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+?2KBbi`v �M/ i?2 HB72 b+B2M+2bX Aib MQM@BMp�bBp2 �M/ MQM@/2bi`m+iBp2 M�im`2 K�F2b LJ_
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k "�+F;`QmM/ j
kXR JB+`Q~mB/B+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 X j

kXRXR >BbiQ`v iQ T`2b2Mi /�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 j
kXk Zm�MimK h?2Q`v Q7 Lm+H2�` J�;M2iB+ _2bQM�M+2 X X X X X X X X X X X X X X Rk

kXkXR Lm+H2�` aTBM X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X Rk
kXkXk aTBM avbi2Kb X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X Rk
kXkXj S�mHB K�i`B+2b �M/ KQ`2 QT2`�iQ`b X X X X X X X X X X X X X X X X X X R8
kXkX9 .2MbBiv PT2`�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 Rd
kXkX8 h?2 >�KBHiQMB�M X X X X X X X X X X X X X X X X X X X X X X X X X X X X kR

kXkX8XR aTBMb BM � K�;M2iB+ }2H/ X X X X X X X X X X X X X X X X X X kR
kXkXe aTBM T`2+2bbBQM X X X X X X X X X X X X X X X X X X X X X X X X X X X X X kj
kXkXd _Qi�iBM; 6`�K2 X X X X X 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

kXkXdXR S`2+2bbBQM BM i?2 `Qi�iBM; 7`�K2 X X X X X X X X X X X X X X k8
kXkX3 _�/BQ 6`2[m2M+v SmHb2b X X X X X X X X X X X X X X X X X X X X X X X X k8

kXkX3XR ԧ@TmHb2 X X X X X X X X X X X X X X X X X X X X X X X X X X X X ke
kXkX3Xk SmHb2 Q7 ;2M2`�H T?�b2 X X X X X X X X X X X X X X X X X X X X kd
kXkX3Xj P77@`2bQM�M+2 2z2+ib X X X X X X X X X X X X X X X X X X X X X k3

kXkXN h?2 .2MbBiv QT2`�iQ` `2pBbBi2/ X X X X X X X X X X X X X X X X X X X X kN
kXkXNXR J�;M2iBx�iBQM p2+iQ` X X X X X X X X X X X X X X X X X X X X jy
kXkXNXk .2MbBiv QT2`�iQ` mM/2` TmHb2b X X X X X X X X X X X X X X X jR

kXkXRy 6`22 2pQHmiBQM rBi? `2H�t�iBQM X X X X X X X X X X X X X X X X X X X X X jk
kXkXRyXR h`�Mbp2`b2 `2H�t�iBQM X X X X X X X X X X X X X X X X X X X X jj
kXkXRyXk GQM;Bim/BM�H `2H�t�iBQM X X X X X X X X X X X X X X X X X X X j9

kXkXRR LJ_ bB;M�H �M/ /2i2+iBQM X X X X X X X X X X X X X X X X X X X X X X X j9
kXkXRRXR Zm�/`�im`2 /2i2+iBQM X X X X X X X X X X X X X X X X X X X X je
kXkXRRXk aB;M�H �7i2` � TmHb2 X X X X X X X X X X X X X X X X X X X X X j3
kXkXRRXj *?2KB+�H a?B7i �M/ C@+QmTHBM; X X X X X X X X X X X X X X X jN

kXj JB+`Q@LJ_ X X X X X X X X X X X 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
kXjXR a2MbBiBpBiv X X X X X X X X 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

kXjXRXR aB;M�H iQ MQBb2 `�iBQ X X X X X X X X X X X X X X X X X X X X X 9R
kXjXk aB;M�H �p2`�;BM; X X X X X X X X X X X X X X X X X X X X X X X X X X X X 9j
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kXjXj GBKBi Q7 .2i2+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 98
kXjX9 *QM+2Mi`�iBQM HBKBi Q7 /2i2+iBQM X X X X X X X X X X X X X X X X X X X 98
kXjX8 h`�MbKBbbBQM HBM2 T`Q#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 9e

j �M LJ_ +QKT�iB#H2 QM@+?BT S2`Bbi�HiB+ SmKT 9N
jXR AMi`Q/m+iBQM X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 9N

jXRXR J�i2`B�Hb �M/ J2i?Q/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 8d
jXk _2bmHib �M/ .Bb+mbbBQM X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 8N

jXkXR *?�`�+i2`Bb�iBQM Q7 ~Qr X X X X X X X X X X X X X X X X X X X X X X X X 8N
jXkXk AM bBim QT2`�iBQM Q7 i?2 /2pB+2 X X X X X X X X X X X X X X X X X X X X ey

jXj *QM+HmbBQMb X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X ek

9 JB+`Q~mB/B+ .`QTH2i LJ_ ej
9XR avMQTbBb X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X ej
9Xk AMi`Q/m+iBQM X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X ej

9XkXR amb+2TiB#BHBiv X X X X X X 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
9XkXk J�i+?BM; bmb+2TiB#BHBiB2b X X X X X X X X X X X X X X X X X X X X X X X X ed

9Xj J�i2`B�Hb �M/ J2i?Q/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 dy
9X9 _2bmHib �M/ .Bb+mbbBQM X X X X X X X X X X X X X X X X X X X X X X X X X X X X X dk
9X8 *QM+HmbBQM X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X d3

8 S�`�?v/`Q;2M BM/m+2/ TQH�`Bx�iBQM QM � +?BT 3R
8XR avMQTbBb X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 3R
8Xk AMi`Q/m+iBQM X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 3k
8Xj >vT2`TQH�`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 X X X X X X X 39

8XjXR a2MbBiBpBiv X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 39
8XjXk >vT2`TQH�`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 X X X 39
8XjXj h2+?MB[m2b X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 38

8XjXjXR "`mi2 6Q`+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 38
8XjXjXk .vM�KB+ Lm+H2�` TQH�`Bx�iBQM X X X X X X X X X X X X X X X 38

8X9 S�`�?v/`Q;2M AM/m+2/ TQH�`Bx�iBQM @ S>AS X X X X X X X X X X X X X X X X X 3e
8X9XR S�`�?v/`Q;2M X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 3e
8X9Xk S�a�.1L� �M/ �Gh�.1L� X X X X X X X X X X X X X X X X X X X X 3N

8X9XkXR aTBM 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 Ny
8X8 J�i2`B�Hb �M/ K2i?Q/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 N9
8Xe _2bmHib �M/ .Bb+mbbBQM X X X X X X X X X X X X X X X X X X X X X X X X X X X X X Ne

8XeXR S�`�?v/`Q;2M `2H�t�iBQM BM S.Ja X X X X X X X X X X X X X X X X X X Ne
8XeXk _2�+iBQM a+?2K2 X X X X X X X X X X X X X X X X X X X X X X X X X X X X Nd
8XeXj �Gh�.1L� X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X Nd
8XeX9 S�a�.1L� X X X X X X 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
8XeX8 aB;M�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 RyR
8XeXe >v/`Q;2M h`�MbTQ`i X X X X X X X X X X X X X X X X X X X X X X X X X X Ryj
8XeXd a2MbBiBpBiv �M/ GBKBi Q7 .2i2+iBQM X X X X X X X X X X X X X X X X X X Ry8
8XeX3 k. LJ_ X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X RyN

8Xd *QM+HmbBQMb X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X RRR

e *QM+HmbBQMb RR9
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� �TT2M/Bt RRe
�XR �`/mBMQ 6B`Kr�`2 X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X RRe
�Xk �HHvH �+2i�i2 +?2KB+�H b?B7ib �M/ C@+QmTHBM;b X X X X X X X X X X X X X X X X X RRN
�Xj k. SmHb2 b2[m2M+2b 7Q` S>@hP*au �M/ S>@>JZ* X X X X X X X X X X X X RRN
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�+`QMvK .2}MBiBQM
+GP. *QM+2Mi`�iBQM GBKBi Q7 .2i2+iBQM
/.LS /BbbQHmiBQM .vM�KB+ Lm+H2�` SQH�`Bx�iBQM
.LS .vM�KB+ Lm+H2�` SQH�`Bx�iBQM
.hS� .B2i?vH2M2i`B�KBM2T2Mi��+2iB+ �+B/
1J6 1H2+i`QKQiBp2 6Q`+2
6** 6�+2@*2Mi`2/ *m#B+
6A. 6`22 AM/m+iBQM .2+�v
>JZ* >2i2`QMm+H2�` JmHiBTH2 Zm�MimK *Q?2`2M+2
GA6 G�b2` AM/m+2/ 6HmQ`2b+2M+2
GQ* G�#@QM@�@+?BT
J�a J�;B+ �M;H2 aTBMMBM;
J_ J�;M2iB+ _2bQM�M+2
J_A J�;M2iB+ _2bQM�M+2 AK�;BM;
MGP. J�bb GBKBi Q7 .2i2+iBQM
LJ_ Lm+H2�` J�;M2iB+ _2bQM�M+2
Ph* Ptvi2i`�+v+HBM2
S.Ja SQHvU/BK2i?vHbBHQt�M2V
S>AS S�`�?v/`Q;2M AM/m+2/ SQH�`Bx�iBQM
SJJ� SQHvUK2i?vHK2i?�+`vH�i2V
TTK S�`ib S2` JBHHBQM
Sh61 SQHvh2i`�6HmQ`Q1i?vH2M2
`X7X _�/BQ 6`2[m2M+v
_6 _�/BQ 6`2/[m2M+v
_Ja _QQi J2�M a[m�`2
a�"_1 aB;M�H 1M?�M+2K2Mi "v _2p2`bB#H2 1t+?�M;2
aL_ aB;M�H iQ LQBb2 _�iBQ
aS_ am`7�+2 SH�bKQM _2bQM�M+2
hGS h`�MbKBbbBQM GBM2 S`Q#2
hP*au hQi�H *Q``2H�iBQM aT2+i`Qb+QTv
lo@HB;?i lHi`�pBQH2i@HB;?i
k. hrQ .BK2MbBQM�H
j. h?`22 .BK2MbBQM�H
ƒh�a JB+`Q hQi�H �M�HvbBb avbi2K
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 h?2 bB;M�H BM i?2 iBK2 /QK�BMԈ	ဇ
 h?2 bB;M�H BM i?2 7`2[m2M+v /QK�BMԉ h?2 �#bQHmi2 i2KT2`�im`2ԉ֎ i?2 bBM;H2i `2H�t�iBQM iBK2 +QMbi�Mi
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LPJ1L*G�hl_1 pBBԉφ h?2 HQM;Bim/�H `2H�t�iBQM iBK2 +QMbi�Miԉϵ h?2 i`�Mbp2`b2 `2H�t�iBQM iBK2 +QMbi�MiԊ h?2 b+�H�` K�;M2iB+ TQi2MiB�Hԋ֎ h?2 b�KTH2 pQHmK2ԋ ஥֎ h?2 T`Q/m+i Q7 ԚЈ �M/ ԋ֎ i?�i Bb i?2 pQHmK2 Bb rBi?BM RyW Q7 K�tBKmKග h?2 B/2MiBiv K�i`Btᅫէ h?2 }HHBM; 7�+iQ`ᅬ֋ h?2 iBHi Q7 i?2 `Q�i�iBQM �tBb 7`QK ԩ 7Q` �M Q77@`2bQM�M+2 TmHb2ᅭօ h?2 ;v`QK�;M2iB+ `�iBQ 7Q` � Mm+H2mb- ԙᅮ h?2 +?2KB+�H b?B7iᅮ_6 h?2 _6 +m``2Mi T2M2i`�iBQM /2Ti?င ԕ h?2 bT2+i`�H #�M/rB/i?ᅯ h?2 2M?�M+2K2Mi 7�+iQ`ᅲ h?2 iBHi �M;H2 Q7 K�;2MiBb�iBQMᅲ_6 h?2 �M;H2 #2ir22M i?2 `X7X +QBH �M/ ӷЈᅶև h?2 /2+�v +QMbi�Mi Q7 � bTBM ԛᅷ h?2 `2/m+2/ K�bbᅷЈ h?2 p�+mmK T2`K2�#BHBivࣞᅷ h?2 K�;M2iB+ /BTQH2 KQK2Mi QT2`�iQ`ᅹ h?2 2K7ᅻ֍ h?2 `2bBbiBpBivࣞᅻ h?2 /2MbBiv QT2`�iQ`ᅼ h?2 +?2KB+�H b?B2H/BM; 7�+iQ`ᅼMQBb2 h?2 `QQi K2�M b[m�`2 MQBb2ᅿ֋ h?2 T?�b2 Q7 �M `X7X TmHb2ᅿ`27 h?2 T?�b2 b?B7i BM i?2 `Qi�iBM; 7`�K2ဈ h?2 �M;H2 i?�i +QMM2+ib i?2 bi�iB+ iQ `Qi�iBM; 7`�K2ᆀշ h?2 J�;M2iB+ bmb+2TiB#BHBivᆂЈօ h?2 H�`KQm` 7`2[m2M+v 7Q` � Mm+H2mb- ԙᆂMmi h?2 Mmi�iBQM 7`2[m2M+vᆂ`27 h?2 `Qi�iBM; 7`�K2 7`2[m2M+vဇЈ h?2 �M/ `Qi�iBM; 7`�K2 7`2[m2M+v Qzb2i
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.2+H�`�iBQM Q7 �mi?Q`b?BT

h?Bb i?2bBb Bb i?2 `2bmHi Q7 rQ`F /QM2 r?QHHv r?BH2 A r�b BM `2;Bbi2`2/ +�M/B/�im`2
7Q` � S?X.X /2;`22 �i i?2 lMBp2`bBiv Q7 aQmi?�KTiQMX h?2 K�i2`B�H T`2b2Mi2/ ?2`2 Bb
#�b2/ QM rQ`F KQbiHv /QM2 #v Kvb2H7X q?2`2 i?2 rQ`F r�b +�``B2/ Qmi DQBMiHv rBi?
Qi?2`b- � bm#bi�MiB�H T�`i Bb Kv QrM Q`B;BM�H rQ`F �M/ +Q@rQ`F2`b �M/ i?2B` `QH2b ?�p2
#22M +H2�`Hv BM/B+�i2/X h?2 K�i2`B�H +QMi�BM2/ ?2`2BM ?�b MQi #22M bm#KBii2/ #v i?2
�mi?Q` 7Q` � /2;`22 �i �Mv Qi?2` BMbiBimiBQMX

aB;M2/, Rkfy3fkyRN



�+FMQrH2/;2K2Mib

A rQmH/ HBF2 iQ 2tT`2bb Kv /22T ;`�iBim/2 iQ S`Q72bbQ` J�`+2H lix 7Q` T`QpB/BM; T�iB2Mi
;mB/�M+2 �M/ 2Mi?mbB�biB+ 2M+Qm`�;2K2Mi- �b r2HH �b 2M;�;BM; /Bb+mbbBQM +QM+2`MBM; �HH
K�ii2`b Q7 HB72 �M/ rQ`FX >Bb /2Ti? Q7 FMQrH2/;2 BM �HH K�MM2` Q7 bm#D2+ib r�b � ;`2�i
?2HT i?`Qm;?Qmi Kv S?. �M/ T`QpB/2/ � b22KBM;Hv 2M/H2bb bQm`+2 Q7 B/2�b �M/ T`Q#H2K
bQHpBM;X h?2 T`BM+BTH2b Q7 b+B2MiB}+ BMp2biB;�iBQM A ?�p2 H2�`Mi 7`QK ?BK rBHH bi�v rBi?
K2 i?`Qm;?Qmi Kv +�`22`X

A rBb? iQ i?�MF S`Q72bbQ` J�H+QHK G2pBii 7Q` ?Bb bmTTQ`i �M/ ;mB/�M+2- i?2 /Bb@
+mbbBQMb r2 ?�p2 ?�/ �#Qmi b+B2M+2 ?2HT2/ K2 iQ b22 T`Q#H2Kb BM � /Bz2`2Mi HB;?i �M/
BM+`2�b2/ Kv 2z2+iBp2M2bb �b � b+B2MiBbiX

A �K ;`�i27mH iQ Kv +QHH2�;m2b r?Q ?�p2 ?2HT2/ K2 2MQ`KQmbHv i?`Qm;?Qmi Kv
iBK2 BM aQmi?�KTiQM BM MQ T�`iB+mH�` Q`/2` A rBb? iQ i?�MF, C�K2b 1BHHb- :`�2K2
6BM+?- _�+?2H :`22M?�H;?- "2MMQ J2B`- C�pB2` �HQMbQ@o�H/2bm2B`Q- E�`2H EQm`BH- >�M�
EQm`BHQp�- �HBFB JQvbB�/B- aim�`i 1HHBQi- *?`BbiB�M "2M;b- J�Mp2M/`� a?�`K�- "Bb?@
Mm#�i`� S�`i`�- J�i?2mb _Qbb2iiQ- :�#`B2H _Qbb2iiQ- J�`2F SH�i�- avHrB� Pbi`QrbF�-
q2B/QM; :QM;- JQ?�KK2/ a�##�- :2Q`;2 "�+�Mm- G�m`vM�b .�;vb- CQ *QHH2H �M/
"�`#�`� _BTF�X

hQ i?2 T2QTH2 i?�i T`QpB/2/ bmTTQ`i �M/ 2M+Qm`�;2K2Mi i?`Qm;?Qmi Kv rQ`F �M/
?2HT2/ K2 F22T b�M2- A �K BM/2#i2/ iQ 6`�MFB2 G22KBM;- h?QK�b E2�`- G�m`� CQr2ii-
C�K2b 1BHHb- aim�`i 1HHBQi- *?`BbiB�M "2M;b- �HBFB JQvbB�/B- LB+ *?�`H2b- Cm/v 6Qt- CQbB2
*?�`H2b- :2KK� *?�`H2b �M/ 1//B2 _Q#BMbQM vQm �HH ?2HT2/ BKK2Mb2HvX

AM T�`iB+mH�` AǶ/ HBF2 iQ i?�MF �Hvbb� *?�`H2b 7Q` ?2` mMr�p2`BM; bmTTQ`i- 2M@
+Qm`�;2K2Mi- �M/ #2HB27 BM K2- �b r2HH �b T`QQ7 `2�/BM; �M/ +Q``2+iBM; Kv ;`�KK�`
2``Q`bX

6BM�HHv- AǶ/ HBF2 iQ i?�MF Kv 7�KBHv 7Q` �HH i?2B` bmTTQ`i Qp2` i?2 v2�`b- i?Bb Bb
QMHv TQbbB#H2 #2+�mb2 Q7 i?2KX

Bt



hQ Kv 7`B2M/b �M/ 7�KBHv

t
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AMi`Q/m+iBQM

JB+`Q~mB/B+b Bb � #`Q�/ i2`K i?�i +Qp2`b � rB/2 p�`B2iv Q7 `2b2�`+?- Bi Bb +?�`�+i2`Bb2/
#v i?2 �M�HvbBb Q7 bK�HH pQHmK2b Q7 HB[mB/b mbm�HHv MG iQ ᅷG- BM /QBM; bQ- Bi Qz2`b
MmK2`Qmb #2M2}ib bm+? �b, � `2/m+iBQM BM i?2 K�i2`B�Hb mb2/ BM 2tT2`BK2Mib H2�/BM;
iQ HQr2` +Qbib �M/ H2bb r�bi2c � ?B;? H2p2H Q7 +QMi`QH Qp2` i?2 KB+`Q2MpB`QMK2Mic �M/
2�b2 Q7 T�`�HH2HBb�iBQM �M/ �miQK�iBQMX JB+`Q~mB/B+b +?B2~v mb2b G�#@QM@�@+?BT UGQ*V
/2pB+2b- Q` KB+`Q iQi�H �M�HvbBb bvbi2Kb Uƒh�aV- iQ T2`7Q`K 2tT2`BK2MibX h?2b2 /2pB+2b-
Q` bvbi2Kb- �`2 BMi2M/2/ 7Q` i?2 Q7 b+�HBM; /QrM Q7 H�#Q`�iQ`v 7mM+iBQMb iQ � +?BT@7Q`K�i-
i?2 bBx2b Q7 r?B+? `�M;2 7`QK � 72r KKϵ iQ � 72r +KϵX *m``2MiHv- LJ_ bT2+i`Qb+QTv
Bb MQi rB/2Hv miBHBb2/ BM KB+`Q~mB/B+ /2pB+2b- Q` 2tT2`BK2Mib- �M/ +QmH/ #2 mb2/ iQ
T`QpB/2 2ti`� BM7Q`K�iBQM QM i?2 bvbi2K Q7 BMi2`2biX Aib MQM@BMp�bBp2- MQM@/2bi`m+iBp2
M�im`2 K2�Mb i?�i Bi +�M �HbQ #2 mb2/ BM +QMDmM+iBQM rBi? 2tBbiBM; K2i?Q/b Q7 �M�HvbBb BM
KB+`Q~mB/B+b bm+? �b ~mQ`2b+2M+2 bT2+i`Qb+QTvX �b LJ_ H2�p2b i?2 b�KTH2 mMT2`im`#2/-
i?Bb K�F2b Bi �M B/2�H +�M/B/�i2 7Q` BM bBim KQMBiQ`BM; Q7 HBpBM; bvbi2KbX

h?2 ;Q�H Q7 i?2 rQ`F T`2b2Mi2/ ?2`2 Bb iQ BM+Q`TQ`�i2 7mM+iBQM�H KB+`Q~mB/B+ 2t@
T2`BK2Mib rBi? ?B;? `2bQHmiBQM LJ_ bT2+i`Qb+QTv- BM bm+? � r�v i?�i i?2 p�HB/Biv Q7
2Bi?2` i2+?MB[m2- KB+`Q~mB/B+ Q` K�;M2iB+ `2bQM�M+2- `2K�BMb BMi�+iX AM i?Bb �TT`Q�+?-
KB+`Q~mB/B+ +�T�#BHBiv Bb T`2b2`p2/ #v miBHBbBM; � /2bB;M i?�i- r?BHbi +QMbi`�BM2/ #v bBx2
�M/ b?�T2- ?�b 7`22/QK iQ ?Qmb2 � rB/2 p�`B2iv Q7 +?BT /2bB;Mb r?B+? 2M�#H2 � ?Qbi Q7
�TTHB+�iBQMb- � 72r Q7 i?2b2 �`2 b?QrM BM 6B;X RXRX h?Bb K2�Mb i?�i 7mM+iBQM�H KB+`Q~m@
B/B+b +�M #2 T2`7Q`K2/- �M/ +QmTH2/- rBi? ?B;? `2bQHmiBQM LJ_ bT2+i`Qb+QTvX AM /QBM;
bQ- MQi QMHv +QmH/ LJ_ #2+QK2 � KQ`2 rB/2Hv mb2/ iQQH BM i?2 KB+`Q~mB/B+ iQQH#Qt- Bi
rQmH/ �HbQ K�F2 � p�Hm�#H2 �ii�+?K2Mi iQ 2tBbiBM; iQQHbX

>B;? `2bQHmiBQM LJ_ bT2+i`Qb+QTv Bib2H7 `2[mB`2b �M 2ti`2K2Hv ?QKQ;2MQmb K�;@
M2iB+ }2H/- i?Bb K2�Mb i?�i �Mv /2pB+2 +�T�#H2 Q7 +QK#BMBM; KB+`Q~mB/B+b �M/ LJ_
b?QmH/ b22F iQ T`2b2`p2 i?2 ?QKQ;2M2BivX h?Bb +QK#BM�iBQM ?Qr2p2`- Bb MQi rBi?Qmi bB;@
MB}+�Mi +?�HH2M;2bX 6B`biHv- � T`Q#2 +�T�#H2 Q7 ƒLJ_ Kmbi #2 /2bB;M2/ rBi? +QKT�`�#H2
T2`7Q`K�M+2 iQ 2tBbiBM; T`Q#2b- iQ K�BMi�BM p�HB/Biv- �M/ rQ`F rBi? 2tBbiBM; K�;M2ib

R
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6B;m`2 RXR, JB+`Q~mB/B+ /2pB+2b /2p2HQT2/ 7Q` i?Bb rQ`F- �b r2HH �b 7Q` Qi?2` �TTHB+�@
iBQMb BM KB+`Q~mB/B+ LJ_X 6`QK i?2 H27i, � /2pB+2 7Q` T2`7mbBQM +mHim`2 Q7 � iBbbm2 bHB+2
QM +?BTc +�T�#H2 Q7 T2`Bbi�HiB+ TmKTBM;c ?v/`Q;2M�iBQM QM � +?BTc /`QTH2i ;2M2`�iBQMc

bBKTH2 b�KTH2 +?�K#2` }HH2`c k.fj. +2HH +mHim`2 /2pB+2X 6B;m`2 i�F2M 7`QK (R)X

�M/ bT2+i`QK2i2`bX a2+QM/Hv- i?2 +?BT- �M/ �Mv 7mM+iBQM�HBiv Bi TQbb2bb2b- Kmbi }i BM i?2
#Q`2 Q7 i?2 K�;M2i r?B+? Bb ivTB+�HHv �`QmM/ j3 KK BM /B�K2i2`X h?Bb +?BT b?QmH/ �HbQ
+QmTH2 iQ i?2 T`Q#2 BM � `2KQp�#H2 r�v iQ 2M�#H2 T�`�HH2HBb�iBQM Q7 2tT2`BK2Mib- T`2b2`p@
BM; QM2 Q7 i?2 F2v �ii`B#mi2b Q7 KB+`Q~mB/B+bX h?B`/Hv- i?2 K�i2`B�Hb mb2/ BM +QMbi`m+iBQM
b?QmH/ #2 MQM@K�;M2iB+ r?2`2p2` TQbbB#H2 �M/ i?2 mb2 Q7 K�;M2iB+ T�`ib b?QmH/ #2 F2Ti
iQ � KBMBKmKX q?2M /2bB;MBM; 2tT2`BK2Mib- i?2 K�;M2iB+ bmb+2TiB#BHBiB2b Q7 bQHmiBQMb
�M/ +?BT K�i2`B�H b?QmH/ �HbQ #2 +QMbB/2`2/- �b i?2b2 M22/ iQ #2 �b +HQb2Hv K�i+?2/ �b
TQbbB#H2 BM Q`/2` iQ T`2b2`p2 bT2+i`�H `2bQHmiBQM U� bQHmiBQM 7Q` r?2M i?Bb Bb MQi i?2 +�b2
Bb /Bb+mbb2/ BM +?�Ti2` 9VX

"v +QK#BMBM; i?2b2 irQ }2H/b- �M/ ?�`M2bbBM; i?2 Ƕ#2bi Q7 #Qi? rQ`H/bǶ �TT`Q�+?-
M2r BMbB;?i �M/ �M�HvbBb Bb �p�BH�#H2X >�pBM; [m�MiBi�iBp2- bvbi2K@H2p2H BM7Q`K�iBQM- BM
� � bBM;H2 Q` Dmbi � 72r b+�Mb +QmH/ #2M2}i � rB/2 p�`B2iv Q7 2tT2`BK2MibX 1M�#HBM;
KB+`Q~mB/B+ LJ_ �HbQ T`QpB/2b i?2 QTTm`imMBiv iQ b+�M K�bb@HBKBi2/ b�KTH2b- bm+? �b
i?Qb2 +QKKQMHv 7QmM/ BM HB;�M/ #BM/BM; `2�+iBQMb (k) Q` K�+`Q+v+HB+ +?2KBbi`v (j)X



*?�Ti2` k

"�+F;`QmM/

kXR JB+`Q~mB/B+b

kXRXR >BbiQ`v iQ T`2b2Mi /�v

h?2 }`bi �M�HviB+�H KBMB�im`Bb2/ /2pB+2 7�#`B+�i2/ QM bBHB+QM r�b T`2b2Mi2/ BM RNdN #v
h2``v 2i �H (9)X h?Bb /2pB+2- r�b � ;�b +?`QK�iQ;`�T? +�T�#H2 Q7 b2T�`�iBM; � bBKTH2
KBtim`2 Q7 ;�b2b BM b2+QM/b- �M/ BM+Hm/2/ �M BMD2+iBQM p�Hp2 �M/ � RX8 K HQM; b2T�`�iBQM
+QHmKMX � i?2`K�H +QM/m+iBpBiv /2i2+iQ` r�b 7�#`B+�i2/ b2T�`�i2Hv- �M/ +H�KT2/ iQ i?2
bBHB+QM r�72` +QMi�BMBM; i?2 +QHmKMX h?Bb bm#b2[m2MiHv �HHQr2/ 7Q` � `2/m+iBQM BM bBx2
Q7 i?2 +?`QK�iQ;`�T? Q7 M2�`Hv j Q`/2`b Q7 K�;MBim/2 +QKT�`2/ iQ i?2 +QMp2MiBQM�H
H�# 2[mBTK2Mi �i i?2 iBK2- �M/ Bb `2;�`/2/ �b i?2 }`bi /2KQMbi`�iBQM Q7 i?2 TQr2`
Q7 KBMB�im`Bb�iBQM 7`QK r?B+?- i?2 }2H/ Q7 H�#@QM@�@+?BT �M/ KB+`Q~mB/B+b rQmH/ #2
#Q`M (8)X AMiQ i?2 RN3yb- `2b2�`+? `2H�i2/ iQ KBMB�im`Bb�iBQM 7Q+mb2/ QM i?2 7�#`B+�iBQM
Q7 +QKTQM2Mib- HBF2 KB+`QTmKTb (e- d)- �M/ KB+`Qp�Hp2b (3) `�i?2` i?�M bBHB+QM #�b2/
�M�Hvb2`bX

AM RNNy- rQ`F /2b+`B#BM; � KBMB�im`Bb2/ HB[mB/ +?`QK�iQ;`�T? QM � bBHB+QM r�72`
r�b Tm#HBb?2/ (N)X h?Bb rQ`F /2b+`B#2/ � 8 t 8 KK +?BT +QMi�BMBM; � +QHmKM �M/ /2@
i2+iQ` i?�i r�b +QMM2+i2/ iQ �M Q77@+?BT >SG* TmKT �M/ p�Hp2b- 2M�#HBM; Bi iQ T2`7Q`K
?B;? T`2bbm`2 HB[mB/ +?`QK�iQ;`�T?vX *QM+m``2MiHv- i?2 +QM+2Ti Q7 � ǶKBMB�im`Bb2/ iQi�H
�M�HvbBb bvbi2KǶ Uƒh�aV r�b BMi`Q/m+2/ #v J�Mx 2i �H (Ry)- r?2`2 i?2 BM+Q`TQ`�iBQM
Q7 b�KTH2 T`2i`2�iK2Mi- b2T�`�iBQM- �M/ /2i2+iBQM QMiQ � bBM;H2 /2pB+2 r�b T`QTQb2/ iQ
2M?�M+2 i?2 �M�HviB+�H T2`7Q`K�M+2 Q7 i?2 /2pB+2- `�i?2` i?�M bBKTHv `2/m+2 Bib bBx2X
>Qr2p2`- Bi r�b �HbQ `2+Q;MBb2/ i?�i KBMB�im`Bb�iBQM Q7 i?2 /2pB+2 T`2b2Mi2/ i?2 �/p�M@
i�;2 Q7 MQi QMHv � bK�HH2` +QMbmKTiBQM Q7 K�i2`B�Hb- #mi rQmH/ �HbQ 2M�#H2 i?2 BMi2;`�iBQM
Q7 KmHiBTH2 b2T�`�iBQM i2+?MB[m2b +�T�#H2 Q7 KQMBiQ`BM; K�Mv +QKTQM2Mib BM � bBM;H2
/2pB+2X

j
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am+? � /2pB+2 r�b 2MpBbBQM2/ �b +�T�#H2 Q7 b�KTH2 ?�M/HBM;- �M�HvbBb- /2i2+iBQM-
�M/ BM+Q`TQ`�iBM; +QMi`QH Q7 K�bb i`�MbTQ`iX *QMp2MiBQM�H TmKTb �i i?2 iBK2 bi`m;;H2/
rBi? i?2 ?B;? T`2bbm`2b M22/2/ 7Q` i`�MbTQ`i BM bK�HH +?�MM2Hb- �M/ 2�`Hv i?2Q`2iB+�H
+QMbB/2`�iBQMb b?Qr2/ i?�i 2H2+i`QQbKQiB+ TmKTBM; r�b �M �ii`�+iBp2 �M/ 72�bB#H2 r�v
iQ KQp2 �[m2Qmb HB[mB/ i?`Qm;? � ƒh�a- 2bT2+B�HHv r?2M b2T�`�iBQM r�b M22/2/X

1H2+i`QQbKQbBb Bb /2}M2/ �b i?2 KQiBQM Q7 HB[mB/ BM/m+2/ #v �M �TTHB2/ TQi2MiB�HX
�M 2H2+i`QQbKQiB+ TmKT ?�b MQ KQpBM; T�`ib �M/ T`Q/m+2b �M 2p2M ~Qr �HQM; i?2 2MiB`2
H2M;i? Q7 i?2 +?�MM2H- B/2�H 7Q` 2�`Hv �TTHB+�iBQMb Q7 ƒh�a i?�i BK�;BM2/ b2T�`�iBM; �M/
�M�HvbBM; �[m2Qmb bQHmiBQMbX 1�`Hv 2zQ`ib r2`2 }`bi Tmi BMiQ QTiBKBbBM; BMD2+iBQM �M/
b2T�`�iBQM Q7 HB[mB/b #v brBi+?BM; pQHi�;2b #2ir22M i?2 `2b2`pQB`b +QMi�BMBM; `2�;2Mi-
+�``B2` �M/ r�bi2 (RR)X

1H2+i`QT?Q`2bBb BM � ƒh�a r�b `2TQ`i2/ BM RNNk mbBM; bBHB+QM �M/ ;H�bb (Rk)X h?Bb
/2KQMbi`�i2/ bm++2bb BM mbBM; 2H2+i`QQbKQiB+ TmKTBM; 7Q` ~Qr +QMi`QH BM BMi2`+QMM2+i2/
+?�MM2Hb- rBi?Qmi i?2 mb2 Q7 p�Hp2b- �b r2HH �b i?2 +QM+2Ti Q7 BMi2;`�iBM; BMD2+iBQM-
b2T�`�iBQM- �M/ /2i2+iBQM BMiQ � bBM;H2 /2pB+2X �b 2H2+i`QT?Q`2bBb r�b KQbi +QKKQMHv
mb2/ iQ b2T�`�i2 #BQHQ;B+�H b�KTH2b- mbm�HHv +?�`;2/ KQH2+mH2b BM �[m2Qmb bQHmiBQM- Bi
+QmH/ #2 mb2/ iQ /2i2+i �KBMQ �+B/b b2T�`�i2/ QM@+?BT- mbBM; H�b2` BM/m+2/ ~mQ`2b+2M+2
(Rj)X AM �//BiBQM iQ b2T�`�iBQM Q7 #BQHQ;B+�H b�KTH2b- �TTHB+�iBQMb Q7 `2�+iBQMb +QM+2`MBM;
#BQKQH2+mH2b �M/ i?2 ?�M/HBM; Q7 +2HHb �HbQ bi�`i2/ iQ 2K2`;2X

JB+`Q7�#`B+�i2/ /2pB+2 +�T�#BHBiv bi�`i2/ iQ #2+QK2 KQ`2 +QKTHB+�i2/ �M/ KB@
+`Q~mB/B+b 7QmM/ mb2b BM .L� �KTHB}+�iBQM #v TQHvK2`�b2 +?�BM `2�+iBQM US*_V (R9)
�M/ +2HHmH�` K2i�#QHBbK (R8)X �b �M�HvbBb Q7 #BQHQ;B+�H b�KTH2b BM r�i2` #2+�K2 �p�BH�#H2-
7�#`B+�iBQM Q7 i?2 /2pB+2b 7`QK ;H�bb �M/ bBHB+QM #2+�K2 mMM2+2bb�`v �M/ BM�TT`QT`B�i2X
aBHB+QM r�b �i i?2 iBK2 2tT2MbBp2- #mi KQ`2 BKTQ`i�MiHv- QT�[m2 iQ pBbB#H2 �M/ lo@HB;?i-
�M/ bQ +QmH/MǶi #2 mb2/ rBi? +QMp2MiBQM�H K2i?Q/b Q7 QTiB+�H /2i2+iBQM 7`2[m2MiHv mb2/
BM #BQHQ;vX h?2 BM+`2�bBM; +QKTH2tBiv Q7 i?2 /2pB+2b �HbQ K2�Mi Bi #2+�K2 BKTQ`i�Mi
7Q` TmKTb �M/ p�Hp2b iQ #2 BMi2;`�i2/ BMiQ i?2 /2pB+2 �M/ i?2b2 �`2 KQ`2 2�bBHv K�/2
7`QK 2H�biQK2`b i?�M bBHB+QM Q` Qi?2` `B;B/ K�i2`B�HbX h?2 i`2M/ iQr�`/b bim/vBM; K�K@
K�HB�M +2HHb H2�/ iQ /Bz2`2Mi `2[mB`2K2Mib bm+? �b ;�b T2`K2�#BHBiv- r?B+? M2Bi?2` ;H�bb
Q` bBHB+QM +�M T`QpB/2X Ai r�b 7Q` i?2b2 `2�bQMb i?�i i?2 `2TH�+2K2Mi Q7 bBHB+QM �M/ ;H�bb
rBi? TQHvK2`b r�b `2[mB`2/ (Re)X

SQHvU/BK2i?vHbBHQt�M2V US.JaV r�b i?2 TQHvK2` Q7 +?QB+2- i?2 T`QT2`iB2b Q7 r?B+?
/Bz2` ;`2�iHv 7`QK bBHB+QM Q` ;H�bb (Rd- R3)X h?2 brBi+? iQ S.Ja r�b K�/2 2p2M KQ`2
�ii`�+iBp2 #v i?2 /2p2HQTK2Mi Q7 bQ7i@HBi?Q;`�T?v �b � K2i?Q/ 7Q` #mBH/BM; T`QiQivT2
/2pB+2b (RN)- �M/ i?2 /2p2HQTK2Mi Q7 � K2i?Q/ iQ 7�#`B+�i2 TM2mK�iB+�HHv �+im�i2/
p�Hp2b- TmKTb- �M/ KBt2`b (RN)X h?2b2 �/p�M+2b �`2 QMHv TQbbB#H2 /m2 iQ i?2 2H�biQK2`B+
M�im`2 Q7 S.Ja �M/ rQmH/ MQi #2 TQbbB#H2 rBi? � Tm`2 bBHB+QM Q` ;H�bb /2pB+2bX h?2
BKT`Qp2/ K2i?Q/b Q7 7�#`B+�iBQM H2�/ iQ i?2 +`2�iBQM Q7 i?2 +QKTQM2Mib `2[mB`2/ 7Q` KQ`2
bQT?BbiB+�i2/ 2tT2`BK2Mib BM i?2 7Q`K Q7, p�Hp2b i?�i 2M�#H2/ BKKmMQ�bb�vb#U6B;X kXRV
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6B;m`2 kXR, *QKTQM2Mib Q7 � KB+`Q~mB/B+ /2pB+2 ;Qi BM+`2�bBM;Hv +QKTHB+�i2/X h?Bb
/2pB+2 7`QK _27X(ky) T2`7Q`Kb BKKmMQ�bb�vb @ rB/2Hv mb2/ BM K2/B+�H �M/ #BQHQ;B+�H
`2b2�`+?X h?2 b+`2rb U/�b?2/ +B`+H2bV �`2 K�Mm�HHv QT2`�i2/ p�Hp2bX q�i2` rBi? ;`22M

/v2 b?Qrb i?2 +?�MM2HbX

(ky)c �M BMi2;`�i2/ KB+`Q~mB/B+ bvbi2K 7Q` 2{+B2Mi KBtBM; (kR)c �M/ TmKTb (kk)X qBi?
i?2b2 +QKTQM2Mib- KB+`Q~mB/B+b r�b BM � TQbBiBQM iQ i�+FH2 KQ`2 +QKTH2t T`Q#H2Kb- QM2
2t�KTH2 Q7 i?Bb Bb b?QrM BM 6B;X kXRX

�b i?2b2 7�#`B+�iBQM K2i?Q/b #2+QK2 KQ`2 rB/2Hv mb2/- i?2 }2H/ Q7 KB+`Q~mB/B+b
KQp2/ 7`QK �//BM; +QKTQM2Mib iQ Bib �M�HviB+�H �`b2M�H- iQ bi�`iBM; iQ }M/ �TTHB+�@
iBQMb 7Q` /2pB+2bX JB+`Q~mB/B+ /2pB+2b i?2M 7QmM/ �TTHB+�iBQMb BM T`Qi2BM +v`bi�HHBb�iBQM
(kj)- b2T�`�iBQMb +QmTH2/ rBi? K�bb bT2+i`Qb+QTv (k9)- bBM;H2 +2HH K�MBTmH�iBQM (k8)- �M/
bvMi?2bBb Q7 φν6@H�#2HH2/ Q`;�MB+ +QKTQmM/b 7Q` mb2 BM S1h b+�Mb (ke)X

� bm#b2+iBQM Q7 KB+`Q~mB/B+b #2;�M iQ 2K2`;2 �`QmM/ i?Bb iBK2 iQQ- �b HQr _2vMQ@
H/b MmK#2`b K�F2 KmHiBT?�b2 ~Qr K�MBTmH�iBQM `2H�iBp2Hv 2�bv- i?2 ;2M2`�iBQM �M/
K�MBTmH�iBQM Q7 /`QTH2ib (kdĜkN) i?2M #2;�M iQ #2 2tTHQ`2/X h?2b2 2tT2`BK2Mib BMpQHp2/
/BbT2`bBM; � HB[mB/ T?�b2 BM � +QMiBMmQmb HB[mB/ bi`2�K iQ 7Q`K � KQMQ/BbT2`b2 2KmHbBQM
Q7 UQ7i2MV �[m2Qmb /`QTH2ib BM QBHX h?2b2 /`QTH2ib r2`2 mb2/ iQ T`Q/m+2 TQHvK2` T�`iB+H2b
(jy)- BM K�FBM; B``2;mH�` T�`iB+H2b (jR)- ?QHHQr KB+`Q+�TbmH2b (jk)- �M/ T`Qi2BM /2i2+iBQM
BM +2HHb (jj)X �M 2t�KTH2 Q7 QM2 Q7 i?2 r�vb /`QTH2ib r2`2 }`bi T`Q/m+2/ BM KB+`Q~mB/B+
/2pB+2b Bb b?QrM BM 6B;X kXkX

AM T�`�HH2H- �MQi?2` #`�M+? Q7 KB+`Q~mB/B+b r�b #2BM; /2p2HQT2/- Bib ;Q�H r�b
iQ +mHim`2 +2HHb BM � `2T2�i�#H2 r�vX AM i?2B` MQ`K�H 2MpB`QMK2Mi- +2HHb �`2 bm#D2+i iQ
KmHiBTH2 +m2b BM+Hm/BM; +viQFBM2b �M/ Qi?2` bB;M�HHBM; KQH2+mH2b 7`QK M2B;?#Qm`BM; +2HHb-
#BQ+?2KB+�H BMi2`�+iBQMb rBi? i?2 2ti`�+2HHmH�` K�i`Bt- K2+?�MB+�H bi`2bb- �M/ /B`2+i +2HH
iQ +2HH +QMi�+ibX JB+`Q~mB/B+b r�b b22M �b �M B/2�H K2i?Q/ Q7 T`QpB/BM; +2HHb rBi? i?2b2
+m2b- BM � +QMi`QHH2/ �M/ `2T`Q/m+B#H2 7�b?BQM i?�i +QmH/MǶi #2 2�bBHv `2THB+�i2/ rBi?
+QMp2MiBQM�H +2HH +mHim`2X "v mbBM; KB+`Q~mB/B+ /2pB+2b QM2 +�M +QK#BM2 +2HH +mHim`2
rBi? �M�HviB+�H i2+?MB[m2b BM Q`/2` iQ T`Q#2 i?2 #BQ+?2KB+�H T`Q+2bb2b i?�i ;Qp2`M +2HH
#2?�pBQm`X
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6B;m`2 kXk, 6Q`K�iBQM Q7 /`QTH2ib BM � h@CmM+iBQM Q7 � KB+`Q~mB/B+ /2pB+2 i?2 +QMiBM@
mQmb ?v/`Q+�`#QM T?�b2 /BbT2`b2b � r�i2` T?�b2X 6B;m`2 7`QK (j9)

JB+`Q~mB/B+ /2pB+2b ?�p2 #22M mb2/ iQ 2M�#H2 +2HH@#�b2/ �bb�vb- 7`QK +mHim`BM;
+2HHb iQ #BQ+?2KB+�H �M�HvbBbX AM 6B;X kXj BK�;2b Q7 /Bz2`2Mi /2pB+2b �`2 b?QrM i?�i
+QMp2v ?Qr +QKTH2t i?2 /2pB+2b #2BM; T`Q/m+2/ r2`2 #2+QKBM;X .2bTBi2 BMi2;`�iBQM Q7
7mM+iBQM�HBiB2b T`QpBM; /B{+mHi- i?2b2 /2KQMbi`�i2 i?2 TQr2` Q7 KBMB�im`Bb�iBQM �M/ i?2
BM;2MmBiv #2BM; /2p2HQT2/ BM i?2 }2H/X JB+`Q~mB/B+b +�M Qz2` mMB[m2 +QMi`QH Qp2` +2HH@
+2HH �M/ bQHm#H2 +m2b- ivTB+�H Q7 BM pBpQ +2HH 2MpB`QMK2Mib- #v +QK#BMBM; KB+`Q7�#`B+�iBQM
Q7 j. 2ti`�+2HHmH�` K�i`Bt U1*JV bi`m+im`2b �M/ ~mB/ M2irQ`Fb +�T�#H2 Q7 /2HBp2`BM;
Mmi`B2Mib �M/ Qtv;2M (9d)X

h?`Qm;?Qmi i?2 kyyyb- KB+`Q7�#`B+�iBQM- r?B+? +QK#BM2/ KB+`QT�ii2`MBM; i2+?@
MB[m2b bm+? �b T?QiQHBi?Q;`�T?v- T?QiQ@`2�+iBp2 +?2KBbi`v- �M/ bQ7i HBi?Q;`�T?v- K�/2
Bi TQbbB#H2 iQ 2M;BM22` i?2 KB+`Q2MpB`QMK2Mi Q7 i?2 +2HH QM bBKBH�` H2M;i? b+�H2b iQ i?2
+2HH Bib2H7 (93)X h?Bb bm`7�+2 T�ii2`MBM; Q7 KB+`Q@K2i`2 bBx2/ 72�im`2b 2M�#H2/ +QMi`QH Q7
+2HH@1.J BMi2`�+iBQMb- �M/ r�b mb2/ iQ 7�#`B+�i2 j. b+�zQH/b QM r?B+? iQ ;`Qr +2HHb
i?�i r2`2 K�/2 Q7 #BQ/2;`�/�#H2 K�i2`B�Hb (9N)X

PM2 �`2� Q7 �TTHB+�iBQM r�b i?2 j. +mHim`2 Q7 HBp2` +2HHbX AM pBi`Q +mHim`2 Q7
HBp2` +2HHb Bb Q7 T�`iB+mH�` BMi2`2bi �b K�Mv /`m;b 7�BH +HBMB+�H bim/B2b #2+�mb2 i?2v 2Bi?2`
/�K�;2 i?2 HBp2` /B`2+iHv- Q` #2+�mb2 i?2 K2i�#QHBi2b T`Q/m+2/ #v i?2 HBp2` �`2 iQtB+ (8y)X
1zQ`ib r2`2 K�/2 iQ T`Q/m+2 BM pBi`Q +mHim`2 bvbi2Kb i?�i KBKB+ `2�H HBp2` +QM/BiBQMbX AM
i?2 HBp2`- ?2T�iQ+vi2b �`2 7QmM/ BM � +QKTH2t j. 2MpB`QMK2Mi BM r?B+? Mmi`B2Mib- bQHm#H2
7�+iQ`b �M/ Qtv;2M- �`2 i`�MbTQ`i2/ i?`Qm;? #HQQ/ +�TBHH�`B2b �M/ #BH2 +�M�HB+mHBX h?Bb
j. 2MpB`QMK2Mi Q7i2M +QMi�BMb TQH�` iBbbm2 bi`m+im`2 r?2`2 i?2 irQ bB/2b Q7 i?2 +2HH �`2
2tTQb2/ iQ /Bz2`2Mi K2/B�- 7Q` 2t�KTH2- BM i?2 HBp2` bQK2 ?2T�iQ+vi2b �`2 2tTQb2/ iQ
i?2 #BH2 QM QM2 bB/2 �M/ #HQQ/ QM i?2 Qi?2`- r?B+? Bb ?�`/ iQ `2T`Q/m+2 mbBM; k. +2HH
+mHim`2 �HQM2X lbBM; bBHB+QM �b � bm#bi`�i2- SQr2`b 2i �HX 7�#`B+�i2/ j. HBp2` `2�+iQ`b
mbBM; �``�v Q7 jyy ƒK rB/2 +?�MM2Hb (8R)X AM i?2B` /2pB+2 i?2v T2`7mb2/ `�i HBp2` +2HHb
T`QpB/BM; ~mB/ b?2�` bi`2bb2b rBi?BM T?vbBQHQ;B+�H `�M;2 �M/ 7QmM/ i?�i i?2 +2HHb b22/2/
BMiQ i?2 +?�MM2Hb `2�``�M;2/ 2ti2MbBp2Hv iQ 7Q`K ǶiBbbm2 HBF2Ƕ bi`m+im`2b- �M/ `2K�BM2/
pB�#H2 7Q` mT iQ k r22FbX
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6B;m`2 kXj, � +QHH2+iBQM Q7 KB+`Q~mB/B+ /2pB+2b i?�i 2M�#H2/ +2HH #�b2/ �bb�vb 7`QK +2HH
+mHim`2- iQ b2H2+iBQM �M/ i`2�iK2Mi- iQ �M�HvbBbX �- aBt #BQ`2�+iQ`b �`2 QT2`�i2/ BM T�`@
�HH2H BM � bBM;H2 +?BT iQ KQMBiQ` bK�HH MmK#2`b Q7 +2HHb (j8)- #- JB+`Q~mB/B+ +2HH@+mHim`2
�``�v rBi? BMi2;`�i2/ +QM+2Mi`�iBQM ;`�/B2Mi ;2M2`�iQ` UH27iVX AK�;2 Q7 +QM+2Mi`�iBQM
;`�/B2Mi r?2M #Hm2 �M/ v2HHQr /v2 Bb mb2/ U`B;?iV (je)X + hrQ H�KBM�` bi`2�Kb 2tTQbBM;
irQ bB/2b Q7 � bBM;H2 +2HH iQ /Bz2`2Mi +QM/BiBQMb (jd)X /- S2`7mbBQM Qp2` � bBM;H2 i`�TT2/
+2HHX h?2 T2`7mbBQM K2/B� +�M #2 brBi+?2/ BM Ryy Kb (k8)X 2- UH27iV *2HH /B2H2+i`QT?Q`2bBb
i`�TX U`B;?iV 6HmQ`2b+2Mi BK�;2 Q7 i`�TT2/ +2HH BM/B+�i2/ #v #Hm2 �``Qr (j3)X 7- 6HmQ`2b@
+2Mi BK�;2 Q7 HB;?i T�i? �i i?2 /2i2+iBQM xQM2 BM � KB+`Q ~Qr +viQK2i2` (jN)X ; a+�MMBM;
2H2+i`QM KB+`Q;`�T? Q7 � K2+?�MB+�H HvbBb /2pB+2 rBi? b?�`T FMB72@HBF2 T`Qi`mbBQMb (9y)X
?- a+?2K�iB+ Q7 2H2+i`B+�H HvbBb /2pB+2 rBi? KB+`Q2H2+i`Q/2b (9R)X B- AbQ2H2+i`B+ 7Q+mbBM;
Q7 +2HH Q`;�M2HH2b (9k)X D- hrQ@/BK2MbBQM�H b2T�`�iBQM Q7 7Qm` KQ/2H T`Qi2BMbX AbQ2H2+i`B+
7Q+mbBM; UiQTV 7QHHQr2/ #v a.a ;2H 2H2+i`QT?Q`2bBb (9j)X F- a+?2K�iB+ Q7 BKKmMQ�bb�v
mbBM; KB+`Q#2�/b �b � bQHB/ bmTTQ`i (99)X H- a+?2K�iB+ Q7 � ?QHHQr +�MiBH2p2`@#�b2/ K�bb

b2MbQ` 7Q` �M�Hvi2 /2i2+iBQM (98)X h�F2M 7`QK _27X(9e)
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G�i2`- aBp�`�K�M 2i �HX /2p2HQT2/ � /Bz2`2Mi bvbi2K iQ +mHim`2 HBp2` +2HHb BM �
j. b+�zQH/ mbBM; TQHv+�`#QM�i2 ?QmbBM; 7Q` � bBHB+QM /2pB+2X h?Bb /2pB+2 +QMi�BM2/
KB+`Q7�#`B+�i2/ r2HHb BM r?B+? i?2 +2HHb r2`2 b22/2/ �M/ T2`7mb2/ rBi? K2/B�X h?2v �HbQ
Q#b2`p2/ i?�i i?2 +2HHb BM i?2 j. +mHim`2 ?�/ +2HH@+2HH +QMi�+ib i?�i `2b2K#H2/ i?Qb2 7QmM/
BM iBbbm2b BM pBpQ (8y)X Ai ?�b #22M Q#b2`p2/ i?�i +Q@+mHim`2 Q7 ?2T�iQ+vi2b rBi? Qi?2` +2HH
ivT2b- BM+Hm/BM; HBp2` 2TBi?2HB�H +2HHb �M/ EmTz2` +2HHb- T`QHQM;b i?2 bm`pBp�H Q7 +mHim`2/
?2T�iQ+vi2b �M/ ?2HTb K�BMi�BM HBp2`@bT2+B}+ T`QT2`iB2b bm+? �b �H#mKBM b2+`2iBQM (8k)X

�b j. +2HH +mHim`2 #2+�K2 KQ`2 rB/2Hv mb2/- � M2r bm#@;2M`2 Q7 KB+`Q~mB/B+b
r�b 7Q`K2/- Q`;�M@QM@�@+?BTX 1�`Hv 2zQ`ib ?�/ b?QrM i?�i KB+`Q7�#`B+�iBQM Q7 �/?2@
bBp2 bm#bi`�i2b T`QpB/2/ r2HH@+QMi`QHH2/ 2MpB`QMK2Mib 7Q` +2HH ;`Qri? �M/ 2tT`2bbBQM Q7
/Bz2`2MiB�i2/ iBbbm2@bT2+B}+ 7mM+iBQMb (8j- 89)X �/p�M+2b BM bQ7i HBi?Q;`�T?v@#�b2/ KB@
+`Q~mB/B+ /2pB+2b K�/2 Bi 2�bB2` iQ /2p2HQT i?2 KQ`2 +QKTH2t j. �`+?Bi2+im`2 Q7 HBpBM;
iBbbm2b �M/ Q`;�MbX 6Q` 2t�KTH2- � TQHvU/BK2i?vHbBHQt�M2V US.JaV /2pB+2 r�b /2p2H@
QT2/ i?�i +QMi�BM2/ bi`m+im`2b r?B+? KBKB+ i?2 bi`m+im`2 Q7 i?2 2M/Qi?2HB�H@2TBi?2HB�H
BMi2`7�+2 i?�i 7Q`Kb i?2 HBp2` bBMmbQB/ (88)X

�HQM; rBi? HBp2` 7mM+iBQM- FB/M2v- HmM;- �M/ #Q/v 7mM+iBQMb r2`2 `2THB+�i2/ BM
KB+`Q~mB/B+ /2pB+2b b?QrM BM 6B;X kX9X q?BHbi i?2 HBp2` �M/ FB/M2v Qz2` ?B;?Hv bBKTHB@
}2/ KB+`Q@2M;BM22`2/ KQ/2Hb- rBi?BM Q`;�Mb- BM pBpQ Mmi`B2Mib- ?Q`KQM2b- K2i�#QHBi2b-
+viQFBM2b �M/ T?vbB+�H bB;M�Hb �`2 mbm�HHv i`�Mb72``2/ �+`Qbb BMi2`7�+2b #2ir22M �/D�+2Mi
HBpBM; +2HHb- �M/ i?2`27Q`2 `2[mB`2 � Km+? KQ`2 +QKTH2t KB+`Q2MpB`QMK2Mi 7Q` i`m2 `2THB@
+�iBQMX >m? 2i �HX +`2�i2/ � KQ/2H Q7 i?2 ?mK�M �Hp2QH�`@+�TBHH�`v BMi2`7�+2- 7Q`K2/
BM � ~2tB#H2 S.Ja /2pB+2 +QMi�BMBM; � +2Mi`�H +?�MM2H �M/ irQ ?QHHQr bB/2 +?�K#2`b
(8e)X � Ry ƒK i?B+F S.Ja K2K#`�M2 +QMi�BMBM; �M Q`/2`2/ �``�v Q7 KB+`QTQ`2b URy
ƒK /B�K2i2`V r�b bi`2i+?2/ �+`Qbb i?2 +2Mi`�H +?�MM2H- bTHBiiBM; Bi BM irQ- b22 6B;X kX9X
>mK�M �Hp2QH�` 2TBi?2HB�H +2HHb r2`2 i?2M +mHim`2/ QM QM2 bB/2 Q7 i?2 K2K#`�M2 �M/
2tTQb2/ iQ �B`- r?BH2 ?mK�M HmM; +�TBHH�`v 2M/Qi?2HB�H +2HHb r2`2 +mHim`2/ QM i?2 QT@
TQbBM; bB/2 �M/ 2tTQb2/ iQ ~QrBM; K2/BmKX q?2M i?2 ?QHHHQr bB/2 +?�K#2`b r2`2
2tTQb2/ iQ p�+mmK- i?2 +2HHb r2`2 bm#D2+i2/ iQ bi`�BM `�M;BM; 7`QK 8W@R8W iQ K�i+?
bi`�BM Q#b2`p2/ rBi?BM r?QH2 HmM; BM pBpQX AM /QBM; bQ- i?2v 7QmM/ i?2B` ǶHmM; QM �
+?BTǶ �++2Mim�i2/ i?2 BM~�KK�iQ`v `2bTQMb2b Q7 i?2 +2HHb iQ bBHB+� M�MQT�`iB+H2bX h?Bb
K2+?�MB+�H bi`�BM �HbQ 2M?�M+2/ mTi�F2 Q7 M�MQT�`iB+H2b �M/ biBKmH�i2/ i?2 i`�MbTQ`i
BMiQ i?2 p�b+mH�` +?�MM2H- �M/ bBKBH�` 2z2+ib Q7 T?vbBQHQ;B+�H #`2�i?BM; r2`2 Q#b2`p2/
BM r?QH2 KQmb2 HmM;X h?2b2 2�`Hv Q`;�M@QM@�@+?BT 2tT2`BK2Mib T�p2/ i?2 r�v 7Q` KQ`2
+QKTH2t Ƕ"Q/v@QM@�@+?BTǶ /2pB+2bX "Q/v@QM@�@+?BT /2pB+2b +QMi�BM KmHiBTH2 ivT2b Q7 +mH@
im`2/ +2HHb +QMM2+i2/ #v � M2irQ`F Q7 KB+`Q~mB/B+ +?�MM2Hb- r?B+? T2`KBi `2+B`+mH�iBQM
�M/ 2t+?�M;2 Q7 K2i�#QHBi2b BM � T?vbBQHQ;B+�HHv@`2H2p�Mi K�MM2` (8d)X h?2b2 /2pB+2b
?�p2 7QmM/ �TTHB+�iBQMb BM /`m; b+`22MBM; �M/ /Bb2�b2 KQ/2HHBM; (83)X

�b i?2 +QKTH2tBiv Q7 +2HH +mHim`2 rBi?BM KB+`Q~m/B+ /2pB+2b BM+`2�b2/- bQ iQ- /B/
i?2 /2i2+iBQM K2i?Q/bX *QmTHBM; � /2i2+iQ` iQ �M GP* Bb +`BiB+�H 7Q` �Mv �M�HviB+�H
Tm`TQb2X � MmK#2` Q7 /2i2+iQ` i2+?MQHQ;B2b r2`2 /2KQMbi`�i2/ BM KB+`Q~mB/B+ /2pB+2b-
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6B;m`2 kX9, P`;�M@P`;�M �M/ iBbbm2@iBbbm2 BMi2`7�+2b BM KB+`Q/2pB+2bX GBp2` +?BT, �
KB+`Q~mB/B+ HBp2` /2pB+2 rBi? +2HH +mHim`2 �M/ ~Qr +?�K#2`b b2T�`�i2/ #v � #�|2 i?�i
b2T�`�i2b +mHim`2/ ?2T�iQ+vi2b 7`QK ~mB/ ~Qr iQ bBKmH�i2 i?2 2M/Qi?2HB�H@?2T�iQ+vi2
BMi2`7�+2 Q7 i?2 HBp2` bBMmbQB/X h?Bb ;2QK2i`v T`QKQi2b �HB;MK2Mi Q7 ?2T�iQ+vi2b BM
irQ HBM2b i?�i 7�+BHBi�i2b i?2 T`Q/m+iBQM Q7 7mM+iBQM�H #BH2 +�M�HB+mHB �HQM; ?2T�iB+@
+Q`/@HBF2 bi`m+im`2b (88)X EB/M2v +?BT, � bBKTH2 FB/M2v QM � +?BT i?�i KBKB+b i?2
BMi2`7�+2 #2ir22M 2TBi?2HBmK �M/ ~QrBM; m`BM2 r�b +`2�i2/ #v #QM/BM; � S.Ja r2HH
�M/ � S.Ja +?�MM2H iQ 2Bi?2` bB/2 Q7 � b2KB@T2`K2�#H2 K2K#`�M2 QM r?B+? +2HHb
�`2 +mHim`2/ �M/ bm#D2+i2/ iQ ~mB/ ~Qr (8N)X GmM; +?BT, � HmM;@QM@�@+?BT +�T�#H2 Q7
`2THB+�iBM; K2+?�MB+�H bi`�BM +�mb2/ #v #`2�i?BM;- 7�#`B+�i2/ 7`QK S.Ja i?�i KBKB+b
i?2 T?vbBQHQ;B+�H 7mM+iBQM Q7 i?2 �Hp2QH�`@+�TBHH�`v BMi2`7�+2 BM i?2 ?mK�M HmM;X h?2
?QHHQr +?�K#2`b �`2 bm#D2+i2/ iQ +v+HB+ bm+iBQM iQ `2THB+�i2 #`2�i?BM; KQp2K2Mib r?BHbi
~mB/ ~QrBM; KBKB+b #HQQ/ ~Qr (8e)X "Q/v +?BT, � KB+`Q~mB/B+ /2pB+2 +QMi�BMBM;
KmHiBTH2 HBMF2/ iBbbm2 ivT2b `2T`2b2MiBM; /Bz2`2Mi Q`;�Mb r�b +QMbi`m+i2/ #v b2�HBM;
i?`22 +2HH +mHim`2 +?�K#2`b �;�BMbi � +Qp2`X 1�+? +2HH +mHim`2 +?�K#2` +QMi�BMb � j.
1*J ;2H +QMi�BMBM; HBpBM; +2HHb 7`QK � /Bz2`2Mi Q`;�MX J2/B� r�b +B`+mH�i2/ i?`Qm;?
i?2 +?�K#2`b pB� KB+`Q~mB/B+ +?�MM2Hb /m`BM; QT2`�iBQM (ey)X 6B;m`2 i�F2M 7`QK (eR)X

BM+Hm/BM; 2H2+i`Q+?2KB+�H (ek)- K2+?�MB+�H (ej)- �M/ QTiB+�H K2i?Q/b (e9)X h?2 bK�HH
b�KTH2 pQHmK2b ivTB+�H iQ � KB+`Q~mB/B+ 2tT2`BK2Mi �`2 �M BKTQ`i�Mi +?�HH2M;2 iQ Qp2`@
+QK2 7Q` �Mv /2i2+iQ`- B/2�HHv- i?2v b?QmH/ #2 ?B;?Hv b2MbBiBp2 �M/ b+�H�#H2 iQ bK�HH2`
/BK2MbBQMbX

h?2 K2+?�MBbK �M/ 72�im`2b Q7 i?2 /2i2+iBQM i2+?MQHQ;B2b �`2 bmKK�`Bb2/ BM (e8)
�M/ `2T`Q/m+2/ BM h�#H2 kXRXRX
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J2i?Q/ J2+?�MBbK 62�im`2b
1H2+i`Q+?2KB+�H J2�bm`2b +?�M;2b BM +QM/m+@

i�M+2- `2bBbi�M+2 �M/fQ` +�@
T�+Bi�M+2 �i i?2 �+iBp2 bm`7�+2
Q7 i?2 2H2+i`Q/2b

UYV _2�H@iBK2 /2i2+iBQM- UYV
GQr@+Qbi KB+`Q2H2+i`Q/2 7�#`B@
+�iBQM- U@V *QMi`QH Q7 BQMB+ +QM@
+2Mi`�iBQMb #27Q`2 /2i2+iBQM- U@V
a?Q`i b?2H7 HB72

J2+?�MB+�H .2i2+iBQM Bb #�b2/ QM p�`B@
�iBQMb Q7 i?2 `2bQM�Mi 7`2@
[m2M+v Q` bm`7�+2 bi`2bb Q7 i?2
K2+?�MB+�H b2MbQ`

UYV JQMQHBi?B+ b2MbQ` BMi2;`�@
iBQM- UYV G�#2H 7`22 /2i2+iBQM- U@
V /�KTBM; 2z2+ib BM HB[mB/ b�K@
TH2b- U@V .2i2+iBQM i�F2b iBK2
U jy KBMbV- U@V *QKTH2t 7�#`B@
+�iBQM

PTiB+�H .2i2+ib p�`B�iBQMb BM HB;?i BM@
i2MbBiv- `27`�+iBp2 BM/2t b2MbB@
iBpBiv- Q` BMi2`72`2M+2 T�ii2`M

UYV JBMBK�H b�KTH2 T`2T�`�@
iBQM- UYV _2�H@iBK2 /2i2+iBQM-
UYV l#B[mBiQmb BM H�#Q`�iQ`B2b-
U@V *QMp2MiBQM�H BMbi`mK2Mi�@
iBQM Bb 2tT2MbBp2- U@V a2i@mT
+QKTH2tBiv

h�#H2 kXR, amKK�`v Q7 2H2+i`Q+?2KB+�H- K2+?�MB+�H �M/ QTiBK�H /2i2+iBQM i2+?MQHQ@
;B2b 2KTHQv2/ BM KB+`Q~mB/B+bX

1H2+i`Q+?2KB+�H /2i2+iBQM BMpQHp2b i?2 BMi2`�+iBQM Q7 +?2KB+�H bT2+B2b rBi? 2H2+@
i`Q/2b Q` T`Q#2bX h?Bb BMi2`�+iBQM `2bmHib BM � p�`B�iBQM Q7 bB;M�H- bm+? �b TQi2MiB�H Q`
+m``2Mi- r?B+? 2M�#H2b �M�HvbBb Q7 i�`;2i �M�Hvi2bX h?2 2H2+i`Q+?2KB+�H T?2MQK2MQM
/2�Hb rBi? irQ K�DQ` 2z2+ib, UBV +?2KB+�H `2�+iBQMb �`2 T`QKQi2/ #v T�bbBM; �M 2H2+i`B@
+�H +m``2Mi i?`Qm;? i?2 2H2+i`Q/2 bvbi2Kc Q` UBBV 2H2+i`Q/2 `2bTQMb2b �`2 i`B;;2`2/ /m2
iQ bT2+B}+ +?2KB+�H `2�+iBQMbX h?2b2 2z2+ib �`2 mbm�HHv Q#b2`p2/ mbBM; �M 2H2+i`QHviB+
+2HHX _2�+iBQMb Q7 QtB/�iBQM �M/ `2/m+iBQM Q++m``BM; �i i?2 bm`7�+2 Q7 i?2 2H2+i`Q/2b �`2
i?2 #�bBb 7Q` 2H2+i`QM i`�Mb72`b #2ir22M i?2 2H2+i`QHvi2 Ub�KTH2V �M/ i?2 2H2+i`Q/2bX AM �
ivTB+�H 2H2+i`QHviB+ +2HH- i?2 2H2+i`Q/2 bvbi2K Bb 7Q`K2/ #v i?2 rQ`FBM; 2H2+i`Q/2- r?2`2
/2i2+iBQM Q7 � +2`i�BM �M�Hvi2 Bb �M�Hvx2/- �M/ i?2 `272`2M+2 2H2+i`Q/2- r?2`2 � bi�M/�`/
QtB/�iBQMf`2/m+iBQM Bb +QM/m+i2/ (ee)X qQM;F�2r 2i �HX `2TQ`i2/ �M 2H2+i`Q+?2KB+�H
#BQb2MbQ` i?�i 2KTHQv2/ � KB+`Q2H2+i`Q/2 �``�vX AM i?2 �``�v- �/D�+2Mi 2H2+i`Q/2 }M;2`b
7Q`K KB+`Q@bBx2/ ;�Tb r?B+? �HHQr �M BM+`2�b2 Q7 i?2 /BzmbBQM ~mt Q7 +?2KB+�H bT2+B2b-
i?mb H2�/BM; iQ �M 2M?�M+2/ +QHH2+iBQM 2{+B2M+v �M/ ?B;?2` bB;M�H �KTHB}+�iBQMX h?2
KB+`Q+?�MM2Hb Q7 i?2 /2pB+2 r2`2 K�/2 #v ?Qi 2K#QbbBM; SJJ� �M/ i?2 2H2+i`Q/2b
r2`2 K�/2- #v 2@#2�K �M/ r2i@2i+?BM; T`Q+2bb2bX h?2 /2i2+iBQM Q7 i�`;2ib mbBM; i?Bb
bvbi2K iQQF k8y b2+QM/b �M/ `2TQ`i2/ HBKBib Q7 /2i2+iBQM Q7 RkX8 ƒJX

