
Proceedings of the Computational Sanskrit and Digital Humanities, 18th World Sanskrit Conference 2023, pages 59–70

S`2@�MMQi�iBQM "�b2/ �TT`Q�+? 7Q` .2p2HQTK2Mi Q7 � a�MbF`Bi
L�K2/ 1MiBiv _2+Q;MBiBQM .�i�b2i

amDQv a�`F�`
AAh E?�`�;Tm`

bmDQvb!BBiF;TX�+XBM

�K`Bi? E`Bb?M�
Ah lMBp2`bBiv Q7 *QT2M?�;2M

�K`F!BimX/F

S�r�M :Qv�H
AAh E?�`�;Tm`

T�r�M;!+b2XBBiF;TX�+XBM

�#bi`�+i

_2+2Mi LGS �H;Q`Bi?Kb 7Q` L�K2/ 1MiBiv _2+Q;MBiBQM `2[mB`2 � H�`;2 �KQmMi Q7 �MMQ@
i�i2/ `2bQm`+2bX GQr `2bQm`+2/ H�M;m�;2b bm+? �b a�MbF`Bi H�+F �/2[m�i2 �MMQi�i2/ /�i�
�M/ K�Mm�H �MMQi�iBQM Bb +QbiHv �b r2HH �b iBK2@+QMbmKBM;X � b2[m2M+2 H�#2HBM; iQQH i?�i
bmTTQ`ib K�Mm�H �MMQi�iBQM rBi? �miQK�iB+ bm;;2biBQMb iQ `2/m+2 iBK2 �M/ BM+`2�b2 �M@
MQi�iQ`bǶ T`Q/m+iBpBiv Bb �TT2�HBM;- 2bT2+B�HHv 7Q` HQr@`2bQm`+2/ H�M;m�;2bX JQbi Q7 i?2
iQQHb /2p2HQT2/ rBi? bm+? +�T�#BHBiB2b �`2 7Q` `2bQm`+2@`B+? r2bi2`M 1m`QT2�M H�M;m�;2b
�M/ �`2 MQi imM2/ iQ i?2 M22/ Q7 KQ`T?QHQ;B+�HHv `B+? H�M;m�;2 HBF2 a�MbF`BiX AM Qm` rQ`F-
r2 /2THQv �M �MMQi�iBQM iQQH 7Q` +`Qr/@bQm`+BM; � a�MbF`Bi L1_ /�i�b2i �MMQi�iBQMX
h?2 b2H2+i2/ +Q`Tmb Bb ȏ`ŨK�/@"?­;�p�i�KX h?2 �MMQi�iBQM 2MpB`QMK2Mi Bb �m;K2Mi2/
iQ ?2HT i?2 �MMQi�iQ`b rBi? �miQK�iB+ bm;;2biBQMbX h?2 bm;;2biBQMb �`2 T`2@�MMQi�i2/
mbBM; Qm` T`QTQb2/ ?2m`BbiB+X h?2 ?2m`BbiB+ rQ`Fb #�b2/ QM bi`BM;@K�i+?BM; �H;Q`Bi?KbX
h?2 F2v B/2� Bb iQ +QKT�`2 i`�MbHBi2`�i2/ a�MbF`Bi i2ti rBi? �M 1M;HBb? i`�MbH�iBQM �M/
B/2MiB7v rQ`/b Q7 bBKBH�` 7Q`Kb �b HBF2Hv M�K2/ 2MiBiB2b UL1VX � ;�x2ii22` Bb �TTHB2/ iQ
7m`i?2` +H�bbB7v i?2 L1b BMiQ b2K�MiB+ +H�bb2bX PM � bK�HH K�Mm�HHv �MMQi�i2/ /�i�b2i-
i?2 ?2m`BbiB+ B/2MiB}2/ i?2 L1b `2�bQM�#Hv rBi? �M 6@a+Q`2 Q7 yX3yX

R AMi`Q/m+iBQM
L�K2/ 2MiBiv `2+Q;MBiBQM UL1_V Bb i?2 i�bF Q7 }M/BM; bT�Mb Q7 i2ti i?�i +QMbiBimi2 T`QT2`
M�K2b BM mMbi`m+im`2/ /Q+mK2Mib- �M/ +H�bbB7v i?2K BMiQ T`2/2}M2/ b2K�MiB+ +�i2;Q`B2b bm+? �b
T2`bQM- HQ+�iBQM- 2i+X UCm`�7bFv �M/ J�`iBM- kyyNVX Ai ?�b 2K2`;2/ 7`QK i?2 }2H/ Q7 AM7Q`K�iBQM
_2i`B2p�HUA_V �M/ ?�b b2p2`�H /QrMbi`2�K �TTHB+�iBQMb bm+? �b QT2M /QK�BM [m2biBQM �Mbr2`@
BM; U*?2M 2i �HX- kyRdV- +Q@`272`2M+2 `2bQHmiBQM Uu�M; �M/ JBi+?2HH- kyReV- BKT`QpBM; b2K�MiB+
b2�`+? U*�TmiQ 2i �HX- kyyNVX PM2 bm+? KQiBp�iBM; �TTHB+�iBQM Bb i?2 mb2 Q7 L1_ iQ BKT`Qp2 i?2
b2�`+?BM; �M/ #`QrbBM; +�T�#BHBiv Q7 /B;Bi�H HB#`�`B2b U"Q`BM 2i �HX- kyydc *�TmiQ 2i �HX- kyyNVX
� `2+2Mi bim/v QM h?2 :�HHB+� /B;Bi�H HB#`�`v- � M�iBQM�H ?2`Bi�;2 �M/ 2M+v+HQT2/B� HB#`�`v Q7
6`�M+2 b?Qrb i?�i 3yW Q7 i?2 iQT 8yy [m2`B2b b2Mi iQ i?2 TQ`i�H +QMi�BM2/ �i H2�bi QM2 M�K2/
2MiBiv UL1V U*?B`QM 2i �HX- kyRdVX >Qr2p2`- mb2 Q7 F2vrQ`/@#�b2/ b2�`+? K2+?�MBbKb Q7i2M HBKBi
i?2 2z2+iBp2M2bb Q7 b2�`+? bvbi2Kb 7Q` bm+? /B;Bi�H HB#`�`B2bX qQ`/b BM M�im`�H H�M;m�;2b i2M/
iQ 2tT`2bb TQHvb2Kv �M/ bvMQMvKv `2bmHiBM; BM HQr T`2+BbBQM �M/ `2+�HH `2bT2+iBp2Hv Q7 bm+?
F2vrQ`/ #�b2/ b2�`+? bvbi2KbX �M �Hi2`M�iBp2 �TT`Q�+? Bb iQ b2�`+? /Q+mK2Mib MQi QMHv �i i?2
H2tB+�H H2p2H #mi �HbQ �i i?2 b2K�MiB+ H2p2HX ǳL�K2/ 2MiBiB2b UL1bV K2MiBQM2/ BM � /Q+mK2Mi
+QMbiBimi2 �M BKTQ`i�Mi T�`i Q7 Bib b2K�MiB+bǴ U*�TmiQ 2i �HX- kyyNVX AM/2tBM; /Q+mK2Mib rBi?
M�K2/ 2MiBiB2b �HHQr mb2`b iQ b2�`+? i?2 +QHH2+iBQM BM MQp2H r�vb U"QMi+?2p� 2i �HX- kyykVX a�M@
bF`Bi ?�b Qp2` jy KBHHBQM K�Mmb+`BTib T`Q/m+2/ Qp2` � +Qm`b2 Q7 7Qm` KBHH2MMB� U:Qv�H 2i �HX-
kyRkVX AM i?2 H�bi 72r /2+�/2b- � T`Q/B;BQmb 2zQ`i Bb Tmi BM iQ /B;BiBx2 i?2b2 K�Mmb+`BTib �M/
K�F2 i?2K �++2bbB#H2 i?`Qm;? /B;Bi�H HB#`�`B2b UE`Bb?M� 2i �HX- kyRdVX h?2b2 HB#`�`B2b +�M #2
2M`B+?2/ rBi? L1 K2i�/�i� BM7Q`K�iBQM iQ BKT`Qp2 i?2B` 7mM+iBQM�HBiB2bX "mi iQ i?2 #2bi Q7 Qm`
FMQrH2/;2- i?2`2 Bb MQ Tm#HB+Hv �p�BH�#H2 L1 �MMQi�i2/ /�i� iQ 7�+BHBi�i2 `2b2�`+? QM a�MbF`Bi
L1_X
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_2+2Mi �/p�M+2b BM K�+?BM2 H2�`MBM; UJGV ?�p2 �+?B2p2/ bi�i2@Q7@i?2@�`i T2`7Q`K�M+2 QM
K�Mv b2[m2M+2 H�#2HBM; i�bFb- BM+Hm/BM; L1_ UGBm 2i �HX- kyR3c "�2pbFB 2i �HX- kyRNVX h?2b2 JG
�H;Q`Bi?Kb `2Hv QM i?2 �p�BH�#BHBiv Q7 p�bi pQHmK2b Q7 �MMQi�i2/ /�i�X >Qr2p2`- +`2�iBQM Q7 �MMQ@
i�i2/ i2ti /�i� Bb �M 2tT2MbBp2 �M/ � iBK2@+QMbmKBM; T`Q+2bb U:Qv�H 2i �HX- kyRkc uBK�K 2i �HX-
kyR9c GBM 2i �HX- kyRNVX 6m`i?2`- Bi Tmib � ?2�pv /2K�M/ QM ?mK�M �MMQi�iQ`b iQ K�BMi�BM i?2
[m�HBiv �MMQi�iBQMb Uai2M2iQ`T 2i �HX- kyRkVX h?Bb K�F2b /B`2+i �TTHB+�iBQM Q7 bm+? /B{+mHi 7Q`
HQr@`2bQm`+2 H�M;m�;2bX J�+?BM2@�bbBbi2/ ?mK�M p�HB/�i2/ b2KB@�miQK�iB+ �MMQi�iBQM Bb �H`2�/v
b?QrM iQ #2 2z2+iBp2 BM `2/m+BM; i?2 �MMQi�iBQM H�#Q` 7Q` T`2T�`BM; KQ`T?QHQ;B+�HHv i�;;2/ +Q`@
Tmb BM a�MbF`Bi U:Qv�H �M/ >m2i- kyRec :Qv�H 2i �HX- kyRkVX :2M2`B+ iQQHb �`2 /2p2HQT2/ 7Q` i2ti
�MMQi�iBQM BM+Hm/BM; i?2 L1 �MMQi�iBQM i�bFX JQbi Q7 i?2b2 iQQHb T`QpB/2 � ;QQ/ BMi2`7�+2 #mi
/Q2b MQi T`QpB/2 K�+?BM2@�bbBbi2/ bmTTQ`i iQ ?mK�M �MMQi�iQ`b U"QMi+?2p� 2i �HX- kyRjc *?2M
�M/ aivH2`- kyRjVX JQ`2 `2+2MiHv- iQQHb �`2 /2p2HQT2/ iQ +QK#BMBM; �miQK�iB+ T`2@�MMQi�iBQM
�M/ K�Mm�H �MMQi�iBQM iQ BKT`Qp2 i?2 2{+B2M+v �M/ [m�HBiv Q7 �MMQi�iBQM Uh2M; 2i �HX- kyRNc
uBK�K 2i �HX- kyR9VX AM i?2 T`2@�MMQi�iBQM �TT`Q�+?- i?2 �MMQi�iBQM iQQH �miQK�iB+�HHv bm;;2bib
b2[m2M+2 H�#2Hb iQ ?mK�M �MMQi�iQ`bX h?2 �miQK�iB+ bm;;2biBQM Q7 b2[m2M+2 H�#2Hb +�M #2 bi�iB+
Q` /vM�KB+X AM bi�iB+ bm;;2biBQM- /�i� Bb T`2@�MMQi�i2/ mbBM; bQK2 `mH2b #27Q`2 i?2 �MMQi�iBQM
T`Q+2bb #2;BMb UGBM;`2M 2i �HX- kyRjVX �HbQ- bQK2 iQQHb ;Bp2 /vM�KB+ bm;;2biBQMb mbBM; JG �H@
;Q`Bi?Kb i?�i ;`�/m�HHv H2�`Mb 7`QK T`2pBQmbHv �MMQi�i2/ /�i� �b �MMQi�iBQM T`Q;`2bb2b Uh2M;
2i �HX- kyRNc GBM 2i �HX- kyRNVX "mi i?2b2 iQQHb �`2 /2p2HQT2/ 7Q` `2bQm`+2@`B+? r2bi2`M 1m`QT2�M
H�M;m�;2b �M/ Bb MQi imM2/ iQ i?2 M22/ Q7 KQ`T?QHQ;B+�HHv `B+? H�M;m�;2 HBF2 a�MbF`BiX �miQ@
K�iB+ T`2@�MMQi�iBQM Q7 L1b BM a�MbF`Bi Bb KQ`2 +?�HH2M;BM; /m2 iQ K�Mv +?�HH2M;2b T`2b2Mi2/
#v i?2 72�im`2b Q7 i?2 H�M;m�;2 i?�i p�`B2b bB;MB}+�MiHv 7`QK ivTB+�H q2bi2`M 1m`QT2�M H�M;m�;2
72�im`2b U:Qv�H 2i �HX- kyRkVX � H�`;2 MmK#2` Q7 TQbbB#H2 BM~2+iBQMb Q7 L1b- /B{+mHiv BM B/2M@
iB7vBM; rQ`/ #QmM/�`B2b /m2 iQ T?QM2KB+ +?�M;2b �M/ �K#B;mBiB2b #2ir22M M�K2b �M/ Qi?2`
T�`ib@Q7@bT22+? +�i2;Q`B2b K�F2b i?2 i�bF /B{+mHiX

