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/2+�/2b #27Q`2 i?2 BMi`Q/m+iBQM Q7 i?2 M2r �`i2`B�H "mb _�TB/ h`�MbBi U�"_hV HBM2X h?2`2@

7Q`2- `2;�`/H2bb Q7 i?2 [m�HBiv Q7 i?Bb T`2pBQmb rQ`F- Bi Bb 2t+22/BM;Hv HBF2Hv i?�i Bi /Q2b MQi

+�Tim`2 i?2 +m``2Mi i`�MbBi `Qmi2 +?QB+2 #2?�pBQ` Q7 i?2 `2;BQM �b ?B;?2` H2p2H Q7 b2`pB+2

KQ/2b UGB;?i _�BH �M/ �"_hV rBHH /`�r T�bb2M;2`b iQ i?2K �M/ �r�v 7`QK Qi?2` `Qmi2b-

7mM/�K2Mi�HHv +?�M;BM; i?2 `Qmi2 +?QB+2 /2+BbBQM K�FBM; T`Q+2bb BM/BpB/m�Hb 2KTHQvX

�b T�`i Q7 � H�`;2` #Q/v Q7 `2b2�`+? /2/B+�i2/ iQ KmHiBKQ/�H KQ/2HBM; rBi?BM i?2 hrBM

*BiB2b K2i`QTQHBi�M `2;BQM Q7 JBMM2bQi�- i?Bb `2b2�`+? Tm`bm2b i?2 +�HB#`�iBQM Q7 �M mT@iQ@

/�i2 �M/ KQ`2 bT2+B}+ i`�MbBi `Qmi2 +?QB+2 KQ/2HX aT2+B}+�HHv- i?2 `2H�iBQMb?BT #2ir22M

i`�MbBi T�bb2M;2` T`272`2M+2b �M/ i?2 r�v BM r?B+? i?2v BMi2`�+i rBi? i?2 i`�MbBi M2irQ`F

rBHH #2 �M�Hvx2/ BM /2i�BHX h?2 F2v [m2biBQM i?Bb `2b2�`+? �bFb Bb r?2i?2` T�bb2M;2`b b2H2+i

i?2 b?Q`i2bi T�i? UKBMBKBx2b iQi�H i`�p2H iBK2V- Q` B7 BM/BpB/m�Hb bm#D2+iBp2Hv b2H2+i � T�i?

#�b2/ QM i?2B` T2`bQM�H T`272`2M+2b iQr�`/b T�i? �ii`B#mi2b Qi?2` i?�M i?2 iQi�H i`�p2H

iBK2X �//BiBQM�HHv- i?Bb rQ`F rBHH BMp2biB;�i2 r?2i?2` T�bb2M;2`bǶ `Qmi2 +?QB+2 QTiBQMb �`2

`2bi`B+i2/ #�b2/ QM HBKBi2/ b2`pB+2 +Qp2`�;2 �+`Qbb i?2 `2;BQM- Q` r?2i?2` BM/BpB/m�Hb ?�p2

� rB/2 p�`B2iv Q7 ǳ�ii`�+iBp2 T�i?bǴ i?2v rQmH/ +QMbB/2` i�FBM; iQ ;2i iQ i?2B` /2biBM�iBQMX

6BM�HHv- i?Bb `2b2�`+? rBHH 2t�KBM2 B7 bQ+BQ@/2KQ;`�T?B+ p�`B�#H2b BM~m2M+2 i`�MbBi `Qmi2

k



RXjX h?2bBb P`;�MBx�iBQM

+?QB+2 �M/ B7 i`�MbBir�vb UHB;?i `�BH- #mb `�TB/ i`�MbBi -�M/ +QKKmi2` `�BH `Qmi2bV �`2 KQ`2

/2bB`�#H2 i?�M T�i?b QMHv +QMi�BMBM; HQ+�H #mb2bX

AM Q`/2` iQ �//`2bb i?2b2 [m2biBQMb- i?Bb `2TQ`i BMi`Q/m+2b � M2r KmHiB@+`Bi2`BQM b+?2/mH2

#�b2/ b?Q`i2bi T�i? Ua"aSV �H;Q`Bi?K rBi? bBM;H2 i`BT 2HBKBM�iBQM K2i?Q/ r?B+? Bb mb2/

iQ ;2M2`�i2 � `Q#mbi b2i Q7 #2ir22M k@R8 �ii`�+iBp2 T�i? +?QB+2b 7Q` 2�+? mb2`X � KmHiB@

MQKB�H HQ;Bi KQ/2H Bb i?2M 2biBK�i2/ iQ +QKT�`2 `2+Q`/2/ i`�MbBi T�i?b 7`QK �M QM@#Q�`/

i`�MbBi bm`p2v iQ i?2 �ii`�+iBp2 T�i?b +QMi�BM2/ rBi?BM 2�+? mb2`Ƕb +?QB+2 b2iX AM �Mbr2`BM;

i?2 [m2biBQMb TQb2/ �#Qp2 �M/ +`2�iBM; � `Q#mbi i`�MbBi `Qmi2 +?QB+2 KQ/2H mbBM; � M2r

�M/ BMMQp�iBp2 K2i?Q/- i?Bb bim/v b2`p2b �b � #2M+?K�`F �M/ 7QmM/�iBQM BM i?2 2zQ`ib iQ

BKT`Qp2 `B/2`b?BT T`QD2+iBQMb �M/ 7m`i?2` BM7Q`K TQHB+v /2+BbBQMb i?`Qm;?Qmi i?2 `2;BQM�H

i`�MbBi M2irQ`FX

RXj h?2bBb P`;�MBx�iBQM

h?2 i?2bBb T`2b2Mi2/ ?2`2 Bb /BpB/2/ BMiQ }p2 +?�Ti2`bX *?�Ti2` hrQ +QMi�BMb � HBi2`�im`2

`2pB2r QmiHBMBM; i?2 +m``2Mi bi�i2 Q7 /Bb+`2i2 +?QB+2 KQ/2HBM;bX 6QHHQrBM; i?2 HBi2`�im`2

`2pB2r- *?�Ti2` h?`22 QmiHBM2b i?2 p�`B2iv Q7 /�i� bQm`+2b 2KTHQv2/ BM i?2 �M�HvbBbX

L2ti- BM *?�Ti2` 6Qm`- i?2 +?QB+2 b2i ;2M2`�iBQM `2b2�`+? K2i?Q/QHQ;v rBHH #2 T`QpB/2/

+QMM2+iBM; i?2 i?2Q`2iB+�H T`2+2/2Mi /2b+`B#2/ BM *?�Ti2` hrQ rBi? i?2 `2;BQM�H /�i� bmK@

K�`Bx2/ BM *?�Ti2` h?`22X *?�Ti2` 6Bp2 +QMi�BMb �M Qp2`pB2r Q7 i?2 /Bb+`2i2 +?QB+2 HQ;Bi

KQ/2HBM; K2i?Q/QHQ;vX �7i2` i?2 K2i?Q/QHQ;v- i?2 K�BM `2bmHib Q7 i?2 `Qmi2 +?QB+2 KQ/2H

+�HB#`�iBQM rBHH #2 T`2b2Mi2/ �M/ �M�Hvx2/ BM *?�Ti2` aBt #27Q`2 #2BM; �TTHB2/ iQ � HQ+�H

+�b2 bim/v BM *?�Ti2` a2p2MX 6QHHQrBM; i?Bb �M�HvbBb- i?2 `2b2�`+? �M/ +QMi`B#miBQMb iQ

i?2 }2H/ rBHH #2 bmKK�`Bx2/ rBi? � +QM+HmbBQM BM *?�Ti2` 1B;?iX

j



*?�Ti2` k

GBi2`�im`2 _2pB2r

_Qmi2 +?QB+2 KQ/2HBM; Bb � +`BiB+�H bi2T BM i`�MbTQ`i�iBQM TH�MMBM; �M/ K�M�;2K2Mi �b Bi

r2B;?b i?2 `2H�iBp2 BKTQ`i�M+2 Q7 T2`bQM�H �M/ i`BT@bT2+B}+ �ii`B#mi2b QM /2i2`KBMBM; �

mb2`Ƕb b2H2+iBQM Q7 � T�`iB+mH�` i`�MbBi T�i? 7`QK ?Bbf?2` Q`B;BM iQ /2biBM�iBQMX *�HB#`�i2/

KQ/2Hb +�M #2 mb2/ iQ T`QD2+i 7mim`2 `B/2`b?BT- i?2 bvbi2K BKT�+ib Q7 �//BM; Q` `2KQpBM; �

T�`iB+mH�` `Qmi2- �M/ BM /2i2`KBMBM; r?�i �bT2+ib Q7 i?2 i`BT b?QmH/ #2 2M?�M+2/ iQ �ii`�+i

2tBbiBM; �M/ TQi2MiB�H `B/2`b iQ i?2 i`�MbBi bvbi2KX

h`�MbBi `Qmi2 +?QB+2 KQ/2Hb +�M #2 /Bbb2+i2/ BMiQ k F2v [m2biBQMb �M/ +QKTQM2Mib #Qi?

Q7 r?B+? ?�p2 H�`;2 #Q/B2b Q7 `2H�i2/ `2b2�`+?X

RX q?�i T�i?b Ub2i Q7 i`�MbBi `Qmi2b �M/ r�HFBM;fr�BiBM; HBMFbV /Q mb2`b +QMbB/2` �b
TQi2MiB�H QTiBQMb iQ ;2i 7`QK i?2B` Q`B;BM iQ /2biBM�iBQM\

kX q?B+? T2`bQM�H �M/ i`BT �ii`B#mi2b �`2 KQbi BM~m2MiB�H BM ;mB/BM; � mb2`Ƕb /2+BbBQM
K�FBM; T`Q+2bb �M/ rBi? r?�i T`Q#�#BHBiv rBHH � mb2` +?QQb2 �Mv Q7 ?Bbf?2` +QMbB/2`2/
T�i?b\

kXR P`B;BM@.2biBM�iBQM 1biBK�iBQM

S`BQ` iQ /2i2`KBMBM; `Qmi2 +?QB+2 #2?�pBQ`- BM/BpB/m�HbǶ Q`B;BM �M/ /2biBM�iBQM HQ+�iBQMb

Kmbi #2 /2i2`KBM2/X .2bTBi2 i?2 �TT2�`�M+2 Q7 i?Bb #2BM; � bi`�B;?i@7Q`r�`/ T`Q#H2K- �

/B+?QiQKv 2tBbib rBi?BM i?2 HBi2`�im`2 #2ir22M mbBM; T�bb2M;2` bm`p2vb Q` �miQK�iB+ 7�`2

+�`/ U�6*V /�i� r?2M 2biBK�iBM; i`�MbBi T�bb2M;2`bǶ Q`B;BM �M/ /2biBM�iBQM HQ+�iBQMbX h?2

F2v /BbiBM+iBQM #2ir22M i?2b2 irQ K2i?Q/b Bb i?�i bm`p2vb `2Hv QM BM7Q`K�iBQM 7`QK i?2

T�bb2M;2` Ur?B+? i2M/b iQ #2 KQ`2 T`2+Bb2 #mi 2tT2MbBp2 iQ �/KBMBbi2`V r?BH2 HQ+�iBQMb 7`QK

9



kXRX P`B;BM@.2biBM�iBQM 1biBK�iBQM

�6* /�i� ?�p2 iQ #2 2biBK�i2/ UH2bb T`2+Bb2 #mi p2`v BM2tT2MbBp2VX PM i?2 r?QH2- �6*

K2i?Q/b +�M b�p2 KBHHBQMb Q7 /QHH�`b BM /�i� +QHH2+iBQM �M/ 2/BiBM; +Qbib r?BH2 #2M2}iBM;

7`QK +QMiBMmQmbHv mT/�iBM; /�i� `2TQbBiQ`B2bX

kXRXR �6* J2i?Q/b

�6* /�i� Bb +QHH2+i2/ 2�+? iBK2 � T�bb2M;2` i�Tb ?Bbf?2` T�vK2Mi +�`/ r?2M #Q�`/BM; U�M/

B7 `2[mB`2/- r?2M �HB;?iBM;V � `Qmi2X h?Bb K2i?Q/- i?2`27Q`2- +QMi�BMb bi�iBQM B/2MiB}+�iBQM

MmK#2`b �M/ i?2 p2`v bT2+B}+ iBK2 i?2 T�bb2M;2` 2Mi2`2/ UQ` H27iV i?2 bi�iBQMX LQi2 i?�i

i?Bb K2i?Q/ /Q2b MQi �Hr�vb `2+Q`/ i?2 `Qmi2 i?�i r�b mb2/X �b bm+?- B7 KQ`2 i?�M QM2 `Qmi2

Bb b2`p2/ #v � bBM;H2 i�T@BM T�v bi�iBQM- `Qmi2 H2p2H BM7Q`K�iBQM Bb KBbb2/X �//BiBQM�HHv- B7

BM/BpB/m�Hb /Q MQi M22/ iQ brBT2fi�T i?2B` +�`/ r?2M i`�Mb72``BM;- BMi2`K2/B�`v i`�Mb72`

`Qmi2b �`2 �HbQ MQi `2+Q`/2/X

.m2 iQ i?2 biQT@bT2+B}+ M�im`2 Q7 i?Bb /�i� �+[mBbBiBQM bvbi2K- KQbi bim/B2b 7Q+mb QM

�M�HvxBM; i`�p2H #2?�pBQ` i?�i Q++m`b #2ir22M i`�MbBi biQTb �M/ B;MQ`2 i?2 #2?�pBQ` BM/B@

pB/m�Hb 2t?B#Bi r?2M �++2bbBM; i?2B` }`bi i`�MbBi biQT 7`QK i?2B` Q`B;BM Q` 2;`2bbBM; 7`QK i?2

/2biBM�iBQM biQT iQ i?2B` /2biBM�iBQM HQ+�iBQM (jĜ3)X q?2M T`27Q`KBM; i?2b2 ivT2 Q7 bim/B2b-

Bi Bb �bbmK2/ i?�i � ?B;? T2`+2Mi�;2 Q7 `B/2`b ǳ`2im`M iQ i?2 /2biBM�iBQM bi�iBQM Q7 i?2B` T`2@

pBQmb i`BT r?2M #2;BMMBM; i?2B` M2ti i`BT (�M/) 2M/ i?2 H�bi i`BT Q7 i?2B` /�v �i i?2 bi�iBQM

r?2`2 i?2v #2;�M i?2B` }`bi i`BT Q7 i?2 /�vǴ (d)X lbBM; � i`BT /B�`v `2TQbBiQ`v- `2b2�`+?2`b

7QmM/ i?�i i?2b2 �bbmKTiBQMb r2`2 p�HB/ 7Q` NyW Q7 bm#r�v mb2`bX hrQ /`�r#�+Fb Q7 i?Bb

K2i?Q/- ?Qr2p2`- �`2 i?�i � KBMBKmK Q7 irQ i`BTb � /�v �`2 M22/2/ iQ /2`Bp2 2tBi bi�iBQMb

�M/ �6* /�i� /Q2b MQi `2T`2b2Mi i?2 2MiB`2 TQTmH�iBQM Q7 i`�MbBi `B/2`b UQMHv 3yW BM L2r

uQ`F *BivV (d)X

q?BH2 i?2 �6* �TT`Q�+? +�Tim`2b � H�`;2 T2`+2Mi�;2 Q7 mb2`bǶ 2MiB`2 /�BHv i`�p2H T�i@

i2`Mb- i?Bb rB/2 M2irQ`F@H2p2H �M�HvbBb �HbQ `2bi`B+ib i?2 TQi2MiB�H miBHBiv Q7 i?2b2 ivT2b Q7

bim/B2bX AM �//`2bbBM; i?2 iBK2 bT2Mi r�HFBM;- r�BiBM;- �M/ BM@p2?B+H2 mbBM; �6* /�i�- p�`@

BQmb K2i?Q/b �`2 T`QTQb2/ BM i?2 HBi2`�im`2X PM2 �bbmKTiBQM Bb i?�i r�HFBM; �M/ r�BiBM;

8



kXRX P`B;BM@.2biBM�iBQM 1biBK�iBQM

iBK2b �`2 `�M/QK r?BH2 BM@p2?B+H2 iBK2 UAohV Bb TmM+im�H �M/ /2i2`KBM2/ #v i?2 i�T@BM

�M/ i�T@Qmi iBK2b 7`QK i?2 �6* /�i� (j)X aiBHH Qi?2` `2b2�`+?2`b (9)- ?Qr2p2`- b2H2+i Q`B;BM@

/2biBM�iBQM UP@.V T�B`b i?�i QMHv ?�p2 QM2 2z2+iBp2 `Qmi2 #2ir22M i?2KX h?Bb �HHQrb i?2K

iQ 2HBKBM�i2 i?2 mM+2`i�BMiv BM iBKBM;b /m2 iQ i?2 T`2pBQmb mM+2`i�BMiv Qp2` r?B+? `Qmi2

r�b +?Qb2M U�b /2b+`B#2/ �#Qp2VX AM i?Bb K2i?Q/- i`BT i`�p2H iBK2 Bb i?2M bTHBi BMiQ 2Mi`v

�M/ 2tBi r�HFBM; iBK2b- r�BiBM; iBK2b- �M/ BM@p2?B+H2 iBK2X h?2b2 2Mi`v �M/ 2tBi iBK2b-

?Qr2p2`- QMHv 7Q+mb QM i?2 iBK2 7`QK i�TTBM; i?2 7�`2 +�`/ �M/ r�HFBM; i?`Qm;? i?2 bi�iBQM

iQ i?2 �+im�H #Q�`/BM;f�HB;?iBM; TH�i7Q`KX �b � `2bmHi- i?2b2 iBK2b �`2 QMHv bB;MB}+�Mi BM

H�`;2 J1h_P bvbi2Kb �M/- HBF2 Qi?2` T`2pBQmbHv K2MiBQM2/ bim/B2b- i?Bb K2i?Q/ B;MQ`2b

i?2 iBK2 iQ `2�+? i?2 BM/BpB/m�Hb }`bi bi�iBQM 7`QK i?2B` Q`B;BM �M/ i?2 iBK2 7`QK i?2B` H�bi

bi�iBQM iQ /2biBM�iBQM HQ+�iBQMX

J�Mv �6*@#�b2/ bim/B2b 7Q+mb QM i?2 P@. HQ+�iBQMb Q7 T�bb2M;2`b- i?2b2 HQ+�iBQMb-

?Qr2p2`- �`2 Q7i2M i?2 P@. biQTb `�i?2` i?�M i?2 BM/BpB/m�HbǶ �+im�H Q`B;BM �M/ /2biBM�iBQM

HQ+�iBQMbX AM Q`/2` iQ �//`2bb i?Bb /2}+B2M+v- b2H2+i `2b2�`+?2`b �M�Hvx2 �++2bb r�HFBM;

/Bbi�M+2- �M/ i?2 �bbQ+B�i2/ i`�p2H #2?�pBQ`- mbBM; i?2 �6* i�T@BM biQT HQ+�iBQM �b r2HH �b

i?2 7�`2 +�`/Ƕb #BHHBM; �//`2bb (e)X h?Bb K2i?Q/ `2bmHi2/ BM Qp2` k8W Q7 i?2 b�KTH2 /�i�b2i

?�pBM; �M �++2bb /Bbi�M+2 ;`2�i2` Q` 2[m�H iQ k KBH2b- Km+? H�`;2` i?�M Bb i`�/BiBQM�HHv

Q#b2`p2/X �b � `2bmHi- i?2 �mi?Q`b iQbb2/ i?Bb /�i� 7`QK i?2B` �M�HvbBb `�iBQM�HBxBM; i?�i

rBi? i?2 �6* /�i� b2i- ǳBi r�b BKTQbbB#H2 iQ /BbiBM;mBb?Ǵ B7 i?2 #BHHBM; �//`2bb r�b �+im�HHv

r?2`2 i?2 BM/BpB/m�H r�HF2/ 7`QK r?2M �++2bbBM; i?2 biQT +QMi�BM2/ rBi?BM i?2 �6* /�i�X

�b b?QrM 7`QK i?Bb `2pB2r Q7 �6*@`2H�i2/ i`�MbBi #2?�pBQ` bim/B2b- i?2 �p�BH�#BHBiv Q7

�6* /�i� K�F2b Bi � p2`v �TT2�HBM; /�i�b2i 7Q` i?Bb ivT2 Q7 bim/v #mi i?Bb K2i?Q/QHQ;v

+`BiB+�HHv M2;H2+ib �++2bb �M/ 2;`2bb r�HFBM; +QKTQM2Mib Q7 BM/BpB/m�HbǶ i`BTbX

kXRXk h`�MbBi am`p2v J2i?Q/b

�b �M �Hi2`M�iBp2 iQ �6* /�i�- K�Mv bim/B2b `2Hv QM i?2 mb2 Q7 ?B;? `2bQHmiBQM bm`p2vb r?B+?

