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AM `2+2Mi v2�`b- /22T H2�`MBM; BKT`Qp2/ i?2 r�v `2KQi2 b2MbBM; /�i� Bb T`Q+2bb2/X
h?2 +H�bbB}+�iBQM Q7 ?vT2`bT2+i`�H /�i� Bb MQ 2t+2TiBQMX k. Q` j. +QMpQHmiBQM�H M2m`�H
M2irQ`Fb ?�p2 QmiT2`7Q`K2/ +H�bbB+�H �H;Q`Bi?Kb QM ?vT2`bT2+i`�H BK�;2 +H�bbB}+�iBQM
BM K�Mv +�b2bX >Qr2p2`- ;2QHQ;B+�H ?vT2`bT2+i`�H BK�;2 +H�bbB}+�iBQM BM+Hm/2b b2p2`�H
+?�HH2M;2b- Q7i2M BM+Hm/BM; bT�iB�HHv KQ`2 +QKTH2t Q#D2+ib i?�M 7QmM/ BM Qi?2` /Bb+B@
THBM2b Q7 ?vT2`bT2+i`�H BK�;BM; i?�i ?�p2 KQ`2 bT�iB�HHv bBKBH�` Q#D2+ib U2X;X- �b BM
BM/mbi`B�H �TTHB+�iBQMb- �2`B�H m`#�M@ Q` 7�`KBM; H�M/ +Qp2` ivT2bVX AM ;2QHQ;B+�H ?v@
T2`bT2+i`�H BK�;2 +H�bbB}+�iBQM- +H�bbB+�H �H;Q`Bi?Kb i?�i 7Q+mb QM i?2 bT2+i`�H /QK�BM
biBHH Q7i2M b?Qr ?B;?2` �++m`�+v- KQ`2 b2MbB#H2 `2bmHib- Q` ~2tB#BHBiv /m2 iQ bT�iB�H BM@
7Q`K�iBQM BM/2T2M/2M+2X AM i?2 7`�K2rQ`F Q7 i?Bb i?2bBb- BMbTB`2/ #v +H�bbB+�H K�+?BM2
H2�`MBM; �H;Q`Bi?Kb i?�i 7Q+mb QM i?2 bT2+i`�H /QK�BM HBF2 i?2 #BM�`v 72�im`2 }iiBM;@
U"66V �M/ i?2 1M:2QJ�T �H;Q`Bi?K- i?2 �mi?Q` Q7 i?Bb i?2bBb T`QTQb2b- /2p2HQTb-
i2bib- �M/ /Bb+mbb2b � MQp2H- bT2+i`�HHv 7Q+mb2/- bT�iB�H BM7Q`K�iBQM BM/2T2M/2Mi- /22T
KmHiB@H�v2` +QMpQHmiBQM�H M2m`�H M2irQ`F- M�K2/ Ƕ.22T:2QJ�TǶ- 7Q` ?vT2`bT2+i`�H ;2@
QHQ;B+�H /�i� +H�bbB}+�iBQMX JQ`2 bT2+B}+�HHv- i?2 �`+?Bi2+im`2 Q7 .22T:2QJ�T mb2b
� b2[m2MiB�H b2`B2b Q7 /Bz2`2Mi R. +QMpQHmiBQM�H M2m`�H M2irQ`Fb H�v2`b �M/ 7mHHv +QM@
M2+i2/ /2Mb2 H�v2`b �M/ miBHBx2b `2+iB}2/ HBM2�` mMBi �M/ bQ7iK�t �+iBp�iBQM- R. K�t
�M/ R. ;HQ#�H �p2`�;2 TQQHBM; H�v2`b- �//BiBQM�H /`QTQmi iQ T`2p2Mi Qp2`}iiBM;- �M/
� +�i2;Q`B+�H +`Qbb@2Mi`QTv HQbb 7mM+iBQM rBi? �/�K ;`�/B2Mi /2b+2Mi QTiBKBx�iBQMX
.22T:2QJ�T r�b `2�HBx2/ mbBM; Svi?QM jXd �M/ i?2 K�+?BM2 �M/ /22T H2�`MBM; BMi2`@
7�+2 h2MbQ`6HQr rBi? ;`�T?B+�H T`Q+2bbBM; mMBi U:SlV �++2H2`�iBQMX h?Bb R. bT2+i`�HHv
7Q+mb2/ �`+?Bi2+im`2 �HHQrb .22T:2QJ�T KQ/2Hb iQ #2 i`�BM2/ rBi? ?vT2`bT2+i`�H H�#@
Q`�iQ`v BK�;2 /�i� Q7 ;2Q+?2KB+�HHv p�HB/�i2/ b�KTH2b U2X;X- ;`QmM/ i`mi? b�KTH2b 7Q`
�2`B�H Q` KBM2 7�+2 BK�;2bV �M/ i?2M mb2 i?Bb H�#Q`�iQ`v i`�BM2/ KQ/2H iQ +H�bbB7v Qi?2`
Q` H�`;2` b+2M2b- bBKBH�` iQ +H�bbB+�H �H;Q`Bi?Kb i?�i mb2 � bT2+i`�H HB#`�`v Q7 p�HB/�i2/
b�KTH2b 7Q` BK�;2 +H�bbB}+�iBQMX h?2 +H�bbB}+�iBQM +�T�#BHBiB2b Q7 .22T:2QJ�T ?�p2
#22M i2bi2/ mbBM; irQ ;2QHQ;B+�H ?vT2`bT2+i`�H BK�;2 /�i� b2ibX "Qi? �`2 ;2Q+?2KB@
+�HHv p�HB/�i2/ ?vT2`bT2+i`�H /�i� b2ib QM2 #�b2/ QM B`QM Q`2 �M/ i?2 Qi?2` #�b2/ QM
+QTT2` Q`2 b�KTH2bX h?2 +QTT2` Q`2 H�#Q`�iQ`v /�i� b2i r�b mb2/ iQ i`�BM � .22T:2@
QJ�T KQ/2H 7Q` i?2 +H�bbB}+�iBQM �M/ �M�HvbBb Q7 � H�`;2` KBM2 7�+2 b+2M2 rBi?BM i?2
_2Tm#HB+ Q7 *vT`mb- r?2`2 i?2 b�KTH2b Q`B;BM�i2/ 7`QKX �//BiBQM�HHv- � #2M+?K�`F
b�i2HHBi2@#�b2/ /�i�b2i- i?2 AM/B�M SBM2b /�i� b2i- r�b mb2/ 7Q` i`�BMBM; �M/ i2biBM;X
h?2 +H�bbB}+�iBQM �++m`�+v Q7 .22T:2QJ�T r�b +QKT�`2/ iQ +H�bbB+�H �H;Q`Bi?Kb �M/
Qi?2` +QMpQHmiBQM�H M2m`�H M2irQ`FbX Ai r�b b?QrM i?�i .22T:2QJ�T +QmH/ �+?B2p2
?B;?2` �++m`�+B2b �M/ QmiT2`7Q`K i?2b2 +H�bbB+�H �H;Q`Bi?Kb �M/ Qi?2` M2m`�H M2irQ`Fb
BM i?2 ;2QHQ;B+�H ?vT2`bT2+i`�H BK�;2 +H�bbB}+�iBQM i2bi +�b2bX h?2 bT2+i`�H 7Q+mb Q7
.22T:2QJ�T r�b 7QmM/ iQ #2 i?2 KQbi +QMbB/2`�#H2 �/p�Mi�;2 +QKT�`2/ iQ bT2+i`�H@
bT�iB�H +H�bbB}2`b HBF2 k. Q` j. M2m`�H M2irQ`FbX h?Bb 2M�#H2b .22T:2QJ�T KQ/2Hb
iQ i`�BM /�i� BM/2T2M/2MiHv Q7 /Bz2`2Mi bT�iB�H 2MiBiB2b- b?�T2b- �M/fQ` `2bQHmiBQMbX
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AM /2M H2ixi2M C�?`2M ?�i .22T G2�`MBM; /B2 o2`�`#2BimM; pQM 62`M2`FmM/mM;b/�i2M
p2`#2bb2`iX .B2 EH�bbB}xB2`mM; ?vT2`bT2Fi`�H2` .�i2M Bbi F2BM2 �mbM�?K2X k.@ Q/2`
j.@*QMpQHmiBQM�H L2m`�H L2irQ`Fb ?�#2M BM pB2H2M 6 HH2M FH�bbBb+?2 �H;Q`Bi?K2M xm`
?vT2`bT2Fi`�H2M "BH/FH�bbB}xB2`mM; Ƀ#2`i`Qz2MX .B2 EH�bbB}F�iBQM ;2QHQ;Bb+?2` ?vT2`@
bT2Fi`�H2` "BH/2` #2BM?�Hi2i D2/Q+? K2?`2`2 >2`�mb7Q`/2`mM;2M- /B2 Q7i ` mKHB+? FQK@
TH2t2`2 P#D2Fi2 mK7�bb2M �Hb BM �M/2`2M .BbxBTHBM2M /2` ?vT2`bT2Fi`�H2M "BH/�M�Hvb2-
/B2 BM /2` _2;2H ` mKHB+?  ?MHB+?2`2 P#D2Fi2 �m7r2Bb2M UxX "X BM BM/mbi`B2HH2M �Mr2M@
/mM;2M- bi /iBb+?2M Q/2` H�M/rB`ib+?�7iHB+?2M Gm7i�m7M�?K2MVX "2B /2` ;2QHQ;Bb+?2M
?vT2`bT2Fi`�H2M "BH/FH�bbB}xB2`mM; x2B;2M FH�bbBb+?2 �H;Q`Bi?K2M- /B2 bB+? �m7 /2M
aT2Fi`�H#2`2B+? FQMx2Mi`B2`2M- Q7i MQ+? 2BM2 ?ƺ?2`2 EH�bbB}xB2`mM;b;2M�mB;F2Bi- bBM@
MpQHH2`2 1`;2#MBbb2 Q/2` 6H2tB#BHBi i �m7;`mM/ ` mKHB+?2` AM7Q`K�iBQMbmM�#? M;B;F2BiX
AK _�?K2M /B2b2` �`#2Bi- BMbTB`B2`i pQM FH�bbBb+?2M K�b+?BM2HH2M G2`M�H;Q`Bi?K2M-
/B2 bB+? �m7 /2M bT2Fi`�H2M "2`2B+? FQMx2Mi`B2`2M- rB2 /2K "BM�`v 62�im`2 6BiiBM;@
U"66V mM/ /2K 1M:2QJ�T@�H;Q`Bi?Kmb- b+?H ;i /2` �miQ` /B2b2` �`#2Bi 2BM M2m�`@
iB;2b- bT2Fi`�H 7QFmbbB2`i2b- ` mKHB+? mM�#? M;B;2b- iB272b K2?`b+?B+?iB;2b M2m`QM�H2b
6�HimM;bM2ixr2`F U.22T *QMpQHmiBQM�H L2m`�H L2irQ`FV KBi /2K L�K2M Ǵ.22T:2@
QJ�TǴ 7Ƀ` /B2 ?vT2`bT2Fi`�H2 ;2QHQ;Bb+?2 .�i2MFH�bbB}xB2`mM; pQ`X :2M�m2` ;2b�;i
p2`r2M/2i /B2 �`+?Bi2Fim` pQM .22T:2QJ�T 2BM2 b2[m2MxB2HH2 _2B?2 p2`b+?B2/2M2`
ǲR.@*QMpQHmiBQM�H@G�v2`ǳ mM/ ǲR.@.2Mb2@G�v2`ǳ mM/ p2`r2M/2i _2Gl mM/ aQ7iK�t@
�FiBpB2`mM;- ǴR.@J�t@ mM/ R.@:HQ#�H@�p2`�;2@SQQHBM;@G�v2`ǳ- 2BM xmb ixHB+?2b Ǵ.`QTQmi@
G�v2`Ǵ- mK 2BM ǲPp2`}iiBM;ǳ xm p2`?BM/2`M- mM/ 2BM2 F�i2;Q`B�H2 E`2mx2Mi`QTB2p2`Hmbi@
7mMFiBQM KBi �/�K@:`�/B2Mi2M�#biB2;bQTiBKB2`mM;X .22T:2QJ�T rm`/2 KBi Svi?QM
jXd mM/ /2` J�+?BM2@ mM/ .22T@G2�`MBM;@a+?MBiibi2HH2 h2MbQ`6HQr KBi :`�}F�`i2M#2b+?H2@
mMB;mM; U:SlV `2�HBbB2`iX .B2b2 bT2Fi`�H 7QFmbbB2`i2 R.@�`+?Bi2Fim` 2`Kƺ;HB+?i /�b
h`�BMB2`2M pQM .22T:2QJ�T@JQ/2HH2M KBi ?vT2`bT2Fi`�H2M G�#Q`#BH//�i2M ;2Q+?2KBb+?
p�HB/B2`i2` S`Q#2M UM�+? /2K oQ`#BH/ FH�bbBb+?2` �H;Q`Bi?K2M- /B2 2BM2 aT2Fi`�H#B#@
HBQi?2F p�HB/B2`i2` S`Q#2M xm` "BH/FH�bbB}xB2`mM; p2`r2M/2MVX .B2 EH�bbB}xB2`mM;b@
7 ?B;F2Bi2M pQM .22T:2QJ�T rm`/2M KBi xr2B ;2QHQ;Bb+?2M ?vT2`bT2Fi`�H2M "BH/@
/�i2Mb ix2M ;2i2bi2iX "2B #2B/2M ?�M/2Hi 2b bB+? mK ;2Q+?2KBb+? p�HB/B2`i2 ?vT2`bT2F@
i`�H2 .�i2Mb ix2- pQM /2M2M 2BM2` �m7 1Bb2M2`x mM/ /2` �M/2`2 �m7 EmT72`2`xT`Q#2M
#�bB2`iX .2` EmT72`2`x@G�#Q`/�i2Mb�ix rm`/2 p2`r2M/2i- mK 2BM .22T:2QJ�T@JQ/2HH
7Ƀ` /B2 EH�bbB}xB2`mM; mM/ �M�Hvb2 2BM2` ;`ƺĽ2`2M h�;2#�mr�M/bx2M2 BM /2` _2Tm#HBF
wvT2`M- �mb /2` /B2 S`Q#2M bi�KKi2M- xm i`�BMB2`2MX .�`Ƀ#2` ?BM�mb rm`/2 2BM b�i2H@
HBi2M#�bB2`i2` "2M+?K�`F@.�i2Mb�ix- /2` AM/B�M SBM2b@.�i2Mb�ix- 7Ƀ` h`�BMBM; mM/
h2bib p2`r2M/2iX .B2 EH�bbB}F�iBQMb;2M�mB;F2Bi pQM .22T:2QJ�T rm`/2 KBi FH�b@
bBb+?2M �H;Q`Bi?K2M mM/ �M/2`2M M2m`QM�H2M 6�HimM;bM2ix2M p2`;HB+?2MX 1b rm`/2
;2x2B;i- /�bb .22T:2QJ�T ?ƺ?2`2 :2M�mB;F2Bi2M 2``2B+?2M mM/ /B2b2 FH�bbBb+?2M �H@
;Q`Bi?K2M mM/ �M/2`2 M2m`QM�H2 L2ix2 BM /2M h2bi7 HH2M /2` ;2QHQ;Bb+?2M ?vT2`bT2F@
i`�H2M "BH/FH�bbB}xB2`mM; Ƀ#2`i`2z2M F�MMX .2` bT2Fi`�H2 6QFmb pQM .22T:2QJ�T
2`rB2b bB+? �Hb /2` ;`ƺĽi2 oQ`i2BH ;2;2MɃ#2` bT2Fi`�H@` mKHB+?2M EH�bbB}F�iQ`2M rB2
k.@ Q/2` j.@*QMpQHmiBQM�H L2m`�H L2irQ`FbX .�/m`+? FƺMM2M .22T:2QJ�T@JQ/2HH2
.�i2M mM�#? M;B; pQM mMi2`b+?B2/HB+?2M ` mKHB+?2M 1BM?2Bi2M- 6Q`K2M mM/fQ/2` �m@
~ƺbmM;2M i`�BMB2`2MX
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R AMi`Q/m+iBQM k
RXR >vT2`bT2+i`�H S`QtBK�H �M/ _2KQi2 a2MbBM; X X X X X X X X X X X X X X X k
RXk .22T G2�`MBM;- �`iB}+B�H AMi2HHB;2M+2- L2m`�H L2irQ`Fb- h2MbQ`6HQr X X 8

RXkXR L2m`�H L2irQ`Fb X X X X X X X X X X X X X X X X X X X X X X X X X X 3
RXkXk h2MbQ`6HQr X X X X X X X X X X X X X X X X X X X X X X X X X X X X X N

k J2i?Q/b Rj
kXR .22T:2QJ�T, h?2 T`QTQb2/ /22T +QMpQHmiBQM�H M2m`�H M2irQ`F X X X X Rj

kXRXR *QMpQHmiBQM�H G�v2`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 R8
kXRXk J�t SQQHBM; G�v2` X X X X X X X X X X X X X X X X X X X X X X X X X Re
kXRXj :HQ#�H �p2`�;2 SQQHBM; G�v2` X X X X X X X X X X X X X X X X X X X Rd
kXRX9 .`QTQmi X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X R3
kXRX8 6mHHv *QMM2+i2/ .2Mb2 G�v2`b X X X X X X X X X X X X X X X X X X X R3
kXRXe :`�/B2Mi .2b+2Mi PTiBKBx�iBQM X X X X X X X X X X X X X X X X X X RN
kXRXd GQbb 6mM+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 kR

kXk a�KTH2b �M/ .�i� "�+F;`QmM/ X X X X X X X X X X X X X X X X X X X X X X kk
kXkXR "`�xBHB�M A`QM P`2 a�KTH2b X X X X X X X X X X X X X X X X X X X X kk
kXkXk �THBFB 6B2H/ a+�Mb X X X X X X X X X X X X X X X X X X X X X X X X X kd
kXkXj �THBFB G�# a+�Mb X X X X X X X X X X X X X X X X X X X X X X X X X X jR
kXkX9 AM/B�M SBM2b .�i�b2i X X X X X X X X X X X X X X X X X X X X X X X X j8

kXj .22T:2QJ�T, .�i� T`2@T`Q+2bbBM;fT`2T�`�iBQM- �M/ +QKTmi�iBQM X X X je
kXjXR "`�xBHB�M A`QM P`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 je
kXjXk �THBFB, X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 9y
kXjXj AM/B�M SBM2b X X X X 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
kXjX9 *QKTmi�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 9j

j _2bmHib 98
jXR "`�xBHB�M A`QM P`2 a�KTH2b X X X X X X X X X X X X X X X X X X X X X X X X 98
jXk �THBFB X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 93
jXj AM/B�M SBM2b .�i� a2i X X X X X X X X X X X X X X X X X X X X X X X X X X X 8R

9 .Bb+mbbBQM 89
9XR "`�xBHB�M A`QM P`2 a�KTH2b X X X X X X X X X X X X X X X X X X X X X X X X 89
9Xk �THBFB X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X eR
9Xj AM/B�M SBM2b .�i� a2i X X X 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

8 *QM+HmbBQM dj

e PmiHQQF d9

Bii
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A+? p2`bB+?2`2- /�bb B+? /B2 pQM KB` pQ`;2H2;i2 �`#2Bi b2H#bibi M/B; p2`@
7�bbi ?�#2- /�bb B+? /B2 p2`r2M/2i2M Zm2HH2M- AMi2`M2i@Zm2HH2M mM/ >BH7@
bKBii2H pQHHbi M/B; �M;2;2#2M ?�#2 mM/ /�bb B+? /B2 ai2HH2M /2` �`#2Bi @
2BMb+?HB2ĽHB+? h�#2HH2M- E�`i2M mM/ �##BH/mM;2M @- /B2 �M/2`2M q2`F2M
Q/2` /2K AMi2`M2i BK qQ`iH�mi Q/2` /2K aBMM M�+? 2MiMQKK2M bBM/- BM
D2/2K 6�HH mMi2` �M;�#2 /2` Zm2HH2 �Hb 1MiH2?MmM; F2MMiHB+? ;2K�+?i
?�#2X

"2`HBM- /2M kRX CmMB kykR

X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X
UlMi2`b+?`B7i /2b E�M/B/�i2MV

v





JQiBp�iBQM

h?2 rQ`H/rB/2 /2K�M/ 7Q` +`BiB+�H KBM2`�H `2bQm`+2b Bb �i �M �HH iBK2 ?B;? �M/ ;`Qr@
BM; �b i?2 rQ`H/ Bb #2+QKBM; KQ`2 BM/mbi`B�HBb2/ �M/ TQTmH�iBQM ;`Qri? �++2H2`�i2b i?Bb
BM+`2�b2 2p2M 7m`i?2` (N- j3)X h?2 K�DQ`Biv Q7 i?2 BM/mbi`v +`BiB+�H KBM2`�H `2bQm`+2b �`2
T`Q/m+2/ BM /2p2HQTBM; +QmMi`B2b BM �//BiBQM iQ i?2 T`Q/m+iBQM 7`QK /2p2HQT2/ KBMBM;
M�iBQMb bm+? �b *�M�/�- �mbi`�HB�- *?BM� �M/ _mbbB�X h?2 ;`QmT Q7 BM/mbi`v +`BiB+�H
K�i2`B�Hb +QKT`Bb2 Q7 +QTT2`- ;QH/- B`QM- H2�/- xBM+- �M/ `�`2@2�`i? KBM2`�Hb U_11bV
(N- j3)X .2p2HQTBM; BM/mbi`v M�iBQMb �b r2HH �b i?2 ?B;?Hv BM/mbi`B�HBb2/ rQ`H/ bm+? �b
i?2 1m`QT2�M lMBQM 7�+2 M2r +?�HH2M;2b i?`Qm;? +HBK�i2 +?�M;2 (N)X h?2 �+FMQrH2/;@
K2Mi Q7 i?2 +HBK�i2 BKT�+i �M/ i?2 rBHH iQ +QmMi2` Bi �M/ �/�Ti ;`22M2` BM/mbi`B2b-
i2+?MQHQ;B2b �M/ 2M2`;v bQm`+2b rBHH +`2�i2 �M �//BiBQM�H /2K�M/ iQr�`/b Q`2b `B+? BM
B`QM- +QTT2`- �HmKBMBmK �M/ _11Ƕb (N)X PMHv � bK�HH TQ`iBQM Q7 i?2 7mim`2 `2bQm`+2
/2K�M/ +�M #2 ;2M2`�i2/ #v `2+v+HBM; iQ/�v- i?mb /2K�M/BM; � 7m`i?2` BM+`2�b2 BM
KBM2`�H 2tTHQ`�iBQM �M/ KBMBM; /2p2HQTK2Mi 7Q` +`BiB+�H `2bQm`+2b (R8)X AM i?2 `2+2Mi
T�bi- 2tT2`ib ?�p2 +QM/m+i2/ K�Mv b+B2MiB}+ bim/B2b /2KQMbi`�iBM; i?2 2z2+iBp2M2bb
Q7 ?vT2`bT2+i`�H T`QtBK�H �M/ `2KQi2 b2MbBM; BK�;2 �M�HvbBb rBi? `2bT2+i iQ ;2QHQ;v
�M/ KBM2`�H 2tTHQ`�iBQM (R9- k9- 8j)X h?2 F2v +QKTQM2Mib Q7 ?vT2`bT2+i`�H `2KQi2
�M/ T`QtBK�H b2MbBM; �`2 i?2 ?vT2`bT2+i`�H +�K2`�b �M/ i?2 bQ7ir�`2 iQ �M�Hvb2 �M/
+H�bbB7v i?2 BK�;2 /�i� �+[mB`2/ #v i?2 +�K2`�b (R9- k9)X

G�i2Hv- �/p�M+2b BM +QKTmi�iBQM�H TQr2` H2�/ iQ i?2 KQ`2 rB/2bT`2�/ /2p2HQT@
K2Mi �M/ �/QTiBQM Q7 K�+?BM2 H2�`MBM; �H;Q`Bi?Kb i?�i miBHBb2 M2m`�H M2irQ`Fb 7Q`
?vT2`bT2+i`�H BK�;2 �M�HvbBb �M/ +H�bbB}+�iBQMX 1bT2+B�HHv +QKTmi�iBQM�HHv /2K�M/@
BM; +QMpQHmiBQM�H M2m`�H M2irQ`Fb U*LLbV- i?�i r2`2 �H`2�/v b?QrM iQ QmiT2`7Q`K H2bb
/2K�M/BM; bBKTH2` �`iB}+B�H M2m`�H M2irQ`Fb U�LLbV BM BK�;2 +H�bbB}+�iBQM BM RNN3
#v G2*mMM 2i �HX URNN3V- bm//2MHv ;�BM2/ TQTmH�`Biv r?2M *?2HH�TBHH� 2i �HX UkyyeV
mb2/ � ;`�T?B+�H T`Q+2bbBM; mMBi iQ �++2H2`�i2 i?2B` i`�BMBM; #v mT iQ 7Qm` iBK2bX

AM LQp2K#2` kyR8 :QQ;H2 Tm#HBb?2/ � r?Bi2 T�T2` �M/ +Q/2 BMi`Q/m+BM; � bQ7ir�`2
BMi2`7�+2 M�K2/ h2MbQ`6HQrX h2MbQ`6HQr �BKb iQ bBKTHB7v i?2 /2p2HQTK2Mi Q7 /22T
H2�`MBM; �H;Q`Bi?Kb HBF2 +QMpQHmiBQM�H M2m`�H M2irQ`Fb 7Q` p�`BQmb Tm`TQb2b (je)X

>2M+2 i?2 [m2biBQM �`Bb2b, *�M h2MbQ`6HQr #2 miBHBx2/ iQ /2p2HQT � /22T +QMpQ@
HmiBQM�H M2m`�H M2irQ`F 7Q` ;2QHQ;B+�H ?vT2`bT2+i`�H BK�;2 +H�bbB}+�iBQM �M/ K�TTBM;
7`QK b+`�i+?\ >2`2- � bT2+i`�HHv 7Q+mb2/- bT�iB�H BM7Q`K�iBQM BM/2T2M/2Mi- /22T KmHiB@
H�v2` +QMpQHmiBQM�H M2m`�H M2irQ`F Bb T`QTQb2/- `2�HBb2/- i2bi2/- �M/ /Bb+mbb2/X

:Q�H Q7 i?Bb i?2bBb

h?2 ;Q�H Q7 i?Bb J�bi2`@h?2bBb Bb i?2 /2p2HQTK2Mi Q7 � /22T H2�`MBM;- +QMpQHmiBQM�H
M2m`�H M2irQ`F �`+?Bi2+im`2 mbBM; i?2 T`Q;`�KKBM; H�M;m�;2 Svi?QM- �M/ i?2 K�@

R



+?BM2 H2�`MBM; BMi2`7�+2 h2MbQ`6HQr i?�i B/2MiB}2b `Q+Fb- KBM2`�Hb- Q` BM ;2M2`�H H�M/
+Qp2` ivT2b BM ?vT2`bT2+i`�H BK�;2b �M/ +`2�i2b +H�bbB}+�iBQM K�Tb Q7 i?2b2- bBKBH�` iQ
i?2 1M:2QJ�S Q` "BM�`v 62�im`2 6BiiBM; U"66V �H;Q`Bi?Kb /2p2HQT2/ #v *?`BbiB�M
JB2HF2 �i i?2 :2`K�M _2b2�`+? *2Mi`2 7Q` :2Qb+B2M+2b U:6wV Ub22 (j3- jN- k9)VX

R AMi`Q/m+iBQM
AM i?2 7QHHQrBM;- `2H2p�Mi +QM+2Tib- i2`KBMQHQ;v �M/ +QKTmi�iBQM�H 7`�K2rQ`Fb �`2
b?Q`iHv BMi`Q/m+2/ #27Q`2 i?2 K2i?Q/b �`2 T`2b2Mi2/ BM i?2 M2ti a2+iBQMX

RXR >vT2`bT2+i`�H S`QtBK�H �M/ _2KQi2 a2MbBM;
AM i?2 `2+2Mi v2�`b ?vT2`bT2+i`�H BK�;BM; Bb #2+QKBM; �M 2p2` KQ`2 BKTQ`i�Mi }2H/ BM
`2KQi2 �M/ T`QtBK�H b2MbBM;X h?Bb Bb +�mb2/ #v i?2 7�bi /2p2HQTK2Mi Q7 M2r b2MbQ`b
r?B+? ?�p2 BM+`2�b2/ ;`2�iHv BM i2`Kb Q7 bT�iB�H �M/ bT2+i`�H `2bQHmiBQMX >vT2`bT2+i`�H
BK�;BM; b2MbQ`b 2M�#H2 i?2 /2i2+iBQM Q7 p�biHv KQ`2 bm#bi�M+2b BM +QKT�`BbQM rBi?
KmHiBbT2+i`�H BK�;BM; b2MbQ` ivT2bX AM i?2 ;2Qb+B2M+2b- ?vT2`bT2+i`�H BK�;BM; +�M #2
mb2/ BM K�Mv /Bz2`2Mi �`2�b bm+? �b i?2 /2i2+iBQM Q7 ;2Q?�x�`/b- ?v/`Q;2QHQ;v- KBM2`�H
/2i2+iBQM �M/ 2tTHQ`�iBQM �M/ K�Mv KQ`2 Ub22 (R9- k9- kd- j3- 9j- 8k)VX

aT2+i`Qb+QTv, h?2 7QHHQrBM; BMi`Q/m+iBQM iQ aT2+i`Qb+QTv Bb #�b2/ QM 1BbK�MM
UkyRkVX aT2+i`Qb+QTv BM ;2M2`�H Bb #�b2/ QM i?2 BMi2`�+iBQM Q7 2H2+i`QK�;M2iB+ `�/B�@
iBQM rBi? i?2 K�i2`B�H- r?B+? Bb i?2 T?vbB+�H #�bBb Q7 ?vT2`bT2+i`�H BK�;BM; BM i2`Kb Q7
i?2 /B`2+i `2H�iBQMb?BT #2ir22M Q#b2`p�#H2 K�i2`B�H bT2+i`�H 72�im`2b �M/ i?2 BM?2`2Mi
+QKTQbBiBQM�H +?�`�+i2`BbiB+bX Ai `2H�i2b iQ 2H2+i`QK�;M2iB+ BMi2`�+iBQM �i i?2 �iQKB+
�M/ KQH2+mH�` H2p2H �M/ `2[mB`2b � bi`B+iHv [m�MimK K2+?�MB+�H BMp2biB;�iBQM- r?B+?
Bb- ?Qr2p2`- HBKBi2/ iQ bBKTH2 KQH2+mH2b /m2 iQ i?2 +QKTH2tBiv Q7 i?2 [m�MimK i?2Q`vX
h?mb- i?2 B/2MiB}+�iBQM Q7 K�i2`B�Hb +QKTQb2/ Q7 p2`v +QKTH2t KBtim`2b Q7 KQH2+mH2b
mbm�HHv `2HB2b QM 2KTB`B+�H `2H�iBQMb?BTb Q7 �TT�`2Mi bT2+i`�H T`QT2`iB2b- bm+? �b `2@
~2+i�M+2 �M/ 2KBbbBpBiv bT2+i`�X h?2 bT2+i`�H T`QT2`iB2b �`2 mMB[m2 iQ � K�i2`B�H �M/
i?2`27Q`2 #2 +QMbB/2`2/ iQ T`QpB/2 � bB;M�im`2 7`QK r?B+? i?2 K�i2`B�H ivT2- 2X;X �
KBM2`�H- +�M #2 /2i2`KBM2/ (R9)X

aT2+i`Qb+QTv Bb MQi HBKBi2/ iQ +`vbi�HHBM2 K�i2`B�Hb �M/ #2 mb2/ 7Q` B/2MiB}+�iBQM
Q7 �KQ`T?Qmb K�i2`B�Hb �b r2HH (9k- R9)X Ai Bb Bb b2MbBiBp2 iQ i?2 +?2KB+�H #QM/b BM i?2
K�i2`B�H �M/ i?2 +`vbi�HHBM2 bi`m+im`2 �M/ i?2 i2tim`2 Q7 i?2 bm`7�+2 (9k- R9)X aBKTH2`-
KBM2`�Hb +�M #2 +H�bbB}2/ #v i?2 TQbBiBQM �M/ b?�T2 Q7 i?2B` +?�`�+i2`BbiB+ �#bQ`TiBQM
72�im`2b �M/ b2KB@[m�MiB}2/ #v i?2 /2Ti? Q7 i?2b2 72�im`2b (9k- k9)X .Bz2`2M+2b BM
+?2KB+�H +QKTQbBiBQMb H2�/ iQ TQbBiBQM b?B7ib �M/ b?�T2 +?�M;2b Q7 i?2 bT2+i`�H 72�im`2b
r?B+? K�F2 i?2K +QKTH2tX h?`Qm;? B/2MiB}+�iBQM Q7 i?2b2 +?�M;2b �M/ b?B7ib- +?�M;2b

k



Q7 +?2KBbi`v BM i?2 `Q+F- �M/ �HbQ KQ`2 2t�+iHv T`QtB2b 7Q` 2H2K2Mib �M/ bm#biBimiBQM
Q7 2H2K2Mib BM � KBM2`�H +�M #2 /2i2`KBM2/(9k- R9)X

6B;m`2 R, h?2 K�BM M�im`�H bQm`+2b Q7 2�`i? Q#b2`p�iBQM �M/ BM7`�`2/ `�/B�iBQM �M/ i?2 /2}MBiBQM Q7
bT2+B}+ bT2+i`�H `2;BQMb- AK�;2,(R9)X

>vT2`bT2+i`�H BK�;BM; h?2 7QHHQrBM; BMi`Q/m+iBQM iQ ?vT2`bT2+i`�H BK�;BM; Bb
H�`;2Hv #�b2/ QM �M/ 1BbKK�MM UkykRVX >vT2`bT2+i`�H `2KQi2 b2MbBM; Bb i?2 +QK@
#BM�iBQM Q7 irQ b2MbBM; K2i?Q/b 7�KBHB�` iQ KQbi b+B2MiBbib �M/ 2M;BM22`b, BK�;BM;
�M/ bT2+i`QK2i`vX �M BK�;BM; bvbi2K U� ?vT2`bT2+i`�H +�K2`�V +�Tim`2b � TB+im`2
Q7 � b+2M2 `2H�i2/ iQ i?2 bT�iB�H /Bbi`B#miBQM Q7 i?2 TQr2` Q7 `2~2+i2/ �M/fQ` 2KBii2/
2H2+i`QK�;M2iB+ `�/B�iBQM BMi2;`�i2/ Qp2` � bT2+i`�H #�M/X h?2 KQbi +QKKQMHv mb2/
bT2+i`�H `2;BQMb �`2 i?2 pBbB#H2 �M/ M2�` BM7`�`2/ UoLA_V �M/ i?2 b?Q`ir�p2 BM7`�`2/
`2;BQMb UaqA_VX aT2+i`QK2i`v K2�bm`2b i?2 p�`B�iBQM BM TQr2` rBi? i?2 r�p2H2M;i?
Q` 7`2[m2M+v Q7 HB;?i- +�Tim`BM; BM7Q`K�iBQM `2H�i2/ iQ i?2 +?2KB+�H +QKTQbBiBQM Q7 i?2
K�i2`B�Hb K2�bm`2/X h?2 BMbi`mK2Mi�iBQM i?�i Bb mb2/ iQ +�Tim`2 i?2 bT2+i`�H BM7Q`@
K�iBQM Bb +�HH2/ � bT2+i`QK2i2` X h?2b2 irQ �`2 +QK#BM2/ BM � bT2+i`�H BK�;BM; b2MbQ`X
Ǵh?2 T?vbB+�H #�bBb Q7 BK�;2 +QMi2Mi BM oLA_ BK�;2`v Bb � +QK#BM�iBQM Q7 #`Q�/#�M/
`2~2+i�M+2 /Bz2`2M+2b #2ir22M Q#D2+ib Ub?�T2V �M/ BHHmKBM�iBQM p�`B�iBQM /m2 iQ i?2
j. M�im`2 Q7 i?2 b+2M2 Ub?�/BM;VǴ- 1BbK�MM UkyRkVX h?Bb #`Q�/#�M/ BK�;BM; +QM+2Ti
+�M #2 2ti2M/2/ iQ KmHiBbT2+i`�H BK�;BM;- r?2`2 bBKmHi�M2QmbHv BK�;2b �`2 +�Tim`2/
BM KmHiBTH2 bT2+i`�H #�M/b r?2`2 i?2 TBt2Hb �`2 bT�iB�HHv `2;Bbi2`2/- bQ i?�i i?2v pB2r
B/2MiB+�H T�`ib Q7 i?2 b+2M2X JmHiBbT2+i`�H BK�;2`v +�M bmTTQ`i BK�;2 +H�bbB}+�iBQM Q`
i?2K�iB+ K�TTBM; BMiQ `2;BQMb #�b2/ QM i?2 bT2+i`�H U�M/ ?2M+2 K�i2`B�HV +QMi2Mi- Q`
Q#D2+i /2i2+iBQM #�b2/ QM Bib mM/2`HvBM; bT2+i`�H +?�`�+i2`BbiB+bX JmHiBbT2+i`�H �M�Hv@
bBb- ?Qr2p2` Bb HBKBi2/- iQ i?2 bT2+i`�H BM7Q`K�iBQM +�Tim`2/ #v i?2 bK�HH �M/ /Bb+`2i2
MmK#2` Q7 bT2+i`�H #�M/bX >vT2`bT2+i`�H BK�;BM; bvbi2Kb QM i?2 Qi?2` ?�M/ �`2 �#H2
iQ bBKmHi�M2QmbHv +�Tim`2 #Qi? i?2 bT�iB�H �M/ bT2+i`�H +QMi2Mi Q7 b+2M2b rBi? 2t+2H@
H2Mi bT�iB�H �M/ bT2+i`�H `2bQHmiBQM �M/ +Qp2`�;2X h?2 `2bmHiBM; /�i� T`Q/m+i +�M #2
+�HH2/ � ?vT2`+m#2 r?B+? Bb � j. /�i�b2i +QKTQb2/ Q7 H�v2`b Q7 ;`�vb+�H2 BK�;2b- 2�+?

j



TBt2H Q7 r?B+? +QMi�BMb � }M2Hv b�KTH2/ bT2+i`mK r?Qb2 72�im`2b �`2 `2H�i2/ iQ i?2
K�i2`B�Hb +QMi�BM2/ rBi?BM Bi U};m`2 kVX � bT2+i`mK +�M bBKTHv #2 /2}M2/ �b i?2 /Bbi`B@
#miBQM Q7 bQK2 K2�bm`2 Q7 HB;?i TQr2` Q` K�i2`B�H T`QT2`iv rBi? QTiB+�H r�p2H2M;i?-
bm+? �b i?2 `�/B�M+2 bT2+i`mKX Ǵh?2 bT2+i`mK +QMi�BMb BM7Q`K�iBQM `2H�i2/ iQ i?2
+?2KB+�H +QKTQbBiBQM Q7 i?2 K�i2`B�H +QKTQbBM; i?2 bT�iB�H TBt2H Q7 i?2 BK�;BM; bT2+@
i`QK2i2`- BM7Q`K�iBQM i?�i �`Bb2b i?`Qm;? T?vbB+�H `2H�iBQMb?BTb #2ir22M i?2 bT2+i`mK
Q7 `2~2+i2/ Q` 2KBii2/ HB;?i- i?2 pB#`�iBQM�H �M/ 2H2+i`QMB+ `2bQM�M+2b Q7 KQH2+mH2b
+QKTQbBM; i?2 K�i2`B�H- �M/ KB+`Qb+QTB+ bm`7�+2 �M/ pQHmK2i`B+ T`QT2`iB2bǴ- 1BbK�MM
UkyRkVX q?�i /BbiBM;mBb?2b � ?vT2`bT2+i`�H b2MbQ` 7`QK � KmHiBbT2+i`�H b2MbQ` Bb i?�i
� ?vT2`bT2+i`�H BK�;BM; b2MbQ` ?�b i?2 �#BHBiv iQ +�Tim`2 � +QMiBMmQmb bT2+i`mK �b
QTTQb2/ iQ /Bb+`2i2 b2ib Q7 Q7i2M /Bb+QMiBMmQmb bT2+i`�H #�M/b BM � KmHiBbT2+i`�H b2MbQ`
(R9)X

�MQi?2` i2`K- ǶbmT2`bT2+i`�H BK�;BM;Ƕ Bb HQQb2Hv /2b+`B#BM; BK�;2`v rBi? #�M/
MmK#2`b #2ir22M i?2 KmHiB@ �M/ ?vT2`bT2+i`�H `2bQHmiBQM U#2ir22M R8 �M/ Ryy #�M/bV
U};m`2 jV (k9)X amT2`bT2+i`�H BK�;BM; +�M #2 mb2/ iQ /BbiBM;mBb? #`Q�/ bT2+i`�H 72�im`2b
U2X;X B`QM �#bQ`TiBQMbV #mi MQ M�``Qr 72�im`2b i?�i �`2 MQi `2bQHp2/ (k9)X h?Bb i?2bBb
rBHH 7Q+mb QM ?vT2`bT2+i`�H BK�;BM; +H�bbB}+�iBQM- #mi rBHH +QMbB/2` KmHiB@ �M/ Q` bmT2`@
bT2+i`�H `2bQHmiBQM �M�HvbBb 7`QK Qi?2` bQm`+2b 7Q` +QKT�`BbQMX

6B;m`2 k, ǴAHHmbi`�iBp2 2t�KTH2b Q7 ?vT2`bT2+i`�H BK�;2`v �+`Qbb i?2 oLA_faqA_ bT2+i`�H `2;BQMX
6BM2Hv b�KTH2/ bT2+i`�H #�M/b �+`Qbb i?2 +QMiBMmQmb bT2+i`�H `2;BQM +�M #2 �bb2K#H2/ BMiQ � j.
?vT2`+m#2- r?2`2 � i`�+2 BM i?2 bT2+i`�H /B`2+iBQM 7Q` 2�+? TBt2H +QMi�BMb � bT2+i`mK `2H�i2/ iQ i?2
TBt2H K�i2`B�H +QMi2MiXǴ- 1BbK�MM UkyRkV- AK�;2,(R9)X

_2KQi2 b2MbBM; BM i2`Kb Q7 ?vT2`bT2+i`�H BK�;BM; mbm�HHv BMpQHp2b i?2 K2�bm`2K2Mi
#v �B`+`�7i Q` b�i2HHBi2 QM H�`;2 b+�H2b- #mi ?vT2`bT2+i`�H BK�;BM; +�K2`�b +�M �HbQ #2
miBHBx2/ BM i?2 H�#Q`�iQ`v QM bK�HH2` b+�H2 Q#D2+ib HBF2 `Q+F b�KTH2b- r?B+? i?2M +�M #2
`272``2/ iQ �b T`QtBK�H b2MbBM;X >vT2`bT2+i`�H BK�;BM; +�K2`�b ?�p2 #22M bm++2bb7mHHv

9



6B;m`2 j, Ǵa+?2K�iB+ pBbm�HBx�iBQM Q7 #�M/ rB/i? �M/ MmK#2` /Bz2`2M+2b #2ir22M ?vT2`@- bmT2`@ �M/
KmHiBbT2+i`�H b2MbQ`bXǴ- EQ2`iBM; UkykRV- AK�;2,(k9)X

mb2/ iQ /2i2+i KBM2`�Hb �M/ 2H2K2Mib BM Qmi+`QTb- `Q+F b�KTH2b- �M/ /`BHH +Q`2b mbBM;
`2~2+i�M+2 K2�bm`2K2MibX h?2 /2i2+iBQM �M/ +H�bbB}+�iBQM Q7 KBM2`�Hb �M/ 2H2K2Mib
bT�+2#Q`M2- �B`#Q`M2 �M/ BM i?2 H�#Q`�iQ`v Bb +`m+B�H BM #Qi? }M/BM; �M/ 2p�Hm�iBM;
Qmi+`QTb �M/ Q`2 /2TQbBib 7Q` 2tTHQ`�iBQM �M/ BM b+B2MiB}+ `2b2�`+? Ub22 (j3- jN- ke-
k9)VX