J2+?�MB+�H /2i2+iBQM bvbi2Kb K�BMHv mb2/ +�MiBH2p2` i2+?MQHQ;v- r?B+? b?Qr2/
i?�i Bi +QmH/ #2 �++m`�i2 r?2M /2i2+iBM; #BQKQH2+mH2b (ed)X *�MiBH2p2`@#�b2/ /2pB+2b
;2M2`�HHv QT2`�i2 BM irQ /Bz2`2Mi KQ/2b mTQM �M�Hvi2 #BM/BM;, UBV bi�iB+ /2~2+iBQM-
r?2`2 #BM/BM; QM QM2 bB/2 Q7 � +�MiBH2p2` +�mb2b mM#�H�M+2/ bm`7�+2 bi`2bb `2bmHiBM; BM �
K2�bm`�#H2 /2~2+iBQMc UBBV /vM�KB+- `2bQM�Mi KQ/2- r?2`2 #BM/BM; QM � +�MiBH2p2` +�mb2b
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p�`B�iBQMb Q7 Bib K�bb �M/ +QMb2[m2MiHv b?B7ib i?2 `2bQM�Mi 7`2[m2M+vX J2+?�MB+�H@#�b2/
/2i2+iBQM ?�b i?2 �/p�Mi�;2 i?�i Bi K�v `2[mB`2 MQ H�#2HHBM; Q7 #BQKQH2+mH2bX G�#2Hb
Q7i2M K�F2 i?2 /2i2+iBQM K2i?Q/ KQ`2 +QKTHB+�i2/- iBK2@+QMbmKBM;- �M/ +QbiHv- �M/
+QmH/ BMi2`72`2 rBi? i?2 7mM+iBQM Q7 #BQKQH2+mH2b mM/2` BMp2biB;�iBQMX �MQi?2` +?�`@
�+i2`BbiB+ Q7 +�MiBH2p2` i2+?MQHQ;v Bb i?2 TQi2MiB�H iQ 7�#`B+�i2 H�`;2 �``�vb Q7 b2MbQ`b
7Q` KmHiB@KQH2+mH�` b2MbBM; (e3)X >Qm 2i �H (eN) T`2b2Mi2/ � /2pB+2 i?�i +QMi�BM2/ �
KB+`Q@7�#`B+�i2/ +�Mi2` H2p2` �``�v 7Q` i?2 bT2+B}+ /2i2+iBQM Q7 Qtvi2i`�+v+HBM2 UPh*V-
� +QKKQM #`Q�/#�M/ �MiB#BQiB+ mb2/ BM �MBK�Hb- i?�i +�M �++mKmH�i2 BM Qm` 7QQ/ +?�BM
�M/ +�mb2 bB/2 2z2+ib BM ?mK�MbX h?2 /2pB+2 �+?B2p2/ i?Bb #v 7mM+iBQM�HBbBM; i?2 +�M@
iBH2p2`b rBi? Ph* bT2+B}+ .L� �Ti�K2`b- i?2b2 #BM/ iQ i?2 Ph* �M/ BM+`2�b2 i?2
HQ�/ QM i?2 +�MiBH2p2`b +�mbBM; i?2K iQ /2~2+i- �M/ QM+2 +�HB#`�i2/ +�M BM/B+�i2 i?2
+QM+2Mi`�iBQM Q7 Ph* BM bQHmiBQMX h?2 HBKBi Q7 /2i2+iBQM BM i?Bb +�b2 Bb yXk MJ BM Ryyy
b2+QM/bX

PTiB+�H /2i2+iBQM Bb T`272``2/ 7Q` `Q#mbi- b2MbBiBp2- G�# QM � +?BT /2pB+2bX Ai ?�b
#22M i?2 KQbi rB/2Hv mb2/ i2+?MB[m2 7Q` [m�MiBi�iBp2 T`Qi2QKB+ �M�HvbBb (dy)- �M/ BM72+@
iBQmb /Bb2�b2 /B�;MQbiB+b (dR)- /m2 BM T�`i- iQ i?2 m#B[mBiv Q7 i?2 QTiB+�H BMbi`mK2Mi�iBQM
`2[mB`2/ BM #BQHQ;B+�H H�#Q`�iQ`B2b- K2�MBM; i?2b2 /2pB+2b +�M #2 mb2/ `2�/BHv BM KQbi
HQ+�iBQMbX *QMp2MiBQM�H QTiB+�H /2i2+iBQM K2i?Q/b- BM+Hm/BM; �#bQ`#�M+2 (dk)- +?2KBHm@
KBM2b+2M+2 (dj)- ~mQ`2b+2M+2 (d9)- �M/ bm`7�+2 TH�bKQM `2bQM�M+2 UaS_V (d8)- ?�p2 �HH
#22M �TTHB2/ BM KB+`Q~mB/B+ /2pB+2bX 6Qm/2? 2i �HX (d8) /2p2HQT2/ �M aS_ KB+`Q/2@
pB+2 7Q` i?2 /2i2+iBQM Q7 G2;BQM2HH� TM2mKQT?BH�- r?B+? Bb i?2 T�i?Q;2MB+ Q`;�MBbK i?�i
+�mb2b G2;BQM2HHQbBb �M/ Bb `2bTQMbB#H2 7Q` 7�i�HBiv `�i2b Q7 Qp2` RyW rBi?BM ?QbTBi�H �M/
BM/mbi`B�H Qmi#`2�Fb (de)X h?2 /2pB+2 Bb mHi`�@b2MbBiBp2 iQ _L� Q7 G2;BQM2HH� TM2mKQT?BH�
�M/ ?�b � HBKBi Q7 /2i2+iBQM Q7 R TJ BM H2bb i?�M j ?Qm`bX

S`2b2MiHv- KB+`Q~mB/B+b Bb � H�`;2 �M/ /Bp2`b2 }2H/- bQ Km+? bQ i?�i i?2 �`2�b i?�i
bi�`i2/ Qmi �b bm#@+�i2;Q`B2b �`2 MQr `272``2/ iQ �b i?2B` QrM }2H/ Q7 `2b2�`+?X AM/22/-
rBi?BM i?2 H�bi i?`22 v2�`b- i?2 DQm`M�H G�# QM � *?BT ?�b Tm#HBb?2/ MQ H2bb i?�M RRe
`2pB2rb 7Q+mbBM; QM � rB/2 p�`B2iv Q7 �TTHB+�iBQMb i?�i KB+`Q~mB/B+b MQr 2MDQvb- bm+? �b,
j. T`BMi2/ ~mB/B+ M2irQ`Fb (dd)c /`QTH2i KB+`Q~mB/B+b 7Q` bvMi?2iB+ #BQHQ;v (d3)c T?�b2
#2?�pBQm` +?�`�+i2`Bb�iBQM 7Q` BM/mbi`B�H *Pϵ- QBH �M/ ;�b (dN)c i?2 T`Q/m+iBQM Q7 bi2K
+2HHb mbBM; K2bb2M;2` _L�b (3y)c �M/ T�T2` KB+`Q~mB/B+b 7Q` /B�;MQbBb Q7 K�H�`B� BM HQr
`2bQm`+2 +QKKmMBiB2bb (3R)X
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kXk Zm�MimK h?2Q`v Q7 Lm+H2�` J�;M2iB+ _2bQM�M+2

kXkXR Lm+H2�` aTBM

Lm+H2B ?�p2 �M BMi`BMbB+ T`QT2`iv FMQrM �b bTBMX h?Bb bTBM +�M #2 `2T`2b2Mi2/ #v QT2`@
�iQ`b �HQM; i?2 i?`22 *�`i2bB�M �t2b ࣞӾ֓- ࣞӾ֔- �M/ ࣞӾ֕X

h?2 bTBM �M;mH�` KQK2MimK QT2`�iQ`b ࣞӾ֓- ࣞӾ֔ �M/ ࣞӾ֕ b�iBb7v +v+HB+ +QKKmi�iBQM
`mH2b, < ࣞӾ֓
 ࣞӾ֔> �Ԙ܉ ࣞӾ֕ UkXRV< ࣞӾ֔
 ࣞӾ֕> �Ԙ܉ ࣞӾ֓ UkXkV< ࣞӾ֓
 ࣞӾ֕> �Ԙ܉ ࣞӾ֔� UkXjV

h?2 iQi�H b[m�`2 �M;mH�` KQK2MimK QT2`�iQ`- ࣞӾϵ +�M #2 /2}M2/ �b,ࣞӾϵ � ࣞӾ ϵ֓ � ࣞӾ ϵ֔ � ࣞӾ ϵ֕
 UkX9V

i?Bb +QKKmi2b rBi? i?2 i?`22 bTBM �M;mH�` KQK2MimK QT2`�iQ`b,< ࣞӾϵ
 ࣞӾ֓> �� UkX8V< ࣞӾϵ
 ࣞӾ֔> �� UkXeV< ࣞӾϵ
 ࣞӾ֕> ��� UkXdV

aTBM �M;mH�` KQK2MimK QT2`�iQ`b ?�p2 2B;2Mbi�i2b �M/ 2B;2Mp�Hm2bX q?2M i?2
QT2`�iQ`b �+i QM i?2B` 2B;2Mbi�i2 i?2v `2im`M i?2 2B;2Mbi�i2 KmHiBTHB2/ #v � b+�H�` 2B;2M@
p�Hm2X A7 i?2 Mm+H2�` bTBM [m�MimK MmK#2` Bb Ӿ- i?2M i?2 QT2`�iQ` ࣞӾ֕ ?�b �Ӿ � � 2B;2M@
bi�i2b- ԜժX ai�i2b �`2 /2MQi2/ ]Ӿ
 Ԝժਔ (3k) �M/ i?2 �M;mH�` KQK2MimK QT2`�iQ` �+ib
�++Q`/BM; iQ i?2 7QHHQrBM;, ࣞӾ֕ ]Ӿ
 Ԝժਔ � Ԝժ܉ ]Ӿ
 Ԝժਔ � UkX3V

h?2 iQi�H b[m�`2 �M;mH�` KQK2MimK QT2`�iQ` �+ib BM i?2 7QHHQrBM; r�v,ࣞӾϵ ]Ӿ
 Ԝժਔ � Ӿ	Ӿ � �
ϵ܉ ]Ӿ
 Ԝժਔ 
 UkXNV

r?2`2 Ӿ +�M i�F2 ?�H7@BMi2;2` �M/ BMi2;2` p�Hm2b 7`QK x2`Q- BX2 Ӿ � �
 φϵ 
 �
 ϯϵ w - �M/ Ԝժ
i�F2b QM2 Q7 i?2 BMi2;2` p�Hm2b 7`QK ਷Ӿ iQ �ӾX

kXkXk aTBM avbi2Kb

h?2 bBKTH2bi +�b2 i?�i +�M #2 +QMbB/2`2/ BM LJ_ Bb � bvbi2K Q7 BbQH�i2/ bTBM@Rfk Mm+H2BX
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�++Q`/BM; iQ i?2 [m�MimK i?2Q`v Q7 �M;mH�` KQK2MimK /Bb+mbb2/ BM kXkXR- � bBM;H2
bTBM@Rfk- r?2M TH�+2/ BM � K�;M2iB+ }2H/- ?�b irQ 2B;2Mbi�i2b Q7 �M;mH�` KQK2MimK
�HQM; i?2 ԩ@�tBb- /2MQi2/ #v ]ᅫਔ �M/ ]ᅬਔ- �M/ /2}M2/ �b,]�� 
 ���ਔ � ]ᅫਔ UkXRyV]�� 
 ਷��ਔ � ]ᅬਔ � UkXRRV

h?2 bi�i2b ]ᅫਔ �M/ ]ᅬਔ �`2 +�HH2/ i?2 w22K�M 2B;2Mbi�i2b Q7 � bTBM@Rfk �M/ �`2
�+i2/ QM #v ࣞӾ֕ �++Q`/BM; iQ i?2 7QHHQrBM;,ࣞӾ֕ ]ᅫਔ � � ܉�� ]ᅫਔ UkXRkVࣞӾ֕ ]ᅬਔ � ਷ ܉�� ]ᅬਔ 
 UkXRjV

1[MX kXRk b?Qrb i?�i i?2 2B;2Mbi�i2 ]ᅫਔ ?�b �M 2B;2Mp�Hm2 Q7 ��܉� �M/ ]ᅬਔ ?�b �M
2B;2Mp�Hm2 Q7 ਷܉��- i?2b2 �`2 b�B/ iQ #2 TQH�`Bb2/ �HQM; i?2 ԩ@�tBbX h?Bb TQH�`Bx�iBQM Bb
bQK2iBK2b `2T`2b2Mi2/ #v mT �M/ /QrM �``Qrb TQBMiBM; �HQM; i?2 TQbBiBp2 Q` M2;�iBp2ԩ@�tBb- BM/B+�iBM; i?2 /B`2+iBQM Q7 r2HH@/2}M2/ bTBM �M;mH�` KQK2MimKX >Qr2p2`- 7Q`
i?2 b�K2 bTBM- i?2 ԧ �M/ Ԩ +QKTQM2Mib �`2 7mM/�K2Mi�HHv mMT`2/B+i�#H2 bBM+2 i?2 bi�i2b]ᅫਔ �M/ ]ᅬਔ �`2 MQi 2B;2Mbi�i2b Q7 i?2 QT2`�iQ`b ࣞӾ֓ Q` ࣞӾ֔X h?2 ԧ@�tBb �M;mH�` KQK2MimK
Bb mM/2}M2/ �b K2�bm`2K2Mib ;Bp2 ਻��� rBi? 2[m�H T`Q#�#BHBiv �M/ i?Bb Bb p2`v ?�`/ iQ
`2T`2b2Mi BM � /B�;`�KX

h?2 w22K�M 2B;2Mbi�i2b +�M #2 mb2/ iQ /2}M2 i?2 w22K�M #�bBbX h?2 irQ F2ib-]ᅫਔ �M/ ]ᅬਔ +�M #2 `2T`2b2Mi2/ #v i?2 +QHmKM p2+iQ`b,

]ᅫਔ � ৃ��ৄ ]ᅬਔ � ৃ��ৄ 
 UkXR9V

�b r2HH �b F2ib- #`�b �`2 �HbQ /2}M2/ #v i�FBM; i?2 +QMDm;�i2 i`�MbTQb2 Q7 i?2 F2i-]ᅫਔ  � ਓᅫ] bm+? i?�i ਓᅫ] � ५� �६ ਓᅬ] � ५� �६ � UkXR8V

h?2 bi�i2- ]ᆁਔ- Q7 � irQ H2p2H bvbi2K +�M MQr #2 +QKTH2i2Hv /2b+`B#2/ BM i?Bb #�bBb
�b i?2 HBM2�` +QK#BM�iBQM Q7 i?2 #�bBb bi�i2b,]ᆁਔ �Ԓφ ]ᅫਔ � Ԓϵ ]ᅬਔ � ৃԒφԒϵৄ UkXReVਓᆁ] �Ԓ੟φ ਓᅫ] � Ԓ੟ϵ ਓᅬ] � ५Ԓ੟φ Ԓ੟ϵ६ � UkXRdV

h?2b2 �`2 MQ`K�HBb2/ bm+? i?�i ԒφԒ੟φ � ԒϵԒ੟ϵ � �X
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hQ +QKTH2i2 i?2 TB+im`2- i?2 bi�i2b Kmbi #2 Q`i?QMQ`K�HX P`i?QMQ`K�HBiv #2ir22M
bi�i2b 2tBbib B7 i?2 BMM2` T`Q/m+i Q7 i?2 #�bBb bi�i2b ]ԡքਔ �M/ ]ԡօਔ b�iBb}2b i?2 7QHHQrBM;
+QM/BiBQMb,

ਓԡք]ԡօਔ � ᅮքօ
 UkXR3V

r?2`2 i?2 E`QM2+F2` /2Hi�- ᅮքօ Bb,

ᅮքօ � ৘৖ৗ৖৕� B7 Ԙ ଈ ԙ� B7 Ԙ � ԙ 
 UkXRNV

�M/ r?2`2 ਓԡք]ԡօਔ � ᅮքօ /2MQi2b i�FBM; i?2 /Qi T`Q/m+i #2ir22M i?2 irQ p2+iQ`b]ԡքਔ �M/ ]ԡօਔX
h?2 #�bBb bi�i2b ?2HT iQ [m�MiB7v i?2 +QKTQM2Mi Q7 � bi�i2 p2+iQ` �HQM; i?�i bi�i2X

h�F2 Qm` 2t�KTH2 7`QK 1[MX kXRe- BMM2` T`Q/m+ib Q7 i?2 Qp2`�HH bi�i2- ]ᆁਔ rBi? ]ᅫਔ �M/]ᅬਔ- +�M #2 +QMbi`m+i2/ iQ /2i2`KBM2 +QKTQM2Mi Q7 i?2 #�bBb bi�i2bXਓᅫ]ᆁਔ � Ԓφ ਓᅬ]ᆁਔ � Ԓϵ� UkXkyV

h?2 Qmi2` T`Q/m+i Q7 i?2 #�bBb bi�i2- ]ԡ։ਔ- 7Q` �M L@bTBM bvbi2K Kmbi b�iBb7v,կం։�φ ]ԡ։ਔ ਓԡ։] � ග
 UkXkRV

r?2`2 ග Bb �M L #v L B/2MiBiv K�i`BtX

q?2M � b2+QM/ bTBM Bb BMi`Q/m+2/- i?2 >BH#2`i bT�+2 Bb 2ti2M/2/ iQ �++QKKQ/�i2
�//BiBQM�H bTBM bi�i2b #v i�FBM; i?2 i2MbQ` T`Q/m+i Q7 i?2 #�bBb bi�i2b,

]ᅫφᅫϵਔ � ]ᅫφਔ ૺ ]ᅫϵਔ � ৉ৈৈৈৈৈৈে
����
ৌোোোোোো৊ ]ᅫφᅬϵਔ � ]ᅫφਔ ૺ ]ᅬϵਔ � ৉ৈৈৈৈৈৈে

����
ৌোোোোোো৊ UkXkkV

]ᅬφᅫϵਔ � ]ᅬφਔ ૺ ]ᅫϵਔ � ৉ৈৈৈৈৈৈে
����
ৌোোোোোো৊ ]ᅬφᅬϵਔ � ]ᅬφਔ ૺ ]ᅬϵਔ � ৉ৈৈৈৈৈৈে

����
ৌোোোোোো৊ � UkXkjV

h?2 bm#b+`BTib BM/B+�i2 r?B+? bTBM Bb #2BM; `272``2/ iQ- BX2X ]ᅬφᅫϵਔ K2�Mb i?�i bTBM R Bb
BM i?2 ᅬ bi�i2 �M/ bTBM k Bb BM i?2 ᅫ bi�i2X
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kXkXj S�mHB K�i`B+2b �M/ KQ`2 QT2`�iQ`b

AM [m�MimK K2+?�MB+b 2�+? Q#b2`p�iBQM Bb �bbQ+B�i2/ rBi? � T�`iB+mH�` QT2`�iQ`X 6Q`
2t�KTH2- i?2 K2�bm`2K2Mi Q7 i?2 bTBM �M;mH�` KQK2MimK �HQM; i?2 ԩ@�tBb Bb �bbQ+B�i2/
rBi? ࣞӾ֕ �M/ r?2M �TTHB2/ iQ i?2 ]ᅫਔ ;Bp2b i?2 `2bmHi b22M BM 1[MX kXRkX h?2 T`Q#�#BHBiv
Q7 Q#i�BMBM; i?Bb `2bmHi Bb R �b ]ᅫਔ Bb �M 2B;2Mbi�i2 Q7 ࣞӾ֕X AM �HH Qi?2` +�b2b i?2 `2bmHib
7QHHQr bi�iBbiB+�H H�rb �M/ i?2 `2bmHi Q7 �M BM/BpB/m�H 2tT2`BK2Mi Bb mMT`2/B+i�#H2X

AM [m�MimK K2+?�MB+b i?2`2 Bb � 7Q`KmH� 7Q` i?2 �p2`�;2 `2bmHi Q7 p2`v K�Mv
Q#b2`p�iBQMb- i?Bb Bb +�HH2/ i?2 2tT2+i�iBQM p�Hm2 Q7 � ;2M2`�H QT2`�iQ`- ࣞӶ- r?2M �TTHB2/
iQ � bTBM@Rfk bvbi2K- ]ᆁਔ Bb /2MQi2/,ਓ ࣞӶਔ � ਓᆁ] ࣞӶ ]ᆁਔ 
 UkXk9V

7`QK i?2 ;2M2`�H +�b2 HBbi2/ BM 1[MX kXRe i?Bb #2+QK2b,ਓ ࣞӶਔ � ਓᆁ] ࣞӶ ]ᆁਔ UkXk8V� ५Ԓ੟φ Ԓ੟ϵ६ ৃӶφφ ӶφϵӶϵφ Ӷϵϵৄ ৃԒφԒϵৄ UkXkeV�ԒφԒ੟φӶφφ � ԒφԒ੟ϵӶφϵ � ԒϵԒ੟φӶϵφ � ԒϵԒ੟ϵӶϵϵ� UkXkdV

h?2 2M/ bmK Q7 �HH i?2b2 T`Q/m+ib Bb i?2 2tT2+i�iBQM p�Hm2 Q7 � bBM;H2 bTBM Rfk
T�`iB+H2 r?2M �+i2/ mTQM #v ࣞӶ- i?Bb [mB+FHv #2+QK2b +mK#2`bQK2 b?QmH/ i?2`2 #2 KQ`2
i?�M QM2 bTBMX �M 2�bB2` r�v iQ /2�H rBi? 2tT2+i�iBQM p�Hm2b Bb /2b+`B#2/ BM kXkX9X

AM LJ_ i?`22 QT2`�iQ`b �`2 mb2/ iQ /2i2`KBM2 i?2 T`QD2+iBQM Q7 bTBM �M;mH�`
KQK2MimK �HQM; � bT2+B}+ �tBb- ࣞӾ֓- ࣞӾ֔- �M/ ࣞӾ֕X h?2b2 �`2 /2}M2/ #v i?2 S�mHB K�i`B+2b
BM i?2 w22K�M #�bBb KmHiBTHB2/ #v ��X܉

ࣞӾ֓ � �܉ ৃ� �� �ৄ ࣞӾ֔ � �Ԙ܉ ৃ � �਷� �ৄ ࣞӾ֕ � �܉ ৃ� �� �ৄ � UkXk3V

�b �M 2t�KTH2- H2iǶb i�F2 � bTBM@Rfk T�`iB+H2 BM � K�;M2iB+ }2H/ �M/ T`QD2+i i?2]ᅫਔ bi�i2 �HQM; i?2 x@�tBbXࣞӾ֕ ]ᅫਔ � �܉ ৃ� �� �ৄ ৃ��ৄ � �܉ ৃ��ৄ � �܉ ]ᅫਔ 
 UkXkNV

��܉ Bb 7QmM/ iQ #2 i?2 2B;2Mp�Hm2 Q7 ]ᅫਔ 7Q` i?2 QT2`�iQ` ࣞӾ֕X
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h?`22 QT2`�iQ`b �`2 MQr 2t�KBM2/- �M/ ?Qr i?2v �+i QM bi�i2b Bb 2tTHQ`2/X h?2v
�`2 i?2 iQi�H b[m�`2 �M;mH�` KQK2MimK- ࣞӾϵ- �M/ i?2 irQ b?B7i QT2`�iQ`b- ࣞӾ� �M/ ࣞӾ਷-
r?B+? �`2 /2}M2/ �b i?2 7QHHQrBM;,

ࣞӾϵ � ࣞӾ ϵ֓ � ࣞӾ ϵ֔ � ࣞӾ ϵ֕ UkXjyVࣞӾ� � ࣞӾ֓ � Ԙ ࣞӾ֔ UkXjRVࣞӾ਷ � ࣞӾ֓ ਷ Ԙ ࣞӾ֔� UkXjkV

h?2v �+i QM ;2M2`�H bi�i2b �++Q`/BM; iQ,ࣞӾϵ ]Ӿ
 Ԝժਔ �Ӿ	ϵӾ܉ � �
 ]Ӿ
 Ԝժਔ UkXjjVࣞӾ� ]Ӿ
 Ԝժਔ �Ӿ	Ӿ	ఉ܉ � �
 ਷ Ԝժ	Ԝժ � �

 ]Ӿ
 Ԝժ�φਔ UkXj9VࣞӾ਷ ]Ӿ
 Ԝժਔ �Ӿ	Ӿ	ఉ܉ � �
 ਷ Ԝժ	Ԝժ ਷ �

 ]Ӿ
 Ԝժ਷φਔ � UkXj8V

lbBM; � bTBM@Rfk T�`iB+H2 BM � K�;M2iB+ }2H/ �b �M 2t�KTH2- H2i i?2b2 QT2`�iQ`b �+i QM
i?2 ]ᅫਔ �M/ ]ᅬਔ bi�i2b, ࣞӾϵ ]ᅫਔ �ϵ܉�� ]ᅫਔ UkXjeVࣞӾ� ]ᅫਔ � � UkXjdVࣞӾ਷ ]ᅫਔ �܉ ]ᅬਔ UkXj3VࣞӾ� ]ᅬਔ �܉ ]ᅫਔ UkXjNVࣞӾ਷ ]ᅬਔ � �
 UkX9yV

i?2 ǶYǶ �M/ Ƕ@Ƕ /2MQi2 `�BbBM; Q` HQr2`BM; Ԝժ #v RX

�b b?QrM BM 1[MX kXR- i?2 i?`22 �M;mH�` KQK2MimK QT2`�iQ`b +v+HB+�HHv +QKKmi2X
h?Bb K2�Mb i?2 b�M/rB+? 7Q`KmH� �TTHB2bX

AM ;2M2`�H- B7 ࣞӶ- ӷࣞ- �M/ ࣞӸ +v+HB+�HHv +QKKmi2- i?2M,

2tT\਷Ԙᅲ ࣞӶ^ ӷࣞ 2tT\�Ԙᅲ ࣞӶ^ � ӷࣞ +Qb ᅲ � ࣞӸ bBM ᅲ� UkX9RV

:2QK2i`B+�HHv- i?Bb +�M #2 i?Qm;?i Q7 �b � `Qi�iBQM Q7 ӷࣞ #v ࣞӶ i?`Qm;? �M �M;H2 ᅲX

Ai Bb BKTQ`i�Mi iQ /2}M2 � b2i Q7 `Qi�iBQM QT2`�iQ`b �b i?2b2 �`2 2bb2MiB�H 7Q`
i?2 ;2M2`�iBQM Q7 bB;M�H BM LJ_X h?2v �`2 /2}M2/ �b i?2 +QKTH2t 2tTQM2MiB�Hb Q7 i?2
�M;mH�` KQK2MimK QT2`�iQ`b b22M BM kXkXR,ԇࣞ֓	ᅲ
 �Ԕԧԟ\਷Ԙᅲ ࣞӾ֓^ UkX9kVԇࣞ֔	ᅲ
 �Ԕԧԟ\਷Ԙᅲ ࣞӾ֔^ UkX9jVԇࣞ֕	ᅲ
 �Ԕԧԟ\਷Ԙᅲ ࣞӾ֕^
 UkX99V
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�M/ i?2v iQQ ?�p2 K�i`Bt `2T`2b2Mi�iBQMb,

ԇࣞ֓	ᅲ
 � ৃ +Qb	φϵᅲ
 ਷Ԙ bBM	φϵᅲ
਷Ԙ bBM	φϵᅲ
 +Qb	φϵᅲ
 ৄ UkX98V

ԇࣞ֔	ᅲ
 � ৃ+Qb	φϵᅲ
 bBM	φϵᅲ

bBM	φϵᅲ
 +Qb	φϵᅲ
ৄ UkX9eV

ԇࣞ֕	ᅲ
 � ৃ2tT\਷Ԙφϵᅲ^ �� 2tT\�Ԙφϵᅲ^ৄ � UkX9dV

h?2 `Qi�iBQM QT2`�iQ`b �`2 �TTHB2/ iQ iQ i?2 �M;mH�` KQK2MimK QT2`�iQ`b mbBM;
i?2 b�M/rB+? 7Q`KmH�, ԇࣞ֓	ᅲ
 ࣞӾ֕ � 2tT\਷Ԙ ࣞӾ֓ᅲ^ ࣞӾ֕2tT\�Ԙ ࣞӾ֓ᅲ^� UkX93V

h?2 `2bmHi Q7 i?Bb Bb � `Qi�iBQM Q7 ࣞӾ֕ �`QmM/ i?2 ԧ@�tBb #v �M �M;H2 ᅲ,ԇࣞ֓	ᅲ
 ࣞӾ֕ � +Qb ᅲ ࣞӾ֕ ਷ bBM ᅲ ࣞӾ֔� UkX9NV

h?2 `Qi�iBQM�H /B`2+iBQM UbB;M Q7 i?2 bBM ᅲ i2`KV Bb /2i2`KBM2/ #v i?2 `B;?i ?�M/
+Q@Q`/BM�i2 bvbi2K /2}M2/ BM 1[MX kXRX

>Qr 2�+? `Qi�iBQM�H QT2`�iQ` i`�Mb7Q`Kb i?2 bTBM �M;mH�` KQK2MimK QT2`�iQ`b
Bb b?QrM #2HQr, ԇࣞ֓	ᅲ
 ৘৖৖ৗ৖৖৕

ࣞӾ֓ ݂ ࣞӾ֓ࣞӾ֔ ݂ ࣞӾ֔ +Qb ᅲ � ࣞӾ֕ bBM ᅲࣞӾ֕ ݂ ࣞӾ֕ +Qb ᅲ ਷ ࣞӾ֔ bBM ᅲ UkX8yV

ԇࣞ֔	ᅲ
 ৘৖৖ৗ৖৖৕
ࣞӾ֓ ݂ ࣞӾ֓ +Qb ᅲ ਷ ࣞӾ֕ bBM ᅲࣞӾ֔ ݂ ࣞӾ֔ࣞӾ֕ ݂ ࣞӾ֕ +Qb ᅲ � ࣞӾ֔ bBM ᅲ UkX8RV

ԇࣞ֕	ᅲ
 ৘৖৖ৗ৖৖৕
ࣞӾ֓ ݂ ࣞӾ֓ +Qb ᅲ � ࣞӾ֔ bBM ᅲࣞӾ֔ ݂ ࣞӾ֔ +Qb ᅲ ਷ ࣞӾ֓ bBM ᅲࣞӾ֕ ݂ ࣞӾ֕ � UkX8kV

kXkX9 .2MbBiv PT2`�iQ`

AM 1[MX kXk8- i?2 2tT2+i�iBQM p�Hm2 Q7 �M QT2`�iQ` r�b 2tT`2bb2/ �b i?2 T`Q/m+i Q7 i?2
K�i`Bt `2T`2b2Mi�iBQMb Q7 i?2 bi�i2 �M/ i?2 QT2`�iQ`X aBKTHB}+�iBQM Q7 i?Bb Bb TQbbB#H2
#v +QMbi`m+iBM; � K�i`Bt Q7 i?2 [m�/`�iB+ T`Q/m+ib Q7 i?2 bmT2`TQbBiBQM +Q2{+B2MibX A7
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BM i?2 ;2M2`�H +�b2,

]ᆁਔ � ৃԒφԒϵৄ � Ԓφ ]ᅫਔ � Ԓϵ ]ᅬਔ UkX8jVਓᆁ] � ५Ԓ੟φ Ԓ੟ϵ६ � Ԓ੟φ ਓᅫ] � Ԓ੟ϵ ਓᅬ] 
 UkX89V

i?2M i?2 K�i`Bt ?�b i?2 7Q`K, ]ᆁਔ ਓᆁ] � ৃԒφԒ੟φ ԒφԒ੟ϵԒϵԒ੟φ ԒϵԒ੟ϵৄ � UkX88V

h?2 2tT2+i�iBQM p�Hm2 Q7 i?2 QT2`�iQ` ࣞӶ +�M MQr #2 2tT`2bb2/ �b,ਓ ࣞӶਔ � h`\]ᆁਔ ਓᆁ] ࣞӶ^� UkX8eV

A7 i?2`2 �`2 MQr ඲ bTBMb +QMbB/2`2/- i?2 `2bmHi Q7 K2�bm`BM; Ӷ Bb biBHH mM+2`i�BMX
>Qr2p2`- �M 2tT`2bbBQM 7Q` i?2 KQbi HBF2Hv Qmi+QK2- ӶQ#b- +�M #2 r`Bii2M #v mbBM; i?2
�p2`�;2 Q7 2tT2+i�iBQM p�Hm2b,ӶQ#b � h`\඲਷φ	]ᆁφਔ ਓᆁφ] � ]ᆁϵਔ ਓᆁϵ] � w 
 ࣞӶ^� UkX8dV

i?Bb +�M #2 bBKTHB}2/ #v /2}MBM; �M QT2`�iQ`- ࣞᅻ,ࣞᅻ � ඲਷φ	]ᆁφਔ ਓᆁφ] � ]ᆁϵਔ ਓᆁϵ] � w 

 UkX83V

r?2`2 ඲ Bb i?2 MmK#2` Q7 bTBMb BM i?2 2Mb2K#H2X 6Q` #`2pBiv- i?Bb Bb r`Bii2M �b,ࣞᅻ � ]ᆁਔ ਓᆁ]
 UkX8NV

r?2`2 i?2 Qp2`#�` BM/B+�i2b i?2 �p2`�;2 Qp2` �HH K2K#2`b Q7 i?2 2Mb2K#H2X

LQr i?2 2tT2+i�iBQM Q7 ࣞӶ Qp2` �HH K2K#2`b Q7 bQK2 bTBM 2Mb2K#H2 +�M #2 r`Bii2M
�b, ਓӶਔ � h`\ ࣞᅻ ࣞӶ^
 UkXeyV

i?2 QT2`�iQ` ࣞᅻ Bb `272``2/ iQ �b i?2 /2MbBiv K�i`BtX

ࣞᅻ � ৃԒφԒ੟φ ԒφԒ੟ϵԒϵԒ੟φ ԒϵԒ੟ϵৄ � ৃᅻᆿ ᅻ�ᅻ਷ ᅻᇀৄ � UkXeRV

h?2 /B�;QM�H 2H2K2Mib Q7 ࣞᅻ- ᅻᆿ �M/ ᅻᇀ- �`2 bi�i2 TQTmH�iBQMb Q` i?2 T`Q#�#BHBiB2b
Q7 #2BM; BM � +2`i�BM bi�i2X
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h?2 Q77@/B�;QM�H 2H2K2Mib �`2 +Q?2`2M+2b #2ir22M bi�i2bX h?2b2 +Q?2`2M+2b `2T`2@
b2Mi bmT2`TQbBiBQM bi�i2b BM i?2 2Mb2K#H2- i?2 +Q?2`2M+2b �`2 +QKTH2t MmK#2`b �M/ irQ
+Q?2`2M+2b #2ir22M i?2 b�K2 T�B` Q7 bi�i2b �`2 +QKTH2t +QMDm;�i2b Q7 2�+? Qi?2` BX2X,ਓᅫ] ࣞᅻ]ᅬਔ � 	ਓᅬ] ࣞᅻ]ᅫਔ
੟ � ԒφԒ੟ϵ � 	Ԓ੟φԒϵ
੟� UkXekV

h?2 +Q?2`2M+2 Q`/2` #2ir22M irQ bi�i2b BM � K�;M2iB+ }2H/ Bb /2}M2/ �b i?2 /Bz2`2M+2 BM
bTBM �M;mH�` KQK2MimK T`QD2+iBQM �HQM; i?2 ԩ �tBbX AM Qm` irQ bTBM bvbi2K i?Bb rQmH/
#2, ࣞӾ֕ ]ᅫਔ �Ԝᆿ � ܉��� ]ᅫਔ UkXejVࣞӾ֕ ]ᅬਔ �Ԝᇀ � ਷܉�� ]ᅬਔ � UkXe9V

h?2b2 `2bmHib +�M #2 mb2/ iQ +�H+mH�i2 i?2 +Q?2`2M+2 Q`/2` Q7 i?2 +Q?2`2M+2 ᅻ�,Ԝᆿ ਷ Ԝᇀ � ��
 UkXe8V

�M/ +QMp2`b2Hv i?2 +Q?2`2M+2 Q`/2` Q7 ᅻ਷ Bb,Ԝᇀ ਷ Ԝᆿ � ਷�� UkXeeV

h?2 /2MbBiv QT2`�iQ` +�M #2 r`Bii2M �b,ࣞᅻ � ᅻᆿ ࣞӾᆿ � ᅻᇀ ࣞӾᇀ � ᅻ� ࣞӾ� � ᅻ਷ ࣞӾ਷
 UkXedV

mbBM; i?2 b?B7i QT2`�iQ`b- ࣞӾ� �M/ ࣞӾ਷- �M/ i?2 T`QD2+iBQM QT2`�iQ`b- ࣞӾᆿ �M/ ࣞӾᇀ-
i?2b2 ?�p2 i?2 7QHHQrBM; K�i`Bt `2T`2b2Mi�iBQMb,ࣞӾ� � ܉ ৃ� �� �ৄ ࣞӾ਷ � ܉ ৃ� �� �ৄࣞӾᆿ � �܉ ৃ� �� �ৄ ࣞӾᇀ � �܉ ৃ� �� �ৄ �

h?2 T?vbB+�H BMi2`T`2i�iBQMb Q7 i?2 +QKTQM2Mib Q7 i?2 /2MbBiv QT2`�iQ` +�M ?2HT
iQ mM/2`bi�M/ i?2 KB+`Qb+QTB+ bi�i2 Q7 i?2 BM/BpB/m�H bTBMbX h?2 bmK Q7 i?2 TQTmH�iBQMb-ᅻᆿ �M/ ᅻᇀ- Bb �Hr�vb 2[m�H iQ QM2- QMHv i?2 /Bz2`2M+2b #2ir22M i?2 bi�i2b ?�p2 �Mv bB;@
MB}+�M+2X h?2 /Bz2`2M+2 BM TQTmH�iBQM BM/B+�i2b i?2 M2i HQM;Bim/BM�H bTBM TQH�`Bx�iBQM-
BX2X B7 i?2 ]ᅫਔ bi�i2 TQTmH�iBQM Bb H�`;2` i?�M i?2 ]ᅬਔ bi�i2- i?2M i?2`2 Bb M2i TQH�`Bx�iBQM
Q7 i?2 bTBMb �HQM; i?2 2ti2`M�H }2H/ /B`2+iBQMX

h?2 T`2b2M+2 Q7 i?2 +Q?2`2M+2b- ᅻ� �M/ ᅻ਷- BM/B+�i2b i`�Mbp2`b2 bTBM K�;M2iBx�iBQM
BX2X M2i bTBM TQH�`Bx�iBQM T2`T2M/B+mH�` iQ i?2 2ti2`M�H }2H/X h?2b2 +Q?2`2M+2b �`2



*?�Ti2` k "�+F;`QmM/ ky

+QKTH2t MmK#2`b �M/ �b bm+? ?�p2 T?�b2 �M/ �KTHBim/2X h?2 T?�b2 Q7 i?2 +Q?2`2M+2b
BM/B+�i2b i?2 /B`2+iBQM Q7 i?2 bTBM TQH�`Bx�iBQM BM i?2 ԧԨ@TH�M2X h?2 U਷�V@[m�MimK
+Q?2`2M+2 Bb r`Bii2M �b, ᅻ਷ � ]ᅻ਷]2tT\Ԙᅿ਷^
 UkXe3V

�M/ i?2 TQH�`Bx�iBQM �tBb Q7 i?2 bTBMb Bb,

2஥֓ +Qb ᅿ਷ � 2஥֔ bBM ᅿ਷� UkXeNV

h?2b2 TQTmH�iBQMb �M/ +Q?2`2M+2b TH�v � pBi�H `QH2 BM LJ_ �M/ rBHH #2 `2@pBbBi2/
BM � H�i2` b2+iBQMX



*?�Ti2` k "�+F;`QmM/ kR

kXkX8 h?2 >�KBHiQMB�M

h?2 >�KBHiQMB�M TH�vb �M BKTQ`i�Mi T�`i BM [m�MimK bvbi2KbX q?2M i?2 >�KBHiQMB�M
�+ib QM �M 2B;2Mbi�i2- i?2 2B;2Mp�Hm2 `2im`M2/ Bb i?2 2M2`;v H2p2H Q7 i?�i bi�i2X

kXkX8XR aTBMb BM � K�;M2iB+ }2H/

AM LJ_ i?2 2M2`;v Q7 � Mm+H2mb BM � K�;M2iB+ }2H/- Ӻ- Bb ;Bp2M #v,Ӻ � ਷Ԝժ܉ᅭ ӷЈ
 UkXdyV

r?2`2 Ԝժ Bb i?2 �xBKmi?�H [m�MimK MmK#2`- ܉ Bb i?2 `2/m+2/ SH�M+F +QMbi�Mi- ᅭ Bb i?2
;v`QK�;M2iB+ `�iBQ- �M/ ӷЈ Bb i?2 2ti2`M�H }2H/ i�F2M iQ #2 Q`B2Mi�i2/ �HQM; i?2 ԩ@�tBbX

6Q` � bTBM@Rfk Mm+H2B i?2`2 �`2 irQ bi�i2b H�#2HH2/ �b ᅫ �M/ ᅬ �M/ i?2b2 ?�p2 �M
2M2`;v /Bz2`2M+2 /2TB+i2/ BM 6B;X kX8X

E

B0

∆E=ħγB0

β

α

6B;m`2 kX8, 1M2`;v H2p2H �M/ ငӺ Q7 i?2 irQ 2M2`;v H2p2Hb 7Q` � bTBM@Rfk Mm+H2mbX

h?Bb bTHBiiBM; Q7 2M2`;v H2p2Hb /m2 iQ i?2 T`2b2M+2 Q7 � K�;M2iB+ }2H/ Bb `272``2/ iQ
�b w22K�M bTHBiiBM;X q?2M 2t�KBMBM; � bTBM 2Mb2K#H2 �i i?2`K�H 2[mBHB#`BmK- Qp2`�HH-
i?2`2 Bb � bHB;?i #B�b iQ i?2 HQr2` 2M2`;v bi�i2 ᅫX h?Bb T`272`2M+2 +�M #2 [m�MiB}2/ #v
+�H+mH�iBM; i?2 `�iBQ Q7 i?2 TQTmH�iBQMb,ᅻᇀᅻᆿ � 2tT\਷ငӺԚգԉ ^
 UkXdRV

r?2`2 ᅻᇀ�ᅻᆿ Bb i?2 TQTmH�iBQM `�iBQ #2ir22M i?2 bi�i2b- Ԛգ Bb i?2 "QHixK�MM +QMbi�Mi-
�M/ ԉ Bb i?2 i2KT2`�im`2X h?2 TQH�`Bx�iBQM- ԟ- Q7 � bvbi2K Q7 bTBM@Rfk Mm+H2B Bbԟ � ᅻᆿ ਷ ᅻᇀᅻᆿ � ᅻᇀ � i�M?	ᅭ܉ ӷЈ�Ԛսԉ 
� UkXdkV
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6Q` � ivTB+�H LJ_ 2tT2`BK2Mi- r?B+? QT2`�i2b �i kN3Ԁ �M/ � }2H/ Q7 R9XR h-
i?2 TQH�`Bx�iBQM H2p2H- ԟ ஈ ��਷Θ r?B+? K2�Mb i?�i i?2 bTBMb �`2 �HB;M2/ r2�FHv BM i?2
b�K2 /B`2+iBQM �b i?2 K�;M2iB+ }2H/X Ai Bb i?Bb bK�HH TQH�`Bx�iBQM i?�i ;Bp2b `Bb2 iQ i?2
LJ_ bB;M�HX PM2 TQbbB#H2 bQHmiBQM iQ i?2 HQr TQH�`Bx�iBQM H2p2Hb �i i?2`K�H 2[mBHB#@
`BmK Bb +�HH2/ ?vT2`TQH�`Bx�iBQM- �M/ BMpQHp2b bi`�i2;B2b i?�i T`Q/m+2 MQM 2[mBHB#`BmK
TQH�`Bx�iBQM H2p2HbX

q?2M TH�+2/ BM � K�;M2iB+ }2H/- i?2 Mm+H2B rBHH T`2+2bb �`QmM/ i?2 �tBb Q7 i?2
}2H/ �i � `�i2 FMQrM �b i?2 G�`KQ` 7`2[m2M+v- i?Bb Bb /2}M2/ �b,ᆂЈօ � ਷ᅭօӷЈ
 UkXdjV

r?2`2 ᅭօ Bb i?2 ;v`QK�;M2iB+ `�iBQ 7Q` � Mm+H2mb- ԙX h?2 ;v`QK�;M2iB+ `�iBQ Bb
ivTB+�HHv ��b Q7 J>x h਷φ r?B+? ;Bp2 G�`KQ` 7`2[m2M+B2b BM i?2 ���b Q7 J>x BM �M LJ_
2tT2`BK2MiX

A7 ]ᆁφਔ �M/ ]ᆁϵਔ �`2 2B;2Mbi�i2b Q7 i?2 >�KBHiQMB�M ෧ࣞ- i?2M෧ࣞ ]ᆁφਔ �Ӻφ ]ᆁφਔ UkXd9V෧ࣞ ]ᆁϵਔ �Ӻϵ ]ᆁϵਔ � UkXd8V

h?2 >�KBHiQMB�M +�M �HbQ #2 2tT`2bb2/ BM K�i`Bt 7Q`K,

෧ࣞ � ৃӺφ �� Ӻϵৄ � UkXdeV

A7 i?2 >�KBHiQMB�M Bb r`Bii2M BM i?2 2B;2M#�bBb Q7 i?2 bvbi2K- Bib K�BM /B�;QM�H +Q``2@
bTQM/b iQ bi�i2 2M2`;B2b �M/ Bi ?�b p�Hm2b Q7 � 2p2`vr?2`2 2Hb2X

h?2 2pQHmiBQM BM iBK2 Q7 � [m�MimK bvbi2K Bb /2b+`B#2/ #v i?2 a+?`ƺ/BM;2` 2[m�@
iBQM, ԓԓԣ ]ᆁਔ � Ԙ܉਷φ෧ࣞ ]ᆁਔ � UkXddV

h?2 7�+iQ` Q7 ਷φ܉ ?2`2 Bb +mK#2`bQK2 �M/ +�M #2 `2KQp2/ #v /2}MBM; � >�KBHiQMB�M BM
M�im`�H mMBib- ӽࣞ- bm+? i?�i, ӽࣞ � �਷φ෧ࣞ܉ UkXd3V

"Qi? Q7 i?2b2 >�KBHiQMB�Mb b?�`2 i?2 b�K2 2B;2M7mM+iBQMb,ӽࣞ ]ᆁφਔ � ᆂᇕφ ]ᆁਔ 
 UkXdNV

i?2 2B;2Mp�Hm2b �`2 /2MQi2/ ᆂᇕ �M/ �`2 ;Bp2M #v,ᆂᇕȯ � 
਷φӺφ܉ UkX3yV



*?�Ti2` k "�+F;`QmM/ kj

�M/ i?2 2B;2Mp�Hm2- ᆂᇕȯ - Bb i?2 2M2`;v Q7 i?2 bi�i2 ]ᆁਔ BM mMBib Q7 X܉

_2im`MBM; iQ i?2 2t�KTH2 Q7 � bTBM@Rfk T�`iB+H2 BM � K�;M2iB+ }2H/- i?2 >�KBHiQ@
MB�M Bb BMBiB�HHv T`QTQ`iBQM�H iQ i?2 ԩ �M;mH�` KQK2MimK QT2`�iQ`,ӽࣞ � ᆂЈ ࣞӾ֕
 UkX3RV

r?2`2 ᆂЈ � ਷ᅭӷЈ �M/ Bb i?2 G�`KQ` 7`2[m2M+v 7`QK 1[MX kXdjX AM K�i`Bt 7Q`K- BM i?2
Q`B;BM�H w22K�M #�bBb- i?2 >�KBHiQMB�M Bb,

ӽࣞ � ৃ�ᇖϵ �� ਷ᇖϵ ৄ 
 UkX3kV

r?2`2 ӽࣞ ]ᅫਔ � �ᆂ� ]ᅫਔ � UkX3jV

kXkXe aTBM T`2+2bbBQM

�b /Bb+mbb2/ r?2M /2b+`B#BM; G�`KQ` 7`2[m2M+v r?2M � bTBM@Rfk T�`iB+H2 Bb TH�+2/ BM �
K�;M2iB+ }2H/ Bi T`2+2bb2b �i i?2 G�`KQ` 7`2[m2M+vX AM [m�MimK K2+?�MB+b i?Bb T`2+2b@
bBQM K2�Mb i?�i i?2 bTBM bi�i2 ]ᆁਔ /2T2M/b QM iBK2X

h?2 H�r Q7 KQiBQM 7Q` i?2 bTBM Bb i?2 iBK2 /2T2M/2Mi a+?`ƺ/BM;2` 2[m�iBQM,ԓԓԣ ]ᆁਔ 	ԣ
 � ਷Ԙӽࣞ ]ᆁਔ 	ԣ
� UkX39V

h?2 bTBM >�KBHiQMB�M Bb, ӽࣞ � ᆂЈ ࣞӾ֕
 UkX38V

i?2 2[m�BiQM Q7 KQiBQM i?2M #2+QK2b,ԓԓԣ ]ᆁਔ 	ԣ
 � ਷ԘᆂЈ ࣞӾ֕ ]ᆁਔ 	ԣ

 UkX3eV

i?Bb Bb � }`bi Q`/2` /Bz2`2MiB�H 2[m�iBQM i?�i ?�b i?2 bQHmiBQM,]ᆁਔ 	ԣ
 � 2tT\਷ԘᆂЈငԣ ࣞӾ֕^ᆁ	ԣЈ

 UkX3dV

r?2`2 ԣЈ Bb i?2 BMBiB�H iBK2 �M/ ငԣ Bb i?2 /Bz2`2M+2 BM iBK2 #2ir22M ԣЈ �M/ ԣX �b i?2ᆂЈငԣ i2`K Bb �M;mH�` 7`2[m2M+v KmHiBTHB2/ #v iBK2 i?Bb bBKTHv ;Bp2b �M �M;H2X h?Bb
b?Qrb i?�i Bi Bb 2[m�H iQ � `Qi�iBQM �#Qmi i?2 ԩ@�tBb,ԇࣞ֕ᅲ � 2tT\਷Ԙᅲ ࣞӾ֕^� UkX33V



*?�Ti2` k "�+F;`QmM/ k9

h?2 bQHmiBQM i?2`27Q`2 iQ i?2 a+?`ƺ/BM;2` 2[m�iBQM BM i?2 �#b2M+2 Q7 `X7X }2H/b Bb,]ᆁਔ 	ԣ
 � ԇࣞ֕	ᆂЈငԣ
 ]ᆁਔ 	ԣЈ
� UkX3NV

AM i?2 �#b2M+2 Q7 `X7X }2H/b i?2 a+?`ƺ/BM;2` 2[m�iBQM b�vb i?�i i?2 bTBM `Qi�i2b
�`QmM/ i?2 ԩ@�tBb- i?`Qm;? i?2 �M;H2 ᆂЈငԣ
kXkXd _Qi�iBM; 6`�K2

h?2 }2H/- ӷЈ- Q7 � `2;mH�` LJ_ 2tT2`BK2Mi Bb K�Mv h2bH�- ;BpBM; T`2+2bbBQM 7`2[m2M+B2b
Q7 ?mM/`2/b Q7 K2;�?2`ixX h?2b2 7`2[m2M+B2b +Q``2bTQM/ iQ `�/BQ 7`2[m2M+B2b BM i?2
2H2+i`QK�;M2iB+ bT2+i`mKX q?2M +QMbB/2`BM; i?2b2 T`2+2bbBM; bTBMb Bi +�M #2 mb27mH iQ
+?�M;2 7`QK � bi�iB+ 7`�K2 iQ � `Qi�iBM; 7`�K2 Q7 `272`2M+2X

i?2 bi�iB+ 7`�K2 Q7 `272`2M+2 �t2b Uԧ- Ԩ- �M/ ԩV �M/ i?2 `Qi�iBM; 7`�K2 �t2b Uԧ஥-Ԩ஥- �M/ ԩ஥V Q7 `272`2M+2 �`2 +QMM2+i2/ i?`Qm;? � iBK2 /2T2M/2Mi �M;H2 - ဈUiV bm+? i?�i,ԧ஥ � ԧ +Qb ဈ	ԣ
 � Ԩ bBM ဈ	ԣ
 UkXNyVԨ஥ � Ԩ +Qb ဈ	ԣ
 ਷ ԧ bBM ဈ	ԣ
 UkXNRVԩ஥ � ԩ� UkXNkV

h?2 7`�K2 `Qi�i2b rBi? � +QMbi�Mi 7`2[m2M+v ᆂ`27 �`QmM/ i?2 ԩ@�tBb,ဈ	ԣ
 � ᆂ`27ԣ � ᅿ`27
 UkXNjV

7Q` #`2pBiv 	ԣ
 Bb MQr /`QTT2/X

A7 � bTBM BM bi�i2 ]ᆁਔ ?�b � G�`KQ` 7`2[m2M+v 2[m�H iQ ᆂ`27 i?2M i?2 bTBM bi�i2 BM
i?2 `Qi�iBM; 7`�K2- ] ࣠ᆁਔ Bb, ] ࣠ᆁਔ � ԇࣞ֕	਷ဈ
 ]ᆁਔ 
 UkXN9V

r?2`2 i?2 iBH/2 /2MQi2b � bi�i2 BM i?2 `Qi�iBM; 7`�K2X

h?2b2 Q7 +Qm`b2 ?�p2 �M 2[m�iBQM Q7 KQiBQM,ԓԓԣ ] ࣠ᆁਔ � Ԙ܉਷φ ࣞӽ࣠ ] ࣠ᆁਔ 
 UkXN8V

r?2`2, ࣞӽ࣠ � ԇࣞ֕	਷ဈ
ӽࣞԇࣞ֕	ဈ
 ਷ ᆂ`27 ࣞӾ֕� UkXNeV



*?�Ti2` k "�+F;`QmM/ k8

kXkXdXR S`2+2bbBQM BM i?2 `Qi�iBM; 7`�K2

h?2 bTBM >�KBHiQMB�M BM � bi�iB+ }2H/ Bb,ӽࣞЈ � ᆂЈ ࣞӾ֕� UkXNdV

h?2 `Qi�iBM; 7`�K2 >�KBHiQMB�M Bb,ࣞӽ࣠ � ᆂЈԇࣞ֕	਷ဈ
 ࣞӾ֕ԇࣞ֕	ဈ
 ਷ ᆂ`27 ࣞӾ֕ � 	ᆂЈ ਷ ᆂ`27
 ࣞӾ֕� UkXN3V

h?2 7`2[m2M+v ᆂЈ ਷ ᆂ`27 Bb i?2 /Bz2`2M+2 #2ir22M i?2 G�`KQ` 7`2[m2M+v �M/ i?�i Q7 i?2
7`�K2 �M/ Bb /2MQi2/- ဇЈ, ဇЈ � ᆂЈ ਷ ᆂ`27� UkXNNV

h?2 `Qi�iBM;@7`�K2 bTBM >�KBHiQMB�M BM i?2 T`2b2M+2 T7 � bi�iB+ }2H/- Bb i?2`27Q`2,ࣞӽ࣠ � ဇЈ ࣞӾ֕� UkXRyyV

kXkX3 _�/BQ 6`2[m2M+v SmHb2b

AM LJ_ ǶTmHb2bǶ �`2 mb2/ iQ K�MBTmH�i2 i?2 bTBM bi�i2bX h?2b2 TmHb2b i�F2 i?2 7Q`K
Q7 �M Qb+BHH�iBM; K�;M2iB+ }2H/ �TTHB2/ �i � 7`2[m2M+v bm+? i?�i Bi Bb `2bQM�Mi rBi? i?2
T`2+2bbBM; bTBMX h?2 7`2[m2M+B2b +Q``2bTQM/ iQ `�/BQ 7`2[m2M+B2b �M/ �b bm+?- i?2 TmHb2b
�M/ }2H/b �`2 `272``2/ iQ �b `X7X TmHb2b �M/ `X7X }2H/b `2bT2+iBp2HvX

q?2M �M `X7X TmHb2 Bb �TTHB2/- i?2 bTBM 2tT2`B2M+2b irQ K�;M2iB+ }2H/b, � bi�iB+
}2H/ ;2M2`�i2/ #v i?2 K�;M2ic �M/ �M Qb+BHH�iBM; }2H/ 7`QK i?2 2t+Bi�iBQM +QBHX h?2
bi�iB+ }2H/ Bb Km+? H�`;2` i?2M i?2 Qb+BHH�iBM; `X7X }2H/X

h?2 r2�F `X7X }2H/ T`Q/m+2b � H�`;2 2z2+i QM i?2 Mm+H2�` bTBM /m2 iQ Bi #2BM;
`2bQM�Mi rBi? i?2 T`2+2bbBQM Q7 i?�i bTBMX h?Bb �HHQrb i?2 2z2+i Q7 i?2 r2�F `X7X }2H/
iQ �++mKmH�i2 �b iBK2 ;Q2b QMX A7 i?2 TmHb2 Bb �TTHB2/ 7Q` HQM; 2MQm;?- i?2M i?2 r2�F
`X7X }2H/ +�M +�mb2 � H�`;2 +?�M;2 BM i?2 bTBM bi�i2X AM T`�+iB+2- i?Bb +Q``2bTQM/b iQ
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 ࣞᅻφԇࣞ֓	਷ᅺ��
 ���ԇࣞ֓	ᅺ��
ගԇࣞ֓	਷ᅺ��
 � ��ඦԇࣞ֓	ᅺ��
 ࣞӾ֕ԇࣞ֓	਷ᅺ��
 UkXR89V���ග � ��ඦԇࣞ֓	ᅺ��
 ࣞӾ֕ԇࣞ֓	਷ᅺ��

 UkXR88V

bBM+2 i?2 B/2MiBiv K�i`Bt- ග Bb BMp�`B�Mi mM/2` `Qi�iBQMbX h?2 H�bi i2`K +�M #2 +�H+mH�i2/
mbBM; i?2 b�M/rB+? `2H�iBQMb?BT,ԇࣞ֓	ᅺ��
 ࣞӾ֕ԇࣞ֓	਷ᅺ��
 � ਷ ࣞӾ֔
 UkXR8eV

i?2`27Q`2 ࣞᅻϵ � ��ග ਷ ��ඦ ࣞӾ֔� UkXR8dV
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AM i2`Kb Q7 i?2 K�;M2iBx�iBQM p2+iQ`- i?Bb Bb 2[mBp�H2Mi iQ `Qi�iBM; i?2 K�;M2iB@
x�iBQM 7`QK i?2 ԩ@�tBb iQ i?2 ਷Ԩ@�tBbX

Jφ � 2֕ 	ᇎ�ϵ
՝਷਷਷਷݂ Jϵ � ਷2֔� UkXR83V

hQ /2i2`KBM2 r?�i ?�TT2Mb iQ i?2 TQTmH�iBQMb �M/ +Q?2`2M+2b- +QMbB/2` i?2 TmHb2
2z2+ib BM i2`Kb Q7 i?2 K�i`Bt `2T`2b2Mi�iBQM,

ࣞᅻφ � ৃφϵ � φΚඦ �� φϵ ਷ φΚඦৄ 	ᇎ�ϵ
՝਷਷਷਷݂ ৃ φϵ ਷ φΚքඦφΚքඦ φϵ ৄ 
 UkXR8NV

i?2 TmHb2 �++QKTHBb?2b irQ i?BM;b- }`biHv- i?2 TmHb2 2[m�HBb2b i?2 TQTmH�iBQMb Q7 i?2 irQ
bi�i2b �M/ b2+QM/Hv- +QMp2`ib i?2 TQTmH�iBQM /Bz2`2M+2 BMiQ +Q?2`2M+2bX

kXkXRy 6`22 2pQHmiBQM rBi? `2H�t�iBQM

aQ 7�`- i?2 >�KBHiQMB�M �M/ /2MbBiv QT2`�iQ` ?�p2 QMHv #22M /Bb+mbb2/ #27Q`2- /m`BM;-
�M/ BKK2/B�i2Hv �7i2` �M `X7X TmHb2X h?Bb TB+im`2 Bb BMbm{+B2Mi iQ /2b+`B#2 r?�i QM2
Q#b2`p2b 2tT2`BK2Mi�HHvX AM i2`Kb Q7 TQTmH�iBQMb �M/ +Q?2`2M+2b- 2tT2`BK2Mi�HHv Bi Bb
7QmM/ i?�i i?2 TQTmH�iBQMb �`2 MQi iBK2 BM/2T2M/2Mi- #mi ;`�/m�HHv /`B7i iQr�`/b i?2B`
i?2`K�H 2[mBHB#`BmK p�Hm2b �M/ i?�i i?2 +Q?2`2M+2b /Q MQi H�bi 7Q`2p2` #mi ;`�/m�HHv
/2+�v iQ x2`QX

6Q` TQTmH�iBQMb �M/ +Q?2`2M+2b i?2`2 �`2 irQ 7Q`Kb Q7 `2H�t�iBQM- ԉφ �M/ ԉϵX ԉφ
Bb i?2 HQM;Bim/BM�H `2H�t�iBQM iBK2 +QMbi�Mi �M/ ԉϵ Bb i?2 i`�Mbp2`b2 `2H�t�iBQM iBK2
+QMbi�MiX h?2 /Bz2`2M+2 #2ir22M i?2K Bb /2KQMbi`�i2/ BM 6B;X kXeX *H�bbB+�HHv ԉφ Bb i?2
`�i2 +QMbi�Mi i?�i ;Qp2`Mb i?2 `2im`M Q7 K�;M2iBx�iBQM iQ i?2 ԩ@�tBb 7`QK i?2 ԧԨ@TH�M2Xԉϵ QM i?2 Qi?2` ?�M/ Bb i?2 iBK2 +QMbi�Mi i?�i ;Qp2`Mb i?2 `2im`M Q7 K�;M2iBx�iBQM iQ
2[mBHB#`BmK BM i?2 ԧԨ@TH�M2X q?2M i�HFBM; BM i2`Kb Q7 i?2 /2MbBiv QT2`�iQ` Bi Bb b�B/
i?�i ǴԉφǶ Bb i?2 `2H�t�iBQM `�i2 +QMbi�Mi 7Q` TQTmH�iBQMb- �M/ ǶԉϵǶ Bb i?2 `2H�t�iBQM `�i2
+QMbi�Mi +Q?2`2M+2bX "mi i?Bb Bb BM+QKT�iB#H2 rBi? i?2 +H�bbB+�H /2b+`BTiBQM Q7 LJ_X

h?2 "HQ+? 2[m�iBQMb �`2 mb2/ iQ /2b+`B#2 ?Qr i?2 K�;M2iBx�iBQM p2+iQ`b +?�M;2
BM iBK2 (39), ԓԂ֓	ԣ
ԓԣ � ᅭ	Ԃ֔	ԣ
ӷ֕	ԣ
 ਷ Ԃ֕	ԣ
ӷ֔	ԣ

 ਷ Ԃ֓	ԣ
ԉϵ UkXReyVԓԂ֔	ԣ
ԓԣ � ᅭ	Ԃ֕	ԣ
ӷ֓	ԣ
 ਷ Ԃ֓	ԣ
ӷ֕	ԣ

 ਷ Ԃ֔	ԣ
ԉϵ UkXReRVԓԂ֕	ԣ
ԓԣ � ᅭ	Ԃ֓	ԣ
ӷ֔	ԣ
 ਷ Ԃ֔	ԣ
ӷ֓	ԣ

 ਷ Ԃ֕	ԣ
 ਷ ԂЈԉφ � UkXRekV
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6B;m`2 kXe, �V � K�;M2iBx�iBQM p2+iQ` T`2+2bb2b BM i?2 ԧԨ@TH�M2- 2p2Mim�HHv `2im`MBM;
iQ 2[mBHB#`BmKX "V � THQi Q7 i?2 K�;M2iBx�iBQM �HQM; ԩ@�tBb Uv2HHQrV �M/ i?2 ԧ@�tBb

U#Hm2V /m`BM; i?2 `2H�t�iBQMX

kXkXRyXR h`�Mbp2`b2 `2H�t�iBQM

h?2 +Q?2`2M+2b /2+�vBM; iQ x2`Q Bb 2Mbm`2/ BM i?2 2[m�iBQMb #v BMi`Q/m+BM; �M 2tTQM2M@
iB�H /2+�v i2`KX #2ir22M iBK2 TQBMib �- BKK2/B�i2Hv �7i2` �M `X7X TmHb2 Uԣ4yV- �M/ �
Uԣ=yV rBi? bQK2 /2H�v ᅽ i?2 2[m�iBQMb 7Q` i?2 `Qi�iBM; 7`�K2 +Q?2`2M+2b �`2,ᅻ਷	�
 � ᅻ਷	�
2tT\	ԘဇЈ ਷ ᅶ
ᅽ^ UkXRejVᅻ�	�
 � ᅻ�	�
2tT\	਷ԘဇЈ ਷ ᅶ
ᅽ^
 UkXRe9V

r?2`2 i?2 /�KTBM; `�i2 +QMbi�Mi ᅶ Bb ;Bp2M #v i?2 BMp2`b2 Q7 i?2 i`�Mbp2`b2 `2H�t�iBQM
iBK2 +QMbi�Mi ԉϵ, ᅶ � ԉ ਷φϵ � UkXRe8V

h?2b2 2[m�iBQMb 7Q` +Q?2`2M+2b +Q``2bTQM/ iQ i?2 7QHHQrBM; bm#biBimiBQM `mH2b 7Q`
i?2 i`�Mbp2`b2 bTBM �M;mH�` KQK2MimK QT2`�iQ`b,ࣞӾ֓ ݂	 ࣞӾ֓ +Qb ဇЈᅽ � ࣞӾ֔ bBM ဇЈᅽ
Ԕ਷ᇊᇑ UkXReeVࣞӾ֔ ݂	 ࣞӾ֔ +Qb ဇЈᅽ ਷ ࣞӾ֓ bBM ဇЈᅽ
Ԕ਷ᇊᇑ� UkXRedV

6Q` i?2 i`�Mbp2`b2 +QKTQM2Mib Q7 i?2 K�;M2iBx�iBQM p2+iQ`- i?2 2[m�iBQMb �`2,Ԃ֓	�
 �Ԃ֓	�
 +Qb ဇЈᅽ � Ԃ֔	�
 bBM ဇЈᅽ
Ԕ਷ᇊᇑ UkXRe3VԂ֔	�
 �Ԃ֔	�
 +Qb ဇЈᅽ ਷ Ԃ֓	�
 bBM ဇЈᅽ
Ԕ਷ᇊᇑ� UkXReNV