K�v BM+Hm/2 BM7Q`K�iBQM T2`i�BMBM; iQ i?2 �++2bbf2;`2bb r�HFBM; /Bbi�M+2b- /2KQ;`�T?B+

e



kXkX *?QB+2 a2i :2M2`�iBQM

BM7Q`K�iBQM- � HBbi Q7 �HH `Qmi2b QM �M BM/BpB/m�Hb i`BT- i`BT T`272`2M+2- �M/fQ` /2i�BH2/ i`BT

BM7Q`K�iBQM 7Q` i?2 `Qmi2 QM r?B+? i?2 T�bb2M;2` r�b bm`p2v2/ (NĜRR)X q?BH2 �6* �M�HvbBb

Bb i?2 2K2`;BM; K2i?Q/ iQ ;�i?2` i`�MbBi `Qmi2 +?QB+2 BM7Q`K�iBQM- bm`p2v #�b2/ �TT`Q�+?2b

?�p2 #22M i`�/BiBQM�HHv 2KTHQv2/X

*?�TH2�m 2i �HX- BM i?2B` rQ`Fb?QT T`2b2Mi�iBQM �i i?2 3i? AMi2`M�iBQM�H *QM72`2M+2 QM

am`p2v J2i?Q/b BM h`�MbTQ`i- QmiHBM2 i?2 F2v bm`p2vb 7`QK r?B+? i`�MbTQ`i�iBQM /�i� Bb

ivTB+�HHv 2ti`�+i2/ (Rk)X aT2+B}+�HHv- i?2 �mi?Q`b /2MQi2 irQ F2v bm`p2v �`2�b, URV ?Qmb2@

?QH/ i`�p2H bm`p2vb- �M/ UkV QM@#Q�`/ i`�MbBi bm`p2vbX >Qmb2?QH/ i`�p2H bm`p2vb- ?Qr2p2`-

�`2 BM�/2[m�i2 7Q` �TTHB+�iBQM iQ i`�MbBi TH�MMBM; /m2 iQ i?2 BM7`2[m2Mi �/KBMBbi`�iBQM Q7

?Qmb2?QH/ bm`p2vb- BMbm{+B2Mi 7Q+mb QM i`�MbBi i`BTb- �M/ �M �/2[m�i2 bT�iB�H �M/ i2KTQ`�H

`2bQHmiBQM 7Q` i`�MbBi TH�MMBM; (Rk)X �b � `2bmHi- � T`2/QKBM�M+2 Q7 i?2 i`�MbBi `Qmi2 +?QB+2

KQ/2Hb BM i?2 HBi2`�im`2 2KTHQv `2b2�`+? 7Q+mb2/ QM /�i� 7`QK i`�MbBi QM@#Q�`/ bm`p2vbX AM

7�+i � bm`p2v Q7 8k i`�MbBi �;2M+B2b 7QmM/ i?�i NeW +QM/m+i2/ QM@#Q�`/ bm`p2vb #2ir22M

kyyk@kyy9 (Rj)X h?2b2 bm`p2vb �`2 ivTB+�HHv +�``B2/ Qmi QM+2 2p2`v R@9 v2�`b �M/ 7Q+mb QM

[m2biBQMb `2H�i2/ iQ r?Q i`�MbBi mb2`b �`2- r?2`2 �M/ r?2M i?2v K�/2 i?2B` i`BT- �M/ r?v

i?2v `Q/2 i`�MbBiX

kXk *?QB+2 a2i :2M2`�iBQM

_2;�`/H2bb Q7 ?Qr i?2 i`�MbBi T�bb2M;2` /�i� Bb +QHH2+i2/- `Qmi2 +?QB+2 bim/B2b Kmbi /2i2`@

KBM2 r?B+? i`�MbBi T�i?b Ub2[m2M+2 Q7 `Qmi2bV BM/BpB/m�Hb +QMbB/2` r?2M mHiBK�i2Hv +?QQbBM;

i?2B` /2bB`2/ T�i?X h?Bb Bb- T2`?�Tb- QM2 Q7 i?2 KQbi +`m+B�H bi2Tb Q7 `Qmi2 +?QB+2 ;2M2`@

�iBQM �b BM+Q``2+i bBx2 Q` +QKTQbBiBQM Q7 i?2 +?QB+2 b2ib +�M H2�/ iQ KQ/2H #B�b2b +�mbBM;

i?2 +�HB#`�i2/ `Qmi2 +?QB+2 T�`�K2i2`b iQ #2 BM�++m`�i2X q?BH2 i?Bb Bb � bi`�B;?i7Q`r�`/

+QM+2Tim�H [m2biBQM- i?2 HBi2`�im`2 Bb /BpB/2/ QM i?2 #2bi r�v iQ ;2M2`�i2 i?Bb +?QB+2 b2iX

*?QB+2 b2i ;2M2`�iBQM +�M H�`;2Hv #2 bTHBi BMiQ irQ +�i2;Q`B2bĜ/2i2`KBMBbiB+ Ur?2`2 � b2i

MmK#2` Q7 +?QB+2b Bb ;2M2`�i2/ 7Q` � ;Bp2M P@. T�B` ivTB+�HHv mbBM; �M Bi2`�iBp2 b?Q`i2bi

d



kXjX .Bb+`2i2 *?QB+2 JQ/2HBM;

T�i? b2�`+?V- Q` biQ+?�biB+ Ur?2`2 i?2 +?QB+2 b2i Bb bT2+B}+ iQ i?2 BM/BpB/m�H `�i?2` i?�M i?2

P@. T�B`V (R9)X

AM Q`/2` iQ ;2M2`�i2 /2i2`KBMBbiB+ +?QB+2 b2ib- b2p2`�H K2i?Q/b ?�p2 #22M T`QTQb2/X

E@b?Q`i2bi S�i? �H;Q`Bi?Kb- 7Q` 2t�KTH2- ;2M2`�i2 i?2 }`bi ǳFǴ MmK#2` Q7 b?Q`i2bi T�i?b

#2ir22M � bT2+B}2/ P@. T�B` (R8- Re)X qBi?BM i?Bb K2i?Q/- Bi2`�iBp2 b?Q`i2bi T�i?b +�M #2

;2M2`�i2/ mbBM; HBMF T2M�Hiv �M/fQ` HBMF 2HBKBM�iBQM K2i?Q/b BM r?B+? i?2 +Qbi Q7 HBMFb

rBi?BM i?2 +m``2Mi b?Q`i2bi T�i? �`2 BM+`2�b2/ Q` i?2 HBMF Bb `2KQp2/ 7`QK i?2 M2irQ`F (R8)X

� b2+QM/ /2i2`KBMBbiB+ +?QB+2 b2i ;2M2`�iBQM K2i?Q/ mb2b #`�M+? �M/ #QmM/ i2+?MB[m2b

(Rd- R3)X lbBM; i?Bb i2+?MB[m2- +?QB+2 b2ib �`2 7QmM/ #v +`2�iBM; �M �//BiBQM�H H2p2H iQ �

M2bi2/ i`22 bi`m+im`2 7Q` 2�+? +?QB+2 �M BM/BpB/m�H 7�+2bX h?2 T�i?b rBi?BM i?Bb i`22 �`2

i2`KBM�i2/f`2KQp2/ B7 i?2v pBQH�i2 �Mv Q7 i?2 b2p2`�H BKTQb2/ +QMbi`�BMib UBX2X +2`i�BM

iBK2 i?`2b?QH/b �`2 Q#2v2/ �M/ � i`BT �7i2` � i`�Mb72` +�MMQi H2�p2 #27Q`2 i?2 T2`bQM ?�b

�``Bp2/ �i i?2 i`�Mb72` TQBMiVX h?B`/- .B�H- BM ?Bb RNdR �H;Q`Bi?K- T`QTQb2b i?2 +QM+2Ti

Q7 ǳ`2�bQM�#H2 QTiBQMbǴ /2}M2/ �b T�i?b BM r?B+? r?2M i`�p2HBM; 7`QK MQ/2 iQ MQ/2 QM2

�Hr�vb ;2ib 7m`i?2` 7`QK i?2 Q`B;BM �M/ +HQb2` iQ i?2 /2biBM�iBQM (RN)X �//BiBQM�H bim/B2b

?�p2 bBM+2 T`QTQb2/ Qi?2` K2i?Q/b #v r?B+? iQ /2}M2 ǳ`2�bQM�#H2Ǵ Q` ǳ�ii`�+iBp2Ǵ T�i?b

#�b2/ QM iBK2 +QMbi`�BMib (ky)X

qBi?BM biQ+?�biB+ ;2M2`�iBQM- 6`2BDBM;2` 2i �HX UkyyNV T`QTQb2 �M �TT`Q�+? r?2`2 i?2

b2i Bb ;2M2`�i2/ T`Q#�#BHBbiB+�HHv #v mbBM; � `�M/QK r�HF #B�b2/ iQr�`/b i?2 b?Q`i2bi T�i?X

6m`i?2`KQ`2- JB+?�2H a+Qii _�KKBM;- BM ?Bb kyyR S?. i?2bBb- BMi`Q/m+2b � K2i?Q/ #v

r?B+? +?QB+2 b2ib �`2 bBKmH�i2/ mbBM; HBMF +Qbib 7`QK /Bz2`2Mi T`Q#�#BHBiv /Bbi`B#miBQMb (kR)X

kXj .Bb+`2i2 *?QB+2 JQ/2HBM;

_2;�`/H2bb Q7 i?2 BKTH2K2Mi�iBQM K2i?Q/- �M BM/BpB/m�HbǶ b2i Q7 T�i?b i?�i ?2fb?2 +QMbB/2`b

�b ǳ�ii`�+iBp2Ǵ �`2 bBKmH�i2/- �M/ 7`QK i?Bb b2i- QM2 T�i? Kmbi #2 +?Qb2M �b i?2 bBKmH�i2/

T�i? i�F2M #v i?2 BM/BpB/m�HX qBi?BM i?2 HBi2`�im`2- b2p2`�H T`BK�`v KQ/2H +H�bb2b �`2

3



kXjX .Bb+`2i2 *?QB+2 JQ/2HBM;

BMi`Q/m+2/ iQ T2`7Q`K i?Bb 7mM+iBQMX

h?2 }`bi +H�bb Q7 KQ/2Hb 2KTHQv KmHiB@MQKB�H HQ;Bi UJLGV KQ/2Hb r?B+? +QKT�`2 TQ@

i2MiB�H T�i? +?QB+2b 7`QK i?2 +?QB+2 b2i �M/ K�tBKBx2 i?2 HBF2HB?QQ/ Q7 +?QQbBM; i?2 T�i?

i?�i i?2 T�bb2M;2` �+im�HHv i`�p2`b2/X qBi?BM i?2 HQ;Bi +H�bbB}+�iBQM- b2p2`�H bm#@K2i?Q/b

�`2 T`QTQb2/ bm+? �b *@GQ;Bi (kk)- �M/ S�i? aBx2 GQ;Bi (kj) r?B+? �//`2bb b?Q`i+QKBM;b Q7

i?2 i`�/BiBQM�H JLG KQ/2H r?2M /2�HBM; rBi? Qp2`H�TTBM; T�i?bX h?2 H�ii2` irQ K2i?Q/@

QHQ;B2b �/Dmbi i?2 miBHBiv Q7 �M Qp2`H�TTBM; T�i? #�b2/ QM � K2�bm`2 T`QTQ`iBQM�H iQ i?2

bBx2 Q7 i?2 Qp2`H�TTBM; T�i?bX

hQ 7m`i?2` +�Tim`2 i?2 +Q``2H�iBQM #2ir22M �Hi2`M�iBp2b +`Qbb@M2bi2/ HQ;Bi U*LGV KQ/2Hb

�`2 K2MiBQM2/ #v S2i2` oQpb?� (k9)X h?2 7Q`K�i Q7 i?Bb KQ/2H �HHQrb 7Q` +Q``2H�iBQM #2@

ir22M bT2+B}+ +?QB+2b i?`Qm;? ;`QmTBM; i?2 �Hi2`M�iBp2b #�b2/ QM � +QKKQM�HBiv r?BH2 �HbQ

�+FMQrH2/;BM; +QK#BM�iBQMb �M/ +`Qbb bBKBH�`BiB2b #2ir22M /Bz2`2Mi M2bibX 6Q` 2t�KTH2- BM

� i`�/BiBQM�H M2bi2/ HQ;Bi KQ/2H M2bib +QmH/ #2 +`2�i2/ 7Q` i`�MbBir�vb- HQ+�H #mb2b- �M/ +�`bX

AM i?2 +`Qbb@M2bi2/ HQ;Bi KQ/2H- i?2b2 /BbiBM+i M2bib biBHH 2tBbi #mi MQr- +QK#BM�iBQMb Q7 i?2

M2bib �`2 �HHQr2/ bm+? i?�i �M BM/BpB/m�H +QmH/ i�F2 � HQ+�H #mb �M/ � i`�MbBir�vX .m2

iQ i?2 bi`m+im`2 Q7 +`Qbb@M2bi2/ HQ;Bi KQ/2Hb �M/ i?2 BM?2`2Mi +QKTH2tBiv Q7 i`�MbBi `Qmi2

+?QB+2 KQ/2HBM;- i?2 K�DQ`Biv Q7 bim/B2b 2KTHQvBM; *LG K2i?Q/b �`2 7Q+mb2/ QM KQ/2@

+?QB+2 (k9-k8) �Hi?Qm;? b2H2+i bim/B2b ?�p2 �HbQ +QM+2`M2/ `Qmi2@+?QB+2 KQ/2HBM; (ke-kd)X

�M �//BiBQM�H +H�bb 2M+QKT�bb2b KQ/2Hb /2`Bp2/ 7`QK i?2 :2M2`�HBx2/ 1ti`2K2 o�Hm2

U:1oV i?2Q`2K Q7 J+6�//2M (k3)X h?2 7mM/�K2Mi�H /Bz2`2M+2 #2ir22M `Qmi2 +?QB+2 KQ/2Hb

BM i?Bb +H�bb �M/ JLG KQ/2Hb Bb i?�i ǳi?2 bBKBH�`Biv �KQM; `Qmi2b Bb +�Tim`2/ BM i?2

bi`m+im`2 Q7 i?2 2``Q` +QKTQM2Mi Q7 i?2 miBHBiv 7mM+iBQMǴ (kN)X

_2;�`/H2bb Q7 i?2 bT2+B}+ KQ/2H mb2/- b2p2`�H 7�+iQ`b r2`2 +QMbBbi2MiHv 7QmM/ iQ #2 F2v

/2i2`KBM�Mib BM T�bb2M;2`b mHiBK�i2 `Qmi2 +?QB+2 #2?�pBQ`X AM T�`iB+mH�`- o�M/2 q�HH2 �M/

ai22M#2`;?2M UkyyeV bmKK�`Bx2 i?2 HBi2`�im`2 bi�iBM; i?�i i`�Mb72`b �`2 ;2M2`�HHv T2`+2Bp2/

iQ ?�p2 � T2M�Hiv Q7 #2ir22M 8@ky KBMmi2b r?BH2 iBK2 bT2Mi Qmi Q7 i?2 i`�MbBi p2?B+H2 Bb

T2`+2Bp2/ �b #2BM; RX8@kXj iBK2b ?B;?2` i?�M BM@p2?B+H2 iBK2X

N



kXjX .Bb+`2i2 *?QB+2 JQ/2HBM;

�7i2` � bm`p2v Q7 i?2 2tBbiBM; HBi2`�im`2- QMHv � 72r b2H2+i bim/B2b r2`2 7QmM/ i?�i

2KTHQv2/ � b+?2/mH2 #�b2/ b?Q`i2bi T�i? Ua"aSV �H;Q`Bi?K BM ;2M2`�iBM; � +?QB+2 b2i Qp2`

r?B+? � KmHiBMQKB�H HQ;Bi KQ/2H rQmH/ #2 2biBK�i2/X �//BiBQM�HHv- MQ bim/B2b mb2/ �

biQT@H2p2H T�i? +Q``2+iBQM i2`K MQ` +QK#BM2/ #Qi? a"aS �M/ i`BT 2HBKBM�iBQM �H;Q`Bi?Kb

r?2M ;2M2`�iBM; +?QB+2 b2ib �b Bb T`2b2Mi2/ BM i?Bb `2b2�`+?X �b bm+?- i?Bb �M�HvbBb rBHH

7m`i?2` 2M`B+? i?2 i`�MbBi `Qmi2 +?QB+2 KQ/2HBM; }2H/ #v 2tT�M/BM; mTQM- �M/ T`QpB/BM; �M

�Hi2`M�iBp2 iQ 2tBbiBM; K2i?Q/QHQ;B2bX

Ry



*?�Ti2` j

.�i�

�i i?2 �;;`2;�i2 H2p2H- i?2 /�i� 2KTHQv2/ BM i?Bb `2b2�`+? +�M #`Q�/Hv #2 +H�bbB}2/ BMiQ irQ

+�i2;Q`B2b, T�bb2M;2`@bT2+B}+ BM7Q`K�iBQM �M/ M2irQ`F +QM};m`�iBQM /�i�X h?2 7QHHQrBM;

b2+iBQM rBHH #`B2~v BMi`Q/m+2 #Qi? bQm`+2b Q7 /�i� BM+Hm/BM; ?Qr i?2 /�i� r�b �+[mB`2/ �M/

Bib T`BK�`v Tm`TQb2 rBi?BM i?2 i`�MbBi `Qmi2 +?QB+2 KQ/2HX

jXR S�bb2M;2`@aT2+B}+ .�i�

jXRXR J2i`QTQHBi�M *QmM+BH kyRe PM "Q�`/ am`p2v

S�bb2M;2` �ii`B#mi2 /�i� Bb 2ti`�+i2/ 7`QK i?2 J2i`QTQHBi�M *QmM+BHǶb ǳkyRe PM "Q�`/

am`p2vXǴ h?2 bm`p2v r�b +QM/m+i2/ 7`QK �T`BH kyReĜ62#`m�`v kyRd �M/ +QMbBbib Q7 Q`B;BM@

/2biBM�iBQM `2+Q`/b 7Q` ǳjy-ey8 i`�MbBi i`BTb �+`Qbb �HH `2;BQM�H `Qmi2b �M/ T`QpB/2`bǴ (jy)X

h?2b2 `2+Q`/b r2`2 ;�`M2`2/ i?`Qm;? T2`bQM�H BMi2`pB2rb mbBM; ?�M/?2H/ i�#H2ib r?BH2 i?2

T�bb2M;2` r�b QM #Q�`/ � i`�MbBi `Qmi2X h?2 bm`p2v r�b jy [m2biBQMb BM H2M;i? �M/ T`QpB/2b

bQ+BQ/2KQ;`�T?B+ +?�`�+i2`BbiB+b Q7 i?2 mb2`- T`2+Bb2 Q`B;BM �M/ /2biBM�iBQM HQ+�iBQMb- �b

r2HH �b K�Mv Qi?2` �ii`B#mi2bX h?2 BM/BpB/m�H@bT2+B}+ p�`B�#H2b miBHBx2/ BM i?Bb `2b2�`+? �`2

bmKK�`Bx2/ BM h�#H2 jXRX

AM Q`/2` iQ �M�Hvx2 i?2 KQbi ivTB+�H �M/ +QMbi�Mi i`�p2H #2?�pBQ` T�ii2`Mb- b2p2`�H bBK@