AM Qm` rQ`F- r2 T`QTQb2 � ?2m`BbiB+ #�b2/ QM bi`BM;@K�i+?BM; �H;Q`Bi?Kb iQ �miQK�iB+�HHv T`2@
�MMQi�i2 L�K2/ 1MiBiB2b UL1bV BM � a�MbF`Bi +Q`TmbX h?2 F2v B/2� Bb iQ +QKT�`2 i`�MbHBi2`�i2/
i2ti �M/ 1M;HBb? i`�MbH�iBQM �M/ B/2MiB7v rQ`/b Q7 bBKBH�` 7Q`Kb �b HBF2Hv M�K2/ 2MiBivX q2 mb2
� M�K2 /B+iBQM�`v Q` ;�x2ii22` iQ 7m`i?2` +H�bbB7v i?2 L1b BMiQ i?`22 b2K�MiB+ +H�bb2b, T2`bQM-
HQ+�iBQM �M/ KBb+2HH�M2QmbX h?2 b2H2+i2/ +Q`Tmb Bb ȏ`ŨK�/@"?­;�p�i�K BM r?B+? rQ`/b �`2
�H`2�/v b2;K2Mi2/ �M/ rQ`/ #v rQ`/ 1M;HBb? i`�MbH�iBQM Bb �p�BH�#H2 /B;Bi�HHvX q2 T`2b2Mi
� r2#@#�b2/ L1 �MMQi�iBQM TH�i7Q`K 7Q` �MMQi�iBM; ȏ`ŨK�/@"?­;�p�i�K- #�b2/ QM �M QT2M@
bQm`+2 i2ti �MMQi�iBQM 7`�K2rQ`FX h?2 �MMQi�iBQM 2MpB`QMK2Mi ?2HTb �MMQi�iQ`b #v T`QpB/BM;
�miQK�iB+ L1 bm;;2biBQMb #�b2/ QM i?2 T`2@�MMQi�i2/ /�i�X *m``2MiHv- i?2 b+QT2 Bb HBKBi2/ iQ
bi�iB+ bm;;2biBQMbX Pm` TH�i7Q`K Bb Tm#HB+Hv �p�BH�#H2 7Q` +`Qr/ bQm`+BM; i?2 i�bFX �MMQi�iQ`b
+�M +QHH�#Q`�i2- KQ/B7v i?2 T`2@�MMQi�iBQMb �b r2HH �b �// M2r �MMQi�iBQMbX �M �MMQi�iBQM@
�TT`Qp2` `QH2 �HbQ +�M #2 �bbB;M2/ iQ �TT`Qp2 i?2 �MMQi�iBQMbX q2 K�F2 i?2 7QHHQrBM; bT2+B}+
+QMi`B#miBQMb,

RX Pm` T`QTQb2/ bi`BM;@K�i+?BM; #�b2/ T`2@�MMQi�iBQM ?2m`BbiB+ �+?B2p2b yX3y 6R BM i?2 i�bF
Q7 B/2MiB7vBM; L1b QM � b2i ey K�Mm�HHv �MMQi�i2/ p2`b2b 7`QK ȏ`ŨK�/@"?­;�p�i�KX

kX AM Qm` +m``2Mi 2tT2`BK2Mi rBi? p�`B�iBQMb Q7 i?2 ?2m`BbiB+ r2 Q#b2`p2 i?�i i?2 T2`7Q`K�M+2b
Q7 bi`BM;@K�i+?BM; �H;Q`Bi?Kb /Q MQi bB;MB}+�MiHv p�`v B7 BM~2+i2/ rQ`/b �`2 mb2/ BMbi2�/ Q7
bi2Kb Q#i�BM2/ #v H2KK�iBx�iBQMX �KQM; i?2 bi`BM;@K�i+?BM; �H;Q`Bi?Kb i?�i r2 b2H2+i2/-
C�`Q@qBMFH2` bBKBH�`Biv ;Bp2b i?2 #2bi T2`7Q`K�M+2X

jX q2 /2THQv2/ � r2#@#�b2/ L1 �MMQi�iBQM TH�i7Q`K 7Q` +`Qr/@bQm`+BM; L1 �MMQi�iBQM BM
ȏ`ŨK�/@"?­;�p�i�KXy h?2 �MMQi�iBQM 2MpB`QMK2Mi Bb �m;K2Mi2/ iQ b?Qr �MMQi�iBQM bm;@
;2biBQMb iQ �MMQi�iQ`b #�b2/ QM i?2 T`2@�MMQi�iBQMb #v i?2 ?2m`BbiB+X

?iiTb,ffb�MbF`BiM2`X?2`QFm�TTX+QKf
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k L�K2/ 1MiBiv _2+Q;MBiBQM h�bF

L�K2/ 1MiBiv _2+Q;MBiBQM Bb QM2 Q7 i?2 7mM/�K2Mi�H i�bFb BM LGS �M/ AM7Q`K�iBQM 1ti`�+iBQMX
L1_ �BKb iQ }M/ bT�Mb Q7 i2ti i?�i +QMbiBimi2 T`QT2` M�K2b BM mMbi`m+im`2/ /Q+mK2Mib- �M/
+H�bbB7v i?2K BMiQ T`2@/2}M2/ b2K�MiB+ +�i2;Q`B2b UCm`�7bFv �M/ J�`iBM- kyyNVX �b M�im`�H
H�M;m�;2 Bb TQHvb2KQmb- �K#B;mBiv 2tBbib �KQM; i?2 M�K2 `272`2M+2bX _2bQHpBM; �K#B;mBiv
BMpQHp2b `2+Q;MBxBM; i?2 i`m2 `272`2Mi 2MiBiv Q7 � M�K2 `272`2M+2 �M/ i?2M `2bQHpBM; i?2 T`QT2`
ivT2X L1_ ?�b �+?B2p2/ bi�i2 Q7 i?2 �`i 7Q` r2bi2`M 1m`QT2�M H�M;m�;2b mbBM; K�+?BM2 H2�`MBM;
�H;Q`Bi?KbX L1_ i�bF Bb KQ`2 +QKTH2t BM a�MbF`Bi +QKT�`2 iQ r2bi2`M 1m`QT2�M H�M;m�;2bX
a2p2`�H +?�HH2M;2b �`2 TQb2/ #v i?2 `B+? KQ`T?QHQ;B+�H 72�im`2b Q7 i?2 H�M;m�;2X

Ç S?QM2KB+ +?�M;2b Ua�M/?BV Q#b+m`2 i?2 rQ`/ #QmM/�`B2b BM � b2Mi2M+2 #v +QK#BMBM; KmH@
iBTH2 rQ`/b- `2bmHiBM; BM HQM; �M/ +QKTH2t rQ`/ 7Q`KbX � M�K2/ 2MiBiv K�v �HbQ ;2i
+QK#BM2/ rBi? Qi?2` rQ`/bX 6Q` 2t�KTH2- ǵȐ`Ũ#`�?KQp­+�Ƕ i`�MbH�i2b iQ ǵȏ`Ũ "`�?K­ b�B/ǶX
>2`2 "`�?K­ Bb � M�K2/ 2MiBiv i?�i Bb 2�bBHv B/2MiB}�#H2 BM 1M;HBb? �b Bi Bb T`2b2Mi �b � b2T@
�`�i2 rQ`/X �HbQ- i?2 +�TBi�HBx�iBQM Q7 i?2 L1 Bb � K�DQ` 72�im`2 mb2/ #v L1_ bvbi2Kb 7Q`
1m`QT2�M H�M;m�;2bX 1p2M KmHiBTH2 L1b K�v #2 T`2b2Mi BM � bBM;H2 rQ`/X 6Q` 2t�KTH2- i?2
rQ`/ ǵb�F�`Ơ�/mŌȐ­b�M�b�m#�H­M­�Ƕ +QMi�BMb i?`22 L1b, ǵF�`Ơ�- /mŌȐ­b�M�- b�m#�H­M­KǶX
aQ iQ T`2T�`2 � /�i�b2i QM2 M22/b iQ b2;K2Mi i?2 b�M/?B2/ rQ`/b BM � +Q`TmbX >Qr2p2`-
rQ`/ b2;K2Mi�iBQM BM a�MbF`Bi Bb MQi � i`BpB�H i�bF �b i?2 MmK#2` Q7 TQbbB#H2 b2;K2Mib 7Q` �
;Bp2M b2Mi2M+2 +�M #2 p2`v H�`;2X a2;K2Mi�iBQM iQQHb �`2 �p�BH�#H2 BM TQTmH�` +QKTmi�iBQM�H
a�MbF`Bi TH�i7Q`Kb HBF2 a�MbF`Bi >2`Bi�;2 _2�/2`Ua>_V- #mi ?mK�M BMi2`p2MiBQM Bb `2[mB`2/
iQ /2+B/2 i?2 }M�H bQHmiBQM U:Qv�H 2i �HX- kyRkVX

Ç L1b +�M �HbQ #2 � +QKTQmM/ rQ`/- 7Q` 2t�KTH2- ǵFmK#?�F�`Ơ�ǶX *QKTQmM/b �`2 2ti2M@
bBp2Hv mb2/ BM a�MbF`Bi HBi2`�im`2 #mi T`Q+2bbBM; +QKTQmM/ Bb � KQ`2 +QKTH2t i�bF i?�M
a�M/?B UEmK�` 2i �HX- kyRyVX � rQ`/ b2;K2Mi�iBQM iQQH K�v +QMbB/2` i?2 rQ`/ ǵFmK#@
?�F�`Ơ�Ƕ �b irQ rQ`/b K�FBM; Bi /B{+mHi iQ B/2MiB7v Bi �b � M�K2X

Ç �MQi?2` T`Q#H2K Bb i?2`2 �`2 mT iQ dk TQbbB#H2 BM~2+iBQMb Q7 L1b /m2 iQ ;2M/2`- MmK#2`
�M/ +�b2bX JQ`T?QHQ;B+�H �M�HvbBb M22/b iQ #2 /QM2 iQ B/2MiB7v i?2 bi2Kb UE`Bb?M�- kyRNVX

Ç AM AM/B�M H�M;m�;2b M�K2b Q7 T2`bQMb- TH�+2b- 2i+ �`2 KQ`2 /Bp2`b2 �M/ � HQi Q7 i?2K +�M #2
7QmM/ BM i?2 /B+iBQM�`v �b +QKKQM MQmMbX �HbQ- �K#B;mBiB2b #2ir22M M�K2b �M/ �/D2+iBp2b-
p2`#b �M/ Qi?2` T�`ib@Q7@bT22+? +�i2;Q`B2b �`2 T`2p�H2MiX 6Q` 2t�KTH2- ǵpB/ɟ`�Ƕ Bb i?2 M�K2
Q7 � T2`bQM r?B+? �HbQ K2�Mb p2`v 7�`X

