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�#bi`�+i
h?2 K�bi2` i?2bBb rBi? i?2 iBiH2 ǳLmK2`B+�H bBKmH�iBQM Q7 pQB+2 /B`2+BipBiv T�ii2`Mb
7Q` /Bz2`2Mi T?QM2K2bǴ /2�Hb rBi? i?2 2z2+i Q7 i?2 KQmi? b?�T2b `2H�i2/ iQ /Bz2`2Mi
T?QM2K2b QM i?2 `�/B�i2/ bQmM/ }2H/ �M/ i?mb /B`2+iBQM�H +?�`�+i2`BbiB+ Q7 i?2 ?mK�M
pQB+2X h?2 "QmM/�`v 1H2K2Mi J2i?Q/ U"1JV Bb mb2/ �b MmK2`B+�H bBKmH�iBQMX h?Bb
vB2H/b /B`2+iBQM�H +?�`�+i2`BbiB+b rBi? ?B;? �M;mH�` `2bQHmiBQMX h?2 6�"A�L �`iB}+B�H
?2�/ Bb mb2/ �b i?2 #�bB+ KQ/2H �b � b+�MM2/ i?`22@/BK2MbBQM�H K2b?X AM +QK#BM�iBQM
rBi? /Bz2`2Mi pQ+�H i`�+i +QM};m`�iBQMb �M/ KQmi? b?�T2b- K2b? KQ/2Hb �`2 ;2M2`�i2/
7Q` /Bz2`2Mi T?QM2K2bX _�/B�i2/ bQmM/ }2H/b �M/ /B`2+iBpBiv T�ii2`Mb �`2 +�H+mH�i2/
7`QK i?2b2 KQ/2HbX h?Bb K�F2b Bi TQbbB#H2 iQ +QKT�`2 `2�HBbiB+ /B`2+iBQM�H +?�`�+i2`Bb@
iB+b 7Q` /Bz2`2Mi bTQF2M T?QM2K2b BM }M2 �M;mH�` `2bQHmiBQM Qp2` � rB/2 7`2[m2M+v `�M;2X
h?Bb rQ`F T`QpB/2b j. KQ/2Hb Q7 i?2 6�"A�L �`iB}+B�H ?2�/ rBi? iQ`bQ 7Q` 2B;?i /Bz2`@
2Mi T?QM2K2b rBi? /Bz2`2Mi pQ+�H i`�+i +QM};m`�iBQMbX h?2 bBKmH�i2/ i`�Mb72` 7mM+iBQMb
�`2 �HbQ Tm#HBb?2/X
h?2 bBKmH�iBQMb Q7 i?2 KQ/2Hb rBi?Qmi pQ+�H i`�+i b?Qr � `2H�iBp2Hv bi`�B;?i 7`2[m2M+v
`2bTQMb2 BM 7`QMi Q7 i?2 KQmi? QT2MBM;X 6Q` i?2 KQ/2Hb rBi? pQ+�H i`�+ib- i?2 7Q`K�Mib
�`2 +H2�`Hv pBbB#H2 BM i?2 bT2+i`� �M/ K�i+? i?2 TQbBiBQM Q7 i?2 7Q`K�Mib 7`QK +Q``2@
bTQM/BM; KB+`QT?QM2 `2+Q`/BM;bX
qBi? `2;�`/ iQ bQmM/ T`QT�;�iBQM- i?2 bBKmH�iBQMb b?Qr QKMB/B`2+iBQM�H #2?�pBQ` mT
iQ 8yy >x �M/ �#Qp2 i?�i �M BM+`2�b2 BM /B`2+iBQM�HBiv rBi? BM+`2�bBM; 7`2[m2M+vX .B`2+@
iBQM�HBiv Bb ?B;?2` 7Q` KQ/2Hb rBi? H�`;2` KQmi? QT2MBM;X h?2 pQ+�H i`�+i ?�b i?2 2z2+i
Q7 bHB;?iHv b?B7iBM; i?2 `�/B�iBQM T�ii2`MbX h?2 K�BM /B`2+iBQM Q7 `�/B�iBQM Bb 7`QMi�H �M/
bHB;?iHv #2HQr i?2 K2/B�M TH�M2 7Q` �HH KQ/2HbX q?2M +QKT�`BM; i?2 .B`2+iBpBiv AM/2t2b
U.AV 7Q` i?2 /Bz2`2Mi KQ/2Hb- i?2 pQ+�H i`�+i +�mb2b � ?B;?2` /B`2+iBpBiv- r?B+? Bb �H`2�/v
pBbB#H2 #2HQr Ryyy >xX



wmb�KK2M7�bbmM;
.B2 J�bi2`�`#2Bi KBi /2K hBi2H ǳLmK2`B+�H bBKmH�iBQM Q7 pQB+2 /B`2+BipBiv T�ii2`Mb
7Q` /Bz2`2Mi T?QM2K2bǴ #27�bbi bB+? KBi /2K 1BM~mbb /2` JmM/7Q`K2M p2`b+?B2/2M2`
S?QM2K2 �m7 /�b �#;2bi`�?Hi2 a+?�HH72H/ mM/ /�KBi �m7 /B2 _B+?i+?�`�Fi2`BbiBF /2`
K2Mb+?HB+?2M aiBKK2X wm` MmK2`Bb+?2M aBKmH�iBQM rB`/ /B2 "QmM/�`v@1H2K2Mi@J2i?Q/2
U"1JV p2`r2M/2iX .B2b 2`Kƺ;HB+?i /B2 "2`2+?MmM; pQM _B+?i+?�`�Fi2`BbiBF2M KBi ?Q?2`
qBMF2H�m~ƺbmM;X �Hb :`mM/KQ/2HH /B2Mi /2` 6�"A�L@EmMbiFQT7 �Hb ;2b+�MMi2b P#2`@
~ +?2MM2ixX AM EQK#BM�iBQM KBi p2`b+?B2/2M2M oQF�Hi`�FiFQM};m`�iBQM2M mM/ JmM/@
7Q`K2M r2`/2M L2ixKQ/2HH2 7Ƀ` p2`b+?B2/2M2 S?QM2K2 2`bi2HHiX JBi /B2b2M JQ/2HH2M
H�bb2M bB+? �#;2bi`�?Hi2 a+?�HH72H/2` mM/ _B+?i+?�`�Fi2`BbiBF2M #2`2+?M2MX .�KBi Bbi 2b
Kƺ;HB+?- /B2 _B+?i+?�`�Fi2`BbiBF 7Ƀ` p2`b+?B2/2M2 ;2bT`Q+?2M2 S?QM2K2 BM 72BM2` qBMF2@
H�m~ƺbmM; Ƀ#2` 2BM2M r2Bi2M 6`2[m2Mx#2`2B+? `2�HBbiBb+? xm p2`;H2B+?2MX
.m`+? /B2 �`#2Bi r2`/2M j. JQ/2HH2 /2b 6�"A�L EmMbiFQT72b KBi hQ`bQ 7Ƀ` �+?i p2`@
b+?B2/2M2 S?QM2K2 KBi p2`b+?B2/2M2M oQF�Hi`�FiFQM};m`�iBQM2M mM/ /B2 bBKmHB2`i2M
ɂ#2`i`�;mM;b7mMFiBQM2M #2`2Bi;2bi2HHiX
.B2 aBKmH�iBQM2M /2` JQ/2HH2 Q?M2 oQF�Hi`�Fi r2Bb2M 2BM2M `2H�iBp ;`�/2M 6`2[m2Mx;�M;
pQ` /2` JmM/ƺzMmM; �m7X "2B /2M JQ/2HH2M KBi oQF�Hi`�Fi bBM/ /B2 6Q`K�Mi2M BM /2M
aT2Fi`2M ;mi bB+?i#�` mM/ biBKK2M BM B?`2` SQbBiBQM KBi /2M 6Q`K�Mi2M �mb /�xm;2@
?ƺ`B;2M JBF`Q7QM�m7M�?K2M Ƀ#2`2BMX
AK >BM#HB+F �m7 /B2 a+?�HH�mb#`2BimM; x2B;2M /B2 aBKmH�iBQM2M 2BM QKMB/B`2FiBQM�H2b o2`@
?�Hi2M #Bb 8yy >x mM/ /�`Ƀ#2` 2BM2 wmM�?K2 /2` .B`2FiBQM�HBi i KBi bi2B;2M/2` 6`2[m2MxX
.B2 .B`2FiBQM�HBi i Bbi 7Ƀ` JQ/2HH2 KBi ;`ƺĽ2`2` JmM/ƺzMmM; ?ƺ?2`X .2` oQF�Hi`�Fi
rB`Fi bB+? ?B2`#2B �Hb H2B+?i2 o2`b+?B2#mM; /2` �#bi`�?H+?�`�Fi2`BbiBF2M �mbX .B2 >�mTi@
�#bi`�?H`B+?imM; Bbi 7Ƀ` �HH2 JQ/2HH2 7`QMi�H mM/ H2B+?i mMi2`?�H# /2` J2/B�M2#2M2X "2B
/2` :2;2MɃ#2`bi2HHmM; /2` "ɃM/2HmM;bK�Ľ2 7Ƀ` /B2 p2`b+?B2/2M2M JQ/2HH2 #2rB`Fi /2`
oQF�Hi`�Fi 2BM2 ?ƺ?2`2 _B+?irB`FmM;- /B2 #2`2Bib mMi2`?�H# pQM Ryyy >x bB+?i#�` BbiX



*QMi2Mib
RX AMi`Q/m+iBQM Ry

kX ai�i2 Q7 i?2 �`i RR

jX J2i?Q/b R9
jXRX Pp2`pB2r X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X R9
jXkX J2b? ;2M2`�iBQM X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X R9

jXkXRX Pp2`pB2r X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X R9
jXkXkX �/DmbiK2Mi Q7 i?2 6�"A�L D�r TQbBiBQM X X X X X X X X X X X X X X Re
jXkXjX *QK#BM�iBQM Q7 KQmi? KQ/2Hb �M/ 6�"A�L KQ/2H X X X X X X X X RN
jXkX9X a2T�`�iBQM �M/ /2H2iBQM Q7 i?2 pQ+�H i`�+i X X X X X X X X X X X X X kk
jXkX8X JQ/2H TQbBiBQMBM; X X X X X X X X X X X X X X X X X X X X X X X X X X k9

jXjX J2b? TQbiT`Q+2bbBM; �M/ `2@K2b?BM; X X X X X X X X X X X X X X X X X X X X k9
jX9X "1J +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 X X jy

jX9XRX a�KTH2 ;`B/b X X X X X X X X X X X X X X X X X X X X X X X X X X X X X jy
jX9XkX J2b?k>_h6 X X X X X X X X X X X X X X X X X X X X X X X X X X X X X jk

9X _2bmHib j8
9XRX :2M2`�H `2bmHib X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X j8
9XkX aT2+i`�H `2bmHib X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X jd
9XjX _2bmHib Q7 /B`2+iBpBiv X X X X X 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
9X9X 1``Q` 2biBK�iBQM X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X ej

8X .Bb+mbbBQM e8

�X .B;Bi�H �TT2M/Bt ed



GBbi Q7 6B;m`2b G2B7 CQ?�MMb2M

GBbi Q7 6B;m`2b
RX :2M2`�H TBT2HBM2 rBi? i?2 M2+2bb�`v rQ`F bi2Tb X X X X X X X X X X X X X X X R9
kX J2b? Q7 i?2 6�"A�L >�ha �M/ K2b? Q7 pQr2H f2f BM "H2M/2` X X X X X X R8
jX �K�im`2 TQbBiBQMBM; 7Q` D�r KQp2K2Mi X X X X X X X X X X X X X X X X X X X Re
9X q2B;?i K�T iQ /2i2`KBM2 i?2 BM~m2M+2 Q7 i?2 �K�im`2 KQp2K2Mi X X X X Rd
8X SQbBiBQMBM; Q7 i?2 pQr2H f2f BM `2H�iBQM iQ i?2 6�"A�L K2b? X X X X X X X ky
eX J2b? Q7 T?QM2K2b fBf BM i?2 QT2MBM; Q7 i?2 6�"A�L K2b? X X X X X X X X kR
dX J2b? Q7 T?QM2K2b f�f �7i2` bKQQi?BM; X X X X X X X X X X X X X X X X X X X kk
3X J2b? Q7 pQr2H f2f rBi? TQbBiBQM2/ 2HHBTbQB/ X X X X X X X X X X X X X X X X X kj
NX �M�HvbBb Q7 i?2 j.@S`BMi hQQH#Qt 7Q` oQr2H f�2f X X X X X X X X X X X X X X k8
RyX _2K2b?BM; BM J2b?KBt2` X X X X X X X X X X X X X X X X X X X X X X X X X X X ke
RRX *QKT�`BbQM Q7 �HH `2K2b?2/ rpi KQ/2Hb X X X X X X X X X X X X X X X X X X kN
RkX *QKT�`BbQM Q7 �HH `2K2b?2/ rQpi KQ/2Hb X X X X X X X X X X X X X X X X X X kN
RjX .2i2`KBMBM; i?2 TQbBiBQM Q7 i?2 b�KTHBM; ;`B/ 7Q` pQr2H f2f rBi? TQbB@

iBQMBM; K�`F2` X X X X X X X X 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
R9X oBbm�HBx�iBQM Q7 i?2 b�KTH2 ;`B/b �M/ i?2 K2b? 7Q` pQr2H f�f X X X X X X X jk
R8X aQm`+2 /2}MBiBQM rQpi KQ/2H pQr2H fmf X X X X X X X X X X X X X X X X X X X jj
ReX *QKTmi�iBQM iBK2 7Q` bBKmH�iBQMb X X X X X X X X X X X X X X X X X X X X X X je
RdX aT2+i`� Q7 rpi KQ/2Hb mT iQ Reyyy >x X X X X X X X X X X X X X X X X X X X j3
R3X aT2+i`� Q7 rQpi KQ/2Hb mT iQ Reyyy >x X X X X X X X X X X X X X X X X X X X 9y
RNX 6Q`K�Mi bT2+i`� 7`QK `2+Q`/BM;b �M/ bBKmH�iBQMb mT iQ 9 F>x X X X X X X 9k
kyX 6mHHv bT?2`B+�H bQmM/ T`QT�;�iBQM pQr2H fBf- Ryy >x iQ 8yy >x X X X X X X 99
kRX 6mHHv bT?2`B+�H bQmM/ T`QT�;�iBQM pQr2H fBf- ejy >x iQ Reyy >x X X X X X X 98
kkX 6mHHv bT?2`B+�H bQmM/ T`QT�;�iBQM pQr2H fBf- kyyy >x iQ 8yyy >x X X X X X 9e
kjX 6mHHv bT?2`B+�H bQmM/ T`QT�;�iBQM pQr2H fBf- ejyy >x iQ Rk8yy >x X X X X 9d
k9X SQH�` /B�;`�Kb Q7 i?2 pQr2Hb f�2f- f2f- f�f- fBf- i?B`/@#�M/ �p2`�;2/-

Ryy >x iQ 9yy >x X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 8y
k8X SQH�` /B�;`�Kb Q7 i?2 pQr2Hb fQ2f- fmf- fQf- fvf- i?B`/@#�M/ �p2`�;2/-

Ryy >x iQ 9yy >x X X X X X X X 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
keX SQH�` /B�;`�Kb Q7 i?2 pQr2Hb f�2f- f2f- f�f- fBf- i?B`/@#�M/ �p2`�;2/-

8yy >x iQ Ryyy >x X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 8k
kdX SQH�` /B�;`�Kb Q7 i?2 pQr2Hb fQ2f- fmf- fQf- fvf- i?B`/@#�M/ �p2`�;2/-

8yy >x iQ Ryyy >x X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 8j
k3X SQH�` /B�;`�Kb Q7 i?2 pQr2Hb f�2f- f2f- f�f- fBf- i?B`/@#�M/ �p2`�;2/-

Rk8y >x iQ k8yy >x X X X X X X 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
kNX SQH�` /B�;`�Kb Q7 i?2 pQr2Hb fQ2f- fmf- fQf- fvf- i?B`/@#�M/ �p2`�;2/-

Rk8y >x iQ k8yy >x X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 88
jyX SQH�` /B�;`�Kb Q7 i?2 pQr2Hb f�2f- f2f- f�f- fBf- i?B`/@#�M/ �p2`�;2/-

jR8y >x iQ ejyy >x X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 8e
jRX SQH�` /B�;`�Kb Q7 i?2 pQr2Hb fQ2f- fmf- fQf- fvf- i?B`/@#�M/ �p2`�;2/-

jR8y >x iQ ejyy >x X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 8d
jkX SQH�` /B�;`�Kb Q7 i?2 pQr2Hb f�2f- f2f- f�f- fBf- i?B`/@#�M/ �p2`�;2/-

3yyy >x iQ Rk8yy >x X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 83

J�bi2` h?2bBb S�;2 d



GBbi Q7 6B;m`2b G2B7 CQ?�MMb2M

jjX SQH�` /B�;`�Kb Q7 i?2 pQr2Hb fQ2f- fmf- fQf- fvf- i?B`/@#�M/ �p2`�;2/-
3yyy >x iQ Ryyyy >x X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 8N

j9X h2bi@`2i2bi /2pB�iBQM 7Q` rpi bBKmH�iBQMb fBf �M/ fQ2f X X X X X X X X X X X ej
j8X aT2+i`�H BM~m2M+2 Q7 b�KTH2 ;`B/ TQbBiBQMBM;- rpi KQ/2H pQr2H f�f X X X X e9
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GBbi Q7 h�#H2b G2B7 CQ?�MMb2M

GBbi Q7 h�#H2b
RX J2�bm`2/ HBT bT�+BM; Q7 T?QM2K2b �M/ `2[mB`2/ D�r QT2MBM;b X X X X X X X R3
kX SQbBiBQMBM; Q7 i?2 T?QM2K2 K2b?2b X X X X X X X X X X X X X X X X X X X X X RN
jX a?B7i Q7 i?2 KQ/2Hb 7Q` �HB;MK2Mi iQ i?2 +QQ`/BM�i2 Q`B;BM X X X X X X X X X k9
9X lb2/ `2K2b?BM; b2iiBM;b 7Q` J2b?KBt2` X X X X X X X X X X X X X X X X X X X kd
8X lb2/ `2K2b?BM; b2iiBM;b 7Q` TKT@HB#`�`v X X X X X X X X X X X X X X X X X X kd
eX lb2/ `2K2b?BM; bQ7ir�`2 Q7 i?2 /Bz2`2Mi KQ/2Hb X X X X X X X X X X X X X X k3
dX SQbBiBQMBM; Q7 i?2 b�KTH2 ;`B/ �i i?2 KQmi? QT2MBM; X X X X X X X X X X X jR
3X 1tTQ`i b2iiBM; Q7 J2b?k>_h6 rBi? "H2M/2` X X X X X X X X X X X X X X X X j9
NX 6`2[m2M+B2b rBi?Qmi Bi2`�iBp2 "1J bQHmiBQM 7Q` i?2 /Bz2`2Mi KQ/2Hb X X X j8
RyX h?B`/ Q+i�p2 #�M/ �p2`�;2/ bQmM/ T`2bbm`2 H2p2Hb Q7 i?2 rpi KQ/2Hb X X X jN
RRX .A Q7 rpi KQ/2Hb X X X X X X X 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
RkX .A Q7 rQpi KQ/2Hb X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X ek
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R AMi`Q/m+iBQM G2B7 CQ?�MMb2M