THB}+�iBQMbf`2/m+iBQMb �`2 K�/2 iQ i?2 /�i�b2i, URV i?2 iBK2 7`�K2 7Q` �M�HvbBb Bb BM i?2 �m@

imKM �7i2` b+?QQHb ?�/ `2bmK2/- UkV QMHv BM/BpB/m�Hb i`�p2HBM; QM hm2b/�vb �`2 +QMbB/2`2/-

UjV i?2 hm2b/�v 7QHHQrBM; G�#Q` .�v �M/ >�HHQr22M- i?2 hm2b/�v T`BQ` iQ h?�MFb;BpBM;

q22F2M/- �M/ i?2 H�bi irQ hm2b/�vb Q7 .2+2K#2` �`2 `2KQp2/ 7`QK i?2 bim/v T2`BQ/ iQ

RR



jXRX S�bb2M;2`@aT2+B}+ .�i�

h�#H2 jXR, kyRe h`�MbBi QM@#Q�`/ bm`p2v p�`B�#H2b

o�`B�#H2 UbV L�K2 o�`B�#H2 .2b+`BTiBQM

A. lMB[m2 A/2MiB}2` 6Q` 1�+? S�bb2M;2`

.�i2 .�i2 bm`p2v r�b +QM/m+i2/

_Qmi2nam`p2v2/ _Qmi2 bm`p2v r�b +QM/m+i2/ QM

h`�Mb72`bn6`QK LmK#2` Q7 i`�Mb72`b 7`QK Q`B;BM #27Q`2 #2BM; bm`p2v2/

h`�Mb72`bn6`QKn U6B`bi- a2+QM/- h?B`/- 6Qm`i?V _Qmi2 MmK#2` 7Q` 2�+? i`�Mb72` 7`QK i?2 Q`B;BM #27Q`2 bm`p2v

P`B;BMnSH�+2nhvT2- .2biBM�iBQMnSH�+2nhvT2 hvT2 Q7 TH�+2 `2bTQM/2Mi Bb +QKBM; 7`QK U;QBM; iQV MQr

P`B;BMnG�i- P`B;BMnGQM G�iBim/2- GQM;Bim/2 +QQ`/BM�i2b Q7 M2�`2bi BMi2`b2+iBQM iQ Q`B;BM

.2biBM�iBQMnG�i- .2biBM�iBQMnGQM G�iBim/2- GQM;Bim/2 +QQ`/BM�i2b Q7 M2�`2bi BMi2`b2+iBQM 7`QK /2biBM�iBQM

�++2bbnJQ/2- 1;`2bbnJQ/2 JQ/2 Q7 �++2bb iQ U2;`2bb 7`QKV i`�MbBi

h`�Mb72`bnhQ LmK#2` Q7 i`�Mb72`b i�F2M �7i2` bm`p2v2/ `Qmi2 iQ /2biBM�iBQM

h`�Mb72`bnhQn U6B`bi- a2+QM/- h?B`/- 6Qm`i?V _Qmi2 MmK#2` 7Q` 2�+? i`�Mb72` 7`QK i?2 bm`p2v2/ `Qmi2 iQ /2biBM�iBQM

hBK2nPM PM2 ?Qm` `�M;2 r?2M i?2 `2bTQM/2Mi #Q�`/2/ i?2 `Qmi2 QM r?B+? ?2fb?2 r�b bm`p2v2/

S�vK2MinJ2i?Q/ S�vK2Mi K2i?Q/ Q7 i?2 i`BT U*�b?- *�`/- S�bb- JQ#BH2- 2i+XV

6�`2nhvT2 hvT2 Q7 7�`2 T�B/ U_2;mH�`- GBKBi2/ JQ#BHBiv- a2MBQ`- aim/2MifuQmi?V

h`BTnSm`TQb2 Sm`TQb2 Q7 K�FBM; i`BT UJ2�H- qQ`F- _2+`2�iBQMf_2HB;BQmb- a+?QQH- a?QTTBM;- 1``�M/b- Pi?2`V

�;2 �;2 Q7 `2bTQM/2Mi

_�+2 _�+2 Q7 `2bTQM/2Mi

AM+QK2 hQi�H �MMm�H ?Qmb2?QH/ BM+QK2 Q7 `2bTQM/2Mi

GBMF2/nq2B;?in6�+iQ` 1biBK�i2/ MmK#2` Q7 i`BTb T2` /�v #2ir22M ;Bp2M Q`B;BM@/2biBM�iBQM

`2/m+2 i?2 B``2;mH�`BiB2b �M/ TQi2MiB�H BKT�+i 7`QK ?QHB/�v i`�p2HX Ai Bb `�iBQM�HBx2/ i?�i

hm2b/�vb ?�p2 i?2 ?B;?2bi +?�M+2 Q7 �pQB/BM; �ivTB+�H i`�p2H #2?�pBQ` b22M �i i?2 #2;BM@

MBM; �M/ 2M/b Q7 i?2 r22F- r?BH2 7�HH Bb +?Qb2M BM Q`/2` iQ KBMBKBx2 i?2 �/p2`b2 2z2+ib Q7

r2�i?2` (jR-jk)X �b bm+?- i?2 bT2+B}+ /�i2b Q7 �M�HvbBb �`2 a2Ti2K#2` Rji?- kyi?- �M/ kdi?-

P+iQ#2` 9i?- RRi?- R3i?- �M/ k8i?- LQp2K#2` 3i?- R8i?- �M/ kNi?- �b r2HH �b .2+2K#2` ei?-

�M/ .2+2K#2` Rji?X

6QHHQrBM; i?2 b2H2+iBQM Q7 i?2 �M�HvbBb /�i2b- i?2 b2i Q7 bim/B2/ T�bb2M;2`b �`2 7m`i?2`

}Hi2`2/ iQ QMHv BM+Hm/2 BM/BpB/m�Hb r?Qb2 �++2bb �M/ 2;`2bb HBMFb �`2 r�HF2/ `�i?2` i?�M

K�/2 #v +�`- #BF2- Q` Qi?2` K2i?Q/X h?Bb bi2T Bb i�F2M BM Q`/2` iQ 2Mbm`2 i?�i p�`B�#H2b MQi

Rk



jXRX S�bb2M;2`@aT2+B}+ .�i�

bT2+B}+ iQ i?2 i`�MbBi M2irQ`F �`2 +QMi`QHH2/ 7Q` �M/ B/2MiB+�H 7Q` �HH T�bb2M;2`b BMpQHp2/X

�7i2` �HH `2}MBM; K2�bm`2b �`2 T2`7Q`K2/ QM i?2 PM "Q�`/ am`p2v UP"aV /�i�- k-d3d

i`BT `2+Q`/b UBM/BpB/m�H T�bb2M;2`bV �`2 H27i BM i?2 b�KTH2 TQTmH�iBQMX h?2 K�DQ`Biv Q7 i?Bb

TQTmH�iBQM Bb r?Bi2 �M/ #2ir22M i?2 �;2b Q7 R3 �M/ j9X hQ ;�BM � ;`2�i2` mM/2`bi�M/BM;

Q7 i?2 b�KTH2 TQTmH�iBQM- b2p2`�H };m`2b �M/ i�#H2b �`2 /BbTH�v2/ #2HQrX h?2 `�+B�H bT`2�/

b22M rBi?BM i?2 b�KTH2 TQTmH�iBQM Bb `2T`2b2Mi�iBp2 Q7 i?2 2MiB`2 bm`p2v #mi r?2M +QKT�`2/

iQ i?2 ;`2�i2` hrBM *BiB2b `2;BQM- Bi Bb Km+? KQ`2 /Bp2`b2 Uh�#H2 jXkVX 6m`i?2`KQ`2- i?2

�MMm�H ?Qmb2?QH/ BM+QK2 7Q` bm`p2v `2bTQM/2Mib Bb 7�B`Hv 2p2MHv /Bbi`B#mi2/ rBi? i?2 K�@

DQ`Biv Q7 `2bTQM/2Mib `2TQ`iBM; �M �MMm�H ?Qmb2?QH/ BM+QK2 Q7 #2ir22M 0k8-yyy@0Ryy-yyy �b

BHHmbi`�i2/ BM 6B;m`2 jXRX Pp2`�HH- i?2 b�KTH2 TQTmH�iBQM Bb 9eW 72K�H2 �M/ 89W K�H2X

h�#H2 jXk, _�+B�H /Bbi`B#miBQM +QKT�`BbQM #2ir22M b�KTH2 TQTmH�iBQM �M/ ;`2�i2`
i?2 hrBM *BiB2b

a�KTH2 am`p2v SQTmH�iBQM hrBM *BiB2b J2i`Q �`2�

q?Bi2 8j W ddW

"H�+F kdW RyW

�bB�M NW dW

G�iBMQf>BbT�MB+ dW eW

L�iBp2 �K2`B+�M 9W RW

S�+B}+ AbH�M/2` yW yW

LQi2, hrBM *BiB2b /�i� 2ti`�+i2/ 7`QK kyRj@kyRd �*a 8@u2�` 1biBK�i2b

Rj



jXRX S�bb2M;2`@aT2+B}+ .�i�

6B;m`2 jXR, �MMm�H ?Qmb2?QH/ BM+QK2 /Bbi`B#miBQM Q7 b�KTH2 TQTmH�iBQM

hm`MBM; iQr�`/ i`BT@#�b2/ bmKK�`v bi�iBbiB+b Q7 i?2 b�KTH2 TQTmH�iBQM- i?2 K�DQ`Biv

U89WV Q7 bm`p2v2/ i`�MbBi i`BTb �`2 /B`2+i �M/ BMpQHp2 MQ i`�Mb72`b- jdW ?�p2 QM2 i`�Mb72`-

�M/ QMHv RyW Q7 i?2 b�KTH2 TQTmH�iBQM i�F2b KQ`2 i?�M R i`�Mb72`X S�bb2M;2`bǶ i`BT Tm`TQb2

Bb 7�B`Hv 2p2MHv /Bbi`B#mi2/ rBi? QMHv � bHB;?iHv H�`;2` TQ`iBQM mbBM; i?2 i`�MbBi i`BT �b �

K2�Mb Q7 ;2iiBM; iQ rQ`F Q` � `2bi�m`�Mi U6B;m`2 jXkVX 6BM�HHv- r?2M T�vBM; 7Q` i?2B` i`�MbBi

i`BT- T�bb2M;2`b �TT2�` iQ ?�p2 �M �{MBiv iQr�`/b biQ`2/ p�Hm2 ǳ:Q@hQǴ *�`/b �M/ +�b?

r?BH2 i?2 lMBp2`bBiv Q7 JBMM2bQi� l@S�bb Bb i?2 KQbi `2T`2b2Mi2/ T�bb ivT2 U6B;m`2 jXjVX

6B;m`2 jXk, h`BT Tm`TQb2 /Bbi`B#miBQM

R9



jXkX L2irQ`F *QM};m`�iBQM .�i�

6B;m`2 jXj, S�vK2Mi ivT2 /Bbi`B#miBQM

jXk L2irQ`F *QM};m`�iBQM .�i�

jXkXR :h6a .�i�b2i

:2M2`�H h`�MbBi 622/ aT2+B}+�iBQM U:h6aV Bb � rB/2Hv miBHBx2/ /�i� bT2+B}+�iBQM i?�i bi�M@

/�`/Bx2b i?2 T`2b2Mi�iBQM Q7 Tm#HB+ i`�MbBi /�i�X :h6a /�i� Bb T`QpB/2/ BM i?2 7Q`K Q7

b2p2`�H i2ti }H2b 2�+? +QMi�BMBM; BM7Q`K�iBQM `2H�i2/ iQ QM2 �ii`B#mi2 Q7 i?2 i`�MbBi M2i@

rQ`F, �;2M+v- biQTb- `Qmi2b- i`BTb- biQT@iBK2b- �M/ +�H2M/�` Uh�#H2 jXjVX hQ;2i?2`- i?2b2

}H2b T`QpB/2 � /2i�BH2/ �M/ +QKTH2i2 `2T`2b2Mi�iBQM Q7 i?2 i`�MbBi M2irQ`F bm+? i?�i QM2

+�M /2i2`KBM2 i?2 T`2+Bb2 b+?2/mH2/ �``Bp�H Q7 � #mb QM �Mv `Qmi2 �i �Mv ;Bp2M biQTX h?2

2MiB`2 i`�MbBi M2irQ`F Bb +QKT`Bb2/ Q7 RNy `Qmi2b UBM+Hm/BM; 39 2tT`2bb `Qmi2b- k HB;?i `�BH

HBM2b- k "mb _�TB/ h`�MbBi `Qmi2b- �M/ QM2 ?2�pv `�BH `Qmi2V �+`Qbb Rj-8dN biQTbX

R8



jXkX L2irQ`F *QM};m`�iBQM .�i�

:h6a 6BH2 6BH2 *QMi2Mib

�;2M+vXiti
GBbib i?2 �;2M+B2b i?�i T`QpB/2 b2`pB+2 iQ i?2 `2;BQMX

6B2H/b, �;2M+vnB/- �;2M+vnM�K2- �;2M+vnm`H- XXX

+�H2M/�`Xiti
A/2MiB}2b � b2i Q7 /�i2b �M/ i?2 /�vUbV Q7 i?2 r22F � `Qmi2 rBi? i?2 ;Bp2M b2`pB+2nB/ Bb BM b2`pB+2

6B2H/b, b2`pB+2nB/- JQM/�v- hm2b/�v- q2/M2b/�v- h?m`b/�v- 6`B/�v- a�im`/�v-amM/�v- ai�`in.�i2- 1M/n.�i2

+�H2M/�`n/�i2bXiti
A/2MiB}2b � b2i Q7 /�i2b r?2M � b2`pB+2 2t+2TiBQM Q++m`b 7Q` QM2 Q` KQ`2 `Qmi2b

6B2H/b, b2`pB+2nB/- /�i2- 2t+2TiBQMnivT2

`Qmi2bXiti
GBbib �HH i`�MbBi `Qmi2b BM `2;BQM

6B2H/b, `Qmi2nB/- �;2M+vnB/- `Qmi2nb?Q`inM�K2- `Qmi2nHQM;nM�K2- `Qmi2n/2b+- `Qmi2nivT2- XXX

b?�T2bXiti
.2}M2b i?2 pBbm�H T�i? � p2?B+H2 i`�p2HbX *QMbBbib Q7 +QMM2+iBM; � b2[m2M+2 Q7 TQBMib

6B2H/b, b?�T2nB/- b?�T2nTinH�i- b?�T2nTinHQM- b?�T2nTinb2[m2M+2- b?�T2n/Bbini`�p2H2/-

biQTniBK2bXiti
GBbib i?2 �``Bp�Hf/2T�`im`2 iBK2 Q7 2�+? #mb Ui`BTV iQ � 2�+? biQT

6B2H/b, i`BTnB/- �``B+�HniBK2- /2T�`im`2niBK2- biQTnB/- biQTnb2[m2M+2- XXX

biQTbXiti
GBbib �HH i?2 i`�MbBi biQTb BM i?2 M2irQ`F

6B2H/b, biQTnB/- biQTn+Q/2- biQTnM�K2- biQTn/2b+- biQTnH�i- biQTnHQM- XXX

i`BTbXiti
GBbib �HH i`�MbBi i`BTb BM i?2 M2irQ`F

6B2H/b, `Qmi2nB/- b2`pB+2nB/- i`BTnB/- i`BTn?2�/bB;M-/B`2+iBQMnB/- #HQ+FnB/-b?�T2nB/-r?22H+?�B`n�++2bbB#H2

h�#H2 jXj, AM7Q`K�iBQM +QMi�BM2/ rBi?BM :h6a M2irQ`F

jXkXk PT2Mai`22iJ�T .�i�

q?BH2 i`�p2H2`bǶ BM@p2?B+H2 KQp2K2Mib �`2 +�Tim`2/ #v i?2 i`�MbBi M2irQ`F- i?2B` Qmi@Q7@

p2?B+H2 KQp2K2Mib Q++m` �HQM; � r�HFBM; M2irQ`FX 6Q` i?Bb bim/v- � r�HFBM; M2irQ`F Bb

Q#i�BM2/ 7`QK i?2 QT2M@bQm`+2 r2#bBi2 PT2Mai`22iJ�TX q?BH2 i?2 QT2M@bQm`+2 M�im`2 Q7

i?Bb /�i�#�b2 T`2b2Mib TQi2MiB�H 7Q` 2``Q`b- �b �MvQM2 +�M 2/Bi �M/ �Hi2` i?2 K�T- i?2 F2v

#2M2}i Q7 i?Bb /�i�#�b2 Bb i?2 T`QpBbBQM Q7 � ?B;?Hv bT2+B}+ bB/2r�HF M2irQ`FX lbBM; i?Bb

bB/2r�HF /�i�b2i- i?2 Svi?QM T�+F�;2 PaJMt /2p2HQT2/ #v :2Qz "Q2BM; UkyRdV �HHQrb 7Q`

i?2 +�H+mH�iBQM Q7 T`2+Bb2 M2irQ`F r�HFBM; /Bbi�M+2b U�M/ iBK2bV #2ir22M �Mv irQ TQBMib (jj)X

Re



*?�Ti2` 9

*?QB+2 a2i :2M2`�iBQM J2i?Q/QHQ;v

hQ KQ/2H �M/ �M�Hvx2 i`�MbBi mb2`bǶ `Qmi2 +?QB+2 #2?�pBQ`- T�bb2M;2`b Kmbi ?�p2 � b2i

Q7 T�i?b 7`QK r?B+? iQ +?QQb2 #2ir22MX q?2M b2H2+iBM; � T�i? iQ i�F2- BM/BpB/m�Hb �`2

mMHBF2Hv iQ +QMbB/2` 2p2`v TQbbB#H2 i`�MbBi QTiBQM +QMM2+iBM; i?2B` Q`B;BM �M/ /2biBM�iBQM

HQ+�iBQMbX aQK2 T�i?b K�v i�F2 �M 2t+22/BM;Hv HQM; iBK2- Qi?2`b K�v BMpQHp2 H�`;2 �KQmMib

Q7 r�BiBM;- �M/ 2p2M KQ`2 K�v ?�p2 MmK2`Qmb i`�Mb72`bX h?2`27Q`2- r?2M K�FBM; /2+BbBQMb-

T�bb2M;2`b- BMbi2�/- �`2 QMHv HBF2Hv iQ +QMbB/2` � b2H2+i ?�M/7mH Q7 TQi2MiB�H i`�MbBi T�i?bX

h?Bb bK�HH MmK#2` Q7 ǳ�ii`�+iBp2Ǵ T�i?b �`2 r?�i +QKT`Bb2 mb2`bǶ +?QB+2 b2iX

h?2 }`bi bi2T Q7 i?Bb `2b2�`+?- i?2`27Q`2- HB2b BM ;2M2`�iBM; � +?QB+2 b2i Q7 i`�MbBi T�i?b

7Q` 2�+? T�bb2M;2`X h?2 +QMbi`m+iBQM Q7 i?2b2 b2ib- ?Qr2p2`- Bb MQi � i`BpB�H K�ii2`X AM

7�+i- +?QB+2 b2i ;2M2`�iBQM Bb �`;m�#Hv i?2 KQbi BKTQ`i�Mi- �M/ KQbi /B{+mHi +QKTQM2Mi Q7

7Q`KmH�iBM; � `Qmi2 +?QB+2 KQ/2HX

9XR �++2bbf1;`2bb GBMF :2M2`�iBQM

q?2M +QM+2Tim�HBxBM; mb2`bǶ `Qmi2 +?QB+2- Bi Bb 2�bv iQ #2+QK2 7Q+mb2/ QM i?2B` /2+BbBQMb

QMHv �i i?2 H2p2H Q7 i?2 i`�MbBi `Qmi2X q?BH2 +2`i�BMHv � +`m+B�H 2H2K2Mi BM T�bb2M;2`bǶ

+?QB+2b- QM2 Kmbi �HbQ +QMbB/2` i?2B` #2?�pBQ` rBi? ?B;?2` `2bQHmiBQM �i i?2 H2p2H Q7 i?2