RXk .22T G2�`MBM;- �`iB}+B�H AMi2HHB;2M+2- L2m`�H L2irQ`Fb-
h2MbQ`6HQr

.22T G2�`MBM;

.22T H2�`MBM; Bb � +2`i�BM FBM/ Q7 K�+?BM2 H2�`MBM; i?�i +�M �+?B2p2 ?B;? �++m@
`�+v �M/ ~2tB#BHBiv �M/ bQHp2b � +2Mi`�H T`Q#H2K BM `2T`2b2Mi�iBQM H2�`MBM;(R3)X .22T
H2�`MBM; Bb BMi`Q/m+BM; `2T`2b2Mi�iBQMb i?�i �`2 2tT`2bb2/ BM i2`Kb Q7 Qi?2`- bBKTH2`
`2T`2b2Mi�iBQMb- �M/ ?2M+2 �HHQrb i?2 +QKTmi2` iQ #mBH/ +QKTH2t +QM+2Tib Qmi Q7 bBK@
TH2` +QM+2Tib (R3)X

h?2 T`QiQivTB+�H 2t�KTH2 Q7 � /22T H2�`MBM; KQ/2H Bb i?2 722/7Q`r�`/ /22T M2i@
rQ`F Q` KmHiBH�v2` T2`+2Ti`QM UJGSV(R3)X � KmHiBH�v2` T2`+2Ti`QM Bb � K�i?2K�iB+�H
7mM+iBQM K�TTBM; � b2i Q7 BMTmi p�Hm2b iQ QmiTmi p�Hm2b (R3)X

8



6B;m`2 9, o2MM /B�;`�K BM/B+�iBQM ?Qr /22T H2�`MBM; Bb � FBM/ Q7 `2T`2b2Mi�iBQM H2�`MBM;- r?B+? Bb
T�`i Q7 i?2 H�`;2` `2�HK Q7 K�+?BM2 H2�`MBM;- r?B+? T�`i Q7 �`iB}+B�H AMi2HHB;2M+2 U�AVX 1�+? b2+iBQM
BM+Hm/2b � i2+?MQHQ;B+�H 2t�KTH2X AK�;2 KQ/B}2/ �7i2`, :QQ/72HHQr 2i �HXUkyReV

e



6B;m`2 8, 6HQr+?�`ib /2TB+iBM; ?Qr i?2 /Bz2`2Mi bm#b2+iBQMb �A `2H�i2 iQ 2�+? Qi?2` rBi?BM /Bz2`2Mi
�A /Bb+BTHBM2bX AK�;2 KQ/B}2/ �7i2`, :QQ/72HHQr 2i �HXUkyReV

d



RXkXR L2m`�H L2irQ`Fb

�`iB}+B�H M2m`QMb mb2/ BM +QMp2MiBQM�H �`iB}+B�H M2m`�H M2irQ`Fb U�LLbV- Q` bBKTHv
M2m`�H M2irQ`Fb ULLbV- �`2 i?2 }`bi@Q`/2` UHBM2�`V KQ/2Hb Q7 #BQHQ;B+�H M2m`QMb (kk)X
h?2 7QHHQrBM; /2b+`BTiBQM Q7 i?2 #BQHQ;B+�H #�bBb Q7 i?2 �`iB}+B�H M2m`QM Bb #�b2/ QM EB@
`�Mv�x 2i �HX UkyRNVX AM i?2 #BQHQ;B+�H M2m`�H bvbi2Kb- i?2 H2�`MBM; Bb K�BMHv T2`7Q`K2/
�i i?2 +2HHmH�` H2p2HX 6B;m`2 e- b?Qrb � #BQHQ;B+�H M2m`QMX 1�+? M2m`QM BM � #BQHQ;B+�H
#`�BM Bb +�T�#H2 Q7 T`Q+2bbBM; i?2 2H2+i`B+�H bB;M�H #�b2/ QM i?2 i?`22 BM/BpB/m�H QT2`�@
iBQMb, ǴRV `2+2TiBQM Q7 i?2 Qi?2` M2m`QMb QmiTmib i?`Qm;? i?2 bvM�TiB+ +QMM2+iBQMb BM
.2M/`Bi2b- kV i?2 BMi2;`�iBQM UQ` TQQHBM;V Q7 i?2 T`Q+2bb2/ QmiTmi bB;M�Hb BM i?2 bQK�
�i i?2 Mm+H2mb Q7 i?2 +2HH- �M/- jV i?2 �+iBp�iBQM Q7 i?2 }M�H bB;M�H �i i?2 }`bi T�`i Q7
i?2 �tQM Q` i?2 bQ@+�HH2/ �tQM ?BHHQ+F, B7 i?2 TQQH2/ TQi2MiB�Hb 2t+22/ � +2`i�BM HBKBi-
Bi ǳ�+iBp�i2bǴ � b2`B2b Q7 TmHb2b U�+iBQM TQi2MiB�HbVǴ- EB`�Mv�x UkyRNVX

6B;m`2 e, PM i?2 H27i bB/2 � #BQHQ;B+�H M2m`QM BM/B+�iBM; i?2 /B`2+iBQM Q7 i?2 bB;M�H ~Qr- �M/ QM i?2
`B;?i bB/2 � bvM�Tb2 Bb b?QrMX AK�;2,(kj)

6B;m`2 e- b?Qrb i?�i 2�+? i2`KBM�H #miiQM Bb +QMM2+i2/ iQ Qi?2` M2m`QMb �+`Qbb �
bK�HH ;�T +�HH2/ � bvM�Tb2 (kk)X .m`BM; i?2 RN9yb i?2 }`bi ǳ�`iB}+B�H M2m`QMǴ KQ/2H
r�b T`QTQb2/ #v J+*mHHQ+?@SBiib- r?B+? T2`7Q`Kb � HBM2�` i`�Mb7Q`K�iBQM i?`Qm;? �
r2B;?i2/ bmKK�iBQM #v i?2 b+�H�` r2B;?ibX >2M+2- Ǵi?2 #�bB+ QT2`�iBQMb T2`7Q`K2/
BM � #BQHQ;B+�H M2m`QM- i?�i QT2`�i2 i?2 BM/BpB/m�H bvM�TiB+ +QMM2+iBQMb rBi? bT2+B}+
M2m`Q+?2KB+�H QT2`�iBQMb �M/ i?2 BMi2;`�iBQM BM i?2 +2HHǶb bQK� �`2 KQ/2H2/ �b i?2
HBM2�` i`�Mb7Q`K�iBQM UHBM2�` r2B;?i2/ bmKV 7QHHQr2/ #v � TQbbB#Hv MQMHBM2�` i?`2b?@
QH/BM; 7mM+iBQM- r?B+? Bb +�HH2/ �+iBp�iBQM 7mM+iBQMXǴ- EB`�Mv�x UkyRNVX >2M+2 i?2
J+*mHHQ+?@SBiib L2m`QM Bb �M 2�`Hv KQ/2H Q7 #`�BM 7mM+iBQM (kk)X

h?2 7QHHQrBM; BMi`Q/m+iBQM i?2 ?BbiQ`v Q7 M2m`�H M2irQ`Fb Bb K�BMHv #�b2/ QM :QQ/@
72HHQr 2i �HX UkyReVX h?2b2 }`bi KQ/2Hb r2`2 /2bB;M2/ iQ i�F2 � b2i Q7 n BMTmi p�Hm2b
x1, ..., xn �M/ +Q``2H�i2 i?2K rBi? �M QmiTmi yX � b2i Q7 r2B;?ib rQmH/ #2 H2�`M2/
w1, ..., wn �M/ i?2 QmiTmi +QKTmi2/, f(x,w) = x1w1 + · · · + xnwn (R3)X h?2b2 HBM2�`
KQ/2Hb +QmH/ `2+Q;MBb2 irQ /Bz2`2Mi +�i2;Q`B2b Q7 BMTmib #v i2biBM; r?2i?2` f(x,w)

Bb TQbBiBp2 Q` M2;�iBp2X 6Q` i?2 KQ/2H iQ +Q``2bTQM/ iQ i?2 /2bB`2/ /2}MBiBQM Q7 i?2
+�i2;Q`B2b- i?2 r2B;?ib M22/2/ iQ #2 b2i +Q``2+iHv #v � ?mK�M QT2`�iQ` X h?2M i?2

3



bQ +�HH2/ ǴT2`+2Ti`QMǴ U_Qb2M#H�ii- RN83- RNekV #2+�K2 i?2 }`bi KQ/2H i?�i +QmH/
H2�`M i?2 r2B;?ib /2}MBM; i?2 +�i2;Q`B2b ;Bp2M 2t�KTH2b Q7 BMTmib 7`QK 2�+? +�i2;Q`vX
�M �//BiBQM�H K2i?Q/ i?2 �/�TiBp2 HBM2�` 2H2K2Mi U�.�GAL1V #v qB/`Qr �M/ >Qz
URNeyV- `2im`M2/ i?2 p�Hm2 Q7 f(x) Bib2H7 iQ T`2/B+i � `2�H MmK#2`- �M/ +�M �HbQ H2�`M
iQ T`2/B+i i?2b2 MmK#2`b 7`QK /�i�X h?2 i`�BMBM; �H;Q`Bi?K mb2/ iQ �/�Ti i?2 r2B;?ib
Q7 i?2 �.�GAL1 Bb �M �H;Q`Bi?K +�HH2/ biQ+?�biB+ ;`�/B2Mi /2b+2Mi (R3)X JQ/B}2/
p2`bBQMb Q7 i?2 biQ+?�biB+ ;`�/B2Mi /2b+2Mi �H;Q`Bi?K �`2 biBHH i?2 /QKBM�Mi +Qbi UQ`
HQbbV 7mM+iBQMb 7Q` /22T H2�`MBM; KQ/2Hb iQ/�vX ǴJQ/2Hb #�b2/ QM i?2 f(x,w) mb2/ #v
i?2 T2`+2Ti`QM �M/ �.�GAL1 �`2 +�HH2/ HBM2�` KQ/2HbXǴ- :QQ/72HHQr UkyReVX JQ/2Hb
#�b2/ QM i?Bb `2K�BM bQK2 Q7 i?2 KQbi mb2/ K�+?BM2 H2�`MBM; KQ/2Hb- �Hi?Qm;? i?2v
�`2 Q7i2M i`�BM2/ BM /Bz2`2Mi r�vb i?�M i?2 Q`B;BM�H KQ/2Hb r2`2 i`�BM2/- 7Q` 2t�K@
TH2 rBi? #�+F@T`QT�;�iBQMX GBM2�` KQ/2Hb ?�p2 K�Mv HBKBi�iBQMb- BM+Hm/BM; i?�i i?2v
+�MMQi H2�`M i?2 sP_ 7mM+iBQM (R3)X

JQbi M2m`�H M2irQ`Fb iQ/�v �`2 #�b2/ QM � KQ/2H M2m`QM +�HH2/ i?2 `2+iB}2/ HBM@
2�` mMBi U_2GlV Ub22 b2+iBQM kXRXR (R3- k3)X h?2 B/2� Q7 ?�pBM; K�Mv +QKTmi�iBQM�H
mMBib #2+QK2 BMi2HHB;2Mi QMHv pB� i?2B` BMi2`�+iBQMb rBi? 2�+? Qi?2` Bb � +QM+2Ti BM@
bTB`2/ #v i?2 #`�BM �M/ KQ/2Hb +�M #2 +�HH2/ KmHiBH�v2` T2`+2Ti`QM UJGSV (R3)X
�HH i?2b2 �++QKTHBb?K2Mib ?�p2 bi�`i2/ � M2r r�p2 Q7 �TT`Q�+?2b i?�i 2p2Mim�HHv H2�/
iQ i?2 }`bi *QMpQHmiBQM�H L2m`�H L2irQ`F U*LLV KQ/2Hb(R3- k3)X "mi *LLb `2@
[mB`2 � HQi Q7 +QKTmi�iBQM�H `2bQm`+2b �M/ QMHv �/p�M+2K2Mib BM +QKTmi�iBQM�H TQr2`
K�/2 i?2K � 72�bB#H2 +QM+2Ti (R3- k3)X AM RNNy u�MM G2*mM 7Q`KmH�i2/ i?2 #�+F@
T`QT�;�iBQM iQ i`�BM i?2 }`bi *LL- i?2 bQ@ +�HH2/ ǳG2L2iǴ (jR)X JQ/2`M M2irQ`Fb
mb2 i?Bb #�+F@T`QT�;�iBQM iQ �/Dmbi i?2 +QMM2+iBQM r2B;?ib iQ +QKT2Mb�i2 7Q` 2``Q`b
/m`BM; H2�`MBM; Ui`�BMBM;V- r?2`2 i?2 2``Q` �KQmMi Bb 2z2+iBp2Hv /BpB/2/ �KQM; i?2
+QMM2+iBQMb- �M/ ?2M+2 i?2 ;`�/B2Mi UQ` /2`Bp�iBp2V Q7 i?2 +Qbi UHQbbV 7mM+iBQM Bb +�H@
+mH�i2/ (k3)X h?2 bmT2`BQ` +H�bbB}+�iBQM +�T�#BHBiB2b Q7 � *LL r�b }`bi /2KQMbi`�i2/
Qp2` i?2 #2M+?K�`F JLAah ?�M/r`Bii2M MmK#2` /�i�#�b2 #v u�MM G2*mM BM RNN3
Ub22 (jR)VX

RXkXk h2MbQ`6HQr

h2MbQ`6HQr Bb � +QKTmi2` T`Q;`�KKBM; BMi2`7�+2 7Q` 2tT`2bbBM; K�+?BM2 H2�`MBM; �H@
;Q`Bi?Kb- �M/ �M BKTH2K2Mi�iBQM 7Q` i?2 2t2+miBQM Q7 bm+? �H;Q`Bi?Kb BMi`Q/m+2/ �M/
`2H2�b2/ #v :QQ;H2 iQ i?2 Tm#HB+ BM LQp2K#2` kyR8- i?2 7QHHQrBM; /2b+`BTiBQMb �`2
#�b2/ QM i?Bb Q`B;BM�H Tm#HB+�iBQM #v :QQ;H2 Ub22 (je)VX

*QKTmi�iBQMb 2tT`2bb2/ mbBM; h2MbQ`6HQr +�M #2 2t2+mi2/ rBi? HBiiH2 iQ MQ +?�M;2
QM � H�`;2 p�`B2iv Q7 ?2i2`Q;2M2Qmb bvbi2Kb- `�M;BM; 7`QK KQ#BH2 /2pB+2b bm+? �b T?QM2b
�M/ i�#H2ib mT iQ H�`;2@b+�H2 /Bbi`B#mi2/ bvbi2Kb Q7 ?mM/`2/b Q7 K�+?BM2b �M/ i?Qm@
b�M/b Q7 +QKTmi�iBQM�H /2pB+2b bm+? �b :Sl +�`/bX h2MbQ`6HQr Bb � ~2tB#H2 bvbi2K

N



i?�i +�M #2 mb2/ iQ 2tT`2bb � rB/2 p�`B2iv Q7 �H;Q`Bi?Kb- BM+Hm/BM; i`�BMBM; �M/ BM@
72`2M+2 �H;Q`Bi?Kb 7Q` /22T M2m`�H M2irQ`F KQ/2HbX Ai ?�b #22M �TTHB2/ i?`Qm;?Qmi
b+B2M+2- +QKTmi2` b+B2M+2 �M/ Qi?2` }2H/b- rBi? T`QD2+ib BM+Hm/BM; bT22+? `2+Q;MB@
iBQM- +QKTmi2` pBbBQM- `Q#QiB+b- BM7Q`K�iBQM `2i`B2p�H- M�im`�H H�M;m�;2 T`Q+2bbBM;-
;2Q;`�T?B+ BM7Q`K�iBQM 2ti`�+iBQM- �M/ +QKTmi�iBQM�H /`m; /Bb+Qp2`vX h?2 h2MbQ`@
6HQr +QKTmi�iBQMb �`2 2tT`2bb2/ �b bi�i27mH /�i�~Qr ;`�T?b- �M/ �`2 7Q+mb2/ iQ K�F2
i?2 bvbi2K #Qi? ~2tB#H2 2MQm;? 7Q` [mB+F 2tT2`BK2Mi�iBQM rBi? M2r KQ/2Hb 7Q` `2@
b2�`+? Tm`TQb2b �M/ bm{+B2MiHv ?B;? T2`7Q`K�M+2 �M/ `Q#mbi 7Q` T`Q/m+iBQM i`�BMBM;
�M/ /2THQvK2Mi Q7 K�+?BM2 H2�`MBM; KQ/2HbX 6Q` b+�HBM; M2m`�H M2irQ`F i`�BMBM; iQ
H�`;2` /2THQvK2Mib- h2MbQ`6HQr �HHQrb iQ 2�bBHv 2tT`2bb p�`BQmb FBM/b Q7 T�`�HH2HBbK
i?`Qm;? `2THB+�iBQM �M/ T�`�HH2H 2t2+miBQM Q7 � +Q`2 KQ/2H /�i�~Qr ;`�T?- rBi? K�Mv
/Bz2`2Mi +QKTmi�iBQM�H /2pB+2b �HH +QHH�#Q`�iBM; iQ mT/�i2 � b2i Q7 b?�`2/ T�`�K2i2`b
Q` Qi?2` bi�i2 (je) X

� +QKTmi�iBQM�H ;`�T? Bb ivTB+�HHv +QMbi`m+i2/ mbBM; QM2 Q7 i?2 bmTTQ`i2/ 7`QMi2M/
H�M;m�;2b U*YY Q` Svi?QMV (je)X AM i?Bb i?2bBb Svi?QM jXd Bb mb2/ Ub22 a2+iBQM kVX
�M 2t�KTH2 7`�;K2Mi iQ +QMbi`m+i �M/ i?2M 2t2+mi2 � h2MbQ`6HQr ;`�T? mbBM; i?2
Svi?QM 7`QMi 2M/ Bb b?QrM BM 6B;m`2 d- �M/ i?2 `2bmHiBM; +QKTmi�iBQM ;`�T? BM 6B;m`2
3 (je)X

6B;m`2 d, 1t�KTH�`v h2MbQ`6HQr +Q/2 7`�;K2Mi (je)X

AM � h2MbQ`6HQr ;`�T?- i?2 BMbi�MiB�iBQM Q7 �M QT2`�iBQM Bb `2T`2b2Mi2/ #v �
MQ/2 �M/ 2�+? MQ/2 ?�b x2`Q Q` KQ`2 BMTmib �M/ x2`Q Q` KQ`2 QmiTmibX o�Hm2b i?�i
~Qr �HQM; MQ`K�H 2/;2b 7`QK QmiTmib iQ BMTmib BM i?2 ;`�T? �`2 i2MbQ`b- �`#Bi`�`v
/BK2MbBQM�HBiv �``�vb r?2`2 i?2 mM/2`HvBM; 2H2K2Mi ivT2 Bb bT2+B}2/ Q` BM72``2/ �i
;`�T?@+QMbi`m+iBQM iBK2X *QMi`QH /2T2M/2M+B2b +�M �HbQ 2tBbi BM i?2 ;`�T?X h?2b2
*QMi`QH /2T2M/2M+B2b �`2 bT2+B�H 2/;2b r?2`2 MQ /�i� ~Qrb �HQM;- #mi i?2v BM/B+�i2
i?�i i?2 bQm`+2 MQ/2 7Q` i?2 +QMi`QH /2T2M/2M+2 Kmbi }MBb? 2t2+miBM; #27Q`2 i?2 /2b@
iBM�iBQM MQ/2 7Q` i?2 +QMi`QH /2T2M/2M+2 bi�`ib 2t2+miBM;X aBM+2 h2MbQ`6HQr BM+Hm/2b
Kmi�#H2 bi�i2- +QMi`QH /2T2M/2M+B2b +�M #2 mb2/ /B`2+iHv #v +HB2Mib iQ 2M7Q`+2 ?�TT2Mb
#27Q`2 `2H�iBQMb?BTbX AM +QKTmiBM; i?2 i2`K +HB2Mi- `272`b iQ � TB2+2 Q7 +QKTmi2` ?�`/@

Ry



6B;m`2 3, *Q``2bTQM/BM; +QKTmi�iBQM ;`�T? 7Q` i?2 +Q/2 BM+Hm/BM; i?2 p�`B�#H2b BM 6B;m`2 d (je)X

r�`2 Q` BM i?Bb +�b2 bQ7ir�`2 i?�i �++2bb2b � b2`pB+2 UBM i?Bb +�b2 h2MbQ`6HQrV K�/2
�p�BH�#H2 #v � b2`p2` Q` Qi?2` +QKTmi2` ?�`/r�`2 U� +QKTmi�iBQM�H /2pB+2- bm+? �b
� *Sl Q` :SlVX h?2 h2MbQ`6HQr BKTH2K2Mi�iBQM �HbQ bQK2iBK2b BMb2`ib +QMi`QH /2@
T2M/2M+B2b iQ 2M7Q`+2 Q`/2`BM;b #2ir22M Qi?2`rBb2 BM/2T2M/2Mi QT2`�iBQMb �b � r�v
Q7- 7Q` 2t�KTH2- +QMi`QHHBM; i?2 T2�F K2KQ`v mb�;2X h?2 7QHHQrBM; T�`�;`�T?b rBHH
2tTH�BM bQK2 BKTQ`i�Mi 72�im`2b �M/ i2`KBMQHQ;v Q7 h2MbQ`6HQr (je)X

h2MbQ`b, � i2MbQ` BM h2MbQ`6HQr Bb � ivT2/- KmHiB@/BK2MbBQM�H �``�vX � p�`B2iv
Q7 i2MbQ` 2H2K2Mi ivT2b �`2 bmTTQ`i2/ BM h2MbQ6HQr- BM+Hm/BM; bB;M2/ �M/ mMbB;M2/
BMi2;2`b `�M;BM; BM bBx2 7`QK 3 #Bib iQ e9 #Bib- A111 ~Q�i �M/ /Qm#H2 ivT2b- � +QKTH2t
MmK#2` ivT2- �M/ � bi`BM; ivT2 U�M �`#Bi`�`v #vi2 �``�vV (je)X

PT2`�iBQMb, AM h2MbQ`6HQr �M QT2`�iBQM ?�b � M�K2 �M/ `2T`2b2Mib �M �#bi`�+i
+QKTmi�iBQM U2X;X- ǳK�i`Bt KmHiBTHvǴ- Q` ǳ�//ǴVX am+? �M QT2`�iBQM +�M ?�p2 �i@
i`B#mi2b- r?B+? Kmbi #2 T`QpB/2/ Q` BM72``2/ �i ;`�T?@+QMbi`m+iBQM iBK2 BM Q`/2` iQ
BMbi�MiB�i2 � MQ/2 iQ T2`7Q`K i?2 QT2`�iBQMX � 7`2[m2Mi mb2 Q7 �ii`B#mi2b Bb K�FBM;
QT2`�iBQMb TQHvKQ`T?B+ Qp2` /Bz2`2Mi i2MbQ` 2H2K2Mi ivT2b 7Q` 2t�KTH2- �// Q7 irQ
i2MbQ`b Q7 ivT2 ~Q�i p2`bmb �// Q7 irQ i2MbQ`b Q7 ivT2 BMijk (je)X

.2pB+2b, .2pB+2b �`2 i?2 +QKTmi�iBQM�H +Q`2 2H2K2Mi Q7 h2MbQ`6HQr- r?2`2 2�+?
rQ`F2` U2X;X � a2`p2` Q` *QKTmi2`V Bb `2bTQMbB#H2 7Q` QM2 Q` KQ`2 /2pB+2b U2X;X � *Sl-
Q` � :Sl- Q` KmHiBTH2 :SlǶbV- �M/ 2�+? /2pB+2 ?�b � /2pB+2 ivT2 U2X;X *SlV- �M/
� M�K2 U2X;X ǴfDQ#,HQ+�H?Qbif/2pB+2,+Tm,yǴVX h?2 /2pB+2 M�K2b �`2 +QMbi`m+i2/ 7`QK
TB2+2b i?�i B/2MiB7v i?2 /2pB+2Ƕb ivT2- i?2 /2pB+2Ƕb BM/2t rBi?BM i?2 rQ`F2`- �M/- BM Qm`
/Bbi`B#mi2/ b2iiBM;- �M B/2MiB}+�iBQM Q7 i?2 DQ# �M/ i�bF Q7 i?2 rQ`F2` UQ` HQ+�H?Qbi 7Q`
i?2 +�b2 r?2`2 i?2 /2pB+2b �`2 HQ+�H iQ i?2 T`Q+2bbV (je)X
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E2`M2Hb, � F2`M2H Bb � +2`i�BM BKTH2K2Mi�iBQM Q7 �M QT2`�iBQM i?�i +�M #2 `mM
QM � T�`iB+mH�` ivT2 Q7 /2pB+2 HBF2 � *Sl Q` � :SlX � h2MbQ`6HQr #BM�`v /2}M2b
i?2 b2ib Q7 QT2`�iBQMb �M/ F2`M2Hb �p�BH�#H2 pB� � `2;Bbi`�iBQM K2+?�MBbK X h2MbQ`@
6HQr #BM�`B2b +�M #2 2ti2M/2/ #v HBMFBM; BM �//BiBQM�H QT2`�iBQM �M/fQ` F2`M2H /2}@
MBiBQMbf`2;Bbi`�iBQMb iQ i?2K (je)X

a2bbBQMb, a2bbBQMb �`2 i?2 r�v +HB2Mib T`Q;`�Kb BMi2`�+i rBi? i?2 h2MbQ`6HQr bvb@
i2KX h?2 BMBiB�H +QKTmi�iBQM ;`�T? r?2M � b2bbBQM Bb +`2�i2/ Bb 2KTivX h?2 a2bbBQM
BMi2`7�+2 i?2`27Q`2 bmTTQ`ib �M 1ti2M/ K2i?Q/ BM Q`/2` iQ �m;K2Mi i?2 +m``2Mi ;`�T?
K�M�;2/ #v i?2 b2bbBQM rBi? �//BiBQM�H MQ/2b �M/ 2/;2bX h?2 b2+QM/ K�DQ` QT2`�iBQM
bmTTQ`i2/ #v i?2 b2bbBQM BMi2`7�+2 Bb _mMX h?2 _mM QT2`�iBQM i�F2b � b2i Q7 QmiTmi
M�K2b i?�i M22/ iQ #2 +QKTmi2/- �//BiBQM�H iQ �M QTiBQM�H b2i Q7 i2MbQ`b iQ #2 72/ BMiQ
i?2 ;`�T? BM TH�+2 Q7 +2`i�BM QmiTmib Q7 MQ/2bX qBi? i?2 �`;mK2Mib iQ _mM- i?2 h2M@
bQ`6HQr BKTH2K2Mi�iBQM +�M +QKTmi2 i?2 i`�MbBiBp2 +HQbm`2 Q7 �HH MQ/2b i?�i Kmbi #2
2t2+mi2/ BM Q`/2` iQ +QKTmi2 i?2 QmiTmib i?�i r2`2 `2[m2bi2/X h2MbQ`6HQr +�M i?2M
�``�M;2 iQ 2t2+mi2 i?2 �TT`QT`B�i2 MQ/2b BM �M Q`/2` i?�i `2bT2+ib i?2B` /2T2M/2M+B2b
(je)X

o�`B�#H2b, AM KQbi h2MbQ`6HQr +QKTmi�iBQMb � ;`�T? Bb 2t2+mi2/ KmHiBTH2 iBK2b-
r?2`2 KQbi i2MbQ`b /Q MQi bm`pBp2 T�bi � bBM;H2 2t2+miBQM Q7 i?2 ;`�T?X � bT2+B�H FBM/
Q7 QT2`�iBQM i?�i `2im`Mb � ?�M/H2 iQ � T2`bBbi2Mi Kmi�#H2 i2MbQ` �M/ bm`pBp2b �+`Qbb
2t2+miBQMb Q7 � ;`�T? Bb +�HH2/ � o�`B�#H2X >�M/H2b iQ i?2b2 T2`bBbi2Mi Kmi�#H2 i2MbQ`b
+�M #2 T�bb2/ iQ bT2+B�H QT2`�iBQMb- bm+? �b �bbB;M �M/ �bbB;M�// U`2T`2b2MiBM; Y4V
r?B+? Kmi�i2 i?2 `272`2M+2/ i2MbQ`X AM h2MbQ`6HQr K�+?BM2 H2�`MBM; �TTHB+�iBQMb- i?2
T�`�K2i2`b Q7 i?2 KQ/2H �`2 ivTB+�HHv biQ`2/ BM i2MbQ`b ?2H/ BM p�`B�#H2b- BM r?B+? i?2b2
�`2 mT/�i2/ �b T�`i Q7 i?2 _mM Q7 i?2 i`�BMBM; ;`�T? 7Q` i?2 KQ/2H (je)X

.2pB+2 2t2+miBQM, h2MbQ`6HQr Bb +�T�#H2 Q7 #Qi? bBM;H2@ �M/ KmHiB@/2pB+2 2t2+m@
iBQMX 6Q` i?Bb i?2bBb QMHv i?2 bBM;H2 rQ`F2` T`Q+2bb rBi? � bBM;H2 /2pB+2 Bb +QMbB/2`2/
�b i?2 r?QH2 /2p2HQTK2Mi iQQF TH�+2 QM � +QKTmi2` rBi? � bBM;H2 ;`�T?B+b +�`/ /2pB+2
Ub22 a2+iBQM kVX AM bBM;H2 /2pB+2 2t2+miBQM i?2 MQ/2b Q7 i?2 ;`�T? �`2 2t2+mi2/ BM �M
Q`/2` i?�i `2bT2+ib i?2 /2T2M/2M+B2b #2ir22M MQ/2b (je)X

h?2 h2MbQ`6HQr �SA �M/ � `272`2M+2 BKTH2K2Mi�iBQM r2`2 `2H2�b2/ �b �M QT2M@
bQm`+2 T�+F�;2 mM/2` i?2 �T�+?2 kXy HB+2Mb2 BM LQp2K#2`- kyR8 �M/ �`2 �p�BH�#H2 �i
rrrXi2MbQ`~QrXQ`; (je)X

6Q` � KQ`2 /2i�BH2/ /2b+`BTiBQM Q7 h2MbQ`6HQr �M/ i?2 /2i�BH2/ K2+?�MB+b #2?BM/
i?2 7mM+iBQMb /2b+`B#2/ �#Qp2 TH2�b2 +QMbB/2` i?2 Q`B;BM�H r?Bi2 T�T2` (je)X
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k J2i?Q/b
h?2 T`QTQb2/ �`+?Bi2+im`2 r�b /2p2HQT2/ mbBM; Svi?QM p2`bBQM jXd �M/ h2MbQ`6HQr
p2`bBQM kXjXRX h?2 b�KTH2b �M/ /�i� �`2 ;2Q+?2KB+�HHv p2`B}2/ �M/ Tm#HBb?2/- �M/fQ`
� r2HH FMQrM #2M+?K�`F /�i�b2iX 6B`bi i?2 /22T +QMpQHmiBQM�H M2m`�H M2irQ`F �`@
+?Bi2+im`2 Q7 .22T:2QJ�T Bb T`QTQb2/ Ub2+iBQM kXRV- i?2M i?2 #�+F;`QmM/ UBM+Hm/BM;
;2QHQ;v- /�i�@�+[mBbBiBQM- �M/ @T`Q+2bbBM;V Q7 i?2 b�KTH2b �M/ /�i� mb2/ BM i?Bb i?2bBb
Bb T`2b2Mi2/ Ub2+iBQM kXkV- i?2M i?2 /�i� T`2@T`Q+2bbBM; �M/ T`2T�`�iBQM M2+2bb�`v 7Q`
.22T:2QJ�T Bb 2tTH�BM2/ Ub2+iBQM kXjVX

kXR .22T:2QJ�T, h?2 T`QTQb2/ /22T +QMpQHmiBQM�H M2m`�H
M2irQ`F

AM i?2 T�bi /2+�/2 i?2`2 ?�b #22M K�/2 i`2K2M/Qmb T`Q;`2bb BM i?2 }2H/ Q7 M2m`�H
M2irQ`Fb- `2;�`/BM; ?vT2`bT2+i`�H BK�;2 +H�bbB}+�iBQM iQ TQBMi i?�i i?2v QmiT2`7Q`K
+H�bbB+�H �H;Q`Bi?Kb BM �++m`�+v 7Q` K�Mv ?vT2`bT2+i`�H /�i� b2ib Ub22 (R- jy- jk- 9y- 8y-
8R)VX JQbi Q7 i?2b2 M2m`�H �`+?Bi2+im`2b mb2 bT2+i`�H@bT�iB�H BM7Q`K�iBQM `2H�iBQMb?BTb
Q7 i?2 ?vT2`bT2+i`�H /�i� iQ �+?B2p2 p2`v ?B;? �++m`�+B2b UQp2` N8WV rBi? p2`v HBiiH2
i`�BMBM; /�i� UbQK2 mb2 Dmbi RyW Q7 i?2 �p�BH�#H2 i`�BMBM; /�i�VX q?BH2 i?Bb Bb bi�i2
Q7 i?2 �`i �M/ rQ`Fb p2`v r2HH QM B/2MiB7vBM; +H2�`Hv bi`m+im`2/ Q#D2+ib i?�i +�M #2
`2bQHp2/ r2HH mbBM; i?2 `B;?i `2bQHmiBQMb 2X;X H�M/b+�T2b BM~m2M+2/ #v ?mK�M �+iBpBiv
BM+Hm/BM; +`QT }2H/b- BM7`�bi`m+im`2- m`#�M �`2�b- Q` QM bK�HH2` b+�H2 #BQHQ;B+�H Q#D2+ib
bm+? �b p2;2i�iBQM UTH�Mib- i`22b- 7`mBib- 2i+XV Bi +�M #2 �bbmK2/ i?�i i?2 bT2+i`�H@
bT�iB�H �/p�Mi�;2 rBHH /2+`2�b2 i?2 KQ`2 /Bp2`b2Hv bi`m+im`2/- +?�QiB+�HHv bi`m+im`2/
Q` bi`m+im`�HHv H2bb `2bQHp2/ i?2 Q#D2+ib Q7 BMi2`2bi �`2 U2X;X b�M/ ;`�BMb- bQBH- bK�HH
`Q+Fb- +2`i�BM KBM2`�Hb Q7 `Q+Fb BM H�`;2` b+�H2 BK�;2b- 2i+XVX 6m`i?2`KQ`2 i?2 KQ`2
i?2 M2m`�H M2irQ`Fb �++m`�+v Bb #QmM/ iQ bT�iB�H BM7Q`K�iBQM Q7 i?2 TBt2Hb i?2 H2bb
~2tB#H2 � T`2@i`�BM2/ KQ/2H rBHH #2 `2;�`/BM; Qi?2` BK�;2b Q7 /Bz2`2Mi b+�H2- �M/ Q`
`2bQHmiBQMX qBi? bQK2 2t+2TiBQMb i?2 #`Q�/ }2H/b Q7 ;2QHQ;B+�H �M/ bQBH `2KQi2 �M/
T`QtBK�H b2MbBM; 7�+2 i?2 +?�HH2M;2b Q7 BMpQHpBM; Km+? KQ`2 mMbi`m+im`2/ Q` Km+?
KQ`2 /Bz2`2MiHv- BM/2T2M/2MiHv bi`m+im`2/ Q#D2+ib Q7 BMi2`2biX >2M+2 �M �`+?Bi2+im`2
7Q` ;2QHQ;B+�H ?vT2`bT2+i`�H BK�;BM;- M�K2/ .22T:2QJ�T- Bb T`QTQb2/ i?�i bQH2Hv 7Q@
+mb2b QM i?2 bT2+i`�H BM7Q`K�iBQM �p�BH�#H2X h?Bb �HHQrb i?2 KQ/2Hb Q7 i?2 T`QTQb2/
M2m`�H �`+?Bi2+im`2 iQ #2 i`�BM2/ rBi? bT2+i`�H /�i� 7`QK K�Mv /Bz2`2Mi BMbi`mK2Mib
BM+Hm/BM; TQBMi@bT2+i`QK2i2`bX .22T:2QJ�Tb �`+?Bi2+im`2 `2T`2b2Mib 2bb2MiB�HHv � bB;@
M�H �M�HvbBb iQQH �M/ +�M #2 mb2/ 7Q` �Mv FBM/ Q7 R /BK2MbBQM�H UR.V bB;M�H /�i� +H�b@
bB}+�iBQM �M/ +�i2;Q`Bb�iBQMX �//BiBQM�HHv- QM2 Q7 i?2 K�BM B/2�b Bb iQ #2 �#H2 iQ i`�BM
i?2 KQ/2Hb rBi? ?vT2`bT2+i`�H BK�;2b Q7 ;2Q+?2KB+�HHv p�HB/�i2/ b�KTH2b �+[mB`2/ mM@
/2` H�#Q`�iQ`v +QM/BiBQMb Ub22 b2+iBQM kXkXj � kXkXRV iQ �pQB/ Q` `2/m+2 i?2 MmK#2`
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Q7 7�Hb2 TQbBiBp2b /m2 iQ KBt2/@bT2+i`� Q` 7�Hb2Hv H�#2H2/ i`�BMBM; /�i�fTBt2Hb BM HQr2`
`2bQHmiBQM �B`#Q`M2 Q` b�i2HHBi2 /�i�X � F2v �bT2+i Q7 i?Bb Bb i?2`27Q`2 7Q` �HbQ �/2[m�i2
T`2@T`Q+2bbBM; �M/ b2H2+iBQM Q7 i?2 H�#Q`�iQ`v �+[mB`2/ i`�BMBM; /�i� Ub22 b2+iBQM kXjVX
.22T:2QJ�T +QMbBbib Q7 b2[m2MiB�H b2`B2b Q7 /Bz2`2Mi R. +QMpQHmiBQM�H M2m`�H M2irQ`Fb
H�v2`b- �M/ 7mHHv +QMM2+i2/ /2Mb2 H�v2`b �M/ miBHBb2b- `2+iB}2/ HBM2�` mMBi �M/ bQ7iK�t
�+iBp�iBQM- R. K�t TQQHBM;- R. ;HQ#�H �p2`�;2 TQQHBM; H�v2`b- �//BiBQM�H /`QTQmi iQ
T`2p2Mi Qp2`}iiBM; �M/ � +�i2;Q`B+�H +`Qbb2Mi`QTv HQbb 7mM+iBQM rBi? �M �/�K ;`�/B2Mi
/2b+2Mi QTiBKBx�iBQMX 6B`bi � b?Q`i Qp2`pB2r Q7 i?2 ;2M2`�H bi`m+im`2 Q7 .22T:2QJ�T
Bb ;Bp2M- i?2M i?2 /Bz2`2Mi T�`ib �M/ 7mM+iBQMb Q7 i?2 M2irQ`F �`2 2tTH�BM2/X

6B;m`2 N, h?2 ;2M2`�HBb2/ bi`m+im`2 Q7 � .22T:2QJ�T KQ/2HX

.22T:2QJ�T Bb T`BK�`BHv i�`;2i2/ �i ?vT2`bT2+i`�H BK�;2 /�i� +H�bbB}+�iBQM i?�i
`2[mB`2b � /BK2MbBQM�HBiv +?�M;2 �M/ `2/m+iBQM #v �``�v ~�ii2MBM;- #mi #v /2bB;M Bib
KQ/2Hb +�M �HbQ #2 i`�BM2/ rBi? H�#2H2/ ?vT2`bT2+i`�H TQBMi bT2+i`QK2i2` /�i� Q` mb2/
7Q` +QKTH2i2Hv /Bz2`2Mi bB;M�H �M�HvbBb- ?2M+2 i?2 /�i� 2ti`�+iBQM �M/ /BK2MbBQM�HBiv
`2/m+iBQM #v �``�v ~�ii2MBM; Bb +QMbB/2`2/ T�`i Q7 i?2 /�i� T`2@T`Q+2bbBM; Ub2+iBQM
kXjVX