RX AMi`Q/m+iBQM
h?2 ?mK�M pQB+2 TH�vb � K�DQ` `QH2 BM BMi2`T2`bQM�H +QKKmMB+�iBQMX 1p2M BM iBK2b
Q7 BM+`2�bBM; /B;Bi�HBx�iBQM- i?Bb `2K�BMb i?2 +�b2- bBM+2 K�Mv i2+?MQHQ;B2b mb2 i?2 ?m@
K�M pQB+2 �b �M BMTmi bB;M�H U2X;X AMi2`M2i@#�b2/ BMi2HHB;2Mi T2`bQM�H �bbBbi�MibVX � F2v
T`QT2`iv Q7 i?2 pQB+2 Bb Bib /B`2+iBQM�HBiv- �b Bi BM~m2M+2b i?2 2M2`;v /Bbi`B#miBQM BM i?2
bm``QmM/BM; bT�+2 �M/ �i i?2 2�` Q7 i?2 `2+2Bp2`X "v p�`vBM; T�`�K2i2`b bm+? �b i?2
BMi2MbBiv- pQ+�H i`�+i TQbBiBQM �M/ KQmi? b?�T2- i?2 /B`2+iBpBiv �M/ i?mb i?2 T`QT�;�iBQM
Q7 i?2 bQmM/ }2H/ 2KBii2/ #v i?2 bT2�F2` �HbQ +?�M;2bX _2b2�`+? QM i?Bb iQTB+ Bb Q7 ;`2�i
`2H2p�M+2 7Q` �`+?Bi2+im`�H /2bB;M- i?2 /2p2HQTK2Mi Q7 M2r i2+?MQHQ;B2b BM i?2 }2H/ Q7
i2H2+QKKmMB+�iBQMb Q` i?2 KQ/2HHBM; Q7 bT22+? (R- k- j)X h?2 K2�bm`2K2Mi Q7 i?2 bQmM/
}2H/ �i bT2+B}+ �M;H2b �`QmM/ i?2 ?2�/ Q7 � i2bi T2`bQM Bb � +QKKQM `2b2�`+? iQTB+X h?2
�M;mH�` `2bQHmiBQM Bb ;Bp2M #v i?2 MmK#2` Q7 KB+`QT?QM2b mb2/ �M/ i?2`27Q`2 MQi p2`v
}M2 BM KQbi +�b2b U2X;X dX8 /2;`22b (9)VX AM �//BiBQM- i?2 K2�bm`2K2Mi rBi? KB+`QT?QM2
�``�vb Bb +QKTH2t �M/ i?2 `2T`Q/m+B#BHBiv +�M #2 T`Q#H2K�iB+ r?2M K2�bm`BM; i?2 pQB+2
/B`2+iBpBiv Q7 ?mK�M #2BM;bX �b � `2bmHi- i?2`2 �`2 MQi 2MQm;? K2�bm`2K2Mi /�i� BM }M2
�M;mH�` `2bQHmiBQM Qp2` i?2 2MiB`2 �m/B#H2 7`2[m2M+v `�M;2X
_2b2�`+? QM >2�/ _2H�i2/ h`�Mb72` 6mM+iBQMb U>_h6bV ?�b b?QrM i?�i Bi Bb TQbbB#H2 iQ
bBKmH�i2 T`QT�;�iBM; bQmM/ }2H/b #v MmK2`B+�H bBKmH�iBQM mbBM; i?2 #QmM/�`v 2H2K2Mi
K2i?Q/ U"1JV (8)X h?2`2#v- � K2b? ;2M2`�i2/ 7`QK � bm`7�+2 b+�M Q7 i?2 ?2�/ +�M
#2 T`Q/m+2/X "1J T`QpB/2b `Q#mbi >_h6 bBKmH�iBQMb #v �+QmbiB+ `2+BT`Q+BivX h?Bb
�TT`Q�+? r�b p�HB/�i2/ #v +QKT�`�iBp2 K2�bm`2K2Mib QM i?2 �`iB}+B�H ?2�/X
h?2 �BK Q7 i?Bb K�bi2` i?2bBb Bb iQ �TTHv i?2 T`Q+2/m`2 7Q` i?2 bBKmH�iBQM Q7 >_h6b iQ
i?2 +�H+mH�iBQM Q7 i?2 `�/B�iBQM T�ii2`M Q7 i?2 ?mK�M pQB+2X h?2`27Q`2 � K2b? Q7 i?2
�`iB}+B�H ?2�/ 6�"A�L rBHH #2 2ti2M/2/ #v T`QpB/BM; p�`BQmb KQmi? b?�T2b 7Q` /Bz2`@
2Mi T?QM2K2b- BM �//BiBQM iQ i?2 `2H�i2/ pQ+�H i`�+i +QM};m`�iBQMbX lbBM; i?2 bQ7ir�`2
J2b?k>_h6 �M/ "1J i?2 T`QT�;�iBM; bQmM/ }2H/ 7Q` i?2 /Bz2`2Mi T?QM2K2b rBHH #2
+�H+mH�i2/ (e)X
_2b2�`+? [m2biBQMb Q7 i?Bb i?2bBb �`2, >Qr /Q /Bz2`2Mi KQmi? b?�T2b �M/ pQ+�H i`�+i
+QM};m`�iBQMb `2H�i2/ iQ /Bz2`2Mi T?QM2K2b �z2+i i?2 bBKmH�i2/ /B`2+iBQM�H +?�`�+i2`@
BbiB+ Q7 i?2 ?mK�M pQB+2\ >Qr ;`2�i Bb i?2 2z2+i Q7 i?2 pQ+�H i`�+i QM i?2 T`QT�;�iBQM
Q7 i?2 bQmM/ }2H/\ hQ r?�i 2ti2Mi +�M i?2 bT22+? /B`2+iBpBiv #2 p�HB/Hv bBKmH�i2/ rBi?
i?2 bBKTHB}2/ �bbmKTiBQM Q7 `B;B/ #QmM/�`B2b �M/ +QMT?�b2 KQpBM; `�/B�iBQM �`2�b\
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kX ai�i2 Q7 i?2 �`i
h?2 BMp2biB;�iBQM Q7 i?2 /B`2+iBpBiv Q7 ?mK�M bT22+? Bb Q7 ?B;? `2H2p�M+2 7Q` /Bz2`2Mi
}2H/b Q7 `2b2�`+? bm+? �b i2H2+QKKmMB+�iBQMb- #mBH/BM; �M/ `QQK �+QmbiB+b- KmbB+QHQ;v
�M/ K2/B� �TTHB+�iBQMb rBi? bT22+? bBKmH�iBQM- iQ M�K2 #mi � 72rX 6Q` i?Bb `2�bQM-
i?2`2 �`2 MmK2`Qmb Tm#HB+�iBQMb /2�HBM; rBi? i?Bb iQTB+X Ai rQmH/ #2 TQbbB#H2 iQ /BpB/2
i?2 2tBbiBM; b+B2MiB}+ rQ`Fb BMiQ irQ T�`ib, S�T2`b i?�i K2�bm`2 i?2 `�/B�i2/ bQmM/ }2H/
rBi? KB+`QT?QM2 �``�vb �i /Bz2`2Mi K2�bm`BM; TQBMib �`QmM/ � i2bi T2`bQM �M/ T�T2`b
i?�i KQ/2H Q` bBKmH�i2 i?2 bQmM/ }2H/X 6m`i?2`KQ`2- i?2`2 �`2 bim/B2b +QKT�`BM; #Qi?
�TT`Q�+?2b 7Q` i?2 p�HB/�iBQM Q7 mb2/ K2i?Q/bX AM i?2 7QHHQrBM;- i?2 `2H2p�Mi rQ`F Bb
/2b+`B#2/ BM Q`/2` iQ b?2/ HB;?i QM i?2 bi�i2 Q7 i?2 �`i BM `2b2�`+? QM i?2 /B`2+iBQM�H
+?�`�+i2`BbiB+ Q7 i?2 ?mK�M pQB+2X
o�`BQmb `2b2�`+? T`QD2+ib �`2 /2/B+�i2/ iQ i?2 K2�bm`2K2Mi Q7 i?2 `�/B�i2/ bQmM/ }2H/
Q7 � i2bi T2`bQM rBi? KB+`QT?QM2b 2[mB/Bbi�MiHv �``�M;2/ BM �M �`+ Q7 R3y /2;`22bX h?2
�M;mH�` `2bQHmiBQM Bb /2i2`KBM2/ #v i?2 MmK#2` Q7 KB+`QT?QM2b mb2/X h?Bb K2�bm`2@
K2Mi b2imT K�F2b K2�bm`2K2Mib BM i?2 ?Q`BxQMi�H TH�M2 TQbbB#H2X AM bQK2 T�T2`b- i?2
�`+ rBi? i?2 K2�bm`BM; KB+`QT?QM2b +�M �HbQ #2 +?�M;2/ BM 2H2p�iBQM bQ i?�i i?2 bQmM/
T`QT�;�iBQM +�M �HbQ #2 `2+Q`/2/ 7Q` i?2 p2`iB+�H TH�M2bX �b bT22+? K�i2`B�H 2Bi?2` pQ@
+�Hb- bTQF2M H�M;m�;2 Q` BM/BpB/m�HHv ?2H/ T?QM2K2b �`2 mb2/X h?2 2t�KBM2/ T?QM2K2b
+�M #2 /BpB/2/ BMiQ pQr2Hb U2X;X f�f- f2f- fBf- fQf- fmfV- M�b�H U2X;X fKf- fMfV �M/
7`B+�iBp2 U2X;X fbf- fb?f- f7f- fi?f- f+?fV +QMbQM�MibX
AM kyye- E�ix 2i �HX (9) Tm#HBb?2/ i?2 `2bmHib i?�i i?2 /B`2+iBpBiv Q7 i?2 pQB+2 /Bz2`b
7Q` pQr2Hb BM i?2 KB//H2 7`2[m2M+v `�M;2 �i Ryyy >x �M/ Reyy >xX h?2 pQr2H f�f Bb
KQ`2 /B`2+iBQM�H i?�M fQfX h?2 HQr2bi /B`2+iBQM�HBiv BM i?Bb BMp2biB;�iBQM Bb 7QmM/ BM
i?2 pQr2H fBfX h?2 M�b�H +QMbQM�Mib b?Qr � bBKBH�` `�/B�iBQM #2?�pBQm` Qp2` i?2 r?QH2
7`2[m2M+v `�M;2X h?2 7`B+�iBp2 +QMbQM�Mib f7f- f+?f- fbf /Bz2` BM i?2B` /B`2+iBQM�HBiv BM
i?2 KB//H2 �M/ ?B;? 7`2[m2M+v #�M/b- rBi? f7f ?�pBM; i?2 M�``Qr2bi H�i2`�H T`QD2+iBQMX
h?2 +?�`�+i2`BbiB+b Q7 i?2 T?QM2K2b ;2M2`�HHv /Bz2` BM i?2 `�M;2b ejy iQ Rk8y >x- k8yy
iQ jRk8 >xX AM � bm#b2[m2Mi bim/v- i?2 +?�M;2 BM KQmi? ;2QK2i`v Bb +Bi2/ �b i?2 `2�bQM
7Q` i?2 bT2+i`�H /Bz2`2M+2b 7Q` �HH pQr2Hb �M/ i?mb i?2 7`2[m2M+v@/2T2M/2Mi /B`2+iBpBiv
(j)X >Qr2p2`- /Bz2`2M+2b BM i?2 `�/B�iBQM +?�`�+i2`BbiB+b Q7 i?2 BM/BpB/m�H pQr2Hb +�MMQi
#2 +QM}`K2/ BM i?Bb `2b2�`+?X "2HQr eyy >x i?2 `�/B�iBQM T�ii2`M Q7 i?2 pQB+2 Bb �HKQbi
QKMB/B`2+iBQM�H- i?2 ;`2�i2bi /Bz2`2M+2b BM /B`2+iBQM�HBiv �`2 7QmM/ �i 3yy iQ Ryyy >x-
k8yy >x �M/ 9yyy >xX aBM+2 i?2 `�/B�iBQM T�ii2`Mb BM ?B;?@2M2`;v `2;BQMb Q7 i?2 bT2+i`mK
?�p2 � ;`2�i2` 2z2+i QM i?2 T2`+2Bp2/ /B`2+iBQM�HBiv- #Qi? i?2 bT2+i`� �M/ i?2 `�/B�iBQM
T�ii2`Mb Kmbi #2 2p�Hm�i2/ U+QK#BM2/ bT�iB�H@7`2[m2M+v �M�HvbBbVX h?2 bT2+i`mK �HbQ
b?Qrb � b?B7i Q7 2M2`;v iQ ?B;?2` 7`2[m2M+B2b rBi? BM+`2�b2/ BMi2MbBivX
EQ+QM 2i �HX (d) iQQF mT i?2 [m2biBQM BM kyR3X h?2B` bim/v BMp2biB;�i2b i?2 `�/B�iBQM
+?�`�+i2`BbiB+b Q7 i?2 ?mK�M pQB+2 rBi? `2;�`/ iQ i?2 BM/BpB/m�H T?QM2K2bX AM `mMMBM;
bT22+?- i?2 pQr2H f�f 2t?B#Bib i?2 ;`2�i2bi /B`2+iBQM�HBivX 6Q` BM/BpB/m�HHv bTQF2M pQr@
2Hb- i?2 /B`2+iBQM�HBiv /Bz2`b 7Q` i?B`/@Q+i�p2 #�M/ r2B;?iBM; �#Qp2 i?2 7`2[m2M+v Ryyy >x
rBi? i?2 ;`2�i2bi /Bz2`2M+2 BM i?2 7`2[m2M+v #�M/ Q7 i?2 +2Mi2` 7`2[m2M+v 9yyy >xX h?2
/B`2+iBpBiv Q7 bQmM/ bQm`+2b +QKT�`2/ iQ �M QKMB/B`2+iBQM�H +?�`�+i2`BbiB+ +�M #2 2t@
T`2bb2/ �b .B`2+iBpBiv AM/2t U.AV BM /"X h?2 .A 7Q` �M QKMB/B`2+iBQM�H +?�`�+i2`BbiB+ Bb
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y /" �M/ ?B;?2` p�Hm2b /2b+`B#2 � ;`2�i2` /B`2+iBpBivX h?2 .Ab 7Q` i?2 2t�KBM2/ pQr2Hb
�`2, f�f 4 jXN /"- fBf 4 jXj /"- f2f 4 jXR /"- fmf 4 kXN /"- fQf 4 kX3 /"X h?2 `2bmHib
Q7 i?2 bim/v bmTTQ`i i?2 }M/BM;b Q7 E�ix 2i �HX 7`QK kyyeX
JQMbQM 2i �HX (3) mM/2`HBM2 i?2 `2H2p�M+2 Q7 i?2 7`2[m2M+v #�M/b 3yyy >x �M/ Reyyy >x
�M/ i?2 bQ@+�HH2/ >B;?@6`2[m2M+v 1M2`;v U>61VX h?2v +QK2 iQ i?2 +QM+HmbBQM i?�i i?2`2
Bb MQ bB;MB}+�Mi /Bz2`2M+2 BM i?2 `�/B�iBQM +?�`�+i2`BbiB+b Q7 bBM;BM; �M/ bT22+?X q?2M
HQQFBM; �i i?2 BM/BpB/m�H 7`B+�iBp2 T?QM2K2b fbf- fSf- f7f- fTf i?2v /Bz2` BM i?2 T�ii2`Mb
�#Qp2 k F>x rBi? i?2 H�`;2bi /Bz2`2M+2 Q7 N /" �i 3yyy >x #2ir22M i?2 T?QM2K2b fbf
�M/ fi?f BM � /B`2+iBQM Q7 Ny /2;`22b iQ i?2 `B;?iX h?2 +�H+mH�i2/ .Ab �`2 fbf 4 8Xj /"-
fSf 4 9Xe /"- f7f 4 jXk /" �M/ fTf 4 kX8 /"X AM ;2M2`�H- i?2 bim/v b?Qrb ?Qr /2+BbBp2Hv
i?2 b?�T2 Q7 i?2 KQmi? �z2+ib i?2 `�/B�iBQM Q7 i?2 pQB+2 �M/ i?�i �ii2MiBQM b?QmH/ #2
T�B/ iQ i?2 >61- bBM+2 �HH i?2 /2i2+i2/ /Bz2`2M+2b �`2 HQ+�i2/ BM i?Bb 7`2[m2M+v `�M;2
(N)X
h?2 bim/B2b /2b+`B#2/ �`2 `2T`2b2Mi�iBp2 Q7 rQ`F r?2`2 i?2 T`QT�;�iBM; bQmM/ }2H/ Bb
K2�bm`2/ rBi? � HBKBi2/ MmK#2` Q7 KB+`QT?QM2bX h?Bb �TT`Q�+? ;Bp2b � ;QQ/ BM/B+�iBQM
Q7 i?2 /B`2+iBpBiv Q7 i?2 ?mK�M pQB+2X >Qr2p2`- Bi Bb +?�HH2M;BM; iQ T`QpB/2 7mHHv bT?2`B+�H
/�i� 7Q` }M2 �M;mH�` `2bQHmiBQMX "2bB/2b K2�bm`BM; rBi? KB+`QT?QM2b- Bi Bb �HbQ TQbbB#H2
iQ bBKmH�i2 � T`QT�;�iBM; bQmM/ }2H/X h?Bb `2[mB`2b � K2b? KQ/2H i?�i +�M #2 ;2M2`@
�i2/ #v bm`7�+2 b+�MbX lbBM; MmK2`B+�H K2i?Q/b- /Bz2`2MiB�H 2[m�iBQMb +�M #2 bQHp2/ iQ
+�H+mH�i2 bQmM/ T`2bbm`2 H2p2H �M/ p2HQ+Biv 7Q` /Bz2`2Mi TQBMib BM bT�+2X h?2 2z2+ib Q7
;2QK2i`v QM bBKmH�i2/ `2bmHib Bb �//`2bb2/ #v i?2 `2b2�`+? rQ`F Q7 �`M2H� 2i �HX (Ry)X
h?2 K2b? mb2/ BM i?Bb bim/v Bb � ?2�/ KQ/2H rBi?Qmi iQ`bQX h?2 2z2+i Q7 bBKTHB7vBM; i?2
;2QK2i`v Q7 i?2 ?2�/ QM i?2 T`QT�;�iBQM Q7 i?2 bQmM/ }2H/ Q7 i?2 ?mK�M pQB+2 Bb BMp2biB@
;�i2/ rBi? i?2 mb2 Q7 � 6BMBi2 1H2K2Mi J2i?Q/ U61JV BM i?2 iBK2 /QK�BMX � :�mbbB�M
TmHb2 Bb mb2/ �b � biBKmHmb bB;M�H- r?B+? Bb BKT`2bb2/ QM QM � TH�M�` bm`7�+2 �i i?2 HQr2`
2M/ Q7 i?2 pQ+�H i`�+i �i i?2 TQbBiBQM Q7 i?2 pQ+�H 7QH/bX h?2 #QmM/�`v +QM/BiBQMb �`2
+�H+mH�i2/ 7Q` i?2 ;HQiiBb 7`QK i?2 bQmM/ p2HQ+Biv Q7 i?2 2tBiBM; �B`X 6Q` i?2 pQ+�H i`�+i-
bQmM/@bQ7i +QM/BiBQMb �`2 +?Qb2M 7`2[m2M+v BM/2T2M/2MiX 6Q` i?2 bm`7�+2 Q7 i?2 ?2�/
L2mK�MM +QM/BiBQMb Q7 T2`72+iHv `B;B/ #QmM/�`B2b �`2 �TTHB2/ �M/ i?2 2MpB`QMK2Mi Bb
KQ/2H2/ rBi? MQM@`2~2+iBM; aQKK2`72H/ #QmM/�`v +QM/BiBQMbX h?2 �mi?Q`b +QM+Hm/2
i?�i ?2�/ �ii�+?K2Mib bm+? �b 2�`b �M/ MQb2 �`2 T2`+2Tim�HHv B``2H2p�MiX h?2 2t+2TiBQM
�`2 i?2 HBTb- r?B+? ?�p2 �M 2z2+i QM i?2 `�/B�iBQM BKT2/�M+2 BM � bBKBH�` K�MM2` �b 7Q`
#`�bb BMbi`mK2Mib i?�i T`2b2Mi �M 2tTQM2MiB�HHv QT2M #2HH- pQ+�H i`�+i i`�Mb72` 7mM+iBQMb
�M/ TH�v � bB;MB}+�Mi `QH2 BM i?2 7`2[m2M+v `�M;2 Q7 8yyy >x iQ Ryyyy >xX 6Q` � KQ/2HBM;
�#Qp2 8yyy >x i?2 HBTb b?QmH/ i?2`27Q`2 #2 +QMbB/2`2/X
AM � bm#b2[m2Mi bim/v- i?2 7`2[m2M+v `�M;2 BM r?B+? i?2 HBTb �`2 `2H2p�Mi 7Q` i?2 `�/B@
�iBQM T�ii2`M r�b 2t�KBM2/ 7Q` i?2 pQr2Hb f�f- fBf �M/ fmf (RR)X 6Q` i?2 pQr2H f�f-
i?2 HBTb �`2 �HbQ `2H2p�Mi 7Q` i?2 7`2[m2M+v `�M;2 #2HQr 8yyy >x /m2 iQ i?2 H�`;2 KQmi?
QT2MBM;X h?Bb Bb MQi i?2 +�b2 7Q` i?2 pQr2H fmfX h?2 `2bmHib 7Q` pQr2H fBf HB2 #2ir22M
i?Qb2 7Q` f�f �M/ fmfX �HH BM �HH- i?2 KQ/2HHBM; Q7 i?2 HBTb �HbQ �z2+ib i?2 bBKmH�iBQM
Q7 i?2 `�/B�iBQM Q7 i?2 pQr2Hb BM i?2 HQr 7`2[m2M+v `�M;2X lM7Q`imM�i2Hv- i?2 `2bmHib Q7
i?2b2 bim/B2b /Q MQi �HHQr � i?Q`Qm;? +QKT�`BbQM Q7 i?2 /B`2+iBQM�H +?�`�+i2`BbiB+ Q7 i?2
BM/BpB/m�H pQr2Hb rBi? i?2 T`2b2Mi2/ rQ`F rBi? KB+`QT?QM2 K2�bm`2K2MibX >Qr2p2`-
i?2v +�M #2 mb2/ iQ p�HB/�i2 i?2 bBKmH�iBQM Ub22 +?�Ti2` jVX
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h?Bb K�bi2` i?2bBb Bb #�b2/ QM b2p2`�H TQBMib Q7 i?2 T`2b2Mi2/ bim/B2bX h?2 `�/B�iBQM
T�ii2`M Q7 i?2 ?mK�M pQB+2 7Q` /Bz2`2Mi T?QM2K2b Bb bBKmH�i2/X 6Q` i?Bb Tm`TQb2 i?2
6�"A�L ?2�/@�M/@iQ`bQ K2b? Bb mb2/- r?B+? Bb 2ti2M/2/ BM "H2M/2` #v /Bz2`2Mi KQmi?
b?�T2b 7Q` /Bz2`2Mi T?QM2K2b (Rk)X qBi? J2b?k>_h6 �M/ i?2 MmK2`B+�H K2i?Q/ "1J
i?2 2KBii2/ bQmM/ }2H/ Bb bm#b2[m2MiHv +�H+mH�i2/ BM p2`v ?B;? �M;mH�` `2bQHmiBQM �M/
7mHHv bT?2`B+�H Qp2` i?2 2MiB`2 7`2[m2M+v `�M;2 mT iQ kkyyy >x (e)X h?mb- i?2 BM~m2M+2
Q7 /Bz2`2Mi KQmi? b?�T2b QM i?2 bQmM/ T`QT�;�iBQM Bb BMp2biB;�i2/X h?2 `2bmHib +�M #2
+QKT�`2/ rBi? i?2 `2bmHib Q7 T`2pBQmb bim/B2b rBi? KB+`QT?QM2 K2�bm`2K2MibX 6m`i?2`@
KQ`2- /�i� Q7 i?2 T`QT�;�iBM; bQmM/ }2H/ Q7 i?2 /Bz2`2Mi T?QM2K2b rBHH #2 T`QpB/2/ BM
i?2 7Q`K Q7 BKTmHb2 `2bTQMb2b 7Q` ?B;? �M;mH�` `2bQHmiBQMX h?2b2 +�M #2 mb2/ 7Q` KmbB+�H
�+QmbiB+b- KmbB+QHQ;v- �M/ `QQK �+QmbiB+ bBKmH�iBQM BM 7mim`2 `2b2�`+? Q` �TTHB+�iBQMbX

J�bi2` h?2bBb S�;2 Rj



j J2i?Q/b G2B7 CQ?�MMb2M

jX J2i?Q/b
jXRX Pp2`pB2r
h?2 /�i� ;2M2`�iBQM +QMbBbib Q7 i?2 i?`22 bm#i�bFb K2b? ;2M2`�iBQM- `2K2b?BM; �M/ "1J
+QKTmi�iBQMX AM K2b? ;2M2`�iBQM- � ?2�/@�M/@iQ`bQ K2b? Bb 2ti2M/2/ #v /Bz2`2Mi KQmi?
�M/ pQ+�H i`�+i +QM};m`�iBQMbX h?Bb Bb /QM2 BM i?2 bQ7ir�`2 "H2M/2` (Rk)X am#b2[m2MiHv-
Bi Bb M2+2bb�`v iQ `2K2b? i?2 K2b? BM Q`/2` iQ K22i i?2 `2[mB`2K2Mib 7Q` MmK2`B+�H bBK@
mH�iBQMX 6Q` i?Bb bi2T i?2 `2K2b?BM; bQ7ir�`2 J2b?KBt2` (Rj) �M/ i?2 SQHv;QM J2b?
S`Q+2bbBM; GB#`�`v UTKT@HB#`�`vV (R9) �`2 mb2/X h?2 MmK2`B+�H "1J bBKmH�iBQM Bb T2`@
7Q`K2/ rBi? J2b?k>_h6 (e)X 6BM�HHv- i?2 T`Q+2bbBM; �M/ +QKT�`BbQM Q7 i?2 +�H+mH�i2/
/�i� Bb /QM2 BM J�iH�# Ub22 };m`2 RV (R8)X

6B;m`2 R, :2M2`�H TBT2HBM2 iQ +�H+mH�i2 i`�Mb72` 7mM+iBQMbX �bbB;MK2Mi
Q7 i?2 rQ`F bi2Tb iQ i?2 bQ7ir�`2 "H2M/2`- J2b?KBt2`- TKT@
HB#`�`v- J2b?k>_h6- J�iH�#X

jXkX J2b? ;2M2`�iBQM
jXkXRX Pp2`pB2r
6Q` i?Bb i?2bBb- QM2 K2b? Bb `2[mB`2/ 7Q` 2�+? Q7 i?2 T?QM2K2b 2t�KBM2/X h?Bb +QMbBbib
Q7 � ?2�/@�M/@iQ`bQ K2b? �M/ i?2 bT2+B}+ KQmi? �M/ pQ+�H i`�+i +QM};m`�iBQM Q7 i?2
T?QM2K2X � +QHH2+iBQM Q7 T?QM2K2b +�M #2 7QmM/ BM i?2 AMi2`M�iBQM�H S?QM2iB+ �HT?�#2i
UAS� +?�`iV Q7 i?2 AMi2`M�iBQM�H S?QM2iB+ �bbQ+B�iBQM (Re)X 6Q` i?2 ;2M2`�iBQM Q7 i?2
K2b?2b Q7 i?2 KQmi? b?�T2b 2tBbiBM; KQ/2Hb �`2 mb2/X 6Q` i?2 6BMMBb? pQr2Hb f�f- f�2f-