S?vbB+�HHv- +Q?2`2M+2 `2[mB`2b � +QMbBbi2Mi TQH�`Bx�iBQM /B`2+iBQM Q7 i?2 bTBM 2M@
b2K#H2X PM �p2`�;2 �HH bTBMb 2tT2`B2M+2 i?2 b�K2 }2H/ BM � HB[mB/ /m2 iQ KQiBQM�H
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�p2`�;BM;- ?Qr2p2`- �i �Mv T�`iB+mH�` BMbi�Mi BM iBK2 i?2 }2H/ �`2 bHB;?iHv /Bz2`2Mi 7Q`
/Bz2`2Mi bTBMb HQ+�HHv r?B+? +�mb2 � ;`�/m�H HQbb Q7 bvM+?`QMBb�iBQM �+`Qbb i?2 2Mb2K@
#H2X *Q?2`2M+2 /2+�v /Q2b BM+`2�b2 i?2 2Mi`QTv Q7 i?2 bTBM 2Mb2K#H2 �M/ Bb i?2`27Q`2
B``2p2`bB#H2X

kXkXRyXk GQM;Bim/BM�H `2H�t�iBQM

h?2 2[m�iBQMb Q7 KQiBQM 7Q` i?2 TQTmH�iBQMb Bb � #Bi KQ`2 +QKTHB+�i2/ �b i?2 TQTmH�iBQMb
/2+�v #�+F iQ i?2B` i?2`K�H 2[mBHB#`BmK p�Hm2b i?2 2[m�iBQMb 7Q` i?Bb �`2,ᅻᆿ	�
 �	ᅻᆿ	�
 ਷ ᅻր֌ᆿ 
Ԕ਷ᇑ�յȯ � ᅻր֌ᆿ UkXRdyVᅻᇀ	�
 �	ᅻᇀ	�
 ਷ ᅻր֌ᇀ 
Ԕ਷ᇑ�յȯ � ᅻր֌ᇀ 
 UkXRdRV

r?2`2 i?2 i?2`K�H 2[mBHB#`BmK TQTmH�iBQMb �`2,ᅻր֌ᆿ � �� � ��ඦ ᅻր֌ᇀ � �� ਷ ��ඦ� UkXRdkV

h?2 2[m�iBQM Q7 KQiBQM 7Q` i?2 ԩ@�tBb K�;M2iBx�iBQM p2+iQ` Bb,Ԃ֕	�
 � 	Ԃ֕	�
 ਷ �
Ԕ਷ᇑ�յȯ � �� UkXRdjV

GQM;Bim/BM�H `2H�t�iBQM BMpQHp2b �M 2M2`;v 2t+?�M;2 #2ir22M i?2 bTBM bvbi2K �M/
i?2 KQH2+mH�` bm``QmM/BM;b �M/ Bb r?v Bi Bb Q7i2M `272``2/ iQ �b bTBM@H�iiB+2 `2H�t�iBQMX

kXkXRR LJ_ bB;M�H �M/ /2i2+iBQM

AM LJ_ i?2 bB;M�H T`Q/m+2/ #v i?2 bTBMb Bb ivTB+�HHv BM/m+iBp2Hv /2i2+i2/X h?2 T`2+2bb@
BM; i`�Mbp2`b2 K�;M2iBx�iBQM- +`2�i2/ r?2M �M `X7X }2H/ Bb �TTHB2/ iQ i?2 b�KTH2- BM/m+2b
� pQHi�;2- �M/ i?2`27Q`2 � +m``2Mi- BM � +QBH i?�i Bb TH�+2/ M2�` i?2 b�KTH2X

AM Q`/2` iQ /Q i?Bb- +QMbB/2` � b�KTH2 +QMi�BMBM; ԝ֎ MmK#2` Q7 MQM@BMi2`�+iBM;
bTBMb@Rfk r?B+? ?�p2 � b�KTH2 pQHmK2- ԋ֎- �M/ � +QM+2Mi`�iBQM Q7 bTBMb- Ԓ֎ � ԝ֎�ԋ֎X
h?2 iQi�H K�;M2iB+ /BTQH2 KQK2Mi QT2`�iQ` BM i?Bb +�b2 Bb,ࣞᅷᅷᅷ � ᅭ܉ ։ంֆ�φ ÙAֆ
 UkXRd9V

r?2`2 ÙAֆ Bb i?2 bTBM QT2`�iQ` 7Q` � Mm+H2mb Ԛ bm+? i?�i,

ÙAֆ � 	 ࣞӾֆ֓2֓ � ࣞӾֆ֔2֔ � ࣞӾֆ֕2֕
� UkXRd8V
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h?2 iQi�H Mm+H2�` K�;M2iBx�iBQM Q7 i?2 b�KTH2 Bb ;Bp2M #v,

J � ௴։ֆ�φ ࣞᅷᅷᅷԋ֎ � Ԓ֎ԋ֎ਓ ֎ᅷᅷᅷਔԋࣞࣆ � Ԓ֎ਓ 
ᅷᅷᅷਔࣞࣆ UkXRdeV

r?2`2 ਓ ᅷᅷᅷਔࣞࣆ Bb i?2 2Mb2K#H2 �p2`�;2 Q7 i?2 2tT2+i�iBQM p�Hm2 Q7 i?2 K�;M2iB+ /BTQH2 KQ@
K2MiX

h?Bb K�;M2iBx�iBQM H2�/b iQ i?2 bB;M�H Q#i�BM2/ BM LJ_- iQ }M/ i?2 `2H�iBQMb?BT
i?2 T`BM+BTH2 Q7 `2+BT`Q+Biv Bb BMpQF2/ (38)X *QMbB/2` i?2 BM/m+iBQM }2H/- "φ- T`Q/m+2/
#v � +QBH +�``vBM; mMBi +m``2MiX 6Q` � K�;M2iB+ /BTQH2- K- i?2 BM/m+2/ 2K7 Bb ;Bp2M #v,ᅹ � ਷ ᆉᆉԣ\"φ ੁ K^
 UkXRddV

r?2`2 "φ Bb i?2 }2H/ T`Q/m+2/ #v i?2 mMBi +m``2Mi BM i?2 +QBH �i KX Ai 7QHHQrb i?�i 7Q` �
b�KTH2- �7i2` #2BM; bm#D2+i2/ iQ � 	ᅺ��
 TmHb2- QMHv i?2 p�Hm2 Q7 "φ �i �HH TQBMib rBi?BM
i?2 b�KTH2 Bb M22/2/ iQ #2 �#H2 iQ +�H+mH�i2 i?2 2K7 BM/m+2/ BM i?2 +QBH- B7 J HB2b BM i?2ԧԨ@TH�M2, ᅹ � ਷ ௷

b�KTH2

ᆉᆉԣ\"φ ੁ J^ԓԋ֎
 UkXRd3V

B7 "φ Bb �bbmK2/ iQ #2 ?QKQ;2M2Qmb Qp2` i?2 b�KTH2 pQHmK2 i?Bb ;Bp2b,ᅹ � ᆉᆉԣ\"φ ੁ J^ԋ֎
 UkXRdNV

am#biBimiBQM Q7 i?2 `2bmHi 7`QK 1[MX kXRde ;Bp2bᅹ � ᆉᆉԣ\"φ ੁ ਓ ᅷᅷᅷਔࣞࣆ Ԓ֎^ԋ֎
 UkXR3yV

B7 i?2 ӷφ +QBH Bb �HB;M2/ �HQM; i?2 ԧ@�tBb- QMHv i?2 ԧ@�tBb +QKTQM2Mib +QMi`B#mi2 iQ i?2
2K7 ᅹ � ᆉᆉԣ\ӷφ֓ਓ ᅷ֓ਔࣞࣆ Ԓ֎^ԋ֎
 UkXR3RV

mbBM; 1[MX kXRd9- ਓ ࣞᅷ֓ਔ � ᅭਓ܉ ࣞӾ֓ਔ i?2 2K7 #2+QK2bᅹ � ᆉᆉԣ\ӷφ֓ਓ Ӿ֓ਔࣞࣆ Ԓ֎^ԋ֎܉ᅭ
 UkXR3kV

7Q`K kXkX9- i?2 2Mb2K#H2 �p2`�;2 +�M #2 7QmM/ mbBM; i?2 /2MbBiv QT2`�iQ` ਓ ࣞӾ֓ਔ � h`\ ࣞᅻ ࣞӾ֓^
bQ ᅹ � ᆉᆉԣ\ӷφ֓<h`\ ࣞᅻ ࣞӾ֓^> Ԓ֎^ԋ֎܉ᅭ� UkXR3jV

6Q` � bTBM@Rfk Mm+H2mb i?Bb 2[m�iBQM #2+QK2b,ᅹ � ᆉᆉԣ\ӷφ֓<ᅻ਷ � ᅻ�>Ԓ֎^ԋ֎܉ᅭ��
 UkXR39V
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B7 �HH i2`Kb �T�`i 7`QK i?2 +Q?2`2M+2b �`2 +QMbB/2`2/ iBK2 BM/2T2M/2Mi- i?2 2K7 +�M #2
bBKTHB}2/ 7Q` MQr �b ᅹ ୽ ᆉᆉԣᅻ਷	ԣ
 � ᆉᆉԣᅻ�	ԣ

 UkXR38V

mbBM; 1[MX kXRej ᅻ਷	ԣ
 �ᅻ਷	�
2tT\	ԘᆂЈ ਷ ᅶ
ԣ^ UkXR3eVᅻ�	ԣ
 �ᅻ�	�
2tT\	਷ԘᆂЈ ਷ ᅶ
ԣ^
 UkXR3dV

i?2 2K7 #2+QK2b ᅹ ୽ 	ԘᆂЈᅻ਷ ਷ ԘᆂЈᅻ�

 UkXR33V

i?2 bB;M�H i?�i QM2 Q#i�BMb BM �M LJ_ 2tT2`BK2Mi Bb T`QTQ`iBQM�H iQ i?2 2K7
BM/m+2/ BM i?2 TB+F@mT +QBH i?Bb Bb /2MQi2/ Ԣ6A. �M/ Bb ;Bp2M #v,Ԣ6A. ୽ 	ԘᆂЈᅻ਷ ਷ ԘᆂЈᅻ�
�� ӷφԘ ᅭ܉ Ԓ֎ԋ֎� UkXR3NV

kXkXRRXR Zm�/`�im`2 /2i2+iBQM

h?Bb Ƕ`�rǶ LJ_ bB;M�H ivTB+�HHv Qb+BHH�i2b �i K�Mv ?mM/`2/ K2;�?2`ix r?B+? Bb iQQ 7�bi
7Q` +QMp2`bBQM iQ � /B;Bi�H bB;M�H i?�i +�M #2 BMi2`T`2i2/ QM � +QKTmi2`X h?2`27Q`2- Bi Bb
M2+2bb�`v iQ /QrM +QMp2`i i?2 7`2[m2M+v Q7 i?2 LJ_ bB;M�HbX h?Bb Bb �++QKTHBb?2/ #v
bm#i`�+iBM; � 7`2[m2M+v i?�i Bb +HQb2 iQ i?2 G�`KQ` 7`2[m2M+v- ivTB+�HHv- i?2 7`2[m2M+v
bm#i`�+i2/ Bb b2i bQK2r?2`2 BM i?2 KB//H2 Q7 i?2 bT2+i`mKX h?Bb 7`2[m2M+v- ;2M2`�i2/
HQ+�HHv #v �M `X7X bvMi?2bBb2`- Bb +�HH2/ i?2 `272`2M+2 7`2[m2M+vX Ai Bb /2MQi2/ ᆂ`27 �M/ ?�b
�M �bbQ+B�i2/ T?�b2 ᅿ`27

h?Bb T`Q+2bb Q7 bm#i`�+iBQM Bb +�``B2/ Qmi #v KmHiBTHvBM; iQ;2i?2` i?2 irQ BMTmi
bB;M�Hb BM � KBt2`X h?2 bB;M�H 7`QK i?2 6A. Bb KmHiBTHB2/ #v i?2 `2+2Bp2` `272`2M+2 bB;M�H,Ԣ`2+	ԣ
 � +Qb	ᆂ`27ԣ � ᅿ`2+

 UkXRNyV

i?2 `272`2M+2 bB;M�H Bb bTHBi BMiQ irQ T�`ib Ӷ �M/ ӷ r?2`2 Ӷ ?�b i?2 b�K2 7Q`K �b �#Qp2
�M/ ӷ Bb ;Bp2M �M �//BiBQM�H T?�b2 b?B7i bQ,Ԣբ̀

2+	ԣ
 � +Qb	ᆂ`27ԣ � ᅿ`2+
 UkXRNRVԢգ̀
2+	ԣ
 � +Qb	ᆂ`27ԣ � ᅿ`2+ � ᅺ��
� UkXRNkV

h?2 bB;M�H �7i2` KBtBM; rBi? Ӷ Bb,Ԣ6A.	ԣ
Ԣբ̀
2+	ԣ
 � 	ԘᆂЈᅻ਷	ԣ
 ਷ ԘᆂЈᅻ�	ԣ
 +Qb	ᆂ`27ԣ � ᅿ`2+

 UkXRNjV
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r?B+? +�M #2 2p�Hm�i2/ �bԢ6A.	ԣ
Ԣբ̀
2+	ԣ
 ���Ԙᅻ਷	�
2tT\Ԙ<	ᆂЈ � ᆂ`27
ԣ � ᅿ`2+>^Ԕ਷ᇊ ֏ UkXRN9V� ��Ԙᅻ਷	�
2tT\Ԙ<	ᆂЈ ਷ ᆂ`27
ԣ ਷ ᅿ`2+>^Ԕ਷ᇊ ֏ UkXRN8V਷ ��Ԙᅻ�	�
2tT\Ԙ<਷	ᆂЈ ਷ ᆂ`27
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r?2`2 ᅿ`27 `2T`2b2Mib i?2 �M;H2 Q7 i?2 `Qi�iBM; 7`�K2 rBi? `2bT2+i iQ i?2 H�#Q`�iQ`v 7`�K2
�i iBK2 ԣ � �X h?2 2[m�iBQMb 7Q` i?2 T`2+2bbBQM BM i?2 `Qi�iBM; 7`QK U1[MX kXRejV �HHQr
7Q` i?2 bBKTHB}+�iBQMԢբ � ���Ԙ ࣠ᅻ਷	ԣ
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h?2b2 bB;M�Hb �`2 i`2�i2/ �b irQ +QKTQM2Mib Q7 QM2 +QKTH2t bB;M�H,Ԣ	ԣ
 � Ԣբ	ԣ
 � ԘԢգ	ԣ

 UkXky9V
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q?B+? +QMi�BMb +QMi`B#miBQMb 7`QK i?2 `Qi�iBM; 7`�K2 U਷�V@[m�MimK +Q?2`2M+2bX h?2
U��V@[m�MimK +Q?2`2M+2b ?�p2 /Bb�TT2�`2/ ?Qr2p2`- i?2 +QMi`B#miBQM Bb 2[m�H iQ i?2
U਷�V@[m�MimK +Q?2`2M+2 bQ � 7�+iQ` irQ Bb BM+Hm/2/ i?2 7`�K2 T?�b2 b?B7i �b r2HH �b
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Qi?2` bQm`+2b Q7 +QMbi�Mi b?B7ib 7`QK BMbi`mK2Mi�iBQM �`2 +Q``2+i2/ BM TQbi@T`Q+2bbBM;
bQ i?2 [m�/`�im`2 bB;M�H +�M #2 2tT`2bb2/ �b,Ԣ	ԣ
 ୽ �Ԙ ࣠ᅻ਷	ԣ
2tT\਷Ԙᅿ`2+^� UkXkyeV

h?2`2 �`2 bQK2 iBK2 BM/2T2M/2Mi p�`B�#H2b 7`QK i?2 Q`B;BM�H 2tT`2bbBQM Q7 Ԣ6A. r?B+?
+�M MQr #2 BM+Hm/2/- �M/ M2;H2+iBM; i?2 i?2 MQBb2 �M/ ;�BM �+[mB`2/ 7`QK [m�/`�im`2
/2KQ/mH�iBQM- i?2b2 bB;M�Hb �`2,Ԣ	ԣ
 ��ԘᆂЈ �� ӷφ֓Ԙվ ᅭ܉ Ԓ֎ԋ֎ ࣠ᅻ਷	ԣ
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 UkXky3V

r?2`2 ᆂЈ Bb i?2 G�`KQ` 7`2[m2M+v- ӷφ֓�Ԙվ Bb i?2 +QBH b2MbBiBpBiv- ᅭ Bb i?2 ;v`QK�;M2iB+
`�iBQ- ܉ Bb i?2 `2/m+2/ SH�M+FǶb +QMbi�Mi- i?2 i2`K Ԓ֎ԋ֎ Bb i?2 MmK#2` Q7 bTBMb BM i?2
b�KTH2X

kXkXRRXk aB;M�H �7i2` � TmHb2

h?2 bB;M�H /2T2M/2M+2 +�M #2 b22M KQ`2 +H2�`Hv B7 QM2 ;2ib KQ`2 [m�MiBi�iBp2- iQ /Q
i?Bb- +QMbB/2` � 	ᅺ��
֓ TmHb2 rBi? `2+2Bp2` T?�b2- ᅿ`2+ � �- 7Q` #`2pBiv i?2 iBH/2 rBHH #2
/`QTT2/ �b QMHv i?2 `Qi�iBM; 7`�K2 rBHH #2 +QMbB/2`2/X AM Q`/2` iQ +�H+mH�i2 i?2 	਷�
@
[m�MimK +Q?2`2M+2- i?2 /2MbBiv QT2`�iQ` Kmbi #2 +�H+mH�i2/ }`biX lbBM; /2}MBiBQMb 7`QK
1[MX kXRjR �M/ 1[MX kXRjj- i?2 `Qi�iBM; 7`�K2 /2MbBiv QT2`�iQ` �i 2[mBHB#`BmK Bbࣞᅻր֌ � ��ග � ��ඦ ࣞӾ֕
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ԣ^
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 UkXkR8V

�M/ BM i?2 +�b2 Q7 i?2 	ᅺ��
֓ TmHb2Ԑ � ԘᆂЈ ӷφ֓Ԙվ ᅭ܉ Ԓ֎ԋ֎ ��Ԙඦ
 UkXkReV
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r?2`2 ԝ֎ Bb i?2 MmK#2` Q7 bTBMb BM i?2 b�KTH2X h?Bb `2H�iBQMb?BT K�F2b b2Mb2 BMimBiBp2Hv
�b BM+`2�bBM; i?2 MmK#2` Q7 bTBMb BM i?2 b�KTH2 H2�/b iQ �M BM+`2�b2 BM bBM;H2 �KTHBim/2
�b /Q2b BM+`2�bBM; i?2 +QBH b2MbBiBpBivX

kXkXRRXj *?2KB+�H a?B7i �M/ C@+QmTHBM;

AM � KQH2+mH2- Mm+H2B �`2 bm``QmM/2/ #v +HQm/b Q7 2H2+i`QMb r?B+? +�M b?B2H/- Q` /2@b?2BH/-
Bi 7`QK i?2 2z2+ib Q7 i?2 2ti2`M�H }2H/ ӷЈX

h?2 +?2KB+�H b?B2H/BM; 7�+iQ`- ᅼ- b?B7ib i?2 `2bQM�M+2 7`2[m2M+v Q7 i?2 Mm+H2�`
bTBMX Ai +�M MQr BM+Hm/2 Bi BM 1[MX kXdj,ᆂЈօ � ਷ᅭօӷЈ	� ਷ ᅼ

 UkXkR3V

i?Bb +?2KB+�H b?B2H/BM; Bb bT2+B}+ iQ 2�+? Mm+H2B TQbBiBQM BM i?2 KQH2+mH2X Lm+H2B i?�i
�`2 BM B/2MiB+�H +?2KB+�H 2MpB`QMK2Mib �`2 b�B/ iQ #2 Ƕ+?2KB+�HHv 2[mBp�H2MiǶ �M/ rBHH
`2bQM�i2 �i i?2 b�K2 +?2KB+�H b?B7i p�Hm2X

h?2 b?B2H/BM; Bb Q7i2M �`QmM/ ��਷ϩ 7Q` R>- r?2M THQiiBM; �M/ 2t�KBMBM; bT2+i`�
Bi rQmH/ MQi #2 mb27mH iQ mb2 �#bQHmi2 7`2[m2M+B2b- �b /Bb+mbb2/ i?2v �`2 `2;mH�`Hv BM
i?2 ?mM/`2/b Q7 J>x- r?2`2�b i?2 /Bz2`2M+2b BM T2�Fb KB;?i QMHv #2 F>x Q` H2bbX hQ
+QK#�i i?Bb � `2H�iBp2 7`2[m2M+v b+�H2 Bb mb2/ +�HH2/ +?2KB+�H b?B7i- ᅮ- /2}M2/ �b,

ᅮ � ᆂօ ਷ ᆂ`27օᆂ`27օ 
 UkXkRNV

r?2`2 ᆂօ Bb i?2 T`2+2bbBQM 7`2[m2M+v Q7 i?2 Mm+H2mb Q7 BMi2`2bi- �M/ ᆂ`27օ Bb i?2 T`2+2bbBQM
7`2[m2M+v Q7 � `272`2M+2 Mm+H2mbX ᅮ Bb � /BK2MbBQMH2bb MmK#2`- mM�z2+i2/ #v K�;M2iB+
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}2H/ bi`2M;i?- Bi Q7i2M bK�HH +QKT�`2/ iQ i?2 bBx2 Q7 i?2 }2H/ �M/ Bb `2TQ`i2/ BM T�`ib
T2` KBHHBQM UTTKVX

AM �//BiBQM iQ i?2 2ti2`M�H ӷЈ }2H/- i?2 Mm+H2�` bTBMb �`2 �HbQ �z2+i2/ #v i?2
K�;M2iB+ }2H/b ;2M2`�i2/ #v M2B;?#Qm`BM; bTBMbX h?2b2 K�;M2iB+ }2H/b �`2 K2/B�i2/
#v i?2 2H2+i`QMb BM i?2 +?2KB+�H #QM/bX h?Bb Bb `272``2/ iQ �b bTBM@bTBM +QmTHBM; Q` ӿ@
+QmTHBM; �M/ ;Bp2b `Bb2 iQ T2�F bTHBiiBM;b BM bT2+i`�X h?2b2 bTHBiiBM;b- �M/ i?2`27Q`2 i?2
p�Hm2b Q7 ӿ@+QmTHBM;b- `�M;2 7`QK � 72r >x iQ � i?Qmb�M/ >x ivTB+�HHvX h?2b2 #2+QK2
BKTQ`i�Mi r?2M +QMbB/2`BM; i?2 >�KBHiQMB�M Q7 � KmHiB@bTBM bvbi2K #mi Bb MQi /Bb+mbb2/
BM i?Bb rQ`FX

"Qi? Q7 i?2b2- ᅼ �M/ ӿ@+QmTHBM;b- �`2 i2MbQ`b i?Bb K2�Mb i?2v /2T2M/ QM i?2 Q`B@
2Mi�iBQM Q7 i?2 KQH2+mH2 �M/ i?2 bTBM rBi? `2bT2+i iQ i?2 K�;M2iB+ }2H/X AM HB[mB/b-
?Qr2p2`- imK#H2 `�TB/Hv +QKT�`2/ iQ i?2 iBK2b+�H2 Q7 �M LJ_ 2tT2`BK2MiX h?Bb �p2`@
�;2b i?2 BMi2`�+iBQMb `2bmHiBM; BM � b+�H�` [m�MiBiv 7Q` 2�+?X

h?2`2 �`2 �//BiBQM�H 2z2+ib i?2 Mm+H2�` bTBMb 2tT2`B2M+2- 7Q` 2t�KTH2- /BTQH2@
/BTQH2 +QmTHBM; r?B+? Bb � i?`Qm;? bT�+2 bTBM@bTBM +QmTHBM;- �M/ [m�/`mTQH2 +QmTHBM;
r?2`2 i?2`2 �`2 bTBMb rBi? =Rfk p�Hm2b ?Qr2p2`- i?2b2 �`2 MQi `2H2p�Mi iQ i?Bb rQ`FX
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kXj JB+`Q@LJ_

�HH LJ_ 2tT2`BK2Mib /2T2M/ QM irQ T2`7Q`K�M+2 K2i`B+b, b2MbBiBpBiv �M/ `2bQHmiBQMX
a2MbBiBpBiv `272`b iQ i?2 KBMBKmK MmK#2` Q7 bTBMb M22/2/ iQ ;Bp2 � bB;M�H +H2�`Hv �#Qp2
i?2 MQBb2- r?BHbi `2bQHmiBQM [m�MiB}2b ?Qr r2HH /Bz2`2Mi bT2+B2b BM i?2 b�KTH2 +�M #2
/Bz2`2MiB�i2/X h?2b2 irQ T`QT2`iB2b �`2 Q7i2M HBMF2/- #v b2H2+iBM; � bK�HH2` b�KTH2 Bi
+QmH/ #2 TQbbB#H2 iQ 2M?�M+2 `2bQHmiBQM #v /2i2+iBM; � bK�HH2` TQ`iBQM Q7 bTBMb BM i?2
b�KTH2- r?2`2 i?2 K�;M2iB+ }2H/ +QmH/ #2 KQ`2 ?QKQ;2M2Qmb- #mi i?Bb +QKT`QKBb2b
b2MbBiBpBiv �b i?2 MmK#2` Q7 bTBMb #2+QK2 KQ`2 HBKBi2/X

AM LJ_- Mm+H2�` bTBM bi�i2 +Q?2`2M+2b ?�p2 HQM; HB72iBK2b i?�i �`2 ;Qp2`M2/ #v
i?2 /2�+v +QMbi�i- ԉϵ- r?B+? Bb ivTB+�HHv b2+QM/b- #mi BM bQK2 +�b2b +�M #2 KBMmi2b
HQM;X h?2b2 HQM; HB72iBK2b +QMi`B#mi2 iQ 2ti`2K2Hv M�``Qr HBM2b BM i?2 bT2+i`mK- rBi?
`2bQHmiBQMb Q7 QM2 T�`i T2` #BHHBQM `2;mH�`Hv �+?B2p2/ BM +QKK2`+B�H bvbi2KbX

kXjXR a2MbBiBpBiv

kXjXRXR aB;M�H iQ MQBb2 `�iBQ

a2MbBiBpBiv BM LJ_ �i i?2`K�H 2[mBHB#`BmK Bb �Hr�vb BM b?Q`i bmTTHvX AM �M LJ_ 2tT2`B@
K2Mi- i?2 bB;M�H �KTHBim/2 �7i2` � ᅺ�� TmHb2 �i i?2`K�H 2[mBHB#`BmK- Ԑ- +�M #2 2tT`2bb2/
�b 1[MX kXkRd, Ԑ � �� ӷφ֓Ԙվ ᅭϯ܉ϵӷϵЈ ԝ֎Ԛսԉ
 UkXkkyV

r?2`2- ӷφ֓�Ԙվ Bb i?2 +QBH b2MbBiBpBiv- ᅭ Bb i?2 ;v`QK�;M2iB+ `�iBQ Q7 i?2 Mm+H2mb-܉ � ԗ��ᅺ-ӷЈ Bb i?2 K�;M2iB+ }2H/- ԝ֎ Bb i?2 MmK#2` Q7 bTBMb BM i?2 b�KTH2- Ԛգ Bb i?2 "QHixK�MM
+QMbi�Mi �M/ ԉ Bb i?2 �#bQHmi2 i2KT2`�im`2X h?2 �KTHBim/2 Q7 i?2 bB;M�H /2T2M/b QM
i?2 "QHixK�MM /Bbi`B#miBQM Q7 TQTmH�iBQM r?B+? �i `QQK i2KT2`�im`2 Bb QM i?2 Q`/2` Q7��਷ϵΘC r?B+? Bb Km+? HQr2` i?�i i?2 i?2`K�H 2M2`;v Q7 i?2 bvbi2KX 6`QK i?2 2[m�iBQM-
BM+`2�bBM; ӷЈ rQmH/ b22K � p�HB/ bi`�i2;v �M/ +QKT�`�iBp2Hv Bi +�M #2- BM+`2�bBM; 7`QK
R9XRh iQ kjX8h +�M �HKQbi i`BTH2 i?2 bB;M�H �KTHBim/2- ?Qr2p2` 2p2M �i kjX8h i?2`2 Bb
QMHv � 7�+iQ` Q7 � ੎ ��਷ϩ BM TQTmH�iBQM /Bz2`2M+2X AiǶb i?Bb p2`v bK�HH p�Hm2 i?�i Bb
`2bTQMbB#H2 7Q` i?2 HQr b2MbBiBpBiv Q7 LJ_ +QKT�`2/ iQ Qi?2` i2+?MB[m2bX

�b K2MiBQM2/- /2i2+iBQM BM LJ_ Bb ivTB+�HHv /QM2 i?`Qm;? i?2 BM/m+iBQM Q7 �
pQHi�;2 BM � +QBH i?�iǶb +HQb2 iQ i?2 T`2+2bbBM; Mm+H2�` bTBMb- i?Bb Bb mbm�HHv `272``2/ iQ
�b i?2 b�KTH2 +QBHX lM7Q`imM�i2Hv- i?Bb +QBH �HbQ #`BM;b rBi? Bi � ivT2 Q7 BMi2`72`2M+2-
MQBb2- �M�HQ;Qmb iQ i?2 Ƕ?BbbǶ BM i?2 #�+F;`QmM/ Q7 `�/BQ Bi Bb T`Q/m+2/ K�BMHv 7`QK
i?2`K�H KQiBQM Q7 2H2+i`QMb BM i?2 b�KTH2 +QBH rBi? bQK2 +QMi`B#miBQM 7`QK i?2`K�H
KQiBQM Q7 BQMb BM bQHmiBQMX h?2 bB;M�H iQ MQBb2 `�iBQ- aL_- Bb �M BKTQ`i�Mi 7�+iQ` BM
LJ_ 2tT2`BK2Mib B7 Bib iQQ HQr i?2 bB;M�H rBHH M2p2` #2 b22MX
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h?2 aL_ r�b 7Q`KmH�i2/ #v �#`�;�K(3e) �M/ i?2 �M�HvbBb 2ti2M/2/ #v >QmHi
�M/ _B+?�`/b(38) �M/ Bb /2}M2/ �b i?2 T2�F bB;M�H /BpB/2/ #v i?2 `QQi K2�M b[m�`2
U`KbV MQBb2X "v BM+Hm/BM; i?2 �KTHBim/2 7`QK 1[MX kXkRd �M/ mbBM; i?2 _�vH2B;?@C2�Mb
�TT`QtB�K�iBQM 7Q` i?2 MQBb2 i?2 aL_ Bb,

aL_ � ԚЈ φΚ գȯ՝քՈ ᅭϯ܉ϵӷϵЈ ։՘ֆՇյ՘ӻఉ�ԚսԉվԇMQBb2ငԕ 
 UkXkkRV

r?2`2 ԚЈ Bb � 7�+iQ` i?�i �++QmMib 7Q` BM?QKQ;2M2Biv BM i?2 ӷφ }2H/- ԉ֎ Bb i?2 i2KT2`�im`2
Q7 i?2 b�KTH2- �M/ ԝ֎ Bb i?2 MmK#2` Q7 bTBMb BM i?2 b�KTH2X h?2 7�+iQ` ӷφ�Ԙվ i?2 K�;M2iB+
}2H/ 7`QK i?2 +QBH T2` mMBi +m``2Mi Bb /2}M2/ �b i?2 +QBH b2MbBiBpBivX h?2 /2MQKBM�iQ` Bb
i?2 MQBb2 /2i2`KBM2/ #v i?2 MQBb2 7�+iQ` 7`QK i?2 bT2+i`QK2i2` UӻV �M/ i?2 /BbbBT�iBp2
HQb2b- ԇMQBb2- Q7 i?2 +QBH- +B`+mBi �M/ b�KTH2 7Q` i?2 bT2+i`�H #�M/rB/i? ငԕX ԉվ Bb i?2
�#bQHmi2 i2KT2`�im`2 Q7 i?2 +QBH- �M/ Ԛս Bb i?2 "QHixK�MM +QMbi�MiX

AM i?2 b�K2 T�T2`- >QmHi �M/ _B+?�`/b BMi`Q/m+2/ i?2 T`BM+BTH2 Q7 `2+BT`Q+Biv 7Q`
+�H+mH�iBM; i?2 b2MbBiBpBiv Q7 i?2 _6 +QBH- h?Bb bi�i2b i?�i i?2 bB;M�H `2+2Bp2/ 7`QK �
b�KTH2 #v � +QBH Bb T`QTQ`iBQM�H iQ i?2 K�;M2iB+ }2H/ r?B+? rQmH/ ?�p2 #22M +`2�i2/ BM
i?2 b�KTH2 B7 mMBi +m``2Mi r2`2 T�bb2/ i?`Qm;? i?2 +QBHX h?2`27Q`2 i?2 aL_ Bb /B`2+iHv
T`QTQ`iBQM�H iQ i?2 b2MbBiBpBiv Q7 i?2 +QBH- ӷφ�ԘվX h?Bb +�M #2 b22M B7 �M 2z2+iBp2 b�KTH2
pQHmK2 Bb /2}M2/- i?�i Bb i?2 pQHmK2 BM r?B+? ӷφ Bb rBi?BM RyW Q7 i?2 K�tBKmK p�Hm2
�i i?2 +2Mi`2 Q7 i?2 +QBHX h?2 aL_ Bb ;Bp2M #v � KQ`2 bBKTH2 2tT`2bbBQM(3d),Ԉԃԇ � Ӹ ӷφԝ֎Ԙվఉԇငԕ
 UkXkkkV

r?2`2 ԝ֎ Bb i?2 MmK#2` Q7 bTBMb BM HQ+�i2/ rBi?BM �M 2z2+iBp2 pQHmK2X 6Q` T`QiQMb
�i eyyJ>x i?2 +QMbi�Mi- Ӹ 2[m�Hb ��� ੎ ��਷φφ BM aA mMBib UӷЈ 4 R9XRh- ԉ 4 jyyE-ᅭ 4 ������ ੎ ��ν `�/h਷φb਷φ- Ӿ � ��� �M/ ӻ � � �bbmKBM; M2;HB;B#H2 MQBb2 7`QK i?2
bT2+i`QK2i2`XV

6`QK i?2 bBKTH2 2tT`2bbBQM Bi #2+QK2b +H2�` i?�i i?2 r�v iQ BKT`Qp2 aL_ Bb
iQ BM+`2�b2 i?2 }HHBM; 7�+iQ`- K�tBKBb2 +QBH b2MbBiBpBiv- ӷφ�Ԙվ- �M/ KBMBKBb2 i?2 iQi�H
`2bBbi�M+2X h?2 }HHBM; 7�+iQ`- ᅫէ Bb ;Bp2M #v,ᅫէ � ௩ ӷϵφᅻ	ԡ
ԓԋ௩ ӷϵφԓԋ 
 UkXkkjV

r?2`2 i?2 7mM+iBQM ᅻ Bb mMBiv BM i?2 b�KTH2 �`2�- �M/ x2`Q 2Hb2r?2`2X 6Q` � HQM; bQH2MQB/
+QBH rBi? i?2 BMi2`BQ` bT�+2 }HH2/ rBi? b�KTH2- ᅫէ � ���X

AM+`2�bBM; i?2 }HHBM; 7�+iQ` �M/ K�tBKBbBM; K�tBKBb2 +QBH b2MbBiBpBiv- +�M #2 bQHp2/
#v /2+`2�bBM; i?2 bBx2 Q7 i?2 /2i2+iQ`X h?2 i?B`/- KBMBKBbBM; `2bBbi�M+2 BM i?2 +QBH- +�M
#2 i�+FH2/ #v +QKK2`+B�HHv �p�BH�#H2 +`vQ@T`Q#2b r?2`2 i?2 +QBH Bb +QQH2/ rBi? � bi`2�K



*?�Ti2` k "�+F;`QmM/ 9j

Q7 >2 ;�b iQ kyE i?Bb `2/m+2b i?2 i?2`K�H MQBb2 7`QK i?2 bQm`+2 �M/ +�M BM+`2�b2 aL_
#v � 7�+iQ` Q7 7Qm`X

hQ b22 ?Qr bBx2 Q7 +QBH �z2+ib aL_- +QMbB/2` �M _6 ?2HB+�H +QBHX �M B/2�HBb2/
+QBH Bb � +vHBM/`B+�H b?2HH rBi? mMB7Q`K +m``2Mi /2MbBivX h?2 _6 +m``2Mi T2M2i`�i2b iQ �
7`2[m2M+v bT2+B}+ /2Ti? ᅮ_6X 6Q` +QTT2` �i eyy J>x �M/ `QQK i2KT2`�im`2 ᅮ_6 4 kXdᅷKX h?2 +2Mi`2 }2H/ Bb ;Bp2M #v, ӷφԘվ � ᅷЈఅԛϵ � ԓϵ � UkXkk9V

_2bBbi�M+2 Bb, ԇ � ᅻ֍ ᅺ ԓԛᅮ 
 UkXkk8V

rBi? ԛ- i?2 ?2B;?i Q7 i?2 +QTT2` +vHBM/2`- ԓ i?2 /B�K2i2` �M/ ᅻ֍ i?2 `2bBbiBpBivX PTiBKmK
+QBH b2MbBiBpBiv Bb ;Bp2M #v ԓ�ԛ 4 � BM i?Bb +�b2 i?2 bB;M�H iQ MQBb2 Bb,Ԉԃԇ � ��� ੎ ��਷φϩ ԝ֎ԓఉငԕ
 UkXkkeV

7Q` � }t2/ MmK#2` Q7 bTBMb i?2 aL_ b+�H2b rBi? Rf/ �b T`2/B+i2/ #v (38)

kXjXk aB;M�H �p2`�;BM;

AM LJ_- i?2 iQi�H bB;M�H i?�i 2K2`;2b 7`QK i?2 T`Q#2 +QMi�BMb bB;M�H 7`QK i?2 b�KTH2
mM/2` Q#b2`p�iBQM �b r2HH �b mM+QMi`QHH2/ `�M/QK bB;M�Hb +�HH2/ MQBb2X AM LJ_ bT2+@
i`Qb+QTv- i?2 KQbi /QKBM�Mi bQm`+2 Q7 MQBb2 +QK2b 7`QK i?2 i?2`K�H KQiBQMb Q7 i?2
2H2+i`QMb BM i?2 `2+2Bp2` +QBH- +�HH2/ i?2`K�H MQBb2X AM Q`/2` 7Q` i?2 bB;M�H i?�i Q`B;BM�i2/
7`QK i?2 b�KTH2 iQ `Bb2 �#Qp2 i?2 MQBb2- bB;M�H �p2`�;BM; Kmbi #2 2KTHQv2/X h?Bb rQ`Fb
�b i?2 bmK Q7 irQ B/2MiB+�H 2tT2`BK2Mib Bb irB+2 i?2 bB;M�H Q7 i?2 Q`B;BM�H BM/BpB/m�H
2tT2`BK2Mi, ԢLJ_	� � �
 � ԢLJ_	�
 � ԢLJ_	�
 � �ԢLJ_	�
� UkXkkdV

h?2 F2v- Bb i?�i i?Bb `2H�iBQMb?BT /Q2b MQi �TTHv 2[m�HHv iQ i?2 MQBb2- �b Bi Bb `�M/QKX
� bmBi�#H2 /2}MBiBQM Q7 i?2 MQBb2 �KTHBim/2 BM � bBM;H2 2tT2`BK2Mi Bb ;Bp2M #v i?2 `QQi
K2�M b[m�`2 U_JaV MQBb2 /2}M2/ �b,ᅼMQBb2 � ਓ ԢMQBb2	�
ϵਔφ�ϵ
 UkXkk3V

r?2`2 i?2 �M;H2 #`�+F2i BM/B+�i2b �M �p2`�;2 Qp2` �HH b�KTHBM; TQBMibX

�b BM kXkXRR- i?2 bB;M�H ;2M2`�i2/ #v i?2 MQBb2 Bb T`QTQ`iBQM�H iQ i?2 MQBb2 pQHi�;2
BM i?2 +QBH bm+? i?�i, ਓ ԢMQBb2	�
ϵਔ ୽ 	ਓ ᅹϵ։ਔ

 UkXkkNV



*?�Ti2` k "�+F;`QmM/ 99

r?2`2 ਓ ᅹϵ։ਔ Bb i?2 K2�M b[m�`2 2K7 T`Q/m+2/ BM i?2 +QBH #v i?2`K�H MQBb2- �M/ ӻ Bb i?2
MQBb2 7�+iQ` 7`QK i?2 bT2+i`QK2i2`X

h?Bb K2�M b[m�`2 2K7 Bb /2`Bp2/ 7`QK bi�iBbiB+�H K2+?�MB+b �M/ +�M #2 2tT`2bb2/
�b (33- 3N), ਓ ᅹϵ։ਔ � �ԚսԉդԇMQBb2ငԕ� UkXkjyV

AM+Hm/BM; � 7�+iQ` 7Q` i?2 MQBb2 7`QK i?2 bT2+i`QK2i2`- ӻ- ᅼMQBb2 +�M #2 2tT`2bb2/
[m�MiBi�iBp2Hv �b, ᅼMQBb2 � ӻఉ�ԚսԉդԇMQBb2ငԕ
 UkXkjRV

r?B+? Bb 2[m�H iQ i?2 /2MQKBM�iQ` 7Q` i?2 aL_ 7`QK 1[MX kXkkRX

h?2 _Ja MQBb2 Bb i?2 b�K2 7Q` irQ 2tT2`BK2Mib �bbmKBM; i?2 MQBb2 Bb bi�iBQM�`v
BX2X i?2 MQBb2 /Q2b MQi +?�M;2 7`QK QM2 2tT2`BK2Mi iQ i?2 M2tiX >Qr2p2`- i?Bb /Q2b MQi
BKTHv i?�i i?2 MQBb2 7`QK irQ 2tT2`BK2Mib ?�b irB+2 i?2 p�Hm2X amKK2/ Qp2` i?2 irQ
2tT2`BK2Mib i?2 _Ja MQBb2 i�F2b i?2 p�Hm2,ᅼMQBb2	� � �
 அ అ�ᅼMQBb2	�
� UkXkjkV

aBM+2 i?2 MQBb2 Qp2` irQ 2tT2`BK2Mib BM+`2�b2b #v
అ� #mi i?2 bB;M�H /Qm#H2bX h?2`27Q`2

i?2 bB;M�H iQ MQBb2 `�iBQ Qp2` irQ 2tT2`BK2Mib +�M #2 r`Bii2M �b,

aL_	� � �
 � అ�ԢLJ_	�
ᅼMQBb2	�
 � UkXkjjV

h?Bb +�M #2 2ti2M/2/ iQ b?Qr i?2 bB;M�H@iQ@MQBb2 Qp2` ԃ i`�MbB2Mib Bb � 7�+iQ`
అԃ H�`;2`

i?�M i?2 bB;M�H 7Q` � bBM;H2 i`�MbB2MiX aQ #v bB;M�H �p2`�;BM; Qp2` K�Mv b+�Mb i?2 aL_
+�M #2 BM+`2�b2/X

AM T`BM+BTH2- i?Bb �HHQrb LJ_ bB;M�Hb i?�i ?�p2 � aL_ H2bb i?�M QM2 iQ #2 ǶTmHH2/
QmiǶ Q7 i?2 MQBb2X AM `2�HBiv- i?Bb Bb iBK2 +QMbmKBM; �b BM Q`/2` iQ `2T2�i �M 2tT2`BK2Mi
T`2+Bb2Hv Bi Bb 2bb2MiB�H iQ �HHQr i?2 bTBM bvbi2K iQ `2�+? i?2`K�H 2[mBHB#`BmK �;�BMX
h?2 /Bz2`2Mi LJ_ 2tT2`BK2Mib Kmbi i?2`27Q`2 #2 b2T�`�i2/ #v �M BMi2`p�H K�Mv iBK2b
HQM;2` i?�M ԉφ- r?B+? BM bQK2 +�b2 +�M #2 b2p2`�H b2+QM/bX 6Q` 2t�KTH2- B7 i?2 aL_ Q7
i?2 }`bi 2tT2`BK2Mi Bb yXR +H2�`Hv i?2 bB;M�H rBHH #2 #m`B2/ BM i?2 MQBb2X h?2 aL_ K�v #2
+?�M;2/ iQ Ry,R #v bB;M�H �p2`�;BM; Qp2` Ry-yyy b+�MbX A7 2�+? b+�M i�F2b R b2+QM/ i?Bb
�KQmMib iQ j ?Qm`b Q7 BMbi`mK2Mi iBK2 r?B+? Bb HQM; #mi �++2Ti�#H2X >Qr2p2`- B7 i?2
aL_ Bb yXyR i?2M Bi 7QHHQrb i?�i jyy ?Qm`b rQmH/ MQr #2 M22/2/ r?B+? Bb MQi 72�bB#H2X

AM Q`/2` 7Q` bK�HH2` bB;M�Hb iQ #2 /2i2+i2/- i?2 �KQmMi Q7 bB;M�H BX2X i?2 �KQmMi
Q7 TQH�`Bx�iBQM BM i?2 b�KTH2- M22/b iQ #2 BM+`2�b2/ i?Bb +�M #2 /QM2 #v T`2T�`BM; i?2
b�KTH2 BM � bT2+B}+ r�v �M/ Bb `272``2/ iQ �b Ƕ?vT2`TQH�`Bx�iBQMǶX
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kXjXj GBKBi Q7 .2i2+iBQM

h?2 bB;M�H iQ MQBb2 `�iBQ +�M #2 7QmM/ BM i?2 iBK2 Q` 7`2[m2M+v /QK�BMX AM i?2 iBK2
/QK�BM i?2 `QQi K2�M b[m�`2 MQBb2- ᅼMQBb2- Bb T`QTQ`iBQM�H iQ ఉငԕX h?2`27Q`2 i?2 aL_
+�M #2 �`iB}+B�HHv BM~�i2/ #v M�``QrBM; i?2 #�M/rB/i?X AMbi2�/- Bi +�M #2 KQ`2 mb27mH
iQ mb2 HBKBi Q7 /2i2+iBQM- /2}M2/ �b i?2 MmK#2` Q7 bTBMb i?�i ?�p2 iQ `2bQM�i2 rBi?BM �
}t2/ #�M/rB/i? Q7 R >x iQ ;Bp2 �M aL_ Q7 jX h?Bb ;Bp2b i?2 MQ`K�HBb2/ HBKBi Q7 /2i2+iBQM
�b(Ny),

MGP.֏ � �ԝ֎
aL_֏ఉငԕ� UkXkj9V

q?2`2 ԝ֎ Bb i?2 MmK#2` Q7 bTBMb i?�i r2`2 T`2b2Mi BM i?2 b�KTH2 7Q` i?2 K2�bm`2K2Mi
�M/ aL_֏ Bb i?2 bB;M�H iQ MQBb2 `�iBQ BM i?2 iBK2 /QK�BMX AM i?2 7`2[m2M+v /QK�BM- i?Bb
#2+QK2b

MGP.ᇖ � �ԝ֎అငԣ
aL_ᇖ 
 UkXkj8V

?2`2- ငԣ Bb i?2 2z2+iBp2 �+[mBbBiBQM iBK2 7Q` � bBM;H2 b+�M- ;Bp2M #v i?2 BMp2`b2 Q7 i?2
HBM2 #`Q�/2MBM; �TTHB2/ BM i?2 T`Q+2bbBM; Q7 i?2 bT2+i`mKX

S`�+iB+�HHv- LJ_ `2HB2b QM bB;M�H �p2`�;BM; Ub22 kXjXkV iQ 2M?�M+2 i?2 bT2+i`�X
h?Bb K2i?Q/ `2[mB`2b r�BiBM; #2ir22M b+�Mb 7Q` i?2 bTBMb iQ `2�+? i?2`K�H 2[mBHB#`BmKX
AM i?Bb +�b2- � #2ii2` K2�bm`2 Q7 b2MbBiBpBiv +�M #2 �TTHB2/ #v mbBM; iQi�H K2�bm`2K2Mi
iBK2 �b ငԣX AM i?Bb +�b2 i?2 HBKBi Q7 /2i2+iBQM MQr /2T2M/b QM BMbi`mK2Mi�iBQM �M/
b�KTH2 �b ԉφ `2H�t�iBQM /B+i�i2b i?2 2tT2`BK2Mi `2T2iBiBQM `�i2X

kXjX9 *QM+2Mi`�iBQM HBKBi Q7 /2i2+iBQM

"Qi? ivT2b Q7 GP. /Bb+mbb2/ bQ 7�` �`2 �#bQHmi2 K2�bm`2bX Ai Bb Q7i2M Q7 KQ`2 BMi2`2bi iQ
2t�KBM2 i?2 +QM+2Mi`�iBQM HBKBi Q7 /2i2+iBQM +GP.X h?Bb Bb ;Bp2M #v /BpB/BM; i?2 GP.
#v i?2 b�KTH2 pQHmK2,

+GP. � MGP.ԋ֎ � MGP.ᅫցԋվ � UkXkjeV

q?2`2 ԋվ Bb i?2 pQHmK2 Q7 i?2 +QBH �M/ ᅫց Bb i?2 }HHBM; 7�+iQ` /2}M2/ BM 1[MX kXkkjX

1[MX kXkj8 b?Qrb i?�i Qp2`�HH- i?2 K�bb b2MbBiBpBiv Q7 � T`Q#2 Bb BMp2`b2Hv T`QTQ`@
iBQM�H iQ aL_X Ai 7QHHQrb 7`QK 1[MX kXkke- i?�i i?2 `2/m+iBQM BM +QBH bBx2 rQmH/ H2�/ iQ
� `2/m+iBQM Q7 MGP.X h?Bb `2H�iBQMb?BT ?�b #22M � F2v /`BpBM; 7Q`+2 BM i?2 /2p2HQTK2Mi
Q7 KB+`Q@LJ_- ?Qr2p2`- � +QBH bBx2 `2/m+iBQM Q7 � 7�+iQ` Q7 k- `2/m+2b i?2 pQHmK2 #v
� 7�+iQ` Q7 3 H2�/BM; iQ � `Bb2 BM +GP.X 6Q` � +QM+2Mi`�iBQM HBKBi2/ b�KTH2- Bi Bb KQ`2
BKTQ`i�Mi iQ ?�p2 �b ?B;? � pQHmK2 �b TQbbB#H2 iQ BM+`2�b2 i?2 MmK#2` Q7 bTBMb �p�BH�#H2
7Q` /2i2+iBQMX 6Q` � K�bb HBKBi2/ b�KTH2- i?2 MmK#2` Q7 bTBMb Bb }t2/ bQ Bi Bb KQ`2
�/p�Mi�;2Qmb iQ `2/m+2 i?2 bBx2 Q7 i?2 +QBHX
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kXjX8 h`�MbKBbbBQM HBM2 T`Q#2

h?Bb rQ`F 2KTHQvb � TH�M�` i`�MbKBbbBQM HBM2 T`Q#2 UhGSV (R- k)- BM r?B+? i?2 ;2QK2i`v
/Bz2`b 7`QK i?�i Q7 � +H�bbB+ KB+`Q@+QBHX h?2 /2bB;M Q7 i?2 hGS Bb #�b2/ Qz 2�`Hv rQ`F
#v p�M "2MimK 2i �HX �M/ 7Q` �M 2[mBp�H2Mi ?2HBt +�M ;Bp2

అ� H�`;2` aL_ (3d)X h?2 hGS
;2QK2i`v- b?QrM BM 6B;X kXd- 72�im`2b irQ +QM/m+iBM; TH�M2b Q7 � bT2+B}+ H2M;i? rBi? �
+QMbi`B+iBQM BM i?2 +2Mi`2X h?Bb ;2QK2i`v- ;Bp2b `Bb2 iQ �M 2H2+i`QK�;M2iB+ 2B;2MKQ/2
rBi? � bi`QM; �MiB@MQ/2 Q7 i?2 K�;M2iB+ }2H/ #2ir22M i?2 irQ TH�M2b �i i?2 +QMbi`B+iBQMX
h?Bb +QM+2Mi`�i2b i?2 `X7X }2H/ �M/ i?2 /2i2+iBQM b2MbBiBpBiv QMiQ i?2 b�KTH2 �`2�X q?2M
+QmTH2/ iQ � bi�M/�`/ imMBM; �M/ K�i+?BM; +B`+mBi- T`BMi2/ QM i?2 S*"- i?2 T`Q#2 #2@
+QK2b � i`�MbKBbBbQM HBM2 T`Q#2X h?2 T`Q#2 Bb +QKT�iB#H2 rBi? � ;2M2`B+ KB+`Q~mB/B+
/2pB+2 i?�i ?�b r2HH /2}M2/ Qmi2` ;2QK2i`v- �M/ � }t2/ b�KTH2 +?�K#2` TQbBiBQMX h?2

6B;m`2 kXd, .`�rBM;b Q7 i?2 /2i2+iQ` �bb2K#Hv �M/ i?2 KB+`Q~mB/B+ /2pB+2 URVX �,
7`QMi pB2r U/BK2MbBQMb BM KKVc ", 2tTHQ/2/ pB2rX aT�+2` U9V 2Mbm`2b i?2 �HB;MK2Mi Q7
i?2 b�KTH2 +?�K#2` rBi? i?2 +QMbi`B+iBQMb QM i?2 S*" TH�M2bX AM �- S*" TH�M2 8 Bb
?B//2M iQ b?Qr i?2 Q`B2Mi�iBQM Q7 R rBi? `2bT2+i iQ S*" TH�M2 jX h?B+FM2bb Q7 2�+? Q7
i?2 S*" TH�M2b Bb RX8k KK �M/ i?2 +QTT2` H�v2`b QM i?2 S*"b Bb j8 ᅷ KX "Qi? i?2
KB+`Q~mB/B+ /2pB+2 �M/ i?2 bT�+2` �`2 K�/2 7`QK SJJ� �M/ ?�p2 i?B+FM2bb Q7 yXN KK

�M/ R KK `2bT2+iBp2HvX 6B;m`2 `2T`Q/m+2/ 7`QK (R)X

K�BM �/p�Mi�;2 Q7 mbBM; i?Bb T`Q#2 Bb i?2 +QKT�iB#BHBiv Q7 i?2 /2pB+2 rBi? +mbiQKBb�#H2
KB+`Q~mB/B+ /2pB+2b- �HHQrBM; � #`Q�/ `�M;2 Q7 �TTHB+�iBQMb bm+? �b iBbbm2 +mHim`2- KB@
+`Q~mB/B+ /`QTH2ib- +2HH +mHim`2- �M/ ?v/`Q;2M�iBQM QM � +?BT (R)X h?2b2 �TTHB+�iBQMb +�M
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6B;m`2 kX3, SHQi +QKT�`BM; i?2 HBKBib Q7 /2i2+iBQM Q7 T`2pBQmbHv /2bB;M KB+`Q@LJ_
/2i2+iQ`bX G2ii2`b �@i +Q``2bTQM/ iQ /Bz2`2Mi �mi?Q`b �b +Bi2/ #v "�/BHBi� 2i �HX (Ny)
G2ii2`b m (N8) �M/ i (NR) `2T`2b2Mi KQ`2 `2+2Mi rQ`FX h?2 T`Q#2 mb2/ ?2`2 Bb H�#2HH2/

�i hGS �M/ � +QKK2`+B�H +v`Q@T`Q#2 Bb b?QrM 7Q` `272`2M+2X

#2 +QmTH2 rBi? T`�iB+�H LJ_ mbBM; i?2 hGS- r?B+? 72r Qi?2` KB+`QT`Q#2b �HHQr (NRĜNj)X
h?2 HBKBi Q7 /2i2+iBQM GP. 7Q` i?2 hGS mb2/ Bb RX9 MKQH bφ�ϵ r?B+? +QKT�`�iBp2Hv HQr2`
i?�M /2i2+iQ`b Q7 � bBKBH�` bBx2 �M/ KQ`2 bBKBH�` iQ i?2 GP. Q7 +QKK2`+B�H +`vQ@T`Q#2b
K2MiBQM2/ T`2pBQmbHvX q?2`2 i?2 T`Q#2 Bb 2t+2TiBQM�H BM i2`Kb Q7 KB+`Q@/2i2+iQ` Bb i?2
+GP.- i?Bb Bb /2KQMbi`�i2/ BM 6B;X kX3 r?B+? b?Qrb � rB/2 p�`B2iv Q7 KB+`Q@LJ_ /2i2+@
iQ`b i?�i ?�p2 #22M `2TQ`i2/ BM i?2 HBi2`�im`2X 6B;X kX3 ?�b /2i2+iBQM pQHmK2 �M/ K�bb
GP. UMGP.V THQii2/ HQ;�`Bi?KB+�HHv QM i?2 ԧ@�tBb �M/ Ԩ@�tBb `2bT2+iBp2Hv- i?2 /B�;QM�H
HBM2b `2T`2b2Mi +QMbi�Mi +QM+2Mi`�iBQM U+GP.VX h?2 ;2M2`�H i`2M/ Q7 /2+`2�bBM; MGP.
rBi? bBx2 Bb BM/B+�i2/ rBi? � HBM2 Q7 ;`�/B2Mi ���X h?2 �`2� b?�/2/ Q`�M;2 i?�i Bb /2}M2/
�b i?2 ǶK2i�#QHQKB+b 72�bB#H2Ƕ `�M;2 Bb � K�tBKmK 8 KJ అb 2Mbm`BM; bT2+B2b T`2b2Mi
�i yXR KJ +�M #2 /2i2+i2/ rBi?BM H2bb i?�M ky KBMbX SQBMi ǶTǶ BM i?2 /B�;`�K Bb �
KB+`Q@bQH2MQB/ rBi? � b�KTH2 pQHmK2 Q7 8yᅷG /2p2HQT2/ 7Q` bQHB/ bi�i2 LJ_ (N9) �M/ �b
bm+? Bb mMbmBi�#H2 7Q` K2i�#QHQKB+bX h?2 hGS ?�b � +GP. Q7 Rȳ KJ అb �M/ +�M /2i2+i
bT2+B2b �i yXyk KJ BM i?�i iBK2 7`�K2X q?BHbi i?Bb Bb bmBi�#H2 7Q` bQK2 K2i�#QHQKB+
BM7Q`K�iBQM iQ #2 ;�BM2/- ?Qr2p2`- i?2 bm#iH2 +?�M;2b BM KQH2+mH2b T`2b2Mi �i H2bb i?�M
yXyk KJ �`2 Q7 BMi2`2bi #mi �`2 mM`2�+?�#H2 rBi? i?Bb T`Q#2 mbBM; i?2`K�H TQH�`Bb�iBQM
�i i?Bb iBK2X

6Q` i?Bb rQ`F- i?2 ;Q�H Bb MQi QMHv iQ +QK#BM2 LJ_ /2i2+iBQM �M/ KB+`Q~mB/B+b-
+H2�`Hv i?�i ?�b #22M /QM2 #27Q`2X >Qr2p2`- Bi Bb i?2 +QK#BM�iBQM Q7 i?2b2 irQ BM � r�v
i?�i /Q2b MQi KBMBKBb2 +QKT`QKBb2b QM 2Bi?2` bB/2, 7`22 ~mB/B+ /2bB;M �M/ +QKTH2tBiv



*?�Ti2` k "�+F;`QmM/ 93

QM i?2 QM2 ?�M/- �M/ i?2 7mHH `2bQHmiBQM �M/ b2MbBiBpBiv Q7 +QMp2MiBQM�H HB[mB/ bi�i2 LJ_
bT2+i`Qb+QTv QM i?2 Qi?2`X
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�M LJ_ +QKT�iB#H2 QM@+?BT
S2`Bbi�HiB+ SmKT

jXR AMi`Q/m+iBQM

AM i?Bb +?�Ti2`- i?2 /2bB;M �M/ BKTH2K2Mi�iBQM Q7 �M LJ_ +QKT�iB#H2- HQr /2�/ pQHmK2-
KB+`Q~mB/B+ TmKT rBHH #2 /Bb+mbb2/X h?2 ;Q�H Bb i?2 /2p2HQTK2Mi Q7 � /2pB+2 i?�i Bb
+�T�#H2 Q7 2t+?�M;BM; �M/ KBtBM; irQ ~mB/b BM � +QMi`QHH2/ K�MM2`- �M/ �+[mB`BM; ?B;?
`2bQHmiBQM LJ_ bT2+i`Qb+QTvX JB+`Q~mB/B+ TmKTBM; �M/ KBtBM; TH�vb �M BMi2;`�H `QH2
BM K�Mv #BQHQ;B+�H �M/ +?2KB+�H �TTHB+�iBQMb- bm+? �b .L� �M�HvbBb (Ne- Nd)- T`Qi2BM
7QH/BM; (N3)- 2MxvK2 �bbb�vb (NN- Ryy)-+?2KB+�H bvMi?2bBb (RyR- Ryk)- �M/ FBM2iB+ bim/B2b
(j- Ryj)X h?2b2 �TTHB+�iBQMb mb2 � rB/2 p�`B2iv Q7 i2+?MB[m2b iQ /2i2+i �M/ +?�`�+i2`Bb2
b�KTH2b- BM+Hm/BM; ~mQ`2b+2M+2 bT2+i`Qb+QTv (Nd)- K�bb bT2+i`QK2i`v (RyR)- �M/ lo@pBb
bT2+i`Qb+QTv (Ryj)X AM +QKT�`BbQM iQ i?2b2 i2+?MB[m2b- LJ_ ivTB+�HHv ?�b � ?B;?2` HBKBi
Q7 /2i2+iBQM- ?Qr2p2`- LJ_ +�M T`QpB/2 [m�MiBi�iBp2- bvbi2K H2p2H BM7Q`K�iBQM BM � 72r
b+�Mb �M/ /m2 iQ Bib MQM@BMp�bBp2- MQM@/2bi`m+iBp2 M�im`2 +�M ;Bp2 BMbB;?i BMiQ HBpBM;
bvbi2Kb BM bBim �M/ �HHQrb 7Q` HQM;Bim/BM�H bim/B2b Q7 i?2KX >Qr2p2`- BM Q`/2` iQ F22T
i?2b2 bvbi2Kb �HBp2- �M/ i`mHv `2THB+�i2 BM pBpQ +QM/BiBQMb- i?2v M22/ 7`2b? bmTTHB2b Q7
Qtv;2M �M/ Mmi`B2MibX PM2 r�v Q7 �+?B2pBM; i?Bb Bb #v T2`7mbBQM Q7 HB[mB/ i?�i ?�b #22M
2tTQb2/ iQ 7`2b? bmTTHB2b Q7 Qtv;2MX S2`7mbBQM +�M #2 �++QKTHBb?2/ #v TmKTBM; HB[mB/
i?`Qm;? i?2 KB+`Q~mB/B+ /2pB+2 �M/ i?2M Qmi iQ � `2b2`pQB` i?�i Bb BM +QMi�+i rBi? �
bmTTHv Q7 Qtv;2MX h?Bb K2i?Q/ rQmH/- ?Qr2p2`- /BHmi2 �Mv K2i�#QHBi2b ;Bp2M Qz #v
i?2 HBpBM; bvbi2K i?�i Bb mM/2` BMp2biB;�iBQM rBi?BM i?2 /2pB+2- �M/ bBM+2 i?2 #B;;2bi
HBKBi�iBQM Q7 LJ_ Bb b2MbBiBpBiv- Bi Bb T2`iBM2Mi iQ �pQB/ i?BbX

J�Mv bQHmiBQMb iQ i?2 +?�HH2M;2 Q7 TmKTBM; �M/ KBtBM; �i bK�HH b+�H2b 2tBbi-
i?2b2 BM+Hm/2 j. T`BMi2/ p�Hp2b (Ry9- Ry8)- bv`BM;2 TmKTb (RyeĜRy3)- T`2bbm`2 �+im�i2/
p�Hp2b (RyNĜRRR)- 2H2+i`Qr2iiBM; UbQK2iBK2 `272``2/ iQ �b /B;Bi�H KB+`Q~mB/B+bV (RRk- RRj)-
TB2xQ2H2+i`B+ TmKTb (RR9- RR8)- K�;M2iB+ TmKTBM; (RRe- RRd)- �M/ +2Mi`B7m;�H 7Q`+2b (RR3Ĝ

9N
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Rky)X >Qr2p2`- BM Q`/2` iQ 2M�#H2 KB+`Q~mB/B+ TmKTBM; �M/ KBtBM; �i ?B;? K�;M2iB+
}2H/b- �M/ ?B;?@`2bQHmiBQM LJ_- � MmK#2` Q7 +?�HH2M;2b Kmbi #2 Qp2`+QK2X 6B`biHv- i?2
/2�/ pQHmK2 Q7 i?2 /2pB+2 b?QmH/ #2 F2Ti iQ � KBMBKmK- �b �Mv mMM2+2bb�`v /BHmiBQM
rBHH �z2+i i?2 �#BHBiv iQ +QHH2+i LJ_ bT2+i`�X a2+QM/Hv- i?2 K�i2`B�Hb mb2/ b?QmH/ #2
+QKT�iB#H2 rBi? � ?B;? K�;M2iB+ }2H/- +H2�`Hv `mHBM; Qmi 72``Qmb K2i�Hb- i?Bb �HbQ `mH2b
Qmi K�i2`B�Hb i?�i ?�p2 � bB;MB}+�MiHv /Bz2`2Mi K�;M2iB+ bmb+2TiB#BHBiv iQ i?�i Q7 i?2
+?Qb2M ~mB/ UBM i?Bb +�b2 r�i2`VX �b /2b+`B#2/ BM +?�Ti2` 9- bmb+2TiB#BHBiv KBbK�i+?2b
M22/ iQ #2 +�`27mHHv K�M�;2/- Q` i?2v rBHH BMi2`72`2 rBi? i?2 ?QKQ;2M2Biv Q7 i?2 K�;M2iB+
}2H/ r?B+? 2bb2MiB�H 7Q` T`Q/m+iBQM ?B;? `2bQHmiBQM bT2+i`�X h?B`/Hv- i?2 +QMbi`m+iBQM
K�i2`B�Hb b2H2+i2/ Kmbi #2 +QM/m+Bp2 iQ `�TB/ T`QiQivTBM;- �M/ �b bm+?- Kmbi #2 +?2�T
�M/ `2�/BHv �p�BH�#H2- �b r2HH �b #2 2�bBHv +mi #v � H�b2` +mii2` �M/ #QM/2/ mbBM; � bBKTH2
K2i?Q/X 6Qm`i?Hv- r?2M 7mHHv �bb2K#H2/ i?2 /2pB+2 Kmbi }i BMbB/2 i?2 #Q`2 Q7 �M LJ_
K�;M2i- ivTB+�HHv j3KK BM /B�K2i2`X h?2 LJ_ b2MbBiBp2 �`2�- b?QmH/ MQi #2 KQ`2
i?�i R KK BM i?B+FM2bb- /m2 iQ HBKBi�iBQMb BKTQb2/ #v i?2 bi`BT@HBM2 T`Q#2 ;2QK2i`v
(R)X G�biHv- i?2 /2pB+2 b?QmH/ #2 �#H2 iQ b2�H �;�BMbi ;�b �M/ HB[mB/ T`2bbm`2b r?BHbi BM
QT2`�iBQM BMbB/2 i?2 K�;M2iX

AM bmKK�`v- i?2 /2pB+2 Kmbi K22i i?2 7QHHQrBM; +`Bi2`B�,

Ç LQM@K�;M2iB+ T�`ib r?2`2 TQbbB#H2- bmb+2TiB#BHBiv K�i+?2/X

Ç 1�bBHv 7�#`B+�i2/ mbBM; `�TB/ T`QiQivTBM;X

Ç GQr /2�/ pQHmK2 TmKTX

Ç "BQ+QKT�iB#H2 K�i2`B�HbX

Ç :2QK2i`v +QKT�iB#H2 rBi? i`�MbKBbbBQM HBM2 T`Q#2X

Ç 1�bBHv �bb2K#H2/ �M/ QT2`�i2/ BM bBimX

SmKTb i?�i BMi2;`�i2 TmKTBM; ǵQM +?BTǶ �`2 F2v iQ KBMBKBbBM; i?2 /2�/ pQHmK2
rBi?BM i?2 /2pB+2X lM;2` �M/ +Q@rQ`F2`b (RkR)- r2`2 �KQM;bi i?2 }`bi iQ /Q i?Bb #v
KB+`Q@7�#`B+�iBM; S.Ja p�Hp2b mbBM; bQ7i HBi?Q;`�T?vX 6B;X jXR b?Qrb i?2 /2pB+2b- i?2b2
rQ`F #v ?�pBM; � +2Mi`�H ~mB/ T�i? i?�i ?�b p�`BQmb ;�b +?�MM2Hb `mMMBM; T2`T2M/B+mH�`
�#Qp2 BiX "v bBKTHv �TTHvBM; �B` T`2bbm`2- i?2 ;�b +?�MM2H 2tT�M/b +miiBM; Qz i?2 ~Qr
BM i?2 ~mB/ T�i? #2M2�i?X q?2M i?2b2 p�Hp2b �`2 �+im�i2/ BM b2[m2M+2- i?2v T`Q/m+2 �
M2i KQp2K2Mi Q7 ~mB/ �M/ ~Qr `�i2b Q7 kX8 MGfb r2`2 �+?B2p2/X