BM/BpB/m�H i`�MbBi biQTX h?2 biQTb- �b �`;m2/ #v L�bbB` 2i �HX UkyR8V- �`2 7mM/�K2Mi�H iQ

`Qmi2 +?QB+2 �b MQi �HH biQTb �`2 b2`p2/ #v i?2 2t�+i b�K2 `Qmi2 (j9)X h?2`27Q`2- r?BH2 �M

BM/BpB/m�H K�v ?�p2 � +?QB+2 #2ir22M 8 �ii`�+iBp2 `Qmi2b �i QM2 biQT- i?Bb +?QB+2 b2i +QmH/

#2 `2/m+2/ iQ QMHv QM2 Q` irQ `Qmi2b bBKTHv #v i?2 �+i Q7 +?QQbBM; � /Bz2`2Mi biQTX AM

Rd



9XRX �++2bbf1;`2bb GBMF :2M2`�iBQM

Q`/2` iQ K�tBKBx2 i?2 [m�HBiv Q` T2`+2Bp2/ �ii`�+iBQM Q7 i?2 `Qmi2b rBi?BM �M BM/BpB/m�Hb

+?QB+2 b2i- i?2 biQTb �++2bbB#H2 iQ �M BM/BpB/m�H Kmbi #2 +�`27mHHv +QMbB/2`2/X A7 i?2 i`�MbBi

biQTb �++2bbB#H2 iQ � mb2` �`2 iQQ M�``QrHv /2}M2/- 2MiB+BM; T�i? QTiBQMb K�v #2 KBbb2/X

A7- QM i?2 Qi?2` ?�M/- MQ `2bi`B+iBp2 �bbmKTiBQMb �`2 K�/2 iQ i?2 biQTb �M BM/BpB/m�H +�M

�++2bb- ?Bbf?2` +?QB+2 b2i rBHH #2 Km+? iQQ H�`;2 �M/ H2�/ iQ BM�++m`�i2 KQ/2H `2bmHibX qBi?

i?Bb 7`�K2rQ`F BM KBM/- b2p2`�H T`BM+BTH2b �M/ `2bi`B+iBQMb �`2 BKTH2K2Mi2/ iQ `2bi`B+i i?2

MmK#2` Q7 �++2bbB#H2 i`�MbBi biQTb- i?2`2#v }Hi2`BM; i?2 �++2bb �M/ 2;`2bb HBMFb mb2/ �b �M

BMTmi iQ i?2 +?QB+2 b2i ;2M2`�iBQM �H;Q`Bi?K iQ #2 /2b+`B#2/ BM i?2 M2ti b2+iBQMX

9XRXR L2irQ`F pbX 1m+HB/2�M .Bbi�M+2

h?2 }`bi `2bi`B+iBp2 K2�bm`2 BKTH2K2Mi2/ QM i?2 ;2M2`�iBQM Q7 �++2bb �M/ 2;`2bb HBMFb Bb

i?2 mb2 Q7 � M2irQ`F- `�i?2` i?�M bi`�B;?i@HBM2 U2m+HB/2�MV- r�HFBM; /Bbi�M+2X h?`Qm;?Qmi

i?2 `Qmi2 +?QB+2 HBi2`�im`2 (j8- je)- 2m+HB/2�M �M/ M2irQ`F /Bbi�M+2b �`2 Q7i2M mb2/ BMi2`@

+?�M;2�#Hv �b b2p2`�H bim/B2b ?�p2 7QmM/ � ?B;? /2;`22 Q7 +Q``2H�iBQM #2ir22M i?2 irQ

K2i?Q/b +QM+Hm/BM; i?�i i?2 ǳbm#biBimiBQM Q7 QM2 (K2i?Q/) 7Q` i?2 Qi?2` Bb mMHBF2Hv iQ

?�p2 � bm#bi�MiB�H BKT�+i QM �M�HviB+ `2bmHibǴ (jdĜ9y)X h?2 T`BK�`v /`�r#�+F Q7 2m+HB/2�M

K2i?Q/b- ?Qr2p2`- Bb i?�i i?2v �`2 7Q+mb2/ QM `Q�/r�v M2irQ`Fb r?B+? �`2 2ti`2K2Hv /2Mb2

rBi?BM �K2`B+�M K2i`QTQHBi�M �`2�bX q?2M im`MBM; iQ H2bb@/2Mb2 i`�MbBi M2irQ`Fb- r�HFBM;@

/Bbi�M+2 b+�H2b- �M/ `2;BQMb rBi? H�`;2 �KQmMib Q7 H�F2b- `Bp2`b- �M/ mM+`Qbb�#H2 ?B;?r�vb-

?Qr2p2`- i?2 HBi2`�im`2 MQi2b i?�i 2m+HB/2�M �M/ M2irQ`F /Bbi�M+2b +�M MQ HQM;2` #2 mb2/

BMi2`+?�M;2�#Hv (9y-9R)X

6QHHQrBM; i?Bb `2pB2r Q7 i?2 HBi2`�im`2- i?2 irQ K2i?Q/b �`2 i2bi2/ BM i?2 hrBM *BiB2b

`2;BQM r?2`2 PT2Mai`22iJ�T bB/2r�HF /�i� Bb mb2/ 7Q` i?2 M2irQ`F r�HFBM; /Bbi�M+2bX .m2

iQ i?2 ?B;? T`2p�H2M+2 Q7 `Bp2`b �M/ K�DQ` `Q�/bf?B;?r�vb rBi?Qmi 7`2[m2Mi #`B/;2b Q` Qi?2`

QTTQ`imMBiB2b iQ +`Qbb- 2m+HB/2�M /Bbi�M+2 U6B;X 9XRV Bb �M BM�++m`�i2 2biBK�iBQM Q7 M2irQ`F

/Bbi�M+2 U6B;X 9XkV BM i?2 hrBM *BiB2b �b b?QrM #v i?2 �`2� `2�+?�#H2 rBi?BM yXk8 KBH2b

Q7 i?2 b�K2 Q`B;BM TQBMiX h?2`27Q`2- BM Q`/2` iQ ?2B;?i2M i?2 r�HFBM; /Bbi�M+2 �M/ iBKBM;

R3



9XRX �++2bbf1;`2bb GBMF :2M2`�iBQM

�++m`�+v Q7 i?2 �++2bbf2;`2bb HBMFb- M2irQ`F /Bbi�M+2b �`2 mb2/ BM i?Bb `2b2�`+?X

6B;m`2 9XR, 1m+HB/2�M /Bbi�M+2 6B;m`2 9Xk, L2irQ`F /Bbi�M+2

9XRXk J�tBKmK .Bbi�M+2 h?`2b?QH/b

AM �//BiBQM iQ mbBM; M2irQ`F /Bbi�M+2b- 7m`i?2` `2bi`B+iBQMb �`2 BKTQb2/ QM i?2 �++2bb �M/

2;`2bb HBMFbX q?BH2 i?2 K�DQ`Biv Q7 i?2 b�KTH2 TQTmH�iBQM r�HFb H2bb i?�M yXj KBH2b r?2M

�++2bbBM; Q` 2;`2bbBM; 7`QK � i`�MbBi biQT- bQK2 BM/BpB/m�Hb r�HF Qp2` RX8 KBH2bX :Bp2M

i?2 /2+BbBQM iQ mb2 i?2 KQ`2 +QKTmi�iBQM�HHv 2tT2MbBp2 M2irQ`F /Bbi�M+2 K2i?Q/- Bi Bb

mM`2�bQM�#H2 iQ ;2M2`�i2 �++2bb �M/ 2;`2bb HBMFb 7Q` �HH biQTb i?�i �`2 rBi?BM RX8 KBH2b Q7

2�+? BM/BpB/m�Hb Q`B;BM �M/ /2biBM�iBQM HQ+�iBQMX L2Bi?2`- ?Qr2p2`- Bb Bi �++2Ti�#H2 iQ QMHv

BM+Hm/2 BM/BpB/m�Hb rBi? b?Q`i �++2bbf2;`2bb r�HFBM; HBMFb �b QM2 �bbmK2b i?�i `Qmi2 +?QB+2

#2?�pBQ` Bb 7mM/�K2Mi�HHv /Bz2`2Mi 7Q` T�bb2M;2`b r?Q +?QQb2 iQ r�HF HQM; `�i?2` i?�M

b?Q`i /Bbi�M+2bX �b � `2bmHi- i?2 /2+BbBQM r�b K�/2 iQ b2H2+i r�HFBM; /Bbi�M+2 i?`2b?QH/b

7Q` #Qi? �++2bb �M/ 2;`2bb HBMFb i?�i BM+Hm/2 N8W Q7 i?2 b�KTH2 TQTmH�iBQMX AM i?Bb K�MM2`-

+QKTmi�iBQM�H iBK2 +�M #2 b�p2/ r?BH2 biBHH BM+Hm/BM; i?2 p�bi K�DQ`Biv Q7 i?2 b�KTH2 TQT@

mH�iBQMX h?2 `2bmHiBM; `2bi`B+iBQMb �`2 i?mb /2i2`KBM2/ iQ #2 RXR KBH2b 7Q` �++2bb /Bbi�M+2b

�M/ yXdR KBH2b 7Q` 2;`2bb HBMFb �b b?QrM BM h�#H2 9XRX

RN



9XkX a+?2/mH2 "�b2/ a?Q`i2bi S�i? Ua"aSV

h�#H2 9XR, a�KTH2 TQTmH�iBQM BM+Hm/2/ #v �++2bbf2;`2bb /Bbi�M+2 i?`2b?QH/

S2`+2Mi SQTmH�iBQM AM+Hm/2/ �++2bb .Bbi�M+2 UJBH2bV 1;`2bb .Bbi�M+2 UJBH2bV

8yW yXkN yXkk

d8W yX9N yX9y

38W yXeN yX8y

N8W RXRy yXdR

RyyW RXey RXd8

9Xk a+?2/mH2 "�b2/ a?Q`i2bi S�i? Ua"aSV

h?2 i`�MbBi M2irQ`F Bb MQi � bi�iB+ 2MiBiv BM bT�+2 /m2 iQ i?2 7�+i i?�i b2`pB+2 ~m+im�i2b

i?`Qm;?Qmi i?2 +Qm`b2 Q7 i?2 /�vX AM Q`/2` iQ +�Tim`2 i?2 T`2+Bb2 BMi`B+�+B2b �M/ iBKBM;b

Q7 i?2 p�`BQmb i`�MbBi T�i?b i?�i �`2 �p�BH�#H2 iQ 2�+? T�bb2M;2`- � a+?2/mH2@"�b2/ a?Q`i@

2bi S�i? Ua"aSV �H;Q`Bi?K �/�Ti2/ 7`QK i?2 T`2pBQmb rQ`F Q7 E?�MB 2i �H UkyR8V (9k) Bb

BKTH2K2Mi2/X

9XkXR a"aS L2irQ`F hvTQHQ;v

q?BH2 Qi?2` �TT`Q�+?2b bm+? �b 7`2[m2M+v@#�b2/ K2i?Q/b mb2 biQTb �M/ HBMFb �b i?2 7mM/�@

K2Mi�H +QKTQM2Mib Q7 i?2B` i`�MbBi M2irQ`F- i?2 a"aS 2KTHQvb MQ/2b �M/ HBMFbX LQ/2b- BM

i?2 a"aS �H;Q`Bi?K- `2T`2b2Mi #Qi? i?2 T?vbB+�H �M/ i2KTQ`�H HQ+�iBQM Q7 � i`�MbBi biQT �`2

B/2MiB}2/ #v � i`BTA. �M/ biQTA.X AM Q`/2` iQ i`�Mb7Q`K i?2 i`�MbBi biQTb BMiQ MQ/2b- QM2

Kmbi +`2�i2 �M BM/BpB/m�H MQ/2 7Q` 2�+? i`�MbBi p2?B+H2 i?�i �``Bp2b �i �M BM/BpB/m�H biQTX

AM i?2 `2;BQM�H +QMi2ti Q7 i?2 hrBM *BiB2b- i?Bb +�M- T2`?�Tb- #2 #2bi i?Qm;?i Q7 �b i�FBM;

� bBM;H2 T?vbB+�H biQT �M/ +`2�iBM; � MQ/2 7Q` 2�+? /2T�`im`2 HBbi2/ QM i?2 L2th`BT �``Bp�H

b+`22MX h?2`27Q`2- 2p2M B7 #mb2b 7`QK irQ /Bz2`2Mi `Qmi2b �``Bp2 �i � T?vbB+�H biQT �i i?2

b�K2 iBK2 U�b b?QrM #v i?2 irQ Ry,j8 �``Bp�Hb /2MQi2/ BM v2HHQr BM 6B;X 9XjV Q` i?2 b�K2

ky



9XkX a+?2/mH2 "�b2/ a?Q`i2bi S�i? Ua"aSV

`Qmi2 b2`p2b i?2 BM/BpB/m�H biQT #mi �i /Bz2`2Mi iBK2b BM i?2 /�v U�b BHHmbi`�i2/ #v i?2 irQ

�``Bp�Hb Q7 `Qmi2 8 /2MQi2/ BM `2/ BM 6B;X 9XjV- BM/BpB/m�H MQ/2b rBHH #2 +`2�i2/X h?mb- 7Q`

i?Bb bK�HH 2t�KTH2- QM2 T?vbB+�H biQT 2tT�M/b BMiQ � KmHiBim/2 Q7 MQ/2bX

6B;m`2 9Xj, L2irQ`F i`�Mb7Q`K�iBQM 7`QK biQTb iQ MQ/2b

1�+? i`�MbBi HBMF BM i?2 a"aS �H;Q`Bi?K mMB[m2Hv +QMM2+ib irQ Q7 i?2 �7Q`2K2MiBQM2/

MQ/2b �M/ +�M #2 +�i2;Q`Bx2/ BMiQ QM2 Q7 7Qm` bm#@ivT2b, URV � r�HFBM;@i`�Mb72` HBMF UBM

r?B+? � i`�Mb72` Bb K�/2 #2ir22M irQ /Bz2`2Mi T?vbB+�H biQTb �M/ iBK2 T�bb2bV- UkV r�BiBM;@

i`�Mb72` HBMFb UBM r?B+? � i`�Mb72` Bb K�/2 iQ � /Bz2`2Mi `Qmi2 �i i?2 b�K2 T?vbB+�H biQTV-

UjV BM@p2?B+H2 i`�MbBi HBMFb- �M/ }M�HHv U9V �++2bbf2;`2bb r�HFBM; HBMFbX qBi? i?Bb /2i�BH2/

+�i2;Q`Bx�iBQM- i`�p2H iBK2 +�M #2 KQ`2 T`2+Bb2Hv b2;`2;�i2/ H2�/BM; iQ � KmHiB@+`Bi2`BQM

�TT`Q�+? iQ i?2 /2}MBiBQM Q7 � b?Q`i2bi T�i?- r?B+? i?2`27Q`2 �HHQrb 7Q` ;`2�i2` KQ/2H

~2tB#BHBiv �M/ �++m`�+vX

9XkXk a"aS �H;Q`Bi?K

lbBM; �M BM/BpB/m�HǶb Q`B;BM �M/ /2biBM�iBQM +QQ`/BM�i2b T`QpB/2/ #v i?2 QM@#Q�`/ bm`p2v- �

ǳ.BDFbi`�Ƕb b?Q`i2bi T�i?Ǵ H�#2H b2iiBM; T�i? �H;Q`Bi?K Bb BKTH2K2Mi2/ mbBM; i?2 b+?2/mH2@

#�b2/ iBK2@/2T2M/2Mi i`�MbBi M2irQ`FX

kR



9XkX a+?2/mH2 "�b2/ a?Q`i2bi S�i? Ua"aSV

6B`bi- � HBbi Q7 TQbbB#H2 �++2bb �M/ 2;`2bb HBMFb U+QMM2+iBM; i?2 Q`B;BM �M/ /2biBM�iBQM

iQ i?2 i`�MbBi M2irQ`F `2bT2+iBp2HvV �`2 +`2�i2/ mbBM; i?2 T�bb2M;2`bǶ Q`B;BMf/2biBM�iBQM

+QQ`/BM�i2b �M/ � M2irQ`F /Bbi�M+2 i?�i Bb rBi?BM i?2 /Bbi�M+2 i?`2b?QH/b /2b+`B#2/ �#Qp2X

6QHHQrBM; i?2 BMBiB�H HQ�/BM; Q7 i?2 i`�MbBi � T�bb2M;2` /�i� �b r2HH �b i?2 �++2bbf2;`2bb

HBMFb- 2�+? MQ/2 Bb BMBiB�HBx2/ rBi? irQ H�#2Hb Uli �M/ piVX h?2 H�#2H li BM/B+�i2b i?2 H2M;i?

Q7 iBK2 � T�bb2M;2` ?�b i`�p2H2/ iQ `2�+? i?2 bT2+B}2/ MQ/2 r?BH2 pi /2MQi2b i?2 H�bi MQ/2

i?2 T�bb2M;2` r�b �iX

6QHHQrBM; i?2 BMBiB�HBx�iBQM bi2T- i?2 �H;Q`Bi?K Bi2`�iBp2Hv b2H2+ib i?2 MQ/2 rBi? KBMB@

KmK iBK2 H�#2H UliV- `2KQp2b Bi 7`QK i?2 b2H2+iBQM HBbi UaV- �M/ mT/�i2b �HH MQ/2b i?�i �`2

+QMM2+i2/ iQ i?2 +m``2Mi MQ/2 �M/ ?�p2 � H�`;2` iBK2 H�#2H i?�M i?2 bmK Q7 i?2 b2H2+i2/

MQ/2 �M/ i?2 iBK2 iQ i`�p2`b2 i?2 HBMF +QMM2+iBM; i?2 irQ MQ/2bX h?Bb H�#2H b2iiBM; T`Q+2bb

+QMiBMm2b mMiBH �HH MQ/2b ?�p2 #22M b+�MM2/ US Bb 2KTivVX �b bQQM �b i?2 b2H2+iBQM HBbi Bb

2KTiv- i?2 �H;Q`Bi?K- #2;BMMBM; �i i?2 /2biBM�iBQM MQ/2- mb2b i?2 T`2/2+2bbQ` H�#2Hb UpiV

iQ i`�+2 i?2 b?Q`i2bi iBK2 T�i? #�+F iQ i?2 Q`B;BMX �7i2` `2p2`bBM; i?2 Q`/2` Q7 i?Bb T�i?-

i?2 b?Q`i2bi T�i? #2ir22M i?2 T�bb2M;2`Ƕb Q`B;BM �M/ /2biBM�iBQM Bb T`BMi2/ �M/ i?2 �H;Q@

`Bi?K i2`KBM�i2b QM+2 �HH T�bb2M;2`b ?�p2 #22M T`Q+2bb2/X h?2 7QHHQrBM; HQ;B+ /2i�BHb i?2

�H;Q`Bi?K bi2Tb Q7 i?Bb i`�/BiBQM�H a"aS T`Q+2bbX

LQi�iBQM

U a2i Q7 �HH T�bb2M;2`b

N a2i Q7 �HH MQ/2b

li hBK2 H�#2H Q7 MQ/2 B

S a2H2+iBQM HBbi Q7 MQ/2b

S̄ S`2pBQmbHv b2H2+i2/ MQ/2b HBbi

A a2i Q7 �HH HBMFb

aik GBMF +QMM2+iBM; MQ/2b B �M/ F

tik hBK2 iQ i`�p2`b2 HBMF +QMM2+iBM; MQ/2b B �M/ F

kk



9XkX a+?2/mH2 "�b2/ a?Q`i2bi S�i? Ua"aSV

�H;Q`Bi?K R a"aS S�i? :2M2`�iBQM
R, 7Q` ui BM l /Q
k, AMTmib,

*`2�i2 L �M/ �
norigin, ndest ← am`p2v .�i�
*`2�i2 �++2bb � 2;`2bb HBMFb 7Q` ui �M/ �// iQ �

j, AMBiB�HBx2,
li ←∞
lorigin ← 0
pi ← ∅
porigin ← −1
S ← &L'
S̄ ← {}

9, 7Q` ni ∈ N /Q
8, B7 ni ?�b KBMBKmK li i?2M
e, a2H2+i i?2 MQ/2 ni �b +m``2Mi MQ/2X
d, _2KQp2 ni 7`QK S �M/ �// Bi iQ S̄

