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1 1BM/?Qp2M lMBp2`bBiv Q7 h2+?MQHQ;v HX#XpX/X?��F!im2XMH
2 lMBp2`bBiv Q7 hr2Mi2

�#bi`�+iX Pp2` i?2 v2�`b- `2b2�`+?2`b ?�p2 /2p2HQT2/ K�Mv 7Q`K�H K2i?Q/
iQQHb iQ bmTTQ`i bQ7ir�`2 /2p2HQTK2MiX >Qr2p2`- ?�`/Hv �Mv bim/B2b
�`2 +QM/m+i2/ iQ /2i2`KBM2 r?2i?2` i?2 �+im�H T`Q#H2Kb /2p2HQT2`b 2M@
+QmMi2` �`2 bm{+B2MiHv �//`2bb2/X 6Q` i?2 `2H�iBp2Hv vQmM; }2H/ Q7 :Sl
T`Q;`�KKBM;- r2 rQmH/ HBF2 iQ FMQr r?2i?2` i?2 iQQHb /2p2HQT2/ bQ
7�` �`2 bm{+B2Mi- Q` r?2i?2` bQK2 T`Q#H2Kb biBHH M22/ �ii2MiBQMX hQ i?Bb
2M/- r2 }`bi HQQF �i r?�i FBM/ Q7 T`Q#H2Kb T`Q;`�KK2`b 2M+QmMi2` BM
PT2M*G �M/ *l.�X q2 ;�i?2` T`Q#H2Kb 7`QK ai�+F Pp2`~Qr �M/ +�i2@
;Q`Bb2 i?2K rBi? +�`/ bQ`iBM;X q2 }M/ i?�i T`Q#H2Kb `2H�i2/ iQ K2KQ`v-
bvM+?`QMBb�iBQM Q7 i?`2�/b- i?`2�/b BM ;2M2`�H �M/ T2`7Q`K�M+2 �`2 2bb2M@
iB�H iQTB+bX L2ti- r2 HQQF �i Up2`B}+�iBQMV iQQHb BM BM/mbi`v �M/ `2b2�`+?-
iQ b22 ?Qr i?2b2 iQQHb �//`2bb2/ i?2 T`Q#H2Kb r2 /Bb+Qp2`2/X q2 i?BMF
K�Mv T`Q#H2Kb �`2 �H`2�/v T`QT2`Hv �//`2bb2/- #mi i?2`2 Bb biBHH � M22/
7Q` 2�bv iQ mb2 bQmM/ iQQHbX �Hi2`M�iBp2Hv- H�M;m�;2b Q` T`Q;`�KKBM;
bivH2b +�M #2 +`2�i2/- i?�i �HHQrb 7Q` 2�bB2` +?2+FBM; 7Q` bQmM/M2bbX

E2vrQ`/b, :Sl Ǧ :S:Sl Ǧ 6Q`K�H K2i?Q/b Ǧ o2`B}+�iBQM Ǧ "m;b
Ǧ *l.� Ǧ PT2M*G

R AMi`Q/m+iBQM
:2M2`�H@Tm`TQb2 :Sl U:S:SlV T`Q;`�KKBM; ?�b #22M �`QmM/ 7Q` Qp2` Ry v2�`b
MQr- #mi Bb MQiQ`BQmbHv ?�`/ iQ /QX AM i?Bb rQ`F- r2 r�Mi iQ 2tTHQ`2 r?�i FBM/
Q7 T`Q#H2Kb T2QTH2 2tT2`B2M+2 /m`BM; :S:Sl T`Q;`�KKBM; �M/ mM/2`bi�M/
r?�i i?2 /B{+mHiB2b �`2 BM Qp2`+QKBM; i?2b2 T`Q#H2KbX q2 �++QKTHBb? i?Bb BM
irQ bi2TbX 6B`bi r2 }M/ i?2 T`Q#H2Kb �M/ M2ti r2 �M�Hvb2 +m``2Mi bQHmiBQMb
BM i?2 /QK�BM Q7 7Q`K�H K2i?Q/bX q2 pB2r i?Bb rQ`F �b � r�v Q7 B/2MiB7vBM;
7m`i?2` `2b2�`+? +?�HH2M;2b �M/ /B`2+iBQMb BM i?Bb /QK�BM- rBi? i?2 �BK iQ 2�b2
i?2 /B{+mHiv Q7 T`Q;`�KKBM; 7Q` � :SlX

hQ }M/ i?2 T`Q#H2Kb T`Q;`�KK2`b 2M+QmMi2`- r2 HQQF2/ �i ai�+F Pp2`~Qr-
r?B+? Bb � rB/2Hv FMQrM r2#bBi2 r?2`2 T`Q;`�KK2`b +�M �bF [m2biBQMb `2H�i2/
iQ T`Q;`�KKBM;X q2 iQQF � b�KTH2 Q7 [m2biBQMb i?�i �`2 `2H�i2/ iQ PT2M*G
�M/ *l.�- i?2 irQ /QKBM�Mi :S:Sl T`Q;`�KKBM; H�M;m�;2b- �M/ +�i2;Q`Bb2
i?2K mbBM; +�`/ bQ`iBM;X h?2b2 +�i2;Q`B2b ;Bp2 mb �M mT@iQ@/�i2 Qp2`pB2r Q7
UKQbiV T`Q#H2Kb T2QTH2 2M+QmMi2`X
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h?2 M2ti bi2T Bb }M/BM; p2`B}+�iBQM iQQHbX J�Mv iQQHb ?�p2 #22M /2p2H@
QT2/ i?�i ?2HT T2QTH2 BM i?2B` :Sl T`Q;`�KKBM; rQ`F- HBF2 :Slo2`B7v (Rd)-
P+H;`BM/ (9k)- :EG11 (jj)- o2`*Q`b (R3) �M/ *l.�@J1J*>1*E (k)X �H@
i?Qm;?- QMHv bQK2 Q7 i?2b2 ?�p2 #22M TB+F2/ mT #v /2p2HQT2`b Q7 :S:Sl T`Q@
;`�KbX q2 HQQF �i b+B2MiB}+ +QM72`2M+2b �M/ BM/mbi`v +QKT�MB2b 7Q` iQQHbX q2
M�``Qr i?2 b+QT2 iQ +Q``2+iM2bb Bbbm2b �M/ HBMF i?2 iQQHb i?�i bQHp2 i?2b2 Bbbm2b
�M/ BM/B+�i2 r?�i BKT`Qp2K2Mib `2b2�`+? +�M K�F2X

AM +QM+HmbBQM- BM i?Bb rQ`F- r2 �BK iQ ?2HT Qi?2` `2b2�`+?2`b iQ 7Q+mb i?2B`
`2b2�`+? QM :S:Sl T`Q;`�KKBM; T`Q#H2Kb i?�i �`2 MQi Q` BM+QKTH2i2Hv �/@
/`2bb2/ rBi? �M/ iQQHbX

q2 K�F2 i?2 7QHHQrBM; +QMi`B#miBQMbX

RX �M Qp2`pB2r Q7 +QKKQM T`Q#H2Kb T2QTH2 bi`m;;H2 rBi? r?BHbi T`Q;`�KKBM;
� :S:Sl Ua2+iBQM jVX

kX �//`2bbBM; T`Q#H2Kb Q7 a2+iBQM j r?2`2 r2 i?BMF 7Q`K�H K2i?Q/b +�M K�F2
� /B`2+i +QMi`B#miBQMX q2 /Bb+mbb bQHmiBQMb Q7 2tBbiBM; iQQHb �M/ M2r `2b2�`+?
QTTQ`imMBiB2b Ua2+iBQM 9VX

k "�+F;`QmM/

q2 #�b2 i?Bb b2+iBQM KQbiHv QM i?2 *l.� S`Q;`�KKBM; :mB/2 (j)X :Slb �`2
K�bbBp2 T�`�HH2H +QKTmi2 /2pB+2b- i?�i rQ`F pB� i?2 aBM;H2 AMbi`m+iBQM JmHiBTH2
h?`2�/b UaAJhV 2t2+miBQM KQ/2H- r?B+? K2�Mb i?�i KmHiBTH2 i?`2�/b �`2 2t2@
+miBM; i?2 b�K2 BMbi`m+iBQM BM T�`�HH2H- #mi rBi? Qi?2` /�i�X AM i?Bb T�T2`- r2
+QMbB/2` K�BMHv i?2 *l.� �M/ PT2M*G T`Q;`�KKBM; H�M;m�;2bX q2 rQ`F rBi?
i?2 *l.� i2`Kb- #mi ;Bp2 i?2 +Q``2bTQM/BM; PT2M*G i2`Kb BM T�`2Mi?2b2b BM
i?Bb b2+iBQMX *l.� +QKTBH2b iQ Shs (d)- � Tb2m/Q@�bb2K#Hv H�M;m�;2- r?B+? r2
+�HH i?2 BMbi`m+iBQM H2p2H- bBKBH�`Hv PT2M*G +QKTBH2b iQ aSA_ (3)X

6mM+iBQMb i?�i �`2 2t2+mi2/ QM i?2 :Sl �`2 +�HH2/ F2`M2HbX PM2 +�M bi�`i
F2`M2Hb 7`QK i?2 *Sl- r?B+? r2 +�HH i?2 ?QbiX h?2 :Sl Bib2H7 Bb +�HH2/ i?2 /2pB+2X
.�i� biQ`2/ QM i?2 _�J Bb MQi �miQK�iB+�HHv �++2bbB#H2 QM i?2 :Sl �M/ Kmbi
#2 b2Mi 7`QK i?2 ?Qbi iQ i?2 /2pB+2 #27Q`2 BMpQFBM; i?2 F2`M2H i?�i mb2b i?2
/�i�X h?2 T`Q;`�KK2` +�M b+?2/mH2 K2KQ`v i`�Mb72`b �M/ F2`M2H 2t2+miBQMb BM
� [m2m2X

h?`2�/b UqQ`F@Bi2KbV q?2M b+?2/mHBM; � F2`M2H- vQm bT2+B7v ?Qr K�Mv
i?`2�/b UrQ`F@Bi2KbV �`2 ;QBM; iQ #2 2t2+miBM; i?Bb F2`M2HX h?`2�/b �`2 ;`QmT2/
iQ;2i?2` BM i?`2�/ #HQ+Fb UrQ`F;`QmTbV �M/ �HH i?2 i?`2�/ #HQ+Fb iQ;2i?2` 7Q`K i?2
;`B/ UL._�M;2VX 6`QK i?2 ?�`/r�`2 T2`bT2+iBp2- i?`2�/ #HQ+Fb �`2 bm#/BpB/2/
BMiQ r�`Tb Ubm#@;`QmTb Q` �J. +�HHb i?2K r�p27`QMibV- i?�i ivTB+�HHv ?�p2 � bBx2
Q7 jk Ue9 QM �J. /2pB+2bV i?`2�/bX h?`2�/b Q7 � r�`T �`2 2t2+mi2/ BM HQ+Fbi2T-
K2�MBM; i?�i i?2v 2t2+mi2 �HH i?2 BMbi`m+iBQM �i i?2 b�K2 iBK2Xj A7 i?`2�/b Q7 �
j �Hi?Qm;? i?Bb Bb MQi 2t�+iHv i`m2 �Mv KQ`2 7Q` LpB/B�Ƕb oQHi� �`+?Bi2+im`2 �M/ QM@

r�`/X a22 ?iiTb,ff/2p2HQT2`XMpB/B�X+QKf#HQ;fBMbB/2@pQHi�f
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r�`T i�F2 /Bz2`2Mi 2t2+miBQM T�i?b- 2X;X /m2 iQ B7 bi�i2K2Mib- i?2 r�`T 2t2+mi2b
2�+? T�i?- #mi /Bb�#H2b i?`2�/b i?�i �`2 MQi QM i?�i T�i?X h?Bb Bb +�HH2/ i?`2�/
/Bp2`;2M+2- r?B+? +�M H2�/ iQ T2`7Q`K�M+2 HQbbX

� :Sl +QMbBbib Q7 KmHiBTH2 bi`2�KBM; KmHiBT`Q+2bbQ`b- r?B+? 2t2+mi2 i?2
r�`Tb BM HQ+Fbi2TX 1�+? i?`2�/ #HQ+F Bb �bbB;M2/ iQ QM2 bi`2�KBM; KmHiBT`Q+2b@
bQ`bX

J2KQ`v KQ/2H � T`Q;`�KK2` ?�b iQ K�M�;2 i?2 K2KQ`v Q7 � :Sl K�Mm�HHvX
Ai ?�b ;HQ#�H K2KQ`v- r?2`2 i`�Mb72``2/ /�i� 7`QK i?2 ?Qbi Bb biQ`2/- �M/ �Mv
i?`2�/ +�M �++2bb BiX a?�`2/ K2KQ`v UHQ+�H K2KQ`vV Bb b?�`2/ BM � i?`2�/ #HQ+F-
r?B+? Bb 7�bi2` i?�M ;HQ#�H K2KQ`vX PM2 +�M mb2 Bi iQ b?�`2 `2bmHib rBi?BM �
i?`2�/ #HQ+F Q` iQ ?�p2 7�bi2` �++2bb r?2M /�i� Bb `2mb2/X S2` i?`2�/ /�i� Bb
�miQK�iB+�HHv biQ`2/ BM 7�bi@�++2bb `2;Bbi2`b- Q` bHQr HQ+�H K2KQ`v BM +�b2 MQi
2MQm;? `2;Bbi2`b �`2 �p�BH�#H2X 6Q` QTiBK�H ;HQ#�H K2KQ`v �++2bb2b- i?2 �++2bb2b
b?QmH/ #2 7mHHv +Q�H2b+2/, i?Bb ?�TT2Mb B7 i?`2�/b Q7 � r�`T +�HH +QMb2+miBp2
K2KQ`v �//`2bb2b �M/ i?2 }`bi �//`2bb Bb � KmHiBTH2 Q7 i?2 r�`T bBx2X

avM+?`QMBx�iBQM q?2M irQ i?`2�/b /Q � `2�/ �M/ r`Bi2- Q` irQ r`Bi2b iQ
i?2 b�K2 K2KQ`v �//`2bb- �M/ i?Bb +QmH/ ?�TT2M bBKmHi�M2QmbHv- i?Bb Bb +�HH2/
� /�i� `�+2X .�i� `�+2b H2�/ iQ MQM@/2i2`KBMBbK �M/ �`2 +QMbB/2`2/ � #m;X �
:Sl +�M bvM+?`QMBx2 rBi? � #�``B2` QM i?2 i?`2�/ #HQ+F H2p2H- r?B+? 2Mbm`2b
i?�i �HH i?`2�/b r�Bi 7Q` 2�+? Qi?2` #27Q`2 +QMiBMmBM; 2t2+miBQMX Ai �HbQ K�F2b
bm`2 i?�i �7i2` i?2 bvM+?`QMBx�iBQM- �HH r`Bi2b iQ ;HQ#�H �M/ b?�`2/ K2KQ`v �`2
T2`7Q`K2/- Q` /2T2M/BM; QM i?2 #�``B2`- QMHv iQ b?�`2/ K2KQ`vX h?mb- #�``B2`b
+�M T`2p2Mi BMi`�@#HQ+F /�i� `�+2b BM � i?`2�/ #HQ+FX �HH i?`2�/b BM � i?`2�/
#HQ+F Kmbi `2�+? i?2 b�K2 #�``B2`- Qi?2`rBb2 Bi `2bmHib BM mM/2}M2/ #2?�pBQm`
�M/ Bb +�HH2/ #�``B2` /Bp2`;2M+2X