�b Qm` b2H2+i2/ +Q`Tmb Bb �H`2�/v BM b2;K2Mi2/ 7Q`K- r2 /B/ MQi M22/ iQ ?�M/H2 i?2 T`Q#H2K Q7
b2;K2Mi�iBQM �M/ +QKTQmM/ rQ`/X

kXR L1_ h�;@b2i
h?2 i�bF Q7 L1 2tT`2bbBQM B/2MiB}+�iBQM BM i2ti r�b }`bi /2}M2/ BM Jl*@e L�K2/ 1M@
iBiv i�bF UamM/?2BK- RNN8V r?2`2 � iQi�H Q7 b2p2M L1 i�;b r2`2 +H�bbB}2/ BMiQ i?`22 +H�bb2b,
1L�J1s UT2`bQM- HQ+�iBQM �M/ Q`;�MBx�iBQMV- hAJ1s U/�i2- iBK2V �M/ LlJ1s UKQM2v- T2`@
+2Mi�;2VX PMHv 7Qm` +�i2;Q`B2b Q7 L1b �`2 B/2MiB}2/ BM i?2 b?�`2/ i�bF e Q7 *QLGG kyyj UhDQM;
EBK a�M; �M/ .2 J2mH/2`- kyyjV, T2`bQM- HQ+�iBQM- Q`;�MBx�iBQM �M/ KBb+2HH�M2QmbX h2ti
1M+Q/BM; �M/ AMi2`+?�M;2 ;mB/2HBM2b U"m`M�`/ �M/ "�mK�M- kyy3V i?�i K�BMi�BM i?2 sJG
bi�M/�`/ 7Q` 2M+Q/BM; �M/ /Q+mK2MiBM; ?�p2 T`QTQb2/ ?B2`�`+?B+�H L1bX �b Qm` �MMQi�i2/ /�i�
Bb K2�Mi 7Q` ;2M2`�H@mb2 HBM;mBbiB+ `2bQm`+2b- r2 ?�p2 QTi2/ 7Q` *QLGG kyyj +QMp2MiBQM rBi?
i?`22 L1 +�i2;Q`B2b, T2`bQM- HQ+�iBQM- �M/ KBb+2HH�M2QmbX "?­;�p�i�K Bb � bTB`Bim�H i2ti �M/
H�+Fb Q`;�MBx�iBQM�H 2MiBiB2b- bQ r2 /B/ MQi 2tTHB+BiHv mb2 i?2 Q`;�MBx�iBQM +�i2;Q`vX
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j .�i�
jXR *Q`Tmb
Pm` �TT`Q�+? Q7 T`2@�MMQi�iBQM Bb #�b2/ QM � +QKT�`BbQM Q7 A�ah UqBHHB�Kb 2i �HX- R3NNV
i`�MbHBi2`�iBQM Q7 a�MbF`Bi i2ti �M/ i?2 +Q``2bTQM/BM; 1M;HBb? i`�MbH�iBQMX J�Mv a�MbF`Bi rQ`Fb
Q7 HBi2`�im`2 �`2 i`�MbH�i2/ BMiQ 1M;HBb? Qp2` iBK2X q2 ?�p2 b2H2+i2/ "?­;�p�i�K iQ /2KQMbi`�i2
Qm` �TT`Q�+? �M/ +`2�i2 �M L1_ /�i�b2iX Ai +�M #2 2ti2M/2/ iQ Qi?2` a�MbF`Bi i2tib rBi? 1M;HBb?
i`�MbH�iBQM �b r2HHX h?2`2 �`2 irQ `2�bQMb 7Q` b2H2+iBM; "?­;�p�i�KX h?2 }`bi `2�bQM Bb i?�i rQ`/
#v rQ`/ i`�MbH�iBQM Bb /QM2 �M/ K�/2 �p�BH�#H2 QMHBM2X h?2 rQ`/ #v rQ`/ i`�MbH�iBQM K�F2b Bi
2�bB2` iQ �TTHv Qm` �TT`Q�+?X q2 rBHH /Bb+mbb i?Bb 7m`i?2` BM a2+iBQM 9X h?2 b2+QM/ `2�bQM Bb i?�i
BM i?2 i`�MbHBi2`�i2/ i2ti rQ`/b �`2 �H`2�/v T`2b2Mi BM b2;K2Mi2/ 7Q`K r?B+? K�F2b Bi 2�bB2` iQ
B/2MiB7v i?2 L1bX �HbQ +QKT�`2/ iQ Qi?2` i`�MbH�i2/ i2tib- Bi ?�b � `2�bQM�#H2 �KQmMi Q7 i2tiX
"?­;�p�i�K +QMi�BMb � iQi�H Q7 R3E p2`b2b rBi? yXkj KBHHBQM rQ`/bX *QLGG kyyj 1M;HBb? L1_
/�i�b2i UhDQM; EBK a�M; �M/ .2 J2mH/2`- kyyjV- r?B+? Bb QM2 Q7 i?2 bi�M/�`/ L1_ 1M;HBb?
/�i� b2i- ?�b yXj KBHHBQM rQ`/bX

q2 ?�p2 b+`�TT2/ i?2 iQi�H /�i� Q7 "?­;�p�i�K 7`QK QMHBM2 `2bQm`+2bX AM i?2 QMHBM2 p2`bBQM
bQK2iBK2b- KmHiBTH2 p2`b2b �`2 K2`;2/ BMiQ � bBM;H2 p2`b2X hQi�H i?2`2 �`2 Rk +�MiQb- jj8 +?�Ti2`b-
Rj-yy9 Q++m``2M+2b Q7 bBM;H2 Q` KmHiBTH2 p2`b2b- r?2`2 2�+? bm+? BMbi�M+2 Bb i�F2M �b QM2 2t�KTH2
iQ �MMQi�i2 �i � iBK2X h?2 pQ+�#mH�`v +QMi�BMb � iQi�H Q7 9RE mMB[m2 rQ`/b �M/ BM~2+iBQMbX

jXk :�x2ii22`
L�K2 /B+iBQM�`B2b Q` ;�x2ii22` �`2 p2`v ?2HT7mH L1_ `2bQm`+2bX JQ/2`M M�K2b �`2 +QHH2+i2/
7`QK /Bz2`2Mi bQm`+2b HBF2 � i2H2T?QM2 /B`2+iQ`v �M/ M�K2/ /B+iBQM�`B2bX A/2MiB}+�iBQM Q7 M�K2b
mbBM; :�x2ii22` Bb /B{+mHi /m2 iQ BM~2+iBQM- �K#B;mBiv 2i+X- #mi Bi +�M #2 mb2/ iQ #QQbi i?2
T2`7Q`K�M+2 Q7 L1_ bvbi2Kb Ua�?� �M/ J�DmK/2`- kyR3VX "?­;�p�i�K Bb � r2HH /Bb+mbb2/
HBi2`�`v rQ`FX aQ- Bi Bb `2H�iBp2Hv 2�bB2` iQ +QHH2+i i?2 HBbi Q7 M�K2b Q7 +?�`�+i2`b Q` TH�+2bX q2
?�p2 T`2T�`2/ � M�K2 /B+iBQM�`v #v �miQK�iB+�HHv b+`�TTBM; M�K2b Q7 +?�`�+i2`b 7`QK QMHBM2
`2bQm`+2bX q2 ?�p2 K�BMHv +QHH2+i2/ T2`bQM M�K2b- #mi i?2 HBbi +�M #2 2ti2M/2/ 7m`i?2` #v
�//BM; M�K2b Q7 Qi?2` 2MiBiv ivT2bX h?2 ;�x2ii22` ?�b eRR mMB[m2 M�K2bX

9 avbi2K .2b+`BTiBQM
AM i?Bb rQ`F- r2 ?�p2 �ii2KTi2/ iQ /2p2HQT � bvbi2K i?�i rBHH T`QpB/2 � TH�i7Q`K iQ +`Qr/bQm`+2
L1_ �MMQi�iBQMX Ai rBHH �HbQ �bbBbi i?2 �MMQi�iQ` iQ BKT`Qp2 T2`7Q`K�M+2 �M/ bT22/ #v BM/B@
+�iBM; r?B+? rQ`/b �`2 KQbi HBF2Hv � M�K2/ 2MiBiv �M/- BM bQK2 +�b2b- bm;;2biBM; i?2 TQbbB#H2
+H�bbX �b /Bb+mbb2/ 2�`HB2`- bm;;2biBQMb +�M #2 bi�iB+- BX2X- T`2T�`2/ #27Q`2 i?2 �MMQi�iBQM T`Q+2bb
#2;BMb Q` i?2b2 +�M #2 /vM�KB+�HHv H2�`M2/ �M/ BKT`Qp2/ �b �MMQi�iQ`b �MMQi�i2 KQ`2 �M/ KQ`2
/�i�X h?2 b+QT2 Q7 Qm` +m``2Mi rQ`F Bb `2bi`B+i2/ iQ bi�iB+ T`2@�MMQi�iBQMX AM i?Bb b2+iBQM- r2
rBHH T`2b2Mi i?2 /2i�BHb Q7 i?2 T`2@�MMQi�iBQM �TT`Q�+? �M/ �HbQ � /2b+`BTiBQM Q7 i?2 �MMQi�iBQM
7`�K2rQ`FX

9XR S`2@�MMQi�iBQM �TT`Q�+?
q2 r�Mi iQ +QKT�`2 a�MbF`Bi i`�MbHBi2`�iBQM �M/ 1M;HBb? i`�MbH�iBQM iQ B/2MiB7v i?2 M�K2/
2MiBiB2bX h?2 #�bB+ B/2� Bb i?�i M�K2/ 2MiBiB2b /Q MQi +?�M;2 7Q`K BM �Mv H�M;m�;2X aQ- i?2
bBKBH�` bi`BM;b BM i`�MbHBi2`�iBQM �M/ i`�MbH�iBQM �`2 KQbi HBF2Hv M�K2/ 2MiBiB2bX

6Q` 2t�KTH2- BM 6B;m`2 R r2 +�M b22 i?2 1M;HBb? i`�MbH�iBQM Q7 i?2 rQ`/ ǵFȄțƠ2Ƕ ?�b i?2 rQ`/
ǵGQ`/ ȏ`Ũ EȄțƠ�ǶX >2`2 i?2 rQ`/ ǵFȄțƠ2Ƕ �M/ ǵEȄțƠ�Ƕ ?�p2 bBKBH�` 7Q`KbX

h?2 b2+QM/ i?BM; i?�i r2 M22/ iQ ?�M/H2 Bb i?2 BM~2+i2/ 7Q`Kb Q7 a�MbF`Bi rQ`/bX � rQ`/
+�M �TT2�` BM K�Mv /Bz2`2Mi 7Q`Kb /m2 iQ i?2 KQ`T?QHQ;B+�H `B+?M2bb Q7 i?2 H�M;m�;2X 6Q`
2t�KTH2- QM2 Q7 i?2 BM~2+i2/ 7Q`Kb Q7 i?2 rQ`/ ǵ�`DmM�Ƕ Bb ǵ�`DmM­v�Ƕ K2�MBM; ǵiQ �`DmM�ǶX

?iiTb,ffp2/�#�b2XBQf2MfHB#`�`vfb#f
?iiTb,ffp�MB[mQi2bXQ`;frBFBf*�i2;Q`v,S2`bQM�HBiB2b$n7`QK$na`BK�/$n"?�;�p�i�K
?iiTb,ffp2/�#�b2XBQf2MfHB#`�`vfb#fkf3fjf
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6B;m`2 R, 1t�KTH2 Q7 � p2`b2 Uȏ`ŨK�/@"?­;�p�i�K kX3XjV �M/ rQ`/ #v rQ`/ 1M;HBb? i`�MbH�iBQMXy