J�bi2` h?2bBb S�;2 R9



j J2i?Q/b G2B7 CQ?�MMb2M

f2f- fBf- fQf- fQ2f- fmf- fvf K2b?2b �`2 �H`2�/v �p�BH�#H2- r?B+? �HbQ BM+Hm/2 i?2 pQ+�H
i`�+i (Rd)X 6`QK � bim/v 7`QK kyRd � i`B�M;H2 K2b? Q7 i?2 6�"A�L �`iB}+B�H ?2�/@�M/@
iQ`bQ bBKmH�iQ` U>�haV rBi? �M 2/;2 H2M;i? Q7 k KK 7Q` i?2 TBMM� �M/ 8 KK 7Q` ?2�/
�M/ iQ`bQ 2tBbib �b � ai�M/�`/ h`B�M;mH�iBQMfh2bb2H�iBQM G�M;m�;2 UXbiHV }H2 (8)X AM i?Bb
K�bi2` i?2bBb i?2 /Bz2`2Mi KQmi? �M/ pQ+�H i`�+i K2b?2b �`2 +QK#BM2/ rBi? i?2 6�"A�L
K2b? mbBM; i?2 `2M/2`BM; bQ7ir�`2 "H2M/2` Ub22 };m`2 kV (Rk)X AM i?2 `2bmHiBM; KQ/2Hb �
pB#`�iBM; TH�M2 Bb /2}M2/ �b i?2 bQmM/ bQm`+2 7Q` i?2 "1J bBKmH�iBQMX �HH KQ/2Hb b?QmH/
#2 �p�BH�#H2 rBi? pQ+�H i`�+i UrpiV �M/ rBi?Qmi pQ+�H i`�+i UrQpiV iQ /2i2`KBM2 i?2 2z2+i
Q7 i?2 pQ+�H i`�+i QM i?2 T`QT�;�iBQM Q7 i?2 bQmM/ }2H/X am#b2[m2MiHv- i?2 `2bmHiBM;
KQ/2Hb ?�p2 iQ #2 `2K2b?2/ iQ K22i i?2 `2[mB`2K2Mi Q7 bBt 2H2K2Mib T2` r�p2H2M;i?
7Q` i?2 7`2[m2M+v `�M;2 mT iQ kkyyy >x (R3)X 6Q` i?Bb Tm`TQb2 � `2K2b?BM; bQ7ir�`2 HBF2
J2b?KBt2` Bb mb2/ (Rj)X

6B;m`2 k, J2b? Q7 i?2 6�"A�L >�ha rBi? K2b? Q7 i?2 KQmi? �M/
pQ+�H i`�+i K2b? 7Q` i?2 pQr2H f2f U7`�K2/ BM v2HHQrV BM i?2
`2M/2`BM; bQ7ir�`2 "H2M/2`X

J�bi2` h?2bBb S�;2 R8



j J2i?Q/b G2B7 CQ?�MMb2M

jXkXkX �/DmbiK2Mi Q7 i?2 6�"A�L D�r TQbBiBQM
AM Q`/2` iQ +QMM2+i i?2 KQ/2Hb Q7 i?2 BM/BpB/m�H T?QM2K2b rBi? i?2 KQ/2H Q7 i?2 6�"A�L
�`iB}+B�H ?2�/- Bib D�r TQbBiBQM Kmbi #2 �#H2 iQ #2 p�`B2/X AM ?mK�Mb- i?2 i2KTQ`Q@
K�M/B#mH�` DQBMi UhJCV- �b i?2 +QMM2+iBQM Q7 i?2 i2KTQ`�H #QM2 �M/ i?2 K�M/B#H2-
�HHQrb i?2 HQr2` D�r iQ KQp2 �;�BMbi i?2 mTT2` D�rX h?mb- BM i?Bb K2b? rQ`F- i?2 ;Q�H
Bb iQ �HHQr i?2 T�`i Q7 i?2 HQr2` D�r iQ `Qi�i2 /QrMr�`/ �`QmM/ i?2 hJCX >Qr2p2`- i?2
mTT2` HBT b?QmH/ `2K�BM BM TH�+2X
AM i?2 }`bi bi2T- i?2 K2b? Q7 i?2 6�"A�L >�ha Bb BKTQ`i2/ BMiQ "H2M/2` �b � XbiH }H2X
h?2 TQbBiBQMBM; `2K�BMb mM+?�M;2/ �7i2`r�`/bX h?Bb Q`B2Mi�iBQM Q7 i?2 KQ/2H Bb b?QrM
BM "H2M/2` �b M2Bi?2` KQp2/ MQ` `Qi�i2/X
�M �K�im`2 Bb MQr �//2/ BM P#D2+i JQ/2 iQ 2M�#H2 i?2 KQp2K2Mi Q7 i?2 D�r b2+iBQMX
�K�im`2b +QMbBbi Q7 i?2 i?`22 T�`ib ?2�/- #Q/v �M/ i�BH �M/ �`2 mb2/ BM "H2M/2` iQ
i`�Mb72` KQp2K2Mib iQ � K2b?X �b i?2 KQp2K2Mi BM `Qi�iBQMb `272`b iQ i?2 TQbBiBQM Q7
i?2 ?2�/ Q7 i?2 �K�im`2- Bi Bb TQbBiBQM2/ �i i?2 hJC Q7 i?2 6�"A�LX h?2 "Q/v �M/ i�BH
TQBMi iQr�`/b i?2 +?BM Ub22 };m`2 jVX

6B;m`2 j, �M �K�im`2 Bb �//2/ �i i?2 TQbBiBQM Q7 i?2 hJC iQ H�i2`
�HHQr KQp2K2Mi Q7 i?2 HQr2` D�r �`QmM/ i?Bb TQbBiBQMX

AM i?2 M2ti bi2T i?2 K2b? Q7 i?2 �`iB}+B�H ?2�/ Bb �bbB;M2/ iQ i?2 �K�im`2X h?Bb Bb +�HH2/
T�`2MiBM;X AM P#D2+i JQ/2 i?2 �`iB}+B�H ?2�/ Bb b2H2+i2/ }`bi �M/ i?2M i?2 �K�im`2 Bb
b2H2+i2/ r?BH2 b?B7i Bb T`2bb2/X LQr i?2 QTiBQM ǳ�K�im`2 /27Q`K rBi? 2KTiv ;`QmTbǴ Bb
b2H2+i2/X h?Bb �//b � M2r p2`i2t ;`QmT iQ i?2 ?2�/- +�HH2/ ǳ"QM2ǴX h?Bb Kmbi #2 /2H2i2/

J�bi2` h?2bBb S�;2 Re
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�M/ i?2 2tBbiBM; ;`QmT `2M�K2/ iQ ǳ"QM2ǴX AM 1/Bi JQ/2 �HH QTiBQMb Kmbi #2 b2H2+i2/
BM i?2 JQ/B}2` i�# bQ i?�i i?2 KQp2K2Mib Q7 i?2 �K�im`2 rBHH H�i2` �z2+i i?2 p2`iB+2b
Q7 i?2 K2b? BM 1/Bi JQ/2X
AM Q`/2` iQ /2i2`KBM2 i?2 BM~m2M+2 Q7 i?2 KQp2K2Mi Q7 i?2 �K�im`2 QM i?2 K2b? Q7 i?2
6�"A�L �`iB}+B�H ?2�/- � r2B;?i K�T Bb +`2�i2/ BM q2B;?i S�BMi JQ/2 r?B+? �bbB;Mb
7�+iQ`b BM i?2 BMi2`p�H [0, 1] iQ i?2 �`2�b Q7 i?2 KQ/2HX �`2�b rBi? � HQr 7�+iQ` �`2 ?�`/Hv
�z2+i2/ #v i?2 KQp2K2Mi Q7 i?2 �K�im`2- r?BH2 �`2�b rBi? � ?B;? 7�+iQ` �`2 ;`2�iHv
�z2+i2/X hQ +`2�i2 � bvKK2i`B+�H r2B;?i K�T- i?2 pB2r BM "H2M/2` Bb +2Mi2`2/ QM i?2
v@�tBb �M/ i?2 ;`�/B2Mi Bb mb2/ Ub22 };m`2 9VX

U�V U#V

6B;m`2 9, q2B;?i K�T BM q2B;?i S�BMi JQ/2 iQ /2i2`KBM2 i?2 2z2+i Q7
i?2 �K�im`2 KQp2K2Mi QM i?2 K2b? Q7 i?2 6�"A�L �`iB}+B�H
?2�/ BM t@pB2r U�V �M/ v@pB2r U#VX "Hm2 �`2�b �`2 MQi �z2+i2/
#v i?2 �K�im`2 KQp2K2Mi- r?2`2�b `2/ �`2�b �`2 bi`QM;Hv
�z2+i2/X

h?2 D�r QT2MBM; Q7 i?2 6�"A�L KQ/2H +`2�i2/ BM i?Bb r�v +�M #2 K2�bm`2/ #v i?2 2/;2
H2M;i?b Q7 i?2 KQ/B}2/ 7�+2b #2ir22M i?2 mTT2` �M/ HQr2` HBTX h?2 KQmi? QT2MBM;b Q7
i?2 T?QM2K2b �`2 K2�bm`2/ �b i?2 K�tBKmK p2`iB+�H /Bbi�M+2 #2ir22M i?2 mTT2` �M/
HQr2` HBTX 6Q` i?2 pQr2Hb f�2f- f2f- f�f �M/ fBf i?2b2 p�Hm2b +�M #2 /B`2+iHv i`�Mb72``2/
iQ i?2 `2[mB`2/ rB/i? Q7 i?2 D�r QT2MBM; Q7 i?2 6�"A�LX 6Q` i?2 }iiBM; Q7 i?2 `2K�BMBM;
KQ/2Hb Bi Bb MQi TQbbB#H2 iQ i`�Mb72` i?2 HBT /Bbi�M+2b iQ i?2 D�r QT2MBM;- bBM+2 BM i?2
pQr2Hb rBi? � KQ`2 TQBMi2/ HBT BK�;2 i?2 p2`iB+�H /Bbi�M+2b #2ir22M i?2 HBTb �`2 bK�HH-
#mi i?2 D�r QT2MBM;b �`2 `2H�iBp2Hv H�`;X h?mb- i?2 D�r TQbBiBQMb 7Q` i?2 pQr2Hb fQ2f-
fmf- fQf �M/ fvf �`2 /2i2`KBM2/ K�Mm�HHv- r?2`2#v � D�r TQbBiBQM Bb b2H2+i2/ bQ i?�i
i?2 mTT2` �M/ HQr2` HBTb Q7 i?2 6�"A�L KQ/2H �`2 �b +QM;`m2Mi �b TQbbB#H2 rBi? i?2

J�bi2` h?2bBb S�;2 Rd
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HBTb Q7 i?2 `2bT2+iBp2 KQ/2Hb Q7 i?2 T?QM2K2b Ub22 i�#H2 RVX h?2 D�r /Bbi�M+2 ?�b MQ
`2i`Q�+iBp2 2z2+i QM i?2 HBT /Bbi�M+2 Q7 i?2 KQ/2Hb- #mi K�F2b Bi TQbbB#H2 iQ +QK#BM2 i?2
BM/BpB/m�H KQmi? �M/ pQ+�H i`�+i KQ/2Hb Q7 i?2 T?QM2K2b rBi? i?2 6�"A�L �`iB}+B�H
?2�/X

oQr2H o2`iB+�H HBT /Bbi�M+2 6�"A�L D�r QT2MBM;
fQ2f RXy +K RXk +K
fmf yX8 +K RXk +K
fQf yX9 +K yXN +K
fvf yX9 +K RXy +K
f�2f kXN +K
f2f RX8 +K
f�f RXk +K
fBf RXy +K

h�#H2 R, *QKT�`BbQM Q7 i?2 K2�bm`2/ HBT /Bbi�M+2b Q7 i?2 BM/BpB/m�H
T?QM2K2b �M/ i?2 `2[mB`2/ 6�"A�L D�r QT2MBM;bX

J�bi2` h?2bBb S�;2 R3



j J2i?Q/b G2B7 CQ?�MMb2M

jXkXjX *QK#BM�iBQM Q7 KQmi? KQ/2Hb �M/ 6�"A�L KQ/2H
AM i?2 T`2pBQmb bm#+?�Ti2` Ub22 bm#+?�Ti2` jXkXkV i?2 T`2T�`�iBQM Q7 i?2 6�"A�L K2b?
r�b /2b+`B#2/ iQ 2M�#H2 i?2 +QK#BM�iBQM rBi? i?2 KQ/2Hb Q7 i?2 BM/BpB/m�H T?QM2K2bX
AM i?Bb bm#+?�Ti2` i?2 bi2Tb �`2 /2b+`B#2/ r?B+? �`2 M2+2bb�`v iQ ;2M2`�i2 �M BM/BpB/m�H
6�"A�L K2b? BM +QK#BM�iBQM rBi? 2�+? T?QM2K2X
AM i?2 }`bi bi2T- BM "H2M/2` i?2 +Q``2bTQM/BM; T?QM2K2 K2b? Bb BKTQ`i2/ �b XbiH }H2
iQ i?2 6�"A�L K2b? rBi? bT2+B}+ D�r +QMbi`m+iBQMX �b i?2 KQ/2Hb Q7 i?2 T?QM2K2b
mb2/ ?�p2 � /Bz2`2Mi Q`B2Mi�iBQM QM i?2 +QQ`/BM�i2 bvbi2K �M/ �`2 Q`B2Mi2/ /Bz2`2MiHv BM
bT�+2- i?2v Kmbi #2 �HB;M2/ �++Q`/BM; iQ i?2 TQbBiBQM Q7 i?2 6�"A�L K2b?X AM Q`/2` iQ
#2 �b +QM;`m2Mi �b TQbbB#H2 rBi? i?2 6�"A�L K2b? BM `2bT2+i Q7 i?2 HBTb- i?2v Kmbi �HbQ
#2 iBHi2/ /QrMr�`/b U_Qi�iBQM sV /2T2M/BM; QM i?2 KQmi? BK�;2 Ub22 };m`2 8VX h?2
T?QM2K2 KQ/2Hb �`2 MQi b?B7i2/ Q` `Qi�i2/ BM i?2 u@/B`2+iBQMX h?2 `2Q`B2Mi�iBQMb `2bmHi
BM �M BM/BpB/m�H TQbBiBQMBM; 7Q` 2�+? T?QM2K2 Ub22 i�#H2 kVX h?2 �M;H2 Q7 BM+HBM�iBQM
U_Qi�iBQM sV Bb i�F2M BMiQ �++QmMi BM i?2 /Bb+mbbBQM Q7 i?2 bBKmH�i2/ `2bmHibX

oQr2H GQ+�iBQM s GQ+�iBQM w _Qi�iBQM s _Qi�iBQM w
f�2f @jXj +K @9Xj +K Rdê Nyê
f2f @kX3 +K @9XN +K Rjê Nyê
f�f @jXk +K @9Xd +K R8ê Nyê
fBf @kXe +K @8X9 +K Ryê Nyê
fQ2f @jXR +K @8Xy +K Nê Nyê
fmf @jXd +K @8X8 +K 3ê Nyê
fQf @jXk +K @eXy +K 9ê Nyê
fvf @jXk +K @eXy +K 8ê Nyê

h�#H2 k, SQbBiBQMBM; Q7 i?2 T?QM2K2 K2b?2b 7Q` ?B;?2bi TQbbB#H2 +QM@
;`m2M+2 rBi? i?2 `2bT2+iBp2 6�"A�L K2b? rBi? bT2+B}+ D�r
TQbBiBQMX � b?B7i Q` `Qi�iBQM BM u@/B`2+iBQM Bb MQi M2+2bb�`vX

J�bi2` h?2bBb S�;2 RN
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6B;m`2 8, SQbBiBQMBM; pQr2H f2f rBi? �b Km+? +QM;`m2M+2 �b TQbbB#H2
rBi? i?2 6�"A�L K2b? BM `2bT2+i Q7 i?2 HBTbX h?2 KQmi?
BK�;2 r�b `Qi�i2/ #v Rj /2;`22 BM i?2 /QrMr�`/ /B`2+iBQM
U_Qi�iBQM sVX

h?2 M2ti bi2T Bb iQ b2H2+i �M/ `2KQp2 i?2 mMM22/2/ MQb2 �M/ +?BM �`2�b �`QmM/ i?2
HBTb 7Q` i?2 T?QM2K2 KQ/2HX Ai Bb 2Mbm`2/ i?�i �Mv `2K�BMBM; p2`iB+2b H27i Qp2` #v i?Bb
T`Q+2/m`2 rBi?Qmi +QMM2+iBQM iQ i?2 K2b? �`2 bm#b2[m2MiHv /2H2i2/X
h?2M- i?2 KQmi? �`2� +�M #2 b2H2+i2/ 7`QK i?2 6�#B�M K2b? �M/ /2H2i2/X "Qi? i?2
i`BKK2/ KQ/2H Q7 i?2 T?QM2K2 �M/ i?2 6�"A�L K2b? +�M #2 /BbTH�v2/ bBKmHi�M2QmbHv
bQ i?�i i?2 +mi@Qmi BM i?2 6�#B�M K2b? +�M #2 /BK2MbBQM2/ +Q``2+iHvX q?2M `2rQ`FBM;-
+�`2 Kmbi #2 i�F2M MQi iQ /�K�;2 i?2 6�#B�M K2b? mMBMi2MiBQM�HHvX am+? /�K�;2 Bb
2�bBHv /QM2 iQ i?2 #�+F Q7 i?2 6�"A�L �M/ +�M i?2`27Q`2 #2 Qp2`HQQF2/X �7i2` i?Bb
bi2T i?2 KQ/2H Q7 i?2 T?QM2K2 bBib 7`22Hv BM i?2 QT2MBM; +`2�i2/ BM i?2 6�#B�M K2b?X
h?2`27Q`2 i?2 irQ KQ/2Hb /Q MQi Qp2`H�T Ub22 };m`2 eVX

J�bi2` h?2bBb S�;2 ky
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6B;m`2 e, h?2 i`BKK2/ KQ/2H Q7 i?2 T?QM2K2 fBf bBib 7`22Hv QM �HH bB/2b
BM i?2 +mi@Qmi Q7 i?2 6�"A�L K2b?X

h?2 irQ KQ/2Hb �`2 i?2M +QK#BM2/ BMiQ QM2 KQ/2HX hQ /Q i?Bb- i?2v �`2 #Qi? b2H2+i2/
BM P#D2+i JQ/2 �M/ i?2 QTiBQM DQBM Bb +?Qb2MX >2`2- i?2 pQr2H ?�b #22M ;Bp2M T`BQ`Biv
iQ K�F2 Bi 2�bB2` iQ �HB;M i?2 +`2�i2/ KQ/2Hb �i � H�i2` iBK2X
LQr- i?2 ;�T #2ir22M i?2 HBT �`2� �M/ i?2 `2K�BMBM; K2b? +�M #2 +HQb2/X *�`2 Bb i�F2M
iQ +`2�i2 �b 72r �`2�b �b TQbbB#H2 i?�i �`2 �i � H�`;2 �M;H2 iQ �/D�+2Mi �`2�bX �T�`i 7`QK
i?Bb- bKQQi?BM; i?2 �//2/ �`2�b BM � H�i2` rQ`F bi2T Bb `2+QKK2M/2/ BM �Mv +�b2X
h?`Qm;? i?2 KQp2K2Mi Q7 i?2 HQr2` D�r i?2 K2b? #`2�Fb �i i?2 i?`Q�i Q7 i?2 6�"A�L
�`iB}+B�H ?2�/X h?Bb ;�T Kmbi MQr #2 +HQb2/X hQ /Q i?Bb- i?2 �`2� �`QmM/ i?2 /�K�;2/
K2b? Bb b2H2+i2/ BM i?2 }`bi bi2T �M/ i?2M `2KQp2/X h?Bb BM+`2�b2b i?2 /Bbi�M+2- #mi i?2
;�T +�M i?2M #2 +HQb2/ �i � ~�ii2` �M;H2X
q?2M �HH QT2M �`2�b BM i?2 K2b? �`2 +HQb2/- i?2 2/Bi2/ �`2�b �`2 b2H2+i2/X qBi? i?2
bKQQi?BM; QTiBQM- i?2 K2b? Bb bKQQi?2/ #v � 7�+iQ` Q7 RXy BM 9 Bi2`�iBQMb bQ i?�i b?�`T
2/;2b �M/ mM2p2MM2bb �HKQbi /Bb�TT2�` +QKTH2i2Hv Ub22 };m`2 dVX

J�bi2` h?2bBb S�;2 kR



j J2i?Q/b G2B7 CQ?�MMb2M

6B;m`2 d, �7i2` bKQQi?BM;- �HKQbi �HH b?�`T 2/;2b /Bb�TT2�`X oQr2H
f�f Bb b?QrM ?2`2 �b �M 2t�KTH2X

jXkX9X a2T�`�iBQM �M/ /2H2iBQM Q7 i?2 pQ+�H i`�+i
"H2M/2` Bb mb2/ iQ +`2�i2 p2`bBQMb rBi?Qmi pQ+�H i`�+i UrQpiV 7Q` i?2 /Bz2`2Mi KQ/2HbX
"v +QKT�`BM; i?2 bBKmH�iBQM `2bmHib rBi? �M/ rBi?Qmi i?2 pQ+�H i`�+i 7Q` i?2 `2bT2+iBp2
T?QM2K2- i?2 2z2+i Q7 i?2 ;2QK2i`v Q7 i?2 pQ+�H i`�+i QM i?2 T`QT�;�iBQM Q7 i?2 bQmM/
}2H/ +�M #2 2p�Hm�i2/ H�i2`X
AM i?2 }`bi bi2T- � bT?2`2 Bb +`2�i2/ �b � K2b? Q#D2+iX h?Bb Bb TH�+2/ BM i?2 KQmi?
QT2MBM; �M/ b+�H2/ BM t@- v@ �M/ x@/B`2+iBQM �M/ `Qi�i2/ BM v /B`2+iBQM Ub22 };m`2 3VX Ai
Bb BKTQ`i�Mi- i?�i i?2 2MiB`2 KQmi? QT2MBM; Bb +Qp2`2/ QM i?2 QmibB/2- QM i?2 BMbB/2 i?2
2MiB`2 +`Qbb@b2+iBQM Q7 i?2 Q`�H +�pBiv Kmbi #2 +Qp2`2/ #v i?2 7Q`K2/ 2HHBTbQB/X

J�bi2` h?2bBb S�;2 kk



j J2i?Q/b G2B7 CQ?�MMb2M

6B;m`2 3, hQ BbQH�i2 i?2 pQ+�H i`�+i- �M 2HHBTbQB/ Bb TH�+2/ BM i?2 KQmi?
QT2MBM; bQ i?�i i?2 2MiB`2 KQmi? QT2MBM; Bb }HH2/ �M/ i?2
+`Qbb@b2+iBQM�H �`2� Q7 i?2 Q`�H +�pBiv Bb +Qp2`2/X G�i2`- i?Bb
+`2�i2b � bHB;?iHv +QMp2t bm`7�+2 i?�i +HQb2b i?2 KQmi? QT2M@
BM;X h?2 K2b? Q7 pQr2H f2f Bb b?QrM �b �M 2t�KTH2X

�7i2` bm++2bb7mHHv TQbBiBQMBM; i?2 2HHBTbQB/- Bi Bb /mTHB+�i2/X L2ti- i?2 "QQH2�M .Bz2`2M+2
KQ/B}2` Bb �TTHB2/ iQ i?2 ?2�/ BM Q#D2+i KQ/2 �M/ i?2 2HHBTbQB/ Bb b2H2+i2/ �b i?2 i�`;2i
Q#D2+iX h?2 2HHBTbQB/ +�M i?2M #2 /2H2i2/X
LQr- � `BM; Q7 bm`7�+2b Bb b2H2+i2/ �M/ /2H2i2/ QM i?2 BMbB/2 Q7 i?2 KQ/2H �`QmM/ i?2
+miiBM; 2/;2X h?Bb +`2�i2b � +H2�` b2T�`�iBQM Q7 i?2 ?2�/ K2b? �M/ i?2 pQ+�H i`�+iX h?mb-
Bi +�M #2 /2H2i2/ BM/BpB/m�HHvX
hQ +HQb2 i?2 KQmi? QT2MBM; Q7 i?2 KQ/2H- i?2 K2b? Q7 i?2 ?2�/ �M/ i?2 /mTHB+�i2/
2HHBTbQB/ �`2 MQr DQBM2/X �7i2` brBi+?BM; iQ 2/Bi KQ/2- i?2 K2b? T�`i Q7 i?2 2HHBTbQB/ Bb
b2H2+i2/X LQr- i?2 b2H2+iBQM Q7 i?2 bm`7�+2b QM i?2 2HHBTbQB/ bm`7�+2 BM 7`QMi Q7 i?2 KQmi?
QT2MBM; +�M #2 /2b2H2+i2/ �M/ i?2 `2K�BMBM; T�`i Q7 i?2 2HHBTbQB/ rBi?BM i?2 ?2�/ K2b?
+�M #2 /2H2i2/X h?Bb +`2�i2b � +H2�M +HQbm`2 Q7 i?2 KQmi? QT2MBM; rBi? � bHB;?iHv +QMp2t
bm`7�+2 iQ i?2 QmibB/2X LQ T�`ib Q7 i?2 /2H2i2/ pQ+�H i`�+i `2K�BM BMbB/2 i?2 K2b?X

