- H2
T`Q#HĕK2 /Ƕû+?�M;2 /2 +Hûb �TT�`�Bi HQ`b[mǶQM M2 /BbTQb2 T�b /ǶmM +�M�H +QM}/2MiB2H TQm`
i`�MbK2ii`2 H� +HûX

G2 T`BM+BT2 `2i2Mm TQm` `ûbQm/`2 +2 T`Q#HĕK2 2bi /2 +`û2` mM2 +Hû /2 +?Bz`2K2Mi /BbiBM+i2
[mB- KāK2 bB 2HH2 2bi `û+mTû`û2 T�` HǶ�/p2`b�B`2- ;�`�MiBi H� +QM}/2MiB�HBiû /m K2bb�;2X .2
THmb- +2H� BKTHB[m2 [m2 H� +Hû /2 /û+?Bz`2K2Mi M2 b2 /û`Bp2 T�b 7�+BH2K2Mi /2 H� +Hû /2
+?Bz`2K2MiX G2 +`vTiQbvbiĕK2 2bi �HQ`b MQKKû �bvKûi`B[m2 +�` BH miBHBb2 /2mt +Hûb /Bzû`2Mi2bX
_2T`2MQMb HǶ�M�HQ;B2 T`û+û/2Mi2 �p2+ H2b BM/BpB/mb � 2i "X � bQm?�Bi2 2MpQv2` mM +QHBb
¨ " /�Mb mM T`QiQ+QH2 T`Q+?2 /m +?Bz`2K2Mi �bvKûi`B[m2X 1M T`2KB2` HB2m- " 2MpQB2 mM
+�/2M�b Qmp2`i ¨ � /QMi " 2bi b2mH TQbb2bb2m` /2 H� +HûX � p� `2KTHB` H2 +QHBb /2biBMû ¨ "- H2
bû+m`Bb2` 2M 72`K�Mi H2 +�/2M�b TmBb HǶ2MpQv2` Ĝ BHb `2bT2+i2Mi φ
 2i ϵ
 ĜX PM Q#b2`p2 [m2
" 2bi H2 b2mH ¨ TQmpQB` Qmp`B` H2 +�/2M�b 2i /QM+ �++û/2` �m +QMi2Mm /m +QHBbX G2 +�/2M�b
T2mi āi`2 pm +QKK2 H� 7QM+iBQM /2 +?Bz`2K2Mi 2i H� Kûi?Q/2 /2 72`K2im`2 +QKK2 H� +HûX
�BMbB " T2mi /Bbi`B#m2` Tm#HB[m2K2Mi bQM +�/2M�b �BMbB [m2 b� Kûi?Q/2 /2 72`K2im`2 b�Mb
+QKT`QK2ii`2 H� bû+m`Biû /m +QMi2Mm /m +QHBbX G2b T`QiQ+QH2b �bvKûi`B[m2b- THmb +Qmi2mt 2M
K�iBĕ`2 /2 +�H+mHb bQMi �mDQm`/Ƕ?mB T`BM+BT�H2K2Mi miBHBbûb �}M /2 T�`i�;2` mM b2+`2i [mB
b2`� miBHBbû /�Mb mM /2mtBĕK2 i2KTb +QKK2 +Hû T�`i�;û2 T�` mM +`vTiQbvbiĕK2 bvKûi`B[m2
KQBMb +Qmi2mtX

1M kyy3 *`�B; :2Mi`v BMi`Q/mBbBi mM2 MQmp2HH2 TQbbB#BHBiû +`vTiQ;`�T?B[m2- T�`7QBb
MQKKû2 Ŀ:`��Hŀ T�` H2b 2Mi?QmbB�bi2bX *2ii2 /2`MBĕ`2 +QMbBbi2 ¨ ûp�Hm2` mM2 7QM+iBQM
�`#Bi`�B`2 bm` H2b +?Bz`ûbX �mi`2K2Mi /Bi- �TTHB[m2` mM �H;Q`Bi?K2- �p2+ mM bm`+Qmi- �mt
/QMMû2b +?Bz`û2b b�Mb TQm` �mi�Mi �pQB` �++ĕb �mt i2ti2b +H�B`b b2`�Bi TQbbB#H2X �BMbB- mM2
2MiBiû T2mi /ûHQ+�HBb2` mM +�H+mH +?2x mM iB2`b TQi2MiB2HH2K2Mi T2`MB+B2mt 2M ûi�Mi �bbm`û2 [m2
H� +QM}/2MiB�HBiû /2 b2b /QMMû2b 2bi T`ûb2`pû2X lM2 �TTHB+�iBQM T`�;K�iB[m2 b2`�Bi /2 +?Bz`2`
H2b /QMMû2b ¨ i`�Bi2` T�` mM b2`pB+2 /Bbi�Mi- i2H [m2 +2HmB T`QTQbû T�` �K�xQM q2# a2`pB+2X
*2 bQMi H2b +`vTiQbvbiĕK2b Qz`�Mi +2ii2 7QM+iBQMM�HBiû- /Bib +?Bz`2K2Mib ?QKQKQ`T?2b [m2
MQmb �HHQMb ûim/B2` /�Mb +2 +?�TBi`2X

LQmb p2``QMb 2M T`2KB2`b HB2mt H2b T`ûKB+2b /2 +2b bvbiĕK2b TmBb H2 T`2KB2` +`vTiQbvbiĕK2
miBHBb�#H2 /�Mb H� T`�iB[m2 K�H;`û b2b HBKBi�iBQMbX SmBb MQmb p2``QMb mM2 #`�M+?2 THmb
T2`7Q`K�Mi2 /QMi MQmb ûim/B2`QMb H� T`BM+BT�H2 HBKBi2X 1M}M- MQmb i2`KBM2`QMb bm` H2b
bvbiĕK2b [mB T`QTQb2Mi mM +QKT`QKBb 2Mi`2 HǶûi2M/m2 /2b 7QM+iBQMb +�H+mH�#H2b bm` H2b
/QMMû2b +?Bz`û2b 2i H� T2`7Q`K�M+2X

k9



kXk S`öKB+2b

kXk S`ûKB+2b
kXkXR >vTQi?ĕb2

_X _Bp2bi- GX �/2HK�M 2i JX .2`iQmxQb ûKB`2Mi 2M RNd3 /�Mb (9d) HǶ?vTQi?ĕb2 [mǶmM
bvbiĕK2 /2 +?Bz`2K2Mi MQKKû /�Mb H2 i2ti2 ĿS`Bp�+v ?QKQKQ`T?BbKŀ ûi�Bi +`û/B#H2 2i
miBH2X .�Mb +2i �`iB+H2 H2b �mi2m`b T�`i2Mi /ǶmM T`Q#HĕK2 T`�iB[m2 TmBb T`QTQb2Mi /Bzû`2Mi2b
bQHmiBQMbX G� T`2KBĕ`2 bQHmiBQM +QMbBbi2 2M mM2 KQ/B}+�iBQM /m K�iû`B2H �}M /Ƕv BMi`Q/mB`2 /2b
`2;Bbi`2b bû+m`Bbûb Ĝ BM�++2bbB#H2b TQm` H2 T`QT`Bûi�B`2 /2 H� K�+?BM2 Ĝ /�Mb H2b[m2Hb H2b /QMMû2b
/2 HǶmiBHBb�i2m` bQMi biQ+Fû2b /û+?Bz`û2b �}M /Ƕv �TTHB[m2` /2b QTû`�iBQMb �`Bi?KûiB[m2bX *2
ivT2 /2 +QMbi`m+iBQM- �p2+ K�iû`B2H bû+m`Bbû- 2bi MQKKû THmb i�`/ /�Mb H� HBiiû`�im`2 Ŀh`mbi2/
>�`/r�`2ŀX *2ii2 +�iû;Q`B2 /2 K�iû`B2H T2mi āi`2 `�ii�+?û �mt +QT`Q+2bb2m`b bû+m`Bbûb +QKK2
HǶA"J 9d83 miBHBbû /�Mb (kd) �}M /Ƕ�m;K2Mi2` H� +QM}/2MiB�HBiû /ǶmM SEA �BMbB [mǶ�mt +�`i2b
¨ Tm+2b U�mbbB û[mBTû /2 MQK#`2mt bvbiĕK2b /2 bû+m`Biû T?vbB[m2bVX G� b2+QM/2 bQHmiBQM
T`QTQbû2 2bi /ǶmiBHBb2` mM2 +QMbi`m+iBQM +`vTiQ;`�T?B[m2 /QMi HǶQTû`�iBQM /2 +?Bz`2K2Mi b2
+QKTQ`i2 +QKK2 mM U?QKQVKQ`T?BbK2 /2 ;`QmT2 2Mi`2 H� `2T`ûb2Mi�iBQM /2b i2ti2b +H�B`b 2i
H� `2T`ûb2Mi�iBQM /2b +?Bz`ûbX *Ƕ2bi@¨@/B`2 [m2 H2 KQ`T?BbK2 UHǶQTû`�iBQM /2 +?Bz`2K2Mi Qm
/Ƕ2M+Q/�;2 /�Mb HǶ�`iB+H2V T`ûb2`p2 H� bi`m+im`2 /2 /ûT�`i 2i H� bi`m+im`2 /Ƕ�``Bpû2X § iBi`2
/Ƕ2t2KTH2- H2b HQ;�`Bi?K2b Ĝ MûTû`B2M 2i /û+BK�H ě bQMi /2b ?QKQKQ`T?BbK2b /2 ;`QmT2X

LQmb �HHQMb T`ûb2Mi2` j /û}MBiBQMb [mB b2`QMi Mû+2bb�B`2b ¨ H� #QMM2 +QKT`û?2MbBQM /2 +2
+?�TBi`2 ,

.û}MBiBQM 9X lM bvbiĕK2 /2 +?Bz`2K2Mi b2 /û}MBi T�` i`QBb 7QM+iBQMb- έ	ੁ
 H� 7QM+iBQM /2
;ûMû`�iBQM /2b +Hûb- ΃	ӳ
 H� 7QM+iBQM /2 +?Bz`2K2Mi- Ͷ	ӳ
 H� 7QM+iBQM /2 /û+?Bz`2K2MiX

1M miBHBb�Mi +2ii2 /û}MBiBQM TQm` mM bvbiĕK2 /2 +?Bz`2K2Mi- QM Q#iB2Mi ,

.û}MBiBQM 8X aQBi mM +`vTiQbvbiĕK2 	έ	ੁ
Ӵ ΃	ੁ
Ӵ Ͷ	ੁ

 �p2+ ΃ �HH�Mi /2 Λ p2`b ΡX aQBi�Ȅ mM2 QTû`�iBQM BMi2`M2 bm` Λ i2HH2 [m2 	ΛӴ �Ȅ
 bQBi mM ;`QmT2- 2i �Ȋ mM2 QTû`�iBQM
BMi2`M2 bm` ΡX *2 +`vTiQbvbiĕK2 2bi /Bi UbBKTH2K2MiV ?QKQKQ`T?2 HQ`b[m2 TQm` iQmi +QmTH2
/2 K2bb�;2b 	ֈȯӴ ֈɞ
 �p2+ ֈȯӴ ֈɞ ୮ Λ QM �΃	ֈȯ
 �Ȋ ΃	ֈɞ
 � ΃	ֈȯ �Ȅ ֈɞ
ӳ

a2HQM [m2 HǶQTû`�iBQM �Ȅ bQBi mM2 KmHiBTHB+�iBQM Qm mM2 �//BiBQM KQ/mH�B`2 QM /Bi [m2
H2 +`vTiQbvbiĕK2 2bi mM +?Bz`2K2Mi ?QKQKQ`T?2 KmHiBTHB+�iB7 Qm �//BiB7X PM M2 bǶBMiû`2bb2
[m2 i`ĕb `�`2K2Mi �m +�b Qm �Ȅ MǶ2bi /�Mb �m+mM /2 +2b /2mt +�bX GǶQTû`�iBQM �Ȋ � mM2
BKTQ`i�M+2 TQm` H2 +Qȿi /2b QTû`�iBQMb `û�HBbû2b bm` H2b /QMMû2b +?Bz`û2b- K�Bb MǶ2bi T�b
miBHBbû2 2M ;ûMû`�H TQm` +�iû;Q`Bb2` H2b bvbiĕK2b /2 +?Bz`2K2Mi ?QKQKQ`T?2X

.û}MBiBQM eX aQBi mM +`vTiQbvbiĕK2 	έ	ੁ
Ӵ ΃	ੁ
Ӵ Ͷ	ੁ

 �p2+ ΃ �HH�Mi /2 Λ p2`b ΡX aQB2Mi�ȄӴ ੁȄ /2mt QTû`�iBQMb BMi2`M2b bm` Λ i2HH2b [m2 	ΛӴ �ȄӴ ੁȄ
 bQBi mM �MM2�m- 2i �ȊӴ ੁȊ
/2mt QTû`�iBQMb BMi2`M2b bm` ΡX *2 +`vTiQbvbiĕK2 2bi /Bi +QKTHĕi2K2Mi ?QKQKQ`T?2 HQ`b[m2
TQm` iQmi +QmTH2 /2 K2bb�;2b 	ֈȯӴ ֈɞ
 �p2+ ֈȯӴ ֈɞ ୮ Λ QM � ,

RX ΃	ֈȯ
 �Ȋ ΃	ֈɞ
 � ΃	ֈȯ �Ȅ ֈɞ
 2i
kX ΃	ֈȯ
 ੁȊ ΃	ֈɞ
 � ΃	ֈȯ ੁȄ ֈɞ
ӳ
G2b `ûbmHi�ib /2b QTû`�iBQMb bm` HǶ2bT�+2 /2b +?Bz`ûb /QMM�Mi /2b +?Bz`ûb BH 2bi TQbbB#H2

/ǶmiBHBb2` +2b QTû`�iBQMb TQm` `û�HBb2` mM MQK#`2 /ǶQTû`�iBQMb �`#Bi`�B`2b bm` H2b +?Bz`ûbX
*2ii2 T`QT`Bûiû MǶ2bi T�b iQmDQm`b 7�+BH2 ¨ Q#i2MB` 2i +2b /û}MBiBQMb bQMi bQmp2Mi `2H�tû2b
p2`b mM2 p2`bBQM /Bi2 2M �M;H�Bb H2p2H2/ ?QKQKQ`T?B+ Qm bQK2r?�i ?QKQKQ`T?B+ Qɍ MQmb
�pQMb /2b T`QT`Bûiûb /m ivT2

ě Ͷ	΃	ֈȯ
 �Ȋ ΃	ֈɞ

 � ֈȯ �Ȅ ֈɞ 2i
ě Ͷ	΃	ֈȯ
 ੁȊ ΃	ֈɞ

 � ֈȯ ੁȄ ֈɞӳ

*2b T`QT`Bûiûb M2 /ûi2`KBM2Mi T�b /2 p�HB/Biû /m /û+?Bz`2K2Mi bB THmb /ǶmM2 QTû`�iBQM 2bi
`û�HBbû2 bm` H2b +?Bz`û2b 2i mM T�`�Kĕi`2 bmTTHûK2Mi�B`2 ί 2bi ;ûMû`�H2K2Mi �DQmiûX *2
T�`�Kĕi`2 2bi H� HBKBi2 /m MQK#`2 /ǶQTû`�iBQMb [m2 HǶQM T2mi `û�HBb2` U;ûMû`�H2K2Mi K2bm`û2
2M T`Q7QM/2m` /ǶmM +B`+mBiV iQmi 2M +QMb2`p�Mi mM `ûbmHi�i p�HB/2 �m /û+?Bz`2K2MiX

k8
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kXkXk *?Bz`2K2Mib ?QKQKQ`T?2b KmHiBTHB+�iB7b
G2 bvbiĕK2 /2 +?Bz`2K2Mi �bvKûi`B[m2 _a� (93) 2bi mM 2t2KTH2 +QM+`2i /Ƕ?QKQKQ`@

T?BbK2 KmHiBTHB+�iB7X .�Mb +2 +�b T`û+Bb H2 T`Q/mBi /2 /2mt +?Bz`ûb 2bi û;�H �m +?Bz`û /m
T`Q/mBi /2b +H�B`b KQ/mHQ mM MQK#`2X

�H;Q`Bi?K Ry S`BM+BT�mt �H;Q`Bi?K2b /m +`vTiQbvbiĕK2 _a�

:ûMû`�iBQM /ǶmM2 T�B`2 /2 +Hûb _a�
RX *?QBbB` ԟ 2i Ԡ /2mt MQK#`2b T`2KB2`b /BbiBM+ibX
kX *�H+mH2` ԝ � ԟ ੁ ԠX
jX *?QBbB` mM 2MiB2` Ԕ T`2KB2` �p2+ ၦ	ԝ
 Ĝ �p2+ ၦ H� 7QM+iBQM BM/B+�i`B+2

/Ƕ1mH2` Ĝ 2i Ԕ � ၦ	ԝ
X
9X *�H+mH2` ԓ � Ԕ਷φ NPE ၦ	ԝ
 �p2+ ԓ � ၦ	ԝ
X
�BMbB- H2 +QmTH2 	Ԕ
 ԝ
 2bi H� +Hû Tm#HB[m2 /m bvbiĕK2 2i ԓ 2bi H� +Hû T`Bpû2X

�H;Q`Bi?K2 /2 +?Bz`2K2Mi
aQBi Ԝ � ԝ mM i2ti2 +H�B`- HǶQTû`�iBQM /2 +?Bz`2K2Mi 2bi , Ԓ ଉ Ԝր NPE ԝX

�H;Q`Bi?K2 /2 /û+?Bz`2K2Mi
aQBi Ԓ mM +?Bz`û- H2 i2ti2 +H�B` +Q``2bTQM/�Mi 2bi Q#i2Mm T�` HǶQTû`�iBQM
/2 /û+?Bz`2K2Mi bmBp�Mi2 , Ԝ ଉ Ԓտ NPE ԝX

J�BMi2M�Mi [m2 MQmb �pQMb /û+`Bi H2 bvbiĕK2 /2 +?Bz`2K2Mi _a� T�` HǶ�H;Q`Bi?K2 Ry-
MQmb �HHQMb /û+`B`2 H� T`QT`Bûiû /2 +?Bz`2K2Mi ?QKQKQ`T?2X aQB2Mi վȯ 2i վɞ /2mt +?Bz`ûb
/2b K2bb�;2b ֈȯ 2i ֈɞ Q#i2Mmb T�` HǶ�H;Q`Bi?K2 /2 +?Bz`2K2Mi /2 _a� �p2+ H� +Hû Tm#HB[m2	րӴ λ
X aB MQmb MQmb TH�ÏQMb /�Mb H� TQbBiBQM /ǶmM iB2`b [mB � �++ĕb �m KQ/mH2 ։ K�Bb T�b ¨
H� +Hû /2 /û+?Bz`2K2Mi տ- MQmb TQmpQMb +�H+mH2` վɘ i2H [m2 վɘ ଉ վȯ ੁ վɞ 	ζπͷ ։
- TmBb H2
T`QT`Bûi�B`2 /2 տ /û+?Bz`2 վɘ i2H [m2 ,Ͷ	վɘ
 ଉ Ͷ	վȯ ੁ վɞ
 ଉ 	վȯ ੁ վɞ
Չ 	ζπͷ ։
ࡇ 	վՉȯ ੁ վՉɞ
 ଉ 	ֈȯ ੁ ֈɞ
ՊՉ ଉ 	ֈȯ ੁ ֈɞ
ȯ�Րႅ	Փ
 ଉ ֈȯ ੁ ֈɞ 	ζπͷ ։


/QM+ Ͷ	վɘ
 ଉ ֈȯ ੁ ֈɞ 	ζπͷ ։

AH bǶ�;Bi /QM+ /ǶmM +?Bz`2K2Mi ?QKQKQ`T?2 KmHiBTHB+�iB7X Lû�MKQBMb- +2 bvbiĕK2 /2

+?Bz`2K2Mi � mM T`Q#HĕK2 /2 7QM/ �m MBp2�m /2 H� +QM}/2MiB�HBiûX 1M 2z2i- /2mt +?Bz`ûb
/m KāK2 K2bb�;2 bQMi û[mBp�H2Mib- BH MǶv � T�b /2 /QMMû2b �Hû�iQB`2b Qɍ Tb2m/Q �Hû�iQB`2b
BMi`Q/mBi2b /�Mb H2b +?Bz`ûbX G� 7QM+iBQM /2 +?Bz`2K2Mi 2bi /Bi2 /ûi2`KBMBbi2X �BMbB b2HQM H2
T`QiQ+QH2- H2 iB2`b [mB 2tû+mi2 H2b QTû`�iBQMb ?QKQKQ`T?2b T2mi BM7û`2` �BbûK2Mi H2 +QMi2Mm /2
+2`i�BMb +?Bz`ûb T�` mM2 �ii�[m2 ¨ +H�B`b +?QBbBbX GǶ�/p2`b�B`2- +QMM�Bbb�Mi +2`i�BMb K2bb�;2b
û+?�M;ûb b2HQM H2 T`QiQ+QH2- H2b `2T`Q/mBi 2M miBHBb�Mi H� +Hû Tm#HB[m2 /2 +?Bz`2K2MiX AH T2mi
/BbiBM;m2` �m KQBMb mM2 T�`iB2 /2b +?Bz`ûb H2b mMb /2b �mi`2b RX

.2 7�Bi- H2b +?Bz`ûb T`Q/mBib T�` mM +`vTiQbvbiĕK2 ?QKQKQ`T?2 KQ/2`M2- +QMi`�B`2K2Mi
�mt +?Bz`ûb T`Q/mBib T�` _a�- /QBp2Mi āi`2 BM/BbiBM;m�#H2bX

AM/BbiBM;�#BHBiû lM2 MQiBQM +2Mi`�H2 /2 H� +`vTiQ;`�T?B2 KQ/2`M2 2bi H� MQiBQM /ǶBM/Bb@
iBM;�#BHBiû +�H+mH�iQB`2X G2 T`BM+BT2 bQmb@D�+2Mi 2bi /2 b�pQB` bB /2b /Bzû`2M+2b bQMi Q#b2`p�#H2b
T�` HǶ�TTHB+�iBQM /ǶmM �H;Q`Bi?K2 +�H+mH�#H2 2M i2KTb `�BbQMM�#H2 U2M i2KTb TQHvMQKB�H Qm
KQBMbVX .�Mb H2 +�b Qɍ H� `ûTQMb2 b2`�Bi Mû;�iBp2- QM T2mi +QMbB/û`2` [m2 H2b /2mt Q#D2ib
bQMi BM/BbiBM;�#H2b TQm` iQmi2b �TTHB+�iBQMb T`�iB[m2bX k

RX G2b T`QiQ+QH2b SA_ i`�Biûb /�Mb H2 *?�TX j BHHmbi`2Mi +2 +�bX
kX h`�/m+iBQM HB#`2 2i �m;K2Miû2 /2 H� /û}MBiBQM *XRk /2 HǶQmp`�;2 (Re)X

ke
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lM b2+QM/ bvbiĕK2 /2 +?Bz`2K2Mi 2M+Q`2 miBHBbû �mDQm`/Ƕ?mB 2i TQbbû/�Mi mM2 T`QT`Bûiû
/ǶBM/BbiBM;�#BHBiû 2bi H2 +?Bz`2K2Mi 1H:�K�H T`ûb2Miû 2M RN38 T�` h�?2` 1H;�K�H (R9)X
*2 bvbiĕK2- /û`Bpû /2 HǶû+?�M;2 /2 +Hûb T`QTQbû T�` .B{2@>2HHK�M (Rk)- 2bi 7QM/û bm` H2
T`Q#HĕK2 /m HQ;�`Bi?K2 /Bb+`2iX *2 T`Q#HĕK2 T�`i /m T`BM+BT2 [mǶBH 2bi 7�+BH2 /2 +�H+mH2`
mM2 2tTQM2MiB�iBQM KQ/mH�B`2- K�Bb [mǶmM2 7QBb HǶ2tTQM2MiB�iBQM +�H+mHû2 BH MǶ2tBbi2 T�b
/Ƕ�H;Q`Bi?K2 +�T�#H2 /2 `2i`Qmp2` HǶ2tTQb�Mi 2M i2KTb `�BbQMM�#H2X

�H;Q`Bi?K RR S`BM+BT�mt �H;Q`Bi?K2b /m +`vTiQbvbiĕK2 1H:�K�H

:ûMû`�iBQM /ǶmM2 T�B`2 /2 +Hûb 1H:�K�H
RX *?QBbB` mM MQK#`2 T`2KB2` ԟ 2i mM2 `�+BM2 T`BKBiBp2 Ԗ /�Mb ෹֋ /ǶQ`/`2ԟ U+Ƕ2bi@¨@/B`2 [m2 H2b TmBbb�M+2b /2 Ԗ KQ/mHQ ԟ 2M;2M/`2Mi ඾֋ ਷ �VX
kX *?QBbB` �Hû�iQB`2K2Mi mM 2MiB2` Ԑ /�Mb HǶBMi2`p�HH2 <�
 ��
 ԟ ਷ �> 2i

+�H+mH2` ၒ � 	Ԗռ NPE ԟ
X
G� T�`iB2 Tm#HB[m2 /2 H� +Hû 2bi H2 i`BTH2i 	ԟ
 Ԗ
 ၒ
 2i H� T�`iB2 T`Bpû2 2biԐX

�H;Q`Bi?K2 /2 +?Bz`2K2Mi
aQBi Ԝ ୮ ඾֋ mM i2ti2 +H�B`- HǶQTû`�iBQM /2 +?Bz`2K2Mi b2 /û`QmH2 +QKK2
bmBi ,
RX *?QBbB` �Hû�iQB`2K2Mi mM 2MiB2` ԑ /�Mb HǶBMi2`p�HH2 <�
 ੈ 
 ԟ ਷ �> 2i

+�H+mH2` ၓ � 	Ԗս NPE ԟ
X
kX *�H+mH2` Ԓ i2H [m2 Ԓ � ၒս ੁ Ԝ NPE ԟX
G2 +?Bz`û 2bi H2 +QmTH2 	ၓ
 Ԓ
X

�H;Q`Bi?K2 /2 /û+?Bz`2K2Mi
aQBi 	ၓ
 Ԓ
 mM +?Bz`û- H2 i2ti2 +H�B` +Q``2bTQM/�Mi 2bi Q#i2Mm T�` HǶQTû`�@
iBQM /2 /û+?Bz`2K2Mi bmBp�Mi2 ,
RX .ûi2`KBM2` H2 MQK#`2 ԧ � ԟ ਷ � ਷ ԐX
kX *�H+mH2` ၓ֓ ੁ Ԓ NPE ԟ 2i `2i`Qmp2` H2 K2bb�;2 Ԝ BMBiB�HX

JQMi`QMb [mǶBH bǶ�;Bi /ǶmM +?Bz`2K2Mi ?QKQKQ`T?2 KmHiBTHB+�iB7X aQBi 	႑ȯӴ վȯ
 2i 	႑ɞӴ վɞ

/2mt +?Bz`ûb /2b K2bb�;2b ֈȯ 2i ֈɞ Q#i2Mmb T�` HǶ�H;Q`Bi?K2 /2 +?Bz`2K2Mi Ĝ pQB` �H;X
RR Ĝ § T�`iB` /ǶmM2 +Hû Tm#HB[m2 [m2H+QM[m2 	֋Ӵ ւӴ ႐
X GǶ?QKQKQ`T?BbK2 KmHiBTHB+�iB7 T2mi
bǶ2tT`BK2` +QKK2 bmBi ,

*?Bz`2K2Mi /2 Ԝφ 2i Ԝϵ ,႑ȯ � ֈȯ ੁ ႐ՇȯӴ ႑ɞ � ֈɞ ੁ ႐Շɞվȯ � ւՇȯӴ վɞ � ւՇɞ
JmHiBTHB+�iBQM /2 	ၓφ
 Ԓφ
 2i 	ၓϵ
 Ԓϵ
 ,႑ɘ � ႑ȯ ੁ ႑ɞ � 	ֈȯ႐Շȯ
 ੁ 	ֈɞ႐Շɞ
 � ֈȯ ੁ ֈɞ ੁ ႐	Շȯ�Շɞ
վɘ � վȯ ੁ վɞ � ւՇȯ ੁ ւՇɞ
.û+?Bz`2K2Mi /2 	ၓϯ
 Ԓϯ
 ,႑ɘվՆɘ � ֈȯ ੁ ֈɞ ੁ ႐	Շȯ�Շɞ
ւՆ	Շȯ�Շɞ
 � ֈȯ ੁ ֈɞ ੁ ւՆ	Շȯ�Շɞ
ւՆ	Շȯ�Շɞ
 � ֈȯ ੁ ֈɞ
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_2K�`[m2X

G2 +`vTiQbvbiĕK2 1H:�K�H- 2M THmb /Ƕāi`2 ?QKQKQ`T?2 KmHiBTHB+�iB7- T`Q/mBi /2b
+?Bz`ûb BM/BbiBM;m�#H2bX

kXj *?Bz`2K2Mi /2 S�BHHB2` 2i ;ûMû`�HBb�iBQM
kXjXR *?Bz`2K2Mi /2 S�BHHB2`

G2 bvbiĕK2 /2 +?Bz`2K2Mi ûH�#Q`û T�` SXS�BHHB2` /�Mb (9j) [m2 HǶQM MQKK2`� S�BHHB2`
/�Mb H� bmBi2 /2 +2 KûKQB`2- 2bi 7QM/û- ¨ HǶBMbi�` /m +`vTiQbvbiĕK2 1H:�K�H- bm` H2
T`Q#HĕK2 /m HQ;�`Bi?K2 /Bb+`2iX AH bǶ�;Bi /ǶmM +?Bz`2K2Mi ?QKQKQ`T?2 �//BiB7- �bbm`�Mi
HǶBM/BbiBM;�#BHBiû /2b +H�B`bX G� +QKKmM�miû b+B2MiB}[m2 BMiû`2bbû2 T�` H2 `2bT2+i /2 H� pB2
T`Bpû2 2i H� bû+m`Biû � i`Qmpû /2 MQK#`2mb2b �TTHB+�iBQMb ¨ mM +`vTiQbvbiĕK2 Qz`�Mi /2 i2HH2b
TQbbB#BHBiûbX

kXjXk :ûMû`�HBb�iBQM /m +`vTiQbvbiĕK2
.�K;´`/ 2i Cm`BF T`ûb2Mi2Mi /�Mb (Ry) mM2 ;ûMû`�HBb�iBQM /2 S�BHHB2`X .�Mb +2 MQmp2�m

+`vTiQbvbiĕK2- H2b +?Bz`ûb /2pB2MM2Mi bm`+?Bz`�#H2bX .�Mb S�BHHB2`- TQm` +?Bz`2` /2 MQmp2�m
/2b /QMMû2b T`û�H�#H2K2Mi +?Bz`û2b- +2b /2`MBĕ`2b /QBp2Mi āi`2 +QMbB/û`û2b +QKK2 H2 K2bb�;2
+H�B` ¨ +?Bz`2`X *2 K2bb�;2 /QBi �HQ`b āi`2 b2;K2Miû- +�` mM +?Bz`û M2 T2mi T�b +QMi2MB`
HǶBMiû;`�HBiû /ǶmM �mi`2 +?Bz`û UH� i�BHH2 K�tBK�H2 /2b +H�B`b- ΰπΜ ։- 2bi THmb T2iBi2 [m2 +2HH2
/2b +?Bz`ûb- ϵ ΰπΜ ։VX .�Mb H2 +�b /2 H� ;ûMû`�HBb�iBQM- H2b +?Bz`ûb bQMi /B`2+i2K2Mi miBHBb�#H2b
i2Hb [m2Hb- +Ƕ2bi H� i�BHH2 /m KQ/mH2 �p2+ H2[m2H QM i`�p�BHH2 [mB ;`�M/BiX aB H2 KQ/mH2 miBHBbû
2bi ։- QM Q#iB2M/`� bm++2bbBp2K2Mi /2b +?Bz`ûb KQ/mHQ ։ɞӴ ։ɘӴ wX G2 7�+i2m` /Ƕ2tT�MbBQM /m
�m bm`+?Bz`2K2Mi- +Ƕ2bi@¨@/B`2 HǶ�++`QBbb2K2Mi /2 H� i�BHH2 /2b +?Bz`ûb- 2bi `û/mBi T�` `�TTQ`i
¨ S�BHHB2`X

kXjXj AM+QMpûMB2Mib K�D2m`b
G2 bvbiĕK2 /2 +?Bz`2K2Mi 2bi H2Mi /m 7�Bi /2 b� +QMbi`m+iBQM 7QM/û2 bm` H2 HQ;�`Bi?K2

/Bb+`2iX �BMbB /2 MQK#`2mb2b QTû`�iBQMb 2i THmb T�`iB+mHBĕ`2K2Mi H� KmHiBTHB+�iBQM /ǶmM +?Bz`û
T�` mM 2MiB2`- BKTHB[m2Mi H2 +�H+mH /Ƕ2tTQM2MiB�iBQMb KQ/mH�B`2b �p2+ /2 ;`�M/b KQ/mH2b
UϵЈΚ΅ #Bib TQm` mM2 bû+m`Biû /2 ΅Ј #BibVX PM MQi2`� [m2 K�H;`û HǶ2tBbi2M+2 /Ƕ�H;Q`Bi?K2b
T2`7Q`K�Mib /Ƕ2tTQM2MiB�iBQM KQ/mH�B`2- i2HH2 [m2 HǶ2tTQM2MiB�iBQM `�TB/2 Ub[m�`2 �M/
KmHiBTHvV- +2b /2`MB2`b M2 `û/mBb2Mi T�b bm{b�KK2Mi H2 +Qȿi /2 +2b QTû`�iBQMbX 1M 2z2i-
KāK2 bB TQm` +�H+mH2` ֓Փ +2i �H;Q`Bi?K2 2z2+im2 ο	ΰπΜ ։
 KmHiBTHB+�iBQMb ¨ H� TH�+2 /2bο	։
 /2 HǶ�H;Q`Bi?K2 M�ś7- H2b KmHiBTHB+�iBQMb b2 7QMi /�Mb H2 +�b /2 S�BHHB2`- 2Mi`2 /2b
2MiB2`b /2 ;`�M/2 i�BHH2 TQm` H�[m2HH2 BH MǶ2tBbi2 T�b /2 `2;Bbi`2b bm{b�KK2Mi ;`�M/b /�Mb
H2b T`Q+2bb2m`b /ǶQ`/BM�i2m`b �+im2Hb (9N) TQm` 2z2+im2` +2b KmHiBTHB+�iBQMb 2M mM b2mH iQm`
/Ƕ?Q`HQ;2X

kX9 *?Bz`2K2Mi 7QM/û bm` H2b `ûb2�mt 2m+HB/B2Mb
kX9XR aAa 2i +`vTiQbvbiĕK2b

G2 T`2KB2` +`vTiQbvbiĕK2 MQi�#H2 7QM/û bm` H2b `ûb2�mt B/û�mt- MQKKû Lh_l- 7mi
T`ûb2Miû 2M RNNe T�` C2z`2v >Qzbi2BM- CBHH SBT?2` 2i CQb2T? >X aBHp2`K�M ¨ *`vTiQǶNe /�Mb
HǶ�`iB+H2 (ke) 7QM/û bm` H2 T`Q#HĕK2 /m p2+i2m` H2 THmb THmb +Qm`i Ub?Qi p2+iQ` T`Q#H2K UaoSVV
i`�Biû /2TmBb H2b �MMû2b 3y (jk)X

G� +QKKmM�miû b+B2MiB}[m2 KQMi`� `�TB/2K2Mi [m2 H2 T`Q#HĕK2 bm` H2[m2H ûi�Bi 7QM/û +2
+`vTiQbvbiĕK2 T2mi āi`2 2tT`BKû +QKK2 mM T`Q#HĕK2 7QM/û bm` H2b `ûb2�mt 2m+HB/B2MbX �BMbB
¨ H� +QM7û`2M+2 �Lha /2 RNN3 H2b �mi2m`b /2 Lh_l v T`ûb2Miĕ`2Mi mM2 p2`bBQM �KûHBQ`û2
+QKT`2M�Mi mM2 ûp�Hm�iBQM �TT`Q7QM/B2 /2 b� bû+m`Biû T`�iB[m2 +QMi`2 H2b �ii�[m2b miBHBb�Mi
H2b `ûb2�mt 2m+HB/B2MbX

k3



kX9 *?B77`2K2Mi 7QM/ö bm` H2b `öb2�mt 2m+HB/B2Mb

�H;Q`Bi?K Rk S`BM+BT�mt �H;Q`Bi?K2b /m +`vTiQbvbiĕK2 S�BHHB2`

:ûMû`�iBQM /ǶmM2 T�B`2 /2 +Hûb S�BHHB2`
RX *?QBbB` ԟ 2i Ԡ /2mt T`2KB2`b /2 KāK2 i�BHH2X
kX *�H+mH2` ԝ � ԟԠ 2i ၝ � ၦ	ԝ

jX *�H+mH2` Ԗ � ԝ � � mM ;ûMû`�i2m` /2 ඾੟։ɞ
9X *�H+mH2` ၞ i2H [m2 ၞ � ၝ਷φ NPE ԝX
G� T�`iB2 Tm#HB[m2 /2 H� +Hû 2i H2 +QmTH2 	ԝ
 Ԗ
 2i H� T�`iB2 T`Bpû2 bQMi H2
+QmTH2 	ၝ
 ၞ
X

�H;Q`Bi?K2 /2 +?Bz`2K2Mi
aQBi Ԝ ୮ ඾։ mM i2ti2 +H�B`- HǶQTû`�iBQM /2 +?Bz`2K2Mi 2bi ,
RX *?QBbB` �Hû�iQB`2K2Mi mM 2MiB2` ԡ i2H [m2 ԡ ୮ ඾੟։
kX *�H+mH2` Ԓ i2H [m2H Ԓ � Ԗֈ ੁ ԡ։ NPE ԝϵ
G2 +?Bz`û 2bi HǶ2MiB2` ԒX

�H;Q`Bi?K2 /2 /û+?Bz`2K2Mi
aQBi Ԓ ୮ ඾੟։ɞ mM +?Bz`û- H2 i2ti2 +H�B` +Q``2bTQM/�Mi 2bi Q#i2Mm T�`
HǶQTû`�iBQM /2 /û+?Bz`2K2Mi bmBp�Mi2 ,
RX *�H+mH2` H2 +H�B` Ԝ � 	Ԓႛ NPE ԝϵ
 ੁ ၞ NPE ԝ

�//BiBQM /2 /2mt +H�B`b
aQB2Mi /2mt +?Bz`û Ԓφ 2i Ԓϵ /2b +H�B`b Ԝφ 2i Ԝϵ `2bT2+iBp2K2Mi ,
RX *�H+mH2` Ԓϯ i2H [m2 Ԓϯ � Ԓφ ੁ Ԓϵ NPE ԝϵ
PM � Ԓϯ ଉ Ԓφ ੁ Ԓϵ ଉ ԡ։φ ੁ ԡ։ϵ ੁ Ԗֈȯ ੁ Ԗֈɞ ଉ 	ԡφ ੁ ԡϵ
։ ੁ Ԗֈȯ�ֈɞ NPE ԝϵ [mB-
mM2 7QBb /û+?Bz`û /QMM2 Ԝφ � ԜϵX

JmHiBTHB+�iBQM /ǶmM +?Bz`û T�` mM2 +QMbi�Mi2
aQBi Ԓ H2 +?Bz`û /2 Ԝ 2i Ԛ ୮ ඾։- H� KmHiBTHB+�iBQM /ǶmM +?Bz`û T�` mM2
+QMbi�Mi2 b2 7�Bi 2M 2z2+im�Mi H2 +�H+mH bmBp�Mi ,
RX *�H+mH2` Ԓ஥ i2H [m2 Ԓ஥ � Ԓֆ NPE ԝϵX
PM � Ԓ஥ ଉ 	ԡ։ ੁ Ԗֈ
ֆ ଉ 	ԡֆ
։ ੁ Ԗֆੁֈ NPE ԝϵ [mB- mM2 7QBb /û+?Bz`û /QMM2Ԛ ੁ ԜX

1M kyRR .�KB2Mb ai2?Hû 2i _QM ai2BM}2H/ T`QTQbĕ`2Mi /�Mb (89) mM2 p2`bBQM T2`7Q`K�Mi2
/2 Lh_l2M+`vTi �p2+ mM2 bû+m`Biû 7QM/û2 bm` H� /B{+mHiû /2 T`Q#HĕK2b `2+QMMmb /�Mb H2b
`ûb2�mt 2m+HB/B2MbX *2 +`vTiQbvbiĕK2 b2`� T`ûb2Miû /�Mb H� bmBi2 /m /Q+mK2MiX

G2b +?Bz`ûb bQMi `2T`ûb2Miûb T�` /2b TQHvMƬK2b /2 /2;`û ։ /QMi H2b +Q2{+B2Mib b2 i`Qmp2Mi
/�Mb HǶ�MM2�m +QKKmi�iB7 ඾ՕX GǶ�MM2�m TQHvMQKB�H 2bi [mQiB2Miû T�` H2 TQHvMƬK2 ֓Փ � φ
�p2+ ։ mM2 TmBbb�M+2 /2 kX G2b ûHûK2Mib /2 +2 bvbiĕK2 /2 +?Bz`2K2Mi bQMi `2T`ûb2Miûb T�`
/2b TQHvMƬK2b /2 H� 7Q`K2 ,ϋ	Ё
 � ռɱ � ռȯЁ � ռɞЁɞ � ੈ � ռՓ਷ȯЁՓ਷ȯӴ �p2+ ռՎ H2b +Q2{+B2Mib /m TQHvMƬK2X

Lh_l2M+`vTi 2bi mM +`vTiQbvbiĕK2 ¨ +Hû Tm#HB[m2 #�iB �miQm` /2 i`QBb T�`�Kĕi`2b	։Ӵ ֋Ӵ ֌
 �p2+ ։ mM2 TmBbb�M+2 /2 k [mB `2T`ûb2Mi2 H2 /2;`û K�tBK�H ։ ਷ φ /2b TQHvMƬK2b /m
bvbiĕK2- 2i /2 /2mt KQ/mH2b ֋ 2i ֌ T`2KB2`b 2Mi`2 2mt 2i ֌ � ֋X *2b T`BM+BT�mt �H;Q`Bi?K2b
bQMi T`ûb2Miûb +B@/2bbQmbX

kN



*?B77`2K2Mi ?QKQKQ`T?2

�H;Q`Bi?K Rj S`BM+BT�mt �H;Q`Bi?K2b /m +`vTiQbvbiĕK2 Lh_l

S`ûHBKBM�B`2b
aQBi 3੎֌ � ඾֌<9>�	9։ ਷�
 mM �MM2�m /2 TQHvMƬK2b �p2+ ԝ mM2 TmBbb�M+2
/2 /2mt 2i Ԡ T`2KB2`X

:ûMû`�iBQM /2 H� T�B`2 /2 +Hûb Lh_l
RX *?QBbB` /2mt T`2KB2`b ԟ 2i Ԡ �p2+ ԟ � ԠX
kX :ûMû`2` �Hû�iQB`2K2Mi H2b TQHvMƬK2b ԕ 2i Ԗ /2 /2;`û �m THmb ԝ ਷ �

�p2+ /2b +Q2{+B2Mib /�Mb \਷�
 �
 �^ i2Hb [m2 ԕ bQBi BMp2`bB#H2 KQ/mHQԟ 2i KQ/mHQ ԠX
jX LQi2` ԕ֋
 ԕ֌ H2b TQHvMƬK2b i2Hb [m2 ԕ ੁԕ֋ ଉ � NPE ԟ 2i ԕ ੁԕ֌ ଉ � NPE ԠX
9X *�H+mH2` ԗ i2H [m2 ԗ � ԟ ੁ ԕ֌ ੁ Ԗ NPE ԠX
G� T�`iB2 Tm#HB[m2 /2 H� +Hû 2bi H2 TQHvMƬK2 ԗ 2i H� T�`iB2 T`Bpû2 2bi H2
+QmTH2 /2 TQHvMƬK2b 	ԕ
 ԕ֋
X

�H;Q`Bi?K2 /2 +?Bz`2K2Mi
aQBi Ԝ ୮ ඾ mM i2ti2 +H�B`- HǶQTû`�iBQM /2 +?Bz`2K2Mi 2bi ,
RX h`�Mb7Q`K2` Ԝ 2M TQHvMƬK2 . i2H [m2 H2b +Q2{+B2Mib /2 . bQB2Mi

/2b 2MiB2`b /�Mb <�
 ԟ ਷ �>X
kX hB`2` �Hû�iQB`2K2Mi mM TQHvMƬK2 ԡ �p2+ /2 T2iBi2b +Q2{+B2MibX
jX *�H+mH2` Ԓ � ԡ ੁ ԗ � Ԝ NPE ԠX
G2 +?Bz`û 2bi H2 TQHvMƬK2 Ԓ ୮ 3੎֌ X

�H;Q`Bi?K2 /2 /û+?Bz`2K2Mi
aQBi Ԓ mM +?Bz`û H2 i2ti2 +H�B` +Q``2bTQM/�Mi 2bi Q#i2Mm T�` HǶQTû`�iBQM
/2 /û+?Bz`2K2Mi bmBp�Mi2 ,
RX *�H+mH2` Ԓ஥ i2H [m2 Ԓ஥ � ԕ ੁ Ԓ
kX �}M /Ƕ2MH2p2` H2b KmHiBTH2b /2 ԟ +�H+mH2` ၗ � ԕ ੁ Ԝ NPE ԟ � Ԓ஥ NPE ԟ
jX SQm` bmTT`BK2` ԕ BH bm{i K�BMi2M�Mi /2 KmHiBTHB2` ၗ T�` HǶBMp2`b2 /2ԕ NPE ԟ- +Ƕ2bi@¨@/B`2 ԕ֋ , . � ၗ ੁ ԕ֋ NPE ԟX

_2K�`[m2X

Lh_l2M+`vTi Qz`2 mM2 QTû`�iBQM �`Bi?KûiB[m2 bm` H2b +?Bz`ûb- HǶ�//BiBQMX AH 2bi
TQbbB#H2 /2 HǶûi2M/`2 TQm` T2`K2ii`2 �mbbB /2 7�B`2 /2b KmHiBTHB+�iBQMb- K�Bb MQmb M2
T`ûb2Mi2`QMb T�b +2+B /�Mb +2 K�Mmb+`BiX

kX9Xk Gq1- _BM;@Gq1 2i +`vTiQbvbiĕK2b
S�`�HHĕH2K2Mi ¨ H� M�Bbb�M+2 2i KQMiû2 /m +`vTiQbvbiĕK2 Lh_l- mM T`Q#HĕK2 7QM/û bm`

H2b `ûb2�mt 2m+HB/B2Mb 7mi /ûKQ+`�iBbû T�` _2;2pX 1M kyy8- BH T`ûb2Mi� H2 T`Q#HĕK2 MQKKû
�mDQm`/Ƕ?mB G2�`MBM; qBi? 1``Q`b UGq1V /�Mb HǶ�`iB+H2 (98)X *2 T`Q#HĕK2 2bi bm{b�KK2Mi
/B{+BH2 2i ~2tB#H2 TQm` 2M /û`Bp2` /2b bvbiĕK2b /2 +?Bz`2K2MiX G2 T`Q#HĕK2 ĿH2�`MBM; rBi?
2``Q`bŀ 2bi mM2 ;ûMû`�HBb�iBQM T�` _2;2p /ǶmM T`Q#HĕK2 MQKKû ĿH2�`MBM; T�`Biv rBi? MQBb2ŀ
¨ /2 THmb ;`�M/b KQ/mH2bX *2 T`Q#HĕK2 2bi +QMbiBimû /2 i`QBb T�`�Kĕi`2b p�`B�#H2b- ։ ଯ φ-
mM KQ/mH2 ֌ ଯ ϵ- 2i mM2 /Bbi`B#miBQM ;�mbbB2MM2 �Hû�iQB`2 bm` ඾ՖX _2;2p � 2MbmBi2 T`QTQbû
mM +`vTiQbvbiĕK2 /�Mb (9e) 7QM/û bm` +2 T`Q#HĕK2X

jy



kX9 *?B77`2K2Mi 7QM/ö bm` H2b `öb2�mt 2m+HB/B2Mb

1M kyRy- Gvm#�b?2pbFv 2i �HX T`QTQb2 /�Mb (jd) mM2 p2`bBQM /2 Gq1 7QM/û2 bm` mM
�MM2�m /ǶB/û�mt- BMiBimHû2 _BM;@Gq1- H�MÏ�Mi HǶûH�#Q`�iBQM /2 +`vTiQbvbiĕK2b THmb M�im`2Hb
2i T2`7Q`K�Mib [m2 H2b T`û+û/2Mib +�` BH T2`K2i /2 K�MBTmH2` /B`2+i2K2Mi /2b TQHvMƬK2b
THmiƬi [m2 /2b K�i`B+2bX "`�F2`bFB 2i o�BFmi�M�i?�M T`QTQb2Mi- /�Mb mM �`iB+H Tm#HBû /�Mb
H� +QM7û`2M+2 *_uShPǶRR- /Bzû`2Mib +`vTiQbvbiĕK2b `2TQb�Mib bm` +2 T`Q#HĕK2 (e)X *Ƕ2bi H�
p2`bBQM bvKûi`B[m2 [m2 MQmb �HHQMb T`ûb2Mi2` /�Mb H� bmBi2 /2 +2 +?�TBi`2X

.�Mb +2 +`vTiQbvbiĕK2- 7QM/û bm` H2 T`Q#HĕK2 _BM;@Gq1- H2b /Bzû`2Mi2b QTû`�iBQMb 7QMi
�TT2H ¨ /2b QTû`�iBQMb �`Bi?KûiB[m2b 7�+BH2b ¨ i`�MbTQb2` /�Mb mM H�M;�;2 BM7Q`K�iB[m2X
*2 bQMi +2b 7�+BHBiûb /ǶBKTHûK2Mi�iBQMb [mB MQmb QMi TQmbbûb ¨ T`Q;`�KK2` +2 bvbiĕK2
+`vTiQ;`�T?B[m2 7QM/û bm` H2b `ûb2�mt �}M /2 +QMbi`mB`2 mM +SA_ @ pQB` *?�TX j @ T2`7Q`K�MiX

jR



*?B77`2K2Mi ?QKQKQ`T?2

�H;Q`Bi?K R9 S`BM+BT�mt �H;Q`Bi?K2b /ǶmM +`vTiQbvbiĕK2 7QM/û bm` _BM;@Gq1

:ûMû`�iBQM /2 H� +Hû b2+`ĕi2 /m +`vTiQbvbiĕK2
1Mi`û2 , mM 2MiB2` ԣ KQ/mH2 TQm` H2b +Q2{+B2Mib /�Mb HǶ2bT�+2 /2b +H�B`b
RX 1M bmBp�Mi H2b T�`�Kĕi`2b /2 bû+m`Biû ûMQM+ûb /�Mb (j8) /ûi2`KBM2`

mM 2MiB2` Ԡ [mB b2`pB`� /2 KQ/mH2- ԝ mM2 TmBbb�M+2 /2 k- 2i mM2
/Bbi`B#miBQM �Hû�iQB`2 ၧX

kX *QMbimB`2 mM TQHvMƬK2 Ԣ /QMi H2b +Q2{+B2Mib bmBp2Mi ၧX
G� +Hû bû+`ĕi2 2bi H2 TQHvMƬK2 ԢX

�H;Q`Bi?K2 /2 +?Bz`2K2Mi
aQBi Ԝ ୮ ඾ mM i2ti2 +H�B`- HǶQTû`�iBQM /2 +?Bz`2K2Mi 2bi ,
RX h`�Mb7Q`K2` Ԝ 2M TQHvMƬK2 . i2H [m2 H2b +Q2{+B2Mib /2 . bQB2Mi