G2bHB2 2i �H (Rkk) ?�/ bHB;?iHv /Bz2`2Mi �TT`Q�+?X AM i?2 ǵTmKTǶ i?2 S.Ja 7Q`Kb
� /QK2 �#Qp2 � +B`+mH�` bi`m+im`2 BM i?2 ~mB/ +?�MM2H i?�i Bb i?2 /2T`2bb2/ mbBM; �B`
T`2bbm`2X AM Q`/2` iQ +QMi`QH i?2 ~Qr i?2v mb2 bQ +�HH2/ ~mB/B+ /BQ/2b- i?2b2 rQ`F
�M�HQ;QmbHv rBi? 2H2+i`B+ /BQ/2b- #v QMHv �HHQrBM; ~mB/ ~Qr �#Qp2 � +2`i�BM T`2bbm`2 BM
QM2 /B`2+iBQM QMHvX h?2b2 /BQ/2b �`2 7Q`K2/ #v ?�pBM; � r2B` i?�i b2T�`�i2b irQ ~mB/
+?�MM2Hb +Qp2`2/ #v � +QKTHB�Mi S.Ja K2K#`�M2X q?2M i?2 BMi2`M�H ~mB/ T`2bbm`2
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6B;m`2 jXR, �V � j. b+�H2 /B�;`�K Q7 �M 2H�biQK2`B+ T2`Bbi�HiB+ TmKTX h?2 +?�MM2Hb
�`2 Ryy K rB/2 �M/ Ry K ?B;?X S2`Bbi�HbBb r�b ivTB+�HHv �+im�i2/ #v i?2 T�ii2`M RyR-
Ryy- RRy- yRy- yRR- yyR- r?2`2 y �M/ R BM/B+�i2 ǳp�Hp2 QT2MǴ �M/ ǳp�Hp2 +HQb2/-Ǵ `2bT2+@
iBp2HvX "V SmKTBM; `�i2 Q7 � T2`Bbi�HiB+ KB+`QTmKT p2`bmb p�`BQmb /`BpBM; 7`2[m2M+B2bX

h?Bb };m`2 Bb `2T`Q/m+2/ 7`QK (RkR)X

`2�+?2b i?2 i?`2b?QH/- i?Bb Tmb?2b i?2 S.Ja K2K#`�M2 mT �M/ �HHQrb ~mB/ +QMM2+iBQM
Qp2` i?2 r2B`X h?2 T`2bbm`2 `2[mB`2/ iQ QT2M i?2 /BQ/2 /2T2M/b QM i?2 i?B+FM2bb Q7 i?2
S.Ja +2BHBM; �M/ Bb T`2/B+i�#H2 r?B+? �HHQr2/ +QMi`QH Q7 ~Qr BM i?2 +?BT �i H�`;2X

h?2 bQHmiBQM 2KTHQv2/ ?2`2 BMpQHp2b � KmHiBH�v2`2/ TQHvUK2i?vHK2i?�+`vH�i2V
SJJ� /2pB+2- rBi? irQ S.Ja K2K#`�M2b- b�M/rB+?2/ #2ir22M irQ j. T`BMi2/ ?QH/2`b
?2H/ iQ;2i?2` rBi? #`�bb b+`2rbX h?2 SJJ� /2pB+2 ?Qmb2b i?2 bi`m+im`2b 7Q` i?2 p�Hp2b-
�b r2HH �b i?2 ~mB/ +B`+mBib- BM+Hm/BM; �M LJ_ b2MbBiBp2 b�KTH2 +?�K#2` �M/ QM@+?BT
`2b2`pQB`X h?2 S.Ja H�v2`b ?�p2 irQ b2T�`�i2 7mM+iBQMb- i?2 iQT K2K#`�M2 7Q`Kb i?2
p�Hp2b rBi? i?2 SJJ� bi`m+im`2b r?BHbi i?2 #QiiQK K2K#`�M2 �+ib �b �M Q@`BM; iQ b2�H
�;�BMbi ~mB/ H2�FbX h?2 j. T`BMi2/ ?QH/2`b �`2 �HbQ KmHiB Tm`TQb2X h?2 iQT ?QH/2` 7Q`Kb
i?2 H�bi T�`i Q7 i?2 p�Hp2b #v b2�HBM; i?2 S.Ja@SJJ� p�Hp2 �M/ �HHQrBM; i?2 /2HBp2`v
Q7 TM2mK�iB+ T`2bbm`2 i?`Qm;? i?2 #Q`2 Q7 i?2 K�;M2i iQ i?2 /2pB+2X h?2 #QiiQK j.
T`BMi2/ ?QH/2` �HHQrb i?2 /2pB+2 iQ #2 }HH2/ �M/ bmTTHB2b 2ti2`M�H TQ`ib 7Q` ~mB/ b?Q`i
+B`+mBiBM;X hQ;2i?2`- i?2v ?2HT b2�H i?2 /2pB+2 �;�BMbi ;�b �M/ HB[mB/ H2�FbX h?Bb /2pB+2
+QmTH2/ rBi? � #2bTQF2- ?QK2#mBHi T`Q#2 2M�#H2b TmKTBM; �M/ Q#b2`p�iBQM #v LJ_ BM
� KB+`Q~mB/B+ /2pB+2X
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6B;m`2 jXk, �- .Bb+`2i2 ~mB/B+ +�T�+BiQ`b �`2 +`2�i2/ #v #QM/BM; /27Q`K�#H2 }HKb
UBM i?Bb +�b2- S.JaV Qp2` `2b2`pQB`b TH�+2/ BM i?2 M2irQ`F #2ir22M ~mB/B+ +?�MM2Hb
U`2bBbiQ`bV 7�#`B+�i2/ BM ;H�bbX h?2b2 72�im`2b biQ`2 �M/ `2H2�b2 ~mB/ UpQHmK2i`B+ ~Qr
`�i2- [*V BM T`QTQ`iBQM iQ i?2 iBK2 `�i2 Q7 +?�M;2 BM T`2bbm`2 BMbB/2 i?2 M2irQ`FX
#- .Bb+`2i2 ~mB/B+ /BQ/2b �`2 +`2�i2/ #v #QM/BM; /27Q`K�#H2 }HKb �`QmM/ r2B`b i?�i
b2T�`�i2 irQ +?�MM2Hb BM i?2 M2irQ`FX q?2M i?2 BMi2`M�H T`2bbm`2 Bb H�`;2` i?�M i?2
2ti2`M�H T`2bbm`2- i?2 /BQ/2 QT2Mb �M/ 2t?B#Bib MQMHBM2�` T`2bbm`2Ĝ~Qr `2H�iBQMb?BTb
UpQHmK2i`B+ ~Qr `�i2- [.V /B+i�i2/ #v bQHB/Ĝ~mB/ +QmTHBM;X q?2M i?2 BMi2`M�H T`2bbm`2
Bb H2bb i?�M i?2 2ti2`M�H T`2bbm`2- i?2 /BQ/2 TmHHb b?mi �M/ T`2p2Mib ~QrX 6B;m`2 i�F2M

7`QK (Rkk)X

6Q` i?Bb rQ`F- i?2 p�Hp2b i?�i �`2 mb2/ 7Q` TmKTBM; �`2 BMi2;`�i2/ BM iQ i?2 ~mB/
T�i? QM i?2 /2pB+2 Bib2H7X h?Bb BMi2;`�iBQM Bb 2bb2MiB�H- �b i?2 /2pB+2 Bb `2[mB`2/ iQ rQ`F BM
bBim BMbB/2 � 7mHH bBx2 LJ_ K�;M2iX AM Q`/2` iQ 722/ i?2 /2pB+2 rBi? HB[mB/ 7`QK QmibB/2
i?2 K�;M2i- 2p2M rBi? bK�HH BMi2`M�H /B�K2i2` im#2b- rQmH/ K2�M K�Mv KBHHBHBi`2b Q7
/2�/ pQHmK2X h?2 BMi2;`�iBQM Q7 i?2 p�Hp2b K2�Mb i?�i i?2 /2�/ pQHmK2 +�M #2 F2Ti
iQ � 72r MGX h?2b2 p�Hp2b �`2 i?2M �+im�i2/ BM b2[m2M+2 iQ T`Q/m+2 � M2i ~Qr Q7 HB[mB/
�`QmM/ i?2 /2pB+2X a?QrM #2HQr BM 6B;X jXj Bb i?2 #�bB+ T`BM+BTH2 #2?BM/ i?2 /2bB;MX

AM i?2 /2pB+2- i?2`2 �`2 p�Hp2b +mi BMiQ i?2 H�v2`b Q7 SJJ�X h?2b2 �`2 7Q`K2/
#v � ?QH2 BM i?2 iQT- �M/ KB//H2 H�v2`X h?2 ?QH2 BM iQT H�v2` ?�b � `�/Bmb Q7 ���ᅷԜ
r?BHbi i?2 ?QH2 BM i?2 KB//H2 H�v2` ?�b � `�/Bmb Q7 ���ᅷԜX h?2 iQT H�v2` ?�b � +?�MM2H
U�TT`QtX ���ᅷԜ BM rB/i? �M/ /2Ti?V b+Q`2/ BMiQ Bi iQ /2HBp2` ~mB/ iQ i?2 iQT +?�K#2`
r?BHbi i?2 KB//H2 H�v2` ?�b � bBKBH�` +?�MM2H b+Q`2/ QM i?2 mM/2`@bB/2 iQ +�``v ~mB/ �r�vX
q?2M +Qp2`BM; i?2 ?�`/ SJJ� bi`m+im`2 rBi? i?2 KQ`2 +QKTHB�Mi S.Ja K2K#`�M2
Q7 ���ᅷԜ i?B+FM2bb- �TTHvBM; �B` T`2bbm`2 7`QK �#Qp2 b2�Hb i?2 p�Hp2 #v +Qp2`BM; i?2
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Air Pressure applied

Liquid
PMMA
PDMS

6B;m`2 jXj, � +mi@i?`Qm;? pB2r Q7 i?2 p�Hp2b BM i?2 /2pB+2 b?QrBM; ?Qr r?2M �B`
T`2bbm`2 Bb �TTTHB2/ i?2 S.Ja K2K#`�M2 Bb Tmb?2/ /QrM �M/ b2�Hb i?2 bK�HH ?QH2 +mi

BM i?2 KB//H2 H�v2`X

6B;m`2 jX9, j. `2M/2` Q7 � bBM;H2 p�Hp2 rBi? j. T`BMi2/ H�v2` b?QrM iQQ

?QH2 BM i?2 KB//H2 H�v2`X � j. `2M/2`BM; Q7 � bBM;H2 p�Hp2 Bb b?QrM BM 6B;X jX9 �M/ b?Qrb
i?2 `�iBQ Q7 TmKT ?QH/2` QT2MBM;- iQT ?QH2c �M/ KB//H2 ?QH2 `2bT2+iBp2HvX h?2 F2v iQ
i?2b2 p�Hp2b Bb i?�i i?2 b+Q`2/ +?�MM2Hb �`2 QM QTTQbBM; bB/2b Q7 i?2 p�Hp2X AM 6B;X jX8-
KB+`Q;`�T?b Q7 i?2 +?BT QmibB/2 i?2 ?QH/2`b �`2 b?QrM- rBi? i?2 p�Hp2b r?2`2 QM2 +�M
b22 i?2 ~mB/ +?�MM2Hb QM QTTQbBM; bB/2 Q7 i?2B` `2bT2+iBp2 H�v2`bX �HbQ ;Bp2M- Bb bB/2 #v
bB/2 +QKT�`BbQM Q7 i?2 b�K2 p�Hp2 Up�Hp2 k BM 6B;X jX3V QT2M UkV �M/ +HQb2/ UjV QM2 +�M
b22 i?2 Ƕ`BM;Ƕ 7Q`K2/ #v i?2 S.Ja �b Bi b2�Hb �;�BMbi i?2 KB//H2 H�v2`X

SJJ� r�b +?Qb2M 7Q` i?2 K�BM +QMbi`m+iBQM K�i2`B�H �b Bi Bb �K2M�#H2 iQ `�TB/
T`QiQivTBM;- �M/ +�M #2 `2HB�#Hv #QM/2/ mbBM; 2bi�#HBb?2/ K2i?Q/b (Rkj)X h?2 bmb+2T@
iB#BHBiv Q7 SJJ� Bb bBKBH�` iQ r�i2`- bQ ?B;? `2bQHmiBQM bT2+i`Qb+QTv Bb TQbbB#H2X Ai Bb
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6B;m`2 jX8, JB+`Q;`�T?b Q7 �, 7`22 +?BT b?QrBM; irQ p�Hp2b ", �M �bb2K#H2/ /2pB+2
rBi? �M QT2M p�Hp2 *, �M �bb2K#H2/ /2pB+2 rBi? � +HQb2/ p�Hp2- i?2 �``Qrb BM/B+�i2 i?2

�`2� r?2`2 i?2 S.Ja Bb BM +QMi�+i rBi? i?2 SJJ� �M/ Bb b2�HBM; i?2 ?QH2X

#BQ+QKT�iB#H2 �M/ QTiB+�HHv i`�MbT�`2Mi- r?B+? �HHQrb 7Q` 7mim`2 #BQHQ;B+�H 2tT2`BK2Mib
i?�i K�v �HbQ `2[mB`2 ~mQ`2b+2Mi �M�HvbBbX SQHvU/BK2i?vHbBHQt�M2V US.JaV Bb mb2/ �b
i?2 K2K#`�M2 BM i?2 p�Hp2b /m2 iQ Bib rB/2 �p�BH�#BHBiv �M/ #BQ@+QKT�iB#BHBivX >Qr2p2`-
r?2M +QMbB/2`BM; S.Ja /2pB+2b BM LJ_ Bi Bb BKTQ`i�Mi iQ TH�+2 Bi �r�v 7`QK �Mv LJ_
b2MbBiBp2 �`2�bX .m2 iQ Bib �KQ`T?Qmb bi`m+im`2- i?2 φ> #�+F;`QmM/ bB;M�H 7`QK S.Ja
Bb H�`;2 �M/ #`Q�/ �+`Qbb i?2 `�M;2 Q7 TTK i?�i i?2 bB;M�Hb i?�i �`2 Q7 BMi2`2bi �TT2�`X
h?Bb #`Q�/ #�+F;`QmM/ bB;M�H- K�F2b Bi BKT`�+iB+�H iQ bmTT`2bb �M/ �Mv bmTT`2bbBQM
rQmH/ �HbQ bmTT`2bb i?2 bB;M�Hb Q7 BMi2`2bi- �M/ +QmH/ H2�/ iQ /B{+mHiB2b BM [m�MiB}+�iBQM
Q7 bm#bi�M+2b T`2b2Mi BM i?2 b�KTH2 mM/2` BMp2biB;�iBQMX

AM i?2 /2bB;M b?QrM BM 6B;X jXe- � S.Ja H�v2` Bb biBHH mb2/X >Qr2p2`- Bi Bb `2KQp2/
7`QK i?2 b2MbBiBp2 �`2� �`QmM/ i?2 b�KTH2 +?�K#2` bQ i?�i Bi /Q2b MQi BMi2`72`2 rBi? i?2
bB;M�H +QHH2+i2/ 7`QK i?2 /2pB+2X h?2 j. T`BMi2/ T�`iǶb `QH2 ?2`2 Bb i?`22@7QH/- }`biHv-
Bi �+ib �b � +QM/mBi 7Q` /2HBp2`BM; HB[mB/b �M/ i`�MbTQ`iBM; i?2K �`QmM/ i?2 /2pB+2X
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a2+QM/Hv- Bi �HHQrb 7Q` i?2 T`2bbm`Bb2/ �B` iQ #2 /2HBp2`2/ r?B+? /`Bp2b i?2 TM2mK�iB+
p�Hp2b �M/ 2M�#H2b TmKTBM;X G�biHv- r?2M b+`2r2/ iQ;2i?2`- i?2 j. T`BMi2/ T�`ib 7Q`K
� b2�H �;�BMbi HB[mB/ �M/ ;�b H2�FbX

Air pressure supply

Fluid supply 

PMMA 
Layers

PDMS Layers

1 cm

6B;m`2 jXe, � j. `2T`2b2Mi�iBQM Q7 i?2 /2pB+2 rBi? b2T�`�i2 H�v2`b Q7 +?BTb �M/ S.Ja
H�v2`b b?QrMX

AM 6B;X jXd- � bBKTH2 /2TB+iBQM Q7 i?2 QT2`�iBQM Q7 i?2 /2pB+2 Bb ;Bp2MX h?2 /2@
pB+2 ?�b irQ bi�i2b- Ƕ�/p�M+2Ƕ �M/ ǶKBtǶ- H�#2HH2/ �b � �M/ " `2bT2+iBp2HvX .m`BM; i?2
Ƕ�/p�M+2Ƕ bi�i2- p�Hp2 9 Bb +HQb2/- �M/ p�Hp2b R- k- �M/ j �`2 �+im�i2/ BM b2[m2M+2 iQ
KQp2 HB[mB/ 7`QK i?2 `2b2`pQB` iQ i?2 b�KTH2 +?�K#2` �M/ pB+2 p2`b�X .m`BM; i?2 ǶKBtǶ
bi�i2- p�Hp2b j �M/ 8 �`2 +HQb2/- �M/ p�Hp2b k- 9- �M/ e �`2 �+im�i2/ BM b2[m2M+2 iQ KBt
i?2 +QMi2Mib Q7 i?2 b�KTH2 +?�K#2`X h?2 ǶKBtǶ bi�i2 TmKTb ~mB/ i?`Qm;? i?2 b�KTH2
+?�K#2`- 2t+Hm/BM; i?2 `2b2`pQB`X lM/2` i?Bb H�KBM�` ~Qr i?2 KBtBM; Bb BMBiB�HHv TQQ`-
?Qr2p2`- r?2M +QMiBMmQmbHv TmKT2/ Qp2` � HQM; T2`BQ/ Q7 iBK2 i?2 irQ T?�b2b ǶbK2�`Ƕ
BMiQ QM2 �MQi?2` �M/ KBtBM; Q++m`b �i i?2 #QmM/�`v #2ir22M i?2KX

h?2 ~mB/B+ T�i? /2bB;M Bb b?QrM BM 6B;X jX3X h?2`2 �`2 bBt p�Hp2b i?�i K�F2 mT
i?2 TmKTBM; M2irQ`F- i?2b2 �`2 H�#2HH2/ R@eX h?2`2 �`2 7Qm` HB[mB/ TQ`ib U�@.V- i?�i
�HHQr i?2 ~Qr 7`QK i?2 BMM2` +B`+mBi U`2/V iQ i?2 Qmi2` +B`+mBi U#Hm2VX q?2M BM i?2
Ƕ�/p�M+2Ƕ bi�i2- i?2 TQ`ib �`2 �`2 +QMM2+i2/ �@" �M/ * iQ . mbBM; bK�HH �KQmMib Q7
im#BM; QmibB/2 i?2 /2pB+2X q?2M- BM i?2 KBt bi�i2 i?2 HB[mB/ TQ`ib �`2 +mi Qz #v +HQbBM;
p�Hp2b j �M/ 8- �M/ i?2 HB[mB/ Bb KBt2/ BM i?2 BMM2` +B`+mBiX
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A B

Valve closed

Valve open

Reservoir Sample Chamber

Liquid Channel

Valve pumping3 2 1

4

5 6

3 2 1

4

5 6

6B;m`2 jXd, � b+?2K�iB+ /`�rBM; Q7 i?2 Ƕ�/p�M+2Ƕ U�V �M/ ǶKBtǶ bi�i2 U"V Q7 i?2 QM
+?BT TmKTX AM i?2 Ƕ�/p�M+2Ƕ bi�i2 i?2 p�Hp2b KQp2 HB[mB/ �`QmM/ i?2 Qmi2` +B`+mBi- 7`QK
i?2 `2b2`pQB` iQ i?2 b�KTH2 +?�K#2`- �M/ pB+2 p2`b�X AM i?2 ǶKBtǶ bi�i2- i?2 p�Hp2b KQp2

i?2 +QMi2Mib Q7 i?2 b�KTH2 +?�K#2` �`QmM/ i?2 BMM2` +B`+mBi �M/ KBt2b i?2KX

h?2 e p�Hp2b �`2 �HH BM/BpB/m�HHv �//`2bb�#H2 rBi? �B` T`2bbm`2 r?B+?- r?2M +QmTH2/
rBi? ?QK2@r`Bii2M �`/mBMQ }`Kr�`2- +�M #2 �+im�i2/ BM b2[m2M+2 BM Q`/2` iQ KQp2 ~mB/
BM � ;Bp2M /B`2+iBQMX h?2 #HQ+F /B�;`�K Q7 i?2 �`/mBMQ b2i@mT Bb b?QrM BM 6B;X jXNX "v
p�`vBM; i?2 7`2[m2M+v �M/ H�K#/� T�`�K2i2`b- HBbi2/ BM i?2 }`Kr�`2- QM2 +�M +QMi`QH
i?2 HB[mB/ TmKT2/ BM � ;Bp2M iBK2X
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Screw holes

Liquid paths

Valves

Sample Chamber

18 mm

Reservoir

A B C D

1

2

3

4

5
6

6B;m`2 jX3, � *�. /`�rBM; Q7 i?2 +?BT /2bB;M2/ 7Q` TmKTBM; �M/ KBtBM;X AMM2` U`2/V
�M/ Qmi2` U#Hm2V HB[mB/ +B`+mBibc HB[mB/ TQ`ib U�@.V �M/ p�Hp2 TQbBiBQMb UR@eV b?QrMX

jXRXR J�i2`B�Hb �M/ J2i?Q/b

h?2 /2pB+2b �`2 +QKTQb2/ Q7 i?`22 H�v2`b Q7 +2HH +�bi TQHvUK2i?vH K2i?�+`vH�i2V USJJ�-
q2�i?2`�HH 1[mBTK2MiVX h?2 b?22i i?B+FM2bb r�b kyy ᅷK 7Q` i?2 iQT �M/ #QiiQK H�v2`b-
�M/ 8yy ᅷK 7Q` i?2 KB//H2 H�v2`X h?2 +?�MM2Hb �M/ b�KTH2 +?�K#2`b r2`2 /2bB;M2/
BM �miQ*�. �M/ +mi mbBM; � *Pϵ H�b2` U>S* G�b2` Hi/XV iQ �M �TT`QtBK�i2 rB/i?
�M/ /2Ti? Q7 R8y ᅷKX h?2b2 H�v2`b r2`2 #QM/2/ iQ;2i?2` mbBM; TH�biB+Bb2` UkX8W pfp
/B#mivH T?i?�H�i2 BM BbQT`QTvH �H+Q?QHV �M/ bm#D2+i2/ iQ ?2�i �M/ T`2bbm`2 Uj83 E- R3Xe
JS�VX hQ b2�H i?2 /2pB+2b- irQ TQHvU/BK2i?vHbBHQt�M2V US.Ja- a?B2H/BM; aQHmiBQMbV
r2`2 /2bB;M2/ BM �miQ*�. �M/ +mi mbBM; i?2 b�K2 H�b2` �b i?2 SJJ� H�v2`bX
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1

2

3

4

5

6

7

8

9

10

11

12

VcGND

5V Logic 

Arduino 
Controller

GND

USB connection 
to computer

+24V

A

B

C

D

E

F

Darlington Array

Solenoid Valves

6B;m`2 jXN, �M �`/mBMQ +QMi`QHH2` Bb +QMM2+i2/ iQ- �M/ TQr2`2/ #v- � H�TiQT pB� la"X
h?2 +QMi`QHH2` Bb +QMM2+i2/ iQ � /�`HBM;iQM �``�v pB� bBt 8o HQ;B+ +QMM2+iBQMb Ub?QrM
BM `2/V r?2M �//`2bb2/- i?2b2 �HHQr i?2 +Q``2bTQM/BM; TBM QTTQbBi2 iQ /`�r TQr2` 7`QK
i?2 Yk9o +QMM2+i2/ 7`QK �M QmibB/2 bQm`+2X h?2 #Hm2 HBM2b BM/B+�i2 i?2 i?2 rB`2b
+�``vBM; k9o iQ i?2 bQH2MQB/ #�MF r?B+? �`2 TM2mK�iB+�HHv +QMM2+i2/ iQ i?2 p�Hp2b BM

i?2 +?BT �b H�#2HH2/X

h?2 SJJ� �M/ S.Ja r2`2 b+`2r2/ iQ;2i?2` �M/ ?2H/ BM TH�+2 mbBM; j. T`BMi2/
/2pB+2b /2bB;M2/ BM aQHB/qQ`Fb U�+m`� si`2K2- S`QiQG�#bVX h?2b2- �b b?QrM BM 6B;X jXe-
b2�H i?2 /2pB+2 r?BHbi 2M�#HBM; i?2 }HHBM; Q7 i?2 /2pB+2 �b r2HH �b /2HBp2`BM; i?2 T`2bbm`Bb2/
�B` 7Q` i?2 T2`Bbi�HiB+ TmKTBM;X

h?2 ?�`/r�`2 7Q` +QMi`QHHBM; TmKTBM; +QKT`Bb2/ Q7 � bQH2MQB/ p�Hp2 bvbi2K rBi?
3 BM/BpB/m�H p�Hp2b U62biQ- _a *QKTQM2Mib Gi/VX h?2b2 r2`2 +QMM2+i2/ iQ jKK TH�biB+
im#2b U62biQ- _a *QKTQM2Mib Gi/V �M/ �HH bmTTHB2/ 7`QK �M BM@H�# �B` T`2bbm`2 bQm`+2X
h?Bb p�Hp2 bvbi2K r�b +QMM2+i2/- pB� � bQH/2`H2bb #`2�/#Q�`/- iQ �M �`/mBMQ UJ2;� k8ey-
_a *QKTQM2Mib Gi/V +QMi`QHH2` �HHQrBM; 7Q` BM/BpB/m�H +QMi`QH Q7 2�+? Q7 i?2 p�Hp2bX h?2
aQH2MQB/ p�Hp2 bvbi2K r�b TQr2`2/ mbBM; � k9o bmTTHvX

h?2 /2pB+2 r�b Tmi BMiQ � i`�MbKBbbBQM HBM2 #�b2/ ?QK2@#mBHi T`Q#2X AM i?Bb-
i?2 /2pB+2 Bb ?2H/ #2ir22M irQ bi`BTHBM2b rBi? i?2 BMM2` b�KTH2 +?�K#2` HBMBM; mT rBi?
i?2 +QMbi`B+iBQM QM i?2 bi`BT@HBM2bX LJ_ K2�bm`2K2Mib r2`2 T2`7Q`K2/ QM � #`mF2`
�o�L*1 AAA bT2+i`QK2i2` �M/ RRXd h K�;M2iX aT2+i`� r2`2 +QHH2+i2/ mbBM; e9 b+�Mb
mbBM; � Ny /2;`22 TmHb2 H2M;i? Q7 kX8 mb �i 8y q Q7 TQr2`X q�i2` bmTT`2bbBQM r�b
�+?B2p2/ #v mbBM; T`2b�im`�iBQM rBi? �ԧ��਷Κ qX

RyyKJ bQHmiBQMb Q7 bQ/BmK �+2i�i2 UJ2`+FV �M/ j@Uh`BK2i?vHbBHvHV@R@T`QT�M2bmH7QMB+
�+B/ U.aa- J2`+FV #v /BbbQHpBM; 3k K; �M/ RNe K; BM Ry KH Q7 /2BQMBb2/ r�i2` U_2�;2MiV
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`2bT2+iBp2HvX h?2 irQ ~mB/B+ HQQTb r2`2 i?2M }HH2/ rBi? i?2b2 b2T�`�i2Hv �M/ i?2 BMfQmi
TQ`ib b?Q`i +B`+mBi2/X

6B`Kr�`2 7Q` +QMi`QHHBM; i?2 T2`Bbi�HiB+ TmKT r�b r`Bii2M BM �`/mBMQ �M/ Bb T`Q@
pB/2/ BM i?2 �TT2M/BtX h?Bb ?�b i?2 �#BHBiv iQ Tmi i?2 TmKT BMiQ j bi�i2b ǳ�/p�M+2Ǵ-
ǳKBtBM;Ǵ �M/ ǳ[mB2iǴX h?2 ǳ�/p�M+2Ǵ bi�i2 TmKTb 7`QK i?2 QmibB/2 HQQT Q7 i?2 /2pB+2 iQ
i?2 BMbB/2 HQQT 7Q` � /2bB`2/ MmK#2` Q7 b2+QM/bc ǳKBtǴ TmKTb �`QmM/ i?2 BMM2` HQQT 7Q`
� /2bB`2/ MmK#2` Q7 b2+QM/bc �M/ ǳ[mB2iǴ biQTb �HH TmKTBM; �M/ H2�p2b �HH p�Hp2b QT2M
BM/2}MBi2HvX

jXk _2bmHib �M/ .Bb+mbbBQM

jXkXR *?�`�+i2`Bb�iBQM Q7 ~Qr

*?�`�+i2`Bb�iBQM Q7 ~Qr 2tT2`BK2Mib r?2`2 T2`7Q`K2/ rBi? i?2 /2pB+2 BM �M ǳQT2MǴ
+QM};m`�iBQMX h?Bb K2�Mb i?�i �7i2` i?2 /2pB+2 r�b b+`2r2/ iQ;2i?2` i?2 irQ +B`+mBib
b?QrM BM #Hm2 �M/ `2/ r2`2 DQBM2/ iQ;2i?2` #v }tBM; im#BM; #2ir22M i?2 � �M/ " TQ`ib
b?QrM BM 6B;X jX3X h?Bb H2�p2b * �b i?2 ǳBMǴ TQ`i �M/ . iQ #2 i?2 ǳQmiǴ TQ`i rBi? p�Hp2b
j- k- �M/ R #2BM; �+im�i2/ BM b2[m2M+2 iQ TmKT- �M/ p�Hp2 9 b2�H2/X

h?2 /2pB+2 r�b +QMM2+i2/ iQ i`�MbHm+2Mi TQHvi2i`�~mQ`Q2i?vH2M2 USh61V im#BM;
UPmi2` /B�K2i2` RXe KK- BMM2` /B�K2i2` yX3 KKV rBi? QM2 2M/ bm#K2`;2/ BM � 8yy KG
#2�F2` +QMi�BMBM; }Hi2`2/ .A r�i2` U_2�;2MiVX L2ti iQ i?2 /2pB+2 � `mH2` r�b b2+m`2/
iQ i?2 #2M+? iQT rBi? i?2 im#BM; }t2/ T�`�HH2H iQ BiX h?2 TmKT r�b i?2M brBi+?2/ QM
�M/ i?2 /2pB+2 �HHQr2/ iQ /`�r r�i2`- �M/ TmKT Qmi i?2 Qi?2` bB/2X q?2M i?2 r�i2`
K2MBb+mb `2�+?2/ i?2 im#BM; M2ti iQ i?2 `mH2` � iBK2` r�b bi�`i2/ �M/ i?2 /Bbi�M+2
�HQM; i?2 `mH2` r�b `2+Q`/2/ 2p2`v KBMmi2 7Q` Ry KBMmi2bX h?2 r�b `2T2�i2/ j iBK2b
7Q` 7`2[m2M+B2b 7`QK yXk8@R F22TBM; i?2 H�K#/� +QMbi�Mi �i j- r?B+? ?�/ b?QrM i?`Qm;?
i`B�H �M/ 2``Q` iQ #2 i?2 QTiBKmK MmK#2`X

h?2 ;`�T? b?QrM BM 6B;X jXRy Bb i?2 `2bmHi Q7 THQiiBM; i?2 +mKmH�iBp2 pQHmK2
TmKT2/ pbX iBK2X �HH 9 7`2[m2M+B2b b?Qr p2`v HBiiH2 /2pB�iBQM 7`QK HBM2�`Biv BM i?2 HQM;
i2`K �M/ �HbQ b?Qr p2`v bK�HH 2``Q` #�`b UTHQii2/ �b ǬkᅼVX

AM 6B;X jXRR- i?2 ~Qr `�i2 Q7 i?2 TmKT �i p�`vBM; 7`2[m2M+B2b Bb THQii2/X h?Bb
b?Qrb i?�i i?2 ~Qr `�i2 /Q2bMǶi HBM2�`Hv /2T2M/ QM 7`2[m2M+v- �M/ b22Kb iQ H2p2H Qz
�i ?B;?2` 7`2[m2M+B2bX q?2M BMBiB�HHv Q#b2`pBM; i?2 ;`�/B2Mi Q7 i?2 HBM2b BM 6B;X jXRy-
i?2 MQM@ HBM2�`Biv r�b �ii`B#mi2/ iQ BM+QMbBbi2M+B2b BM i?2 iB;?i2MBM; Q7 i?2 b+`2rb BM i?2
/2pB+2X >Qr2p2`- i?2 bK�HH 2``Q` #�`b �bbQ+B�i2/ rBi? i?2 ~Qr `�i2b �+`Qbb i?`22 b2T�`�i2
2tT2`BK2Mib- 2�+? rBi? �i H2�bi QM2 /Bb�bb2K#Hv �M/ `2�bb2K#Hv Q7 i?2 /2pB+2- Bi Bb MQr
i?Qm;?i i?�i i?2 HBKBi Q7 i?2 TmKT `�i2 Bb `2H�i2/ iQ i?2 2H�biB+Biv Q7 i?2 K2K#`�M2- �M/
?Qr 7�bi BiǶb �#H2 iQ ǶbM�T #�+FǶ �M/ `2 T`BK2 Bib2H7 iQ TmKT BM 2�+? p�Hp2X
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6B;m`2 jXRR, 6HQr `�i2b T`Q/m+2/ #v i?2 TmKT �i /Bz2`2Mi 7`2[m2M+B2bX

jXkXk AM bBim QT2`�iBQM Q7 i?2 /2pB+2

AM Q`/2` iQ p�HB/�i2 i?2 TmKTb +QKT�iB#BHBiv rBi? LJ_- i?2 /2pB+2 r�b TH�+2/ BMiQ �
?QK2 #mBHi i`�MbKBbbBQM HBM2 T`Q#2 BMbB/2 � 8yy J>x K�;M2iX h?2 �`/mBMQ +QMi`QHH2`
�M/ bQH2MQB/ p�Hp2 #�MF r?2`2 b2+m`2/ QmibB/2 i?2 K�;M2i �M/ i?2 e T`2bbm`Bb2/ �B` HBM2b
72/ BM i?`Qm;? i?2 iQT Q7 i?2 K�;M2iX h?2 /2pB+2 r�b i?2M }HH2/ rBi? RyyKJ bQ/BmK
�+2i�i2 BM .A r�i2` UaB;K� �H/`B+?V BM i?2 BMM2` +B`+mBi #v �ii�+?BM; � bv`BM;2 iQ BMH2i "
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6B;m`2 jXRk, LJ_ bT2+i`� `2+Q`/2/ rBi? Re i`�MbB2Mib QM � /2pB+2 +QMi�BMBM; RyyKJ
aQ/BmK �+2i�i2 BM i?2 BMM2` +B`+mBi �M/ RyyKJ .aa BM i?2 Qmi2` +B`+mBiX

BM 6B;X jX3X RyyKJ j@Uh`BK2i?vHbBHvHV@R@T`QT�M2bmH7QMB+ �+B/ U.aaV BM .A r�i2` UaB;K�
�H/`B+?V r�b �//2/ iQ i?2 Qmi2` +B`+mBi #v bv`BM;BM; BMiQ BMH2i �X h?2 b�KTH2 +?�K#2`
i?2M +QMi�BM2/ QMHv bQ/BmK �+2i�i2 �M/ �HH i?2 BMBiB�H bB;M�H b?QmH/ �`Bb2 7`QK i?BbX h?2
irQ ~mB/ M2irQ`Fb r2`2 i?2M +QMM2+i2/ mbBM; irQ b?Q`i H2M;i?b Q7 RfReǴ Qmi2` /B�K2i2`
Sh61 im#BM; #v DQBMBM; � iQ " �M/ * iQ .X

6B`bi- � bT2+i`� r�b +QHH2+i2/ Q7 i?2 +?BT �7i2` }HHBM;- � BM 6B;X jXRk- mbBM; Re
i`�MbB2Mib �M/ b?Qrb K�BMHv i?2 �+2i�i2 bB;M�H �i RXN TTKX h?2 TmKT r�b i?2M Tmi
BMiQ i?2 Ƕ�/p�M+2Ƕ bi�i2 7Q` Rky b2+QM/b r?B+? K2�M i?2 p�Hp2b �`2 �+im�i2/ BM Q`/2` iQ
TmKT HB[mB/ �`QmM/ #Qi? +B`+mBibX h?2 TmKT i?2M KBt2/ BM i?2 BMM2` +B`+mBi 7Q` Rky
b2+QM/b �M/ � b2+QM/ bT2+i`� r�b `2+Q`/2/- "X h?Bb b?Qrb i?2 9 bB;M�Hb ivTB+�H Q7 .aa
�i kXNR TTK- RXd8 TTK- yXej TTK �M/ y TTK �M/ p2`v HBiiH2 �+2i�i2 bB;M�HX AM/B+�iBM;
i?�i i?2 pQHmK2 BMbB/2 i?2 LJ_ b2MbBiBp2 �`2� ?�b #22M �HKQbi 2MiB`2Hv 2t+?�M;2/X
G�biHv i?2 TmKT �;�BM �/p�M+2/ �M/ KBt2/ 7Q` i?2 b�K2 iBK2 �b #27Q`2 T`Q/m+BM; i?2
bT2+i`� b?QrM BM *X �;�BM- i?Bb bT2+i`mK Bb /Bz2`2MiX Ai b?Qrb �HH bB;M�Hb 2tT2+i2/ BM
�#mM/�M+2X h?Bb TQBMib iQ KBtBM; Q7 i?2 irQ bm#bi�M+2b 7�+BHBi�i2/ #v i?2 T2`Bbi�HiB+
TmKT �M/ b2`p2b �b T`QQ7- �i H2�bi BM T`BM+BTH2- i?�i �M LJ_ +QKT�iB#H2 KB+`Q~mB/B+
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T2`Bbi�HiB+ TmKT +�T�#H2 Q7 KBtBM; HB[mB/b BM � +QMi`QHH�#H2 K�MQ` ?�b #22M T`2b2Mi2/
?2`2X

jXj *QM+HmbBQMb

AM +QM+HmbBQM- �M LJ_ +QKT�iB#H2c HQr /2�/ pQHmK2 KB+`Q~mB/B+ TmKT ?�b #22M /2@
bB;M2/ �M/ K�Mm7�+im`2/ i?�i rQ`Fb BMbB/2 i?2 #Q`2 Q7 � ?B;? }2H/ K�;M2iX h?2 TmKT
?�b b?QrM 2t+2HH2Mi HBM2�`Biv �M/ bi�#BHBiv BM i?2 HQM; i2`K �b r2HH �b T2`7Q`KBM; 2t@
+?�M;2- �M/ KBtBM;- Q7 irQ bm#bi�M+2b rBi?BM i?2 /2pB+2 BMbB/2 � ?B;? }2H/ K�;M2iX h?2
T`2b2Mi HBKBi�iBQMb �`2 i?�i T`2+Bb2 pQHmK2 +QMi`QH ?�b MQi v2i #22M �+?B2p2/X h?Bb Bb-
?Qr2p2`- i?Qm;?i iQ #2 HBMF2/ rBi? i?2 p�`B2/ iB;?i2MBM; Q7 i?2 b+`2rb Q7 i?2 j. ?QH/2`
�b r2HH �b i?2 T`2b2M+2 Q7 #m##H2b rBi?BM i?2 /2pB+2X �MQi?2` 2H2K2Mi i?�i `2[mB`2b
7m`i?2` T`Q#BM; Bb i?2 MQM@HBM2�` /2T2M/2M+2 Q7 ~Qr `�i2 QM 7`2[m2M+vX Jv BMimBiBQM
Bb i?�i i?Bb /2T2M/b QM i?2 i?B+FM2bb Q7 i?2 S.Ja H�v2` mb2/ ?Qr2p2` 7m`i?2` 2tT2`@
BK2Mi�iBQM rBi? p�`vBM; i?B+FM2bb2b Bb M22/2/X 6m`i?2` BMp2biB;�iBQM Bb `2[mB`2/ BMiQ
i?2 KBtBM; /2b+`B#2/ BM 6B;X jXRk- �b T`2b2MiHv i?2 `2bmHib +QmH/ #2 2tTH�BM2/ #v #Qi?
~mB/b #2BM; b2T�`�i2Hv T`2b2Mi BM i?2 b�KTH2 +?�K#2`X AM Q`/2` iQ T`Q#2 i?Bb 7m`i?2`- �
K�+`Q@KQH2+mH�` �bb2K#Hv `2�+iBQM HBF2 i?�i /2i�BH2/ BM (Rk9) +QmH/ #2 mb2/X

SQi2MiB�H 7mim`2 �TTHB+�iBQMb Q7 i?Bb TmKT BM+Hm/2, KB+`Q~mB/B+ T`Qi2BM #BM/BM;
2tT2`BK2Mibc BM bBim HBp2` bHB+2 +mHim`2 �M/ K2i�#QHQKB+bc �M/ ?vT2`TQH�`Bx�iBQM 2tT2`@
BK2MibX
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JB+`Q~mB/B+ .`QTH2i LJ_

h?Bb +?�Ti2` Bb �M 2ti2M/2/ p2`bBQM Q7 q >�H2- : _Qbb2iiQ- _ :`22M?�H;?- : 6BM+?
�M/ J lix- >B;?@`2bQHmiBQM Mm+H2�` K�;M2iB+ `2bQM�M+2 bT2+i`Qb+QTv BM KB+`Q~mB/B+
/`QTH2ib- G�# QM � *?BT- kyR3- R3- jyR3@jyk9 (Rk8)

9XR avMQTbBb

AM i?Bb +?�Ti2`- � bvbi2K i?�i 2M�#H2b ?B;?@`2bQHmiBQM LJ_ bT2+i`Qb+QTv Q7 KB+`Q~mB/B+
/`QTH2i 2KmHbBQMb Bb /Bb+mbb2/X �+[mB`BM; LJ_ bT2+i`� Q7 2KmHbBQMb Bb +QKTHB+�i2/ #v
i?2 K�;M2iB+ bmb+2TiB#BHBiv KBbK�i+? #2ir22M i?2 T?�b2b- �M/ i?2 +?BT K�i2`B�HX AM Q`@
/2` iQ Qp2`+QK2 i?2b2 +?�HH2M;2b � k@T�`i bQHmiBQM Bb M22/2/X 6B`biHv- �B`@}HH2/ bi`m+im`2b
�`2 BM+Q`TQ`�i2/ BMiQ i?2 KB+`Q~mB/B+ +?BT /2bB;M BM Q`/2` iQ K�i+? i?2 TQHvUK2i?vH
K2i?�+`vH�i2V USJJ�V rBi? i?2 +QMiBMmQmb T?�b2 U+v+HQ?2t�M2V bmb+2TiB#BHBivX a2+@
QM/Hv- � 1mj� +QKTH2t Bb /QT2/ BMiQ i?2 /BbT2`b2/ T?�b2 Ur�i2`V BM Q`/2` iQ K�i+? i?2
bmb+2TiB#BHBiv Q7 i?2 T?�b2bX >B;? `2bQHmiBQM bT2+i`� rBi? HBM2 rB/i?b Q7 j >x r2`2 Q#@
i�BM2/ BM i?2 B/2�H +�b2X >Qr2p2`- � b2`B�H /BHmiBQM 2tT2`BK2Mi i?�i r�b mb2/ iQ Q#i�BM
bT2+i`� Q7 ;Hm+Qb2 /`QTH2ib b?Qr2/ i?2 ?B;?Hv b2MbBiBp2 /2T2M/2M+2 Q7 HBM2 rB/i? QM 1m
+QM+2Mi`�iBQMX

9Xk AMi`Q/m+iBQM

.`QTH2i KB+`Q~mB/B+b Bb i?2 }2H/ Q7 KB+`Q~mB/B+ `2b2�`+? i?�i b2T�`�i2b b�KTH2b BMiQ
/Bb+`22i /`QTH2ib #v /BbT2`bBM; QM2 BKKBb+B#H2 ~mB/ U/BbT2`b2/ ~mB/V BM �MQi?2` U+QMiBM@
mQmb ~mB/VX AM i?Bb r�v- b�KTH2b +�M #2 K�MBTmH�i2/ 7`22Hv BM i?2 H�#@QM@�@+?BT UGQ*V
bvbi2K- �M/ T`Q#H2Kb /m2 iQ pBb+Qmb /BbT2`bBQM �M/ +`Qbb@+QMi�KBM�iBQM �`2 �pQB/2/X
AM /QBM; bQ- KB+`Q/`QTH2ib Q7 imM2�#H2 bBx2 �M/ pQHmK2- ivTB+�HHv 72KiQ@ iQ M�MQHBi`2b-
�`2 T`Q/m+2/ �i `�i2 `2TQ`i2/ iQ #2 mT iQ 99 F>x (Rke)X h?Q`b2M 2i �H (j9) `2TQ`i2/

ej
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QM2 Q7 i?2 }`bi /`QTH2i KB+`Q~mB/B+ /2pB+2bX AM i?2 H2ii2`- i?2v b?Qr ?Qr QM2 +�M mb2
KB+`Q~mB/B+ +?�MM2Hb iQ ;2M2`�i2 KQMQ@/BbT2`b2 KB+`Q2KmHbBQMb #v b?2�`BM; r�i2` BMiQ
� T2`T2M/B+mH�` ~Qr Q7 QBHX "v p�`vBM; i?2 `�iBQ Q7 i?2 T`2bbm`2b /`BpBM; i?2 ~Qr Q7 2�+?
~mB/ i?2v T`Q/m+2 /`QTH2ib i?�i `�M;2 BM /B�K2i2` 7`QK Ry ᅷK iQ ey ᅷKX

.`QTH2ib ?�p2 bBM+2 2K2`;2/ �b � p2`b�iBH2 iQQH }M/BM; rB/2 `�M;BM; �TTHB+�iBQMb BM
�`2�b bm+? �b KB+`Q+�TbmH2 bvMi?2bBb (Rkd)- +`vbi�H ;`Qri? (Rk3)- +?2KB+�H `2�+iBQMb (RkN)-
+2HHfQ`;�MBbK 2M+�TbmH�iBQM (RjyĜRjk)- S*_ (Rjj- Rj9)- �M/ S`Qi2BM bim/B2b (Rj8- Rje)X
h?2b2 �TTHB+�iBQMb �`2 /Bp2`b2 QrBM; iQ K�Mv �/p�Mi�;2b i?�i KB+`Q~mB/B+ /`QTH2ib
TQbb2bb, HBKBi2/ +`Qbb +QMi�KBM�iBQMc ?B;? T`Q/m+iBQM `�i2bc H�`;2 bm`7�+2 �`2� iQ pQHmK2
`�iBQc bK�HH `2�;2Mi pQHmK2bc �M/ BM/2T2M/2Mi +QMi`QH Q7 2�+? /`QTH2i (Rjd)X

.`QTH2i ;2M2`�iBQM +�M- #`Q�/Hv bT2�FBM;- #2 /BpB/2/ BMiQ irQ +�i2;Q`B2bX h?2b2
�`2 �+iBp2 �M/ T�bbBp2 ;2M2`�iBQM K2i?Q/bX �+iBp2 K2i?Q/b �`2 /2}M2/ �b �TTHvBM;
�//BiBQM�H 7Q`+2 iQ i?2 /2pB+2 iQ +`2�i2 /`QTH2ib bm+? �b 2H2+i`B+ (Rj3)- K�;M2iB+ (RjN) Q`
+2Mi`B7m;�H (R9y) Q` #v KQ/B7vBM; BMi`BMbB+ 7Q`+2b #v imMBM; ~mB/ p2HQ+Biv (R9R)X S�bbBp2
K2i?Q/b `2Hv QM i?2 BM?2`2Mi BMbi�#BHBiv Q7 i?2 HB[mB/@HB[mB/ BMi2`7�+2 r?2M KBtBM; irQ
BKKBb+B#H2 ~mB/ BM Q`/2` iQ ;2M2`�i2 /`QTH2ib (R9kĜR99)X w?m �M/ q�M; (R98) ?�p2
Tm#HBb?2/ �M BM@/2Ti? `2pB2r Q7 i?2 p�`BQmb K2i?Q/b Q7 /`QTH2i ;2M2`�iBQM �b r2HH �b i?2
2[m�iBQMb i?�i ;Qp2`M i?2KX

>2`2- �+iBp2 /`QTH2i ;2M2`�iBQM Bb mb2/ BM i?2 7Q`K Q7 ~mB/ p2HQ+Biv p�`B�iBQMX hrQ
bv`BM;2 TmKTb r2`2 2KTHQv2/ i?�i �HHQr2/ b2T�`�i2 K�MBTmH�iBQM Q7 ~Qr `�i2b Q7 i?2
/BbT2`b2/ �M/ +QMiBMmQmb ~mB/X h?2 /BbT2`b2/ �M/ +QMiBMmQmb T?�b2 �`2 +Q@~Qr2/ iQ i?2
i?2 /`QTH2i ;2M2`�iBQM TQBMiX "v mbBM; i?Bb K2i?Q/- QM2 +�M +QMi`QH i?2 T`Q/m+iBQM `�i2
�M/ bBx2 Q7 i?2 /`QTH2ibX .`QTH2ib Q7 bBx2 Ryy ᅷK BM /B�K2i2` �M/ � `�i2 bmBi�#H2 2MQm;?
iQ }HH i?2 b�KTH2 +?�K#2`X A7 i?2 ~Qr Bb iQQ 7�bi i?2 /`QTH2ib ?�p2 � p2`v HQr `2bB/2M+2
iBK2 �M/ i?2`2 Bb M2p2` 2MQm;? #mBH/ mT iQ T2`7Q`K �M 2tT2`BK2MiX A7- ?Qr2p2`- i?2
~Qr Bb iQQ bHQr i?2 /`QTH2ib i?�i �`2 7Q`K2/ �`2 iQQ #B; �M/ BM+QMbBbi2Mi 7Q` �Mv FBM/
Q7 `2HB�#H2 2tT2`BK2Mi�iBQMX

�b /Bb+mbb BM +?�Ti2` R- Mm+H2�` K�;M2iB+ `2bQM�M+2 ULJ_V �b � bT2+i`Qb+QTB+
i2+?MB[m2 ?�b irQ +?B27 �/p�Mi�;2bX Ai Bb MQM@BMp�bBp2 �M/ MQM@/2bi`m+iBp2 r?B+? K�F2b
Bi B/2�HHv TH�+2/ iQ bim/v HBpBM; bvbi2Kb rBi?Qmi /2bi`QvBM; i?2KX AM/22/- LJ_ �M/
K�;M2iB+ `2bQM�M+2 BK�;BM; UJ_AV �`2 #Qi? K2i?Q/b �+iBp2Hv 2KTHQv2/ BM K2i�#QHQKB+b
(R9e)- /`m; /Bb+Qp2`v (R9d) �M/ +�M+2` BK�;BM; (R93)X h?2 M�im`2 Q7 LJ_ K2�Mb i?�i
QM2 +�M ;H2�M [m�MiBi�iBp2- bvbi2K H2p2H BM7Q`K�iBQM BM QM2 2tT2`BK2Mi rBi?Qmi i?2 M22/
7Q` +?2KB+�H i�;bX AM � KB+`Q~mB/B+ +QMi2ti- r?2`2 ~mQ`2b+2M+2 bT2+i`Qb+QTv (R9N- R8y)-
Q` K�bb bT2+i`QK2i`v (R8R- R8k)- �`2 Q7i2M i?2 K2i?Q/b Q7 +?QB+2 7Q` /2i2+iBQM- LJ_
+�M #2 mb2/ BM T�`�HH2H iQ i?2b2 �M/ +QMi`B#mi2 iQ � #2ii2` mM/2`bi�M/BM; Q7 i?2 bvbi2KX

AM i?Bb rQ`F- i?2 TQbbB#BHBiv iQ Q#i�BM ?B;?@`2bQHmiBQM LJ_ bT2+i`� 7`QK bK�HH
pQHmK2b Q7 /`QTH2i 2KmHbBQMb QM � +?BT Bb 2tTHQ`2/X AMi2;`�iBQM Q7 ?B;?@`2bQHmiBQM LJ_
bT2+i`Qb+QTv rBi? KB+`Q~mB/B+ bvbi2Kb Bb +?�HH2M;BM; 7Q` � MmK#2` Q7 `2�bQMbX PM i?2



*?�Ti2` 9 JB+`Q~mB/B+ .`QTH2i LJ_ e8

QM2 ?�M/- bK�HH b�KTH2 pQHmK2b TH�+2 bi`BM;2Mi /2K�M/b QM /2i2+iQ` b2MbBiBpBiv (Ny- R8j)
h?Bb ?�b `2+2MiHv #22M �//`2bb2/ rBi? i?2 /2bB;M Q7 ?B;?Hv 2{+B2Mi TH�M�` LJ_ KB+`Q@
+QBHb (R89) �M/ i`�MbKBbbBQM HBM2 `2bQM�iQ`b (R- k) �MQi?2` +?�HH2M;2 Bb i?2 T`2b2`p�iBQM
Q7 ?B;? bT2+i`�H `2bQHmiBQM- r?B+? /2T2M/b QM � ?B;?Hv ?QKQ;2M2Qmb K�;M2iB+ }2H/ Qp2`
i?2 b�KTH2 pQHmK2X .Bz2`2M+2b BM K�;M2iB+ bmb+2TiB#BHBiv #2ir22M i?2 K�i2`B�Hb mb2/
7Q` i?2 KB+`Q~mB/B+ +?BT �M/ i?2 b�KTH2 ~mB/- �b r2HH �b i?2 K�i2`B�Hb �M/ ;2QK2i`v
Q7 i?2 T`Q#2 �bb2K#Hv- H2�/ iQ � /2K�;M2iBbBM; }2H/ i?�i p�`B2b +QMiBMmQmbHv Qp2` i?2
b�KTH2 pQHmK2X hvTB+�H /B�K�;M2iB+ pQHmK2 bmb+2TiB#BHBiB2b `�M;2 7`QK �#Qmi ਷�� TTK
iQ �#Qmi ਷� TTK UBM aA mMBibVc (R88- R8e) /Bz2`2M+2b Q7 i?2 Q`/2` Q7 b2p2`�H TTK �`2
i?2`27Q`2 +QKKQMTH�+2X lMK�M�;2/- i?2v H2�/ iQ #`Q�/2MBM; Q7 LJ_ bT2+i`�H HBM2b
Qp2` � TTK Q` KQ`2- r?B+? +Q``2bTQM/b iQ � b2p2`2 HQbb Q7 `2bQHmiBQM BM R> HB[mB/ bi�i2
LJ_X

J�M�;BM; bmb+2TiB#BHBiv /Bz2`2M+2b 7Q` �M 2KmHbBQM Q7 /`QTH2ib QM � KB+`Q~mB/B+
+?BT �//b �//BiBQM�H +QKTH2tBiv- bBM+2 i?`22 /Bz2`2Mi K�i2`B�Hb �`2 MQr BMpQHp2/, i?2
+?BT- i?2 +QMiBMmQmb T?�b2- �M/ i?2 /`QTH2i T?�b2- �HH rBi? /Bz2`2Mi bmb+2TiB#BHBiB2bX h?Bb
+�M #2 KBiB;�i2/ BM � irQ@bi2T �TT`Q�+?- r?B+? Bb #�b2/ QM i?2 Q#b2`p�iBQM i?�i KQbi
Q`;�MB+ bQHp2Mib BM mb2 �b +QMiBMmQmb T?�b2b 7Q` /`QTH2i KB+`Q~mB/B+b �`2 H2bb /B�K�;M2iB+
i?�M r�i2`X 6B`bi- i?2 bmb+2TiB#BHBiv /Bz2`2M+2 #2ir22M i?2 +?BT �M/ i?2 +QMiBMmQmb T?�b2
�`2 +QKT2Mb�i2/ #v b?BKKBM; bi`m+im`2b i?�i �`2 �//2/ iQ i?2 +?BT /2bB;MX h?2M- i?2
bmb+2TiB#BHBiv Q7 i?2 �[m2Qmb /`QTH2i T?�b2 Bb K�i+?2/ iQ i?�i Q7 i?2 +QMiBMmQmb T?�b2
#v �//BM; � T�`�K�;M2iB+ bQHmi2X

9XkXR amb+2TiB#BHBiv

J�;M2iB+ bmb+2TiB#BHBiv- ᆀշ- Bb � K2�bm`2 Q7 ?Qr Km+? � K�i2`B�H rBHH #2+QK2 K�;M2iBx2/
BM �M �TTHB2/ K�;M2iB+ }2H/- #`Q�/Hv- i?Bb �HHQrb � +H�bbB}+�iBQM Q7 KQbi K�i2`B�Hb �b
T�`�@ Uᆀ=yV Q` /B�@ UᆀIyV K�;M2iB+X J�i2`B�Hb mb2/ BM i?Bb rQ`F �`2 HBbi2/ BM h�#H2 9XRX

h?2 K�;M2iBx�iBQM Q7 i?2 K�i2`B�H Bb ;Bp2M #v i?2 2[m�iBQM J � ᆀշ> r?2`2 J
Bb i?2 K�;M2iBb�iBQM Q7 i?2 K�i2`B�H �M/ > Bb i?2 K�;M2iB+ }2H/X AM (R8d)- � /2`Bp�iBQM
Q7 ?Qr i?2 bmb+2TiB#BHBiv +�M �z2+i i?2 K�;M2iB+ }2H/ �`QmM/ � b�KTH2 �M/ BM~m2M+2 Bib
bT2+i`� Bb ;Bp2MX

AM i?2 �#b2M+2 Q7 +m``2Mib �KT2`2Ƕb H�r `2[mB`2b i?�i ခ ੎ > � �X h?2 K�;M2iB+
}2H/ > +�M i?2M #2 2tT`2bb2/ #v � b+�H�` K�;M2iB+ TQi2MiB�H Ԋ �b,

> � ਷ခԊ� U9XRV

hQ /2b+`B#2 �M Q#D2+i #2BM; BMb2`i2/ BMiQ � K�;M2iB+ }2H/ i?2 TQi2MiB�Hb �`2 bTHBi-
�b Ԋ � ԊЈ � Ԋտ- r?2`2 ԊЈ � ӽЈԩ `2T`2b2Mib i?2 Q`B;BM�H ?QKQ;2M2Qmb }2H/- �M/ >տ �਷ခԊտ Bb i?2 }2H/ ;2M2`�i2/ #v i?2 K�;M2iB+ /BTQH2b BM/m+2/ BM i?2 BMb2`i2/ Q#D2+i
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UbQK2iBK2b `272``2/ iQ �b /2K�;M2iBbBM; }2H/VX h?2 K�;M2iB+ }2H/ ӽЈ- r?B+? Bb �bbmK2/
iQ #2 �HQM; i?2 x@�tBb- �`Bb2b 7`QK i?2 bmT2`+QM/m+iBM; +QBHX

h?2 K�+`Qb+QTB+ K�;M2iB+ BM/m+iBQM " Bb ;Bp2M #v,

" � ᅷЈ	> � J

 U9XkV

r?2`2 ᅷЈ � �ᅺ ੎ ��Ϩ ob�K਷φ /2MQi2b p�+mmK T2`K2�#BHBivX qBi? :�mbbǶ H�rခ ੁ " � � i?Bb #2+QK2b,

" �ᅷЈ	਷ခ	ԊЈ � Ԋտ
 � J
 U9XjVခ ੁ " �ᅷЈ	਷ခϵ	ԊЈ � Ԋտ
 � ခ ੁ J
 U9X9VခϵԊտ �ခ ੁ J� U9X8V

Ai Bb �bbmK2/ i?�i i?2 Q#D2+i +QMbBbib Q7 � MmK#2` Q7 bT�iB�H /QK�BMb +?�`�+i2`Bb2/
#v � HQ+�HHv +QMbi�Mi K�;M2iB+ bmb+2TiB#BHBiv ᆀֆX h?2 K�;M2iBb�iBQM i?2`27Q`2- Bb �
TB2+2rBb2 +QMbi�Mi-

Jֆ � ᆀֆӽЈ2֕
 U9XeV

i?2 ခ ੁ J i2`K 7`QK 1[MX 9Xj p�MBb?2b 2p2`vr?2`2 2t+2Ti �i /QK�BM #QmM/�`B2bX
h?2 K�;M2iB+ }2H/ b�iBb}2b i?2 #QmM/�`v +QM/BiBQMb(R83)

	>տϵ ਷ >տφ
 ੎ Mࣘ � �
 U9XdV	>տϵ ਷ >տφ
 ੁ Mࣘ � ӽЈ	ᆀϵ ਷ ᆀφ
2֕ ੁ Mࣘ
 U9X3V

r?2`2 ࣘM /2MQi2b i?2 bm`7�+2 MQ`K�H 7`QK K�i2`B�H R iQ K�i2`B�H kX 1[m�iBQMb 9Xj-
9Xd �M/ 9X3 �`2 7Q`K�HHv bQHp2/ #v,

Ԋտ	`
 � ӽЈ�ᅺ ௷ᇂȯɞ
ࣘM ੁ 2֕	ᆀϵ ਷ ᆀφ
ఉ	` ਷ `஥
ϵ ԓԈ
 U9XNV

r?2`2 ԓԈ Bb �M BM}MBi2bBK�H bm`7�+2 2H2K2Mi- �M/ `஥ Bb i?2 BMi2;`�iBQM p�`B�#H2X
A7 i?2`2 �`2 KQ`2 i?�M irQ K�i2`B�Hb BMpQHp2/- �b i?2`2 �`2 BM /`QTH2ib r?2`2 i?2`2 �`2
i?`22, i?2 +QMiBMmQmb T?�b2c i?2 r�i2` T?�b2c �M/ i?2 SJJ�- 2�+? #QmM/�`v ;Bp2b �M
�//BiBp2 +QMi`B#miBQM Q7 i?2 b�K2 7Q`KX

h?2 `2bQM�M+2 7`2[m2M+v Q#b2`p2/ Bb T`QTQ`iBQM�H iQ i?2 K�;M2iB+ BM/m+iBQM "ր֓֏
2tT2`B2M+2/ #v +?2KB+�HHv 2[mBp�H2Mi Mm+H2B rBi?BM 2�+? /QK�BMX h?Bb BM/m+iBQM Bb /2@
i2`KBM2/ #v i?2 QmibB/2 }2H/ ӽЈ THmb i?2 BM/m+2/ K�;M2iB+ /BTQH2b Q7 �HH KQH2+mH2b BM
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i?2 b�K2 /QK�BM 2t+2Ti i?2 KQH2+mH2 +�``vBM; i?2 Q#b2`p2/ bTBMX(R8N) AM HB[mB/b �M/
BbQi`QTB+ bQHB/b- i?2 2ti2`M�H K�;M2iB+ BM/m+iBQM /Bz2`b 7`QK i?2 K�+`Qb+QTB+ " �b,

"ր֓֏ ਷ " � �ᅷЈᆀ֎� >Ј� U9XRyV

h?2 K�;M2iB+ BM/m+iBQM `2H2p�Mi 7Q` i?2 G�`KQ` T`2+2bbBQM Q7 Mm+H2�` bTBMb BM i?2
b�KTH2 Bb i?2`27Q`2

"ր֓֏ � ᅷЈӽЈ	� � ᆀ֎� 
2֕ ਷ ᅷЈခԊտ� U9XRRV

aBM+2 ᆀ Bb � TB2+2rBb2 +QMbi�Mi- i?2 ᅷЈခԊտ i2`K +QMi`B#mi2b iQ +QMiBMmQmbHv p�`vBM;
}2H/b �M/ i?2`27Q`2 �Mv HBM2 #`Q�/2MBM; b22M BM i?2 bT2+i`mK- r?2`2�b i?2 ᅷЈӽЈ	�� ᇔ՘ϯ 
2֕
i2`K T`Q/m+2b � #mHF K�;M2iB+ bmb+2TiB#BHBiv b?B7i U"JaV Q7 i?2 `2bQM�M+2 HBM2X

9XkXk J�i+?BM; bmb+2TiB#BHBiB2b

J�i+?BM; bmb+2TiB#BHBiB2b Q7 K�i2`B�Hb Bb � T`Q#H2K BM KB+`Q~mB/B+ LJ_X 6Q`imM�i2Hv- i?2
bmb+2TiB#BHBiB2b Q7 i?2 K�i2`B�Hb mb2/ �`2 ivTB+�HHv bBKBH�` �b BM KQbi Q7 Qm` 2tT2`BK2Mib-
i?2 bQHp2Mi Bb r�i2` �M/ i?2 +?BT K�i2`B�H Bb SJJ�X

q?2M i?2 bmb+2TiB#BHBiB2b �`2 KBbK�i+?2/- �b i?2v �`2 BM /`QTH2ib- i?Bb +�M +�mb2
BM?QKQ;2M2BiB2b BM i?2 K�;M2iB+ }2H/X h?2b2 BM?QKQ;2M2BiB2b b?B7i i?2 `2bQM�M+2b �M/
#`Q�/2Mb i?2 HBM2b BM i?2 bT2+i`� `2M/2`BM; i?2K mb2H2bbX 6Q` �Mv FBM/ Q7 mb27mH LJ_
i?2 K�;M2iB+ }2H/ M22/b iQ #2 p2`v ?QKQ;2M2Qmb- rBi? KQbi +QKK2`+B�H bmT2`+QM/m+i@
BM; K�;M2ib �+?B2pBM; ?QKQ;2M2BiB2b Q7 � 72r T�`ib T2` #BHHBQMX AM KB+`Q~mB/B+ /2pB+2b-
�B`@}HH2/ b?BK bi`m+im`2b ?�p2 #22M miBHBb2/ iQ K�i+? bmb+2TiB#BHBiB2b #2ir22M +?BT +QM@
bi`m+iBQM K�i2`B�H �M/ ~mB/X lix �M/ +Q rQ`F2`b (R8d) ?�p2 b?QrM i?�i bmb+2TiB#BHBiv
KBbK�i+?2b +�M #2 +QKT2Mb�i2/ 7Q` #v BMbi�HHBM; bm+? b?BK bi`m+im`2b �`QmM/ i?2 LJ_
b2MbBiBp2 `2;BQM- iQ T`Q/m+2 �M 2[m�H �M/ QTTQbBi2 /2K�;M2iBbBM; }2H/ iQ i?2 QM2 +�mb2/
#v i?2 bQHmiBQMX lbBM; i?Bb- i?2v b?Qr2/ r2HH `2bQHp2/ bT2+i`� +�M #2 i�F2M Q7 ;Hm+Qb2
/BbbQHp2/ BM i?2 KBbK�i+?2/ HB[mB/X

h?2 rQ`F BM i?Bb +?�Ti2`- +QK#BM2b #Qi? bi`m+im`�H b?BKKBM; �M/ +?2H�i2/ H�M@
i?�MB/2 /QTBM;- iQ ;H2�M ?B;? `2bQHmiBQM LJ_ bT2+i`Qb+QTv 7`QK � KB+`Q~mB/B+ /`QTH2i
2KmHbBQMX h?2 bvbi2K Bb +QKT`Bb2/ � SJJ� +?BT- �M �[m2Qmb /BbT2`b2/ T?�b2- �M/ �
+v+HQ?2t�M2 +QMiBMmQmb T?�b2X �b K2MiBQM2/ i?2 SJJ� �M/ r�i2` �`2 bmb+2TiB#BHBiv
�`2 [mBi2 bBKBH�`X h?2 +v+HQ?2t�M2- ?Qr2p2`- Bb K�i+?2/ iQ M2Bi?2`X >2M+2- 7Q` �HH K�i2@
`B�Hb �M/ bQHp2Mib iQ #2 K�i+?2/- bi`m+im`�H b?BKKBM; Bb 2KTHQv2/ iQ K�i+? i?2 SJJ�
iQ i?2 +v+HQ?2t�M2 �M/ � +?2H�i2/ H�Mi?�MB/2 <1m	.hS�
>ϵ਷ rBHH #2 mb2/ iQ K�i+? i?2
r�i2` bmb+2TiB#BHBivX
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B0

without compensation structure with compensation structure

susceptibility broadened

NMR Spectrum

sharp

NMR Spectrum

6B;m`2 9XR, amKK�`v ;`�T?B+ Q7 i?2 rQ`F BM (R8d)X h?Bb b?Qrb ?Qr i?2 LJ_ bT2+@
i`mK Q7 ;Hm+Qb2 +?�M;2b BM � bmb+2TiB#BHBiv KBbK�i+?2/ +?BT #mi #v +miiBM; b?BK bi`m+@
im`2b �`QmM/ i?2 b�KTH2 +?�K#2` ?B;? `2bQHmiBQM LJ_ Bb biBHH TQbbB#H2 /2bTBi2 i?2