.22T:2QJ�T +QMbBbib Q7 8 R. +QMpQHmiBQM�H M2m`�H H�v2`b rBi? Ƕ_2+iB}2/ GBM2�`
lMBiǶ U_2GlV �+iBp�iBQM- � ǶK�t TQQHBM; R.Ƕ H�v2`- � Ƕ;HQ#�H �p2`�;2 TQQHBM; R.Ƕ H�v2`-
� /`QTQmi H�v2`- 8 7mHHv +QMM2+i2/ /2Mb2 H�v2`b UJmHiB H�v2` T2`+2Ti`QMc JGSV rBi?
_2Gl �+iBp�iBQM- �M/ � }M�H 7mHHv +QMM2+i2/ Ƕ/2Mb2Ƕ H�v2` rBi? bQ7iK�t �+iBp�iBQM
U};m`2 NVX h?2 F2`M2H bBx2 Q7 i?2 +QMpQHmiBQM�H H�v2`b Bb b2i iQ j- r?BH2 i?2 }Hi2` bBx2
Q7 i?2 +QMpQHmiBQM�H H�v2`b Bb BM+`2�bBM; rBi? 2�+? H�v2` #v � 7�+iQ` Q7 kX "2;BMMBM;
rBi? � }Hi2` bBx2 Q7 e9 �M/ 2M/BM; rBi? Ryk9X 6QHHQrBM; i?2 }`bi k +QMpQHmiBQM�H H�v2`b
� R. K�t TQQHBM; H�v2` Bb /QrMb�KTHBM; i?2 i2MbQ` BMTmi (9d)X h?2 /QrMb�KTH2/
i2MbQ` QmiTmi Bb i?2M T�bb2/ iQ M2ti b2i Q7 +QMpQHmiBQM�H H�v2`b 7Q` 72�im`2 2ti`�+iBQMX
AM@#2ir22M i?2 +QMpQHmiBQM�H H�v2`b �M/ i?2 /2Mb2 H�v2`b � ;HQ#�H �p2`�;2 TQQHBM; �M/
� /`QTQmi H�v2` Bb BKTH2K2Mi2/X h?2 ;HQ#�H �p2`�;2 TQQHBM; ;2M2`�i2b � 72�im`2 K�T
7Q` 2�+? +Q``2bTQM/BM; +�i2;Q`v Q7 i?2 +H�bbB}+�iBQM BM i?2 H�bi +QMpQHmiBQM�H H�v2`
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(jj)X h?2 7QHHQrBM; /`QTQmi H�v2` Bb �//2/ iQ `2;mH�`Bb2 i?2 �+iBp�iBQMb iQ i?2 7mHHv
+QMM2+i2/ H�v2`b �M/ ?2M+2 iQ BKT`Qp2 i?2 ;2M2`�HBb�iBQM �#BHBiv �M/ 7m`i?2` T`2p2Mi
Qp2`}iiBM; (kN- RN- jj)X h?2 7QHHQrBM; 8 7mHHv +QMM2+i2/ /2Mb2 H�v2`b �`2 �HbQ mbBM; i?2
_2Gm �+iBp�iBQM 7mM+iBQMX h?2 /2Mb2 H�v2`b mMBi bBx2 Bb /2+`2�bBM; rBi? 2p2`v H�v2`
#v � 7�+iQ` Q7 k- bi�`iBM; rBi? Ryk9 mMBib �M/ 2M/BM; rBi? e9 mMBibX h?2 H�bi /2Mb2
_2Gm H�v2` T�bb2b i?2 i2MbQ`b iQ � }M�H 7mHHv +QMM2+i2/ +H�bbB}+�iBQM H�v2` i?�i mb2b
� bQ7iK�t �+iBp�iBQM 7mM+iBQM rBi? � mMBi bBx2 /2T2M/2Mi QM i?2 MmK#2` +H�bb2b i?�i
b?QmH/ #2 /2i2+i2/ BM i?2 BMTmi /�i�X

h?2 BKTQ`i�Mi #�bB+ K�i?2K�iB+�H +QM+2Tib #2?BM/ .22T:2QJ�TǶb H�v2`b BM 7Q`@
r�`/ T`QT�;�iBQM- 7QHHQr2/ #v #�+Fr�`/ T`QT�;�iBQM Bb 2tTH�BM2/ bi2T #v bi2T BM
7QHHQrBM;X LQi2 i?�i i?2 +QKTH2i2 K�i?2K�iB+�H +QM+2Ti #2?BM/ bm+? � M2irQ`F Bb
iQQ +QKTH2t 7Q` i?2 b+QT2 Q7 i?Bb rQ`F- ?2M+2 i?2 7QHHQrBM; rBHH 7Q+mb QM i?2 #�bB+
K�i?2K�iB+�H +QM+2Tib i?�i �`2 #2?BM/ i?2 M2irQ`FX

kXRXR *QMpQHmiBQM�H G�v2`b

.22T:2QJ�T mb2b MQM +�mb�H +QMpQHmiBQM�H H�v2`b rBi?Qmi T�//BM; r?2`2 i?2 QmiTmi
y Bb /2T2M/2Mi QM i?2 7mim`2 BMTmiX h?2b2 MQM +�mb�H +QMpQHmiBQM�H H�v2`b mb2 *`Qbb@
+Q``2H�iBQM #v bi`B/BM; U�HbQ `272``2/ iQ �b bHB/BM;V � F2`M2H U}Hi2`V �+`Qbb i?2 /�i�X
h?2 6BHi2`b 7Q` 2�+? H�v2` �`2 `�M/QKHv BMBiB�HBx2/ #�b2/ QM � :�mbbB�M /Bbi`B#miBQMX
q?2`2 i?2 QmiTmi y Bb MQM +�mb�H #2+�mb2 Bi Bb /2T2M/2Mi QM i?2 7mim`2 BMTmi UxV (R3-
9N- k3)X

h?2 7QHHQrBM; 2[m�iBQM /2}M2b i?2 b?B7i Q7 s TQbBiBQMb UMmK#2` Q7 bi`B/2bV #2ir22M
i?2 BMTmi x Q7 H2M;i? n �M/ i?2 F2`M2H h rBi? � rBM/Qr Q7 H2M;i? k �7i2` 2�+? +QMpQ@
HmiBQM QT2`�iBQM 7Q` i?2 MQM@+�mb�H +QMpQHmiBQM (9N),

y(n) =

{ ∑k
i=0 x(n+ i)h(i), B7 n = 0

∑k
i=0 x(n+ i+ (s− 1))h(i), Qi?2`rBb2

URV

h?2 QmiTmi H2M;i? Q7 i?2 H�v2` Bb i?2`27Q`2 MQi 2[m�H BMTmi H2M;i? (R3- 9N- k3)X h?2
H2M;i? Q7 i?2 QmiTmi o 7Q` bi`B/2 s Bb ;Bp2M #v 2[m�iBQM k (9N)X

o =

⌊
(n− k)

s

⌋
+ 1 UkV

h?2 +QMpQHmiBQM�H H�v2`b Q7 .22T:2QJ�T mb2 i?2 Ƕ_2+iB}2/ GBM2�` lMBiǶ U_2GmV
�+iBp�iBQM 7mM+iBQMX _2Gm Bb mb2/ #2+�mb2 _2+iB}2/ GBM2�` lMBib �`2 +QKTmi�iBQM�HHv
mM/2K�M/BM; iQ QTiBKBx2 #2+�mb2 i?2v �`2 bQ bBKBH�` iQ HBM2�` mMBib (R3)X _2Gm /Bz2`
7`QK HBM2�` mMBib BM i?�i b2Mb2 i?�i � `2+iB}2/ HBM2�` mMBi QmiTmib x2`Q �+`Qbb ?�H7
Bib /QK�BM (R3)X >2M+2 i?2 /2`Bp�iBp2b Q` ;`�/B2Mib i?`Qm;? � `2+iB}2/ HBM2�` mMBi
`2K�BM H�`;2 �M/ +QMbBbi2Mi r?2M2p2` i?2 mMBi Bb �+iBp2 (R3)X �//BiBQM�HHv Bb i?2 b2+QM/
/2`Bp�iBp2 Q7 i?2 `2+iB7vBM; QT2`�iBQM y �HKQbi 2p2`vr?2`2- r?BH2 i?2 /2`Bp�iBp2 Q7
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i?2 `2+iB7vBM; QT2`�iBQM Bb R 2p2`vr?2`2 i?�i i?2 mMBi Bb �+iBp2- K�FBM; i?2 ;`�/B2Mi
/B`2+iBQM mb27mH 7Q` H2�`MBM; �M/ ;BpBM; �M �/p�Mi�;2 Qp2` �+iBp�iBQM 7mM+iBQMb i?�i
BMi`Q/m+2 b2+QM/@Q`/2` 2z2+ib (R3)X h?2 _2Gl BMTmi@QmiTmi `2H�iBQM- r?2`2 i?2 BMM2`
T`Q/m+i Q7 i?2 BMTmi iQ � M2m`QM �M/ BiǶb r2B;?i@b2i Bb /2MQi2/ #v net- �M/ i?2 QmiTmi
7mM+iBQM Q7 i?2 M2m`QM Bb /2MQi2/ #v y- Bb b?QrM BM 2[m�iBQM j �M/ };m`2 Ry (9N)X

y = K�t(0, M2i ) UjV

6B;m`2 Ry, SHQi Q7 i?2 _2Gl 7mM+iBQMX AK�;2, #v a�F`2T�iM� UkyR3V (9N)

AM .22T:2QJ�T KQ/2Hb i?2 BMTmi Bb T�bb2/ iQ irQ +QMb2+miBp2 +QMpQHmiBQM�H H�v2`b
rBi? � F2`M2H bBx2 Q7 j �M/ }Hi2` bBx2b Q7 e9 �M/ Rk3 `2bT2+iBp2Hv #27Q`2 i?2 QmiTmi Bb
T�bb2/ iQ � J�t SQQHBM; G�v2`X

kXRXk J�t SQQHBM; G�v2`

h?2 K�t TQQHBM; H�v2` Bb mb2/ iQ /2i2`KBM2 i?2 K�tBKmK p�Hm2 Q7 i?2 72�im`2 K�Tb
T�bb2/ QM #v i?2 +QMpQHmiBQM�H H�v2`bX >2M+2 i?Bb `2/m+2b i?2 MmK#2` Q7 72�im`2 K�Tb
U/BK2MbBQM�HBivV #v K�tBKmK TQQHBM; Qp2` �{M2 72�im`2 K�Tb- r?B+? �HbQ `2/m+2b
Qp2`}iiBM;X h?2 Ǵ�{M2 72�im`2 K�Tb �`2 i?2 /B`2+i `2bmHib 7`QK HBM2�` +QMpQHmiBQM
rBi?Qmi �TTHvBM; i?2 �+iBp�iBQM 7mM+iBQMǴ- GBM UkyR9V (jj)X h?2 ǴK�tBKBx�iBQM Qp2`
HBM2�` 7mM+iBQMb K�F2b � TB2+2rBb2 HBM2�` �TT`QtBK�iQ` r?B+? Bb +�T�#H2 Q7 �TT`QtB@
K�iBM; �Mv +QMp2t 7mM+iBQMbǴ- GBM UkyR9VX >2M+2- i?Bb K�t TQQHBM; K�F2b i?2 M2irQ`F
KQ`2 TQi2Mi �b Bi Bb �#H2 iQ b2T�`�i2 +QM+2Tib i?�i HB2 rBi?BM +QMp2t b2ib (jj)X *QMbB/2`
Ym,k i?2 QmiTmi Q7 i?2 +QMpQHmiBQM�H H�v2`- xi i?2 b�KTH2 MmK#2`- wm i?2 F2`M2H bBx2-
b i?2 #B�b- f i?2 �+iBp�iBQM 7mM+iBQM- �M/ Zm,L i?2 QmiTmi Q7 i?2 K�t TQQHBM; H�v2`
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i?2M i?2 7QHHQrBM; 7mM+iBQMb 9 �M/ 8 �TTHv (j9)X h?2 /�i� ~Qr 7`QK BMTmi Qp2` i?2
}`bi irQ +QMpQHmiBQM�H H�v2`b iQr�`/b i?2 K�t TQQHBM; H�v2` Bb b+?2K�iB+�HHv /BbTH�v2/
#v 6B;m`2 RRX

Ym,k = f

(
n∑

i=1

xi ∗ wm + b

)
U9V

wm,L = K�t (Ym,k) U8V

AM � .22T:2QJ�T KQ/2H i?2 /BK2MbBQM�HBiv Q7 i?2 72�im`2 K�Tb Q7 i?2 }`bi irQ
+QMpQHmiBQM�H H�v2`b Bb `2/m+2/ #v i?2 7�+iQ` 8 #v i?2 K�t TQQHBM; H�v2`X h?2 K�t
TQQHBM; H�v2` i?2M T�bb2b i?2 `2/m+2/ 72�im`2 K�Tb iQ �MQi?2` b2i Q7 j +QMb2+miBp2
+QMpQHmiBQM�H H�v2`b i?�i 2�+? ;`Qr BM }Hi2` bBx2 rBi? � 7�+iQ` Q7 k- bi�`iBM; rBi? �
}Hi2` bBx2 Q7 k8e- 7QHHQr2/ #v 8Rk �M/ `2�+?BM; Ryk9X

6B;m`2 RR, h?2 QmiTmi 72�im`2 K�T Q7 i?2 }`bi irQ +QMpQHmiBQM�H H�v2`b Bb T�bb2/ iQ i?2 K�t TQQHBM;
H�v2`X AK�;2 KQ/B}2/ �7i2` GBM UkyRNV (j9)X

kXRXj :HQ#�H �p2`�;2 SQQHBM; G�v2`

h?2 B/2� Q7 � ;HQ#�H �p2`�;2 TQQHBM; H�v2` r�b }`bi bm;;2bi2/ #v GBM 2i �HX UkyR9V �b �
bi`m+im`�H `2;mH�`Bx2` BM i?2B` M2irQ`F BM M2irQ`F �`+?Bi2+im`2 (jj)X JQ`2 i`�/BiBQM�H
+QMpQHmiBQM�H M2m`�H M2irQ`Fb T2`7Q`K +QMpQHmiBQM BM i?2 HQr2` H�v2`b Q7 i?2 M2irQ`F
�M/ i?2M T�bbBM;- i?2 p2+iQ`Bx2/ 72�im`2 K�Tb Q7 i?2 H�bi +QMpQHmiBQM�H H�v2` /B`2+iHv
BMiQ 7mHHv +QMM2+i2/ H�v2`b 7QHHQr2/ #v � bQ7iK�t HQ;BbiB+ `2;`2bbBQM H�v2` (jj)X .22T@
:2QJ�T QM i?2 Qi?2` ?�M/ mb2b ;HQ#�H �p2`�;2 TQQHBM; iQ �// �//BiBQM�H +H�bbB}+�iBQM
+�T�#BHBiv �M/ BM+`2�b2 �++m`�+v Q7 i?2 M2irQ`FX h?2 B/2� Bb iQ ;2M2`�i2 72�im`2 K�Tb
7Q` i?2 +Q``2bTQM/BM; +�i2;Q`B2b Q7 i?2 +H�bbB}+�iBQM i�bF BM i?2 H�bi +QMpQHmiBQM�H
H�v2`- �M/ Bb BMbTB`2/ #v i?2 rQ`F Q7 GBM 2i �HX UkyR9VX AM � .22T:2QJ�T KQ/2H-
i?2 ;HQ#�H �p2`�;2 TQQHBM; H�v2` i�F2b i?2 �p2`�;2 Q7 2�+? 72�im`2 K�T �M/ T�bb2b i?2
`2bmHiBM; p2+iQ` iQ � /`QTQmi H�v2` #27Q`2 Bi Bb 72/ iQ 8 7mHHv +QMM2+i2/ H�v2`b �M/ �
}M�H bQ7iK�t H�v2`X h?2 �/p�Mi�;2b Q7 ;HQ#�H �p2`�;2 TQQHBM; Qp2` i?2 7mHHv +QMM2+i2/
H�v2`b BM `2;�`/ iQ +�i2;Q`Bx�iBQM Q7 i?2 72�im`2 K�Tb- �`2 i?�i i?2v �`2 KQ`2 M�iBp2 iQ
i?2 +QMpQHmiBQM bi`m+im`2 #v 2M7Q`+BM; +Q``2bTQM/2M+2b #2ir22M 72�im`2 K�Tb �M/ +�i@
2;Q`B2b (jj)X h?2b2 72�im`2 K�Tb +�M i?2M #2 BMi2`T`2i2/ �b +�i2;Q`B2b +QM}/2M+2 K�Tb
(jj)X �//BiBQM�HHv i?2`2 Bb MQ T�`�K2i2` QTiBKBx�iBQM BM i?2 ;HQ#�H �p2`�;2 TQQHBM;
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7m`i?2` `2/m+BM; Qp2`}i Q7 i?2 KQ/2H (jj)X >2M+2 ;HQ#�H �p2`�;2 TQQHBM; Bb � bi`m+im`�H
`2;mH�`Bx2` i?�i 2tTHB+BiHv 2M7Q`+2b 72�im`2 K�Tb iQ #2 +QM}/2M+2 K�Tb Q7 +QM+2Tib
U+�i2;Q`B2bV (jj)X

kXRX9 .`QTQmi

hQ 7m`i?2` `2/m+2 Qp2`}iiBM;- �M/ BM+`2�b2 i?2 ;2M2`�HBx�iBQM �#BHBiv Q7 i?2 Qp2`�HH
.22T:2QJ�T M2irQ`F- � /`QTQmi H�v2` Bb �//2/ �b �M �//BiBQM�H `2;mH�`Bx2`X h?2
/`QTQmi H�v2` `�M/QKHv b2ib ?�H7 Q7 i?2 �+iBp�iBQMb iQ i?2 7mHHv +QMM2+i2/ H�v2`b iQ
x2`Q /m`BM; i`�BMBM;X aQ #�bB+�HHv .`QTQmi `272`b iQ /`QTTBM; i?2 QmiTmi Q7 � M2m`QM
r?B+? BKTHB2b x2`Q BMTmi iQ i?2 M2ti H�v2` (jj- 9N)X AM i?Bb /`QTQmi H�v2`- i?2`2 +�M #2
b2p2`�H M2m`QMb i?�i /2+B/2 iQ 2Bi?2` /`QT i?2 QmiTmi Q` MQiX h?Bb Bb /2+B/2/ #v i?2
/`QTQmi `�i2 P (drop) (9N)X 6Q` 2�+? QmiTmi � `�M/QK MmK#2` 7`QK y iQ R Bb +?Qb2M
�M/ B7 i?2 +?Qb2M MmK#2` Bb H2bb2` i?�M P (drop) i?�i QmiTmi rBHH #2 /`QTT2/ U};m`2
RkV (9N)X AM .22T:2QJ�T i?2 H�v2` ?�b � .`QTQmi `�i2 Q7 P (drop) = 0.5- r?B+? K2�Mb
2p2`v QmiTmi i?�i +?Qb2 � MmK#2` H2bb2` i?�M yX8 Bb /`QTT2/X AM Qi?2` rQ`/b i?Bb K2�Mb
i?�i `�M/QKHv ?�H7 Q7 i?2 QmiTmi Bb /`QTT2/X aBM+2 BM .22T:2QJ�T i?2 .`QTQmi H�v2`
7QHHQrb i?2 ;HQ#�H �p2`�;2 TQQHBM; H�v2` �M/ Bb 7QHHQr2/ #v i?2 7mHHv +QMM2+i2/ H�v2`b-
i?Bb K2�Mb i?�i ?�H7 Q7 i?2 72�im`2 K�Tb T�bb2/ iQ i?2 7mHHv +QMM2+i2/ /2Mb2 H�v2`b Bb
/`QTT2/- r?BH2 BMTmib MQi b2i iQ y �`2 b+�H2/ mT #v RfUR @ `�i2V bQ i?�i i?2 bmK Qp2`
�HH BMTmib /Q2b MQi +?�M;2X

6B;m`2 Rk, a+?2K�iB+ };m`2 Q7 /`QTQmi, G27i M2m`QMb #27Q`2 /`QTQmi- `B;?i M2m`QMb �7i2` /`QTQmi
�TTHB2/X AK�;2 KQ/B}2/ �7i2` Ua�F`2T�iM�kyR3V- (9N)

kXRX8 6mHHv *QMM2+i2/ .2Mb2 G�v2`b

.2Mb2 H�v2`b �`2 /2Mb2Hv +QMM2+i2/ H�v2`b i?�i `2+2Bp2 BM7Q`K�iBQM 7`QK �HH i?2 T`2pBQmb
H�v2`b (ky)X h?Bb Bb � T`BM+BTH2 iQ 2Mbm`2 K�tBKmK BM7Q`K�iBQM ~Qr #2ir22M H�v2`b BM
i?2 M2irQ`F- #v +QMM2+iBM; �HH /2Mb2 H�v2`b rBi? 2�+? Qi?2` (ky)X AM Q`/2` iQ T`2b2`p2
i?2 722/@7Q`r�`/ M�im`2- 2�+? /2Mb2 H�v2` Q#i�BMb �//BiBQM�H BMTmib 7`QK �HH T`2+2/BM;
H�v2`b �M/ T�bb2b QM Bib QrM 72�im`2@K�Tb iQ �HH bm#b2[m2Mi /2Mb2 H�v2`b (ky)X h?2 li?
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H�v2` Q7 � /2Mb2 H�v2` ?�b l BMTmib- +QMbBbiBM; Q7 i?2 72�im`2 K�Tb Q7 �HH T`2+2/BM; H�v2`b
(ky)X h?Bb +�mb2b L(L + 1)/2 +QMM2+iBQMb BM �M L@H�v2` M2irQ`F (ky)X PM2 +QmMi2`@
BMimBiBp2 2z2+i K2MiBQM2/ #v >m�M; 2i �HX UkyReV Bb i?�i � /2Mb2 +QMM2+iBpBiv T�ii2`M
`2[mB`2b 72r2` T�`�K2i2`b i?�M i`�/BiBQM�H +QMpQHmiBQM�H M2irQ`Fb- �b i?2`2 Bb MQ M22/
iQ `2H2�`M `2/mM/�Mi 72�im`2 K�TbX .2Mb2 H�v2`b �HbQ 2tTHB+BiHv /Bz2`2MiB�i2 #2ir22M
BM7Q`K�iBQM i?�i Bb �//2/ iQ i?2 M2irQ`F �M/ BM7Q`K�iBQM i?�i Bb T`2b2`p2/ (ky)X

�Hi?Qm;? /2Mb2 H�v2`b r2`2 Q`B;BM�HHv /2bB;M2/ 7Q` � M�``Qr M2irQ`F U.2Mb2L2iV
(ky)- .22T:2QJ�Tb H�v2`b �`2 MQi p2`v M�``QrX AM i?2 }`bi /2Mb2 H�v2` Q7 .22T:2QJ�T-
Ryk9 }Hi2`b �`2 mb2/ �M/ i?2M /2+`2�bBM; #v 7�+iQ` k T2` H�v2`- �//BM; �i }`bi � H�`;2 b2i
Q7 72�im`2 K�Tb iQ i?2 ǳ+QHH2+iBp2 FMQrH2/;2Ǵ Q7 i?2 M2irQ`F �M/ i?2M 7Q+mb iQr�`/b
i?2 KQbi BKTQ`i�Mi 72�im`2b BM i?2 /�i�X h?Bb Bb /QM2 BM Q`/2` iQ 2ti`�+i i?2 K�tBKmK
�KQmMi Q7 BM7Q`K�iBQM 7`QK i?2 T`2+2/BM; H�v2`b BM Q`/2` iQ KBbb H2bb /2i�BHb Q7 i?2
bT2+i`�H BMTmi- �M/ i?2M mb2 i?2 KQbi BKTQ`i�Mi BM7Q`K�iBQM 7Q` +H�bbB}+�iBQMX AM
.22T:2QJ�T �HbQ i?2 }M�H +H�bbB}2`- � /2Mb2 H�v2` rBi? aQ7iK�t �+iBp�iBQM K�F2b �
+H�bbB}+�iBQM /2+BbBQM #�b2/ QM i?2b2 `2}M2/ 72�im`2 K�Tb T�bb2/ iQ BiX J�i?2K�iB+�HHv
i?Bb +�M #2 2tT`2bb2/ KQ/B}2/ �7i2` >m�M; 2i �HX UkyReV 7Q` .22T:2QJ�T BM i?2
7QHHQrBM;,

*QMbB/2` � bBM;H2 bT2+i`� x0 i?�i Bb T�bb2/ i?`Qm;? i?2 M2irQ`FX h?2 M2irQ`F
+QKT`Bb2b L H�v2`b- 2�+? Q7 r?B+? BKTH2K2Mib � MQM@HBM2�` i`�Mb7Q`K�iBQM Hl(Ǧ)- r?2`2
l BM/2t2b i?2 H�v2`X Hl(Ǧ) Bb � +QKTQbBi2 7mM+iBQM Q7 QT2`�iBQMb U2X;X `2+iB}2/ HBM2�`
mMBib U_2GlV- SQQHBM;- *QMpQHmiBQM- 2i+XVX h?2 QmiTmi Q7 i?2 li? H�v2` Bb /2MQi2/ �b
xlX

h?2M i?2 li? H�v2` `2+2Bp2b i?2 72�im`2 K�Tb Q7 �HH T`2+2/BM; /2Mb2 H�v2`b- x0, ..., xlƐ1-
�b BMTmi,

tℓ = Hℓ ([t0, t1, . . . , tℓ−1]) UeV

r?2`2 [x0, x1, ..., xlƐ1] `272`b iQ i?2 +QM+�i2M�iBQM Q7 i?2 72�im`2 K�Tb T`Q/m+2/ BM
H�v2`b 0, ..., lƐ1 �M/ i?2 KmHiBTH2 BMTmib Q7 Hl(Ǧ) Bb /BbTH�v2/ �b � bBM;H2 i2MbQ`X

kXRXe :`�/B2Mi .2b+2Mi PTiBKBx�iBQM

:`�/B2Mi /2b+2Mi Bb � ;2M2`�H K2i?Q/ BM KQ/2`M M2m`�H M2irQ`Fb iQ KBMBKBx2 �M Q#@
D2+iBp2 7mM+iBQM #v +2`i�BM T�`�K2i2`b (R3- 98- kR)X G2i i?Bb Q#D2+iBp2 7mM+iBQM #2 J(θ)

i?�i Bb T�`�K2i2`Bx2/ #v i?2 KQ/2HǶb T�`�K2i2`b θ ∈ Rd (98)X h?2M i?2 7mM+iBQM Bb
KBMBKBx2/ #v mT/�iBM; i?2 T�`�K2i2`b BM i?2 QTTQbBi2 /B`2+iBQM Q7 i?2 ;`�/B2Mi Q7 i?2
Q#D2+iBp2 7mM+iBQM ∇θJ(θ) rX`XiX iQ i?2 T�`�K2i2`b (98)X _m/2` UkyReV bi�i2b i?�i ǴAM
Qi?2` rQ`/b- r2 7QHHQr i?2 /B`2+iBQM Q7 i?2 bHQT2 Q7 i?2 bm`7�+2 +`2�i2/ #v i?2 Q#D2+iBp2
7mM+iBQM /QrM?BHH mMiBH r2 `2�+? � p�HH2vXǴ

AM i?2 +�b2 .22T:2QJ�T i?2 +�i2;Q`B+�H +`Qbb 2Mi`QTv HQbb 7mM+iBQM Bb mb2/ iQ
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+�H+mH�i2 i?2 HQbb2b i?�i �`2 KBMBKBx2/ #v i?2 ;`�/B2Mi /2+2Mi 7mM+iBQMX PM2 BKTQ`i�Mi
?vT2`T�`2K2i2` Q7 � /2+2Mi ;`�/B2Mi /2b+2Mi 7mM+iBQM Bb i?2 H2�`MBM; `�i2 η- r?B+?
/2i2`KBM2b i?2 bBx2 Q7 i?2 bi2Tb i�F2M iQ `2�+? � UHQ+�HV KBMBKmK (98)X .22T:2QJ�T
miBHx2b � H2�`MBM; `�i2 η Q7 10−4X .22T:2QJ�T mb2b � bT2+B�H FBM/ Q7 aiQ+?�biB+ ;`�/B2Mi
/2b+2Mi 7mM+iBQM }`bi BMi`Q/m+2/ #v #v EBM;K� �M/ "� BM kyR9- +�HH2/ i?2 Ǵ�/�KǴ
QTiBKx2` U/2`Bp2/ 7`QK Ǵ�/�TiBp2 JQK2Mi 1biBK�iBQMǴV (kR)X aiQ+?�biB+ :`�/B2Mi
/2b+2Mi Ua.:V T2`7Q`Kb � T�`�K2i2` mT/�i2 7Q` 2�+? i`�BMBM; 2t�KTH2 x(i) �M/ H�#2H
y(i) r?2`2 i?2 7QHHQrBM; 7mM+iBQM �TTHB2b,

θ = θ − η ·∇θJ
(
θ; x(i); y(i)

)
UdV

�/�K Bb � K2i?Q/ 7Q` 2{+B2Mi biQ+?�biB+ QTiBKBx�iBQM i?�i QMHv `2[mB`2b }`bi@
Q`/2` ;`�/B2Mib �M/ ?2M+2 `2[mB`2b HBiiH2 K2KQ`v (kR)X �/�K +QKTmi2b BM/BpB/m�H
�/�TiBp2 H2�`MBM; `�i2b 7Q` /Bz2`2Mi T�`�K2i2`b 7`QK 2biBK�i2b Q7 }`bi �M/ b2+QM/
KQK2Mib Q7 i?2 ;`�/B2Mib- i?2`27Q`2 i?2 M�K2 r?B+? Bb /2`Bp2/ 7`QK Ǵ�/�TiBp2 JQK2Mi
1biBK�iBQMǴ (kR)X

�/�K Bb biQ`BM; �M 2tTQM2MiB�HHv /2+�vBM; �p2`�;2 Q7 T�bi b[m�`2/ ;`�/B2Mib vt- �b
r2HH �b �M 2tTQM2MiB�HHv /2+�vBM; �p2`�;2 Q7 T�bi ;`�/B2Mib mt- UHBF2 KQK2MimKV (kR-
98),

mt = β1mt−1 + (1− β1) gt

vt = β2vt−1 + (1− β2) g
2
t

U3V

-r?2`2 gt iQ #2 i?2 ;`�/B2Mi Q7 i?2 Q#D2+iBp2 7mM+iBQM rX`XiX iQ i?2 T�`�K2i2` θ �i
iBK2 bi2T t- mt �M/ vt �`2 2biBK�i2b Q7 i?2 }`bi KQK2Mi Ui?2 K2�MV �M/ i?2 b2+QM/
KQK2Mi Ui?2 mM+2Mi2`2/ p�`B�M+2V Q7 i?2 ;`�/B2Mib `2bT2+iBp2Hv (kR- 98)X mt �M/ vt �`2
BMBiB�HBx2/ �b p2+iQ`b Q7 yǶb- i?2v �`2 #B�b2/ iQr�`/b x2`Q- 2bT2+B�HHv 7Q` i?2 BMBiB�H iBK2
bi2Tb- �M/ r?2M i?2 /2+�v `�i2b �`2 bK�HH UBX2X β1 �M/ β2 �`2 +HQb2 iQ RV (kR- 98)X hQ
+QmMi2`�+i i?Bb- i?2 #B�b@+Q``2+i2/ }`bi �M/ b2+QM/ KQK2Mi 2biBK�i2b �`2 +�H+mH�i2/
#v,

m̂t =
mt

1− βt
1

v̂t =
vt

1− βt
2

UNV

h?2 �/�K mT/�i2 `mH2 (kR) iQ mT/�i2 i?2 T�`�K2i2`b +�M #2 i?2M r`Bii2M �b 7QHHQrb,

θt+1 = θt −
η√

v̂t + ϵ
m̂t URyV

- r?2`2 /27�mHi p�Hm2b Q7 yXN 7Q` β1- yXNNN 7Q` β2- �M/ 10−8 7Q` ϵ �`2 b2i (kR)X

ky



kXRXd GQbb 6mM+iBQM

�b K2MiBQM2/ �#Qp2 .22T:2QJ�T miBHBx2b i?2 *�i2;Q`B+�H *`Qbb@1Mi`QTv HQbb 7mM+iBQM
r?B+? Bb KBMBKBx2/ mbBM; i?2 �/�K QTiBKBx2`X 6B`bi i?2 *`Qbb@1Mi`QTv HQbb Bb /2b+`B#2/
7QHHQr2/ #v i?2 *�i2;Q`B+�H *`Qbb@1Mi`QTv HQbbX

h?2 *`Qbb@1Mi`QTv UCEV Bb /2}M2/ �b,

CE = −
C∑

i

ti HQ; (si) URRV

-r?2`2 C �`2 i?2 +H�bb2b- ti i?2 H�#2Hb- �M/ si i?2 QmiTmi b+Q`2b Q7 i?2 M2irQ`F
H�v2`- r?2`2 f(si) �`2 i?2 QmiTmi b+Q`2b �7i2` i?2 �+iBp�iBQM 7mM+iBQM Bb �TTHB2/X h?2
+�i2;Q`B+�H +`Qbb@2Mi`QTv HQbb Bb �HbQ bQK2iBK2b `272``2/ iQ �b bQ7iK�t HQbb- Bb #�bB+�HHv
� bQ7iK�t �+iBp�iBQM 7mM+iBQM THmb � +`Qbb 2Mi`QTv HQbb 7mM+iBQM mb2/ 7Q` i`�BMBM; �
M2m`�H M2irQ`F 7Q` KmHiB@+H�bb +H�bbB}+�iBQM- ?2M+2 iQ QmiTmi � T`Q#�#BHBiv Qp2` i?2
C +H�bb2b 7Q` 2�+? BMTmi /2}M2/ #v Rk (Rd)X AM i?2 +�b2 Q7 .22T:2QJ�T QmiTmi Bb �
T`Q#�#BHBiv Qp2` C +H�bb2b 7Q` 2�+? TBt2H bT2+i`mKX

f(s)i =
esi

∑C
j esj

CE = −
C∑

i

ti HQ; (f(s)i) URkV

AM KmHiB@+H�bb +H�bbB}+�iBQM i?2 H�#2Hb �`2 QM2@?Qi- r?B+? K2�Mb i?�i QMHv i?2 TQb@
BiBp2 +H�bb Cp F22Tb Bib i2`K BM i?2 HQbbX PMHv QM2 2H2K2Mi Q7 i?2 i�`;2i p2+iQ` t Bb MQi
x2`Q ti = tpX >2M+2 i?2 2H2K2Mib Q7 i?2 bmKK�iBQM r?B+? �`2 x2`Q /m2 iQ i�`;2i H�#2Hb
�`2 /Bb+�`/2/ �M/ 7mM+iBQM Rj �TTHB2b- r?2`2 Sp Bb i?2 b+Q`2 7Q` i?2 TQbBiBp2 +H�bb (Rd)X

CE = − HQ;
(

esp
∑C

j esj

)
URjV

>Qr �/�K #�+F@T`QT�;�i2b i?`Qm;? i?2 M2i Bb b?QrM �#Qp2X >2M+2 i?2 ;`�/B2Mi Q7
+`Qbb +Mi`QTv U*1V HQbb BM `2bT2+i iQ 2�+? +H�bb b+Q`2 BM s Bb `2[mB`2/ #v i?2 QTiBKBx2`X
h?2 HQbb i2`Kb 7`QK i?2 M2;�iBp2 +H�bb2b �`2 x2`QX >Qr2p2`- bBM+2 i?2 bQ7iK�t �+iBp�@
iBQM Q7 i?2 TQbBiBp2 +H�bb �HbQ /2T2M/b QM i?2 M2;�iBp2 +H�bb b+Q`2b i?2 HQbb ;`�/B2Mi BM
`2bT2+i Q7 i?Qb2 M2;�iBp2 +H�bb2b Bb MQi +�M+2HH2/ (Rd)X

h?2 ;`�/B2Mi 7Q` �HH +H�bb2b C Bb 2[m�H- rBi? i?2 2t+2TiBQM Q7 i?2 ;`QmM/ i`mi?
+H�bb Cp /Q iQ i?2 b+Q`2 Q7 Cp(sp) BM i?2 MQKBM�iQ` (Rd)X Pmi Q7 i?Bb 7QHHQrb i?�i i?2
/2`Bp�iBp2 BM `2bT2+i iQ i?2 TQbBiBp2 +H�bb Bb,

∂

∂sp

(
− HQ;

(
esp

∑C
j esj

))
=

(
esp

∑C
j esj

− 1

)
UR9V

-r?BH2 i?2 /2`Bp�iBp2 BM `2bT2+i iQ i?2 M2;�iBp2 +H�bb2b C- rBi? b+Q`2 sp Bb,

kR



∂

∂sn

(
− HQ;

(
esp

∑C
j esj

))
=

(
esn

∑C
i esj

)
UR8V

kXk a�KTH2b �M/ .�i� "�+F;`QmM/
6Q` i?2 /2p2HQTK2Mi Q7 i?2 T`QTQb2/ /22T +QMpQHmiBQM�H M2m`�H M2irQ`F �`+?Bi2+im`2
QMHv ;2Q+?2KB+�HHv p2`B}2/ U"`�xBHB�M B`QM Q`2 a�KTH2b- �M/ �THBFB b�KTH2bV Q` r2HH
FMQrM ;`QmM/ i`mi?2/ ?vT2`bT2+i`�H BK�;2b Ui?2 AM/B�M SBM2b .�i�b2iV r2`2 mb2/X h?2
"`�xBHB�M B`QM Q`2 �M/ �THBFB a�KTH2b r2`2 K2�bm`2/ �i i?2 QTiB+�H bT2+i`Qb+QTv G�#@
Q`�iQ`v �i i?2 :6w SQib/�K �M/ BM i?2 }2H/ BM i?2 _2Tm#HB+ Q7 *vT`mb #v 6`B2/2`BF2
EQ2`iBM; 7Q` ?2` /Bbb2`i�iBQM mbBM; i?2 L2Q LQ`bF 1H2+i`B+ >vaT2t oLA_@Reyy �M/
aqA_ jky@K@2 *�K2`� avbi2K Ub22 b2+iBQM kXkXR �M/ kXkXjV (k9)X h?2 "`�xBHB�M B`QM
Q`2 �M/ i?2 �THBFB b�KTH2 /�i� b2ib �`2 #Qi? T�`i Q7 6`B2/2`BF2 EQ2`iBM;b /Bbb2`i�iBQM
U(k9)V iQ +QKT�`2 �M/ BM@/2Ti? �M�Hvb2 /Bz2`2Mi ;2QHQ;B+�H +H�bbB}+�iBQM �H;Q`Bi?Kb
�M/ K2i?Q/bX h?2 /�i� b2ib �`2 p2`v #2M2}+B�H BM `2;�`/ iQ #2BM; p2`v r2HH ;2QHQ;B@
+�HHv �M�Hvb2/- ;2Q+?2KB+�HHv p�HB/�i2/- �M/ ?vT2`@bT2+i`�HHv #2M+?K�`F2/ /�i�b2ibX
h?Bb �HHQrb � +QKT�`BbQM Q7 i?2 +H�bbB}+�iBQM �++m`�+B2b Q7 .22T:2QJ�T �M/ bQK2
Q7 i?2 �H;Q`Bi?Kb mb2/ #v 6`B2/2`B2 EQ2`iBM; BM ?2` /Bbb2`i�iBQMX h?2 AM/B�M SBM2b
/�i�b2i Bb � r2HH FMQrM /�i�b2i BM i?2 K�+?BM2 H2�`MBM; +QKKmMBiv mb2/ BM p�`BQmb
Tm#HB+�iBQMb iQ #2M+?K�`F �M/ +QKT�`2 BK�;2 +H�bbB}+�iBQM +�T�#BHBiv Q7 �H;Q`Bi?Kb
�M/ M2m`�H M2irQ`Fb- Bi r�b `2+Q`/2/ #v L�a� mbBM; i?2 �B`#Q`M2 oBbB#H2 f AM7`�`2/
AK�;BM; aT2+i`QK2i2` U�oA_AaV Ub22 b2+iBQM kXkX9V (e- 9R)X AM i?2 7QHHQrBM; b2+iBQMb
i?2 #�+F;`QmM/ Q7 2�+? Q7 i?2 b�KTH2 b2ib �M/ i?2 ?vT2`bT2+i`�H /�i� mb2/ Bb T`2b2Mi2/X

kXkXR "`�xBHB�M A`QM P`2 a�KTH2b

h?2 ?vT2`bT2+i`�H BK�;2 Q7 R8 "`�xBHB�M B`QM Q`2 b�KTH2b i?�i r�b �M�Hvb2/ rBi?
.22T:2QJ�T- r�b T`QpB/2/ �M/ `2+Q`/2/ BM i?2 QTiB+�H bT2+i`Qb+QTv G�#Q`�iQ`v Q7
i?2 :6w #v 6`2/2`BF2 EQ2`iBM; BM i?2 +QMi2ti Q7 ?2` `2b2�`+? �M/ /Bbb2`i�iBQM Ub22 (k9)VX
h?2 K�DQ`Biv Q7 i?2 ;2QHQ;B+�H #�+F;`QmM/ `2b2�`+? Bb T`QpB/2/ BM i?2 /Bbb2`i�iBQM (k9)X
h?2 ?vT2`bT2+i`�H H�#Q`�iQ`v b+�M BM+Hm/2b R8 B`QM Q`2 b�KTH2b 7`QK irQ KBM2 bBi2b
BM "`�xBH(k9)X Ai Bb bi�i2/ i?�i i?2 b�KTH2b �M/ i?2B` `2bT2+iBp2 ;2Q+?2KB+�H �M�HvbBb
r2`2 T`QpB/2/ mM/2` � b2H2+iBp2 MQM@/Bb+HQbm`2 �;`22K2Mi #v +HB2Mib 7`QK i?2 +QKT�Mv
`�/X .�i� aT2+i`�H �M�HviB+b UrrrX`�//�i�XBQ- kykyV- QMHv BM7Q`K�iBQM BKTQ`i�Mi iQ
+H�bbB}+�iBQM #2M+?K�`FBM; Bb T`QpB/2/ (k9)X h?2 KBMBM; +QKT�MB2b bmTTHvBM; i?2
b�KTH2b 7`QK i?2B` bBi2b �`2 MQi iQ #2 /Bb+HQb2/- M2Bi?2` �`2 i?2 2t�+i HQ+�iBQMb Q7
b�KTHBM; �M/ i?2`27Q`2 i?2 +QHH2+iBQM bBi2b �`2 `272``2/ iQ �b JBM2 aBi2 R �M/ JBM2
aBi2 k (k9)X h?2 b�KTH2 MmK#2`b- ?vT2`bT2+i`�H BK�;2b �M/ ;2Q+?2KBbi`v �`2 b?QrM
BM };m`2 Rj �M/ i�#H2 k (k9)X

kk



6B;m`2 Rj, "`�xBHB�M B`QM Q`2 b�KTH2b BM _:" +QHQ` U_, e9yMK @ #�M/ ej- :, 89NMK @ #�M/ j3- ",
983MK @ #�M/ RjV- `2+Q`/2/ #v i?2 >vaT2t oLA_ +�K2`�X h?2 H�#2Hb b?Qr i?2 b�KTH2 MmK#2`b- i?2
�++Q`/BM; ;2Q+?2KBbi`v Bb b?QrM BM i�#H2 k U�7i2` EQ2`iBM;- kykRV (k9)X

:2QHQ;B+�H "�+F;`QmM/, h?2 R8 B`QM Q`2 b�KTH2b 7`QK i?Bb /�i�b2i Q`B;BM�i2 7`QK
i?2 Zm�/`BH�i2`Q 62``ő72`Q UZ6V BM i?2 bi�i2 Q7 JBM�b :2`�Bb- � bQmi?2�bi2`M `2;BQM Q7
"`�xBH 7`QK irQ JBM2 bBi2b (k9)X h?2 Z6 bT�Mb �M �`2� Q7 �#Qmi dyyy km2 �M/ ?Qbib
QM2 Q7 i?2 H�`;2bi +QM+2Mi`�iBQMb Q7 H�i2`BiB+ B`QM@Q`2 /2TQbBib BM i?2 rQ`H/ (3)X h?2 Z6
Bb bi`m+im`�HHv +QMi`QHH2/ �M/ b[m�`2@b?�T2/ /m2 iQ i?2 /QK2 �M/ #�bBM bi`m+im`2b Q7
i?2 JBM�b amT2`;`QmT Ub22 };m`2 R9V (3- Ry)X

h?2 bmT2`;2M2 B`QM Q`2b Q7 JBM�b :2`�Bb �M/ Z6 +�M #2 /BpB/2/ BMiQ i?`22 K�BM
+�i2;Q`B2b, 2M`B+?2/ Bi�#B`Bi2- BMi2`K2/B�i2 ;`�/2 Q`2 �M/ *�M;� (3- Rk)X h?2 K�DQ`@
Biv Q7 i?2 B`QM Q`2 7QmM/ BM i?2 Z6 �`2 ?Qbi2/ BM i?2 QtB/Bx2/- K2i�KQ`T?Qb2/ �M/
?2i2`Q;2M2QmbHv /27Q`K2/ "�M/2/ A`QM 6Q`K�iBQMb U"A6bV Q7 i?2 *�mā 6Q`K�iBQM- i?2
bQ@+�HH2/ Bi�#B`Bi2b (3)X *�`HQb 2i �HX UkyR9V /2b+`B#2 i?2 "A6b �b Ǵ�Hi2`2/ b2/BK2Mi�`v
/2TQbBib rBi? H�KBM�i2/ `Q+Fb 7Q`K2/ #v �Hi2`M�iBM; H�v2`b Q7 bBHB+� �M/ ?2K�iBi2Ĝ
K�;M2iBi2- �b r2HH �b +�`#QM�i2b �M/ B`QM bBHB+�i2bǴ (3)X Ai�#B`Bi2 Bb /2b+`B#2/ #v .Q``
URNe9V �b � ǴH�KBM�i2/- K2i�KQ`T?Qb2/- QtB/2@7�+B2b B`QM 7Q`K�iBQM BM r?B+? i?2 B`QM
Bb T`2b2Mi �b ?2K�iBi2- K�;M2iBi2 Q` K�`iBi2Ǵ (Rk- k9)X AM Bi�#B`Bi2- i?2 Q`B;BM�H D�bT2`
Q` +?2`i #�M/b ?�p2 #22M `2+`vbi�HHBx2/ BMiQ ;`�MmH�` [m�`ix (Rk)X GQ+�HHv- /QHQKBi2
�M/ �KT?B#QH2b +�M #2 bm#biBimi2b 7Q` [m�`ix �M/ r?2M bm#biBimi2/- K�;M2iBi2 �M/ Bib

kj



6B;m`2 R9, Ǵ_2;BQM�H ;2QHQ;B+�H K�T Q7 i?2 Zm�/`BH�i2`Q 62``ő72`Q �`2� HQ+�i2/ �i JBM�b :2`�Bb bi�i2-
"`�xBHǴ- UKQ/B}2/ �7i2` *�`HQb 2i �HX UkyR9VV (3)

