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�+FMQrH2/;2K2Mib

�i i?2 Qmib2i- A rQmH/ HBF2 iQ 2tT`2bb Kv ?2�`i72Hi ;`�iBim/2 iQ Kv i?2bBb �/pBbQ`

.`X J�MBb? aBM;?- r?Qb2 +QMbi�Mi ;mB/�M+2- bmTTQ`i �M/ 2M+Qm`�;2K2Mi T`Qp2/ iQ

#2 TBpQi�H /m`BM; Kv S?X.X v2�`b ?2`2X >Bb BMp�Hm�#H2 BMbB;?ib �M/ FMQrH2/;2 ?�p2

+QMi`B#mi2/ BKK2Mb2Hv iQ Kv `2b2�`+? rQ`F �M/ rBHH ?2HT K2 7m`i?2` BM Kv +�`22`

�?2�/X A �K p2`v i?�MF7mH 7Q` ?Bb iBK2 �M/ T�iB2M+2- �M/ 7Q` ?Bb K2MiQ`b?BT- r?B+?

?2HT2/ K�F2 Kv S?X.X DQm`M2v � bKQQi? �M/ 7`mBi7mH QM2X A +QmH/ MQi ?�p2 rBb?2/

7Q` � #2ii2` �/pBbQ` 7Q` Kv /Q+iQ`�H bim/vX

A rQmH/ �HbQ HBF2 iQ 2ti2M/ Kv ;`�iBim/2 iQ Kv /Q+iQ`�H +QKKBii22 K2K#2`b-

.`X oBM22i? L "�H�bm#`�K�MB�M- .`X am`v�FmK�` aX �M/ .`X J�mM2M/`� a�MF�`

.2b�`F�`- 7Q` i?2B` i?Qm;?i7mH +QKK2Mib �M/ 2M+Qm`�;2K2MiX h?2B` �/pB+2 KQiBp�i2/

K2 BM #`Q�/2MBM; Kv `2b2�`+? �M�HvbBb 7`QK KmHiBTH2 �bT2+ibX

A rQmH/ HBF2 iQ i?�MF .`X EQi�`Q E�i�QF� 7Q` ?Bb K2MiQ`b?BT �M/ bmTTQ`i BM

+�``vBM; Qmi `2b2�`+? ?2`2 �i AAh>X A �K �HbQ ;`�i27mH iQ Qi?2` T`Q72bbQ`b �i AAh> 7Q`

i?2B` p�Hm�#H2 bmTTQ`i �M/ rBb/QK, S`Q7X lX"X .2b�B- S`Q7X *X E`Bb?M� JQ?�M- .`X

"?22K�`DmM� _2//v h�KK�- �M/ .`X JX oX S�M/m`�M;� _�QX

A rQmH/ HBF2 iQ 2tT`2bb Kv ?2�`i72Hi ;`�iBim/2 iQ L�;2M/`� EmK�`- r?Q T`QpB/2/

i2+?MB+�H bmTTQ`i i?`Qm;?Qmi Kv /Q+iQ`�H bim/v �M/ r�b �HbQ � `2HB�#H2 7`B2M/X A �K

�HbQ i?�MF7mH iQ .BH22T _2//v 7Q` ?2HTBM; K2 iQ b2i mT �M/ K�BMi�BM Qm` *a1 AAh>

r2#bBi2X

h?Bb DQm`M2v rQmH/ ?�p2 #22M /B{+mHi rBi?Qmi i?2 HQp2 �M/ +�`2 Q7 Kv 7`B2M/bX A

rQmH/ HBF2 iQ i?�MF Kv H�#K�i2b 7Q` #2BM; p2`v bmTTQ`iBp2 �M/ +�`BM;, liT�H "Q`�-

a�BH�D� _�D�M�H�- .BM2b? aBM;?- a�KmDDr�H :?Qb?- L�xBH S2`p22M- a�Fb?B o�`b?M2v-

a?B`�D �`Q`�- �M/ S`�;�iB a`Bp�bi�p�- �KQM; Qi?2`bX A �K �HbQ i?�MF7mH iQ Kv 7`B2M/b

�i AAh> 7Q` i?2B` +�`2 �M/ 2KQiBQM�H bmTTQ`i, �KQH "2M/FmH2- .BHBM a?�`�7- a a�M/22T

EmK�`- E?mMD�K�vmK _2b?BF�Mi�- C�v�T`�F�b? JBb?`�- S`�p22M C�M;�K- .22T@

bBF?� *?�M;K�B- JQMBF� S2#�K- JmbmF?� "`�?K�- �MF�M� a2M- �MBM/Bi� G�?�-
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L22i?B �H2t�M/2`- LBH�MD�M� :?Qb�H- �M/ +QmMiH2bb Qi?2`bX A rQmH/ �HbQ HBF2 iQ i?�MF

Kv 7`B2M/b r?Q ?�p2 #22MƘi?2`2 iQ bmTTQ`i K2 i?`Qm;? i?2 i?B+F �M/ i?BM, >�i�KQ`B

E�xmFB- h�/�?B`Q AMQm2- JmiQ JQiQFB- L�K2B`�FT�K "m`MBb?r�`- G�BiQMD�K oBTBM-

aQMB� GQM;D�K- JBibmFB E�;Bv�K�- JBb� a?BM/Q- �M/ �vmF� J�2/�X

� bT2+B�H MQi2 Q7 i?�MFb iQ Kv 7�KBHvX A rQmH/ HBF2 iQ Qz2` Kv /22T2bi ;`�iBim/2

iQ Kv T�`2Mib- Kv #`Qi?2` �M/ Kv `2H�iBp2b 7Q` ?�pBM; 7�Bi? BM K2 /m`BM; Kv rQ`FX

A rQmH/ HBF2 iQ /2/B+�i2 i?Bb bm++2bb iQ Kv H�i2 ;`�M/KQi?2`- r?Q T�bb2/ �r�v H�bi

v2�`- #27Q`2 i?2 +QKTH2iBQM Q7 Kv /2;`22X

G�bi #mi MQi H2�bi- A rQmH/ HBF2 iQ i?�MF i?2 .BpBM2 6Q`+2 i?�i H2/ K2 iQ i?2 T�i?

Q7 Tm`bmBM; Kv S?X.X
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hQ Kv S�`2Mib- h2�+?2`b- 6�KBHv- 6`B2M/b �M/ q2HH@rBb?2`bX
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1@+QKK2`+2 Bb � TQTmH�` TH�i7Q`K 7Q` i`�/2 Q7 T`Q/m+ib �M/ b2`pB+2b i?`Qm;? i?2 AM@

i2`M2iX S`Q/m+i `2pB2rb TH�v � pBi�H `QH2 BM 2@+QKK2`+2 #v BM~m2M+BM; i?2 Tm`+?�bBM;

/2+BbBQM Q7 +mbiQK2`bX �b K�Mv T`Q/m+ib ?�p2 i?Qmb�M/b Q7 `2pB2rb- Bi Bb /B{+mHi

iQ 2tTHQ`2 �M/ 2ti`�+i mb27mH BM7Q`K�iBQM 7`QK i?2KX q2 M22/ `2pB2r 2tTHQ`�iBQM

bvbi2Kb iQ ?2HT mb2`b [mB+FHv 2tTHQ`2 �M/ +QKT`2?2M/ ?m;2 pQHmK2b Q7 `2pB2rbX h?2

+m``2Mi `2pB2r 2tTHQ`�iBQM bvbi2Kb H�+F 2z2+iBp2 K2�Mb Q7 }M/BM; `2H2p�Mi `2pB2r

�M/ bmKK�`BxBM; i?2KX AM i?Bb i?2bBb- r2 T`2b2Mi i?`22 HBKBi�iBQMb Q7 2tBbiBM; `2pB2r

2tTHQ`�iBQM bvbi2Kb �M/ T`QTQb2 bQHmiBQMb iQ �//`2bb 2�+? Q7 i?2 i?`22 HBKBi�iBQMbX

1tBbiBM; �bT2+i #�b2/ `2pB2r bmKK�`Bx�iBQM bvbi2Kb /Q MQi b?Qr i?2 b2K�MiB+

`2H�iBQMb i?�i 2tBbi #2ir22M �bT2+ib- r?B+? Bb `2[mB`2/ 7Q` T`QT2` 2tTHQ`�iBQM Q7 `2@

pB2rbX q2 �//`2bb i?Bb HBKBi�iBQM #v b?QrBM; mb2`b �M �bT2+i QMiQHQ;v i`22- r?B+? Bb

+`2�i2/ BM �M mMbmT2`pBb2/ K�MM2` 7`QK `2pB2rb- iQ b?Qr i?2 `2H�iBQMb?BT #2ir22M

�bT2+ib �M/ bm#@�bT2+ibX q2 i?2M �HHQr mb2`b iQ M�pB;�i2 `2pB2rb �++Q`/BM; iQ i?2

�bT2+ib Q7 i?2 QMiQHQ;vX

J�Mv Q7 i?2 2tBbiBM; `2pB2r 2tTHQ`�iBQM bvbi2Kb bmKK�`Bx2 `2pB2rb #v ;BpBM; �M

�p2`�;2 bi�` `�iBM; Q7 i?2 `2pB2rb- Q` #v }M/BM; i?2 MmK#2` Q7 TQbBiBp2 �M/ M2;�iBp2

`2pB2rb 7Q` 2�+? Q7 i?2 �bT2+ibX am+? bmKK�`Bx�iBQM K2i?Q/b /Q MQi b?Qr i?2 �+@

im�H QTBMBQM rQ`/b Q7 mb2`b- r?B+? Bb +`m+B�H iQ mM/2`bi�M/ r?�i Qi?2` mb2`b HBF2 Q`

/QMǶi HBF2X q2 �//`2bb i?2 T`Q#H2K Q7 bmKK�`BxBM; `2pB2rb #v +`2�iBM; BM7Q`K�iBp2

�M/ `2�/�#H2 i�;bX q2 T`2b2Mi � MQp2H mMbmT2`pBb2/ K2i?Q/ iQ ;2M2`�i2 i?2 iQT@F

QTBMBQM�i2/ i�;bX q2 �HbQ �//`2bb i?2 T`Q#H2K Q7 i�; ;2M2`�iBQM 7Q` +QH/ T`Q/m+ib-

r?B+? ?�p2 QMHv � HBKBi2/ MmK#2` Q7 `2pB2rb �M/ i?�i iQQ- rBi? p2`v HBKBi2/ +QMi2MiX

6BM�HHv- r2 bim/v i?2 T`Q#H2K Q7 bi�M+2 /2i2+iBQM BM +QKT�`�iBp2 `2pB2rb mbBM;

rQ`/@2K#2//BM;bX PMHBM2 /2#�i2 bBi2b �`2 TQTmH�` TH�i7Q`Kb 7Q` mb2`b iQ 2tT`2bb �M/

7Q`K QTBMBQMbX *QKT�`�iBp2 `2pB2rb �`2 p2`v TQTmH�` �b i?2v ;Bp2 � +QKT�`BbQM Q7

/Bz2`2Mi �bT2+ib Q7 irQ +QKT2iBM; T`Q/m+ibX ai�M/�`/ �bT2+i@#�b2/ bmKK�`Bx�iBQM
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�TT`Q�+?2b +�MMQi #2 mb2/ 7Q` +QKT�`�iBp2 `2pB2rb �b r2 M22/ iQ };m`2 Qmi i?2 i�`;2i

T`272`2M+2 Q7 2�+? Q7 i?2 �bT2+ib- r?B+? Bb Q7i2M MQi 2tTHB+BiHv �p�BH�#H2 BM i?2 `2pB2r

i2tiX q2 T`QTQb2 �M mMbmT2`pBb2/ �TT`Q�+? iQ bmKK�`Bx2 +QKT�`�iBp2 `2pB2rb #v

/2i2+iBM; i?2 bi�M+2 Q7 mb2`b 7`QK +QKT�`�iBp2 `2pB2rbX

pBBB



*QMi2Mib

.2+H�`�iBQM X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X BB

�TT`Qp�H a?22i X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X BBB

�+FMQrH2/;2K2Mib X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X Bp

�#bi`�+i X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X pBB

GBbi Q7 �##`2pB�iBQMb X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X tpBB

GBbi Q7 avK#QHb X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X R

R AMi`Q/m+iBQM R

RXR "B; .�i� BM 1@+QKK2`+2 X X X X X X X X X X X X X X X X X X X X X X X X X k

RXk _2pB2r 1tTHQ`�iBQM X X X X X X X X X X X X X X X X X X X X X X X X X X X X j

RXj *?�HH2M;2b BM _2pB2r 1tTHQ`�iBQM X X X X X X X X X X X X X X X X X X X X e

RXjXR G�+F Q7 a2K�MiB+ _2H�iBQMb?BT #2ir22M �bT2+ib X X X X X X X X e

RXjXk :2M2`�iBM; J2�MBM;7mH amKK�`v X X X X X X X X X X X X X X X X e

RXjXj JBMBM; *QKT�`�iBp2 _2pB2rb X X X X X X X X X X X X X X X X X X e

RX9 �TT`Q�+?2b X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X d

RX9XR 1tTHQ`�iBQM Q7 _2pB2rb mbBM; �bT2+i PMiQHQ;v X X X X X X X X d

RX9Xk 1tTHQ`�iBQM Q7 _2pB2rb mbBM; PTBMBQM�i2/ h�;b X X X X X X X X 3

RX9Xj lMbmT2`pBb2/ ai�M+2 .2i2+iBQM BM *QKT�`�iBp2 _2pB2rb X X X Ry

RX8 h?2bBb *QMi`B#miBQMb X X X X X X X X X X X X X X X X X X X X X X X X X X X Ry

RXe _2b2�`+? Pp2`pB2r X X X X X X X X X X X X X X X X X X X X X X X X X X X X RR

RXd P`;�MBx�iBQM Q7 i?2 h?2bBb X X X X X X X X X X X X X X X X X X X X X X X X Rk

Bt



k 1tBbiBM; avbi2Kb �M/ "�+F;`QmM/ R9

kXR .�i� 1tTHQ`�iBQM X X X X X X X X X X X X X X X X X X X X X X X X X X X X X R9

kXk S`2HBKBM�`B2b X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X Rd

kXkXR _2pB2r hvT2b X X X X X X X X X X X X X X X X X X X X X X X X X X X Rd

kXkXk S`2@T`Q+2bbBM; X X X X X X X X X X X X X X X X X X X X X X X X X X R3

kXkXj S�`i@P7@aT22+? USPaV h�;;BM; X X X X X X X X X X X X X X X X X ky

j _2H�i2/ qQ`F kR

jXR a2MiBK2Mi �M�HvbBb X X X X X X X X X X X X X X X X X X X X X X X X X X X X kR

jXk PTBMBQM qQ`/b BM a2MiBK2Mi �M�HvbBb X X X X X X X X X X X X X X X X X X kk

jXj a2MiBK2Mi G2tB+QM BM a2MiBK2Mi �M�HvbBb X X X X X X X X X X X X X X X X kj

jX9 �bT2+i@#�b2/ a2MiBK2Mi �M�HvbBb X X X X X X X X X X X X X X X X X X X X kj

jX8 �bT2+i 1ti`�+iBQM X X X X X X X X X X X X X X X X X X X X X X X X X X X X k9

jX8XR LGS #�b2/ �bT2+i 1ti`�+iBQM X X X X X X X X X X X X X X X X X X k9

jX8Xk 6`2[m2Mi h2`K@#�b2/ �bT2+i 1ti`�+iBQM X X X X X X X X X X X X k8

jX8Xj GBKBi�iBQM Q7 �bT2+i@#�b2/ amKK�`Bx�iBQM X X X X X X X X X X X k8

jXe _2pB2r pBbm�HBx�iBQM X X X X X X X X X X X X X X X X X X X X X X X X X X X ke

jXd h�; :2M2`�iBQM X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X k3

jXdXR amT2`pBb2/ h�; _2+QKK2M/�iBQM X X X X X X X X X X X X X X X X k3

jXdXk lMbmT2`pBb2/ h�; :2M2`�iBQM X X X X X X X X X X X X X X X X X X jy

jX3 JBMBM; *QKT�`�iBp2 _2pB2rb X X X X X X X X X X X X X X X X X X X X X X jR

9 1tTHQ`�iBQM Q7 _2pB2rb mbBM; �bT2+i PMiQHQ;v jj

9XR AMi`Q/m+iBQM X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X jj

9Xk S`QTQb2/ �TT`Q�+? X X X X X X X X X X X X X X X X X X X X X X X X X X X X j8

9XkXR *�M/B/�i2 �bT2+i a2i :2M2`�iBQM X X X X X X X X X X X X X X X X j3

9XkXk a+?2K�iB+ AMi2`7�+2 X X X X X X X X X X X X X X X X X X X X X X X X jN

9XkXj �bT2+i PMiQHQ;v h`22 :2M2`�iBQM X X X X X X X X X X X X X X X X 9y
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9Xj 1p�Hm�iBQM X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 8j

9XjXR 1tT2`BK2Mi�H a2imT X X X X X X X X X X X X X X X X X X X X X X X 8j

9XjXk PMiQHQ;v 1p�Hm�iBQM J2i`B+ X X X X X X X X X X X X X X X X X X X 89

9XjXj PMiQHQ;v 1p�Hm�iBQM X X X X X X X X X X X X X X X X X X X X X X X 8d

9X9 *QM+HmbBQM X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X ek

8 1tTHQ`�iBQM Q7 _2pB2rb mbBM; PTBMBQM�i2/ h�;b ej

8XR AMi`Q/m+iBQM X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X ej

8Xk h�;;BM; S`Q/m+i _2pB2rb X X X X X X X X X X X X X X X X X X X X X X X X e3

8XkXR S`Q#H2K .2}MBiBQM X X X X X X X X X X X X X X X X X X X X X X X X e3

8XkXk avbi2K �`+?Bi2+im`2 X X X X X X X X X X X X X X X X X X X X X X X dy

8XkXj :2M2`�iBM; *�M/B/�i2 h�;b X X X X X X X X X X X X X X X X X X X dR

8XkX9 _�MFBM; *�M/B/�i2 h�;b X X X X X X X X X X X X X X X X X X X X X d9

8XkX8 _2}MBM; hQT@E h�;b mbBM; avMi�+iB+ _mH2b X X X X X X X X X X X dd

8Xj 1p�Hm�iBQM X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 3y

8XjXR 1tT2`BK2Mi�H a2imT X X X X X X X X X X X X X X X X X X X X X X X 3R

8XjXk 1p�Hm�iBQM J2i`B+ X X X X X X X X X X X X X X X X X X X X X X X X 39

8XjXj _2bmHib X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 38

8X9 *QM+HmbBQM X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X NR

e lMbmT2`pBb2/ ai�M+2 .2i2+iBQM BM *QKT�`�iBp2 _2pB2rb Nk

eXR AMi`Q/m+iBQM X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X Nk

eXk S`QTQb2/ �TT`Q�+? X X X X X X X X X X X X X X X X X X X X X X X X X X X X Ne

eXkXR .�i� *H2�MbBM; X X X X X X X X X X X X X X X X X X X X X X X X X X N3

eXkXk PTBMBQM qQ`/ 1ti`�+iBQM X X X X X X X X X X X X X X X X X X X X N3

eXkXj �bT2+i@PTBMBQM S�B`BM; X X X X X X X X X X X X X X X X X X X X X NN

eXkX9 �bT2+i S`mMBM; X X X X X X X X X X X X X X X X X X X X X X X X X X NN

eXkX8 �bT2+i@SQH�`Biv J�TTBM; X X X X X X X X X X X X X X X X X X X X Ry8

tB



eXkXe �bT2+i@h�`;2i J�TTBM; X X X X X X X X X X X X X X X X X X X X X Rye

eXkXd .2i2+i ai�M+2 X X X X X X X X X X X X X X X X X X X X X X X X X X X Ry3

eXj 1p�Hm�iBQM X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X RRy

eXjXR .�i�b2i X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X RRR

eXjXk ai�M+2 S`2/B+iBQM 1p�Hm�iBQM X X X X X X X X X X X X X X X X X X RRR

eXjXj _2bmHib X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X RRj

eXjX9 �bT2+i S`mMBM; 1p�Hm�iBQM X X X X X X X X X X X X X X X X X X X RRe

eX9 *QM+HmbBQM X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X RR3

d *QM+HmbBQM RRN

dXR amKK�`v Q7 *QMi`B#miBQM X X X X X X X X X X X X X X X X X X X X X X X X RRN

dXRXR _2pB2r 1tTHQ`�iBQM mbBM; �bT2+i PMiQHQ;v X X X X X X X X X X Rky

dXRXk _2pB2r 1tTHQ`�iBQM mbBM; PTBMBQM�i2/ h�;b X X X X X X X X X X Rky

dXRXj ai�M+2 .2i2+iBQM BM *QKT�`�iBp2 _2pB2rb X X X X X X X X X X X RkR

dXk 6mim`2 qQ`F X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X Rkk

_272`2M+2b Rk9

tBB



GBbi Q7 6B;m`2b

RXR aQK2 TQTmH�` 2@+QKK2`+2 bBi2bX X X X X X X X X X X X X X X X X X X X X X k

RXk "B; .�i� BM �K�xQMX+QKX X X X X X X X X X X X X X X X X X X X X X X X X j

RXj �bT2+i@#�b2/ 2tTHQ`�iBQM BM :QQ;H2 S`Q/m+ibX X X X X X X X X X X X X X 9

RX9 �bT2+i@#�b2/ 2tTHQ`�iBQM BM "BM; a?QTTBM;X X X X X X X X X X X X X X X 8

RX8 �bT2+i �``�M;2K2Mi BM i?2 7Q`K Q7 �M QMiQHQ;vX X X X X X X X X X X X X 3

RXe �M 2t�KTH2 Q7 � +QKT�`�iBp2 `2pB2r, qBM/Qrb pb J�+X X X X X X X X X Ry

RXd _2b2�`+? Pp2`pB2rX X X X X X X X X X X X X X X X X X X X X X X X X X X X X Rk

kXR *�i2;Q`v M�pB;�iBQM BM �K�xQMX+QKX X X X X X X X X X X X X X X X X X X R8

kXk 6�+2i2/ M�pB;�iBQM BM �K�xQMX+QKX X X X X X X X X X X X X X X X X X X X Re

kXj 1t�KTH2b Q7 `2pB2r bmKK�`Bx�iBQM bvbi2KbX X X X X X X X X X X X X X X Re

kX9 �M 2t�KTH2 Q7 � bBM;H2 2MiBiv `2pB2rX X X X X X X X X X X X X X X X X X X R3

kX8 �M 2t�KTH2 Q7 � SPa i�;;2/ b2Mi2M+2X X X X X X X X X X X X X X X X X X ky

9XR a+`22Mb?Qi Q7 i?2 QMiQHQ;v@#�b2/ `2pB2r 2tTHQ`�iBQM bvbi2KX X X X X X j9

9Xk avbi2K �`+?Bi2+im`2 Q7 i?2 �bT2+i@#�b2/ `2pB2r 2tTHQ`�iBQM bvbi2KX X je

9Xj � bMBTT2i 7`QK *QM+2TiL2iǶb b2K�MiB+ M2irQ`F- b?QrBM; p�`BQmb +QM@

+2Tib `2H�i2/ iQ i?2 2MiBiv +�K2`�X X X X X X X X X X X X X X X X X X X X 9R

9X9 �M BMbi�M+2 Q7 iQTB+ /`B7iX X X X X X X X X X X X X X X X X X X X X X X X X 9k

9X8 lbBM; `2H�iBQM +H�bb iQ `2bQHp2 iQTB+ /`B7iX X X X X X X X X X X X X X X X X 9j

9Xe *QKTmiBM; Ga� b+Q`2 #2ir22M rQ`/bX X X X X X X X X X X X X X X X X X 93

tBBB



9Xd LmK#2` Q7 iQTB+ /`B7i Q#b2`p2/ #v p�`vBM; i?2 p�Hm2b Q7 α �M/ δX X X X 8R

9X3 LmK#2` Q7 MQ/2b BM i?2 QMiQHQ;v rBi? p�`vBM; p�Hm2b α �M/ δX X X X X 8k

9XN hQTB+ /`B7i 2t�KTH2bX X X X X X X X X X X X X X X X X X X X X X X X X X X X 8k

9XRy :QH/@bi�M/�`/ �bT2+i QMiQHQ;v i`22 7Q` +�K2`�X X X X X X X X X X X X X 88

9XRR �bT2+i QMiQHQ;v i`22 +`2�i2/ mbBM; i?2 a2K_ �TT`Q�+?X X X X X X X X X 8N

9XRk �bT2+i QMiQHQ;v i`22 +`2�i2/ mbBM; i?2 a2Ka �TT`Q�+?X X X X X X X X X 8N

9XRj �bT2+i QMiQHQ;v i`22 +`2�i2/ mbBM; a2K_ �TT`Q�+? QM �miQK�iB+�HHv

2ti`�+i2/ �bT2+ibX X X X X X X X X X X X X X X X X X X X X X X X X X X X X X eR

9XR9 �bT2+i QMiQHQ;v i`22 +`2�i2/ mbBM; a2Ka �TT`Q�+? QM �miQK�iB+�HHv

2ti`�+i2/ �bT2+ibX X X X X X X X X X X X X X X X X X X X X X X X X X X X X X eR

8XR aQK2 TQTmH�` TH�i7Q`Kb i?�i mb2 i�;b 7Q` BM7Q`K�iBQM B/2MiB}+�iBQM

�M/ +�i2;Q`Bx�iBQMX X X X X X X X X X X X X X X X X X X X X X X X X X X X X e9

8Xk �K�xQM ;2M2`�i2/ i�;b 7Q` � +�K2`� 7`QK `2pB2rb U�++2bb2/ QM k8XRkXkyR3VX e8

8Xj avbi2K �`+?Bi2+im`2X X X X X X X X X X X X X X X X X X X X X X X X X X X X dy

8X9 1p�Hm�iBQM Q7 iQT@F i�;b 7Q` TQTmH�` T`Q/m+ib mbBM; i?2 K2i`B+ L.*:!FX 3e

8X8 1p�Hm�iBQM Q7 iQT@F i�;b 7Q` +QH/ T`Q/m+ib mbBM; i?2 K2i`B+ L.*:!FX 33

eXR qQ`F~Qr Q7 .2#�i2 ai�M+2 *H�bbB}+�iBQM mbBM; qQ`/ 1K#2//BM;bX X Ne

eXk S`2+BbBQM +QKT�`BbQM 7Q` p�`BQmb /2#�i2 +H�bbB}+�iBQM K2i?Q/bX X X X X RR9

eXj _2+�HH +QKT�`BbQM 7Q` p�`BQmb /2#�i2 +H�bbB}+�iBQM K2i?Q/bX X X X X X RR9

eX9 6R b+Q`2 +QKT�`BbQM 7Q` p�`BQmb /2#�i2 +H�bbB}+�iBQM K2i?Q/bX X X X X RR8

tBp



GBbi Q7 h�#H2b

RXR *QKT�`BbQMb Q7 i�;b ;2M2`�i2/ 7`QK �K�xQMX+QK �M/ Qm` T`QTQb2/

�TT`Q�+?X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X N

9XR LQi�iBQMb mb2/X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X jd

9Xk *QM+2TiL2i `2H�iBQMb mb2/ 7Q` #mBH/BM; i?2 QMiQHQ;v i`22 �HQM; rBi?

i?2B` `2H�iBQM�H +H�bb �M/ T`BQ`Biv Q`/2`X ǵ>Ƕ b?Qrb BMM2` +H�bb T`BQ`Biv

Q`/2`X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 99

9Xj 1/;2 ivT2b �M/ `2H�iBQM HBbiX X X X X X X X X X X X X X X X X X X X X X X X 99

9X9 o�Hm2b Q7 i?`2b?QH/ TLSA 7Q` 2�+? i`22 H2p2H rBi? p�`vBM; p�Hm2b Q7

i?`2b?QH/ UαV �M/ /�KTBM; 7�+iQ` UδVX X X X X X X X X X X X X X X X X X X 8R

9X8 ai�iBbiB+b Q7 i?2 T`Q/m+i `2pB2r /�i�b2iX X X X X X X X X X X X X X X X X 8j

9Xe S`2+BbBQM �M/ `2+�HH Q7 i?2 T`QTQb2/ �TT`Q�+?2b rX`XiX ;QH/@bi�M/�`/

�bT2+i QMiQHQ;vX X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 83

9Xd aBKBH�`Biv #2ir22M +`2�i2/ QMiQHQ;v i`22b �M/ ;QH/@bi�M/�`/ QMiQHQ;vX 83

8XR SPa `mH2b mb2/ iQ 2M?�M+2 i?2 K2�MBM; Q7 i�;bX X X X X X X X X X X X X d3

8Xk .�i�b2i ai�iBbiB+bX X X X X X X X X X X X X X X X X X X X X X X X X X X X X 3k

8Xj 1p�Hm�iBQM Q7 i�; `2}M2K2Mi mbBM; i?2 T`2+BbBQM Q7 iQT 8y i�;bX X X X X Ny

eXR *H�bb2b Q7 B``2H2p�Mi �bT2+ib Q#i�BM2/ �7i2` �TTHvBM; i?2 bvMi�+iB+ `mH2bX Ryj

eXk �bT2+i T`mMBM; �++m`�+v �+`Qbb �HH 7Qm` /2#�i2 /�i�b2ibX X X X X X X X Ry8

eXj �bT2+i@h�`;2i U�hV T`272`2M+2 /B+iBQM�`v 2t�KTH2b X X X X X X X X X X Ryd

tp



eX9 AGS BKTH2K2Mi�iBQM 2t�KTH2 X X X X X X X X X X X X X X X X X X X X X X RRy

eX8 .2i�BHb Q7 /2#�i2 TQbi /�i�b2iX X X X X X X X X X X X X X X X X X X X X X X RRR

eXe S`2+BbBQM- _2+�HH- �M/ F1 K2�bm`2 Q7 p�`BQmb /2#�i2 +H�bbB}+�iBQM K2i?@

Q/bX X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X RRj

eXd �bT2+i T`mMBM; �++m`�+v �+`Qbb �HH 7Qm` /2#�i2 /�i�b2ibX X X X X X X X RRd

eX3 qQ`/ 2K#2//BM; bBKBH�`Biv b+Q`2 Q7 �bT2+ibX X X X X X X X X X X X X X X RR3

tpB



GBbi Q7 �##`2pB�iBQMb

�* *�M/B/�i2 �bT2+ib

�S SQTmH�` �bT2+ib

�h am#b2i Q7 �S +HQb2Hv `2H�i2/ iQ i?2 T`Q/m+i

�_1tTHQ`2` �bT2+i QMiQHQ;v #�b2/ _2pB2r 1tTHQ`2`

"._ "B/B`2+iBQM�H _2H�iBQM

"l_ "QiiQK lT _2H�iBQM

*Z� *QKKmMBiv Zm2biBQM �Mbr2`BM;

.h .2i2`KBM�Mi

6*� 6Q`K�H *QM+2Ti �M�HvbBb

FR 6mM+iBQM�H _2H�iBQM

HR >B2`�`+?B+�H _2H�iBQM

A1 AMi2`M2i 1tTHQ`2`

CC �/D2+iBp2

Ea a2K�MiB+ FMQrH2/;2 #�b2 Q#i�BM2/ mbBM; Ga�

G.� G�i2Mi .B`2+?H2i �HHQ+�iBQM

Ga� G�i2Mi a2K�MiB+ �M�HvbBb

L.*: LQ`K�HBx2/ .Bb+QmMi2/ *mKmH�iBp2 :�BM

LGS L�im`�H G�M;m�;2 S`Q;`�KKBM;

LGhE L�im`�H G�M;m�;2 hQQFEBi

LLS LQmM S?`�b2

LL LQmM

Pa PT2`�iBM; avbi2K

PqG q2# PMiQHQ;v G�M;m�;2

SJA SQBMirBb2 Jmim�H AM7Q`K�iBQM

SPa S�`i@Q7@aT22+?

_ _2H�iBQM HBbi Q#i�BM2/ 7`QK *QM+2TiL2i

tpBB



_ah _?2iQ`B+�H ai`m+im`2 h?2Q`v

_" �/p2`#

SR avMQMvK _2H�iBQM

h"_ hQT@iQ@#QiiQK _2H�iBQM

h6 h2`K 6`2[m2M+v

hL: hQTB+�H M@;`�K

hS_ h�;;BM; S`Q/m+i _2pB2rb

hl_ h�; lb27mHM2bb _�MFBM;

hP �bT2+i QMiQHQ;v i`22

o"w o2`#

tpBBB



*?�Ti2` R

AMi`Q/m+iBQM

h?2 `�TB/ 2tT�MbBQM Q7 i?2 AMi2`M2i �M/ BMi2`M2i /2pB+2b ?�p2 i`�Mb7Q`K2/ #mbBM2bb-

K�`F2ib �M/ b?QTTBM; 2tT2`B2M+2X Ai ?�b T�p2/ i?2 r�v 7Q` 2@+QKK2`+2 #v 7�+BHBi�i@

BM; ;HQ#�H i`�/2 Q7 T`Q/m+ib �M/ b2`pB+2bX 1@+QKK2`+2 BM+Hm/2b �HH #mbBM2bb2b i?�i

2KTQr2` b�H2b �M/ Tm`+?�b2 Q7 T`Q/m+ib Q` b2`pB+2b i?`Qm;? i?2 AMi2`M2iX Ai T`QpB/2b

� [mB+F- +QMp2MB2Mi �M/ HQr@+Qbi K�`F2iTH�+2- r?2`2 +mbiQK2`b +�M #mv T`Q/m+ib �M/

b2`pB+2b Dmbi #v T`2bbBM; � 72r +HB+Fb BMbi2�/ Q7 T?vbB+�HHv ;QBM; iQ i?2 K�`F2iX �/@

p�M+2K2Mib BM i2+?MQHQ;B2b bm+? �b QMHBM2 b?QTTBM; r2#bBi2b- bQ+B�H M2irQ`F b2`pB+2b-

QMHBM2 #�MFBM;- b?QTTBM; +�`i- T`Q/m+i i`�+FBM;- 2i+X- ?�p2 �B/2/ BM i?2 bm++2bb Q7

2@+QKK2`+2X

Pp2` i?2 T�bi /2+�/2- 2@+QKK2`+2 ?�b ;`QrM �i �M �p2`�;2 T�+2 Q7 RNW T2`

v2�`X 1@+QKK2`+2 �++QmMi2/ 7Q` RRXNW Q7 ;HQ#�H `2i�BH b�H2b BM kyR3 (R98)X 6B;m`2 RXR

b?Qrb bQK2 TQTmH�` 2@+QKK2`+2 bBi2b bm+? �b �K�xQMX+QK- �HB#�#�X+QK- 1#�vX+QK-

6HBTF�`iX+QK- h`BT�/pBbQ`X+QK- L2i~BtX+QK- 2i+X- 2�+? QM2 ?�pBM; KBHHBQMb Q7 mb2`b

i`�Mb�+iBM; QM � /�BHv #�bBbX

R



100 million

300 million

80 million

250 million

300 million

748 million

175 million

150 million
490 million

6 million24 million 2.5 million

6B;m`2 RXR, aQK2 TQTmH�` 2@+QKK2`+2 bBi2bX

RXR "B; .�i� BM 1@+QKK2`+2

.m2 iQ i?2 K�bbBp2 pQHmK2 Q7 BM7Q`K�iBQM �p�BH�#H2 BM 2@+QKK2`+2 bBi2b- Bi Bb /B{@

+mHi 7Q` mb2`b iQ 2tTHQ`2 �M/ }M/ i?2 `B;?i T`Q/m+iX 6B;m`2 RXk b?Qrb i?2 #B; /�i�

�bbQ+B�i2/ rBi? �K�xQMX+QK- QM2 Q7 i?2 KQbi TQTmH�` 2@+QKK2`+2 bBi2bX Ai ?�b KBH@

HBQMb Q7 mb2`b- b2HH2`b- T`Q/m+ib �M/ �++QmMib 7Q` Qp2` 0kjk #BHHBQMb rQ`i? Q7 M2i b�H2bX

�b i?2`2 �`2 KBHHBQMb Q7 T`Q/m+ib- 2@+QKK2`+2 bBi2b mb2 T`Q/m+i M�pB;�iBQM bvbi2Kb

iQ ?2HT mb2`b }M/ i?2 Bi2K Q7 i?2B` +?QB+2X S`Q/m+i M�pB;�iBQM ?�b #2+QK2 [mBi2

2�bv (Rj3) /m2 iQ p�`BQmb b2�`+? BMi2`7�+2b- bm+? �b F2vrQ`/ b2�`+?- �miQ@+QKTH2iBQM-

7�+2i2/ M�pB;�iBQM �M/ M�pB;�iBQM #v +�i2;Q`v ?B2`�`+?vX

*QMbB/2`BM; i?2 rB/2 p�`B2iv Q7 �p�BH�#H2 T`Q/m+ib �M/ b2HH2`b- mb2`b i�F2 ?2HT Q7

+mbiQK2` `2pB2rb iQ K�F2 �M BM7Q`K2/ /2+BbBQMX *mbiQK2` `2pB2rb ;2M2`�HHv +QM@

bBbi Q7 b2p2`�H HBM2b Q7 i2ti �M/ � MmK2`B+�H `�iBM;X PTBMBQM `B+? `2pB2rb T`QpB/2 �

bm#D2+iBp2 2p�Hm�iBQM Q7 i?2 T`Q/m+i #v �+iBM; �b rQ`/@Q7@KQmi? K�`F2iBM; QM i?2

r2#X _2pB2rb TH�v � pBi�H `QH2 BM BM~m2M+BM; i?2 Tm`+?�bBM; /2+BbBQM Q7 +mbiQK2`bX

k



6B;m`2 RXk, "B; .�i� BM �K�xQMX+QKX

�++Q`/BM; iQ � bim/v +QM/m+i2/ #v 6Q`#2b BM kyRe- Qp2` 33W Q7 QMHBM2 +mbiQK2`b

+QMbB/2` T`Q/m+i `2pB2r +QMi2Mib �b bB;MB}+�MiHv T�`�KQmMi (9R)X *mbiQK2` `2pB2rb

�HbQ T`QpB/2 K�`F2i BMi2HHB;2M+2 iQ K�Mm7�+im`2`bX Ai �+ib �b p�Hm�#H2 722/#�+F iQ

K�Mm7�+im`2`b �#Qmi i?2B` T`Q/m+ib �M/ i2HHb r?B+? +QKTQM2Mib i?2v M22/ iQ T�v

�ii2MiBQM iQX

RXk _2pB2r 1tTHQ`�iBQM

�Hi?Qm;? T`Q/m+i 2tTHQ`�iQ`v bvbi2Kb �`2 r2HH /2p2HQT2/- HBiiH2 rQ`F ?�b #22M /QM2

QM `2pB2r 2tTHQ`�iBQMX 1@+QKK2`+2 bBi2b T`QpB/2 #�bB+ `2pB2r M�pB;�iBQM K2+?�MBbKb

7Q` 2tTHQ`BM; `2pB2rb (RRd- RdN)X 6Q` 2t�KTH2- i?2v K�v �HHQr mb2`b iQ bQ`i `2pB2rb

#�b2/ QM `�iBM;- bQ+B�H BMi2`�+iBQM bm+? �b KQbi ?2HT7mH pQi2b- Q` iBK2 bm+? �b KQbi

`2+2Mi `2pB2rb- 2i+X aBM+2 K�Mv T`Q/m+ib ?�p2 i?Qmb�M/b Q7 `2pB2rb- Bi Bb ?�`/ iQ

2tTHQ`2 �HH Q7 i?2KX q2 i?mb M22/ `2pB2r 2tTHQ`�iBQM bvbi2Kb i?�i +�M bmKK�`Bx2

2MQ`KQmb mMbi`m+im`2/ `2pB2rb BM � bm++BM+i 7Q`K�i �M/ 2�b2 i?2 T`Q+2bb Q7 `2�/BM;

j



`2pB2rbX

6B;m`2 RXj, �bT2+i@#�b2/ 2tTHQ`�iBQM BM :QQ;H2 S`Q/m+ibX

_2+2Mi rQ`Fb ?�p2 #22M +�``B2/ Qmi QM �bT2+i@#�b2/ `2pB2r bmKK�`Bx�iBQM (Rk8)

r?2`2 �bT2+ib �M/ TQH�`Biv BM7Q`K�iBQM �`2 2ti`�+i2/ 7`QK `2pB2rbX �bT2+ib �`2

T`BK�`BHv i?2 T`Q/m+i 72�im`2b QM r?B+? mb2`b 2tT`2bb i?2B` QTBMBQMbX 6B;m`2b RXj

�M/ RX9 b?Qr i?2 �bT2+i@#�b2/ `2pB2r bmKK�`Bx�iBQM bvbi2Kb /2p2HQT2/ #v :QQ;H2

�M/ JB+`QbQ7i "BM; `2bT2+iBp2HvX 6Q` � ;Bp2M T`Q/m+i- i?2b2 bvbi2Kb b?Qr bQK2

T`QKBM2Mi �bT2+ib �M/ i?2 MmK#2` Q7 TQbBiBp2 �M/ M2;�iBp2 `2pB2rb �bbQ+B�i2/ rBi?

2�+? �bT2+iX � 72r b�KTH2 b2Mi2M+2b 7`QK `2pB2rb K�v �HbQ #2 b?QrM 7Q` 2�+? �bT2+iX

�Hi?Qm;? �bT2+i@#�b2/ `2pB2r 2tTHQ`�iBQM bvbi2Kb 2t?B#Bi T`Q/m+i �bT2+ib �M/ Qp2`�HH

TQH�`Biv- i?2v /Q MQi T`2b2Mi i?2 b2K�MiB+ `2H�iBQMb?BT #2ir22M i?2 �bT2+ibX

9



6B;m`2 RX9, �bT2+i@#�b2/ 2tTHQ`�iBQM BM "BM; a?QTTBM;X
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RXj *?�HH2M;2b BM _2pB2r 1tTHQ`�iBQM

RXjXR G�+F Q7 a2K�MiB+ _2H�iBQMb?BT #2ir22M �bT2+ib

1tBbiBM; bvbi2Kb (kR- j9) �bbmK2 T`Q/m+ib iQ ?�p2 � ~�i 2MiBiv@�bT2+i `2H�iBQMb?BTX

h?2v /Q MQi +QMbB/2` i?2 `2H�iBQMb?BT #2ir22M �bT2+ib �M/ bm#@�bT2+ib r?BH2 +`2�iBM;

�bT2+i@#�b2/ `2pB2r 2tTHQ`�iBQM bvbi2KX

lb2`b mbm�HHv ?�p2 /Bp2`b2 �bT2+i T`272`2M+2b �M/ 2�+? �bT2+i BM im`M K�v ?�p2

KmHiBTH2 `2H�i2/ �bT2+ibX 6Q` BMbi�M+2- � mb2` r?Q r�Mib iQ #mv � +�K2`� K�v #2

BMi2`2bi2/ BM ;QQ/ H2Mb [m�HBiv r?BH2 �MQi?2` mb2` K�v #2 BMi2`2bi2/ BM � HQr@T`B+2/

+�K2`�X h?2 }`bi mb2` rQmH/ #2 BMi2`2bi2/ BM `2pB2rb +QMi�BMBM; i?2 �bT2+i H2Mb r?BH2

i?2 b2+QM/ mb2` rQmH/ HBF2 iQ `2�/ `2pB2rb `2H�i2/ iQ T`B+2X �HbQ- Bi rQmH/ #2 ?2HT7mH

7Q` i?2 }`bi mb2` iQ `2�/ `2pB2rb Q7 Qi?2` �bT2+ib `2H�i2/ iQ H2Mb- bm+? �b 7Q+mb- xQQK-

b?mii2` �M/ �T2`im`2X >Qr2p2`- mb2`b K�v #2 mM�r�`2 �#Qmi i?2b2 `2H�i2/ �bT2+ib

�M/ 7m`i?2`- 2tBbiBM; bvbi2Kb /Q MQi b?Qr bm+? `2H�iBQMb?BT #2ir22M �bT2+ibX

RXjXk :2M2`�iBM; J2�MBM;7mH amKK�`v

1tBbiBM; `2pB2r bmKK�`Bx�iBQM bvbi2Kb 7Q+mb QM 2ti`�+iBM; �bT2+ib �M/ b2MiBK2Mib

7`QK `2pB2rbX >Qr2p2`- bm+? bvbi2Kb 7�BH iQ +�Tim`2 i?2 �+im�H QTBMBQM H27i #v mb2`b

iQr�`/b p�`BQmb �bT2+ibX ai�M/�`/ iQTB+ H�#2HBM; �H;Q`Bi?Kb (R9-ReR) /Q MQi T2`7Q`K

r2HH BM bmKK�`BxBM; T`Q/m+i `2pB2rbX �Hi?Qm;? i?2v T2`7Q`K r2HH BM +QMi2Mi B/2M@

iB}+�iBQM �M/ +�i2;Q`Bx�iBQM- i?2v �`2 MQi �TT`QT`B�i2 7Q` bmKK�`BxBM; `2pB2rb �b

K�Mv T`Q/m+ib ?�p2 72r `2pB2rb- K�Mv Q7 r?B+? �`2 b?Q`iX h�;b Q#i�BM2/ mbBM; iQTB+

H�#2HBM; �H;Q`Bi?Kb �`2 MQi 2�bBHv mM/2`bi�M/�#H2X

RXjXj JBMBM; *QKT�`�iBp2 _2pB2rb

J�Mv Q7 i?2 iQT ?2HT7mH `2pB2rb �`2 +QKT�`�iBp2 BM M�im`2 (k- R9j)X lb2`b 2tT`2bb

+QKT�`BbQM #2ir22M irQ QTTQbBM; i�`;2ib �M/ QTBMBQMb �`2 2tT`2bb2/ QM 2Bi?2` Q7 i?2

e



i�`;2ibX AM bm+? b2iiBM;b- Bi Bb ?�`/ iQ `2H�i2 QTBMBQMb �M/ i�`;2ibX JQbi Q7 i?2 2tBbiBM;

rQ`Fb (Rk8- Rey) 7Q+mb QM KBMBM; bBKTH2 `2pB2rb i?�i /2b+`B#2 � bBM;H2 T`Q/m+i Q` �

i�`;2i 2MiBivX h?2v /Q MQi rQ`F r2HH 7Q` +QKT�`�iBp2 `2pB2rb /m2 iQ i?2 T`2b2M+2 Q7

KmHiBTH2 i�`;2ibX

RX9 �TT`Q�+?2b

h?Bb i?2bBb 7Q+mb2b QM #mBH/BM; mb2`@7`B2M/Hv `2pB2r 2tTHQ`�iBQM bvbi2KbX AM T�`iB+mH�`-

i?`22 ivT2b Q7 `2pB2r 2tTHQ`�iBQM �`2 /Bb+mbb2/- 2�+? �//`2bbBM; i?2 +?�HH2M;2b BM i?2

T`2+2/BM; b2+iBQMX

RX9XR 1tTHQ`�iBQM Q7 _2pB2rb mbBM; �bT2+i PMiQHQ;v

PTBMBQM KBMBM; Bb i?2 T`Q+2bb Q7 2ti`�+iBM; mb2` QTBMBQMb 7`QK i2tim�H /�i� �M/

/2i2`KBMBM; i?2 TQH�`Biv Q7 2ti`�+i2/ QTBMBQMbX 1tBbiBM; rQ`Fb QM QTBMBQM KBMBM;

7Q+mb QM b2MiBK2Mi +H�bbB}+�iBQM (3e)- r?B+? +QmH/ 2Bi?2` 7Q+mb QM �M 2MiB`2 `2pB2r-

QM 2�+? b2Mi2M+2- Q` 2�+? �bT2+i K2MiBQM2/ BM i?2 `2pB2rX S�`i@Q7@bT22+? USPaV i�;b

rBi? Qi?2` LGS ;`�KK�` `mH2b (RRd- Rey) �`2 mb2/ iQ 2ti`�+i �bT2+ib �M/ QTBMBQM

rQ`/bX

� HBKBi�iBQM Q7 2tBbiBM; �TT`Q�+?2b Bb i?�i i?2 `2H�iBQMb?BT #2ir22M /Bz2`2Mi �b@

T2+ib `2K�BMb M2;H2+i2/- bm+? �b bvMQMvK �bT2+ib- ?B2`�`+?B+�H `2H�iBQMb?BTb #2ir22M

�bT2+ib- 2i+X AMbi2�/ Q7 i?2 ~�i �bT2+i bi`m+im`2 �bbmK2/ #v 2ti�Mi �TT`Q�+?2b- Bi

rQmH/ #2 #2ii2` iQ T`2b2Mi �bT2+ib BM i?2 7Q`K Q7 �M QMiQHQ;vX PMiQHQ;v `2T`2b2Mib

i?2 ?B2`�`+?B+�H Q`;�MBx�iBQM Q7 +QM+2TibX

6B;m`2 RX8 b?Qrb �M BHHmbi`�iBQM Q7 ?Qr �bT2+ib 7`QK `2pB2rb +�M #2 K�/2 mM@

/2`bi�M/�#H2 #v `2T`2b2MiBM; i?2K BM i?2 7Q`K Q7 �M QMiQHQ;vX q2 T`QTQb2 iQ #mBH/

�bT2+i QMiQHQ;v #�b2/ QM i?2 b2K�MiB+ `2H�iBQMb?BT #2ir22M i?2 �bT2+ibX h?Bb rQmH/

?2HT iQ +QKT`2?2M/ i?2 `2H�iBQMb?BT #2ir22M `2H�i2/ �bT2+ib �M/ bm#@�bT2+ibX Ai

d



6B;m`2 RX8, �bT2+i �``�M;2K2Mi BM i?2 7Q`K Q7 �M QMiQHQ;vX

rQmH/ �HbQ M�``Qr /QrM `2pB2r b2�`+? 7Q` /2bB`2/ �bT2+ib �M/ mb2`b +�M }M/ bT2+B}+

`2pB2rb #�b2/ QM � b2H2+i2/ �bT2+iX am+? `2T`2b2Mi�iBQM rQmH/ �HbQ ?2HT mb2`b ;�BM �

#2ii2` mM/2`bi�M/BM; Q7 �bT2+ib �M/ bm#@�bT2+ib Q7 � T`Q/m+iX

AM i?Bb i?2bBb- r2 T`QTQb2 � MQp2H mMbmT2`pBb2/ �TT`Q�+? iQ +`2�i2 �bT2+i QMiQHQ;v

7`QK `2pB2rbX q2 i?2M mb2 i?Bb QMiQHQ;v iQ +`2�i2 �M 2tTHQ`�iQ`v b2�`+? BMi2`7�+2

r?2`2 mb2`b +�M �++2bb `2pB2rb mbBM; i?2 T`Q/m+i �bT2+ibX lb2`b +�M pB2r `2pB2rb

i?�i i�HF �#Qmi �M �bT2+i- BM+Hm/BM; Bib bm#@�bT2+ib #v +HB+FBM; QM �Mv �bT2+i b?QrM

BM i?2 �bT2+i 1tTHQ`�iBQM T�M2HX

RX9Xk 1tTHQ`�iBQM Q7 _2pB2rb mbBM; PTBMBQM�i2/ h�;b

*m``2Mi `2pB2r bmKK�`Bx�iBQM K2i?Q/b- bm+? �b bi�` `�iBM;- b2MiBK2Mi T`2/B+iBQM-

�M/ �bT2+i bmKK�`v ;Bp2 � [m�MiBi�iBp2 2p�Hm�iBQM Q7 i?2 T`Q/m+i- #mi /Q MQi b?Qr

i?2 }M2@;`�BM2/ `2H�iBQMb?BTb #2ir22M �bT2+ib �M/ `2H2p�Mi QTBMBQM rQ`/bX �bT2+ib

�M/ QTBMBQM rQ`/b �`2 i?2 F2v BM;`2/B2Mib Q7 � `2pB2r +QMi2MiX

AM i?Bb i?2bBb- r2 T`QTQb2 iQ ;2M2`�i2 QTBMBQM�i2/ i�;b iQ bmKK�`Bx2 T`Q/m+i

`2pB2rbX lb2`@+`2�i2/ i�;b �`2 TQTmH�`Hv mb2/ 7Q` Q`;�MBxBM; �M/ bmKK�`BxBM; mb2`@
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;2M2`�i2/ +QMi2Mib /m2 iQ i?2B` bBKTHB+Biv BM BM/2tBM; �M/ 2�b2 Q7 mb2` T�`iB+BT�@

iBQMX h�;b �`2 mb2/ BM bQ+B�H M2irQ`FBM; bBi2b- bm+? �b 6�+2#QQF (jj)- hrBii2` (R8j)-

uQmhm#2 (Rd9)- 2i+X- 7Q` B/2MiB7vBM; i?2 +QMi2Mi iQTB+- bmKK�`BxBM; +QMi2Mi- BM+`2�b@

BM; pBbB#BHBiv (kj)- �M/ +QMM2+iBM; T2QTH2 rBi? � +QKKQM BMi2`2biX >Qr2p2`- mb2`b /Q

MQi T`QpB/2 i�;b r?2M i?2v r`Bi2 `2pB2rbX

h�;b ;2M2`�i2/ #v 2tBbiBM; iQTB+ H�#2HBM; �TT`Q�+?2b (R9-ReR) �`2 MQi �TT`QT`B�i2

7Q` bmKK�`BxBM; `2pB2rb �b K�Mv T`Q/m+ib ?�p2 72r `2pB2rb- � MmK#2` Q7 r?B+? �`2

b?Q`iX h�;b ;2M2`�i2/ mbBM; iQTB+ H�#2HBM; �H;Q`Bi?Kb �`2 MQi 2�bBHv mM/2`bi�M/�#H2X

h?2 ;2M2`�i2/ i�;b /Q MQi b?Qr �bT2+i �M/ QTBMBQM `2H�iBQMb?BTX q2 2ti2M/ +QMp2M@

iBQM�H iQTB+ H�#2HBM; �TT`Q�+?2b iQ ;2M2`�i2 QTBMBQM�i2/ i�;b 7`QK `2pB2rb �M/ mb2

i?2 i�;b iQ bmKK�`Bx2 +mbiQK2` `2pB2rbX

1tBbiBM; i�;b 7`QK �K�xQMX+QK S`QTQb2/ �TT`Q�+?

G2Mb *?2�T [m�HBiv H2Mb
S?QiQ :`2�i T?QiQ
*�K2`� aK�HH +�K2`�
aHQr aHQr 7Q+mb
"�ii2`v HB72 GQM; #�ii2`v HB72
G2p2H .aG_ 1Mi`v H2p2H .aG_
qB6B LQ qB6B

h�#H2 RXR, *QKT�`BbQMb Q7 i�;b ;2M2`�i2/ 7`QK �K�xQMX+QK �M/ Qm` T`QTQb2/
�TT`Q�+?X

h�#H2 RXR b?Qrb i?2 +QKT�`BbQMb Q7 i�;b b?QrM #v �K�xQMX+QK �M/ Qm` T`QTQb2/

�TT`Q�+? 7Q` � +�K2`�X q2 +�M b22 i?�i i?2 i�;b ;2M2`�i2/ #v �K�xQMX+QK �`2

KQbiHv �bT2+ib U2X;X- H2Mb- T?QiQV �M/ /Q MQi T`QpB/2 K2�MBM;7mH BM7Q`K�iBQMX PM i?2

Qi?2` ?�M/- i?2 i�;b ;2M2`�i2/ #v Qm` T`QTQb2/ �TT`Q�+? U2X;X- +?2�T [m�HBiv H2Mb-

bHQr 7Q+mbV �`2 KQ`2 BM7Q`K�iBp2 �M/ `2�/�#H2X

N



RX9Xj lMbmT2`pBb2/ ai�M+2 .2i2+iBQM BM *QKT�`�iBp2 _2@

pB2rb

J�Mv Q7 i?2 iQT ?2HT7mH `2pB2rb �`2 +QKT�`�iBp2 BM M�im`2- r?2`2 � T`Q/m+i Bb +QK@

T�`2/ rBi? �MQi?2` `Bp�H T`Q/m+iX *QKT�`�iBp2 `2pB2rb ?�p2 irQ QTTQbBM; i�`;2ib �M/

QTBMBQMb 2tT`2bb2/ QM i?2 i�`;2ibX EMQrBM; i?2 bi�M+2 Q7 mb2`b +�M BM~m2M+2 T2QTH2Ƕb

QTBMBQMb �M/ TH�v �M BKTQ`i�Mi `QH2 BM 7Q`KBM; Tm#HB+ QTBMBQM- /Bb+Qm`b2 �M�HvbBb �M/

i2ti bmKK�`Bx�iBQMX >Qr2p2`- BM bm+? b2iiBM;b- Bi Bb ?�`/ iQ `2H�i2 QTBMBQMb �M/ i�`@

;2ibX 6B;m`2 RXe b?Qrb � +QKT�`�iBp2 `2pB2r +QKT�`BM; irQ `Bp�H T`Q/m+ib, qBM/Qrb

pbX J�+X

Windows vs. Mac
“Everyone knows that Windows is the better operating system
because it has more softwares, more dev support, more everything.
Mac is like the retarded little brother who is too much pampered. It
has Wi-Fi connection problem and lacks gaming support.”

6B;m`2 RXe, �M 2t�KTH2 Q7 � +QKT�`�iBp2 `2pB2r, qBM/Qrb pb J�+X

>2`2- i?2 mb2` 2tT`2bb2b ?2` bmTTQ`i 7Q` qBM/Qrb �M/ i�HFb �#Qmi i?2 ~�rb Q7

J�+X aBM+2 i?2 mb2` r`Bi2b �#Qmi #Qi? i?2 i�`;2ib- Bi Bb /B{+mHi iQ };m`2 Qmi r?B+?

i�`;2i 2�+? �bT2+i bmTTQ`ibX �bT2+ib bm+? �b QT2`�iBM; bvbi2K- bQ7ir�`2- /2p bmTTQ`i

�`2 �bbQ+B�i2/ rBi? qBM/Qrb- r?BH2 �bT2+ib bm+? �b qB@6B +QMM2+iBQM �M/ ;�KBM;

bmTTQ`i �`2 �bbQ+B�i2/ rBi? J�+X

Ai rQmH/ #2 mb27mH iQ bmKK�`Bx2 bm+? +QKT�`�iBp2 `2pB2rb #v /2i2`KBMBM; i?2

bi�M+2 Q7 2�+? mb2`X AM i?Bb i?2bBb- r2 T`QTQb2 �M mMbmT2`pBb2/ �TT`Q�+? iQ }M/ i?2

bi�M+2 Q7 mb2`b BM +QKT�`�iBp2 `2pB2rb i?`Qm;? i?2 mb2 Q7 rQ`/ 2K#2//BM;b (NN)X

RX8 h?2bBb *QMi`B#miBQMb

h?2 K�BM +QMi`B#miBQMb Q7 i?2 /Bbb2`i�iBQM Bb bmKK�`Bx2/ �b 7QHHQrb,
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Ç q2 T`QTQb2 �M mMbmT2`pBb2/ �TT`Q�+? iQ 2ti`�+i �bT2+ib 7`QK `2pB2rb �M/

Q`;�MBx2 i?2 �bT2+ib BM i?2 7Q`K Q7 �M QMiQHQ;v i`22 #�b2/ QM b2K�MiB+ `2H�iBQM

#2ir22M i?2 �bT2+ibX � `2pB2r 2tTHQ`�iBQM bvbi2K Bb i?2M #mBHi #v �;;`2;�iBM;

i?2 `2pB2rb #�b2/ QM i?2 �bT2+ib Q7 i?2 QMiQHQ;v i`22X "v mbBM; i?Bb �bT2+i

QMiQHQ;v@#�b2/ `2pB2r 2tTHQ`�iBQM bvbi2K- mb2`b +�M bKQQi?Hv ;Q i?`Qm;? i?2

/2bB`2/ `2pB2rb rBi?Qmi ;2iiBM; Qp2`r?2HK2/ #v i?2 pQHmK2 Q7 `2pB2rbX h?2

�bT2+i QMiQHQ;v �HbQ ?2HTb mb2`b ;�BM /QK�BM FMQrH2/;2 BM +�b2 i?2v �`2 M2r

iQ i?2 T`Q/m+iX

Ç q2 T`QTQb2 � MQp2H �TT`Q�+? iQ ;2M2`�i2 � K2�MBM;7mH bmKK�`v Q7 `2pB2rb #v

K2�Mb Q7 QTBMBQM�i2/ i�;b �M/ `�MF i?2K #�b2/ QM `2H2p�M+2X q2 +?QQb2 iQT@F

i�;b i?�i +Qp2` � K�tBKmK Q7 i?2 `2pB2rb �M/ i?�i �`2 2�bBHv `2�/�#H2 #v mb2`bX

h?2 iQT@F i�;b T`2b2Mi � #B`/Ƕb 2v2 pB2r Q7 i?2 `2pB2rb �M/ ?2HT mb2`b ;2i �M

BMbi�Mi 722H �#Qmi i?2 T`Q/m+iX q2 7m`i?2` `2}M2 i?2 ;2M2`�i2/ i�;b mbBM; LGS

bvMi�+iB+ `mH2b iQ K�F2 i?2K KQ`2 BM7Q`K�iBp2X q2 �HbQ �//`2bb i?2 T`Q#H2K Q7

i�; ;2M2`�iBQM 7Q` +QH/ T`Q/m+ib- r?B+? ?�p2 QMHv � HBKBi2/ MmK#2` Q7 `2pB2rb

�M/ i?�i iQQ rBi? p2`v b?Q`i +QMi2MiX

Ç q2 bmKK�`Bx2 +QKT�`�iBp2 `2pB2rb #v /2i2`KBMBM; i?2 bi�M+2 Q7 mb2`b BM i?2B`

`2pB2r TQbibX q2 T`QTQb2 � MQp2H mMbmT2`pBb2/ �TT`Q�+? iQ }M/ i?2 i�`;2i T`27@

2`2M+2 Q7 2�+? �bT2+i BM +QKT�`�iBp2 `2pB2rb- r?B+? BM im`M ?2HTb iQ /2i2`KBM2

i?2 bi�M+2 Q7 i?2 mb2`bX q2 T`QTQb2 i?2 mb2 Q7 rQ`/ 2K#2//BM;b iQ �//`2bb i?2

T`Q#H2K Q7 B/2MiB7vBM; i?2 T`272``2/ i�`;2i Q7 2�+? �bT2+iX Pm` �TT`Q�+? /Q2b

MQi /2T2M/ QM �Mv 2ti2`M�H +Q`Tmb �M/ ?2M+2 Bb /QK�BM BM/2T2M/2MiX

RXe _2b2�`+? Pp2`pB2r

h?2 `2b2�`+? Qp2`pB2r Q7 i?Bb /Bbb2`i�iBQM Bb b?QrM BM 6B;m`2 RXdX q2 #`Q�/Hv /BpB/2

T`Q/m+i `2pB2rb BMiQ bBM;H2 2MiBiv `2pB2rb �M/ +QKT�`�iBp2 `2pB2rbX 6Q` bBM;H2 2MiBiv
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6B;m`2 RXd, _2b2�`+? Pp2`pB2rX

`2pB2rb- r2 T2`7Q`K `2pB2rb 2tTHQ`�iBQM #�b2/ QM �bT2+i QMiQHQ;v �M/ QTBMBQM�i2/

i�;bX 6Q` +QKT�`�iBp2 `2pB2rb- r2 bmKK�`Bx2 i?2 `2pB2rb #v /2i2`KBMBM; i?2 bi�M+2

Q7 mb2`bX

RXd P`;�MBx�iBQM Q7 i?2 h?2bBb

h?2 `2bi Q7 i?2 i?2bBb Bb Q`;�MBx2/ �b 7QHHQrb,

Ç *?�Ti2` k T`2b2Mib i?2 #�+F;`QmM/ Q7 /�i� 2tTHQ`�iBQM BM 2@+QKK2`+2 �M/ L�i@

m`�H G�M;m�;2 S`Q+2bbBM; ULGSVX

Ç *?�Ti2` j T`2b2Mib i?2 `2H�i2/ rQ`F QM `2pB2r 2tTHQ`�iBQM �M/ bmKK�`Bx�iBQMX

Ç *?�Ti2` 9 /Bb+mbb2b � MQp2H �bT2+i QMiQHQ;v #�b2/ `2pB2r 2tTHQ`�iBQM bvbi2K

i?�i �HHQrb mb2`b iQ pB2r `2pB2rb #�b2/ QM /2bB`2/ �bT2+ibX

Ç *?�Ti2` 8 �//`2bb2b i?2 T`Q#H2K Q7 bmKK�`BxBM; `2pB2rb #v K2�Mb Q7 BM7Q`K�@

iBp2 �M/ `2�/�#H2 i�;bX
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Ç *?�Ti2` e �//`2bb2b i?2 T`Q#H2K Q7 bmKK�`BxBM; +QKT�`�iBp2 `2pB2rb #v /2@

i2`KBMBM; i?2 bi�M+2 Q7 i?2 mb2`bX

Ç *?�Ti2` d +QM+Hm/2b i?2 i?2bBb �M/ /Bb+mbb2b b+QT2 7Q` 7mim`2 rQ`FX

Rj



*?�Ti2` k

1tBbiBM; avbi2Kb �M/ "�+F;`QmM/

AM i?Bb +?�Ti2`- r2 2tTH�BM bQK2 #�+F;`QmM/ +QM+2Tib mb2/ BM �HH Qm` rQ`FbX q2 bi�`i

rBi? i?2 #�bB+ +QM+2Ti Q7 /�i� 2tTHQ`�iBQM BM 2@+QKK2`+2 7QHHQr2/ #v #�bB+ L�im`�H

G�M;m�;2 S`Q+2bbBM; ULGSV r2 mb2 7Q` QTBMBQM KBMBM;X

kXR .�i� 1tTHQ`�iBQM

hrQ BKTQ`i�Mi +QKTQM2Mib Q7 /�i� 2tTHQ`�iBQM BM 2@+QKK2`+2 �`2 T`Q/m+i 2tTHQ`�iBQM

�M/ `2pB2r 2tTHQ`�iBQMX h?2 ;Q�H Q7 T`Q/m+i 2tTHQ`�iBQM Bb iQ 2M�#H2 mb2`b iQ �++2bb

i?2 T`Q/m+ib 2�bBHvX JQbi mb2`b ?�p2 HBKBi2/ FMQrH2/;2 Q7 i?2 T`Q/m+i /�i�#�b2-

�M/ i?mb- i?2v Q7i2M 2M/ mT #`QrbBM; 2M/H2bbHv i?`Qm;? i?2 /�i�#�b2 rBi?Qmi ;2iiBM;

r?�i i?2v r�MiX hQ ?2HT mb2`b rBi? T`Q/m+i 2tTHQ`�iBQM- 2@+QKK2`+2 bBi2b T`QpB/2

2�bv iQ mb2 [m2`v �M/ M�pB;�iBQM i2+?MB[m2b- bm+? �b F2vrQ`/ b2�`+?- �miQ@bm;;2biBQM-

7�+2i2/ M�pB;�iBQM- +�i2;Q`v b2�`+?- `2bmHi `�MFBM;- 2i+X

6B;m`2 kXR Bb � b+`22Mb?Qi Q7 bi�M/�`/ T`Q/m+i M�pB;�iBQM #v +�i2;Q`v 7`QK �K�@

xQKX+QKX Ai Q`;�MBx2b i?2 T`Q/m+ib BM i?2 7Q`K Q7 � +�i2;Q`v ?B2`�`+?vX lb2`b +�M

#`Qrb2 i?`Qm;? i?2 +�i2;Q`v ?B2`�`+?v iQ }M/ T`Q/m+ibX *�i2;Q`v b2�`+? ?2HTb }M/

`2H�i2/ T`Q/m+ib �M/ T`Q/m+ib i?�i �`2 7`2[m2MiHv #Qm;?i iQ;2i?2`X
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6B;m`2 kXR, *�i2;Q`v M�pB;�iBQM BM �K�xQMX+QKX

6B;m`2 kXk b?Qrb �MQi?2` T`Q/m+i 2tTHQ`�iBQM BMi2`7�+2 7`QK �K�xQMX+QK 7Q`

#`QrbBM; � /�i�#�b2 Q7 +�K2`�bX Ai T`QpB/2b mb2`b rBi? QTiBQMb 7Q` F2vrQ`/ b2�`+?

�b r2HH �b 7�+2i2/ M�pB;�iBQM iQ }M/ i?2B` /2bB`2/ Bi2KbX E2vrQ`/ b2�`+? Bb K�BMHv

mb27mH r?2M mb2`b ?�p2 bT2+B}+ FMQrH2/;2 Q7 i?2 T`Q/m+i i?2v r�Mi iQ #mvX

6�+2i2/ M�pB;�iBQM Bb � +�i�HQ;BM; i2+?MB[m2 i?�i Bb mb2/ iQ �``�M;2 Bi2Kb BM �

/�i�#�b2 #�b2/ QM +2`i�BM 7�+2ib Q` F2vbX 6�+2ib �`2 +?�`�+i2`BbiB+b Q7 T`Q/m+ib bm+?