AM #2ir22M i?`2�/b Q7 /Bz2`2Mi i?`2�/ #HQ+Fb- bvM+?`QMBx�iBQM Bb MQi TQbbB#H2
rBi? � Ubi�M/�`/V ;HQ#�H #�``B2`- �Hi?Qm;? aQ`2Mb2M 2i �HX (8y) b?Qr ?Qr i?Bb
+�M #2 +QMbi`m+i2/X .�i� `�+2b BM #2ir22M i?`2�/ #HQ+Fb �`2 +�HH2/ BMi2`@#HQ+F
/�i� `�+2bX q?2M HQ+Fbi2T 2t2+miBQM Q7 r�`Tb Bb MQi 2Mbm`2/ �HbQ BMi`�@r�`T /�i�
`�+2b +�M Q++m`X

avM+?`QMBx�iBQM +�M �HbQ #2 �+?B2p2/ pB� }M2@;`�BM2/ bvM+?`QMBx�iBQM mbBM;
HQ+Fb Q` �iQKB+bX GQ+Fb +�M K�F2 bm`2 i?�i QMHv QM2 i?`2�/ ?�b �++2bb iQ � bT2+B}+
K2KQ`v �//`2bbX �iQKB+b �HHQr 7Q` +QKKmMB+�iBQM pB� K2KQ`v- rBi?Qmi `BbFb
Q7 /�i� `�+2b �M/ :Slb ivTB+�HHv BKTH2K2Mi i?2K KQ`2 2{+B2MiHv i?�M HQ+FbX �
:Sl ?�b � r2�F K2KQ`v KQ/2H (Ry)- r?B+? K2�Mb i?�i K2KQ`v �+iBQMb rBi?BM
� i?`2�/ +�M #2 `2Q`/2`2/ #v i?2 ?�`/r�`2 B7 i?2`2 2tBbi MQ /2T2M/2M+B2b rBi?BM
i?2 i?`2�/X h?2`27Q`2- r?2M mbBM; }M2@;`�BM2/ bvM+?`QMBx�iBQM- bT2+B}+ K2KQ`v
�+iBQMb K�v MQi v2i #2 pBbB#H2 iQ Qi?2` i?`2�/bX J2KQ`v 72M+2b +�M #2 BMb2`i2/
iQ 2M7Q`+2 � K2KQ`v Q`/2`- r?B+? KB;?i #2 M22/2/ iQ K�F2 bm`2 i?�i MQ r2�F@
K2KQ`v /�i� `�+2b Q++m`X

Pi?2` 72�im`2b aQK2 Qi?2` 72�im`2b �`2 H2bb mb2/- �Hi?Qm;? r2 /Q r�Mi iQ
K2MiBQM i?2K bBM+2 i?2v +QK2 mT BM i?Bb rQ`FX .vM�KB+ T�`�HH2HBbK �HHQrb T�`2Mi
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F2`M2Hb- iQ H�mM+? +?BH/ F2`M2HbX � T�`2Mi �M/ +?BH/ F2`M2H ?�p2 � +QMbBbi2Mi pB2r
Q7 ;HQ#�H K2KQ`v �i i?2 bi�`i Q7 i?2 H�mM+?- #mi i?Bb Bb MQi ;m�`�Mi22/ r?BH2
2t2+miBM;X h?2 T�`2Mi F2`M2H +�M bvM+?`QMBx2 rBi? i?2 +?BH/ F2`M2Hb Bi H�mM+?2/X
� +?BH/ F2`M2H +�M `2+m`bBp2Hv +�HH � M2r +?BH/ F2`M2HX q�`T@H2p2H T`BKBiBp2b Ubm#@
;`QmT T`BKBiBp2bV �`2 T`BKBiBp2b i?�i �HHQr +QKKmMB+�iBQM #2ir22M i?`2�/b BM �
r�`T- pB� i?2 7�bi2` `2;Bbi2`bX 6Q` BMbi�M+2- QM2 +�M mb2 i?2K iQ K�F2 � 7�bi2`
b+�M �M/ `2/m+iBQM QT2`�iBQMX

j :S:Sl S`Q;`�KKBM; S`Q#H2Kb

hQ FMQr ?Qr 7Q`K�H K2i?Q/b +�M ?2HT bQHp2 :S:Sl T`Q#H2Kb- r2 }`bi M22/
iQ FMQr rBi? r?�i �+im�H /2p2HQT2`b �`2 bi`m;;HBM; rBi?X h?2`27Q`2- r2 HQQF �i
ai�+F Pp2`~Qr- r?B+? Bb i?2 ;Q@iQ TH�+2 7Q` T`Q;`�KKBM;@`2H�i2/ [m2biBQMb �M/
Bb mb2/ #v K�Mv T`Q;`�KK2`b �b � `272`2M+2X P7 i?2 H�M;m�;2b T`Q;`�KK2`b mb2
7Q` :S:Sl T`Q;`�KKBM;- *l.� UdkN [m2biBQMbV- PT2MJS U9dRV �M/ PT2M*G
UjRRV �`2 i?2 KQbi TQTmH�`- #�b2/ QM i?2 MmK#2` Q7 [m2biBQM �bF2/ QM ai�+F
Pp2`~Qr BM kyRN9X q2 7Q+mb QM *l.� �M/ PT2M*G bBM+2 PT2MJS /Q2b MQi
bQH2Hv 7Q+mbb2b QM i?2 :SlX

q2 }`bi 2tTH�BM Qm` �TT`Q�+? 7Q` ;�i?2`BM; �M/ +�i2;Q`BxBM; i?2 `2bmHib UjXRVX
L2ti- r2 T`2b2Mi i?2 +�i2;Q`B2b Q7 T`Q;`�KKBM; T`Q#H2Kb r2 7QmM/- r?B+? r2
�;�BM Q`/2`2/ BMiQ i?2K2b �M/ bm#@i?2K2b 7Q` � +H2�` Qp2`pB2r UjXkVX

jXR �TT`Q�+?

:�i?2`BM; S`Q#H2Kb �b �`;m2/ �#Qp2- r2 HQQF �i PT2M*G �M/ *l.� QM
ai�+F Pp2`~QrX GQQFBM; �i i?2 ;2M2`�H i�; ;T;Tm- +m/� �M/ QT2M+H- r2 7QmM/
i?�i i?2 d KQbi `2H�i2/ i�;b �`2 ;Tm- +YY- MpB/B�- +- T�`�HH2H@T`Q+2bbBM;-
i?`mbi �M/ Mp++X h?2 }`bi }p2 i�;b r2 +QMbB/2` iQQ ;2M2`�H- r?B+? rQmH/ TQHHmi2
Qm` `2bmHibX h?2 i�;b i?`mbi �M/ Mp++ �`2 � bT2+B}+ *l.� HB#`�`v �M/ +QKTBH2`-
r?B+? r2 /Q MQi r�Mi iQ 7Q+mb QMX h?2`27Q`2- r2 biB+F rBi? i?2 i�;b ;T;Tm- +m/�
�M/ QT2M+HX PM J�`+? k- kyky i?2`2 �`2 Rd-8jN [m2biBQMb QM bi�+F Qp2`~Qr i?�i
?�p2 i?2 i�; +m/�- QT2M+H Q` ;T;TmX8 q2 HQQF �i jde ai�+F Pp2`~Qr [m2biBQMb-
r?B+? Bb � `2T`2b2Mi�iBp2 b�KTH2 rBi? � +QM}/2M+2 H2p2H Q7 N8W �M/ � +QM}/2M+2
BMi2`p�H Q7 8WbX h?mb- rBi? � N8W +?�M+2- r2 B/2MiB7v i?2 T`Q#H2Kb r?B+? �`2
T`2b2Mi BM �i H2�bi 8W Q7 i?2 [m2biBQMb BM i?2 i�;b K2MiBQM2/ �#Qp2X

*�i2;Q`BxBM; S`Q#H2Kb PM i?2 ;�i?2`2/ [m2biBQMb- r2 T2`7Q`K2/ QT2M +�`/
bQ`iBM; (jd- *�`/@bQ`iBM;, 6`QK h2ti hQ h?2K2b)- r?B+? +`2�i2b +�i2;Q`B2b BM
�M mMFMQrM /�i� b2iX q2 /2+B/2/ iQ HQQF �i i?2 iBiH2- #Q/v �M/ �Mbr2`b Q7 i?2
[m2biBQMb- iQ /2i2`KBM2 i?2 +�i2;Q`B2bX h?2 }`bi �mi?Q`- iQ;2i?2` rBi? �MQi?2`
S?. bim/2Mi- bQ`i2/ i?2 }`bi 39 [m2biBQMb- r?2`2 i?2v �+?B2p2/ � Kmim�H mM@
/2`bi�M/BM; Q7 +�i2;Q`B2b �M/ ?2H/ /Bb+mbbBQMb 7Q` �Mv +Q`M2` +�b2bXh?2 M2ti 9j
9 ?iiTb,ff/�i�Xbi�+F2t+?�M;2X+QKfbi�+FQp2`7HQrf[m2`vfRk83djNf;T;Tm@i�;b
8 ?iiTb,ff/�i�Xbi�+F2t+?�M;2X+QKfbi�+FQp2`7HQrf[m2`vfRk833j3f;T;Tm

https://data.stackexchange.com/stackoverflow/query/1258739/gpgpu-tags
https://data.stackexchange.com/stackoverflow/query/1258838/gpgpu
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+�`/b r2`2 bQ`i2/ b2T�`�i2Hv- #mi BM i?2 b�K2 `QQK- r?B+? �HHQr2/ /Bb+mbbBQM QM
/B{+mHi +�`/bX 1p2Mim�HHv- i?Bb H2/ iQ ke /Bz2`2Mi +�i2;Q`B2bX h?2 H�bi key +�`/b
r2`2 bQ`i2/ �HQM2 #v i?2 }`bi �mi?Q`- �M/ r2 2M/2/ mT rBi? j9 +�i2;Q`B2bX 6Q`
+�`/b r2 +QmH/ bQ`i BM KmHiBTH2 +�i2;Q`B2b- r2 K�/2 M2r Qp2`H�TTBM; +�i2;Q`v Q`
bQ`i2/ i?2K iQ i?2 KQbi �TT`QT`B�i2 +�i2;Q`vX �7i2` i?2 bQ`iBM;- r2 r2Mi Qp2`
i?2 `2H2p�Mi [m2biBQMb QM+2 KQ`2- iQ b22 B7 � M2rHv K�/2 +�i2;Q`v rQmH/ #2 KQ`2
bmBi�#H2X

_2H2p�Mi S`Q#H2Kb 7Q` 6Q`K�H J2i?Q/b AM i?2 j9 +�i2;Q`B2b- r2 K�F2 irQ
/BbiBM+iBQMbX 6B`bi- r2 K�`F T`Q#H2Kb i?�i �`2 BMi2`2biBM; 7Q` :S:Sl T`Q;`�K@
KBM;c i?2b2 �`2 k3 Q7 i?2 j9 +�i2;Q`B2bX h?2 MQM@`2H2p�Mi +�i2;Q`B2b �`2 `2H�i2/ iQ
U:SlV ?�`/r�`2- 2``Q`b BM i?2 ?Qbi +Q/2 UmM`2H�i2/ iQ *l.� Q` PT2M*G �SA
+�HHbV- BMbi�HHBM; i?2 +Q``2+i *l.� �M/ PT2M*G /`Bp2`b Q` HB#`�`B2b- b2iiBM; mT
� /2p2HQTK2Mi 2MpB`QMK2Mi- HBMFBM; HB#`�`B2b �M/ [m2biBQMb `2H�i2/ iQ PT2M:GX
AM iQi�H- r2 7QmM/ i?�i kky Q7 i?2 jde r2`2 `2H2p�Mi iQ :S:Sl T`Q;`�KKBM;X

q2 T`2b2Mi i?2 k3 :S:Sl +�i2;Q`B2b BM i?2 `2K�BM/2` Q7 i?Bb b2+iBQMX q2
K�`F i?2 QM2b URyV r?2`2 r2 i?BMF 7Q`K�H K2i?Q/b �`2 /B`2+iHv �TTHB+�#H2 iQ
bQHp2 +Q``2+iM2bb T`Q#H2Kb mM/2`HvBM; i?2b2 [m2biBQMbX

jXk _2bmHib

h?2 `2bmHib Q7 i?2 +�`/ bQ`i �`2 pBbB#H2 BM 6B;m`2 RX hQ Q`;�MBx2 i?2 `2bmHib-
r2 ?�p2 Tmi bQK2 bi`m+im`2 BMiQ i?2KX q2 B/2MiB}2/ irQ i?2K2b, K2KQ`v �M/
i?`2�/b �M/ bvM+?`QMBx�iBQMX q2 TH�+2 i?2 `2K�BMBM; +�i2;Q`B2b BM i?2 ;2M2`�H
i?2K2X qBi?BM 2�+? i?2K2- r2 /BbiBM;mBb? #2ir22M #m;b �M/ T2`7Q`K�M+2@`2H�i2/
[m2biBQMb �b bm#@i?2K2bX h?2 `2bmHib Q7 i?Bb +�M #2 pB2r2/ BM 6B;m`2 kX q2 rBHH
2tTH�BM 2�+? i?2K2 rBi? Bib �bbQ+B�i2/ +�i2;Q`B2b BM i?2 7QHHQrBM; bm#b2+iBQMbX

J2KQ`v q2 }`bi +QMbB/2` i?2 #m;b bm#@i?2K2 +�i2;Q`B2b, ǵK2KQ`v i`�Mb72`
#m;Ƕ- ǵQmi Q7 #QmM/bǶ �M/ ǵK2KQ`v #m;ǶX �M Qmi Q7 #QmM/b 2``Q` Q++m`b r?2M
�M �``�v Bb BM/2t2/ QmibB/2 Bib #QmM/b- r?B+? rBHH #2 `2TQ`i2/ QM �i `mMiBK2X
� K2KQ`v i`�Mb72` #m; ?�TT2Mb r?2M MQi �HH M2+2bb�`v /�i� r�b i`�Mb72``2/
iQ i?2 /2pB+2 �M/ +�mb2b mMBMBiB�HBx2/ K2KQ`v �++2bb2bX q2 �bbB;M i?2 +�i2;Q`v
K2KQ`v #m; iQ [m2biBQMb r?2`2 � K2KQ`v 2``Q` ?�TT2M2/- #mi i?2 +�mb2 r�b
mM+H2�` 7`QK i?2 TQbiX q2 i?BMF i?�i 7Q`K�H K2i?Q/b +QmH/ ?2HT /2i2+i i?2b2
#m;b Q` TQbbB#Hv 2Mbm`2 T`Q;`�KK2`b i?�i bm+? #m;b �`2 MQi T`2b2Mi BM i?2B`
T`Q;`�KX 6Q` BMbi�M+2- *l.�@J1J*>1*E (k) �M/ 1a"J*@:Sl (j3) �`2 iQQHb
i?�i +�M /2i2+i i?2b2 FBM/b Q7 #m;bX