/2b 2MiB2`b /�Mb <0
 ԣ ਷ �>X
kX :ûMû`2` /2b TQHvMƬK2b Ԑ
 Ԕ i2H [m2 H2m`b +Q2{+B2Mib bmBp2Mi ၧX
jX *�H+mH2` H2 TQHvMƬK2 Ԕ஥ � Ԕ ૺ ԣ � . �p2+ ૺԣ `2T`ûb2Mi�Mi H� KmHiB@

THB+�iBQM /2 iQmb H2b +Q2{+B2Mib T�` HǶ2MiB2` ԣX
9X *�H+mH2` ԑ � 	Ԑ ੟ Ԣ
 � Ԕ஥X
G2 +?Bz`û 2bi H2 +QmTH2 /2 TQHvMƬK2b 	Ԑ
 ԑ
X

�H;Q`Bi?K2 /2 /û+?Bz`2K2Mi
aQBi 	Ԑ
 ԑ
 mM +?Bz`û i2H [m2 Ԑ
 ԑ ୮ 3֌ 2i Ԣ H� +Hû b2+`ĕi2- H2 +H�B` .
+Q``2bTQM/�Mi 2bi Q#i2Mm T�` HǶQTû`�iBQM /2 /û+?Bz`2K2Mi bmBp�Mi2 ,
RX *�H+mH2` Ԕ஥ ୮ 3֌ T�` Ԕ஥ � ԑ ਷ 	Ԑ ੟ Ԣ
X
kX *�H+mH2` . ୮ 3֌ T�` . � Ԕ஥ NPE ԣX

�//BiBQM /2 /2mt +?Bz`ûb
aQBi /2mt +QmTH2b /2 +?Bz`ûb 	Ԑφ
 ԑφ
 2i 	Ԑϵ
 ԑϵ
 /2- `2bT2+iBp2K2Mi- H2
K2bb�;2 Ԝφ 2i H2 K2bb�;2 ԜϵX
RX *�H+mH2` H2 +QmTH2 	Ԑϯ
 ԑϯ
 i2H [m2 	Ԑϯ
 ԑϯ
 � 	Ԑφ � Ԑϵ
 ԑφ � ԑϵ

PM � Ԑϯ � Ԑφ � Ԑϵ 2i ԑϯ � 	Ԑφ � Ԑϵ
Ԣ � 	Ԕφ � Ԕϵ
ԣ � 	.φ � .ϵ
 2i TQm`
H2 /û+?Bz`2K2Mi /2 	Ԑϯ
 ԑϯ
 QM +�H+mH2 ,Ԕ஥ϯ � 	Ԑφ � Ԑϵ
Ԣ � 	Ԕφ � Ԕϵ
ԣ � 	.φ � .ϵ
 ਷ 	Ԑφ � Ԑϵ
Ԣ TmBb .ϯ �	Ԕφ � Ԕϵ
ԣ � 	.φ � .ϵ
 NPE ԣ � 	.φ � .ϵ
 NPE ԣX

JmHiBTHB+�iBQM /ǶmM +?Bz`û T�` mM2 +QMbi�Mi2
aQBi mM +?Bz`û 	Ԑ
 ԑ
 2i mM 2MiB2` Ԛ- H2 `ûbmHi�i /2 H� KmHiBTHB+�iBQM 2Mi`2
mM +?Bz`û 2i mM2 +QMbi�Mi2 2bi Q#i2Mm +QKK2 bmBi ,
RX *�H+mH2` 	Ԑ஥
 ԑ஥
 i2H [m2 	Ԑ஥
 ԑ஥
 � 	Ԛ ੁ Ԑ
 Ԛ ੁ ԑ
PM � Ԑ஥ � ԚੁԐ 2i ԑ஥ � Ԛੁ	Ԑ੟Ԣ
�ԚੁԔૺԣ�Ԛੁ. 2i TQm` H2 /û+?Bz`2K2Mi /2	Ԑ஥
 ԑ஥
 QM +�H+mH2 Ԕ � Ԛੁ	Ԑ੟Ԣ
�ԚੁԔૺԣ�Ԛੁ.਷Ԛੁ	Ԑ੟Ԣ
 � ԚੁԔૺԣ�Ԛੁ.
TmBb .஥ � Ԛ ੁ Ԕ ૺ ԣ � Ԛ ੁ . NPE ԣ � Ԛ ੁ . NPE ԣX
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kX8 *QM+HmbBQM

kX8 *QM+HmbBQM
G2b T`BM+BT2b /m +?Bz`2K2Mi ?QKQKQ`T?2 bQMi TQbûb- +QKK2 MQmb HǶ�pQMb KQMi`û- /2TmBb

/2 MQK#`2mb2b �MMû2bX *2ii2 B/û2 T�`�Bi �pQB` ûiû H�Bbbû2 /2 +Qiû T�` H� +QKKmM�miû KāK2
bB /2b +`vTiQbvbiĕK2b #B2M +QMMmb i2H [m2 _a� 2i 1H:�K�H TQbbû/�B2Mi /ûD¨ /2b T`QT`Bûiûb
?QKQKQ`T?2b b�Mb �pQB` ûiû +QMbi`mBib /�Mb +2ii2 QTiB[m2X LQmb MQmb bQKK2b +QM+2Mi`ûb bm`
/2b bvbiĕK2b THmb `û+2Mib- 7QM/ûb bm` H2 T`Q#HĕK2 _BM;@Gq1- [mB MQmb T2`K2ii`QMi /ǶQ#i2MB`
/2b T2`7Q`K�M+2b 2M �/û[m�iBQM �p2+ /2b �TTHB+�iBQMb +QKK2 H2 `2i`�Bi /ǶBM7Q`K�iBQM T`BpûX

jj





*?�TBi`2 j

S`Bp�i2 AM7Q`K�iBQM _2i`B2p�H

h�#H2 /2b K�iBĕ`2b

jXR AMi`Q/m+iBQM 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 X X X X X X X X X X j8
jXk 6QM/2K2Mib 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 X X X X X X X X X X je
jXj S`BM+BT2 ;ûMû`�H 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 X X X X X X X X jd
jX9 Emb?BH2pBix 2i Pbi`QpbFv 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 X X X j3

jX9XR S`QiQ+QH2 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 X X X X X X X j3
jX9Xk JmHiB@#Bib 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 X X X X X X X 9y

jX8 *QMbi`m+iBQM C X ai2`M 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 X X X X X 9y
jXe *QMbi`m+iBQM /2 >X GBTK�� 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 X X 9k
jXd :2Mi`v 2i _�Kx�M 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 X X X X X X X 9j
jX3 CX h`QbiH2 2i �X S�``Bb? 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 X X X X 98

jX3XR +SA_ 7QM/û bm` HǶ�MQMvK�i X X X X X X X X X X X X X X X X X X X X X X 98
jX3Xk +SA_ �p2+ 7QM+iBQM ¨ b2Mb mMB[m2 X X X X X X X X X X X X X X X X X X X 9e

jXN avMi?ĕb2 /m +?�TBi`2 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 X X X X X 9d

_ûbmKû , G2 `2i`�Bi /ǶBM7Q`K�iBQM T`Bpû Qm 2M �M;H�Bb S`Bp�i2 AM7Q`K�iBQM
_2i`B2p�H 2bi mM T`QiQ+QH2 +�T�#H2 /2 ;�`/2` b2+`2i HǶBM/2t /ǶmM ûHûK2Mi /ǶmM2
#�b2 /2 /QMMû2b �++û/û T�` mM miBHBb�i2m` bm` mM b2`p2m` /Bbi�MiX .�Mb +2
+?�TBi`2- MQmb 7�BbQMb mM ûi�i /2 HǶ�`i /2 +2 T`QiQ+QH2X

jXR AMi`Q/m+iBQM
GǶ�pĕM2K2Mi /m r2# BMi2`�+iB7- MQKKû r2# kXy T�` +2`i�BMb bTû+B�HBbi2b +QKK2 hBK

PǶ_2BHHv- �BMbB [m2 HǶ�m;K2Mi�iBQM /2 H� pBi2bb2 /2b +QMM2tBQMb BMi2`M2i T`Bpû2b � 7�Bi +`QBi`2
H2b TQbbB#BHBiûb /2b BMi2`M�mi2bX G2 r2# 2bi /2p2Mm mM2 BKK2Mb2 bQ+Bûiû /2 b2`pB+2b T�`KB
H2b[m2Hb H2b BMi2`M�mi2b M�pB;m2MiX *2 bQMi +2b +?QBt- /ǶmM b2`pB+2 THmiƬi [mǶmM �mi`2- /ǶmM
bBi2 r2# THmiƬi [mǶmM �mi`2- [mB T`Q/mBb2Mi H2b /QMMû2b [mB b2`QMi 2MbmBi2 2KTHQvû2b T�` /2b
`û;B2b Tm#HB+Bi�B`2b MmKû`B[m2b i2HH2b [m2 :QQ;H2 �/a2Mb2X

*2`i�BM2b /QMMû2b T2`bQMM2HH2b- +QKK2 H2b T?QiQb- bQMi THmb �BbûK2Mi /BbbBKmH�#H2b-
K�Bb +2b +?QBt }M�H2K2Mi K�iû`B�HBbûb T�` H2b +HB+b /2 H� bQm`Bb bQMi T�`iB+mHBĕ`2K2Mi /B{+BH2b
¨ ;�`/2` T`BpûX

*Ƕ2bi H� T`QTQbBiBQM /m SA_- �+`QMvK2 /2 S`Bp�i2 AM7Q`K�iBQM _2i`B2p�H- i`�/mBbB#H2 2M
7`�MÏ�Bb T�` `û+mTû`�iBQM UQm iûHû+?�`;2K2MiV /ǶBM7Q`K�iBQMb T`Bpû , +�+?2`- /BbbBKmH2` mM
+?QBt T�`KB THmbB2m`bX

�mi`2K2Mi /Bi- H2 S`Bp�i2 AM7Q`K�iBQM _2i`B2p�H 2bi mM T`QiQ+QH2 [mB /QMM2 H2 KQv2M
¨ b2b miBHBb�i2m`b /ǶQ#i2MB` mM ûHûK2Mi /ǶmM2 #�b2 /2 /QMMû2b Tm#HB[m2 b�Mb +QM+û/2` H�
KQBM/`2 BM7Q`K�iBQM bm` HǶûHûK2Mi Q#i2MmX

GǶBMiû`āi /m/Bi T`QiQ+QH2 2bi Dmbi2K2Mi H2 7�Bi /2 ;�`/2` b2+`2ib- KāK2 �mt v2mt /2
HǶ�/KBMBbi`�i2m` /2 H� #�b2 /2 /QMMû2b- H2b ûHûK2Mib iûHû+?�`;ûb T�` H2b miBHBb�i2m`bX S�`

j8



S`Bp�i2 AM7Q`K�iBQM _2i`B2p�H

2t2KTH2 /�Mb H2 +�b /ǶmM2 #B#HBQi?ĕ[m2 ûH2+i`QMB[m2- +QKK2 T2mi T`QTQb2` �K�xQM- +2i
QmiBH T2`K2i /2 ;�`/2` b2+`2ib H2b +2Mi`2b /ǶBMiû`āib /2b H2+i2m`bX .�Mb H2 +�/`2 /ǶmM b2`pB+2
/2 /BzmbBQM 2M ~mt +QKK2 uQmhm#2- 2i KāK2 L2i~Bt- HǶ�TTHB+�iBQM /2 +2 T`QiQ+QH2 ;�`�MiBi
H2 b2+`2i /2b +?QBt /2b pB/ûQb pBbBQMMû2b T�` H2b �#QMMû2bX

G� Kûi?Q/2 M�śp2 TQm` `ûbQm/`2 +2 T`Q#HĕK2 2bi /2 iûHû+?�`;2` HǶBMiû;`�HBiû /2b BM7Q`K�@
iBQMb /2 H� #�b2 /2 /QMMû2bX �BMbB HǶmiBHBb�i2m` M2 /BpmH;m2 T�b H2b ûHûK2Mib [mB HǶBMiû`2bb2MiX
Lû�MKQBMb- H� HBKBi2 /2 +2 T`Q+û/û 2bi pBi2 �ii2BMi2 /�Mb mM2 �TTHB+�iBQM `û�HBbi2X 1M 2z2i-
iûHû+?�`;2` /2b KBHHB2`b /2 J# 2bi BKT2Mb�#H2 �p2+ H2 /û#Bi KQv2M [m2 HǶQM T2mi i`Qmp2` +?2x
H2b TQi2MiB2Hb miBHBb�i2m`bX a2HQM H2 bBi2 r2# /2 i2bi /2 /û#Bi �`B�b2X+QK- H2 /û#Bi KQv2M 2M
6`�M+2 2bi /2 eXe J#fb 2M kyR9 RX 1M bmTTQb�Mi [m2 HǶQM /ûbB`2 iûHû+?�`;2` 3yyy :# ¨ +2
/û#Bi- H� /m`û2 /m iûHû+?�`;2K2Mi b2`�Bi /2 k b2K�BM2bX lM i2H /ûH�B 2bi BKT2Mb�#H2 /�Mb
mM KQM/2 MmKû`B[m2 Qm HǶBMbi�Mi�MûBiû /2 HǶ�++ĕb ¨ HǶBM7Q`K�iBQM 2bi H� `ĕ;H2X 1M 2z2i H2
/ûK�``�;2 /ǶmM2 pB/ûQ 2M ~mt k `2[mB2`i- 2M ;ûMû`�H- [m2H[m2b b2+QM/2b /Ƕ�ii2Mi2 jX .2 THmb-
+2 T`Q+û/û 2bi BM�TTHB+�#H2 bm` /2b #�b2b /2 /QMMû2b [mB +?�M;2Mi i`ĕb `û;mHBĕ`2K2Mi- T�`
2t2KTH2 /2b BM/B+2b /ǶmM2 #Qm`b2 /Ƕû+?�M;2b- +�` HǶBM7Q`K�iBQM Q#i2Mm2 b2`�Bi �HQ`b Q#bQHĕi2X

G2 SA_ bǶBMb+`Bi /�Mb mM 2Mb2K#H2 /2 T`QiQ+QH2b `2bT2+im2mt /2 H� pB2 T`Bpû2 +QKTQbû /2
HǶP#HBpBQmb h`�Mb72`i UPhV- /2 HǶP#HBpBQmb _�J UP_�JV 2i /m SA_X

ě GǶPh- T`QTQbû T�` JB+?�2H PX _�#BM /�Mb (99)- 2bi mM T`QiQ+QH2 /QMi H� T�`iB+mH�`Biû
T`BM+BT�H2 2bi [m2 H2b ûHûK2Mib /2 H� #�b2 /2 /QMMû2b `2bi2Mi ¨ H� /Bb+`ûiBQM /2
HǶ�/KBMBbi`�i2m` /2 H� #�b2X .2 +2 7�Bi- HQ`b[m2 HǶmiBHBb�i2m` URV Q#iB2Mi mM ûHûK2Mi /2
H� #�b2 /2 /QMMû2b UkV BH MǶ�+[mB2`i �m+mM2 BM7Q`K�iBQM bm` H2b �mi`2b ûHûK2Mib UjV
HǶ�/KBMBbi`�i2m` MǶ� T�b +QMM�Bbb�M+2 /2 HǶûHûK2Mi Q#i2Mm T�` HǶmiBHBb�i2m`- +QKK2
T`ûb2Miû /�Mb (RR)X

ě GǶP_�J [m�Mi ¨ HmB- 2bi mM T`QiQ+QH2 /2 biQ+F�;2 /2 /QMMû2b 2ti2`M�HBbû [mB ;�`�MiBi
¨ HǶmiBHBb�i2m` H� +QM}/2MiB�HBiû 2i /2b /QMMû2b TH�+û2b +?2x mM iB2`b 2i /2b QTû`�iBQMb
/2 H2+im`2 2i /Ƕû+`Bim`2 2z2+imû2bX "`Bĕp2K2Mi- H2b /QMMû2b /2 HǶmiBHBb�i2m` TH�+û2b
+?2x H2 iB2`b bQMi +?Bz`û2b 2i- HQ`b[m2 HǶmiBHBb�i2m` û+`Bi Qm HBi HǶmM2 +2b /QMMû2b
/Bbi�Mi2b H2b /2mt QTû`�iBQMb- H2+im`2 2i û+`Bim`2- bQMi 2z2+imû2b ¨ +?�[m2 7QBbX �BMbB-
BH 2bi BKTQbbB#H2 TQm` HǶ�/KBMBbi`�i2m` /m b2`p2m` /ǶBM7û`2` /2b BM7Q`K�iBQMb bm`
H2b /QMMû2b biQ+Fû2b [m2 +2 bQBi T�` H2b /QMMû2b +?Bz`û2b 2HH2b@KāK2b Qm T�` H2b
QTû`�iBQMb `û�HBbû2bX

G� T`QtBKBiû /2 +2b T`QiQ+QH2b T2mi �K2M2` ¨ H2b +QM7QM/`2X SQm` BHHmbi`2` +2 [mB pB2Mi
/Ƕāi`2 /Bi- H� /Bzû`2M+2 7QM/�K2Mi�H2 2Mi`2 mM SA_ 2i mM Ph 2bi H� +QM/BiBQM UkV T`ûb2Miû2
/�Mb H� /û}MBiBQM /2 HǶPhX �}M /ǶƬi2` iQmi2 �K#B;mśiû- H2 i�#H2�m bmBp�Mi `û+�TBimH2 +2b
i`QBb T`QiQ+QH2bX

S`QiX S`QT`Böi�B`2 aiQ+F�;2 �MQMvK�i
SA_ Sm#HB[m2b a2`p2m` .2 HǶûHûK2Mi `û+mTû`û
Ph a2`p2m` a2`p2m` .2 HǶûHûK2Mi `û+mTû`û 2i /2b /QMMû2b

b2`p2m`
P_�J liBHBb�i2m` a2`p2m` .2b /QMMû2b 2i /2b QTû`�iBQMb

h�#H2 jXR Ĝ _û+�TBimH�iB7 /2b T`BM+BT�H2b T`QT`Bûiûb /2b T`QiQ+QH2b P_�J- Ph 2i SA_

jXk 6QM/2K2Mib
G2 SA_ 7mi T`ûb2Miû 2M T`2KB2` HB2m T�` *?Q`- :QH/`2B+?- Emb?BH2pBix 2i am/�M 2M RNN8

(N)X .�Mb +2i �`iB+H2 7QM/�K2Mi�H- H2b �mi2m`b T`QTQb2Mi mM 2Mb2K#H2 /2 T`QiQ+QH2b SA_

RX ?iiT,ffrrrX�`B�b2X+QKf7`fM2rbf2im/2@BMi2`M2i@�F�K�B@i9@kyRj@�`iB+H2@jk8NX?iKH
kX PM i`Qmp2`� THmb bQmp2Mi H2 i2`K2 �M;H�Bb bi`2�KBM;X
jX *2 /ûH�B 2bi mM +QMbi�i 2KTB`B[m2X

je

ariase.com
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jXj S`BM+BT2 ;öMö`�H

[mB miBHBb2Mi /2b #�b2b /2 /QMMû2b `ûTHB[mû2b /QMi H� bû+m`Biû 2bi 7QM/û2 bm` H� i?ûQ`B2 /2
HǶBM7Q`K�iBQMX *2 ivT2 /2 SA_ b2`� MQKKû THmb i�`/ BM7Q`K�iBQM@i?2Q`2iB+ SA_ Qm BiSA_X
*2ii2 /ûMQKBM�iBQM bB;MB}2 [m2 H� `2[māi2 /2 HǶmiBHBb�i2m` M2 /QMM2 T�b- �m b2Mb /2 H�
i?ûQ`B2 /2 HǶBM7Q`K�iBQM- /ǶBM7Q`K�iBQM ¨ T`QTQb /2 HǶûHûK2Mi [mǶBH +?QBbBiX *2+B ûi�Mi /Bi- H�
/Bb+`ûiBQM /2 +2 +?QBt MǶ2bi T`ûb2`pû2 [m2 bB H2b b2`p2m`b /2 `ûTHB+�iBQM M2 +QKTHQi2Mi T�b
iQmb +QMi`2 HǶmiBHBb�i2m`X �BMbB- bB ֆ 2bi H2 MQK#`2 /2 b2`p2m`b /2 `ûTHB+�iBQM- ։ H2 MQK#`2
/ǶûHûK2Mib /2 H� #�b2 /2 /QMMû2b 2i ӵ H2m` i�BHH2 2M #BibX GǶmiBHBb�i2m` p� T`Q/mB`2 mM2 `2[māi2
/2 ֆ p2+i2m`b /2 ։ #Bib 2i H� `ûTQMb2 b2`� +QKTQbû2 /2 ֆ ûHûK2Mib /2 ӵ #BibX PM pQBi [mǶmM
i2H T`QiQ+QH2 /2K�M/2 /ǶBKTQ`i�Mi2b `2bbQm`+2b 2M +QKKmMB+�iBQM- +2 [mB MQmb `�TTQ`i2 �m
T`Q#HĕK2 /m /û#Bi 2tTQbû /�Mb HǶBMi`Q/m+iBQM /2 +2 +?�TBi`2X

.�Mb +2 KûKQB`2 /2 i?ĕb2- MQmb MQmb +QM+2Mi`QMb bm` H2b T`QiQ+QH2b SA_ [mB M2 Mû+2bbBi2Mi
T�b /2 `ûTHB+�iBQM- BHb bQMi �TT2Hûb ĿbBM;H2@/�i�#�b2 SA_ŀX G� bû+m`Biû /m +?QBt /2 HǶmiBHBb�i2m`
/ûT2M/ B+B /2 H� HBKBi2 /2 TmBbb�M+2 /2 +�H+mHb /2 HǶ�ii�[m�MiX

G2 T`2KB2` SA_ b�Mb `ûTHB+�iBQM 7mi T`ûb2Miû T�` Emb?BH2pBix 2i Pbi`QpbFv 2M RNNd (jR)X
AH 2bi 7QM/û bm` mM +`vTiQbvbiĕK2 ¨ +Hû Tm#HB[m2 bû+m`BbûX lM2 MQK2M+H�im`2 bmTTHûK2M�i�B`2
�++QKT�;M2 +2b T`QiQ+QH2b- BHb bQMi MQKKûb Ŀ+QKTmi�iBQM�H SA_ŀ +SA_ [m2 HǶQM i`�/mBi
T�` SA_ +�H+mH�iQB`2X

jXj S`BM+BT2 ;ûMû`�H

*2ii2 T�`iB2 p� T`ûb2Mi2` H2 T`BM+BT2 ;ûMû`�H /2 H� `û+mTû`�iBQM /ǶBM7Q`K�iBQMb T`Bpû-
�p�Mi /Ƕ�#Q`/2` H2b +QMbi`m+iBQMb T?�`2b /2 H� HBiiû`�im`2X

*QKK2 pm /�Mb HǶBMi`Q/m+iBQM- QM bǶBMiû`2bb2 �mt T`QiQ+QH2b b�Mb `ûTHB+�iBQMX �BMbB QM
T2mi /û}MB` mM SA_ ¨ #�b2 /2 /QMMû2b mMB[m2 +QKK2 mM D2m ¨ /2mt DQm2m`b , mM miBHBb�i2m`ศ 2i mM2 #�b2 /2 /QMMû2b ทต X ศ bQm?�Bi2 Q#i2MB` mM ûHûK2Mi ք /2 ทต U+QKK2 H2 ք@ĕK2 #BiV
b�Mb `ûpûH2` HǶûHûK2Mi bQm?�Biû UHǶBM/B+2 ք /2 HǶûHûK2Mi `2bi2 +�+?ûVX PM /û+`Bi H2 T`QiQ+QH2
SA_ +QKK2 HǶ2M+?�BM2K2Mi /2b ûi�T2b bmBp�Mi2b ,

RX ෴ ;ûMĕ`2 mM2 `2[māi2 ¨ T�`iB` /m ;ûMû`�i2m` /2 `2[māi2 2	�
 2i /2 HǶ2Mi`û2 ԘX
kX G� `2[māi2 2bi 2MpQvû2 ¨ ෣෡ X
jX ෣෡ miBHBb2 mM ;ûMû`�i2m` /2 `ûTQMb2 3	�
 TQm` +QK#BM2` H� `2[māi2 �p2+ H2b

ûHûK2Mib /2 H� #�b2 /2 /QMMû2bX
9X G� `ûTQMb2 2bi 2MpQvû2 ¨ ෴ X
8X 1M}M- ෴ 2ti`�Bi Ԙ@ĕK2 ûHûK2Mi ¨ T�`iB` /2 bQM 2ti`�+i2m` /2 `ûTQMb2 9	�
 X

�}M /2 pBbm�HBb2` H2b BMi2`�+iBQMb /2b /Bzû`2Mib �H;Q`Bi?K2b 2M 7QM+iBQMb /m i2KTb- QM
`2T`ûb2Mi2 H2 T`QiQ+QH2 SA_ ;ûMû`B[m2 bm` H2 /B�;`�KK2 /2 bû[m2M+2 jXRX

jd



S`Bp�i2 AM7Q`K�iBQM _2i`B2p�H

,3	�
 ,a2`p2m` ෣෡ ,liBHBb�i2m` ෴ ,2	�
 ,9	�

*QMbiX `2[māi2

1MpQB `2[māi2

*QMbiX `ûTQMb2

1MpQB `ûTQMb2

1ti`�+iX `ûTQMb2

6B;m`2 jXR Ĝ .B�;`�KK2 /2 bû[m2M+2 /m T`QiQ+QH2 SA_ ;ûMû`B[m2X PM pQBi [m2 ศ bǶQ++mT2
/2 ;ûMû`2` H� `2[māi2 �p2+ H� 7QM+iBQM ϓ	ӳ
 2i /Ƕ2ti`�B`2 H� `ûTQMb2 �p2+ H� 7QM+iBQM Ё	ӳ
 X G2
b2`p2m` ทต +QMbi`mBi H� `ûTQMb2 ¨ T�`iB` /2 H� `2[māi2 2M 7�Bb�Mi �TT2H ¨ H� 7QM+iBQM Ϝ	ӳ
 X

jX9 Emb?BH2pBix 2i Pbi`QpbFv
jX9XR S`QiQ+QH2

*QKK2 /û+`Bi /�Mb HǶBMi`Q/m+iBQM Emb?BH2pBix 2i Pbi`QpbFv (jR) T`QTQbĕ`2Mi H2 T`2KB2`
SA_ 7QM/û bm` H� i?ûQ`B2 /2b MQK#`2b U2i MQM THmb /2 HǶBM7Q`K�iBQMV �}M /ǶmiBHBb2` mM2 mMB[m2
#�b2 /2 /QMMû2bX

.�Mb +2ii2 +QMbi`m+iBQM- HǶmiBHBb�i2m` `û+mTĕ`2 R #Bi- ¨ T�`iB` /ǶmM +`vTiQbvbiĕK2 [mB
bǶ�TTmB2 bm` H2b T`QT`Bûiûb /2b `ûbB/mb [m�/`�iB[m2bX 1M �`Bi?KûiB[m2 KQ/mH�B`2- QM /Bi [mǶmM
2MiB2` M�im`2H ֌ 2bi mM `ûbB/m [m�/`�iB[m2 U`2bT2+iBp2K2Mi Z_ TQm` `ûbB/m [m�/`�iB[m2 2i
ZL_ TQm` `ûbB/m MQM [m�/`�iB[m2V KQ/mHQ ֋ bǶBH 2tBbi2 mM 2MiB2` ֓ i2H [m2 ,֓ɞ ଉ ֌ 	ζπͷ֋

S`QT`Bûiûb , `2H�iBp2b �mt `ûbB/mb [m�/`�iB[m2b

RX G2 T`Q/mBi /2 k Z_ /QMM2 R Z_ c
kX G2 T`Q/mBi /2 R Z_ 2i /ǶmM ZL_ /QMM2 mM ZL_ c
jX G2 T`Q/mBi /2 /2mt ZL_ /QMM2 mM ZL_X
9X lM ZL_ �m +�``û /QMM2 R Z_X

*`vTiQbvbiĕK2 , ศ p� +�H+mH2` mM 2MiB2` λ /2 ֆ #BibX AH iB`2 /2mt MQK#`2b T`2KB2`b֋ȯ 2i ֋ɞ /2 ֆ�ϵ #Bib- TmBb BH +�H+mH2 λ � ֋ȯ ੁ ֋ɞX GQ`b[m2 HǶQM +QMM�Bi H� 7�+iQ`Bb�iBQM /2 λ-
QM T2mi �BbûK2Mi pû`B}2` U2M ο	ΰπΜɘ λ
V bB mM MQK#`2 2MiB2` 2bi mM `ûbB/m [m�/`�iB[m2X

.�Mb +2 T`QiQ+QH2- H� #�b2 /2 /QMMû2b 2bi +QKTQbû2 /2 ։ #BibX 1HH2 `2T`ûb2Miû2 bQmb H�
7Q`K2 /ǶmM2 K�i`B+2 /2 ֎ ੎ ֏ � ։ #Bib- MQKKû2 εX GǶmiBHBb�i2m` p2mi i`�Mb7û`2` mM #Bi 2M
;�`/�Mi b2+`2i b2b +QQ`/QMMû2b /�Mb H� K�i`B+2X G2 #Bi ֓ +Q``2bTQM/ ¨ HǶ2Mi`û2 	ռӴ ս
 /2 H�
K�i`B+2 εX G2 T`QiQ+QH2 /2 Emb?BH2pBix 2i Pbi`QpbFv b2 /û`QmH2 +QKK2 bmBi ,
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jX9 Emb?BH2pBix 2i Pbi`QpbFv

:ûMû`�iBQM /2 H� `2[māi2
RX ෴ iB`2 /2mt T`2KB2`b ԟφ 2i ԟϵ /2 Ԛ�� #Bib TmBb +QMbi`mBi /- 2M}M ෴ 2MpQB2 /

¨ ෣෡ X
kX ෴ iB`2 mMB7Q`KûK2Mi ԣ 2MiB2`b Ԩ i2H [m2 Ԩφ
 ੈ 
 Ԩ֏ ୮ ඾λ X �p2+ Ԩս- TQm` ԑ

HǶBM/B+2 /2 H� +QHQMM2 Qm b2 bBim2 ԧ /�Mb .- mM ZL_ 2i Ԩօ mM Z_ TQm` ԙ ଈ ԑX
1M}M ෴ 2MpQB2 +2b ԣ MQK#`2b ¨ ෣෡ TQm` mM iQi�H /2 ԣ ੁ Ԛ #BibX

:ûMû`�iBQM /2 H� `ûTQMb2
RX ෣෡ +�H+mH2 TQm` +?�[m2 ûHûK2Mi ԙ /2 H� `2[māi2 2i +?�[m2 #Bi .֍Ӵօ /2 H�

K�i`B+2 , 8֍Ӵօ � ৘৖ৗ৖৕ Ԩϵօ ԢԘ .֍Ӵօ � �Ԩօ ԢԘ .֍Ӵօ � �
TmBb BH +�H+mH2 TQm` +?�[m2 `�M;û2 ԡ mM MQK#`2 ԩ֍ ୮ ඾λ i2H [m2 ,ԩ֍ � ֏ఃօ�φ 8֍Ӵօ

kX ෣෡ 2MpQB2 ԩφ
 ੈ 
 ԩ֎ UK�i`B+2 /2 Ԣ ੎ ԣV ¨ ෴ TQm` mM iQi�H /2 Ԣ ੁ Ԛ #BibX

_û+mTû`�iBQM /2 H� `ûTQMb2
RX ෴ b2 +QM+2Mi`2 bm` ԩռ +�` +2ii2 p�H2m` +Q``2bTQM/ ¨ H� HB;M2 /2 J [mB +QMiB2Mi

H2 #Bi ԧքX *QKK2 ෴ +QMM�Bi H2b 7�+i2m`b /2 / �HQ`b BH T2mi pû`B}2` H� 7Q`K2 /2ԩռX aB +Ƕ2bi mM Z_ �HQ`b .ռӴս � �- 2i bB +Ƕ2bi mM ZL_ �HQ`b .ռӴս � �X

Cmbi2bb2 , .�Mb H� T?�b2 /2 ;ûMû`�iBQM /2 H� `ûTQMb2 /m T`QiQ+QH2 HQ`b[m2 օ ଈ ս �HQ`bϿ՗ӱՏ 2bi iQmDQm`b mM Z_ /Ƕ�T`ĕb H2b T`QT`Bûiûb R 2i j /2 `ûbB/mb [m�/`�iB[m2bX GQ`b[m2օ � ս �HQ`b Ͽ՗ӱՇ 2bi mM Z_ bB 2i b2mH2K2Mi bB ε՗ӱՇ � Ј T�` H� T`QT`Bûiû k UZL_ bBMQMVX
amBi2 �m T`Q/mBi /2b Ͽ՗ӱՏ- ֕՗ 2bi mM Z_ bB 2i b2mH2K2Mi bB ε՗ӱՇ � Ј UZL_ bBMQMV- +�`
H2b �mi`2b Ͽ՗ӱՏ bQMi �mbbB /2b Z_X �BMbB /�Mb H� T?�b2 8- ֕Ն 2bi Z_ bbB εՆӱՇ � Ј UZL_
bBMQMVX 1M +QM+HmbBQM ֕Ն 2bi Z_ bB ֓Վ � Ј bBMQM +Ƕ2bi mM ZL_- ศ Q#iB2Mi #B2M H2 #Bi ֓ՎX

1t2KTH2 , aQBi ֓ H� #�b2 /2 /QMMû2b +QKTQbû2 /2 	֓ȯӴ ֓ɞӴ ֓ɘӴ ֓ȃ
 � 	φӴ φӴ ЈӴ φ
 �p2+֎ � ֏ � ϵ H� K�i`B+2 ε T`2M/ H� 7Q`K2 bmBp�Mi2 ,৉ৈে֓ȯ ֓ɞ֓ɘ ֓ȃৌো৊ � ৉ৈেφ φЈ φৌো৊
PM �/K2i [m2 ศ p2mi HǶûHûK2Mi ֓ȃ � φ /2 +QQ`/QMMû2b 	ϵӴ ϵ
X AH iB`2 /2mt T`2KB2`b֋ȯ 2i ֋ɞ �}M /2 +�H+mH2` λ- TmBb BH ;ûMĕ`2 H� `2[māi2 ֌ � 	֔ȯӴ ֔ɞ
 �p2+ ֔ȯ Z_ 2i֔ɞ ZL_- +�` ֓ȃX2bi /�Mb H� b2+QM/2 +QHQMM2X �}M /2 bBKTHB}2` HǶû+`Bim`2- QM û+`B`�֌ � 	ϓϜӴ ϓλϜ
X SmBb ศ 2MpQB2 H� `2[māi2 ֌ ¨ ทต [mB p� bmBp`2 HǶûi�T2 j /m T`QiQ@
+QH2 /û+`Bi T`û+û/2KK2MiX ทต +�H+mH2 H2b Ͽ՗ӱՏ i2H [m2- 2M `2bi�Mi bQmb HǶû+`Bim`2 bBKTHB}û2-	ϿȯӱȯӴ Ͽȯӱɞ
 � 	ϓϜӴ ϓλϜ
 2i 	ϿɞӱȯӴ Ͽɞӱɞ
 � 	ϓλϜӴ ϓλϜ
X § MQi2` [m2 H2 b2`p2m`
M2 T2mi T�b /ûi2`KBM2` H� 7Q`K2 /2b Ͽ՗ӱՏ +�` H� 7�+iQ`Bb�iBQM /2 λ `2bi2 b2+`ĕi2X SmBb BH
+�H+mH2 ֕ȯ � ϓϜ ੎ ϓλϜ � ϓλϜ 2i ֕ɞ � ϓϜ ੎ ϓλϜ � ϓλϜ 2i 2MpQB2 +2b /2mt p�H2m`b
¨ ศ X *2 /2`MB2` p� b2mH2K2Mi `2;�`/2` ֕ɞ +�` +Ƕ2bi H� H� HB;M2 /�Mb H�[m2HH2 b2 i`Qmp2 ֓ȃX
*QKK2 +2 /2`MB2` 2bi mM ϓλϜ BH �TT`2M/ [m2 H2 #Bi ֓ȃ /2 +QQ`/QMMû2 	ϵӴ ϵ
 /�Mb ε 2bi φX

.û7�mib , *2ii2 +QMbi`m+iBQM TQbbĕ/2 /2mt /û7�mib K�D2m`bX G2 T`2KB2`- pB2Mi /2 H� i�BHH2
/2 H� `2[māi2 [mB 2bi b2mH2K2Mi BMiû`2bb�Mi2 bB ֎ � ֆX .2 THmb- H2 7�+i2m` /Ƕ2tT�MbBQM /2
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S`Bp�i2 AM7Q`K�iBQM _2i`B2p�H

H� `ûTQMb2 2bi i`ĕb ûH2pû- +�` TQm` R #Bi- H� `ûTQMb2 2bi /2 ֎ ੁ ֆ #BibX .�Mb H� bmBi2 /2 H2m`
�`iB+H2 Emb?BH2pBix 2i Pbi`QpbFv- T`QTQb2Mi /2b QTiBKBb�iBQMb- [mB b2`QMi miBHBbû2b /�Mb /2
MQK#`2mb2b �mi`2b +QMbi`m+iBQMb TQbiû`B2m`2b- �}M /Ƕ�KûHBQ`2` +2b /Bzû`2Mi2b #Q`M2bX

jX9Xk JmHiB@#Bib
G2 T`QiQ+QH2 T2mi āi`2 �/�Tiû bBKTH2K2Mi �}M /2 `û+mTû`2` /2b ûHûK2Mib /2 ӵ #BibX

1M 2z2i- bmTTQbQMb [m2 HǶQM �Bi mM2 #�b2 /2 /QMMû2b /2 ։ ûHûK2Mib /2 ӵ #BibX PM T2mi
i`�Mb7Q`K2` +2ii2 mMB[m2 #�b2 /2 /QMMû2b 2M ӵ #�b2b /2 /QMMû2b /ǶûHûK2Mib /2 R #BiX .�Mb
+2ii2 +QM};m`�iBQM- TQm` i`�Mb7û`2` H2b ӵ #Bib /2 HǶûHûK2Mi 	ռӴ ս
- H� `2[māi2 2bi H� KāK2 [m2
TQm` i`�Mb7û`2` R b2mH #BiX G2 b2`p2m` HǶ�TTHB[m2 ¨ +?�[m2 Ŀ bQmb ŀ #�b2 /2 /QMMû2b /2 R #Bi
2i 2MpQB2 ӵ ੁ ։ ੁ ֏ #Bib �m +HB2MiX

jX8 *QMbi`m+iBQM C X ai2`M
CmHB2M ai2`M T`QTQb2 /�Mb (88) H2 T`2KB2` SA_ +�H+mH�iQB`2 [mB miBHBb2 mM +`vTiQbvbiĕK2

?QKQKQ`T?2 �p2+ mM 2bT�+2 /2 +H�B`b /2 ;`�M/2 i�BHH2X .�Mb +2i �`iB+H2- H2 T`QiQ+QH2 2bi
+H�bbû +QKK2 mM �HH@P`@LQi?BM; .Bb+HQbm`2 Q7 a2+`2iX AH 2tT`BK2 H2 T`Q#HĕK2 +QKK2 bmBi ,
mM �+?2i2m` UHǶmiBHBb�i2m` ศ V p2mi �+[mû`B` HǶmM /2b b2+`2ib /m p2M/2m` UH� #�b2 /2 /QMMû2bทต VX �TT�`�Bi B+B mM2 MQiBQM /2 b2+`2i- 2M 2z2i H2 p2M/2m` /ûiB2Mi mM2 HBbi2 /2 b2+`2ib- /�Mb
+2ii2 +QM7Q`K�iBQM H� #�b2 /2 /QMMû2b MǶ2bi THmb Tm#HB[m2X *2 T`QiQ+QH2 2bi THmb T`Q+?2
/ǶmM Ph [m2 /ǶmM SA_X *2T2M/�Mi- H2b +QMi`B#miBQMb T`QTQbû2b bQMi �TTHB+�#H2b 2i QMi ûiû
�TTHB[mû2b �m SA_ +Ƕ2bi TQm`[mQB BH MQmb b2K#H2 BKTQ`i�Mi /2 HǶ2tTHB+Bi2`X

LQmb bmTTQbQMb [m2 H2 bvbiĕK2 /2 +?Bz`2K2Mi miBHBbû /BbTQb2 /ǶmM2 QTû`�iBQM bm` HǶ2bT�+2
/2b +?Bz`ûb U/�Mb HǶ�`iB+H2 Q`B;BM�H mM2 KmHiBTHB+�iBQM KQ/mH�B`2V T2`K2ii�Mi /2 `û�HBb2` mM2
bQKK2 bm` H2b +H�B`b- 2i /ǶmM2 /2mtBĕK2 QTû`�iBQM bm` HǶ2bT�+2 /2b +?Bz`ûb U/�Mb HǶ�`iB+H2
Q`B;BM�H mM2 2tTQM2MiB�iBQM KQ/mH�B`2V T2`K2ii�Mi /2 `û�HBb2` mM T`Q/mBi b+�H�B`2 2Mi`2 mM
2MiB2` 2i mM +H�B`X LQmb MQiQMb +2b QTû`�iBQMb KmHiBTHB+�iBp2K2Mi- K�Bb `B2M MǶBMi2`/Bi /ǶmiBHBb2`
mM bvbiĕK2 /2 +?Bz`2K2Mi Qm H2b QTû`�iBQMb bm` HǶ2bT�+2 /2b +?Bz`ûb bQMi �mi`2b U+QKK2 T�`
2t2KTH2 TQm` H2 bvbiĕK2 /2 +?Bz`2K2Mi #�bû bm` _BM;@Gq1 /m +?�TBi`2 T`û+û/2MiVX

Cmbi2bb2 , G� `2[māi2 T`Q/mBi2 T�` ศ 2bi +QKTQbû2 /2 ։ ਷ φ +?Bz`ûb /2 y 2i
/ǶmM mMB[m2 +?Bz`û /2 R- /ǶBM/B+2 օX GǶBM/2t /m +?Bz`û /2 R 2bi HǶBM/2t /2 HǶûHûK2Mi
[m2 ศ p2mi iûHû+?�`;ûX aQBi Ϝ H� `2[māi2- QM T2mi H� `2T`ûb2Mi2` , +QKK2 bmBi Ϝ �	΃	Ј
ȯӴ ΃	Ј
ɞӴ ੈ Ӵ ΃	φ
ՏӴ ੈ Ӵ ΃	Ј
Փ
X *QKK2 H� bû[m2M+2 ϓ 2bi +?Bz`û2 ทต M2 T2mi T�b
iB`2` /ǶBM7Q`K�iBQMb /2b /Bzû`2Mib ûHûK2Mib /2 H� `2[māi2X GQ`b /m +�H+mH /2 Ϣ- ทต miBHBb2 H2b
T`QT`Bûiûb k 2i j /m bvbiĕK2 /2 +?Bz`2K2MiX GQ`b /m +�H+mH /2 ֌՘ՎՎ - BH KmHiBTHB2 mM2 +QMbi�Mi2-
+Ƕ2bi@¨@/B`2 H2 b2+`2i ֎Վ T�` H2 +H�B` �bbQ+Bû ¨ ֌ՎX *QKK2 ϓ 2bi +QKTQbû /2 +?Bz`ûb /2 y 2i
/ǶmM +?Bz`û /2 R QM � H2b /2mt +�b bmBp�Mib ,

RX ֎Վ ੁ ΃	Ј
 � ΃	Ј
 TQm` ։ ਷ φ /2b ֎Վ
kX ֎Տ ੁ ΃	φ
 � ΃	֎Տ
 TQm` ֎Տ- +Ƕ2bi@¨@/B`2 HǶûHûK2Mi +?QBbB T�` ศ

aB HǶQM 2z2+im2 mMB[m2K2Mi HǶ2Mb2K#H2 /2b 2tTQM2MiB�iBQMb ֌՘ՎՎ - QM `û+mTĕ`2 mM2 bû[m2M+2 /2
H� 7Q`K2 bmBp�Mi2 , 	΃	Ј
ȯӴ ΃	Ј
ɞӴ ੈ Ӵ ΃	֎Տ
ՏӴ ੈ Ӵ ΃	Ј
Փ
X �mi`2K2Mi /Bi- ։ ਷ φ +?Bz`ûb /2
y 2i mM +?Bz`û /m b2+`2i ֎ՏX GQ`b[m2 HǶQM 7�Bi H2 T`Q/mBi /2 +2b +?Bz`ûb- QM 7�Bi �TT2H ¨ H�
T`2KBĕ`2 T`QT`Bûiû /m bvbiĕK2 /2 +?Bz`2K2MiX *2 [mB /QMM2 ,	΃	Ј
ȯ ੁ ΃	Ј
ɞ ੁ ੈ ੁ ΃	֎Տ
Տ ੁ ੈ ੁ ΃	Ј
Փ � ΃	Ј � Ј � ੈ � ֎Տ � ੈ � Ј
 � ΃	֎Տ
 � Ϝ
SmBb ทต 2MpQB2 _ ¨ ศ [mB +�H+mH2 ,Ͷ	Ϝ
 � Ͷ	΃	֎Տ

 � ֎Տศ � #B2M iûHû+?�`;û HǶûHûK2Mi /ǶBM/B+2 օ bQm?�Biû iQmi 2M H2 ;�`/�Mi b2+`2iX 1i- /�Mb H2 +�b
/2 +2 T`QiQ+QH2- HǶûHûK2Mi ֎Տ `û+mTû`ûX
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jX8 *QMbi`m+iBQM C X ai2`M

S`QiQ+QH2 , aQB2Mi ԝ H2 MQK#`2 /2 b2+`2ib 2i Ԣφ
 ੈ 
 Ԣ։ H2b b2+`2ibX G2 T`QiQ+QH2 /2
CmHB2M ai2`M b2 /û`QmH2 +QKK2 bmBi ,
:ûMû`�iBQM /2 H� `2[māi2

RX ෴ UPm HǶ�+?2i2m` /�Mb HǶ�`iB+H2 Q`B;BM�HV BMBiB�HBb2 mM +`vTiQbvbiĕK2- 2MpQB2
b2b T�`�Kĕi`2b Tm#HB+b ¨ ෣෡ TmBb T`Qmp2 H2m` p�HB/BiûX

kX ෴ *?Bz`2 mM2 bû[m2M+2 /2 ԝ MQK#`2b 2i HǶ2MpQB ¨ ෣෡ X *Ƕ2bi H� 7QM+iBQM2	�
 /2 MQi`2 i2`KBMQHQ;B2X SmBb- BH /QMM2 mM2 T`2mp2 ¨ /BpmH;�iBQM MmHH2 /2
+QMM�Bbb�M+2 [m2 H� bû[m2M+2- [m2 HǶQM T2mi MQKK2` `2[māi2- 2bi +QKTQbû2
/2 +?Bz`ûb ԣ ਷ � xû`Q 2i /ǶmM mMB[m2 RX PM �TT2HH2 HǶ2Mb2K#H2 /2 H� bû[m2M+22 �p2+ 2 � 	Ԡφ
 ੈ 
 Ԡ։


:ûMû`�iBQM /2 H� `ûTQMb2
RX ෣෡ `2ÏQBi H� `2[māi2 TmBb +�H+mH2 UBH miBHBb2 bQM ;ûMû`�i2m` /2 `ûTQMb2 3	�
 V ,4 � ։ఃք�φ Ԡ֎Վք
kX ෣෡ i`�Mb72`i H� `ûTQMb2 4 ¨ ෴

_û+mTû`�iBQM /2 H� `ûTQMb2
RX ෴ /û+?Bz`2 4 2i `2i`Qmp2 H2 Ԣօ 2M 7QM+iBQM /m +?QBt 2z2+imû HQ`b /2 H� +`û�iBQM

/2 H� `2[māi2X AH � miBHBbû HǶ2ti`�+i2m` /2 `ûTQMb2 9	�
 X

.û+QmT�;2 , lM T`Q#HĕK2 bm`pB2Mi HQ`b[m2 H� i�BHH2 /Ƕ�m KQBMb HǶmM /2b ûHûK2Mib ֎ M2
T2mi T�b āi`2 2MiBĕ`2K2Mi �#bQ`#û T�` mM ûHûK2Mi /2 H� `2[māi2 Qm- �mi`2K2Mi /Bi- HQ`b[m2
H� i�BHH2 /2b ûHûK2Mib b2+`2ib 2bi i`QT BKTQ`i�Mi2 TQm` Ŀ i2MB` ŀ /�Mb mM mMB[m2 +?Bz`ûX SQm`
`ûbQm/`2 +2 T`Q#HĕK2- CX ai2`M T`QTQb2 /2 /û+QmT2` H2b b2+`2ib 2M TQ`iBQMb /2 i�BHH2 �/û[m�i
TmBb /Ƕ�TTHB[m2` H� `2[māi2 b�Mb H� KQ/B}2` �mt /Bzû`2Mi2b TQ`iBQMb Q#i2Mm2bX

PM /û+QmT2 H2 b2+`2i ֎Վ 2M ֈ TQ`iBQMb TmBb QM �TTHB[m2 ֌Վ ¨ +?�+mM2 /2b ֈ TQ`iBQMb
/2 ֎ՎX 1MbmBi2- QM bQKK2 H2b ֈ #HQ[m2b /2b ֎Վ BM/ûT2M/�KK2Mi 2i QM Q#iB2Mi mM2 `ûTQMb2Ϝ +QKTQbû2- 2HH2 �mbbB- /2 ֈ TQ`iBQMb /Bzû`2Mi2bX

�BMbB H� i�BHH2 /2 H� `2[māi2 2bi BM+?�M;û2 2i H� i�BHH2 /2 H� `ûTQMb2 2bi KmHiBTHBû2 T�`
H� i�BHH2 /m b2+`2i @ /2 HǶûHûK2Mi /2 H� #�b2 /2 /QMMû2b @ H2 THmb ;`�M/ /BpBbû T�` H� i�BHH2
K�tBKmK /Ƕ�#bQ`TiBQM /ǶmM +?Bz`ûX

_û+m`bBpBiû , .�Mb +2 T`QiQ+QH2- ศ 2MpQB ։ +?Bz`ûb �m b2`p2m` �}M /2 iûHû+?�`;2` H2
b2+`2i [mǶBH /ûbB`2X CX ai2`M KQMi`2 [mǶBH 2bi TQbbB#H2 /2 `û/mB`2 H2 MQK#`2 /ǶûHûK2Mib /2
`2[māi2 ¨ ΰπΜ ։X

*QKK2 T`û+û/2KK2Mi- bQB2Mi ։ H2 MQK#`2 /2 b2+`2ib 2i ֎ȯӴ ੈ Ӵ ֎Փ H2b b2+`2ib 2mt@KāK2bX
aQBi փ mM 2MiB2`- QM p� bûT�`2` H2b ։ b2+`2ib 2M ։�փ ;`QmT2b /2 փ b2+`2ibX .2 THmb փ 2bi
+QMMm /2b /2mt T�`iB+BT�Mib- BHb b�p2Mi iQmb /2mt +QKK2Mi bQMi `ûT�`iBb H2b b2+`2ib /�Mb H2b
;`QmT2bX

SmBb- QM �TTHB[m2 H2 T`QiQ+QH2 Q`B;BM�H ¨ [m2H[m2b /ûi�BHb T`ĕbX ศ p� T`Q/mB`2 mM2 `2[māi2
/2 փ ûHûK2Mib 2i +2ii2 `2[māi2 2bi �TTHB[mû2 BM/ûT2M/�KK2Mi bm` H2b ։�փ ;`QmT2b /2 b2+`2ibX
AH 2M `ûbmHi2 ։�փ ûHûK2Mib +?Bz`ûb [mB 7Q`K2 mM2 MQmp2HH2 #�b2 /2 /QMMû2bX *2ii2 /2`MBĕ`2
T2mi �mbbB āi`2 /û+QmTû2 2M ;`QmT2 THmb T2iBi 2i �BMbB /2 bmBi2X ศ T`Q/mBib /2b `2[māi2b
Dmb[mǶ¨ Q#i2MB` mM mMB[m2 ûHûK2Mi- H� `ûTQMb2 _- [mB HmB b2`� i`�MbKBb T�` ทต X
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S`Bp�i2 AM7Q`K�iBQM _2i`B2p�H