KBbK�i+?2bX

AM 2KmHbBQMb- bmb+2TiB#BHBiv /Bz2`2M+2b #2ir22M i?2 QBH �M/ �[m2Qmb T?�b2b H2�/
iQ bBKBH�` HBM2 #`Q�/2MBM; (R88) LJ_ bT2+i`Qb+QTv Bb 2ti2MbBp2Hv mb2/ iQ +?�`�+i2`Bb2
2KmHbBQM /`QTH2i bBx2 /Bbi`B#miBQMb mbBM; TmHb2/ }2H/ ;`�/B2Mi K2i?Q/b (ReyĜRee)X h?2b2
K2i?Q/b /Q MQi `2[mB`2 bT2+i`�H `2bQHmiBQM Q7 BM/BpB/m�H +QKTQmM/b Qi?2` i?�M i?2
irQ bQHp2Mib- �M/ �`2 i?2`27Q`2 mM�z2+i2/ #v i?2 bmb+2TiB#BHBiv #`Q�/2MBM;X "v +QM@
i`�bi- ?B;?@`2bQHmiBQM LJ_ bT2+i`Qb+QTv- rBi? bm{+B2Mi `2bQHmiBQM iQ /BbiBM;mBb? KmH@
iBTH2 +QKTQmM/b T`2b2Mi BM 2Bi?2` Q7 i?2 irQ T?�b2b- `2[mB`2b +�`27mH KBiB;�iBQM Q7 i?2
bmb+2TiB#BHBiv /Bz2`2M+2bX Ai ?�b �HbQ #22M b?QrM i?�i bmb+2TiB#BHBiv /Bz2`2M+2b +�M #2
+QKT2Mb�i2/ 7Q` BM � HB[mB/ b�KTH2 #v /QTBM; Q7 � +?2H�i2/ H�Mi?�MB/2 (Red)X 6Q` 2t@
�KTH2- G2MMQM 2i �HX /2KQMbi`�i2/ i?�i i?2 bmb+2TiB#BHBiv KBbK�i+? #2ir22M i?2 BMbB/2
�M/ QmibB/2 Q7 /2Qtv;2M�i2/ `2/ #HQQ/ +2HHb +QmH/ #2 +QKT2Mb�i2/ 7Q` #v /QTBM; jKJ
Q7 /vbT`QbBmK i`BTQHvT?QbT?�i2 <ӹԨ	ԅϯԄφЈ
ϵ>Ϩ਷ BMiQ i?2 2ti`�+2HHmH�` ~mB/ (Re3)

Ai b?QmH/ #2 MQi2/ i?�i BM T`BM+BTH2- i?2 b�K2 2z2+i +QmH/ #2 �+?B2p2/ B7 � /B�@
K�;M2iB+ /QT�Mi +QmH/ #2 �//2/ iQ i?2 +QMiBMmQmb T?�b2X >Qr2p2`- r?BH2 T�`�K�;M2iB+
/QT�Mib �`2 2�bBHv �p�BH�#H2 BM i?2 7Q`K Q7 i`�MbBiBQM K2i�H BQMb- MQ 2z2+iBp2 /B�K�;M2iB+
/QT�Mib 2tBbi BM i?2 HBi2`�im`2X

1mj� +QKTH2t2b �`2 T�`�K�;M2iB+- �M/ �`2 7`2[m2MiHv mb2/ �b b?B7i �;2Mib BM LJ_
bT2+i`Qb+QTvX lMHBF2 Qi?2` H�Mi?�MB/2 BQMb bm+? �b :/j� Q` >Qj�- r?B+? �`2 TQr2`7mH
Mm+H2�` `2H�t�iBQM �;2Mib- 1mj� ?�b QMHv � KBMBK�H 2z2+i QM Mm+H2�` K�;M2iB+ `2H�t@
�iBQM /m2 iQ Bib 2ti`2K2Hv b?Q`i 2H2+i`QM bTBM@H�iiB+2 `2H�t�iBQM iBK2 (ReN) �//BiBQM Q7
KBHHBKQH�` [m�MiBiB2b Q7 1mj� iQ �[m2Qmb bQHmiBQMb i?2`27Q`2 /Q2b MQi +�mb2 bB;MB}+�Mi
`2H�t�iBQM HBM2 #`Q�/2MBM;- #mi +?�M;2b i?2 #mHF K�;M2iB+ bmb+2TiB#BHBiv Q7 i?2 bQHmiBQM
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h�#H2 9XR, "mHF K�;M2iB+ bmb+2TiB#BHBiB2b
*QKTQmM/ ᆀշ���਷ϩ UaAV _27
r�i2` ਷���� (Rdy)
+v+HQ?2t�M2 ਷����� (Rdy)
SJJ� ਷���� (RdR)
�B` ����� (Rdk)

T`QTQ`iBQM�HHv iQ i?2 1mj� +QM+2Mi`�iBQMX Ai Bb i?2`27Q`2 TQbbB#H2 iQ �/Dmbi i?2 bmb@
+2TiB#BHBiv /Bz2`2M+2 BM � /`QTH2i 2KmHbBQM #v �//BM; � 1mj� +QKTH2t i?�i b2H2+iBp2Hv
/BbbQHp2b BM UQ` �i H2�bi bi`QM;Hv T�`iBiBQMb iQV i?2 �[m2Qmb T?�b2X

AM i?2 T`2b2Mi rQ`F- i?2 /B2i?vH@i`B�KBM2 T2Mi��+2i�i2 U.hS�V +QKTH2t Q7 1mj�-
1m<.hS�>k਷ Bb mb2/X �b �M BQM bT2+B2b- Bi Bb `2�/BHv bQHm#H2 BM �[m2Qmb K2/B�- r?BH2
2t?B#BiBM; QMHv M2;HB;B#H2 bQHm#BHBiv BM �TQH�` Q`;�MB+ bQHp2MibX JB+`Q~mB/B+ +?BTb �`2
7�#`B+�i2/ 7`QK TQHv K2i?vH K2i?�+`vH�i2 USJJ�VX "v � 7Q`imM�i2 +QBM+B/2M+2- i?2
bmb+2TiB#BHBiB2b Q7 SJJ� �M/ r�i2` �`2 p2`v +HQb2 iQ 2�+? Qi?2` Uh�#H2 9XRVX LJ_ HBM2b
BM KB+`Q~mB/B+ /2pB+2b K�/2 7`QK SJJ� �`2 i?2`27Q`2 M�``Qr B7 �[m2Qmb b�KTH2b �`2
mb2/- T`QpB/2/ i?�i i?2 #QmM/�`B2b Q7 i?2 +?BT �M/ i?2 2MpB`QMK2Mi �`2 2Bi?2` �HB;M2/
rBi? i?2 2ti2`M�H K�;M2iB+ }2H/- Q` �`2 F2Ti bm{+B2MiHv `2KQi2 7`QK i?2 /2i2+iBQM �`2�X
"v +QMi`�bi- KQbi Q`;�MB+ bQHp2Mib �`2 +QMbB/2`�#Hv H2bb /B�K�;M2iB+ i?�M r�i2`- �b
2t2KTHB}2/ #v i?2 +�b2 Q7 +v+HQ?2t�M2- r?B+? ?�b #22M mb2/ BM i?2 T`2b2Mi bim/vX

AM i?2 `2K�BM/2` Q7 i?Bb +?�Ti2`- }MBi2 2H2K2Mi +�H+mH�iBQMb �`2 mb2/ iQ 2biBK�i2
i?2 LJ_ HBM2 rB/i?b 2tT2+i2/ BM � /`QTH2i 2KmHbBQM /2T2M/BM; QM i?2 bmb+2TiB#BHBiv
KBbK�i+?X h?2 `2bmHib �`2 i?2M +QKT�`2/ iQ 2tT2`BK2Mi�H HBM2 rB/i?b Q#i�BM2/ rBi?
p�`vBM; +QM+2Mi`�iBQMb Q7 1m<.hS�>k਷ BM i?2 �[m2Qmb T?�b2X 6BM�HHv- M�``Qr LJ_
HBM2b �`2 Q#i�BM2/ #v +QK#BMBM; bi`m+im`�H b?BKKBM; (Rdj) rBi? bmb+2TiB#BHBiv K�i+?BM;-
�M/ /2KQMbi`�i2 i?�i i?Bb �TT`Q�+? +�M #2 mb2/ iQ Q#i�BM � ?B;? `2bQHmiBQM Q7 ;Hm+Qb2
+QMi�BM2/ rBi?BM i?2 +QKT2Mb�i2/ /`QTH2ibX h?2 +?BT mb2/ BM i?Bb rQ`F Bb b?QrM BM
6B;X 9XkX Ai +QMbBbib Q7 � b�KTH2 +?�K#2` BM i?2 +2Mi`2 Q7 i?2 +?BT- r?B+? Bb /2bB;M2/
iQ HBM2 mT rBi? i?2 b2MbBiBp2 �`2� Q7 � i`�MbKBbbBQM@HBM2 KB+`Q@LJ_ /2i2+iQ` (k)- �M/
� +QMp2`;2Mi ~Qr /`QTH2i ;2M2`�iQ`X h?2 �[m2Qmb T?�b2 �M/ i?2 +QMiBMmQmb T?�b2 �`2
72/ BMiQ i?2 irQ TQ`ib �i i?2 iQTX .`QTH2ib �`2 7Q`K2/ �M/ i`�MbTQ`i2/ /QrMbi`2�K
BMiQ i?2 b�KTH2 +?�K#2`X h?2 +?�K#2` Bb bm``QmM/2/ #v 7Qm` b?BK bi`m+im`2b- r?B+?
�`2 +B`+mH�` b?�T2/ +miQmib }HH2/ rBi? �B`X h?2v ?�p2 #22M /2bB;M2/ iQ +QKT2Mb�i2 7Q`
i?2 /Bz2`2M+2 BM bmb+2TiB#BHBiv #2ir22M i?2 +?BT K�i2`B�H USJJ�V �M/ i?2 QBH T?�b2
U+v+HQ?2t�M2V �b b?QrM BM 6B;X 9XjX h?2 QT2`�iBQM Q7 i?2 +?BT Bb b?QrM QM i?2 `B;?i bB/2
Q7 6B;X 9Xkc /`QTH2ib Q7 �#Qmi Ryy ᅷK /B�K2i2` �`2 7Q`K2/ �M/ }HH i?2 b�KTH2 +?�K#2`X
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6B;m`2 9Xk, .`QTH2i +?BT /2bB;M UH27iV �M/ /2i�BH KB+`Q;`�T? Q7 i?2 b�KTH2 +?�K#2`
�`2� }HH2/ rBi? /`QTH2ib U`B;?iVX aQK2 /`QTH2ib �`2 �HbQ pBbB#H2 BM i?2 2Mi`�M+2 �M/ 2tBi

+?�MM2HbX

9Xj J�i2`B�Hb �M/ J2i?Q/b

JB+`Q~mB/B+ +?BTb Q7 i?2 /2bB;M b?QrM BM 6B;X 9Xk r2`2 7�#`B+�i2/ 7`QK SJJ� b?22i
K�i2`B�H #v H�b2` +miiBM;- �M/ bm#b2[m2Mi #QM/BM; Q7 H�v2`b rBi? � TH�biB+Bb2` mM/2` ?2�i
�M/ T`2bbm`2 (Rd9)X h?2 +?BTb +QMbBbi Q7 � iQT �M/ #QiiQK H�v2` Q7 kyy ᅷK i?B+FM2bb
2�+?- �M/ � KB//H2 H�v2` Q7 8yy ᅷKX 6HmB/ +?�MM2Hb mTbi`2�K 7`QK i?2 ~Qr@7Q+mbbBM;
/`QTH2i ;2M2`�iQ` r2`2 b+Q`2/ BMiQ i?2 KB//H2 H�v2` �i HQr H�b2` TQr2` iQ � /2Ti? Q7 �#Qmi
Ryy ᅷKX .QrMbi`2�K 7`QK i?2 /`QTH2i ;2M2`�iQ`- i?2 +?�MM2Hb �M/ i?2 b�KTH2 +?�K#2`
r2`2 +mi i?`Qm;? i?2 8yy ᅷK KB//H2 H�v2` #v BM+`2�b2/ H�b2` TQr2`- �b r2`2 i?2 b?BKKBM;
bi`m+im`2bX h?2 +?BTb r2`2 +QMM2+i2/ iQ � T�B` Q7 *QH2@S�HK2` kyy@*1 bv`BM;2 TmKTb
7Q` /`QTH2i ;2M2`�iBQMX � ~Qr `�i2 Q7 ky ᅷHfKBM r�b ivTB+�HHv mb2/ 7Q` i?2 +QMiBMmQmb
T?�b2 �M/ 9 ᅷHfKBM 7Q` i?2 �[m2Qmb /`QTH2i T?�b2X h?2 +QMiBMmQmb T?�b2 +QMbBbi2/
Q7 +v+HQ?2t�M2 UaB;K�@�H/`B+?V rBi? yX8W rfp Q7 bT�M@e8 UbQ`#Bi�M i`Bbi2�`�i2- aB;K�@
�H/`B+?V �b � bm`7�+i�Mi iQ 2Mbm`2 /`QTH2i bi�#BHBivX h?2 +v+HQ?2t�M2fbT�M bQHmiBQM
r�b F2Ti BM � r�i2` #�i? �i jyੋ* 7Q` �i H2�bi k? iQ 2Mbm`2 +QKTH2i2 /BbbQHmiBQM Q7
i?2 bm`7�+i�MiX S`BQ` iQ mb2- �HH bQHmiBQMb r2`2 H27i iQ 2[mBHB#`�i2 �i � +QMi`QHH2/ `QQK
i2KT2`�im`2 Q7 k8ੋ* 7Q` �i H2�bi 9?X ai2�/v bi�i2 +QM/BiBQMb r2`2 2Mbm`2/ #v H2iiBM;
i?2 /`QTH2i ;2M2`�iBQM `mM mMiBH i?2 pQHmK2 BMbB/2 i?2 +?BT ?�/ #22M 2t+?�M;2/ �i H2�bi
}p2 iBK2bX h?2 +?BT r�b i?2M /Bb+QMM2+i2/ 7`QK i?2 bv`BM;2 TmKTb- �M/ i?2 +QMM2+iBQM
TQBMib b2�H2/ T`BQ` iQ BMb2`iBQM Q7 i?2 +?BT BMiQ i?2 LJ_ T`Q#2X
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LJ_ K2�bm`2K2Mib r2`2 +�``B2/ Qmi QM � "`mF2` �o�L*1 AAA bT2+i`QK2i2`
2[mBTT2/ rBi? �M Pt7Q`/ rB/2 #Q`2 K�;M2i QT2`�iBM; �i dXy8 h2bH�- +Q``2bTQM/BM; iQ �
R> G�`KQ` 7`2[m2M+v Q7 jyy J>xX � ?QK2@#mBHi LJ_ T`Q#2 #�b2/ QM � i`�MbKBbbBQM@
HBM2 /2i2+iQ` r�b mb2/ (k) Ai �++QKKQ/�i2b KB+`Q~mB/B+ +?BTb Q7 i?2 b?�T2 b?QrM BM
6B;X 9XkX AM i?2 T`2b2Mi rQ`F- i?2 T`Q#2 r�b /Qm#Hv imM2/ iQ �HHQr B``�/B�iBQM #Qi? �i
jyy J>x 7Q` R> �M/ �i d8 J>x 7Q` Rj*X .2i�BHb Q7 i?2 2H2+i`QMB+ �M/ K2+?�MB+�H /2bB;M
Q7 i?2 T`Q#2 �`2 ;Bp2M BM _27X (Rd8)X

LJ_ bT2+i`� r2`2 Q#i�BM2/ �i �M _6 Mmi�iBQM 7`2[m2M+v Q7 ee F>x 7Q` R>- +Q``2@
bTQM/BM; iQ Ny /2;`22 TmHb2 H2M;i? Q7 jX3 ᅷbX a?BKKBM; r�b }`bi T2`7Q`K2/ QM � b�KTH2
Q7 Tm`2 +v+HQ?2t�M2 BM �M B/2MiB+�H +?BT- i?2b2 `2bmHiBM; p�Hm2b r2`2 mb2/ i?`Qm;?Qmi �HH
bm#b2[m2Mi 2tT2`BK2Mib rBi? KBMQ` �/DmbiK2Mib #2BM; K�/2 iQ HBM2�` b?BKb Us-u-wV #2@
7Q`2 2�+? 2tT2`BK2Mi iQ KBMBKBb2 HBM2 rB/i?X LJ_ bT2+i`� r2`2 �+[mB`2/ mbBM; "`mF2`
bT2+i`QK2i2` bQ7ir�`2 UhQTaTBM kXyV- �M/ r2`2 T`Q+2bb2/ mbBM; ?QK2@#mBHi b+`BTib r`Bi@
i2M BM CmHB�X (Rde) ky KJ Q7 9-9@.BK2i?vH@9@bBH�T2Mi�M2@R@bmH7QMB+ �+B/ U.aa- aB;K�
�H/`B+?V r�b �//2/ iQ i?2 �[m2Qmb T?�b2 �b � +?2KB+�H b?B7i bi�M/�`/X

J_A ;`�/B2Mi 2+?Q BK�;2b Q7 i?2 b�KTH2 +?�K#2` r2`2 Q#i�BM2/ mbBM; S�`�oBbBQM
bQ7ir�`2 �M/ i?2 7�bi HQr@�M;H2 b?Qi U6G�a>V TmHb2 T`Q;`�KX 6HBT �M;H2b Q7 jyੋ r2`2
2KTHQv2/ �b r2HH �b � `2T2iBiBQM iBK2 Q7 eyy Kbc 3 b+�Mb r2`2 �p2`�;2/ 7Q` 2�+? BK�;2X
hrQ BK�;2b r2`2 �+[mB`2/ 7Q` 2�+? }2H/ K�T �i 2+?Q iBK2b Q7 e �M/ RyKb- `2bT2+iBp2HvX
h?2 /�i� r�b T`Q+2bb2/ mbBM; ?QK2 #mBHi bQ7ir�`2 BM J�i?2K�iB+�X

1m<.hS�>k਷ bQHmiBQMb r2`2 T`2T�`2/ 7`QK � ����਻���� KJ biQ+F bQHmiBQM- r?B+?
r�b T`2T�`2/ #v �//BM; R ; Q7 1m*Hj UaB;K� �H/`B+?V iQ � 8y KG pQHmK2i`B+ ~�bFX
a2T�`�i2Hv- jXNj ; Q7 /B2i?vH2M2i`B�KBM2T2Mi��+2iB+ �+B/ U.hS�- aB;K� �H/`B+?V �M/
RXNN ; Q7 L�P> U6Bb+?2`V r2`2 /BbbQHp2/ BM Ryy KG /2BQMBb2/ U.AV r�i2` UaB;K� �H/`B+?V
X �M 2[mBKQH�` �KQmMi Q7 i?2 .hS� bQHmiBQM r�b �//2/ iQ i?2 1m*Hj bQHmiBQMX h?2
T> Q7 i?Bb bQHmiBQM r�b i?2M �/Dmbi2/ #v �//BiBQM Q7 kJ L�P> bQHmiBQM /`QTrBb2 mMiBH
� M2mi`�H T> r�b �ii�BM2/X h?Bb r�b i?2M iQTT2/ mT iQ 8y KG mbBM; .A r�i2`X

6BMBi2 2H2K2Mi +�H+mH�iBQMb Q7 }2H/ /Bbi`B#miBQMb BM 2KmHbBQMb r2`2 +�``B2/ Qmi
mbBM; *PJaPG JmHiBT?vbB+b rBi? i?2 ǴK�;M2iB+ }2H/b- MQ +m``2MibǴ UK7M+V T?vbB+b
KQ/mH2X PTiBKBb�iBQM Q7 i?2 b?BK bi`m+im`2b r�b /QM2 rBi? *PJaPG JmHiBT?vbB+b
(Rdd) ai�`iBM; 7`QK � aQHB/qQ`Fb KQ/2H Q7 i?2 +?BT /2bB;M- r?B+? r�b �HbQ mb2/ �b � #�bBb
7Q` T`Q/m+iBQM Q7 i?2 /2pB+2b mbBM; � H�b2` +mii2`- � }MBi2 2H2K2Mi KQ/2H r�b �bb2K#H2/
�M/ K2b?2/X h?2 b?BK bi`m+im`2b +QMbBbi Q7 7Qm` bvKK2i`B+�HHv �``�M;2/ +B`+mH�` ?QH2b
i?`Qm;? i?2 KB//H2 H�v2` Q7 i?2 i?`22@H�v2`2/ /2pB+2bX h?2 TQbBiBQMb �M/ i?2 /B�K2i2`b
Q7 i?2b2 ?QH2b r2`2 QTiBKBb2/ mbBM; � L2H/2`@J2�/ bBKTH2t �H;Q`Bi?KX �i 2�+? Bi2`�iBQM-
i?2 K�;M2iB+ }2H/ /Bbi`B#miBQM BMbB/2 i?2 b�KTH2 +?�K#2` r�b +�H+mH�i2/ mbBM; i?2 K7M+
T?vbB+b KQ/mH2X h?2 b[m�`2 MQ`K Q7 i?2 b2+QM/ /2`Bp�iBp2 Q7 i?2 ԩ@+QKTQM2Mi Q7 i?2
K�;M2iB+ }2H/ r�b BMi2;`�i2/ Qp2` i?2 pQHmK2 Q7 i?2 b�KTH2 +?�K#2`- �M/ r�b mb2/ �b
QTiBKBb�iBQM i�`;2i ?H�b i?Bb �B/2/ i?2 bi�#BHBiv Q7 i?2 QTiBKBb�iBQMX
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6B;m`2 9Xj, �, 6BMBi2 2H2K2Mi bBKmH�iBQM Q7 `2H�iBp2 K�;M2iB+ }2H/ /Bbi`B#miBQM BM
�M mM+QKT2Mb�i2/ +?BT U+B`+mH�` bi`m+im`2b }HH2/ rBi? SJJ�V }HH2/ rBi? +v+HQ?2t�M2
�M/ ", � +QKT2Mb�i2/ +?BT }HH2/ rBi? +v+HQ?2t�M2c *, � HBM2�` THQi Q7 `2H�iBp2 K�;M2iB+

}2H/ �HQM; i?2 x@�tBb i?`Qm;? i?2 KB//H2 Q7 i?2 b�KTH2 +?�K#2`X

9X9 _2bmHib �M/ .Bb+mbbBQM

q?BH2 Bi Bb TQbbB#H2 iQ T`2/B+i i?2 K�;M2iB+ }2H/ /Bbi`B#miBQM BM � bvbi2K Q7 KmHiBTH2
T?�b2b rBi? /Bz2`BM; bmb+2TiB#BHBiB2b #v bQHpBM; i?2 K�;M2iQbi�iB+ 2[m�iBQM U1[MX 9XNV-
i?Bb `2[mB`2b T`2+Bb2 ;2QK2i`B+ BM7Q`K�iBQM QM i?2 �``�M;2K2Mi Q7 i?2 irQ T?�b2bX AM i?2
+�b2 Q7 �M 2KmHbBQM- i?2 �``�M;2K2Mi Q7 i?2 /`QTH2ib Bb MQi `2;mH�`X >Qr2p2`- �i ?B;?
/`QTH2i /2MbBiB2b- Bi +�M #2 2tT2+i2/ iQ �TT`QtBK�i2 � /2Mb2 T�+FBM; Q7 bT?2`2bX AM Q`/2`
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6B;m`2 9X9, �, 6BMBi2 2H2K2Mi bBKmH�iBQM Q7 K�;M2iB+ }2H/ /Bbi`B#miBQM BM /`QTH2ibXԩ@+QKTQM2Mi Q7 i?2 `2/m+2/ K�;M2iB+ }2H/ ӽ`2/ BM �M BbQH�i2/ bT?2`B+�H /`QTH2i �M/ ",
BM � 7�+2@+2Mi`2/ +m#B+ �``�M;2K2Mi Q7 /`QTH2ibc *, 61J K2b? mb2/ iQ +�H+mH�i2 i?2
`2bmHi b?QrM BM "c ., ?BbiQ;`�Kb Q7 i?2 ԩ@+QKTQM2Mi Q7 i?2 `2/m+2/ K�;M2iB+ }2H/ BM

i?2 +QMiBMmQmb UQ`�M;2V �M/ BM i?2 /`QTH2i U#Hm2V T?�b2 BM i?2 6** �``�M;2K2MiX

iQ Q#i�BM � b2KB@[m�MiBi�iBp2 T`2/B+iBQM- i?2 /2K�;M2iBbBM; }2H/ BM 7�+2@+2Mi`2/ +m#B+
U6**V �M/ bBKTH2 +m#B+ Ua*V H�iiB+2b Q7 /B�K�;M2iB+ bT?2`2b r�b bBKmH�i2/c i?2 `2bmHib
�`2 b?QrM BM 6B;X 9X9X � bBM;H2 mMBi +2HH +QMi�BMBM; QM2 Ua*V Q` irQ U6**V BM/2T2M/2Mi
bT?2`2b r�b K2b?2/ mM/2` T2`BQ/B+ #QmM/�`v +QM/BiBQMb BM �HH /B`2+iBQMb U6B;X 9X9*VX
h?2 bQHmiBQM iQ 1[MX 9XN 7Q` �M BbQH�i2/ /B�K�;M2iB+ bT?2`2 ;Bp2b � ?QKQ;2M2Qmb /2@
K�;M2iBbBM; }2H/ QM i?2 BMbB/2 BX2X 1[MX 9XN 4 �- r?BH2 i?2 }2H/ QmibB/2 Q7 i?2 bT?2`2 Bb
i?�i Q7 � K�;M2iB+ TQBMi /BTQH2 HQ+�i2/ �i i?2 bT?2`2Ƕb +2Mi`2X h?Bb bBim�iBQM Bb �TT`Qt@
BK�i2/ BM � H�iiB+2 B7 i?2 H�iiB+2 +QMbi�Mi Bb Km+? H�`;2` i?�M i?2 bT?2`2 /B�K2i2`X h?2
+QKTmi2/ /2K�;M2iBbBM; }2H/ Q7 � bK�HH bT?2`2 BM �M a* H�iiB+2 Bb b?QrM BM 6B;X 9X9�X
h?2 +QMiQm` H2p2Hb /BbTH�v i?2 ԩ@+QKTQM2Mi Q7 i?2 HQ+�H /2K�;M2iBbBM; }2H/ MQ`K�HBb2/
#v i?2 #�+F;`QmM/ ӷЈ }2H/ �M/ i?2 bmb+2TiB#BHBiv /Bz2`2M+2 ငᆀ � ᆀbT?2`2 ਷ ᆀ+QMiBMmQmbX
h?2 }2H/ Bb ?QKQ;2M2Qmb BMbB/2 i?2 bT?2`2- �M/ � bT�iB�HHv p�`vBM; /2K�;M2iBbBM; }2H/
QMHv 2tBbib BM i?2 +QMiBMmQmb T?�b2X "v +QMi`�bi- BM � /2Mb2Hv T�+F2/ 7�+2@+2Mi2`2/ +m@
#B+ H�iiB+2 i?2 }2H/ Bb MQ HQM;2` ?QKQ;2M2Qmb BMbB/2 i?2 bT?2`2b U6B;X 9X9"VX h?2 6**
H�iiB+2 �TT`QtBK�i2b i?2 ;2QK2i`v Q7 � /2Mb2 KB+`Q2KmHbBQM Q7 ?QKQ;2MQmb r�i2`@BM@QBH
/`QTH2ibX 6B;X 9X9. b?Qrb i?2 ?BbiQ;`�Kb Q7 i?2 ԩ@+QKTQM2Mib Q7 i?2 /2K�;M2iBbBM; }2H/
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BM i?2 +QMiBMmQmb �M/ /`QTH2i T?�b2b Q7 i?2 6** H�iiB+2- `2bT2+iBp2HvX

h?2 LJ_ bT2+i`� 2tT2+i2/ 7`QK �M B/2�H 2KmHbBQM Q7 i?2 b�K2 ;2QK2i`v +�M
#2 T`2/B+i2/ 7`QK i?2b2 ?BbiQ;`�Kb UM2;H2+iBM; MQ #`Q�/2MBM; +QMi`B#miBQMb 7`QK i?2
b�KTH2 +QMi�BM2`VX h?2 K�;M2iB+ }2H/ `2H2p�Mi 7Q` Mm+H2�` G�`KQ` T`2+2bbBQM- Q7i2M
`272``2/ iQ �b i?2 Ǵ2ti2`M�HǴ }2H/ (R8N) "2ti 7`QK 1[MX 9XRR Bb ;Bp2M #v,

"2ti	`
 � ӷЈ	� � ᆀ֎� 
2֕ ਷ ᅷЈခԊտ	`

 U9XRkV

r?2`2 ӷЈ Bb i?2 K�;MBim/2 Q7 i?2 2ti2`M�H }2H/- ᆀ֎ Bb i?2 HQ+�H K�;M2iB+ bmb+2TiB@
#BHBiv- �M/ Ԋտ	`
 Bb i?2 b+�H�` K�;M2iB+ TQi2MiB�H Q7 i?2 /2K�;M2iBbBM; }2H/X h?2 pQHmK2
bmb+2TiB#BHBiv Q7 � bQHmiBQM +QMi�BMBM; � T�`�K�;M2iB+ bT2+B2b �i HQr +QM+2Mi`�iBQM Ԓ֋ Bbᆀ֎ ஈ ᆀЈ � Ԓ֋ ᅰձ
 U9XRjV

r?2`2 ᆀЈ Bb i?2 pQHmK2 bmb+2TiB#BHBiv Q7 i?2 Tm`2 bQHp2Mi- �M/ ᅰձ Bb i?2 KQH�` bmb+2TiB@
#BHBiv Q7 i?2 T�`�K�;M2iB+ bT2+B2bX ᅰձ /2T2M/b bHB;?iHv QM i?2 KQH2+mH�` 2MpB`QMK2MiX
6Q` 2t�KTH2- p�Hm2b Q7 ���� ੁ ��਷Θ H�JQH- ���� ੁ ��਷Θ H�JQH- �M/ ���� ੁ ��਷Θ H�JQH ?�p2
#22M K2�bm`2/ �i jyyE 7Q` 1mkPj- 1m6j- �M/ 1m"Pj- `2bT2+iBp2Hv(Rd3) hQ Qm` FMQrH@
2/;2- i?2 T`2+Bb2 KQH�` bmb+2TiB#BHBiv Q7 1m<.hS�>k਷ BM �[m2Qmb bQHmiBQM ?�b MQi #22M
K2�bm`2/ iQ /�i2- #mi Bi Bb HBF2Hv iQ #2 bBKBH�` iQ i?2 �#Qp2 p�Hm2bX

6B;X 9Xk BHHmbi`�i2b i?2 ?B;? T�+FBM; /2MbBiv Q7 i?2 /`QTH2ib mb2/ BM i?Bb rQ`FX �b
/B+mbb2/- QM2 T2`72+i- bT?2`B+�H /`QTH2i rQmH/ 2tT2`B2M+2 � ?QKQ;2MQmb }2H/ �M/ MQ BHH@
2z2+i BM i?2 LJ_ bT2+i`mKX >Qr2p2`- i?2 pQHmK2 Q7 �M BbQH�i2/ /`QTH2i BM i?2 +m``2Mi
+?BT ;2QK2i`v rQmH/ #2 ࣠��� Q7 i?2 pQHmK2 Q7 i?2 b�KTH2 +?�K#2` r?B+? rQmH/ `2/m+2
b2MbBiBpBiv Q7 i?2 2tT2`BK2MiX h?2 T`Q/m+iBQM Q7 bK�HH2`- /2Mb2Hv T�+FH2/ /`QTH2ib Bb
2�bB2` rBi? i?2 ;Bp2M +?BT ;2QK2i`v �M/ +?Qb2M �+iBp2 ;2M2`�iBQM K2i?Q/X h?Bb K2i?Q/
H2M/b Bib2H7 r2HH iQ b�KTHBM; �TTHB+�iBQMb i?�i KQMBiQ` +?�M;2b BM � bvbi2K Qp2` � ;Bp2M
�KQmMi Q7 iBK2 �b i?2 b�KTH2 +?�K#2` ;2ib `2TH2MBb?2/ rBi? 7`2b? /`QTH2ib /Bb+`22i
+?�M;2b +�M #2 Q#b2`p2/ mbBM; LJ_X

6B;X 9X8 b?Qrb φ> LJ_ bT2+i`� Q#i�BM2/ 7`QK 2KmHbBQMb BM i?2 +?BT b?QrM BM
6B;X 9Xk rBi? p�`vBM; 1m<.hS�>k਷ +QM+2Mi`�iBQMb BM i?2 �[m2Qmb T?�b2 �b BM/B+�i2/
BM i?2 };m`2X q?BH2 i?2 bT2+i`� �`2 2ti`2K2Hv #`Q�/ rBi?Qmi /QT�Mi- +QM+2Mi`�iBQMb
BM i?2 pB+BMBiv Q7 kj KJ H2�/ iQ Km+? b?�`T2` HBM2b 7Q` #Qi? r�i2` �M/ +v+HQ?2t�M2-
�M/ i?2 Tm`2 T?�b2 HBM2 rB/i?b �`2 `2+Qp2`2/ �i i?2 QTiBKmK +QM+2Mi`�iBQM Q7 Ԓ֋ ������ KJX lbBM; i?2 bmb+2TiB#BHBiB2b 7Q` >kP �M/ +v+HQ?2t�M2 ;Bp2M BM h�#H2 9XR- i?Bb
H2�/b iQ KQH�` bmb+2TiB#BHBiv 7Q` 1m<.hS�>k਷ Q7 ���� ੁ ��਷Θ H�JQH- r2HH rBi?BM i?2 `�M;2
Q7 KQH�` bmb+2TiB#BHBiB2b `2TQ`i2/ BM HBi2`�im`2 7Q` Qi?2` 1mj� +QKTQmM/bX lbBM; i?Bb
p�Hm2- i?2 ?BbiQ;`�Kb b?QrM BM 6B;X 9X9. +�M #2 +QMp2`i2/ BMiQ T`2/B+i2/ 2KmHbBQM
LJ_ bT2+i`� �b � 7mM+iBQM Q7 1m<.hS�>k਷ +QM+2Mi`�iBQM BM i?2 �[m2Qmb T?�b2- �b
b?QrM BM 6B;X 9XeX h?2 T`2/B+i2/ #2?�pBQm` Bb [m�HBi�iBp2Hv bBKBH�` iQ i?2 2tT2`BK2Mi�H
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H2O

44.555.5

C 6H12

0.511.52
1H chem. shift (ppm)

23 mM

23.75 mM

24.5 mM

25 mM

0 mM

23.75 mM
pure phase

pure
C6H12

6B;m`2 9X8, φ> LJ_ HBM2 b?�T2b Q7 r�i2` UH27iV �M/ +v+HQ?2t�M2 U`B;?iV Q7 � r�i2` BM
+v+HQ?2t�M2 2KmHbBQM �b � 7mM+iBQM Q7 1m<.hS�>k਷ +QM+2Mi`�iBQM BM i?2 �[m2Qmb T?�b2
MQ`K�HBb2/ iQ i?2 b?�`T2bi T2�FX h?2 bT2+i`� ;Bp2M BM #H�+F �`2 i?2 Tm`2 T?�b2 bT2+i`�

T`Q/m+2/ #v i?2 b�K2 +?BTX

Q#b2`p�iBQMc p2`v #`Q�/ HBM2b �`2 2tT2+i2/ �i x2`Q /QT�Mi +QM+2Mi`�iBQM- r?BH2 b?�`T HBM2b
�`2 `2+Qp2`2/ M2�` i?2 QTiBKmK +QM+2Mi`�iBQMX �HbQ- i?2 /`QTH2i T?�b2 T2�F Bb T`2/B+i2/
iQ #2 M�``Qr2` i?�M i?2 QM2 7`QK i?2 +QMiBMmQmb T?�b2c i?Bb Bb �H`2�/v 2pB/2Mi BM i?2
?BbiQ;`�Kb BM 6B;X 9X9X >Qr2p2`- i?2 T`2/B+i2/ bT2+i`� �`2 +QMbBbi2MiHv b?�`T2` i?�M
i?2 2tT2`BK2Mi�HHv Q#b2`p2/ QM2bX Ai Bb MQi 2MiB`2Hv +H2�` r?�i +�mb2b i?2 /Bb+`2T�M+v
#2ir22M i?2 2tT2`BK2Mi�H Q#b2`p�iBQM �M/ i?2 bBKmH�iBQMbX >Qr2p2`- Bi b?QmH/ #2 MQi2/
i?�i i?2 2tT2`BK2Mi�H ;2QK2i`v Q7 i?2 2KmHbBQM /Bz2`b bB;MB}+�MiHv 7`QK i?2 bBKmH�iBQMc
i?2 /`QTH2ib �`2 M2Bi?2` mMB7Q`K BM bBx2- MQ` �`2 i?2v �``�M;2/ BM � +`vbi�HHBM2 U6**V
H�iiB+2 #Qi? Q7 i?2b2 `2�bQMb �`2 i?Qm;?i iQ +QMi`B#mi2 iQ i?2 /2b+`2T�M+B2b #2ir22M i?2
bBKmH�i2/ �M/ Q#b2`p2/ bT2+i`�X

h?2 Q#b2`p2/ rB/i?b Q7 i?2 LJ_ bB;M�Hb 7`QK +v+HQ?2t�M2 �M/ r�i2` �`2 bmK@
K�`Bb2/ BM 6B;X 9XdX >2`2- i?2 HBM2 rB/i? Bb /2}M2/ �b i?2 `�iBQ Q7 i?2 T2�F BMi2;`�H iQ i?2
T2�F ?2B;?i- KmHiBTHB2/ #v ��ᅺX AM i?2 +�b2 Q7 GQ`2MixB�M HBM2 b?�T2b- i?Bb /2}MBiBQM Bb
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6B;m`2 9Xe, S`2/B+i2/ φ> LJ_ HBM2 b?�T2b Q7 r�i2` UH27iV �M/ +v+HQ?2t�M2 U`B;?iV
Q7 � r�i2` BM +v+HQ?2t�M2 2KmHbBQM �b � 7mM+iBQM Q7 1m<.hS�>k਷ +QM+2Mi`�iBQM BM i?2

�[m2Qmb T?�b2X

2[mBp�H2Mi iQ i?2 7mHH rB/i? �i ?�H7 ?2B;?i U6q>JVX >Qr2p2`- i?2 2tT2+i2/ HBM2 b?�T2b
7`QK i?2 /`QTH2i 2KmHbBQM �`2 p2`v /Bz2`2Mi 7`QK � GQ`2MixB�M U6B;X 9X9.V- bm+? i?�i
mbBM; i?2 6q>J rQmH/ #2 KBbH2�/BM;X

"Qi? HBM2 rB/i?b 2t?B#Bi � M�``Qr KBMBKmK �i kjXd8 KJ 1m<.hS�>k਷ BM i?2
�[m2Qmb T?�b2X h?2 r�i2` �M/ +v+HQ?2t�M2 KBMBKmK T2�F rB/i?b �`2 jXR >x �M/
jX8 >x- `2bT2+iBp2HvX 6Q` +QKT�`BbQM- i?2 #2bi `2bQHmiBQM i?�i ?�b #22M `2�+?2/ rBi? i?2
b�K2 LJ_ T`Q#2 Bb RXde >x 7Q` � ?QKQ;2M2Qmb bQHmiBQM Q7 R8y KJ bQ/BmK �+2i�i2 BM
>kPX(k)

6B;X 9X3 b?Qrb K�;M2iB+ }2H/ UӷЈV K�Tb Q7 i?2 b�KTH2 +?�K#2`b }HH2/ rBi? /`QTH2i
2KmHbBQMbX AM i?2b2 2tT2`BK2Mib- irQ b2T�`�i2 BK�;2b rBi? /Bz2`2Mi 2+?Q iBK2b �`2
�+[mB`2/X h?2 T?�b2 /Bz2`2M+2 BM 2�+? TBt2H Bb i?2`27Q`2 T`QTQ`iBQM�H iQ i?2 2+?Q iBK2
/Bz2`2M+2 �M/ iQ i?2 HQ+�H K�;M2iB+ }2H/X h?2 2+?Q iBK2 /Bz2`2M+2 Bb +QMbi�Mi i?2`27Q`2
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6B;m`2 9Xd, P#b2`p2/ HBM2 rB/i?b Q7 r�i2` U#Hm2 +B`+H2bV �M/ +v+HQ?2t�M2 UQ`�M;2
+B`+H2bV BM KB+`Q~mB/B+ /`QTH2i 2KmHbBQMb �b � 7mM+iBQM Q7 i?2 1m<.hS�>k਷ +QM+2Mi`�iBQM
BM i?2 �[m2Qmb T?�b2X AMb2i Bb i?2 THQi �`QmM/ i?2 KBMBKmK +QM+2Mi`�iBQMX h?2 rB/i?b

Q7 #Qi? HBM2b �`2 KBMBK�H �i i?2 K�i+?2/ +QM+2Mi`�iBQM Q7 kjXd8 KJX

i?2 +QHQm` /2MQi2b i?2 T?�b2 �+[mB`2/ #v 2�+? TBt2H �M/ +�M #2 mb2/ iQ BM7Q`K QM i?2
?QKQ;2M2Biv Q7 i?2 K�;M2iB+ }2H/ BM i?2 b�KTH2X

AM 6B;X 9X3�- i?2 /`QTH2ib /Q MQi +QMi�BM �Mv T�`�K�;M2iB+ /QT�MiX �b � `2bmHi- i?2
bmb+2TiB#BHBiB2b Q7 i?2 T?�b2b �`2 mMK�i+?2/- �M/ bi`QM; HQ+�H K�;M2iB+ }2H/ /Bz2`2M+2b
�`2 pBbB#H2 BM i?2 BK�;2bX "v +QMi`�bi- i?2 /`QTH2ib BM 6B;X 9X3" �`2 /QT2/ rBi? kjXd8 KJ
1m<.hS�>k਷X �b Bb +H2�`Hv pBbB#H2 BM i?2 BK�;2- i?2 HQ+�H /Bz2`2M+2b BM i?2 K�;M2iB+
}2H/b �`2 bi`QM;Hv �ii2Mm�i2/ BM i?Bb +�b2X

q?BH2 i?2 �#Qp2 `2bmHib ?�p2 /2KQMbi`�i2/ i?�i QTiBK�H HBM2 rB/i?b +�M #2 KBM@
BKBb2/ BM φ> LJ_ bT2+i`� Q7 KB+`Q~mB/B+ 2KmHbBQMb #v T�`�K�;M2iB+ /QTBM;- i?2 [m2b@
iBQM `2K�BMb B7 i?Bb Bb bm{+B2Mi iQ `2bQHp2 ?QKQMm+H2�` ӿ@+QmTHBM;b Q7 � 72r >xX h?Bb
Bb `2[mB`2/ BM Q`/2` iQ /Q K2�MBM;7mH LJ_ bT2+i`Qb+QTv- T�`iB+mH�`Hv BM i?2 +QMi2ti Q7
+QKTH2t K2i�#QHB+ KBtim`2bX h?2 iQT i`�+2 BM 6B;X 9XN b?Qrb � bT2+i`mK Q7 kyy KJ
;Hm+Qb2 �M/ kjXd8 KJ 1m<.hS�>k਷ BM r�i2`X h?2 r�i2` bB;M�H ?�b #22M bmTT`2bb2/ #v
T`2@b�im`�iBQMX AM i?Bb +�b2- i?2 `2bQHmiBQM Bb �#Qmi j >xc bm+? i?�i 2X;X- i?2 i`BTH2i �i
jXk TTK Ur?B+? +Q``2bTQM/b iQ i?2 T`QiQM BM i?2 k@TQbBiBQM QM i?2 ᅬ@;Hm+Qb2 �MQK2`V Bb
+H2�`Hv `2bQHp2/X

aT2+i`mK R BM 6B;X 9XN ?�b #22M Q#i�BM2/ 7`QK /`QTH2i 2KmHbBQMb- bi�`iBM; 7Q`K �M
�[m2Qmb biQ+F bQHmiBQM T`2T�`2/ iQ � MQKBM�H +QM+2Mi`�iBQM Q7 kjXd8 KJ BM 1m<.hS�>k਷
�M/ kyy KJ BM ;Hm+Qb2X AMBiB�HHv- i?2 `2bQHmiBQM BM i?Bb bT2+i`mK Bb [mBi2 TQQ`- BM bTBi2
Q7 i?2 �ii2KTi iQ /QT2 �i i?2 T`2pBQmbHv /2i2`KBM2/ QTiBKmK +QM+2Mi`�iBQMX 1biBK�i2b
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6B;m`2 9X3, ӷЈ 6B2H/ K�Tb Q#i�BM2/ #v K�;M2iB+ `2bQM�M+2 BK�;BM; Q7 2KmHbBQMb rBi?
U�V ငᆀ � ਷���� ੎ ��਷ϩ �M/ U"V ငᆀ ஈ �X

T`2/B+i2/ i?2 TBT2iiBM; �M/ r2B;?BM; 2``Q`b iQ �// mT iQ �M mM+2`i�BMiv BM i?2 +QM+2M@
i`�iBQM Q7 i?2 biQ+F bQHmiBQM Q7 ਻��X �bbmKBM; i?2 biQ+F bQHmiBQM r�b iQQ +QM+2Mi`�i2/-
`�i?2` i?�M iQQ /BHmi2- Bi r�b i?2M ;`�/m�HHv /BHmi2/ rBi? bK�HH �KQmMib Q7 .A r�i2` +Q`@
`2bTQM/BM; iQ � +?�M;2 BM +QM+2Mi`�iBQM Km+? H2bb i?�M i?2 2tT2`BK2Mi�H 2``Q` BM 2�+?
bi2TX �b +�M #2 b22M BM bT2+i`� k@d- i?2 `2bQHmiBQM ;`�/m�HHv BM+`2�b2b- �M/ K�i+?2b i?2
Tm`2 T?�b2 bT2+i`mK �i bT2+i`mK 8- #27Q`2 Bi /2i2`BQ`�i2b �;�BMX AM T`�+iB+2- ?B;? `2bQ@
HmiBQM bT2+i`� i?2`27Q`2 `2[mB`2 +�`27mH +�HB#`�iBQM Q7 i?2 /QT�Mi +QM+2Mi`�iBQMX Ai K�v
MQi #2 T`�+iB+�H iQ �+?B2p2 i?Bb BM QM2 bi2T #v T`2T�`BM; i?2 biQ+F bQHmiBQM- T�`iB+mH�`Hv
B7 bK�HH pQHmK2b �`2 mb2/ �b BM Qm` 2tT2`BK2MibX _�i?2`- � ;`�/m�H /BHmiBQM �b BM 6B;X 9XN
K�v #2 `2[mB`2/ iQ +�HB#`�i2 i?2 1m<.hS�>k਷ +QM+2Mi`�iBQM 7Q` �M �++m`�i2 K�i+? Q7
i?2 �[m2Qmb �M/ +�``B2` ~mB/ bmb+2TiB#BHBiB2bX >Qr2p2`- B7 bm+? � K�i+? Bb 2bi�#HBb?2/-
i?2 `2bmHiBM; `2bQHmiBQM Bb �b ;QQ/ �b i?�i Q7 i?2 Tm`2 �[m2Qmb bQHmiBQMX

9X8 *QM+HmbBQM

amb+2TiB#BHBiv /Bz2`2M+2b #2ir22M i?2 +?BT- i?2 �[m2Qmb T?�b2- �M/ i?2 QBH T?�b2 BM �
KB+`Q~mB/B+ /`QTH2i bvbi2K +�M #2 bm++2bb7mHHv KBiB;�i2/ #v � +QK#BM�iBQM Q7 bi`m+im`�H
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δ1H [ppm]

5.5 5.0 4.5 4.0 3.5 3.0 2.5

7

6

5
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3

2

1

Pure Phase

6B;m`2 9XN, aT2+i`� Q7 kyy KJ :Hm+Qb2 BM >kP Q#i�BM2/ 7`QK KB+`Q~mB/B+ /`QTH2i
2KmHbBQMb BM +v+HQ?2t�M2X R, �[m2Qmb T?�b2 +QMi�BMb ԒЈ � ����� ਻ ���� KJ
1m<.hS�>k਷X aT2+i`� k@d ?�p2 #22M Q#i�BM2/ #v ;`�/m�H /BHmiBQM Q7 i?2 �[m2Qmb
T?�b2 rBi? bK�HH �KQmMib Q7 .A r�i2`X k, HM Ԓ�Ԓ� � ਷����c j, HM Ԓ�Ԓ� � ਷�����c � ੃
HM Ԓ�Ԓ� � ਷������c � ੃ HM Ԓ�Ԓ� � ਷����c � ੃ HM Ԓ�Ԓ� � ਷������c � ੃ HM Ԓ�Ԓ� � ਷�����X
� bT2+i`mK Q7 Tm`2 T?�b2 kyyKJ ;Hm+Qb2 rBi? QTiBKBb2/ 1m /QTBM; BM i?2 b�K2 +?BT
Bb BM+Hm/2/ 7Q` +QKT�`BbQM U#H�+FVX h?2 MQMmMB7Q`K T2�F �i 9X3 TTK Bb /m2 iQ +�``B2`

7`2[m2M+v /`B7i /m`BM; r�i2` bmTT`2bbBQM
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b?BKKBM; �M/ /QTBM; Q7 i?2 H2bb /B�K�;M2iB+ Q7 i?2 HB[mB/ T?�b2b rBi? � 2m`QTBmK
+QKTQmM/X h?2 mHiBK�i2 `2bQHmiBQM �+?B2p2/ Bb QMHv bHB;?iHv BM72`BQ` iQ r?�i ?�b #22M
/2KQMbi`�i2/ BM ?QKQ;2M2Qmb bQHmiBQMb QM � KB+`Q~mB/B+ +?BT �M/ Bb bmBi�#H2 7Q` ?B;?
`2bQHmiBQM LJ_ bT2+i`Qb+QTvX
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S�`�?v/`Q;2M BM/m+2/
TQH�`Bx�iBQM QM � +?BT

h?Bb +?�Ti2` Bb �M 2ti2M/2/ p2`bBQM Q7 C 1BHHbR- q >�H2R- J a?�`K�- J _Qbb2iiQ- J
> G2pBii �M/ J lix- >B;?@_2bQHmiBQM Lm+H2�` J�;M2iB+ _2bQM�M+2 aT2+i`Qb+QTv qBi?
SB+QKQH2 a2MbBiBpBiv #v >vT2`TQH�`Bb�iBQM PM � *?BT- CQm`M�H Q7 i?2 �K2`B+�M *?2KB+�H
aQ+B2iv- kyRN (RdN)

8XR avMQTbBb

AM i?Bb +?�Ti2` � /2pB+2 i?�i +QK#BM2b ?B;?@`2bQHmiBQM LJ_ �M/ T�`�?v/`Q;2M BM/m+2/
?vT2`TQH�`Bx�iBQM US>ASV rBi? � ?B;?@b2MbBiBpBiv i`�MbKBbbBQM HBM2 KB+`Q@/2i2+iQ` Bb /Bb@
+mbb2/X h?2 T�`�@2M`B+?2/ ?v/`Q;2M ;�b Bb BMi`Q/m+2/ BMiQ bQHmiBQM #v /BzmbBQM i?`Qm;?
� K2K#`�M2 BMi2;`�i2/ BMiQ � KB+`Q~mB/B+ +?BTX LJ_ KB+`Q/2i2+iQ`b- QT2`�iBM; rBi?
b�KTH2 pQHmK2b Q7 � 72r ᅷH Q` H2bb- #2M2}i 7`QK � 7�pQm`�#H2 b+�HBM; Q7 K�bb b2MbBiBpBiv
/Bb+mbb2/ BM kXjX >Qr2p2`- i?2 bK�HH pQHmK2b K�F2 Bi p2`v /B{+mHi iQ /2i2+i bT2+B2b
T`2b2Mi �i H2bb i?�M KBHHBKQH�` +QM+2Mi`�iBQMb BM KB+`Q~mB/B+ LJ_ bvbi2KbX

AM pB2r Q7 Qp2`+QKBM; i?Bb HBKBi�iBQM- T�`�?v/`Q;2M@BM/m+2/ TQH�`Bx�iBQM US>ASV
Bb BKTH2K2Mi2/ QM � KB+`Q~mB/B+ /2pB+2 rBi? kX8 ᅷH /2i2+iBQM pQHmK2X AMi2;`�iBM; i?2
?v/`Q;2M�iBQM `2�+iBQM BMiQ i?2 +?BT KBMBKBb2b TQH�`Bx�iBQM HQbb2b iQ bTBM@H�iiB+2 `2H�t@
�iBQM- �HHQrBM; i?2 /2i2+iBQM Q7 TB+QKQH2b Q7 bm#bi�M+2X h?Bb +Q``2bTQM/b iQ � +QM+2M@
i`�iBQM HBKBi Q7 /2i2+iBQM Q7 #2ii2` i?�M RᅷJఅb- mMT`2+2/2Mi2/ �i i?Bb b�KTH2 pQHmK2X
h?2 bi�#BHBiv �M/ b2MbBiBpBiv Q7 i?2 bvbi2K +�M #2 mb2/ iQ 2ti`�+i [m�MiBi�iBp2 BM7Q`@
K�iBQM QM i?2 ?v/`Q;2M�iBQM FBM2iB+b �M/ i?2B` BMi2`TH�v rBi? Mm+H2�` `2H�t�iBQMX Ai Bb
7m`i?2` 2t2KTHB}2/ #v ?QKQ@ UR>@R>V �M/ ?2i2`QMm+H2�` UR>@Rj*V k. LJ_ 2tT2`BK2Mib
�i M�im`�H Rj* �#mM/�M+2X

Rh?2b2 �mi?Q`b +QMi`B#mi2/ 2[m�HHv iQ i?2 rQ`FX

3R
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8Xk AMi`Q/m+iBQM

>B;?@`2bQHmiBQM LJ_ bT2+i`Qb+QTv Bb � bmT2`#Hv p2`b�iBH2 K2i?Q/ r?B+? T`QpB/2b /2@
i�BH2/- �M/ [m�MiBi�iBp2- BM7Q`K�iBQM QM +?2KB+�H +QKTQbBiBQM �M/ bi`m+im`2X Ai Bb rB/2Hv
mb2/ iQ 7QHHQr i?2 T`Q;`2bb Q7 +?2KB+�H `2�+iBQMb (R3y- R3R)- �b r2HH �b K2i�#QHB+ T`Q+2bb2b
BM HBpBM; bvbi2Kb (R3kĜR38)X >Qr2p2`- LJ_ bmz2`b 7`QK BM?2`2MiHv HQr b2MbBiBpBiv r?B+?
Bb /m2- BM T�`i- iQ i?2 p2`v r2�F TQH�`Bx�iBQM Q7 Mm+H2�` bTBMb �HQM; i?2 K�;M2iB+ }2H/
7Q` b�KTH2b BM i?2`K�H 2[mBHB#`BmK �i �K#B2Mi +QM/BiBQMbX *QMp2MiBQM�H ?B;?@`2bQHmiBQM
LJ_ i?2`27Q`2 `2[mB`2b M�MQKQH2 [m�MiBiB2b Q7 b�KTH2X J�Mv BKTQ`i�Mi T`Q#H2Kb `2@
[mB`2 /2i2+iBQM Q7 �M�Hvi2b �i HQr KB+`QKQH�` +QM+2Mi`�iBQMb- bm+? �b i`�MbB2Mi `2�+iBQM
BMi2`K2/B�i2b- Q` K2i�#QHB+ bT2+B2bX .2bTBi2 i?2 +QKT�`�iBp2Hv ?B;?2` K�bb b2MbBiBpBiv
Q7 LJ_ 7Q` bK�HH b�KTH2 pQHmK2b (R3e- R3d)- +QMp2MiBQM�H KB+`Q@LJ_ bvbi2Kb �`QmM/
R ᅷG �+?B2p2 K�bb HBKBib Q7 /2i2+iBQM Q7 MQ #2ii2` i?�M (k) R MKQHఅb- +Q``2bTQM/BM; iQ �
+QM+2Mi`�iBQM HBKBi Q7 /2i2+iBQM Q7 R KJ అbX �M BM+`2�b2 Q7 b2p2`�H Q`/2`b Q7 K�;MBim/2
BM b2MbBiBpBiv Bb i?2`27Q`2 `2[mB`2/ iQ 2M�#H2 LJ_ bim/B2b Q7 K�bb@HBKBi2/ b�KTH2b �i
KB+`QKQH�` +QM+2Mi`�iBQMbX

JB+`Q~mB/B+ H�#@QM@�@+?BT /2pB+2b �`2 }M/BM; BM+`2�bBM; �TTHB+�iBQMb BM +?2KBbi`v
�M/ i?2 HB72 b+B2M+2bX h?2v T`QpB/2 /2i�BH2/ +QMi`QH Qp2` i?2 2tT2`BK2Mi�H +QM/BiBQMb
�i � Km+? bK�HH2` H2M;i? b+�H2 i?�M +QMp2MiBQM�H `2�+iQ`b- �M/ �HHQr BMi2;`�iBQM Q7
bvMi?2bBb- b2T�`�iBQM- �M/ �M�HviB+�H bi2Tb QM � bBM;H2 TH�i7Q`K (R33ĜRN8)X h?2 bK�HH
bBx2 �HbQ �zQ`/b i?2 TQbbB#BHBiv Q7 ?B;? 2tT2`BK2Mi�H i?`Qm;?TmiX AM i?2 HB72 b+B2M+2b-
KB+`Q~mB/B+ /2pB+2b �`2 BM+`2�bBM;Hv mb2/ �b bQT?BbiB+�i2/ +mHim`2 TH�i7Q`Kb 7Q` +2HHb-
+2HH �bb2K#HB2b- iBbbm2b- �M/ bK�HH Q`;�MBbKb (RNeĜkyy)X h?2 BMi2;`�iBQM Q7 LJ_ rBi?
KB+`Q~mB/B+b (k- Ny- kyR- kyk) Bb T`QKBbBM;- �b Bi 2M�#H2b BM@bBim- MQM@BMp�bBp2 KQMBiQ`BM;
Q7 +?2KB+�H �M/ K2i�#QHB+ T`Q+2bb2b BM H�#@QM@�@+?BT bvbi2KbX

h?2 mb27mHM2bb Q7 KB+`Q~mB/B+ LJ_ +QmH/ #2 bB;MB}+�MiHv 2M?�M+2/ B7 i?2 7QHHQrBM;
+QM/BiBQMb +QmH/ #2 K2i, UBV b�KTH2 pQHmK2b �`QmM/ R ᅷH Q` H2bbc UBBV � +QM+2Mi`�iBQM
HBKBi Q7 /2i2+iBQM M2�` R ᅷJఅԢc �M/ UBBBV bT2+i`�H `2bQHmiBQM Q7 #2ii2` i?�M yXyR TTK iQ
�HHQr /BbiBM+iBQM �M/ B/2MiB}+�iBQM Q7 +?2KB+�H bT2+B2bX

�Hi?Qm;? 2t[mBbBi2Hv b2MbBiBp2 LJ_ /2i2+iBQM b+?2K2b 2tBbi- �TT`Q�+?BM; 2p2M
bBM;H2@bTBM /2i2+iBQM BM 7�pQm`�#H2 +�b2b (kyjĜkRj)- i?2v H�+F bT2+i`�H `2bQHmiBQMX q?BH2
� `2+2Mi bim/v ?�b /2KQMbi`�i2/ `2bQHmiBQM Q7 ӿ +QmTHBM;b mbBM; � MBi`Q;2M@p�+�M+v ULoV
+2Mi`2 K�;M2iQK2i2` (kR9)X LQM2 Q7 i?2b2 �Hi2`M�iBp2 /2i2+iBQM b+?2K2b �`2 +QKT�iB@
#H2 rBi? ?B;? Ub2p2`�H h2bH�V K�;M2iB+ }2H/b- r?B+? �`2 2bb2MiB�H iQ T`Q/m+2 bT2+i`�H
/BbT2`bBQM #v +?2KB+�H b?B7ibX aQ 7�`- MQ K2i?Q/ ?�b #22M /2KQMbi`�i2/ rBi? i?2 +QK#B@
M�iBQM Q7 ?B;? bT2+i`�H `2bQHmiBQM- ?B;? +?2KB+�H /BbT2`bBQM- �M/ ?B;? b2MbBiBpBiv 7Q` bK�HH
pQHmK2b `2[mB`2/ 7Q` �/p�M+2/ KB+`Q~mB/B+ LJ_ K2�bm`2K2Mib bB;MB}+�MiHv #2HQr i?2
R KJ +QM+2Mi`�iBQM b+�H2X
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>vT2`TQH�`Bx�iBQM K2i?Q/b ;2M2`�i2 bm#bi�M+2b r?B+? 2t?B#Bi � i`�MbB2MiHv ?B;?
H2p2H Q7 Mm+H2�` bTBM TQH�`Bx�iBQM- rBi? �M BM+`2�b2 BM i?2 LJ_ bB;M�H bi`2M;i? Q7 KQ`2
i?�M 9 Q`/2`b Q7 K�;MBim/2 (kR8)- �M/ +�M #2 +QK#BM2/ rBi? KB+`Q@LJ_ /2i2+iQ`b
�M/ KB+`Q~mB/B+ bvbi2Kb (kReĜkkj)X PM2 bm+? K2i?Q/ BMpQHp2b i?2 +?2KB+�H `2�+iBQM
Q7 i?2 bBM;H2i bTBM BbQK2` Q7 KQH2+mH�` ?v/`Q;2M- �M/ Bb +�HH2/ T�`�?v/`Q;2M@BM/m+2/
?vT2`TQH�`Bx�iBQM US>ASV (kk9Ĝkkd)X

q?BH2 KQbi bim/B2b ?�p2 bQ 7�` #`Qm;?i i?2 `2�+iBQM HB[mB/ BM /B`2+i +QMi�+i rBi?
?v/`Q;2M ;�b 2Bi?2` i?`Qm;? #m##HBM; Q` #v �iQKBb�iBQM Q7 i?2 HB[mB/ BM � ?v/`Q;2M@
}HH2/ +?�K#2` (kk3Ĝkj9)- HB[mB/@;�b BMi2`7�+2b �M/ BM T�`iB+mH�` #m##H2b TQb2 /B{+mHiB2b
BM i?2 +QMi2ti Q7 KB+`Q~mB/B+ /2pB+2b- bBM+2 i?2v i2M/ iQ �Hi2` i?2 ~Qr T`QT2`iB2b- �M/
+�M #HQ+F ~mB/ i`�MbTQ`i �HiQ;2i?2`X *QMiBMmQmb /2HBp2`v Q7 T�`�?v/`Q;2M #v /BzmbBQM
i?`Qm;? ;�b@T2`K2�#H2 K2K#`�M2b ?�b #22M /2KQMbi`�i2/ �i +QMp2MiBQM�H bBx2 b+�H2b
(kj8- kje)X Ai ?�b #22M b?QrM i?�i bBHB+QM2 2H�biQK2` K2K#`�M2b +�M #2 mb2/ iQ /2HBp2`
T�`�?v/`Q;2M /B`2+iHv iQ � ~QrBM; HB[mB/ BM � KB+`Q~mB/B+ /2pB+2 (kkk)X "Q`/QM�HB 2i �H
(kkj) ?�p2 `2+2MiHv +QK#BM2/ � KB+`Q~mB/B+ LJ_ T`Q#2 bvbi2K rBi? � ;�b 2t+?�M;2 +?BT
#�b2/ QM � bBHB+QM2 2H�biQK2` K2K#`�M2 iQ BKTH2K2Mi i?2 a�"_1 UbB;M�H 2M?�M+2K2Mi
#v `2p2`bB#H2 2t+?�M;2V p�`B�Mi Q7 T�`�?v/`Q;2M@BM/m+2/ TQH�`Bx�iBQM- #mi �+?B2p2/ QMHv
bK�HH bB;M�H 2M?�M+2K2Mi 7�+iQ`b Uj iQ 9VX

AM /BbiBM+iBQM 7`QK T`2pBQmb rQ`F (kk3Ĝkj9- kje)- i?Bb rQ`F BMi2;`�i2b i?2 ?v/`Q@
;2M�iBQM `2�+iQ` BMiQ i?2 +?BT Bib2H7- r?B+? ;`2�iHv `2/m+2b i?2 TQH�`Bx�iBQM HQbb2b /m2
iQ bTBM@H�iiB+2 `2H�t�iBQMX �b b?QrM #2HQr- � bB;M�H 2M?�M+2K2Mi 7�+iQ` Qp2` i?2`K�H
TQH�`Bx�iBQM Q7 �#Qmi R3yy Bb �+?B2p2/- �HHQrBM; /2i2+iBQM Q7 � TB+QKQH2 [m�MiBiv Q7 �M@
�Hvi2 BM � b�KTH2 pQHmK2 Q7 kX8 ᅷH- r?BH2 K�BMi�BMBM; i?2 7mHH `2bQHmiBQM Q7 +QMp2MiBQM�H
R> LJ_ bT2+i`Qb+QTvX

h?Bb Bb �++QKTHBb?2/ #v H2iiBM; i?2 T�`�?v/`Q;2M ;�b /Bzmb2 i?`Qm;? � bBHB+QM2
2H�biQK2` K2K#`�M2 (kje) iQ +QK2 BMiQ +QMi�+i rBi? � bQHmiBQM ~QrBM; i?`Qm;? i?2 +?BT
�i � +QMbi�Mi `�i2X h?2 bQHmiBQM +QMi�BMb � T`2+m`bQ`- r?B+? Bb ?v/`Q;2M�i2/ i?`Qm;? �
?QKQ;2M2Qmb +�i�Hvbi �HbQ T`2b2Mi BM i?2 bQHmiBQMX hrQ ?v/`Q;2MBiBp2 S>AS 2tT2`BK2Mib
�`2 T2`7Q`K2/ BM i?Bb r�vX AM i?2 �Gh�.1L� 2tT2`BK2Mi- i?2 bQHmiBQM Bb ?v/`Q;2M�i2/
ǶQM@+?BTǶ �i HQr K�;M2iB+ }2H/ �M/ i`�Mb72``2/ iQ � ?B;? }2H/ K�;M2i 7Q` /2i2+iBQMX
�Gh�.1L� Bb mb2/ �b � T`QQ7 Q7 T`BM+BTH2 i?�i i?2 /2pB+2 Bb +�T�#H2 Q7 ?v/`Q;2M�iBQM
ǶQM@+?BTǶX AM i?2 S�a�.1L� `2�+iBQMb- i?2 KB+`Q~mB/B+ /2pB+2 Bb ?2H/ BM i?2 #Q`2 Q7
� +QMp2MiBQM�H LJ_ K�;M2i mbBM; � Tm`TQb2@#mBHi i`�MbKBbbBQM HBM2 LJ_ T`Q#2X h?Bb
vB2H/b � +QMiBMmQmb QM@+?BT bi`2�K Q7 ?vT2`TQH�`Bx2/ K�i2`B�HX �b b?QrM BM i?2 7QHHQrBM;-
BM �//BiBQM iQ p2`v ?B;? /2i2+iBQM b2MbBiBpBiB2b- i?Bb �HbQ `2bmHib BM � +QMiBMmQmb �M/
?B;?Hv bi�#H2 QT2`�iBQM Q7 i?2 bvbi2K- K�FBM; Bi TQbbB#H2 iQ T2`7Q`K ?vT2`TQH�`Bx2/ irQ@
/BK2MbBQM�H LJ_ 2tT2`BK2Mib (kj8- kjdĜkjN)X "v `2TH�+BM; i?2 ?vT2`TQH�`Bx2/ ;�b 722/
rBi? ?v/`Q;2M ;�b �i i?2`K�H 2[mBHB#`BmK- Bi Bb TQbbB#H2 iQ ;�BM FBM2iB+ BM7Q`K�iBQM QM i?2
?v/`Q;2M�iBQM T`Q+2bb- �b r2HH �b iQ +�HB#`�i2 i?2 BMi2MbBiv Q7 i?2 ?vT2`TQH�`Bx2/ LJ_
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bB;M�HbX h?Bb �HHQrb �++m`�i2 �bb2bbK2Mi Q7 i?2 �+?B2p2/ TQH�`Bx�iBQM H2p2Hb- bQK2i?BM;
i?�i ?�b #22M MQiQ`BQmbHv /B{+mHi BM i?2 +QMi2ti Q7 T�`�?v/`Q;2M@BM/m+2/ TQH�`Bx�iBQMX