L2ti r2 +QMbB/2` i?2 K2KQ`v T2`7Q`K�M+2 bm#@i?2K2, ǵK�M�;2 K2KQ`v
bT�+2bǶ �M/ ǵK2KQ`v T2`7Q`K�M+2ǶX � :Sl ?�b iQ K�M�;2 Bib QrM U7�bi2`V b?�`2/
K2KQ`v bT�+2X h?Bb K�M�;2K2Mi +�M #2 /B{+mHi �M/ 2``Q`@T`QM2 iQ /Q #mi Bb
�M 2bb2MiB�H QTiBKBx�iBQM bi`�i2;vX q2 �HbQ �//2/ [m2biBQMb `2H�i2/ iQ � #2ii2`
mM/2`bi�M/BM; Q7 i?2 K2KQ`v KQ/2H ?2`2X q2 H�#2H Qi?2` [m2biBQMb �b K2KQ`v
T2`7Q`K�M+2 r?2M i?2v �`2 `2H�i2/ iQ �++2bb T�ii2`Mb U+Q�H2b+2/V Q` Qi?2` r�vb
iQ QTiBKBx2 K2KQ`v mb�;2X
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6B;X RX _2bmHib Q7 QT2M +�`/ bQ`iBM; jde :S:Sl `2H�i2/ [m2biBQMbX q2 QMHv b?Qr i?2
kky [m2biBQMb �M/ +�i2;Q`B2b `2H2p�Mi iQ :S:Sl T`Q;`�KKBM;X h?2 +�i2;Q`B2b H�#2HH2/
6J PTTQ`imMBiB2b �`2 i?2 QM2b r?2`2 r2 i?BMF 7Q`K�H K2i?Q/b +QmH/ TH�v � `QH2 BM
bQHpBM; i?2 mM/2`HvBM; +Q``2+iM2bb Bbbm2bX

h?2 H�bi irQ +�i2;Q`B2b �`2 ǵ?Qbi i`�Mb72`Ƕ �M/ ǵ/�i� ivT2bǶX "Qi? �`2 `2H�i2/ iQ
;2iiBM; K2KQ`v 7`QK i?2 ?Qbi iQ i?2 /2pB+2X h?2 ?Qbi i`�Mb72` +�i2;Q`v Bb KQ`2
;2M2`�HX Ai Bb `2H�i2/ iQ /QBM; i`�Mb72`b 2{+B2MiHv- �bvM+?`QMQmbHv- i`�Mb72``BM;
i?2 /�i� #�+F- i`�Mb72``BM; �``�vb- T�`�K2i2`b Q` +QMbi�Mib- �M/ ?�M/HBM; �``�vb
iQQ #B; 7Q` ;HQ#�H K2KQ`vX q2 �HbQ �bbB;M [m2biBQMb `2H�i2/ iQ �HB;MBM; �M/
TBMMBM; K2KQ`v ?2`2X �+im�H #m;b `2H�i2/ iQ i?Bb r2 `2TQ`i BM i?2 ǵK2KQ`v
i`�Mb72` #m;Ƕ +�i2;Q`vX q2 �bbB;M [m2biBQMb �#Qmi Qp2`H�TTBM; i`�Mb72`b iQ i?2
ǵQTiBKBxBM; F2`M2H H�mM+?2bǶ +�i2;Q`vX h?2 /�i� ivT2b +�i2;Q`v Bb KQ`2 bT2+B}+X
Ai +QMi�BMb [m2biBQMb `2H�i2/ iQ +Q``2+iHv i`�Mb72``BM; � +QKTQbBi2 /�i� ivT2
Uǵbi`m+iǵ BM *V �M/ K�FBM; bm`2 Bi ?�b � +Q``2+i +Q``2bTQM/BM; /�i� ivT2 QM
i?2 /2pB+2X q2 �HbQ +QMbB/2` [m2biBQMb `2H�i2/ iQ ai`m+im`2 Q7 �``�vb UaQ�V
Q` �``�vb Q7 ai`m+im`2b U�QaV ?2`2X �Hi?Qm;? r2 i?BMF i?�i iQQHb +�M ?2HT iQ
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GPGPU (100%)

Memory (34.1%)

Threads & Sync
(18.2%)

General (47.7%)

Performance (15.9%)

Bugs (9.1%)

Performance (4.1%)

Memory transfer bug (2.7%)
Out of bounds (0.9%)

Memory bug (0.9%)
Manage memory spaces (8.6%)

Memory performance (7.3%)
Host transfer (7.7%)

Data types (5.9%)

Data races (5%)
Incorrect thread conf. (3.2%)

Barrier divergence (0.9%)
Optimise thread conf. (2.7%)

Thread divergence (1.4%)
Threads – general (3.6%)

Synchronization (1.4%)

General bug (4.1%)
Bug in dependency (1.8%)

Dynamic parallelism bug (0.5%)
Performance (8.6%)

Optimizing kernel launches (3.6%)
How to do algorithm (14.5%)

Basics (4.1%)
Profiling (2.7%)

Higher level patterns (1.8%)
Sparse matrices (1.8%)

Multi GPU (1.8%)
Limitation (1.4%)

Kernel launches (0.5%)
CUDA memcheck (0.5%)

Bugs (6.4%)

Performance (12.3%)

Bugs (4.5%)

Themes Sub-themes Categories

6B;X kX Pp2`pB2r Q7 i?2 +�`/ bQ`i- r?2`2 r2 TH�+2 i?2 +�i2;Q`B2b mM/2` i?2K2b �M/ bm#@
i?2K2bX aBKBH�` iQ 6B;m`2 R r2 QMHv b?Qr +�i2;Q`B2b `2H2p�Mi iQ :S:Sl T`Q;`�KKBM;X
h?2 mM/2`HBM2/ [m2biBQMb �`2 i?2 QM2b r?2`2 r2 i?BMF 7Q`K�H K2i?Q/b +QmH/ TH�v �
`QH2 BM bQHpBM; i?2 mM/2`HvBM; +Q``2+iM2bb Bbbm2bX h?2 T2`+2Mi�;2b BM/B+�i2 ?Qr K�Mv
[m2biBQMb �`2 mM/2` � bT2+B}+ +�i2;Q`v- r?2`2 RyyW +Q``2bTQM/b iQ �HH kky `2H2p�Mi
:S:Sl [m2biBQMbX

bQHp2 T`Q#H2Kb BM +?2+FBM; +Q``2+i +Q``2bTQM/2M+2 Q7 /�i� ivT2b- � T`Q;`�KKBM;
H�M;m�;2 +QmH/ /Q i?Bb �miQK�iB+�HHvX

h?`2�/b � avM+?`QMBx�iBQM lM/2` i?2 #m; bm#@i?2K2- r2 +QMbB/2` ǵ/�i�
`�+2bǵ- ǵBM+Q``2+i i?`2�/ +QM};m`�iBQMǵ �M/ ǵ#�``B2` /Bp2`;2M+2ǵX q2 �bbB;M i?2
+�i2;Q`v /�i� `�+2 iQ [m2biBQMb r?2`2 i?Bb Q++m`bX � /�i� `�+2 Bb � T`Q#H2K i?�i
Bb ?�`/ iQ /2i2+i, Bi Bb MQM@/2i2`KBMBbiB+ #v M�im`2- �M/ Bi Bb ?�`/ iQ `2�bQM �#QmiX
AM+Q``2+i i?`2�/ +QM};m`�iBQM ?�TT2Mb r?2M � T`Q;`�KK2` +QM};m`2b i?2 r`QM;
MmK#2` Q7 i?`2�/b Q` ;Q2b Qp2` i?2 K�tBKmK �KQmMi Q7 i?`2�/b TQbbB#H2X aQK2
BM+Q``2+i +QM};m`�iBQMb rBHH #2 `2TQ`i2/ �i `mMiBK2- r?BH2 Qi?2`b rBHH `mM rBi?Qmi
2``Q`b #mi /Q MQi T`Q+2bb �HH i?2 BMTmiX q2 �bbB;M #�``B2` /Bp2`;2M+2 iQ [m2biBQMb-
r?2`2 MQi �HH i?`2�/b BM � i?`2�/ #HQ+F `2�+? i?2 b�K2 #�``B2`X h?Bb Bb MQi �HHQr2/
BM i?2 ;2M2`�H :Sl T`Q;`�KKBM; KQ/2H �M/ H2�/b iQ mM/2}M2/ `2bmHibX .�i�
`�+2b �M/ #�``B2` /Bp2`;2M+2 #m;b �`2 �H`2�/v i?2 bim/v Q7 K�Mv 7Q`K�H K2i?Q/
iQQHb- HBF2 :Slo2`B7v (Rd) �M/ :EG11 (jj)X q2 i?BMF 7Q`K�H K2i?Q/b +�M �HbQ
`2�bQM �#Qmi i?`2�/ +QM};m`�iBQMb- r?2`2 � iQQH };m`2b Qmi B7 i?2 BM/2tBM; Q7 i?2
BMTmi #v i?2 i?`2�/b +Q``2bTQM/b rBi? i?2 bBx2 Q7 i?2 BMTmi Q` /2i2+ib K2KQ`v@
`2H�i2/ #m;b r?B+? �`2 +�mb2/ #v BM+Q``2+i +QM};m`�iBQMbX �MQi?2` B/2� Bb iQ
+?2+F r?2i?2` F2`M2Hb rQ`F i?2 b�K2 7Q` 2�+? i?`2�/ +QM};m`�iBQMX
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h?2 ǵQTiBKBb2 i?`2�/ +QM};m`�iBQMǶ �M/ ǵi?`2�/b /Bp2`;2M+2Ƕ +�i2;Q`B2b �`2
`2H�i2/ iQ i?2 T2`7Q`K�M+2 bm#@i?2K2X q?2M QTiBKBbBM; i?2 �KQmMi Q7 i?`2�/b-
QM2 +�M +?QQb2 i?2 MmK#2` Q7 i?`2�/b T2` i?`2�/ #HQ+F �M/ ?Qr Km+? rQ`F 2�+?
i?`2�/ /Q2b- r?B+? #Qi? BM~m2M+2 T2`7Q`K�M+2X h?`2�/ /Bp2`;2M+2- QM i?2 Qi?2`
?�M/- +QmH/ H2�/ iQ #�/ T2`7Q`K�M+2- r?B+? � T`Q;`�KK2` +�M bQK2iBK2b �pQB/X

h?2 i?`2�/b @ ;2M2`�H +�i2;Q`v +QMbBbib Q7 [m2biBQMb `2H�i2/ iQ mM/2`bi�M/BM;
i?2 2t2+miBQM KQ/2H Q7 i?`2�/b- �M/ r?�i +Q``2+i +QM};m`�iBQMb �`2X avM+?`Q@
MBx�iBQM Bb mb2/ iQ T`2p2Mi /�i� `�+2b 7`QK ?�TT2MBM; #v mbBM; #�``B2`b Q` �iQK@
B+bX :2M2`�H [m2biBQMb QM ?Qr iQ mb2 i?Bb- �#Qmi mbBM; r�`T T`BKBiBp2b Q` r?�i
+�M �M/ +�MMQi #2 bvM+?`QMBx2/ r2 ;Bp2 i?Bb i�;X q2 i?BMF 7Q`K�H K2i?Q/b +�M
?2HT T2QTH2 mM/2`bi�M/ r?2M #�``B2`b �`2 M2+2bb�`v- Q` K�v#2 2p2M TH�+2 #�`@
`B2`b �miQK�iB+�HHvX 6Q` BMbi�M+2- i?2 aBKmH22 (8R) iQQH +�M /2i2+i mMM2+2bb�`v
#�``B2`bX

:2M2`�H 6B`bi r2 +QMbB/2` i?2 #m; bm#@i?2K2X q2 ?�p2 � ;2M2`�H #m; +�i2;Q`v-
r?B+? K2�Mb bQK2i?BM; Bb r`QM; BM i?2 T`Q;`�K- #mi MQi QM2 Q7 i?2 T`2pBQmbHv
K2MiBQM2/ #m;bX h?Bb +�M #2 BM+Q``2+i mb�;2 Q7 i?2 �p�BH�#H2 `2bQm`+2b U2X;X
`2;Bbi2`bV- T2QTH2 +QKTmiBM; bQK2i?BM; BM+Q``2+iHv- BM+Q``2+i mb2 Q7 i?2 h?`mbi
HB#`�`v Q` Bi Bb MQi v2i +H2�` r?�i Bb r`QM;X 6Q`K�H K2i?Q/b- 7Q` BMbi�M+2 o2`@
*Q`b (R3)- +�M +?2+F 7Q` 7mM+iBQM�H +Q``2+iM2bb Q7 T`Q;`�Kb r?2M bQK2i?BM; Bb
BM+Q``2+iHv +�H+mH�i2/X "m; BM /2T2M/2M+v +QMbBbib Q7 �HH #m;b BM h?`mbi i?�i
r2`2 }t2/ BM H�i2` p2`bBQMb Q7 i?2 HB#`�`v- �M/ �`2 i?2`27Q`2 MQi +QMbB/2`2/ 7Q`
7Q`K�H K2i?Q/b H�i2` QMX .vM�KB+ T�`�HH2HBbK #m; +QMbBbib Q7 � bBM;H2 [m2biBQM
UbQf19527391V- r?2`2 � #m; r�b 2M+QmMi2`2/ mbBM; /vM�KB+ T�`�HH2HBbK- �H@
i?Qm;? Bi Bb mM+H2�` r?�i 2t�+iHv r2Mi r`QM;X 6Q`K�H K2i?Q/b iQQHb +QmH/ �HbQ
`2�bQM �#Qmi +Q``2+iM2bb BM i?Bb +�b2- �Hi?Qm;? /vM�KB+ T�`�HH2HBbK rQmH/ ?�p2
iQ #2 bmTTQ`i2/X