_2K�`[m2X

§ MQi2` [m2 TQm` +?�[m2 `û+m`bBQM H� i�BHH2 /2b b2+`2ib- [mB bQMi �HQ`b +?Bz`ûb- ;`�M/BiX
*2 [mB M2 TQb2 T�b /B`2+i2K2Mi /2 T`Q#HĕK2- +�` QM T2mi �HQ`b `û�HBb2` mM /û+QmT�;2X
�BMbB BH 7�mi +?QBbB` H� i�BHH2 /2 փ 2i H2 MQK#`2 /2 `û+m`bBQMb 2M i2M�Mi +QKTi2 /2 H�
i�BHH2 /2 H� `2[māi2- K�Bb �mbbB /2 H� `ûTQMb2X *�` mM2 `ûTQMb2 THmb ;`�M/2 2bi THmb
HQM;m2 ¨ 2MpQv2`- K�Bb �mbbB ¨ /û+?Bz`2`X

ԔφԔϵԔϯԔΚԔΘԔϩԔϨԔ΅Ԕν

ૺ
ૺ
ૺ
ૺ
ૺ
ૺ
ૺ
ૺ
ૺ

Ԡφ �Ԡϵ �Ԡϯ �Ԡφ �Ԡϵ �Ԡϯ �Ԡφ �Ԡϵ �Ԡϯ �

ԡφԡϵԡϯԡΚԡΘԡϩԡϨԡ΅ԡν

૵
૵
૵
૵
૵
૵

Ԕ஥φ

Ԕ஥ϵ

Ԕ஥ϯ

ૺ

ૺ

ૺ

Ԡ஥φ

Ԡ஥ϵ

Ԡ஥ϯ

૵

૵
3ԔԟԞԝԢԔ 1*3

6B;m`2 jXk Ĝ _2T`ûb2Mi�iBQM /2 H� ;ûMû`�iBQM /2 H� `ûTQMb2 TQm` R MBp2�m /2 `û+m`bBpBiûX G�
#�b2 /2 /QMMû2b 2bi +QKTQbû2 /2 N ûHûK2Mib 	րȯӴ ੈ Ӵ րȦ
 bûT�`ûb 2M ;`QmT2b /2 j , 	րȯӴ րɞӴ րɘ
-	րȃӴ րȁӴ րɒ
 2i 	րɑӴ րǮӴ րȦ
X G� T`2KBĕ`2 T�`iB2 /2 H� `2[māi2 �TTHB[mû2 ¨ +2b ;`QmT2b 2bi
+QKTQbû2 /2 i`QBb ûHûK2Mib 	֌ȯӴ ֌ɞӴ ֌ɘ
X lM 7QBb H2b QTû`�iBQMb KmHiBTHB+�iBp2b 2i �//BiBp2b
`û�HBbû2b- QM Q#iB2Mi mM2 MQmp2HH2 #�b2 /2 /QMMû2 +QKTQbû2 /2 j ûHûK2Mib 	ր஬ȯӴ ր஬ɞӴ ր஬ɘ
 ¨
H�[m2HH2 2bi �TTHB[mû2 mM2 MQmp2HH2 `2[māi2 	֌஬ȯӴ ֌஬ɞӴ ֌஬ɘ
 �}M /ǶQ#i2MB` H� `ûTQMb2 }M�H2X

jXe *QMbi`m+iBQM /2 >X GBTK��
>X GBTK�� Tm#HB2 mM �`iB+H2 2M kyy9 (je) [mB 2bi mM2 �/�Ti�iBQM /m T`QiQ+QH2 /2 ai2`M

�p2+ mM bvbiĕK2 /2 +?Bz`2K2Mi #B2M THmb 7�pQ`�#H2 ¨ H� i�BHH2 /2 H� `ûTQMb2 HQ`b[m2 H�
`û+m`bBQM 2bi miBHBbû2X 1M 2z2i- H2 bvbiĕK2 /2 +?Bz`2K2Mi /2 .�K;´`/ 2i Cm`BF (Ry)- [mB 2bi
mM2 ;ûMû`�HBb�iBQM /m bvbiĕK2 T`QTQbû T�` S�BHHB2` (9k)- T2`K2i /Ƕ�pQB` mM2 +`QBbb�M+2 THmb
H2Mi2 UHBMû�B`2V /2 H� i�BHH2 /2 H� `ûTQMb2X

G2 bvbiĕK2 /2 +?Bz`2K2Mi miBHBbû 7�Bi ;`�M/B` H� i�BHH2 H2b +?Bz`ûb HBMû�B`2K2Mi HQ`b /2b
`û+m`bBQMb 2i /2b ûHûK2Mib /2 H� `2[māi2 +Q``2bTQM/�MibX �BMbB- HQ`b[m2 տ MBp2�mt /2 `û+m`bBQM
bQMi miBHBbûb- H� i�BHH2 /2 H� `ûTQMb2 2bi mM ûHûK2Mi +?Bz`û տ 7QBb b�Mb �pQB` ûiû /û+QmTû ¨
+?�[m2 `û+m`bBQM +QKK2 �p�M+û T�` CX ai2`MX SQm` տ � ϵ- +2ii2 +QMbi`m+iBQM 7�Bi T�bb2` H2
7�+i2m` /Ƕ2tT�MbBQM /m SA_ /2 CX ai2`M �p2+ H2 +`vTiQbvbiĕK2 /2 S�BHHB2` /2 9 ¨ jX

*2ii2 �KûHBQ`�iBQM /2 H� i�BHH2 /2b `2[māi2b 2i /2 H� `ûTQMb2 `2H�M+2 HǶBMiû`āi TQ`iû
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jXd :2Mi`v 2i _�Kx�M

�m SA_ +QKK2 H2 KQMi`2`QMi H2b MQK#`2mb2b +QMi`B#miBQMb [mB bmBpB`2MiX *2T2M/�Mi- H2b
QTû`�iBQMb /m bvbiĕK2 /2 +?Bz`2K2Mib bQMi T�`iB+mHBĕ`2K2Mi H2Mi2bX 1M 2z2i- HǶQTû`�iBQM /2
KmHiBTHB+�iBQM /ǶmM +?Bz`û T�` mM2 +QMbi�Mi2 `2pB2Mi ¨ `û�HBb2` mM2 2tTQM2MiB�iBQM KQ/mH�B`2
�p2+ /2b KQ/mH2b /2 i�BHH2 BKTQ`i�Mi2 UϵЈΚ΅ #Bib TQm` mM2 bû+m`Biû /2 ΅Ј #BibVX GQ`b[m2
THmbB2m`b MBp2�mt /2 `û+m`bBQM bQMi �TTHB[mûb +2b +�H+mHb /2pB2MM2Mi 2ti`āK2K2Mi +Qmi2mt
bm` mM T`Q+2bb2m` /ǶQ`/BM�i2m` Q`/BM�B`2X

jXd :2Mi`v 2i _�Kx�M
*`�B; :2Mi`v 2i wmH}F�M _�Kx�M /�Mb (R8) T`QTQb2Mi mM2 �TT`Q+?2 i`ĕb /Bzû`2Mi2 ¨ +2HH2

/2 CX ai2`M 2M +QMb2`p�Mi H� T`QT`Bûiû /2 SA_ +�T�#H2 /2 `û+mTû`2` mM ûHûK2Mi /2 THmb /ǶmM
b2mH #BiX *2ii2 +QMbi`m+iBQM T2`K2i /2 `û/mB`2 H2b +Qȿib +�H+mH�iQB`2b 2i /2 +QKKmMB+�iBQM
K�Bb /2K�M/2 2M û+?�M;2 mM2 QTiBKBb�iBQM ?Q`b HB;M2- +Ƕ2bi@¨@/B`2 2M /2?Q`b /2 H� T?�b2
/Ƕû+?�M;2 2Mi`2 H2 +HB2Mi 2i H2 b2`p2m`X *2 T`QiQ+QH2 miBHBb2 /2b 2MiB2`b /Bib 7`B�#H2b- /QMi H�
T�`iB+mH�`Biû 2bi /Ƕāi`2 H2 T`Q/mBi /2 T2iBib MQK#`2b T`2KB2`bX

úHûK2Mib bTû+B}[m2b /m T`QiQ+QH2 , aQB2Mi ͢ mM2 #�b2 /2 /QMMû2b /2 ։@#Bib- 2iցȯ	֓Ӵ ֔
 2i ցɞ	֓Ӵ ֔
 /2mt 7QM+iBQMbX PM /ûi2`KBM2 /2mt T�`�Kĕi`2b /2 bû+m`Biû ֆ 2i ֆ஬
i2H [m2 ֆ஬ � ၀	ΰπΜ ։
 2i ֆ � ցɞ	ֆ஬Ӵ ΰπΜ ։
X aQB2Mi ӵ � ळցȯ	ֆӴ ΰπΜ ։
ऴ 2i ֏ � े ՓӲ ैX �BMbB
[mǶ mM 2Mb2K#H2 ϋ � ֋ȯӴ ੈ Ӵ ֋ՙ /2 T2iBib T`2KB2`b 2i bQBi ႟Վ � ֋ՈՎՎ �p2+ վՎ � উ Ӳșȩȅɞ ՕՎ ঊ 2iฦ � \႟Վ^X aQBi บՎ HǶ2Mb2K#H2 /2b ;`QmT2b +v+HB[m2b /QMi HǶQ`/`2 �TT�`iB2Mi ¨ ॅϵՐӴ ϵՐ�ȯॆ
2i 2bi /BpBbB#H2 T�` ႟ՎX S`û+BbQMb [mǶmM ;`QmT2 +v+HB[m2 2bi mM ;`QmT2 }MB /QMi iQmb H2b
ûHûK2Mib T2mp2Mi āi`2 ;ûMû`ûb T�` mM bBM;H2iQM [m2 HǶQM �TT2HH2 �mbbB ;ûMû`�i2m` /m ;`QmT2X
SQm` i2`KBM2`- bQBi ͶՎ mM2 /Bbi`B#miBQM �Hû�iQB`2 �p2+ H�[m2HH2 H2b ûHûK2Mib /2 บՏ bQMi
2{+�+2K2Mi û+?�MiBHHQMMûbX

_2K�`[m2X

*2 T`QiQ+QH2 �TTQ`i2 /2 MQK#`2mb2b �KûHBQ`�iBQMb pBb@¨@pBb /m T`QiQ+QH2 Q`B;BM�H
U�TT2Hû *JaV bm` H2[m2H BH 2bi 7QM/û (3) +QKK2 H� TQbbB#BHBiû /2 `û+mTû`2` mM #HQ+
+QKTH2i /2 #Bib 2i MQM mM b2mH #Bi �BMbB [m2- TQm` mM2 bû+m`Biû +QKT�`�#H2- mM2 `ûTQMb2
/2 THmb T2iBi2 i�BHH2X *QMi`�B`2K2Mi ¨ +2 [mB 2bi BM/B[mû /�Mb HǶ�`iB+H2 HǶQTû`�iBQM H�
THmb T`Q?B#BiBp2 TQm` H2 b2`p2m` MǶ2bi T�b H2 +�H+mH /2 ւՊ ζπͷ ֈ 2M ย	։
- K�Bb +2HmB
/m +�H+mH /2 ր [mB Q#HB;2 ¨ miBHBb2` HǶ�H;Q`Bi?K2 /2 `2Hĕp2K2Mi /m i?ûQ`ĕK2 /2b `2bi2b
+?BMQBb 2M ย	։ɞ
 Ui`�Biû ¨ H� b2+iBQM RXe /m +?�TBi`2 R VX
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S`Bp�i2 AM7Q`K�iBQM _2i`B2p�H

:ûMû`�iBQM /2 H� `2[māi2
§ T�`iB` /2b ûHûK2Mib 	ԝ
 ԕφ
 ԕϵ
 ෲ
 \%ք^
- HǶmiBHBb�i2m` ෴ B/2MiB}2 HǶBM/2t Ԙ
/m #HQ+ [mǶBH bQm?�Bi2 iûHû+?�`;2` 2i ;ûMĕ`2 mM2 `2[māi2 �}M /2 `û+mTû`2`
H2 #HQ[m2 $քX ෴ 7�Bi H2b QTû`�iBQMb bmBp�Mi2b ,
RX :ûMû`2` ( ݁ͶՎ ෦ք 2i mM Ŀ [m�bB ;ûMû`�i2m` ŀ Ԗ /2 ( iB`û /ǶmM2

/Bbi`B#miBQM mMB7Q`K2X �mi`2K2Mi /Bi- Ԗ 2bi mM ûHûK2Mi /2 ( i2H [m2
H2 1($%	]( ੃ ਓԖਔ]
 ௵֏օ�φ ԟօ
 � �X �p2+ ਓԖਔ mM bQmb@;`QmT2 T`QT`2 /2(X

kX 1MpQv2` H� `2[māi2 +QKTQbû2 /2 	(
 Ԗ
- +QMb2`p2` Ԡ � ]ਓԖਔ]�ၡք b2+`2i
2i T`û+�H+mH2` ԗ � Ԗ֌X

_ûTQMb2 /2 H� #�b2 /2 /QMMû2b
§ T�`iB` /2b ûHûK2Mib 	#
 ԕφ
 ԕϵ
 ෲ
- H2 b2`p2m` ෣෡ ;ûMĕ`2 mM2 `ûTQMb2 ¨
H� `2[māi2 /2 ෴ +QKK2 bmBi ,

RX 1tT`BK2` +?�+mM /2b ӯ@#Bib /2b #HQ+b $օ +QKK2 mM 2MiB2` BM+Hmb
/�Mb <�
 �ӵ ਷ �>X UG2 /2`MB2` #HQ+ T2mi āi`2 +QKTHûiû �p2+ /2b y +B
Mû+2bb�B`2VX

kX *�H+mH2` Ԕ H2 THmb T2iBi 2MiB2` TQbBiB7 i2H [m2 U*_hV ,৘৖৖৖ৗ৖৖৖৕
Ԕ ଉ $φ NPE ၡφԔ ଉ $ϵ NPE ၡϯੇԔ ଉ $ֆ NPE ၡֆ

jX 1MpQv2` H� `ûTQMb2 Ԗր � Ԗր ୮ (X

_û+mTû`�iBQM /2 H� `ûTQMb2
§ T�`iB` /2b /QMMû2b 	ၡք
 Ԗր
 (
 Ԡ
 ԗ
- ෴ /ûi2`KBM2 H2 #HQ+ $ք +QKK2 bmBi ,

RX *�H+mH2` ԗր � Ԗ֌րX
kX *�H+mH2` $ք +QKK2 H2 HQ;�`Bi?K2 /Bb+`2i MPHփ ԗր /�Mb H2 bQmb@;`QmT2) ୢ ( /ǶQ`/`2 ԟԘք � ԟվՎք 2M miBHBb�Mi HǶ�H;Q`Bi?K2 /2 SQ?HB;@>2HHK�M 9

/QMi H� +QKTH2tBiû /ûT2M/ /2 H� #�b2 /m MPH ¨ `ûbQm/`2X �BMbB /�Mb
+2 T`QiQ+QH2- BH 7�mi T`BpBHû;B2` /2b ԟք /2 T2iBi2 i�BHH2 �}M /2 +QMb2`p2`
/2 #QMM2b T2`7Q`K�M+2b /Ƕ2ti`�+iBQM /2 H� `ûTQMb2X
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jX3 CX h`QbiH2 2i �X S�``Bb?

jX3 CX h`QbiH2 2i �X S�``Bb?
CQM�i?�M h`QbiH2 2i �M/v S�``Bb? T`QTQb2Mi 2M kyRR /�Mb (8d) /2mt T`QiQ+QH2b SA_ [mB

QMi H� T�`iB+mH�`Biû /2 M2 T�b āi`2 /B`2+i2K2Mi 7QM/ûb bm` mM +`vTiQbvbiĕK2 +QMMmX .�Mb H2
T`2KB2`- MQKKû �MQMvKBiv "�b2/ +SA_ S`Q+QH- H2b miBHBb�i2m`b pQMi bûT�`2` H2m`b `2[māi2b
2i H2b KûH�M;2` 2Mb2K#H2 �}M /2 +QMb2`p2` H2m` �MQMvK�iX G2 b2+QM/- MQKKû h`�T/QQ`
:`QmT +SA_ S`QiQ+QH- 2bi /û`Bpû /m T`2KB2` K�Bb `2TQb2 bm` mM bvbiĕK2 /2 +?Bz`2K2MiX

jX3XR +SA_ 7QM/û bm` HǶ�MQMvK�i
.�Mb +2ii2 p2`bBQM /m T`QiQ+QH2 SA_ T`QTQbû H� #�b2 /2 /QMMû2b 2bi 2Mb2K#H2 /2 ։

#Bib BM/ûT2M/�Mib 2i `2T`ûb2Miûb bQmb H� 7Q`K2 /ǶmM +�``û /2 అ։ ੎ అ։X GǶmiBHBb�i2m` p�
bûH2+iBQMM2` �p2+ b� `2[māi2 HǶmM2 /2b HB;M2b /2 H� #�b2 /2 /QMMû2bX G2 T`QiQ+QH2 MǶûi�Mi T�b
7QM/û bm` mM +`vTiQbvbiĕK2 H2b miBHBb�i2m`b pQMi KBt2` H2m`b `2[māi2b 7Q`K�Mi �BMbB mM2 Kûi�
`2[māi2X �BMbB- H� bû+m`Biû /m T`QiQ+QH2 b2 bBim2 /�Mb HǶ?ûiû`Q;ûMûBiû /2b ûHûK2Mib /2 H� Kûi�
`2[māi2 [mB b2`� �TTHB[mû2 bm` H� #�b2 /2 /QMMû2b T�` H2 b2`p2m`X

:ûMû`�iBQM /2 H� `2[māi2
RX ෴ +QMbi`mBi mM p2+i2m` # /2 అԝ #Bib �p2+ mM R TQm` H� HB;M2 [mǶBH bQm?�Bi2

`û+mTû`2` 2i mM y TQm` H2b �mi`2bX
kX ෴ +QMbi`mBi mM p2+i2m` 6 p2+i2m` /2 అԝ #Bib /QMi H2b p�H2m`b bQMi iB`û2b bmBp�Mi

mM2 /Bbi`B#miBQM �Hû�iQB`2 mMB7Q`K2 TmBb +�H+mH2 3 i2H [m2 3 � # � 6 NPE �
jX ෴ +QMbi`mBi Ԧ p2+i2m`b % /QMi H2b p�H2m`b bQMi iB`û2b bmBp�Mi mM2 /Bbi`B#miBQM

mMB7Q`K2 2M `2bT2+i�Mi H� +QMi`�BMi2 bmBp�Mi2 , ௴ք֒�φ %ք NPE � � 6� ෴ 2MpQB2
+2b Ԧ p2+i2m`b �BMbB [m2 3X

:ûMû`�iBQM /2 H� `ûTQMb2
RX ෣෡ `û�HBb2` mM2 KmHiBTHB+�iBQM K�i`B+B2HH2 +?�+mM /2b p2+i2m`b UbQmb 7Q`K2 /2

HB;M2V T�` H� #�b2 /2 /QMMû2b [m2 HǶQM T2mi pQB` +QKK2 mM2 K�i`B+2 +�``û2X෣෡ 2MpQB2 H2b Ԧ � � p2+i2m`b `ûbmHi�Mib /2 +2b KmHiBTHB+�iBQMb �m +HB2MiX

_û+mTû`�iBQM /2 H� `ûTQMb2
RX ෴ 7�Bi H� bQKK2 /2b p2+i2m`b UNPE�
 2i 2z�+2 H2 #`mBiX �BMbB- BH `û+mTĕ`2 H�

HB;M2 /2 H� #�b2 /2 /QMMû2b bûH2+iBQMMû2 �m /û#mi /m T`QiQ+QH2X
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S`Bp�i2 AM7Q`K�iBQM _2i`B2p�H

jX3Xk +SA_ �p2+ 7QM+iBQM ¨ b2Mb mMB[m2
.�Mb +2 T`QiQ+QH2- H� #�b2 /2 /QMMû2b 2bi `2T`ûb2Miû2 +QKK2 mM2 K�i`B+2 /2 అ։ ੎ అ։

ûHûK2Mib տՎՏ �p2+ ք H� +QHQMM2 2i օ H� HB;M2X .2 THmb- H2b ûHûK2Mib M2 bQMi THmb /2b #Bib
mMB[m2b- K�Bb T2mp2Mi āi`2 /2b #HQ+b /2 λ #Bib /2 i�BHH2 �`#Bi`�B`2X G� +QM}/2MiB�HBiû /2
HǶBM/2t 2bi ;�`�MiB2 T�` mM2 7QM+iBQM ¨ b2Mb mMB[m2X

:ûMû`�iBQM /2 H� `2[māi2
RX ෴ /ûi2`KBM2 mM ;`�M/ 2MiB2` b2+`2i Ԝ [mB /ûT2M/ /m MQK#`2 /ǶûHûK2Mib ԝ 2i

/m MQK#`2 /2 HB;M2b ԡ [mǶBH p2mi `û+mTû`2`X
kX ෴ +?QBbB mM b2+`2i ԑ i2H [m2 ԑ ୮ ඾ֈ੟ i2H [m2 H2 1($%	ԑ
 Ԝ
 � � �BMbB [m2ԣ � అԝ 2MiB2`b b2+`2ib Ԕք i2H [m2 Ԕք � Ԝ�ԣ	/਷�
X G2 Ԕք TQm` H2b HB;M2b /ûbB`û2b

U+2HH2b [m2 ෴ `û+mTĕ`2`� ¨ H� }M /m T`QiQ+QH2V bQMi /2 H� 7Q`K2 /և � Ԑև/֍
TQm` mM ӯ � ԡ 2i Ԑӵ +?QBbBb 2i bQMi /2b KmHiBTH2b /2 /֍ TQm` H2b �mi`2bX

jX ෴ 2MpQB2 Ԡք � ԑԔք TQm` Ԙ /2 R ¨ ԣ ¨ ෣෡ X

:ûMû`�iBQM /2 H� `ûTQMb2
RX SQm` +?�[m2 HB;M2 /2 H� #�b2 /2 /QMMû2 c ෣෡ +�H+mH2

Ԣօ � అ։ంք�Ј Ԡք ੁ ԓքօ
�p2+ ԙ /2 y ¨ అԝX ෣෡ Q#iB2Mi /2 H� bQ`i2 H2b Ԣօ 7Q`K�Mi H� `ûTQMb2 ෲX

kX ෣෡ 2MpQB2 ෲ ¨ ෴ X

_û+mTû`�iBQM /2 H� `ûTQMb2
RX ෴ KmHiBTHB2 iQmb H2b ûHûK2Mib /2 ෲ T�` ԑ਷φ NPE Ԝ 2i `û+mTĕ`2 HǶûHûK2Mi /ûbB`û

2M #�b2 / /2 +2b [mQiB2MibX �mi`2K2Mi 2tT`BKû- ෴ i`Qmp2 /2b 2MiB2`b 2M #�b2
Ry KQ/mHQ Ԝ 2i TQm` /ûi2`KBM2` H2b HB;M2b [mǶBH /ûbB`�Bi `û+mTû`2` BH /QBi
+�H+mH2` H2 `2bi2 /2 +2b 2MiB2`b KQ/mHQ /X �BMbB- H2 `2bi2 /m T`2KB2` ûHûK2Mi
/2 `ûTQMb2 2i H2 T`2KB2` ûHûK2Mi /2 H� +QHQMM2 /ûbB`û2- H2 b2+QM/ H2 b2+QM/
ûHûK2Mi 2i �MbB /2 bmBi2X

jX3XkXR 1t2KTH2
oQB+B mM2 #�b2 /2 /QMMû2b /2 ։ � ν ûHûK2Mi /2 R #Bi Uλ � ϵV- `2T`ûb2Miû2 bQmb H� 7Q`K2

/ǶmM +�``û /2 ϯ ੎ ϯ ,

." ੃ ৉ৈৈৈৈে
φ Ј φφ φ ЈЈ φ φৌোোোো৊ศ bQm?�Bi2 `û+mTû`2` H� b2+QM/2 +QHQMM2- ֍ � ϵX

_2[māi2 , ศ +?QBbBi H2 KQ/mH2 ֈ � ϵϨ 2i ս � Ϩ U+2b 2MiB2`b `2bi2Mi b2+`2iVX SmBb BH p�
;ûMû`2` H2b րՎ i2H [m2 րՎ � ϵϨ�ϵX .2 THmb- +QKK2 ศ +?2`+?2 ¨ Q#i2MB` H� b2+QM/2 +QHQMM2	֍ � ϵ
- րȯ 2i րɘ /QBp2Mi āi`2 T�B`b 2i րɞ BKT�B`X PM � /QM+ , րȯ � ΚӴ րɞ � Θ 2i րɘ � ϵXศ p� 2MbmBi2 +�H+mH2` H2b ս ੁ րՎ ζπͷ ֈ �BMbB BH Q#iB2Mi +QKK2 ûHûK2Mi /2 `2[māi2- H2b 2MiB2`b\φӴ ΅Ӵ φΚ^X

_ûTQMb2 , ทต `2ÏQBi H2 p2+i2m` /2 `2[māi2 /2 +�H+mH H2 T`Q/mBi K�i`B+B2H 2Mi`2 H2 p2+i2m`
2i H� #�b2 /2 /QMMû2b bQmb 7Q`K2 /2 K�i`B+2 +�``û2X AH Q#iB2Mi H2 p2+i2m` \φΘӴ νӴ ϵϵ^ ¨ 2MpQv2`
¨ ศ X
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jXN avMi?Đb2 /m +?�TBi`2

1ti`�+iBQM , ศ +�H+mH2 /Ƕ�#Q`/ ս਷ȯ ζπͷ ֈ +Ƕ2bi ¨ /B`2 ս਷ȯ ଉ Κ ζπͷ ϵϨ- KmHiBTHB2 H2
p2+i2m` /2 `ûTQMb2 T�` Κ ζπͷ ϵϨ 2i Q#iB2Mi H2b i`QBb 2MiB2`b bmBp�Mib , \ϩӴ νӴ Ϩ^X ศ +�H+mH2
2MbmBi2 H2 `2bi2 KQ/mHQ k /2 +?�+mM /2 +2b 2MiB2`b 2i Q#iB2Mi 	ЈӴ φӴ φ
X
jXN avMi?ĕb2 /m +?�TBi`2

1M kyyd- *�`HQb �;mBH�`@J2H+?Q` 2i S?BHBTT2 :�#Q`Bi /�Mb (j3) T`QTQb2Mi mM T`QiQ+QH2
/2 SA_ `�TB/2 7QM/û bm` mM +`vTiQbvbiĕK2 MQM +QMp2MiBQMM2H miBHBb�Mi H2b `ûb2�mt 2m+HB/B2MbX
*2T2M/�Mi- H2 +`vTiQbvbiĕK2 7mi +�bbû 2M kyRk T�` CBM;;mQ "B- JBM;DB2 GBm 2i sB�QvmM
q�M; (jy)X

*2b i`�p�mt- K�H;`û H2 /û7�mi /2 bû+m`Biû- QMi KQMi`û mM2 M2ii2 �KûHBQ`�iBQM /�Mb H�
/m`û2 /2 ;ûMû`�iBQM /2 H� `ûTQMb2X 1M 2z2i- /�Mb (j3)- `û+mTû`2` mM }+?B2` /2 H� i�BHH2
/ǶmM KQ`+2�m /2 KmbB[m2 2M+Q/û 2M KTj U[m2H[m2b Kû;�Q+i2ibV- /�Mb mM2 #B#HBQi?ĕ[m2 /2
THmbB2m`b KBHHB2`b /2 }+?B2`b bBKBH�B`2b 2bi /2 Ry KBMmi2bX �p2+ H� KāK2 +QM};m`�iBQM- H2
T`QiQ+QH2 /2 GBTK�� Mû+2bbBi2 jj?- +2HmB /2 :2Mi`v 2i _�Kx�M Rd KBM 2i +2HmB /2 h`QbH2 2i
S�``Bb? Rj KBMX

LQmb �pQMb KQMi`û /�Mb +2 +?�TBi`2 [m2 H2 T`QiQ+QH2 SA_ � 7Q`i2K2Mi ûpQHmû +2b /2`MBĕ`2b
�MMû2b �m TQBMi /2 b2 `ûpûH2` āi`2 mM T`QiQ+QH2 +`û/B#H2 /�Mb /2b +�b `û�HBbi2bX

G2b /Bzû`2Mi2b +QMi`B#miBQMb T`ûb2Miû2b- KBb2 ¨ T�`i +2HH2 /2 CX ai2`M- QMi H� T�`iB+mH�`Biû
/Ƕāi`2 7Q`i2K2Mi /ûT2M/�Mi2b /2 H2m` +`vTiQbvbiĕK2X *2 [mB T2`K2i /2 +QMM�Bi`2 ¨ HǶ�p�M+2
H� +QKTH2tBiû /2b /Bzû`2Mib �H;Q`Bi?K2b miBHBbûb �BMbB [m2 H2 7�+i2m` /Ƕ2tT�MbBQMX *Ƕ2bi@¨@/B`2
H2 MQK#`2 /2 #Bib `2Ïmb T�` ศ T�` `�TTQ`i �mt MQK#`2 /2 #Bib /2 HǶûHûK2Mi +?QBbBX J�Bb mM
BMp�`B�Mi 7QM/�K2Mi�H /m SA_ �TT�`�Bi- HQ`b /2 H� ;ûMû`�iBQM /2 H� `ûTQMb2 T�` H� 7QM+iBQMϜ	ӳ
 iQmb H2b #Bib /2 H� #�b2 /2 /QMMû2b bQMi i`�Biûb T�` HǶ�H;Q`Bi?K2X

LQi`2 Q#D2+iB7 2bi /Ƕ2bb�v2` /2 `û/mB`2 H2 +Qȿi +�H+mH�iQB`2 /2 ;ûMû`�iBQM /2 H� `ûTQMb2
T�` #Bi /�Mb H� #�b2 /2 /QMMû2b- +�` +2HmB@+B 2bi /�Mb H� THmT�`i /2b +�b H2 7�+i2m` HBKBi�Mi H�
pBi2bb2 [m2 HǶQM T2mi �ii2BM/`2 /�Mb mM T`QiQ+QH2 /2 iûHû+?�`;2K2Mi T`BpûX
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"B#HBQi?ĕ[m2 L6G

h�#H2 /2b K�iBĕ`2b

9XR AMi`Q/m+iBQM 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 X X X X X X X X X X 9N
9Xk L6GHB# , S`ûb2Mi�iBQM 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 X X X X 8y

9XkXR _2T`ûb2Mi�iBQM *_h ¨ i�BHH2 }t2 X X X X X X X X X X X X X X X X X X X 8R
9XkXk PTiBKBb�iBQM /2 H� KmHiBTHB+�iBQM KQ/mH�B`2 X X X X X X X X X X X X X 8k
9XkXj lM �H;Q`Bi?K2 /2 Lhh T�`2bb2mt X X X X X X X X X X X X X X X X X X X 8j
9XkX9 :ûMû`�iBQM /2 #`mBi mMB7Q`K2 2i ;�mbbB2M X X X X X X X X X X X X X X X 8j

9Xj úp�Hm�iBQM /2b T2`7Q`K�M+2b 2i +QKT�`�BbQM �p2+ LhG- 6GALh 2i >1HB# X 89
9X9 *�b /ǶmiBHBb�iBQM /2 L6GHB# 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 X 8e

9X9XR ú+?�M;2 T2`7Q`K�Mi /2 +Hûb X X X X X X X X X X X X X X X X X X X X X X 8e
9X9Xk *?Bz`2K2Mi ?QKQKQ`T?2 �p2+ L6GHB# X X X X X X X X X X X X X X X 83

9X8 *QM+HmbBQM 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 X X X X X X X X X X X 8N

_ûbmKû , LQmb �pQMb pm /�Mb H2b +?�TBi`2b T`û+û/2Mib [m2 H2b bvbiĕK2b /2
+?Bz`2K2Mi ?QKQKQ`T?2b bQMi 7QM/�K2Mi�mt /�Mb H2b T`QiQ+QH2b /2 `2i`�Bi
/ǶBM7Q`K�iBQM T`Bpû +�H+mH�iQB`2bX S�` H2m`b T2`7Q`K�M+2b 2t+2TiBQMM2HH2b- H2b
+`vTiQbvbiĕK2b 7QM/ûb bm` H2b `ûb2�mt 2m+HB/B2Mb b2K#H2Mi āi`2 mM +?QBt �/û[m�i
TQm` +2 ivT2 /Ƕ�TTHB+�iBQMX .�Mb +2 +?�TBi`2- MQmb T`ûb2MiQMb mM2 #B#HBQi?ĕ[m2
/2 K�MBTmH�iBQM /2 TQHvMƬK2b miBHBbûb /�Mb H2b `ûb2�mt 2m+HB/B2Mb /ǶB/û�mtX

9XR AMi`Q/m+iBQM
.�Mb +2 +?�TBi`2- MQmb T`ûb2MiQMb L6GHB# TQm` Lhh@#�b2/ 6�bi G�iiB+2 GB#`�`v- mM2

#B#HBQi?ĕ[m2 û+`Bi2 /�Mb H2 H�M;�;2 /2 T`Q;`�KK�iBQM Q`B2Miû2 Q#D2i *YY bTû+B�HBbû2 /�Mb H�
K�MBTmH�iBQM /2 TQHvMƬK2b �TT�`i2M�Mi ¨ /2b �MM2�mt /2 H� 7Q`K2 ඾Օ<֓>�	֓Փ � φ
UpQB`
H2 +?�TBi`2 RVX GǶQ#D2+iB7 T`BM+BT�H /2 +2ii2 #B#HBQi?ĕ[m2 2bi /2 7�+BHBi2` H� KBb2 2M ƾmp`2
/2 +`vTiQbvbiĕK2b 7QM/ûb bm` H2b `ûb2�mt 2m+HB/B2Mb /ǶB/û�mt [mB Mû+2bbBi2Mi /Ƕ2z2+im2` /2
MQK#`2mb2b QTû`�iBQMb �`Bi?KûiB[m2b bm` H2b TQHvMƬK2bX

LQmb MQmb bQKK2b T�`iB+mHBĕ`2K2Mi BMiû`2bbûb ¨ +2b QTû`�iBQMb �}M /Ƕ2M �KûHBQ`2` H2b
T2`7Q`K�M+2b- +2 [mB MQmb � �K2Mûb ¨ +QM+2pQB` /2mt ivT2b /ǶQTiBKBb�iBQMX G2 T`2KB2`
ivT2 +QM+2`M2 H2b QTiBKBb�iBQMb HBû2b �m K�iû`B2H /BbTQMB#H2 bm` H2b Q`/BM�i2m`b ;`�M/b
Tm#HB+b 2i THmb T�`iB+mHBĕ`2K2Mi H2b T`Q+2bb2m`bX G2 b2+QM/ ivT2 +QM+2`M2 H2b QTiBKBb�iBQMb
�H;Q`Bi?KB[m2b- +QKK2 T�` 2t2KTH2- H2b KmHiBTHB+�iBQMb KQ/mH�B`2bX

L6GHB# 2bi bQmb H� HB+2M+2 HB#`2 :Ll :2M2`�H Sm#HB+ GB+2Mb2 pjXy �}M /2 7�pQ`Bb2` b�
/BzmbBQM /�Mb H2 KBHB2m b+B2MiB}[m2- K�Bb �mbbB Tm#HB+X �BMbB- MQmb bQm?�Bi2`BQMb [m2 L6GHB#
BM+Bi2 H2b +?2`+?2m`b ¨ 2tTû`BK2Mi2` /2b bvbiĕK2b +`vTiQ;`�T?B[m2b 7QM/ûb bm` H2b `ûb2�mt
2m+HB/B2Mb /ǶB/û�mt /�Mb iQmi2b bQ`i2b /2 bBim�iBQMbX

LQi`2 #B#HBQi?ĕ[m2 2bi `2bi`2BMi2 ¨ mM �MM2�m /2 TQHvMƬK2b T�`iB+mHB2`b �p2+ /2b KQ@
/mH2b T�`iB+mHB2`b +2 [mB /Bzĕ`2 /2b #B#HBQi?ĕ[m2b THmb ;ûMû`B[m2b i2HH2b [m2 LhG û+`Bi2
T`BM+BT�H2K2Mi T�` oB+iQ` a?QmT 2i 6GALh (kj)X *2b /2`MBĕ`2b +Qmp`2Mi H�`;2K2Mi /2b
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"B#HBQi?Đ[m2 L6G

QmiBHb K�i?ûK�iB[m2b Bbbmb /2 H� i?ûQ`B2 /2b MQK#`2b 2i Qz`2Mi �BMbB /2 THmb MQK#`2mb2b
TQbbB#BHBiûbX � +QMi`�`BQ- +Ƕ2bi +2ii2 `2bi`B+iBQM [mB MQmb � T2`KBb /2 7Q`i2K2Mi QTiBKBb2`
MQi`2 #B#HBQi?ĕ[m2X

AH 2tBbi2 mM2 �mi`2 #B#HBQi?ĕ[m2 bTû+B�HBbû2 /�Mb H� +`vTiQ;`�T?B2 7QM/û2 bm` H2b `ûb2�mt
2m+HB/B2Mb MQKKû2 >1HB# TQm` >QKQKQ`T?B+ 1M+`vTiBQM HB#`�`vX *2ii2 /2`MBĕ`2- 7QM/û2
bm` LhG (9y)- 2bi /2p2Mm2 mM2 `û7û`2M+2 TQm` H2b #�M+b /Ƕ2bb�B- +�` 2HH2 K2i 2M Q2mp`2 mM
+`vTiQbvbiĕK2 +QKTH2i �BMbB [m2 /2 MQK#`2mb2b QTiBKBb�iBQMbX LQi�KK2Mi- L6GHB# M2
T2mi T�b āi`2 +QKT�`û ¨ >1HB# 2M i2`K2b /2 7QM+iBQMM�HBiûb- K�Bb TQm``�Bi- T�` 2t2KTH2-
`2KTH�+2` LhG /�Mb >1HB# TQm` /2b +QMbi`m+iBQMb 7QM/û2b bm` mM �MM2�m /2 TQHvMƬK2bX

.�Mb H� bmBi2 /2 +2 +?�TBi`2 MQmb T`ûb2MiQMb H� #B#HBQi?ĕ[m2- b2b +QKTQb�Mib T`BM+BT�mt
�BMbB [m2 H2b QTiBKBb�iBQMbX SmBb MQmb +QKT�`QMb b2b T2`7Q`K�M+2b bm` /Bzû`2Mib �H;Q`Bi?K2b
ULhh- KmHiBTHB+�iBQM- �//BiBQM- 2i+XV �p2+ H2b #B#HBQi?ĕ[m2b +Biû2b T`û+û/2KK2MiX LQmb
i2`KBMQMb T�` H� /2b+`BTiBQM /2 H� KBb2 2M ƾmp`2 /Ƕ�H;Q`Bi?K2b 7QM/ûb bm` H2b `ûb2�mt
2m+HB/B2Mb /ǶB/û�mt 2i MQmb 2tTHB+BiQMb H2b `ûbmHi�ib /2 T2`7Q`K�M+2 Q#i2MmbX

9Xk L6GHB# , S`ûb2Mi�iBQM
_2K�`[m2X

RX *2ii2 b2+iBQM 7�Bi mb�;2 /2 MQiBQMb 2i MQi�iBQMb T`ûb2Miû2b /�Mb H2b +?�TBi`2b
T`û+û/2MibX

kX G2 T`QMQK Ŀ QM ŀ /ûbB;M2 /�Mb H� bmBi2 /m /Q+mK2Mi- mM miBHBb�i2m` [m2H+QM[m2
/2 H� #B#HBQi?ĕ[m2X

.�Mb +2ii2 b2+iBQM- MQmb T`ûb2MiQMb L6GHB#- mM2 #B#HBQi?ĕ[m2 *YY /û/Bû2 ¨ H� K�MBTm@
H�iBQM /2 TQHvMƬK2b 2KTHQvûb /�Mb +`vTiQ;`�T?B2 7QM/û2 bm` H2b `ûb2�mt 2m+HB/B2Mb /ǶB/û�mtX
SHmb T`û+BbûK2Mi- +2ii2 #B#HBQi?ĕ[m2 �++Q`/2 H� TQbbB#BHBiû /2 K�MBTmH2` /2b TQHvMƬK2b bm`ϜՕ � ඾Օ<֓>�	֓Փ � φ
- TQm` /2b MQK#`2b ֋ 2i ։ T2`K2ii�Mi /ǶQTiBKBb2` 7Q`i2K2Mi H2b QTû`�iBQMb bm` H2b TQHvMƬK2bX

G2 TQBMi /Ƕ2Mi`û2 /2 MQi`2 #B#HBQi?ĕ[m2 2bi H� +H�bb2- MQKKû2 TQHv TQm` TQHvMƬK2- bmBp�Mi2 ,

TQHv I +H�bb h- bBx2ni /2;`22- bBx2ni bBx2JQ/mHmb = X

a�+?�Mi [mǶmM ;�#�`Bi Ui2KTH�i2 /�Mb H2 H�M;�;2 *YYV b2mH 2bi BMmiBHBb�#H2- i`QBb T�`�Kĕi`2b
bQMi ¨ /û}MB` �}M /ǶQ#i2MB` mM2 +H�bb2 7QM+iBQMM2HH2 ,

h G2 ivT2 /2 KQi K�+?BM2 miBHBbû T�` H2b +Q2{+B2Mib- 2M *YY +2b ivT2b bQMi mBMiReni-
mBMijkni Qm mBMie9ni TQm` /2b 2MiB2`b MQM bB;Mûb /2 `2bT2+iBp2K2Mi Re- jk 2i e9
#BibX

/2;`22 G2 /2;`û ։ /m TQHvMƬK2 ֓Փ � φ [mB /û}MBi ϜՕ U[mB /QBi āi`2 mM2 TmBbb�M+2 /2 kVX
bBx2JQ/mHmb G� i�BHH2 2M #Bib /m KQ/mH2 ֋- +QMbi`mBi +QKK2 H2 T`Q/mBi /2 ӵ T`2KB2`b /2 i�BHH2

}t2 , ֋ � ֋ȯ ੎ ੈ ੎ ֋ӲX
G� +H�bb2 TQHv 2bi +QMbBimû2 /2b 7QM+iBQMM�HBiûb bmBp�Mi2b ,

ě .2b QTû`�i2m`b- +QKK2 +2mt miBHBbû2b TQm` H2b ivT2b M�iB7b- i2Hb [m2 Y- @ -  - 4 X
*2b /2`MB2`b bQMi bm`+?�`;ûb �}M /Ƕ�m;K2Mi2` HǶ�++2bbB#H2 /2b QTû`�iBQMb �`Bi?Kû@
iB[m2b KQ/mH�B`2b- H� K�MBTmH�iBQM /2b /QMMû2b 2i H� HBbB#BHBiû /m +Q/2X

ě .2 ;�#�`Bib *YY �}M /2 KBMBKBb2` H� /û;`�/�iBQM /2b T2`7Q`K�M+2b Bbbm2b /2 H�
bm`+?�`;2 /ǶQTû`�i2m`X

ě .2b 7QM+iBQMb /2 ;ûMû`�iBQM /2 #`mBi bmBp�Mi /Bzû`2Mi2b /Bbi`B#miBQMb U/Bbi`B#miBQM
mMB7Q`K2- #Q`Mû2- ;�mbbB2MM2 /Bb+`ûiBbû2V TQm` û+?�MiBHHQMM2` /2b TQHvMƬK2b /�MbϜՕ

ě .2b 7QM+iBQMb HBû2b ¨ H� i`�Mb7Q`K�iBQM /2b TQHvMƬK2b ULhh- *_h- BKTQ`i�iBQM-
2tTQ`i�iBQMV

ě .2b QTiBKBb�iBQMb miBHBb�Mi H2b BMbi`m+iBQMb aa1 2i �osk TQm` /2b �`+?Bi2+im`2b
T`Q+2bb2m`b +QKT�iB#H2bX

8y



9Xk L6GHB# , S`öb2Mi�iBQM

G2 T�`�Kĕi`2 +Hû /2 H� +H�bb2 TQHv 2bi H2 ivT2 /2 KQib K�+?BM2 hX AH /û}MBi H2b T`2KB2`b֋Վ /BbTQMB#H2b- H2m` MQK#`2- H2 /2;`û K�tBKmK ։ /2b TQHvMƬK2b 2i H2b TQ`iBQMb /2 +Q/2b
miBHBbû2bX 1M 2z2i- HǶ�H;Q`Bi?K2 2bi bTû+B�HBbû 2i miBHBb2 /2b QTiBKBb�iBQMb aAJ. R bTû+B}[m2b
2M 7QM+iBQM /2 h UT�`iB+mHBĕ`2K2Mi TQm` H2b KQib /2 jk 2i Re #BibVX

�m+mM2 /2b 7QM+iBQMb /2 H� +H�bb2 TQHv M2 b2 7QM/2 bm` mM +Q/2 T`û2tBbi�MiX *2 [mB
T2`K2i /2 7�B`2 �TT2H ¨ /2b BMbi`m+iBQMb M�iBp2b Ub+�H�B`2 Qm p2+iQ`B2HH2bV /BbTQMB#H2b bm` H2b
T`Q+2bb2m`b KQ/2`M2bX GǶ2t+2TiBQM 2bi H2 ;ûMû`�i2m` /2 MQK#`2b Tb2m/Q@�Hû�iQB`2 a�Hb�ky-
TQm` H2[m2H mM2 BKTHûK2Mi�iBQM �bb2K#H2m` 2tBbi�Mi2 2bi miBHBbû2- 2i H� 7QM+iBQM /2 `2Hĕp2K2Mi
/m *_h [mB miBHBb2 H� #B#HBQi?ĕ[m2 :JS (8e) UTQm` H2b 2MiB2`b /2 i�BHH2 �`#Bi`�B`2V bB H� i�BHH2
/m KQ/mH2 miBHBbû2 /ûT�bb2 H� i�BHH2 /2b `2;Bbi`2b T`Q+2bb2m`bX

_2T`ûb2Mi2` H2b TQHvMƬK2b T�` H2m`b p�H2m`b THmiƬi [m2 H2m`b +Q2{+B2Mib U7Q`K2 ûp�Hmû2V
2i miBHBb2` H2 i?ûQ`ĕK2 /2b `2bi2b +?BMQBb �}M /Ƕ�KûHBQ`2` H2b T2`7Q`K�M+2b 2bi /2p2Mm2
+QKKmMX G2b T2`7Q`K�M+2b /2 MQi`2 #B#HBQi?ĕ[m2 `2TQb2Mi bm` H2 7�Bi [m2 H� K�DQ`Biû /2b
7QM+iBQMb T`ûb2Mi2b QMi ûiû +QMÏm2b �p2+ /2b BMbi`m+iBQMb M�iBp2b �BMbB [m2 9 +?QBt K�D2m`b
/QMi HǶ2{+�+Biû 2bi KQMi`û2 /�Mb H� bmBi2 /m +?�TBi`2X *2b +?QBt bQMi ,

RX H� `2T`ûb2Mi�iBQM *_h ¨ i�BHH2 }t2 c Ĝ b2+iBQM 9XkXR
kX mM2 KmHiBTHB+�iBQM KQ/mH�B`2 /2b b+�H�B`2b QTiBKBbû2 c Ĝ b2+iBQM 9XkXk
jX HǶ�H;Q`Bi?K2 /2 Lhh c Ĝ b2+iBQM 9XkXj
9X H2 ;ûMû`�i2m` /2 #`mBi mMB7Q`K2 2i ;�mbbB2M c Ĝ b2+iBQM 9XkX9
8X G2b QTiBKBb�iBQMb miBHBb�Mi H2b BMbi`m+iBQMb aa1 2i �os c

9XkXR _2T`ûb2Mi�iBQM *_h ¨ i�BHH2 }t2
SQm` /2b `�BbQMb /Ƕ2{+�+Biûb- H2b KQ/mH2b ֋ miBHBbûb /�Mb MQi`2 #B#HBQi?ĕ[m2 bTû+B�HBbû2

/�Mb H2b `ûb2�mt B/û�mt bQMi H2 T`Q/mBi /2 ӵ T`2KB2`b ֋Վ /2 i�BHH2 }t2X *2ii2 i�BHH2- BM7û`B2m`2 ¨
H� i�BHH2 /2b KQib K�+?BM2 T`ûb2Mib /�Mb H2b T`Q+2bb2m`b KQ/2`M2b- +QM/mBi ¨ /2b T2`7Q`K�M+2b
ûH2pû2bX LQmb miBHBbQMb H2 7�Bi [m2 K�MBTmH2` H� `2T`ûb2Mi�iBQM *_h 	ռȯ	Ё
Ӵ w Ӵ ռӲ	Ё

 ୮ϜՕȯ ੎ ੈ ੎ ϜՕӲ /ǶmM TQHvMƬK2 ռ	Ё
 ୮ ϜՕ- Qm ռՎ	֓
 � ռ	֓
 ζπͷ ֋Վ 2bi TQbbB#H2 2i iQmb
H2b ռՎ T2mp2Mi āi`2 i`�Biûb BM/ûT2M/�KK2MiX

G2b MQK#`2b T`2KB2`b [mB +QKTQb2Mi HǶ2Mb2K#H2 /2b KQ/mH2b bQMi +?QBbBb 2M bmBp�Mi H2b
+QMi`�BMi2b bmBp�Mi2b ,

RX G2m`b i�BHH2b /QBp2Mi �m THmb āi`2 /ǶmM KQi K�+?BM2 KQBMb k #Bib UTX 2tX TQm` /2b
KQib K�+?BM2 /2 jk #Bib H2b T`2KB2`b /QBp2Mi 7�B`2 jy #BibVX PM T2mi �HQ`b 2z2+im2`
mM2 `û/m+iBQM KQ/mH�B`2 T�`2bb2mb2 /�Mb HǶ�H;Q`Bi?K2 /2 H� Lhh +2 [mB �KûHBQ`2 H2b
T2`7Q`K�M+2b /Ƕ2MpB`QM jyW c

kX AHb /QBp2Mi b�iBb7�B`2 HǶû[m�iBQM 9XR TQm` mM T�`�Kĕi`2 ֎ɱ � ϵ �}M /Ƕāi`2 miBHBb�#H2
/�Mb HǶ�H;Q`Bi?K2 /2 KmHiBTHB+�iBQM KQ/mH�B`2 T`ûb2Miû /�Mb H� b2+iBQM 9XkXk c

jX AHb /QBp2Mi āi`2 +QM;`m2Mib ¨ R 	ζπͷϵ։
 TQm` ։ mM2 TmBbb�M+2 /2 /2mt H2 THmb
;`�M/2 TQbbB#H2 �}M /2 TQmpQB` i`Qmp2` mM2 `�+BM2 ։@ĕK2 /2 ਷φ �}M /Ƕāi`2 miBHBb�#H2
/�Mb HǶ�H;Q`Bi?K2 /2 Lhh T`ûb2Miû /�Mb H� b2+iBQM 9XkXjX