�b +�i2;Q`v- `2H2p�M+2- `2pB2r `�iBM;b- 2i+X q?2M mb2`b H�+F /2i�BH2/ FMQrH2/;2 Q7 i?2

T`Q/m+ib i?2v /2bB`2- i?2v +�M +?QQb2 7�+2i p�Hm2b mbBM; 7�+2i2/ M�pB;�iBQM BMi2`7�+2

iQ }M/ T`Q/m+ibX 6�+2i p�Hm2b �`2 mb2/ �b T`272`2M+2 +`Bi2`B�X lb2`b ?�p2 i?2 QTiBQM

iQ b2H2+i 7�+2i p�Hm2b i?`Qm;? QTiBQMb bm+? �b +?2+F#Qt2b- bHB/2`b �M/ BMTmi p�Hm2bX

PM+2 i?2 7�+2i p�Hm2b �`2 b2i- T`Q/m+ib ?�pBM; i?2 7�+2i p�Hm2b �`2 b?QrM i?Q i?2

mb2`X 6�+2i2/ M�pB;�iBQM ?�b i?2 �/p�Mi�;2 i?�i mb2`b +�M K�F2 �//BiBQM�H [m2`B2b

i?`Qm;? 7�+2ib iQ T`Q#2 7m`i?2` r?2M � b2�`+? [m2`v ;Bp2b � #`Q�/ `�M;2 Q7 T`Q/m+ibX

lMHBF2 T`Q/m+i 2tTHQ`�iBQM- `2pB2r 2tTHQ`�iBQM bvbi2Kb �`2 MQi r2HH@/2p2HQT2/X

�Hi?Qm;? `2pB2rb TH�v �M BKTQ`i�Mi `QH2 BM BM~m2M+BM; i?2 Tm`+?�bBM; #2?�pBQ` Q7
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6B;m`2 kXk, 6�+2i2/ M�pB;�iBQM BM �K�xQMX+QKX

mb2`b- K�Mv Q7 i?2 2tBbiBM; `2pB2r 2tTHQ`�iBQM bvbi2Kb bi`m;;H2 iQ T`2b2Mi 2�bv iQ

/B;2bi BM7Q`K�iBQM iQ mb2`bX 1tBbiBM; bvbi2Kb bmKK�`Bx2 `2pB2rb #v ;BpBM; �M �p2`�;2

bi�` `�iBM; Q7 i?2 `2pB2rb- Q` #v }M/BM; i?2 7`2[m2M+v Q7 TQbBiBp2 �M/ M2;�iBp2 `2pB2rb

7Q` BM/BpB/m�H �bT2+ibX

U�V ai�` `�iBM;X U#V �bT2+i TQH�`BivX U+V �bT2+i 7`2[m2M+vX

6B;m`2 kXj, 1t�KTH2b Q7 `2pB2r bmKK�`Bx�iBQM bvbi2KbX

6B;m`2 kXj b?Qrb bQK2 2tBbiBM; `2pB2r bmKK�`Bx�iBQM bvbi2KbX 6B;m`2 kXj� mb2b

Re



�p2`�;2 bi�` `�iBM; iQ bmKK�`Bx2 `2pB2rbX Ai b?Qrb i?2 MmK#2` Q7 mb2`b r?Q ?�p2

T`QpB/2/ � `�iBM; b+Q`2 �M/ i?2 T2`+2Mi�;2 Q7 mb2`b i?�i #2HQM; iQ 2�+? Q7 i?2 `�iBM;

b+Q`2X "v +HB+FBM; �i � `�iBM; b+Q`2- mb2`b +�M `2�/ `2pB2rb i?�i ?�p2 � T�`iB+mH�`

bi�` `�iBM;X 6B;m`2 kXj# Bb � b+`22Mb?Qi 7`QK PTBMBQM P#b2`p2` (3d)- r?2`2 �bT2+ib

�`2 2ti`�+i2/ 7`QK `2pB2rb �M/ i?2 TQH�`Biv b+�H2b Q7 2�+? �bT2+i �`2 T`2b2Mi2/X am+?

`2T`2b2Mi�iBQM ?2HTb BM �bT2+i@H2p2H TQH�`Biv �M�HvbBb Q7 T`Q/m+ibX 6B;m`2 kXj+ T`2b2Mib

�bT2+i@7`2[m2M+v #�b2/ `2pB2r bmKK�`Bx�iBQM i?�i b?Qrb i?2 MmK#2` Q7 TQbBiBp2 �M/

M2;�iBp2 `2pB2rb �bbQ+B�i2/ rBi? 2�+? �bT2+iX 6Q` 2t�KTH2- i?2 �bT2+i "�ii2`v HB72

Bb T`2b2Mi BM 8N `2pB2rb- Qmi Q7 r?B+? 8y `2pB2rb i�HFb TQbBiBp2 �#Qmi i?2 �bT2+iX

h?Bb Bb T�`iB+mH�`Hv mb27mH iQ }M/ TQTmH�` �bT2+ib �KQM; mb2`bX am+? bmKK�`Bx�iBQM

K2i?Q/b /Q MQi b?Qr i?2 �+im�H QTBMBQM Q7 mb2`b- r?B+? Bb +`m+B�H iQ mM/2`bi�M/ r?�i

Qi?2` mb2`b HBF2 Q` /Q MQi HBF2X

Ai Bb ?�`/ 7Q` mb2`b iQ }M/ `2pB2rb `2H�i2/ iQ � T�`iB+mH�` �bT2+iX hQ ?2HT mM/2`@

bi�M/ i?2 T`Q#H2K- +QMbB/2` � mb2` HQQFBM; iQ #mv � +�K2`� rBi? � ;QQ/ H2MbX *�K2`�

?�b K�Mv �bT2+ib �M/ bm#@�bT2+ib bm+? �b H2Mb [m�HBiv- #�ii2`v HB72- bBx2 �M/ T`B+2X

�Hi?Qm;? i?2 mb2` Bb BMi2`2bi2/ BM `2�/BM; `2pB2rb i?�i i�HF �#Qmi H2Mb [m�HBiv- i?2`2

Bb MQ `2pB2r b2�`+? K2+?�MBbK iQ M�``Qr /QrM i?2 `2pB2rbX

kXk S`2HBKBM�`B2b

kXkXR _2pB2r hvT2b

hQ K�F2 i?2 i�bF Q7 QTBMBQM KBMBM; 2�bB2`- `2pB2rb �`2 /BpB/2/ BMiQ bBM;H2 2MiBiv

`2pB2rb �M/ +QKT�`�iBp2 `2pB2rb #�b2/ QM i?2 MmK#2` Q7 2MiBiB2b �bbQ+B�i2/ rBi? i?2

`2pB2rX � bBM;H2 2MiBiv `2pB2r i�HFb �#Qmi bBM;H2 i�`;2ifBi2K U2X;X- +�K2`� T`Q/m+iV

�M/ QTBMBQMb �`2 2tT`2bb2/ QM Bib �bT2+ib U2X;X- H2Mb- b+`22MVX PM i?2 Qi?2` ?�M/- �

+QKT�`�iBp2 `2pB2r +QMi�BMb � +QKT�`BbQM Q7 irQ i�`;2ibfBi2Kb U2X;X- qBM/Qrb pbX

J�+V �M/ i?2 �bT2+ib �`2 �bbQ+B�i2/ rBi? 2Bi?2` Q7 i?2 i�`;2ib U2X;X- ;�K2→qBM/Qrb-
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Pa → J�+VX

kXkXk S`2@T`Q+2bbBM;

lMHBF2 bi`m+im`2/ /�i� Q` 7Q`K�H i2ti- `2pB2rb �`2 ?�`/ iQ /2�H rBi? �b i?2v �`2 KQbiHv

7`22 i2tiX �b ;`�KK�iB+�H `mH2b �`2 ;2M2`�HHv MQi 7QHHQr2/ r?BH2 r`BiBM; `2pB2rb-

`2pB2rb +QMi�BM K�Mv MQBbv i2tib bm+? �b biQTrQ`/b- `2T2�i2/ b2[m2M+2 +?�`�+i2`b-

�+`QMvKb- bH�M;b �M/ bT2HHBM; KBbi�F2bX

Canon camera
“This is the besttt camera for me. The batery is sg. Canon is knwn
for its long battery life.”

6B;m`2 kX9, �M 2t�KTH2 Q7 � bBM;H2 2MiBiv `2pB2rX

PM2 bm+? 2t�KTH2 +�M #2 b22M 7`QK � *�MQM +�K2`� `2pB2r b?QrM BM 6B;m`2 kX9X

h?2 `2pB2r ?�b ivTQb U#2biii- #�i2`v- FMrMV �M/ i2ti@bT2�Fb Ub;VX am+? 7�mHiv rQ`/b

K�F2 i?2 QTBMBQM KBMBM; T`Q+2bb /B{+mHiX q2 +H2�M i?2 `2pB2rb mbBM; i?2 7QHHQrBM;

T`2@T`Q+2bbBM; bi2Tb,

aiQT rQ`/ `2KQp�H, aiQT rQ`/b �`2 MQM@b2K�MiB+ rQ`/b bm+? �b �`iB+H2b- T`2TQbB@

iBQMb- T`QMQmMb- +QMDmM+iBQMb- 2i+X i?�i �`2 mb2/ iQ r?BH2 r`BiBM; b2Mi2M+2bX

h?2v Q++m` 7`2[m2MiHv BM i2ti U2X;X- r?�i �M/ �MV- #mi i?2v �`2 Q7 HBiiH2 p�Hm2 BM

/2i2`KBMBM; QTBMBQM �#Qmi i?2 i�`;2ibX q2 `2KQp2 biQT rQ`/b #v mbBM; LGhEǶb

1M;HBb? biQT rQ`/ +Q`TmbX

_2KQp�H Q7 `2T2�i2/ +?�`�+i2` b2[m2M+2, lb2`b r`Bi2 `2T2�i2/ b2[m2M+2 Q7 �

+?�`�+i2` iQ 2KT?�bBx2 b2MiBK2Mi U2X;X- LBFQM Bb i?2 #2biiiiiVX AM Q`/2` iQ +�Tim`2

bm+? QTBMBQM rQ`/b- r2 /Bb+�`/ �Mv 2ti`� H2ii2`b i?�i Q++m` KQ`2 i?�M irB+2 BM

� `Qr- �b bm;;2bi2/ BM :Q 2i �HX (9j)X

l_G }Hi2`BM;, lb2`b 7`2[m2MiHv T`QpB/2 l_Gb U2X;X- rrrXMBFQMX+QKV iQ bQK2 Qi?2`

T�;2b 7Q` `272`2M+2 Q` KQ`2 /2i�BH2/ BM7Q`K�iBQMX am+? l_Gb �`2 QMHv TQBMi2`b
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�M/ /Q MQi +QMi`B#mi2 iQ i?2 b2MiBK2Mi Q7 TQbibX aQ- l_Gb �`2 B/2MiB}2/ �M/

`2KQp2/ 7`QK `2pB2rbX

�+`QMvK 2tT�MbBQM, lb2`b 7`2[m2MiHv mb2 �+`QMvKb r?BH2 r`BiBM; `2pB2rb iQ b�p2

F2vbi`QF2X lM/2`bi�M/BM; i?2 K2�MBM; Q7 �+`QMvKb Bb BKTQ`i�Mi �b i?2v +QMi�BM

b2MiBK2Mib �#Qmi i?2 i�`;2ibX q2 B/2MiB7v �M/ `2TH�+2 i?2 �+`QMvKb rBi? i?2B`

�+im�H rQ`/b mbBM; �M �+`QMvK /B+iBQM�`v (ek)X

*QMi`�+iBQM bm#biBimiBQM, *QMi`�+iBQMb �`2 +QKKQMHv Q++m``BM; b?Q`i 7Q`K Q7

rQ`/b 7Q`K2/ #v +QK#BMBM; � MQmM Q` � T`QMQmM rBi? � p2`#c Q` � p2`# �M/

MQi U2X;X- rQmH/Ƕp2- AǶK- �M/ ?�bMǶiVX q2 +`2�i2 � HBbi Q7 +QMi`�+iBQM /B+iBQM�`v

�M/ `2TH�+2 +QMi`�+iBQMb rBi? i?2 2tT�M/2/ rQ`/bX 6Q` BMbi�M+2- rQmH/Ƕp2 Bb

`2TH�+2/ #v rQmH/ ?�p2X

1KQiB+QM bm#biBimiBQM, 1KQiB+QMb �`2 Q7i2M mb2/ �i i?2 2M/ Q7 � b2Mi2M+2 iQ 2t@

T`2bb b2MiBK2Mib iQr�`/b � i�`;2iX 6Q` 2t�KTH2- ǵ,VǶ BM/B+�i2b ?�TTBM2bb- r?BH2

ǵ,UǶ BM/B+�i2b b�/M2bbX q2 2KTHQv �M 2KQiB+QM /B+iBQM�`v (8R) iQ B/2MiB7v �M/

`2TH�+2 2�+? 2KQiB+QM rBi? QM2 Q7 i?2 TQH�`Biv b+Q`2b, @R- y Q` YR U2X;X- ǵ,VǶ →

YRc ǵ,UǶ → @RVX

aT2HHBM; +Q``2+iBQM, aT2HHBM; KBbi�F2 Bb QM2 Q7 i?2 KQbi +QKKQM T`Q#H2Kb BM +mb@

iQK2` `2pB2rbX 6Q` BMbi�M+2- � +mbiQK2` K�v KBbbT2HH i?2 rQ`/ 2t+2HH2Mi �b

2t+2H2MiX h?Bb K�v `2bmHi BM /Bz2`2Mi p�`B�iBQMb Q7 i?2 b�K2 i�;X AM Q`/2` iQ

+Q``2+i i?2 bT2HHBM; KBbi�F2b- r2 2KTHQv �M LGS #�b2/ bT2HHBM; +Q``2+iQ` (RRy)X

G2KK�iBx�iBQM, G2KK�iBx�iBQM Bb T2`7Q`K2/ iQ bm#biBimi2 i?2 BM~2+iBQM�H 7Q`K Q7

rQ`/b rBi? +Q``2bTQM/BM; H2KK�b U2X;X +�`b → +�`- b�r → b22- 2i+XVX h?Bb

T`2p2Mib KmHiBTH2 Q++m``2M+2b Q7 i?2 b�K2 �bT2+iX

RN



kXkXj S�`i@P7@aT22+? USPaV h�;;BM;

S�`i@P7@aT22+? USPaV TH�vb �M BKTQ`i�Mi `QH2 BM /2i2+iBM; �bT2+ib �M/ QTBMBQMb

7`QK `2pB2rbX �bT2+ib �`2 ;2M2`�HHv MQmMb Q` MQmM T?`�b2b r?BH2 QTBMBQMb �`2 KQbiHv

�/D2+iBp2b Q` �/p2`#bX

Canon|NNP is|VBZ a|DT very|RB good|JJ camera|NN

6B;m`2 kX8, �M 2t�KTH2 Q7 � SPa i�;;2/ b2Mi2M+2X

6Q` BMbi�M+2- +QMbB/2` i?2 `2pB2r i2ti b?QrM BM 6B;m`2 kX8X �7i2` �TTHvBM; SPa

i�;;BM;- r2 }M/ i?�i i?2 �bT2+ib +�K2`� �M/ *�MQM �`2 � MQmM ULLV �M/ � MQmM

T?`�b2 ULLSV `2bT2+iBp2HvX h?2 QTBMBQM ;QQ/ Bb �M �/D2+iBp2 UCCV �M/ i?2 �/p2`# U_"V

p2`v �+i �b �M BMi2MbB}2` Q7 i?2 QTBMBQMX SPa i�;b �`2 �HbQ mb2/ iQ B/2MiB7v T�ii2`Mb

�M/ `mH2b BM B/2MiB7vBM; i2ti bi`m+im`2bX q2 mb2 i?2 ai�M7Q`/ SPa T�`b2` (dy) 7Q` SPa

i�;;BM; �M/ iQ 2ti`�+i �bT2+ib- QTBMBQMb �b r2HH �b `2H�iBQMb #2ir22M i?2KX

ky



*?�Ti2` j

_2H�i2/ qQ`F

h?Bb +?�Ti2` ;Bp2b � #�+F;`QmM/ Q7 2tBbiBM; �TT`Q�+?2b Q7 QTBMBQM KBMBM; �M/ /Bb@

+mbb2b i?2 `2H�i2/ rQ`F BM �//`2bbBM; i?2 +?�HH2M;2b Q7 `2pB2r 2tTHQ`�iBQMX

jXR a2MiBK2Mi �M�HvbBb

a2MiBK2Mi �M�HvbBb Q` QTBMBQM KBMBM; 7Q+mb2b QM /2i2`KBMBM; i?2 TQH�`Biv Q7 i2ti +QM@

i2Mi bm+? �b ir22ib- T`Q/m+i `2pB2rb- �M/ bQ+B�H K2/B� TQbi (dN- RyN- RkR- RjN)X a2MiB@

K2Mi �M�HvbBb Q7 i2ti /Q+mK2Mib ?�b #22M bim/B2/ 2ti2MbBp2Hv (R8-R3-j9-3e-ReN-Rde)X

1tBbiBM; rQ`Fb QM b2MiBK2Mi �M�HvbBb 7Q+mb QM +H�bbB7vBM; i?2 b2MiBK2Mi Q7 � +QM@

i2Mi (3e)- r?B+? +QmH/ #2 +�``B2/ Qmi �i i?2 /Q+mK2Mi H2p2H (Rk- ke- Ry9- RRR- R8R)-

b2Mi2M+2 H2p2H (9-8-dd-Rej)- Q` �bT2+i H2p2H (89-Rye-RR8-RjR-R83-Ree)X h?2`2 �`2 K�Mv

bmT2`pBb2/ �M/ mMbmT2`pBb2/ K2i?Q/b iQ bQHp2 i?2 �#Qp2 T`Q#H2KbX amT2`pBb2/ K2i?@

Q/b (RdN- R3k) `2Hv QM i`�BMBM; /�i� 7Q` b2MiBK2Mi +H�bbB}+�iBQM- r?BH2 mMbmT2`pBb2/

�TT`Q�+?2b (k8- 89) mb2 bvMi�+iB+ `mH2b �M/ H2tB+�H `2bQm`+2b 7Q` TQH�`Biv KBMBM;X

S�M; 2i �HX (RRR) 2tTHQ`2 p�`BQmb K�+?BM2 H2�`MBM; K2i?Q/b iQ �M�Hvx2 KQpB2 `2@

pB2rbX (Rk) mb2b /Bb+Qm`b2 bi`m+im`2 �M/ _?2iQ`B+�H ai`m+im`2 h?2Q`v U_ahV iQ BKT`Qp2

b2MiBK2Mi +H�bbB}+�iBQM Q7 /Q+mK2MibX .Q+mK2Mi@H2p2H b2MiBK2Mi �M�HvbBb �bbmK2b

i?�i �HH i?2 QTBMBQMb �`2 �bbQ+B�i2/ rBi? � bBM;H2 i�`;2iX h?2v 7�BH iQ }M/ b2MiBK2Mib
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r?2M i?2 /Q+mK2Mi +QMi�BMb KQ`2 i?�M QM2 i�`;2iX a2Mi2M+2 H2p2H b2MiBK2Mi �M�HvbBb

Bb T2`7Q`K2/ #v b2T�`�iBM; bm#D2+iBp2 b2Mi2M+2b 7`QK Q#D2+iBp2 QM2b �M/ i?2M /2i2`@

KBMBM; i?2 TQH�`Biv Q7 bm#D2+iBp2 b2Mi2M+2 QMHv (dd)X >Qr2p2`- Q#D2+iBp2 b2Mi2M+2b

�HbQ K�v 2tT`2bb �M QTBMBQMX 6Q` 2t�KTH2- i?2 b2Mi2M+2 ǵh?2 +�K2`� #�ii2`v H�bib

7Q` Ry ?Qm`bǶ Bb Q#D2+iBp2- #mi bm;;2bib i?�i i?2 +�K2`� ?�b � HQM; #�ii2`v HB72X h?2

�#Qp2 irQ �TT`Q�+?2b /Q MQi ;Bp2 }M2@;`�BM2/ BM7Q`K�iBQM �#Qmi r?B+? 72�im`2b i?2

mb2` HBF2b Q` /Q2b MQi HBF2X

�Hi?Qm;? b2MiBK2Mi +H�bbB}+�iBQM Q7 r?QH2 `2pB2r Bb �M BMi2`2biBM; T`Q#H2K- i?2

`2b2�`+? /QM2 QM �bT2+i H2p2H b2MiBK2Mi �M�HvbBb Bb +QMbB/2`2/ KQ`2 BKTQ`i�MiX h?2

`2�bQM Bb i?�i QM2 Bb KQ`2 BMi2`2bi2/ BM FMQrBM; r?�i bT2+B}+�HHv i?2 mb2`b HBF2/ Q`

/BbHBF2/ +QKT�`2/ iQ Dmbi FMQrBM; r?2i?2` i?2B` Qp2`�HH QTBMBQM Bb TQbBiBp2- M2;�iBp2 Q`

M2mi`�HX �bT2+ib �`2 i?2 Q#D2+ib �bbQ+B�i2/ rBi? � b2MiBK2MiX �bT2+i H2p2H b2MiBK2Mi

�M�HvbBb }M/ mb2`b QTBMBQM QM 2�+? �bT2+i Q7 � i�`;2i (89)X Ai Bb mb27mH 7Q` +QMi2Mib

r?2`2 i?2 mb2` i�HFb �#Qmi T`Qb �M/ +QMb Q7 i?2 i�`;2i T`Q/m+i BM i2`Kb Q7 Bi �bT2+ibX

jXk PTBMBQM qQ`/b BM a2MiBK2Mi �M�HvbBb

PTBMBQM rQ`/b Q` b2MiBK2Mi rQ`/b �`2 i?2 KQbi p�Hm�#H2 +QKTQM2Mi Q7 � b2Mi2M+2

i?�i BM/B+�i2b mb2`bǶ b2MiBK2MiX h?2v BM/B+�i2 2Bi?2` � TQbBiBp2 Q` M2;�iBp2 b2MiBK2Mi

iQr�`/b i?2 i�`;2iX 6Q` BMbi�M+2- i?2 QTBMBQM rQ`/b 2t+2HH2Mi- bT22/v- 2�bv iQ mb2-

2i+X- BM/B+�i2 TQbBiBp2 b2MiBK2Mi- r?BH2 i?2 QTBMBQM rQ`/b bHQr- rQ`bi- ~�r- 2i+X- b?Qr

M2;�iBp2 b2MiBK2MiX _2b2�`+?2`b (9N- e9) ?�p2 rQ`F2/ QM 2ti`�+iBM; QTBMBQM rQ`/b

7`QK /Q+mK2Mib iQ B/2MiB7v b2MiBK2Mi TQH�`BivX a2K�MiB+ Q`B2Mi�iBQM Q7 �/D2+iBp2b Bb

mb2/ iQ /2i2`KBM2 TQH�`Biv BM (9N)X (e9) mb2b qQ`/L2i (jd) iQ +QKTmi2 i?2 b2K�MiB+

/Bbi�M+2 Q7 �M QTBMBQM rQ`/ 7`QK #�/ �M/ ;QQ/- �M/ TQH�`Biv +H�bbB}+�iBQM Bb K�/2

#�b2/ QM i?2 b2K�MiB+ /Bbi�M+2X hm`M2v (R8R) ;2M2`�HBx2 i?Bb K2i?Q/ #v mbBM; SQBMi@

rBb2 Jmim�H AM7Q`K�iBQM USJAV iQ +QKTmi2 i?2 b2K�MiB+ /Bbi�M+2 #2ir22M rQ`/bX
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G�i2`- hm`M2v �M/ GBiiK�M (R8k) b?Qr2/ i?�i �TTHvBM; +QbBM2 /Bbi�M+2 BM i?2 G�i2Mi

a2K�MiB+ �M�HvbBb UGa�V bT�+2 +�M +�Tim`2 i?2 /2;`22 Q7 b2K�MiB+ Q`B2Mi�iBQM rBi?

#2ii2` �++m`�+vX

jXj a2MiBK2Mi G2tB+QM BM a2MiBK2Mi �M�HvbBb

*QMbB/2`BM; i?2 bB;MB}+�M+2 Q7 QTBMBQM rQ`/b BM b2MiBK2Mi �M�HvbBb- BMp2biB;�iQ`b (k3-

8d- Ryj- Ry8) ?�p2 T`QTQb2/ K�Mv K2i?Q/b 7Q` +`2�iBM; QTBMBQM H2tB+QMbX �T�`i 7`QK

K�Mm�HHv +QKTBH2/ H2tB+QMb- i?2`2 �`2 irQ Qi?2` �TT`Q�+?2b 7Q` +QKTBHBM; QTBMBQM

H2tB+QMb, /B+iBQM�`v@#�b2/ �TT`Q�+? �M/ +Q`Tmb@#�b2/ �TT`Q�+?X .B+iBQM�`v@#�b2/

�TT`Q�+? (Rj-eN-RyR-R89-Re9) mb2b � +QHH2+iBQM Q7 QTBMBQM rQ`/b rBi? FMQrM TQH�`Biv �b

H�#2H2/ BM7Q`K�iBQMX h?2 +QHH2+iBQM Bb i?2M mb2/ iQ #QQibi`�T �M/ 2tT�M/ #v b2�`+?BM;

7Q` i?2B` bvMQMvKb �M/ �MiQMvKb BM � /B+iBQM�`v- bm+? �b qQ`/L2iX .B+iBQM�`v@#�b2/

�TT`Q�+?2b /Q MQi rQ`F r2HH BM }M/BM; i?2 b2MiBK2Mi Q7 +QMi2ti@/2T2M/2Mi rQ`/bX

6Q` 2t�KTH2- 7Q` +�K2`�b- B7 Bi ?�b � bK�HH bBx2- Bi Bb mbm�HHv TQbBiBp2 �b Bi Bb TQ`i�#H2X

>Qr2p2`- 7Q` � +�`- B7 Bi Bb bK�HH- Bi Bb M2;�iBp2 �b Bi Bb H2bb bT�+BQmbX h?2 +Q`Tmb@#�b2/

�TT`Q�+?2b (kN- ej- e8) Qp2`+QK2 i?Bb �K#B;mBiv #v }M/BM; i?2 b2MiBK2Mi Q`B2Mi�iBQM

Q7 rQ`/b #�b2/ QM i?2 +QMi2ti- r?B+? Bb /2`Bp2/ 7`QK i?2 +Q`TmbX

jX9 �bT2+i@#�b2/ a2MiBK2Mi �M�HvbBb

�bT2+i@#�b2/ bmKK�`Bx�iBQM �TT`Q�+?2b /2�H rBi? }M/BM; i?2 QTBMBQMb Q7 �bT2+ib

T`2b2Mi BM `2pB2rb �M/ bmKK�`BxBM; `2pB2rb #�b2/ QM i?2 �bT2+ibX �bT2+i@#�b2/

bmKK�`Bx�iBQM T`Q+2bb K�v #2 /BpB/2/ BMiQ i?`22 T�`ib, �bT2+i 2ti`�+iBQM- TQH�`Biv

B/2MiB}+�iBQM- �M/ �bT2+i bmKK�`v ;2M2`�iBQMX �bT2+i 2ti`�+iBQM Bb mb2/ iQ KBM2

`2H2p�Mi �bT2+i 7`QK /Q+mK2Mib- TQH�`Biv B/2MiB}+�iBQM }M/b i?2 b2MiBK2Mi �bbQ+B�i2/

rBi? i?2 2ti`�+i2/ �bT2+ib- �M/ �bT2+i bmKK�`v ;2M2`�iBQM T`2b2Mib � bmKK�`v Q7

i?2 �bT2+ib �M/ i?2B` Qp2`�HH Q`B2Mi�iBQMX

kj



jX8 �bT2+i 1ti`�+iBQM

�bT2+i 2ti`�+iBQM }M/b `2H2p�Mi �bT2+ib 7`QK i2ti /Q+mK2MibX 6Q` BMbi�M+2- bQK2 Q7

i?2 T`QKBM2Mi �bT2+ib Q7 +�K2`� �`2 `2bQHmiBQM- TB+im`2 [m�HBiv �M/ ~�b?X Jm+? rQ`F

?�b #22M /QM2 BM i?2 �`2� Q7 �bT2+i 2ti`�+iBQM 7Q` QTBMBQM KBMBM; (89- 3d- Rjy- Ree)X

JQbi Q7 i?2 rQ`Fb 7�HH BMiQ irQ +�i2;Q`B2b- M�K2Hv LGS #�b2/ �M/ 7`2[m2Mi i2`K@#�b2/

�TT`Q�+?2bX

jX8XR LGS #�b2/ �bT2+i 1ti`�+iBQM

LGS@#�b2/ K2i?Q/b (89-N8-RRe) �`2 TQTmH�`Hv mb2/ iQ 2ti`�+i �bT2+ib 7`QK i2tibX �b

�bT2+ib �`2 KQbiHv MQmM Q` MQmM T?`�b2b- SPa i�;;BM; �HQM; rBi? bvMi�t i`22 T�`bBM;

Bb mb2/ iQ B/2MiB7v �bT2+ibX LGS bvMi�+iB+ `mH2b �`2 �TTHB2/ iQ 2ti`�+i �bT2+ib �M/

b2MiBK2MibX �bT2+i bmKK�`Bx�iBQM 7`QK b?Q`i +QKK2Mib #�b2/ QM LGS `mH2b r�b

bim/B2/ #v (N8)X qm 2i �HX (Ree) miBHBx2/ /2T2M/2M+v T�`b2` iQ 2ti`�+i MQmM T?`�b2b

�M/ p2`# T?`�b2b 7`QK `2pB2rb �b +�M/B/�i2 �bT2+ibX a+�{/B 2i �HX (Rjy) �TTHB2/ �

H�M;m�;2 KQ/2H K2i?Q/ iQ /2p2HQT �M �bT2+i@#�b2/ T`Q/m+i b2�`+? BMi2`7�+2 i?�i

2ti`�+ib T`Q/m+i �bT2+ib �M/ �bbB;Mb b+Q`2b iQ 2�+? T`Q/m+i �bT2+iX

GBm 2i �HX (3d) T`QTQb2 � H�M;m�;2 T�ii2`M KBMBM; K2i?Q/ iQ 2ti`�+i �bT2+ib 7`QK

T`Qb �M/ +QMb `2pB2rbX EMQrAi�HH BM7Q`K�iBQM 2ti`�+iBQM bvbi2K (jk) Bb mb2/ BM (RRe)

iQ /2i2+i �bT2+ib 7`QK T`Q/m+i `2pB2rbX h?2 bvbi2K `2+m`bBp2Hv B/2MiB}2b �bT2+ib 7`QK

MQmM T?`�b2b 2ti`�+i2/ 7`QK `2pB2rb #v b2T�`�iBM; �bT2+i �M/ bm#@�bT2+i 7`QK i?2

MQmM T?`�b2bX 6Q` 2t�KTH2 i?2 MQmM T?`�b2 +�K2`� bBx2 +QMi�BMb i?2 �bT2+i +�K2`�

�M/ i?2 bm#@�bT2+i bBx2X LGS #�b2/ �TT`Q�+?2b 7�BH iQ B/2MiB7v �bT2+ib i?�i �`2 MQi

MQmMbX
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jX8Xk 6`2[m2Mi h2`K@#�b2/ �bT2+i 1ti`�+iBQM

h2`K@#�b2/ �TT`Q�+?2b mb2 7`2[m2M+v iQ 2ti`�+i �bT2+ibX lbBM; 7`2[m2Mi i2`K KBMBM;

7Q` �bT2+i 2ti`�+iBQM ?2HTb iQ Qp2`+QK2 i?2 r2�FM2bb Q7 LGS@#�b2/ �TT`Q�+?2bX "v

BMi`Q/m+BM; K2�bm`2b HBF2 bmTTQ`i- +QM}/2M+2 �M/ 7`2[m2M+v T�ii2`Mb iQ /2i2`KBM2

�bT2+ib- i2`K@#�b2/ �TT`Q�+?2b �`2 MQi `2bi`B+i2/ iQ bT2+B}+ rQ`/ T�ii2`Mb i?�i Q++m`

BM LGS@#�b2/ �TT`Q�+?2bX am+? �TT`Q�+?2b �HbQ ?2HT iQ T`mM2 Qmi B``2H2p�Mi �bT2+ib

#v K2�Mb Q7 `2/mM/�M+v �M/ +QKT�+iM2bb T`mMBM;X

JQbi Q7 i?2 i2`K@#�b2/ �TT`Q�+?2b �M�Hvx2 +QMi2Mib T`2b2Mi BM /Q+mK2Mib �M/

T�`ib Q7 /Q+mK2Mib 7Q` �bT2+i 2ti`�+iBQMX (89) Bb QM2 Q7 i?2 TBQM22`BM; rQ`F i?�i

mb2/ �bbQ+B�iBQM `mH2 KBMBM; Q7 /Q+mK2Mib iQ 2ti`�+i 7`2[m2Mi MQmMb �M/ MQmM T?`�b2b

�b �bT2+ibX (8e) T`QTQb2/ � bBKBH�` rQ`F iQ 2ti`�+i �bT2+ib 7`QK +�` �M/ KQpB2 `2@

pB2rbX (R3j) mb2/ �bT2+i H2tB+QM �M/ `2;mH�` 2tT`2bbBQMb iQ /2i2+i +�M/B/�i2 �bT2+ib

7`QK KQpB2 `2pB2rbX �KQM; i?2 +�M/B/�i2 �bT2+ib- i?2 i2`Kb rBi? ?B;? 7`2[m2M+v

�`2 +QMbB/2`2/ �b �bT2+ibX (dR- de) +QMbB/2` i2`K Q++m``2M+2 BM /Q+mK2Mib �b r2HH �b

T�`�;`�T?b 7Q` �bT2+i 2ti`�+iBQMX lMHBF2 i`�/BiBQM�H �TT`Q�+?2b- i?2v +QMbB/2` rQ`/

7`2[m2M+v rBi?BM T�`�;`�T?b �b r2HH �b �+`Qbb T�`�;`�T?b iQ ;Bp2 KQ`2 `2}M2/ `2@

bmHibX >Qr2p2`- i2`K@#�b2/ �TT`Q�+?2b /Q MQi rQ`F r2HH QM � bK�HH +Q`Tmb �M/ i?2B`

T2`7Q`K�M+2 K�v p�`v �+`Qbb /Bz2`2Mi /QK�BMbX

jX8Xj GBKBi�iBQM Q7 �bT2+i@#�b2/ amKK�`Bx�iBQM

h?2 K�BM HBKBi�iBQM Q7 2tBbiBM; �bT2+i@#�b2/ QTBMBQM KBMBM; �TT`Q�+?2b Bb i?�i i?2v

7�BH iQ 2ti`�+i i?2 ?B2`�`+?B+�H `2H�iBQMb?BTb #2ir22M �bT2+ibX 6Q` 2t�KTH2- H2Mb Bb

� bm#@2MiBiv Q7 +�K2`� �M/ i?2 �bT2+ib- bm+? �b 7Q+mb- H2Mb +�T- �M/ xQQK �`2 bm#@

�bT2+ib Q7 H2Mb �M/ MQi Q7 +�K2`� /B`2+iHvX 1tBbiBM; rQ`Fb (88- RR8) /Q MQi +QMbB/2`

i?Bb `2H�iBQMb?BT Q7 2MiBiB2b �M/ bm#@2MiBiB2b r?BH2 T2`7Q`KBM; QTBMBQM KBMBM; �M/

bmKK�`Bx�iBQMX 6Q` bBKTHB+Biv- i?2v i`2�i �HH bm#@2MiBiB2b �M/ �bT2+ib rBi?BM � #`Q�/2`

7`�K2 ǵ�bT2+ibǶX h?Bb Q7i2M H2�/b iQ 2``QM2Qmb QTBMBQM KBMBM;X 6Q` 2t�KTH2- +QMbB/2`
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i?2 b2Mi2M+2, ǵh?2 +�bBM; Q7 i?Bb +�K2`� Bb p2`v m;HvǶX >2`2 i?2 QTBMBQM m;Hv Bb 7Q`

i?2 �TT2�`�M+2 �bT2+i Q7 +�bBM; �M/ MQi i?2 �TT2�`�M+2 �bT2+i Q7 i?2 +�K2`�X

jXe _2pB2r pBbm�HBx�iBQM

AM i?Bb b2+iBQM- r2 T`2b2Mi `2H�i2/ rQ`F QM `2pB2r pBbm�HBx�iBQMX �b BM7Q`K�iBQM pB@

bm�HBx�iBQM TH�vb � +QKTH2K2Mi�`v `QH2 BM mM/2`bi�M/BM; /�i�- `2b2�`+?2`b (e-kd-Rek)

?�p2 T`QTQb2/ p�`BQmb i2+?MB[m2b 7Q` 2M?�M+BM; `2pB2r bmKK�`v #v K2�Mb Q7 BM7Q`K�@

iBQM ;`�T?B+bX h?2 mb2 Q7 +QMi2Mi pBbm�HBx�iBQM �b �M 2z2+iBp2 K2�Mb Q7 bmKK�`BxBM;

`2pB2rb Bb bim/B2/ BM (ky- je- 98- Rd8)X h?2 rQ`F BM (ky) mb2b h`22K�Tb (Rj8) 7Q` pBbm@

�HBxBM; �bT2+i ?B2`�`+?vX lbBM; h`22K�T- i?2v `2T`2b2Mi �bT2+i MQ/2b �b `2+i�M;H2b

�M/ mb2b M2bi2/ `2+i�M;H2b iQ b?Qr bm#@�bT2+ibX h?2 `2+i�M;H2b �`2 +QHQ`@+Q/2/ iQ

`2T`2b2Mi i?2 b+�H2 Q7 TQH�`Biv �M/ bBx2 Q7 i?2 `2+i�M;H2b p�`v #�b2/ QM i?2 BKTQ`i�M+2

Q7 i?2 �bT2+iX >Qr2p2`- i?2 M2bi2/ `2+i�M;H2b K�F2 i?2 bi`m+im`2 +QKTHB+�i2/X

PMiQHQ;v Bb TQTmH�`Hv mb2/ �M 2z2+iBp2 K2�Mb Q7 pBbm�HBxBM; iQTB+�H BM7Q`K�iBQM Q7

/Q+mK2Mib- 2M�#HBM; BMi2`QT2`�#BHBiv Q7 /�i� �M/ 2M?�M+BM; BM7Q`K�iBQM `2i`B2p�H (N-

jN- e3- Rjk- R3y)X h?2 mb2 Q7 QMiQHQ;v 7Q` FMQrH2/;2 `2T`2b2Mi�iBQM (j8- ee- dk- 3k- 3j)

?�b ;�BM2/ TQTmH�`Biv BM i?2 H�bi /2+�/2X h?2 mb2 Q7 QMiQHQ;v iQ ?2HT BM bQHpBM; i?2

?2i2`Q;2M2Biv T`Q#H2K Q7 `2T`2b2Mi�iBQMb �M/ i2`KBMQHQ;B2b BM 2@+QKK2`+2 Bb 2tTHQ`2/

BM (Ne)X h?2 rQ`F BM (3j) 7Q+mb2b QM #mBH/BM; �M QT2`�iBQM�H QMiQHQ;v bvbi2K iQ

`2T`2b2Mi T`Q/m+i BM7Q`K�iBQMX h?2v 7QHHQr � i?`22@H2p2H K2i�KQ/2HBM; �TT`Q�+? �M/

BKTH2K2Mi QMiQHQ;v mbBM; q2# PMiQHQ;v G�M;m�;2 UPqGVX >Qr2p2`- i?Bb �TT`Q�+?

Bb ?�`/ iQ i`�BM �M/ BKTH2K2MiX (3k) rQ`F QM /2p2HQTBM; �M 2Mi2`T`Bb2@b+�H2 QMiQHQ;v

K�M�;2K2Mi bvbi2K �M/ T`QTQb2 �M �TT`Q�+? iQ `2T`2b2Mi QMiQHQ;B2b BM i?2 7Q`K

Q7 `2H�iBQM�H /�i�#�b2 i�#H2bX (R8y) mb2 +QM+2Ti ?B2`�`+?B2b Q7 QMiQHQ;v iQ /Bb+Qp2`

F2vrQ`/b BM T�i2Mi /Q+mK2MibX h?2b2 �TT`Q�+?2b K�F2 mb2 Q7 �M �H`2�/v 2tBbiBM;

QMiQHQ;v iQ T2`7Q`K i?2B` `2bT2+iBp2 i�bFbX

ke



.m2 iQ i?2 mb27mHM2bb Q7 QMiQHQ;v- � HQi Q7 rQ`F ?�b #22M /QM2 7Q` 2{+B2Mi +QM@

bi`m+iBQM Q7 QMiQHQ;vX (j8) mb2b LGS �M/ BM7Q`K�iBQM 2ti`�+iBQM i2+?MB[m2b iQ �+[mB`2

�M/ +H�bbB7v QMiQHQ;v BMbi�M+2bX (ee) +`2�i2 QMiQHQ;v #v 2ti`�+iBM; F2v +QM+2Tib 7`QK

i2ti mbBM; LGS- bi�iBbiB+�H FMQrH2/;2 �M/ /QK�BM FMQrH2/;2X Gm �M/ w?�B (N9) mb2

b2KB@bmT2`pBb2/ iQTB+ KQ/2Hb iQ #mBH/ QMiQHQ;v rBi? BMi2;`�i2/ QTBMBQMX h?2v �bbmK2

i?2 /Q+mK2Mib iQ #2 bi`m+im`2/ �M/ r2HH@r`Bii2M rBi? 2tTHB+Bi �M/ BKTHB+Bi �bT2+i BM@

7Q`K�iBQM- r?B+? Bb MQi i?2 +�b2 rBi? `2pB2rb �M/ 722/#�+FX a�mT2` �M/ "�`xBH�v (RkN)

7QHHQr � bmT2`pBb2/ �TT`Q�+? iQ +QMbi`m+i iQTB+ QMiQHQ;v 7`QK qBFBT2/B� �`iB+H2b mb@

BM; iBiH2b �M/ b2+iBQM M�K2b Q7 /Q+mK2MibX h?2b2 K2i?Q/b `2[mB`2 � H�`;2 MmK#2` Q7

i`�BMBM; /Q+mK2Mib iQ +`2�i2 �M QMiQHQ;vX

PMiQHQ;v ?�b #22M TQTmH�`Hv mb2/ BM pBbm�HBxBM; �M/ bmKK�`BxBM; KQpB2 `2pB2rbX

6Q`K�H *QM+2Ti �M�HvbBb U6*�V rBi? K�Mm�H BMTmi Bb mb2/ BM (Rjj) 7Q` +QMbi`m+iBM;

�bT2+i QMiQHQ;v 7Q` KQpB2 `2pB2rbX (R3R) mb2 QMiQHQ;v iQ i�+FH2 i?2 b2MiBK2Mi �M�HvbBb

T`Q#H2KX h?2v bi�`i rBi? � iQT@/QrM �TT`Q�+? Q7 QMiQHQ;v +QMbi`m+iBQM #�b2/ QM i?2

AJ.# (83) KQpB2 K2i�/�i� i�tQMQKv bm+? �b iBiH2- +�bi- +`2r- HQ+�iBQMb- 2i+X h2tib

7`QK KQpB2 `2pB2rb �`2 /BpB/2/ BMiQ b2;K2Mib �M/ 2�+? b2;K2Mi ;2ib �bbB;M2/ iQ �

MQ/2 Q7 i?2 QMiQHQ;vX h?2v �;;`2;�i2 i?2 b2MiBK2Mi Q7 i2ti b2;K2Mib iQ /2i2`KBM2

i?2 TQH�`Biv Q7 2�+? MQ/2X

1ti�Mi QMiQHQ;v +QMbi`m+iBQM K2i?Q/b `2[mB`2 K�Mm�H BMTmi BM bQK2 7Q`K 7Q` i?2

+`2�iBQM Q7 �M QMiQHQ;v i`22X aQK2 Q7 i?2 K2i?Q/b �`2 /QK�BM@bT2+B}+- r?BH2 Qi?2`b

`2[mB`2 T`2@/2}M2/ QMiQHQ;v `mH2b Q` bi`m+im`2bX AM +QMi`�bi iQ i?2 �7Q`2K2MiBQM2/

rQ`Fb- r2 T`QTQb2 �M �miQK�iB+ �TT`Q�+? iQ ;2M2`�i2 i?2 �bT2+i QMiQHQ;v i`22 mbBM;

bBKBH�`Biv i2+?MB[m2b i?�i rQ`F �+`Qbb /QK�BMbX AM i?Bb i?2bBb- r2 rQ`F QM �miQK�iB+

+`2�iBQM Q7 �bT2+i QMiQHQ;v iQ +QKTH2K2Mi b2MiBK2Mi �M�HvbBbX

kd



jXd h�; :2M2`�iBQM

"2+�mb2 Q7 i?2 M�im`2 Q7 `2pB2r /�i�- QTBMBQM bmKK�`Bx�iBQM /Bz2`b 7`QK ;2M2`�H i2ti

bmKK�`Bx�iBQMX h2ti bmKK�`Bx�iBQM (8k) /2�Hb rBi? 2ti`�+iBM; T`QKBM2Mi iQTB+b 7`QK

+QMi2Mi �M/ +QK#BMBM; i?2K iQ T`Q/m+2 � bmKK�`v Q7 i?2 2MiB`2 +QMi2MiX PM i?2

Qi?2` ?�M/- QTBMBQM rQ`/b �M/ i?2B` TQH�`Biv 7Q`K � +`m+B�H +QKTQM2Mi Q7 QTBMBQM

bmKK�`vX

_2b2�`+?2`b ?�p2 bim/B2/ i?2 T`Q#H2K Q7 i�; `2+QKK2M/�iBQM 7Q` p�`BQmb �TTHB@

+�iBQMbX 1tBbiBM; �TT`Q�+?2b Q7 i�; `2+QKK2M/�iBQM +�M #2 #`Q�/Hv +H�bbB}2/ BMiQ

irQ +�i2;Q`B2b, bmT2`pBb2/ (Ryy- Rje- Re8) �M/ mMbmT2`pBb2/ (Rk9- R9R- R8N)X J�DQ`Biv

Q7 i?2 rQ`F 7�HHb BMiQ i?2 bmT2`pBb2/ �TT`Q�+? r?2`2 i?2 ;Bp2M Q#D2+i Q` Bi2K �H`2�/v

?�b bQK2 i�;b- �M/ i?2 i�bF Bb iQ 2tT�M/ i?2 i�;b Q` T`2/B+i i�;b Q7 bBKBH�` Bi2KbX

amT2`pBb2/ �TT`Q�+?2b K�v #2 7m`i?2` +H�bbB}2/ BMiQ i?`22 bm#@+�i2;Q`B2b #�b2/ QM

?Qr i?2v rQ`F, URV +Q@Q++m``2M+2 #�b2/ �TT`Q�+?2b- UkV J�i`Bt@#�b2/ �TT`Q�+?2b-

�M/ UjV ;`�T?@#�b2/ �TT`Q�+?2bX

PM i?2 Qi?2` ?�M/- mMbmT2`pBb2/ �TT`Q�+?2b /Q MQi `2[mB`2 �Mv i�; iQ rQ`FX

h?2v 2ti`�+i BM7Q`K�iBQM 7`QK i?2 +QMi2Mi �M/ Bib �bbQ+B�i2/ 72�im`2b iQ `2+QKK2M/

i�;bX AM i?Bb i?2bBb- r2 rQ`F QM 2ti`�+iBM; i�;b 7`QK +QMi2Mib i?�i /Q MQi ?�p2 i�;b

�bbQ+B�i2/ rBi? i?2KX

jXdXR amT2`pBb2/ h�; _2+QKK2M/�iBQM

amT2`pBb2/ �TT`Q�+?2b +�M #2 mb2/ r?2`2 bQK2 i�;;2/ /�i� Bb �p�BH�#H2 BM i?2 7Q`K Q7

i`�BMBM; /�i�X 6Q` `2+QKK2M/�iBQM bvbi2Kb- bm+? /�i� 7Q`K i2`M�`v `2H�iBQMb #2ir22M

mb2`b- Bi2Kb �M/ i�;bX 6Q` M2rb TQbib- #HQ; TQbib- 2i+X- Bi Bb BM i?2 7Q`K Q7 #BM�`v

`2H�iBQM #2ir22M Bi2Kb �M/ i�;bX _2H�i2/ rQ`F QM p�`BQmb bmT2`pBb2/ �TT`Q�+?2b �`2

/Bb+mbb2/ #2HQr,

*Q@Q++m``2M+2 #�b2/ �TT`Q�+?2b miBHBx2 i�;b �bbB;M2/ iQ � +QHH2+iBQM Q7 Q#D2+ib

k3



iQ `2+QKK2M/ i�;b Q7 � M2r Q#D2+i mbBM; �bbQ+B�iBQM `mH2bX :Bp2M bQK2 2tBbiBM; i�;b

�bbQ+B�i2/ rBi? � i�`;2i Q#D2+i- i?Bb �TT`Q�+? 2tT�M/b i?2 i�; +QHH2+iBQM #�b2/ QM i?2

+Q@Q++m``2M+2 T�ii2`M Q7 i?2 +�M/B/�i2 i�; rBi? i?2 BMBiB�H i�;b (9k-8y-d8-Nd-Rjd-Re8)X

(9k) T`QTQb2 �M BMi2`�+iBp2 r�v Q7 `2+QKK2M/BM; `2H2p�Mi i�;b r?2M2p2` � mb2` b2H2+ib

� M2r i�; #v +QMbB/2`BM; i?2 mb2`Ƕb i�; mb�;2 ?BbiQ`vX h?2 +Q@Q++m``2M+2 #�b2/

�TT`Q�+?2b �`2 /2T2M/2Mi QM i?2 �p�BH�#BHBiv Q7 bQK2 BMBiB�H i�;b �bbB;M2/ iQ i?2 i�`;2i

Q#D2+ibX h?2b2 �TT`Q�+?2b `2[mB`2 � HQi Q7 i�;;2/ /�i� �b i?2v mb2 i�; +Q@Q++m``2M+2

iQ `2+QKK2M/ i�;b 7Q` i?2 i�`;2i Q#D2+iX

J�i`Bt 7�+iQ`Bx�iBQM �TT`Q�+?2b rQ`F r2HH 7Q` /�i� i?�i ?�p2 BM7Q`K�iBQM QM

mb2`b- i�;b �M/ Bi2KbX h?2v `2T`2b2Mi i?2 i�; �bbB;MK2Mi iQ Bi2Kb BM i?2 7Q`K Q7 �

K�i`Bt �M/ 7�+iQ`Bx2 i?2 K�i`Bt BMiQ bK�HH2` QM2b iQ /Bb+Qp2` H�i2Mi 72�im`2b #2ir22M

/Bz2`2Mi 2MiBiB2bX _2/m+BM; i?2 /BK2MbBQM Q7 i?2 K�i`Bt K�F2b Bi 2�bB2` iQ }M/ i?2

`2H�iBQMb?BTb #2ir22M mb2`b- Q#D2+ib �M/ i�;bX (Rke) mb2/ K�i`Bt 7�+iQ`Bx�iBQM �M/

h2MbQ`6HQr (R) iQ KQ/2H i?2 T�B`rBb2 `2H�iBQMb?BT #2ir22M mb2`b- i�;b �M/ Bi2KbX

�Hi?Qm;? i?Bb 2tTHQBib i?2 #2M2}ib Q7 /BK2MbBQM�HBiv `2/m+iBQM- K�i`Bt 7�+iQ`Bx�iBQM

rQ`F r2HH QMHv 7Q` /2Mb2 /�i� �M/ BMpQHp2b 2tT2MbBp2 QT2`�iBQMb i?�i �`2 MQi bQ

b+�H�#H2 (RR)X

:`�T?@#�b2/ �TT`Q�+?2b 7QHHQr � ;`�T? `2T`2b2Mi�iBQM Q7 i?2 bvbi2K- r?2`2 i?2

MQ/2b �`2 i?2 Q#D2+ib- �M/ i?2 2/;2b /2MQi2 i?2 bBKBH�`Biv `2H�iBQMb?BT #2ir22M i?2

Q#D2+ibX h?2v 2tTHQBi i?2 i2tim�H 72�im`2b �M/ M2B;?#Q`?QQ/ bBKBH�`Biv BM7Q`K�iBQM iQ

}M/ +�M/B/�i2 i�;b (8j-ey-Nk)X h?2 bQ+B�H +QMM2+iBQM #2ir22M mb2`b Bb 2tTHQBi2/ BM (3N)

iQ #mBH/ � ;`�T?@#�b2/ i�; `2+QKK2M/�iBQM bvbi2KX h�; T`QT�;�iBQM #2ir22M Q#D2+ib

rBi? bBKBH�` i2tim�H +QMi2Mi Bb T`QTQb2/ BM (Nk- Rdd)X (j3) KQ/2H2/ i?2 7QHFbQMQKv

�b � ?2i2`Q;2M2Qmb ;`�T? +QMi�BMBM; i�;b- mb2`b- �M/ Q#D2+ib �b MQ/2bX :`�T?@#�b2/

�TT`Q�+?2b /Q MQi T2`7Q`K r2HH r?2M i?2 /�i� ?�b MQBbv +QMi2Mi HBF2 mb2` `2pB2rbX

kN



jXdXk lMbmT2`pBb2/ h�; :2M2`�iBQM

lMbmT2`pBb2/ K2i?Q/b �`2 bmBi�#H2 7Q` Bi2Kb r?2`2 QMHv i?2 +QMi2Mi Bb �p�BH�#H2 rBi?@

Qmi �Mv i�;bX h?2v �`2 ;2M2`�HHv mb2/ iQ }M/ `2H2p�Mi iQTB+b 7`QK /Q+mK2Mib bm+?

�b bQ+B�H K2/B� TQbib (Rk9)- +QKKmMBiv [m2biBQM �Mbr2`BM; bBi2b (d3) �M/ b+B2MiB}+

Tm#HB+�iBQMb (3y- Rkd)X h?2v H2p2`�;2 +QMi2tim�H BM7Q`K�iBQM bm+? �b T�ii2`Mb- bBKB@

H�`BiB2b �M/ bvMi�+iB+ `mH2b iQ ;2M2`�i2 iQTB+�H i�;bX hQTB+ KQ/2HBM; ?�b #22M mb2/

iQ 2ti`�+i iQTB+�H rQ`/b 7`QK i2tib �M/ iQ bm;;2bi `2H2p�Mi i�;b iQ +?�`�+i2`Bx2 i?2

+QMi2Mib (Rk9)X (R9R) 7QHHQr2/ � ;`�T?@T�`iBiBQMBM; K2i?Q/ iQ }M/ i?2 KQbi `2T`2@

b2Mi�iBp2 iQTB+b 7`QK � /Q+mK2MiX h?2 T2`7Q`K�M+2 Q7 i?2 �7Q`2K2MiBQM2/ K2i?Q/b

?B;?Hv `2HB2b QM i?2 �bbmKTiBQM Q7 � /2Mb2 b2i Q7 /�i� mTQM r?B+? i?2 KQ/2H Bb #mBHiX

(Rkd) mb2 +QMi2Mi@#�b2/ mMbmT2`pBb2/ i�; `2+QKK2M/�iBQMb �b � K2+?�MBbK 7Q` 2tT2`i

T`Q}HBM; BM i?2 b+B2MiB}+ /QK�BMX h?2v b?Qr2/ i?�i F2vrQ`/b �`2 i?2 KQbi 2z2+iBp2

+QMi2Mi iQ ;2M2`�i2 i�;b +QKT�`2/ iQ iBiH2b �M/ �#bi`�+ibX

Pm` �TT`Q�+? /Bz2`b 7`QK i?2 2tBbiBM; K2i?Q/b BM i?�i URV q2 7Q+mb QM i�;@

;BM; QTBMBQM�i2/ /Q+mK2Mib- bm+? �b T`Q/m+i `2pB2rb �M/ /2#�i2b- UkV q2 7Q+mb QM

;2M2`�iBM; i�;b i?�i +�Tim`2 i?2 b2K�MiB+ Q#D2+ib 7`QK `2pB2rbX 1tBbiBM; rQ`Fb QM

mMbmT2`pBb2/ i�; `2+QKK2M/�iBQM 7Q+mb QM 2ti`�+iBM; iQTB+�H i�;b i?�i ?�b Q#D2+@

iBp2 BM7Q`K�iBQMX 1ti`�+iBM; QMHv iQTB+�H i�;b �`2 MQi ?2HT7mH iQ mM/2`bi�M/ T`Q/m+i

`2pB2rbX _2pB2rb +QMi�BM HQib Q7 bm#D2+iBp2 BM7Q`K�iBQM 7`QK i?2 `2pB2r2`X q2 BM@

+Q`TQ`�i2 LGS `mH2b iQ �bbQ+B�i2 b2K�MiB+ rQ`/b iQ i?2 i�;bX UjV S`Q/m+i `2pB2rb

�`2 ?�`/2` iQ /2�H rBi? +QKT�`2/ iQ i?2 b+B2MiB}+ /Q+mK2MibX _2pB2rb �`2 `2H�iBp2Hv

b?Q`i +QKT�`2/ iQ Qi?2` /Q+mK2Mib �M/ /Q MQi ?�p2 r2HH@/2}M2/ +QKTQM2Mib- bm+?

�b iBiH2- �#bi`�+i �M/ F2vrQ`/b- i?�i +QKTH2K2Mi i�; ;2M2`�iBQMX q?BH2 b+B2MiB}+

/Q+mK2Mib �`2 r2HH bi`m+im`2/- `2pB2rb �`2 ;2M2`�HHv mMbi`m+im`2/- r?B+? K�F2b Bi

?�`/ iQ T`Q+2bbX

q2 ;Bp2 KQ`2 7Q+mb QM 2ti`�+iBM; i�;b i?�i �HbQ ?�p2 b2MiBK2MiX lMHBF2 2tBbiBM;

rQ`Fb (3- k9- ed- R9N) i?�i 7Q+mb QM 2ti`�+iBM; �bT2+ib �M/ TQH�`Biv- r2 mb2 b2MiBK2Mi

jy



�M�HvbBb iQ BKT`Qp2 i?2 i�; ;2M2`�iBQM #v �//BM; T`QKBM2Mi b2MiBK2Mi rQ`/b `2H�i2/

iQ i?2 i�;bX �//BM; /QKBM�Mi b2MiBK2Mi rQ`/b K�F2 i?2 i�;b KQ`2 BM7Q`K�iBp2X q2

+QK#BM2 i?2 +QMi2tim�H �M/ bvMi�+iB+ BM7Q`K�iBQM 7`QK i?2 `2pB2rb iQ ;2M2`�i2 i�;b

i?�i ?2HT mM/2`bi�M/ T`Q/m+i [m�HBivX

jX3 JBMBM; *QKT�`�iBp2 _2pB2rb

�Hi?Qm;? }M/BM; mb2`bǶ b2MiBK2Mi BM +QKT�`�iBp2 `2pB2rb Bb +HQb2Hv `2H�i2/ iQ �bT2+i@

#�b2/ QTBMBQM KBMBM; �M/ QTBMBQM bmKK�`Bx�iBQM- Bi `2T`2b2Mib � KQ`2 +QKTH2t T`Q#@

H2KX hQ bQHp2 i?Bb T`Q#H2K- QM2 M22/b iQ T`2+Bb2Hv }M/ i?2 i�`;2ib Q7 QTBMBQMb (3e)X

h?Bb T`Q#H2K Bb bHB;?iHv 2�bB2` 7Q` T`Q/m+i `2pB2rb +QKT�`2/ iQ Qi?2` ivT2b Q7 QTBMBQM

/�i�- bm+? �b /2#�i2b- #HQ;b- 2i+X (R9y)X h?2 `2�bQM Bb i?�i KQbi Q7 i?2 T`Q/m+i `2pB2rb

�`2 �#Qmi QM2 2MiBiv- �M/ i?2 QTBMBQMb �`2 2tT`2bb2/ QM /Bz2`2Mi �bT2+ib Q7 i?�i QM2

2MiBivX >Qr2p2`- /m2 iQ i?2 T`2b2M+2 Q7 KmHiBTH2 2MiBiB2b �M/ Qi?2` MQBbv BM7Q`K�iBQM

BM Qi?2` /�i�- Bi Bb /B{+mHi iQ T`2+Bb2Hv K�T i?2 QTBMBQMb iQ i?2 `2bT2+iBp2 2MiBiv �M/

�bT2+iX

PTBMBQM KBMBM; BM +QKT�`�iBp2 `2pB2rb Bb +HQb2Hv `2H�i2/ iQ bi�M+2 /2i2+iBQM Q7

QMHBM2 /2#�i2bX 1tBbiBM; rQ`F QM /2#�i2 bi�M+2 +H�bbB}+�iBQM +�M #2 #`Q�/Hv +�i2@

;Q`Bx2/ BMiQ irQ b2iiBM;b- pBxX URV +QM;`2bbBQM�H ~QQ` /2#�i2b (k- R8d- Rdk)- �M/ UkV

bQ+B�H /2#�i2b (9eĜ93-dj-Ry3-R9j)X h?2 +QM;`2bbBQM�H ~QQ` /2#�i2b �`2 i?2 KQ`2 T`Q@

72bbBQM�H /2#�i2b- r?2`2�b i?2 bQ+B�H /2#�i2b �`2 BM7Q`K�HX ai�M+2 +H�bbB}+�iBQM BM

bQ+B�H /2#�i2b Bb KQ`2 +?�HH2M;BM; +QKT�`2/ iQ +QM;`2bbBQM�H ~QQ` /2#�i2b /m2 iQ

i?2 2tT`2bbBp2 H�M;m�;2- bm+? �b bH�M;b- H�+F Q7 ;`�KK�`- �##`2pB�iBQMb- 2i+X- mb2/

BM i?2 bQ+B�H /Bb+mbbBQMb (j- Rkk- R8e)X ai�M+2 +H�bbB}+�iBQM Q7 +QM;`2bbBQM�H ~QQ` /2@

#�i2b BMp2biB;�i2b i?2 TQHBiB+�H Q`B2Mi�iBQM Q7 mb2`b QM Bbbm2b bm+? �b TQHBiB+�H `27Q`Kb-

+QMi`Qp2`bB�H TQHB+B2b- �M/ +�M/B/�i2 T`272`2M+2 (d-Rd-R9d)X ai�M+2 /2i2+iBQM Q7 bQ+B�H

/2#�i2b �BK �i /2i2+iBM; i?2 mb2`bǶ bi�M+2 iQr�`/b iQTB+b BM BM7Q`K�H b2iiBM;b bm+? �b
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QMHBM2 Tm#HB+ 7Q`mKb �M/ /2#�i2 r2#bBi2bR (Rd- R9y- R9d)X AM i?Bb i?2bBb- r2 T2`7Q`K

bi�M+2 /2i2+iBQM 7Q` bQ+B�H /2#�i2b- r?2`2 i?2 TQbi H2M;i? Bb HQM; +QKT�`2/ iQ ir22ibX

Pm` rQ`F Bb �M 2ti2MbBQM Q7 i?2 rQ`F Q7 aQK�bmM/�`�M 2i �HX (R9y)X q2 2KTHQv

rQ`/ 2K#2//BM; i2+?MB[m2b BM p�`BQmb bi2Tb Q7 bi�M+2 /2i2+iBQMX h?Bb �TT`Q�+? bT22/b

mT i?2 bi�M+2 +H�bbB}+�iBQM T`Q+2bb �M/ ;Bp2b KQ`2 �++m`�i2 `2bmHi +QKT�`2/ iQ i?2

2�`HB2` �TT`Q�+? i?�i `2[mB`2b +`�rHBM; Q7 2ti2`M�H BM7Q`K�iBQM `2H�i2/ iQ i?2 i�`;2ib

iQ }M/ �bT2+i@i�`;2i T`272`2M+2 BM7Q`K�iBQMX _2b2�`+?2`b ?�p2 mb2/ rQ`/ 2K#2//BM;b

7Q` QTBMBQM KBMBM; /m2 iQ Bib �#BHBiv iQ +�Tim`2 b2K�MiB+ bBKBH�`BiB2b (NR-RRk-Re3)X GBm

2i �HX (NR) mb2/ rQ`/ p2+iQ`b i`�BM2/ 7`QK � H�`;2 +Q`Tmb Q7 T`Q/m+i `2pB2rb 7Q` QTBMBQM

�bT2+i 2ti`�+iBQMX sm 2i �HX (Re3) mb2/ rQ`/ 2K#2//BM;b �b 72�im`2 `2T`2b2Mi�iBQM

7Q` � DQBMi QTBMBQM `2H�iBQM /2i2+iBQMX S�pHQTQmHQb �M/ �M/`QmibQTQmHQb (RRk) mb2/

rQ`/ p2+iQ`b i`�BM2/ QM 1M;HBb? qBFBT2/B� iQ 2ti`�+i �bT2+i i2`Kb 7Q` b2MiBK2Mi

�M�HvbBbX JBFQHQp 2i �HX (NN) /2p2HQT2/ rQ`/kp2+ KQ/2H 7Q` +`2�iBM; M2m`�H@2K#2//2/

rQ`/ `2T`2b2Mi�iBQMbX o�`BQmb `2b2�`+?2b ?�p2 b?QrM i?�i rQ`/kp2+ KQ/2H +�Tim`2b

`2H�iBQM�H �M/ b2K�MiB+ bBKBH�`BiB2b #2ii2` i?�M Qi?2` K2i?Q/b (39- 38)X

Pm` rQ`F Bb �HbQ `2H�i2/ iQ i?2 �bT2+i 2ti`�+iBQM bi2T Q7 QTBMBQM KBMBM;X _2+2Mi

rQ`Fb ?�p2 mb2/ rQ`/ 2K#2//BM;b 7Q` �bT2+i 2ti`�+iBQM (RR3-Rdj)X L2p2`i?2H2bb- B/2M@

iB7vBM; i?2 i�`;2i@`2H�i2/ �bT2+ib 7`QK � +QKT�`�iBp2 `2pB2r TQbi Bb � KQ`2 +?�HH2M;BM;

i�bF �b i?2`2 �`2 KQ`2 i?�M QM2 i�`;2ib BMpQHp2/ BM � /2#�i2 TQbiX aQK�bmM/�`�M

�M/ qB2#2 (R9y) mb2/ bvMi�+iB+ `mH2b iQ 2ti`�+i �bT2+i 7`QK /2#�i2 TQbibX >Qr2p2`-

K�Mv Q7 i?2 2ti`�+i2/ �bT2+ib �`2 B``2H2p�Mi iQ i?2 /2#�i2 i�`;2ibX AM i?Bb i?2bBb- r2

T`QTQb2 � MQp2H rQ`/ 2K#2//BM; #�b2/ K2i?Q/ iQ i`�BM � bmT2`pBb2/ �bT2+i +H�bbB}2`

iQ T`mM2 �bT2+ib B``2H2p�Mi iQ i?2 i�`;2ibX h?2 +H�bbB}2` +�M #2 mb2/ 7Q` i`�Mb72`

H2�`MBM; iQ }M/ i�`;2i `2H�i2/ �bT2+ib �+`Qbb KmHiBTH2 /QK�BMbX

R?iiT,ffrrrX+QMpBM+2K2XM2i- ?iiT,ffrrrX+`2�i2/2#�i2X+QK- �M/ ?iiT,ffrrrX/2#�i2XQ`; �`2
bQK2 Q7 i?2 TQTmH�` bQ+B�H /2#�i2 bBi2b

jk



*?�Ti2` 9

1tTHQ`�iBQM Q7 _2pB2rb mbBM;

�bT2+i PMiQHQ;v

9XR AMi`Q/m+iBQM

lb2`b K�F2 2ti2MbBp2 mb2 Q7 QMHBM2 TQ`i�Hb �M/ 2@+QKK2`+2 bBi2b iQ Tm`+?�b2 ;QQ/b

�M/ b2`pB+2bX �7i2` mbBM; T`Q/m+ib- +mbiQK2`b Q7i2M r`Bi2 `2pB2rb �M/ ;Bp2 722/#�+F

2tT`2bbBM; i?2B` QTBMBQMb QM p�`BQmb T`Q/m+i �bT2+ibX h?Bb `2bmHib BM �M 2MQ`KQmb

MmK#2` Q7 `2pB2rb H27i QM i?2 r2# #v +mbiQK2`bX JBMBM; �M/ 2ti`�+iBM; QTBMBQMb

7`QK i?2b2 `2pB2rb +QmH/ ?2HT +mbiQK2`b BM K�FBM; BM7Q`K2/ Tm`+?�b2 /2+BbBQMbX

J�Mv Q7 i?2 2tBbiBM; QTBMBQM KBMBM; bvbi2Kb /Q MQi 7Q+mb QM ?B;?@T`2+BbBQM �bT2+i

2ti`�+iBQM �b i?2v /Q MQi 2tTH�BM i?2 2ti`�+i2/ �bT2+ib iQ mb2`bX AM i?Bb +?�Ti2`-

r2 T`2b2Mi �M 2tTHQ`�iQ`v b2�`+? BMi2`7�+2 r?2`2 mb2`b +�M pB2r �bT2+ib KBM2/ 7`QK

`2pB2rb rBi? ?B;? T`2+BbBQM- �HQM; rBi? i?2 b2K�MiB+ `2H�iBQMb?BT #2ir22M i?2 �bT2+ibX

"v mbBM; Qm` BMi2`7�+2- mb2`b +�M 2�bBHv �++2bb �HH bMBTT2ib Q7 i?2 `2pB2rb i?�i i�HF

�#Qmi � T`272``2/ �bT2+i �M/ �HH i?2 bm#@�bT2+ib i?2`2Q7X hQ #mBH/ i?2 bvbi2K- r2

KBM2 i?2 QMiQHQ;B+�H `2H�iBQMb?BT #2ir22M �bT2+ib mbBM; T`Q/m+i `2pB2rb �M/ b2K�MiB+

FMQrH2/;2 7`QK 2ti2`M�H bQm`+2bX

jj



Pm` T`BK�`v 7Q+mb Bb QM i?2 �miQK�iB+ +`2�iBQM Q7 �bT2+i QMiQHQ;v mbBM; b2K�MiB+

FMQrH2/;2 #2ir22M i?2 �bT2+ibX h?2 r?QH2 T`Q+2bb K�v #2 /BpB/2/ BMiQ i?2 7QHHQrBM;

bm#i�bFb, URV 2ti`�+i �bT2+ib 7`QK T`Q/m+i `2pB2rbc UkV +QMbi`m+i �M QMiQHQ;v i`22 Q7

2ti`�+i2/ �bT2+ibc �M/ UjV bmKK�`Bx2 `2pB2rb #�b2/ QM i?2 �bT2+i QMiQHQ;v i`22X

6B;m`2 9XR, a+`22Mb?Qi Q7 i?2 QMiQHQ;v@#�b2/ `2pB2r 2tTHQ`�iBQM bvbi2KX

6B;m`2 9XR b?Qrb � b+`22Mb?Qi Q7 Qm` T`QTQb2/ QMiQHQ;v@#�b2/ `2pB2r 2tTHQ`�iBQM

bvbi2KX >2`2- r2 i�F2 i?2 2t�KTH2 Q7 #`QrbBM; i?`Qm;? � /B;Bi�H +�K2`� `2pB2rbX

h?2 BMi2`7�+2 +QMbBbib Q7 irQ T�M2Hb- M�K2Hv i?2 �bT2+i 2tTHQ`�iBQM T�M2H �M/ i?2

`2pB2r bMBTT2i T�M2HX q?2M i?2 mb2` +HB+Fb QM i?2 �bT2+i H2Mb BM i?2 �bT2+i T�M2H- i?2

bm#@�bT2+ib- bm+? �b 7Q+mb- H2Mb +�T �M/ xQQK TQT QmiX �HbQ- `2pB2r bMBTT2ib `2H�i2/

iQ H2Mb �M/ �HH Bib bm#@�bT2+ib �`2 b?QrM BM i?2 `2pB2r bMBTT2i T�M2HX

am+? � bmKK�`v Bb mb27mH iQ mb2`b BM K�Mv r�vbX 6B`bi- i?2 mb2` /Q2b MQi M22/

iQ ;Q i?`Qm;? �HH i?2 `2pB2rb r?BH2 HQQFBM; 7Q` BM7Q`K�iBQM QM bQK2 bT2+B}+ �bT2+ibX

lbBM; i?Bb BMi2`7�+2- i?2 mb2` +�M +HB+F QM i?2 �bT2+ib Q7 BMi2`2bi- �M/ 7Q+mb QMHv QM

i?2 �bT2+i `2H2p�Mi `2pB2r bMBTT2ib i?�i �`2 b?QrM QM i?2 `2pB2r T�M2HX a2+QM/- �M/

KQ`2 BKTQ`i�MiHv- B7 i?2 mb2` Bb M2r iQ i?2 T`Q/m+i- i?2 `2H�iBQMb?BT #2ir22M p�`BQmb

�bT2+ib �M/ bm#@�bT2+ib Q7 i?2 T`Q/m+i +�M #2 mM/2`biQQ/ mbBM; Qm` T`QTQb2/ `2pB2r

2tTHQ`�iBQM bvbi2KX Pm` bvbi2K BMi2;`�i2b �bT2+ib rBi? i?2 `2pB2rbX
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lMHBF2 �Mv Qi?2` `2pB2r bmKK�`Bx�iBQM K2i?Q/b (89- R3j)- i?2 bmKK�`Bx�iBQM

K2i?Q/ /2b+`B#2/ Bb mMB[m2 BM � MmK#2` Q7 r�vbX 6B`bi- r2 �``�M;2 i?2 �bT2+ib

mbBM; � b2K�MiB+ QMiQHQ;v i`22 `�i?2` i?�M T`2b2MiBM; i?2K `�M/QKHv BM � ~�i �bT2+i

bi`m+im`2X h?Bb �B/b BM #2ii2` mM/2`bi�M/BM; Q7 i?2 T`Q/m+iX a2+QM/- r2 �HHQr mb2`b

iQ pB2r `2pB2r bMBTT2ib �i /Bz2`2Mi /2;`22 Q7 /2i�BHb- bi�`iBM; 7`QK ;2M2`�HBx2/ iQ

}M2@;`�BM2/ H2p2Hb #v 2tTHQ`BM; i?2 p�`BQmb H2p2Hb Q7 i?2 �bT2+i QMiQHQ;v i`22X

h?2 K�BM +QMi`B#miBQMb Q7 i?Bb +?�Ti2` �`2 �b 7QHHQr,

Ç q2 B/2MiB7v TQTmH�` �bT2+ib i?�i �`2 K2MiBQM2/ #v K�Mv mb2`b �M/ mb2 i?2b2

�bT2+ib 7Q` +`2�iBM; �bT2+i QMiQHQ;vX

Ç "�b2/ QM �bT2+i `2H�iBQMb?BT- r2 T`QTQb2 iQ �``�M;2 i?2 �bT2+ib T`2b2Mi BM

`2pB2rb BM i?2 7Q`K Q7 �M QMiQHQ;vX

Ç q2 �;;`2;�i2 `2pB2rb �i /Bz2`2Mi ;`�MmH�`Biv H2p2Hb #�b2/ QM �bT2+ib T`2b2Mi BM

i?2 QMiQHQ;vX

Ç q2 T`QTQb2 irQ mMbmT2`pBb2/ �TT`Q�+?2b iQ ;2M2`�i2 �bT2+i QMiQHQ;vX

Ç Pm` #2bi �TT`Q�+? +�M ;2M2`�i2 QMiQHQ;v- r?B+? Bb +HQb2Hv bBKBH�` iQ i?2 K�M@

m�HHv +`2�i2/ ;QH/ bi�M/�`/ QMiQHQ;vX

h?2 `2K�BMBM; +?�Ti2` Bb Q`;�MBx2/ �b 7QHHQrbX a2+iBQM 9Xk BM+Hm/2b � /2i�BH2/ /2@

b+`BTiBQM Q7 Qm` `2pB2r 2tTHQ`�iBQM bvbi2KX h?2 2tT2`BK2Mi�H 2p�Hm�iBQMb �M/ `2bmHib

�`2 T`2b2Mi2/ BM a2+iBQM 9XjX a2+iBQM 9X9 +QMi�BMb i?2 +QM+HmbBQM �M/ 7mim`2 b+QT2 Q7

i?2 bim/vX

9Xk S`QTQb2/ �TT`Q�+?