J�bi2` h?2bBb S�;2 kj



j J2i?Q/b G2B7 CQ?�MMb2M

jXkX8X JQ/2H TQbBiBQMBM;
hQ K�F2 i?2 `2bmHib Q7 i?2 bBKmH�iBQMb 7Q` i?2 T`QT�;�iBQM Q7 bQmM/ �i /Bz2`2Mi T?QM2K2b
�b +QKT�`�#H2 �b TQbbB#H2- i?2 KQ/2Hb Kmbi #2 �HB;M2/ +QM;`m2MiHvX 6Q` i?Bb Tm`TQb2-
i?2 KQ/2H Q7 i?2 pQr2H f�f Bb TQbBiBQM2/ bQ i?�i i?2 Q`B;BM Q7 i?2 +QQ`/BM�i2b Bb HQ+�i2/
+2Mi`�HHv BM i?2 KQmi? QT2MBM; �i i?2 ?2B;?i Q7 i?2 +Q`M2`b Q7 i?2 KQmi?X 6Q` i?Bb
Tm`TQb2- i?2 KQ/2H Q7 i?2 T?QM2K2 f�f r�b b?B7i2/ BM t@ �M/ x@ /B`2+iBQMX aBM+2 i?2
KQ/2Hb �`2 MQi �tBb@bvKK2i`B+�H- � b?B7i BM v@/B`2+iBQM r�b QKBii2/ Ub22 i�#H2 jVX "2+�mb2
i?2 6�"A�L K2b? r�b MQi b?B7i2/ r?2M +QK#BMBM; i?2 6�"A�L K2b? �M/ i?2 BM/BpB/m�H
pQ+�H i`�+i KQ/2Hb- i?2 b?B7i Q7 i?2 +QK#BM2/ KQ/2H Q7 T?QM2K2 f�f Bb i`�Mb72`�#H2 iQ �HH
Qi?2` KQ/2HbX h?mb- �HH K2b? KQ/2Hb �`2 +QM;`m2Mi �i i?2 b�K2 TH�+2 �M/ /Bz2` QMHv BM
i?2 KQmi? TQbBiBQMX >2M+2- i?2 `�/B�iBQM +?�`�+i2`BbiB+b Q7 i?2 BM/BpB/m�H T?QM2K2b �`2
2�bBHv +QKT�`�#H2X AM Q`/2` iQ bBKmH�i2 i?2 bQmM/ BM i?2 KB//H2 Q7 i?2 KQmi? QT2MBM;- �M
BM/BpB/m�HHv TQbBiBQM2/ b�KTHBM; ;`B/ Kmbi #2 +`2�i2/ 7Q` 2�+? KQ/2H- r?B+? Bb HQ+�i2/
�i i?2 +QQ`/BM�i2 Q`B;BM 7Q` pQr2H f�f Ub22 b2+iBQM jX9XRVX

a?B7i s, @3X9 +K
a?B7i u, yXy +K
a?B7i w, 9Xe +K

h�#H2 j, hQ TQbBiBQM i?2 KQ/2Hb BM � +QKT�`�#H2 r�v- i?2 KQ/2H Q7
pQr2H f�f Bb �HB;M2/ bQ i?�i i?2 +QQ`/BM�i2 Q`B;BM Bb HQ+�i2/
+2Mi`�HHv #2ir22M i?2 +Q`M2`b Q7 i?2 KQmi?X h?Bb b?B7i Bb
i`�Mb72``2/ iQ i?2 Qi?2` KQ/2HbX

jXjX J2b? TQbiT`Q+2bbBM; �M/ `2@K2b?BM;
hQ #2 �#H2 iQ bBKmH�i2 i?2 T`QT�;�iBQM Q7 bQmM/ 7Q` i?2 p�`BQmb T?QM2K2b mbBM; i?2
#QmM/�`v 2H2K2Mi K2i?Q/- i?2 KQ/2Hb Kmbi K22i irQ +`Bi2`B�X 6B`biHv- i?2 K2b?2b Kmbi
#2 r�i2`T`QQ7 bQ i?�i i?2v �`2 +QKTH2i2Hv +HQb2/- �M/ b2+QM/Hv- Bi Kmbi #2 2Mbm`2/ i?�i
i?2 K2b?2b +QMi�BM bBt 2H2K2Mib T2` r�p2H2M;i? 7Q` i?2 7`2[m2M+v `�M;2 mT iQ kky8y >x
(R3)X
hQ }M/ 2``Q`b BM i?2 K2b?- i?2 }`bi bi2T Bb iQ �// �M/ BMbi�HH i?2 j.@S`BMi hQQH#Qt BM
"H2M/2`X h?Bb Bb mb2/ iQ +?2+F i?2 KQ/2Hb 7Q` 2``Q`b bm+? �b Qp2`H�TTBM; bm`7�+2b �M/
?QH2bX h?2b2 �`2 i?2M /BbTH�v2/ BM � `2TQ`i- +�M #2 b2H2+i2/ /B`2+iHv BM i?2 KQ/2Hb �M/
bm#b2[m2MiHv `2pBb2/ K�Mm�HHv Ub22 };m`2 NVX h?2 iQQH#Qt �HbQ Qz2`b i?2 TQbbB#BHBiv iQ
K�F2 i?2 KQ/2Hb r�i2`T`QQ7X

J�bi2` h?2bBb S�;2 k9



j J2i?Q/b G2B7 CQ?�MMb2M

6B;m`2 N, �M�HvbBb Q7 i?2 j.@S`BMi hQQH#Qt b?Qrb 2``Q`b BM i?2 K2b?
Q7 pQr2H f�2f �M/ �HHQrb K�Mm�H �M/ �miQK�iB+ +Q``2+iBQM Q7
i?2 2``Q`bX h?Bb r�v i?2 KQ/2H +�M #2 K�/2 r�i2`T`QQ7X

AM i?2 b2+QM/ bi2T- i?2 KQ/2Hb �`2 BKTQ`i2/ BMiQ i?2 J2b?KBt2` bQ7ir�`2 (Rj)X h?2`2-
i?2v �`2 +?2+F2/ �;�BM 7Q` ?QH2b rBi? i?2 bQ@+�HH2/ AMbT2+iQ`X A7 i?2 r�i2`T`QQ7M2bb Bb �HbQ
+QM}`K2/ BM i?Bb bi2T- i?2 KQ/2Hb +�M #2 `2@K2b?2/X AM Q`/2` iQ F22T i?2 +QKTmi�iBQM�H
2zQ`i �b HQr �b TQbbB#H2- i?2 ?2�/ rBi? i?2 7mHHv /2TB+i2/ pQ+�H i`�+i Bb BM/BpB/m�HHv `2@
K2b?2/- r?BH2 i?2 K2b? Q7 i?2 iQ`bQ `2K�BMb mMiQm+?2/ Ub22 };m`2 RyVX h?2 QTiBQMb
7Q` i?2 `2@K2b?BM; �`2 b2H2+i2/ bQ i?�i �M 2/;2 H2M;i? Q7 k KK Bb �TTHB2/ iQ i?2 �`2�
Q7 i?2 ?2�/ rBi? i?2 pQ+�H i`�+i rBi?Qmi i`�MbBiBQM iQ i?2 iQ`bQ Ub22 i�#H2 9VX aBM+2 �
r`QM; Q`B2Mi�iBQM Q7 i?2 MQ`K�Hb H2�/b iQ mMmb�#H2 bBKmH�iBQM `2bmHib- Bi Bb �#bQHmi2Hv
M2+2bb�`v iQ T�v �ii2MiBQM iQ � +Q``2+i Q`B2Mi�iBQMX AM J2b?KBt2` i?Bb Bb +H2�`Hv pBbB#H2-
#2+�mb2 i?2 BMbB/2 Q7 i?2 KQ/2Hb Bb /BbTH�v2/ bi`BT2/- r?BH2 i?2 QmibB/2 Bb pBbm�HBx2/ BM
KQMQ+?`QK2 ;`2vX AM +�b2 Q7 � r`QM; �HB;MK2Mi i?2 r?QH2 K2b? +�M #2 b2H2+i2/ �M/ i?2
MQ`K�Hb ~BTT2/X h?2 }MBb?2/ KQ/2Hb �`2 2tTQ`i2/ �b XbiH }H2bX

J�bi2` h?2bBb S�;2 k8



j J2i?Q/b G2B7 CQ?�MMb2M

6B;m`2 Ry, h?2 ?2�/ rBi? pQ+�H i`�+i Bb `2@K2b?2/ b2T�`�i2Hv 7`QK i?2
iQ`bQ 7Q` i?2 pQr2H f�f rBi? �M 2/;2 H2M;i? Q7 k KK BM i?2
bQ7ir�`2 J2b?KBt2` U�VX

h?2 `2K2b? T`Q+2/m`2 /2b+`B#2/ �#Qp2 Bb T2`7Q`K2/ 7Q` �HH rQpi KQ/2HbX Ai Bb �HbQ
2t2+mi2/ 7Q` i?2 rpi KQ/2Hb rBi? i?2 pQr2Hb f�2f- f�f- fBf- fQf �M/ fvfX 6Q` i?2 pQr2Hb
f2f- fQ2f �M/ fmf i?2 `2K2b? T`Q+2bb rBi? K2b? KBt2` K�F2b i?2 pQ+�H i`�+i bQ bK�HH
i?�i i?2 bQmM/ +�MMQi T`QT�;�i2 i?`Qm;? i?2 pQ+�H i`�+iX aBM+2 MQ bmBi�#H2 b2iiBM; 7Q`
i?2 `2K2b?BM; Q7 i?2b2 KQ/2Hb r�b 7QmM/ rBi? J2b?KBt2`- i?2v �`2 T`Q+2bb2/ rBi? i?2
TKT@HB#`�`v (R9) Ub22 i�#H2 eVX h?2`27Q`- i?2 /BK2MbBQMb Q7 i?2 pQ+�H i`�+i BM t@- v@
�M/ x@/B`2+iBQM �`2 /2i2`KBM2/X h?mb- QMHv i?2 pQ+�H i`�+i Bb `2K2b?2/- bT2+B7vBM; i?2
KBMBK�H �M/ K�tBK�H 2/;2 H2M;i?- i?2 K�tBK�H /2pB�iBQM Q7 MQ/2b iQ i?2B` T`2pBQmb
TQbBiBQMBM; �M/ i?2 MmK#2` Q7 Bi2`�iBQMb Ub22 i�#H2 8VX
"v mbBM; i?2 irQ /Bz2`2Mi bQ7ir�`2 T`Q;`�Kb- Bi Bb TQbbB#H2 iQ }M/ bmBi�#H2 `2K2b?BM;
b2iiBM;b 7Q` �HH 2B;?i rpi KQ/2Hb Ub22 };m`2 RRV �M/ i?2 +Q``2bTQM/BM; 2B;?i rQpi KQ/2Hb
Ub22 };m`2 RkV- r?B+? �HHQr bm#b2[m2Mi bBKmH�iBQMb Q7 �HH KQ/2HbX

J�bi2` h?2bBb S�;2 ke



j J2i?Q/b G2B7 CQ?�MMb2M

S�`�K2i2` a2iiBM;
_2K2b? JQ/2 h�`;2i 1/;2 G2M;i?
.2MbBiv yW
1/;2 G2M;i? kXy KK
_2;mH�`Biv Ryy
h?`2b?QH/ 8y
Ai2`�iBQMb Ry
h`�MbBiBQM yXy KK
S`2b2`p2 :`QmT "Q`/2`b @
aKQQi? :`QmT "QmM/�`B2b t
S`2b2`p2 a?�`T 1/;2b @
a?�`T h?`2b?QH/ 98
"QmM/�`v JQ/2 6Bt2/ "QmM/�`v

h�#H2 9, J2b?KBt2` �HHQrb vQm iQ b2i K�Mv T�`�K2i2`b i?�i �z2+i i?2
`2bmHi Q7 i?2 `2K2b?X � b2iiBM; Bb mb2/ i?�i �HHQrb � bm#b2@
[m2Mi bBKmH�iBQM rBi? J1a>k>_h6 7Q` �b K�Mv KQ/2Hb �b
TQbbB#H2X

S�`�K2i2` a2iiBM;
JBMX 1/;2 G2M;i? yX8 KK
J�tX 1/;2 G2M;i? kX8 KK
J�tX 1``Q` yXk8 KK
Ai2`�iBQMb Ry

h�#H2 8, hQ mb2 i?2 TmKT@HB#`�`v 7Q` `2K2b?BM;- i?2 /2bB`2/ 2/;2
H2M;i? �M/ i?2 K�tBKmK /2pB�iBQM Q7 MQ/2b 7`QK i?2B` T`2pB@
Qmb TQbBiBQM �M/ i?2 MmK#2` Q7 Bi2`�iBQMb �`2 ;Bp2MX

J�bi2` h?2bBb S�;2 kd



j J2i?Q/b G2B7 CQ?�MMb2M

oQr2H J2b?KBt2` TKT@HB#`�`v
f�2f t
f�2f rQpi t
f2f t
f2f rQpi t
f�f t
f�f rQpi t
fBf t
fBf rQpi t
fQ2f t
fQ2f rQpi t
fmf t
fmf rQpi t
fQf t
fQf rQpi t
fvf t
fvf rQpi t

h�#H2 e, h?2 /Bz2`2Mi KQ/2Hb �`2 `2@K2b?2/ 2Bi?2` rBi? J2b?KBt2` Q`
i?2 TKT@HB#`�`vX h?2 `2bT2+iBp2 K2i?Q/ mb2/ Bb K�`F2/ #v
i?2 H2ii2` ǳtǴX

J�bi2` h?2bBb S�;2 k3



j J2i?Q/b G2B7 CQ?�MMb2M

6B;m`2 RR, �HH rpi KQ/2Hb Q7 i?2 2B;?i pQr2Hb f�2f- f2f- f�f- fBf U7`QK
H27i iQ `B;?i- iQT `QrV �M/ fQ2f- fmf- fQf- fvf U7`QK H27i iQ
`B;?i #QiiQK `QrV 2tBbi �b `2K2b?2/ K2b?2bX

6B;m`2 Rk, �HH rQpi KQ/2Hb Q7 i?2 2B;?i pQr2Hb f�2f- f2f- f�f- fBf U7`QK
H27i iQ `B;?i- iQT `QrV �M/ fQ2f- fmf- fQf- fvf U7`QK H27i iQ
`B;?i #QiiQK `QrV 2tBbi �b `2K2b?2/ K2b?2bX

J�bi2` h?2bBb S�;2 kN



j J2i?Q/b G2B7 CQ?�MMb2M

jX9X "1J +QKTmi�iBQM
jX9XRX a�KTH2 ;`B/b
AM i?Bb i?2bBb irQ /Bz2`2Mi b�KTH2 ;`B/b �`2 mb2/X PM QM2 ?�M/- i?2 bQmM/ T`2bbm`2 H2p2H
Bb iQ #2 bBKmH�i2/ �i /Bz2`2Mi TQbBiBQMb rBi? ?B;? �M;mH�` `2bQHmiBQM �M/ 7mHHv bT?2`B+�H
�`QmM/ i?2 ?2�/X 6Q` i?Bb Tm`TQb2 � G2#2/2p ;`B/ rBi? Rdjy TQBMib Bb +`2�i2/ BM J�iH�#
rBi? i?2 aQ}� iQQH#Qt (RN)- r?B+? +�M #2 mb2/ 7Q` aT?2`B+�H ?�`KQMB+b T`Q+2bbBM; mT
iQ Q`/2` Lb?4j8X h?2 ;`B/ Bb i?2M biQ`2/ BM J2b?k>_h6 �b Xiti }H2b- r?2`2 QM2 }H2
/2b+`B#2b i?2 2H2K2Mib �M/ � b2+QM/ i?2 +QQ`/BM�i2b Q7 i?2 MQ/2bX q?2M 2tTQ`iBM; 7`QK
"H2M/2`- J2b?k>_h6 HQ�/b i?2b2 }H2b �M/ mb2b i?2K 7Q` i?2 bBKmH�iBQMbX h?2 b�KTHBM;
TQBMib Q7 i?2 mb2/ G2#2/2p ;`B/ �`2 /Bbi`B#mi2/ �i � /Bbi�M+2 Q7 RX8 K �`QmM/ i?2 K2b?X
PM i?2 Qi?2` ?�M/- i?2 bQmM/ T`2bbm`2 �i i?2 KQmi? QT2MBM; Bb �HbQ iQ #2 bBKmH�i2/
BM i?2 bBKmH�iBQMbX h?2`2#v- i?2 BM~m2M+2 Q7 i?2 pQ+�H i`�+i �M/ i?2 7Q`K�Mib +�M #2
/2i2`KBM2/X h?2`27Q`2- � bK�HH b�KTH2 ;`B/ Bb TQbBiBQM2/ BM i?2 KQmi? QT2MBM; �i i?2
H2p2H Q7 i?2 +Q`M2`b Q7 i?2 KQmi? 7Q` i?2 rpi@KQ/2HbX AM i?2 rQpi@KQ/2Hb- i?Bb b�KTHBM;
;`B/ Bb TQbBiBQM2/ �i i?2 b�K2 ?2B;?i bQ i?�i Bi /Q2b MQi iQm+? i?2 +HQbBM; bm`7�+2 Q7 i?2
KQmi? QT2MBM;- �b i?Bb rQmH/ K�F2 � bBKmH�iBQM BKTQbbB#H2X h?2 b�KTH2 ;`B/ +QMbBbib Q7
9 MQ/2b- r?B+? HB2 BM � ?Q`BxQMi�HHv �HB;M2/ b[m�`2 Q7 2/;2 H2M;i? 8 KKX h?2 }7i? MQ/2
Bb HQ+�i2/ BM i?2 KB//H2 Q7 i?2 ;`B/ �M/ rBHH H�i2` #2 mb2/ iQ 2p�Hm�i2 i?2 bBKmH�iBQMbX
h?2 �``�M;2K2Mi �b r2HH �b i?2 TQbBiBQMb Q7 i?2 MQ/2b �`2 biQ`2/ BM Xiti }H2b �M/ i?mb
K�/2 �p�BH�#H2 7Q` J2b?k>_h6X h?2 /BK2MbBQMb �`2 #�b2/ QM i?2 b�KTHBM; ;`B/ mb2/
#v �`M2H� 2i �HX (RR)X
aBM+2 i?2 TQbBiBQMBM; 7Q` i?2 BM/BpB/m�H T?QM2K2 KQ/2Hb /Bz2`b- � TQbBiBQM K�`F2` BM
"H2M/2` Bb +QKTQb2/ Q7 irQ BMi2`b2+iBM; TH�M2bX "v KQpBM; i?Bb K�`F2`- i?2 TQbBiBQM Q7
i?2 +2Mi2` Q7 i?2 b�KTH2 ;`B/ Bb /2i2`KBM2/ Ub22 i�#H2 d �M/ };m`2 RjVX aBM+2 i?2 KQ/2H
7Q` i?2 pQr2H f�f r�b b2i �b `272`2M+2 r?2M �HB;MBM; i?2 BM/BpB/m�H KQ/2Hb Ub22 b2+iBQM
jXkX8V- i?2 +2Mi2` Q7 i?2 b�KTH2 ;`B/ Bb HQ+�i2/ �i i?2 +QQ`/BM�i2 Q`B;BM 7Q` i?Bb pQr2HX
h?2 KQ/2H �M/ i?2 mb2/ b�KTH2 ;`B/b +�M #2 HQ�/2/ �M/ pBbm�HBx2/ 7`QK i?2 7QH/2`b Q7
i?2 bBKmH�iBQMb +`2�i2/ #v J2b?k>_h6X h?Bb r�v i?2 +Q``2+i TQbBiBQMBM; Q7 i?2 ;`B/b
+�M #2 +?2+F2/ �;�BM Ub22 };m`2 R9VX

J�bi2` h?2bBb S�;2 jy



j J2i?Q/b G2B7 CQ?�MMb2M

6B;m`2 Rj, hQ /2i2`KBM2 i?2 +2Mi2` Q7 i?2 b�KTH2 ;`B/ BM i?2 KQmi?
QT2MBM; 7Q` pQr2H f2f- � TQbBiBQMBM; K�`F2` Bb +`2�i2/ BM
"H2M/2` #v irQ BMi2`b2+iBM; TH�M2bX h?Bb K�`F2` Bb i?2M
KQp2/ bQ i?�i Bi Bb �i i?2 H2p2H Q7 i?2 +Q`M2`b Q7 i?2 KQmi?X

oQr2H GQ+�iBQM s GQ+�iBQM u GQ+�iBQM w
f�2f @RXj +K yXy +K @yXe +K
f�2f rQpi yX9 +K yXy +K @yXe +K
f2f @yX8 +K yXy +K @yXk +K
f2f rQpi yXN +K yXy +K @yXk +K
f�f yXy +K yXy +K yXy +K
f�f rQpi RXR +K yXy +K yXy +K
fBf yX8 +K yXy +K yXy +K
fBf rQpi RXj +K yXy +K yXy +K
fQ2f yX8 +K yXy +K @yXR +K
fQ2f rQpi yX3 +K yXy +K @yXR +K
fmf yXd +K yXy K @yX9 +K
fmf rQpi RXy +K yXy K @yX9 +K
fQf yX3 +K yXy +K @yXR +K
fQf rQpi RXy +K yXy +K @yXR +K
fvf yX3 +K yXy +K @yXj +K
fvf rQpi RXR +K yXy +K @yXj +K

h�#H2 d, AM/BpB/m�H TQbBiBQMBM; Q7 i?2 b�KTH2 ;`B/ �i i?2 KQmi? QT2M@
BM;X 6Q` pQr2H f�f- i?2 +2Mi2` Q7 i?Bb b�KTHBM; ;`B/ Bb �i
i?2 +QQ`/BM�i2 Q`B;BM- bBM+2 pQr2H f�f Bb i?2 `272`2M+2 r?2M
TQbBiBQMBM; i?2 K2b?2bX