>2`2 2Bi?2` r2 +�M �TTHv �TT`QtBK�i2 bi`BM; K�i+?BM; /B`2+iHv mbBM; i?2 BM~2+i2/ rQ`/ Q` +�M
�TTHv KQ`T?QHQ;B+�H �M�HvbBb iQ ;2i i?2 bi2K �M/ i?2M K�i+?X q2 ?�p2 2tT2`BK2Mi2/ rBi? #Qi?
i?2 �TT`Q�+?2bX AM b2+QM/ +�b2- #27Q`2 �TTHvBM; bi`BM; +QKT�`BbQM i?2 bi2Kb Q7 i?2 a�MbF`Bi
rQ`/ Bb Q#i�BM2/ mbBM; a�MbF`Bi >2`Bi�;2 _2�/2` U:Qv�H 2i �HX- kyRkc :Qv�H �M/ >m2i- kyReVX
6Q` bi`BM; K�i+?BM;- r2 ?�p2 QTi2/ 7Q` 2/Bi@/Bbi�M+2 #�b2/ bi`BM; bBKBH�`Biv �H;Q`Bi?KbX ai`BM;
/Bbi�M+2 K2i`B+b �`2 bBKTH2- 7�bi �M/ +�M #2 �TTHB2/ rBi?Qmi T`BQ` FMQrH2/;2 Q7 /�i�X *Q?2M
2i �HX UkyyjV ?�p2 mb2/ bi`BM; /Bbi�M+2 K2i`B+b 7Q` M�K2@K�i+?BM; i�bFbX h?2v ?�p2 2tTHQ`2/
2/Bi /Bbi�M+2@#�b2/ �M/ iQF2M@#�b2/ K2i?Q/b 7Q` K�i+?BM; M�K2/ 2MiBiB2b �M/ 7QmM/ i?�i C�`Q
�M/ C�`Q@qBMFH2` K2i`B+b �`2 #2ii2` 7Q` b?Q`i bi`BM;bX AM Qm` /�i�- r2 Q#b2`p2/ i?�i KQbi Q7
i?2 M�K2b �`2 bBM;H2 rQ`/ 2MiBiB2bX aQ- r2 ?�p2 i`B2/ QMHv i?2 2/Bi /Bbi�M+2@#�b2/ K2i?Q/b bm+?
�b G2p2Mb?i2BM /Bbi�M+2- JQM;2`@1HF�M /Bbi�M+2- C�`Q bBKBH�`Biv- �M/ C�`Q@qBMFH2` bBKBH�`BivX
Pp2`�HH- i?2 #2bi@T2`7Q`KBM; K2i?Q/ Bb C�`Q@qBMFH2` bBKBH�`BivX

9XRXR C�`Q@qBMFH2` aBKBH�`Biv
AM `2+Q`/@HBMF�;2 HBi2`�im`2- ;QQ/ `2bmHib ?�p2 #22M Q#i�BM2/ mbBM; C�`Q@qBMFH2` U*Q?2M 2i �HX-
kyyjVX h?2 bBKBH�`Biv #2ir22M irQ bi`BM;b Bb K2�bm`2/ BM i?2 `�M;2 [0, 1] #�b2/ QM i?2 MmK#2`
�M/ Q`/2` Q7 i?2 +QKKQM +?�`�+i2`bX C�`Q@qBMFH2` bBKBH�`Biv mb2b C�`Q bBKBH�`BivX :Bp2M irQ
bi`BM;b s1 �M/ s2- C�`Q bBKBH�`Biv #2ir22M i?2b2 Bb /2}M2/ �b

Jaro(s1, s2) =

(
1
3

⇣
m
|s1| +

m
|s2| +

m�t
m

⌘
: m > 0

0 : Qi?2`rBb2
URV

r?2`2 |s1|, |s2| �`2 i?2 H2M;i?b Q7 i?2 irQ bi`BM;b- m Bb i?2 MmK#2` Q7 K�i+?BM; +?�`�+i2`b- �M/ t
Bb i?2 MmK#2` Q7 i`�MbTQbBiBQMbX hrQ +?�`�+i2`b 7`QK s1, s2 `2bT2+iBp2Hv- �`2 +QMbB/2`2/ K�i+?BM;
B7 i?2 K�tBKmK /Bbi�M+2 #2ir22M i?2 +?�`�+i2`b Bb- w = max(|s1|,|s2|)

2 Ĝ1X aQ � +?�`�+i2` 7`QK s1
Bb K�i+?BM; iQ � +?�`�+i2` BM s2 B7 Bi Bb bBKBH�` iQ �Mv +?�`�+i2` 7`QK s2 rBi?BM i?2 `�M;2 Q7 r
+?�`i2`b #27Q`2 �M/ �7i2`X h?2 C�`Q@qBMFH2` bBKBH�`Biv BM+`2�b2b i?2 C�`Q bBKBH�`Biv p�Hm2 B7 #Qi?
i?2 bi`BM;b ?�p2 +QKKQM T`2}t2bX

JaroWinkler(s1, s2) =

(
Jaro(s1, s2) + l · p · (1� Jaro(s1, s2)) : Jaro(s1, s2) � bt

Jaro(s1, s2) : Qi?2`rBb2
UkV

l Bb i?2 H2M;i? Q7 i?2 +QKKQM T`2}t Q7 #Qi? bi`BM;b mT iQ � K�tBKmK l#QmM/- bt Bb i?2 #QQbi
i?`2b?QH/ rBi? /27�mHi p�Hm2 yXd- p Bb i?2 T`2}t b+�H2 rBi? /27�mHi p�Hm2 yXR- �M/ l#QmM/ · p  1
Kmbi ?QH/b i`m2 UE2BH- kyRNVX 6Q` 2t�KTH2- B7 r2 +QKT�`2 i?2 irQ rQ`/b ǵFȄțƠ2Ƕ �M/ ǵFȄțƠ�Ƕ
i?2 C�`Q p�Hm2 Bb yX3e- �M/ #Qi? ?�p2 +QKKQM T`2}t Q7 H2M;i? 9X aQ i?2 C�`Q@qBMFH2` p�Hm2 Bb
#QQbi2/ iQ yXNkX

9XRXk qQ`/ a2H2+iBQM 7Q` *QKT�`BbQM
h?2 �MMQi�iBQM ?2m`BbiB+ Bb BKT`Qp2/ 7m`i?2` i�FBM; �/p�Mi�;2 Q7 i?2 7�+i i?�i BM 1M;HBb?- M�K2/
2MiBiB2b �Hr�vb bi�`i rBi? � +�TBi�H H2ii2`X 6Q` 2t�KTH2- i?2 rQ`/ ǵ�#?BK�MvmM­Ƕ Bb i`�MbH�i2/
BM i?2 +QMi2ti �b ǵ#v i?2 ?2`Q �#?BK�MvmǶX aQ QMHv i?Qb2 a�MbF`Bi rQ`/b �`2 b2H2+i2/ r?B+?
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?�p2 �i H2�bi QM2 rQ`/ BM i`�MbH�iBQM bi�`iBM; rBi? � +�TBi�H H2ii2`X hQ `2/m+2 i?2 MmK#2` Q7
+QKT�`BbQMb- r2 +QKT�`2 ǵ�#?BK�MvmM­Ƕ QMHv rBi? ǵ�#?BK�MvmǶ �b Bi bi�`ib rBi? � +�TBi�H- �M/
�pQB/ +QKT�`BM; iQ `2K�BMBM; rQ`/bX �M 1M;HBb? /B+iBQM�`v Bb �HbQ mb2/ iQ �pQB/ +QKT�`BbQM
iQ ;2M2`�H 1M;HBb? rQ`/bX 6Q` 2t�KTH2- ǵQKǶ Bb i`�MbH�i2/ �b ǵP Kv GQ`/ǶX *H2�`Hv- ǵQKǶ Bb MQi
L1 #mi- ǵPǶ �M/ ǵQKǶ ?�p2 p2`v ?B;? bBKBH�`BivX >2`2- �Hi?Qm;? ǵPǶ �M/ ǵGQ`/Ƕ bi�`i rBi? �
+�TBi�H- #Qi? �`2 T`2b2Mi BM i?2 1M;HBb? /B+iBQM�`vX aQ- r2 /Q MQi +�H+mH�i2 bBKBH�`Biv �M/ ǵQKǶ
Bb K�`F2/ �b MQM@L1X

6BM�HHv- �b i`�MbHBi2`�i2/ p2`b2b �M/ K�Mv rQ`/b BM i?2 1M;HBb? i`�MbH�iBQM �HbQ BM i?2 b+`�TT2/
/�i� �`2 BM A�ah i`�MbHBi2`�iBQM b+?2K2- #27Q`2 �TTHvBM; bi`BM; K�i+?BM; bi`BM;b �`2 +QMp2`i2/
iQ �a*AA �M/ +�b2 7QH/2/X h?2 T`Q+2/m`2 Q7 T`2@�MMQi�iBQM Bb T`2b2Mi2/ BM �H;Q`Bi?K RX

9XRXj :�x2ii22` "�b2/ *H�bbB}+�iBQM
:�x2ii22` #�b2/ L1 B/2MiB}+�iBQM Bb MQi bQ bBKTH2 7Q` AM/B�M H�M;m�;2b �b M�K2b +�M #2 �K#B;m@
QmbX J�Mv +QKKQM rQ`/b �`2 mb2/ �b M�K2b BM AM/B�M H�M;m�;2bX �K#B;mBiv #2ir22M MQmMb
�M/ L1b Bb Q#b2`p2/ BM K�Mv H�M;m�;2bX "mi BM AM/B�M H�M;m�;2b �K#B;mBiv Q++m`b #2ir22M
M�K2b �M/ �/D2+iBp2b- p2`#b �M/ Qi?2` T�`ib@Q7@bT22+? +�i2;Q`B2b �HbQ Ua�?� �M/ J�DmK/2`-
kyR3VX h?2 T`Q#H2K Bb KQ`2 T`2p�H2Mi BM a�MbF`BiX 6Q` 2t�KTH2- ǵF�`Ơ�Ƕ Bb M�K2 Q7 � +?�`�+i2`
�M/ �HbQ i`�MbH�i2b �b 2�`X

aQ- r2 /Q MQi mb2 i?2 ;�x2ii22` 7Q` i?2 B/2MiB}+�iBQM Q7 L1bX AMbi2�/ r2 mb2 Bi iQ i?2 +H�bbB@
}+�iBQM Q7 �H`2�/v B/2MiB}2/ L1b #v i?2 T`2pBQmb bi2TX h?2 �/p�Mi�;2 Q7 i?2 /�i�b2i Bb i?�i Bi
T`QpB/2b rQ`/ #v rQ`/ K2�MBM; BM i?2 +QMi2ti r?B+? K�F2b rQ`/ b2Mb2 /Bb�K#B;m�iBQM 2�bB2`X
6Q` 2t�KTH2- i?2 rQ`/ ǵb�F�`Ơ�/mŌȐ­b�M�b�m#�H­M­�Ƕ Bb T`2b2Mi BM i?2 /�i�b2i BM bTHBi 7Q`K �b
7Qm` rQ`/b, ǵb�Ō ě >2 Ui?2 GQ`/Vc F�`Ơ� ě E�`Ơ�c /mŌȐ­b�M� ě .mŌȐ­b�M�c b�m#�H­M­K ě
a�m#�H�ǶX �MQi?2` rQ`/ ǵ?ȄiF�`Ơ�`�b­v�M­ŌǶ Bb T`2b2Mi �b i?`22 rQ`/b, ǵ?Ȅi ě iQ i?2 ?2�`ic
F�`Ơ� ě iQ i?2 2�`c `�b�@�v�M­Ō ě TH2�bBM;cǶX aQ- r2 +�M 2�bBHv +H�bbB7v ǵF�`Ơ�Ƕ BM i?2 }`bi
2t�KTH2 �b i?2 M�K2 Q7 � T2`bQMX
�H;Q`Bi?K R, S`2�MMQi�iBQM �H;Q`Bi?K
_2bmHi, GBbi Q7 �MMQi�i2/ p2`b2b
#2;BM

✓  C�`Q qBMFH2` aBKBH�`Biv h?`2b?QH/
7Q` verse BM listnofnverses /Q

7Q` sanskritnword BM verse /Q
englishntranslation  :2ih`�MbH�iBQMUsanskritnwordV
7Q` word BM englishntranslation /Q