AM i?Bb b2+iBQM- r2 7Q`K�HHv BMi`Q/m+2 Qm` �bT2+i@#�b2/ `2pB2r 2tTHQ`�iBQM bvbi2KX

h?2 �`+?Bi2+im`�H Qp2`pB2r Q7 i?2 bvbi2K Bb ;Bp2M BM 6B;m`2 9XkX
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Customer 
Reviews

Preprocessing

Candidate Aspect 
Generation

Semantic Relationship 
Knowledge Base

Semantic Similarity 
Knowledge Base

Extract Relations Candidate Ontology 
Tree

Tree Balancing

SemR Ontology Tree

Aspect, Review 
Snippet Dictionary

Aspect Based Review 
Exploration

SemS Ontology Tree

Aspect, Review 
Snippet Dictionary

Aspect Based Review 
Exploration

6B;m`2 9Xk, avbi2K �`+?Bi2+im`2 Q7 i?2 �bT2+i@#�b2/ `2pB2r 2tTHQ`�iBQM bvbi2KX

h?2 bvbi2K i�F2b T`Q/m+i `2pB2rb �b BMTmi �M/ ;2M2`�i2b QmiTmi �b �M �bT2+i@

#�b2/ `2pB2r bmKK�`v- r?2`2 �bT2+ib �`2 T`2b2Mi2/ BM i?2 7Q`K Q7 �M QMiQHQ;v i`22X

q2 T`BK�`BHv 7Q+mb QM i?2 �miQK�iB+ +`2�iBQM Q7 �bT2+i QMiQHQ;v- M2;�iBM; i?2 M22/

7Q` �Mv T`BQ` /QK�BM FMQrH2/;2X h�#H2 9XR +QMi�BMb i?2 HBbi Q7 MQi�iBQMb mb2/X

�H;Q`Bi?K R ;Bp2b �M Qp2`pB2r Q7 i?2 �bT2+i@#�b2/ _2pB2r 1tTHQ`2` U�_1tTHQ`2`V

bvbi2KX �_1tTHQ`2` ?�b 7Qm` K�BM bi2Tb, URV 2ti`�+i +�M/B/�i2 �bT2+ib 7`QK `2pB2rbc

UkV 2ti`�+i TQTmH�` �bT2+ibc UjV +`2�i2 �bT2+i QMiQHQ;v i`22 mbBM; b2K�MiB+ FMQrH2/;2

#�b2c �M/ U9V +`2�i2 �bT2+i@#�b2/ `2pB2r 2tTHQ`�iBQM bvbi2KX

:Bp2M � `2pB2r +Q`Tmb DR �M/ � T`Q/m+i /QK�BM P - ai2T R T�`b2b �M/ 2ti`�+ib �HH

i?2 +�M/B/�i2 �bT2+ib A* 7`QK i?2 `2pB2rbX 6`QK i?2 HBbi Q7 2ti`�+i2/ �bT2+ib- QMHv

TQTmH�` �bT2+ib UASV �`2 b2H2+i2/ mbBM; ai2T k- 7Q` 7m`i?2` T`Q+2bbBM;X h?2 bvbi2K

i?2M mb2b ai2T j iQ #mBH/ i?2 �bT2+i QMiQHQ;v i`22 UTPV 7`QK AS mbBM; b2K�MiB+

FMQrH2/;2 #�b2X AM i?Bb bi2T- bQK2 KQ`2 �bT2+ib r?B+? KB;?i #2 TQTmH�` #mi ?�p2

HBiiH2 b2K�MiB+ `2H�iBQMb?BT rBi? i?2 T`Q/m+i �HbQ ;2i T`mM2/X hrQ �TT`Q�+?2b �`2

je



LQi�iBQM .2b+`BTiBQM

AC *�M/B/�i2 �bT2+ib 2ti`�+i2/ 7`QK i?2 `2pB2rb

AP 6`2[m2Mi T`Q/m+i �bT2+ib T`2b2Mi BM i?2 `2pB2rb

AT am#b2i Q7 AP +HQb2Hv `2H�i2/ iQ i?2 T`Q/m+i

D .B+iBQM�`v +QMi�BMBM; +QmMib Q7 �bT2+ib BM AP

R _2H�iBQM HBbi Q#i�BM2/ 7`QK *QM+2TiL2i

BDR "B/B`2+iBQM�H `2H�iBQMb Q#i�BM2/ 7`QK *QM+2TiL2i

BUR "miiQK@lT `2H�iBQMb Q#i�BM2/ 7`QK *QM+2TiL2i

TBR hQT@iQ@"QiiQK `2H�iBQMb Q#i�BM2/ 7`QK *QM+2TiL2i

F 6mM+iBQM�H `2H�iBQMb Q#i�BM2/ 7`QK *QM+2TiL2i

H >B2`�`+?B+�H `2H�iBQMb Q#i�BM2/ 7`QK *QM+2TiL2i

S avMQMvK `2H�iBQMb Q#i�BM2/ 7`QK *QM+2TiL2i

KS a2K�MiB+ FMQrH2/;2 #�b2 Q#i�BM2/ mbBM; Ga�

SemR �H;Q`Bi?K 7Q` QMiQHQ;v +`2�iBQM mbBM; b2K�MiB+ `2H�iBQMb?BT

SemS �H;Q`Bi?K 7Q` QMiQHQ;v +`2�iBQM mbBM; b2K�MiB+ bBKBH�`Biv

TO �bT2+i QMiQHQ;v i`22

h�#H2 9XR, LQi�iBQMb mb2/X

jd



�H;Q`Bi?K R �_1tTHQ`2`U._- S- EaV
AMTmi, D_, _2pB2r /�i�b2i

P , S`Q/m+i /QK�BM
Ka, a2K�MiB+ FMQrH2/;2 #�b2

PmiTmi, T , �bT2+i@#�b2/ `2pB2r 2tTHQ`�iBQM bvbi2K
J2i?Q/,

R, A* ← 1ti`�+i*�M/B/�i2�bT2+i(DR, P )
k, AS ← 1ti`�+iSQTmH�`�bT2+i(DR, AC)
j, TP, Ah ← *`2�i2PMiQHQ;vh`22(AP , KS)
9, D�_ ← �bT2+i_2pB2r.B+iBQM�`v(AT , DR)
8, T ← �_1avb(TO, DAR)

2t�KBM2/ 7Q` +`2�iBM; i?2 QMiQHQ;v i`22- QM2 mbBM; � b2K�MiB+ `2H�i2/M2bb FMQrH2/;2

#�b2 �M/ i?2 Qi?2` mbBM; � b2K�MiB+ bBKBH�`Biv FMQrH2/;2 #�b2X AM ai2T 9- i?2 �bT2+ib

Ah BM i?2 QMiQHQ;v i`22 �`2 K�TT2/ iQ `2H�i2/ `2pB2r bMBTT2ibX �7i2` i?�i- ai2T 8

+`2�i2b �M BMi2`�+iBp2 �bT2+i@#�b2/ `2pB2r b2�`+? BMi2`7�+2X lb2`b +�M 2tTHQ`2 T`Q/m+i

`2pB2rb #v +HB+FBM; QM i?2 �bT2+ibX AM �//BiBQM- mb2`b �HbQ ?�p2 i?2 QTiBQM iQ pB2r

i?2 bm#@�bT2+ib �M/ i?2B` `2H�i2/ `2pB2rbX L2r `2pB2rb +�M #2 2�bBHv �//2/ iQ i?2

bvbi2KX qBi? i?2 �//BiBQM Q7 M2r `2pB2rb- r2 QMHv M22/ iQ BM/2t i?Qb2 `2pB2rb mbBM;

i?2 �bT2+ib T`2b2Mi BM i?2 QMiQHQ;vX >Qr2p2`- QMHv B7 � M2r �bT2+i #2+QK2b TQTmH�`

BM i?2 M2r `2pB2rb �M/ r�b MQi TQTmH�` BM i?2 T`2pBQmb `2pB2rb- bm+? �bT2+i KB;?i #2

�//2/ iQ i?2 QMiQHQ;v i`22X Pm` K�BM +QMi`B#miBQM Bb i?2 �miQK�iB+ +`2�iBQM Q7 i?2

QMiQHQ;v i`22 7Q` #2ii2` �bT2+i@#�b2/ `2pB2r 2tTHQ`�iBQMX q2 M2ti /Bb+mbb i?2 bi2Tb

BM /2i�BHX

9XkXR *�M/B/�i2 �bT2+i a2i :2M2`�iBQM

h?2 Tm`TQb2 Q7 i?Bb bi2T Bb iQ 2ti`�+i i?2 +�M/B/�i2 �bT2+ib 7`QK `2pB2rbX �bT2+ib

�`2 mbm�HHv `2T`2b2Mi2/ #v MQmMb Q` MQmM T?`�b2b BM `2pB2rbX S�`i@Q7@bT22+? USPaV

i�;;BM; �M/ /2T2M/2M+v i`22 T�`bBM; �`2 i?2 +QKKQMHv mb2/ i2+?MB[m2b 7Q` 2ti`�+iBM;

�bT2+ibX J�Mv Qi?2` K2i?Q/b 7Q` �bT2+i 2ti`�+iBQM ?�p2 #22M 2tTHQ`2/ (kR-ke-jy-89-

NR-RRR-RRN)Xh?2b2 i2+?MB[m2b K�v �HbQ ;Bp2 � #`Q�/ `�M;2 Q7 �bT2+ib �M/ bm#@�bT2+ib
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�b bQK2 mb2`b +QKK2Mi QM bT2+B}+ �bT2+ib i?�i KB;?i 7�HH QmibB/2 +QKKQM BMi2`2bi

Q7 Qi?2` mb2`bX 6Q` Qm` �bT2+i QMiQHQ;v i`22- iQQ K�Mv �bT2+ib KB;?i +�mb2 �bT2+i

Qp2`HQ�/ �M/ +QM7mb2 mb2`b /m`BM; �bT2+i 2tTHQ`�iBQMX hQ i�+FH2 i?Bb T`Q#H2K- r2

�ii2KTi iQ }Hi2` �bT2+ib iQ ;2i QMHv i?2 KQ`2 TQTmH�` QM2bX

q2 /2}M2 TQTmH�` �bT2+ib �b i?Qb2 �bT2+ib r?B+? �TT2�` BM KQ`2 i?�M � i?`2b?QH/

UTSV MmK#2` Q7 `2pB2rX h?Bb �TT`Q�+? �HbQ ?2HTb BM T`mMBM; Qmi i?2 B``2H2p�Mi MQmMb-

r?B+? �`2 r`QM;Hv /2i2+i2/ �b �bT2+ibX hvTQb- i2ti@bT2�Fb- Q` J�`iB�M H�M;m�;2b

�HbQ ;2ib }Hi2`2/ BM i?Bb bi2T �b i?2v Q++m` � 72r iBK2b- +QKT�`2/ iQ TQTmH�` �bT2+ibX

>Qr2p2`- i?2`2 K�v #2 TQTmH�` �bT2+ib r?B+? ?�p2 � HQr b2K�MiB+ `2H�iBQMb?BT rBi?

i?2 T`Q/m+i HBF2 +�K2`� �M/ bQ7ir�`2X q2 T`mM2 Qmi bm+? mM`2H�i2/ �bT2+ib mbBM;

b2K�MiB+ FMQrH2/;2 /m`BM; �bT2+i QMiQHQ;v i`22 ;2M2`�iBQMX

9XkXk a+?2K�iB+ AMi2`7�+2

h?2 b+?2K�iB+ /2bB;M Q7 Qm` �bT2+i@#�b2/ `2pB2r 2tTHQ`�iQ`v bvbi2K +QMbBbib Q7 �M

BMi2`7�+2 U�b b?QrM BM 6B;m`2 9XRV i?�i 2M�#H2b i?2 mb2` iQ #`Qrb2 i?`Qm;? p�`BQmb

T`Q/m+i �bT2+ib �M/ ;Q i?`Qm;? i?2 `2H�i2/ `2pB2r bMBTT2ibX h?2 BMi2`7�+2 bmTTQ`ib

KmHiBTH2 H2p2Hb Q7 `2pB2r �#bi`�+iBQM rBi? i?2 ?2HT Q7 i?2 �bT2+i 2tTHQ`�iBQM T�M2H

QM i?2 H27i bB/2 �M/ i?2 `2pB2r T�M2H QM i?2 `B;?i bB/2 Q7 i?2 b+`22MX h?2 �bT2+i

2tTHQ`�iBQM T�M2H /BbTH�vb �bT2+i QMiQHQ;v Q7 i?2 T`Q/m+i- �M/ i?2 `2pB2r T�M2H b?Qrb

`2pB2r bMBTT2ibX AMBiB�HHv- i?2 `2pB2r T�M2H +QMbBbib Q7 Qp2`�HH `2pB2rb Q7 i?2 T`Q/m+i

B7 MQ T`Q/m+i �bT2+i Bb b2H2+i2/X q?2M2p2` � mb2` +HB+Fb QM �M �bT2+i- `2H�i2/ bm#@

�bT2+ib TQT Qmi �M/ i?2 `2pB2r T�M2H /BbTH�vb `2pB2r bMBTT2ib `2H�i2/ iQ i?2 �bT2+iX

h?2 bm#@�bT2+ib �`2 F2Ti ?B//2M mMiBH i?2 mb2` +HB+Fb QM i?2 `2H�i2/ T�`2Mi �bT2+iX

h?Bb r�v- i?2 mb2` /Q2b MQi ?�p2 iQ ;Q i?`Qm;? /Bbi`�+iBM; B``2H2p�Mi �bT2+ibX h?2

�//2/ 72�im`2 Q7 i?Bb BMi2`7�+2 Bb i?�i Bi Bb BMi2`�+iBp2X Ai K�F2b Bi 2�bv 7Q` i?2 2M/@

mb2` iQ B/2MiB7v T`Q/m+i �bT2+ib Q7 BMi2`2bi- �M/ 7Q+mb QM `2pB2rb i?�i +QMi�BM `2H2p�Mi

�bT2+i BM7Q`K�iBQMX
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9XkXj �bT2+i PMiQHQ;v h`22 :2M2`�iBQM

PMiQHQ;B2b `2T`2b2Mi i?2 +QM+2Tib BM � /QK�BM �b r2HH �b i?2 `2H�iBQMb �KQM; i?2K

BM i?2 7Q`K Q7 � ?B2`�`+?B+�H i`22 bi`m+im`2X �b i?2 �bT2+ib �M/ bm#@�bT2+ib ?�p2 �

?B2`�`+?B+�H `2H�iBQMb?BT- r2 mb2 � i`22 bi`m+im`2 iQ `2T`2b2Mi i?2 �bT2+i QMiQHQ;vX

�bT2+i QMiQHQ;v i`22 BHHmbi`�i2b i?2 `2H�iBQMb �KQM; �bT2+ib Q7 � T`Q/m+i �M/ ?2HTb

BM +QM+2Tim�HBxBM; T`Q/m+i bT2+B}+ BM7Q`K�iBQM #v �//BM; b2K�MiB+ `2H�iBQMb?BT iQ

p�`BQmb �bT2+ibX AM �M �bT2+i QMiQHQ;v i`22- �bT2+ib �`2 `2T`2b2Mi2/ �b MQ/2b r?BH2

2/;2b QmiHBM2 i?2 b2K�MiB+ `2H�iBQMb?BT #2ir22M i?2 �bT2+ibX

�M �bT2+i QMiQHQ;v i`22 2t?B#Bib �bT2+i BM7Q`K�iBQM �i /Bz2`2Mi ;`�MmH�`Biv H2p2HbX

6Q` 2t�KTH2- 7Q+mb �M/ xQQK �`2 F2Ti �b � KQ`2 }M2@;`�BM2/ bm#@�bT2+ib Q7 H2MbX h?Bb

?2HTb `2bQHp2 i?2 �bT2+i Qp2`HQ�/ T`Q#H2K #v /BbTH�vBM; � ;`QmT Q7 �bT2+ib �i p�`BQmb

}M2@;`�BM2/ H2p2HbX h?2 bm#@�bT2+ib +�M #2 pB2r2/ �i � }M2` H2p2H #v 7QHHQrBM; i?2

T�i? Q7 ?B;?2` H2p2H �bT2+ibX h?Bb r�v- mb2`b �`2 �#H2 iQ +QKT`2?2M/ i?2 `2H�iBQMb?BT

�KQM; �bT2+ib �M/ bm#@�bT2+ib #2ii2`X >2`2- r2 T`QTQb2 irQ �TT`Q�+?2b 7Q` #mBH/BM;

i?2 �bT2+i QMiQHQ;v i`22 mbBM; b2K�MiB+ `2H�iBQMb?BT �M/ b2K�MiB+ bBKBH�`BivX q2 7m`@

i?2` 2tTHQ`2 ;2M2`�iBM; i?2 �bT2+i QMiQHQ;v 7`QK �miQK�iB+�HHv 2ti`�+i2/ �bT2+ib- �b

K�Mm�HHv H�#2H2/ �bT2+ib �`2 MQi �Hr�vb `2�/BHv �p�BH�#H2X h?2 b2K�MiB+ `2H�iBQMb?BT

K2i?Q/ KBbb2b Qmi bQK2 Q7 i?2 �bT2+ib �b i?2 b2K�MiB+ `2H�iBQMb?BT FMQrH2/;2 #�b2 Bb

iQQ #B; iQ #mBH/ K�Mm�HHvX PM i?2 Qi?2` ?�M/- i?2 b2K�MiB+ bBKBH�`Biv K2i?Q/ Bb �#H2

iQ +Qp2` KQ`2 �bT2+ib �b �bT2+ib mbm�HHv +Q@Q++m` rBi? i?2 T`Q/m+i BM /Q+mK2MibX

PMiQHQ;v mbBM; a2K�MiB+ _2H�iBQMb?BT Ua2K_V

� b2K�MiB+ `2H�iBQMb?BT #2ir22M irQ �bT2+ib +�M #2 mb2/ iQ +QMp2v i?2 �bbQ+B�iBQM

#2ir22M i?2 irQX 6Q` 2t�KTH2- i?2 b2Mi2M+2 ǵ*�K2`� ?�b � H2MbǶ b?Qrb i?2 +QMM2+@

iBQM i?�i H2Mb Bb@T�`i@Q7 +�K2`�X q2 }M/ b2K�MiB+�HHv `2H�i2/ �bT2+ib mbBM; FMQrH2/;2

;`�T?X EMQrH2/;2 ;`�T? +QMi�BMb � ?m;2 /�i�#�b2 Q7 +QKKQM b2Mb2 FMQrH2/;2 i?�i

HBMFb +QM+2Tib UMQ/2bV rBi? b2K�MiB+ `2H�iBQMb U2/;2bVX *QM+2Tib �`2 `2�H@rQ`H/ Q#@
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D2+ibX q2 mb2 *QM+2TiL2i (33) FMQrH2/;2 ;`�T? iQ }M/ i?2 b2K�MiB+ `2H�iBQMb?BT

#2ir22M i?2 2ti`�+i2/ �bT2+ibX

*QM+2TiL2i +QMbBbib Q7 � rB/2 `�M;2 Q7 +QKKQM b2Mb2 FMQrH2/;2- r?B+? �`2 QTiB@

KBx2/ 7Q` K�FBM; T`�+iB+�H +QMi2ti@#�b2/ BM72`2M+2b Qp2` `2�H@rQ`H/ i2tibX h?2 +QK@

KQM b2Mb2 FMQrH2/;2 +QMi�BMb #�bB+ 7�+ib �M/ mM/2`bi�M/BM; #2ir22M +QM+2TibX 6Q`

2t�KTH2- +QMbB/2` i?2 7QHHQrBM; b2Mi2M+2b,

1t�KTH2 R ǵ*�K2`� ?�b � H2MbǶ

1t�KTH2 k ǵ*�K2`� Bb mb2/ 7Q` i�FBM; TB+im`2bǶ

h?2 �#Qp2 b2Mi2M+2b T`QpB/2 � #�bB+ mM/2`bi�M/BM; �#Qmi � +�K2`�X h?2 b2Mi2M+2b

+QMi�BM `2H�iBQMb?BT Q7 +QM+2Tib bm+? �b ?�b � �M/ mb2/ 7Q`X *QM+2TiL2i +�M #2

mb2/ iQ }M/ b2K�MiB+ `2H�iBQMb?BTb #2ir22M +QM+2Ti T�B`bX am+? FMQrH2/;2 +QMi�BMb

`2H�iBQMb?BT #2ir22M +QM+2Tib- 7Q` BMbi�M+2- ?�b � �M/ mb2/ 7Q` BM i?2 �#Qp2 2t�KTH2X

6B;m`2 9Xj, � bMBTT2i 7`QK *QM+2TiL2iǶb b2K�MiB+ M2irQ`F- b?QrBM; p�`BQmb
+QM+2Tib `2H�i2/ iQ i?2 2MiBiv +�K2`�X
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6B;m`2 9Xj b?Qrb �M BMbi�M+2 Q7 �+im�H FMQrH2/;2 BM *QM+2TiL2i +QM+2`MBM; i?2

+QM+2Ti +�K2`�X 1�+? MQ/2 `2T`2b2Mib � +QM+2Ti- �M/ 2�+? /B`2+i2/ 2/;2 `2T`2b2Mib

� b2K�MiB+ `2H�iBQMb?BT #2ir22M i?2 +QM+2TibX q2 H2p2`�;2 i?2b2 `2H�iBQMb #2ir22M

�bT2+ib iQ #mBH/ i?2 �bT2+i QMiQHQ;v i`22X

*QM+2TiL2i ?�b k9 +QKKQM `2H�iBQMb bm+? �b S�`iP7- J�/2P7- �iGQ+�iBQM- 2i+X-

iQ /2b+`B#2 ?Qr +QM+2Tib �`2 `2H�i2/ i?`Qm;? +QKKQM b2Mb2 FMQrH2/;2X h?2b2 `2H�@

iBQMb +�M #2 H2p2`�;2/ iQ }M/ � +QMM2+iBQM #2ir22M +QM+2Tib i?�i �`2 MQi /B`2+iHv

+QMM2+i2/X hQ mM/2`bi�M/ +QMbB/2` i?2 7QHHQrBM; *QM+2TiL2i BMbi�M+2b,

1t�KTH2 j ǵ+�K2`� Bb _2H�i2/hQ H2MbǶ

1t�KTH2 9 ǵH2Mb Bb lb2/6Q` 7Q+mbǶ

6`QK 1t�KTH2b j �M/ 9- r2 }M/ i?�i i?2 +QM+2Ti +�K2`� ?�b `2H�iBQM rBi? i?2 +QM+2Ti

H2Mb- �M/ H2Mb ?�b `2H�iBQM rBi? 7Q+mbX >2M+2- Bi Bb 2pB/2Mi i?�i +�K2`� �M/ 7Q+mb �`2

`2H�i2/ i?`Qm;? i`�MbBiBp2 `2H�iBQMX >Qr2p2`- i?2`2 K�v #2 QM2@iQ@K�Mv `2H�iBQMb

#2ir22M p�`BQmb +QM+2TibX GBMFBM; KmHiBTH2 +QM+2Tib K�v H2�/ iQ iQTB+ /`B7iX hQ

BHHmbi`�i2- +QMbB/2` i?2 *QM+2TiL2i `2H�iBQMb ;Bp2M BM 6B;m`2 9X9X

HasA RelatedTo PartOf

Camera			è Lens		è Glass				è Window

6B;m`2 9X9, �M BMbi�M+2 Q7 iQTB+ /`B7iX

6`QK 6B;m`2 9X9- r2 +�M b22 i?�i i?2 +QM+2Tib +�K2`� �M/ rBM/Qr b?�`2 � i`�MbB@

iBp2 `2H�iBQMb?BT �b T2` *QM+2TiL2i #mi rBM/Qr /Q2bMǶi #2HQM; iQ i?2 +�K2`� /QK�BM-

`2bmHiBM; +�mb2b iQTB+ /`B7iX hQ +QMi`QH iQTB+ /`B7i- �b BM (Ryd)- r2 mb2 i?`22 +H�bb2b Q7

`2H�iBQMb, >B2`�`+?B+�H `2H�iBQMb U>V- avMQMvK `2H�iBQMb UaV- �M/ 6mM+iBQM�H `2H�iBQMb

U6V- rBi? i?2 �bbB;M2/ T`BQ`Biv Q`/2` Q7 H=S =F X q2 mb2 i?2b2 `2H�iBQM +H�bb2b �M/
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i?2 T`BQ`Biv Q`/2` iQ +?QQb2 i?2 T`QT2` `2H�iBQM BM +�b2 KmHiBTH2 TQbbB#H2 `2H�iBQMb?BTb

2tBbi #2ir22M irQ �bT2+ibX q?2M i?2`2 �`2 irQ Q` KQ`2 TQbbB#H2 `2H�iBQMb #2ir22M

+QM+2Tib- i?2 `2H�iBQM +H�bb2b ?2HT iQ +?QQb2 i?2 `2H�iBQM i?�i ?�b � ?B;?2` T`BQ`Biv

Q`/2`X H = S = F T`BQ`Biv Q`/2` Bb 7QHHQr2/ iQ `2bQHp2 i?2 +QM~B+iX

RelatedTo (S)

HasA (H)

Lens

Glass

Aperture

6B;m`2 9X8, lbBM; `2H�iBQM +H�bb iQ `2bQHp2 iQTB+ /`B7iX

6Q` 2t�KTH2- 6B;m`2 9X8 b?Qrb � +�b2 r?2`2 i?2`2 �`2 irQ TQbbB#H2 `2H�iBQMb 7`QK

i?2 +QM+2Ti H2Mb iQ ;H�bb �M/ �T2`im`2X lbBM; i?2 `2H�iBQM +H�bb- H2Mb �M/ �T2`im`2

?�b � >B2`�`+?B+�H `2H�iBQM U>V- r?B+? ?�b ?B;?2` T`BQ`Biv Qp2` i?2 avMQMvK `2H�iBQM

UaV i?�i 2tBbi #2ir22M H2Mb �M/ ;H�bbX "�b2/ QM i?Bb T`2+2/2M+2- r2 +QM+Hm/2 i?�i

i?2`2 Bb � `2H�iBQM #2ir22M H2Mb �M/ �T2`im`2 �M/ B;MQ`2 i?2 `2H�iBQMb?BT #2ir22M H2Mb

�M/ ;H�bb- r?B+? rQmH/ ?�p2 +�mb2/ iQTB+ /`B7iX �++Q`/BM;Hv- r2 �// �M 2/;2 7`QK

H2Mb iQ �T2`im`2 Ulens → apertureVX �HbQ- iQ +Hmbi2` �HH i?2 `2H2p�Mi bvMQMvKb �i �

bBM;H2 `2bT2+iBp2 �bT2+i- r2 b2i BMM2` T`BQ`Biv Q`/2` rBi?BM i?2 bvMQMvK `2H�iBQM +H�bb-

�b K2MiBQM2/ BM h�#H2 9XkX AM +�b2 Q7 +QM~B+iBM; `2H�iBQMb- �M 2/;2 Bb �//2/ iQ i?2

QMiQHQ;v i`22 7Q` � ?B;?2` T`BQ`Biv `2H�iBQM- �M/ r2 B;MQ`2 i?2 HQr2` T`BQ`Biv `2H�iBQM

2/;2X 6BM�HHv- r2 K2`;2 �HH i?2 bvMQMvKb iQ `2KQp2 i?2 `2/mM/�Mi BM7Q`K�iBQM 7`QK

i?2 i`22X

�7i2` K�Mm�H BMbT2+iBQM- r2 +QMbB/2` QMHv Rk ivT2b Q7 `2H�iBQMb i?�i ?B;?HB;?i i?2

�bT2+ib `2H�i2/ iQ � +QM+2Ti U2X;X- >�b�- S�`iP7- 2i+XV �M/ /Bb+�`/ Qi?2`b r?B+? �`2

MQi mb27mH 7Q` #mBH/BM; i?2 QMiQHQ;v i`22 Ubm+? �b 1ti2`M�Hl_G- JQiBp�i2/"v:Q�H-

P#bi`m+i2/"v- 2i+XVX h?2 `2H�iBQMb �HQM; rBi? `2H�iBQM +H�bb �M/ T`BQ`Biv Q`/2` �`2

b?QrM BM h�#H2 9XkX
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_2H�iBQM�H *H�bb _2H�iBQM S`BQ`Biv

>B2`�`+?B+�H _2H�iBQMb (H) >�b�- S�`iP7- J�/2P7- GQ+�i2/L2�` R

avMQMvK _2H�iBQMb (S) avMQMvK- .2}M2/�b > .2`Bp2/6`QK > Ab�- _2H�i2/hQ k

6mM+iBQM�H _2H�iBQMb (F ) lb2/6Q`- *�T�#H2P7- >�bS`QT2`iv j

h�#H2 9Xk, *QM+2TiL2i `2H�iBQMb mb2/ 7Q` #mBH/BM; i?2 QMiQHQ;v i`22 �HQM; rBi? i?2B`
`2H�iBQM�H +H�bb �M/ T`BQ`Biv Q`/2`X ǵ>Ƕ b?Qrb BMM2` +H�bb T`BQ`Biv Q`/2`X

h?2 `2H�iBQMb #2ir22M +QM+2Tib �`2 `2T`2b2Mi2/ mbBM; mM/B`2+i2/ 2/;2b #2ir22M

+QM+2TibX 6Q` 2t�KTH2- ǵH2Mb Bb S�`iP7 +�K2`�Ƕ rBHH `2bmHi BM �M mM/B`2+i2/ 2/;2

#2ir22M H2Mb �M/ +�K2`� BM i?2 QMiQHQ;v i`22X .B`2+iBQM�HBiv Q7 i?2 2/;2 Bb `2[mB`2/

iQ /Bz2`2MiB�i2 �bT2+ib �M/ bm#@�bT2+ibX .m2 iQ i?2 mM/B`2+i2/ 2/;2- Bi Bb ?�`/ iQ

}M/ Qmi i?2 T�`2Mi �M/ +?BH/ �bT2+iX >Qr2p2`- i?2 +Q``2+i T�`2Mi@+?BH/ `2H�iBQMb?BT

Bb M2+2bb�`v iQ B/2MiB7v �bT2+ib �M/ bm#@�bT2+ibX hQ `2bQHp2 i?Bb- r2 BMi`Q/m+2 i?2

+QM+2Ti Q7 2/;2@ivT2 iQ B/2MiB7v T�`2Mi �M/ +?BH/ �bT2+ib- r?B+? Bb BM im`M mb2/ iQ

/2i2`KBM2 i?2 /B`2+iBQM Q7 `2H�iBQMbX q2 +H�bbB7v `2H�iBQMb BMiQ i?`22 2/;2 ivT2b, hQT@

iQ@"QiiQK _2H�iBQM Uh"_V- "QiiQK lT _2H�iBQM U"l_V �M/ "B/B`2+iBQM�H _2H�iBQM

U"._VX _2H�iBQMb #2HQM;BM; iQ i?2b2 2/;2 ivT2b �`2 ;Bp2M BM h�#H2 9XjX

1/;2 hvT2 _2H�iBQMb

hQT iQ "miiQK _2H�iBQMb Uh"_V *�T�#H2P7- >�b�- >�bS`QT2`iv- GQ+�i2/L2�`- J�/2P7- lb2/6Q`

"QiiQK lT _2H�iBQM U"l_V .2`Bp2/6`QK- S�`iP7

"B/B`2+iBQM�H _2H�iBQM U"._V .2}M2/�b- Ab�- _2H�i2/hQ- avMQMvK

h�#H2 9Xj, 1/;2 ivT2b �M/ `2H�iBQM HBbiX

h"_ `2T`2b2Mib � T�`2Mi@iQ@+?BH/ `2H�iBQMb?BT r?BH2 "l_ 2t?B#Bi +?BH/@iQ@T�`2Mi

`2H�iBQMb?BTX "._ Bb � T�`iB+mH�` +�b2 i?�i 2t?B#Bib i?2 T`QT2`iB2b Q7 #Qi? h"_ �M/
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"l_X .2T2M/BM; QM i?2b2 2/;2 ivT2b- T�`2Mi �M/ +?BH/ �bT2+ib �`2 /2+B/2/X 6Q`

2t�KTH2- H2i mb +QMbB/2` i?2 7QHHQrBM; bi�i2K2Mib,

1t�KTH2 8 ǵH2Mb Bb S�`iP7 +�K2`�Ƕ

1t�KTH2 e ǵ+�K2`� Bb *�T�#H2P7 i�FBM; TB+im`2bǶ

1t�KTH2 d ǵ7Q+mb Bb _2H�i2/hQ H2MbǶ

AM i?2 1t�KTH2 8- H2Mb �M/ +�K2`� ?�b � "l_- BM/B+�iBM; i?�i H2Mb Bb � +?BH/ Q7

+�K2`�X >2M+2- �M 2/;2 Bb �//2/ 7`QK +�K2`� iQ H2Mb (camera→ lens) BM i?2 QMiQHQ;v

i`22X aBKBH�`Hv- 7Q` 1t�KTH2b e �M/ d- 2/;2b (camera → picture) �M/ (focus ↔

lens) �`2 �//2/ iQ i?2 QMiQHQ;v i`22 �b i?2v ?�p2 h"_ �M/ "._ `2bT2+iBp2HvX 6Q`

#B/B`2+iBQM�H 2/;2b- r2 ?�p2 irQ TQbbB#BHBiB2b Q7 �//BM; 2/;2 U2X;X A1 → A2 Q` A2 →

A1 VX A2 +�M #2+QK2 bm#@�bT2+i Q7 A1 Q` pB+2@p2`b�X hQ K�BMi�BM i`22 +QMbBbi2M+v-

r2 /B`2+i 2/;2b QMHv 7`QK iQT iQ #QiiQKX

AM �//BiBQM iQ 2/;2 ivT2b- r2 7QHHQr "`2�/i? 6B`bi a2�`+? U"6aV 2tTHQ`�iBQM 7Q` Qm`

QMiQHQ;v 2tT�MbBQMX AM Qi?2` rQ`/b- r2 2ti`�+i `2H2p�Mi +QM+2Tib 7`QK *QM+2TiL2i

#v T`QpB/BM; i?2 T`Q/m+i /QK�BM BMBiB�HHv �M/ +QMM2+i i?2 �bT2+i 2/;2b #�b2/ QM

2/;2 ivT2 BM "6a K�MM2`X h?2 T`Q+2bb Bb `2T2�i2/ `2+m`bBp2Hv �b HQM; �b i?2 +?BH/

+QM+2Ti #2HQM;b iQ i?2 b2i Q7 7`2[m2MiHv Q++m``BM; �bT2+ibX h?2 #2M2}ib Q7 mbBM; "6a

2tTHQ`�iBQM Bb i?�i Bi T`QpB/2b i?2 b?Q`i2bi T�i? iQ `2H2p�Mi +QM+2Tib 7`QK T`Q/m+i

/QK�BM �i KBMBKmK /2Ti?X Pm` a2K_ �TT`Q�+? Bb /2b+`B#2/ BM �H;Q`Bi?K kX

a2K_ i�F2b i?2 T`Q/m+i /QK�BM �b i?2 `QQi Q7 i?2 i`22X Ai 7QHHQrb "`2�/i? 6B`bi

a2�`+? U"6aV 7Q` +`2�iBM; i?2 QMiQHQ;vX 6Q` i?Bb- � [m2m2 Bb K�BMi�BM2/ iQ biQ`2

i?2 MQ/2bX ai2Tb RĜk BMBiB�HBx2 i?2 i`22X 6Q` T`Q+2bbBM;- i?2 T`Q/m+i /QK�BM Bb Tmi

BM � [m2m2 UQV �M/ Bb K�`F2/ �b pBbBi2/ Uai2Tb jĜ9VX 6Q` 2�+? Q7 i?2 `2H�iBQMb- "6a

i`�p2`b�H Bb �TTHB2/ iQ +`2�i2 i?2 QMiQHQ;v i`22 Uai2Tb 8ĜkNVX � MQ/2 UcV ;2ib /2[m2m2/

7`QK Z BM ai2T d- �M/ BM ai2T 3- r2 2ti`�+i i?2 +QMM2+i2/ MQ/2b B7 i?2 `2H�iBQMb?BT

ivT2 Bb BM RX 6Q` �HH i?2 2ti`�+i2/ �bT2+ib- ai2T Ry +?2+Fb B7 Bi Bb TQTmH�` �M/ Bb MQi
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�H;Q`Bi?K k a2K�MiB+ EMQrH2/;2 PMiQHQ;v h`22 Ua2K_VX

AMTmi, D, SQTmH�` �bT2+ib /B+iBQM�`v 4 < AP , f >- r?2`2
AP , SQTmH�` �bT2+i b2i 4 {APR , APk , ...APM'
f , 6`2[m2M+v Q7 2�+? +�M/B/�i2 �bT2+i 4 {f1, f2, ...fn}-
R, _2H�iBQM GBbi 4 [H,S, F ]
P , S`Q/m+i /QK�BM

PmiTmi, TO, �bT2+i QMiQHQ;v i`22
AT , PMiQHQ;v �bT2+ib

J2i?Q/,

R, o2`i2t b2i- V ← Φ- 1/;2 b2i- E ← Φ, Zm2m2- Q← Φ
k, :`�T? G← (V,E)
j, QX2M[m2m2(P )
9, pBbBi2/[P ]← i`m2
8, 7Q` �HH `2H�iBQM ∈ R /Q
e, r?BH2 Q ̸= Φ /Q
d, *QM+2Ti- c← Q./2[m2m2()
3, V ′ ← 1ti`�+i*QMM2+i2/LQ/2bU+V B7 rnew ∈ R
N, 7Q` �HH vi ∈ V ′ /Q

Ry, B7 vi ∈ AP �M/ vi /∈pBbBi2/ i?2M
RR, B7 vi /∈ G i?2M
Rk, V.�//(vi)
Rj, B7 rnew ∈ TBR Q` rnew ∈ BDR i?2M
R9, E.�//1/;2(c, vi)
R8, 2Hb2
Re, E.�//1/;2(vi, c)
Rd, 2M/ B7
R3, 2Hb2
RN, rold ← PH/_2H�iBQM(parent, c)
ky, B7 T`BQ`Biv(rnew) > T`BQ`Biv(rold) i?2M
kR, T�`2Mi(vi)← c
kk, 2M/ B7
kj, 2M/ B7
k9, QX2M[m2m2(vi)
k8, pBbBi2/[vi]←i`m2
ke, 2M/ B7
kd, 2M/ 7Q`
k3, 2M/ r?BH2
kN, 2M/ 7Q`
jy, TO, AT ← J2`;2avMQMvKb(G)
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�H`2�/v T`2b2Mi BM i?2 i`22X A7 bQ- Bi Bb �//2/ �b � MQ/2 Q7 i?2 i`22 Uai2T RkVX �M 2/;2

Bb �//2/ #2ir22M T�`2Mi �M/ i?2 M2r MQ/2 �++Q`/BM; iQ i?2 2/;2 ivT2 Uai2Tb Rj ĜR3VX

A7 i?2 �bT2+i Bb �H`2�/v T`2b2Mi BM i?2 QMiQHQ;v- r2 +QKT�`2 r?2i?2` i?2 M2r `2H�iBQM

UrnewV ?�b � ?B;?2` T`BQ`Biv i?�M i?2 QH/2` `2H�iBQM Uai2Tb kyĜkkVX A7 bQ- c Bb K�/2 i?2

T�`2Mi Q7 i?2 M2r �bT2+iX �7i2` �//BM; i?2 M2r �bT2+i �b � MQ/2- Bi Bb 2M[m2m2/ �M/

K�`F2/ �b pBbBi2/X h?Bb T`Q+2bb Bb `2T2�i2/ mMiBH Q Bb 2KTivX 6BM�HHv- BM ai2T k8- r2

K2`;2 bBKBH�` �bT2+ib mbBM; qQ`/M2i (jd) iQ �pQB/ /mTHB+�i2bX

PMiQHQ;v mbBM; a2K�MiB+ aBKBH�`Biv Ua2KaV

aBM+2 i?2 FMQrH2/;2 ;`�T? Bb K�Mm�HHv +`2�i2/- i?2 `2H�iBQMb T`2b2Mi BM i?2 FMQrH@

2/;2 ;`�T? HBKBib i?2 b2K�MiB+ `2H�iBQMb?BT@#�b2/ �TT`Q�+?X �bT2+ib r?B+? �`2 MQi

T`2b2Mi BM i?2 FMQrH2/;2 #�b2 �`2 MQi +QMbB/2`2/ r?BH2 +`2�iBM; i?2 �bT2+i QMiQHQ;vX

JQ`2Qp2`- bi`2M;i? Q7 `2H�iBQM Bb MQi /2}M2/ BM a2K_ �TT`Q�+?X hQ Qp2`+QK2 i?Bb

+QMbi`�BMi- r2 T`QTQb2 � K2i?Q/ iQ B/2MiB7v i?2 b2K�MiB+ bBKBH�`Biv #2ir22M �bT2+ib

�M/ mb2 i?2 bBKBH�`Biv b+Q`2 iQ +QMbi`m+i i?2 �bT2+i QMiQHQ;vX h?Bb Bb #�b2/ QM i?2

B/2� i?�i `2H�i2/ �bT2+ib Q7i2M �TT2�` iQ;2i?2` BM /Q+mK2MibX 6Q` 2t�KTH2- BM i?2

`2pB2r, ǵh?2 +�K2`� ?�b � K�tBKmK H2Mb QT2MBM; Q7 7kX3 �M/ � K�tBKmK b?mii2`

bT22/ Q7 RfRyyy b2+Ƕ- i?2 `2H�i2/ �bT2+ib H2Mb �M/ b?mii2` bT22/ �TT2�` iQ;2i?2`X aBK@

BH�`Hv- i?2 irQ `2H�i2/ �bT2+ib +Q@Q++m` iQ;2i?2` BM Qi?2` /Q+mK2Mib �HbQX a2K�MiB+

bBKBH�`Biv Bb K2�bm`2/ #v +QMbB/2`BM; � ?m;2 +Q`Tmb Q7 /Q+mK2Mib �M/ }M/BM; i?2

+Q@Q++m``2M+2 T�ii2`M Q7 i?2 �bT2+ib BM i?Qb2 /Q+mK2MibX

q2 +?QQb2 G�i2Mi a2K�MiB+ �M�HvbBb UGa�, (3R)V �b � K2i`B+ 7Q` K2�bm`BM; b2K�M@

iB+ bBKBH�`BivX Ga� rQ`Fb QM i?2 MQiBQM i?�i `2H�i2/ rQ`/b Q++m` BM bBKBH�` /Q+mK2MibX

Ga� mb2b � i2`K@/Q+mK2Mi K�i`Bt iQ /2b+`B#2 i?2 Q++m``2M+2 Q7 i2`Kb BM /Q+mK2Mib

�M/ i?2M �TTHB2b aBM;mH�` o�Hm2 .2+QKTQbBiBQM Uao.V 7Q` /BK2MbBQM�HBiv `2/m+iBQMX

h?2 i2`K@iQTB+ K�i`Bt Q#i�BM2/ �7i2` ao. /2+QKTQbBiBQM Bb mb2/ iQ `2T`2b2Mi i2`Kb

�b iQTB+ p2+iQ`bX 6BM�HHv- i2`Kb �`2 +QKT�`2/ mbBM; +QbBM2 bBKBH�`Biv #2ir22M i?2
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i2`K p2+iQ`bX o�Hm2b +HQb2 iQ R `2T`2b2Mi +HQb2Hv `2H�i2/ �bT2+ib- r?BH2 p�Hm2b +HQb2

iQ y `2T`2b2Mi MQM@`2H�i2/ �bT2+ibX 6B;m`2 9Xe b?Qrb ?Qr i?2 Ga� b+Q`2 Bb +QKTmi2/

#2ir22M rQ`/bX

Term 
document 
matrix

SVD
Cosine 
similarity

Similarity score

Documents
Term topic 
matrix

6B;m`2 9Xe, *QKTmiBM; Ga� b+Q`2 #2ir22M rQ`/bX

hQ +QKTmi2 i?2 Ga� b+Q`2 #2ir22M �bT2+ib- r2 mb2 a1JAG�_ b2K�MiB+ bBKBH�`Biv

iQQHFBi (Rk3)X a1JAG�_ T`QpB/2b � 7`�K2rQ`F 7Q` � bvbi2K�iB+ +QKT�`BbQM Q7 p�`BQmb

b2K�MiB+ bBKBH�`Biv K2i?Q/bX Ai mb2b Ga� KQ/2Hb- /2p2HQT2/ 2KTHQvBM; i?2 r?QH2

Q7 qBFBT2/B� �`iB+H2bX h?2 #2M2}i Q7 mbBM; i?Bb K2i?Q/ Bb i?�i r2 /Q MQi M22/ �Mv

T`BQ` `2H�iBQMb?BT FMQrH2/;2 #2ir22M i?2 �bT2+ibX h?2 mb2 Q7 � ?m;2 +Q`Tmb ?2HTb

iQ Qp2`+QK2 i?2 HBKBi�iBQMb Q7 a2K_ �TT`Q�+?X h?2 bBKBH�`Biv b+Q`2 #2ir22M i?2

i2`Kb +�M #2 mb2/ iQ 2bi�#HBb? i?2 `2H�iBQMb?BT #2ir22M �bT2+ibX h?Bb r�v- r2 +�M

}M/ KQ`2 `2H�iBQMb?BT #2ir22M i?2 �bT2+ib �b +QKT�`2/ iQ i?2 b2K�MiB+ FMQrH2/;2

#�b2 �TT`Q�+?X h?2 /2i�BHb Q7 QMiQHQ;v i`22 +`2�iBQM mbBM; bBKBH�`Biv b+Q`2 Bb ;Bp2M BM

�H;Q`Bi?K jX

a2Ka mb2b b2K�MiB+ bBKBH�`Biv iQ +`2�i2 �bT2+i QMiQHQ;vX aBKBH�` iQ a2K_- a2Ka

�HbQ mb2b "6a 2tTHQ`�iBQMX h?2 BMBiB�H ai2Tb RĜd Q7 a2Ka �`2 bBKBH�` iQ i?�i Q7 a2K_X

h?2 K�BM /Bz2`2M+2 #2ir22M i?2 irQ Bb BM i?2 K2i?Q/ mb2/ iQ }M/ �bT2+i `2H�iBQMb?BT

7Q` QMiQHQ;v +QMbi`m+iBQMX a2Ka mb2b Ga� b+Q`2 iQ +`2�i2 �bT2+i QMiQHQ;v BMbi2�/

Q7 mbBM; *QM+2TiL2i `2H�iBQMbX q2 bi�`i i?2 �H;Q`Bi?K #v +QKTmiBM; Ga� b+Q`2

UhGa�V #2ir22M +�M/B/�i2 �bT2+ib Uai2Tb 3ĜReVX �bT2+ib rBi? Ga� b+Q`2 �#Qp2 �

i?`2b?QH/ UTLSAV �`2 +QMbB/2`2/ �b +HQb2Hv `2H�i2/ �bT2+ibX 6Q` � T�`iB+mH�` �bT2+i-
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�H;Q`Bi?K j a2K�MiB+ aBKBH�`Biv PMiQHQ;v h`22 Ua2KaVX

AMTmi, D, �bT2+ib /B+iBQM�`v 4 < AP , f >- r?2`2
AP , SQTmH�` �bT2+i b2i 4 {APR , APk , ...APM'-
f , 6`2[m2M+v +QmMi Q7 2�+? +�M/B/�i2 �bT2+i 4 {f1, f2, ...fn}-
TLSA, h?`2b?QH/ Ga� b+Q`2
P , S`Q/m+i /QK�BM

PmiTmi, TO, �bT2+i QMiQHQ;v i`22
J2i?Q/,

R, o2`i2t b2i- V ← φ- 1/;2 b2i- E ← φ- Zm2m2- Q← φ
k, :`�T?- G← (V,E)
j, Q.2M[m2m2(P )
9, pBbBi2/[P ]← i`m2
8, r?BH2 Q ̸= Φ /Q
e, V ′ ← []
d, *QM+2Ti c = Q./2[m2m2()
3, 7mM+iBQM 1ti`�+iaBKBH�`LQ/2bUc, AP V
N, 7Q` �HH vi ∈ AP /Q

Ry, B7 Ga�(c, vi) > TLSA i?2M
RR, V ′ ← �TT2M/(vi)
Rk, 2M/ B7
Rj, 2M/ 7Q`
R9, V ′ ← bQ`i(V ′)
R8, `2im`M V ′

Re, 2M/ 7mM+iBQM
Rd, 7Q` �HH vi ∈ V ′ /Q
R3, B7 vi /∈ pBbBi2/ i?2M
RN, B7 vi /∈ G i?2M
ky, V.�//(vi)
kR, 7Q` �HH vj ∈ +?BH/`2M(c) /Q
kk, B7 Hb�(c, vi) > Hb�(vi, vj) i?2M
kj, E.�//1/;2(c, vi)
k9, 2Hb2
k8, E.�//1/;2(vj, vi)
ke, 2M/ B7
kd, 2M/ 7Q`
k3, 2M/ B7
kN, Q.2M[m2m2(Vi)
jy, pBbBi2/[vi]←i`m2
jR, 2M/ B7
jk, 2M/ 7Q`
jj, 2M/ r?BH2
j9, TO, AT ← J2`;2avMQMvKb(G)
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1ti`�+iaBKBH�`LQ/2b(c, AP ) }M/b � HBbi Q7 `2H�i2/ �bT2+ib UV ′V- r?Qb2 Ga� b+Q`2 Bb

�#Qp2 TLSAX h?Bb HBbi UV ′V +QMi�BMb M2r +?BH/`2M MQ/2b Q7 i?2 i`22X h?2b2 MQ/2b �`2

�//2/ �b +?BH/`2M Q7 i?2 T�`2Mi bm+? i?�i i?2 +?BH/`2M �bT2+ib �`2 bQ`i2/ #�b2/ QM

/B+iBQM�`v Q`/2` 7`QK H27i iQ `B;?iX ai2T R9 Bb mb2/ iQ K�BMi�BM +QMbBbi2M+v r?BH2

+`2�iBM; i?2 �bT2+i QMiQHQ;vX 6Q` �//BM; �M 2/;2 #2ir22M T�`2Mi �M/ � M2r MQ/2- r2

+QMbB/2` �HH 2tBbiBM; +?BH/`2M MQ/2b Q7 i?2 T�`2Mi c �M/ +QKT�`2 i?2 Ga� b+Q`2X AM

ai2Tb kRĜke- Ga� b+Q`2b �`2 +QKT�`2/ iQ �// �M 2/;2 #2ir22M i?2 MQ/2bX ai2T kk

+?2+Fb B7 i?2 M2r �bT2+i vi Bb KQ`2 `2H�i2/ iQ i?2 T�`2Mi �bT2+i c +QKT�`2/ iQ �Mv Q7

i?2 +?BH/`2M �bT2+ibX A7 bQ- �M 2/;2 Bb �//2/ 7`QK c iQ vi Uai2T kjVX Pi?2`rBb2- �M

2/;2 Bb �//2/ 7`QK i?2 KQ`2 bBKBH�` MQ/2 vj iQ vi Uai2T k8VX h?Bb 2Mbm`2b i?�i i?2

T�i?b BM i?2 QMiQHQ;v i`22 �`2 Q7 +QKT�`�#H2 H2M;i?bX �7i2` �//BM; � M2r MQ/2- Bi Bb

2M[m2m2/ �M/ K�`F2/ �b pBbBi2/ 7Q` 7m`i?2` T`Q+2bbBM; Uai2Tb kNĜjyVX

q2 Q#b2`p2 i?�i BM HQr2` H2p2Hb- i?2 bm#@�bT2+ib #2+QK2 H2bb `2H2p�Mi iQ i?2

T`Q/m+i /QK�BM 2p2M i?Qm;? i?2v �`2 `2H�i2/ iQ i?2B` `2bT2+iBp2 T�`2MibX h?2 �b@

T2+ibǶ `2H�i2/M2bb i2M/b iQ /2pB�i2 �r�v 7`QK i?2 Q`B;BM�H T`Q/m+i /QK�BM �b r2

;Q /QrM i?2 QMiQHQ;v i`22X 6Q` BMbi�M+2- +QMbB/2` i?2 #`�M+? Q7 i?2 QMiQHQ;v

camera→ flash→ shot→ noiseX

>2`2- i?2 �bT2+i MQBb2 /2pB�i2b 7`QK i?2 +�K2`� /QK�BM 2p2M i?Qm;? Bi Bb `2H�i2/ iQ

i?2 �bT2+i b?QiX h?Bb Bb /m2 iQ iQTB+ /`B7i �b r2 ;Q /QrM i?2 i`22 H2p2HbX hQ T`2p2Mi

iQTB+ /`B7i 7`QK ?�TT2MBM;- r2 T`QTQb2 iQ BM+`2�b2 T Ga� �i 2p2`v H2p2H /QrM i?2 i`22

bQ i?�i i?2 `2H�iBQMb?BT +QMbi`�BMi #2+QK2b KQ`2 bi`BM;2MiX q2 7Q`KmH�i2 i?2 M2r

T Ga� �b 7QHHQrb,

T Ga� = α + δ(l − 1) U9XRV

r?2`2- α Bb i?2 BMBiB�H p�Hm2 Q7 bBKBH�`Biv i?`2b?QH/ mb2/ iQ }M/ i?2 }`bi H2p2H MQ/2bX

l `2T`2b2Mib i?2 H2p2H Q7 i?2 QMiQHQ;v i`22- �M/ δ �+i �b � /�KTBM; 7�+iQ` 7Q` iQTB+

/`B7iX q2 BM+`2�b2 Bib p�Hm2 #v � 7�+iQ` δ �i 2�+? H2p2H /QrM i?2 i`22X h?Bb K�F2b i?2

`2H�iBQMb?BT +QMbi`�BMi KQ`2 bi`BM;2Mi �M/ 2Mbm`2b i?�i QMHv +HQb2Hv `2H�i2/ �bT2+ib
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�`2 T`2b2`p2/ r?2M r2 ;Q /QrM i?2 i`22X

13 13
12

10

8
7

6

3

0 0 0 0 0 0 0 0 0 0

alpha (α), delta (δ)

To
pi

c 
Dr

ift
 T

ot
al

0

2

4

6

8

10

12

14

16

0.1,0.01

0.1,0.03

0.1,0.05

0.1,0.07

0.2,0.01

0.2,0.03

0.2,0.05

0.2,0.07

0.3,0.01

0.3,0.03

0.3,0.05

0.3,0.07

0.4,0.01

0.4,0.03

0.4,0.05

0.4,0.07

0.5,0.01

0.5,0.03

0.5,0.05

0.5,0.07

Topic Drift

6B;m`2 9Xd, LmK#2` Q7 iQTB+ /`B7i Q#b2`p2/ #v p�`vBM; i?2 p�Hm2b Q7 α �M/ δX

α δ
TLSA 7Q`
H2p2H L1

hQTB+
/`B7i BM
H2p2H L1

TLSA 7Q`
H2p2H L2

hQTB+
/`B7i BM
H2p2H L2

TLSA 7Q`
H2p2H L3

hQTB+
/`B7i BM
H2p2H L3

hQTB+
/`B7i
hQi�H

yXR yXyR yXR k yXRR 8 yXRk d R9
yXR yXyj yXR k yXRj 8 yXRe d R9
yXR yXy8 yXR k yXR8 8 yXk e Rj
yXR yXyd yXR k yXRd 8 yXk9 e Rj
yXk yXyR yXk R yXkR 8 yXkk e Rk
yXk yXyj yXk R yXkj j yXke e Ry
yXk yXy8 yXk R yXk8 j yXj 9 3
yXk yXyd yXk R yXkd k yXj9 9 d
yXj yXyR yXj y yXjR k yXjk 9 e
yXj yXyj yXj y yXjj y yXje k k
yXj yXy8 yXj y yXj8 y yX9 y y
yXj yXyd yXj y yXjd y yX99 y y
yX9 yXyR yX9 y yX9R y yX9k y y
yX9 yXyj yX9 y yX9j y yX9e y y
yX9 yXy8 yX9 y yX98 y yX8 y y
yX9 yXyd yX9 y yX9d y yX89 y y
yX8 yXyR yX8 y yX8R y yX8k y y
yX8 yXyj yX8 y yX8j y yX8e y y
yX8 yXy8 yX8 y yX88 y yXe y y
yX8 yXyd yX8 y yX8d y yXe9 y y

h�#H2 9X9, o�Hm2b Q7 i?`2b?QH/ TLSA 7Q` 2�+? i`22 H2p2H rBi? p�`vBM; p�Hm2b Q7
i?`2b?QH/ UαV �M/ /�KTBM; 7�+iQ` UδVX

h?2 p�Hm2b Q7 α �M/ δ �`2 /2i2`KBM2/ 2KTB`B+�HHvX hQ imM2 i?2 p�Hm2b Q7 α �M/ δ-

r2 i2bi2/ 1[X 9XR mbBM; /Bz2`2Mi p�Hm2b Q7 α Uα4 {0.10, 0.20, 0.30, 0.40, 0.50}V �M/ δ

Uδ4 {0.01, 0.03, 0.05, 0.07}VX 6B;m`2 9Xd �M/ h�#H2 9X9 `2bT2+iBp2Hv b?Qr i?2 p�`BQmb
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p�Hm2b Q7 iQTB+ /`B7i �M/ i?`2b?QH/ Ga� UTLSAV rBi? p�`vBM; p�Hm2b Q7 α �M/ δX 6`QK

6B;m`2 9Xd- r2 Q#b2`p2 i?�i i?2 p�Hm2b α 4 yXjy- δ 4 yXy8 ;Bp2 i?2 #2bi `2bmHiX

6B;m`2 9X3, LmK#2` Q7 MQ/2b BM i?2 QMiQHQ;v rBi? p�`vBM; p�Hm2b α �M/ δX

AM+`2�bBM; TLSA 7m`i?2` K�v �z2+i i?2 QMiQHQ;v #v 2HBKBM�iBM; �+im�H �bT2+ibX

6B;m`2 9X3 b?Qrb i?2 MmK#2` Q7 MQ/2b T`2b2Mi BM i?2 QMiQHQ;v rBi? p�`vBM; p�Hm2b

Q7 α �M/ δX q2 Q#b2`p2 i?�i BMBiB�HHv �b i?2 p�Hm2b Q7 α �M/ δ BM+`2�b2- B``2H2p�Mi

�bT2+ib ;2i `2KQp2/ QM2 �7i2` �MQi?2`X "mi- r?2M r2 BM+`2�b2 i?2 p�Hm2b Q7 α �M/ δ

#2vQM/ i?2 KBMBK�H iQTB+ /`B7i p�Hm2b Uα 4yXj- δ 4yXy8V- +Q``2+i �bT2+ib bi�`i ;2iiBM;

`2KQp2/- i?2`2#v /2+`2�bBM; i?2 MmK#2` Q7 MQ/2bX

Camera

Focus (0.54)

 Lens (0.53)

Optics (0.66) Shutter (0.69)

Exposure 
(0.46)

Object 
(0.34)

Ability 
(0.41)

Aperture 
(0.78)

TLSA =0.30 (Ḋ = 0.05)
l = 1

TLSA =0.35 (Ḋ = 0.05)
l = 2

TLSA =0.40 (Ḋ = 0.05)
l = 3

Shape (0.33)

Category 
(0.38)

Selection 
(0.37)

6B;m`2 9XN, hQTB+ /`B7i 2t�KTH2bX

aQK2 2t�KTH2b Q7 iQTB+ /`B7i `2KQp2/ mbBM; KQ/B}2/ TLSA �`2 ;Bp2M BM 6B;m`2 9XNX
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�b b?QrM BM 6B;m`2 9XN- mbBM; 1[ 9XR T`2b2`p2b +HQb2Hv `2H�i2/ �bT2+ib �M/ /Bb+�`/b

B``2H2p�Mi �bT2+ib bm+? �b +�i2;Q`v- b2H2+iBQM- b?�T2- �M/ Q#D2+iX q2 7QmM/ i?Bb M2r

/2}MBiBQM Q7 TLSA iQ #2 [mBi2 2z2+iBp2 BM �pQB/BM; iQTB+ /`B7iX

9Xj 1p�Hm�iBQM

AM i?Bb b2+iBQM- r2 T`2b2Mi i?2 /2i�BH2/ 2tT2`BK2Mi�H 2p�Hm�iBQM Q7 i?2 T`QTQb2/ �T@

T`Q�+?X

9XjXR 1tT2`BK2Mi�H a2imT

q2 T2`7Q`K Qm` 2tT2`BK2Mib QM i?2 /�i�b2i +`2�i2/ #v (89)X h?Bb /�i�b2i Bb +QKKQMHv

mb2/ 7Q` i?2 2p�Hm�iBQM Q7 /Bz2`2Mi �bT2+i 2ti`�+iBQM K2i?Q/b (Ny- RRN)X h?2 /�i�b2i

+QMbBbib Q7 +mbiQK2` `2pB2rb Q7 7Qm` 2H2+i`QMB+ T`Q/m+ib- M�K2Hv /B;Bi�H +�K2`�- KQ#BH2

T?QM2- .o. TH�v2`- �M/ KTj TH�v2`X h�#H2 9X8 T`2b2Mib � bmKK�`v Q7 i?2 /�i�b2i

mb2/ 7Q` 2p�Hm�iBQMX

S`Q/m+i Oa2Mi2M+2b O�bT2+ib

.B;Bi�H *�K2`� 8Nd 38

JQ#BH2 S?QM2 j9e Ryy

.o. SH�v2` d9y Nd

CmF2#Qt RdRe Rek

h�#H2 9X8, ai�iBbiB+b Q7 i?2 T`Q/m+i `2pB2r /�i�b2iX

.m2 iQ #`2pBiv Q7 bT�+2- r2 T`2b2Mi `2bmHib 7Q` i?2 +�K2`� T`Q/m+i QMHvX aBKBH�`

`2bmHib �`2 �+?B2p2/ rBi? Qi?2` T`Q/m+ibX AM i?2 +�K2`� T`Q/m+i `2pB2r- i?2`2 �`2

8Nd b2Mi2M+2b �M/ k38 K�Mm�HHv �MMQi�i2/ �bT2+ibX
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AM Q`/2` iQ T`2T�`2 � +H2�M /�i�b2i- r2 T2`7Q`K irQ ivT2b Q7 T`2@T`Q+2bbBM;- M�K2Hv

bT2HHBM; +Q``2+iBQM �M/ �bT2+i ;`QmTBM;X aT2HHBM; 2``Q` Bb i?2 KQbi +QKKQM T`Q#H2K

BM mb2` `2pB2rbX 6Q` 2t�KTH2- � mb2` K�v KBbbT2HH rQ`/b- bm+? �b +�K2`� �b +�M2`�-

�T2`im`2 �b �T2`�im`2- 2i+X .m2 iQ bm+? bT2HHBM; 2``Q`b- r2 ;2i �M QMiQHQ;v i`22 i?�i ?�b

r`QM; �bT2+i M�K2bX h?mb Qm` }`bi T`2@T`Q+2bbBM; bi2T Bb i?2 bT2HHBM; +Q``2+iBQMX hQ

T2`7Q`K bT2HHBM; +Q``2+iBQM- r2 mb2 LGS #�b2/ �miQ +Q``2+iBQM i2+?MB[m2 /2p2HQT2/

#v (RRy)X AM i?2 `2pB2rb- �bT2+ib K�v #2 K2MiBQM2/ BM K�Mv bvMQMvKQmb 7Q`KbX

6Q` 2t�KTH2- T?QiQ- TB+im`2- T?QiQ;`�T?- �M/ BK�;2 �`2 �HH bvMQMvKQmb �bT2+ibX AM

i?Bb +�b2- r2 B/2MiB7v �M/ K2`;2 �HH bm+? bvMQMvKb mbBM; i?2 qQ`/L2i bvMb2ib (jd)X

6`QK i?2 bvMQMvKb- r2 b2H2+i i?2 KQbi 7`2[m2MiHv mb2/ �bT2+i BM i?2 `2pB2rb- 7Q` i?2

QMiQHQ;v i`22 +`2�iBQMX h?Bb bi2T `2/m+2b i?2 MmK#2` Q7 K�Mm�HHv �MMQi�i2/ �bT2+ib-

�M/ �HbQ ;Bp2b i?2 �+im�H 7`2[m2M+v +QmMi Q7 �bT2+ibX

9XjXk PMiQHQ;v 1p�Hm�iBQM J2i`B+

h?2 T`BK�`v +QMi`B#miBQM Q7 i?Bb +?�Ti2` Bb i?2 �miQK�iB+ +QMbi`m+iBQM Q7 �bT2+i

QMiQHQ;vX h?2 2p�Hm�iBQM Q7 �M QMiQHQ;v i`22 Bb /QM2 #v +QKT�`BM; Bi rBi? � ;QH/@

bi�M/�`/ QMiQHQ;vX AM 2tBbiBM; rQ`Fb- Q7i2M i?2 +QKT�`BbQM Bb K�/2 K�Mm�HHv #v

/QK�BM 2tT2`ibX q2 mb2 irQ K2i`B+b- M�K2Hv- �++m`�+v K2�bm`2 �M/ 2/Bi /Bbi�M+2-

iQ 2p�Hm�i2 i?2 +`2�i2/ QMiQHQ;B2bX h?2 �++m`�+v K2i`B+ BMpQHp2b bi�M/�`/ T`2+BbBQM

�M/ `2+�HHX q2 �HbQ mb2 � i`22 2/Bi /Bbi�M+2 #�b2/ K2�bm`2 iQ +QKT�`2 i?2 �bT2+ib

�``�M;2K2Mi BM i?2 +QMbi`m+i2/ QMiQHQ;v rBi? i?�i Q7 i?2 ;QH/@bi�M/�`/ QMiQHQ;vX

:QH/@ai�M/�`/ PMiQHQ;v

hQ +`2�i2 i?2 `272`2M+2 ;QH/@bi�M/�`/ QMiQHQ;v- r2 �bF2/ }p2 S?X.X bim/2Mib 7`QK

*QKTmi2` a+B2M+2 #�+F;`QmM/ iQ +QMbi`m+i �bT2+i QMiQHQ;vX �HH i?2 }p2 S?X.X bim@

/2Mib rQ`F BM i?2 �`2� Q7 /�i� KBMBM;- �M/ �`2 �r�`2 Q7 b2MiBK2Mi �M�HvbBb �M/ QTBMBQM

KBMBM; Q7 T`Q/m+i `2pB2rbX aT2+B}+�HHv- i?`22 Q7 i?2K ?�p2 BM@/2Ti? FMQrH2/;2 �#Qmi
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+�K2`� bT2+B}+�iBQMb �M/ `2pB2rb- r?BH2 i?2 `2K�BMBM; irQ ?�p2 � `2�bQM�#H2 B/2�

�#Qmi +�K2`� /QK�BMX h?2 bim/2Mib r2`2 ;Bp2M � HBbi Q7 �HH K�Mm�HHv K�`F2/ �bT2+ib

2ti`�+i2/ 7`QK i?2 /�i�b2i �M/ i?2 `2pB2rbX 1�+? bim/2Mi ?�/ iQ +`2�i2 �M QMiQH@

Q;v miBHBxBM; i?2b2 irQ BM7Q`K�iBQMX aBM+2 Qm` �H;Q`Bi?K mb2b `2pB2rb iQ KBM2 i?2

`2H�iBQMb?BT #2ir22M �bT2+ib- r2 �bF2/ i?2 bim/2Mib iQ miBHBx2 i?2 �bT2+i `2H�iBQMb?BT

BM7Q`K�iBQM T`2b2Mi BM `2pB2rbX �7i2` 2�+? bim/2Mi +�K2 mT rBi? i?2B` QrM QMiQHQ;v-

i?2v `2bQHp2/ i?2B` QMiQHQ;v /Bb�;`22K2Mi iQ;2i?2`X hQ K�BMi�BM +QMbBbi2M+v- r2 `2@

[mB`2/ i?2 bm#@�bT2+ib iQ #2 TH�+2/ �HT?�#2iB+�HHv 7`QK H27i iQ `B;?i �i 2�+? H2p2H Q7

i?2 QMiQHQ;vX h?2 Q#i�BM2/ ;QH/@bi�M/�`/ QMiQHQ;v Bb b?QrM BM 6B;m`2 9XRyX

Camera

Battery Flash Lens Viewfinder   Ease of Use Picture

Button Noise Shot Speed

Dial

Focus Optics Zoom QualityShutter

ExposureAperture

6B;m`2 9XRy, :QH/@bi�M/�`/ �bT2+i QMiQHQ;v i`22 7Q` +�K2`�X

�Hi?Qm;? i?2`2 r2`2 38 K�Mm�HHv �MMQi�i2/ �bT2+ib BM i?2 /�i�b2i- i?2 pQHmMi22`b

�;`22/ QM mbBM; QMHv RN �bT2+ib 7Q` +`2�iBM; i?2 QMiQHQ;vX h?Bb K2�Mb i?�i QMHv kkW

Q7 i?2 �MMQi�i2/ �bT2+ib �`2 7`2[m2Mi �M/ mMB[m2X h?2 mMmb2/ K�Mm�HHv �MMQi�i2/

�bT2+ib r2`2 2Bi?2` bvMQMvKQmb Q` p2`v H2bb `2H�i2/ iQ i?2 T`Q/m+iX 6Q` 2t�KTH2-

TB+im`2 �M/ BK�;2 �`2 bvMQMvKQmb- �M/ i?2 �bT2+ib bm+? �b 722H- +�bBM;- bi`�T- iBz

7Q`K�i- BKTQ`i- /2Ti?- H2p2` ?�p2 r2�F `2H�iBQMb?BT rBi? +�K2`�X

h?2`2 r2`2 bQK2 +?�HH2M;2b BM +`2�iBM; i?2 ;QH/@bi�M/�`/ QMiQHQ;vX q?2M mb2`b

T`QpB/2 `2pB2rb- i?2v /Q MQi 7QHHQr � bi�M/�`/ M�KBM; +QMp2MiBQM 7Q` �bT2+ib- r?B+?