J�bi2` h?2bBb S�;2 jR



j J2i?Q/b G2B7 CQ?�MMb2M

6B;m`2 R9, h?2 G2#2/2p b�KTH2 ;`B/ �M/ i?2 K2b? KQ/2H UH27iV- �b
r2HH �b i?2 b�KTH2 ;`B/ �i i?2 KQmi? QT2MBM; �M/ i?2 K2b?
KQ/2H U`B;?iV +�M #2 pBbm�HBx2/ iQ +?2+F i?2 b�KTH2 ;`B/
TQbBiBQMBM;X h?Bb mMT`2+2/2Mi2/ 2t�KTH2 Bb i?2 pQr2H f�fX

jX9XkX J2b?k>_h6
h?2 bBKmH�iBQM Q7 i?2 T`QT�;�iBM; bQmM/ }2H/ Bb /QM2 rBi? i?2 bQ7ir�`2 T�+F�;2
J2b?k>_h6X h?Bb bQ7ir�`2- Tm#HBb?2/ BM kyR8 #v wB2;2Hr�M;2` 2i �HX (e)- bQHp2b i?2
/Bz2`2MiB�H 2[m�iBQM Q7 i?2 >2HK?QHix 2[m�iBQM �M/ T`QpB/2b bQmM/ T`2bbm`2 H2p2H �M/
p2HQ+Biv 7Q` �`#Bi`�`v TQBMib BM bT�+2X h?2 �H;Q`Bi?K mb2b � j@/BK2MbBQM�H "m`iQM@JBHH2`
+QHHQ+�iBQM "QmM/�`v 1H2K2Mi J2i?Q/ U"1JV +QmTH2/ rBi? � JmHiB@G2p2H 6�bi JmH@
iBTQH2 J2i?Q/ UJG@6JJVX J2b?k>_h6 �bbmK2b bQmM/ ?�`/ bm`7�+2b mMH2bb bT2+B}2/
Qi?2`rBb2 #v i?2 mb2`- 2X;X #v �bbB;MBM; � p2HQ+Biv #QmM/�`v +QM/BiBQMX Ai �TTHB2b `B;B/
#QmM/�`B2b rBi? .B`B+?H2i +QM/BiBQMb 7Q` bQmM/@bQ7i bm`7�+2b �M/ L2mK�MM +QM/BiBQMb 7Q`
bQmM/@?�`/ bm`7�+2bX �b BMTmi /�i� J2b?k>_h6 `2�/b i?2 ;2QK2i`v /�i� Q7 i?2 K2b?
�M/ T`QpB/2b i?2 `2bmHib Q7 i?2 MmK2`B+�H bBKmH�iBQM �b aT�iB�HHv P`B2Mi2/ 6Q`K�i 7Q`
�+QmbiB+b UaP6� (ky)VX h?Bb 7Q`K�i Bb bi�M/�`/Bx2/ �M/ �HHQrb � ;QQ/ T`Q+2bbBM; Q7 i?2
/�i� BM J�hG�"X
h?2 b�K2 �TT`Q�+? ?�b #22M bm++2bb7mHHv �TTHB2/ BM i?2 T�bi BM `2b2�`+? QM >2�/ _2@
H�i2/ h`�Mb72` 6mM+iBQM U>_h6V bBKmH�iBQMX AM � bim/v 7`QK kyRd (8) � K2b? KQ/2H Q7
i?2 6�"A�L �`iB}+B�H ?2�/ rBi? /Bz2`2Mi `2bQHmiBQMb Bb ;2M2`�i2/ #v b+�Mb �M/ >_h6b
�`2 +�H+mH�i2/ #v MmK2`B+�H bBKmH�iBQM rBi? "1J �M/ 6�bi JmHiBTQH2 J2i?Q/ U6JJVX
J2�bm`2K2Mib Q7 i?2 >_h6b p�HB/�i2 i?Bb T`Q+2/m`2X
�i i?Bb KQK2Mi J2b?k>_h6 Bb bmTTQ`i2/ #v "H2M/2` kXdtX hQ mb2 J2b?k>_h6 Bi Bb
BMbi�HH2/ �b �M �//@QM BM "H2M/2`X h?2 bQ7ir�`2- �b r2HH �b � /2i�BH2/ K�Mm�H- +�M #2
7QmM/ QM i?2 aPl_*16P_:1 T�;2 (kR)X
�7i2` i?2 bm++2bb7mH BMbi�HH�iBQM- i?2 ?2�/@�M/@iQ`bQ KQ/2Hb +�M MQr #2 BKTQ`i2/ BMiQ
"H2M/2`X AM i?2 b2+QM/ bi2T- i?2 TQbBiBQMb Q7 i?2 bQm`+2b �b pB#`�iBM; TH�M2b �`2 /2}M2/X

J�bi2` h?2bBb S�;2 jk



j J2i?Q/b G2B7 CQ?�MMb2M

h?2 }`bi bQm`+2 Bb /2}M2/ �b i?2 HQr2` bm`7�+2 Q7 i?2 pQ+�H i`�+i BM i?2 rpi KQ/2HbX 6Q`
i?2 bBKmH�iBQM `2bmHib- r?2i?2` � bBM;H2 2H2K2Mi Q` i?2 2MiB`2 #QiiQK bm`7�+2 Bb b2H2+i2/
K�F2b � M2;HB;B#H2 /Bz2`2M+2X >Qr2p2`- i?2 +�H+mH�iBQM iBK2 7Q` � bBKmH�iBQM rBi? b2p@
2`�H 2H2K2Mib Bb b?Q`i2` BM i?2 i2bi `mM- r?B+? Bb /m2 iQ i?2 +Hmbi2`BM; BM i?2 MmK2`B+�H
bBKmH�iBQMX AM rQpi KQ/2Hb- i?2 bQm`+2 2H2K2Mib �`2 bT2+B}2/ iQ `2T`2b2Mi i?2 �`2� Q7
i?2 KQmi? QT2MBM; Q7 i?2 `2T`2b2Mi�iBp2 KQ/2H rBi? pQ+�H i`�+i Ub22 };m`2 R8VX h?2
b2+QM/ bQm`+2 Bb TQbBiBQM2/ BM i?2 KB//H2 Q7 i?2 `B;?i 2�` +�M�H- #2+�mb2 J2b?k>_h6
�Hr�vb M22/b irQ bQm`+2b- 2p2M B7 QMHv QM2 Bb +�H+mH�i2/ H�i2`X
LQr- i?2 }H2 bi`m+im`2 Bb 2tTQ`i2/ 7`QK "H2M/2`- r?B+? Bb M22/2/ #v LmK*�H+ 7Q` bBK@
mH�iBQMX h?2`2#v- i?2 T�`�K2i2`b Q7 i?2 bBKmH�iBQM �`2 bT2+B}2/ Ub22 i�#H2 3VX �b }`bi
b�KTH2 ;`B/ i?2 ǳ�_AǴ ;`B/ Bb b2H2+i2/- #2+�mb2 i?2 G2#2/2p ;`B/ Bb biQ`2/ BM i?Bb 7QH/2`X
�b b2+QM/ b�KTH2 ;`B/ Ǵ*mbiQKǴ Bb b2H2+i2/- #2+�mb2 BM i?Bb 7QH/2` i?2 BM/BpB/m�HHv TQ@
bBiBQM2/ b�KTH2 ;`B/ �i i?2 KQmi? QT2MBM; Bb b�p2/ rBi? J�iH�# Ub22 +?�Ti2` jX9XRVX

U�V U#V

6B;m`2 R8, q?2M /2}MBM; i?2 bQm`+2 2H2K2Mib BM i?2 rQpi KQ/2Hb- +�`2
Bb i�F2M iQ 2Mbm`2 i?�i i?2 rB/i? Q7 i?2 bQm`+2 +Q``2bTQM/b
iQ i?2 KQmi? QT2MBM; BM i?2 +Q``2bTQM/BM; rpi KQ/2HX >2`2
pQr2H fmf Bb b?QrM �b rpi KQ/2H �V- �M/ i?2 rQpi KQ/2H
rBi? b2H2+i2/ bQm`+2 2H2K2Mib BM i?2 b�K2 7Q`K #VX

qBi? LmK*�H+ i?2 �+im�H bBKmH�iBQM Bb T2`7Q`K2/X AM i?Bb i?2bBb- i?2 /Bz2`2Mi bBKmH�@
iBQMb �`2 +�H+mH�i2/ QM i?2 >B;?@S2`7Q`K�M+2@*QKTmiBM;@*Hmbi2` U>S*@*Hmbi2`V Q7 i?2
hl@"2`HBM (kk)X h?2`27Q`2- LmK*�H+ Bb +QKTBH2/ QM i?2 +Hmbi2`X h?2 #H2M/2` 2tTQ`ib
rBi? J2b?k>_h6 �`2 i?2M +QTB2/ iQ i?2 +Hmbi2` rBi? b+T +QKK�M/b �M/ i?2 bBKmH�iBQM
+�M #2 bi�`i2/ rBi? aBKTH2 GBMmt liBHBiv 7Q` _2bQm`+2 J�M�;2K2Mi UaGl_JV +QK@
K�M/bX
�7i2` i?2 bBKmH�iBQM Bb }MBb?2/- i?2 J�iH�# }H2 PmiTmik>_h6XK Bb 2t2+mi2/ rBi? J�i@
H�#X >2`2- i?2 p�`B�#H2 ǳ_272`2M+2Ǵ Bb /2}M2/ �b ǳi`m2ǴX h?Bb +QKT2Mb�i2b i?2 BM+`2�bBM;
2M2`;v Q7 i?2 Qb+BHH�iBM; bQm`+2 2H2K2Mib iQ ?B;?2` 7`2[m2M+B2b BM `2H�iBQM iQ i?2B` bm`7�+2X
h?mb- i?2 i`�Mb72` 7mM+iBQMb �`2 QmiTmi BM aP6� 7Q`K�i �M/ �//BiBQM�H BM7Q`K�iBQM- 2X;X
i?2 +QKTmi�iBQM iBK2 Q7 i?2 bBKmH�iBQM- Bb T`QpB/2/X

J�bi2` h?2bBb S�;2 jj



j J2i?Q/b G2B7 CQ?�MMb2M

S�`�K2i2` a2iiBM;
1�` H27i
SB+im`2b @
SQBMi aQm`+2,
aQm`+2 UtV y
aQm`+2 UvV RyR
aQm`+2 UxV y
_2+BT`Q+Biv t
*QMbi�Mib,
+ UKfbV, j9j
`?QUV, RXR3jN
P#D2+i J2b?2b,
lMBi, KK
1p�Hm�iBQM :`B/b,
1pX:`B/ R, �_A
1pX:`B/ k, *mbiQK
L6@*�H+X, @
6`2[m2M+B2b,
6`2[ KBM, Ryy
6`2[ K�t, Reyyy
6`2[ bi2T, t
LmK 6`2[ bi2T, Rey
6`2[X@/2TX @
J2i?Q/, JG@6JJ "1J
*Hmbi2`,
*Sl U}`biV, R
*Sl UH�biV, R
LmKX Q7 mb2/ +Q`2b, 3
J2b?k>_h6,
J2b?k>_XXX S�i? iQ J2b?k>_h6

h�#H2 3, hQ +`2�i2 bBKmH�iBQM }H2b 7Q` LmK*�H+ "H2M/2` `2[mB`2b /Bz2`@
2Mi b2iiBM;b BM i?2 J2b?k>_h6 2tTQ`iX �KQM; Qi?2` i?BM;b
i?2 7`2[m2M+B2b Q7 i?2 bBKmH�iBQM �M/ i?2 b�KTH2 ;`B/b mb2/
+�M #2 bT2+B}2/ ?2`2X

J�bi2` h?2bBb S�;2 j9



9 _2bmHib G2B7 CQ?�MMb2M

9X _2bmHib
9XRX :2M2`�H `2bmHib
h?2 �TTHB2/ K2i?Q/QHQ;v T`QpB/2b QM2 rpi KQ/2H �M/ QM2 rQpi KQ/2H 7Q` 2�+? Q7 i?2
2B;?i pQr2Hb �M/ i`�Mb72` 7mM+iBQMb 7Q` 7m`i?2` `2b2�`+? Ub22 b2+iBQM �VX qBi? "1J Mm@
K2`B+�H bBKmH�iBQM i?2 bQmM/ T`QT�;�iBQM BM i?2 7`2[m2M+v `�M;2 7`QK Ryy >x iQ Reyyy >x
Bb +QKTmi2/ 7Q` �HH KQ/2HbX J2b?k>_h6 `2im`Mb HQ;;BM; }H2b ǳL*XQmiǴ 7Q` 2�+? +Q`2
Q7 i?2 +Hmbi2` QM r?B+? i?2 bBKmH�iBQM Bb T2`7Q`K2/ 7Q` /Bz2`2Mi 7`2[m2M+B2bX AM i?2b2
}H2b Bi Bb MQi2/ ?Qr K�Mv BMi2`�+iBQMb r2`2 M2+2bb�`v 7Q` i?2 +�H+mH�iBQM �M/ �i r?B+?
7`2[m2M+B2b MQ Bi2`�iBp2 "1J bQHmiBQM r�b TQbbB#H2 Ub22 i�#H2 NVX h?2 KQ/2Hb /Bz2` BM
i?2b2 +?�`�+2`BbiB+bX h?2 rQpi KQ/2Hb �`2 KQ`2 T`QM2 iQ 2``Q`b BM i?2 Bi2`�iBp2 +�H+mH�@
iBQMX h?2b2 2``Q`b Q++m` �i ?B;? 7`2[m2M+B2b bi�`iBM; 7`QK R93yy >x UpQr2H fQ2fVX AM i?2
rpi KQ/2Hb- �HH +�H+mH�iBQMb Bi2`�i2/ 2t+2Ti pQr2H fQ2fX

oQr2H 6`2[m2M+B2b rBi?Qmi Bi2`�iBp2 "1J bQHmiBQM BM >x
f�2f @
f�2f rQpi R8yyy- R8kyy- R8jyy- R89yy- R8eyy
f2f @
f2f rQpi R8jyy- R89yy- R88yy- R8dyy- R8Nyy
f�f @
f�f rQpi R8jyy- R88yy- R83yy- R8Nyy
fBf @
fBf rQpi R8jyy- R88yy- R83yy
fQ2f 9yy- 3Nyy- Nyyy- N9yy- Neyy- NNyy- RyRyy- Ryjyy
fQ2f rQpi R93yy- R8jyy- R89yy- R88yy- Reyyy
fmf @
fmf rQpi R8jyy- R89yy- R88yy- R8dyy- R8Nyy
fQf @
fQf rQpi R8jyy- R89yy- R88yy- R83yy- R8Nyy
fvf @
fvf rQpi @

h�#H2 N, 6Q` 2�+? bBKmH�iBQM- i?2 QmiTmi }H2b Q7 J2b?k>_h6 +QMi�BM �
HBbi Q7 7`2[m2M+B2b 7Q` r?B+? MQ Bi2`�iBp2 +�H+mH�iBQM Bb TQbbB#H2X
h?2 bvK#QH ǳ@Ǵ BM/B+�i2b i?�i �HH +�H+mH�iBQMb Bi2`�i2X

J�bi2` h?2bBb S�;2 j8



9 _2bmHib G2B7 CQ?�MMb2M

q?2M 2p�Hm�iBM; +QKTmi�iBQM iBK2- bBKmH�iBQMb 7Q` i?2 rpi KQ/2Hb `�M;2 7`QK RNj,Ry ?
UpQr2H fBfV iQ kR8,R3 ? UpQr2H f�fVX h?2 rQpi KQ/2Hb +�M #2 +QKTmi2/ 7�bi2` rBi?
+QKTmi�iBQM iBK2b #2ir22M Ryj,Rk ? UpQr2H fvf �M/ R83,ky ? UpQr2H f�2fV Ub22 };m`2 ReVX
� `2;mH�`Biv Bb M2Bi?2` iQ #2 `2+Q;MBx2/ rBi? `2;�`/ iQ i?2 ;2QK2i`v Q7 i?2 BM/BpB/m�H
KQ/2Hb- MQ` iQ i?2 `2K2b?BM; K2i?Q/ mb2/ Ub22 b2+iBQM jXjVX PMHv i?2 �//BiBQM�H 2zQ`i
BM i?2 bBKmH�iBQM Q7 i?2 pQ+�H i`�+i #2+QK2b +H2�`X PM �p2`�;2- i?2 rpi KQ/2Hb `2[mB`2
8jXj W KQ`2 +QKTmi�iBQM iBK2 i?�M i?2 rQpi KQ/2HbX

6B;m`2 Re, h?2 +QKTmi�iBQM iBK2 Bb b?QrM 7Q` �HH bBKmH�iBQMbX h?2 rpi
KQ/2Hb ?�p2 � bB;MB}+�MiHv ?B;?2` +QKTmi�iBQM iBK2 i?�M
i?2 rQpi KQ/2HbX Pi?2`rBb2 MQ `2;mH�`Biv Bb `2+Q;MBx�#H2X

J�bi2` h?2bBb S�;2 je



9 _2bmHib G2B7 CQ?�MMb2M

9XkX aT2+i`�H `2bmHib
h?2 bT2+i`� Q7 i?2 rpi KQ/2Hb �`2 bBKmH�i2/ �M/ /BbTH�v2/ BM i?2 7`2[m2M+v `�M;2 mT iQ
Reyyy >x- Q` i?2 K�tBKmK TQbbB#H2 7`2[m2M+vX h?2 b�KTHBM; TQBMi Bb i?2 +2Mi2` Q7 i?2
b�KTH2 ;`B/ BM 7`QMi Q7 i?2 KQmi? QT2MBM;X 1�+? pQr2H b?Qrb �M BM/BpB/m�H /Bbi`B#miBQM
Q7 H2p2Hb BM i?Bb `2T`2b2Mi�iBQM Ub22 };m`2 RdVX AM i?2 HQr2` 7`2[m2M+v `�M;2 mT iQ 9yyy >x-
i?2 TQbBiBQMb Q7 i?2 7Q`K�Mib �`2 pBbB#H2X >Qr2p2`- i?2v �`2 2�bB2` iQ HQ+�i2 r?2M pB2r2/
b2T�`�i2Hv Ub22 };m`2 RNVX
LQiB+2�#H2 �`2 pQr2H fQ2f �M/ pQr2H fQfX h?2 bBKmH�iBQM Q7 fQ2f H2�/b iQ `2H�iBp2Hv
?B;? bQmM/ T`2bbm`2 H2p2Hb +QKT�`2/ iQ i?2 Qi?2` pQr2HbX h?Bb ?�TT2Mb 2bT2+B�HHv �i
7`2[m2M+B2b �#Qp2 3yyy >x �M/ Bb /m2 iQ 2``Q`b BM i?2 "1J bBKmH�iBQMX h?Bb pQr2H
�HbQ `2[mB`2/ �MQi?2` K2i?Q/ Q7 `2K2b?BM; �M/ Bb ;2M2`�HHv KQ`2 T`QM2 iQ 2``Q`b Ub22
b2+iBQM jXjVX oQr2H fQf b?Qrb � bi`QM; /2+`2�b2 Q7 i?2 bBKmH�i2/ bQmM/ T`2bbm`2 H2p2Hb BM
i?2 bT2+i`mK #2ir22M �#Qmi k8yy >x �M/ 9yyy >xX *QKT�`2/ iQ rQ`F rBi? KB+`QT?QM2
`2+Q`/BM;b rBi? bBM;2`b- i?2 bT2+i`� Q7 i?2 /Bz2`2Mi pQr2Hb BM i?Bb rQ`F /Bz2` KQ`2 +H2�`Hv
7`QK 2�+? Qi?2` (j)VX
hQ ;Bp2 � #2ii2` Qp2`pB2r Q7 i?2 bQmM/ H2p2H /Bbi`B#miBQM BM i?2 bT2+i`� Q7 i?2 rpi
KQ/2Hb- i?2 i?B`/@Q+i�p2 #�M/ �p2`�;2/ bQmM/ T`2bbm`2 H2p2Hb �`2 T`2b2Mi2/ BM i�#mH�`
7Q`K Ub22 i�#H2 RyVX Ai +�M #2 Q#b2`p2/ i?�i i?2 bQmM/ T`2bbm`2 H2p2Hb BM i?2 #�M/b
}`bi BM+`2�b2- i?2M- /2T2M/BM; QM i?2 pQr2H- �`2 K�tBKmK BM QM2 QM2@i?B`/ Q+i�p2
#�M/ �M/ /2+`2�b2 iQ ?B;?2` 7`2[m2M+v #�M/b �7i2`r�`/bX aQ 7Q` 2�+? pQr2H- i?2`2 Bb �
/QKBM�Mi QM2@i?B`/ Q+i�p2 #�M/ rBi? i?2 ?B;?2bi �p2`�;2 bQmM/ T`2bbm`2 H2p2HX h?Bb Bb
`2H2p�Mi BM +QK#BM�iBQM rBi? /B`2+iBpBiv Q7 bQmM/ T`QT�;�iBQM Ub22 b2+iBQM 9XjV- bBM+2 i?2
/B`2+iBQM�HBiv Q7 #�M/b rBi? ?B;? bQmM/ T`2bbm`2 H2p2Hb Bb KQ`2 BKTQ`i�Mi 7Q` T2`+2TiBQM
(j)X

J�bi2` h?2bBb S�;2 jd



9 _2bmHib G2B7 CQ?�MMb2M

6B;m`2 Rd, 6Q` i?2 rpi KQ/2Hb i?2 bT2+i`� �`2 +�H+mH�i2/ �i i?2 +2Mi2`
Q7 i?2 b�KTH2 ;`B/ BM 7`QMi Q7 i?2 KQmi? QT2MBM;X h?2v b?Qr
i?2 2M2`;v `B+? `2;BQMb Q7 i?2 7Q`K�Mib �M/ i?2 /Bbi`B#miBQM
Q7 i?2 bQmM/ T`2bbm`2 H2p2Hb mT iQ Reyyy >x- Q` i?2 K�tBKmK
+�H+mH�#H2 7`2[m2M+vX

J�bi2` h?2bBb S�;2 j3



9 _2bmHib G2B7 CQ?�MMb2M

j`/@Q+iX 7
oQr2H rpi f�2f f2f f�f fBf fQ2f fmf fQf fvf

Ryy >x 8RXd eyXk 8NXj dRX9 e3X3 ddXk e9XR edXy
kyy >x 89Xk e8X3 ekXe eRXj 3RXR dRX8 d3X9 d3XN
jR8 >x 8NXe 39Xe dyX8 8jXj d8Xk d3Xk dkXy ekXN
9yy >x deXj eNX8 NkXk 8yXj RRkXy edX9 deXk 8NX3
8yy >x ejXd d8Xd dRXj 8RXe edXy 8dXe e9X8 ejXN
ejy >x 8NX3 8dX8 3RXk djXN 8kXk 8eX3 8eX9 8dXy
3yy >x edXN 99X8 edXj jdXN 9jX3 jNX3 88X9 9kXe

Ryyy >x 8NX9 jdXd edXk kNXN jNXj keX8 j9X9 jeX8
Rk8y >x 8kXR jjXy 88XR kjXd 9yXN R9Xy R3XN j9Xk
Reyy >x 8dXk j8X9 k3Xj kjX3 8yXe 3X9 RkXN 8RXy
kyyy >x 9eX8 93X3 keX9 9RXe 9jX3 RNXk kjXy 9jX8
k8yy >x jNXj 9jX3 9yXy j8X9 jRX9 R8Xj kNX8 j9XR
jR8y >x 9jX8 98Xd 93Xy 9jXd 8jX8 j9X8 @RXd jNXk
9yyy >x 8kXe 8yXe 93XN 83X3 93XN jeX8 k3X8 8RX3
8yyy >x 93Xd 99X3 99X8 8RXe j3X3 jjXR kNX8 93X3
ejyy >x jjXR jRX3 jNX9 j9XN jyXy RdXN 8RXN 9eXe
3yyy >x j9Xd R3Xe kkXj j9Xy k3XR j9X8 kNX9 jRXN

Ryyyy >x kjX3 9eXk j8X8 jeXN URd9X3V j9Xe 9yX3 9kX9
Rk8yy >x jjXe 8yX9 jdX3 j8Xe @ @ k3XN 9dX8
Reyyy >x @ @ @ @ @ @ kXR 9RX9

h�#H2 Ry, h?2 i�#H2 b?Qrb i?2 i?B`/@Q+i�p2 #�M/ �p2`�;2/ bQmM/ T`2b@
bm`2 H2p2Hb BM /" Q7 i?2 rpi KQ/2Hb BM i?2 +2Mi2` Q7 i?2 b�KTH2
;`B/ BM 7`QMi Q7 i?2 KQmi? QT2MBM;X h?Bb �HHQrb �M Qp2`pB2r
Q7 i?2 bQmM/ H2p2H /Bbi`B#miBQM 7Q` i?2 BM/BpB/m�H pQr2HbX h?2
K�tBKmK bQmM/ T`2bbm`2 H2p2H Q7 i?2 i?B`/@Q+i�p2 #�M/b Bb
T`BMi2/ #QH/ 7Q` 2�+? pQr2HX

