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南京大学研究生毕业论文中文摘要首页用纸

毕业论文题目：在 �hG�a 实验中研究希格斯玻色子的Ӹԅ 性质
粒子物理与原子核物理 专业 kyky 级硕士生姓名： 李桓国
指导教师（姓名、职称）： 张雷 教授

对称性与守恒定律是物理学最基本的内容。电荷共轭与宇称联合对称性（ Ӹԅ 对称
性）与正反物质守恒息息相关。在粒子物理学中，标准模型是描述物质及其相互作用的最
成功的且被完全验证的理论。在标准模型中，我们用小林@益川（ EJ ）机制来解释宇宙
中观察到的正反物质不对称现象。然而，利用 EJ机制所计算出的正反物质不对称的结果
并不足以解释实验观察得到的数量级。因此在粒子物理学中，寻找新的 Ӹԅ 破坏源尤为重
要。

kyRk年，在大型强子对撞机上发现希格斯玻色子，尽管这意味着所有标准模型粒子都
被发现，但物理学中仍存在着诸如正反物质不对称等诸多未解决的问题。因此，我们希望
通过精确测量希格斯玻色子的性质，来进一步验证标准模型的准确性，从而帮助我们发现
超出标准模型的新物理的迹象例如新的 Ӹԅ 破坏源。在标准模型中，希格斯玻色子不仅能
与弱相互作用规范玻色子 Ԍ ਻ 、 ԏ 通过电弱耦合相互作用，而且能与费米子通过汤川耦
合相互作用。
在这篇论文中，我们将描述关于希格斯玻色子在与陶轻子汤川耦合顶点下的 Ӹԅ 性

质的研究。通过分析在 G>* 上的 �hG�a 实验记录的质心能量为 �� h2o 积分亮度
为 ��� 7#਷φ 的数据，我们将利用希格斯玻色子到两个陶轻子的衰变道来探究希格斯玻
色子在与陶轻子的汤川耦合顶点下的 Ӹԅ 性质。
在希格斯玻色子到两个陶轻子的衰变道的分析中，我们是用 Ӹԅ 混合角 ᅿᇑ 描述希格

斯玻色子在与陶轻子的汤川耦合顶点下的 Ӹԅ 性质，通过分析两个陶轻子的衰变平面夹角
的分布将其测量出来。为了选取敏感的双陶衰变道，我们选取一个陶轻子衰变到轻子末态
且另一个陶轻子衰变到强子末态（ ᅽH2Tᅽ?�/ ）的衰变道，和两个陶轻子都衰变到强子末态
（ ᅽ?�/ᅽ?�/ ）的衰变道，并考虑所有希格斯玻色子的主要产生模式进行分析。在重建两个陶
轻子的衰变平面之后，我们在可观测的陶轻子衰变产物的零动量系统中将观测量 ᆈ੟

+T 计算
出来。通过数据分析，我们拟合得到 Ӹԅ 混合角 ᅿᇑ 在 e3W 的置信区间下的观测值（预期
值）为 �਻��ੋ（�਻��ੋ）。结果的观测值（预期值）在 jX9ᅼ（kXRᅼ）下排除了纯 Ӹԅ @Q//态
的希格斯玻色子。测量结果在考虑误差范围内与标准模型预言结果相符合。这是 �hG�a
实验首次对希格斯玻色子与轻子汤川耦合顶点的 Ӹԅ 性质的测量。
关键词： �hG�a 实验； Ӹԅ 破坏；希格斯玻色子；陶轻子
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南京大学研究生毕业论文英文摘要首页用纸

h>1aAa, aim/v i?2 Ӹԅ T`QT2`iv Q7 i?2 >B;;b #QbQM BM �hG�a 2tT2`BK2Mi
aS1*A�GAw�hAPL, S�`iB+H2 S?vbB+b �M/ Lm+H2�` S?vbB+b
SPah:_�.l�h1, GB >m�M;mQ
J1LhP_, S`Q72bbQ` w?�M; G2B

avKK2i`v �M/ +QMb2`p�iBQM �`2 2H2K2Mi�`v T�`ib BM i?2 T?vbB+bX h?2 +?�`;2 +QMDm;�iBQM
T�`Biv bvKK2i`v UӸԅ @bvKK2i`vV Bb `2H�i2/ iQ i?2 +QMb2`p�iBQM Q7 K�ii2` �M/ �MiBK�ii2`X
*m``2MiHv- i?2 KQbi bm++2bb7mH �M/ p�HB/�i2/ i?2Q`v Q7 /2TB+iBM; K�ii2` �M/ Bib BMi2`�+iBQM
Bb i?2 ai�M/�`/ JQ/2H UaJV BM T�`iB+H2 T?vbB+bX AM i?2 mMBp2`b2- i?2`2 2tBbib �M BK#�H�M+2
#2ir22M K�ii2` �M/ �MiBK�ii2` �M/ Bi Bb 2tTH�BM2/ #v Ӹԅ pBQH�iBQM U*SoV #v BMi`Q/m+BM;
i?2 EQ#�v�b?B@J�bF�r� UEJV K2+?�MBbK BM aJX >Qr2p2`- i?2 i?2Q`2iB+�H +�H+mH�i2/ `2bmHib
#v i?2 EJ K2+?�MBbK �`2 MQi bm{+B2Mi iQ 2tTH�BM i?2 K�;MBim/2 Q7 i?2 K�ii2`@�MiBK�ii2`
�bvKK2i`vX h?mb- � M2r bQm`+2 Q7 i?2 *So Bb +`m+B�H BM T�`iB+H2 T?vbB+bX

�Hi?Qm;? i?2 /Bb+Qp2`v Q7 i?2 >B;;b #QbQM �i i?2 G�`;2 >�/`QM *QHHB/2` UG>*V BM kyRk
K2�Mi i?�i aJ T�`iB+H2b ?�p2 #22M /Bb+Qp2`2/ +QKTH2i2Hv- i?2`2 �`2 biBHH bQK2 [m2biBQMb
`2K�BM2/ iQ #2 bQHp2/ bm+? �b K�ii2`@�MiBK�ii2` �bvKK2i`vX h?2`27Q`2- r2 r�Mi iQ K2�bm`2
i?2 T`QT2`iB2b Q7 i?2 >B;;b #QbQM T`2+Bb2Hv- MQi QMHv 7Q` 7m`i?2` p�HB/�iBQM Q7 i?2 aJ #mi
�HbQ r2 r�Mi iQ }M/ bQK2 ?BMib Q7 #2vQM/ ai�M/�`/ JQ/2H U"aJV T?vbB+b HBF2 � M2r bQm`+2
Q7 *So BM i?2 >B;;b b2+iQ` 7Q` M2r T?vbB+bX AM aJ- i?2 >B;;b #QbQM +�M BMi2`�+i rBi? r2�F
;�m;2 #QbQMb #v 2H2+i`Qr2�F BMi2`�+iBQM- �M/ rBi? 72`KBQMb #v umF�r� +QmTHBM;X

AM i?Bb i?2bBb- � `B;Q`Qmb bim/v Q7 Ӹԅ T`QT2`iv Q7 i?2 >B;;b #QbQM Bb T`2b2Mi2/ BM >B;;bᅽ @H2TiQM umF�r� +QmTHBM; p2`iB+2bX "v �M�HvxBM; /�i� `2+Q`/2/ #v i?2 �hG�a 2tT2`BK2Mi
�i G>* BM i?2 +2Mi2`@Q7@K�bb Q7 �� h2o rBi? �M BMi2;`�i2/ HmKBMQbBiv Q7 ��� 7#਷φ- r2 T`Q#2/Ӹԅ T`QT2`iv Q7 i?2 >B;;b #QbQM BM >@ᅽ umF�r� +QmTHBM; p2`i2t BM ӽ ݂ ᅽᅽ /2+�v +?�MM2HX

AM i?2 ӽ ݂ ᅽᅽ /2+�v �M�HvbBb- i?2 >B;;b #QbQM Ӹԅ T`QT2`iv BM BMi2`�+iBQM rBi? ᅽ H2TiQM
T�`�K2i2`Bx2/ #v i?2 Ӹԅ KBtBM; �M;H2 ᅿᇑ Bb K2�bm`2/ #v i?2 /Bbi`B#miBQM Q7 i?2 �+QTH�M�`Biv
�M;H2 #2ir22M /B@ᅽ /2+�v TH�M2bX PM2 H2TiQMB+�HHv /2+�v2/ ᅽ �M/ i?2 Qi?2` ?�/`QMB+�HHv
/2+�v2/ ᅽ UK�`F2/ �b ᅽH2Tᅽ?�/V +?�MM2H �M/ #Qi? ?�/`QMB+�HHv /2+�v2/ ᅽ UK�`F2/ �b ᅽ?�/ᅽ?�/V
+?�MM2Hb �`2 +QMbB/2`2/ rBi? �HH K�BM >B;;b T`Q/m+iBQM KQ/2b BM i?Bb �M�HvbBb 7Q` b2MbBiBpBivX
�7i2` i?2 `2+QMbi`m+iBQM Q7 irQ ᅽ /2+�v TH�M2b- �M Q#b2`p�#H2 ᆈ੟

+T Bb +�H+mH�i2/ BM /B@ᅽpBb x2`Q@
KQK2MimK@7`�K2 UwJ6VX qBi? bi�iBbiB+ �M�HvbBb- i?2 KBtBM; �M;H2 ᅿᇑ Bb K2�bm`2/ iQ #2� ਻ ��ੋ U� ਻ ��ੋV �b Q#b2`p2/ U2tT2+i2/V p�Hm2 �i e3W +QM}/2M+2 H2p2H U*GVX �M/ i?2 Tm`2Ӹԅ @Q// >B;;b ?vTQi?2bBb Bb 2t+Hm/2/ �i jX9ᅼ UkXRᅼV H2p2H �b Q#b2`p2/ U2tT2+i2/V p�Hm2X h?2
`2bmHib �`2 +QMbBbi2Mi rBi? i?2 ai�M/�`/ JQ/2H T`2/B+iBQM +QMbB/2`BM; i?2 mM+2`i�BMiB2bX h?Bb
Bb i?2 }`bi K2�bm`2K2Mi Q7 i?2 Ӹԅ T`QT2`iv BM i?2 >B;;b@H2TiQM umF�r� +QmTHBM; p2`iB+2b

AA



BM i?2 �hG�a 2tT2`BK2MiX

E1uqP_.a, �hG�a 2tT2`BK2Mic ai�M/�`/ JQ/2Hc Ӹԅ pBQH�iBQMc >B;;b #QbQMc i�m H2TiQM
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*QMi2Mib

AMi`Q/m+iBQM R

*?�Ti2` R h?2Q`v 8
RXR avKK2i`v �M/ *QMb2`p�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 8

RXRXR LQ2i?2`Ƕb i?2Q`2K X X X X 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
RXRXk GQ`2Mix ;`QmT �M/ `2T`2b2Mi�iBQM X X X X X X X X X X X X X X X X X X X X e
RXRXj *?�`;2 +QMDm;�iBQM- T�`Biv- iBK2 `2p2`b�H �M/ Ӹԅԉ i?2Q`2K X X X X X RR

RXk h?2 ai�M/�`/ JQ/2H X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X R8
RXkXR :�m;2 BMp�`B�M+2 �M/ u�M;@JBHHb i?2Q`v X X X X X X X X X X X X X X X X R8
RXkXk aTQMi�M2Qmb bvKK2i`v #`2�FBM; �M/ "`Qmi@1M;H2`i@>B;;b K2+?�MBbK Re
RXkXj 1H2+i`Qr2�F mMB}+�iBQM �M/ :H�b?Qr@q2BM#2`;@a�H�K KQ/2H X X X X X R3

RXj h?2 Ӹԅ S?vbB+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 k9
RXjXR q2�F Ӹԅ pBQH�iBQM �M/ EQ#�v�b?B@J�bF�r� K2+?�MBbK X X X X X X X k8
RXjXk ai`QM; Ӹԅ T`Q#H2K X X X 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
RXjXj Ӹԅ BM i?2 >B;;b b2+iQ` X X X X X X X X X X X X X X X X X X X X X X X X X X jy

*?�Ti2` k h?2 �hG�a 1tT2`BK2Mi jR
kXR h?2 G�`;2 >�/`QM *QHHB/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 jR
kXk h?2 �hG�a /2i2+iQ` X X X X X X X 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

kXkXR AMM2` /2i2+iQ` X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X j9
kXkXk *�HQ`BK2i`v X X X X X X X X 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
kXkXj JmQM bT2+i`QK2i2` X X X X 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
kXkX9 h`B;;2` �M/ /�i� �+[mBbBiBQM X X X X X X X X X X X X X X X X X X X X X X X 9y

kXj lT;`�/2 7Q` >G@G>* X X X X X X X 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
kXjXR >B;?@:`�MmH�`Biv hBKBM; .2i2+iQ` X X X X X X X X X X X X X X X X X X X 9y
kXjXk PTiBKBx�iBQM Q7 +QMM2+iBQM #2ir22M /2i2+iQ` KQ/mH2b �M/ T2`BT?2`�H

2H2+i`QMB+b BM >: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 9R

*?�Ti2` j J2�bm`2 Ӹԅ T`QT2`iv Q7 >B;;b #QbQM umF�r� +QmTHBM; iQ ᅽ@
H2TiQMb 98
jXR �M�HvbBb bi`�i2;v X X X X X X X X X 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

jXRXR AKT�+i T�`�K2i2` UASV K2i?Q/ X X X X X X X X X X X X X X X X X X X X X 93

o



oA *PLh1Lha

jXRXk ᅻ@/2+�v TH�M2 UᅻV K2i?Q/ 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
jXRXj *QK#BM2/ AS �M/ ᅻ UAS@ᅻV K2i?Q/ X X X X X X X X X X X X X X X X X X X 8R
jXRX9 Ԑφ@/2+�v TH�M2 UԐφV K2i?Q/ X X X X X X X X X X X X X X X X X X X X X X X 8k

jXk .�i� �M/ bBKmH�i2/ b�KTH2b X X X X X X X X X X X X X X X X X X X X X X X X X X X 8j
jXj P#D2+i `2+QMbi`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 89
jX9 1p2Mi b2H2+iBQM �M/ +�i2;Q`Bx�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 83

jX9XR a2MbBiBpBiv QTiBKBx�iBQM b2H2+iBQM BM ᅽH2Tᅽ?�/ +?�MM2H X X X X X X X X X X ey
jX8 "�+F;`QmM/ 2biBK�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 e9

jX8XR ԏ ݂ ᅽᅽYD2ib #�+F;`QmM/ 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
jX8Xk JBbB/2MiB}2/@ᅽ #�+F;`QmM/ X X X X X X X X X X X X X X X X X X X X X X X e8

jXe avbi2K�iB+ mM+2`i�BMiB2b X X X X X X X X X X X X X X X X X X X X X X X X X X X X X dk
jXeXR h?2Q`2iB+�H mM+2`i�BMiB2b X X X X X X X X X X X X X X X X X X X X X X X X X dj
jXeXk 1tT2`BK2Mi�H mM+2`i�BMiB2b X X X X X X X X X X X X X X X X X X X X X X X d9
jXeXj ᅽ @/2+�v `2H�i2/ mM+2`i�BMiB2b X X X X X X X X X X X X X X X X X X X X X X d8

jXd ai�iBbiB+�H �M�HvbBb X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X de
jXdXR ai�iBbiB+�H �M�HvbBb X X X X X X X X X X X X X X X X X X X X X X X X X X X X de
jXdXk 6Bi KQ/2H X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X dN

jX3 _2bmHib X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 3y

*?�Ti2` 9 *QM+HmbBQM �M/ PmiHQQF 38

"B#HBQ;`�T?v 3d

�TT2M/Bt � .�i� K�MBTmH�iBQM +?2+F BM ӽ ݂ ᅽᅽ /2+�v Ӹԅ �M�HvbBb N8
�XR .�i� K�MBTmH�iBQM +?2+F 7Q` i?2 b2MbBiBpBiv /Bz2`2M+2 #2ir22M 2tT2+i2/ �M/

Q#b2`p2/ `2bmHib X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X N8

�TT2M/Bt " o"6 ӽ ݂ ᅽᅽ /Bz2`2MiB�H K2�bm`2K2Mi 16h BMi2`T`2i�iBQM NN
"XR 16h BMi`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 NN
"Xk aJ16h b�KTH2b 7Q` o"6 ӽ ݂ ᅽᅽ /Bz2`2MiB�H �M�HvbBb X X X X X X X X X X X X RyR
"Xj 16h BMi2`T`2i�iBQM `2bmHib Q7 o"6 ӽ ݂ ᅽᅽ /Bz2`2MiB�H �M�HvbBb X X X X X X X Ry8

Sm#HB+�iBQMb �M/ *QM72`2M+2 h�HFb RyN

�+FMQrH2/;2K2Mi RRR



GBbi Q7 6B;m`2b

RXR *QKTH2t b+�H�` }2H/ TQi2MiB�H r?2M ᅷϵ � �X X X X X X X X X X X X X X X X X X X Rd
RXk h?2 mMBi�`Biv i`B�M;H2 Q7 i?2 *EJ K�i`Bt BM i?2 +QKTH2t TH�M2X X X X X X X X ke

kXR h?2 �++2H2`�iBQM T`Q+2bb �M/ 2tT2`BK2Mi bBi2b Q7 i?2 G>*X X X X X X X X X X X jk
kXk U�V*mKmH�iBQM Q7 HmKBMQbBiv /m`BM; i?2 _mMk ԟ@ԟ +QHHBbBQM /�i�@i�FBM;X U#VJ2�M

MmK#2` Q7 BMi2`�+iBQMb T2` +`QbbBM; Q7 i?2 �hG�a `2+Q`/2/ /�i�b2iX X X X X X jk
kXj AHHmbi`�iBQM Q7 i?2 �hG�a 2tT2`BK2Mi /2i2+iQ`X X X X X X X X X X X X X X X X X jj
kX9 U�VaF2i+? Q7 i?2 �hG�a AMM2` .2i2+iQ`X U#Vh?`22 BM/2T2M/2Mi #mi +QKTH2@

K2Mi�`v bm#@/2i2+iQ`b Q7 i?2 �hG�a AMM2` .2i2+iQ`X X X X X X X X X X X X X X j8
kX8 :2QK2i`B+ H�vQmi Q7 i?2 �hG�a AMM2` .2i2+iQ`X GQ+�iBQM Q7 TBt2H /2i2+iQ`-

a*h �M/ h_h Bb b?Qr2/X X X X X 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
kXe U�VaF2i+? Q7 i?2 �hG�a +�HQ`BK2i2`bX U#VG�vQmi Q7 i?2 �hG�a +�HQ`BK2i2`b

Q7 /Bz2`2Mi T�`i Q7 +�HQ`BK2i2`b (jR)X X X X X X X X X X X X X X X X X X X X X X X je
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jXd amKK�`v Q7 i?2 /2+�v KQ/2 +�i2;Q`Bx�iBQM +`Bi2`B� 7Q` i?2 >B;?- J2/BmK

�M/ GQr +�i2;Q`B2b BM i?Bb �M�HvbBb iQ 7m`i?2` /BpB/2 2�+? bB;M�H `2;BQMbX X X ey
jX3 Ԍ � D2ib- Z*. �M/ hQT +QMi`QH `2;BQMb /2}MBiBQMX X X X X X X X X X X X X X X e8

sA



sAA GAah P6 h�"G1a

jXN 1p2Mi +�i2;Q`v `2;BQM r?2`2 i?2 7�F2 7�+iQ` Bb �TTHB2/ BM ᅽ?�/ᅽ?�/ +?�MM2H
rBi? /Bz2`2Mi ᅽ?�/@pBb A. `2[mB`2K2MiX X X X X X X X X X X X X X X X X X X X X X X dR

jXRy amKK�`v Q7 i?2 T�`�K2i2`@Q7@BMi2`2bi ᅿᇑ �M/ 7`22 ~Q�iBM; MQ`K�HBx�iBQM 7�+@
iQ`b 2tT2+i2/ �M/ Q#b2`p2/ p�Hm2 rBi? i?2 mM+2`i�BMiB2b BM i?Bb K2�bm`2K2MiX 3k

jXRR AKT�+i 7`QK /Bz2`2Mi bQm`+2b Q7 mM+2`i�BMiv QM i?2 ᅿᇑ K2�bm`2K2MiX X X X X 3j

"XR .2}MBiBQMb QM e /BK2MbBQM aJ16h QT2`�iQ`b �M/ +Q``2bTQM/2/ H�#2Hb Q7 i?2
qBHbQM +Q2{+B2Mib K2�bm`2/ BM o"6 ӽ ݂ ᅽᅽ /Bz2`2MiB�H �M�HvbBbX X X X X X RyR

"Xk "BMMBM; 7Q` i?2 mM7QH/2/ p�`B�#H2b BM o"6 ӽ ݂ ᅽᅽ /Bz2`2MiB�H �M�HvbBbX X X Ry9
"Xj 16h T�`�K2i2`Bx�iBQM 7Q` Ԓթո - Ԓթգ- Ԓթոգ mM7QH/2/ BM ငᅿbB;M2/օօ - �M/ Ԓթईո -Ԓթգࣴ- Ԓթईոգ mM7QH/2/ BM ငᅿbB;M2/օօ pb ԟhU>VX X X X X X X X X X X X X X X X X X X X Ry9



AMi`Q/m+iBQM

.Bb+Qp2`v Q7 >B;;b #QbQM BM i?2 �hG�a (R) �M/ *Ja (k) 2tT2`BK2Mi BM G>* Bb � ?m;2
bm++2bb Q7 ai�M/�`/ JQ/2HX �7i2` i?�i r2 �`2 MQr KQ`2 BMi2`2bi2/ BM bQK2 QT2M [m2biBQMb
r?B+? +�M MQi #2 `2bQHp2/ #v i?2 aJ 2bT2+B�HHv `2H�i2/ iQ 2pQHmiBQM Q7 i?2 mMBp2`b2X PM2
Q7 i?2 [m2biBQMb `2H�i2/ iQ i?Bb Bb r?v i?2`2 �`2 Km+? KQ`2 K�ii2` i?�M �MiBK�ii2` BM
i?2 mMBp2`b2\ h?Bb [m2biBQM Bb 2tT2+i2/ iQ #2 2tTH�BM2/ #v i?2 "�`vQ;2M2bBb (j) T`Q+2bb
BM r?B+? i?`22 +QM/BiBQMb Bb M22/2/ 7Q` ;2M2`�iBM; � #�`vQM �bvKK2i2i`v +�HH2/ a�F?�`Qp
+QM/BiBQMb (9),

Ç "�`vQM MmK#2` pBQH�iBQM
Ç * �M/ Ӹԅ pBQH�iBQM
Ç .2T�`im`2 7`QK i?2 i?2`K�H 2[mBHB#`BmK

h?mb Ӹԅ pBQH�iBQM Bb � +2Mi`�H iQTB+ 7Q` 2tTH�M�iBQM Q7 i?2 K�ii2`@�MiBK�ii2` �bvKK2i`vX
AM aJ- Ӹԅ pBQH�iBQM Bb BMi`Q/m+2/ #v EQ#�v�b?B@J�bF�r� K2+?�MB+b (8)X J�ii2` BM i?2
mMBp2`b2 +QMbBbib Q7 i?2 7mM/�K2Mi�H 72`KBQM T�`iB+H2b �M/ 72`KBQMb �`2 /2TB+i2/ #v K�bb
2B;2Mbi�i2b �M/ r2�F BMi2`�+iBQM 2B;2Mbi�i2b �++Q`/BM; iQ BMi2`�+iBQM T`Q+2bb2bX h`�Mb7Q`@
K�iBQM Q7 i?2b2 irQ bi�i2b BM [m�`F b2+iQ` Bb �++QKTHBb?2/ #v *�##B#Q@EQ#�v�b?B@J�bF�r�
U*EJV K�i`BtX A7 i?2`2 �`2 i?`22 ;2M2`�iBQMb BM [m�`F b2+iQ`- i?2 *EJ K�i`Bt 2H2K2Mib rBHH
?�p2 7Qm` /2;`22 Q7 7`22/QK �M/ +�M #2 +QKTH2t MmK#2` i?mb i?2 +QKTH2t Ӹԅ T?�b2 �M;H2
M22/ iQ #2 BMi`Q/m+2/- i?2M Ӹԅ bvKK2i`v Bb M�im`�HHv pBQH�i2/X >Qr2p2`- +�H+mH�iBQM Q7Ӹԅ pBQH�iBQM `2bmHib T`2/B+i2/ #v aJ Bb MQi +QMbBbi2Mi rBi? +m``2Mi Q#b2`p�iBQM Q7 i?2 mMB@
p2`b2X h?2 K�;MBim/2 Q7 i?2Q`v +�H+mH�iBQM +�M MQi b�iBb7v i?2 2tT2`BK2Mi K2�bm`2/ /�i�X
h?2`27Q`2- M2r bQm`+2 Q7 Ӹԅ pBQH�iBQM Bb /2bB`2/ iQ �++QmMi 7Q` i?2 #�`vQM �bvKK2i`v (e)X

>B;;b b2+iQ` Bb QM2 Q7 i?2 TQbbB#H2 bQm`+2b Q7 Ӹԅ pBQH�iBQMX "v T`2+Bb2 K2�bm`2K2Mi Q7
i?2 >B;;b #QbQM �M/ Bib T`QT2`iB2b- r2 +�M Q#i�BM bQK2 T`QbT2+iBp2 T`QKTib Q7 i?2 T?vbB+b
#2vQM/ i?2 aJX AM aJ i?2 >B;;b #QbQM Bb T`2/B+i2/ �b � b+�H�` r?B+? Bb � Ӹԅ @2p2M T�`iB+H2X
�Mv /2pB�iBQM 7`QK i?2 Tm`2 Ӹԅ @2p2M bi�i2 Q7 i?2 >B;;b rBHH BM/B+�i2 M2r Ӹԅ pBQH�iBQM
bQm`+2 BM >B;;b b2+iQ`X AM 2tT2`BK2Mi K2�bm`2K2Mi- >B;;b Ӹԅ T`QT2`iv Bb K2�bm`2/ #v
/Bz2`2Mi BMi2`�+iBQM Q7 p2`iB+2b rBi? aJ T�`iB+H2b (dĜRk)X AM p2`iB+2b Q7 >B;;b BMi2`�+i2/ rBi?
i?2 72`KBQM- i?2 ;2M2`�HBx2/ H�;`�M;B�M rBi? �HbQ Ӹԅ @Q// T�`i Bb 2KTHQv2/ iQ /2b+`B#2 i?2
umF�r� +QmTHBM;X q?BH2 BM p2`iB+2b Q7 >B;;b BMi2`�+i2/ rBi? i?2 p2+iQ` #QbQM- r2 �`2 mbBM;
i?2 2z2+iBp2 }2H/ i?2Q`v BM i?2 ai�M/�`/ JQ/2H 1z2+iBp2 6B2H/ h?2Q`v UaJ16hV 7`�K2rQ`F

R



k

BM q�`b�r #�bBb iQ 2ti2M/ *S pBQH�i2/ >oo BMi2`�+iBQMX AM i?2 �hG�a 2tT2`BK2Mi- bm+?
FBM/ Q7 K2�bm`2K2Mib �`2 BKTH2K2Mi2/ #v b2p2`�H +?�MM2HbX

.m`BM; � T2`BQ/ 7`QK kyR8 iQ kyR3- i?2 �hG�a 2tT2`BK2Mi BM G>* ?�b }MBb?2/ i?2
b2+QM/ `mM U_mMkV Q7 /�i� +QHH2+iBQMX h?2 /�i� r�b `2+Q`/2/ BM i?2 +2Mi2`@Q7@K�bb Q7�� h2o rBi? BMi2;`�i2/ HmKBMQbBiv Q7 ��� 7#਷φX qBi? i?Bb b2i Q7 /�i� r2 +�M BKTH2K2Mi
K�Mv `2b2�`+?2b �M/ K2�bm`2K2Mi iQ p�HB/�iBQM i?2 aJ �M/ T`Q#2 ?BMib Q7 "aJX h?2
>B;;b #QbQM BM i?2 T`QiQM@T`QiQM +QHHBbBQM Bb K�BMHv T`Q/m+2/ #v 7Qm` FBM/b Q7 T`Q/m+iBQM
KQ/2, ;HmQM 7mbBQM U;;>V- p2+iQ` #QbQM 7mbBQM Uo"6V- p2+iQ` #QbQM �bbQ+B�i2/ Uo>V �M/ԣ ԣ۽ �bbQ+B�i2/ Uԣ ԣӽVX۽ �M/ Bi K�BMHv /2+�vb BMiQ #@[m�`F T�B` Uԑ -ԑV۽ p2+iQ` #QbQM T�B` UԌԌ ੟-ԏԏ੟V �M/ ᅽ @H2TiQM T�B` Uᅽ�ᅽ਷VX q?2M K2�bm`2/ i?2 Ӹԅ T`QT2`iv Q7 i?2 >B;;b #QbQM-
#Qi? T`Q/m+iBQM p2`iB+2b �M/ /2+�v p2`iB+2b �`2 +�`27mHHv +QMbB/2`2/ 7Q` BMi2`T`2i�iBQM Q7 i?2
`2bmHibX h?2 >z p2`iB+2b Ӹԅ `2bmHib rBHH #2 T`2b2Mi2/ BM i?Bb i?2bBbX

ai`m+im`2 Q7 i?2 i?2bBb

h?Bb i?2bBb Bb �``�M;2/ #v b2[m2M+2 �b 7QHHQr, *?�Ti2` R rBHH BMi`Q/m+2 bQK2 7mM/�K2Mi�H
i?2Q`v Q7 i?2 aJ �M/ Ӹԅ T?vbB+bX h?2 �hG�a /2i2+iQ` �M/ 2tT2`BK2Mi rBHH #2 BMi`Q/m+2/
BM +?�Ti2` kX *?�Ti2` j rBHH 7Q+mb QM i?2 ӽ ݂ ᅽᅽ /2+�v �M�HvbBb r?B+? K2�bm`2/ >B;;b Ӹԅ
T`QT2`iv- i?2 �M�HvbBb bi`�i2;B2b �M/ `2bmHib rBHH #2 T`2b2Mi2/ BM /2i�BHX

*H�`B}+�iBQM Q7 T2`bQM�H +QMi`B#miBQMb

h?2 �hG�a 2tT2`BK2Mi Bb `mM #v Qp2` jyyy b+B2MiBbib 7`QK R3k BMbiBimiBQMb BM 9k +QmMi`B2b
bQ Bi Bb � ?m;2 +QHH�#Q`�iBQM BM `2b2�`+?X h?mb +H�`B}+�iBQM Q7 Kv T2`bQM�H +QMi`B#miBQMb Bb
M2+2bb�`vX

ӽ ݂ ᅽᅽ /2+�v Ӹԅ �M�HvbBb

h?2 ӽ ݂ ᅽᅽ /2+�v �M�HvbBb Bb mbBM; ᅽH2Tᅽ?�/ �M/ ᅽ?�/ᅽ?�/ +?�MM2H iQ K2�bm`2 i?2 >B;;bӸԅ T`QT2`ivX A �K QM2 Q7 i?2 K�BM �M�Hvx2` �M/ 7Q+mb2/ QM ᅽH2Tᅽ?�/ +?�MM2HX A rQ`F2/
QM 2p2Mi b2H2+iBQM- #�+F;`QmM/ 2biBK�iBQM �M/ +�i2;Q`Bx�iBQM QTiBKBx�iBQM 7Q` b2MbBiBpBivX
A �HbQ rQ`F2/ QM rQ`FbT�+2 T`2T�`�iBQM 7Q` bi�iBbiB+b }i- �M/ bi�iBbiB+ BMi2`T`2i�iBQM �M/
mM/2`bi�M/BM; Q7 bvbi2K�iB+bX "2bB/2b- A ?2HT2/ rBi? mM/2`bi�M/BM; Q7 i?2 ԏ ݂ ᅽᅽ #�+F@
;`QmM/ #2?�pBQm`bX A r�b i?2 2/BiQ` Q7 i?2 BMi2`M�H MQi2 �M/ T`2b2Mi2/ i?2 r?QH2 �M�HvbBb
iQ i?2 �hG�a +QHH�#Q`�iBQM 7Q` �TT`Qp�H Q7 i?Bb �M�HvbBbX



jӽ ݂ ᅽᅽ /Bz2`2MiB�Hfahsa �M�HvbBb
h?2 ӽ ݂ ᅽᅽ H2;�+v �M�HvbBb 7Q` i?2 _mMk /�i� Bb K�BMHv b2T�`�i2/ Q7 irQ T�`ib- /Bz2`@

2MiB�H �M/ ahsa �M�HvbBbX h?Bb irQ T�`ib �`2 b?�`BM; i?2 b�K2 /�i� b2i �M/ JQMi2 *�`HQ
UJ*V b�KTH2bX A ?2HT2/ rBi? M@imTH2 T`2T�`�iBQMb 7Q` i?2 ;`QmTX AM i?Bb �M�HvbBb A 7Q+mb2/
QM i?2 /Bz2`2MiB�H T�`i �M/ K�BMHv QM i?2 16h BMi2`T`2i�iBQM Q7 i?2 `2bmHibX A T`2T�`2/
J* b�KTH2b 7Q` 16h T�`�K2i2`Bx�iBQM �M/ BKTH2K2Mi i?2 i`mi? �M�HvbBb �b r2HH �b +Q/2b
7Q` i?2b2X 6m`i?2`KQ`2- A �HbQ /B/ � bi�iBbiB+ BMi2`T`2i�iBQM BM 16h T�`iX

>G@G>* �hG�a /2i2+iQ` mT;`�/2 `2H�i2/ rQ`F
hQ #2 �//2/ BM �mi?Q` HBbi BM �hG�a 2tT2`BK2Mi- Bi `2[mB`2b i?2 QM2 iQ T�bb � [m�HB}+�iBQM

i�bFX Jv [m�HB}+�iBQM i�bF Bb �#Qmi mT;`�/2 T`QD2+i Q7 i?2 >B;? :`�MmH�`Biv hBK2 .2i2+iQ`
U>:h.V BM >B;? GmKBMQbBiv G�`;2 >�/`QM *QHHB/2` U>G@G>*VX A rQ`F2/ QM QTiBKBx�iBQM
i�bF Q7 i?2 HBMF b+?2K2 #2ir22M b2MbQ` KQ/mH2b iQ i?2 T2`BT?2`�H #Q�`/ 2H2+i`QMB+bX





*?�Ti2` R

h?2Q`v

h?Bb +?�Ti2` rBHH ;Bp2 � #`B27 BMi`Q/m+iBQM Q7 i?2 7mM/�K2Mi�H i?2Q`v r?B+? rBHH #2 mb2/
BM i?2 i?2bBbX AM i?Bb +?�Ti2`- i?2 Ӹԅԉ bvKK2i`v- ai�M/�`/ JQ/2H �M/ i?2 Ӹԅ pBQH�iBQM
T?vbB+b rBHH #2 K�BMHv T`2b2Mi2/X h?2 K�BM `272`2M+2b �`2 (RjĜR3)X

RXR avKK2i`v �M/ *QMb2`p�iBQM
avKK2i`v �M/ +QMb2`p�iBQM Bb �M 2i2`M�H iQTB+ BM T?vbB+bX Ai Bb `2H�i2/ iQ i?2 2H2K2Mi�H

T`QT2`iB2b Q7 i?2 T?vbB+b bvbi2KX AM i?Bb b2+iBQM- �M Qp2`pB2r Q7 i?2 `2H�iBQMb?BT #2ir22M i?2
bvKK2i`v �M/ +QMb2`p�iBQM /2b+`B#2/ #v LQ2i?2`Ƕb i?2Q`2K rBHH #2 i�HF2/ BM a2+iBQM RXRXRX
6QHHQrBM; i?2 GQ`2Mix bvKK2i`v ;`QmT �M/ bQK2 `2T`2b2Mi�iBQM Q7 Bi rBHH #2 /Bb+mbb2/ BM a2+@
iBQM RXRXkX h?2M r2 rBHH ;Bp2 i?2 /2}MBiBQM Q7 i?2 i`�Mb7Q`K�iBQM Q7 i?2 +?�`;2 +QMDm;�iBQM-
T�`Biv �M/ iBK2 `2p2`b�H �M/ BMi`Q/m+2 i?2 Ӹԅԉ i?2Q`2K BM a2+iBQM RXRXjX

RXRXR LQ2i?2`Ƕb i?2Q`2K

avKK2i`v Bb �#Qmi i?2 BMp�`B�M+2 Q7 i?2 bvbi2K mM/2` i?2 i`�Mb7Q`K�iBQMX AM [m�MimK
T?vbB+b- i?2 bvKK2i`v +�M #2 #`B2~v /BpB/2/ BMiQ i?2 +QMiBMmQmb �M/ i?2 /Bb+`2i2 �++Q`/BM;
iQ i?2 /Bz2`2MiB�#BHBiv Q7 i?2 i`�Mb7Q`K�iBQMX 6Q` 2�+? bvKK2i`v i?2`2 2tBbib i?2 +Q``2@
bTQM/2/ +QMb2`p�iBQMX h?2 +QMb2`p�iBQM Q7 i?2 +QMiBMm2b Bb �//BiBQM�H �M/ i?2 /Bb+`2i2
[m�MimK MmK#2` Bb KmHiBTH2X

h?2 `2H�iBQMb?BT #2ir22M i?2 +QMiBMm2b bvKK2i`v �M/ i?2 +QMb2`p�iBQM H�r Bb /2b+`B#2/
#v i?2 LQ2i?2`Ƕb i?2Q`2K (RN)

LQ2i?2`Ƕb h?2Q`2KX A7 � G�;`�M;B�M ?�b � +QMiBMmQmb bvKK2i`v i?2M i?2`2 2tBbib �
+m``2Mi �bbQ+B�i2/ rBi? i?�i bvKK2i`v i?�i Bb +QMb2`p2/ r?2M i?2 2[m�iBQMb Q7 KQiBQM �`2
b�iBb}2/X

h?Bb +�M #2 +?2+F2/ BM i?2 bvbi2K rBi? i?2 G�;`�M;B�M ෫<ᅿ
 ᆉᇋᅿ> `2bT2+i2/ iQ i?2 }2H/
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e *>�Sh1_ R h>1P_uᅿX h?2 p�`B�iBQM Q7 i?2 G�;`�M;B�M

ᅮ෫ � ௷ ԓΚԧ ৓ঢ়ᆉ෫ᆉᅿ ਷ ᆉᇋ ᆉ෫ᆉ	ᆉᇋᅿ
৞ ᅮᅿ � ᆉᇋ ঢ় ᆉ෫ᆉ	ᆉᇋᅿ
ᅮᅿ৞৔ � � URXRV

rBi? i?2 1mH2`@G�;`�M;B�M 2[m�iBQMᆉ෫ᆉᅿ ਷ ᆉᇋ ᆉ෫ᆉ	ᆉᇋᅿ
 � � URXkV

i?2`2 rBHH #2 i?2 +m``2Mi ӿᇋ ଉ ᆉ෫ᆉ	ᆉᇋᅿ
ᅮᅿ URXjV

�M/ b�iBb}2/ i?2 +QMb2`p�iBQM H�r ᆉᇋӿᇋ � �X h?Bb +QMb2`p2/ +m``2Mi Bb +�HH2/ i?2 LQ2i?2`
+m``2MiX

RXRXk GQ`2Mix ;`QmT �M/ `2T`2b2Mi�iBQM

h?2 i?2Q`v r?Q Bb +QKT�iB#H2 rBi? i?2 bT2+B�H `2H�iBpBiv rBHH ?�p2 i?2 GQ`2Mix BMp�`B�M+2-
r?B+? rBHH #2 bvKK2i`B+ mM/2` i?2 i`�Mb7Q`K�iBQM Q7 i?2 GQ`2Mix ;`QmTX hQ bi�`i rBi?-
r2 }`bi HQQF �i i?2 GQ`2Mix i`�Mb7Q`K�iBQM ဆ BM i?2 T`QT2` Q`i?Q+?`QMQmb GQ`2Mix ;`QmT
aP�	�
 �
 r?B+? Bb i?2 bm#;`QmT Q7 i?2 GQ`2Mix ;`QmT P	�
 �
X h?2 GQ`2Mix i`�Mb7Q`K�iBQM
rBHH F22T i?2 7Qm` /BK2MbBQM bT�+2iBK2 iQ #2 ~�i- r?B+? K2�MbԖᇏᇐ � ဆᇏᇋԖᇋᇌဆᇐᇌ

Ԗᇋᇌ � ৡৠৠৠয়
�� ਷� ਷� ਷�

৤ৣৣৣ
ৢ

URX9V

r?2`2 i?2 Ԗᇋᇌ � ԓԘԐԖ\��
 ਷�
 ਷�
 ਷�^ Bb i?2 JBMFQrbFB K2i`B+X
*QMbB/2` i?2 GQ`2Mix i`�Mb7Q`K�iBQM �+ib QM i?2 [m�MimK }2H/bX 6Q` i?2 MQi�iBQM- r2

�`2 mbBM; i?2 ᅿ	ԧ
 �b i?2 b+�H�`- i?2 ᆁռ	ԧ
 rBi? 	Ԑ � �
 �
 �b i?2 q2vH bTBMQ` r?Q ?�b
irQ +QKTH2t +QKTQM2Mib- i?2 Ӷᇋ	ԧ
 rBi? 	ᅷ � �
 �
 �
 �
 �b i?2 p2+iQ`- �M/ ӻ ᇋᇌ	ԧ
 �b i?2
b2+QM/ Q`/2` i2MbQ`X h?2 GQ`2Mix i`�Mb7Q`K�iBQM +�M #2 T`2b2Mi2/ �bԊ	ဆ
਷φᅿ	ԧ
Ԋ	ဆ
 � ᅿ	ဆ਷φԧ
Ԋ	ဆ
਷φᆁ	ԧ
ռԊ	ဆ
 � Ԉ սռ ᆁս	ဆ਷φԧ
Ԋ	ဆ
਷φӶᇋ	ԧ
Ԋ	ဆ
 � ဆ ᇌᇋ Ӷᇌ	ဆ਷φԧ
Ԋ	ဆ
਷φӻᇋᇌ	ԧ
Ԋ	ဆ
 � ဆ ᇏᇋ ဆ ᇐᇌ ӻᇏᇐ	ဆ਷φԧ
 URX8V
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h?2 2H2K2Mi ဆ BM i?2 GQ`2Mix ;`QmT +�M #2 r`Bii2M �b i?2 2tT`2bbBQM #v i?2 ;2M2`�iQ`b
Q7 aP�	�
 �
X ဆ � 3uU<Ԙ	ᅲքӿք � ᅬքԀք
> � 3uU	Ԙᆂᇋᇌԋ ᇋᇌ
 URXeV

r?2`2 i?2 ᅲք Bb i?2 �M;H2 Q7 i?2 `Qi�iBQM �M/ i?2 ᅬք Bb `�TB/BivX h?2v +QmH/ �HbQ #2 �``�M;2/
�b i?2 `�MF@k i2MbQ` ᆂᇋᇌX

h?2`2 �`2 bBt ;2M2`�iQ`b Q7 aP�	�
 �
 ;`QmT �b ӿք �M/ Ԁք rBi? 	Ԙ � �
 �
 �
 BM i?2 9@p2+iQ`
#�bBbX h?2 ӿք Bb 7Q` i?2 j@. `Qi�iBQM �M/ Ԁք Bb 7Q` i?2 GQ`2Mix #QQbiX �M/ i?2v +�M #2 iB/B2/
mT BM iQ i?2 �MiB@bvKK2i`v Re@/BK2MbBQM�H K�i`B+2b ԋ ᇋᇌ

ӿφ � Ԙ ৡৠৠৠয়
� � � ਷��� �

৤ৣৣৣ
ৢ 
 ӿϵ � Ԙ ৡৠৠৠয়

� � ਷���� �
৤ৣৣৣ
ৢ 
 ӿϯ � Ԙ ৡৠৠৠয়

� � ਷��� � �
৤ৣৣৣ
ৢ

Ԁφ � Ԙ ৡৠৠৠয়
� ਷�਷� � � �

৤ৣৣৣ
ৢ 
 Ԁϵ � Ԙ ৡৠৠৠয়

� ਷��਷� � �
৤ৣৣৣ
ৢ 
 Ԁϯ � Ԙ ৡৠৠৠয়

� ਷�� �਷� �
৤ৣৣৣ
ৢ

ԋ ᇋᇌ � ৡৠৠৠয়
� Ԁφ Ԁϵ Ԁϯ਷Ԁφ � ӿϯ ਷ӿϵ਷Ԁϵ ਷ӿϯ � ӿφ਷Ԁϯ ӿϵ ਷ӿφ �

৤ৣৣৣ
ৢ

URXdV

q2 +�M }M/ i?2b2 bBt ;2M2`�iQ`b b�iBb}2/ i?2 `2H�iBQM<ӿք
 ӿօ> � Ԙᆃքօֆӿֆ<ӿք
 Ԁօ> � ԘᆃքօֆԀֆ<Ԁք
 Ԁօ> � ਷Ԙᆃքօֆӿֆ URX3V

i?2b2 �`2 +�HH2/ i?2 GQ`2Mix �H;2#`�- i?2 �H;2#`� bi`m+im`2 Q7 i?2 aP�	�
 �
 ;`QmTX

h�F2 � +HQb2 HQQF Q7 i?2 GQ`2Mix �H;2#`�- r2 +QmH/ +QMbi`m+i i?2 B``2/m+B#H2 `2T`2b2Mi�iBQM
#v /2}MBM; i?2 HBM2�` +QK#BM�iBQMb Q7 i?2 ;2M2`�iQ`bӿ�ք ଉ ��	ӿք � ԘԀք
ӿ਷ք ଉ ��	ӿք ਷ ԘԀք
 URXNV
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i?2M i?2 �H;2#`� rBHH +Q``2bTQM/BM;Hv #2+QK2 �b<ӿ�ք 
 ӿ�օ > � Ԙᆃքօֆӿ�ֆ<ӿ਷ք 
 ӿ਷օ > � Ԙᆃքօֆӿ਷ֆ<ӿ�ք 
 ӿ਷օ > � � URXRyV

i?2b2 �`2 2t�+iHv i?2 GB2 �H;2#`� Q7 i?2 al	�
X h?mb i?2 aP�	�
 �
 ;`QmT ?�b i?2 B``2/m+B#H2
`2T`2b2Mi�iBQM Q7 i?2 /B`2+i bmK Q7 irQ al	�
 ;`QmTX h?2 /2+QKTQbBiBQM Bb

aP�	�
 � al	�
 ૵ al	�
 URXRRV

h?Bb /2+QKTQbBiBQM +�M �HbQ #2 T`2b2Mi2/ r?2M ӿք � ӿ�ք � ӿ਷օ X aBM+2 i?2 al	�
 ;`QmT Bb
?QKQKQ`T?BbK iQ i?2 aP	�
 ;`QmT- i?2 aP	�
 ;`QmT Bb QM2 Q7 i?2 bm#;`QmT Q7 i?2 aP�	�
 �

;`QmT �M/ Bi +�M #2 mb2/ 7Q` i?2 /2b+`BTiBQM Q7 bTBMX h?2 [m�MimK MmK#2` Q7 i?2 bTBM +�M
#2 `2H�i2/ #v i?2 *H2#b+?@:Q`/�M +Q2{+B2Mib #2ir22M i?2b2 irQ `2T`2b2Mi�iBQMbX h?Bb Bb
b?Qr2/ BM i?2 h�#H2 RXRX

h�#H2 RXR, .2+QKTQbBiBQM Q7 i?2 `2T`2b2Mi�iBQM Q7 al	�
 ૵ al	�
 ;`QmT �M/ i?2 +Q``2@
bTQM/2/ [m�MimK BM aP	�
 ;`QmT

_2T`2b2Mi�iBQM Q7 al	�
 ૵ al	�
 Uy-yV Uφϵ -yV Uy-φϵV Uφϵ -φϵV UR-yV UR-RV
_2T`2b2Mi�iBQM Q7 aP	�
 y φϵ φϵ R૵y R k૵R૵y

G2i mb 7Q+mb QM i?2 bTBMQ` +�b2 rBi? i?2 bTBM φϵ X 6Q` � q2vH bTBMQ` rBi? irQ +QKTQM2Mibᆁ	ԧ
 i?2`2 �`2 irQ �/DQBMi `2T`2b2Mi�iBQM Q7 al	�
 ૵ al	�
 ;`QmT Uφϵ -yV �M/ Uy-φϵV 7`QK i?2
i�#H2X .2}M2 i?2 Uφϵ -yV bTBMQ` �b i?2 H27i@?�M/2/ bTBMQ` r?BH2 i?2 Uy-φϵV �b i?2 `B;?i@?�M/2/
bTBMQ`X h?2v rBHH ?�p2 i?2 ;2M2`�iQ`b rBi? i?2 S�mHB K�i`B+2b ᅼք

Ç G27i@?�M/2/ bTBMQ` Uφϵ -yV, ӿ਷ք � φϵᅼք- ӿ�ք � � Q` 2[mBp�H2MiHv ӿք � φϵᅼք- Ԁք � քϵᅼք
Ç _B;?i@?�M/2/ bTBMQ` Uy-φϵV, ӿ਷ք � �- ӿ�ք � φϵᅼք Q` 2[mBp�H2MiHv ӿք � φϵᅼք- Ԁք � ਷ քϵᅼք
hQ /2i2`KBM2 i?2 7Q`K Q7 i?2 GQ`2Mix i`�Mb7Q`K�iBQM Qp2` i?2 bTBMQ` Ԉ BM 1[m�iBQM URX8V-

r2 2ti2M/ i?2 bTBMQ` iQ i?2 7Qm` +QKTQM2Mib rBi? i?2 /B`2+i bmK Q7 i?2 H27i@?�M/2/ �M/

`B;?i@?�M/2/ q2vH bTBMQ` �b ᆁ � ঢ়ᆁխ	ԧ
ᆁճ	ԧ
৞- i?2M i?2 Ԉ սռ rBHH #2+QK2 iQ i?2 9 ੎ 9 K�i`B+2b

rBi? i?2 bTBMQ` BM/B+2b Ԑ
 ԑ � 	�
 �
 �
 �
X
h?2 Ԉ +�M #2 ;2M2`�i2/ #v i?2 b2i Q7 ;2M2`�iQ`b Q7 al	�
 ૵ al	�
 ;`QmT- rBi? /2}MBM;
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i?2 S�mHB K�i`B+2b ᅼܙ BMiQ ᅼᇋ ଉ 	ග
 ᅼᇋ۽
ᅼܙ ଉ 	ග
 ਷ 
ᅼܙᅭᇋ � ঢ় ᅼᇋ۽ᅼᇋ ৞ URXRkV

�M/ i?2 ;�KK� K�i`B+2b ᅭᇋ b�iBb}2/ i?2 `2H�iBQMb?BT\ᅭᇋ
 ᅭᇌ^ � �Ԗᇋᇌ URXRjV

i?Bb Bb +�HH2/ i?2 *HBzQ`/ �H;2#`�X h?2 ;�KK� K�i`B+2b ᅭᇋ Bb �Hr�vb b�iBb}2/ i?2 *HBzQ`/
�H;2#`� `2;�`/H2bb Q7 r?�i `2T`2b2Mi�iBQM Bb mb2/X

h?2M i?2 GQ`2Mix i`�Mb7Q`K�iBQM Qp2` i?2 bTBMQ` Ԉ +�M #2 r`Bii2M �bԈ � 3uU	ԘᆂᇋᇌԈᇋᇌ
 URXR9V

rBi? bBt ;2M2`�iQ`b Ԉᇋᇌ 7Q` al	�
 ૵ al	�
 ;`QmTX LQiB+2 i?2v �`2 /Bz2`2Mi iQ i?2 GQ`2Mix
i`�Mb7Q`K�iBQM Q7 i?2 p2+iQ` /2}M2/ #v ԋ ᇋᇌX h?2 Ԉᇋᇌ +�M #2 r`Bii2M #v i?2 ;�KK� K�i`B+2bԈᇋᇌ � Ԙ� <ᅭᇋ
 ᅭᇌ> � ��ᅼᇋᇌ URXR8V

h?2 2tTHB+Bi 2tT`2bbBQM Q7 i?2 ᅭᇋ �M/ Ԉᇋᇌ rBHH `2Hv QM i?2 `2T`2b2Mi�iBQM- ?2`2 r2 b?Qr
i?2 7Q`K BM i?2 q2vH `2T`2b2Mi�iBQM

ᅭЈ � ঢ় ගග ৞ 
 ᅭք � ঢ় ᅼք਷ᅼք ৞ URXReV

Ԉքօ � ��ᆃքօֆ ঢ়ᅼֆ ᅼֆ৞ 
 ԈЈք � ਷ Ԙ� ঢ়ᅼք ਷ᅼք৞ URXRdV

h?2 Qi?2` mb27mH /2}MBiBQM `2H�i2/ iQ i?2 ;�KK� K�i`B+2b ᅭᇋ Bb ᅭΘX �M/ Bib 2tTHB+Bi
2tT`2bbBQM BM i?2 q2vH `2T`2b2Mi�iBQMᅭΘ ଉ ԘᅭЈᅭφᅭϵᅭϯᅭΘ � ঢ়਷ග ග৞ URXR3V
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rBi? i?2 7Qm` +QKTQM2Mib bTBMQ` ᆁ � ঢ়ᆁխᆁճ৞ r2 +�M /2}M2 i?2 +?B`�HBiv T`QD2+iBQM QT2`�iQ`b

ԅխ � � ਷ ᅭΘ� � ঢ়ග �৞
ԅճ � � � ᅭΘ� � ঢ়� ග৞ URXRNV

i?2M r2 +�M ;2i 2�+? +?B`�HBiv +QKTQM2Mi #v i?2 T`QD2+iBQM QT2`�iQ`bX i?2 H27i@?�M/2/ bTBMQ`ԅխᆁ � ঢ়ᆁխ� ৞ �M/ i?2 `B;?i@?�M/2/ bTBMQ` ԅճᆁ � ঢ় �ᆁճ৞X

h?2`2 �`2 irQ ivT2b Q7 7Qm` +QKTQM2Mib bTBMQ`- /BpB/2/ #v r?2i?2` i?2 H27i@?�M/2/ �M/
`B;?i@?�M/2/ +QKTQM2Mib �`2 b�K2 r2 ?�p2 i?2 .B`�+ bTBMQ` �M/ i?2 J�DQ`�M� bTBMQ`X >2`2
r2 rQmH/ bT2+B7v i?2 bTBMQ` BM/B+2b 7Q` 2�+? +QKTQM2MiX q2 rQmH/ mb2 i?2 /Qi iQ /BbiBM;mBb?
i?2 H27i@?�M/2/ bTBMQ` BM/B+2b iQ `B;?i@?�M/2/ bTBMQ` U2X;X B7 QM2 H27i@?�M/2/ bTBMQ` Bb rBi?
BM/B+2b Ԑ i?2 +Q``2bTQM/2/ `B;?i@?�M/2/ bTBMQ` rBHH #2 ԐV۾ �M/ i?2v �`2 `2H�i2/ #v i?2 >2`KBi2
+QMDm;�iBQM 	ᆁռ
  � ᆁ ۾ռX 6Q` i?2 q2vH bTBMQ`- i?2 TQbBiBQM Q7 i?2 BM/B+2b rBHH BMi`Q/m+2 i?2
/Bz2`2Mi `2bmHiX q2 +�M mb2 i?2 ᆃ bvK#QH iQ `2H�i2/ i?2 mTT2` �M/ HQr2` bTBMQ` BM/B+2b �bᆁռ � ᆃռսᆁսX �M/ i?2 ᆃռս � ᆃ ռ۾ ս۾ � ঢ় � �਷� �৞ �M/ ᆃռս � ᆃ ռ۾ ս۾ � ঢ়� ਷�� � ৞X

h?2 .B`�+ bTBMQ` ?�b irQ /Bz2`2Mi +QKTQM2Mib �M/ mbBM; i?2 ᆀ �M/ ᅹ 7Q` i?2 H27i@?�M/2/
�M/ `B;?i@?�M/2/ q2vH bTBMQ` ᆁ ଉ ঢ়ᆀռᅹ  ռ৞۾ URXkyV

rBi? i?2 q2vH bTBMQ` BM/B+2b Ԑ � 	�
 �
 �M/ i?2 .B`�+ bTBMQ` rBHH ?�p2 i?2 BMi`BMbB+ l	�

bvKK2i`v 7Q` i?2b2 irQ +QKTQM2Mi mM/2` i?2 i`�Mb7Q`K�iBQM ᆀ ݂ Ԕ਷քᆿᆀ �M/ ᅹ ݂ ԔքᆿᅹX
h?2 �/DQBMi .B`�+ bTBMQ` rBHH #2 /2}M2/ �b ᆁ ଉ ᆁ ᅭЈ � ॱᅹռ ᆀ ۾ռॲX "mi r2 b?QmH/ #2
+�`27mH Q7 i?2 +?�`BHBiv Q7 i?2 �/DQBMi bTBMQ` Bi b?QmH/ #2 ᆁ � ॱᆁ ճ ᆁ խॲ �M/ +QKT�iB#H2 iQԅխᆁ � ᆁԅճ � ॱ� ᆁ խॲX qBi? i?Bb i?2 G�;`�M;B�M Q7 i?2 .B`�+ bTBMQ` �M/ rBi? i?2 bTBMQ`
BM/B+2b 7Q`K rBHH #2෫եք֍ռվ � ᆁ	Ԙᅭᇋᆉᇋ ਷ Ԝ
ᆁ� Ԙ	ᅹռᅼᇋռ  վᆉᇋᅹ۾ վ۾ � ᆀ ۾ռ ᅼᇋ۽ 
ռվᆉᇋᆀվ۾ ਷ Ԝ	ᅹռᆀռ � ᆀ ۾ռᅹ  
ռ۾ URXkRV

#2 +�`27mH Q7 i?2 +QMb2[m2M+2 Q7 i?2 T`Q/m+i Q7 i?2 bTBMQ` bBM+2 i?2 72`KBQMb Q#2v i?2 62`KB@
.B`�+ bi�iBbiB+- i?2`2 rBHH #2 � KBMmb bB;M r?2M 2t+?�M;2 irQ 72`KBQMbX 6Q` +QMp2MiBQM-
/2}M2 i?2 bTBMQ` BM/B+2b +QMi`�+i �b ᆀᆁ � ᆀռᆁռ �M/ ᆀ ᆁ  � ᆀ  ռX۾ ռᆁ۾ h?2 QTTQbBi2 +QMi`�+i
rBHH �HbQ BMi`Q/m+2 i?2 KBMmb bB;M HBF2 ᆀռᆁռ � ᆃռսᆀսᆁռ � ਷ᆃսռᆀսᆁռ � ਷ᆀսᆁսX h?2M r2
rBHH ?�p2 i?2 `2H�iBQM ᆀᆁ � ᆀռᆁռ � ਷ᆁռᆀռ � ᆁռᆀռ � ᆁᆀX h?2 �MiB+QKKmi2 T`QT2`iv Q7
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i?2 bTBMQ` rBHH K�F2 Bi iQ b�iBb7v i?2 :`�bbK�MM �H;2#`�X
h?2 J�DQ`�M� bTBMQ` ?�b i?2 b�K2 +QKTQM2Mi

ᆁ ଉ ঢ় ᆁռᆁ  ռ৞۾ URXkkV

rBi? i?2 q2vH bTBMQ` BM/B+2b Ԑ � 	�
 �
 �M/ i?2 J�DQ`�M� bTBMQ` rBHH ?�p2 i?2 BMi`BMbB+ aP	�

bvKK2i`v 7Q` i?2b2 irQ +QKTQM2Mi mM/2` i?2 i`�Mb7Q`K�iBQM ঢ়ᆁφᆁϵ৞ ݂ ঢ় ,Rc ᅫ cCN ᅫ਷ cCN ᅫ ,Rc ᅫ৞ ঢ়ᆁφᆁϵ৞X

aBKBH�`Hv- i?2 G�;`�M;B�M Q7 i?2 J�DQ`�M� bTBMQ` �M/ rBi? i?2 bTBMQ` BM/B+2b 7Q`K rBHH #2෫ծռօ֊֍ռ։ռ � ��ᆁ	Ԙᅭᇋᆉᇋ ਷ Ԝ
ᆁ� Ԙᆁ  ᅼᇋᆉᇋᆁ۽ ਷ ��Ԝ	ᆁռᆁռ � ᆁ ۾ռᆁ  
ռ۾ URXkjV

q2 MQr ?�p2 i?2 G�;`�M;B�M Q7 i?2 7`22 bTBMQ` }2H/ 7Q` #Qi? .B`�+ �M/ J�DQ`�M� ivT2X
h?2b2 irQ FBM/b Q7 bTBMQ` rBHH #2?�p2 /Bz2`2MiHv mM/2` i?2 +?�`;2 +QMDm;�iBQM i`�Mb7Q`K�iBQM
/Bb+mbb2/ BM i?2 M2ti b2+iBQMX