3, 7Q` �HH HBMFb aik 2K�M�iBM; 7`QK +m``2Mi MQ/2 ni /Q
N, B7 lk > li + tik i?2M

Ry, lk = tik + li
RR, pk = ni

Rk, B7 L = {} P_ L̄ = {N} i?2M
Rj, *QMiBMm2
R9, 2Hb2
R8, _2im`M iQ GBM2 j
Re, ai�`i �i ndest �M/ `2+Q`/ bm#b2[m2Mi T`2/2+2bbQ` MQ/2b UpiV mMiBH Q`B;BM UnoriginV
Rd, _2p2`b2 HBbi Q`/2` iQ Q#i�BM i?2 b?Q`i2bi T�i? #2ir22M i?2 norigin �M/ ndest 7Q` ui

a"aS S�i? :2M2`�iBQM, �H;Q`Bi?K 1t�KTH2

AM Q`/2` iQ KQ`2 2�bBHv mM/2`bi�M/ i?2 bT2+B}+ bi2Tb Q7 i?2 �H;Q`Bi?K �#Qp2- � bBKTH2

2t�KTH2 Bb T`QpB/2/ /2b+`B#BM; ?Qr i?2 a"aS �H;Q`Bi?K Bb mb2/ QM i?2 b�KTH2 M2irQ`F

b?QrM BM 6B;m`2 9X9 7Q` QM2 T�bb2M;2` r?Qb2 Q`B;BM Bb HQ+�i2/ �i MQ/2 QM2X h?2 b�KTH2

M2irQ`F +QMi�BMb 9 MQ/2b UMmK#2`2/ R@9V- R r�HFBM; HBMF UW3V- �M/ j BM@p2?B+H2 HBMFb UV 1-

V 2-V 4V r?2`2 i?2 HBMF i`�p2H iBK2b �`2 HBbi2/ �/D�+2Mi iQ i?2 `2bT2+iBp2 HBMFX

6B;m`2 9X9� b?Qrb i?2 BMBiB�HBx�iBQM bi�;2 Q7 i?2 �H;Q`Bi?K- r?BH2 6B;m`2 9X9# �M/ 6B;m`2

kj



9XjX h`BT 1HBKBM�iBQM am#@�H;Q`Bi?K

U�V AMBiB�HBx2 U#V lT/�i2 LQ/2b k � j U+V lT/�i2 LQ/2 9

6B;m`2 9X9, 1t�KTH2 �H;Q`Bi?KB+ H�#2HBM; Q7 MQ/2b �M/ HBMFb

9X9+ BHHmbi`�i2 i?2 `2K�BMBM; bi2Tb Q7 i?2 �H;Q`Bi?K `2bmHiBM; BM � b?Q`i2bi T�i? i`�p2H2/ 7`QK

i?2 Q`B;BM iQ /2biBM�iBQM #v i`�p2`bBM; LQ/2 R → LQ/2 j → LQ/2 9X .m2 iQ i?2 M2irQ`F

`2T`2b2Mi�iBQM +QKTQb2/ Q7 /2i�BH2/ MQ/2b �M/ HBMFb- i?Bb b?Q`i2bi T�i? BM+Hm/2b r�HFBM;

UqjV �M/ BM@p2?B+H2 HBMFb Uo9V- �M/ 7Q` i?2 �+im�H hrBM *BiB2b M2irQ`F i?Bb b?Q`i2bi T�i?

rQmH/ �HbQ BM+Hm/2 r�BiBM; HBMFbX

9Xj h`BT 1HBKBM�iBQM am#@�H;Q`Bi?K

�b T`2pBQmbHv K2MiBQM2/- T�bb2M;2` `Qmi2 +?QB+2 #2?�pBQ` +�M QMHv #2 �M�Hvx2/ �M/ KQ/@

2H2/ B7 i?2 i`�MbBi mb2` BM [m2biBQM �+im�HHv ?�b � +?QB+2 #2ir22M �ii`�+iBp2 i`�MbBi T�i?b

+QMM2+iBM; ?Bb Q` ?2` Q`B;BM �M/ /2biBM�iBQM HQ+�iBQMbX AM Bib +m``2Mi bi�i2- ?Qr2p2`- i?2

a"aS �H;Q`Bi?K QMHv T`Q/m+2b � bBM;H2 T�i? T2` T2`bQMX h?2`27Q`2- �M �//BiBQM�H KQ/mH2 Bb

�//2/ iQ i?2 a"aS �H;Q`Bi?K r?Qb2 Tm`TQb2 Bb iQ Bi2`�iBp2Hv ;2M2`�i2 �//BiBQM�H �ii`�+iBp2

T�i?b 7QHHQrBM; i?2 HQ;B+ #2HQrX

AM Q`/2` iQ T`Q/m+2 �//BiBQM�H �ii`�+iBp2 T�i?b 7Q` 2�+? mb2`- i?2 i`�MbBi M2irQ`F- Qp2`

r?B+? i?2 a"aS Bb `mM- Kmbi 7mM/�K2Mi�HHv #2 �Hi2`2/ �b rBi?Qmi i?Bb +?�M;2- i?2 �H;Q`Bi?K

rBHH M2p2` T`Q/m+2 KQ`2 i?�M QM2 mMB[m2 T�i?X h?Bb bm#@�H;Q`Bi?K +QKTQM2Mi- i?2`27Q`2-

�Hi2`b i?2 i`�MbBi M2irQ`F BMTmi iQ i?2 a"aS �H;Q`Bi?K #v i�FBM; �M BM/BpB/m�HǶb b?Q`i2bi

T�i? �M/ `2KQpBM;- QM2 �i � iBK2- 2�+? i`�MbBi i`BT U�M/ �HH �bbQ+B�i2/ MQ/2b �M/ HBMFbV

k9



9XjX h`BT 1HBKBM�iBQM am#@�H;Q`Bi?K

7`QK i?2 i`�MbBi M2irQ`F #27Q`2 `2Bi2`�iBM; i?2 #Q/v Q7 i?2 a"aS /2b+`B#2/ BM i?2 T`2pBQmb

bm#@b2+iBQMX AM i?Bb K�MM2`- i?2 M2irQ`F rBHH ?�p2 7mM/�K2Mi�HHv #22M �Hi2`2/ 7Q`+BM; i?2

M2ti ;2M2`�i2/ T�i? iQ #2 /Bz2`2Mi i?�M i?2 Q`B;BM�H ǳb?Q`i2biǴ T�i?X h?2 i`BTb Q7 2�+?

M2rHv ;2M2`�i2/ T�i? rBHH #2 �//2/ iQ � M2bi2/ i`22 bi`m+im`2 �b +?BH/`2M Q7 i?2 2t+Hm/2/

i`BT UT�`2MiVX h?2`27Q`2- 2�+? iBK2 � M2r T�i? Bb ;2M2`�i2/ 7`QK �M 2tBbiBM; T�i?- i?2

2t+Hm/2/ i`BTb �`2 �HH i?2 i`BTb 2t+Hm/2/ r?2M ;2M2`�iBM; i?2 2tBbiBM; T�i? �b r2HH �b QM2 Q7

i?2 i`BTb QM i?2 2tBbiBM; T�i?X h?2 i`22 bi`m+im`2 Bb /2}M2/ �b b?QrM BM 6B;m`2 9X8- �/QTi2/

7`QK �/`B�M J2DB� (9j)X

6B;m`2 9X8, h`22 bi`m+im`2 i2`KBMQHQ;v

k8



9XjX h`BT 1HBKBM�iBQM am#@�H;Q`Bi?K

�H;Q`Bi?K k a"aS qBi? h`BT 1HBKBM�iBQM
R, AMTmib,

*`2�i2 L �M/ � UAM+Hm/BM; �++2bb-1;`2bb-P`B;BM- �M/ .2biV
GBbi Q7 �HH h`BTb
a�KTH2 am`p2v SQTmH�iBQM

k, 7Q` passenger BM passengerList /Q
j, previousPathList = ∅
9, newPathList = ∅

8, `mM a"aS *Q/2 iQ QmiTmi shortestPath ! :2M2`�i2 T�bb2M;2`bǶ }`bi T�i?
e, �TT2M/ shortestPath iQ previousPathList

d, 7Q` initialT ripID BM shortestPath /Q ! 1�+? i`BT QM aS Bb i`22 `QQi
3, +`2�i2 �M+2biQ` i`22 rBi? initialT ripID �b `QQi

N, 7Q` selectedPath BM previousPathList /Q, ! :2M2`�i2 bm#b2[m2Mi T�i?b
Ry, 7Q` tripID BM selectedPath /Q
RR, excludedTripList← ∅
Rk, GQ�/ *QKTH2i2 UlM@6BHi2`2/V :h6a L2irQ`F
Rj, �TT2M/ tripID iQ excludedTripList

R9, 7Q` ancestorTrip Q7 tripID /Q ! �HbQ 2t+Hm/2 �M+2biQ` i`BTb
R8, �TT2M/ ancestorTrip iQ excludedTripList

Re, 7Q` 2t+Hm/2/h`BT BM excludedTripList /Q ! 6BHi2` :h6a L2irQ`F
Rd, 2t+Hm/2 MQ/2b �M/ HBMFb QM excludedTrip
R3, 2t+Hm/2 excludedTrip 7`QK HBbi Q7 M2irQ`F i`BTb
RN, `mM a"aS +Q/2 rBi? }Hi2`2/ :h6a M2irQ`F
ky, �TT2M/ newPath iQ newPathList

kR, 7Q` newTripID BM newPath /Q ! �TT2M/ M2r +?BH/ i`BT
kk, �TT2M/ newTripID �b M2r +?BH/ iQ excludedTrip

kj, B7 MmK#2` Q7 /2bB`2/ mMB[m2 T�i?b Bb `2�+?2/ i?2M
k9, S�aa
k8, 2Hb2
ke, previousPathList ← newPathList
kd, HQQT #�+F iQ HBM2 N

ke



9XjX h`BT 1HBKBM�iBQM am#@�H;Q`Bi?K

a"aS qBi? h`BT 1HBKBM�iBQM, �H;Q`Bi?K 1t�KTH2

.m2 iQ i?2 BM?2`2MiHv M2bi2/ �M/ HQQT2/ bi`m+im`2 Q7 i?Bb M2r �H;Q`Bi?K �M 2t�KTH2 Bb

T`QpB/2/ iQ 7m`i?2` +H�`B7v i?2 �H;Q`Bi?K bi2TbX AM i?Bb 2t�KTH2- � bBM;H2 BM/BpB/m�HǶb +?QB+2

b2i rBHH #2 ;2M2`�i2/X AM pBbm�HBxBM; i?2 bi2Tb Q7 i?2 i`BT 2HBKBM�iBQM +?QB+2 b2i ;2M2`�iBQM-

i?2 #`QrM ?QK2 B+QM Bb i?2 Q`B;BM- i?2 `2/ ~�; bvK#QH Bb i?2 /2biBM�iBQM- �M/ i?2 Qi?2` `2/

;2QK2i`B+ b?�T2b +Q``2bTQM/ iQ #Q�`/BM; �M/ �HB;?iBM; HQ+�iBQMb �b /2}M2/ BM i?2 H2;2M/

Q7 6B;m`2 9Xe�X

U�V a?Q`i2bi T�i? U#V 1t+Hm/2 _Qmi2 RR U+V 1t+Hm/2 _Qmi2 9

6B;m`2 9Xe, 1t�KTH2 +?QB+2 b2i ;2M2`�iBQM rBi? i`BT 2HBKBM�iBQM

6B;m`2 9Xe�- BHHmbi`�i2b i?2 `2bmHib Q7 i?2 i`�/BiBQM�H a"aS �H;Q`Bi?K UGBM2b R@e BM i?2

a"aS qBi? h`BT 1HBKBM�iBQM �H;Q`Bi?KV r?2`2 MQ i`BT BM7Q`K�iBQM Bb 2t+Hm/2/ 7`QK i?2

kd



9XjX h`BT 1HBKBM�iBQM am#@�H;Q`Bi?K

�H;Q`Bi?KX AM i?Bb +�b2- i?2 b?Q`i2bi U[mB+F2biV T�i? #2ir22M i?2 b2H2+i2/ T�bb2M;2`Ƕb ?QK2

�M/ /2biBM�iBQM HQ+�iBQM Bb iQ #Q�`/ _Qmi2 9 → _Qmi2 RR rBi? � i`�Mb72` BM /QrMiQrM

JBMM2�TQHBbX L2ti- �b /2i�BH2/ BM HBM2b d@3 Q7 i?2 �H;Q`Bi?K- �M �M+2biQ` i`22 Bb +`2�i2/ 7Q`

2�+? i`BT +QKTQM2Mi QM i?2 b?Q`i2bi T�i?X h?`Qm;? bm#b2[m2Mi Bi2`�iBQMb Q7 i?2 �H;Q`Bi?K-

2�+? Q7 i?2b2 i`22 bi`m+im`2b rBHH #2 }HH2/ rBi? /2b+2M/�Mi MQ/2bX .m2 iQ i?2 7�+i i?�i

i?2 b?Q`i2bi T�i? ?�b irQ i`BTb U_Qmi2 9 �M/ _Qmi2 RRV- HBM2b N@kk rBHH #2 Bi2`�i2/ Qp2`

irB+2ĜQM+2 7Q` 2�+? Q7 i?2 +Q``2bTQM/BM; i`BT A.ǶbX

6B;m`2 9Xe#- BHHmbi`�i2b i?2 `2bmHib Q7 �H;Q`Bi?K HBM2b N@kk r?2M i?2 b2H2+i2/ tripID

+Q``2bTQM/b iQ i?2 _Qmi2 RR i`BTX AM i?Bb +�b2- i?2 _Qmi2 RR i`BT Bb �//2/ iQ i?2 HBbi

Q7 i`BTb iQ 2t+Hm/2 7`QK i?2 i`�MbBi M2irQ`F UHBM2 RjVX "2+�mb2 i?Bb Bb i?2 }`bi H2p2H Q7

i`BT 2HBKBM�iBQMb- i?2`2 �`2 MQ T�`2Mi i`BTb iQ 2t+Hm/2 UHBM2b R9@R8V �M/ �b � `2bmHi- i?2

�H;Q`Bi?K KQp2b iQ HBM2b Re@kk �i r?B+? TQBMi �HH MQ/2b- HBMFb- �M/ i`BTb �bbQ+B�i2/ rBi? i?2

bT2+B}+ _Qmi2 RR tripID �`2 2t+Hm/2/ 7`QK i?2 :h6a i`�MbBi M2irQ`FX h?2M- BM HBM2 RN- i?2

#Q/v Q7 i?2 a"aS +Q/2 /2b+`B#2/ BM �H;Q`Bi?K R Bb `mM �;�BM i?Bb iBK2 mbBM; i?Bb }Hi2`2/

i`�MbBi M2irQ`F iQ T`Q/m+2 � M2r �ii`�+iBp2 T�i? r?B+? Bb i?2 [mB+F2bi T�i? �p�BH�#H2 iQ i?2

T�bb2M;2` BM i?2 }Hi2`2/ M2irQ`FX �b b?QrM BM 6B;m`2 9Xe# i?Bb M2r �ii`�+iBp2 T�i? `2bmHib

BM i?2 T�bb2M;2` #Q�`/BM; _Qmi2 9 �i i?2 b�K2 biQT �b i?2 BMBiB�H b?Q`i2bi T�i?- i`�Mb72``BM;

/QrMiQrM �M/ i�FBM; _Qmi2 8 iQ ?Bbf?2` /2biBM�iBQMX h?2 i`BTb QM i?Bb M2r T�i? �`2 i?2M

�//2/ UHBM2b kR@kkV �b ǳ+?BH/Ǵ i`BTb Q7 i?2 Q`B;BM�H b?Q`i2bi@T�i? i`BT i?�i r�b 2t+Hm/2/X

�7i2` i?Bb T`Q+2bb ?�b #22M +QKTH2i2/ 7Q` i?2 2t+HmbBQM Q7 i?2 _Qmi2 RR i`BT- i?2 �H;Q@

`Bi?K `2@HQ�/b i?2 :h6a M2irQ`F BM Bib 2MiB`2iv UHBM2 RkV #27Q`2- BM HBM2 Rj- 2t+Hm/BM; _Qmi2

9 Ui?2 `2K�BMBM; tripID QM i?2 Q`B;BM�H b?Q`i2bi T�i? BM 6B;m`2 9Xe�VX �;�BM- #2+�mb2 i?Bb

Bb i?2 }`bi H2p2H Q7 i`BT 2HBKBM�iBQMb- i?2`2 �`2 MQ T�`2Mi i`BTb iQ 2t+Hm/2 UHBM2b R9@R8V bQ i?2

�H;Q`Bi?K KQp2b iQ HBM2b Re@kk �M/ 2t+Hm/2b �HH MQ/2b- HBMFb- �M/ i`BTb �bbQ+B�i2/ rBi? i?2

i?2 _Qmi2 9 tripID `2bmHiBM; BM i?2 M2r �ii`�+iBp2 T�i? _Qmi2 R3 → _Qmi2 8 U6B;X 9Xe+VX

�i i?2 +QM+HmbBQM Q7 i?Bb T?�b2- i?2 �H;Q`Bi?K KQp2b iQ HBM2b kj@kd- }M/b i?�i i?2 /2bB`2/

MmK#2` Q7 mMB[m2 T�i?b ?�b MQi #22M `2�+?2/- b2ib i?2 previousPathList iQ BM+Hm/2 QMHv

k3



9XjX h`BT 1HBKBM�iBQM am#@�H;Q`Bi?K

i?2 irQ M2r T�i?b ;2M2`�i2/ 7`QK HBM2b Re@kk- �M/ `2im`Mb iQ HBM2 N ?�pBM; +QKTH2i2/ i?2

}`bi H2p2H Q7 i`BT 2HBKBM�iBQMbX h?Bb T�i? ;2M2`�iBQM UHBM2b N@kdV rBHH +QMiBMm2 7Q` � ;Bp2M

T�bb2M;2` mMiBH � bT2+B}2/ MmK#2` Q7 mMB[m2 T�i?b ?�b #22M `2�+?2/ �i r?B+? TQBMi i?2

�H;Q`Bi?K rBHH KQp2 QM iQ i?2 M2ti T�bb2M;2`X

h?2 `2bmHiBM; T�i?b rBi?BM i?2 2t�KTH2 T�bb2M;2`Ƕb +?QB+2 b2i �7i2` QM2 H2p2H Q7 i`BT

2HBKBM�iBQM- /2b+`B#2/ �#Qp2- �`2 BHHmbi`�i2/ BM 6B;m`2 9Xd�X �``Qrb BM/B+�i2 r?B+? i`BT

UHBbi2/ �b � `Qmi2 MmK#2` 7Q` bBKTHB+BivV ?�b #22M 2t+Hm/2/ BM Q`/2` iQ ;2M2`�i2 i?2 M2r T�i?X

A7 � b2+QM/ H2p2H Q7 i`BT 2HBKBM�iBQM r2`2 iQ ?�p2 #22M /2b+`B#2/ 7Q` i?2 T�bb2M;2` �#Qp2-

irQ i`BTb rQmH/ ?�p2 #22M 2t+Hm/2/ 7Q` 2�+? Bi2`�iBQM, QM2 7`QK i?2 BMBiB�HHv b?Q`i2bi T�i?-

�M/ � b2+QM/ 7`QK i?2 M2rHv ;2M2`�i2/ T�i?b 7QmM/ 7`QK i?2 T`2pBQmb H2p2H Q7 2HBKBM�iBQMX

h?2 `2bmHiBM; +?QB+2 b2i �M/ i?2 +Q``2bTQM/BM; i`BTb U/BbTH�v2/ �b `Qmi2bV 2HBKBM�i2/ iQ