J�bi2` h?2bBb S�;2 jN



9 _2bmHib G2B7 CQ?�MMb2M

6Q` i?2 rQpi KQ/2Hb- i?2 bT2+i`� BM i?2 +2Mi2` Q7 i?2 b�KTH2 ;`B/ BM 7`QMi Q7 i?2 KQmi?
QT2MBM; �`2 +�H+mH�i2/ �M/ +QKT�`2/X h?2 bT2+i`� Q7 i?2 pQr2Hb f�2f- f2f- f�f- fBf-
fQ2f 7�HH bHB;?iHv 7`QK � 7`2[m2M+v Q7 eyyy >x �M/ i?mb ?�p2 � HQr@T�bb #2?�pBQm` rBi?
HQr bHQT2X h?2 bT2+i`� Q7 i?2 pQr2Hb fmf- fQf- fvf BM+`2�b2 bi2�/BHvX �i ?B;? 7`2[m2M+B2b
�#Qp2 R8yyy >x i?2 bT2+i`� Q7 i?2 pQr2Hb f2f- f�f- fBf- fQf rBi? p2`v ?B;? �KTHBim/2
p�Hm2b BM/B+�i2 2``QM2Qmb `2bmHibX >Qr2p2`- r2 +�M bT2�F Q7 `2H�iBp2Hv bi`�B;?i bT2+i`�H
T`Q;`2bbBQMb Q7 i?2 bBKmH�iBQMb Ub22 };m`2 R3VX

6B;m`2 R3, h?2 bT2+i`� Q7 rQpi KQ/2Hb ;2M2`�HHv ?�p2 � `2H�iBp2Hv ~�i
+Qm`b2X 6Q` i?2 pQr2Hb f�2f- f2f- f�f- fBf- fQ2f i?2 bT2+i`�
7�HH 7`QK � 7`2[m2M+v Q7 eyyy >x- 7Q` i?2 pQr2Hb Q7 Qi?2`
pQr2Hb i?2 bT2+i`mK BM+`2�b2b bi2�/BHvX �i ?B;? 7`2[m2M+B2b
�#Qp2 R8yyy >x QM2 b22b 2``QM2Qmb p�Hm2b rBi? p2`v ?B;?
�KTHBim/2bX

J�bi2` h?2bBb S�;2 9y



9 _2bmHib G2B7 CQ?�MMb2M

6Q` 2�+? pQ+�H i`�+i KQ/2H i?2`2 Bb � bQmM/ `2+Q`/BM; Q7 i?2 i2bi T2`bQM- r?B+? r�b K�/2
/m`BM; i?2 J_A b+�MX h?2b2 bB;M�Hb �`2 +`QTT2/ iQ KBMBKBx2 MQBb2 Ub22 b2+iBQM �VX qBi?
J�iH�# i?2 TQr2` bT2+i`�H /2MbBiv USa.V 2biBK�i2 Q7 i?2b2 bB;M�Hb rBi? � rBM/Qr H2M;i?
Q7 8Rk b�KTH2b �M/ �M Qp2`H�T Q7 k8e b�KTH2b Bb +�H+mH�i2/ �M/ +QKT�`2/ iQ i?2 bBKmH�i2/
7Q`K�Mi bT2+i`� Q7 i?2 +2Mi2` Q7 i?2 b�KTH2 ;`B/ �i i?2 KQmi? QT2MBM; BM i?2 7`2[m2M+v
`�M;2 mT iQ 9yyy >xX h?2 `2bT2+iBp2 bB;M�Hb �`2 MQ`K�HBx2/ iQ � K�tBKmK �KTHBim/2
Q7 y /" BM i?2 7`2[m2M+v `�M;2 mT iQ 9yyy >xX h?mb- i?2 TQbBiBQM Q7 i?2 7Q`K�Mib BM i?2
`2+Q`/BM;b +�M #2 +QKT�`2/ rBi? i?2 7Q`K�Mi bT2+i`� Q7 i?2 bBKmH�iBQMb Ub22 };m`2 RNVX
6Q` �HH pQr2Hb- i?2 +�H+mH�i2/ 7Q`K�Mi bT2+i`� 7`QK i?2 bBKmH�iBQMb ?�p2 � bBKBH�`Biv
iQ i?2 bT2+i`� Q7 i?2 `2bT2+iBp2 `2+Q`/BM;bX 6Q` i?2 pQr2Hb f2f �M/ fvf- i?2 bT2+i`�H
bBKBH�`Biv Bb ;`2�i2biX

J�bi2` h?2bBb S�;2 9R



9 _2bmHib G2B7 CQ?�MMb2M

6B;m`2 RN, h?2 7Q`K�Mi bT2+i`� Q7 i?2 pQr2Hb 7`QK `2+Q`/BM;b �M/ bBK@
mH�iBQMb �`2 +QKT�`�#H2X �HH bB;M�Hb r2`2 MQ`K�HBx2/ iQ �
K�tBKmK �KTHBim/2 Q7 y /" BM i?2 7`2[m2M+v `�M;2 mT iQ
9yyy >xX

J�bi2` h?2bBb S�;2 9k



9 _2bmHib G2B7 CQ?�MMb2M

9XjX _2bmHib Q7 /B`2+iBpBiv
qBi? i?2 J�iH�# hQQH#Qt �EiQQHb (kj)- i?2 7mHH@bT?2`B+�H `2bmHib Q7 i?2 bBKmH�iBQMb �`2
/BbTH�v2/ �b i?B`/@Q+i�p2 #�M/ �p2`�;2/X h?2 �p2`�;2 +QKTH2t bQmM/ T`2bbm`2 H2p2H
Lmean BM /" Bb +�H+mH�i2/ 7`QK i?2 bQmM/ T`2bbm`2 p�Hm2b p Q7 i?2 i?B`/ Q+i�p2 #�M/ �b,

Lmean = dB(mean(abs(p))) URV
h?2 `2bmHib Q7 i?2 rpi KQ/2H- i?2 rQpi KQ/2H �M/ i?2 /Bz2`2M+2 #2ir22M i?2 irQ �`2
+QKT�`2/X h?Bb FBM/ Q7 pBbm�HBx�iBQM �HHQrb iQ pBbm�HBx2 i?2 BM~m2M+2 Q7 i?2 pQ+�H i`�+i QM
i?2 T`QT�;�iBQM Q7 i?2 bQmM/ QM i?2 2MiB`2 bT?2`2 bm`7�+2 �`QmM/ i?2 ?2�/ Q7 i?2 KQ/2HX
AM ;2M2`�H- Bi +�M #2 b22M i?�i i?2 `�/B�iBQM T�ii2`M �i 7`2[m2M+B2b #2HQr 8yy >x Bb `�i?2`
QKMB/B`2+iBQM�H �M/ i?2 /B`2+iBQM�HBiv Bb KQ`2 MQiB+2�#H2 �i ?B;?2` 7`2[m2M+B2bX AM �HH
KQ/2Hb i?2 T`2bbm`2 K�tBKmK Bb 7`QMi�H �i �M �xBKmi? �M;H2 Q7 y /2;`22b �M/ bHB;?iHv
#2HQr i?2 ?Q`BxQMi�H TH�M2X h?Bb Bb K�BMHv /m2 iQ `2~2+iBQM Q7 i?2 iQ`bQ �M/ 2ti2`M�H
;2QK2i`v- bBM+2 i?2 rQpi KQ/2Hb ?�p2 i?2 T`2bbm`2 K�tBKmK �i � +QKT�`�#H2 TQbBiBQMX
h?2 BM~m2M+2 Q7 i?2 pQ+�H i`�+i b22Kb iQ #2 `�i?2` bK�HH QM i?2 bQmM/ T`QT�;�iBQM-
bBM+2 i?2 `2bmHib Q7 i?2 rpi KQ/2Hb �M/ i?2 rQpi KQ/2Hb �`2 p2`v bBKBH�`X h?2 /Bz2`2M+2
#2ir22M i?2 irQ bBKmH�iBQMb �HbQ HQQFb bBKBH�` BM b?�T2- BM/B+�iBM; � bHB;?i b?B7i BM i?2
#2�K b?�T2X h?2 `2bmHib Q7 i?2 bBKmH�iBQMb 7Q` oQr2H A �`2 b?QrM �b �M 2t�KTH2X 6Q`
�HH pQr2Hb- i?2 +QKT�`BbQM Q7 i?2 bBKmH�iBQMb Q7 i?2 rpi �M/ rQpi KQ/2Hb Bb T2`7Q`K2/
Ub22 b2+iBQM �VX

J�bi2` h?2bBb S�;2 9j



9 _2bmHib G2B7 CQ?�MMb2M

6B;m`2 ky, h?2 bQmM/ T`QT�;�iBQM Q7 pQr2H fBf Bb /BbTH�v2/ 7mHH@
bT?2`B+�H i?B`/@#�M/ �p2`�;2/ 7Q` i?2 +2Mi2` 7`2[m2M+B2b
Ryy >x- kyy >x- jR8 >x- 9yy >x- 8yy >xX h?2 +QHmKMb b?Qr
i?2 `2bmHib Q7 i?2 rpi KQ/2Hb- i?2 rQpi KQ/2Hb �M/ i?2
/Bz2`2M+2 Q7 #Qi? MQ`K�HBx2/ iQ y /"X

J�bi2` h?2bBb S�;2 99



9 _2bmHib G2B7 CQ?�MMb2M

6B;m`2 kR, h?2 bQmM/ T`QT�;�iBQM Q7 pQr2H fBf Bb /BbTH�v2/ 7mHH@
bT?2`B+�H i?B`/@#�M/ �p2`�;2/ 7Q` i?2 +2Mi2` 7`2[m2M+B2b
ejy >x- 3yy >x- Ryyy >x- Rk8y >x- Reyy >xX h?2 +QHmKMb
b?Qr i?2 `2bmHib Q7 i?2 rpi KQ/2Hb- i?2 rQpi KQ/2Hb �M/
i?2 /Bz2`2M+2 Q7 #Qi? MQ`K�HBx2/ iQ y /"X

J�bi2` h?2bBb S�;2 98



9 _2bmHib G2B7 CQ?�MMb2M

6B;m`2 kk, h?2 bQmM/ T`QT�;�iBQM Q7 pQr2H fBf Bb /BbTH�v2/ 7mHH@
bT?2`B+�H i?B`/@#�M/ �p2`�;2/ 7Q` i?2 +2Mi2` 7`2[m2M+B2b
kyyy >x- k8yy >x- jR8y >x- 9yyy >x- 8yyy >xX h?2 +QHmKMb
b?Qr i?2 `2bmHib Q7 i?2 rpi KQ/2Hb- i?2 rQpi KQ/2Hb �M/
i?2 /Bz2`2M+2 Q7 #Qi? MQ`K�HBx2/ iQ y /"X

J�bi2` h?2bBb S�;2 9e



9 _2bmHib G2B7 CQ?�MMb2M

6B;m`2 kj, h?2 bQmM/ T`QT�;�iBQM Q7 pQr2H fBf Bb /BbTH�v2/ 7mHH@
bT?2`B+�H i?B`/@#�M/ �p2`�;2/ 7Q` i?2 +2Mi2` 7`2[m2M+B2b
ejyy >x- 3yyy >x- Ryyyy >x- Rk8yy >xX h?2 +QHmKMb b?Qr
i?2 `2bmHib Q7 i?2 rpi KQ/2Hb- i?2 rQpi KQ/2Hb �M/ i?2
/Bz2`2M+2 Q7 #Qi? MQ`K�HBx2/ iQ y /"X

J�bi2` h?2bBb S�;2 9d



9 _2bmHib G2B7 CQ?�MMb2M

AM TQH�` /B�;`�Kb- i?2 `�/B�iBQM +?�`�+i2`BbiB+b Q7 i?2 BM/BpB/m�H pQr2Hb +�M #2 2�bBHv
/BbTH�v2/ �M/ +QKT�`2/X h?2 i?`22 K�BM TH�M2b i`�Mbp2`b�H TH�M2 Uy /2;`22b `2T`2b2Mib
7`QMiV- 7`QMi�H TH�M2 Uy /2;`22b `2T`2b2Mib iQTV �M/ K2/B�M TH�M2 UNy /2;`22b `2T`2b2Mib
7`QMiV �`2 /BbTH�v2/X h?2 p�Hm2b �`2 i?B`/@Q+i�p2 #�M/ �p2`�;2/- bTHBM2@BMi2`TQH�i2/
�M/ i?2 K�tBKmK H2p2H MQ`K�HBx2/ iQ y /"X AM /B`2+i +QKT�`BbQM- 7Qm` pQr2Hb 2�+? �`2
b?QrM- bQ`i2/ #v i?2 bBx2 Q7 i?2 KQmi? QT2MBM;X h?mb i?2 pQr2Hb f�2f- f2f- f�f- fBf �`2
+QKT�`2/ �M/ i?2 pQr2Hb fQ2f- fmf- fQf- fvfX h?2 `2T`2b2Mi�iBQM Q7 i?2 bQmM/ T`QT�;�@
iBQM #v TQH�` /B�;`�Kb Bb T`272``2/ iQ i?2 `2T`2b2Mi�iBQM BM #�HHQQM /B�;`�Kb- #2+�mb2 �
+QKT�`BbQM Q7 i?2 /Bz2`2Mi KQ/2Hb +�M #2 `2�HBx2/ #2ii2` i?Bb r�vX h?2 `2bmHib b?Qr i?2
rpi KQ/2HbX *QKT�`�#H2 THQib Q7 i?2 rQpi KQ/2Hb +�M #2 7QmM/ BM i?2 /B;Bi�H �TT2M/Bt
Ub22 b2+iBQM �VX
AM i?2 7`2[m2M+v `�M;2 mT iQ kyy >x- �HH KQ/2Hb ?�p2 � `2H�iBp2Hv /B`2+iBQM@BM/2T2M/2Mi
+?�`�+i2`BbiB+ BM i?2 i`�Mbp2`b2 �M/ 7`QMi�H TH�M2bX h?2 K2�M �ii2Mm�iBQM �i i?2b2 7`2@
[m2M+B2b �+`Qbb �HH pQr2Hb �i i?2b2 irQ TH�M2b Bb @kX8 /"X PM i?2 K2/B�M TH�M2- i?2 pQr2Hb
rBi? H�`;2` KQmi? QT2MBM;b f�2f- f2f- f�f- fBf 7Q`K � /B`2+iBQM�HBiv Q7 �TT`QtBK�i2Hv
N8 /2;`22b 2p2M �i Ryy >x �M/ kyy >x- /2}M2/ #v � bHQT2 rB/i? Q7 @j /"X �KQM; 2�+?
Qi?2` i?2b2 /B`2+iBQM�H 2z2+ib �`2 p2`v bBKBH�` Ub22 };m`2 k9VX h?2 pQr2Hb rBi? bK�HH2`
KQmi? QT2MBM;b fQ2f- fQf- fvf b?Qr �M �HKQbi QKMB/B`2+iBQM�H #2?�pBQm` QM �HH H2p2Hb
BM i?Bb 7`2[m2M+v `�M;2X oQr2H fmf b?Qrb � /2pB�iBM; #2?�pBQ` rBi? � bmT2`+�`/BQB/
+?�`�+i2`BbiB+ �i Ryy >x QM i?2 i`�Mbp2`b2 TH�M2X >Qr2p2`- i?Bb KB;?i #2 /m2 iQ 2``Q`b
BM i?2 +�H+mH�iBQM- bBM+2 i?2`2 Bb MQ `2�bQM�#H2 2tTH�M�iBQM 7Q` i?BbX �i i?2 Qi?2` H2p2Hb
�M/ �HbQ �i kyy >x- pQr2H fmf b?Qrb � bHB;?i /B`2+iBQM�HBiv +QKT�`�#H2 iQ i?2 pQr2Hb Q7
i?2 H�`;2` KQmi? QT2MBM;b Ub22 };m`2 k8VX
"2ir22M 8yy >x �M/ Ryyy >x- i?2 pQr2Hb #2+QK2 KQ`2 /B`2+iBQM�H 7Q`r�`/ QM i?2 i`�Mb@
p2`b2 TH�M2 mT iQ ejy >xX �i 3yy >x �M/ Ryyy >x- QM i?2 Qi?2` ?�M/- i?2v 2t?B#Bi �
#`Q�/2` `�/B�iBQM T�ii2`MX h?Bb #2?�pBQ` Bb T�`iB+mH�`Hv T`QMQmM+2/ 7Q` i?2 pQr2Hb fBf-
fQ2f �M/ fvfX oQr2H fmf 7Q`Kb � +?�`�+i2`BbiB+ �i 3yy >x QM i?2 i`�Mbp2`b�H �M/ 7`QMi�H
TH�M2 r?B+? `2b2K#H2b � /BTQH2X oQr2H fQf b?Qrb � bBKBH�` `�/B�iBQM T�ii2`M �i Ryyy >x
QM i?2 i`�Mbp2`b2 TH�M2X PM i?2 7`QMi�H TH�M2- �HH pQr2Hb b?Qr � /QrMr�`/ b?B7i Q7
i?2 `�/B�iBQM /B`2+iBQMX PM i?2 K2/B�M TH�M2- i?2 pQr2Hb #2+QK2 KQ`2 /B`2+iBQM�H rBi?
H�`;2` KQmi? QT2MBM; BM i?2 /B`2+iBQM Q7 Q#HB[m2 7`QMi�H #QiiQKX h?2 BM/BpB/m�H pQr2Hb
/Q MQi /Bz2` ;`2�iHvX AM i?2 pQr2Hb rBi? bK�HH2` KQmi? QT2MBM;- fQ2f �M/ fvf �`2 KQ`2
/B`2+iBQM�H i?�M fmf �M/ fQf Ub22 };m`2b ke- kdVX
AM i?2 7`2[m2M+v `�M;2 7`QK Rk8y >x iQ k8yy >x i?2 TQH�` /B�;`�Kb biBHH HQQF `2H�iBp2Hv
bKQQi?X h?2 pQr2Hb f2f- fBf- fQ2f- fvf b?Qr �i Rk8y >x QM i?2 i`�Mbp2`b2 TH�M2 �M
�ii2Mm�iBQM �i �#Qmi jy- R8y- kRy �M/ jjy /2;`22bX AM �//BiBQM- i?2 +?�`�+i2`BbiB+b �`2
p2`v rB/2 iQ i?2 bB/2bX �i Reyy >x i?2 `2T`2b2Mi�iBQM Q7 i?2 bQmM/ T`QT�;�iBQM Q7 pQr2H
fBf HQQFb �HKQbi #�+Fr�`/bX oQr2H f�f b?Qrb � /BTQH2 +?�`�+i2`BbiB+ �i kyyy >x QM i?2
i`�Mbp2`b2 TH�M2 �M/ i?2 7`QMi�H TH�M2X oQr2H fBf ?�b � +QKT�`�#H2 i2M/2M+v �i k8yy >xX
h?2 Qi?2` pQr2Hb b?Qr � bHB;?i /QrMr�`/ /B`2+iBQM�HBiv QM i?2 7`QMi�H TH�M2 BM i?2 2MiB`2
7`2[m2M+v `�M;2X PM i?2 K2/B�M TH�M2- �HH pQr2Hb b?Qr � KQ`2 /Bzmb2 bQmM/ T`QT�;�@
iBQM- rBi? i?2 +Q�`b2 /B`2+iBQM�HBiv biBHH TQBMiBM; 7Q`r�`/ �M/ /QrMr�`/X LQ bvbi2K�iB+
`2H�iBQM iQ i?2 bBx2 Q7 i?2 KQmi? QT2MBM; Bb /Bb+2`MB#H2 Ub22 };m`2b k3- kNVX
"2ir22M jR8y >x �M/ ejyy >x- i?2 TQH�` /B�;`�Kb Q7 bQmM/ T`QT�;�iBQM 7Q` �HH pQr2Hb
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HQQF [mBi2 bBKBH�`- TQBMiBM; 7Q`r�`/ QM i?2 i`�Mbp2`b2 TH�M2- /QrMr�`/ QM i?2 7`QMi�H
TH�M2- �M/ 7Q`r�`/ �M/ /QrMr�`/ QM i?2 b�;Bii�H TH�M2 �i �#Qmi Rjy /2;`22bX h?2 pQr@
2Hb rBi? H�`;2` KQmi? QT2MBM; f�2f- f2f- f�f- fBf �`2 KQ`2 bi`QM;Hv /B`2+i2/ i?�M i?2
Qi?2` pQr2HbX �i ejyy >x i?2 bQmM/ T`QT�;�iBQM Q7 pQr2H fmf Bb KQbi MQM@/B`2+iBQM�H
Ub22 };m`2b jy- jRVX
�#Qp2 3yyy >x �HH pQr2Hb b?Qr � bBKBH�` #2?�pBQ`- rBi? /B`2+iBQM�HBiv BM+`2�bBM;X �;�BM-
/B`2+iBQM�HBiv Bb ?B;?2` 7Q` pQr2Hb rBi? � H�`;2` KQmi? QT2MBM;X h?2 /Bzmb2 `�/B�iBQM
T�ii2`M 7Q` pQr2H fmf QM �HH H2p2Hb �i Ryyyy >x BM/B+�i2b 2``Q`b BM i?2 bBKmH�iBQM Ub22
};m`2b jk- jjVX LQ p�Hm2b +QmH/ #2 Q#i�BM2/ 7Q` ?B;?2` 7`2[m2M+B2b BM i?2 rQpi KQ/2HbX
AM bmKK�`v- �HH pQr2Hb �i HQr 7`2[m2M+B2b ?�p2 �M �HKQbi QKMB/B`2+iBQM�H bQmM/ T`QT@
�;�iBQM QM �HH H2p2HbX �i ?B;?2` 7`2[m2M+B2b- i?2 /B`2+iBQM�HBiv 7Q` �HH pQr2Hb BM+`2�b2bX
oQr2Hb rBi? � H�`;2` KQmi? QT2MBM; ?�p2 � ?B;?2` /B`2+iBQM�HBiv i?�M pQr2Hb rBi? �
bK�HH2` KQmi? QT2MBM;X PM i?2 K2/B�M TH�M2- i?2 bQmM/ T`QT�;�iBQM Bb bHB;?iHv iBHi2/
/QrMr�`/b- r?B+? Bb T�`iHv /m2 iQ i?2 iBHiBM; Q7 i?2 pQr2H i`�+i �M/ T�`iHv �M/ iQ �
;`2�i2` 2ti2Mi iQ `2~2+iBQMb 7`QK i?2 iQ`bQX h?Bb ?�b �HbQ #22M Q#b2`p2/ BM K2�bm`2@
K2Mib rBi? KB+`QT?QM2b BM Qi?2` `2b2�`+? T`QD2+ibX Pi?2`rBb2- T`QT�;�iBQMb +�M #2 b22M
�i bQK2 7`2[m2M+B2b 7Q` /Bz2`2Mi pQr2Hb- r?B+? `�i?2` BM/B+�i2 2``Q`b BM i?2 bBKmH�iBQMX
>Qr2p2`- � `2;mH�`Biv Bb MQi `2+Q;MBx�#H2- #2+�mb2 /Bz2`2Mi KQ/2Hb �`2 �z2+i2/X
h?2 `2bmHib 7QmM/ +�M #2 +QKT�`2/ rBi? }M/BM;b 7`QK Qi?2` `2b2�`+?X AM `2b2�`+? mbBM;
KB+`QT?QM2 K2�bm`2K2Mib Q7 i?2 bQmM/ T`QT�;�iBQM Q7 i?2 ?mK�M pQB+2- E�ix 2i �HX kyye
�M/ kyyd }M/ i?�i i?2 `�/B�iBQM T�ii2`Mb Q7 pQr2Hb /Bz2` BM i?2 KB/@7`2[m2M+v `�M;2 #2@
ir22M Ryyy >x �M/ Reyy >x �M/ �`2 Qi?2`rBb2 i?2 b�K2 (9)- (j)X "2HQr Ryyy >x- �HH pQr2Hb
?�p2 QKMB/B`2+iBQM�H `�/B�iBQM T�ii2`Mb /m2 iQ i?2 `2H�iBQMb?BT Q7 r�p2H2M;i? �M/ ?2�/
;2QK2i`v- �M/ �#Qp2 Reyy >x i?2v #2+QK2 KQ`2 /B`2+iBQM�H �i ?B;?2` 7`2[m2M+B2bX h?Bb
Bb �HbQ 2pB/2Mi BM i?2 T`2b2Mi rQ`F- 2t+2Ti i?�i i?2 `�M;2 rBi? /Bz2`2Mi +?�`�+i2`BbiB+b
?2`2 Bb #2ir22M ejy >x �M/ kyyy >xX h?2 BM/BpB/m�H pQr2Hb /Q MQi /Bz2` p2`v Km+? 7`QK
2�+? Qi?2` BM i?2 rQ`FbX �HbQ- i?2 �ii2Mm�iBQM �i y /2;`22b QM i?2 i`�Mbp2`b�H TH�M2- +�M
#2 b22M �i Ryyy >x Q` Rk8y >x BM i?2 TQH�` /B�;`�Kb BM #Qi? bim/B2bX h?Bb T?2MQK2MQM
Bb �HbQ 2pB/2Mi BM i?2 rQ`F Q7 J�`b?�HH 2i �H (k9)X
AM i?Bb i?2bBb- Bi Bb �HbQ `2+Q;MBx2/ i?�i i?2 K�tBK� Q7 i?2 bQmM/ T`2bbm`2 H2p2Hb �`2
/B`2+i2/ /QrMr�`/ #v ky /2;`22b QM i?2 K2/B�M TH�M2X h?Bb Bb `2TQ`i2/ BM � p2`v 2�`Hv
T�T2` #v .mMM 2i �H �b r2HH (k8)X �M/ Bb �ii`B#mi2/ iQ `2~2+iBQMb 7`QK i?2 iQ`bQX 6m`i?2`@
KQ`2- BM i?2 T`2b2Mi rQ`F- i?2 /B`2+iBQM Q7 bQmM/ T`QT�;�iBQM Bb #2HQr i?2 i`�Mbp2`b2
TH�M2- #mi `�i?2` �i @98 /2;`22bX
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6B;m`2 k9, SQH�` /B�;`�Kb Q7 i?2 `�/B�iBQM T�ii2`M Q7 i?2 pQr2Hb f�2f-
f2f- f�f- fBf- i?B`/@#�M/ �p2`�;2/ BM i?2 7`2[m2M+v `�M;2
7`QK Ryy >x iQ 9yy >x- T2�F MQ`K�HBx2/ iQ y /"X