RXRXj *?�`;2 +QMDm;�iBQM- T�`Biv- iBK2 `2p2`b�H �M/ Ӹԅԉ i?2Q@
`2K

AM a2+iBQM RXRXk r2 7Q+mb QM i?2 T`QT2` Q`i?Q+?`QMQmb GQ`2Mix ;`QmT aP�	�
 �
X h?2
T`QT2` ;`QmT `2[mB`2b i?2 /2i2`KBM�iBQM Q7 i?2 ;`QmT 2H2K2Mib iQ #2 R U03j ဆ � ��V- r?BH2
r?2M 03j ဆ � ਷� Bi rBHH #2 +�HH2/ i?2 BKT`QT2` ;`QmTX h?2 Q`i?Q+?`QMQmb K2�Mb i?�i i?2
}`bi 2H2K2Mi Q7 i?2 K�i`B+2b Bb ;`2�i2` i?�M Q` 2[m�H iQ R ဆЈЈ ଯ ��X

h?2`2 2tBbib i?2 GQ`2Mix i`�Mb7Q`K�iBQM r?B+? +�M MQi #2 ;2M2`�i2/ rBi?BM i?2 aP�	�
 �
X
hvTB+�HHv- i?2 T�`Biv i`�Mb7Q`K�iBQM Bb BKT`QT2` �M/ i?2 iBK2 `2p2`b�H i`�Mb7Q`K�iBQM Bb #Qi?
MQMQ`i?Q+?`QMQmb �M/ BKT`QT2`X h?2B` �+iBQM QM i?2 7Qm` p2+iQ` 7Q`K +�M #2 T`2b2Mi2/ �b෯ �M/ ෳ �M/ i?2 K�i`B+2b rBHH #2

෯ᇋᇌ � ৡৠৠৠয়
�� ਷� ਷� ਷�

৤ৣৣৣ
ৢ URXk9V

ෳᇋᇌ � ৡৠৠৠয়
਷� �� �� ��

৤ৣৣৣ
ৢ URXk8V
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rBi? i?2 T�`Biv �M/ iBK2 `2p2`b�H i`�Mb7Q`K�iBQM r2 +�M 2ti2M/ iQ i?2 GQ`2Mix ;`QmT P	�
 �
X
AM i?2 T`2pBQmb b2+iBQM r2 �HbQ ?�p2 i?2 G�;`�M;B�M i?2 7`22 bTBMQ` }2H/b- �TTHvBM; Bi iQ

i?2 1mH2`@G�;`�M;B�M r2 +�M ;2i i?2 .B`�+ 2[m�iBQM r?B+? Bb i?2 2[m�iBQM Q7 KQiBQM Q7 i?2
7`22 bTBMQ` Ԙ	ᅭᇋᆉᇋ ਷ Ԝ
ᆁ � � URXkeV

rBi? 7Qm` TH�M2 r�p2 bQHmiBQMb r?2M i?2 KQK2MimK Bb y- Ԥ�	�
 � అԜ ॱ� � � �ॲյ
-Ԥ਷	�
 � అԜ ॱ� � � �ॲյ

- ԥ�	�
 � అԜ ॱ� � � ਷� ॲյ
�M/ ԥ਷	�
 � అԜ ॱ਷� � � �ॲյ

X
h?2 Ԥ Bb bQHmiBQMb 7Q` T�`iB+H2 r?BH2 i?2 ԥ Bb i?2 bQHmiBQMb 7Q` �MiBT�`iB+H2X h?2b2 bQHmiBQM +�M
#2 ;2M2`�HBx2/ iQ �Mv KQK2MimK T rBi? Ԥ֎	T
 � 3uU	ԘᅬTࣞ ੁ E
Ԥ֎	�
 �M/ ԥ֎	T
 � 3uU	ԘᅬTࣞ ੁ
E
ԥ֎	�
- r?2`2 i?2 Ԣ � 	�
 ਷
 Bb i?2 /2;`22 Q7 7`22/QK Q7 i?2 bTBM- i?2 ᅬ � cCN@਷φ	]T] �Ԝ

Bb i?2 `�TB/Biv �M/ Ԁ Bb i?2 ;2M2`�iQ`b Q7 i?2 GQ`2Mix ;`QmTX qBi? i?Bb b2ib Q7 bQHmiBQM r2
+�M ;2i i?2 +?�`;2 +QMDm;�iBQM `2H�iBQM #2ir22M i?2 T�`iB+H2 �M/ �MiBT�`iB+H2X

h?2 bvKK2i`v bim/v Q7 i?2 bTBMQ` #BHBM2�` bi`m+im`2 Bb p2`v mb27mH 7Q` i?2 +QMbi`m+iBQM
Q7 i?2 TQbbB#H2 G�;`�M;B�MX h?2 +QKKQM bTBMQ` #BHBM2�` ᆁစᆁ rBHH #2 i?2 ᆁᆁ- ᆁᅭΘᆁ- ᆁᅭᇋᆁ-ᆁᅭᇋᅭΘᆁ- ᆁᅼᇋᇌᆁX AM i?Bb b2+iBQM- r2 �`2 T�`iB+mH�`Hv BMi2`2bi2/ BM i?2 bTBMQ` #BHBM2�` �M/
i?2B` bvKK2i`v mM/2` i?2 Ӹ- ԅ - ԉ i`�Mb7Q`K�iBQM rBHH #2 /Bb+mbb2/ BM /2i�BHX

RXRXjXR *?�`;2 +QMDm;�iBQM

h?2 +?�`;2 +QMDm;�iBQM i`�Mb7Q`K�iBQM Ӹ rBHH +?�M;2 i?2 T�`iB+H2 BMiQ Bib �MiBT�`iB+H2
T�`iM2` �M/ pB+2 p2`b�X 6`QK i?2 `2bT2+iBp2 Q7 i?2 ;`QmT i?2Q`v- Bi rBHH i`�Mb7Q`K QM2
`2T`2b2Mi�iBQM iQ Bib +QKTH2t +QMDm;�i2 `2T`2b2Mi�iBQMX AM i?Bb i`�Mb7Q`K�iBQM �HH i?2 +?�`;2
MmK#2` rBHH #2+QK2 QTTQbBi2X *?�`;2 +QMDm;�iBQM i`�Mb7Q`K�iBQM �+iBM; QM i?2 b+�H�` rBHH
#2 Ӹ਷φᅿ	ԧ
Ӹ � ᅿ੟	ԧ
- �M/ 7Q` p2+iQ` #QbQM Ӹ਷φӶᇋ	ԧ
Ӹ � ਷Ӷ ᇋ	ԧ
X

.2}M2 i?2 +?�`;2 +QMDm;�iBQM Qp2` i?2 bTBMQ` �bᆁդ	ԧ
 � Ӹ਷φᆁ	ԧ
Ӹ � ਷Ԙᅭϵᆁ੟	ԧ
 URXkdV

Bi +�M #2 [mB+FHv p2`B}2/ #v i?2 TH�M2 r�p2 bQHmiBQMb i?�i Ӹ਷φԤ֎Ӹ � ԥ֎ �M/ Ӹ਷φԥ֎Ӹ � Ԥ֎X

h?2`2 rBHH #2 �M 2[mBp�H2Mi /2}MBiBQM r?B+? rBHH mb2 i?2 +?�`;2 +QMDm;�iBQM ෢ � ঢ়਷ᆃռվ� ᆃ ռ۾ վ৞X۾

h?2 +?�`;2 +QMDm;�iBQM rBHH #2+QK2ᆁդ	ԧ
 � Ӹ਷φᆁ	ԧ
Ӹ � ෢ᆁյ 	ԧ
 URXk3V

i?Bb Bb 2t�+iHv B/2MiB+�H iQ i?2 T`2pBQmb /2}MBiBQM #2+�mb2 ෢ᅭЈ � ਷Ԙᅭϵ- �M/ i?Bb 2tT`2bbBQM
rBHH #2 KQ`2 T`2+Bb2 r?2M mbBM; i?2 bTBMQ` BM/B+2bX

�TTHv i?2 +?�`;2 +QMDm;�iBQM iQ #Qi? .B`�+ bTBMQ` ᆁե �M/ J�DQ`�M� ᆁծ X q2 +�M }M/
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i?�i ᆁդե � ঢ় ᅹռᆀ  ռ৞۾ �M/ ᆁդծ � ঢ় ᆁռᆁ  ռ৞X۾ 6Q` i?2 .B`�+ bTBMQ` Bi BM/B+�i2b i?�i Ӹ਷φᅹӸ � ᆀ �M/Ӹ਷φᆀӸ � ᅹ- �M/ i?2 �MiBT�`iB+H2 Q7 � J�DQ`�M� bTBMQ` Bb Bib2H7X
*QMbB/2` i?2 +?�`;2 +QMDm;�iBQM QM i?2 bTBMQ` #BHBM2�` ᆁစᆁ- i?2 bB;M rBHH #2 /2i2`KBM2/

#v ᅭЈᅭϵစյ ᅭЈᅭϵX h?2 bmKK�`v Q7 i?2 +?�`;2 +QMDm;�iBQM QM i?2 bTBMQ` #BHBM2�` BbӸ਷φ	ᆁᆁ
Ӹ � �ᆁᆁӸ਷φ	ᆁԘᅭΘᆁ
Ӹ � �ᆁԘᅭΘᆁӸ਷φ	ᆁᅭᇋᆁ
Ӹ � ਷ᆁᅭᇋᆁӸ਷φ	ᆁᅭᇋᅭΘᆁ
Ӹ � �ᆁᅭᇋᅭΘᆁ URXkNV

RXRXjXk S�`Biv

h?2 T�`Biv i`�Mb7Q`K�iBQM ԅ Bb �HbQ +�HH2/ i?2 bT�+2 `2p2`b�H Q` i?2 KB``Q` `2~2+iBQM-
Bi rBHH ~BT i?2 bB;M Q7 i?2 bT�iB�H +QQ`/BM�i2X h?2 T�`Biv Bb i?2 bvKK2i`v iQ 2t+?�M;2 i?2
+?B`�H bi`m+im`2X A7 � b+�H�` bvbi2K �7i2` i?2 T�`Biv i`�Mb7Q`K�iBQM Bb ԅ ਷φᅿ	ԧ
ԅ � ਻ᅿ	෯ԧ
-
rBi? � THmb � Bi Bb b�B/ i?�i i?2 bvbi2K ?�b i?2 2p2M T�`Biv r?BH2 i?2 KBMmb ਷ Bb i?2 Q//
T�`BivX 6Q` i?2 p2+iQ` #QbQM ԅ ਷φӶᇋ	ԧ
ԅ � ෯ ᇌᇋ Ӷᇌ	෯ԧ
X

h?2 7Q`K Q7 i?2 T�`Biv i`�Mb7Q`K�iBQM Qp2` i?2 bTBMQ` rBHH #2ԅ ਷φᆁ	ԧ
ԅ � ᅭЈᆁ	෯ԧ
 URXjyV

7Q` � .B`�+ bTBMQ` r2 ?�p2 ԅ ਷φᆀռ	ԧ
ԅ � ᅹ  
෯ԧ	ռ۾ �M/ ԅ ਷φᅹ  
ԧ	ռ۾ԅ � ᆀռ	෯ԧ
- i?2 T�`Biv
rBHH 2t+?�M;2 i?2 +?B`�H T�`iX

h?2 bB;M Q7 �+iBM; i?2 T�`Biv QM i?2 bTBMQ` #BHBM2�` ᆁစᆁ rBHH #2 /2i2`KBM2/ #v ᅭЈစᅭЈ-
i?Bb rBHH #2 bmKK�`Bx2/ #2HQr ԅ ਷φ	ᆁᆁ
ԅ � �ᆁᆁԅ ਷φ	ᆁԘᅭΘᆁ
ԅ � ਷ᆁԘᅭΘᆁԅ ਷φ	ᆁᅭᇋᆁ
ԅ � �෯ᇋᇌᆁᅭᇌᆁԅ ਷φ	ᆁᅭᇋᅭΘᆁ
ԅ � ਷෯ᇋᇌᆁᅭᇌᅭΘᆁ URXjRV

#v i?2b2 `2H�iBQM i?2 ᆁᆁ rBHH #2 +�HH2/ b+�H�`- ᆁԘᅭΘᆁ Bb Tb2m/Qb+�H�`- ᆁᅭᇋᆁ Bb TQH�` p2+iQ`
�M/ ᆁᅭᇋᅭΘᆁ Bb �tB�H p2+iQ`X

RXRXjXj hBK2 `2p2`b�H

h?2 iBK2 `2p2`b�H i`�Mb7Q`K�iBQM ԉ rBHH +?�M;2 i?2 /B`2+iBQM Q7 i?2 iBK2 2pQHmiBQMX AM
[m�MimK K2+?�MBbK- i?2 a+?`Q/BM;2` 2[m�iBQM Bb Ԙᆉ֏ᆁ	ԧ
 � ӽࣞᆁ	ԧ
X �+i i?2 iBK2 `2p2`b�H
QM Bi �M/ Bi #2+QK2b ਷Ԙᆉ֏ᆁ੟	ෳԧ
 � ӽࣞᆁ੟	ෳԧ
X hQ K�F2 i?2 7Q`K Q7 i?2 a+?`Q/BM;2` 2[m�iBQM
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mM+?�M;2/- i?2 iBK2 `2p2`b�H i`�Mb7Q`K�iBQM b?QmH/ #2 �MiBmMBi�`v r?B+? BM/B+�i2b i?�iԉ ਷φԘԉ � ਷ԘX h?Bb rBHH `2[mB`2 i?�i i?2 ;�KK� K�i`B+2b +?�M;2/ �b ԉ ੃ ᅭЈӴφӴϯӴΘ ݂ ᅭЈӴφӴϯӴΘ
�M/ ԉ ੃ ᅭϵ ݂ ਷ᅭϵ mM/2` i?2 iBK2 `2p2`b�HX h?mb 7Q` i?2 bTBMQ`ԉ ਷φᆁ	ԧ
ԉ � ᅭφᅭϯᆁ	ෳԧ
 URXjkV

6Q` i?2 bTBMQ` #BHBM2�` ᆁစᆁ mM/2` i?2 iBK2 `2p2`b�H i`�Mb7Q`K�iBQM- i?2 bB;M rBHH `2Hv QM
i?2 ᅭϯᅭφစ੟ᅭφᅭϯX h?2b2 `2H�iBQMb �`2ԉ ਷φ	ᆁᆁ
ԉ � �ᆁᆁԉ ਷φ	ᆁԘᅭΘᆁ
ԉ � ਷ᆁԘᅭΘᆁԉ ਷φ	ᆁᅭᇋᆁ
ԉ � ਷ෳᇋᇌᆁᅭᇌᆁԉ ਷φ	ᆁᅭᇋᅭΘᆁ
ԉ � ਷ෳᇋᇌᆁᅭᇌᅭΘᆁ URXjjV

RXRXjX9 Ӹԅԉ i?2Q`2K

LQr H2i mb +QMbB/2` i?2 +QK#BM2/ i`�Mb7Q`K�iBQM Ӹԅԉ X 6QHHQrBM; i?2 /2}MBiBQM #27Q`2-
i?2 Ӹԅԉ i`�Mb7Q`K�iBQM QM i?2 bTBMQ` rBHH #2 2tT`2bb2/ �b	Ӹԅ ԉ 
਷φᆁ	ԧ
Ӹԅԉ � ਷ԘᅭϵᅭЈᅭφᅭϯᆁ੟	਷ԧ
 � ਷ᅭΘᆁ੟	਷ԧ
 URXj9V

aBKBH�`Hv- i?2 bTBMQ` #BHBM2�` ᆁစᆁ mM/2` i?2 Ӹԅԉ i`�Mb7Q`K�iBQM rBHH `2H�i2/ iQ ᅭЈᅭΘစ ᅭΘᅭЈX
h?2v +�M #2 �HbQ 2�bBHv ;Qii2M #v i?2 +QK#BM�iBQM Q7 i?2 Ӹ- ԅ - ԉ i`�Mb7Q`K�iBQM	Ӹԅԉ 
਷φ	ᆁᆁ
	Ӹԅ ԉ 
 � �ᆁᆁ	Ӹԅԉ 
਷φ	ᆁԘᅭΘᆁ
	Ӹԅ ԉ 
 � �ᆁԘᅭΘᆁ	Ӹԅԉ 
਷φ	ᆁᅭᇋᆁ
	Ӹԅ ԉ 
 � ਷ᆁᅭᇌᆁ	Ӹԅԉ 
਷φ	ᆁᅭᇋᅭΘᆁ
	Ӹԅ ԉ 
 � ਷ᆁᅭᇌᅭΘᆁ URXj8V

6Q` i?2 /2`Bp�iBQM Ӹԅ ԉ ੃ ᆉᇋ ݂ ਷ᆉᇋ Bi rBHH #2 KBMmb bB;M mM/2` i?2 Ӹԅԉ bBM+2 i?2
+QK#BM2/ ԅ �M/ ԉ i`�Mb7Q`K�iBQMX h?2`27Q`2- 7Q` i?2 bTBMQ` #BHBM2�` r2 +�M +QmMi i?2
mM+QMi`�+i2/ GQ`2Mix BM/B+2b ᅷ- B7 Bi Bb 2p2MUQ//V i?2M i?2 Ӹԅԉ bvKK2i`v rBHH #2 2p2MUQ//VX

�b i?2 +QKKQM G�;`�M;B�M ෫ rBHH #2 +QMbi`m+i2/ rBi? i?2 +Q``2bTQM/2/ b+�H�`- bTBMQ`
#BHBM2�` �M/ p2+iQ` }2H/b rBi? �HH GQ`2Mix BM/B+2b +QMi`�+i2/- r2 ?�p2 i?2 Ӹԅԉ bvKK2i`v
mM/2` i?2 i`�Mb7Q`K�iBQM Ӹԅԉ ੃ ෫	ԧ
 ݂ ෫	਷ԧ
X h?Bb Bb FMQrM �b i?2 Ӹԅԉ i?2Q`2K

*Sh h?2Q`2KX 6Q` i?2 T?vbB+b bvbi2K i?�i �HH H�rb Q7 T?vbB+b Kmbi #2 BMp�`B�Mi mM/2`
i?2 +QK#BM�iBQM Q7 Ӹԅ ԉ i`�Mb7Q`K�iBQMX
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RXk h?2 ai�M/�`/ JQ/2H
h?2 ai�M/�`/ JQ/2H Bb i?2 T�`�KQmMi i?2Q`v iQ /2b+`B#2 i?2 7mM/�K2Mi�H T�`iB+H2b �M/

i?2B` BMi2`�+iBQMb BM T�`iB+H2 T?vbB+b BM +m``2MiX Ai Bb � i?2Q`v #�b2/ QM i?2 `2MQ`K�HBx�#H2
[m�MimK }2H/ i?2Q`v UZ6hVX AM i?Bb b2+iBQM- i?2 u�M;@JBHHb i?2Q`v r?B+? /2b+`B#2b i?2
BMi2`�+iBQM #v BMi`Q/m+BM; i?2 ;�m;2 BMp�`B�M+2 rBHH #2 T`2b2Mi2/ BM a2+iBQM RXkXRX �M/
i?2 >B;;b K2+?�MBbK rBi? i?2 bTQMi�M2Qmb bvKK2i`v #`2�FBM; i?�i �HHQrb i?2 T�`iB+H2 iQ
�+[mB`2 i?2 K�bb rBHH #2 BMi`Q/m+2/ BM a2+iBQM RXkXkX h?2M i?2 7mM/�K2Mi�H T�`iB+H2b �M/
i?2B` BMi2`�+iBQMb �b r2HH �b i?2 mMB}+�iBQM Q7 r2�F �M/ 2H2+i`QK�;M2iB+ BMi2`�+iBQMb rBHH #2
/Bb+mbb2/ BM a2+iBQM RXkXjX

RXkXR :�m;2 BMp�`B�M+2 �M/ u�M;@JBHHb i?2Q`v

h?2 BM7Q`K�iBQM Q7 � T?vbB+b bvbi2K Bb /2b+`B#2/ #v i?2 G�;`�M;B�M 7Q` Bib T`QT2`iB2b �M/
FBM2K�iB+bX "v i?2 >�KBHiQMǶb T`BM+BTH2 UT`BM+BTH2 Q7 H2�bi �+iBQMV r2 +�M ;2i i?2 2[m�iBQM
Q7 KQiBQM Q7 i?2 bvbi2K mbBM; i?2 1mH2`@G�;`�M;2 2[m�iBQM #v Bib G�;`�M;B�MX AM Z6h-
i?2 BMi2`�+iBQM +�M #2 M�im`�HHv BMi`Q/m+2/ #v `2[mB`BM; i?2 HQ+�H ;�m;2 BMp�`B�M+2 iQ � 7`22
bvbi2K (ky)X

hQ bi�`i rBi? i?2 bvbi2K Q7 L .B`�+ 72`KBQMb /2b+`B#2/ #v L 7`22 bTBMQ` }2H/b ည �	ᆁφ
 ���
 ᆁկ
յ - i?2 G�;`�M;B�M Q7 i?Bb bvbi2K Bb෫Ј � ည	Ԙᅭᇋᆉᇋ ਷ Ԝ
ည URXjeV

B7 �TTHvBM; i?2 1mH2`@G�;`�M;B�M 2[m�iBQM r2 rBHH ;2i i?2 .B`�+ 2[m�iBQM 7Q` L 2[m�iBQMb Q7
KQiBQM Q7 7`22 72`KBQMbX

h?2 bvbi2K +�M #2 QT2`�i2/ mM/2` i?2 i`�Mb7Q`K�iBQM ࣞԊ BM i?2 al	ԃ
 bvKK2i`v ;`QmT-
r?B+? Bb � mMBi�`v i`�Mb7Q`K�iBQM ࣞԊ  ࣞԊ � Ӿ X h?2 al	ԃ
 bvKK2i`v +�M #2 2Bi?2` ;HQ#�H Q`
HQ+�H /2T2M/b QM r?2i?2` i?2 ;`QmT T�`�K2i2` Bb /2T2M/2Mi QM ԧX >2`2 r2 7Q+mb QM i?2
HQ+�H ;�m;2 i`�Mb7Q`K�iBQM ည	ԧ
 ݂ ည஥	ԧ
 � ࣞԊည	ԧ
ࣞԊ<ᅫ	ԧ
> � ԔքᆿՆ	֓
 ࣞյ Ն URXjdV

rBi? ᅫ	ԧ
 �`2 i?2 ;`QmT T�`�K2i2`b- �M/ ࣞԉ � 	 ࣞԉ φ
 ���
 ࣞԉ ։
 �`2 M ;2M2`�iQ`b Q7 i?2 al	ԃ

bvKK2i`v ;`QmT Uԝ � ԃϵ ਷ �V �M/ b�iBb}2/ i?2 GB2 �H;2#`� �M/ �HbQ MQM@�#2HB�M r?2Mԃ � � < ࣞԉ ռ
 ࣞԉ ս> � Ԙԕռսվ ࣞԉ վ URXj3V

amTTQb2/ i?2 bvbi2K Bb HQ+�H ;�m;2 BMp�`B�Mi r?B+? K2�Mb i?�i r2 +�M }M/ � HQ+�H ;�m;2
i`�Mb7Q`K�iBQM iQ K�F2 i?2 G�;`�M;B�M BMp�`B�Mi mM/2` i?2 al	ԃ
 bvKK2i`v i`�Mb7Q`K�@
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iBQM- i?Bb `2[mB`2 i?2 /2`Bp�iBp2 iQ #2+QK2 iQ i?2 +Qp�`B�Mi /2`Bp�iBp2ӹᇋ ଉ ᆉᇋ ਷ ԘԖ ࣞԉ ռӶռᇋ	ԧ
 URXjNV

rBi? ; Bb i?2 +QmTHBM; +QMbi�Mi- �M/ Ӷռᇋ	ԧ
 �`2 i?2 9@/BK2MbBQM ;�m;2 #QbQM p2+iQ` }2H/X
"v bT2+B7vBM; i?2 BMp�`B�M+2 Q7 i?2 /2`Bp�iBp2 i2`K ӹᇋည ݂ ࣞԊ ੁ ӹᇋည- i?2 HQ+�H ;�m;2

i`�Mb7Q`K�iBQM +�M #2 T`2b2Mi2/ iQ 2Mbm`2 i?2 ;�m;2 BMp�`B�M+2Ӷռᇋ ݂ Ӷ஥ռᇋ � ࣞԊӶռᇋ ࣞԊ਷φ ਷ ԘԖ	ᆉᇋ ࣞԊ
 ࣞԊ਷φ� Ӷռᇋ � �Ԗᆉᇋᅫռ ਷ ԕռսվᅫսӶվᇋ URX9yV

lbBM; 1[m�iBQM URXjNV iQ 2H2p�i2 i?2 /2`Bp�iBp2 BM 1[m�iBQM URXjeV- MQr r2 ?�p2 i?2
G�;`�M;B�M ෫ � ည	Ԙᅭᇋᆉᇋ ਷ Ԝ
ည ਷ Ԗညᅭᇋ ࣞԉ ռညӶռᇋ URX9RV

BM r?B+? ෫ֆք։ � ည	Ԙᅭᇋᆉᇋ ਷Ԝ
ည Bb i?2 FBM2K�iB+ i2`K �M/ i?2 ෫ք։֏ � ਷Ԗညᅭᇋ ࣞԉ ռညӶռᇋ i2`K
`2T`2b2Mib i?2 BMi2`�+iBQM Q7 72`KBQM �M/ ;�m;2 p2+iQ` #QbQMX >2M+2- r2 ;2i i?2 BMi2`�+iBQM
i2`K #v `2[mB`BM; i?2 HQ+�H ;�m;2 BMp�`B�M+2 Q7 i?2 7`22 72`KBQM }2H/b bvbi2KX

.2}MBM; i?2 ;�m;2 #QbQM }2H/ i2MbQ`ӻᇋᇌ � ԘԖ <ӹᇋ
 ӹᇌ> � ࣞԉ ռӻ ռᇋᇌӻ ռᇋᇌ � ᆉᇋӶռᇌ ਷ ᆉᇌӶռᇋ � ԖԕռսվӶսᇋӶվᇌ URX9kV

i?2M r2 ?�p2 i?2 FBM2K�iB+ i2`K Q7 i?2 p2+iQ` #QbQM- �b r2HH �b i?2 ;�m;2 #QbQM b2H7
+QmTHBM; r?2M i?2 ;�m;2 }2H/ Bb MQM@�#2HB�M෫պ ծ � ਷��ӻ ռᇋᇌӻ ᇋᇌӴռ URX9jV

i?Bb i2`K Bb �HbQ HQ+�H ;�m;2 BMp�`B�Mi- MQr i?2 bvbi2K Q7 i?2 72`KBQMb �M/ p2+iQ` #QbQM
rBi? i?2 BMi2`�+iBQM +�M #2 T`2b2Mi2/ �b ෫ � ෫ֆք։ � ෫ք։֏ � ෫պ ծ X

RXkXk aTQMi�M2Qmb bvKK2i`v #`2�FBM; �M/ "`Qmi@1M;H2`i@>B;;b
K2+?�MBbK

AM i?2 /Bb+mbbBQM #27Q`2- r2 ;Qi i?2 BMi2`�+iBQM i2`K #v BMi`Q/m+BM; i?2 HQ+�H ;�m;2
BMp�`B�M+2X >Qr2p2`- i?2 ;�m;2 #QbQM i2`Kb �`2 `2[mB`2/ iQ #2 K�bbH2bbX h?Bb Bb #2+�mb2 B7
r2 �// i?2 K�bb i2`K Q7 ;�m;2 #QbQM ෫ֈ � ਷ԜϵբӶռᇋ ੁ ӶռӴᇋ �`iB}+B�HHv- i?Bb i2`K rBHH #`2�F
i?2 HQ+�H ;�m;2 BMp�`B�M+2X hQ /2b+`B#2 i?2 ;�m;2 #QbQM rBi? K�bb- i?2 "`Qmi@1M;H2`i@>B;;b
K2+?�MBbK (kR- kk) Bb BM 2z2+iX
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`3	ᅿ
 BL	ᅿ

ԋ 	ᅿ
ᅿ � � ]ᅿ] � అ֑ϵ

6B;m`2 RXR, *QKTH2t b+�H�` }2H/ TQi2MiB�H r?2M ᅷϵ � �X

h?Bb K2+?�MBbK Bb ?B;?Hv `2H�i2/ iQ i?2 +QM+2Ti Q7 i?2 bTQMi�M2Qmb bvKK2i`v #`2�FBM;X
A7 i?2 bvbi2K ?�b � bvKK2i`v �i i?2 mMbi�#H2 bi�i2- i?2 bvKK2i`v rBHH #2 HQbi r?2M i?2
bvbi2K i2M/b iQ i?2 bi�#H2 bi�i2 r?B+? Bb +�HH2/ i?2 bTQMi�M2Qmb bvKK2i`v #`2�FBM;X AM
Z6h- +QMbB/2`BM; i?2 +QKTH2t b+�H�` }2H/ ᅿ rBi? i?2 TQi2MiB�H ԋ 	ᅿ
 � ᅷϵᅿ੟ᅿ � ᅶ	ᅿ੟ᅿ
ϵ෫ � ԉ 	ᅿ
 ਷ ԋ 	ᅿ
� 	ᆉᇋᅿ
੟	ᆉᇋᅿ
 ਷ ᅷϵᅿ੟ᅿ ਷ ᅶ	ᅿ੟ᅿ
ϵ URX99V

hQ /2i2`KBM2 i?2 b?�T2 Q7 i?2 b+�H�` }2H/ TQi2MiB�H- r2 i`v iQ }M/ i?2 2ti`2KmK TQBMi
#v ᇝշ 	ᇓ
ᇝ]ᇓ] � �ᅷϵ]ᅿ] � �ᅶ]ᅿ]ϯ � �X h?2 KBMBK�H p�Hm2 Bb /BpB/2/ BM irQ +�b2bX A7 i?2 ᅷϵ � �
i?2 KBMBKmK ]ᅿ]ֈք։ � � rBHH #2 i?2 TQBMi Q7 Q`B;BM BM +QQ`/BM�i2b �M/ Bi Bb � i`BpB�H +�b2
�M/ MQ bTQMi�M2Qmb bvKK2i`v #`2�FBM; ?�TT2MbX q?�i Bb BMi2`2bi2/ iQ mb Bb i?2 +�b2 Q7ᅷϵ � �- i?2 b?�T2 Q7 i?2 +QKTH2t b+�H�` }2H/ TQi2MiB�H b?�T2 Bb b?QrM BM 6B;m`2 RXR �M/ i?2
KBMBKmK rBHH #2 ]ᅿ]ֈք։ � ఋ਷ᅷϵ�ᅶ ଉ ԥఅ� URX98V

r?2`2 i?2 p Bb M�K2/ �b p�+mmK 2tT2+i�iBQM p�Hm2 Uo1oVX h?2 T`Q+2bb i?�i i?2 bvbi2K
i2M/ iQ #2 bi�#H2 7`QK ᅿ � � iQ ]ᅿ] � అ֑ϵ Bb +�HH2/ bTQMi�M2Qmb bvKK2i`v #`2�FBM;X

"27Q`2 i?2 bTQMi�M2Qmb bvKK2i`v #`2�FBM;- i?2 G�;`�M;B�M ?�b i?2 HQ+�H l	�
 ;�m;2
bvKK2i`v mM/2` i?2 i`�Mb7Q`K�iBQM ᅿ	ԧ
 ݂ ᅿ஥	ԧ
 � Ԕքᆿ	֓
ᅿ	ԧ
X h?Bb bvKK2i`v rBHH #2
?B//2M B7 i?2 bTQMi�M2Qmb bvKK2i`v #`2�FBM; ?�TT2M2/ mM/2` i?2 b+�H�` }2H/ bm#biBimiBQMᅿ	ԧ
 � �అ�Ԕք ᆣ	՝
՛ <ԗ	ԧ
 � ԥ> URX9eV

BM r?B+? i?2 +QKTH2t b+�H�` }2H/ Bb `2TH�+2/ #v irQ `2�H b+�H�` }2H/b- i?2 ᅹ	ԧ
 Bb +�HH2/ i?2
:QH/biQM2 }2H/ �M/ i?2 i?2 ԗ	ԧ
 Bb +�HH2/ i?2 >B;;b }2H/X qBi? i?2 h�vHQ` 2tT�MbBQM Q7 i?2
2tTQM2MiB�H i2`K r2 +�M ;2i i?2 HQr2bi Q`/2` ᅿ	ԧ
 � φఅϵ<ԗ	ԧ
 � Ԙᅹ	ԧ
 � ԥ>- i?2 ԗ	ԧ
 �M/ᅹ	ԧ
 +�M `2T`2b2Mi i?2 `2�H �M/ BK�;BM2 T�`i Q7 i?2 +QKTH2t b+�H�`- `2bT2+iBp2HvX 6Q` i?2
bTQMi�M2Qmb bvKK2i`v #`2�FBM; Q7 i?2 al	ԝ
 bvKK2i`v ;`QmT- i?2`2 rBHH #2 ԃ � ԝϵ ਷ �
K�bbH2bb :QH/biQM2 #QbQM 7Q` 2�+? ;`QmT ;2M2`�iQ` �M/ i?Bb Bb +�HH2/ :QH/biQM2Ƕb i?2Q`2KX

hQ BMi`Q/m+2 i?2 ;�m;2 }2H/- 2H2p�iBM; i?2 /2`Bp�iBp2 BM 1[m�iBQM URX99V BMiQ +Qp�`B�Mi
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/2`Bp�iBp2 �M/ rBi? i?2 ;�m;2 i`�Mb7Q`K�iBQM BM l	�
 +�b2ᆉᇋ ݂ ӹᇋ � ᆉᇋ ਷ ԘԔӶᇋ	ԧ
Ӷᇋ	ԧ
 ݂ Ӷ஥ᇋ	ԧ
 � Ӷᇋ	ԧ
 � �Ԕᆉᇋᅫ	ԧ
 URX9dV

rBi? i?2 +QmTHBM; +QMbi�Mi 2 �M/ i?2 ;�m;2 p2+iQ` }2H/ Ӷᇋ	ԧ
X
hQ 2HBKBM�i2 i?2 mMQ#b2`p2/ :QH/biQM2 }2H/- H2i ᅫ	ԧ
 � ਷ᇍ	֓
֑ X h?2M i?2 b+�H�` }2H/

bTQMi�M2Qmb bvKK2i`v #`2�FBM; �M/ l	�
 ;�m;2 i`�Mb7Q`K�iBQM rBHH #2+QK2 iQᅿ	ԧ
 ݂ ᅿ஥	ԧ
 � �అ�Ԕք ᆣ	՝
՛ <ԗ	ԧ
 � ԥ>Ӷᇋ	ԧ
 ݂ Ӷ஥ᇋ	ԧ
 � Ӷᇋ	ԧ
 ਷ �Ԕԥᆉᇋᅹ	ԧ
 URX93V

am#biBimiBM; i?2 1[m�iBQM URX93V BMiQ 1[m�iBQM URX99V rBi? i?2 +Qp�`B�Mi /2`Bp�iBp2- r2
+�M ;2i i?2 G�;`�M;B�M෫ � ��	ᆉᇋԗ
	ᆉᇋԗ
 ਷ ᅶԥϵԗϵ ਷ ᅶԥԗϯ ਷ ��ᅶԥΚ਷ ��ӻᇋᇌӻ ᇋᇌ � ��ԔϵԥϵӶᇋӶᇋ � ԔϵԥӶᇋӶᇋԗ � ��ԔϵӶᇋӶᇋԗϵ URX9NV

6`QK i?2 G�;`�M;B�M r2 7QmM/ i?�i i?2`2 Bb i?2 K�bb i2`K Q7 i?2 ;�m;2 }2H/ φϵԔϵԥϵӶᇋӶᇋ
rBi? i?2 K�bb Ԝբ � ԔԥX qBi? i?2 ;�m;2 i`�Mb7Q`K�iBQM BM 1[m�iBQM URX93V- i?2 ;�m;2 #QbQM
�+[mB`2 i?2 K�bb #v �#bQ`#BM; i?2 :QH/biQM2 #QbQM BM i?2 T`Q+2bb Q7 bTQMi�M2Qmb bvKK2i`v
#`2�FBM; �M/ i?Bb Bb +�HH2/ i?2 >B;;b K2+?�MBbKX

RXkXj 1H2+i`Qr2�F mMB}+�iBQM �M/ :H�b?Qr@q2BM#2`;@a�H�K KQ/2H

h?Bb b2+iBQM rBHH BMi`Q/m+2 7mM/�K2Mi�H T�`iB+H2b �M/ BMi2`�+iBQMb BM ai�M/�`/ JQ/2HX
h?2`2 �`2 i?`22 FBM/b Q7 7mM/�K2Mi�H T�`iB+H2b BM aJ- i?2 72`KBQMb iQ 7Q`K i?2 bm#bi�M+2b-
i?2 ;�m;2 #QbQM iQ T`QT�;�i2 i?2 BMi2`�+iBQMb �M/ i?2 b+�H�` iQ T`QpB/2 i?2 K�bbX

qBi? i?2 u�M;@JBHHb i?2Q`v �M/ "`Qmi@1M;H2`i@>B;;b K2+?�MBbK- r2 +�M +QMbi`m+i i?2
BMi2`�+iBQM �M/ K�bb i2`Kb Q7 i?2 7mM/�K2Mi�H T�`iB+H2b BM aJX h?2 7mM/�K2Mi�H BMi2`�+iBQMb
BM aJ �`2 /2b+`B#2/ #v i?2 al	�
դ ૺ al	�
խ ૺ l	�
պ ;�m;2 bvKK2i`v ;`QmT- r?2`2 i?2
al	�
դ bvKK2i`v ;`QmT rBHH #2 mb2/ 7Q` i?2 bi`QM; BMi2`�+iBQM r?BH2 i?2 al	�
խ ૺ l	�
պ
Bb 7Q` i?2 2H2+i`Qr2�F BMi2`�+iBQM (kjĜk8)X �M/ i?2 bTQMi�M2Qmb bvKK2i`v #`2�FBM; rBHH
?�TT2M BM i?2 al	�
խ ૺ l	�
պ ݂ l	�
զծ - `2bmHiBM; i?2 K�bbBp2 r2�F ;�m;2 #QbQM �M/
K�bbH2bb 2H2+i`QK�;M2iB+ ;�m;2 #QbQMX

h?2 r?QH2 ai�M/�`/ JQ/2H G�;`�M;B�M +QMbBbi Q7 i?2 Zm�MimK *?`QKQ/vM�KB+b UZ*.V
T�`i �M/ 1H2+i`Qr2�F U1qV T�`i �M/ 2�+? T�`i rBHH #2 BMi`Q/m+2/ BM /2i�BH BM i?2 bm#b2+iBQMb
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#2HQr ෫մծ � ෫ղդե � ෫զո URX8yV

RXkXjXR 6mM/�K2Mi�H T�`iB+H2b

h?2 T�`iB+H2b �`2 /BpB/2/ BMiQ 72`KBQM �M/ #QbQM �++Q`/BM; iQ Bib bTBM �M/ bi�iBbiB+�H
T`QT2`iB2bX

Ç 62`KBQM, i?2 T�`iB+H2 rBi? i?2 bTBM Q7 i?2 ?�H7 BMi2;2`- �M/ Q#2v 62`KB@.B`�+ bi�iBbiB+b
Ç "QbQM, i?2 T�`iB+H2 rBi? i?2 bTBM Q7 i?2 BMi2;2`- �M/ Q#2v "Qb2@1BMbi2BM bi�iBbiB+b

AM aJ- i?2 7mM/�K2Mi�H 72`KBQMb �`2 /BpB/2/ BMiQ irQ +�i2;Q`B2b �b H2TiQMb �M/ [m�`Fb
�++Q`/BM; i?2B` BMi2`�+iBQMbX h?2 H2TiQM +�M QMHv 2M;�;2 BM i?2 1q BMi2`�+iBQM r?BH2 i?2
[m�`F +�M 2M;�;2 BM #Qi? Z*. �M/ 1qX "Qi? H2TiQM �M/ [m�`F �`2 ;`QmT2/ BMiQ i?`22
7�KBHB2b FMQrM �b i?2 ;2M2`�iBQMX

h?2`2 �`2 bBt ivT2 Q7 H2TiQMb �b 2H2+i`QMUԔV- KmQMUᅷV- i�mUᅽV- 2H2+i`QM M2mi`BMQUᅸրV-
KmQM M2mi`BMQUᅸᇋV �M/ i�m M2mi`BMQUᅸᇑVX �M/ �HbQ bBt ivT2 Q7 [m�`Fb +�HH2/ mTUԤV- /QrMUԓV-
+?�`KUԒV- bi`�M;2UԢV- iQTUԣV �M/ #QiiQKUԑVX h?2 ivT2 Q7 i?2 H2TiQM Q` [m�`F Bb FMQrM �b i?2
~�pQm`X 1�+? ivT2 Q7 i?2 72`KBQM ?�b Bib �MiB@T�`iB+H2 T�`iM2` rBi? i?2 QTTQbBi2 [m�MimK
MmK#2`X h?2 T`QT2`iB2b Q7 i?2 7mM/�K2Mi�H 72`KBQMb �`2 bmKK�`Bx2/ BM i?2 h�#H2 RXkX

h�#H2 RXk, 6mM/�K2Mi�H 72`KBQMb ;`QmT2/ BM i?`22 ;2M2`�iBQMb rBi? i?2 K�BM T`QT2`iB2b BM
ai�M/�`/ JQ/2H

62`KBQM :2M2`�iBQM *?�`;2 aTBMRbi kM/ j`/

G2TiQM ᅸր ᅸᇋ ᅸᇑ y
RfkԔ ᅷ ᅽ @R

Zm�`F Ԥ Ԓ ԣ kfjԓ Ԣ ԑ @Rfj

h?2`2 �`2 K�BMHv irQ ivT2 Q7 #QbQMb BM aJ- i?2 p2+iQ` #QbQM rBi? i?2 bTBM R r?Q Bb i?2
T`QT�;�iQ` Q7 i?2 BMi2`�+iBQMb �M/ i?2 b+�H�` #QbQM rBi? bTBM y iQ 2M/m2 i?2 K�bb iQ i?2
K�bbBp2 T�`iB+H2bX

h?2 p2+iQ` #QbQMb �HbQ FMQrM �b i?2 ;�m;2 #QbQMb �`2 /2`Bp2/ 7`QK i?2 al	�
դ ૺ al	�
խૺ l	�
պ ;�m;2 bvKK2i`v ;`QmTX AM Z*. al	�
դ ;�m;2 bvKK2i`v ;`QmT i?2`2 �`2 2B;?i
;2M2`�iQ`b �M/ +Q``2bTQM/2/ iQ 2B;?i K�bbH2bb #B@+QHQm` ;HmQMbUԖV iQ T`QT�;�i2 i?2 bi`QM;
BMi2`�+iBQMX h?2 al	�
խ ૺ l	�
պ ;�m;2 bvKK2i`v ;`QmT rBHH ?�p2 QMHv l	�
զծ bvKK2i`v
`2K�BM2/ �7i2` i?2 bTQMi�M2Qmb bvKK2i`v #`2�FBM;- `2bmHiBM; i?`22 K�bbBp2 ;�m;2 #QbQMԌ ਻- ԏ iQ +�``v i?2 r2�F BMi2`�+iBQM �M/ QM2 K�bbH2bb ;�m;2 #QbQM T?QiQMUᅭV +Q``2bTQM/2/
iQ l	�
զծ 7Q` i?2 2H2+i`QK�;M2iB+ BMi2`�+iBQMX �M/ i?2 b+�H�` #QbQM M�K2/ �b i?2 >B;;b
#QbQMUӽV Bb 7Q` i?2 K�bb i2`K #v i?2 >B;;b K2+?�MBbK BMi`Q/m+2/ BM a2+iBQM RXkXkX h?2
T`QT2`iB2b Q7 i?2 7mM/�K2Mi�H #QbQMb �`2 bmKK�`Bx2/ BM i?2 h�#H2 RXjX
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h�#H2 RXj, 6mM/�K2Mi�H #QbQMb rBi? i?2 K�BM T`QT2`iB2b BM ai�M/�`/ JQ/2H

"QbQM *?�`;2 aTBM J�bbU:2oVԖ y
R

yԌ ਻ ਻R 3yXj3ԏ y NRXRNᅭ y yӽ y y Rk8Xk8

RXkXjXk Zm�MimK *?`QKQ/vM�KB+b UZ*.V

h?2 bi`QM; BMi2`�+iBQM Bb /2b+`B#2/ #v i?2 Z*. r?B+? Bb QM2 +�b2 Q7 i?2 MQM@�#2HB�M
;�m;2 bvKK2i`v ;`QmT al	�
դ �b a2+iBQM RXkXR BMi`Q/m+2/X AM aJ QMHv [m�`Fb 2tT2`B2M+2
i?2 bi`QM; BMi2`�+iBQM �M/ i?Bb Bb /2b+`B#2/ #v i?2 G�;`�M;B�M෫ղդե � ԘԆᅭᇋӹᇋԆ ਷ ��ӼռᇋᇌӼᇋᇌӴռ URX8RV

rBi? i?2 +Qp�`B�Mi /2`Bp�iBp2 �M/ i?2 ;HmQM ;�m;2 }H2/ i2MbQ`ӹᇋ � ᆉᇋ ਷ ԘԖ֎ԉ ռӼռᇋӼռᇋᇌ � ᆉᇋӼռᇌ ਷ ᆉᇌӼռᇋ � Ԗ֎ԕռսվӼսᇋӼվᇌ URX8kV

r?2`2 i?2 Ԇ	ԧ
 `2T`2b2Mib i?2 [m�`F }2H/- Ӽռᇋ Bb i?2 K�bbH2bb ;HmQM #QbQM }2H/ �M/ Ԗ֎ Bb i?2
bi`QM; +QmTHBM; +QMbi�MiX h?2 ԉ ռ � φϵᅶռ �`2 i?2 ;2M2`�iQ`b Q7 al	�
դ bvKK2i`v ;`QmT rBi?ᅶռ �`2 i?2 :2HH@J�MM K�i`B+2bX h?2 al	�
դ bvKK2i`v ;`QmT ?�b 2B;?i ;2M2`�iQ`b i?mb i?2
BM/2t Ԑ � �
 ���
 � �M/ i?2`2 �`2 2B;?i FBM/b Q7 ;HmQMbX h?2 ԕռսվ Bb i?2 GB2 ;`QmT bi`m+im`2
+QMbi�Mib �M/ i?2 MQM@�#2HB�M i2`Kb BM/B+�i2 i?2 b2H7@+QmTHBM; Q7 i?2 ;HmQMbX

h?2 b2H7@+QmTHBM; Q7 i?2 ;HmQM rBHH ?�p2 H�`;2 BKT�+i QM i?2 Z*. #2?�pBQm`bX q?2M
+�H+mH�iBM; i?2 HQQT +Q``2+iBQM Q7 i?2 Z*. T`Q+2bb- i?2 ;HmQM b2H7@+QmTHBM; rBHH +QMi`B#mi2/
iQ i?2 HQQTX h?2 bi`QM; +QmTHBM; +QMbi�Mi `2HB2b QM i?2 2M2`;v Z Q7 i?2 T`QT�;�iBQM ᅫ֎	Ԇϵ
 �ւ՘	ղɞ
Κᇎ X *QMbB/2`BM; i?2 ;HmQM b2H7@+QmTHBM; BM HQQT +Q``2+iBQM- i?2 +QMbi�Mi ᅫ֎	Ԇϵ
 rBHH i2M/
iQ y r?2M Z i2M/b iQ i?2 p2`v H�`;2 MmK#2`- i?Bb Bb +�HH2/ i?2 �bvKTiQiB+ 7`22/QKX �M/
i?2 ᅫ֎	Ԇϵ
 rBHH #2+QK2 iQ p2`v H�`;2 r?2M Z Bb bK�HH �M/ `2bmHiBM; i?2 +QHQm` +QM}M2K2Mi-
r?B+? H2�/b iQ MQ 7`22 [m�`F rQmH/ #2 Q#b2`p2/ BM i?2 2tT2`BK2MiX

RXkXjXj 1H2+i`Qr2�F �M/ :H�b?Qr@q2BM#2`;@a�H�K KQ/2H

h?2 2H2+i`Qr2�F BMi2`�+iBQM Bb /2b+`B#2/ #v i?2 al	�
խ ૺ l	�
պ ;�m;2 bvKK2i`v ;`QmT
rBi? i?2 bTQMi�M2Qmb bvKK2i`v #`2�FBM; al	�
խ ૺ l	�
պ ݂ l	�
զծ X

6Q` i?2 MQM@�#2HB�M r2�F BMi2`�+iBQM ;�m;2 ;`QmT al	�
խ- i?2`2 rQmH/ #2 i?2 al	�

/Qm#H2ib Q7 i?2 H27i@?�M/2/ 72`KBQMb UH27i@?�M/2/ T�`iB+H2b �M/ `B;?i@?�M/2/ �MiBT�`iB+H2bV
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�M/ i?2 r2�F BMi2`�+iBQM BM i?2 +?�`;2/ +m``2Mi Bb H27i@?�M/2/ +?B`�H bi`m+im`2 �M/ K�tBK�HHv
T�`Biv@pBQH�i2/X h?2 `B;?i@?�M/2/ +?B`�H bi`m+im`2 72`KBQMb rBHH #2 i?2 al	�
 bBM;H2ib �M/
rBHH Q++m` BM i?2 M2mi`�H +m``2Mi Q7 i?2 r2�F BMi2`�+iBQMX

h?2 �#2HB�M ;�m;2 ;`QmT l	�
պ /2MQi2b i?2 +QMb2`p�iBQM Q7 i?2 ?vT2`+?�`;2X h?2
?vT2`+?�`;2 Ԏ Bb `2H�i2/ iQ i?2 +?�`;2 MmK#2` Ԇ �M/ i?2 i?B`/ +QKTQM2Mi Q7 i?2 [m�MimK
MmK#2` BM i?2 al	�
 ;`QmT M�K2/ �b r2�F BbQbTBM ԉ X h?Bb Bb T`2b2Mi2/ #v i?2 :2HH@J�MM
LBb?BDBK� 2[m�iBQM Ԏ� � Ԇ ਷ ԉϯ URX8jV

h?2 7mM/�K2Mi�H T�`iB+H2 }2H/b r?Q +�M T�`iB+BT�i2 i?2 2H2+i`Qr2�F BMi2`�+iBQM BM+Hm/2/
i?2 H27i@?�M/2/ 72`KBQM /Qm#H2ib ည஥խ UH2TiQM ԁ஥խ �M/ [m�`F Ԇ஥խV- i?2 `B;?i@?�M/2/ 72`KBQM
bBM;H2ib ᆁ஥ճ UH2TiQM ԛ஥ճ �M/ [m�`F Ԡ஥ճV �M/ i?2 b+�H�` /Qm#H2ib ဈX LQiB+2 i?�i mT iQ MQr
i?2`2 Bb MQ `B;?i@?�M/2/ M2mi`BMQ Q#b2`p2/X h?2b2 T�`iB+H2 }2H/b �`2 i?2 2B;2Mbi�i2b BM i?2
~�pQm` #�bBb Q7 i?2 r2�F BMi2`�+iBQM bQ r2 �// i?2 �TQbi`QT?2 iQ /BbiBM;mBb? iQ i?2 K�bb
2B;2Mbi�i2b �M/ i?2B` [m�MimK MmK#2`b �`2 bmKK�`Bx2/ BM h�#H2 RX9X

h�#H2 RX9, 6mM/�K2Mi�H T�`iB+H2b 2M;�;2/ BM i?2 2H2+i`Qr2�F BMi2`�+iBQM rBi? i?2 [m�MimK
MmK#2` `2H�i2/ iQ al	�
խ ૺ l	�
պ ;�m;2 bvKK2i`v ;`QmT

S�`iB+H2b }2H/ h ԉϯ Z պϵ ai`m+im`2ԁ஥քխ � ভᅸ஥քխԛ஥քխ ম ੃ ভᅸ஥րխԔ஥քխম 
 ভᅸ஥ᇋխᅷ஥քխম 
 ভᅸ஥ᇑխᅽ஥քխ ম Rfk YRfk y @Rfk ࣞԅխ � φϵ	� ਷ ᅭΘ
@Rfk @RԆ஥քխ � ভԤ஥քխԓ஥քխম ੃ ভԤ஥խԓ஥խম 
 ভԒ஥խԢ஥խম 
 ভԣ஥խԑ஥խম Rfk YRfk Ykfj YRfe@Rfk @Rfjԛ஥քճ ੃ Ԕ஥ճ
 ᅷ஥ճ
 ᅽ஥ճ y y @R @R ࣞԅճ � φϵ	� � ᅭΘ
Ԥ஥քճ ੃ Ԥ஥ճ
 Ԓ஥ճ
 ԣ஥ճ y y Ykfj Ykfjԓ஥քճ ੃ ԓ஥ճ
 Ԣ஥ճ
 ԑ஥ճ y y @Rfj @Rfjဈ � ভᅿ�ᅿЈম Rfk YRfk YR Rfk @@Rfk y

h?2 +QKTH2i2 2H2+i`Qr2�F G�;`�M;B�M +�M #2 T`2b2Mi2/ �b෫զո � ෫ց਷ը � ෫ը � ෫թ � ෫պ ֆռ֒ռ෫ց਷ը֐ � Ԙ	ည஥խ �ӹည஥խ � ᆁ஥ճ �ӹᆁ஥ճ
෫ը � ਷��	Ԍ ռᇋᇌԌ ռӴᇋᇌ � ӷᇋᇌӷᇋᇌ
෫թ � 	ӹᇋဈ
੟	ӹᇋဈ
 ਷ ᅷϵဈ੟ဈ ਷ ᅶ	ဈ੟ဈ
ϵ෫պ ֆռ֒ռ֐ � ਷ ంք�φӴϵӴϯ ంօ�φӴϵӴϯ	Ԏ խքօ ԁ஥քխဈԛ஥օճ � Ԏ տքօԆ஥քխဈԓ஥օճ � Ԏ քօԆ஥քխဈ࣪Ԥ஥օճ֐ � ԗ�Ԓ�

URX89V

rBi? �HH b+�H�` �M/ 72`KBQM }2H/b MQi�iBQM bmKK�`Bx2/ BM i?2 i�#H2 #27Q`2- �M/ i?2 62vMK�M
bH�b?2/ MQi�iBQM iQ bi�M/ 7Q` i?2 1BMbi2BM bmK Q7 i?2 ᅭᇋ K�i`B+2b rBi? i?2 bT�+2iBK2 BM/B+2b
U2X;X �ӹ � ᅭᇋӹᇋVX h?2 Ԏ ք Bb i?2 � ੎ � +QKTH2t K�i`Bt 7Q` i?2 umF�r� +QmTHBM; +QMbi�MibX
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h?2 ෫ց਷ը Bb i?2 72`KBQM FBM2K�iB+ �M/ i?2 72`KBQM@;�m;2 #QbQM BMi2`�+iBQM i2`K- ෫ը Bb i?2
;�m;2 #QbQM FBM2K�iB+ �M/ b2H7@+QmTBM; i2`K- ෫թ Bb i?2 >B;;b #QbQM }2H/ i2`K �M/ T`QpB/2
i?2 K�bb iQ i?2 ;�m;2 #QbQM- �M/ i?2 ෫պ ֆռ֒ռ֐ Bb i?2 i2`K 7Q` i?2 >B;;b@72`KBQM umF�r�
+QmTHBM; �M/ i?2 72`KBQM K�bb i2`KX h?2 /2i�BH Q7 i?2 G�;`�M;B�M rBHH #2 /Bb+mbb2/ H�i2`X

"27Q`2 i?2 bTQMi�M2Qmb bvKK2i`v #`2�FBM;- i?2 bvbi2K ?�b i?2 bvKK2i`v mM/2` i?2
HQ+�H ;�m;2 i`�Mb7Q`K�iBQM ࣞԊ	ᅫ
 ᅲ
 � Ԕքᆿ	֓
ੁ ᆦࣞɞ Ԕքᇆ	֓
 Մࣞɞ +Q``2bTQM/2/ iQ i?2 bvKK2i`v ;`QmT
al	�
խ ૺ l	�
պ X h?2 ࣞԉ � ᇐࣞϵ �M/ ࣞպϵ � ࣞժϵ �`2 i?2 ;2M2`�iQ`b Q7 i?2 al	�
 �M/ i?2 l	�

bvKK2i`v ;`QmT- `2bT2+iBp2HvX qBi? i?2 ᅼࣞ �M/ i?2 ࣞӾ �`2 i?2 S�mHB K�i`B+2b �M/ i?2 B/2MiBiv
K�i`BtX

h?2 +Qp�`B�Mi /2`Bp�iBp2 +Q``2bTQM/2/ iQ i?2 al	�
խ ૺ l	�
պ bvKK2i`v ;`QmT Bbӹᇋ � ᆉᇋ ਷ ԘԖᅼռ� Ԍ ռᇋ ਷ ԘԖ஥ Ԏ� ӷᇋ URX88V

r?2`2 i?2 Ԍ ռᇋ 	Ԑ � �
 �
 �
 �M/ ӷᇋ �`2 p2+iQ` ;�m;2 }2H/bX
qBi? i?2 +Qp�`B�Mi /2`Bp�iBp2 1[m�iBQM URX88V i?2 G�;`�M;B�M ෫ք։֏ rBHH #2+QK2 iQ

෫ց਷ը � ంք�ᇌՑӴ֌՚օ�ևӴ֌Չ
ॱᆁ஥քխ ᆁ஥օխॲ ঢ়Ԙ�ᆉ ਷ φϵ	Ԗ �Ԍ ϯ � Ԗ஥Ԏքխ �ӷ
 ਷φϵ<Ԗ	 �Ԍ φ ਷ Ԙ �Ԍ ϵ
>਷φϵ<Ԗ	 �Ԍ φ � Ԙ �Ԍ ϵ
> Ԙ�ᆉ � φϵ	Ԗ �Ԍ ϯ ਷ Ԗ஥Ԏօխ �ӷ
৞ ঢ়ᆁ஥քխᆁ஥օխ৞

� ᆁ஥քճ	Ԙ�ᆉ ਷ ��Ԗ஥Ԏքճ �ӷ
ᆁ஥քճ � ᆁ஥օճ	Ԙ�ᆉ ਷ ��Ԗ஥Ԏօճ �ӷ
ᆁ஥օճ�෫ցӴֆք։ � ෫ց਷ըӴք։֏
URX8eV

2t+2Ti i?2 FBM2K�iB+ ෫ցӴֆք։ � Ԙ	ည஥խ �ᆉည஥խ � ᆁ஥ճ �ᆉᆁ஥ճ
 i2`K- r2 rBHH +�HH i?2 /B�;QM�H i2`K i?2
M2mi`�H +m``2Mi UL*V �M/ i?2 Qz@/B�;QM�H i?2 +?�`;2/ +m``2Mi U**V BMi2`�+iBQM i2`K- �M/
MQiB+2 i?�i i?2 BM/B+2b Ԙ
 ԙ b?QmH/ �Hr�vb #2 BM b�K2 ;2M2`�iBQMX