H2�/b iQ +`2�iBQM Q7 bvMQMvKQmb �bT2+ibX �MQi?2` +?�HH2M;2 Bb iQ /2�H rBi? `2/mM/�Mi

�bT2+ibX 6Q` 2t�KTH2- i?2 �bT2+ib #�ii2`v- #�ii2`v HB72- �M/ #�ii2`v +?�`;BM; �`2 i?`22
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/Bz2`2Mi �bT2+ib `2H�i2/ iQ QM2 �bT2+i #�ii2`vX hQ Qp2`+QK2 i?Bb T`Q#H2K- `2/mM/�M+v

T`mMBM; (89) Bb �TTHB2/X AM `2/mM/�M+v T`mMBM;- r2 }M/ i?2 bmTTQ`i 7Q` 2�+? �bT2+i-

r?2`2 i?2 bmTTQ`i Q7 �M �bT2+i Bb i?2 MmK#2` Q7 b2Mi2M+2b i?�i BM+Hm/2b i?2 T�`iB+mH�`

�bT2+iX h?2 �bT2+ib ?�pBM; bmTTQ`i HQr2` i?�M � KBMBKmK bmTTQ`i p�Hm2 UTminV �`2

T`mM2/ Qmi �b `2/mM/�Mi �bT2+ibX

�++m`�+v J2�bm`2b

h?2 �bT2+i �++m`�+v Q7 i?2 QMiQHQ;B2b ;2M2`�i2/ #v �TTHvBM; Qm` T`QTQb2/ �TT`Q�+?2b

Bb K2�bm`2/ mbBM; T`2+BbBQM- `2+�HH- �M/ F1 b+Q`2X S`2+BbBQM ;Bp2b i?2 T2`+2Mi�;2 Q7

+Q``2+i �bT2+ib i?�i �`2 T`2b2Mi BM i?2 ;2M2`�i2/ �bT2+i QMiQHQ;v i`22 r?BH2 `2+�HH ;Bp2b

i?2 T2`+2Mi�;2 Q7 +Q``2+i �bT2+ib Qmi Q7 i?2 iQi�H MmK#2` Q7 +Q``2+i �bT2+ib T`2b2Mi BM

i?2 ;QH/ bi�M/�`/ �bT2+i QMiQHQ;vX S`2+BbBQM Bb /2}M2/ �b i?2 `�iBQ Q7 +Q``2+i �bT2+ib

i?�i �`2 T`2b2Mi Qmi Q7 i?2 iQi�H MmK#2` Q7 �bT2+ib BM i?2 ;2M2`�i2/ �bT2+i QMiQHQ;v

r?BH2 `2+�HH Bb /2}M2/ �b i?2 `�iBQ Q7 i?2 MmK#2` Q7 +Q``2+i �bT2+ib BM i?2 ;2M2`�i2/

QMiQHQ;v �M/ i?2 MmK#2` Q7 ;QH/ bi�M/�`/ �bT2+ibX G2i T #2 i?2 MmK#2` Q7 �bT2+ib

T`2b2Mi BM i?2 ;2M2`�i2/ QMiQHQ;v i`22 �M/ C #2 i?2 iQi�H MmK#2` Q7 +Q``2+i �bT2+ib

T`2b2Mi BM i?2 ;QH/ bi�M/�`/ �bT2+i QMiQHQ;vX h?2M- TP Ui`m2 TQbBiBp2V Bb %T ∩C%- FP

U7�Hb2 TQbBiBp2V Bb %T$C%- FN U7�Hb2 M2;�iBp2V Bb %C$T %X q2 +�M 7Q`KmH�i2 T`2+BbBQM

�M/ `2+�HH �b 7QHHQrb,

Precision, P =
TP

TP + FP
U9XkV

Recall, R =
TP

TP + FN
U9XjV

F1 =
2 ∗ P ∗R
P +R

U9X9V

h`22 1/Bi .Bbi�M+2

q2 2p�Hm�i2 i?2 bBKBH�`Biv Q7 i?2 +`2�i2/ QMiQHQ;v +QKT�`2/ iQ i?2 ;QH/@bi�M/�`/

QMiQHQ;v #v mbBM; i`22 2/Bi /Bbi�M+2 �b � K2i`B+ (RRj)X h`22 2/Bi /Bbi�M+2 #2ir22M irQ
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Q`/2`2/ H�#2H2/ i`22b Bb /2}M2/ �b i?2 KBMBK�H@+Qbi b2[m2M+2 Q7 MQ/2 2/Bi QT2`�iBQMb

i?�i i`�Mb7Q`Kb QM2 i`22 BMiQ �MQi?2` mbBM; i?`22 MQ/2 2/Bi QT2`�iBQMb, /2H2i2- BMb2`i

�M/ `2M�K2X 1�+? MQ/2 2/Bi QT2`�iBQM ?�b �M �bbQ+B�i2/ +QbiX h?2 +Qbi Q7 �M 2/Bi

b2[m2M+2 Bb i?2 bmK Q7 i?2 +Qbib Q7 Bib 2/Bi QT2`�iBQMbX A7 i?2 +`2�i2/ QMiQHQ;v i`22

�M/ i?2 ;QH/@bi�M/�`/ QMiQHQ;v i`22 ?�p2 irQ �bT2+ib i?�i �`2 bvMQMvKQmb- i?2M r2

`2M�K2 i?2 �bT2+i BM i?2 +`2�i2/ QMiQHQ;v mbBM; i?2 ;QH/@bi�M/�`/ QMiQHQ;v �bT2+i

M�K2X h?mb iQ +QKTmi2 2/Bi /Bbi�M+2- r2 QMHv +QmMi i?2 /2H2i2 �M/ BMb2`i QT2`�iBQMbX

G2i d �M/ i #2 i?2 MmK#2` Q7 /2H2i2 �M/ BMb2`i QT2`�iBQMb `2bT2+iBp2Hv- �M/ n #2 i?2

MmK#2` Q7 TQbbB#H2 r�vb iQ i`�Mb7Q`K i?2 +`2�i2/ QMiQHQ;v iQ ;QH/ bi�M/�`/ �bT2+i

QMiQHQ;vX h?2M- i`22 2/Bi /Bbi�M+2- E Bb /2}M2/ �b 7QHHQrb,

E = min{Cj}; Cj = {dD + iD}, j = 1, 2, 3, ..., n U9X8V

r?2`2 Cj Bb i?2 +Qbi Q7 jth r�v iQ i`�Mb7Q`K iQ i?2 ;QH/ bi�M/�`/ QMiQHQ;vX

9XjXj PMiQHQ;v 1p�Hm�iBQM

AM i?Bb b2+iBQM- r2 +QKT�`2 i?2 QMiQHQ;v +`2�i2/ #v Qm` irQ T`QTQb2/ QMiQHQ;v +`2@

�iBQM �H;Q`Bi?Kb- M�K2Hv a2K_ �M/ a2Ka- rBi? i?2 ;QH/@bi�M/�`/ QMiQHQ;vX a2K_

mb2b b2K�MiB+ `2H�iBQMb?BTb- r?2`2�b a2Ka mb2b b2K�MiB+ bBKBH�`Biv iQ +QMbi`m+i QM@

iQHQ;vX h?2 T`Q+2bb Q7 +QMbi`m+iBM; QMiQHQ;v Bb BM/2T2M/2Mi Q7 ?Qr i?2 �bT2+ib �`2

2ti`�+i2/X q?BH2 +`2�iBM; QMiQHQ;v- r2 QMHv M22/ iQ +QMbB/2` ?Qr iQ TH�+2 i?2 �b@

T2+ib BM i?2 QMiQHQ;v i`22X AM Qm` /�i�b2i- i?2 �bT2+ib �`2 K�Mm�HHv H�#2H2/X q2

�TTHv Qm` a2K_ �M/ a2Ka �H;Q`Bi?Kb QM i?2b2 �bT2+ib �M/ +QKT�`2 i?2K rBi? i?2

;QH/@bi�M/�`/ QMiQHQ;vX aBM+2 Bi Bb /B{+mHi iQ ;2i � K�Mm�HHv H�#2H2/ �bT2+i `2pB2r

/�i�b2i- r2 mb2 i?2 �H;Q`Bi?K T`QTQb2/ #v (88) iQ �miQK�iB+�HHv 2ti`�+i i?2 �bT2+ibX

q2 i?2M �TTHv a2K_ �M/ a2Ka �H;Q`Bi?Kb QM i?2b2 �miQK�iB+�HHv 2ti`�+i2/ �bT2+ib

iQ +`2�i2 QMiQHQ;B2b �M/ +QKT�`2 i?2K rBi? i?2 ;QH/@bi�M/�`/ QMiQHQ;vX AM #Qi?

8d



+�b2b- r2 }M/ i?�i a2Ka ;Bp2b bB;MB}+�MiHv #2ii2` QMiQHQ;v +QKT�`2/ iQ a2K_X h?2

`2bmHi Q7 i?2 +QKT�`BbQM Bb ;Bp2M BM h�#H2 9Xe �M/ h�#H2 9XdX

�H;Q`Bi?Kb
J�Mm�HHv G�#2H2/ �bT2+ib �miQK�iB+�HHv 1ti`�+i2/ �bT2+ib

UJG�V U�1�V

S`2+BbBQM _2+�HH 6R S`2+BbBQM _2+�HH 6R

a2K_ eeXee djXe3 eNXNN 8e djXe3 ejXej

a2Ka NjXd8 d3XN9 38XdR d3XN9 d3XN9 d3XN9

h�#H2 9Xe, S`2+BbBQM �M/ `2+�HH Q7 i?2 T`QTQb2/ �TT`Q�+?2b rX`XiX ;QH/@bi�M/�`/
�bT2+i QMiQHQ;vX

PMiQHQ;v O�bT2+ib >2B;?i 1/Bi .Bbi�M+2 OG2�7 LQ/2b

:QH/ ai�M/�`/ RN 9 y R9

a2K_ QM JG� kR j Re Rd

a2Ka QM JG� Re 9 8 N

a2K_ QM �1� k8 j Re ky

a2Ka QM �1� RN 9 d Ry

h�#H2 9Xd, aBKBH�`Biv #2ir22M +`2�i2/ QMiQHQ;v i`22b �M/ ;QH/@bi�M/�`/ QMiQHQ;vX

PMiQHQ;v lbBM; J�Mm�HHv G�#2H2/ �bT2+ib

�b +�M #2 b22M BM h�#H2 9Xe- a2Ka ?�b ?B;?2` T`2+BbBQM- `2+�HH- �M/ 6R b+Q`2 i?�M

a2K_X *QKT�`2/ iQ a2K_- T`2+BbBQM- `2+�HH- �M/ 6R b+Q`2 Q7 a2Ka �`2 ?B;?2` #v

kdXyNW- 8XkeW- R8XdkW `2bT2+iBp2HvX a2K_ Bb #�b2/ QM K�Mm�HHv �bbB;M2/ `2H�iBQMb?BT

83



#2ir22M i?2 +QM+2TibX aBM+2 Bi Bb ?�`/ iQ /2}M2 �HH TQbbB#H2 `2H�iBQMb #2ir22M +QM+2Tib-

a2K_ Bb HBKBi2/ #v i?2 MmK#2` Q7 `2H�iBQMb T`2b2Mi BM i?2 FMQrH2/;2 #�b2X AM a2K_-

bQK2 Q7 i?2 `2H�iBQMb �`2 H2bb `2H2p�Mi iQ � ;Bp2M QMiQHQ;v +QM+2TiX aBM+2 a2K_ /Q2b

MQi +QMbB/2` BMi2MbBiv Q7 �bbQ+B�iBQM #2ir22M +QM+2Tib- i?2 QMiQHQ;v ;2M2`�i2/ #v

a2K_ +QMi�BMb bQK2 mM`2H�i2/ �bT2+ib ?�pBM; � r2�F �bbQ+B�iBQM rBi? +�K2`�- bm+?

�b 7mM+iBQM- bQ7ir�`2- �M/ +QHQ`X PM i?2 +QMi`�`v- a2Ka Bb #�b2/ QM i?2 T`BM+BTH2

i?�i `2H�i2/ �bT2+ib i2M/ iQ Q++m` iQ;2i?2` BM `2pB2rbX a2Ka mb2b Ga� iQ �bbB;M

� [m�HBi�iBp2 bBKBH�`Biv b+Q`2 iQ �bT2+i �bbQ+B�iBQMb- �M/ bQ Bb MQi HBKBi2/ #v i?2

`2H�i2/M2bb FMQrH2/;2 #�b2X �b � `2bmHi- Bi +�M �+?B2p2 ?B;?2` �++m`�+v �M/ 2{+B2MiHv

T`mM2 Qmi �bT2+ib i?�i ?�p2 r2�F �bbQ+B�iBQM rBi? i?2 T`Q/m+iX 6B;m`2b 9XRR �M/ 9XRk

b?Qr i?2 QMiQHQ;v Q#i�BM2/ mbBM; a2K_ �M/ a2Ka �TT`Q�+? rBi? K�Mm�HHv H�#2H2/

�bT2+ibX

Camera

Canon Flash Lens ViewfinderAperture  Picture 

Button Function Software Lens Cap Quality

Shutter

Color NoiseZoom

MegapixelExposure

Focus

Battery

Optics

6B;m`2 9XRR, �bT2+i QMiQHQ;v i`22 +`2�i2/ mbBM; i?2 a2K_ �TT`Q�+?X

Camera

Flash Lens Viewfinder Picture

Button Noise Shot Speed

Dial

Focus Optics QualityShutter

Aperture

Control

6B;m`2 9XRk, �bT2+i QMiQHQ;v i`22 +`2�i2/ mbBM; i?2 a2Ka �TT`Q�+?X

AM i2`Kb Q7 i`22 2/Bi /Bbi�M+2- 7`QK h�#H2 9Xd- r2 Q#b2`p2 i?�i a2Ka �TT`Q�+?

8N



;Bp2b �M 2/Bi /Bbi�M+2 Q7 8 �M/ ?�b dRW 72r2` 2/Bi QT2`�iBQMb +QKT�`2/ iQ a2K_

�TT`Q�+?X h?Bb b?Qrb i?�i i?2 `2bmHiBM; �bT2+i QMiQHQ;v Bb �#H2 iQ +�Tim`2 KQbi Q7

i?2 TQTmH�` �bT2+ib T`2b2Mi BM i?2 ;QH/ bi�M/�`/ �bT2+i QMiQHQ;vX a2K_ QMiQHQ;v ?�b

bQK2 �bT2+ib i?�i �`2 T`2b2Mi �i /Bz2`2Mi HQ+�iBQMb +QKT�`2/ iQ i?2 ;QH/ bi�M/�`/

�bT2+i QMiQHQ;vX h?Bb Bb /m2 iQ i?2 HBKBi�iBQMb Q7 Bib FMQrH2/;2 #�b2X 6Q` 2t�KTH2-

�T2`im`2 �M/ b?mii2` �TT2�` �b +?BH/`2M Q7 +�K2`� mbBM; a2K_ �TT`Q�+?- r?BH2 i?2v

�TT2�` �b +?BH/`2M Q7 H2Mb BM i?2 ;QH/ bi�M/�`/ �bT2+i QMiQHQ;vX AM �//BiBQM iQ i?Bb-

bQK2 KQ`2 mM`2H�i2/ �bT2+ib �`2 T`2b2Mi bm+? �b bQ7ir�`2- 7mM+iBQM- �M/ +QHQ`X h?2

HQr2` T`2+BbBQM Q7 a2K_ �HbQ �z2+ib i?2 i`22 2/Bi /Bbi�M+2 �b KQ`2 /2H2i2 QT2`�iBQMb

�`2 `2[mB`2/ iQ `2KQp2 i?2 mM`2H�i2/ �bT2+ibX

�MQi?2` F2v Q#b2`p�iBQM Bb i?2 ?2B;?i Q7 i?2 ;2M2`�i2/ �bT2+i QMiQHQ;v i`22bX

6`QK h�#H2 9Xd- r2 }M/ i?�i i?2 ?2B;?i Q7 i?2 QMiQHQ;v i`22b Q#i�BM2/ mbBM; a2K_

�M/ a2Ka �TT`Q�+?2b �`2 j �M/ 9 `2bT2+iBp2Hv- r?B+? Bb p2`v +HQb2 iQ i?�i Q7 i?2 ;QH/

bi�M/�`/ QMiQHQ;vX h?2 b?�HHQr ?2B;?i BKTHB2b i?�i i?2 MQ/2b Q7 i?2 �bT2+i QMiQHQ;v

�`2 /Bbi`B#mi2/ 2[m�HHv �i �HH H2p2HbX h?Bb `2bmHib BM � r2HH@#�H�M+2/ bi`m+im`2 Q7 i?2

�bT2+i QMiQHQ;vX AM+`2�bBM; i?2 QMiQHQ;v ?2B;?i �++2H2`�i2 i?2 +?�M+2 Q7 iQTB+ /`B7i

�M/ /QK�BM +QM+2Ti /BHmiBQM (Ryd)X hQ ;Bp2 �M BHHmbi`�iBQM- i?2 +QM+2Tib �T2`im`2 �M/

+`�+F �`2 `2H�i2/X AM+`2�bBM; i?2 �bT2+i QMiQHQ;v ?2B;?i #v TmiiBM; +`�+F �b � bm#@

�bT2+i Q7 �T2`im`2 BM 6B;m`2 9XRk rQmH/ H2�/ iQ iQTB+ /`B7i �b +`�+F Bb MQi � bm#@�bT2+i

Q7 +�K2`�X

PMiQHQ;v mbBM; �miQK�iB+�HHv 1ti`�+i2/ �bT2+ib

6B;m`2 9XRj �M/ 9XR9 b?Qrb i?2 �bT2+i QMiQHQ;v ;2M2`�i2/ #v a2K_ �M/ a2Ka `2bT2+@

iBp2Hv QM i?2 �miQK�iB+�HHv 2ti`�+i2/ �bT2+ib U�1�VX 6`QK h�#H2 9Xe- r2 Q#b2`p2 i?�i

i?2 �miQK�iB+ K2i?Q/b ;Bp2 +QKT�`�#H2 `2bmHib �b i?�i Q7 i?2 QMiQHQ;v i`22b Q#i�BM2/

mbBM; K�Mm�HHv H�#2H2/ �bT2+ib UJG�VX h?2 `2+�HH Q7 i?2 �1� K2i?Q/b Bb b�K2 �b

i?�i Q7 JG� K2i?Q/b 7Q` #Qi? a2K_ �M/ a2Ka �TT`Q�+?2bX h?Bb Bb #2+�mb2 QM+2

ey



i?2 �bT2+ib �`2 2ti`�+i2/- Qm` �H;Q`Bi?Kb �++m`�i2Hv +�Tim`2 �bbQ+B�iBQMb #2ir22M i?2

�bT2+ibX >Qr2p2`- i?2`2 Bb � bHB;?i /2+`2�b2 BM T`2+BbBQM Q7 �1� K2i?Q/b +QKT�`2/

iQ JG� K2i?Q/bX h?2 T`2+BbBQM Q7 a2K_ rBi? �1� /`QTb #v RyW- r?BH2 a2Ka rBi?

�1� /`QTb #v R8W r?2M +QKT�`2/ iQ i?2 +Q``2bTQM/BM; JG� K2i?Q/bX h?Bb bHB;?i

/2+`2�b2 BM T`2+BbBQM Bb /m2 iQ i?2 BM�#BHBiv Q7 �1� K2i?Q/b iQ /2i2+i BKTHB+Bi �bT2+ib

bm+? �b 2�b2@Q7@mb2 �b r2HH �b /m2 iQ i?2 T`2b2M+2 Q7 �bT2+ib i?�i �`2 MQi `2H�i2/ iQ

i?2 QMiQHQ;v /QK�BMX aQK2 Q7 i?2 mM`2H�i2/ �bT2+ib BM+Hm/2 �#BHBiv- T?QiQ;`�T?v- �M/

K2i2`BM;X h?2 T`2b2M+2 Q7 bm+? mM`2H�i2/ �bT2+ib �HbQ `2bmHib BM � bHB;?i BM+`2�b2 Q7

i`22 2/Bi /Bbi�M+2 7Q` �1� K2i?Q/bX

Camera

Canon Flash Lens ViewfinderAperture  Picture 

Button Function Software Lens Cap Quality

Shutter

Color NoiseZoom

MegapixelExposure

Focus

Battery

Optics

6B;m`2 9XRj, �bT2+i QMiQHQ;v i`22 +`2�i2/ mbBM; a2K_ �TT`Q�+? QM �miQK�iB+�HHv
2ti`�+i2/ �bT2+ibX

Camera

Flash Lens Viewfinder Picture

Button Noise Shot Speed

Dial

Focus Optics PhotographyShutter

Exposure

Control

Ability MeteringAperture

6B;m`2 9XR9, �bT2+i QMiQHQ;v i`22 +`2�i2/ mbBM; a2Ka �TT`Q�+? QM �miQK�iB+�HHv
2ti`�+i2/ �bT2+ibX

eR



9X9 *QM+HmbBQM

AM i?Bb +?�Ti2`- r2 BMi`Q/m+2 irQ MQp2H �TT`Q�+?2b iQ +`2�i2 �M �bT2+i QMiQHQ;v i`22

#v }M/BM; i?2 `2H�iBQMb?BT #2ir22M �bT2+ib Q7 � T`Q/m+iX PM2 +�M mb2 i?Bb �bT2+i

QMiQHQ;v i`22 iQ 2tTHQ`2 `2pB2rbX q2 +QMbi`m+i i?2 �bT2+i QMiQHQ;v i`22 mbBM; b2K�MiB+

FMQrH2/;2 #�b2 �M/ b2K�MiB+ bBKBH�`BivX Pm` `2bmHib �`2 [mBi2 T`QKBbBM;- b?QrBM;

i?�i Qm` �TT`Q�+? +�M +`2�i2 �bT2+i QMiQHQ;v rBi? ?B;? F1 b+Q`2X q2 }M/ i?�i a2Ka

�TT`Q�+? ;Bp2b ?B;?2` F1 b+Q`2 +QKT�`2/ iQ a2K_ �TT`Q�+?- #Qi? 7Q` K�Mm�HHv

H�#2H2/ �bT2+ib �M/ �miQK�iB+�HHv H�#2H2/ �bT2+ibX "v BM+Q`TQ`�iBM; QMiQHQ;v i`22b-

r2 +�M K�F2 `2pB2r 2tTHQ`�iBQM bBKTH2` �M/ T`QpB/2 BMbB;?i �#Qmi �bT2+ib `2H�iBQMb?BT

r?BH2 bmKK�`BxBM; T`Q/m+i `2pB2rbX Pm` K2i?Q/ Bb B/2�HHv bmBi2/ 7Q` T`Q/m+i `2pB2r

bmKK�`Bx�iBQMX Pm` �TT`Q�+? Bb �HbQ 2ti2M/�#H2 iQ bmKK�`Bx2 #HQ;b- /2#�i2b �M/

QMHBM2 7Q`mK TQbibX

ek



*?�Ti2` 8

1tTHQ`�iBQM Q7 _2pB2rb mbBM;

PTBMBQM�i2/ h�;b

8XR AMi`Q/m+iBQM

q2# kXy Bb K�`F2/ #v � i`2K2M/Qmb ;`Qri? Q7 bQ+B�H K2/B� �M/ mb2`@;2M2`�i2/ +QM@

i2Mi- bm+? �b i2tib- BK�;2b �M/ pB/2QbX h�;b ?�p2 H�i2Hv bm`7�+2/ �b � +QMp2MB2Mi r�v

Q7 Q`;�MBxBM; �M/ bmKK�`BxBM; bm+? mb2`@;2M2`�i2/ +QMi2Mib /m2 iQ i?2B` bBKTHB+Biv

BM BM/2tBM; �M/ 2�b2 Q7 mb2` T�`iB+BT�iBQMX � i�; Bb � F2vrQ`/ i?�i Bb mb2/ iQ /2b+`B#2

i?2 Q#D2+i Q7 +QMi2Mi- �M/ Bi 7�+BHBi�i2b F2vrQ`/@#�b2/ +H�bbB}+�iBQM �M/ BM7Q`K�iBQM

b2�`+?X h?2 mMB[m2 �#BHBiv Q7 i�;b iQ ;`QmT �M/ b?�`2 BM7Q`K�iBQM ?�b +?�M;2/ ?Qr

T2QTH2 +QMbmK2 BM7Q`K�iBQMX _2+2MiHv `2b2�`+?2`b (Re- kk) ?�p2 b?QrM i?�i i�;b �`2

QM2 Q7 i?2 KQbi `2HB�#H2 bQm`+2b 7Q` K�Mv AM7Q`K�iBQM _2i`B2p�H UA_V b2`pB+2b- bm+? �b

+QMi2Mi +H�bbB}+�iBQM- b2�`+?BM; �M/ `�MFBM; Q7 TQbibX h�;b ?�p2 �HbQ #22M mb2/ 7Q`

2tT2`i T`Q}HBM; (Rkd) �M/ /Q+mK2Mi bmKK�`Bx�iBQM (R88)X

h�;b �`2 2KTHQv2/ BM bQ+B�H M2irQ`FBM; bBi2b �M/ *QKKmMBiv Zm2biBQM �Mbr2`BM;

U*Z�V bBi2b- bm+? �b u�?QQ5 �Mbr2`b (Rdy)- ai�+F 1t+?�M;2 (R99) �M/ ZmQ`� (Rky)

7Q` BM/2tBM; [m2biBQM@�Mbr2`b (RdR) �M/ 7Q` `QmiBM; [m2biBQMb (Red) iQ ;2i �Mbr2`b

ej



6B;m`2 8XR, aQK2 TQTmH�` TH�i7Q`Kb i?�i mb2 i�;b 7Q` BM7Q`K�iBQM B/2MiB}+�iBQM �M/
+�i2;Q`Bx�iBQMX

7`QK 2tT2`ibX aQK2 Q7 i?2 TQTmH�` mb2`@;2M2`�i2/ bBi2b i?�i mb2 i�;b 7Q` Q`;�MBxBM;

BM7Q`K�iBQM �`2 b?QrM BM 6B;m`2 8XRX

�Hi?Qm;? bQ+B�H M2irQ`FBM; bBi2b �HHQr mb2`b iQ +`2�i2 i?2B` QrM i�;b r?BH2 TQbiBM;

+QMi2Mi- *Z� bBi2b `2[mB`2 mb2`b iQ b2H2+i � b2i Q7 i�;b 7`QK i?2 +QHH2+iBQM Q7 i�;b i?�i

�`2 +`2�i2/ #v T`BpBH2;2/ mb2`bX 6Q` [m�HBiv +QMi`QH- *Z� bBi2b �HHQr QMHv mb2`b rBi?

�i H2�bi bQK2 KBMBKmK `2Tmi�iBQM b+Q`2 iQ +`2�i2 M2r i�;bX h?2 pBbB#BHBiv Q7 +QMi2Mi

/2T2M/b T`BK�`BHv QM i?2 TQbi +QMi2Mi �M/ i?2 i�;b �bbQ+B�i2/ rBi? BiX JQbi Q7 i?2

2tBbiBM; i�;;BM; b+?2K2b `2Hv K�BMHv QM i?2B` mb2`b iQ K�Mm�HHv �MMQi�i2 +QMi2Mi rBi?

i�;bX

J�Mm�HHv �bbB;MBM; i�;b Bb H�#Q`BQmb �M/ Bb Q7i2M /B{+mHi /m2 iQ i?2 2MQ`KQmb

MmK#2` Q7 TQbbB#H2 i�;bX 6Q` 2t�KTH2- i?2 *Z� bBi2 ai�+FPp2`~Qr ?�b �`QmM/ 8yE

i�;b- �M/ � mb2` ?�b iQ b2H2+i #2ir22M R@8 i�;b i?�i #2bi /2b+`B#2 i?2B` [m2biBQMX 62r

Q7 i?2b2 bBi2b mb2 i�; `2+QKK2M/�iBQM bvbi2Kb (9y- 99- R93) iQ ?2HT i?2 mb2` b2H2+i

;QQ/ i�;bX h�; `2+QKK2M/�iBQM bvbi2Kb +�M QMHv ?2HT rBi? i�; �MMQi�iBQM- #mi MQi

rBi? i�; +`2�iBQMX AM i?Bb +?�Ti2`- r2 T`2b2Mi � i�; ;2M2`�iBQM bvbi2K 7Q` QTBMBQM�i2/
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+QMi2Mib- bm+? �b `2pB2rb �M/ /2#�i2bX �Hi?Qm;? i?2 T`Q#H2K Q7 b2MiBK2Mi �M�HvbBb

?�b #22M rB/2Hv bim/B2/ 7Q` QTBMBQM�i2/ +QMi2Mib- iQ i?2 2ti2Mi Q7 Qm` FMQrH2/;2-

i?2`2 Bb MQ 2tBbiBM; rQ`F i?�i ?�b �//`2bb2/ i?2 T`Q#H2K Q7 �miQK�iB+�HHv i�;;BM;

bm+? +QMi2MibX q2 T`QTQb2 i?2 mb2 Q7 i�;b �b � K2+?�MBbK iQ bmKK�`Bx2 T`Q/m+i

`2pB2rbX

� `2+2Mi i`2M/ Q7 `2b2�`+? QM i�; ;2M2`�iBQM (Rkd-Rj9-R9k) ?�b 7Q+mb2/ QM T`QpB/BM;

mb27mH �M/ `2H2p�Mi i�; bm;;2biBQM iQ mb2`bX JQbi Q7 i?2 2tBbiBM; �TT`Q�+?2b `2bmHi

BM mMB;`�K i�;b- r?B+? �`2 bQK2iBK2b MQi bm{+B2MiHv BM7Q`K�iBp2X AM i?2 +�b2 Q7

T`Q/m+i `2pB2rb- i?2 ;2M2`�i2/ i�;b b?QmH/ #2 `B+? 2MQm;? iQ 2HBKBM�i2 i?2 M22/ 7Q`

i?2 +mbiQK2`Ƕb T`BQ` BMbB;?i BMiQ i?2 T`Q/m+iX hQ BHHmbi`�i2- 6B;X 8Xk b?Qrb i?2 i�;b

;2M2`�i2/ 7`QK `2pB2rb Q7 � +�K2`� T`Q/m+i #v �K�xQMX+QKX

6B;m`2 8Xk, �K�xQM ;2M2`�i2/ i�;b 7Q` � +�K2`� 7`QK `2pB2rb U�++2bb2/ QM
k8XRkXkyR3VX

Ai +�M #2 MQiB+2/ i?�i �HKQbi ?�H7 Q7 i?2 i�;b bm+? �b +�MQM �M/ /B;Bi�H /Q MQi

T`QpB/2 mb27mH BM7Q`K�iBQM �#Qmi i?2 T`Q/m+iX �HbQ- i�;b bm+? �b }t �M/ TB+im`2b �HbQ

T`QpB/2 MQBbv BM7Q`K�iBQM �#Qmi i?2 T`Q/m+iX AMbi2�/- T`QpB/BM; T?`�b2b +QMp2vb

/22T2` mM/2`bi�M/BM; i?�M BM/BpB/m�H rQ`/bX hQ #2ii2` mM/2`bi�M/ i?2 T`Q#H2K-

+QMbB/2` i?2 7QHHQrBM; 2t�KTH2 Q7 � +�K2`� `2pB2r,

1t�KTH2 3 ǵ"2bi TB+im`2 [m�HBiv 7Q` �Mv TQBMi �M/ b?QQi A ?�p2 mb2/X h?2 H2Mb Bb

2t+2HH2Mi �M/ i?2 +�K2`� +�b2 Bb ;QQ/X Ai ?�b �M �K�xBM; ~�b? 7Q` i?2 T`B+25 A7 vQmǶ`2

Dmbi bi�`iBM; Qmi- A rQmH/ `2+QKK2M/ bi�`iBM; Qmi rBi? i?Bb ~�b? bQ i?�i vQm ?�p2

e8



bQK2i?BM; ;QQ/ r?BH2 b�pBM; mT 7Q` iQT@MQi+? HB;?iBM; 2[mBTK2MiX Ai Bb 2�bv iQ mb2

2p2M 7Q` �M �K�i2m` bm+? �b Kvb2H7XǶ

>2`2- bmKK�`BxBM; i?2 `2pB2r rBi? i?2 mMB;`�K i�;b bm+? �b ~�b? Bb MQi mb27mH iQ

mM/2`bi�M/ i?2 [m�HBiv Q7 i?2 T`Q/m+i Q` Bib �bT2+i ~�b?X >Qr2p2`- bmKK�`BxBM; Bi

rBi? i?2 T?`�b2 i�; HBF2 �K�xBM; ~�b? K�F2b Bi 2�bv iQ mM/2`bi�M/ i?2 +mbiQK2`Ƕb

b2MiBK2Mi �bbQ+B�i2/ rBi? i?2 T`Q/m+i �bT2+i ~�b?X q2 2ti2M/ +QMp2MiBQM�H i�;

;2M2`�iBQM �TT`Q�+?2b iQ ;2M2`�i2 K2�MBM;7mH i�; T?`�b2b 7`QK i?2 QTBMBQM�i2/ i2ti

�M/ mb2 i?2 i�; T?`�b2b iQ bmKK�`Bx2 +mbiQK2` `2pB2rbX

�b T`Q/m+ib ;2M2`�HHv ?�p2 � +QMbB/2`�#H2 MmK#2` Q7 +mbiQK2` `2pB2rb- +QKTmiBM;

� b2i Q7 K2�MBM;7mH i�;b 7Q` `2pB2r bmKK�`Bx�iBQM Bb � +?�HH2M;BM; i�bFX � T`Q/m+i

K�v ?�p2 K�Mv �bT2+ib �M/ bQK2 �bT2+ib �`2 KQ`2 TQTmH�` i?�M Qi?2`b- i?2`2#v

?�pBM; � bB;MB}+�Mi BKT�+i QM +QMbmK2`bǶ /2+BbBQMX AM 1t�KTH2 3- i?2 �bT2+i TB+im`2

[m�HBiv rQmH/ ?�p2 KQ`2 BKT�+i i?�M i?2 �bT2+i +�K2`� +�b2X SB+im`2 [m�HBiv Bb �

T`BK�`v �bT2+i 7Q` #mvBM; � +�K2`� r?BH2 +�K2`� +�b2 Bb �M �++2bbQ`v �M/ Bi Bb MQi

`2H�i2/ iQ i?2 T2`7Q`K�M+2 Q7 i?2 +�K2`�X q2 �//`2bb i?Bb i�bF �b � i�; `�MFBM;

T`Q#H2KX

P7i2M- i?2`2 �`2 +�b2b r?2`2 i?2 ;`�KK�iB+�H bi`m+im`2 Q7 i?2 `2pB2rb /Q2b MQi ;Bp2

bm{+B2Mi BM7Q`K�iBQM 7Q` ;2M2`�iBM; mb27mH i�;bX AM 1t�KTH2 3- i?2 QTBMBQM 2t+2HH2Mi

Bb �bbQ+B�i2/ rBi? i?2 �bT2+i H2Mb �Hi?Qm;? i?2v /Q MQi �TT2�` �/D�+2MiX 6Q`KBM;

i?2 i�; T?`�b2 2t+2HH2Mi H2Mb K�F2b KQ`2 b2Mb2 i?�M i?2 i�; H2MbX q2 BMi`Q/m+2 }p2

L�im`�H G�M;m�;2 S`Q+2bbBM; ULGSV `mH2b #�b2/ QM S�`i@Q7@aT22+? USPaV bi`m+im`2

i?�i ?2HTb BM K�FBM; i?2 i�;b K2�MBM;7mHX :Bp2M � T`Q/m+i- r2 #mBH/ � bvbi2K i?�i

�bbBbib mb2`b #v T`QpB/BM; � b2i Q7 K2�MBM;7mH i�;b 7`QK i?2 T`Q/m+i `2pB2rbX Pm`

bvbi2K �+?B2p2b T`QKBbBM; `2bmHib r?2M 2p�Hm�i2/ QM Rk `2�H@rQ`H/ T`Q/m+i `2pB2r

/�i�b2ib 7`QK �K�xQMX+QKX

6QHHQrBM; �`2 bQK2 Q7 i?2 bB;MB}+�Mi Q#b2`p�iBQMb,

Ç h?2 i�; T?`�b2b ;2M2`�i2/ #v Qm` mMbmT2`pBb2/ �TT`Q�+? �`2 `2H�i2/ iQ i?2

ee



T`Q/m+ib �M/ �`2 7QmM/ ?2HT7mH iQ mM/2`bi�M/ i?2 T`Q/m+i `2pB2rbX

Ç SQTmH�` U?B;?@`�i2/V T`Q/m+ib ?�p2 � ?B;?2` MmK#2` Q7 `2pB2rb i?�M +QH/ UHQr@

`�i2/V T`Q/m+ib- bm;;2biBM; i?�i T2QTH2 �`2 K�BMHv BMi2`2bi2/ BM TQTmH�` T`Q/@

m+ibX

Ç h?2 �p2`�;2 H2M;i? Q7 � `2pB2r Bb Km+? b?Q`i2` 7Q` +QH/ T`Q/m+ib +QKT�`2/

iQ TQTmH�` T`Q/m+ibX h?Bb Bb #2+�mb2 T2QTH2 i2M/ iQ i�HF �#Qmi i?2B` ;QQ/

2tT2`B2M+2b 7Q` TQTmH�` T`Q/m+ib �M/ r`Bi2 HQM;2` `2pB2rb r?2`2�b i?2v /Q MQi

r`Bi2 BM H2M;i? �#Qmi i?2B` #�/ 2tT2`B2M+2b Q7 mbBM; +QH/ T`Q/m+ibX aQ- +QH/

T`Q/m+ib bmz2` 7`QK i?2 T`Q#H2K Q7 ;2M2`�iBM; MQBbv i�;bX

q2 b?Qr ?Qr i�;b 7`QK TQTmH�` T`Q/m+i `2pB2rb +�M #2 H2p2`�;2/ iQ }M/ `2H2p�Mi

i�;b BM +QH/ T`Q/m+i `2pB2rbX Pm` F2v +QMi`B#miBQMb Q7 i?Bb +?�Ti2` �`2 �b 7QHHQrb,

Ç q2 �//`2bb i?2 T`Q#H2K Q7 +mbiQK2` `2pB2rb bmKK�`Bx�iBQMX q2 T`2b2Mi i?2

T`Q#H2K �b i?2 i�; ;2M2`�iBQM T`Q#H2KX

Ç q2 T`QTQb2 � MQp2H �TT`Q�+? iQ }M/ mb27mH i�;b #v `�MFBM; �M/ `2}MBM; i?2

;2M2`�i2/ i�;bX

Ç q2 BMp2biB;�i2 i?2 T2`7Q`K�M+2 Q7 i�; ;2M2`�iBQM QM `2pB2rb Q7 Rk T`Q/m+ibX

Ç q2 +�i2;Q`Bx2 T`Q/m+ib BMiQ TQTmH�` T`Q/m+ib �M/ +QH/ T`Q/m+ib �M/ BMp2biB;�i2

i?2 i�; ;2M2`�iBQM T2`7Q`K�M+2X

h?2 `2bi Q7 i?2 +?�Ti2` Bb bi`m+im`2/ �b 7QHHQrbX a2+iBQM 8Xk /2i�BHb i?2 T`Q#@

H2K /2}MBiBQM �M/ 2tTH�BMb i?2 T`QTQb2/ �TT`Q�+? 7Q` mMbmT2`pBb2/ i�; ;2M2`�iBQM

7`QK `2pB2rbX h?2 /�i�b2i mb2/- 2tT2`BK2Mi�H b2imT- �M/ 2p�Hm�iBQM Bb /Bb+mbb2/ BM

a2+iBQM 8XjX q2 +QM+Hm/2 i?Bb +?�Ti2` BM a2+iBQM 8X9X

ed



8Xk h�;;BM; S`Q/m+i _2pB2rb

AM i?Bb b2+iBQM- r2 T`2b2Mi Qm` mMbmT2`pBb2/ �TT`Q�+? iQ bmKK�`Bx2 T`Q/m+i `2pB2rb

#v ;2M2`�iBM; iQT@F i�;bX q2 ;Bp2 i?2 T`Q#H2K /2}MBiBQM BM a2+iBQM jXR �M/ Qm`

bQHmiBQM BM i?2 `2K�BMBM; i?`22 bm#b2+iBQMbX

8XkXR S`Q#H2K .2}MBiBQM

h?2`2 �`2 K�Mv 7�+iQ`b i?�i /2i2`KBM2 i?2 M�im`2 Q7 `2pB2rb i?�i � T`Q/m+i ;2ibX

6Q` 2t�KTH2- � TQTmH�` T`Q/m+i- r?B+? Bb �p�BH�#H2 bBM+2 � bB;MB}+�Mi iBK2- K�v ?�p2

K�Mv `2pB2rb- bQK2 Q7 r?B+? +QmH/ �HbQ #2 p2`v /2i�BH2/X PM i?2 Qi?2` ?�M/- � M2r

T`Q/m+i Q` � HQr `�i2/ T`Q/m+i K�v ?�p2 QMHv 72r `2pB2rb- KQbi Q7 r?B+? rBHH #2 p2`v

b?Q`iX �Hi?Qm;? 7Q` TQTmH�` T`Q/m+ib- i?2 `2pB2rb K�v 2tTH�BM i?2 T`Qb@�M/@+QMb Q7

/Bz2`2Mi �bT2+ib Q7 i?2 T`Q/m+ic 7Q` HQr `�i2/ T`Q/m+ib- KQbi Q7 i?2 `2pB2rb rBHH #2

b?Q`i rBi? �M Qp2`�HH M2;�iBp2 b2MiBK2MiX hQ i�; i?2b2 /Bz2`2Mi +H�bb2b Q7 T`Q/m+i

`2pB2rb- r2 T`QTQb2 i?2 7QHHQrBM; irQ i�; ;2M2`�iBQM T`Q#H2KbX

S`Q#H2K R h�;;BM; SQTmH�` S`Q/m+ib, G2i S #2 � T`Q/m+i �M/ RP 4

{r1, r2, r3, ...., rn} #2 i?2 b2i Q7 +mbiQK2` `2pB2rb Q7 i?2 T`Q/m+i S- r?2`2 2�+? `2@

pB2r ri +QMbBbib Q7 � +mbiQK2`Ƕb 722/#�+F �M/ �M Qp2`�HH `�iBM; QM i?2 T`Q/m+i SX Pm`

i�bF Bb iQ ;2M2`�i2 iQT@k i�;b T 4 {t1, t2, ..., tk} 7Q` i?2 `2pB2r b2i RP X

SQTmH�` T`Q/m+ib ?�p2 K�Mv `2pB2rbX J�Mv Q7 i?2b2 `2pB2rb ?�p2 bBx�#H2 +QMi2Mi

�M/ ?�b � ?B;? `�iBM; 7Q` i?2 T`Q/m+iX h?2v +QMi�BM 2tT2`B2M+2 Q7 mb2`b �#Qmi i?2

T`Q/m+i �M/ Bib +QKT�`BbQM rBi? Qi?2` T`Q/m+ibX AM ;2M2`�H- � TQTmH�` T`Q/m+i ?�b

?mM/`2/b Q7 `2pB2rb �M/ i?2 �p2`�;2 H2M;i? Q7 2�+? `2pB2r Bb �`QmM/ R8yy +?�`�+i2`bX

aBM+2 TQTmH�` T`Q/m+ib ?�p2 K�Mv `2pB2rb �M/ HQi Q7 +QMi2Mi- B7 r2 mb2 2tBbiBM;

iQTB+ H�#2HBM; K2i?Q/b- bm+? �b G.� (R9)- hL: (ReR)- 2i+X- iQ ;2M2`�i2 i?2 i�;b-

i?2M r2 rBHH ;2i K�Mv iQTB+ H�#2Hb- �HH Q7 r?B+? r2 +�MMQi b?Qr iQ mb2`bX JQ`2Qp2`-

K�Mv Q7 i?2b2 H�#2Hb K�v MQi #2 bmBi�#H2 7Q` ?mK�M `2�/BM;X 6Q` 2t�KTH2- i?2v

e3



rQmH/ ;2M2`�i2 i�;b bm+? �b v2�`b �;Q- H2p2H +�K2`�- +�K2`� i�F2b- 2i+X hQ `2/m+2 i?2

MmK#2` Q7 i�;b- r2 b2H2+i iQT@F i�;b i?�i bmKK�`Bx2 �HH i?2 `2pB2rbX hQ K�F2 Bi KQ`2

T`2b2Mi�#H2 �M/ BM7Q`K�iBp2 iQ mb2`b- r2 T`Q+2bb i?2 iQT@F i�;b mbBM; LGS bvMi�+iB+

`mH2b- �b /2b+`B#2/ BM S`Q#H2K jX

S`Q#H2K k h�;;BM; *QH/ S`Q/m+ib, G2i S #2 � T`Q/m+i i?�i ?�b p2`v 72r `2pB2rb

Q` ?�b KQbiHv HQr `�iBM;b- �M/ RP4{r1, r2, r3, ...., rn} #2 i?2 b2i Q7 +mbiQK2` `2pB2rb

Q7 i?2 T`Q/m+i S- r?2`2 2�+? `2pB2r ri +QMbBbib Q7 � +mbiQK2`Ƕb 722/#�+F �M/ �M Qp2`�HH

`�iBM; QM i?2 T`Q/m+i SX Pm` i�bF Bb iQ ;2M2`�i2 iQT@k i�;b T 4 {t1, t2, ..., tk} 7Q` i?2

`2pB2r b2i RP X

AM +QMi`�bi iQ TQTmH�` T`Q/m+ib- i?2`2 �`2 K�Mv +QH/ T`Q/m+ib- bm+? �b HQr `�i2/

T`Q/m+ib �M/ M2r T`Q/m+ib- r?B+? ?�p2 H2bb i?�M R8 `2pB2rb rBi? �M �p2`�;2 H2M;i?

Q7 8yy +?�`�+i2`b T2` `2pB2rX h?2b2 T`Q/m+ib bmz2` 7`QK i?2 T`Q#H2K Q7 +QH/ bi�`i

/m2 iQ H�+F Q7 `2pB2r +QMi2MiX AM i?Bb +?�Ti2`- r2 �`2 MQi i�`;2iBM; M2r T`Q/m+ib

�b K�Mv Q7 i?2K /Q MQi ?�p2 `2pB2rb Q` `�iBM; BM7Q`K�iBQMX q2 �`2 i�`;2iBM; HQr

`�i2/ T`Q/m+ib i?�i ?�p2 72r `2pB2rb- r?B+? �`2 KQbiHv M2;�iBp2X GQr `�i2/ T`Q/m+ib

�`2 MQi ;QQ/ [m�HBiv T`Q/m+ic i?mb KQbi Q7 i?2 `2pB2rb +QMi�BM +mbiQK2`bǶ /Bb+QMi2Mi

rBi? i?2 T`Q/m+iX am+? `2pB2rb �`2 ;2M2`�HHv b?Q`i �M/ K�v MQi 2p2M +QMi�BM Km+?

BM7Q`K�iBQM �#Qmi i?2 T`Q/m+iX .m2 iQ i?2b2 `2�bQMb- Bi Bb ?�`/ iQ ;2M2`�i2 i�;b 7Q`

i?2KX

1tBbiBM; iQTB+@;2M2`�iBQM K2i?Q/b /Q MQi rQ`F r2HH r?2M r2 ?�p2 bm+? � bK�HH

�KQmMi Q7 /�i�X 6Q` 2t�KTH2- +QMbB/2` � HQr@`�i2/ T`Q/m+i `2pB2r, ǵAi Bb � +QKTH2i2

r�bi2 Q7 iBK2 �M/ KQM2vǶX aBM+2 i?2 `2pB2r Bb b?Q`i �M/ /Q2b MQi 2p2M +QMi�BM Km+?

Q7 T`Q/m+i@`2H�i2/ BM7Q`K�iBQM- Bi Bb ?�`/ iQ ;2M2`�i2 +�M/B/�i2 i�;bX q2 T`QTQb2 �

i�; ;2M2`�iBQM K2i?Q/ 7Q` bm+? T`Q/m+ib #v mbBM; i�;b 7`QK TQTmH�` T`Q/m+ibX

S`Q#H2K j h�; _2}M2K2Mi, :Bp2M i?2 iQT@F ;2M2`�i2/ i�;b 7Q` � T`Q/m+i S- T�`b2

i?2 `2pB2rb �M/ mb2 LGS bvMi�+iB+ `mH2b #�b2/ QM i?2 SPa T�ii2`Mb iQ K�F2 i?2 i�;b

KQ`2 `2�/�#H2 �M/ BM7Q`K�iBp2 i?`Qm;? rQ`/ i`�Mb7Q`K�iBQM �M/ #v BM+Hm/BM; TQTmH�`

eN



+mbiQK2` b2MiBK2MiX

hQTB+ KQ/2HBM; �H;Q`Bi?Kb �`2 2z2+iBp2 BM }M/BM; MQmM 7Q`Kb Q7 i�;bX >Qr2p2`-

bm+? i�;b K�v MQi +�Tim`2 i?2 b2MiBK2Mi i2`Kb �bbQ+B�i2/ i?2 i�;b �M/ i?mb K�v

MQi ;Bp2 bm{+B2Mi b2K�MiB+ BM7Q`K�iBQMX 6Q` 2t�KTH2- i?2 i�; H2Mb +�T `2T`2b2Mib

�M �bT2+i QMHv- #mi /Q2b MQi T`QpB/2 i?2 QTBMBQM Q7 +mbiQK2`b �bbQ+B�i2/ rBi? i?2

�bT2+iX S`QpB/BM; i?2 �bbQ+B�i2/ b2MiBK2Mi HQQb2 iQ 7Q`K i?2 i�; HQQb2 H2Mb +�T K�F2b

i?2 i�; KQ`2 K2�MBM;7mHX aQK2iBK2b- i?2 ;`�KK�iB+�H bi`m+im`2 Q7 i?2 i�;b K�F2b Bi

/B{+mHi iQ mM/2`bi�M/X 6Q` 2t�KTH2- i?2 i�; 7Q+mbBM; HQr HB;?i /Q2b MQi K�F2 Km+?

b2Mb2X q2 +�M K�F2 Bi K2�MBM;7mH #v `2r`BiBM; �b HQr HB;?i 7Q+mbBM;X P++�bBQM�HHv-

i?2 i�;b K�v 7�BH iQ +�Tim`2 i?2 `B;?i +QMi2tiX 6Q` BMbi�M+2- i?2 i�;b ;QQ/ TB+im`2

�M/ #B; H2Mb �`2 2MiB`2Hv /Bz2`2Mi 7`QK i?2 i�;b MQi ;QQ/ TB+im`2 �M/ Qp2`Hv #B; H2Mb

`2bT2+iBp2HvX q2 K�F2 i?2 i�;b KQ`2 `2�/�#H2 #v �//BM; TQTmH�` b2MiBK2Mi rQ`/b

7`QK i?2 `2pB2rb �M/ +?�M;BM; i?2 ;`�KK�iB+�H bi`m+im`2 Q7 i?2 i�;b #�b2/ QM LGS

bvMi�+iB+ `mH2bX

8XkXk avbi2K �`+?Bi2+im`2

6B;m`2 8Xj, avbi2K �`+?Bi2+im`2X

dy



6B;m`2X 8Xj b?Qrb i?2 �`+?Bi2+im`�H Qp2`pB2r Q7 Qm` T`QTQb2/ `2pB2r i�;;BM; bvb@

i2KX :Bp2M � T`Q/m+i- i?2 bvbi2K i�F2b mb2` `2pB2rb �b BMTmi �M/ ;2M2`�i2b iQT@F

T`Q/m+i `2H2p�Mi i�;b �b QmiTmiX h?2 `2pB2rb mM/2`;Q i?2 7QHHQrBM; bi2Tb, URV ;2M2`@

�iBM; +�M/B/�i2 i�;b- UkV `�MFBM; i?2 +�M/B/�i2 i�;b- �M/ UjV `2}MBM; i?2 iQT@F i�;b

mbBM; bvMi�+iB+ `mH2bX lMHBF2 2tBbiBM; bmT2`pBb2/ i�; `2+QKK2M/�iBQM bvbi2Kb (Ry-RN)-

i?Bb +?�Ti2` T`2b2Mib �M mMbmT2`pBb2/ K2i?Q/ iQ ;2M2`�i2 i�;b 7Q` +mbiQK2` `2pB2rbX

h?2 /2i�BHb �`2 2tTH�BM2/ BM i?2 7QHHQrBM; bm#b2+iBQMbX

8XkXj :2M2`�iBM; *�M/B/�i2 h�;b

lb2`@;2M2`�i2/ `2pB2rb �`2 ;2M2`�HHv MQBbv BM M�im`2 rBi? K�Mv ;`�KK�iB+�H �M/

bT2HHBM; KBbi�F2bX am+? 7�mHiv i2tib K�v ;2M2`�i2 mMr�Mi2/ i�;b �M/ r2 K�v �HbQ

KBbb ;QQ/ i�;bX aBM+2 r2 /Q MQi r�Mi bm+? /BbiQ`i2/ i2tib iQ ?BM/2` i?2 i�; ;2M@

2`�iBQM T`Q+2bb- r2 +H2�M `2pB2r i2tib mbBM; i?2 T`2@T`Q+2bbBM; bi2Tb K2MiBQM2/ BM

a2+iBQM kXkXkX

�7i2` `2}MBM; i?2 `2pB2rb Q7 MQBbv i2ti- i?2 M2ti bi2T Bb iQ ;2M2`�i2 +�M/B/�i2

i�;bX *mbiQK2`b mbm�HHv /Q MQi T`QpB/2 �Mv iQTB+ K�`F2` r?BH2 r`BiBM; `2pB2rbX

hQTB+ KQ/2HBM; K2i?Q/b #�b2/ QM #�;@Q7@rQ`/b `2T`2b2Mi�iBQMb �`2 +QKKQMHv mb2/

iQ B/2MiB7v F2v i2`Kb 7`QK i2ti /Q+mK2Mib (jR-99-R88-ReR)X q2 +QMbB/2` 2�+? `2pB2r

�b � /Q+mK2Mi �M/ �/QTi � #�;@Q7@rQ`/b `2T`2b2Mi�iBQM Q7 i?2 `2pB2rb #v 2ti`�+iBM;

M@;`�Kb rBi? p�`vBM; bBx2b UM4R- k- jV 7`QK i?2 +Q`TmbX lbBM; i?2 M@;`�Kb- r2

2ti`�+i +�M/B/�i2 i�;b #v �TTHvBM; i?`22 TQTmH�` iQTB+ KQ/2HBM; i2+?MB[m2b- M�K2Hv

TQTmH�`Biv- h6@A.6 �M/ hQTB+�H M@;`�K UhL:V (ReR)X h?2 i2+?MB[m2b �`2 2tTH�BM2/

�b 7QHHQrb,

SQTmH�`Biv, SQTmH�` i�;b �`2 i?2 M@;`�Kb i?�i 7`2[m2MiHv �TT2�` BM +mbiQK2` `2@

pB2rbX q2 mb2 i2`K 7`2[m2M+v #�b2/ TQTmH�`Biv �H;Q`Bi?K (R88) iQ }M/ +�M/B/�i2

dR



i�;bX SQTmH�`Biv Bb /2}M2/ �b 7QHHQrb,

Pop(q) =
fq

maxkfk
U8XRV

r?2`2 q Bb i?2 ;Bp2M i�;- fq Bb i?2 MmK#2` Q7 iBK2b i?2 i�; q �TT2�`b BM �HH `2pB2rb-

�M/ maxkfk Bb i?2 +QmMi Q7 i?2 KQbi TQTmH�` i�; �+`Qbb �HH `2pB2rbX � ?B;? TQTmH�`Biv

b+Q`2 BM/B+�i2b i?�i i?2 i�; Bb ?B;?Hv `2H2p�Mi �b K�Mv iBK2b Bi ?�b #22M K2MiBQM2/

BM i?2 `2pB2rbX

h6@A.6, hQ `2/m+2 i?2 bB;MB}+�M+2 Q7 +QKKQMHv �TT2�`BM; i�;b BM 7�pQ` Q7 KQ`2

mMB[m2 QM2b- r2 mb2 h6@A.6 b+Q`2 Q7 i�;b- r?B+? Bb /2}M2/ �b,

TF @IDF (q) = Pop(q) ∗ log
(
N

nq

)
U8XkV

r?2`2 N Bb i?2 iQi�H MmK#2` Q7 `2pB2rb Q7 � T`Q/m+i- nq Bb i?2 MmK#2` Q7 `2pB2rb rBi?

i�; q BM BiX h6@A.6 b+Q`2 ?�b irQ i2`Kb, i?2 }`bi i2`K `2T`2b2Mib i?2 i2`K 7`2[m2M+v

Uh6V �M/ i?2 b2+QM/ i2`K `2T`2b2Mib i?2 AMp2`b2 h2`K 6`2[m2M+v UA.6VX

hQTB+�H M@;`�K UhL:V, hL: (ReR) Bb � T`Q#�#BHBbiB+ iQTB+ KQ/2HHBM; �H;Q`Bi?K

i?�i 2ti2M/b G�i2Mi .B`B+?H2i �HHQ+�iBQM UG.�V (R9) iQ KQ/2H iQTB+b 7`QK /Q+mK2MibX

lMHBF2 G.�- hL: +�M KQ/2H rQ`/b �b r2HH �b T?`�b2bX hL: KQ/2H Bb �#H2 iQ /2+B/2

r?2i?2` � #B;`�K Bb � T?`�b2 Q` MQi �++Q`/BM; iQ +QMi2tiX 6Q` 2t�KTH2- i?2 #B;`�K

;QQ/ TB+im`2 +�``B2b � bT2+B�H K2�MBM; rBi? `2bT2+i iQ i?2 iQTB+ +�K2`�- r?2`2�b i?2

T?`�b2 ;QQ/ M2rb /Q2b MQiX hL: /Q2b i?Bb #v �/QTiBM; � DQBMi /Bbi`B#miBQM SUi-#%tV

�M/ ?�b i?2 /Bbi`B#miBQM�H T`2bmKTiBQMb,

xi|xi−1, ti, bi = 1, θ ∼ Discrete(θti) U8XjV

xi|xi−1, ti, bi = 0,φ ∼ Discrete(φti , xi−1) U8X9V

dk



bi|xi−1, ti−1, γ ∼ Bernoulli(πti−1 , xi−1) U8X8V

r?2`2 2�+? /Q+mK2Mi d Bb 2tT`2bb2/ �b � KBtim`2 Q7 H�i2Mi iQTB+b tiǶbX 1�+? iQTB+ t Bb

2tT`2bb2/ �b � KBtim`2 Q7 i2`Kb xǶb /2i2`KBM2/ #v � KmHiBMQKB�H /Bbi`B#miBQM θX bi Bb

� #BM�`v p�`B�#H2 i?�i BM/B+�i2b r?2i?2` i?2 i2`K x Bb �z2+i2/ #v i?2 T`2+2/BM; i2`K

Q` Bb i?2 #2;BMMBM; Q7 � M2r M@;`�K bi�`iBM; �i i?2 ith TQbBiBQMX A7 bi 4 R- i?2M i?2

i2`K xi Bb MQi �z2+i2/ #v i?2 T`2pBQmb rQ`/ �M/ Bb +QMbB/2`2/ iQ #2 i?2 bi�`i Q7 � M2r

M@;`�KX bi /BpB/2b � +QHH2+iBQM BMiQ b2[m2MiB�H MQM@BMi2`b2+iBM; M@;`�Kb Q7 /Bz2`2Mi

bBx2bX γt,x �M/ φt,x �`2 /Bbi`B#miBQMb 2[mBTT2/ rBi? +QMDm;�i2 T`BQ` /Bbi`B#miBQMb,

γt,x ∼ Beta(λ) U8XeV

φt,x ∼ Dirichlet(δ) U8XdV

r?2`2 γ �M/ δ �`2 bQK2 ?vT2`T�`�K2i2`bX

h?2 �#Qp2 i�; ;2M2`�iBQM �H;Q`Bi?Kb 7�pQ` 7`2[m2MiHv Q++m``BM; M@;`�Kb �b +�M/B@

/�i2 i�;bX *�M/B/�i2 i�;b ;2M2`�i2/ #v TQTmH�`Biv �M/ h6@A.6 �`2 KQbiHv mMB;`�Kb

�b i?2v Q++m` KQ`2 7`2[m2MiHv i?�M T?`�b2bX lMHBF2 TQTmH�`Biv �M/ h6@A.6- hL:

i�F2b i?2 b2[m2MiB�H M�im`2 Q7 i2ti BMiQ +QMbB/2`�iBQM iQ ;2M2`�i2 rQ`/b �M/ T?`�b2b

�b iQTB+bX �b T?`�b2b #2�` KQ`2 K2�MBM;7mH BM7Q`K�iBQM i?�M rQ`/b- hL: ;Bp2b #2i@

i2` i�;b +QKT�`2/ iQ TQTmH�`Biv �M/ h6@A.6X q2 +QMbB/2` i?2 i�;b ;2M2`�i2/ 7`QK

hL: �b +�M/B/�i2 i�;b 7Q` 7m`i?2` T`Q+2bbBM;X

.m2 iQ i?2 HBKBi2/ �p�BH�#BHBiv Q7 `2pB2rb BM +QH/ T`Q/m+ib- hL: Bb MQi �#H2 iQ

;2M2`�i2 ;QQ/ F2v i2`Kb �b i�;bX J�Mv Q7 i?2 B``2H2p�Mi rQ`/b ;2i ;2M2`�i2/ �b i�;bX

q2 /Q MQi r�Mi iQ b?Qr B``2H2p�Mi rQ`/b �b i�;bX hQ }M/ i?2 mb27mH i�;b 7`QK +QH/

T`Q/m+i `2pB2rb- r2 H2p2`�;2 TQTmH�` T`Q/m+i `2pB2rb ?�pBM; � bBKBH�` /QK�BMX q2

�TT`Q�+? i?Bb �b � i`�Mb72` H2�`MBM; T`Q#H2KX

*�M/B/�i2 i�;b Q7 TQTmH�` T`Q/m+ib +QMi�BM mb27mH i�;b i?�i �`2 +QKKQMHv mb2/

#v +mbiQK2`b r?BH2 r`BiBM; `2pB2rb bm+? �b TB+im`2 [m�HBiv- b?mii2` bT22/- #�ii2`v HB72-

dj



�M/ iQm+? b+`22MX aQ- 7Q` T`Q/m+ib ?�pBM; � bBKBH�` /QK�BM- i?2 b�K2 b2i Q7 7`2[m2Mi

�bT2+ib rQmH/ #2 T`2b2Mi BM TQTmH�` �b r2HH �b +QH/ T`Q/m+ibX �Hi?Qm;? bm+? mb27mH

i�;b �`2 �HbQ T`2b2Mi BM +QH/ T`Q/m+ib- hL: Bb MQi �#H2 iQ /2i2+i bm+? i�;b /m2 iQ i?2

bT�`bBiv Q7 `2pB2rbX q2 H2p2`�;2 i?2 +�M/B/�i2 i�;b 7`QK `2pB2rb Q7 TQTmH�` T`Q/m+ib

iQ 2M?�M+2 i?2 i�; ;2M2`�iBQM Q7 +QH/ T`Q/m+ib #v /Bb+Qp2`BM; mb27mH i�;bX

�7i2` �TTHvBM; hL:- r2 +QHH2+i i?2 iQT 8y +�M/B/�i2 i�;b +QMi�BMBM; �bT2+i BM@

7Q`K�iBQM 7`QK 2�+? TQTmH�` T`Q/m+i #2HQM;BM; iQ bBKBH�` /QK�BM �M/ mb2 Bi iQ 7Q`K

� i�; +HQm/ U*VX 6`QK C- r2 mb2 i?2 �bT2+i BM7Q`K�iBQM iQ }M/ i�;b BM7Q`K�iBQM 7Q`

i?2 +QH/ T`Q/m+ibX 6Q` � +QH/ T`Q/m+i- r2 T�`b2 i?`Qm;? 2�+? `2pB2r �M/ }M/ i?2

i�;b i?�i �`2 T`2b2Mi BM CX C Bb �HbQ mb2/ iQ }M/ i?2 `2pB2r@i�;b /B+iBQM�`v URT V

7Q` 2�+? `2pB2r- r?B+? biQ`2b i?2 i�;b T`2b2Mi BM 2�+? `2pB2rX RT Bb BM im`M mb2/ iQ

Q#i�BM i?2 iQT@F KQbi mb27mH i�; b2iX

8XkX9 _�MFBM; *�M/B/�i2 h�;b

aQK2 `2pB2r2`b r`Bi2 HQM; `2pB2rb- r?BH2 Qi?2`b r`Bi2 b?Q`i `2pB2rbX hL: ;Bp2b KQ`2

BKTQ`i�M+2 iQ HQM; `2pB2rb �b i?2v Q7i2M ?�p2 `2T2�i2/ F2v i2`KbX "mi- BM b?Q`i

`2pB2rb- F2v i2`Kb ;2M2`�HHv �TT2�` QM+2 QMHv �M/ `2H�i2/ i2`Kb �`2 �HbQ �#b2MiX

�Hi?Qm;? mb27mH i�;b K�v #2 T`2b2Mi BM b?Q`i `2pB2rb- 7`2[m2Mi i�;b 7`QK HQM; `2pB2rb

i2M/ iQ /QKBM�i2 i?2 `2bmHi Q7 hL:X hQ Qp2`+QK2 i?Bb #B�b- r2 i�F2 BMiQ +QMbB/2`�iBQM

i?2 MmK#2` Q7 `2pB2rb r?2`2 � i�; Bb T`2b2Mi �M/ 7Q+mb QM }M/BM; i?2 mb27mH i�;b

BMbi2�/ Q7 7`2[m2Mi QM2bX � i�; i?�i Bb T`2b2Mi BM K�Mv `2pB2rb Bb +QMbB/2`2/ KQ`2

mb27mH i?�M � i�; i?�i Bb T`2b2Mi BM 72r `2pB2rbX

q2 T`QTQb2 � ;`22/v �TT`Q�+? iQ `�MF i?2 +�M/B/�i2 i�;b Q#i�BM2/ mbBM; hL: iQ

}M/ i?2 i�;b i?�i �`2 T`272``2/ #v K�Mv mb2`bX q2 mb2 +Qp2`�;2 iQ }M/ mb27mH i�;b-

BX2X- i�;b i?�i +Qp2` � K�tBKmK MmK#2` Q7 `2pB2rbX *Qp2`�;2 Q7 � i�; t Bb /2}M2/ �b,

Cov(t) =
nt

N
U8X3V
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r?2`2 nt Bb i?2 MmK#2` Q7 `2pB2rb i?�i +QMi�BM i?2 i�; t �M/ N Bb i?2 iQi�H MmK#2`

Q7 `2pB2rbX

�H;Q`Bi?K 9 h�; lb27mHM2bb _�MFBM; hl_US-PP -RP V
AMTmi, P , S`Q/m+i

Pp, a2i Q7 TQTmH�` T`Q/m+ib #2HQM;BM; iQ /QK�BM D 4 {p1, p2, ..., pl}
RP , {r1, r2, ..., an} 4 *mbiQK2` `2pB2rb Q7 T`Q/m+i P
TC , {tc1, tc2, ..., tcn} = *�M/B/�i2 i�;b 7Q` TQTmH�` T`Q/m+ib Pp

PmiTmi, C 4 {c1, c2, ..., cm} 4 h�; +HQm/ 4 b2i Q7 +�M/B/�i2 i�;b Q7 Pp

T , {t1, t2, ...tk} 4 hQT@F `2H2p�Mi i�;b ;2M2`�i2/ 7`QK i?2 `2pB2rb
J2i?Q/,

R, C ← {}, TC ← []- J�t +Qp2`�;2 i�;b- T ← φ- _2pB2r@i�;b /B+iBQM�`v- RT ← []
k, 7Q` �HH p ∈ Pp /Q
j, TC ← _�MF*�M/B/�i2h�;b(p)
9, 7Q` �HH ci ∈ TC /Q
8, B7 ci ̸∈ C i?2M
e, C.�//(ci)
d, 2M/ B7
3, 2M/ 7Q`
N, 2M/ 7Q`

Ry, B7 P ∈ Pp i?2M
RR, 7Q` �HH ri ∈ Rp /Q
Rk, RT [ri]← 1ti`�+ih�;b(ri, TC)
Rj, 2M/ 7Q`
R9, 2Hb2
R8, 7Q` �HH ri ∈ Rp /Q
Re, RT [ri]← 1ti`�+ih�;b(ri, C)
Rd, 2M/ 7Q`
R3, 2M/ B7
RN, r?BH2 len(T ) ≤ k Q` Rp ̸= Φ /Q
ky, t← argmax

ci
{|cov(ci, RT )|}

kR, T.�TT2M/(t)
kk, Rt ← �bbQ+B�iBQMa2i(t, RT )
kj, TC ← TC − t
k9, Rp ← Rp −Rt

k8, 2M/ r?BH2
ke, `2im`M T

.m2 iQ i?2 HBKBi2/ �p�BH�#BHBiv Q7 `2pB2rb BM +QH/ T`Q/m+ib- hL: Bb MQi �#H2 iQ

;2M2`�i2 ;QQ/ F2v i2`Kb �b i�;bX J�Mv Q7 i?2 B``2H2p�Mi rQ`/b ;2i ;2M2`�i2/ �b i�;bX

q2 /Q MQi r�Mi iQ b?Qr B``2H2p�Mi rQ`/b �b i�;bX hQ }M/ i?2 mb27mH i�;b 7`QK +QH/

d8



T`Q/m+i `2pB2rb- r2 H2p2`�;2 TQTmH�` T`Q/m+i `2pB2rb ?�pBM; � bBKBH�` /QK�BMX q2

�TT`Q�+? i?Bb �b � i`�Mb72` H2�`MBM; T`Q#H2KX *�M/B/�i2 i�;b Q7 TQTmH�` T`Q/m+ib

+QMi�BM mb27mH i�;b i?�i �`2 +QKKQMHv mb2/ #v +mbiQK2`b r?BH2 r`BiBM; `2pB2rb bm+?