B7 ai�`ibqBi?*�TBi�HUwordV 4 h_l1 i?2M
B7 1M;HBb?.B+iBQM�`vUwordV 4 6�Ga1 i?2M

d  C�`QqBMFH2`aBKBH�`BivUsanskritnword- wordV
B7 d > ✓ i?2M

L1 (sanskritnword)  h_l1
B7 sanskritnword BM Gazetteer i?2M

G�#2H (sanskritnword)  :2iG�#2HUsanskritnwordV

9Xk �MMQi�iBQM 6`�K2rQ`F
q2 ?�p2 /2THQv2/ � r2#@#�b2/ +`Qr/@bQm`+BM; �MMQi�iBQM iQQHXy h?2 lA /2bB;M Bb #�b2/ QM
�M QT2M@bQm`+2 .D�M;Q 7`�K2rQ`F M�K2/ .Q++�MQ UL�F�v�K� 2i �HX- kyR3VX h?2 QT2M@bQm`+2
7`�K2rQ`F T`QpB/2b �MMQi�iBQM 72�im`2b 7Q` b2[m2M+2 H�#2HBM; i�bFbX Ai +�M +QHH2+i �MMQi�iBQMb
7`QK KmHiBTH2 UMQM@2tT2`iV +QMi`B#miQ`b rBi? HQr2` +Qbi �M/ ?B;?2` bT22/X Ai ?�b lMB+Q/2
bmTTQ`i iQ /BbTH�v a�MbF`Bi i2ti BM /Bz2`2Mi 2M+Q/BM;X

6B;m`2 k BHHmbi`�i2b i?2 �MMQi�iBQM 2MpB`QMK2Mi �M/ ?Qr i?2 iQQH T`2b2Mib i?2 T`2@�MMQi�i2/
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bm;;2biBQMb 7Q` i?2 p2`b2X h?2 L1_¹ i�; bm;;2bib iQ �MMQi�iQ`b i?�i i?2 M2ti rQ`/ Bb KQbi
HBF2Hv � M�K2/ 2MiBivX AM i?2 };m`2- � iQi�H Q7 b2p2M bm;;2biBQMb �`2 ;Bp2MX AM i?�i- i?2 irQ rQ`/b
ǵvm/?BțȪ?B`�ŌǶ �M/ ǵK�/?mǶ �`2 7m`i?2` bm;;2bi2/ �b M�K2 Q7 S1_aPLX A7 �MMQi�iQ`b r�Mi iQ
`2KQp2 i?2 bm;;2bi2/ i�; Q` iQ +Q``2+i i?2 i�;- i?2v +�M bBKTHv +HB+F QM i?2 +`Qbb bvK#QHX �
M2r i�; +�M #2 �bbB;M2/ #v b2H2+iBM; i?2 rQ`/ �M/ i?2M +HB+FBM; i?2 `B;?i ivT2 �TT2�`BM; QM i?2
iQTX h?2v +�M �HbQ T`2bb i?2 b?QrM b?Q`i+mi F2v 7Q` [mB+F i�;;BM;X 6Q` 2t�KTH2- ǵ­M�`i�Ƕ Bb i?2
M�K2 Q7 � TH�+2 #mi Bi Bb MQi T`2@�MMQi�i2/X aQ- �M �MMQi�iQ` +�M b2H2+i i?�i rQ`/ �M/ T`2bb ǵHǶ
QM i?2 F2v#Q�`/ Q` +HB+F QM i?2 GP*�hAPL i�; iQ �bbB;M i?2 M2r i�;X �//BiBQM�HHv- i?2`2 Bb �
K2i�/�i� #miiQMX �MMQi�iQ`b +�M mb2 Bi iQ `2�/ i?2 p2`b2 BM .2p�M�;�`B Q` +�M mb2 i?2 l_G iQ
`2�/ �#Qmi Bi BM /2i�BHX

h?2 iQQH Bb ?Qbi2/ QM i?2 Tm#HB+ /QK�BM �M/ �MvQM2 +�M `2;Bbi2` �M/ +QMi`B#mi2- QM+2 �/KBM
�TT`Qp2b i?2 `2;Bbi`�iBQMX �/KBM +�M �bbB;M i?`22 ivT2b Q7 `QH2b 7Q` +`Qr/@bQm`+BM;- �MMQi�iQ`-
�MMQi�iBQM �TT`Qp2` �M/ T`QD2+i �/KBMX

U�V � b�KTH2 p2`b2 �M/ i�;;BM; bm;;2biBQMb U#V J2i�/�i�

6B;m`2 k, �MMQi�iBQM 1MpB`QMK2Mi

8 1tT2`BK2Mi
hQ BMp2biB;�i2 i?2 T2`7Q`K�M+2 Q7 i?2 ?2m`BbiB+b BM i?2 i�bF Q7 B/2MiB}+�iBQM Q7 L1b- r2 ?�p2
2tT2`BK2Mi2/ QM � b2i Q7 ey K�Mm�HHv �MMQi�i2/ p2`b2b +QMi�BMBM; NNd rQ`/bX 8 p2`b2b �`2
b2H2+i2/ `�M/QKHv 7`QK 2�+? Q7 i?2 Rk +�MiQbXhQ BMp2biB;�i2 i?2 T2`7Q`K�M+2 Q7 i?2 ?2m`BbiB+b BM
i?2 i�bF Q7 B/2MiB}+�iBQM Q7 L1b- r2 ?�p2 2tT2`BK2Mi2/ QM � b2i Q7 ey K�Mm�HHv �MMQi�i2/ p2`b2b
+QMi�BMBM; NNd rQ`/bX 8 p2`b2b �`2 b2H2+i2/ `�M/QKHv 7`QK 2�+? Q7 i?2 Rk +�MiQbX q2 iQQF i?2
?2HT Q7 irQ �MMQi�iQ`b 7`QK a�MbF`Bi #�+F;`QmM/X h?2 }`bi �MMQi�iQ` r�b ;Bp2M i?2 `�r p2`b2b
�M/ ?2 �//b 3R L1 �MMQi�iBQMbX h?2 b2+QM/ �MMQi�iQ` r�b ;Bp2M i?2 `�r p2`b2b �HQM; rBi?
i?2 �MMQi�iBQMb /QM2 #v i?2 T`2pBQmb �MMQi�iQ`X h?2 b2+QM/ �MMQi�iQ` p2`B}2/ �M/ �++2Ti2/
�HH i?Qb2 3R L1b �M/ �//2/ bQK2 �//BiBQM�H L1bX >Qr2p2`- �b i?Qb2 �//BiBQM�H L1b r2`2 MQi
p2`B}2/ #v � i?B`/ T2`bQM- r2 /B/ MQi BM+Hm/2 Bi BM Qm` 2tT2`BK2MiX "Qi? i?2 �MMQi�iQ`b ?�p2
mb2/ Qm` /2THQv2/ �MMQi�iBQM TH�i7Q`K 7Q` i?2 i�bFX aQ- Bi Bb � #BM�`v +H�bbB}+�iBQM i�bF r?2`2
i?2 +H�bbH2bb �`2 ?B;?Hv BK#�H�M+2/- 3R L1 �M/ NRe MQM@L1 rQ`/bX q2 ?�p2 `2TQ`i2/ S`2+BbBQM-
_2+�HH- �M/ 6@b+Q`2 QMHv 7Q` L1 +H�bb B/2MiB}+�iBQM BM h�#H2 RX h?2 6@b+Q`2 +�H+mH�i2/ Bb i?2
?�`KQMB+ K2�M #2ir22M T`2+BbBQM �M/ `2+�HHX

P =
h`m2 SQbBiBp2b

(h`m2 SQbBiBp2b + 6�Hb2 SQbBiBp2b) UjV

R =
h`m2 SQbBiBp2b

(h`m2 SQbBiBp2b + 6�Hb2 L2;�iBp2b) U9V

F1 =
2 ⇤ P ⇤R
(P +R)

U8V

�b /Bb+mbb2/ 2�`HB2`- i?2 #�bB+ B/2� Bb iQ K�i+? i?2 i`�MbHBi2`�iBQM Q7 � a�MbF`Bi rQ`/ rBi? i?2
rQ`/b BM 1M;HBb? i`�MbH�iBQMX h?2 `2bmHib BM h�#H2 R b?Qrb i?2 T2`7Q`K�M+2 Q7 irQ bi`BM; K�i+?@
BM; �H;Q`Bi?Kb- G2p2Mbi2BM /Bbi�M+2- �M/ C�`Q@qBMFH2` bBKBH�`BivX q2 �HbQ +?2+F i?2 BKT�+i Q7

PM2 �MMQi�iQ` ?�b J�bi2` �M/ �MQi?2` ?�b .Q+iQ`�i2 /2;`22
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b2H2+iBM; QMHv i?Qb2 rQ`/b BM 1M;HBb? i`�MbH�iBQM r?B+? bi�`ib rBi? � +�TBi�H �M/ �TTHvBM; �
/B+iBQM�`v iQ 2t+Hm/2 ;2M2`�H 1M;HBb? rQ`/b #27Q`2 T2`7Q`KBM; bi`BM; K�i+?BM;X �HbQ- �M 2tT2`@
BK2Mi Bb /QM2 iQ +?2+F r?2i?2` /QBM; H2KK�iBx�iBQM Q7 a�MbF`Bi rQ`/b #27Q`2 bi`BM; K�i+?BM;
BKT`Qp2b i?2 T2`7Q`K�M+2 Qp2` mbBM; i?2 �+im�H rQ`/X h?2 bi2Kb �`2 Q#i�BM2/ mbBM; a_> U:Qv�H
2i �HX- kyRkVX

A7 bi`BM; bBKBH�`Bivf/Bbi�M+2 #2ir22M i?2 a�MbF`Bi i`�MbHBi2`�iBQM �M/ � rQ`/ BM i?2 i`�MbH�iBQM
Bb �#Qp2f#2HQr � +2`i�BM i?`2b?QH/ i?2M i?2 rQ`/ BM i?2 i`�MbH�iBQM Bb K�`F2/ �b L1X *?�M;BM;
i?2 i?`2b?QH/ p�Hm2 +?�M;2b i?2 T2`7Q`K�M+2 Q7 i?2 ?2m`BbiB+X 6Q` G2p2Mbi2BM /Bbi�M+2 r2 i`B2/
i?`2b?QH/b BM i?2 `�M;2 y iQ 3 �M/ 7Q` C�`Q@qBMFH2` bBKBH�`Biv BM i?2 `�M;2 yX8 iQ RX h�#H2 R
`2TQ`ib i?2 K�tBKmK 6R p�Hm2 �+?B2p2/ mbBM; ;`B/ b2�`+? Qp2` i?2 `�M;2 Q7 i?`2b?QH/bX

lbBM; rQ`/ lbBM; bi2K
>2m`BbiB+ S _ 6R S _ 6R

G2p2Mbi2BM yXde yX9d yX83 yXdN yX83 yXed
*�TBi�H Y G2p2Mbi2BM yXeN yXej yXee yX3y yXey yXeN

*�TBi�H Y .B+iBQM�`v Y G2p2Mbi2BM yXd3 yXeN yXd9 yXNk yX8N yXdk
C�`Q@qBMFH2` yX3R yXeN yXd8 yX3j yXdy yXde