*QMbB/2` i?2 T?vbB+�H bi�i2b Q7 i?2 BMi2`�+iBQM i2`K- /2}M2 i?2 ;�m;2 #QbQM

ঢ়ԌᇋԌ  ᇋ৞ � �అ� ঢ়� ਷Ԙ� Ԙ ৞ ঢ়Ԍ φᇋԌ ϵᇋ৞
ঢ়ԏᇋӶᇋ৞ � ঢ়,Rc ᅲո ਷ cCN ᅲո

cCN ᅲո ,Rc ᅲո ৞ ঢ়Ԍ ϯᇋӷᇋ ৞ URX8dV

i?2 ;�m;2 }2H/b Ԍᇋ- Ԍ  ᇋ �M/ ԏᇋ T`QT�;�i2 i?2 r2�F BMi2`�+iBQM �M/ +Q``2bTQM/2/ iQ Ԍ ਻
�M/ ԏ ;�m;2 #QbQM- �M/ ;�m;2 }2H/ Ӷᇋ Bb i?2 T`QT�;�iQ` Q7 i?2 2H2+i`QK�;M2iB+ BMi2`�+iBQM
�M/ Bib T�`iB+H2 Bb ᅭX "v FMQrBM; i?2 M2mi`BMQb rQmH/ MQi T�`iB+BT�i2 i?2 2H2+i`QK�;M2iB+
BMi2`�+iBQM- r2 +�M ;2i i?2 `2H�iBQMb?BT #2ir22M i?2 +QmTHBM; +QMbi�Mi �M/ i?2 r2�F KBtBM;
�M;H2 U�XFX�X q2BM#2`; �M;H2V ᅲո �b j�N ᅲո � ւ஬ւ �M/ Ԗ cCN ᅲո � Ԕ rBi? i?2 Ԕ �M/ Ԗ �`2 i?2
2H2+i`QK�;M2iB+ �M/ r2�F +QmTHBM; +QMbi�Mi- `2bT2+iBp2HvX
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�7i2` bm#biBimiBM; i?2 i`�Mb7Q`K�iBQM 1[m�iBQM URX8dV BMiQ i?2 BMi2`�+iBQM G�;`�M;B�M
i2`K- Bi rBHH #2 ෫ց਷ըӴք։֏ � 	਷ Ԗ�అ�ԙᇋո Ԍᇋ � ԗ�Ԓ�
 ਷ Ԗ� ,Rc ᅲո ԙᇋջԏᇋ ਷ Ԕԙᇋᇁ Ӷᇋԙᇋո � ంք�ᇌՑӴ֌՚օ�ևӴ֌Չ

ᆁ஥քᅭᇋ	� ਷ ᅭΘ
ᆁ஥օ
ԙᇋջ � ంք�ᇌՑӴևӴ֌՚Ӵ֌Չ ᆁ஥քᅭᇋ	Ԓքշ ਷ ԒքբᅭΘ
ᆁ஥քԙᇋᇁ � ంք�ևӴ֌՚Ӵ֌Չ Ԇքᆁ஥քᅭᇋᆁ஥ք

URX83V

r?2`2 i?2 Ԓքշ � ԉ քϯ਷�Ԇք cCNϵ ᅲո �M/ Ԓքբ � ԉ քϯ �`2 i?2 +QMbi�Mib Q7 i?2 p2+iQ` �M/ �tB�H@p2+iQ`
+m``2Mi BM i?2 M2mi`�H r2�F BMi2`�+iBQM r?B+? BM/B+�i2b Bi Bb T�`iB�H T�`Biv@pBQH�i2/X h?2
+?�`;2/ r2�F +m``2Mi Bb H27i@?�M/2/ +?B`�H bi`m+im`2 rBi? i?2 BM/B+2b Ԙ
 ԙ b?QmH/ �Hr�vb #2BM;
BM b�K2 ;2M2`�iBQMX P#pBQmbHv- i?2`2 �`2 +?�`;2/ r2�F- M2mi`�H r2�F �M/ 2H2+i`QK�;M2iB+
BMi2`�+iBQMb Q7 i?2 72`KBQM +m``2Mi �M/ i?2 ;�m;2 p2+iQ` #QbQM BM i?2 G�;`�M;B�MX

h?2 ;�m;2 #QbQM i2`K ෫ը rBi? i?2 i`�Mb7Q`K�iBQM BM 1[m�iBQM URX8dV rBHH #2+QK2 iQ෫ը � ਷ ��<�ԌᇋᇌԌ  ᇋᇌ � ԏᇋᇌԏᇋᇌ � ӻᇋᇌӻ ᇋᇌ>� ԘԖ ,Rc ᅲո <ԌᇋᇌԏᇋԌ  ᇌ ਷ Ԍ  ᇋᇌԏᇋԌ ᇌ � ԏᇋᇌԌ  ᇋԌ ᇌ>� ԘԔ<ԌᇋᇌӶᇋԌ  ᇌ ਷ Ԍ  ᇋᇌӶᇋԌ ᇌ � ӻᇋᇌԌ  ᇋԌ ᇌ>� Ԗϵ ,Rcϵ ᅲո <	Ԍᇋԏᇋ
	Ԍ  ᇌ ԏᇌ
 ਷ 	ԌᇋԌ  ᇋ
	ԏᇌԏᇌ
>� Ԕϵ<	ԌᇋӶᇋ
	Ԍ  ᇌ Ӷᇌ
 ਷ 	ԌᇋԌ  ᇋ
	ӶᇌӶᇌ
>� ԔԖ ,Rc ᅲո <	ԌᇋӶᇋ
	Ԍ  ᇌ Ӷᇌ
 � 	Ԍ  ᇋԏᇋ
	ԌᇌӶᇌ
 ਷ �	ԌᇋԌ  ᇋ
	ԏᇌӶᇌ
>� ��Ԗϵ<	ԌᇋԌ ᇋ
	Ԍ  ᇌ Ԍ  ᇌ
 ਷ 	ԌᇋԌ  ᇋ
ϵ>
URX8NV

rBi? i?2 }`bi HBM2 Bb i?2 ;�m;2 }2H/b FBM2K�iB+ �M/ i?2 `2bi �`2 i?2 ;�m;2 }2H/ +QmTHBM;X

6Q` i?2 b+�H�` i2`K- i?2 +QKTH2t b+�H�` /Qm#H2ib +�M #2 r`Qi2 �b ဈ � ঢ়ᅿ�ᅿЈ৞ � φఅϵ ঢ়ᅿφ � Ԙᅿϵᅿϯ � ԘᅿΚ৞
2[mBp�H2Mi �b 7Qm` `2�H b+�H�`bX q?2M i?2 bTQMi�M2Qmb bvKK2i`v #`2�FBM; /2b+`B#2/ BM i?2
a2+iBQM RXkXk ?�TT2Mb- i?`22 ;QH/biQM2 #QbQMb rBHH #2 ;�m;2/@�r�v iQ H2i i?2 Ԍ ਻ �M/ ԏ
#QbQM �+[mB`2 i?2 K�bb- i?2M `2K�BMBM; QM2 >B;;b #QbQM ӽ	ԧ
X h?Bb T`Q+2bb Bb +Q``2bTQM/2/
�b i?2 al	�
խ ૺ l	�
պ ݂ l	�
զծ �M/ i?2 `2K�BMBM; l	�
զծ bvKK2i`v Bb `2H�i2/ iQ i?2
K�bbH2bb T?QiQM }2H/X h?2 bTQMi�M2Qmb bvKK2i`v #`2�FBM; rBHH BMi`Q/m+2 i?2 i`�Mb7Q`K�@
iBQM Q7 i?2 +QKTH2t b+�H�` }2H/ �`QmM/ i?2 p�+mmK 2tT2+i�iBQM p�Hm2 ԥ

ဈ	ԧ
 � �అ�Ԕք ᆦࣞՆɞ ੁ ᆣՆ	՝
՛ ঢ় �ԥ � ӽ	ԧ
৞ URXeyV
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qBi? i?Bb 1[m�iBQM URXeyV �M/ i?2 +Qp�`B�Mi /2`Bp�iBp2 BM 1[m�iBQM URX88V �b r2HH �b i?2
;�m;2 #QbQM }2H/ i`�Mb7Q`K�iBQM BM 1[m�iBQM URX8dV- i?2 b+�H�` G�;`�M;B�M i2`K rBHH #2+QK2
iQ෫թ ���	ᆉᇋӽ
	ᆉᇋӽ
 ਷ ᅶԥϵӽϵ ਷ ᅶԥӽϯ ਷ ��ᅶӽ΅� ԥϵԖϵ� ԌᇋԌ  ᇋ � ԥϵԖϵ� ,Rcϵ ᅲո ԏᇋԏᇋ� ԥԖϵ� ԌᇋԌ  ᇋӽ � ԥԖϵ� ,Rcϵ ᅲո ԏᇋԏᇋӽ � Ԗϵ� ԌᇋԌ  ᇋӽϵ � Ԗϵ� ,Rcϵ ᅲո ԏᇋԏᇋӽϵ

URXeRV

r?2`2 i?2 }`bi HBM2 Bb i?2 >B;;b }2H/ FBM2K�iB+- K�bb �M/ b2H7@BMi2`�+iBQM i2`K rBi? i?2
>B;;b #QbQM K�bb Ԝթ � అ�ᅶԥϵ � ఉ਷ᅷϵX h?2 b2+QM/ HBM2 Bb i?2 K�bb i2`K Q7 i?2 Ԍ ਻ �M/ԏ #QbQM BM r?B+? i?2 Ԍ ਻ #QbQM K�bb Ԝո � φϵԥԖ �M/ ԏ #QbQM K�bb Ԝջ � ֑ւϵ ,Rc ᇆՂ X h?2
i?B`/ HBM2 Bb i?2 BMi2`�+iBQM i2`K Q7 i?2 >B;;b #QbQM �M/ Ԍ ਻- ԏ #QbQMX

h?2 umF�r� +QmTHBM; i2`K Bb /BpB/2/ BMiQ i?2 /QrM@ivT2 72`KBQMb UH2TiQMb �M/ ԓ- Ԣ-ԑ [m�`FbV �M/ mT@ivT2 72`KBQMb UM2mi`BMQb �M/ Ԥ- Ԓ- ԣ [m�`FbVX h?2 /QrM@ivT2 72`KBQMb
+QmTH2 rBi? i?2 ဈ r?BH2 i?2 mT@ivT2 72`KBQMb +QmTH2 rBi? ဈ࣪ � Ԙᅼϵဈ੟ iQ 2Mbm`2 i?2 ;�m;2
BMp�`B�M+2 #27Q`2 i?2 bTQMi�M2Qmb bvKK2i`v #`2�FBM;X �7i2` i?2 bTQMi�M2Qmb bvKK2i`v

#`2�FBM;- i?2 b+�H�` }2H/ #2+QK2b iQ ဈ � φఅϵ ঢ় �ԥ � ӽ৞ �M/ i?2 ဈ࣪ � φఅϵ ঢ়ԥ � ӽ� ৞X

_2K2K#2` i?�i i?2 r2�F 2B;2Mbi�i2b Bb MQi B/2MiB+�H iQ i?2 K�bb 2B;2Mbi�i2b r?B+? Bb
b?QrM BM i?2 +QKTH2t umF�r� +QmTHBM; K�i`B+2b Ԏ ք Bb i?2 �੎� MQM@/B�;QM�H bBM+2 i?2`2 rBHH
#2 i?2 KBtBM; �+`Qbb i?2 i?`22 ;2M2`�iBQMb BM i?2 b�K2 ivT2 U2X;X ᆁ஥և � ॱԔ஥ ᅷ஥ ᅽ஥ॲյ 
 ᆁ஥տ �ॱԓ஥ Ԣ஥ ԑ஥ॲյ 
 ᆁ஥֐ � ॱԤ஥ Ԓ஥ ԣ஥ॲյ

VX hQ T`2b2Mi i?2 K�bb i2`K BM i?2 K�bb@#�bBb- mbBM; i?2
i`�Mb7Q`K�iBQM 7Q` ᆁ஥ � Ԋᆁ iQ /B�;QM�HBx2 i?2 Ԏ ք iQ K�F2 ԊքխԎ քԊք ճ /B�;QM�HX

6Q` �Mv bTBMQ` K�bb i2`K r2 ?�p2 ෫ֈռ֎֎ � ਷Ԝᆁᆁ � ਷Ԝ	ᆁխᆁճ�ᆁճᆁխ
- iQ;2i?2` rBi?
i?2 /B�;QM�H i`�Mb7Q`K�iBQM BMiQ i?2 K�bb@#�bBb �M/ b+�H�` }2H/ �7i2` bTQMi�M2Qmb bvKK2i`v
#`2�FBM;- i?2 umF�r� G�;`�M;B�M rBHH #2+QK2 iQ෫պ ֆռ֒ռ֐ � ਷ ంք�ևӴ֌՚Ӵ֌Չ	Ԩքԥఅ�ᆁքᆁք � Ԩքఅ�ᆁքᆁքӽ
 URXekV

r?2`2 i?2 }`bi i2`K Bb i?2 72`KBQM K�bb i2`K rBi? Ԝք � ֔Վ֑అϵ �M/ i?2 b2+QM/ i2`K Bb i?2
72`KBQM@>B;;b umF�r� +QmTHBM;- rBi? i?2 7`22 umF�r� +QmTHBM; T�`�K2i2`b Ԩք b?QmH/ #2
K2�bm`2/ #v i?2 72`KBQM K�bb BM i?2 2tT2`BK2MiX

RXj h?2 Ӹԅ S?vbB+b
qBi? i?2 ai�M/�`/ JQ/2H G�;`�M;B�M BMi`Q/m+2/ BM a2+iBQM RXk- r2 +�M +QMbB/2` Bib

bvKK2i`v T`QT2`iv rBi? i?2 FMQrH2/;2 BM a2+iBQM RXRX h?2 Ӹԅ i`�Mb7Q`K�iBQM rBHH +?�M;2
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� T�`iB+H2 BMiQ Bib +Q``2bTQM/2/ �MiBT�`iB+H2 T�`iM2` rBi? i?2 QTTQbBi2 +?B`�H bi`m+im`2 i?mb
i?2 Ӹԅ pBQH�iBQM Bb `2H�i2/ iQ i?2 K�ii2`@�MiBK�ii2` �bvKK2i`vX AM aJ- i?2`2 rBHH #2 i?2 Ӹԅ
pBQH�iBQM bQm`+2 BM i?2 r2�F BMi2`�+iBQM #v i?2 EQ#�v�b?B@J�bF�r� K2+?�MBbK /2b+`B#2/
BM a2+iBQM RXjXRX h?2 Ӹԅ pBQH�iBQM +�M #2 �HbQ BMi`Q/m+2/ BM BM i?2 bi`QM; BMi2`�+iBQM �b
b?Qr2/ BM a2+iBQM RXjXkX �i H�bi- BM Q`/2` iQ }M/ KQ`2 Ӹԅ pBQH�iBQM bQm`+2b 7Q` i?2 TQbbB#H2
bQHmiBQM iQ i?2 K�ii2`@�MiBK�ii2` �bvKK2i`v TmxxH2- i?2 Ӹԅ BM >B;;b b2+iQ` Bb /Bb+mbb2/ BM
i?2 a2+iBQM RXjXjX

RXjXR q2�F Ӹԅ pBQH�iBQM �M/ EQ#�v�b?B@J�bF�r� K2+?�MBbK

Ai Bb Q#pBQmbHv i?�i i?2 r2�F BMi2`�+iBQM pBQH�i2b i?2 T�`Biv bvKK2i`vX �b 7Q` i?2 Ӹԅ
bvKK2i`v- i?2 Ӹԅ pBQH�iBQM BM i?2 r2�F BMi2`�+iBQM rBHH Q++m` r?2M i?2 KBtBM; K�i`Bt
i`�Mb7Q`K2/ i?2 bTBMQ` ~�pQm` 2B;2Mbi�i2b BMiQ i?2 K�bb 2B;2Mbi�i2b ?�b i?2 +QKTH2t K�i`Bt
2H2K2Mib- r?B+? Bb /2b+`B#2/ �b i?2 EQ#�v�b?B@J�bF�r� K2+?�MBbK (8)X AM i?Bb b2+iBQM- i?2
r2�F BMi2`�+iBQM BM i?2 [m�`F �M/ H2TiQM b2+iQ`b rBHH #2 /Bb+mbb2/ b2T�`�i2HvX

RXjXRXR Ӹԅ BM i?2 [m�`F b2+iQ` �M/ *�#B##Q@EQ#�v�b?B@J�bF�r� K�i`Bt

h?2 r2�F BMi2`�+iBQM b?Qr2/ BM 1[m�iBQM URX83V Bb bT�MM2/ #v i?2 ~�pQm` #�bBb �M/ BM
i?2 umF�r� +QmTHBM; 1[m�iBQM URXekV r2 /Bb+mbb2/ � r�v iQ i`�Mb7Q`K i?2 ~�pQm` #�bBb Q7
i?2 bTBMQ` BMiQ Bib K�bb #�bBbX

h?2 mMBi�`v i`�Mb7Q`K�iBQM ᆁ஥ � Ԋᆁ QM i?2 bTBMQ` #BHBM2�` rBHH #2 i`BpB�H B7 i?2 �/DQBMi
bTBMQ` Bb b�K2 �b i?2 bTBMQ` i?mb i?2 M2mi`�H +m``2Mi rBHH #2 i?2 b�K2 7Q`KX h?2 MQMi`BpB�H
K�i`Bt 2H2K2Mib rBHH Q++m` r?2M i?2 bTBMQ` Bb KBt2/ Qp2` i?2 ;2M2`�iBQM i?2M i?2 +?�`;2/
+m``2Mi rBHH ?�p2 i?2 2ti`� K�i`Bt i2`K +QKT�`2/ rBi? i?2 ~�pQm` #�bBbX AM i2`Kb Q7 i?2
K�bb #�bBb Q7 1[m�iBQM URX83V i?2 [m�`F b2+iQ` Bb෫֌਷ըӴֈռ֎֎ � ਷ ంքӴօ�φӴϵӴϯ Ԗ�అ� ज़Ԥքᅭᇋ	� ਷ ᅭΘ
	ԋ 
քօԓօԌ �ᇋ � ԓքᅭᇋ	� ਷ ᅭΘ
	ԋ  
քօԤօԌ ਷ᇋ ड़਷ Ԗ� ,Rc ᅲո ԙᇋջԏᇋ ਷ Ԕԙᇋᇁ Ӷᇋ URXejV

r?2`2 i?2 ԋ քօ Bb i?2 +QKTH2t KBtBM; K�i`Bt 2H2K2Mib �M/ #v /2}MBiBQM Bi Bb

ԋ ଉ Ԋ֐ խ Ԋտխ � ৡৠৠয়
ԋ֐տ ԋ֐֎ ԋ֐սԋվտ ԋվ֎ ԋվսԋ֏տ ԋ֏֎ ԋ֏ս

৤ৢৣৣ
URXe9V

r?B+? Bb FMQrM �b i?2 *�#B##Q@EQ#�v�b?B@J�bF�r� U*EJV K�i`BtX
*QMbB/2` i?2 ;2M2`�H b+2M�`BQ i?�i i?2`2 �`2 ԝ ;2M2`�iBQMb Q7 72`KBQMb- i?2M i?2`2 rBHH

#2 ԝ ੎ ԝ +QKTH2t K�i`Bt 2H2K2Mib BM i?2 KBtBM; K�i`Bt r?B+? rBHH ?�p2 �ԝϵ `2�H /2;`22
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Q7 7`22/QKX h?2 mMBi�`Biv rBHH T`QpB/2 ԝϵ 2[m�iBQM iQ 2HBKBM�i2 ԝϵ `2�H /2;`22 Q7 7`22/QKX
6Q` �ԝ .B`�+ ivT2 Q7 bTBMQ` i?2`2 Bb i?2 `2bB/m�H l	�
ϵ։ ;HQ#�H bvKK2i`v rBi? ᆁ ݂ Ԕքᆿᆁ
i?mb i?2`2 �`2 �ԝ 2ti`� T?�b2b- #mi i?2 Qp2`�HH T?�b2 Bb ~Q�i bQ i?Bb +QM/BiBQM rBHH 2HBKBM�i2�ԝ ਷ � `2�H /2;`22 Q7 7`22/QKX AM � rQ`/- 7Q` i?2 ԝ ;2M2`�iBQM .B`�+ bTBMQ`- i?2 /2;`22 Q7
7`22/QK 7Q` i?2 KBtBM; K�i`Bt rBHH #2 �ԝϵ ਷ ԝϵ ਷ 	�ԝ ਷ �
 � 	ԝ ਷ �
ϵX

h?2`27Q`2- i?2 � ੎ � *EJ K�i`Bt rBHH ?�p2 9 `2�H T�`�K2i2`bX q2 +�M 2Bi?2` +?QQb2
bi�M/�`/ T�`�K2i2`Bx�iBQM rBi? j `Qi�iBQM �M;H2b �M/ R +QKTH2t T?�b2 	ᅲφϵ
 ᅲφϯ
 ᅲϵϯ
 ᅮ
 Q`
qQH72Mbi2BM T�`�K2i2`Bx�iBQM 	ᅶ
 Ӷ
 ᅻ
 ᅱ
X �7i2` T�`�K2i2`Bx�iBQM i?2 *EJ K�i`Bt rBHH #2

ԋ � ৡৠৠয়
� � �� ,Rc ᅲϵϯ cCN ᅲϵϯ� ਷ cCN ᅲϵϯ ,Rc ᅲϵϯ

৤ৢৣৣ ৡৠৠয়
,Rc ᅲφϯ � cCN ᅲφϯԔքᇂ� � �਷ cCN ᅲφϯԔքᇂ � ,Rc ᅲφϯ

৤ৢৣৣ ৡৠৠয়
,Rc ᅲφϵ cCN ᅲφϵ �਷ cCN ᅲφϵ ,Rc ᅲφϵ �� � �৤ৢৣৣ

URXe8V

ԋ � ৡৠৠয়
� ਷ ᇊϵ ᅶ Ӷᅶϯ	ᅻ ਷ Ԙᅱ
਷ᅶ � ਷ ᇊϵ ӶᅶϵӶᅶϯ	� ਷ ᅻ ਷ Ԙᅱ
 ਷Ӷᅶϵ � ৤ৢৣৣ � ෮	ᅶΚ
 URXeeV

qBi? i?2 mMBi�`Biv Q7 i?2 *EJ K�i`Bt- r2 +�M ;2i Bib ;2QK2i`v BHHmbi`�iBQM +�HH2/ i?2
mMBi�`Biv i`B�M;H2X lMBi�`Biv `2[mB`2K2Mi Bb ௴ք ԋքօԋքֆ � ᅮօֆ- +?QQb2 QM2 2[m�iBQM ԋ֐տԋ ੟֐ս �ԋվտԋ ੟վս � ԋ֏տԋ ੟֏ս � �- r2 +�M ;2i i?2 +QKTH2t p2+iQ` bmK �bԋ֐տԋ ੟֐սԋվտԋ ੟վս � ԋ֏տԋ ੟֏սԋվտԋ ੟վս � � � � URXedV

�M/ i?Bb Bb b?Qr2/ BM i?2 +QKTH2t TH�M2 �b � mMBi�`Biv i`B�M;H2 BM 6B;m`2 RXk

6B;m`2 RXk, h?2 mMBi�`Biv i`B�M;H2 Q7 i?2 *EJ K�i`Bt BM i?2 +QKTH2t TH�M2X

LQr +QMbB/2` i?2 Ӹԅ i`�Mb7Q`K�iBQM QM i?2 1[m�iBQM URXejV- rBi? i?2 i`�Mb7Q`K�iBQM
BM 1[m�iBQM URXkNV �M/ 1[m�iBQM URXjRV- 7Q` i?2 p2+iQ` }2H/ 	Ӹԅ
਷φԌ �ᇋ 	Ӹԅ
 � ਷෯ᇋᇌԌ ਷ᇋ
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�M/ 	Ӹԅ
਷φԌ ਷ᇋ 	Ӹԅ
 � ਷෯ᇋᇌԌ �ᇋ - i?2 +?�`;2/ +m``2Mi T�`i rBHH #2+QK2 iQ෫դձդդ � 	Ӹԅ 
਷φ෫դդӸԅ� ਷ ంքӴօ�φӴϵӴϯ Ԗ�అ� ख़Ԥքᅭᇋ	� ਷ ᅭΘ
<	ԋ  
յ >քօԓօԌ �ᇋ � ԓքᅭᇋ	� ਷ ᅭΘ
<ԋ յ >քօԤօԌ ਷ᇋ ग़ URXe3V

+QKT�`2/ rBi? 1[m�iBQM URXejV- i?2 G�;`�M;B�M rBHH #2 BMp�`B�Mi mM/2` i?2 Ӹԅ i`�Mb7Q`K�@
iBQM B7 �M/ QMHv B7 i?2 *EJ K�i`Bt Bb `2�H ԋ ੟ � ԋ X h?mb r2 +�M b�v i?�i Bi Bb i?2 +QKTH2t
T?�b2 BM *EJ K�i`Bt i?�i BMi`Q/m+2b i?2 Ӹԅ pBQH�iBQM- r?B+? Bb +�HH2/ i?2 EQ#�v�b?B@
J�bF�r� K2+?�MBbKX

h?2 Ӹԅ pBQH�iBQM +�M #2 [m�MiBiB2/ #v i?2 #�bBb BM/2T2M/2Mi p�`B�#H2 C�`HbFQ; BMp�`B�MiX
h?Bb +�M #2 /2}M2/ #v r?2i?2` r2 +�M /B�;QM�HBx2 i?2 mT ivT2 �M/ /QrM ivT2 [m�`F
bBKmHi�M2QmbHvX qBi?Qmi HQb2 i?2 ;2M2`�HBiv- r2 +�M +�H+mH�i2 Bi BM i?2 >2`KBiB�M #�bBb i?�i
r2 +�M /B�;QM�HBx2 i?2 +QKTH2t K�bb K�i`B+2b BM i?2 ~�pQm` #�bBb BMiQ i?2 K�bb #�bBb #vԊԂ֐Ԋ  � ӹ֐ � ԓԘԐԖ	ֈ՚ֈՙ 
 ֈՈֈՙ 
 �
 �M/ Ԋ஥ԂտԊ஥  � ӹտ � ԓԘԐԖ	ֈՉֈՇ 
 ֈ՘ֈՇ 
 �
- �M/ i?2 KBtBM;
K�i`Bt ԋ � ԊԊ஥ X "v bim/vBM; i?2 +QKKmi�iQ` ਷ԘӸ � <Ԃ֐
 Ԃտ> � ਷Ԋ <ӹ֐
 ԋ ӹտԋ  >Ԋ -
r2 +�M FMQr B7 i?2b2 irQ K�bb K�i`B+2b +�M #2 /B�;QM�HBx2/ bBKmHi�M2QmbHv rBi? +�H+mH�iBM;
Bib /2i2`KBM�Mi

03j Ӹ � ਷�ӻ֐ӻտӿӻ֐ � �Ԝϯ֏ 	Ԝ֏ ਷ Ԝվ
	Ԝ֏ ਷ Ԝ֐
	Ԝվ ਷ Ԝ֐
ӻտ � �Ԝϯս 	Ԝս ਷ Ԝ֎
	Ԝս ਷ Ԝտ
	Ԝ֎ ਷ Ԝտ
ంֈӴ։ ᆃքֆֈᆃօև։ӿ � ӾԜ	ԋքօԋֆևԋ ੟քևԋ ੟ֆօ

URXeNV

BM i?2 bi�M/�`/ T�`�K2i2`Bx�iBQM i?2 ӿ rBHH #2ӿ � ԢφϵԢϵϯԢϯφԒφϵԒϵϯԒϵϯφ cCN ᅮ URXdyV

rBi? Ԣքօ � cCN ᅲքօ �M/ Ԓքօ � ,Rc ᅲքօX h?2 C�`HbFQ; BMp�`B�Mi ӿ Bb T`QTQ`iBQM�H iQ i?2 cCN ᅮ �M/
B7 i?2 ӿ ଈ � i?2 Ӹԅ rBHH #2 pBQH�i2/X h?2`2 Bb �HbQ i?2 ;2QK2i`v BMi2`T`2i�iBQM Q7 i?2 ӿ
i?�i Bi Bb i?2 �`2� irB+2 Q7 i?2 mMBi�`Biv i`B�M;H2 6B;m`2 RXkX

h?2 r2�F Ӹԅ pBQH�iBQM BM i?2 [m�`F b2+iQ` +�M #2 K2�bm`2/ #v i?2 /2+�v Q7 FQ�M Q`
" K2bQMX qBi? i?2 K2�bm`2K2Mi Q7 i?2 #`�M+?BM; `�iBQ Q7 i?2 K�bb 2B;2Mbi�i2b F�QM Ԁմ
�M/ Ԁխ KBt2/ #v i?2 Ӹԅ 2B;2Mbi�i2b Ԁφ � տ ֎�֎۽ տϵ۽ �M/ Ԁϵ � տ ֎਷֎۽ տϵ۽ /2+�v2/ BMiQ �ᅺ �M/ �ᅺ
`2bT2+iBp2Hv- i?2 `2bmHib rBHH #2 `2H�i2/ iQ i?2 Ӹԅ pBQH�iBQMX

AM a2+iBQM RXRXjX9 i?2 Ӹԅ ԉ i?2Q`2K iQH/ mb i?�i i?2 G�;`�M;B�M Bb �Hr�vb rBi? i?2 Ӹԅԉ
bvKK2i`vX h?2`27Q`2- B7 i?2 Ӹԅ bvKK2i`v Bb #`QF2M BM QM2 bvbi2K- i?2M i?2 ԉ bvKK2i`v Bb
�HbQ #`QF2MX Ai Bb BM/B+�i2/ BM 1[m�iBQM URXejV i?2 +?�`;2/ +m``2Mi T`Q+2bb rBi? i?2 +QKTH2t
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*EJ 2H2K2Mib rBHH MQi #2 BMp�`B�Mi mM/2` i?2 ԉ i`�Mb7Q`K�iBQM bBM+2 Bi Bb �MiBmMBi�`vԉ ਷φԘԉ � ਷ԘX h?2 Ӹԅ pBQH�iBQM BM/B+�i2b i?2 i?2 ԉ Bb pBQH�i2/- r?B+? `2bmHib i?�i i?2
T`Q+2bb rBHH #2?�p2 /Bz2`2Mi `mMMBM; 7Q`r�`/b �M/ #�+Fr�`/b BM iBK2X

RXjXRXk Ӹԅ BM i?2 H2TiQM b2+iQ` �M/ SQMi2+Q`pQ@J�FB@L�F�;�r�@a�F�i� K�i`Bt

h?Bb b2+iBQM rBHH 7Q+mb QM i?2 r2�F BMi2`�+iBQM BM i?2 H2TiQM b2+iQ`X AM i?2 BMi`Q/m+iBQM
Q7 i?2 ai�M/�`/ JQ/2H- i?2 M2mi`BMQb �`2 /2b+`B#2/ �b i?2 K�bbH2bb 72`KBQMb- i?2M i?2`2
rBHH MQi #2 i?2 KBtBM; BM M2mi`BMQ 2B;2Mbi�i2bX >Qr2p2`- i?2 M2mi`BMQ Qb+BHH�iBQM Bb Q#b2`p2/
BM i?2 2tT2`BK2Mi r?B+? BM/B+�i2/ i?�i i?2 M2mi`BMQb /Q ?�p2 i?2 K�bbX h?mb- i?2 KBtBM;
K�i`Bt Q7 #2ir22M i?2 ~�pQm` �M/ K�bb 2B;2Mbi�i2b +�M �HbQ #2 /2}M2/ HBF2 #27Q`2 BM H2TiQM
b2+iQ`- �M/ i?Bb Bb +�HH2/ i?2 SQMi2+Q`pQ@J�FB@L�F�;�r�@a�F�i�USJLaV K�i`BtX

aBM+2 i?2 M2mi`BMQb �`2 M2mi`�H 72`KBQMb- i?2v +�M #2 2Bi?2` .B`�+ bTBMQ`b Q` i?2 J�DQ`�M�
bTBMQ`bX 6Q` i?2 .B`�+ bTBMQ`b- i?2 /2;`22 Q7 7`22/QK Q7 i?2 KBtBM; K�i`Bt Bb 	ԝ ਷ �
ϵ
+QmMi2/ �b i?2 *EJ K�i`BtX aBM+2 i?2 �MiBT�`iB+H2 Q7 i?2 J�DQ`�M� bTBMQ` Bb Bib2H7- Bi +�M
MQi T`QpB/2 i?2 2ti`� T?�b2 iQ 2HBKBM�i2 i?2 /2;`22 Q7 7`22/QKX h?2`27Q`2- i?2 /2;`22 Q7
7`22/QK Q7 i?2 SJLa K�i`Bt 7Q` ԝ J�DQ`�M� M2mi`BMQb �M/ ԝ +?�`;2/ .B`�+ H2TiQMb Bb�ԝϵ ਷ ԝϵ ਷ ԝ � ԝ	ԝ ਷ �
X

6Q` i?2 i?`22 ;2M2`�iBQM H2TiQMb- i?2 ai�M/�`/ T�`�K2i2`Bx�iBQM Q7 i?2 SJLa K�i`Bt
+�M +?QQb2 j `Qi�iBQM �M;H2b rBi? R +QKTH2t .B`�+ T?�b2 �M/ k +QKTH2t J�DQ`�M� T?�b2b
Uᅿφϵ
 ᅿφϯ
 ᅿϵϯ
 ᅫ
 ᅬφ
 ᅬϵV B7 i?2 M2mi`BMQb �`2 J�DQ`�M� bTBMQ`b

Ԋ � ৡৠৠয়
� � �� ,Rc ᅿϵϯ cCN ᅿϵϯ� ਷ cCN ᅿϵϯ ,Rc ᅿϵϯ

৤ৢৣৣ ৡৠৠয়
,Rc ᅿφϯ � cCN ᅿφϯԔքᆿ� � �਷ cCN ᅿφϯԔքᆿ � ,Rc ᅿφϯ

৤ৢৣৣ ৡৠৠয়
,Rc ᅿφϵ cCN ᅿφϵ �਷ cCN ᅿφϵ ,Rc ᅿφϵ �� � �৤ৢৣৣ ৡৠৠয়

� �� Ԕք ᆖȯɞ �� � Ԕք ᆖɞɞ
৤ৢৣৣ

URXdRV
h?2 Ӹԅ pBQH�iBQM BM H2TiQM b2+iQ` Bb BM/B+�i2/ #v i?2 +QKTH2t T?�b2b BM SJLa K�i`BtX

�M/ i?Bb +�M #2 K2�bm`2/ BM i?2 T`Q+2bb2b Q7 i?2 M2mi`BMQ Qb+BHH�iBQMX h?2 T`Q+2bb2b Q7ԅ	ᅸր
 ݂ ԅ	ᅸᇋ
 mM/2` i?2 Ӹԅ i`�Mb7Q`K�iBQM Bb ԅ	 
ᅸր۽ ݂ ԅ	 
ᅸᇋ۽ �M/ i?2 /Bz2`2M+2 #2ir22M
i?2b2 irQ rBHH BM/B+�i2 i?2 Ӹԅ pBQH�i2/ r?B+? Bb �HbQ `2H�i2/ iQ i?2 C�`HbFQ; BMp�`B�Mi ӿ X

RXjXk ai`QM; Ӹԅ T`Q#H2K

h?2 bi`QM; BMi2`�+iBQM G�;`�M;B�M BM aJ Bb ;Bp2M #v 1[m�iBQM URX8RV �M/ i?Bb i2`K ?�b
i?2 Ӹԅ @2p2M bvKK2i`v mM/2` Ӹԅ i`�Mb7Q`K�iBQMX *QMbB/2` i?2 ;HQ#�H +?B`�H bvKK2i`v- i?2
G�;`�M;B�M rBi? i?2 K�bb i2`K rBHH #2 2ti2M/2/ �b෫ � ਷��ӼռᇋᇌӼᇋᇌӴռ � ᅲ Ԗϵ֎��ӼռᇋᇌӼࣴᇋᇌӴռ � Ԇ	Ԙᅭᇋӹᇋ ਷ ԜԔ਷քᇓᇁȁ
Ԇ URXdkV



RXj h>1 դձ S>uaA*a kN

r?2`2 i?2 Ӽࣴᇋᇌ Bb i?2 >Q/;2 /m�H i2MbQ` `2H�iBp2 iQ i?2 ӼᇋᇌӼࣴᇋᇌ � ��ᆃᇋᇌᇏᇐӻᇏᇐ URXdjV

lbBM; i?2 Ӹ- ԅ i`�Mb7Q`K�iBQM BMi`Q/m+2/ BM a2+iBQM RXRXjXR �M/ a2+iBQM RXRXjXk- �M/Ӹԅ T`QT2`iB2b 7Q` i?2 p2+iQ` #QbQM 	Ӹԅ
਷φӶᇋ	Ӹԅ
 � ਷෯ ᇌᇋ Ӷᇌ �M/ 7Q` i?2 }2H/ i2MbQ`	Ӹԅ 
਷φӻᇋᇌ	Ӹԅ 
 � ਷෯ ᇏᇋ ෯ ᇐᇌ ӻᇏᇐ- r2 +�M ;2i i?�i i?2 ӼռᇋᇌӼᇋᇌӴռ i2`K Bb Ӹ@2p2M- ԅ @2p2M �M/Ӹԅ @2p2M- �M/ i?2 ᆃᇋᇌᇏᇐӼռᇋᇌӼռᇏᇐ i2`K Bb Ӹ@2p2M- ԅ @Q// �M/ Ӹԅ @Q//X h?mb i?2 G�;`�M;B�M
rBi? i?2 bmK Q7 i?2b2 irQ i2`Kb BM 1[m�iBQM URXdkV rBHH pBQH�i2 i?2 Ӹԅ bvKK2i`vX

h?2 ;HQ#�H l	�
բ +?B`�H bvKK2i`v i`�Mb7Q`K�iBQM ည ݂ Ԕ਷քᆿᇁȁည �M/ ည ݂ Ԕքᆿᇁȁည rBHH
;Bp2 i?2 2ti`� T?�b2 7�+iQ` BM i?2 T�i? BMi2;`�H ௩ ෣ည෣ည ݂ ௩ ෣ည෣ည 3uU ই਷Ԙᅫ ௩ ւɞ՘φϩᇎɞ ӼռᇋᇌӼࣴᇋᇌӴռঈX
h?2b2 i`�Mb7Q`K�iBQM rBHH T`QpB/2 i?2 T?�b2 BM 1[m�iBQM URXdkV 7Q` i?2 ӼռᇋᇌӼࣴᇋᇌӴռ i2`K i?�iᅲ ݂ ᅲ ਷ �ᅫ �M/ i?2 T?�b2 Q7 i?2 K�bb i2`K ᅿ ݂ ᅿ ਷ �ᅫ bBKmHi�M2QmbHvX h?2 mM+?�M;2/
2[mBp�H2Mi T?�b2 rBHH #2 ᅲ ਷ ᅿX q2 rQmH/ HBF2 iQ /2�H rBi? i?2 `2�H K�bb i?2M r2 +�M +?QQb2
i?2 ᅫ iQ 2biBK�i2 i?2 ᅿ r?B+? Bb `2H�i2/ iQ i?2 umF�r� K�i`Bt Ԏ ֐ �M/ Ԏ տ �M/ ;2i i?2ӼռᇋᇌӼࣴᇋᇌӴռ i2`K `2HB2b QM i?2 bi`QM; Ӹԅ T?�b2 ᅲᅿ۽ � �a< 03j	Ԏ Ԏ֐ տ
ᅲ۽ � ᅲ ਷ �a< 03j	Ԏ Ԏ֐ տ
 URXd9V

i?mb i?2 ᅲ۽ ւɞ՘ϯϵӼռᇋᇌӼࣴᇋᇌӴռ rBHH #2 i?2 Ӹԅ pBQH�i2/ i2`K BM i?2 bi`QM; BMi2`�+iBQMX

h?Bb ;HQ#�H l	�
բ +?B`�H bvKK2i`v rBHH �HbQ BMi`Q/m+2 i?2 �MQK�HQmb r?B+? K2�Mb Bi Bb
� bvKK2i`v BM i?2 +H�bbB+�H }2H/b #mi MQi BM i?2 [m�MimK i?2Q`vX aBM+2 i?2 ӼռᇋᇌӼࣴᇋᇌӴռ i2`K
+�M #2 r`Bii2M �b � /Bz2`2MiB�H 7Q`K +QKTH2i2HvᆃᇋᇌᇏᇐӼռᇋᇌӼռᇏᇐ � ᆉᇋӿᇋդմӿᇋդմ � ᆃᇋᇌᇏᇐ	Ӷռ։֐ӻ ռᇏᇐ ਷ Ԗ֎� ԕռսվӶռᇌӶսᇏӶվᇐ
 URXd8V

i?2 ӿᇋդմ Bb M�K2/ �b i?2 *?2`M@aBKQMb +m``2MiX aBM+2 i?Bb i2`K Bb � iQi�H /2`Bp�iBp2 Bi rBHH MQi
;Q BM i?2 T2`im`#�iBQM 62vMK�M /B�;`�K �b i?2 BM �M/ Qmi KQK2MimK rBHH #2 +QMb2`p2/ �M/
rBi? i?2 bmK Q7 x2`QX am+? ᅲ۽ 2z2+i +�M QMHv #2 K2�bm`2/ BM i?2 MQM@T2`im`#�iBQM T`Q+2bb HBF2
i?2 2H2+i`B+ /BTQH2 KQK2Mi U1.JV Q7 i?2 M2mi`QMX h?2 1.J `2bmHib +QMbi`�BM ᅲ۽ � ��਷φЈX
h?2 bK�HHM2bb Q7 i?2 ᅲ۽ +QKT�`2/ rBi? i?2 Ӹԅ pBQH�iBQM BM r2�F T�`i FMQrM �b i?2 bi`QM;Ӹԅ T`Q#H2KX h?2`2 �`2 K�Mv 2M/2�pQ`b �M/ QM2 Q7 i?2 bQHmiBQM Bb i?2 �tBQM r?B+? Bb i?2
:QH/biQM2 #QbQM BMi`Q/m+2/ #v i?2 l	�
ձղ S2++2B@ZmBMM bvKK2i`v bTQMi�M2QmbHv #`QF2X
AMi2`2biBM;Hv- i?2 �tBQMb �`2 �HbQ QM2 Q7 i?2 +�M/B/�i2b 7Q` i?2 /�`F K�ii2`X



jy *>�Sh1_ R h>1P_u

RXjXj Ӹԅ BM i?2 >B;;b b2+iQ`
AM i?2 T`2pBQmb b2+iBQM i?2 EQ#�v�b?B@J�bF�r� K2+?�MBbK Bb BMi`Q/m+2b 7Q` i?2 r2�FӸԅ pBQH�iBQM r?BH2 i?2 Ӹԅ pBQH�iBQM BM bi`QM; BMi2`�+iBQM Bb �HKQbi M2;HB;B#H2 BM aJX qBi?

i?2 K2�bm`2K2Mi Q7 i?2 *EJ K�i`Bt r2 +�M 2biBK�i2 i?2 K�ii2`@�MiBK�ii2` �bvKK2i`v
BM i?2 mMBp2`b2X >Qr2p2`- +QKT�`2/ rBi? i?2 Q#b2`p2/ #�`vQM �bvKK2i`v Q7 i?2 mMBp2`b2
U"l�V ᅱ � 	ԝս ਷ԝ 
ս�ԝᇁ��਷φЈ۽- i?2 +�H+mH�iBQM `2bmHib 7`QK aJ Ӹԅ pBQH�iBQM #v i?2 +QKTH2t
T?�b2 BM *EJ K�i`Bt ᅮ Bb BMbm{+B2Mi iQ BMi2`T`2i bm+? b+�H2X h?mb i?2 M2r bQm`+2 Q7 Ӹԅ
pBQH�iBQM Bb `2[mB`2/ iQ 2tTH�BM i?2 K�ii2`@�MiBK�ii2` �bvKK2i`v BM i?2 mMBp2`b2X

h?2 >B;;b #QbQM Bb /Bb+Qp2`2/ #v i?2 �hG�a �M/ *Ja 2tT2`BK2Mib BM G>* �M/ Bib
T`QT2`iB2b �`2 BM T�`iB+mH�` BMi2`2biX AM i?2 a2+iBQM RXkXjXj i?2 >B;;b #QbQM Bb T`2/B+i2/ �b
i?2 Ӹԅ @2p2M T�`iB+H2X �M/ i?2 >B;;b b2+iQ` Bb � bi`QM; +�M/B/�i2 7Q` i?2 M2r bQm`+2 Q7Ӹԅ pBQH�iBQMX h?2 ;2M2`�HBx2/ umF�r� +QmTHBM; BM i?2 >z p2`iB+2b �M/ i?2 2ti2M/2/ >oo
p2`iB+2b BM i?2 aJ bmTTH2K2Mi2/ rBi? ?B;?2` /BK2MbBQM�H QT2`�iQ`b Ui?2 aJ16hV 7`�K2rQ`F
7Q` i?2 >B;;b Ӹԅ bim/v rBHH #2 BMi`Q/m+2/ BM i?Bb b2+iBQMX

RXjXjXR :2M2`�HBx2/ umF�r� +QmTHBM; �M/ i?2 >z p2`iB+2b

Ai Bb BM/B+�i2/ BM 1[m�iBQM URXekV i?�i i?2 >B;;b@72`KBQM umF�r� +QmTHBM; ?�b Ӹԅ @2p2M
bvKK2i`v BM aJX q2 +�M 2ti2M/ i?2 umF�r� +QmTHBM; rBi? �HbQ i?2 Ӹԅ @Q// T�`i෫թᇕᇕ � ਷Ԝᇕԥ ᅴᇕ	,Rc ᅿᇕᆁᆁ � cCN ᅿᇕᆁԘᅭΘᆁ
ӽ URXdeV

r?2`2 i?2 ᅿᇕ Bb >B;;b Ӹԅ KBtBM; �M;H2X qBi? i?2 FMQrH2/;2 BM a2+iBQM RXRXj- Bi Bb 2�bv iQ
b22 i?�i i?2 ᆁԘᅭΘᆁӽ Bb Ӹԅ @Q//- i?mb i?2 ෫թᇕᇕ pBQH�i2b i?2 Ӹԅ bvKK2i`v r?2M ᅿᇕ ଈ �X

RXjXjXk aJ16h �M/ i?2 >oo p2`iB+2b

1[m�iBQM URXeRV b?Qr2/ i?2 Ӹԅ @2p2M bvKK2i`v BM >oo p2`iB+2b BM aJX h?Bb +�M #2 �HbQ
2ti2M/2/ BMiQ ai�M/�`/ JQ/2H 1z2+iBp2 6B2H/ h?2Q`v G�;`�M;B�M bT�MM2/ #v q�`b�r #�bBb
�M/ +�M #2 BMi2`T`2i2/ rBi? i?2 /BK2MbBQM e QT2`�iQ`b ෮	ϩ
ք෫aJ16h � ෫aJ � ంք Ԓ	ϩ
քဆϵ ෮	ϩ
ք URXddV

BM r?B+? r2 ?�p2 *S@Q// T�`i Q7 >oo p2`iB+2b `2T`2b2Mi2/ #v ෮թईո � ӽ ӽԌࣾ ժᇋᇌԌ ժᇋᇌ-෮թգࣴ � ӽ ӽӷࣴᇋᇌӷᇋᇌ �M/ ෮թईոգ � ӽ ᅼժӽԌࣾ ժᇋᇌӷժᇋᇌ- r?2`2 i?2 ӽ �M/ ӷ �`2 i?2 p2+iQ`
#QbQM }2H/b #27Q`2 i?2 bTQMi�M2Qmb bvKK2i`v �b b?Qr2/ BM 1[m�iBQM URX88V �M/ Bib >Q/;2
/m�H i2MbQ` �M/ #v +QMbi`m+i2/ �b 1[m�iBQM URXdjVX

AM i?2 2tT2`BK2Mi- r2 +�M +QMbi`�BM i?2 +Q``2bTQM/BM; qBHbQM +Q2{+B2Mib Ԓք rBi? i?2
K2�bm`2K2Mi iQ +?2+F i?2 Ӹԅ T`QT2`iB2b BM i?2 >oo p2`iB+2bX



*?�Ti2` k

h?2 �hG�a 1tT2`BK2Mi

h?Bb +?�Ti2` rBHH ;Bp2 � #`B27 BMi`Q/m+iBQM Q7 i?2 �hG�a 2tT2`BK2Mi BM G>* �i *1_LX
.2b+`BTiBQM Q7 i?2 G>* �M/ �hG�a 2tT2`BK2Mi rBHH #2 BM a2+iBQM kXR �M/ a2+iBQM kXkX
�M/ r2 rBHH +QM+Bb2Hv BMi`Q/m+2 mT;`�/2 iQ i?2 >B;?@GmKBMQbBiv G�`;2 >�/`QM *QHHB/2`
U>G@G>*V BM a2+iBQM kXjX

kXR h?2 G�`;2 >�/`QM *QHHB/2`
h?2 G�`;2 >�/`QM *QHHB/2` UG>*V (ke) Bb i?2 H�`;2bi T�`iB+H2 �++2H2`�iQ` rBi? i?2 ?B;?2bi

+2Mi2`@Q7@K�bb 2M2`;v i?�i ?mK�M +�M `2�+? mT iQ MQrX Ai Bb HQ+�i2/ �i *1_L �`QmM/ i?2
:2M2p� H�F2 BM arBix2`H�M/X

h?2 K�+?BM2 Bb � irQ@`BM;@bmT2`+QM/m+iBM;@?�/`QM �++2H2`�iQ` �M/ i?2 `BM; Bb �`QmM/
keXd FBHQK2i2`b HQM;- HB2b #2ir22M 98 iQ Rdy K2i2`b mM/2`;`QmM/X Ai Bb K�BMHv mb2/ iQ +QHHB/2
i?2 T`QiQM@T`QiQM #2�K- #2bB/2b r2 +�M `mM bQK2 ?2�pv@BQM #2�KbX h?2 �++2H2`�iQ` Bb
/2bB;M2/ rBi? i?2 K�tBKmK +2Mi2`@Q7@K�bb 2M2`;v Q7 అԢ � �� h2o �M/ T2�F HmKBMQbBiv Q7��ϯΚ +K਷ϵb਷φX AMbB/2 Q7 i?2 G>*- MmK#2` Q7 T`QiQMb T2` #mM+? Bb mT iQ ��φφ �M/ +QHHBbBQM
7`2[m2M+v Bb �#Qmi 9y J>x- rBi? i?2 BMi2`p�H #2ir22M 2�+? #mM+? �#Qmi k8 MbX

h?2 �++2H2`�iBQM T`Q+2bb Bb BHHmbi`�i2/ BM 6B;m`2 kXRX h?2 T`QiQM #2�K rBHH bi�`i �i
i?2 HBM2�` �++2H2`�iQ` GBM�+k `2�+? mT iQ 8y J2o- i?2M +QK2 iQ i?2 S`QiQM avM+?`Qi`QM
"QQbi2` U"QQbi2`V �++2H2`�i2/ iQ �#Qmi RX9 :2o- �M/ M2ti bi2T Bb S`QiQM avM+?`Qi`QM USaV
rBi? 2M2`;v �#Qmi k8 :2o- }M�HHv ;Q iQ i?2 amT2` S`QiQM avM+?`Qi`QM UaSaV iQ �+?B2p2 iQ
98y :2o r?B+? Bb i?2 BMD2+iBQM 2M2`;v iQ i?2 G>*X

h?2`2 �`2 K�BMHv 7Qm` K�DQ` 2tT2`BK2Mib QM G>* `BM;- i?2 �hG�a (kd) �M/ *Ja (k3)
2tT2`BK2Mib �BK2/ 7Q` i?2 aJ- >B;;b �M/ bmT2`bvKK2i`v T?vbB+b- i?2 G>*# (kN) Bb /2bB;M2/
�b i?2 "@7�+iQ`v iQ bim/v i?2 Ӹԅ pBQH�iBQM- #2�miv �M/ +?�`K [m�`F T?vbB+b- �M/ i?2
�GA*1 (jy) 2tT2`BK2Mi K�BMHv 7Q` i?2 ?2�pv@BQM +QHHBbBQMb iQ 2tTHQ`2 i?2 Z*. �M/ [m�`F@
;HmQM TH�bK� T?vbB+bX

h?2 G>* Bb QT2`�i2/ #v T2`BQ/X AM kyRR �M/ kyRk i?2 +2Mi2`@Q7@K�bb U*QJV 2M2`;v
Q7 T`QiQM@T`QiQM +QHHBbBQM Bb � h2o �M/ � h2o `2bT2+iBp2Hv- i?2 iQi�HHv HmKBMQbBiv mb2/ 7Q`

jR



jk *>�Sh1_ k h>1 �hG�a 1sS1_AJ1Lh

6B;m`2 kXR, h?2 �++2H2`�iBQM T`Q+2bb �M/ 2tT2`BK2Mi bBi2b Q7 i?2 G>*X

T?vbB+b �M�Hvb2b BM �hG�a 2tT2`BK2Mi Bb �#Qmi ���� 7#਷φ �M/ i?Bb T2`BQ/ Bb M�K2/ _mM@
RX �7i2` i?2 }`bi GQM; a?mi/QrM UGaRV 7Q` irQ v2�`b- i?2 G>* bi�`i2/ i?2 QT2`�iBQM
7Q` i?2 _mM@k /�i� 7`QK kyR8 iQ kyR3X AM i?Bb T2`BQ/ i?2 *QJ 2M2`;v `2�+?2/ iQ �� h2o
�M/ i?2 BMi2;`�i2/ HmKBMQbBiv mb2/ 7Q` �M�Hvb2b BM �hG�a 2tT2`BK2Mi Bb �#Qmi ��� 7#਷φXh?2
6B;m`2 kXk b?Qr2/ i?2 BMi2;`�i2/ HmKBMQbBiv BM _mM@k 7Q` �hG�a 2tT2`BK2Mi �M/ i?2 �p2`�;2
MmK#2` Q7 BMi2`�+iBQM T2` T`QiQM BM 2�+? #mM+? +`QbbBM; M�K2/ TBH2@mT ਓᅷਔX q2 i?2M biQTT2/
i?2 K�+?BM2 7Q` i?`22 v2�` bQ +�HH2/ i?2 b2+QM/ GQM; a?mi/QrM UGakV- �M/ `2H�mM+?2/ i?2
_mM@j BM kykk BM r?B+? i?2 *QJ rBHH +QK2 iQ ���� h2o �M/ +QHHBbBQMb �`2 biBHH QM;QBM; r?2M
i?Bb i?2bBb Bb r`BiBM;X 6m`i?2`KQ`2- �7i2` _mM@j Bb }MBb?2/ i?2 �++2H2`�iQ` rBHH #2 mT;`�/2/
iQ >G@G>* 7Q` H�`;2` T2�F �M/ BMi2;`�i2/ HmKBMQbBivX

Month in Year
Jan '15

Jul '15
Jan '16

Jul '16
Jan '17

Jul '17
Jan '18

Jul '18
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 = 13 TeVs
-1 fbDelivered: 156
-1 fbRecorded: 147

-1 fbPhysics: 139
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Online, 13 TeVATLAS -1Ldt=146.9 fb∫
> = 13.4µ2015: <
> = 25.1µ2016: <
> = 37.8µ2017: <
> = 36.1µ2018: <
> = 33.7µTotal: <
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U#V

6B;m`2 kXk, U�V*mKmH�iBQM Q7 HmKBMQbBiv /m`BM; i?2 _mMk ԟ@ԟ +QHHBbBQM /�i�@i�FBM;X
U#VJ2�M MmK#2` Q7 BMi2`�+iBQMb T2` +`QbbBM; Q7 i?2 �hG�a `2+Q`/2/ /�i�b2iX
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kXk h?2 �hG�a /2i2+iQ`
h?2 �hG�aU� hQ`QB/�H G>* �TT�`�imaV (kd) 2tT2`BK2Mi Bb #mBHi K�BMHv 7Q` T`QiQM@

T`QiQM Uԟ@ԟV +QHHBbBQMb �M/ 7Q` ?2�pv@BQM UӶ@ӶV #2�K +QHHBbBQMb �b r2HHX Ai Bb � /2i2+iQ`
r?B+? Bb �#Qmi k8 K BM ?2B;?i �M/ 99 K BM H2M;i? �M/ r2B;?ib �#Qmi dyyy iQMbX h?Bb ?m;2
2tT2`BK2Mi�H �TT�`�imb +QMbBbib Q7 i?2 K�;M2i bvbi2K- i?2 /2i2+iQ` bvbi2K BM+Hm/BM; BMM2`
/2i2+iQ`- +�HQ`BK2i`v �M/ KmQM bT2+i`QK2i2`- �M/ i?2 i`B;;2` �M/ /�i� �+[mBbBiBQM bvbi2KX

6B;m`2 kXj, AHHmbi`�iBQM Q7 i?2 �hG�a 2tT2`BK2Mi /2i2+iQ`X

h?2 �hG�a 2tT2`BK2Mi Bb /2bB;M2/ 7Q` p�`BQmb T?vbB+b iQTB+b 7`QK T`2+Bb2 K2�bm`2K2Mi
Q7 aJ iQ /B`2+iHv b2�`+? Q7 "aJ T�`iB+H2bX qBi? 2ti`2K2 ?B;? *QJ 2M2`;v 7Q` Mm+H2mb@
Mm+H2mb +QHHBbBQMb- i?2 �hG�a 2tT2`BK2Mi ?�b mMT`2+2/2Mi2/ +?�M+2 iQ bim/v Z*.- 2H2+@
i`Qr2�F �M/ ~�pQm` T?vbB+bX AMBiB�HHv- QM2 Q7 i?2 2bb2MiB�H �BK Q7 �hG�a Bb iQ }M/ i?2 >B;;b
#QbQM- bQ i?2 ᅭᅭ- ԏԏ	੟
 +?�MM2Hb rBHH T`QpB/2 i?2 +H2�M2bi }M�H bi�i2b 7Q` b2�`+?- �M/ ԑ ԑ۽ �M/ԌԌ 	੟
 rBHH #2 irQ H�`;2bi /2+�v #`�M+?BM; `�iBQ +?�MM2H r?2M i?2 >B;;b K�bb Bb �`QmM/
Rk8 :2oX �M/ 7Q` i?2 b2�`+? Q7 2ti`� "aJ >B;;b b2+iQ` bm+? �b KBMBK�H bmT2`bvKK2i`B+
2ti2MbBQM Q7 i?2 ai�M/�`/ JQ/2H- i?2 ;QQ/ bim/v Q7 ᅽ H2TiQM �M/ ԑ@D2i `2H�i2/ +?�MM2Hb Bb
`2[mB`2/X "2bB/2b- iQ T`Q#2 i?2 ?2�pv ;�m;2 #QbQMb HBF2 ԏ஥ �M/ Ԍ ஥ r?Qb2 K�bb Bb mT iQ
eȳ h2o- ;QQ/ `2bQHmiBQM Q7 ?B;?@ԟյ H2TiQM �M/ D2i Bb M2+2bb�`vX :QQ/ +�HB#`�iBQM Q7 ᅷ H2TiQM
Bb BKTQ`i�Mi iQ i?2 bim/v Q7 H2TiQM ~�pQm` pBQH�iBQMX 6m`i?2`KQ`2- bQK2 `2b2�`+? Q7 i?2
alau T�`iB+H2- +QH/ /�`F K�ii2` �M/ 2ti`� /BK2MbBQMb rBi? 2KBbbBQM Q7 i?2 ;`�pBiQMb rBHH
BMpQHp2 bB;MB}+�Mi KBbbBM; i`�Mbp2`b2 2M2`;v ӺLCcc

i BM }M�H bi�i2bX
hQ `2�HBx2 i?2b2 #2M+?K�`F T?vbB+b i�`;2ib K2MiBQM2/ �#Qp2- r2 M22/ iQ /2bB;M i?2

�hG�a /2i2+iQ` rBi? H�`;2 �++2Ti�M+2 Q7 Tb2m/Q@`�TB/Biv �M/ 7mHH �xBKmi?�H �M;H2 +Qp2`�;2X
:QQ/ +?�`;2 T�`iB+H2b KQK2MimK `2bQHmiBQM Bb pBi�H 7Q` i?2 BMM2` i`�+F /2i2+iQ` iQ �+?B2p2
;QQ/ `2+QMbi`m+iBQM Q7 i?2 p2`iB+2b 7Q` Q|BM2 ᅽ H2TiQM �M/ ԑ@D2i i�;;BM;X 1H2+i`QK�;M2iB+
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�M/ ?�/`QMB+ +�HQ`BK2i`v Bb 2bb2MiB�H iQ i?2 2H2+i`QM �M/ ᅭ- D2i 2M2`;v �M/ ӺLCcc
i K2�bm`2K2Mi