�b TB+im`2 [m�HBiv- b?mii2` bT22/- #�ii2`v HB72- �M/ iQm+? b+`22MX �Hi?Qm;? bm+? mb27mH

i�;b �`2 �HbQ T`2b2Mi BM +QH/ T`Q/m+ib- hL: Bb MQi �#H2 iQ /2i2+i bm+? i�;b /m2 iQ i?2

bT�`bBiv Q7 `2pB2rbX q2 H2p2`�;2 i?2 +�M/B/�i2 i�;b 7`QK `2pB2rb Q7 TQTmH�` T`Q/m+ib

iQ 2M?�M+2 i?2 i�; ;2M2`�iBQM Q7 +QH/ T`Q/m+ib #v /Bb+Qp2`BM; mb27mH i�;bX �7i2`

�TTHvBM; hL:- r2 7Q`K � i�; +HQm/ U*V #v +QHH2+iBM; i?2 iQT 8y +�M/B/�i2 i�;b 7`QK

2�+? TQTmH�` T`Q/m+i #2HQM;BM; iQ i?2 b�K2 /QK�BMX * Bb mb2/ iQ }M/ mb27mH i�;b 7Q`

+QH/ T`Q/m+ibX 6Q` � +QH/ T`Q/m+i- r2 T�`b2 i?`Qm;? 2�+? `2pB2r �M/ }M/ i?2 i�;b

i?�i �`2 T`2b2Mi BM CX C Bb �HbQ mb2/ iQ }M/ i?2 `2pB2r@i�;b /B+iBQM�`v URT V 7Q` 2�+?

`2pB2r- r?B+? biQ`2b i?2 i�;b T`2b2Mi BM 2�+? `2pB2rX RT Bb BM im`M mb2/ iQ Q#i�BM

i?2 iQT@F KQbi mb27mH i�; b2iX h?2 i�; `�MFBM; �H;Q`Bi?K Bb ;Bp2M BM �H;Q`Bi?K 9X

:Bp2M � T`Q/m+i P �M/ � b2i Q7 `2pB2rb RP - TUR 7QHHQrb � ;`22/v �TT`Q�+? iQ }M/

i?2 KQbi mb27mH i�;bX ai2T R BMBiB�HBx2b i?2 i�; +HQm/ C- i?2 `�MF2/ HBbi Q7 +�M/B/�i2

i�;b TC - i?2 mb27mH i�; b2i T �M/ i?2 `2pB2r@i�;b /B+iBQM�`v RT X ai2Tb kĜN mb2b i?2

+�M/B/�i2 i�;b Q7 TQTmH�` T`Q/m+ib iQ ;2i i?2 i�; +HQm/ CX 6Q` 2�+? T`Q/m+i p- bi2T j

}M/b i?2 iQT@8y i�;b i?�i ?�p2 i?2 ?B;?2bi hL: iQTB+ `2H2p�M+2 b+Q`2 �M/ biQ`2 Bi BM

TC X h?2M- 7Q` 2�+? i�; ci BM TC - bi2Tb 9Ĝ3 �//b ci iQ i?2 i�; +HQm/ C B7 Bi Bb �H`2�/v

MQi T`2b2MiX q2 H2p2`�;2 C iQ }M/ i�;b 7`QK +QH/ T`Q/m+i `2pB2rbX ai2T Ry +?2+Fb

B7 i?2 T`Q/m+i P Bb T`2b2Mi BM i?2 TQTmH�` T`Q/m+i b2i PpX Pp +QMi�BMb � +QHH2+iBQM Q7

TQTmH�` T`Q/m+ib Q#i�BM2/ �7i2` �M�HvxBM; i?2 �p2`�;2 T`Q/m+i `�iBM; Q7 2�+? T`Q/m+iX

6Q` 2�+? `2pB2r ri- bi2Tb RRĜRj mb2 i?2 +�M/B/�i2 i�;b TC iQ 2ti`�+i i?2 `2H2p�Mi i�;b

T`2b2Mi BM ri �M/ biQ`2 i?2 i�;b BM i?2 _2pB2r@h�; /B+iBQM�`v RT X q?BH2 7Q` � +QH/

T`Q/m+i `2pB2r- bi2T R8ĜRd mb2b i?2 i�; +HQm/ C iQ 2ti`�+i `2pB2r bT2+B}+ i�;b RT X

lbBM; i?2 `2H2p�Mi i�;b T`2b2Mi BM RT - bi2Tb RNĜk8 Bi2`�i2 mMiBH r2 ;2i 2Bi?2` i?2

iQT@F mb27mH i�;b Q` �HH i?2 `2pB2rb �`2 +Qp2`2/ #v i?2 i�;bX �i 2�+? Bi2`�iBQM- Bi }M/b

de



�M/ �TT2M/b i?2 KQbi ?2HT7mH i�; 7`QK TC iQ T - r?B+? +Qp2`b i?2 K�tBKmK MmK#2`

Q7 mM+Qp2`2/ `2pB2rb �i i?�i KQK2MiX ai2T ky }M/b i?2 i�; t i?�i ?�b K�tBKmK

+Qp2`�;2 �M/ �//b Bi iQ i?2 i�; b2i T BM bi2T kRX ai2T kk +QKTmi2b i?2 �bbQ+B�iBQM

b2i URtV Q7 t iQ }M/ i?2 `2pB2rb i?�i �`2 +Qp2`2/ #v BiX ai2Tb kjĜk9 `2KQp2 t �M/ i?2

�bbQ+B�i2/ `2pB2rb URtV 7`QK TC �M/ RP `2bT2+iBp2HvX 6BM�HHv- bi2T ke `2im`Mb i?2 HBbi

Q7 iQT@F KQbi mb27mH i�;b UT V �7i2` ;`22/BHv }M/BM; i?2 i�;bX

8XkX8 _2}MBM; hQT@E h�;b mbBM; avMi�+iB+ _mH2b

h?2 T`2pBQmb bi2T ;2M2`�i2b � HBbi Q7 +Q`2 T?`�b2 i�;b 7`QK i?2 `2pB2rbX �Hi?Qm;?

i?2 ;2M2`�i2/ iQT@F i�;b �`2 mb27mH- bQK2 Q7 i?2 ;2M2`�i2/ i�;b /Q MQi ;Bp2 bm{+B2Mi

b2K�MiB+ BM7Q`K�iBQM /m2 iQ KBbbBM; b2MiBK2Mi i2`KbX AM ;2M2`�H- TQTmH�` T`Q/m+ib

�`2 �bbQ+B�i2/ rBi? TQbBiBp2 b2MiBK2Mi rQ`/b- r?BH2 K�Mv Q7 i?2 +QH/ T`Q/m+ib �`2

�bbQ+B�i2/ rBi? M2mi`�H Q` M2;�iBp2 b2MiBK2Mi rQ`/bX hQ }M/ i?2 b2MiBK2Mi i2`Kb-

r2 �M�Hvx2 i?2 S�`i@Q7@aT22+? USPaV T�ii2`Mb i?�i �`2 ;2M2`�HHv �bbQ+B�i2/ rBi?

T?`�b2b Q7 QTBMBQM�i2/ i2ti mbBM; i?2 ai�M7Q`/ LGS /2T2M/2M+v T�`b2` �M/ /2p2HQT

}p2 bvMi�+iB+ `mH2b iQ 2M?�M+2 i?2 mb27mHM2bb Q7 i?2 i�;bX q2 �TTHv i?2b2 bvMi�+iB+

`mH2b �7i2` T�`bBM; i?2 `2pB2rb �M/ �HbQ }M/BM; i?2 iQT@F mb27mH i�;b T X h?2 i�;

T?`�b2b Q#i�BM2/ �7i2` �TTHvBM; i?2 bvMi�+iB+ `mH2b �`2 7QmM/ iQ #2 KQ`2 `2�/�#H2

�M/ K2�MBM;7mHX h�#H2 8XR T`2b2Mib i?2 bvMi�+iB+ `mH2bX

PTBMBQM _mH2

PTBMBQM rQ`/b �`2 ;2M2`�HHv �/D2+iBp2b �M/ i?2v T`QpB/2 mb27mH bm#D2+iBp2 BM7Q`K�iBQMX

aQ- r?2M2p2` �M �/D2+iBp2 Bb T`2b2Mi #27Q`2 � MQmM i�; T?`�b2 ULSV- r2 +?2+F B7 Bi

#2HQM;b iQ �M QTBMBQM rQ`/ #v mbBM; �M QTBMBQM H2tB+QM (dj) �M/ MQi2 Bib TQH�`BivX

q?2M �M QTBMBQM rQ`/ UCCV Bb T`2b2Mi #27Q`2 � MQmM T?`�b2 i�; ULSV BM `2pB2rb- i?2

QTBMBQM rQ`/ Bb +QMbB/2`2/ �b � T�`i Q7 i?2 i�; T?`�b2X >Qr2p2`- /Bz2`2Mi +mbiQK2`b

K�v mb2 /Bz2`2Mi QTBMBQM rQ`/b Q7 p�`vBM; TQH�`Biv 7Q` i?2 b�K2 i�;X *QMbB/2` �M

dd



_mH2 SPa S�ii2`M .2b+`BTiBQM 1t�KTH2

PTBMBQM
`mH2 CCYLS

PTBMBQM rQ`/ UCCV Bb T`2b2Mi
#27Q`2 i�; T?`�b2 ULSV BM `2@
pB2rb

�K�xBM; TB+im`2 [m�HBiv- ;QQ/ #�ii2`v
HB72- HQQb2 H2Mb +�T- #2ii2` TB+im`2 [m�H@
Biv- #2bi +�K2`�- ;`2�i QTiB+�H xQQK-
TQr2`7mH 72�im`2b- 7�Mi�biB+ `�r BK�;2
KQ/2- bK�HH /BbTH�v

L2;�iBQM
`mH2 L:YLS

L2;�iBQM rQ`/ UL:V Bb
T`2b2Mi #27Q`2 i�; T?`�b2
UhSV

MQi ;QQ/ TB+im`2- MQi �miQ 7Q+mb- MQ iBz
7Q`K�i- M2p2` 7�BHb- MQ #2ii2` +�K2`�

AMi2MbB}2`
`mH2 _"YCS

�/p2`# BMi2MbB}2` U_"V Bb
T`2b2Mi #27Q`2 �/D2+iBp2 i�;
T?`�b2 UCSV

2ti`2K2Hv ~2tB#H2 H2Mb- 2�bBHv QT2`�#H2-
2ti`2K2Hv b�iBb}2/- `2�HHv HQM; xQQK-
p2`v TH2�b2/- iQQ bK�HH /BbTH�v- [mBi2
#mHFv- p2`v HQM; xQQK- KQ/2`�i2Hv
#`B;?i ~�b?

:2`mM/
i`�Mb7Q`@
K�iBQM
`mH2

o":YCS →
CSY o":

A7 � p2`# Uo":V Bb T`2b2Mi
#27Q`2 �M �/D2+iBp2 i�;
T?`�b2UCSV- i?2M Tmi Bi �i
i?2 2M/ Q7 i?2 i�;

T`Q+2bbBM; `�r BK�;2 → `�r BK�;2
T`Q+2bbBM;
7Q+mbBM; HQr HB;?i→ HQr HB;?i 7Q+mbBM;
xQQKBM; H2Mb → H2Mb xQQKBM;
i`�Mb72``BM; BK�;2 → BK�;2 i`�Mb72`@
`BM;
b?QQiBM; TQ`i`�Bi → TQ`i`�Bi b?QQiBM;
2MH�`;BM; 2�bBHv → 2�bBHv 2MH�`;BM;
+?�`;BM; #�ii2`v → #�ii2`v +?�`;BM;
b?�FBM; H2bb → H2bb b?�FBM;
HQQFBM; m;Hv → m;Hv HQQFBM;

PTBMBQM
BM+HmbBQM
`mH2

LSfCSYo"wYCC
→ CCYLS

A7 �M QTBMBQM rQ`/ UCCV Bb
T`2b2Mi �i i?2 2M/ Q7 �
MQmMf�/D2+iBp2 T?`�b2 i�;
rBi? � p2`# Uo"wV BM
#2ir22M- TH�+2 i?2 QTBMBQM
rQ`/ UCCV �i i?2 #2;BMMBM;
Q7 i?2 i�; �M/ `2KQp2 i?2
p2`# Uo"wV

QTiB+�H xQQK rQ`Fb ;`2�i → ;`2�i QT@
iB+�H xQQK
H2Mb +�T Bb p2`v HQQb2 → HQQb2 H2Mb +�T
+�K2`� Bb b?�`T → b?�`T +�K2`�
QTiB+�H xQQK rQ`Fb ;`2�i → ;`2�i QT@
iB+�H xQQK
bi`�T Bb ?Q``B#H2 → ?Q``B#H2 bi`�T
[m�HBiv Bb �K�xBM; → [m�HBiv
b2iiBM;b T`QpB/2b 2t+2HH2Mi→ 2t+2HH2Mi
b2iiBM;b

h�#H2 8XR, SPa `mH2b mb2/ iQ 2M?�M+2 i?2 K2�MBM; Q7 i�;bX
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2t�KTH2- r?2`2 KmHiBTH2 +mbiQK2`b �bbQ+B�i2 i?2 i�; TB+im`2 [m�HBiv rBi? /Bz2`2Mi

QTBMBQM rQ`/b bm+? �b �K�xBM;- 2t+2HH2Mi- ;QQ/- TQQ`- #�/- 2i+X 6Q` � ;Bp2M i�;-

;2M2`�iBM; KmHiBTH2 i�; T?`�b2b rBi? p�`vBM; QTBMBQM rQ`/b rQmH/ H2�/ iQ b2p2`�H

�K#B;mQmb Q` `2/mM/�Mi i�;b bm+? �b �K�xBM; TB+im`2 [m�HBiv- ;QQ/ TB+im`2 [m�HBiv- �M/

TQQ` TB+im`2 [m�HBivX q2 M22/ iQ }M/ i?2 `B;?i TQH�`Biv �M/ i?2 �++m`�i2 QTBMBQM rQ`/

�bbQ+B�i2/ rBi? i?2 i�;X hQ i?Bb 2M/- r2 +QmMi i?2 MmK#2` Q7 TQbBiBp2 �M/ M2;�iBp2

QTBMBQM rQ`/b �bbQ+B�i2/ rBi? i?2 i�; �M/ b2H2+i i?2 TQH�`Biv i?�i ?�b K�tBKmK

+QmMi �b i?2 TQH�`Biv Q7 i?2 i�;X �KQM; i?2 b�K2 TQH�`Biv QTBMBQM rQ`/b- r2 +?QQb2

i?2 KQbi 7`2[m2Mi rQ`/ �b i?2 QTBMBQM rQ`/ �bbQ+B�i2/ rBi? i?2 i�;X AM i?2 �#Qp2

2t�KTH2- i?2 i�; TB+im`2 [m�HBiv Bb �bbQ+B�i2/ rBi? KQ`2 TQbBiBp2 QTBMBQMbX �KQM;

i?2 TQbBiBp2 QTBMBQM rQ`/b- +QMbB/2`BM; �K�xBM; �TT2�`b BM KQ`2 MmK#2` Q7 `2pB2rb

+QKT�`2/ iQ 2t+2HH2Mi �M/ ;QQ/- r2 `2}M2 i?2 i�; �b �K�xBM; TB+im`2 [m�HBivX

L2;�iBQM _mH2

aQK2iBK2b- i�;b �`2 �bbQ+B�i2/ rBi? M2;�iBQM rQ`/b- i?2`2#v `2p2`bBM; i?2 K2�MBM;

Q7 i?2 i�;bX 6Q` BMbi�M+2- i?2 K2�MBM; Q7 i?2 i�; T?`�b2 ;QQ/ TB+im`2 Bb `2p2`b2/ r?2M

i?2 M2;�iBQM rQ`/ MQi Bb T`2b2Mi #27Q`2 Bi- 7Q`KBM; i?2 i�; T?`�b2 MQi ;QQ/ TB+im`2X

L2;�iBQM `mH2 Bb mb2/ iQ ?�M/H2 bm+? +�b2bX q2 �// M2;�iBQM rQ`/ iQ � i�; T?`�b2

QMHv B7 i?2 K�DQ`Biv Q7 i?2 +mbiQK2` i�HFBM; �#Qmi i?2 i�; T?`�b2 �`2 M2;�iBp2 �#Qmi

BiX A7 � M2;�iBQM rQ`/ �TT2�`b #27Q`2 � i�; T?`�b2- r2 +QmMi i?2 MmK#2` Q7 iBK2b i?2

i�; T?`�b2 Bb �bbQ+B�i2/ rBi? M2;�iBQM rQ`/ BM i?2 `2pB2rbX A7 Bi Bb KQ`2 i?�M ?�H7 Q7

i?2 MmK#2` Q7 Q++m``2M+2 Q7 i?2 i�; T?`�b2- r2 �bbQ+B�i2 � M2;�iBQM rQ`/ MQi rBi?

i?2 +Q``2bTQM/BM; i�; T?`�b2X

AMi2MbB}2` _mH2

�/p2`#b U_"V BMi2MbB}2b �M �/D2+iBp2 T?`�b2 UCSV r?2M T`2b2Mi #27Q`2 i?2 T?`�b2X aQ-

r?2M2p2` �M �/p2`# Bb T`2b2Mi #27Q`2 �M �/D2+iBp2 T?`�b2 i�;- BMi2MbB}2` `mH2 Bb mb2/ iQ

dN



�// �/p2`#b U_"V T`2b2Mi #27Q`2 �M �/D2+iBp2 T?`�b2 i�; UCSVX .QBM; bQ +QKTH2K2Mib

i?2 b2MiBK2Mi �bbQ+B�i2/ rBi? i?2 T?`�b2 i�;X 6Q` 2t�KTH2- i?2 i�;b Qp2`Hv #B; H2Mb-

�M/ 7�bi b?mii2` bT22/ +QMp2vb KQ`2 BM7Q`K�iBQM i?�M i?2 i�;b #B; H2Mb- �M/ b?mii2`

bT22/ `2bT2+iBp2HvX

:2`mM/ h`�Mb7Q`K�iBQM _mH2

:2`mM/b BM bQK2 Q7 i?2 i�; T?`�b2b �TT2�` BM /BbiQ`i2/ 7Q`Kb bm+? �b T`Q+2bbBM;

`�r BK�;2- 7Q+mbBM; HQr HB;?i- 2i+X h?2b2 T?`�b2b ?�p2 � ;2`mM/ Uo":V 7QHHQr2/ #v

�M �/D2+iBp2 T?`�b2 UCSVX q2 Q#b2`p2 i?�i B7 i?2 ;2`mM/ �TT2�`b �7i2` i?2 �/D2+iBp2

T?`�b2 UCS Y o":V- i?2 T?`�b2b �`2 KQ`2 `2�/�#H2X :2`mM/ i`�Mb7Q`K�iBQM `mH2 Bb

mb2/ iQ }M/ i?2 i�; T?`�b2b i?�i +QMi�BM ;2`mM/b 7QHHQr2/ #v �/D2+iBp2 T?`�b2 Uo":

Y CSVX q?2M2p2` bm+? � T?`�b2 Q++m`b- i?2 ;2`mM/ Bb b?m|2/ �i i?2 2M/ Q7 i?2 T?`�b2

UCS Y o":V �b b?QrM BM h�#H2 8XRX

PTBMBQM AM+HmbBQM _mH2

AM bQK2 +�b2b- r2 Q#b2`p2 i?�i i?2 QTBMBQM rQ`/b UCCV �TT2�` �7i2` i�; T?`�b2b

ULSfCSV rBi? � p2`# Uo"wV BM #2ir22M ULSfCS Y o"w Y CCV bm+? �b ǵH2Mb +�T

Bb HQQb2Ƕ- ǵQTiB+�H xQQK rQ`Fb ;`2�iǶ- 2i+X PTBMBQM BM+HmbBQM `mH2 �//b QTBMBQMb rQ`/b

?�pBM; bm+? � T�ii2`M iQ i?2 #2;BMMBM; Q7 i?2 T?`�b2 i�; �M/ /Bb+�`/ i?2 p2`# Uo"wVX

6Q` 2t�KTH2- i?2 T?`�b2 ǵH2Mb +�T Bb HQQb2Ƕ Bb i`�Mb7Q`K2/ BMiQ ǵHQQb2 H2Mb +�TǶX

8Xj 1p�Hm�iBQM

AM i?Bb b2+iBQM- r2 T`2b2Mi i?2 2p�Hm�iBQM Q7 Qm` T`QTQb2/ �TT`Q�+? QM i�; `2+QK@

K2M/�iBQM 7Q` T`Q/m+i `2pB2rbX q2 }`bi /2b+`B#2 i?2 /�i�b2i �M/ 2tT2`BK2Mi�H b2imTX

h?2M- r2 T`2b2Mi i?2 2p�Hm�iBQMb �M/ BMi2`T`2i�iBQMb Q7 Qm` Q#b2`p�iBQMbX

3y



8XjXR 1tT2`BK2Mi�H a2imT

.�i�b2i

hQ T2`7Q`K Qm` 2tT2`BK2Mib- r2 +QMbB/2` T`Q/m+i `2pB2rb 7`QK �K�xQMX q2 mb2 i?2

�K�xQM `2pB2r /�i�b2iR- r?B+? Bb QM2 Q7 i?2 KQbi TQTmH�` /�i�b2ib BM `2pB2r �M�HvbBb

`2b2�`+? (eR-N3-Rd3)X h?2 /�i�b2i +QKT`Bb2b Q7 +QMbmK2` 2tT2`B2M+2b- bm+? �b `2pB2r-

`�iBM;- �M/ ?2HT7mHM2bb pQi2b QM T`Q/m+ib �HQM; rBi? T`Q/m+i BM7Q`K�iBQM- bm+? �b

/2b+`BTiBQMb- #`�M/- T`B+2- 2i+X- QM k9 T`Q/m+i /QK�BMb 7Q` i?2 T2`BQ/ J�v RNNe @

CmHv kyR9X 1p2`v T`Q/m+i /QK�BM ?�b KmHiBTH2 bm#@/QK�BMbX q2 +?QQb2 i?2 ǵ*�K2`�

�M/ Bib �++2bbQ`B2bǶ /QK�BM �M/ +QM/m+i 2tT2`BK2Mib QM i?2 +QMbmK2` `2pB2rb Q7 Rk

2H2+i`QMB+b T`Q/m+ib 7`QK 8 bm#@/QK�BMb- M�K2Hv 3 /B;Bi�H +�K2`�b- R /B;Bi�H 7`�K2-

R `Qmi2`- R bT22/HB;?i �M/ R rB`2H2bb i`B;;2`X

S`Q/m+i _2pB2r a2H2+iBQM

q2 Q#b2`p2 i?�i i?2 M�im`2 Q7 `2pB2rb p�`B2b 7`QK TQTmH�` T`Q/m+ib iQ +QH/ T`Q/@

m+ibX SQTmH�` T`Q/m+ib ?�p2 bB;MB}+�MiHv KQ`2 `2pB2rb- r?B+? �`2 �HbQ [mBi2 /2i�BH2/-

+QKT�`2/ iQ i?2 +QH/ T`Q/m+ibX 6`QK i?2 /�i�b2i- r2 B/2MiB7v TQTmH�` T`Q/m+ib �M/

+QH/ T`Q/m+ib #�b2/ QM i?2 �p2`�;2 Qp2`�HH `�iBM; Q7 i?2 T`Q/m+i �M/ i?2 MmK#2`

Q7 `2pB2rbX 6Q` i?2 2tT2`BK2Mi- � T`Q/m+i rBi? �M �p2`�;2 Qp2`�HH `�iBM; Q7 7Qm` Q`

}p2 �M/ � ?m;2 MmK#2` Q7 `2pB2rb Bb +QMbB/2`2/ �b � TQTmH�` T`Q/m+iX PM i?2 Qi?2`

?�M/- � T`Q/m+i rBi? �M �p2`�;2 Qp2`�HH `�iBM; Q7 QM2 Q` irQ �M/ rBi? H2bb MmK#2` Q7

`2pB2rb Bb +QMbB/2`2/ � +QH/ T`Q/m+iX hQ 2Mbm`2 i?�i i?2 `2pB2rb �`2 mb27mH- r2 b2H2+i

QMHv i?Qb2 T`Q/m+ib i?�i ?�p2 `2pB2rb rBi? �p2`�;2 b2Mi2M+2 H2M;i? ;`2�i2` i?�M 8

�M/ �i H2�bi irQ ?2HT7mHM2bb pQi2bX q2 +?QQb2 i?2 iQT bBt TQTmH�` T`Q/m+ib �M/ i?2

iQT bBt +QH/ T`Q/m+ib rBi? i?2 ?B;?2bi MmK#2` Q7 `2pB2rbX h?2 2MiB`2 /�i�b2i +QMi�BMb

RjkR3 b2Mi2M+2bX h?2 bi�iBbiB+b Q7 i?2 /�i�b2i Bb b?QrM BM h�#H2 8XkX

6`QK h�#H2 8Xk- r2 +�M BM72` i?�i i?2 MmK#2` Q7 `2pB2rb 7Q` TQTmH�` T`Q/m+ib Bb
R?iiT,ffDK+�mH2vXm+b/X2/mf/�i�f�K�xQMf

3R



S`Q/m+i M�K2 LQX Q7 `2pB2rb S`Q/m+i ivT2

.B;Bi�H *�K2`� R Rjd S

.B;Bi�H *�K2`� k Rjd S

.B;Bi�H *�K2`� j Rj9 S
*�K2`� 6H�b? 9yj S
.B;Bi�H 6`�K2 RRy S
_Qmi2` ky8 S

.B;Bi�H *�K2`� 9 Rd *

.B;Bi�H *�K2`� 8 R8 *

.B;Bi�H *�K2`� e R3 *

.B;Bi�H *�K2`� d 3 *

.B;Bi�H *�K2`� 3 Ry *
qB`2H2bb h`B;;2` R9 *

h�#H2 8Xk, .�i�b2i ai�iBbiB+bX

Km+? KQ`2 +QKT�`2/ iQ +QH/ T`Q/m+ibX h?Bb Bb #2+�mb2 +mbiQK2`b /Q MQi T`272` iQ #mv

HQr `�i2/ T`Q/m+ib �M/ �HbQ /Q MQi bT2M/ Km+? iBK2 iQ /2b+`B#2 i?2B` #�/ 2tT2`B2M+2bX

�HbQ- i?2 �p2`�;2 MmK#2` Q7 b2Mi2M+2b 7Q` ?B;?@`�i2/ T`Q/m+ib Bb Km+? KQ`2 i?�M i?2

HQr@`�i2/ T`Q/m+ibX h?Bb BM/B+�i2b i?�i r?BH2 r`BiBM; `2pB2rb- +mbiQK2`b i2M/ iQ

/2b+`B#2 KQ`2 �#Qmi i?2B` HBFBM;b Q7 ?B;?@`�i2/ T`Q/m+ib �M/ p2`v HBiiH2 �#Qmi HQr@

`�i2/ T`Q/m+ibX

h�; _2H2p�M+2 �bb2bbK2Mi

hQ /2i2`KBM2 i?2 `2H2p�M+2 Q7 i?2 ;2M2`�i2/ i�;b- r2 �bF2/ }p2 S?X.X bim/2Mib iQ H�#2H

i?2 ;2M2`�i2/ i�;bX �HH i2M bim/2Mib ?�p2 T`QT2` FMQrH2/;2 Q7 2H2+i`QMB+ T`Q/m+ibX

q2 b2H2+i � b2i Q7 `2pB2rb i?�i +Qp2` i?2 ;2M2`�i2/ i�;b �M/ �`2 T`QpB/2/ iQ i?2

bim/2Mib 7Q` `272`2M+2X h?2M- i?2 b+?QH�`b �`2 �bF2/ iQ ;`�/2 2�+? Q7 i?2 ;2M2`�i2/

i�; #�b2/ QM i?2 7QHHQrBM; }p2@TQBMi `2H2p�M+2 b+�H2,
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Ç MQM@`2H2p�Mi Ub+Q`2 yV, h?2 i�; Bb /BbiQ`i2/ �M/ ?�b MQ �bbQ+B�iBQM rBi? i?2

T`Q/m+i U2X;X- pB2r- bi�`b- ;?Qbi ?mMiBM;- �rFr�`/ TH�+2VX

Ç Q`/BM�`v Ub+Q`2 RV, �Hi?Qm;? i?2 i�; Bb r2HH@7Q`K2/- i?2 �bbQ+B�iBQM rBi? i?2

T`Q/m+i Bb �K#B;mQmb U2X;X- �++2bbQ`v ;2MB2- +�MQM HBM2V Q` T�`iB�H U2X;X- 7`�K2-

b?mii2`VX

Ç K�`;BM�HHv `2H2p�Mi Ub+Q`2 kV, h?2 i�; Bb r2HH@7Q`K2/ �M/ Bb � b2+QM/�`v

T`Q/m+i �bT2+i rBi?Qmi b2MiBK2Mi U2X;X- +�K2`� b2iiBM;b- 2ti`� #�ii2`v- rB`2H2bb

72�im`2VX

Ç `2H2p�Mi Ub+Q`2 jV, h?2 i�; Bb r2HH@7Q`K2/ �M/ Bb � T`BK�`v T`Q/m+i �bT2+i

rBi?Qmi b2MiBK2Mi U2X;X- r?Bi2 #�H�M+2- pB2r}M/2`- TQr2` #miiQM- iQm+? b+`22MVX

Ç ?B;?Hv `2H2p�Mi Ub+Q`2 9V, h?2 i�; Bb r2HH@7Q`K2/ �M/ Bb 2Bi?2` � T`BK�`v Q`

b2+QM/�`v 72�im`2 rBi? � b2MiBK2Mi U2X;X- �r2bQK2 pB/2Q- +QKT�+i /2bB;M- 7�bi

7Q+mb- ~�b? rQ`Fb ;`2�iVX

�7i2` i?2 bim/2Mib +�K2 mT rBi? i?2B` QrM `2H2p�M+2 b+�H2- �Mv �K#B;mBiv BM i�;

b+Q`BM; r�b `2bQHp2/ iQ;2i?2` i?`Qm;? /Bb+mbbBQM �M/ Kmim�H �;`22K2MiX q2 Q#b2`p2

i?�i �`QmM/ jRW Q7 i?2 i�;b �`2 MQM@`2H2p�Mi Q` Q`/BM�`v- k8W Q7 i?2 i�;b �`2 2Bi?2`

`2H2p�Mi Q` ?B;?Hv `2H2p�Mi- �M/ 99W Q7 i?2 i�;b �`2 K�`;BM�HHv `2H2p�MiX h?2 ?B;?

T2`+2Mi�;2 Q7 MQM@`2H2p�Mi �M/ Q`/BM�`v i�;b �`2 2tT2+i2/ �b i?2 #�b2HBM2 �H;Q`Bi?Kb

;2M2`�i2 KQbiHv #�/ i�;b �M/ i�;b �i i?2 HQr2` TQbBiBQM Q7 i?2 `�MFBM;b �`2 MQi Km+?

`2H2p�Mi iQ i?2 T`Q/m+ibX h?2 b+Q`2b Q7 i?2 i�; `2H2p�M+2 �bb2bbK2Mi �`2 +QMbB/2`2/

�b ;`QmM/ i`mi? H�#2Hb 7Q` 2p�Hm�iBQM Q7 i�; `2H2p�M+2 �M/ i�; `�MFBM;X q2 Q#b2`p2

i?�i- 7Q` �HH i?2 T`Q/m+ib- i?2 T`QTQ`iBQM Q7 MQM@`2H2p�Mi �M/ Q`/BM�`v i�;b Bb HQr2`

i?�M i?�i Q7 `2H2p�Mi �M/ ?B;?Hv `2H2p�Mi i�;bX h?Bb bmTTQ`ib i?2 bmBi�#BHBiv Q7 i?2

+?Qb2M �TT`Q�+?2b 7Q` ;2M2`�iBM; mb27mH i�;bX
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"�b2HBM2 J2i?Q/b

q2 +QKT�`2 i?2 T2`7Q`K�M+2 Q7 i?2 T`QTQb2/ h�; lb27mHM2bb _�MFBM; Uhl_V �H;Q@

`Bi?K mb2/ BM h�;;BM; S`Q/m+i _2pB2r UhS_V bvbi2K rBi? i?2 i?`22 iQTB+ KQ/2HBM;

i2+?MB[m2b /2b+`B#2/ BM a2+iBQM 8Xk- M�K2Hv- TQTmH�`Biv- h6@A.6- �M/ hL:- i�F2M �b

#�b2HBM2bX hS_ mb2b h�; lb27mHM2bb _�MFBM; Uhl_V �H;Q`Bi?K QM i?2 `2pB2r /�i�b2ib

iQ }M/ mb27mH i�;b 7`QK i?2 T`Q/m+i `2pB2rbX h?2 i�;b �`2 b2H2+i2/ bm+? bQ �b iQ K�tB@

KBx2 i?2 `2�+? Q7 `2pB2rbX hl_ 7QHHQrb �M Bi2`�iBp2 �M/ ;`22/v �TT`Q�+? 7Q` b2H2+iBM;

i?2 iQT F i�;b #v +?QQbBM; i?2 i�;b i?�i �`2 T`2b2Mi BM KQbi v2i mM+Qp2`2/ `2pB2rb

BM 2�+? Bi2`�iBQMX

8XjXk 1p�Hm�iBQM J2i`B+

1z2+iBp2M2bb Q7 h�; _�MFBM;

q2 2p�Hm�i2 i?2 2z2+iBp2M2bb Q7 i�; `�MFBM; mbBM; i?2 2p�Hm�iBQM K2i`B+ LQ`K�HBx2/

.Bb+QmMi2/ *mKmH�iBp2 :�BM �i iQT@F UL.*:!FV (8N)X L.*:!F Q7 � `�MF2/ HBbi Q7

k i�;b Bb /2}M2/ �b 7QHHQrb,

NDCG@k =
1

iDCG

k∑

i=1

2t(i) − 1

log(1 + i)
U8XNV

r?2`2 t(i) Bb i?2 b+Q`BM; 7mM+iBQM i?�i BM/B+�i2b i?2 b+Q`2 �bbB;M2/ iQ i?2 i�; �i i?2

ith HQ+�iBQM- B.*: Bb i?2 .*: p�Hm2 Q7 i?2 iQT@F i�;b Q#i�BM2/ 7`QK �M B/2�H `�MFBM;X

h?2 mb2 Q7 B.*: MQ`K�HBx2b i?2 p�Hm2 Q7 L.*:!F rBi?BM � `�M;2 Q7 [0, 1]X h?2 p�Hm2

Q7 i?2 b+Q`BM; 7mM+iBQM t(i) Q7 � i�; i Bb Q#i�BM2/ 7`QK i?2 i�; `2H2p�M+2 �bb2bbK2Mi

b+Q`2 Q7 i?2 +Q``2bTQM/BM; i�;X L.*:!F 7�pQ`b i?2 `�MFBM; i?�i `�MFb i?2 KQbi

`2H2p�Mi i�;b �i i?2 iQTX AM Qm` 2tT2`BK2Mib- r2 +QMbB/2` /Bz2`2Mi p�Hm2b Q7 k `�M;BM;

#2ir22M R iQ 8yX
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�++m`�+v Q7 h�; :2M2`�iBQM

h?2 �++m`�+v Q7 i�; `2}M2K2Mi Bb K2�bm`2/ mbBM; T`2+BbBQMX S`2+BbBQM ;Bp2b i?2

T2`+2Mi�;2 Q7 +Q``2+i i�;b T`2b2Mi BM i?2 ;2M2`�i2/ i�; HBbi �7i2` `2}M2K2MiX S`2+BbBQM

Bb /2}M2/ �b 7QHHQrb,

P =
O +Q``2+iHv ;2M2`�i2/ i�;

O ;2M2`�i2/ i�;b U8XRyV

q2 mb2 i?2 i�; `2H2p�M+2 b+Q`2b 7Q` ;`QmM/ i`mi? H�#2HbX h�;b rBi? � `2H2p�M+2

b+Q`2 Q7 9 Q` 8 �`2 +QMbB/2`2/ �b +Q``2+i i�;b r?BH2 i?2 `2bi �`2 +QMbB/2`2/ �b BM+Q``2+i

i�;bX

8XjXj _2bmHib

1p�Hm�iBQM Q7 h�;;BM; SQTmH�` S`Q/m+ib

h?Bb b2+iBQM r2 T`2b2Mi i?2 2p�Hm�iBQM Q7 TQTmH�` T`Q/m+ibX 6Q` +QH/ T`Q/m+ib- Bi Bb

T`2b2Mi2/ BM i?2 7QHHQrBM; bm#b2+iBQMX

6B;X 8X9 b?Qrb i?2 +QKT�`BbQM #2ir22M i�; `�MFBM; �H;Q`Bi?Kb 7Q` TQTmH�` T`Q/@

m+ib mbBM; L.*:X h?2 L.*: b+Q`2 Q7 TQTmH�`Biv �M/ h6@A.6 Bb +QKT�`�#H2- rBi?

2�+? ?�pBM; �M �p2`�;2 L.*: b+Q`2 Q7 9eXReW �M/ 8yX9kW `2bT2+iBp2HvX *QKT�`2/

iQ i?2K- hL: ;Bp2b � ?B;?2` L.*: b+Q`2- rBi? �M �p2`�;2 Q7 e9XekW- BKT`QpBM; i?2

Qi?2` irQ #�b2HBM2b #v Qp2` R3W �M/ R9W `2bT2+iBp2HvX

6Q` PM *�K2`� 6H�b? �M/ _Qmi2`- i?2 L.*: b+Q`2 Q7 TQTmH�`Biv �M/ h6@A.6

K2i?Q/b �`2 +QKT�`�iBp2Hv HQr2` i?�M i?2 `2bi Q7 i?2 T`Q/m+ibX �b i?2b2 irQ T`Q/@

m+ib ?�p2 bB;MB}+�MiHv KQ`2 MmK#2` Q7 `2pB2rb +QKT�`2/ iQ i?2 Qi?2` 7Qm` T`Q/m+ib-

i?2 T`2b2M+2 Q7 MQBbv i�;b ;2ib �KTHB}2/X >Qr2p2`- i?2 T`2b2M+2 Q7 � H�`;2 +Q`Tmb

+QKTH2K2Mib Qm` hl_ �TT`Q�+? BM }M/BM; #2ii2` +Qp2`�;2- ;BpBM; � `2H�iBp2Hv ?B;?

L.*: b+Q`2 +QKT�`2/ iQ Qi?2` T`Q/m+ibX .B;Bi�H 7`�K2 ?�b i?2 H2�bi MmK#2` Q7

`2pB2rb �KQM; TQTmH�` T`Q/m+ibX >2M+2 i?2 T2`7Q`K�M+2 Q7 TQTmH�`Biv- h6@A.6 �M/

hL: �`2 +QKT�`�#H2 /m2 iQ i?2 H2bb2` �KQmMi Q7 MQBbv i2tiX
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L.*:!FX
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6Q` irQ Q7 i?2 T`Q/m+ib- M�K2Hv _Qmi2` �M/ .B;Bi�H 6`�K2- i?2`2 Bb � b?�`T `Bb2

BM L.*: b+Q`2 Q7 TQTmH�`Biv �M/ h6@A.6 K2i?Q/b r?2M i?2 p�Hm2 Q7 ǵFǶ BM+`2�b2b

BMBiB�HHvX h?Bb Bb #2+�mb2 i?2v H�`;2Hv `2Hv QM i?2 7`2[m2M+v Q7 i�;b BM i?2 +Q`TmbX

�b rQ`/b Q++m` KQ`2 7`2[m2MiHv i?�M T?`�b2b- KQbi Q7 i?2 iQT@F i�;b 7Q` TQTmH�`Biv

�M/ h6@A.6 K2i?Q/b �`2 i`BpB�H rQ`/bX JQ`2Qp2`- i?2v b2;`2;�i2 i?2 +Q`Tmb BMiQ

bK�HH BM/2T2M/2Mi +QKTQM2Mib- bm+? �b mMB;`�Kb- #B;`�Kb- �M/ i`B;`�Kb- �M/ BM

i?2 T`Q+2bb- i?2 +QMi2tim�H BM7Q`K�iBQM Q7 i?2 i2ti Bb HQbiX h?Bb +�mb2b 7`2[m2MiHv

Q++m``BM; mM`2H�i2/ rQ`/b HBF2 iBK2- �M/ KQM2v iQ �TT2�` �b iQT i�;bX �b � `2bmHi-

i?2b2 irQ K2i?Q/b ;Bp2 p2`v HQr L.*: b+Q`2 r?2M i?2 p�Hm2 Q7 ǵFǶ Bb bK�HHX �b ǵFǶ

BM+`2�b2b- `2H2p�Mi i�;b �TT2�` BM i?2 HBbi- �M/ ?2M+2 L.*: b+Q`2 `Bb2bX �KQM; i?2

i?`22 #�b2HBM2b- hL: ;Bp2b i?2 ?B;?2bi �p2`�;2 L.*: #2+�mb2 Bi mb2b i?2 +QMi2tim�H

BM7Q`K�iBQM Q7 i?2 i2ti BM i?2 +Q`Tmb iQ ;2M2`�i2 K2�MBM;7mH rQ`/b �M/ T?`�b2b �b

i�;bX hL:Ƕb �#BHBiv iQ ;2M2`�i2 T?`�b2b �b iQTB+b �HbQ BKT`Qp2b Bib L.*: b+Q`2X

�Hi?Qm;? hL: ;Bp2b K2�MBM;7mH i�;b- K�Mv Q7 i?2 i�;b �`2 B``2H2p�Mi iQ i?2

T`Q/m+i- bm+? �b TQQ` r2�i?2`- i2+? b�ppv- #QiiQK HBM2- #`B;?i HB;?i- 2i+X h?2 T`2b2M+2

Q7 bm+? i�;b �i i?2 iQT HQr2`b i?2 `2H2p�M+2 b+Q`2X hS_ BKT`Qp2b i?2 `�MFBM; Q7 hL:

#v }Hi2`BM; Qmi bm+? B``2H2p�Mi i�;bX hS_ 7QHHQrb �M Bi2`�iBp2 �M/ ;`22/v �TT`Q�+?

iQ }M/ i�;b i?�i +Qp2` i?2 KQbi MmK#2` Q7 `2pB2rb BMbi2�/ Q7 /2T2M/BM; bQH2Hv QM

i?2 i�; 7`2[m2M+v BM i?2 +Q`TmbX hS_ BKT`Qp2b i?2 `2H2p�M+2 Q7 ;2M2`�i2/ i�;b #v

}M/BM; i�;b i?�i �`2 KQbi i�HF2/ �#Qmi #v +mbiQK2`bX aBM+2 KQbi Q7 i?2 i�;b #v

hS_ �`2 `2H2p�Mi- i?2 p�Hm2 Q7 L.*: /Q2b MQi ~m+im�i2 Km+? rBi? p�`vBM; p�Hm2b

Q7 ǵFǶX �TTHvBM; bvMi�+iB+ `mH2b iQ i?2 ;2M2`�i2/ i�;b 7m`i?2` BKT`Qp2b i?2 `2�/�#BHBiv

Q7 i?2 i�;bX h?Bb- BM im`M- BM+`2�b2b i?2 i�; `2H2p�M+2 b+Q`2- i?2`2#v BKT`QpBM; i?2

L.*: b+Q`2X 6Q` �HH TQTmH�` T`Q/m+ib- QM �p2`�;2 hl_ QmiT2`7Q`Kb i?2 TQTmH�`Biv-

h6@A.6 �M/ hL: #�b2/ �TT`Q�+?2b #v Qp2` jkW- k3W- �M/ R9W `2bT2+iBp2HvX h?mb

7`QK i?2 `2bmHib- r2 +�M BM72` i?�i Qm` T`QTQb2/ hl_ �H;Q`Bi?K +�M #2ii2` B/2MiB7v

BKTQ`i�Mi QTBMBQM�i2/ �bT2+ib 7`QK +mbiQK2` `2pB2rb +QKT�`2/ iQ bi�M/�`/ iQTB+
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6B;m`2 8X8, 1p�Hm�iBQM Q7 iQT@F i�;b 7Q` +QH/ T`Q/m+ib mbBM; i?2 K2i`B+ L.*:!FX
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KQ/2HBM; �H;Q`Bi?KbX

1p�Hm�iBQM Q7 h�;;BM; *QH/ S`Q/m+ib

6B;X 8X8 b?Qrb i?2 `2bmHi Q7 i�; `2H2p�M+2 2p�Hm�iBQM 7Q` +QH/ T`Q/m+ibX 6Q` +QH/

T`Q/m+ib- Qm` T`QTQb2/ hl_ �TT`Q�+? QmiT2`7Q`Kb i?2 i?`22 #�b2HBM2 �TT`Q�+?2b #v

� ?m;2 K�`;BMX 6Q` i?2 bBt +QH/ T`Q/m+ib- i?2 �p2`�;2 L.*: Q7 hl_ Bb 38X8eW

+QKT�`2/ iQ i?2 �p2`�;2 L.*: Q7 j3X8dW- 93X8dW- �M/ ekXNyW 7Q` TQTmH�`Biv- h6@

A.6 �M/ hL: `2bT2+iBp2HvX AM Qi?2` rQ`/b- Qm` �TT`Q�+? QmiT2`7Q`Kb i?2 #�b2HBM2b

#v Qp2` 9dW- jdW- �M/ kjW `2bT2+iBp2HvX Pm` �TT`Q�+? Bb p2`v ?2HT7mH +QKT�`2/

iQ #�b2HBM2 K2i?Q/b #2+�mb2 K�DQ`Biv Q7 i?2 2@+QKK2`+2 T`Q/m+ib ?�p2 72r `2pB2rb-

+QKT�`�#H2 iQ +QH/ T`Q/m+ibX

h?2 #B; /Bz2`2M+2 BM L.*: 7Q` +QH/ T`Q/m+ib Bb /m2 iQ i?2 mb2 Q7 i�; +HQm/@#�b2/

i`�Mb72` H2�`MBM;X aBM+2 +QH/ T`Q/m+ib ?�p2 bK�HH `2pB2r +Q`Tmb- i?2 7`2[m2M+v Q7 F2v

i2`Kb Bb p2`v H2bbX >2M+2 TQTmH�`Biv �M/ h6@A.6 K2i?Q/b T2`7Q`K TQQ`Hv #v TB+FBM;

mT 7`2[m2MiHv Q++m``BM; B``2H2p�Mi i2`Kb bm+? �b #mv- /2bB;M- �M/ KQM2v �b i�;bX h?2

H�+F Q7 `2pB2r i2ti �HbQ �z2+ib i?2 T2`7Q`K�M+2 Q7 hL: BM ;2M2`�iBM; F2v iQTB+bX .m2

iQ i?2 �#b2M+2 Q7 bm{+B2Mi +QMi2tim�H BM7Q`K�iBQM- i?2 i�;b ;2M2`�i2/ #v hL: �`2

H2bb `2H2p�Mi U2X;X- rQ`i? MQiBM;- #QiiQK HBM2- 2i+XVX *QKT�`2/ iQ TQTmH�` T`Q/m+ib-

i?2 `2H2p�M+2 b+Q`2 Q7 hL: /`QTb +QMbB/2`�#Hv 7Q` HQr p�Hm2b Q7 ǵFǶX

Pm` T`QTQb2/ �TT`Q�+? Qp2`+QK2b i?2 H�+F Q7 +QMi2tim�H BM7Q`K�iBQM #v H2p2`@

�;BM; i`�Mb72` H2�`MBM; iQ B/2MiB7v ;QQ/ i�;bX h?2 mb2 Q7 i�; +HQm/ 7`QK TQTmH�`

T`Q/m+ib iQ B/2MiB7v i�;b 7`QK +QH/ T`Q/m+i `2pB2rb +QKT2Mb�i2b i?2 H�+F Q7 +QMi2t@

im�H BM7Q`K�iBQMX .m2 iQ i?2 H�+F Q7 `2pB2r i2ti- QMHv � 72r i�;b �`2 T`2b2Mi BM +QH/

T`Q/m+i `2pB2rbX h?2`27Q`2- i?2 `2H2p�M+2 +m`p2 Q7 hl_ BM+`2�b2b �i i?2 #2;BMMBM;

�M/ +QMiBMm2b �b � ?Q`BxQMi�H HBM2 rBi? BM+`2�bBM; FX
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S`Q/m+i M�K2 S`Q/m+i ivT2 SQTmH�`Biv h6@A.6 hL: hl_

*�K2`� R S yXjk yXje yX39 yXNe
*�K2`� k S yXj9 yXjk yX39 yXNy
*�K2`� j S yXj9 yX9k yX3k yXNy
*�K2`� ~�b? S yXk9 yXjy yX3k yXNy
.B;Bi�H 7`�K2 S yXR3 yXk9 yXee yX39
_Qmi2` S yXye yXR9 yX9e yX3k

*�K2`� 9 * yXj9 yX9y yX9y yX33
*�K2`� 8 * yXjy yXj3 yX8y yX33
*�K2`� e * yXke yXk3 yXd9 yXN3
*�K2`� d * yXk3 yXkk yX8y RXyy
*�K2`� 3 * yXje yXj3 yXee yX33
qB`2H2bb i`B;;2` * yXky yXkk yX8y yX33

h�#H2 8Xj, 1p�Hm�iBQM Q7 i�; `2}M2K2Mi mbBM; i?2 T`2+BbBQM Q7 iQT 8y i�;bX

1p�Hm�iBQM Q7 h�; _2}M2K2Mi

q2 mb2 T`2+BbBQM K2i`B+ iQ 2p�Hm�i2 i?2 2z2+i Q7 i�; `2}M2K2MiX .m2 iQ BM7Q`K�iBQM

Qp2`HQ�/ �M/ /BbTH�v +QMbi`�BMib- 2@+QKK2`+2 bBi2b �Hr�vb b?Qr H2bb i?�M Ry@R8 i�;b

T2` T`Q/m+iX >Qr2p2`- iQ 2p�Hm�i2 i?2 �++m`�+v Q7 i�; ;2M2`�iBQM �H;Q`Bi?Kb 7Q`

/Bz2`2Mi p�Hm2b Q7 F- r2 +QMbB/2`2/ K�tBKmK F48y i�;bX h?2 2z2+i Q7 i�; `2}M2K2Mi

Bb b?QrM BM h�#H2 8XjX 6`QK h�#H2 8Xj- Bi +�M #2 Q#b2`p2/ i?�i Qm` T`QTQb2/ �TT`Q�+?

bB;MB}+�MiHv QmiT2`7Q`Kb i?2 Qi?2` #�b2HBM2 �TT`Q�+?2b #Qi? 7Q` TQTmH�` �M/ +QH/

T`Q/m+ibX 6Q` #Qi? i?2 ivT2 Q7 T`Q/m+ib- TQTmH�`Biv �M/ h6@A.6 K2i?Q/b ;Bp2 HQr

�++m`�+v Q7 keX3jW �M/ jyX8yW `2bT2+iBp2HvX hL: ;Bp2b �M �p2`�;2 T`2+BbBQM Q7

e9X8yW- r?B+? Bb #2ii2` i?�M i?�i Q7 TQTmH�`Biv �M/ h6@A.6X hL: T2`7Q`Kb #2ii2`

7Q` TQTmH�` T`Q/m+ib +QKT�`2/ iQ +QH/ T`Q/m+ibX PM �p2`�;2- hL: ;Bp2b k8W ?B;?2`

T`2+BbBQM 7Q` TQTmH�` T`Q/m+ib i?�M +QH/ T`Q/m+ibX h?Bb Bb #2+�mb2 hL: /2T2M/b

QM i?2 bBx2 Q7 i?2 +Q`Tmb �M/ i?2 MmK#2` Q7 `2pB2rb 7Q` TQTmH�` T`Q/m+ib Bb Km+?
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KQ`2 i?�M +QH/ T`Q/m+ibX PM i?2 Qi?2` ?�M/- Qm` T`QTQb2/ �TT`Q�+? Uhl_V ;Bp2b �

+QMbBbi2MiHv ;QQ/ `2bmHi rBi? �M �p2`�;2 T`2+BbBQM Q7 NyXReW- r?B+? Bb k8XeeW ?B;?2`

i?�M hL:X "v `�MFBM; i?2 i�;b #�b2/ QM mb27mHM2bb �M/ `2}MBM; i?2 i�;b #�b2/ QM

bvMi�+iB+ `mH2b- i?2 �p2`�;2 T`2+BbBQM BKT`Qp2b 7Q` #Qi? TQTmH�` �M/ +QH/ T`Q/m+ibX

AM i?2 +�b2 Q7 +QH/ T`Q/m+ib- r2 Q#b2`p2 i?�i hl_ ;Bp2b p2`v ?B;? T`2+BbBQMX h?Bb

Bb #2+�mb2 QMHv � HBKBi2/ MmK#2` Q7 i�;b �`2 T`2b2Mi BM +QH/ T`Q/m+i `2pB2rbX 6Q`

BMbi�M+2- 2p2M i?Qm;? *�K2`� d ?�b QMHv 3 `2pB2rb- Qm` �TT`Q�+? +�M }M/ d `2H2p�Mi

i�;b ;BpBM; � T`2+BbBQM Q7 RyyWX

8X9 *QM+HmbBQM

h?Bb +?�Ti2` T`2b2Mib � MQp2H mMbmT2`pBb2/ �TT`Q�+? 7Q` �miQK�iB+ i�; ;2M2`�iBQM

7`QK T`Q/m+i `2pB2rbX q2 +QMbi`m+i � h�;;BM; S`Q/m+i _2pB2r UhS_V bvbi2K mbBM;

iQTB+ KQ/2HBM; �M/ LGS bvMi�+iB+ `mH2bX q2 mb2 hL: iQ }M/ �M/ `�MF i�; T?`�b2b

�M/ i?2M �TTHv Qm` TUR �H;Q`Bi?K iQ ;2i i?2 BKTQ`i�Mi i�;b i?�i +Qp2` KQbi Q7

i?2 `2pB2rbX h?2 mb2 Q7 iQTB+ KQ/2HBM; 2M�#H2b mb iQ ;2M2`�i2 i�;b rBi?Qmi mbBM;

2ti2`M�H /�i�X q2 �HbQ BMi`Q/m+2 }p2 bvMi�+iB+ `mH2b iQ 2M?�M+2 i?2 mb27mHM2bb Q7 i?2

i�;bX :2M2`�iBM; i�;b 7Q` +QH/ T`Q/m+ib Bb +?�HH2M;BM; /m2 iQ i?2 H�+F Q7 +QMi2tim�H

BM7Q`K�iBQMX q2 Qp2`+QK2 i?Bb b?Q`i+QKBM; #v mbBM; i�; +HQm/b i?�i �`2 ;2M2`�i2/

7`QK TQTmH�` T`Q/m+i `2pB2rbX Pm` 2p�Hm�iBQM Q7 ir2Hp2 /�i�b2ib b?Qrb i?�i Qm`

�TT`Q�+? +�M ;2M2`�i2 �M/ `�MF i�;b bB;MB}+�MiHv #2ii2` i?�M 2tBbiBM; �TT`Q�+?2b-

r?Qb2 i�;b ;Bp2 2Bi?2` T�`iB�H Q` MQ BM7Q`K�iBQM �#Qmi i?2 T`Q/m+iX �HbQ- r2 /2p2HQT �

;`22/v �TT`Q�+? iQ `�MF �M/ `2}M2 +�M/B/�i2 i�;bX Pm` �TT`Q�+? Bb �TTHB+�#H2 iQ �Mv

/QK�BM r?B+? ?�b i2tim�H +QMi2Mi bm+? �b KQpB2 `2pB2rb- +QKKmMBiv 7Q`mKb- bQ+B�H

K2/B� bBi2b- �M/ /2#�i2 TQbib �b Bi /Q2b MQi `2[mB`2 �Mv T`2@i`�BM2/ BM7Q`K�iBQMX AM

Qm` 7mim`2 rQ`F- r2 TH�M iQ �TTHv Qm` �TT`Q�+? iQ bQ+B�H K2/B� bBi2b 7Q` bmKK�`BxBM;

mb2` /Bb+mbbBQMbX

NR



*?�Ti2` e

lMbmT2`pBb2/ ai�M+2 .2i2+iBQM BM

*QKT�`�iBp2 _2pB2rb

eXR AMi`Q/m+iBQM

*QKT�`�iBp2 `2pB2rb �`2 #2+QKBM; KQ`2 �M/ KQ`2 TQTmH�` rBi? i?2 �/p�M+2K2Mi Q7 2@

+QKK2`+2 i2+?MQHQ;vX h?2b2 `2pB2rb +QMi�BM `B+? BM7Q`K�iBQM i?�i +�M #2 2tTHQBi2/ BM

p�`BQmb b2`pB+2b Q` /2+BbBQM@K�FBM; T`Q+2bb2bX J�Mv mb2`b im`M iQ � p�`B2iv Q7 QMHBM2

TH�i7Q`Kb bm+? �b 7Q`mKb- #HQ;b- bQ+B�H K2/B� bBi2b- 2i+X iQ /Bb+mbb �M/ +QKT�`2

p�`BQmb +QKT2iBM; T`Q/m+ib BM i?2 7Q`K Q7 /2#�i2bX aT2+B�HHv- mM/2`bi�M/BM; i?2

mb2`bǶ QTBMBQM �M/ i?2B` bi�M+2 7`QK i?2b2 /2#�i2b +�M T`QpB/2 p�Hm�#H2 BM7Q`K�iBQM

BM i?2 /2+BbBQM@K�FBM; T`Q+2bb Q7 ;Qp2`MK2Mib- +QKT�MB2b- �M/ +�M ?2HT b?�T2 Tm#HB+

QTBMBQM iQr�`/b Bbbm2bX

ai�M+2 /2i2+iBQM Bb i?2 T`Q+2bb Q7 /Bb+Qp2`BM; i?2 bi�M/TQBMi Q7 mb2`b BM � +QKT�`@

�iBp2 TQbiX � /2#�i2 +QMbBbib Q7 � iQTB+ Q7 /Bb+mbbBQM- i�`;2ib- �M/ TQbib 7`QK p�`BQmb

mb2`bX � i�`;2i K�v #2 � T`Q/m+i- i2+?MB+�H iQTB+- TQHBiB+�H bB/2- B/2QHQ;B+�H #2HB27-

bQ+B�H Bbbm2- 2i+X 6Q` 2t�KTH2- +QMbB/2` i?2 /2#�i2 TQbi,

ǳqBM/Qrb bmTTQ`ib KQbi Q7 i?2 ;�K2bX J�+ ?�b � HQi Q7 bQ7ir�`2 +QKT�iB#BHBiv Bbbm2ǶǶX

Nk



>2`2- i?2 iQTB+ Q7 /Bb+mbbBQM Bb ǳAb J�+ #2ii2` i?�M qBM/Qrb\Ǵ- �M/ i?2 i�`;2ib �`2

qBM/Qrb �M/ J�+X PM2 +�M /2/m+2 i?�i i?2 �mi?Q` Bb r`BiBM; 7�pQm`�#Hv �#Qmi

qBM/Qrb �M/ /`�r#�+Fb Q7 J�+X

ai�M+2 /2i2+iBQM BM+Q`TQ`�i2b � M2r /BK2MbBQM iQ Qi?2` `2H�i2/ �`2�b HBF2 BM7Q`@

K�iBQM `2i`B2p�H- /Bb+Qm`b2 �M�HvbBb- 7�F2 M2rb /2i2+iBQM (RR9)- �M/ `2+QKK2M/�iBQM

bvbi2KX 6Q` 2t�KTH2- #v �TTHvBM; bi�M+2 /2i2+iBQM QM � T`Q/m+i /2#�i2- r2 +�M }M/

Qmi i?2 T`Q/m+i T`272`2M+2 Q7 mb2`bX �/p2`iBb2K2Mib Q7 `2H�i2/ T`Q/m+i +�M #2 /Bb@

TH�v2/ iQ mb2`b �++Q`/BM; iQ i?2B` bi�M+2X AM i?Bb +?�Ti2`- r2 bim/v irQ@bB/2/ /2#�i2

TQbib- r?2`2 i?2`2 �`2 irQ QTTQbBM; i�`;2ibX h?2 mb2` K�v r`Bi2 �#Qmi i?2 ;QQ/

TQBMib Q7 ?2` T`272``2/ i�`;2i Q` #�/ TQBMib �#Qmi r?v b?2 Bb �;�BMbi i?2 Qi?2`X

h?2`2 �`2 irQ K�BM �TT`Q�+?2b 7Q` bi�M+2 /2i2+iBQM- M�K2Hv, bmT2`pBb2/ �M/

mMbmT2`pBb2/X JQbi Q7 i?2 2tBbiBM; bi�M+2 /2i2+iBQM K2i?Q/b 7QHHQr bmT2`pBb2/ �T@

T`Q�+? (j- d9- Rkj- R39)X h?2b2 K2i?Q/b �`2 MQi b+�H�#H2 �b 7Q` 2�+? /QK�BM- i?2v

`2[mB`2 � H�`;2 /�i�b2i iQ #2 +QHH2+i2/ �M/ �MMQi�i2/ 7Q` i`�BMBM; bi�M+2 +H�bbB}2`bX

h?2 �/p�Mi�;2 Q7 mMbmT2`pBb2/ �TT`Q�+?2b Bb i?�i i?2v /Q MQi `2[mB`2 �Mv K�Mm�H

/�i� H�#2HBM; (Nj-R9y-R9e)X h?2b2 mMbmT2`pBb2/ K2i?Q/b +�M 2�bBHv �/�Ti iQ � p�`B2iv

Q7 /QK�BMbX

lMbmT2`pBb2/ K2i?Q/b ivTB+�HHv mb2 HBM;mBbiB+ �M/ bvMi�+iB+ /2T2M/2M+v `2H�iBQMb

#2ir22M i�`;2ib �M/ QTBMBQMbX JQbi Q7 i?2 2tBbiBM; mMbmT2`pBb2/ K2i?Q/b 7Q+mb QM

bi�M+2 /2i2+iBQM QM ir22ib (d9-Ryk)X aBM+2 ir22ib �`2 p2`v b?Q`i UR9y +?�`�+i2`b Q` H2bbV

�M/ i?2v +QMi�BM mb27mH i�`;2i �M/ QTBMBQM BM7Q`K�iBQM BM i?2 7Q`K Q7 ?�b?i�;b �M/

2KQiB+QMb- Bi Bb `2H�iBp2Hv 2�bv iQ B/2MiB7v i�`;2ib �M/ QTBMBQMb +QKT�`2/ iQ QMHBM2

/2#�i2 TQbib- r?B+? �`2 ivTB+�HHv HQM; �M/ /Q MQi ?�p2 K�`F2`b bm+? �b ?�b?i�;bX

AM i?Bb +?�Ti2`- r2 7Q+mb QM mMbmT2`pBb2/ bi�M+2 /2i2+iBQM QM QMHBM2 /2#�i2 TQbib-

r?B+? �`2 QM �p2`�;2 eyy +?�`�+i2`b HQM; �M/ ?�p2 MQ i�;bX q2 2ti2M/ i?2 rQ`F

Q7 aQK�bmM/�`�M �M/ q2B#2 (R9y)- r?B+? T2`7Q`Kb mMbmT2`pBb2/ bi�M+2 /2i2+iBQM QM

HQM; /2#�i2 TQbib �M/ /Q2b MQi `2[mB`2 �Mv K�`F2` BM7Q`K�iBQMX

Nj



ai�M+2 /2i2+iBQM Bb Q7i2M KBbmM/2`biQQ/ �b b2MiBK2Mi +H�bbB}+�iBQMX LQM2i?2H2bb-

bi�M+2 /2i2+iBQM Bb � KQ`2 +QKTH2t T`Q#H2K +QKT�`2/ iQ b2MiBK2Mi +H�bbB}+�iBQM-

r?2`2 i?2 i�bF Bb iQ +H�bbB7v i?2 b2MiBK2Mi Q7 � TB2+2 Q7 i2ti �b TQbBiBp2- M2;�iBp2- Q`

M2mi`�HX h?2 K�BM +?�HH2M;2b BM bi�M+2 /2i2+iBQM Bb iQ B/2MiB7v i?2 `272``2/ i�`;2i Q7

2�+? �bT2+iX h?2 b2MiBK2Mi Q7 i?2 i2ti Q` �bT2+ib �HQM2 Bb MQi 2MQm;? iQ /2i2`KBM2 i?2

bi�M+2 �b /2#�i2 TQbib /Q MQi +QMi�BM bm{+B2Mi BM7Q`K�iBQM iQ /2i2`KBM2 i?2 �bT2+i@

i�`;2i T`272`2M+2X aQK2iBK2b- � i2ti K�v MQi +QMi�BM �Mv i�`;2i- �M/ QTBMBQMb K�v

#2 2tT`2bb2/ iQr�`/b mM`2H�i2/ i�`;2ibX hQ #2ii2` mM/2`bi�M/ i?2 T`Q#H2K- +QMbB/2`

i?2 7QHHQrBM; irQ 2t�KTH2b- +QKT�`BM; � `2pB2r �M/ � /2#�i2,

1t�KTH2 N ǳ*�MQM Bb � p2`v ;QQ/ +�K2`�X Ai ?�b ;QQ/ TB+im`2 [m�HBiv- +H2�` /BbTH�v-

�M/ HQM; #�ii2`v HB72XǴ

1t�KTH2 Ry ǳ1p2`vQM2 FMQrb i?�i qBM/Qrb Bb i?2 #2ii2` QT2`�iBM; bvbi2K #2+�mb2

Bi ?�b KQ`2 bQ7ir�`2b- KQ`2 /2p bmTTQ`i- KQ`2 2p2`vi?BM;X �HbQ- qBM/Qrb ;Bp2b KQ`2

7`22/QK iQ mb2`bX J�+ Bb HBF2 i?2 `2i�`/2/ HBiiH2 #`Qi?2` r?Q Bb iQQ Km+? T�KT2`2/X Ai

?�b qB@6B +QMM2+iBQM T`Q#H2K �M/ H�+Fb ;�KBM; bmTTQ`iX uQm +�M mb2 � >�+FBMiQb?