QtB/�iBQM T`Q/m+ib �`2 T`2b2Mi (Rk)X 6`2b? Ai�#B`Bi2 Bb � /2Mb2- #`BiiH2 �M/ ?�`/ `Q+F-
i?�i Bb `2bBbi�Mi iQ K2+?�MB+�H 2`QbBQM (Rk)X �HH Q7 i?2 bmT2`;2M2 B`QM Q`2b 7QmM/ BM i?2
Z6 �`2 � `2bmHi 7`QK i?2 r2�i?2`BM; Q7 Bi�#B`Bi2 (Rk)X h?2v /2;`�/2 #�b2/ QM i?2 b�K2
;2QHQ;B+�H T`Q+2bb2b- r?2`2 i?2 QMHv /Bz2`2M+2 Bb i?2 p�`vBM; BMi2MbBiv Q7 r2�i?2`BM;
(Rk)X >2M+2 i?2 B`QM Q`2b �`2 BMi2`;`�/�iBQM�H �M/ +�MMQi �Hr�vb #2 +H2�`Hv Tmi BM QMHv
QM2 +�i2;Q`v �b i?2v `2T`2b2Mi /Bz2`2Mi bi�;2b Q` BMi2`K2/B�i2 bi�;2b Q7 r2�i?2`BM;
(Rk)X 1M`B+?2/ Bi�#B`Bi2 Bb /2}M2/ �b � /Bb�;;`2;�i2/ `Q+F r?B+? Bb `2bB/m�HHv 2M`B+?2/
BM B`QM �M/ H2�+?2/ Q7 [m�`ix �M/ Qi?2` +QKTQM2Mib #v bmT2`;2M2 ~mB/b (Rk)X h?2 BM@
i2`K2/B�i2 ;`�/2 Q`2 7QmM/ BM i?2 Z6 Bb � K�i2`B�H rBi? �M mTT2` HBKBi Q7 B`QM +QMi2Mi
Q7 �#Qmi e8X8W �M/ � HQr2` HBKBi Q7 8dW B`QM �M/ IdW aBPk- r?B+? Bb /2`Bp2/ 7`QK
bi`QM; `2bB/m�H �M/ b2+QM/�`v 2M`B+?K2Mi Q7 Bi�#B`Bi2 (3- Rk)X *�M;� ?�b � ?B;? B`QM- �
HQr bBHB+�i2 +QMi2Mi- Bb `2bBbi�Mi iQ 2`QbBQM �M/ +?2KB+�H r2�i?2`BM; �M/ +QKTQb2/ Q7
p�`vBM; /2i`Bi�H K�i2`B�Hb /2`Bp2/ 7`QK HBKQMBi2 +2K2Mi2/ ?B;?@;`�/2 ?2K�iBi2 Q`2 Q`
Bi�#B`Bi2 (Rk)X Ai 7Q`Kb �b +QMbQHB/�i2/- 2ti2MbBp2 #H�MF2i /2TQbBib �i Q` M2�` 2`QbBQM
bm`7�+2b (3)X h?2 /2}MBiBQM �M/ +QKTQbBiBQM Q7 Bi�#B`Bi2 �M/ Bib r2�i?2`BM; T`Q/m+ib
#v .Q`` URNe9V Bb b?QrM BM h�#H2 R (Rk)X qBi? i?2 /2}MBiBQMb #v .Q`` URNe9V �M/
i?2 JBM2 bBi2 BM7Q`K�iBQM i?2 R8 B`QM Q`2 b�KTH2b r2`2 +�i2;Q`Bb2/ #v EQ2`iBM; UkykRV
b?QrM BM h�#H2 kX

k9



h�#H2 R, "mHF `Q+F +QKTQbBiBQM Q7 Bi�#B`Bi2 �M/ Bib r2�i?2`BM; T`Q/m+ib .Q`` URNe9V- �7i2` EQ2`iBM;
UkykRV U(Rk- k9)V

1H2K2Mi Q`
PtB/2

lMH2�+?2/
Ai�#B`Bi2 [wt.W]

1M`B+?2/
Ai�#B`Bi2 [wt.W]

AMi2`K2/B�i2
;`�/2 Q`2 [wt.W] *�M;� [wt.W]

Fe jdXN 93Xd ejXj ekXk
Fe2Pj 89XR eNXe NyX9 33X3
SiO2 99Xd k8X9 kXj8 RXd
Al2O3 yX8 RXj kXe kX3
P yXy8 yXye yXy3 yXR

H2O THmb yXj f 9Xe 8X9

h�#H2 k, :2Q+?2KB+�H +QKTQbBiBQM �M/ +�i2;Q`Bx�iBQM Q7 i?2 R8 B`QM Q`2 b�KTH2b 7`QK EQ2`iBM; UkykRV
�7i2` .Q`` URNe9V U(Rk- k9)V

A. Fe SiO2 Al2O3 P

*�i2;Q`B2b
�7i2`

.Q``- RNe9

*�i2;Q`B2b
#�b2/ QM JBM2

aBi2 k

JBM2
aBi2
LQX

R 88-y8 Re-3R y-eR y-R9 Ai�#B`Bi2 J2/BmK p�Hm2 Q`2 k
k 9N-dk R3-8R R-y8 y-RR Ai�#B`Bi2 J2/BmK p�Hm2 Q`2 k

j k9-9y kR-eN kk-R9 y-ey

Ai�#B`Bi2-
?B;? +H�v

+QMi�KBM�iBQM GQr p�Hm2 Q`2 R
9 9e-jN jy-jj R-9R y-y9 Ai�#B`Bi2 J2/BmK p�Hm2 Q`2 R
8 j3-ye 9R-Re y-9j y-ye Ai�#B`Bi2 GQr p�Hm2 Q`2 k
e 99-9d jR-8N R-Nd y-Ry Ai�#B`Bi2 J2/BmK p�Hm2 Q`2 k
d 83-kk Ry-R9 j-N9 y-yN 1M`B+?2/ Ai�#B`Bi2 >B;? p�Hm2 Q`2 R
3 j8-jd 9N-yk y-k3 y-yk Ai�#B`Bi2 GQr p�Hm2 Q`2 R
N 99-9e jk-NN y-8j y-y3 Ai�#B`Bi2 J2/BmK p�Hm2 Q`2 k
Ry e3-9N y-8j y-98 y-y8 *�M;� >B;? p�Hm2 Q`2 k
RR jy-83 8e-8 Iy-y8 Iy-yy8 Ai�#B`Bi2 GQr p�Hm2 Q`2 R
Rk 9d-Nk Rj-kN N-ke y-kR Ai�#B`Bi2 J2/BmK p�Hm2 Q`2 R
Rj jd-Rd 9R-e9 R-kN y-R3 Ai�#B`Bi2 GQr p�Hm2 Q`2 k

R9 j3-kj jd-98 R-89 y-y8 Ai�#B`Bi2

GQr p�Hm2 Q`2-
?B;? JM

+QMi�KBM�iBQM k

R8 e9-Nj R-jk R-93 y-RR
AMi2`K2/B�i2

;`�/2 Q`2 >B;? p�Hm2 Q`2 R

AK�;2 �+[mBbBiBQM �M/ T`Q+2bbBM;, JBM2 aBi2 R /2HBp2`2/ 3 b�KTH2b Ub�KTH2 A.b,
j- 9- d- 3- RR- Rk �M/ R8V- r?BH2 JBM2 aBi2 k /2HBp2`2/ d b�KTH2b Ub�KTH2 A.b, R-
k- 8- e- N- Ry- Rj �M/ R9V (k9)X 6Q` i?2 K2�bm`2K2Mib i?2 R8 b�KTH2b r2`2 H27i iQ
/`v- �M/ i?2M �``�M;2/ BM 9t9+K b[m�`2b QM � #H�+F `m##2` HBMBM; (k9)X h?2 b�KTH2b
r2`2 i?2M b+�MM2/ rBi?Qmi �Mv 7m`i?2` T`2T�`�iBQM rBi? i?2 >vbT2t *�K2`�b (k9)X 6Q`
H�#Q`�iQ`v K2�bm`2K2Mib i?2 >vaT2t oLA_@Reyy �M/ aqA_@jkyK@2 UTmb?#`QQK HBM2@
b+�MMBM; +�K2`�bV �`2 KQmMi2/ T�`�HH2H BM � 7`�K2 U};m`2 Re X AK�;2b �`2 �+[mB`2/
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BM i?2 pBbB#H2 iQ M2�` BM7`�`2/ UoLA_- 9R9 Ĝ RyyyMKV �M/ i?2 b?Q`ir�p2 BM7`�`2/
UaqA_- Ryyy Ĝ k9N3MKVX h?2v `2+Q`/ �M �``�v@HBM2 Q7 Reyy TBt2H UoLA_V �M/ jky
TBt2H UaqA_VX 1p2`v TBt2H +QMi�BMb � bT2+i`mK rBi? � iQi�H bT2+i`�H b�KTHBM; MmK#2`
Q7 9y3 #�M/b BM iQi�HX AM Tmb?#`QQK +�K2`�b i?2 }2H/ Q7 pB2r U6PoV +�Tim`2b i?2
bT2+i`�H /BK2MbBQM UλV 7Q` 2�+? TBt2H Q7 � HBM2 Q7 }t2/ TBt2Hb Uv@/BK2MbBQMV- r?BH2 i?2
t@/BK2MbBQM Bb �+[mB`2/ #v bm#b2[m2Mi HBM2b 7QHHQrBM; i?2 KQp2K2Mi T2`T2M/B+mH�` iQ
i?2 v@/BK2MbBQM (k9- 99)X 6Q` BK�;2 �+[mBbBiBQM- i?2 b2MbQ` Q` i?2 Q#D2+ib BM i?2 6Po
+�M KQp2 T2`T2M/B+mH�` iQ i?2 v@/BK2MbBQM U6PoV (k9- 99)X AM i?2 H�#Q`�iQ`v i?2
KQp2K2Mi Q7 i?2 b�KTH2b Bb �++QKTHBb?2/ #v i?2 KQp2K2Mi Q7 � bT2+B�H i`�MbH�iBQM
bi�;2 �b b22M BM };m`2 Re (k9- 99)X h?2 bi�;2 KQp2b i?2 b�KTH2b i?`Qm;? i?2 6Po
BM �++Q`/�M+2 iQ i?2 BMi2;`�iBQM iBK2b Q7 i?2 >vaT2t *�K2`�b r?BH2 � HB;?i bQm`+2
BHHmKBM�i2b i?2K BM � +2`i�BM �M;H2 (99)X � r?Bi2 `272`2M+2 T�M2H- Bb TH�+2/ BM HBM2 rBi?
i?2 b�KTH2b- �M/ Bib `2~2+i�M+2 H2p2H Bb +?Qb2M �++Q`/BM; iQ i?2 �H#2/Q Q7 i?2 b�KTH2b
(99- k9)X "Qi? b�KTH2b BM+Hm/2/ BM i?Bb i?2bBb- h?2 "`�xBHB�M B`QM Q`2 b�KTH2b �M/ i?2
�THBFB KBM2 b�KTH2b `2[mB`2/ � 8yW `2~2+i�M+2 r?Bi2 `272`2M+2 T�M2H (k9)X h?2 HB;?i
bQm`+2 r�b b2i iQ �M �M;H2 Q7 98◦#2ir22M BM+B/2Mi HB;?i �M/ i?2 p2`iB+�H TH�M2 (k9- 99)X
h?2 bQ7ir�`2 bT2+B}+�HHv /2bB;M2/ 7Q` i?2 >vaT2t BMbi`mK2Mib ǵ>vaT2t ;`QmM/Ƕ Bb mb2/
iQ T2`7Q`K i?2 K2�bm`2K2Mib �M/ i?2 bQ7ir�`2 ǵ>vaT2t `�/Ƕ Bb mb2/ iQ T2`7Q`K i?2
`�/BQK2i`B+ +�HB#`�iBQM Q7 i?2 �+[mB`2/ BK�;2b (k9)X h?2 ?vT2`bT2+i`�H BK�;2 +m#2b
UoLA_ �M/ aqA_V �`2 i?2M +Q@`2;Bbi2`2/- `2bBx2/ �M/ bi�+F2/ iQ � +QMiBMmQmb BK�;2
+m#2 (k9)X 6Q` `2~2+i�M+2 `2i`B2p�H- i?2 BK�;2 TBt2Hb i?�i b?Qr i?2 r?Bi2 bi�M/�`/ r2`2
�p2`�;2/ iQ � QM2@HBM2 `272`2M+2 bT2+i`mK- �M/ i?2M i?2 `2~2+i�M+2 r�b +�H+mH�i2/ #v
/BpB/BM; 2p2`v BK�;2 HBM2 bT2+i`mK #v Bib `272`2M+2 bT2+i`mK 7`QK i?2 `2~2+iBM; r?Bi2
`272`2M+2 T�M2H (k9- 99)X �7i2` i?2 `2~2+i�M+2 `2i`B2p�H- i?2 /�i� r�b +`QTT2/ iQ i?2
bT�iB�H 2ti2M/ Q7 i?2 b�KTH2b (k9)X

h?2 bT2+i`�H bB;M�im`2b Q7 i?2 R8 b�KTH2b �`2 b?QrM BM };m`2 R8X

ke



6B;m`2 R8, h?2 bT2+i`�H `2~2+i�M+2 bB;M�im`2b Q7 i?2 R8 b�KTH2b /2`Bp2/ 7`QK � 8t8 TBt2H �p2`�;BM;X
(k9) AK�;2, EQ2`iBM; UkykRV

6B;m`2 Re, h?2 >vaT2t i`�MbH�iBQM bi�;2 BM i?2 QTiB+�H H�#Q`�iQ`v Q7 i?2 :6wX h?2 >vaT2t +�K2`�b
�`2 KQmMi2/ BM TH�+2- r?BH2 i?2 i`�MbH�iBQM bi�;2 KQp2b i?2 b�KTH2b i?`Qm;? i?2 6Po rBi? � bT22/
BM �++Q`/�M+2 iQ i?2 BMi2;`�iBQM iBK2 Q7 i?2 irQ +�K2`�bX (99- k9- ke) AK�;2, EQ2`iBM; UkyRNV

kXkXk �THBFB 6B2H/ a+�Mb

Ai ?�b iQ #2 bi�i2/ i?�i, �HH i?2 rQ`F BM i?2 _2Tm#HB+ Q7 *vT`mb r�b +QM/m+i2/ mM/2`
i?2 S2`KBi iQ +QM/m+i � :2QHQ;B+�H am`p2v- _27X LQX ykXRjXyy8XyykXyy8Xykk 7`QK i?2
RNi? Q7 J�`+? kyR3- ;`�Mi2/ #v i?2 :2QHQ;B+�H am`p2v .2T�`iK2Mi *vT`mb- JBMBbi`v Q7
�;`B+mHim`2- _m`�H .2p2HQTK2Mi �M/ 1MpB`QMK2Mi U:a.V �M/ i?2 .B`2+iQ` .`X *Qbi�b
*QMbi�MiBMQmX h?2 T2`KBi i2`KBM�i2/ BM R3i? Q7 a2Ti2K#2` kyR3X �M �;`22K2Mi 7Q`
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� J2KQ`�M/mK Q7 lM/2`bi�M/BM; �M/ 6`�K2rQ`F UJQlV 7Q` +QQT2`�iBQM BM i?2 �`2�
Q7 ;2Q@b+B2M+2 #2ir22M i?2 :a. �M/ i?2 >2HK?QHix *2Mi`2 SQib/�K U:6wV :2`K�M
_2b2�`+? *2Mi`2 7Q` :2Qb+B2M+2b r�b `2�+?2/ BM J�`+? kyRN BM+Hm/BM; i?2 Q#D2+iBp2 Q7
ǳ?vT2`bT2+i`�H K�TTBM; Q7 b2+QM/�`v KBM2`�Hb BM i?2 }2H/ Q7 2tBbiBM; /`BHH +Q`2b 2X;X
BM �#�M/QM2/ KBM2b Q` 7Q` i?2 Tm`TQb2 Q7 2MpB`QMK2Mi�H KQMBiQ`BM;ǴX h?Bb rQ`F Bb
HBMF2/ iQ #Qi?- i?2 }2H/ b�KTHBM; T2`KBi 7`QK J�`+? kyR3 �M/ i?2 JQl �;`22K2Mi
`2�+?2/ BM J�`+? kyRNX

h?2 �THBFB KBM2 BM i?2 _2Tm#HB+ Q7 *vT`mb Bb � +QTT2`@;QH/@Tv`Bi2 KBM2 i?�i r�b
bm`p2v2/- ?vT2`bT2+`�HHv b+�MM2/- �M/ b�KTH2/ #v i?2 :2QHQ;B+�H am`p2v .2T�`iK2Mi
Q7 i?2 _2Tm#HB+ Q7 *vT`mb U:a.V �M/ i?2 :2`K�M _2b2�`+? *2Mi`2 7Q` :2Qb+B2M+2b
U:6wVV BM J�`+? kyR3 (k9- ke- k8)Xh?2 �THBFB oJa Qmi+`QT r�b b+�MM2/ rBi? irQ ?v@
T2`bT2+i`�H +�K2`�b U>vaT2t oLA_@Reyy �M/ aqA_@jky@K@2V �M/ i?2M b�KTH2/ (k9)X
6Q` KQ`2 BM@/2Ti? /2b+`BTiBQMb Q7 i?2 /�i� �M/ �+[mBbBiBQM TH2�b2 +QMbB/2` EQ2`iBM;
UkykRV �M/ EQ2`iBM; UkyRNV 7QmM/ BM i?2 _272`2M+2b (k9- ke- k8)X

:2QHQ;B+�H "�+F;`QmM/, h?2 �THBFB KBM2 Bb � bi`m+im`�HHv +QMi`QHH2/ *vT`mb@ivT2
K�bbBp2 bmHT?B/2 /2TQbBi +QM}M2/ #v irQ �tBb T�`�HH2H UL@aV MQ`K�H 7�mHib- �M/ Bb
HQ+�i2/ rBi?BM i?2 GQr2` SBHHQr G�p� bi`�iB;`�T?v Q7 *vT`mb U};m`2 R3V(k9)X h?2
�THBFB /2TQbBi Bb � ivTB+�H 2t�KTH2 Q7 � *vT`mb@ivT2 pQH+�MQ;2MB+ K�bbBp2 bmH}/2b
UoJaV *m@Tv`Bi2 Q`2 /2TQbBi i?�i r�b �#�M/QM2/ BM i?2 KB/@RNdyb (j- k9)X Ai Bb
/2b+`B#2/ �b � K�bbBp2 bmH}/2 H2Mb i?�i Bb bmT2`BKTQb2/ #v � +mT`B72`Qmb biQ+FrQ`F
Q7 [m�`ix- D�bT2` �M/ bmH}/2 p2BMb rBi?BM i?2 #�b�HiB+ ?Qbi GQr2` SBHHQr G�p�b (9- j8-
k9)X h?2 2biBK�i2b 7Q` i?2 ;`�/2 Q7 i?2 +QTT2` Q`2 `�M;2 #2ir22M yXyR iQ jX8riXW *m-
:QH/ ;`�/2 /Q2b MQi 2t+22/ yXR ;fi- �M/ bmH7m` #2ir22M yXR iQ Re riXW (9- k- k9)X

h?2 7�mHi@#QmM/ xQM2 Q7 KBM2`�HBx�iBQM Bb +B`+� Ryy K rB/2 �M/ +QMbBbib Q7 bBHB+B}2/-
+?HQ`BiBx2/- #`2++B�i2/ GQr2` SBHHQr G�p� rBi? bQK2 b+�ii2`2/ Tv`Bi2 �#b2Mi Q7 H�`;2`
bmH}/2 KBM2`�HBx�iBQMb (k9)X h?2 2�bi2`M �M/ r2bi2`M T�`ib Q7 i?2 +mi /QKBM�MiHv b?Qr
mMKBM2`�HBx2/ ?v�HQ+H�biB+ SBHHQr G�p�b- r?BH2 H�p� 2�bi Q7 i?2 7�mHi Bb BM+`2�bBM;Hv
+?HQ`BiBx2/ �M/ [m�`ix Bb �++QKT�MB2/ #v �M�H+BK2 �b p2bB+H2@}HHBM; K�i2`B�H (k9)X h?2
LQ`i?2`M r�HH �M/ QT2M +mi �`2� `2T`2b2Mib i?2 +QMi�+i rBi? i?2 Q`2 xQM2 (9- k9)X h?2
QT2M +mi �`2� Bb �`QmM/ R8y m ?B;? �M/ R8y m rB/2 �i i?2 iBK2 Q7 pBbBi- r?BH2 i?2
TBi #QiiQK Bb �`QmM/ kyy m �XbXH (9- k9)X am`7�+2 r�i2` ~Qr +�mb2/ bmH7�i2 2p�TQ`�i2b-
TQbbB#Hv +?�H+�Mi?Bi2- iQ +Qp2` T�`ib Q7 i?2 +mi i2``�+2b- r?BH2 b�iBM bT�` ;vTbmK
p2BMBM; Q++m`b �i i?2 MQ`i?2`M T�`i Q7 i?2 QT2M +mi (k9)X h?2 +mT`B72`Qmb K�bbBp2
bmH}/2 Q`2 ?�b #22M KBM2/ BM �THBFB K�FBM; i?2 KBM2 Ǵ� ivTB+�H 2t�KTH2 Q7 �M QtB/�iBQM
xQM2 Qp2`HvBM; � biQ+FrQ`F ivT2 bmH}/2 KBM2`�HBx�iBQM BM +?HQ`Bi2@#2�`BM; �M/ bBHB+B}2/
H�p�bǴ (k9- 9)X h?Bb K�bbBp2 bmH}/2 r�b Q`B;BM�HHv QM iQT Q7 i?2 biQ+FrQ`F xQM2- +Qp2`2/
#v lTT2` SBHHQr G�p�b �M/ imz�+2Qmb b2/BK2Mib- r?BH2 bQK2 Q7 i?2 Q`2 xQM2 +QMiBMm2b
MQ`i?r�`/b �b HQr@;`�/2 /Bbb2KBM�i2/ KBM2`�HBx�iBQM (k9)X h?2 ivTB+�H biQ+FrQ`F ivT2
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6B;m`2 Rd, U�V, :2M2`�HBx2/ ;2QHQ;B+�H K�T Q7 i?2 _2Tm#HB+ *vT`mb b?QrBM; HQ+�iBQM Q7 i?2 K�BM
K�bbBp2 bmHT?B/2 /2TQbBib �M/ i?2 `2H�iBp2 2ti2Mi Q7 i?2 THmiQMB+ �M/ i?2 b?22i2/ /BF2 +QKTH2t �M/
2ti`mbBp2 b2[m2M+2X h?2 �p2`�;2 Q`B2Mi�iBQM Q7 i?2 /B�#�b /BF2b �`2 BM/B+�i2/ (o�;`�RN38)X h?2
�THBFB KBM2 Bb K�`F2/ `2/X U#V :2QHQ;B+�H K�T Q7 i?2 aFQm`BQiBbb�ĜJ�p`QpQmMB `2;BQM (k)X AK�;2
�7i2`, (9)

KBM2`�HBx�iBQM b?Qrb +�pBiv �M/ p2BM }HHBM;b Q7 Tv`Bi2 �M/ bm#Q`/BM�i2 +?�H+QTv`Bi2
BM i?2 bQmi?2`M T�`i Q7 i?2 QT2M TBi r?BH2 �Hi2`2/ H�p�b 72�im`2 D�bT2` (k9)X EQ2`iBM;
UkykRV /2b+`B#2b }p2 7�+B2b rBi?BM i?2 KBM2`�HBx2/ xQM2 �7i2` �MiBp�+?Bb UkyR8V �b
7QHHQrBM;, ǴRV � biQ+FrQ`F xQM2- kV p2BMb Q7 �KQ`T?Qmb bBHB+� BM i?2 LLq- jV K�bbBp2
p2BMb Q7 :vTbmK BM i?2 LLq- 9V i?2 ǳ`2/ xQM2Ǵ- �M QtB/Bx2/ p2BM Q7 KBM2`�HBx�iBQM
�M/ 8V i?2 QtB/�iBQM xQM2 �i i?2 iQTǴ U};m`2 R3V (k9- 9)X

h?2 ?vT2`bT2+i`�H b+�Mb b?Qrb 8 Ǘ H2p2Hb Q7 BM i?2 LQ`i?2`M T�`i Q7 �THBFB oJa-
bBim�i2/ BM i?2 7�mHi #QmM/ xQM2 Q7 +?HQ`BiBx2/@bBHB+B}2/ #`2++B�i2/ SBHHQr G�p� (k9)X
h?2 bQ +�HH2/ biQ+FrQ`F xQM2 Q` ǳKBM2`�HBx�iBQM xQM2Ǵ #v �MiBp�+?Bb UkyR8V BM 6B;m`2
R3 i�F2b mT i?2 H�`;2bi �`2� +�Tim`2/ #v i?2 ?vT2`bT2+i`�H b2MbQ`b (k9)X h?Bb biQ+F@
rQ`F xQM2 Bb /QKBM�i2/ #v +?HQ`Bi2- +H�v KBM2`�Hb- �H#Bi2- B`QM �M/ iBi�MBmK QtB/2b �M/
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6B;m`2 R3, h?2 b+?2K�iB+ ;2QHQ;B+�H b2+iBQM Q7 i?2 LQ`i?2`M T�`i Q7 �THBFB KBM2 7`QK �MiBp�+?Bb
UkyR8VX h?2 `2/- /�b?2/ rBM/Qr b?Qrb i?2 T�`i +Qp2`2/ #v i?2 ?vT2`bT2+i`�H KBM2 7�+2 b+�M Ub22
EQ2`iBM; UkykRVVX 6Q` i?2 ?vT2`bT2+i`�H KBM2 7�+2 b+�M b22 b2+iBQM kXkXkX AK�;2, EQ2`iBM; UkykRV
�7i2` �MiBp�+?Bb UkyR8VX

[m�`ix (k9)X P7i2M 7`�+im`2/ Tv`Bi2 b?Qrb }HHb Q7 +?HQ`Bi2 (k9)X AM i?2 +?HQ`BiBx2/ ;`QmM/
K�bb pQH+�MB+ ;H�bb Bb `2TH�+2/ #v +H�v KBM2`�Hb- r?BH2 J�;K�iB+ TH�;BQ+H�b2 r�b �H@
#BiBx2/ �M/ 7Q`K2/ Tm`2 �H#Bi2 (k9)X *�H+Bi2 Q7i2M �+ib �b }HHBM; K�i2`B�H rBi?BM i?2
;`QmM/K�bb �M/ T�`iB�HHv `2TH�+2b SH�;BQ+H�b2 �M/ Tv`Qt2M2- r?BH2 �M�i�b2 `2TH�+2b
A`QM@iBi�MBmK QtB/2b �M/ BHK2MBi2 (k9)X EQ2`iBM; UkykRV bT�iB�HHv +H�bbB}2/ �7i2` �M@
iBp�+?Bb UkyR8V i?2 T`2p�BHBM; �Hi2`�iBQM U+?HQ`BiBx�iBQMV BM i?2 KBM2`�HBx2/ xQM2 BMiQ
i?`22 bm#xQM2b, ǴRV aK2+iBiB+, KQMiKQ`BHHQMBi2- BHHBi2 �M/ HBKBi2/ +?HQ`Bi2c kV *?HQ`BiB+@
bK2+iBiB+, bi`QM;2` +?HQ`Bi2 +QMi2Mi �b `2TH�+2K2Mi Q7 Tv`Qt2M2bc jV *?HQ`BiB+, K�;@
K�iB+ KBM2`�Hb �`2 �#b2Mi- +?HQ`Bi2 /QKBM�i2b U�MiBp�+?Bb- kyR8VǴ (k9)X h?2 #`2++B�i2/
H�p�b �`2 T`BK�`BHv K�/2 Q7 [m�`ix- ;Q2i?Bi2 �M/ ?2K�iBi2 rBi? KBMQ` �KQmMib Q7 +H�vb
�M/ +�`#QM�i2b �M/ D�`QbBi2- �//BiBQM�HHv C�bT2` Bb T`2b2Mi rB/2bT`2�/ (9- k9)X h?2 bmH@
}/2b �`2 /QKBM�i2/ #v Tv`Bi2 �M/ KBMQ` bT?�H2`Bi2 �M/ +?�H+QTv`Bi2 r?B+? Q7i2M b?Qrb
BM+HmbBQMb Q7 bT?�H2`Bi2 (k9)X *?�H+QTv`Bi2 Bb �HbQ bQK2iBK2b `2TH�+2/ #v +Qp2HHBi2 �M/
+?�H+Q+Bi2 /m2 iQ bmT2`;2M2 T`Q+2bb2b (k9)X h?2 S`2/QKBM�Mi Q`2 KBM2`�Hb T`2b2Mi �`2
Tv`Bi2- K�`+�bBi2 �M/ +?�H+QTv`Bi2- rBi? �//BiQMb Q7 #Q`MBi2- bT?�H2`Bi2- ;�H2M� �M/
#�`Bi2 (k9)X

AK�;2 �[mBbBiBQM �M/ T`Q+2bbBM;, hrQ ?vT2`bT2+i`�H +�K2`�b U>vaT2t oLA_@
Reyy �M/ aqA_@jky@K@2V r2`2 mb2/ BM bBKmHi�M2Qmb `2+Q/BM; KQ/2 QM � `Qi�iBQM�H
bi�;2 iQ +QM/m+i i?2 K2�bm`2K2Mib (k9)X h?2 >vaT2t +�K2`�b r2`2 TH�+2/ �TT`QtB@
K�i2Hv T�`�HH2H iQ i?2 Qmi+`QT 7�+2 �i � /Bbi�M+2 Q7 Ryy K a11 iQ i?2 KBM2 7�+2 (k9)X

jy



a2p2`�H r?Bi2 `272M+2 i�`;2ib r2`2 TH�+2 BM i?2 6Po Q7 i?2 +�K2`�b BM Q`/2` iQ `2i`B2p2
?vT2`bT2+i`�H `2~2+i�M+2 BK�;2bX

h?2 T`2@T`Q+2bbBM; 7Q` i?2 ?vT2`bT2+i`�H `2~2+i�M+2 BK�;2b #v EQ2`iBM; UkykRV Bb
/2b+`B#2/ BM i?2 7QHHQrBM;X h?2 `�r .B;Bi�H LmK#2` U.LV b2MbQ` QmiTmi /�i� r�b
`�/BQK2i`B+�HHv b+�H2/ iQ `�/B�M+2 mbBM; K�Mm7�+im`2` T`2/2}M2/ b2MbQ` +?�`�+i2`@
BbiB+ `�/BQK2i`B+ +�HB#`�iBQM +Q2{+B2Mib (k9)X h?2 K2�M `�/B�M+2 bT2+i`mK Q7 2�+?
`2~2+i�M+2 i�`;2i r�b +�H+mH�i2/ �M/ MQ`K�HBx2/ �++Q`/BM; iQ i?2B` `2H�iBp2 `2~2+i�M+2
H2p2H (k9)X �M B``�/B�M+2 KQ/2H r�b +�H+mH�i2/ 7Q` 2�+? i�`;2i �M/ Bb �TTHB2/ iQ 2p2`v
>aA TBt2H iQ `2i`B2p2 i?2 `2~2+i�M+2 p�Hm2 7Q` 2�+? #�M/ (k9)X Pp2`�HH 2H2p2M /�i� +m#2b
r2`2 �p2`�;2/ �M/ +QK#BM2/ BMiQ QM2 `2~2+i�M+2 /�i�b2i i?�i r�b 7m`i?2` T`Q+2bb2/
�M/ /QrMb�KTH2/ (k9)X h?2 Q`B;BM�H oLA_@aqA_ b+�M ?�b � bBx2 Q7 jyRj t jky TBt2H-
BM+Hm/BM; T�`ib Q7 i?2 QT2M TBi BM i?2 aQmi?2�bi (k9)X h?2 b+�M r�b +HBTT2/ iQ i?2 2t@
i2Mi Q7 i?2 `2H2p�Mi KBM2 7�+2 �`2� iQ Reyy t jky TBt2H (k9)X Ai Bb iQ MQi2 i?�i EQ2`iBM;
UkykRV mb2/ � `2~2+i�M+2 `2i`B2p�H `QmiBM2 #v *?`BbiB�M _Q;�Ľ U"Q2b+?2 2i �HX- kyR8V
i?�i BM+Hm/2b � bKQQi?BM; rBi? � :�mbbB�M }Hi2` rBi? � bB;K� Q7 k- r?BH2 BM i?Bb J�bi2`@
h?2bBb i?2 b�K2 `QmiBM2 Bb mb2/ rBi?Qmi i?2 ;�mbbB�M bKQQi?BM;X 6m`i?2` i?2 /�i� r�b
+HBTT2/ iQ i?2 r�p2H2M;i? `�M;2 Q7 9R9 Ĝ kjNy MK- 2t+Hm/BM; i?2 H�bi R3 #�M/b /m2 iQ
T`2p�H2Mi MQBb2 (k9)X h?2 �iKQbT?2`B+ #�M/b- r2`2 +HBTT2/ #2ir22M #�M/b kyN Ĝ kjN
�M/ #�M/b k39@ jkd (k9)X 6BM�HHv � b?�/Qr �M/ LQ`K�HBx2/ .Bz2`2M+2 o2;2i�iBQM AM@
/2t UL.oAV K�bFBM; r�b T2`7Q`K2/ #�b2/ QM i?2 AM/2t/�i�#�b2 UBM/2t/�i�#�b2X/2f-
kykyV (k9)X h?2 `2bmHiBM; BK�;2 ?�b jNy #�M/b �M/ Bib _:" `2T`2b2Mi�iBQM Bb b?QrM
BM };m`2 RNX

6B;m`2 RN, ǴL.oA � b?�/Qr K�bF2/ `2~2+i�M+2 }2H/ b+�MX o2;2i�iBQM �M/ �`2�b Q7 b?�/Qr U?B;?
aL_V �`2 K�bF2/ Qmi �M/ b?QrM BM #H�+FX U_:" +QKTQbBiBQM, _, #�M/ ej- :, #�M/ j3- ", #�M/
RjXVǴ- EQ2`iBM; UkykRV (k9)X

kXkXj �THBFB G�# a+�Mb

h?2 G�#Q`�iQ`v /�i�b2i BM+Hm/2b je b�KTH2b +QHH2+i2/ BM BM J�`+? kyR3 BM i?2 +QTT2`@
;QH/@Tv`Bi2 KBM2 �THBFB BM i?2 _2Tm#HB+ Q7 *vT`mb #v i?2 :2QHQ;B+�H am`p2v .2T�`i@
K2Mi Q7 i?2 _2Tm#HB+ Q7 *vT`mb U:a.V �M/ i?2 :2`K�M _2b2�`+? *2Mi`2 7Q` :2Q@
b+B2M+2b U:6wVV (k9- ke)X h?2 b�KTH2b r2`2 ;2Q+?2KB+�HHv �M�Hvx2/ �M/ i?2 /�i� �M/
i?2 �++Q`/BM; bT2+i`� r2`2 Tm#HBb?2/ BM kyRN #v EQ2`iBM; 2i �HX (k9- ke)X � ?vT2`bT2+@
i`�H BK�;2 KQb�B+ +QMi�BMBM; i?2 je b�KTH2b 7`QK R9 /Bz2`2Mi b�KTHBM; HQ+�iBQMb QM i?2

jR



KBM2 7�+2 r�b +`2�i2/ #v +QK#BMBM; UbiB+?iBM;V � iQi�H Q7 N ?vT2`bT2+i`�H H�#Q`�iQ`v
b+�MbfBK�;2b iQ;2i?2` (k9)X h?2 P`B;BM�H /�i�b2ifKQb�B+ +QMi�BM2/ 99 b�KTH2b #mi
QMHv je 7`QK i?2 99 Q`B;BM�H b�KTH2b r2`2 ;2Q+?2KB+�HHv �M�Hvb2/ U�M/ ?2M+2 p2`B}2/V
�M/ Tm#HBb?2/ #v EQ2`iBM; 2i �HX BM kyRN (k9- ke)X

a�KTHBM; HQ+�iBQMb, EQ2`iBM; UkykRV B/2MiB}2/ bT2+i`�HHv ?QKQ;2MQmb `2;BQMb 7Q`
b�KTHBM;- mbBM; � S`BM+BT�H *QKTQM2Mib �M�HvbBb US*�V 7`QK i?2 aqA_ `�/B�M+2 /�i�
(k9)X h?2 _:" 7�Hb2 +QHQ` Q7 i?2 S*� #�M/ j@8@e Bb b?QrM BM 6B;m`2 ky (k9)X Ǵ6B2H/
b�KTHBM; r�b +QM/m+i2/ BM i?2 �`2�b BM/B+�i2/ #v `2/ bi�`b BM i?2 S*�X h?B`iv@b2p2M
b�KTH2b r2`2 +QHH2+i2/ QMĜbBi2 7`QK 7Qm`i22M /Bz2`2Mi b�KTHBM; �`2�bǴ Ub22 6B;m`2kRV
(k9)X a2p2`�H b�KTH2b ?�p2 #22M +QHH2+i2/ 7`QK 2�+? b�KTH2 �`2� �M/ r2`2 �M�Hvx2/
bT2+i`�HHv �M/ ;2Q+?2KB+�HHv �b /2b+`B#2/ BM i?2 H�#Q`�iQ`v b2+iBQM Q7 i?2 rQ`F #v
EQ2`iBM; UkykRV �M/ EQ2`iBM; 2i �HX UkyRNV (k9- ke)X

6B;m`2 ky, ǴS*� #�b2/ QM aqA_ `�/B�M+2 /�i� K�`FBM; bT2+i`�HHv ?QKQ;2M2Qmb `2;BQMb rBi? `2/
bi�`b 7Q` TQbbB#H2 }2H/ b�KTHBM;XVǴ- EQ2`iBM; UkykRV (k9)X

6B;m`2 kR, Ǵa�KTHBM; HQ+�iBQMb B/2MiB}2/ 7`QK aqA_ `�/B�M+2 S*� �M�HvbBb �M/ K�`F2/ �b _PAb BM
i?2 aqA_ ;`2v@b+�H2 BK�;2 a�KTH2 �`2� R@RR- Rj �M/ R8 r2`2 BM+Hm/2/ BM i?2 bT2+i`�H +?�`�+i2`Bx�iBQM
Q7 i?2 KBM2 7�+2 UK�`F2/ BM i?2B` _PA +QHQ`V- �`2� Rk � R9 r2`2 2t+Hm/2/ UH�#2H2/ BM r?Bi2VǴ- EQ2`iBM;
UkykRV (k9)X

AK�;2 �+[mBbBiBQM �M/ T`Q+2bbBM;, AM Q`/2` 7Q` i?2 H�#Q`�iQ`v b+�Mb iQ `2T`2@
b2Mi KQbi 2t�+iHv r?�i r�b 7QmM/ BM i?2 }2H/- i?2 b�KTH2b r2`2 H27i BM i?2B` M�im`�H
bi�i2, ǴT�`iHv /mbiv- b?QrBM; ?2i2`Q;2M2Biv BM i?2 bK�HH b+�H2 2X;X /Bz2`2MiHv +QHQ`2/
bQBH ;`�BMb 7`QK i?2 b�K2 b�KTH2 HQ+�iBQM- BM?QKQ;2M2Qmb i�`MBb? �+`Qbb BM/BpB/m�H
b�KTH2b �M/ BM � p�`B2iv Q7 bi�i2b U2X;X bQBH- +`vbi�HHBx2/ 2p�TQ`BiB+ K�i2`B�H- 7`2b? `Q+F
bm`7�+2- i�`MBb?2/ `Q+F- QtB/�iBQM xQM2bVǴ (k9)X h?2 b�KTH2b r2`2 TH�+2/ BM #H�+F-
TH�biB+ +QMi�BM2`b i?�i r2`2 T`2pBQmbHv bT`�v2/ rBi? K�ii #H�+F bT`�v@T�BMi iQ �pQB/
#�+Fb+�ii2`BM; Q7 TH�biB+ 72�im`2b 7`QK i?2 #Qt bm`7�+2 QMiQ i?2 b�KTH2b (k9)X h?2

jk



b�KTH2b K�/2 Q7 r?QH2 `Q+Fb- r2`2 TH�+2/ BM i?2 b�K2 �M;H2bf/B`2+iBQMb �i i?2 b2MbQ`
�b 7QmM/ BM i?2 }2H/ �M/ ?2M+2 �b T`2b2Mi �b BM i?2 �++Q`/BM; }2H/ b+�Mb Ub22 a2+@
iBQM kXkXk (k9)X h?2 b�K2 ?vT2`bT2+i`�H +�K2`�b �b BM i?2 }2H/ K2�bm`2K2Mib r2`2
mb2/ U>vaT2t oLA_@Reyy �M/ aqA_@jky@K@2V #mi BMbi2�/ Q7 � `Qi�iBQM�H KQmMi i?2
+�K2`�b �`2 KQmMi2/ BM � bT2+B�H i`�MbH�iBQM bi�;2 #mBH/ 7Q` H�#Q`�iQ`v K2�bm`2K2Mib
};m`2 Re (k9)X h?2 b�KTH2b r?2`2 b+�MM2/ rBi? i?2 b�K2 K2i?Q/ �b /2b+`B#2/ BM b2+@
iBQM kXkXR rBi? i?2 2t+2TiBQM Q7 mbBM; /Bz2`2Mi BMi2;`�iBQM iBK2b (k9)X � ?vT2`bT2+i`�H
BK�;2 KQb�B+ +QMi�BMBM; i?2 je b�KTH2b 7`QK R9 /Bz2`2Mi b�KTHBM; HQ+�iBQMb QM i?2
KBM2 7�+2 r�b +`2�i2/ #v +QK#BMBM; UbiB+?iBM;V � iQi�H Q7 N ?vT2`bT2+i`�H H�#Q`�iQ`v
b+�MbfBK�;2b iQ;2i?2`- 3 #�/ MQBbv #�M/b r2`2 +mi `2bmHiBM; BM 9yy #�M/b U};m`2 kkV
(k9)X

6B;m`2 kk, �THBFB KBM2 b�KTH2b ?vT2`bT2+i`�H KQb�B+ Q7 N BK�;2b biB+?2/ iQ;2i?2` U_, e9yMK Ĝ #�M/
ej- :, 89NMK Ĝ #�M/ j3- ", 983MK Ĝ #�M/ RjV i?2 b�KTH2 MmK#2`b �`2 b?QrM BM i?2 r?Bi2 #Qt2b-
AK�;2, EQ2`iBM; UkykRV (k9)X

jj



a�KTH2 +Hmbi2`BM;, EQ2`iBM; UkykRV mb2/ ;2Q+?2KB+�H �M/ bT2+i`�H �M�HvbBb iQ +Hmb@
i2` i?2 b�KTH2 /�i� (k9)X 6B`bi i?2 oLA_@aqA_ `2~2+i�M+2 /�i� Q7 i?2 �THBFB KBM2
b�KTH2 b+�Mb r2`2 �M�Hvb2/ (k9)X d +Hmbi2`b r2`2 /2i2`KBM2/ iQ /2b+`B#2 i?2 ;2Q+?2K@
B+�H p�`B�M+2 Q7 i?2 /�i� BM i?2 QTiBK�H r�v Ub22 };m`2 kjV (k9)X 6Q` i?Bb i?2 7mHH
;2Q+?2KBbi`v Q7 je b�KTH2b r�b mb2/ 7Q` i?2 +Hmbi2`BM; �TT`Q�+? (k9)X h?2 bT2+i`�H
`2~2+i�M+2 T`Q}H2b 7Q` i?2 d +Hmbi2` �`2 b?QrM BM };m`2 k9X 6Q` � KQ`2 /2i�BH2/ /2@
b+`BTiBQM TH2�b2 +QMbB/2` EQ2`iBM; UkykRV (k9)X

6B;m`2 kj, �c �THBFB KBM2 b�KTH2b ?vT2`bT2+i`�H KQb�B+ Q7 N BK�;2b biB+?2/ iQ;2i?2` U_, e9yMK Ĝ
#�M/ ej- :, 89NMK Ĝ #�M/ j3- ", 983MK Ĝ #�M/ RjV �M/ "c h?2 b�KTH2b +QHQm`2/ iQ /BbTH�v +Hmbi2`
�{HB�iBQM- AK�;2b, EQ2`iBM; UkykRV (k9)X