*�TBi�H Y C�`Q@qBMFH2` yX38 yXdk yXd3 yX38 yXdk yXd3
*�TBi�H Y .B+iBQM�`v Y C�`Q@qBMFH2` yXNj yXdy yX3y yXNj yXdy yX3y

h�#H2 R, S2`7Q`K�M+2 Q7 /Bz2`2Mi ?2m`BbiB+b

>2`2 r2 +�M Q#b2`p2- C�`Q@qBMFH2` Bb T2`7Q`KBM; #2ii2` i?�M bBKTH2 G2p2Mbi2BM /Bbi�M+2X �HbQ-
+?2+FBM; r?2i?2` i?2 rQ`/ bi�`ib rBi? � +�TBi�H �M/ �TTHvBM; � /B+iBQM�`v iQ 2t+Hm/2 ;2M2`�H
1M;HBb? rQ`/b BKT`Qp2b T2`7Q`K�M+2X Ai Bb Q#b2`p2/ i?�i H2KK�iBx�iBQM BKT`Qp2b T2`7Q`K�M+2 B7
r2 mb2 � iB;?i2` i?`2b?QH/ p�Hm2X 6Q` BMbi�M+2- B7 r2 �TTHv /B`2+i bi`BM; K�i+?BM;UC�`Q@qBMFH2`
bBKBH�`Biv i?`2b?QH/ 4 RV- mbBM; bi2Kb jN i`m2 TQbBiBp2bUhSbV �`2 B/2MiB}2/ r?BH2 mbBM; i?2 rQ`/
R8 hSb �`2 B/2MiB}2/X "mi H2KK�iBx�iBQM Bb � +QbiHv QT2`�iBQM �M/ rBi? iB;?i2` i?`2b?QH/ i?Qm;?
T`2+BbBQM Bb ?B;?- `2+�HH /`QTb `2/m+BM; i?2 Qp2`�HH 6@b+Q`2X 6B;m`2 j THQib i?2 6@b+Q`2 Q7 i?2
#2bi T2`7Q`KBM; ?2m`BbiB+ 7Q` /Bz2`2Mi bi`BM; K�i+?BM; i?`2b?QH/ HBKBibX h?2 QTiBK�H i?`2b?QH/
p�Hm2 7Q` C�`Q@qBMFH2` bBKBH�`Biv BM #Qi? +�b2b r?2M K�i+?BM; Bb T2`7Q`K2/ mbBM; i?2 rQ`/ �M/
mbBM; i?2 bi2Kb Bb yX3X �i i?Bb i?`2b?QH/- C�`Q@qBMFH2` bBKBH�`Biv ;Bp2b � bBKBH�` T2`7Q`K�M+2
rBi?Qmi H2KK�iBx�iBQM �HbQX aQ- i?2 }M�H T`2@�MMQi�iBQM Q7 i?2 /�i� Bb /QM2 rBi?Qmi T2`7Q`KBM;
H2KK�iBx�iBQMX

6B;m`2 j, SHQi Q7 6R �i /Bz2`2Mi bi`BM; K2i`B+ i?`2b?QH/b
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e 1``Q` �M�HvbBb
h?2 ?2m`BbiB+b rQ`F #�b2/ QM i?2 �bbmKTiBQM i?�i L1b ?�p2 � bBKBH�` 7Q`K BM /Bz2`2Mi H�M;m�;2bX
Ai Bb MQi �Hr�vb i`m2X AM "?­;�p�i�K- K�Mv iBK2b � bBM;H2 +?�`�+i2` ?�b /Bz2`2Mi M�K2b #mi BM
1M;HBb? i`�MbH�iBQM mb2b QMHv bBM;H2 M�K2 7Q` �HH p�`B�iBQMX 6Q` 2t�KTH2- ǵ#?�;�p­M `m/`�ŌǶ Bb
i`�MbH�i2/ �b ǵGQ`/ ȏBp�ǶX aQ ?2`2 i?2 7Q`Kb �`2 MQi bBKBH�`X aQK2iBK2b i?2 i`�MbH�iBQM BMbi2�/
Q7 i?2 M�K2 ;Bp2b � /2b+`BTiBQMX 6Q` 2t�KTH2- ǵBM/`�Ƕ Bb i`�MbH�i2/ �b ǵi?2 EBM; Q7 ?2�p2MǶX AM
�MQi?2` +�b2- B7 i?2 a�MbF`Bi rQ`/ Bb T�`i Q7 1M;HBb? pQ+�#mH�`v i?2M �HbQ Bi Bb MQi K�`F2/X 6Q`
2t�KTH2- ǵ#m//?­v�Ƕ Ĝ ǵiQ GQ`/ "m//?�Ƕ - ?2`2 "m/??� Bb T`2b2Mi BM i?2 /B+iBQM�`v �b �M 1M;HBb?
rQ`/- bQ i?2 +QKT�`BbQM Bb MQi /QM2X h?2 iQQH +�M #2 BKT`Qp2/ iQ ?�M/H2 i?2b2 +�b2b i?`Qm;?
/vM�KB+ bm;;2biBQMbX q2 ?�p2 /Bb+mbb2/ Bi BM a2+iBQM dX

d _2H�i2/ qQ`F
Pm` rQ`F �BKb iQ BKT`Qp2 �MMQi�iQ`bǶ 2{+B2M+v BM T`2T�`BM; � a�MbF`Bi L1_ /�i�b2i mbBM; T`2@
�MMQi�iBQMX S`2@�MMQi�iBQM ?�b #22M rBH/Hv �TTHB2/ 7Q` i?2 i�bF Q7 L1_ BM /Bz2`2Mi /QK�BMb
bm+? �b #BQK2/B+�H UGBM;`2M 2i �HX- kyRjV- �bi`QT?vbB+�H U>�+?2v 2i �HX- kyy8V- 2i+X GBM;`2M 2i
�HX UkyRjV bim/B2/ i?2 BKT�+i Q7 T`2@�MMQi�iBQM QM i?2 bT22/ Q7 K�Mm�H �MMQi�iBQM Q7 +HBMB+�H
i`B�H �MMQmM+2K2MibX h?2v 2p�Hm�i2/ /B+iBQM�`vf;�x2ii22` #�b2/ �TT`Q�+?2b 7Q` T`2@�MMQi�iBM;
2MiBiB2b `2H�i2/ iQ bvKTiQKb �M/ /Bb2�b2bX h?2 bim/v +QM+Hm/2/ i?�i iBK2 b�pBM;b r2`2 bi�iBb@
iB+�HHv bB;MB}+�Mi �M/ T`2b2Mi BM �HH Q7 i?2 2tT2`BK2Mib r?2M i?2 �MMQi�iQ` mb2/ T`2@�MMQi�i2/
i2tiX a�p�`v 2i �HX UkyRyV BM i?2B` rQ`F Q7 +`2�iBM; � H�`;2b+�H2 L1 �MMQi�i2/ /�i�b2i BM SQHBb?
mb2/ � `mH2@#�b2/ K2i?Q/ iQ �miQK�iB+ T`2@�MMQi�iBQM Q7 M�K2/ 2MiBiB2b- i?2M i?2 �MMQi�iBQMb
�`2 K�Mm�HHv +Q``2+i2/ �M/ +QKTH2i2/ #v HBM;mBbiB+ 2tT2`ibX h?2v +mbiQKBx2/ � ;`�T?B+�H i`22
2/BiQ` h`1/ iQ T`QpB/2 �M �MMQi�iBQM 2MpB`QMK2Mi 7Q` K�Mm�H +Q``2+iBQM Q7 �MMQi�iBQMbX aBKBH�`
rQ`Fb ?�p2 #22M /QM2 7Q` AM/B�M `2;BQM�H H�M;m�;2b �HbQX a�?� �M/ J�DmK/2` UkyR3V /2p2HQT2/
� >BM/B L1_ bvbi2K rBi?Qmi mbBM; �Mv K�Mm�HHv �MMQi�i2/ i`�BMBM; +Q`TmbX h?2v T`2T�`2/ i?2
BMBiB�H i`�BMBM; /�i� mbBM; ;�x2ii22` �M/ +QMi2ti T�ii2`Mb K�i+?BM;X h?2v }`bi 2ti`�+i2/ M�K2b
7`QK �M 1M;HBb? +Q`Tmb mbBM; � T`2@i`�BM2/ 1M;HBb? L1_ bvbi2KX h?2M i?2 1M;HBb? ;�x2ii22`
HBbib r2`2 mb2/ iQ i`�MbHBi2`�i2 BMiQ >BM/B mbBM; � irQ@T?�b2 i`�MbHBi2`�iBQM �TT`Q�+?X

�MMQi�iBQM 7`�K2rQ`Fb �M/ iQQHb �`2 �HbQ /2p2HQT2/ r?B+? BM+Hm/2 bQK2 FBM/ Q7 T`2@
�MMQi�iBQM KQ/mH2 �M/ mb2 �+iBp2 H2�`MBM; iQ `2/m+2 i?2 2zQ`ib Q7 �MMQi�iQ`bX uBK�K 2i
�HX UkyR9V �TTHB2/ i?2B` i2ti �MMQi�iBQM iQQH q2#�MMQ i?�i BM+Hm/2b � K�+?BM2 H2�`MBM; +QK@
TQM2Mi 7Q` �miQK�iB+ �MMQi�iBQM bm;;2biBQMb Q7 bT�M �MMQi�iBQMbX h?2v �+?B2p2/ �M BM+`2�b2
BM �MMQi�iBQM bT22/ Q7 �#Qmi kRW rBi? �miQK�iB+ bm;;2biBQMb BM � :2`K�M L1 �MMQi�iBQM
T`QD2+iX ai2M2iQ`T 2i �HX UkyRkV �+?B2p2/ R8W /2+`2�b2 BM iQi�H �MMQi�iBQM iBK2 mbBM; i?2B`
`�TB/ �MMQi�iBQM iQQH "_�h QM � KmHiB@+�i2;Q`v 2MiBiv K2MiBQM �MMQi�iBQM i�bF #v �m;K2MiBM;
i?2 �MMQi�iBQM T`Q+2bb rBi? BMTmi 7`QK bi�iBbiB+�H �M/ K�+?BM2 H2�`MBM; K2i?Q/bX u�M; 2i �HX
UkyR3V 7`QK i?2B` 2tT2`BK2Mi rBi? QT2M@bQm`+2 i2ti bT�M �MMQi�iBQM iQQH u1..� MQi2/ i?�i
�MMQi�iBQM iBK2 +�M #2 +QKT`2bb2/ #v ReX9dW i?`Qm;? BMi2HHB;2Mi `2+QKK2M/�iBQMX 1tT2`B@
K2Mib rBi? KQ`2 `2+2Mi iQQHb HBF2 1S�. b?Qr2/ i?�i Bi b?Q`i2M2/ �HKQbi eyXyW Q7 i?2 iQi�H
�MMQi�iBQM iBK2- �M/ BKT`Qp2/ RkXdW Q7 6@K2�bm`2 7Q` �MMQi�iBQM [m�HBiv QM � K2/B+�H `2+Q`/
M�K2/ 2MiBiv `2+Q;MBiBQM i�bF Uh2M; 2i �HX- kyRNVX �MQi?2` iQQH- �HT�+�h�; r?B+? Bb BKTH2@
K2Mi2/ #�b2/ QM .Q++�MQ T`QpB/2b bm;;2biBQMb mbBM; �+iBp2 H2�`MBM; �b r2HH �b � /B+iBQM�`v Q7
7`2[m2Mi MQmM T?`�b2b �M/ �H`2�/v �MMQi�i2/ bT�Mb UGBM 2i �HX- kyRNVX

AM +QKTmi�iBQM�H a�MbF`Bi- 2zQ`ib �`2 /B`2+i2/ iQr�`/b `2/m+BM; �MMQi�iBQM rQ`F #v #mBH/BM;
bQ7ir�`2 iQ �HHQr b2KB@�miQK�i2/ �MMQi�iBQMX h?2 a_> TH�i7Q`K ?2HT HBM;mBbib +`2�i2 � KQ`@
T?QHQ;B+�HHv i�;;2/ +Q`Tmb BM � b2KB@�miQK�iB+ K�MM2` iQ `2/m+2 �MMQi�iBQM H�#Q` U:Qv�H 2i
�HX- kyRkc :Qv�H �M/ >m2i- kyReVX h?2 BMi2`7�+2 �HHQrb � a�MbF`Bi b+?QH�` iQ /Q b2;K2Mi�iBQM
Ub�M/?B �M�HvbBbV- i�;;BM;- �M/ T�`bBM; Q7 � +Q`Tmb #v b2H2+iBM; 7`QK �miQK�iB+�HHv T`2b2Mi2/
rQ`/b- bi2Kb- �M/ KQ`T?QHQ;B+�H i�;bX