Q#i�BM � bT2+B}+ T�i? �`2 pBbm�HBx2/ BM 6B;m`2 9Xd# r?B+? QMHv /Bz2`b 7`QK 6B;m`2 9Xd� BM

i?2 #QiiQK `Qr Q7 T�i?b �b Bi Bb � Bi2`�iBp2 T`Q;`2bbBQMX

U�V S�i? i`22 �7i2` }`bi 2HBKBM�iBQM H2p2H

U#V S�i? i`22 �7i2` b2+QM/ 2HBKBM�iBQM H2p2H

6B;m`2 9Xd, h`BT 2HBKBM�iBQM T�i? i`22

kN



9X9X *QMbi`�BMib- �bbmKTiBQMb- �M/ .�i� S`2T`Q+2bbBM;

9X9 *QMbi`�BMib- �bbmKTiBQMb- �M/ .�i� S`2T`Q+2bbBM;

AM �//BiBQM iQ i?2 `2bi`B+iBQMb TH�+2/ QM i?2 �++2bb �M/ 2;`2bb r�HFBM; HBMFb �b T`2pBQmbHv

K2MiBQM2/ BM a2+iBQM 9XR- b2p2`�H �//BiBQM�H �bbmKTiBQMb �M/ T`2T`Q+2bbBM;@K2�bm`2b Kmbi

#2 K�/2 #27Q`2 `mMMBM; i?2 �7Q`2K2MiBQM2/ �H;Q`Bi?KX

9X9XR S`272``2/ .2T�`im`2 hBK2 US.hV �bbmKTiBQMb

h?2 KQbi bB;MB}+�Mi �bbmKTiBQM /2�Hb rBi? BM/BpB/m�HbǶ T`272``2/ /2T�`im`2 iBK2 US.hV

7`QK i?2B` Q`B;BMX qBi?BM i?2 kyRe PM "Q�`/ am`p2v- � S.h r�b MQi ;Bp2MX q?�i Bb

T`QpB/2/- BMbi2�/- Bb � QM2 ?Qm` iBK27`�K2 BM r?B+? i?2 T�bb2M;2` r�b bm`p2v2/X h?Bb iBK2

`�M;2- ?Qr2p2`- Bb T`Q#H2K�iB+ 7Q` irQ `2�bQMb, }`bi- Bi Bb MQi bT2+B}2/ iQ bBM;H2@KBMmi2

`2bQHmiBQM- �M/ b2+QM/- i?2 iBK2 `�M;2 Bb MQi M2+2bb�`BHv r?2M i?2 T�bb2M;2` H27i i?2 Q`B;BM-

#mi `�i?2` r?2M ?2fb?2 r�b bm`p2v2/X

hQ �//`2bb i?2 }`bi Bbbm2- �M �//BiBQM�H +QMbi`�BMi Bb TH�+2/ mTQM i?2 a"aS �H;Q`Bi?K

iQ �HHQr 7Q` � Tb2m/Q@BMBiB�H r�Bi iBK2 Q7 mT iQ QM2 ?Qm`X AM T`�+iB+2- i?2 �H;Q`Bi?K b2ib

i?2 S.h iQ #2 i?2 }`bi KBMmi2 Q7 i?2 bm`p2v2/ iBK2 rBM/Qr �M/ i?2M b+�Mb �HH /2T�`iBM;

`Qmi2b � T�bb2M;2` +QmH/ `2�+? rBi?BM QM2 ?Qm` i?�i bm++2bb7mHHv +QMM2+i iQ i?2 T�bb2M;2`Ƕb

/2biBM�iBQMX 6QHHQrBM; i?2 i2`KBM�iBQM Q7 i?2 �H;Q`Bi?K- i?2 Tb2m/Q@�++2bb r�Bi iBK2 Bb b2i

iQ x2`Q �M/ B7 KmHiBTH2 B/2MiB+�H T�i?b 2tBbi- QMHv QM2 Q7 i?2b2 T�i?b Bb F2Ti BM i?2 +?QB+2 b2iX

6Q` 2t�KTH2- B7 i?2 bm`p2v2/ `�M;2 r�b k,yy TXKX@j,yy TXKX- i?2 �H;Q`Bi?K rQmH/ b2i i?2

S.h 2[m�H iQ k,yy TXKX #mi }M/ �Mv p�HB/ i`BTb i?�i /2T�`i #2ir22M k,yy TXKX �M/ j,yy

TXKX �M/ �`2 rBi?BM i?2 K�tBKmK �HHQr�#H2 �++2bb r�HFBM; /Bbi�M+2 URXR KBH2bVX h?2M- 7Q`

BMbi�M+2- B7 � p�HB/ i`BT r2`2 7QmM/ i?�i /2T�`i2/ �i k,98 TXKX i?2 T�bb2M;2`Ƕb �++2bb r�Bi

iBK2 Bb b2i iQ x2`Q KBMmi2b `�i?2` i?�M i?2 i?2 /Bz2`2M+2 BM iBK2 #2ir22M k,98 TXKX �M/

i?2 iBK2 �i r?B+? i?2 T�bb2M;2` �``Bp2/ �i i?2 biQT �7i2` /2T�`iBM; ?Bbf?2` Q`B;BM �i k,yy

TXKX �+im�H �++2bb r�Bi iBK2 Bb i?2M +�H+mH�i2/ mbBM; i?2 K2i?Q/ /2b+`B#2/ BM i?2 M2ti

bm#@b2+iBQM Ua2+iBQM 9X9XkVX

jy



9X9X *QMbi`�BMib- �bbmKTiBQMb- �M/ .�i� S`2T`Q+2bbBM;

P7 i?2 irQ Bbbm2b `2H�i2/ iQ S.h 2biBK�iBQM- i?2 b2+QM/ Bbbm2 UT`QpBbBQM Q7 bm`p2v2/

iBK2 `�M;2 `�i?2` i?�M }`bi `Qmi2 #Q�`/BM; iBK2V- Bb T�`iB+mH�`Hv i`Qm#HBM; �b Bi Bb TQbbB#H2

i?�i �M BM/BpB/m�H +QmH/ #2 bm`p2v2/ QM � `Qmi2 Qi?2` i?�M i?2 }`bi `Qmi2 QM ?Bb Q` ?2`

i`BTX qBi?Qmi +Q``2+iBQM- i?Bb Bbbm2 rQmH/ i?mb ?�p2 H2/ iQ BM�++m`�i2 S.h 2biBK�iBQMbX

AM Q`/2` iQ i`�MbH�i2 i?Bb bm`p2v2/ iBK2 BMiQ � S.h- i?2 bmK Q7 i?2 �p2`�;2 mMHBMF2/ BM@

p2?B+H2 iBK2 UAohV �M/ i?2 �p2`�;2 i`�Mb72` iBK2 Bb bm#i`�+i2/ 7`QK i?2 bm`p2v2/ iBK2X h?Bb

}t2/ iBK2 �/DmbiK2Mi Bb i?2M mb2/ �b � T`Qtv 7Q` i?2 �p2`�;2 iBK2 �bbQ+B�i2/ rBi? r�HFBM;

�M/ i`�Mb72``BM; 7`QK 2�+? �//BiBQM�H `Qmi2X h?mb- kjXk KBMmi2b �`2 bm#i`�+i2/ 7`QK i?2

bm`p2v2/ iBK2 rBM/Qr 7Q` 2�+? i`�Mb72` i?�i Q++m``2/ #27Q`2 i?2 bm`p2v2/ `Qmi2X

9X9Xk �++2bb q�BiBM; hBK2 *�H+mH�iBQMb

:Bp2M i?�i i?2 S.h Bb 2biBK�i2/ `�i?2` i?�M /B`2+iHv 2ti`�+i2/ 7`QK bm`p2v `2bTQMb2b-

iBK2 bT2Mi r�BiBM; �i i?2 #Q�`/BM; #mb biQT Q7 i?2 BMBiB�H `Qmi2 �HbQ ?�b iQ #2 2biBK�i2/X

h?2 K2i?Q/ Q7 2biBK�iBQM 7QHHQrb i?2 ?2�/r�v@#�b2/ T`Q+2/m`2 /2b+`B#2/ #v 6�M �M/

J�+?2K2?H UkyyNV �M/ 7Q`KmH�i2/ BM 1[m�iBQM 9XR (99)X

AccessWaitT ime = ming(0.5 ∗Headway, 2.28 + 0.29 ∗Headway, 13.3) U9XRV

h?Bb TB2+2@rBb2 2[m�iBQM Bb #�b2/ QM i?2 �bbmKTiBQM i?�i T�bb2M;2`b �``Bp2 �i `�M/QK 7Q`

b?Q`i ?2�/r�vb U;Bp2M BM KBMmi2bV �M/ bi`�i2;B+�HHv +QQ`/BM�i2 i?2B` �``Bp�H �i #mb biQTb

b2`p2/ #v `Qmi2b rBi? HQM;2` ?2�/r�vbX AM Q`/2` iQ #2bi +�Tim`2 i?2 ~m+im�iBM; M�im`2

Q7 `Qmi2 ?2�/r�vb i?`Qm;?Qmi i?2 /�v- ?2�/r�vb �`2 +�H+mH�i2/ �b i?2 iBK2 #2ir22M i?2

bBKmH�i2/ }`bi `Qmi2 i�F2M �M/ i?2 M2ti #mb Q7 i?�i b�K2 `Qmi2X A7 i?2 bBKmH�i2/ #mb Bb i?2

H�bi Q7 Bib `Qmi2 7Q` i?2 /�v- i?2 /Bz2`2M+2 BM iBK2 #2ir22M i?2 T`2+2/BM; �M/ bBKmH�i2/ #mb

Bb mb2/ �b i?2 ?2�/r�vX

jR



9X9X *QMbi`�BMib- �bbmKTiBQMb- �M/ .�i� S`2T`Q+2bbBM;

9X9Xj a"aS �H;Q`Bi?K *QMbi`�BMib �M/ S�`�K2i2`b

AM Q`/2` iQ #2bi +�Tim`2 T�bb2M;2` #2?�pBQ`- �M �//BiBQM�H b2i Q7 �H;Q`Bi?K T�`�K2i2`b �M/

+QMbi`�BMib �`2 BMi`Q/m+2/ Uh�#H2 9XkVX � iQi�H iBK2 i?`2b?QH/ UReyW Q7 i?2 b?Q`i2bi T�i?Ƕb

i`�p2H iBK2V r�b BKTH2K2Mi2/ iQ K�F2 bm`2 �HH T�i?b �`2 b22M �b ǳ`2�bQM�#Hv �ii`�+iBp2Ǵ iQ

i?2 T�bb2M;2`X 6Q` 2t�KTH2- B7 � T�bb2M;2`b b?Q`i2bi iQi�H i`�p2H iBK2 Bb Ry KBMmi2b- ?2fb?2

rQmH/ +QMbB/2` i`BTb rBi? iQi�H iBK2b Q7 Re Q` H2bb KBMmi2bX h?2 ReyW i?`2b?QH/ T2`+2Mi�;2

Bb +?Qb2M iQ BM+Hm/2 N8W Q7 i?2 +m``2Mi T�bb2M;2` b2iX q�HFBM; bT22/ Bb �bbmK2/ iQ #2

j KBH2b T2` ?Qm` �M/ Bb mb2/ iQ +�H+mH�i2/ r�HFBM; HBMF iBK2bX AM `2;�`/b iQ i?2 i`�Mb72`

/Bbi�M+2 i?`2b?QH/ Bi Bb �bbmK2/- ;Bp2M i?2 7�+i i?�i i?2 p�bi K�DQ`Biv Q7 i?2 bvbi2K Bb

+QKTQb2/ Q7 ?B;?@biQT /2MbBiv HQ+�H@#mb `Qmi2b- i?�i BM/BpB/m�Hb i`�Mb72` �i i?2 biQT QM

i?2B` +m``2Mi `Qmi2 i?�i Bb +HQb2bi iQ i?2B` M2ti #Q�`/BM; biQT r?B+?- KQ`2 Q7i2M i?�M MQi- Bb

/B`2+iHv �+`Qbb i?2 bi`22iX 6BM�HHv- Bi Bb �bbmK2/- #�b2/ QM p�Hm2b rBi?BM i?2 HBi2`�im`2- i?�i

BM/BpB/m�Hb �bbQ+B�i2 � R8 KBMmi2 /BbmiBHBiv 7Q` 2�+? i`�Mb72` i?2v i�F2 �M/ i?�i i?2v rBHH

MQi +QMbB/2` i`�Mb72``BM; B7 i?2v ?�p2 iQ r�Bi 7Q` KQ`2 i?�M ky KBMmi2b 7Q` i?2 M2ti `Qmi2X

h�#H2 9Xk, �H;Q`Bi?K +QMbi`�BMib

S�`�K2i2` *QMbi`�BMi

h`�Mb72` .Bbi�M+2 ≤ yXR KBH2b

�++2bbU1;`2bbV q�HF ≤ RXR UyXdkV KBH2b

�bbmK2/ h`�Mb72` S2M�Hiv R8 KBM

h`�Mb72` q�Bi hBK2 ≤ ky KBM

q�HFBM; aT22/ j KT?

S�i? G2M;i? ≤ Rey W a?Q`i2bi S�i? hBK2

jk



*?�Ti2` 8

GQ;Bi JQ/2H J2i?Q/QHQ;v �M/ 6Q`KmH�iBQM

6QHHQrBM; i?2 ;2M2`�iBQM Q7 � b2i Q7 �ii`�+iBp2 T�i? +?QB+2b 7Q` 2�+? T�bb2M;2` rBi?BM i?2

b�KTH2 TQTmH�iBQM- HQ;Bi KQ/2Hb �`2 2biBK�i2/ mbBM; p2`bBQM yXkXk Q7 i?2 SvGQ;Bi 2biBK�iBQM

iQQH (98)X AM T2`7Q`KBM; i?2 HQ;Bi 2biBK�iBQMb- dyW Q7 i?2 T�bb2M;2`b �`2 mb2/ �b i?2 i`�BM@

BM; /�i�b2i �M/ i?2 `2K�BMBM; jyW �`2 mb2/ �b i?2 i2biBM; /�i�b2iX hrQ ivT2b Q7 KQ/2H

bi`m+im`2b �`2 +QMbB/2`2/, JmHiBMQKB�H GQ;Bi UJLGV- �M/ JBt2/ JLGX h?2 JBt2/ JLG

KQ/2H Bb i2bi2/ BM Q`/2` iQ /2i2`KBM2 i?2 bB;MB}+�M+2 Q7 p�`B�iBQM BM T�`�K2i2` T2`+2TiBQM

�KQM;bi BM/BpB/m�HbX AM i?Bb 7Q`KmH�iBQM- i?2 T�`�K2i2`b �`2 i`2�i2/ �b MQ`K�H `�M/QK

p�`B�#H2b �M/ i?2 HQ;Bi 7mM+iBQM Bb 7Q`KmH�i2/ BM i?2 b�K2 7Q`K �b Bb /2b+`B#2/ #2HQr BM

1[m�iBQM 8XRX

8XR S�i? Pp2`H�T *Q``2+iBQM 6�+iQ`

PM2 Q7 i?2 F2v 72�im`2b Q7 i?2 JLG KQ/2H Bb i?2 �bbmKTiBQM Q7 BM/2T2M/2M+2 Q7 B``2H2p�Mi

�Hi2`M�iBp2b UAA�VX h?Bb �bbmKTiBQM bi�i2b i?�i r?2M BM/BpB/m�Hb �`2 �bF2/ iQ +?QQb2 7`QK

� b2i Q7 �Hi2`M�iBp2b- i?2 HBF2HB?QQ/ Q7 i?2K TB+FBM; QM2 +?QB+2 Qp2` �MQi?2` b?QmH/ MQi

/2T2M/ QM �M �//BiBQM�H �Hi2`M�iBp2X AM Qi?2` rQ`/b- Bi Bb �bbmK2/ i?�i i?2 +?QB+2b �`2

MQi +Q``2H�i2/X lM7Q`imM�i2Hv- BM i?2 +�b2 Q7 i?2 i`�MbBi `Qmi2 +?QB+2 T`Q#H2K- K�Mv Q7 i?2

T�i? +?QB+2b +�M #2- BM 7�+i- +Q``2H�i2/X AM T�`iB+mH�`- Bi Bb Q7i2M i?2 +�b2 i?�i irQ `Qmi2b

i`�p2`b2 i?2 b�K2 2t�+i bi`2i+? Q7 `Q�/r�v �M/ �`2 QMHv /Bz2`2Mi BM i?2B` `Qmi2 MmK#2`X �b

� `2bmHi Q7 i?Bb TQi2MiB�H +Q``2H�iBQM- � T�i?@bBx2 +Q``2+iBQM i2`K- /2b+`B#2/ #v h�M 2i �HX

UkyR8V- Bb BMi`Q/m+2/ iQ i?2 KQ/2H UReVX h?2 JLG 7Q`KmH�iBQM rBi? �M Qp2`H�TTBM; T�i?

jj



8XRX S�i? Pp2`H�T *Q``2+iBQM 6�+iQ`

bBx2 +Q``2+iBQM 7�+iQ` Bb /2b+`B#2/ #v 1[m�iBQM 8XR-

P (i|Cn) =
eVin+βPSPSin

∑
jεcn

eVjn+βPSPSjn
U8XRV

r?2`2,

P (i|Cn) = S`Q#�#BHBiv Q7 i�FBM; T�i? B ;Bp2M +?QB+2 b2i * 7Q` T2`bQM M

Vin, Vjn = liBHBiB2b 7Q` T�i? B �M/ D 7Q` T2`bQM M `2bT2+iBp2Hv

PSin, PSjn = S�i?@bBx2 +Q``2+iBQM 7Q` T�i? B �M/ D BM +?QB+2 b2i Cn `2bT2+iBp2Hv

βPS = 1biBK�i2/ +Q2{+B2Mi 7Q` i?2 T�i? bBx2 +Q``2+iBQM i2`KX

h?2 T�i? bBx2 +Q``2+iBQM i2`K- �b /2}M2/ #v h�M 2i �HX UkyR8V (9e) �M/ �/�Ti2/ 7Q` biQT

Qp2`H�T `�i?2` i?�M HBMF Qp2`H�T- Bb b?QrM BM 1[m�iBQM 8Xk-

PSin =
∑

sεΓi

1

Ni
ln(

∑

jεcn

δsj) U8XkV

r?2`2,

Γi = a2i Q7 �HH biQTb 7Q` T�i? B

Ni = hQi�H MmK#2` Q7 biQTb b2`p2/ #v T�i? B

δsj = R B7 biQT b Bb QM T�i? D �M/ y Qi?2`rBb2X

q?BH2 i?2 T�i? bBx2 +Q``2+iBQM i2`K Bb ivTB+�HHv +�H+mH�i2/ #�b2/ QM HBMF H2M;i?- 7Q`

i`�MbBi- Bi Bb `2�bQM2/ i?�i biQTb �`2 KQ`2 BM/B+�iBp2 Q7 i?2 �+im�H Qp2`H�T 2tT2`B2M+2/ #v

T�bb2M;2`bX 6Q` 2t�KTH2- r?2M +QKT�`BM; #mb `�TB/ i`�MbBi U"_hV b2`pB+2 rBi? HQ+�H #mb

b2`pB+2- i?2 T�i?b K�v Qp2`H�T 7Q` � HQM; bi`2i+? Q7 /Bbi�M+2 #mi QMHv b?�`2 � bK�HH MmK#2` Q7

�+im�H biQTb /m2 iQ i?2 rB/2` biQT bT�+BM; T`2b2Mi BM "_h M2irQ`FbX �//BiBQM�HHv- L�bbB` 2i

�HX UkyR8V �`;m2 i?�i KQ/2HBM; �i i?2 biQT H2p2H Bb KQ`2 +QMbBbi2Mi rBi? i?2 /2+BbBQM i`�MbBi
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8XRX S�i? Pp2`H�T *Q``2+iBQM 6�+iQ`

mb2`b ivTB+�HHv K�F2 (j9)X h?2`27Q`2- Bi Bb �i i?2 biQT H2p2H i?�i Qp2`H�TTBM; #2+QK2b KQbi

+`BiB+�HX .m2 iQ i?2 T�i? bBx2 +Q``2+iBQM i2`K 7Q`KmH�iBQM rBi?BM i?2 JLG 7Q`KmH�iBQM- Bi