8Xj >vT2`TQH�`Bx�iBQM

8XjXR a2MbBiBpBiv

�b /2b+`B#2/ BM kXkX8XR- LJ_ ?�b HQr TQH�`Bx�iBQM H2p2Hb i?�i �`2 ;Qp2`M2/ #v i?2 "QHix@
K�MM /Bbi`B#miBQM ;Bp2M BM 1[MX kXdkX 6Q` 2t�KTH2- 7Q` � bTBM@Rfk T�`iB+H2 BM � bi�iB+
}2H/ Q7 R9XR h2bH� i?2`2 Bb QMHv � 7�+iQ` Q7 �੎��਷ϩ /Bz2`2M+2 BM i?2 TQTmH�iBQMb Q7 i?2 ]ᅫਔ
�M/ ]ᅬਔ bi�i2X *QKT�`2/ iQ Qi?2` /2i2+iBQM i2+?MB[m2b- LJ_ bmz2`b 7`QK TQQ` HBKBib Q7
/2i2+iBQM UGP.bV BM +QKT�`BbQM iQ Qi?2` /2i2+iBQM K2i?Q/bX _�K�M aT2+i`Qb+QTv- ?�b
GP.b Q7 ��਷φϵ ਷ ��਷φΘ J- G�b2` BM/m+2/ ~mQ`2b+2M+2 UGA6V ?�b /2i2+i2/ +QM+2Mi`�iBQMb
�i ��਷φϯ J �M/ K�bb bT2+i`QK2i`v ?�b �+?B2p2/ ��਷φν JX h?2b2 �Hi2`M�iBp2 i2+?MB[m2b
�`2 b2p2`�H Q`/2`b Q7 K�;MBim/2 ?B;?2` i?�M i?�i Q7 LJ_X q?BH2 b2MbBiBpBiv Bb MQi �
bi`QM; TQBMi- LJ_ Bb [m�MiBi�iBp2- MQM@BMp�bBp2- �M/ MQM@/2bi`m+iBp2 K�FBM; Bi �M B/2�H
iQQH 7Q` K�bb HBKBi2/ �M/- BM T�`iB+mH�`- HBpBM; b�KTH2bX

8XjXk >vT2`TQH�`Bx�iBQM

6`QK 1[MX kXdk BM kXkX8XR- Bi Bb 7QmM/ i?�i- i?2 TQH�`Bx�iBQM H2p2H Q7 Mm+H2�` bTBMb �i `QQK
i2KT2`�im`2 Bb HQrX AM 7�+i- 7Q` T`QiQMb- Bi Bb QMHv � ੎ ��਷ϩ T2` h2bH� (k9y)X h?2 bB;M�H
/2`Bp2/ 7`QK �M LJ_ 2tT2`BK2Mi Bb T`QTQ`iBQM�H iQ i?Bb TQH�`Bx�iBQM �M/ K2�Mb i?�i
i?2 b2MbBiBpBiv �M/ GP. Bb HBKBi2/X h?2 ?B;?2bi }2H/ �p�BH�#H2 +QKK2`+B�HHv Bb k3 h2bH�
r?B+? +Q``2bTQM/b iQ TQH�`Bx�iBQM H2p2Hb BM T`QiQMb Q7 ��਷Κ �M/ r?BHbi i?2`2 �`2 +H2�`
�/p�Mi�;2b iQ rQ`FBM; BM ?B;?2` }2H/b i?2 bBx2 �M/ KQ`2 BKTQ`i�MiHv @ +Qbi- K�F2 i?2K
mMbmBi�#H2 7Q` K�Mv �TTHB+�iBQMbX *H2�`Hv Dmbi BM+`2�bBM; i?2 }2H/ Bb MQi � pB�#H2 QTiBQM
B7 +HQb2 iQ mMBiv TQH�`Bx�iBQM Bb iQ #2 �+?B2p2/X

h?2`2 �`2 i2+?MB[m2b 7Q` BM+`2�bBM; i?2 bTBM TQH�`Bx�iBQM H2p2Hb BM b�KTH2b iQ
#2vQM/ i?2 i?2`K�H 2[mBHB#`BmKX h?2 ;2M2`�H i2`K mb2/ iQ /2b+`B#2 i?2b2 Bb ?vT2`@
TQH�`Bx�iBQMX >vT2`TQH�`Bx�iBQM ?�b �TTHB+�iBQMb BM � /Bp2`b2 `�M;2 Q7 }2H/b bm+? �b
J_A (k9RĜk99)- /`m; /Bb+Qp2`v (k98- k9e)- `2�+iBQM KQMBiQ`BM; (k9dĜk9N)- K2i�#QHQKB+b
(k8y- k8R)- +�i�HvbBb(k8k- k8j) �M/ K�i2`B�H +?2KBbi`v (k89Ĝk8e)X

>Qr2p2`- i?2b2 ?vT2`TQH�`Bx2/ bi�i2b �`2 biBHH bm#D2+i iQ `2H�t�iBQM �b /Bb+mbb2/
BM kXkXRy �M/ `2im`M iQ i?2`K�H 2[mBHB#`BmK rBi? iBK2 +QMbi�Mi ԉφX h?Bb K2�Mb i?2
?vT2`TQH�`Bx2/ bTBM Q`/2` H�bib b2+QM/b iQ KBMmi2b r?B+? HBKBib i?2B` �TTHB+�iBQMbX
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8XjXj h2+?MB[m2b

8XjXjXR "`mi2 6Q`+2

h?2 KQbi bBKTH2 i2+?MB[m2 7Q` ?vT2`TQH�`Bx�iBQM Bb Ǵ#`mi2 7Q`+2ǴX Ai Bb T2`7Q`K2/ #v
bBKTHv +QQHBM; i?2 b�KTH2 iQ � 72r /2;`22b F2HpBM BM � ?B;? K�;M2iB+ }2H/ (k8d- k83)-
mM/2` i?2b2 +B`+mKbi�M+2b- i?2 TQH�`Bx�iBQM Q7 φ> Mm+H2B Bb ��X AM �M 2tT2`BK2Mi- i?2
b�KTH2 Bb }`bi +QQH2/ iQ kȳXj E- �7i2` r?B+?- i?2`2 Bb � r�BiBM; T2`BQ/ iQ �HHQr 7Q` i?2
#mBH/ mT Q7 TQH�`Bx�iBQM Q7 i?2 φ> Mm+H2BX h?Bb T2`BQ/ Bb `2[mB`2/ /m2 iQ HQM; ԉφ iBK2b
�i +`vQ;2MB+ i2KT2`�im`2b �M/ +�M #2 mT iQ dy ?Qm`b (k8d)X �7i2` i?2 TQH�`Bx�iBQM
#mBH/ mT- i?2 bQHB/ b�KTH2 Bb T�bb2/ i?`Qm;? � HQr }2H/ iQ 7�+BHBi�i2 i?2`K�H KBtBM; �M/
TQH�`Bx�BiQM Q7 φϯ* Mm+H2BX 6BM�HHv- i?2 bQHB/ b�KTH2 Bb `�TB/Hv /BbbQHp2/ BM r�`K bQHp2Mi
�M/ /2i2+i2/X

h?2`2 �`2 /`�r#�+Fb ?Qr2p2`- }`biHv- i?2 HQM; ԉφ iBK2b �i +`vQ;2MB+ i2KT2`�@
im`2b K2�M HQM; r�Bi iBK2b �`2 `2[mB`2/ BM Q`/2` iQ bm{+B2MiHv #mBH/ mT TQH�`Bx�iBQM
BM i?2 b�KTH2 �M/ T`Q?B#Bi ?B;?@i?`Qm;?Tmi T`Q/m+iBQMX a2+QM/Hv- �M/ T2`?�Tb KQ`2
BKTQ`i�MiHv- i?2 HBKBi Q7 TQH�`Bx�iBQM rBi? i?Bb i2+?MB[m2 Bb �`QmM/ ��਷ϵ �i �+?B2p�#H2
K�;M2iB+ }2H/b �M/ i2KT2`�im`2bX

8XjXjXk .vM�KB+ Lm+H2�` TQH�`Bx�iBQM

.vM�KB+ Mm+H2�` TQH�`Bx�iBQM U.LSV K2i?Q/b mb2 i?2 i?2`K�H 2[mBHB#`BmK 2H2+i`QM bTBM
TQH�`Bx�iBQM iQ TQH�`Bx2 i?2 Mm+H2B mM/2` BMp2biB;�iBQMX *HQb2 iQ mMBiv TQH�`Bx�iBQM Q7 i?2
2H2+i`QMb Bb �+?B2p2/ #v +QQHBM; iQ +`vQ;2MB+ i2KT2`�im`2b UIkEV BM � ?B;? K�;M2iB+ }2H/
U=d hVX h?2 2H2+i`QM TQH�`Bx�iBQM Bb i`�Mb72``2/ iQ M2�`#v Mm+H2�` bTBMb #v b�im`�iBM; QM2
Q7 i?2 i`�MbBbiBQMb Q7 i?2 2H2+i`QM@Mm+H2�` +QmTH2/ bTBM bvbi2K rBi? KB+`Qr�p2 7`2[m2M+v
`�/B�iBQMX

h?2 bQm`+2 Q7 i?2 2H2+i`QMb �`2 Ƕ7`22 `�/B+�HbǶ @ KQH2+mH2b i?�i ?�p2 �M mMT�B`2/
2H2+i`QM bTBM- i?�i �`2 bT`2�/ ?QKQ;2M2QmbHv i?`Qm;?Qmi i?2 b�KTH2X �7i2` +QQHBM;- i?2
b�KTH2 Bb ?2H/ BM � +`vQbi�i r?B+? Bb �i RXk @ RX8EX h?2 2H2+i`QMb ?�p2 � Km+? b?Q`i2`ԉφ BM +QMi`�bi iQ Mm+H2�` bTBMb bQ �7i2` B``�/B�iBQM rBi? KB+`Qr�p2 `�/B�iBQM iQ BM/m+2
TQH�`Bx�iBQM i`�Mb72` #2ir22M 2H2+i`QMb �M/ Mm+H2B- i?2 2H2+i`QMb `2TQH�`Bx2 [mB+FHv +QK@
T�`2/ iQ i?2 Mm+H2B r?Q `2i�BM MQM@2[mBHB#`BmK TQH�`Bx�iBQMX h?Bb TQH�`Bx�iBQM /Bzmb2b
i?`Qm;?Qmi i?2 b�KTH2X �7i2` bQK2 iBK2- i2Mb Q7 KBMmi2b Bb MQi mM+QKKQM- i?2 Mm+H2�`
bTBMb �`2 TQH�`Bb2/ iQ �`QmM/ yXR Q` RyWX h?2 b�KTH2 Bb i?2M /2i2+i2/- 2Bi?2` �b i?2
bQHB/- Q` � HB[mB/- /2T2M/BM; QM r?B+? ivT2 Q7 .LS Bb #2BM; T2`7Q`K2/X

a2p2`�H /Bz2`2Mi ivT2b Q7 .LS ?�p2 #22M `2TQ`i2/X h?2b2 �`2 bQHmiBQM bi�i2 .LS
(k8N)- bQHB/ bi�i2 K�;B+ �M;H2 bTBMMBM; UJ�aV .LS (key)- �M/ bi�iB+ bQHB/ bi�i2 .LS
rBi? /BbbQHmiBQM �M/ Q#b2`p�iBQM (keR)X h?2 H�ii2` Bb KQbi +QKKQMHv `272``2/ iQ �b
/BbbQHmiBQM@.LS �M/ r`Bii2M �b /@.LSX
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JB+`Q~mB/B+ .LS ?�b #22M `2TQ`i2/ BM i?2 7Q`K Q7 `�TB/@K2Hi .LS (kek)X AM i?Bb
rQ`F- a?�`K� 2i �H mb2 K2+?�MB+�H �+im�iBQM iQ b?miiH2 i?2 b�KTH2 7`QK � Ƕ.LSǶ �`2�
i?`Qm;? � K2HiBM; �`2� iQ �M LJ_ /2i2+iBQM �`2�X AM /QBM; bQ- i?2 .LS �M/ Q#b2`p�iBQM
+v+H2b �`2 `2T2�i�#H2 �HHQrBM; 7Q` KmHiBTH2 TQH�`Bb�iBQMb Q7 i?2 b�K2 b�KTH2X lbBM; i?Bb-
i?2v Q#b2`p2/ bB;M�H 2M?�M+2K2Mib Q7 �TT`QtBK�i2Hv jyy BM QM2 b+�M- �HHQrBM; i?2K iQ
Q#b2`p2 R MJQH Q7 bm#bi�M+2X

h?2 H�`;2 2[mBTK2Mi `2[mB`2/ 7Q` .LS- �b r2HH �b i?2 ?B;? +Qbi Q7 HB[mB/ ?2HBmK 7Q`
i?2 +`vQbi�i �M/ i?2 2ti`� bmT2`+QM/m+iBM; K�;M2i +�M K�F2 i?Bb K2i?Q/ T`Q?B#BiBp2
7Q` KQbi LJ_ ;`QmTbX

8X9 S�`�?v/`Q;2M AM/m+2/ TQH�`Bx�iBQM @ S>AS

8X9XR S�`�?v/`Q;2M

>v/`Q;2M 2tBbib �b � /B�iQKB+ K�/2 mT Q7 irQ T`QiQMb �M/ irQ 2H2+i`QMbX �b bm+?- i?2
iQi�H r�p2 7mM+iBQM +QMi�BMb 2H2+i`QMB+- pB#`�iBQM�H- `Qi�iBQM�H �M/ bTBM +QKTQM2Mib �M/
+�M #2 r`Bii2M �b,

ည֏֊֏ � ညրևրվည֑քսည֍֊֏ည֎֋ք։ U8XRV

"2+�mb2 i?2 irQ T`QiQMb �`2 72`KBQMb i?2v �`2 bm#D2+i iQ i?2 S�mHB 2t+HmbBQM T`BM@
+BTH2 r?B+? bi�i2b i?�i i?2 iQi�H r�p2 7mM+iBQM Kmbi #2 �MiBbvKK2i`B+ rBi? `2bT2+i iQ
2t+?�M;2X qBi? i?Bb Bb KBM/- Bi Bb BKTQ`i�Mi iQ MQi2 i?�i i?2 2H2+i`QMB+- �M/ pB#`�@
iBQM�H bi�i2b- �`2 bvKK2i`B+�H BM i?2 ;`QmM/ bi�i2X �M/ Bi Bb �bbmK2/ i?�i i?2v Q++mTv
i?2 ;`QmM/ bi�i2- i?2 bvKK2i`v Q7 i?2 Qp2`�HH r�p2 7mM+iBQM i?2`27Q`2 /2T2M/b Q7 i?2
bvKK2i`v Q7 ည֍֊֏ည֎֋ք։X

_Qi�iBQM�H r�p27mM+iBQMb ?�p2 [m�MimK MmK#2` ӿX 6Q` 2p2M MmK#2`b Q7 ӿ Uӿ4y-kXXXV
i?2 r�p27mM+iBQM Bb bvKK2i`B+ rBi? `2bT2+i iQ T�`iB+H2 2t+?�M;2 7Q` Q// MmK#2`b Q7 ӿ
Uӿ4R-jXXXV i?2 r�p27mM+iBQM Bb �MiBbvKK2i`B+X h?2 Mm+H2�` bTBM r�p2 7mM+iBQM +�M �HbQ
#2 bvKK2i`B+ Q` �MiBbvKK2i`B+X "v �//BM; i?2 �M;mH�` KQK2MimK Q7 #Qi? bTBMb- Bi +�M
#2 b?QrM i?�i i?2v +QK#BM2 iQ ;Bp2 7Qm` TQbbB#H2 [m�MimK bi�i2b rBi? +QHmKM p2+iQ`
`2T`2b2Mi�iBQMb /2`Bp2/ 7`QK 1[MX kXkk,
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]ԉ �ਔ � ]ᅫᅫਔ � ৉ৈৈৈৈৈৈে
����
ৌোোোোোো৊ U8XkV

]ԉ Јਔ � �అ� ]ᅫᅬਔ � ]ᅬᅫਔ � �అ� ৉ৈৈৈৈৈৈে
����
ৌোোোোোো৊ U8XjV

]ԉ ਷ਔ � ]ᅬᅬਔ � ৉ৈৈৈৈৈৈে
����
ৌোোোোোো৊ U8X9V

]ԈЈਔ � �అ� ]ᅫᅬਔ ਷ ]ᅬᅫਔ � �అ� ৉ৈৈৈৈৈৈে
��਷��

ৌোোোোোো৊ � U8X8V

h?2 i?`22 i`BTH2i UԉV bi�i2b ?�p2 bTBM [m�MimK MmK#2` Ӿ 4 R �M/ Ԝժ 4 YR- y-
�M/ @R /2MQi2/ #v i?2 bmT2`b+`BTi bvK#QH QM 2�+? bi�i2X h?2 bBM;H2i UԈV bi�i2 ?�b Ӿ 4 y
�M/ Ԝժ 4 yX h?2 i`BTH2ib bi�i2b �`2 bvKK2i`B+ rBi? `2bT2+i iQ bTBM 2t+?�M;2- r?BHbi i?2
bBM;H2i bi�i2 Bb �MiB@bvKK2i`B+ rBi? `2bT2+i iQ bTBM 2t+?�M;2X >v/`Q;2M BM i?2 i`BTH2i
bi�i2 Bb `272``2/ iQ �b Q`i?Q �M/ i?2 bBM;H2i bi�i2 Bb `272``2/ iQ �b T�`�X

AM Q`/2` 7Q` ည֏֊֏ iQ #2 �MiBbvKK2i`B+- i?2 �MiBbvKK2i`B+ `Qi�iBQM�H bi�i2b �`2 `2@
bi`B+i2/ iQ +QmTHBM; iQ i?2 bvKK2i`B+ Ui`BTH2iV bTBM bi�i2b r?BHbi i?2 bvKK2i`B+ `Qi�iBQM�H
bi�i2b �`2 `2bi`B+i2/ iQ +QmTHBM; iQ i?2 �MiBbvKK2i`B+ UbBM;H2iV bi�i2X

h?2 `Qi�iBQM�H 2M2`;v Bb ;Bp2M #v Ӻօ � ի	ի�φ
ɞϵժ܉ r?2`2 Ӿ Bb i?2 KQK2Mi Q7 BM2`iB�
Q7 i?2 /B�iQKB+ �M/ Bb ;Bp2M #v Ӿ � ᅷԛϵ- r?2`2 ᅷ Bb i?2 `2/m+2/ K�bb- �M/ ԛ Bb i?2
BMi2`Mm+H2�` /Bbi�M+2X

�i `QQK i2KT2`�im`2- i?2 `�iBQ Q7 Q`i?Q iQ T�`� ?v/`Q;2M Bb p2`v M2�`Hv j iQ RX
>Qr2p2`- #v +QQHBM; /QrM ?v/`Q;2M i?2 HQr2bi Uӿ 4 y- RV `Qi�iBQM�H 2M2`;v bi�i2b bi�`i
iQ #2+QK2 TQTmH�i2/X h?2 `�iBQ Q7 T�`� iQ Q`i?Q ?v/`Q;2M K�v #2 +�H+mH�i2/ mbBM; i?2
`2bT2+iBp2 T�`iBQM 7mM+iBQMb (ke9),ԃT�`�ԃQ`i?Q

� ௴ի�2p2M	�ӿ � �
2tT\਷ի	ի�φ
ᇆԽյ ^� ௴ի�Q//	�ӿ � �
2tT\਷ի	ի�φ
ᇆԽյ ^
 U8XeV
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E

J = 1

J = 3

J = 2

J = 4

I = 0 I = 1
Para Ortho

6B;m`2 8XR, G27i, h?2 `Qi�iBQM�H 2M2`;v H2p2Hb Q7 T�`�@ �M/ Q`i?Q?v/`Q;2M rBi? i?2B`
�bbQ+B�i2/ C p�Hm2bX _B;?i, � ;`�T? b?QrBM; i?2 7`�+iBQM Q7 T�`�@ �M/ Q`i?Q?v/`Q;2M �b
� 7mM+iBQM Q7 i2KT2`�im`2X h?2 /Qii2/ HBM2 b?Qrb 8yW T�`� 2M`B+?K2Mi i?�i Bb �+?B2p2/

#v +QQHBM; iQ ddE mbBM; HB[mB/ MBi`Q;2MX AK�;2 i�F2M 7`QK (kej)X

7Q` i?2 }`bi 72r H2p2Hb i?Bb Bb,ԃT�`�ԃQ`i?Q
� � � �2tT\਷ϩᇆԽյ ^ � �2tT\਷ϵЈᇆԽյ ^ � ��2tT\਷ΚϵᇆԽյ ^ � w�	�2tT\਷ϵᇆԽյ ^ � �2tT\਷φϵᇆԽյ ^ � ��2tT\਷ϯЈᇆԽյ ^ � w 
 
 U8XdV

r?2`2 i?2 `Qi�iBQM�H +QMbi�Mi- ᅲճ- Bb,ᅲճ � ԗϵ�ᅺϵӾԚս � U8X3V

lbBM; 1[MX 8Xd- i?2 T2`+2Mi�;2 Q7 T�`�?v/`Q;2M BM �M 2[mBHB#`BmK KBtim`2 +�M #2
THQii2/ �b � 7mM+iBQM Q7 i2KT2`�im`2- b?QrM BM 6B;X 8XkX

"v +QQHBM; �HQM2- i?2 `�iBQ rQmH/ `2K�BM mM+?�M;2/- +QMp2`bBQM 7`QK Q`i?Q iQ
T�`� bTBM bi�i2b rBi?Qmi i?2 �B/ Q7 � +�i�Hvbi UivTB+�HHv +?�`+Q�H Q` B`QM UAAAV QtB/2V Bb
MQi TQbbB#H2X h?2 +�i�Hvbi i2KTQ`�`BHv #`2�Fb i?2 bvKK2i`v Q7 i?2 >k KQH2+mH2 r?B+?
�HHQrb bTBM@bTBM i`�MbBiBQMb �M/ H2�/b iQ � Km+? H�`;2` 7`�+iBQM Q7 i?2 T�`� 7Q`K Q7
?v/`Q;2MX *`m+B�HHv- r?2M r�`K2/ mT iQ `QQK i2KT2`�im`2 BM i?2 �#b2M+2 Q7 � bvKK2i`v
#`2�FBM; +�i�Hvbi- MQ +QMp2`bBQM 7`QK i?2 bBM;H2i bi�i2 ]ԈЈਔ #�+F iQ i?2 i`BTH2i bi�i2b]ԉ �ਔ- ]ԉ Јਔ- ]ԉ ਷ਔ Q++m`bX h?Bb Bb #2+�mb2 i`�MbBiBQMb #2ir22M bBM;H2i �M/ i`BTH2i bi�i2b
�`2 7Q`#B//2M i?`Qm;? [m�MimK K2+?�MB+�H b2H2+iBQM `mH2bX Ai Bb i?2`27Q`2 TQbbB#H2 iQ
biQ`2 Tm`2 T�`�?v/`Q;2M BM i?2 `B;?i +QMi�BM2` 7Q` /�vb iQ r22FbX

S�`� 2M`B+?K2Mi 7`�+iBQM- ԕ- +�M #2 K2�bm`2/ #v LJ_X "v K2�bm`BM; i?2 Q>k
bB;M�H Q7 i?2 2M`B+?2/ >k UԈրV �M/ +QKT�`BM; Bi iQ i?2 bB;M�H Q#i�BM2/ 7`QK i?2 b�K2
�KQmMi Q7 >k �i `QQK i2KT2`�im`2 UԈ֍֏VX h?2 2M`B+?K2Mi 7`�+iBQM Bb ;Bp2M #v (ke8- kee),
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6B;m`2 8Xk, *�H+mH�i2/ T2`+2Mi�;2 Q7 T�`�?v/`Q;2M BM �M 2[mBHB#`BmK KBtim`2 Q7 Q`i?Q@
�M/ T�`�?v/`Q;2M ;�b �b � 7mM+iBQM Q7 i2KT2`�im`2 mbBM; 1[MX 8Xd �M/ ᅲճ 4 3dXe EX

h�F2M 7`QK (ke9)X

ԕ � � ਷ 	�Ԉր��Ԉ֍֏
 U8XNV

8X9Xk S�a�.1L� �M/ �Gh�.1L�

ǶS�`�?v/`Q;2M �M/ bvMi?2bBb �HHQr /`�K�iB+�HHv 2M?�M+2/ Mm+H2�` �HB;MK2MiǶ US�a�.@
1L�V(ked) �M/ Ƕ�/B�#�iB+ HQM;Bim/BM�H i`�MbTQ`i �7i2` /BbbQ+B�iBQM 2M;2M/2`b M2i �HB;M@
K2MiǶ U�Gh�.1L�V(ke3) �`2 bm#+H�bb2b Q7 S>AS 2tT2`BK2Mib +?�`�+i2`Bb2/ #v i?2
bi`2M;i? Q7 K�;M2iB+ }2H/ BM r?B+? i?2 ?v/`Q;2M�iBQM �M/ /2i2+iBQM �`2 T2`7Q`K2/X

h?2 /Bz2`2M+2 #2ir22M S�a�.1L� �M/ �Gh�.1L� �`2 i?2 ӿ@+QmTHBM; `2;BK2b
BM r?B+? i?2 `2�+iBQM �M/ /2i2+iBQM ?�TT2MbX h?2 `2;BK2 Bb /2i2`KBM2/ #v i?2 p�Hm2 Q7
i?2 ӿ@+QmTHBM; UBM >xV +QKT�`2/ iQ i?2 p�Hm2 Q7 i?2 /Bz2`2M+2 BM +?2KB+�H b?B7ib Q7 i?2
BM/BpB/m�H T`QiQMbX q?2`2 i?2 bi`QM; `2;BK2 ?�b C@+QmTHBM;b i?�i i�F2 i?2 �TT`QtBK�i2
p�Hm2 Q7 i?2 /Bz2`2M+2 BM +?2KB+�H b?B7i U ᇂᇖի ஈ �V- �M/ i?2 r2�F `2;BK2 ?�b C@+QmTHBM;b
Km+? bK�HH2` i?�M i?2 /Bz2`2M+2 BM +?2KB+�H b?B7i U ᇂᇖի �� �VX aBM+2 i?2 +?2KB+�H b?B7i
/2T2M/b QM 2ti2`M�H K�;M2iB+ }2H/ UӷЈV �M/ i?2 C@+QmTHBM;b �`2 BM/2T2M/2Mi Q7 }2H/
QM2 +�M b2H2+i �M �TT`QT`B�i2 K�;M2iB+ }2H/ 7Q` i?2 /2bB`2/ 2tT2`BK2MiX AM S�a�.1L�
2tT2`BK2Mib i?2 `2�+iBQM �M/ /2i2+iBQM Bb +�``B2/ Qmi �i ?B;? }2H/ U=R hV r?2`2�b BM
�Gh�.1L� i?2 `2�+iBQM Bb +�``B2/ Qmi �i HQr }2H/ UI Ry KhV- �M/ i?2 T`Q/m+i Bb
i`�Mb72``2/ iQ � ?B;? K�;M2iB+ }2H/ 7Q` /2i2+iBQM(keN)X

h?Bb /Bz2`2M+2 K�MB72bib Bib2H7 �b � /Bz2`2M+2 BM ӿ@+QmTHBM; `2;BK2b BM i?2 T�`�?v/@
`Q;2M /2`Bp2/ ?v/`Q;2Mb BM i?2 T`Q/m+i KQH2+mH2X �Gh�.1L� `272`b iQ ?v/`Q;2Mb BM
i?2 bi`QM; +QmTHBM; `2;BK2 mTQM �//BiBQM �M/ S�a�.1L� `272`b iQ i?2 r2�F +QmTHBM;
`2;BK2 mTQM �//BiBQMX
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8X9XkXR aTBM S?vbB+b

h?2 bTBM T?vbB+b Q7 S�a�.1L� �M/ �Gh�.1L� +�M #2 BMi2`T`2i2/ i?`Qm;? i?2 /2M@
bBiv QT2`�iQ` 7Q`KmHBbKX AM � S�a�.1L� ivT2 2tT2`BK2Mi- T�`�?v/`Q;2M Bb �//2/ iQ
� KQH2+mH2 BM ?B;? }2H/ 7Q`KBM; � r2�FHv +QmTH2/ �s bvbi2K Q7 i?2 ivT2 /Bb+mbb2/ BM
8X9XkX .m2 iQ i?2 r2�F +QmTHBM;- ᇂᇖի �� �- i?2 2B;2M#�bBb Bb +HQb2 iQ i?2 w22K�M #�bBbX
h?2 BMBiB�H /2MbBiv QT2`�iQ`- ࣞᅻBMB- +�M #2 /2}M2/ mbBM; 1[MX 8Xk �b,ࣞᅻBMB � ]ԈЈਔ ਓԈЈ] � �� ]ᅫᅬ ਷ ᅬᅫਔ ਓᅫᅬ ਷ ᅬᅫ] 
 U8XRyV

mbBM; i?2 x22K�M #�bBb bi�i2b 7Q` � k bTBMb bvbi2K 7`QK 1[MX 8Xk i?2 K�i`Bt `2T`2b2Mi�iBQM
Bb,

ࣞᅻBMB ��� ৉ৈৈৈৈৈৈে
��਷��

ৌোোোোোো৊ ૺ ५� � ਷� �६ U8XRRV

��� ৉ৈৈৈৈৈৈে
� � � �� � ਷� �� ਷� � �� � � �

ৌোোোোোো৊ � U8XRkV

h?Bb /2MbBiv QT2`�iQ` K�v �HbQ #2 2tT`2bb2/ �b � HBM2�` +QK#BM�iBQM Q7 QT2`�iQ`b,ᅻBMB � ��ග ਷ 	 ࣞӾφ֓ ࣞӾϵ֓ � ࣞӾφ֔ ࣞӾϵ֔ � ࣞӾφ֕ ࣞӾϵ֕
� U8XRjV

h?2b2 /B�;QM�H 2H2K2Mib UTQTmH�iBQMbV /Q MQi 2pQHp2 �b i?2b2 +QKTQM2Mib +QK@
Kmi2 rBi? i?2 >�KBHiQMB�MX h?2 Q77@/B�;QM�H 2H2K2Mib U+Q?2`2M+2bV 2pQHp2 �i � `�i2ஈ ᅮᆂX

h?2 >�KBHiQMB�M Q7 i?2 T`Q/m+i KQH2+mH2 Bb ;Bp2M #v,ӽࣞT�b � �ᅺ	ᆂφ ࣞӾφ֕
 � �ᅺ	ᆂϵ ࣞӾϵ֕
 � �ᅺ ӿφϵ	 ࣞӾφ֓ ࣞӾϵ֓ � ࣞӾφ֔ ࣞӾϵ֔ � ࣞӾφ֕ ࣞӾϵ֕

 U8XR9V

�b i?2 `2�+iBQM +QMiBMm2b- �M 2Mb2K#H2 Q7 KQH2+mH2b �`2 ?v/`Q;2M�i2/ �i /Bz2`2Mi iBK2
TQBMib- i?Bb ;Bp2b � M2r /2MbBiv QT2`�iQ`- ࣞᅻ֋ռ֎	ԣ
- 2tT`2bb2/ �b,ࣞᅻT�b	ԣ
 � 2tT\਷ԘӽࣞT�bԣ^ ࣞᅻBMB2tT\�ԘӽࣞT�bԣ^� U8XR8V

lbm�HHv- i?2 ?v/`Q;2M�iBQM T2`BQ/ Bb Km+? HQM;2` i?�M i?2 +Q?2`2M+2 2pQHmiBQMX �
M2r �p2`�;2 /2MbBiv QT2`�iQ` +�M #2 7QmM/ #v �p2`�;BM; i?2 2Mb2K#H2 Qp2` i?2 `2�+iBQM
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iBK2- ԣ֍ #v, �ᅻTࣞࣆb	ԣ֍
 � �ԣ֍ ௷֏՗֏�Ј ࣞᅻT�b	ԣ
ԓԣ
 U8XReV

i?2b2 +Q?2`2M+2b �p2`�;2 iQ x2`Q Qp2` i?2 `2�+iBQM iBK2 T2`BQ/ �M/ bQ i?2 /2MbBiv QT2`�iQ`
#2+QK2b,

ࣞᅻT�b � �� ৉ৈৈৈৈৈৈে
� � � �� � � �� � � �� � � �

ৌোোোোোো৊ 
 U8XRdV

�M/ +�M �HbQ #2 r`Bii2M �b, ࣞᅻT�b	ԣ֍
 � ��ග ਷ ࣞӾφ֕ ࣞӾϵ֕
 U8XR3V

6B;X 8Xj b?Qrb i?2 2B;2Mbi�i2 TQTmH�iBQMb �M/ ;2M2`�H bBKmH�i2/ bT2+i`� Q7 � i?2`K�H
2[mBHB#`BmK 2tT2`BK2Mi �M/ � S�a�.1L� 2tT2`BK2MiX

AM � mbm�H LJ_ bT2+i`mK- � ᅺ�� TmHb2 Bb mb2/ iQ 2t+Bi2 Q#b2`p�#H2 bBM;H2 [m�MimK
+Q?2`2M+2bX 6Q` � S�a�.1L� bB;M�H iQ #2 Q#b2`p2/- � ᇎΚ TmHb2 Kmbi #2 mb2/X h?2 `2�bQM
#2+QK2b +H2�` r?2M 2t�KBMBM; i?2 2z2+i QM ࣞᅻT�b	ԣ֍
 Q7 � TmHb2 rBi? ;2M2`�H iBHi �M;H2-ᅲ- �HQM; i?2 Ԩ@�tBb,ԇࣞ	ᅲ
֔ ࣞᅻT�b	ԣ֍
 � ࣞᅻᇆ ԟ � +Qbϵ	ᅲ
 ࣞӾφ֕ ࣞӾϵ֕ � +Qb	ᅲ
 bBM ᅲ	 ࣞӾφ֕ ࣞӾϵ֓ � ࣞӾφ֓ ࣞӾϵ֕
 � bBMϵ	ᅲ
 ࣞӾφ֓ ࣞӾϵ֓


U8XRNV
mbBM; � iBHi �M;H2 Q7 ᅲ � ᅺ�� rQmH/ ;Bp2,ࣞᅻᇎ�ϵ֋ � ࣞӾφ֓ ࣞӾϵ֓
 U8XkyV

r?B+? Bb mMQ#b2`p�#H2 /Qm#H2 [m�MimK +Q?2`2M+2X >Qr2p2`- � TmHb2 rBi? ᅲ � ᅺ�� ;Bp2b,ࣞᅻᇎ�Κ֋ � ��	 ࣞӾφ֕ ࣞӾϵ֕ � ࣞӾφ֕ ࣞӾϵ֓ � ࣞӾφ֓ ࣞӾϵ֕ � ࣞӾφ֓ ࣞӾϵ֓

 U8XkRV

r?2`2 i?2 ࣞӾφ֓ ࣞӾϵ֕ �M/ ࣞӾφ֕ ࣞӾϵ֓ i2`Kb �`2 Q#b2`p�#H2X

AM �M �Gh�.1L� 2tT2`BK2Mi- i?2 ?v/`Q;2M�iBQM Bb T2`7Q`K2/ �i HQr }2H/X AM
i?Bb +�b2- r?2M � KQH2+mH2 Q7 ?v/`Q;2M Bb �//2/ iQ � bm#bi`�i2 i?2 /2MbBiv QT2`�iQ`-ࣞᅻBMB- Bb T`QD2+i2/ QMiQ i?2 M2r 2B;2M#�bBb r?B+? �i HQr }2H/ Ur?2`2 ᇂᇖի �� �V Bb i?2
bBM;H2i@i`BTH2i #�bBbX hQ � ;QQ/ �TT`QtBK�iBQM i?2 QMHv i2`K Bb i?2 ]ԈЈਔ �M/ i?2`2 Bb MQ
2pQHmiBQM Q7 i?2 bvbi2KX

h?2 b�KTH2 Bb i?2M i`�Mb72``2/ iQ ?B;?@}2H/ Ur?2`2 ᇂᇖի �� �VX Ai Bb /QM2 �/B�@
#�iB+�HHv- i?Bb K2�Mb i?�i i?2 `�i2 Q7 +?�M;2 Q7 K�;M2iB+ }2H/- ԓӷЈ�ԓԣ #2BM; bK�HH rBi?
`2bT2+i iQ i?2 p�Hm2 Q7 i?2 ӿ@+QmTHBM; #2ir22M i?2 T`QiQMb- b[m�`2/ BX2X ԓӷЈ�ԓԣ � 	ӿφϵ
ϵX
�b i?2 }2H/ BM+`2�b2b- i?2 2B;2M#�bBb +?�M;2b 7`QK bBM;H2i@i`BTH2i iQ i?2 w22K�M #�bBbX
h?2 �/B�#�iB+ +?�M;2 +�``B2b i?2 TQTmH�iBQM Q7 i?2 ]ԈЈਔ bi�i2 iQ i?2 ]ᅫᅬਔ Q` ]ᅬᅫਔ bi�i2-
/2T2M/BM; QM r?B+? Bb KQ`2 2M2`;2iB+�HHv KQ`2 7�pQm`�#H2X h?Bb +?�M;2 Bb /2TB+i2/
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ββ

αβ
βα

ββ

αβ
βα

ω1 ω2

J12

δω

αα

ω1 ω2

δω

J12

αα

Thermal PASADENA

6B;m`2 8Xj, �#Qp2, SQTmH�iBQMb Q7 bi�i2b `2T`2b2Mi2/ �b #�HHb BM � i?2`K�H UH27iV
�M/ � S�a�.1L� 2tT2`BK2MiX "2HQr, aBKmH�iBQMb Q7 bT2+i`� �`BbBM; 7`QK �//BM;
i?2`K�H ?v/`Q;2M iQ � KQH2+mH2 UH27iV �M/ Q7 � S�a�.1L� 2tT2`BK2Mi r?2M �//BM;

T�`�?v/`Q;2MX

;`�T?B+�HHv BM 6B;X 8X9 r?2`2 ]ᅬᅫਔ ?�b #22M �`#Bi`�`BHv +?Qb2M �b i?2 HQr2` 2M2`;v bi�i2X
AM i?2 +�b2 b?QrM- QMHv QM2 Q7 i?2 7Qm` 2M2`;v H2p2Hb- M�K2Hv ]ᅬᅫਔ Bb MQr TQTmH�i2/-
i?2`27Q`2 i?2 /2MbBiv QT2`�iQ`- ࣞᅻռև֏ռ Bb ;Bp2M #v,ࣞᅻ�Hi� � ]ᅬᅫਔ ਓᅬᅫ] � U8XkkV

h?Bb H2�/b iQ (ke3), ࣞᅻ�Hi� � ࣞӾφ֕ ࣞӾϵ֕ ਻ ��	 ࣞӾφ֕ ਷ ࣞӾϵ֕

 U8XkjV

r?2`2 i?2 TQbBiBp2 bB;M �TTHB2b B7 ӿφϵ	ᆂφ ਷ ᆂϵ
 � �- �M/ i?2 M2;�iBp2 bB;M �TTHB2b BM i?2
QTTQbBi2 +�b2X

�M `X7X TmHb2 rBi? ;2M2`�H �M;H2- ᅲ- Q`B2Mi�i2/ �HQM; i?2 Ԩ@�tBb ;Bp2b,ԇࣞ	ᅲ
֔ ࣞᅻ�Hi� � ࣞᅻᇆ � +Qb	ᅲ
 bBM ᅲ	 ࣞӾφ֕ ࣞӾϵ֓ � ࣞӾφ֓ ࣞӾϵ֕
 ਻ �� bBM ᅲ	 ࣞӾφ֓ ਷ ࣞӾϵ֓
� U8Xk9V
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|T+>
|T0>
|T->

|S0>

|αα>

~|αβ - βα>

~|αβ + βα>

|ββ>

|αα>

|βα>

|αβ>

|ββ>

δω = 0 δω << J12 δω >> J12

6B;m`2 8X9, *Q``2H�iBQM /B�;`�K 7Q` i?2 �Gh�.1L� 2z2+iX >v/`Q;2M�iBQM �i HQr
}2H/ TQTmH�i2b i?2 bBM;H2i bi�i2- �/B�#�iB+�HHv BM+`2�bBM; i?2 }2H/ +�``B2b i?2 TQTmH�iBQM

BMiQ � ?B;? }2H/ bi�i2X

� TmHb2 rBi? ᅲ � ᅺ�� ?2`2 vB2H/b,ࣞᅻᇎ�Κռ � ��	 ࣞӾφ֕ ࣞӾϵ֓ � ࣞӾφ֓ ࣞӾϵ֕
 ਻ ��అ�	 ࣞӾφ֓ ਷ ࣞӾϵ֓

 U8Xk8V

i?�i ;Bp2b `Bb2 iQ irQ Qmi Q7 T?�b2 /Qm#H2ib b?QrM BM 6B;X 8X8X >Qr2p2`- mMHBF2 S�a�.1L�-
�Gh�.1L� /Q2b MQi `2[mB`2 � ᅺ�� TmHb2 bQ ᅺ�� TmHb2b �`2 KQ`2 +QKKQMX
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J12

ββ

αβ
βα

ω1 ω2

δω

J12

αα

ω1 ω2

δω

ββ

αβ
βα

αα

Thermal ALTADENA

6B;m`2 8X8, hQT, SQTmH�iBQMb Q7 w22K�M bi�i2b `2T`2b2Mi2/ #v #�HHb 7Q` i?2`K�HUH27iV
�M/ �Gh�.1L�U`B;?iV 2tT2`BK2MibX "QiiQK, aBKmH�iBQMb Q7 � i?2`K�H bT2+i`mK �7i2`

�TTHvBM; � ᅺ�� TmHb2 �M/ �M �Gh�.1L� 2tT2`BK2MiX

8X8 J�i2`B�Hb �M/ K2i?Q/b

h?2 KB+`Q~mB/B+ +?BTb 7Q` i?2 S�a�.1L� 2tT2`BK2Mib r2`2 +QMbi`m+i2/ 7`QK i?`22
H�v2`b Q7 +2HH +�bi SJJ� b?22i K�i2`B�H Uq2�i?2`�HH 1[mBTK2MiVX h?2 b?22i i?B+FM2bb
r�b kyy ᅷK 7Q` i?2 iQT �M/ #QiiQK H�v2`b- �M/ 8yy ᅷK 7Q` i?2 KB//H2 H�v2`X h?2 ~mB/ �M/
;�b +?�MM2Hb r2`2 /2bB;M2/ QM �miQ*�. �M/ +mi BMiQ i?2 SJJ� mbBM; � H�b2` +mii2`
U>S* G�b2` Gjy9yV iQ � rB/i? �M/ /2Ti? Q7 R8y ᅷKX h?2 H�v2`b r2`2 bm#b2[m2MiHv
#QM/2/ iQ;2i?2` rBi? � TH�biB+Bb2` UkX8W pfp /B#mivH T?i?�H�i2 BM BbQT`QTvH �H+Q?QHV
mM/2` ?2�i �M/ T`2bbm`2 Uj83 E- jX8 iQMM2bV (Rd9)X h?2 iQi�H BMi2`M�H ~mB/ pQHmK2 Bb
9 ᅷH- �M/ i?2 b�KTH2 +?�K#2` Bb kX8 ᅷHX

h?2 +?BT 7Q` i?2 �Gh�.1L� 2tT2`BK2Mi r�b � bBM;H2 8yy ᅷK H�v2` Q7 SJJ�X
h?2 ~mB/ �M/ ;�b +?�MM2Hb 7Q` i?Bb /2pB+2 r2`2 /2bB;M2/ �M/ +mi BM i?2 b�K2 K�MM2` �b
�#Qp2X

"Qi? /2pB+2b �HbQ 2KTHQv � TQHvU/BK2i?vH bBHQt�M2V US.JaV K2K#`�M2 Ua?B2H/BM;
aQHmiBQMbV iQ 7�+BHBi�i2 T�`�@>k i`�MbTQ`i- Q7 R KK i?B+FM2bb rBi? H�b2`@+mi b+`2r ?QH2bX
h?2 T�`�?v/`Q;2M TQH�`Bx�iBQM HB72iBK2 BM i?2 S.Ja �7i2` Pk `2KQp�H r�b K2�bm`2/ iQ
#2 �9 ?X
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h?2 SJJ� +?BTb �M/ S.Ja K2K#`�M2 H�v2` �`2 b2�H2/ rBi? � T�B` Q7 b+`2r@
iB;?i2M2/ j. T`BMi2/ U�++m`� si`2K2- S`QiQ G�#bV ?QH/2`b- rBi? ~mB/ �M/ ;�b BMfQmi
TQ`ib UiQ }i EBM2bBb lE L�MQSQ`ibVX

6Q` S�a�a.1L� 2tT2`BK2Mib- i?2 �bb2K#H2/ KB+`Q~mB/B+ /2pB+2 r�b Tmi BM �
i`�MbKBbbBQM HBM2 #�b2/ ?QK2@#mBHi T`Q#2 (R)X h?2 /2pB+2 bBib #2ir22M i?2 irQ bi`BTHBM2
TH�M2b QM � b�KTH2 ?QH/2` ?�pBM; b�KTH2 +?�K#2` Q7 i?2 /2pB+2 +QBM+B/BM; rBi? i?2
+QMbi`B+iBQM QM bi`BTHBM2 TH�M2bX S�a�.1L� �M/ k. LJ_ 2tT2`BK2Mib r2`2 T2`7Q`K2/
�i � }2H/ bi`2M;i? Q7 RRXd h rBi? �M �o�L*1 AAA +QMbQH2X Lmi�iBQM 7`2[m2M+B2b 7Q` _6
TmHb2b r2`2 Ryy F>x 7Q` T`QiQMb- �M/ ky F>x 7Q` +�`#QM BM i?2 +�b2 Q7 i?2 >JZ*
bT2+i`mKX ReF /�i� TQBMib r2`2 �+[mB`2/ Qp2` RXk b 7Q` T`QiQM R. bT2+i`�X a�im`�iBQM
`2+Qp2`v 2tT2`BK2Mib mb2/ � i`�BM Q7 8Rk ᅺ�� TmHb2b b2T�`�i2/ #v � /2H�v Q7 yXR Kb-
7QHHQr2/ #v � `2+Qp2`v /2H�v- �M/ � ԟԘ�� 2t+Bi�iBQM TmHb2X h?2 S>@hP*au bT2+i`mK r�b
�+[mB`2/ mbBM; i?2 ai�i2b@hSSA K2i?Q/- rBi? k8e ԣφ BM+`2K2Mib- �p2`�;BM; 3 i`�MbB2Mib
T2` BM+`2K2MiX ky93 +QKTH2t /�i� TQBMib BM yXk b r2`2 �+[mB`2/ 7Q` 2�+? BM+`2K2MiX h?2
S>@>JZ* 2tT2`BK2Mi r�b �+[mB`2/ mbBM; i?2 ai�i2b K2i?Q/- rBi? Rk3 ԣφ BM+`2K2Mib-
�p2`�;BM; 3 i`�MbB2Mib rBi? ky93 +QKTH2t TQBMib Qp2` yXk bX R. bT2+i`� �M/ k. bT2+i`�
r2`2 T`Q+2bb2/ mbBM; b+`BTib r`Bii2M BM CmHB� (Rde)X

6Q` �Gh�.1L� 2tT2`BK2Mib- i?2 /2pB+2 r�b TH�+2/ QmibB/2 i?2 K�;M2i BM Q`/2`
7Q` i?2 ?v/`Q;2M�iBQM iQ Q++m` �i HQr }2H/X h?2 bQHmiBQM r�b T�bb2/ i?`Qm;? i?2 /2pB+2
�M/ BMiQ � 8 KK LJ_ im#2 ULP_1GGVX �Gh�.1L� LJ_ 2tT2`BK2Mib r2`2 T2`7Q`K2/
�i � }2H/ bi`2M;i? Q7 ReX8 h rBi? � L1P +QMbQH2 rBi? +`vQT`Q#2X h?2 R. bT2+i`� r2`2
T`Q+2bb2/ �HbQ mbBM; b+`BTib r`Bii2M BM CmHB� (Rde)X

hQ ;2M2`�i2 T�`�?v/`Q;2M ;�b �i 8yW T�`� 2M`B+?K2Mi- ?v/`Q;2M ;�b UTm`Biv
NNXNN8WV r�b T�bb2/ i?`Qm;? � ?QK2@#mBHi T�`�?v/`Q;2M ;2M2`�iQ` +QMi�BMBM; �M B`QM
UAAAV QtB/2 +�i�Hvbi +QQH2/ iQ dd E mbBM; HB[mB/ MBi`Q;2MX

h?2 bQHmiBQM #27Q`2 #Qi? 2tT2`BK2Mib +QMi�BM2/ ky KJ T`QT�`;vH �+2i�i2 k �M/
8 KJ R-9@#BbU/BT?2MvHT?QbT?BMQV#mi�M2UR-8@+v+HQQ+i�/B2M2V`?Q/BmK i2i`�~mQ`Q#Q`�i2
j BM K2i?�MQH@/9X AM �M �ii2KTi iQ �pQB/ TQbbB#H2 bTBM `2H�t�iBQM Q` +?2KB+�H bB/2@
`2�+iBQM 2z2+ib- /BbbQHp2/ Qtv;2M 7`QK i?2 �iKQbT?2`2 r�b `2KQp2/ #v 8 KBMmi2b Q7
pB;Q`Qmb ?2HBmK #m##HBM;X

h?2 T�`�?v/`Q;2M ;�b r�b /2HBp2`2/ i?`Qm;? � Sh61 im#2 URfRe BM+? PX.X- Rfjk
BM+? AX.XV BMiQ i?2 j. T`BMi2/ +?BT ?QH/2`- �M/ Qmi pB� � b2+QM/ Sh61 HBM2- mbBM; � K�bb
~Qr +QMi`QHH2` U*QH2@S�`K2`V iQ HBKBi i?2 ~Qr iQ ky KH KBM@R �i �M Qp2`T`2bbm`2 Q7 8
#�`X �Hi?Qm;? KQbi Q7 i?2 T�`�?v/`Q;2M ;�b T�bb2b /B`2+iHv i?`Qm;? i?2 bvbi2K- bQK2
�KQmMi /BbbQHp2b BMiQ i?2 S.Ja H�v2`- r?B+? BM i2`Kb Q7 >k bQHm#BHBiv #2?�p2b bBKBH�`Hv
iQ Qi?2` Q`;�MB+ bQHp2MibX h?2 bQHmiBQM r�b HQ�/2/ BMiQ � jX8 KH TH�biB+ bv`BM;2 rBi? �
Gm2` HQ+F +QMM2+iBQM iQ BM@~Qr S11E im#BM; URfRe BM+? PX.X- yXyyd BM+? AX.XV H2�/BM; iQ
i?2 +?BTX h?2 b�K2 im#BM; r�b mb2/ 7Q` i?2 bQHmiBQM Qmi@~Qr BMiQ � +QMi�BM2` 2tTQb2/ iQ
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� #�+F T`2bbm`2 Q7 RX8 #�` Q7 MBi`Q;2M ;�b- iQ T`2p2MiBM; 7Q`K�iBQM Q7 ?v/`Q;2M #m##H2b BM
i?2 +?BTX aQHmiBQM ~Qr BMiQ i?2 +?BT r�b +QMi`QHH2/ rBi? � bv`BM;2 TmKT U*QH2@S�`K2`VX

8Xe _2bmHib �M/ .Bb+mbbBQM

8XeXR S�`�?v/`Q;2M `2H�t�iBQM BM S.Ja

hQ /2i2`KBM2 i?2 ?v/`Q;2M Q`i?Q@T�`� +QMp2`bBQM BM S.Ja- i?2 Q`i?Q@T�`� +QMp2`bBQM
iBK2 Q7 >k /BbbQHp2/ BM S.Ja r�b K2�bm`2/X � ?B;?@T`2bbm`2 LJ_ im#2 Q7 8 KK
Qmi2` /B�K2i2` UaB;K�@�H/`B+?V r�b }HH2/ rBi? S.Ja `2bBM UavH;�`/ 39- jJVX � i2~QM
+�TBHH�`v Q7 RfRe BM+? Qmi2` /B�K2i2` UaB;K�@�H/`B+?V r�b Tmb?2/ BMiQ i?2 LJ_ im#2
�HQM; i?2 +2Mi`�H �tBb- �M/ i?2 S.Ja r�b �HHQr2/ iQ +m`2X h?2 +�TBHH�`v r�b i?2M
`2KQp2/- H2�pBM; � +vHB/`B+�H pQB/ BM i?2 +2Mi`2 Q7 i?2 LJ_ im#2X h?2 im#2 r�b i?2M
2tTQb2/ iQ p�+mmK 7Q` p�`vBM; �KQmMib Q7 iBK2- BM Q`/2` iQ bim/v i?2 +QMp2`bBQM 2z2+i
Q7 i?2 `2bB/m�H Qtv;2M i?2 `2bmHib Q7 r?B+? �`2 b?QrM BM 6B;X 8XeX

6B;m`2 8Xe, P`i?Q@T�`� +QMp2`bBQM Q7 ?v/`Q;2M BM S.Ja �7i2` p�`BQmb iBK2b mM/2`
p�+mmKX

h?2 /2i2+i�#H2 i?2`K�H bB;M�H BM i?2 Q`i?Q@T�`� +QMp2`bBQM 2tT2`BK2Mi Bb ;Bp2M
#v 	� ਷ φϯ 	�ԕ ਷ �

- r?2`2 ԕ Bb i?2 T�`�@2M`B+?K2Mi H2p2H Q7 i?2 >k ;�bX h?2`27Q`2- i?2
2[mBHB#`BmK `�iBQ Q7 ԕ � ���� ;Bp2b � bB;M�H Q7 R- �M/ Tm`2 T�`�?v/`Q;2M ;�b ;Bp2b MQ
bB;M�HX >2M+2- Qm` bB;M�H bi�`iBM; �i 8yW 2M`B+?K2Mi b?QmH/ p�`v 7`QK kfj iQ RX h?2
/�i� r�b }i iQ � 7mM+iBQM Q7 i?2 7Q`K 	Ӷ ਷ ӷ Ԕ਷ Կ̔՘ 
- rBi? Ӷ- ӷ �M/ ԉ֎ �b p�`B�#H2bX
h?2 ԉ֎ mM/2` MQ p�+mmK Q7 Rȳy KBM H2�/ iQ i?2 �bbmKTiBQM i?�i MQ bB;MB}+�Mi `2H�t�iBQM
rQmH/ Q++m` /m`BM; i?2 i`�MbTQ`i Q7 >ϵ i?`Qm;? i?2 S.Ja K2K#`�M2X
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6B;m`2 8Xd, a+?2K2 Q7 i?2 `2�+iBQM mb2/ BM i?2 S>AS!+?BT 2tT2`BK2MiX >v/`Q;2M
;�b R 2M`B+?2/ BM T�`�?v/`Q;2M `2�+ib rBi? T`QT�`;vH �+2i�i2 k BM i?2 T`2b2M+2 Q7 i?2

_? +�i�Hvbi j iQ 7Q`K �HHvH �+2i�i2 9X

8XeXk _2�+iBQM a+?2K2

h?2 ?v/`Q;2M�iBQM `2�+iBQM bvbi2K 2KTHQv2/ BM i?2 T`2b2Mi rQ`F Bb b?QrM BM 6B;X 8XdX
S�`�?v/`Q;2M@2M`B+?2/ ?v/`Q;2M ;�b R r�b �HHQr2/ iQ `2�+i rBi? T`QT�`;vH �+2i�i2 k-
BM i?2 T`2b2M+2 Q7 � `?Q/BmK +�i�Hvbi jX h?2 bm#bi`�i2 k r�b +?Qb2M BM pB2r Q7 7mim`2
bim/B2b #�b2/ QM bB/2@�`K ?v/`Q;2M�iBQM Ua�>V (kjk- kjj- kdy)X AM a�>- i?2 TQH�`Bb�iBQM
Q7 i?2 φ> Mm+H2mb Bb i`�Mb72``2/ iQ � M2B;?#Qm`BM; φ�* �M/ i?2 KQB2iv i?�i ?�b #22M
?v/`Q;2M�i2/ Bb `2KQp2/X a�> i2+?MB[m2b +�M ?2HT iQ #`BM; ;2M2`�HBiv iQ i?2 S>AS
i2+?MB[m2 �b i?2v 2HBKBM�i2 i?2 M22/ 7Q` i?2 ?vT2`TQH�`Bx2/ i�`;2i KQH2+mH2 iQ +QMi�+i
mMb�im`�i2/ #QM/bX

8XeXj �Gh�.1L�

AM Q`/2` iQ p2`B7v i?�i i?2 T�`�?v/`Q;2M i`�Mb72` QM +?BT r�b TQbbB#H2- �M 2tT2`BK2Mi
r�b T2`7Q`K2/ r?2`2#v i?2 T�`�?v/`Q;2M i`�Mb72` r�b KB+`Q~mB/B+ �M/ ǵQM +?BTǶ #mi
i?2 /2i2+iBQM r�b T2`7Q`K2/ BM � +QMp2MiBQM�H LJ_ im#2 �M/ T`Q#2X

h?Bb �Gh�.1L� ivT2 2tT2`BK2Mi BMpQHp2/ i?2 �//BiBQM Q7 T�`� 2M`B+?2/ ?v/`Q@
;2M ;�b iQ T`QT�`;vH �+2i�i2 QmibB/2 i?2 K�;M2iB+ }2H/ BM � /2pB+2 b?QrM BM 6B;X 8X3X
h?Bb /2pB+2 Bb � bBKTH2` p2`bBQM Q7 i?2 QM2 2p2Mim�HHv mb2/X Ai 72�im`2b j. T`BMi2/ ?QH/2`b
i?�i �`2 mb2/ iQ /2HBp2` i?2 ;�b �M/ HB[mB/ �b r2HH �b b2�H �;�BMbi �Mv HB[mB/ Q` ;�b H2�FX
h?2 +?BT Bb K�/2 7`QK � bBM;H2 8yy ᅷK i?B+F H�v2` Q7 SJJ� rBi? b2`T2MiBM2 T�i?b 7Q`
HB[mB/ �M/ ;�b ~QrX h?Bb H�v2` Bb +Qp2`2/ #v � R KK i?B+F H�v2` Q7 S.Ja r?B+? ?2HTb iQ
b2�H i?2 /2pB+2 �M/ �HHQrb i?2 ?v/`Q;2M i?2 /Bzmb2 7`QK i?2 ;�b iQ i?2 HB[mB/ +?�MM2HX
� BM i?2 6B;X 8X3 b?Qrb i?2 T�i? bi`m+im`2 BM i?2 +?BT �b r2HH �b i?2 ?v/`Q;2M �M/ ~mB/
T�i?b `2bT2+iBp2HvX

h?2 b2i@mT 7Q` i?Bb 2tT2`BK2Mi 2KTHQvb � bv`BM;2 TmKT- i?2 ?v/`Q;2M�iBQM /2pB+2
QmibB/2 i?2 K�;M2i �M/ � bi�M/�`/ 8 KK LJ_ im#2 BMbB/2 i?2 ReX8 h K�;M2iX h?2
/2pB+2 r�b T`2bbm`Bb2/ rBi? 8 #�` Q7 8yW 2M`B+?2/ T�`�?v/`Q;2M �M/ �HHQr2/ iQ 2[mBHB@
#`�i2 7Q` bQK2 iBK2X h?2M- Ryy ᅷH r�b ~QrM i?`Qm;? i?2 /2pB+2 �i � ~Qr `�i2 Q7 Ryyy ᅷH
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A B

10 mm

H2 in
Fluid in Fluid out

H2 out

10 mm

3D holder

3D holder

PMMA

PDMS

6B;m`2 8X3, �V GB[mB/ +?�MM2H U#Hm2V �M/ ?v/`Q;2M +?�MM2H U`2/V �b b+Q`2/ QMiQ i?2
SJJ� H�v2` Q7 i?2 /2pB+2X "V � j. `2M/2` Q7 i?2 ?v/`Q;2M�iBQM /2pB+2 mb2/ 7Q` i?2

�Gh�.1L� 2tT2`B2K2MibX

KBM਷φ i?Bb r�b /QM2 iQ 2Mbm`2 i?2 b�KTH2 7`QK i?2 2tT2`BK2Mi rQmH/ `2bB/2 +QKTH2i2Hv
BM i?2 b2MbBiBp2 �`2�X 6Q` i?2 �Gh�.1L�- j8y ᅷH r�b ~QrM i?`Qm;? i?2 /2pB+2 �M/
+QHH2+i2/ BM i?2 K�;M2iX � ᅺfk TmHb2 r�b �TTHB2/ �M/ i?2 bT2+i`� `2+Q`/2/ i?2 `2bmHi Q7
i?2 2tT2`BK2Mi Bb b?QrM BM 6B;X 8XNX

� +QKT�`BbQM Bb b?QrM #2ir22M b+�Mb i�F2M Q7 i?2 b�K2 2tT2`BK2Mi- BM 6B;X 8XN
BV bT2+i`� 7`QK �M 2tT2`BK2Mi rBi? i?2`K�H ?v/`Q;2M �M/ BBV QM2 rBi? T�`�?v/`Q;2MX
h?2 T�`�?v/`Q;2M �Gh�.1L� bB;M�H UBBV 2t?B#Bib i?2 +?�`�+i2`BbiB+ BMp2`i2/ T2�F rBi?
i?2 Ƕ#Ƕ T`QiQM bB;M�H }M2 bi`m+im`2 �`BbBM; 7`QK i?2 +QmTHBM;b iQ i?2 �- +- �M/ / T`QiQMb
�M/ i?2 + �M/ � T`QiQMb +QmTHBM; iQ i?2 # T`QiQMX � HBbi Q7 b?B7ib �M/ C@+QmTHBM;b
Bb T`QpB/2/ BM i?2 �TT2M/BtX � Km+? ?B;?2` bB;M�H iQ MQBb2 `�iBQ UaL_V Bb ;Bp2M #v
i?2 �G_h�.1L� 2tT2`B2KiM �M/ ;Bp2b 2M?�M+2K2Mi #v +QKT�`BbQM Q7 i?2 aL_ Q7
�`QmM/ kyyX h?Bb `2bmHi T`QpB/2/ � T`QQ7 Q7 T`BM+BTH2 i?�i T�`�?v/`Q;2M�iBQM BM/m+2/
TQH�`Bx�iBQM US>ASV QM � +?BT r�b TQbbB#H2 #v #m##H2 7`22 i`�Mb72` i?`Qm;? � S.Ja
K2K#`�M2 BM Qm` /2pB+2bX



*?�Ti2` 8 S�`�?v/`Q;2M BM/m+2/ TQH�`Bx�iBQM QM � +?BT NN

6B;m`2 8XN, aT2+i`� Q#i�BM2/ 7`QK BV � i?2`K�H ?v/`Q;2M�iBQM �M/ BBV � T�`�?v/`Q@
;2M�iBQM Q7 T`QT�`;vH �+2i�i2 iQ ;Bp2 �HHvH �+2i�i2 rBi? ?v/`Q;2Mb /2`Bp2/ 7`QK T�`�?v@
/`Q;2M H�#2HH2/ � �M/ #X "v +QKT�`BbQM Q7 aL_ i?2 2M?�M+2K2Mi 7Q` i?2 �Gh�.1L�

2tT2`BK2Mi Bb kyyX

8XeX9 S�a�.1L�

6B;X 8XRy b?Qrb i?2 KB+`Q~mB/B+ /2pB+2 mb2/ 7Q` i?2 T`2b2Mi bim/vX Ai +QMbBbib Q7 � +?BT
K�/2 7`QK SJJ�- r?B+? ?Qmb2b � b�KTH2 +?�K#2` Q7 kX8 G pQHmK2 i?�i �HB;Mb rBi? i?2
i`�MbKBbbBQM HBM2 /2i2+iQ` Q7 � ?QK2@#mBHi LJ_ T`Q#2 �bb2K#Hv- r?B+? r�b }ii2/ BMbB/2
Q7 �M RRXd h LJ_ K�;M2iX 6HmB/ Bb ~Qr2/ i?`Qm;? i?2 +?BT #v K2�Mb Q7 � bv`BM;2
TmKT BMbi�HH2/ QmibB/2 Q7 i?2 K�;M2i #Q`2c +QMM2+iBQMb �`2 K�/2 i?`Qm;? i?`2�/2/
TQ`ib BM i?2 irQ j.@T`BMi2/ ?QH/2`b b?QrM BM 6B;X 8XRy#X S�`�@2M`B+?2/ >k ;�b �i 8 #�`
�#Qp2 �K#B2Mi T`2bbm`2 ~Qrb i?`Qm;? � b2+QM/ +?�MM2H BM i?2 +?BT- r?B+? `mMb BM i?2
BKK2/B�i2 pB+BMBiv Q7 i?2 HB[mB/ +?�MM2HX � /2TB+iBQM Q7 i?2 b2i@mT Bb ;Bp2M BM 6B;X 8XRRX

h?2 +?BT +QMbBbib Q7 i?`22 H�b2`@+mi H�v2`b Q7 TQHv K2i?vHK2i?�+`vH�i2 USJJ�V
#QM/2/ iQ;2i?2`- �b b?QrM BM 6B;X 8XRy#X *?�MM2Hb BM i?2 H27i T�`i Q7 i?2 +?BT- r?2`2
Bi Bb +H�KT2/ #2ir22M i?2 ?QH/2`b- �`2 +mi i?`Qm;? i?2 iQT H�v2`- r?BH2 i?2v �`2 b+Q`2/
BMiQ i?2 KB//H2 H�v2` Q7 i?2 +?BT U�M/ ?2M+2 b2�H2/ 7`QK i?2 QmibB/2V BM i?2 7`22 T�`i Q7
i?2 /2pB+2X qBi?BM i?2 +H�KTb- i?2 2tTQb2/ +?�MM2Hb �`2 b2�H2/ #v K2�Mb Q7 � S.Ja
K2K#`�M2X h?2 ~QrBM; HB[mB/ �b r2HH �b i?2 T`2bbm`Bb2/ ?v/`Q;2M ;�b �`2 i?2`27Q`2
2tTQb2/ iQ i?2 S.Ja H�v2`- r?B+? b2`p2b �b � /BzmbBQM #`B/;2 7Q` i?2 ?v/`Q;2MX h?2
?QH/2`b- K�/2 #v j. T`BMiBM;- F22Tb i?2 K2K#`�M2 �M/ i?2 +?BT �HB;M2/- �M/ K�BMi�BMb
K2+?�MB+�H T`2bbm`2 iQ 2Mbm`2 b2�HBM;X *?�MM2Hb BMbB/2 i?2 ?QH/2`b ;mB/2 i?2 ~mB/ �M/
;�b iQ �M/ 7`QK i?2 7Qm` �++2bb TQBMib �i i?2 iQT 2M/ Q7 i?2 +?BT- �b b?QrM BM 6B;X 8XRy#X
h?2 S.Ja K2K#`�M2 �+ib #Qi? �b � /BzmbBQM +QM/mBi 7Q` ?v/`Q;2M ;�b �M/ �b � ~mB/
b2�HX AM � +`m+B�H /Bz2`2M+2 iQ i?2 Qi?2`rBb2 bBKBH�` ;2QK2i`v Q7 i?2 ?v/`Q;2M�iBQM +?BT
mb2/ #v "Q`/QM�HB 2i �H(kdR)- i?2 ;�b �M/ HB[mB/ +?�MM2Hb �`2 �``�M;2/ bB/2 #v bB/2-
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6B;m`2 8XRy, Pp2`pB2r Q7 i?2 S>AS!+?BT /2pB+2X �, QmiHBM2 /`�rBM; Q7 i?2 +?BT
U/BK2MbBQMb BM KKVX #, *�. `2M/2`BM; Q7 i?2 +?BT �bb2K#Hv rBi? BM/BpB/m�H +?BT
H�v2`b b2T�`�i2/- +QMbBbiBM; Q7 i?2 SJJ� +?BT- S.Ja K2K#`�M2- �M/ irQ j. T`BMi2/
?QH/2`b rBi? i?`2�/b 7Q` i?2 ;�b �M/ ~mB/ +QMM2+iBQMbX h?2 ?v/`Q;2M ;�b /Bzmb2b

i?`Qm;? i?2 S.Ja K2K#`�M2 BMiQ i?2 ~QrBM; HB[mB/X

�M/ KQH2+mH�` ?v/`Q;2M /Bzmb2b i?`Qm;? i?2 #mHF Q7 i?2 S.Ja K2K#`�M2 `�i?2` i?�M
�+`Qbb i?2 K2K#`�M2X *H�KTBM; i?2 S.Ja K2K#`�M2 QMiQ i?2 +?BT mbBM; i?2 ?QH/2`b-
K�F2b Bi TQbbB#H2 iQ mb2 H�`;2 ;�b T`2bbm`2b UmT iQ 8 #�` BM i?2 T`2b2Mi 2tT2`BK2MibVX
h?Bb rQmH/ #2 /B{+mHi iQ �+?B2p2 BM i?2 +?BT T`2b2Mi2/ #v "Q`/QM�HB 2i �H- r?B+? ?�b
i?2 HB[mB/ �M/ ;�b +?�MM2Hb �``�M;2/ QM QTTQbBi2 bB/2b Q7 i?2 K2K#`�M2X
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Syringe Pump