6`QK i?2b2 bim/B2b r2 ?vTQi?2bBx2 i?�i QM2 +�M i�F2 �/p�Mi�;2 Q7 i?2b2 �TT`Q�+?2b iQ 2�bBHv
#mBH/ �MMQi�i2/ `2bQm`+2b 7Q` `2bQm`+2@TQQ` H�M;m�;2b HBF2 a�MbF`BiX
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3 *QM+HmbBQM �M/ 6mim`2 .B`2+iBQM
h?2 �TT`Q�+? iQ #mBH/ a�MbF`Bi L1_ /�i�b2i /Bb+mbb2/ BM i?Bb T�T2` Bb #�b2/ QM bi�iB+ T`2@
�MMQi�iBQMX �b i?2`2 Bb MQ T`2pBQmb rQ`F BM i?Bb /B`2+iBQM- Qm` rQ`F T`QpB/2b �M Qp2`pB2r
�M/ +?�HH2M;2b Q7 L1_ 7Q` a�MbF`BiX q2 2tTHQ`2 i?2 TQbbB#BHBiv Q7 mbBM; 2ti2`M�H `2bQm`+2b
bm+? �b T�`�HH2H +Q`TQ`� 7Q` i?2 /2p2HQTK2Mi Q7 �MMQi�i2/ /�i�b2ibX �M �MMQi�i2/ /�i�b2i +�M
?2HT T`Q;`2bb 7m`i?2` `2b2�`+? BM i?Bb /B`2+iBQMX *m``2MiHv- BM i?2 �MMQi�iBQM 2MpB`QMK2Mi i?2
�MMQi�iQ`b �`2 ;Bp2M }t2/ bm;;2biBQMb #�b2/ QM i?2 T`2@�MMQi�iBQMX h?2 iQQH +�M #2 KQ/B}2/
iQ BKT`Qp2 i?2 bm;;2biBQMb #v i�FBM; BMiQ +QMbB/2`�iBQM i?2 �H`2�/v �MMQi�i2/ �M/ p2`B}2/
�MMQi�iBQM #v �MMQi�iQ`bX hQ /Q bQ- r2 BMi2M/ iQ BMi2;`�i2 �+iBp2 H2�`MBM; bi`�i2;v Uh2M; 2i
�HX- kyRNV BM Qm` bvbi2KX ai�iB+ bm;;2biBQMb �HbQ +�M #2 BKT`Qp2/X h?2 T`2@�MMQi�iBQM ?2m`BbiB+
+m``2MiHv rQ`Fb #�b2/ QM H�M;m�;2@BM/2T2M/2Mi bi`BM;@K�i+?BM; �H;Q`Bi?Kb #v B/2MiB7vBM; bi`BM;b
Q7 bBKBH�` 7Q`K BM i`�MbHBi2`�iBQM �M/ i`�MbH�iBQM Q7 rQ`/bX PM � bK�HH K�Mm�HHv �MMQi�i2/
/�i�b2i Bi Bb �#H2 iQ T2`7Q`K `2�bQM�#Hv rBi? �M 6@K2�bm`2 Q7 yX3y- T`2+BbBQM yXN8 �M/ `2+�HH
yXdyX G�M;m�;2 /2T2M/2Mi �M�HvbBb �M/ `mH2@#�b2/ �TT`Q�+?2b +�M #2 �TTHB2/ iQ ?�M/H2 /B{+mHi
HBM;mBbiB+ +�b2b �M/ iQ BKT`Qp2 `2+�HHX �HbQ- Qi?2` �TT`Q�+?2b iQ +QKT�`2 i?2 M�K2b- bm+?
�b M@;`�K #�b2/ �TT`Q�+? UC�?�M;B` 2i �HX- kyRkV- +�M #2 i2bi2/X �MQi?2` r�v iQ BKT`Qp2
i?2 bm;;2biBQMb Bb #v #mBH/BM; � #2ii2` ;�x2ii22`X PM2 r�v i?2 ;�x2ii22` +�M #2 BKT`Qp2/ Bb #v
B/2MiB7vBM; L1b 7`QK i?2 i`�MbH�i2/ i2ti rBi? i?2 ?2HT Q7 �p�BH�#H2 L1_ bvbi2Kb Q7 1M;HBb? Ua�?�
�M/ J�DmK/2`- kyR3VX

�+FMQrH2/;2K2Mi
h?2 �mi?Q`b �`2 i?�MF7mH iQ i?2 �MQMvKQmb `2pB2r2`b 7Q` i?2B` p�Hm�#H2 722/#�+FX h?2 �mi?Q`b
rQmH/ HBF2 iQ i?�MF J�H�v J�Biv- lMBp2`bBiv Q7 >v/2`�#�/- �M/ .`X S�p�MFmK�` a�imHm`B-
�bbBi�Mi S`Q72bbQ`- *?BMK�v� oBb?r�pB/v�T22i? 7Q` i?2B` ?2HT BM /�i� �MMQi�iBQM �M/ ?2HT7mH
722/#�+FX

_272`2M+2b
�H2t2B "�2pbFB- a2`;2v 1/mMQp- uBM?�M GBm- GmF2 w2iiH2KQv2`- �M/ JB+?�2H �mHBX kyRNX *HQx2@/`Bp2M

T`2i`�BMBM; Q7 b2H7@�ii2MiBQM M2irQ`FbX AM S`Q+22/BM;b Q7 i?2 kyRN *QM72`2M+2 QM 1KTB`B+�H J2i?@
Q/b BM L�im`�H G�M;m�;2 S`Q+2bbBM; �M/ i?2 Ni? AMi2`M�iBQM�H CQBMi *QM72`2M+2 QM L�im`�H G�M;m�;2
S`Q+2bbBM; U1JLGS@AC*LGSV- T�;2b 8jeyĜ8jeN- >QM; EQM;- *?BM�- LQp2K#2`X �bbQ+B�iBQM 7Q` *QK@
Tmi�iBQM�H GBM;mBbiB+bX

E�HBM� "QMi+?2p�- .B�M� J�vM�`/- >�KBb? *mMMBM;?�K- �M/ >Q`�+BQ a�;;BQMX kyykX lbBM; ?mK�M
H�M;m�;2 i2+?MQHQ;v 7Q` �miQK�iB+ �MMQi�iBQM �M/ BM/2tBM; Q7 /B;Bi�H HB#`�`v +QMi2MiX AM J�`Bbi2HH�
�;QbiB �M/ *Qbi�MiBMQ h?�MQb- 2/BiQ`b- _2b2�`+? �M/ �/p�M+2/ h2+?MQHQ;v 7Q` .B;Bi�H GB#`�`B2b- T�;2b
eRjĜek8- "2`HBM- >2B/2H#2`;X aT`BM;2` "2`HBM >2B/2H#2`;X

E�HBM� "QMi+?2p�- >�KBb? *mMMBM;?�K- A�M _Q#2`ib- �M;mb _Q#2`ib- o�H2MiBM h�#H�M- LB`�D �br�MB-
�M/ :2M2pB2p2 :Q``2HHX kyRjX :�i2 i2�Kr�`2, � r2#@#�b2/- +QHH�#Q`�iBp2 i2ti �MMQi�iBQM 7`�K2rQ`FX
G�M;m�;2 _2bQm`+2b �M/ 1p�Hm�iBQM- 9dU9V,RyydĜRykNX

G�`b "Q`BM- .BKBi`BQb EQFFBM�FBb- �M/ G2B7@Cƺ`�M PHbbQMX kyydX L�KBM; i?2 T�bi, L�K2/ 2MiBiv �M/
�MBK�+v `2+Q;MBiBQM BM RNi? +2Mim`v ar2/Bb? HBi2`�im`2X AM S`Q+22/BM;b Q7 i?2 qQ`Fb?QT QM G�M;m�;2
h2+?MQHQ;v 7Q` *mHim`�H >2`Bi�;2 .�i� UG�h2*> kyydVX- T�;2b RĜ3- S`�;m2- *x2+? _2Tm#HB+- CmM2X
�bbQ+B�iBQM 7Q` *QKTmi�iBQM�H GBM;mBbiB+bX

GQm "m`M�`/ �M/ av/ "�mK�MX kyy3X h2B T8, :mB/2HBM2b 7Q` 2H2+i`QMB+ i2ti 2M+Q/BM; �M/ BMi2`+?�M;2X

�MM�HBM� *�TmiQ- SB2`T�QHQ "�bBH2- �M/ :BQp�MMB a2K2`�`QX kyyNX "QQbiBM; � b2K�MiB+ b2�`+? 2M;BM2 #v
M�K2/ 2MiBiB2bX AM C�M _�m+?- w#B;MB2r qX _�Ȑ- S2i` "2`F�- �M/ h�TBQ 1HQK��- 2/BiQ`b- 6QmM/�iBQMb
Q7 AMi2HHB;2Mi avbi2Kb- T�;2b k9RĜk8y- "2`HBM- >2B/2H#2`;X aT`BM;2` "2`HBM >2B/2H#2`;X

q2B@h2 *?2M �M/ qBHH aivH2`X kyRjX �M�7Q`�, � r2#@#�b2/ ;2M2`�H Tm`TQb2 �MMQi�iBQM iQQHX AM S`Q+22/@
BM;b Q7 i?2 kyRj L��*G >Gh .2KQMbi`�iBQM a2bbBQM- T�;2b R9ĜRN- �iH�Mi�- :2Q`;B�- CmM2X �bbQ+B�iBQM
7Q` *QKTmi�iBQM�H GBM;mBbiB+bX
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.�M[B *?2M- �/�K 6Bb+?- C�bQM q2biQM- �M/ �MiQBM2 "Q`/2bX kyRdX _2�/BM; qBFBT2/B� iQ �Mbr2` QT2M@
/QK�BM [m2biBQMbX AM S`Q+22/BM;b Q7 i?2 88i? �MMm�H J22iBM; Q7 i?2 �bbQ+B�iBQM 7Q` *QKTmi�iBQM�H
GBM;mBbiB+b UoQHmK2 R, GQM; S�T2`bV- T�;2b R3dyĜR3dN- o�M+Qmp2`- *�M�/�- CmHvX �bbQ+B�iBQM 7Q`
*QKTmi�iBQM�H GBM;mBbiB+bX

:mBHH�mK2 *?B`QM- �MiQBM2 .Qm+2i- JB+F�ďH *Qmbi�iv- Jm`B2H oBb�MB- �M/ C2�M@S?BHBTT2 JQ`2mtX kyRdX
AKT�+i Q7 Q+` 2``Q`b QM i?2 mb2 Q7 /B;Bi�H HB#`�`B2b, hQr�`/b � #2ii2` �++2bb iQ BM7Q`K�iBQMX AM S`Q+22/@
BM;b Q7 i?2 Rdi? �*JfA111 CQBMi *QM72`2M+2 QM .B;Bi�H GB#`�`B2b- C*.G ǶRd- T�;2 k9NĜk8kX A111
S`2bbX

qBHHB�K qX *Q?2M- S`�/22T _�pBFmK�`- �M/ ai2T?2M 1X 6B2M#2`;X kyyjX � +QKT�`BbQM Q7 bi`BM; /Bbi�M+2
K2i`B+b 7Q` M�K2@K�i+?BM; i�bFbX AM S`Q+22/BM;b Q7 i?2 kyyj AMi2`M�iBQM�H *QM72`2M+2 QM AM7Q`K�iBQM
AMi2;`�iBQM QM i?2 q2#- AAq1"Ƕyj- T�;2 djĜd3X ���A S`2bbX

S�r�M :Qv�H �M/ :û`�`/ >m2iX kyReX .2bB;M �M/ �M�HvbBb Q7 � H2�M BMi2`7�+2 7Q` b�MbF`Bi +Q`Tmb �MMQ@
i�iBQMX CQm`M�H Q7 G�M;m�;2 JQ/2HHBM;- 9,R98- RyX

S�r�M :Qv�H- :û`�`/ >m2i- �K#� EmHF�`MB- S2i2` a+?�`7- �M/ _�HT? "mMF2`X kyRkX � /Bbi`B#mi2/
TH�i7Q`K 7Q` a�MbF`Bi T`Q+2bbBM;X AM S`Q+22/BM;b Q7 *PGAL: kyRk- T�;2b RyRRĜRyk3- JmK#�B- AM/B�-
.2+2K#2`X h?2 *PGAL: kyRk P`;�MBxBM; *QKKBii22X

"2M >�+?2v- "2�i`B+2 �H2t- �M/ J�`Fmb "2+F2`X kyy8X AMp2biB;�iBM; i?2 2z2+ib Q7 b2H2+iBp2 b�KTHBM;
QM i?2 �MMQi�iBQM i�bFX AM S`Q+22/BM;b Q7 i?2 LBMi? *QM72`2M+2 QM *QKTmi�iBQM�H L�im`�H G�M;m�;2
G2�`MBM; U*QLGG@kyy8V- T�;2b R99ĜR8R- �MM �`#Q`- JB+?B;�M- CmM2X �bbQ+B�iBQM 7Q` *QKTmi�iBQM�H
GBM;mBbiB+bX