�M/ B/2MiB}+�iBQMX JmQM bT2+i`QK2i2` TH�vb �M BKTQ`i�Mi `QH2 7Q` i?2 KmQM B/2MiB}+�iBQM
�M/ KQK2MimK K2�bm`2K2MiX "2bB/2b- ?B;?Hv 2{+B2Mi i`B;;2` Bb T`BM+BT�H iQ #�+F;`QmM/
`2D2+iBQM 7Q` �M�Hvb2bX h?2 +QKTQM2Mib Q7 i?2 �hG�a /2i2+iQ` Bb BHHmbi`�i2/ #v 6B;m`2 kXj
�M/ i?2 +Qp2`�;2 �M/ `2bQHmiBQM Bb bmKK�`Bx2/ BM h�#H2 kXRX JQ`2 /2i�BH2/ BMi`Q/m+iBQM Q7
2�+? /2i2+iQ`b rBHH #2 7QmM/ BM bm#b2+iBQM #2HQrX

h�#H2 kXR, Pp2`pB2r Q7 i?2 `2bQHmiBQM �M/ +Qp2`�;2 Q7 2�+? +QKTQM2Mi Q7 i?2 �hG�a /2i2+iQ`

*QKTQM2Mi _2bQHmiBQM Uԟh �M/ Ӻ BM :2oV ᅱ +Qp2`�;2
J2�bm`2K2Mi h`B;;2`

AMM2` .2i2+iQ` ᅼՕh
�ԟh � ����� ੁ ԟh ૶ �� ]ᅱ] � ���

1H2+i`QK�;M2iB+ +�HQ`BK2i2` ᅼ԰�Ӻ � ����అӺ ૶ ���� ]ᅱ] � ��� ]ᅱ] � ���
>�/`QMB+ +�HQ`BK2i2`

"�``2H �M/ 2M/@+�T ᅼ԰�Ӻ � ����అӺ ૶ �� ]ᅱ] � ��� ]ᅱ] � ���
6Q`r�`/ ᅼ԰�Ӻ � �����అӺ ૶ ��� ��� � ]ᅱ] � ��� ��� � ]ᅱ] � ���

JmQM bT2+i`QK2i2` ᅼՕh
�ԟh � ��� �i ԟh 4R h2o ]ᅱ] � ��� ]ᅱ] � ���

6BM�HHv- H2iǶb BMi`Q/m+2 i?2 `B;?i@?�M/ +QQ`/BM�i2b r?B+? �`2 rB/2Hv mb2/ BM �hG�a
2tT2`BK2Mi �M�Hvb2bX h?2 Q`B;BM TQBMi Q7 i?2 +QQ`/BM�i2b Bb b2i �i i?2 BMi2`�+iBQM TQBMi- �M/
i?2 ԧ@�tBb TQBMib iQ i?2 +2Mi2` Q7 i?2 `BM;- r?BH2 i?2 Ԩ@�tBb TQBMib mTr�`/b i?2M i?2 ԩ@�tBb
rBHH #2 �HB;M2/ rBi? #2�K /B`2+iBQMX h?2 TQH�` �M;H2 ᅲ Bb 7`QK i?2 #2�K HBM2 �M/ �xBKmi?�H
�M;H2 ᅿ Bb rBi? i?2 �tBb Q7 #2�K HBM2X h?2 Tb2m/Q@`�TB/Biv Bb /2}M2/ �b ᅱ � IN j�N	ᅲ��
 �M/
i?2 �M;mH�` /Bbi�Mi ငԇ � ఉ	ငᅱ
ϵ � 	ငᅿ
ϵX

kXkXR AMM2` /2i2+iQ`

h?2 �hG�a AMM2` .2i2+iQ` UA.V Bb /2bB;M2/ 7Q` i?2 T`2+Bb2 K2�bm`2K2Mi Q7 i?2 T`BK�`v
�M/ b2+QM/�`v p2`iB+2b- �b r2HH �b T�`iB+H2 KQK2MimK rBi? ?B;? `2bQHmiBQM iQ ;Bp2 �++m`�i2
i`�+F BM7Q`K�iBQM 7Q` �M�HvbBbX h?mb- i?2 BKT�+i T�`�K2i2`b +�M �HbQ #2 K2�bm`2/ 7Q` ?2�pv@
~�pQm` �M/ ᅽ @H2TiQM i�;;BM;X Ai +�M `2+Q;MBx2 +?�`;2 i`�+F �#Qp2 i?2 ԟյ i?`2b?QH/ �`QmM/
yX8 :2oX h?2 A. ?�b � +Qp2`�;2 Q7 Tb2m/Q@`�TB/Biv ]ᅱ] � ���X �M/ Bi T`QpB/2 i?2 2H2+i`QM
B/2MiB}+�iBQM `�M;2 �#Qmi ]ᅱ] � ��� rBi? 2M2`;v 7`QK yX8 :2o iQ R8y :2oX 6B;m`2 kX9� Bb �
bF2i+? Q7 i?2 �hG�a AMM2` .2i2+iQ`X

h?2`2 �`2 i?`22 +QKTQM2Mib BM A.- i?2 bBHB+QM TBt2H i`�+F2`- bBHB+QM KB+`Qbi`BT i`�+F2`
Ua2KB*QM/m+iQ` h`�+F2`- a*hV �M/ i?2 h`�MbBiBQM _�/B�iBQM h`�+F2` Uh_hV 7`QK BMbB/2 iQ
QmibB/2 b?Qr2/ BM 6B;m`2 kX9#X h?2 bBx2 Q7 i?Bb +vHBM/`B+�H b?�T2 /2i2+iQ` Bb �#Qmi ਻j8Rk KK
7Q` H2M;i? �M/ RR8y KK 7Q` `�/Bmb �M/ Bi Bb BKK2`b2/ BM � K�;M2iB+ }2H/ Q7 k hX h?2 TBt2H
/2i2+iQ` �M/ a*h Bb mbBM; bBHB+QM b2MbQ`b 7Q` /2i2+iBQM �M/ i?2 h_h +QKT`Bb2b K�Mv H�v2`b
Q7 t2MQM@#�b2/ ;�b2Qmb bi`�r /`B7i im#2bX
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U�V U#V

6B;m`2 kX9, U�VaF2i+? Q7 i?2 �hG�a AMM2` .2i2+iQ`X
U#Vh?`22 BM/2T2M/2Mi #mi +QKTH2K2Mi�`v bm#@/2i2+iQ`b Q7 i?2 �hG�a AMM2` .2i2+iQ`X

h?2 ;2QK2i`B+ H�vQmi Q7 i?2 AMM2` .2i2+iQ` Bb BHHmbi`�i2/ BM 6B;m`2 kX8X 6Q` TBt2H /2i2+iQ`-
Bi ?�b i?2 `�/B�H 2ti2MbBQM �#Qmi 98X8 KK � ԇ � k9k KK �M/ H2M;i? Q7 ]ԩ] � jyNk KK rBi?
j +vHBM/`B+�H H�v2`b BM #�``2H �`2� �M/ k੎j /BbFb BM 2M/@+�T �`2�X h?2`2 �`2 9 +vHBM/`B+�H
H�v2`b Q7 a*h BM #�``2H 2ti2M/2/ k88 KK � ԇ � 89N KK BM `�/Bmb �M/ ]ԩ] � jyNk KK
BM H2M;i?- �M/ k੎N /BbFb Q7 a*h BM 2M/@+�T 2ti2M/2/ k8R KK � ԇ � eRy KK BM `�/Bmb
�M/ 3Ry KK � ]ԩ] � kdNd KK BM H2M;i?X �M/ i?2 h_h ?�b dj bi`�r TH�M2b rBi? `�/BB Q7
889 KK � ԇ � Ry3k KK �M/ H2M;i? Q7 ]ԩ] � d3y KK BM #�``2H �M/ Rey bi`�r TH�M2b rBi?
`�/BB Q7 eRd KK � ԇ � RRye KK �M/ H2M;i? Q7 3kd KK � ]ԩ] � kd99 KK BM 2M/@+mTX

Envelopes

Pixel

SCT barrel

SCT end-cap

TRT barrel

TRT end-cap

255<R<549mm
|Z|<805mm

251<R<610mm
810<|Z|<2797mm

554<R<1082mm
|Z|<780mm

617<R<1106mm
827<|Z|<2744mm

45.5<R<242mm
|Z|<3092mm

Cryostat

PPF1

Cryostat
Solenoid coil

z(mm)

Beam-pipe

   Pixel
support tubeSCT (end-cap)

TRT(end-cap)
1 2 3 4 5 6 7 8 9 10 11 12 1 2 3 4 5 6 7 8

Pixel

400.5
495

580
650

749
853.8

934
1091.5

1299.9
1399.7

1771.4 2115.2 2505 2720.20
0

R50.5
R88.5

R122.5

R299
R371
R443
R514
R563

R1066

R1150

R229

R560

R438.8R408
R337.6

R275

R644

R1004
2710848

712 PPB1

Ra
di

us
(m

m)

TRT(barrel)

SCT(barrel)
Pixel PP1

3512ID end-plate

Pixel

400.5 495 580 6500
0

R50.5
R88.5
R122.5

R88.8

R149.6

R34.3

6B;m`2 kX8, :2QK2i`B+ H�vQmi Q7 i?2 �hG�a AMM2` .2i2+iQ`X GQ+�iBQM Q7 TBt2H /2i2+iQ`- a*h
�M/ h_h Bb b?Qr2/X
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kXkXk *�HQ`BK2i`v
hQ K2�bm`2 i?2 2M2`;v Q7 T?QiQMb- 2H2+i`QMb- D2ib T`2+Bb2Hv- i?2 �hG�a +�HQ`BK2i2`b �`2

/2bB;M2/ rBi? ;QQ/ Tb2m/Q@`�TB/Biv +Qp2`�;2 �M/ ;`�MmH�`BivX h?2b2 +�HQ`BK2i2`b �`2 BM H�`;2ᅱ@`�M;2 �#Qmi ]ᅱ] � ��� �M/ 7mHH ᅿ@+Qp2`�;2 �`QmM/ i?2 #2�K HBM2- rBi? i?2 T`QT2` i?B+FM2bb
i?2v 2Mbm`2 ;QQ/ ӺLCcc

i K2�bm`2K2Mi r?B+? Bb BKTQ`i�Mi 7Q` K�Mv T?vbB+b bB;M�im`2b �M/ BM
T�`iB+mH�` i?2 b2�`+? Q7 i?2 alau T�`iB+H2bX

J�BMHv irQ FBM/b Q7 +�HQ`BK2i2`b �`2 TH�+2/ BM i?2 �hG�a 2tT2`BK2Mi- i?2 2H2+i`QK�;@
M2iB+ U1JV +�HQ`BK2i2` iQ K2�bm`2 i?2 2M2`;v Q7 T?QiQMb �M/ 2H2+i`QMb- �M/ i?2 ?�/`QMB+
+�HQ`BK2i2` 7Q` ?�/`QMb 2M2`;v K2�bm`2K2MiX h?2 ?B;? ;`�MmH�`Biv HB[mB/@�`;QM UG�`V 1J
+�HQ`BK2i2` +QMbBbib Q7 QM2 #�``2H �M/ irQ 2M/@+�T U1J1*V +QKTQM2Mib- rBi? �HbQ � T�`i
Q7 7Q`r�`/ +�HQ`BK2i2` U6*�HV 7Q` 1J K2�bm`2K2MiX h?2 ?�/`QMB+ +�HQ`BK2i2` +QKT`Bb2b
i?2 iBH2 +�HQ`BK2i2` rBi? � #�``2H �M/ irQ 2ti2M/2/ #�``2H T�`i- i?2 G�` ?�/`QMB+ 2M/@+�T
U>1*V +�HQ`BK2i2`- �M/ �HbQ � T�`i Q7 6*�H 7Q` ?�/`QMb K2�bm`2K2MiX h?2 bF2i+? Q7 i?2
�hG�a +�HQ`BK2i2`b �`2 b?Qr2/ BM 6B;m`2 kXeX

U�V U#V

6B;m`2 kXe, U�VaF2i+? Q7 i?2 �hG�a +�HQ`BK2i2`bX
U#VG�vQmi Q7 i?2 �hG�a +�HQ`BK2i2`b Q7 /Bz2`2Mi T�`i Q7 +�HQ`BK2i2`b (jR)X

kXkXkXR 1H2+i`QK�;M2iB+ +�HQ`BK2i2`

h?2 2H2+i`QK�;M2iB+ +�HQ`BK2i2` mbBM; i?2 H2�/@HB[mB/ �`;QM /2i2+iQ`b BMi2`�+ib rBi? i?2
2H2+i`QK�;M2iB+ b?Qr2`b r?B+? Bb T`Q/m+2/ #v � b2`B2b Q7 +�b+�/2/ T�`iB+H2b 7`QK i?2 ?B;?
2M2`;v 2H2+i`QMb Q` T?QiQMbX Ai Bb /BpB/2/ BMiQ � #�``2H T�`i rBi? ]ᅱ] � ����� �M/ irQ 2M/@
+�T T�`ib rBi? ����� � ]ᅱ] � ���X h?2`2 Bb � T`2b�KTH2` H�v2` �M/ i?`22 2H2+i`QK�;M2iB+
+�HQ`BK2i2` H�v2`b U1JR- 1Jk- 1JjV BM #Qi? #�``2H �M/ 2M/@+mT `2;BQMbX �M �++Q`/BQM
;2QK2i`v Bb +?Qb2M 7Q` i?2 �#bQ`#2`b �M/ i?2 2H2+i`Q/2b 7Q` #Qi? #�``2H �M/ 2M/@+mT 1J
+�HQ`BK2i2`- r?B+? rBHH T`QpB/2 �M mMB7Q`K T2`7Q`K�M+2 Q7 `2bQHmiBQM iQ +Qp2` 7mHH ᅿ `�M;2
rBi?Qmi �Mv +`�+FbX

hQ T`QpB/2 ;QQ/ +QMi�BMK2Mi 7Q` 2H2+i`QK�;M2iB+ b?Qr2`b BM Q`/2` iQ �pQB/ i?2K TmM+?@
i?`Qm;? BMiQ i?2 KmQM bT2+i`QK2i2`- i?2 H2M;i? Q7 1J +�HQ`BK2i2` Bb �M BKTQ`i�Mi T�`�K2@
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i2`X h?2 iQi�H i?B+FM2bb Q7 1J +�HQ`BK2i2` Bb /2bB;M2/ iQ #2 H�`;2` i?�M kk `�/B�iBQM H2M;i?b
U� ��ԍЈV �M/ �`QmM/ NXd BMi2`�+iBQM H2M;i?b UᅶV BM #�``2H �`2�- r?BH2 � ��ԍЈ �M/ �#Qmi Ryᅶ BM 2M/@+�T T�`iX h?2 1J #�``2H +�HQ`BK2i2` Bb � ?QHHQr +vHBM/2` rBi? ?�H7@H2M;i? �#Qmi
jXk K �M/ BMM2` �M/ Qmi2` `�/BB �#Qmi RX9 K �M/ k KX �M/ i?2 1J1* +�HQ`BK2i2` ?�b irQ
b�K2 +Q@�tB�H r?22Hb- 2�+? Bb rBi? BMi2`M�H �M/ 2ti2`M�H `�/BB Q7 jjy KK �M/ kyN3 KK �M/
i?B+FM2bb Q7 ejy KKX :2QK2i`B+ BHHmbi`�iBQM Q7 1J +�HQ`BK2i2` +�M #2 7QmM/ BM 6B;m`2 kXdX

6B;m`2 kXd, :2QK2i`B+ �M/ iQTQHQ;B+�H H�vQmi Q7 i?2 �hG�a +�HQ`BK2i2`b (jk)X

kXkXkXk >�/`QMB+ +�HQ`BK2i2`

h?2 iBH2 +�HQ`BK2i2` mb2b bi22H �b i?2 �#bQ`#2` �M/ b+BMiBHH�iBM; iBH2b �b i?2 BMi2`�+iBQM
K�i2`B�HX Ai ?�b � Tb2m/Q@`�TB/Biv `�M;2 Q7 ]ᅱ] � ��� 7Q` #�``2H �`2� �M/ ��� � ]ᅱ] � ��� BM
2ti2M/2/ #�``2HX h?2 bBx2 Q7 i?Bb ?QHHQr +vHBM/2` Bb kXk3 K Q7 BMM2` `�/Bmb �M/ 9Xk8 K Q7
Qmi2` `�/Bmb- �M/ 8X3 K BM ?�H7@H2M;i?X Ai Bb b2;K2Mi2/ BMiQ i?`22 H�v2`b BM /2Ti?- rBi? RX8-
9XR �M/ RX3 BMi2`�+iBQM H2M;i?b UᅶV �M/ RX8- kXe- �M/ jXj ᅶ 7Q` #�``2H �M/ 2ti2M/2/ #�``2H-
`2bT2+iBp2HvX h?mb i?2 iQi�H H2M;i? Bb dX9 ᅶX

h?2 >1* ?QH/BM; irQ r?22Hb Bb K�/2 Q7 G�` /2i2+iQ`b �M/ +QTT2` TH�i2b- +Qp2`BM; i?2ᅱ 7`QK RX8 iQ jXkX 1�+? r?22H ?�b irQ b2;K2Mib rBi? 7Qm` H�v2`b BM /2Ti?- �M/ iQi�H jk
B/2MiB+�H r2/;2@b?�T2/ KQ/mH2bX h?2 `�/BB �`2 �#Qmi 9d8 KK �M/ kyjy KK 7Q` BMM2` �M/
Qmi2`- �M/ i?2 i?B+FM2bb Bb R3R3 KKX

h?2 6*�H +QKT`Bb2b i?`22 b2+iBQMb rBi? iQi�H Ry BMi2`�+iBQM H2M;i?b /22T iQ `2/m+2 `�@
/B�iBQM #�+F;`QmM/ 7Q` KmQM bvbi2KX h?2 }`bi T�`i Bb K�/2 Q7 +QTT2` 7Q` 2H2+i`QK�;M2iB+
K2�bm`2K2Mi r?BH2 i?2 Qi?2` irQ �`2 K�/2 Q7 imM;bi2M 7Q` i?2 ?�/`QMB+ 2M2`;v K2�bm`2@
K2MiX Ai T`QpB/2b ]ᅱ]@+Qp2`�;2 Q7 jXR � ]ᅱ] � 9XNX h?2`2 �`2 �HbQ bQK2 bK�HH G�` ;�Tb iQ
�pQB/ i?2 BQM #mBH/@mTX
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kXkXj JmQM bT2+i`QK2i2`
h?2 �hG�a KmQM bvbi2K +QMi�BMb i?2 iQ`QB/ K�;M2ib iQ T`QpB/2 K�;M2iB+ }2H/ �M/

i?2 KmQM bT2+i`QK2i2` 7Q` i?2 K2�bm`2K2Mi Q7 KmQM i`�+F �M/ KQK2MimKX h?2 KmQM
bT2+i`QK2i2` ?�b � Tb2m/Q@`�TB/Biv +Qp2`�;2 Q7 ]ᅱ] � ��� �M/ rBi? i`B;;2` `2;BQM BM ]ᅱ] � ���X
Ai +�M /2i2+i KmQM i`�Mbp2`b2 KQK2MimK rBi? � `2bQHmiBQM �TT`QtBK�i2Hv RyW 7Q` R h2o
i`�+F- rBi? � KmQM KQK2MimK i?`2b?QH/ Q7 j :2oX �M Qp2`pB2r Q7 i?2 �hG�a KmQM
bT2+i`QK2i2` +�M #2 b22M BM 6B;m`2 kX3X

U�V

BIL

BIM

RPC

EIL

EOS

EOL

EMLEMS

BOL

CSCL
CSCS

BEE

BIS

BMF

BOS

BMSBML

EI
S

BIR
BOF

BOG

TGC(M3)

TGC(M1)

TGC(M2)

TGC(I)

U#V

6B;m`2 kX3, U�VaF2i+? Q7 i?2 �hG�a KmQM bT2+i`QK2i2` �M/ iQ`QB/ K�;M2ibX
U#VG�vQmi Q7 i?2 �hG�a KmQM bT2+i`QK2i2`X h?2 M�KBM; K2i?Q/ Q7 J.h Bb BMi`Q/m+2/ BM
J.h T�`iX

h?2 �hG�a KmQM bT2+i`QK2i2` +QMbBbi Q7 7Qm` bvbi2K, JQMBiQ`2/ .`B7i hm#2b UJ.hV-
*�i?Q/2@ai`BT *?�K#2`b U*a*V- _2bBbiBp2 SH�i2 *?�K#2`b U_S*V- h?BM :�T *?�K#2`b
Uh:*VX h?2 7Q`K2` irQ �`2 mb2/ 7Q` K2�bm`BM; KmQM i`�+Fb �M/ KQK2MimK r?BH2 i?2 H�ii2`
irQ �`2 K�BMHv 7Q` KmQM i`B;;2` bvbi2KX h?2 bT�iB�H �M/ iBK2 `2bQHmiBQM Q7 i?2b2 7Qm`
bvbi2Kb �`2 bmKK�`Bx2 BM h�#H2 kXkX

h�#H2 kXk, 6mM+iBQM �M/ bT�+B�H �M/ iBK2 `2bQHmiBQM Q7 7Qm` �hG�a KmQM /2i2+iQ`bX

*?�K#2` `2bQHmiBQM
aT2+i`QK2i2` 6mM+iBQM xf_ ᅿ iBK2

J.h i`�+FBM; j8 ᅷK UxV @ @
*a* i`�+FBM; 9y ᅷK U_V 8 KK d Mb
_S* i`�+FBM; Ry KK UxV Ry KK RX8 Mb
h:* i`�+FBM; k@e KK U_V j@d KK 9 Mb

h?2 J.h +Qp2`2/ � `2;BQM Q7 ]ᅱ] � ��� 7Q` T`2+Bb2 K2�bm`2K2Mi Q7 KmQM i`�+FbX Ai Bb
+QKTQb2/ Q7 i?2 KQMBiQ`2/ /`B7i im#2 +?�K#2`b �b i?2 #�bB+ 2H2K2Mi r?B+? ?�p2 +QKT`2bb2/
�`f*Pϵ UNjfdV ;�b2b KBtim`2 �M/ � imM;bi2M@`?2MBmK rB`2 rBi? ?B;? pQHi�;2 Ujy3y oV BM
+2Mi2`X h?2 J.h BM #�``2H `2;BQM Bb �``�M;2/ �b j +QM+2Mi`B+ +vHBM/`B+�H Q+i�Mib BM `�/BB



kXk h>1 �hG�a .1h1*hP_ jN

Q7 �#Qmi 8 K- dX8 K- �M/ Ry KX �M/ BM 2M/@+mT �`2� i?2 J.h 7Q`Kb � ੎ � ?2t�/2+�;QM
r?22Hb HQ+�i2/ �i ]ԩ] ஈ dX9 K- RyX3 K- R9 K- �M/ kRX8 KX 1�+? +vHBM/2`fr?22H ?�b 2B;?i
H�`;2 T�`ib �M/ 2B;?i bK�HH T�`ib �``�M;2/ �b i?2 Q+i�Mib- i?2M BMi2`H2�p2 iQ 2�+? Qi?2` rBi?
� bK�HH Qp2`H�TX h?2 HQ+�iBQM �``�M;2K2Mi Bb b?Qr2/ BM 6B;m`2 kXNX h?2 M�KBM; b+?2K2 Q7
i?2 J.h Bb mbBM; i?`22 H2ii2`b- i?2 }`bi QM2 bi�M/b 7Q` #�``2H Q` 2M/@+mT U"- 1V- i?2 b2+QM/
QM2 `2T`2b2Mib BMM2`- KB//H2 Q` Qmi2` H�v2` UA- J- PV- �M/ i?2 i?B`/ QM2 /2MQi2b i?2 H�`;2 Q`
bK�HH b2+iQ` UG- aVX h?2`2 �`2 bQK2 2t+2TiBQMb HBF2 "11 U"�``2H 1M/@+�T 1ti`�V �M/ 11G
U1M/@+�T 1ti`� G�`;2V- �M/ �HbQ "P6 Q` "P: �b i?2 KQ/B}2/ +?�K#2`b iQ �/Dmbi b?�T2
7Q` BMbi�HH�iBQMX

U�V U#V

6B;m`2 kXN, U�VaB/2@pB2r Q7 i?2 �hG�a KmQM bT2+i`QK2i2` Q7 i?2 #�``2H T�`iX
U#V6`QMi pB2r Q7 i?2 �hG�a KmQM bT2+i`QK2i2` BM � ?�H7@TH�M2X

6Q` ?B;?2` `2bQHmiBQM rBi? ?B;?@`�i2 +�T�#BHBiv BM 7Q`r�`/ `2;BQM UkXyI]ᅱ] � ���V- i?2
*a* `2TH�+2b i?2 J.h HQ+�i2/ �i � /Bbi�M+2 Q7 �TT`QtBK�i2Hv d K BM i?Bb �`2�X h?2 *a*
?�b � ੎ � r?22Hb rBi? 2B;?i H�`;2 �M/ 2B;?i bK�HH +?�K#2`b 7Q`K �b irQ Q+i�Mib iQ BMi2`H2�p2
rBi? 2�+? Qi?2`X h?2 *a* ?�b KmHiB@rB`2 T`QTQ`iBQM�H +?�K#2`b rBi? i?2 rB`2b �HB;M2/ BM
i?2 `�/B�H /B`2+iBQM- �M/ +�i?Q/2b �`2 b2;K2Mi2/ BMiQ bi`BTb T2`T2M/B+mH�` iQ i?2 rB`2bX AM
bi`BTb Bi ?�b i?2 �`f*Pϵ ;�b2b KBtim`2 �b U3yfkyVX

h?2 _S* HQ+�i2/ BM ]ᅱ] � ���� BM #�``2H `2;BQM BM+Q`TQ`�i2b i?`22 +QM+2Mi`B+ +vHBM/`B+�H
H�v2`bX Ai Bb � ;�b2Qmb T�`�HH2H 2H2+i`Q/2 TH�i2 rBi?Qmi rB`2b K�/2 Q7 T?2MQHB+@K2H�KBMB+
TH�biB+ H�KBM�i2 rBi? ;�b2b KBtim`2 *ϵ>ϵ6ΚfAbQ@*Κ>φЈfԈ6ϩX h?2 S_* +�M T`QpB/2 ?B;?@ԟյ i`B;;2` BM `�M;2 Q7 N@j8 :2o �M/ HQr@ԟյ i`B;;2` BM `�M;2 Q7 e@N :2oX

h?2 h:* Bb TH�+2/ BM ���� � ]ᅱ] � ��� BM 2M/@+mT �`2�X Ai +QMi�BMb i?2 BMM2` H�v2`
b2;K2Mi2/ �b 2M/@+�T �M/ 7Q`r�`/ /Qm#H2i- �M/ i?2 KB//H2 H�v2` +QKTH2K2Mi2/ #v b2p2M
H�v2`b UJR i`BTH2i- Jk /Qm#H2i �M/ /Qm#H2iVX h?2 h:* �`2 KmHiB@rB`2 T`QTQ`iBQM�H +?�K#2`b
rBi? *PϵfM@*Θ>φϵ U88f98V ;�b2b KBtim`2X Ai ?�b irQ K�BM 7mM+iBQMb �b +QKTH2K2Mi�`v
K2�bm`2K2Mi Q7 J.h BM #2M/BM; /B`2+iBQM �M/ i?2 KmQM i`B;;2` bvbi2KX
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kXkX9 h`B;;2` �M/ /�i� �+[mBbBiBQM
h?2 h`B;;2` �M/ .�i� �+[mBbBiBQM Uh.�ZV bvbi2K BM �hG�a Bb /2bB;M2/ iQ T�bb i?2

/�i� `2+Q`/BM; r?B+? Bb KQ`2 BMi2`2bi2/ 7Q` �M�Hvb2b iQ bmTT`2bb p2`v H�`;2 2p2Mi MmK#2`X
h?2`2 �`2 i?`22 H2p2H Q7 i`B;;2`b BM i?2 �hG�a 2tT2`BK2Mi, G2p2H@R UGRV- G2p2H@k UGkV- �M/
2p2Mi }Hi2`X h?2 H�bi irQ �`2 �HbQ +�HH2/ >B;? G2p2H h`B;;2` U>GhV- +QHH2+iBp2HvX

h?2 GR i`B;;2` 2KTHQvb BM7Q`K�iBQM 7`QK _S* �M/ h:* 7Q` KmQMb- 7`QK +�HQ`BK2i2`b
7Q` 2H2+i`QMb- T?QiQMb- D2ib- ᅽ @H2TiQMb- ӺLCcc

i �M/ iQi�H i`�Mbp2`b2 2M2`;v- iQ T�bb i?2 ?B;?@ԟյ
2p2Mib 7Q` `2+Q`/BM;X Ai +�M /2�H rBi? K�tBKmK BMTmi `�i2 �#Qmi d8 F>x �M/ i?2 GR H�i2M+v
/2}M2/ �b i?2 iBK2 #2ir22M #2�K +QHHBbBQMb �M/ GR i`B;;2` /2+BbBQM Kmbi #2 rBi?BM kX8 ᅷbX
_2;BQMb@Q7@AMi2`2bi U_QAV �`2 +?Qb2M /m`BM; GR �b i?2 TQbbB#H2 i`B;;2`2/ Q#D2+ib `2;BQMb �b
r2HHX

h?2 >Gh 7m`i?2` T`Q+2bb i?2 2p2Mi �M/ bmTT`2bb i?2 `�i2X h?2 >Gh �H;Q`Bi?K ?�M/H2b
i?2 BM7Q`K�iBQM 7`QK 7mHH ;`�MmH�`Biv �M/ T`2+BbBQM Q7 +�HQ`BK2i2`- KmQM +?�K#2`- �b r2HH
�b i?2 BMM2` /2i2+iQ` iQ 7m`i?2` HBKBi i?2 i`B;;2` b2H2+iBQMbX Gk i`B;;2` Bb b22/2/ #v _QA �M/
mb2b i?2 _QA BM7Q`K�iBQM iQ HBKBi i?2 �KQmMi Q7 2p2MibX Ai `2/m+2b 2p2Mi `�i2 iQ jX8 F>x rBi?
i?2 2p2Mi T`Q+2bbBM; iBK2 Q7 �#Qmi 9y KbX h?2 2p2Mi }Hi2` mb2b Q|BM2 �M�HvbBb T`Q+2/m`2b iQ
/2+`2�b2 i?2 2p2Mi `�i2 iQ �TT`QtBK�i2Hv kyy >x rBi? i?2 2p2Mi T`Q+2bbBM; iBK2 Q7 �`QmM/
9 bX

kXj lT;`�/2 7Q` >G@G>*
�7i2` i?2 _mM@j /�i� i�F2M- i?2 �hG�a 2tT2`BK2Mi Bb 2tT2+i2/ iQ 7�+BHBi�i2 S?�b2@AA

mT;`�/2b iQr�`/b iQ i?2 ?B;?@HmKBMQbBiv T?�b2 Q7 i?2 G>* U>G@G>*V /m`BM; i?2 GQM;
a?mi/QrM j UGajVX h?2 >G@G>* rBHH �BK iQ /2HBp2` �M BMi2;`�i2/ HmKBMQbBiv Q7 mT iQ���� 7#਷φ �M/ i?2 BMbi�Mi�M2Qmb HmKBMQbBiv rBHH `2�+? mT iQ ��� ੎ ��ϯΚ +K਷ϵb਷φX "2bB/2b-
i?2 TBH2@mT /m`BM; i?2 >G@G>* +QHHBbBQM rBHH `2�+? iQ �#Qmi ਓᅷਔ � ���X

AM Q`/2` iQ Qp2`+QK2 i?2b2 +?�HH2M;2b- r2 /2bB;M2/ i?2 S?�b2@AA mT;`�/2b QM i?2 TBt2H
/2i2+iQ` (jj) �M/ a*h (j9) 7Q` M2r AMM2` h`�+F2` UAhFV- i?2 G�` +�HQ`BK2i2` (j8) �M/ hBH2
+�HQ`BK2i2` (je)- i?2 KmQM bT2+i`QK2i2` (jd)- �M/ h.�Z bvbi2K (j3)X 6m`i?2`KQ`2- � MQp2H
/2i2+iQ` M�K2/ >B;?@:`�MmH�`Biv hBKBM; .2i2+iQ` U>:h.V (jN) Bb /2bB;M2/ �b � M2r �m;@
K2Mi BM AhF BM 7Q`r�`/ `2;BQMX

h?Bb b2+iBQM rBHH QMHv BMi`Q/m+2 i?2 >:h. #`B2~v �M/ � [m�HB}+�iBQM i�bF 7Q` `2�/@Qmi
/2bB;M rBHH #2 i?2 K�BM +QMi2MiX

kXjXR >B;?@:`�MmH�`Biv hBKBM; .2i2+iQ`
h?2 >:h. Bb /2bB;M2/ iQ +QT2 rBi? i?2 H�`;2 TBH2@mT BM ?B;?@HmKBMQbBiv `mM- iQ K2�bm`2

+?�`;2/@T�`iB+H2 i`�D2+iQ`B2b BM iBK2 �b r2HH �b bT�+2 BM i?2 7Q`r�`/ `2;BQMX h?2 ;QQ/ iBK2



kXj lS:_�.1 6P_ >G@G>* 9R

`2bQHmiBQM Q7 >:h. rBHH bmTT`2bb i?2 2z2+ib Q7 TBH2mT BM i?2 7Q`r�`/ `2;BQM- BKT`Qp2 i?2
`2+QMbi`m+iBQM Q7 i?2 7Q`r�`/ D2ib �M/ H2TiQMb- r?B+? #2M2}ib i?2 K2�bm`2K2Mi Q7 >B;;b
o"6 T`Q/m+iBQM KQ/2 �M/ �HbQ p2+iQ` #QbQM b+�ii2`BM; Uo"aV T`Q+2bb2b 7Q` 2H2+i`Qr2�F
bim/vX

h?2 >:h. +QMbBbib Q7 irQ p2bb2Hb HQ+�i2/ BM � /Bbi�M+2 �#Qmi ਻jX8 K 7`QK i?2 BMi2`�+iBQM
TQBMi �i x@/B`2+iBQMX Ai +Qp2`b � Tb2m/Q@`�TB/Biv `�M;2 Q7 ��� � ]ᅱ] � ���X 1�+? p2bb2H ?�b
i?2 i?B+FM2bb �#Qmi d8 KK �M/ 2ti2Mib `�/BB 7`QK RRy KK iQ RRyy KK- r?BH2 i?2 �+iBp2
�`2� 7Q` /2i2+iQ` KQ/mH2b Bb Rky KK � ԡ � e9y KKX PM2 p2bb2H ?�b k /Qm#H2@bB/2 H�v2`b
�M/ 2�+? bB/2 Q7 H�v2` rBHH #2 /BpB/2/ BMiQ 9 [m�`i2`b BM i?2 b�K2 bi`m+im`2X h?2 BHHmbi`�iBQM
Q7 >:h. �M/ Bib HQ+�iBQM +�M #2 7QmM/ BM 6B;m`2 kXRyX

U�V U#V

6B;m`2 kXRy, U�VGQ+�iBQM Q7 i?2 >:h. BM i?2 �hG�a /2i2+iQ`X
U#Vai`m+im`2 �M/ +QKTQM2Mib Q7 >:h.X

kXjXk PTiBKBx�iBQM Q7 +QMM2+iBQM #2ir22M /2i2+iQ` KQ/mH2b �M/
T2`BT?2`�H 2H2+i`QMB+b BM >:h.

AM >:h. p2bb2Hb- i?2 /2i2+iQ` KQ/mH2b �`2 HQ+�i2/ BM i?2 �+iBp2 `2;BQM BM Rky KK � ԡ �
e9y KK- �M/ i?2 Qmi2` T�`i Bb mb2/ 7Q` T2`BT?2`�H 2H2+i`QMB+ #Q�`/b US1"VX 6Q` i?Bb HBMF
i�bF- r2 +QMbB/2` QM2 [m�`i2` Q7 � `BM; rBi? /Qm#H2 bB/2b �b � KBMBKmK mMBi �b Bi Bb /2bB;M2/
bvKK2i`B+�HHv BM QM2 p2bb2HX

h?2 ?Bi `�i2 p�`B2b �b � 7mM+iBQM Q7 `�/Bmb- Bi rBHH #2 H�`;2` r?2M `�/Bmb Bb +HQb2` iQ i?2
#2�K HBM2 b?Qr2/ BM 6B;m`2 kXRR�X q2 �``�M;2 /Bz2`2Mi KQ/mH2 Qp2`H�T Q7 irQ bB/2b BM QM2
H�v2` iQ /2�H rBi? i?Bb �b BHHmbi`�i2/ BM 6B;m`2 kXRR#X h?2 KQ/mH2 `2;BQM Bb `Qm;?Hv /BpB/2/
BMiQ Rky KK � ԡ � kjy KK �b BMM2` T�`i- kjy KK � ԡ � 9dy KK �b KB//H2 T�`i- �M/
9dy KK � ԡ � e9y KK �b Qmi2` T�`iX AM BMM2` T�`i- i?2 KQ/mH2 Qp2`H�T BM QM2 `BM; Bb �#Qmi
dyW- 7Q` KB//H2 T�`i Bi Bb �#Qmi 8y W- �M/ ky W BM Qmi2` T�`iX

h?2 �+iBp2 /2i2+iQ` 2H2K2Mi Bb K�/2 Q7 GQr@:�BM �p�H�M+?2 aBHB+QM .2i2+iQ`b UG:�.bV
`2�/@Qmi #v /2/B+�i2/ 7`QMi@2M/ 2H2+i`QMB+b �aA*b U�GhA_P*VX � G:�. b2MbQ` �M/ irQ
�aA*b rBHH #2 �bb2K#H2/ BMiQ QM2 KQ/mH2- �M/ BM bQK2 KQ/mH2b Bi rBHH rQ`F 7Q` /�i� i`�Mb@
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U�V U#V

6B;m`2 kXRR, U�V>Bi KmHiBTHB+Biv �b 7mM+iBQM Q7 `�/Bmb BM >:h.X
U#VPp2`H�T Q7 KQ/mH2b BM /Qm#H2 bB/2b Q7 QM2 H�v2` BM >:h.X

KBbbBQM �M/ �HbQ 7Q` HmKBMQbBiv BM7Q`K�iBQM i`�Mb72`X "`Q�/2` #�M/rB/i? rBHH #2 �bbB;M2/
iQ BMM2` T�`i KQ/mH2b 7Q` /�i� i`�Mb72` +QMbB/2`BM; i?2 ?Bi `�i2 /2T2M/2M+2 QM `�/BmbX q2
�bbB;M #�M/rB/i? Q7 RXk3 :#Tb �i `�/Bmb #2HQr k8y KK- e9y J#Tb BM `�/Bmb #2ir22M k8y KK
�M/ 9Ry KK- �M/ jky J#Tb 7Q` `�/Bmb H�`;2` i?�M 9Ry KKX 6m`i?2`KQ`2- Bi Bb `2[m2bi2/ #v
i?�i i?2 #�M/rB/i? mb�;2 b?QmH/ MQi 2t+22/ 88W BM T`BM+BTH2 �M/ i?2 bBKmH�iBQM `2bmHib Bb
T`2b2Mi2/ BM 6B;m`2 kXRkX hQi�HHv k8R KQ/mH2b �`2 ;`QmT2/ BM /Bz2`2Mi `Qrb BM � [m�`i2` QM
QM2 bB/2 Q7 � H�v2`X

U�V 6`QMi bB/2 U#V "�+F bB/2

6B;m`2 kXRk, "�M/rB/i? �p2`�;2 mb�;2 �b i?2 MmK#2` QM 2�+? KQ/mH2 7Q` 7`QMi bB/2 �M/
#�+F bB/2 Q7 /2i2+iQ` H�v2` BHHmbi`�i2/ BM U�V �M/ U#V BM >:h.X

AM QM2 [m�`i2` Q7 � `BM;- i?2`2 �`2 8 S1"b BM QM2 bB/2 �M/ �HH /2i2+iQ` KQ/mH2b �`2
�HB;M2/ BMiQ kR `Qrb i?2M ;`QmT2/ 7Q` i?2 +QMM2+iBQMX "v � KB``Q` bvKK2i`v Q7 7`QMi@bB/2
�M/ #�+F@bB/2- r2 /2bB;M iQi�HHv e ivT2b Q7 S1"b �b b?Qr2/ BM 6B;m`2 kXRjX �M 2H2+i`QMB+
mMBi M�K2/ HT:"h rBHH rQ`F 7Q` i?2 /�i� i`�MbKBbbBQM- K�BMHv irQ ivT2b Q7 HT:"hb �`2 BM
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S1"b QM2 Bb 7Q` .�Z bvbi2K �M/ i?2 Qi?2` Bb 7Q` HmKBMQbBivX "2bB/2b- i?2 .*@.* +QMp2`i2`b
�`2 �HbQ HQ+�i2/ BM S1"b 7Q` i?2 TQr2` bmTTHv iQ /2i2+iQ` KQ/mH2bX

6B;m`2 kXRj, .2bB;M Q7 e ivT2b S1"b �++Q`/BM; iQ i?2 KB``Q` bvKK2i`v Q7 7`QMi �M/ #�+F
bB/2 BM QM2 H�v2`X

*QMM2+iBQM #2ir22M i?2 /2i2+iQ` KQ/mH2b �M/ T2`BT?2`�H 2H2+i`QMB+b Bb /2bB;M2/ 7Q` /�i�
HBMF U+QMM2+iBM; iQ HT:"hV �M/ TQr2` HBMF U+QMM2+iBM; iQ .*@.* +QMp2`i2`V- b2T�`�i2HvX
hrQ 2H2K2Mi�`v H�rb �`2 i�F2M BMiQ +QMbB/2`�iBQM,

Ç JBMBKmK +Qbi, mb2 i?2 mMBib 7Q` +QMM2+iBQM �b H2bb �b TQbbB#H2 iQ b�p2 i?2 bT2M/ Q7
/2i2+iQ` +QMbi`m+iBQM

Ç JBMBKmK #`QF2M, +QMM2+iBQM b+?2K2 b?QmH/ #2 /2bB;M2/ iQ KBMBKBx2 i?2 BKT�+ib Q7
+QKTQM2Mi 7�BHm`2

h?2 +QMM2+iBQM #2ir22M HT:"hb �M/ KQ/mH2b Bb +QMbB/2`2/ 7Q` .�Z �M/ HmKBMQbBiv-
b2T�`�i2HvX 6Q` QM2 .�Z HT:"h- i?2`2 �`2 d ;`QmTb 7Q` mT HBMF �M/ 9 ;`QmTb 7Q` i?2
/QrM HBMF- �M/ QM2 ;`QmT Q7 i?2 mT@HBMF 7Q` /�i� i`�MbKBbbBQM Bb �i K�tBKmK /�i� `�i2 Q7
RXk3 :#TbX PM2 ;`QmT +�M +QMM2+i iQ QM2 RXk3 :#Tb Q` irQ e9y J#Tb Q` 7Qm` jky J#Tb
�aA*b #v i?2 #�M/rB/i? �M/ BMi2`7�+2 HBKBi�iBQM- �M/ QM2 .�Z HT:"h +�M MQi 2t+22/ i?2
iQi�H #�M/rB/i? Q7 3XNe :#Tb �M/ mT iQ k3 �aA*b UR9 KQ/mH2bVX h?2 +QMM2+iBQM b+?2K2 Bb
bmKK�`Bx2/ BM h�#H2 kXjX 6Q` QM2 HmKBMQbBiv HT:"h- Bi rBHH +QMM2+i2/ iQ i?2 �aA*b r?B+?
�`2 �i `�/Bmb H�`;2` i?�M 9jyKK iQ i`�MbKBi i?2 HmKBMQbBiv /�i� BM7Q`K�iBQMX a�K2 �b i?2
.�Z mTHBMF bvbi2K #mi bBM+2 i?2`2 Bb QMHv QM2 ivT2 Q7 #�M/rB/i? Q7 e9y J#Tb 7Q` HmKBMQbBiv
/�i� i`�MbKBbbBQM- QM2 HmKBMQbBiv HT:"h +�M #2 +QMM2+i2/ iQ R9 �aA*b Ud KQ/mH2bVX

.*@.* +QMp2`i2`b rBHH +QMp2`i i?2 pQHi�;2 7`QK Ryo iQ RXko r?B+? Bb mb2/ 7Q` pQHi�;2
bmTTHv 7Q` KQ/mH2bX hrQ �aA*b BM i?2 b�K2 KQ/mH2 b?�`2 i?2 bmTTHB2b �M/ i?2 �M�HQ;m2 �M/
i?2 /B;Bi�H pQHi�;2b �`2 bmTTHB2/ b2T�`�i2Hv iQ i?2 �aA*bX AM � +B`+mKbi�M+2 i?�i i?2 rQ`F
+m``2Mi �#Qmi j �- r2 +�M +QMM2+i �i KQbi i?`22 KQ/mH2b iQ irQ .*@.* +QMp2`i2` 2biBK�i2/
#v i?2 2{+B2M+v- i?�i QM2 .*@.* +QMp2`i2` +�M bmTTHv jXe q r?BH2 2�+? �aA* rBHH +QMbmK2
yX8 q 7Q` �M�HQ;m2 �M/ yXd q 7Q` /B;Bi�HX AM pB2r Q7 i?2 /`QT Q7 pQHi�;2b �M/ KBMBKmK
#`QF2M- KQ/mH2b ;`QmT2/ BM � ੎ � Q` � ੎ � rBHH #2 +QMbB/2`2/ iQ HBMF iQ .*@.* +QMp2`i2`bX
AM � ੎ � ;`QmT- i?`22 KQ/mH2b BM /B�;QM�H HBM2 rBHH +QMM2+i iQ irQ .*@.* +QMp2`i2`b- r?BH2
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h�#H2 kXj, LmK#2` Q7 .�Z HT:"h �M/ +QMM2+iBQM b+?2K2 BM 2�+? T2`BT?2`�H #Q�`/- i?2
MmK#2` BM i?2 #`�+F2i Bb i?2 `2/mM/�M+vX

R6 #Q�`/

Rk3y J#Tb e9y J#Tb jky J#Tb HT:"h
JBtBM; R 9 @ Rk j
JBtBM; j @ Rk 9 j
Sm`2 R e @ @ j

amK jy j9UYkV 9eUYkV N

k6 #Q�`/

Rk3y J#Tb e9y J#Tb jky J#Tb HT:"h
JBtBM; R 9 @ Rk R

JBtBM; k@R k 9 Ry R
JBtBM; j @ Rk 9 j
Sm`2 j @ @ Re k

amK e 9y ee d

j6 #Q�`/

Rk3y J#Tb e9y J#Tb jky J#Tb HT:"h
Sm`2 j @ @ k3 j

amK @ @ d3UYeV j

R" #Q�`/

Rk3y J#Tb e9y J#Tb jky J#Tb HT:"h
JBtBM; R 9 @ Rk j
JBtBM; j @ Rk 9 j
Sm`2 R e @ @ j

amK jy j9UYkV 99UY9V N

k" #Q�`/

Rk3y J#Tb e9y J#Tb jky J#Tb HT:"h
JBtBM; R 9 @ Rk R

JBtBM; k@k k k 9 R
JBtBM; j @ Rk 9 j
Sm`2 j @ @ Re k

amK e j3 ey d

j" #Q�`/

Rk3y J#Tb e9y J#Tb jky J#Tb HT:"h
Sm`2 j @ @ k3 j

amK @ @ d3UYeV j

BM � ੎ � ;`QmT i?`22 KQ/mH2b BM i`B�M;H2 b?�T2 +QMM2+i iQ irQ .*@.* +QMp2`i2`bX
�b � bmKK�`v- i?2 Qp2`�HH +QMM2+iBQM b+?2K2 �M/ iQi�H MmK#2` 7Q` 2�+? ivT2 Q7 2H2+i`QMB+

mMBi Bb b?Qr2/ BM h�#H2 kX9X h?Bb `2bmHi Bb 7mHHv QTiBKBx2/ �M/ rBHH #2 mb2/ 7Q` i?2 }M�H
+QMM2+iBQM #2ir22M /2i2+iQ` KQ/2Hb �M/ T2`BT?2`�H 2H2+i`QMB+b BM >:h.X

h�#H2 kX9, amKK�`v Q7 i?2 MmK#2`b Q7 2�+? +QKTQM2Mi BM 2�+? T2`BT?2`�H #Q�`/X

S2`BT?2`�H _2�/Qmi LmK#2` RXk3 :#fb e9y J#fb jky J#fb GmKBMQbBiv .�Z HmKBMQbBiv .*@.*
#Q�`/ `Qrb Q7 KQ/mH2b �aA*b �aA*b �aA*b �aA*b HT:"hb HT:"hb +QMp2`i2`b

6`QMi
RUR6V R@j 89 k3 j9 9e 9k N j 9y
kUk6V 9@d 8k 9 j9 ee 8e d 9 99
jUj6V 3@R9 jN y y d3 dy j 8 jy
9Uk"V R8@R3 8k e j3 ey 8e d 9 9y
8UR"V RN@kR 89 jy j9 99 9k N j 9y

"�+F
RUR"V R@j 8j k3 j9 99 9k N j 9y
kUk"V 9@d 93 9 jk ey 8e d 9 9y
jUj"V 3@R9 jN y y d3 dy j 8 jy
9Uk6V R8@R3 8e e 9y ee 8e d 9 99
8UR6V RN@kR 88 jy j9 9e 9k N j 9y



*?�Ti2` j

J2�bm`2 Ӹԅ T`QT2`iv Q7 >B;;b
#QbQM umF�r� +QmTHBM; iQ ᅽ@H2TiQMb

h?2 Ӹԅ bi`m+im`2 BM >B;;b #QbQM umF�r� +QmTHBM; iQ ᅽ @H2TiQM p2`i2t Bb }`bi K2�bm`2/
rBi? i?2 �hG�a 2tT2`BK2Mi _mMk /�i� �M/ Tm#HBb?2/ BM (9y)X h?Bb +?�Ti2` rBHH T`2b2Mi
i?2 7mHH rQ`F~Qr Q7 i?Bb �M�HvbBb �M/ b?Qr i?2 }M�H `2bmHib Q7 >B;;b Ӹԅ T`QT2`iv BMi2`�+i2/
rBi? ᅽ @H2TiQMbX

jXR �M�HvbBb bi`�i2;v
�b BMi`Q/m+2/ BM a2+iBQM RXjXj- i?2 >B;;b Ӹԅ bi`m+im`2 Bb 2tT2+i2/ �b Tm`2 Ӹԅ @2p2M

U�b FMQrM �b i?2 >B;;b #QbQM Bb b+�H�`VX aBM+2 i?2 >B;;b Ӹԅ bi`m+im`2 b?QmH/ #2 K2�bm`2/
#v /Bz2`2Mi BMi2`�+iBQM p2`iB+2b- b2p2`�H >B;;b Ӹԅ �M�Hvb2b (9RĜ9e) �`2 BKTH2K2Mi2/ BM
/Bz2`2Mi >B;;b T`Q/m+iBQM Q` /2+�v +?�MM2Hb rBi? �hG�a 2tT2`BK2Mi /�i�- �M/ Tm`2 Ӹԅ @
Q// Rk8 :2o >B;;b #QbQM Bb 2t+Hm/2/ �i jXN ᅼ H2p2HX >Qr2p2`- i?2 Ӹԅ @KBtBM; bi�i2 Q7 >B;;b
#QbQM Bb MQi +QKTH2i2Hv 2t+Hm/2/ bQ r2 M22/ iQ K2�bm`2 >B;;b Ӹԅ T`QT2`iv T`2+Bb2HvX h?2Ӹԅ Q// T�`i 2Mi2`b BMiQ >B;;b #QbQMB+ +QmTHBM; BM 2H2+i`Qr2�F BMi2`�+iBQM Bb #v /BK2MbBQM
e QT2`�iQ` i?mb Bb bmTT`2bb2/ #v ��ဆϵ BM r?B+? ဆ Bb i?2 M2r T?vbB+b 2M2`;v b+�H2 (9d)X
q?BH2 i?2 Ӹԅ Q// >B;;b +�M #2 KBtBM; BM i?2 >B;;b umF�r� +QmTHBM; iQ 72`KBQMb BM i`22
H2p2HX h?Bb �M�HvbBb rBHH 7Q+mb QM >B;;b BMi2`�+i2/ rBi? ᅽ @H2TiQMb p2`iB+2b iQ K2�bm`2 Bib Ӹԅ
T`QT2`ivX

h?2 ;2M2`�H 2z2+iBp2 ᅽ @H2TiQM umF�r� +QmTHBM; (93Ĝ8y) BM >B;;b b2+iQ` +�M #2 /2b+`B#2/
#v ෫թᇑᇑ � ਷Ԝᇑԥ ᅴᇑ	,Rc ᅿᇑᅽᅽ � cCN ᅿᇑᅽԘᅭΘᅽ
ӽ UjXRV

r?2`2 ԥ � ��� :2o Bb i?2 o1o Q7 i?2 >B;;b }2H/- �M/ ᅴᇑ Bb >B;;b@ᅽ umF�r� +QmTHBM;
bi`2M;i?X h?Bb G�;`�M;B�M Bb T�`�K2i2`Bx2/ irQ T�`i rBi? Ӹԅ @KBtBM; �M;H2 ᅿᇑ - BM r?B+?
,Rc ᅿᇑ i2`K Bb Ӹԅ @2p2M T�`i r?BH2 cCN ᅿᇑ i2`K Bb Ӹԅ @Q// T�`iX

98
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hQ }M/ �M Q#b2`p�#H2 iQ K2�bm`2 i?Bb Ӹԅ 2z2+i (8RĜ8j)- ӽ ݂ ᅽᅽ /2+�v +?�MM2H rBi?
7m`i?2` /B@ᅽ /2+�v T`Q/m+ib �`2 +QMbB/2`2/X h?2 Ӹԅ T`QT2`iv +�M 2z2+i i?2 +?B`�H bi`m+im`2
�M/ i?2M Bi rBHH +�mb2 TQH�`Bx�iBQM �M/ bTBM +Q``2H�iBQM BM /2+�v T`Q/m+ib bvbi2KX h?2`27Q`2-
i?2 +`Qbb@b2+iBQM Q7 ӽ ݂ ᅽᅽ /2+�v +�M #2 +�H+mH�i2/ BM �M;mH�` /Bbi`B#miBQM (93Ĝ8y) BM /B@ᅽ
x2`Q KQK2MimK bvbi2K UwJ6V

0စթ݂ᇑ�ᇑ਷ Ñ � ਷ Ԣ਷֕Ԣ�֕ � ,Rc	�ᅿᇑ
	c਷શ ੁ c�શ
 � cCN	�ᅿᇑ
<	c਷શ ੎ c�શ
 ੁ Gࣞ਷>Ñ � ਷ ,Rc ᅲ਷ ,Rc ᅲ� � ,Rc	�ᅿᇑ
 ,Rc	ᅿ਷ ਷ ᅿ�
 cCN ᅲ਷ cCN ᅲ�� cCN	�ᅿᇑ
 cCN	ᅿ਷ ਷ ᅿ�
 cCN ᅲ਷ cCN ᅲ� UjXkV

r?2`2 Gࣞ਷ Bb i?2 MQ`K�HBx2/ j@KQK2MimK Q7 ᅽ਷ BM /B@ᅽ wJ6- �M/ ࣞc਼ Bb mMBi bTBM p2+iQ`b Q7
i?2 ᅽ਼- rBi? Ԣ਼֕	Ԣશ਼
 Bb i?2 HQM;Bim/BM�H UT2`T2M/B+mH�`V T�`i Q7 ࣞc਼ rBi? `2bT2+i iQ Gࣞ਷X q2
+�M �HbQ +QMp2`i i?Bb 7Q`KmH� BMiQ �M;mH�` 2tT`2bbBQM- rBi? ᅲ਼ �M/ ᅿ਼ �`2 /2}M2/ �b TQH�`
�M/ �xBKmi?�H �M;H2 Q7 ᅽ਼ bTBM p2+iQ`b BM i?2 +QQ`/BM�iBQM r?Qb2 Q`B;BM�H TQBMi Bb >B;;b
/2+�v iQ /B@ᅽ p2`i2t �M/ x@�tBb TQBMi �i i?2 /B`2+iBQM Q7 i?2 MQ`K�HBx2/ ᅽ਷ j@KQK2MimK BM
/B@ᅽ wJ6X h?2 Q#b2`p�#H2 7Q` K2�bm`BM; i?2 Ӹԅ bi`m+im`2 BM >@ᅽ umF�r� +QmTHBM; +�M #2
2�bBHv (93- 9N- 89) ;2i �7i2` +QMbB/2`BM; /B@ᅽ /2+�v

0စթ݂ᇑ�ᇑ਷ Ñ � ਷ ԑ	Ӻ਷
ԑ	Ӻ�
ᅺϵ�� ,Rc	ᆈ੟
+T ਷ �ᅿᇑ
 UjXjV

r?2`2 Ӻ਻ Bb i?2 2M2`;v Q7 +?�`;2/ /2+�v T�`iB+H2b 7`QK ᅽ਼ BM `2bT2+iBp2 ᅽ `2bi 7`�K2 �M/ԑ	Ӻ਼
 �`2 bT2+i`�H 7mM+iBQM (88) iQ /2b+`B#2 i?2 bTBM �M�HvxBM; TQr2` Q7 +Q``2bTQM/2/ /2+�v
KQ/2X h?2 ᆈ੟

+T Bb /2}M2/ �b bB;M2/ �+QTH�M�`Biv �M;H2 #2ir22M irQ ᅽ /2+�v TH�M2b r?Q Bb
`2H�i2/ iQ ᅿ਷ ਷ᅿ� b?Qr2/ BM 6B;m`2 jXR�- �M/ �bi2`BbF BM/B+�i2b i?Bb p�`B�#H2 Bb BM /B@ᅽ wJ6X

U�V U#V

6B;m`2 jXR, U�VAHHmbi`�iBQM Q7 /2}MBiBQM Q7 i?2 ᆈ੟
+T BM /B@ᅽ wJ6X

U#Vᆈ੟
+T BM /B@ᅽ /Bbi`B#miBQM 7mM+iBQM BM /Bz2`2Mi ᅿᇑ b+2M�`BQbX



jXR �L�GuaAa ah_�h1:u 9d

h?2`27Q`2- i?2 ᆈ੟
+T Bb � ;QQ/ Q#b2`p�iBQM 7Q` i?2 K2�bm`2K2Mi Q7 i?2 >B;;b Ӹԅ T`QT2`iv-

#2+�mb2 Bib /Bbi`B#miBQM +�M #2 KQ/mH�i2/ #v ᅿᇑ �b � T?�b2 b?B7i �b BHHmbi`�i2/ BM 6B;m`2 jXR#X
h?2 Tm`2 Ӹԅ @2p2M >B;;b #QbQM r?B+? Bb +Q``2bTQM/2/ iQ i?2 aJ T`2/B+iBQMb rBHH #2 HBF2
i?2 ਷ ,Rc 7mM+iBQM BM ᆈ੟

+T /Bbi`B#miBQM- r?BH2 Tm`2 Ӹԅ @Q// +�b2 rBHH #2 �b i?2 ,Rc 7mM+iBQMX
.Bz2`2Mi >B;;b Ӹԅ ?vTQi?2b2b T�`�K2i2`Bx2/ #v ᅿᇑ rBHH T`QpB/2 /Bz2`2Mi T?�b2 b?B7i iQ
i?Bb ?�`KQMB+ 7mM+iBQMX h?mb- r2 +�M /2i2`KBM2 i?2 >B;;b Ӹԅ T`QT2`iv BMi2`�+i2/ rBi?ᅽ @H2TiQMb #v i?2 ᆈ੟