G� +QMi`�BMi2 k �bbm`2 [m2 H� +QMi`�BMi2 R 2bi b�iBb7�Bi2 HQ`b[m2 ֎ɱ ମ ϵX S�` /û7�mi-
L6GHB# 2bi +QM};m`û2 �p2+ ֎ɱ � ϵX .2 bQ`i2 ¨ b�iBb7�B`2 H� +QMi`�BMi2 j- MQmb �pQMb }tû
�`#Bi`�B`2K2Mi mM /2;`û K�tBKmK ։ՒՆ՝X § MQi2` ռ
 [m2 H� +QMi`�BMi2 2bi b�iBb7�Bi2 [m2H[m2
bQBi H2 /2;`û ։ ମ ։ՒՆ՝ 2i ս
 THmb ։ՒՆ՝ 2bi ;`�M/- KQBMb H2b T`2KB2`b b�iBb7QMi H� +QMi`�BMi2
jX GQ`b[m2 H� i�BHH2 /2b KQib 2bi /2 Re #Bib- +2b +QMi`�BMi2b bQMi THmb 7Q`i2b [m2 TQm` /2b
KQib K�+?BM2 /2 THmb ;`�M/2 i�BHH2X AHHmbi`QMb �p2+ ։ՒՆ՝ � ϵЈΚ΅- b2mH mM mMB[m2 T`2KB2`
/2 R9 #Bib b�iBb7�Bi H� +QMi`�BMi2 j U2M bmTTQb�Mi [m2 ֎ɱ � ϵ
X .ǶmM �mi`2 +Qiû- TQm` /2b
2MiB2`b /2 e9@#Bib- /2b KBHHB2`b /2 T`2KB2`b pû`B}2Mi H2b +QMi`�BMi2b- 2i +2- KāK2 TQm` /2
i`ĕb ;`�M/b TQHvMƬK2b �p2+ mM ։ՒՆ՝ � ϵɞɱX GǶ�H;Q`Bi?K2 R8- T`ûb2Miû THmb HQBM /�Mb +2
+?�TBi`2- i`Qmp2 2i `2MpQB2 mM T`2KB2` [mB b�iBb7�Bi H2b +QMi`�BMi2b R@jX

h`Qmp2` �m T`û�H�#H2 +2b T`2KB2`b 2i H2b +QMb2`p2` 2bi �p�Mi�;2mt /ǶmM TQBMi /2 pm2
/2b T2`7Q`K�M+2bX § +2i 2z2i- BHb QMi ûiû BM+Hmb /�Mb H2 }+?B2` /2 T�`�Kĕi`2b T�`�KbX?TT
�p2+ ։ՒՆ՝ � ϵȯɱ TQm` ֎ � φϩ Uk T`2KB2`bV- ։ՒՆ՝ � ϵȯȁ HQ`b[m2 ֎ � ϯϵ UkNR T`2KB2`bV

RX aBM;H2 AMbi`m+iBQM JmHiBTH2 .�i� pQB` H� b2+iBQM RXjXR /m +?�TBi`2 RX
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"B#HBQi?Đ[m2 L6G

2i ։ՒՆ՝ � ϵɞɱ HQ`b[m2 ֎ � ϩΚ UT`2KB2`b HBKBiûb pQHQMi�B`2K2Mi ¨ RyyyVX úpB/2KK2Mi-
HǶmiBHBb�i2m` T2mi `2/û}MB` H2b p�H2m`b /2 ֎ɱ 2i ։ՒՆ՝ /�Mb L6GHB# X

9XkXk PTiBKBb�iBQM /2 H� KmHiBTHB+�iBQM KQ/mH�B`2

*QKK2 2tTHB[mû /�Mb H� b2+iBQM 9XkXR- H� #B#HBQi?ĕ[m2 L6GHB# 2bi 7Qm`MB2 �p2+ /2b
MQK#`2b T`2KB2`b /2 R9- jy 2i ek #BibX *QKK2 bQmHB;Mû /�Mb (jN)- +�H+mH2` mM2 `û/m+iBQM
KQ/mH�B`2 �p2+ mM 2MiB2` }tû 2M miBHBb�Mi /2b +Q2{+B2Mib /2 L2riQM bmBpBi /ǶmM2 KmHiBTHB+�iBQM
2i /ǶmM �Dmbi2K2Mi 2bi THmb 2{+�+2 [m2 H� /BpBbBQM 2z2+imû2 K�iû`B2HH2K2Mi bm` mM T`Q+2bb2m`
2i +2 KāK2 T�` `�TTQ`i ¨ mM T`Q+2bb2m` KQ/2`M2 e9@#BibX

GQ`b /2 H� +QMbi`m+iBQM /2 H� #B#HBQi?ĕ[m2- MQmb �pQMb Q#b2`pû [m2 H2 +QKTBH�i2m` ;++
QTiBKBb2 /2 HmB@KāK2 H2b KmHiBTHB+�iBQMb KQ/mH�B`2b bm` /2b KQib /2 Re 2i jk #Bib UT�` 2tX
TQm` /2b T`2KB2`b /2 R9 2i jy #BibVX Lû�MKQBMb- +2 MǶ2bi T�b H2 +�b TQm` /2b KQib /2 e9 #BibX
.�Mb +2ii2 b2+iBQM- MQmb MQmb 7Q+�HBbQMb bm` H2 T`Q#HĕK2 bmBp�Mi ,

*QKK2Mi /BpBb2` mM 2MiB2` /2 /2mt KQib T�` mM 2MiB2` /ǶmM b2mH KQi \

*2 T`Q#HĕK2- ûim/Bû 2M T`Q7QM/2m` /�Mb H2 +?�TBi`2 R �BMbB [m2 /�Mb (jN)X .�Mb +2i �`iB+H2-
H2b �mi2m`b T`QTQb2Mi mM �H;Q`Bi?K2 U �H;X 9 /2 HǶ�`iB+H2 +BiûV ϯЈύ THmb T2`7Q`K�Mi [m2
HǶ�H;Q`Bi?K2 7QM/û bm` H2b +Q2{+B2Mib /2 L2riQM (jN)X .Ƕ�BHH2m`b H2 T`2KB2` �H;Q`Bi?K2
T`ûb2Miû 2bi BM+Hmb /�Mb H� p2`bBQM 9Xj /2 H� #B#HBQi?ĕ[m2 :JSX

.�Mb L6GHB#- H2b T`2KB2`b bQMi 7Q`Kûb /2 i2HH2 bQ`i2 [m2 H2m`b /2mt #Bib /2 TQB/b 7Q`ib
p�H2Mi y- 2i H2b �H;Q`Bi?K2b /�Mb (jN) bQMi- [m�Mi ¨ 2mt- QTiBKBbûb TQm` /2b MQK#`2b /QMi
H2 #Bi bB;MB}+�iB7 2bi ¨ RX .�Mb H2 `2bi2 /2 H� b2+iBQM- MQmb /û+`BpQMb mM MQmp2H �H;Q`Bi?K2
[mB T2`72+iBQMM2 bB;MB}+�iBp2K2Mi (jN) TQm` /2b MQK#`2b ֋ THmb T2iBib [m2 H� #�b2 /ǶmM KQi
K�+?BM2 ႑ � ϵ՘- +QKK2 BHHmbi`û /�Mb H� i�#H2 9XRX

h�#H2 9XR Ĝ .m`û2 T�` KmHiBTHB+�iBQM /2 TQHvMƬK2b bQmb 7Q`K2 ûp�Hmû2 /2 /2;`û φЈϵΚ
�p2+ /2b p�H2m`b KQ/mHQ mM 2MiB2` /2 ϩϵ #Bib U`ûbmHi�i KQv2M Q#i2Mm ¨ T�`iB` /2 Ryy yyy
KmHiBTHB+�iBQMb /2 TQHvMƬK2b bm` mM T`Q+2bb2m` AMi2H s2QM *Sl 18@keee pj ¨ kXNy:>xVX LQmb
�pQMb BKTHûK2Miû H2b �H;Q`Bi?K2b R 2i 9 /2 (jN) U�p2+ Κ֋ �m HB2m /2 ֋ 2i /2mt bQmbi`�+iBQMb
+QM/BiBQMM2HH2b ¨ H� }MVX Lû�MKQBMb- +2b /2`MB2`b bǶ�pĕ`2Mi KQBMb T2`7Q`K�Mib [m2 MQi`2
�H;Q`Bi?K2 /ǶmM Q`/`2 /2 ;`�M/2m`X

�H;Q`Bi?K2 L�ś7 (jN) (jN) L6GHB#
UBX2X miBHBb2` WV �H;X R �H;X 9 �H;X R8

JmHiX KQ/X /2 TQHvMƬK2 UၞbV ����ၞb ����ၞb ����ၞb 2�90ၞb

amTTQbQMb [m2 HǶQM p2mBHH2 +�H+mH2` mM2 `û/m+iBQM KQ/mH�B`2 �p2+ mM KQ/mH2 ֋ i2H [m2 ,	φ � φ�ϵɘ՘ɱ
 ੁ ႑�	ϵ՘ɱ � φ
 � ֋ � ႑�ϵ՘ɱ Ӵ U9XRV

SQm` mM 2MiB2` φ ମ ֎ɱ ମ ֎ ਷ φ U¨ MQi2` [m2 iQmb H2b T`2KB2`b /2 ek #Bib BM+Hmb /�Mb L6GHB#
pû`B}2Mi HǶû[m�iBQM 9XRVX LQiQMb ਓ֐ȯӴ ɱਔ֐ H� /û+QKTQbBiBQM /2 ֋ 2M KQib THmb T2iBib [m2 ႑ i2H
[m2 ֐ � ȯ֐ ੁ ႑ � ɱX֐ HǶ�H;X R8 /û+`Bb MQi`2 T`QTQbBiBQM /Ƕ�H;Q`Bi?K2 /2 `û/m+iBQM KQ/mH�B`2X

8k



9Xk L6GHB# , S`öb2Mi�iBQM

�H;Q`Bi?K R8 _û/m+iBQM KQ/mH�B`2 /QMi H2 KQ/mH2 pû`B}2 HǶû[m�iBQM 9XR
_2[mB`2 , " � Ԑφ
 ԐЈ 2i ԝ pû`B}2 U9XRV- � ମ ԢЈ ମ ӯ ਷ � #Bib /2 K�`;2 2i ԜЈ �ळၓϵ�ԝऴ NPE ၓ
R , T`Q+2/m`2 _2/m+iBQMU�V
k , Ԡ ݁ ԜЈ ੁ Ԑφ � �֎ɱ ੁ Ԑ NPE ၓϵ ௃ ஈ 	ԥ ੁ Ԑ
�ၓ
j , ԡ ݁ " ਷ ळԠ�ၓऴ ੁ ԝ NPE ၓ ௃ KmHHQr
9 , B7 ԡ ଯ ԝ i?2M
8 , ԡ ݁ ԡ ਷ ԝ
e , 2M/ B7
d , `2im`M `
3 , 2M/ T`Q+2/m`2

LQmb �pQMb H2 i?ûQ`ĕK2 bmBp�Mi ,

h?ûQ`ĕK2 RX amTTQbQMb [m2 φ ମ ֎ɱ ମ ֎ ਷ φ 2i ֋ pû`B}2b 1[X U9XRV 2i [m2 ֐ � ਓ֐ȯӴ ɱਔ֐ ୮<ЈӴ ֋ɞ
X aQBi ֑ � ਓ֑ȯӴ ֑ɱਔ � ळ႑ɞ�֋ऴX �HQ`b �H;X R8 �p2+ H2b 2Mi`û2b Ӵ֐	 ֋Ӵ ֑ɱӴ ֎ɱ
 `2biBim2	֐ ζπͷ ֋
X
9XkXj lM �H;Q`Bi?K2 /2 Lhh T�`2bb2mt

LQmb miBHBbQMb HǶ�H;Q`Bi?K2 /2 Lhh T`QTQbû T�` .X >�`p2v /�Mb (k9)X *2i �H;Q`Bi?K2
7�Bi �TT2H ¨ /2mt i2+?MB[m2b �}M /2 `û/mB`2 bQM +Qȿi +�H+mH�iQB`2 , /2b [mQiB2Mib T`û+�H+mHûb
TQm` �++ûHû`2` H� KmHiBTHB+�iBQM KQ/mH�B`2 2i mM2 `û/m+iBQM T�`2bb2mb2 U+X@¨@/X H� i�BHH2 /2b
2Mi`û2b 2i /2b bQ`iB2b T2mp2Mi āi`2 H2 /Qm#H2 /2 +2HH2 /m KQ/mH2VX GǶmiBHBb�iBQM /m T`û+�H+mH2
/2 [mQiB2Mib /�Mb H� Lhh � /ûD¨ ûiû BKTHûK2Miû /�Mb H� #B#HBQi?ĕ[m2 LhG (9y)X hQmi27QBb-
>�`p2v � KQMi`û [m2 +2`i�BM2b Kûi?Q/2b /2 LhG TQmp�B2Mi āi`2 KQ/B}û2b /2 i2HH2 7�ÏQM [m2
H� bQ`iB2 b2 i`Qmp2 /�Mb <ЈӴ ϵ֋
 HQ`b[m2 HǶ2Mi`û2 2bi /�Mb <ЈӴ ֋
 2M miBHBb�Mi mMB[m2K2Mi mM2
bQmbi`�+iBQM +QM/BiBQMM2HH2 U¨ H� TH�+2 /2b j /�Mb HǶ�H;Q`Bi?K2 BMBiB�HVX *2ii2 KQ/B}+�iBQM
/QMM2 mM bm#bi�MiB2H ;�BM /2 T2`7Q`K�M+2b U/Ƕ2MpB`QM ϯЈύV- +QKK2 KQMi`û /�Mb (k9)X *2H�
DmbiB}2 H2 7�Bi /2 bûH2+iBQMM2` /2b T`2KB2`b +QKK2 T`ûb2Miû /�Mb H� b2+iBQM 9XkXkX

LQi`2 #B#HBQi?ĕ[m2 M2 TQbbĕ/2 T�b /2 +QMi`B#miBQMb T�`iB+mHBĕ`2b +QM+2`M�Mi H� Lhh-
MQmb KQMi`QMb b2mH2K2Mi /�Mb +2 +?�TBi`2 bQMi 2{+�+Biû T�` `�TTQ`i ¨ H� "Hm2bi2BM 66h
miBHBbû2 /�Mb >1HB# UpQB` H� b2+iBQM 9XjVX

9XkX9 :ûMû`�iBQM /2 #`mBi mMB7Q`K2 2i ;�mbbB2M
G� ;ûMû`�iBQM /2 #Bib �Hû�iQB`2b /2 L6GHB# 2bi 7QM/û2 bm` H2 +Q/2 [mB �++QKT�;M2

HǶ�`iB+H2 (RN)- /2 hX :ɃM2vbm- hX P/2`- hX SƺTT2HK�MM- SX a+?r�#2X lM2 p2`bBQM û+`Bi2 2M
�bb2K#H2m` /m +?Bz`2K2Mi T�` ~Qi a�Hb�ky U2M KQ/2 *_hV T�` .X CX "2`Mbi2BM (j) 2bi
BMBiB�HBbû2 �p2+ H2 ;ûMû`�i2m` �Hû�iQB`2 +H�bbB[m2 /2b bvbiĕK2b /2 ivT2 lMBt- f/2pf`�M/QKX
G2 ;ûMû`�i2m` T`QTQbû T�` H2b �mi2m`b /2 (R3) MǶ2bi T�b i?`2�/@b�72- +Ƕ2bi@¨@/B`2 [m2 HQ`b
/Ƕ�TT2Hb T�`�HHĕH2b �m ;ûMû`�i2m` �Hû�iQB`2- +2 /2`MB2` T2mi āi`2 �TT2Hû THmbB2m`b 7QBb �p2+ H2
KāK2 p2+i2m` /ǶBMBiB�HBb�iBQM U/QMMû2b Hm2b /�Mb f/2pf`�M/QKVX �}M /2 7Q`+2` H2b �TT2Hb ¨
āi`2 bû[m2MiB2Hb Ui?`2�/@b�72V MQmb �pQMb �DQmiû H� /B`2+iBp2 /2 +QKTBH�iBQM OT`�;K� QKT
+`BiB+�HX

1M +`vTiQ;`�T?B2 7QM/û2 bm` H2b `ûb2�mt 2m+HB/B2Mb- HǶmiBHBb�iBQM /Ƕ�Hû� Bbbm /ǶmM2 /Bb@
i`B#miBQM ;�mbbB2MM2 ¨ H� TH�+2 /ǶmM2 /Bbi`B#miBQM mMB7Q`K2 2bi 7`û[m2Mi2X S�` +QMbû[m2Mi-
L6GHB# 2bi 7Qm`MB2 �p2+ mM ;ûMû`�i2m` /Ƕ�Hû� [mB bmBi mM2 /Bbi`B#miBQM ;�mbbB2MM2 Ͷႂ
/Bb+`ĕi2 Ubm` ඾V 2i +2Mi`û2X G� /Bbi`B#miBQM ;�mbbB2MM2 /Bb+`ĕi2 bm`2 ඾ �p2+ mM2 /ûpB�iBQM
bi�M/�`/ Ⴁ � Ј 2i /2 +2Mi`2 վ ୮ බ 2bi /û}MB2 T�` ,૞֓ ୮ ඾Ӵ ͶႂӱՈ	֓
 � ႠႂӱՈ	֓
ႠႂӱՈ 	඾
 Ӵ

�p2+ ႠႂӱՈ	֓
 � ΄Ђό ভ਷	֓ ਷ վ
ɞ	ϵႡɞ
 ম 2i ႠႂӱՈ	඾
 � ం՞୮඾ ႠႂӱՈ	֔
ӳ
8j



"B#HBQi?Đ[m2 L6G

:ûMû`�iBQM /2 #`mBi ;�mbbB2M /�Mb L6GHB# X G� /ûpB�iBQM bi�M/�`/ Ⴁ 2bi bTû+B@
}û2 2M i�Mi [mǶ�`;mK2Mi �m i2KTH�i2- �BMbB /m`�Mi H2 T`Q+2bbmb /2 +QKTBH�iBQM- mM i�#H2�m
[mB biQ+F2 H2b T`Q#�#BHBiûb ֋՞ � ϋϝ <֓ ମ ֔ ੃ ֓ ݁ Ͷႂӱɱ
> TQm` ֔ ୮ ඾ ો <਷Ⴂ ੁ ႡӴ Ⴂ ੁ Ⴁ> 2bi
;ûMû`ûX G� p�H2m` /2 Ⴂ 2bi +?QBbB2 i2HH2 [m2 H2b p�H2m`b û+?�MiBHHQMMû2b ¨ T�`iB` /2 Ͷႂӱɱ
bQMi +QMi2Mm2b /�Mb HǶBMi2`p�HH2 �p2+ mM2 i`ĕb 7Q`i2 T`Q#�#BHBiûX GQ`b /2 HǶ2tû+miBQM /2 HǶ�H@
;Q`Bi?K2- QM iB`2 /Ƕ�#Q`/ UT�`2bb2mb2K2MiV mM #`mBi mMB7Q`K2 ֕ ୮ <ЈӴ φ
- TmBb HǶQM 2z2+im2
mM2 `2+?2`+?2 #BM�B`2 /�Mb H2 i�#H2�m ;ûMû`û ¨ H� +QKTBH�iBQM �}M /2 /ûi2`KBM2` mM ֔ ୮ ඾
i2H [m2 ֕ ୮ <֋՞਷ȯӴ ֋՞
X G2 i�#H2�m 9Xk T`ûb2Mi2 H2 MQK#`2 /2 +v+H2b T�` #Bib û+?�MiBHHQMMûb
TQm` H� /Bbi`B#miBQM mMB7Q`K2 �BMbB [m2 TQm` mM2 /Bbi`B#miBQM ;�mbbB2MM2 [m2H+QM[m2X

h�#H2 9Xk Ĝ LQK#`2 /2 +v+H2b T�` #Bib ;ûMû`ûb /�Mb L6GHB# TQm` H� ;ûMû`�iBQM /2 TQHvMƬK2b
/2 Ryk9 +QQ`/QMMû2b UKQv2MM2 +�H+mHû2 bm` 8y KBHHBQMb /Ƕ�TT2Hb �m ;ûMû`�i2m` 2z2+imûb bm`
mM T`Q+2bb2m` AMi2H s2QM 28@keee pj ¨ kXNy:>xVX LQmb �pQMb 7�Bi H2b +�H+mHb /2 T`Q#�#BHBiûb
UT`û+BbBQM 2i HBKBi2 /2 H� [m2m2 /2 H� +Qm`#2V /2 K�MBĕ`2 ¨ +2 [m2 H� /Bbi�M+2 bi�iBbiB[m2
2Mi`2 H� bQ`iB2 /2 MQi`2 ;ûMû`�i2m` 2i mM2 ;�mbbB2MM2 B/û�H2 bQBi BM7û`B2m`2 ¨ ϵȯɞǮ

.Bbi`B#miBQM lMB7Q`K2 %ϯӳφν %ϯЈЈ
+v+H2b f #Bi ;ûMû`û yX9 RXjN jX9j

9Xj úp�Hm�iBQM /2b T2`7Q`K�M+2b 2i +QKT�`�BbQM �p2+
LhG- 6GALh 2i >1HB#

.�Mb +2ii2 b2+iBQM- MQmb �M�HvbQMb H2b T2`7Q`K�M+2b /2 MQi`2 #B#HBQi?ĕ[m2 2i +QKT�`QMb
H2b /Bzû`2Mib i2bib /2 T2`7Q`K�M+2 2z2+imûb �p2+ H2b #B#HBQi?ĕ[m2b LhG (9y)- 7HBMi (kj) - 2i
>1HB# (kR)X

_�TT2HQMb bm++BM+i2K2Mi [m2 LhG 2i 7HBMi bQMi /2b #B#HBQi?ĕ[m2b ;ûMû`B[m2b [mB Qz`2Mi
H� TQbbB#BHBiû /ǶmiBHBb2` /2b TQHvMƬK2b /�Mb MǶBKTQ`i2 [m2H �MM2�mX .2 THmb >1HB# 2bi
mM2 #B#HBQi?ĕ[m2 HQ;B+B2HH2 U7QM/û2 bm` LhGV [mB K2i 2M ƾmp`2 mM2 p2`bBQM QTiBKBbû2 /2
+`vTiQbvbiĕK2 ?QKQKQ`T?2 /2 "`�F2`bFB@:2Mi`v@o�BFmMi�M�i?�M (9) U":oVX LQmb �pQMb
+?QBbB /2 MQmb +QKT�`2` ¨ +2b #B#HBQi?ĕ[m2b- +�` H2m`b miBHBb�iBQMb bQMi i`ĕb `ûT�M/m2b /�Mb H�
HBiiû`�im`2 [mB i`�Bi2 /2 H� KBb2 2M ƾmp`2 /2 +`vTiQbvbiĕK2b #�bûb bm` H2b `ûb2�mt 2m+HB/B2MbX
1M +QMbû[m2M+2- MQmb �pQMb `2bi`2BMi +2b #B#HBQi?ĕ[m2b ¨ H� +QM};m`�iBQM T�`iB+mHBĕ`2
/2 L6GHB#- +Ƕ2bi@¨@/B`2- bm` ϜՕ � ඾Օ<Ё>�	ЁՓ � φ
 �p2+ H2 KQ/mH2 ֋ +QKK2 /�Mb H�
b2+iBQMX 9XkXRX

*QM};m`�iBQM LQmb �pQMb ûp�Hmû H2b T2`7Q`K�M+2b /2 L6GHB# 7�+2 ¨ LhG- 7HBMi 2i
>1HB# bm` H� ;ûMû`�iBQM /2 TQHvMƬK2b �Hû�iQB`2b- H� Lhh 2i H� Lhh BMp2`b2- HǶ�//BiBQM 2i H�
KmHiBTHB+�iBQM KQ/mH�B`2 bQmb H� 7Q`K2 ûp�Hmû2 U7Q`K2 LhhVX hQmb H2b i2bib /2 T2`7Q`K�M+2b
�++QKTHBb b2 7QM/2Mi bm` HǶ2Mb2K#H2 /2 T�`�Kĕi`2b bmBp�Mib ,

URV ։ � ϵΘϩ �p2+ mM KQ/mH2 ֋ /2 R9 #Bib-
UkV ։ � Θφϵ �p2+ mM KQ/mH2 ֋ /2 jy #Bib-
UjV ։ � φЈϵΚ �p2+ mM KQ/mH2 ֋ /2 ek #Bib-
U9V ։ � φЈϵΚ �p2+ mM KQ/mH2 ֋ /Ƕ2MpB`QM ekyy #Bib UT`Q/mBib /2 Ryy KQ/mH2b /2 ϩϵ

#BibVX
*QKK2 �ii2M/m- H2b KQib K�+?BM2 miBHBbûb /�Mb H� L6GHB# bQMi /2 Re #Bib TQm` H2 T�`�Kĕi`2	φ
 2i /2 jk #Bib TQm` H2 UkVX *QM+2`M�Mi LhG- MQmb �pQMb miBHBbû H� +H�bb2 xxnTs UR KQi
K�+?BM2 /2 e9 #Bib T�` +Q2{+B2MiV TQm` H2b T�`�Kĕi`2b URV- UkV 2i wwnTs TQm` H2b bmBp�MibX
SQm` 7HBMi- +Ƕ2bi H2 ivT2 7KTxnKQ/nTQHvni [mB � ûiû miBHBbû2X 6BM�H2K2Mi- >1HB# k

kX .�Mb >1HB#- HǶBMbi�MiB�iBQM /ǶmM 6>1*QMi2ti Ĝ Q#D2i biQ+F�Mi H� /û+QKTQbBiBQM /2 KQ/mH2b Ĝ
2bi Mû+2bb�B`2 �mt Q#D2ib .Qm#H2*_hX *2 +QMbi`m+i2m` i2Mi2 /2 T`Q/mB`2 /2b T`2KB2`b /QMi H� i�BHH2-
}tû2 /B`2+i2K2Mi /�Mb H2 +Q/2 T�` H� p�`B�#H2 6>1nbBx2- i2M/ p2`b 99 #BibX *2ii2 i�BHH2 2bi BM+Hm2
mM2 +H�bb2 .Qm#H2*_h /QMi H� `2T`ûb2Mi�iBQM û[mBp�mi ¨ +2HH2 /2 L6GHB# X
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9Xj õp�Hm�iBQM /2b T2`7Q`K�M+2b 2i +QKT�`�BbQM �p2+ LhG- 6GALh 2i
>1HB#

hQmb H2b i2bib /2 T2`7Q`K�M+2b QMi ûiû 2z2+imûb bm` mM2 BMbi�M+2 +9XktH�`;2 /Ƕ�K�xQM
q2# a2`pB+2b �}M /2 bBKTHB}2` H� `2T`Q/m+iB#BHBiû /2b `ûbmHi�ib Q#i2MmbX G� T�`iB2 K�iû`B2HH2
/2 +2ii2 BMbi�M+2 b2 +QKTQb�Bi /ǶmM T`Q+2bb2m` AMi2H s2QM *Sl 18@keee pj U>�br2HHV ¨ kNyy
J>x 2i R8 :Q /2 KûKQB`2 pBp2X j *QM+2`M�Mi H2b #B#HBQi?ĕ[m2b- H� K�+?BM2 ûi�Bi û[mBTû2 /2
;++ Κӳν- :JS ϩӳЈ- LhG ΅ӳφ 2i 7HBMi ϵӳΘX

_2K�`[m2X

�}M /2 /ûKQMi`2` H2b T2`7Q`K�M+2b /2 MQi`2 #B#HBQi?ĕ[m2 bm` /Bzû`2Mi2b �`+?Bi2+im`2b-
MQmb �pQMb i2biû H2b T2`7Q`K�M+2b /2 H� Lhh bm` mM J�+"QQF �B` /2 �TTH2 UMQKKû
K�+#QQF�B`V û[mBTû /ǶmM T`Q+2bb2m` AMi2H *Q`2 Bd@9e8yl ¨ Rdyy J>x 2i 3 :Q /2
_�JX LQmb �pQMb 2KTHQvû H2 +QKTBH�i2m` M�iB7 /m bvbiĕK2 /Ƕ2tTHQBi�iBQM +H�M;YY-
+QM+2`M�Mi H2b #B#HBQi?ĕ[m2b- :JS ϩӳЈ- LhG ΅ӳφ 2i 7HBMi ϵӳΘX

h�#H2 9Xj Ĝ h2KTb /2 ;ûMû`�iBQM /ǶmM TQHvMƬK2 �Hû�iQB`2 /�Mb ඾Օ<Ё>�	ЁՓ �φ
 2M miBHBb�Mi
H2b 7QM+iBQMb BM+Hmb2b /�Mb H2b /Bzû`2Mi2b #B#HBQi?ĕ[m2b bm` H2 +9XktH�`;2X

"B#HBQi?ĕ[m2b LhG 7HBMi >1HB# L6GHB#
`�M/QK 7KTxnKQ/nTQHvn@

`�M/i2bi
M7H,,mMB7Q`K	�
 � 	���
 ��
 ���ၞb ���ၞb ��ၞb 0�6ၞb	�
 � 	���
 ��
 ����ၞb ���ၞb �����ၞb 2�6ၞb	�
 � 	����
 ��
 �����ၞb ����ၞb �����ၞb 9�7ၞb	�
 � 	����
 ����
 ����ၞb ����ၞb �����ၞb 1029�6ၞb

:ûMû`�iBQM /2 TQHvMƬK2b �Hû�iQB`2b �}M /Ƕûp�Hm2` H2b T2`7Q`K�M+2b /2 H� ;ûMû@
`�iBQM �Hû�iQB`2- MQmb �pQMb 2KTHQvû H� 7QM+iBQM MiH,,`�M/QK /2 LhG- H� 7QM+iBQM 7KTxn@
KQ/nTQHvn`�M/i2bi /2 7HBMi 2i H� 7QM+iBQM T�` /û7�mi /2 ;ûMû`�iBQM /2 L6GHB#X G2b
`ûbmHi�ib Q#i2Mmb bQMi T`ûb2Miûb /�Mb H� h�#H2 9XjX § MQi2` [m2 H� #B#HBQi?ĕ[m2 7HBMi K2i
2M ƾmp`2 HǶ�H;Q`Bi?K2 J2`b2MM2 hrBbi2` [mB M2 /2p`�Bi T�b āi`2 miBHBbû2 /�Mb mM +QMi2ti2
+`vTiQ;`�T?B[m2X

Lhh 2i BLhh J�MBTmH2` H2b TQHvMƬK2b /�Mb H2m` `2T`ûb2Mi�iBQM ûp�Hmû2 T�` H� Lhh
2bi mM TQBMi +Hû /2 MQi`2 QTiBKBb�iBQM- TmBb[m2 H2b �//BiBQMb 2i H2b KmHiBTHB+�iBQMb /2pB2MM2Mi
HBMû�B`2b 2M MQK#`2 /2 +Q2{+B2MibX G2b T2`7Q`K�M+2b /2 H� Lhh bQMi `2TQ`iû2b /�Mb H�
h�#H2 9X9 UBM+Hm�Mi H2b +QMpQHmiBQMb +B`+mH�B`2b Mû;�iBp2bVX § MQi2` [m2 LhG 7Qm`MBi mM2
7QM+iBQM /2 ivT2 Lhh- hQ77_2T TQm` H2b xxnTs 2i iQ66h_2T TQm` H2b wwnTsX AMp2`b2K2Mi- /2
i2HH2b 7QM+iBQMb M2 b2K#H2Mi T�b āi`2 /BbTQMB#H2b /�Mb H� #B#HBQi?ĕ[m2 7HBMi 9X .�Mb >1HB#
H� +H�bb2 .Qm#H2*_h TQbbĕ/2 /2mt 7QM+iBQMb TQm` +QMp2`iB` ¨ T�`iB` /2 UT�` +QMpQHmiBQM
+B`+mH�B`2 Mû;�iBp2 2i LhhV 2i p2`b UpB� BMp2`b2 Lhh 2i HǶBMp2`b2 /2 H� +QMpQHmiBQMV mM
TQHvMƬK2 /2 ivT2 wwsX

PTiBKBb�iBQMb aa1 2i �osk S�` M�im`2- H2b QTû`�iBQMb bm` H2b TQHvMƬK2b bQMi ?�m@
i2K2Mi T�`�HHûHBb�#H2b UH� KāK2 QTû`�iBQM 2bi �TTHB[mû2 bm` /2 MQK#`2mb2b /QMMû2bVX �BMbB-
miBHBb2` H2b BMbi`m+iBQMb ai`2�KBM; aAJ. 1ti2MbBQMb Uaa1V 2i �/p�M+2/ o2+iQ` 1ti2MbBQMb
U�osV T2mi 7Q`i2K2Mi �KûHBQ`2` H2b T2`7Q`K�M+2b /2 +2 ivT2 /ǶQTû`�iBQMbX S�` �BHH2m`b H2b
�mi2m`b /2 (R3) HǶQMi KQMi`û TQm` H2b bB;M�im`2b 2i H2 +?Bz`2K2Mi bm` H2b `ûb2�mt 2m+HB/B2MbX

jX G2b i2+?MQHQ;B2b hm`#Q"QQbi 2i >vT2`i?`2�/BM; 7m`2Mi /ûb�+iBpû2b /m`�Mi H� +�KT�;M2 /2
i2bibX

9X LQmb �pQMb Mû;HB;û H2 +Qmi HBMû�B`2 /2b +QMpQHmiBQMb Mû;�iBp2b �}M /2 KBiB;2` HǶBKT�+i /ǶmM2
KBb2 2M ƾmp`2 T2m QTiBKBbû2
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"B#HBQi?Đ[m2 L6G

h�#H2 9X9 Ĝ h2KTb TQm` +�H+mH2` mM2 Lhh /ǶmM TQHvMƬK2 /2 ඾Օ<Ё>�	ЁՓ � φ
 2M miBHBb�Mi
UbB /BbTQMB#H2V H2b 7QM+iBQMb 7Qm`MB2b T�` H2b #B#HBQi?ĕ[m2bX

U�V Lhh bm` mM +9XktH�`;2 �p2+ ;++

"B#HBQi?ĕ[m2 LhG 7HBMi >1HB# L6GHB#
iQ66hfhQ66h +QMpU.Qm#H2*_h-wwsV	�
 � 	���
 ��
 ���ၞb Ĝ ����ၞb 2�5ၞb	�
 � 	���
 ��
 ����ၞb Ĝ ����ၞb 4�5ၞb	�
 � 	����
 ��
 ����ၞb Ĝ �����ၞb 13�9ၞb	�
 � 	����
 ����
 �����ၞb Ĝ �����ၞb 1341�0ၞb

U#V Lhh bm` K�+#QQF�B` �p2+ +H�M;

"B#HBQi?ĕ[m2 LhG 7HBMi >1HB# L6GHB#	�
 � 	���
 ��
 ���ၞb Ĝ ����ၞb 1�7ၞb	�
 � 	���
 ��
 ����ၞb Ĝ ����ၞb 5�7ၞb	�
 � 	����
 ��
 ����ၞb Ĝ �����ၞb 15�3ၞb	�
 � 	����
 ����
 �����ၞb Ĝ �����ၞb 1163�4ၞb

L6GHB# miBHBb2 /2b BMbi`m+iBQMb aa1 2i �osk /�Mb HǶ�H;Q`Bi?K2 /2 Lhh �BMbB [m2 TQm`
H2b QTû`�iBQMb KQ/mH�B`2b bm` /2b KQib K�+?BM2 /2 Re 2i jk #BibX LQmb +QKT�`QMb H� Lhh
/2 L6GHB# �p2+ H� Lhh QTiBKBbû2 �p2+ �os /2 :ɃM2vbm 2i �HX �os@QTiBKBx2/ (R3) UQm /2
MQmp2�m- H� Lhh BM+Hmi H� +QMpQHmiBQM +B`+mH�B`2 Mû;�iBp2V bm` H2 +9XktH�`;2X

G� KBb2 2M ƾmp`2 /2 :PSa 2bi 7QM/û2 bm` H2 ivT2 M�iB7 /Qm#H2 TQm` mM KQ/mH2 ֋ /2 kj
#Bib U`û/m+iBQM T�`2bb2mb2V 2i Mû+2bbBi2 8yjy +v+H2b T`Q+2bb2m`X 1M +QKT�`�BbQM- L6GHB#
T2mi āi`2 BMBiB�HBbû2 �p2+ /2b T`2KB2`b /2 R9 Qm Ry #Bib 2i Mû+2bbBi2 `2bT2+iBp2K2Mi jjk9 2i
djj9 +v+H2b �p2+ H2b BMbi`m+iBQMb aa19- kded 2i 8N8e +v+H2b HQ`b /2 HǶmiBHBb�iBQM /2b BMbi`m+iBQMb
�oskX § MQi2` [m2 H� p2`bBQM ek@#Bib /2 H� Lhh Ub�Mb BMbi`m+iBQMb aAJ.V T`2M/ Ryyky
+v+H2bX

9X9 *�b /ǶmiBHBb�iBQM /2 L6GHB#

9X9XR ú+?�M;2 T2`7Q`K�Mi /2 +Hûb

.�Mb +2ii2 b2+iBQM- MQmb miBHBbQMb mM û[mBp�H2Mi /m T`QiQ+QH2 /2 i`�MbTQ`i /2 +Hûb
_a�ao1 /m LAah aS 3yy 8e" 2M MQmb 7QM/�Mi bm` (j9) �}M /ǶBHHmbi`2` H2b T2`7Q`K�M+2b /2
MQi`2 #B#HBQi?ĕ[m2 /�Mb mM +�b /ǶmiBHBb�iBQM +QM+`2iX

G2 +HB2Mi +?QBbBi mM K2bb�;2 �Hû�iQB`2 2i- 2M miBHBb�Mi H� +Hû Tm#HB[m2 /m b2`p2m`- H2 +?Bz`2X
*2 K2bb�;2 2bi 2MpQvû �m b2`p2m` [mB /û+?Bz`2 +2ii2 p�H2m` �Hû�iQB`2 /2 H�[m2HH2 2bi /û`Bpû-
T�` mM2 7QM+iBQM /2 ?�+?�;2- mM b2+`2i +QKKmMX

*Ƭiû a2`p2m` .2 K�MBĕ`2 ;ûMû`�H2- mM b2`p2m` ;ĕ`2 /2 MQK#`2mt +HB2Mib- H2 T`Q#HĕK2
T`BM+BT�H T`QpB2Mi /m +Qmi +�H+mH�iQB`2 /2b QTû`�iBQMb [mǶBH /QBi 2z2+im2` TQm` K2M2` ¨ #B2M
H2 T`QiQ+QH2X .QM+- MQmb MQmb 7Q+�HBbQMb bm` H2b +Qȿib /m +Ƭiû b2`p2m`X
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9X9 *�b /ǰmiBHBb�iBQM /2 L6GHB#

�mi?2MiB}+�iBQM a2`p2m` 2i +QM}/2MiB�HBiû T2`bBbi�Mi2 8 G� +Hû Tm#HB[m2 /m
b2`p2m` T2mi T`2M/`2 H� 7Q`K2 /ǶmM +2`iB}+�i bB;Mû T�`- pB`im2HH2K2Mi- MǶBKTQ`i2 [m2H
�H;Q`Bi?K2 UT�` 2tX .a�V i2H [m2 H2 +HB2Mi TmBbb2 pû`B}2` 2i āi`2 +QMp�BM+m /2 HǶB/2MiBiû /m
b2`p2m`X 1M /Ƕ�mi`2b i2`K2b- H2 +HB2Mi /QBi TQmpQB` bǶ�bbm`2` /2 HǶB/2MiBiû /m b2`p2m` �}M
/ǶûpBi2` iQmi2b 7`�m/2bX lM2 i2HH2 QTû`�iBQM MǶ� T�b /2 +Qȿi +�H+mH�iQB`2 TQm` H2 b2`p2m` 2i
MQmb M2 H� T`2MQMb T�b 2M +QMbB/û`�iBQMX *QKK2 bm;;û`û /�Mb (kN)- H2 b2`p2m` T2mi 2MpQv2` k
+Hûb , mM2 T`2KBĕ`2 bB;Mû2 TQm` T`Qmp2` bQM B/2MiBiû- 2i mM2 +Hû i2KTQ`�B`2 �}M /2 `2M7Q`+2`
H� T2`bBbi�M+2 /2 H� +QM}/2MiB�HBiûX SmBb H2 +HB2Mi 2MpQB2 /2mt b2+`2ib- H2 b2+`2i +QKKmM
2bi �HQ`b /û`Bpû /2b /2mt b2+`2ib 2MpQvûb 2M miBHBb�Mi mM2 7QM+iBQM /2 /û`Bp�iBQM /2 +Hûb
UmM2 7QM+iBQM /2 ?�+?�;2VX *QKK2 HǶmM2 /2b +Hûb Tm#HB[m2b 2bi bB;Mû2- H2 +HB2Mi b�Bi [m2
b2mH H2 b2`p2m` B/2MiB}û T2mi /ûi2`KBM2` H2 b2+`2i +QKKmMX .2 THmb- bB H� +Hû i2KTQ`�B`2 2bi
/ûi`mBi2 ¨ H� }M /2 HǶû+?�M;2 /2 +Hûb- H� T2`bBbi�M+2 /2 H� +QM}/2MiB�HBiû 2bi +QMb2`pû2X 1M
+QMbû[m2M+2- +QMb2`p2` H� +QM}/2MiB�HBiû BKTHB[m2 [mǶ2M +2 [mB +QM+2`M2 H2 b2`p2m` H2 +Qȿi
2M +QKKmMB+�iBQM 2i 2M +�H+mHb 2bi KmHiBTHBû T�` /2mtX

LQmb �pQMb miBHBbû H2 bvbiĕK2 +`vTiQ;`�T?B[m2 7QM/û bm` _BM;@Gq1 /2 (j9)X G2 +Q/2 *YY
TQm` H2b 7QM+iBQMb /2 +?Bz`2K2Mi 2i H2 /û+?Bz`2K2Mi 2bi T`ûb2Miû /�Mb H2b �H;Q`Bi?K2b Re
2i RdX

�H;Q`Bi?K Re *?Bz`2KK2Mi ¨ +Hû Tm#HB[m2 7QM/û2 bm` _BM;@Gq1X
mbBM; p�Hm2ni 4 ivT2M�K2 S,,p�Hm2nivT2c

S iKTm 4 M7H,,;�mbbB�MIp�Hm2ni=U;nT`M;Vc ff T�b /2 KmHX #`mBi
S iKT2R 4 M7H,,;�mbbB�MIp�Hm2ni=U;nT`M;- kVc ff KmHX #`mBi, k
S iKT2k 4 M7H,,;�mbbB�MIp�Hm2ni=U;nT`M;- kVc ff KmHX #`mBi, k
iKT2k Y4 Kc

iKTmXMiinTQrnT?BUVc
iKT2RXMiinTQrnT?BUVc
iKT2kXMiinTQrnT?BUVc

`2b� 4 iKTm  TF� Y iKT2Rc ffKmHiBTHB+�iBQM 2i �//BiBQM /2 TQHvX
`2b# 4 iKTm  TF# Y iKT2kc

�H;Q`Bi?K Rd 6QM+iBQM /2 /û+?Bz`2K2Mi ¨ +Hû Tm#HB[m2 7QM/û2 bm` _BM;@Gq1X
K 4 `2b# @ `2b�  bc
KXBMpMiinTQrnBMpT?BUVc

7Q`U�miQ � p , KV ff �miQ /öi2`KBM2 H2 ivT2 £ H� +QKTBH�iBQM
p 4 UpIKQ/mHmbfkV \ pWk , R@pWkc

*2b /2mt �H;Q`Bi?K2b URe 2i RdV- û+`Bib 2M *YY �p2+ L6GHB#- /QMM2Mi mM �T2`Ïm /2 H�
7�+BHBiû /ǶmiBHBb�iBQM /2 H� #B#HBQi?ĕ[m2X G2b TQHvMƬK2b- 2M THmb /Ƕ�pQB` /2b 7QM+iBQMb +QKK2
iQmi �mi`2 Q#D2i- b2 K�MBTmH2Mi +QKK2 /2b ivT2b M�iB7bX

8X G� +QM}/2MiB�HBiû T2`bBbi�Mi2 2bi mM2 T`QT`Bûiû /ǶmM T`QiQ+QH2 +`vTiQ;`�T?B[m2 /�Mb H�[m2HH2
H� /û+Qmp2`i2 /2 H� +Hû T`Bpû2 /ǶmM +Q``2bTQM/�Mi T�` mM QTTQb�Mi M2 +QKT`QK2i T�b H2 +QMi2Mm
/2b +QKKmMB+�iBQMb T`û+û/2Mi2bX
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"B#HBQi?Đ[m2 L6G

h�#H2 9X8 Ĝ LQK#`2 /Ƕû+?�M;2b /2 +Hûb T�` b2+QM/2b bm` mM b2`p2m` û[mBTû /ǶmM T`Q+2bb2m`
Bd@9ddy 2M miBHBb�Mi mM b2mH +ƾm`X GQ`b[m2 H2 T`Q+2bb2m` T�`�HHûHBb2 H2 T`Q;`�KK2 bm` 9
/2 b2b +Q2m`b- H2b T2`7Q`K�M+2b bQMi KmHiBTHBû2b T�` mM 7�+i2m` 9X �m+mM KQ/ĕH2 bi�M/�`/
/ǶBKTHûK2Mi�iBQM /2 _a�R8jey MǶ2tBbi2 2i MQi`2 #B#HBQi?ĕ[m2 M2 7QM+iBQMM2 T�b �p2+ 3y
#Bib /2 bû+m`Biû TQm` +2ii2 �TTHB+�iBQM U2Mi`û2b Lf� /�Mb H2 i�#H2�m +B@/2bbQmbVX LQmb �pQMb
Q#i2Mm H2b `ûbmHi�ib /2 _a� 2i 1*.> UTQm` /2b +Qm`#2b /2 ivT2 ֋V �p2+ H2 i2bi /2 pBi2bb2 /2
QT2MbbH RXyXR7X G2b `ûbmHi�ib /2 H� HB;M2 L6GHB# +Q``2bTQM/2Mi �m MQK#`2 /2 /û+?Bz`2K2Mib
T�` b2+QM/2 Bbbmb /2 MQi`2 BKTHûK2Mi�iBQM /2 (j9)X

S`QiQ+QH2 3y #Bib Rk3 #Bib k8e #Bib

_a� dXN8 EQTbfb yXjR EQTfb Lf�

1*.> dXyR EQTbfb 8XNj EQTbfb RXeR EQTfb

L6GHB# Lf� Ryky EQTbfb 8y3 EQTbfb

G� h�#H2 9X8 T`ûb2Mi2 H2b T2`7Q`K�M+2b /m T`QiQ+QH2 TQm` 3y- Rk3 2i k8e #Bib /2 bû+m`BiûX
.�Mb _a� 2i L6GHB#- H2 b2`p2m` /QBi Mû+2bb�B`2K2Mi /û+?Bz`2` �HQ`b [m2 /�Mb 1*.> BH
/QBi +�H+mH2` mM2 2tTQM2MiB�iBQM KQ/mH�B`2X L6GHB# Qz`2 H� TQbbB#BHBiû /2 ;û`2` mM THmb
;`�M/ MQK#`2 /2 +HB2Mib Qm /ǶmiBHBb2` KQBMb /2 i2KTb T`Q+2bb2m` TQm` H2 KāK2 MQK#`2 /2
+HB2MibX SmBb[m2 HǶû+�`i 2bi T`Q+?2 /ǶmM 7�+i2m` kyy- QM T2mi 2MpBb�;2` /2 i`�Bi2` Ry 7QBb
THmb /2 +HB2Mib 2M miBHBb�Mi Ry 7QBb KQBMb /2 i2KTb T`Q+2bb2m` 2i /Ƕ�KûHBQ`2` H� bû+m`Biû /ǶmM
7�+i2m` k T�` `�TTQ`i ¨ 1*.> �p2+ Rk3 #Bib /2 bû+m`Biû UQm K�BMi2MB` H2 MBp2�m /2 bû+m`Biû
2i �DQmi2` H� T`QT`Bûiû /2 +QM}/2MiB�HBiû T2`bBbi�Mi2VX

9X9Xk *?Bz`2K2Mi ?QKQKQ`T?2 �p2+ L6GHB#

lM2 �TTHB+�iBQM #B2M +QMMm2 /2 H� +`vTiQ;`�T?B2 7QM/û2 bm` H2b `ûb2�mt /ǶB/û�mt 2bi H2
+?Bz`2K2Mi ?QKQKQ`T?2X G2b T`2KBĕ`2b KBb2b 2M ƾmp`2 /2 +`vTiQbvbiĕK2b 6>1 7m`2Mi T2m
T2`7Q`K�Mi2bX *2T2M/�Mi- H� +QKKmM�miû b+B2MiB}[m2 � `û�HBbû /2 ;`�M/b T`Q;`ĕb 2M e �MMû2b
2i �mDQm`/Ƕ?mB +2`i�BMb +�H+mH2Mi T2mp2Mi āi`2 `û�HBbûb 2M i2KTb `�BbQMM�#H2X Lû�MKQBMb- H�
T`Q+û/m`2 /Ƕ�KQ`Ï�;2 U#QQibi`�TTBM; /�Mb H� HBiiû`�im`2V Ĝ ûi�T2 Mû+2bb�B`2 ¨ HǶQ#i2MiBQM
/ǶmM +?Bz`2K2Mi 2MiBĕ`2K2Mi ?QKQKQ`T?2 Ĝ `2bi2 mM ;QmHQi /Ƕûi`�M;H2K2MiX

�}M /2 bm`KQMi2` +2 /2`MB2`- H� +QKKmM�miû +`vTiQ;`�T?B[m2 � TQ`iû bQM �ii2MiBQM
bm` H� +`vTiQ;`�T?B2 [m2H[m2 T2m ?QKQKQ`T?2 Ua>1V- +Ƕ2bi@¨@/B`2 /2b +QMbi`m+iBQMb /QMi
H2 MQK#`2 /ǶQTû`�iBQMb ?QKQKQ`T?2b 2bi #Q`Mû 2i THmb T�`iB+mHBĕ`2K2Mi H2b QTû`�iBQMb /2
KmHiBTHB+�iBQMX *2T2M/�Mi- KāK2 �p2+ mM2 +QM};m`�iBQM bBKTHB}û2- H� i�BHH2 /2b T�`�Kĕi`2b 2bi
i`ĕb BKTQ`i�Mi2 TQm` ûp�Hm2` /2 7�ÏQM ?QKQKQ`T?2 /2b 7QM+iBQMb MQM i`BpB�H2bX UTX 2tX (jj- Rj)VX
SQm` K�MBTmH2` 2MpB`QM 9y MBp2�mt- QM miBHBb2 /2b T�`�Kĕi`2b i2Hb [m2 ϵȯɱ ମ ։Ӵ ΰπΜ ֋ ମ ϵɞɱӳ
�BMbB H2b T�`�Kĕi`2b }tûb /2 L6GHB# QMi ûiû +?QBbBb TQm` K�MBTmH2` /2b TQHvMƬK2b /QMi
H2 /2;`û T2mi �ii2BM/`2 ϵɞɱ 2i H2b KQ/mH2b ϩϵЈЈЈ #BibX J�BMi2M�Mi- 2M b2 `2TQb�Mi bm` H2b
`ûbmHi�ib /2 H� b2+iBQM 9Xj- mM2 BKTHûK2Mi�iBQM bm` ϜՕ [mB 2tTHQBi2 L6GHB# /QMM2`�Bi mM
;�BM /2 T2`7Q`K�M+2b /ǶmM 7�+i2m` R8 ¨ 8y T�` `�TTQ`i ¨ mM2 BKTHûK2Mi�iBQM 7QM/û2 bm` 7HBMi
Qm LhGX § iBi`2 /Ƕ2t2KTH2- MQmb �pQMb KQ/B}û H� p2`bBQM QT2M bQm`+2 /2 HǶBKTHûK2Mi�iBQM
/m bvbiĕK2 +`vTiQ;`�T?B[m2 [m2H[m2 T2m ?QKQKQ`T?2 6o (jj) 2M `2KTH�Ï�Mi /B`2+i2K2Mi
7HBMi T�` L6GHB# X LQmb �pQMb Q#i2Mm H2b �KûHBQ`�iBQMb �{+?û2b /�Mb H� h�#H2 9XeX
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9X8 *QM+HmbBQM

h�#H2 9Xe Ĝ G2 ;�BM /2 T2`7Q`K�M+2 Q#i2Mm TQm` H2b 7QM+iBQMb /2 +?Bz`2K2Mi 2bi /2
/û+?Bz`2K2Mi bQMi /ǶmM Q`/`2 /2 ;`�M/2m`X *QM+2`M�Mi HǶQTû`�iBQM /Ƕ�//BiBQM ?QKQKQ`T?2
b2 ;�BM bǶûHĕp2 ¨ /2mt Q`/`2b /2 ;`�M/2m`X Lû�MKQBMbX PM `2K�`[m2 [m2 H2 ;�BM Q#i2Mm TQm`
H� KmHiBTHB+�iBQM ?QKQKQ`T?2 2bi KQBMb BKTQ`i�Mi UΘӳΘ੎V +�` +2i �H;Q`Bi?K2 /2K�M/2 /2
7�B`2 mM2 QTû`�iBQM +Qmi2mb2 /2 `2Hĕp2K2Mi UpQB` *_h �m +?�TBi`2 RV TQm` H�[m2HH2 L6GHB#
M2 /QMM2 T�b /Ƕ�p�Mi�;2 T�`iB+mHB2`X