:2M2`�H T2`7Q`K�M+2 �`2 [m2biBQMb- r?2`2 T2QTH2 r�Mi iQ mM/2`bi�M/- ;Bp2M
� T`Q;`�K- �H;Q`Bi?K Q` 7mM+iBQM- i?2 T2`7Q`K�M+2 �M/ ?Qr iQ BKT`Qp2 BiX Zm2b@
iBQMb �#Qmi Qp2`H�TTBM; +QKTmi�iBQMb �M/ K2KQ`v i`�Mb72`b- �M/ B/2�H b+?2/mH@
BM; Q7 +QKTmi�iBQM F2`M2Hb r2 TH�+2 BM i?2 QTiBKBxBM; F2`M2H H�mM+?2b +�i2;Q`vX

q2 +�K2 �+`Qbb K�Mv [m2biBQMb r?2`2 T2QTH2 rQM/2`2/ ?Qr � bT2+B}+ T`Q#@
H2K Q` �H;Q`Bi?K b?QmH/ #2 T`Q;`�KK2/ QM i?2 :Sl- Q` B7 � HB#`�`v +QMi�BM2/
� bT2+B}+ 7mM+iBQM�HBivX q2 TH�+2/ i?2b2 BM i?2 ?Qr iQ /Q �H;Q`Bi?K +�i2;Q`vX
6Q`K�H K2i?Q/b +QmH/ ?2HT iQ T`Qp2 i?2 2[mBp�H2M+2 #2ir22M � b2[m2MiB�H �M/
T�`�HH2H BKTH2K2Mi�iBQMX h?2 #�bB+b +�i2;Q`v ?�b [m2biBQMb `2H�i2/ iQ ?Qr +2`i�BM
+QM+2Tib �`2 +�HH2/ U2X;X r?�i Bb � i?`2�/ #HQ+FV- ?Qr i?2v rQ`F- ?Qr bT2+B}+ �SA
+�HHb rQ`F- Q` bQK2 #�bB+ 2�bv iQ }t KBbi�F2b i?�i T`2p2Mi +Q``2+i +QKTBH�iBQMX
aQK2 [m2biBQMb �`Qb2 �#Qmi mbBM; ?B;?2` H2p2H T�ii2`Mb BM *l.� �M/ PT2M*G-
7Q` BMbi�M+2 mbBM; i2KTH�i2/ 7mM+iBQMbX q2 i?BMF i?2b2 T`Q#H2Kb �`2 #2bi bQHp2/
#v � #2;BMM2`b :Sl T`Q;`�KKBM; #QQF Q` #v mbBM; � ?B;?2`@H2p2H T`Q;`�KKBM;
H�M;m�;2X S`Q}HBM; �`2 [m2biBQMb `2H�i2/ iQ ?Qr iQ mb2 i?2 T`Q}HBM; iQQHb �p�BH@
�#H2 Q` ?Qr iQ K2�bm`2 `mMiBK2b +Q``2+iHvX aT�`b2 K�i`B+2b �`2 [m2biBQMb QM
?Qr iQ T`Q+2bb K�i`B+2b- Q` QM ?Qr iQ mb2 i?2 +maT�`b2 HB#`�`vX JmHiB :Sl �`2
[m2biBQMb `2H�i2/ iQ ?Qr iQ mb2 KmHiBTH2 :Slb 7Q` +QKTmi�iBQMbX h?2 HBKBi�iBQM

https://stackoverflow.com/questions/19527391
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+�i2;Q`v +QMbBbib Q7 [m2biBQMb `2H�i2/ iQ i?2 HBKBi�iBQM Q7 i?2 *l.�f PT2M*G
T`Q;`�KKBM; KQ/2HX 6Q` 2t�KTH2- i?2 *l.� `mMiBK2 HB#`�`v +�M QMHv #2 +�HH2/
7`QK i?2 K�BM b+QT2 Q7 � *YY T`Q;`�K UbQf55819758XV E2`M2H H�mM+?2b �`2
[m2biBQMb `2H�i2/ ?Qr iQ bi�`i � +QKTmi�iBQM QM i?2 :Sl +Q``2+iHvX *l.�
K2K+?2+F Bb �#Qmi mbBM; i?�i bT2+B}+ iQQH 7Q` /2#m;;BM;X

jXj AMbB;?ib
amKK�`BxBM;- r2 Q#b2`p2 i?�i jkXjW Q7 i?2 `2H2p�Mi [m2biBQMb �`2 `2H�i2/ iQ
T2`7Q`K�M+2- j9XRW iQ K2KQ`v- kyW iQ #m;b �M/ R3Xk W iQ i?`2�/b �M/ bvM@
+?`QMBx�iBQMX h?2b2 �`2 i?2 �`2�b /2p2HQT2`b QM ai�+F Pp2`~Qr �`2 KQbi BMi2`@
2bi2/ BMX S2`7Q`K�M+2 K�F2b b2Mb2 bBM+2 T`Q;`�KK2`b rBHH mb2 � :Sl iQ ;2i
#2ii2` T2`7Q`K�M+2- Qi?2`rBb2 i?2v rQmH/ ?�p2 mb2/ i?2 *SlX J2KQ`v `2H�i2/
[m2biBQMb �`2 BKTQ`i�Mi bBM+2 K2KQ`v K�M�;2K2Mi rQ`Fb [mBi2 /Bz2`2MiHv 7`QK
*Sl T`Q;`�KbX h?2 i`�Mb72``BM; Q7 /�i� Bb 2``Q`@T`QM2- �M/ i?2 K�M�;2K2Mi
Q7 K2KQ`v rBi?Qmi `�+2 +QM/BiBQMb Bb ?�`/ iQ /QX q2 �HbQ i?BMF i?�i K�Mv /2@
p2HQT2`b �`2 Dmbi BMi2`2bi2/ BM i?2 `2bmHi, ?�p2 � 7�bi2` T�`�HH2H p2`bBQM Q7 i?2B`
Q`B;BM�H Ub2[m2MiB�HV +Q/2- r?B+? Bb `2H�i2/ iQ Qm` ǵ?Qr iQ /Q �H;Q`Bi?KǶ +�i2;Q`vX
*QM+Hm/BM;- i?2`2 Bb TQi2MiB�H 7Q` 7Q`K�H K2i?Q/b iQ ?2HT bQHp2 +Q``2+iM2bb `2@
H�i2/ Bbbm2b i?�i :S:Sl T`Q;`�KK2`b 2tT2`B2M+2X q2 rBHH 7m`i?2` /Bb+mbb i?Bb
BM a2+iBQM 9X

jX9 h?`2�ib iQ o�HB/Biv
1ti2`M�H o�HB/Biv h?2`2 Bb � #B�b BM i?2 `2bmHib bBM+2 r2 HQQF QMHv �i [m2b@
iBQMb HQ+�i2/ �i ai�+F Pp2`~QrX h?Bb K�v MQi �//`2bb i?2 ;2M2`�H TQTmH�iBQM Q7
:S:Sl /2p2HQT2`bX q2 bmbT2+i i?�i i?2`2 rBHH #2 KQ`2 [m2biBQMb #v #2;BMMBM;
:S:Sl T`Q;`�KK2`b- i?�M #v KQ`2 2tT2`B2M+2/ QM2bX h?2`27Q`2- r2 KB;?i MQi
/Bb+Qp2` i?2 T`Q#H2Kb Q7 KQ`2 2tT2`B2M+2/ mb2`bX

AMi2`M�H o�HB/Biv �b i?2 +�i2;Q`B2b ?�p2 #22M K�Mm�HHv +`2�i2/- i?2`2 Bb �M
BMi2`M�H #B�b- K2�MBM; i?�i B7 Qi?2` T2QTH2 r2`2 iQ T2`7Q`K i?Bb bim/v rBi? i?2
b�K2 [m2biBQMb- i?2`2 +QmH/ #2 � /Bz2`2Mi Qmi+QK2X q2 i?BMF i?�i �Hi?Qm;? i?2
+�i2;Q`B2b KB;?i #2 /Bz2`2Mi- i?2 ;2M2`�H iQTB+b rQmH/ #2 bBKBH�`X �HbQ- T�`i
Q7 i?2 +�i2;Q`BxBM; Bb /QM2 iQ;2i?2` rBi? �MQi?2` S?. bim/2Mi 7Q` 2t�+iHv i?Bb
`2�bQMX

9 6Q`K�H p2`B}+�iBQM bQHmiBQMb
AM a2+iBQM j- r2 HQQF2/ �i T`Q#H2Kb i?�i T`Q;`�KK2`b bi`m;;H2 rBi? r?2M +Q/BM;
BM *l.� �M/ PT2M*GX AM i?Bb b2+iBQM r2 7Q+mb QM i?2 T`Q#H2Kb r?2`2 r2 i?BMF
7Q`K�H K2i?Q/b +�M K�F2 � /B`2+i +QMi`B#miBQM- �M/ T`QpB/2 �M Qp2`pB2r Q7 iQQHb
i?�i UT�`iB�HHvV bQHp2 i?2b2 T`Q#H2KbX �;�BM- r2 7Q+mb K�BMHv QM +Q``2+iM2bbX
6B`bi r2 2tTH�BM ?Qr r2 b2H2+i2/ i?2b2 p2`B}+�iBQM iQQHb Ua2+iBQM 9XRVX L2ti- r2
/Bb+mbb 7Q` 2�+? Q7 i?2 b2H2+i2/ T`Q#H2Kb i?2 �p�BH�#H2 bQHmiBQMb �M/ TQbbB#H2
`2b2�`+? /B`2+iBQMb Ua2+iBQM 9XkVX

https://stackoverflow.com/questions/55819758


Ry GX "X p�M /2M >��F- �X qBDb- JX p�M /2M "`�M/- �M/ JX >mBbK�M

9XR �TT`Q�+?

AM Q`/2` iQ }M/ �b K�Mv iQQHb �b TQbbB#H2 i?�i i�`;2i i?2 p2`B}+�iBQM Q7 :Sl
�TTHB+�iBQMb- r2 iQQF i?2 7QHHQrBM; bi2Tb BM }M/BM; i?2KX 6B`bi- r2 HQQF2/ �i
i?2 BM/mbi`vX q2 +QMbB/2`2/ i?2 r2#bBi2b Q7 LpB/B�- �J. U;TmQT2MX+QKV- i?2
E?`QMQb ;`QmT- �M/ � HBbie 7QmM/ QM i?2 AqP*G +QM72`2M+2 bBi2X L2ti r2 HQQF2/
�i BKTQ`i�Mi +QM72`2M+2b- #�b2/ QM i?2 JB+`QbQ7i �+�/2KB+Ƕb }2H/ `�iBM;bdX q2
HQQF2/ BM i?2 �`2�b Q7 T`Q;`�KKBM; H�M;m�;2b- bQ7ir�`2 p2`B}+�iBQM �M/ T�`�HH2H
+QKTmiBM; �M/ b2H2+i2/ i?2 7QHHQrBM; +QM72`2M+2b, SG.A- SPSG- h�*�a- *�o
�M/ AS.SaX 6Q` 2�+? i?2b2 +QM72`2M+2b- r2 HQQF2/ i?`Qm;? i?2 v2�`b kyR8@kykyX

h?Bb r�b i?2 BMBiB�H b2i Q7 iQQHb r2 +QMbB/2`2/- �M/ r2 bMQr#�HH2/- #v HQQFBM;
�i �Mv iQQHb i?�i i?2 Q`B;BM�H T�T2`b `272`2M+2/X G�biHv- r2 b2�`+?2/ :QQ;H2
a+?QH�` rBi? i?2 7QHHQrBM; [m2`v, ǳU+m/� P_ QT2M+H P_ ;TmV �L. U#m;b P_
T`Q#H2Kb P_ p2`B7B+�iBQM P_ 7Q`K�HVǴX

9Xk �p�BH�#H2 bQHmiBQMb

AM i?Bb b2+iBQM r2 +QMbB/2` i?2 T`Q#H2Kb i?�i r2 /Bb+mbb2/ BM a2+iBQM j- r?2`2
r2 B/2MiB}2/ +�i2;Q`B2bX AM h�#H2 R- r2 T`QpB/2 �M Qp2`pB2r Q7 i?2 iQQHb r2
7QmM/X q2 /BbiBM;mBb? #2ir22M i?`22 ivT2b Q7 iQQHb UBMbTB`2/ #v .QM�H/bQM 2i
�HX (k9- *?�Ti2` R)V, .vM�KB+ iQQHb +?2+F 7Q` QM2 bT2+B}+ BMTmiX avK#QHB+ iQQHb
2t2+mi2 i?2 BMTmi bvK#QHB+�HHv- �HHQrBM; 7Q` KQ`2 /Bz2`2Mi T�i?b iQ #2 i2bi2/
�i QM+2X ai�iB+ iQQHb K�F2 UbQmM/V �TT`QtBK�iBQMb Q7 i?2 bQm`+2 +Q/2 �M/ rBHH
i`v iQ T`Qp2 2tBbi2M+2 Q` �#b2M+2 Q7 #m;bX q2 BM/B+�i2 B7 � iQQH +?2+Fb 7Q` /�i�
`�+2b U_�+2V- #�``B2` /Bp2`;2M+2 U"�`V- K2KQ`v T`Q#H2Kb UJ2KV- 7mM+iBQM�H +Q`@
`2+iM2bb U6mM+V Q` 2[mBp�H2M+2 U1[V- Q` B7 Bi ?2HTb rBi? bvM+?`QMBx�iBQM avM+ Q`
i?`2�/ +QM};m`�iBQM Uh?`V BM i?2 ǵaQHp2bǶ +QHmKMX qBi? ǵ�miQǵ- r2 `272` iQ i?2
/2;`22 Q7 �miQK�iBQM, Bb Bi +QKTH2i2Hv �miQK�iB+- Q` /Q2b i?2 mb2` M22/ iQ #2
BMpQHp2/ BM i?2 +?2+FBM;- 7Q` BMbi�M+2 #v r`BiBM; �MMQi�iBQMb\ h?2 *Q``X +QHmKM
BM/B+�i2b B7 i?2 iQQH +�M T`Qp2 i?2 �#b2M+2 Q7 #m;b BM +2`i�BM b2iiBM;bX q2 �HbQ
HBbi �Mv HBKBi�iBQMb Q` Qi?2` `2K�`Fb BM i?2 i�#H2X

.�i� `�+2b A/2�HHv- � iQQH BM i?Bb +�i2;Q`v `2TQ`ib 2tBbiBM; /�i� `�+2b rBi?
T`2+Bb2 /2i�BHb Q` ;m�`�Mi22b i?�i /�i� `�+2b �`2 MQi T`2b2MiX