B7 vQm `2�HHv r�Mi J�+ Pa- �M/ Bi rBHH #2 Km+? +?2�T2` i?�M #mvBM; 7`QK �TTH2XǴ

1t�KTH2 N Bb �M 2ti`�+i 7`QK � `2pB2r Q7 � +�K2`� T`Q/m+iX >2`2- i?2 mb2`

2tT`2bb2b ?2` QTBMBQM �#Qmi bQK2 Q7 i?2 �bT2+ib bm+? �b TB+im`2 [m�HBiv- /BbTH�v- �M/

#�ii2`v HB72- �M/ �HH i?2 �bT2+ib `272` iQ � bBM;H2 i�`;2i +�K2`�X h?2 b2MiBK2Mi Q7 i?2

�mi?Q` +�M #2 bmKK�`Bx2/ #v �;;`2;�iBM; i?2 QTBMBQMb �#Qmi i?2 �bT2+ibX PM i?2

Qi?2` ?�M/- 1t�KTH2 Ry Bb Q7 � /2#�i2 TQbi QM i?2 iQTB+ qBM/Qrb pbX J�+X >2`2- i?2

mb2` r`Bi2b �#Qmi r?v b?2 bmTTQ`ib QM2 i�`;2i UqBM/QrbV Qp2` i?2 Qi?2` UJ�+VX aBM+2

i?2 mb2` r`Bi2b �#Qmi #Qi? i?2 i�`;2ib- Bi Bb ?�`/ iQ };m`2 Qmi r?B+? i�`;2i 2�+? �bT2+i

U2X;X- QT2`�iBM; bvbi2K- bQ7ir�`2- ;�KBM;- 2i+XV Bb bmTTQ`iBM;X �HbQ- i?2 �bT2+i #`Qi?2`

Bb MQi `2H�i2/ iQ i?2 /2#�i2 i�`;2ibX LQ`K�H b2MiBK2Mi �M�HvbBb �TT`Q�+? rQmH/ QMHv

/2i2+i i?2 b2MiBK2Mi Q7 2�+? �bT2+ibX q2 M22/ iQ `2Hv QM bQK2 2ti2`M�H bQm`+2b- bm+?
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�b � r2# +Q`Tmb iQ 2ti`�+i �bT2+i@i�`;2i `2H�iBQMX 1tBbiBM; �TT`Q�+?2b M22/ iQ +`�rH

r2# T�;2b `2H�i2/ iQ � ;Bp2M /2#�i2 iQTB+ iQ ;2i i?2 �bT2+i@i�`;2i `2H�iBQMb?BT (R9y)X

h?2b2 �TT`Q�+?2b �`2 +QKTmi�iBQM�HHv 2tT2MbBp2 �M/ iBK2@+QMbmKBM;X "2bB/2b- i?2

�++m`�+v Q7 bm+? �TT`Q�+?2b Bb HBKBi2/ #v i?2 �p�BH�#BHBiv Q7 /QK�BM BM7Q`K�iBQM 7`QK

i?2 r2# +Q`TmbX 1p2M r?2M mbBM; r2# b2�`+?- r2 K�v ?�p2 �++2bb iQ � HBKBi2/ MmK#2`

Q7 T�;2b- K�Mv Q7 r?B+? K�v MQi #2 2p2M `2H2p�MiX

AM i?Bb +?�Ti2`- r2 T`QTQb2 i?2 mb2 Q7 rQ`/ 2K#2//BM;b iQ T2`7Q`K mMbmT2`pBb2/

bi�M+2 /2i2+iBQMX h?Bb 2M�#H2b mb iQ /Q mMbmT2`pBb2/ bi�M+2 /2i2+iBQM rBi?Qmi mbBM;

� r2# +Q`Tmb �M/ ?2HTb mb iQ 2ti`�+i `2H2p�Mi �bT2+i@i�`;2i T�B`b rBi? � Km+? ?B;?2`

T`2+BbBQM +QKT�`2/ iQ 2tBbiBM; K2i?Q/b i?�i mb2 QMHv bvMi�+iB+ /2T2M/2M+v `2H�iBQMb

#2ir22M i�`;2ib �M/ QTBMBQMbX

qQ`/ 2K#2//BM; Bb � M2m`�H@M2irQ`F H�M;m�;2 KQ/2HBM; K2i?Q/ mb2/ iQ `2T`2b2Mi

i2ti �b /2Mb2 p2+iQ`bX Ai ?�b #22M b?QrM iQ 2M+Q/2 T`2+Bb2 b2K�MiB+ �M/ bvMi�+iB+

rQ`/ `2H�iBQMb?BTb �M/ T`QpB/2 mb27mH BM7Q`K�iBQM �#Qmi rQ`/b +Q@Q++m``2M+2 (NN)X

q2 miBHBx2 i?Bb T`QT2`iv Q7 rQ`/ 2K#2//BM;b iQ }M/ �bT2+ib i?�i �`2 `2H2p�Mi iQ i?2

/2#�i2 i�`;2ibX q2 �HbQ mb2 Bi iQ }M/ �bT2+i@i�`;2i T`272`2M+2X 6Q` 2t�KTH2- mbBM;

rQ`/ 2K#2//BM;- QM2 +�M }M/ i?�i i?2 �bT2+i bQ7ir�`2 Bb KQ`2 +HQb2Hv `2H�i2/ iQ

JB+`QbQ7i i?�M iQ J�+X h?Bb Bb i`m2 �b JB+`QbQ7i PT2`�iBM; avbi2Kb UPaV bmTTQ`i

KQ`2 bQ7ir�`2b i?�M J�+ PaX

�7i2` �TTHvBM; 2tBbiBM; mMbmT2`pBb2/ K2i?Q/b 7Q` �bT2+i 2ti`�+iBQM QM Qm` /�i�b2i-

r2 7QmM/ i?�i �HKQbi 3yW Q7 i?2 2ti`�+i2/ �bT2+ib �`2 B``2H2p�Mi iQ i?2 /2#�i2 i�`;2ibX

h?Bb Bb #2+�mb2 i?2`2 �`2 ;2M2`B+ �bT2+ib r?B+? �TT2�` 7`2[m2MiHv BM KQbi Q7 i?2 /2#�i2

TQbib bm+? �b �MvQM2- �Mvi?BM;- �M/ 2t�KTH2- Q` �`2 MQi `2H2p�Mi iQ i?2 /2#�i2 i�`;2ib

bm+? �b 7`22/QK- >�+FBMiQb?- �M/ #`Qi?2`X q2 mb2 rQ`/ 2K#2//BM;b iQ T`mM2 i?2

�bT2+ib Q#i�BM2/ mbBM; bvMi�+iB+ /2T2M/2M+v `2H�iBQMbX 6Q` i?Bb- r2 i`�BM � bmT2`pBb2/

+H�bbB}2` i?�i mb2b #Qi? i?2 bBKBH�`Biv �M/ /Bz2`2M+2 b+Q`2 Q7 i?2 �bT2+ib �M/ i?2

i�`;2i iQTB+bX h?2 +H�bbB}2` ;Bp2b �M �p2`�;2 �++m`�+v Q7 39W QM KmHiBTH2 /�i�b2ibX
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h?2 �/p�Mi�;2 Q7 Qm` T`QTQb2/ �TT`Q�+? Bb i?�i i?2 +H�bbB}2` i`�BM2/ QM QM2 /QK�BM

+�M #2 mb2/ 7Q` i`�Mb72` H2�`MBM; �+`Qbb KmHiBTH2 /QK�BMbX q2 QMHv M22/ iQ H�#2H i?2

`2H2p�Mi �M/ B``2H2p�Mi �bT2+ib 7Q` QM2 Q7 i?2 /QK�BMbX Pm` �bT2+i T`mMBM; K2i?Q/

+�MMQi #2 mb2/ QM /�i�b2ib r?2`2 QMHv � bBM;H2 2MiBiv Bb /2b+`B#2/- bm+? �b T`Q/m+i

`2pB2rb- �b Qm` +H�bbB}2` mb2b i?2 bBKBH�`Biv �M/ /Bz2`2M+2 2K#2//BM; b+Q`2 Q7 i?2

�bT2+i �M/ i?2 i�`;2i iQTB+bX

h?2 `2K�BMBM; +?�Ti2` Bb Q`;�MBx2/ �b 7QHHQrb, q2 /Bb+mbb Qm` T`QTQb2/ �TT`Q�+?

BM a2+iBQM eXkX a2+iBQM eXj /2i�BHb i?2 2p�Hm�iBQMbX q2 }M�HHv +QM+Hm/2 i?2 +?�Ti2` BM

a2+iBQM eX9X

eXk S`QTQb2/ �TT`Q�+?

AM i?Bb b2+iBQM- r2 /2b+`B#2 i?2 ;2M2`�H �`+?Bi2+im`2 Q7 i?2 T`QTQb2/ .2#�i2 ai�M+2

*H�bbB}+�iBQM mbBM; qQ`/ 1K#2//BM;b U.a*qV- �M/ i?2M- ?B;?HB;?i i?2 bT2+B}+ �`2�b

Q7 i?2 T`Q#H2K i?�i r2 �BK iQ bQHp2X

h?2 �`+?Bi2+im`�H Qp2`pB2r Q7 i?2 T`QTQb2/ bvbi2K Bb b?QrM BM 6B;m`2 eXRX Ai

Data cleansing

Debate posts

Opinion extraction

Aspect-opinion pairing

Aspect pruning

Aspect-target 
mapping

Aspect-polarity 
mapping

Formulate ILP equation

Debate stance

Opinion 
lexicon

OpWE

OpWEAP

6B;m`2 eXR, qQ`F~Qr Q7 .2#�i2 ai�M+2 *H�bbB}+�iBQM mbBM; qQ`/ 1K#2//BM;bX

Ne



i�F2b � irQ@bB/2/ /2#�i2 TQbi �b BMTmiX h?2 QmiTmi Bb i?2 bi�M/TQBMi Q7 i?2 mb2`

BM i?2 /2#�i2 TQbiX Ai T2`7Q`Kb i?2 7QHHQrBM; bi2Tb iQ ;2M2`�i2 i?2 QmiTmi, URV /�i�

+H2�MbBM;- UkV 2ti`�+iBM; QTBMBQM rQ`/b- UjV +`2�iBM; �bT2+i@QTBMBQM T�B`b- U9V T`mMBM;

B``2H2p�Mi �bT2+ib mbBM; rQ`/ 2K#2//BM;b- U8V +`2�iBM; �bT2+i@TQH�`Biv T�B`b- UeV +`2@

�iBM; �bT2+i@i�`;2i T`272`2M+2 mbBM; rQ`/ 2K#2//BM;b- �M/ UdV /2i2+iBM; /2#�i2 TQbi

bi�M+2 mbBM; AMi2;2` GBM2�` S`Q;`�KKBM; UILP VX �b Bi +�M #22M b22M BM 6B;m`2 eXR-

mMHBF2 i?2 rQ`F T`QTQb2/ #v aQK�bmM/�`�M �M/ qB2#2 (R9y)- Qm` 7Q+mb Bb QM mbBM;

rQ`/ 2K#2//BM;b 7Q` }M/BM; �bT2+i@i�`;2i T`272`2M+2 BMbi2�/ Q7 +`2�iBM; � T`Q#�#BHBiv

T`272`2M+2 i�#H2- r?B+? `2[mB`2b �M 2ti2`M�H r2# +Q`TmbX q2 �HbQ BMi`Q/m+2 i?`22 �/@

/BiBQM�H bi2Tb- M�K2Hv- /�i� +H2�MbBM;- H2tB+QM 2tT�MbBQM- �M/ �bT2+i T`mMBM;- r?B+?

/Bz2`2MiB�i2 Qm` T`QTQb2/ �TT`Q�+? 7`QK i?2 2tBbiBM; QM2X

�H;Q`Bi?K 8 .a*q(D,T,OL)

AMTmi, D, {d1, d2, d3, ..., dn} 4 a2i Q7 /2#�i2 TQbib
T , t1, t2 4 hrQ i�`;2ib Q7 i?2 TQbi
OL, PTBMBQM H2tB+QM

PmiTmi, S 4 {s1, s2, s3, ..., sn} 4 ai�M+2 Q7 i?2 /2#�i2 TQbib
J2i?Q/,

R, CD ← *H2�M.�i�(D)
k, O ← 1ti`�+iPTBMBQMqQ`/b(CS,OL)
j, AOP ← *`2�i2�bT2+iPTBMBQMS�B`b(CD,O)
9, A← S`mM2�bT2+ib(WE(AOP ),WE(T ))
8, AP ← *`2�i2�bT2+iSQH�`BivS�`Bb(A,OL)
e, AT ← *H�bbB7v�bT2+ih�`;2iS`272`2M+2(WE(A),WE(T ))
d, S ← .2i2+iai�M+2(AP,AT )
3, `2im`M S

�H;Q`Bi?K 8 b?Qrb i?2 bi2T #v bi2T T`Q+2bb iQ /2i2+i i?2 bi�M+2 Q7 � /2#�i2 TQbiX

:Bp2M � b2i Q7 /2#�i2 TQbib D QM � iQTB+- �M/ /2#�i2 i�`;2ib T4{t1, t2}- ai2T R

T2`7Q`Kb T`2@T`Q+2bbBM; iQ +Q``2+i BM+QKTH2i2- MQBbv �M/ BM+QMbBbi2Mi /�i� bm+? �b

+QMi`�+iBQMb- l_Gb- biQT rQ`/b- �M/ `2T2�i2/ H2ii2`bX �7i2` +H2�MbBM; i?2 /�i�- ai2T k

2ti`�+ib i?2 QTBMBQM rQ`/b (O) T`2b2Mi BM i?2 TQbib mbBM; �M QTBMBQM H2tB+QM (OL)X

6Q` 2�+? QTBMBQM rQ`/ BM O- i?2 �bbQ+B�i2/ �bT2+ib �`2 2ti`�+i2/ mbBM; ai2T jX h?Bb

Nd



bi2T ;2M2`�i2b K�Mv �bT2+ib i?�i ?�p2 HBiiH2 Q` MQ `2H2p�M+2 iQ i?2 /2#�i2 i�`;2ibX

AM ai2T 9- rQ`/ 2K#2//BM;b (WE) Q7 i?2 �bT2+ib �M/ i?2 i�`;2ib �`2 mb2/ iQ T`mM2

mM`2H�i2/ �bT2+ib �M/ }M/ � HBbi Q7 `2H2p�Mi �bT2+ib AX �7i2` ;2iiBM; i?2 `2H2p�Mi

�bT2+ib- ai2T 8 +QKTmi2b i?2 �bT2+i@TQH�`Biv T�B`b AP 7`QK A �M/ OLX AM ai2T e-

rQ`/ 2K#2//BM;b �`2 mb2/ iQ }M/ i?2 T`272``2/ i�`;2i 7Q` 2�+? �bT2+i (AT )X h?2

mb2 Q7 rQ`/ 2K#2//BM;b 2HBKBM�i2b i?2 M22/ 7Q` +QHH2+iBM; r2# +Q`Tmb 7Q` �bT2+i@

i�`;2i T`272`2M+2X 6BM�HHv- i?2 bvbi2K mb2b ai2T d iQ +QKTmi2 � r2B;?i2/ b+Q`2 Sij 7Q`

2�+? �bT2+i@i�`;2i T�B`X h?2 �H;Q`Bi?K mb2b ILP �M/ Sij iQ 7Q`KmH�i2 i?2 Q#D2+iBp2

7mM+iBQMX AM ai2T 3- i?2 bi�M+2 Q7 i?2 mb2` Bb �bbB;M2/ iQ i?2 bB/2 i?�i K�tBKBx2b i?2

Q#D2+iBp2 7mM+iBQMX h?2b2 bi2Tb �`2 7m`i?2` 2tTH�BM2/ BM i?2 7QHHQrBM; bm#b2+iBQMb,

eXkXR .�i� *H2�MbBM;

lb2`b Q7i2M /Q MQi 7QHHQr T`QT2` ;`�KK�iB+�H `mH2b �M/ mb2 b?Q`i@7Q`Kb r?BH2 r`BiBM;

QMHBM2 +QKT�`�iBp2 `2pB2rbX h?2 bvMi�+iB+ `mH2b mb2/ BM mMbmT2`pBb2/ K2i?Q/b rBHH

MQi T2`7Q`K r2HH B7 i?2 b2Mi2M+2b �`2 MQi ;`�KK�iB+�HHv +Q``2+iX h?2`27Q`2- r2 T`2@

T`Q+2bb i?2 +QKT�`�iBp2 `2pB2r TQbib mbBM; bi2Tb K2MiBQM2/ BM a2+iBQM kXkXk iQ K�F2

Bi ;`�KK�iB+�HHv +Q``2+i- �M/ �HbQ +H2�M MQBbv �M/ BM+QMbBbi2Mi /�i�X

eXkXk PTBMBQM qQ`/ 1ti`�+iBQM

�7i2` +H2�MBM; �M/ `2}MBM; i?2 TQbi- i?2 M2ti bi2T Bb iQ 2ti`�+i QTBMBQM rQ`/b 7`QK i?2

+H2�M2/ TQbiX hQ �//`2bb i?Bb Bbbm2- `2b2�`+?2`b im`M iQ QTBMBQM H2tB+QMb (89- 8d- R9y)-

r?B+? Bb � +QKTBH�iBQM Q7 QTBMBQM rQ`/b �HQM; rBi? i?2 �bbQ+B�i2/ b2K�MiB+ TQH�`Biv

U2X;X ;QQ/ , YRc #�/ , @Rc `2�HHv , yVX A7 i?2 QTBMBQM H2tB+QM Bb bK�HH- r2 +QmH/ HQb2 Qmi

QTBMBQM rQ`/b T`2b2Mi BM /2#�i2 TQbib- r?B+? �`2 BM im`M- mb2/ iQ /2i2+i �bT2+ib �M/

}M/ i?2 bi�M+2 Q7 i?2 TQbiX AM Q`/2` iQ BM+`2�b2 i?2 +Qp2`�;2 Q7 QTBMBQM rQ`/b �+`Qbb

KmHiBTH2 /QK�BMb- r2 +QK#BM2 KmHiBTH2 Tm#HB+Hv �p�BH�#H2 QTBMBQM H2tB+QMb (89- Ryj)X

AM �//BiBQM- r2 �HbQ B/2MiB7v +QKT�`�iBp2 �/D2+iBp2b U2X;X- #2ii2`V �M/ bmT2`H�iBp2

N3



�/D2+iBp2b U2X;X- #2biV 7`QK TQbib mbBM; ai�M7Q`/ S�`i P7 aT22+? USPaV i�;;2`R �M/

�// i?2K iQ Qm` QTBMBQM H2tB+QM UOLVX h?2b2 +QKT�`�iBp2 rQ`/b �TT2�` 7`2[m2MiHv

BM /2#�i2 TQbib �M/ 2tT`2bb b2MiBK2MibX h?2 TQH�`Biv �bbQ+B�i2/ rBi? i?2b2 rQ`/b �`2

Q#i�BM2/ mbBM; a2MiBqQ`/L2ikX �7i2` K2`;BM; �HH i?2b2 H2tB+QMb- i?2 bBx2 Q7 Qm` OL Bb

�HKQbi RXd iBK2b i?�i Q7 i?2 QTBMBQM H2tB+QM bBx2 mb2/ BM (R9y)X

eXkXj �bT2+i@PTBMBQM S�B`BM;

h?Bb bi2T B/2MiB}2b i?2 �bT2+ib �bbQ+B�i2/ rBi? QTBMBQM rQ`/b 2ti`�+i2/ 7`QK /2#�i2

TQbibX q2 mb2 i?2 mMbmT2`pBb2/ `mH2@#�b2/ K2i?Q/ T`QTQb2/ #v aQK�bmM/�`�M �M/

qB2#2 (R9y) iQ 2ti`�+i �bT2+i@QTBMBQM T�B`b U�PSVX h?2v H2p2`�;2 i?2 T`QT2`iv i?�i

QTBMBQMb �`2 2tT`2bb2/ QM �bT2+ib Q7 i?2 i�`;2ibX h?2B` K2i?Q/ B/2MiB}2b /2T2M/2M+v

`2H�iBQMb #2ir22M �bT2+ib �M/ QTBMBQMb mbBM; bvMi�+iB+ /2T2M/2M+v i`22b ;2M2`�i2/

#v i?2 ai�M7Q`/ T�`b2`jX "�b2/ QM i?2 /2T2M/2M+v `2H�iBQMb- i?2v T`QTQb2/ }p2

bvMi�+iB+ `mH2b U.A_1*h P"C1*h `mH2- LPJAL�G al"C1*h `mH2- �.C1*hAo�G

JP.A6A1_ `mH2- S_1SPaAhAPL�G P"C1*h `mH2- �M/ _1*l_aAo1 JP.A6A1_

`mH2V iQ T�B` QTBMBQMb rBi? �bT2+ibX

eXkX9 �bT2+i S`mMBM;

q2 Q#b2`p2 i?�i KQ`2 i?�M 3yW Q7 i?2 �bT2+ib 2ti`�+i2/ mbBM; i?2 bvMi�+iB+ `mH2b �`2

MQi `2H�i2/ iQ i?2 /2#�i2 iQTB+bX 6Q` BMbi�M+2- BM 1t�KTH2 k- i?2 b2Mi2M+2 ǵqBM/Qrb

;Bp2b KQ`2 7`22/QK iQ mb2`bǶ- ?�b i?2 �bT2+i 7`22/QK- r?B+? Bb M2Bi?2` `2H�i2/ iQ

qBM/Qrb MQ` J�+X aBKBH�`Hv- r?2M r2 K�Mm�HHv BMbT2+i i?2 �bT2+ib 2ti`�+i2/ 7`QK

i?2 ǵ6B`27Qt ob AMi2`M2i 1tTHQ`2` UA1VǶ /2#�i2 TQbi- r2 Q#b2`p2 i?�i Qmi Q7 88k �bT2+ib

Q#i�BM2/ mbBM; i?2 bvMi�+iB+ `mH2b- QMHv RRj �`2 7QmM/ iQ #2 `2H2p�Mi iQ 2Bi?2` Q7 i?2

/2#�i2 iQTB+bX q2 B/2MiB7v }p2 ivT2b Q7 B``2H2p�Mi �bT2+ib i?�i M22/ iQ #2 T`mM2/ Qmi
R?iiTb,ffMHTXbi�M7Q`/X2/mfbQ7ir�`2fi�;;2`Xb?iKH
k?iiT,ffb2MiBrQ`/M2iXBbiBX+M`XBif
j?iiTb,ffMHTXbi�M7Q`/X2/mfbQ7ir�`2fH2t@T�`b2`Xb?iKH

NN



#�b2/ QM i?2 SPa T�ii2`Mb �b bm+? �bT2+ib /Q MQi +QMi`B#mi2 BM /2+B/BM; i?2 bi�M+2

Q7 i?2 /2#�i2 TQbiX h?2v �`2 /2b+`B#2/ BM h�#H2 eXRX

*H�bb

a�KTH2

B``2H2p�Mi

�bT2+ib

1t�KTH2 /2#�i2 TQbib

S`QMQmMb

�MvQM2-

2p2`vQM2-

2p2`vi?BM;-

bQK2QM2-

bQK2i?BM;-

r?Q- r?B+?-

mb- i?2v-

�Mvr�v

6B`27Qt T`QpB/2b QTiBQMb iQ BKTQ`i �M/ 2tTQ`i #QQFK�`FbX

aQ- �MvQM2 +�M i`�Mb72` �HH i?2B` #QQFK�`Fb 7`QK QM2

#`Qrb2` iQ �MQi?2` #v T2`7Q`KBM; � 72r bBKTH2 bi2TbX

q?v /Q2b JB+`QbQ7i +QMiBMm2 /2p2HQTBM; BMi2`M2i 2tTHQ`2`

B7 2p2`vQM2 i?BMFb Q7 i?Bb #`Qrb2` �b � DQF2 +QKT�`2/ iQ

Qi?2` #`Qrb2`bX

h?Bb �`;mK2Mi Bb 7miBH2 �Mvr�v bBM+2 s#Qt Bb i?2 #2bi M2ti@

;2M +QMbQH2 Qmi i?2`2X

6B`27Qt ?�b � p�bi i2�K Q7 pQHmMi22`b r?Q �`2 rBHHBM; iQ

/QM�i2 i?2B` iBK2 iQ };?i M2r ivT2b Q7 �/bX

S`QT2`

MQmMb

�Gh- �PG-

qj*- �T@

TH2- AAa- AJ-

Ja- oBbi�-

q�`M2`-

LQ`iQM-

u�?QQ- �/b-

q�`M2`- �Hi-

/2H- "�HHK2`

LQ`iQM #HQ+Fb Qz A1 7`QK �Mv mT/�i2b �b A1 Bb }HH2/ rBi?

K�Mv �/b �M/ TQT@mTbX

qBM/Qrb /Q2b MQi ?�p2 �Mv mTiBK2 T`Q#H2K �b +QMi`QH �Hi

/2H Bb mbm�HHv KQ`2 i?�M 2MQm;? iQ /2�H rBi? �Mv T`Q#H2KX

"�HHK2` �M/ i?2 qBM/Qrb 2M;BM22`BM; i2�K bT2Mi �HKQbi

irQ /�vb i`vBM; iQ `B/ Q7 rQ`Kb- pB`mb2b- bTvr�`2- K�Hr�`2X

A1 Bb }HH2/ rBi? K�Mv �/b �M/ TQTmTbX

*QMiBMm2/ QM M2ti T�;2

Ryy



h�#H2 eXR Ĝ +QMiBMm2/ 7`QK T`2pBQmb T�;2

*H�bb

a�KTH2

B``2H2p�Mi

�bT2+ib

1t�KTH2 /2#�i2 TQbib

*QKKQM

MQmMb BM

`2H�i2/

b2Mi2M+2b

�TT`Q�+?-

�`2�- �`@

;mK2Mi-

�`iB+H2-

�p�BH�#BH@

Biv- #�b2-

#2?QH/2`-

2t�KTH2

A1Ƕb #HQ�i2/ �TT`Q�+? iQ bQ7ir�`2 ?�p2 7`2[m2MiHv T`2@

p2Mi2/ Bi 7`QK `QHHBM; Qmi Km+? bQm;?i �7i2` +?�M;2b �M/

BKT`Qp2K2MibX

6Q`;Qi iQ �// i?Bb BM Kv H�bi �`;mK2Mi- #mi qBM/Qrb �HbQ

?�b ;�K2b- r?2`2�b J�+b /Q MQi ?�p2 M2�`Hv �b K�MvX

A i?BMF i?�i Qp2` iBK2 i?2 qBB ;�K2TH�v Bb ;QBM; iQ ;2i bi�H2X

6Q` 2t�KTH2- B7 vQm HQQF �i qBB bTQ`ib- i?2`2 �`2 HBKBi2/

TQbbB#BHBiB2b Q7 �+im�H /Bz2`2Mi KQiBQMb vQm �+im�HHv ?�p2 iQ

2t2+mi2 iQ TH�v i?2 ;�K2X

qQr- vQm �`2 r`BiBM; �M �`iB+H2 BM bmTTQ`i Q7 qBM/Qrb �M/

v2i vQm ?�p2 M2p2` 2p2M ?�/ Bi +`�b? QM vQm\

*QMiBMm2/ QM M2ti T�;2

RyR



h�#H2 eXR Ĝ +QMiBMm2/ 7`QK T`2pBQmb T�;2

*H�bb

a�KTH2

B``2H2p�Mi

�bT2+ib

1t�KTH2 /2#�i2 TQbib

*QKKQM

MQmMb BM

mM`2H�i2/

b2Mi2M+2b

#�MF- �p�BH@

�#BHBiv- #�i@

iH2- #2�bi-

#`Qi?2`-

#mbBM2bb-

2+QMQKB+b-

+�`b- +�b2

Cmbi #2+�mb2 A1 ?�b dyW Q7 K�`F2i b?�`2 /Q2bMǶi K2�M BiǶb

i?2 #2bi BM i2`Kb Q7 [m�HBivX >QM/� *BpB+b Qmi@b2HH "Jqb

�M/ Qi?2` Hmtm`v +�`b 9 Q` 8 iQ R- #mi A i?BMF B7 vQm /`Bp2

#Qi? +�`b vQm K�v }M/ i?�i � *BpB+ Bb MQi � ?B;?2` [m�HBiv

+�` i?�M "JqX

Jv 7�KBHv +QKTmi2` r�b HQ+F2/ /QrM �b r2HH �b Bi +QmH/ #2 @

}`2r�HH- �MiBpB`mb- �MiBbTvr�`2 QM+2 � r22F- H�i2bi T�i+?2bX

"mi Bi ;Qi BM72+i2/ r?BH2 mbBM; A1 iQ #`Qrb2 � #�MF r2#bBi2-

r?Qb2 r2# b2`p2`b r2`2 �H`2�/v BM72+i2/X

A �K MQi bQ bm`2 r?v HQr2`BM; T`B+2b iQ BM+`2�b2 b�H2b Bb

� bB;M Q7 7�BHm`2X A �K T`2iiv bm`2 �HKQbi 2p2`v #mbBM2bb

/Q2b i?�i �i bQK2 TQBMi- �M/ BM 7�+i- Bi Bb � M�im`�H T`Q+2bb

Q7 2+QMQKB+bX

A rQmH/ b2iiH2 7Q` � GBMmt /Bbi`Q �Mv /�v- #mi qBM/Qrb rBHH

�Hr�vb rBM i?2 #�iiH2 Qp2` J�+X

*QMiBMm2/ QM M2ti T�;2

Ryk



h�#H2 eXR Ĝ +QMiBMm2/ 7`QK T`2pBQmb T�;2

*H�bb

a�KTH2

B``2H2p�Mi

�bT2+ib

1t�KTH2 /2#�i2 TQbib

JBbbT2Hi Q`

mMFMQrM

rQ`/b

�//�;2-

/2bB;2M`b-

r2rBHH-

vQm?�p2-

?�p2iQ

A1 /Q2b MQi bmTTQ`i i?2 r2HH FMQrM �//�;2, iBK2 Bb KQM2vX

A1Ƕb b2+m`Biv ?QH2b +`2�i2 �M QT2MBM; 7Q` bTvr�`2 i?�i bHQrb

/QrM Kv +QKTmi2`- HQbi iBK2 �M/ T`Q/m+iBpBivX

J�+b �`2 Q7i2M iQmi2/ �b #2BM; ;QQ/ 7Q` /2bB;2M`b- T`Q/m+@

2`b �M/ �`iBbibX

1p2`vQM2 i?�i /Q2b MQi HBF2 rBM/Qrb i�HFb �#Qmi ?Qr mM@

bi�#H2 Bi Bb- ?Qr vQm ?�p2iQ `2bi�`i 7`QK pB`mb2b �HH i?2

iBK2X

a�vBM; vQm?�p2 M2p2` ?�/ � pB`mb /Q2b MQi K2�M i?2v /Q

MQi 2tBbi �M/ i?�i i?2 Bbbm2 Bb � Kvi?X

h�#H2 eXR, *H�bb2b Q7 B``2H2p�Mi �bT2+ib Q#i�BM2/ �7i2` �TTHvBM; i?2 bvMi�+iB+ `mH2bX

Ai Bb Q#b2`p2/ i?�i i?2 B``2H2p�Mi �bT2+ib �`2 2Bi?2` T`QMQmMb- T`QT2` MQmMb- +QK@

KQM MQmMb- Q` mMFMQrM rQ`/bX S`QMQmMb /Q MQi `2T`2b2Mi �bT2+ib- �M/ KQbi Q7 i?2

T`QT2` MQmMb �`2 MQi `2H�i2/ iQ /2#�i2 i�`;2ibX h?2 bvMi�+iB+ `mH2b +�MMQi /BbiBM@

;mBb? +QKKQM MQmMb i?�i �`2 �+im�H �bT2+ib 7`QK i?2 B``2H2p�Mi QM2bX �HbQ- i?2`2 �`2

+�b2b Q7 +QKKQM MQmMb T`2b2Mi BM mM`2H�i2/ b2Mi2M+2bX q2 T2`7Q`K �bT2+i T`mMBM;

mbBM; rQ`/ 2K#2//BM;b- iQ }Hi2` Qmi bm+? B``2H2p�Mi �bT2+ib #27Q`2 7m`i?2` T`Q+2bbBM;X

ai2T 9 Q7 �H;Q`Bi?K 8 mb2b rQ`/kp2+ 2K#2//BM;b iQ #mBH/ rQ`/ p2+iQ`b 7Q` �bT2+ib

�M/ i�`;2ibX h?2 /Bbi�M+2 #2ir22M i?2 rQ`/ p2+iQ`b Bb mb2/ iQ T`mM2 i?2 �bT2+ib i?�i

�`2 mM`2H�i2/ iQ i?2 i�`;2ibX

Ryj



qQ`/kp2+ 1K#2//BM;

qQ`/kp2+ KQ/2H mb2b +QMiBMmQmb #�;@Q7@rQ`/b �M/ bFBT@;`�K K2i?Q/b iQ ;2M2`�i2

rQ`/ p2+iQ`bX qQ`/ p2+iQ`b `2T`2b2Mi i2ti �b /2Mb2 p2+iQ`b BM HQr /BK2MbBQM�H bT�+2X

qQ`/ p2+iQ`b �`2 H2�`M2/ 7`QK :QQ;H2 L2rb /�i�b2i9- r?B+? +QMbBbib Q7 �HKQbi Ryy

#BHHBQM rQ`/bX qQ`/kp2+ `2T`2b2Mi�iBQM BM+Q`TQ`�i2b �++m`�i2 rQ`/ `2H�i2/M2bb BM7Q`@

K�iBQMX qQ`/ K2�MBM; �M/ `2H�iBQMb?BT #2ir22M i?2 rQ`/b �`2 2M+Q/2/ bT�iB�HHvX

h?2 bT�iB�H /Bbi�M+2 #2ir22M i?2 rQ`/ p2+iQ`b +Q``2bTQM/ iQ rQ`/ bBKBH�`BivX q2

i?2`27Q`2 ;2M2`�i2 rQ`/ p2+iQ`b 7Q` �bT2+ib �M/ i�`;2ib mbBM; rQ`/kp2+ �M/ +QKTmi2

rQ`/ p2+iQ` bBKBH�`Biv b+Q`2X aBM+2 i?2`2 �`2 irQ i�`;2ib BM � /2#�i2- 2�+? �bT2+i

;2M2`�i2b � irQ@/BK2MbBQM�H 72�im`2 p2+iQ` 7`QK i?2 bBKBH�`Biv b+Q`2b +QKTmi2/ mbBM;

i?2 irQ i�`;2ibX PM+2 r2 ?�p2 i?2 72�im`2 p2+iQ`b- r2 mb2 i?2K �b 72�im`2b iQ #mBH/

:�mbbB�M L�Bp2 "�v2b U:L"V �M/ amTTQ`i o2+iQ` J�+?BM2 UaoJV �bT2+i +H�bbB}2`bX

lTQM +QKT�`BbQM- :L" Bb 7QmM/ iQ T`2/B+i `2H�i2/ �bT2+ib #2ii2` i?�M aoJ bBM+2

i?2 72�im`2 p2+iQ`b �`2 QMHv irQ /BK2MbBQM�H �M/ :L" rQ`Fb r2HH rBi? +QMiBMmQmb

p�Hm2bX >2M+2- r2 mb2 :L" 7Q` �bT2+i T`mMBM;X h?2 /2i�BHb Q7 :L" BKTH2K2Mi�iBQM

�`2 ;Bp2M BM i?2 M2ti b2+iBQMX

:�mbbB�M L�Bp2 "�v2b U:L"V

AMBiB�HHv- r2 +QMbB/2` 6B`27Qt pbX A1 /2#�i2 TQbib iQ #mBH/ i?2 :L" �bT2+i@i�`;2i

+H�bbB}2`X h?2`2 �`2 88k �bT2+ib T`2b2Mi BM i?2 �PS Q7 6B`27Qt pbX A1 /2#�i2 TQbibX

h?`22 `2b2�`+? b+?QH�`b K�Mm�HHv �MMQi�i2 i?2 �bT2+ib �b `2H�i2/ Q` MQi `2H�i2/ iQ

2Bi?2` Q7 i?2 i�`;2ibX h?2 /Bb�;`22K2Mib �`2 `2bQHp2/ i?`Qm;? Kmim�H /Bb+mbbBQMX

�7i2` K�Mm�H �MMQi�iBQM- Bi Bb 7QmM/ i?�i RR9 �bT2+ib �`2 `2H�i2/ iQ 2Bi?2` Q7 i?2

i�`;2ib �M/ 9j3 �bT2+ib MQi `2H�i2/X h?2M- r2 T2`7Q`K � `�M/QK bTHBi Q7 i?2 �bT2+ib

BMiQ jdy UeeXeeWV i`�BMBM; �M/ R3k UjjXjjWV i2biBM; /�i�X h?2 k@. bBKBH�`Biv b+Q`2

72�im`2 p2+iQ` Bb mb2/ iQ i`�BM i?2 :L" +H�bbB}2`X �7i2` +`Qbb p�HB/�iBQM- i?2 i`�BM2/
9?iiTb,ff;QQX;Hf9>x/3G

Ry9



KQ/2H ;Bp2b �M �p2`�;2 �++m`�+v Q7 3RW BM +H�bbB7vBM; i?2 �bT2+ibX h?Bb i`�BM2/ KQ/2H

Bb mb2/ iQ +H�bbB7v r?2i?2` � M2r �bT2+i 7`QK i?2 TQbi Bb `2H�i2/ iQ 2Bi?2` Q7 i?2 /2#�i2

i�`;2ib Q` MQiX

AM ;2M2`�H- K�Mm�H H�#2HHBM; Q7 �bT2+ib 7Q` 2�+? /2#�i2 i�F2b 2zQ`i �M/ Bb iBK2 +QM@

bmKBM;X q2- i?2`27Q`2- i2bi B7 i`�Mb72` H2�`MBM; +�M #2 �TTHB2/ QM i?2 :L" +H�bbB}2` 7Q`

+`Qbb@/QK�BM +H�bbB}+�iBQM Q7 B``2H2p�Mi �bT2+ibX 6Q` i?Bb Tm`TQb2- i?2 `2b2�`+? b+?QH@

�`b T2`7Q`K K�Mm�H �MMQi�iBQM Q7 `2H�i2/ �bT2+ib QM i?2 `2K�BMBM; i?`22 /�i�b2ibX

h?2 �#Qp2 i`�BM2/ :L" +H�bbB}2` Bb �TTHB2/ iQ i?2 `2K�BMBM; i?`22 /�i�b2ib iQ `2@

KQp2 B``2H2p�Mi �bT2+ibX h?2 `2bmHib Q7 i?2 +H�bbB}2` �`2 b?QrM BM h�#H2 eXd- r?2`2

i?2 +H�bbB}2` Bb i`�BM2/ QM QMHv 6B`27Qt pbX A1 /2#�i2 /�i�b2iX q2 Q#b2`p2 i?�i i?2

J2�bm`2 6B`27Qt pbX
A1

qBM/Qrb
pbX J�+

aQMv Sbj
pbX qBB

PT2`� pbX
6B`27Qt

*H�bbB}+�iBQM
�++m`�+v UWV 3R 39 3d 39Xky

h�#H2 eXk, �bT2+i T`mMBM; �++m`�+v �+`Qbb �HH 7Qm` /2#�i2 /�i�b2ibX

:L" +H�bbB}2` Bb �#H2 iQ /2i2+i i�`;2i@`2H�i2/ �bT2+ib �+`Qbb KmHiBTH2 /QK�BMb rBi?

?B;? �++m`�+vX h?Bb BM/B+�i2b i?�i i?2 +H�bbB}2` H2�`Mb � 7mM+iBQM r?2i?2` i?2 �bT2+i

Bb `2H2p�Mi Q` B``2H2p�Mi #�b2/ QM i?2 �bT2+ib bBKBH�`Biv rBi? i?2 i�`;2i iQTB+bX aBM+2

i?Bb 7mM+iBQM Bb BM/2T2M/2Mi Q7 i?2 i�`;2ib Q` i?2 �bT2+ib- Bi +�M #2 mb2/ 7Q` i`�Mb72`

H2�`MBM; �+`Qbb KmHiBTH2 /2#�i2 iQTB+b- rBi?Qmi HQr2`BM; +H�bbB}+�iBQM �++m`�+vX

eXkX8 �bT2+i@SQH�`Biv J�TTBM;

�7i2` ;2iiBM; i?2 �bT2+ib `2H�i2/ iQ /2#�i2 i�`;2ib- i?2 QTBMBQM rQ`/b BM �bT2+i@

QTBMBQM T�B`b U�PSV �`2 bm#biBimi2/ rBi? i?2 `2bT2+iBp2 TQH�`BiB2b 7`QK OL iQ 7Q`K

�bT2+i@TQH�`Biv T�B`b U�SV U2X;X- &qBM/Qrb-#�/'→ &qBM/Qrb-@R'VX h?2`2 Bb � bT2+B�H

+�b2 r?2`2 M2;�iBQM rQ`/b U2X;X- MQi- MQ- �M/ MQ`V �`2 T`2b2Mi #27Q`2 i?2 QTBMBQM

rQ`/bX AM bm+? +�b2b- i?2 TQH�`Biv Q7 i?2 QTBMBQM rQ`/ T`2b2Mi BM OL Bb `2p2`b2/X

Ry8



h?mb- r2 ;2i i?2 b2MiBK2Mi 2tT`2bb2/ QM �bT2+ib Q7 i?2 TQbiX �bT2+i@TQH�`Biv T�B`b

UAP V �`2 mb2/ iQ }M/ i?2 QTBMBQMb 2tT`2bb2/ QM i?2 i�`;2ibX

eXkXe �bT2+i@h�`;2i J�TTBM;

AM i?Bb bi2T- r2 }M/ i?2 i�`;2i T`272`2M+2 Q7 2�+? �bT2+iX hQ }M/ i?2 i�`;2i T`272`2M+2-

r2 mb2 i?2 rQ`/ p2+iQ` bBKBH�`Biv b+Q`2 ;2M2`�i2/ mbBM; :QQ;H2 rQ`/kp2+X 6Q` 2�+?

�bT2+i- r2 +QKTmi2 i?2 rQ`/kp2+ bBKBH�`Biv rBi? #Qi? i?2 i�`;2ibX �H;Q`Bi?K e ;Bp2b

i?2 /2i�BHb Q7 �bT2+i@i�`;2i K�TTBM; i?�i /2i2`KBM2b 2�+? �bT2+iǶb T`272`2M+2 iQr�`/b

i?2 irQ i�`;2ibX

�H;Q`Bi?K e �hS(A, T )
AMTmi, A, {a1, a2, a3, ..., am} 4 a2i Q7 `2H2p�Mi �bT2+ib

T , t1, t2 4 hrQ i�`;2ib Q7 i?2 TQbi
th, h?`2b?QH/ /Bz2`2M+2

PmiTmi, AT 4 aspect : target 4 �bT2+i@i�`;2i T`272`2M+2 /B+iBQM�`v
J2i?Q/,

R, AT ← ()
k, 7Q` �HH ai ∈ A /Q
j, sim1←qQ`/kp2+aBKBH�`Biv(ai, t1)
9, sim2←qQ`/kp2+aBKBH�`Biv(ai, t2)
8, diff ← %bBKR @ bBKk%
e, B7 diff Ith i?2M
d, AT [ai]← (t1, t2)
3, 2Hb2 B7 sim1 > sim2 i?2M
N, AT [ai]← (t1)

Ry, 2Hb2
RR, AT [ai]← (t2)
Rk, 2M/ B7
Rj, 2M/ 7Q`
R9, `2im`M AT

:Bp2M i?2 /2#�i2 i�`;2ib T �M/ � b2i Q7 `2H2p�Mi �bT2+ib A Q#i�BM2/ �7i2` �bT2+i

T`mMBM;- ai2T R BMBiB�HBx2b i?2 �bT2+i@i�`;2i T`272`2M+2 /B+iBQM�`v AT X 6Q` 2�+? �b@

T2+i ai- ai2Tb jĜ9 +QKTmi2b rQ`/kp2+ bBKBH�`Biv #2ir22M 2�+? `2H2p�Mi �bT2+i ai �M/

i?2 i�`;2ib t1 �M/ t2X ai2T 8 +QKTmi2b i?2 /Bz2`2M+2 #2ir22M i?2 bBKBH�`Biv b+Q`2bX

Rye



ai2Tb 9Ĝe /2i2`KBM2b i?2 �bT2+i@i�`;2i T`272`2M+2 #�b2/ QM i?2 bBKBH�`Biv �M/ /Bz2`@

2M+2 b+Q`2bX A7 i?2 /Bz2`2M+2 BM i?2 bBKBH�`Biv b+Q`2 Bb H2bb i?�M � i?`2b?QH/ th- r2

+QMbB/2` i?�i i?2 �bT2+i Bb `2H�i2/ iQ #Qi? i?2 i�`;2ibX Pi?2`rBb2- i?2 �bT2+i T`272`b

i?2 i�`;2i rBi? i?2 ?B;?2` bBKBH�`Biv b+Q`2X h?2 p�Hm2 Q7 th Bb /2i2`KBM2/ 2KTB`B@

+�HHv mbBM; i?2 7Qm` /�i�b2ib /2b+`B#2/ BM a2+iBQM eXjX q2 i`B2/ /Bz2`2Mi p�Hm2b Q7 th

U0.05, 0.10, 0.15, 0.20, 0.25, 0.30V �M/ 7QmM/ i?�i th40.1 ;Bp2b i?2 #2bi `2bmHiX �7i2`

i?2 +QKT�`BbQMb ?�p2 #22M K�/2 7Q` �HH i?2 `2H2p�Mi �bT2+ib- r2 ;2i i?2 �bT2+i@i�`;2i

T`272`2M+2 /B+iBQM�`v UAT VX

hQ BHHmbi`�i2- +QMbB/2` i?2 /2#�i2 TQbi +QKT�`BM; qBM/Qrb �M/ J�+X

1t�KTH2 RR ǳqBM/Qrb bmTTQ`ib KQbi Q7 i?2 ;�K2bX J�+ ?�b � HQi Q7 bQ7ir�`2

+QKT�iB#BHBiv Bbbm2ǴX

>2`2 i?2 i�`;2ib �`2 qBM/Qrb �M/ J�+ �M/ i?2 �bT2+ib �`2 ;�K2b �M/ bQ7ir�`2X

hQ }M/ i?2 i�`;2i T`272`2M+2 Q7 i?2 �bT2+ib- H2i mb +QMbB/2` i?2 /Bz2`2M+2 i?`2b?QH/

UthV �b yXRyX 6B`bi- r2 +QKTmi2 i?2 bBKBH�`Biv Usim1- sim2V Q7 i?2 �bT2+i ;�K2b �M/

#Qi? i?2 i�`;2ibX L2ti- r2 +QKTmi2 i?2 /Bz2`2M+2 UdiffV BM bBKBH�`Biv b+Q`2X q2 b22

i?�i i?2 /Bz2`2M+2 BM bBK b+Q`2 Bb KQ`2 i?�M i?2 i?`2b?QH/ thX �HbQ- i?2 bBKBH�`Biv

Q7 ;�K2b rBi? qBM/Qrb Bb KQ`2 i?�M i?�i Q7 ;�K2b rBi? J�+X aQ- i?2 �bT2+i ;�K2b

T`272`b i?2 i�`;2i qBM/QrbX aBKBH�`Hv- r2 }M/ i?�i i?2 �bT2+i bQ7ir�`2 T`272`b i?2

i�`;2i qBM/QrbX h�#H2 eXj b?Qrb � 72r 2t�KTH2b Q7 i�`;2i T`272`2M+2 Q7 bQK2 Q7 i?2

�bT2+ibX

�bT2+i h�`;2i T`272`2M+2

:�K2b qBM/Qrb
aQ7ir�`2 qBM/Qrb
"QQFK�`F 6B`27Qt
JQxBHH� 6B`27Qt

h�#H2 eXj, �bT2+i@h�`;2i U�hV T`272`2M+2 /B+iBQM�`v 2t�KTH2b

Ryd



eXkXd .2i2+i ai�M+2

h?2 M2ti bi2T Bb iQ /2/m+2 i?2 bi�M+2 Q7 i?2 mb2`X q2 �`iB+mH�i2 i?Bb T`Q#H2K �b

�M AMi2;2` GBM2�` S`Q;`�KKBM; UAGSV QTiBKBx�iBQM T`Q#H2KX AGS Bb � TQr2`7mH QT@

iBKBx�iBQM i2+?MB[m2- r?B+? QTiBKBx2b � 7mM+iBQM #�b2/ QM bQK2 ;Bp2M +QMbi`�BMibX

q2 mb2 i?2 AT T`272`2M+2 /B+iBQM�`v �M/ i?2 bBKBH�`Biv BM7Q`K�iBQM iQ +�H+mH�i2 �

r2B;?i2/ b+Q`2X h?Bb b+Q`2 Bb mb2/ iQ 7Q`KmH�i2 i?2 AGS 2[m�iBQMbX 6Q` +�H+mH�iBM;

i?2 r2B;?i2/ b+Q`2- r2 +QHH2+i �HH i?2 �bT2+i@TQH�`Biv T�B`b AP �M/ i?2 �bT2+i@i�`;2i

T`272`2M+2 /B+iBQM�`v AT X G2i K #2 i?2 MmK#2` Q7 �bT2+i@TQH�`Biv T�B`b T`2b2Mi BM �

TQbiX h?2 r2B;?i2/ b+Q`2 7Q` 2�+? i�`;2i@�bT2+i T�B` (Sij) Bb +QKTmi2/ �b 7QHHQrb,

Sij = (AP (j) ∗ sim(i, j) ∗NF (j) + diff(sim(i, j), sim(1− i, j)) + Ti) ∗ PTj UeXRV

r?2`2 i 4 (0, 1)- `2T`2b2Mib i?2 /2#�i2 i�`;2ib- j 4 {a1, a2, a3, ..., am} `2T`2b2Mib i?2

`2H2p�Mi �bT2+ib T`2b2Mi BM i?2 TQbi- AP (j) 4 {−1, 0, 1} Bb i?2 TQH�`Biv Q7 �bT2+i j

BM i?2 TQbi- sim(i, j) Bb � +QMiBMmQmb p�Hm2/ rQ`/kp2+ bBKBH�`Biv b+Q`2 #2ir22M i?2

i�`;2i i �M/ i?2 �bT2+i j- �M/ diff(sim(i, j), sim(1− i, j)) Bb i?2 �#bQHmi2 /Bz2`2M+2

Q7 i?2 bBKBH�`Biv b+Q`2b Q7 �bT2+i j rBi? 2�+? Q7 i?2 i�`;2ibX h?2 /Bz2`2M+2 b+Q`2 Bb

mb2/ iQ T2M�HBx2 i?Qb2 �bT2+ib i?�i �`2 +QKKQM iQ #Qi? i?2 i�`;2ib �M/ `2r�`/ i?Qb2

�bT2+ib i?�i �`2 mMB[m2 iQr�`/b � i�`;2iX Ti Bb � T`272`2M+2 p�Hm2 i?�i `2r�`/b r?2M

i?2 �bT2+i Bb �HbQ i?2 i�`;2iX h?Bb ?�TT2Mb r?2M � i?2 TQbi +QMi�BMb � i�`;2i �HQM;

rBi? �M �bbQ+B�i2/ QTBMBQM- bm+? �b ǳqBM/Qrb Bb Q#pBQmbHv #2ii2` i?�M J�+ǴX NF (j)

Bb i?2 MQ`K�HBx2/ 7`2[m2M+v Q7 i?2 �bT2+i jX Ai Bb mb2/ iQ ;Bp2 KQ`2 r2B;?i�;2 iQ i?Qb2

�bT2+ib i?�i �`2 T`2b2Mi KQ`2 7`2[m2MiHv BM i?2 TQbi +Q`TmbX h?Bb Bb #2+�mb2 7`2[m2Mi

�bT2+ib �`2 ;2M2`�HHv KQ`2 TQTmH�` �M/ r2HH FMQrMX NF (j) Bb +QKTmi2/ �b i?2 `�iBQ

Q7 i?2 7`2[m2M+v Q7 �bT2+i j BM i?2 +Q`Tmb iQ i?2 7`2[m2M+v Q7 �HH i?2 �bT2+ib BM i?2
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+Q`TmbX Ai Bb /2}M2/ �b 7QHHQrb,

NF (j) =
|j|∑m

p=1 |jp|
UeXkV

PTj Bb i?2 p�Hm2 Q7 �bT2+i T`272`2M+2 Qp2` i?2 i�`;2iX A7 i?2 �bT2+i /Q2b MQi T`272` i?2

i�`;2i- Bi ;Bp2b � b+Q`2 Q7 y- i?mb B;MQ`BM; i?2 r2B;?i2/ b+Q`2 r?2M i?2 �bT2+i T`272`b

i?2 QTTQbBi2 i�`;2iX A7 i?2 �bT2+i T`272`b i?2 i�`;2i- i?2M PTj ;2ib � p�Hm2 Q7 RX h?2

T`272`2M+2 BM7Q`K�iBQM Bb Q#i�BM2/ 7`QK AT /B+iBQM�`vX Ai Bb 7Q`KmH�i2/ �b 7QHHQrb,

PTj =

⎧
⎪⎪⎨

⎪⎪⎩

1, B7 Uj ∈ AT [j]V

0, Qi?2`rBb2
UeXjV

AGS 7Q`KmH�iBQM

h?2 bi�M+2 Q7 i?2 TQbi Bb /2i2`KBM2/ #v i?2 bB/2 i?�i K�tBKBx2b i?2 ILP Q#D2+iBp2

7mM+iBQMX :Bp2M �HH i?2 �bT2+i@i�`;2i BMbi�M+2b Q7 � TQbi- i?2 Q#D2+iBp2 7mM+iBQM Bb

7Q`KmH�i2/ �b 7QHHQrb,
m∑

j=1

(S0jpj + S1jqj) UeX9V

�M/ BiǶb +QMbi`�BMib �`2-

pj, qj ∈ 0, 1, ∀j UeX8V

pj + qj = 1, ∀j UeXeV

pj − pj−1 = 0, j ∈ {2....m} UeXdV

qj − qj−1 = 0, j ∈ {2....m} UeX3V

r?2`2- pj- qj �`2 #QQH2�M p�`B�#H2bX pj bmTTQ`ib i?2 }`bi i�`;2i r?2M Bib p�Hm2 Bb R

r?BH2 qj bmTTQ`ib i?2 b2+QM/ i�`;2i r?2M Bib p�Hm2 Bb RX 1[m�iBQM eXe K�F2b bm`2 i?�i

i?2 p�`B�#H2b �`2 Kmim�HHv 2t+HmbBp2 bQ i?�i 2�+? �bT2+i BMbi�M+2 +�M T`272` QMHv QM2

RyN



i�`;2iX 1[m�iBQMb eXd �M/ eX3 K�F2 bm`2 i?�i i?2 mb2` bmTTQ`ib QMHv QM2 bB/2 �M/

r`Bi2b BM bmTTQ`i Q7 i?�i bB/2 7Q` �HH �bT2+ibX h?Bb Bb #�b2/ QM i?2 �bbmKTiBQM i?�i BM

� /2#�i2- i?2 mb2` Bb +QMbBbi2Mi �#Qmi ?2` bi�M+2 Q7 bmTTQ`iBM; bBM;H2 i�`;2i �M/ Bib

�bT2+ibX aQ- 7Q` � T�`iB+mH�` TQbi- �HH i?2 p�Hm2b Q7 pj UQ` qjV �`2 K�/2 B/2MiB+�HX h?Bb

Bb � mMB[m2 +QM/BiBQM 7Q` /2#�i2 TQbib mMHBF2 Qi?2`b bm+? �b 7Q`mK TQbib- `2pB2rb- �M/

ir22ib- r?2`2 i?2 mb2` r`Bi2b #Qi? ;QQ/ �M/ #�/ TQBMib �#Qmi � i�`;2iX

hQ K�F2 i?2 +QMbi`�BMib mM/2`bi�M/ #2ii2`- `2+QMbB/2` 1t�KTH2 RR- 7`QK qBM/Qrb

pb J�+ /2#�i2 TQbi ǳqBM/Qrb bmTTQ`ib KQbi Q7 i?2 ;�K2bX J�+ ?�b � HQi Q7 bQ7ir�`2

+QKT�iB#BHBiv Bbbm2bǴX

�bT2+i h�`;2i SQH�`Biv UYf@V T [
:�K2b qBM/Qrb Y R y

aQ7ir�`2 J�+ @ R y

h�#H2 eX9, AGS BKTH2K2Mi�iBQM 2t�KTH2

�b +�M #2 b22M 7`QK h�#H2 eX9- i?2 i�`;2ib �`2 qBM/Qrb �M/ J�+X h?2 �bT2+i

;�K2b ?�b � TQbBiBp2 QTBMBQM �#Qmi qBM/Qrb r?BH2 i?2 �bT2+i bQ7ir�`2 ?�b M2;�iBp2

QTBMBQM �#Qmi J�+X AM Qi?2` rQ`/b- � M2;�iBp2 QTBMBQM �#Qmi K�+ K2�Mb i?Bb �bT2+i

bQ7ir�`2 Bb �HbQ T`272``BM; qBM/QrbX �b i?2 �mi?Q` Bb r`BiBM; BM 7�pQ` Q7 qBM/Qrb-

i?2 �bT2+ib �`2 bmTTQ`iBM; i?2 i�`;2i qBM/QrbX 1[m�iBQMb eX8 �M/ eXe bi�i2b i?�i

#Qi? p �M/ q �`2 #QQH2�M �M/ Kmim�HHv 2t+HmbBp2X h?Bb Bb `2~2+i2/ BM i?2 i�#H2 r?2`2

i?2 p�Hm2b Q7 TǶb �`2 �HH R �M/ [Ƕb �`2 �HH yX 1[m�iBQMb eXd �M/ eX3 �`2 `2~2+i2/ BM i?2

7�+i i?�i �HH i?2 �bT2+ib bmTTQ`i QMHv i?2 i�`;2i qBM/QrbX

eXj 1p�Hm�iBQM

AM i?Bb b2+iBQM- r2 /2b+`B#2 Qm` /�i�b2i �M/ 2p�Hm�iBQM K2i`B+bX q2 +QKT�`2 i?2

T2`7Q`K�M+2 Q7 Qm` T`QTQb2/ bvbi2K- .2#�i2 ai�M+2 *H�bbB}+�iBQM mbBM; qQ`/ 1K@

#2//BM;b UDSCW V rBi? 2tBbiBM; mMbmT2`pBb2/ /2#�i2 +H�bbB}+�iBQM �TT`Q�+?2b- �M/

RRy



b?Qr i?�i Qm` K2i?Q/ +�M /2i2+i bi�M+2 bB/2 KQ`2 �++m`�i2HvX

eXjXR .�i�b2i

q2 +QMbB/2` i?2 /2#�i2 bB/2 �MMQi�i2/ +Q`TQ`� mb2/ BM (R9y)X h?Bb +Q`TQ`� +QMbBbib

Q7 TQbib 7`QK 7Qm` /2#�i2 iQTB+b 6B`27Qt pbX AMi2`M2i 1tTHQ`2` UA1V- PT2`� pbX 6B`2@

7Qt- aQMvSbj pbX qBB- �M/ qBM/Qrb pbX J�+X 1�+? Q7 i?2 /�i�b2ib ?�b K�Mm�HHv

�MMQi�i2/ /2#�i2 bB/2 T`272`2M+2X h?2 /�i�b2ib �`2 bmKK�`Bx2/ BM h�#H2 eX8X

aHX LQX .2#�i2 iQTB+ LmK#2` Q7 TQbib
R 6B`27Qt pbX AMi2`M2i 1tTHQ`2` UA1V ReN
k PT2`� pbX 6B`27Qt Re
j aQMvSbj pbX qBB e3
9 qBM/Qrb pbX J�+ kd

h�#H2 eX8, .2i�BHb Q7 /2#�i2 TQbi /�i�b2iX

eXjXk ai�M+2 S`2/B+iBQM 1p�Hm�iBQM

1p�Hm�iBQM J2i`B+b

q2 2p�Hm�i2 i?2 bi�M+2 T`2/B+iBQM T2`7Q`K�M+2 Q7 Qm` T`QTQb2/ K2i?Q/ BM i2`Kb Q7

i?2 �++m`�+v Q7 /2#�i2 bi�M+2 +H�bbB}+�iBQMX q2 +QMbB/2` �HH i?2 TQbib �b `2H2p�Mi 7Q`

/2#�i2 +H�bbB}+�iBQMX h?2 �++m`�+v Q7 Qm` /2#�i2 +H�bbB}+�iBQM K2i?Q/ BM +H�bbB7vBM;