1M+`vTi .2+`vTi >QKX �//X >QKX
JmHiX

(jj) �p2+ 7HBMi ����Kb ����Kb ���Kb ����Kb

(jj) �p2+ L6GHB# 0�9Kb 0�9Kb 0�01Kb 17�2Kb

:�BM ੎�� ੎�� ੎��� ੎���
9X8 *QM+HmbBQM

LQmb �pQMb T`ûb2Miû /�Mb +2 +?�TBi`2 M~HB#- mM2 #B#HBQi?ĕ[m2 *YY HB#`2 QTiBKBbû2 TQm`
H� K�MBTmH�iBQM /2 TQHvMƬK2b bm` Ϝ	ӳ
 TX LQmb �pQMb KQMi`û [m2- ;`�+2 �mt +QMi`�BMi2b [m2
MQmb �pQMb /û}MB bm` H2 /2;`û /2b TQHvMƬK2b 2i H� 7Q`K2 /2b KQ/mH2b- MQmb �pQMb Tm K2ii`2
2M Q2mp`2 /2 MQK#`2mb2b QTiBKBb�iBQMb TQmbb�Mi �BMbB H2b T2`7Q`K�M+2b /2 L6GHB# �m@/2H¨
/2 +2HH2b Q#i2Mm2b �p2+ LhG 2i 7HBMiX LQmb 2bTû`QMb [m2 b2b T2`7Q`K�M+2b 2i b� 7�+BHBiû
/ǶmiBHBb�iBQM +QMi`B#m2`QMi ¨ H� +QMbi`m+iBQM /2 T`QiQivT2b 7QM/ûb bm` H2b `ûb2�mt 2m+HB/B2MbX
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*?�TBi`2 8

S`Bp�i2 AM7Q`K�iBQM _2i`B2p�H
7Q` 1p2`vQM2

h�#H2 /2b K�iBĕ`2b

8XR AMi`Q/m+iBQM 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 X X X X X X X X X X ek
8Xk *?QBt /2b T`QiQ+QH2b 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 X X X X X ej

8XkXR *?Bz`2K2Mi ?QKQKQ`T?2 X X X X X X X X X X X X X X X X X X X X X X X ej
8XkXk S`Bp�i2 AM7Q`K�iBQM _2i`B2p�H X X X X X X X X X X X X X X X X X X X X X e9

8Xj G2 T`QiQ+QH2 /2 sSA_ 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 X X X X X e8
8XjXR *`vTiQbvbiĕK2 7QM/û bm` _BM;@Gq1 X X X X X X X X X X X X X X X X X ed
8XjXk G� `2T`ûb2Mi�iBQM Lhh@*_h 2i i`�Mb7Q`K�iBQMb X X X X X X X X X X X e3
8XjXj *Q2{+B2Mib /2 L2riQM T`û+�H+mHûb X X X X X X X X X X X X X X X X X X dy
8XjX9 S2`7Q`K�M+2b /2 +?Bz`2K2Mi 2i /2 /û+?Bz`2K2Mi X X X X X X X X X X X dR
8XjX8 �+?Bi2+im`2 2i BMi2`7�+2 /2 T`Q;`�KK�iBQM X X X X X X X X X X X X X X dk

8X9 S2`7Q`K�M+2 2i +�b /ǶmiBHBb�iBQMb X X X X X X X X X X X X X X X X X X X X X X X X d9
8X9XR S�`�Kĕi`2b 2tTû`BK2Mi�mt X X X X X X X X X X X X X X X X X X X X X X X d9
8X9Xk .û#Bi /2 i`�Bi2K2Mi bm` H2b /QMMû2b bi�iB[m2b X X X X X X X X X X X X de
8X9Xj S`Q#HĕK2b /Ƕ�++ĕb 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 X X d3
8X9X9 >�mi /û#Bi /2 i`�Bi2K2Mi bm` H2b /QMMû2b /vM�KB[m2b X X X X X X X X dN
8X9X8 G�i2M+2 bm` H2b /QMMû2b bi�iB[m2bf/vM�KB[m2b X X X X X X X X X X X X 3R
8X9Xe G2 +�b /ǶmiBHBb�iBQM /2 H� #Qm`b2 /2 L2r uQ`F X X X X X X X X X X X X 3j
8X9Xd �mi`2b +`vTiQbvbiĕK2b 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 39

8X8 *QM+HmbBQM 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 X X X X X X X X X X X 38

_ûbmKû , SBĕ+2 K�Bi`2bb2 /2 +2 KûKQB`2- MQmb T`ûb2MiQMb /�Mb +2 +?�TBi`2
MQi`2 �TTHB+�iBQM /2 `2i`�Bi /ǶBM7Q`K�iBQM T`BpûX 6QM/û2 bm` mM bvbiĕK2 /2
+?Bz`2K2Mi û+`Bi �p2+ L6GHB# - MQmb ûp�HmQMb MQi`2 T`QTQbBiBQM /2 SA_ bm`
/2b +�b `û�HBbi2 �}M /2 /ûKQMi`2` b� T`�iB+�#BHBiûX �BMbB- +QM+2pQB` mM b2`pB+2 /2
pB/ûQ ¨ H� /2K�M/2 Qm /Ƕ�++ĕb ¨ /2b ~mt /ǶBM7Q`K�iBQMb +QMiBMmb `2bT2+im2mt
/2b +2Mi`2b /ǶBMiû`āi /2 H2m`b miBHBb�i2m`b b2K#H2Mi /2b �TTHB+�iBQMb 2MpBb�;2�#H2X
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S`Bp�i2 AM7Q`K�iBQM _2i`B2p�H 7Q` 1p2`vQM2

8XR AMi`Q/m+iBQM
LQmb �pQMb pm /�Mb H2 +?�TBi`2 j HǶûpQHmiBQM /m `2i`�Bi /ǶBM7Q`K�iBQM T`BpûX LQmb 72`QMb

/QM+ b2mH2K2Mi mM #`27 `�TT2H bm` H2 S`Bp�i2 AM7Q`K�iBQM _2i`B2p�H USA_VX GǶQ#D2+iB7 /ǶmM
T`QiQ+QH2 /2 `2i`�Bi /ǶBM7Q`K�iBQM T`Bpû 2bi /2 7Qm`MB` ¨ bQM miBHBb�i2m` H2 KāK2 MBp2�m /2
+QM}/2MiB�HBiû [m2 bǶBH iûHû+?�`;2�Bi HǶBMiû;`�HBiû /ǶmM2 #�b2 /2 /QMMû2b Tm#HB[m2- K�Bb �p2+
mM +Qȿi 2M +QKKmMB+�iBQM bQmb@HBMû�B`2X 1M RNN8- *?Q`- :QH/`2B+?- Emb?BH2pBix- 2i am/�M
/�Mb (N) /QMMĕ`2Mi H2 +QmT /Ƕ2MpQB /2 H� `2+?2`+?2 bm` H2 SA_X .�Mb +2i �`iB+H2 7QM/�i2m`- BHb
T`ûb2Mi2Mi mM 2Mb2K#H2 /2 T`QiQ+QH2b SA_ /QMi H� +QM}/2MiB�HBiû /2 HǶmiBHBb�i2m` 2bi Q#i2Mm2
T�` HǶ2MpQB /2 `2[māi2b bm` /2b #�b2b /2 /QMMû2b `ûTHB[mû2bX

.�Mb +2 +?�TBi`2- MQmb MQmb +QM+2Mi`2`QMb bm` MQi`2 +QMi`B#miBQM +QM+2`M�Mi H2b T`QiQ@
+QH2b SA_ [mB M2 Mû+2bbBi2Mi T�b /2 #�b2b /2 /QMMû2b `ûTHB[mû2b 2i /QMi H� bû+m`Biû 2bi 7QM/û2
bm` /2b �H;Q`Bi?K2b +`vTiQ;`�T?B[m2bX *2b T`QiQ+QH2b bQMi MQKKûb SA_ +QKTmi�iBQMM2Hb
U+SA_VX

GǶmM /2b T`Q#HĕK2b K�D2m`b /2b T`QiQ+QH2b +SA_ 2bi [mǶBHb bQMi +Qȿi2mt 2M K�iBĕ`2 /2
+�H+mHbX �}M /2 `ûTQM/`2 ¨ H� `2[māi2 /ǶmM miBHBb�i2m`- H2 b2`p2m` 2z2+im2 /2b QTû`�iBQMb bm`
H� iQi�HBiû /2b ûHûK2Mib /2 H� #�b2 /2 /QMMû2bX aB /�Mb H2 T`QiQ+QH2 HǶ�H;Q`Bi?K2 /m b2`p2m` M2
bǶ�TTHB[m�Bi T�b ¨ iQmi2 H� #�b2 /2 /QMMû2b- H� +QM}/2MiB�HBiû /2b miBHBb�i2m`b TQm``�Bi āi`2
+QKT`QKBb2X 1M 2z2i- H2 b2`p2m` TQm``�Bi- ¨ T�`iB` /2 b2b BM7Q`K�iBQMb T�`iB2HH2b- BM7û`2` H2b
ûHûK2Mib /2 H� #�b2 [mB BMiû`2bb2Mi b2b miBHBb�i2m`bX G2 +Qȿi +�H+mH�iQB`2 /2 ;ûMû`�iBQM /2 H�
`ûTQMb2 T�` H2 b2`p2m` 2bi /QM+ HBMû�B`2 2M H� i�BHH2 /2 H� #�b2 /2 /QMMû2bX *2 +Qȿi 2bi /Ƕ�mi�Mi
THmb BKTQ`i�Mi [m2 H2b +`vTiQbvbiĕK2b 2KTHQvûb /�Mb HǶ�H;Q`Bi?K2 /2 ;ûMû`�iBQM /2 H� `ûTQMb2
7QMi T�`7QBb mb�;2 /ǶQTû`�iBQMb +QKTH2t2b +QKK2 /2b KmHiBTHB+�iBQMb 2i 2tTQM2MiB�iBQMb
KQ/mH�B`2b ¨ T�`iB` /2 KQ/mH2b /2 ;`�M/2 i�BHH2 UTHmb /2 Ryyy #BibVX

.�Mb mM �`iB+H2 (8j) Tm#HBû ¨ L.aaǶyd aBQM 2i *�#mM�` i`�Bi2Mi /2 H� T`�iB+�#BHBiû /m
+SA_X G2b �mi2m`b /ûKQMi`2Mi [m2- 2M HǶûi�i �+im2H- H2b T`QiQ+QH2b +SA_ /QMi H2b bvbiĕK2b
+`vTiQ;`�T?B[m2b b2 7QM/2Mi bm` H� i?ûQ`B2 /2b MQK#`2b- bQMi /�Mb H2b 7�Bib BMmiBHBb�#H2bX AH
b2`�Bi iQmDQm`b THmb `�TB/2 /2 iûHû+?�`;2` HǶBMiû;`�HBiû /2 H� #�b2 /2 /QMMû2b [m2 /2 +�H+mH2`
H� `ûTQMb2 T�` HǶmM /2b T`QiQ+QH2b +SA_ ûim/BûX 1M 2z2i- +2b T`QiQ+QH2b i`�Bi2Mi /B{+BH2K2Mi
H� #�b2 /2 /QMMû2b ¨ THmb /2 R J#fb- +�` BHb 2KTHQB2Mi /2b +`vTiQbvbiĕK2b /QMi H� bû+m`Biû
2bi 7QM/û2 bm` H� /B{+mHiû /2 7�+iQ`Bb2` mM KQ/mH2 _a� /Ƕ�m KQBMb Ryk9 #BibX �BMbB- TQm`
`2T`2M/`2 HǶ2t2KTH2 /QMMû /�Mb H2 +?�TBi`2 j- bB HǶQM T`2M/ H2 /û#Bi KQv2M 2M 6`�M+2 2M kyR9
iûHû+?�`;2` HǶBMiû;`�HBiû /ǶmM2 #�b2 /2 /QMMû2b 2bi THmb `�TB/2 /Ƕ�m KQBMb mM /2KB@Q`/`2 /2
;`�M/2m`X

LQmb 72`QMb 2M T`2KB2` HB2m /�Mb +2 +?�TBi`2 [m2H[m2b `�TT2Hb `�TB/2b bm` H2 +?Bz`2K2Mi
?QKQKQ`T?2 2i H2 `2i`�Bi /ǶBM7Q`K�iBQMb T`BpûX SmBb MQmb p2``QMb THmb 2M /ûi�BH H2 T`QiQ+QH2 /2
sSA_ �p2+ b2b QTiBKBb�iBQMb 2i bQM BMi2`7�+2 /2 T`Q;`�KK�iBQMX SmBb MQmb MQmb +QM+2Mi`2`QMb
bm` H2b T2`7Q`K�M+2b Q#i2Mm2b �p2+ MQi`2 T`QTQbBiBQM �BMbB [m2 bm` /2b +�b /ǶmiBHBb�iBQM
`û�HBbi2bX SmBb MQmb i2`KBM2`QMb T�` H� +QM+HmbBQMX
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8Xk *?QBt /2b T`QiQ+QH2b

8Xk *?QBt /2b T`QiQ+QH2b

8XkXR *?Bz`2K2Mi ?QKQKQ`T?2

.�Mb sSA_- MQmb �pQMb +?QBbB /ǶmiBHBb2` mM bvbiĕK2 /2 +?Bz`2K2Mi 7QM/û bm` _BM;@Gq1
TQm` b� `2H�iBp2 bBKTHB+Biû /2 T`Q;`�KK�iBQM �p2+ L6GHB# 2i TQm` b2b T2`7Q`K�M+2b UMQmb
�#Q`/QMb +2 bmD2i /�Mb H2 +?�TBi`2 kVX

o2`bBQM bvKûi`B[m2 /ǶmM +`vTiQbvbiĕK2 7QM/û2 bm` _BM;@Gq1

aE1XS�`�K:2MUφՐӴ փՆV ,
1Mi`û2 , G2 T�`�Kĕi`2 /2 bû+m`Biû ֆ c lM MQK#`2 /Ƕ�//BiBQMb փՆ
aQ`iB2 , lM KQ/mH2 ֌ c G2 /2;`û /2b TQHvMƬK2b ։ c lM2 /Bbi`B#miBQM �Hû�iQB`2 Ⴅ
aE1XE2v:2MU֌Ӵ ։V ,
1Mi`û2 , lM KQ/mH2 ֌ c G2 /2;`û /2b TQHvMƬK2b ։
aQ`iB2 , lM TQHvMƬK2 /�Mb ϜՖ � ඾Ֆ<Ё>� � ЁՓ � φ �

RX aQ`iB2 , ֎ ݁ Ⴅ
aE1X1M+`vTiU֎Ӵ տսV ,
1Mi`û2 , lM2 +Hû b2+`ĕi2 ֎ /�Mb HǶ�MM2�m /2 TQHvMƬK2b ϜՖ c lM K2bb�;2 տս /�Mb HǶ�MM2�m /2
TQHvMƬK2b ϜՖ /QMi H2b +Q2{+B2Mib b2 i`Qmp2Mi /�Mb <Јӳӳ֏<
aQ`iB2 , lM +?Bz`û 	ռӴ ս
 ୮ ϜɞՖ

RX ռ ݁ ϜՖ- ր ݁ Ⴅ
kX ր஬ � ր ੟ ֏՛ � տս Qm ֏՛ 2bi H2 TQHvMƬK2 +QMbi�Mi /�Mb ϜՖ p�H�Mi ֏
jX ս � 	ռ ੟ ֎
 � ր஬
9X aQ`iB2 , 	ռӴ ս


aE1X.2+`vTiU֎Ӵ 	ռӴ ս
V ,
1Mi`û2 , lM2 +Hû b2+`ĕi2 ֎ ୮ ϜՖ c lM +?Bz`û 	ռӴ ս
 ୮ ϜɞՖ
aQ`iB2 , § K2bb�;2 տս ୮ ඾Փ̔

RX ր � ս ਷ 	ռ ੟ ֎

kX aQ`iB2 , տս � ր ζπͷ ֏

aE1X�//U	ռȯӴ սȯ
Ӵ 	ռɞӴ սɞ
V ,
1Mi`û2 , .2mt +?Bz`û2b `2bT2+iBp2K2Mi /2b K2bb�;2b տսȯ 2i տսɞ
aQ`iB2 , lM +?Bz`û [mB b2 /û+?Bz`2 2M տսȯ � տսɞ ζπͷ ֏

RX aQ`iB2 , 	ռȯ � ռɞӴ սȯ � սɞ

aE1X�#bQ`#UտսӴ 	ռӴ ս
V ,
1Mi`û2 , lM TQHvMƬK2 ֈ ୮ ϜՖ /QMi H2b +Q2{+B2Mib b2 i`Qmp2Mi /�Mb \Јӳӳ֏਷φ^ c lM +?Bz`û 	ռӴ ս
 ୮ ϜɞՖ -
p�H2m` +?Bz`û2 /ǶmM TQHvMQKB�H +QMbi�Mi ֈ
aQ`iB2 , lM +?Bz`û [mB b2 /û+?Bz`2 2M տս ੟ ֈ

RX aQ`iB2 , 	տս ੟ ռӴ տս ੟ ս

LQmb �pQMb �mbbB û+`Bi mM2 7QM+iBQM MQKKû2 aE1XS�`�K:2MX a2b T�`�Kĕi`2b /Ƕ2Mi`û2

bQMi H2 T�`�Kĕi`2 /2 bû+m`Biû ֆ 2i mM MQK#`2 K�tBKmK /Ƕ�//BiBQMb փՆX § T�`iB` /2 +2b
�`;mK2Mib- +2ii2 7QM+iBQM `2M/ mM 2Mb2K#H2 /2 T�`�Kĕi`2b T2`K2ii�Mi /2 /û}MB` H2b �mi`2b
�H;Q`Bi?K2bX

SQm` /2b `�BbQMb /2 T2`7Q`K�M+2b MQmb �pQMb HBKBiû H� bQ`iB2 /2 +2ii2 7QM+iBQMX AH 7�mi
2M T�`iB+mHB2` [m2 ։ bQBi /�Mb HǶ2Mb2K#H2 φЈϵΚӴ ϵЈΚ΅Ӵ ΚЈνϩ 2i [m2 ֌ bQBi mM KmHiBTH2 /2
T`2KB2`b /2 ey@#Bib i2Hb [m2 +?�[m2 T`2KB2` bQBi +QM;`m ¨ R KQ/mHQ ϵ։ TQm` miBHBb2` H� Lhh
UpQB` +?�TBi`2 RVX

1M b2 `2TQb�Mi bm` HǶ�M�Hvb2 /2 HǶ�`iB+H2 (8)- +2 +`vTiQbvbiĕK2 �bbm`2 [m2 H2b +?Bz`ûb
bQMi BM/BbiBM;m�#H2b H2b mMb /2b �mi`2b bB H2 T`Q#HĕK2 bi�M/�`/ _BM;@Gq1 HǶ2bi UTQm` H2b
T�`�Kĕi`2b +?QBbBbVX G� /B{+mHiû /2 +2 T`Q#HĕK2 2bi HǶmM /2b TQbimH�ib H2b THmb BKTQ`i�Mib
miBHBbûb TQm` +QMbi`mB`2 /2b +`vTiQbvbiĕK2b 7QM/ûb bm` H2b `ûb2�mt 2m+HB/B2MbX

AH 2bi BKTQ`i�Mi /2 `2K�`[m2` [m2 +?�[m2 +H�B` T2mi /QMM2` HB2m ¨ THmbB2m`b +?Bz`ûb-
2i /QM+ H2b +?Bz`2b /QBp2Mi āi`2 THmb ;`�M/b [m2 H2b K2bb�;2b +H�B`bX LQmb MQiQMb Α � φ H2
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S`Bp�i2 AM7Q`K�iBQM _2i`B2p�H 7Q` 1p2`vQM2

7�+i2m` /Ƕ2tT�MbBQM R �bbQ+BûX § iBi`2 /2 `û7û`2M+2- H� };m`2 8XR +B@/2bbQmb T`ûb2Mi2 [m2H[m2b
i�BHH2b /2 +?Bz`ûb 2i /2 +H�B`b TQm` /Bzû`2Mib T�`�Kĕi`2b /2 MQi`2 +`vTiQbvbiĕK2X

S�`�Kĕi`2b J�t a2+ *H�B`b *?Bz`ûb 6

URyk9-eyV Nd ମ ��F#Bi Rk3F#Bi ଯ ���
Uky93-RkyV NR ମ ���F#Bi 8RkF#Bi ଯ ����
U9yNe-RkyV jj8 ମ ���F#Bi RJ#Bi ଯ ���

6B;m`2 8XR Ĝ S�`�Kĕi`2b miBHBbûb /�Mb MQi`2 +`vTiQbvbiĕK2 _BM;@Gq1X G2b +?Bz`ûb bQMi
+QKTQbûb /2 /2mt TQHvMƬK2bX G2 T`2KB2` T�`�Kĕi`2 /û}MBi H2 MQK#`2 /2 +Q2{+B2Mib T�`
TQHvMƬK2 2i H2 b2+QM/ H2 MQK#`2 /2 #Bib T�` +Q2{+B2Mib UbiQ+Fûb /�Mb /2b `2;Bbi`2b /2 e9
#BibVX G� i�BHH2 /2b +?Bz`ûb T2mi āi`2 �BbûK2Mi /û/m+iB#H2 /2 +2b p�H2m`bX G� bû+m`Biû i?ûQ`B[m2
K�tBKmK 2bi �ii2BMi2 bB 2i b2mH2K2Mi bB bm{b�KK2Mi /2 #`mBi 2bi BM+Hmb /�Mb H2b +?Bz`ûb
2i [m2 H� /Bbi`B#miBQM bmBpB2 +Q``2bTQM/ �m MBp2�m /2 bû+m`BiûX G� i�BHH2 /2b K2bb�;2b 2bi
UHQ;�`Bi?KB[m2K2MiV BMp2`b2K2Mi T`QTQ`iBQMM2HH2 �m MQK#`2 /2 bQKK2b ¨ `û�HBb2`X G2 7�+i2m`
/Ƕ2tT�MbBQM `2bi2 /QM+ i`ĕb T`Q+?2 /2 HǶQTiBKmKX

8XkXk S`Bp�i2 AM7Q`K�iBQM _2i`B2p�H
LQmb miBHBbQMb mM T`QiQ+QH2 +SA_ 7QM/û bm` (88) /û+`Bi +B@�T`ĕb /QMi HǶ�p�Mi�;2 2bi [mǶBH

bǶ2tû+mi2 �p2+ MǶBKTQ`i2 [m2H +`vTiQbvbiĕK2 ?QKQKQ`T?2 �//BiB7X

S`QiQ+QH2 /2 +SA_ #�bB[m2

*QM};m`�iBQM UmiBHBb�i2m`V ,
RX *`û2` mM2 BMbi�M+2 /m +`vTiQbvbiĕK2 �p2+ ֆ #Bib /2 bû+m`Biû

:ûMû`�iBQM /2 H� `2[māi2 TQm` HǶûHûK2Mi քɱ ,
RX SQm` ք /2 φ ¨ ։ ;ûMû`2` H2 ք@ĕK2 ûHûK2Mi /2 `2[māi2 ֌Վ i2H [m2 ֌Վ bQBi

@ lM +?Bz`û /2 y bB ք ଈ քɱ
@ lM +?Bz`û /2 R bB ք � քɱ

kX 1MpQv2` HǶ2Mb2K#H2 Q`/QMMû \֌ȯӴ ੈ Ӵ ֌Փ^ �m b2`p2m` /2 H� #�b2 /2 /QMMû2b
:ûMû`�iBQM /2 H� `ûTQMb2 ,

RX aQBi ӵɱ H2 MQK#`2 /2 #Bib [m2 T2mi �#bQ`#2` mM +?Bz`û
kX SQm` ք /2 φ ¨ ։

@ .û+QmT2` ֈՎ 2M #HQ+b /2 ӵɱ #Bib MQiûb ֈՎӱՏ TQm` օ ୮ <φӳӳऱӵ�ӵɱल>
jX SQm` օ /2 φ ¨ ऱӵ�ӵɱल

@ *�H+mH2` ϜՏ ੃� Ϣ֐ֈՓՎ�ȯ͗ս֎֊֍ս	ֈՎӱՏӴ ֌Վ

9X _2iQm`M2` Ϝ � 	ϜȯӴ w Ӵ ϜऱӲ�Ӳɱल


1ti`�+iBQM /2 H� `ûTQMb2 ,
RX .û+?Bz`2` HǶ2Mb2K#H2 Q`/QMMû _ /2b TQHvMƬK2b 7Q`K�Mi H� `ûTQMb2 2i `2+QMbiBim2` ֈՎɱ 2M

+QM+�iûM�Mi H2b #HQ+b /û+?Bz`ûbX

G� bû+m`Biû /2 +2 T`QiQ+QH2 `2TQb2 bm` HǶBM/BbiBM;�#BHBiû /2b `2[māi2b TQm` /2mt ûHûK2Mib
/Bzû`2Mib /2 H� #�b2 /2 /QMMû2bX �BMbB H2 7�Bi /ǶmiBHBb2` mM +`vTiQbvbiĕK2 [mB � mM2 T`QT`Bûiû
/ǶBM/BbiBM;m�#BHBiû 7�+2 �mt �ii�[m2b ¨ K2bb�;2 +H�B` +?QBbB �bbm`2 [m2 /2mt `2[māi2b TQm`
/2mt ûHûK2Mib /Bzû`2Mib bQMi BM/BbiBM;m�#H2bX

§ T�`iB` /2 +2 T`QiQ+QH2 bBKTH2- bB QM MQi2 ։ H2 MQK#`2 /ǶûHûK2Mib /�Mb H� #�b2 /2
/QMMû2b 2i ӵ H� i�BHH2 /2 +?�+mM /2b ûHûK2Mib- H� i�BHH2 /2 H� `2[māi2 2bi /2 ։ 7QBb H� i�BHH2
/ǶmM +?Bz`û 2i H� i�BHH2 /2 H� `ûTQMb2 2bi /Ƕ2MpB`QM ӵ ੎ Α �p2+ Α H2 7�+i2m` /Ƕ2tT�MbBQM /m
+`vTiQbvbiĕK2 2KTHQvûX G� i�BHH2 /2 `2[māi2 T2mi b2 `û/mB`2 2M `2;`QmT�Mi H2b ûHûK2Mib /2
H� #�b2 /2 /QMMû2b T�` ;`QmT2b /2 ႐ ûHûK2Mib [mB /QMM2Mi mM2 #�b2 /2 /QMMû2b /2 ऱ։�႐ल

RX G� i�BHH2 /ǶmM +?Bz`û 2M #Bib /BpBbû T�` H� i�BHH2 /m K2bb�;2 +H�B` �bbQ+BûX

e9



8Xj G2 T`QiQ+QH2 /2 sSA_

ûHûK2Mib /2 i�BHH2 ӵ ੎ ႐X G� p2`bBQM `û+m`bBp2 +2 T`QiQ+QH2 `û/mBi �mbbB H� i�BHH2 /2 H� `2[māi2
�m /ûi`BK2Mi /2 H� i�BHH2 /2 H� `ûTQMb2X

S`QiQ+QH2 +SA_ `û+m`bB7

:ûMû`�iBQM /2 H� `2[māi2 U*HB2MiV ,
1Mi`û2 , T�`�Kĕi`2b SA_ U։- ӵ- ႐- տV- T�`�Kĕi`2b +`vTiQ 1M+XS�`�Kb- BM/2t2 +?QBbB ք
aQ`iB2 , _2[māi2

RX _2/û}MB` ։ � ऱ։�႐ल 2i MQi2` ։ȯ � ੈ � ։Չ � ऱ։ȯ�Չल
kX .û}MB` 	քȯӴ w Ӵ քՉ
 H� /û+QKTQbBiBQM 2M #�b2 ऱ։ȯ�Չल /2 ք
jX SQm` օ ୮ <φӳӳտ> ;ûMû`2` mM2 `2[māi2 ϓՏ ¨ T�`iB` /m T`QiQ+QH2 +SA_ #�bB[m2 TQm` `û+mTû`2`

mM ûHûK2Mi /ǶBM/2t /ǶBM/2t քՏ /�Mb mM2 #�b2 /2 /QMMû2b /2 ։Տ ûHûK2Mib ¨ T�`iB` /m
+`vTiQbvbiĕK2 +QM};m`û �p2+ 1M+XS�`�Kb

9X _2iQm`M2` ϓ � 	ϓȯӴ w Ӵ ϓՉ

:ûMû`�iBQM /2 H� `ûTQMb2 Ua2`p2m`V ,
1Mi`û2 , T�`�Kĕi`2b SA_ U։- ӵ- ႐- տV- T�`�Kĕi`2b +`vTiQ 1M+XS�`�Kb- `2[māi2 	ϓȯӴ w Ӵ ϓՉ
- ûHûK2Mib
/2 H� #�b2 /2 /QMMû2b 	ֈȯӴ w Ӵ ֈՓ

aQ`iB2 , _ûTQMb2 SA_

RX _2/û}MB` ։ � ऱ։�႐ल 2i MQi2` ։ȯ � ੈ � ։Չ � ऱ։ȯ�Չल
kX SQm` օ ୮ <φӳӳ։> `2/û}MB` ֈՏ +QKK2 HǶ�;`û;�iBQM /2b ֈՏၱ�Ր TQm` ֆ ୮ <φӳӳ႐>
jX SQm` օ ୮ <φӳӳ։>

@ LQi2` 	օȯӴ w Ӵ օՉ
 H� /û+QKTQbBiBQM /2 օ 2M #�b2 ऱ։ȯ�Չल
@ .û}MB` ֈ	ՏȯӱwӱՏՉ
 � ֈՏ

9X SQm` օ ୮ <φӳӳտ>
SQm` +?�[m2 imTH2 	քՏ�ȯӴ w Ӵ քՉ
 ୮ <φӳӳ։Տ�ȯ> ੎ ੈ ੎ <φӳӳ։Չ>

@ *�H+mH2`- 2M miBHBb�Mi HǶ�H;Q`Bi?K2 /2 +SA_ "�bB[m2- mM2 `ûTQMb2 SA_ �p2+	ֈ	ȯӱՎՏ�ȯӱwӱՎՉ
Ӵ w Ӵ ֈ	ՓՏӱՎՏ�ȯӱwӱՎՉ

 2M i�Mi [m2 #�b2 /2 /QMMû2b 2i ϓՏ
@ .û}MB` �p2+ +2ii2 `ûTQMb2 SA_ ֈ	ՎՏ�ȯӱwӱՎՉ
 bB օ � տ Qm Ϝ΃Ϣ bB օ � տ

8X _2iQm`M2` Ϝ΃Ϣ
1ti`�+iBQM /2 H� `ûTQMb2 U*HB2MiV ,
1Mi`û2 , T�`�Kĕi`2b SA_ U։- ӵ- ႐- տV- T�`�Kĕi`2b +`vTiQ 1M+XS�`�Kb- + BM/2t2 +?QBbB ք- `ûTQMb2 SA_
aQ`iB2 , úHûK2Mi ¨ HǶBM/2t2 ք /2 H� #�b2 /2 /QMMû2b

RX .û+?Bz`2` H2b տ +Qm+?2b /2 +?Bz`2K2Mi /2 H� `ûTQMb2 �}M /ǶQ#i2MB` ႐ ûHûK2Mib
kX _2iQm`M2` HǶûHûK2Mi /ǶBM/2t ք 2i 2z�+2` H2b �mi`2bX

1M T`�iB[m2- HǶ�H;Q`Bi?K2 `û+m`bB7 Mû+2bbBi2 mM T�`�Kĕi`2 bmTTHûK2Mi�B`2 տ- MQKKû /�Mb
b� p2`bBQM HQM;m2 /BK2MbBQMX *2ii2 �TT`Q+?2 `û/mBi H2b ։ ûHûK2Mib /2 `2[māi2 2MpQvûb T�` H2
+HB2Mi ¨ տ ੎ ։ȯ�Չ ûHûK2Mib- H� i�BHH2 /2 H� `ûTQMb2- [m�Mi ¨ 2HH2- 2bi /Ƕ2MpB`QM ΑՉ ੎ ӵX S�`
2t2KTH2- bB H2 7�+i2m` /Ƕ2tT�MbBQM /m +`vTiQbvbiĕK2 miBHBbû 2bi Α � ϵ- 2i [m2 H� #�b2 /2
/QMMû2b 2bi +QKTQbû2 /ǶmM KBHHBQM /ǶûHûK2Mib- QM T2mi 2MpQv2` mM2 `2[māi2 /2 φЈɒ ûHûK2Mib
2i Q#i2MB` mM ûHûK2Mi /2 H� #�b2 /2 /QMMû2b �p2+ mM 7�+i2m` /Ƕ2tT�MbBQM /2 k U¨ MQi2` [m2տ � φ- bB;MB}2 T�b /2 `û+m`bBQMV c 2MpQv2` ϵ ੎ φЈЈЈ +?Bz`ûb 2i Q#i2MB` H� `ûTQMb2 �p2+ mM
7�+i2m` /Ƕ2tT�MbBQM 9 Uտ � ϵV c 2MpQv2` mM2 `2[māi2 /2 ϯ ੎ φЈЈ +?Bz`ûb 2i Q#i2MB` H� `ûTQMb2
�p2+ mM 7�+i2m` /Ƕ2tT�MbBQM /2 3 Uտ � ϯV c �BMbB /2 bmBi2X

G� Dmbi2bb2 /m T`QiQ+QH2 `û+m`bB7 � ûiû T`Qmpû2 T�` CmHB2M ai2`M /�Mb HǶ�`iB+H2 (88)X .2
7�Bi- +2 T`QiQ+QH2 T2`K2i /2 DQm2` bm` /Bzû`2Mib T�`�Kĕi`2b +QKK2 H2 /û+QmT�;2 /2 H� #�b2
/2 /QMMû2b- H2 MQK#`2 /2 `û+m`bBQMb 2i H2b T�`�Kĕi`2b /2b +`vTiQbvbiĕK2b miBHBbûb TQm`
/Bzû`2Mi2b `û+m`bBQMbX *2b MQK#`2mb2b TQbbB#BHBiûb QMi ûiû ûim/Bû2b 2i ;ûMû`�HBbû2b T�` >2H;2`
GBTK�� /�Mb (je)X

8Xj G2 T`QiQ+QH2 /2 sSA_
lM2 pm2 /Ƕ2Mb2K#H2 /m T`QiQ+QH2 miBHBbû /�Mb sSA_ 2bi T`ûb2Miû2 +B@/2bbQmbX GǶ2Mb2K#H2

/2b T�`�Kĕi`2b SA_ 2bi +QKTQbû /2 HǶ�;`û;�iBQM 2i /m MQK#`2 /2 `û+m`bBQMb տX GQ`b[m2 H2b
T�`�Kĕi`2b /m SA_ 2i +`vTiQ;`�T?B[m2b bQMi 2MpQvûb T�` H2 b2`p2m`- H2 KQ/2 /2 7QM+iBQMM2@
K2Mi 2bi MQKKû /`Bp2M@KQ/2X .�Mb +2 KQ/2- b2mH2K2Mi H2b ûi�T2b R Ub�mi +QM/BiBQMM2H /�Mb
H2 KQ/2 b2`p2`@/`Bp2MV- 9 U+?QBt /2 HǶûHûK2Mi T�` H2 +HB2MiV 2i 8 U `û+mTû`�iBQM /2 HǶûHûK2Mi V

e8
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/m T`QiQ+QH2 bQMi 2tû+miû2bX AMp2`b2K2Mi- /�Mb H2 KQ/2 +HB2Mi@/`Bp2M- H2 +HB2Mi 2z2+im2 mM2
#�ii2`B2 /2 i2bib �}M /2 /ûi2`KBM2` H2b K2BHH2m`b T�`�Kĕi`2b 2M 7QM+iBQM /2 b2b +QMi`�BMi2b
Uûi�T2b k@jV- TmBb H2b miBHBb2 Uûi�T2b 9@8VX S�` /û7�mi- MQmb bmTTQbQMb [m2 H2b T�`�Kĕi`2b
QTiBK�mt QMi /ûD¨ ûiû i`Qmpûb c H2 KQ/2 miBHBbû 2bi H2 b2`p2`@/`Bp2MX .2 THmb- HǶQTiBKBb�iBQM
b2 7QM/2 bm` /2b p�H2m`b +QMb2`pû2b /�Mb /2b }+?B2`b- �TT2Hûb +�+?2b- [mB /QBp2Mi āi`2 ;ûMû`ûb
HQ`b /2 H� T`2KBĕ`2 miBHBb�iBQMX *2ii2 QTû`�iBQM- [mB T`2M/ THmbB2m`b KBMmi2b- TQm``�Bi āi`2
2MMmv2mb2 TQm` mM miBHBb�i2m` /2 sSA_ /ûbB`�Mi i2bi2` `�TB/2K2Mi HǶ�TTHB+�iBQMX

S`QiQ+QH2 SA_ +HB2Mi@b2`p2m` Uom2 /Ƕ2Mb2K#H2V

1Mi`û2 , AMi2`p�HH2 /2 `û+m`bBQM 	տȯӴ տɞ
- �;`û;�iBQM	႐ȯӴ ႐ɞ
- HBbi2 /2b T�`�Kĕi`2b /2 +?Bz`2K2Mi
1M+S�`�Kb- #�M/2 T�bb�Mi2 KQMi�Mi2 2i /2b+2M/�Mi2 	϶Ӵ Ͷ
- 7QM+iBQM /ǶQTiBKBb�iBQM ցi�`;2i- BM/2t
/2 HǶûHûK2Mi ¨ iûHû+?�`;2` ք UTQiX BM/û}MBV- #QQHû2M b2`p2`.`Bp2M
aQ`iB2 , GǶûHûK2Mi /2 H� #�b2 /2 /QMMû2b /ǶBM/2t ք

RX aB b2`p2`.`Bp2M 2bi p`�B
@ a2`p2m` , 1MpQB2 H2b T�`�Kĕi`2b Mû+2bb�B`2b �m +HB2Mi
@ *HB2Mi , oû`B}2 bB H2b T�`�Kĕi`2b /QMMûb bQMi bm{b�KK2Mi bû+m`Bbûb
@ a�mi2` ¨ HǶûi�T2 9

kX aB H2b `ûbmHi�ib /m i2bi /2 T2`7Q`K�M+2 M2 bQMi T�b /BbTQMB#H2b TQm` iQmb H2b T�`�Kĕi`2b /2
1M+S�`�Kb

@ *HB2Mi 2i a2`p2m` , útû+mi2Mi HǶ�H;Q`Bi?K2 /2 KBb2 2M +�+?2 /2b S2`7Q`K�M+2b݂ _ûbmHi�ib /2 T2`7Q`K�M+2b
jX aB THmbB2m`b T�`�Kĕi`2b /2 SA_ 2i /2 +?Bz`2K2Mi bQMi /BbTQMB#H2b TQm` H2b +QMi`�BMi2b

/QMMû2b
@ *HB2Mi 2i a2`p2m` , útû+mi2Mi HǶ�H;Q`Bi?K2 /ǶPTiBKBb�iBQM

aBMQM BHb miBHBb2Mi H2 b2mH +?QBt /BbTQMB#H2݂ S�`�Kĕi`2b QTiBK�mt TQm` +2b T�`�Kĕi`2b 2i +QMi`�BMi2b /QMMû2b
9X aB ք 2bi BM/û}MB

@ *HB2Mi 2i a2`p2m` , útû+mi2Mi HǶ�H;Q`Bi?K2 /2 bûH2+iBQM݂ aûH2+iBQM /2 HǶBM/2t ք
8X aB HǶ�H;Q`Bi?K2 /2 +?Bz`2K2Mi bûH2+iBQMMû 2bi MQ +`vTiQ;`�T?v

@ *HB2Mi , hûHû+?�`;2 H� #�b2 /2 /QMMû2b- +QMb2`p2 HǶûHûK2Mi /ǶBM/2t ք
aBMQM

@ *HB2Mi , útû+mi2 HǶ�H;QX /2 ;2MX /2 `2[māi2 2i 2MpQB2 H2 `ûbmHi�i
@ a2`p2m` , útû+mi2 HǶ�H;QX /2 ;ûMX /2 H� `ûTQMb2 2i 2MpQB2 H2 `ûbmHi�i
@ *HB2Mi , útû+mi2 HǶ�H;QX /2 2tiX /2 H� `ûTQMb2 2i `2iQm`M2 H2 `ûbmHi�i݂ úHûK2Mi bûH2+iBQMMû /2 H� #�b2 /2 /QMMû2bX

*2ii2 /2b+`BTiBQM /2 HǶ�H;Q`Bi?K2 +HB2Mi@b2`p2m` ûi�Mi ;ûMû`�H2- BH MQmb 7�mi- TQm` āi`2
+QKTH2i- /û+`B`2 H2b �H;Q`Bi?K2b �TT2HûbX

sSA_ +QMiB2Mi mM 2Mb2K#H2 /2 T�`�Kĕi`2b +`vTiQ;`�T?B[m2b T`û/ûi2`KBMûb ,
ě MQ +`vTiQ;`�T?v [mB `2T`ûb2Mi2 H2 SA_ i`BpB�H /�Mb H2[m2H HǶBMiû;`�HBiû /2 H� #�b2 /2

/QMMû2b 2bi iûHûpBbBQM+?�`;û2 c
ě G2 +`vTiQbvbiĕK2 /2 S�BHHB2` c
ě G2 +`vTiQbvbiĕK2 _BM;@Gq1X

*?�[m2 +`vTiQbvbiĕK2 2bi 7Qm`MB �p2+ mM2 HBbi2 /û}MB2 /2 T�`�Kĕi`2b /QMi H� bû+m`Biû p�`B2
/2 3y ¨ k8e #BibX SQm` H2 +?Bz`2K2Mi /2 S�BHHB2`- MQmb �pQMb bmBpB H2b `2+QKK�M/�iBQMb /m
LAah 2i TQm` H2b +`vTiQbvbiĕK2b 7QM/ûb bm` H2b `ûb2�mt MQmb �pQMb bmBpB H2b `ûbmHi�ib /2
HǶ�`iB+H2 (j8)X

S�` /û7�mi- H� 7QM+iBQM Q#D2+iB7 /2 HǶQTiBKBb�iBQM 2bi H� /m`û2 Mû+2bb�B`2 ¨ HǶmiBHBb�i2m`
TQm` `û+mTû`2` mM ûHûK2Mi /2 H� #�b2 /2 /QMMû2b- +2 [mB 2bi /QMMû U2M miBHBb�Mi /2b MQKb /2
p�`B�#H2b 2tTHB+Bi2bV ,

J�sUi2KTb:ûMû`�iBQM_2[māi2- i2KTb1MpQB_2[māi2V Y J�sUi2KTb:ûMû`�iBQM_ûTQMb2-
i2KTb1MpQB_ûTQMb2- i2KTb.û+?Bz`2K2Mi_ûTQMb2V

*2ii2 7Q`KmH2 bǶ2tTHB[m2 T�` H2 7�Bi [m2 H� ;ûMû`�iBQM /2 H� `2[māi2 2i bQM 2MpQB bQMi TBT2HBMûbX
*Ƕ2bi@¨@/B`2 [m2 H2b T�`iB2b /2 H� `2[māi2 UH2b +?Bz`ûb /2 y 2i H2 +?Bz`û /2 RV bQMi 2MpQvû2b
/B`2+i2K2Mi �T`ĕb �pQB` ûiû +�H+mHû2bX G2 T`Q;`�KK2 MǶ�ii2M/ T�b /Ƕ�pQB` ;ûMû`û HǶBMiû;`�HBiû

ee



8Xj G2 T`QiQ+QH2 /2 sSA_

/2 H� `2[māi2 �p�Mi /2 HǶ2MpQv2`X G2 +QKTQ`i2K2Mi 2bi bBKBH�B`2 TQm` H� ;ûMû`�iBQM- HǶ2MpQB-
2i HǶ2ti`�+iBQM /2 H� `ûTQMb2X .ĕb [m2 H2 T`2KB2` KQ`+2�m /2 H� `ûTQMb2 2bi ;ûMû`û- BH 2bi
2MpQvû �m +HB2Mi [mB- mM2 7QBb `û+2TiBQMMû- +QKK2M+2 ¨ H2 /û+?Bz`2`X LQmb T`QTQbQMb /Ƕ�mi`2b
7QM+iBQMb Q#D2+iB7b ,

ě G2b `2bbQm`+2b KBMBKmKb U[mB miBHBb2 H� bQKK2 /2b 8 p�`B�#H2b +Biû2b T`û+û/2KK2MiV c
ě G2 +Qȿi +HQm/ U[mB 2bi mM û[mBp�H2Mi TQM/û`û /QMM�Mi H2 KQMi�Mi 2M /QHH�`b TQm`

+?�[m2 KBHHBb2+QM/2 /2 *Sl miBHBbû �BMbB [m2 TQm` +?�[m2 #Bi i`�MbKBb 2i /QMM2 H2
+Qȿi iQi�H /2 HǶQTû`�iBQMVX

S`û+BbQMb [m2 H� 7QM+iBQM Q#D2+iB7 b2 +?QBbBi /B`2+i2K2Mi 2M HB;M2 /2 +QKK�M/2bX

8XjXR *`vTiQbvbiĕK2 7QM/û bm` _BM;@Gq1

LQi`2 +QMi`B#miBQM /�Mb H2 /QK�BM2 /2b T2`7Q`K�M+2b 2bi +QM+2Mi`û2 2M /2mt TQBMib ,
mM2 Kûi?Q/2 2{+�+2 /2 `2T`ûb2Mi�iBQM Lhh@*_h 2i /2b i`�Mb7Q`K�iBQMb �bbQ+Bû2b c HǶmb�;2
/2 [mQiB2Mi /2 L2riQM TQm` H2b ûHûK2Mib /2 H� `2[māi2X SQm` THmb /ǶBM7Q`K�iBQM bm` H2
+`vTiQbvbiĕK2- MQmb BMpBiQMb H2 H2+i2m` ¨ b2 `û7û`2` ¨ H� b2+iBQM kX9Xk /m +?�TBi`2 kX GǶB/û2
pB2Mi /2 +QMbi�i [m2 H2b +Qȿib +�H+mH�iQB`2b H2b THmb BKTQ`i�Mib /2 H� ;ûMû`�iBQM /2 H� `2[māi2-
/2 H� `ûTQMb2 2i /2 HǶ2ti`�+iBQM /2 H� `ûTQMb2 T`QpB2MM2Mi /2 H� KmHiBTHB+�iBQM TQHvMQKB�H2X
*QM+`ĕi2K2Mi- TQm` H� ;ûMû`�iBQM /2 H� `ûTQMb2- H2b +Qȿib +�H+mH�iQB`2b bQMi K�DQ`ûb T�`
HǶQTû`�iBQM /Ƕ�#bQ`TiBQM /m T`QiQ+QH2 +SA_ /û+`Bi THmb ?�miX § T�`iB` /2 MQi`2 +`vTiQbvbiĕK2
7QM/û bm` _BM;@Gq1- +2ii2 T?�b2 T2mi āi`2 KQ/ûHBbû2 +QKK2 bmBi ,

SQm` օ /2 R ¨ ऱӵ�ӵɱल
*�H+mH2` ϜՏ � 	௴ՓՎ�ȯ ֈՎӱՏ ੟ ֌ՎӱȯӴ ௴ՓՎ�ȯ ֈՎӱՏ ੟ ֌Վӱɞ


�p2+ ֌ՎӱȯӴ ֌Վӱɞ H2b /2mt TQHvMƬK2b [mB 7Q`K2Mi mM ûHûK2Mi /2 H� `2[māi2 2i iQmi2b H2b bQKK2b
2i T`Q/mBib /�Mb HǶ�MM2�m ϜՖ UH2b TQHvMƬK2b bQMi `û/mBib KQ/mHQ ЁȤ � φ 2i H2b +Q2{+B2Mib
KQ/mHQ ֌VX

G� `2T`ûb2Mi�iBQM bQmb 7Q`K2 /2 Lhh@*_h 7�Bi T�bb2` H2 +Qȿi +�H+mH�iQB`2 /2 H� KmHiB@
THB+�iBQM /2 /2mt TQHvMƬK2b /2 ο	λɞ ੎ ΰπΜ ֌
 ¨ ο	λ ੎ ΰπΜ ֌
X *QKK2 MQmb HǶ�pQMb û+`Bi
/�Mb H2 +?�TBi`2 k +2ii2 `2T`ûb2Mi�iBQM MǶ2bi T�b 2M bQB mM2 MQmp2�miûX

Lû�MKQBMb- H2 T`û+�H+mH /2 +Q2{+B2Mib /2 L2riQM �TTHB[mû ¨ H� +`vTiQ;`�T?B2 bm`
H2b `ûb2�mt 2m+HB/B2Mb MQmb b2K#H2 MQp�i2m`X GQ`b[m2 /2mt TQHvMƬK2b bQMi KmHiBTHBûb- H2
T`Q/mBi b+�H�B`2 �bbQ+Bû /QBi āi`2 `û/mBi KQ/mHQ ֌ +2 [mB �m;K2Mi2 +QMbB/û`�#H2K2Mi H2 +Qȿi
+�H+mH�iQB`2 /2 +2ii2 QTû`�iBQMX .�Mb HǶ�H;Q`Bi?K2 /2 ;ûMû`�iBQM /2 H� `ûTQMb2- H2b T`Q/mBib
bQMi iQmDQm`b /2 H� 7Q`K2 Ŀ /2b /QMMû2b i`�Mb7Q`Kû2b /2 TQHvMƬK2b ŀ 7QBb Ŀ mM ûHûK2Mi /2
`2[māi2ŀX �BMbB H2b ûHûK2Mib /2 `2[māi2 bQMi miBHBbûb /�Mb /2 MQK#`2mb2b KmHiBTHB+�iBQMbX G2b
[mQiB2Mib /2 L2riQM T`û+�H+mHûb TQm` H2b KmHiBTHB+�M/2b `ûmiBHBbûb U+QKK2 H2b b+�H�B`2b /2
H� `2[māi2V T2`K2ii2Mi /2 bm#biBim2` H� 7Q`KmH2 Ŀ KmHiBTHB2` 2i /BpBb2` T�` H2 KQ/mH2 ŀ ¨
mM2 KmHiBTHB+�iBQM KQ/mH�B`2 bTû+B}[m2 +QKTQbû2 /2 /2mt KmHiBTHB+�iBQMb /Ƕ2MiB2`b 2i mM2
bQmbi`�+iBQM +QM/BiBQMM2HH2 UûHBKBM�Mi /2 7�Bi- H� /BpBbBQM +Qȿi2mb2VX

ed
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8XjXk G� `2T`ûb2Mi�iBQM Lhh@*_h 2i i`�Mb7Q`K�iBQMb