J�Mv /vM�KB+ iQQHb �`2 T`�+iB+�H �M/ `2[mB`2 MQ K�Mm�H BMTmi- #mi /Q MQi
;m�`�Mi22 i?2 �#b2M+2 Q7 /�i� `�+2bX aQH2Hv 7Q` +?2+FBM; 7Q` � bT2+B}+ BMTmi- r2
i?BMF *l_. Bb KQbi bmBi�#H2- Bi +?2+Fb QM BMbi`m+iBQM H2p2H- i?mb +�M �HbQ #2
mb2/ 7Q` ?B;?2`@H2p2H H�M;m�;2bX PMHv i?2 �TT`Q�+? Q7 G2mM; 2i �HX (jR) ;Bp2b
bQK2 ;m�`�Mi22b 7Q` � /vM�KB+ iQQH �M/ +�M #2 mb2/ iQ ǵT`Qp2Ƕ �#b2M+2 Q7 /�i�
`�+2b 7Q` bT2+B}+ BMp�`B�Mi F2`M2HbX PM2 +�M +QK#BM2 i?Bb �TT`Q�+? rBi? Qi?2`
/vM�KB+ iQQHbX

avK#QHB+ iQQHb- bm+? �b :EG11 �M/ 1a"J*@:Sl- +�M i2bi 7Q` KQ`2 BM@
Tmi- �M/ QM2 +�M UKQbiHvV mb2 i?2K �miQK�iB+�HHv �Hi?Qm;? i?2v +�M �HbQ bmz2`
e ?iiTb,ffrrrXBrQ+HXQ`;f`2bQm`+2bfQT2M+H@HB#`�`B2b@�M/@iQQHFBibf
d ?iiTb,ff�+�/2KB+XKB+`QbQ7iX+QKf?QK2

gpuopen.com
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6Q`K�H K2i?Q/b 7Q` :S:Sl T`Q;`�KKBM;, Bb i?2 /2K�M/ K2i\ RR

h�#H2 RX Pp2`pB2r Q7 /Bz2`2Mi iQQHb r2 /Bb+mbb BM i?Bb b2+iBQMX q2 BM/B+�i2 i?2 ivT2
Q7 iQQH- i?2 T`Q#H2Kb Ur?B+? r2 +QMbB/2` BM i?Bb b2+iBQMV i?2v bQHp2- i?2 /2;`22 Q7
�miQK�iBQM U�miQXV- �Mv +Q``2+iM2bb ;m�`�Mi22b U*Q``XV Bi +�M ;Bp2- QM r?B+? H�M;m�;2b
Bi rQ`Fb- �M/ �Mv HBKBi�iBQMb �M/ Qi?2` `2K�`FbX

hQQH hvT2 aQHp2b �miQX *Q``X G�M;m�;2b GBKBi�iBQMb _2K�`Fb

P+H;`BM/ (9k) .vM�KB+
_�+2
"�`
J2K

>B;? × aSA_ aBKmH�i2b 2t2+miBQMX

*l.�
J2K+?2+F (k) .vM�KB+

_�+2
"�`
J2K

>B;? × *l.� LQ ;HQ#�H K2KQ`v 7Q`
_�+2X

:_�*1 (8j) .vM�KB+ _�+2 >B;? × *l.� LQ ;HQ#�H K2KQ`v �M/
�iQKB+b 7Q` _�+2X

G.2i2+iQ` (je) .vM�KB+ _�+2 >B;? × *l.� LQ �iQKB+b �M/ BMi`�@
r�`T +?2+Fb 7Q` _�+2X

.Q2b p�Hm2 +?2+FBM;- iQ /2i2`KBM2 � `�+2-
r?B+? KB;?i KBbb `�+2bX

>�++_: (ke) >�`/r�`2 _�+2 @ × *l.�
L22/b � ?�`/r�`2 BKTH2K2Mi�iBQM- #mi Bb MQr
bBKTHv bBKmH�i2/X *�M +?2+F }M2@;`�BM2/
bvM+?`QMBx�iBQMX

"�__�*l.� (k8) .vM�KB+ _�+2
"�` >B;? × Shs LQ BMi`�@r�`T +?2+Fb

7Q` _�+2X *�M +?2+F }M2@;`�BM2/ bvM+?`QMBx�iBQMX

*l_. (jN) .vM�KB+ _�+2
"�` >B;? × Shs 6�bi2` p2`bBQM Q7 "�__�*l.�

G2mM; 2i �HX (jR) .vM�KB+
fai�iB+ _�+2 @ ± *l.� LQ �iQKB+b

*?2+Fb QM `�+2b 7Q` QM2 BMTmi �M/ /2i2`KBM2b
B7 K2KQ`v �++2bb2b �`2 i?2 b�K2 7Q` 2�+? BMTmiX
A7 i?2v �`2 i?2 b�K2- i?Bb T`Qp2b `�+2 7`22/QK
7Q` �HH BMTmibX

�_*>1_ (Rj) .vM�KB+ _�+2 J2/BmK × PT2MJS _mMb /vM�KB+�HHv QM i?2 *Sl- MQi :Sl bT2+B}+X

Sl: (jk) ai�iB+
_�+2
"�`
6mM+

GQr ! *l.�
*�MǶi +?2+F ~Q�iBM;
TQBMi p�Hm2b 7Q` 6mM+X
PMHv �bb2`ib 7Q` 6mM+X
PMHv +?2+Fb F2`M2Hb

a+�H2b #�/Hv 7Q` +Q``2+iM2bb +?2+FBM;X *�M #2
mMbQmM/ �M/ BM+QKTH2i2X L22/b �MMQi�iBQMbX

:Slo2`B7v (Rd) ai�iB+
_�+2
"�`
6mM+

GQr ! *l.�
PT2M*G

LQ BM/B`2+i �++2bb2b
PMHv �bb2`ib 7Q` 6mM+X
PMHv +?2+Fb F2`M2Hb

L22/b �MMQi�iBQMb iQ /2�H rBi? 7�Hb2 TQbBiBp2b
7Q` `�+2bX Ab QMHv bQmM/ 7Q` bQK2 *l.� 72�im`2bX

o2`*Q`b (R3) ai�iB+
_�+2
"�`
6mM+

GQr ! PT2M*G L22/b �MMQi�iBQMb iQ T`Qp2 +Q``2+iM2bb

:EG11 (jj) avK#QHB+
_�+2
"�`
6mM+

J2/BmK × *l.�
UGGoJ@A_V

*�MǶi +?2+F ~Q�iBM;
TQBMi p�Hm2b 7Q` 6mM+X
PMHv �bb2`ib 7Q` 6mM+X

.B{+mHi iQ b+�H2 7Q` KQ`2 i?`2�/bX :2M2`�i2Ƕb
+QM+`2i2 i2bib 7Q` `�+2bX

EG11@*G (kk) avK#QHB+ _�+2
1[ J2/BmK × PT2M*G *?2+Fb 7Q` 2[mBp�H2M+2 QM bvK#QHB+ QmiTmi-

�Hi?Qm;? 7�Hb2 TQbBiBp2b �`2 TQbbB#H2 7Q` i?BbX

a1a� (j9) avK#QHB+ _�+2 >B;? ± *l.�
UGGoJ@A_

aBKBH�` iQ :EG11- #mi +QM+`2iBx2 p�Hm2b r?2M
TQbbB#H2 iQ `2/m+2 `mMiBK2bX *�M #2 bQmM/ �M/
+QKTH2i2 mM/2` bT2+B}+ +B`+mKbi�M+2bX

1a"J*@:Sl (j3) avK#QHB+
_�+2
J2K
6mM+

>B;?
J2/BmK × *l.� PMHv �bb2`ib 7Q` 6mM+X

*�M #2 `mM �miQK�iB+�HHv- #mi M22/b
�bb2`iBQMb 7Q` 7mM+iBQM�H +Q``2+iM2bb
+?2+FbX

sBM; 2i �HX (8k) ai�iB+ _�+2 >B;? ± Shs
*�M +?2+F }M2@;`�BM2/ bvM+?`QMBx�iBQMX
Ai ?�b iQ mM`QHHb HQQTb- r?B+? +�M
+�mb2 mMbQmM/M2bbX

"�M2`D22 2i �HX (R8) ai�iB+ _�+2
1[ >B;? ! PT2MJS 1[mBp�H2Mi p2`bBQM

b?QmH/ #2 bBKBH�`X
1[mBp�H2M+2 +?2+FBM; Bb bQmM/- #mi KB;?i MQi #2
TQbbB#H2 7Q` +QKTH2t T`Q;`�Kb

q16h (9d) ai�iB+ _�+2
"�` >B;? ! Shs

U*l.�V
LQ ;HQ#�H K2KQ`v �M/
�iQKB+b 7Q` _�+2X

Ai Bb #�b2/ QM � r�`T bT2+B�HBx2/ T`Q;`�KKBM;
KQ/2HX Ai +�M QMHv p2`B7v T`Q;`�Kb r?B+?
�`2 +QKTH2i2Hv T`2/B+i�#H2- 2X;X Bi +�MMQi ?�p2
/2T2M/2M+B2b QM i?2 BMTmi 7Q` K2KQ`v HQ+�iBQMb
�M/ +QMi`QH ~QrX Ai rBHH +?2+F M�K2/ #�``B2`b-
r?B+? �`2 QMHv �++2bB#H2 pB� ShsX

*AoG (93) avK#QHB+
_�+2
1[
J2K

J2/BmK \
PT2MJS
*l.�
*?�T2H

LQ �iQKB+b
*�M mb2 i?2 H�M;m�;2b BMi2`+?�M;2�#Hv- #mi
?�b MQ bmTTQ`i 7Q` bT2+B}+ :Sl +�T�#BHBiB2bX
L22/ bQK2 �MMQi�iBQMb 7Q` +?2+FBM;X

�Hm` 2i �HX (Rk) avK#QHB+ h?` >B;? ± GGoJ@A_
U*l.�V

*�M QMHv T`Qp2 #HQ+F bBx2 BM/2T2M/2M+2 7Q`
bvM+?`QMBx�iBQM 7`22 T`Q;`�Kb

aBKmH22 (8R) .vM�KB+
._
"�`
avM+

>B;? × GGoJ@A_
U*l.�V

aBKmH�i2b � :Sl K2KQ`v KQ/2H- �M/ ;2M2`�i2b
K2KQ`v pB� 2pQHm�iBQM�`v +QKTmiBM; 7Q` BiX

o2`B+m/� (jy) ai�iB+ 6mM+ GQr ! *l.� _�+2@7`22 L22/b �MMQi�iBQMb iQ T`Qp2 +Q``2+iM2bb
�M/ +�M QMHv T`Qp2 i?Bb 7Q` `�+2@7`22 T`Q;`�KbX

7`QK HQM;2` p2`B}+�iBQM iBK2bX :Slo2`B7v Bb i?2 KQbi T`�+iB+�H bi�iB+ p2`B}2`-
�Hi?Qm;? Bi M22/b �MMQi�iBQMb iQ Qp2`+QK2 7�Hb2 TQbBiBp2bX h?2 iQQH 7`QK sBM;
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2i �HX Bb BMi2`2biBM; �M/ +?2+Fb QM BMbi`m+iBQM H2p2H- #mi mb2b HQQT mM`QHHBM;-
r?B+? K�F2b Bi mMbQmM/X Ai +QmH/ mb2 B/2�b 7`QK :Slo2`B7v- r?B+? ;2M2`�i2b
HQQT BMp�`B�MibX o2`*Q`b +�M ;Bp2 i?2 KQbi ;m�`�Mi22b #mi M22/b � b2`BQmb 2zQ`i
BM �MMQi�iBM;X 6Q` 2t�KTH2- b22 i?2 rQ`F Q7 a�7�`B 2i �HX (98)- r?B+? p2`B}2b �
T`2}t@bmK �H;Q`Bi?KX

q16h- *AoG- �`+?2`- �M/ i?2 iQQH Q7 "�M2`D22 2i �HX (R8) b2`p2 � KQ`2
bT2+B}+ Tm`TQb2- HBF2 +?2+FBM; PT2MJS Q` r�`T@bT2+B�HBb2/ T`Q;`�KbX

Pp2`�HH- K�Mv bi2Tb ?�p2 #22M K�/2 iQ p2`B7v /�i� `�+2b BM :S:Sl T`Q@
;`�KbX *?2+FBM; QM BMbi`m+iBQM H2p2H Bb � ;QQ/ B/2� bBM+2 Qi?2` T`Q;`�KKBM;
H�M;m�;2b #2M2}i 7`QK i?Bb �b r2HHX q2 �HbQ i?BMF i?2`2 �`2 T`QT2` bi2Tb K�/2
iQ +?2+F 7Q` }M2@;`�BM2/ bvM+?`QMBb�iBQM �M/ K2KQ`v 72M+2b r?B+? QM2 M22/
7Q` i?Bb FBM/ Q7 bvM+?`QMBb�iBQM U2X;X- "�__�*l.� +?2+Fb QM i?BbVX 6`QK i?2
#2M+?K�`Fb i?�i i?2 �mi?Q`b Q7 i?2 iQQHb +QMbB/2`- Bi b22Kb iQ #2 +H2�` i?Qm;?
i?�i i?2`2 Bb MQ iQQH i?�i �Hr�vb /2i2+ib Q` T`Qp2b i?2 �#b2M+2 Q7 /�i� `�+2bX
�HbQ- 2�+? �mi?Q` mb2b � /Bz2`2Mi b2i Q7 #2M+?K�`FbX Ai rQmH/ #2 BMi2`2biBM; iQ
i2bi �HH i?2 K2MiBQM2/ iQQHb rBi? i?2 #2M+?K�`F bmBi2 +`2�i2/ #v i?2 rQ`F Q7
a+?KBix 2i �HX (9e)- 7Q` � 7�B` +QKT�`BbQM #2ir22M iQQHbX

J2KQ`v #m;b >2`2 r2 HQQF 7Q` bQHmiBQMb 7Q` i?2 +�i2;Q`B2b, ǵK2KQ`v #m;Ƕ- ǵQmi
Q7 #QmM/bǶ �M/ ǵK2KQ`v i`�Mb72` #m;ǶX h?mb- iQQHb b?QmH/ +?2+F i?�i K2KQ`v
�//`2bb2b r?B+? �`2 �++2bb2/ �`2 p�HB/ �M/ BMBiB�HBb2/X

*l.�@J1J*>1*E /2i2+ib i?2 �#Qp2 2``Q`b /vM�KB+�HHv 7Q` *l.�X h?2
P*G;`BM/ iQQH /Q2b i?2 b�K2 7Q` PT2M*GX 1a"J*@:Sl p2`B}2b QM BM/2t Qmi Q7
#QmM/bX *AoG +?2+Fb QM �``�v BM/2t@Qmi@Q7 #QmM/bX h?2b2 iQQHb +�M �HbQ +?2+F
7Q` K2KQ`v H2�FbX

6Q` i?2b2 K2KQ`v Bbbm2b- r2 b22 �M QTTQ`imMBiv iQ +?2+F QM i?2 BMbi`m+iBQM
H2p2HX h?2 /vM�KB+ iQQHb b22K iQ +Qp2` i?2 T`QT2`iB2b Q7 BMi2`2bib- #mi i?Bb Bb
MQi v2i i?2 +�b2 7Q` i?2 UbvK#QHB+V p2`B}+�iBQM iQQHbX 6Q` BMbi�M+2- Bi Bb mM+H2�`
B7 1a"J*@:Sl +?2+Fb QM �++2bbBM; mMBMBiB�HBb2/ K2KQ`vX G�biHv- QMHv o2`*Q`b
+QmH/ ;m�`�Mi22 +Q``2+iM2bb 7Q` i?2 ǵQmi Q7 #QmM/bǶ Bbbm2b- #mi Bi rBHH QMHv +?2+F
F2`M2Hb- MQi ?Qbi +Q/2 �M/ M22/b �MMQi�iBQMbX