Para-H2

Mass Flow 
Controller

Waste

Regulator

6B;m`2 8XRR, .`�rBM; Q7 S>AS!+?BT b2imTX Ai b?Qrb i?2 bQHmiBQM U#Hm2 HBM2V Q7
T`QT�`;vH �+2i�i2- +�i�Hvbi �M/ K2i?�MQH #2BM; 72/ BMiQ i?2 K�;M2i pB� � bv`BM;2 TmKTX
aBKmHi�M2QmbHv- T�`�?v/`Q;2M U`2/ HBM2V Bb 72/ BM �i i?2 /2bB`2/ T`2bbm`2 �M/ `2;mH�i2/
#v � K�bb ~Qr +QMi`QHH2` iQ � ~Qr `�i2 Q7 ky KHKBM਷φX "Qi? Q7 i?2b2 �`2 72/ BMiQ i?2

KB+`Q~mB/B+ /2pB+2 /2TB+i2/ BM 6B;X 8XRy

8XeX8 aB;M�H �M�HvbBb

6B;X 8XRk� b?Qrb � bBM;H2@b+�M T`QiQM LJ_ bT2+i`mK Q#i�BM2/ 7`QK � bi2�/v@bi�i2
S>AS!+?BT 2tT2`BK2Mi UiQT i`�+2V- +QKT�`2/ iQ i?2 bT2+i`mK Q#i�BM2/ rBi?Qmi T�`�?v@
/`Q;2M U#QiiQK i`�+2VX h?2 ?vT2`TQH�`Bx2/ bT2+i`mK Bb /QKBM�i2/ #v �M �MiBT?�b2
/Qm#H2i- +2Mi`2/ �i 8XRd TTK- �M/ �M �MiBT?�b2 KmHiBTH2i �i 8XNk TTK- +Q``2bTQM/BM;
iQ T`QiQMb BM i?2 >ռ �M/ >ս TQbBiBQMb Q7 i?2 ?v/`Q;2M�iBQM T`Q/m+i 9X h?2 S.Ja
K2K#`�M2 Bb 2[mBHB#`�i2/ rBi? T�`�@2M`B+?2/ ?v/`Q;2M ;�b- r?B+? Bb bmTTHB2/ 7`QK �M
�HmKBMBmK biQ`�;2 i�MF �i � `2;mH�i2/ T`2bbm`2 Q7 8 #�`X h?2 ;�b ~Qr `�i2 Bb F2Ti
+QMbi�Mi �i ky KG KBM਷φ #v K2�Mb Q7 � K�bb ~Qr +QMi`QHH2` TH�+2/ �7i2` i?2 +?BTX h?Bb
2Mbm`2b i?�i i?2 ;�b +?�MM2H �Hr�vb +QMi�BMb 7`2b? T�`�@2M`B+?2/ ?v/`Q;2M ;�b �i i?2
/2bB;M T`2bbm`2 Q7 8 #�`X h?2 b�KTH2 +?�K#2` Q7 i?2 +?BT Bb T`2@}HH2/ rBi? � bQHmiBQM Q7
ky KJ T`2+m`bQ` k �M/ 8 KJ +�i�Hvbi j BM K2i?�MQH@ԓΚX LJ_ bT2+i`� �+[mBbBiBQM Bb
T2`7Q`K2/ 2p2`v jy b- mbBM; � ᅺ�� 2t+Bi�iBQM TmHb2X h?2 HB[mB/ ~Qr Bb bi�`i2/ #v b2iiBM;
i?2 i�`;2i ~Qr `�i2 QM i?2 bv`BM;2 TmKT iQ 3 ᅷԛ KBM਷φ UK�`F2/ #v �M �``Qr 6B;X 8XRk#VX
h?2 LJ_ bB;M�H BMi2MbBiv #2;BMb iQ `Bb2 �#Qmi jy b H�i2`- �M/ `2�+?2b � bi2�/v bi�i2
�7i2` �#Qmi irQ KBMmi2bX
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6B;m`2 8XRk, �, aBM;H2@b+�M T`QiQM LJ_ bT2+i`mK Q#i�BM2/ rBi? T�`�?v/`Q;2M �i
8 #�` mbBM; i?2 S>AS!+?BT b2imT �i � +QMiBMmQmb ~Qr `�i2 Q7 3 ᅷG KBM਷φ UiQT i`�+2
rBi? 2MH�`;2K2MiVX �MiBT?�b2 /Qm#H2ib 7`QK i?2 irQ ?vT2`TQH�`Bx2/ T`QiQMb >ռ �M/
>ս �`2 +H2�`Hv pBbB#H2 �i 8Xk TTK �M/ 8XN TTK- `2bT2+iBp2HvX qBi?Qmi T�`�?v/`Q;2M-
i?2b2 bB;M�Hb �`2 MQi Q#b2`p2/ U#QiiQK i`�+2VX #, "mBH/mT Q7 i?2 ?vT2`TQH�`Bx2/ bB;M�H

U>ռV �7i2` BMBiB�iBQM Q7 ~QrX

lbBM; MQ`K�H ?v/`Q;2M ;�b- � 7mHHv H�#2HH2/ bT2+i`mK Q7 i?2 `2�+iBQM KBtim`2 r�b
Q#i�BM2/ mbBM; � HQr2` ~Qr `�i2b r?BHbi K�BMi�BMBM; i?2 8 #�` Q7 ?v/`Q;2M T`2bbm`2X
h?Bb �HHQr2/ i?2 bQHmiBQM iQ b�im`�i2 rBi? K2i?�MQH �M/ 7�+BHBi�i2/ i?2 [m�MiB}+�iBQM
Q7 i?2 T`Q/m+i �M/ /BbbQHp2/ ?v/`Q;2MX � 7mHHv H�#2HH2/ bT2+i`mK Q#i�BM2/ mbBM; � ~Qr
`�i2 Q7 kᅷH KBM਷φ Bb b?QrM BM 6B;X 8XRj
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6B;m`2 8XRj, φ> bT2+i`mK �+[mB`2/ mbBM; � ~Qr `�i2 Q7 kᅷ ԛKBM਷φ �M/ � MQ`K�H
?v/`Q;2M T`2bbm`2 Q7 8 #�`X h?2 bT2+i`mK r�b +QHH2+i2/ mbBM; e9 i`�MbB2Mib rBi? �

/2H�v Q7 8 b2+QM/bX

8XeXe >v/`Q;2M h`�MbTQ`i

h?2 ?v/`Q;2M i`�MbTQ`i i?`Qm;? i?2 K2K#`�M2 �M/ Bib mTi�F2 BMiQ i?2 ~QrBM; HB[mB/
r�b bBKmH�i2/ mbBM; irQ +QmTH2/ }MBi2 2H2K2Mi KQ/2Hb, � /BHmi2 bT2+B2b /BzmbBQM KQ/2H
7Q` ?v/`Q;2M ;�b BM i?2 S.Ja K2K#`�M2- �M/ � /BHmi2 bT2+B2b /BzmbBQM �M/ +QMp2+iBQM
KQ/2H 7Q` ?v/`Q;2M /BbbQHp2/ BM i?2 ~QrBM; HB[mB/X h?2 ?v/`Q;2M T�`iB�H T`2bbm`2b
�i i?2 HB[mB/fSJ.a BMi2`7�+2 �`2 +QMbi`�BM2/ iQ #2 2[m�H- �M/ i?2 ?v/`Q;2M T�`iB�H
T`2bbm`2 �i i?2 ;�bfS.Ja BMi2`7�+2 r�b b2i iQ � }t2/ p�Hm2 Q7 8 #�`X 6B;X 8XR9� b?Qrb
i?2 /BzmbBp2 ~mt Q7 ?v/`Q;2M i?`Qm;? i?2 S.Ja K2K#`�M2X aBM+2 i?2 ;�bfS.Ja
BMi2`7�+2 �+ib �b � bQm`+2- �M/ i?2 HB[mB/fS.Ja BMi2`7�+2 �b � bBMF 7Q` ?v/`Q;2M- i?2
~mt Bb bi`QM;2bi r?2`2 i?2 irQ +?�MM2Hb �`2 BM +HQb2 T`QtBKBivX �i i?2 HQr2bi ~Qr `�i2-
bB;MB}+�Mi i`�MbTQ`i QMHv i�F2b TH�+2 BM � p2`v bK�HH �`2�- �M/ i?2 HB[mB/ Bb b�im`�i2/
rBi? ?v/`Q;2M rBi?BM i?2 }`bi 72r KK Q7 i?2 T�i? r?B+? Bb BM +QMi�+i rBi? i?2 S.JaX
h?2 ?B;?2` i?2 ~Qr `�i2- i?2 7m`i?2` i?2 �`2� Q7 bB;MB}+�Mi ~mt 2ti2M/b /QrMbi`2�KX �i
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6B;m`2 8XR9, 6BMBi2 2H2K2Mi bBKmH�iBQM Q7 ?v/`Q;2M mTi�F2X �, .BzmbBp2 ?v/`Q;2M
~mt BM i?2 S.Ja K2K#`�M2 7Q` /Bz2`2Mi HB[mB/ ~Qr `�i2bc #, }M�H ?v/`Q;2M +QM+2Mi`�@
iBQM BM ~QrBM; K2i?�MQH �b � 7mM+iBQM Q7 ~Qr `�i2X aQHB/ HBM2, bBKmH�iBQM- QT2M +B`+H2b,

LJ_ K2�bm`2K2MibX

�#Qmi Ry ᅷԛ KBM਷φ- i?2 ?v/`Q;2M ~mt +Qp2`b i?2 2MiB`2 H2M;i? Q7 i?2 �`2� #2ir22M i?2
HB[mB/ �M/ ;�b +?�MM2H BMi2`7�+2bX h?2 }MBi2 2H2K2Mi KQ/2H �HbQ T`2/B+ib i?2 `2bmHiBM;
+QM+2Mi`�iBQM Q7 ?v/`Q;2M BM i?2 HB[mB/ UK2i?�MQHV �b � 7mM+iBQM Q7 ~Qr `�i2X h?Bb Bb
b?QrM #v i?2 bQHB/ HBM2 BM 6B;X 8XR9#X h?2 +B`+H2b `2T`2b2Mi LJ_ K2�bm`2K2MibX �i
~Qr `�i2b #2ir22M k �M/ Ry ᅷԛ KBM਷φ- 2tT2`BK2Mi�H `2bmHib �`2 BM ;QQ/ �;`22K2Mi rBi?
i?2 bBKmH�iBQMX �i ?B;?2` ~Qr `�i2b- ?Qr2p2`- i?2 2tT2`BK2Mi�HHv Q#b2`p2/ ?v/`Q;2M
+QM+2Mi`�iBQMb �`2 bB;MB}+�MiHv HQr2` i?�M i?2 T`2/B+iBQMbX Ai Bb +m``2MiHv mM+H2�` r?�i
+�mb2b i?Bb /Bb+`2T�M+vc TQbbB#Hv ?B;? ~Qr `�i2b H2�/ iQ /27Q`K�iBQM Q7 i?2 S.Ja H�v2`
Qp2` i?2 HB[mB/ +?�MM2H �M/ i?mb +?�M;2 i?2 mTi�F2 ;2QK2i`vX S.Ja H�v2`b r2`2 `2mb2/
Qp2` � T2`BQ/ Q7 � 72r r22Fb �M/ +QMbi�MiHv 2tTQb2/ iQ /Bz2`2Mi bQHp2Mib �M/ �Hi?Qm;?
i?2 S.Ja r�b +�i�HviB+�HHv +m`2/- i?Bb �;2BM; +QmH/ ?�p2 TQ`QbBiv Q7 i?2 S.Ja #mi
i?Bb Bb mMFMQrM �i i?Bb iBK2X �i ~Qr `�i2b #2HQr Ry ᅷԛ KBM਷φ- i?2 bBKmH�iBQM �M/
2tT2`BK2Mib #Qi? BM/B+�i2 i?�i i?2 ~QrBM; bQHp2Mi Bb M2�`Hv b�im`�i2/ rBi? ?v/`Q;2MX
�b i?2 bQHm#BHBiv Q7 ?v/`Q;2M BM S.Ja Q#2vb >2M`vǶb H�r � ?B;?2` T`2bbm`2 +QmH/ vB2H/
?B;?2` +QM+2Mi`�iBQMb- ?Qr2p2`- Bi Bb mM+H2�` r?2i?2` i?2 #QM/BM; BM i?2 +?BT +QmH/
bmbi�BM Km+? ?B;?2` T`2bbm`2bX
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6B;m`2 8XR8, a�im`�iBQM `2+Qp2`v `2bmHibX �, aB;M�H #mBH/mT �i +QMbi�Mi ~Qr `�i2 �7i2`
b�im`�iBQM UbQHB/ /Qib, K2�bm`2/ /�i� TQBMib- i?2 /�b?2/ HBM2 Bb � ;mB/2 iQ i?2 2v2Vc #,
J�;MBim/2 Q7 i?2 bi2�/v@bi�i2 bB;M�H �7i2` 7mHH `2+Qp2`v U�i H2�bi Ryy b �7i2` b�im`�iBQMV

�b � 7mM+iBQM Q7 ~Qr `�i2X � +H2�` K�tBKmK �i 3 ᅷԛ KBM਷φ Bb Q#b2`p2/X

8XeXd a2MbBiBpBiv �M/ GBKBi Q7 .2i2+iBQM

*H2�`Hv- i?2 bi2�/v@bi�i2 bB;M�Hb Q#b2`p2/ �i +QMbi�Mi ~Qr `�i2 �`2 i?2 `2bmHi Q7 � /vM�KB+
2[mBHB#`BmK #2ir22M i?2 `�i2 Q7 ?v/`Q;2M�iBQM- i?2 `�i2 Q7 i`�MbTQ`i Q7 i?2 ?v/`Q;2M�i2/
T`Q/m+i iQ i?2 b�KTH2 +?�K#2` �M/ Bib `2KQp�H 7`QK Bi- �M/ bTBM@H�iiB+2 `2H�t�iBQMX
AM Q`/2` iQ T`Q#2 i?2 BMi2`TH�v Q7 i?2b2 7�+iQ`b- i?2 LJ_ bB;M�H r�b bmTT`2bb2/ #v
b�im`�iBM; i?2 bTBM TQTmH�iBQMb rBi? � i`�BM Q7 8Rk ᅺ�� TmHb2b b2T�`�i2/ #v Ryy ᅷb
/2H�vbX h?2 bB;M�H BMi2MbBiv r�b i?2M K2�bm`2/ �b � 7mM+iBQM Q7 i?2 /2H�v #2ir22M i?2
2M/ Q7 i?2 b�im`�iBQM i`�BM �M/ i?2 LJ_ 2t+Bi�iBQM TmHb2X 6B;X 8XR8� b?Qrb �M 2t�KTH2
Q7 i?2 /�i� i?mb Q#i�BM2/ �i � ~Qr `�i2 Ԡ � �ᅷԛ KBM਷φX h?2 bB;M�H BM+`2�b2b `�TB/Hv
�7i2` b�im`�iBQM- `2�+?BM; bi2�/v@bi�i2 H2p2Hb �7i2` �#Qmi Ry bX

h?2 BMi2MbBiv Q7 i?2 bi2�/v@bi�i2 LJ_ bB;M�H 2t?B#Bib � +H2�` K�tBKmK rBi? ~Qr
`�i2 U6B;X 8XR8#V- `2~2+iBM; � #�H�M+2 #2ir22M ?v/`Q;2M mTi�F2- `2�+iBQM FBM2iB+b- �M/
bTBM@H�iiB+2 `2H�t�iBQMX h?2 QTiBKmK- rBi? i?2 H�`;2bi bB;M�H �i b�im`�iBQM- Bb `2�+?2/
�i � ~Qr `�i2 Q7 3 ᅷԛ KBM਷φX

h?2 M�im`2 Q7 i?2 bi�iBQM�`v bi�i2 2bi�#HBb?2/ BM i?2 bvbi2K �i 2�+? ~Qr `�i2
#2+QK2b +H2�`2` B7 i?2 b�im`�iBQM `2+Qp2`v /�i� Bb THQii2/ BM i2`Kb Q7 i?2 pQHmK2 /Bb@
TH�+2/ /m`BM; i?2 b�im`�iBQM `2+Qp2`v iBK2 Ԡᅽ- `�i?2` i?�M i?2 `2+Qp2`v iBK2 Bib2H7- �M/
MQ`K�HBb2/ iQ i?2 bi2�/v@bi�i2 bB;M�H BMi2MbBiv �i 2�+? ~Qr `�i2- �b b?QrM BM 6B;X 8XReX
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6B;m`2 8XRe, aB;M�H `2+Qp2`v �7i2` b�im`�iBQM- MQ`K�HBb2/ #v i?2 K�tBKmK bB;M�H
Q#b2`p2/ �i HQM; `2+Qp2`v iBK2bX h?2 ?Q`BxQMi�H �tBb Bb i?2 pQHmK2 KQp2/ i?`Qm;?
i?2 +?BT /m`BM; i?2 `2+Qp2`v iBK2 ᅽ֍- BX2X- Ԡ ᅽ֍- r?2`2 Ԡ Bb i?2 ~Qr `�i2X 6BHH2/ +B`+H2b
+Q``2bTQM/ iQ ~Qr `�i2b #2HQr i?2 QTiBKmK UԠ � �ᅷԛ KBM਷φV- r?2`2 �b QT2M +B`+H2b �`2
Q#i�BM2/ �i ~Qr `�i2b Ԡ ଯ �ᅷԛ KBM਷φX h?2 bQHB/ �M/ /�b?2/ HBM2b �`2 ;mB/2b iQ i?2 2v2

7Q` i?2 bQHB/ �M/ QT2M +B`+H2 /�i� TQBMib- `2bT2+iBp2HvX

Hyperpolarised solution
Hydrogen
Saturated Sample

1

2

3

6B;m`2 8XRd, � /2TB+iBQM Q7 r?�i Bb ?�TT2MBM; BM i?2 b�KTH2 +?�K#2` �i HQr ~Qr `�i2b
UԠ � �ᅷԛ KBM਷φV i?2 b�im`�i2/ K�i2`B�H Bb /BbTH�+2/ HBM2�`Hv #v 7`2b? ?vT2`TQH�`Bb2/
K�i2`B�H H2�/BM; iQ i?2 HBM2�` `Bb2 BM bB;M�H rBi? /BbTH�+2/ pQHmK2X h?2 b2[m2M+2 7`QK

R@j b?Qrb ?Qr i?Bb /BbTH�+2K2Mi ?�TT2Mb Qp2` iBK2X

�i ~Qr `�i2b #2HQr i?2 BMi2MbBiv K�tBKmK �i Ԡ � �ᅷԛ KBM਷φ UbQHB/ +B`+H2bV- i?2 /�i�
TQBMib +QHH�Tb2 QMiQ � +m`p2 i?�i b?Qrb �M BMBiB�H HBM2�` BM+`2�b2 mT iQ � /BbTH�+2/ pQHmK2
Q7 �#Qmi R ᅷG- 7QHHQr2/ #v `�TB/ b�im`�iBQM iQ i?2 bi2�/v@bi�i2 p�Hm2X h?Bb #2?�pBQm`
+H2�`Hv BM/B+�i2b i?�i i?2 bB;M�H `2+Qp2`v BM i?Bb `2;BK2 Bb /QKBM�i2/ #v i?2 bv`BM;2 TmKT
/`Bp2M ~mB/ i`�MbTQ`iX �i i?2b2 ~Qr `�i2b- � +QMbi�Mi +QM+2Mi`�iBQM Q7 ?vT2`TQH�`Bx2/
K�i2`B�H Bb 2bi�#HBb?2/ BM i?2 ~QrBM; HB[mB/ mTbi`2�K Q7 i?2 b�KTH2 +?�K#2`- �M/ Bb
bBKTHv +�``B2/ #�+F BMiQ pB2r Q7 i?2 LJ_ /2i2+iQ` �7i2` i?2 b�im`�iBQM TmHb2b 2M/X h?2
T`BM+BTH2 Q7 i?Bb Bb b?QrM BM 6B;X 8XRdX h?2 K�tBKmK bB;M�H Bb `2�+?2/ �7i2` � pQHmK2 Q7
�#Qmi RX8 ᅷG ?�b #22M /BbTH�+2/X h?Bb Bb H2bb i?�M i?2 +�T�+Biv Q7 i?2 b�KTH2 +?�K#2`-
`2~2+iBM; i?2 mM2p2M p2HQ+Biv /Bbi`B#miBQM BMbB/2 BiX

�i ~Qr `�i2b �#Qp2 i?2 QTiBKmK UԠ ଯ � G KBM਷RV- � bQK2r?�i /Bz2`2Mi #2?�pBQm`
Bb Q#b2`p2/X h?2 BMBiB�H `2+Qp2`v `�i2 Bb 7�bi2` U6B;X 8XRe- QT2M +B`+H2bV- �M/ �TT2�`b
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6B;m`2 8XR3, �, aBM;H2@b+�M bi2�/v@bi�i2 bT2+i`mK Q#i�BM2/ �i i?2 QTiBKmK ~Qr
`�i2 rBi? T�`�@2M`B+?2/ >kc #, bT2+i`mK Q#i�BM2/ �i i?2 b�K2 ~Qr `�i2 rBi? ?v/`Q;2M
;�b BM i?2`K�H 2[mBHB#`BmKX 8Rk i`�MbB2Mib ?�p2 #22M �p2`�;2/X aB;M�H 2M?�M+2K2Mi #v
S>AS r�b /2i2`KBM2/ #v +QKT�`BM; i?2 BMi2;`�H Q7 i?2 TQbBiBp2 HQ#2 Q7 i?2 >ռ bB;M�H BM
bT2+i`mK � iQ i?2 BMi2;`�H Q7 i?2 +Q``2bTQM/BM; UTm`2Hv �#bQ`TiBp2V T2�F BM bT2+i`mK

#X

iQ 7QHHQr �M 2tTQM2MiB�H `�i?2` i?�M HBM2�` b?�T2X h?Bb bm;;2bib i?�i �i i?2b2 ~Qr
`�i2b- i?2 bi�iBQM�`v bi�i2 Bb MQi v2i 2bi�#HBb?2/ �i i?2 TQBMi r?2`2 i?2 HB[mB/ 2Mi2`b
i?2 b�KTH2 +?�K#2`- �M/ i?2`27Q`2- i?2 Q#b2`p2/ `2+Qp2`v Bb /QKBM�i2/ #v i?2 QM;QBM;
?v/`Q;2M�iBQM `2�+iBQMX

AM Q`/2` iQ /2i2`KBM2 i?2 b2MbBiBpBiv Q7 /2i2+iBQM Q7 i?2 ?v/`Q;2M�iBQM T`Q/m+i
�i i?2 QTiBKmK ~Qr `�i2- i?2 2tT2`BK2Mi r�b `2T2�i2/ mbBM; MQ`K�H ?v/`Q;2MX AM i?Bb
+�b2- i?2 bB;M�H 7`QK T`QiQMb >ռ �M/ >ս Q7 i?2 ?v/`Q;2M�iBQM T`Q/m+i 9 �`2 iQQ r2�F
iQ #2 Q#b2`p2/ �#Qp2 i?2 MQBb2 BM � bBM;H2 b+�MX 6B;X 8XR3 +QKT�`2b i?2 ?vT2`TQH�`Bx2/
bB;M�H U�V iQ i?2 �p2`�;2/ bB;M�H Q7 8Rk i`�MbB2Mib Q#i�BM2/ rBi? ?v/`Q;2M BM i?2`K�H
2[mBHB#`BmK U#VX

aBM+2 i?2 K2i?vH ;`QmT BM i?2 T`2+m`bQ` �M/ i?2 ?v/`Q;2M�iBQM T`Q/m+i +QMi`B#mi2
iQ i?2 b�K2 bB;M�H �i kXy8 TTK UbB;M�H H�#2HH2/ >րӴօ BM 6B;X 8XRk�V- i?Bb bB;M�H +�M #2
mb2/ �b � +�HB#`�iBQM bi�M/�`/- rBi? � +QM+2Mi`�iBQM Q7 ky KJ r?B+? Bb mM�z2+i2/ #v
i?2 ?v/`Q;2M�iBQM `2�+iBQMX "v +QKT�`BM; i?Bb BMi2;`�H iQ i?�i Q7 i?2 bB;M�H 7`QK i?2
>ռ T`QiQMb- i?2 +QM+2Mi`�iBQM Q7 ?v/`Q;2M�i2/ T`Q/m+i +�M #2 [m�MiB}2/X �i � ~Qr `�i2
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Q7 3 ᅷԛ KBM਷φ- �M �HHvH �+2i�i2 UT`Q/m+iV +QM+2Mi`�iBQM Q7 	���� ਻ ����
 KJ r�b 7QmM/-
+Q``2bTQM/BM; iQ � iQi�H Q7 	����� ਻ �����
 MKQH BM i?2 ��� G b�KTH2 pQHmK2X

h?Bb [m�MiBiv +�M #2 mb2/ iQ /2i2`KBM2 i?2 HBKBi Q7 /2i2+iBQM Q7 i?2 ?vT2`TQ@
H�`Bx2/ T`Q/m+iX h?2 bB;M�HfMQBb2 `�iBQ UaL_V BM i?2 bT2+i`mK b?QrM BM 6B;X 8XR3� Bb
9yyU਻���V- �M/ i?2 HBM2 rB/i? Bb � ਻ ��� >xX h?2 MQ`K�HBb2/ HBKBi Q7 /2i2+iBQM Bb ;Bp2M
#v 1[MX kXkj8

MGP.ᇖ � �ԝ
aL_ ఉငԕ


r?2`2 ԝ Bb i?2 �KQmMi Q7 b�KTH2 �M/ ငԕ Bb i?2 bB;M�H #�M/rB/i?X AM i?2 T`2b2Mi
+�b2- QM2 }M/b MGP.ᇖ � 	��� ਻ ���
 TKQH అbX GBKBib Q7 /2i2+iBQM BM i?Bb `�M;2 ?�p2
bQ 7�` QMHv #22M `2TQ`i2/ BM p2`v HBKBi2/ +B`+mKbi�M+2b- BM+Hm/BM; +?2KB+�HHv@BM/m+2/
/vM�KB+ Mm+H2�` TQH�`Bx�iBQM U*A.LSV (kdk)- Q` Q` #v K�FBM; mb2 Q7 mM+QMp2MiBQM�H HQr@
}2H/ /2i2+iBQM bvbi2Kb bm+? �b 7Q`+2@/2i2+i2/ K�;M2iB+ `2bQM�M+2 Q` QTiB+�H /2i2+iBQM
K2i?Q/b(kyjĜkRj)X AM i?2 T`2b2Mi +�b2- +QMp2MiBQM�H BM/m+iBp2 /2i2+iBQM Bb mb2/- �M/
i?2 7mHH `2bQHmiBQM �M/ bT2+B}+Biv i?�i K�F2 ?B;?@}2H/ LJ_ � mb27mH �M�HviB+�H iQQH �`2
`2i�BM2/X

h?2 K�bb HBKBi Q7 /2i2+iBQM UGP.V 7Q` T`QiQMb �i � K�;M2iB+ }2H/ Q7 R9XR h
U+Q``2bTQM/BM; iQ � T`QiQM G�`KQ` 7`2[m2M+v Q7 eyy J>xV BM bi�i2@Q7@i?2@�`i +QKK2`+B�H
LJ_ T`Q#2b rBi? � +QMp2MiBQM�H b�KTH2 pQHmK2 Q7 yX8 KH Bb �TT`QtBK�i2Hv Ryy MKQH అbX
JB+`Q~mB/B+ LJ_ bvbi2Kb +�M K�F2 mb2 Q7 KBMB�im`Bb2/ LJ_ /2i2+iQ`b- r?B+? #2M2}i
7`QK � 7�pQm`�#H2 b+�HBM; Q7 i?2 K�bb b2MbBiBpBiv rBi? /2i2+iBQM pQHmK2 (Ny- R8j- R3e)X �i
� bBx2 b+�H2 Q7 kX8 ᅷH- � K�bb b2MbBiBpBiv �`QmM/ � MKQH అb ?�b #22M `2TQ`i2/ (k)X >Qr2p2`-
/m2 iQ i?2 HBKBi2/ pQHmK2 BM bm+? bvbi2Kb- i?2 +QM+2Mi`�iBQM b2MbBiBpBiv Bb p2`v TQQ`-
bm+? i?�i QMHv +QKTQmM/b T`2b2Mi �i KJ H2p2Hb +�M #2 [m�MiB}2/ BM KB+`Q~mB/B+ LJ_
bvbi2KbX h?Bb bBim�iBQM ;2ib rQ`b2 �b i?2 /2i2+iQ` pQHmK2 /2+`2�b2bX "v +QMi`�bi- K�Mv
b�KTH2b Q7 BMi2`2bi- bm+? �b K2i�#QHBi2b BM KB+`Q~mB/B+ +mHim`2 bvbi2Kb- �`2 QMHv T`2b2Mi
�i ᅷJ H2p2HbX

AM i?2 T`2b2Mi +�b2- i?2 +QM+2Mi`�iBQM HBKBi Q7 /2i2+iBQM 7`QK 1[MX kXkje Bb

+GP.ᇖ � MGP.ᇖԋ֎ � 	���� ਻ ����
ᅷJ
అԢ� U8XkeV

6`QK i?2 `�iBQ Q7 i?2 bB;M�H BMi2MbBiB2b BM i?2 i?2`K�H �M/ ?vT2`TQH�`Bx2/ bT2+i`�
b?QrM BM 6B;X 8XR3� �M/ #- Bi Bb TQbbB#H2 iQ 2biBK�i2 i?2 R> TQH�`Bx�iBQM H2p2HbX AM
i?2 i?2`K�H bT2+i`mK- i?2 aL_ Bb �#Qmi 8,R- r?2`2�b Bi Bb 9yy,R BM i?2 ?vT2`TQH�`Bx2/
bT2+i`mKX h?2 i?2`K�H bT2+i`mK Bb Q#i�BM2/ 7`QK 8Rk i`�MbB2Mib- i?2`27Q`2 i?2 bBM;H2
i`�MbB2Mi i?2`K�H aL_ rQmH/ #2 ��అ��� ஈ ����X h?Bb H2�/b iQ � bB;M�H 2M?�M+2K2Mi
7�+iQ` Q7 ᅯ ஈ �������� ஈ ����X

h?Bb +�M #2 +QKT�`2/ iQ i?2 2tT2+i2/ bB;M�H 2M?�M+2K2Mi ;Bp2M i?2 2M`B+?K2Mi
H2p2H Q7 T�`�@?v/`Q;2M mb2/ BM i?2 2tT2`BK2MiX h?2 B/2�H 2M?�M+2K2Mi 7�+iQ` Bb ;Bp2M
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#v ᅯքտ � �ԧ֋ ਷ ��అ� �Ԛգԉ܉ᅭӷЈ 
 U8XkdV

r?2`2 ԧ֋ Bb i?2 KQH2 7`�+iBQM Q7 T�`�?v/`Q;2M BM i?2 722/ ;�b- ᅭ Bb i?2 K�;M2iQ;v`B+
`�iBQ- ӷЈ Bb i?2 K�;M2iB+ }2H/- �M/ ܉ �M/ Ԛգ �`2 SH�M+FǶb �M/ "QHixK�MMǶb +QMbi�Mib-
`2bT2+iBp2HvX h?2 7�+iQ` φఅϵ `2~2+ib i?2 mb2 Q7 � ᅺ�� TmHb2 7Q` i?2 ?vT2`TQH�`Bx2/ 2t@
T2`BK2MiX �i � i2KT2`�im`2 Q7 ԉ � ��� E �M/ � K�;M2iB+ }2H/ Q7 ���� h- �M/ rBi?ԧ֋ � ���- i?Bb vB2H/b ᅯքտ ஈ ����- r?B+? Bb � 7�+iQ` Q7 jXj H�`;2` i?�M i?2 2tT2`BK2Mi�HHv
Q#b2`p2/ 2M?�M+2K2Mi 7�+iQ`X h?2`27Q`2- �#Qmi kfj Q7 i?2 i?2Q`2iB+�HHv �p�BH�#H2 bTBM
Q`/2` Bb HQbi iQ `2H�t�iBQM mM/2` i?2 T`2b2Mi 2tT2`BK2Mi�H +QM/BiBQMbX

8XeX3 k. LJ_

� ;`2�i �/p�Mi�;2 Q7 i?2 +QMiBMmQmbHv QT2`�iBM; KB+`Q~mB/B+ S>AS bvbi2K Bb i?2 �#BHBiv
iQ �+[mB`2 K�Mv i`�MbB2Mib BM bm++2bbBQM mM/2` pB`im�HHv mM+?�M;2/ +QM/BiBQMbX h?Bb
Bb /B{+mHi iQ �+?B2p2 rBi? #m##HBM; ?v/`Q;2M i?`Qm;? � bQHmiBQMX �b � +QMb2[m2M+2-
?vT2`TQH�`Bx2/ KmHiB@/BK2MbBQM�H LJ_ bT2+i`� (kj8- kjdĜkjN- kdj- kd9)X ?�p2 #22M
`2+Q`/2/ 2Bi?2` mbBM; �miQK�i2/ `2�+iQ`b +QK#BM2/ rBi? LJ_ ~Qr T`Q#2b- (kj3- kjN)
Q` mbBM; mHi`�7�bi �+[mBbBiBQM i2+?MB[m2b (kjd- kdj- kd9)X

h?2 S>AS!+?BT b2imT �HHQrb bi`�B;?i7Q`r�`/ �+[mBbBiBQM Q7 k. bT2+i`�- mbBM;
+QMp2MiBQM�H ԣφ BM+`2K2Mi�iBQMX hQ /2KQMbi`�i2 i?Bb- k. hP*au UhQi�H *Q``2H�iBQM
aT2+i`Qb+QTvV �M/ >JZ* U>2i2`QMm+H2�` JmHiBTH2 Zm�MimK *Q?2`2M+2V LJ_ bT2+@
i`� Q7 i?2 `2�+iBQM KBtim`2 �i � ~Qr `�i2 Q7 3 ᅷԛ KBM਷φ ?�p2 #22M T2`7Q`K2/X h?2
+QMp2MiBQM�H TmHb2 b2[m2M+2b r2`2 KQ/B}2/ #v `2TH�+BM; i?2 BMBiB�H ᅺfk TmHb2 rBi? �ᅺ�� TmHb2c i?2b2 2tT2`BK2Mib �`2 `2z2`2/ iQ �b ǳS>@hP*auǴ UT�`�?v/`Q;2M hP*auV
�M/ ǳS>@>JZ*Ǵ UT�`�?v/`Q;2M >JZ*VX

� S>@hP*au bT2+i`mK �+[mB`2/ BM ky KBM Bb b?QrM BM 6B;X 8XRN�X � i?2`K�H
2[mBHB#`BmK hP*au bT2+i`mK Q7 i?Bb +QKTQmM/ rQmH/ #2 2tT2+i2/ iQ +QMi�BM /B�;Q@
M�H T2�Fb +QMM2+iBM; i?2 B/2MiB+�H Mm+H2�` bTBMb BM i?2 irQ �+[mBbBiBQM /BK2MbBQMb- �M/
Q77@/B�;QM�H T2�Fb +QMM2+iBM; C @+QmTH2/ bTBMbX AM i?2 S>@hP*au 2tT2`BK2Mi- i?2 /B@
�;QM�H T2�Fb QMHv �TT2�` 7Q` i?2 irQ T�`�?v/`Q;2M T`QiQM bB;M�Hb- #2+�mb2 i?2v �`2 i?2
QMHv bTBMb bB;MB}+�MiHv TQH�`Bb2/ BM i?2 BM/B`2+i /BK2MbBQMX h?2 Qi?2` T`QiQMb �`2 QMHv
TQH�`Bb2/ /m`BM; i?2 BbQi`QTB+ bTBM@KBtBM; bi2T Q7 i?2 TmHb2 b2[m2M+2- �M/ ?2M+2 /Q MQi
�TT2�` BM i?2 BM/B`2+i /BK2MbBQMX h?2b2 T`QiQMb QMHv T`Q/m+2 Q77@/B�;QM�H T2�Fb- +QM@
M2+iBM; i?2K iQ i?2 T�`�?v/`Q;2M T�B`X �b b?QrM BM 6B;X 8XRN#- i?2 bBKmH�i2/ bT2+i`mK
+HQb2Hv +Q``2bTQM/b iQ i?2 2tT2`BK2Mi�HHv Q#b2`p2/ QM2X

� i?2`K�H 2[mBHB#`BmK hPa*u bT2+i`mK Q7 i?Bb +QKTQmM/ rQmH/ #2 2tT2+i2/
iQ +QMi�BM /B�;QM�H T2�Fb +QMM2+iBM; i?2 B/2MiB+�H Mm+H2�` bTBMb BM i?2 irQ �+[mBbBiBQM
/BK2MbBQMb- �M/ Q77@/B�;QM�H T2�Fb +QMM2+iBM; C @+QmTH2/ bTBMbX AM i?Bb ?vT2`TQH�`Bx2/
2tT2`BK2Mi- i?2 /B�;QM�H T2�Fb QMHv �TT2�` 7Q` i?2 irQ T�`�?v/`Q;2M T`QiQM bB;M�Hb-
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6B;m`2 8XRN, h?2 +QMiBMmQmb ~Qr S>AS!+?BT �TT`Q�+? �HHQrb �+[mBbBiBQM Q7 irQ@
/BK2MbBQM�H bT2+i`� rBi? p2`v ?B;? b2MbBiBpBivX �, S>@hP*au bT2+i`mK Q7 i?2 ?vT2`@
TQH�`Bx2/ `2�+iBQM KBtim`2- ~QrBM; �i 3 ᅷG KBM਷φX #, aBKmH�i2/ S>@hP*au bT2+i`mKX
h?2 /B�;QM�H BM i?2 bT2+i`mK Bb K�`F2/ #v � /�b?2/ ;`2v HBM2X PMHv i?2 T`QiQMb Q`B;B@
M�iBM; 7`QK T�`�?v/`Q;2M ;Bp2 bB;M�Hb QM i?2 /B�;QM�Hc i?2 TQH�`Bx�iBQM Bb i`�Mb72``2/
iQ i?2 Qi?2` HQ+�iBQMb #v i?2 BbQi`QTB+ KBtBM; b2[m2M+2X "Qi? S>@hP*au bT2+i`� �`2
THQii2/ BM K�;MBim/2 KQ/2X +, φ>@φϯ* S>@>JZ* bT2+i`mK b?QrBM; irQ b2T�`�i2
KmHiBTH2ib- 2�+? +Q``2H�iBM; QM2 Q7 i?2 irQ ?vT2`TQH�`Bx2/ T`QiQMb rBi? i?2 /B`2+iHv

#QM/2/ φϯ* bTBMX
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#2+�mb2 i?2v �`2 i?2 QMHv bTBMb bB;MB}+�MiHv TQH�`Bb2/ BM i?2 /B`2+i /2i2+iBQM /BK2MbBQMX
h?2 Qi?2` T`QiQMb �`2 QMHv TQH�`Bb2/ /m`BM; i?2 BbQi`QTB+ bTBM@KBtBM; bi2T Q7 i?2 TmHb2
b2[m2M+2- �M/ ?2M+2 /QMǶi �TT2�` BM i?2 /B`2+i /BK2MbBQMX h?2b2 T`QiQMb QMHv T`Q/m+2
Q77@/B�;QM�H T2�Fb- +QMM2+iBM; i?2K iQ i?2 T�`�?v/`Q;2M T�B`X

� S>@>JZ* bT2+i`mK �+[mB`2/ BM ey KBM Bb b?QrM BM 6B;X 8XRN+X Ai +QMi�BMb irQ
T2�Fb- HBMFBM; i?2 T�`�?v/`Q;2M T`QiQMb iQ i?2 Rj* bTBMb iQ r?B+? i?2v ?�p2 � /B`2+i
RC*> +QmTHBM;X �M 2tT2`BK2Mi Q7 i?Bb FBM/- BM r?B+? bB;M�Hb �`2 /2i2+i2/ �i 7mHH M�im`�H
�#mM/�M+2 Q7 i?2 Rj* bTBMb U�#Qmi RWV BM � kX8 ᅷG /2i2+iBQM pQHmK2- Bb QMHv TQbbB#H2
/m2 iQ #Qi? i?2 ?B;? TQH�`Bx�iBQM H2p2Hb �M/ bi�#BHBiv Q7 i?2 bvbi2KX

h?2 `2bmHib BM 6B;X 8XRN b?Qr i?�i i?2 ?vT2`TQH�`Bx2/ bTBM Q`/2` +�M #2 bT`2�/
iQ Qi?2` T`QiQMb BM i?2 KQH2+mH2 #v i?2 �TTHB+�iBQM Q7 i?2 BbQi`QTB+ KBtBM; b2[m2M+2
JG1o@Rd (kd8- kde) T`BQ` iQ R. bB;M�H �+[mBbBiBQMX h?Bb bBKTH2 i`B+F �HHQrb QM2 iQ
?vT2`TQH�`Bx2 �Mv T`QiQMb i?�i �`2 C @+QmTH2/ iQ i?2 T�`�?v/`Q;2M T�B`- r?B+? K�F2b
i?2 i2+?MB[m2 KQ`2 ;2M2`�HX

Jm+? QM;QBM; `2b2�`+? BM i?2 }2H/ Q7 ?vT2`TQH�`Bx�iBQM Bb KQiBp�i2/ #v BM@pBpQ
�TTHB+�iBQMb- r?2`2 ?vT2`TQH�`Bx2/ +QKTQmM/b �`2 mb2/ �b K�;M2iB+ `2bQM�M+2 BK�;BM;
+QMi`�bi �;2Mib (kdd)X JQbiHv- i?Bb BMpQHp2b i`�Mb72``BM; i?2 Mm+H2�` bTBM TQH�`Bx�iBQM
�7i2` ?v/`Q;2M�iBQM iQ Qi?2` Mm+H2B URj*- R8L- jRSV rBi? HQr2` K�;M2iQ;v`B+ `�iBQb-
r?2`2 bTBM@H�iiB+2 `2H�t�iBQM iBK2b �`2 HQM;2`X (kjk- kd3- kdN) J�Mv Q7 i?2b2 �TT`Q�+?2b
mb2 x2`Q Q` p2`v HQr K�;M2iB+ }2H/b 7Q` ?v/`Q;2M�iBQM �M/ TQH�`Bx�iBQM i`�Mb72`X h?Bb
?�b i?2 �/p�Mi�;2 i?�i M2�` K�;M2iB+ 2[mBp�H2M+2 #2ir22M i?2 irQ �//2/ T`QiQMb Bb
K�BMi�BM2/ i?`Qm;? i?2 `2�+iBQM- H2�/BM; iQ HQM;2` HB72iBK2b (kk3Ĝkjj- k3y- k3R)X h?2
T`2b2Mi rQ`F QT2Mb � +QKTH2K2Mi�`v bi`�i2;v- BM i?�i i?2 ?v/`Q;2M�iBQM Bb /QM2 �i
?B;? }2H/X .2H2i2`BQmb 2z2+ib Q7 `2H�t�iBQM �`2 KBMBKBb2/ #v i?2 T`QtBKBiv Q7 i?2 bBi2
Q7 ?v/`Q;2M�iBQM iQ i?2 TQBMi Q7 mb2X �`;m�#Hv- i?Bb �TT`Q�+? ?�b �/p�Mi�;2b BM i?2
+QMi2ti Q7 KB+`Q~mB/B+ bvbi2Kb- r?2`2 QMHv bK�HH [m�MiBiB2b Q7 ?vT2`TQH�`Bx2/ �;2Mib
�`2 M22/2/X

8Xd *QM+HmbBQMb

h?2 +QK#BM�iBQM Q7 � ?B;?Hv 2{+B2Mi i`�MbKBbbBQM@HBM2 LJ_ KB+`Q /2i2+iQ` rBi? T�`�?v@
/`Q;2M BM/m+2/ ?vT2`TQH�`Bx�iBQM H2�/b iQ �M mMT`2+2/2Mi2/ b2MbBiBpBiv BM BM/m+iBp2Hv
/2i2+i2/ LJ_- rBi? � K�bb HBKBi Q7 /2i2+iBQM �`QmM/ kXk TKQH అbX h?Bb +Q``2bTQM/b
iQ � +QM+2Mi`�iBQM b2MbBiBpBiv Q7 H2bb i?�M R ᅷJ అb- r?B+?- iQ Qm` FMQrH2/;2- ?�b MQi
T`2pBQmbHv #22M `2�+?2/ �i i?2 pQHmK2 b+�H2 Q7 kX8 ᅷGX h?Bb QT2Mb i?2 T2`bT2+iBp2 iQ
#2 �#H2 iQ bim/v +?2KB+�H T`Q+2bb2b BMpQHpBM; HQr@�#mM/�M+2 bT2+B2b BM K�bb@HBKBi2/
b�KTH2bX P#pBQmbHv- bm+? �TTHB+�iBQMb `2[mB`2 T`2T�`�iBQM Q7 � ?vT2`TQH�`Bx2/ `2�+i�MiX
�b i?2 7Q`2;QBM; bim/v b?Qrb- i?2 M2+2bb�`v +?2KBbi`v +�M #2 BMi2;`�i2/ BM � KB+`Q~m@
B/B+ bvbi2KX Ai b?QmH/ #2 MQi2/ i?�i T�`�?v/`Q;2M 2M`B+?2/ iQ 8yW U+QKT�`2/ iQ k8W
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�i i?2`K�H 2[mBHB#`BmKV ?�b #22M mb2/c i?2 b2MbBiBpBiv +QmH/ 2�bBHv #2 #QQbi2/ #v �
7�+iQ` Q7 i?`22 #v mbBM; Tm`2 T�`�?v/`Q;2MX JB+`Q~mB/B+ bvbi2Kb ?QH/ ;`2�i TQi2MiB�H
BM +QK#BM�iBQM rBi? ?vT2`TQH�`Bx2/ LJ_X �HH ?vT2`TQH�`Bx�iBQM i2+?MB[m2b `2[mB`2 +Q@
Q`/BM�i2/ K�MBTmH�iBQM Q7 ~mB/b �M/ bTBM i`�Mb7Q`K�iBQMbX h?2 `2bmHib b?QrM BM i?2
7Q`2;QBM; /2KQMbi`�i2 i?�i BM i?2 +�b2 Q7 T�`�?v/`Q;2M@BM/m+2/ TQH�`Bx�iBQM- i?Bb +�M
#2 �bbBbi2/ +QMbB/2`�#Hv #v BMi2;`�iBM; bQK2 Q7 i?2 M2+2bb�`v +?2KB+�H bi2Tb QM � KB@
+`Q~mB/B+ +?BTX S�`�?v/`Q;2M +�M #2 /2HBp2`2/ iQ � `2�+iBp2 bQHmiBQM i?`Qm;? � S.Ja
K2K#`�M2 �i bm{+B2Mi `�i2 iQ �+?B2p2 bB;MB}+�Mi H2p2Hb Q7 ?vT2`TQH�`Bx�iBQMc /BbbQHmiBQM
�M/ i`�MbTQ`i Q7 ?v/`Q;2M BM S.Ja /Q2b MQi �TT2�` iQ H2�/ iQ bB;MB}+�Mi Q`i?Q@T�`�
2[mBHB#`�iBQMX h?2 ?B;?Hv bi�#H2 +QMiBMmQmb QT2`�iBQM Q7 i?2 S>AS!+?BT bvbi2K �HHQrb
[m�MiBi�iBp2 bim/B2b Q7 i?2 ?v/`Q;2M�iBQM FBM2iB+b- �M/ i?2 `2H2p�Mi `2H�t�iBQM T`Q+2bb2bX
h?Bb Bb /2KQMbi`�i2/ #v i?2 /2T2M/2M+2 Q7 i?2 bi2�/v@bi�i2 bB;M�H BMi2MbBiv QM ~Qr `�i2
�M/ i?2 `2+Qp2`v Q7 i?2 ?vT2`TQH�`Bx2/ bB;M�H �7i2` b�im`�iBQM U6B;X 8XR8VX

h?2 bm++2bb7mH /2KQMbi`�iBQM Q7 S>AS QM � +?BT QT2Mb BKTQ`i�Mi T2`bT2+iBp2bX
*QM/BiBQMb +�M #2 QTiBKBb2/ 7Q` +QMiBMm2/ T`Q/m+iBQM Q7 ?vT2`TQH�`Bx2/ K2i�#QHBi2b-
r?B+? QT2Mb i?2 TQbbB#BHBiv iQ +QM/m+i BM@bBim K2i�#QHB+ bim/B2b BM KB+`Q~mB/B+ +mH@
im`2b Q7 +2HHb- iBbbm2b- �M/ Q`;�MBbKbX q?BH2 i?2 ?vT2`TQH�`Bx2/ +QKTQmM/ mb2/ ?2`2-
�HHvH �+2i�i2- Bb MQi � K2i�#QHBi2 T2` b2- i?2 T`Q/m+iBQM Q7 ?vT2`TQH�`Bx2/ K2i�#QHB+
bT2+B2b i?`Qm;? S>AS ?�b #22M /2KQMbi`�i2/ #27Q`2 (kk9- kjR- kjj- k3y- k3k- k3j)X
aQK2 K2i�#QHBi2b- bm+? �b 7mK�`�i2- +�M #2 ;2M2`�i2/ /B`2+iHv #v ?v/`Q;2M�iBQM Q7 �M
mMb�im`�i2/ T`2+m`bQ` (k3y)X �BK2 2i �HX ?�p2 T`QTQb2/ � KQ`2 ;2M2`�HHv �TTHB+�#H2
K2i?Q/ (k3k)- r?B+? `2HB2b QM i?2 K2i�#QHBi2 #QmM/ iQ �M �HFvM2 bB/2�`K i?`Qm;? �M
2bi2` HBMF�;2X �7i2` ?v/`Q;2M�iBQM- i?2 TQH�`Bx�iBQM Bb i`�Mb72``2/ iQ � Rj* Mm+H2mb
BM i?2 K2i�#QHB+ KQB2iv- �M/ i?2 bB/2�`K Bb +H2�p2/X S>AS!+?BT QT2Mb i?2 TQbbB#HBiv
Q7 BKTH2K2MiBM; i?2b2 �//BiBQM�H T`Q/m+iBQM bi2Tb QM i?2 b�K2 +?BTX q?BH2 T`2pBQmb
/2KQMbi`�iBQMb Q7 bB/2�`K ?v/`Q;2M�iBQM ?�p2 #22M +�``B2/ Qmi �i HQr K�;M2iB+ }2H/- Bi
K�v #2 TQbbB#H2 iQ �/�Ti `2+2MiHv /2p2HQT2/ 2{+B2Mi K2i?Q/b 7Q` ?2i2`QMm+H2�` TQH�`@
Bx�iBQM i`�Mb72` �i ?B;? }2H/(kj9) iQ i?Bb Tm`TQb2X AM im`M- i?Bb K�v 2M�#H2 BMi2;`�iBQM
Q7 i?2 ?vT2`TQH�`Bx2/ K2i�#QHBi2 ;2M2`�iBQM rBi? �M QM@+?BT +mHim`2 Q7 +2HHb Q` Qi?2`
#BQHQ;B+�H bvbi2KbX h?�MFb iQ Bib bi�#BHBiv- i?2 b2imT T`QpB/2b � +QMp2MB2Mi K2�Mb iQ
QTiBKBb2 TmHb2 b2[m2M+2b �M/ `2�+iBQM +QM/BiBQMb 7Q` T`Q/m+BM; ?vT2`TQH�`Bx2/ i�`;2ibX

h?2 bm++2bb7mH /2KQMbi`�iBQM Q7 S>AS QM � +?BT QT2Mb BKTQ`i�Mi T2`bT2+iBp2bX
*QM/BiBQMb +�M #2 QTiBKBb2/ 7Q` +QMiBMm2/ T`Q/m+iBQM Q7 ?vT2`TQH�`Bx2/ K2i�#QHBi2b-
r?B+? QT2Mb i?2 TQbbB#BHBiv iQ +QM/m+i BM@bBim K2i�#QHB+ bim/B2b BM KB+`Q~mB/B+ +mH@
im`2b Q7 +2HHb- iBbbm2b- �M/ Q`;�MBbKbX q?BH2 i?2 ?vT2`TQH�`Bx2/ +QKTQmM/ mb2/ ?2`2-
�HHvH �+2i�i2- Bb MQi � K2i�#QHBi2 T2` b2- i?2 T`Q/m+iBQM Q7 ?vT2`TQH�`Bx2/ K2i�#QHB+
bT2+B2b i?`Qm;? S>AS ?�b #22M /2KQMbi`�i2/ #27Q`2 (kjR- kjj- kdd- k3y- k3k- k3j)X
aQK2 K2i�#QHBi2b- bm+? �b 6mK�`�i2 (k3y)- +�M #2 ;2M2`�i2/ /B`2+iHv #v ?v/`Q;2M�iBQM
Q7 �M mMb�im`�i2/ T`2+m`bQ`X �BK2 2i �HX ?�p2 T`QTQb2/ � KQ`2 ;2M2`�HHv �TTHB+�#H2
K2i?Q/ (k3k)- r?B+? `2HB2b QM i?2 K2i�#QHBi2 #QmM/ iQ �M �HFvM2 bB/2�`K i?`Qm;? �M
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2bi2` HBMF�;2X �7i2` ?v/`Q;2M�iBQM- i?2 TQH�`Bx�iBQM Bb i`�Mb72``2/ iQ � Rj* Mm+H2mb BM
i?2 K2i�#QHB+ KQB2iv- �M/ i?2 bB/2�`K Bb +H2�p2/X S>AS!+?BT QT2Mb i?2 TQbbB#HBiv Q7
BKTH2K2MiBM; i?2b2 �//BiBQM�H T`Q/m+iBQM bi2Tb QM i?2 b�K2 +?BTX AM im`M- i?Bb K�v 2M@
�#H2 BMi2;`�iBQM Q7 i?2 ?vT2`TQH�`Bx2/ K2i�#QHBi2 ;2M2`�iBQM rBi? �M QM@+?BT +mHim`2 Q7
+2HHb Q` Qi?2` #BQHQ;B+�H bvbi2KbX h?�MFb iQ Bib bi�#BHBiv- i?2 b2imT T`QpB/2b � +QMp2MB2Mi
K2�Mb iQ QTiBKBb2 TmHb2 b2[m2M+2b �M/ `2�+iBQM +QM/BiBQMb 7Q` T`Q/m+BM; ?vT2`TQH�`Bx2/
i�`;2ibX



*?�Ti2` e

*QM+HmbBQMb

AM i?Bb i?2bBb 2zQ`ib iQ +QK#BM2 KB+`Q~mB/B+b rBi? KB+`Q@LJ_ �`2 /2b+`B#2/X

1M�#HBM; KB+`Q~mB/B+ 2tT2`BK2Mib iQ #2 +QKT�iB#H2 rBi? LJ_ Qz2`b �/p�Mi�;2b
Q7 H�#2H@7`22- MQM@/2bi`m+iBp2 �M/ MQM@BMp�bBp2 �M�HvbBb r?B+? +�M 2�bBHv #2 +QK#BM2/
rBi? 2tBbiBM; K2i?Q/b Q7 BMp2biB;�iBQM �M/ mb2/ iQ 2M?�M+2 i?2 BM7Q`K�iBQM i?�i +�M #2
;H2�M2/ 7Q`K � bvbi2KX

*?�Ti2` j /2b+`B#2b i?2 /2bB;M �M/ K�Mm7�+im`2 Q7 � T2`Bbi�HiB+ TmKT /2pB+2
+�T�#H2 Q7 2t?�M;2 �M/ KBtBM; Q7 ~mB/b rBi?BM i?2 /2pB+2 BM � ?B;? }2H/ LJ_ K�;M2iX
h?2 /2bB;M +QmTH2b iQ;2i?2` � S.Ja K2#`�M2 �M/ bi`m+im`2b +mi BMiQ i?2 /2pB+2 iQ 7Q`K
p�Hp2b r?B+? �`2 BM/BpB/m�HHv �//`2bb�#H2 iQ T2`7Q`K i?2 TmKTBM; �M/ KBtBM; `QmiBM2b-
r?BHbi F22TBM; /2�/ pQHmK2 iQ � KBMBKmKX PT2`�iBQM Q7 i?Bb /2pB+2 BM bBim Bb T`2b2Mi2/-
rBi? bT2+i`� b?QrM- /2KQMbi`�iBM; i?2 2t+?�M;2 �M/ KBtBM; Q7 irQ ~mB/b BM i?2 /2pB+2X

AM +?�Ti2` 9 � /2pB+2 +�T�#H2 Q7 ;2M2`�iBM; KB+`Q~m/B+ /`QTH2ib �M/ T2`7Q`KBM;
?B;?@`2bQHmiBQM LJ_ Bb T`2b2Mi2/X h?2v F2v iQ /QBM; i?Bb Bb K�i+?BM; i?2 bmb+2TiB#BHB@
iB2b Q7 i?2 ~mB/b �M/ K�i2`B�Hb mb2/X h?Bb Bb /QM2 #v +miiBM; b?BK bi`m+im`2b }HH2/ rBi?
�B` �`QmM/ i?2 b�KTH2 +?�K#2` �M/ #v /QTBM; i?2 �[m2Qmb T?�b2 rBi? +?2H�i2/ 1mj�
BQMb iQ #`BM; i?2K BMHBM2 rBi? i?2 bmb+2TiB#BHBiv Q7 i?2 QBH T?�b2- BM i?Bb +�b2 +v+HQ?2t@
�M2X h?2 T`2+Bb2 HQ+�iBQM �M/ bBx2 Q7 i?2 b?BK bi`m+im`2b r�b bBKmH�i2/ �M/ i?2 2t�+i
+QM+2Mi`�iBQM Q7 2m`QTBmK K2�bm`2/ BM Q`/2` iQ +QHH2+i � ?B;? `2bQHmiBQM bT2+i`mK Q7
/`QTH2ib +QMi�BMBM; ;Hm+Qb2- +QKT�`�#H2 iQ i?2 bT2+i`mK Q#i�BM2/ #v Tm`2 T?�b2 ;Hm+Qb2
�M/ +QmH/ T�p2 i?2 r�v 7Q` /`QTH2i LJ_ iQ #2 mb2/ BM 7mim`2X

6BM�HHv- �M LJ_ 2tT2`BK2Mi b+�H2/ /QrM iQ KB+`Q@LJ_ Bb /2b+`B#2/ BM +?�Ti2` 8-
r?2`2 T�`�?v/`Q;2M BM/m+2/ TQH�`Bb�iBQM US>ASV `2�+iBQMb r?2`2 T2`7Q`K2/ QM � /2pB+2
+�T�#H2 Q7 #m##H2 7`22 ?v/`Q;2M�iBQMX h?2 S�a�.1L� `2�+iBQM T`2b2Mi2/ BM i?2 +?�T@
i2` H2�/b iQ 2M?�M+2K2Mi 7�+iQ`b Q7 R3yy r?2M +QKT�`2/ rBi? � mbBM; MQ`K�H ?v/`Q;2MX
h?2 KB+`Q~mB/B+ �bT2+i Q7 i?2 /2pB+2 �HHQrb i?2 T`Q/m+iBQM Q7 i?2 ?vT2`TQH�`Bb2/ bT2+B2b
BM +QMiBMmQmb ~Qr- i?Bb bi�#BHBiv �HHQrb 7Q` i?2 +QHH2+iBQM Q7 k. ?vT2`TQH�`Bb2/ bT2+i`�X

RR9
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h?Bb /2pB+2 +QmH/ T`QpB/2 � r�v iQ T`Q/m+2 ?vT2`TQH�`Bb2/ K2i�#QHBi2b +QMiBMQmbHv �M/
2Bi?2` BMi`Q/m+2 i?2K iQ +2HH +mHim`2 Q` Qi?2` HBpBM; iBbbm2 BM bBim Q` 7Q` BMD2+iBQM �M/ BM
pBi`Q BK�;BM;X

h?2b2 i?`22 2t�KTH2b Q7 i?2 bm++2bb7mH +QK#BM�iBQM KB+`Q~mB/B+b rBi? ?B;?@}2H/
?B;? `2bQHmiBQM KB+`Q@LJ_ bT2+i`Qb+QTv- b?Qr ?Qr i?2 irQ }2H/b +�M #2 mb2/ iQ 2M@
?�M+2 �M/ +QKTHBK2Mi QM2 �MQi?2` rBi?Qmi +QKT`QKBb2X h?2 MQp2Hiv �M/ 7mM+iBQM Q7
2Bi?2` T�`i- KB+`Q~mB/B+ Q` LJ_- �`2 MQi b�+`B}+2/ 7Q` i?2 Qi?2`X h?2v K�F2 7Q` 2t+Bi@
BM; T`QbT2+ib- i?2 /`QTH2ib +QmH/ #2 mb2/ iQ BMp2biB;�i2 �M/ i`�+F Qtv;2M +QM+2Mi`�iBQMb
BM HBpBM; iBbbm2 +mHim`2- i?2 +QMiBMmQmb S>AS /2pB+2 +QmH/ T`QpB/2 M2r BMbB;?ib BMiQ
i?2 FBM2iB+b Q7 i?2 S�a�.1L� `2�+iBQM `2TQ`i2/- �b r2HH �b i?2 7Q`K�iBQM Q7 K2i�#Q@
HBi2b /B`2+iHv i?�i +QmH/ #2 BMi`Q/m+2/ iQ � +2HH +mHim`2 �M/ i?2 K2i�#QHQKB+b i`�+F2/
mbBM; LJ_X h?2 TmKT +�M #2 +QK#BM2/ rBi? KB+`Q~mB/B+ 2tT2`BK2Mib i?�i �`2 K�bb
HBKBi2/ 7Q` 2t�KTH2- HB;�M/ #BM/BM; bim/B2b Q7 T`Qi2BMb Q` +QmH/ #2 mb2/ BM +2HH +mHim`2
2tT2`BK2Mib iQ T2`7mb2 i?2 +mHim`2 rBi? K2/B� �M/ T`QpB/2 Qtv;2M �M/ Mmi`B2Mib r?BHbi
2M�#HBM; i?2 Q#b2`p�iBQM Q7 i?2 +mHim`2 #v LJ_X

Pp2`�HH- KB+`Q~mB/B+ LJ_ b?Qrb T`QKBb2 BM +?�HH2M;BM; M2r T`Q#H2Kb �M/ Qz2`b
2t+BiBM; TQbbB#BHBiB2b r?2M +QK#BM2/ rBi? 2tBbiBM; i2+?MB[m2bX
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"2HQr i?2 }`Kr�`2 7Q` i?2 QT2`�iBQM Q7 i?2 T2`Bbi�HiB+ TmKT Bb ;Bp2MX

TmKTn/`Bp2`nyXyXR

O/27BM2 o�Go1n� j
O/27BM2 o�Go1n" RR
O/27BM2 o�Go1n* k
O/27BM2 o�Go1n. 9
O/27BM2 o�Go1n1 8
O/27BM2 o�Go1n6 e
O/27BM2 Lno�Go1a e

BMi o�Hp2SBMb() 4 &o�Go1n�- o�Go1n"- o�Go1n*- o�Go1n.- o�Go1n1-o�Go1n6'c

BMi �/p�M+2SmKT() 4 &o�Go1n�- o�Go1n"- o�Go1n*'c
BMi �/p�M+2o�Hp2b() 4 &GPq- GPq- GPq- >A:>- GPq- GPq'c
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bi�i2 H�biai�i2c
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ai`BM; +QKK�M/c
ai`BM; T�`�Kb(J�tS�`�Kb)c
BMi MT�`�K4yc

RRe
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7HQ�i 7`2[ 4 @RXyc
7HQ�i H�K#/� 4 jXyc

pQB/ b2imTUV &

7Q`UBMi F4ycFILno�Go1acFYYV
&

TBMJQ/2Uo�Hp2SBMb(F)- PlhSlhVc
/B;Bi�Hq`Bi2Uo�Hp2SBMb(F)- GPqVc

'

a2`B�HX#2;BMURR8kyyVc
r?BH2U5a2`B�HVc
a2`B�HXT`BMiHMU]>2HHQX]Vc

'

pQB/ HQQTUV &
B7U +?2+F6Q`*K/UV V T`Q+2bb*K/UV c
B7U KBHHBbUV = #2/hBK2 V ;QiQai�i2UZlA1hVc

brBi+? U+m``2Miai�i2V &
+�b2 JAs ,

bi�`iSmKTUJBtSmKT-j-7`2[-H�K#/�V c
#`2�F c

+�b2 �.o�L*1 ,
bi�`iSmKTU�/p�M+2SmKT-j-7`2[-H�K#/�V c
#`2�Fc

/27�mHi,
#`2�Fc

'

/2H�vURyVc
'

pQB/ ;QiQai�i2Ubi�i2 M2rai�i2V
&

B7U+m``2Miai�i2 54 M2rai�i2V &
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(R) JX a?�`K� �M/ JX lix- CQm`M�H Q7 J�;M2iB+ _2bQM�M+2- kyRN- jyj- d8Ĝ3RX

(k) :X 6BM+?- �X uBHK�x �M/ JX lix- CQm`M�H Q7 J�;M2iB+ _2bQM�M+2- kyRe- kek-
djĜ3yX

(j) >X 6�M;- uX amM- sX q�M;- JX a?�`K�- wX *?2M- sX *�Q- JX lix �M/ wX hB�M-
a+B2M+2 *?BM� *?2KBbi`v- kyR3- eR- R9eyĜR9e9X

(9) aX h2``v- CX C2`K�M �M/ CX �M;2HH- A111 h`�Mb�+iBQMb 1H2+i`QM .2pB+2b- RNdN- ke-
R33yX

(8) .X _X _2v2b- .X AQbbB}/Bb- SX@�X �m`Qmt �M/ �X J�Mx- �M�HviB+�H *?2KBbi`v- kyyk-
d9- kekjĜkejeX

(e) >X o�M GBMi2H- 6X o�M /2 SQH �M/ aX "Qmrbi`�- a2MbQ`b �M/ �+im�iQ`b- RN33- R8-
R8jĜRedX

(d) 6X o�M .2 SQH- .X qQMMBMF- JX 1Hr2MbTQ2F �M/ CX 6HmBiK�M- a2MbQ`b �M/ �+im@
�iQ`b- RN3N- Rd- RjNĜR9jX

(3) aX a?QDB- JX 1b�b?B �M/ hX J�ibmQ- a2MbQ`b �M/ �+im�iQ`b- RN33- R9- RyRĜRydX

(N) �X J�Mx- uX JBv�?�`�- CX JBm`�- uX q�i�M�#2- >X JBv�;B �M/ EX a�iQ- a2MbQ`b
�M/ �+im�iQ`b ", *?2KB+�H- RNNy- R- k9NĜk88X