S�`�Kĕi`2b 	����
 ��
 	����
 ���
 	����
 ���

h�BHH2 , 2Mi`û2 UT�` TQHvXV ��F#Bi ���F#Bi ���F#Bi

S`ûi`�Bi2K2Mi UT�` TQHvV 9Xkmb RNmb j3mb
S`ûi`�Bi2K2Mi USA_ iTmiV 9X3:#Bifb 8Xk:#Bifb 8:#Bifb
h`�Bi2K2Mi UT�` TQHvV yX8dmb kXjmb 9X3mb
h`�Bi2K2Mi USA_ /û#BiV R3:#Bifb kk:#Bifb ky:#Bifb

h�#H2 8XR Ĝ S`ûi`�Bi2K2Mi SA_- H2 i`�Bi2K2Mi- 2i H2 /û#Bi bm` mM Q`/BM�i2m` TQ`i�#H2
JaA �p2+ mM *Q`2 Bd@jejyZJ kXe9 :>x- TQm` /Bzû`2Mib T�`�Kĕi`2b +`vTiQ;`�T?B[m2bX
G2b i�BHH2b 2M 2Mi`û2 bQMi H2b K�tBKmKb /QMMûb /�Mb H� };m`2 8XRX G2 T`ûi`�Bi2K2Mi /ǶmM
TQHvMƬK2 +Q``2bTQM/ �mt i`�Mb7Q`K�iBQMb Lhh 2i *_h UQTû`�iBQMb H2b THmb BKTQ`i�Mi2b
HQ`b /2 HǶBKTQ`i�iBQM /ǶmM2 #�b2 /2 /QMMû2bVX G� i`�Mb7Q`K�iBQM BMp2`b2 /QMM2 /2b `ûbmHi�ib
bBKBH�B`2bX G2 i`�Bi2K2Mi +Q``2bTQM/ ¨ mM2 KmHiBTHB+�iBQM 2i mM2 �//BiBQM 7mbBQMMû2b U6J�V
UHǶQTû`�iBQM H� THmb BKTQ`i�Mi2 HQ`b /2 H� ;ûMû`�iBQM /2 H� `ûTQMb2VX LQmb miBHBbQMb H2b KāK2
i`�Mb72`ib /2 KûKQB`2 [m2 /�Mb MQi`2 T`QiQ+QH2 SA_ , TQm` mM i?`2�/ /QMMû- b2mH2 mM2
QTû`�M/2 p�`B2 H� K�DQ`Biû /m i2KTbX G2 /û#Bi 2bi Q#i2Mm T�` `�TTQ`i �mt 2Mi`û2b , /�Mb H2
T`ûi`�Bi2K2Mi TQm` +?�[m2 TQHvMƬK2 Uh�BHH2 2Mi`û2V #Bib bQMi i`�Biûb c /�Mb i`�Bi2K2Mi /2mt
TQHvMƬK2b /QBp2Mi āi`2 i`�Biûb TQm` +Q``2bTQM/`2 �mt Uh�BHH2 2Mi`û2V #BibX

.�Mb sSA_- MQmb miBHBbQMb mM2 `2T`ûb2Mi�iBQM KBti2 Lhh@*_h �}M /2 `û/mB`2 H2b
+Qȿib +�H+mH�iQB`2b , LmK#2` h?2Q`2iB+ h`�Mb7Q`K TQm` H2b TQHvMƬK2b (Rd) 2i H2 h?ûQ`ĕK2
/2b _2bi2b +?BMQBb U*_hV TQm` H2b 2MiB2`bX LQmb �TT2HQMb H� T�`iB2 /2 sSA_ [mB ;ĕ`2
H2b i`�Mb7Q`K�iBQMb 2i 2z2+im2 H2b +�H+mHb /�Mb +2ii2 `2T`ûb2Mi�iBQM L6GHB#X § iBi`2 /2
+QKT�`�BbQM- H� #B#HBQi?ĕ[m2 /2 +?Bz`2K2Mi ?QKQKQ`T?2 /2 >�H2pB 2i a?QmT (kk) K2i 2M
ƾmp`2 H2 +`vTiQbvbiĕK2 /2 "`�F2`bFB- :2Mi`v 2i o�BFmMi�M�i?�MX AHb 7Qm`MBbb2Mi mM Q#D2i
MQKKû .Qm#H2*_h [mB T`QTQb2 mM2 `2T`ûb2Mi�iBQM Lhh 2i *_h /2b TQHvMƬK2b T`Q+?2 /2
L6GHB#X

lM2 /2b+`BTiBQM THmb /ûi�BHHû2 /2 H� Lhh 2i /m *_h 2bi T`ûb2Miû2 /�Mb H2b +?�TBi`2b R 2i
kX .�Mb H� bmBi2 /2 +2ii2 b2+iBQM- MQmb �HHQMb MQmb +QM+2Mi`2` bm` HǶBKT�+i /2 H2m` miBHBb�iBQMX
GǶmiBHBb�iBQM /2 H� `2T`ûb2Mi�iBQM bQmb 7Q`K2 /2 Lhh Qz`2 H� TQbbB#BHBiû /2 `û�HBb2` H2b
KmHiBTHB+�iBQMb /2 TQHvMƬK2b �p2+ mM +Qȿi HBMû�B`2 U�KQ`iBV 2M λ �m HB2m /m +Qȿi [m�/`�iB[m2
/2 HǶ�H;Q`Bi?K2 i`BpB�HX h`�Mb7Q`K2` mM TQHvMƬK2 /�Mb b� 7Q`K2 Lhh �BMbB [m2 HǶQTû`�iBQM
BMp2`b2 b2 7�Bi 2M mM i2KTb [m�bB HBMû�B`2 U2M ο	λ ΰπΜ λ
VX G� `2T`ûb2Mi�iBQM *_h �bbm`2
[m2 H2 +Qȿi /2b KmHiBTHB+�iBQMb 2i �mbbB HBMû�B`2 2M ΰπΜ ֋- ¨ H� TH�+2 /2 HǶ�H;Q`Bi?K2 i`BpB�H 2M
i2KTb [m�/`�iB[m2X G� };m`2 8Xk 2tTQb2 H2b T2`7Q`K�M+2b /2 T`û+�H+mH2b [mB +Q``2bTQM/2Mi
¨ HǶBKTQ`i�iBQM /2b /QMMû2b bQmb 7Q`K2 /2 TQHvMƬK2b Lhh@*_h 2i �m i`�Bi2K2Mi- [mB HmB
+Q``2bTQM/ ¨ mM2 KmHiBTHB+�iBQM 2i mM2 �//BiBQM 7mbBQMMû2b kX G2b QTû`�iBQMb /2 bûT�`�iBQMb
/2b /QMMû2b 2i /2 *_h UbB Mû+2bb�B`2V bQMi `�TB/2bX �BMbB H2 T`BM+BT�H ;QmH2i /Ƕûi`�M;H2K2Mi
/�Mb H� T�`iB2 /2 T`ûi`�Bi2K2Mi 2bi H2 +�H+mH /2 H� Lhh /�Mb MQi`2 �MM2�m /2 TQHvMƬK2bX

kX G2 i2`K2 �M;H�Bb 2bi THmb +QMMm , 7mb2/ KmiBTHv �M/ �// U6J�VX
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8Xj G2 T`QiQ+QH2 /2 sSA_

S�`�Kĕi`2b 	����
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 	����
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S`ûi`�Bi2K2Mi U.Qm#H2*_hV Rd3mb RRyymb
S`ûi`�Bi2K2Mi ULhhhQQHbV Remb d3mb
h`�Bi2K2Mi U.Qm#H2*_hV 8mb kdmb
h`�Bi2K2Mi ULhhhQQHbV kXjmb NXemb

h�#H2 8Xk Ĝ .m`û2b /m T`ûi`�Bi2K2Mi ULhh 2i *_hV 2i /m i`�Bi2K2Mi UKmHiBTHB+�iBQM
2i �//BiBQMbV �p2+ .Qm#H2*_h 2i L6GHB#X G� i�BHH2 /2b KQ/mH2b /QBi āi`2 mM KmHiBTH2
/2 99 /�Mb .Qm#H2*_h UTQm` 7�B`2 /2b `û/m+iBQMb KQ/mH�B`2b bm` /2b /Qm#H2b ~Qii�MibVX
LQmb �pQMb +?QBbB /2b i�BHH2b /2 KQ/mH2b H2b THmb T`Q+?2b TQbbB#H2X G2b i2bib QMi ûiû `û�HBbûb
2M KQMQT`Q+2bb2m`b- +�` H2b Q#D2ib .Qm#H2*_h /QMM2Mi /2b 2``2m`b /2 b2;K2Mi�iBQM bm`
HǶQ`/BM�i2m` TQ`i�#H2 JaA �p2+ mM *Q`2 Bd@jejyZJ kXe9 :>xX G2 T`ûi`�Bi2K2Mi 2bi THmb
`�TB/2 bm` L6GHB# U੎φЈV- bm` H2 i`�Bi2K2Mi HǶû+�`i 2bi KQBMb BKTQ`i�Mi U2Mi`2 ੎ϵ 2i ੎ϯVX

*2b p�H2m`b QMi mM BKT�+i ûpB/2Mi /�Mb H� ;ûMû`�iBQM /2 H� `ûTQMb2 +SA_X G2 T`ûi`�Bi2K2Mi
+Q``2bTQM/ ¨ HǶBKTQ`i�iBQM /2b ûHûK2Mib /2 H� #�b2 /2 /QMMû2b 2i H2 i`�Bi2K2Mi ¨ H� ;ûMû`�iBQM
/2 H� `ûTQMb2X GQ`b[m2 H2 b2`p2m` 2bi H�M+û- H2b ûHûK2Mi /2 H� #�b2 /2 /QMMû2b T2mp2Mi āi`2
BKTQ`iûb /�Mb H� _�J bQmb 7Q`K2 /2 TQHvMƬK2b Lhh@*_h ¨ 2MpB`QM 8:#BifbX amBi2 ¨
HǶBKTQ`i�iBQM- H� #�b2 /2 /QMMû2b 2bi i`�Biû2 /m`�Mi H� /2 ;ûMû`�iBQM /2 H� `ûTQMb2 ¨ 2MpB`QM
ky:#BifbX aB H2b /QMMû2b /2pB2MM2Mi `�TB/2K2Mi Q#bQHĕi2b Ui2HH2b [mǶmM ~mt /2 iûHûpBbBQM bm`
AS- Qm /2b p�H2m`b #Qm`bBĕ`2bV H2 ;QmH2i /Ƕûi`�M;H2K2Mi T`BM+BT�H 2bi H� i`�Mb7Q`K�iBQM /2b
/QMMû2b bQmb H2m` 7Q`K2 Lhh@*_hX G� T?�b2 /2 i`�Bi2K2Mi b2 i`Qmp2 HBKBiû2 ¨ 8:#BifbX §
/2b }Mb +QKT�`�iBp2b- miBHBb2` mM +SA_ 7QM/û bm` H2 +`vTiQbvbiĕK2 /2 S�BHHB2` bm` H� KāK2
+QM};m`�iBQM K�iû`B2H /QMM2 mM2 pBi2bb2 /2 i`�Bi2K2Mi /2 H� #�b2 /2 /QMMû2b /2 RJ#fb
UTQm` mM KQ/mH2 /2 ky93 #Bib 2i RRk #Bib /2 bû+m`BiûVX .2 MQmp2�m- ¨ /2b }Mb +QKT�`�iBp2b-
/�Mb mM SA_ i`BpB�H UiûHû+?�`;2` HǶBMiû;`�HBiû /2 H� #�b2 /2 /QMMû2bV i`�Bi2` mM #Bi `2pB2Mi ¨
HǶ2MpQv2` �m +HB2Mi 2i /QM+- H� #�b2 /2 /QMMû2b 2bi i`�Biû2 ¨ H� pBi2bb2 /m `ûb2�m /BbTQMB#H2 UTX
2tX RyyJ#fb TQm` mM2 HB;M2 6hh> jVX �BMbB H2 SA_ /�Mb b� p2`bBQM i`BpB�H b2`� /2 K�MBĕ`2
;ûMû`�H2 THmb `�TB/2 [m2 H2 +SA_ 7QM/û bm` H2 +`vTiQbvbiĕK2 /2 S�BHB2`- K�Bb THmb H2Mi [m2
MQi`2 BKTHûK2Mi�iBQM 7QM/û2 bm` _BM;@Gq1 +2 [mB +Q``2bTQM/ �mt `ûbmHi�ib /2 aBQM 2i
*�#mM�` (8j)X

GǶQ#D2i .Qm#H2*_h T`ûb2Miû /�Mb (kk) 2bi THmb ûH�#Q`û [m2 +2 [m2 MQmb T`QTQbQMb
/�Mb L6GHB#X 1i THmb T`û+BbûK2Mi- BH +QMiB2Mi /2b 7QM+iBQMb Mû+2bb�B`2b �mt +?Bz`2K2Mib
2MiBĕ`2K2Mi ?QKQKQ`T?2b [m2 MQmb MǶ�pQMb T�b û+`Bi2bX .2 THmb- .Qm#H2*_h T2`K2i /2
}t2` �`#Bi`�B`2K2Mi H2 /2;`û /2b TQHvMƬK2b �HQ`b [m2 H2b /2;`ûb /2b TQHvMƬK2b miBHBbûb /�Mb
L6GHB# /QBp2Mi āi`2 mM2 TmBbb�M+2 /2 /2mtX

.ǶmM �mi`2 +Ƭiû- H� `2H�iBp2 bBKTHB+Biû /2 MQb T�`�Kĕi`2b MQmb � +QM/mBib ¨ 7�B`2 /2b +?QBt
BMiû`2bb�MibX S`2KBĕ`2K2Mi- MQmb miBHBbQMb HǶ�H;Q`Bi?K2 /2 Lhh T`QTQbû T�` >�`p2v (k8)
[mB 2bi i`ĕb 2{+�+2- K�Bb mMB[m2K2Mi 7QM+iBQMM2H bm` H2b TQHvMƬK2b /QMi H2 /2;`û 2bi mM2
TmBbb�M+2 /2 /2mtX LQmb �pQMb /û}MB H2b T`2KB2`b [mB 7Q`K2Mi TQi2MiB2HH2K2Mi H2b KQ/mH2b
+2 [mB T`Q/mBi /2b QTiBKBb�iBQMb HQ`b /2 H� +QKTBH�iBQMX

G2b 7QM+iBQMM2K2Mib /2 >1HB# BKTHB[m2 [m2 HǶmiBHBb�i2m` /û}MBbb2 b2b #2bQBMb 2M i2`K2b
/ǶQTû`�iBQMb ?QKQKQ`T?2b- TmBb- ¨ T�`iB` /2 +2b 2Mi`û2b- mM2 `QmiBM2 +QMbi`mBi mM +QMi2ti2
6>1X GǶmiBHBb�i2m` M2 T2mi T�b +?QBbB` /B`2+i2K2Mi /ǶmiBHBb2` mM Qm /2mt T`2KB2`b- MQmb
�pQMb KQ/B}û i`ĕb Hû;ĕ`2K2Mi H2 +Q/2 �}M /Ƕ2z2+im2` /2b i2bib +QKT�`�iB7bX

lM2 �KûHBQ`�iBQM /2b T2`7Q`K�M+2b /2b KmHiBTHB+�iBQMb /2 TQHvMƬK2b �p2+ L6GHB# 2bi
� MQi2` U2Mi`2 ੎ϵ 2i ੎ϯV- +QKK2 KQMi`û bm` H2 h�#H2�m 8Xk- /2 THmb- HǶû+�`i �m;K2Mi2 �p2+
H2 T`ûi`�Bi2K2Mi U੎φЈVX *2b `ûbmHi�ib bǶ2tTHB[m2Mi T�` H2 7�Bi /Ƕ�pQB` `û/mBi H2 /2;`û /2b
TQHvMƬK2b ¨ /2b TmBbb�M+2b /2 /2mt T�` HǶmiBHBb�iBQM /Ƕ�H;Q`Bi?K2b +QKK2 +2HmB /Ƕ>�`p2v
TQm` H� LhhX

jX *QMM2tBQM }#`2 QTiB[m2

eN



S`Bp�i2 AM7Q`K�iBQM _2i`B2p�H 7Q` 1p2`vQM2

SQm` i2`KBM2`- HǶmiBHBb�iBQM /2 H� KûKQB`2 2bi THmb 7�B#H2 �p2+ L6GHB# +�` H2b T�`�Kĕi`2b
2i H� #B#HBQi?ĕ[m2 bQMi THmb bBKTH2bX SQm` /2b TQHvMƬK2b /2 /2;`û Ryk9 +QKTQbûb /2
+Q2{+B2Mib /2 ey #Bib- HǶ2KT`2BMi2 KûKQB`2 /2 L6GHB# 2i /2 3 EQ+i2ib T�` /û7�mi 2i /m
/Qm#H2 �p2+ H2b +Q2{+B2Mib /2 L2riQM T`û+�H+mHûbX GǶ2KT`2BMi2 KûKQB`2 /2 .Qm#H2*_h 2bi
THmb /B{+BH2 ¨ ûp�Hm2`- +�` +2`i�BMb Q#D2ib Ui2Hb [m2 H2 6>1 +QMi2tiV bQMi T�`i�;ûb- K�Bb QM
`2K�`[m2 [mǶ� +?�[m2 MQmp2H Q#D2i .Qm#H2*_h- 9y EQ+i2ib bmTTHûK2Mi�B`2b bQMi miBHBbûbX

L6GHB# �BMbB [m2 H2 +`vTiQbvbiĕK2 [m2 MQmb �pQMb /ûp2HQTTû TQm``�B2Mi āi`2 mM
`2KTH�Ï�Mi 2{+�+2 ¨ HǶQ#D2i .Qm#H2*_h TQm` H2b miBHBb�i2m`b [mB bQm?�Bi2 K�MBTmH2` /2b
TQHvMƬK2b bm` H2b `ûb2�mt /ǶB/û�mt Qm TQm` /2b QTû`�iBQMb ?QKQKQ`T?2b #�bB[m2bX SQm`
/2b QTû`�iBQMb THmb +QKTH2t2b- .Qm#H2*_h `2bi2 H� `û7û`2M+2X

8XjXj *Q2{+B2Mib /2 L2riQM T`û+�H+mHûb

LQi`2 �TT`Q+?2 /m +�H+mH /2 H� `û/m+iBQM KQ/mH�B`2 � ûiû i`�Biû2 /�Mb H2 *?�TBi`2 9X
LQmb 72`QMb mM +Qm`i `�TT2H TmBb MQmb MQmb +QM+2Mi`2`QMb bm` H� +QKT�`�BbQM 2Mi`2 L6GHB#
2i >2HB#X

G2 T`BM+BT2 /2 MQi`2 �H;Q`Bi?K2 /2 `û/m+iBQM KQ/mH�B`2 2bi /2 T`û+�H+mH2` H2b [mQiB2Mib
/2 L2riQM /2b QTû`�M/2b miBHBbûb THmbB2m`b 7QBbX �BMbB TQm` mM KQ/mH2 ֋ /QMMû- MQmb
+�H+mHQMb TQm` mM ֔ /QMMû- mM2 �TT`QtBK�iBQM /2 ֔�֋ U� φV /�Mb mM 2MiB2` /2 Rk3 #BibX
LQmb KmHiBTHQMb /Ƕ�#Q`/ ֔ T�` ϵɒȃ 2i QM 2z2+im2 mM2 /BpBbBQM 2MiBĕ`2 T�` ֋X *2 [mB /QMM2֔஬- H2b T`2KB2`b e9 #Bib /2 H� /BpBbBQM /2 ֔�֋ ੟ ϵɒȃX .2 +2ii2 K�MBĕ`2- HǶQTû`�iBQM +Qȿi2mb2
2bi 2z2+imû2 mM2 b2mH2 7QBbX GQ`b [m2 MQmb +�H+mHQMb ֓֔ ζπͷ ֋- MQmb 7�BbQMb �TT2H ¨ mM
�H;Q`Bi?K2 [mB T`2M/ 2M 2Mi`û2 ֓Ӵ ֔Ӵ ֔஬X

L6GHB# 7Qm`MBb H2b 7QM+iBQMb TQm` T`û+�H+mH2` H2b +Q2{+B2Mib Mû+2bb�B`2b �mt QTû`�iBQMb
�`Bi?KûiB[m2b bm` H2b TQHvMƬK2bX SmBb[m2 +2i �H;Q`Bi?K2 Mû+2bbBi2 b2mH2K2Mi /2mt KmHiB@
THB+�iBQMb /Ƕ2MiB2`b- mM /û+�H�;2 2i mM2 bQmbi`�+iBQM +QM/BiBQMM2HH2- H� KmHiBTHB+�iBQM /2
/2mt TQHvMƬK2b b2 7�Bi 2M ϵ։ KmHiBTHB+�iBQMb THmiƬi [m2 ։ KmHiBTHB+�iBQMb KQ/mH�B`2b /2
HǶ�H;Q`Bi?K2 M�ś7X

GǶBMiû`āi /2 +2i �H;Q`Bi?K2 `ûbB/2 /�Mb H2 MQK#`2 /2 7QBb Qm H2b KāK2b QTû`�M/2b bQMi
`ûmiBHBbûb �}M /Ƕ�KQ`iB` H2 +Qȿi /2 +�H+mH /2b +Q2{+B2Mib /2 L2riQMX G2 bvbiĕK2 /2 +?B7@
7`2K2Mi [m2 MQmb �pQMb +QMbi`mBi ¨ T�`iB` /2 L6GHB#- 2tû+mi2 b2mH2K2Mi /2mt KmHiBTHB+�iBQMb
TQHvMQKB�H2b TQm` +?Bz`2` 2i mM2 b2mH2 KmHiBTHB+�iBQM TQHvMQKB�H2 TQm` /û+?Bz`2` 2M miBHBb�Mi
iQmDQm`b /2mt KmHiBTHB+�M/2b , H2b +Hûb b2+`ĕi2b 2i Tm#HB[m2bX .�Mb H2 T`QiQ+QH2 +SA_- H�
`ûTQMb2 2bi Q#i2Mm2 2M KmHiBTHB�Mi +QMbi�KK2Mi H2b KQ`+2�mt /2b ûHûK2Mib /2 H� #�b2 /2
/QMMû2b �p2+ /2b ûHûK2Mib /2 `2[māi2X *2mt /2mt +�b miBHBb2Mi +2 Kû+�MBbK2 /2 T`û+�H+mHX 1M
T`�iB[m2- iQmi2b H2b KmHiBTHB+�iBQMb T`ûb2Mi2b /�Mb H2 +Q/2 /2 sSA_ miBHBb2Mi +2 Kû+�MBbK2-
+�` +2 /2`MB2` 2bi i`ĕb `�TB/2K2Mi �KQ`iBX

S�`�Kĕi`2b 	����
 ��]]��
 	����
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.Qm#H2*_h jX9mb kyXkmb
LhhhQQHb@MQZmQiB2Mib kNmb RR8mb
LhhhQQHb RX3mb dXjmb

h�#H2 8Xj Ĝ .m`û2 /ǶmM2 KmHiBTHB+�iBQM 2M KB+`Qb2+QM/2b TQm` /Bzû`2Mib T�`�Kĕi`2b U pQB`
h�#H2 8XkVX G2b i2bib QMi ûiû `û�HBbûb 2M KQMQT`Q+2bb2m`b bm` HǶQ`/BM�i2m` TQ`i�#H2 JaA
�p2+ mM *Q`2 Bd@jejyZJ kXe9 :>xX § MQi2` [m2 H2b `ûbmHi�ib /2 .Qm#H2*_h bQMi #B2M
K2BHH2m`b b�Mb H2 T`û+�H+mH2 /2b [mQiB2Mib- +�` .Qm#H2*_h miBHBb2 /2b KQ/mH2b /2 99 #Bib
�}M /2 7�B`2 /2b QTû`�iBQMb ~Qii�Mi2b 2i /2b `û/m+iBQMb KQ/mH�B`2b 7QM/û2b bm` /2b �``QM/BbX
G2 T`û+�H+mH2 /2b [mQiB2Mib /QMM2 /2 ੎ϵ ¨ ੎ϯ K2BHH2m`2b T2`7Q`K�M+2bX a�Mb H2 T`û+�H+mH2
H2b T2`7Q`K�M+2b /2 L6GHB# b2`�Bi i`ĕb K�mp�Bb2 T�` `�TTQ`i ¨ >1HB# +�` H� #B#HBQi?ĕ[m2
M2 7�Bi T�b /ǶQTû`�iBQMb bm` H2b ~Qii�Mib- Mû�MKQBMb MQi`2 T`QiQ+QH2 +SA_ 2bi +QMÏm TQm`
7QM+iBQMM2` �p2+ H2b +Q2{+B2Mib /2 L2riQMX

dy



8Xj G2 T`QiQ+QH2 /2 sSA_

8XjX9 S2`7Q`K�M+2b /2 +?Bz`2K2Mi 2i /2 /û+?Bz`2K2Mi

_�TT2HQMb [m2 H2 +`vTiQbvbiĕK2 [m2 MQmb T`QTQbQMb /�Mb +2ii2 b2+iBQM 2bi û[mBp�H2Mi 2M
K�iBĕ`2 /2 bû+m`Biû �m +`vTiQbvbiĕK2 /û+`Bi /�Mb H� b2+iBQM 8XkXRX

G2 T`BM+BT2 ;ûMû`�H 2bi H2 bmBp�Mi , H2b TQHvMƬK2b [mB b2`p2Mi ¨ /û+`B`2 H2b 2Mi`û2b /2b
/Bzû`2Mib �H;Q`Bi?K2b U+Hû b2+`ĕi2- �Hû�- K2bb�;2bV bm#Bbb2Mi mM T`ûi`�Bi2K2Mi [mB +QMbBbi2
¨ H2b T�bb2` 2M `2T`ûb2Mi�iBQM Lhh@*_hX �BMbB iQmi2b H2b QTû`�iBQMb 2Mi`2 H2 /û#mi /m
+?Bz`2K2Mi 2i H� }M /m /û+?Bz`2K2Mi b2 7QMi +QQ`/QMMû2 ¨ +QQ`/QMMû2 +2 [mB +QMi`B#m2 �mt
#QMM2b T2`7Q`K�M+2b /m +`vTiQbvbiĕK2X

LQmb �pQMb �/�Tiû H2b �H;Q`Bi?K2b TQm` H� `2T`ûb2Mi�iBQM Lhh@*_h /2b TQHvMƬK2b
bm` /2mt TQBMibX S`2KBĕ`2K2Mi- HQ`b /2 HǶmiBHBb�iBQM /2 TQHvMƬK2b /QMi H2b +Q2{+B2Mib QMi
ûiû iB`ûb bmBp�Mi mM2 /Bbi`B#miBQM �Hû�iQB`2 mMB7Q`K2- BH MǶ2bi T�b Mû+2bb�B`2 /2 +?�M;2` H2m`
`2T`ûb2Mi�iBQMX 1M 2z2i- H� Lhh- H2 *_h 2i H2m`b BMp2`b2b `2bT2+iB7b bQMi /2b 7QM+iBQMb
#BD2+iBp2b [mB �bbQ+B2Mi mM 2Mb2K#H2 }MB ¨ HmB KāK2X .QM+- +2b 7QM+iBQMb T2`Kmi2Mi /2b
ûHûK2Mib �m b2BM /2 H2m` /QK�BM2 /2 /û}MBiBQMX S�` +QMbû[m2Mi- T`2M/`2 mM ûHûK2Mi mMB7Q`K2
2i +?�M;2` b� `2T`ûb2Mi�iBQM bQmb 7Q`K2 Lhh@*_h 2bi û[mBp�H2Mi ¨ T`2M/`2 /B`2+i2K2Mi
mM ûHûK2Mi mMB7Q`K2X .2mtBĕK2K2Mi- TQm` iQmb H2b T`Q/mBib T`ûb2Mib /�Mb H2 T`QiQ+QH2
+SA_- HǶmM /2b /2mt i2`K2b 2bi `ûmiBHBbû ¨ THmbB2m`b `2T`Bb2bX S�` +QMbû[m2Mi- BH 2bi iQmDQm`b
TQbbB#H2 /2 7�B`2 �TT2H ¨ H� KmHiBTHB+�iBQM KQ/mH�B`2 `�TB/2 [mB miBHBb2 H2b [mQiB2Mib /2
L2riQM T`û+�H+mHûbX

§ T�`iB` /2 +2b /2mt T`QT`Bûiûb- H� 7QM+iBQM /2 +?Bz`2K2Mi Mû+2bbBi2 b2mH2K2Mi i`QBb
i`�Mb7Q`K�iBQMb Lhh@*_h 2i [m2H[m2b QTû`�iBQMb /2 #�b2X § T`2KBĕ`2 pm2- HǶQTû`�iBQM H�
THmb +Qȿi2mb2 /�Mb H2 /û+?Bz`2K2Mi 2bi HǶQTû`�iBQM /2 Lhh BMp2`b2X *2 [mB 2bi H2 +�b �p2+
/2b KQ/mH2b /2 ey #Bib Qm KQBMbX *2T2M/�Mi- bB THmbB2m`b KQ/mH2b bQMi 2KTHQvûb UbQmb H�
7Q`K2 *_hV- BH 2bi Mû+2bb�B`2 /2 `2+QMbiBim2` +?�+mM2 /2b +QQ`/QMMû2b bQmb b� `2T`ûb2Mi�iBQM
MQM@*_h �}M /2 bûT�`2` H2 #`mBi /m K2bb�;2 UbQmb 7Q`K2 *_h- BH MǶv � T�b /2 /BpBbBQM
2m+HB/B2MM2 bBKTH2VX *2ii2 QTû`�iBQM- �TT2Hû2 `2Hĕp2K2Mi- `2pB2Mi ¨ KmHiBTHB2` H2b ûHûK2Mib
/m *_h T�` b2b +Q2{+B2Mib /2 `2Hĕp2K2Mi UpQB` b2+iBQM RXe /m +?�TBi`2 R TQm` THmb /2
/ûi�BHbVX G2 `2Hĕp2K2Mi b2 7�Bi b�Mb `û/m+iBQM KQ/mH�B`2 2i `2[mB2`i /2 HǶQ`/`2 /2 	ΰπΜɞ ֌
�ϩЈ
KmHiBTHB+�iBQMb /ǶûHûK2Mib /2 ϩЈ #Bib �p2+ /2b ûHûK2Mib /2 ΰπΜɞ ֌ #Bib ûHûK2MibX SmBb[m2
L6GHB# miBHBb2 mMB[m2K2Mi /2b ivT2b M�iB7b MQmb 7�BbQMb �TT2H ¨ mM2 #B#HBQi?ĕ[m2 +�T�#H2
/2 ;û`2` /2b 2MiB2`b /2 i�BHH2 �`#Bi`�B`2X 1M T`�iB[m2 2i HQ`b[mǶmM2 i2HH2 #B#HBQi?ĕ[m2 2bi
miBHBbû2- H2 +Qȿi /m /û+?Bz`2K2Mi 2bi KmHiBTHBû T�` mM 7�+i2m` �m KQBMb φЈ TQm` ;û`2` +2b
KmHiBTHB+�iBQMbX G� };m`2 8Xk KQMi`2 +H�B`2K2Mi +2ii2 ûpQHmiBQMX

G� #B#HBQi?ĕ[m2 :JS 2bi mMB[m2K2Mi �TT2Hû2 TQm` H2 `2Hĕp2K2Mi bm` H2b Q#D2ib LhhGq1
U7QM+iBQM TQHvkKTx /2 L6GHB# VX 1M T`�iB[m2- +2b `ûbmHi�ib `ûbmHi2Mi 2M mM2 T2`i2 /2
T2`7Q`K�M+2 K�D2m`2X Lû�MKQBMb- TQm` mM KQ/mH2 /2 ey #Bib- H2b T2`7Q`K�M+2b bQMi i`ĕb
ûH2pû2bX G2 +`vTiQbvbiĕK2 2bi +�T�#H2 /2 T`Q/mB`2 /2b `2[māi2b ¨ kXk:#Bifb 2i /2 /û+?Bz`2`
/2b `ûTQMb2b ¨ 8:#BifbX .2 THmb- +2 /û#Bi 2bi BM/ûT2M/�Mi /2 H� i�BHH2 /2b TQHvMƬK2b- +�` H2
+Qȿi /m +?Bz`2K2Mi 2i /2 /û+?Bz`2K2Mi �m;K2Mi2 HBMû�B`2K2Mi- K�Bb H� i�BHH2 /2b +?Bz`ûb 2i
/2b +H�B`b �mbbBX lM Q`/BM�i2m` TQ`i�#H2 `û+2Mi T2mi ;ûMû`2` 2i 2MpQv2` H� `2[māi2 �BMbB [m2
/û+?Bz`2` H� `ûTQMb2 ¨ H� pBi2bb2 K�tBKmK /2 H� #�M/2 T�bb�Mi2 /2 b� +QMM2tBQM `ûb2�mt
2M miBHBb�Mi mM b2mH T`Q+2bb2m`X �p2+ mM KQ/mH2 /2 Rky #Bib- H2 +?Bz`2K2Mi bǶ�/�Ti2 #B2M
2i BH 2bi TQbbB#H2 /2 ;ûMû`2` /2b `2[māi2b ¨ kX8:#Bifb- +2T2M/�Mi H2 /û+?Bz`2K2Mi bQmz`2
/m bm`+Qȿi 2M;2M/`û T�` H2 `2Hĕp2K2Mi /m *_h 2i H2b `ûTQMb2b T2mp2Mi Ŀb2mH2K2Miŀ āi`2
i`�Biû2b ¨ dRyJ#fbX

G2 /û+?Bz`2K2Mi 2bi b2mH2K2Mi mM 7�+i2m` HBKBi�Mi TQm` /2 i`ĕb ;`Qb KQ/mH2b UTX 2tX
93y #BibV Qm bB H2 +HB2Mi 2i H2 b2`p2m` bQMi +QMM2+iûb T�` mM2 HB;M2 ;B;�#Bi 2i [m2 H� `ûTQMb2
2bi ;ûMû`û2 i`ĕb `�TB/2K2Mi UT�` 2t2KTH2 TQm` mM2 #�b2 �v�Mi i`ĕb T2m /ǶûHûK2MibVX 1M
T`�iB[m2- bB HǶQTiBKBb2m` /2 T�`�Kĕi`2b +?QBbBi 2M ;ûMû`�H /2 T2iBib KQ/mH2b URky #Bib �m
THmbV +Ƕ2bi ¨ +�mb2 /m +Qȿi /2 +?Bz`2K2MiX 1M 2z2i- TQm` /2b KQ/mH2b /QMi H� i�BHH2 2bi
�m@/2H¨ /2 Rky #Bib- HǶ�m;K2Mi�iBQM /�Mb H2 +Qȿi /2 +?Bz`2K2Mi- KāK2 7�B#H2- �DQmi2 THmb /2
i2KTb ¨ HǶ�HH2`@`2iQm` UQm �m iQi�H /2b `2bbQm`+2b /ûT2Mbû2bV [m2 +2 [mB 2bi ;�;Mû 2M 7�+i2m`
/Ƕ2tT�MbBQM Qm 2M pBi2bb2 /2 i`�Bi2K2Mi /2 H� `ûTQMb2X
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6B;m`2 8Xk Ĝ .m`û2b /2 +?Bz`2K2Mi 2i /2 /û+?Bz`2K2Mi TQm` /2b TQHvMƬK2b /2 /2;`û 9yNe 2i
/Bzû`2Mi2b i�BHH2b /2 KQ/mH2 bm` mM Q`/BM�i2m` TQ`i�#H2 JaA :hey �p2+ mM *Q`2 Bd@jejyZJ
kXed:>xX G2 +Qȿi +�H+mH�iQB`2 /m +?Bz`2K2Mi �m;K2Mi2 HBMû�B`2K2Mi 2M 7QM+iBQM /2 H� i�BHH2
/m KQ/mH2- K�Bb �mbbB /2 H� i�BHH2 /m i2ti2 +H�B` 2i +?Bz`û �bbQ+BûX G� /Bzû`2M+2 K�`[mû2 /�Mb
H2 /û+?Bz`2K2Mi T`QpB2Mi /2 HǶmiBHBb�iBQM /2 :JS TQm` H2b KQ/mH2b bi`B+i2K2Mi bmTû`B2m`b ¨
ey #BibX

8XjX8 �+?Bi2+im`2 2i BMi2`7�+2 /2 T`Q;`�KK�iBQM
GǶ�`+?Bi2+im`2 /2 sSA_- T`ûb2Miû2 /�Mb H� };m`2 8Xj- T2mi āi`2 pm2 +QKK2 mM2 bmT2`@

TQbBiBQM /2 +Qm+?2b [mB BMi2`�;Bbb2Mi 2Mi`2 2HH2bX G� +Qm+?2 /2 THmb #�b MBp2�m 2bi +2HH2
+QKTQbû2 T�` H2b +`vTQbvbiĕK2b 2i H2m`b #B#HBQi?ĕ[m2b U:JS 2i L6GHB# V BMi2`7�+û2b �p2+
H2 `2bi2 /2 sSA_ T�` H2b >QKQKQ`T?B+ *`vTiQ AMi2`7�+2bX �m /2bbmb /2b +`vTiQbvbiĕK2b
b2 bBim2Mi /2mt #HQ+b /Bzû`2MibX G� T�`iB2 +HB2Mi2 2bi +QKTQbû2 /m ;ûMû`�i2m` /2 `2[māi2
SA_Zm2`v:2M2`�iQ` 2i /2 HǶ2ti`�+i2m` /2 `ûTQMb2 SA__2THv1ti`�+iQ`X G2 iQmi 2bi Q`+?2bi`û
T�` SA_*HB2Mi [mB ;ĕ`2 T`BM+BT�H2K2Mi H2b +QKKmMB+�iBQMb `ûb2�m 2i H2b /Bzû`2Mib KQ/2b /2
7QM+iBQMM2K2MiX G2 b2`p2m` T2mi miBHBb2` /2mt ;ûMû`�i2m`b /2 `ûTQMb2b /Bzû`2MibX G2 T`2KB2`-
MQKKû SA__2THv:2M2`�iQ`:JS- T2mi ;ûMû`2` H� `ûTQMb2 SA_ 2M miBHBb�Mi iQmi +`vTiQbvbiĕK2
U?QKQKQ`T?2V 7QM/û bm` :JS U+QKK2 S�BHHB2`V X G2 b2+QM/- SA__2THv:2M2`�iQ`L6G T2mi
;ûMû`2` H� `ûTQMb2 SA_ 2M miBHBb�Mi iQmi +`vTiQbvbiĕK2 U?QKQKQ`T?2V 7QM/û bm` L6GHB#X G2
b2`p2m` 2bi ;û`û T�` H2 +QmTH2 SA_a2`p2`@SA_a2bbBQMX GǶQ#D2i SA_a2`p2` ;ĕ`2 H2b MQmp2�mt
+HB2Mib TQm` H2b[m2HH2b BH +QMbi`mBi mM2 SA_a2bbBQMX

SA_Zm2`v:2M2`�iQ` SA_Zm2`v1ti`�+iQ` SA__2THv:2M2`�iQ`L6G SA__2THv:2M2`�iQ`:JS

SA_*HB2Mi SA_a2`p2`@SA_a2bbBQM

>QKQKQ`T?B+ *`vTiQ AMi2`7�+2b

6B;m`2 8Xj Ĝ _2T`ûb2Mi�iBQM /2 HǶ�`+?Bi2+im`2 /2 sSA_ �p2+- /�Mb H� T�`iB2 ;�m+?2 H2 +HB2Mi
2i /�Mb H� T�`iB2 /`QBi2 H2 b2`p2m`X § MQi2` [m2 H2b +H�bb2b +QM+2`M�Mi H2b +`vTiQbvbiĕK2b
bQMi T�`i�;û2b 2Mi`2 SA_*HB2Mi 2i SA_a2`p2`X

GǶQTiBKBb2m` /2 T�`�Kĕi`2b MǶ2bi T�b bûT�`û 2M /2mt T�`iB2b- BH bǶ2tû+mi2 2M 7QM+iBQM /m
+QMi2ti2 +QKK2 `2T`ûb2Miû T�` H� };m`2 8X9X aB H�M+û bm` H2 +HB2Mi BH bǶQ++mT2`� /ǶQTiBKBb2`
H2b T�`�Kĕi`2b /ûT2M/�Mi /2 H� ;ûMû`�iBQM /2 H� `2[māi2- /2 HǶ2ti`�+iBQM /2 H� `ûTQMb2-
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8Xj G2 T`QiQ+QH2 /2 sSA_

/2 ;ûMû`2` H2b +�+?2b +Q``2bTQM/�Mib 2i /2 +QKKmMB[m2` �p2+ H2 b2`p2m`X aB H�M+û bm` H2
b2`p2m`- +2 /2`MB2` bǶQ++mT2`� /2 ;ûMû`2` H2b +�+?2b `2H�iB7b ¨ H� ;ûMû`�iBQM /2 H� `ûTQMb2
2i /2 +QKKmMB[m2` �p2+ H2 +HB2MiX �}M /2 /Bzû`2M+B2` H2 +HB2Mi 2i H2 b2`p2m`- +2b /2`MB2`b
+QKKmMB[m2Mi �p2+ HǶQTiBKBb2m` T�` /2b BMi2`7�+2b MQKKû2b PTiBKBx�iBQM AMi2`7�+2bX

SA_

>QKQKQ`T?B+ *`vTiQ AMi2`7�+2b

>QKQKQ`T?B+ *`vTiQ

P
Ti

BK
Bx�

iBQ
M

AM
i2

`7�
+2

b

PTiBKBx2`

6B;m`2 8X9 Ĝ _2T`ûb2Mi�iBQM /2 HǶ�`+?Bi2+im`2 /2 HǶQTiBKBb2m` /2 T�`�Kĕi`2b `2H�iBp2K2Mi ¨
+HB2Mi 2i �m b2`p2m`X

LQmb �pQMb �DQmiû ¨ sSA_- 2M THmb /m +QmTH2 +HB2Mifb2`p2m` 2i /2 HǶQTiBKBb2m` /2
T�`�Kĕi`2b H� TQbbB#BHBiû /2 K�MBTmH2` H2b 7QM+iBQMb /2 sSA_ T�` H2 #B�Bb /ǶmM2 BMi2`7�+2 /2
T`Q;`�KK�iBQMX GǶQ#D2+iB7 /2 +2ii2 BMi2`7�+2 /2 T`Q;`�KK�iBQM U�SAV 2bi /2 /QMM2` �++ĕb
�mt T`Q;`�KK2m`b �mt �H;Q`Bi?K2b /2 +SA_ 2M 7�Bb�Mi �#bi`�+iBQM /2 H2m` 7QM+iBQMM2K2MiX
G2 +SA_ TQm` �BMbB āi`2 �BbûK2Mi miBHBbû +QKK2 #`B[m2 HQ;B+B2HH2 /�Mb /Ƕ�mi`2b T`Q;`�KK2bX

GǶ�SA 9 /2 sSA_ 2bi +QKTQbû2 /2 8 Q#D2ib +YY- /QMi i`QBb TQm` H2b �H;Q`Bi?K2b /2 +SA_X
GǶ�TT2H ¨ HǶQTiBKBb2m` 2bi- [m�Mi ¨ HmB- 2z2+imû �miQK�iB[m2K2Mi T�` H2b Q#D2ibX

ě BKTQ`i2/n/�i�#�b2 `2T`ûb2Mi2 H� #�b2 /2 /QMMû2b miBHBbû2 HQ`b /2 H� ;ûMû`�iBQM /2
H� `ûTQMb2 c

ě SA_Zm2`v:2M2`�iQ` BMBiB�HBb2 H2 T`QiQ+QH2 +SA_ 2M ;ûMû`�Mi H� `2[māi2 2M 7QM+iBQM
/ǶmM BM/2t /QMMû 2M �`;mK2Mi c

ě SA__2THv:2M2`�iQ` `2T`ûb2Mi2 H� T�`iB2 b2`p2m`- BH p� i`�Bi2` H� `2[māi2 2i T`Q/mB`2
H� `ûTQMb2 +Q``2bTQM/�Mi c

ě SA__2THv1ti`�+iBQM p� 2ti`�B`2 HǶûHûK2Mi +?QBbB /�Mb H� `ûTQMb2 ;ûMû`û2 T�` H2
b2`p2m`X

ě >QKQKQ`T?B+*`vTiQ6�+iQ`v +`û2 /2b Q#D2ib +`vTiQ;`�T?B[m2b ;ûMû`B[m2b miBHBbûb
T�` H2b i`QBb Q#D2ib T`û+û/2Mib U�+im2HH2K2Mi- b2mH _BM;@Gq1 2bi /BbTQMB#H2 T�`
HǶ�SAVX

G2b i`QBb 7QM+iBQMb /2 +SA_ T`2MM2Mi 2M T�`�Kĕi`2 mM Q#D2i TB`S�`�K2i2`b `2T`ûb2Mi�Mi
H2b T�`�Kĕi`2b /m SA_ �BMbB [mǶmM Q#D2i +`vTiQ;`�T?B[m2 ;ûMû`B[m2X

�H;Q`Bi?K R3 1t2KTH2 bBKTHB}û /ǶmiBHBb�iBQM /2 HǶ�SA /2 sSA_
R SA_Zm2`v:2M2`�iQ` [n;2M2`�iQ`UT�`�Kb- +`vTiQVc
k [n;2M2`�iQ`X;2M2`�i2Zm2`vU+?Qb2Mn2H2K2MiVc
j

9 f h`�Mb72`i /2b /QMMö2b 2Mi`2 H2 ;2MX /2 `2[müi2b
8  2i H� ;öMö`�i2m` /2 `öTQMb2b  f
e

d SA__2THv:2M2`�iQ` `n;2M2`�iQ`UT�`�Kb- +`vTiQ- /#Vc
3 `n;2M2`�iQ`X;2M2`�i2_2THvUVc
N

Ry f h`�Mb72`i /2b /QMMö2b 2Mi`2 H2 ;2MX /2 `öTQMb2
RR  2i H^2ti`�+i2m` /2 `öTQMb2b  f
Rk

Rj SA__2THv1ti`�+iBQM `n2ti`�+iQ`UT�`�Kb- +`vTiQVc
R9 `n2ti`�+iQ`X2ti`�+i_2THvU+HB2MibB/2nK�t6BH2"vi2bBx2Vc

9X SQm` `2i`Qmp2` /B`2+i2K2Mi H2b 7QM+iBQMb /BbTQMB#H2b /2 HǶ�SA b2 `û7û`2` �m }+?B2` bQm`+2
HB#TB`X?TTX

dj
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GǶ�H;Q`Bi?K2 R3 2bi mM 2t2KTH2 /ǶmiBHBb�iBQM /2b Q#D2ib T`QTQbûb /�Mb HǶ�SA /2 sSA_X
G2b HB;M2b 9@8 2i Ry@RR `2T`ûb2Mi2Mi H2 i`�Mb72`i /2 H� `2[māi2 TQm` H2b T`2KBĕ`2b 2i H2 i`�Mb72`i
/2 H� `ûTQMb2 TQm` H2b b2+QM/2bX *2b i`�Mb72`ib T2mp2Mi āi`2 bBKmHûb ¨ iBi`2 2tTû`BK2Mi�H- 2M
/ûTH�Ï�Mi /2b /QMMû2b /ǶmM2 KûKQB`2 i�KTQM ¨ mM2 �mi`2X "B2M ûpB/2KK2Mi- H2 i`�Mb72`i
/2b /QMMû2b T�` H2 `ûb2�m 2bi iQmDQm`b TQbbB#H2X

8X9 S2`7Q`K�M+2 2i +�b /ǶmiBHBb�iBQMb
.�Mb +2ii2 b2+iBQM- MQmb �M�HvbQMb H2b T2`7Q`K�M+2b /2 sSA_ bmBp�Mi /2mt Kûi`B[m2b ,

H� H�i2M+2 UH�i2M+vV 2i H2 /û#Bi T2`Ïm T�` HǶmiBHBb�i2m` Umb2`@T2`+2Bp2/ i?`Qm;?TmiVX G� K2bm`2
/2 H�i2M+2 2bi H� /m`û2 /Ƕ�HH2`@`2iQm` [mB /û#mi2 �m KQK2Mi Qɍ HǶmiBHBb�i2m` +QKK2M+2 ¨
;ûMû`2` b� `2[māi2 +SA_ 2i [mB i2`KBM2 �m KQK2Mi Qɍ BH }MBi /2 /û+?Bz`2` H� `ûTQMb2 `2Ïm2X
G2 /û#Bi T2`Ïm T�` HǶmiBHBb�i2m` 2bi H2 /û#Bi K2bm`û 2M #Bib T�` b2+QM/2b �m[m2H HǶmiBHBb�i2m`
2bi +�T�#H2 /2 `û+mTû`2` HǶûHûK2Mi +?QBbB �T`ĕb /û+?Bz`2K2MiX

LQmb 2t�KBM2`QMb /2 7�ÏQM /ûi�BHHû2 2i +`BiB[m2 /2mt ivT2b /2 +QM};m`�iBQMb /2 #�b2 /2
/QMMû2b ,

ě #�b2b /2 /QMMû2b bi�iB[m2b TQm` H2b[m2HH2b H2m`b ûHûK2Mib bm#Bbb2Mi mM T`ûi`�Bi2K2Mi c
ě #�b2b /2 /QMMû2b /vM�KB[m2b /QMi H2b ûHûK2Mib bQMi ûT?ûKĕ`2b U~mt ho bm` AS-

+Qm`b /2 #Qm`b2- /QMMû2b /2 +�Ti2m`b- ĘV- 2i M2 T2mp2Mi T�b āi`2 T`ûi`�BiûbX
G2 T`ûi`�Bi2K2Mi 2bi �TTHB[mû BM/ûT2M/�KK2Mi ¨ +?�[m2 ûHûK2Mi /ǶmM2 #�b2 ¨ mM2 pBi2bb2
p�`B�Mi /2 8:#Bifb UTQm` mM T`Q+2bb2m` /ǶQ`/BM�i2m` TQ`i�#H2 ?�mi /2 ;�KK2V ¨ Ry:#Bifb
UTQm` mM T`Q+2bb2m` /2 b2`p2m`V +QKK2 KQMi`û /�Mb H� b2+iBQM 8XjXkX lM2 #�b2 /2 /QMMû2b
2bi +QMbB/û`û2 +QKK2 bi�iB[m2 bB H� /m`û2 /2 pB2 /2 b2b ûHûK2Mib 2bi #B2M bmTû`B2m`2 ¨ H�
/m`û2 /2 H2m` T`ûi`�Bi2K2Mi U2X; R@k b2+QM/2b TQm` mM }HK /2 Ry :#Bi @ RXk8 :QV 2i [m2 H2b
ûHûK2Mib bQMi +QMMmb bm{b�KK2Mi iƬi TQm` āi`2 T`ûi`�Biûb �p�Mi H2m` T`2KBĕ`2 miBHBb�iBQM
/�Mb H2 T`QiQ+QH2 +SA_X

.�Mb H2 #mi /ǶBHHmbi`2` H� p2`b�iBHBiû /2 MQi`2 #B#HBQi?ĕ[m2- MQmb T`ûb2MiQMb H2b `ûbmHi�ib /2
T2`7Q`K�M+2b Q#i2Mm2b T�` [m�i`2 +�b /ǶmiBHBb�iBQM +QK#BM�Mi /2b +QM};m`�iBQMb bi�iB[m2b Qm
/vM�KB[m2b 2i 2M K2bm`�Mi /û#Bi Qm H�i2M+2X LQmb BHHmbi`QMb H2b �TTHB+�iBQMb TQm` H2b[m2HH2b
mM /û#Bi ûH2pû 2bi H� T`BM+BT�H2 +QMi`�BMi2- �p2+ mM b2`p2m` �v�Mi mM2 +QM};m`�iBQM /2
ivT2 L2i~Bt UH2b /QMMû2b T2mp2Mi āi`2 +QMbB/û`û2b +QKK2 bi�iB[m2bV 2i �p2+ mM bMBz2m`
`ûb2�m [mB +�+?2 bQM }Hi`2 U/QMMû2b /vM�KB[m2bVX SQm` H2b �TTHB+�iBQMb /QMi H� +QMi`�BMi2
2bi mM2 7�B#H2 H�i2M+2- MQmb miBHBbQMb mM2 +QM};m`�iBQM b2K#H�#H2 ¨ J�i+?X+QK U#�b2 /2
/QMMû2b `2H�iBp2K2Mi bi�iB[m2 /2 `2M+QMi`2 2M HB;M2V 2i mM b2`pB+2 /ǶBM7Q`K�iBQMb /2 /QMMû2b
/2 K�`+?û #Qm`bB2` U/QMMû2b /vM�KB[m2bVX § MQi2` [m2 i`Qmp2` H� K2BHH2m`2 �TTHB+�iBQM
/ǶmM T`QiQ+QH2 +SA_ `�TB/2 2bi 2M /2?Q`b /m +?�KT /2 +2ii2 i?ĕb2X G2b +�b /ǶmiBHBb�iBQMb
T`ûb2Miûb QMi ûiû +?QBbBb- +�` H2m`b T�`�Kĕi`2b ûT`Qmp2Mi H2 T`QiQ+QH2 +SA_- 2i MQM T�`+2
[mǶBHb bQMi Qm b2K#H2Mi āi`2 H2 K2BHH2m` KQv2M /2 `ûbQm/`2 H2b T`Q#HĕK2b /2 pB2 T`Bpû2 /�Mb
+2b +QM};m`�iBQMbX LQi`2 #mi 2i /2 KQMi`2` [m2 H2 T`QiQ+QH2 +SA_ 2bi THmb T2`7Q`K�Mi [mǶmM
SA_ i`BpB�H 2i [mǶBH 2bi TQbbB#H2 /2 HǶ2KTHQv2` bm` /2b #�b2b /2 /QMMû2b /2 i`ĕb ;`�M/2 i�BHH2
�p2+ /2 7Q`i2b +QMi`�BMi2b bm` H2 /û#Bi 2z2+iB7 Q#i2Mm +?2x H2 +HB2MiX