6B;m`2 k9, h?2 bT2+i`�H `2~2+i�M+2 bB;M�im`2b Q7 i?2 d b�KTH2 +Hmbi2`b /2`Bp2/ 7`QK � 8t8 TBt2H
�p2`�;BM; Q7 2�+? BM/B+�i2/ b�KTH2 (k9)X AK�;2 KQ/B}2/, EQ2`iBM; UkyRNV (ke)

j9



h�#H2 j, Ǵ�THBFB KBM2 b�KTH2 +Hmbi2`b- �bbQ+B�i2/ b�KTH2 A.b �M/ +Hmbi2` KBM2`�HQ;vXǴ- EQ2`iBM;
UkykRV (k9)

kXkX9 AM/B�M SBM2b .�i�b2i

h?2 BM/B�M TBM2b /�i�b2i +�M ;2M2`�HHv #2 b22M �b � #2M+?K�`F /�i� b2i 7Q` ?vT2`bT2+@
i`�H BK�;2 +H�bbB}+�iBQM �H;Q`Bi?Kb �M/ K2i?Q/b BM+Hm/BM; K�+?BM2 H2�`MBM; (9R)X h?Bb
b+2M2 r�b ;�i?2`2/ #v i?2 L�iBQM�H �2`QM�miB+b �M/ aT�+2 �/KBMBbi`�iBQM UL�a�V
rBi? i?2 �B`#Q`M2 oBbB#H2fAM7`�`2/ AK�;BM; aT2+i`QK2i2` �oA_Aa b2MbQ` Qp2` i?2 AM@
/B�M SBM2b i2bi bBi2 BM LQ`i?@r2bi2`M AM/B�M� Ula�V �b � bm#b2i Q7 � H�`;2` b+2M2 (jy-
e- 9R)X Ai +QMbBbib Q7 145×145 TBt2Hb rBi? � bT�iB�H `2bQHmiBQM Q7 ky K �M/ kk9 bT2+i`�H
`2~2+i�M+2 #�M/b BM i?2 r�p2H2M;i? `�M;2 9yy@k8yy M�MQ K2i2`b (jy- e- 9R)X h?2 AM@
/B�M SBM2b b+2M2 +QMi�BMb �`QmM/ irQ@i?B`/b �;`B+mHim`2- �M/ QM2@i?B`/ 7Q`2bi Q` Qi?2`
M�im`�H T2`2MMB�H p2;2i�iBQM �M/ BM+Hm/2b irQ K�DQ` /m�H H�M2 ?B;?r�vb- � `�BH HBM2- �b
r2HH �b bQK2 HQr /2MbBiv ?QmbBM;- Qi?2` #mBHi bi`m+im`2b- �M/ bK�HH2` `Q�/b (jy- e- 9R)X
h?2 b+2M2 r�b �+[mB`2/ BM CmM2 �M/ bQK2 Q7 i?2 +`QTb bm+? �b +Q`M- bQv#2�Mb- �`2 BM
2�`Hv bi�;2b Q7 ;`Qri? rBi? H2bb i?�M 8W +Qp2`�;2 (jy- e)X h?2 ;`QmM/ i`mi? BM+Hm/2/
BM i?2 /�i� Bb /BpB/2/ BMiQ Re H�#2H2/ +H�bb2b U};m`2 k8VX

h?2 AM/B�M SBM2b /�i� Bb K�/2 �p�BH�#H2 i?`Qm;? Sm`bm2Ƕb mMBp2`Bbiv JmHiBaT2+
r2#bBi2 (e)X

j8



6B;m`2 k8, �c h?2 AM/B�M TBM2b ;`QmM/ i`mi? rBi? +H�bb2b BM i?2 Q`B;BM�H +QHQ`@b+?2K2- �M/ "c �M
�TT`QtBK�i2 i`m2 +QHQ` BK�;2 Q7 i?2 b+2M2 U_2/, #�M/ kd Ue9eXd MKV- :`22M #�M/ Rd U89dXe MKV-
"Hm2 #�M/ d U99NXR MKVV (e)

kXj .22T:2QJ�T, .�i� T`2@T`Q+2bbBM;fT`2T�`�iBQM- �M/ +QK@
Tmi�iBQM

h?2 BK�;2 T`2@T`Q+2bbBM; Q7 i?2 k /Bz2`2Mi /�i� b2ib mb2/ iQ i`�BM .22T:2QJ�T Bb
/2b+`B#2/ BM i?2 7QHHQrBM;X S�`iHv i?Bb r�b /QM2 mbBM; i?2 BK�;2 T`Q+2bbBM; �M/ �M�H@
vbBb bQ7ir�`2 1LoA 8X8Xj 7`QK Gj>�``Bb :2QbT�iB�H �M/ T�`iHv rBi? i?2 T`Q;`�KKBM;
H�M;m�;2 Svi?QM jXd (Re)X LQi2 i?�i i?2 �THBFB }2H/ BK�;2 /�i� UKBM2 7�+2 b+�MV r�b
+H�bbB}2/ mbBM; � KQ/2H i?�i r�b i`�BM2/ rBi? i?2 �THBFB H�#Q`�iQ`v /�i� Ub22 a2+iBQM
jVX

kXjXR "`�xBHB�M A`QM P`2,

h?2 ?vT2`bT2+i`�H `2~2+i�M+2 BK�;2b Q7 i?2 "`�xBHB�M B`QM Q`2 b�KTH2b r2`2 }`bi HQ�/2/
BMiQ 1LoA- r?2`2 7Q` 2�+? Q7 i?2 R8 b�KTH2b � _PA U_2;BQM Q7 AMi2`2biV r�b +`2�i2/ Ub22
};m`2 keX 6`QK ?2`2 QM i?2 R8 /Bz2`2Mi b�KTH2 ivT2b rBHH #2 BMi2`+?�M;2�#Hv i`2�i2/
�M/ UbQK2iBK2bV `272``2/ iQ �b +H�bb2b U2X;X b�KTH2 R 4 +H�bb R- b�KTH2 k 4 +H�bb k
2i+XVX PM2 �//BiBQM�H _PA r�b �//2/ +Qp2`BM; i?2 �`2� Q7 i?2 #H�+F +2HHmH�` `m##2`
K�i2`B�H i?�i i?2 b�KTH2b r2`2 TH�+2/ QM- +`2�iBM; � Rei? +H�bbX h?Bb r�b /QM2 bQ i?�i
i?2 .22T:2QJ�T KQ/2H +�M H2�`M i?2 bT2+i`�H 72�im`2b Q7 i?2 #�+F;`QmM/ BM Q`/2` iQ
K�F2 � K�bF 7Q` +H�bbB}+�iBQM Q#bQH2i2X h?2 Q`B;BM�H BK�;2 ?�b i?2 bT�iB�H /BK2MbBQMb
Q7 k3ytk3y TBt2HbX h?2 _PAb �`2 b[m�`2 b?�T2/ U8Rt8R TBt2HbV �M/ `Qm;?Hv +Qp2`BM;
i?2 KB//H2 Q7 2�+? b�KTH2 rBi?Qmi #2BM; iQQ +HQb2 iQ �Mv M2B;?#Qm`BM; b�KTH2X h?Bb
Bb QM2 BKTQ`i�Mi �bT2+i Q7 .22T:2QJ�Tb /�i� T`2@T`Q+2bbBM; �b i?Bb 2Mbm`2b i?�i i?2
+H�bb H�#2H2/ i`�BMBM; /�i� Bb QMHv +`2�i2/ 7`QK TBt2Hb i?�i +Qp2` � p�HB/�i2/ b�KTH2
UBM i?Bb +�b2 �HbQ ;2Q+?2KB+�HHv p�HB/�i2/V �M/ MQ #Q`/2`BM;fKBt2/ TBt2Hb �`2 mb2/
7Q` i`�BMBM; i?2 KQ/2HbX h?2 _PAb �`2 �HbQ bmTTQb2/ iQ BM+Hm/2 b?�/Qr2/ �`2�b Q7
i?2 b�KTH2 K�i2`B�H �b i?2 .22T:2QJ�T KQ/2H rBHH i?2M H2�`M iQ B/2MiB7v i?2 +H�bb

je



Q7 � TBt2H i?�i Bb BHHmKBM�i2/ MQi B/2�HHv Ur?B+? Bb Q7i2M i?2 +�b2 7Q` KBM2 7�+2 /�i�
�+[mB`2/ BM i?2 }2H/VX h?2 _PAb Q7 2�+? +H�bb �`2 i?2M mb2/ iQ 2ti`�+i � bT�iB�H bm#b2i
Q7 i?2 2ti2Mi Q7 i?2 _PA 7Q` 2�+? +H�bb- `2bmHiBM; BM Re BM/BpB/m�H ?vT2`bT2+i`�H BK�;2b
rBi? /BK2MbBQMb Q7 8Rt8R TBt2H +QMi�BMBM; i?2 7mHH bT2+i`�H `�M;2 Q7 9y3 #�M/bX h?2
`2bmHiBM; Re BK�;2b r?2`2 i?2M biBi+?2/ iQ � KQb�B+ +QMi�BMBM; �HH Q7 i?2 BK�;2b r?BH2
`2i�BMBM; i?2 b�K2 Q`/2` �b BM i?2 Q`B;BM�H BK�;2X h?Bb KQb�B+ Q7 i?2 Re b�KTH2 +H�bb2b
Bb b?QrM BM };m`2 kdX h?2 bT2+i`�H /�i� Q7 i?Bb KQb�B+ Bb i?2M mb2/ �b i`�BMBM; /�i�
BMTmi 7Q` i?2 .22T:2QJ�T KQ/2HX aBM+2 .22T:2QJ�T Bb � R. M2m`�H M2irQ`F- �M/
QMHv i?2 bT2+i`� �`2 `2H2p�Mi- i?2 KQb�B+ BK�;2 /�i� M22/b iQ #2 ~�ii2M2/X h?Bb `2bmHib
BM 8Rt8R 4 keyR i`�BMBM; TBt2Hb T2` +H�bb �M/ � iQi�H Q7 RetkeyR49ReRe i`�BMBM; TBt2Hb
rBi? 9y3 bT2+i`�H #�M/b 7Q` i?2 /�i�b2iX h?2 H�#2HHBM; Q7 i?2 /�i� Bb /QM2 2Bi?2` #v
+`2�iBM; � H�#2H �``�v Q7 i?2 bBx2 Q7 i?2 KQb�B+ rBi? i?2 �++Q`/BM; bmKK2/ H2M;i? Q7
2�+? +H�bb- r?2`2 7Q` 2�+? +H�bb keyR H�#2Hb �`2 b2i- Q` #v +`2�iBM; �M BK�;2 H�#2H K�bF
Ur?B+? Bb H�i2` im`M2/ BMiQ �M �``�v �Mvr�vVX h?2 BK�;2 H�#2H K�bF Bb b?QrM BM };m`2
k3- Bi Bb bBKTHv �M BK�;2 +QMi�BMBM; ;`2v b+�H2 p�Hm2b 7Q` i?2 b�KTH2bf+H�bb2b y@R8
UBM+Hm/BM; y- �b Svi?QM bi�`ib +QmMiBM; rBi? yVX h?Bb H�#2H BK�;2 72�im`2 r�b �//2/
�b Bi b22K2/ KQ`2 BMimBiBp2 �M/ mb2` 7`B2M/Hv �M/ �HHQrb � #2ii2` Qp2`pB2r Q7 ?Qr i?2
+H�bb2b �`2 /Bbi`B#mi2/ �M/ +�M 2�bBHv #2 +QKT�`2/ iQ i?2 KQb�B+ BK�;2X h?2 +H�bb
MmK#2`bfp�Hm2b /Q MQi ?�p2 iQ K�i+? i?2 ;`2vb+�H2 p�Hm2b 72/ iQ i?2 .22T:2QJ�T
KQ/2H �b i?2v �`2 Dmbi BMi2`M�H TH�+2?QH/2` p�Hm2b i?�i �`2 H�i2` �bbB;M2/ #�+F iQ i?2
+H�bb r?2M i?2 KQ/2H T`2/B+ib /�i�X 6Q` +H�`Biv i�#H2 9 b?Qrb i?2 ;`2vb+�H2 p�Hm2 7Q`
2�+? +H�bbX "Qi? BK�;2 KQb�B+b �`2 i?2M `2/m+2/ #v +QHH�TbBM; i?2 bT�iB�H /BK2MbBQM-
`2bmHiBM; BM � irQ /BK2MbBQM�H �``�v U9ReRe- 9y3V 7Q` i?2 bT2+i`�H i`�BMBM; /�i� �M/ �
QM2 /BK2MbBQM�H �``�v rBi? i?2 �++Q`/BM; +H�bb H�#2Hb U9ReReVX h?2 k �``�vb �`2 i?2M
bTHBi `�M/QKHv BMiQ i`�BMBM; �M/ i2bi /�i� Umb2/ 7Q` i?2 �++m`�+v p�HB/�iBQMV BM �M
�++Q`/BM; eyW iQ 9yW bTHBiX h?2 `�M/QK bTHBiiBM; K2i?Q/ mb2/ F22Tb i?2 +H�bb H�#2H
K�i+? 7Q` i?2 bT2+i`� Ui?mb bTHBib i?2 bT2+i`� �M/ i?2 H�#2H T�B`rBb2VX h?Bb Bb `2bmHiBM;
BM 9 �``�vb Q7 i?2 bBx2 Uk9NeN- 9y3V �b th`�BM /�i� UbT2+i`�H i`�BMBM; BMTmiV- Uk9NeNV �b
vh`�BM /�i� UH�#2H i`�BMBM; BMTmiV- URee9d- 9y3V �b th2bi UbT2+i`�H i2biBM; BMTmi- �M/
URee9dV �b vh2bi UH�#2H i2biBM; BMTmiVX �b .22T:2QJ�T Bb � /�i� +H�bbB7vBM; UQ` /�i�
H�#2HHBM;V M2m`�H M2irQ`F �M/ mb2b +�i2;Q`B+�H +`Qbb 2Mi`QTv �b HQbb 7mM+iBQM Ub22 b2+iBQM
kXRXdV- i?2 H�#2H �``�vb Uvh`�BM �M/ vh2biV- +QMi�BMBM; i?2 +H�bb H�#2H p2+iQ` BMi2;2`b-
�`2 +QMp2`i2/ iQ #BM�`v +H�bb K�i`B+2bX h?Bb `2bmHib BM i?2 }M�H #BM�`v H�#2H �``�vb Q7
Uk9NeN- ReV 7Q` vh`�BM �M/ 7Q` vh2bi URee9d- ReVX h?2M i?2 KQ/2H Q7 .22T:2QJ�T
`2b?�T2b i?2 QM2 /BK2MbBQM�H U9yy-V bT2+i`�H BMTmi �``�v iQ U9yy-RV 7Q` +H�bbB}+�iBQM
i`�BMBM;X

>2M+2- ;2M2`�HHv bi�i2/ U�HbQ i`m2 7Q` i?2 7QHHQrBM; /�i� b2ibV- i?2 KQ/2H Q7 .22T@
:2QJ�T `2+2Bp2b � `�M/QK bT2+i`mK Uth`�BMV �M/ i?2 �++Q`/BM; #BM�`v +H�bb H�#2H

jd



h�#H2 9, �bbB;M2/ ;`2vb+�H2 p�Hm2b pbX b�KTH2 MmK#2` �7i2` EQ2`iBM; UkykRV

:`2vb+�H2 p�Hm2 y R k j 9 8 e d 3 N Ry RR Rk Rj R9 R8
a�KTH2f*H�bb R k j 9 8 e d 3 N Ry RR Rk Rj R9 R8 Re

Uvh`�BMV- 2�+? /2`Bp2/ 7`QK � TBt2H Q7 i?2 i`�BMBM; BMTmi BK�;2X

6B;m`2 ke, "`�xBHB�M B`QM Q`2 b�KTH2b BM _:" +QHQ`- `2+Q`/2/ #v i?2 >vaT2t oLA_ +�K2`�X h?2
_PAb r?B+? ?�p2 #22M mb2/ iQ +`2�i2 i?2 i`�BMBM; /�i� 7Q` .22T:2QJ�T �`2 /BbTH�v2/ #v i?2 +QHQ`2/
b[m�`2b Q7 8Rt8R SBt2HbX LQi2 i?�i i?2b2 �`2�b BM+Hm/2 b?�/Qrb /m2 iQ i?2 98◦ BHHmKBM�iBQM b2imT BM
i?2 H�#Q`�iQ`v Ub22 };m`2 RjVX

j3



6B;m`2 kd, JQb�B+ Q7 i?2 "`�xBHB�M B`QM Q`2 b�KTH2b BM _:" +QHQ`X h?2 JQb�B+ r�b +`2�i2/ 7`QK
8Rt8R TBt2H BK�;2 iBH2b b2H2+i2/ #v i?2 _PAb b?QrM BM };m`2 keX h?2 KQb�B+ ?�b i?2 �/p�Mi�;2 Q7
2�bBHv b2T�`�#H2 +H�bb #Q�`/2`b r?B+? 2Mbm`2b MQ i`�BMBM; BMTmi Q7 7�Hb2Hv H�#2H2/ TBt2HbX

6B;m`2 k3, G�#2H BK�;2 Q7 i?2 JQb�B+ rBi? 8Rt8R TBt2H iBH2b U+QMi`�bi 2M?�M+2/VX 1�+? Q7 i?2 iBH2b
?�b � /Bz2`2Mi ;`2v b+�H2 p�Hm2 Uy@R8V `2T`2b2MiBM; 2�+? � +H�bb H�#2H Q7 i?2 KQb�B+ BK�;2 U};m`2 kdVX
h?2 MmK#2`b BM/B+�i2 i?2 �++Q`/BM; +H�bbX h?2 �++Q`/BM; ;`2vb+�H2 p�Hm2b �`2 b?QrM BM i�#H2 9X h?Bb
Bb #�bB+�HHv Dmbi � pBbm�H `2T`2b2Mi�iBQM Q7 i?2 H�#2H +H�bb2b #mi Bi 2M�#H2b mb2`b Q7 .22T:2QJ�T iQ
[mB+FHv +?2+F B7 i?2 H�#2H BK�;2 K�i+?2b i?2 i`�BMBM; KQb�B+X

jN



kXjXk �THBFB,

h?2 �THBFB b�KTH2 /�i� r�b T`2@T`Q+2bb2/ BM i?2 b�K2 K�MM2` �b i?2 "`�xBHB�M B`QM
Q`2 b�KTH2b rBi? �/�Ti�iBQM iQ i?2 /Bz2`2Mi b�KTH2 bBx2 �M/ #�+F;`QmM/X �b i?2
�THBFB G�# b�KTH2b �`2 b2T�`�i2/ BMiQ d ;2Q+?2KB+�H +Hmbi2`b #v EQ2`iBM; UkykRV i?2
_PAb �M/ H�#2Hb r2`2 +?Qb2M �++Q`/BM; iQ i?2 ;2Q+?2KB+�H +Hmbi2`bX 6`QK ?2`2 QM
i?2 d +Hmbi2`b rBHH bQK2iBK2b �M/ BMi2`+?�M;2�#Hv #2 `272``2/ iQ �b +H�bb2b U+Hmbi2` R
4 +H�bb R- +Hmbi2` k 4 +H�bb kVX �;�BM �M �//BiBQM�H +H�bb 7Q` i?2 `m##2` �M/ TH�biB+
#�+F;`QmM/ r�b +`2�i2/ `2bmHiBM; BM 3 Qp2`�HH +H�bb2b 7Q` i?2 i`�BMBM; KQb�B+X 1�+?
_PA �M/ ?2M+2 KQb�B+ iBH2 ?�b i?2 /BK2MbBQMb Q7 9Rt9R TBt2HbX .m2 iQ �M mM2[m�H
�KQmMi Q7 b�KTH2b T2` +Hmbi2` i?2 MmK#2` Q7 _PAb r2`2 �HbQ mM#�H�M+2/ #2ir22M i?2
+Hmbi2` +H�bb2bX h?2 Q`B;BM�H BK�;2 U�HbQ � KQb�B+V ?�b bT�iB�H /BK2MbBQM Q7 Rk3ytRk8y
TBt2Hb rBi? 9yy bT2+i`�H #�M/b U3 #�/ #�M/b r2`2 `2KQp2/VX Rk _PAb r2`2 +?Qb2M
7Q` +Hmbi2`f+H�bb R- Ry 7Q` +Hmbi2`f+H�bb k- 3 7Q` +Hmbi2`f+H�bb j- 9 7Q` +Hmbi2`f+H�bb 9-
k9 7Q` +Hmbi2`f+H�bb 8- ke 7Q` +Hmbi2`f+H�bb e- k 7Q` +Hmbi2`f+H�bb d- �M/ 9 �//BiBQM�H
7Q` +H�bb y U#�+F;`QmM/ K�i2`B�H (mM+H�bbB}2/), +2HHmH�` `m##2`- TH�biB+ b�KTH2 #Qt2bV-
`2bmHiBM; BM Ny _PAb 2�+? Q7 9Rt9R TBt2H bBx2X h?2 _PAb �`2 b?QrM BM };m`2 kNX 6Q`
i?2 �THBFB /�i� �HbQ i?2 _PAb Q7 2�+? +H�bb �`2 i?2M mb2/ iQ 2ti`�+i � bT�iB�H bm#b2i Q7
i?2 2ti2Mi Q7 i?2 _PA 7Q` 2�+? +H�bb- `2bmHiBM; BM Ny BM/BpB/m�H ?vT2`bT2+i`�H BK�;2b
rBi? /BK2MbBQMb Q7 9Rt9R TBt2H +QMi�BMBM; i?2 7mHH bT2+i`�H `�M;2 Q7 9yy #�M/bX h?2
`2bmHiBM; Ny BK�;2b r?2`2 i?2M �HbQ biBi+?2/ iQ � KQb�B+ +QMi�BMBM; �HH Q7 i?2 BK�;2b
r?BH2 `2i�BMBM; i?2 b�K2 Q`/2` �b BM i?2 Q`B;BM�H BK�;2 r�b MQi TQbbB#H2 ?2`2 /Q iQ i?2
KBt2/ �``�M;2K2Mi Q7 i?2 b�KTH2bX h?Bb KQb�B+ Q7 i?2 Ny BK�;2b 7`QK i?2 3 +H�bb2b Bb
b?QrM BM };m`2 jyX h?2 ~�ii2M2/ KQb�B+ Q7 i?2 3 +H�bb2b Bb i?2M mb2/ �b i`�BMBM; /�i�
BMTmi 7Q` i?2 .22T:2QJ�T KQ/2HX h?Bb BMTmi Bb +QMbBbiBM; Q7 9Rt9R 4 Re3R i`�BMBM;
TBt2Hb T2` iBH2 �M/ � iQi�H Q7 90 × 1681 = 151.290 i`�BMBM; TBt2Hb rBi? 9yy bT2+i`�H
#�M/b 7Q` i?2 /�i�b2iX h?2 BK�;2 H�#2H K�bF 7Q` i?2 �THBFB KQb�B+ Bb b?QrM BM };m`2
jRX �HbQ ?2`2 #Qi? BK�;2 KQb�B+b �`2 i?2M `2/m+2/ #v +QHH�TbBM; i?2 bT�iB�H /BK2MbBQM-
`2bmHiBM; BM � irQ /BK2MbBQM�H �``�v UR8RkNy- 9y3V 7Q` i?2 bT2+i`�H i`�BMBM; /�i� �M/ �
QM2 /BK2MbBQM�H �``�v rBi? i?2 �++Q`/BM; +H�bb H�#2Hb UR8RkNyVX h?2 k �``�vb �`2 i?2M
`�M/QKHv bTHBi eyW iQ 9yW BMiQ i`�BMBM; �M/ i2bi /�i�X h?Bb Bb `2bmHiBM; BM 9 �``�vb Q7
i?2 bBx2 UNydd9- 9yyV �b th`�BM /�i� UbT2+i`�H i`�BMBM; BMTmiV- UNydd9V �b vh`�BM /�i�
UH�#2H i`�BMBM; BMTmiV- Uey8Re- 9yyV �b th2bi UbT2+i`�H i2biBM; BMTmi- �M/ Uey8ReV �b
vh2bi UH�#2H i2biBM; BMTmiVX h?2 H�#2H �``�vb Uvh`�BM �M/ vh2biV- +QMi�BMBM; i?2 +H�bb
p2+iQ` BMi2;2`b- �`2 ?2`2 �b r2HH +QMp2`i2/ iQ #BM�`v +H�bb K�i`B+2b- 7Q` i?2 BMTmi #BM�`v
H�#2H �``�vb Q7 UNydd9- 3V 7Q` vh`�BM �M/ 7Q` vh2bi Uey8Re- 3VX h?2 T`2T`Q+2bbBM; �M/
KQ/2H i`�BMBM; 7Q` i?2 �THBFB }2H/ b+�M miBHBb2/ i?2 2t�+i b�K2 BK�;2 �M/ T`Q+2/m`2
�b /2b+`B#2/ ?2`2 rBi? i?2 QMHv 2t+2TiBQM i?�i Ry �//BiBQM�H #�M/b M22/2/ iQ #2 +mi
T`BQ` iQ i`�BMBM; BM Q`/2` iQ H2i i?2 KQ/2H i`�BM BM i?2 b�K2 bT2+i`�H `�M;2 �b i?2 �THBFB

9y



6B2H/ /�i� r�b T`QpB/2/ UjNy #�M/bV Ub22 b2+iBQM kXkXkVX >2M+2- QMHv i?2 �``�v bBx2b Q7
th`�BM UNydd9- jNyV �M/ th2bi Uey8Re- jNyV +?�M;2/X

6B;m`2 kN, �THBFB b�KTH2 KQb�B+ BM :`2vb+�H2- `2+Q`/2/ #v i?2 >vaT2t oLA_ +�K2`�X h?2 _PAb
r?B+? ?�p2 #22M mb2/ iQ +`2�i2 i?2 i`�BMBM; /�i� 7Q` .22T:2QJ�T �`2 /BbTH�v2/ #v i?2 +QHQ`2/
b[m�`2b Q7 9Rt9R SBt2HbX a�KTH2b i?�i r2`2 MQi ;2Q+?2KB+�HHv p�HB/�i2/ r2`2 K�bF2/ Ur?Bi2 b[m�`2bVX
h?2 _PAb BMi2MiBQM�HHv BM+Hm/2 b?�/Qrb r?B+? �`2 +�mb2/ 7`QK i?2 98◦ BHHmKBM�iBQM b2imT BM i?2
H�#Q`�iQ`v Ub22 };m`2 RjVX h?2 b?�/Qrb r2`2 BM+Hm/2/ BM i?2 _PAb iQ 2p�Hm�i2 .22T:2QJ�T HQr
BHHmKBM�iBQM +H�bbB}+�iBQM +�T�#BHBivX

9R



6B;m`2 jy, JQb�B+ Q7 i?2 �THBFB b�KTH2b BM _:" +QHQ`X h?2 JQb�B+ r�b +`2�i2/ 7`QK 9Rt9R TBt2H
BK�;2 iBH2b b2H2+i2/ #v i?2 _PAb b?QrM BM };m`2 kNX h?2 KQb�B+ ?�b i?2 �/p�Mi�;2 Q7 2�bBHv b2T�`�#H2
+H�bb #Q�`/2`b r?B+? 2Mbm`2b MQ i`�BMBM; BMTmi Q7 7�Hb2Hv H�#2H2/ TBt2HbX

6B;m`2 jR, G�#2H BK�;2 Q7 i?2 KQb�B+ rBi? 9Rt9R TBt2H iBH2b U+QMi`�bi 2M?�M+2/VX 1�+? Q7 i?2 iBH2b
?�b � /Bz2`2Mi ;`2v b+�H2 p�Hm2 Uy@3V �++Q`/BM; iQ i?2B` `2bT2+iBp2 +H�bb H�#2H Q7 i?2 KQb�B+ BK�;2
U};m`2 kN �M/ };m`2 jyVX 6Q` #2ii2` pBbB#BHBivf/Bz2`2MiB�#BHBiv i?2 �++Q`/BM; +Hmbi2` MmK#2`b ?�p2
#22M �//2/X

9k



kXjXj AM/B�M SBM2b

h?2 AM/B�M SBM2b /�i� b2i /Q2b MQi +QMi�BM �Mv ;2Q+?2KB+�HHv p�HB/�i2/ H�#Q`�iQ`v
;`QmM/ i`mi? /�i� i?�i i?2 .22T:2QJ�T KQ/2H +QmH/ #2 i`�BM2/ rBi?X h?2 /�i� Dmbi
+QMbBbib Q7 � ?vT2`bT2+i`�H �B`#Q`M2 BK�;2 �M/ � ;`QmM/ i`mi?2/ }H2 i?�i BM+Hm/2b
_PAb Q7 i?2 `2;BQMb Q7 i?Bb QM2 ?vT2`bT2+i`�H BK�;2 i?�i ?�p2 #22M ;`QmM/ i`mi?2/ #v
+H�bbB+�H K�Mm�H ;`QmM/ Q#b2`p�iBQMX AM i?2 7QHHQrBM; i?2 T`Q+2/m`2 Bb 2tTH�BM2/ i?�i
r�b mb2/ iQ 722/ i?2 .22T:2QJ�T KQ/2H i`�BMBM; /�i�X h?2 �`2�b BM/B+�i2/ #v i?2
_PAb UBM 6B;m`2 jkV ?�p2 #22M +mi Qmi rBi? 1LoA �M/ �HH �`2�b MQi +Qp2`2/ #v i?2
;`QmM/ i`mi? _PAb r2`2 b2i iQ yX `2bmHiBM; BM � i`�BMBM; BK�;2 i?�i +QMi�BM2/ bT2+i`�H
/�i� QMHv 7Q` i?2 ;`QmM/ i`?mi? `2;BQMbX

6B;m`2 jk, �c h?2 AM/B�M TBM2b ;`QmM/ i`mi? rBi? +H�bb2b BM i?2 Q`B;BM�H +QHQ`@b+?2K2- �M/ "c h?2
?vT2`bT2+i`�H i`�BMBM; BK�;2 +mi Qmi 7`QK i?2 Q`B;BM�H BK�;2 iQ i?2 /BK2MbBQMb Q7 i?2 ;`QmM/ i`mi?
_PAb i`m2 +QHQ` BK�;2 Q7 i?2 b+2M2 U_2/, #�M/ kd Ue9eXd MKV- :`22M #�M/ Rd U89dXe MKV- "Hm2
#�M/ d U99NXR MKV- i?2 #H�+F �`2� ?�b bT2+i`�H p�Hm2b b2i iQ yV (e)

h?2 AM/B�M TBM2b /�i� +QMi�BM2/ Re +H�bb H�#2Hb 7Q` i?2 BK�;2b U};m`2 jkVX h?2 #H�+F
�`2� Q7 i?2 i`�BMBM; BK�;2 BM };m`2 jk" Bb ?2M+2 �//2/ �b i?2 Rdi? +H�bb H�#2H b?QrM �b
r?Bi2 #�+F;`QmM/ BM };m`2 jk�X h?2 BK�;2 ?�b � bT�iB�H /BK2MbBQM Q7 144×140pixels

rBi? kky bT2+i`�H #�M/b 2�+?X h?2 T`2@T`Q+2bbBM; 7`QK ?2`2 QM Bb i?2 b�K2 �b 7Q` i?2
T`BQ` /�i� b2ibX h?2 bT�iB�H /BK2MbBQMb �`2 ~�ii2M2/ `2bmHiBM; BM kRyk8 bT2+i`� rBi?
kky #�M/b �b i`�BMBM; /�i� UBM+Hm/BM; i?2 #H�+F #�+F;`QmM/ TBt2HbVX h?2 /�i� Bb i?2M
�HbQ bTHBi `�M/QKHv eyW iQ 9yW BMiQ i`�BMBM; �M/ i2bi /�i�X `2bT2+iBp2HvX _2bmHiBM;
BM �M th`�BM �``�v Q7 bBx2 URkyNe-kkyV- URkyNe-V 7Q` vh`�BM- U3ye9-kkyV 7Q` th2bi- �M/
U3ye9-V 7Q` vh2biX h?2 H�#2H �``�vb �`2 i?2M �HbQ +QMp2`i2/ iQ #BM�`v +H�bb K�i`B+2b
`2bmHiBM; BM URkyNe-RdV 7Q` vh`�BM �M/ U3ye9-RdV 7Q` vh2biX

kXjX9 *QKTmi�iBQM

>�`/r�`2 �M/ bQ7ir�`2 2MpB`QMK2Mi, h?2 .22T:2QJ�T KQ/2H i`�BMBM; ?�b
#22M +�``B2/ Qmi QM i?2 7QHHQrBM; ?�`/r�`2 2MpB`QMK2Mi, � Ni? :2M2`�iBQM AMi2Hȉ
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*Q`2ȶBN@NNyyE T`Q+2bbQ` U3 +Q`2bfRe i?`2�/bV- rBi? 8Xyy :>x bBM;H2 +Q`2 im`#Q 7`2@
[m2M+v �M/ Re J" AMi2Hȉ aK�`i *�+?2- Rk3 :" Q7 .._9 _�J rBi? � b2`B�H bT22/
Q7 jyyy J>x- � ;`�T?B+�H T`Q+2bbBM; mMBi U:SlV LoA.A� :26Q`+2 _hs ky3yhA rBi?
RR :" :.._eX h?2 7QHHQrBM; bQ7ir�`2 2MpB`QMK2Mi r�b mb2/, #v l#mMim kyXy9XR
Gha te9 �b QT2`�iBM; bvbi2K- *l.� RRXy- h2MbQ`6HQr kXjXR rBi? :Sl bmTTQ`i �M/
Svi?QM jXd �b T`Q;`�KKBM; H�M;m�;2X h?Bb b2imT �HHQr2/ i?2 K�DQ`Biv Q7 i?2 +�H+m@
H�iBQMb UKQ/2H i`�BMBM;V iQ #2 +�``B2/ Qmi QM i?2 :Sl- r?B+? H2�/ iQ � bB;MB}+�Mi
T2`7Q`K�M+2 BM+`2�b2 pbX i`�BMBM; i?`Qm;? i?2 *Sl- �M/ �HHQr2/ `2H�iBp2Hv [mB+F ?v@
T2`T�`�K2i2` imMBM; U}Hi2` bBx2b- #�i+? bBx2- �+iBp�iBQM 7mM+iBQMb- H2�`MBM; `�i2 2i+XVX

h`�BMBM;, � H2�`MBM; `�i2 Q7 1 × 10−4 �M/ � #�i+? bBx2 Q7 jk Ujk bT2+i`� �M/ i?2B`
�++Q`/BM; H�#2Hb �`2 b22/2/ iQ i?2 M2irQ`F �i QM+2V r�b +?Qb2M 7Q` 2p2`v /�i� b2i
�M/ KQ/2H i`�BMBM;X h?2 i`�BMBM; iBK2b p�`B2/ #�b2/ QM i?2 +QK#BM2/ i`�BMBM; �M/
i2biBM; BMTmi bBx2 BM i2`Kb Q7 bT�iB�H f �KQmMi Q7 bT2+i`�- �M/ bT2+i`�HHv f MmK#2`
Q7 #�M/b- 7Q` 2�+? /�i� b2iX 6Q` i?2 "`�xBHB�M B`QM Q`2 U9R-eRe TBt2HfbT2+i`�- 9y3
#�M/b- �M/ j-3jN-y8e T�`�K2i2`V QM2 2TQ+? r�b +QKTH2i2/ BM �#Qmi RR b2+QM/b QM
�p2`�;2 UrBi? 3@RR b2+QM/b iBK2 bT�M T2` 2TQ+?VX 6Q` i?2 �THBFB /�i� b2i r?B+?
?�b 3 #�M/b H2bb U9yy #�M/bV- #mi Km+? KQ`2 TBt2H UR8RXkNy TBt2HfbT2+i`�- j-3j3-8je
T�`�K2i2`V QM2 2TQ+? iQQF �#Qmi jj b2+QM/b QM �p2`�;2X 6Q` i?2 MQBb2 �M/ r�i2`
#�M/ �/Dmbi2/ �THBFB H�#Q`�iQ`v /�i� UR8RXkNy TBt2HfbT2+i`�- �M/ jNy #�M/b- j-3j3-8je
T�`�K2i2`V Bi iQQF �b r2HH �`QmM/ jjb QM �p2`�;2 T2` 2TQ+?X h?2 bT2+i`�HHv �M/
bT�iB�HHv Km+? bK�HH2` AM/B�M SBM2b /�i� b2i UkyRey TBt2HfbT2+i`�- �M/ kky #�M/b-
j-3jN-RkR T�`�K2i2`V `2[mB`2/ �`QmM/ kb i`�BMBM; iBK2 T2` 2TQ+?X PM+2 � .22T:2QJ�T
KQ/2H Bb i`�BM2/ rBi? bm{+B2Mi 2TQ+?b Bi +�M `�TB/Hv +H�bbB7v �M ?vT2`bT2+i`�H BK�;2
BM 72r b2+QM/b iQ � 72r KBMmi2b QM i?Bb bvbi2K U/2T2M/BM; QM i?2 BK�;2 bBx2VX h?2
Qp2`�HH �KQmMi Q7 2TQ+?b `2[mB`2/ 7Q` 2�+? /�i� b2i �M/ i?2 +H�bbB}+�iBQM `2bmHib �
b?QrM �M/ /Bb+mbb2/ BM i?2 7QHHQrBM; b2+iBQMb j �M/ 9X

AK�;2 +H�bbB}+�iBQM, aBM+2 .22T:2QJ�T Bb � R. M2irQ`F i?2 i�`;2i BK�;2b i?�i
�`2 #2BM; +H�bbB}2/ rBi? .22T:2QJ�T KQ/2Hb M22/ iQ #2 ~�ii2M2/ �b r2HH r?BH2 biQ`@
BM; i?2 Q`B;BM�H bT�iB�H +QQ`/BM�i2b BM p�`B�#H2bX h?2 KQ/2H T`2/B+ib i?2 #BM�`v +H�bb
7Q` 2�+? bT2+i`� BM i?Bb ~�ii2M2/ �``�vX h?2 T`2/B+iBQM `2bmHib BM �M �``�v rBi? i?2
/BK2MbBQM Q7 i?2 MmK#2` Q7 bT2+i`� �M/ i?2 MmK#2` Q7 #BM�`v +H�bb2bX h?Bb +H�bbB}2/
#BM�`v �``�v Bb i?2M +QMp2`i2/ iQ i?2 �++Q`/BM; +H�bb2b BM ~Q�i 7Q`K�i �M/ i?2 /BK2M@
bBQMb �`2 2tT�M/2/ #�+F iQ i?2 �++Q`/BM; bT�iB�H /QK�BM Q7 i?2 Q`B;BM�H i�`;2i BK�;2X
_2bmHiBM; BM �M BK�;2 �``�v rBi? i?2 T`2/B+i2/ +H�bb MmK#2`b BM ~Q�i 7Q`K�iX h?2M
�M _:" +H�bbB}+�iBQM BK�;2 Q7 i?2 b�K2 bT�iB�H 2ti2M/ Bb +`2�i2/ i?�i Bb +QHQ`Bx2/ BM
�++Q`/�M+2 iQ i?2 T`2/B+i2/ +H�bb2b 7QmM/ BM i?2 T`2/B+iBQM BK�;2X
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j _2bmHib

jXR "`�xBHB�M A`QM P`2 a�KTH2b
6Q` i?2 "`�xBHB�M B`QM Q`2 BK�;2b � MmK#2` Q7 /Bz2`2Mi 2TQ+?b ?�p2 #22M i2bi2/X h?2
T`2/B+i2/ +H�bbB}+�iBQM BK�;2b Q7 .22T:2QJ�T KQ/2H i?�i ?�p2 #22M i`�BM2/ 7Q` e8
2TQ+?b- 3y 2TQ+?b- �M/ 8yy 2TQ+?b �`2 b?QrM BM i?2 7QHHQrBM;X 6B;m`2 jj b?Qrb i?2
i`m2 +QHQ` BK�;2 Q7 i?2 "`�xBHB�M B`QM Q`2 b�KTH2b U�V �M/ i?2 p�HB/�iBQM +QHQ`b �M/
+H�bb MmK#2`b U"VX

6B;m`2 j9 b?Qrb i?2 T`2/B+i2/ +H�bbB}+�iBQM BK�;2 7`QK i?2 .22T:2QJ�T KQ/2H
�7i2` e8 2TQ+?bX h`�BMBM; iQQF �`QmM/ dR8 b2+QM/b U�#Qmi Rk KBMmi2bV rBi? �`QmM/
RR b2+QM/b T2` 2TQ+?X h?2 Qp2`�HH +H�bbB}+�iBQM �++m`�+v UP�V Q7 i?2 KQ/2H �7i2` e8
2TQ+?b Bb yXN39e UN3X9eWV rBi? � HQbb Q7 yXy9NdX h?2 Qp2`�HH �++m`�+v r�b +�H+mH�i2/
i?`Qm;? i?2 `2biQ`2/ KQ/2H r2B;?ib QM +QKTH2i2 `272`2M+2 /�i� +Qp2`2/ #v i?2 `QBb
b?QrM BM 6B;m`2 keX h?2 p�HB/�iBQM �++m`�+v Uo�V- r?B+? Bb +�H+mH�i2/ Dmbi rBi?
/�i� i?�i i?2 KQ/2H ?�b MQi #22M i`�BM2/ rBi? Uth2bi- uh2biV- Bb �b r2HH N3X9eW �M/
p�HB/�iBQM HQbb Bb yXy9NkX h?2 �p2`�;2 �++m`�+v UAA = (2 × OA + k − 2)/2- r?2`2
P� 4 Qp2`�HH �++m`�+v �M/ F 4 MmK#2` Q7 +H�bb2bV Bb NNX3RWX "v pBbm�H BMbT2+iBQM
�M/ +QKT�`BbQM iQ i?2 p�HB/�iBQM BK�;2 U};m`2 jjV i?2 T`2/B+i2/ BK�;2 b?Qrb i?�i i?2
p�bi K�DQ`Biv Q7 TBt2Hb �`2 K�TT2/ +Q``2+iHv �++Q`/BM; iQ i?2B` b�KTH2 +H�bb HQ+�iBQMX
a�KTH2 +H�bb2b R- j- 8- e- d- N- Ry- RR- Rk- �M/ R8 b?Qr �HKQbi MQ KBb+H�bbB}2/ TBt2Hb
rBi? i?2 2t+2TiBQM Q7 � 72rX a�KTH2 +H�bb k b?Qrb bQK2 KBb+H�bbB}+�iBQM �i i?2 iQT T�`i
Q7 i?2 b�KTH2- � KBb+H�bbB}2/ `Q+F �i i?2 iQT �b +H�bbfb�KTH2 R9- �M/ � 72r TBt2Hb 7�Hb2Hv
+H�bbB}2/ �b b�KTH2 +H�bb R8X a�KTH2 9- 3 �M/ Rj �HbQ b?Qr KBMQ` KBb+H�bbB}+�iBQMb BM
p2`v /�`Ffb?�/Qr2/ �`2�b B7 pBbm�HHv +`Qbb@+?2+F2/ rBi? };m`2 jj�X
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6B;m`2 jj, �, h`m2 +QHQ` BK�;2 Q7 i?2 b�KTH2bX ", h?Bb BK�;2 b?Qrb i?2 +H�bbB}+�iBQM p�HB/�iBQM KQ/@
B}2/ �7i2` EQ2`iBM; UkykRVX h?2 +H�bbfb�KTH2 MmK#2` �`2 K�`F2/ QM i?2 �++Q`/BM; +QHQ` p�HB/�iBQMX