J�bi2` h?2bBb S�;2 8y
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6B;m`2 k8, SQH�` /B�;`�Kb Q7 i?2 `�/B�iBQM T�ii2`M Q7 i?2 pQr2Hb fQ2f-
fmf- fQf- fvf- i?B`/@#�M/ �p2`�;2/ BM i?2 7`2[m2M+v `�M;2
7`QK Ryy >x iQ 9yy >x- T2�F MQ`K�HBx2/ iQ y /"X

J�bi2` h?2bBb S�;2 8R
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6B;m`2 ke, SQH�` /B�;`�Kb Q7 i?2 `�/B�iBQM T�ii2`M Q7 i?2 pQr2Hb f�2f-
f2f- f�f- fBf- i?B`/@#�M/ �p2`�;2/ BM i?2 7`2[m2M+v `�M;2
7`QK 8yy >x iQ Ryyy >x- T2�F MQ`K�HBx2/ iQ y /"X

J�bi2` h?2bBb S�;2 8k
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6B;m`2 kd, SQH�` /B�;`�Kb Q7 i?2 `�/B�iBQM T�ii2`M Q7 i?2 pQr2Hb fQ2f-
fmf- fQf- fvf- i?B`/@#�M/ �p2`�;2/ BM i?2 7`2[m2M+v `�M;2
7`QK 8yy >x iQ Ryyy >x- T2�F MQ`K�HBx2/ iQ y /"X

J�bi2` h?2bBb S�;2 8j
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6B;m`2 k3, SQH�` /B�;`�Kb Q7 i?2 `�/B�iBQM T�ii2`M Q7 i?2 pQr2Hb f�2f-
f2f- f�f- fBf- i?B`/@#�M/ �p2`�;2/ BM i?2 7`2[m2M+v `�M;2
7`QK Rk8y >x iQ k8yy >x- T2�F MQ`K�HBx2/ iQ y /"X
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6B;m`2 kN, SQH�` /B�;`�Kb Q7 i?2 `�/B�iBQM T�ii2`M Q7 i?2 pQr2Hb fQ2f-
fmf- fQf- fvf- i?B`/@#�M/ �p2`�;2/ BM i?2 7`2[m2M+v `�M;2
7`QK Rk8y >x iQ k8yy >x- T2�F MQ`K�HBx2/ iQ y /"X
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6B;m`2 jy, SQH�` /B�;`�Kb Q7 i?2 `�/B�iBQM T�ii2`M Q7 i?2 pQr2Hb f�2f-
f2f- f�f- fBf- i?B`/@#�M/ �p2`�;2/ BM i?2 7`2[m2M+v `�M;2
7`QK jR8y >x iQ ejyy >x- T2�F MQ`K�HBx2/ iQ y /"X

J�bi2` h?2bBb S�;2 8e



9 _2bmHib G2B7 CQ?�MMb2M

6B;m`2 jR, SQH�` /B�;`�Kb Q7 i?2 `�/B�iBQM T�ii2`M Q7 i?2 pQr2Hb fQ2f-
fmf- fQf- fvf- i?B`/@#�M/ �p2`�;2/ BM i?2 7`2[m2M+v `�M;2
7`QK jR8y >x iQ ejyy >x- T2�F MQ`K�HBx2/ iQ y /"X

J�bi2` h?2bBb S�;2 8d
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6B;m`2 jk, SQH�` /B�;`�Kb Q7 i?2 `�/B�iBQM T�ii2`M Q7 i?2 pQr2Hb f�2f-
f2f- f�f- fBf- i?B`/@#�M/ �p2`�;2/ BM i?2 7`2[m2M+v `�M;2
7`QK 3yyy >x iQ Rk8yy >x- T2�F MQ`K�HBx2/ iQ y /"X
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6B;m`2 jj, SQH�` /B�;`�Kb Q7 i?2 `�/B�iBQM T�ii2`M Q7 i?2 pQr2Hb fQ2f-
fmf- fQf- fvf- i?B`/@#�M/ �p2`�;2/ BM i?2 7`2[m2M+v `�M;2
7`QK 3yyy >x iQ Ryyyy >x- T2�F MQ`K�HBx2/ iQ y /"X

J�bi2` h?2bBb S�;2 8N
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hQ ;Bp2 �M Qp2`pB2r Q7 i?2 /B`2+iBQM�HBiv Q7 bQmM/ T`QT�;�iBQM Q7 i?2 BM/BpB/m�H KQ/2Hb-
i?2 .B`2+iBpBiv AM/2t UDIV Bb +�H+mH�i2/ �b � QM2@i?B`/ Q+i�p2 #�M/ �p2`�;2 (ke)X h?Bb Bb
/QM2 7mHHv bT?2`B+�HHv Qp2` i?2 2MiB`2 bT?2`2 bm`7�+2 Q7 i?2 G2#2/2p ;`B/ mb2/ Ub22 b2+iBQM
jX9XRVX 6B`bi- i?2 K�tBKmK bQmM/ T`2bbm`2 H2p2H P̃max Q7 i?2 b�KTHBM; TQBMib 7`QK 30 iQ
60◦ #2HQr i?2 ?Q`BxQMi�H TH�M2 rBi? �M �xBKmi? �M;H2 Q7 ±30◦ Bb 2p�Hm�i2/ 7Q` 2�+? i?B`/
Q+i�p2 #�M/X h?Bb rBM/Qr Bb b2H2+i2/ #2+�mb2 Qi?2` `2b2�`+? �HbQ /2i2`KBM2b i?2 K�BM
`�/B�iBQM /B`2+iBQM i?2`2 (kd)- (k8) �M/ i?2 TQH�` /B�;`�Kb �HbQ TQBMi iQ i?Bb /B`2+iBQM
Ub22 };m`2b k9 iQ jjVX h?2 .B`2+iBpBiv 6�+iQ` U._6V Bb +�H+mH�i2/ �b,

Γ =
P̃ (ϕ,ϑ)

P̃max

UkV

6Q` i?2 +�H+mH�iBQM Q7 i?2 .A i?2 �`2� r2B;?ib AW Q7 i?2 G2#2/2p ;`B/ �`2 mb2/ �b
r2B;?iBM; BM i?2 MmK2`B+�H BMi2;`�iBQMX h?2 .A i?mb +�H+mH�i2b iQ,

DI =
1∑

AWΓ 2
UjV

h?2 K2�M .A Bb /2i2`KBM2/ pB� i?2 ._6 Q7 i?2 i?B`/@Q+i�p2 #�M/ �p2`�;2/ p�Hm2b 7`QK
Ryy >x iQ Ryyyy >x- bBM+2 `2bmHib +�M #2 +�H+mH�i2/ 7Q` �HH bBKmH�iBQMb BM i?Bb `�M;2X h?Bb
T`Q+2/m`2 T`2p2Mib ?B;? .A �i Rk8yy >x Q` Reyyy >x 7`QK `�BbBM; i?2 K2�M .A Q7 � bBK@
mH�iBQM- i?mb K�FBM; +QKT�`BbQM rBi? Qi?2` bBKmH�iBQMb BKTQbbB#H2X
q?2M +QKT�`BM; i?2 +�H+mH�i2/ .A Q7 i?2 rpi KQ/2Hb �M/ i?2 rQpi KQ/2Hb- i?2 bi`m+@
im`2 Q7 i?2 KQ/2Hb b?QmH/ #2 QmiHBM2/ QM+2 �;�BM BM Q`/2` iQ #2ii2` +H�bbB7v i?2 `2bmHibX
h?2 rpi KQ/2Hb BM+Hm/2 i?2 J_A b+�Mb Q7 i?2 pQ+�H i`�+iX h?2 rQpi KQ/2Hb �`2 +HQb2/
�i i?2 KQmi? QT2MBM; #mi ?�p2 i?2 b�K2 bQm`+2 rB/i? �M/ D�r TQbBiBQMBM; �b i?2 +Q``2@
bTQM/BM; rpi KQ/2HbX h?mb- i?2 `2bmHib Q7 i?2 rQpi KQ/2Hb +�M #2 mb2/ iQ 2biBK�i2 i?2
BM~m2M+2 Q7 D�r TQbBiBQM �M/ bQm`+2 rB/i? QM i?2 /B`2+iBQM�HBiv Q7 bQmM/ T`QT�;�iBQMX
h?2 +QKT�`BbQM rBi? i?2 rpi KQ/2Hb b?Qrb i?2 BM~m2M+2 Q7 i?2 pQ+�H i`�+iX
AM �HH bBKmH�iBQMb i?2 /B`2+iBQM�HBiv BM+`2�b2b iQr�`/b ?B;?2` 7`2[m2M+B2b- r?B+? Bb /m2 iQ
i?2 �+QmbiB+ b?�/Qr Q7 i?2 ?2�/X 6m`i?2`KQ`2- i?2 /B`2+iBQM�HBiv /2+`2�b2b �b i?2 KQmi?
QT2MBM; /2+`2�b2bX h?Bb Bb 2bT2+B�HHv pBbB#H2 BM i?2 rQpi KQ/2Hb- r?2`2 i?2 /B`2+iBQM�HBiv
Q7 i?2 BM/BpB/m�H pQr2Hb /2+`2�b2b BM i?2 b�K2 Q`/2` �b i?2 KQmi? QT2MBM;X oQr2H f�2f
?�b i?2 H�`;2bi K2�M .A �M/ pQr2H fvf i?2 bK�HH2biX h?2 BM~m2M+2 Q7 i?2 pQ+�H i`�+i
p�`B2b /2T2M/BM; QM i?2 pQr2HX 6Q` �HH i?2 pQr2Hb i?2 /B`2+iBQM�HBiv Bb bHB;?iHv ?B;?2` BM
i?2 rpi KQ/2Hb i?�M BM i?2 rQpi KQ/2HbX �i 7`2[m2M+B2b #2HQr Ryyy >x i?2 .A Q7 i?2
/Bz2`2Mi rQpi KQ/2Hb /Q MQi /Bz2` ;`2�iHvX >2`2- ?Qr2p2`- i?2 pQ+�H i`�+i ?�b �M 2z2+i-
bBM+2 i?2 p�Hm2b Q7 i?2 /Bz2`2Mi rpi KQ/2Hb /Bz2` #2HQr Ryyy >xX
AM ;2M2`�H- i?2 `2bmHib �`2 +QKT�`�#H2 iQ i?2 }M/BM;b Q7 E�ix 2i �HX r?Q K2�bm`2/ �
;`2�i2` /B`2+iBQM�HBiv �i pQr2H f�f +QKT�`2/ iQ pQr2H fQf r?2M mbBM; KB+`QT?QM2 �``�vb
(j)X h?2 7�+i i?�i i?2 pQr2H fBf ?�b i?2 bK�HH2bi /B`2+iBQM�HBiv +�MMQi #2 +QM}`K2/ #v
i?2 bBKmH�iBQMb BM i?Bb i?2bBbX h?2 bBKmH�iBQMb BM i?Bb i?2bBb �`2 �#Qmi 6BMMBb? pQr2H
i`�+i +QM};m`�iBQMb �M/ pQr2H fvf Bb TQbbB#Hv +QKT�`�#H2 iQ i?2 1M;HBb? pQr2H fBfX h?Bb
rQmH/ bmTTQ`i i?2 K2�bm`2/ `2bmHib Q7 E�ix 2i �HX h?2 `2bmHib Q7 EQFQM 2i �HX �`2 bBKB@
H�` iQ i?Qb2 7`QK i?2 bBKmH�iBQMb (d) Ub22 b2+iBQM kVX �;�BM- pQr2Hb rBi? � H�`;2` KQmi?
QT2MBM; b?Qr � ?B;?2` /B`2+iBQM�HBiv i?�M pQr2Hb rBi? � bK�HH2` KQmi? QT2MBM;X

J�bi2` h?2bBb S�;2 ey
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j`/@Q+iX 7
oQr2H rpi f�2f f2f f�f fBf fQ2f fmf fQf fvf

Ryy >x yXe yXN yXd kXy RX9 8X8 yX9 yXd
kyy >x RXj kXy RXe jX8 kXe 9XN yXN RXe
jR8 >x jXy jXe jXj 9Xd jX3 9X8 kXe jXj
9yy >x 9Xy 9Xk 9Xy 9XN 9X9 jXN jXe jXe
8yy >x 9Xe 9X8 9Xe 9XN 9X9 9Xy 9Xe 9Xk
ejy >x 8XR 9XN 8Xj 8Xy 9Xd 9X3 8Xk 9Xd
3yy >x 8X3 8Xe 8Xd 8X9 8Xj @yX9 9XN 8Xk

Ryyy >x 8X3 8XN 8Xk 8Xe 8XN @yXd @yXR 8Xk
Rk8y >x 8X9 eXj 9X9 eXj 8XN jX8 kX9 8Xe
Reyy >x 8Xe eXk RX8 dXy 9X9 9X9 9XR 9X9
kyyy >x dXy 8X3 kX3 8XN 9X3 kX3 kXR jXy
k8yy >x dXN eX8 eXj dXR eXk 8XR jXN 9X9
jR8y >x NXy NXk 3X8 3Xk 3X8 eX8 9X3 eXj
9yyy >x RyXk RyXy NXy 3Xd 3Xk 8X8 9XN dXe
8yyy >x RRXy RyX9 NXd NXR dX3 8X9 jXy 3X9
ejyy >x RyXd NXk 3X8 3X9 dX9 9X8 dXR eXd
3yyy >x NXR RyXe dXy 3X3 dXe jX3 eXj eXy

Ryyyy >x RyX3 dXd NX9 3Xy jXj dXk eX9 eX8
Rk8yy >x NXe RyX8 RRXN NXe jX3 dXk 3XR
Reyyy >x RXe RyX9

K2�M Ryy >x @ Ry F>x dX8 dXR eXj eXd 8X3 9X8 9Xk 8Xj

h�#H2 RR, h?2 .A BM /" Bb +�H+mH�i2/ 7Q` i?2 rpi KQ/2Hb BM i?B`/@Q+i�p2
#�M/bX h?2 �p2`�;2 .A Q7 i?2 QM2@i?B`/ Q+i�p2 #�M/b rBi?
+2Mi2` 7`2[m2M+B2b 7`QK Ryy >x iQ Ryyyy >x Bb /2`Bp2/ 7`QK
i?2 �p2`�;2 ._6 Q7 i?2b2 #�M/bX

J�bi2` h?2bBb S�;2 eR
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j`/@Q+i�p2 7
oQr2H rQpi f�2f f2f f�f fBf fQ2f fmf fQf fvf

Ryy >x yX9 yX9 yX9 yX9 yX9 yX9 yX9 yX9
kyy >x yXN yXN yXN RXy yXN yXN yXN yX3
jR8 >x kXe kXe kXe kXe kXe kXe kX8 kX8
9yy >x jXN jXN jXN jXN jX3 jX3 jX3 jX3
8yy >x 9X8 9X8 9X8 9X8 9X9 9X9 9X9 9X9
ejy >x 8Xy 8XR 8XR 8XR 8XR 8XR 8XR 8Xy
3yy >x 8Xd 8Xe 8Xe 8Xe 8Xe 8Xe 8Xe 8X8

Ryyy >x 8Xe 8Xk 8XR 8Xy 8XR 8XR 8Xy 8Xy
Rk8y >x 8XR 9Xe 9X9 9X9 9X9 9Xj 9Xk 9Xk
Reyy >x 8X8 9X3 9X8 9X8 9X8 9X8 9Xk 9Xj
kyyy >x eX9 8X9 9XN 9Xd 8Xy 8Xy 9Xd 9Xd
k8yy >x dX8 eXk eXy eXy 8Xd 8X8 8X3 8Xe
jR8y >x 3Xy 3Xd 3X8 3Xk 3Xj dXN 3Xy dX3
9yyy >x 3XN 3X3 3X8 3XR 3XR dX3 dXd dX9
8yyy >x NXe NX8 NXj 3Xd 3Xd 3X9 3X9 3XR
ejyy >x NXd 3Xe 3Xe 3Xk dX3 dXy dXj dXR
3yyy >x RRXk NXN 3X3 3Xk dX8 eXj dXR eXd

Ryyyy >x RkXR RyX9 NXj dX8 dXk dX3 eX3 eX8
Rk8yy >x RjX9 RkXj RRXk 3X9 3Xk 3Xj 3XR dXd
Reyyy >x 3X8 yXe dXe 8X3 3Xd dXe 8Xy NXk

K2�M Ryy >x @ Ry F>x dX9 eXd eX9 eXy 8XN 8Xe 8Xe 8X8

h�#H2 Rk, h?2 .A BM /" Bb +�H+mH�i2/ 7Q` i?2 rQpi KQ/2Hb BM i?B`/@
Q+i�p2 #�M/bX h?2 �p2`�;2 .A Q7 i?2 QM2@i?B`/ Q+i�p2 #�M/b
rBi? +2Mi2` 7`2[m2M+B2b 7`QK Ryy >x iQ Ryyyy >x Bb /2`Bp2/
7`QK i?2 �p2`�;2 ._6 Q7 i?2b2 #�M/bX

J�bi2` h?2bBb S�;2 ek
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9X9X 1``Q` 2biBK�iBQM
h?2 `2bmHib Q7 i?2 bBKmH�iBQMb �`2 i2bi2/ 7Q` `2T`Q/m+B#BHBivX 6Q` i?Bb Tm`TQb2- i?2 bBKm@
H�iBQMb 7Q` pQr2H fBf �M/ 7Q` pQr2H fQ2f �`2 T2`7Q`K2/ irB+2- 2�+? �b � rpi KQ/2HX h?2
b2H2+iBQM r�b /2i2`KBM2/ BM bm+? � r�v- #2+�mb2 7Q` pQr2H fBf �HH "1J bBKmH�iBQMb Q7
7`2[m2M+B2b mT iQ Reyyy >x Bi2`�i2- r?2`2�b i?Bb r�b MQi i?2 +�b2 7Q` pQr2H fQ2fX oQr2H
fQ2f �HbQ HQQFb 2``Q`@T`QM2 BM i?2 Qi?2` `2bmHibX h?2 KQ/2Hb- �b r2HH �b i?2 2tTQ`i b2i@
iBM;b rBi? �bbQ+B�i2/ bQm`+2 TQbBiBQMBM; `2K�BM i?2 b�K2X 6Q` i?2 i2bi@`2i2bi /2pB�iBQM-
�HH QM2@i?B`/ Q+i�p2 #�M/ K2�M p�Hm2b Q7 i?2 G2#2/2p :`B/ �`2 MQr +QKT�`2/ �M/ i?2
H�`;2bi /Bz2`2M+2 T2` QM2@i?B`/ Q+i�p2 #�M/ Bb QmiTmi Ub22 };m`2 j9VX 6Q` pQr2H fBf i?2
/2pB�iBQM Bb y /" Qp2` i?2 r?QH2 bBKmH�iBQMX 6Q` i?2 2``Q`@T`QM2 pQr2H fQ2f i?2 i2bi@
`2i2bi /2pB�iBQM Bb �HbQ y /" 7Q` �HH 7`2[m2M+B2b mT iQ Ryyyy >xX h?2 K�tBKmK /2pB�iBQM
Q7 i?2 i?B`/@Q+i�p2 #�M/ �p2`�;2/ bQmM/ T`2bbm`2 H2p2Hb �i Ryyyy >x 7Q` i?2 pQr2H fQ2f Bb
3dXN /"X h?Bb mM/2`HBM2b i?2 2``Q`@T`QM2M2bb �i ?B;? 7`2[m2M+B2b �M/ b?Qrb �i i?2 b�K2
iBK2 i?�i i?2 i2bi@`2i2bi /2pB�iBQM Q7 i?2 bBKmH�iBQMb Bb Qi?2`rBb2 p2`v bK�HHX

6B;m`2 j9, h?2 i2bi@`2i2bi /2pB�iBQM Bb T2`7Q`K2/ 7Q` i?2 rpi bBKmH�@
iBQMb fBf �M/ fQ2fX h?2 /2pB�iBQM Q7 i?2 i?B`/@Q+i�p2 #�M/
�p2`�;2/ bQmM/ T`2bbm`2 H2p2H p�Hm2b Q7 i?2 r?QH2 G2#2/2p@
;`B/ Bb +�H+mH�i2/X

6m`i?2`KQ`2- i?2 BM~m2M+2 Q7 i?2 TQbBiBQMBM; Q7 i?2 a�KTH2 :`B/ BM 7`QMi Q7 i?2 KQmi?
QT2MBM; r�b i2bi2/X h?2 rpi KQ/2H 7Q` pQr2H f�f r�b mb2/ iQ +QKT�`2 i?2 bQmM/ T`2b@
bm`2 H2p2Hb Q7 �HH }p2 TQBMib Q7 i?2 b�KTH2 ;`B/ BM 7`QMi Q7 i?2 KQmi? QT2MBM;X h?2 ?B;?2bi