(Ry) �X J�Mx- LX :`�#2` �M/ >X �X qB/K2`- a2MbQ`b �M/ �+im�iQ`b ", *?2KB+�H- RNNy-
R- k99Ĝk93X

(RR) �X J�Mx- .X >�``BbQM- CX 62iiBM;2`- 1X o2`TQQ`i2- >X Gm/B �M/ >X qB/K2`-
h_�La.l*1_aǶNR, RNNR AMi2`M�iBQM�H *QM72`2M+2 QM aQHB/@ai�i2 a2MbQ`b �M/
�+im�iQ`bX .B;2bi Q7 h2+?MB+�H S�T2`b- RNNR- TTX NjNĜN9RX

(Rk) .X CX >�``BbQM- �X J�Mx- wX 6�M- >X Gm2/B �M/ >X JX qB/K2`- �M�HviB+�H *?2K@
Bbi`v- RNNk- e9- RNkeĜRNjkX

(Rj) EX a2BH2`- .X CX >�``BbQM �M/ �X J�Mx- �M�HviB+�H *?2KBbi`v- RNNj- e8- R93RĜR933X

(R9) �X hX qQQHH2v- .X >�/H2v- SX G�M/`2- �X CX /2J2HHQ- _X �X J�i?B2b �M/ JX �X
LQ`i?`mT- �M�HviB+�H *?2KBbi`v- RNNe- e3- 9y3RĜ9y3eX

RkR
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(R8) GX "Qmbb2- _X J+_2vMQH/b- :X EB`F- hX .�r2b- SX G�K- qX "2KBbb �M/ CX S�`+2-
a2MbQ`b �M/ �+im�iQ`b ", *?2KB+�H- RNN9- ky- R98ĜR8yX

(Re) :X JX q?Bi2bB/2b- L�im`2- kyye- 99k- je3ĜdjX

(Rd) CX JX L;- AX :BiHBM- �X .X ai`QQ+F �M/ :X JX q?Bi2bB/2b- 1H2+i`QT?Q`2bBb- kyyk-
kj- j9eRĜj9djX

(R3) :X JX q?Bi2bB/2b �M/ �X .X ai`QQ+F- S?vbB+b hQ/�v- kyyR- 89- 9kĜ93X

(RN) CX *X J+.QM�H/- .X *X .mzv- CX _X �M/2`bQM- .X hX *?Bm- >X qm- PX CX a+?m2HH2`
�M/ :X JX q?Bi2bB/2b- 1G1*h_PS>P_1aAa, �M AMi2`M�iBQM�H CQm`M�H- kyyy-
kR- kdĜ9yX

(ky) .X "X q2B#2H- JX E`mBi?Q7- aX SQi2Mi�- aX EX aB�- �X G22 �M/ :X JX q?Bi2bB/2b-
�M�HviB+�H *?2KBbi`v- kyy8- dd- 9dkeĜ9djjX

(kR) �X :ɃMi?2`- JX C?mMD?mMr�H�- JX h?�HK�MM- JX �X a+?KB/i �M/ EX 6X C2Mb2M-
G�M;KmB`- kyy8- kR- R89dĜR888X

(kk) .X CX G�b2` �M/ CX :X a�MiB�;Q- CQm`M�H Q7 KB+`QK2+?�MB+b �M/ KB+`Q2M;BM22`BM;-
kyy9- R9- _j8X

(kj) *X GX >�Mb2M- 1X aFQ`/�H�F2b- CX JX "2`;2` �M/ aX _X Zm�F2- S`Q+22/BM;b Q7 i?2
L�iBQM�H �+�/2Kv Q7 a+B2M+2b- kyyk- NN- Re8jRĜRe8jeX

(k9) _X _�Kb2v �M/ CX _�Kb2v- �M�HviB+�H *?2KBbi`v- RNNd- eN- RRd9ĜRRd3X

(k8) �X _X q?22H2`- qX _X h?`QM/b2i- _X CX q?2H�M- �X JX G2�+?- _X LX w�`2- uX >X
GB�Q- EX 6�``2HH- AX .X J�M;2` �M/ �X .�`B/QM- �M�HviB+�H *?2KBbi`v- kyyj- d8-
j83RĜj83eX

(ke) *X@*X G22- :X amB- �X 1HBx�`Qp- *X CX a?m- uX@aX a?BM- �X LX .QQH2v- CX >m�M;-
�X .�`B/QM- SX qv�ii- .X aiQmi 2i �HX- a+B2M+2- kyy8- jRy- RdNjĜRdNeX

(kd) hX h?Q`b2M- _X qX _Q#2`ib- 6X >X �`MQH/ �M/ aX _X Zm�F2- S?vbB+�H `2pB2r H2ii2`b-
kyyR- 3e- 9RejX

(k3) .X GBMF- aX GX �MM�- .X q2Bix �M/ >X aiQM2- S?vbB+�H `2pB2r H2ii2`b- kyy9- Nk-
y898yjX

(kN) uX@*X h�M- CX aX 6Bb?2`- �X AX G22- oX *`BbiBMB �M/ �X SX G22- G�# QM � *?BT- kyy9-
9- kNkĜkN3X

(jy) wX LB2- aX sm- JX a2Q- SX *X G2rBb �M/ 1X EmK�+?2p�- CQm`M�H Q7 i?2 �K2`B+�M
*?2KB+�H aQ+B2iv- kyy8- Rkd- 3y83Ĝ3yejX

(jR) hX LBbBb�FQ �M/ hX hQ`BB- �/p�M+2/ K�i2`B�Hb- kyyd- RN- R93NĜR9NjX
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(jk) �X li�/�- 1X GQ`2M+2�m- .X GBMF- SX E�TH�M- >X aiQM2 �M/ .X q2Bix- a+B2M+2-
kyy8- jy3- 8jdĜ89RX

(jj) �X >m2#M2`- JX a`Bb�@�`i- .X >QHi- *X �#2HH- 6X >QHH72H/2`- CX 1/2H 2i �HX- *?2KB+�H
+QKKmMB+�iBQMb- kyyd- RkR3ĜRkkyX

(j9) hX h?Q`b2M- _X qX _Q#2`ib- 6X >X �`MQH/ �M/ aX _X Zm�F2- S?vbB+�H `2pB2r H2ii2`b-
kyyR- 3e- 9RejX

(j8) 6X EX "�H�;�//û- GX uQm- *X GX >�Mb2M- 6X >X �`MQH/ �M/ aX _X Zm�F2- a+B2M+2-
kyy8- jyN- RjdĜR9yX

(je) SX CX >mM;- SX CX G22- SX a�#QmM+?B- _X GBM �M/ GX SX G22- "BQi2+?MQHQ;v �M/
#BQ2M;BM22`BM;- kyy8- 3N- RĜ3X

(jd) aX h�F�v�K�- 1X PbimMB- SX G2.m+- EX L�`mb2- .X 1X AM;#2` �M/ :X JX q?Bi2bB/2b-
L�im`2- kyyR- 9RR- RyReX

(j3) CX oQH/K�M- JX :`�v- JX hQM2` �M/ JX a+?KB/i- �M�HviB+�H *?2KBbi`v- kyyk- d9-
jN39ĜjNNyX

(jN) wX q�M;- CX 1H@�HB- JX 1M;2HmM/- hX :Qib�2/- AX S2`+?@LB2Hb2M- EX "X JQ;2Mb2M-
.X aM�F2M#Q`;- CX SX Emii2` �M/ �X qQHz- G�# QM � *?BT- kyy9- 9- jdkĜjddX

(9y) .X .B *�`HQ- EX@>X C2QM; �M/ GX SX G22- G�# QM � *?BT- kyyj- j- k3dĜkNRX

(9R) aX@qX G22 �M/ uX@*X h�B- a2MbQ`b �M/ �+im�iQ`b �, S?vbB+�H- RNNN- dj- d9ĜdNX

(9k) >X Gm- aX :�m/2i- JX �X a+?KB/i �M/ EX 6X C2Mb2M- �M�HviB+�H *?2KBbi`v- kyy9-
de- 8dy8Ĝ8dRkX

(9j) uX GB- CX aX "m+?- 6X _Qb2M#2`;2`- .X GX .2oQ2 �M/ *X aX G22- �M�HviB+�H *?2KBbi`v-
kyy9- de- d9kĜd93X

(99) EX a�iQ- JX u�K�M�F�- >X h�F�?�b?B- JX hQF2b?B- >X EBKm`� �M/ hX EBi�KQ`B-
1H2+i`QT?Q`2bBb- kyyk- kj- dj9ĜdjNX

(98) hX SX "m`; �M/ aX _X J�M�HBb- �TTHB2/ S?vbB+b G2ii2`b- kyyj- 3j- keN3ĜkdyyX

(9e) CX 1H@�HB- SX EX aQ`;2` �M/ EX 6X C2Mb2M- L�im`2- kyye- 99k- 9yjX

(9d) �X 6QH+?- �X �vQM- PX >m`i�/Q- JX a+?KB/i �M/ JX hQM2`- CQm`M�H Q7 #BQK2+?�M@
B+�H 2M;BM22`BM;- RNNN- RkR- k3Ĝj9X

(93) �X 6QH+? �M/ JX hQM2`- �MMm�H `2pB2r Q7 #BQK2/B+�H 2M;BM22`BM;- kyyy- k- kkdĜk8eX

(9N) oX GX hb�M; �M/ aX LX "?�iB�- �/p�M+2/ /`m; /2HBp2`v `2pB2rb- kyy9- 8e- Rej8ĜRe9dX

(8y) �X aBp�`�K�M- CX G2�+?- aX hQrMb2M/- hX AB/�- "X >Q;�M- .X "X aiQHx- _X 6`v-
GX a�KbQM- aX h�MM2M#�mK �M/ GX :`B{i?- *m``2Mi /`m; K2i�#QHBbK- kyy8- e-
8eNĜ8NRX
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(8R) JX CX SQr2`b- EX .QK�MbFv- JX _X E��x2KTm`@JQ7`�/- �X E�H2xB- �X *�TBi�MQ-
�X lT�/?v�v�- SX Em`x�rbFB- EX 1X q�+F- .X "X aiQHx- _X E�KK 2i �HX- "BQi2+?@
MQHQ;v �M/ #BQ2M;BM22`BM;- kyyk- d3- k8dĜkeNX

(8k) *X :m;m2M@:mBHHQmxQ- "X *HûK2Mi- :X "�z2i- *X "2�mKQMi- 1X JQ`2H@*?�Mv-
.X :H�Bb2 �M/ �X :mBHHQmxQ- 1tT2`BK2Mi�H +2HH `2b2�`+?- RN3j- R9j- 9dĜ89X

(8j) *X aX *?2M- JX J`FbB+?- aX >m�M;- :X JX q?Bi2bB/2b �M/ .X 1X AM;#2`- a+B2M+2-
RNNd- kde- R9k8ĜR9k3X

(89) aX "?�iB�- lX "�HBb- JX u�`Kmb? �M/ JX hQM2`- h?2 6�a1" DQm`M�H- RNNN- Rj-
R33jĜRNyyX

(88) uX L�F�Q- >X EBKm`�- uX a�F�B �M/ hX 6mDBB- "BQKB+`Q~mB/B+b- kyRR- 8- ykkkRkX

(8e) .X >m?- "X .X J�ii?2rb- �X J�KKQiQ- JX JQMiQv�@w�p�H�- >X uX >bBM �M/ .X 1X
AM;#2`- a+B2M+2- kyRy- jk3- ReekĜRee3X

(8d) JX 1b+?- hX EBM; �M/ JX a?mH2`- �MMm�H `2pB2r Q7 #BQK2/B+�H 2M;BM22`BM;- kyRR-
Rj- 88ĜdkX

(83) �X aF�`/�H- hX a?mT2 �M/ �X �i�H�- .`m; /Bb+Qp2`v iQ/�v- kyRe- kR- RjNNĜR9RRX

(8N) EX@CX C�M; �M/ EX@uX am?- G�# QM � *?BT- kyRy- Ry- jeĜ9kX

(ey) CX >X amM; �M/ JX GX a?mH2`- G�# QM � *?BT- kyyN- N- Rj38ĜRjN9X

(eR) .X >m?- uX@bX hQ`Bb�r�- :X �X >�KBHiQM- >X CX EBK �M/ .X 1X AM;#2`- G�# QM �
*?BT- kyRk- Rk- kR8eĜkRe9X

(ek) CX q�M;- "BQb2MbQ`b �M/ "BQ2H2+i`QMB+b- kyye- kR- R33dĜR3NkX

(ej) _X _�Bi2`B- JX :`�ii�`QH�- >X@CX "mii �M/ SX aFH�/�H- a2MbQ`b �M/ �+im�iQ`b ",
*?2KB+�H- kyyR- dN- RR8ĜRkeX

(e9) "X Embr�M/B- CX >mbF2Mb- qX o2`#QQK 2i �HX- �M�HviB+� +?BKB+� �+i�- kyyd- eyR-
R9RĜR88X

(e8) LX SB`2b- hX .QM;- lX >�MF2 �M/ LX >QBpBF- a2MbQ`b- kyR9- R9- R8983ĜR89dNX

(ee) _X CX 6H�M�;�M- .X S2``2ii �M/ _X q?2HTiQM- 1H2+i`Q+?2KB+�H /2i2+iBQM BM >SG*,
�M�HvbBb Q7 /`m;b �M/ TQBbQMb- _Qv�H aQ+B2iv Q7 *?2KBbi`v- kyy8- pQHX RyX

(ed) SX aX q�;;QM2` �M/ >X :X *`�B;?2�/- G�# QM � *?BT- kyyd- d- Rkj3ĜRk88X

(e3) JX 62``�`B- L�im`2 `2pB2rb +�M+2`- kyy8- 8- ReRX

(eN) >X >Qm- sX "�B- *X sBM;- LX :m- "X w?�M; �M/ CX h�M;- �M�HviB+�H *?2KBbi`v-
kyRj- 38- kyRyĜkyR9X
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(dy) CX 6X _mbHBM;- *X oX EmK�`- CX aX :miFBM/ �M/ oX S�i2H- �M�Hvbi- kyRy- Rj8-
k9NeĜk8RRX

(dR) �X JX 6Qm/2?- hX 6X .B/�`- hX o2`2b �M/ JX h�#`BxB�M- G�# QM � *?BT- kyRk- Rk-
jk9NĜjkeeX

(dk) aX q�M;- sX w?�Q- AX E?BKDB- _X �F#�b- qX ZBm- .X 1/r�`/b- .X qX *`�K2`-
"X u2 �M/ lX .2KB`+B- G�# QM � *?BT- kyRR- RR- j9RRĜj9R3X

(dj) CX _X qQD+B2+?QrbFB- GX *X a?`Bp2`@G�F2- JX uX u�K�;m+?B- 1X 6mî`2/2`- _X SB2H2`-
JX a+?�K2b#2`;2`- *X qBM/2`- >X CX S`�HH- JX aQMMH2BiM2` �M/ 6X aX GB;H2`- �M�@
HviB+�H *?2KBbi`v- kyyN- 3R- j988Ĝj9eRX

(d9) LX uBH/B`BK- 6X GQM;- *X :�Q- JX >2- >X@*X a?B �M/ �X wX :m- 1MpB`QMK2Mi�H
b+B2M+2 � i2+?MQHQ;v- kyRk- 9e- jk33ĜjkN9X

(d8) �X JX 6Qm/2?- CX hX .�Qm/- aX SX 6�m+?2`- hX o2`2b �M/ JX h�#`BxB�M- "BQb2MbQ`b
�M/ "BQ2H2+i`QMB+b- kyR9- 8k- RkNĜRj8X

(de) JX ar�MbQM �M/ "X >�KK2`- �MMm�H _2pB2rb BM JB+`Q#BQHQ;v- kyyy- 89- 8edĜeRjX

(dd) AX aX EBMbiHBM;2` �M/ CX aX JBHH2`- G�# QM � *?BT- kyRe- Re- kyk8Ĝky9jX

(d3) SX *X :�+?- EX Ar�B- SX qX EBK- LX CX >BHHbQM �M/ �X EX aBM;?- G�# QM � *?BT-
kyRd- Rd- jj33Ĝj9yyX

(dN) "X "�Q- CX _BQ`/QM- 6X JQbiQr} �M/ .X aBMiQM- G�# QM � *?BT- kyRd- Rd-
kd9yĜkd8NX

(3y) aX :BmHBiiB- JX S2HH2;`BMB- AX wQ`x�M- SX J�`iBMB- PX :�;HB�MQ- JX Jmi�`2HHB- JX CX
wBHH2`- .X *�++?B�`2HHB- *X _QKm�H/B- LX 1Hp�bbQ`2 2i �HX- L�im`2 +2HH #BQHQ;v- kyRN-
kR- kd8Ĝk3eX

(3R) CX _2#Qm/- :X sm- �X :�``2ii- JX �/`BFQ- wX u�M;- 1X JX hmF�?2#r�- *X _Qr2HH
�M/ CX JX *QQT2`- S`Q+22/BM;b Q7 i?2 L�iBQM�H �+�/2Kv Q7 a+B2M+2b- kyRN- RRe-
93j9Ĝ939kX

(3k) SX �X JX .B`�+- J�i?2K�iB+�H S`Q+22/BM;b Q7 i?2 *�K#`B/;2 S?BHQbQT?B+�H aQ+B2iv-
RNjN- j8- 9ReĜ9R3X

(3j) CX pQM L2mK�MM- J�i?2K�iB+�H 6QmM/�iBQMb Q7 Zm�MimK J2+?�MB+b- S`BM+2iQM
lMBp2`bBiv S`2bb- M2r 2/M- kyR3X

(39) 6X "HQ+?- S?vbB+�H _2pB2r- RN9e- dy- 9eyĜ9d9X

(38) .X AX >QmHi �M/ _X 1X _B+?�`/b- CQm`M�H Q7 J�;M2iB+ _2bQM�M+2 URNeNV- RNde- k9-
dRĜ38X

(3e) �X �#`�;�K- h?2 S`BM+BTH2b Q7 Lm+H2�` J�;M2iBbK- Pt7Q`/ lMBp2`bBiv S`2bb- RNeRX
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(3d) SX CX JX p�M "2MimK- CX qX :X C�Mbb2M- �X SX JX E2Mi;2Mb- CX "�`i �M/ CX :X 1X
:�`/2MB2`b- CQm`M�H Q7 J�;M2iB+ _2bQM�M+2- kyyd- R3N- Ry9ĜRRjX

(33) >X Lv[mBbi- S?vbB+�H `2pB2r- RNk3- jk- RRyX

(3N) CX "X CQ?MbQM- S?vbB+�H `2pB2r- RNk3- jk- NdX

(Ny) oX "�/BHBi�- _X *X J2B2`- LX aT2M;H2`- lX q�HH`�#2- JX lix �M/ CX :X EQ`pBMF-
aQ7i J�ii2`- kyRk- 3- Ry83jĜRy8NdX

(NR) LX aT2M;H2`- �X JQ�x2Mx�/2?- _X *X J2B2`- oX "�/BHBi�- CX EQ`pBMF �M/
lX q�HH`�#2- CQm`M�H Q7 JB+`QK2+?�MB+b �M/ JB+`Q2M;BM22`BM;- kyR9- k9- yj9yy9X

(Nk) LX aT2M;H2`- CX >ƺ|BM- �X JQ�x2Mx�/2?- .X J�;2`- LX J�+EBMMQM- oX "�/BHBi�-
lX q�HH`�#2 �M/ CX :X EQ`pBMF- SHQa QM2- kyRe- RR- 2yR9ej39X

(Nj) AX arv2`- aX pQM /2` 1+F2M- "X qm- �X C2MM2- _X aQQM;- 6X oBM+2Mi- .X a+?KB/B;-
hX 6`2B- 6X "mbb2 �M/ >X CX ai`QMFb- G�# QM � *?BT- kyRN- RN- e9RĜe8jX

(N9) EX u�K�m+?B- CX C�Mbb2M �M/ �X E2Mi;2Mb- CQm`M�H Q7 J�;M2iB+ _2bQM�M+2- kyy9-
Red- 3dĜNeX

(N8) _X *X J2B2`- CX >ƺ|BM- oX "�/BHBi�- lX q�HH`�#2 �M/ CX :X EQ`pBMF- CQm`M�H Q7
JB+`QK2+?�MB+b �M/ JB+`Q2M;BM22`BM;- kyR9- k9- y98ykRX

(Ne) CX GBm- "X �X qBHHB�Kb- _X JX :rB`ix- "X CX qQH/ �M/ aX Zm�F2- �M;2r�M/i2
*?2KB2 AMi2`M�iBQM�H 1/BiBQM- kyye- 98- jeR3ĜjekjX

(Nd) aX >m�M;- *X GB- "X GBM �M/ CX ZBM- G�# QM � *?BT- kyRy- Ry- kNk8ĜkNjRX

(N3) GX CB�M;- uX w2M;- ZX amM- uX amM- wX :mQ- CX uX Zm �M/ aX u�Q- �M�HviB+�H
*?2KBbi`v- kyR8- 3d- 883NĜ88N8X

(NN) AX LX E27�H�- oX 1X S�T�/QTQmHQb- :X E�`TQm- :X EQFFQ`Bb- :X S�T�/�FBb �M/
�X hb2`2TB- JB+`Q~mB/B+b �M/ L�MQ~mB/B+b- kyR8- RN- Ry9dĜRy8NX

(Ryy) �X :X >�//- .X 1X _�vKQM/- CX qX >�HHBr2HH- aX *X C�+Q#bQM �M/ CX JX _�Kb2v-
�M�HviB+�H *?2KBbi`v- RNNd- eN- j9ydĜj9RkX

(RyR) JX *X JBi+?2HH- oX aTBFK�Mb �M/ �X CX /2 J2HHQ- �M�Hvbi- kyyR- Rke- k9ĜkdX

(Ryk) >X EBK- EX@AX JBM- EX AMQm2- .X@SX EBK �M/ CX@BX uQb?B/�- a+B2M+2- kyRe- j8k-
eNRĜeN9X

(Ryj) �X@GX GBm- wX@ZX GB- wX@ZX qm �M/ sX@>X sB�- h�H�Mi�- kyR3- R3k- 899Ĝ893X

(Ry9) >X :QM;- �X hX qQQHH2v �M/ :X SX LQ`/BM- G�# QM � *?BT- kyRe- Re- k98yĜk983X

(Ry8) �X EX �m- LX "?�ii�+?�`D22- GX 6X >Q`QrBix- hX *X *?�M; �M/ �X 6QH+?- G�# QM �
*?BT- kyR8- R8- RNj9ĜRN9RX
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(Rye) �X h2``�v- CX P�F2v �M/ .X qX J�``- a+B2M+2- kyyk- kNe- R39RĜR399X

(Ryd) wX GB- aX uX J�F- �X a�m`2i �M/ >X *X a?mK- G�# QM � *?BT- kyR9- R9- d99Ĝd9NX

(Ry3) hX q�`/- JX 6�Bp`2- JX �#F�`B�M �M/ >X �X aiQM2- 1H2+i`QT?Q`2bBb- kyy8- ke-
jdReĜjdk9X

(RyN) JX �X lM;2`- >X@SX *?Qm- hX h?Q`b2M- �X a+?2`2` �M/ aX _X Zm�F2- a+B2M+2- kyyy-
k33- RRjĜRReX

(RRy) oX aim/2`- :X >�M;- �X S�M/QH}- JX P`iBx- qX 6`2M+? �M/2`bQM �M/ aX _X Zm�F2-
CQm`M�H Q7 �TTHB2/ T?vbB+b- kyy9- N8- jNjĜjN3X

(RRR) *X oB+B/2`- PX P?K�M �M/ >X 1H/2`biB;- S`Q+22/BM;b Q7 i?2 AMi2`M�iBQM�H aQHB/@
ai�i2 a2MbQ`b �M/ �+im�iQ`b *QM72`2M+2@h_�La.l*1_aǶN8- TTX k39Ĝk3eX

(RRk) �X _X q?22H2`- a+B2M+2- kyy3- jkk- 8jNĜ89yX

(RRj) qX *mB- JX w?�M;- sX .m�M- qX S�M;- .X w?�M; �M/ >X w?�M;- JB+`QK�+?BM2b-
kyR8- e- dd3Ĝd3NX

(RR9) uX P/�- >X Pb?BK�- JX L�F�i�MB �M/ JX >�b?BKQiQ- 1H2+i`QT?Q`2bBb- kyRN- 9y-
9R9Ĝ9R3X

(RR8) *X >X *?2M- aX >X *?Q- 6X hb�B- �X 1`i2M �M/ uX@>X GQ- "BQK2/B+�H KB+`Q/2pB+2b-
kyyN- RR- RkkjX

(RRe) �X >�i+?- �X 1X E�K?QHx- :X >QHK�M- SX u�;2` �M/ EX 6X "Q?`BM;2`- CQm`M�H Q7
JB+`Q2H2+i`QK2+?�MB+�H bvbi2Kb- kyyR- Ry- kR8ĜkkRX

(RRd) CX "2H�`/B- LX a+?Q``- PX S`m+F2` �M/ CX _Ƀ?2- �/p�M+2/ 6mM+iBQM�H J�i2`B�Hb-
kyRR- kR- jjR9ĜjjkyX

(RR3) "X aX G22- uX lX G22- >X@aX EBK- hX@>X EBK- CX S�`F- CX@:X G22- CX EBK- >X EBK-
qX :X G22 �M/ uX@EX *?Q- G�# QM � *?BT- kyRR- RR- dyĜd3X

(RRN) aX hX E`�mbb- hX SX _2K+?Q- aX JX GBT2b- _X �`�M/� Ao- >X SX J�vM�`/ AAA-
LX a?mFH�- CX GB- _X 1X hQMi�`bFB C` �M/ CX SX G�M/2`b- �M�HviB+�H *?2KBbi`v- kyRe-
33- 3e3NĜ3eNdX

(Rky) "X aX G22- CX@LX G22- CX@JX S�`F- CX@:X G22- aX EBK- uX@EX *?Q �M/ *X EQ- G�# QM
� *?BT- kyyN- N- R893ĜR888X

(RkR) JX �X lM;2`- >X@SX *?Qm- hX h?Q`b2M- �X a+?2`2` �M/ aX _X Zm�F2- a+B2M+2- kyyy-
k33- RRjĜRReX

(Rkk) .X *X G2bHB2- *X CX 1�bH2v- 1X a2F2`- CX JX E�`HBMb2v- JX lix- JX _X "2;H2v �M/
CX SX G�M/2`b- L�im`2 S?vbB+b- kyyN- 8- kjRX

(Rkj) �X uBHK�x �M/ JX lix- G�# QM � *?BT- kyRe- Re- kydNĜ38X
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(Rk9) >X 6�M;- uX amM- sX q�M;- JX a?�`K�- wX *?2M- sX *�Q- JX lix �M/ wX hB�M-
a+B2M+2 *?BM� *?2KBbi`v- kyR3- eR- R9eyĜR9e9X

(Rk8) qX >�H2- :X _Qbb2iiQ- _X :`22M?�H;?- :X 6BM+? �M/ JX lix- G�# QM � *?BT- kyR3-
R3- jyR3Ĝjyk9X

(Rke) AX EQ#�v�b?B- uX q�/�- EX l2Km`� �M/ JX L�F�DBK�- JB+`Q~mB/B+b �M/ L�MQ~m@
B/B+b- kyRy- 3- k88ĜkekX

(Rkd) CX w?�M;- _X CX *QmHbiQM- aX hX CQM2b- CX :2M;- PX �X a+?2`K�M �M/ *X �#2HH-
a+B2M+2- kyRk- jj8- eNyĜeN9X

(Rk3) CX Cm- *X w2M;- GX w?�M; �M/ LX sm- *?2KB+�H 1M;BM22`BM; CQm`M�H- kyye- RRe-
RR8ĜRkRX

(RkN) CX EQ#�v�b?B- uX JQ`B- EX PF�KQiQ- _X �FBv�K�- JX l2MQ- hX EBi�KQ`B �M/
aX EQ#�v�b?B- a+B2M+2- kyy9- jy9- Rjy8ĜRjy3X

(Rjy) lX .2KB`+B �M/ :X JQMi2b�MQ- G�# QM � *?BT- kyyd- d- R9k3ĜR9jjX

(RjR) GX J�xmiBb- CX :BH#2`i- qX GX lM;- .X �X q2Bix- �X .X :`B{i?b �M/ CX �X >2vK�M-
L�im`2 T`QiQ+QHb- kyRj- 3- 3dyX

(Rjk) qX a?B- CX ZBM- LX u2 �M/ "X GBM- G�# QM � *?BT- kyy3- 3- R9jkĜR9j8X

(Rjj) 6X a+?mH2`- JX h`Qii2`- JX :2HiK�M- 6X a+?r2KK2`- aX q�/H2- 1X .QKőM;m2x@
:�``B/Q- JX GƦT2x- *X *2`p2`�@�+2/Q- SX a�MiB#�Ƣ2x �M/ 6X pQM ai2ii2M- G�# QM
� *?BT- kyRe- Re- ky3ĜkReX

(Rj9) aX *X EBK- AX *X *H�`F- SX a?�?B �M/ �X _X �#�i2- �M�HviB+�H *?2KBbi`v- kyR3- Ny-
RkdjĜRkdNX

(Rj8) JX uX h�M; �M/ >X *X a?mK- G�# QM � *?BT- kyRe- Re- 9j8NĜ9je8X

(Rje) EX hX EQix- uX :m �M/ :X qX 6�`Bb- CQm`M�H Q7 i?2 �K2`B+�M *?2KB+�H aQ+B2iv-
kyy8- Rkd- 8djeĜ8djdX

(Rjd) aX@uX h2?- _X GBM- GX@>X >mM; �M/ �X SX G22- G�# QM � *?BT- kyy3- 3- RN3ĜkkyX

(Rj3) JX >2- CX aX EmQ �M/ .X hX *?Bm- �TTHB2/ S?vbB+b G2ii2`b- kyy8- 3d- yjRNReX

(RjN) aX@>X h�M- LX@hX L;mv2M- GX uQ#�b �M/ hX :X E�M;- CQm`M�H Q7 JB+`QK2+?�MB+b
�M/ JB+`Q2M;BM22`BM;- kyRy- ky- y98yy9X

(R9y) "X .m`�- JX JX a2`pQb- _X JX "�``v- >X GX SHQ2;?- aX EX .Qm;�M �M/ CX oQH/K�M-
S`Q+22/BM;b Q7 i?2 L�iBQM�H �+�/2Kv Q7 a+B2M+2b- kyRe- RRj- 1j8NNĜ1jey3X

(R9R) qX >�H2- :X _Qbb2iiQ- _X :`22M?�H;?- :X 6BM+? �M/ JX lix- G�# QM � *?BT- kyR3X
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(R9k) SX :�`bi2+FB- AX :BiHBM- qX .BGmxBQ- :X JX q?Bi2bB/2b- 1X EmK�+?2p� �M/ >X �X
aiQM2- �TTHB2/ S?vbB+b G2ii2`b- kyy9- 38- ke9NĜke8RX

(R9j) SX lK#�M?Qr�`- oX S`�b�/ �M/ .X �X q2Bix- G�M;KmB`- kyyy- Re- j9dĜj8RX

(R99) SX w?m- hX EQM;- wX E�M;- sX hB�M �M/ GX q�M;- a+B2MiB}+ `2TQ`ib- kyR8- 8- RRRykX

(R98) SX w?m �M/ GX q�M;- G�# QM � *?BT- kyRd- Rd- j9Ĝd8X

(R9e) CX GX J�`FH2v- _X "`Ƀb+?r2BH2`- �X aX 1/BbQM- >X _X 1;?#�HMB�- _X SQr2`b-
.X _�7i2`v �M/ .X aX qBb?�`i- *m``2Mi QTBMBQM BM #BQi2+?MQHQ;v- kyRd- 9j- j9Ĝ9yX

(R9d) _X SQr2`b- J�;M2iB+ _2bQM�M+2 BM *?2KBbi`v- kyyN- 9d- akĜaRRX

(R93) oX E�bBpBbp�M�i?�M- �X aX _�MMBFFQ- JX "Q`;?B- oX S�M2#B�M+Q- GX �X JvM/2`b2-
JX >X o��`�H�- �X "`B;�MiB- GX "m/ mb- :X >2HH�r2HH �M/ _X :X >BM/H2v- L2r
1M;H�M/ CQm`M�H Q7 J2/B+BM2- kyR3- jd3- RdedĜRdddX

(R9N) JX >X >Q``Q+Fb- GX hQb�iiQ- �X CX .2�`- :X �X :�`+B�- JX AHDBM�- LX *`2K�/2b-
JX .�HH� a2``�- hX SX EMQrH2b- *X JX .Q#bQM �M/ .X EH2M2`K�M- �M�HviB+�H *?2K@
Bbi`v- kyR8- 3d- 33R3Ĝ33keX

(R8y) aX a+?HBKT2`i- EX 6H `/? �M/ JX CX "miiM2`- CQo1 UCQm`M�H Q7 oBbm�HBx2/ 1tT2`B@
K2MibV- kyRe- 28j3ejX

(R8R) 1X �X _2/K�M- CX aX J2HHQ`b- CX �X ai�`F2v �M/ CX JX _�Kb2v- �M�HviB+�H *?2K@
Bbi`v- kyRe- 33- kkkyĜkkkeX

(R8k) EX *?QB- 1X "Qv�+ø- CX EBK- "X a2�H2- GX "�``2`�@�`#2H�2x- CX S�rHBbxvM �M/ �X _X
q?22H2`- CQm`M�H Q7 *?`QK�iQ;`�T?v �- kyRe- R999- RĜdX

(R8j) aX aX w�H2bbFBv- 1X .�MB2HB- "X "HɃKB+? �M/ oX SX �M�MBFQp- *?2KB+�H _2pB2rb-
kyR9- RR9- 8e9RĜ8eN9X

(R89) LX aT2M;H2`- CX >ƺ|BM- �X JQ�x2Mx�/2?- .X J�;2`- LX J�+EBMMQM- oX "�/BHBi�-
lX q�HH`�#2 �M/ CX :X EQ`pBMF- SHQb PM2- kyRe- RR- 2yR9ej39X

(R88) SX qX Em+?2H- "X 1X *?�TK�M- qX �X "m##- SX 1X >�Mb2M- *X CX .m``�Mi �M/
JX SX >2`ix#2`;- *QM+2Tib BM J�;M2iB+ _2bQM�M+2 S�`i �- kyyj- R3�- 8eĜdRX

(R8e) *X CX .m``�Mi- JX SX >2`ix#2`; �M/ SX qX Em+?2H- *QM+2Tib BM J�;M2iB+ _2bQ@
M�M+2- kyyj- R3�- dkĜN8X

(R8d) >X _v�M- �X aKBi? �M/ JX lix- G�# QM � *?BT- kyR9- R9- Red3ĜRe38X

(R83) CX .X C�+FbQM- *H�bbB+�H 1H2+i`Q/vM�KB+b- CQ?M qBH2v � aQMb- j`/ 2/M- kyydX

(R8N) JX >X G2pBii- *QM+2Tib BM J�;M2iB+ _2bQM�M+2- RNNe- 3- ddĜRyjX
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(Rey) CX *X o�M/2M2M/2M- .X q�//BM;iQM- >X o�M��Hbi- *X :X o�MF`�HBM;2M �M/ EX CX
S�+F2`- CQm`M�H Q7 *QHHQB/ �M/ AMi2`7�+2 a+B2M+2- RNNy- R9y- Ry8ĜRRjX

(ReR) AX 6Qm`2H- CX :mBHH2K2Mi �M/ .X G2 "QiH�M- CQm`M�H Q7 +QHHQB/ �M/ BMi2`7�+2 b+B2M+2-
RNN9- Re9- 93Ĝ8jX

(Rek) EX :X >QHHBM;brQ`i?- �X CX a2/2`K�M- *X "m+FH2v- GX 6X :H�//2M �M/ JX GX CQ?Mb-
CQm`M�H Q7 *QHHQB/ �M/ AMi2`7�+2 a+B2M+2- kyy9- kd9- k99Ĝk8yX

(Rej) CX SX >BM/K�`b?- CX >X am- CX 6H�M�;�M �M/ >X aBM;?- G�M;KmB`- kyy8- kR-
NydeĜNy39X

(Re9) JX GX CQ?Mb- *m``2Mi PTBMBQM BM *QHHQB/ � AMi2`7�+2 a+B2M+2- kyyN- R9- Rd3ĜR3jX

(Re8) _X "2`M2rBix- :X :mi?�mb2M �M/ >X SX a+?m+?K�MM- J�;M2iB+ _2bQM�M+2 BM *?2K@
Bbi`v- kyRR- 9N- aNjĜaRy9X

(Ree) AX �X GBM;rQQ/- hX *X *?�M/`�b2F2`�- CX EQHx- 1X PX 6`B/DQMbbQM �M/ JX GX CQ?Mb-
CQm`M�H Q7 J�;M2iB+ _2bQM�M+2- kyRk- kR9- k3RĜk33X

(Red) JX 1X 6�#`v �M/ _X *X a�M :2Q`;2- "BQ+?2KBbi`v- RN3j- kk- 9RRNĜ9Rk8X

(Re3) �X CX G2MMQM- LX _X a+Qii- "X 1X *?�TK�M �M/ SX qX Em+?2H- "BQT?vbB+�H DQm`M�H-
RNN9- ed- kyNeĜkRyNX

(ReN) CX �X S2i2`b- CX >mbF2Mb �M/ .X CX _�#2`- S`Q;`2bb BM Lm+H2�` J�;M2iB+ _2bQM�M+2
aT2+i`Qb+QTv- RNNe- k3- k3jĜj8yX

(Rdy) *_* >�M/#QQF Q7 *?2KBbi`v �M/ S?vbB+b- 2/X CX _mK#H2- kyRd- TTX RĜ9X

(RdR) JX *X q�TH2`- CX G2mTQH/- AX .`�;QMm- .X pQM 1Hp2`72H/- JX w�Bib2p �M/
lX q�HH`�#2- CQm`M�H Q7 J�;M2iB+ _2bQM�M+2- kyR9- k9k- kjjĜk9kX

(Rdk) *X CX :X "�FF2` �M/ _X /2 _QQb- J�;M2iB+ _2bQM�M+2 BM J2/B+BM2- kyye- 8e-
RRydĜRRRjX

(Rdj) >X _v�M- �X aKBi? �M/ JX lix- G�# QM � *?BT- kyR9- R9- Red3ĜRe38X

(Rd9) �X uBHK�x �M/ JX lix- G�# QM � *?BT- kyRe- Re- kydNĜky38X

(Rd8) :X _X 6BM+?- S?. i?2bBb- lMBp2`bBiv Q7 aQmi?�KTiQM- aQmi?�KTiQM- kyRdX

(Rde) CX "2x�MbQM- �X 1/2HK�M- aX E�`TBMbFB �M/ oX "X a?�?- aA�J _2pB2r- kyRd- 8N-
e8ĜN3X

(Rdd) *PJaPG AM+X- *PJaPG JmHiBT?vbB+bȉ- ?iiTb,ffrrrX+QKbQHX+QKX

(Rd3) uX h�FBF�r�- aX 1#Bbm �M/ aX L�;�i�- CQm`M�H Q7 S?vbB+b �M/ *?2KBbi`v Q7 aQHB/b-
kyRy- dR- R8NkĜR8N3X



"A"GAP:_�S>u RjR

(RdN) CX 1BHHb- qX >�H2- JX a?�`K�- JX _Qbb2iiQ- JX >X G2pBii �M/ JX lix- CQm`M�H Q7
i?2 �K2`B+�M *?2KB+�H aQ+B2iv- y- y- MmHHX

(R3y) JX J�Br�H/- >X >X 6Bb+?2`- uX@EX EBK- EX �H#2`i �M/ >X >�bb2- CQm`M�H Q7 J�;@
M2iB+ _2bQM�M+2- kyy9- Ree- Rj8ĜR9eX

(R3R) .X �X 6QH2v- 1X "2x- �X *Q/BM�- EX GX *QHbQM- JX 62v- _X E`mHH- .X SB`QHB- JX hX
w2HH �M/ "X GX J�`[m2x- �M�HviB+�H *?2KBbi`v- kyR9- 3e- Rkyy3ĜRkyRjX

(R3k) .X aX qBb?�`i- h`�* h`2M/b BM �M�HviB+�H *?2KBbi`v- kyy3- kd- kk3ĜkjdX

(R3j) JX :Qiib+?�HF- :X Ap�MQp�- .X JX *QHHBMb- �X 1mbi�+2- _X PǶ*QMMQ` �M/ .X 6X
"`Qm;?�K- LJ_ BM "BQK2/B+BM2- kyy3- kR- 3yNĜ3RNX

(R39) JX *mT2`HQpB+@*mH7- .X �X "�`M2ii- �X aX *mH7 �M/ AX *?mi2- .`m; .Bb+Qp2`v hQ/�v-
kyRy- R8- eRyĜekRX

(R38) GX a?BMim- _X "�m/QBM- oX L�p`�iBH- CX JX S`Qi- *X SQMiQBx2�m- JX .272`M2x- "X CX
"H�Bb2- *X .QK�M;2- �X _X _X Sû`v �M/ SX hQmH?Q�i- �M�HviB+�H *?2KBbi`v- kyRkX

(R3e) .X PHbQM- hX S2+F- �X q2##- _X J�;BM �M/ CX ar22/H2`- a+B2M+2- RNN8- kdy-
RNedĜRNdyX

(R3d) CX "�`i- �X CX EQHFK�M- �X CX PQbi?Q2F@/2 o`B2b- EX EQ+?- SX CX LB2mrH�M/- >X CX
qX :X C�Mbb2M- SX CX JX p�M "2MimK- EX �X JX �KTi- 6X SX CX hX _miD2b- aX aX
qBDK2M;�- >X CX :X 1X :�`/2MB2`b �M/ �X SX JX E2Mi;2Mb- CQm`M�H Q7 i?2 �K2`B+�M
*?2KB+�H aQ+B2iv- kyyN- RjR- 8yR9Ĝ8yR8X

(R33) CX q�M;- :X amB- oX SX JQ+?�`H�- _X CX GBM- JX 1X S?2HTb- >X *X EQH# �M/ >X@_X
hb2M;- �M;2rX *?2KX- kyye- RR3- 89ykĜ89ydX

(R3N) �X "X h?2#2`;2- 1X J�vQi- �X 1H >�``�F- 6X EH2BMb+?KB/i- qX hX aX >m+F �M/
�X .X :`B{i?b- G�# QM � *?BT- kyRk- Rk- RjkyĜRjkeX

(RNy) SX >X >Q�M;- *X hX L;mv2M- CX S2`mK�H �M/ .X@SX EBK- G�# QM � *?BT- kyRR- RR-
jkNĜjj8X

(RNR) EX BX P?MQ- EX h�+?BF�r� �M/ �X J�Mx- 1H2+i`QT?Q`2bBb- kyy3- kN- 999jĜ998jX

(RNk) sX w?Qm- aX *�B- �X >QM;- ZX uQm- SX um- LX a?2M;- PX a`Bp�MM�pBi- aX Jm`�MD�M-
CX JX _QmBHH�`/ �M/ uX sB�- Lm+H2B+ �+B/b `2b2�`+?- kyy9- jk- 89yNĜ89RdX

(RNj) >X 6�M;- uX amM- sX q�M;- JX a?�`K�- wX *?2M- sX *�Q- JX lix �M/ wX hB�M-
a+B2M+2 *?BM� *?2KBbi`v- kyR3- eR- R9eyĜR9e9X

(RN9) SX >X >Q�M;- >X S�`F �M/ .X@SX EBK- CQm`M�H Q7 i?2 �K2`B+�M *?2KB+�H aQ+B2iv-
kyRR- Rjj- R9de8ĜR9ddyX

(RN8) �X :ɃMi?2` �M/ EX C2Mb2M- G�# QM � *?BT- kyye- e- R93dĜR8yjX
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(RNe) :X JX q?Bi2bB/2b- L�im`2- kyye- 99k- je3ĜjdjX

(RNd) CX 1H@�HB- SX EX aQ`;2` �M/ EX 6X C2Mb2M- L�im`2- kyye- 99k- 9yjĜ9RRX

(RN3) CX q2bi- JX "2+F2`- aX hQK#`BMF �M/ �X J�Mx- �M�HviB+�H *?2KBbi`v- kyy3- 3y-
99yjĜ99RNX

(RNN) SX L2mʈBH- aX :Bb2H#`2+?i- EX G M;2- hX CX >m�M; �M/ �X J�Mx- L�im`2 _2pB2rb
.`m; .Bb+Qp2`v- kyRk- RR- ekyĜejkX

(kyy) �X .X :`�+x- AX �X qBHHB�KbQM- EX *X _Q+?2- JX CX CQ?MbiQM- 6X q�M;- uX q�M;-
SX CX �ii�v2F- CX "�HQrbFB- sX 6X GBm- _X CX G�m`2Mx�- GX hX :�vMQ`- *X 1X aBKb-
CX �X :�H�MFQ- GX GB- LX GX �HH#`BiiQM �M/ aX hX J�;M2bb- L�im`2 *2HH "BQHQ;v-
kyR8- Rd- j9yĜj9NX

(kyR) >X _v�M- aX@>X aQM;- �X w�Ľ- CX EQ`pBMF �M/ JX lix- �M�HviB+�H *?2KBbi`v- kyRk-
39- jeNeĜjdykX

(kyk) LX aT2M;H2`- �X JQ�x2Mx�/2?- _X *X J2B2`- oX "�/BHBi�- CX :X EQ`pBMF �M/
lX q�HH`�#2- CQm`M�H Q7 JB+`QK2+?�MB+b �M/ JB+`Q2M;BM22`BM;- kyR9- k9- yj9yy9X

(kyj) .X _m;�`- *X aX u�MMQMB �M/ CX aB/H2b- L�im`2- RNNk- jey- 8ejĜ8eeX

(ky9) .X _m;�`- _X "m/�FB�M- >X CX J�KBM �M/ "X qX *?mB- L�im`2- kyy9- 9jy- jkNĜjjkX

(ky8) >X CX J�KBM- JX SQ;;BQ- *X GX .2;2M �M/ .X _m;�`- L�im`2 L�MQi2+?- kyyd- k-
jyRĜjyeX

(kye) JX SQ;;BQ �M/ *X GX .2;2M- L�MQi2+?MQHQ;v- kyRy- kR- j9kyyRX

(kyd) CX _X J�x2- SX GX ai�MrBt- CX aX >Q/;2b- aX >QM;- CX JX h�vHQ`- SX *�TT2HH�`Q-
GX CB�M;- JX oX :X .mii- 1X hQ;�M- �X aX wB#`Qp- �X u�+Q#v- _X GX q�HbrQ`i? �M/
JX .X GmFBM- L�im`2- kyy3- 988- e99Ĝe9dX

(ky3) hX ai�m/�+?2`- 6X a?B- aX S2xx�;M�- CX J2BD2`- CX .m- *X �X J2`BH2b- 6X _2BM?�`/
�M/ CX q`�+?i`mT- a+B2M+2- kyRj- jjN- 8eRĜ8ejX

(kyN) .X _m;�`- >X CX J�KBM- JX >X a?2`rQQ/- JX EBK- *X hX _2iiM2`- EX P?MQ �M/
.X .X �rb+?�HQK- L�im`2 L�MQi2+?- kyR8- Ry- RkyĜRk9X

(kRy) _X J+.2`KQii- �X >X h`�#2bBM;2`- JX JɃ+F- 1X GX >�?M- �X SBM2b �M/ CX *H�`F2-
a+B2M+2- kyyk- kN8- kk9dĜkk9NX

(kRR) .X "m/F2` �M/ JX _QK�HBb- L�im`2 T?vbB+b- kyyd- j- kkdX

(kRk) aX sm- oX oX u�b?+?mF- JX >X .QM�H/bQM- aX JX _Q+?2bi2`- .X "m/F2` �M/ �X SBM2b-
S`Q+22/BM;b Q7 i?2 L�iBQM�H �+�/2Kv Q7 a+B2M+2b- kyye- Ryj- Rkee3ĜRkedRX

(kRj) CX qX "H�M+?�`/- JX SX G2/#2ii2`- hX h?2Bb- JX *X "miH2`- .X "m/F2` �M/ �X SBM2b-
CQm`M�H Q7 i?2 �K2`B+�M *?2KB+�H aQ+B2iv- kyRj- Rj8- jeydĜjeRkX
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(kR9) .X _X :H2MM- .X "X "m+?2`- CX G22- JX .X GmFBM- >X S�`F �M/ _X GX q�HbrQ`i?-
L�im`2- kyR3- 888- j8RĜj89X

(kR8) EX JɃMM2K�MM �M/ >X qX aTB2bb- L�im`2 S?vbB+b- kyRR- d- 8kkX

(kRe) 1X J+.QMM2HH- aX >�M- *X >BHiv- EX SB2`+2 �M/ �X SBM2b- �M�HviB+�H *?2KBbi`v-
kyy8- dd- 3RyNĜ3RR9X

(kRd) >X .2bp�mt- .X CX uX J�`BQM- :X >m#2` �M/ SX "2`i?�mHi- �M;2r�M/i2 *?2KB2
AMi2`M�iBQM�H 1/BiBQM- kyyN- 93- 9j9RĜ9j9jX

(kR3) oX@oX h2HFFB- oX oX w?BpQMBiFQ- aX �?QH�- EX oX EQpimMQp- CX CQFBb��`B �M/ AX oX
EQTivm;- �M;2r�M/i2 *?2KB2 AMi2`M�iBQM�H 1/BiBQM- kyRy- 9N- 3jejĜ3jeeX

(kRN) 1X S�+BQF �M/ "X "HɃKB+?- �M;2r�M/i2 *?2KB2 AMi2`M�iBQM�H 1/BiBQM- kyRR- 8y-
8k83Ĝ8keyX

(kky) _X CBKûM2x@J�`iőM2x- .X CX E2MM2/v- JX _Qb2M#Hm?- 1X �X .QMH2v- aX EM�TT2-
aX CX a2Hix2`- >X GX _BM;- oX aX "�D�D �M/ CX EBi+?BM;- L�im`2 *QKKmMB+�iBQMb-
kyR9- 8- jNy3X

(kkR) �X *�mbB2`- :X *�``2i- *X "QmiBM- hX "2`i?2HQi �M/ SX "2`i?�mHi- G�# QM � *?BT-
kyR8- R8- ky9NĜky89X

(kkk) qX >�H2- CX 1BHHb- JX _Qbb2iiQ- JX G2pBii �M/ JX lix- P`�H T`2b2Mi�iBQM- 1m`QK�`
+QM72`2M+2- L�Mi2b- kyR3X

(kkj) GX "Q`/QM�HB- LX LQ`/BM- 1X 6m?`2`- LX J�+EBMMQM �M/ CX :X EQ`pBMF- G�# QM �
*?BT- kyRN- RN- 8yjĜ8RkX

(kk9) CX@"X >ƺp2M2`- �X LX S`�p/Bpib2p- "X EB//- *X _X "Qr2`b- aX :Hƺ;;H2`- EX oX
EQpimMQp- JX SH�mK�MM- _X E�ix@"`mHH- EX "m+F2MK�B2` �M/ �X C2`b+?Qr- �M;2@
r�M/i2 *?2KB2 AMi2`M�iBQM�H 1/BiBQM- kyR3- 8d- RRR9yĜRRRekX

(kk8) aX "X .m+F2ii �M/ _X 1X J2rBb- �++QmMib Q7 +?2KB+�H `2b2�`+?- kyRk- 98-
Rk9dĜRk8dX

(kke) aX :Hƺ;;H2`- CX *QH2HH �M/ aX �TT2Hi- CQm`M�H Q7 J�;M2iB+ _2bQM�M+2- kyRj- kj8-
RjyĜR9kX

(kkd) _X �X :`22M- _X qX �/�Kb- aX "X .m+F2ii- _X 1X J2rBb- .X *X qBHHB�KbQM �M/
:X :X :`22M- S`Q;`2bb BM Mm+H2�` K�;M2iB+ `2bQM�M+2 bT2+i`Qb+QTv- kyRk- RĜ93X

(kk3) SX "?�ii�+?�`v�- 1X uX *?2FK2M2p- qX >X S2`K�M- EX *X >�``Bb- �X SX GBM-
oX �X LQ`iQM- *X hX h�M- "X .X _Qbb �M/ .X SX q2Bi2F�KT- CQm`M�H Q7 K�;M2iB+
`2bQM�M+2- kyyd- R3e- R8yĜR88X
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(kkN) 1X uX *?2FK2M2p- CX >ƺp2M2`- oX �X LQ`iQM- EX >�``Bb- GX aX "�i+?2H/2`- SX "?�i@
i�+?�`v�- "X .X _Qbb �M/ .X SX q2Bi2F�KT- CQm`M�H Q7 i?2 �K2`B+�M *?2KB+�H
aQ+B2iv- kyy3- Rjy- 9kRkĜ9kRjX

(kjy) 1X uX *?2FK2M2p- oX �X LQ`iQM- .X SX q2Bi2F�KT �M/ SX "?�ii�+?�`v�- CQm`M�H
Q7 i?2 �K2`B+�M *?2KB+�H aQ+B2iv- kyyN- RjR- jRe9ĜjRe8X

(kjR) _X oX a?+?2TBM- �X JX *Qz2v- EX qX q�//2HH �M/ 1X uX *?2FK2M2p- �M�HviB+�H
*?2KBbi`v- kyR9- 3e- 8eyRĜ8ey8X

(kjk) 6X _2BM2`B- hX "QB �M/ aX �BK2- L�im`2 *QKKmMB+�iBQMb- kyR8- e- 8383X

(kjj) 1X *�p�HH�`B- *X *�``2`�- JX aQ`;2- :X "QMM2- �X Jm+?B`- aX �BK2 �M/ 6X _2BM2`B-
a+B2MiB}+ `2TQ`ib- kyR3- 3- 3jeeX

(kj9) CX 1BHHb- :X ai2p�M�iQ- *X "2M;b- aX :Hƺ;;H2`- aX CX 1HHBQii- CX �HQMbQ@o�H/2bm2B`Q-
:X SBH2BQ �M/ JX >X G2pBii- CQm`M�H Q7 J�;M2iB+ _2bQM�M+2- kyRd- kd9- RejĜRdkX

(kj8) JX _Qi?- SX EBM/2`p�i2`- >X SX _�B+?- CX "�`;QM- >X qX aTB2bb �M/ EX JɃMM2K�MM-
�M;2rX *?2KX- kyRy- Rkk- 38jeĜ389yX

(kje) aX G2?KFm?H- JX qB2b2- GX a+?m#2`i- JX >2H/- JX EɃTT2`b- JX q2bbHBM; �M/
"X "HɃKB+?- CQm`M�H Q7 J�;M2iB+ _2bQM�M+2- kyR3- kNR- 3ĜRjX

(kjd) SX :B`�m/2�m- uX a?`Qi �M/ GX 6`v/K�M- CQm`M�H Q7 i?2 �K2`B+�M *?2KB+�H aQ+B@
2iv- kyyN- RjR- RjNykĜRjNyjX

(kj3) GX aX GHQv/- _X qX �/�Kb- JX "2`Mbi2BM- aX *QQK#2b- aX "X .m+F2ii- :X :X _X
:`22M- _X CX G2rBb- _X 1X J2rBb �M/ *X CX aH2B;?- CQm`M�H Q7 i?2 �K2`B+�M *?2KB+�H
aQ+B2iv- kyRk- Rj9- RkNy9ĜRkNydX

(kjN) LX 1b?mBb- _X GX 1X :X �bT2`b- "X CX �X p�M q22`/2M#m`;- JX *X 62Bi2`b- 6X SX CX hX
_miD2b- aX aX qBDK2M;� �M/ JX h2bb�`B- �M;2rX *?2KX- kyR8- Rkd- R9dj8ĜR9dj3X

(k9y) JX 1X >�Hb2- h`�* h`2M/b BM �M�HviB+�H *?2KBbi`v- kyRe- 3j- deĜ3jX

(k9R) GX a+?`ƺ/2`- hX CX GQr2`v- *X >BHiv- .X 1X q2KK2` �M/ �X SBM2b- a+B2M+2- kyye-
jR9- 99eĜ99NX

(k9k) EX :QHK�M �M/ JX h?�MBM;- S`Q+22/BM;b Q7 i?2 L�iBQM�H �+�/2Kv Q7 a+B2M+2b-
kyye- Ryj- RRkdyĜRRkd8X

(k9j) EX _mTT2`i- EX ZBM;- CX hX S�i`B2- hX �X �Hi2b �M/ CX SX Jm;H2` AAA- �+�/2KB+
`�/BQHQ;v- kyRN- ke- j88ĜjeeX

(k99) qX w?�- aX EX L�;H2- _X oX *�/K�M- JX GX a+?B2#H2` �M/ aX "X 6�BM- _�/BQHQ;v-
kyR3- kNy- kkNĜkjdX
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(k98) ZX *?�TTmBb- CX JBH�MB- "X omB+?Qm/- �X "Q`M2i- �X .X :Qbb2`i- :X "Q/2M?�mb2M
�M/ aX C�MMBM- h?2 DQm`M�H Q7 T?vbB+�H +?2KBbi`v H2ii2`b- kyR8- e- Red9ĜRed3X

(k9e) uX EBK- JX GBm �M/ *X >BHiv- �M�HviB+�H *?2KBbi`v- kyRe- 33- RRRd3ĜRRR3jX

(k9d) >X �HHQm+?2ɢ�`MQM- �X :�KHB2H- *X JX "�`xBH�v- _X L�H#�M/B�M- CX JX :QKQ`B-
JX E�`HbbQM- JX >X G2`+?2 �M/ _X E�ixɢ"`mHH- *QMi`�bi K2/B� KQH2+mH�` BK�;BM;-
kyRR- e- RjNĜR9dX

(k93) uX G22- :X aX >2Q- >X w2M;- EX GX qQQH2v �M/ *X >BHiv- CQm`M�H Q7 i?2 �K2`B+�M
*?2KB+�H aQ+B2iv- kyRj- Rj8- 9ejeĜ9ejNX

(k9N) JX .m2r2H- LX oQ;2H- *X EX q2Bbb- EX G�M/72bi2`- >X@qX aTB2bb �M/ EX JmîMM2@
K�MM- J�+`QKQH2+mH2b- kyRk- 98- R3jNĜR39eX

(k8y) �X "Q`M2i- JX J�m+Qm`i- *X .2#Q`/2- .X C�+Q#- CX JBH�MB- "X omB+?Qm/- sX CB-
CX@LX .mK2x- �X JQBM; �M/ :X "Q/2M?�mb2M- �M�HviB+�H *?2KBbi`v- kyRe- 33-
eRdNĜeR3jX

(k8R) LX w�+?�`B�b- CX G22- aX _�K�+?�M/`�M- aX a?�MKm;�p2H�M/v- CX J+>2M`v-
SX .mii�- aX JBHHr�`/- aX :�KKQM- 1X 17bi�i?BQm �M/ SX h`QM+QbQ- JQH2+mH�`
AK�;BM; �M/ "BQHQ;v- kyRN- kR- 3eĜN9X

(k8k) AX _QK�M2MFQ- .X :�D�M- _X a�v�?- .X *`Qx2i- 1X C2�MM2�m- *X Gm+�b- GX G2`Qmt-
GX o2v`2- �X G2b�;2 �M/ GX 1KbH2v- �M;2r�M/i2 *?2KB2 AMi2`M�iBQM�H 1/BiBQM-
kyR8- 89- RkNjdĜRkN9RX

(k8j) hX PM;- qX GB�Q- oX JQm;2H- .X :�D�M- �X G2b�;2- GX 1KbH2v �M/ *X *QTû`2i-
�M;2r�M/i2 *?2KB2 AMi2`M�iBQM�H 1/BiBQM- kyRe- 88- 9d9jĜ9d9dX

(k89) uX :2B;2`- >X 1X :QiiHB2#- lX �F#2v- >X Pb+?FBM�i �M/ :X :QQ#2b- CQm`M�H Q7 i?2
�K2`B+�M *?2KB+�H aQ+B2iv- kyRe- Rj3- 88eRĜ88edX

(k88) GX SBp2i2�m- hX@*X PM;- �X CX _QbbBMB- GX 1KbH2v- *X *QT2`2i �M/ JX oX EQp�H2MFQ-
CQm`M�H Q7 i?2 �K2`B+�M *?2KB+�H aQ+B2iv- kyR8- Rjd- RjNe9ĜRjNdRX

(k8e) wX CX "2`FbQM- _X CX J2bbBM;2`- EX L�- uX a2Q- _X _vQQ �M/ "X 6X *?K2HF�-
�M;2r�M/i2 *?2KB2- kyRd- RkN- 8k9eĜ8k8RX

(k8d) JX GX >B`b+?- LX E�H2+?Q7bFv- �X "2Hx2`- JX _Qb�v �M/ CX :X E2KT7- CQm`M�H Q7
i?2 �K2`B+�M *?2KB+�H aQ+B2iv- kyR8- Rjd- 39k3Ĝ39j9X

(k83) .X hX S2�i- JX GX >B`b+?- .X :X :�/B�M- �X CX >Q`b2rBHH- CX _X Pr2`b@"`�/H2v �M/
CX :X E2KT7- S?vbB+�H *?2KBbi`v *?2KB+�H S?vbB+b- kyRe- R3- RNRdjĜRNR3kX

(k8N) :X GBm- JX G2pB2M- LX E�`b+?BM- :X S�`B;B- *X Gm+?BM�i �M/ JX "2MM�iB- L�im`2
+?2KBbi`v- kyRd- N- edeX
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(key) EX CX SBF2- hX 6X E2KT- >X h�F�?�b?B- _X .�v- �X SX >Qr2b- 1X oX E`vmFQp- CX 6X
J�+.QM�H/- �X 1X *QHHBb- .X _X "QHiQM �M/ _X CX qvH/2- CQm`M�H Q7 J�;M2iB+
_2bQM�M+2- kyRk- kR8- RĜNX

(keR) CX >X �`/2MFD¤`@G�`b2M- "X 6`B/HmM/- �X :`�K- :X >�MbbQM- GX >�MbbQM- JX >X
G2`+?2- _X a2`pBM- JX h?�MBM; �M/ EX :QHK�M- S`Q+22/BM;b Q7 i?2 L�iBQM�H
�+�/2Kv Q7 a+B2M+2b- kyyj- Ryy- RyR83ĜRyRejX

(kek) JX a?�`K�- :X C�Mbb2M- CX G2;;2ii- �X E2Mi;2Mb �M/ SX p�M "2MimK- CQm`M�H Q7
J�;M2iB+ _2bQM�M+2- kyR8- k83- 9yĜ93X

(kej) .X �X "�`bFBv- �X JX *Qz2v- SX LBFQH�Qm- .X JX JBF?�vHQp- "X JX :QQ/bQM-
_X hX "`�M+�- :X CX Gm- JX :X a?�TB`Q- oX@oX h2HFFB- oX oX w?BpQMBiFQ 2i �HX-
*?2KBbi`vĜ� 1m`QT2�M CQm`M�H- kyRd- kj- dk8Ĝd8RX

(ke9) _X �X :`22M- _X qX �/�Kb- aX "X .m+F2ii- _X 1X J2rBb- .X *X qBHHB�KbQM �M/
:X :X :`22M- S`Q;`2bb BM Lm+H2�` J�;M2iB+ _2bQM�M+2 aT2+i`Qb+QTv- kyRk- ed- R
Ĝ 93X

(ke8) �X :�KHB2H- >X �HHQm+?2@�`MQM- _X L�H#�M/B�M- *X JX "�`xBH�v- CX JX :QKQ`B �M/
_X E�ix@"`mHH- �TTHB2/ J�;M2iB+ _2bQM�M+2- kyRy- jN- jkNĜj98X

(kee) "X 62M;- �X JX *Qz2v- _X .X *QHQM- 1X uX *?2FK2M2p �M/ EX qX q�//2HH- CQm`M�H
Q7 J�;M2iB+ _2bQM�M+2- kyRk- kR9- k83ĜkekX

(ked) *X _X "Qr2`b �M/ .X SX q2Bi2F�KT- CQm`M�H Q7 i?2 �K2`B+�M *?2KB+�H aQ+B2iv-
RN3d- RyN- 889RĜ889kX

(ke3) JX :X S`�pB+� �M/ .X SX q2Bi2F�KT- *?2KB+�H S?vbB+b G2ii2`b- RN33- R98-
k88Ĝk83X

(keN) _X w?Qm- qX *?2M;- GX JX L2�H- 1X qX w?�Q- EX Gm//2M- >X 1X >�;2HBM@q2�p2`
�M/ *X _X "Qr2`b- S?vbB+�H *?2KBbi`v *?2KB+�H S?vbB+b- kyR8- Rd- keRkRĜkeRkNX

(kdy) 1X *�p�HH�`B- *X *�``2`�- hX "QB- aX �BK2 �M/ 6X _2BM2`B- h?2 CQm`M�H Q7 S?vbB+�H
*?2KBbi`v "- kyR8- RRN- Ryyj8ĜRyy9RX

(kdR) GX "Q`/QM�HB- LX LQ`/BM- 1X 6m?`2`- LX J�+EBMMQM �M/ CX :X EQ`pBMF- G�# QM �
*?BT- kyRN- RN- 8yjĜ8RkX

(kdk) JX JQKT2�M- _X JX a�M+?2x@.QMQbQ- �X >Qx- oX a�;;BQKQ- �X >X o2H/2`b �M/
JX oX :QK2x- L�im`2 +QKKmMB+�iBQMb- kyR3- N- Ry3X

(kdj) JX JBb?FQpbFv �M/ GX 6`v/K�M- *?2KS?vb*?2K- kyy3- N- kj9yĜkj93X

(kd9) �X aX EB`vmiBM- :X a�m2`- .X hB2ix2- JX "`Q/`2+?i- aX EM2+?i- �X oX um`FQpbF�v�-
EX GX Ap�MQp- PX �p`miBM�- >X EQHK�` �M/ :X "mMiFQrbFv- *?2KBbi`v @ � 1m`QT2�M
CQm`M�H- kyRN- jk- kRRĜdX
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(kd8) JX >X G2pBii- _X 6`22K�M �M/ hX 6`2MFB2H- CQm`M�H Q7 J�;M2iB+ _2bQM�M+2 URNeNV-
RN3k- 8y- R8dĜReyX

(kde) �X "�t �M/ .X :X .�pBb- CQm`M�H Q7 J�;M2iB+ _2bQM�M+2 URNeNV- RN38- e8- j88ĜjeyX

(kdd) CX >Qp2M2`- �X LX S`�p/Bpib2p- "X EB//- *X _X "Qr2`b- aX :Hƺ;;H2`- EX oX EQp@
imMQp- JX SH�mK�MM- _X E�ix@"`mHH- EX "m+F2MK�B2`- �X C2`b+?Qr- 6X _2BM2`B-
hX h?2Bb- _X oX a?+?2TBM- aX q�;M2`- LX JX JX w�+?�`B�b- SX "?�ii�+?�`v� �M/
1X uX *?2FK2M2p- �M;2rX *?2KX- kyR3X

(kd3) JX :QH/K�M- >X CQ?�MM2bbQM- PX �t2HbbQM �M/ JX E�`HbbQM- J�;M _2bQM AK�;BM;-
kyy8- kj- R8jĜR8dX

(kdN) JX :QH/K�M- >X CQ?�MM2bbQM- PX �t2HbbQM �M/ JX E�`HbbQM- *QKTi2b _2M/mb
*?BKB2- kyye- N- j8dĜjejX

(k3y) "X _BTF�- CX 1BHHb- >X EQmǼBHQp�- JX G2mixb+?- JX >X G2pBii �M/ EX JɃMM2K�MM-
*?2KX *QKKmMX- kyR3- 89- Rkk9eĜRkk9NX

(k3R) aX aX _Qv- EX JX �TTH2#v- 1X CX 62�` �M/ aX "X .m+F2ii- h?2 DQm`M�H Q7 T?vbB+�H
+?2KBbi`v H2ii2`b- kyR3- N- RRRkĜRRRdX

(k3k) 6X _2BM2`B- hX "QB �M/ aX �BK2- L�im`2 +QKKmMB+�iBQMb- kyR8- e- 8383X

(k3j) aX EQ`+?�F- aX u�M;- aX J�KQM2 �M/ aX :Hƺ;;H2`- *?2KBbi`vPT2M- kyR3- d-
j99Ĝj93X