+T �b i?2 Q#b2`p�iBQMX
h?2 ᆈ੟

+T /Bbi`B#miBQM +�M #2 +QKT`2?2M/2/ BMimBiBp2Hv #v i?2 /B@ᅽ bTBM +Q``2H�iBQM �7@
72+i2/ #v i?2 >B;;b Ӹԅ bi`m+im`2 (8e)X h?2 ᅽ਷ᅽ� bvbi2K rBHH +QMbi`�BM i?2 iQi�H �M;mH�`
KQK2MimK 7`QK >B;;b bvbi2KX �M/ i?2 bTBM +Q``2H�iBQM Q7 /B@ᅽ bvbi2K Ԉ � cᇑ਷ ੁ cᇑ� /Bb@
+`BKBM�i2b i?2 b+�H�` �M/ Tb2m/Q@b+�H�` >B;;b #QbQM TQr2`7mHHv- �b ਓԈਔᇑᇑ � ��� �M/ ਷���
7Q` � ӿձդ � ��� �M/ ӿձդ � �਷� >B;;b #QbQM- `2bT2+iBp2HvX h?2 b+�H�` >B;;b rBHH H2�/ iQ
bTBM@i`BTH2i bi�i2 i?2M irQ ᅽ bTBM T`272` iQ #2 T�`�HH2H- r?BH2 Tb2m/Q@b+�H�` >B;;b H2�/b iQ
bTBM@bBM;H2i bi�i2 rBi? irQ ᅽ bTBM i2M/ iQ #2 �MiB@T�`�HH2H bF2i+?2/ #v 6B;m`2 jXkX h?Bb 2z2+i
7m`i?2` T�bb iQ ᅽ /2+�v �M/ r2 FMQr i?2`2 �`2 QMHv H27i@?�M/2/ M2mi`BMQb �M/ `B;?i@?�M/2/
�MiB@M2mi`BMQb- r?Q +�``v i?2 bTBM BM7Q`K�iBQM BM ᅽ /2+�v bvbi2KX h?mb- i?Bb T`Q+2bb +�mb2
i?�i i?2 �M;H2 #2ir22M `2bi pBbB#H2 T�`ib Q7 /B@ᅽ /2+�v T`Q/m+ib +QM+2Mi`�i2 �`QmM/ ᅺ BM
b+�H�` >B;;b #QbQM �M/ y BM Tb2m/Q@b+�H�` >B;;b #QbQM +�b2X

U�V a+�H�` U#V Sb2m/Q@b+�H�`

6B;m`2 jXk, AHHmbi`�iBQM Q7 bTBM +Q``2H�iBQM Q7 i?2 /B@ᅽ bvbi2K /2+�v2/ 7`QK b+�H�` �M/ Tb2m/Q@
b+�H�` >B;;b #QbQM BM U�V �M/ U#V- `2bT2+iBp2HvX �HH UbQHB/ Q` /�b?V HBM2b M�K2/ #v T�`iB+H2b
T`2b2Mi �b i?2 j@KQK2MimK Q7 i?�i T�`iB+H2- �M/ i?2 �``Qrb H�#2H2/ #v Ԣશܙ �`2 i?2 i`�Mbp2`b2
bTBM Q7 i?�i ᅽ @H2TiQMX

hQ +�H+mH�i2 i?2 bB;M2/ �+QTH�M�`Biv �M;H2 #2ir22M irQ ᅽ /2+�v TH�M2b ᆈ੟
+T- i?2 `2+QM@

bi`m+iBQM Q7 /B@ᅽ /2+�v TH�M2b Bb pBi�HX AM T?2MQK2MQHQ;v bim/v- QM2 ᅽ /2+�v TH�M2 Bb `2+QM@
bi`m+i2/ #v /Bz2`2Mi K2i?Q/ 7Q` /Bz2`2Mi ᅽ /2+�v KQ/2 �M/ i?2M +QK#BM2 irQ ᅽ TH�M2b iQ
+�H+mH�i2 ᆈ੟

+TX J�BM ᅽ /2+�v KQ/2b +QMbB/2`2/ BM i?Bb �M�HvbBb �`2 bmKK�`Bx2/ BM h�#H2 jXRX
6Q` ᅽ /2+�v T`Q/m+ib rBi? QMHv QM2 +?�`;2/ i`�+F BM pBbB#H2 +QKTQM2Mi- i?2 ᅽ /2+�v TH�M2
Bb `2+QMbi`m+i2/ #v +?�`;2/ i`�+F �M/ Bib BKT�+i T�`�K2i2` M�K2/ �b AS K2i?Q/X 6Q` ᅽ
/2+�vb BMiQ QM2 +?�`;2/ T�`iB+H2 �M/ b2p2`�H M2mi`�H pBbB#H2 T�`iB+H2b- Bib /2+�v TH�M2 Bb `2+QM@
bi`m+i2/ #v i?2 bT�iB�H KQK2MimK Q7 i?2b2 irQ +QKTQM2Mib FMQrM �b ᅻ K2i?Q/X "2bB/2b- �
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h�#H2 jXR, aBM;H2 ᅽ /2+�v KQ/2 �M/ #`�M+?BM; `�iBQ mb2/ BM i?Bb �M�HvbBb +Bi2/ 7`QK (8d)-
rBi? MQi�iBQM ӯ਻ bi�M/b 7Q` HB;?i H2TiQM Ԕ਻ �M/ ᅷ਻- �M/ ԗ਻ �b ?�/`QMb BM+Hm/2/ ᅺ਻ �M/ Ԁ਻X

LQi�iBQM .2+�v KQ/2 "`�M+?BM; 7`�+iBQMӯ ӯ਻ ᅸᅸ۽ j8XkW
RTyM ԗ਻ᅸ Uᅺ਻ᅸV RRX8W URyX3WV
RTRM ԗ਻ᅺЈᅸ Uᅺ਻ᅺЈᅸV k8XNW Uk8X8WV
RTsM ԗ਻ ଯ �ᅺЈᅸ Uᅺ਻�ᅺЈᅸV RyX3W UNXjWV
jTyM �ԗ਻ᅸ U�ᅺ਻ᅸV NX3W UNXyWV

K2i?Q/ +�HH2/ Ԑφ K2i?Q/ Bb /2bB;M2/ 7Q` i?`22 +?�`;2/ T�`iB+H2b /2+�v2/ ᅽ X h?2b2 K2i?Q/b
rBHH #2 BMi`Q/m+2/ BM /2i�BH BM i?2 bm#b2+iBQMb #2HQrX S`�+iB+�HHv- r2 +�M MQi `2+QMbi`m+i
i?2 /B@ᅽ wJ6 BM �hG�a 2tT2`BK2Mi #2+�mb2 BM ԟ@ԟ +QHHBbBQM QMHv ӺLCcc

i +�M #2 2ti`�+i2/X
AMbi2�/- i?2 /B@ᅽpBb wJ6 Bb mb2/ 7Q` ᆈ੟

+T +�H+mH�iBQM �b � r2HH p�HB/�i2/ �TT`QtBK�iBQMX

jXRXR AKT�+i T�`�K2i2` UASV K2i?Q/

h?2 AS K2i?Q/ (83) Bb �TTHB2/ iQ ᅽ /2+�v BMiQ QMHv QM2 +?�`;2/ T�`iB+H2 �b i?2 pBbB#H2
+QKTQM2Mi- bT2+B}+�HHv i?2 H2TiQMB+ ᅽ /2+�v ᅽ਻ ݂ ӯ਻ᅸᅸ �M/ bBM;H2 +?�`;2/ ?�/`QMB+ /2@
+�v ᅽ਻ ݂ ᅺ਻ᅸX �b 7Q` /B@ᅽ KQ/2 +QK#BM�iBQM- i?2 ӯ@RTyM �M/ RTyM@RTyM /2+�v KQ/2
+QK#BM�iBQMb �`2 +QMbB/2`2/ iQ mb2 i?2 AS K2i?Q/X AM i?Bb K2i?Q/- i?2 bT�iB�H KQK2MimK
\਻ Q7 +?�`;2/ T�`iB+H2 Uӯ਻- ᅺ਻V /2+�v2/ 7`QK ᅽ਻ Bb 2ti`�+i2/ �M/ Bib j@/BK2MbBQM BKT�+i
T�`�K2i2` p2+iQ` N਻ Bb `2+QMbi`m+i2/ rBi? `2bT2+i iQ i?2 T`BK�`v p2`i2t USoV Q7 i?Bb 2p2MiX
h?2 7Qm` KQK2MimK Q7 +?�`;2/ i`�+F Ԡ਻ᇋ �M/ BKT�+i T�`�K2i2` ԝ਻ᇋ � 	�
 N਻
 �`2 #QQbi2/
BMiQ /B@ᅽpBb wJ6- BM r?B+? \ࣞ੟਷ �M/ \ࣞ੟� �`2 �HB;M2/ �M/ QTTQbBi2 Ui?2 �bi2`BbF /2MQi2b �b BM
/B@ᅽpBb wJ6 �M/ ?�i K�`F K2�Mb i?2 MQ`K�HBx2/ p2+iQ`VX h?2M i?2 #QQbi2/ �M/ MQ`K�HBx2/
BKT�+i T�`�K2i2` p2+iQ` Nࣞ੟਻ +�M #2 /2+QKTQb2/ BMiQ T�`�HH2H T�`i �M/ i`�Mbp2`b2 T�`i Nࣞ੟਻શ
iQ i?2 /B`2+iBQM Q7 i?2 �bbQ+B�i2/ MQ`K�HBx2/ bT�iB�H KQK2MimK \ࣞ੟਻X h?2`27Q`2- i?2 ᆈ੟

+T

+�M #2 +�H+mH�i2/ �M/ Bib bB;M +�M #2 `272``2/ #v i?2 Ӹԅ @Q// i`BTH2 +Q``2H�iBQM ෮੟դձᆈ੟ � �a,,Rc	Nࣞ੟�શ ੁ Nࣞ੟਷શ 
 �M/ ෮੟դձ � \ࣞ੟਷ ੁ 	Nࣞ੟�શ ੎ Nࣞ੟਷શ 
ᆈ੟
+T � ৘৖ৗ৖৕ ᆈ੟ B7 ෮੟դձ ଯ ����ੋ ਷ ᆈ੟ B7 ෮੟դձ � � UjX9V

i?2 +�H+mH�iBQM Q7 i?Bb K2i?Q/ Bb BHHmbi`�i2/ #v 6B;m`2 jXj �M/ ᆈ੟
+T +�M #2 `�M;2/ 7`QK �ੋ iQ���ੋ rBi? i?2 /B`2+iBQM /2}M2/ #v ෮੟դձ X AM +�b2 Q7 H2TiQMB+ /2+�v2/ ᅽ - i?2`2 Bb �M 2ti`� T?�b2

b?B7i Q7 ���ੋ BMi`Q/m+2/ #v /Bz2`2Mi bB;M Q7 bT2+i`�H 7mM+iBQM �M/ r2 �TTHB2/ �M �//BiBQM
bB;M iQ 2HBKBM�i2 i?Bb iQ bvM+?`QMBx2 i?2 T?�b2 rBi? i?2 Qi?2` /2+�vbX

h?2 MQ`K�HBx2/ /Bbi`B#miBQM Q7 ᆈ੟
+T bBKmH�i2/ BM ӯ@RTyM �M/ RTyM@RTyM �`2 b?Qr BM

6B;m`2 jX9- rBi? i?2 `2/ +B`+H2 +m`p2 `2T`2b2Mib �b Tm`2 Ӹԅ @2p2M ?vTQi?2bBb BM b?�T2 Q7
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⇡�

⇡+

n⇤�

n⇤+

'⇤
CP

6B;m`2 jXj, AHHmbi`�iBQM Q7 i?2 AS K2i?Q/ 7Q` /B@ᅽ /2+�v KQ/2 `2+QMbi`m+iBQM BM /B@ᅽpBb wJ6X
h?2 K2i?Q/ Bb mb2/ 7Q` ӯ@RTyM �M/ RTyM@RTyM /2+�v KQ/2 +QK#BM�iBQMbX

KBMmb +QbBM2 7mM+iBQM- i?2 ;`22M b[m�`2 +m`p2 /2TB+ib Tm`2 Ӹԅ @Q// ?vTQi?2bBb �b +QbBM2
7mM+iBQM b?�T2- �M/ i?2 #Hm2 i`B�M;H2 +m`p2 b?Qrb Ӹԅ @KBtBM; Q7 ᅿᇑ � ��ੋ ?vTQi?2bBbX h?2
bBKmH�iBQM 2p2Mib �`2 �i ;2M2`�iQ` H2p2H �M/ rBi? ԟh b2H2+iBQM 7Q` #Qi? ᅽ @H2TiQMbX

U�V LQ`K�HBx2/ ᇜ੟
+T /Bbi`B#miBQM BM ӵ@RTyM +?�MM2H U#V LQ`K�HBx2/ ᇜ੟

+T /Bbi`B#miBQM BM RTyM@RTyM +?�MM2H

6B;m`2 jX9, LQ`K�HBx2/ ᆈ੟
+T /Bbi`B#miBQMb r?B+? Bb +�H+mH�i2/ #v i?2 AS K2i?Q/ BM ӯ@RTyM

�M/ RTyM@RTyM +?�MM2H b?Qr2/ BM };m`2 U�V �M/ U#V- `2bT2+iBp2HvX

jXRXk ᅻ@/2+�v TH�M2 UᅻV K2i?Q/
h?2 ᅻ K2i?Q/ (8NĜeR) `2+QMbi`m+ib ᅽ /2+�v TH�M2b BM ᅽ /2+�v KQ/2 Q7 ᅽ਻ ݂ ᅻ਻ᅸ
 ᅻ਻ ݂ᅺ਻ᅺЈX h?2 ᅽ /2+�vb iQ Ԑφ `2bQM�Mi 7m`i?2` /2+�vb BMiQ QM2 +?�`;2/ TBQMb �M/ KmHiBTH2 M2mi`�H

TBQMb rBHH �HbQ mb2 i?2 ᅻ K2i?Q/X h?2 /B@ᅽ /2+�v KQ/2 +QK#BM�iBQMb +QMbB/2`2/ i?Bb K2i?Q/
�`2 RTRM@RTRM �M/ RTRM@RTsMX AM i?Bb K2i?Q/- i?2 +?�`;2/ i`�+F bT�iB�H KQK2MimK \਻ �M/
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M2mi`�H TBQM U+Hmbi2`bV KQK2MimK \Ј �`2 mb2/ iQ 7Q`K i?2 /2+�v TH�M2bX h?2v �`2 #QQbi2/
BMiQ i?2 /B@ᅽpBb Uᅻ਻ T�B`V wJ6 �M/ MQ`K�HBx2/ M2mi`�H bT�+B�H KQK2MimK Bb +QKTQb2/ BMiQ
T�`�HH2H T�`i �M/ i`�Mbp2`b2 T�`i \ࣞ੟Јશ rBi? `2bT2+i iQ #QQbi2/ +?�`;2/ i`�+F KQK2MimK \ࣞ੟਻X
h?2M i?2 ᆈ੟

+T +�M #2 +�H+mH�i2/ �M/ i?2 ᅻ K2i?Q/ +�M #2 b?Qr2/ BM 6B;m`2 jX8X

⇢�

⇢+

⇡0
⇡�

⇡0⇡+

'⇤
CP

6B;m`2 jX8, AHHmbi`�iBQM Q7 i?2 ᅻ K2i?Q/ 7Q` /B@ᅽ /2+�v KQ/2 `2+QMbi`m+iBQM BM /B@ᅽpBb wJ6X
h?Bb K2i?Q/ Bb mb2/ 7Q` RTRM@RTRM �M/ RTRM@RTsM /2+�v KQ/2 +QK#BM�iBQMbX

AM +�H+mH�iBQM Q7 i?2 ᆈ੟
+T #v ᅻ K2i?Q/- �M �//BiBQM bB;M b?QmH/ #2 +QMbB/2`2/ /2T2M/2/

QM i?2 bB;M Q7 ᅽ @H2TiQM bTBM �M�HvxBM; 7mM+iBQMb �b /Bb+mbb2/ BM 1[m�iBQM UjXjVX h?Bb +�M #2
/2i2`KBM2/ #v Ԩᇏ਻ � 	Ӻᇎ਻ ਷ Ӻᇎɱ
�	Ӻᇎ਻ � Ӻᇎɱ
- BM r?B+? Ӻᇎ਻ �M/ Ӻᇎɱ �`2 ᅺ਻ �M/ ᅺЈ 2M2`;v
BM H�#Q`�iQ`v 7`�K2X qBi? i?Bb �M/ b�K2 Ӹԅ @Q// i`BTH2 +Q``2H�iBQM ෮੟դձ /2}MBiBQM- i?2 ᆈ੟

+T

+�M #2 /2}M2/ �bᆈ੟ � �a,,Rc	\ࣞ੟Ј�શ ੁ \ࣞ੟Ј਷શ 
 �M/ ෮੟դձ � \ࣞ੟਷ ੁ 	\ࣞ੟Ј�શ ੎ \ࣞ੟Ј਷શ 
ᆈ੟஥ � ৘৖ৗ৖৕ ᆈ੟ B7 ෮੟դձ ଯ ����ੋ ਷ ᆈ੟ B7 ෮੟դձ � �ᆈ੟
+T � ৘৖ৗ৖৕ ᆈ੟஥ B7 Ԩᇏ�Ԩᇏ਷ ଯ �ᆈ੟஥ � ���ੋ B7 Ԩᇏ�Ԩᇏ਷ � �

UjX8V

BM +�b2 Q7 RTsM UsଯkV /2+�v- i?2 bmK Q7 7Qm` KQK2MimKb Q7 �HH M2mi`�H TBQMb /2+�v2/ 7`QKᅽ Bb i�F2M �b i?2 i?2 M2mi`�H +QKTQM2Mi BM i?2 ᅻ K2i?Q/X
6B;m`2 jXe b?Qrb i?2 MQ`K�HBx2/ ᆈ੟

+T /Bbi`B#miBQMb bBKmH�i2/ BM RTRM@RTRM +?�MM2H �i
;2M2`�iQ` H2p2H rBi? /Bz2`2Mi Ӹԅ ?vTQi?2bBbX h?2 `2/ +B`+H2 +m`p2 BM/B+�i2b i?2 aJ b+�H�`
>B;;b #QbQM UTm`2 Ӹԅ @2p2MV- ;`22M b[m�`2 +m`p2 /2MQi2b i?2 Tb2m/Q@b+�H�` >B;;b #QbQM
UTm`2 Ӹԅ @Q//V- �M/ i?2 #Hm2 i`B�M;H2 BHHmbi`�i2b i?2 Ӹԅ @KBtBM; rBi? ᅿᇑ � ��ੋ ?vTQi?2bBbX
�HH i?2b2 /Bbi`B#miBQMb �`2 BM i?2 b?�T2 Q7 2tT2+iBM; �b T`2/B+i2/ BM 1[m�iBQM UjXjVX
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6B;m`2 jXe, LQ`K�HBx2/ ᆈ੟
+T /Bbi`B#miBQMb +�H+mH�i2/ #v i?2 ᅻ K2i?Q/ BM RTRM@RTRM +?�MM2HX

jXRXj *QK#BM2/ AS �M/ ᅻ UAS@ᅻV K2i?Q/

h?2`2 �`2 bQK2 /B@ᅽ /2+�v KQ/2 +QK#BM�iBQMb bm+? �b ӯ@RTRM- ӯ@RTsM- RTyM@RTRM- �M/
RTyM@RTsM M22/2/ iQ +QK#BM2 #Qi? AS �M/ ᅻ K2i?Q/b 7Q` `2+QMbi`m+iBQM Q7 /B@ᅽ /2+�v TH�M2bX
h?2 /2+�v TH�M2 rBi? QMHv QM2 +?�`;2/ T�`iB+H2 rBHH mb2 i?2 AS K2i?Q/ iQ `2+QMbi`m+i r?BH2
i?2 QM2 rBi? �HbQ M2mi`�H TBQMb rBHH mb2 ᅻ K2i?Q/X h?Bb Bb b?Qr2/ BM 6B;m`2 jXd �M/ i?2 ᆈ੟

+T

+�H+mH�iBQM Bb p2`v �M�HQ;Qmb iQ 1[m�iBQM UjX8V- QMHv rBi? Ԩᇏ +`Bi2`BQM KQ/B}2/ �b

⇡�

⇢+

n⇤�

⇡0
⇡+

'⇤
CP

6B;m`2 jXd, AHHmbi`�iBQM Q7 i?2 AS@ᅻ K2i?Q/ 7Q` /B@ᅽ /2+�v KQ/2 `2+QMbi`m+iBQM BM /B@ᅽpBb
wJ6 mb2/ 7Q` ӯ@RTRM- ӯ@RTsM- RTyM@RTRM- �M/ RTyM@RTsM /2+�v KQ/2 +QK#BM�iBQMbX

ᆈ੟
+T � ৘৖ৗ৖৕ ᆈ੟஥ B7 Ԩᇏ ଯ �ᆈ੟஥ � ���ੋ B7 Ԩᇏ � � UjXeV
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rBi? � T?�b2 b?B7i Q7 ���ੋ /2T2M/BM; QM i?2 bB;M Q7 ԨᇏX
h?2 MQ`K�HBx2/ /Bbi`B#miBQMb Q7 ᆈ੟

+T Q7 i?2 bBKmH�i2/ 2p2Mib BM ӯ@RTRM �M/ RTyM@RTRM
+?�MM2H QM ;2M2`�iQ` H2p2H BHHmbi`�i2/ BM 6B;m`2 jX3X h?2 `2/ +B`+H2 U;`22M b[m�`2- #Hm2
i`B�M;H2V +m`p2 Bb mb2/ iQ /2b+`B#2 i?2 Tm`2 Ӹԅ @2p2M UTm`2 Ӹԅ @Q//- Ӹԅ @KBtBM; rBi? ᅿᇑ ���ੋV ?vTQi?2bBbX

U�V LQ`K�HBx2/ ᇜ੟
+T /Bbi`B#miBQM BM ӵ@RTRM +?�MM2H U#V LQ`K�HBx2/ ᇜ੟

+T /Bbi`B#miBQM BM RTyM@RTRM +?�MM2H

6B;m`2 jX3, LQ`K�HBx2/ ᆈ੟
+T /Bbi`B#miBQMb r?B+? Bb +�H+mH�i2/ #v i?2 AS@ᅻ K2i?Q/ BM ӯ@RTRM

�M/ RTyM@RTRM +?�MM2H b?Qr2/ BM };m`2 U�V �M/ U#V- `2bT2+iBp2HvX

jXRX9 Ԑ�@/2+�v TH�M2 UԐ�V K2i?Q/
h?2 Ԑφ K2i?Q/ (ek) Bb �M 2ti2MbBQM Q7 ᅻ K2i?Q/ iQ #2 mb2/ 7Q` `2+QMbi`m+iBQM Q7 ᅽ਻ ݂Ԑ਻ӴխӴյφ ᅸ
 Ԑ਻ӴխӴյφ ݂ ᅺ਻ᅺ�ᅺ਷ /2+�v TH�M2 U�b FMQrM �b jTyMV- BM r?B+? i?2 Ԑφ `2bQM�Mi Bb

BM HQM;Bim/BM�HUGV Q` i`�Mbp2`b2UhV ?2HB+Biv bi�i2b +QmTH2/ i?`Qm;? i?2 �tB�H p2+iQ`X h?Bbᅽ /2+�v TH�M2 Bb 7Q`K2/ #v i?2 +?�`;2/ TBQM Uᅺ਻φ V rBi? i?2 ?B;?2bi i`�Mbp2`b2 KQK2MimK
�M/ i?2 p2+iQ` bmK Q7 i?2 `2bi irQ TBQMb bT�iB�H KQK2MimKX h?2 Ԩᇏ਻ BM Ԑφ K2i?Q/ rBHH #2
KQ/B}2/ �b Ԩռȯ਻ � Ӻϵᇎ ਷ Ӻᇎ਻ȯӺϵᇎ � Ӻᇎ਻ȯ ਷ Ԝϵϯᇎ ਷ Ԝϵᇎ਻ȯ � Ԝϵϵᇎ�Ԝϵϯᇎ UjXdV

rBi? Ԝϯᇎ /2MQi2b �b i?2 BMp�`B�Mi K�bb Q7 i?`22 +?�`;2/ TBQMb bvbi2K- �M/ Ԝϵᇎ UӺϵᇎV Bb i?2
BMp�`B�Mi K�bb U2M2`;vV Q7 irQ TBQMb bvbi2K r?Qb2 i`�Mbp2`b2 KQK2MimK Bb MQi ?B;?2biX

h?2 +QK#BM2/ AS@Ԑφ K2i?Q/ Bb mb2/ 7Q` ӯ@jTyM /2+�v KQ/2- �M/ ᅻ@Ԑφ 7Q` RTRM@jTyM
/2+�v KQ/2X aBKBH�` �b 1[m�iBQM UjX8V �M/ 1[m�iBQM UjXeV- i?2 ᆈ੟

+T +�H+mH�iBQM mbBM; Ԑφ
K2i?Q/ rBHH mb2 i?2 1[m�iBQM UjXdV iQ bm#biBimi2 i?2 +Q``2bTQM/2/ Ԩ /2}MBiBQMX

�HH /B@ᅽ /2+�v KQ/2 +QK#BM�iBQMb mb2/ BM i?Bb �M�HvbBb �b r2HH �b i?2 K2i?Q/b �TTHB2/
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7Q` Bib /2+�v TH�M2 `2+QMbi`m+iBQM �M/ Bib #`�M+?BM; `�iBQ �`2 bmKK�`Bx2/ BM h�#H2 jXkX h?2
7`�+iBQM Bb +�H+mH�i2/ #v i?2 bi�iBbiB+b 7`QK h�#H2 jXR mbBM; i?2 BM+HmbBp2 ?�/`QMB+ ᅽ /2+�vX

h�#H2 jXk, .B@ᅽ /2+�v KQ/2 +QK#BM�iBQMb �M/ Bib #`�M+?BM; `�iBQ- �b r2HH �b i?2 K2i?Q/
mb2/ 7Q` Bib /2+�v TH�M2 `2+QMbi`m+iBQMX

.2+�v +?�MM2H .2+�v KQ/2 +QK#BM�iBQM J2i?Q/ 6`�+iBQM BM �HH ᅽ @H2TiQM@T�B` /2+�vbᅽH2Tᅽ?�/

ӯĜRTyM AS 3XRWӯĜRTRM ASĜᅻ R3XjWӯĜRTsM ASĜᅻ dXeWӯĜjTyM ASĜԐφ eXNW

ᅽ?�/ᅽ?�/

RTyMĜRTyM AS RXjW
RTyMĜRTRM ASĜᅻ eXyW
RTRMĜRTRM ᅻ eXdW
RTyMĜRTsM ASĜᅻ kX8W
RTRMĜRTsM ᅻ 8XeW
RTRMĜjTyM ᅻĜԐφ 8XRW

jXk .�i� �M/ bBKmH�i2/ b�KTH2b
h?2 �M�HvbBb Bb mbBM; i?2 /�i� b2ib rBi? ;QQ/ QT2`�iBM; +QM/BiBQMb (ej) 7`QK �hG�a

2tT2`BK2Mi `mM /m`BM; v2�` Q7 kyR8 iQ kyR3X h?2 /�i� r2`2 +QHH2+i2/ 7`QK ԟ@ԟ +QHHBbBQM rBi?
*QJ 2M2`;v Q7 �� h2o �M/ i?2 BMi2;`�i2/ HmKBMQbBiv Q7 ��� 7#਷φX h?Bb /�i� r2`2 `2+Q`/2/
rBi? bBM;H2@H2TiQM i`B;;2` 7Q` ᅽH2Tᅽ?�/ /2+�v �M/ /B@?�/`QMB+ ᅽ i`B;;2` 7Q` ᅽ?�/ᅽ?�/ /2+�v (e9Ĝ
ed)X h?2 >Gh i?`2b?QH/b �`2 b2i /Bz2`2MiHv #v `mM T2`BQ/X AM kyR8 /�i� rBi? HmKBMQbBiv Q7���� 7#਷φ- i?2 bBM;H2@H2TiQM i`B;;2` mb2/ i?2 ԟh i?`2b?QH/b Q7 k9 :2o �M/ ky :2o 7Q` 2H2+i`QM
�M/ KmQM +�M/B/�i2b- �M/ i?2 /B@?�/`QMB+ ᅽ i`B;;2` mb2/ i?2 ԟh i?`2b?QH/b Q7 j8 :2o 7Q` i?2
H2�/BM; ᅽ �M/ k8 :2o 7Q` i?2 bm#@H2�/BM; ᅽ +�M/B/�i2X AM v2�`b Q7 kyRe@kyR3 rBi? HmKBMQbBiv
Q7 ����� 7#਷φ- ����� 7#਷φ �M/ ����� 7#਷φ `2bT2+iBp2Hv- i?2 bBM;H2@H2TiQM i`B;;2` 2H2p�i2/ i?2ԟh i?`2b?QH/b Q7 2H2+i`QM �M/ KmQM T�`iB+H2b #Qi? iQ ke :2o- �M/ i?2 /B@?�/`QMB+ ᅽ i`B;;2`
�++2Ti2/ i?2 2p2Mib rBi? b�K2 ԟh i?`2b?QH/b �b #27Q`2 i?�i j8 :2o 7Q` i?2 H2�/BM; ᅽ �M/
k8 :2o 7Q` i?2 bm#@H2�/BM; ᅽ - �b r2HH �b �M �//BiBQM GR +�HQ`BK2i2` i`B;;2` D2i rBi? ԟh �
k8 :2o �M/ ]ᅱ] � jXkX

h?2 bB;M�H �M/ #�+F;`QmM/ b�KTH2b �`2 KQ/2HH2/ #v i?2 JQMi2 UJ*V bBKmH�iBQMX 6Q`
bB;M�H b�KTH2b- 7Qm` K�BM >B;;b T`Q/m+iBQM T`Q+2bb2b �`2 +QMbB/2`2/, ;HmQM@;HmQM 7mbBQM
U;;6V- p2+iQ`@#QbQM 7mbBQM Uo"6V- �bbQ+B�i2/ T`Q/m+iBQM rBi? � p2+iQ` #QbQM Uo>V- �M/
�bbQ+B�i2/ T`Q/m+iBQM rBi? iQT@[m�`F T�B` Uԣ ԣӽVX۽ h?2b2 bB;M�H T`Q+2bb2b �`2 T`Q/m+2/ #v
SQr?2; LLGPSa ;2M2`�iQ` (e3Ĝdk) �i M2ti@iQ@M2ti@H2�/BM;@Q`/2` ULLGPV �++m`�+v 7Q`
;;6 >B;;b T`Q/m+iBQM KQ/2- �M/ �i LGP �++m`�+v BM Z*. 7Q` o"6 �M/ o> T`Q/m+iBQM
KQ/2X h?2 SQr?2; "Qt pk (dyĜd9) Bb mb2/ �i LGP rBi? i?2 LLS.6jXyMHQ (d8) S.6
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b2i 7Q` ԣ ԣӽX۽ �HH bB;M�H T`Q+2bb2b �`2 i?2M /2+�v2/ �M/ b?Qr2`2/ #v Svi?B� 3 (de) �M/
i?2 ᅽ @H2TiQMb �`2 /2+�v2/ rBi?Qmi �Mv bTBM +Q``2H�iBQMbX h?2 bTBM +Q``2H�iBQMb �`2 H�i2`
BKTH2K2Mi2/ #v h�maTBMM2` (ddĜdN) T�+F�;2 rBi? 2p2Mi@#v@2p2Mi r2B;?ib 7Q` /Bz2`2Mi >B;;bӸԅ @KBtBM; ?vTQi?2b2bX h?2`2 �`2 7Qm` FBM/b Q7 K�BM #�+F;`QmM/ �`2 mbBM; i?2 JQMi2
*�`HQ bBKmH�iBQM b�KTH2b 7Q` KQ/2HHBM;, ԋ � D2ib- /B#QbQMb- ԣ ԣ۽ �M/ bBM;H2@iQTX h?2 ԋ � D2ib
�M/ /B#QbQMb b�KTH2b �`2 T`Q/m+2/ #v a?2`T� kXkXR (3y) BM+Hm/BM; ᅽ @H2TiQM /2+�vb T`Q+2bb-
r?BH2 i?2 ԣ ԣ۽ �M/ bBM;H2@iQT �`2 KQ/2HH2/ #v SQr?2;YSvi?B� 3 rBi? Svi?B� iQ T2`7Q`Kᅽ @H2TiQMb /2+�vX �HH J* b�KTH2b rBi? i?2B` ;2M2`�iQ` b2iiBM; �`2 bmKK�`Bx2/ BM h�#H2 jXjX

h�#H2 jXj, Pp2`pB2r Q7 i?2 J* ;2M2`�iQ`b mb2/ 7Q` i?2 K�BM bB;M�H �M/ #�+F;`QmM/ b�KTH2bX

S`Q+2bb :2M2`�iQ` S.6 b2i hmM2 P`/2`
J1 Sa J1 Saӽ ݂ ᅽᅽ bB;M�H

;;6 SQr?2; Svi?B� 3 S.69G>*R8 *h1ZeGR �wLGP LLGPYLLGG
o"6 SQr?2; Svi?B� 3 S.69G>*R8 *h1ZeGR �wLGP LLGPԋ ӽ SQr?2; Svi?B� 3 S.69G>*R8 *h1ZeGR �wLGP LLGPԣ ԣӽ۽ SQr?2; Svi?B� 3 LLS.6kXj �R9 LGP
"�+F;`QmM/ԋ � D2ib a?2`T� kXkXR LLS.6jy a?2`T� LLGP
.B@"QbQM a?2`T� kXkXR LLS.6jy a?2`T� LLGPԣ ԣ۽ SQr?2; Svi?B� 3 LLS.6kXj �R9 LGP
aBM;H2 iQT SQr?2; Svi?B� 3 LLS.6kXj �R9 LGP

�HH b�KTH2b �`2 i?2M T�bb2/ iQ � 7mHH bBKmH�iBQM Q7 i?2 �hG�a /2i2+iQ` `2bTQMb2 (3R) mbBM;
:2�Mi9 (3k)X h?2 TBH2@mT 2z2+ib BM #2�K +QHHBbBQM �`2 2biBK�i2/ #v Qp2`H�vBM; 2�+? ?�`/@
b+�ii2` 2p2Mi rBi? KBMBKmK@#B�b 2p2Mib- bBKmH�i2/ rBi? bQ7i Z*. T`Q+2bb #v Svi?B� 3X
h?2b2 bBKmH�i2/ 2p2Mib �`2 i?2M r2B;?i2/ iQ K�i+?2b i?2 QM2 Q#b2`p2/ BM �hG�a /�i�X

jXj P#D2+i `2+QMbi`m+iBQM
h?2 �M�HvbBb M22/b i?2 Q#D2+i `2+QMbi`m+iBQM Q7 2H2+i`QMb- KmQMb- ?�/`QMB+ ᅽ @H2TiQMb-

D2ib- �M/ KBbbBM; i`�Mbp2`b2 KQK2MimKX �b i?2 BMi`Q/m+iBQM Q7 AS K2i?Q/- i?2 T`BK�`v
p2`i2t �M/ i`�+F BM7Q`K�iBQM �`2 p2`v BKTQ`i�MiX "2bB/2b- i?2 �M�HvbBb b2MbBiBpBiv ?2�pBHv
/2T2M/b QM i?2 +H�bbB}+�iBQM Q7 i?2 ᅽ /2+�v KQ/2b i?mb i?2 `2+QMbi`m+iBQM Q7 i?2 ?�/`QMB+ᅽ @H2TiQM /2+�v KQ/2b Bb 7mM/�K2Mi�HX h?2 K�BM 72�im`2b Q7 i?2 Q#D2+i `2+QMbi`m+iBQM �`2
HBbi2/ #2HQr,

Ç S`BK�`v p2`i2t �M/ i`�+Fb, o2`iB+2b �`2 `2+QMbi`m+i2/ 7`QK i?2 +?�`;2/ i`�+Fb
K2�bm`2/ BM i?2 A. rBi? ԟh � 8yy J2oX h?2 p2`i2t r?B+? ?�b i?2 ?B;?2bi ௴ ԟϵ

h rBHH #2
b2H2+i2/ �b i?2 T`BK�`v p2`i2tX 1�+? 2p2Mi b?QmH/ ?�p2 �i H2�bi QM2 p2`i2t �M/ �i H2�bi
irQ �bbQ+B�i2/ i`�+FbX h?2M i?2 BKT�+i T�`�K2i2` Bb /2}M2/ �b i?2 +HQb2bi /Bbi�M+2
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7`QK i?2 T`BK�`v p2`i2t iQ i?2 i`�+F- rBi? i?2 i`�Mbp2`b2 T�`i Q7 i?2 BKT�+i T�`�K2i2`
/2MQi2/ �b ԓЈ �M/ i?2 HQM;Bim/BM�H T�`i �b ԩЈX q2 7m`i?2` /2}M2/ i?2 bB;MB}+�M+2 Q7
i?2 i`�+F BKT�+i T�`�K2i2` �b ԓcC<Ј � ]ԓЈ�ᅼ	ԓЈ
] (3j- 39) 7Q` +�i2;Q`Bx�iBQM- r?2`2 ᅼ	ԓЈ

Bb i?2 `2bQHmiBQM Q7 i?2 i`�Mbp2`b2 BKT�+i T�`�K2i2`X

Ç 1H2+i`QMb, 1H2+i`QMb �`2 `2+QMbi`m+i2/ 7`QK i?2 2M2`;v /2TQbBib BM i?2 2H2+i`QK�;@
M2iB+ +�HQ`BK2i2` r?B+? �`2 K�i+?2/ iQ � +?�`;2/ i`�+F BM i?2 A. (38)X h?2 2H2+i`QMb
�`2 b2H2+i2/ iQ ?�p2 ԟh �R8 :2o �M/ ]ᅱ] � kX9d rBi? i?2 +`�+F `2;BQM RXjd� ]ᅱ] �RX8k
p2iQ2/X h?2 2H2+i`QMb �`2 `2[mB`2/ iQ T�bb i?2 J2/BmK B/2MiB}+�iBQM �M/ 6*GQQb2
BbQH�iBQM +`Bi2`B�X

Ç JmQMb, JmQMb �`2 `2+QMbi`m+i2/ #v i?2 BM7Q`K�iBQM 7`QK i?2 JmQM aT2+i`QK2i2`
K�i+?2/ rBi? i`�+Fb BMbB/2 i?2 A.X h?2 KmQMb M22/ iQ ?�p2 ԟh �Ry :2o �M/ ]ᅱ] �
kX9d rBi? i?2 +`�+F `2;BQM `2D2+i2/X h?2 KmQMb �`2 7m`i?2` `2[mB`2/ iQ b�iBb7v i?2
GQQb2 B/2MiB}+�iBQM �M/ 6*hB;?ih`�+FPMHv BbQH�iBQM +`Bi2`B�X

Ç h�mb, >�/`QMB+ /2+�v ᅽ @H2TiQMb +QKT`Bb2 � b2i Q7 pBbB#H2 /2+�v T`Q/m+ib- mbm�HHv QM2
Q` i?`22 +?�`;2/ TBQMbfF�QMb �M/ mT iQ irQ M2mi`�H TBQMb- r?B+? �`2 mb2/ 7Q` i?2 `2@
+QMbi`m+iBQM Q7 i?2 ᅽ?�/@pBbX h?2 ᅽ `2+QMbi`m+iBQM Bb b22/2/ #v D2ib `2+QMbi`m+i2/ mbBM;
+�HB#`�i2/ iQTQHQ;B+�H +Hmbi2`b �b BMTmib rBi? i?2 �MiB@Ԛ֏ �H;Q`Bi?K �M/ � /Bbi�M+2 T�@
`�K2i2` Q7 _ 4 yX9X � _2+m``2Mi L2m`�H L2irQ`F U_LLV (3e) B/2MiB}+�iBQM �H;Q`Bi?K
Bb /2bB;M2/ iQ +H�bbB7v i?2 ᅽ?�/@pBb +�M/B/�i2b iQ D2ib BMBiB�i2/ #v [m�`Fb Q` ;HmQMb-
2KTHQvBM; BM7Q`K�iBQM 7`QK `2+QMbi`m+i2/ +?�`;2/ i`�+Fb �M/ +Hmbi2`b Q7 2M2`;v BM
i?2 +�HQ`BK2i2` �bbQ+B�i2/ rBi? ᅽ?�/@pBb +�M/B/�i2bX � #QQbi2/ /2+BbBQM i`22 U".hV
�H;Q`Bi?K Bb /2bB;M2/ iQ `2D2+i i?2 2H2+i`QMb r?B+? Bb KBbB/2MiB}2/ �b i?2 ᅽ?�/@pBb mbBM;
BM7Q`K�iBQM 7`QK i?2 +�HQ`BK2i2` �M/ i?2 i`�+FBM; /2i2+iQ`- 2bT2+B�HHv i?2 i`�MbBiBQM
`�/B�iBQM BM7Q`K�iBQM 7`QK i?2 h_h bvbi2KX h?2 ᅽ?�/@pBb +�M/B/�i2b �`2 `2[mB`2/ iQ
7mH}HH i?2 _LL +H�bbB}2` J2/BmK rQ`FBM; TQBMi (3e) B/2MiB}+�iBQM +`Bi2`B�- �M/ iQ
?�p2 QM2 Q` i?`22 �bbQ+B�i2/ i`�+Fb- rBi? ԟh �ky :2o �M/ ]ᅱ] � kX9d 2t+Hm/2/ i?2
+`�+F `2;BQMX

Ç C2ib, C2ib �`2 `2+QMbi`m+i2/ 7`QK i?2 T�`iB+H2@~Qr Q#D2+ib mbBM; i?2 �MiB@Ԛ֏ �H;Q@
`Bi?K (3d) rBi? /Bbi�M+2 T�`�K2i2` Q7 _ 4 yX9X h?2 D2ib b?QmH/ ?�p2 ԟh �ky :2o �M/]ᅱ] � 9X8- �M/ T�bb i?2 GQQb2"�/ +H2�MBM; rQ`FBM; TQBMi +`Bi2`B�X h?2 U7Q`r�`/V D2i@
p2`i2t@i�;;2` UCohV �H;Q`Bi?K Bb 2KTHQv2/ iQ bmTT`2bb D2ib Q`B;BM�iBM; 7`QK TBH2mT
rBi? i?2 J2/BmK Coh rQ`FBM; TQBMi Bb mb2/ �b `2+QKK2M/2/ 7Q` T�`iB+H2 ~Qr D2ibX
�b i?2 D2ib BMBiB�i2/ #v ԑ@[m�`Fb- i?2 .GR` ԑ@i�;;BM; �H;Q`Bi?K Bb mb2/ 7Q` D2i ~�pQm`
i�;;BM; rBi? i?2 38W 2{+B2M+v rQ`FBM; TQBMiX

Ç JBbbBM; i`�Mbp2`b2 KQK2MimK, h?2 KBbbBM; i`�Mbp2`b2 KQK2MimK ԟLCccܙ
i UrBi?

Bib K�;MBim/2 /2MQi2/ �b KBbbBM; i`�Mbp2`b2 2M2`;v ӺLCcc
i V (33) Bb +�H+mH�i2/ �b i?2

M2;�iBp2 p2+iQ` bmK Q7 �HH i`�Mbp2`b2 KQK2Mi� Q7 2H2+i`QMb- KmQMb- ᅽ?�/@pBb- D2ib- �b
r2HH �b i?2 bQ7i@i2`K r?B+? Bb /2}M2/ �b i?2 i`�+Fb K�i+?2/ iQ i?2 T`BK�`v p2`i2t #mi
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MQi �bbQ+B�i2/ iQ �Mv `2+QMbi`m+i2/ Q#D2+ibX

�M Qp2`H�T `2KQp�H UPG_V T`Q+2/m`2 Bb �TTHB2/ iQ K�F2 bm`2 i?�i irQ /Bz2`2Mi Q#D2+ib
/Q MQi b?�`2 i?2B` +QMbiBim2MibX h?Bb �K#B;mBiv +QmH/ ?�TT2M #2+�mb2 �HH Q#D2+ib mb2/ BM
i?Bb �M�HvbBb �`2 MQi #mBHi 7`QK � b2i Q7 Kmim�HHv 2t+HmbBp2 i`�+Fb Q` +�HQ`BK2i2` +Hmbi2`bX hQ
�pQB/ i?Bb- i?2 PG_ Bb BKTH2K2Mi2/ mbBM; i?2 �bbQ+B�iBQMliBHb T�+F�;2 rBi? ai�M/�`/
rQ`FBM; TQBMiX h?2 PG_ bi2Tb �`2 bmKK�`Bx2/ BM h�#H2 jX9 bi2T #v bi2TX

h�#H2 jX9, Pp2`H�T `2KQp�H Q7 i?2 bi�M/�`/ rQ`FBM; b2H2+iBQM- i?2b2 b2H2+iBQM +`Bi2`B� �`2
�TTHB2/ b2[m2MiB�HHv �b Q`/2`2/ BM i?Bb i�#H2X

P#D2+i iQ `2KQp2 P#D2+i iQ F22T *`Bi2`B�
2H2+i`QM 2H2+i`QM a?�`2 i?2 b�K2 i`�+F- F22T i?2 2H2+i`QM rBi? i?2 ?B;?@

2bi i`�Mbp2`b2 KQK2MimKᅽ?�/@pBb 2H2+i`QM ငԇ � ���- F22T i?2 2H2+i`QMᅽ?�/@pBb KmQM ငԇ � ���- F22T i?2 KmQM
2H2+i`QM KmQM a?�`2 i?2 b�K2 i`�+F- F22T i?2 KmQM B7 Bi Bb �bbQ+B@

�i2/ rBi? � bB;M�im`2 BM i?2 KmQM bT2+i`QK2i2`
D2i 2H2+i`QM _2KQp2 i?2 D2i rBi?BM ငԇ � ��� Q7 �M 2H2+i`QM
D2i KmQM _2KQp2 i?2 D2i rBi?BM ငԇ � ��� Q7 � KmQM B7 Bi ?�b

72r2` i?�M i?`22 �bbQ+B�i2/ i`�+Fb
2H2+i`QM D2i _2KQp2 i?2 2H2+i`QM rBi?BM ငԇ � ��� Q7 � D2i
KmQM D2i _2KQp2 i?2 KmQM rBi?BM ငԇ � ��� Q7 � D2i

D2i ᅽ?�/@pBb _2KQp2 i?2 D2i rBi?BM ငԇ � ��� Q7 � ᅽ?�/@pBb

_2+QMbi`m+iBQM Q7 i?2 BMp�`B�Mi K�bb Q7 i?2 /B@ᅽ bvbi2K BM i?Bb �M�HvbBb Bb mbBM; i?2
JBbbBM; J�bb *�H+mH�iQ` UJJ*V i2+?MB[m2 (3N)X h?2 JJ* mb2b i?2 ᅽpBb FBM2K�iB+b �M/ӺLCcc

i �b i?2 BMTmib- +QK#BM2/ rBi? i?2 TQbbB#BHBiv /Bbi`B#miBQM 7mM+iBQM BM7Q`K�iBQM Q7 i?2ငԇ #2ir22M pBbB#H2 �M/ BMpBbB#H2 T�`i Q7 i?2 ᅽ /2+�v- iQ /2p2HQT � HBF2HB?QQ/@#�b2/ �H;Q`Bi?K
iQ 2biBK�i2 i?2 FBM2K�iB+ BM7Q`K�iBQM Q7 M2mi`BMQUbV /2+�v2/ 7`QK 2�+? ᅽ @H2TiQM r?B+? Bb
mMFMQrM BM �hG�a 2tT2`BK2MiX "v b+�MMBM; i?2 BMpBbB#H2 FBM2K�iB+ T?�b2 bT�+2 TQBMib- i?2
JJ* rBHH +?QQb2 i?2 KQbi HBF2Hv /2+�v2/ M2mi`BMQb +�b2 iQ +�H+mH�i2 i?2 }M�H /B@ᅽ bvbi2K
BMp�`B�Mi K�bb ԜKK+ᇑᇑ X

"2bB/2b- i?2 `2+QMbi`m+iBQM Q7 ᅽ /2+�v KQ/2 Bb +`m+B�H BM i?Bb �M�HvbBb #2+�mb2 i?2 +�H+m@
H�iBQM K2i?Q/b Q7 i?2 ᆈ੟

+T ?2�pBHv `2HB2b QM i?2 +H�bbB}+�iBQM Q7 i?2 /B@ᅽ /2+�v KQ/2X h?Bb
Bb �++QKTHBb?2/ #v h�m S�`iB+H2 6HQr (Ny) `2+QMbi`m+iBQM �H;Q`Bi?K r?B+? /2i2`KBM2b i?2
7Qm` KQK2MimK BM7Q`K�iBQM Q7 +?�`;2/ �M/ M2mi`�H TBQMb /2+�v2/ 7`QK ᅽ @H2TiQMb #v i?2
+QK#BM�iBQM Q7 i?2 i`�+FBM; /2i2+iQ` �M/ i?2 +�HQ`BK2i2` K2�bm`2K2MibX h?2 /2+�v KQ/2
+H�bbB}+�iBQM Bb �+?B2p2/ #v +QmMiBM; i?2 MmK#2` Q7 +?�`;2/ �M/ M2mi`�H TBQMb- �M/ 7m`i?2`
2KTHQvb i?`22 ".hb i`�BM2/ #v ᅽ @H2TiQM /2+�v T`Q/m+ib FBM2K�iB+b iQ b2T�`�i2 RTyM pb
RTRM- RTRM pb RTsM �M/ jTyM pb jTsM /2+�v KQ/2b- `2bT2+iBp2HvX h?2 2{+B2M+v �M/ Tm`Biv
Q7 i?Bb /2+�v KQ/2 +H�bbB}+�iBQM �`2 b?Qr2/ BM 6B;m`2 jXNX
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U�V 1{+B2M+v K�i`Bt U#V Sm`Biv K�i`Bt

6B;m`2 jXN, 1{+B2M+v �M/ Tm`Biv K�i`B+2b Q7 i?2 ᅽ @H2TiQM /2+�v KQ/2 +H�bbB}+�iBQM Q7 ӽ ݂ᅽᅽ bB;M�H b�KTH2 mb2/ BM i?2 �M�HvbBbX

�7i2` �TTHvBM; i?Bb /2+�v KQ/2 +H�bbB}+�iBQM BMiQ i?Bb �M�HvbBb- i?2 `2+QMbi`m+i2/ /B@ᅽ
/2+�v KQ/2 /Bbi`B#miBQMb �`2 r2HH /2b+`B#2/ �M/ BM ;QQ/ �;`22K2Mi rBi? /�i�X h?2b2 �`2
b?QrM BM 6B;m`2 jXRy 7Q` i?2 /2+�v KQ/2 mb2/ BM #Qi? ᅽH2Tᅽ?�/ �M/ ᅽ?�/ᅽ?�/X h?2 2p2Mib
BM+Hm/2 �HH bB;M�H `2;BQMb /2}M2/ BM i?2 H�i2` b2+iBQMX

U�V U#V

6B;m`2 jXRy, LmK#2` Q7 2p2Mib /Bbi`B#mi2/ #v ᅽ?�/ /2+�v KQ/2X h?2b2 �`2 b?Qr2/ 7Q` bBM;H2ᅽ?�/ /2+�v KQ/2 BM ᅽH2Tᅽ?�/ +?�MM2H �M/ /B@ᅽ?�/ /2+�v KQ/2 +QK#BM�iBQM BM ᅽ?�/ᅽ?�/ +?�MM2H
BM };m`2 U�V �M/ U#V- `2bT2+iBp2HvX
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jX9 1p2Mi b2H2+iBQM �M/ +�i2;Q`Bx�iBQM
h?2 �M�HvbBb b2H2+i2/ 2p2Mib rBi? i?2 }M�H bi�i2b r?B+? +QMi�BM i?2 ᅽH2Tᅽ?�/ Q` ᅽ?�/ᅽ?�/

/2+�v T`Q/m+ib rBi? QTTQbBi2 2H2+i`B+ +?�`;2 7Q` irQ ᅽ @H2TiQMbX AM ᅽH2Tᅽ?�/ +?�MM2H- i?2
2H2+i`QM Q` KmQM Bb b2H2+i2/ iQ ?�p2 ԟh � kRXy@kdXj :2o r?BH2 ᅽ?�/@pBb rBi? ԟh � jy :2o /m2
iQ i?2 Q|BM2 i`B;;2` `2[mB`2K2Mib- b�K2 BM (NR)X 6Q` i?2 b�K2 `2�bQM BM ᅽ?�/ᅽ?�/ +?�MM2H-
irQ ᅽ?�/@pBb �`2 `2[mB`2/ iQ ?�p2 ԟh ;`2�i2` i?�M 9y �M/ jy :2o- `2bT2+iBp2HvX h?2 �M;mH�`
/Bbi�M+2b #2ir22M irQ ᅽ +�M/B/�i2b M22/ iQ #2 ငԇᇑᇑ � ��� �M/ ]ငᅱᇑᇑ] � ��� U��� � ငԇᇑᇑ ���� �M/ ]ငᅱᇑᇑ] � ���V iQ b�iBb7v i?2 iQTQHQ;B+�H `2[mB`2K2Mi Q7 >B;;b T2�F �M/ `2D2+i MQM@
`2bQM�Mi 2p2Mib BM ᅽH2Tᅽ?�/ Uᅽ?�/ᅽ?�/V +?�MM2HX �HH 2p2Mib �`2 `2[mB`2/ iQ ?�p2 �i H2�bi QM2
D2i rBi? ԟh �9y :2o- �M/ i?Bb D2i Bb 7m`i?2` `2[mB`2/ iQ ?�p2 ԟh �dy :2o �M/ ]ငᅱ] � ���
BM ᅽ?�/ᅽ?�/ +?�MM2H �++Q`/BM; iQ i?2 i`B;;2` +QM/BiBQMbX h?2 ӺLCcc

i Bb `2[mB`2/ iQ #2 H�`;2`
i?�M ky :2o BM �HH 2p2MibX h?2 +QHHBM2�` �TT`QtBK�iBQM ԧφ- ԧϵ r?B+? Bb mb2/ iQ /2b+`B#2
i?2 KQK2MimK 7`�+iBQM +�``B2/ #v i?2 pBbB#H2 /2+�v T`Q/m+ib Q7 2�+? ᅽ @H2TiQM mb2/ BM i?2
+�H+mH�iBQM Q7 /B@ᅽ +QHHBM2�` K�bb Ԝ,RIIᇑᇑ �`2 `2[mB`2/ iQ #2 ��� � ԧφ � ���
 ��� � ԧϵ � ���
U��� � ԧφ � ���
 ��� � ԧϵ � ���V BM i?2 ᅽH2Tᅽ?�/ Uᅽ?�/ᅽ?�/V +?�MM2HX "2bB/2b- BM ᅽH2Tᅽ?�/

+?�MM2H i?2 i`�Mbp2`b2 K�bb Ԝh Q7 H2TiQMYӺLCcc
i bvbi2K Bb `2[mB`2/ iQ #2 bK�HH2` i?�M

dy :2o iQ 2{+B2MiHv bmTT`2bb i?2 qYD2i T`Q+2bb2bX �HH i?2b2 b2H2+iBQM `2[mB`2K2Mib �`2
bmKK�`Bx2/ BM h�#H2 jX8X

h�#H2 jX8, amKK�`v Q7 T`2b2H2+iBQM `2[mB`2K2Mib BM #Qi? ᅽH2Tᅽ?�/ �M/ ᅽ?�/ᅽ?�/ +?�MM2HX

S`2b2H2+iBQMᅽ?�/ᅽ?�/ +?�MM2H ᅽ?�/ᅽ?�/ +?�MM2H
PM2 H2TiQM U2 Q` ᅷV �b ᅽH2T +�M/B/�i2 hrQ ᅽ?�/ +�M/B/�i2b
PM2 ᅽ?�/ +�M/B/�i2 LQ 2H2+i`QM Q` KmQM
PTTQbBi2 2H2+i`B+ +?�`;2 Q7 ᅽH2T �M/ ᅽ?�/ PTTQbBi2 2H2+i`B+ +?�`;2 Q7 irQ ᅽ?�/ԟh UᅽH2TV � kR iQ kdXj :2o- ԟh Uᅽ?�/V � jy :2o ԟh	ᅽφ
 � 9y :2o- ԟh	ᅽϵ
 � jy :2oငԇᇑᇑ � ���- ]ငᅱᇑᇑ] � ��� ��� � ငԇᇑᇑ � ���- ]ငᅱᇑᇑ] � ���
G2�/BM; D2i ԟh	ԙφ
 � 9y :2o G2�/BM; D2i ԟh	ԙφ
 � dy :2o- ]ᅱ] � ���ӺKBbb

h � ky :2o ӺKBbb
h � ky :2o��� � ԧφ � ���- ��� � ԧϵ � ��� ��� � ԧφ � ���- ��� � ԧϵ � ���Ԝh � dy :2o

�7i2` i?2 T`2b2H2+iBQM- i?2 2p2Mib �`2 +�i2;Q`Bx2/ #v >B;;b T`Q/m+iBQM KQ/2b BM i?2
p2+iQ`@#QbQM 7mbBQM HBF2 Uo"6V +�i2;Q`v �M/ i?2 ;HmQM@;HmQM 7mbBQM HBF2 U"QQbiV +�i2;Q`vX
h?2 o"6 +�i2;Q`v +?QQb2b 2p2Mib iQ ?�p2 �i H2�bi irQ D2ib rBi? ԟh i?`2b?QH/b Q7 dy �M/
jy :2o- `2bT2+iBp2HvX "2bB/2b- o"6 `2[mB`2b irQ D2ib iQ ?�p2 i?2 ;2QK2i`B+ 72�im`2b i?�i
i?2 Tb2m/Q@`�TB/Biv #2ir22M i?2 H2�/BM; D2ib Bb ]ငᅱօօ] � ���- �M/ i?2 T`Q/m+iBQM Q7 irQ D2i
Tb2m/Q@`�TB/BiB2b M22/b iQ #2 M2;�iBp2- rBi? i?2 BMp�`B�Mi K�bb Q7 i?2b2 /B@D2i bvbi2K iQ #2Ԝօօ � 9yy :2oX 6m`i?2`- irQ ᅽ +�M/B/�i2b b?QmH/ HB2 #2ir22M i?Qb2 irQ H2�/BM; D2ib K�`F2/
�b ǵ+2Mi`�H H2TiQMbǶX JQ`2Qp2`- BM Q`/2` iQ 2M?�M+2 i?2 Tm`Biv Q7 o"6 >B;;b T`Q+2bb- � o"6
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".h i�;;2` Bb i`�BM2/ iQ 7m`i?2` /BpB/2 o"6 `2;BQM BMiQ o"6nR �M/ o"6ny UBM r?B+?
o"6nR +�i2;Q`v ?�b �M 2M?�M+2/ 7`�+iBQM Q7 o"6 >B;;b #QbQM T`Q/m+iBQM 2p2MibV rBi? i?2
+mi TQBMi Q7 yX h?2 "QQbi +�i2;Q`v +QMi�BMb 2p2Mib r?B+? 7�BH2/ i?2 o"6 b2H2+iBQM- �M/ b2H2+i
i?2 2p2Mib BM r?B+? >B;;b #QbQM `2+QBHb �;�BMbi D2ib #v `2[mB`BM; i?2 i`�Mbp2`b2 KQK2MimK
Q7 >B;;b #QbQM ԟᇑᇑ

h � Ryy :2oX h?2 ԟh Q7 >B;;b ԟᇑᇑ
h Bb +�H+mH�i2/ �b i?2 p2+iQ` bmK Q7

i?2 pBbB#H2 /B@ᅽ /2+�v T`Q/m+ib i`�Mbp2`b2 KQK2Mi� �M/ i?2 KBbbBM; i`�Mbp2`b2 KQK2MimKX
h?Bb "QQbi +�i2;Q`v Bb 7m`i?2` b2T�`�i2/ �b "QQbinR `2;BQM `2[mB`BM; ငԇᇑᇑ � ��� �M/ ԟᇑᇑ

h �
R9y :2o- �M/ "QQbiny `2;BQM r?B+? 7�BH2/ i?2 T`2pBQmb b2H2+iBQMbX h?2b2 T`Q/m+iBQM KQ/2
+�i2;Q`Bx�iBQMb �`2 HBbi2/ BM h�#H2 jXeX

AM 2�+? +�i2;Q`v- i?2 >B;;b@2M`B+?2/ bB;M�H `2;BQM Ua_V Bb /2}M2/ BM � ԜKK+ᇑᇑ rBM/Qr
Q7 ��� � ԜKK+ᇑᇑ � ��� :2o- r?BH2 i?2 ԏ ݂ ᅽᅽ +QMi`QH `2;BQM Uw*_V Bb HQ+�i2/ BM �� �ԜKK+ᇑᇑ � ��� :2oX 1p2Mib BM w*_ �`2 �bbB;M2/ iQ 2Bi?2` w*_ny Q` w*_nR #�b2/ QM �
`�M/QK MmK#2` mMB7Q`KHv /Bbi`B#mi2/ #2ir22M y �M/ R iQ #2 bi�iBbiB+�HHv BM/2T2M/2MiX h?2
w*_ny Bb bTHBi BMiQ o"6nR- o"6ny- "QQbinR- �M/ "QQbiny rBi? i?2 b�K2 +`Bi2`B� HBbi2/
�#Qp2- iQ 2ti`�+i i?2 ԏ ݂ ᅽᅽ MQ`K�HBx�iBQMb 7`QK /�i� 7Q` i?2 `2bT2+iBp2 a_X � bm#b2i rBi?
QMHv ᅽ਻ ݂ ᅻ਻ᅸ ݂ ᅺ਻ᅺЈᅸ T`Q+2bb 2p2Mib Uӯ@RTRM 7Q` ᅽH2Tᅽ?�/ �M/ RTRM@RTRM 7Q` ᅽ?�/ᅽ?�/V
�`2 b2H2+i2/ �b w*_nR �b irQ �//BiBQM�H w*_b iQ +QMbi`�BM i?2 ᅺЈ `2H�i2/ mM+2`i�BMiB2bX

h�#H2 jXe, amKK�`v Q7 i?2 T`Q/m+iBQM KQ/2 +�i2;Q`Bx�iBQM +`Bi2`B� 7Q` i?2 o"6 �M/ "QQbi
+�i2;Q`B2b BM i?Bb �M�HvbBbX h?2 +`Bi2`B� �`2 b�K2 iQ i?2 ᅽH2Tᅽ?�/ �M/ ᅽ?�/ᅽ?�/ /2+�v +?�MM2HbX

S`Q/m+iBQM KQ/2 +�i2;Q`Bx�iBQM
o"6 "QQbiԟh	ԙϵ
 � �� :2o

LQi o"6ԟᇑᇑ
h � ��� :2o

Ԝօօ � ��� :2o]ငᅱօօ] � ���ᅱօȯ ੁ ᅱօɞ � �
*2Mi`�H ᅽ @H2TiQMb

aB;M�H `2;BQM U��� � ԜKK+ᇑᇑ � ��� :2oV
o"6nR o"6ny "QQbinR "QQbiny

".hUo"6V � y ".hUo"6V � y ငԇᇑᇑ � ��� �M/ ငԇᇑᇑ � ��� Q`ԟᇑᇑ
h � ��� :2o ԟᇑᇑ

h � ��� :2oԏ ݂ ᅽᅽ +QMi`QH `2;BQM U�� � ԜKK+ᇑᇑ � ��� :2oV
o"6nR w *_ o"6ny w *_ "QQbinR w *_ "QQbiny w *_

h?2 a_b BM 2�+? >B;;b T`Q/m+iBQM +�i2;Q`v �`2 7m`i?2` /BpB/2/ BMiQ bm#+�i2;Q`B2b /2@
T2M/BM; QM i?2 /B@ᅽ /2+�v KQ/2b �M/ +Q``2bTQM/2/ QTiBKBx�iBQM p�`B�#H2b iQ BKT`Qp2 i?2
b2MbBiBpBivX 6Q` i?2 AS K2i?Q/- i?2 ᆈ੟

+T rBHH #2 KQ`2 b2MbBiBp2 iQ /Bb+`BKBM�i2 /Bz2`2Mi ᅿᇑ
p�Hm2b B7 i?2 BKT�+i T�`�K2i2` p2+iQ` ?�b � K�;MBim/2 H�`;2` i?�M Bib `2bQHmiBQMX h?mb r2
+�M mb2 i?2 ԓcC<Ј /2}M2/ BM a2+iBQM jXj 7Q` +�i2;Q`Bx�iBQMX 6Q` i?2 ᅻ K2i?Q/- i?2 ᆈ੟

+T rBHH
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#2 KQ`2 2z2+iBp2 iQ K2�bm`2 i?2 ᅿᇑ /2T2M/BM; QM i?2 H�`;2 T`Q/m+iBQM Q7 ]Ԩᇏ�Ԩᇏ਷] /Bb+mbb2/
BM a2+iBQM jXRXkX �b 7Q` i?2 AS@ᅻ K2i?Q/- #Qi? H�`;2 ԓcC<Ј �M/ ]Ԩᇏ] �`2 T`272``2/ 7Q` KQ`2
b2MbBiBpBivX AM Ԑφ K2i?Q/ i?2 ]Ԩռȯ] rBHH #2 i�F2M BMiQ �++QmMiX �KQM; �HH /B@ԣԐԤ KQ/2 +QK@
#BM�iBQMb- bQK2 Q7 i?2K �`2 /QKBM�Mi +?�MM2H rBi? ?B;?2` b2MbBiBpBivX h?2b2 �`2 RTyM@RTRM-
RTRM@RTRM- �M/ RTyM@RTyM BM ᅽ?�/ᅽ?�/ +?�MM2H- �M/ ӯ@RTRM �M/ ӯ@RTyM BM ᅽH2Tᅽ?�/ +?�MM2HX
h?2`27Q`2- r2 7m`i?2` /BpB/2 i?2 a_b BMiQ ǵ>B;?Ƕ- ǵJ2/BmKǶ �M/ ǵGQrǶ bm#`2;BQMbX h?2 ǵ>B;?Ƕ
`2;BQM b2H2+ib i?2 /QKBM�Mi /2+�v +?�MM2H rBi? i?2 +Q``2bTQM/2/ QTiBKBx�iBQM p�`B�#H2b +mi-
�M/ i?2 ǵJ2/BmKǶ `2;BQM +QMi�BMb i?2 `2bi r2�F2` /2+�v +?�MM2H r?B+? BM+Hm/2/ RTsM �M/
jTyM /2+�v KQ/2 rBi? i?2 +Q``2bTQM/2/ QTiBKBx�iBQM p�`B�#H2b b2H2+iBQM- 7Q` �HH i?2 `2bi
2p2Mib 7�BH2/ �HH +`Bi2`B� rBHH #2 +�i2;Q`Bx2/ BMiQ ǵGQrǶ `2;BQMX h?2 2tTHB+Bi /2+�v KQ/2
+�i2;Q`Bx�iBQM +`Bi2`B� �`2 bmKK�`Bx2/ BM h�#H2 jXdX

h�#H2 jXd, amKK�`v Q7 i?2 /2+�v KQ/2 +�i2;Q`Bx�iBQM +`Bi2`B� 7Q` i?2 >B;?- J2/BmK �M/
GQr +�i2;Q`B2b BM i?Bb �M�HvbBb iQ 7m`i?2` /BpB/2 2�+? bB;M�H `2;BQMbX

.2+�v KQ/2 +�i2;Q`Bx�iBQM

>B;? J2/BmK GQr

??