8X9XR S�`�Kĕi`2b 2tTû`BK2Mi�mt
SQm` KQMi`2` [m2 sSA_ 2bi p`�BK2Mi miBHBb�#H2 T�` ĿiQmi H2 KQM/2ŀ /�Mb /2 MQK#`2mb2b

�TTHB+�iBQMb- MQmb 2KTHQvQMb /m K�iû`B2H 7�+BH2 ¨ i`Qmp2` /�Mb H2 +QKK2`+2 /�Mb T`2b[m2
iQmi2b H2b +QM};m`�iBQMbX G2 b2`p2m` +SA_ bǶ2tû+mi2 bm` mM Q`/BM�i2m` TQ`i�#H2 JaA :hey
�p2+ mM T`Q+2bb2m` *Q`2 Bd@jejyZJ 2i 3:Q /2 _�J .._jX G2 Tû`BT?û`B[m2 /2 biQ+F�;2 �
mM2 BKTQ`i�M+2 T�`iB+mHBĕ`2- +�` sSA_ i`�Bi2 H2 +QMi2Mm /2 H� #�b2 /2 /QMMû2b- biQ+Fû bm`
H2/Bi bmTTQ`i- i`ĕb `�TB/2K2MiX �BMbB H2 Tû`BT?û`B[m2 /2 biQ+F�;2 BM~m2M+2 /B`2+i2K2Mi H2b
T2`7Q`K�M+2bX .�Mb MQb ûp�Hm�iBQMb- H2b /QMMû2b bQMi biQ+Fû2b bm` /2mt Kû/B�b /Bzû`2Mib ,
H� _�J /QMi H2b �++ĕb �ii2B;M2Mi H2b Ryy:#Bifb- Qm mM aa. 8 P*w o2`i2t 9ey /QMi H2b �++ĕb
�ii2B;M2Mi 9:#BifbX G� pBi2bb2 /2 H2+im`2 /2 /QMMû2b +QMiB;Ƀ2b /m aa. 2bi bm{b�Mi2 TQm`
�TT`QpBbBQMM2` H2 b2`p2m` /�Mb iQmi2b H2b +QM};m`�iBQMb /2 #�b2b /2 /QMMû2b /vM�KB[m2bX

8X aQHB/ ai�i2 .`Bp2 , 2bi mM K�iû`B2H BM7Q`K�iB[m2 /2 biQ+F�;2 /2 /QMMû2b bm` KûKQB`2 ~�b?X

d9



8X9 S2`7Q`K�M+2 2i +�b /ǰmiBHBb�iBQMb

aB H2b /QMMû2b bQMi bi�iB[m2b- H2 i`�Bi2K2Mi /2b /QMMû2b 2bi #B2M THmb `�TB/2 [m2 H� pBi2bb2
/2 H2+im`2 +QMiB;Ƀ2 /ǶmM aa.X § T`2KBĕ`2 pm2- TH�+2` H2b /QMMû2b /�Mb H� KûKQB`2 _�J
bm{i ¨ `ûbQm/`2 +2 T`Q#HĕK2X Lû�MKQBMb- /�Mb /2b +�b +QKK2 +2HmB /2 L2i~Bt- H� [m�MiBiû
/2 /QMMû2b 2bi ûMQ`K2 2i M2 T2mi T�b HQ;2` 2MiBĕ`2K2Mi /�Mb H� _�JX LQmb /Bb+miQMb
/2 +2 T`Q#HĕK2 T�` H� bmBi2X G2b HB;M2b 6hh> 2i �.aG QMi ûiû bBKmHû2b �m KQv2M /2
i2KTQ`Bb�i2m`b �TT`QT`Bûb bm` H2 +HB2Mi 2i bm` H2 b2`p2m` [mB bQMi T?vbB[m2K2Mi `2HBûb T�`
mM2 HB;M2 ;B;�#BiX

.�Mb H� K�DQ`Biû /2 MQb K2bm`2b /2 T2`7Q`K�M+2b- HǶQTiBKBb2m` � i`Qmpû [m2 H2b K2BHH2m`b
T�`�Kĕi`2b TQm` H2 +`vTiQbvbiĕK2 _BM;@Gq1 ûi�B2Mi 	ϵЈΚ΅Ӵ φϵЈ
 Qɍ 	φЈϵΚӴ ϩЈ
X a2HQM H�
Kûi?Q/2 /2 ;ûMû`�iBQM /2 T�`�Kĕi`2b T`ûb2Miûb /�Mb H� a2+iBQM 8XkXR- H2 T`2KB2` D2m /2
T�`�Kĕi`2b 2Mi`�BM2 NR #Bib /2 bû+m`Biû 2i H2 b2+QM/ 3RX LQmb `�TT2HQMb [m2 H2b #Bib �Hû�iQB`2b
bQMi ;ûMû`ûb ¨ T�`iB` /2 a�Hb�kyfky (j) /QMi H2 MBp2�m /2 bû+m`Biû T2mi �ii2BM/`2 H2b k8e #BibX
G2 MBp2�m /2 bû+m`Biû /2 MQi`2 +`vTiQbvbiĕK2 7QM/û bm` H2 T`Q#HĕK2 _BM;@Gq1 2bi �BMbB
HBKBiû ¨ k8e #BibX

�m;K2Mi2` H2 MBp2�m /2 bû+m`Biû /ǶmM D2m /2 T�`�Kĕi`2b /�Mb +`vTiQbvbiĕK2b 7QM/ûb
bm` H2b `ûb2�mt 2m+HB/B2Mb � ;ûMû`�H2K2Mi mM 7�B#H2 +QȿiX 1M 2z2i- TQm` /2b KQ/mH2b /2
i�BHH2 +QMbi�Mi2- H� bû+m`Biû UH2 MQK#`2 /ǶQTû`�iBQMb ¨ 2z2+im2` T�` mM �ii�[m�MiV �m;K2Mi2
2tTQM2MiB2HH2K2Mi �p2+ H2 /2;`û /2b TQHvMƬK2b 2i H2 +Qȿi +�H+mH�iQB`2 �m;K2Mi2 UTQm`
HǶmiBHBb�i2m`V T`2b[m2 HBMû�B`2K2MiX S�` 2t2KTH2- bB MQmb miBHBbBQMb H2b T�`�Kĕi`2b 	ΚЈνϩӴ φϵЈ
-
H� bû+m`Biû i?ûQ`B[m2 �ii2M/`�Bi H2b jj8 #BibX Lû�MKQBMb- H2 ;ûMû`�i2m` /Ƕ�Hû� HBKBi2 MQi`2
+`vTiQbvbiĕK2 ¨ k8e #Bib /2 bû+m`BiûX �p2+ mM i2H MBp2�m /2 bû+m`Biû- H� ;ûMû`�iBQM /2 H�
`2[māi2- H2 T`ûi`�Bi2K2Mi /2 H� `ûTQMb2- H� ;ûMû`�iBQM /2 H� `ûTQMb2 2i bQM /û+?Bz`2K2Mi
QMi mM +Qȿi b2mH2K2Mi KmHiBTHBû T�` mM 7�+i2m` k UkXR3 TQm` H2 T`ûi`�Bi2K2Mi 2i k TQm` H2
`2bi2VX �p2+ /2 i2Hb T�`�Kĕi`2b- H2b +?Bz`ûb T2mp2Mi +QMi2MB` #B2M THmb /2 /QMMû2b UT`2b[m2 H2
/Qm#H2V 2i /2 7�Bi H2 MBp2�m /2 bû+m`Biû �m;K2Mi2 TQm` mM i`ĕb 7�B#H2 +QȿiX LQmb T`ûb2Mi2`QMb
H2b +Qȿib �p2+ H2 MBp2�m /2 bû+m`Biû K�tBKmK 	ΚЈνϩӴ φϵЈ
- TmBb MQmb H�Bbb2`QMb HǶQTiBKBb2m`
+?QBbB` H2b K2BHH2m`b T�`�Kĕi`2b �p2+ mM MBp2�m /2 bû+m`Biû KBMBKmK TH�+û ¨ NR #Bib �}M
/2 i2bi2` H2 +QmTH2 	ϵЈΚ΅Ӵ φϵЈ
 [mB 2bi- +QKK2 MQmb H2 p2``QMb- mM #QM +QKT`QKBb 2Mi`2 H�
i�BHH2 /2b +?Bz`ûb- H2 /û#Bi /2 ;ûMû`�iBQM /2 H� `ûTQMb2 2i H2 MBp2�m /2 bû+m`BiûX

G2b `ûbmHi�ib /QMMûb /�Mb +2ii2 b2+iBQM `2T`ûb2Mi2Mi HǶ2tû+miBQM /ǶmM T`QiQ+QH2 +SA_
�p2+ H2 +`vTiQbmbiĕK2 _BM;@Gq1 2i mM T`QiQ+QH2 SA_ i`BpB�H �}M /2 KQMi`2` HǶBMiû`āi /m
+SA_ T�` `�TTQ`i �m iûHû+?�`;2K2Mi /ǶmM2 #�b2 /2 /QMMû2b +QKTHĕi2X G2 +?Bz`2K2Mi /2
S�BHHB2` /QMM2 iQmDQm`b H2b THmb K�mp�Bb `ûbmHi�ib 2i MǶ�TT�`�Bi /QM+ T�b /�Mb H2b /Bzû`2Mi2b
};m`2bX
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S`Bp�i2 AM7Q`K�iBQM _2i`B2p�H 7Q` 1p2`vQM2

8X9Xk .û#Bi /2 i`�Bi2K2Mi bm` H2b /QMMû2b bi�iB[m2b

6B;m`2 8X8 Ĝ .û#Bi miBH2 T2`Ïm T�` mM miBHBb�i2m` /2 sSA_ [mB `2ÏQBi mM2 `ûTQMb2 SA_ ;ûMû`û2
¨ T�`iB` /ǶmM Q`/BM�i2m` TQ`i�#H2 JaA :heyX lM SA_ i`BpB�H bm` mM2 HB;M2 6hh> UHB;M2 MQB`2
ûT�Bbb2V 2bi 2Mi`2 Ry 2i kyy 7QBb THmb H2Mi [m2 sSA_ �p2+ H2 +?Bz`2K2Mi #�bû bm` _BM;@Gq1X
G2b HB;M2b `Qm;2b UNR #Bib /2 bû+m`BiûV 2i TQBMiBHHûb p2`ib Uk8e #Bib /2 bû+m`BiûV /QMM2Mi H2
/û#Bi miBH2 HQ`b[mǶBH MǶv � T�b /2 `û+m`bBQM U/BK2MbBQM տ � φVX G� HB;M2 2M TQBMiBHHûb #H2mb
/QMM2 H2 /û#Bi TQm` տ � ϵX G2b HB;M2b ?Q`BxQMi�H2b +Q``2bTQM/2Mi �m /û#Bi Mû+2bb�B`2 TQm`
`2;�`/2` mM }HK 2M Ry3yT UkJ#fbV- dkyT eyBTb U3yyE#TV- dkyT jyBTb U9yyE#TbV Qm û+Qmi2`
mM }+?B2` �m/BQ KTj URk3E#TbVX G2b T2`7Q`K�M+2b Q#i2Mm2b bm` mM b2`p2m` û[mBTû /ǶmM
K2BHH2m` T`Q+2bb2m` UT�` 2tX mM AMi2H s2QM Ry +Q2m`b 1d@93dyV bQMi /Qm#Hû2b 2i �ii2B;M2Mi
mM MQmp2�m b2mBH T`Q/mBi T�` H� b�im`�iBQM /2 H� #�M/2 T�bb�Mi2 /2 H� _�JX
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n number of files in the db

128kbps-mp3
400kbps-720p/30fps

800kbps-720p/60fps

2Mbps-10 p

d=1
d=2

d=1 256-bit sec.
Trivial FTTH PIR

80

G2b �TTHB+�iBQMb [mB Mû+2bbBi2Mi mM /û#Bi ûH2pû MǶQMi /2 b2Mb [m2 bB H� i�BHH2 /2b ûHûK2Mib
/2 H� #�b2 /2 /QMMû2b 2bi ûH2pû2 UTX 2tX THmbB2m`b KBMmi2b /2 iûHû+?�`;2K2MiV- bB H2b ûHûK2Mib
bQMi `�TB/2K2Mi 2MpQvûb MQmb +QMbB/û`QMb [m2 H2 7�+i2m` H2 THmb BKTQ`i�Mi 2bi H� H�i2M+2
UbmD2i i`�Biû /�Mb H� b2+iBQM 8X9X8VX �BMbB- MQmb MQmb +QM+2Mi`QMb mMB[m2K2Mi bm` H2b #�b2b
/2 /QMMû2b /QMi H� i�BHH2 /2b }+?B2`b 2bi /2 RyJ#Bi 2i THmbX LQb `ûbmHi�ib 2tTû`BK2Mi�mt
KQMi`2Mi [m2 H2 /û#Bi T2`Ïm T�` HǶmiBHBb�i2m` 2bi BM/ûT2M/�Mi /2 H� i�BHH2 /2b }+?B2`b HQ`b[m2
+2b /2`MB2`b b2 i`Qmp2Mi /�Mb HǶBMi2`p�HH2 /QMMûX

G� };m`2 8X8 `2T`ûb2Mi2 H2 /û#Bi T2`Ïm T�` HǶmiBHBb�i2m` UH2 +QMi2ti2 2tTû`BK2Mi�H 2bi
/QMMû /�Mb H� Hû;2M/2VX G� HB;M2 `Qm;2 `2T`ûb2Mi2 H2b T2`7Q`K�M+2b b�Mb `û+m`bBQM Uտ � φV-
+Ƕ2bi@¨@/B`2 [m2 H� i�BHH2 /2 H� `2[māi2 2bi T`QTQ`iBQMM2HH2 �mt ։ ûHûK2Mib /2 H� #�b2 /2
/QMMû2bX *2ii2 HB;M2 � ûiû Q#i2Mm2 ¨ T�`iB` /2b T�`�Kĕi`2b U/QMMûb T�` HǶQTiBKBb2m`V H2b
KB2mt �/�Tiûb �m /û#Bi miBH2 ,

ě T�b /2 `û+m`bBQM c
ě T�b /Ƕ�;`û;�iBQMb /2b ûHûK2Mib c
ě +`vTiQbvbiĕK2 _BM;@Gq1 �p2+ H2b T�`�Kĕi`2b 	ϵЈΚ΅Ӵ φϵЈ
X

*2 T�`�Kûi`�;2 /QMM2 /2b +?Bz`ûb- 2i /QM+ /2b ûHûK2Mib /2 `2[māi2- /2 8yyF#Bi- /QMi H2
7�+i2m` /Ƕ2tT�MbBQM 2bi ஂ ΘX �BMbB- �}M /ǶQ#i2MB` mM /û#Bi miBH2 T�` HǶmiBHBb�i2m` /2 kJ#fb-
BH bǶ�pĕ`2 [m2 RyJ#fb /2 #�M/2 T�bb�Mi2 /2p`QMi āi`2 miBHBbûbX *QKK2 û+`Bi THmb iƬi- +2
T�`�Kûi`�;2 2bi H2 THmb 7�pQ`�#H2 �m /û#Bi miBH2X *2T2M/�Mi- H� i�BHH2 /2 H� `2[māi2 T2mi
/2p2MB` mM T`Q#HĕK2 HQ`b[m2 H2 MQK#`2 /ǶûHûK2Mib ։ /2 H� #�b2 /2 /QMMû2b �m;K2Mi2-
+QKK2 MQmb TQmpQMb HǶQ#b2`p2` bm` H� };m`2 8XeX J2MiBQMMQMb H2 7�Bi [m2 +2ii2 HB;M2 2bi
T�`iB+mHBĕ`2K2Mi T`Q+?2 /2 H� HB;M2 /`QBi2 /û}MB2 T�` φΘ�։ :#Bifb 2i THmb T`û+BbûK2Mi H�
HB;M2 ;HBbb2 H2Mi2K2Mi /2 φν�։ :#Bifb ¨ φΚ�։ :#Bifb T�` b2+QM/2b TQm` /2 ;`�M/b ։X

G� HB;M2 p2`i2 `2T`ûb2Mi2 mM `ûbmHi�i û[mBp�H2Mi ¨ H� HB;M2 `Qm;2- K�Bb �p2+ mM2 bû+m`Biû

de



8X9 S2`7Q`K�M+2 2i +�b /ǰmiBHBb�iBQMb

/2 k8e #BibX *QKK2 MQmb HǶ�pBQMb û+`Bi THmb iƬi- +2ii2 +QM};m`�iBQM MǶ� T�b /ǶBKT�+i bm`
H� pBi2bb2 /2 i`�Bi2K2Mi +2T2M/�Mi 2HH2 /Qm#H2 H� i�BHH2 /2 +?�[m2 +?Bz`û UHǶBKT�+i b2 pQBi
/�Mb H� };m`2 8Xe [mB K2bm`2 H� H�i2M+2 �m /ûK�``�;2VX GǶû+?2HH2 2KTHQvû2 bm` H� };m`2 2bi
HQ;�`Bi?KB[m2 /QM+- KāK2 bB H2b /Bzû`2M+2b 2Mi`2 +2b /2mt HB;M2b b2K#H2Mi iûMm2b- +2ii2
+QM};m`�iBQM 2bi φЈύ KQBMb T2`7Q`K�Mi2X

G� HB;M2 #H2m2 `2T`ûb2Mi2 H2b T2`7Q`K�M+2b �p2+ mM MBp2�m /2 `û+m`bBQMX *Ƕ2bi@¨@/B`2
HQ`b[m2 H� #�b2 /2 /QMMû2b 2bi `2T`ûb2Miû2 T�` mM i�#H2�m ¨ /2mt /BK2MbBQMb /2 అ։ ੎ అ։
ûHûK2Mib 2i [m2 H� i�BHH2 /2 H� `2[māi2 2bi T`QTQ`iBQMM2HH2 ¨ ϵఅ։X G� `û+m`bBQM T`QpQ[m2
mM bm`+Qȿi BKTQ`i�Mi HQ`b /m i`�Bi2K2Mi /2 T2iBi2b #�b2b /2 /QMMû2b- +�` H2b /QMMû2b bQMi
i`�Biû2b mM2 T`2KBĕ`2 7QBb- TmBb H2b ûHûK2Mib Q#i2Mmb b2`p2Mi /2 #�b2 /2 /QMMû2b BMi2`Kû/B�B`2
/QMi H� i�BHH2 2bi T`QTQ`iBQMM2HH2 ¨ Αఅ։X *2ii2 #�b2 BMi2`Kû/B�B`2 /QBi āi`2 i`�Biû2 �}M
/ǶQ#i2MB` H� `ûTQMb2X .�Mb MQi`2 BKTHûK2Mi�iBQMB- HǶ�TTHB+�iBQM /ǶmM2 `û+m`bBQM bm` +2 ivT2
/2 #�b2 /2 /QMMû2b 2bi 2MpB`QM /Bt 7QBb THmb +Qȿi2mb2b [m2 b�Mb `û+m`bBQMX aB అ։ �� φЈΑ-
�HQ`b H2 bm`+Qȿi BM/mBi T�` H� #�b2 /2 /QMMû2b BMi2`Kû/B�B`2 /2pB2Mi Mû;HB;2�#H2- +�` T2iBi
T`QTQ`iBQMM2HH2K2Mi ¨ H� #�b2 /2 /QMMû2b Q`B;BM�H2X

8X9XkXR G�i2M+2 BMBiB�H2

6B;m`2 8Xe Ĝ Sû`BQ/2 /2 H�i2M+2 �p�Mi [mǶmM miBHBb�i2m` +QKK2M+2 ¨ `û+2TiBQMM2` H2 ~mt /2
/QMMû2b U2bb2MiB2HH2K2Mi T`Q/mBi T�` H� ;ûMû`�iBQM /2 H� `2[māi2 2i b� i`�MbKBbbBQMVX S�b /2
Tû`BQ/2 /2 H�i2M+2 TQm` H2 SA_ i`BpB�HX G2b i`�Bib }Mb bQMi TQm` HǶ�.aG 2i H2b ûT�Bb TQm` H�
6hh>X G2b +QmH2m`b 2i H2b bivH2b /2b HB;M2b bQMi �bbQ+Bûb �mt KāK2 T�`�Kĕi`2b [m2 H� };m`2
8X8X *2b `ûbmHi�ib bQmHB;M2Mi [m2 H� Tû`BQ/2 /2 H�i2M+2 ;`�M/Bi HBMû�B`2K2Mi 2M ։ HQ`b[m2
H� /BK2MbBQM տ � φ- 2M అ։ HQ`b[m2 տ � ϵ 2i [m2 H2 7�+i2m` HBKBi�Mi 2bi H� #�M/2 T�bb�Mi2
/Ƕ2MpQB /2 HǶmiBHBb�i2m`X

0.01

0.1

1

10

100

1000

10000

100000

1e+06

10 100 1000 10000 100000

La
te

nc
y 

(s
)

n number of files in the db

ADSL 1/20 Mbps - d=1
ADSL 1/20 Mbps - d=2

ADSL - d=1 256-bit sec.
FTTH 100/100Mbps - d=1
FTTH 100/100Mbps - d=2

FTTH - d=1 256-bit sec.

JāK2 bB Q#i2MB` H2 K2BHH2m` /û#Bi T2`Ïm T�` HǶmiBHBb�i2m` 2bi bQmp2Mi HǶQ#D2+iB7 /ǶmM2
�TTHB+�iBQM [mB miBHBb2 H2 `ûb2�m BMi2`M2i- mM �mi`2 T�`�Kĕi`2 MQM Mû;HB;2�#H2 2bi H� /m`û2
[mǶmM miBHBb�i2m` /QBi T�iB2Mi2` �p�Mi [m2 /2 ~mt /ûK�``2X G� 6B;m`2 8Xe bQmHB;M2 HǶ�p�Mi�;2
/ǶmiBHBb2` mM MBp2�m /2 `û+m`bBQM TQm` H2b #�b2b /2 /QMMû2b +QKTQbû2b /2 MQK#`2mt ûHûK2MibX
*2 [mB 2bi T�`iB+mHBĕ`2K2Mi p`�B HQ`b[m2 ։ ଯ φЈЈЈ +�`- +QKK2 2tTHB[mû T`û+û/2KK2Mi- +2ii2
+QM};m`�iBQM MǶBKTHB[m2 [mǶmM 7�B#H2 bm`+Qȿi +�H+mH�iQB`2X am` mM2 HB;M2 6hh>- H2 i2KTb
/2 H�i2M+2 b2 bBim2 2M /2bbQmb /2b /Bt b2+QM/2b �p2+ տ � ϵ 2i ։ ଯ φЈЈЈX lM2 HB;M2 �a.G
2bi #B2M THmb HBKBiû2 2M i2`K2b /2 /û#Bi KQMi�Mi- �BMbB H2 i2KTb /2 H�i2M+2 p�`B2 /2 8 ¨ 8yy
b2+QM/2bX S�` +QMbû[m2Mi- /�Mb /2 i2Hb +�b- mM MBp2�m /2 `û+m`bBQM /QBi BKTû`�iBp2K2Mi
āi`2 miBHBbû- KāK2 bB +2H� 2Mi`�BM2 mM 7Q`i bm`+Qȿi TQm` H� ;ûMû`�iBQM /2 H� `ûTQMb2X G2
+QKTQ`i2K2Mi BM�ii2M/m /2 H� H�i2M+2 TQm` mM 7�B#H2 MQK#`2 /ǶûHûK2Mib bm` H� HB;M2 6hh>

dd



S`Bp�i2 AM7Q`K�iBQM _2i`B2p�H 7Q` 1p2`vQM2

T`QpB2Mi /m 7�Bi [m2 MQmb miBHBbQMb /2b bQ+F2ib h*S TQm` i`�MbK2ii`2 H2b `2[māi2b /m`�Mi
mM2 #`ĕp2 /m`û2 [mB 2bi K�tBKBbû2 T�` mM i�KTQM 2i H2 bvbiĕK2 /2 72Māi`�;2X AH 2bi TQbbB#H2
/2 +QM};m`2` +2b /2mt T�`�Kĕi`2b Qm /ǶmiBHBb2` /B`2+i2K2Mi /2b bQ+F2ib l.S �}M /ǶQ#i2MB`
mM +QKTQ`i2K2Mi THmb HBMû�B`2X

8X9XkXk G2 +�b /ǶmiBHBb�iBQM L2i~Bt
L2i~Bt 2bi mM b2`pB+2 /2 pB/ûQ ¨ H� /2K�M/2 /Bzmbû 2M ~mt +QMiBMmX G� #�b2 /2 /QMMû2b /2

HǶ2Mi`2T`Bb2 ûi�Bi- 2M kyRj +QKTQbû2b /2 φЈЈЈЈЈ iBi`2b biQ+Fûb 2M i�Mi [m2 }+?B2`b bi�iB[m2b
2i TQmp�Mi āi`2 T`ûi`�BiûbX G2 bi�M/�`/ �+im2H /2 +QKT`2bbBQM pB/ûQ 2i H2 >Xke9- K�Bb i2M/ ¨
āi`2 `2KTH�+û T�` bQM bm++2bb2m`- H2 >Xke8 (8y- 9R)X G2 MBp2�m /2 +QKT`2bbBQM Q#i2Mm T�`
+2 /2`MB2` /QMM2 /2b ~mt pB/ûQ 2M dkyT ¨ mM /û#Bi bBimû �miQm` /2b 9yyF#Bifb TQm` jyBTb
UBK�;2b T�` b2+QM/2bV Qm 3yyF#Bifb ¨ ey BTb 2i kJ#fb TQm` mM }HK 2M Ry3yTX lM ~mt �m/BQ
2M+Q/û 2M JSj- � ivTB[m2K2Mi mM /û#Bi /2 Rk3F#BifbX *2b MBp2�mt bQMi `2T`ûb2Miûb T�` /2b
HB;M2b ?Q`BxQMi�H2b bm` H� 6B;m`2 8X8X

.�Mb (ky) :mTi� 2i +QHHX T`ûb2Mi2Mi mM T`QiQivT2 /2 +QMbQKK�iBQM /2 Kû/B�b MQKKû
SQT+Q`MX .�Mb +2i �`iB+H2- H2b �mi2m`b +QMbB/ĕ`2Mi H2b KāK2b ivT2b /2 /û#Bi TQm` mM2 #�b2
/2 /QMMû2b /2 3 yyy }HKb U�m HB2m /2 Ryy yyyVX GǶ�TT`Q+?2- [mB +QK#BM2 mM T`QiQ+QH2 SA_
7QM/û bm` /2b #�b2b /2 /QMMû2b `ûTHB[mû2b 2i mM +SA_- 2bi T`Q#�#H2K2Mi K2BHH2m` [mǶmiBHBb2`
mMB[m2K2Mi mM +SA_X LQmb bQKK2b �mbbB +QMb+B2Mib [mǶmiBHBb2` mM T`QiQ+QH2 +SA_ /�Mb mM
b+ûM�`BQ /2 ivT2 L2i~Bt- #B2M [mǶ2{+�+2 2M i2`K2b /2 T`Qi2+iBQM /2 H� pB2 T`Bpû2- TQm``�Bi
TQb2` /2b T`Q#HĕK2b /2 /`QBib /Ƕ�mi2m`bX *QKK2 MQmb HǶ�pQMb BM/B[mû �mT�`�p�Mi- MQmb
�pQMb T`Bb +2 +�b /ǶmiBHBb�iBQM T`BM+BT�H2K2Mi TQm` BHHmbi`2` H2b 2t+2HH2Mi2b T2`7Q`K�M+2b
�ii2BMi2b T�` sSA_ ¨ H�`;2 û+?2HH2 2i MQM TQm` /û#�ii`2 /m 7�Bi [mǶmM2 bQ+Bûiû Qz`�Mi mM
b2`pB+2 /2 pB/ûQ ¨ H� /2K�M/2 /2p`�Bi miBHBb2` mM T`QiQ+QH2 +SA_ UQm mM bvbiĕK2 THmb ûH�#Q`ûV
TQm` 2MpQv2` H2b /QMMû2b �mt +HB2MibX 1M}M- BH MQmb b2K#H2 BKTQ`i�Mi /2 T`û+Bb2` [m2 H2
+SA_ 2KTHQvû /�Mb SQTQ`M b2 7QM/2 bm` H2 +`vTiQbvbiĕK2 +�bbû /2 h`QbiH2 2i S�``Bb?X G2
`2KTH�+2` T�` sSA_ �m;K2Mi2`�Bi H� bû+m`Biû /2 H2m` +QMbi`m+iBQM 2i �m;K2Mi2`�Bi H2m`b
T2`7Q`K�M+2b /2 ੎φЈЈ bm` H2m` T�`iB2 +SA_X

.Ƕ�T`ĕb H2b `ûbmHi�ib /2 H� 6B;m`2 8X8- mM b2`p2m` /2 ivT2 L2i~Bt 7QM/û bm` sSA_ � H�
TQbbB#BHBiû /Ƕ2MpQv2` /2b /QMMû2b ¨ b2b +HB2Mib 2M DQm�Mi bm` mM û[mBHB#`2 2Mi`2 pB2 T`Bpû2 2i
[m�HBiû /2 `û+2TiBQMX aB mM miBHBb�i2m` �++2Ti2 /2 `2+2pQB` mM ~mt pB/ûQ 2M dkyT@jyBTb- BH
T2mi /BbbBKmH2` bQM +?QBt T�`KB j8E iBi`2b bm` H2 b2`p2m`X aǶ BH T`û7ĕ`2 T`BpBHû;B2` H� [m�HBiû
/2 H� pB/ûQ- BH TQm``� iûHû+?�`;2` mM ~mt 2M Ry3yT@eyBTb �m /ûi`BK2Mi /2 b� pB2 T`Bpû2- +�`
BH M2 TQm``� +�+?2` bQM +?QBt [m2 T�`KB 3E iBi`2bX AH 2bi �mbbB 2MpBb�;2�#H2 /2 `û�HBb2` mM
+QKT`QKBb bm` H2 +Qȿi +�H+mH�iQB`2- T�` 2t2KTH2 TQm` 3E }HKb 2M dkyT@jyBTb ?mBi TQm` +2Mi
/2 H� +�T�+Biû /ǶmM *Sl /m b2`p2m` 2bi miBHBbû2- T�` +QMbû[m2Mi mM b2mH *Sl T2mi ;û`2`-
/�Mb +2 +�b- Rk +HB2MibX

8X9Xj S`Q#HĕK2b /Ƕ�++ĕb
P#i2MB` /2b `ûbmHi�ib 2tTû`BK2Mi�mt �p2+ /2b #�b2b /2 /QMMû2b 7mi �Bbû i�Mi [m2 H�

i�BHH2 /2 +2HH2b@+B M2 /ûT�bb�Bi T�b H2b Ry :#Bi- +�` bm{b�KK2Mi /2 _�J ûi�Bi /BbTQMB#H2
bm` MQb K�+?BM2b /2 i2bibX �}M /2 `2+m2BHHB` H2b `ûbmHi�ib Bbbmb /2 #�b2b /2 /QMMû2b THmb
;`�M/2b- MQmb H2b �pQMb /û+QmTû2b 2M KQ`+2�mt �/�Tiûb ¨ H� _�J 2i bmTT`BKûb H2b i2KTb /2
i`�Mb72`ib 2Mi`2 H2 bmTTQ`i /2 biQ+F�;2 2i H� _�J TQm` +?�[m2 KQ`+2�mX 1M miBHBb�Mi H2 aa.
2i 2M T`2M�Mi 2M +QKTi2 H2b i2KTb /2 i`�Mb72`i- H2b i2KTb /Ƕ�++ĕb �m bmTTQ`i /2 biQ+F�;2
/2pB2MM2Mi H2 ;QmH2i /Ƕûi`�M;H2K2MiX �HQ`b- H2b `ûbmHi�ib /2 T2`7Q`K�M+2b bQMi `2T`ûb2Miûb
T�` mM2 HB;M2 /`QBi2 ¨ ϵ�։ :#Bifb UH� pBi2bb2 /2 H2+im`2 /m aa. 2bi /2 9 :#Bifb 2i H2 /QMMû2b
T`ûi`�Biûb bQMi /2mt 7QBb THmb ;`�M/2b [m2 H2m` p2`bBQM Q`B;BM�H2VX .�Mb H2 +�b /ǶmiBHBb�iBQM
/û+`Bi2 Dmb[mǶ¨ K�BMi2M�Mi- HǶBKT�+i T`Q/mBi 2bi H� `û/m+iBQM T�` d /m K�tBKmK /2 }HKb
T�`KB H2b[m2Hb H2 +?QBt /2b miBHBb�i2m`b 2bi /BbbBKmHû TQm` mM2 `ûbQHmiBQM /QMMû2X LQmb
2biBKQMb [m2- /�Mb H2 +�b /Ƕ�TTHB+�iBQMb Mû+2bbBi�Mi /2 ;`�M/2b #�b2b /2 /QMMû2b U2i /û#Bi
miBH2V +QKK2 L2i~Bt- H2 7Qm`MBbb2m` /2 b2`pB+2b 2KTHQB2 /2b bmTTQ`ib /2 biQ+F�;2 ?�mi2b
T2`7Q`K�M+2bX �}M /Ƕ�pQB` /2b bmTTQ`ib /2 biQ+F�;2 /QMi H2b T2`7Q`K�M+2b bQMi +QKT�iB#H2b
�p2+ sSA_- QM TQm``�Bi T�` 2t2KTH2 miBHBb2` /2mt aa. a�KbmM; N8y S`Q S*A2 LoJ2 [mB
/QMM2`�B2Mi mM /û#Bi /2 H2+im`2 bû[m2MiB2HH2 /Ƕ2MpB`QM 9y :#BifbX

d3



8X9 S2`7Q`K�M+2 2i +�b /ǰmiBHBb�iBQMb

.�Mb H2 +�b /2 H� ;2biBQM /2 THmbB2m`b miBHBb�i2m`b bBKmHi�Mûb- bB HǶ�++ĕb �mt /QMMû2b 2i 7�Bi
/2 7�ÏQM bvM+?`QM2 TQm` /2b miBHBb�i2m`b +QM+m``2Mib- H2b i2KTb /Ƕ�++ĕb /Bb[m2 MǶ�m;K2Mi2Mi
T�b +2 [mB M2 TQb2 T�b /2 T`Q#HĕK2b HQ`b /ǶmM2 KBb2 ¨ HǶû+?2HH2X SQm` BHHmbi`2` MQi`2 T`QTQb-
T`2MQMb T�` 2t2KTH2 Rk miBHBb�i2m`b [mB /BbbBKmH2Mi H2m` +?QBt T�`KB 3E }HKb �p2+ mM2
[m�HBiû /2 dkyT@jyBTbX .�Mb +2ii2 +QM};m`�iBQM H2 b2`p2m` �++ĕ/2 ¨ H� #�b2 /2 /QMMû2b ¨
?mBi TQm` +2Mi /2 b� pBi2bb2 /2 i`�Bi2K2Mi- +Ƕ2bi@¨@/B`2 φΘ ੎ ΅�φЈЈ � φӳϵ:#Bifb- /QM+ mM
bmTTQ`i /2 biQ+F�;2 /2 #�b2 bm{iX

8X9X9 >�mi /û#Bi /2 i`�Bi2K2Mi bm` H2b /QMMû2b /vM�KB[m2b

G� ;2biBQM /2b #�b2b /2 /QMMû2b /vM�KB[m2b T2mi b2K#H2`- �m T`2KB2` �#Q`/- bBKBH�B`2
�mt #�b2b bi�iB[m2b bm` H2b[m2HH2b H2 b2`p2m` MǶ�TTHB[m2`�Bi T�b H2 T`ûi`�Bi2K2MiX LQmb TQmpQMb
+Bi2` +QKK2 2t2KTH2 H� iûHûpBbBQM bm` AS UAShoVX Lû�MKQBMb- +2b #�b2b /2 /QMMû2b QMi /2b
+QM};m`�iBQMb p�`Bû2b 2i M2 bQMi T�b iQmDQm`b mM2 bBKTH2 2ti2MbBQM /2b #�b2b /2 /QMMû2b
bi�iB[m2b �p2+ /2b }+?B2`b /2 i�BHH2 ĿBM}MB2ŀX lM2 �M�Hvb2 2t?�mbiBp2 /2b +�b /ǶmiBHBb�iBQM
/2b #�b2b /2 /QMMû2b /vM�KB[m2b /ûT�bb2 H2 +�/`2 /2 +2 +?�TBi`2 +2T2M/�Mi MQmb MQmb
+QM+2Mi`QMb bm` /2mt +�b , ASho 2i bMBz2m`X

G2 T`2KB2` +�b /ǶmiBHBb�iBQM 2bi `2H�iBp2K2Mi bBKTH2 , /2b /QMMû2b Q`/BM�B`2b 2MpQvû2b
bm` 7Q`K2 /2 ~mt +QMiBMmb [mB M2 T2mp2Mi T�b āi`2 T`ûi`�Biûb i2Hb [m2 H� iûHûpBbBQM bm` ASX G�
};m`2 8Xd T`ûb2Mi2 /2b `ûbmHi�ib /2 /û#Bi miBH2 T2`Ïm T�` HǶmiBHBb�i2m` /2 H� KāK2 K�MBĕ`2
[m2 /�Mb H� };m`2 8X8X *QKK2 QM T2mi H2 +QMbi�i2`- H2 /û#Bi miBHBb�#H2 2bi /BpBbû 2MpB`QM T�`
eX SQm` mM2 �TTHB+�iBQM /2 ivT2 ASho- mM b2mH T`Q+2bb2m` 2bi +�T�#H2 /2 ;û`2` mM2 +2Mi�BM2
/2 ~mt pB/ûQ 2M dkyT@jyBTb TQm` 8y +HB2Mib bBKmHi�MûK2Mi UiûHûpBbBQM +H�bbB[m2VX

6B;m`2 8Xd Ĝ .û#Bi /2 i`�Bi2K2Mi T2`Ïm T�` miBHBb�i2m` `2+2p�Mi mM2 `ûTQMb2 +SA_ ;ûMû`û2
T�` mM Q`/BM�i2m` TQ`i�#H2 JaA :hey ¨ T�`iB` /2 /QMMû2b /vM�KB[m2bX G2 SA_ i`BpB�H bm`
mM2 HB;M2 6hh> /2 RyyJ#Bib UHB;M2 MQB`2 ûT�Bbb2V 2bi /2 8 ¨ 8y 7QBb THmb H2Mi [m2 MQi`2
+SA_X G� HB;M2 `Qm;2 `2T`ûb2Mi2 H2 /û#Bi /2 i`�Bi2K2Mi b�Mb `û+m`bBQM UH� #�b2 /2 /QMMû2b 2bi
i`�Biû2 bQmb H� 7Q`K2 /ǶmM2 b2mH2 /BK2MbBQMV 2i H� HB;M2 #H2m2- �p2+ mM MBp2�m /2 `û+m`bBQM Uk
/BK2MbBQMbVX G� HB;M2 ?Q`BxQMi�H2 +Q``2bTQM/ �m /û#Bi Mû+2bb�B`2 �}M /2 `2;�`/2` mM }H2 2M
Ry3yT UkJ#fbV- dkyT@eyBTb U3yyE#TbV 2i dkyT@jyBTb U9yyE#TbV- Qm TQm` û+Qmi2` mM }+?B2`
�m/BQ ¨ Rk3E#TbX G2b T2`7Q`K�M+2b bm` mM b2`p2m` �p2+ mM T`Q+2bb2m` THmb T2`7Q`K�Mi UT�`
2tX mM AMi2H s2QM 1d@93dy ¨ /Bt +Q2m`bV bQMi /2 /2mt ¨ i`QBb 7QBb THmb ûH2pû2bX
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S`Bp�i2 AM7Q`K�iBQM _2i`B2p�H 7Q` 1p2`vQM2

8X9X9XR G2 +�b /ǶmiBHBb�iBQM aMBz2m`

6B;m`2 8X3 Ĝ .û#Bi /2 i`�Bi2K2Mi /2b T�[m2ib /�Mb H2 +�b /ǶmiBHBb�iBQM /m aMBz2` bm` mM
Q`/BM�i2m` TQ`i�#H2 JaA :heyX G2b T2`7Q`K�M+2b /m SA_ i`BpB�H MǶQMi T�b /2 b2Mb /�Mb +2
+�b T�`iB+mHB2`X G� HB;M2 `Qm;2- [mB `2T`ûb2Mi2 H2b T2`7Q`K�M+2b Q#i2Mm2b �p2+ /Bzû`2Mi2b
i�BHH2b /2 T�[m2ib- 2M Q+i2ib bm` H� HB;M2 /2b �#b+Bbb2- BM/ûT2M/�KK2Mi U+X@¨@/X K2bm`2 /2b
T2`7Q`K�M+2b TQm` /2b T�[m2ib /2 9y Q+i2ib mMB[m2K2Mi- TmBb 3y Q+i2ibĘVX G� HB;M2 p2`i2
`2T`ûb2Mi2 H2 /û#Bi /2 i`�Bi2K2Mi HQ`b[m2 H2 i`�}+ BMi2`M2i bmBi mM2 /Bbi`B#miBQM #BKQ/�H2
+H�bbB[m2X G� HB;M2 p2`i2 `2T`ûb2Mi2 H2b T2`7Q`K�M+2b TQm` mM i`�}+ /�Mb H2[m2H MQmb B;MQ`QMb
H2b T�[m2ib /QMi H� i�BHH2 2bi BM7û`B2m`2 ¨ ey Q+i2ib U/2b �*Eb T�` 2t2KTH2VX G� HB;M2 #H2m2
`2T`ûb2Mi2 H2b T2`7Q`K�M+2b /�Mb H2 +�b Qm MQmb �ii2M/QMb [m2 H2b #mz2`b bQB2Mi TH2BMb 2i
MQmb ;ûMû`QMb H� `2[māi2 +SA_ b2mH2K2Mi HQ`b[m2 bm{b�KK2Mi /ǶBM7Q`K�iBQMb bQMi T`ûb2Mi2b
TQm` `2KTHB` mM +?Bz`û
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.�Mb +2 +�b /ǶmiBHBb�iBQM- MQmb bmTTQbQMb HǶ2tBbi2M+2 /ǶmM miBHBb�i2m` [mB miBHBb2`�Bi
mM bMBz2m` `ûb2�m [mB biQ+F2 iQmb H2b T�[m2ib [mB QMi mM2 �/`2bb2 AS bQm`+2 /QMMû2X *2i
miBHBb�i2m` pQm/`�Bi- /�Mb H2 +�b Qɍ mM �/p2`b�B`2 �m`�Bi �++ĕb �m bMBz2m`- [mǶBH bQBi BKTQbbB#H2
/2 +QMM�ŗi`2 HǶAS /m }Hi`2 b�Mb b2+`2iX G� bQHmiBQM M�śp2 2i /2 biQ+F2` HǶBMiû;`�HBiû /2b T�[m2ib
bm` H2 bMBz2m` U+2 [mB `2pB2Mi ¨ 7�B`2 mM +SA_ i`BpB�HVX *2T2M/�Mi 2M miBHBb�Mi mM +SA_ BH
2bi TQbbB#H2 /2 `û/mB`2 7Q`i2K2Mi H2 biQ+F�;2 Mû+2bb�B`2X .�Mb +2ii2 �TT`Q+?2- mM2 `2[māi2
+SA_ 2bi ;ûMû`û2 2i mM2 �/`2bb2 AS /Bzû`2Mi2 2bi �bbQ+Bû2 ¨ +?�[m2 ûHûK2Mi /2 `2[māi2X *2
[mB 2Mi`�BM2 mM2 T`2KBĕ`2 [m2biBQM , [m2HH2 2bi H� i�BHH2 K�tBK�H2 /2 H� TH�;2 /Ƕ�/`2bb2 AS
;û`�#H2 T�` H2 T`QiQ+QH2 \ amTTQbQMb [m2 MQmb miBHBbQMb H2 +`vTiQbvbiĕK2 _BM;@Gq1 �p2+
+QKK2 T�`�Kĕi`2b 	φЈϵΚӴ ϩЈ
 Qɍ 	ϵЈΚ΅Ӵ φϵЈ
X .�Mb H2 T`2KB2` +�b- H2b ûHûK2Mib /2 `2[māi2b
7QMi Rk3F#Bi 2i /�Mb H2 b2+QM/ 8RkF#BiX aB MQi`2 #mi 2i /2 +Qmp`B` mM2 �/`2bb2 ASp9 /2 +H�bb2
" Ue88j8 �/`2bb2bV H� i�BHH2 /2 H� `2[māi2 b2`� /2 R:Q+i2i /�Mb H2 T`2KB2` +�b 2i 9:Q+i2ib
/�Mb H2 b2+QM/X .�Mb +2ii2 7Q`K2 T�`iB+mHBĕ`2 /2 +SA_- H� `2[māi2 MǶ� T�b #2bQBM /Ƕāi`2
2MpQvû2 `û;mHBĕ`2K2MiX .�Mb mM bMBz2m` H� `2[māi2 T2mi KāK2 āi`2 }t2 UQM T2mi +QMbB/û`2`
H� `2[māi2 +QKK2 mM2 T�`iB2 +?Bz`û2 /m T`Q;`�KK2 2K#�`[mû /�Mb H2 bMBz2m`V 2i miBHBbû2
TQm` biQ+F2` H2b /QMMû2b `ûbmHi�Mi2b bm` mM bmTTQ`i /2 biQ+F�;2 HQ+�H �p�Mi /Ƕāi`2 `û+mTû`û2b
UH2b `ûbmHi�ib /m }Hi`�;2 T2mp2Mi �mbbB āi`2 i`�Mb7û`ûb T�` H2 `ûb2�mVX *2ii2 i�BHH2 MǶ�z2+i2
T�b H2b T2`7Q`K�M+2b- +QKK2 KQMi`û T�` MQb `ûbmHi�ib bm` H2 /û#Bi /2 i`�Bi2K2Mi [mB M2
/ûT2M/2Mi T�b /m MQK#`2 /ǶûHûK2Mib /�Mb H� #�b2 /2 /QMMû2b- i�Mi [mǶBH v � bm{b�KK2Mi
/Ƕ2bT�+2 /�Mb H� _�J- +2 [m2 MQmb bmTTQbQMb p`�B B+BX

SQm` +?�[m2 T�[m2i BMi2`+2Tiû- H2 bMBz2m` +QMbi`mBi mM2 #�b2 /2 /QMMû2b i2HH2 [m2 +?�[m2
ûHûK2Mi /2 `2[māi2 2bi �bbQ+Bû �p2+ mM ûHûK2Mi MmH 2t+2Tiû HǶûHûK2Mi [mB +Q``2bTQM/ ¨
HǶ�/`2bb2 AS bQm`+2 /m T�[m2i ¨ BMi2`+2Ti2`X G2 T�[m2i 2i HǶûHûK2Mi /2 `2[māi2 bQMi �bbQ+Bûb
/�Mb +2 +�bX SmBb- H2 bMBz2m` T`Q/mBi mM2 `ûTQMb2 +SA_ [mǶBH TH�+2 bm` bQM bmTTQ`i /2 biQ+F�;2X
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8X9 S2`7Q`K�M+2 2i +�b /ǰmiBHBb�iBQMb

*2ii2 #�b2 /2 /QMMû2b 2bi i`ĕb T�`iB+mHBĕ`2- +�` T`2b[m2 iQmb b2b ûHûK2Mib bQMi MmHb 2i [m2
HǶûHûK2Mi ¨ i`�Bi2` b2`� bQmp2Mi #B2M THmb T2iBi U2Mi`2 jky#Bib 2i RkF#BiV [m2 +2 [mǶmM +?Bz`û
T2mi +QMi2MB` UkyF#Bi TQm` H2b T�`�Kĕi`2b H2b THmb T2iBib 2i NyF#Bi TQm` H2b THmb ;`�M/bVX

.�Mb H� };m`2 8X3 2bi `2T`ûb2Miû H2 /û#Bi /2 i`�Bi2K2Mi /2b T�[m2ib BMi2`+2Tiûb T�`
H2 bMBz2m`X *QKK2 2tTHB[mû THmb iƬi MQmb �pQMb �/QTiû H2b T�`�Kĕi`2b +`vTiQ;`�T?B[m2b
bû+m`Bbûb H2b THmb T2iBib 	φЈϵΚӴ ϩЈ
 +�` H2b T�[m2ib bQMi THmb T2iBib [m2 /2 K2bb�;2b +H�B`b
+H�bbB[m2bX LQmb 2biBKQMb [mǶ�T`ĕb mM2 �#bQ`TiBQM- mM +?Bz`û /QBi TQmpQB` bm#B` Dmb[mǶ¨ Ryy
bQKK2b UmiBH2 ¨ /2b QTû`�iBQMb +QKK2 HǶBMb2`iBQM /�Mb mM }Hi`2 /2 "HQQK- 2i+XVX a2HQM H�
bi`m+im`2 /2 MQi`2 +`vTiQbvbiĕK2- +2ii2 +QMi`�BMi2 BKTHB[m2 [m2 H� i�BHH2 /2b K2bb�;2b +H�B`b
/QBi āi`2 /2 R8F#BiX aB MQmb ;ûMû`QMb mM2 `ûTQMb2 +SA_ TQm` +?�[m2 T�[m2i /2 9y Q+i2ib
BMi2`+2Tiûb T�` H2 bMBz2m`- H� K�DQ`Biû /2 HǶ2bT�+2 /BbTQMB#H2 /�Mb H2 +?Bz`û Q#i2Mm b2`�
T2`/m- K�Bb H2 +Qȿi /2 H� ;ûMû`�iBQM /2 H� `ûTQMb2 M2 b2`� T�b /BKBMmû UTQm` H2b ûHûK2Mib
MmHb +2ii2 QTû`�iBQM 2bi ;`�imBi2- K�Bb TQm` H2b T2iBib ûHûK2Mib +2ii2 QTû`�iBQM � H2 KāK2
+Qȿi [m2 TQm` mM K2bb�;2 +H�B` 2MiB2` ¨ +�mb2 /2 H� i`�Mb7Q`Kû2 LhhVX �BMbB- bB H2 bMBz2m`
/QBi i`�Bi2` /2b T�[m2ib /2 9yy Q+i2ib U�m HB2m /2 9yV- H2 +Qȿi /2 H� ;ûMû`�iBQM /2 H� `ûTQMb2
2bi H2 KāK2 TQm` φЈ੎ THmb /ǶBM7Q`K�iBQMb i`�Biû2bX

aB MQmb bmTTQbQMb [m2 H2b T�[m2ib bmBp2Mi mM2 /Bbi`B#miBQM #BKQ/�H2 +H�bbB[m2 U9yW /2
T�[m2ib i`ĕb T2iBib- 9yW T`Q+?2b /2 H� Jhl 2i kyW 2Mi`2 H2b /2mtV- H2 bMBz2m` 2bi bmb+2TiB#H2
/2 i`�Bi2` mM2 +QMM2tBQM `ûb2�m ¨ eyyJ#fb U`2T`ûb2Miû T�` H� HB;M2 pBQH2ii2 /�Mb H� };m`2
8X3VX aB MQmb bmTTQbQMb [m2 H2 }Hi`2 /m bMBz2m` B;MQ`2 H2b i`ĕb T2iBib T�[m2ib UT�` 2tX T�[m2ib
/2 bvM+?`QMBb�iBQM 2i /Ƕ�+[mBii2K2Mi h*SV- H2 bMBz2m` 2bi �HQ`b +�T�#H2 /2 i`�Bi2` R :#Bifb
UHB;M2 p2`i2VX aB- TQm` ;ûMû`2` H� `ûTQMb2 +SA_- MQmb �ii2M/QMb /Ƕ�pQB` bm{b�KK2Mi /2
T�[m2ib 2M T`Qp2M�M+2 /ǶmM2 �/`2bb2 AS /QMMû2 �}M /2 `2KTHB` 2MiBĕ`2K2Mi mM +?Bz`û- H2b
T2`7Q`K�M+2b bQMi �HQ`b #B2M K2BHH2m`2bX .�Mb +2 +�b MQmb TQmpQMb +?QBbB` /2b T�`�Kĕi`2b
THmb �/�Tiûb �}M /Ƕ�m;K2Mi2` H� pBi2bb2 /2 i`�Bi2K2Mi i2Hb [m2 	ϵЈΚ΅Ӵ φϵЈ
X .�Mb +2ii2
+QM};m`�iBQM H2 bMBz2m` T2mi i`�Bi2` j:#Bifb UHB;M2 #H2m2V bB MQmb biQ+FQMb NyF#Bi /2 /QMMû2b
T`Qp2M�Mi /ǶmM2 �/`2bb2 AS /QMMû2 �p�Mi /2 ;ûMû`2` H� `ûTQMb2 +SA_X liBHBb2` /2b T�`�Kĕi`2b
7Qm`MBbb�Mi mM2 bû+m`Biû THmb ûH2pû2 /QMM2 /2b T2`7Q`K�M+2b /2 i`�Bi2K2Mi û[mBp�H2Mi2b TQm`
mM2 `2[māi2 /2mt 7QBb THmb ;`�M/2X