"�``B2`b � bvM+?`QMBx�iBQM "�``B2` /Bp2`;2M+2 Bb �HbQ � bQm`+2 Q7 #m;b- r?B+?
+�M #2 p2`B}2/ #v :Slo2`B7v �M/ :EG11X *l.�@J1J*>1*E /2i2+ib i?Bb
/vM�KB+�HHvX �MQi?2` BMi2`2biBM; iQTB+- r?B+? +�M ?2HT /2p2HQT2`b rBi? ǵbvM@
+?`QMBb�iBQMǶ- Bb TH�+BM; #�``B2`b �miQK�iB+�HHv Q` MQiB7vBM; i?2 mb2` �#Qmi mM@
M2+2bb�`v #�``B2`bX h?2 aBKmH22 iQQH +?2+Fb 7Q` i?2 H�ii2`- #mi MQ iQQH �//`2bb2/
i?2 7Q`K2` iQ i?2 #2bi Q7 Qm` FMQrH2/;2X �miQK�iB+ #�``B2` TH�+2K2Mi +QmH/ #2
BKTH2K2Mi2/ iQ;2i?2` rBi? `�+2 +?2+F iQQHb iQ �7i2`r�`/b p2`B7v 7Q` `�+2 7`22/QKX

h?`2�/ +QM};m`�iBQM h?2 iQQH #v �Hm` 2i �HX (Rk) +�M p2`B7v B7 � bvM+?`QMBb�iBQM@
7`22 T`Q;`�K Bb #HQ+FbBx2 BM/2T2M/2Mi, /Q2b i?2 T`Q;`�K #2?�p2 i?2 b�K2 B7 i?2
MmK#2` Q7 #HQ+Fb Bb +?�M;2/- #mi i?2 iQi�H �KQmMi Q7 i?`2�/b bi�vb i?2 b�K2X
q2 i?BMF bm+? �M �TT`Q�+? +�M #2 ?2HT7mH 7Q` M2r2` T`Q;`�KK2`bX U�M/ rQmH/
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#2 � ;QQ/ T`Q;`�KKBM; bivH2 iQ #2;BM rBi?XV "v K�FBM; QM2Ƕb T`Q;`�K rQ`F
7Q` �Mv #HQ+F bBx2- Bi Bb 2�bB2` iQ QTiBKBb2X P` 2p2M #2ii2`- p2`B7v i?�i QM2Ƕb T`Q@
;`�K #2?�p2b i?2 b�K2 7Q` �Mv MmK#2` Q7 i?`2�/b3X � i?`2�/@BMp�`B�Mi T`Q;`�K
H2ib QM2 7`22Hv i`v /Bz2`2Mi i?`2�/ +QM};m`�iBQMb rBi?Qmi BMi`Q/m+BM; M2r #m;bX
h?mb- r2 b22 �M QTTQ`imMBiv 7Q` p2`B}+�iBQM iQQHb �//`2bbBM; i?BbX

.vM�KB+ S�`�HH2HBbK �b 7�` �b r2 FMQr- i?2`2 �`2 MQ iQQHb i?�i bmTTQ`i
/vM�KB+ T�`�HH2HBbK- �Hi?Qm;? r2 �`2 MQi bm`2 B7 iQQHb rQ`FBM; �i i?2 BMbi`m+iBQM
H2p2H- 2X;X "�__�*l.�- bmTTQ`i i?BbX amTTQ`i 7Q` /vM�KB+ T�`�HH2HBbK Bb i?2
}`bi bi2T iQ 2Mbm`2 i?�i � iQQH +�M +?2+F F2`M2Hb mbBM; i?Bb +QM+2TiX PM2 +�M �HbQ
+QK2 �+`Qbb M2r #m;b HBF2 /�i� `�+2b #2ir22M T�`2Mi �M/ +?BH/ F2`M2HbX aT2+B}+
iQ /vM�KB+ T�`�HH2HBbK Bb i?2 7�+i i?�i i?2`2 Bb � K�tBKmK `2+m`bBQM /2Ti? Q7
M2r F2`M2Hb �M/ � K�tBKmK MmK#2` Q7 +?BH/ F2`M2HbX � 7Q`K�H K2i?Q/b iQQH +�M
+?2+F #Qi? Q7 i?2b2 `2bi`B+iBQMbX

6mM+iBQM�H +Q``2+iM2bb o2`*Q`b (RN) �HHQrb /2/m+iBp2 +?2+FBM; Q7 7mM+iBQM�H
+Q``2+iM2bb Q7 T`Q;`�Kb- �Hi?Qm;? Bi M22/b MQM@i`BpB�H �MMQi�iBQMbX

PM � bBKBH�` p2BM- i?2 rQ`F Q7 EQDBK� 2i �HX (kN) T`QTQb2b � >Q�`2 HQ;B+ 7Q`
:Sl T`Q;`�Kb- r?B+? i?2 o2`B+m/� iQQH (jy) p2`B}2b r?2M QM2 T`QpB/2b >Q�`2
imTH2bX >Qr2p2`- i?2 H�ii2` iQQH `2[mB`2b i?�i i?2 +?2+F2/ T`Q;`�K Bb /�i� `�+2
7`22- r?B+? b?QmH/ #2 p2`B}2/ #v �MQi?2` T`Q;`�KX

1a"J*@:Sl- *AoG- :Slo2`B7v �M/ :EG11 �HHQr i?2 T`Q;`�KK2` iQ
TH�+2 �bb2`iBQMbX h?2b2 �bb2`iBQMb /Q MQi ;Bp2 +QKTH2i2 +Q``2+iM2bb #mi �HHQr
KQ`2 ~2tB#BHBiv BM +?2+FBM; +2`i�BM �bT2+ib Q7 i?2 T`Q;`�KX

q2 i?BMF o2`*Q`b ?�b TQi2MiB�H- �Hi?Qm;? i?2 M22/ 7Q` �MMQi�iBQMb K�F2b Bi
/B{+mHi iQ mb2 Qmi Q7 i?2 #QtX �M BMi2`2biBM; `2b2�`+? /B`2+iBQM Bb K�FBM; i?2
`2mb2 Q7 �MMQi�iBQMb 2�bB2` �7i2` � T`Q;`�K ?�b #22M bHB;?iHv +?�M;2/- 2X;X /m2
iQ �M QTiBKBb�iBQMX

1[mBp�H2M+2 +?2+FBM; AMbi2�/ Q7 7mHHv p2`B7vBM; � bT2+B}+�iBQM- QM2 +�M /Q
2[mBp�H2M+2 +?2+FBM;, i�F2 � UbBKTH2V- TQbbB#Hv b2[m2MiB�H- p2`bBQM Q7 � T`Q;`�K-
r?B+? vQm FMQr Bb +Q``2+i �M/ T`Qp2 i?�i � T�`�HH2H BKTH2K2Mi�iBQM Bb 2[mBp�H2MiX
h?2 *AoG iQQH +�M /Q i?BbX E�KBH 2i �HX (k3) mb2 � bBKBH�` �TT`Q�+?X h?2v
i`�Mb7Q`K 6Q`i`�M bi2M+BH +Q/2b iQ >�HB/2 U�M BK�;2 T`Q+2bbBM; .aGV- �M/ T`QQ7
7mM+iBQM�H 2[m�HBiv- r?BH2 #2BM; �#H2 iQ QTiBKBb2 i?2 T`Q;`�K BM >�HB/2 7m`i?2`X
h?2 iQQH #v "�M2`D22 2i �HX (R8) /Q2b bQK2i?BM; bBKBH�`X Ai p2`B}2b 2[mBp�H2M+2
7Q` T�`�HH2HBbBM; HQQT i`�Mb7Q`K�iBQMb 7`QK PT2MJS �M/ �HbQ p2`B}2b /�i� `�+2
7`22/QKX

9Xj _2b2�`+? /B`2+iBQMb

q2 i?BMF Km+? T`Q;`2bb ?�b �H`2�/v #22M K�/2 #v 7Q`K�H K2i?Q/b i?�i �//`2bb
K�Mv Bbbm2b i?�i /2p2HQT2`b 2M+QmMi2`X q2 K�F2 i?2 7QHHQrBM; Q#b2`p�iBQMbX
3 ?iiTb,ff/2p2HQT2`XMpB/B�X+QKf#HQ;f+m/�@T`Q@iBT@r`Bi2@7H2tB#H2@F2`M2Hb@;`B/@bi`B/2@HQQTbfX

https://developer.nvidia.com/blog/cuda-pro-tip-write-flexible-kernels-grid-stride-loops/
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AM ;2M2`�H- r2 i?BMF i?�i +?2+FBM; QM BMbi`m+iBQM H2p2H Bb p�Hm�#H2X hvTB+�HHv-
�HH :Sl T`Q;`�Kb rBHH 2p2Mim�HHv +QKTBH2 iQ i?2 BMbi`m+iBQM H2p2H- �M/ i?mb
�HHQrb i?2 iQQH iQ #2 mb2/ 7Q` KQ`2 T`Q;`�KKBM; H�M;m�;2bX

LQ p2`B}+�iBQM iQQH Bb +QKTH2i2Hv bQmM/ v2i- r?B+? KB;?i #2 BKTQbbB#H2 7Q`
i?2 7mHH ~2tB#BHBiv Q7 i?2 *l.� �M/ PT2M*G H�M;m�;2b- #mi b?QmH/ #2 i?2 ;Q�HX
hQQHb b?QmH/ bmTTQ`i �b K�Mv T`Q;`�K 72�im`2b �b TQbbB#H2 r?BH2 bi�vBM; bQmM/X
*2`i�BMHv- bBM+2 T`Q;`�KK2`b mb2 � HQi Q7 HQr@H2p2H 72�im`2b r?2M QTiBKBbBM;
+Q/2- i?Bb Bb �M �K#BiBQmb ;Q�HX

�MQi?2` i�F2 QM i?Bb Bb iQ B/2MiB7v r?B+? T�ii2`Mb �M/ T`Q;`�KKBM; 72�im`2b
�`2 bQmM/ iQ p2`B7vX h?Bb +�M ;Bp2 `Bb2 iQ � T�`iB+mH�` T`Q;`�KKBM; bivH2- r?B+?
+�M #2 2M7Q`+2/ #v � /Bz2`2Mi U/QK�BM@bT2+B}+V H�M;m�;2X

AM i?2 T�T2`b T`2b2MiBM; i?2 p�`BQmb iQQHb- i?Qb2 iQQHb �`2 +QKT�`2/ rBi?
2�+? Qi?2` iQ b?Qr i?�i 7Q` bT2+B}+ F2`M2Hb- i?2 M2r iQQH Bb- �i i?�i TQBMi BM
iBK2- i?2 #2biX Ai rQmH/ #2 #2ii2` iQ mb2 � bi�M/�`/ #2M+?K�`F bmBi2- HBF2 i?2
bmBi2 #v a+?KBix 2i �HX (9e)- r?B+? Bb mMB7Q`KHv mb2/ �M/ �//`2bb2b i?2 2``Q`b
r2 K2MiBQM BM i?Bb T�T2`X �//BiBQM�HHv- Bi b?QmH/ bmTTQ`i �HH i?2 *l.� �M/
PT2M*G 72�im`2bX h?Bb bmBi2 i?2M K�F2b Bi +H2�` r?�i 2``Q`b iQQHb +�M +?2+F �M/
r?�i T`Q;`�KKBM; 72�im`2b i?2v /Q Q` /Q MQi bmTTQ`iX 6Q` BMbi�M+2- r2 i?BMF
i?�i iQQHb i?�i /2�H rBi? }M2@;`�BM2/ bvM+?`QMBb�iBQM �`2 2bb2MiB�HX

8 _2H�i2/ qQ`F

:S:Sl T`Q#H2Kb h?2 bim/v #v qm 2i �HX (8R) Bb bBKBH�` iQ Qm` rQ`FX AMbi2�/
Q7 ai�+F Pp2`~Qr- i?2v HQQF �i QT2M bQm`+2 `2TQbBiQ`B2b QM :Bi?m# iQ +QHH2+i
*l.� #m;bX h?2v B/2MiB7v 8 `QQi +�mb2b 7Q` #m;b- r?B+? Bb +Q�`b2` i?�M Qm`
`2bmHibX q2 +�M K�i+? KQbi Q7 Qm` +�i2;Q`B2b rBi? QM2 Q7 i?2B` `QQi +�mb2bX
PMHv i?2B` ǵTQQ` TQ`i�#BHBivǶ r2 +�M MQi K�i+?- �M/ Bb KQ`2 `2H�i2/ iQ bT2+B}+
TH�i7Q`Kb Bbbm2b- r?B+? r2`2 [m2biBQMb r2 K�`F2/ �b B``2H2p�MiX �HbQ- i?2 M�im`2
Q7 ai�+F Pp2`~Qr K2�Mb r2 ?�p2 KQ`2 [m2biBQMb `2H�i2/ iQ bQH2Hv mM/2`bi�M/BM;
:Sl T`Q;`�KKBM; U2X;X ǵ"�bB+bǶ Q` ǵ>Qr iQ /Q �H;Q`Bi?KǶV �M/ �`2 MQi i?BM;b
vQm +QmH/ }M/ BM +QKKBi K2bb�;2bX "2+�mb2 Q7 i?�i `2�bQM- i?2 2t�+i MmK#2`b
QM ?Qr Q7i2M +2`i�BM Bbbm2b �`Bb2 �`2 ?�`/ iQ +QKT�`2- #mi r2 /QMǶi i?BMF i?�i
Bb iQQ BKTQ`i�MiX "Qi? Q7 i?2b2 K2i?Q/b ;Bp2 � ;QQ/ Qp2`pB2r Q7 r?�i FBM/ Q7
#m;b iQ 2tT2+i r?BHbi :S:Sl T`Q;`�KKBM;X

h?2 rQ`F Q7 .QM�H/bQM 2i �HX (R9- *?�Ti2` R) ;Bp2b �M Qp2`pB2r Q7 r?�i FBM/ Q7
+Q``2+iM2bb Bbbm2b Q++m` rBi? :S:Sl T`Q;`�KKBM; �M/ ;Bp2b � +QKT�`BbQM #2@
ir22M i?2 iQQHb :Slo2`B7v- :EG11- P+H;`BM/ �M/ *l.�@J1J*>1*EX h?2v
M�K2 7Qm` /Bz2`2Mi +Q``2+iM2bb Bbbm2b, /�i� `�+2b- r2�F K2KQ`v #2?�pBQm`b- H�+F
Q7 7Q`r�`/ T`Q;`2bb ;m�`�Mi22b �M/ ~Q�iBM; TQBMi �++m`�+vX P7 i?2b2 Bbbm2b- r2
?�p2 QMHv +QK2 �+`Qbb /�i� `�+2b BM Qm` bim/vX q2 i?BMF i?2 Qi?2` Bbbm2b �`2 KQ`2
T�`iB+mH�` 7Q` 2tT2`B2M+2/ mb2`b- �M/ H2bb bQ 7Q` MQpB+2 mb2`bX �b K2MiBQM2/ #2@
7Q`2- r2 i?BMF ai�+F Pp2`~Qr �ii`�+ib KQbiHv MQpB+2 mb2`bX h?2 i�tQMQKv K�/2
#v .QM�H/bQM 2i �HX Q7 i?2 +QMbB/2`2/ iQQHb BMbTB`2/ i?2 +m``2Mi rQ`F- �Hi?Qm;?
r2 +QMbB/2` � rB/2` `�M;2 Q7 iQQHb Qp2`�HHX
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ai�+F Pp2`~Qr bim/B2b h?2`2 r2`2 K�Mv Qi?2` bim/B2b T2`7Q`K2/ QM ai�+F
Pp2`~Qr +QM+2`MBM; Qi?2` bm#D2+ib- 7Q` 2t�KTH2 +QM+m``2M+v (9R-N) KQ#BH2 /2@
p2HQTK2Mi (99) �M/ K�+?BM2 H2�`MBM; (kd)X AM (9R-N-99) iQTB+ KQ/2HHBM; Bb mb2/ iQ
+�i2;Q`Bx2 �HH i?2 [m2biBQMbX q2 +?Qb2 iQ MQi mb2 iQTB+ KQ/2HBM;- bBM+2 r2 i?BMF
i?�i r2 +�M K�F2 � }M2` bm#/BpBbBQM Q7 i?2 +�i2;Q`B2b rBi? QT2M +�`/ bQ`iBM;X AM
(kd) bQK2i?BM; KQ`2 `2H�i2/ iQ Qm` rQ`F r�b /QM2- #mi 2tT2`ib T`2@/2i2`KBM2/
i?2 +�i2;Q`B2bX AM Qm` +�b2 i?2 ;Q�H r�b iQ /Bb+Qp2` T`Q#H2Kb- i?2`27Q`2 Bi K�F2b
MQ b2Mb2 iQ T`2@/2i2`KBM2 i?2 +�i2;Q`B2bX