6B;m`2 j9, �, h?Bb BK�;2 b?Qrb i?2 T`2/B+i2/ +H�bbB}+�iBQM Q7 i?2 .22T:2QJ�T KQ/2H �7i2` e8 2TQ+?bX
", 6�Hb2 +H�bbB}+�iBQMbf2``Q` K�TX SBt2Hb i?�i /Q MQi K�i+? i?2 p�HB/�iBQM _PAb b?QrM BM };m`2 jj
�`2 b?QrM ?2`2X h?2 +QHQ`b Q7 i?2 KBbK�i+?BM; TBt2Hb �`2 i?2 `2bmHi Q7 _:" p�Hm2 bm#i`�+iBQM Q7 i?2
p�HB/�iBQM BK�;2 7`QK i?2 T`2/B+i2/ +H�bbB}+�iBQM BK�;2X �`2�b QmibB/2 Q7 i?2 p�HB/�iBQM _PAb ?2M+2
�`2 MQi +QMbB/2`2/X

h`�BMBM; r�b i?2M b2i 7Q` 3y 2TQ+?bX 6B;m`2 j8 b?Qrb i?2 T`2/B+i2/ +H�bbB}+�iBQM
BK�;2 7`QK i?2 .22T:2QJ�T KQ/2H �7i2` 3y 2TQ+?bX h`�BMBM; iQQF �`QmM/ 33y b2+QM/b
U R8 KBMmi2bV rBi? �`QmM/ RR b2+QM/b T2` 2TQ+?X h?2 Qp2`�HH +H�bbB}+�iBQM �++m`�+v
UP�V Q7 i?2 KQ/2H �7i2` 3y 2TQ+?b Bb yXN39e UN3XNjWV rBi? � HQbb Q7 yXyjNjX h?2
p�HB/�iBQM �++m`�+v Uo�V- r?B+? Bb +�H+mH�i2/ Dmbi rBi? /�i� i?�i i?2 KQ/2H ?�b MQi
#22M i`�BM2/ rBi? Uth2bi- uh2biV- Bb N3X9jW �M/ p�HB/�iBQM HQbb Bb yXyej3X h?2 �p2`�;2
�++m`�+v U��V Bb NNX3eWX "v pBbm�H BMbT2+iBQM �M/ +QKT�`BbQM iQ i?2 p�HB/�iBQM BK�;2
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U};m`2 jjV �M/ i?2 T`2/B+iBQM BK�;2 Q7 i?2 e8 2TQ+? KQ/2H Bi +�M #2 bi�i2/ i?�i BM
bQK2 �`2�b � bHB;?i BKT`Qp2K2Mib �`2 pBbB#H2- r?BH2 Qi?2` 7�Hb2Hv T`2/B+i2/ �`2�b ?�p2
;�BM2/ bQK2 KQ`2 +Hmbi2`2/ 7�Hb2Hv +H�bbB}2/ TBt2HbX aiBHH i?2 T`2/B+i2/ BK�;2 b?Qrb
i?�i i?2 p�bi K�DQ`Biv Q7 TBt2Hb �`2 K�TT2/ +Q``2+iHv �++Q`/BM; iQ i?2B` b�KTH2 +H�bb
HQ+�iBQMX h?2 a�KTH2 +H�bb2b R- j- 8- e- d- N- Ry- RR- Rk- �M/ R8- i?�i r2`2 �H`2�/v
[mBi2 r2HH +H�bbB}2/ #v i?2 e8 2TQ+? KQ/2H 2p2M b?Qr bHB;?i BKT`Qp2K2MibX a�KTH2
+H�bb k biBHH b?Qrb i?2 KBb+H�bbB}2/ `Q+F �i i?2 iQT T�`i Q7 i?2 b�KTH2X a�KTH2b 9- e-
�M/ 3 b?Qr H�`;2` BKT`Qp2K2Mib 2p2M BM i?2 p2`v /�`Ffb?�/Qr2/ �`2�bX a�KTH2 d �M/
Rj b?Qr KQ`2 KBb+H�bbB}+�iBQMb i?�M BM i?2 e8 2TQ+? KQ/2H BK�;2X

6B;m`2 j8, �, h?Bb BK�;2 b?Qrb i?2 T`2/B+i2/ +H�bbB}+�iBQM Q7 i?2 .22T:2QJ�T KQ/2H �7i2` 3y 2TQ+?bX
", 6�Hb2 +H�bbB}+�iBQMbf2``Q` K�TX SBt2Hb i?�i /Q MQi K�i+? i?2 p�HB/�iBQM _PAb b?QrM BM };m`2 jj
�`2 b?QrM ?2`2X h?2 +QHQ`b Q7 i?2 KBbK�i+?BM; TBt2Hb �`2 i?2 `2bmHi Q7 _:" p�Hm2 bm#i`�+iBQM Q7 i?2
p�HB/�iBQM BK�;2 7`QK i?2 T`2/B+i2/ +H�bbB}+�iBQM BK�;2X

� i?B`/ `mM rBi? 8yy 2TQ+?b Bb �b r2HH T`2b2Mi2/X hQ i`�BM i?2 KQ/2H rBi? i?Bb
K�Mv 2TQ+?b r�b /QM2 BM Q`/2` iQ �M�Hvb2 Qp2`}iiBM;X h?2 ;2M2`�H �TT`Q�+? BM M2m`�H
M2irQ`F KQ/2H i`�BMBM; Bb iQ H2i � KQ/2H `mM mMiBH Qp2`}iiBM; Bb /2i2+i2/X h?2 #�bB+
bi`�i2;v Q7 i?Bb �TT`Q�+? �M/ i?2 Qp2`}iiBM; Bbbm2b �`2 /Bb+mbb2/ BM b2+iBQM 9XRX h?2
i`�BMBM; iQQF �`QmM/ 88yy b2+QM/b U�#Qmi Nk KBMmi2bV rBi? �`QmM/ RR b2+QM/b T2`
2TQ+?X h?2 Qp2`�HH +H�bbB}+�iBQM �++m`�+v UP�V Q7 i?2 KQ/2H �7i2` 8yy 2TQ+?b Bb yXNNey
UNNXeyWV rBi? HQbb Q7 yXyjNkX h?2 p�HB/�iBQM �++m`�+v Uo�V- r?B+? Bb +�H+mH�i2/ Dmbi
rBi? /�i� i?�i i?2 KQ/2H ?�b MQi #22M i`�BM2/ rBi? Uth2bi- vh2biV- Bb NNX83W �M/
p�HB/�iBQM HQbb Bb yXyey8X h?2 �p2`�;2 �++m`�+v U��V Bb NNXN8WX h?2b2 �`2 p2`v ?B;?
�++m`�+v `2bmHib 7Q` i?2 p�HB/�i2/ �`2�b b?QrM BM };m`2 keX h?2 pBbm�H BMbT2+iBQM Q7 i?2
.22T:2QJ�T +H�bbB}+�iBQM BK�;2 Bb �i H2�bi BM i?2 KQbi T�`ib Q7 i?2 BK�;2 +QMbBbi2Mi
rBi? i?2b2 MmK#2`b U};m`2 jeVX h?2 BK�;2 b?Qrb p2`v 72r KBb+H�bbB}+�iBQMb BM i?2
KB//H2 T�`ib Q7 i?2 b�KTH2b- 2t+2Ti 7Q` b�KTH2 +H�bb2b d- 3 �M/ RjX h?2 +H�bbB}+�iBQMb

9d



Q7 b�KTH2b d �M/ Rj biBHH b?Qr � 72r H�`;2` KBb+H�bbB}+�iBQMb �`QmM/ i?2 b?�/Qr2/
�`2�b U};m`2 jjVX h?2 r`QM;Hv +H�bbB}2/ TBt2Hb �`2 KQ`2 +Hmbi2`2/ �M/ H2bb bT`2�/ �b
BM i?2 KQ/2Hb i`�BM2/ rBi? e8 Q` 3y 2TQ+?bX

6B;m`2 je, �, h?Bb BK�;2 b?Qrb i?2 T`2/B+i2/ +H�bbB}+�iBQM Q7 i?2 .22T:2QJ�T KQ/2H �7i2` 8yy
2TQ+?bX ", 6�Hb2 +H�bbB}+�iBQMbf2``Q` K�TX SBt2Hb i?�i /Q MQi K�i+? i?2 p�HB/�iBQM _PAb U};m`2 jjVX

jXk �THBFB
h?2 +H�bbB}+�iBQM `2bmHib 7Q` � KQ/2H i?�i ?�b #22M i`�BM2/ 7Q` 9k 2TQ+?b �`2 T`2b2Mi2/
?2`2X PM2 2TQ+? iQQF �`QmM/ jj b2+QM/b QM �p2`�;2- `2bmHiBM; BM � KQ/2H i`�BMBM; iBK2
Q7 Rj3e b2+QM/b U�`QmM/ kj KBMmi2bV 7Q` 9k 2TQ+?bX h?2 Pp2`�HH �++m`�+v UP�V- r�b
+�H+mH�i2/ i?`Qm;? i?2 �`2� Q7 i?2 _PAb b?QrM BM };m`2 kN- �M/ MQi i?2 _PAb b?QrM BM
};m`2 jdX h?Bb Bb BKTQ`i�Mi iQ MQi2 �b i?2 P� 7Q` i?2 r?QH2 b2i Bb HBF2Hv HQr2`X h?2 P�
7Q` i?2 BMTmi /�i� Q7 i?2 9k 2TQ+?b KQ/2H `2�+?2/ NNXjkW rBi? � HQbb Q7 yXykkkX >2M+2
i?2 �p2`�;2 �++m`�+v U��V 7Q` i?2 3 +H�bb2b UBM+Hm/BM; #�+F;`QmM/V Bb NNX3jW U7Q` i?2
_PAb BM };m`2 kNX >2M+2 i?2 Km+? KQ`2 BKTQ`i�Mi �M/ `2T`2b2Mi�iBp2 K2i`B+ ?2`2 Bb
i?2 o�X Ai `2�+?2/ N3X3jW rBi? � p�HB/�iBQM HQbb Q7 yXyj3kX h?2 o� �HbQ +Q``2H�i2b
KQ`2 iQ i?2 pBbm�H �TT2�`�M+2 Q7 i?2 +H�bbB}+�iBQM K�T b?QrM BM };m`2 jd * �M/
2``Q` K�T U.VX oBbm�H BMbT2+iBQM b?Qrb i?�i i?2 Qp2`�HH +H�bbB}+�iBQM `2bmHi b22Kb p2`v
�++m`�i2 7Q` i?2 �`2�b b?QrM BM i?2 p�HB/�iBQM BK�;2 U};m`2 jd "V- rBi? i?2 2t+2TiBQM
Q7 i?2 #H�+F TH�biB+ �M/ `m##2` #�+F;`QmM/X 1bT2+B�HHv i?2 TH�biB+ +QMi�BM2`b BM r?B+?
i?2 b�KTH2b r2`2 TH�+2/ `2~2+i2/ HB;?i �`QmM/ i?2 b�KTH2b i?�i Bb Q7i2M KBb+H�bbB}2/
#v i?2 .22T:2QJ�T KQ/2HX

6Q` i?2 +H�bbB}+�iBQM Q7 i?2 �THBFB KBM+2 7�+2 b+�M- � .22T:2QJ�T KQ/2H r�b mb2/
i?�i r�b i`�BM2/ rBi? i?2 ?vT2`bT2+i`�H H�#Q`�iQ`v BK�;2b Q7 i?2 +QHH2+i2/ b�KTH2b Ub22
b2+iBQMkXkXj �M/ kXjXkVX h?2 KQ/2H r�b i?2`27Q`2 i`�BM2/ 7Q` 9k 2TQ+?b rBi? �M jNy
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6B;m`2 jd, �, �THBFB KBM2 b�KTH2b ?vT2`bT2+i`�H KQb�B+ Q7 N BK�;2b biB+?2/ iQ;2i?2`- h`m2 +QHQ` U_,
e9yMK Ĝ #�M/ ej- :, 89NMK Ĝ #�M/ j3- ", 983MK Ĝ #�M/ RjVc ", a�KTH2 +Hmbi2`f+H�bb p�HB/�iBQMX
*, .22T:2QJ�T +H�bbB}+�iBQM �7i2` 9k 2TQ+?b- rBi? � o� Q7 N3X3jWX ., a?Qrb i?2 KBb+H�bbB}+�@
iBQMbf2``Q` K�T Q7 Q7 i?2 b�KTH2b Q7 i?2 .22T:2QJ�T T`2/B+iBQM U2t+Hm/BM; i?2 #�+F;`QmM/ KBb@
+H�bbB}+�iBQMbVX h?2 +QHQ`b �`2 �;�BM HBF2 BM i?2 �#Qp2 b2+iBQM i?2 `2bmHi Q7 _:" +QHQ` bm#i`�+iBQM
@KBbb@K�i+?BM; +H�bb2b �`2 ?2M+2 ?B;?HB;?i2/X AK�;2b � �M/ ", EQ2`iBM; UkykRV (k9)X
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6B;m`2 j3, �, Ǵ_:" `2T`2b2Mi�iBQM Q7 i?2 �THBFB QT2M +miǴ- h`m2 +QHQ` U_, e9yMK Ĝ #�M/ ej- :,
89NMK Ĝ #�M/ j3- ", 983MK Ĝ #�M/ RjVc ", Ǵi?2 ;2QHQ;B+�H K�TTBM; Q7 i?2 QT2M +mi U"V- #�b2/ QM
�MiBp�+?Bb UkyR8VǴ *, *H�bbB}+�iBQM #v � .22T:2QJ�T KQ/2H i`�BM2/ 7Q` 9k 2TQ+?b QM i?2 �THBFB
H�#Q`�iQ`v b�KTH2b- ky Qmi Q7 kk b�KTH2 TQBMib }i i?2 +H�bbB}+�iBQM K�T Ub22 };m`2 jdVX G2;2M/
UKQ/B}2/V- i2ti- �M/ i?2 BK�;2b � �M/ " �7i2` EQ2`iBM; UkykRV
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#�M/ p2`bBQM Q7 i?2 b�K2 H�#Q`�iQ`v b�KTH2b KQb�B+ b?QrM BM };m`2 jdX h?2 QMHv
�/�TiBQM i?�i ?�/ iQ #2 /QM2 r�b iQ 2t+Hm/2 i?2 MQBbv #�/ #�M/b i?2 b�K2 r�v �b
7Q` i?2 KBM2 7�+2 }2H/ b+�MX h?Bb Bb M2+2bb�`v �b � .22T:2QJ�T KQ/2H i?�i ?�b
#22M i`�BM2/ BM � +2`i�BM bT2+i`�H /QK�BM +�M QMHv +H�bbB7v Qi?2` BK�;2 BM i?2 b�K2
bT2+i`�H /QK�BM Bi ?�b #22M i`�BM2/ BMX h?2 p�HB/�iBQM �++m`�+B2b Q7 i?2 9yy �M/ jNy
#�M/ H�#Q`�iQ`v BK�;2 +H�bbB}+�iBQM r2`2 �HKQbi B/2MiB+�H UN3X3jW pbX N3X9RW p�HX
�++m`�+v `2bT2+iBp2HvVX >2M+2- +miiBM; p2`v MQBbv #�M/b /Q2b MQi BKT�+i i?2 �++m`�+v
bB;MB}+�MiHvX h?2 `2bmHiBM; +H�bbB}+�iBQM Bb b?QrM BM };m`2 j3X h?2 �+im�H �++m`�+v
7Q` � `2�H KBM2 7�+2 b+�M +�MMQi Dmbi #2 +�H+mH�i2/ 2�bBHv- Bi ?�b iQ #2 �M�Hvb2/ rBi?
;2QHQ;B+�H 2tT2`iBb2 BM Q`/2` iQ /2i2`KBM2 B7 i?2 +H�bbB}+�iBQMb �`2 b2MbB#H2X >2M+2-
i?2 #�bBb 7Q` i?2 7QHHQrBM; �M�HvbBb Bb i?2 /Bbb2`i�iBQM Q7 EQ2`iBM; UkykRV �M/ i?2
Tm#HB+�iBQM #v �MiBp�+?Bb UkyR8V Ub22 (k9- 9)X h?2 �`2� BM i?2 p2`v r2bi Q7 i?2 QT2M
+mi Bb +Q``2+iHv K�TT2/ �b *Hmbi2` R UTBHHQr H�p�bVX h?2 ;vTbmK U+Hmbi2` dV �M/
�KQ`T?Qmb bBHB+� U+Hmbi2` 9V Bb MQi K�TT2/ BM i?2 `B;?i �`2� BM �#mM/�M+2 `�i?2` p2`v
bK�HH b+�ii2`2/ T�i+?2b r?2`2 +H�bbB}2/ #v i?2 .22T:2QJ�T KQ/2HX h?2 r2bi2`M �M/
2�bi2`M T�`ib Q7 i?2 BK�;2 b+�M �`2 +Q``2+iHv K�TT2/ �b +Hmbi2` R U`2/V- `2H�i2/ iQ
i?2 TBHHQr H�p� Q++m``2M+2X h?2 bK�HH H�M/bHB/2 BM i?2 2�bi Q7 i?2 BK�;2 Bb K�TT2/ �b
+Hmbi2` 8 �M/ j #v i?2 .22T:2QJ�T KQ/2H- r?B+? BM T�`ib +Q``2H�i2b rBi? i?2 �M�HvbBb
Q7 �MiBp�+?Bb UkyR8VX Ai �HbQ +QM}`Kb i?2 b�KTH2b +QHH2+i2/ BM i?2 �`2�- r?B+? r?2`2
+H�bbB}2/ �b 2Bi?2` +Hmbi2` R- Q` +Hmbi2` 8 #v EQ2`iBM; UkykRVX h?2 KB//H2 T�`i BM i?2
QT2M +mi biQ+FrQ`F `2H�i2/ xQM2 U*Hmbi2` e �M/ �bbQ+B�i2/ KBM2`�HQ;vV Bb K�TT2/ BM
i?2 K�DQ`Biv � HBiiH2 iQQ 7�` iQ i?2 H27i BM i?2 .22T:2QJ�T +H�bbB}+�iBQM- #mi Qp2`�HH biBHH
+QM}`KBM; i?2 ;2M2`�H TQbBiBQMX h?2 K�DQ`Biv Q7 i?2 *m@`B+? T`2+BTBi�i2b Ur2�i?2`2/
bmH}/2 Q`2- +Hmbi2` k �M/ v2HHQrV Bb K�TT2/ �i i?2 `B;?i TQbBiBQMb r?2M +QKT�`2/ iQ
i?2 ;2QHQ;B+�H BMi2`T`2i�iBQM U"V- #mi +QmH/ #2 KQ`2 T`QMQmM+2/ iQ 7mHHv +QKTHv rBi?
i?2 K�T 7`QK �MiBp�+?Bb UkyR8VX J�Mv TBt2Hb BM i?2 +2Mi`2 �`2 +H�bbB}2/ �b *Hmbi2` j
iQQ Q7i2M iQ +QKTHv rBi? i?2 ;2QHQ;B+�H K�T Ub22 b2+iBQM 9XkVX PM2 K2i`B+ �p�BH�#H2
i?�i +�M #2 2tT`2bb2/ BM MmK#2`b �`2 i?2 MmK#2` Q7 b�KTH2 HQ+�iBQMb BM r?B+? i?2
+H�bbB}+�iBQM Q7 i?2 KBM2 7�+2 b+�M �;`22b rBi? i?2 b�KTH2 ;2Q+?2KBbi`vf+Hmbi2`- r?2`2
i?2 .22T:2QJ�T +H�bbB}+�iBQM �;`22b rBi? ky Q7 kk b�KTHBM; HQ+�iBQMbX

jXj AM/B�M SBM2b .�i� a2i
h?2 .22T:2QJ�T KQ/2H r�b i`�BM2/ 7Q` Re8 2TQ+?b mbBM; eyW Q7 i?2 p�HB/�iBQM /�i�
�b i`�BMBM; BMTmi- BM+Hm/BM; i?2 #�+F;`QmM/, RkyNe TBt2HbfbT2+i`�- �M/ 2t+Hm/BM; i?2
#�+F;`QmM/ rBi? eRdR TBt2HfbT2+i`�X h�#H2 8 HBbi i?2 +QKTH2i2 i`�BMBM; b�KTH2b T2`
+H�bbX h?2 P� �++m`�+v `2�+?2/ Bb NeXkRW- i?2 �� NNX88 W �M/ i?2 o� NeXy9WX LQi2
i?�i i?2 �p2`�;2 �++m`�+v Bb bQ ?B;? #2+�mb2 i?2 i`�BMBM; /�i� BM+Hm/2b i?2 #�+F;`QmM/
�b i?2 H�`;2bi b�KTH2 +H�bb UrBi? p�Hm2 y- r?B+? Bb bBKTH2 iQ i`�BMVX h?Bb Bb r?v i?2
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o� Bb i?2 KQbi `2HB�#H2 K2i`B+ BM i?Bb +�b2X Pp2` Re8 2TQ+? bB;Mb Q7 Qp2`}iiBM; bi�`i2/
iQ �TT2�` �b i?2 o� /B/ MQi `Bb2 �Mv KQ`2X 6B;m`2 jN * b?Qr i?2 +H�bbB}+�iBQM `2bmHi
Q7 i?2 Re8 2TQ+? .22T:2QJ�T KQ/2H Q7 i?2 AM/B�M TBM2b b+2M2X 6B;m`2 jN . b?Qrb
i?2 +H�bbB}+�iBQM Q7 i?2 p�HB/�iBQM BK�;2- ?2M+2 b?QrBM; i?2 KBb+H�bbB}+�iBQMb r?B+?
BKT�+i i?2 o�X

6B;m`2 jN, �c h?2 ?vT2`bT2+i`�H i`�BMBM; BK�;2 +mi Qmi 7`QK i?2 Q`B;BM�H BK�;2 iQ i?2 /BK2MbBQMb
Q7 i?2 ;`QmM/ i`mi? _PAb i`m2 +QHQ` BK�;2 Q7 i?2 b+2M2 U_2/, #�M/ kd Ue9eXd MKV- :`22M #�M/ Rd
U89dXe MKV- "Hm2 #�M/ d U99NXR MKVX "c h?2 AM/B�M TBM2b ;`QmM/ i`mi? rBi? +H�bb2b BM i?2 Q`B;BM�H
+QHQ`@b+?2K2- (e)X *, .22T:2QJ�T Re8 2TQ+? KQ/2H +H�bbB}+�iBQM Q7 i?2 AM/B�M SBM2b b+2M2 rBi? �M
Qp2`�HH �++m`�+v Q7 NeXkRWX ., .22T:2QJ�T Re8 2TQ+? p�HB/�iBQM BK�;2 +H�bbB}+�iBQM b?QrBM; i?2
KBb+H�bbB}+�iBQMb BM 2�+? p�HB/�iBQM _PAX h?2 o� Bb NeXy9WX
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h�#H2 8, h?2 MmK#2` Q7 i`�BMBM; �M/ i2bi b�KTH2b 7Q` AM/B�M SBM2b /�i�b2i mb2/ 7Q` i`�BMBM; i?2
.22T:2QJ�T KQ/2HX

h�#H2 e, .22T:2QJ�T KQ/2H Qp2`pB2r 7Q` i?2 AM/B�M SBM2b /�i� b2iX
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9 .Bb+mbbBQM

9XR "`�xBHB�M A`QM P`2 a�KTH2b
h?2 .22T:2QJ�T KQ/2Hb +H�bbB}2/ i?2 "`�xBHB�M B`QM Q`2 b�KTH2b rBi? p2`v ?B;? �+@
+m`�+B2b Ue8 2TQ+?b, N3X9eW- 3y 2TQ+?b, N3XNjW- �M/ 8yy 2TQ+?b, NNXeyWVX 6B`bi Q7 �HH
Bi ?�b iQ #2 b�B/ i?�i i?2 KQ/2Hb r2`2 i`�BM2/ rBi? � bB;MB}+�Mi �KQmMi Q7 /�i�- k9NeN
TBt2HbfbT2+i`� r?B+? `2T`2b2Mi eyW Q7 i?2 b[m�`2 b?�T2/ BMTmi _PAb b22M BM };m`2 ke
�M/ �`QmM/ jkW Q7 i?2 Qp2`�HH BK�;2 TBt2Hb Ud39yy TBt2HVX h?Bb �Hi?Qm;? Bb ;2M2`�HHv �M
BKTQ`i�Mi �bT2+i Q7 i?Bb ivT2 Q7 R. M2m`�H M2irQ`FX h?2 �#BHBiv #2 i`�BM2/ rBi? H�`;2
�KQmMib Q7 H�#Q`�iQ`v /�i� rBi?Qmi �Mv bT�iB�H +QMi2ti �M/ mb2 i?2b2 i`�BM2/ KQ/2Hb
QM BK�;2b Q7 /Bz2`2Mi `2bQHmiBQMb 7Q` 2t�KTH2X �HbQ- .22T:2QJ�T /Q2b MQi 2�bBHv
Qp2`}i 7`QK H�`;2 �KQmMib Q7 i`�BMBM; TBt2Hb 7`QK bT�iB�HHv +HQb2 b�KTH2 BMTmib �b i?2
/�i� Bb `�M/QKHv b?m|2/ �M/ .22T:2QJ�T Bb �Mvr�v MQi i`�BMBM; �Mv bT2+i`�H@bT�iB�H
`2H�iBQMb?BTb- �M/ Q` b?�T2b 7QmM/ BM i?2 b�KTH2 /�i�X h?2 �bbmKTiBQM i?�i i?2 KQ/2H
Qp2`}ib #v i`�BMBM; 8yy 2TQ+?b- ?�b H2�bi � HBiiH2 #�+FmT #v i?2 +�H+mH�i2/ �++m`�+B2b
�M/ HQbbX lbm�HHv Qp2`}iiBM;- Bb BM K�+?BM2 H2�`MBM; /2}M2/ �b- �M/ Q++m`b r?2M i?2
�++m`�+v +QMiBMm2b iQ `Bb2 /m`BM; i`�BMBM; r?BH2 i?2 p�HB/�iBQM �++m`�+v �M/ p�HB/�iBQM
HQbb bi�vb i?2 b�K2 Q` ;2ib rQ`b2- ?2M+2 i?2 KQ/2H HQb2b BM ;2M2`�HBx�iBQM �#BHBiv (Rj-
d)X 6Q` e8 2TQ+?b Q7 i`�BMBM; i?2 KQ/2H b?Qr2/ � p�HB/�iBQM �++m`�+v Uo�V y7 N3X9eW
�M/ p�HB/�iBQM HQbb UoGV Q7 yXy9Nk- 7Q` 3y 2TQ+?b o� Q7 N3X9jW �M/ oG Q7 yXyej3 �M/
7Q` 8yy 2TQ+?b o� Q7 NNX83W �M/ oG Q7 yXyey8X aQ i?2 oG bi�v2/ i?2 b�K2 Qp2` i?2
+Qm`b2 Q7 R8 KQ`2 2TQ+?b mMiBH i?2 3yi? 2TQ+?- #mi `2�+?2/ � Km+? #2ii2` p�Hm2 �7i2`
i`�BMBM; 8yy 2TQ+?b- r?BH2 i?2 HQbb bHB;?iHv ;`2rX aQ Bi Bb ?�`/ iQ b�v B7 i?2 KQ/2H Bb
�+im�HHv Qp2`}iiBM; i?2 /�i� mMiBH 8yy 2TQ+?b- H�i2bi `2b2�`+? #v "2HFBM 2i �HX UkyRNV
b?Qrb i?�i +QKTH2t KQ/2Hb- bm+? �b 7`QK /22T H2�`MBM; M2m`�H M2irQ`Fb- T2`7Q`K �i
?B;? �++m`�+v BM bTBi2 Q7 #2BM; i`�BM2/ iQ 2t�+iHv }i Q` BMi2`TQH�i2 i?2 /�i� (d)X A"J
UkykRV bi�i2b i?�i i?Bb }M/BM; Bb BM /B`2+i +QMi`�/B+iBQM rBi? i?2 U?BbiQ`B+�HV HBi2`�im`2
QM i?Bb iQTB+ (Rj)X aQ K�v#2 Qp2`}iiBM; Q++m`b �i Qp2` 8yy 2TQ+?b- #mi p2`v +H2�`Hv
MQi #27Q`2 i?2 e8i? �M/ 3yi? 2TQ+?X h?2 #Q`/2` T�`ib Q7 i?2 b�KTH2b- r?B+? �`2 MQi
BM �Mv Q7 i?2 i`�BM Uth`�BMV Q` i2bi /�i� Uth2biV- /Q b?Qr � pBbm�H BKT`Qp2K2Mi BM i?2
+H�bbB}+�iBQM #2ir22M i?2 e8 2TQ+? �M/ i?2 8yy 2TQ+? KQ/2HX A7 i?2 KQ/2H rQmH/ ?�p2
Qp2`}ii2/ i?2b2 �`2�b b?QmH/ ;2i Km+? rQ`b2 +H�bbB}+�iBQM `2bmHibX Pp2`}iiBM; +�mb2b
i?2 M2irQ`F iQ HQQb2 Bib ;2M2`�HBx�iBQM �#BHBiv �M/ ?2M+2 +�M QMHv B/2MiB7v i?2 TBt2Hb
#2ii2` i?�i r?2`2 BM i?2 i`�BMBM; BMTmi Uth`�BMV r?BH2 MQM i`�BMBM; BMTmi TBt2Hb Uth2bi
�M/ �HH i?2 Qi?2`bV ;2i +H�bbB}2/ r`QM; KQ`2 Q7i2M- �b i?2 M2irQ`F M2p2` Ƕb22bǶ i?2
/�i� /m`BM; i`�BMBM;X h?2 Qp2`�HH +H�bbB}+�iBQM Q7 i?2 8yy 2TQ+? KQ/2H b?Qr i?2 H2�bi
b+�ii2`2/ KBb+H�bbB}2/ TBt2HbX aQ Qp2`}iiBM; Bb p2`v mMHBF2Hv i?2 +�b2 ?2`2- ?2M+2 i?2
KQ/2H #�bB+�HHv Dmbi H2�`M2/ iQ `2+Q;MBb2 i?2 bT2+i`� BM i?2 /�i� #2ii2`X hQ 7mHHv #�+F
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i?Bb mT- ?Qr2p2`- KQ`2 b�KTH2b Q7 i?2 b�K2 +H�bb2b �M/ ;2Q+?2KBbi`B2b �`2 M22/2/ iQ
#2 �M�Hvb2/X *QMbB/2`BM; i?2 ;2QHQ;B+�H �M/ ;2Q+?2KB+�H #�+F;`QmM/ Q7 i?2 b�KTH2b-
i?�i �HH B`QM Q`2b 7`QK i?2 Z6 �`2 BMi2`@;`�/�iBQM�H �M/ Dmbi `2T`2b2Mi /Bz2`2Mi bi�;2b
Q7 r2�i?2`BM; U(k9)- b2+iBQM kXkXRV- Bi +QmH/ �HbQ #2 �`;m2/ i?�i i?2 M2m`�H M2irQ`F
Bb �#H2 iQ b22 #2;BMMBM; Q7 r2�i?2`BM; i`�MbBiBQMb iQ i?2 Qi?2` Q`2 ;`�/2 ivT2bX h?Bb
BMi2`T`2i�iBQM- �Hi?Qm;? TQbbB#H2- rQmH/ `2[mB`2 �//BiBQM�H /�i� �M/ ;2Q+?2KB+�H �M�H@
vbBb Q7 i?2 b�KTH2 T�`ib i?�i ?�p2 #22M +H�bbB}2/ /Bz2`2MiHv 7Q`K i?2 K�DQ`Biv Q7 i?2
b�KTH2b iQ #2 DmbiB}�#H2X L2p2`i?2H2bb i?2 ;2M2`�H +H�bbB}+�iBQM +�T�#BHBiB2b �`2 p2`v
?B;? 2bT2+B�HHv r?2M +QKT�`2/ iQ Qi?2` K2i?Q/b i?�i +H�bbB}2/ i?Bb /�i� b2i- r?B+?
�`2 i?Q`Qm;?Hv +QKT�`2/ #v EQ2`iBM; UkykRVX AM i?2 7QHHQrBM; � 72r Q7 i?2b2b `2bmHib
rBHH #2 +QKT�`2/ iQ i?2 .22T:2QJ�T `2bmHib �M/ /Bb+mbb2/X

6B;m`2 98- b?Qrb i?2 `2bmHib Q7 .22T:2QJ�T U�V �M/ i?`22 /Bz2`2Mi +H�bbB}+�iBQM
�H;Q`Bi?KbfK2i?Q/b mb2/ #v EQ2`iBM; UkykRV 7Q` i?2 "`�xBHB�M B`QM Q`2 AK�;2X �HH Q7
i?2 �H;Q`Bi?KbfK2i?Q/b /2THQv2/ mb2/ b?�/Qr K�bF2/ Ub?�/Qr bT2+i`� b2i iQ p�Hm2
yV p2`bBQM Q7 i?2 ?vT2`bT2+i`�H BK�;2 7Q` �M�HvbBbX 6B;m`2 98 " b?Qrb i?2 +H�bbB}+�iBQM
BK�;2 Q7 i?2 1M:2QJ�T kXR �H;Q`Bi?K rBi? Bb �M BKT`Qp2/ p2`bBQM Q7 i?2 1M:2QJ�T
kXy p2`bBQM #Qi? /2p2HQT2/ #v *?`BbiB�M JB2HF2 (k9- j3)X h?2 �H;Q`Bi?K mb2b � bT2+i`�H
HB#`�`v +QMbBbiBM; Q7 8t8 TBt2H �p2`�;2 bT2+i`� �+[mB`2/ 7Q`K i?2 R8 b�KTH2bX (ke)X 1M@
:2QJ�T kXR �+?B2p2/ �M �++m`�+v Q7 8jXjkW 7Q` i?Bb /�i� b2iX 6B;m`2 98 * b?Qrb i?2
+H�bbB}+�iBQM `2bmHi Q7 i?2 +H�bbB}+�iBQM `2bmHi Q7 � :6w BMi2`M "BM�`v 62�im`2 6BiiBM;
�H;Q`Bi?K U"66V- r?B+? r�b �HbQ /2p2HQT2/ #v *?`BbiB�M JB2HF2- Bb miBHBbBM; � 9k #�M/
bT2+i`�HHv /QrMb�KTH2/ p2`bBQM Q7 i?2 BK�;2 �M/ �HbQ � bT2+i`�H HB#`�`v +QMbBbiBM; Q7
8t8 TBt2H �p2`�;2 bT2+i`�- Bi �+?B2p2b �M �++m`�+v Q7 d9Xj8WX 6B;m`2 98 . b?Qrb i?2
+H�bbB}+�iBQM `2bmHi Q7 i?2 1LoA aT2+i`�H �M;H2 J�TT2` Ua�JV �+?B2pBM; e8XN8W �+@
+m`�+v �HbQ mbBM; � bT2+i`�H HB#`�`vX *QKT�`BM; i?2 +H�bbB}+�iBQM BK�;2bfK�Tb 7`QK
i?2b2 K2i?Q/b rBi? i?2 .22T:2QJ�T KQ/2H +H�bbB}+�iBQM b?Qrb i?�i Bi T2`7Q`Kb p2`v
r2HH BM i2`Kb Q7 �++m`�+vX JQbi Q7 i?2 b�KTH2b +H�bb2b b?Qr Km+? KQ`2 KBb+H�bbB}@
+�iBQMb +QKT�`2/ iQ i?2 .22T:2QJ�T +H�bbB}+�iBQM- rBi? i?2 2t+2TiBQM Q7 i?2 "66
+H�bbB}+�iBQM Q7 b�KTH2 +H�bb j r?B+? b?Qr �HKQbi MQ KBb+H�bbB}+�iBQMX h?2 pBbm�H
+QKT�`BbQM Q7 i?2 +H�bbB}+�iBQMb �Hi?Qm;? ?�b i?2 +QMbi`�BMi i?�i i?2 K2i?Q/b mb2/
#v EQ2`iBM; UkykRV r?2`2 bHB;?iHv /Bz2`2Mi �b b?�/Qr K�bF2/ p2`bBQMb Q7 i?2 BK�;2
r2`2 mb2/ 7Q` +H�bbB}+�iBQMX 6Q` i?Bb i?2bBb MQ b?�/Qr K�bFb r?2`2 mb2/ iQ i2bi i?2
+H�bbB}+�iBQM +�T�#BHBiv Q7 .22T:2QJ�T KQ/2Hb BM TQQ`Hv HBi �`2�bX 6`QK };m`2b j9-
j8- �M/ je Bi +�M #2 b22M i?�i i?2 b?�/Qr2/ �`2�b r?2`2 +H�bbB}2/ r2HH �M/ i?�i i?2
�++m`�+v 7Q` i?2K BM+`2�b2b rBi? i?2 MmK#2` Q7 2TQ+?bX �i 2TQ+? 8yy QMHv b�KTH2
+H�bb 3 ?�b � bK�HH KBb+H�bbB}2/ b?�/Qr2/ �`2�X h?Bb �#BHBiv Q7 .22T:2QJ�T iQ K�T
i?2 +Q``2+i b�KTH2 +H�bb mM/2` #�/ HB;?iBM; +QM/BiBQMb +�M #22 b22M �b �M �/p�Mi�;2
Qp2` i?2 +H�bbB+�H �H;Q`Bi?Kb T`2b2Mi2/ ?2`2X L2p2`i?2H2bb i?2 +H�bbB+�H �H;Q`Bi?Kb Dmbi
mb2/ QM2 �p2`�;2/ bT2+i`� T2` b�KTH2 +H�bb iQ �+?B2p2 i?2 +H�bbB}+�iBQM b?QrM BM };@

88



6B;m`2 9y, Pp2`pB2r Q7 /Bz2`2Mi +H�bbB}+�iBQM K2i?Q/b 7Q` +QKT�`BbQM Q7 .22T:2QJ�Tb +H�bbB}+�iBQM
+�T�#BHBivX �, h?Bb BK�;2 b?Qrb i?2 T`2/B+i2/ +H�bbB}+�iBQM Q7 i?2 .22T:2QJ�T KQ/2H �7i2` 3y 2TQ+?b
mbBM; i?2 7mHH 9y3 #�M/b- `2bmHiBM; BM � P� Q7 N3XNjWc ", a?Qrb i?2 b?�/Qr K�bF2/ +H�bbB}+�iBQM
`2bmHi Q7 1M:2QJ�T kXR mbBM; i?2 7mHH 9y3 #�M/b rBi? � +H�bbB}+�iBQM �++m`�+v Q7 8jXjkWc *, a?Qrb
i?2 b?�/Qr K�bF2/ +H�bbB}+�iBQM `2bmHi Q7 � :6w "BM�`v 62�im`2 6BiiBM; �H;Q`Bi?K U"66V r?B+? Bb
miBHBbBM; � 9k #�M/ bT2+i`�HHv /QrMb�KTH2/ p2`bBQM Q7 i?2 BK�;2 rBi? �M �++m`�+v Q7 d9Xj8Wc ., b?Qrb
� 7mHH 9y3 #�M/ b?�/Qr K�bF2/ +H�bbB}+�iBQM Q7 i?2 1LoA aT2+i`�H �M;H2 J�TT2` Ua�JV �+?B2pBM;
e8XN8W �++m`�+vX AK�;2b "- *- �M/ . 7`QK EQ2`iBM; UkykRV-
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m`2 98- r?B+? Bb �M �#BHBiv i?�i .22T:2QJ�T H�+FbX AM ;2M2`�H �`2 M2m`�H M2irQ`Fb
p2`v /�i� /2K�M/BM; 7Q` i`�BMBM;- r?B+? Bb �M Bbbm2 K�Mv `2b2�`+?2`b �`2 BKT`QpBM;
i?`Qm;? i?2 bT�iB�H /QK�BM 7Q` 2t�KTH2 #v BKTH2K2MiBM; J�`FQp `�M/QK }2H/b 2X;X
*�Q 2i �HX- UkyRdV Q` amM 2i �HX UkyR8V- Q` Qi?2` K2i?Q/b #v 2X;X .ǶbQmx� 2i �HX- UkykyVX
EQ2`iBM; UkykRV �HbQ �M�Hvx2/ i?2 +QKTmi�iBQM�H iBK2b Q7 i?2 +H�bbB+�H K2i?Q/b b?QrM
};m`2 98X 1M:2QJ�T iQQF 3y3Xkj b2+QM/b- "66- 9kkX8N b2+QM/b �M/ a�J iQQF 8Xyy
b2+QM/b iQ +QKTmi2 i?2 +H�bbB}+�iBQM �Hi?Qm;? .22T:2QJ�T iQQF �`QmM/ 33y b2+QM/b
7Q` i`�BMBM; 3y 2TQ+?b- i?Bb Bb MQi /B`2+iHv +QKT�`�#H2X q?BH2 .22T:2QJ�Tb KQ/2H
i`�BMBM; iBK2 Bb 33y b2+QM/b 7Q` 3y 2TQ+?b- i?Bb KQ/2H U�7i2` #2BM; i`�BM2/V +�M i?2M
+H�bbB7v �Mv ?vT2`bT2+i`�H BK�;2 Q7 i?2 bBx2 �M/ bT2+i`�H /QK�BM Q7 i?2 "`�xBHB�M B`QM
Q`2 b�KTH2b BM mM/2` RybX �HbQ i?2 H�`;2bi ?BM/2`BM; 7�+i 7Q` /B`2+i +QKT�`BbQM Q7 +QK@
Tmi�iBQM�H iBK2b i?�i � /Bz2`2Mi +QKTmi2` b2imT r�b mb2/ 7Q` i?2 +H�bbB}+�iBQMbX �HbQ
i?2 i`�BMBM; r2B;?ib Q7 h2MbQ`6HQr M2m`�H M2irQ`F KQ/2Hb +�M #2 b�p2/ �7i2` i`�BMBM;-
biQ`2/- �M/ `2HQ�/2/ r?2M M22/2/ iQ +H�bbB7v Qi?2` BK�;2b rBi? i?2KX h?`Qm;? biQ`@
BM; �M/ `2HQ�/BM; i?2v /QMǶi HQQb2 �Mv Q7 i?2B` +H�bbB}+�iBQM +�T�#BHBiB2b 7Q` i?2 +H�bb2b
i?2v ?�p2 #22M i`�BM2/ rBi?X h?Bb +�M #2 b22M �b � p2`v bi`QM; �/p�Mi�;2 Q7 M2m`�H
M2irQ`Fb BM i2`Kb Q7 iBK2 �M/ 2M2`;v 2{+B2M+v 7Q` i?2 +H�bbB}+�iBQM Q7 � H�`;2 �KQmMib
Q7 ?vT2`bT2+i`�H BK�;2b rBi? T`2@/2}M2/ i�`;2i +H�bb2b- HBF2 Bi Bb i?2 +�b2 rBi? bT2+B}+
UB`QMV Q`2 ivT2b- +QKT�`2/ iQ +H�bbB+�H �H;Q`Bi?KbX h?2 e8- 3y- �M/ 8yy 2TQ+? KQ/2Hb
7Q` 2t�KTH2 r2`2 b�p2/ �M/ +�M #2 `2HQ�/2/ �M/ mb2/ iQ +H�bbB7v �Mv M2r Q` Qi?2`
?vT2`bT2+i`�H BK�;2 UBM i?2 b�K2 bT2+i`�H /QK�BMV i?�i BM+Hm/2b �Mv Q7 i?2 i`�BMBM;
Q`2 ivT2b- 7m`i?2` i?2 T`2/B+iBQMf+H�bbB}+�iBQM iBK2 rQmH/ i?2M #2 i?2 b�K2 7Q` �HH j
KQ/2Hb UmM/2` RybVX >2M+2 BMp2biBM; KQ`2 iBK2 BM KQ/2H i`�BMBM;- #v i`�BMBM; 7Q` KQ`2
2TQ+?b- +�M #2 #2M2}+B�H mM/2` +2`i�BM +B`+mKbi�M+2b- �M/ B7 i?2 KQ/2Hb �++m`�+v BK@
T`Qp2b i?`Qm;? BiX EQ2`iBM; UkykRV �HbQ mb2/ /Bz2`2Mi M2m`�H M2irQ`Fb iQ +H�bbB7v i?2
"`�xBHB�M B`QM Q`2- i?`22 Q7 i?2K �`2 BM 7QHHQrBM; mb2/ 7Q` +QKT�`BbQMX � R. "�b2HBM2
LL #v �m/2#2`i 2i �HX- UkyRNV- � R. *LL #v >m 2i �HX- UkyR8V �M/ � j. *LL #v GB
2i �HX- UkyRdVX h?2 `2bmHiBM; +H�bbB}+�iBQM K�Tb �`2 +QKT�`2/ iQ i?2 .22T:2QJ�T 3y
2TQ+? KQ/2H BM 6B;m`2 9k- MQi2 i?�i i?2 +QHQ`K�T Q7 i?2 +H�bbB}+�iBQMb Bb � /Bz2`2MiX
� p�HB/�iBQM BK�;2 rBi? i?Bb +QHQ`K�T Bb b?QrM BM 6B;m`2 9RX �HH Q7 i?2 KQ/2Hb Q7 i?2
i?`22 M2m`�H M2irQ`Fb r?2`2 i`�BM2/ rBi? ky383 BMTmi TBt2H b�KTH2b Uth`�BMV(k9) 7Q`
Ryy 2TQ+?b rBi? #�i+? bBx2b Q7 RyyX h?2 R. "�b2HBM2 LL #v �m/2#2`i 2i �HX- UkyRNV
�+?B2p2b �M �++m`�+v Q7 3NX3W U6B;m`2 9k "V- Bi b?Qrb K�Mv KBb+H�bbB}+�iBQMb 7Q` b�K@
TH2b R- k- j- e- 3- Rj- R9 �M/ R8- r?BH2 i?2 `2bi b?Qr2b HBiiH2 KBbK�i+?2bX h?2 R.*LL
#v >m 2i �HX UkyR8V `2�+?2b �M �++m`�+v Q7 d8XkW �M/ �HbQ b?Qrb i?2 KQbi KBb+H�b@
bB}+�iBQMb Q7 �HH i?`22 M2m`�H M2irQ`Fb 7Q` i?Bb /�i� b2i �+`Qbb i?2 b�KTH2b 2t+2Ti 7Q`
b�KTH2 RR �M/ R8- r?B+? b?Qr QTiB+�HHv ;QQ/ `2bmHib U6B;m`2 9k *VX h?2 j. *LL #v GB
2i �HX UkyRdV- Bb �+?B2pBM; NjXNW �++m`�+v �M/ Bb ?2M+2 i?2 +HQb2bi BM i2`Kb Q7 �++m`�+v
iQ i?2 .22T:2QJ�T KQ/2HX PTiB+�H BMbT2+iBQM �Hi?Qm;? b?Qrb i?�i i?2`2 �`2 b2p2`�H
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KBb+H�bbB}+�iBQMb BM b�KTH2 R �M/ N U6B;m`2 9k .VX EQ2`iBM; UkykRV bi�i2/ i?�i i?Bb
r�b p2`v HBF2Hv +�mb2/ #v Qp2`}iiBM;X h?Bb b22Kb TH�mbB#H2 �b i?2 QTiB+�H BMbT2+iBQM
Q7 i?2 +H�bbB}+�iBQM /Q2b MQi +Q``2H�i2 rBi? i?2 p2`v ?B;? NjXNW �++m`�+vX j. M2m`�H
M2irQ`Fb mbm�HHv M22/ H2bb 2TQ+?b �M/ /�i� �b R. M2irQ`Fb BM Q`/2` iQ `2�+? i?2B`
QTiBK�H �++m`�+v �M/ T`2/B+iBQM `2bmHiX h?2 j.*LL KQ/2H �b r2HH �b #Qi? R. KQ/2Hb
r?2`2 ;Bp2M /BbDQBMi /�i� BMTmib U?vT2`bT2+i`�H TBt2Hb rBi? +HQb2 bT�iB�H `2H�iBQMb f Q`
?vT2`bT2+i`�H TBt2H #HQ+FbVX .22T:2QJ�Tb /�i� QM i?2 Qi?2` ?�M/ Bb �HbQ i�F2M 7`QK
� /BbDQBMi T�`i Q7 i?2 BK�;2 Ub22 };m`2 keV- #mi i?2M bTHBii2/ �M/ `�M/QKBx2/ eyf9y
BM i`�BM �M/ i2bi /�i� #27Q`2 #2BM; ;Bp2M iQ i?2 KQ/2HX 6Q` R. KQ/2Hb- i?�i �M�Hvx2
i?2 bT2+i`�H /QK�BM QMHv- `�M/QK Q` /BbDQBMi BMTmi b?QmH/ BM i?2Q`v MQi BM~m2M+2 i?2
�++m`�+v bi`QM;Hv- �b i?2v /QMǶi miBHBb2 i?2 bT2+i`�H@bT�iB�H `2H�iBQMb?BTb- rBi? i?2 2t@
+2TiBQM Q7 bT�iB�HHv +Hmbi2`2/ bT2+i`�H /Bz2`2M+2b BMbB/2 � b�KTH2 +H�bbX h?Bb Bb #2+�mb2
i?2 KQ/2H rQmH/ i?2M M2p2` Ƕb22Ƕ i?2 bT2+i`� i?�i �`2 7Q` 2X;X BM � +Q`M2` MQi +Qp2`2/
#v i?2 /BbDQBMi i`�BMBM; BMTmi (8)X 6Q` i?2 j.*LL KQ/2H Bi b?QmH/ K�F2 � /Bz2`2M+2
�b i?2 bT2+i`�H@bT�iB�H `2H�iBQMb?BTb �`2 BKTQ`i�Mi 7Q` i?2B` �++m`�+v �M/ 2p2MHv /Bb@
i`B#mi2/ `�M/QK BMTmi �HHQrb i?2 KQ/2H iQ T`2/B+i i?2 bT�iB�H b?�T2b Q7 i?2 72�im`2b
UBM+Hm/BM; ;`�BM bBx2b- i2tim`2b 7Q` i?Bb Q`2 /�i� b2i 7Q` 2X;XV BM i?2 BK�;2b 2�bB2` (8)X
h�#H2b d �M/ 3 b?Qrb � +QKT�`BbQM Q7 i?2 KQbi BKTQ`i�Mi p�Hm2bX