Bb 2tT2+i2/ i?�i βPS rBHH #2 M2;�iBp2 BM p�Hm2 BM/B+�iBM; i?�i BM+`2�b2/ T�i? Qp2`H�T H2�/b

iQ bK�HH2` `2H�iBp2 miBHBiB2b 7Q` 2�+? T�i?X

j8



*?�Ti2` e

_2bmHib �M/ .Bb+mbbBQM

eXR Pp2`pB2r Q7 S�bb2M;2` �M/ L2irQ`F 62�im`2b

h?2 �M�Hvx2/ M2irQ`F +QMi�BMb � iQi�H Q7 93d-y98 MQ/2b �M/ k-N9N-jk8 HBMFb UMQi +QmMiBM;

�++2bbf2;`2bb HBMFb r?B+? �`2 ;2M2`�i2/ QM � T2` T2`bQM #�bBbVX � KQ`2 /2i�BH2/ ;H�M+2 BMiQ

i?2 M2irQ`F bi`m+im`2 Bb TQ`i`�v2/ BM h�#H2 eXRX

h�#H2 eXR, L2irQ`F +QKTQbBiBQM

L2irQ`F 62�im`2 *QmMi

aiQTb Rj-8dN

h`BTb N-kRR

LQ/2b 93d-y98

AM@o2?B+H2 GBMFb 9d3-yej

q�BiBM; h`�Mb72` GBMFb 9e3-jdj

q�HFBM; h`�Mb72` GBMFb k-yyk-33N

�7i2` i?2 BMBiB�H }Hi2`BM; Q7 i?2 bm`p2v /�i� iQ QMHv BM+Hm/2 T�bb2M;2`b rBi? r�HF �+@

+2bbf2;`2bb HBMFb �M/ r?Q K�/2 i?2B` DQm`M2v QM i?2 bT2+B}2/ hm2b/�vǶb- i?2 BMBiB�H T�bb2M@

;2` /�i�b2i +QMi�BMb k-d89 T�bb2M;2`bX 6QHHQrBM; i?2 +QKTH2iBQM Q7 i?2 +?QB+2 b2i ;2M2`�iBQM

�M/ }Hi2`BM; iQ BM+Hm/2 QMHv T�bb2M;2`b r?Q ?�/ �i H2�bi irQ T�i?b- R-Nj3 T�bb2M;2`b- Q`

dyX8W Q7 i?2 Q`B;BM�H /�i�b2i- ?�p2 � +?QB+2 b2i i?�i bm++2bb7mHHv BM+Hm/2b i?2 �+im�H bm`p2v2/

T�i? i?�i i?2 BM/BpB/m�H iQQFX h?Bb /�i�b2i Bb i?2M 7m`i?2` }Hi2`2/ iQ QMHv BM+Hm/2 T�bb2M@

;2`b r?Q ?�p2 �i H2�bi irQ T�i?b rBi? � iQi�H i`�p2H iBK2 H2bb i?�M ReyW Q7 i?2 b?Q`i2bi

je



eXRX Pp2`pB2r Q7 S�bb2M;2` �M/ L2irQ`F 62�im`2b

iQi�H iBK2 T�i? U�b /2b+`B#2/ BM i?2 `2bi`B+iBQM T�`�K2i2`b �#Qp2VX �7i2` i?Bb }M�H }Hi2`BM;

R-dk9 T�bb2M;2`b `2K�BM2/ BM i?2 b�KTH2 TQTmH�iBQM rBi? i?2 �p2`�;2 T2`bQM ?�pBM; jXR

�ii`�+iBp2 T�i?b iQ +?QQb2 7`QK U6B;m`2 eXRVX :Bp2M i?�i QMHv kR9 T�bb2M;2`b URRWV /B/ MQi

?�p2 KQ`2 i?�M irQ �ii`�+iBp2 �Hi2`M�iBp2b- Bi +�M #2 +QM+Hm/2/ i?�i hrBM *BiB2b i`�MbBi

mb2`b �HKQbi �Hr�vb ?�p2 KmHiBTH2 QTiBQMb iQ +QMbB/2` r?2M b2H2+iBM; � T�i? iQ `2�+? i?2B`

/2biBM�iBQMX

6B;m`2 eXR, *?QB+2 b2i bBx2 T2` T�bb2M;2` ?BbiQ;`�K

PM2 ?�HHK�`F Q7 i?Bb `2b2�`+? Bb i?�i i?2 b�KTH2 /�i�b2i- 2p2M �7i2` i?2 �7Q`2K2MiBQM2/

}Hi2`BM;- Bb 2ti`2K2Hv `2T`2b2Mi�iBp2 Q7 i?2 iQi�H i`�MbBi `B/2` TQTmH�iBQMX q?2M +QKT�`BM;

i?2 `�+B�H +QKTQbBiBQM Q7 i?2 b�KTH2 /�i�b2i iQ i?2 7mHH TQTmH�iBQM- �HH `�+2bf2i?MB+BiB2b

r2`2 rBi?BM RW Q7 i?2 2MiB`2 bm`p2v2/ TQTmH�iBQM 2t+2Ti 7Q` r?Bi2b UY jX9 T2`+2Mi�;2 TQBMib

7`QK iQi�H TQTmH�iBQMV �M/ �bB�Mb UY RXd T2`+2Mi�;2 TQBMibVX 62K�H2b +QKT`Bb2 98X8W Q7

i?2 b�KTH2 TQTmH�iBQM- QMHv kXd T2`+2Mi�;2 TQBMib HQr2` i?�M i?2 TQTmH�iBQM �p2`�;2- �M/

�HH �;2 +�i2;Q`B2b �`2 `2T`2b2Mi2/ iQ rBi?BM 8W Q7 i?2B` �+im�H Q++m``2M+2b rBi?BM i?2 iQi�H

TQTmH�iBQMX

S`BQ` iQ 2t�KBMBM; i?2 `2bmHib Q7 i?2 KmHiBMQKB�H HQ;Bi UJLGV KQ/2H- i?2 T�i?b �+im�HHv

i�F2M #v i?2 i`�MbBi T�bb2M;2`b U�b `2+Q`/2/ BM i?2 bm`p2vV �`2 bim/B2/X 6`QK �M �;;`2;�i2

�M�HvbBb Q7 i?2b2 bm`p2v2/ T�i?b- �b +QKT�`2/ rBi? i?2 Qi?2` T�i?b rBi?BM �M BM/BpB/m�Hb

+?QB+2 b2i- #`Q�/ [m�HBi�iBp2 +QM+HmbBQMb +�M #2 /`�rM �#Qmi `B/2`bǶ #2?�pBQ` i?�i +�M #2

jd



eXRX Pp2`pB2r Q7 S�bb2M;2` �M/ L2irQ`F 62�im`2b

bmTTQ`i2/ UQ` +QMi`�/B+i2/V #v i?2 HQ;Bi `2bmHibX

PM �p2`�;2- i?2 b�KTH2/ T�bb2M;2`bǶ bm`p2v2/ Ui�F2MV T�i? ?�b � K2�M iQi�H i`�p2H iBK2

Q7 9yXj KBMmi2b- ReXk KBMmi2b r�HFBM;- 8X9 KBMmi2b r�BiBM;- �M/ kkXk KBMmi2b BM � i`�MbBi

p2?B+H2X �//BiBQM�HHv- i?2`2 Bb � 7�B`Hv bi`QM; �p2`bBQM iQ i`�Mb72`b �b eeXjdW Q7 T�bb2M;2`bǶ

�+im�H T�i?b ?�p2 MQ i`�Mb72`b- kdXdW ?�p2 QM2 i`�Mb72`- RXdW ?�p2 k i`�Mb72`b- �M/ QMHv R

T2`bQM Qmi Q7 R-dk9 b�KTH2 T�bb2M;2`b i`�Mb72`b i?`22 iBK2bX

6Bp2 �ii`B#mi2b �`2 +`2�i2/ 7Q` 2�+? T�bb2M;2` BM/B+�iBM; B7 i?2 BM/BpB/m�HbǶ bm`p2v2/

Ui�F2MV T�i? 7QHHQr2/ � T�`iB+mH�` bi`�i2;v- r?2M +QKT�`2/ iQ i?2 Qi?2` �ii`�+iBp2 T�i?b

BM i?2 bBKmH�i2/ +?QB+2 b2i Uh�#H2 eXkVX

h�#H2 eXk, am`p2v2/ Ui�F2MV T�i? bi`�i2;v 7`2[m2M+v

am`p2v2/ S�i? ai`�i2;v S2`+2Mi Q7 a�KTH2 SQTmH�iBQM

JBMBKmK O Q7 h`�Mb72`b 3eXyW

JBMBKmK q�Bi hBK2 9NX8W

JBMBKmK hQi�H hBK2 9eX9W

JBMBKmK q�HFBM; hBK2 jNXeW

JBMBKmK AM@o2?B+H2 hBK2 keXdW

JBMBKmK BM �GG Q7 i?2 �#Qp2 8 +�i2;Q`B2b dXjW

6`QK i?Bb �;;`2;�iBQM- Bi �TT2�`b i?�i i?2 MmK#2` Q7 i`�Mb72`b Bb i?2 KQbi +`BiB+�H 7�+iQ`

BMpQHp2/ BM /2+B/BM; r?B+? T�i? iQ i�F2 �b 3eW Q7 i?2 b�KTH2 TQTmH�iBQM �`2 bm`p2v2/ QM

� T�i? i?�i ?�b i?2 KBMBKmK MmK#2` Q7 i`�Mb72`bX 6m`i?2`KQ`2- i?2 KBMBKmK r�HF iBK2

�TT2�`b iQ #2 � r2�F2` T`2/B+iQ` Q7 `Qmi2 +?QB+2 i?�M r�BiBM; iBK2 UjNXeW p2`bmb 9NX8WVX �b

� `2bmHi- Bi Bb 2tT2+i2/ i?�i i?2 i`�Mb72` T2M�Hiv rBHH #2 [mBi2 H�`;2 �M/ i?�i i?2 K�;MBim/2

Q7 i?2 HQ;Bi KQ/2H +Q2{+B2Mib U�HH Q7 r?B+? �`2 2tT2+i2/ iQ #2 M2;�iBp2V rBHH #2 H�`;2bi 7Q`

i?2 r�Bi iBK2 7QHHQr2/ #v r�HF iBK2- �M/ i?2M BM@p2?B+H2 iBK2X
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eXkX JmHiBMQKB�H GQ;Bi _2bmHib

eXk JmHiBMQKB�H GQ;Bi _2bmHib

"Qi? i`�/BiBQM�H JLG KQ/2Hb �M/ KBt2/ HQ;Bi KQ/2Hb �`2 i2bi2/ QM i?2 i`�BMBM; /�i�b2i

U/2}M2/ �b � `�M/QK dyW Q7 i?2 b�KTH2 T�bb2M;2` b2iV rBi? p�`vBM; BMi2`�+iBQMb �M/ +QK@

#BM�iBQMb #2ir22M i?2 p�`B�#H2b HBbi2/ #2HQrX h?2 KBt2/ HQ;Bi KQ/2Hb- BM r?B+? T�`�K2i2`b

�`2 �bbmK2/ iQ #2 MQ`K�HHv /Bbi`B#mi2/- ?Qr2p2`- �`2 7QmM/ iQ MQi BKT`Qp2 i?2 KQ/2H }i

BM +QKT�`BbQM rBi? JLG KQ/2HbX .m2 iQ i?Bb H�+F Q7 BKT`Qp2K2Mi �M/ i?2 ;`2�i2` bBKTHB+@

Biv Q7 i?2 JLG KQ/2Hb- QMHv i?2 JLG KQ/2H `2bmHib rBHH #2 T`2b2Mi2/X �7i2` +QKT�`BM;

K�Mv JLG KQ/2Hb- i?2 irQ #2bi KQ/2Hb U+?Qb2M �b ?�pBM; i?2 HQr2bi "�v2bB�M BM7Q`K�iBQM

+`Bi2`B� U"A*V p�Hm2 �M/ ?B;?2bi J+6�//2MǶb `?Q@b[m�`2/ p�Hm2V �`2 T`2b2Mi2/ r?2`2 �HH

T`2b2Mi2/ p�`B�#H2b �`2 bi�iBbiB+�HHv bB;MB}+�MiX h?2 +QMbB/2`2/ p�`B�#H2b �`2 �b 7QHHQrb,

Ç S�i? aBx2 *Q``2+iBQM 6�+iQ`

Ç _Qmi2 hvT2 Uh`�MbBir�v- 1tT`2bb "mb- GQ+�H "mbV

Ç LmK#2` Q7 h`�Mb72`b T2` S�i?

Ç *�i2;Q`B+�H �MMm�H >Qmb2?QH/ AM+QK2

Ç _�+2

Ç :2M/2`

Ç hBKBM; S�`�K2i2`b UAoh- �++2bb$1;`2bb q�HF hBK2- �++2bb q�Bi hBK2V

Ç h`BT Sm`TQb2 UqQ`F- a+?QQH- a?QTTBM;- J2�H- Pi?2`VX

eXkXR 1tT�M/2/ JLG JQ/2H _2bmHib

h?2 KQ/2H `2bmHib T`2b2Mi2/ BM h�#H2 eXj- 2M+QKT�bb �HH bB;MB}+�Mi p�`B�#H2b �M/ i?2B` BM@

i2`�+iBQMb 7`QK i?2 HBbi Q7 p�`B�#H2b �#Qp2X :Bp2M i?2 MmK#2` Q7 Q#b2`p�iBQMb BM i?2 b�KTH2

i`�BMBM; /�i�b2i UR-kydV- i?2 JLG KQ/2HǶb �/Dmbi2/ `?Q@b[m�`2/ p�Hm2 Q7 yX9kj Bb `2H�iBp2Hv

H�`;2X q?2M �M�HvxBM; i?2 K�`;BM�H `�i2 Q7 bm#biBimiBQM +QHmKM- BM r?B+? �HH T�`�K2i2`

+Q2{+B2Mib ?�p2 #22M MQ`K�HBx2/ iQ i?2 b+?2/mH2/ MQM@i`�MbBir�v Aoh +Q2{+B2Mi- b2p2`�H
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eXkX JmHiBMQKB�H GQ;Bi _2bmHib

BMi2`2biBM; +QM+HmbBQMb +�M #2 2ti`�+i2/X 6B`bi- T�bb2M;2`b T2`+2Bp2 9R b2+QM/b UyXe3d KBM@

mi2bV QM #Q�`/ � i`�MbBir�v `Qmi2 �b i?2 2[mBp�H2Mi Q7 R KBMmi2 QM � MQM@i`�MbBir�v `Qmi2

BM/B+�iBM; i?�i hrBM *BiB2b i`�MbBi T�bb2M;2`b ?�p2 � T`272`2M+2 iQr�`/b i`�MbBir�v `Qmi2b

r?2M ;Bp2M i?2 +?QB+2X �//BiBQM�HHv- ;Bp2M i?2 K�`;BM�H `�i2b Q7 bm#biBimiBQM 7Q` r�HFBM;

�M/ r�BiBM; iBK2- T�bb2M;2`b T2`+2Bp2 kXe8 KBMmi2b Q7 MQM@i`�MbBir�v BM@p2?B+H2 iBK2 UAohV

�b QM2 KBMmi2 Q7 r�BiBM; iBK2 �i i?2B` BMBiB�H #Q�`/BM; biQT- kXdd KBMmi2b Aoh �b R KBMmi2

Q7 2;`2bb r�HFBM;- �M/ RXe8 KBMmi2b Aoh �b R KBMmi2 Q7 �++2bb r�HFBM; iBK2X �M BMi2`2biBM;

i�F2�r�v 7`QK i?Bb +QKT�`BbQM Bb i?�i BM/BpB/m�Hb �`2 KQ`2 HBF2Hv URXe iBK2bV iQ r�HF �

;`2�i2` /Bbi�M+2 r?2M �++2bbBM; i?2B` BMBiB�H i`�MbBi `Qmi2- i?2M i?2v �`2 r?2M r�HFBM; 7`QK

i?2 �HB;?iBM; biQT QM i?2B` H�bi i`�MbBi `Qmi2 iQ i?2B` }M�H /2biBM�iBQMX

h�#H2 eXj, 1tT�M/2/ JLG +Q2{+B2Mi U#2i�V p�Hm2b �M/ K�`;BM�H `�i2 Q7 bm#biB@
imiBQM rX`XiX MQM@i`�MbBir�v BM@p2?B+H2 iBK2

S�`�K2i2` *Q2{+B2Mi ai/X 1``Q` *QM}/2M+2 AMi2`p�H UN8WV
J�`;BM�H _�i2 Q7 am#biBimiBQM

UqBi? _2bT2+i iQ >Qm`b Q7 AohV

LQM@h`�MbBir�v Aoh U>Qm`bV @eX93e yX8Nd (@dXe88- @8XjRe) RXyyy

h`�MbBir�v Aoh U>Qm`bV @9X983 yXdje (@8XNyR- @jXyR9) yXe3d

�++2bb q�HF hBK2 U>Qm`bV @RyXdRk yXeNk (@RkXyeN- @NXj88) RXe8k

1;`2bb q�HF hBK2 U>Qm`bV @RdXNj3 yX33e (@RNXed8- @ReXkyk) kXdee

�++2bb q�Bi hBK2 U>Qm`bV @RdXkRy RXeRe (@kyXjd3- @R9Xy9k) kXe89

O Q7 h`�Mb72`b T2` S�i? @kXdee yXR8j (@jXye8- kX9ee) yX9ke Uk8Xe KBM T2M�HivV

aiQT Pp2`H�T *Q``2+iBQM @yXe9e yXkke (@RXy3d- @yXkyk) ě

h`�MbBir�v, �++2bb q�HF hBK2 U>Qm`bV kXyRj yXd9y (yX8ej- jX9ej) @yXjRy

h`�MbBir�v, �MMm�H >> AM+QK2 =0R8y-yyy kXjRy RXydj (yXky3- 9X9Rk) @yXj8e

1tT`2bb, �MMm�H >> AM+QK2 I0j8-yyy @RXe88 yX9kj (@kX939- @yX3k8) yXk88

1tT`2bb, �MMm�H >> AM+QK2 0j8-yyy@0ey-yyy @kX9dy yXej8 (@jXdR8- @RXkk9) yXj3R

LmK#2` Q7 P#b2`p�iBQMb R-kyd UdyW Q7 a�KTH2 SQTmH�iBQMV

AMBiB�H GQ;@GBF2HB?QQ/ @R-d88Xe

6BM�H GQ;@GBF2HB?QQ/ @R-yyRXN

"A* k-y3kXy

�/Dmbi2/ ρ2 yX9kj
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eXkX JmHiBMQKB�H GQ;Bi _2bmHib

.m2 iQ i?2 7�+i i?�i �HH K�`;BM�H `�i2b Q7 bm#biBimiBQM 7Q` i?2 iBK2@`2H�i2/ T�`�K2i2`b

�`2 MQi RXy UrBi? `2bT2+i iQ MQM@i`�MbBir�v AohV- Bi Bb �TT�`2Mi i?�i �HH iBK2 +QKTQM2Mib

�`2 MQi T2`+2Bp2/ 2[m�HHv �b BM/BpB/m�HbǶ �TT2�` KQ`2 HBF2Hv iQ +?QQb2 �Hi2`M�iBp2 T�i?b rBi?