e .Bb+mbbBQM

AM i?Bb rQ`F- r2 b?Qr2/ i?2 T`Q#H2Kb :S:Sl T`Q;`�KK2`b bi`m;;H2 rBi?-
r?BH2 T`Q;`�KKBM; 7Q` i?2 :Sl mbBM; PT2M*G Q` *l.�X q2 b22 i?�i K2K@
Q`v- bvM+?`QMBx�iBQM- i?`2�/b �M/ T2`7Q`K�M+2 �`2 2bb2MiB�H iQTB+b 7Q` :S:Sl
T`Q;`�KKBM;X L2ti- r2 HQQF2/ �i U7Q`K�H K2i?Q/V iQQHb �M/ ?Qr i?2v �/@
/`2bb i?2 +Q``2+iM2bb Bbbm2b r2 7QmM/X AM ;2M2`�H- i?2 `2b2�`+? +QKKmMBiv �/@
/`2bb2b KQbi T`Q#H2Kb- #mi r2 B/2MiB}2/ b2p2`�H BMi2`2biBM; `2b2�`+? /B`2+iBQMbX
h?2 /�i� mb2/ 7Q` i?2 +�i2;Q`Bx�iBQM rBi? +�`/ bQ`iBM; Bb �p�BH�#H2 ?2`2, ?iiTb,
ff;Bi?m#X+QKfb�F2?Hfai�+FPp2`7HQr@:Sl@Zm2biBQMbX

�+FMQrH2/;2K2Mib q2 r�Mi iQ i?�MF C�M J�`i2Mb 7Q` ?Bb ?2HT rBi? i?2 +�`/
bQ`iBM;X

_272`2M+2b

RX o�H;`BM/X ?iiTb,ffp�H;`BM/XQ`;f/Q+bfK�Mm�Hf?;@K�Mm�HX?iKH
kX *l.�@J1J*>1*EX ?iiTb,ff/Q+bXMpB/B�X+QKf+m/�f+m/�@K2K+?2+F UCmM kykyV
jX *l.� S`Q;`�KKBM; :mB/2X ?iiT,ff/Q+bXMpB/B�X+QKf+m/�f+m/�@+@T`Q;`�KKBM;@

;mB/2f UCmH kykyV
9X *l.� hQQHFBiX ?iiTb,ff/2p2HQT2`XMpB/B�X+QKf+m/�@iQQHFBi UCmM kykyV
8X PT2M�**X ?iiTb,ffrrrXQT2M�++XQ`;f UCmM kykyV
eX PT2M*GX ?iiTb,ffrrrXF?`QMQbXQ`;f UCmM kykyV
dX S�`�HH2H h?`2�/ 1t2+miBQM Aa� o2`bBQM dXyX ?iiT,ff/Q+bXMpB/B�X+QKf+m/�fT�`�HH2H@

i?`2�/@2t2+miBQMfBM/2tX?iKH UCmH kykyV
3X aSA_ @ h?2 AM/mbi`v PT2M ai�M/�`/ AMi2`K2/B�i2 G�M;m�;2 7Q` S�`�HH2H *QKTmi2

�M/ :`�T?B+bX ?iiTb,ffrrrXF?`QMQbXQ`;fbTB`f UCmH kykyV
NX �?K2/- aX- "�;?2`x�/2?- JX, q?�i /Q +QM+m``2M+v /2p2HQT2`b �bF �#Qmi\ � H�`;2@

b+�H2 bim/v mbBM; bi�+F Qp2`~QrX AM, S`Q+22/BM;b Q7 i?2 Rki? �*JfA111 AMi2`M�@
iBQM�H avKTQbBmK QM 1KTB`B+�H aQ7ir�`2 1M;BM22`BM; �M/ J2�bm`2K2MiX TTX RĜRyX
1a1J ǶR3- �bbQ+B�iBQM 7Q` *QKTmiBM; J�+?BM2`v- PmHm- 6BMH�M/ UP+i kyR3V

RyX �H;H�p2- CX- "�iiv- JX- .QM�H/bQM- �X6X- :QT�H�F`Bb?M�M- :X- E2i2K�- CX- SQ2ixH-
.X- aQ`2Mb2M- hX- qB+F2`bQM- CX, :Sl *QM+m``2M+v, q2�F "2?�pBQm`b �M/ S`Q@
;`�KKBM; �bbmKTiBQMbX AM, S`Q+22/BM;b Q7 i?2 hr2MiB2i? AMi2`M�iBQM�H *QM72`2M+2
QM �`+?Bi2+im`�H amTTQ`i 7Q` S`Q;`�KKBM; G�M;m�;2b �M/ PT2`�iBM; avbi2Kb @
�aSGPa ǶR8X TTX 8ddĜ8NRX �*J S`2bb- Abi�M#mH- hm`F2v UkyR8V

https://github.com/sakehl/StackOverflow-GPU-Questions
https://github.com/sakehl/StackOverflow-GPU-Questions


Re GX "X p�M /2M >��F- �X qBDb- JX p�M /2M "`�M/- �M/ JX >mBbK�M

RRX �Hm`- _X- .2pB2iiB- CX- L�p�``Q G2BD�- PXaX- aBM;?�MB�- LX, :Sl.`�MQ, .2i2+iBM;
lM+Q�H2b+2/ �++2bb2b BM :Sl S`Q;`�KbX AM, J�DmK/�`- _X- EmMÍ�F- oX U2/bXV
*QKTmi2` �B/2/ o2`B}+�iBQMX pQHX Ry9ke- TTX 8ydĜ8k8 UkyRdV

RkX �Hm`- _X- .2pB2iiB- CX- aBM;?�MB�- LX, "HQ+F@aBx2 AM/2T2M/2M+2 7Q` :Sl S`Q;`�KbX
AM, SQ/2HbFB- �X U2/XV ai�iB+ �M�HvbBb- pQHX RRyyk- TTX RydĜRkeX aT`BM;2` AMi2`M�@
iBQM�H Sm#HBb?BM;- *?�K UkyR3V

RjX �ix2MB- aX- :QT�H�F`Bb?M�M- :X- _�F�K�`B+- wX- �?M- .X>X- G�;mM�- AX- a+?mHx- JX-
G22- :XGX- S`Qix2- CX- JmHH2`- JXaX, �_*>1_, 1z2+iBp2Hv aTQiiBM; .�i� _�+2b BM
G�`;2 PT2MJS �TTHB+�iBQMbX AM, kyRe A111 AMi2`M�iBQM�H S�`�HH2H �M/ .Bbi`B#mi2/
S`Q+2bbBM; avKTQbBmK UAS.SaVX TTX 8jĜekX A111- *?B+�;Q- AG- la� UJ�v kyReV

R9X �x�/- >XaX, �/p�M+2b BM :Sl _2b2�`+? �M/ S`�+iB+2X JQ`;�M E�m7K�MM Sm#HBb?@
2`b AM+X- a�M 6`�M+Bb+Q- *�- la�- Rbi 2/MX UkyReV

R8X "�M2`D22- EX- "�M2`D22- aX- a�`F�`- aX, .�i�@`�+2 /2i2+iBQM, h?2 KBbbBM; TB2+2 7Q`
�M 2M/@iQ@2M/ b2K�MiB+ 2[mBp�H2M+2 +?2+F2` 7Q` T�`�HH2HBxBM; i`�Mb7Q`K�iBQMb Q7
�``�v@BMi2MbBp2 T`Q;`�KbX AM, S`Q+22/BM;b Q7 i?2 j`/ �*J aA:SG�L AMi2`M�iBQM�H
qQ`Fb?QT QM GB#`�`B2b- G�M;m�;2b- �M/ *QKTBH2`b 7Q` �``�v S`Q;`�KKBM;X TTX RĜ
3X �__�u kyRe- �bbQ+B�iBQM 7Q` *QKTmiBM; J�+?BM2`v- a�Mi� "�`#�`�- *�- la�
UCmM kyReV

ReX "�m2`- JX- *QQF- >X- E?�BH�Mv- "X, *m/�.J�, PTiBKBxBM; :Sl K2KQ`v #�M/@
rB/i? pB� r�`T bT2+B�HBx�iBQMX AM, S`Q+22/BM;b Q7 kyRR AMi2`M�iBQM�H *QM72`2M+2
7Q` >B;? S2`7Q`K�M+2 *QKTmiBM;- L2irQ`FBM;- aiQ`�;2 �M/ �M�HvbBb QM @ a* ǶRRX
TX RX �*J S`2bb- a2�iiH2- q�b?BM;iQM UkyRRV

RdX "2iib- �X- *?QM;- LX- .QM�H/bQM- �X- Z�/22`- aX- h?QKbQM- SX, :Slo2`B7v, �
o2`B}2` 7Q` :Sl E2`M2HbX AM, S`Q+22/BM;b Q7 i?2 �*J AMi2`M�iBQM�H *QM72`2M+2 QM
P#D2+i P`B2Mi2/ S`Q;`�KKBM; avbi2Kb G�M;m�;2b �M/ �TTHB+�iBQMbX TTX RRjĜRjkX
PPSaG� ǶRk- �*J- L2r uQ`F- Lu- la� UkyRkV

R3X "HQK- aX- >mBbK�M- JX, h?2 o2`*Q`b hQQH 7Q` o2`B}+�iBQM Q7 *QM+m``2Mi S`Q;`�KbX
AM, S`Q+22/BM;b Q7 i?2 RNi? AMi2`M�iBQM�H avKTQbBmK QM 6Q`K�H J2i?Q/b- 6J
kyR9X TTX RkdĜRjRX aT`BM;2` UJ�v kyR9V

RNX "HQK- aX- >mBbK�M- JX- JB?2HÍBÉ- JX, aT2+B}+�iBQM �M/ p2`B}+�iBQM Q7 :S:Sl
T`Q;`�KbX a+B2M+2 Q7 *QKTmi2` S`Q;`�KKBM; N8- jdeĜj33 U.2+ kyR9V

kyX *?�F`�p�`iv- JXJXhX- E2HH2`- :X- G22- aX- J+.QM2HH- hXGX- :`Qp2`- oX, �++2H2`�iBM;
>�bF2HH �``�v +Q/2b rBi? KmHiB+Q`2 :SlbX AM, .�JS ǶRR, h?2 ei? qQ`Fb?QT QM
.2+H�`�iBp2 �bT2+ib Q7 JmHiB+Q`2 S`Q;`�KKBM;X �*J UC�M kyRRV

kRX *?B�M;- qX6X- :QT�H�F`Bb?M�M- :X- GB- :X- _�F�K�`BÉ- wX, 6Q`K�H �M�HvbBb Q7 :Sl
S`Q;`�Kb rBi? �iQKB+b pB� *QM~B+i@.B`2+i2/ .2H�v@"QmM/BM;X AM, >mi+?BbQM- .X-
E�M�/2- hX- EBiiH2`- CX- EH2BM#2`;- CXJX- J�ii2`M- 6X- JBi+?2HH- CX*X- L�Q`- JX-
LB2`bi`�bx- PX- S�M/m _�M;�M- *X- ai2z2M- "X- am/�M- JX- h2`xQTQmHQb- .X- hv;�`-
.X- o�`/B- JXuX- q2BFmK- :X- "`�i- :X- _mM;i�- LX- o2M2i- �X U2/bXV L�a� 6Q`K�H
J2i?Q/b- pQHX d3dR- TTX kRjĜkk3X aT`BM;2` "2`HBM >2B/2H#2`;- "2`HBM- >2B/2H#2`;
UkyRjV

kkX *QHHBM;#Qm`M2- SX- *�/�`- *X- E2HHv- SX>XCX, avK#QHB+ h2biBM; Q7 PT2M*G *Q/2X AM,
>mi+?BbQM- .X- E�M�/2- hX- EBiiH2`- CX- EH2BM#2`;- CXJX- J�ii2`M- 6X- JBi+?2HH- CX*X-
L�Q`- JX- LB2`bi`�bx- PX- S�M/m _�M;�M- *X- ai2z2M- "X- am/�M- JX- h2`xQTQmHQb-
.X- hv;�`- .X- o�`/B- JXuX- q2BFmK- :X- 1/2`- EX- GQm`2MÏQ- CX- a?2?Q`v- PX U2/bXV
>�`/r�`2 �M/ aQ7ir�`2, o2`B}+�iBQM �M/ h2biBM;- pQHX dkeR- TTX kyjĜkR3X aT`BM;2`
"2`HBM >2B/2H#2`;- "2`HBM- >2B/2H#2`; UkyRkV

kjX *QHHBM;#Qm`M2- SX- *�/�`- *X- E2HHv- SX>X, avK#QHB+ *`Qbb+?2+FBM; Q7 .�i�@S�`�HH2H
6HQ�iBM;@SQBMi *Q/2X A111 h`�MbX aQ7irX 1M;X 9yUdV- dRyĜdjd UCmH kyR9V