RTyM@RTyM #Qi? ᇑ տcC<ɱ 	ᇑRTyM
 � φӳΘ @

6�BH2/
RTyM@RTRM տcC<ɱ 	ᇑRTyM
 � φӳΘӴ ]֔ᆥ	ᇑRTRM
] � Јӳφ @
RTRM@RTRM ]֔ᆥ	ᇑRTRM
֔ᆥ	ᇑRTRM
] � Јӳϵ @
RTyM@RTsM @ տcC<ɱ � φӳΘӴ ]֔ᆥ	ᇑRTsM
] � Јӳφ
RTRM@RTsM @ ]֔ᆥ	ᇑRTRM
֔ᆥ	ᇑRTsM
] � Јӳϵ
RTRM@jTyM @ ]֔ᆥ	ᇑRTsM
] � ЈӳφӴ ]֔Նȯ	ᇑjTyM
] � Јӳϩ

H?

H2TiQM տcC<ɱ 	ր
 � ϵӳΘ Q` տcC<ɱ 	ᇋ
 � ϵӳЈ
6�BH2/

H@RTyM տcC<ɱ 	ᇑRTyM
 � φӳΘ @
H@RTRM ]֔	ᇏ
	ᇑRTRM
] � Јӳφ @
H@RTsM @ ]֔ᆥ	ᇑRTsM
] � Јӳφ
H@jTyM @ ]֔Նȯ	ᇑjTyM
] � Јӳϩ

AM i?Bb +QM};m`�iBQM- i?2`2 �`2 ir2Hp2 bB;M�H `2;BQMb BM ᅽH2Tᅽ?�/ �M/ ᅽ?�/ᅽ?�/ +?�MM2H-
b2T�`�i2Hv- 7Q` � iQi�H Q7 ir2Miv@7Qm` bB;M�H `2;BQMbX 6Qm` w +QMi`QH `2;BQMb BM ᅽH2Tᅽ?�/ �M/ᅽ?�/ᅽ?�/ +?�MM2H- rBi? irQ �//BiBQM�H w*_b �b +QMb2[m2MiHv i2M w*_b BM iQi�HX 1�+? bB;M�H
Q` +QMi`QH `2;BQM Bb Q`i?Q;QM�H iQ i?2 Qi?2`bX

h?2 KQ/2HHBM; +?2+F Q7 i?2 p�`B�#H2 /Bbi`B#miBQMb mb2/ 7Q` i?2 b2H2+iBQM �`2 b?Qr2/ BM
6B;m`2 jXRR- 6B;m`2 jXRk �M/ 6B;m`2 jXRj 7Q` T`2b2H2+iBQM- o"6 �M/ "QQbi +�i2;Q`B2b- `2bT2+@
iBp2HvX h?2b2 �`2 +?2+F2/ #v ᅽH2Tᅽ?�/ �M/ ᅽ?�/ᅽ?�/ +?�MM2H b2T�`�i2Hv �M/ i?2v �`2 BM ;QQ/
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U�V Ԕ@ᅽ?�/ "QQbi >B;? ԓcC<Ј 	Ԕ
 U#V ᅷ@ᅽ?�/ "QQbi >B;? ԓcC<Ј 	ᅷ

6B;m`2 jXR9, ԓcC<Ј 	ӯ
 /Bbi`B#miBQMb BM #QQbi ?B;? `2;BQM rBi? Ԕ@ᅽ?�/ �M/ ᅷ@ᅽ?�/ +?�MM2H b2T�@
`�i2/X

hQ /2i2`KBM2 i?2 #2bi QTiBKBx2/ b2H2+iBQM QM ᅽH2T ԓcC<Ј - r2 /Q i?2 HBF2HB?QQ/ b+�M rBi?ᅽH2T b2T�`�i2/ iQ Ԕ �M/ ᅷ rBi? i?2 BM+HmbBp2 ᅽ?�/ /2+�v KQ/2X q2 /Q i?2 b�K2 b2iiBM; Q7 i?2
}i rBi? /Bz2`2Mi ԓcC<Ј p�Hm2 +mib QM i?2 Ԕ �M/ ᅷ- �M/ i?2M +?2+F i?2 BM+HmbBp2 ᅽH2Tᅽ?�/ /2+�v
KQ/2 b2MbBiBpBivX h?2 b2H2+iBQM QM ᅽH2T ԓcC<Ј 7Q` i?2 /BpBbBQM Q7 ?B;?fK2/BmKfHQr QTiBKBx2/
+�i2;Q`Bx�iBQM Bb b?Qr2/ BM 6B;m`2 jXR9 �M/ Bi +�M #2 b22M i?�i r2 �TTHB2/ i?2 /Bz2`2Mi +mib
QM ԓcC<Ј 	Ԕ
 �M/ ԓcC<Ј 	ᅷ
- b2T�`�i2HvX

h?2 THQib Q7 HBF2HB?QQ/ b+�M �`2 b?Qr2/ BM 6B;m`2 jXR8X Ai HQQFb i?�i i?2 #2bi b2MbBiBpBiv
+mi 7Q` ԓcC<Ј 	Ԕ
 Bb kX8 �M/ 7Q` ԓcC<Ј 	ᅷ
 Bb kX h?2 ǵKBtǶ H�#2H BM BM+HmbBp2 ᅽH2Tᅽ?�/ /2+�v KQ/2
+?2+F /2MQi2b ԓcC<Ј +mi QM kX8 7Q` Ԕ �M/ k 7Q` ᅷ- r?BH2 Qi?2` MmK#2` K2�Mb +mi QM i?�i b�K2
MmK#2` 7Q` Ԕ �M/ ᅷ ԓcC<Ј X h?2 HBF2HB?QQ/ b+�M b?Qrb i?�i i?2 ǵKBtǶ b+?2K2 Bb KQbi b2MbBiBp2
7Q` i?2 ᅽH2T ԓcC<Ј +mi- �M/ r2 +?QQb2 i?Bb +mi �b BM h�#H2 jXdX

U�V Ԕ@ᅽ?�/ U#V ᅷ@ᅽ?�/ U+V ӯ@ᅽ?�/

6B;m`2 jXR8, GBF2HB?QQ/ b+�M Q7 /Bz2`2Mi +mi p�Hm2 QM ᅽH2T ԓcC<Ј rBi? BM+HmbBp2 ᅽ?�/ /2+�v KQ/2X
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jX8 "�+F;`QmM/ 2biBK�iBQM

h?2 #�+F;`QmM/ T`Q+2bb2b Q7 i?Bb �M�HvbBb �`2 `Qm;?Hv �ii`B#mi2/ BMiQ irQ ivT2b- QM2 Bb
irQ i`m2 ᅽ @H2TiQMb 7`QK Qi?2` T`Q+2bb2b �M/ i?2 Qi?2` Bb D2ib �`2 KBbB/2MiB}2/ �b QM2 Q` irQᅽ?�/@pBbX 6Q` i?2 }bi ivT2- i?2`2 rBHH #2 i?2 ԏ	݂ ᅽᅽ
 � D2ib T`Q+2bb r?B+? Bb i?2 /QKBM�Mi
#�+F;`QmM/ Q7 i?Bb �M�HvbBb- �b r2HH �b � 72r +QMi`B#miBQMb 7`QK /B#QbQM- ӽ ݂ ԌԌ ੟ �M/ ԣ ԣ۽
T`Q+2bb2bX AM i?2 KBbB/2MiB}+�iBQM +�b2- i?2 K�BM +QMi`B#miBQMb �`2 7`QK Ԍ � D2ib �M/ Z*.
KmHiBD2i T`Q+2bb2bX

.m2 iQ bm+? 72�im`2b r2 +QK#BM2 JQMi2 *�`HQ bBKmH�iBQM �M/ /�i�@/`Bp2M i2+?MB[m2b iQ
2biBK�i2 i?2 #�+F;`QmM/X 6Q` i?2 T`Q+2bb2b Q7 ԏ	݂ ᅽᅽ
 � D2ib- ԏ	݂ ӯӯ
 � D2ib- /B#QbQM �M/ԣ ԣ۽ �`2 KQ/2HH2/ #v JQMi2 *�`HQ b�KTH2b BMi`Q/m+2/ BM a2+iBQM jXkX h?2 KBbB/2MiB}2/ ᅽ?�/@pBb

U�XFX� 7�F2 ᅽV #v Ԍ � D2ib �M/ Z*. KmHiBD2i T`Q+2bb2b �`2 2biBK�i2/ i?`Qm;? /�i�@/`Bp2M
K2i?Q/X h?2 /2i�BH2/ 2biBK�iBQM K2i?Q/b 7Q` i?2 K�BM #�+F;`QmM/ T`Q+2bb2b �`2 T`2b2Mi2/
BM i?2 b2+iBQMb #2HQrX
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U�V ᅽH2Tᅽ?�/ ᆈ੟
+T o"6 w*_ U#V ᅽH2Tᅽ?�/ ᆈ੟

+T "QQbi w*_
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U+V ᅽ?�/ᅽ?�/ ᆈ੟
+T o"6 w*_ U/V ᅽ?�/ᅽ?�/ ᆈ੟

+T "QQbi w*_

6B;m`2 jXRe, ᆈ੟
+T /Bbi`B#miBQMb BM o"6 �M/ "QQbi +�i2;Q`B2b BM w +QMi`QH `2;BQM 7Q` ᅽH2Tᅽ?�/

�M/ ᅽ?�/ᅽ?�/ +?�MM2HX



jX8 "�*E:_PlL. 1ahAJ�hAPL e8

jX8XR ԏ ݂ ᅽᅽYD2ib #�+F;`QmM/
h?2 ԏ	݂ ᅽᅽ
 � D2ib #�+F;`QmM/ Bb KQ/2HH2/ #v J* b�KTH2b ;2M2`�i2/ #v a?2`T�X

"2bB/2b- ԏ ݂ ᅽᅽ +QMi`QH `2;BQMb /2}M2/ #v i?2 ԜKK+ᇑᇑ rBM/Qr �`QmM/ i?2 w T2�F BM �� �ԜKK+ᇑᇑ � ��� :2o �b BMi`Q/m+2/ BM a2+iBQM jX9 �`2 mb2/ iQ 2ti`�+i i?2 ԏ ݂ ᅽᅽ T`Q+2bb
MQ`K�HBx�iBQM 7`QK /�i�X h?2 ᆈ੟

+T /Bbi`B#miBQMb BM o"6 �M/ "QQbi +�i2;Q`B2b BM w +QMi`QH
`2;BQM 7Q` ᅽH2Tᅽ?�/ �M/ ᅽ?�/ᅽ?�/ +?�MM2H �`2 +?2+F2/ BM 6B;m`2 jXRe- ԏ ݂ ᅽᅽ T`Q+2bb Bb
2biBK�i2/ p2`v r2HHX

jX8Xk JBbB/2MiB}2/@ᅽ #�+F;`QmM/
jX8XkXR 6�F2 #�+F;`QmM/ BM ᅽH2Tᅽ?�/ +?�MM2H

AM ᅽH2Tᅽ?�/ +?�MM2H QM2 Q7 i?2 K�BM #�+F;`QmM/ Bb D2ib KBbB/2MiB}2/ �b i?2 ᅽ?�/@pBbX Ai
+QMbBbib KQbiHv Ԍ � D2ib �M/ Z*. KmHiBD2i 2p2Mib- �M/ � bK�HH +QKTQM2Mi 7`QK i?2 bBM;H2
iQT T`Q+2bbX h?Bb bQm`+2 Q7 #�+F;`QmM/ Bb 2biBK�i2/ #v /�i�@/`Bp2M K2i?Q/ r?B+? +�H+mH�i2b
i?2 `�iBQ Q7 i?2 MmK#2` Q7 /�i� 2p2Mib r?B+? rBHH MQi #2 KQ/2HH2/ #v J* #2ir22M T�bb2/
�M/ 7�BH2/ i?2 B/2MiB}+�iBQM +`Bi2`BQM BM #�+F;`QmM/ +QMi`QH `2;BQMb- �M/ i?Bb `�iBQ rBHH #2
+�HH2/ �b 7�F2 7�+iQ` ෥- i?2M �TTHvBM; i?Bb 7�F2 7�+iQ` iQ i?2 7�BH2/ B/2MiB}+�iBQM 2p2Mib BM
bB;M�H `2;BQM iQ 2p�Hm�i2 i?2 7�F2 MmK#2` BM bB;M�H `2;BQM rBi? T�bbBM; i?2 B/2MiB}+�iBQM
+`Bi2`BQMX

AM i?Bb �M�HvbBb- i?2 7�F2 ᅽ 2p2Mib BM i?Bb �M�HvbBb +�M #2 2biBK�i2/ �bԃմճցռֆր֎ � 	ԃռ։֏ք਷ᇑӴմճեռ֏ռ ਷ ԃռ։֏ք਷ᇑӴմճծդӴ ։֊ օր֏݂ᇑ
 ੎ ෥ UjX3V

rBi? i?2 mTT2` BM/2t ԐԝԣԘ ਷ ᅽ BM/B+�i2b i?2b2 2p2Mib T�bb2b �HH �M�HvbBb `2[mB`2K2Mib 2t+2Ti
7�BHBM; i?2 J2/BmK B/2MiB}+�iBQM +`Bi2`BQM- rBi? � HQr i?`2b?QH/ QM ᅽ?�/@pBb B/2MiB}+�iBQM
b+Q`2 yXyR Bb �TTHB2/ iQ `2D2+i i?2b2 p2`v HQr b+Q`2 2p2Mib /QKBM�i2/ #v ;HmQM@BM/m+2/ �M/
TBH2mT D2ibX h?2 /�i� 2p2Mib bm#i`�+i i?2 J* 2biBK�i2/ T�`i BM i?Bb �MiB@ᅽ b2+iQ` Bb #2HB2p2/
iQ #2 2M`B+?2/ #v i?2 KBbB/2MiB}2/ ᅽ?�/ 2p2MibX h?2M � +QK#BM2/ 7�F2 7�+iQ` ෥ Bb �T@
THB2/ iQ +Q``2+i 7Q` i?2 /Bz2`2Mi b2H2+iBQM 2{+B2M+v #2ir22M T�bb2/ �M/ 7�BH2/ B/2MiB}+�iBQM-
i`�Mb72``BM; i?2 2p2Mi MmK#2` 7`QK �MiB@ᅽ iQ T�bb@ᅽ b2+iQ` BM bB;M�H `2;BQMX

h�#H2 jX3, Ԍ � D2ib- Z*. �M/ hQT +QMi`QH `2;BQMb /2}MBiBQMX

*QMi`QH `2;BQM .2}MBiBQM rBi? `2bT2+i a_bԌ � D2ib *_ AMp2`i Ԝh +mi U Ԝh = dy :2oV
Z*. *_ AMp2`i H2TiQM BbQH�iBQM `2[mB`2K2Mi
hQT *_ _2p2`b2 " p2iQ +mi �M/ Ԝh = 9y :2o

h?2 7�F2 7�+iQ` /2T2M/b QM [m�`Ff;HmQM +QKTQM2Mib i?2`27Q`2 Bb /Bz2`2Mi 7`QK #�+F@
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;`QmM/ bQm`+2X *QMbB/2`BM; i?2 K�BM 7�F2 bQm`+2b �`2 Ԍ � D2ib �M/ Z*. KmHiBD2i �M/ B;@
MQ`BM; iBMv +QMi`B#miBQM 7`QK bBM;H2 iQT T`Q+2bb- i?2 +QK#BM2/ 7�F2 7�+iQ` ෥ Bb +QMbi`m+i2/
�b i?2 bmK Q7 2�+? BM/BpB/m�H 7�F2 7�+iQ` 7Q` 2�+? `2H2p�Mi T`Q+2bb- �M/ r2B;?i2/ #v i?2
2tT2+i2/ 7`�+iBQM�H +QMi`B#miBQM 7Q` i?2 +QMbB/2`2/ T`Q+2bb BM �MiB@ᅽ b2+iQ`෥ � ӻո ԇո � ӻղդեԇղդե UjXNV

i?2 BM/BpB/m�H 7�F2 7�+iQ` ӻք	Ԙ � Ԍ
 ԆӸӹ
 Bb Q#i�BM2/ BM +Q``2bTQM/2/ #�+F;`QmM/ +QMi`QH
`2;BQM �b i?2 `�iBQ Q7 /�i� 2p2Mib bm#i`�+i i?2 J* 2biBK�i2/ T�`i Q7 i?2 T�bb@ᅽ 2p2Mib Qp2`
i?Qb2 BM i?2 �MiB@ᅽ b2+iQ` 7Q`KmH�i2/ �b

ӻք � ԃ֋ռ֎֎਷ᇑӴդճՎեռ֏ռ ਷ ԃ֋ռ֎֎਷ᇑӴդճՎծդӴ ։֊ օր֏݂ᇑԃռ։֏ք਷ᇑӴդճՎեռ֏ռ ਷ ԃռ։֏ք਷ᇑӴդճՎծդӴ ։֊ օր֏݂ᇑ UjXRyV

BM r?B+? i?2 Ԍ �D2ib �M/ Z*. +QMi`QH `2;BQM �`2 /2}M2/ #v BMp2`iBM; QM2 b2H2+iBQM +`Bi2`BQM
rBi? `2bT2+i iQ bB;M�H `2;BQM iQ 2Mbm`2 i?2 Q`i?Q;QM�HBiv #2ir22M bB;M�H `2;BQM �M/ 2�+?
+QMi`QH `2;BQMX h?2b2 /2}MBiBQMb �`2 HBbi2/ BM h�#H2 jX3X

U�V S`2b2HX ӻո U#V o"6 ӻո U+V "QQbi ӻո

U/V S`2b2HX ӻղդե U2V o"6 ӻղդե U7V "QQbi ӻղդե
6B;m`2 jXRd, 6�F2 7�+iQ` +�H+mH�i2/ �b � 7mM+iBQM Q7 ԟhᅽ?�/ 7`QK q �M/ Z*. +QMi`QH `2;BQMbӻք	Ԙ � Ԍ
 ԆӸӹ
 mb2/ BM ᅽH2Tᅽ?�/ +?�MM2H rBi? /2+�v KQ/2 b2T�`�i2/ BM T`2b2H2+iBQM- o"6
�M/ "QQbi +�i2;Q`B2bX
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h?2 7�F2 7�+iQ` �`2 +�H+mH�i2/ �b i?2 7mM+iBQM Q7 ᅽ?�/@pBb ԟh BM T`2b2H2+iBQM- "QQbi �M/
o"6 +�i2;Q`Bx�iBQM rBi? /Bz2`2Mi /2+�v KQ/2 b2T�`�i2/ b?Qr2/ BM 6B;m`2 jXRdX h?Bb ᅽ?�/@pBbԟh /2T2M/2/ 7�F2 7�+iQ` rBHH MQi QMHv T�bb i?2 b+�H2 iQ 2p�Hm�i2 i?2 7�F2 MmK#2`- #mi �HbQ
T`QT�;�i2 i?2 b?�T2 BM7Q`K�iBQM Q7 i?2 7�F2X

U�V ӯ@RTyM ෨ U#V ӯ@RTRM ෨ U+V ӯ@RTsM ෨

U/V ӯ@jTyM ෨ U2V ӯ@jTsM ෨
6B;m`2 jXR3, ෨ +�H+mH�i2/ �b � 7mM+iBQM Q7 ԟhᅽ?�/ �M/ ငᅿ	ᅽ
 ӺLCcc

i 
 mb2/ BM ᅽH2Tᅽ?�/ +?�MM2H
rBi? /2+�v KQ/2 b2T�`�i2/ BM T`2b2H2+iBQM +�i2;Q`B2bX

h?2b2 BM/BpB/m�H 7�F2 7�+iQ`b �`2 �//2/ rBi? r2B;?i ԇք	Ԙ � Ԍ
 ԆӸӹ
 iQ +QK#BM2/
7�F2 7�+iQ` ෥- BM r?B+? i?Bb r2B;?i Bb +QMbB/2`2/ �b i?2 7`�+iBQM�H +QMi`B#miBQM 7`QK 2�+?
#�+F;`QmM/ bQm`+2X A7 Bi Bb bmTTQb2/ i?�i i?2 7�F2 Bb 7`QK Ԍ � D2ib �M/ Z*. KmHiBD2i irQ
T�`ib i?mb i?2 ԇո � � ਷ ԇղդե- �M/ 7`�+iBQM Q7 Z*. KmHiBD2i 2p2Mib BM a_ �MiB@ᅽ b2+iQ` Bb
T�`iB+mH�`Hv +�H+mH�i2/X h?2 2[m�iBQM rBHH #2

ԇղդե � ԃռ։֏ք਷ᇑӴմճեռ֏ռӴղդեԃռ։֏ք਷ᇑӴմճեռ֏ռ ਷ ԃռ։֏ք਷ᇑӴմճծդ ։֊ օր֏݂ᇑ UjXRRV

i?2 MmK#2` Q7 Z*. 2p2Mib BM i?2 a_ �MiB@ᅽ b2+iQ` ԃռ։֏ք਷ᇑӴմճեռ֏ռӴղդե Q++m``2/ BM MmK2`�iQ` M22/
iQ #2 2biBK�i2/X h?Bb Bb `2�HBx2/ #v �TTHvBM; � i`�Mb72` 7�+iQ` +�HH2/ BbQH�iBQM 7�+iQ` ෨ QMiQ
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U�V ӯ@RTyM ԇղդե U#V ӯ@RTRM ԇղդե U+V ӯ@RTsM ԇղդե

U/V ӯ@jTyM ԇղդե U2V ӯ@jTsM ԇղդե
6B;m`2 jXRN, ԇղդե +�H+mH�i2/ �b � 7mM+iBQM Q7 H2TiQM ԟh �M/ H2TiQM ]ᅱ] mb2/ BM ᅽH2Tᅽ?�/
+?�MM2H rBi? /2+�v KQ/2 b2T�`�i2/ BM T`2b2H2+iBQM +�i2;Q`B2bX

i?2 /�i� 2p2Mib bm#i`�+i2/ i?2 J* rBi? � i`m2 H2TiQM T�`i BM Z*.*_ �MiB@ᅽ b2+iQ`ԃռ։֏ք਷ᇑӴմճեռ֏ռӴղդե � 	ԃռ։֏ք਷ᇑӴղդեդճեռ֏ռ ਷ ԃռ։֏ք਷ᇑӴղդեդճծդ ր֐֍֏ ևր֋֏֊։ 
 ੎ ෨ UjXRkV

BM r?B+? i?2 BbQH�iBQM 7�+iQ` ෨ Bb +�H+mH�i2/ #v i�FBM; i?2 `�iBQ Q7 i?2 2p2Mib T�bbBM; i?2
H2TiQM BbQH�iBQM `2[mB`2K2Mi Qp2` i?Qb2 i?�i 7�BH Bi BM � /2/B+�i2/ +QMi`QH `2;BQM- r?B+? Bb
/2}M2/ rBi? 2t�+iHv i?2 b�K2 +mib mb2/ BM S`2b2H2+iBQM H2p2H rBi? `2p2`bBM; i?2 2H2+i`B+
+?�`;2 bB;M Q7 i?2 ᅽ?�/@pBb �M/ H2TiQM iQ #2 i?2 b�K2 Uaa `2;BQMV

෨ � ԃք֎֊Ӵմմտռ֏ռ ਷ ԃք֎֊Ӵմմծդ ր֐֍֏ ևր֋֏֊։ԃ։֊։਷ք֎֊Ӵմմտռ֏ռ ਷ ԃ։֊։਷ք֎֊Ӵմմծդ ր֐֍֏ ևր֋֏֊։ UjXRjV

i?2M i?2 7`�+iBQM Q7 Z*. KmHiBD2i 7�F2 iQ iQi�H 7�F2 ԇղդե +�M #2 2p�Hm�i2/X
h?2 BbQH�iBQM 7�+iQ` Bb +�H+mH�i2/ �b � k@/BK2MbBQM�H /Bbi`B#miBQM �b � 7mM+iBQM Q7 H2T@

iQM ԟh �M/ H2TiQM ]ᅱ] b2T�`�i2/ #v /2+�v KQ/2 �i T`2b2H2+iBQM H2p2H BHHmbi`�i2/ BM 6B;@
m`2 jXR3X �M/ ԇղդե Bb �HbQ +QKTmi2/ �b � k@/BK2MbBQM�H 7mM+iBQM /2T2M/BM; QM ᅽ?�/@pBb ԟh

�M/ i?2 �xBKmi?�H �M;H2 #2ir22M i?2 ᅽ?�/@pBb +�M/B/�i2 �M/ i?2 KBbbBM; i`�Mbp2`b2 KQK2M@
imK- ငᅿ	ᅽ
 ӺLCcc

i 
X Ai Bb +�H+mH�i2/ #v /Bz2`2Mi /2+�v KQ/2 BM T`2b2H2+iBQM- "QQbi �M/ o"6
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+�i2;Q`Bx�iBQMX h?2 T`2b2H2+iBQM ԇղդե Bb b?Qr2/ BM 6B;m`2 jXRNX
h?2 +QK#BM2/ 7�F2 7�+iQ` ෥ +�H+mH�i2/ 7Q` ᅽH2Tᅽ?�/ 7�F2 #�+F;`QmM/ 2biBK�iBQM +�M #2

BHHmbi`�i2/ #v 6B;m`2 jXkyX h?2 v2HHQr �M/ ;`22M #HQ+Fb �`2 Ԍ � D2ib �M/ Z*. +QMi`QH
`2;BQMb /2}M2/ 7Q` i?2 +�H+mH�iBQM Q7 2�+? BM/BpB/m�H 7�F2 7�+iQ` ӻք	Ԙ � Ԍ
 ԆӸӹ
- �M/
i?2 `2/ #HQ+Fb �`2 i?2 b�K2 bB;M `2;BQM mb2/ 7Q` i?2 BbQH�iBQM 7�+iQ` ෨ 2ti`�+iBQMX h?2M
i?2 ԇղդե Bb 2p�Hm�i2/ #v i?2 7`�+iBQM Q7 i?2 2p2Mib i?�i �TTHvBM; i?2 BbQH�iBQM 7�+iQ` ෨
iQ Z*.*_ �MiB@ᅽ b2+iQ` iQ i?Qb2 BM a_- �M/ i?2M r2 +�M ;2i i?2 7�F2 7�+iQ` ෥X 6BM�HHv
�TTHvBM; ෥ iQ a_ �MiB@ᅽ b2+iQ` iQ 2biBK�i2 i?2 7�F2 #�+F;`QmM/ BM a_ T�bb@ᅽ b2+iQ` BM i?2
#Hm2 #HQ+FbX

anti

pass

SS
OS WCR

QCDCR
SR

6B;m`2 jXky, AHHmbi`�iBQM Q7 i?2 +QMi`QH `2;BQM /2}MBiBQM mb2/ 7Q` ᅽH2Tᅽ?�/ 7�F2 7�+iQ` ෥
+�H+mH�iBQMX

jX8XkXk 6�F2 #�+F;`QmM/ BM ᅽ?�/ᅽ?�/ +?�MM2H

h?2 7�F2 #�+F;`QmM/ BM ᅽ?�/ᅽ?�/ +?�MM2H BM+Hm/2b 2p2Mib BM r?B+? QM2 Q` #Qi? ᅽ?�/@pBb

�`2 KBbB/2MiB}2/X h?2b2 2p2Mib �`2 K�BMHv Q`B;BM�i2/ 7`QK Z*. KmHiBD2i T`Q+2bbX hQ 2biB@
K�i2 i?Bb FBM/ Q7 7�F2 #�+F;`QmM/- i?2 /�i�@/`Bp2M K2i?Q/ /2bB;M2/ 7Q` ᅽ?�/ᅽ?�/ +?�MM2H Bb
2KTHQv2/X

AM i?2 b2H2+i2/ bB;M�H `2;BQM rBi? T�bb2/ i?2 ᅽ B/2MiB}+�iBQM +`Bi2`BQM UK�`F2/ �b ᅽձ V- Bi
+�M #2 � i`m2 ᅽ?�/@pBb Uᅽյ V Q` � 7�F2 ᅽ?�/@pBb Uᅽէ V +�M/B/�i2X 6Q` ᅽ?�/ᅽ?�/ +?�MM2H- +QMbB/2`
bBM;H2 ᅽ �b r2HH �b #Qi? ᅽ @H2TiQMb 7�F2ᅽձφ ᅽձϵ � ᅽյφ ᅽյϵ � ᅽյφ ᅽէϵ � ᅽէφ ᅽյϵ � ᅽէφ ᅽէϵ UjXR9V

rBi? H2�/BM; �M/ bm#@H2�/BM; ᅽ?�/@pBb K�`F2/ �b ᅽφ �M/ ᅽϵ- b2T�`�i2HvX 6B`bi BM Q`/2` iQ
2biBK�i2 i?2 bBM;H2 ᅽ?�/@pBb 7�F2- i?2 7�F2 7�+iQ` Q7 +�H+mH�i2/ BM +Q``2bTQM/2/ +QMi`QH `2;BQM
Bb �TTHB2/ iQ �MiB@A. b2+iQ` UᅽբV BM a_ HBF2ӻ φᅽբφ ᅽձϵ � ᅽէφ ᅽյϵ � ᅽէφ ᅽէϵӻ ϵᅽձφ ᅽբϵ � ᅽյφ ᅽէϵ � ᅽէφ ᅽէϵ UjXR8V
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i?2 T�bb@A. ᅽ +�M #2 2Bi?2` i`m2 Q` 7�F2 ᅽ X h?mb- r?2M /QBM; bm+? +�H+mH�iBQM 7Q` bBM;H2ᅽ?�/@pBb 7�F2- Bi �+im�HHv �HbQ +QmMib i?2 /Qm#H2 ᅽ @H2TiQMb 7�F2 irB+2X aBKBH�`Hv- i?2 #Qi?ᅽ @H2TiQMb 7�F2 Bb 2p�Hm�i2/ #v �TTHvBM; #Qi? 7�F2 7�+iQ`b 7Q` 2�+? ᅽ iQ i?2B` a_ �MiB@A.
b2+iQ` ӻ φӻ ϵᅽբφ ᅽբϵ � ᅽէφ ᅽէϵ UjXReV

i?2`27Q`2 rBi? 1[m�iBQM UjXR8V �M/ 1[m�iBQM UjXReV- i?2 1[m�iBQM UjXR9V rBHH #2 r`Bii2M �bᅽձφ ᅽձϵ � ᅽյφ ᅽյϵ � ӻ φᅽբφ ᅽձϵ � ӻ ϵᅽձφ ᅽբϵ ਷ ӻ φӻ ϵᅽբφ ᅽբϵ UjXRdV

h?2 2tTHB+Bi +�H+mH�iBQM Q7 2�+? 7�F2 7�+iQ` mb2/ 7Q` ᅽ?�/ᅽ?�/ +?�MM2H rQmH/ #2 +QKTmi2/
BM ᅽH2Tᅽ?�/ Ԍ � D2ib +QMi`QH `2;BQM- BKTH2K2Mi2/ BM b2p2`�H A. b2H2+iBQM b2+iQ`b iQ �pQB/ i?2
`2T2�i2/ +QKTmi�iBQM r?2M �TTHvBM; iQ ᅽ?�/ᅽ?�/ �MiB@A. b2+iQ`X h?Bb Bb BMi`Q/m+2/ #2+�mb2
� KBMBKmK A. `2[mB`2K2Mi Q7 �i H2�bi QM2 ᅽ?�/@pBb iQ T�bb i?2 GQQb2 _LL A. Bb �TTHB2/X
h?2 A. +`Bi2`BQM BM Ԍ � D2ib *_ 7Q` +QKTmi�iBQM Q7 i?2 7�F2 7�+iQ` +�M #2 T�bbBM; J2/BmK
UK2/BmK- KV- 7�BHBM; J2/BmK UMQi@K2/BmK- MKV- �M/ T�bbBM; GQQb2 #mi 7�BHBM; J2/BmK
UHQQb2@MQi@K2/BmK- HMKVX h?2M irQ 7�F2 7�+iQ`b �`2 +�H+mH�i2/ rBi? /Bz2`2Mi A. `2[mB`2K2Mi
BM /2MQKBM�iQ` ӻ։ֈ � ԃֈրտք֐ֈӴոդճեռ֏ռ ਷ ԃֈրտք֐ֈӴոդճծդԃ։֊֏਷ֈրտք֐ֈӴոդճեռ֏ռ ਷ ԃ։֊֏਷ֈրտք֐ֈӴոդճծդӻև։ֈ � ԃֈրտք֐ֈӴոդճեռ֏ռ ਷ ԃֈրտք֐ֈӴոդճծդԃև֊֊֎ր਷։֊֏਷ֈրտք֐ֈӴոդճեռ֏ռ ਷ ԃև֊֊֎ր਷։֊֏਷ֈրտք֐ֈӴոդճծդ

UjXR3V

bBM+2 i?2 7�F2 7�+iQ` Bb +�H+mH�i2/ �b i?2 7mM+iBQM Q7 ᅽ?�/@pBb ԟh- Bi rBHH #2 /Bz2`2Mi r?2M �TTHv@
BM; Bi iQ H2�/BM; ᅽ �M/ bm#@H2�/BM; ᅽ X 6�F2 7�+iQ`b +�H+mH�i2/ rBi? /Bz2`2Mi A. `2[mB`2K2Miӻք	Ԙ � ԝԜ
 ԛԝԜ
 mb2/ BM ᅽ?�/ᅽ?�/ +?�MM2H �`2 b?Qr2/ BM 6B;m`2 jXkRX

U�V ӻ։ֈ U#V ӻև։ֈ
6B;m`2 jXkR, 6�F2 7�+iQ` +�H+mH�i2/ rBi? /Bz2`2Mi A. `2[mB`2K2Mi BM ᅽH2Tᅽ?�/ q +QMi`QH
`2;BQMb ᅽ?�/ᅽ?�/ +?�MM2HX
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h�#H2 jXN, 1p2Mi +�i2;Q`v `2;BQM r?2`2 i?2 7�F2 7�+iQ` Bb �TTHB2/ BM ᅽ?�/ᅽ?�/ +?�MM2H rBi?
/Bz2`2Mi ᅽ?�/@pBb A. `2[mB`2K2MiX

`2;BQM H2�/BM; A. bm#@H2�/BM; A.
�MiB@ᅽ?�/@pBb MQi@K2/BmK MQi@K2/BmK

H2�/@�MiB@ᅽ?�/@pBb MQi@K2/BmK K2/BmK
bm#H2�/@�MiB@ᅽ?�/@pBb K2/BmK MQi@K2/BmK

H2�/@�MiB@ᅽ?�/@pBb@HQQb2 HQQb2@MQi@K2/BmK MQi@K2/BmK
bm#H2�/@�MiB@ᅽ?�/@pBb@HQQb2 MQi@K2/BmK HQQb2@MQi@K2/BmK

h?2 7�F2 7�+iQ` �TTHB2/ `2;BQMb rBi? #Qi? ᅽ?�/@pBb A. `2[mB`2K2Mi �`2 bmKK�`Bx2/ BM
h�#H2 jXNX 7�F2 7�+iQ` �TTHB2/ iQ bBM;H2 7�F2 ᅽ?�/@pBb BM 1[m�iBQM UjXRdV rBHH #2 ӻ։ֈ	ᅽφ
 �M/ӻ։ֈ	ᅽϵ
 �M/ i?2v rBHH �TTHv iQ H2�/@�MiB@ᅽ?�/@pBb UMK@KV �M/ bm#H2�/@�MiB@ᅽ?�/@pBb UK@MKV-
`2bT2+iBp2HvX h?2 7Q`K BM /Qm#H2 7�F2 ᅽ?�/@pBb rBHH #2 � HBiiH2 +QKTHB+�i2/ bBM+2 r2 M22/
iQ �pQB/ #Qi? irQ ᅽ @H2TiQMb 7�BHBM; GQQb2 UMQi@HQQb2- MHV +�b2 r?B+? Bb �H`2�/v p2iQ2/X
h?2 �TTHB2/ b2+iQ`b 7Q` /Qm#H2 7�F2 2biBK�iBQM �`2 �MiB@ᅽ?�/@pBb BM r?B+? irQ ᅽ #Qi? 7�BH2/
i?2 J2/BmK A.X hQ �pQB/ i?2 MH@MH b2+iQ`- i?Bb �MiB@ᅽ?�/@pBb Bb 7m`i?2` /BpB/2/ �b H2�/@�MiB@ᅽ?�/@pBb@HQQb2 rBi? UHMK@MKV ӻև։ֈ	ᅽφ
ӻ։ֈ	ᅽϵ
 �M/ bm#H2�/@�MiB@ᅽ?�/@pBb@HQQb2 UMK@HMKV rBi?ӻ։ֈ	ᅽφ
ӻև։ֈ	ᅽϵ
 �TTHB2/X h?2b2 irQ b2+iQ`b ?�p2 �M Qp2`H�T r?2M #Qi? ᅽ T�bb2/ i?2 GQQb2
#mi 7�BH2/ i?2 J2/BmK A. `2[mB`2K2Mi UHMK@HMKV �M/ Bi rBHH +�mb2 �M Qp2`2biBK�iBQM Q7 i?2
/Qm#H2 7�F2 #v 7�+iQ` irQX h?mb i?Bb Qp2`2biBK�iBQM Bb 2HBKBM�i2/ #v b+�HBM; i?2 7�F2 7�+iQ`
#v φϵ �M/ i?2 1[m�iBQM UjXRdV rBHH #2+QK2 iQ

ᅽֈφ ᅽֈϵ � � ᅽյφ ᅽյϵ � ӻ։ֈ	ᅽφ
ᅽ։ֈφ ᅽֈϵ � ӻ։ֈ	ᅽϵ
ᅽֈφ ᅽ։ֈϵ਷ ��<ӻև։ֈ	ᅽφ
ӻ։ֈ	ᅽϵ
ᅽ և։ֈφ ᅽ։ֈϵ � ӻ։ֈ	ᅽφ
ӻև։ֈ	ᅽϵ
ᅽ։ֈφ ᅽև։ֈϵ > UjXRNV

U�V U#V

6B;m`2 jXkk, U�V*�H+mH�iBQM Q7 i?2 7�F2 7�+iQ` BM ᅽH2Tᅽ?�/ q*_ rBi? irQ FBM/b Q7 ᅽ?�/@pBb A.
`2[mB`2K2Mi r?B+? rBHH #2 �TTHB2/ 7Q` ᅽ?�/ᅽ?�/ 7�F2 2biBK�iBQMX
U#VAHHmbi`�iBQM Q7 i?2 �TTHB2/ `2;BQM 7Q` ᅽ?�/ᅽ?�/ 7�F2 2biBK�iBQMX
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h?Bb 7�F2 2biBK�iBQM BM ᅽ?�/ᅽ?�/ +?�MM2H Bb BHHmbi`�i2/ #v 6B;m`2 jXkkX q2 }`bi ;2i i?2
7�F2 7�+iQ` 7mM+iBQM2/ �b i?2 ᅽ?�/@pBb ԟh BM ᅽH2Tᅽ?�/ +?�MM2H q*_ rBi? i?2 2p2Mi b2H2+iBQM Bb
KQ/B}2/ iQ +HQb2 iQ i?2 ᅽ?�/ᅽ?�/ +?�MM2H b2H2+iBQM U2t+2Ti i?2 H2�/BM; ᅽ?�/@pBb ԟh F2Ti +mi QM
9y :2o 7Q` bi�iBbiB+�H `2�bQMV 7Q` i?2 +QKT�iB#BHBiv rBi? irQ /Bz2`2Mi ᅽ?�/@pBb A. `2[mB`2K2Mi
b?Qr2/ BM 6B;m`2 jXkk�X h?2M i?2 �TTHB2/ `2;BQMb �`2 /2TB+i2/ BM 6B;m`2 jXkk#- rBi? K@
MK UTm`TH2 `2+i�M;H2V �M/ MK@K U#Hm2 `2+i�M;H2V 7Q` i?2 bBM;H2 7�F2 2biBK�iBQM- r?B+? �HbQ
+QMbB/2`2/ irB+2 i?2 /Qm#H2 7�F2 T�`iX h?2M i?2 /Qm#H2 7�F2 �`2 2biBK�i2/ #v HMK@MK
UQ`�M;2 `2+i�M;H2V �M/ MK@HMK U;`22M `2+i�M;H2V b2+iQ`b BM r?2`2 i?2v ?�p2 �M Qp2`H�T BM
HMK@HMK T�`i i?2M i?Bb Qp2`2biBK�iBQM Bb 2HBKBM�i2/ #v � 7�+iQ` φϵ X

h?2 7�F2 7�+iQ` K2i?Q/ +�M #2 p�HB/�i2/ BM i?2 `2;BQMb Q`i?Q;QM�H iQ Bib /2}M2 `2;BQMX
AM ᅽ?�/ᅽ?�/ +?�MM2H- r2 +?QQb2 i?2 b�K2@bB;M `2;BQM r?B+? `2[mB`2/ i?2 +?�`;2 bB;M Q7 irQ
U7�F2V ᅽ +�M/B/�i2b iQ #2 b�K2- �M/ i?2 ?B;?@ငᅱ `2;BQM r?2`2 i?2 /B@ᅽ ��� � ငᅱ � ���X h?2M
r2 mb2 b�K2 /�i�@/`Bp2M K2i?Q/ iQ 2biBK�i2 i?2 7�F2 +QKTQM2Mi BM i?2b2 irQ `2;BQMb- �M/
i?2 7�F2 7�+iQ`b +�H+mH�i2/ BM b�K2@bB;M `2;BQM �HbQ `2p2`2/ i?2 +?�`;2 bB;MX h?2 p�HB/�iBQM
THQib �`2 b?Qr2/ BM 6B;m`2 jXkjX h?2 KBbKQ/2HBM; BM i?2b2 irQ `2;BQMb �`2 �bbB;M2/ �b i?2
ǵ+HQbm`2Ƕ mM+2`i�BMiB2b BM 7�F2 T�`i �b /Bb+mbb2/ BM a2+iBQM jXeXkX
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U�V ငᅱ T`2b2HX ԜKK+ᇑᇑ U#V ငᅱ T`2b2HX ԟh	ᅽφ

6B;m`2 jXkj, o�HB/�iBQM Q7 i?2 7�F2 7�+iQ` K2i?Q/ BM ᅽ?�/ᅽ?�/ +?�MM2H BM ငᅱ `2;BQMbX

jXe avbi2K�iB+ mM+2`i�BMiB2b

avbi2K�iB+ mM+2`i�BMiB2b BM i?Bb �M�HvbBb �`2 ;2M2`�HHv +QMbB/2`2/ 7`QK i?2 2tT2`BK2Mi
mM+2`i�BMiB2b- i?2Q`2iB+�H mM+2`i�BMiB2b- �M/ ᅽ @H2TiQM /2+�v `2+QMbi`m+iBQM `2H�i2/ mM+2`i�BM@
iB2bX h?2b2 mM+2`i�BMiB2b �z2+i MQi QMHv i?2 b?�T2 Q7 i?2 ᆈ੟

+T /Bbi`B#miBQM #mi �HbQ Bib b+�H2X
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jXeXR h?2Q`2iB+�H mM+2`i�BMiB2b

h?2 i?2Q`2iB+�H mM+2`i�BMiB2b �`2 +QMbB/2`2/ 7Q` bB;M�H ӽ ݂ ᅽᅽ T`Q+2bb �M/ #�+F;`QmM/ԏ ݂ ᅽᅽ T`Q+2bbX h?2v �z2+i �HKQbi MQ`K�HBx�iBQM `�i?2` i?�M i?2 b?�T2 Q7 i?2 ᆈ੟
+TX

h?2Q`v mM+2`i�BMiB2b QM bB;M�H T`2/B+iBQMb
h?2Q`2iB+�H mM+2`i�BMiB2b QM i?2 ai�M/�`/ JQ/2H ӽ ݂ ᅽᅽ bB;M�H T`2/B+iBQMb mb2/ BM i?Bb

�M�HvbBb +QK2b 7`QK i?`22 K�BM bQm`+2b,

Ç Z*. b+�H2 mM+2`i�BMiB2b #v `2�bQM Q7 KBbbBM; ?B;?2` Q`/2`b BM T2`im`#�iBQM i?2Q`v-
r?B+? BKT�+ib �HbQ i?2 mM+2`i�BMiv QM D2i #BM KB;`�iBQM

Ç LQM@T2`im`#�iBp2 T�`ib Q7 i?2 +�H+mH�iBQM UmM/2`HvBM; 2p2Mi �M/ ?�/`QMBx�iBQMV
Ç S�`iQM /2MbBiv 7mM+iBQMb US.6bV �M/ ᅫմ p�Hm2 mM+2`i�BMiv QM 2tT2`BK2Mi�H BMTmi

T�`�K2i2`b

h?2b2 mM+2`i�BMiB2b �`2 /2`Bp2/ #v +QKT�`BbQM Q7 i?2 MQKBM�H �M/ �Hi2`M�iBp2 bB;M�H
b�KTH2b mbBM; /Bz2`2Mi mM/2`HvBM; 2p2Mi �M/ T�`iQM b?Qr2`BM; KQ/2Hb- r?B+? Bb ;2M2`�i2/
#v >2`rB; d BMbi2�/ Q7 Svi?B� 3 iQ 2p�Hm�i2 i?2 /Bz2`2Mi T�`iQM b?Qr2` �M/ ?�/`QMBx�iBQM
2z2+ibX

h?2Q`2iB+�H mM+2`i�BMiB2b QM i?2 iQi�H T`Q/m+iBQM +`Qbb@b2+iBQM �`2 2p�Hm�i2/ 7Q` ;;>-
o"6- �M/ o> T`Q+2bb2b #v p�`vBM; i?2 Z*. 7�+iQ`Bx�iBQM �M/ `2MQ`K�HBx�iBQM b+�H2b �M/
i?2 S.6 KQ/2HX h?2v �`2 MQi 2tT2+i2/ iQ ?�p2 H�`;2 BKT�+ib QM }i `2bmHib #2+�mb2 Bi K�BMHv
BMi`Q/m+2b i?2 MQ`K�HBx�iBQM 2z2+i iQ bB;M�H T`Q+2bb2b �M/ QMHv i?2 b?�T2 BM7Q`K�iBQM Q7
i?2 ᆈ੟

+T /Bbi`B#miBQM Bb mb2/ iQ 2ti`�+i i?2 #2bi@}i p�Hm2 Q7 i?2 T�`�K2i2` Q7 BMi2`2bi ᅿᇑ X

h?2Q`v mM+2`i�BMiB2b QM #�+F;`QmM/ T`2/B+iBQMb
h?2 7QHHQrBM; bQm`+2b Q7 mM+2`i�BMiv �`2 +QMbB/2`2/ 7Q` ԏ	݂ ᅽᅽ
 � D2ib,

Ç S.6, 2p�Hm�i2/ #v +QMbB/2`BM; i?2 bi�M/�`/ /2pB�iBQM S.6 b2ib p�`B�iBQM 2p2Mi r2B;?ib
+QKT�`2/ iQ LLS.6jXyMMHQ S.6 b2i mb2/ BM a?2`T�

Ç _2MQ`K�HBx�iBQM �M/ 7�+iQ`Bx�iBQM b+�H2b Uᅷճ�ᅷէ V, 2p�Hm�i2/ #v 2p2Mi r2B;?ib T`Q@
pB/2/ #v a?2`T�

Ç C2i@iQ@T�`iQM K�i+?BM; mM+2`i�BMiv UӸԀԀԌ V, 2p�Hm�i2/ mbBM; i`mi?@H2p2H T�`�K2i2`@
Bx�iBQM �b � 7mM+iBQM Q7 D2i KmHiBTHB+Biv �M/ ԟh UwV

Ç _2bmKK�iBQM b+�H2 mM+2`i�BMiv UԠԢԕV, 2p�Hm�i2/ mbBM; i`mi?@H2p2H T�`�K2i2`Bx�iBQM �b
� 7mM+iBQM Q7 D2i KmHiBTHB+Biv �M/ ԟh UwV

Ç ᅫմ , 2p�Hm�i2/ mbBM; 2p2Mi r2B;?ib T`QpB/2/ #v a?2`T�

6Q` �HH i?2 mM+2`i�BMiB2b- QMHv i?2 b?�T2 �M/ KB;`�iBQM +QKTQM2Mi Q7 i?2 mM+2`i�BMiv �`2
+QMbB/2`2/ bBM+2 i?2 �#bQHmi2 MQ`K�HBx�iBQM Bb /2i2`KBM2/ #v w +QMi`QH `2;BQM �i }i H2p2HX
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jXeXk 1tT2`BK2Mi�H mM+2`i�BMiB2b
h?2 2tT2`BK2Mi�H mM+2`i�BMiB2b +QMbB/2`2/ BM i?Bb �M�HvbBb �`2 K�BMHv 7`QK i?2 `2bQHmiBQM-

`2+QMbi`m+iBQM- B/2MiB}+�iBQM- 2M2`;v b+�H2 �M/ i`B;;2` 2z2+i Q7 i?2 Q#D2+i K2�bm`2K2MiX
h?2b2 �`2 2biBK�i2/ #v i?2 �hG�a *QK#BM2/ S2`7Q`K�M+2 ;`QmTbX Ai �HbQ BM+Hm/2b i?2
mM+2`i�BMiB2b 7`QK KBbB/2MiB}2b ᅽ #�+F;`QmM/ 2biBK�iBQM �M/ HmKBMQbBiv K2�bm`2K2MiX

Ç 1H2+i`QM mM+2`i�BMiB2b (Nk)

Ĝ h?2 `2bQHmiBQM Q7 i?2 A. �M/ 2H2+i`QK�;M2iB+ +�HQ`BK2i2` rBHH `2H�i2 iQ i?2 2H2+@
i`QM `2bQHmiBQM mM+2`i�BMiv- �M/ i?2 2M2`;v b+�H2 Q7 2H2+i`QM rBHH �`Bb2 7`QK i?2
+�HB#`�iBQMX "2bB/2b- i?2 2{+B2M+v bvbi2K�iB+b Q7 i?2 `2+QMbi`m+iBQM- B/2MiB}+�@
iBQM- BbQH�iBQM �M/ i`B;;2` �`2 �HbQ +QMbB/2`2/ BM 2H2+i`QM bB/2X

Ç JmQM mM+2`i�BMiB2b (Nj)

Ĝ h?2 KmQM `2bQHmiBQM mM+2`i�BMiv +QK2b 7`QK i?2 `2bQHmiBQM Q7 i?2 A. �M/ KmQM
bT2+i`mKX h?2 KmQM +�HB#`�iBQM rBHH �HbQ T`QpB/2 i?2 KmQM 2M2`;v b+�H2 mM+2`@
i�BMivX 6Q` i?2 2{+B2M+v mM+2`i�BMiv Q7 i?2 KmQM - i?2 `2+QMbi`m+iBQM- B/2MiB}@
+�iBQM- BbQH�iBQM �M/ i`B;;2` 2{+B2M+v mM+2`i�BMiB2b �`2 �HH +QmMi2/X

Ç h�m mM+2`i�BMiB2b (N9)

Ĝ h?2 ᅽ?�/ 2M2`;v b+�H2 mM+2`i�BMiv �`2 /2`Bp2/ BM /Bz2`2Mi r�vb- #v i?2 ᆀϵ #�b2/
}i iQ i?2 /�i� Q7 i?2 pBbB#H2 K�bb Q7 i?2 ᅷ@ᅽ T�B`- i?2 1fT K2�bm`2K2Mi- �M/ i?2
+QKT�`BbQM Q7 i?2 i`mi? �M/ `2+QMbi`m+iBQM ᅽ?�/ 2M2`;v /Bbi`B#miBQMb #2ir22Mԏ ݂ ᅽᅽ SQr?2; YSvi?B� 3 b�KTH2 �M/ �Hi2`M�iBp2 b�KTH2X AM �//BiBQM- i?2
`2+QMbi`m+iBQM- B/2MiB}+�iBQM- �b r2HH �b i?2 i`B;;2` #v T2`BQ/ 2{+B2M+v mM+2`@
i�BMiB2b Q7 ᅽ?�/ �`2 i�F2M BMiQ +QMbB/2`�iBQMX

Ç C2i mM+2`i�BMiB2b (N8)

Ĝ C2i mM+2`i�BMiB2b �`2 K�BMHv D2i 2M2`;v b+�H2 �M/ `2bQHmiBQM- �M/ i?2 D2i p2`i2t
i�;;2`X h?2 D2i ~�pQm` �M/ ԑ@i�;;BM; mM+2`i�BMiB2b �`2 �HbQ i�F2M BMiQ �++QmMiX

Ç ӺLCcc
i mM+2`i�BMiB2b (33)

Ĝ ӺLCcc
i mM+2`i�BMiB2b �`Bb2 7`QK i?2 bQ7i i`�+F 2M2`;v b+�H2 +�H+mH�i2/ 7`QK i?2 iQi�H

i`�Mbp2`b2 KQK2MimK Q7 i?2 ?�`/ Q#D2+ibX

Ç GmKBMQbBiv mM+2`i�BMiB2b

Ĝ 6Q` i?2 BMi2;`�i2/ HmKBMQbBiv /m`BM; kyR8@kyR3- i?2 mM+2`i�BMiv Bb 2biBK�i2/ 7Q`
�#Qmi RXdW (Ne)X