6�`v�H C�?�M;B`- q�[�b �Mr�`- lb�K� AD�x "�Dr�- �M/ sm�M q�M;X kyRkX L@;`�K �M/ ;�x2ii22` HBbi
#�b2/ M�K2/ 2MiBiv `2+Q;MBiBQM 7Q` l`/m, � b+�`+2 `2bQm`+2/ H�M;m�;2X AM S`Q+22/BM;b Q7 i?2 Ryi?
qQ`Fb?QT QM �bB�M G�M;m�;2 _2bQm`+2b- T�;2b N8ĜRy9- JmK#�B- AM/B�- .2+2K#2`X h?2 *PGAL: kyRk
P`;�MBxBM; *QKKBii22X

.�MB2H Cm`�7bFv �M/ C�K2b >X J�`iBMX kyyNX aT22+? �M/ G�M;m�;2 S`Q+2bbBM; UkM/ 1/BiBQMVX S`2MiB+2@
>�HH- AM+X- la�X

C�M J�`iBM E2BHX kyRNX 1{+B2Mi #QmM/2/ D�`Q@rBMFH2` bBKBH�`Biv #�b2/ b2�`+?X "hq kyRNX

�K`Bi? E`Bb?M�- S�p�M EmK�` a�imHm`B- �M/ S�r�M :Qv�HX kyRdX � /�i�b2i 7Q` a�MbF`Bi rQ`/ b2;K2M@
i�iBQMX AM S`Q+22/BM;b Q7 i?2 CQBMi aA:>lJ qQ`Fb?QT QM *QKTmi�iBQM�H GBM;mBbiB+b 7Q` *mHim`�H
>2`Bi�;2- aQ+B�H a+B2M+2b- >mK�MBiB2b �M/ GBi2`�im`2- T�;2b Ry8ĜRR9- o�M+Qmp2`- *�M�/�- �m;mbiX
�bbQ+B�iBQM 7Q` *QKTmi�iBQM�H GBM;mBbiB+bX

�K`Bi? E`Bb?M�X kyRNX �//`2bbBM; G�M;m�;2 aT2+B}+ *?�`�+i2`BbiB+b 7Q` .�i�@.`Bp2M JQ/2HHBM; Q7
G2tB+�H- avMi�+iB+ �M/ S`QbQ/B+ h�bFb BM a�MbF`BiX S?X.X i?2bBb- AAh- E?�`�;Tm`X

�MBH EmK�`- oBTmH JBii�H- �M/ �K#� EmHF�`MBX kyRyX a�MbF`Bi +QKTQmM/ T`Q+2bbQ`X AM :B`Bb? L�i?
C?�- 2/BiQ`- a�MbF`Bi *QKTmi�iBQM�H GBM;mBbiB+b- T�;2b 8dĜeN- "2`HBM- >2B/2H#2`;X aT`BM;2` "2`HBM >2B@
/2H#2`;X

"BHH um+?2M GBM- .QM;@>Q G22- 6`�MF 6X sm- Pmvm G�M- �M/ sB�M; _2MX kyRNX �HT�+�h�;, �M �+iBp2
H2�`MBM;@#�b2/ +`Qr/ �MMQi�iBQM 7`�K2rQ`F 7Q` b2[m2M+2 i�;;BM;X AM S`Q+22/BM;b Q7 i?2 8di? �MMm�H
J22iBM; Q7 i?2 �bbQ+B�iBQM 7Q` *QKTmi�iBQM�H GBM;mBbiB+b, avbi2K .2KQMbi`�iBQMb- T�;2b 83Ĝej- 6HQ@
`2M+2- Ai�Hv- CmHvX �bbQ+B�iBQM 7Q` *QKTmi�iBQM�H GBM;mBbiB+bX

hQ// GBM;`2M- GQmBb2 .2H2;2`- E�i�HBM JQHM�`- >�BDmM w?�B- C�`22M J2BMx2M@.2``- J2;�M E�Bb2`- G�m`�
aiQmi2M#Q`Qm;?- ZB GB- �M/ AK`2 aQHiBX kyRjX 1p�Hm�iBM; i?2 BKT�+i Q7 T`2@�MMQi�iBQM QM �MMQ@
i�iBQM bT22/ �M/ TQi2MiB�H #B�b, M�im`�H H�M;m�;2 T`Q+2bbBM; ;QH/ bi�M/�`/ /2p2HQTK2Mi 7Q` +HBMB+�H
M�K2/ 2MiBiv `2+Q;MBiBQM BM +HBMB+�H i`B�H �MMQmM+2K2MibX CQm`M�H Q7 i?2 �K2`B+�M J2/B+�H AM7Q`K�iB+b
�bbQ+B�iBQM- kRUjV,9yeĜ9Rj- yNX

GBvm�M GBm- CBM;#Q a?�M;- sB�M; _2M- 6`�MF 6�M;x?2M; sm- >m�M :mB- CB�M S2M;- �M/ CB�r2B >�MX
kyR3X 1KTQr2` b2[m2M+2 H�#2HBM; rBi? i�bF@�r�`2 M2m`�H H�M;m�;2 KQ/2HX AM h?B`iv@a2+QM/ ���A
*QM72`2M+2 QM �`iB}+B�H AMi2HHB;2M+2X

>B`QFB L�F�v�K�- h�F�?B`Q Em#Q- CmMv� E�Km`�- u�bm7mKB h�MB;m+?B- �M/ sm GB�M;X kyR3X /Q++�MQ,
h2ti �MMQi�iBQM iQQH 7Q` ?mK�MX aQ7ir�`2 �p�BH�#H2 7`QK ?iiTb,ff;Bi?m#X+QKf/Q++�MQf/Q++�MQX
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amD�M EmK�` a�?� �M/ JmFi� J�DmK/2`X kyR3X .2p2HQTK2Mi Q7 � ?BM/B M�K2/ 2MiBiv `2+Q;MBiBQM
bvbi2K rBi?Qmi mbBM; K�Mm�HHv �MMQi�i2/ i`�BMBM; +Q`TmbX AMi2`M�iBQM�H �`�# CQm`M�H Q7 AM7Q`K�iBQM
h2+?MQHQ;v- R8,Ry33ĜRyN3- RRX

�;�i� a�p�`v- C�Fm# q�bx+xmF- �M/ �/�K S`x2TBƦ`FQrbFBX kyRyX hQr�`/b i?2 �MMQi�iBQM Q7 M�K2/
2MiBiB2b BM i?2 M�iBQM�H +Q`Tmb Q7 TQHBb?X AM S`Q+22/BM;b Q7 i?2 a2p2Mi? AMi2`M�iBQM�H *QM72`2M+2 QM
G�M;m�;2 _2bQm`+2b �M/ 1p�Hm�iBQM UG_1*ǶRyV- o�HH2ii�- J�Hi�- J�vX 1m`QT2�M G�M;m�;2 _2bQm`+2b
�bbQ+B�iBQM U1G_�VX

SQMimb ai2M2iQ`T- a�KTQ Svvb�HQ- :Q`�M hQTBÉ- hQKQFQ P?i�- aQT?B� �M�MB�/Qm- �M/ CmMǶB+?B hbmDBBX
kyRkX #`�i, � r2#@#�b2/ iQQH 7Q` LGS@�bbBbi2/ i2ti �MMQi�iBQMX AM S`Q+22/BM;b Q7 i?2 .2KQMbi`�iBQMb
�i i?2 Rji? *QM72`2M+2 Q7 i?2 1m`QT2�M *?�Ti2` Q7 i?2 �bbQ+B�iBQM 7Q` *QKTmi�iBQM�H GBM;mBbiB+b-
T�;2b RykĜRyd- �pB;MQM- 6`�M+2- �T`BHX �bbQ+B�iBQM 7Q` *QKTmi�iBQM�H GBM;mBbiB+bX

"2i? JX amM/?2BKX RNN8X Pp2`pB2r Q7 `2bmHib Q7 i?2 Jl*@e 2p�Hm�iBQMX AM aBti? J2bb�;2 lM/2`bi�M/BM;
*QM72`2M+2 UJl*@eV, S`Q+22/BM;b Q7 � *QM72`2M+2 >2H/ BM *QHmK#B�- J�`vH�M/- LQp2K#2` e@3- RNN8X

62B h2M;- JBM#Q J�- w?2M; J�- Gm72B >m�M;- JBM; sB�Q- �M/ sm�M GBX kyRNX � i2ti �MMQi�iBQM iQQH
rBi? T`2@�MMQi�iBQM #�b2/ QM /22T H2�`MBM;X AM *?`BbiQb .QmHB;2`Bb- .BKBi`Bb E�`�;B�MMBb- �M/ .BKBi`Bb
�TQbiQHQm- 2/BiQ`b- EMQrH2/;2 a+B2M+2- 1M;BM22`BM; �M/ J�M�;2K2Mi- T�;2b 99yĜ98R- *?�KX aT`BM;2`
AMi2`M�iBQM�H Sm#HBb?BM;X

1`BF 6X hDQM; EBK a�M; �M/ 6B2M .2 J2mH/2`X kyyjX AMi`Q/m+iBQM iQ i?2 *QLGG@kyyj b?�`2/ i�bF,
G�M;m�;2@BM/2T2M/2Mi M�K2/ 2MiBiv `2+Q;MBiBQMX AM S`Q+22/BM;b Q7 i?2 a2p2Mi? *QM72`2M+2 QM L�im`�H
G�M;m�;2 G2�`MBM; �i >Gh@L��*G kyyj- T�;2b R9kĜR9dX

JQMB2` JQMB2` qBHHB�Kb- 1`Mbi G2mK�MM- �M/ *�`H *�TT2HH2`X R3NNX � a�MbF`Bi@1M;HBb? /B+iBQM�`v,
1ivKQHQ;B+�HHv �M/ T?BHQHQ;B+�HHv �``�M;2/ rBi? bT2+B�H `272`2M+2 iQ *Q;M�i2 AM/Q@1m`QT2�M H�M;m�;2bX
�i i?2 *H�`2M/QM S`2bbX

"Bb?�M u�M; �M/ hQK JX JBi+?2HHX kyReX CQBMi 2ti`�+iBQM Q7 2p2Mib �M/ 2MiBiB2b rBi?BM � /Q+mK2Mi
+QMi2tiX AM S`Q+22/BM;b Q7 i?2 kyRe *QM72`2M+2 Q7 i?2 LQ`i? �K2`B+�M *?�Ti2` Q7 i?2 �bbQ+B�iBQM
7Q` *QKTmi�iBQM�H GBM;mBbiB+b, >mK�M G�M;m�;2 h2+?MQHQ;B2b- T�;2b k3NĜkNN- a�M .B2;Q- *�HB7Q`MB�-
CmM2X �bbQ+B�iBQM 7Q` *QKTmi�iBQM�H GBM;mBbiB+bX

CB2 u�M;- um2 w?�M;- GBMr2B GB- �M/ sBM;tm�M GBX kyR3X u1..�, � HB;?ir2B;?i +QHH�#Q`�iBp2 i2ti
bT�M �MMQi�iBQM iQQHX AM S`Q+22/BM;b Q7 �*G kyR3- avbi2K .2KQMbi`�iBQMb- T�;2b jRĜje- J2H#Qm`M2-
�mbi`�HB�- CmHvX �bbQ+B�iBQM 7Q` *QKTmi�iBQM�H GBM;mBbiB+bX

a2B/ Jm?B2 uBK�K- *?`Bb "B2K�MM- _B+?�`/ 1+F�`i /2 *�biBH?Q- �M/ A`vM� :m`2pv+?X kyR9X �miQK�iB+
�MMQi�iBQM bm;;2biBQMb �M/ +mbiQK �MMQi�iBQM H�v2`b BM q2#�MMQX AM S`Q+22/BM;b Q7 8kM/ �MMm�H
J22iBM; Q7 i?2 �bbQ+B�iBQM 7Q` *QKTmi�iBQM�H GBM;mBbiB+b, avbi2K .2KQMbi`�iBQMb- T�;2b NRĜNe- "�H@
iBKQ`2- J�`vH�M/- CmM2X �bbQ+B�iBQM 7Q` *QKTmi�iBQM�H GBM;mBbiB+bX
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