J�bi2` h?2bBb S�;2 ej
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/Bz2`2M+2 Bb QmiTmi 7Q` 2�+? 7`2[m2M+vX h?Bb T`Q+2/m`2 r�b +?Qb2M #2+�mb2 �M BM+Q``2+i
TQbBiBQMBM; Q7 i?2 b�KTH2 ;`B/ b?QmH/ �HbQ #2 BM i?2 `�M;2 Q7 i?2 /Bbi�M+2 #2ir22M i?2
BM/BpB/m�H b�KTH2 TQBMib QM i?2 ;`B/X
h?2 a�KTH2 :`B/ BM 7`QMi Q7 i?2 KQmi? QT2MBM; Bb 2bT2+B�HHv BKTQ`i�Mi 7Q` i?2 bBK@
mH�iBQM Q7 i?2 bT2+i`mKX h?2 K�BM 7Q+mb Bb QM i?2 TQbBiBQM Q7 i?2 7Q`K�MibX AM i?2
7`2[m2M+v `�M;2 mT iQ 9yyy >x i?2 K�tBKmK /2pB�iBQMb �`2 #2ir22M RXd /" �M/ 8X3 /"X
h?2 K�tBKmK /2pB�iBQM BM i?Bb 7`2[m2M+v `�M;2 Bb jeyy >xX q?2M +QMbB/2`BM; i?2 r?QH2
7`2[m2M+v `�M;2- i?2 /2pB�iBQMb �`2 #2ir22M RXk /" �M/ kjX3 /"X >2`2- i?2 /Bz2`2M+2b �`2
;`2�i2bi �i ?B;? 7`2[m2M+B2b �#Qp2 Ryyyy >x Ub22 };m`2 j8VX h?mb- i?2 TQbBiBQMBM; Q7 i?2
b�KTH2 ;`B/ BM 7`QMi Q7 i?2 KQmi? QT2MBM; /Q2b MQi ?�p2 � bi`QM; 2z2+i r?2M pB2rBM;
i?2 7Q`K�Mi bT2+i`�- #mi Bi /Q2b ?�p2 �M 2z2+i QM i?2 p�Hm2b Q7 i?2 bQmM/ T`2bbm`2 H2p2Hb
BM i?2 ?B;?2` 7`2[m2M+v `�M;2X

6B;m`2 j8, hQ BMp2biB;�i2 i?2 bT2+i`�H BM~m2M+2 Q7 i?2 TQbBiBQMBM; Q7
i?2 b�KTH2 ;`B/ BM 7`QMi Q7 i?2 KQmi? QT2MBM;- i?2 K�t@
BKmK /Bz2`2M+2 Q7 i?2 +�H+mH�i2/ bQmM/ T`2bbm`2 H2p2Hb Q7
i?2 /Bz2`2Mi b�KTH2 TQBMib QM i?2 ;`B/ Bb +�H+mH�i2/ 7Q` i?2
rpi KQ/2H Q7 pQr2H f�fX

J�bi2` h?2bBb S�;2 e9
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8X .Bb+mbbBQM
h?2 T`2b2Mi rQ`F b?Qrb ?Qr- mbBM; "1J rBi? i?2 bBKTHB}+�iBQM Q7 `B;B/ #QmM/�`B2b
�M/ +QMT?�b2 KQpBM; `�/B�iBQM �`2�b- bQmM/ T`QT�;�iBQM +�M #2 bBKmH�i2/ 7Q` /Bz2`2Mi
T?QM2K2bX h?2 `2bmHib �`2 7mHHv bT?2`B+�H rBi? � ?B;? �M;mH�` `2bQHmiBQM BM +QMi`�bi iQ
KB+`QT?QM2 K2�bm`2K2MibX
6Q` i?2 2B;?i 6BMMBb? pQr2Hb f�2f- f2f- f�f- fBf- fQ2f- fmf- fQf- fvf KQ/2Hb +�M #2
+`2�i2/ #v +QK#BMBM; BM "H2M/2` J_A b+�Mb Q7 i?2 pQ+�H i`�+i rBi? KQmi? BK�;2 rBi?
bm`7�+2 b+�Mb Q7 i?2 6�"A�L �`iB}+B�H ?2�/X h?2b2 �`2 i?2 rpi KQ/2HbX 6m`i?2`KQ`2-
7Q` 2�+? pQr2H � KQ/2H rBi? � b2T�`�i2/ pQ+�H i`�+i Bb +`2�i2/ �b rQpi KQ/2HX
h?2 `2K2b?BM; Bb /QM2 rBi? J2b?KBt2` �M/ i?2 TKT@HB#`�`vX h?2b2 KQ/2Hb rBHH �HbQ #2
T`QpB/2/ 7Q` 7mim`2 rQ`FX
h?2 bBKmH�iBQM Q7 bQmM/ T`QT�;�iBQM Bb +�H+mH�i2/ BM i?2 7`2[m2M+v `�M;2 mT iQ Reyyy >x-
�Hi?Qm;? i?2 bQHmiBQMb #v "1J /Q MQi Bi2`�i2 �i bQK2 7`2[m2M+B2b 7Q` bQK2 KQ/2HbX
q?2M +QMbB/2`BM; i?2 bBKmH�i2/ bT2+i`mK �i i?2 KQmi? QT2MBM;- i?2 rQpi KQ/2Hb b?Qr
2[m�H #2?�pBQ` Q7 �HH pQr2Hb �M/ � `2H�iBp2Hv bKQQi? 7`2[m2M+v `2bTQMb2X AM i?2 rpi
KQ/2Hb- QM i?2 Qi?2` ?�M/- i?2 7`2[m2M+v `2bTQMb2b �`2 ?B;?Hv BM/BpB/m�HX AM i?2 `�M;2
mT iQ 9yyy >x- i?2 TQbBiBQM Q7 i?2 7Q`K�Mib +�M #2 /2i2`KBM2/X h?2 HQ+�HBx�iBQM Q7
i?2 7Q`K�Mib b?Qrb bBKBH�`BiB2b iQ i?2 7Q`K�Mib Q7 i?2 �m/BQ `2+Q`/BM;b /m`BM; i?2 J_A
b+�MbX h?mb- "1J +�M H�`;2Hv bBKmH�i2 bQmM/ T`QT�;�iBQM BM i?2 pQ+�H i`�+i 2p2M rBi?
i?2 bBKTHB}+�iBQM Q7 `B;B/ #QmM/�`B2b rBi? `2bT2+i iQ 7Q`K�Mi bi`m+im`2X
GQQFBM; �i i?2 bQmM/ T`QT�;�iBQM- i?2 rpi �M/ i?2 rQpi KQ/2Hb +�M #2 +QKT�`2/X "2@
HQr 8yy >x- i?2 /B`2+iBQM�HBiv Bb QKMB/B`2+iBQM�H 7Q` �HH KQ/2HbX �#Qp2 8yy >x- i?2 pQ+�H
i`�+i ?�b �M 2z2+i QM bQmM/ T`QT�;�iBQM- #mi i?2 `2bmHib i2M/ iQ BM/B+�i2 � b?B7i �M/
bi`2i+?BM; Q7 i?2 +?�`�+i2`BbiB+bX h?2 #�bB+ b?�T2b `2K�BM i?2 b�K2X
lbBM; TQH�` THQib- i?2 bQmM/ T`QT�;�iBQM Q7 i?2 rpi KQ/2Hb +�M #2 BHHmbi`�i2/ QM i?2
i`�Mbp2`b2- 7`QMi�H �M/ K2/B�M TH�M2bX h?mb- � +QKT�`BbQM Q7 i?2 /Bz2`2Mi pQr2Hb Bb
TQbbB#H2X >2`2- i?2 pQr2Hb 2t?B#Bi /Bz2`2Mi +?�`�+i2`BbiB+b BM i?2 7`2[m2M+v `�M;2 7`QK
ejy >x iQ kyyy >xX "2HQr i?Bb 7`2[m2M+v `�M;2- �HH pQr2Hb 2t?B#Bi QKMB/B`2+iBQM�H `�/B@
�iBQM T�ii2`Mb �M/ �#Qp2 Bi- /B`2+iBQM�HBiv i?�i 7�+2b 7Q`r�`/ �M/ Bb iBHi2/ /QrMr�`/X
h?2 `2bmHib +QKT�`2 r2HH rBi? Qi?2` `2b2�`+? mbBM; KB+`QT?QM2 K2�bm`2K2MibX
AM �//BiBQM- i?2 +�H+mH�iBQM Q7 i?2 .A b?Qrb �M BM+`2�b2 BM /B`2+iBQM�HBiv 7Q` �HH KQ/2Hb
iQr�`/ ?B;?2` 7`2[m2M+B2b �M/ � /2+`2�b2 BM /B`2+iBQM�HBiv �b i?2 KQmi? QT2MBM; Bb `2@
/m+2/X h?Bb Bb b22M 7Q` #Qi? i?2 rpi KQ/2Hb �M/ i?2 rQpi KQ/2HbX q?2M HQQFBM; �i
i?2 .A- �M BM~m2M+2 Q7 i?2 pQ+�H i`�+i QM i?2 /B`2+iBQM�HBiv BM 7`2[m2M+v #�M/b #2HQr
Rk8y >x Bb �HbQ pBbB#H2X h?2 `2bmHib �`2 +QMbBbi2Mi rBi? Qi?2` `2b2�`+?X
qBi? `2;�`/ iQ i?2 `2b2�`+? [m2biBQMb Q7 i?Bb i?2bBb- Bi +�M #2 bmKK�`Bx2/ i?�i i?2 /B7@
72`2Mi KQmi? QT2MBM;b Q7 i?2 /Bz2`2Mi T?QM2K2b �z2+i i?2 `�/B�iBQM +?�`�+i2`BbiB+b BM
i?2 b2Mb2 i?�i T?QM2K2b rBi? H�`;2` KQmi? QT2MBM;b b?Qr � ?B;?2` /B`2+iBQM�HBiv i?�M
T?QM2K2b rBi? bK�HH2` KQmi? QT2MBM;bX AM �//BiBQM- i?2 pQ+�H i`�+i ?�b �M 2z2+i QM
bQmM/ T`QT�;�iBQMX >Qr2p2`- i?2b2 2z2+ib �`2 KQ`2 HBF2Hv iQ #2 b22M BM i?2 7�+i i?�i i?2
/B`2+iBQM Q7 bQmM/ T`QT�;�iBQM �M/ i?2 2ti2Mi Q7 i?2 `�/B�iBQM T�ii2`M �`2 bQK2r?�i
�z2+i2/X .2bTBi2 i?Bb- i?2 `�/B�iBQM T�ii2`Mb HQQF [mBi2 bBKBH�` BM i?2 +QKT�`BbQM rBi?
�M/ rBi?Qmi pQ+�H i`�+i /2bTBi2 i?BbX

J�bi2` h?2bBb S�;2 e8
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1p2M rBi? i?2 bBKTHB}+�iBQM Q7 i?2 `B;B/ #QmM/�`B2b �M/ +QMT?�b2 KQpBM; `�/B�iBQM
�`2�b- i?2 bQmM/ T`QT�;�iBQM i?`Qm;? i?2 pQ+�H i`�+i 7Q` i?2 ?mK�M pQB+2 +�M #2 bBKm@
H�i2/ r2HH rBi? "1JX AM �MQi?2` bim/v Bi Bb �H`2�/v b?QrM i?�i QMHv � T�`i Q7 i?2 i2bi
bm#D2+ib T`272`b � bi�iB+ Q` /vM�KB+ /B`2+iBpBiv Q7 � HQm/bT2�F2` iQ �M QKMB/B`2+iBQM�H
`�/B�iBQM T�ii2`M (k3)X AM pB2r Q7 i?2 `2bmHib �M/ i?2 +QKTmi�iBQM�H 2zQ`i BM i?Bb i?2bBb-
Bi b?QmH/ #2 +QMbB/2`2/ r?2i?2` i?2 +�H+mH�iBQM Q7 bQmM/ T`QT�;�iBQM BM i?2 pQ+�H i`�+i
+�M #2 QKBii2/ BM 7mim`2 �TTHB+�iBQMbX >2`2- Bi rQmH/ #2 � +QKT`QKBb2 iQ +QMbB/2` i?2
bQm`+2 2tT�MbBQM �b r2HHX Pi?2`rBb2- i?2 BM/BpB/m�H bT2+i`mK Q7 i?2 bT22+? K�i2`B�H Q7
� bT2�F2` /B`2+ib i?2 /B`2+iBQM�HBiv Q7 i?2 #�bB+ ;2QK2i`vX

J�bi2` h?2bBb S�;2 ee
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�X .B;Bi�H �TT2M/Bt

J�bi2` h?2bBb S�;2 ed



_272`2M+2b G2B7 CQ?�MMb2M

_272`2M+2b
(R) q *?m �M/ � q�`MQ+FX ǳ.2i�BH2/ /B`2+iBpBiv Q7 bQmM/ }2H/b �`QmM/ ?mK�M i�HF@

2`bǴX AM, UkyykVX
(k) h >�HFQb��`B- J o��H;�K��- �M/ J E�`D�H�BM2MX ǳ.B`2+iBpBiv Q7 �`iB}+B�H �M/ ?m@

K�M bT22+?ǴX AM, CQm`M�H Q7 i?2 �m/BQ 1M;BM22`BM; aQ+B2iv 8jXdf3 Ukyy8V- TTX eky
ejRX

(j) " E�ix �M/ * /Ƕ�H2bb�M/`QX ǳ.B`2+iBpBiv K2�bm`2K2Mib Q7 i?2 bBM;BM; pQB+2ǴX AM,
kyydX

(9) " E�ix- 6 S`2x�i- �M/ * /Ƕ�H2bb�M/`QX ǳ>mK�M pQB+2 T?QM2K2 /B`2+iBpBiv T�ii2`M
K2�bm`2K2MibǴX AM, 9i? CQBMi J22iBM; Q7 i?2 �+QmbiB+�H aQ+B2iv Q7 �K2`B+� �M/ i?2
�+QmbiB+�H aQ+B2iv Q7 C�T�MX kyye- TX jj8NX

(8) 6 "`BMFK�MM- � GBM/�m- a q2BMxB2`H- a p�M /2 S�`- J JɃHH2`@h`�T2i- _ PT@
/�K- �M/ JB+?�2H oQ`H M/2`X ǳ� >B;? _2bQHmiBQM �M/ 6mHH@aT?2`B+�H >2�/@_2H�i2/
h`�Mb72` 6mM+iBQM .�i�#�b2 7Q` .Bz2`2Mi >2�/@�#Qp2@hQ`bQ P`B2Mi�iBQMbǴX AM,
CQm`M�H Q7 i?2 �m/BQ 1M;BM22`BM; aQ+B2iv e8XRy UkyRdVX �p�BH�#H2 PT2M �++2bb Tm#@
HBb?2/o2`bBQM �i ?iiTb,ff/2TQbBiQM+2Xim@#2`HBMX/2f?�M/H2fRRjyjfNddN- TTX 39R 393X
/QB, RyXRdd9jfD�2bXkyRdXyyjjX m`H, ?iiTb,ff/QBXQ`;fRyXRdd9jfD�2bXkyRdX
yyjjX

(e) > wB2;2Hr�M;2`- q E`2mx2`- �M/ S J�D/�FX ǳJ2b?k>_h6, �M QT2M@bQm`+2 bQ7i@
r�`2 T�+F�;2 7Q` i?2 MmK2`B+�H +�H+mH�iBQM Q7 ?2�/@`2H�i2/ i`�Mb72` 7mM+iBQMbǴX AM,
kkM/ AMi2`M�iBQM�H *QM;`2bb QM aQmM/ �M/ oB#`�iBQMX kyR8X

(d) S EQ+QM �M/ " JQMbQMX ǳ>Q`BxQMi�H /B`2+iBpBiv T�ii2`Mb /Bz2` #2ir22M pQr2Hb 2t@
i`�+i2/ 7`QK `mMMBM; bT22+?ǴX AM, h?2 CQm`M�H Q7 i?2 �+QmbiB+�H aQ+B2iv Q7 �K2`B+�
R99XR UkyR3V- 1Gd 1GRkX

(3) " JQMbQM- � GQiiQ- �M/ a h2`Mbi`ƺKX ǳ.2i2+iBQM Q7 ?B;?@7`2[m2M+v 2M2`;v +?�M;2b
BM bmbi�BM2/ pQr2Hb T`Q/m+2/ #v bBM;2`bǴX AM, h?2 CQm`M�H Q7 i?2 �+QmbiB+�H aQ+B2iv
Q7 �K2`B+� RkNX9 UkyRRV- TTX kkej kke3X

(N) " JQMbQM- 1 >mMi2`- �M/ " aiQ`vX ǳ>Q`BxQMi�H /B`2+iBpBiv Q7 HQr@�M/ ?B;?@7`2[m2M+v
2M2`;v BM bT22+? �M/ bBM;BM;ǴX AM, h?2 CQm`M�H Q7 i?2 �+QmbiB+�H aQ+B2iv Q7 �K2`B+�
RjkXR UkyRkV- TTX 9jj 99RX

(Ry) J �`M2H�- P :m�b+?- �M/ 6 �Hø��bX ǳ1z2+ib Q7 ?2�/ ;2QK2i`v bBKTHB}+�iBQMb QM
�+QmbiB+ `�/B�iBQM Q7 pQr2H bQmM/b #�b2/ QM iBK2@/QK�BM }MBi2@2H2K2Mi bBKmH�@
iBQMbǴX AM, h?2 CQm`M�H Q7 i?2 �+QmbiB+�H aQ+B2iv Q7 �K2`B+� Rj9X9 UkyRjV- TTX kN9e
kN89X

(RR) J �`M2H�- _ "H�M/BM- a .�##�;?+?B�M- P :m�b+?- 6 �Hø��b- s S2HQ`bQM- � o�M
>B`imK- �M/ P 1M;r�HHX ǳAM~m2M+2 Q7 HBTb QM i?2 T`Q/m+iBQM Q7 pQr2Hb #�b2/ QM
}MBi2 2H2K2Mi bBKmH�iBQMb �M/ 2tT2`BK2MibǴX AM, h?2 CQm`M�H Q7 i?2 �+QmbiB+�H
aQ+B2iv Q7 �K2`B+� RjNX8 UkyReV- TTX k38k k38NX

(Rk) "H2M/2` aQ7ir�`2X ?iiTb , f f rrr X #H2M/2` X Q`;X oB2r2/ QM RjXy9XkykyX m`H,
?iiTb,ffrrrX#H2M/2`XQ`;X
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(Rj) �miQ/2bF J2b?KBt2`X ?iiT,ffrrrXK2b?KBt2`X+QKX oB2r2/ QM ReXy9XkykyX m`H,
?iiT,ffrrrXK2b?KBt2`X+QKX

(R9) . aB2;2` �M/ J "Qib+?X h?2 SQHv;QM J2b? S`Q+2bbBM; GB#`�`vX ?iiT,ffrrrXTKT@
HB#`�`vXQ`;X oB2r2/ QM RyXRRXkykyX m`H, ?iiT,ffrrrXTKT@HB#`�`vXQ`;X

(R8) J�i?qQ`Fb J�hG�"X ?iiTb,ff/2XK�i?rQ`FbX+QKfT`Q/m+ibfK�iH�#X?iKHX
oB2r2/ QM ReXy9XkykyX m`H, ?iiTb,ff/2XK�i?rQ`FbX+QKfT`Q/m+ibfK�iH�#X
?iKHX

(Re) AMi2`M�iBQM�H S?QM2iB+ �bbQ+B�iBQMX ?iiTb,ffrrrXBMi2`M�iBQM�HT?QM2iB+�bbQ+B�iBQMX
Q`;X oB2r2/ QM ReXy9XkykyX m`H, ?iiTb,ffrrrXBMi2`M�iBQM�HT?QM2iB+�bbQ+B�iBQMX
Q`;X

(Rd) aT22+? � J�i?X ?iiT , f f bT22+? X K�i? X ��HiQ X 7B f /�i� X ?iKHX oB2r2/ QM
ReXy9XkykyX m`H, ?iiT,ffbT22+?XK�i?X��HiQX7Bf/�i�X?iKHX

(R3) _ *BbFQrbFB �M/ * "`2##B�X "QmM/�`v 2H2K2Mi K2i?Q/b BM �+QmbiB+bX aT`BM;2`-
RNNRX

(RN) " "2`Mb+?Ƀix- * Sƺ`b+?K�MM- a aTQ`b- �M/ a q2BMxB2`HX ǳaP6B� bQmM/ }2H/ �M�H@
vbBb iQQH#QtǴX AM, S`Q+22/BM;b Q7 i?2 AMi2`M�iBQM�H *QM72`2M+2 QM aT�iB�H �m/BQ
UA*a�VX kyRR- TTX d R8X

(ky) S J�D/�F- u Ar�v�- h *�`T2MiB2`- _ LB+QH- J S�`K2MiB2`- � _Q;BMbF�- u amxmFB-
E q�i�M�#2- > qB2`biQ`7- > wB2;2Hr�M;2`- �M/ J LQBbi2`MB;X ǳaT�iB�HHv Q`B2Mi2/
7Q`K�i 7Q` �+QmbiB+b, � /�i� 2t+?�M;2 7Q`K�i `2T`2b2MiBM; ?2�/@`2H�i2/ i`�Mb72`
7mM+iBQMbǴX AM, �m/BQ 1M;BM22`BM; aQ+B2iv *QMp2MiBQM Rj9X �m/BQ 1M;BM22`BM; aQ@
+B2ivX kyRjX

(kR) J2b?k>_h6 QM aPl_*16P_:1X ?iiTb , f f bQm`+27Q`;2 X M2i f T`QD2+ib f
K2b?k?`i7fX oB2r2/ QM kyXRyXkykyX m`H, ?iiTb,ffbQm`+27Q`;2XM2ifT`QD2+ibf
K2b?k?`i7fX

(kk) >B;?@S2`7Q`K�M+2@*QKTmiBM;@*Hmbi2` U>S*@*Hmbi2`V hl@"2`HBMX ?iiTb,ff?T+X
im@#2`HBMX/2f/QFmXT?T\B/4?T+X oB2r2/ QM kyXRyXkykyX m`H, ?iiTb,ff?T+Xim@
#2`HBMX/2f/QFmXT?T\B/4?T+X

(kj) 6 "`BMFK�MM �M/ a q2BMxB2`HX ǳ�FiQQHb �M QT2M bQ7ir�`2 iQQH#Qt 7Q` bB;M�H
�+[mBbBiBQM- T`Q+2bbBM;- �M/ BMbT2+iBQM BM �+QmbiB+bǴX AM, �m/BQ 1M;BM22`BM; aQ+B2iv
*QMp2MiBQM R9kX �m/BQ 1M;BM22`BM; aQ+B2ivX kyRdX

(k9) � J�`b?�HH �M/ C J2v2`X ǳh?2 /B`2+iBpBiv �M/ �m/BiQ`v BKT`2bbBQMb Q7 bBM;2`bǴX AM,
�+i� �+mbiB+� mMBi2/ rBi? �+mbiB+� 83Xj URN38V- TTX Rjy R9yX

(k8) > .mMM �M/ . 6�`MbrQ`i?X ǳ1tTHQ`�iBQM Q7 T`2bbm`2 }2H/ �`QmM/ i?2 ?mK�M ?2�/
/m`BM; bT22+?ǴX AM, h?2 CQm`M�H Q7 i?2 �+QmbiB+�H aQ+B2iv Q7 �K2`B+� RyXj URNjNV-
TTX R39 RNNX

(ke) �FmbiBb+?2 q2HH2MX 62H/2`, .1:�@1KT72?HmM; RyR- .2mib+?2 :2b2HHb+?�7i 7Ƀ` �FmbiBFX
kyyeX
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(kd) * Sƺ`b+?K�MM �M/ C �`2M/X ǳ� J2i?Q/ 7Q` aT�iB�H lTb�KTHBM; Q7 oQB+2 .B`2+@
iBpBiv #v .B`2+iBQM�H 1[m�HBx�iBQMǴX AM, CQm`M�H Q7 i?2 �m/BQ 1M;BM22`BM; aQ+B2iv
e3XN UkykyV- TTX e9N eejX

(k3) C 1?`2i- C aiB2M2M- * "`Qx/QrbFB- � "ƺMb+?- A JBii2H#2`;- J oQ`H M/2`- �M/
h Em?H2MX ǳ1p�Hm�iBM; i?2 AM~m2M+2 Q7 S?QM2K2@.2T2M/2Mi .vM�KB+ aT2�F2`
.B`2+iBpBiv Q7 1K#Q/B2/ *QMp2`b�iBQM�H �;2MibǶ aT22+?ǴX AM, S`Q+22/BM;b Q7 i?2
kyi? �*J AMi2`M�iBQM�H *QM72`2M+2 QM AMi2HHB;2Mi oB`im�H �;2MibX kyky- TTX R 3X
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