"2bB/2b- i?2 mM+2`i�BMiB2b 7`QK i?2 KBbB/2MiB}2/ ᅽ 2biBK�iBQM �`2 �HbQ +QMbB/2`2/X h?2
7�F2 mM+2`i�BMiB2b �`2 K�BMHv [m�MiB}2/ BMiQ 7Qm` ivT2b,
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Ç lM+2`i�BMiv QM i?2 BM/BpB/m�H 7�F2 7�+iQ`- HBF2 7Q` ӻղդե �M/ ӻո X h?2b2 mM+2`i�BMiB2b
�`Bb2 7`QK i?2 HBKBi2/ bi�iBbiB+b BM i?2 +Q``2bTQM/BM; +QMi`QH `2;BQMb r?2`2 i?2v �`2
+�H+mH�i2/X

Ç lM+2`i�BMiv QM i?2 ԇղդե 2biBK�iBQM �M/ i?Bb BM+Hm/2b i?2 7QHHQrBM; bQm`+2b,

Ĝ ai�iBbiB+�H mM+2`i�BMiv Q7 i?2 `2;BQMb r?2`2 ԇղդե Bb +�H+mH�i2/X

Ĝ ai�iBbiB+�H mM+2`i�BMiv QM i?2 BbQH�iBQM 7�+iQ` �`BbBM; 7`QK i?2 HBKBi2/ bi�iBbiB+b
BM i?2 +QMi`QH `2;BQMb r?2`2 i?2v �`2 +�H+mH�i2/X

Ĝ lM+2`i�BMiv #�b2/ QM i?2 /Bz2`2M+2 #2ir22M BbQH�iBQM 7�+iQ`b +�H+mH�i2/ mbBM;
b�K2 bB;M �M/ QTTQbBi2 bB;M 2p2Mi b2H2+iBQMX

Ç lM+2`i�BMiv QM i?2 J* bm#i`�+iBQM 7Q` ӻղդե- ӻո �M/ ԇղդե +�H+mH�iBQMX
Ç h?2 +HQbm`2 mM+2`i�BMiB2b �`2 +�H+mH�i2/ #v i�FBM; i?2 /Bb+`2T�M+v #2ir22M /�i� �M/

T`2/B+iBQM BM b�K2 bB;M `2;BQM r?B+? Bb mb2/ iQ �++QmMi 7Q` i?2 /Bz2`2M+2 #2ir22M i?2
`2;BQMb r?2`2 7�F2 7�+iQ`b �`2 +�H+mH�i2/ �M/ �TTHB2/X AM +HQbm`2 i2bi i?2 b�K2 7�F2
2biBK�iBQM K2i?Q/ Bb �TTHB2/ BM b�K2 bB;M `2;BQMX

AM ᅽH2Tᅽ?�/ +?�MM2H- i?2 7�F2 mM+2`i�BMiB2b �`2 2biBK�i2/ 7`QK i?2b2 7Qm` bQm`+2bX q?BH2
BM ᅽ?�/ᅽ?�/ +?�MM2H- i?2`2 Bb MQ ԇղդե mb2/ i?2M i?2 mM+2`i�BMiB2b �`2 2biBK�i2/ 7`QK i?2
`2bi i?`22 bQm`+2bX

jXeXj ᅽ@/2+�v `2H�i2/ mM+2`i�BMiB2b
h?2 ᅽ /2+�v `2+QMbi`m+iBQM `2H�i2/ mM+2`i�BMiB2b BM+Hm/2 i?2 i?2 ᅽ?�/ /2+�v KQ/2 +H�b@

bB}+�iBQM- �b r2HH �b i?2 K2�bm`2K2Mi mM+2`i�BMiB2b Q7 i?2 BKT�+i T�`�K2i2` Q7 i?2 i`�+F-
+?�`;2/ TBQM i`�+F KQK2MimK- �M/ M2mi`�H TBQM KQK2MimKX h?2b2 mM+2`i�BMiB2b T`BK�`@
BHv �z2+i i?2 K2�bm`2K2Mi `2bmHib #2+�mb2 i?2v rBHH +�mb2 i?2 �z2+i QM b?�T2 Q7 i?2 ᆈ੟

+T

/Bbi`B#miBQMX
h?2 mM+2`i�BMiB2b �`Bb2 7`QK +H�bbB}+�iBQM Q7 i?2 ᅽ?�/ /2+�v KQ/2 �`2 /2`Bp2/ 7`QK +H�bbB@

}+�iBQM 2{+B2M+v �M/ +Q``2+iBQM 7�+iQ` K2�bm`2K2Mi mbBM; i?2 T`Q#2@�M/@i�; �M�HvbBb rBi?
i?2 ᅷ@ᅽ?�/ }M�H bi�i2bX h?2b2 mM+2`i�BMiB2b +QMbB/2` #Qi? i?2 ᅽ?�/ /2+�v KQ/2 +H�bbB}+�iBQM
2{+B2M+v �M/ 2p2Mi KB;`�iBQM #2ir22M /2+�v KQ/2bX h?2 bBx2 Q7 i?2b2 mM+2`i�BMiB2b �`2
2biBK�i2/ �#Qmi e@kyW #v /Bz2`2Mi /2+�v KQ/2X

h?2 i`�+F mM+2`i�BMiB2b rQmH/ `2bmHi BM � i`�+F bK2�`BM; Q7 �HH i?2 Q#D2+ib `2+QMbi`m+i2/ BM
i?2 }M�H bi�i2- BM+Hm/BM; #Qi? i`�+F Q7 ᅽ?�/ �M/ i`�+F Q7 2H2+i`QMfKmQMX h?2b2 mM+2`i�BMiB2b
�z2+i i?2 BKT�+i T�`�K2i2`b �M/ i`�+F K2�bm`2K2Mib BM+Hm/2 i?Qb2 BM �HB;MK2Mi 2z2+ib �M/
BM BKT�+i T�`�K2i2` `2bQHmiBQMX

h?2 mM+2`i�BMiB2b 7Q` i?2 ᅺЈ �M;mH�` `2bQHmiBQM �M/ 2M2`;v `2bQHmiBQM �`2 2p�Hm�i2/ #v
i?2 BM@bBim K2�bm`2K2Mi BM /2/B+�i2/ w +QMi`QH `2;BQM BM i?2 �M�HvbBbX h?2 p�`B�iBQM Q7ᅺЈ �M;mH�` `2bQHmiBQM �M/ 2M2`;v `2bQHmiBQM �`2 7QmM/ iQ ?�p2 i?2 �z2+i QM i?2 b?�T2 Q7
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i?2 BMp�`B�Mi K�bb Q7 ᅺ਻ᅺЈ bvbi2K Ԝ	ᅺ਻
 ᅺЈ
X h?2`27Q`2- i?2 w +QMi`QH `2;BQMb /2}M2/ BM
a2+iBQM jX9 2M`B+?2/ #v ӯ@RTRM 7Q` ᅽH2Tᅽ?�/ �M/ RTRM@RTRM 7Q` ᅽ?�/ᅽ?�/ �`2 mb2/ iQ 2p�Hm�i2
i?2b2 ᅺЈ `2H�i2/ mM+2`i�BMiB2b 7`QK /�i� BM i?2 +QK#BM2/ }iX

jXd ai�iBbiB+�H �M�HvbBb
h?2 b2+iBQM rBHH }`biHv BMi`Q/m+2 i?2 #�bB+ B/2�b Q7 i?2 bi�iBbiB+�H /�i� �M�HvbBb K2i?Q/

r?B+? Bb ;2M2`�HHv mb2/ BM 2tT2`BK2Mi�H T�`iB+H2 T?vbB+bX h?2M i?2 �TTHB+�iBQM Q7 i?2 bi�iBb@
iB+�H �M�HvbBb rBHH #2 mb2/ 7Q` i?2 BMi2`T`2i�iBQM Q7 i?Bb �M�HvbBbX

jXdXR ai�iBbiB+�H �M�HvbBb

h?2 ;2M2`�H Tm`TQb2 7Q` � bi�iBbiB+�H �M�HvbBb Bb iQ K�F2 � /Bb+Qp2`v- Q` b2i � +QMbi`�BMi
BMi2`p�H Q` �M mTT2` HBKBi 7Q` � K2�bm`2/ T�`�K2i2`X AM i?Bb b2+iBQM i?2 #�bB+ +QM+2Tib Q7
bi�iBbiB+�H ?vTQi?2bBb i2biBM; 7Q` /Bb+Qp2`v �M/ K�tBKmK HBF2HB?QQ/ UJGV 2biBK�iQ` K2i?Q/
7Q` T�`�K2i2` +QMbi`�BM rBHH #2 #`B2~v BMi`Q/m+2/ (Nd- N3)X

jXdXRXR *QM+2Tib Q7 bi�iBbiB+�H i2bi

ai�iBbiB+�H i2bi Bb �BK2/ iQ K�F2 � bi�i2K2Mi �#Qmi ?Qr r2HH i?2 Q#b2`p2/ /�i� �;`22 rBi?
bQK2 ;Bp2M ?vTQi?2b2bX q2 mbm�HHv K2�bm`2 bQK2 `�M/QK p�`B�#H2b U2X;X BMp�`B�Mi K�bbV
t � 	ԧφ
 ���
 ԧ։
 Q7 i?2 /�i�X h?2b2 `�M/QK p�`B�#H2b rBHH ?�p2 /Bz2`2Mi TQbbB#BHBiv /2MbBiv
7mM+iBQM UTX/X7XV ԕ	t
 mM/2` /Bz2`2Mi ?vTQi?2bBb �M/ i?mb r2 +�M +QKT�`2 i?2B` /Bbi`B#miBQMb
#2ir22M /�i� �M/ p�`BQmb ?vTQi?2b2b 7Q` i?2 bi�iBbiB+�H i2biX h?2 MQKBM�H ?vTQi?2bBb ӽЈ Bb
+�HH2/ MmHH ?vTQi?2bBb rBi? i?2 TX/X7X ԕ	t]ӽЈ
- �M/ i?2 �Hi2`M�iBp2 ?vTQi?2b2b ӽφUXXXV rBi?
i?2 TX/X7X ԕ	t]ӽφ
X 6Q` 2t�KTH2 BM "aJ b2�`+? Q` /Bb+Qp2`v- i?2 MmHH ?vTQi?2bBb Bb Q7i2M
i�F2M �b i?2 #�+F;`QmM/ QMHv r?BH2 i?2 �Hi2`M�iBp2 ?vTQi?2b2b +QmH/ #2 #�+F;`QmM/ THmb
p�`BQmb bB;M�H BM /Bz2`2Mi KQ/2HX �7i2` ;2iiBM; i?2 i2bi bi�iBbiB+ i	t
- 7Q` 2�+? ?vTQi?2bBb
r2 rQmH/ HBF2 iQ +QM+Hm/2 �b `2D2+i Q` �++2Ti Bi mM/2` i?2 i2bi Q7 i?2 /�i�X h?2`27Q`2 2t+2Ti
i?2 `B;?i /2+BbBQM- i?2`2 �`2 irQ ivT2b Q7 2``Q` QM2 K�v K�F2X hvT2 A 2``Q` Bb `2D2+iBM; i?2
MmHH ?vTQi?2bBb r?2M Bi Bb i`m2- r?BH2 ivT2 AA 2``Q` Bb MQi `2D2+iBM; i?2 MmHH ?vTQi?2bBb r?2M
Bi Bb 7�Hb2X

hQ [m�MiBx2 i?2b2 2``Q`b- bQK2 +2`i�BM `2;BQMb Q7 i?2 /Bz2`2Mi ?vTQi?2bBb /Bbi`B#miBQM �`2
/2}M2/ �b i?2 +`BiB+�H `2;BQM- rBi? i?�i +mi p�Hm2 ԣվ֐֏ M�K2/ /2+BbBQM #QmM/�`v �b BHHmbi`�i2/
BM 6B;m`2 jXk9X 6Q` ivT2 A 2``Q`- i?Bb `2;BQM Bb /2}M2/ mM/2` i?2 MmHH ?vTQi?2bBb ӽЈ �M/
Bb [m�MiBx2 #v i?2 bB;MB}+�M+2 H2p2H ᅫ- r?B+? Bb i?2 TQbbB#BHBiv iQ `2D2+i i?2 MmHH ?vTQi?2bBb
;Bp2M Bi Bb i`m2 ᅫ � ௷�֏Ո՚ՙ ԕ	ԣ]ӽЈ
0ԣ UjXkyV
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6B;m`2 jXk9, AHHmbi`�iBQM Q7 i?2 /2}MBiBQM Q7 bB;MB}+�M+2 H2p2H ᅫ �M/ TQr2` Q7 � i2bi ᅬ- r?B+?
mb2/ 7Q` [m�MiBxBM; irQ ivT2b Q7 2``Q`X

i?2 `2bmHi BM i?2b2 `2;BQM rQmH/ #2 p2`v BM7`2[m2Mi B7 i?2 MmHH ?vTQi?2bBb Bb i`m2X aQK2iBK2b
r2 i�HF �#Qmi i?2 +QM}/2M+2 H2p2H U*GV �b i?2 /2}MBiBQM ᅭ � 	�਷ᅫ
- r?B+? ;Bp2b i?2 BMi2`p�H
iQ b?Qr i?2 /2;`22 Q7 +QM}/2M+2X

h?2 ԟ@p�Hm2 Bb i?2 T`Q#�#BHBiv Q7 Q#i�BMBM; i2bi `2bmHib �i H2�bi �b 2ti`2K2 �b i?2 `2bmHi
�+im�HHv Q#b2`p2/ mM/2` i?2 MmHH ?vTQi?2bBb Bb �bbmK2/ iQ #2 +Q``2+iX AM +�b2 Q7 bBM;H2 i�BH
/Bbi`B#miBQM BM i?2 BHHmbi`�iBQM Bi rBHH +�H+mH�i2/ �b ௩�֏ՔՇ՘ ԕ	ԣ]ӽЈ
0ԣ r?2`2 ԣ֊ս֎ Bb Q#b2`p2/
`2bmHiX h?2 ԟ@p�Hm2 Bb �Hr�vb +QKT�`2/ rBi? i?2 bB;MB}+�M+2 H2p2H- B7 r?2M ԟ ମ ᅫ r2 ?�p2
i?2 	� ਷ ᅫ
 +QM}/2M+2 i?�i Bi Bb `B;?i iQ `2D2+i i?2 MmHH ?vTQi?2bBbX

aBKBH�`Hv- 7Q` ivT2 AA 2``Q` r2 +�M /2}M2 ᅬ �b i?2 TQbbB#BHBiv MQi `2D2+i i?2 MmHH ?vTQi?2bBb
;Bp2M Bi Bb 7�Hb2 ᅬ � ௷֏Ո՚ՙ਷� ԕ	ԣ]ӽφ
0ԣ UjXkRV

/2MQi2/ i?2 TQr2` Q7 � i2bi �b 	� ਷ ᅬ
 iQ b?Qr i?2 +?�M+2 i?�i bm++2bb7mHHv `2D2+i i?2 7�Hb2
MmHH ?vTQi?2bBbX Ai Bb �HbQ +�HH2/ i?2 b2MbBiBpBiv BM i?2 +QMi2ti Q7 i?2 #BM�`v +H�bbB}+�iBQMX

jXdXRXk J�tBKmK HBF2HB?QQ/ K2i?Q/

A7 r2 i2bi � `�M/QK p�`B�#H2 ԧ rBi? � TX/X7X ԕ	ԧ� ᅲ
 /2T2M/ QM i?2 T�`�K2i2` ᅲ- QM2 Q7
i?2 i�`;2i rBHH #2 iQ /2+B/2 i?2 T�`�K2i2` #v /�i�X h?Bb Bb `2�HBx2/ #v i?2 K2i?Q/ +�HH2/
i?2 K�tBKmK HBF2HB?QQ/ i2+?MB[m2X h?2 `�M/QK p�`B�#H2 rBHH #2 K2�bm`2/ `2T2�i2/Hv �bԧφ
 ���
 ԧ։ Q` Bi +�M `2T`2b2Mi i?2 KmHiB/BK2MbBQM�H p�`B�#H2X h?2 HBF2HB?QQ/ Bb /2}M2/ �b i?2
7mM+iBQM Q7 i?2 T�`�K2i2` ᅲ ԁ	ᅲ
 � ։ఃք�φ ԕ	ԧք� ᅲ
 UjXkkV

Bb � DQBMi TX/X7X 7Q` i?2 Q#b2`p2/ p�`B�#H2X
aBM+2 i?2 HBF2HB?QQ/ 7mM+iBQM p�`B2/ rBi? i?2 T�`�K2i2` ᅲ- Bi rBHH #2 i?2 H�`;2bi UKQbi

HBF2HvV r?2M ᅲ Bb +HQb2/ iQ i?2 i`m2 p�Hm2X h?mb i?2 ᅲ Bb /2+B/2/ �b i?2 p�Hm2 +Q``2bTQM/2/
iQ ?B;?2bi HBF2HB?QQ/ rBi? �HH HQ+�H K�tBKmK p�Hm2bX hQ /2i2`KBM2 i?2 #2bi }i p�Hm2 �M/
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2``Q` Q7 i?2 T�`�K2i2`- +QMbB/2` i?2 h�vHQ` 2tT�MbBQM Q7 i?2 HQ;@HBF2HB?QQ/ 7mM+iBQM �`QmM/
i?2 JG 2biBK�iQ` ࣞᅲ UiQ /BbiBM;mBb? rBi? i?2 i`m2 T�`�K2i2` p�Hm2 ᅲV

IR< ԁ	ᅲ
 � IR< ԁ	 ࣞᅲ
 � ঝᆉ IR< ԁᆉᅲ ঞᇆ� ࣞᇆ 	ᅲ ਷ ࣞᅲ
 � ��� ঳ᆉϵ IR< ԁᆉᅲϵ ঴ᇆ� ࣞᇆ 	ᅲ ਷ ࣞᅲ
ϵ � ��� UjXkjV

#v /2}MBiBQM i?2 }`bi /2`Bp�iBp2 Bb x2`Q ᇝ IR< խᇝᇆ � � #2+�mb2 i?2 IR< ԁ b?QmH/ #2 K�tBKmK
i?�i IR< ԁ	 ࣞᅲ
 � IR< ԁֈռ֓- �M/ ᇝɞ IR< խᇝᇆɞ � ᅼࣞϵࣞᇆ X h?2 1[m�iBQM UjXkjV rBHH #2+QK2

IR< ԁ	ᅲ
 � IR< ԁֈռ֓ ਷ 	ᅲ ਷ ࣞᅲ
ϵ�ᅼࣞϵࣞᇆ UjXk9V

i?2M r2 +�M ;2i i?2 2``Q` Q7 i?2 T�`�K2i2` K2�bm`2K2Mi਷ IR< ԁ	 ࣞᅲ ਻ ԃᅼࣞ ࣞᇆ
 � ਷ IR< ԁֈռ֓ � ԃϵ� UjXk8V

h?Bb Bb i?2 `2�bQM r?v r2 +�M ;2i i?2 2``Q` Q7 T�`�K2i2` K2�bm`2K2Mi 7`QK i?2 M2;�iBp2
HQ;@HBF2HB?QQ/ ULGGV THQiX 6B`bi r2 +�M /2i2`KBM2 i?2 #2bi }i p�Hm2 Q7 T�`�K2i2` ᅲ #v }M/BM;
i?2 K�tBKmK TQBMi Q7 i?2 HQ;@HBF2HB?QQ/ UKBMBKmK TQBMi Q7 i?2 LGGV- i?2M iQ /2i2`KBM2
i?2 2``Q` BMi2`p�H #v i?2 +`Qbb TQBMi Q7 ငLGG � կɞϵ �i � +2`i�BM +QM}/2M+2 H2p2HX

*QMbB/2` i?2 DQBMi TX/X7X Bb i?2 KmHiBTH2 Q7 bQK2 BM/2T2M/2Mi :�mbbB�M /Bbi`B#miBQM rBi?
i?2 `�M/QK p�`B�#H2 Ԩք � Ԩք	ԧք
 �M/ Bib i`m2 p�Hm2 ᅷ � ᅷ	ԧք� ᅲք
 /2T2M/ QM T�`�K2i2`b ᅲքԕ	Ԩք
 ᅼք� ᅷ
 � ։ఃք�φ �ఉ�ᅺᅼϵք 3uU ভ਷	Ԩք ਷ ᅷ
ϵ�ᅼϵք ম UjXkeV

i?2 +Q``2bTQM/2/ HQ;@HBF2HB?QQ/ 7mM+iBQM /`QTT2/ i?2 �//B+iBp2 +QMbi�Mi i2`K rBHH #2

IR< ԁ	ᅲք
 � ਷�� ։ంք�φ 	Ԩք ਷ ᅷ	ԧք� ᅲք

ϵᅼϵք � ਷��ᆀϵ	ᅲք
 UjXkdV

b?Qrb i?�i i?2 HQ;@HBF2HB?QQ/ Bi b2H7 Q#2v i?2 ᆀϵ /Bbi`B#miBQMX Ai +�M `2~2+i i?2 ;QQ/M2bb@Q7@}i
rBi? i?Bb K�tBKmK HBF2HB?QQ/ K2i?Q/ #v +�H+mH�iBM; i?2 ԟ@p�Hm2 BM i?2 ᆀϵ /Bbi`B#miBQMX

S`�+iB+�HHv i?2`2 �`2 K�Mv T�`�K2i2`b �z2+i i?2 K2�bm`2K2Mi #mi MQi �Hr�vb BMi2`2bi2/X
q2 i?2`27Q`2 +QMbB/2` QM2 UQ` KQ`2V T�`�K2i2`@Q7@BMi2`2biUbV USQAV ᅷ /BbiBM;mBb?2/ iQ Qi?2`
MmBb�M+2 T�`�K2i2`b ULSV ᅲ r?B+? Bb MQi BMi2`2bi2/X AM i?Bb +�b2 r2 +QMbB/2` i?2 T`Q}H2
HBF2HB?QQ/ `�iBQ ᅶ	ᅷ
 � ԁ	ᅷ
 ࣞࣞᅲ
ԁ	 ࣞᅷ
 ࣞᅲ
 UjXk3V

�b i?2 7mM+iBQM Q7 SQA ᅷX h?2 /2MQKBM�iQ` Bb K�tBKBx2/ HBF2HB?QQ/ rBi? #Qi? ࣞᅷ �M/ ࣞᅲ �b
i?2 JG 2biBK�iQ`- �M/ ࣞࣞᅲ Bb i?2 p�Hm2 Q7 ᅲ K�tBKBx2b i?2 HBF2HB?QQ/ 7Q` bT2+B}2/ ᅷX
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jXdXk 6Bi KQ/2H
h?2 �M�HvbBb �BKb iQ K2�bm`2 i?2 >B;;b Ӹԅ @KBtBM; �M;H2 ᅿᇑ BMi2`�+i2/ �b i?2 SQA- rBi?

i?2 ~Q�i MQ`K�HBx�iBQM 7�+iQ`b 7Q` ӽ ݂ ᅽᅽ bB;M�H �M/ ԏ ݂ ᅽᅽ #�+F;`QmM/ T`Q+2bb- �M/ i?2
�bbB;M i?2 bvbi2K�iB+b �b i?2 MmBb�M+2 T�`�K2i2`bX h?2 HBF2HB?QQ/ 7mM+iBQM Bb +QMbi`m+i2/
�b i?2 T`Q/m+iBQM Q7 i?2 SQBbbQM /Bbi`B#miBQM 7Q` i?2 vB2H/ BM 2�+? #BM- �M/ mbBM; i?2 #BMM2/
K�tBKmK HBF2HB?QQ/ K2i?Q/ iQ i2bi i?2 T�`�K2i2`bX h?2 MmBb�M+2 T�`�K2i2` 7`QK i?2
+QMi`B#miBQM Q7 i?2 bvbi2K�iB+b �`2 �bbB;M2/ �b i?2 :�mbbB�M /Bbi`B#miBQMb 7Q` +QMbi`�BMiX

6B;m`2 jXk8, amKK�`v Q7 i?2 }i KQ/2H rBi? iQi�H k9 bB;M�H `2;BQMb �M/ Ry w +QMi`QH `2;BQMbX
h?Bb b+?2K2 Bb BHHmbi`�i2/ bBKBH�`Hv 7Q` ᅽH2Tᅽ?�/ �M/ ᅽ?�/ᅽ?�/ /2+�v +?�MM2HX

AM a2+iBQM jX9- iQi�HHv k9 bB;M�H `2;BQMb �M/ Ry w +QMi`QH `2;BQMb �`2 /2}M2/ iQ 7Q`K i?2
HBF2HB?QQ/X h?2 b+?2K2 Q7 i?Bb }i KQ/2H +�M #2 BHHmbi`�i2/ �b 6B;m`2 jXk8X

h?2 k9 bB;M�H `2;BQMb +QKT`Bb2 i?2 +`Qbb Q7 irQ /2+�v +�i2;Q`B2b ᅽH2Tᅽ?�/ �M/ ᅽ?�/ᅽ?�/-
7Qm` >B;;b T`Q/m+iBQM +�i2;Q`B2b o"6ny- o"6nR- "QQbiny- �M/ "QQbinR- �M/ i?`22 QTiB@
KBx�iBQM +�i2;Q`B2b >B;?- J2/BmK- �M/ GQrX AM 2�+? bB;M�H `2;BQM- i?2 ᆈ੟

+T /Bbi`B#miBQMb �`2
QTiBKBx2/ rBi? i?2 #BMMBM; b+?2K2b 7Q` i?2 ;QQ/ b2MbBiBpBiv �M/ �`2 mb2/ 7Q` i?2 bi�iBbiB+�H
i2biX h?2 +QM/2Mb2/ TQbi@}i ᆈ੟

+T /Bbi`B#miBQMb BM bB;M�H `2;BQMb �`2 b?Qr2/ BM 6B;m`2 jXkeX
AM i?2 w +QMi`QH `2;BQMb- 3 Q7 Ry �`2 QM2 #BM /Bbi`B#miBQM 7Q` i?2 /2i2`KBM�iBQM Q7 7Qm`

MQ`K�HBx�iBQM 7�+iQ`b Q7 i?2 ԏ ݂ ᅽᅽ T`Q+2bb �b 7Qm` T`Q/m+iBQM +�i2;Q`B2b o"6ny- o"6nR-
"QQbiny- �M/ "QQbinR- +`Qbb BM irQ /2+�v +�i2;Q`B2b ᅽH2Tᅽ?�/ �M/ ᅽ?�/ᅽ?�/X h?2 `2bi irQ
w +QMi`QH `2;BQM 2M`B+?2/ Q7 i?2 ᅽ਻ ݂ ᅻ਻ᅸ ݂ ᅺ਻ᅺЈᅸ 2p2Mib UQM2 Bb ӯ@RTRM 7Q` ᅽH2Tᅽ?�/-
i?2 Qi?2` Bb RTRM@RTRM 7Q` ᅽ?�/ᅽ?�/V Bb mbBM; i?2 BMp�`B�Mi K�bb Q7 ᅺ਻ᅺЈ bvbi2K Ԝ	ᅺ਻
 ᅺЈ

iQ +QMbi`�BM i?2 ᅺЈ `2H�i2/ bvbi2K�iB+b K2MiBQM2/ BM a2+iBQM jXeXjX h?2b2 w*_ TQbi@}i
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U�V ᅽH2Tᅽ?�/ >B;? a_ U#V ᅽH2Tᅽ?�/ J2/BmK a_ U+V ᅽH2Tᅽ?�/ GQr a_

U/V ᅽ?�/ᅽ?�/ >B;? a_ U2V ᅽ?�/ᅽ?�/ J2/BmK a_ U7V ᅽ?�/ᅽ?�/ GQr a_

6B;m`2 jXke, SQbi@}i ᆈ੟
+T /Bbi`B#miBQMb BM bB;M�H `2;BQMb- rBi? ᅽH2Tᅽ?�/ �M/ ᅽ?�/ᅽ?�/ +QM/2Mb2/

7Qm` T`Q/m+iBQM +�i2;Q`B2b +�i2;Q`Bx2/ BM ?B;?- K2/BmK �M/ HQr `2;BQMX

/Bbi`B#miBQMb �`2 b?Qr2/ BM 6B;m`2 jXkdX
h?2 SQA ᅿᇑ �M/ >B;;b bB;M�H bi`2M;i? ᅷᇑᇑ U/2}M2/ �b i?2 `�iBQ Q7 i?2 K2�bm`2/ ӽ ݂ ᅽᅽ

vB2H/ iQ i?2 aJ T`2/B+iBQMV �`2 H27i ~Q�i iQ #2 K2�bm`2/X h?2 i2bi bi�iBbiB+ Bb #�b2/ QM �
T`Q}H2 HBF2HB?QQ/ `�iBQ 7Q` i?2 bi�iBbiB+�H BMi2`T`2i�iBQMX h?2b2 T�`�K2i2`b �`2 }ii2/ #v i?2
+QK#BM2/ }i Q7 �HH i?2b2 `2;BQMb /2}M2/ �#Qp2 #v K�tBKBxBM; HBF2HB?QQ/ 7mM+iBQMX

jX3 _2bmHib
�7i2` i?2 K�tBKmK HBF2HB?QQ/ K2i?Q/ bi�iBbiB+ i2bi- i?2 #2bi }i p�Hm2 �M/ 2``Q` T7 i?2

SQA ᅿᇑ - >B;;b bB;M�H bi`2M;i? ᅷᇑᇑ �M/ �HH MQ`K�HBx�iBQM 7�+iQ`b Q7 ԏ ݂ ᅽᅽ T`Q+2bb �`2
bmKK�`Bx2/ BM h�#H2 jXRyX h?2 MQ`K�HBx�iBQMb Q7 i?2 bB;M�H �M/ #�+F;`QmM/ T`Q+2bb2b �`2
+QKT�iB#H2 rBi? i?2 aJ T`2/B+iBQM +QMbB/2`BM; i?2 mM+2`i�BMiB2bX

h?2 M2;�iBp2 HQ;@HBF2HB?QQ/ b+�M THQi 7Q` SQA ᅿᇑ K2�bm`2K2Mi BM 2tT2+i2/ �M/ Q#b2`p2/
b+2M�`BQb Bb b?Qr2/ BM 6B;m`2 jXk3X Ai b?Qr2/ i?�i i?2 Q#b2`p2 U2tT2+i2/V p�Hm2 Q7 ᅿᇑ Bb�ੋ ਻ ��ੋ U�ੋ ਻ ��ੋV �i e3W +QM}/2M+2 H2p2H- �M/ ਻��ੋ U�ϨΘੋ਷ϨЈੋV �i kᅼ H2p2HX "2bB/2b- i?2 /�i�
/Bb7�pQm`b i?2 Tm`2 Ӹԅ @Q// ?vTQi?2bBb �i jX9ᅼ H2p2H- r?BH2 i?2 2tT2+i2/ 2t+HmbBQM H2p2H Bb
kXRᅼX



jX3 _1alGha 3R

U�V ᅽH2Tᅽ?�/ w*_ y U#V ᅽ?�/ᅽ?�/ w*_ y

U+V ᅽH2Tᅽ?�/ w*_ R U/V ᅽ?�/ᅽ?�/ w*_ R

6B;m`2 jXkd, SQbi@}i /Bbi`B#miBQMb BM w*_- rBi? i?2 QM2 #BM /Bbi`B#miBQMb BM U�V �M/ U#V 7Q`
i?2 +QMbi`�BMi Q7 ԏ ݂ ᅽᅽ MQ`K�HBx�iBQM 7�+iQ`b- �M/ Ԝ	ᅺ਻
 ᅺЈ
 /Bbi`B#miBQMb BM U+V �M/ U/V
7Q` ᅺЈ `2H�i2/ bvbi2K�iB+b +QMbi`�BMiX

6B;m`2 jXk3, PM2 /BK2MbBQM�H HBF2HB?QQ/ b+�M Q7 i?2 >B;;b Ӹԅ @KBtBM; �M;H2 ᅿᇑ X
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h�#H2 jXRy, amKK�`v Q7 i?2 T�`�K2i2`@Q7@BMi2`2bi ᅿᇑ �M/ 7`22 ~Q�iBM; MQ`K�HBx�iBQM 7�+iQ`b
2tT2+i2/ �M/ Q#b2`p2/ p�Hm2 rBi? i?2 mM+2`i�BMiB2b BM i?Bb K2�bm`2K2MiX

6Bii2/ T�`�K2i2`b P#b2`p2/ 1tT2+i2/ᅿᇑ �ੋ ਻ ��ੋ �ੋ ਻ ��ੋᅷᇑᇑ �����ЈӳϵЈ਷ЈӳϵЈ �����Јӳϵφ਷Јӳϵφ
L6#RRcjnSջ݂ᇑᇑ ���� ਻ ���� ���� ਻ ����
L6#RRcjnzջ݂ᇑᇑ ���� ਻ ���� ���� ਻ ����
L6p#7nSջ݂ᇑᇑ ���� ਻ ���� ���� ਻ ����
L6p#7nzջ݂ᇑᇑ ���� ਻ ���� ���� ਻ ����

h?2 2``Q` bQm`+2b Q7 i?Bb �M�HvbBb Bb bmKK�`Bx2/ BM h�#H2 jXRRX h?2 �M�HvbBb mM+2`i�BMiv
Bb /QKBM�i2/ #v i?2 /�i� bi�iBbiB+�H 2``Q`X 6Q` i?2 bvbi2K�iB+b mM+2`i�BMiB2b- i?2 K�BM
mM+2`i�BMiB2b Bb 7`QK D2i `2H�i2/ bvbi2K�iB+b- �M/ i?2M i?2 J* bi�iBbiB+�H 2``Q`X h?Bb Bb
mM/2`biQQ/ i?�i i?2 D2i 2M2`;v b+�H2 �M/ `2bQHmiBQM �z2+ib QM i?2 �++2Ti�M+2 Q7 i?2 bB;M�H �M/
#�+F;`QmM/ i?`Qm;? i?2 ӺLCcc

i - �M/ T�bbBM; i?Bb 2z2+i iQ ԜKK+ᇑᇑ X Ai �HbQ ?�b i?2 /B`2+i 2z2+i
QM i?2 b2H2+iBQM Q7 i?2 o"6 �M/ "QQbi +�i2;Q`B2b r?B+? Bb /2T2M/2/ QM i?2 D2i FBM2K�iB+bX
h?2 ᅺЈ `2H�i2/ bvbi2K�iB+b �`2 7QmM/ iQ ?�p2 bK�HH BKT�+i QM i?2 K2�bm`2K2Mi Q7 ᅿᇑ X

h?2 H�`;2 2``Q` /Bz2`2M+2 Q7 Q#b2`p2/ �M/ 2tT2+i2/ `2bmHib +�M #2 �ii`B#mi2/ iQ � bi�@
iBbiB+�H ~m+im�iBQM BM /�i�X h?2 mM+2`i�BMiB2b QM ᅿᇑ �`2 `2HB2/ QM i?2 b?�T2 Q7 i?2 ᆈ੟

+T

/Bbi`B#miBQM- �M/ i?2 b2MbBiBpBiv ?2�pBHv /2T2M/b QM i?2 KQ/mH�iBQM �KTHBim/2 Q7 i?2 ᆈ੟
+T

/Bbi`B#miBQMbX hQ i2bi i?Bb- � b2i Q7 Tb2m/Q@2tT2`BK2Mi /�i� rBi? i?2 >B;;b bB;M�H bi`2M;i?ᅷᇑᇑ � � �`2 T2`7Q`K2/ iQ }i #v i?2 b�K2 }i KQ/2HX h?Bb b?Qrb i?�i i?2 T`Q#�#BHBiv Q7
;2iiBM; i?2 `2bmHib �i H2�bi �b 2ti`2K2 �b i?2 Q#b2`p2/ QM2 Bb 9W- r?B+? Bb [mBi2 TQbbB#H2X

� irQ /BK2MbBQM�H HBF2HB?QQ/ b+�M Q7 ᅿᇑ �M/ ᅷᇑᇑ Bb BKTH2K2Mi2/ �M/ i?2 `2bmHi Bb b?Qr2/
BM 6B;m`2 jXkNX Ai Bb 7QmM/ i?�i i?2 aJ T`2/B+iBQM Q7 ᅿᇑ � � �M/ ᅷᇑᇑ � � Bb rBi?BM Rᅼ +QMiQm`
Q7 i?2 Q#b2`p2/ `2bmHi- �M/ i?2`2 Bb MQ bi`QM; +Q``2H�iBQM #2ir22M i?2b2 irQ T�`�K2i2`bX

hQ ;Bp2 �M BMimBiBp2 BHHmbi`�iBQM Q7 i?2 `2bmHib Q7 i?Bb �M�HvbBb- i?2 ᆈ੟
+T /Bbi`B#miBQM Q7 i?2

/�i� rBi? i?2 #�+F;`QmM/ bm#i`�+i2/ Q7 �HH bB;M�H `2;BQMb +QK#BM2/- iQ;2i?2` rBi? i?2 #2bi
}i ӽ ݂ ᅽᅽ bB;M�H T`Q+2bb +QKT�`2/ rBi? +QKT�`2/ rBi? i?2 Tm`2 Ӹԅ @2p2M �M/ Tm`2 Ӹԅ @
Q// ?vTQi?2b2b �`2 THQii2/ BM 6B;m`2 jXjyX h?2 bB;M�H `2;BQMb �`2 r2B;?i2/ #v IN	� � Ԉ�ӷ
-
BM r?B+? i?2 Ԉ �M/ ӷ �`2 2p2Mi vB2H/b Q7 bB;M�H �M/ #�+F;`QmM/- `2bT2+iBp2HvX h?2 /�i�
/Bbi`B#miBQM Bb KQ`2 T`272` i?2 Ӹԅ @2p2M ?vTQi?2bBb r?B+? Bb +Q``2bTQM/2/ rBi? i?2 bi�iBbiB+�H
i2bi `2bmHibX



jX3 _1alGha 3j

h�#H2 jXRR, AKT�+i 7`QK /Bz2`2Mi bQm`+2b Q7 mM+2`i�BMiv QM i?2 ᅿᇑ K2�bm`2K2MiX

a2i Q7 MmBb�M+2 T�`�K2i2`b AKT�+i QM ᅿᇑ (/2;`22b)
C2i 2M2`;v b+�H2 jX9
C2i 2M2`;v `2bQHmiBQM kX8
SBH2@mT D2i i�;;BM; yX8
C2i ~�pQm` i�;;BM; yXkӺKBbb

h yX9
1H2+i`QM yXj
JmQM yXNᅽ?�/ `2+QMbi`m+iBQM RXy
JBbB/2MiB}2/ ᅽ yXeᅽ?�/ /2+�v KQ/2 +H�bbB}+�iBQM yXjᅺЈ �M;mH�` `2bQHmiBQM �M/ 2M2`;v b+�H2 yXk
h`�+F Uᅺ਻- BKT�+i T�`�K2i2`V yXd
GmKBMQbBiv yXR
h?2Q`v mM+2`i�BMiv BM ӽ ݂ ᅽᅽ T`Q+2bb2b RX8
h?2Q`v mM+2`i�BMiv BM ԏ ݂ ᅽᅽ T`Q+2bb2b RXR
aBKmH�i2/ #�+F;`QmM/ b�KTH2 bi�iBbiB+b RX9
aB;M�H MQ`K�HBb�iBQM RX9
"�+F;`QmM/ MQ`K�HBb�iBQM yXe
hQi�H bvbi2K�iB+ mM+2`i�BMiv 8Xk
.�i� b�KTH2 bi�iBbiB+b R8Xe
hQi�H ReX9
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6B;m`2 jXkN, hrQ /BK2MbBQM�H HBF2HB?QQ/ b+�M Q7 i?2 >B;;b Ӹԅ @KBtBM; �M;H2 ᅿᇑ �M/ >B;;b
bB;M�H bi`2M;i? ᅷᇑᇑ X

6B;m`2 jXjy, *QK#BM2/ TQbi@}i /Bbi`B#miBQM Q7 ᆈ੟
+T BM �HH bB;M�H `2;BQMb r2B;?i2/ #v IN	� �Ԉ�ӷ
 rBi? i?2 #�+F;`QmM/ bm#i`�+i2/X



*?�Ti2` 9

*QM+HmbBQM �M/ PmiHQQF

h?Bb i?2bBb T`2b2Mib i?2 `2bmHib Q7 i?2 }`bi K2�bm`2K2Mi Q7 i?2 Ӹԅ bi`m+im`2 BM >B;;b@ᅽ
umF�r� +QmTHBM; BM i?2 �hG�a 2tT2`BK2MiX h?2 �M�HvbBb Bb #�b2/ QM i?2 /�i�b2i BM +2Mi2`@
Q7@K�bb Q7 �� h2o rBi? BMi2;`�i2/ HmKBMQbBiv Q7 ��� 7#਷φ `2+Q`/2/ #v �hG�a /2i2+iQ`bX

h?2 >B;;b@72`KBQM umF�r� +QmTHBM; Bb pBi�H iQ mM/2`bi�M/ i?2 Q`B;BM Q7 i?2 72`KBQM
K�bb- �M/ Bib Ӹԅ bi`m+im`2 Bb BKTQ`i�Mi iQ bQHp2 i?2 K�ii2`@�MiBK�ii2` �bvKK2i`v TmxxH2X
h?2 ӽ ݂ ᅽᅽ /2+�v Bb i?2 QMHv +?�MM2H iQ K2�bm`2 i?2 >@ᅽ umF�r� +QmTHBM; �M/ Bi ?�b
i?2 �/p�Mi�;2 i?�i i?2 ᅽ Bb i?2 ?2�pB2bi H2TiQM bQ Bi Bb i?2 bi`QM;2bi umF�r� +QmTHBM; BM
i?2 H2TiQM b2+iQ`X hQ K2�bm`2 Bib Ӹԅ T`QT2`iv- r2 +?QQb2 i?2 ᅽH2Tᅽ?�/ �M/ ᅽ?�/ᅽ?�/ /B@ᅽ
}M�H bi�i2b BM �M�HvbBb +QMbB/2`BM; i?2 b2MbBiBpBivX q2 mb2 i?2 ᆈ੟

+T r?B+? Bb i?2 �+QTH�M�`Biv
�M;H2 #2ir22M i?2 /B@ᅽ /2+�v TH�M2b �b i?2 Q#b2`p�#H2 iQ K2�bm`2 Bib T?�b2 �b i?2 ?�`KQMB+
7mM+iBQM /Bbi`B#miBQM iQ /2i2`KBM2 i?2 Ӹԅ @KBtBM; �M;H2 ᅿᇑ X "v `2+QMbi`m+iBM; i?2 ᆈ੟

+T mbBM;
/Bz2`2Mi K2i?Q/ BM /Bz2`2Mi ᅽ /2+�v KQ/2- r2 BKTH2K2Mi i?2 bi�iBbiB+ BMi2`T`2i�iBQM �7i2`
i?2 +�i2;Q`Bx�iBQM �M/ #�+F;`QmM/ 2biBK�iBQMX h?2 `2bmHib b?Qr i?�i i?2 Q#b2`p2 U2tT2+i2/V
p�Hm2 Q7 ᅿᇑ Bb �ੋ ਻ ��ੋ U�ੋ ਻ ��ੋV �i e3W +QM}/2M+2 H2p2HX Ai �;`22b rBi? i?2 aJ T`2/B+iBQM
+QMbB/2`BM; i?2 mM+2`i�BMivX

h?2 `2bmHib Q7 i?Bb �M�HvbBb Bb HBKBi2/ #v /�i� bi�iBbiB+�H mM+2`i�BMivX Ai Bb 2tT2+i2/
iQ #2 BKT`Qp2/ rBi? KQ`2 /�i� �b i?2 G>* `mM iQ � ?B;?2` BMi2;`�i2/ HmKBMQbBiv- �M/ i?2
BKT`Qp2K2Mi 7`QK i?2 >G@G>* mT;`�/2 �`2 7Q`2b22MX h?2 2tT2+i2/ +QMbi`�BMi QM ᅿᇑ rBHH #2਻��ੋ r?2M i?2 HmKBMQbBiv `2�+?2b iQ ��� 7#਷φ r?B+? Bb TH�M2/ 7Q` _mMj- �M/ ਻�ੋ r?2M i?2
BMi2;`�i2/ HmKBMQbBiv +QK2b iQ ���� 7#਷φ �b 7Q`2b22M BM i?2 _mM9Y_mM8 /�i�b2iX "2bB/2b-
i?2 `2}M2K2Mi Q7 i?2 ᅽ?�/ /2+�v KQ/2 +H�bbB}+�iBQM #v M2m`�H M2irQ`F Jo� K2i?Q/ +�M
BMi`Q/m+2 i?2 BKT`Qp2K2Mi #2+�mb2 i?2 ᆈ੟

+T `2+QMbi`m+iBQM Bb ?2�pBHv `2HB2/ QM i?2 ᅽ /2+�v
KQ/2X h?Bb K2i?Q/ Bb p�HB/�i2/ �M/ BKTH2K2Mi2/ 7Q` i?2 ᅽ?�/ /2+�v KQ/2 +H�bbB}+�iBQM
BM i?2 H�i2` �hG�a �M�HvbBb #�b2 `2H2�b2X 6m`i?2`KQ`2- i?2 TQbbB#H2 M2r �M�HvbBb K2i?Q/
+QK#BM2/ rBi? Jo� +QmH/ �HbQ 2M?�M+2 i?2 b2MbBiBpBivX

h?2 K2�bm`2K2Mi Q7 i?2 Ӹԅ bi`m+im`2 Q7 i?2 >B;;b +QmTHBM; iQ i?2 Qi?2` aJ T�`iB+H2b
rBHH �HbQ /22T2M i?2 mM/2`bi�M/BM; Q7 i?2 #�`vQM �bvKK2i`v BM i?2 mMBp2`b2X h?2 +QK#BM2
bim/v BM i?2 >B;;b b2+iQ` rBHH /2TB+i � r?QH2 TB+im`2 BM >B;;b �M/ Ӹԅ T?vbB+bX
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"B#HBQ;`�T?v

(R) :2Q`;2b ��/ 2i �HX- P#b2`p�iBQM Q7 � M2r T�`iB+H2 BM i?2 b2�`+? 7Q` i?2 ai�M/�`/
JQ/2H >B;;b #QbQM rBi? i?2 �hG�a /2i2+iQ` �i i?2 G>*-
S?vbX G2iiX " dRe UkyRkV RX

(k) a2`;m2B *?�i`+?v�M 2i �HX- P#b2`p�iBQM Q7 � L2r "QbQM �i � J�bb Q7 Rk8 :2o rBi?
i?2 *Ja 1tT2`BK2Mi �i i?2 G>*- S?vbX G2iiX " dRe UkyRkV jyX

(j) JX 6mFm;Bi� �M/ hX u�M�;B/�- "�`vQ;2M2bBb qBi?Qmi :`�M/ lMB}+�iBQM-
S?vbX G2iiX " Rd9 URN3eV 98X

(9) �X .X a�F?�`Qp-
oBQH�iBQM Q7 *S AMp�`B�M+2- * �bvKK2i`v- �M/ #�`vQM �bvKK2i`v Q7 i?2 mMBp2`b2-
SBbK� w?X 1FbTX h2Q`X 6BxX 8 URNedV jkX

(8) J�FQiQ EQ#�v�b?B �M/ hQb?B?B/2 J�bF�r�-
*S oBQH�iBQM BM i?2 _2MQ`K�HBx�#H2 h?2Q`v Q7 q2�F AMi2`�+iBQM-
S`Q;X h?2Q`X S?vbX 9N URNdjV e8kX

(e) q2`M2` "2`M`2mi?2`- *S pBQH�iBQM �M/ #�`vQ;2M2bBb-
G2+iX LQi2b S?vbX 8NR UkyykV kjdX

(d) :2Q`;2b ��/ 2i �HX-
h2bi Q7 *S AMp�`B�M+2 BM p2+iQ`@#QbQM 7mbBQM T`Q/m+iBQM Q7 i?2 >B;;b #QbQM mbBM;
i?2 PTiBK�H P#b2`p�#H2 K2i?Q/ BM i?2 /Bi�m /2+�v +?�MM2H rBi? i?2 �hG�a /2i2+iQ`-
1m`X S?vbX CX * de UkyReV e83X

(3) JQ`�/ ��#Qm/ 2i �HX- J2�bm`2K2Mi Q7 i?2 >B;;b #QbQM +QmTHBM; T`QT2`iB2b BM i?2ӽ ݂ ԏԏ੟ ݂ �ӯ /2+�v +?�MM2H �i అԢ 4 Rj h2o rBi? i?2 �hG�a /2i2+iQ`-
C>1S yj UkyR3V yN8X

(N) JQ`�/ ��#Qm/ 2i �HX- J2�bm`2K2Mib Q7 >B;;b #QbQM T`QT2`iB2b BM i?2 /BT?QiQM /2+�v
+?�MM2H rBi? je 7#਷φ Q7 ԟԟ +QHHBbBQM /�i� �i అԢ � �� h2o rBi? i?2 �hG�a /2i2+iQ`-
S?vbX _2pX . N3 UkyR3V y8kyy8X

(Ry) o�`/�M E?�+?�i`v�M 2i �HX- *QK#BM2/ b2�`+? 7Q` �MQK�HQmb Tb2m/Qb+�H�` >oo
+QmTHBM;b BM o>U> ݂ ԑ ԑV۽ T`Q/m+iBQM �M/ > ݂ oo /2+�v-
S?vbX G2iiX " d8N UkyReV edkX

3d
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(RR) �H#2`i J aB`mMv�M 2i �HX- J2�bm`2K2Mib Q7 i?2 >B;;b #QbQM rB/i? �M/ �MQK�HQmbӽԋ ԋ +QmTHBM;b 7`QK QM@b?2HH �M/ Qz@b?2HH T`Q/m+iBQM BM i?2 7Qm`@H2TiQM }M�H bi�i2-
S?vbX _2pX . NN UkyRNV RRkyyjX

(Rk) �H#2`i J aB`mMv�M 2i �HX- *QMbi`�BMib QM �MQK�HQmb ӽԋ ԋ +QmTHBM;b 7`QK i?2
T`Q/m+iBQM Q7 >B;;b #QbQMb /2+�vBM; iQ ᅽ H2TiQM T�B`b-
S?vbX _2pX . Ryy UkyRNV RRkyykX

(Rj) J�ii?2r .X a+?r�`ix- Zm�MimK 6B2H/ h?2Q`v �M/ i?2 ai�M/�`/ JQ/2H-
*�K#`B/;2 lMBp2`bBiv S`2bb- kyR9X

(R9) JX a`2/MB+FB- Zm�MimK }2H/ i?2Q`v- *�K#`B/;2 lMBp2`bBiv S`2bb- kyydX

(R8) ai2p2M q2BM#2`;- h?2 Zm�MimK i?2Q`v Q7 }2H/bX oQHX R, 6QmM/�iBQMb-
*�K#`B/;2 lMBp2`bBiv S`2bb- kyy8X

(Re) ai2p2M q2BM#2`;- h?2 [m�MimK i?2Q`v Q7 }2H/bX oQHX k, JQ/2`M �TTHB+�iBQMb-
*�K#`B/;2 lMBp2`bBiv S`2bb- kyRjX

(Rd) ai2p2M q2BM#2`;- h?2 [m�MimK i?2Q`v Q7 }2H/bX oQHX j, amT2`bvKK2i`v-
*�K#`B/;2 lMBp2`bBiv S`2bb- kyRjX

(R3) JB+?�2H 1X S2bFBM �M/ .�MB2H oX a+?`Q2/2`-
�M AMi`Q/m+iBQM iQ [m�MimK }2H/ i?2Q`v- _2�/BM;- la�, �//BbQM@q2bH2v- RNN8X

(RN) 1X LQ2i?2`- AMp�`B�Mi2 o�`B�iBQMbT`Q#H2K2- ;2`-
L�+?`B+?i2M pQM /2` :2b2HHb+?�7i /2` qBbb2Mb+?�7i2M xm :ƺiiBM;2M-
J�i?2K�iBb+?@S?vbBF�HBb+?2 EH�bb2 RNR3 URNR3V kj8X

(ky) *?2M@LBM; u�M; �M/ _Q#2`i GX JBHHb-
*QMb2`p�iBQM Q7 AbQiQTB+ aTBM �M/ AbQiQTB+ :�m;2 AMp�`B�M+2-
S?vbX _2pX Ne URN89V RNR- 2/X #v CQM;@SBM; >bm �M/ .X 6BM2X

(kR) 6X 1M;H2`i �M/ _X "`Qmi- "`QF2M avKK2i`v �M/ i?2 J�bb Q7 :�m;2 o2+iQ` J2bQMb-
S?vbX _2pX G2iiX Rj URNe9V jkR- 2/X #v CX *X h�vHQ`X

(kk) S2i2` qX >B;;b- "`QF2M avKK2i`B2b �M/ i?2 J�bb2b Q7 :�m;2 "QbQMb-
S?vbX _2pX G2iiX Rj URNe9V 8y3- 2/X #v CX *X h�vHQ`X

(kj) aX GX :H�b?Qr- S�`iB�H avKK2i`B2b Q7 q2�F AMi2`�+iBQMb- Lm+HX S?vbX kk URNeRV 8dNX

(k9) ai2p2M q2BM#2`;- � JQ/2H Q7 G2TiQMb- S?vbX _2pX G2iiX RN URNedV Rke9X

(k8) �#/mb a�H�K- q2�F �M/ 1H2+i`QK�;M2iB+ AMi2`�+iBQMb-
*QM7X S`Q+X * e3y8RN URNe3V jedX

(ke) G>* J�+?BM2- CALah j Ukyy3V ay3yyR- 2/X #v GvM/QM 1p�Mb �M/ S?BHBT "`v�MiX

(kd) :X ��/ 2i �HX- h?2 �hG�a 1tT2`BK2Mi �i i?2 *1_L G�`;2 >�/`QM *QHHB/2`-
CALah j Ukyy3V ay3yyjX
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(k3) aX *?�i`+?v�M 2i �HX- h?2 *Ja 1tT2`BK2Mi �i i?2 *1_L G>*-
CALah j Ukyy3V ay3yy9X

(kN) �X �m;mbiQ �Hp2b C`X 2i �HX- h?2 G>*# .2i2+iQ` �i i?2 G>*-
CALah j Ukyy3V ay3yy8X

(jy) EX ��KQ/i 2i �HX- h?2 �GA*1 2tT2`BK2Mi �i i?2 *1_L G>*-
CALah j Ukyy3V ay3yykX

(jR) :2Q`;2b ��/ 2i �HX- C2i 2M2`;v b+�H2 �M/ `2bQHmiBQM K2�bm`2/ BM T`QiQM–T`QiQM
+QHHBbBQMb �i అԢ � �� h2o rBi? i?2 �hG�a /2i2+iQ`- 1m`X S?vbX CX * 3R UkykRV e3NX

(jk) S�mH :2bbBM;2` 2i �HX-
h?2 �+ib T`QD2+i, i`�+F `2+QMbi`m+iBQM bQ7ir�`2 7Q` >G@G>* �M/ #2vQM/-
1SC q2# *QM7X k98 UkykyV Ryyyj- 2/X #v *X .Q;HBQMB 2i �HX

(jj) h2+?MB+�H .2bB;M _2TQ`i 7Q` i?2 �hG�a AMM2` h`�+F2` SBt2H .2i2+iQ`- i2+?X `2TX-
*1_L- kyRdX

(j9) h2+?MB+�H .2bB;M _2TQ`i 7Q` i?2 �hG�a AMM2` h`�+F2` ai`BT .2i2+iQ`- i2+?X `2TX-
*1_L- kyRdX

(j8) �hG�a GB[mB/ �`;QM *�HQ`BK2i2` S?�b2@AA lT;`�/2, h2+?MB+�H .2bB;M _2TQ`i-
i2+?X `2TX- *1_L- kyRdX

(je) h2+?MB+�H .2bB;M _2TQ`i 7Q` i?2 S?�b2@AA lT;`�/2 Q7 i?2 �hG�a hBH2 *�HQ`BK2i2`-
i2+?X `2TX- *1_L- kyRdX

(jd) h2+?MB+�H .2bB;M _2TQ`i 7Q` i?2 S?�b2@AA lT;`�/2 Q7 i?2 �hG�a JmQM
aT2+i`QK2i2`- i2+?X `2TX- *1_L- kyRdX

(j3) h2+?MB+�H .2bB;M _2TQ`i 7Q` i?2 S?�b2@AA lT;`�/2 Q7 i?2 �hG�a h.�Z avbi2K-
i2+?X `2TX- *1_L- kyRdX

(jN) h2+?MB+�H .2bB;M _2TQ`i, � >B;?@:`�MmH�`Biv hBKBM; .2i2+iQ` 7Q` i?2 �hG�a
S?�b2@AA lT;`�/2- i2+?X `2TX- *1_L- kykyX

(9y) :2Q`;2b ��/ 2i �HX- J2�bm`2K2Mi Q7 i?2 *S T`QT2`iB2b Q7 >B;;b #QbQM BMi2`�+iBQMb
rBi? ᅽ@H2TiQMb rBi? i?2 �hG�a /2i2+iQ`- 1m`X S?vbX CX * 3j UkykjV 8ejX

(9R) :2Q`;2b ��/ 2i �HX-
h2bi Q7 *S BMp�`B�M+2 BM p2+iQ`@#QbQM 7mbBQM T`Q/m+iBQM Q7 i?2 >B;;b #QbQM BM i?2 >
¹ ᅽᅽ +?�MM2H BM T`QiQM–T`QiQM +QHHBbBQMb �i b4Rjh2o rBi? i?2 �hG�a /2i2+iQ`-
S?vbX G2iiX " 3y8 UkykyV Rj89keX

(9k) :2Q`;2b ��/ 2i �HX- Ӹԅ S`QT2`iB2b Q7 >B;;b "QbQM AMi2`�+iBQMb rBi? hQT Zm�`Fb BM
i?2 ԣ ԣӽ۽ �M/ ԣӽ S`Q+2bb2b lbBM; ӽ ݂ ᅭᅭ rBi? i?2 �hG�a .2i2+iQ`-
S?vbX _2pX G2iiX Rk8 UkykyV yeR3ykX

https://doi.org/10.1088/1748-0221/3/08/S08004
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(9j) :X ��/ 2i �HX- h2bi Q7 *S AMp�`B�M+2 BM >B;;b "QbQM o2+iQ`@"QbQM@6mbBQM
S`Q/m+iBQM lbBM; i?2 >¹ᅭᅭ *?�MM2H rBi? i?2 �hG�a .2i2+iQ`-
S?vbX _2pX G2iiX RjR UkykjV yeR3ykX

(99) S`Q#BM; i?2 Ӹԅ M�im`2 Q7 i?2 iQT@>B;;b umF�r� +QmTHBM; BM ԣ ԣӽ۽ �M/ ԣӽ 2p2Mib
rBi? ӽ ݂ ԑ ԑ۽ /2+�vb mbBM; i?2 �hG�a /2i2+iQ` �i i?2 G>*- UkykjVX

(98) :2Q`;2b ��/ 2i �HX- h2bi Q7 *S@BMp�`B�M+2 Q7 i?2 >B;;b #QbQM BM p2+iQ`@#QbQM 7mbBQM
T`Q/m+iBQM �M/ Bib /2+�v BMiQ 7Qm` H2TiQMb- UkykjVX

(9e) :2Q`;2b ��/ 2i �HX- 6B/m+B�H �M/ /Bz2`2MiB�H +`Qbb@b2+iBQM K2�bm`2K2Mib 7Q` i?2
p2+iQ`@#QbQM@7mbBQM T`Q/m+iBQM Q7 i?2 >B;;b #QbQM BM i?2 ӽ ݂ ԌԌ ੟ ݂ Ԕᅸᅷᅸ /2+�v
+?�MM2H �i Rj h2o rBi? i?2 �hG�a /2i2+iQ`- UkykjVX

(9d) *2M w?�M; �M/ a+Qii qBHH2M#`Q+F-
1z2+iBp2@6B2H/@h?2Q`v �TT`Q�+? iQ hQT@Zm�`F S`Q/m+iBQM �M/ .2+�v-
S?vbX _2pX . 3j UkyRRV yj9yyeX

(93) ai27�M "2`;2- q2`M2` "2`M`2mi?2`- �M/ a2#�biB�M EB`+?M2`-
.2i2`KBM�iBQM Q7 i?2 >B;;b *S@KBtBM; �M;H2 BM i?2 i�m /2+�v +?�MM2Hb �i i?2 G>*
BM+Hm/BM; i?2 .`2HH–u�M #�+F;`QmM/- 1m`X S?vbX CX * d9 UkyR9V jRe9X