/2#�i2 bi�M+2 Bb K2�bm`2/ BM i2`Kb Q7 T`2+BbBQM(P )- `2+�HH(R) �M/ F1 b+Q`2X h?2

K2i`B+b �`2 /2}M2/ �b 7QHHQrb,

P =
O +Q``2+iHv +H�bbB}2/ TQbi

O +H�bbB}2/ TQbi UeXNV

R =
O +Q``2+iHv +H�bbB}2/ TQbib

O `2H2p�Mi TQbi UeXRyV

F1 =
2 ∗ P ∗R
P +R

UeXRRV

RRR



"�b2HBM2 J2i?Q/b

AM Q`/2` iQ 2p�Hm�i2 i?2 2z2+iBp2M2bb Q7 i?2 T`QTQb2/ K2i?Q/- r2 +QM/m+i2/ �++m@

`�+v +QKT�`BbQM rBi? i?`22 #�b2HBM2 K2i?Q/bX q2 �TTHB2/ PThQTB+- PTSJA- �M/

PTS`Q#�#BHBiv K2i?Q/b /2b+`B#2/ BM (R9y) QM i?2 7Qm` /�i�b2ib �M/ /2i2`KBM2 i?2B`

bi�M+2 T`2/B+iBQM �++m`�+vX

PThQTB+ }M/b i�`;2i@TQH�`Biv T�B`b 7`QK /2#�i2 TQbib �M/ +QmMib i?2 MmK#2` Q7

TQbBiBp2 QTBMBQM rQ`/b �bbQ+B�i2/ rBi? 2�+? Q7 i?2 /2#�i2 iQTB+bX � M2;�iBp2 QTBMBQM

rQ`/ Q` � iQTB+ Bb +QmMi2/ �b � TQbBiBp2 QTBMBQM rQ`/ 7Q` i?2 QTTQbBM; iQTB+X .2#�i2

bi�M+2 Bb �bbB;M2/ iQ i?2 iQTB+ rBi? KQ`2 TQbBiBp2 QTBMBQM rQ`/ +QmMiX

PTSJA 2ti`�+ib i2`Kb UMQmMbV 7`QK /2#�i2 TQbib �M/ +QKTmi2b SQBMirBb2 Jmim�H

AM7Q`K�iBQM USJAV Q7 i?2 i2`Kb rBi? 2�+? i�`;2iX h?2M- i?2 i�`;2i@TQH�`Biv T�B`b �`2

7QmM/ �M/ i?2 +QmMi Q7 TQbBiBp2 QTBMBQM rQ`/b Bb +QKTmi2/X .2#�i2 bi�M+2 Bb �bbB;M2/

iQ i?2 bB/2 rBi? KQ`2 TQbBiBp2 QTBMBQM rQ`/ +QmMi �b BM PThQTB+X 1�+? i2`K Bb i?2M

�bbB;M2/ iQ i?2 i�`;2i rBi? ?B;?2` SJA p�Hm2X h?2 TQH�`Biv@i�`;2i T�B` 7Q` 2�+? MQmM

Bb i?2M +QKTmi2/- iQ }M/ i2`Kb r?B+? �`2 +HQb2Hv `2H�i2/ iQ i?2 /2#�i2 iQTB+bX AM

#Qi? K2i?Q/b- i?2 TQbi Bb �bbB;M2/ iQ i?2 bB/2 rBi? ?B;?2` +mKmH�iBp2 TQH�`Biv@iQTB+

T�B` b+Q`2X

AM PTS`Q#�#BHBiv- �bT2+i@QTBMBQM T�B`b �`2 2ti`�+i2/ 7`QK /2#�i2 TQbib �M/ �`2

+QMp2`i2/ iQ �bT2+i@TQH�`Biv T�B`bX q2#HQ;b �M/ 7Q`mKb `2H�i2/ iQ i?2 iQTB+b �`2

KBM2/ iQ }M/ �bT2+i@i�`;2i T`272`2M+2X �M �bT2+i@i�`;2i T`272`2M+2 T`Q#�#BHBiv i�#H2

Bb i?2M +QMbi`m+i2/ 7`QK i?2 KBM2/ +Q`Tmb �M/ � +H�bbB}2` Bb #mBHi mbBM; AGS iQ +H�bbB7v

/2#�i2 TQbibX

q2 +QKT�`2 i?2 T2`7Q`K�M+2 Q7 i?2 i?`22 #�b2HBM2 �TT`Q�+?2b rBi? Qm` irQ T`Q@

TQb2/ K2i?Q/b, /2#�i2 PTBMBQM /2i2+iBQM mbBM; qQ`/ 1K#2//BM; UPTq1V- �M/ /2@

#�i2 PTBMBQM /2i2+iBQM mbBM; qQ`/ 1K#2//BM; �M/ �bT2+i S`mMBM; UPTq1�SVX �b

K2MiBQM2/ BM a2+iBQM eXk- PTq1 mb2b rQ`/ 2K#2//BM;b iQ #mBH/ i?2 �bT2+i@i�`;2i

T`272`2M+2 K�TTBM; UAT V #v +QKT�`BM; i?2 rQ`/ 2K#2//BM; bBKBH�`Biv b+Q`2b #2@

RRk



ir22M i?2 �bT2+ib �M/ 2�+? i�`;2iX h?2M bi�M+2 +H�bbB}+�iBQM Bb /QM2 #v �TTHvBM;

AGS iQ r2B;?i2/ bBKBH�`Biv b+Q`2 (Sij) Q#i�BM2/ 7`QK AT X �//BiBQM�HHv- PTq1�S

�TTHB2b � :�mbbB�M L�Bp2 "�v2b �bT2+i T`mMBM; +H�bbB}+�iBQM iQ AOP U�b /2b+`B#2/

BM a2+iBQM eXkV #27Q`2 +QKTmiBM; AT iQ }Hi2` �bT2+ib- r?B+? �`2 MQi `2H�i2/ iQ 2Bi?2`

Q7 i?2 i�`;2ibX

eXjXj _2bmHib

h?2 `2bmHi Q7 i?2 �++m`�+v +QKT�`BbQM Q7 i?2 }p2 �H;Q`Bi?Kb- M�K2Hv PThQTB+-

PTSJA- PTS`Q#�#BHBiv- PTq1 �M/ PTq1�S Bb T`2b2Mi2/ BM h�#H2 eXe �M/ �HbQ-

BM i?2 7Q`K Q7 THQib BM 6B;m`2b eXk- eXj �M/ eX9 `2bT2+iBp2HvX

J2i`B+ .2#�i2 iQTB+ PThQTB+ PTSJA PTS`Q# PTq1 PTq1�S

S`2+BbBQM

6B`27Qt pbX A1 edXd9 eyXyy eeXkd d8Xe8 dNX83
qBM/Qrb pb J�+ 9yXyy 8jX39 eeXed eNX8e ddXkd
aQMvSbj pbX qBB 3yXyy 9eXR8 eRXRR e3XNe dyXNy
PT2`� pbX 6B`27Qt jjXjj RyyXyy RyyXyy d8Xyy 3RX3k

_2+�HH

6B`27Qt pbXX A1 RdXRe kdXkk jjXdk e3Xy9 eeX3e
qBM/Qrb pbX J�+ dXy9 k8XNj jdXyj 8NXk8 ekXNe
aQMvSbj pbX qBB RdXe8 RdXe8 jkXj8 83X3k 8dXj8
PT2`� pbX 6B`27Qt RkX8y k8Xyy 9jXd8 8eXk8 8eXk8

6R

6B`27Qt pbX A1 kdXj3 jdX98 99Xdy dRXe9 d8X9R
qBM/Qrb pbX J�+ RRXN3 j8Xyy 9dXeR e9Xyy eNXj3
aQMvSbj pbX qBB k3XNk k8X8j 9kXjy ejX93 ejX9R
PT2`� pbX 6B`27Qt R3XR3 9yXyy eyX3e e9XkN eeXed

h�#H2 eXe, S`2+BbBQM- _2+�HH- �M/ F1 K2�bm`2 Q7 p�`BQmb /2#�i2 +H�bbB}+�iBQM
K2i?Q/bX

6`QK h�#H2 eXe- r2 +�M b22 i?�i �KQM; i?2 i?`22 #�b2HBM2b- i?2 PTS`Q#�#BHBiv

�H;Q`Bi?K ;Bp2b i?2 ?B;?2bi T`2+BbBQM �M/ `2+�HHX h?2 `2�bQM 7Q` i?Bb ?B;?2` T`2+BbBQM

�M/ `2+�HH +QKT�`2/ iQ PThQTB+ �M/ PTSJA Bb i?�i Bi mb2b 2ti2`M�H FMQrH2/;2 iQ

RRj



6B;m`2 eXk, S`2+BbBQM +QKT�`BbQM 7Q` p�`BQmb /2#�i2 +H�bbB}+�iBQM K2i?Q/bX

6B;m`2 eXj, _2+�HH +QKT�`BbQM 7Q` p�`BQmb /2#�i2 +H�bbB}+�iBQM K2i?Q/bX

RR9



6B;m`2 eX9, 6R b+Q`2 +QKT�`BbQM 7Q` p�`BQmb /2#�i2 +H�bbB}+�iBQM K2i?Q/bX

/2i2`KBM2 i?2 �bT2+i@i�`;2i T`272`2M+2X PTS`Q#�#BHBiv Bb �#H2 iQ H2�`M �bT2+i T`272`@

2M+2 7`QK i?2 r2# +Q`TmbX 1p2M i?Bb �TT`Q�+? Bb HBKBi2/ #v i?2 �p�BH�#BHBiv Q7 T`QT2`

/QK�BM BM7Q`K�iBQM 7`QK i?2 r2# +Q`TmbX h?2 r2# +Q`Tmb K�v ?�p2 HBKBi2/ MmK#2`

Q7 T�;2b Q` B``2H2p�Mi T�;2bX

�b +�M #2 MQi2/- PThQTB+ ?�b p2`v HQr `2+�HH BM /2i2+iBM; /2#�i2 bi�M+2X h?Bb Bb

#2+�mb2 Bi Bb � M�Bp2 �TT`Q�+? i?�i `2HB2b QMHv QM QTBMBQMb �bbQ+B�i2/ rBi? i?2 /2#�i2

iQTB+X h?2 QTBMBQMb Q7 i?2 �bT2+ib `2H�i2/ iQ i?2 iQTB+ �`2 /Bb+�`/2/X PTSJA Bb �#H2

iQ /2i2+i bi�M+2 rBi? ?B;?2` `2+�HH �b Bi �bbQ+B�i2b 2�+? i2`K rBi? 2Bi?2` Q7 i?2 i�`;2i

�M/ QTBMBQM Q7 2�+? i2`K Bb +QMbB/2`2/X >Qr2p2`- BM i?Bb +�b2- i?2 T`2+BbBQM /`QTb �b

MQi �HH i?2 i2`Kb �`2 �bT2+ib �M/ � i2`K #2 �bbQ+B�i2/ rBi? #Qi? i�`;2ibX

*QKT�`2/ iQ PTS`Q#�#BHiv Qm` T`QTQb2/ irQ �H;Q`Bi?Kb ;Bp2 RyW ?B;?2` T`2+BbBQM

�M/ jyW ?B;?2` `2+�HHX h?2 `2�bQM 7Q` i?Bb p2`v ?B;? `2+�HH Bb i?�i r2 �`2 �#H2 iQ

/2i2+i bi�M+2 BM KQ`2 MmK#2` Q7 TQbib #2+�mb2 Q7 #2ii2` T`2@T`Q+2bbBM;- KQ`2 2ti2`M�H

FMQrH2/;2 BM i?2 7Q`K Q7 rQ`/ 2K#2//BM;- �M/ � #B;;2` QTBMBQM H2tB+QMX

RR8



AM i?2 PT2`� pb 6B`27Qt /�i�b2i- irQ Q7 i?2 #�b2HBM2 �H;Q`Bi?Kb ;Bp2 RyyW T`2+BbBQM-

r?2`2�b Qm` #2bi K2i?Q/ ;Bp2b QMHv 3kWX h?2 `2�bQM Bb i?2 bBx2 Q7 i?2 /�i�b2iX h?Bb

/�i�b2i ?�b QMHv Re TQbib- �M/ i?2 �H;Q`Bi?K Bb �#H2 iQ /2i2+i bi�M+2 BM QMHv 9 Qmi Q7

i?2 Re TQbibX aBM+2 Bi /2i2+ib +Q``2+i bi�M+2 BM �HH i?2 9 TQbib- Bi ?�b RyyW T`2+BbBQMX

>Qr2p2`- i?2 `2+�HH Q7 i?2b2 �H;Q`Bi?Kb Bb k8W �M/ 9jW- r?B+? Bb RjW HQr2` +QKT�`2/

iQ Qm` K2i?Q/bX

PTq1 rQ`Fb r2HH BM KmHiBTH2 /QK�BMb bBM+2 i?2 rQ`/ 2K#2//BM;b �`2 Q#i�BM2/

7`QK � H�`;2 i2ti +Q`Tmb �M/ MQ /QK�BM@bT2+B}+ +Q`Tmb Bb `2[mB`2/X *QKT�`2/ iQ

PTq1- PTq1�S 7m`i?2` BKT`Qp2b i?2 �p2`�;2 T`2+BbBQM #v 8W �M/ F1 b+Q`2 #v

kX38WX h?2 `2bmHi bm;;2bib i?�i T`mMBM; �bT2+ib B``2H2p�Mi iQ i?2 i�`;2ib BM+`2�b2b i?2

+H�bbB}+�iBQM �++m`�+vX h?2 `2�bQM 7Q` i?2 BM+`2�b2 Bb i?�i Bi `2KQp2b i?2B` BM~m2M+2

BM /2i2+iBM; bi�M+2 BM i?2 AGS 7Q`KmH�iBQMX

eXjX9 �bT2+i S`mMBM; 1p�Hm�iBQM

AM i?Bb b2+iBQM- r2 /2b+`B#2 i?2 :L" +H�bbB}2` mb2/ 7Q` T`mMBM; B``2H2p�Mi �bT2+ib-

�M/ 2p�Hm�i2 Bib 2z2+iBp2M2bb BM /2i2`KBMBM; iQTB+@`2H�i2/ �bT2+ibX q2 �HbQ 2p�Hm�i2

i?2 mb2 Q7 i?2 :L" +H�bbB}2`- i`�BM2/ QM � /QK�BM- 7Q` i`�Mb72` H2�`MBM; 7Q` T`mMBM;

B``2H2p�Mi �bT2+ib BM Qi?2` /QK�BMbX

:�mbbB�M L�Bp2 "�v2b U:L"V

AMBiB�HHv- r2 +QMbB/2` 6B`27Qt pbX A1 /2#�i2 TQbib iQ #mBH/ i?2 :L" �bT2+i@i�`;2i

+H�bbB}2`X h?2`2 �`2 88k �bT2+ib T`2b2Mi BM i?2 �PS Q7 6B`27Qt pbX A1 /2#�i2 TQbibX

h?`22 `2b2�`+? b+?QH�`b K�Mm�HHv �MMQi�i2 i?2 �bT2+ib �b `2H�i2/ Q` MQi `2H�i2/ iQ

2Bi?2` Q7 i?2 i�`;2ibX h?2 /Bb�;`22K2Mib �`2 `2bQHp2/ i?`Qm;? Kmim�H /Bb+mbbBQMX

�7i2` K�Mm�H �MMQi�iBQM- Bi Bb 7QmM/ i?�i RR9 �bT2+ib �`2 `2H�i2/ iQ 2Bi?2` Q7 i?2

i�`;2ib �M/ 9j3 �bT2+ib MQi `2H�i2/X h?2M- r2 T2`7Q`K � `�M/QK bTHBi Q7 i?2 �bT2+ib

BMiQ jdy UeeXeeWV i`�BMBM; �M/ R3k UjjXjjWV i2biBM; /�i�X h?2 k@. bBKBH�`Biv b+Q`2

RRe



72�im`2 p2+iQ` Bb mb2/ iQ i`�BM i?2 :L" +H�bbB}2`X �7i2` +`Qbb p�HB/�iBQM- i?2 i`�BM2/

KQ/2H ;Bp2b �M �p2`�;2 �++m`�+v Q7 3RW BM +H�bbB7vBM; i?2 �bT2+ibX h?Bb i`�BM2/ KQ/2H

Bb mb2/ iQ +H�bbB7v r?2i?2` � M2r �bT2+i 7`QK i?2 TQbi Bb `2H�i2/ iQ 2Bi?2` Q7 i?2 /2#�i2

i�`;2ib Q` MQiX

AM ;2M2`�H- K�Mm�H H�#2HHBM; Q7 �bT2+ib 7Q` 2�+? /2#�i2 i�F2b 2zQ`i �M/ Bb iBK2 +QM@

bmKBM;X q2- i?2`27Q`2- i2bi B7 i`�Mb72` H2�`MBM; +�M #2 �TTHB2/ QM i?2 :L" +H�bbB}2` 7Q`

+`Qbb@/QK�BM +H�bbB}+�iBQM Q7 B``2H2p�Mi �bT2+ibX 6Q` i?Bb Tm`TQb2- i?2 `2b2�`+? b+?QH@

�`b T2`7Q`K K�Mm�H �MMQi�iBQM Q7 `2H�i2/ �bT2+ib QM i?2 `2K�BMBM; i?`22 /�i�b2ibX

h?2 �#Qp2 i`�BM2/ :L" +H�bbB}2` Bb �TTHB2/ iQ i?2 `2K�BMBM; i?`22 /�i�b2ib iQ `2@

KQp2 B``2H2p�Mi �bT2+ibX h?2 `2bmHib Q7 i?2 +H�bbB}2` �`2 b?QrM BM h�#H2 eXd- r?2`2

i?2 +H�bbB}2` Bb i`�BM2/ QM QMHv 6B`27Qt pbX A1 /2#�i2 /�i�b2iX q2 Q#b2`p2 i?�i i?2

J2�bm`2 6B`27Qt pbX
A1

qBM/Qrb
pbX J�+

aQMv Sbj
pbX qBB

PT2`� pbX
6B`27Qt

*H�bbB}+�iBQM
�++m`�+v UWV 3R 39 3d 39Xky

h�#H2 eXd, �bT2+i T`mMBM; �++m`�+v �+`Qbb �HH 7Qm` /2#�i2 /�i�b2ibX

:L" +H�bbB}2` Bb �#H2 iQ /2i2+i i�`;2i@`2H�i2/ �bT2+ib �+`Qbb KmHiBTH2 /QK�BMb rBi?

?B;? �++m`�+vX h?Bb BM/B+�i2b i?�i i?2 +H�bbB}2` H2�`Mb � 7mM+iBQM r?2i?2` i?2 �bT2+i

Bb `2H2p�Mi Q` B``2H2p�Mi #�b2/ QM i?2 �bT2+ib bBKBH�`Biv rBi? i?2 i�`;2i iQTB+bX aBM+2

i?Bb 7mM+iBQM Bb BM/2T2M/2Mi Q7 i?2 i�`;2ib Q` i?2 �bT2+ib- Bi +�M #2 mb2/ 7Q` i`�Mb72`

H2�`MBM; �+`Qbb KmHiBTH2 /2#�i2 iQTB+b- rBi?Qmi HQr2`BM; +H�bbB}+�iBQM �++m`�+vX

h�#H2 eX3 b?Qrb i?2 rQ`/ 2K#2//BM; bBKBH�`Biv b+Q`2 Q7 bQK2 �bT2+ib rBi? `2@

bT2+i iQ i?2 i�`;2ib 6B`27Qt �M/ AMi2`M2i 1tTHQ`2` UA1VX q2 Q#b2`p2 i?�i i?2 �bT2+ib

#QQFK�`F- #`Qrb2`- 6B`27Qt- �M/ GBMmt i?�i ?�p2 ?B;? bBKBH�`Biv b+Q`2b rBi? #Qi? i?2

i�`;2ib �`2 `2H2p�Mi iQ i?2 i�`;2ib 6B`27Qt �M/ A1- r?BH2 i?2 �bT2+ib �//`2bb- �`+?B@

i2+im`2- +QHQ`- �M/ pB/2Qb i?�i ?�p2 HQr bBKBH�`Biv b+Q`2b rBi? i?2 i�`;2ib �`2 7QmM/ iQ

#2 B``2H2p�MiX �HbQ- �bT2+ib rBi? HQr /Bz2`2M+2 BM bBKBH�`Biv b+Q`2 �`2 2Bi?2` +QKKQM

RRd



�bT2+i aBKBH�`Biv
U6B`27QtV

aBKBH�`Biv
UA1V

_2H2p�Mi(1)/
A``2H2p�Mi(0) .Bz2`2M+2

"QQFK�`F X9j Xje R Xyd
"`Qrb2` Xdk X3e R Xy9
6B`27Qt RXyy X8k R XRR
GBMmt X8e X9e R XRy
�//`2bb Xy9 XRk y Xy3
�`+?Bi2+im`2 XRN XRe y Xy3
*QHQ` XRk XRy y Xyk
oB/2Q XRe XR9 y Xyk

h�#H2 eX3, qQ`/ 2K#2//BM; bBKBH�`Biv b+Q`2 Q7 �bT2+ibX

�bT2+ib 7Q` #Qi? i?2 i�`;2ib U#QQFK�`F- #`Qrb2`V Q` B``2H2p�Mi iQ i?2 i�`;2ib U+QHQ`-

pB/2QVX

eX9 *QM+HmbBQM

h?Bb +?�Ti2` T`2b2Mib �M mMbmT2`pBb2/ �TT`Q�+? iQ T2`7Q`K bi�M+2 +H�bbB}+�iBQM Q7

+QKT�`�iBp2 `2pB2rb mbBM; rQ`/ 2K#2//BM;bX h?2 mb2 Q7 rQ`/ 2K#2//BM;b 2M�#H2b

mb iQ T2`7Q`K bi�M+2 /2i2+iBQM rBi?Qmi mbBM; � r2# +Q`TmbX Pm` `2bmHib b?Qr i?�i

Qm` �TT`Q�+? +�M /2i2+i mb2` bi�M+2 bB;MB}+�MiHv #2ii2` i?�M 2tBbiBM; K2i?Q/bX AM

2tBbiBM; i2+?MB[m2b- K�Mv Q7 i?2 �bT2+ib Q#i�BM2/ �`2 B``2H2p�Mi iQ i?2 /2#�i2 iQTB+bX

q2 BMi`Q/m+2 /�i� +H2�MBM;- H2tB+QM 2tT�MbBQM- �M/ �bT2+i T`mMBM; 7Q` #2ii2` QTBMBQM

�M/ �bT2+i /2i2+iBQMX q2 �HbQ i`�BM � bmT2`pBb2/ �bT2+i +H�bbB}2` i?�i +�M mb2/ �b

i`�Mb72` H2�`MBM; K2i?Q/ iQ /2i2+i i�`;2i@`2H�i2/ �bT2+ib �+`Qbb KmHiBTH2 /QK�BMbX

Pm` �TT`Q�+? Bb b+�H�#H2 iQ irQ@bB/2/ /2#�i2 TQbib �+`Qbb KmHiBTH2 /QK�BMb �b Bi /Q2b

MQi `2[mB`2 �Mv /QK�BM bT2+B}+ BM7Q`K�iBQM iQ T2`7Q`K bi�M+2 /2i2+iBQMX

RR3



*?�Ti2` d

*QM+HmbBQM

AM i?Bb +?�Ti2`- r2 +QM+Hm/2 i?Bb i?2bBb #v bmKK�`BxBM; i?2 +QMi`B#miBQM �M/ i?2M

T`QTQb2 bQK2 /B`2+iBQMb 7Q` 7mim`2 rQ`FX

dXR amKK�`v Q7 *QMi`B#miBQM

AM i?Bb i?2bBb- r2 bim/v i?2 T`Q#H2K Q7 `2pB2r 2tTHQ`�iBQM �M/ bmKK�`Bx�iBQM BM

2@+QKK2`+2 T`Q/m+ibX q2 ?B;?HB;?i i?`22 +?�HH2M;2b BM `2pB2r 2tTHQ`�iBQM- M�K2Hv-

}M/BM; i?2 b2K�MiB+ `2H�iBQMb?BT #2ir22M �bT2+ib- T`QpB/BM; � K2�MBM;7mH bmKK�`v Q7

`2pB2rb �M/ bmKK�`BxBM; +QKT�`�iBp2 `2pB2rbX hQ �//`2bb 2�+? Q7 i?2 +?�HH2M;2b- r2

T`QTQb2 i?`22 /Bz2`2Mi r�vb Q7 `2pB2r 2tTHQ`�iBQM- M�K2Hv 2tTHQ`�iBQM mbBM; �bT2+i

QMiQHQ;v- 2tTHQ`�iBQM mbBM; QTBMBQM�i2/ i�;b- �M/ bi�M+2 /2i2+iBQM BM +QKT�`�iBp2

`2pB2rbX hQ }M/ i?2 b2K�MiB+ `2H�iBQMb?BT #2ir22M �bT2+ib- r2 T`2b2Mi � MQp2H K2i?Q/

iQ +QMbi`m+i �bT2+i QMiQHQ;vX q2 M2ti HQQF �i bmKK�`BxBM; `2pB2rb #v ;2M2`�iBM;

mb27mH �M/ mM/2`bi�M/�#H2 i�;b 7`QK `2pB2rbX 6BM�HHv- r2 rQ`F QM /2i2+iBM; i?2

bi�M+2 Q7 mb2`b BM +QKT�`�iBp2 `2pB2r i?`Qm;? i?2 mb2 Q7 rQ`/ 2K#2//BM;bX h?2

bB;MB}+�Mi }M/BM;b Q7 i?2 `2b2�`+? rQ`F �`2 bmKK�`Bx2/ BM i?2 7QHHQrBM; bm#b2+iBQMbX
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dXRXR _2pB2r 1tTHQ`�iBQM mbBM; �bT2+i PMiQHQ;v

EMQrBM; i?2 b2K�MiB+ `2H�iBQM #2ir22M �bT2+ib �M/ bm#@�bT2+ib Bb �M BMi2`2biBM;-

v2i +?�HH2M;BM; T`Q#H2K 7Q` �bT2+i@#�b2/ `2pB2r bmKK�`Bx�iBQM bvbi2KbX 1tBbiBM;

�bT2+i@#�b2/ `2pB2r 2tTHQ`�iBQM bvbi2Kb �bbmK2 � ~�i `2H�iBQMb?BT #2ir22M �bT2+ibX

AM *?�Ti2` 9- r2 T`QTQb2 � bQHmiBQM iQ i?Bb T`Q#H2K #v �``�M;BM; i?2 �bT2+ib BM i?2

7Q`K Q7 �M QMiQHQ;v iQ b?Qr ?B2`�`+?B+�H �bT2+i `2H�iBQMbX q2 T`QTQb2 irQ MQp2H mM@

bmT2`pBb2/ �TT`Q�+?2b iQ +`2�i2 �bT2+i QMiQHQ;vX �bT2+ib 2ti`�+i2/ 7`QK `2pB2rb �`2

mb2/ iQ +`2�i2 QMiQHQ;v #�b2/ QM b2K�MiB+ `2H�iBQMb?BT Ua2K_V �M/ b2K�MiB+ `2H�i@

2/M2bb FMQrH2/;2#�b2 Ua2KaVX a2K_ mb2b K�Mm�HHv +`2�i2/ FMQrH2/;2 ;`�T?- r?B+?

HBKBib i?2 MmK#2` Q7 �bT2+ib �M/ `2H�iBQMb i?�i +�M #2 B/2MiB}2/X PM i?2 Qi?2` ?�M/-

a2Ka mb2b +Q@Q++m``2M+2 T�ii2`M Q7 rQ`/b BM � H�`;2 +Q`Tmb iQ +QKTmi2 b2K�MiB+ bBK@

BH�`BivX h?Bb ?2HTb BM Qp2`+QKBM; i?2 HBKBi�iBQMb Q7 FMQrH2/;2 ;`�T?- r?B+? `2[mB`2b

T`BQ` FMQrH2/;2 #2ir22M �bT2+ibX �7i2` +`2�iBM; i?2 QMiQHQ;v- `2pB2rb �`2 �;;`2;�i2/

�++Q`/BM; iQ i?2 �bT2+ib T`2b2Mi BM i?2 QMiQHQ;vX amKK�`BxBM; `2pB2rb mbBM; �bT2+i

QMiQHQ;v T`QpB/2b � mb2`@7`B2M/Hv BMi2`7�+2 iQ #`Qrb2 i?`Qm;? mMbi`m+im`2/ �M/ pQ@

HmKBMQmb `2pB2rbX �bT2+i bT2+B}+ `2pB2rb +�M #2 pB2r2/ #v +?QQbBM; � T�`iB+mH�`

�bT2+i Q7 BMi2`2biX Ai �HbQ ?2HTb iQ Qp2`+QK2 i?2 H�+F Q7 /QK�BM FMQrH2/;2 �#Qmi i?2

T`Q/m+ib #v pBbm�HBxBM; i?2 `2H�iBQMb #2ir22M p�`BQmb �bT2+ib �M/ bm#@�bT2+ib Q7 �

T`Q/m+iX

dXRXk _2pB2r 1tTHQ`�iBQM mbBM; PTBMBQM�i2/ h�;b

1tBbiBM; `2pB2r 2tTHQ`�iBQM bvbi2Kb K�BMHv 7Q+mb QM T`QpB/BM; �M Qp2`�HH b2MiBK2Mi Q`

�bT2+i b2MiBK2Mi 7`QK � `2pB2rX AM *?�Ti2` 8- r2 T`QTQb2 � MQp2H �TT`Q�+? iQ T`QpB/2

K2�MBM;7mH BMbB;?i BMiQ T`Q/m+i �bT2+ib 7`QK `2pB2rb #v ;2M2`�iBM; QTBMBQM�i2/ i�;bX

AM T�`iB+mH�`- r2 +?QQb2 i?2 i�;b i?�i ?�p2 #Qi? �bT2+i �M/ QTBMBQM rQ`/b- �M/ +Qp2`

� K�DQ`Biv Q7 `2pB2rbX "�b2/ QM i?2 M�im`2 Q7 `2pB2rb- r2 +H�bbB7v T`Q/m+ib �b TQTmH�`

�M/ +QH/ T`Q/m+ibX q2 2KTHQv i?`22 iQTB+ KQ/2HBM; i2+?MB[m2b- M�K2Hv TQTmH�`Biv-

Rky



h6@h.6 �M/ hL: iQ ;2M2`�i2 K2�MBM;7mH i�;bX q2 b?Qr i?�i hL: ;Bp2b #2ii2`

i�;b +QKT�`2/ iQ TQTmH�`Biv �M/ h6@A.6 �b hL: +QMbB/2`b i?2 b2[m2MiB�H M�im`2

Q7 i2ti iQ ;2M2`�i2 +Q?2`2Mi rQ`/b �M/ T?`�b2b �b i�;bX 6Q` +QH/ T`Q/m+ib- i?2 i�;

;2M2`�iBQM i2+?MB[m2b ;2M2`�i2 K�Mv MQBbv i�;b /m2 iQ H�+F Q7 `2pB2r +QMi2MiX aQ- r2

H2p2`�;2 � i�; +HQm/ Q#i�BM2/ 7`QK i?2 i�;b Q7 TQTmH�` T`Q/m+ib iQ /Bb+Qp2` i?2 i�;b

BM +QH/ T`Q/m+ibX PM+2 i?2 i�;b �`2 ;2M2`�i2/ 7`QK `2pB2rb- r2 }M/ i?2 iQT@F KQbi

mb27mH i�;b #�b2/ QM � ;`22/v b2i +Qp2`�;2 �H;Q`Bi?KX h?2M- r2 �TTHv LGS bvMi�+iB+

`mH2b iQ K�F2 i?2 i�;b KQ`2 mM/2`bi�M/�#H2X Pm` T`QTQb2/ �TT`Q�+? QmiT2`7Q`Kb

i?`22 #�b2HBM2b- M�K2Hv TQTmH�`Biv- h6@A.6 �M/ hL: �b Bi +�M B/2MiB7v BKTQ`i�Mi

QTBMBQM�i2/ �bT2+ib #2ii2` i?�M #�b2HBM2bX

dXRXj ai�M+2 .2i2+iBQM BM *QKT�`�iBp2 _2pB2rb

*QKT�`�iBp2 `2pB2rb +QMi�BM /2i�BH2/ +QKT�`BbQMb Q7 +QKT2iBM; T`Q/m+ib �M/ �`2

KQ`2 mb27mH i?�M bBM;H2 `2pB2rb �b i?2v T`QpB/2 �M BMbB;?i BMiQ r?B+? Q7 i?2 +QKT2iBM;

T`Q/m+i Bb #2ii2`X EMQrBM; i?2 bi�M+2 Q7 +QKT�`�iBp2 `2pB2rb +�M BM~m2M+2 T2QTH2Ƕb

QTBMBQMX AM *?�Ti2` e- r2 T`QTQb2 iQ bmKK�`Bx2 +QKT�`�iBp2 `2pB2rb #v /2i2`KBMBM;

i?2 bi�M+2 Q7 mb2`b 7`QK i?2 `2pB2r TQbibX ai�M+2 /2i2+iBQM Bb ?�`/2` i?�M bi�M/�`/

b2MiBK2Mi �M�HvbBb /m2 iQ i?2 T`2b2M+2 Q7 KmHiBTH2 i�`;2ibX hQ /2i2`KBM2 i?2 bi�M+2

Q7 � mb2`- r2 M22/ iQ }M/ i?2 i�`;2i T`272`2M+2 Q7 2�+? �bT2+i T`2b2Mi BM i?2 /2#�i2

TQbiX q2 T`QTQb2 � /QK�BM@BM/2T2M/2Mi �TT`Q�+? Q7 bi�M+2 /2i2+iBQM mbBM; rQ`/

2K#2//BM;bX qQ`/ 2K#2//BM; Bb 2KTHQv2/ iQ }M/ i?2 `2H2p�Mi �bT2+ib �b r2HH �b

i?2 �bT2+i@i�`;2i T`272`2M+2X h?2 mb2 Q7 rQ`/ 2K#2//BM; BM Qm` �TT`Q�+? ?2HTb iQ

T`mM2 B``2H2p�Mi �bT2+ib i?�i �`2 T`2b2Mi BM 2tBbiBM; �TT`Q�+?2bX qQ`/ 2K#2//BM;

�HbQ ?2HTb BM }M/BM; i�`;2i T`272`2M+2 Q7 2�+? �bT2+i- r?B+? Bb 2bb2MiB�H iQ /2i2`KBM2

i?2 bi�M+2 Q7 mb2`bX Pm` rQ`/ 2K#2//BM;@#�b2/ �TT`Q�+? Bb �#H2 iQ /2i2+i i?2 bi�M+2

Q7 KQbi Q7 i?2 +QKT�`�iBp2 TQbib �M/ QmiT2`7Q`Kb 2tBbiBM; +Q`Tmb@#�b2/ �TT`Q�+?2b

BM /2i2+iBM; i?2 +Q``2+i bi�M+2X
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dXk 6mim`2 qQ`F

h?2 i?2bBb 2tTHQ`2b p�`BQmb r�vb Q7 `2pB2r 2tTHQ`�iBQM �M/ bmKK�`Bx�iBQMX 6QHHQrBM;

�`2 bQK2 TQbbB#H2 /B`2+iBQMb 7Q` 7mim`2 rQ`F,

Ç a2K�MiB+ `2H�iBQMb?BT Ua2K_V �M/ b2K�MiB+ bBKBH�`Biv Ua2KaV K2i?Q/b ?�p2

i?2B` QrM K2`Bib �M/ /2K2`BibX �b � T�`i Q7 7mim`2 rQ`F- a2Ka �M/ a2Ka

K2i?Q/b K�v #2 +QK#BM2/ mbBM; 2Mb2K#H2 H2�`MBM; iQ BKT`Qp2 �bT2+i QMiQHQ;vX

"Qi? FMQrH2/;2 ;`�T? �M/ b2K�MiB+ bBKBH�`Biv +�M +QKTH2K2Mi QM2 �MQi?2` BM

}M/BM; bi`QM; �bT2+i �M/ bm#@�bT2+i `2H�iBQMbX ai`QM; �bT2+i `2H�iBQMb rQmH/

?2HT BM +QMbi`m+iBM; � KQ`2 �++m`�i2 �bT2+i QMiQHQ;v �M/ rQmH/ �HbQ `2/m+2

iQTB+ /`B7iX

Ç h?2 T`Q/m+i /2b+`BTiBQMb T`QpB/2/ #v b2HH2`b K�v #2 BM+Q`TQ`�i2/ bQ �b iQ BK@

T`Qp2 �bT2+i QMiQHQ;vX S`Q/m+i /2b+`BTiBQM bT2+B}2/ QM QMHBM2 b?QTTBM; bBi2b

+QMi�BMb mb27mH Q#D2+iBp2 BM7Q`K�iBQM �#Qmi p�`BQmb �bT2+ib �M/ bm#@�bT2+ib Q7

i?2 T`Q/m+iX am+? BM7Q`K�iBQM Bb �++m`�i2 �M/ +�M #2 mb2/ iQ 2M?�M+2 }M/BM;

`2H�iBQMb #2ir22M �bT2+ib �M/ bm#@�bT2+ibX

Ç �bT2+i@H2p2H bi�M+2 /2i2+iBQM BM TQHBiB+�H /Bb+Qm`b2 K�v #2 T2`7Q`K2/X SQHBiB+�H

/Bb+Qm`b2 ?�b � +QmMi�#H2 MmK#2` Q7 �bT2+ibX AMbi2�/ Q7 /2i2+iBM; i?2 Qp2`�HH

bi�M+2 Q7 mb2`b- r2 +�M B/2MiB7v i?2 p�`BQmb �bT2+ib T`2b2Mi BM TQHBiB+�H /Bb+Qm`b2

�M/ i?2M }M/, U�V q?B+? /Bb+Qm`b2 �bT2+ib i?2 mb2` Bb +QM+2`M2/ �#Qmi �M/ ?�b

�M QTBMBQM QM\ U#V q?�i Bb i?2 bi�M+2 Q7 i?2 mb2` QM i?2 �bT2+ib\

Ç PTBMBQM�i2/ i�; bmKK�`v K�v #2 ;2M2`�i2/ 7`QK T`Qb �M/ +QMb `2pB2rbX S`Qb

�M/ +QMb `2pB2rb +QMi�BM � p�bi i`2�bm`2 i`Qp2 Q7 �bT2+ib �M/ b2MiBK2Mib �M/

T`QpB/2 � KQ`2 BM@/2Ti? mM/2`bi�M/BM; Q7 T`Q/m+i [m�HBivX h�; ;2M2`�iBQM �M/

bi�M+2 /2i2+iBQM K2i?Q/b +�M #2 +QK#BM2/ iQ T`QpB/2 QTBMBQM�i2/ i�;b �HQM;

rBi? i?2 bi�M+2 Q7 T`Qb �M/ +QMb `2pB2rbX

Rkk



Ç h?2 T`QTQb2/ hS_ i�; bmKK�`Bx�iBQM bvbi2K T`QpB/2b �M Qp2`�HH bmKK�`v

Q7 i?2 T`Q/m+i `2pB2rbX q2 K�v +mbiQKBx2 i?2 bvbi2K iQ K�F2 KQ`2 b2Mb2

#v T`QpB/BM; � i�; bmKK�`v /2T2M/BM; QM i?2 +QMi2ti Q7 r?Q rQmH/ `2+2Bp2

i?2 i�; `2+QKK2M/�iBQMX 6Q` 2t�KTH2- i�;b K�v #2M2}i i?2 K�Mm7�+im`2`b #v

T`QpB/BM; +mbiQK2` 722/#�+F �#Qmi i?2B` T`Q/m+ibX

Ç h�; `2+QKK2M/�iBQM +�M #2 T2`bQM�HBx2/ 7Q` 2�+? +mbiQK2`X .Bz2`2Mi mb2`b

?�p2 /Bz2`2Mi i�bi2 �M/ T`272`2M+2 Q7 �bT2+ib �M/ T`Q/m+ibX lb2` #`QrbBM; �M/

Tm`+?�b2 ?BbiQ`v K�v #2 mb2/ iQ }M/ i?2B` �bT2+i T`272`2M+2- �M/ T2`bQM�HBx2/

`2H2p�Mi i�;b K�v #2 b?QrM iQ i?2 mb2`bX

Ç AM i?Bb i?2bBb- /Bb+`2i2 p�Hm2b �`2 mb2/ iQ i2bi i?`2b?QH/ T�`�K2i2`b U�H;Q`Bi?K

j �M/ �H;Q`Bi?K eVX � ;QQ/ QTiBKBx�iBQM T`Q#H2K +�M ?2HT iQ QTiBKBx2 i?2

i?`2b?QH/ #v +QMbB/2`BM; +QMiBMmQmb p�Hm2bX

Ç AGS bQHp2`b �`2 +QKTmiBM; 2tT2MbBp2X q?2M r2 +QMbB/2` /2#�i2 iQTB+b ?�pBM; �

H�`;2 MmK#2` Q7 /2#�i2 TQbib- Bi K�v #2+QK2 +QKTmi�iBQM�HHv 2tT2MbBp2 iQ mb2

;2M2`�H AGS bQHpBM; i2+?MB[m2bX �MQi?2` /B`2+iBQM 7Q` 7mim`2 `2b2�`+? K�v #2

iQ rQ`F QM /2p2HQTBM; � 7�bi �M/ `Q#mbi AGS bQHp2` i?�i K�v b+�H2 iQ #B; /�i�X

Ç h?2 T`QTQb2/ bi�M+2 /2i2+iBQM i2+?MB[m2 Bb bmBi�#H2 7Q` irQ@bB/2/ /2#�i2b TQbib

rBi? QMHv irQ QTTQbBM; i�`;2ibX h?2 i2+?MB[m2 Bb MQi �TTHB+�#H2 iQ /2#�i2 TQbib

r?2`2 KmHiBTH2 i�`;2ib �`2 +QKT�`2/X �HbQ- i?2 i2+?MB[m2 rQmH/ T2`7Q`K TQQ`Hv

QM /2#�i2 TQbib i?�i +QKT�`2 KmHiBTH2 KQ/2Hb Q7 i?2 b�K2 #`�M/X �//`2bbBM;

i?2b2 HBKBi�iBQMb rQmH/ BM+`2�b2 i?2 `Q#mbiM2bb Q7 Qm` i2+?MB[m2X

Ç a2K�MiB+ aBKBH�`Biv Ua2KaV mb2b G�i2Mi a2K�MiB+ �M�HvbBb UGa�V Q7 qBFBT2/B�

/�i� 7Q` QMiQHQ;v +`2�iBQMX �b r2 +`2�i2 i?2 QMiQHQ;v 7Q` � T`Q/m+i #2HQM;BM;

iQ QM2 /QK�BM- i`�BMBM; i?2 Ga� KQ/2H QM T`Q/m+i `2pB2rb #2HQM;BM; iQ � /Q@

K�BM K�v T`QpB/2 ;QQ/ BMbB;?i �M/ K�v BM+`2�b2 i?2 �++m`�+v Q7 i?2 bBKBH�`Biv

Rkj



K2�bm`2X Ai rQmH/ #2 ;QQ/ iQ 2p�Hm�i2 i?2 QMiQHQ;v r2 ;2i mbBM; qBFBT2/B� pb

mbBM; i?2 `2pB2r +Q`TmbX

Rk9



"B#HBQ;`�T?v

(R) JX �#�/B- SX "�`?�K- CX *?2M- wX *?2M- �X .�pBb- CX .2�M- JX .2pBM-

aX :?2K�r�i- :X A`pBM;- JX Ab�`/- JX Em/Hm`- CX G2p2M#2`;- _X JQM;�-

aX JQQ`2- .X :X Jm``�v- "X ai2BM2`- SX hm+F2`- oX o�bm/2p�M- SX q�`/2M-

JX qB+F2- uX um- �M/ sX w?2M;- ǳh2MbQ`~Qr, � bvbi2K 7Q` H�`;2@

b+�H2 K�+?BM2 H2�`MBM;-Ǵ BM S`Q+22/BM;b Q7 i?2 Rki? la1LAs *QM72`2M+2

QM PT2`�iBM; avbi2Kb .2bB;M �M/ AKTH2K2Mi�iBQM- b2`X Pa.AǶReX "2`F2H2v-

*�- la�, la1LAs �bbQ+B�iBQM- kyRe- TTX ke8Ĝk3jX (PMHBM2)X �p�BH�#H2,

?iiT,ff/HX�+KXQ`;f+Bi�iBQMX+7K\B/4jyke3ddXjyke3NN

(k) aX �H�b?`B- aX �Hx�?`�MB- GX "mbiBFQp�- .X aB`QFv- �M/ >X .�pmH+m- ǳq?�i �M@

BK�i2b TQHBiB+�H /2#�i2b\ �M�HvxBM; B/2QHQ;B+�H T2`bT2+iBp2b BM QMHBM2 /2#�i2b

#2ir22M QTTQbBM; T�`iB2b-Ǵ BM S`Q+22/BM;b Q7 aQ+B�H*QK ǶR8VX �a1fA111-

kyR8X

(j) SX �M�M/- JX q�HF2`- _X �##Qii- CX 1X 6X h`22- _X "QrK�MB- �M/ JX JBMQ`-

ǳ*�ib `mH2 �M/ /Q;b /`QQH5, *H�bbB7vBM; bi�M+2 BM QMHBM2 /2#�i2-Ǵ BM S`Q+22/@

BM;b Q7 i?2 rQ`Fb?QT QM +QKTmi�iBQM�H �TT`Q�+?2b iQ bm#D2+iBpBiv �M/ b2MiBK2Mi

�M�HvbBbX �*G- kyRR- TTX RĜNX

(9) PX �TT2H- 6X *?B+H�M�- CX *�`i2`- �M/ >X 6mDBi�- ǳ� ?v#`B/ �TT`Q�+? iQ i?2

b2MiBK2Mi �M�HvbBb T`Q#H2K �i i?2 b2Mi2M+2 H2p2H-Ǵ EMQrH2/;2@"�b2/ avbi2Kb-

pQHX Ry3- TTX RRyĜRk9- kyReX

Rk8



(8) JX �`�mDQ- CX _2Bb- �X S2`2B`�- �M/ 6X "2M2p2MmiQ- ǳ�M 2p�Hm�iBQM Q7 K�+?BM2

i`�MbH�iBQM 7Q` KmHiBHBM;m�H b2Mi2M+2@H2p2H b2MiBK2Mi �M�HvbBb-Ǵ BM S`Q+22/BM;b Q7

i?2 jRbi �MMm�H �bbQ+B�iBQM 7Q` *QKTmiBM; J�+?BM2`v avKTQbBmK QM �TTHB2/

*QKTmiBM;X �*J- kyRe- TTX RR9yĜRR98X

(e) .X "�ÍBÉ �M/ �X 6�/H�HH�- ǳ"mbBM2bb BM7Q`K�iBQM pBbm�HBx�iBQM BMi2HH2+im�H +QMi`B@

#miBQMb, �M BMi2;`�iBp2 7`�K2rQ`F Q7 pBbm�HBx�iBQM +�T�#BHBiB2b �M/ /BK2MbBQMb

Q7 pBbm�H BMi2HHB;2M+2-Ǵ .2+BbBQM amTTQ`i avbi2Kb- pQHX 3N- TTX ddĜ3e- kyReX

(d) �X "�H�?m`- wX EQx�`2p�- �M/ �X JQMiQvQ- ǳ.2i2`KBMBM; i?2 TQH�`Biv �M/ bQm`+2

Q7 QTBMBQMb 2tT`2bb2/ BM TQHBiB+�H /2#�i2b-Ǵ *QKTmi�iBQM�H GBM;mBbiB+b �M/ AM@

i2HHB;2Mi h2ti S`Q+2bbBM;- pQHX 899N- TTX 9e3Ĝ93y- kyyNX

(3) SX "�`M�;?B- :X EQMiQM�ibBQb- LX "2bbBb- �M/ uX EQ`FQMix2HQb- ǳ�bT2+i 2ti`�+@

iBQM 7`QK `2pB2rb mbBM; +QMpQHmiBQM�H M2m`�H M2irQ`Fb �M/ 2K#2//BM;b-Ǵ BM

AMi2`M�iBQM�H *QM72`2M+2 QM �TTHB+�iBQMb Q7 L�im`�H G�M;m�;2 iQ AM7Q`K�iBQM

avbi2KbX aT`BM;2`- kyRN- TTX 9yNĜ9R8X

(N) JX "�xBx- JX "Qm;?�M2K- LX �mbb2M�+@:BHH2b- �M/ *X *?`BbK2Mi-

ǳa2K�MiB+ +Q`2b 7Q` `2T`2b2MiBM; /Q+mK2Mib BM B`-Ǵ BM S`Q+22/BM;b Q7

i?2 kyy8 �*J avKTQbBmK QM �TTHB2/ *QKTmiBM;- b2`X a�* Ƕy8X L2r

uQ`F- Lu- la�, �*J- kyy8- TTX RyRRĜRyRdX (PMHBM2)X �p�BH�#H2,

?iiT,ff/QBX�+KXQ`;fRyXRR98fRyeeeddXRyeeNRR

(Ry) 6X "2HûK- _X a�MiQb- CX �HK2B/�- �M/ JX :QMÏ�Hp2b- ǳhQTB+ /Bp2`bBiv BM i�; `2+@

QKK2M/�iBQM-Ǵ BM S`Q+22/BM;b Q7 i?2 di? �bbQ+B�iBQM 7Q` *QKTmiBM; J�+?BM2`v

+QM72`2M+2 QM _2+QKK2M/2` bvbi2KbX �*J- kyRj- TTX R9RĜR93X

(RR) 6X JX "2HûK- 1X 6X J�`iBMb- CX JX �HK2B/�- �M/ JX �X :QMÏ�Hp2b- ǳS2`bQM�HBx2/

�M/ Q#D2+i@+2Mi2`2/ i�; `2+QKK2M/�iBQM K2i?Q/b 7Q` r2# kXy �TTHB+�iBQMb-Ǵ

AM7Q`K�iBQM S`Q+2bbBM; � J�M�;2K2Mi- pQHX 8y- MQX 9- TTX 8k9Ĝ88j- kyR9X

Rke



(Rk) SX "?�iB�- uX CB- �M/ CX 1Bb2Mbi2BM- ǳ"2ii2` /Q+mK2Mi@H2p2H b2MiBK2Mi

�M�HvbBb 7`QK _ah /Bb+Qm`b2 T�`bBM;-Ǵ BM S`Q+22/BM;b Q7 i?2 kyR8 *QM72`2M+2

QM 1KTB`B+�H J2i?Q/b BM L�im`�H G�M;m�;2 S`Q+2bbBM;- 1JLGS kyR8- GBb#QM-

SQ`im;�H- a2Ti2K#2` Rd@kR- kyR8- kyR8- TTX kkRkĜkkR3X (PMHBM2)X �p�BH�#H2,

?iiT,ff�+Hr2#XQ`;f�Mi?QHQ;vf.f.R8f.R8@RkejXT/7

(Rj) aX "H�B`@:QH/2MbQ?M- EX >�MM�M- _X J+.QM�H/- hX L2vHQM- :X _2Bb- �M/ CX _2v@

M�`- ǳ"mBH/BM; � b2MiBK2Mi bmKK�`Bx2` 7Q` HQ+�H b2`pB+2 `2pB2rb-Ǵ BM qqq

qQ`Fb?QT QM LGS *?�HH2M;2b BM i?2 AM7Q`K�iBQM 1tTHQbBQM 1`� ULGSAsV- kyy3X

(R9) .X JX "H2B- �X uX L;- �M/ JX AX CQ`/�M- ǳG�i2Mi /B`B+?H2i �HHQ+�iBQM-Ǵ CQm`M�H

Q7 K�+?BM2 G2�`MBM; `2b2�`+?- pQHX j- MQX C�M- TTX NNjĜRykk- kyyjX

(R8) 1X "`2+F �M/ *X *�`/B2- ǳPTBMBQM KBMBM; �M/ b2MiBK2Mi �M�HvbBb-Ǵ BM h?2 Pt@

7Q`/ >�M/#QQF Q7 *QKTmi�iBQM�H GBM;mBbiB+b kM/ 2/BiBQM- kyRdX

(Re) "X LX "mHHQ+F- �X >Qi?Q- �M/ :X aimKK2- ǳ�++2bbBM; BM7Q`K�iBQM rBi? i�;b,

a2�`+? �M/ `�MFBM;-Ǵ BM aQ+B�H AM7Q`K�iBQM �++2bbX aT`BM;2`- kyR3- TTX jRyĜ

j9jX

(Rd) *X "m`7QQi- aX "B`/- �M/ hX "�H/rBM- ǳ*QHH2+iBp2 +H�bbB}+�iBQM Q7 +QM;`2bbBQM�H

~QQ`@/2#�i2 i`�Mb+`BTib-Ǵ BM S`Q+22/BM;b Q7 �*G >Gh ǶRRX �*G- kyRR- TTX

R8yeĜR8R8X

(R3) 1X *�K#`B�- ǳ�z2+iBp2 +QKTmiBM; �M/ b2MiBK2Mi �M�HvbBb-Ǵ A111 AMi2HHB;2Mi

avbi2Kb- pQHX jR- MQX k- TTX RykĜRyd- kyReX

(RN) >X *�Q- JX sB2- GX sm2- *X GBm- 6X h2M;- �M/ uX >m�M;- ǳaQ+B�H i�; T`2/B+@

iBQM #�b2 QM bmT2`pBb2/ `�MFBM; KQ/2H-Ǵ BM S`Q+22/BM; Q7 1*JGfSE.. kyyN

.Bb+Qp2`v *?�HH2M;2 qQ`Fb?QT- kyyN- TTX j8Ĝ93X

Rkd



(ky) :X *�`2MBMB- _X hX L;- �M/ �X S�mHb- ǳAMi2`�+iBp2 KmHiBK2/B� bmKK�`B2b

Q7 2p�Hm�iBp2 i2ti-Ǵ BM S`Q+22/BM;b Q7 i?2 RRi? AMi2`M�iBQM�H *QM72`2M+2 QM

AMi2HHB;2Mi lb2` AMi2`7�+2b- b2`X AlA ǶyeX L2r uQ`F- Lu- la�, �*J- kyye-

TTX Rk9ĜRjRX (PMHBM2)X �p�BH�#H2, ?iiT,ff/QBX�+KXQ`;fRyXRR98fRRRR99NXRRRR93y

(kR) GX *?2M- GX ZB- �M/ 6X q�M;- ǳ*QKT�`BbQM Q7 72�im`2@H2p2H H2�`MBM; K2i?Q/b

7Q` KBMBM; QMHBM2 +QMbmK2` `2pB2rb-Ǵ 1tT2`i avbi2Kb rBi? �TTHB+�iBQMb- pQHX jN-

MQX Ry- TTX N833ĜNeyR- kyRkX

(kk) uX@GX *?2M- *X@GX *?�M;- �M/ *X@aX u2?- ǳ1KQiBQM +H�bbB}+�iBQM Q7 vQmim#2

pB/2Qb-Ǵ .2+BbBQM amTTQ`i avbi2Kb- pQHX RyR- TTX 9yĜ8y- kyRdX

(kj) CX *QQF- EX E2Mi?�T�/B- �M/ LX JBb?`�- ǳ:`QmT +?�ib QM irBii2`-Ǵ BM S`Q+22/@

BM;b Q7 i?2 kkM/ BMi2`M�iBQM�H +QM72`2M+2 QM qQ`H/ qB/2 q2#X �*J- kyRj-

TTX kk8ĜkjeX

(k9) >X .�B �M/ uX aQM;- ǳL2m`�H �bT2+i �M/ QTBMBQM i2`K 2ti`�+iBQM rBi? KBM2/

`mH2b �b r2�F bmT2`pBbBQM-Ǵ �`sBp T`2T`BMi �`sBp,RNydXyjd8y- kyRNX

(k8) aX _X .�b �M/ JX uX *?2M- ǳu�?QQ5 7Q` �K�xQM, a2MiBK2Mi 2ti`�+iBQM 7`QK

bK�HH i�HF QM i?2 r2#-Ǵ J�M�;2K2Mi b+B2M+2- pQHX 8j- MQX N- TTX Rjd8ĜRj33-

kyydX

(ke) EX .�p2- aX G�r`2M+2- �M/ .X JX S2MMQ+F- ǳJBMBM; i?2 T2�Mmi ;�HH2`v,

QTBMBQM 2ti`�+iBQM �M/ b2K�MiB+ +H�bbB}+�iBQM Q7 T`Q/m+i `2pB2rb-Ǵ BM

S`Q+22/BM;b Q7 i?2 hr2H7i? AMi2`M�iBQM�H qQ`H/ qB/2 q2# *QM72`2M+2- qqq

kyyj- "m/�T2bi- >mM;�`v- J�v ky@k9- kyyj- kyyj- TTX 8RNĜ8k3X (PMHBM2)X

�p�BH�#H2, ?iiTb,ff/QBXQ`;fRyXRR98fdd8R8kXdd8kke

(kd) 1X .BK�`�- �X "2x2`B�MQb- �M/ SX .`�;B+2pB+- ǳh?2 �ii`�+iBQM 2z2+i BM BM7Q`K�@

iBQM pBbm�HBx�iBQM-Ǵ A111 i`�Mb�+iBQMb QM pBbm�HBx�iBQM �M/ +QKTmi2` ;`�T?B+b-

pQHX kj- MQX R- TTX 9dRĜ93y- kyReX

Rk3



(k3) sX .BM;- "X GBm- �M/ SX aX um- ǳ� ?QHBbiB+ H2tB+QM@#�b2/ �TT`Q�+? iQ QTBMBQM

KBMBM;-Ǵ BM S`Q+22/BM;b Q7 i?2 AMi2`M�iBQM�H *QM72`2M+2 QM q2# a2�`+? �M/

.�i� JBMBM;X �*J- kyy3- TTX kjRĜk9yX

(kN) qX .m �M/ aX h�M- ǳ"mBH/BM; /QK�BM@Q`B2Mi2/ b2MiBK2Mi H2tB+QM #v

BKT`Qp2/ BM7Q`K�iBQM #QiiH2M2+F-Ǵ BM S`Q+22/BM;b Q7 i?2 R3i? �*J *QM72`@

2M+2 QM AM7Q`K�iBQM �M/ EMQrH2/;2 J�M�;2K2Mi- b2`X *AEJ ǶyNX L2r

uQ`F- Lu- la�, �*J- kyyN- TTX Rd9NĜRd8kX (PMHBM2)X �p�BH�#H2,

?iiT,ff/QBX�+KXQ`;fRyXRR98fRe98N8jXRe9ekkR

(jy) JX 1B`BM�FB- aX SBb�H- �M/ CX aBM;?- ǳ62�im`2@#�b2/ QTBMBQM KBMBM; �M/ `�MFBM;-Ǵ

CQm`M�H Q7 *QKTmi2` �M/ avbi2K a+B2M+2b- pQHX d3- MQX 9- TTX RRd8ĜRR39- kyRkX

(jR) �X 1H@EBb?Fv- uX aQM;- *X q�M;- *X _X oQbb- �M/ CX >�M- ǳa+�H�#H2 iQTB+�H

T?`�b2 KBMBM; 7`QK i2ti +Q`TQ`�-Ǵ S`Q+22/BM;b Q7 i?2 oG." 1M/QrK2Mi- pQHX 3-

MQX j- TTX jy8ĜjRe- kyR9X

(jk) PX 1ixBQMB- JX *�7�`2HH�- .X .QrM2v- �X@JX SQT2b+m- hX a?�F2/-

aX aQ/2`H�M/- .X aX q2H/- �M/ �X u�i2b- ǳJ2i?Q/b 7Q` /QK�BM@

BM/2T2M/2Mi BM7Q`K�iBQM 2ti`�+iBQM 7`QK i?2 r2#, �M 2tT2`BK2Mi�H

+QKT�`BbQM-Ǵ BM S`Q+22/BM;b Q7 i?2 RNi? L�iBQM�H *QM72`2M+2 QM �`iB}+�H

AMi2HHB;2M+2- b2`X ���AǶy9X ���A S`2bb- kyy9- TTX jNRĜjN3X (PMHBM2)X

�p�BH�#H2, ?iiT,ff/HX�+KXQ`;f+Bi�iBQMX+7K\B/4R8NdR93XR8NdkRj

(jj) ǳ6�+2#QQFX+QK-Ǵ kyRNX (PMHBM2)X �p�BH�#H2, ?iiTb,ffrrrX7�+2#QQFX+QK

(j9) sX 6�M; �M/ CX w?�M- ǳa2MiBK2Mi �M�HvbBb mbBM; T`Q/m+i `2pB2r /�i�-Ǵ CQm`M�H

Q7 "B; .�i�- pQHX R- MQX k- TTX RĜR9- kyR8X

(j8) *X 6�`B�- AX a2``�- �M/ _X :B`�`/B- ǳ� /QK�BM@BM/2T2M/2Mi T`Q+2bb 7Q` �miQK�iB+

QMiQHQ;v TQTmH�iBQM 7`QK i2ti-Ǵ a+B2M+2 Q7 *QKTmi2` S`Q;`�KKBM;- pQHX N8- TTX

keĜ9j- kyR9X

RkN



(je) JX 6�b+B�MQ �M/ :X G�T�HK2- ǳAMi2MiBQMb BM i?2 +QQ`/BM�i2/ ;2M2`�iBQM Q7

;`�T?B+b �M/ i2ti 7`QK i�#mH�` /�i�-Ǵ EMQrHX AM7X avbiX- pQHX k- MQX j- TTX jRyĜ

jjN- �m;X kyyyX (PMHBM2)X �p�BH�#H2, ?iiT,ff/tX/QBXQ`;fRyXRyydfSGyyyRRe98

(jd) *X 62HH#�mK- qQ`/L2i, �M 1H2+i`QMB+ G2tB+�H .�i�#�b2X JAh S`2bb- RNN3X

(j3) qX 62M; �M/ CX q�M;- ǳAM+Q`TQ`�iBM; ?2i2`Q;2M2Qmb BM7Q`K�iBQM 7Q` T2`bQM@

�HBx2/ i�; `2+QKK2M/�iBQM BM bQ+B�H i�;;BM; bvbi2Kb-Ǵ BM S`Q+22/BM;b Q7 i?2

R3i? �bbQ+B�iBQM 7Q` *QKTmiBM; J�+?BM2`v aA:E.. BMi2`M�iBQM�H +QM72`2M+2

QM EMQrH2/;2 /Bb+Qp2`v �M/ /�i� KBMBM;X �*J- kyRk- TTX RkdeĜRk39X

(jN) .X 62Mb2H- ǳPMiQHQ;v@#�b2/ FMQrH2/;2 K�M�;2K2Mi-Ǵ *QKTmi2`- pQHX j8- MQX RR-

TTX 8eĜ8N- LQp kyykX

(9y) SX 62``�;BM�- 6X SB++BMMQ- �M/ _X a�MiQ`Q- ǳPM �M�HvxBM; ?�b?i�;b BM irBii2`-Ǵ

BM AMi2`M�iBQM�H *QM72`2M+2 QM q2# �M/ aQ+B�H J2/B� UA*qaJVX ���A S`2bb-

kyR8- TTX RRyĜRRNX

(9R) 6Q`#2b- h?2b2 Rk �biQMBb?BM; a?QTTBM; 6�+ib S2`@

72+iHv amK lT 1@*QKK2`+2 6Q` kyReV- kyRe-

?iiTb,ffrrrX7Q`#2bX+QKfbBi2bfiQKTQTQK�`QMBbfkyRefRkfRNfi?2b2@

Rk@�biQMBb?BM;@b?QTTBM;@7�+ib@T2`72+iHv@bmK@mT@2@+QKK2`+2@7Q`@

kyRefOjd/2#37yj3#2X

(9k) LX :�`; �M/ AX q2#2`- ǳS2`bQM�HBx2/- BMi2`�+iBp2 i�; `2+QKK2M/�iBQM 7Q` ~B+F`-Ǵ

BM S`Q+22/BM;b Q7 i?2 kyy3 �bbQ+B�iBQM 7Q` *QKTmiBM; J�+?BM2`v +QM72`2M+2 QM

_2+QKK2M/2` bvbi2KbX �*J- kyy3- TTX edĜd9X

(9j) �X :Q- _X "?�v�MB- �M/ GX >m�M;- ǳhrBii2` b2MiBK2Mi +H�bbB}+�iBQM mbBM; /Bb@

i�Mi bmT2`pBbBQM-Ǵ *akk9L S`QD2+i _2TQ`i- ai�M7Q`/- pQHX R- MQX kyyN- TX Rk-

kyyNX

Rjy



(99) 6X :Q/BM- oX aH�pFQpBFD- qX .2 L2p2- "X a+?`�mr2M- �M/ _X o�M /2 q�HH2-

ǳlbBM; iQTB+ KQ/2Hb 7Q` irBii2` ?�b?i�; `2+QKK2M/�iBQM-Ǵ BM S`Q+22/BM;b Q7

i?2 kkM/ AMi2`M�iBQM�H *QM72`2M+2 QM qQ`H/ qB/2 q2#X �*J- kyRj- TTX

8NjĜ8NeX

(98) LX GX :`22M- :X *�`2MBMB- aX E2`T2/DB2p- CX J�iiBb- CX .X JQQ`2-

�M/ aX 6X _Qi?- ǳ�miQ#`B27, �M 2tT2`BK2Mi�H bvbi2K 7Q` i?2 �miQK�iB+

;2M2`�iBQM Q7 #`B2}M;b BM BMi2;`�i2/ i2ti �M/ BM7Q`K�iBQM ;`�T?B+b-Ǵ AMiX CX

>mKX@*QKTmiX aim/X- pQHX eR- MQX R- TTX jkĜdy- CmHX kyy9X (PMHBM2)X �p�BH�#H2,

?iiT,ff/tX/QBXQ`;fRyXRyRefDXBD?+bXkyyjXRyXyyd

(9e) EX aX >�b�M �M/ oX L;- ǳai�M+2 +H�bbB}+�iBQM Q7 B/2QHQ;B+�H /2#�i2b, .�i�-

KQ/2Hb- 72�im`2b- �M/ +QMbi`�BMib-Ǵ BM S`Q+22/BM;b Q7 AC*LGS ǶRj- kyRj- TTX

Rj93ĜRj8eX

(9d) ěě- ǳS`2/B+iBM; bi�M+2 BM B/2QHQ;B+�H /2#�i2 rBi? `B+? HBM;mBb@

iB+ FMQrH2/;2-Ǵ BM S`Q+22/BM;b Q7 i?2 k9i? AMi2`M�iBQM�H *QM72`2M+2 QM

*QKTmi�iBQM�H GBM;mBbiB+b- S`Q+22/BM;b Q7 i?2 *QM72`2M+2, SQbi2`b- 3@R8 .2@

+2K#2` kyRk- JmK#�B- AM/B�- kyRk- TTX 98RĜ9eyX (PMHBM2)X �p�BH�#H2,

?iiT,ff�+Hr2#XQ`;f�Mi?QHQ;vf*f*Rkf*Rk@ky98XT/7

(93) ěě- ǳq?v �`2 vQm i�FBM; i?Bb bi�M+2\ B/2MiB7vBM; �M/ +H�bbB7vBM; `2�bQMb BM

B/2QHQ;B+�H /2#�i2bXǴ BM AM T`Q+22/BM;b Q7 i?2 >mK�M G�M;m�;2 h2+?MQHQ;v *QM@

72`2M+2 �M/ *QM72`2M+2 QM 1KTB`B+�H J2i?Q/b BM L�im`�H G�M;m�;2 S`Q+2bbBM;

ǶR9- pQHX R9- kyR9- TTX d8RĜdekX

(9N) oX >�ixBp�bbBHQ;HQm �M/ EX _X J+E2QrM- ǳS`2/B+iBM; i?2 b2K�MiB+ Q`B2Mi�iBQM

Q7 �/D2+iBp2b-Ǵ BM S`Q+22/BM;b Q7 i?2 j8i? �MMm�H K22iBM; Q7 i?2 �bbQ+B�iBQM

7Q` +QKTmi�iBQM�H HBM;mBbiB+b �M/ 2B;?i? +QM72`2M+2 Q7 i?2 2m`QT2�M +?�Ti2` Q7

RjR



i?2 �bbQ+B�iBQM 7Q` +QKTmi�iBQM�H HBM;mBbiB+bX �bbQ+B�iBQM 7Q` *QKTmi�iBQM�H

GBM;mBbiB+b- RNNd- TTX Rd9ĜR3RX

(8y) SX >2vK�MM- .X _�K�;2- �M/ >X :�`+B�@JQHBM�- ǳaQ+B�H i�; T`2/B+iBQM-Ǵ BM S`Q@

+22/BM;b Q7 i?2 jRbi �MMm�H BMi2`M�iBQM�H �bbQ+B�iBQM 7Q` *QKTmiBM; J�+?BM2`v

aA:A_ +QM72`2M+2 QM _2b2�`+? �M/ /2p2HQTK2Mi BM BM7Q`K�iBQM `2i`B2p�HX �*J-

kyy3- TTX 8jRĜ8j3X

(8R) �X >Q;2M#QQK- .X "�H- 6X 6`�bBM+�`- JX "�H- 6X /2 CQM;- �M/ lX E�vK�F-

ǳ1tTHQBiBM; 1KQiB+QMb BM SQH�`Biv *H�bbB}+�iBQM Q7 h2ti-Ǵ CQm`M�H Q7 q2# 1M@

;BM22`BM;- pQHX R9- MQX R- TTX kkĜ9y- kyR8X

(8k) 1X >Qpv- *X@uX GBM 2i �HX- ǳ�miQK�i2/ i2ti bmKK�`Bx�iBQM BM bmKK�`Bbi-Ǵ �/@

p�M+2b BM �miQK�iB+ i2ti bmKK�`Bx�iBQM- pQHX R9- RNNNX

(8j) JX >m- 1X@SX GBK- �M/ CX CB�M;- ǳ� T`Q#�#BHBbiB+ �TT`Q�+? iQ T2`bQM�HBx2/ i�;

`2+QKK2M/�iBQM-Ǵ BM kyRy A111 a2+QM/ AMi2`M�iBQM�H *QM72`2M+2 QM aQ+B�H

*QKTmiBM;X A111- kyRy- TTX jjĜ9yX

(89) JX >m �M/ "X GBm- ǳJBMBM; �M/ bmKK�`BxBM; +mbiQK2` `2pB2rb-Ǵ BM S`Q+22/BM;b

Q7 i?2 h2Mi? �*J aA:E.. AMi2`M�iBQM�H *QM72`2M+2 QM EMQrH2/;2 .Bb+Qp2`v

�M/ .�i� JBMBM;- b2`X E.. Ƕy9X L2r uQ`F- Lu- la�, �*J- kyy9- TTX

Re3ĜRddX (PMHBM2)X �p�BH�#H2, ?iiT,ff/QBX�+KXQ`;fRyXRR98fRyR9y8kXRyR9ydj

(88) ěě- ǳJBMBM; QTBMBQM 72�im`2b BM +mbiQK2` `2pB2rb-Ǵ BM S`Q+22/BM;b Q7 i?2 L�@

iBQM�H *QM72`2M+2 QM �`iB}+B�H AMi2HH;B2M+2X ���A S`2bb- kyy9- TTX d88ĜdeyX

(8e) aX >m�M; �M/ qX *?2M;- ǳ.Bb+Qp2`BM; +?BM2b2 b2Mi2M+2 T�ii2`Mb 7Q` 72�im`2@

#�b2/ QTBMBQM bmKK�`Bx�iBQM-Ǵ 1H2+i`QMB+ *QKK2`+2 _2b2�`+? �M/ �TTHB+�@

iBQMb- pQHX R9- MQX e- TTX 83kĜ8NR- kyR8X

Rjk



(8d) *X >mM;- ǳqQ`/ Q7 KQmi? [m�HBiv +H�bbB}+�iBQM #�b2/ QM +QMi2tim�H b2MiBK2Mi

H2tB+QMb-Ǵ AM7Q`K�iBQM S`Q+2bbBM; � J�M�;2K2Mi- pQHX 8j- MQX 9- TTX d8RĜdej-

kyRdX

(83) ǳBK/#X+QK-Ǵ kyRNX (PMHBM2)X �p�BH�#H2, ?iiT,ffrrrXBK/#X+QK

(8N) EX C `p2HBM �M/ CX E2F H BM2M- ǳ*mKmH�i2/ ;�BM@#�b2/ 2p�Hm�@

iBQM Q7 B` i2+?MB[m2b-Ǵ �bbQ+B�iBQM 7Q` *QKTmiBM; J�+?BM2`v h`�MbX AM7X

avbiX- pQHX ky- MQX 9- TTX 9kkĜ99e- P+iX kyykX (PMHBM2)X �p�BH�#H2,

?iiT,ff/QBX�+KXQ`;fRyXRR98f83k9R8X83k9R3

(ey) _X C b+?F2- GX J�`BM?Q- �X >Qi?Q- GX a+?KB/i@h?B2K2- �M/ :X aimKK2- ǳh�;

`2+QKK2M/�iBQMb BM 7QHFbQMQKB2b-Ǵ BM 1m`QT2�M *QM72`2M+2 QM S`BM+BTH2b Q7

.�i� JBMBM; �M/ EMQrH2/;2 .Bb+Qp2`vX aT`BM;2`- kyyd- TTX 8yeĜ8R9X

(eR) _X CQ?MbQM �M/ hX w?�M;- ǳ1z2+iBp2 mb2 Q7 rQ`/ Q`/2` 7Q` i2ti +�i2;Q`Bx�iBQM

rBi? +QMpQHmiBQM�H M2m`�H M2irQ`Fb-Ǵ �`sBp T`2T`BMi �`sBp,R9RkXRy83- kyR9X

(ek) _X CQM2b- AMi2`M2i �M/ h2ti aH�M; .B+iBQM�`v- kyy8Ĝ-

?iiTb,ffrrrXMQbH�M;X+QKf/B+iBQM�`vfX

(ej) LX E�DB �M/ JX EBibm`2;�r�- ǳ"mBH/BM; H2tB+QM 7Q` b2MiBK2Mi �M�HvbBb

7`QK K�bbBp2 +QHH2+iBQM Q7 >hJG /Q+mK2Mib-Ǵ BM S`Q+22/BM;b Q7 i?2 kyyd

CQBMi *QM72`2M+2 QM 1KTB`B+�H J2i?Q/b BM L�im`�H G�M;m�;2 S`Q+2bbBM; �M/

*QKTmi�iBQM�H L�im`�H G�M;m�;2 G2�`MBM; U1JLGS@*QLGGVX S`�;m2- *x2+?