6Q`K�H K2i?Q/b 7Q` :S:Sl T`Q;`�KKBM;, Bb i?2 /2K�M/ K2i\ Rd

k9X .QM�H/bQM- �X6X- E2i2K�- CX- aQ`2Mb2M- hX- qB+F2`bQM- CX, 6Q`r�`/ S`Q;`2bb QM
:Sl *QM+m``2M+v UAMpBi2/ h�HFVX AM, J2v2`- _X- L2biK�MM- lX U2/bXV k3i? AMi2`@
M�iBQM�H *QM72`2M+2 QM *QM+m``2M+v h?2Q`v U*PL*l_ kyRdVX G2B#MBx AMi2`M�@
iBQM�H S`Q+22/BM;b BM AM7Q`K�iB+b UGASA+bV- pQHX 38- TTX R,RĜR,RjX a+?HQbb .�;bim?HĜ
G2B#MBx@w2Mi`mK 7m2` AM7Q`K�iBF- .�;bim?H- :2`K�Mv UkyRdV

k8X 1Bx2M#2`;- �X- S2M;- uX- SB;HB- hX- J�MbFv- qX- .2pB2iiB- CX, "�__�*l.�,
"BM�`v@H2p2H �M�HvbBb Q7 `mMiBK2 _�+2b BM *l.� T`Q;`�KbX AM, S`Q+22/BM;b Q7
i?2 j3i? �*J aA:SG�L *QM72`2M+2 QM S`Q;`�KKBM; G�M;m�;2 .2bB;M �M/ AK@
TH2K2Mi�iBQMX TTX RkeĜR9yX SG.A kyRd- �bbQ+B�iBQM 7Q` *QKTmiBM; J�+?BM2`v-
"�`+2HQM�- aT�BM UCmM kyRdV

keX >QH2v- �X- J2FF�i- oX- w?�B- �X, >�++_:, >�`/r�`2@�++2H2`�i2/ .�i� _�+2 .2@
i2+iBQM BM :SlbX AM, kyRj 9kM/ AMi2`M�iBQM�H *QM72`2M+2 QM S�`�HH2H S`Q+2bbBM;X
TTX eyĜeNX A111- GvQM UP+i kyRjV

kdX AbH�K- JXCX- L;mv2M- >X�X- S�M- _X- _�D�M- >X, q?�i .Q .2p2HQT2`b �bF �#Qmi
JG GB#`�`B2b\ � G�`;2@b+�H2 aim/v lbBM; ai�+F Pp2`~QrX �`sBpRNyeRRN9y *b
UCmM kyRNV

k3X E�KBH- aX- *?2mM;- �X- Aix?�Fv- aX- aQH�`@G2x�K�- �X, o2`B}2/ HB7iBM; Q7 bi2M+BH +QK@
Tmi�iBQMbX AM, S`Q+22/BM;b Q7 i?2 jdi? �*J aA:SG�L *QM72`2M+2 QM S`Q;`�K@
KBM; G�M;m�;2 .2bB;M �M/ AKTH2K2Mi�iBQMX TTX dRRĜdkeX SG.A ǶRe- �bbQ+B�iBQM
7Q` *QKTmiBM; J�+?BM2`v- a�Mi� "�`#�`�- *�- la� UCmM kyReV

kNX EQDBK�- EX- A;�`�b?B- �X, � >Q�`2 GQ;B+ 7Q` :Sl E2`M2HbX �*J h`�Mb *QKTmi
GQ;X R3URV- j,RĜj,9j U62# kyRdV

jyX EQDBK�- EX- AK�MBb?B- �X- A;�`�b?B- �X, �miQK�i2/ o2`B}+�iBQM Q7 6mM+iBQM�H *Q`@
`2+iM2bb Q7 _�+2@6`22 :Sl S`Q;`�KbX C �miQK _2�bQMBM; eyUjV- kdNĜkN3 UJ�`
kyR3V

jRX G2mM;- �X- :mTi�- JX- �;�`r�H- uX- :mTi�- _X- C?�H�- _X- G2`M2`- aX, o2`B7vBM;
:Sl E2`M2Hb #v h2bi �KTHB}+�iBQMX AM, SG.A kyRk UkyRkV

jkX GB- :X- :QT�H�F`Bb?M�M- :X, a+�H�#H2 aJh@#�b2/ p2`B}+�iBQM Q7 :Sl F2`M2H 7mM+@
iBQMbX AM, S`Q+22/BM;b Q7 i?2 1B;?i22Mi? �*J aA:aP6h AMi2`M�iBQM�H avKTQbBmK
QM 6QmM/�iBQMb Q7 aQ7ir�`2 1M;BM22`BM; @ 6a1 ǶRyX TX R3dX �*J S`2bb- a�Mi� 62-
L2r J2tB+Q- la� UkyRyV

jjX GB- :X- GB- SX- a�r�v�- :X- :QT�H�F`Bb?M�M- :X- :?Qb?- AX- _�D�M- aXSX, :EG11,
*QM+QHB+ o2`B}+�iBQM �M/ h2bi :2M2`�iBQM 7Q` :SlbX AM, S`Q+22/BM;b Q7 i?2 Rdi?
�*J aA:SG�L avKTQbBmK QM S`BM+BTH2b �M/ S`�+iB+2 Q7 S�`�HH2H S`Q;`�KKBM;X
TTX kR8Ĝkk9X SSQSS ǶRk- �*J- L2r uQ`F- Lu- la� UkyRkV

j9X GB- SX- GB- :X- :QT�H�F`Bb?M�M- :X, S`�+iB+�H avK#QHB+ _�+2 *?2+FBM; Q7 :Sl
S`Q;`�KbX AM, a* ǶR9, S`Q+22/BM;b Q7 i?2 AMi2`M�iBQM�H *QM72`2M+2 7Q` >B;? S2`@
7Q`K�M+2 *QKTmiBM;- L2irQ`FBM;- aiQ`�;2 �M/ �M�HvbBbX TTX RdNĜRNy ULQp kyR9V

j8X GB- SX- .BM;- *X- >m- sX- aQv�i�- hX, G.2i2+iQ`, � GQr Pp2`?2�/ _�+2 .2i2+iQ`
6Q` :Sl S`Q;`�Kb TX e

jeX GB- SX- >m- sX- *?2M- .X- "`Q+F- CX- GmQ- >X- w?�M;- 1XwX- .BM;- *X, G., GQr@
Pp2`?2�/ :Sl _�+2 .2i2+iBQM qBi?Qmi �++2bb JQMBiQ`BM;X �*J h`�MbX �`+?BiX
*Q/2 PTiBKX R9URV- RĜk8 U�T` kyRdV

jdX J2MxB2b- hX- qBHHB�Kb- GX- wBKK2`K�MM- hX, S2`bT2+iBp2b QM .�i� a+B2M+2 7Q` aQ7i@
r�`2 1M;BM22`BM;X JQ`;�M E�m7K�MM Sm#HBb?2`b AM+X- a�M 6`�M+Bb+Q- *�- la�- Rbi
2/MX UkyReV

j3X JQMi2B`Q- 6X_X- /� aX �Hp2b- 1X>X- aBHp�- AXaX- AbK�BH- >XAX- *Q`/2B`Q- GX*X- /2 GBK�
6BH?Q- 1X"X, 1a"J*@:Sl � +QMi2ti@#QmM/2/ KQ/2H +?2+FBM; iQQH iQ p2`B7v *l.�
T`Q;`�KbX a+B2M+2 Q7 *QKTmi2` S`Q;`�KKBM; R8k- ejĜeN UC�M kyR3V



R3 GX "X p�M /2M >��F- �X qBDb- JX p�M /2M "`�M/- �M/ JX >mBbK�M

jNX S2M;- uX- :`Qp2`- oX- .2pB2iiB- CX, *l_., � /vM�KB+ *l.� `�+2 /2i2+iQ`X AM,
S`Q+22/BM;b Q7 i?2 jNi? �*J aA:SG�L *QM72`2M+2 QM S`Q;`�KKBM; G�M;m�;2
.2bB;M �M/ AKTH2K2Mi�iBQMX TTX jNyĜ9yjX SG.A kyR3- �bbQ+B�iBQM 7Q` *QKTmiBM;
J�+?BM2`v- S?BH�/2HT?B�- S�- la� UCmM kyR3V

9yX S2`2B`�- SX- �H#m[m2`[m2- >X- J�`[m2b- >X- aBHp�- AX- *�`p�H?Q- *X- *Q`/2B`Q- GX-
a�MiQb- oX- 62``2B`�- _X, o2`B7vBM; *l.� T`Q;`�Kb mbBM; aJh@#�b2/ +QMi2ti@
#QmM/2/ KQ/2H +?2+FBM;X AM, S`Q+22/BM;b Q7 i?2 jRbi �MMm�H �*J avKTQbBmK QM
�TTHB2/ *QKTmiBM; @ a�* ǶReX TTX Re93ĜRe8jX �*J S`2bb- SBb�- Ai�Hv UkyReV

9RX SBMiQ- :X- hQ``2b- qX- *�biQ`- 6X, � bim/v QM i?2 KQbi TQTmH�` [m2biBQMb �#Qmi
+QM+m``2Mi T`Q;`�KKBM;X AM, S`Q+22/BM;b Q7 i?2 ei? qQ`Fb?QT QM 1p�Hm�iBQM �M/
lb�#BHBiv Q7 S`Q;`�KKBM; G�M;m�;2b �M/ hQQHb @ SG�h1�l kyR8X TTX jNĜ9eX
�*J S`2bb- SBiib#m`;?- S�- la� UkyR8V

9kX S`B+2- CX- J+AMiQb?@aKBi?- aX, P+H;`BM/, �M 2ti2MbB#H2 PT2M*G /2pB+2 bBKmH�iQ`X
AM, S`Q+22/BM;b Q7 i?2 j`/ AMi2`M�iBQM�H qQ`Fb?QT QM PT2M*G @ AqP*G ǶR8X
TTX RĜdX �*J S`2bb- S�HQ �HiQ- *�HB7Q`MB� UkyR8V

9jX _�;�M@E2HH2v- CX- "�`M2b- *X- �/�Kb- �X- S�`Bb- aX- .m`�M/- 6X- �K�`�bBM;?2- aX,
>�HB/2, � G�M;m�;2 �M/ *QKTBH2` 7Q` PTiBxBM; S�`�HH2HBbK- GQ+�HBiv- �M/ _2+QK@
Tmi�iBQM BM AK�;2 S`Q+2bbBM; SBT2HBM2bX aA:SG�L LQi 93UeV- 8RNĜ8jy UCmM kyRjV

99X _Qb2M- *X- a?B?�#- 1X, q?�i �`2 KQ#BH2 /2p2HQT2`b �bFBM; �#Qmi\ � H�`;2 b+�H2
bim/v mbBM; bi�+F Qp2`~QrX 1KTB` aQ7ir�`2 1M; kRUjV- RRNkĜRkkj UCmM kyReV

98X a�7�`B- JX- >mBbK�M- JX- PQ`irBDM- qX- CQQbi2M- aX, 6Q`K�H o2`B}+�iBQM Q7 S�`�HH2H
S`2}t amKX AM, L6J kyky UkykyV

9eX a+?KBix- �X- S`Qix2- CX- um- GX- a+?rBi�MbFB- aX- JɃHH2`- JXaX, .�i�_�+2PM�+@
+2H2`�iQ` Ĝ � JB+`Q@#2M+?K�`F amBi2 7Q` 1p�Hm�iBM; *Q``2+iM2bb hQQHb h�`;2iBM;
�++2H2`�iQ`bX AM, a+?r�`/K�MM- lX- "Q2?K2- *X- "X >2`�b- .X- *�`/2HHBMB- oX- C2�M@
MQi- 1X- a�HBb- �X- a+?B7�M2HH�- *X- J�MmK�+?m- _X_X- a+?r�K#Q`M- .X- _B++B- GX-
a�M;vQQM- PX- :`m#2`- hX- �MiQM2HHB- GX- a+Qii- aXGX U2/bXV 1m`Q@S�` kyRN, S�`�HH2H
S`Q+2bbBM; qQ`Fb?QTbX TTX k98Ĝk8dX G2+im`2 LQi2b BM *QKTmi2` a+B2M+2- aT`BM;2`
AMi2`M�iBQM�H Sm#HBb?BM;- *?�K UkykyV

9dX a?�`K�- _X- "�m2`- JX- �BF2M- �X, o2`B}+�iBQM Q7 T`Q/m+2`@+QMbmK2` bvM+?`QMBx�@
iBQM BM :Sl T`Q;`�KbX AM, S`Q+22/BM;b Q7 i?2 jei? �*J aA:SG�L *QM72`2M+2
QM S`Q;`�KKBM; G�M;m�;2 .2bB;M �M/ AKTH2K2Mi�iBQMX TTX 33ĜN3X SG.A ǶR8- �b@
bQ+B�iBQM 7Q` *QKTmiBM; J�+?BM2`v- SQ`iH�M/- P_- la� UCmM kyR8V

93X aB2;2H- aX6X- w?2M;- JX- GmQ- wX- wB`F2H- hXEX- J�`B�MB2HHQ- �XoX- 1/2M?Q7M2`- CX:X-
.rv2`- JX"X- _Q;2`b- JXaX, *AoG, h?2 +QM+m``2M+v BMi2`K2/B�i2 p2`B}+�iBQM H�M@
;m�;2X AM, S`Q+22/BM;b Q7 i?2 AMi2`M�iBQM�H *QM72`2M+2 7Q` >B;? S2`7Q`K�M+2 *QK@
TmiBM;- L2irQ`FBM;- aiQ`�;2 �M/ �M�HvbBb QM @ a* ǶR8X TTX RĜRkX �*J S`2bb-
�mbiBM- h2t�b UkyR8V

9NX aQ`2Mb2M- hX- .QM�H/bQM- �X6X, 1tTQbBM; 2``Q`b `2H�i2/ iQ r2�F K2KQ`v BM :Sl
�TTHB+�iBQMbX AM, S`Q+22/BM;b Q7 i?2 jdi? �*J aA:SG�L *QM72`2M+2 QM S`Q;`�K@
KBM; G�M;m�;2 .2bB;M �M/ AKTH2K2Mi�iBQMX TTX RyyĜRRjX SG.A ǶRe- �bbQ+B�iBQM
7Q` *QKTmiBM; J�+?BM2`v- a�Mi� "�`#�`�- *�- la� UCmM kyReV

8yX aQ`2Mb2M- hX- .QM�H/bQM- �X6X- "�iiv- JX- :QT�H�F`Bb?M�M- :X- _�F�K�`B+- wX,
SQ`i�#H2 AMi2`@rQ`F;`QmT "�``B2` avM+?`QMBb�iBQM 7Q` :Slb TX ky

8RX qm- JX- w?Qm- >X- w?�M;- GX- GBm- *X- w?�M;- uX, *?�`�+i2`BxBM; �M/ .2i2+iBM;
*l.� S`Q;`�K "m;bX �`sBpRNy8yR3jj *b UJ�v kyRNV

8kX sBM;- uX- >m�M;- "XuX- :mTi�- �X- J�HBF- aX, � 6Q`K�H AMbi`m+iBQM@H2p2H :Sl
JQ/2H 7Q` a+�H�#H2 o2`B}+�iBQMX AM, kyR3 A111f�*J AMi2`M�iBQM�H *QM72`2M+2 QM
*QKTmi2`@�B/2/ .2bB;M UA**�.VX TTX RĜ3 ULQp kyR3V

8jX w?2M;- JX- _�pB- oXhX- ZBM- 6X- �;`�r�H- :X, :_�+2, � HQr@Qp2`?2�/ K2+?�MBbK
7Q` /2i2+iBM; /�i� `�+2b BM :Sl T`Q;`�Kb TX RR
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