(9N) ai27�M "2`;2- q2`M2` "2`M`2mi?2`- �M/ a2#�biB�M EB`+?M2`-
.2i2`KBM�iBQM Q7 i?2 >B;;b *S@KBtBM; �M;H2 BM i?2 i�m /2+�v +?�MM2Hb-
Lm+HX S�`iX S?vbX S`Q+X kdj@kd8 UkyReV 39R- 2/X #v J �;mBH�`@"2Mø�i2x- C 6mbi2`-
a J�`iø�@:�`+ø��- �M/ � a�Mi�K�`ø��X

(8y) ai27�M "2`;2- q2`M2` "2`M`2mi?2`- �M/ a2#�biB�M EB`+?M2`- S`QbT2+ib Q7
+QMbi`�BMBM; i?2 >B;;b #QbQM’b *S M�im`2 BM i?2 i�m /2+�v +?�MM2H �i i?2 G>*-
S?vbX _2pX . Nk UkyR8V yNeyRkX

(8R) CQb2T? _X .2HHǶ�[mBH� �M/ *?�`H2b �X L2HbQM- lb�;2 Q7 i?2 ᅽ۽ ᅽ Q` h �MiB@i .2+�v
JQ/2 iQ .BbiBM;mBb? �M AMi2`K2/B�i2 J�bb >B;;b "QbQM 6`QK � h2+?MBTBQM-
Lm+HX S?vbX " jky URN3NV 3eX

(8k) aX "2`;2- qX "2`M`2mi?2`- "X LB2T2Hi- �M/ >X aTB2b#2`;2`- >Qr iQ TBM /QrM i?2 *S
[m�MimK MmK#2`b Q7 � >B;;b #QbQM BM Bib i�m /2+�vb �i i?2 G>*-
S?vbX _2pX . 39 UkyRRV RReyyjX

(8j) ai27�M "2`;2- q2`M2` "2`M`2mi?2`- �M/ >m#2`i aTB2b#2`;2`-
>B;;b *S T`QT2`iB2b mbBM; i?2 ᅽ /2+�v KQ/2b �i i?2 AG*-
S?vbX G2iiX " dkd UkyRjV 933X

(89) JX E`�K2`- CQ?�MM >X Em?M- JX GX aiQM;- �M/ SX JX w2`r�b-
S`QbT2+ib Q7 K2�bm`BM; i?2 T�`Biv Q7 >B;;b T�`iB+H2b- wX S?vbX * e9 URNN9V kRX
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(88) umM;@am hb�B- .2+�v *Q``2H�iBQMb Q7 >2�pv G2TiQMb BM 2Y 2@ ě� G2TiQMY G2TiQM@-
S?vbX _2pX . 9 URNdRV k3kR- (1``�imK, S?vbX_2pX. Rj- ddR URNdeV)X

(8e) ai27�M "2`;2- q2`M2` "2`M`2mi?2`- �M/ CQ`; wB2i?2-
.2i2`KBMBM; i?2 *S T�`Biv Q7 >B;;b #QbQMb �i i?2 G>* BM i?2B` i�m /2+�v +?�MM2Hb-
S?vbX _2pX G2iiX Ryy Ukyy3V RdRey8X

(8d) SX �X wvH� 2i �HX- _2pB2r Q7 S�`iB+H2 S?vbB+b- Sh1S kyky UkykyV y3j*yRX

(83) ai27�M "2`;2 �M/ q2`M2` "2`M`2mi?2`- .2i2`KBMBM; i?2 *S T�`Biv Q7 >B;;b #QbQMb
�i i?2 G>* BM i?2 i�m iQ R@T`QM; /2+�v +?�MM2Hb- S?vbX G2iiX " edR UkyyNV 9dyX

(8N) :X _X "Qr2`- hX SB2`x+?�H�- wX q�b- �M/ JX qQ`2F-
J2�bm`BM; i?2 >B;;b #QbQMǶb T�`Biv mbBM; i�m ě� `?Q Mm-
S?vbX G2iiX " 89j UkyykV kkdX

(ey) EX .2b+?- �X AK?Q7- wX q�b- �M/ JX qQ`2F-
S`Q#BM; i?2 *S M�im`2 Q7 i?2 >B;;b #QbQM �i HBM2�` +QHHB/2`b rBi? i�m bTBM
+Q``2H�iBQMb, h?2 *�b2 Q7 KBt2/ b+�H�` @ Tb2m/Qb+�H�` +QmTHBM;b-
S?vbX G2iiX " 8dN Ukyy9V R8dX

(eR) _QMB >�`MBF- �/�K J�`iBM- h�F2KB+?B PFmB- _2BM�`/ S`BKmH�M/Q- �M/ 62HBt um-
J2�bm`BM; *S oBQH�iBQM BM ԗ ݂ ᅽ�ᅽ਷ �i *QHHB/2`b- S?vbX _2pX . 33 UkyRjV ydeyyNX

(ek) _X CƦx27QrB+x- 1X _B+?i2`@q�b- �M/ wX q�b-
SQi2MiB�H 7Q` QTiBKBxBM; i?2 >B;;b #QbQM *S K2�bm`2K2Mi BM > ݂ ᅽᅽ /2+�vb �i i?2
G>* BM+Hm/BM; K�+?BM2 H2�`MBM; i2+?MB[m2b- S?vbX _2pX . N9 UkyReV yNjyyRX

(ej) �hG�a *QHH�#Q`�iBQM-
�hG�a /�i� [m�HBiv QT2`�iBQMb �M/ T2`7Q`K�M+2 7Q` kyR8ĜkyR3 /�i�@i�FBM;-
CALah R8 UkykyV Sy9yyjX

(e9) �hG�a *QHH�#Q`�iBQM-
S2`7Q`K�M+2 Q7 2H2+i`QM �M/ T?QiQM i`B;;2`b BM �hG�a /m`BM; G>* _mM k-
1m`X S?vbX CX * 3y UkykyV 9dX

(e8) �hG�a *QHH�#Q`�iBQM- S2`7Q`K�M+2 Q7 i?2 �hG�a KmQM i`B;;2`b BM _mM k-
CALah R8 UkykyV SyNyR8X

(ee) �hG�a *QHH�#Q`�iBQM- h?2 �hG�a AMM2` .2i2+iQ` h`B;;2` T2`7Q`K�M+2 BM ԟԟ
+QHHBbBQMb �i �� h2o /m`BM; G>* _mM k- 1m`X S?vbX CX * 3k UkykRV kyeX

(ed) �hG�a *QHH�#Q`�iBQM-
S2`7Q`K�M+2 Q7 i?2 �hG�a G2p2H@R iQTQHQ;B+�H i`B;;2` BM _mM k-
1m`X S?vbX CX * 3k UkykRV dX

(e3) E2Bi? >�KBHiQM- S�QHQ L�bQM- 1K�Mm2H2 _2- �M/ :BmHB� w�M/2`B;?B-
LLGPSa bBKmH�iBQM Q7 >B;;b #QbQM T`Q/m+iBQM- C>1S Ry UkyRjV kkkX
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(eN) E2Bi? >�KBHiQM- S�QHQ L�bQM- �M/ :BmHB� w�M/2`B;?B-
6BMBi2 [m�`F@K�bb 2z2+ib BM i?2 LLGPSa SPq>1:YJBLGP >B;;b ;2M2`�iQ`-
C>1S y8 UkyR8V R9yX

(dy) aBKQM2 �HBQHB- S�QHQ L�bQM- *�`HQ PH2�`B- �M/ 1K�Mm2H2 _2-
� ;2M2`�H 7`�K2rQ`F 7Q` BKTH2K2MiBM; LGP +�H+mH�iBQMb BM b?Qr2` JQMi2 *�`HQ
T`Q;`�Kb, i?2 SPq>1: "Ps- C>1S ye UkyRyV y9jX

(dR) S�QHQ L�bQM-
� M2r K2i?Q/ 7Q` +QK#BMBM; LGP Z*. rBi? b?Qr2` JQMi2 *�`HQ �H;Q`Bi?Kb-
C>1S RR Ukyy9V y9yX

(dk) ai27�MQ 6`BtBQM2- S�QHQ L�bQM- �M/ *�`HQ PH2�`B- J�i+?BM; LGP Z*.
+QKTmi�iBQMb rBi? T�`iQM b?Qr2` bBKmH�iBQMb, i?2 SPq>1: K2i?Q/-
C>1S RR UkyydV ydyX

(dj) ai27�MQ 6`BtBQM2- :BQp�MMB _B/QH}- �M/ S�QHQ L�bQM- � TQbBiBp2@r2B;?i
M2ti@iQ@H2�/BM;@Q`/2` JQMi2 *�`HQ 7Q` ?2�pv ~�pQm` ?�/`QT`Q/m+iBQM-
C>1S yN UkyydV RkeX

(d9) >2`B#2`imb "X >�`i�MiQ- "�`#�`� C ;2`- G�m`� _2BM�- �M/ .Q`22M q�+F2`Qi?-
>B;;b #QbQM T`Q/m+iBQM BM �bbQ+B�iBQM rBi? iQT [m�`Fb BM i?2 SPq>1: "Ps-
S?vbX _2pX . NR UkyR8V yN9yyjX

(d8) _B+?�`/ .X "�HH 2i �HX- S�`iQM /Bbi`B#miBQMb 7Q` i?2 G>* `mM AA-
C>1S y9 UkyR8V y9yX

(de) hQ`#Dƺ`M aDƺbi`�M/ 2i �HX- �M BMi`Q/m+iBQM iQ Suh>A� 3Xk-
*QKTmiX S?vbX *QKKmMX RNR UkyR8V R8NX

(dd) wX *xv+xmH�- hX S`x2/xBMbFB- �M/ wX q�b-
h�maTBMM2` T`Q;`�K 7Q` bim/B2b QM bTBM 2z2+i BM i�m T`Q/m+iBQM �i i?2 G>*-
1m`X S?vbX CX * dk UkyRkV RN33X

(d3) hX S`x2/xBMbFB- 1X _B+?i2`@q�b- �M/ wX q�b-
h�maTBMM2`, � iQQH 7Q` bBKmH�iBM; *S 2z2+ib BM ӽ ݂ ᅽᅽ /2+�vb �i G>*-
1m`X S?vbX CX *d9 UkyR9V jRddX

(dN) hX S`x2/xBMbFB- 1X _B+?i2`@q�b- �M/ wX q�b- .Q+mK2Mi�iBQM Q7 ԉ ԐԤԈԟԘԝԝԔԡ
�H;Q`Bi?Kb, T`Q;`�K 7Q` bBKmH�iBM; bTBM 2z2+ib BM ᅽ @H2TiQM T`Q/m+iBQM �i G>*-
1m`X S?vbX CX * dN UkyRNV NRX

(3y) 1M`B+Q "Qi?K�MM 2i �HX- 1p2Mi ;2M2`�iBQM rBi? a?2`T� kXk-
a+BSQbi S?vbX d UkyRNV yj9X

(3R) �hG�a *QHH�#Q`�iBQM- h?2 �hG�a aBKmH�iBQM AM7`�bi`m+im`2-
1m`X S?vbX CX * dy UkyRyV 3kjX
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(3k) :1�Lh9 *QHH�#Q`�iBQM- aX �;QbiBM2HHB- 2i �HX- :2�Mi9 Ĝ � bBKmH�iBQM iQQHFBi-
Lm+HX AMbi`mKX J2i?X � 8ye UkyyjV k8yX

(3j) h`�+FBM; *S _2+QKK2M/�iBQMb 7Q` 1�`Hv kyR3 �M�Hvb2b- kyR3-
m`H, ?iiTb,ffirBFBX+2`MX+?firBFBf#BMfpB2r�mi?f�iH�bS`Qi2+i2/f
h`�+FBM;*S_2+b1�`HvkyR3 UpBbBi2/ QM yNfy9fkyR3VX

(39) 6BM�H h`�+FBM; *S _2+QKK2M/�iBQMb 7Q` _mM k- kykR- m`H, ?iiTb,
ffirBFBX+2`MX+?firBFBf#BMfpB2rf�iH�bS`Qi2+i2/fh`�+FBM;*S_2+b_mMk6BM�H
UpBbBi2/ QM y9fRjfkykRVX

(38) JQ`�/ ��#Qm/ 2i �HX-
1H2+i`QM `2+QMbi`m+iBQM �M/ B/2MiB}+�iBQM BM i?2 �hG�a 2tT2`BK2Mi mbBM; i?2 kyR8
�M/ kyRe G>* T`QiQM@T`QiQM +QHHBbBQM /�i� �i అԢ 4 Rj h2o-
1m`X S?vbX CX * dN UkyRNV ejNX

(3e) �hG�a *QHH�#Q`�iBQM- A/2MiB}+�iBQM Q7 ?�/`QMB+ i�m H2TiQM /2+�vb mbBM; M2m`�H
M2irQ`Fb BM i?2 �hG�a 2tT2`BK2Mi- �hG@S>ua@Sl"@kyRN@yjj- kyRNX

(3d) J�ii2Q *�++B�`B- :�pBM S a�H�K- �M/ :`2;Q`v aQv2x-
h?2 �MiB@FiD2i +Hmbi2`BM; �H;Q`Bi?K-
CQm`M�H Q7 >B;? 1M2`;v S?vbB+b kyy3 Ukyy3V yejX

(33) �hG�a *QHH�#Q`�iBQM-ӺKBbb
h T2`7Q`K�M+2 BM i?2 �hG�a /2i2+iQ` mbBM; kyR8ĜkyRe G>* ԟԟ +QHHBbBQMb-

�hG�a@*PL6@kyR3@ykj- kyR3X

(3N) �X 1H�;BM- SX Jm`�i- �X S`�MFQ- �M/ �X a�7QMQp-
� L2r J�bb _2+QMbi`m+iBQM h2+?MB[m2 7Q` _2bQM�M+2b .2+�vBM; iQ /B@i�m-
Lm+HX AMbi`mKX J2i?X � e89 UkyRRV 93RX

(Ny) :2Q`;2b ��/ 2i �HX- _2+QMbi`m+iBQM Q7 ?�/`QMB+ /2+�v T`Q/m+ib Q7 i�m H2TiQMb rBi?
i?2 �hG�a 2tT2`BK2Mi- 1m`X S?vbX CX *de UkyReV kN8X

(NR) JQ`�/ ��#Qm/ 2i �HX-
*`Qbb@b2+iBQM K2�bm`2K2Mib Q7 i?2 >B;;b #QbQM /2+�vBM; BMiQ � T�B` Q7 ᅽ@H2TiQMb BM
T`QiQM@T`QiQM +QHHBbBQMb �i అԢ � �� h2o rBi? i?2 �hG�a /2i2+iQ`-
S?vbX _2pX . NN UkyRNV ydkyyRX

(Nk) :2Q`;2b ��/ 2i �HX- 1H2+i`QM �M/ T?QiQM T2`7Q`K�M+2 K2�bm`2K2Mib rBi? i?2
�hG�a /2i2+iQ` mbBM; i?2 kyR8ĜkyRd G>* T`QiQM@T`QiQM +QHHBbBQM /�i�-
CALah R9 UkyRNV SRkyyeX

(Nj) :2Q`;2b ��/ 2i �HX- JmQM `2+QMbi`m+iBQM T2`7Q`K�M+2 Q7 i?2 �hG�a /2i2+iQ` BM
T`QiQMĜT`QiQM +QHHBbBQM /�i� �i అԢ 4Rj h2o- 1m`X S?vbX CX * de UkyReV kNkX
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(N9) �hG�a *QHH�#Q`�iBQM-
J2�bm`2K2Mi Q7 i?2 i�m H2TiQM `2+QMbi`m+iBQM �M/ B/2MiB}+�iBQM T2`7Q`K�M+2 BM i?2
�hG�a 2tT2`BK2Mi mbBM; ԟԟ +QHHBbBQMb �i అԢ � �� h2o- �hG�a@*PL6@kyRd@ykN-
kyRdX

(N8) JQ`�/ ��#Qm/ 2i �HX-
C2i `2+QMbi`m+iBQM �M/ T2`7Q`K�M+2 mbBM; T�`iB+H2 ~Qr rBi? i?2 �hG�a .2i2+iQ`-
1m`X S?vbX CX * dd UkyRdV 9eeX

(Ne) �hG�a *QHH�#Q`�iBQM- GmKBMQbBiv /2i2`KBM�iBQM BM ԟԟ +QHHBbBQMb �i అԢ � �� h2o
mbBM; i?2 �hG�a /2i2+iQ` �i i?2 G>*- �hG�a@*PL6@kyRN@ykR- kyRNX

(Nd) :X *Qr�M- ai�iBbiB+�H /�i� �M�HvbBb- RNN3X

(N3) :H2M *Qr�M- EvH2 *`�MK2`- 1BH�K :`Qbb- �M/ P72` oBi2HHb-
�bvKTiQiB+ 7Q`KmH�2 7Q` HBF2HB?QQ/@#�b2/ i2bib Q7 M2r T?vbB+b-
1m`X S?vbX CX * dR UkyRRV R889- (1``�imK, 1m`XS?vbXCX* dj- k8yR UkyRjV)X

(NN) AH�`B� "`BpBQ- umM CB�M;- �M/ JB+?�2H h`Qii-
h?2 aJ16hbBK T�+F�;2- i?2Q`v �M/ iQQHb- C>1S Rk UkyRdV ydyX

(Ryy) AH�`B� "`BpBQ- aJ16hbBK jXy — � T`�+iB+�H ;mB/2- C>1S y9 UkykRV ydjX

(RyR) "X :`x�/FQrbFB- JX AbF`xvMbFB- JX JBbB�F- �M/ CX _QbB2F-
.BK2MbBQM@aBt h2`Kb BM i?2 ai�M/�`/ JQ/2H G�;`�M;B�M- C>1S Ry UkyRyV y38X

(Ryk) AH�`B� "`BpBQ �M/ JB+?�2H h`Qii- h?2 ai�M/�`/ JQ/2H �b �M 1z2+iBp2 6B2H/ h?2Q`v-
S?vbX _2TiX dNj UkyRNV RX
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.�i� K�MBTmH�iBQM +?2+F BM ӽ ݂ ᅽᅽ
/2+�v Ӹԅ �M�HvbBb

�XR .�i� K�MBTmH�iBQM +?2+F 7Q` i?2 b2MbBiBpBiv /B7@
72`2M+2 #2ir22M 2tT2+i2/ �M/ Q#b2`p2/ `2bmHib

AM Q`/2` iQ mM/2`bi�M/ i?2 b2MbBiBpBiv /Bz2`2M+2 b22M BM i?2 6B;m`2 jXk3- irQ b2ib Q7 +?2+F
�`2 K�/2 BM i?2 ӽ ݂ ᅽᅽ /2+�v Ӹԅ �M�HvbBbX PM2 Bb iQ ;2M2`�i2 i?2 iQv �bBKQp /�i� 7Q` }i
+?2+F- i?2 Qi?2` Bb iQ K�MBTmH�i2 i?2 `2�H /�i� TQBMi iQ b22 i?2 b2MbBiBpBiv #2?�pBQm`bX

h?2 iQv �bBKQp /�i� b2ib �`2 ;2M2`�i2/ #v i?`QrBM; i?2 /�i� TQBMib BM � `�M/QK SQBbbQM
/Bbi`B#miBQM 7`QK i?2 BMBiB�H �bBKQp /�i�b2i /Bbi`B#miBQMbX h?2 `2bmHib Q7 i?Bb +?2+F b?Qr2/
i?�i i?2 #2bi }i ᅿᇑ p�Hm2 +QMbBbi2Mi rBi? i?2 :�mbbB�M /Bbi`B#miBQM- �M/ i?2 T`Q#�#BHBiv 7Q`
K2�bm`2/ 2``Q` #2HQr Qm` Q#b2`p2/ Bb 9W Qmi Q7 �HH iQvbX h?Bb b?Qrb i?�i Bi Bb TQbbB#H2 iQ
;2i bm+? /Bz2`2Mi b2MbBiBpBiv #2ir22M i?2 2tT2+i2/ �M/ Q#b2`p2/ `2bmHibX

AM i?Bb b2+iBQM r2 rBHH 7Q+mb QM i?2 K2i?Q/ iQ K�MBTmH�i2 i?2 /�i� TQBMi #v Tm`TQb2
iQ b22 i?2 +?�M;2 Q7 b2MbBiBpBivX PM2 mM/2`bi�M/BM; Q7 i?2 b2MbBiBpBiv /Bz2`2M+2 Bb /m2 iQ
i?2 �KTHBim/2X AM ᅿᇑ K2�bm`2K2Mi- r2 QMHv K2�bm`2/ i?2 T?�b2 Q7 ᆈ੟

+T /Bbi`B#miBQM #mi
MQi i?2 �KTHBim/2 Q7 i?Bb ?�`KQMB+ 7mM+iBQM /Bbi`B#miBQM- �M/ i?2 �KTHBim/2 rBHH �z2+i i?2
`2bQHmiBQM Q7 i?Bb /Bbi`B#miBQMX h?Qm;?i Q7 i?Bb- r2 /2bB;M i?2 /�i� K�MBTmH�iBQM iQ /2+`2�b2
i?2 �KTHBim/2 #v kyW �M/ 8yW iQ b22 i?2 b2MbBiBpBiv +?�M;2X

hQ K�MBTmH�i2 i?2 /�i� 7Q` /2+`2�bBM; Bib �KTHBim/2- r2 /B/ i?Bb #�b2/ QM i?2 ǵy �KTHB@
im/2Ƕ ᆈ੟

+T /Bbi`B#miBQMb r?B+? Bb b2i �b i?2 J* #�+F;`QmM/ THmb UӸԅ @2p2M Y Ӹԅ @Q//Vfk
bB;M�HX *QmMiBM; i?2 /Bz2`2M+2 #2ir22M i?2 `272`2M+2 HBM2 �M/ `2�H /�i�- r2 /2+`2�b2 bm+?
/Bz2`2M+2 #v kyW Q` 8yW iQ b2i �b i?2 K�MBTmH�i2/ /�i� i?2M mb2 i?2K 7Q` }iX h?Bb Bb
BHHmbi`�i2/ BM 6B;m`2 �XR- 6B;m`2 �Xk- 6B;m`2 �Xj- �M/ 6B;m`2 �X9 iQ /2+`2�b2 i?2 bB;M�H
�KTHBim/2 #v kyW �M/ 8yW 7Q` ᅽ?�/ᅽ?�/ �M/ ᅽH2Tᅽ?�/ +?�MM2H- `2bT2+iBp2HvX h?2 `2/ HBM2b �`2
ǵy �KTHBim/2Ƕ HBM2- �M/ i?2 #H�+F TQBMib �`2 K�MBTmH�i2/ /�i�- r?BH2 i?2 ;`2v TQBMib �`2 `2�H
/�i�X

N8



Ne �SS1L.As � .�h� J�LASlG�hAPL *>1*E AL թ ݂ ᇑᇑ .1*�u դձ �L�GuaAa

o"6 R o"6 y "QQbi hB;?i "QQbi GQQb2

>B
;?

J
2/

Bm
K

GQ
r
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6B;m`2 �Xk, AHHmbi`�iBQM Q7 i?2 /�i� K�MBTmH�iBQM iQ /2+`2�b2 i?2 �KTHBim/2 #v kyW BMᅽH2Tᅽ?�/ +?�MM2HX
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�7i2` K�MBTmH�iBM; i?2 /�i�- r2 mb2/ i?2b2 7Q` i?2 }i iQ /Q i?2 HBF2HB?QQ/ b+�MX h?2
`2bmHib �`2 b?Qr2/ BM 6B;m`2 �X8X Ai Bb +H2�` i?�i r?2M i?2 �KTHBim/2 /2+`2�b2/ iQ ;2i +HQb2/
iQ i?2 T`2/B+i2/ HBM2- i?2 b2MbBiBpBiv rBHH �HbQ /2+`2�b2 �M/ +HQb2/ iQ i?2 �bBKQp b+2M�`BQX
h?Bb Bb mM/2`biQQ/ �b i?�i i?2 b2MbBiBpBiv /Bz2`2M+2 Bb HBF2Hv /m2 iQ i?2 ~m+im�iBQM Q7 i?2
/�i� /Bbi`B#miBQM �M/ /2T2M/b QM i?2 �KTHBim/2 Q7 i?Bb ?�`KQMB+ 7mM+iBQMX

6B;m`2 �X8, GBF2HB?QQ/ b+�M 7Q` i?2 K�MBTmH�i2/ /�i� }iX
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o"6 ӽ ݂ ᅽᅽ /Bz2`2MiB�H
K2�bm`2K2Mi 16h BMi2`T`2i�iBQM

h?2 ӽ ݂ ᅽᅽ _mMk H2;�+v �M�HvbBb ?�b i?2 ahsa �M/ o"6 /Bz2`2MiB�H +`Qbb@b2+iBQM
K2�bm`2K2MiX AM i?Bb b2+iBQM- i?2 16h BMi2`T`2i�iBQM #�b2/ QM i?2 o"6 /Bz2`2MiB�H }/m+B�H
+`Qbb@b2+iBQM K2�bm`2K2Mi rBHH #2 T`2b2Mi2/X

"XR 16h BMi`Q/m+iBQM
h?2 1z2+iBp2 6B2H/ h?2Q`v U16hV Bb rB/2Hv mb2/ iQ BMi2`T`2i i?2 K2�bm`2/ `2bmHib �M/

+QMbi`�BM i?2 "aJ 2z2+ib BM �M�HvbBbX AM i?Bb �M�HvbBb- r2 mb2 i?2 16h 7`�K2rQ`F FMQrM
�b i?2 ai�M/�`/ JQ/2H 1z2+iBp2 6B2H/ h?2Q`v UaJ16hV (NN- Ryy) BM i?2 bQ@+�HH2/ q�`b�r
#�bBb (RyR- Ryk) 7Q` i?2 BMi2`T`2i�iBQM Q7 i?2 o"6 ӽ ݂ ᅽᅽ /Bz2`2MiB�H K2�bm`2K2Mi `2bmHibX

h?2 aJ16h G�;`�M;B�M BM � +2`i�BM 2M2`;v b+�H2 ဆ Bb

෫aJ16h � ෫aJ � ంք Ԓ	ϩ
քဆϵ Ԇ	ϩ
ք U"XRV

r?2`2 Ԇ	ϩ
ք �`2 i?2 /BK2MbBQM@e QT2`�iQ`b- �M/ Ԓ	ϩ
ք �`2 i?2B` +Q``2bTQM/2/ qBHbQM +Q2{+B2MibX
AM aJ16h- i?2 +QKTH2i2- KBMBK�H MQM@`2/mM/�Mi #�bBb M�K2/ q�`b�r #�bBb Bb 2KTHQv2/

7Q` i?2 BMi2`T`2i�iBQMX h?2 q�`b�r #�bBb Bb `2MQ`K�HBx�#H2- �M/ ?�b ;HQ#�H bvKK2i`v �b@
bmKTiBQMb QM "�`vQM Q` G2TiQM MmK#2` +QMb2`p�iBQM- Ԋ	�
Θ ~�pQm` bvKK2i`v Q` � ~�pQm`
bm#;`QmTX h?2b2 b2ib Q7 /BK2MbBQM@e QT2`�iQ`b BM q�`b�r #�bBb �`2 bmKK�`Bx2/ BM 6B;@
m`2 "XR- ;`QmT2/ BMiQ /Bz2`2Mi ivT2bX

AM o"6 ӽ ݂ ᅽᅽ /Bz2`2MiB�H �M�HvbBb- r2 �`2 BMi2`2bi2/ BM i?2 QT2`�iQ`b `2H�i2/ iQ i?2
o"6 T`Q/m+iBQM p2`i2t- 2bT2+B�HHv i?Qb2 �`2 b2MbBiBp2 iQ Qm` /Bz2`2MiB�H Q#b2`p�#H2X h?2
/Bz2`2MiB�H K2�bm`2K2Mi Bb mM7QH/2/ BMiQ i?2 bB;M2/ �xBKmi?�H �M;H2 #2ir22M irQ o"6 D2ibငᅿbB;M2/օօ X h?2`27Q`2- r2 +?QQb2 iQ K2�bm`2 i?2 #QbQMB+ QT2`�iQ`b `2H�i2/ iQ >oo p2`i2t-
i?`22 Ӹԅ @2p2M QT2`�iQ`b �M/ i?2B` i?`22 Ӹԅ @Q// +QmMi2`T�`i QT2`�iQ`b- HBbi2/ BM h�#H2 "XRX

NN
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6B;m`2 "XR, .BK2MbBQM@e QT2`�iQ`b BM aJ16h q�`b�r #�bBb- rBi? ;`QmT2/ BMiQ #QbQMB+
QT2`�iQ`b- bBM;H2 72`KBQMB+ +m``2Mi QT2`�iQ`b- �M/ 7Qm`@72`KBQM QT2`�iQ`bX



"Xk aJ16h a�JSG1a 6P_ o"6 թ ݂ ᇑᇑ .A661_1LhA�G �L�GuaAa RyR

h�#H2 "XR, .2}MBiBQMb QM e /BK2MbBQM aJ16h QT2`�iQ`b �M/ +Q``2bTQM/2/ H�#2Hb Q7 i?2
qBHbQM +Q2{+B2Mib K2�bm`2/ BM o"6 ӽ ݂ ᅽᅽ /Bz2`2MiB�H �M�HvbBbX

qBHbQM +Q2{+B2Mib e /BK2MbBQM QT2`�iQ`bԒթո ӽ ӽԌ ժᇋᇌԌ ժᇋᇌԒթգ ӽ ӽӷᇋᇌӷᇋᇌԒթոգ ӽ ᅽժӽԌ ժᇋᇌӷᇋᇌԒթईո ӽ ӽԌࣾ ժᇋᇌԌ ժᇋᇌԒթգࣴ ӽ ӽӷࣴᇋᇌӷᇋᇌԒթईոգ ӽ ᅽժӽԌࣾ ժᇋᇌӷᇋᇌ
h?2 K�i`Bt 2H2K2Mi �KTHBim/2 +�H+mH�i2/ 7`QK i?2 aJ16h G�;`�M;B�M 1[m�iBQM U"XRV

rBHH #2 ]෬aJ16h]ϵ � ]෬aJ]ϵ � � ంք Ԓքဆϵ ԇԔ	෬੟
aJ෬ք
 � ంքӴօ ԒքԒօဆΚ ԇԔ	෬੟ք෬օ
 U"XkV

r?2`2 Ԓք Bb i?2 qBHbQM +Q2{+B2Mi �M/ ෬ք rBHH #2 i?2 K�i`Bt 2H2K2Mi +QMi`B#mi2/ 7Q`K
+Q``2bTQM/2/ 16h QT2`�iQ`bX

A7 r2 7Q+mb QM QMHv QM2 QT2`�iQ` 2�+? iBK2- i?2 +`Qbb i2`K Q7 irQ /Bz2`2Mi QT2`�iQ`b rBHH
p�MBb? �M/ i?2 +`Qbb@b2+iBQM +QMbB/2`2/ i?2 16h +QMi`B#miBQM rBHH /2T2M/ QM i?2 HBM2�` �M/
[m�/`�iB+ i2`Kb Q7 Ԓք +QKT�`2/ iQ i?2 aJ +`Qbb@b2+iBQMᅼ	Ԓք
 � ᅼaJ ੁ <� � 	ᅫքԒք � ᅬքԒϵք 
> � ᅼaJ � ᅼBMiX � ᅼ[m�/X U"XjV

rBi? i?2 HBM2�` i2`K BMi2`T`2i2/ �b i?2 BMi2`72`2M+2 i2`K #2ir22M i?2 aJ �M/ "aJ K�i`Bt
2H2K2Mi- �M/ i?2 [m�/`�iB+ i2`K +�HH2/ i?2 Tm`2 "aJ +QMi`B#miBQM i2`KX AM o"6 ӽ ݂ ᅽᅽ
/Bz2`2MiB�H �M�HvbBb- r2 rBHH mb2 i?2 J* 7Q` i?2 ;2M2`�iBQM Q7 i?2 16h b�KTH2b p�`B2/ p�Hm2
Q7 i?2 +Q2{+B2Mib iQ /2i2`KBM2 +`Qbb@b2+iBQM /2T2M/2M+2 QM i?2 qBHbQM +Q2{+B2Mib Q7 HBM2�`
i2`K ᅫք �M/ [m�/`�iB+ i2`K ᅬքX

q2 rBHH b2i HBKBib QM i?2b2 e BM/BpB/m�H QT2`�iQ`b mM/2` i?2 �bbmKTiBQM i?�i i?2 Qi?2`b
�`2 �HH x2`QX q2 rBHH +QMbB/2` iQ +QMbi`�BM i?2 QT2`�iQ`b BM #Qi? HBM2�` �M/ [m�/`�iB+ i2`Kb
+QMi`B#mi2/ iQ +`Qbb@b2+iBQM- �M/ rBi? QMHv HBM2�` BMi2`72`2M+2 i2`K bBim�iBQMX

"Xk aJ16h b�KTH2b 7Q` o"6 ӽ ݂ ᅽᅽ /Bz2`2MiB�H
�M�HvbBb

6Q` o"6 ӽ ݂ ᅽᅽ /Bz2`2MiB�H �M�HvbBb 16h BMi2`T`2i�iBQM- r2 ;2M2`�i2 i?2 16h b�KTH2b
#v J�/:`�T?8n�J*!LGP �i i?2 T�`iQM H2p2H 7Q` K�i`Bt 2H2K2Mi +�H+mH�iBQM �i GP rBi?
LLS.6jXyMHQ S.6 b2i- mbBM; i?2 aJ16hbBK KQ/2H BM l	�
Θ ~�pQm` bvKK2i`B+ HBKBi rBi?
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q K�bb b+?2K2X q2 mb2 i?2 Svi?B�3 rBi? LLS.6kXjHQ S.6 b2i 7Q` i?2 T�`iQM b?Qr2`BM;
�M/ 2p2Mi /2+�vX AM i?Bb 2p2Mi ;2M2`�iBQM- o"6 ӽ ݂ ᅽᅽ T`Q+2bb Bb T`Q/m+2/ rBi? i?2
16h �MQK�Hv +QmTHBM; +QMbB/2`2/ QMHv BM o"6 T`Q/m+iBQM >oo p2`iB+2b- +?�M;BM; i?2
+Q2{+B2Mib p�Hm2 HBbi2/ BM h�#H2 "XR +QMbB/2`2/ #Qi? BMi2`72`2M+2 UHBM2�`V i2`K �M/ Tm`2
"aJ U[m�/`�iB+V i2`KX

h?2 MQKBM�H bB;M�H b�KTH2b 7Q` o"6 ӽ ݂ ᅽᅽ /Bz2`2MiB�H �M�HvbBb �`2 mb2/ i?2 b�K2 QM2
BMi`Q/m+2/ BM a2+iBQM jXkX h?mb- i?2 +QKT�`BbQM #2ir22M i?2 SQr?2; b�KTH2b �M/ i?2
J�/:`�T? b�KTH2b rBi? i?2 aJ HBKBi�iBQM Bb � ;QQ/ p�HB/�iBQMX h?2b2 `2bmHib �`2 b?Qr2/
BM 6B;m`2 "Xj �M/ r2 +�M b22 � ;QQ/ �;`22K2Mi #2ir22M i?2b2 irQ b�KTH2bX

q2 rQmH/ +?2+F ?Qr i?2 16h +Q2{+B2Mib 2z2+i i?2 b?�T2 Q7 Qm` Q#b2`p�#H2 ငᅿbB;M2/օօ X
AM 2�+? 16h b�KTH2b- r2 +?�M;2 i?2 qBHbQM +Q2{+B2Mib p�Hm2b- r2 mb2 Ԓթո �M/ Ԓթईո
p�Hm2 Q7 Ԓք � ਷���
 ਷���
 ਷���
 ���
 ���
 ��� r?BH2 i?2 Qi?2` qBHbQM +Q2{+B2Mib p�Hm2 Q7 Ԓք �਷���
 ਷���
 ਷���
 ���
 ���
 ��� +QMbB/2`BM; i?2 b2MbBiBpBivX h?2 ငᅿbB;M2/օօ /Bbi`B#miBQMb p�`B2/
2�+? qBHbQM +Q2{+B2Mib �`2 b?Qr2/ BM 6B;m`2 "Xk- �M/ r2 b22 i?2 2p2M 7mM+iBQM bi`m+im`2
7Q` Ӹԅ @2p2M 16h QT2`�iQ`b �M/ Q// 7mM+iBQM bi`m+im`2 7Q` Ӹԅ @Q// 16h QT2`�iQ`bX

�V Ԓթո #V Ԓթգ +V Ԓթոգ

/V Ԓթईո 2V Ԓթգࣴ 7V Ԓթईոգ
6B;m`2 "Xk, ငᅿbB;M2/օօ /Bbi`B#miBQMb rBi? 2�+? qBHbQM +Q2{+B2Mi p�`B2/ Bib p�Hm2X



"Xk aJ16h a�JSG1a 6P_ o"6 թ ݂ ᇑᇑ .A661_1LhA�G �L�GuaAa Ryj

�V ᅽφ ԟh #V ᅽφ ᅱ +V ᅽϵ ԟh

/V ]ငᅱᇑᇑ] 2V ငԇᇑᇑ 7V Ӻֈք֎֎յ

;V D2i R ԟh ?V D2i R ᅱ BV D2i k ԟh

DV ]ငᅱօօ] FV Ԝօօ HV ငᅿօօ
6B;m`2 "Xj, *QKT�`BbQM #2ir22M i?2 J�/:`�T?8n�J*!LGP aJ HBKBi�iBQM �M/ i?2
SQr?2; o"6 ӽ ݂ ᅽᅽ b�KTH2X
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AM o"6 ӽ ݂ ᅽᅽ /Bz2`2MiB�H �M�HvbBb- r2 ?�p2 7Qm` mM7QH/ b+?2K2b �M/ i?2 mM7QH/2/
p�`B�#H2b �`2 i?2 �xBKmi?�H �M;H2 #2ir22M irQ o"6 D2ib ငᅿbB;M2/օօ - i?2 i`�Mbp2`b2 KQK2MimK
Q7 i?2 >B;;b U/B@ᅽ pBbB#H2 bvbi2KV ԟhU>V- �M/ i?2 i`�Mbp2`b2 KQK2MimK Q7 i?2 H2�/BM; D2iԟE3j

i X h?2 #BMMBM; Q7 7Qm` mM7QH/2/ b+?2K2b �`2 bmKK�`Bx2/ BM h�#H2 "XkX

h�#H2 "Xk, "BMMBM; 7Q` i?2 mM7QH/2/ p�`B�#H2b BM o"6 ӽ ݂ ᅽᅽ /Bz2`2MiB�H �M�HvbBbX

#BM ԟE3j
i ԟhU>V ငᅿbB;M2/օօ ငᅿbB;M2/օօ pb ԟԉ ӽ

#BMR <��
 ��> <�
 ���> <਷ᅺ
 ਷ᅺ��> ԟhU>V � ��� � ငᅿbB;M2/օօ � �
#BMk <��
 ���> <���
 ���> <਷ᅺ��
 �> ԟhU>V � ��� � ငᅿbB;M2/օօ � �
#BMj <���
 ���> <���
 ���> <�
 ᅺ��> ԟhU>V � ��� � ငᅿbB;M2/օօ � �
#BM9 <���
 ���> <���
 ���> <ᅺ��
 ᅺ> ԟhU>V � ��� � ငᅿbB;M2/օօ � �

�7i2` i?2 b2MbBiBpBiv +?2+F- r2 +?QQb2 iQ mb2 i?2 ငᅿbB;M2/օօ mM7QH/2/ b+?2K2 7Q` Ӹԅ @2p2M
+Q2{+B2Mib Ԓթո - Ԓթգ- Ԓթոգ- �M/ i?2 ငᅿbB;M2/օօ pb ԟhU>V mM7QH/2/ b+?2K2 7Q` Ӹԅ @Q// 7Q`
+Q2{+B2Mib Ԓթईո - Ԓթգࣴ- ԒթईոգX q2 `2#BMM2/ i?2 ငᅿbB;M2/օօ /Bbi`B#miBQMb iQ i?2B` +Q``2bTQM/2/
mM7QH/2/ b+?2K2b �M/ /2i2`KBM2 i?2 +`Qbb@b2+iBQM /2T2M/2M+2 QM i?2 qBHbQM +Q2{+B2Mib
BM 2�+? #BMX �b FMQrM 7`QK 1[m�iBQM U"XjV- r2 rBHH mb2 i?2 [m�/`�iB+ 7mM+iBQM iQ }i 7Q`
i?2 /2i2`KBM�iBQM Q7 i?2 ᅫք �M/ ᅬքX h?2 T�`�#QH� }i 7mM+iBQM HBM2b 2t2KTHB}2/ rBi? Ԓթո
mbBM; i?2 ငᅿbB;M2/օօ #BMMBM; �M/ Ԓթईո mbBM; i?2 ငᅿbB;M2/օօ pb ԟhU>V #BMMBM; �`2 BHHmbi`�i2/ BM
6B;m`2 "X9X h?Bb rBHH /2+B/2 #Qi? BMi2`72`2M+2 HBM2�` i2`K �M/ Tm`2 "aJ [m�/`�iB+ i2`K-
7Q` i?2 +�b2 rBi? QMHv HBM2�` i2`K +QMbB/2`2/- r2 /B`2+iHv mb2 i?2 HBM2�` 7�+iQ`b /2i2`KBM2/
BM i?Bb }iX h?2 bmKK�`v Q7 �HH bBt QT2`�iQ`b T�`�K2i2`Bx�iBQM rBi? +Q``2bTQM/2/ mM7QH/2/
b+?2K2 Bb HBbi2/ BM h�#H2 "XjX q2 rBHH mb2 i?Bb T�`�K2i2`Bx�iBQM iQ `2TH�+2 i?2 +`Qbb@b2+iBQM
�b i?2 qBHbQM +Q2{+B2Mib BM i?2 o"6 ӽ ݂ ᅽᅽ /Bz2`2MiB�H bi�iBbiB+�H BMi2`T`2i�iBQM 7Q` i?2
16h +Q2{+B2Mi +QMbi`�BMiX

h�#H2 "Xj, 16h T�`�K2i2`Bx�iBQM 7Q` Ԓթո - Ԓթգ- Ԓթոգ mM7QH/2/ BM ငᅿbB;M2/օօ - �M/ Ԓթईո -Ԓթգࣴ- Ԓթईոգ mM7QH/2/ BM ငᅿbB;M2/օօ pb ԟhU>VX

qBHbQM +Q2{+B2Mi #BMR (@ᇎ- @ᇎfk) #BMk (@ᇎfk- y) #BMj (y- ᇎfk) #BM9 (ᇎfk- ᇎ)վԳՂ φӳЈ ਷ ЈӳϵΘΘνվՎ � ЈӳЈϩЈΘվɞՎ φӳЈ � ЈӳϵϵϨϨվՎ � ЈӳЈϯνφվɞՎ φӳЈ � ЈӳϵϵϩϵվՎ � ЈӳЈϯϨЈվɞՎ φӳЈ ਷ ЈӳϵΘϵϯվՎ � ЈӳЈΘΚϨվɞՎվԳԭ φӳЈ ਷ ЈӳЈφΘϩվՎ � ЈӳЈЈЈ΅վɞՎ φӳЈ � ЈӳЈφϯΘվՎ � ЈӳЈЈЈΘվɞՎ φӳЈ � ЈӳЈφϯϯվՎ � ЈӳЈЈЈΚվɞՎ φӳЈ ਷ ЈӳЈφΘϩվՎ � ЈӳЈЈЈϨվɞՎվԳՂԭ φӳЈ ਷ ЈӳЈЈννվՎ � ЈӳЈЈϵϩվɞՎ φӳЈ � ЈӳЈΚΚϵվՎ � ЈӳЈЈΚφվɞՎ φӳЈ � ЈӳЈΚϵϵվՎ � ЈӳЈЈϯ΅վɞՎ φӳЈ ਷ ЈӳЈφЈ΅վՎ � ЈӳЈЈϵ΅վɞՎ
qBHbQM +Q2{+B2Mi #BMR (@ᇎ- y) ֋hU>V �kyy #BMk (y- ᇎ) ֋hU>V �kyy #BMj (@ᇎ- y) ֋hU>V �kyy #BM9 (y- ᇎ) ֋hU>V �kyyվԳऒՂ φӳЈ ਷ ЈӳϵϯϩϨվՎ � ЈӳЈϯϨΚվɞՎ φӳЈ � ЈӳϵϯϨ΅վՎ � ЈӳЈϯϨϩվɞՎ φӳЈ ਷ ЈӳϩϵϵΚվՎ � ЈӳϵΚΘΚվɞՎ φӳЈ � Јӳϩφ΅ΚվՎ � Јӳϵϯ΅ΚվɞՎվԳԭࣾ φӳЈ ਷ ЈӳЈφΚφվՎ � ЈӳЈЈЈΘվɞՎ φӳЈ � ЈӳЈφΚφվՎ � ЈӳЈЈЈΚվɞՎ φӳЈ ਷ ЈӳЈΚϵϯվՎ � ЈӳЈЈϯΚվɞՎ φӳЈ � ЈӳЈΚφφվՎ � ЈӳЈЈϯϯվɞՎվԳऒՂԭ φӳЈ ਷ ЈӳЈϵϩΚվՎ � ЈӳЈЈφ΅վɞՎ φӳЈ � ЈӳЈϵϩϵվՎ � ЈӳЈЈφϩվɞՎ φӳЈ ਷ ЈӳЈϨϨЈվՎ � ЈӳЈφφϯվɞՎ φӳЈ � ЈӳЈϨϨνվՎ � ЈӳЈφφΚվɞՎ
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�V Ԓթո "BM R #V Ԓթո "BM k +V Ԓթո "BM j /V Ԓթո "BM 9

2V Ԓթգ "BM R 7V Ԓթգ "BM k ;V Ԓթգ "BM j ?V Ԓթգ "BM 9

BV Ԓթոգ "BM R DV Ԓթոգ "BM k FV Ԓթոգ "BM j HV Ԓթոգ "BM 9

KV Ԓթईո "BM R MV Ԓթईո "BM k QV Ԓթईո "BM j TV Ԓթईո "BM 9

[V Ԓթգࣴ "BM R `V Ԓթգࣴ "BM k bV Ԓթգࣴ "BM j iV Ԓթգࣴ "BM 9

mV Ԓթईոգ "BM R pV Ԓթईոգ "BM k rV Ԓթईոգ "BM j tV Ԓթईոգ "BM 9

6B;m`2 "X9, Zm�/`�iB+ }i 7Q` +`Qbb@b2+iBQM /2T2M/2M+2 QM i?2 qBHbQM +Q2{+B2Mib rBi? +Q`@
`2bTQM/2/ mM7QH/2/ b+?2K2 BM 2�+? #BMX

"Xj 16h BMi2`T`2i�iBQM `2bmHib Q7 o"6 ӽ ݂ ᅽᅽ /B7@
72`2MiB�H �M�HvbBb

�7i2` ;2iiBM; i?2 16h T�`�K2i2`Bx�iBQM BM �TT2M/Bt "Xk- r2 rBHH BKTH2K2Mi i?2 bi�iBb@
iB+�H BMi2`T`2i�iBQM QM i?2 16h HBKBi�iBQMbX *m``2Mi bi�;2 QMHv i?2 �bBKQp }i Bb �HHQr2/
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�M/ Bib `2bmHib rBHH #2 T`2b2Mi2/ BM i?Bb b2+iBQMX
h?2 16h }i Bb iQi�HHv 7QHHQrBM; i?2 b2imT 7`QK i?2 o"6 ӽ ݂ ᅽᅽ /Bz2`2MiB�H �M�HvbBb-

mbBM; i?2 +QK#BM2/ }i 7`QK ӯ�ӯ਷- ᅽH2Tᅽ?�/- �M� ᅽ?�/ᅽ?�/ +?�MM2Hb 7Q+mb2/ QM i?2 o"6 T?�b2
bT�+2X h?2 }i p�`B�#H2 Bb ԜKK+ᇑᇑ mM7QH/2/ BM ငᅿbB;M2/օօ - �M/ 7Q` /Bz2`2Mi 16h +Q2{+B2Mib
r2 mb2 i?2 +Q``2bTQM/2/ mM7QH/2/ b+?2K2 BMi`Q/m+2/ BM �TT2M/Bt "XkX q2 BKTH2K2Mi i?2
R. HBF2HB?QQ/ b+�M 7Q` bBt 16h +Q2{+B2Mib +QMbB/2`2/ #Qi? HBM2�` �M/ HBM2�`Y[m�/`�iB+
T�`�K2i2`Bx�iBQM �M/ i?2 �bBKQp `2bmHib �`2 b?Q2/ BM 6B;m`2 "X8X

1.5− 1− 0.5− 0 0.5 1 1.5

HW
c

0.5

1

1.5

2

2.5

3

3.5

)
L

 ln
(

Δ −

σ2 

σ1 

-1
 = 13 TeV, 139 fbs

jj
φΔ, ττ→H

Exp. Lin.

Obs. Lin.

Exp. Lin.+Quad.

Obs. Lin.+Quad.

-1.12

+1.15
Expected Lin. = 0.00

-1.12

+1.15
Observed Lin. = 0.00

-1.16

+1.10
Exp. Lin.+Quad. = 0.00

-1.16

+1.10
Obs. Lin.+Quad. = 0.00

20− 15− 10− 5− 0 5 10 15 20

HB
c

0.5

1

1.5

2

2.5

3

3.5
)

L
 ln

(
Δ −

σ2 

σ1 

-1
 = 13 TeV, 139 fbs

jj
φΔ, ττ→H

Exp. Lin.

Obs. Lin.

Exp. Lin.+Quad.

Obs. Lin.+Quad.

-18.67

+19.26
Expected Lin. = 0.00

-18.67

+19.26
Observed Lin. = 0.00

-18.08

+16.31
Exp. Lin.+Quad. = 0.00

-18.08

+16.31
Obs. Lin.+Quad. = 0.00

15− 10− 5− 0 5 10

HWB
c

0.5

1

1.5

2

2.5

3

3.5

)
L

 ln
(

Δ −

σ2 

σ1 

-1
 = 13 TeV, 139 fbs

jj
φΔ, ττ→H

Exp. Lin.

Obs. Lin.

Exp. Lin.+Quad.

Obs. Lin.+Quad.

-7.28

+7.64
Expected Lin. = 0.00

-7.28

+7.64
Observed Lin. = 0.00

-13.57

+5.06
Exp. Lin.+Quad. = 0.33

-13.57

+5.06
Obs. Lin.+Quad. = 0.33

�V Ԓթո #V Ԓթգ +V Ԓթոգ

0.8− 0.6− 0.4− 0.2− 0 0.2 0.4 0.6 0.8

W
~

H
c

0.5

1

1.5

2

2.5

3

3.5

)
L

 ln
(

Δ −

σ2 

σ1 

-1
 = 13 TeV, 139 fbs

H

T
 vs p

jj
φΔ, ττ→H

Exp. Lin.

Obs. Lin.

Exp. Lin.+Quad.

Obs. Lin.+Quad.

-0.56

+0.56
Expected Lin. = 0.00

-0.56

+0.56
Observed Lin. = 0.00

-0.56

+0.56
Exp. Lin.+Quad. = 0.00

-0.56

+0.56
Obs. Lin.+Quad. = 0.00

10− 8− 6− 4− 2− 0 2 4 6 8 10

B
~

H
c

0.5

1

1.5

2

2.5

3

3.5

)
L

 ln
(

Δ −

σ2 

σ1 

-1
 = 13 TeV, 139 fbs

H

T
 vs p

jj
φΔ, ττ→H

Exp. Lin.

Obs. Lin.

Exp. Lin.+Quad.

Obs. Lin.+Quad.

-8.63

+8.61
Expected Lin. = 0.00

-8.63

+8.61
Observed Lin. = 0.00

-7.91

+8.14
Exp. Lin.+Quad. = 0.00

-7.91

+8.14
Obs. Lin.+Quad. = 0.00

6− 4− 2− 0 2 4 6

BW
~

H
c

0.5

1

1.5

2

2.5

3

3.5

)
L

 ln
(

Δ −

σ2 

σ1 

-1
 = 13 TeV, 139 fbs

H

T
 vs p

jj
φΔ, ττ→H

Exp. Lin.

Obs. Lin.

Exp. Lin.+Quad.

Obs. Lin.+Quad.

-4.64

+4.64
Expected Lin. = 0.00

-4.64

+4.64
Observed Lin. = 0.00

-4.31

+4.32
Exp. Lin.+Quad. = 0.00

-4.31

+4.32
Obs. Lin.+Quad. = 0.00

/V Ԓթईո 2V Ԓթգࣴ 7V Ԓթईոգ
6B;m`2 "X8, GBF2HB?QQ/ b+�M Q7 bBt qBHbQM +Q2{+B2Mib BM /Bz2`2Mi mM7QH/ b+?2K2b rBi? #Qi?
HBM2�` �M/ HBM2�`Y[m�/`�iB+ T�`�K2i2`Bx�iBQMX

h?2 16h +Q2{+B2Mi +QMbi`�BMi `2bmHib rBi? #Qi? HBM2�` �M/ HBM2�`Y[m�/`�iB+ T�`�K2@
i2`Bx�iBQM �`2 bmKK�`Bx2/ BM 6B;m`2 "XeX q2 ?�p2 i?2 ;QQ/ b2MbBiBpBiv QM Ԓթո �M/ Ԓթईո
`2bmHib- �M/ i?2 HBKBi�iBQM QM N8W *G �`2 (@RXRk- RXR8)- (@RXRe- RXRy) 7Q` Ԓթո HBM2�` �M/
HBM2�`Y[m�/`�iB+- � ਻ ����- � ਻ ���� 7Q` Ԓթईո HBM2�` �M/ HBM2�`Y[m�/`�iB+- `2bT2+iBp2HvX
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20− 15− 10− 5− 0 5 10 15 20
Parameter Value

HWB
c

HB
c

HW
c

-1 = 13 TeV, 139 fbs

jj
φΔ, ττ→H

95% confidence level

SMEFT model

Exp. Lin.

Obs. Lin.

Exp. Lin.+Quad.

Obs. Lin.+Quad.

20− 15− 10− 5− 0 5 10 15 20
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�V *QMbi`�BMib QM Ӹԅ @2p2M aJ16h QT2`�iQ`b #V *QMbi`�BMib QM Ӹԅ @Q// aJ16h QT2`�iQ`b

6B;m`2 "Xe, amKK�`v THQib Q7 +QMbi`�BMib QM bBt qBHbQM +Q2{+B2MibX





Sm#HB+�iBQMb �M/ *QM72`2M+2 h�HFb

Sm#HB+�iBQMb rBi? bB;MB}+�Mi +QMi`B#miBQMb,

Ç �hG�a *QHH�#Q`�iBQM- J2�bm`2K2Mi Q7 i?2 *S T`QT2`iB2b Q7 >B;;b #QbQM BMi2`�+iBQMb
rBi? ᅽ@H2TiQMb rBi? i?2 �hG�a /2i2+iQ`- 1m`X S?vbX CX * 3j UkykjV 8ejX

*QM72`2M+2 i�HFb,

Ç �hG�a BMi2`M�H rQ`Fb?QT, Pp2`pB2r Q7 >@=i�mi�m /2+�v *S �M�HvbBb- h�m*SY>G2TiQM
rQ`Fb?QT- .2+ kykRX

Ç �hG�a BMi2`M�H +QM72`2M+2, �M�HvbBb �TT`Qp�H, >G2T >@=i�mi�m /2+�v *S K2�@
bm`2K2Mi �TT`Qp�H- >B;;b :`QmT SH2M�`v �M/ �TT`Qp�H J22iBM;- J�` kykkX

Ç �hG�a BMi2`M�H rQ`Fb?QT, hQQHb bi�imb �M/ `2�/BM2bb 7Q` _mMj- h�m*SY>G2TiQM
qQ`Fb?QT- 62# kykjX

Ç �hG�a BMi2`M�H rQ`Fb?QT, J* �M/ /�i� 7Q` _mM j �M�Hvb2b- h�m*SY>G2TiQM
qQ`Fb?QT- J�` kyk9X

Ç �hG�a BMi2`M�H rQ`Fb?QT, 16h �M/ +QK#BM�iBQM TH�M- h�m*SY>G2TiQM qQ`F@
b?QT- J�` kyk9X

Ç .QK2biB+ +QM72`2M+2, J2�bm`2K2Mib Q7 >B;;b #QbQM /2+�vBM; BMiQ ᅽ@H2TiQMb mbBM;
_mMk /�i�b2i �i i?2 �hG�a 2tT2`BK2Mi- h?2 di? *?BM� G>* S?vbB+b *QM72`2M+2-
L�MDBM;- LQp kykRX

Ç .QK2biB+ +QM72`2M+2, J2�bm`BM; *S T`QT2`iB2b Q7 >B;;b #QbQM BMi2`�+iBQMb rBi? ᅽ@
H2TiQMb rBi? i?2 �hG�a /2i2+iQ`- h?2 RRi? *?BM2b2 >B;? 1M2`;v S?vbB+b �bbQ+B�iBQM
Q7 *?BM2b2 S?vbB+b aQ+B2iv *QM72`2M+2- .�HB�M- �m; kykRX

Ç .QK2biB+ +QM72`2M+2 UTQbi2`V, J2�bm`BM; *S T`QT2`iB2b Q7 >B;;b #QbQM BMi2`�+@
iBQMb rBi? ᅽ@H2TiQMb rBi? i?2 �hG�a /2i2+iQ`- h?2 3i? *?BM� G>* S?vbB+b *QM72`2M+2-
L�MDBM;- LQp kykkX

RyN





�+FMQrH2/;2K2Mi

6B`biHv- A rBHH i?�MF Kv T�`2Mib �M/ 7�KBHB2b 7Q` i?2B` bmTTQ`i �M/ /2pQiBQM iQ K2 /m`BM;
Kv HB72X Ai Bb vQm` FBM/M2bb �M/ r�`Ki? i?�i ?2HTb K2 iQ `2�+? i?Bb bi�;2 MQrX

L2ti A rQmH/ HBF2 iQ i?�MF S`Q7X G2B w?�M; 7Q` ?Bb bmT2`pBbBQM Q7 �HH Kv rQ`F- 7Q` ?Bb
BMbTB`�iBQM �M/ T2`K�M2Mi BMi2`2bib QM T�`iB+H2 T?vbB+b- r?B+? /`Qp2 K2 iQ +?�b2 Kv /`2�K
QM T?vbB+bX >m;2 i?�MFb iQ G2B i?�i ?2 BMi`Q/m+2/ K2 iQ i?2 �hG�a +QHH�#Q`�iBQM- r?2`2
A +QmH/ /Q Kv rQ`F BM i?Bb i?2bBbX

h?2M A rBHH ;Bp2 � HQi Q7 i?�MFb iQ T2QTH2 BM �hG�a >B;;b- ᅽ �M/ >G2TiQM ;`QmTX A rQmH/
HBF2 iQ �+FMQrH2/;2 �MiQMBQ r?Q Bb i?2 ᅽ 2tT2`i �M/ ;�p2 K2 HQib Q7 imiQ` �M/ T�iB2M+2 QM
Kv rQ`F- �M/ EB 7Q` �HH /Bb+mbbBQM �M/ QTTQ`imMBiB2b /m`BM; i?2 rQ`FX �HbQ i?�MFb iQ *?`Bb
�M/ sBKQ 7Q` i?2B` FBM/M2bb �M/ rQM/2`7mH pB2rb BM �M�HvbBb- �M/ �HH T2QTH2 A K2i BM 2p2`v
+QQT2`�iBQMbX

G�bi #mi MQi H2�bi- A rBHH i?�MF �HH Kv K�i2b �M/ 7`B2M/b- "Qr2M- >�M72B- 6�#BQ- GB;�M;-
>mB`mM- GB�M;HB�M;- um?�Q- wB?�M;- uBx?Qm- uBKBM- �M/ �HH T2QTH2 /B/MǶi K2MiBQM ?2`2- 7Q`
i?2 /�BHv iBK2 �M/ /Bb+mbbBQM r2 b?�`2/ /m`BM; i?2 ?�`/ iBK2X
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