_2Tm#HB+, �bbQ+B�iBQM 7Q` *QKTmi�iBQM�H GBM;mBbiB+b- CmMX kyyd- TTX

Ryd8ĜRy3jX (PMHBM2)X �p�BH�#H2, ?iiTb,ffrrrX�+Hr2#XQ`;f�Mi?QHQ;vf.yd@RRR8

(e9) CX E�KTb �M/ JX J�`t- ǳqQ`/b rBi? �iiBim/2-Ǵ BM S`Q+22/BM;b Q7 i?2 Rbi AMi2`@

M�iBQM�H *QM72`2M+2 QM :HQ#�H qQ`/L2iX *2Mi`�H AMbiBimi2 Q7 AM/B�M G�M;m�;2b-

JvbQ`2- AM/B�- kyyk- TTX jjkĜj9RX

Rjj



(e8) >X E�M�v�K� �M/ hX L�bmF�r�- ǳ6mHHv �miQK�iB+ H2tB+QM 2tT�MbBQM 7Q`

/QK�BM@Q`B2Mi2/ b2MiBK2Mi �M�HvbBb-Ǵ BM S`Q+22/BM;b Q7 i?2 kyye *QM72`2M+2 QM

1KTB`B+�H J2i?Q/b BM L�im`�H G�M;m�;2 S`Q+2bbBM;- b2`X 1JLGS ǶyeX ai`Qm/b@

#m`;- S�- la�, �bbQ+B�iBQM 7Q` *QKTmi�iBQM�H GBM;mBbiB+b- kyye- TTX j88ĜjejX

(PMHBM2)X �p�BH�#H2, ?iiT,ff/HX�+KXQ`;f+Bi�iBQMX+7K\B/4ReRyyd8XReRyRk8

(ee) uX@"X E�M;- SX .X >�;?B;?B- �M/ 6X "m`bi2BM- ǳ*}M/2`, �M BMi2HHB;2Mi F2v

+QM+2Ti }M/2` 7`QK i2ti 7Q` QMiQHQ;v /2p2HQTK2Mi-Ǵ 1tT2`i avbi2Kb rBi? �T@

THB+�iBQMb- pQHX 9R- MQX N- TTX 99N9Ĝ98y9- kyR9X

(ed) SX E�`�;Qx- "X E�K�- JX Pxim`F- AX >X hQ`QbHm- �M/ .X *�Mim`F- ǳ�

7`�K2rQ`F 7Q` �bT2+i #�b2/ b2MiBK2Mi �M�HvbBb QM im`FBb? BM7Q`K�H i2tib-Ǵ

CQm`M�H Q7 AMi2HHB;2Mi AM7Q`K�iBQM avbi2Kb- CmM kyRNX (PMHBM2)X �p�BH�#H2,

?iiTb,ff/QBXQ`;fRyXRyydfbRy399@yRN@yy8e8@r

(e3) GX E?�M- .X J+G2Q/- �M/ 1X >Qpv- ǳ_2i`B2p�H 2z2+iBp2M2bb Q7 �M QMiQHQ;v@#�b2/

KQ/2H 7Q` BM7Q`K�iBQM b2H2+iBQM-Ǵ h?2 oG." CQm`M�H- pQHX Rj- MQX R- TTX dRĜ38-

C�M kyy9X (PMHBM2)X �p�BH�#H2, ?iiTb,ff/QBXQ`;fRyXRyydfbyydd3@yyj@yRy8@R

(eN) aX@JX EBK �M/ 1X >X >Qpv- ǳ*`vbi�H, �M�HvxBM; T`2/B+iBp2 QTBMBQMb QM i?2

r2#XǴ BM AM S`Q+22/BM;b Q7 1JLGS@*QLGG Ƕyd- kyyd- TTX Ry8eĜRye9X

(dy) .X EH2BM �M/ *X .X J�MMBM;- ǳ6�bi 2t�+i BM72`2M+2 rBi? � 7�+iQ`2/ KQ/2H 7Q`

M�im`�H H�M;m�;2 T�`bBM;-Ǵ BM �/p�M+2b BM M2m`�H BM7Q`K�iBQM T`Q+2bbBM; bvb@

i2Kb- kyyj- TTX jĜRyX

(dR) LX EQ#�v�b?B- EX AMmB- �M/ uX J�ibmKQiQ- ǳ1ti`�+iBM; �bT2+i@2p�Hm�iBQM �M/

�bT2+i@Q7 `2H�iBQMb BM QTBMBQM KBMBM;-Ǵ BM S`Q+22/BM;b Q7 i?2 kyyd CQBMi *QM72`@

2M+2 QM 1KTB`B+�H J2i?Q/b BM L�im`�H G�M;m�;2 S`Q+2bbBM; �M/ *QKTmi�iBQM�H

L�im`�H G�M;m�;2 G2�`MBM;X �*G- kyyd- TTX Rye8ĜRyd9X

Rj9



(dk) �X EQMD2M;#�K- LX .2r�M;�M- LX EmK�`- �M/ JX aBM;?- ǳ�b@

T2+i QMiQHQ;v #�b2/ `2pB2r 2tTHQ`�iBQM-Ǵ 1H2+i`QMB+ *QKK2`+2 _2@

b2�`+? �M/ �TTHB+�iBQMb- pQHX jy- TTX ekĜdR- kyR3X (PMHBM2)X �p�BH�#H2,

?iiTb,ff/QBXQ`;fRyXRyRefDX2H2`�TXkyR3Xy8Xyye

(dj) �X EQMD2M;#�K- aX :?Qb?- LX EmK�`- �M/ JX aBM;?- ǳ.2#�i2 bi�M+2 +H�b@

bB}+�iBQM mbBM; rQ`/ 2K#2//BM;b-Ǵ BM AMi2`M�iBQM�H *QM72`2M+2 QM "B; .�i�

�M�HviB+b �M/ EMQrH2/;2 .Bb+Qp2`vX aT`BM;2`- kyR3- TTX j3kĜjN8X

(d9) SX E`2DxH �M/ CX ai2BM#2`;2`- ǳlr# �i b2K2p�H@kyRe i�bF e, ai�M+2 /2i2+iBQMXǴ

BM S`Q+22/BM;b Q7 a2K1p�H! L��*G@>Gh- kyRe- TTX 9y3Ĝ9RkX

(d8) _X E`2bi2H- SX 6�MF?�mb2`- �M/ qX L2D/H- ǳG�i2Mi /B`B+?H2i �HHQ+�iBQM 7Q` i�;

`2+QKK2M/�iBQM-Ǵ BM S`Q+22/BM;b Q7 i?2 i?B`/ �bbQ+B�iBQM 7Q` *QKTmiBM; J�@

+?BM2`v +QM72`2M+2 QM _2+QKK2M/2` bvbi2KbX �*J- kyyN- TTX eRĜe3X

(de) GX@qX Em- uX@hX GB�M;- �M/ >X@>X *?2M- ǳPTBMBQM 2ti`�+iBQM- bmKK�`Bx�iBQM

�M/ i`�+FBM; BM M2rb �M/ #HQ; +Q`TQ`�-Ǵ BM ���A avKTQbBmK QM *QKTmi�iBQM�H

�TT`Q�+?2b iQ �M�HvbBM; q2#HQ;b U���A@*��qV- kyye- TTX RyyĜRydX

(dd) �X EmK�`- hX JX a2#�biB�M 2i �HX- ǳa2MiBK2Mi �M�HvbBb, � T2`bT2+iBp2 QM Bib

T�bi- T`2b2Mi �M/ 7mim`2-Ǵ AMi2`M�iBQM�H CQm`M�H Q7 AMi2HHB;2Mi avbi2Kb �M/

�TTHB+�iBQMb- pQHX 9- MQX Ry- TTX RĜR9- kyRkX

(d3) LX EmK�`- EX uX Jm//�- :X h`Bb?�H- �X EQMD2M;#�K- JX aBM;? 2i �HX- ǳq?2`2 iQ

TQbi, _QmiBM; [m2biBQMb iQ `B;?i +QKKmMBiv BM +QKKmMBiv [m2biBQM �Mbr2`BM;

bvbi2Kb-Ǵ BM S`Q+22/BM;b Q7 i?2 �bbQ+B�iBQM 7Q` *QKTmiBM; J�+?BM2`v AM/B�

CQBMi AMi2`M�iBQM�H *QM72`2M+2 QM .�i� a+B2M+2 �M/ J�M�;2K2Mi Q7 .�i�X

�*J- kyRN- TTX RjeĜR9kX

Rj8



(dN) LX EmK�`- _X L�;�HH�- hX J�`r�?- �M/ JX aBM;?- ǳa2MiBK2Mi /vM�KB+b BM

bQ+B�H K2/B� M2rb +?�MM2Hb-Ǵ PMHBM2 aQ+B�H L2irQ`Fb �M/ J2/B�- pQHX 3- TTX

9kĜ89- kyR3X

(3y) LX EmK�`- _X liFQQ`- "X EX �TT�`2//v- �M/ JX aBM;?- ǳ:2M2`�iBM; iQTB+b Q7

BMi2`2bib 7Q` `2b2�`+? +QKKmMBiB2b-Ǵ BM AMi2`M�iBQM�H *QM72`2M+2 QM �/p�M+2/

.�i� JBMBM; �M/ �TTHB+�iBQMbX aT`BM;2`- kyRd- TTX 933Ĝ8yRX

(3R) hX EX G�M/�m2`- G�i2Mi b2K�MiB+ �M�HvbBbX qBH2v PMHBM2 GB#`�`v- kyyeX

(3k) CX G22 �M/ _X :QQ/rBM- ǳPMiQHQ;v K�M�;2K2Mi 7Q` H�`;2@b+�H2 2Mi2`T`Bb2 bvb@

i2Kb-Ǵ 1H2+i`QMB+ *QKK2`+2 _2b2�`+? �M/ �TTHB+�iBQMb- pQHX 8- MQX R- TTX kĜR8-

kyyeX

(3j) hX G22- AX@?X G22- aX G22- aX@;X G22- .X EBK- CX *?mM- >X G22- �M/ CX a?BK-

ǳ"mBH/BM; �M QT2`�iBQM�H T`Q/m+i QMiQHQ;v bvbi2K-Ǵ 1H2+i`QMB+ *QKK2`+2 _2@

b2�`+? �M/ �TTHB+�iBQMb- pQHX 8- MQX R- TTX ReĜk3- kyyeX

(39) PX G2pv �M/ uX :QH/#2`;- ǳ.2T2M/2M+v@#�b2/ rQ`/ 2K#2//BM;b-Ǵ BM

S`Q+22/BM;b Q7 i?2 8kM/ �MMm�H J22iBM; Q7 i?2 �bbQ+B�iBQM 7Q` *QKTmi�iBQM�H

GBM;mBbiB+b UoQHmK2 k, a?Q`i S�T2`bVX "�HiBKQ`2- J�`vH�M/, �bbQ+B�iBQM

7Q` *QKTmi�iBQM�H GBM;mBbiB+b- CmMX kyR9- TTX jykĜjy3X (PMHBM2)X �p�BH�#H2,

?iiTb,ffrrrX�+Hr2#XQ`;f�Mi?QHQ;vfSR9@ky8y

(38) ěě- ǳGBM;mBbiB+ `2;mH�`BiB2b BM bT�`b2 �M/ 2tTHB+Bi rQ`/ `2T`2b2M@

i�iBQMb-Ǵ BM S`Q+22/BM;b Q7 i?2 1B;?i22Mi? *QM72`2M+2 QM *QKTmi�iBQM�H

L�im`�H G�M;m�;2 G2�`MBM;X �MM �`#Q`- JB+?B;�M, �bbQ+B�iBQM 7Q`

*QKTmi�iBQM�H GBM;mBbiB+b- CmM2 kyR9- TTX RdRĜR3yX (PMHBM2)X �p�BH�#H2,

?iiTb,ffrrrX�+Hr2#XQ`;f�Mi?QHQ;vfqR9@ReR3

(3e) "X GBm- ǳa2MiBK2Mi �M�HvbBb �M/ QTBMBQM KBMBM;-Ǵ avMi?2bBb H2+im`2b QM ?mK�M

H�M;m�;2 i2+?MQHQ;B2b- pQHX 8- MQX R- TTX RĜRed- kyRkX

Rje



(3d) "X GBm- JX >m- �M/ CX *?2M;- ǳPTBMBQM Q#b2`p2`, �M�HvxBM; �M/ +QKT�`BM;

QTBMBQMb QM i?2 r2#-Ǵ BM S`Q+22/BM;b Q7 i?2 AMi2`M�iBQM�H *QM72`2M+2 QM qQ`H/

qB/2 q2#X �*J- kyy8- TTX j9kĜj8RX

(33) >X GBm �M/ SX aBM;?- ǳ*QM+2TiM2iě� T`�+iB+�H +QKKQMb2Mb2 `2�bQMBM; iQQH@

FBi-Ǵ "h i2+?MQHQ;v DQm`M�H- pQHX kk- MQX 9- TTX kRRĜkke- kyy9X

(3N) EX GBm- "X 6�M;- �M/ qX w?�M;- ǳaT2�F i?2 b�K2 H�M;m�;2 rBi? vQm` 7`B2M/b,

�m;K2MiBM; i�; `2+QKK2M/2`b rBi? bQ+B�H `2H�iBQMb-Ǵ BM S`Q+22/BM;b Q7 i?2 kRbi

�bbQ+B�iBQM 7Q` *QKTmiBM; J�+?BM2`v +QM72`2M+2 QM >vT2`i2ti �M/ ?vT2`K2/B�X

�*J- kyRy- TTX 98Ĝ8yX

(Ny) EX GBm- >X GX sm- uX GBm- �M/ CX w?�Q- ǳPTBMBQM i�`;2i 2ti`�+iBQM mbBM;

T�`iB�HHv@bmT2`pBb2/ rQ`/ �HB;MK2Mi KQ/2H-Ǵ BM S`Q+22/BM;b Q7 i?2 hr2Miv@h?B`/

AMi2`M�iBQM�H CQBMi *QM72`2M+2 QM �`iB}+B�H AMi2HHB;2M+2X ���A- kyRj- TTX

kRj9ĜkR9yX

(NR) ZX GBm- "X GBm- uX w?�M;- .X aX EBK- �M/ wX :�Q- ǳAKT`QpBM; QTBMBQM �bT2+i

2ti`�+iBQM mbBM; b2K�MiB+ bBKBH�`Biv �M/ �bT2+i �bbQ+B�iBQMb-Ǵ BM S`Q+22/BM;b Q7

i?2 h?B`iB2i? ���A *QM72`2M+2 QM �`iB}+B�H AMi2HHB;2M+2X ���A- kyRe- TTX

kN3eĜkNNkX

(Nk) uX@hX Gm- aX@AX um- hX@*X *?�M;- �M/ CX uX@DX >bm- ǳ� +QMi2Mi@#�b2/ K2i?Q/ iQ

2M?�M+2 i�; `2+QKK2M/�iBQM-Ǵ BM hr2Miv@6B`bi AMi2`M�iBQM�H CQBMi *QM72`2M+2

QM �`iB}+B�H AMi2HHB;2M+2- kyyNX

(Nj) uX Gm- >X q�M;- *X w?�B- �M/ .X _Qi?- ǳlMbmT2`pBb2/ /Bb+Qp2`v Q7 QTTQbBM;

QTBMBQM M2irQ`Fb 7`QK 7Q`mK /Bb+mbbBQMb-Ǵ BM S`Q+22/BM;b Q7 *AEJ ǶRkX �*J-

kyRk- TTX Re9kĜRe9eX

(N9) uX Gm �M/ *X w?�B- ǳPTBMBQM BMi2;`�iBQM i?`Qm;? b2KB@bmT2`pBb2/ iQTB+

KQ/2HBM;-Ǵ BM S`Q+22/BM;b Q7 i?2 Rdi? AMi2`M�iBQM�H *QM72`2M+2 QM qQ`H/ qB/2

Rjd



q2#- b2`X qqq Ƕy3X L2r uQ`F- Lu- la�, �*J- kyy3- TTX RkRĜRjyX

(PMHBM2)X �p�BH�#H2, ?iiT,ff/QBX�+KXQ`;fRyXRR98fRjed9NdXRjed8R9

(N8) uX Gm- *X w?�B- �M/ LX amM/�`2b�M- ǳ_�i2/ �bT2+i bmKK�`Bx�iBQM Q7 b?Q`i

+QKK2Mib-Ǵ BM S`Q+22/BM;b Q7 i?2 AMi2`M�iBQM�H *QM72`2M+2 QM qQ`H/ qB/2 q2#X

L2r uQ`F- la�, �*J- kyyN- TTX RjRĜR9yX

(Ne) �X J�Hm+2HHB- .X S�Hx2`- �M/ 1X PHBp2B`�- ǳPMiQHQ;v@#�b2/ b2`pB+2b iQ ?2HT bQHp@

BM; i?2 ?2i2`Q;2M2Biv T`Q#H2K BM 2@+QKK2`+2 M2;QiB�iBQMb-Ǵ 1H2+i`QMB+ *QK@

K2`+2 _2b2�`+? �M/ �TTHB+�iBQMb- pQHX 8- MQX R- TTX kNĜ9j- kyyeX

(Nd) :X oX J2M2x2b- CX JX �HK2B/�- 6X "2HûK- JX �X :QMÏ�Hp2b- �X G�+2`/�- 1X aX

.2 JQm`�- :X GX S�TT�- �X o2HQbQ- �M/ LX wBpB�MB- ǳ.2K�M/@/`Bp2M i�; `2+QK@

K2M/�iBQM-Ǵ BM CQBMi 1m`QT2�M *QM72`2M+2 QM J�+?BM2 G2�`MBM; �M/ EMQrH2/;2

.Bb+Qp2`v BM .�i�#�b2bX aT`BM;2`- kyRy- TTX 9ykĜ9RdX

(N3) sX J2M;- CX "`�/H2v- "X u�pmx- 1X aT�`Fb- aX o2MF�i�`�K�M- .X GBm- CX 6`22K�M-

.X hb�B- JX �K/2- aX Pr2M 2i �HX- ǳJHHB#, J�+?BM2 H2�`MBM; BM �T�+?2 bT�`F-Ǵ

h?2 CQm`M�H Q7 J�+?BM2 G2�`MBM; _2b2�`+?- pQHX Rd- MQX R- TTX Rkj8ĜRk9R- kyReX

(NN) hX JBFQHQp- AX amibF2p2`- EX *?2M- :X aX *Q``�/Q- �M/ CX .2�M-

ǳ.Bbi`B#mi2/ `2T`2b2Mi�iBQMb Q7 rQ`/b �M/ T?`�b2b �M/ i?2B` +QKTQbBiBQM@

�HBiv-Ǵ BM S`Q+22/BM;b Q7 i?2 kei? �/p�M+2b BM L2m`�H AM7Q`K�iBQM S`Q+2bbBM;

avbi2KbX *m``�M �bbQ+B�i2b- AM+X- kyRj- TTX jRRRĜjRRNX (PMHBM2)X �p�BH@

�#H2, ?iiT,ffT�T2`bXMBTbX++fT�T2`f8ykR@/Bbi`B#mi2/@`2T`2b2Mi�iBQMb@Q7@rQ`/b@

�M/@T?`�b2b@�M/@i?2B`@+QKTQbBiBQM�HBivXT/7

(Ryy) :X JBb?M2- ǳ�miQi�;, � +QHH�#Q`�iBp2 �TT`Q�+? iQ �miQK�i2/ i�; �bbB;MK2Mi

7Q` r2#HQ; TQbib-Ǵ BM S`Q+22/BM;b Q7 i?2 R8i? BMi2`M�iBQM�H +QM72`2M+2 QM qQ`H/

qB/2 q2#X �*J- kyye- TTX N8jĜN89X

Rj3



(RyR) aX JQ?�KK�/- *X .mMM2- �M/ "X .Q``- ǳ:2M2`�iBM; ?B;?@+Qp2`�;2 b2K�MiB+

Q`B2Mi�iBQM H2tB+QMb 7`QK Qp2`iHv K�`F2/ rQ`/b �M/ � i?2b�m`mb-Ǵ BM

S`Q+22/BM;b Q7 i?2 kyyN *QM72`2M+2 QM 1KTB`B+�H J2i?Q/b BM L�im`�H G�M;m�;2

S`Q+2bbBM;X aBM;�TQ`2, �bbQ+B�iBQM 7Q` *QKTmi�iBQM�H GBM;mBbiB+b- �m;X kyyN-

TTX 8NNĜey3X (PMHBM2)X �p�BH�#H2, ?iiTb,ffrrrX�+Hr2#XQ`;f�Mi?QHQ;vf.yN@Ryej

(Ryk) aX JX JQ?�KK�/- ǳO 2KQiBQM�H ir22ib-Ǵ BM S`Q+22/BM;b Q7 a2K1p�H ǶRkX �*G-

kyRk- TTX k9eĜk88X

(Ryj) aX JX JQ?�KK�/ �M/ SX .X hm`M2v- ǳ*`Qr/bQm`+BM; � rQ`/@2KQiBQM �bbQ+B�@

iBQM H2tB+QM-Ǵ *QKTmi�iBQM�H AMi2HHB;2M+2- pQHX kN- MQX j- TTX 9jeĜ9e8- kyRjX

(Ry9) _X JQ`�2b- CX 6X o�HB�iB- �M/ qX SX :X L2iQ- ǳ.Q+mK2Mi@H2p2H b2MiBK2Mi +H�bbB@

}+�iBQM, �M 2KTB`B+�H +QKT�`BbQM #2ir22M bpK �M/ �MM-Ǵ 1tT2`i avbi2Kb rBi?

�TTHB+�iBQMb- pQHX 9y- MQX k- TTX ekRĜejj- kyRjX

(Ry8) �X JQ`2Q- JX _QK2`Q- CX *�bi`Q- �M/ CX JX wm`Bi�- ǳG2tB+QM@#�b2/ +QKK2Mib@

Q`B2Mi2/ M2rb b2MiBK2Mi �M�Hvx2` bvbi2K-Ǵ 1tT2`i avbi2Kb rBi? �TTHB+�iBQMb-

pQHX jN- MQX Ry- TTX NReeĜNR3y- kyRkX

(Rye) �X JmF?2`D22 �M/ "X GBm- ǳ�bT2+i 2ti`�+iBQM i?`Qm;? b2KB@bmT2`pBb2/ KQ/2H@

BM;-Ǵ BM S`Q+22/BM;b Q7 i?2 �MMm�H J22iBM; Q7 i?2 �bbQ+B�iBQM 7Q` *QKTmi�iBQM�H

GBM;mBbiB+b, GQM; S�T2`b@oQHmK2 RX ai`Qm/b#m`;- la�, �*G- kyRk- TTX jjNĜ

j93X

(Ryd) aX JmF?2`D22 �M/ aX CQb?B- ǳa2MiBK2Mi �;;`2;�iBQM mbBM; +QM+2TiM2i QMiQHQ;v-Ǵ

BM S`Q+22/BM;b Q7 i?2 aBti? AMi2`M�iBQM�H CQBMi *QM72`2M+2 QM L�im`�H G�M;m�;2

S`Q+2bbBM;X �bB�M 62/2`�iBQM Q7 L�im`�H G�M;m�;2 S`Q+2bbBM;- kyRj- TTX 8dyĜ

8d3X

(Ry3) �X Jm`�F�KB �M/ _X _�vKQM/- ǳamTTQ`i Q` QTTQb2\, +H�bbB7vBM; TQbBiBQMb BM

QMHBM2 /2#�i2b 7`QK `2THv �+iBpBiB2b �M/ QTBMBQM 2tT`2bbBQMb-Ǵ BM S`Q+22/BM;b Q7

RjN



i?2 AMi2`M�iBQM�H *QM72`2M+2 QM *QKTmi�iBQM�H GBM;mBbiB+b ǶRy, SQbi2`bX �*G-

kyRy- TTX 3eNĜ3d8X

(RyN) SX L�FQp- �X _Bii2`- aX _Qb2Mi?�H- 6X a2#�biB�MB- �M/ oX aiQv�MQp- ǳa2K2p�H@

kyRe i�bF 9, a2MiBK2Mi �M�HvbBb BM irBii2`-Ǵ BM S`Q+22/BM;b Q7 i?2 Ryi? BMi2`M�@

iBQM�H rQ`Fb?QT QM b2K�MiB+ 2p�Hm�iBQM Ub2K2p�H@kyReV- kyRe- TTX RĜR3X

(RRy) SX LQ`pB;- ǳ>Qr iQ r`Bi2 � bT2HHBM; +Q``2+iQ`-Ǵ .2, ?iiT,ffMQ`pB;X +QKfbT2HH@

+Q``2+iX ?iKH- kyydX

(RRR) "X S�M;- GX G22- �M/ aX o�Bi?v�M�i?�M- ǳh?mK#b mT\, a2MiBK2Mi

+H�bbB}+�iBQM mbBM; K�+?BM2 H2�`MBM; i2+?MB[m2b-Ǵ BM S`Q+22/BM;b Q7 i?2 kyyk

*QM72`2M+2 QM 1KTB`B+�H J2i?Q/b BM L�im`�H G�M;m�;2 S`Q+2bbBM;- 1JLGS

kyyk- S?BH�/2HT?B�- S�- la�- CmHv e@d- kyyk- b2`X 1JLGS ǶykX ai`Qm/b#m`;-

S�- la�, �bbQ+B�iBQM 7Q` *QKTmi�iBQM�H GBM;mBbiB+b- kyyk- TTX dNĜ3eX (PMHBM2)X

�p�BH�#H2, ?iiTb,ff/QBXQ`;fRyXjRR8fRRR3eNjXRRR3dy9

(RRk) CX S�pHQTQmHQb �M/ AX �M/`QmibQTQmHQb- ǳ�bT2+i i2`K 2ti`�+iBQM 7Q` b2MiBK2Mi

�M�HvbBb, L2r /�i�b2ib- M2r 2p�Hm�iBQM K2�bm`2b �M/ �M BKT`Qp2/ mMbmT2`pBb2/

K2i?Q/-Ǵ S`Q+22/BM;b Q7 G�aJ1�*G ǶR9- TTX 99Ĝ8k- kyR9X

(RRj) JX S�rHBF �M/ LX �m;bi2M- ǳh`22 2/Bi /Bbi�M+2, _Q#mbi �M/ K2KQ`v@2{+B2Mi-Ǵ

AM7Q`K�iBQM avbi2Kb- pQHX 8e- MQX *- TTX R8dĜRdj- kyReX

(RR9) aX _X S7Q?H �M/ PX h`B2#2- ǳai�M+2 /2i2+iBQM 7Q` i?2 7�F2 M2rb +?�HH2M;2 rBi?

�ii2MiBQM �M/ +QM/BiBQM�H 2M+Q/BM;-Ǵ BM ai�M7Q`/ *akk9/ .22T G2�`MBM; 7Q`

LGS }M�H T`QD2+i- kyRdX

(RR8) JX SQMiBFB- .X :�H�MBb- >X S�T�;2Q`;BQm- AX �M/`QmibQTQmHQb- aX J�M�M/@

?�`- �X@aX JQ?�KK�/- JX �H@�vvQm#- uX w?�Q- "X ZBM- PX .2 *H2`+[ 2i �HX-

ǳa2K2p�H@kyRe i�bF 8, �bT2+i #�b2/ b2MiBK2Mi �M�HvbBb-Ǵ BM S`Q+22/BM;b Q7 i?2

R9y



Ryi? AMi2`M�iBQM�H qQ`Fb?QT QM a2K�MiB+ 1p�Hm�iBQM Ua2K1p�H@kyReVX �*G-

kyRe- TTX RNĜjyX

(RRe) �X@JX SQT2b+m �M/ PX 1ixBQMB- ǳ1ti`�+iBM; T`Q/m+i 72�im`2b �M/ QTBMBQMb 7`QK

`2pB2rb-Ǵ BM S`Q+22/BM;b Q7 i?2 *QM72`2M+2 QM >mK�M G�M;m�;2 h2+?MQHQ;v �M/

1KTB`B+�H J2i?Q/b BM L�im`�H G�M;m�;2 S`Q+2bbBM;- b2`X >Gh Ƕy8X ai`Qm/b#m`;-

S�- la�, �bbQ+B�iBQM 7Q` *QKTmi�iBQM�H GBM;mBbiB+b- kyy8- TTX jjNĜj9eX

(PMHBM2)X �p�BH�#H2, ?iiTb,ff/QBXQ`;fRyXjRR8fRkky8d8XRkkyeR3

(RRd) ěě- ǳ1ti`�+iBM; T`Q/m+i 72�im`2b �M/ QTBMBQMb 7`QK `2pB2rb-Ǵ BM S`Q+22/BM;

Q7 i?2 L�im`�H H�M;m�;2 T`Q+2bbBM; �M/ i2ti KBMBM;X aT`BM;2`- kyyd- TTX NĜk3X

(RR3) aX SQ`B�- 1X *�K#`B�- �M/ �X :2H#mF?- ǳ�bT2+i 2ti`�+iBQM 7Q` QTBMBQM KBMBM;

rBi? � /22T +QMpQHmiBQM�H M2m`�H M2irQ`F-Ǵ EMQrH2/;2@"�b2/ avbi2Kb- pQHX Ry3-

TTX 9kĜ9N- kyReX

(RRN) :X ZBm- "X GBm- CX "m- �M/ *X *?2M- ǳPTBMBQM rQ`/ 2tT�MbBQM �M/ i�`;2i 2t@

i`�+iBQM i?`Qm;? /Qm#H2 T`QT�;�iBQM-Ǵ *QKTmi�iBQM�H HBM;mBbiB+b- pQHX jd- MQX R-

TTX NĜkd- kyRRX

(Rky) ǳ[mQ`�X+QK-Ǵ kyRNX (PMHBM2)X �p�BH�#H2, ?iiTb,ffrrrX[mQ`�X+QK

(RkR) �X _�/7Q`/- _X CQx27QrB+x- �M/ AX amibF2p2`- ǳG2�`MBM; iQ ;2M2`�i2 `2pB2rb �M/

/Bb+Qp2`BM; b2MiBK2Mi-Ǵ �`sBp T`2T`BMi �`sBp,Rdy9XyR999- kyRdX

(Rkk) �X _�D�/2bBM;�M �M/ >X GBm- ǳA/2MiB7vBM; mb2`b rBi? QTTQbBM; QTBMBQMb BM irBii2`

/2#�i2b-Ǵ BM S`Q+22/BM;b Q7 a"S@"_BJa ǶR9X aT`BM;2`- kyR9- TTX R8jĜReyX

(Rkj) SX _�D2M/`�M- .X "QHH2;�H�- �M/ aX S�`bQMb- ǳ*QMi2tim�H bi�M+2 +H�bbB}+�iBQM

Q7 QTBMBQMb, � bi2T iQr�`/b 2Mi?vK2K2 `2+QMbi`m+iBQM BM QMHBM2 `2pB2rb-Ǵ �*G

kyRe- TX jR- kyReX

R9R



(Rk9) .X _�K�;2- aX .mK�Bb- �M/ .X GB2#HBM;- ǳ*?�`�+i2`BxBM; KB+`Q#HQ;b rBi? iQTB+

KQ/2Hb-Ǵ BM 6Qm`i? AMi2`M�iBQM�H ���A *QM72`2M+2 QM q2#HQ;b �M/ aQ+B�H J2@

/B�- kyRyX

(Rk8) EX _�pB �M/ oX _�pB- ǳ� bm`p2v QM QTBMBQM KBMBM; �M/ b2MiBK2Mi �M�HvbBb,

i�bFb- �TT`Q�+?2b �M/ �TTHB+�iBQMb-Ǵ EMQrH2/;2@"�b2/ avbi2Kb- pQHX 3N- TTX

R9Ĝ9e- kyR8X

(Rke) aX _2M/H2 �M/ GX a+?KB/i@h?B2K2- ǳS�B`rBb2 BMi2`�+iBQM i2MbQ` 7�+iQ`Bx�iBQM 7Q`

T2`bQM�HBx2/ i�; `2+QKK2M/�iBQM-Ǵ BM S`Q+22/BM;b Q7 i?2 i?B`/ �bbQ+B�iBQM 7Q`

*QKTmiBM; J�+?BM2`v BMi2`M�iBQM�H +QM72`2M+2 QM q2# b2�`+? �M/ /�i� KBMBM;X

�*J- kyRy- TTX 3RĜNyX

(Rkd) AX aX _B#2B`Q- _X GX a�MiQb- JX �X :QMÏ�Hp2b- �M/ �X >X G�2M/2`- ǳPM i�;

`2+QKK2M/�iBQM 7Q` 2tT2`iBb2 T`Q}HBM;, � +�b2 bim/v BM i?2 b+B2MiB}+ /QK�BM-Ǵ

BM S`Q+22/BM;b Q7 i?2 1B;?i? �bbQ+B�iBQM 7Q` *QKTmiBM; J�+?BM2`v AMi2`M�iBQM�H

*QM72`2M+2 QM q2# a2�`+? �M/ .�i� JBMBM;X �*J- kyR8- TTX R3NĜRN3X

(Rk3) oX _mb- JX *X GBMi2�M- _X "�MD�/2- LX "X LB`�mH�- �M/ .X ai27�M2b+m- ǳa2KBH�`,

h?2 b2K�MiB+ bBKBH�`Biv iQQHFBi-Ǵ BM S`Q+22/BM;b Q7 i?2 8Rbi �MMm�H J22iBM; Q7

i?2 �bbQ+B�iBQM 7Q` *QKTmi�iBQM�H GBM;mBbiB+b, avbi2K .2KQMbi`�iBQMbX �*G-

kyRj- TTX RejĜRe3X

(RkN) *X a�mT2` �M/ _X "�`xBH�v- ǳ�miQK�iB+�HHv ;2M2`�iBM; rBFBT2/B� �`@

iB+H2b, � bi`m+im`2@�r�`2 �TT`Q�+?-Ǵ BM S`Q+22/BM;b Q7 i?2 CQBMi *QM@

72`2M+2 Q7 i?2 9di? �MMm�H J22iBM; Q7 i?2 �*G �M/ i?2 9i? AMi2`M�iBQM�H

CQBMi *QM72`2M+2 QM L�im`�H G�M;m�;2 S`Q+2bbBM; Q7 i?2 �6LGS, oQHmK2 R

@ oQHmK2 R- b2`X �*G ǶyNX ai`Qm/b#m`;- S�- la�, �bbQ+B�iBQM

7Q` *QKTmi�iBQM�H GBM;mBbiB+b- kyyN- TTX ky3ĜkReX (PMHBM2)X �p�BH�#H2,

?iiT,ff/HX�+KXQ`;f+Bi�iBQMX+7K\B/4Re3d3d3XRe3dNyN

R9k



(Rjy) *X a+�{/B- EX "B2`?Qz- 1X *?�M;- JX 62HF2`- >X L;- �M/ *X CBM- ǳ_2/ QT�H,

T`Q/m+i@72�im`2 b+Q`BM; 7`QK `2pB2rb-Ǵ BM S`Q+22/BM;b Q7 i?2 3i? �bbQ+B�iBQM 7Q`

*QKTmiBM; J�+?BM2`v +QM72`2M+2 QM 1H2+i`QMB+ +QKK2`+2X L2r uQ`F- la�,

�*J- kyyd- TTX R3kĜRNRX

(RjR) EX a+?Qmi2M �M/ 6X 6`�bBM+�`- ǳam`p2v QM �bT2+i@H2p2H b2MiBK2Mi �M�HvbBb-Ǵ

A111 h`�Mb�+iBQMb QM EMQrH2/;2 �M/ .�i� 1M;BM22`BM;- pQHX k3- MQX j- TTX

3RjĜ3jy- kyR8X

(Rjk) �X hX :X a+?`2B#2`- "X .m##2H/�K- CX qB2H2K�F2`- �M/ "X qB2HBM;�-

ǳPMiQHQ;v@#�b2/ T?QiQ �MMQi�iBQM-Ǵ A111 AMi2HHB;2Mi avbi2Kb- pQHX Re- MQX j-

TTX eeĜd9- J�v kyyRX (PMHBM2)X �p�BH�#H2, ?iiTb,ff/QBXQ`;fRyXRRyNf8k89XN9yyk3

(Rjj) EX SX SX a?2BM- ǳPMiQHQ;v #�b2/ +QK#BM2/ �TT`Q�+? 7Q` b2MiBK2Mi +H�bbB}+�@

iBQM-Ǵ BM S`Q+22/BM;b Q7 i?2 AMi2`M�iBQM�H *QM72`2M+2 QM *QKKmMB+�iBQMb �M/

BM7Q`K�iBQM i2+?MQHQ;vX ai2p2Mb SQBMi- la�, qa1�a- kyyN- TTX RRkĜRR8X

(Rj9) wX a?2M- aX �`bH�M �v- aX >X EBK- �M/ _X wBKK2`K�MM- ǳ�miQK�iB+ i�; ;2M@

2`�iBQM �M/ `�MFBM; 7Q` b2MbQ`@`B+? Qmi/QQ` pB/2Qb-Ǵ BM S`Q+22/BM;b Q7 i?2 RNi?

�bbQ+B�iBQM 7Q` *QKTmiBM; J�+?BM2`v BMi2`M�iBQM�H +QM72`2M+2 QM JmHiBK2/B�X

�*J- kyRR- TTX NjĜRykX

(Rj8) "X a?M2B/2`K�M- ǳh`22 pBbm�HBx�iBQM rBi? i`22@K�Tb, k@/ bT�+2@}HHBM;

�TT`Q�+?-Ǵ �*J h`�MbX :`�T?X- pQHX RR- MQX R- TTX NkĜNN- C�MX RNNkX (PMHBM2)X

�p�BH�#H2, ?iiT,ff/QBX�+KXQ`;fRyXRR98fRykjddXRR8de3

(Rje) sX aB �M/ JX amM- ǳh�;@H/� 7Q` b+�H�#H2 `2�H@iBK2 i�; `2+QKK2M/�iBQM-Ǵ CPl_@

L�G P6 AL6P_J�hAPL �*PJSlh�hAPL�G a*A1L*1- pQHX e- MQX k- TTX

RyyNĜRyRe- kyy3X

R9j



(Rjd) "X aB;m`#Dƺ`MbbQM �M/ _X o�M wrQH- ǳ6HB+F` i�; `2+QKK2M/�iBQM #�b2/ QM +QH@

H2+iBp2 FMQrH2/;2-Ǵ BM S`Q+22/BM;b Q7 i?2 Rdi? BMi2`M�iBQM�H +QM72`2M+2 QM qQ`H/

qB/2 q2#X �*J- kyy3- TTX jkdĜjjeX

(Rj3) JX aBM;? �M/ CX >o- 1z2+iBp2 7�+2i2/ #`QrbBM;X AM/B�M AMbiBimi2 Q7 h2+?MQHQ;v

>v/2`�#�/- kyR9X

(RjN) _X aBM;? �M/ .X hQb?MBr�H- ǳGQ+�iBQM T`2/B+iBQM mbBM; b2MiBK2Mib Q7 irBii2`

mb2`b-Ǵ BM AMi2`M�iBQM�H *QM72`2M+2 QM "B; .�i� �M�HviB+b �M/ EMQrH2/;2 .Bb@

+Qp2`vX aT`BM;2`- kyR3- TTX N3ĜRy3X

(R9y) aX aQK�bmM/�`�M �M/ CX qB2#2- ǳ_2+Q;MBxBM; bi�M+2b BM QMHBM2 /2#�i2b-Ǵ BM

S`Q+22/BM;b Q7 �*G@AC*LGS ǶyNX �*G- kyyN- TTX kkeĜkj9X

(R9R) uX aQM;- GX w?�M;- �M/ *X GX :BH2b- ǳ�miQK�iB+ i�; `2+QKK2M/�iBQM �H;Q@

`Bi?Kb 7Q` bQ+B�H `2+QKK2M/2` bvbi2Kb-Ǵ �bbQ+B�iBQM 7Q` *QKTmiBM; J�+?BM2`v

h`�Mb�+iBQMb QM i?2 q2# Uhq1"V- pQHX 8- MQX R- TX 9- kyRRX

(R9k) aX aQQ/- aX PrbH2v- EX CX >�KKQM/- �M/ GX "B`M#�mK- ǳh�;�bbBbi, �miQK�iB+

i�; bm;;2biBQM 7Q` #HQ; TQbibXǴ BM A*qaJ- kyydX

(R9j) .X a`B/?�`- CX 6QmH/b- "X >m�M;- GX :2iQQ`- �M/ JX q�HF2`- ǳCQBMi KQ/2Hb

Q7 /Bb�;`22K2Mi �M/ bi�M+2 BM QMHBM2 /2#�i2-Ǵ BM S`Q+22/BM;b Q7 AC*LGS ǶR8-

pQHX R- kyR8- TTX RReĜRk8X

(R99) ǳbi�+F2t+?�M;2X+QK-Ǵ kyRNX (PMHBM2)X �p�BH�#H2, ?iiTb,ff222Xbi�+F2t+?�M;2X+QK

(R98) ai�iBbi�- LmK#2` Q7 .B;Bi�H "mv2`b qQ`H/rB/2 7`QK kyR9 iQ kykR UBM

#BHHBQMbV- kyR3- ?iiTb,ffrrrXbi�iBbi�X+QKfbi�iBbiB+bfk8ReeefMmK#2`@Q7@/B;Bi�H@

#mv2`b@rQ`H/rB/2fX

R99



(R9e) aX amM- :X EQM;- �M/ *X w?�Q- ǳSQH�`Biv rQ`/b /Bbi�M+2@r2B;?i +QmMi 7Q` QTBMBQM

�M�HvbBb Q7 QMHBM2 M2rb +QKK2Mib-Ǵ S`Q+2/B� 1M;BM22`BM;- pQHX R8- TTX RNReĜ

RNky- kyRRX

(R9d) JX h?QK�b- "X S�M;- �M/ GX G22- ǳ:2i Qmi i?2 pQi2, .2i2`KBMBM; bmTTQ`i

Q` QTTQbBiBQM 7`QK +QM;`2bbBQM�H ~QQ`@/2#�i2 i`�Mb+`BTib-Ǵ BM S`Q+22/BM;b Q7 i?2

>mK�M G�M;m�;2 h2+?MQHQ;v *QM72`2M+2 �M/ *QM72`2M+2 QM 1KTB`B+�H J2i?Q/b

BM L�im`�H G�M;m�;2 S`Q+2bbBM; ǶyeX �*G- kyye- TTX jkdĜjj8X

(R93) >X hQ#�- wX@uX JBM;- JX �/`B�MB- �M/ hX@aX *?m�- ǳ.Bb+Qp2`BM; ?B;? [m�HBiv

�Mbr2`b BM +QKKmMBiv [m2biBQM �Mbr2`BM; �`+?Bp2b mbBM; � ?B2`�`+?v Q7 +H�bbB@

}2`b-Ǵ AM7Q`K�iBQM a+B2M+2b- pQHX keR- TTX RyRĜRR8- kyR9X

(R9N) hX lX h`�M- >X hX hX >Q�M;- �M/ >X sX >mvM?- ǳ�bT2+i 2ti`�+iBQM rBi? #B/B`2+@

iBQM�H ;`m �M/ +`7-Ǵ BM kyRN A111@_Ao6 AMi2`M�iBQM�H *QM72`2M+2 QM *QKTmiBM;

�M/ *QKKmMB+�iBQM h2+?MQHQ;B2b U_Ao6VX A111- kyRN- TTX RĜ8X

(R8y) �X CX h`�TT2v- *X oX h`�TT2v- �M/ *X@uX qm- ǳ�miQK�iB+ T�i2Mi /Q+mK2Mi

bmKK�`Bx�iBQM 7Q` +QHH�#Q`�iBp2 FMQrH2/;2 bvbi2Kb �M/ b2`pB+2b-Ǵ CQm`M�H Q7

avbi2Kb a+B2M+2 �M/ avbi2Kb 1M;BM22`BM;- pQHX R3- MQX R- TTX dRĜN9- J�` kyyNX

(PMHBM2)X �p�BH�#H2, ?iiTb,ff/QBXQ`;fRyXRyydfbRR8R3@yyN@8Ryy@d

(R8R) SX .X hm`M2v- ǳh?mK#b mT Q` i?mK#b /QrM\, b2K�MiB+ Q`B2Mi�iBQM �TTHB2/ iQ

mMbmT2`pBb2/ +H�bbB}+�iBQM Q7 `2pB2rb-Ǵ BM S`Q+22/BM;b Q7 i?2 �MMm�H K22iBM; QM

�bbQ+B�iBQM 7Q` *QKTmi�iBQM�H GBM;mBbiB+bX ai`Qm/b#m`;- la�, �*G- kyyk- TTX

9RdĜ9k9X

(R8k) SX .X hm`M2v �M/ JX GX GBiiK�M- ǳJ2�bm`BM; T`�Bb2 �M/ +`BiB+BbK, AM72`2M+2 Q7

b2K�MiB+ Q`B2Mi�iBQM 7`QK �bbQ+B�iBQM-Ǵ �bbQ+B�iBQM 7Q` *QKTmiBM; J�+?BM2`v

h`�Mb�+iBQMb QM AM7Q`K�iBQM avbi2Kb UhPAaV- pQHX kR- MQX 9- TTX jR8Ĝj9e- kyyjX

(R8j) ǳirBii2`X+QK-Ǵ kyRNX (PMHBM2)X �p�BH�#H2, ?iiTb,ffrrrXirBii2`X+QK

R98



(R89) �X o�HBimiiB- *X ai`�TT�`�p�- �M/ PX aiQ+F- ǳ.2p2HQTBM; �z2+iBp2 H2tB+�H

`2bQm`+2b-Ǵ Sbv+?LQHQ;v CQm`M�H- pQHX k- TTX eRĜ3j- C�Mm�`v kyy9X (PMHBM2)X

�p�BH�#H2, ?iiTb,ffrrrXKB+`QbQ7iX+QKf2M@mbf`2b2�`+?fTm#HB+�iBQMf/2p2HQTBM;@

�z2+iBp2@H2tB+�H@`2bQm`+2bf

(R88) SX o2M2iBb- :X EQmi`BF�- �M/ >X :�`+B�@JQHBM�- ǳPM i?2 b2H2+iBQM Q7 i�;b 7Q`

i�; +HQm/b-Ǵ BM S`Q+22/BM;b Q7 i?2 7Qm`i? �bbQ+B�iBQM 7Q` *QKTmiBM; J�+?BM2`v

BMi2`M�iBQM�H +QM72`2M+2 QM q2# b2�`+? �M/ /�i� KBMBM;X �*J- kyRR- TTX

3j8Ĝ399X

(R8e) JX �X q�HF2`- SX �M�M/- _X �##Qii- �M/ _X :`�Mi- ǳai�M+2 +H�bbB}+�iBQM mbBM;

/B�HQ;B+ T`QT2`iB2b Q7 T2`bm�bBQM-Ǵ BM S`Q+22/BM;b Q7 �*G ǶRkX �*G- kyRk- TTX

8NkĜ8NeX

(R8d) JX �X q�HF2`- SX �M�M/- _X �##Qii- CX 1X 6X h`22- *X J�`i2HH- �M/ CX EBM;-

ǳh?�i Bb vQm` 2pB/2M+2\, *H�bbB7vBM; bi�M+2 BM QMHBM2 TQHBiB+�H /2#�i2-Ǵ .2+BbBQM

amTTQ`i avbi2Kb- pQHX 8j- MQX 9- TTX dRNĜdkN- kyRkX

(R83) >X q�M;- uX Gm- �M/ *X w?�B- ǳG�i2Mi �bT2+i `�iBM; �M�HvbBb QM `2pB2r i2ti

/�i�, � `�iBM; `2;`2bbBQM �TT`Q�+?-Ǵ BM S`Q+22/BM;b Q7 i?2 Rei? �bbQ+B�iBQM 7Q`

*QKTmiBM; J�+?BM2`v aA:E.. BMi2`M�iBQM�H +QM72`2M+2 QM EMQrH2/;2 /Bb+Qp@

2`v �M/ /�i� KBMBM;X �*J- kyRy- TTX d3jĜdNkX

(R8N) CX q�M;- GX >QM;- �M/ "X .X .�pBbQM- ǳ_b/+ǶyN, h�; `2+QKK2M/�iBQM mbBM;

F2vrQ`/b �M/ �bbQ+B�iBQM `mH2bXǴ BM .*! SE..f1*JG- kyyNX

(Rey) _X q�M;- .X w?Qm- JX CB�M;- CX aB- �M/ uX u�M;- ǳ� bm`p2v QM QTBMBQM KBMBM;,

6`QK bi�M+2 iQ T`Q/m+i �bT2+i-Ǵ A111 �++2bb- pQHX d- TTX 9R RyRĜ9R Rk9- kyRNX

(ReR) sX q�M;- �X J+*�HHmK- �M/ sX q2B- ǳhQTB+�H M@;`�Kb, S?`�b2 �M/ iQTB+ /Bb@

+Qp2`v- rBi? �M �TTHB+�iBQM iQ BM7Q`K�iBQM `2i`B2p�H-Ǵ BM B+/KX A111- kyyd-

TTX eNdĜdykX

R9e



(Rek) *X q�`2- AM7Q`K�iBQM pBbm�HBx�iBQM, T2`+2TiBQM 7Q` /2bB;MX 1Hb2pB2`- kyRkX

(Rej) CX JX qB2#2- _X 6X "`m+2- �M/ hX SX PǶ>�`�- ǳ.2p2HQTK2Mi �M/ mb2 Q7

� ;QH/@bi�M/�`/ /�i� b2i 7Q` bm#D2+iBpBiv +H�bbB}+�iBQMb-Ǵ BM S`Q+22/BM;b Q7

i?2 jdi? �MMm�H J22iBM; Q7 i?2 �bbQ+B�iBQM 7Q` *QKTmi�iBQM�H GBM;mBbiB+b QM

*QKTmi�iBQM�H GBM;mBbiB+b- b2`X �*G ǶNNX ai`Qm/b#m`;- S�- la�, �bbQ+B�iBQM

7Q` *QKTmi�iBQM�H GBM;mBbiB+b- RNNN- TTX k9eĜk8jX (PMHBM2)X �p�BH�#H2,

?iiTb,ff/QBXQ`;fRyXjRR8fRyj9ed3XRyj9dkR

(Re9) :X qBHHB�Kb �M/ aX �M�M/- ǳS`2/B+iBM; i?2 TQH�`Biv bi`2M;i?

Q7 �/D2+iBp2b mbBM; rQ`/M2i-Ǵ BM h?B`/ AMi2`M�iBQM�H ���A *QM@

72`2M+2 QM q2#HQ;b �M/ aQ+B�H J2/B�- kyyNX (PMHBM2)X �p�BH�#H2,

?iiTb,ffrrrX���BXQ`;fQ+bfBM/2tXT?TfA*qaJfyNfT�T2`fpB2rfkR9

(Re8) GX qm- GX u�M;- LX um- �M/ sX@aX >m�- ǳG2�`MBM; iQ i�;-Ǵ BM S`Q+22/BM;b Q7 i?2

R3i? BMi2`M�iBQM�H +QM72`2M+2 QM qQ`H/ rB/2 r2#X �*J- kyyN- TTX jeRĜjdyX

(Ree) uX qm- ZX w?�M;- sX >m�M;- �M/ GX qm- ǳS?`�b2 /2T2M/2M+v T�`bBM; 7Q` QTBM@

BQM KBMBM;-Ǵ BM S`Q+22/BM;b Q7 i?2 kyyN *QM72`2M+2 QM 1KTB`B+�H J2i?Q/b BM

L�im`�H G�M;m�;2 S`Q+2bbBM;, oQHmK2 j@oQHmK2 jX �bbQ+B�iBQM 7Q` *QKTmi�@

iBQM�H GBM;mBbiB+b- kyyN- TTX R8jjĜR89RX

(Red) sX sB�- .X GQ- sX q�M;- �M/ "X w?Qm- ǳh�; `2+QKK2M/�iBQM BM bQ7ir�`2 BM@

7Q`K�iBQM bBi2b-Ǵ BM S`Q+22/BM;b Q7 i?2 Ryi? qQ`FBM; *QM72`2M+2 QM JBMBM;

aQ7ir�`2 _2TQbBiQ`B2bX A111 S`2bb- kyRj- TTX k3dĜkNeX

(Re3) GX sm- EX GBm- CX w?�Q 2i �HX- ǳCQBMi QTBMBQM `2H�iBQM /2i2+iBQM mbBM; QM2@+H�bb

/22T M2m`�H M2irQ`FXǴ BM S`Q+22/BM;b Q7 i?2 i?2 AMi2`M�iBQM�H *QM72`2M+2 QM

*QKTmi�iBQM�H GBM;mBbiB+b ǶR9- pQHX R9- kyR9- TTX eddĜe3dX

R9d



(ReN) �X u�/QHH�?B- �X :X a?�?`�FB- �M/ PX _X w�B�M2- ǳ*m``2Mi bi�i2 Q7 i2ti b2M@

iBK2Mi �M�HvbBb 7`QK QTBMBQM iQ 2KQiBQM KBMBM;-Ǵ �bbQ+B�iBQM 7Q` *QKTmiBM;

J�+?BM2`v *QKTmiBM; am`p2vb U*al_V- pQHX 8y- MQX k- TX k8- kyRdX

(Rdy) ǳ�Mbr2`bXv�?QQX+QK-Ǵ kyRNX (PMHBM2)X �p�BH�#H2,

?iiTb,ffrrrX�Mbr2`bXv�?QQX+QK

(RdR) "X u�M; �M/ aX J�M�M/?�`- ǳh�;@#�b2/ 2tT2`i `2+QKK2M/�iBQM BM +QKKmMBiv

[m2biBQM �Mbr2`BM;-Ǵ BM kyR9 A111f�bbQ+B�iBQM 7Q` *QKTmiBM; J�+?BM2`v AM@

i2`M�iBQM�H *QM72`2M+2 QM �/p�M+2b BM aQ+B�H L2irQ`Fb �M�HvbBb �M/ JBMBM;

U�aPL�J kyR9VX A111- kyR9- TTX NeyĜNejX

(Rdk) hX u�MQ- LX �X aKBi?- �M/ CX .X qBHF2`bQM- ǳh2tim�H T`2/B+iQ`b Q7 #BHH bm`pBp�H BM

+QM;`2bbBQM�H +QKKBii22b-Ǵ BM S`Q+22/BM;b Q7 i?2 kyRk *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;B2bX �bbQ+B�iBQM 7Q` *QKTmi�iBQM�H GBM;mBbiB+b- kyRk- TTX

dNjĜ3ykX

(Rdj) uX uBM- 6X q2B- GX .QM;- EX sm- JX w?�M;- �M/ JX w?Qm- ǳlMbmT2`pBb2/ rQ`/

�M/ /2T2M/2M+v T�i? 2K#2//BM;b 7Q` �bT2+i i2`K 2ti`�+iBQM-Ǵ BM S`Q+22/BM;b

Q7 AC*�A@1*�A ǶReX ���A S`2bb- kyRe- TTX kNdNĜkN38X

(Rd9) ǳuQmim#2X+QK-Ǵ kyRNX (PMHBM2)X �p�BH�#H2, ?iiTb,ffrrrXvQmim#2X+QK

(Rd8) CX ul- 1X _1Ah1_- CX >lLh1_- �M/ *X J1GGAa>- ǳ*?QQbBM; i?2 +QMi2Mi Q7

i2tim�H bmKK�`B2b Q7 H�`;2 iBK2@b2`B2b /�i� b2ib-Ǵ L�im`�H G�M;m�;2 1M;BM22`@

BM;- pQHX Rj- MQX R- TX k8Ĝ9N- kyydX

(Rde) GX w?�M;- aX q�M;- �M/ "X GBm- ǳ.22T H2�`MBM; 7Q` b2MiBK2Mi �M�HvbBb, � bm`@

p2v-Ǵ qBH2v AMi2`/Bb+BTHBM�`v _2pB2rb, .�i� JBMBM; �M/ EMQrH2/;2 .Bb+Qp2`v-

pQHX 3- MQX 9- TX 2Rk8j- kyR3X

R93



(Rdd) LX w?�M;- uX w?�M;- �M/ CX h�M;- ǳ� i�; `2+QKK2M/�iBQM bvbi2K #�b2/ QM

+QMi2Mib-Ǵ 1*JG SE.. .Bb+Qp2`v *?�HH2M;2 kyyN U.*yNV- TX k38- kyyNX

(Rd3) sX w?�M;- CX w?�Q- �M/ uX G2*mM- ǳ*?�`�+i2`@H2p2H +QMpQHmiBQM�H M2irQ`Fb 7Q`

i2ti +H�bbB}+�iBQM-Ǵ BM �/p�M+2b BM M2m`�H BM7Q`K�iBQM T`Q+2bbBM; bvbi2Kb- kyR8-

TTX e9NĜe8dX

(RdN) uX w?�M; �M/ wX GBM- ǳS`2/B+iBM; i?2 ?2HT7mHM2bb Q7 QMHBM2 T`Q/m+i `2pB2rb,

� KmHiBHBM;m�H �TT`Q�+?-Ǵ 1H2+i`QMB+ *QKK2`+2 _2b2�`+? �M/ �TTHB+�iBQMb-

pQHX kd- TTX RĜRy- kyR3X

(R3y) w?�M; .mQ- GB Cm�M@wB- �M/ sm "BM- ǳq2# b2`pB+2 �MMQi�iBQM mbBM; QMiQHQ;v

K�TTBM;-Ǵ BM A111 AMi2`M�iBQM�H qQ`Fb?QT QM a2`pB+2@P`B2Mi2/ avbi2K 1M;B@

M22`BM; UaPa1Ƕy8V- P+i kyy8- TTX kj8Ĝk9kX

(R3R) GX w?Qm �M/ SX *?�Qp�HBi- ǳPMiQHQ;v@bmTTQ`i2/ TQH�`Biv KBMBM;-Ǵ CQm`M�H Q7 i?2

�bbQ+B�iBQM 7Q` AM7Q`K�iBQM a+B2M+2 �M/ h2+?MQHQ;v- pQHX 8N- MQX R- TTX N3ĜRRy-

kyy3X

(R3k) qX w?Qm �M/ qX .m�M- ǳPMHBM2 mb2` `2pB2rb- T`Q/m+i p�`B2iv- �M/ i?2 HQM; i�BH,

�M 2KTB`B+�H BMp2biB;�iBQM QM QMHBM2 bQ7ir�`2 /QrMHQ�/b-Ǵ 1H2+i`QMB+ *QKK2`+2

_2b2�`+? �M/ �TTHB+�iBQMb- pQHX RR- MQX j- TTX kd8Ĝk3N- kyRkX

(R3j) GX w?m�M;- 6X CBM;- �M/ sX@uX w?m- ǳJQpB2 `2pB2r KBMBM; �M/ bmKK�`Bx�iBQM-Ǵ

BM S`Q+22/BM;b Q7 i?2 R8i? �bbQ+B�iBQM 7Q` *QKTmiBM; J�+?BM2`v AMi2`M�iBQM�H

*QM72`2M+2 QM AM7Q`K�iBQM �M/ EMQrH2/;2 J�M�;2K2MiX L2r uQ`F- la�,

�*J- kyye- TTX 9jĜ8yX

(R39) �X wm#B�;�- 1X EQ+?FBM�- JX GB�F�i�- _X S`Q+i2`- JX GmF�bBF- EX "QMi+?2p�-

hX *Q?M- �M/ AX �m;2Mbi2BM- ǳ.Bb+Qm`b2@�r�`2 `mKQm` bi�M+2 +H�bbB}+�iBQM BM

bQ+B�H K2/B� mbBM; b2[m2MiB�H +H�bbB}2`b-Ǵ AM7Q`K�iBQM S`Q+2bbBM; � J�M�;2@

K2Mi- pQHX 89- MQX k- TTX kdjĜkNy- kyR3X

R9N



GBbi Q7 Sm#HB+�iBQMb

CQm`M�Hb,

Ç EQMD2M;#�K �M�M/- L�;2M/`� EmK�`- �M/ J�MBb? aBM;?X lMbmT2`pBb2/

h�; _2+QKK2M/�iBQM 7Q` SQTmH�` �M/ *QH/ S`Q/m+ib- CQm`M�H Q7 AMi2HHB;2Mi

AM7Q`K�iBQM avbi2KbX 8j UkyRNV, R@kkX

Ç EQMD2M;#�K �M�M/- L22H2b? .2r�M;�M- L�;2M/`� EmK�`- �M/ J�MBb?

aBM;?X �bT2+i QMiQHQ;v #�b2/ `2pB2r 2tTHQ`�iBQM- 1H2+i`QMB+ *QKK2`+2 _2b2�`+?

�M/ �TTHB+�iBQMb jy UkyR3V, ek@dRX

*QM72`2M+2b,

Ç EQMD2M;#�K �M�M/- am#`�i� :?Qb?- L�;2M/`� EmK�`- �M/ J�MBb? aBM;?X

.2#�i2 ai�M+2 *H�bbB}+�iBQM lbBM; qQ`/ 1K#2//BM;b- AM AMi2`M�iBQM�H *QM72`@

2M+2 QM "B; .�i� �M�HviB+b �M/ EMQrH2/;2 .Bb+Qp2`v- TTX j3k@jN8X aT`BM;2`-

*?�K- kyR3X

Ç L�;2M/`� EmK�`- E�`i?BF u�/�p Jm//�- :�v�K h`Bb?�H- EQMD2M;#�K

�M�M/- �M/ J�MBb? aBM;?X q?2`2 iQ SQbi, _QmiBM; Zm2biBQMb iQ _B;?i *QK@

KmMBiv BM *QKKmMBiv Zm2biBQM �Mbr2`BM; avbi2Kb- AM �*J AM/B� CQBMi AMi2`@

M�iBQM�H *QM72`2M+2 QM .�i� a+B2M+2 �M/ J�M�;2K2Mi Q7 .�i�- TTX Rje@R9kX

�*J- kyRNX

Ç am#`�i� :?Qb?- EQMD2M;#�K �M�M/- a�BH�D� _�D�M�H�- �X "?�`�i? _2//v-

�M/ J�MBb? aBM;?X lMbmT2`pBb2/ bi�M+2 +H�bbB}+�iBQM BM QMHBM2 /2#�i2b- AM �*J

AM/B� CQBMi AMi2`M�iBQM�H *QM72`2M+2 QM .�i� a+B2M+2 �M/ J�M�;2K2Mi Q7 .�i�-

TTX jy@jeX �*J- kyR3X

Ç L�;2M/`� EmK�`- u�b? *?�M/�`�M�- EQMD2M;#�K �M�M/- �M/ J�MBb?

aBM;?X lbBM; bQ+B�H K2/B� 7Q` rQ`/@Q7@KQmi? K�`F2iBM;- AM AMi2`M�iBQM�H *QM@

R8y



72`2M+2 QM "B; .�i� �M�HviB+b �M/ EMQrH2/;2 .Bb+Qp2`v- TTX jNR@9yeX aT`BM;2`-

*?�K- kyRdX

Ç S`�i?vmb?� h?�KKBM2MB- oBTmH CBM/�H- a�m`�#? :�M;r�`- EQMD2M;#�K

�M�M/- �M/ EQi�`Q E�i�QF�X aS�*1, �M 1KTB`B+�H �TT`Q�+? hQr�`/b �

lb2`@*2Mi`B+ aK�`i *�KTmb- AM AMi2`M�iBQM�H *QM72`2M+2 QM JQ#BH2 l#B[mB@

iQmb *QKTmiBM;- avbi2Kb- a2`pB+2b �M/ h2+?MQHQ;B2b- TTX j8@9RX A�_A�- kyR3

R8R