Pp2`�HH- i?2 +H�bbB}+�iBQM �++m`�+v Q7 i?2 .22T:2QJ�T KQ/2H Bb i?2 ?B;?2bi Q7
i?2 7Qm` M2m`�H M2irQ`Fb b?QrM BM };m`2 9k- r?BH2 mbBM; � HBiiH2 KQ`2 i`�BMBM; /�i�
Uk9NeN TBt2HbfbT2+i`� pbX ky383 TBt2HbfbT2+i`�V- #mi H2bb 2TQ+?b U3y 2TQ+?b pbX Ryy
2TQ+?bVX h?Bb r�b ?QT2/ 7Q` �b .22T:2QJ�T r�b bT2+B}+�HHv /2p2HQT2/ 7Q` i?Bb FBM/
Q7 ;2QHQ;B+�H ?vT2`bT2+i`�H BK�;2 +H�bbB}+�iBQM Ub2+iBQM NVX h?2 B`QM Q`2b T`2b2Mi HBiiH2
bT�iB�H 72�im`2 p�`B�#BHBiv BM i?2 bK�HH ;`�BM2/ T�`ib Q7 i?2 b�KTH2b �i i?Bb `2bQHmiBQM
U;`�BM bBx2bV- r?BH2 i?2 `Q+Fb b?Qr ?B;? �M/ +QKTH2t p�`B�#BHBiv �KQM; i?2B` bT�iB�H
b?�T2b- i?2`2 �`2 �HbQ MQ H�`;2` b+�H2 +?�`�+i2`BbiB+ bT�iB�H b?�T2b U�HH b�KTH2b r2`2
�``�M;2/ BM i?2 b�K2 9t9+K b[m�`2bV �M/ ?2M+2 +H�bbB}+�iBQM Bb T`2bmK�#Hv #2M2}iiBM;
i?2 KQbi 7`QK i?2 bT2+i`�H /QK�BMX
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6B;m`2 9R, �, h`m2 +QHQ` BK�;2 Q7 i?2 b�KTH2bX ", h?Bb BK�;2 b?Qrb i?2 +H�bbB}+�iBQM p�HB/�iBQM rBi?
i?2 +QHQ`K�T mb2/ 7Q` i?2 .22T H2�`MBM; KQ/2Hb BM 6B;m`2 9k- KQ/B}2/ �7i2` EQ2`iBM; UkykRVX h?2
+H�bbfb�KTH2 MmK#2` �`2 K�`F2/ QM i?2 �++Q`/BM; +QHQ` p�HB/�iBQMX

h�#H2 d, *QKT�`BbQM Q7 �++m`�+v �M/ +QKTmi�iBQM iBK2b Q7 .22T:2QJ�T �M/ Qi?2` K2i?Q/b 7Q` i?2
"`�xBHB�M B`QM Q`2 /�i� b2i- KQ/B}2/ �7i2` EQ2`iBM; UkykRVX  .Bz2`2Mi +QKTmi�iBQM�H b2imTX
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6B;m`2 9k, Pp2`pB2r Q7 /Bz2`2Mi +H�bbB}+�iBQM K2i?Q/b 7Q` +QKT�`BbQM Q7 .22T:2QJ�Tb +H�bbB}+�iBQM
+�T�#BHBivX �, h?Bb BK�;2 b?Qrb i?2 T`2/B+i2/ +H�bbB}+�iBQM Q7 i?2 .22T:2QJ�T KQ/2H �7i2` 3y
2TQ+?b- `2bmHiBM; BM � P� Q7 N3XNjWc ", a?Qrb +H�bbB}+�iBQM Q7 � R. "�b2HBM2 LL #v �m/2#2`i 2i �HX
UkyRNV- rBi? � +H�bbB}+�iBQM �++m`�+v Q7 3NX3Wc *, a?Qrb i?2 +H�bbB}+�iBQM `2bmHi Q7 � R.*LL #v >m
2i �HX UkyR8V- rBi? �M �++m`�+v Q7 d8XkWc ., b?Qrb � +H�bbB}+�iBQM Q7 � j. *LL #v GB 2i �HX UkyRdV-
�+?B2pBM; NjXNW �++m`�+vX AK�;2b "- *- �M/ . 7`QK EQ2`iBM; UkykRV
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h�#H2 3, *QKT�`BbQM Q7 �++m`�+v �M/ Qi?2` T�`�K2i2`b Q7 .22T:2QJ�T �M/ � R. "�b2HBM2 LL #v
�m/2#2`i 2i �HX- UkyRNV- � R. *LL #v >m 2i �HX- UkyR8V �M/ � j. *LL #v GB 2i �HX- UkyRdV 7Q` i?2
"`�xBHB�M B`QM Q`2 /�i� b2i- KQ/B}2/ �7i2` EQ2`iBM; UkykRVX

9Xk �THBFB
h?2 `2bmHib 7Q` i?2 �THBFB /�i� +QM}`K i?�i Bi Bb TQbbB#H2 iQ T`2/B+i � b2MbB#H2 +H�bbB}@
+�iBQM K�T Q7 � KBM2 7�+2 b+�M rBi? � .22T:2QJ�T KQ/2H i?�i r�b bQH2Hv i`�BM2/ QM
;2Q+?2KB+�HHv p�HB/�i2/ H�#Q`�iQ`v ?vT2`bT2+i`�H BK�;2 /�i�X 6Q` i?2 �THBFB H�#Q`�@
iQ`v b�KTH2b- i?2 P� rQmH/ T`2bmK�#Hv #2 bHB;?iHv HQr2` #v mbBM; i?2 _PAb Q7 };m`2
jd- #mi biBHH r2HH Qp2` NyW- r?B+? +�M #2 `2;�`/2/ �b �M �++m`�i2 +H�bbB}+�iBQMX AM
i?2 +�b2 Q7 i?2 �THBFB b�KTH2 /�i� Bi r�b KQ`2 +H2�` r?2M i?2 .22T:2QJ�T KQ/2H
b?Qr2/ Qp2`}iiBM; +QKT�`2/ iQ i?2 "`�xBHB�M B`QM Q`2 b�KTH2bX h?2 KQ/2H r�b i`�BM2/
7Q` 8y 2TQ+?b iQ }M/ i?�i QTiBK�H p�HB/�iBQM �++m`�+v �M/ HQbbX h?Bb r�b `2�+?2/ �i
9k 2TQ+?bX "27Q`2 i?2 +H�bbB}+�iBQMb �M/ HQbb b?Qr2/ bB;Mb Q7 mM/2`}iiBM;- �M/ �7i2`
8y 2TQ+?b Qp2`}iiBM; #2+�K2 �M Bbbm2X >2M+2 h?2 Bbbm2 rBi? `2~2+i2/ HB;?i 7Q`K i?2
TH�biB+ +QMi�BM2`b Bb p2`v 2pB/2Mi B7 i?2 M2;�iBp2 Q7 i?2 K�bF2/ b�KTH2 +H�bbB}+�iBQM Bb
BMbT2+i2/ U};m`2 jdVX �`QmM/ i?2 b�KTH2 �`2�b �`2 Q7i2M KBb+H�bbB}2/ #v i?2 .22T:2@
QJ�T KQ/2HX h?Bb ;2ib p2`v 2pB/2Mi B7 i?2 #�+F;`QmM/ �`2� UrBi?Qmi b?�/Qr@K�bFBM;V
Bb K�bF2/ Qmi Q7 i?2 +H�bbB}+�iBQM `2bmHi U};m`2 9j �V- Q` pB+2 p2`b� i?2 +H�bbB}+�iBQM
Q7 i?2 `Q+Fb 7`QK i?2 #�+F;`QmM/ U};m`2 9j "VX

h?2 Bbbm2 rBi? i?2 KBb+H�bbB}2/ TH�biB+ +QMi�BM2`b- BM r?B+? i?2 b�KTH2b r2`2
TH�+2/- +QmH/ T`Q#�#Hv #2 bQHp2/ #v bBKTHv �//BM; KQ`2 #�+F;`QmM/ /�i� 7Q` +H�bb
3 U#�+F;`QmM/V �M/ i?2M H2i i?2 KQ/2H i`�BM 7Q` HQM;2` �b i?2 +QKTH2tBiv Q7 i?2 TH�biB+

eR



6B;m`2 9j, �, �THBFB H�#Q`�iQ`v b�KTH2b +H�bbB}+�iBQM Q7 �M .22T:2QJ�T 9k 2TQ+? KQ/2H- rBi?
�M p�HB/�iBQM �++m`�+v Q7 N3X3jW- r?2`2 i?2 �`2�b QmibB/2 Q7 i?2 _PAb b?QrM BM };m`2 jd " Ui?2
#�+F;`QmM/ rBi?Qmi b�KTH2bV ?�b #22M K�bF2/ QmiX h?2 p�HB/�iBQM �++m`�+v Bb MQi BM+Hm/BM; i?2
#�+F;`QmM/ +H�bbB}+�iBQM U"Vc ", h?2 M2;�iBp2 Q7 �- i?2 +H�bbB}+�iBQM BK�;2 7Q` i?2 #�+F;`QmM/ �`2�b
rBi? i?2 �`2�b Q7 i?2 b�KTH2 p�HB/�iBQM K�bF2/ QmiX LQi2 i?�i 7Q` � T2`72+i #�+F;`QmM/ +H�bbB}+�iBQM
i?Bb BK�;2 rQmH/ ?�p2 iQ #2 2MiB`2Hv #H�+F- rBi? i?2 2t+2TiBQM Q7 i?2 p2`v +HQb2 /B`2+i bm``QmM/BM;b Q7
i?2 `Q+Fb b�KTH2b �b i?2 p�HB/�iBQM /Q2b MQi +Qp2` i?2K +QKTH2i2Hv U+`Qbb +?2+F, };m`2 jd �VX "Qi?
BK�;2b U� � "V iQ;2i?2` rQmH/ �;�BM `2bmHi BM i?2 +QKTH2i2 +H�bbB}+�iBQM BK�;2 b?QrM BM };m`2 jdX

ek



`2~2+i�M+2 b22Kb [mBi2 ?B;? bBM+2 Bi `2T`2b2Mib � KBt Q7 i?2 TH�biB+ bm`7�+2 +Q�iBM; �M/
i?2 `2~2+i2/ bT2+i`� 7`QK i?2 b�KTH2b- r?BH2 #2BM; p2`v /�`F �M/ ?2M+2 MQBbvX aQK2
Q7 i?2 `2~2+i2/ bT2+i`� r2`2 �HbQ +H�bbB}2/ �b i?2 KQbi T`QtBK�H `Q+F b�KTH2b- r?B+?
+QmH/ BKTHv i?�i i?�i i?2 .22T:2QJ�T KQ/2H Bb BM i?2b2 72r +�b2b +�T�#H2 Q7 B/2MiB@
7vBM; i?2 bT2+i`� 2p2M mM/2` p2`v /BbiQ`i2/ `2~2+iBp2 +QM/BiBQMb U�b .22T:2QJ�T /Q2b
MQi +QMbB/2` �Mv bT2+i`�H@bT�iB�H `2H�iBQMb?BTbVX h?2 bT2+i`mK Q7 i?2 b?�/Qrb i?�i i?2
.22T:2QJ�T KQ/2H i`�BM2/ rBi? �`2 �HbQ p2`v +HQb2 iQ i?2 bT2+i`� `2~2+i2/ #v i?2
TH�biB+ +QMi�BM2`b Ub22 };m`2 99V- i?Bb �M/ i?2 MQBb2 Bb T`Q#�#Hv i?2 `2�bQM r?v i?2`2
�`2 bQ K�Mv KBb+H�bbB}+�iBQMb BM i?2 #�+F;`QmM/ �`2�bX >2M+2 Bi Bb HBF2Hv i?�i Bi rQmH/
`2[mB`2 bQK2 2tT2`BK2MiBM; �M/ 2zQ`i iQ BKT`Qp2 i?2 +H�bbB}+�iBQM Q7 i?2 #�+F;`QmM/
r?2M MQ b?�/Qr@K�bFBM; Q7 i?2 /�i� Bb rBb?2/ 7Q`X h?Bb �Hi?Qm;? KB;?i QMHv #2 `2H2@
p�Mi 7Q` p2`v bT2+B}+ �TTHB+�iBQMbX >2M+2 Bi +�M #2 b�B/ i?�i i?2 �#BHBiv iQ K�T `Q+F
b�KTH2b BM i?2 b?�/Qr2/ �`2�b KQ`2 �++m`�i2- +�M H2�/ iQ Qp2`}iiBM; Q7 Qi?2` /�`F
K�i2`B�Hb i?�i r2`2 MQi T�`i Q7 i?2 i`�BMBM; BMTmi �M/ +�M #2 b22M �b � i`�/2QzX qBi?
� #2ii2` b2H2+iBQM Q7 #�+F;`QmM/ U_PAV b�KTH2 BMTmi i?Bb +QmH/ 2p2Mim�HHv #2 bQHp2/-
bBM+2 .22T:2QJ�T KQ/2Hb +�M �HbQ /Bz2`2MiB�i2 rBi? p2`v ?B;? �++m`�+v #2ir22M i?2
b?�/Qr2/ �`2�b Q7 i?2 `Q+F b�KTH2bX

h?2 +H�bbB}+�iBQM +�T�#BHBiv Q7 i?2 9k 2TQ+? .22T:2QJ�T KQ/2H Bb BM 7QHHQrBM;
+QKT�`2/ iQ � "BM�`v 62�im`2 6BiiBM; �M/ � 1LoA aT2+i`�H �M;H2 J�TT2` Ua�JV
+H�bbB}+�iBQM Q7 i?2 �THBFB H�#Q`�iQ`v /�i� U};m`2 98VX h?2b2 `2T`2b2Mi i?2 #2bi +H�bbB@
}+�iBQM `2bmHib Q7 i?Bb /�i� b2i 7`QK i?2 +H�bbB}+�iBQMb +QM/m+i2/ #v EQ2`iBM; UkykRVX
6B;m`2 98 � b?Qrb i?2 T`2/B+i2/ +H�bbB}+�iBQM Q7 i?2 .22T:2QJ�T KQ/2H �7i2` 9k
2TQ+?b mbBM; 9yy #�M/b- rBi? �M p�HB/�iBQM �++m`�+v Q7 N3X3jWX 6B;m`2 98 " b?Qrb
i?2 b?�/Qr K�bF2/ +H�bbB}+�iBQM `2bmHi Q7 "BM�`v 62�im`2 6BiiBM; U"66V mbBM; i?2 9yy
#�M/b- �M/ � je bT2+i`� HB#`�`v- rBi? � +H�bbB}+�iBQM �++m`�+v Q7 3R-jNW- * b?Qrb �
9yy #�M/ b?�/Qr K�bF2/ +H�bbB}+�iBQM Q7 i?2 1LoA aT2+i`�H �M;H2 J�TT2` Ua�JV
rBi? je BMTmi bT2+i`� �+?B2pBM; 38XRjW �++m`�+v- �M/ . b?Qrb i?2 b?�/Qr K�bF2/
+H�bbB}+�iBQM `2bmHi Q7 "66 r?B+? Bb miBHBbBM; � dy #�M/ bT2+i`�HHv /QrMb�KTH2/ p2`bBQM
Q7 i?2 BK�;2- �M/ je BMTmi bT2+i`�- rBi? �M �++m`�+v Q7 38XeWX AK�;2b "- *- . BM+Hm/2
b�KTH2b i?�i r2`2 MQi T�`i Q7 i?2 je ;2Q+?2KB+�HHv p2`B}2/ b�KTH2b- ?2M+2 i?2b2 r2`2
B;MQ`2/ �M/ MQi T�`i Q7 i?2 i`�BMBM; BMTmi 7Q` i?2 .22T:2QJ�T +H�bbB}+�iBQM Ub22 b2+@
iBQM kXjXkX q?BH2 i?Bb b?Qrb i?�i .22T:2QJ�Tb KQ/2H +�M T`2/B+i i?2 `Q+F b�KTH2
+H�bb2b KQ`2 �++m`�i2 Bi �HbQ b?Qrb i?�i i?2 #�+F;`QmM/ +H�bbB}+�iBQM /Q2b MQi rQ`F �b
;QQ/X GQQFBM; 2t+HmbBp2Hv QM i?2 `Q+F b�KTH2 �M/ #�+F;`QmM/ +H�bbB}+�iBQMb Ub?QrM BM
};m`2b 9e �M/ 9dV i?Bb #2+QK2b KQ`2 2pB/2MiX h?2 `2�bQM 7Q` i?2b2 #�+F;`QmM/ 2``Q`b
#v i?2 .22T:2QJ�T KQ/2H Bb /Bb+mbb2/ �#Qp2 �M/ Bb HBF2Hv /Q iQ bT2+i`�H bBKBH�`Biv
#2ir22M i?2 i`�BMBM; BMTmi Q7 b?�/Qr2/ `Q+F b�KTH2b �M/ i?2 `2~2+iBQMb Q7 i?2 TH�biB+
+QMi�BM2`bX h?�i i?Bb Bb /m2 iQ bT2+i`�H bBKBH�`Biv �M/ MQi Qp2`}iiBM; Bb �HbQ #�+F2/ #v
i?2 7�+i i?�i i?2 "BM�`v 62�im`2 6BiiBM; 9yy #�M/ BK�;2 +H�bbB}+�iBQM �HbQ b?Qrb p2`v

ej



6B;m`2 99, �, AM/B+�iBM; i?2 HQ+�iBQM U`2/ +`QbbV Q7 i?2 bT2+i`�H K2�bm`2K2Mi b?QrM BM " 7Q` �
b?�/Qr2/ T�`i Q7 � b�KTH2 i?�i ?�b #22M BMTmi iQ i?2 .22T:2QJ�Tb KQ/2H i`�BMBM;X ", aT2+i`� Q7
� b?�/Qr2/ �`2� i?�i ?�b #22M mb2/ 7Q` i`�BMBM;X *, h?2 HQ+�iBQM Q7 i?2 bT2+i`�H K2�bm`2K2Mi U`2/
+`QbbV b?QrM BM . 7Q` i?2 2/;2 Q7 � TH�biB+ +QMi�BM2`X ., h?2 bT2+i`mK Q7 � TH�biB+ +QMi�BM2` 2/;2-
MQiB+2 i?2 MQBb2- �M/ i?2 bBKBH�`Biv iQ i?2 bT2+i`� Q7 i?2 b?�/Qr2/ �`2� Q7 � KBM2`�H b�KTH2 b?QrM BM
"X

bBKBH�` �M/ Q7i2M iQ i?2 .22T:2QJ�T KQ/2H K�i+?BM; #�+F;`QmM/ KBb+H�bbB}+�iBQMb
U};m`2 9d "VX

h?2 `2bmHib Q7 i?2 KBM2 7�+2 b+�M �`2 �HbQ b?Q`iHv +QKT�`2/ rBi? irQ +H�bbB}+�iBQMb
+QM/m+i2/ #v EQ2`iBM; UkykRV �M/ /Bb+mbb2/ Ub22 b2+iBQM jXkVX h?Bb +H�bbB}+�iBQM �H@
i?Qm;? Bb KQ`2 QT2M iQ ;2QHQ;B+�H BMi2`T`2i�iBQM �M/ �++m`�+B2b +�MMQi #2 +�H+mH�i2/
bQ 2�bBHvX h?2 `2bmHib Q7 i?2 9k 2TQ+? .22T:2QJ�T KQ/2H +H�bbB}+�iBQM �`2 b?QrM
M2ti iQ i?2 +H�bbB}+�iBQMb Q7 i?2 "BM�`v 72�im`2 }iiBM; U"66V mbBM; jNy #�M/ �M/ je
HB#`�`v bT2+i`� �M/ i?2 aT2+i`�H �M;H2 J�TT2` Ua�JV +H�bbB}+�iBQM mbBM; i?2 b�K2
#�M/b �M/ bT2+i`�H BMTmiX �HH i?`22 +H�bbB}+�iBQMb +Q``2+iHv K�T i?2 #`Q�/2` ;2QHQ;B+�H
BMi2`T`2i�iBQM �7i2` �MiBp�+?Bb UkyR8V �M/ EQ2`iBM; UkykRV- rBi? i?2 2t+2TiBQMb i?�i
i?2 "BM�`v 62�im`2 6BiiBM; U"66V �M/ i?2 aT2+i`�H �M;H2 J�TT2` Ua�JV Qp2`2biBK�i2
i?2 Q++m``2M+2 Q7 i?2 ;vTbmK KBM2`�HBx�iBQM HBF2Hv /m2 iQ �iKQbT?2`B+ #�M/b (k9)X h?Bb

e9



6B;m`2 98, Pp2`pB2r Q7 /Bz2`2Mi +H�bbB}+�iBQM K2i?Q/b 7Q` +QKT�`BbQM Q7 .22T:2QJ�Tb +H�bbB}+�iBQM
+�T�#BHBiv 7Q` i?2 �THBFB G�# /�i�X �, h?Bb BK�;2 b?Qrb i?2 T`2/B+i2/ +H�bbB}+�iBQM Q7 i?2 .22T@
:2QJ�T KQ/2H �7i2` 9k 2TQ+?b mbBM; 9yy #�M/b- rBi? �M p�HB/�iBQM �++m`�+v Q7 N3X3jWc ", a?Qrb
i?2 b?�/Qr K�bF2/ +H�bbB}+�iBQM `2bmHi Q7 "BM�`v 62�im`2 6BiiBM; U"66V mbBM; i?2 9yy #�M/b- �M/
� je bT2+i`� HB#`�`v- rBi? � +H�bbB}+�iBQM �++m`�+v Q7 3R-jNWc *, b?Qrb � 9yy #�M/ b?�/Qr K�bF2/
+H�bbB}+�iBQM Q7 i?2 1LoA aT2+i`�H �M;H2 J�TT2` Ua�JV rBi? je BMTmi bT2+i`� �+?B2pBM; 38XRjW
�++m`�+vX c ., a?Qrb i?2 b?�/Qr K�bF2/ +H�bbB}+�iBQM `2bmHi Q7 "66 r?B+? Bb miBHBbBM; � dy #�M/
bT2+i`�HHv /QrMb�KTH2/ p2`bBQM Q7 i?2 BK�;2- �M/ je BMTmi bT2+i`�- rBi? �M �++m`�+v Q7 38XeWX LQi2
i?�i AK�;2b "- *- . BM+Hm/2 b�KTH2b i?�i r2`2 MQi T�`i Q7 i?2 je ;2Q+?2KB+�HHv p2`B}2/ b�KTH2b-
?2M+2 i?2Bv r2`2 B;MQ`2/ 7Q` i?2 .22T:2QJ�T +H�bbB}+�iBQMX AK�;2b "- *- �M/ . �7i2` EQ2`iBM;
UkykRV

e8



6B;m`2 9e, Pp2`pB2r Q7 /Bz2`2Mi +H�bbB}+�iBQM K2i?Q/b 7Q` +QKT�`BbQM Q7 .22T:2QJ�Tb +H�bbB}+�iBQM
+�T�#BHBiv 7Q` i?2 �THBFB G�# /�i�X a�K2 AK�;2b �b BM };m`2 98- 2t+2Ti i?�i i?2 #�+F;`QmM/ Q7 �HH
BK�;2b ?�b #22M K�bF2/ QmiX �, h?Bb BK�;2 b?Qrb i?2 T`2/B+i2/ +H�bbB}+�iBQM Q7 i?2 .22T:2QJ�T
KQ/2H �7i2` 9k 2TQ+?b mbBM; 9yy #�M/b- rBi? �M p�HB/�iBQM �++m`�+v Q7 N3X3jWc ", a?Qrb i?2 b?�/Qr
K�bF2/ +H�bbB}+�iBQM `2bmHi Q7 "BM�`v 62�im`2 6BiiBM; U"66V mbBM; i?2 9yy #�M/b- �M/ � je bT2+i`�
HB#`�`v- rBi? � +H�bbB}+�iBQM �++m`�+v Q7 3R-jNWc *, b?Qrb � 9yy #�M/ b?�/Qr K�bF2/ +H�bbB}+�iBQM Q7
i?2 1LoA aT2+i`�H �M;H2 J�TT2` Ua�JV rBi? je BMTmi bT2+i`� �+?B2pBM; 38XRjW �++m`�+vX c ., a?Qrb
i?2 b?�/Qr K�bF2/ +H�bbB}+�iBQM `2bmHi Q7 "66 r?B+? Bb miBHBbBM; � dy #�M/ bT2+i`�HHv /QrMb�KTH2/
p2`bBQM Q7 i?2 BK�;2- �M/ je BMTmi bT2+i`�- rBi? �M �++m`�+v Q7 38XeWX LQi2 i?�i AK�;2b "- *- .
?�p2 AK�;2b "- *- �M/ . KQ/B}2/ �7i2` EQ2`iBM; UkykRV

ee



6B;m`2 9d, 1``Q` K�T Q7 i?2 #�+F;`QmM/ +H�bbB}+�iBQM Q7 /Bz2`2Mi +H�bbB}+�iBQM K2i?Q/b 7Q` +QKT�`@
BbQM Q7 .22T:2QJ�Tb +H�bbB}+�iBQM +�T�#BHBiv 7Q` i?2 �THBFB G�# /�i�X a�K2 AK�;2b �b BM };m`2 9e-
2t+2Ti i?�i i?2 `Q+F b�KTH2 p�HB/�iBQMb Q7 �HH BK�;2b ?�b #22M K�bF2/ QmiX LQi2 i?�i 7Q` � T`272+i
#�+F;`QmM/ +H�bbB}+�iBQM i?Bb BK�;2 rQmH/ ?�p2 iQ #2 2MiB`2Hv #H�+F- rBi? i?2 2t+2TiBQM Q7 i?2 +HQb2
/B`2+i bm``QmM/BM;b Q7 i?2 `Q+Fb b�KTH2b �b i?2 p�HB/�iBQM /Q2b MQi +Qp2` i?2K +QKTH2i2Hv U+`Qbb
+?2+F, };m`2 jd �VX >2M+2 h?Bb b?Qrb `Qm;?Hv i?2 KBb+H�bbB}+�iBQMb Q7 i?2 #�+F;`QmM/ Q7 .22T:2@
QJ�T U�V- "66 U" U9yy #�M/bV �M/ . Udy #�M/bVV- �M/ a�J U*VX AK�;2b "- *- �M/ . KQ/B}2/ �7i2`
EQ2`iBM; UkykRV

ed



Bb T`Q#�#Hv MQi i?2 +�b2 Q7 7Q` i?2 .22T:2QJ�T +H�bbB}+�iBQM �b QMHv bK�HH2` `2;BQMb
�`2 K�TT2/ �b ;vTbmKX h?2 .22T:2QJ�T KQ/2H QM i?2 Qi?2` ?�M/- K�Tb � HQi Q7
�`2�b Q7 +Hmbi2`f+H�bb j BM i?2 KB//H2 Q7 i?2 QT2M +miX h?Bb �+im�HHv +QmH/ `2T`2b2Mi i?2
mM/2`HvBM; ;2QHQ;v �b +Hmbi2` j �M/ +Hmbi2` e #Qi? BM+Hm/2 +?HQ`Bi2@;`QmT KBM2`�Hb �M/
r?B+? rQmH/ #2 2tT2+i2/ �7i2` i?2 �M�HvbBb Q7 EQ2`iBM; UkykRV �M/ �MiBp�+?Bb UkyR8VX
Pp2`�HH Bi +�M #2 b�B/ i?�i Bi Bb TQbbB#H2 iQ +`2�i2 � ;2QHQ;B+�Hv b2MbB#H2 KBM2 7�+2 K�T
7`QK �M ?vT2`bT2+i`�H BK�;2 rBi? � .22T:2QJ�T KQ/2H i?�i ?�b #22M i`�BM2/ rBi?
;2Q+?2KB+�HHv p�HB/�i2/ H�#Q`�iQ`v ?vT2`bT2+i`�H b�KTH2 /�i� 7Q`K i?�i KBM2X

e3



6B;m`2 93, �, _:" `2T`2b2Mi�iBQM Q7 i?2 �THBFB QT2M +mi KBM2 7�+2- h`m2 +QHQ` U_, e9yMK Ĝ #�M/
ej- :, 89NMK Ĝ #�M/ j3- ", 983MK Ĝ #�M/ RjVc ", Ǵi?2 ;2QHQ;B+�H K�TTBM; Q7 i?2 QT2M +mi U"V-
#�b2/ QM �MiBp�+?Bb UkyR8VǴ *, *H�bbB}+�iBQM #v Q7 i?2 "BM�`v 62�im`2 6BiiBM; U"66V �H;Q`Bi?K mbBM;
jNy #�M/b �M/ je bT2+i`�X ., *H�bbB}+�iBQM Q7 i?2 aT2+i`�H �M;H2 J�TT2` Ua�JV mbBM; jNy #�M/b
�M/ je bT2+i`�X h2ti- �M/ i?2 BK�;2b �- "- *- �M/ . �7i2` EQ2`iBM; UkykRVX 1, +H�bbB}+�iBQM Q7 i?2
.22T:2QJ�T 9k 2TQ+? KQ/2H mbBM; jNy #�M/bX

eN



9Xj AM/B�M SBM2b .�i� a2i
h?2 AM/B�M SBM2b /�i� b2i Bb Q7i2M mb2/ �b � #2M+?K�`F 7Q` ?vT2`bT2+i`�H BK�;2 +H�b@
bB}+�iBQM +�T�#BHBiB2b Ub22 (9R)VX aBM+2 AM/B�M SBM2b Bb � `2H�iBp2Hv QH/ /�i� b2i U7`QK
RNNkV i?2 bT�iB�H �M/ bT2+i`�H `2bQHmiBQM Bb MQi p2`v ?B;? +QKT�`2/ iQ KQ/2`M BK�;BM;
bT2+i`QK2i2` /�i�X h?2 KQ`2 i?2 +H�bb2b p�`v bT2+i`�HHv �M/ i?2 H2bb bT2+i`�H p�`B�M+2
Q++m`b BMbB/2 2�+? +H�bb- i?2 #2ii2` R. M2m`�H M2irQ`Fb T2`7Q`KbX >2M+2 /�i� rBi?
KQ`2 /Bz2`2M+2 #2ir22M i?2 +H�bb2b �M/ H2bb /Bz2`2M+2 rBi?BM 2�+? +H�bb i?2 #2ii2`
�M/ KQ`2 �++m`�i2 i?2 +H�bbB}+�iBQM `2bmHiX

h?2 `2bmHib 7`QK i?2 .22T:2QJ�T KQ/2H �`2 +QKT�`2/ iQ bQK2 Q7 i?2 KQbi �+@
+m`�i2 M2m`�H M2irQ`Fb bT2+i`�H@bT�iB�H +H�bbB}2`b BM `2;�`/b iQ i?2 AM/B�M SBM2b /�i�
b2iX LQi2 i?�i i?2 +QHQ`K�Tb Q7 +H�bbB}+�iBQMb �`2 �/Dmbi2/ iQ i?2 Tm#HB+�iBQMb .22T@
:2QJ�T Bb +QKT�`2/ iQX

AMbTB`2/ #v amM 2i �HX UkykyV .22T:2QJ�T Bb +QKT�`2/ rBi? � aT2+i`�H o2+iQ`
J�+?BM2 UaoJV U(jd)V- i?2 DQBMi bT�`b2 `2T`2b2Mi�iBQM +H�bbB}+�iBQM UCa_*V U(RR)V-
o:: U(93)V- "�aa L2i U(9e)V- irQ@#`�M+? /22T *LL UhrQ@*LLV U(88)V- .m�H@hmMM2H
*LL U(89)V- �M/ i?2 HQ+�HBx2/ bT2+i`�H 72�im`2b �M/ KmHiB@b+�H2 bT�iB�H 72�im`2b +QMpQ@
HmiBQM UGaJa*V #v amM 2i �HX U(8y)VX amM 2i �HX UkykyV 2tTH�BM i?2 7QHHQrBM;, ǴaoJ
Bb � i`�/BiBQM�H TBt2H@rBb2 +H�bbB}2`- r?BHbi Ca_* �M/ �HH *LL@#�b2/ �TT`Q�+?2b �`2
bT2+i`�H@bT�iB�H +H�bbB}+�iBQM K2i?Q/bX "�aa L2i mb2b T�`�HH2H *LLb iQ bBKmHi�M2@
QmbHv H2�`MBM; bT2+i`�H �M/ bT�iB�H 72�im`2b 7`QK 2�+? bT2+i`�H b2i- r?2`2 i?2 bT2+i`�H
72�im`2b �`2 Q#i�BM2/ #v #�M/ T�`iBiBQMBM;X Ai Bb rQ`i? MQiBM; i?�i i?2 hrQ@*LL �M/
i?2 .m�H@imMM2H *LL �`2 bBKBH�` iQ i?2 T`QTQb2/ K2i?Q/- BM r?B+? R@. *LL �M/ k@.
*LL �`2 mb2/ iQ 2ti`�+i bT2+i`�H �M/ bT�iB�H 72�im`2b- `2bT2+iBp2Hv- �M/ i?2M 7mb2/ BM
i?2 7mHH@+QMM2+i2/ H�v2`XǴ amM 2i �HX UkykyV mb2 � /22T 2ti`�+iBQM Q7 HQ+�HBx2/ bT2+i`�H
72�im`2b �M/ KmHiB@b+�H2 bT�iB�H 72�im`2b +QMpQHmiBQM UGaJa*V 7`�K2rQ`F 7Q` bT2+i`�H@
bT�iB�H 7mbBQM #�b2/ +H�bbB}+�iBQM Q7 ?vT2`bT2+i`�H BK�;2b U>aAbV (8y)X .22T:2QJ�T
KQ/2Hb UAV- �M/ �HH Q7 i?2 K2i?Q/b K2MiBQM2/ �#Qp2 U"@>V +H�bbB}+�iBQMb Q7 i?2 AM/B�M
SBM2b p�HB/�iBQM /�i� b2i �`2 b?QrM BM };m`2 9NX h?2 �++m`�+B2b �`2 +QKT�`2/ BM i�#H2
NX *QKT�`BM; i?2 +H�bbB}+�iBQMb �M/ �++m`�+B2b Bi #2+QK2b 2pB/2Mi i?�i .22T:2QJ�T
Bb BM i?2 KB/@`�M;2 Q7 i?2b2 M2m`�H M2irQ`FbX q?BH2 �+?B2pBM; Km+? #2ii2` +H�bbB}@
+�iBQM `2bmHi i?�M i?2 QMHv Qi?2` bT2+i`�H@QMHv +H�bbB}2` UaoJV- i?2 bT2+i`�H@bT�iB�H
K2i?Q/b rQ`F #2ii2` 7Q` i?2 AM/B�M SBM2b p�HB/�iBQM /�i� b2iX

h?2 AM/B�M SBM2b /�i� b2i ?�b 7`2[m2MiHv #22M mb2/ 7Q` #2M+?K�`FBM; �M/ KQbi
Tm#HB+�iBQMb i?�i b?Qr KQbi �++m`�i2 `2bmHib 7Q` i?2 AM/B�M TBM2b /�i� b2i mb2 k. Q`
j. *LLb- Q` Qi?2` i2+?MB[m2b i?�i BM+Q`TQ`�i2 bT�iB�H BM7Q`K�iBQM Q7 i?2 /�i� Ub22
(9R)X "mi Bi ?�b iQ #2 MQi2/ i?�i K�Mv Tm#HB+�iBQMb #2M+?K�`F i?2 bT2+i`�H@bT�iB�H
+H�bbB}2`b Q7i2M Dmbi QM i?2 i?2 p�HB/�iBQM b2i MQi +QMbB/2`BM; i?2 �+im�H b+2M2X h?Bb
Bb T`2bmK�#Hv #2+�mb2 bT2+i`�H@bT�iB�H +H�bbB}2`b i�F2 i?2 bT�iB�H b?�T2b BMiQ �++QmMiX

dy



6B;m`2 9N, U�V :`QmM/ i`mi?- U"V aoJ- U*V Ca_*- U.V o::- U1V "�aa- U6V hrQ@*LL- U:V .m�H@
imMM2H *LL- U>V GaJa*- UAV .22T:2QJ�TX AK�;2b �@> �M/ G2;2M/ �7i2` amM 2i �HX UkykyV

h�#H2 N, *QKT�`BbQM Q7 i?2 �++m`�+B2b Q7 .22T:2QJ�T �M/ Qi?2` K2i?Q/b b?QrM BM };m`2 9N-
KQ/B}2/ �7i2` amM 2i �HX UkykyVX

dR



q?BH2 i?Bb rQ`Fb p2`v r2HH QM i?2 p�HB/�iBQM BK�;2 U�M/ ?2M+2 �HbQ i?2 `2;BQMb Q7
i?2 p�HB/�iBQM BK�;2 BM i?2 �+im�H b+2M2V i?2 +H�bb �M/ bi`m+im`�H #Q�`/2`b Q7 i?2
�+im�H b+2M2 +H�bbB}+�iBQM Q7i2M HQQF � HBiiH2 /BbbQHp2/ �M/ #Hm` Qmi bK�HH /2i�BHb Q7 i?2
7mHH b+2M2 7Q` 2t�KTH2 i?2 p2`v �++m`�i2 /22T�/2Mb2 *LL #v S�QH2iiB 2i �HXUkyR3V-
Ub22 };m`2 8yVX h?2 �mi?Q` Q7 i?Bb i?2bBb �Hi?Qm;? MQi2b i?�i Bi Bb MQi TQbbB#H2 #v
i?2 �p�BH�#H2 /�i� Q7 i?2 AM/B�M SBM2b b2i iQ /2i2`KBM2 bi�iBbiB+�HHv r?�i Bb �+im�HHv
KQ`2 +Q``2+i 7Q` i?2 +H�bbB}+�iBQM Q7 i?2 7mHH b+2M2X h?2 bT2+i`�H@bT�iB�H +H�bbB}2`b
b?Qr BKT`2bbBp2 `2bmHib 7Q` i?2 AM/B�M SBM2b /�i� b2i i?�i �`2 KQ`2 �++m`�i2 i?�M i?2
.22T:2QJ�T +H�bbB}+�iBQMbX