*2`i2b- +QM+2pQB` mM T`QiQivT2 +QKTH2i /2 `2+?2`+?2 T`Bpû2 BKTHB[m2`�Bi /Ƕ�mi`2b [m2b@
iBQMb- +QKK2 bǶ�bbm`2` [m2 /Ƕ�mi`2b �bT2+ib /m bvbiĕK2 UHǶBMi2`+2TiBQM /2b T�[m2ib- H�
7QM+iBQM /2 +QKT`2bbBQM /2 H� bQ`iB2 i2HH2 [m2 H2 }Hi`2 /2 "HQQKV M2 `�H2MiBbb2Mi T�b H2
i`�Bi2K2Mi- +2T2M/�Mi +2b [m2biBQMb bQ`i2Mi /m +?�KT /2 +2 +?�TBi`2X

8X9X8 G�i2M+2 bm` H2b /QMMû2b bi�iB[m2bf/vM�KB[m2b
.�Mb +2ii2 b2+iBQM- MQmb pQmHQMb ûp�Hm2` H� H�i2M+2 iQi�H2 /2 sSA_- +Ƕ2bi@¨@/B`2 H� /m`û2

[m2 /QBi �ii2M/`2 mM miBHBb�i2m` �p�Mi /2 `2+2pQB` BMiû;`�H2K2Mi HǶûHûK2Mi TQm` /2b #�b2b /2
/QMMû2b bi�iB[m2b 2i /vM�KB[m2bX G2b i2`K2b /m`û2 /Ƕ�HH2`@`2iQm` U_QmM/ h`BT hBK2 _hhV
2i H�i2M+2 bQMi 2KTHQvûb /2 K�MBĕ`2 bBKBH�B`2X

G� };m`2 8XN /QMM2 H2b K2bm`2b /2 _hh Q#i2Mm2b ¨ T�`iB` /2 /QMMû2b bi�iB[m2b i�M/Bb
[m2 H� };m`2 8XRy /QMM2 H2b K2bm`2b /2 _hh ¨ T�`iB` /2 /QMMû2b /vM�KB[m2bX am` HǶ�t2
/Ƕ�#b+Bbb2 2bi `2T`ûb2Miû2 H� i�BHH2 /2 #�b2 /2 /QMMû2b /2 RJ#Bi ¨ Rh#BiX G� HB;M2 `Qm;2 /QMM2
H� _hh Q#i2Mm2 b�Mb +QKKmMB+�iBQMb `ûb2�m- H2 +HB2Mi 2i H2 b2`p2m` b2 i`Qmp2Mi /QM+ bm` H�
KāK2 K�+?BM2X G� HB;M2 p2`i2 /QMM2 H� /m`û2 /2 ;ûMû`�iBQM /2 H� `ûTQMb2 US`Q+2bbBM; hBK2-
_SV 2i H2b /Bzû`2Mi2b HB;M2b #H2m2b /QMM2Mi H� _hh bm` mM2 HB;M2 6hh> TQm` /Bzû`2Mi2b
p�H2m`b /2 ։X GQ`b[m2 MQmb 2t�KBMBQMb T`û+û/2KK2Mi H� pBi2bb2 /2 i`�Bi2K2Mi- H2 i`�Bi2K2Mi
/2 H� `2[māi2 2i HǶBKTQ`i�iBQM /2b /QMMû2b ûi�B2Mi H2b T�`�Kĕi`2b H2b THmb +Qȿi2mt- /�Mb H2
+�b /2 H� _hh- H2b T2`7Q`K�M+2b bQMi H2 `ûbmHi�i /ǶmM û[mBHB#`2 2Mi`2 H¨ /m`û2 i`�Bi2K2Mi /2
H� `ûTQMb2 2i H2b /m`û2b /2 iûHû+?�`;2K2Mib KQMi�Mibf/2b+2M/�MibX

AH 2bi i`ĕb BKTQ`i�Mi /2 MQi2` [m2 H2b i2+?MB[m2b /2 +SA_ /Ƕ�;`û;�iBQM 2i /2 `û+m`bBQM
bQMi BM/BbT2Mb�#H2b TQm` ;�`/2` H� _hh H2 THmb #�b TQbbB#H2X SQm` T`Q/mB`2 H� };m`2 8XN MQmb
�pQMb 2KTHQvû H2b T�`�Kĕi`2b +`vTiQ;`�T?B[m2b 	φЈϵΚӴ ϩЈ
 TQm` _BM;@Gq1X �BMbB H� i�BHH2
/2b ûHûK2Mib /2 `2[māi2 2bi /2 Rk3F#Bi 2i H2 7�+i2m` /Ƕ2ti2MbBQM Α ஂ ϩX SQm` ։ � φЈЈЈЈЈ
2i ӵ �RJ#Bi- bB MQmb MǶmiBHBbQMb T�b HǶ�;`û;�iBQM 2i H� `û+m`bBQM- 2MpQv2` 2MiBĕ`2K2Mi mM2
`2[māi2 /2 URyyyyy ƓRk3F#BiV bm` H� HB;M2 6hh> /m`2 Rk-3 b2+QM/2b 2i 2MpQv2` H� `ûTQMb2
Uϩ ੎ φJ#V /m`2 y-ye b2+QM/2 �HQ`b [m2 ;ûMû`2` H� `2[māi2 U¨ k-k :#BifbV /m`2 y-y8 b2+QM/2- 2i
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S`Bp�i2 AM7Q`K�iBQM _2i`B2p�H 7Q` 1p2`vQM2

H� i`�Bi2` U¨ Ry :#BifbV /m`2 y-R b2+QM/2 2i /û+?Bz`2` H� `ûTQMb2 U¨ 8-e:#BifbV /m`2 2MpB`QM
RKbX 1KTHQv2` H� `û+m`bBQM /BpBb2 H� /m`û2 /Ƕ2MpQB /2 H� `2[māi2 /ǶmM 7�+i2m` 8y 2i ¨ mM i`ĕb
7�B#H2 BKT�+i2 bm` H2 `2bi2 /m T`Q+2bbmb- /�Mb +2 +�b H� `û+m`bBQM 2bi �p�Mi�;2mb2X

6B;m`2 8XN Ĝ .m`û2b /Ƕ�HH2`@`2iQm` U_hhV 2i /2 i`�Bi2K2Mi /2 H� `2[māi2 U_SV bm` mM
Q`/BM�i2m` TQ`i�#H2 JaA �p2+ mM *Q`2 Bd@jejyZJ kXe9 :>x TQm` /2b /QMMû2b bi�iB[m2b bm`
mM `ûb2�m 6hh> UH� i�BHH2 /2b #�b2b /2 /QMMû2b 2bi 2M #BibVX G2 SA_ i`BpB�H Ub2+QM/2 HB;M2
TH2BM2 2M T�`i�Mi /m ?�miV 2bi THmb `�TB/2 [m2 H2 +SA_ TQm` H2b #�b2b /2 /QMMû2b /2 KQBMb
/2 Ry ûHûK2Mib- +�` MQi`2 +SA_ � mM 7�+i2m` /Ƕ2tT�MbBQM /Ƕ2MpB`QM 8X SQm` H2b #�b2b /2
/QMMû2b �v�Mi THmb /ǶûHûK2Mib- mM +SA_ T2mi āi`2 Dmb[mǶ¨ ΘЈ੎ THmb `�TB/2 [m2 H2 SA_ i`BpB�HX
GQ`b[m2 H2 +HB2Mi 2bi HQ+�H- H� H�i2M+2 U_hh- HB;M2 `Qm;2 ûT�Bbb2 2M TQBMiBHHûbV i2M/ p2`b _S
UHB;M2 p2`i2 ûT�Bbb2 +QMiBMm2V- H2 i2KTb /2 i`�Bi2K2Mi /2 H� `ûTQMb2 *2+B T�`iB+mHBĕ`2K2Mi
p`�B TQm` H2b #�b2b /2 /QMMû2b H2b THmb ;`�M/2bX *?�[m2 }M2 HB;M2 #H2m2 /QMM2 mM2 p�H2m` /2
_hh TQm` mM ։ }t2 2i i�BHH2 /2 #�b2 /2 /QMMû2b p�`B�Mi2X SQm` H2b ;`�M/2b #�b2b /2 /QMMû2b-
H� i�BHH2 /2 H� `ûTQMb2 2bi H2 7�+i2m` HBKBi�Mi- +2 [mB 2tTHB[m2 TQm`[mQB H2b T2`7Q`K�M+2b
Q#i2Mm2b bQMi T`Q+?2b /ǶmM _hh B/û�H- HQ`b[m2 ։ ;`�M/BiX SQm` H2b T2iBi2b #�b2b /2 /QMMû2b-
H� i�BHH2 /2 H� `2[māi2 2bi H2 7�+i2m` HBKBi�Mi- +�` HǶQTiBKBb2m` miBHBb2 HǶ�;`û;�iBQM /ǶûHûK2MibX
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Trivial FTTH PIR

GǶmiBHBb�iBQM /2 HǶ�;`û;�iBQM 2i /2 H� `û+m`bBQM T2`K2i ¨ HǶQTiBKBb2m` /2 /ûi2`KBM2` /2b
T�`�Kĕi`2b +SA_ �}M /2 i`�Mb7Q`K2` mM2 #�b2 /2 /QMMû2b /QMi H2 MQK#`2 /ǶûHûK2Mib ։
2bi i`ĕb ;`�M/ 2M mM #�b2 /2 /QMMû2b /QMi H2 ։ 2bi THmb T2iBiX oQBH¨ TQm`[mQB- bm` H2b /2mt
};m`2b- H� _hh b2K#H2 BMp2`b2K2Mi T`QTQ`iBQMM2H ¨ ։X 1M 2z2i- H� +QM};m`�iBQM /2 H� #�b2
/2 /QMMû2b 2bi +?QBbB2 �}M /2 `û/mB`2 H� _hh bB mM ։ THmb T2iBi 2bi �p�Mi�;2mtX *QKK2
QM T2mi HǶQ#b2`p2`- H� T�`iB2 /2b HB;M2b TQm` H�[m2HH2 ։ 2bi ûH2pû i2M/ ¨ b2 `�TT`Q+?2` ¨ H�
/m`û2 KBMBKmK /2 _hh TQbbB#H2 [mB 2bi H� /m`û2 /2 _S U;ûMû`�iBQM /2 H� `ûTQMb2VX G�
b2mH2 /Bzû`2M+2 2Mi`2 H2b #�b2b /2 /QMMû2b /vM�KB[m2b 2i bi�iB[m2b `2TQb2 bm` H� pBi2bb2 /2
i`�Bi2K2Mi /2 H� `2[māi2X *2ii2 /2`MBĕ`2 2bi BKT�+iû2 T�` H� /m`û2 /2 T`ûi`�Bi2K2Mi /�Mb H2
+�b /2 H� #�b2 /2 /QMMû2b /vM�KB[m2X .�Mb H2 +�b /vM�KB[m2- H� T�`iB2 /2b `ûbmHi�ib Q#i2Mmb
�p2+ mM ։ ûH2pû i2M/ THmb i�`/ p2`b _S- +Ƕ2bi@¨@/B`2 �p2+ /2b #�b2b /2 /QMMû2b /2 i�BHH2 THmb
BKTQ`i�Mi2X

8X9X8XR G2 +�b /ǶmiBHBb�iBQM J�i+?X+QK
.�Mb +2 +�b /ǶmiBHBb�iBQM- MQmb +QMbB/û`QMb [mǶmM2 #�b2 /2 /QMMû2b /ǶmM b2`p2m` 7Qm`@

MBbb�Mi mM b2`pB+2 /2 `2M+QMi`2 2M HB;M2 p2mi T`QTQb2` mM Kû+�MBbK2 T�v�Mi /2 `2+?2`+?2
T`Bpû2 T�` KQib +HûbX SQm` miBHBb2` mM i2H bvbiĕK2- H2b +HB2Mib /û}MBbb2Mi mM 2Mb2K#H2 /2
+`Biĕ`2b Tm#HB+b- i2Hb [m2 H� pBHH2 /�Mb H�[m2HH2 BHb bQm?�Bi2Mi `2M+QMi`2` /Ƕ�mi`2b T2`bQMM2b
U[mB 2bi T`Q#�#H2K2Mi /ûD¨ `ûpûHû2 T�` H2m` �/`2bb2 ASVX *2i 2Mb2K#H2 /2 T�`�Kĕi`2b Tm#HB+b
`û/mB`� H� i�BHH2 /2 H� #�b2 /2 /QMMû2b bm` H�[m2HH2 mM2 b2+QM/2 `2+?2`+?2 b2`� 2z2+imû2- bm`
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8X9 S2`7Q`K�M+2 2i +�b /ǰmiBHBb�iBQMb

/2b +`Biĕ`2b T`Bpûb +2ii2 7QBbX amTTQbQMb HǶ2tBbi�M+2 /Ƕ mM2 #�b2 /2 /QMMû2b /ǶmM KBHHBQM /2
T`Q}Hb /2 +?�+mM R J#Bi �HQ`b H� i�BHH2 /2 H� #�b2 /2 /QMMû2b 2bi /2 R h#BiX

6B;m`2 8XRy Ĝ .m`û2b /Ƕ�HH2`@`2iQm` U_hhV 2i /2 i`�Bi2K2Mi /2 H� `2[māi2 U_SV bm` mM
Q`/BM�i2m` TQ`i�#H2 JaA �p2+ mM *Q`2 Bd@jejyZJ kXe9 :>x TQm` /2b /QMMû2b /vM�KB[m2b
bm` mM `ûb2�m 6hh> UH� i�BHH2 /2b #�b2b /2 /QMMû2b 2bi 2M #BibVX S�` bQm+B /2 HBbB#BHBiû H2
SA_ i`BpB�H � ûiû 2MH2pû- +�` H2b `2K�`[m2b /2 H� 6B;m`2 8XN bǶ�TTHB[m2Mi B+B �mbbBX *QKK2
H2b /QMMû2b M2 bQMi T�b T`ûi`�Biû2b B+B- H� /m`û2 /2 i`�Bi2K2Mi /2 H� `2[māi2 2bi THmb ûH2pû2
�HQ`b [m2 H� /m`û2 /2 iûHû+?�`;2K2Mi KQMi�Mi 2i /2b+2M/�Mi `2bi2 BM+?�M;û2X *2+B 2tTHB[m2
TQm`[mQB H2b HB;M2b #H2m2b bQMi T`2b[m2 B/2MiB[m2b b�m7 TQm` HǶû+�`i T�` `�TTQ`i �m _hh B/û�H2
UTHmb T2iBiVX 1M T`�iB[m2 2i b�m7 TQm` H2b ;`�M/2b #�b2b /2 /QMMû2b- H� /m`û2 /Ƕ�HH2`@`2iQm`
MǶ2bi T�b �z2+iû2 T�` H2 T`ûi`�Bi2K2MiX
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LQmb /2pQMb �mbbB T`2M/`2 2M +QKTi2 [m2 +?�+mM /2b T`Q}Hb T2mi +Q``2bTQM/`2 ¨ mM
2Mb2K#H2 /2 KQib +Hûb 2i [m2 H2 +Qȿi /2 H� ;ûMû`�iBQM /2 H� `ûTQMb2 2i KmHiBTHBû T�` H�
KQv2MM2 /2b +Q``2bTQM/�M+2b /2 KQib +Hûb HQ`b /2b `2+?2`+?2b T`Bpû2bX aB MQmb bmTTQbQMb
[mǶ2M KQv2MM2 mM T`Q}H 2bi +QMbiBimû /2 +BM[ KQib +Hûb- 2i bB MQmb T`2MQMb H2 _hh /QMMû
T�` H� };m`2 8XN- mM miBHBb�i2m` /2p`� �ii2M/`2 mM2 /Bx�BM2 /2 KBMmi2b �p�Mi /2 `2+2pQB`
mM2 `ûTQMb2X lM2 i2HH2 /m`û2 MǶ2bi +H�B`2K2Mi T�b �++2Ti�#H2 TQm` mM2 2tTû`B2M+2 /m r2#
+QM7Q`i�#H2X 1KTHQv2` H2 T`û }Hi`�;2 T�` KQib +Hûb Tm#HB+b /û+`Bib T`û+û/2KK2Mi TQm``�Bi
/BpBb2` H� i�BHH2 /2 H� #�b2 /2 /QMMû2b /ǶmM 7�+i2m` Ry ¨ mM 7�+i2m` Ryy UbB H2b miBHBb�i2m`b
bQMi `ûT�`iBb /�Mb /2b pBHH2b /Bzû`2Mi2b 2i [m2 H2b KQib +Hûb bQMi bm{b�KK2Mi /BbiBM+iB7bV
2i `û/mB`2 H2 i2KTb /Ƕ�ii2Mi2 /2 e@ey b2+QM/2b- +2 [mB b2K#H2 THmb �++2Ti�#H2X Lû�MKQBMb-
bB MQmb +QMbB/û`QMb mM2 #�b2 /2 /QMMû2b û[mBp�H2Mi2 ¨ +2HH2 /2 J�i+?X+QK- +Ƕ2bi@¨@/B`2 8
KBHHBQMb /ǶmiBHBb�i2m`b (d) 2i /2b T`Q}Hb /2 THmbB2m`b Kû;�Q+i2ib- H2 }Hi`�;2 Tm#HB+ b2 /2p`�Bi
/Ƕāi`2 #B2M THmb 2{+�+2X

_2K�`[m2X

Āi`2 2M K2bm`2 /Ƕ�TTHB[m2` mM T`QiQ+QH2 +SA_ bm` mM `ûb2�m bQ+B�H /ǶmM2 i�BHH2 �mbbB
BKTQ`i�Mi2 ûi�Bi BKT2Mb�#H2 Dmb[mǶ¨ K�BMi2M�MiX

8X9Xe G2 +�b /ǶmiBHBb�iBQM /2 H� #Qm`b2 /2 L2r uQ`F
.�Mb +2 /2`MB2` +�b /ǶmiBHBb�iBQM- MQmb MQmb bQKK2b +QM+2Mi`ûb bm` HǶmiBHBb�iBQM /2 sSA_

�p2+ /2b ~mt /vM�KB[m2b 2M KBMBKBb�Mi H� H�i2M+2X GǶBM7`�bi`m+im`2 bû+m`Bbû2 /2 i`�Mb�+iBQM
}M�M+Bĕ`2 /2 H� #Qm`b2 /2 L2r uQ`F UL2r uQ`F aiQ+F 1t+?�M;2- Lua1V ;ĕ`2 2Mi`2 8 2i Ry
:#Bifb /2 /QMMû2b T`Qp2M�Mi /2b K�`+?ûb }M�M+B2`b /2 H� TH�Mĕi2X G2 b+�M/�H2 /2 Ŀ"HQQK#2`;
L2rbŀ (83) 2bi mM2 #QMM2 BHHmbi`�iBQM /2 HǶBKTQ`i�M+2 /m `2bT2+i /m b2+`2i /�Mb H2 +�b /2b
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S`Bp�i2 AM7Q`K�iBQM _2i`B2p�H 7Q` 1p2`vQM2

+2Mi`2b BMiû`āib /2 +HB2Mib TQm` /2b p�H2m`b #Qm`bBĕ`2bX .2mt mb�;2b /m +SA_ /�Mb +2 ivT2 /2
+�b /ǶmiBHBb�iBQM bQMi 2MpBb�;2�#H2b , H2 T`2KB2` 2bi Q`B2Miû pBi2bb2 /2 i`�Bi2K2Mi 2i H2 b2+QM/
2bi Q`B2Miû H�i2M+2X .�Mb H2 T`2KB2` +�b- mM +HB2Mi bQm?�Bi2`�Bi bǶBMb+`B`2 ¨ mM 2Mb2K#H2 /2 ~mt
/2 /QMMû2b �}M /2 `2+2pQB` /2b BM7Q`K�iBQMb +QM+2`M�Mi H2b �+iBQMb #Qm`bBĕ`2b /Ƕ2Mi`2T`Bb2b-
/2b �M�Hvb2b- 2i+X +QMbi�KK2Mi ¨ DQm`X .�Mb mM i2H +�b- HǶ�TTHB+�iBQM 2bi i`ĕb b2K#H�#H2 ¨ mM
b2`pB+2 /2 iûHûpBbBQM bm` AS /QMi H2 ~mt /2 /QMMû2b +QM+2`M2 /2b BM7Q`K�iBQMb }M�M+Bĕ`2bX
SQm` mM2 �M�Hvb2 /2 T2`7Q`K�M+2b- H2 H2+i2m` TQm``� b2 `û7û`2M+2` ¨ H� b2+iBQM 8X9X9X

.�Mb H2 b2+QM/ +�b- mM +HB2Mi bQm?�Bi2`�Bi `2+2pQB` H2 THmb pBi2 TQbbB#H2 H2 /2`MB2` 2Mb2K#H2
/ǶBM7Q`K�iBQMb +QM+2`M�Mi mM2 bQ+Bûiû 2M T�`iB+mHB2`X .�Mb +2 +�b- H2b b2`pB+2b /2b K�`+?ûb
}M�M+B2`b T2mp2Mi āi`2 `2T`ûb2Miûb +QKK2 mM2 +QHH2+i2 /2 /QMMû2b ;ûMû`û2b T�` /2b +�Ti2m`b
/Bbi�Mib /QMi H2b �++ĕb b2`�B2Mi /QMMûb �m +HB2Mi bmBi2 ¨ /2b `2[māi2bX G� [m2biBQM H� THmb
/B{+BH2 2bi , [m2HH2 2bi H� /m`û2 Mû+2bb�B`2 ¨ mM +HB2Mi TQm` `2+2pQB` H2b /QMMû2b /2K�M/û2b \
Pm �mi`2K2Mi /Bi- [m2HH2 2bi H� 7`�ŗ+?2m` /2b /QMMû2b `2Ïm2b \ S�` 2t2KTH2- bmTTQbQMb [mǶmM
miBHBb�i2m` p2mBHH2 `û+mTû`2` /2b BM7Q`K�iBQMb /2b /2`MBĕ`2b RyyKb UmM miBHBb�i2m` M2 T2mi
T�b 2bTû`2` `2+2pQB` /2b /QMMû2b THmb `û+2Mi2b ûi�Mi /QMMû H2 i2KTb /2 H�i2M+2 2M;2M/`û T�`
H2 `ûb2�mVX .�Mb H2 +�b /ǶmM ~mt /2 /QMMû2b }M�M+Bĕ`2b ¨ 8:#Bifb- H� [m�MiBiû /2 /QMMû2b
Q#i2Mm2b 2M RyyKb 2bi 8yyJ#BiX *QKK2 +2 ivT2 /2 /QMMû2b 2bi +QKTQbû /2 MQK#`2mt
ûHûK2Mib /Bzû`2Mib- MQmb TQmpQMb 2bTû`2` [m2 H� /m`û2 /2 H�i2M+2 Q#i2Mm2 2bi T`Q+?2 /2 H�
HB;M2 QTiBK�H2 /2 H� };m`2 8XRyX �BMbB- mM miBHBb�i2m` Q#iB2M/`�Bi b2b BM7Q`K�iBQMb 2M 2MpB`QM
RyyKb- +2 [mB 2bi mM i2KTb /Ƕ�ii2Mi2 `�BbQMM�#H2 TQm` /2b BM7Q`K�iBQMb /ûD¨ �;û2b /2 RyyKbX

8X9Xd �mi`2b +`vTiQbvbiĕK2b
*QKK2 T`û+Bbû T`û+û/2KK2Mi- HǶQTiBKBb2m` +?QBbBi /�Mb H� ;`�M/2 K�DQ`Biû /2b bBim�iBQMb

H2 +`vTiQbvbiĕK2 _BM;@Gq1X hQmi27QBb /�Mb [m2H[m2b +�b 2ti`āK2b- HǶQTiBKBb2m` +?QBbBi mM
+SA_ 7QM/û bm` H2 +`vTiQbvbiĕK2 /2 S�BHHB2` Qm mM SA_ i`BpB�H UiûHû+?�`;2K2Mi +QKTH2i /2 H�
#�b2 /2 /QMMû2bVX

G2 +`vTiQbvbiĕK2 /2 S�BHHB2` b2`� +?QBbB /�Mb H2b +�b Qm H2 /û#Bi `ûb2�m 2bi T�`iB+mHBĕ`2K2Mi
7�B#H2 +2 [mB BKTHB[m2 [m2 H2 i2KTb /2 ;ûMû`�iBQM /2 H� `ûTQMb2 b2`� Mû;HB;û- +�` BH M2 `2T`ûb2Mi2
[mǶmM2 7`�+iBQM /m i2KTb T�bbû ¨ 2MpQv2` H� `ûTQMb2X G2 T�`�Kĕi`2 ¨ KBMBKBb2` /�Mb +2
+�b 2bi H2 7�+i2m` /Ƕ2tT�MbBQM 2i TQm` +2H� S�BHHB2` 2bi H2 K2BHH2m` +?QBtX § HǶBMp2`b2- H2
SA_ i`BpB�H 2bi H2 +?QBt ûpB/2Mi HQ`b[m2 H2 /û#Bi /BbTQMB#H2 2bi bmTû`B2m` ¨ H� pBi2bb2 /2
i`�Bi2K2Mi /2 H� #�b2 /2 /QMMû2bX G� HBKBi2 b2 bBim2 T`Q+?2 /2 ky:#Bifb TQm` H2b #�b2b /2
/QMMû2b bi�iB[m2b T`ûi`�Biû2b 2i 8:#Bifb TQm` H2b #�b2b /2 /QMMû2b /vM�KB[m2bX .Ƕ�mi`2b
+QM};m`�iBQMb 2ti`āK2b DmbiB}2Mi �mbbB HǶmiBHBb�iBQM /m SA_ i`BpB�HX S�` 2t2KTH2 TQm` H2b
#�b2b /2 /QMMû2b +QKTQbû2b /2 k ¨ 9 ûHûK2MibX .�Mb +2 +�b H� `ûTQMb2 +SA_ ;ûMû`û2
�p2+ MQi`2 bvbiĕK2 /2 +?Bz`2K2Mi 7QM/û bm` _BM;@Gq1 b2`� THmb ;`�M/2 [m2 H� #�b2 /2
/QMMû2b 2HH2@KāK2 ¨ +�mb2 /2 7�+i2m`b /Ƕ2tT�MbBQMX lM �mi`2 2t2KTH2 p�H�#H2 2bi H2 +�b /2
T2iBi2b #�b2b /2 /QMMû2b TQm` H2b[m2HH2b H� `2[māi2 b2 i`Qmp2 āi`2 THmb ;`�M/2 [m2 H� #�b2
/2 /QMMû2bX S`2MQMb H� +QM};m`�iBQM bmBp�Mi2 , mM2 +QMM2tBQM �.aG URJ#fb KQMi�Mi f
kyJ#fb /2b+2M/�MiV 2i mM2 #�b2 /2 /QMMû2b /2 Ry J#Bi �p2+ Ry ûHûK2MibX lM2 b2+QM/2 b2`�
Mû+2bb�B`2 TQm` `2MpQv2` mM2 `2[māi2 +QMbi`mBi2 �p2+ _BM;@Gq1- �HQ`b [m2 H2 iûHû+?�`;2K2Mi
/2 H� #�b2 /2 /QMMû2b 2M 2MiB2` T`2M/`� mM2 /2KB@b2+QM/2 UHǶ�;`û;�iBQM M2 `ûbQmi T�b H2
T`Q#HĕK2VX
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8X8 *QM+HmbBQM

8X8 *QM+HmbBQM
G� +`vTiQ;`�T?B2 7QM/û2 bm` H2b `ûb2�mt 2m+HB/B2Mb � �TTQ`iû /2b �p�M+û2b 7QM/�K2Mi�H2b

bm` H2 +?Bz`2K2Mi 2MiBĕ`2K2Mi ?QKQKQ`T?2 U6>1VX Lû�MKQBMb 2i K�H;`û b2b 2t+2HH2Mib
`ûbmHi�ib �bvKTiQiB[m2b- 2HH2 2bi Dm;û2 i`QT +Qȿi2mb2X J�Bb H� TQbbB#BHBiû /Ƕ2KTHQv2` H2b `ûb2�mt
/ǶB/û�mt �BMbB [m2 H� KBb2 �m TQBMi /2b MQK#`2mb2b QTiBKBb�iBQMb QMi T2`KBb /Ƕ�ii2BM/`2
/Ƕ2t+2HH2Mi2b T2`7Q`K�M+2b ?Q`b /2b +�b �bvKTiQiB[m2bX

G2 +SA_ � ûiû HQM;i2KTb +QMbB/û`û +QKK2 mM T`QiQ+QH2 [m�bB@BMmiBHBb�#H2 (8j) K�Bb H�
+`vTiQ;`�T?B2 7QM/û2 bm` H2b `ûb2�mt 2m+HB/B2Mb � +?�M;û H� /QMM2X LQmb �pQMb KQMi`û [m2
MQi`2 T`QiQ+QH2 i`�Bi2 mM ;`�M/ MQK#`2 /2 #�b2b /2 /QMMû2b 2M [m2H[m2b b2+QM/2b KāK2
TQm` /2b #�b2b /2 /QMMû2b /2 Ryy:#BibX

aB MQmb �pBQMb `û�HBbû +2b 2tTû`BK2Mi�iBQMb �p2+ H2 +`vTiQbvbiĕK2 /2 S�BHHB2`- H2b /m`û2b
K2bm`û2b �m`�B2Mi �ii2BMi /2b KBHHB2`b /2 b2+QM/2b- +�` H� #�b2 /2 /QMMû2b �m`�Bi ûiû i`�Biû2
¨ RJ#fbX 1MpQv2` T�` mM SA_ i`BpB�H H� #�b2 /2 /QMMû2b bm` mM HB2M RyyJ#fb 2bi û;�H2K2Mi
/2b +2Mi�BM2b /2 7QBb THmb H2Mi U¨ T�`i /�Mb /2b +�b 2ti`āK2bV [m2 +2 [m2 MQmb �pQMb T`ûb2MiûX
.2 THmb- H2b `ûbmHi�ib QMi ûiû Q#i2Mmb bm` mM Q`/BM�i2m` TQ`i�#H2 2i miBHBb2` mM b2`p2m` û[mBTû
/ǶmM T`Q+2bb2m` /2 /2`MBĕ`2 ;ûMû`�iBQM M2 72`�Bi [mǶ�m;K2Mi2` +2i û+�`iX G� +`vTiQ;`�T?B2
7QM/û2 bm` H2b `ûb2�mt 2m+HB/B2Mb � +?�M;û H2 Ŀ T`2b[m2 BM7�Bb�#H2ŀ 2M 7�Bb�#H2 T�` iQmbX �}M
/ǶmMBp2`b�HBb2` H2 THmb TQbbB#H2 sSA_- MQmb HǶ�pQMb �++QKT�;Mû /ǶmM QmiBH /Ƕ�miQ@QTiBKBb�iBQM
�}M [mǶmM miBHBb�i2m` MQM@bTû+B�HBbi2 2M +`vTiQ;`�T?B2 2i +SA_ TmBbb2Mi HǶmiBHBb2`X

1M +QM+HmbBQM- BH MQmb b2K#H2 BKTQ`i�Mi /2 T`û+Bb2` [m2- KāK2 bB MQmb KQMi`QMb [m2
H2 +SA_ T2mi āi`2 2KTHQvû �p2+ /2 i`ĕb ;`�M/2b #�b2b /2 /QMMû2b- 2M T`�iB[m2 H2b #�b2b /2
/QMMû2b ;`�M/Bbb2Mi THmb pBi2 [m2 H� TmBbb�M+2 /2 +�H+mHb- 2i H2 +SA_ T2mi āi`2 +QK#BMû ¨
/Ƕ�mi`2b i2+?MB[m2b �}M /Ƕ�KûHBQ`2` H� KBb2 ¨ HǶû+?2HH2X lM 2t2KTH2 BMiû`2bb�Mi /ǶmiBHBb�iBQM
/m +SA_ +QKK2 #`B[m2 i2+?MB[m2 2bi SQT+Q`M (ky) [mB +QK#BM2 BMi2HHB;2KK2Mi H2 +SA_ 2i
BiSA_ �}M /2 7Qm`MB` mM b2`pB+2 /2 ivT2 L2i~Bt THmb 2{+�+2 [m2 HǶ2t2KTH2 bBKTH2 [m2 MQmb
�pQMb T`QTQbûX lM �mi`2 2t2KTH2 2bi HǶ2{+�+Biû /2b T`QiQ+QH2b P_�J [mB b2 7QM/2Mi bm` mM
+SA_X

SQm` }MB`- MQmb bQm?�BiQMb [m2 sSA_ �m;K2Mi2 H� /BzmbBQM /2b �TTHB+�iBQMb miBHBb�Mi H2
+SA_ +QKK2 bQmb@`QmiBM2X
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*QM+HmbBQM ;ûMû`�H2

.�Mb +2 KûKQB`2 /2 i?ĕb2- MQmb �pQMb T`QTQbû mM2 �TTHB+�iBQM `2bT2+im2mb2 /2 H� pB2
T`Bpû2 `2TQb�Mi bm` mM bvbiĕK2 +`vTiQ;`�T?B[m2 7QM/û bm` H2b `ûb2�mt 2m+HB/B2MbX LQi`2
/ûK�`+?2 bǶ�`iB+mH2 2M i`QBb ;`�M/2b T�`iB2bX

1M T`2KB2` HB2m- MQmb �pQMb 7�Bi mM ûi�i /2 HǶ�`i /2b /Bzû`2Mi2b �TTHB+�iBQMb `2bT2+im2mb2b
/2 H� pB2 T`Bpû2X LQmb 2Mi2M/QMb T�` Ŀ �TTHB+�iBQMb `2bT2+im2mb2b /2 H� pB2 T`Bpû2ŀ- /2b
�TTHB+�iBQMb BMi2`�+iBp2b 2Mi`2 mM +HB2Mi 2i mM b2`p2m`- /QMi H2b BM7Q`K�iBQMb +QKK2 H2b
+2Mi`2b /ǶBMiû`āi- /m +HB2Mi Qm /m b2`p2m` `2bi2Mi T`Bpû2bX LQmb �pQMb iQmi /Ƕ�#Q`/ +QMbB/û`û
i`QBb ;`�M/2b +H�bb2b /Ƕ�TTHB+�iBQMb ,

ě GǶP#HBpBQmb _�J UP_�JV /�Mb H�[m2HH2 mM miBHBb�i2m` biQ+F2 b2b /QMMû2b +?2x mM
iB2`b 2i /�Mb H�[m2HH2 BHb /BbbBKmH2Mi H� M�im`2 /2 b2b /QMMû2b U+2b /2`MBĕ`2b bQMi
+?Bz`û2bV �BMbB [m2 H� M�im`2 /2b QTû`�iBQMb `û�HBbû2b UH2+im`2 Qm û+`Bim`2V

ě GǶP#HBpBQmb h`�Mb72`i UPhV- /�Mb H2[m2H H2 b2`p2m` /QMM2 �++ĕb �m +HB2Mi ¨ mM ûHûK2Mi
/2 b� #�b2 /2 /QMMû2b T`Bpû2X G2 b2`p2m` MǶ2bi T�b BM7Q`Kû /2 HǶûHûK2Mi �++û/û T�` H2
+HB2MiX

ě G2 S`Bp�i2 AM7Q`K�iBQM _2i`B2p�H USA_V- /�Mb H2[m2H H2 +HB2Mi /BbbBKmH2 HǶBM/2t /2
HǶûHûK2Mi �++û/û /2 H� #�b2 /2 /QMMû2b Tm#HB[m2 /m b2`p2m`X

.2 +2b i`QBb ;`�M/2b +H�bb2b /Ƕ�TTHB+�iBQMb- MQmb MQmb bQKK2b +QM+2Mi`ûb bm` H2 SA_ 2i THmb
T�`iB+mHBĕ`2K2Mi bm` H2 +QKTmi�iBQMM�H SA_ Qm +SA_ TQm` H2[m2H BH MǶ2tBbi�Bi T�b 2M+Q`2 /2
bQHmiBQMb b�iBb7�Bb�Mi2b +QMi`�B`2K2Mi ¨ HǶP_�J 2i HǶPhX

.�Mb mM T`QiQ+QH2 +SA_- HǶBM/2t2 /2 HǶûHûK2Mi [mǶmM +HB2Mi bQm?�Bi2 iûHû+?�`;2` 2bi
/BbbBKmHû T�` mM T`QiQ+QH2 +`vTiQ;`�T?B[m2X �BMbB H2 +HB2Mi p� ;ûMû`2` mM2 `2[māi2 +?Bz`û2-
[mǶBH 2Mp2``� �m b2`p2m`X *2 /2`MB2`- ¨ T�`iB` /2 H� `2[māi2 /m +HB2Mi 2i /2 b� #�b2 /2 /QMMû2b-
p� ;ûMû`2` H� `ûTQMb2X *QKK2 HǶBM/2t 2bi /BbbBKmHû /�Mb H� `2[māi2 /m +HB2Mi- H2 b2`p2m`
p� i`�Bi2` HǶBMiû;`�HBiû /2 b� #�b2 /2 /QMMû2b TQm` ;ûMû`2` mM2 `ûTQMb2- +2 [mB `�TT2HH2 H�
Kûi?Q/2 i`BpB�H2 /m T`QiQ+QH2 SA_ UH2 b2`p2m` 2MpQB2 HǶBMiû;`�HBiû /2 b� #�b2 /2 /QMMû2bVX
lM2 7QBb H� `ûTQMb2 `2Ïm2- H2 +HB2Mi HǶ2ti`�Bi UH� /û+?Bz`2V 2i `û+mTĕ`2 �BMbB HǶûHûK2Mi ¨ HǶBM/2t
/ûbB`ûX

1M b2+QM/ HB2m- MQmb MQmb bQKK2b 7Q+�HBbûb bm` H� T�`iB2 +`vTiQ;`�T?B[m2 /m +SA_-
+�` miBHBbû /�Mb H2b i`QBb T?�b2b /m T`QiQ+QH2 U;ûMû`�iBQM /2 H� `2[māi2- ;ûMû`�iBQM /2 H�
`ûTQMb2- 2ti`�+iBQM /2 H� `ûTQMb2VX G2b T`QiQ+QH2b /2 +SA_ 2tBbi�Mi bQMi bQBi i`ĕb bTû+B�HBbûb-
bQBi H2Mib- +�` +QMbi`mBib �miQm` /m T`QiQ+QH2 /2 S�BHHB2`X 1M T�`i�Mi /2 +2 +QMbi�i- H�
+`vTiQ;`�T?B2 7QM/û2 bm` H2b `ûb2�mt 2m+HB/B2Mb MQmb � b2K#Hû T�`iB+mHBĕ`2K2Mi �TT`QT`Bû2
+QKK2 `2KTH�+2K2Mi TQi2MiB2HX 1M 2z2i- +2ii2 /2`MBĕ`2 T2`K2i /2 `û�HBb2`- +QKK2 TQm`
H2 bvbiĕK2 /2 +?Bz`2K2Mi /2 S�BHHB2`- H2b QTû`�iBQMb bm` H2b +?Bz`ûb Mû+2bb�B`2b �m b2`p2m`
¨ H� ;ûMû`�iBQM /2 H� `ûTQMb2- K�Bb b�Mb 7�B`2 /Ƕ2tTQM2MiB�iBQM KQ/mH�B`2 UH2 TQBMi 7�B#H2
K�D2m` MBp2�m T2`7Q`K�M+2b +�H+mH�iQB`2b /m +`vTiQbvbiĕK2 /2 S�BHHB2`VX G� T�`iB+mH�`Biû /2
+2b +`vTiQbvbiĕK2b `ûbB/2 /�Mb HǶmiBHBb�iBQM /2 TQHvMƬK2b 2i MQM T�b /2 ;`�M/b 2MiB2`b TQm`
`2T`ûb2Mi2` H2b /QMMû2b +?Bz`û2bX

LQmb �pQMb +QMbi`mBi mM2 #B#HBQi?ĕ[m2 /2 K�MBTmH�iBQM /2 TQHvMƬK2b bm` mM �MM2�m
/2 TQHvMƬK2b UH2b +Q2{+B2Mib bQMi `2T`ûb2Miûb KQ/mHQ 2M 2MiB2` 2i H2b TQHvMƬK2b KQ/mHQ
mM TQHvMƬK2V /ûMQKKû L6GHB# TQm` Lhh 6�bi G�iiB+2 GB#`�`vX *2ii2 #B#HBQi?ĕ[m2 û+`Bi2
/�Mb H2 H�M;�;2 BM7Q`K�iB[m2 *YY- 2bi +QMÏm2 �}M /ǶQTiBKBb2` �m K�tBKmK H2b T2`7Q`K�M+2b
+�H+mH�iQB`2b /2b QTû`�iBQMb �`Bi?KûiB[m2b 2z2+imû2b 2Mi`2 TQHvMƬK2bX �}M /Ƕ�++ûHû`2` H2b
KmHiBTHB+�iBQMb 2Mi`2 TQHvMƬK2b- MQmb H2b �pQMb `2T`ûb2Miûb bQmb 7Q`K2 ûp�Hmû2 2i TQm` H2b
ûp�Hm2` 2{+�+2K2Mi MQmb �pQMb 2KTHQvû H� i`�Mb7Q`Kû2 /2 6Qm``B2` /Bb+`ĕi2 2i bQM BMp2`b2
TQm` `2i`Qmp2` H2b TQHvMƬK2b bQmb 7Q`K2 /2 +Q2{+B2MibX SQm` T`Q}i2` �m K�tBKmK /2b
BMbi`m+iBQMb aAJ. /2b T`Q+2bb2m`b KQ/2`M2b MQmb MQmb bQKK2b `2bi`2BMib ¨ HǶmiBHBb�iBQM
/2 ivT2b ;û`ûb M�iBp2K2MiX *2+B MQmb � TQmbbûb ¨ miBHBb2` H2 i?ûQ`ĕK2 /2b `2bi2b +?BMQBb
TQm` `2T`ûb2Mi2` /2b TQHvMƬK2b /QMi H2 KQ/mH2 /2b +Q2{+B2Mib 2bi THmb ;`�M/ [m2 H�
i�BHH2 /2b ivT2b M�iB7bX .�Mb H2 #mi /Ƕ�++ûHû`2` H2b KmHiBTHB+�iBQMb KQ/mH�B`2b /B`2+i2K2Mi
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*QM+HmbBQM ;öMö`�H2

2Mi`2 +Q2{+B2Mib- 2i THmb T�`iB+mHBĕ`2K2Mi /�Mb H2 +�/`2 /m +SA_- MQmb �pQMb miBHBbû mM2
Kûi?Q/2 +QMbBbi�Mi ¨ T`û+�H+mH2` H2b +Q2{+B2Mib /2 L2riQM /2 +2`i�BMb TQHvMƬK2b 2i /ǶmM
�H;Q`Bi?K2 T�`iB+mHB2` �}M /2 `û/mB`2 �m K�tBKmK H2 MQK#`2 /2 /BpBbBQMb UQTû`�iBQM H2Mi2V
`û�HBbû2b T�` H2 T`Q+2bb2m`X L6GHB# /QMM2 /2 i`ĕb #QMM2b T2`7Q`K�M+2b T�` `�TTQ`i �mt
�mi`2b #B#HBQi?ĕ[m2b +�T�#H2b /2 K�MBTmH2` /2b TQHvMƬK2b- +�` bQMi MQK#`2 /2 7QM+iBQMb 2bi
`2H�iBp2K2Mi `û/mBi- #B2M [m2 H2b TQHvMƬK2b bQB2Mi �BbûK2Mi K�MBTmH�#H2b- 2i `2bi`2BMi �mt
�MM2�mt /2 TQHvMƬK2b /QMi H2 TQHvMƬK2 [mQiB2Mi 2bi /2 H� 7Q`K2 ЁՓ�φ �p2+ ։ mM2 TmBbb�M+2
/2 k +2 [mB T2`K2i /2 MQK#`2mb2b QTiBKBb�iBQMbX § T�`iB` /2 +2ii2 #B#HBQi?ĕ[m2- MQmb �pQMb
+QMbi`mBi mM +`vTiQbvbiĕK2 7QM/û bm` H2 T`Q#HĕK2 G2�`MBM; qBi? 1``Q`b bm` mM �MM2�m
U_BM;@Gq1V �v�Mi TQm` Q#D2+iB7 /Ƕāi`2 #2�m+QmT THmb T2`7Q`K�Mi- TQm` /2b QTû`�iBQMb
û[mBp�H2Mi2b- [m2 H2 +`vTiQbvbiĕK2 /2 S�BHHB2`X LQmb 2bTû`QMb [m2 L6GHB# TQTmH�`Bb2`� H2b
bvbiĕK2b +`vTiQ;`�T?B[m2b 7QM/ûb bm` H2b `ûb2�mt 2m+HB/B2MbX

1M /2`MB2` HB2m- MQmb �pQMb +QMbi`mBi- ¨ T�`iB` /m +`vTiQbvbiĕK2 7QM/û bm` H2 T`Q#HĕK2
_BM;@Gq1 û+`Bi �p2+ L6GHB#- mM +SA_ [m2 MQmb �pQMb MQKKû sSA_ , S`Bp�i2 AM7Q`K�iBQM
_2i`B2p�H 7Q` 1p2`vQM2X sSA_ 2bi mM2 �TTHB+�iBQM /2 +SA_ +QKTQbû2 /ǶmM +HB2Mi- /ǶmM b2`p2m`
2i /ǶmM QTiBKBb2m` /2 T�`�Kĕi`2bX *2i QTiBKBb2m` bBKTHB}2 H� +QM};m`�iBQM /2b T�`�Kĕi`2b
�mt MQM@bTû+B�HBbi2bX .2 THmb- sSA_ 2bi �mbbB /BbTQMB#H2 bQmb H� 7Q`K2 /ǶmM2 #B#HBQi?ĕ[m2
/QMi HǶ�++ĕb 2bi 7�+BHBiû T�` mM2 BMi2`7�+2 /2 T`Q;`�KK�iBQM U�SAV +2 [mB T2`K2i /ǶBMiû;`2`
mM T`QiQ+QH2 +SA_ ¨ /Ƕ�mi`2b �TTHB+�iBQMbX 1M pm2 /2b /ûKQMi`2` H� p2`b�iBHBiû /2 sSA_- MQmb
�pQMb ûim/Bû /2mt 7�KBHH2b /2 #�b2b /2 /QMMû2b /�Mb /Bzû`2Mib +�b /ǶmiBHBb�iBQMX G2b #�b2b /2
/QMMû2b /Bi2b bi�iB[m2b T`ûi`�Bi�#H2b 2i H2b #�b2b /2 /QMMû2b /vM�KB[m2b MQM T`ûi`�Bi�#H2b
bm` /2mt +`Biĕ`2b , H2 /û#Bi /2 /QMMû2b /BbTQMB#H2 TQm` HǶmiBHBb�i2m` 2i H� /m`û2 �ii2M/m2 T�`
HǶmiBHBb�i2m` �p�Mi /2 `2+2pQB` H2 T`2KB2` #Bi /2 H� `ûTQMb2 UH�i2M+2VX LQmb �pQMb BHHmbi`û +2b
/2mt 7�KBHH2b T�` /2b +�b /ǶmiBHBb�iBQMbX *QM+2`M�Mi H� T�`iB2 bi�iB[m2- MQmb �pQMb +?QBbB H2b
+�b L2i~Bt- mM b2`pB+2 /2 /BzmbBQM /2 Kû/B� 2M ~mt- 2i J�i+?X+QK mM b2`pB+2 /2 `2M+QMi`2
2M HB;M2X SQm` H� T�`iB2 /vM�KB[m2 MQmb �pQMb +?QBbB- H2 +�b /2 H� iûHûpBbBQM bm` AS- 2i /2b
BM7Q`K�iBQMb Bbbm2b /2 TH�+2b }M�M+Bĕ`2bX LQmb �pQMb +QM+Hm /2b T2`7Q`K�M+2b /2 sSA_
[mǶBH 2bi TQbbB#H2 /2 +QMbi`mB`2 /2b +SA_ miBHBb�#H2b /�Mb /2b +�b `û�HBbi2bX LQmb 2bTû`QMb
[m2 sSA_ TQTmH�`Bb2`� H2 `2i`�Bi /ǶBM7Q`K�iBQM T`Bpû T�` b2b T2`7Q`K�M+2b 2i b� bBKTHB+Biû
/ǶmiBHBb�iBQMX

*QKK2 MQmb HǶ�pQMb û+`Bi /�Mb +2 KûKQB`2- HǶmiBHBb�iBQM mMB[m2 /2 +SA_ TQm` +QMbi`mB`2
/2b �TTHB+�iBQMb `2bT2+im2mb2b /2 H� pB2 MǶ2bi T2mi@āi`2 T�b H� K2BHH2m`2 bQHmiBQMX Lû�MKQBMb-
2KTHQv2` mM T`QiQ+QH2 +SA_ /�Mb mM2 �TTHB+�iBQM ?v#`B/2 Qm +QKK2 #`B[m2 i2+?MB[m2
b2K#H2 T`QK2ii2m`X 1M +QM+HmbBQM- HǶ2KTHQB K�bbB7 /2 i2HH2b �TTHB+�iBQMb bm` AMi2`M2i- [mB
b2K#H2 K�BMi2M�Mi `û�HBbi2- T2`K2ii`�Bi /2 `û/mB`2 H2b �ii2BMi2b +QMbi�Mi2b ¨ H� pB2 T`Bpû2
/2b BMi2`M�mi2b 2i �BMbB `û/mB`2 H2b �#mb /2 +2`i�BMb ;Qmp2`M2K2Mib 2i 2Mi`2T`Bb2bX
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