6B;m`2 8y, U�V _:"- U"V :`QmM/ h`mi?- U*V aoJ UP�, 3eXk9WV (jd)- U.V /22T�/2Mb2 *LL UP�,
NNX9eWV (9y)- U1V .22T:2QJ�T UP�, NeXkRWV- AK�;2b �@. �7i2` S�QH2iiB 2i �HXUkyR3V

h?2 /�i� b2i �HbQ `�Bb2b i?2 [m2biBQM B7 i?2`2 Bb �Mv KQ`2 BM7Q`K�iBQM bT2+i`�HHv
BM i?2 /�i� i?�i +�M #2 miBHBb2/ #v R. M2m`�H M2irQ`FbX h?2 M2m`�H M2irQ`F b2imT
T`QTQb2/ 7Q` .22T:2QJ�T BM i?Bb i?2bBb Bb bQH2Hv 7Q+mb2/ QM i?2 bT2+i`�H BM7Q`K�iBQM
�p�BH�#H2 BM i?2 /�i�X h?Bb Q7 +Qm`b2 T`2b2Mib � /Bb�/p�Mi�;2 QM +H�bbB7vBM; /�i� i?�i
?�b HBKBi2/ bT2+i`�H /Bz2`2MiB�#BHBiv �M/ �//BiBQM�H bT�iB�H BM7Q`K�iBQM HBF2 i?2 AM/B�M
TBM2b /�i� b2iX .22T:2QJ�T �b � QM2 /BK2MbBQM�H M2m`�H M2irQ`F 7Q+mb2b QM Tm`@
TQb2 bQH2Hv QM i?2 bT2+i`�H BM7Q`K�iBQM Ub22 b2+iBQM kXRV �M/ ?2M+2 r�b MQi 2tT2+i2/
iQ �+?B2p2 i?2 b�K2 Up2`v ?B;?V �++m`�+B2b �b KQbi KQ/2`M bT2+i`�H@bT�iB�H M2irQ`Fb
QM i?Bb /�i�b2i �b Bi b?Qrb HBiiH2 bT2+i`�H p�`B�#BHBiv �+`Qbb Bib +H�bb2b �M/ +H�bbB}+�@
iBQM #2M2}ib ?B;?Hv 7`QK BM+Hm/BM; bT�iB�H BM7Q`K�iBQM bm+? �b b?�T2b Q7 i?2 }2H/b Q`
bi`m+im`2bX �HbQ i?2`2 �`2 MQ ;`QmM/ i`mi? bT2+i`� �p�BH�#H2 i?�i r2`2 `2+Q`/2/ BM

dk



� H�#Q`�iQ`vX h?Bb K2�Mb i?�i .22T:2QJ�T +�MMQi mb2 Bib #B;;2bi �/p�Mi�;2b Qp2`
/Bz2`2MiHv bi`m+im`2/ M2irQ`Fb- �b i?2v HB2 BM Bib KQ/2Hb #2BM; �#H2 iQ #2 i`�BM2/ rBi?
p�HB/�i2/ H�#Q`�iQ`v ;`QmM/ i`mi? /�i� r?B+? K�F2b Bi TQbbB#H2 iQ bmTTHv TH2Miv Q7
mbm�HHv bT�`b2 ;`QmM/ i`mi? i`�BMBM; /�i� iQ i?2 .22T:2QJ�T KQ/2HbX L2p2`i?2H2bb Bi
r�b biBHH BM+Hm/2/ BM i?Bb rQ`F iQ b?Qr i?�i .22T:2QJ�T +�M /2HBp2` �++2Ti�#H2 �++m@
`�+B2b U=NyW P�V 7Q` /B{+mHi /�i�b2ib Dmbi i?Qm;? bT2+i`�H +H�bbB}+�iBQMX �Hi?Qm;?
MQi /B`2+iHv +QKT�`�#H2 /m2 iQ � /Bz2`2Mi MmK#2` Q7 i`�BMBM; H�#2Hb- �M/ MmK#2` Q7
i`�BMBM; TBt2Hb- Bi Bb /2KQMbi`�i2/ i?�i .22T:2QJ�T b?Qrb `Qm;?Hv bBKBH�` +H�bbB}+�@
iBQM +�T�#BHBiB2b �b Qi?2` M2m`�H M2irQ`FbX

8 *QM+HmbBQM
AM i?Bb rQ`F Bi Bb b?QrM i?�i h2MbQ`6HQr �M/ Svi?QM r�b mb2/ iQ /2p2HQT � /22T
+QMpQHmiBQM�H M2m`�H M2irQ`F �`+?Bi2+im`2 i?�i Bb �#H2 iQ +H�bbB7v ?vT2`bT2+i`�H BK�;2b
BM � bBKBH�` K�MM2` �b +H�bbB+�H �H;Q`Bi?Kb 7Q` 2t�KTH2 HBF2 i?2 1M:2QJ�S- aT2+i`�H
�M;H2 J�TT2`- Q` i?2 "BM�`v 62�im`2 6BiiBM; �H;Q`Bi?K Ub22 (j3- k9)VX Ai +QmH/ �HbQ #2
b?QrM i?�i i?2 /22T M2m`�H M2irQ`F /2p2HQT2/ 7Q` i?Bb J�bi2`i?2bBb U.22T:2QJ�TV
+QmH/ �+?B2p2 ;2M2`�HHv ;QQ/ +H�bbB}+�iBQM �++m`�+B2b 7Q` i?Bb ivT2 Q7 M2irQ`F- bm`@
T�bbBM; i?2 �++m`�+B2b Q7 +H�bbB+�H �H;Q`Bi?Kb �M/ bQK2 Qi?2` M2m`�H M2irQ`Fb 7Q` bQK2
bT2+B}+ ;2QHQ;B+�H /�i� b2ib T`2b2Mi2/ ?2`2X h?2 ?B;? �KQmMi Q7 i`�BMBM; /�i� `2[mB`2/
BM +QKT�`BbQM iQ +H�bbB+�H �H;Q`Bi?Kb HBF2 1M:2QJ�T Q` "BM�`v 62�im`2 6BiiBM; U2X;X
KQ`2 i?�M kyXyyy bT2+i`� pbX R8 HB#`�`v bT2+i`�V +�M �HbQ T`2b2Mi � /Bb�/p�Mi�;2 7Q`
/�i� rBi? p2`v HBiiH2 i`�BMBM; bT2+i`� �p�BH�#H2X h?2 TQbbB#BHBiv iQ i`�BM .22T:2QJ�T
KQ/2Hb rBi? H�`;2 �KQmMib Q7 ;2Q+?2KB+�HHv p�HB/�i2/ b�KTH2 /�i� �M/ ?2M+2 mMKBt2/
UQ` FMQrH2/;2�#Hv KBt2/V TBt2Hb �M/ i?2M mb2 i?Bb H�#Q`�iQ`v /�i� i`�BM2/ KQ/2Hb iQ
+H�bbB7v H�`;2` b+�H2 KBM2 7�+2- �`B�H- Q` b�i2HHBi2 BK�;2`v `�TB/Hv Bb b22M #v i?2 �mi?Q`
Q7 i?Bb i?2bBb �b Bib #B;;2bi �/p�Mi�;2 Qp2` k. Q` j. +QMpQHmiBQM�H M2m`�H M2irQ`Fb-
i?�i �HbQ `2[mB`2 H�`;2 �KQmMib Q7 i`�BMBM; /�i�X hQ MQi BM+Hm/2 bT2+i`�H@bT�iB�H `2H�@
iBQMb?BTb �M/ b?�T2 BM7Q`K�iBQM Q7 i?2 �M�Hvb2/ K�i2`B�Hb +QmH/ �M/ +�M �HbQ T`Qp2 �
/Bb�/p�Mi�;2X q?2M i?2`2 Bb � ?B;? �KQmMi Q7 T`2/B+i�#H2 bT�iB�H b?�T2b BM �M ?vT2`@
bT2+i`�H BK�;2- .22T:2QJ�T +H2�`Hv Bb BM /Bb�/p�Mi�;2 Qp2` bT2+i`�H@bT�iB�H `2H�iBQM@
b?BT +H�bbB}2`b �M/fQ` +H�bbB}2`b i?�i BM+Hm/2 T`2/B+iBM; bT�iB�H b?�T2b Q7 bi`m+im`2b-
}2H/b- Q` ;2M2`�H KQ`T?QHQ;v BM i?2 BK�;2 /�i�X Ai Bb b?QrM i?�i i?Bb �Hi?Qm;? +�M
+?�M;2 r?2M i?2 /�i� T`2b2Mi2/ U2X;X "`�xBHB�M B`QM Q`2V ?�b Km+? KQ`2 mMT`2/B+i�#H2
p�`vBM; b?�T2b U2X;X `Q+FbV- MQ +?�`�+i2`BbiB+ H�`;2` bT�iB�H b?�T2b U�HH b�KTH2b r2`2
�``�M;2/ BM i?2 b�K2 9t9+K b[m�`2bV- �M/fQ` bm`7�+2 72�im`2b U2X;X ;`�BM bBx2V i?�ib �`2
MQi bT�iB�HHv /Bz2`2MiB�#H2 �i i?�i `2bQHmiBQMX �HbQ r?2M BK�;2b Q7 b+2M2b �`2 �+[mB`2/
�i /Bz2`2Mi /Bbi�M+2b �M/ bT�iB�H@`2bQHmiBQMb �M/ i?2 KQ/2H i`�BMBM; r�b QMHv +QM@
/m+i2/ QM QM2 Q7 i?2K- Bi +HQm/ T`Qp2 KQ`2 +?�HH2M;BM; 7Q` bT2+i`�H@bT�iB�H +H�bbB}2`b

dj



i?�M Tm`2Hv bT2+i`�H +H�bbB}2`b bm+? �b .22T:2QJ�T- iQ K�T i?2K rBi? ?B;? �++m`�@
+B2bX 6Q` 2t�KTH2 � .22T:2QJ�T KQ/2H +QmH/ #2 i`�BM2/ rBi? #27Q`2?�M/ �+[mB`2/
;`QmM/ i`mi? TQBMi@bT2+i`QK2i2` /�i� �M/fQ` H�#Q`�iQ`v BK�;2 b�KTH2 /�i� UQ7 `Q+Fb-
TQr/2`b- bQBH b�KTH2b 2i+XV �M/ +�M i?2M mb2 i?Bb KQ/2H iQ `�TB/Hv +H�bbB7v �Mv FBM/ Q7
?vT2`bT2+i`�H i�`;2i BK�;2 i?�i ?�b i?2 b�K2 MmK#2` Q7 bT2+i`�H #�M/b BM+Hm/BM; KBM2
7�+2 b+�Mb- KBM2 +QMp2v2` #2Hi BK�;2b- b�i2HHBi2- �`B�H- �M/ /`QM2 BK�;2b iQ M�K2 i?2
KQbi +QKKQMX h?Bb bT�iB�HHv BM/2T2M/2Mi +H�bbB}+�iBQM �HbQ K�F2b TQbBiBQM@/2T2M/2Mi
;`QmM/ i`mi?BM; H2bb BKTQ`i�Mi �b i?2 +QHH2+i2/ b�KTH2b Q` TQBMi bT2+i`QK2i2` /�i�
Dmbi ?�p2 iQ #2 BM H�`;2` i�`;2i `2;BQM Q7 2X;X �M �`B�H Q` b�i2HHBi2 BK�;2- p2`v bBKBH�` iQ
bT2+i`�H HB#`�`v #�b2/ +H�bbB}+�iBQMb Q7 +H�bbB+�H �H;Q`Bi?Kb bm+? �b 1M:2QJ�TX .22T@
:2QJ�Tb KQ/2H i`�BMBM; �HbQ +�M BM+Hm/2 � KmHiBim/2 Q7 i?2 bT2+i`� i?�i ?�p2 7Q` 2X;X
#22M mb2/ BM i?Bb i?2bBb iQ i`�BM � KQ/2H UB7 � ?B;? i`�BMBM; iBK2 Bb �++2Ti�#H2V- �M/
biBHH ?�p2 `2H�iBp2Hv 7�bi T`2/B+iBQMf+H�bbB}+�iBQM iBK2b- �b KQ/2H i`�BMBM; �M/ T`2/B+@
iBQMf+H�bbB}+�iBQM +�M #2 +QKTmi�iBQM�HHv BM/2T2M/2Mi �b b�pBM;fbiQ`BM; i?2 KQ/2H
Bb TQbbB#H2X Ai ?�b iQ #2 b22M B7 � R. /22T +QMpQHmiBQM�H M2m`�H M2irQ`F �TT`Q�+?
HBF2 .22T:2QJ�T +�M miBHBb2 Bib �/p�Mi�;2 Q7 TQBMi bT2+i`QK2i2` �M/ H�#Q`�iQ`v /�i�
i`�BMBM; BM QM2 Q` bQK2 }2H/b HBF2 b+B2MiB}+ `2b2�`+?- KBM2`�H `2bQm`+2 2tTHQ`�iBQM- KBM2
+QMp2v2` #2Hi b+�MMBM;- 2i+X �;�BMbi j. +QMpQHmiBQM�H M2m`�H M2irQ`F �`+?Bi2+im`2b Q`
Qi?2`b i?�i BM+Hm/2 bT2+i`�H@bT�iB�H `2H�iBQMb?BTb �M/ Q7 +Qm`b2 b?�T2 BM7Q`K�iBQM Q7
�M�Hvb2/ ?vT2`bT2+i`�H `2KQi2 �M/ T`QtBK�H b2MbBM; /�i�X 6Q` i?2 ?vT2`bT2+i`�H ;2Q@
HQ;B+�H BK�;2 /�i� T`2b2Mi2/ ?2`2 Bi r�b b?QrM i?�i .22T:2QJ�T Bb �M �++m`�i2 �M/
`2HB�#H2 +H�bbB}+�iBQM iQQHX

e PmiHQQF
�//BiBQM�H `2b2�`+? Bb `2[mB`2/ BM Q`/2` iQ 2p�Hm�i2 ?Qr r2HH .22T:2QJ�T +�M �+@
im�HHv miBHBx2 7Q` 2t�KTH2 TQBMi bT2+i`QK2i2` /�i� 7Q` BK�;2 +H�bbB}+�iBQM �M/fQ` mb2
Bib R. T`BM+BTH2 �M/ H�#Q`�iQ`v i`�BMBM; iQ �M �/p�Mi�;2 BM KQ`2 `2b2�`+? +�KT�B;MbX
1bT2+B�HHv BMi2`2biBM; b22Kb iQ 7m`i?2` i2bi i?2 �#BHBiv Q7 .22T:2QJ�T `2;�`/BM; +H�b@
bB}+�iBQM Q7 b�i2HHBi2 �M/ /`QM2 BK�;2 /�i� rBi? KQ/2Hb i?�i mb2/ H�#Q`�iQ`v b�KTH2b
7Q` i`�BMBM;X h2biBM; .22T:2QJ�Tb +�T�#BHBiB2b �M/ HBKBib rBi? bK�HH2` �M/ H�`;2`
i`�BMBM; b2i bBx2b b22Kb �HbQ p2`v BMi2`2biBM;X lbBM; H�`;2` /�i� b2ib �M/ KQ`2 i`�BMBM;
BMTmi b�KTH2b +QmH/ +`2�i2 p2`v �++m`�i2 KQ/2Hb i?�i ?�p2 Ƕb22MǶ H�`;2 �KQmMib Q7
b�KTH2 b2ib- �M/ �7i2` i?2 iBK2 BMi2MbBp2 i`�BMBM; Bb +QKTH2i2/ �`2 �++m`�i2 �M/ 7�bi
+H�bbB}2`bX � b+2M�`BQ r?2`2 p2`v 7�bi �M/ �++m`�i2 Q`2 ivT2 +H�bbB}+�iBQM Bb M22/2/
�M/ � KQ/2H +QmH/ #2 i`�BM2/ rBi? p2`v H�`;2 �KQmMib Q7 ?vT2`bT2+i`�H H�#Q`�iQ`v
/�i� Bb � UKBMBM; Q` 7QmM/`vV +QMp2v2` #2HiX :2M2`�H BKT`Qp2K2Mib +QmH/ #2 K�/2 iQ
.22T:2QJ�Tb �`+?Bi2+im`2 �b i?Bb Bb Dmbi � }`bi p2`bBQM T`2b2Mi2/ ?2`2- 7Q` 2t�KTH2
2tT2`BK2MiBM; rBi? +QMpQHmiBQM�H F2`M2H bBx2b iQ 7m`i?2` bmTT`2bb MQBb2 BM i?2 /�i� Q`
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7m`i?2` i`vBM; iQ BKT`QpBM; T`2/B+iBQM bT22/bX 6BM�HHv- +`2�iBM; � mb2`@7`B2M/Hv BMi2`@
7�+2- r?2`2 Bi Bb TQbbB#H2 iQ BMTmi ?vT2`bT2+i`�H /�i�- b2H2+i i`�BMBM; /�i� rBi?- �M/
`2+2Bp2 +H�bbB}+�iBQMb 7`QK- b22Kb HBF2 �M BMi2`2biBM; QmiHQQFX

_272`2M+2b
(R) �+[m�`2HHB- C�+QTQ 2i �HX ǳaT2+i`�H@bT�iB�H +H�bbB}+�iBQM Q7 ?vT2`bT2+i`�H BK�;2b,

i?`22 i`B+Fb �M/ � M2r bmT2`pBb2/ H2�`MBM; b2iiBM;ǴX AM, UkyRdVX /QB, RyXjjNyf
`bRyydRR8eX 2T`BMi, �`sBp,RdRRXy88RkX

(k) �/�KB/2b- LX :X ǳJ�}+@/QKBM�i2/ pQH+�MQ;2MB+ bmHT?B/2 /2TQbBib BM i?2 h`QQ@
/Qb QT?BQHBi2- *vT`mb S�`i R Ĝ h?2 /2TQbBib Q7 i?2 aQH2� ;`�#2MǴX AM, �TTHB2/
1�`i? a+B2M+2 RRNXk UCmM2 kyRyV- TTX e8ĜddX /QB, Ry X RRdN f Rd9jkd83RRv X
yyyyyyyyyRX m`H, ?iiTb,ff/QBXQ`;fRyXRRdNfRd9jkd83RRvXyyyyyyyyyRX

(j) �MiBp�+?Bb- .�M�2 LX 2i �HX ǳa2+QM/�`v amHT?�i2 JBM2`�Hb BM � *vT`mb@hvT2
P`2 .2TQbBi- �THBFB- *vT`mb, JBM2`�HQ;v �M/ Aib AKTHB+�iBQMb _2;�`/BM; i?2
*?2KBbi`v Q7 SBi G�F2 q�i2`bǴX AM, JBM2 q�i2` �M/ i?2 1MpB`QMK2Mi jeXk U�T`X
kyReV- TTX kkeĜkj3X /QB, RyXRyydfbRykjy@yRe@yjN3@yX m`H, ?iiTb,ff/QBX
Q`;fRyXRyydfbRykjy@yRe@yjN3@yX

(9) �MiBp�+?Bb- LX .X ǳh?2 ;2QHQ;v Q7 i?2 MQ`i?2`M T�`i Q7 i?2 �THBFB *vT`mb@ivT2
Q`2 /2TQbBiǴX AM, "mHH2iBM Q7 i?2 :2QHQ;B+�H aQ+B2iv Q7 :`22+2 9N UC�MX kyRdV- TX 9X
/QB, RyXRke3Rf#;b;XRRy9dX m`H, ?iiTb,ff/QBXQ`;fRyXRke3Rf#;b;XRRy9dX

(8) �m/2#2`i- LB+QH�b- a�mt- "2`i`�M/- �M/ G27ĕp`2- aû#�biB2MX ǳ.22T G2�`MBM; 7Q`
*H�bbB}+�iBQM Q7 >vT2`bT2+i`�H .�i�, � *QKT�`�iBp2 _2pB2rǴX AM, UC�MX kyRNVX

(e) "�mK;�`/M2`- J�`BQM- "B2?H- G�``v- �M/ G�M/;`2#2- .�pB/X kky "�M/ �oA_Aa
>vT2`bT2+i`�H AK�;2 .�i� a2i, CmM2 Rk- RNNk AM/B�M SBM2 h2bi aBi2 jX 2MX kyR8X
/QB, RyX9kjRf_d_sNNR*X m`H, ?iiTb,ffTm``XTm`/m2X2/mfTm#HB+�iBQMbf
RN9dfRX

(d) "2HFBM- JBF?�BH 2i �HX _2+QM+BHBM; KQ/2`M K�+?BM2 H2�`MBM; T`�+iB+2 �M/ i?2
#B�b@p�`B�M+2 i`�/2@QzX kyR3X 2T`BMi, �`sBp,R3RkXRRRR3X

(3) *�`HQb- .BQMø�bBQ lX- lB2/�- G2QM�`/Q- �M/ "�`#Qb�- o�H2`B� *X6X ǳAK�;BM; B`QM
Q`2 7`QK i?2 Zm�/`BH�i2`Q 62``ø�72`Q U"`�xBHV mbBM; ;2QT?vbB+�H BMp2`bBQM �M/ /`BHH
?QH2 /�i�ǴX AM, P`2 :2QHQ;v _2pB2rb eR Ua2TiX kyR9V- TTX ke3Ĝk38X /QB, RyXRyRef
DXQ`2;2Q`2pXkyR9XykXyRRX m`H, ?iiTb,ff/QBXQ`;fRyXRyRefDXQ`2;2Q`2pX
kyR9XykXyRRX
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(N) *�``�`�- aX 2i �HX _�r K�i2`B�Hb /2K�M/ 7Q` rBM/ �M/ bQH�` So i2+?MQHQ;B2b BM
i?2 i`�MbBiBQM iQr�`/b � /2+�`#QMBb2/ 2M2`;v bvbi2KX Sm#HB+�iBQM P{+2 Q7 i?2
1m`QT2�M lMBQM- kykyX /QB, RyXkdeyfRey38NX m`H, ?iiTb,ff/�i�X2m`QT�X
2mf/QBfRyXkdeyfRey38NX

(Ry) *?�mp2i- �X ǳai`m+im`�H *QMi`QH Q7 P`2 .2TQbBib, h?2 _QH2 Q7 S`2@1tBbiBM; ai`m+@
im`2b QM i?2 6Q`K�iBQM Q7 JBM2`�HBb2/ o2BM avbi2KbǴX AM, JBM2`�Hb NXR UC�MX
kyRNV- TX 8eX /QB, RyXjjNyfKBMNyRyy8eX m`H, ?iiTb,ff/QBXQ`;fRyXjjNyf
KBMNyRyy8eX

(RR) *?2M- *?2M- *?2M- L�- �M/ S2M;- CB�M;i�QX ǳL2�`2bi _2;mH�`Bx2/ CQBMi aT�`b2
_2T`2b2Mi�iBQM 7Q` >vT2`bT2+i`�H AK�;2 *H�bbB}+�iBQMǴX AM, A111 :2Qb+B2M+2 �M/
_2KQi2 a2MbBM; G2ii2`b RjXj UkyReV- TTX 9k9Ĝ9k3X /QB, RyXRRyNfG:_aXkyReX
k8RdyN8X

(Rk) .Q``- CQ?M o�M LQbi`�M/X ǳamT2`;2M2 B`QM Q`2b Q7 JBM�b :2`�Bb- "`�xBHǴX AM,
1+QMQKB+ :2QHQ;v 8NXd ULQpX RNe9V- TTX RkyjĜRk9yX /QB, RyXkRRjf;b2+QM;2QX
8NXdXRkyjX m`H, ?iiTb,ff/QBXQ`;fRyXkRRjf;b2+QM;2QX8NXdXRkyjX

(Rj) 1/m+�iBQM- A"J *HQm/X q?�i Bb Pp2`}iiBM;\ kykRX m`H, ?iiTb,ffrrrXB#KX
+QKf+HQm/fH2�`MfQp2`7BiiBM;X

(R9) 1BbK�MM- JB+?�2H hX >vT2`bT2+i`�H _2KQi2 a2MbBM;X aSA1- �T`X kyRkX /QB, RyX
RRRdfjX3NNd83X m`H, ?iiTb,ff/QBXQ`;fRyXRRRdfjX3NNd83X

(R8) 1Hb?F�FB- �vK�M 2i �HX ǳ_2bQm`+2 .2K�M/ a+2M�`BQb 7Q` i?2 J�DQ` J2i�HbǴX AM,
1MpB`QMK2Mi�H a+B2M+2 � h2+?MQHQ;v 8kX8 UC�MX kyR3V- TTX k9NRĜk9NdX /QB, RyX
RykRf�+bX2biXd#y8R89X m`H, ?iiTb,ff/QBXQ`;fRyXRykRf�+bX2biXd#y8R89X

(Re) :2QbT�iB�H- Gj>�``BbX 1LoAX kykRX m`H, ?iiTb,ffrrrXHj?�``Bb;2QbT�iB�HX
+QKfaQ7ir�`2@h2+?MQHQ;vf1LoAX

(Rd) :ƦK2x- _�ȹHX lM/2`bi�M/BM; *�i2;Q`B+�H *`Qbb@1Mi`QTv GQbb- "BM�`v *`Qbb@
1Mi`QTv GQbb- aQ7iK�t GQbb- GQ;BbiB+ GQbb- 6Q+�H GQbb �M/ �HH i?Qb2 +QM7mbBM;
M�K2bX J�v kyR3X m`H, ?iiTb,ff;QK#`mX;Bi?m#XBQfkyR3fy8fkjf+`Qbbn
2Mi`QTvnHQbbfX

(R3) :QQ/72HHQr- A�M- "2M;BQ- uQb?m�- �M/ *Qm`pBHH2- ��`QMX .22T G2�`MBM;X ?iiT,
ffrrrX/22TH2�`MBM;#QQFXQ`;X JAh S`2bb- kyReX

(RN) >BMiQM- :2Qz`2v 1X 2i �HX AKT`QpBM; M2m`�H M2irQ`Fb #v T`2p2MiBM; +Q@�/�Ti�iBQM
Q7 72�im`2 /2i2+iQ`bX kyRkX 2T`BMi, �`sBp,RkydXy83yX

(ky) >m�M;- :�Q 2i �HX .2Mb2Hv *QMM2+i2/ *QMpQHmiBQM�H L2irQ`FbX kyReX 2T`BMi,
�`sBp,Rey3XyeNNjX

(kR) EBM;K�- .B2/2`BF SX �M/ "�- CBKKvX �/�K, � J2i?Q/ 7Q` aiQ+?�biB+ PTiBKBx�@
iBQMX kyR9X 2T`BMi, �`sBp,R9RkXeN3yX
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(kk) EB`�Mv�x- a2`F�M 2i �HX R. *QMpQHmiBQM�H L2m`�H L2irQ`Fb �M/ �TTHB+�iBQMb, �
am`p2vX kyRNX 2T`BMi, �`sBp,RNy8Xyj889X

(kj) EB`�Mv�x- a2`F�M 2i �HX ǳS`Q;`2bbBp2 PT2`�iBQM�H S2`+2Ti`QMbǴX AM, L2m`Q+QK@
TmiBM; kk9 U62#X kyRdV- TTX R9kĜR89X /QB, RyXRyRefDXM2m+QKXkyReXRyXy99X
m`H, ?iiTb,ff/QBXQ`;fRyXRyRefDXM2m+QKXkyReXRyXy99X

(k9) EQ2`iBM;- 6`2/2`BF2X ǳ>v#`B/ BK�;BM; bT2+i`Qb+QTv �TT`Q�+?2b 7Q` QT2M TBi KBM@
BM; Ĝ �TTHB+�iBQMb 7Q` pB`im�H KBM2 7�+2 ;2QHQ;vǴX S?. i?2bBbX lMBp2`bBiv Q7 SQib@
/�K- kykRX

(k8) EQ2`iBM;- 6`B2/2`BF2 2i �HX >vT2`bT2+i`�H BK�;BM; /�i� Q7 i?2 MQ`i?2`M KBM2 7�+2
�M/ Q7 H�#Q`�iQ`v b�KTH2b Q7 i?2 +QTT2`@;QH/@Tv`Bi2 KBM2 �THBFB- LB+QbB� .Bb@
i`B+i- _2Tm#HB+ Q7 *vT`mbX kykRX /QB, Ry X 833y f :6w X R X 9 X kykR X yyRX m`H,
?iiTb,ff/�i�b2`pB+2bX;7x@TQib/�KX/2fT�MK2i�rQ`Fbfb?Qrb?Q`iXT?T\
B/4yd8+Ndej@e/8d@RR2#@Neyj@9Nd+NkeN8ed9X

(ke) EQ2`iBM;- 6`B2/2`BF2 2i �HX JBM2`�H bT2+i`� �M/ +?2KBbi`v Q7 jd +QTT2` #2�`BM;
bm`7�+2 b�KTH2b 7`QK �THBFB +QTT2`@;QH/@Tv`Bi2 KBM2 BM i?2 _2Tm#HB+ Q7 *vT`mbX
2MX kyRNX /QB, RyX833yf:6wXRX9XkyRNXyy8X m`H, ?iiTb,ff/�i�b2`pB+2bX;7x@
TQib/�KX/2fT�MK2i�rQ`Fbfb?Qrb?Q`iXT?T\B/42b+B/Q+,98djNyRX

(kd) EQF�Hv- _�vKQM/ 6X 2i �HX ǳJBM2`�H BM7Q`K�iBQM �i KB+`QM iQ FBHQK2i2` b+�H2b,
G�#Q`�iQ`v- }2H/- �M/ `2KQi2 b2MbBM; BK�;BM; bT2+i`QK2i2` /�i� 7`QK i?2 Q`@
�M;2 ?BHH TQ`T?v`v +QTT2` /2TQbBi- �H�bF�- la�ǴX AM, kyRe A111 AMi2`M�iBQM�H
:2Qb+B2M+2 �M/ _2KQi2 a2MbBM; avKTQbBmK UA:�_aaV UkyReVX /QB, RyXRRyNf
B;�`bbXkyReXddjy9RRX

(k3) E`B2b2H- .�pB/X 1BM FH2BM2` ɂ#2`#HB+F Ƀ#2` L2m`QM�H2 L2ix2X kyydX m`H, ?iiT,
ffrrrX/F`B2b2HX+QKX

(kN) E`Bx?2pbFv- �H2t- amibF2p2`- AHv�- �M/ >BMiQM- :2Qz`2v 1X ǳAK�;2L2i +H�bbB}+�@
iBQM rBi? /22T +QMpQHmiBQM�H M2m`�H M2irQ`FbǴX AM, *QKKmMB+�iBQMb Q7 i?2 �*J
eyXe UJ�v kyRdV- TTX 39ĜNyX /QB, RyXRR98fjye8j3eX m`H, ?iiTb,ff/QBXQ`;f
RyXRR98fjye8j3eX

(jy) G�#�M- LQm`2H/BM 2i �HX ǳ_2/m+2/ j@. .22T G2�`MBM; 6`�K2rQ`F 7Q` >vT2`bT2+@
i`�H AK�;2 *H�bbB}+�iBQMǴX AM, �/p�M+2b BM AMi2HHB;2Mi avbi2Kb �M/ *QKTmiBM;X
aT`BM;2` AMi2`M�iBQM�H Sm#HBb?BM;- J�`X kyRN- TTX RjĜkkX /QB, RyXRyydfNd3@j@
yjy@R9RR3@NnkX m`H, ?iiTb,ff/QBXQ`;fRyXRyydfNd3@j@yjy@R9RR3@NnkX

(jR) G2+mM- uX 2i �HX ǳ:`�/B2Mi@#�b2/ H2�`MBM; �TTHB2/ iQ /Q+mK2Mi `2+Q;MBiBQMǴX AM,
S`Q+22/BM;b Q7 i?2 A111 3eXRR URNN3V- TTX kkd3Ĝkjk9X /QB, RyXRRyNf8XdkedNRX
m`H, ?iiTb,ff/QBXQ`;fRyXRRyNf8XdkedNRX
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(jk) GB- *?2MKBM; 2i �HX ǳ>v#`B/ .BH�i2/ *QMpQHmiBQM rBi? JmHiB@a+�H2 _2bB/m�H 6m@
bBQM L2irQ`F 7Q` >vT2`bT2+i`�H AK�;2 *H�bbB}+�iBQMǴX AM, JB+`QK�+?BM2b RkX8
UJ�v kykRV- TX 898X /QB, RyXjjNyfKBRky8y898X m`H, ?iiTb,ff/QBXQ`;fRyX
jjNyfKBRky8y898X

(jj) GBM- JBM- *?2M- ZB�M;- �M/ u�M- a?mB+?2M;X L2irQ`F AM L2irQ`FX kyR9X 2T`BMi,
�`sBp,RjRkX99yypjX

(j9) GBM- q�M@Cm 2i �HX ǳ1p�Hm�iBQM Q7 .22T G2�`MBM; L2m`�H L2irQ`Fb 7Q` am`7�+2
_Qm;?M2bb S`2/B+iBQM lbBM; oB#`�iBQM aB;M�H �M�HvbBbǴX AM, �TTHB2/ a+B2M+2b NXd
U�T`X kyRNV- TX R9ekX /QB, RyXjjNyf�TTNydR9ekX m`H, ?iiTb,ff/QBXQ`;fRyX
jjNyf�TTNydR9ekX

(j8) J�`iBM- �M/`2r CX 2i �HX ǳ1ti`2K2 2M`B+?K2Mi Q7 b2H2MBmK BM i?2 �THBFB *vT`mb@
ivT2 oJa /2TQbBi- h`QQ/Qb- *vT`mbǴX AM, JBM2`�HQ;B+�H J�;�xBM2 3kXj U�T`X
kyR3V- TTX eNdĜdk9X /QB, RyXRR3yfK;KXkyR3X3RX m`H, ?iiTb,ff/QBXQ`;fRyX
RR3yfK;KXkyR3X3RX

(je) J�`iø�M �#�/B 2i �HX h2MbQ`6HQr, G�`;2@a+�H2 J�+?BM2 G2�`MBM; QM >2i2`Q;2@
M2Qmb avbi2KbX aQ7ir�`2 �p�BH�#H2 7`QK i2MbQ`~QrXQ`;X kyR8X m`H, ?iiTb,ff
rrrXi2MbQ`7HQrXQ`;fX

(jd) J2H;�MB- 6X �M/ "`mxxQM2- GX ǳ*H�bbB}+�iBQM Q7 ?vT2`bT2+i`�H `2KQi2 b2MbBM;
BK�;2b rBi? bmTTQ`i p2+iQ` K�+?BM2bǴX AM, A111 h`�Mb�+iBQMb QM :2Qb+B2M+2 �M/
_2KQi2 a2MbBM; 9kX3 Ukyy9V- TTX Rdd3ĜRdNyX /QB, RyXRRyNfh:_aXkyy9X3jR3e8X

(j3) JB2HF2- *?`BbiB�MX ǳJmHiB@ �M/ >vT2`bT2+i`�H aT�+2#Q`M2 _2KQi2 a2MbBM; 7Q`
JBM2 q�bi2 �M/ JBM2`�H .2TQbBi *?�`�+i2`Bx�iBQM- M2r �TTHB+�iBQMb iQ i?2 1M@
J�S �M/ a2MiBM2H@k JBbbBQMbǴX S?. i?2bBbX lMBp2`bBiv Q7 SQib/�K- kyR8X m`H,
?iiTb,ff;7xTm#HB+X;7x@TQib/�KX/2fTm#K�MfBi2KfBi2KnkyReNydX

(jN) JB2HF2- *?`BbiB�M 2i �HX ǳ1M:2QJ�S kXyě�miQK�i2/ >vT2`bT2+i`�H JBM2`�H
A/2MiB}+�iBQM 7Q` i?2 :2`K�M 1MJ�S aT�+2 JBbbBQMǴX AM, _2KQi2 a2MbBM; 3Xk
U62#X kyReV- TX RkdX /QB, RyXjjNyf`b3ykyRkdX m`H, ?iiTb,ff/QBXQ`;fRyX
jjNyf`b3ykyRkdX

(9y) S�QH2iiB- J2`+2/2b 2i �HX ǳ.22T�.2Mb2 *QMpQHmiBQM�H L2m`�H L2irQ`F 7Q` >v@
T2`bT2+i`�H AK�;2 *H�bbB}+�iBQMǴX AM, _2KQi2 a2MbBM; RyXN Ua2TiX kyR3V- TX R989X
/QB, RyXjjNyf`bRyyNR989X m`H, ?iiTb,ff/QBXQ`;fRyXjjNyf`bRyyNR989X

(9R) S�T2`b rBi? *Q/2 @ AM/B�M SBM2b "2M+?K�`F U>vT2`bT2+i`�H AK�;2 *H�bbB}+�@
iBQMVX m`H, ?iiTb , f f T�T2`brBi?+Q/2 X +QK f bQi� f ?vT2`bT2+i`�H @ BK�;2 @
+H�bbB7B+�iBQM@QM@BM/B�MX

(9k) _2M+x- �M/`2r LX �M/ *H�`F- _Q;2` LX ǳaT2+i`Qb+QTv Q7 `Q+Fb �M/ KBM2`�Hb �M/
T`BM+BTH2b Q7 bT2+i`Qb+QTvǴX AM, J�Mm�H Q7 `2KQi2 b2MbBM;- _2KQi2 b2MbBM; 7Q`
i?2 2�`i? b+B2M+2bX j`/ 2/X oQHX jX qBH2v- RNNN- TTX jĜ83X
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(9j) _Q+Fr2HH- "�`M�#v qX *QKT�`�iBp2 KBM2`�H K�TTBM; BM i?2 *QHQ`�/Q JBM2`�H
"2Hi mbBM; �oA_Aa �M/ �ah1_ `2KQi2 b2MbBM; /�i�X kyRjX /QB, Ry X jRjj f
bBKjk8eX m`H, ?iiTb,ff/QBXQ`;fRyXjRjjfbBKjk8eX

(99) _Q;�bb- *?`BbiB�M 2i �HX ǳh`�MbH�iBQM�H AK�;BM; aT2+i`Qb+QTv 7Q` S`QtBK�H a2Mb@
BM;ǴX AM, a2MbQ`b RdX3 UkyRdVX BbbM, R9k9@3kkyX /QB, RyXjjNyfbRdy3R38dX m`H,
?iiTb,ffrrrXK/TBX+QKfR9k9@3kkyfRdf3fR38dX

(98) _m/2`- a2#�biB�MX �M Qp2`pB2r Q7 ;`�/B2Mi /2b+2Mi QTiBKBx�iBQM �H;Q`Bi?KbX kyReX
2T`BMi, �`sBp,ReyNXy9d9dX

(9e) a�Mi�`�- �MB`#�M 2i �HX ǳ"�aa L2i, "�M/@�/�TiBp2 aT2+i`�H@aT�iB�H 62�im`2
G2�`MBM; L2m`�H L2irQ`F 7Q` >vT2`bT2+i`�H AK�;2 *H�bbB}+�iBQMǴX AM, A111
h`�Mb�+iBQMb QM :2Qb+B2M+2 �M/ _2KQi2 a2MbBM; 88XN UkyRdV- TTX 8kNjĜ8jyRX
/QB, RyXRRyNfh:_aXkyRdXkdy8ydjX

(9d) a+?2`2`- .QKBMBF- JɃHH2`- �M/`2�b- �M/ "2?MF2- ap2MX ǳ1p�Hm�iBQM Q7 SQQHBM;
PT2`�iBQMb BM *QMpQHmiBQM�H �`+?Bi2+im`2b 7Q` P#D2+i _2+Q;MBiBQMǴX AM, �`iB}@
+B�H L2m`�H L2irQ`Fb Ĝ A*�LL kyRyX 1/X #v .B�K�Mi�`�b- EQMbi�MiBMQb- .m+?-
qHQ/2F- �M/ AHB�/Bb- G�x�`Qb aX "2`HBM- >2B/2H#2`;, aT`BM;2` "2`HBM >2B/2H#2`;-
kyRy- TTX NkĜRyRX

(93) aBKQMv�M- E�`2M �M/ wBbb2`K�M- �M/`2rX o2`v .22T *QMpQHmiBQM�H L2irQ`Fb
7Q` G�`;2@a+�H2 AK�;2 _2+Q;MBiBQMX kyR9X 2T`BMi, �`sBp,R9yNXR88eX

(9N) a`BMBp�b�Km`i?v- _�pBbmi?� a�F`2T�iM�X ǳǴlM/2`bi�M/BM; R. *QMpQHmiBQM�H L2m@
`�H L2irQ`Fb lbBM; JmHiB+H�bb hBK2@o�`vBM; aB;M�HbǴǴX AM, �HH h?2b2bX kNRRX
UkyR3VX m`H, ?iiTb,ffiB;2`T`BMibX+H2KbQMX2/mf�HHni?2b2bfkNRRX

(8y) amM- :2MvmM 2i �HX ǳ.22T 6mbBQM Q7 GQ+�HBx2/ aT2+i`�H 62�im`2b �M/ JmHiB@b+�H2
aT�iB�H 62�im`2b 7Q` 1z2+iBp2 *H�bbB}+�iBQM Q7 >vT2`bT2+i`�H AK�;2bǴX AM, AMi2`@
M�iBQM�H CQm`M�H Q7 �TTHB2/ 1�`i? P#b2`p�iBQM �M/ :2QBM7Q`K�iBQM NR Ua2TiX
kykyV- TX RykR8dX /QB, RyXRyRefDXD�;XkykyXRykR8dX m`H, ?iiTb,ff/QBXQ`;f
RyXRyRefDXD�;XkykyXRykR8dX

(8R) amM- G2 2i �HX ǳamT2`pBb2/ aT2+i`�HĜaT�iB�H >vT2`bT2+i`�H AK�;2 *H�bbB}+�iBQM
qBi? q2B;?i2/ J�`FQp _�M/QK 6B2H/bǴX AM, A111 h`�Mb�+iBQMb QM :2Qb+B2M+2
�M/ _2KQi2 a2MbBM; 8jXj UJ�`X kyR8V- TTX R9NyĜR8yjX /QB, RyXRRyNfi;`bX
kyR9Xkj9999kX m`H, ?iiTb,ff/QBXQ`;fRyXRRyNfi;`bXkyR9Xkj9999kX

(8k) la:aX BMi2;`�i2/ ?vT2`bT2+i`�H- ;2QT?vbB+�H �M/ ;2Q+?2KB+�H bim/B2b Q7 v2HHQr@
biQM2 M�iBQM�H T�`F ?v/`Qi?2`K�H bvbi2KbX m`H, ?iiTb , f f rrr X mb;b X ;Qp f
+2Mi2`bf;;;b+fb+B2M+2fBMi2;`�i2/@ ?vT2`bT2+i`�H@ ;2QT?vbB+�H@ �M/@
;2Q+?2KB+�H@bim/B2b@v2HHQrbiQM2\[i@b+B2M+2n+2Mi2`nQ#D2+ib4yO[i@
b+B2M+2n+2Mi2`nQ#D2+ibX

dN



(8j) q�M- um@[BM;- 6�M- um@?�B- �M/ CBM- JQm@b?mMX ǳ�TTHB+�iBQM Q7 ?vT2`bT2+i`�H
`2KQi2 b2MbBM; 7Q` bmTTH2K2Mi�`v BMp2biB;�iBQM Q7 TQHvK2i�HHB+ /2TQbBib BM >m�@
MBmb?�M Q`2 `2;BQM- MQ`i?r2bi2`M *?BM�ǴX AM, a+B2MiB}+ _2TQ`ib RRXR UC�MX kykRVX
/QB, RyXRyj3fb9R8N3@ yky@ dN3e9@ yX m`H, ?iiTb,ff/QBXQ`;fRyXRyj3f
b9R8N3@yky@dN3e9@yX

(89) sm- sB�Q/QM; 2i �HX ǳJmHiBbQm`+2 _2KQi2 a2MbBM; .�i� *H�bbB}+�iBQM "�b2/
QM *QMpQHmiBQM�H L2m`�H L2irQ`FǴX AM, A111 h`�Mb�+iBQMb QM :2Qb+B2M+2 �M/
_2KQi2 a2MbBM; 8eXk UkyR3V- TTX NjdĜN9NX /QB, RyXRRyNfh:_aXkyRdXkd8e38RX

(88) u�M;- CBM;tB�M;- w?�Q- uQM;@ZB�M;- �M/ *?�M- CQM�i?�M *?2mM;@q�BX ǳG2�`M@
BM; �M/ h`�Mb72``BM; .22T CQBMi aT2+i`�HĜaT�iB�H 62�im`2b 7Q` >vT2`bT2+i`�H
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UkyRdV- TTX 9dkNĜ9d9kX /QB, RyXRRyNfh:_aXkyRdXkeN38yjX
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�+FMQrH2/;2K2Mib

6B`bi �M/ 7Q`2KQbi A rQmH/ HBF2 iQ i?�MF Kv bmT2`pBbQ`b �M/ K2MiQ`b .`X *?`BbiB�M
JB2HF2 �M/ S`Q7X lr2 �Hi2M#2`;2` 7Q` i?2B` FBM/ bmTTQ`iX A rQmH/ HBF2 iQ 2tT`2bb Kv
i?�MFb iQ �HH Q7 i?2 T2QTH2 r?Q +QMi`B#mi2/ iQ i?2 bm++2bb7mH +QKTH2iBQM Q7 Kv K�bi2`
i?2bBb �i i?2 lMBp2`bBiv Q7 SQib/�K �M/ :6w SQib/�KX Jv bT2+B�H i?�MFb ;Q2b iQ
6`B2/2`BF2 EQ2`iBM; 7Q` ?2` �/pB+2- bmTTQ`i �M/ ?2` T2`KBbbBQM iQ mb2 ?2` /Bbb2`i�iBQM
/�i� b2ib iQ /2p2HQT �M/ i2bi Kv M2m`�H M2irQ`FX Jv bT2+B�H i?�MFb 7Q` i?2 b�KTH2
/�i� mb2/ ;Q2b �b r2HH iQ "2`i`�K >2BMx2 �M/ :2QHQ;B+�H am`p2v .2T�`iK2Mi Q7 i?2
_2Tm#HB+ Q7 *vT`mbX
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