HQM;2` BM@p2?B+H2 iBK2b BM Q`/2` iQ KBMBKBx2 i?2 iBK2 bT2Mi r�HFBM; �M/ r�BiBM; 7Q` i`�MbBi

p2?B+H2bX h?2 K�`;BM�H `�i2b Q7 bm#biBimiBQM BM h�#H2 eXj- �`2 7QmM/ iQ #2 BM +HQb2 �HB;MK2Mi

rBi? i?2 `2bT2+iBp2 p�Hm2b Tm#HBb?2/ #v Qi?2` b+?QH�`b (9d)X 6m`i?2`KQ`2- �7i2` +QMp2`iBM;

i?2 K�`;BM�H `�i2 Q7 bm#biBimiBQM 7Q` i?2 MmK#2` Q7 i`�Mb72`b BM � T�i? iQ KBMmi2b- Bi Bb

/2i2`KBM2/ i?�i � i`�Mb72` Bb T2`+2Bp2/ iQ +Qbi �TT`QtBK�i2Hv k8Xe KBMmi2b Q7 BM@p2?B+H2

iBK2X q?BH2 i?Bb p�Hm2 Bb �i i?2 ?B;? 2M/ Q7 Qi?2` p�Hm2b `2TQ`i2/ BM i?2 HBi2`�im`2 (9d)-

KQbi Q7 r?B+? �`2 +2Mi2`2/ #2ir22M 8 �M/ ky KBMmi2b- i?Bb #2?�pBQ` �TT2�`b iQ �++m`�i2Hv

+�Tim`2 `2;BQM�H #2?�pBQ` �b irQ i?B`/b Q7 i?2 b�KTH2 TQTmH�iBQM i�F2b � T�i? rBi? MQ

i`�Mb72`b �M/ 3eW Q7 i?2 TQTmH�iBQM 7QHHQr � `Qmi2 +?QB+2 bi`�i2;v i?�i KBMBKBx2b i?2B`

iQi�H MmK#2` Q7 i`�Mb72`bX �//BiBQM�HHv- i?2 �p2`�;2 i`BT ?2�/r�v UKBMmi2b #2ir22M #mb2b

Q7 i?2 b�K2 `Qmi2V 7Q` i?2 2MiB`2 i`�MbBi M2irQ`F Bb kkX3 KBMmi2bX h?2`27Q`2- B7 �M BM/BpB/m�H

KBbb2b ?Bbf?2` +QMM2+iBM; `Qmi2 ?2fb?2- QM �p2`�;2- Kmbi r�Bi �M �//BiBQM�H kkX3 KBMmi2bX

�b � `2bmHi- � i`�Mb72` T2M�Hiv Q7 k8Xe KBMmi2b �TT2�`b iQ TQi2MiB�HHv �//`2bb i?2 M2�`Hv

kj KBMmi2 +Qbi �bbQ+B�i2/ rBi? i?2 +?�M+2 Q7 KBbbBM; i?2 i`�Mb72` �b r2HH �b i?2 �+im�H

BM+QMp2MB2M+2 Q7 ?�pBM; iQ K�F2 i?2 i`�Mb72` Bib2H7X

"2vQM/ i?2 iBK2@`2H�i2/ T�`�K2i2`b- b2p2`�H BMi2`2biBM; i�F2�r�vb +�M #2 MQi2/X 6B`bi-

QM2 Kmbi `2K2K#2` i?�i QMHv bB;MB}+�Mi T�`�K2i2`b �`2 BM+Hm/2/ BM i?2 KQ/2H bQ T�`�K@

2i2`b KBbbBM; 7`QK i?2 KQ/2H Ubm+? �b h`�MbBir�v, �MMm�H >> AM+QK2 0j8-yyy@0ey-yyyV

�`2 BMbB;MB}+�Mi �M/ �`2 i?2`27Q`2 �bbmK2/ iQ ?�p2 � +Q2{+B2Mi p�Hm2 Q7 yX qBi? i?Bb

7`�K2rQ`F BM KBM/- i?2 +Q2{+B2Mi p�Hm2b �`2 +QKT�`2/ �KQM;bi i?2 +�i2;Q`B+�H BMi2`�+@

iBQM T�`�K2i2`bX .m2 iQ i?2 7�+i i?�i i?2 ǳh`�MbBir�v, �++2bb q�HF hBK2Ǵ +Q2{+B2Mi Bb

TQbBiBp2- i`�MbBi T�bb2M;2`b T`272` iQ r�HF 7m`i?2` 7`QK i?2B` Q`B;BM iQ i?2B` BMBiB�H i`�MbBi

`Qmi2 B7 i?Bb BM+`2�b2/ r�HFBM; iBK2 `2bmHib BM � i`�MbBir�v �Mvr?2`2 �HQM; i?2B` T�i?X AM

Qi?2` rQ`/b- �++2bb r�HFBM; Bb T2`+2Bp2/ H2bb M2;�iBp2Hv B7 i?2 T�bb2M;2` +�M i?2M `B/2 QM �
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eXkX JmHiBMQKB�H GQ;Bi _2bmHib

i`�MbBir�vX q?2M +QKT�`BM; i?2 BMi2`�+iBQM #2ir22M `Qmi2 ivT2 �M/ BM/BpB/m�HbǶ �MMm�H

?Qmb2?QH/ BM+QK2- Bi Bb �TT�`2Mi i?�i i?2 ?B;?2bi BM+QK2 2�`M2`b T2`+2Bp2 i`�MbBir�vb i?2

KQbi TQbBiBp2Hv r?BH2 HQr BM+QK2 BM/BpB/m�Hb ?�p2 � M2;�iBp2 �bbQ+B�iBQM rBi? 2tT`2bb `Qmi2b

U;Bp2M i?�i �HH Qi?2` BM+QK2 +�i2;Q`B2b �`2 BMbB;MB}+�Mi �M/ i?2`27Q`2 ?�p2 � +Q2{+B2Mi p�Hm2

Q7 y r?BH2 HQr BM+QK2 ;`QmTb ?�p2 � M2;�iBp2 +Q2{+B2MiVX >Qr2p2`- rBi?BM i?2 irQ HQr2bi

BM+QK2 +�i2;Q`B2b U I0j8-yyy �M/ 0j8-yyy@0ey-yyyV- i?2 `2H�iBp2 /BbmiBHBiv Q7 2tT`2bb `Qmi2b

/2+`2�b2b 7Q` BM/BpB/m�Hb BM i?2 HQr2bi BM+QK2 +�i2;Q`v UI0j8-yyyVX PM2 TQi2MiB�H 2tTH�@

M�iBQM 7Q` i?Bb p�`B�M+2 Bb i?�i K�Mv Q7 i?2 T�bb2M;2`b BM i?2 HQr2bi BM+QK2 +�i2;Q`v K�v

`2+2Bp2 /Bb+QmMi2/ 7�`2b QM 2tT`2bb #mb2b B7 i`�p2HBM; QmibB/2 T2�F `mb? ?Qm`b U0yXd8 `�i?2`

i?�M 0kXk8VX h?Bb `2/m+2/ 7�`2 K�v- i?2`27Q`2- K�F2 2tT`2bb #mb2b KQ`2 7�pQ`�#H2 7Q` i?2

HQr2bi@BM+QK2 BM/BpB/m�HbX

eXkXk aBKTHB}2/ JLG JQ/2H _2bmHib

� bBKTHB}2/ JLG KQ/2H Uh�#H2 eX9V Bb 2biBK�i2/ BM �//BiBQM iQ i?2 2tT�M/2/ KQ/2H Uh�#H2

eXjV BM Q`/2` iQ ?�p2 �M �++m`�i2 KQ/2H i?�i +�M KQ`2 2�bBHv #2 BMTmi BMiQ i`�MbBi �bbB;MK2Mi

KQ/2HbX .2bTBi2 i?2 `2/m+iBQM BM i?2 MmK#2` Q7 T�`�K2i2`b- i?Bb bBKTHB}2/ KQ/2H biBHH ?�b

� `2H�iBp2Hv H�`;2 �/Dmbi2/ `?Q@b[m�`2/ p�Hm2 Q7 yX9R8X

*QKT�`BM; i?2 K�`;BM�H `�i2b Q7 bm#biBimiBQM #2ir22M i?2 2tT�M/2/ �M/ bBKTHB}2/

KQ/2Hb- QM2 }M/b i?�i i?2v �`2- 7Q` i?2 KQbi T�`i- BM +HQb2 �TT`QtBK�iBQM rBi? QM2 �MQi?2`X

AM 7�+i- i?2 QMHv T�`�K2i2`b rBi? � +?�M;2 BM K�`;BM�H `�i2 Q7 bm#biBimiBQM ;`2�i2` i?�M

yXk �`2 i?2 h`�MbBir�v Aoh �M/ �++2bb q�Bi hBK2X AM i?2 bBKTHB}2/ KQ/2H- i`�MbBir�v

Aoh ?�b � bK�HH2` `2H�iBp2 K�`;BM�H `�i2 Q7 bm#biBimiBQM r?BH2 i?2 �bbQ+B�i2/ p�Hm2 rBi? i?2

�++2bb r�Bi iBK2 T�`�K2i2` Bb ?B;?2`X AM Qi?2` rQ`/b- T�bb2M;2`b /2b+`B#2/ #v i?2 bBKTHB}2/

KQ/2H ?�p2 � KQ`2 TQbBiBp2 T2`+2TiBQM Q7 i`�MbBir�vb �M/ � KQ`2 M2;�iBp2 �bbQ+B�iBQM rBi?

r�BiBM; �i i?2B` BMBiB�H #Q�`/BM; biQTX �//BiBQM�HHv- i?2 i`�Mb72` T2M�Hiv T2` i`�Mb72` Bb kXk

KBMmi2b H�`;2` i?�M BM i?2 2tT�M/2/ KQ/2HX

Pp2`�HH- ?Qr2p2`- i?2 /Bz2`2M+2b #2ir22M i?2 KQ/2Hb �`2 KBMmi2 �M/ bQ i?2 bBKTHB}2/
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eXjX a�KTH2 GQ;Bi _2bmHib oBbm�HBx2/

h�#H2 eX9, aBKTHB}2/ JLG +Q2{+B2Mi U#2i�V p�Hm2b �M/ K�`;BM�H `�i2 Q7 bm#biB@
imiBQM `2bmHib

S�`�K2i2` *Q2{+B2Mi ai/X 1``Q` *QM}/2M+2 AMi2`p�H UN8WV
J�`;BM�H _�i2 Q7 am#biBimiBQM

UqBi? _2bT2+i iQ >Qm`b Q7 AohV

LQM@h`�MbBir�v Aoh U>Qm`bV @8X3ed yX89d (@eXNjN- @9XdNe) RXyyy

h`�MbBir�v Aoh U>Qm`bV @kXR3d yXeRj (@jXj33- @yXN3e) yXjdj

�++2bb q�HF hBK2 U>Qm`bV @RyXk9e yXe8R (@RRX8kj- @3XNdy) RXd9e

1;`2bb q�HF hBK2 U>Qm`bV @ReXNdR yX39N (@R3Xej8- @R8Xjy3) kX3Nj

�++2bb q�Bi hBK2 U>Qm`bV @R3Xkkd RX8dd (@kRXjR3- @R8XRj8) jXRyd

O Q7 h`�Mb72`b T2` S�i? @kX3R9 yXR8k (@jXRRj- @kX8Re) yX93y Uk3X3 KBM T2M�HivV

aiQT Pp2`H�T *Q``2+iBQM ĜyXddN yXkkR (@RXkRj- @yXj98) ě

LmK#2` Q7 P#b2`p�iBQMb R-kyd UdyW Q7 a�KTH2 SQTmH�iBQMV

AMBiB�H GQ;@GBF2HB?QQ/ @R-d88Xe

6BM�H GQ;@GBF2HB?QQ/ @R-yRNXj

"A* k-y33Xy

�/Dmbi2/ ρ2 yX9R8

KQ/2H Bb mb2/ ?2M+27Q`i?X � 7�B`Hv ?B;? /2;`22 Q7 K�i+?BM; #2ir22M i?2 bBKmH�i2/ T�i? �M/

i?2 T�bb2M;2`bǶ bm`p2v2/ T�i? Bb 7QmM/ r?2M mbBM; i?2 bBKTHB}2/ 2biBK�i2/ KmHiBMQKB�H

HQ;Bi KQ/2H �M/ �TTHvBM; BM iQ i?2 i2biBM; /�i�b2i U`2K�BMBM; jyW Q7 i?2 iQi�H b�KTH2

T�bb2M;2` b2iVX AM T�`iB+mH�`- i?2 �p2`�;2 bBKmH�i2/ T`Q#�#BHBiv Q7 i?2 +?Qb2M T�i? r�b

8jX9WX �//BiBQM�HHv- i?2 bBKmH�i2/ T�i? rBi? ?B;?2bi T`Q#�#BHBiv K�i+?2/ i?2 bm`p2v2/

T�i? 7Q` eeX8W Q7 i?2 b�KTH2 T�bb2M;2`b BM/B+�iBM; i?�i i?2 KQ/2H Bb ǳ+Q``2+iǴ M2�`Hv irQ

i?B`/b Q7 i?2 iBK2X

eXj a�KTH2 GQ;Bi _2bmHib oBbm�HBx2/

AM Q`/2` iQ #2bi BHHmbi`�i2 i?2 BKTQ`i�M+2 i?2b2 +�HB#`�i2/ `Qmi2 +?QB+2 T�`�K2i2`b ?�p2

QM bBKmH�iBM; T�bb2M;2`b `Qmi2 +?QB+2 #2?�pBQ`- `2+�HH i?2 2t�KTH2 +?QB+2 b2i 7`QK 6B;m`2

9Xd#X h?Bb 2t�KTH2 T�bb2M;2` Bb i`�p2HBM; 7`QK ?Bbf?2` ?QK2 HQ+�iBQM M2�` mTiQrM iQ

9j



eXjX a�KTH2 GQ;Bi _2bmHib oBbm�HBx2/

� /2biBM�iBQM BM LQ`i? JBMM2�TQHBb �M/ Bb T`2b2Mi2/ rBi? d TQi2MiB�H T�i?b U6B;XeXk �M/

h�#H2 eX8VX qBi?Qmi i?2 `Qmi2 +?QB+2 T�`�K2i2`b �M/ � +QM+2Tim�H mM/2`bi�M/BM; Q7 ?Qr

i?2 T�bb2M;2` K�F2b /2+BbBQMb- i?2`2 Bb MQ r�v iQ �b+2`i�BM r?B+? Q7 i?2 T�i?b BM 6B;m`2

eXk Bb KQbi �ii`�+iBp2 iQ i?2 T�bb2M;2`X PMHv �7i2` �TTHvBM; i?2 `Qmi2 +?QB+2 T�`�K2i2`b

�M/ bBKmH�iBM; i?2 T�i? HBF2HB?QQ/ /Q2b i?2 T�bb2M;2`bǶ +?QB+2 K�FBM; #2?�pBQ` #2+QK2

�TT�`2MiX

6B;m`2 eXk, a�KTH2 +?QB+2 b2i K�TT2/

�b HBbi2/ BM h�#H2 eX8- i?2 KQbi �ii`�+iBp2 �Hi2`M�iBp2 T�i? U�M/ i?mb i?2 T�i? i?2

T�bb2M;2` r�b �bbB;M2/ iQV Bb ǳ�Hi2`M�iBp2 �XǴ q?BH2 i?2 iQi�H i`�p2H iBK2 Q7 i?Bb T�i? Bb

MQi K�`F2/Hv /Bz2`2Mi 7`QK i?2 Qi?2` �Hi2`M�iBp2b- �M/- BM 7�+i- Bb �TT`QtBK�i2Hv �p2`�;2

BM H2M;i?- i?2 i`m2 /Bz2`2M+2 #2ir22M i?2 +?Qb2M �Hi2`M�iBp2 �M/ �HH Qi?2` T�i?b HB2b BM i?2

r�HFBM; �M/ r�BiBM; +QKTQM2Mib Q7 i?2 i`BTX >2�`F2MBM; #�+F iQ i?2 `Qmi2 +?QB+2 KQ/2H

Uh�#H2 eX9V- i?2 H�`;2bi K�`;BM�H `�i2b Q7 bm#biBimiBQM- �M/ i?2`27Q`2 i?2 iBK2 +QKTQM2Mib
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eXjX a�KTH2 GQ;Bi _2bmHib oBbm�HBx2/

i?2 T�bb2M;2` b22Fb iQ KBMBKBx2 KQbi �`2- BM Q`/2`- �++2bb r�Bi iBK2- 2;`2bb r�HF iBK2-

�M/ i?2M �++2bb r�HF iBK2X _2im`MBM; iQ h�#H2 eX8- �Mv �Hi2`M�iBp2b rBi? HQM; �++2bb r�Bi

iBK2b �M/ MQM@x2`Q 2;`2bb r�HF iBK2b +�M #2 2HBKBM�i2/X h?Bb +`Bi2`B� i?2`27Q`2 H2�p2b QMHv

�Hi2`M�iBp2b � �M/ " `2K�BMBM; #2ir22M r?B+? i?2 H�`;2bi /Bz2`2MiB�iQ` Bb i?�i �Hi2`M�iBp2

� ?�b �M �++2bb r�HF iBK2 i?�i Bb ?�H7 i?�i Q7 �Hi2`M�iBp2 "X AM i?Bb `Qm;? 2t�KTH2- i?2

`Qmi2 +?QB+2 T�`�K2i2`b �M/ i?2B` `2H�iBp2 p�Hm2 +QKT�`2/ rBi? QM2 �MQi?2` +�M- i?2`27Q`2-

[mB+FHv ;Bp2 Q`/2` iQ � +?QB+2 b2i �M/ +QM+2Tim�HHv BHHmbi`�i2 ?Qr T�i? T`Q#�#BHBiB2b �`2

+�H+mH�i2/X

h�#H2 eX8, a�KTH2 +?QB+2 b2i T`Q#�#BHBiv i�#H2

�Hi2`M�iBp2 �ii`�+iBp2 S�i? S`Q#X hQi�H hBK2 UJBMXV �++2bb q�HF UJBMXV �++2bb q�Bi UJBMXV Aoh UJBMXV h_ q�Bi hBK2 UJBMXV 1;`2bb q�HF UJBMXV

� 9 → kk ejXkW e9 Ry 9 jR RN y

" e → kk RNXeW e8 ky j jR RR y

* R3 → kk 8X8W dj e RR 9y Re y

. 9 → 8 8XjW e9 Ry 9 jk Ry d

1 9 → RR 9X9W 83 Ry 9 jk k Ry

6 e → 8 RXeW e9 ky j jk k d

: R3 → 8 yX9W dy e N 9R d d
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*?�Ti2` d

JQ/2H �TTHB+�iBQM *�b2 aim/v

_Qmi2 +?QB+2 T�`�K2i2` +Q2{+B2Mib 7Q`K i?2 #�+F#QM2 Q7 i`�MbBi `B/2`b?BT T`QD2+iBQMbX

h?2`27Q`2- MQr i?�i i?2b2 T�`�K2i2`b ?�p2 #22M 2biBK�i2/ 7Q` i?2 +m``2Mi bi�i2 Q7 i?2

`2;BQM�H i`�MbTQ`i�iBQM M2irQ`F UBM+Hm/BM; i?2 �//BiBQM Q7 i?2 HB;?i `�BH- +QKKmi2` `�BH- �M/

#mb `�TB/ i`�MbBi HBM2b bBM+2 kyyyV- i`�MbBi `B/2`b?BT T`QD2+iBQMb rBi? BM+`2�b2/ �++m`�+v +�M

#2 T2`7Q`K2/X h?2 F2v #2M2}i Q7 T2`7Q`KBM; i?2b2 i`�MbBi �bbB;MK2Mib Bb i?�i i?2 `Qmi2

+?QB+2 T�`�K2i2`b �`2 +�HB#`�i2/ iQ i?2 `Qmi2 +?QB+2 #2?�pBQ` 7`QK i?2 hrBM *BiB2b `�i?2`

i?�M �/QTiBM; }t2/ p�Hm2b 7`QK Qi?2` +BiB2bX

hQ BHHmbi`�i2 i?2 p�Hm2 Q7 i?2 +�HB#`�i2/ `Qmi2 +?QB+2 T�`�K2i2`b- i?2 6H2tB#H2 �bbB;MK2Mi

�M/ aBKmH�iBQM hQQH 7Q` h`�MbBi �M/ AMi2`KQ/�H S�bb2M;2`b U6�ah@h`ASbV KQ/2H /2p2HQT2/

#v �HB`2x� E?�MB UkyRjV (93) rBHH #2 BKTH2K2Mi2/ iQ �b+2`i�BM i?2 `B/2`b?BT BKT�+i i?2

BMi`Q/m+iBQM Q7 i?2 � GBM2 �`i2`B�H "mb _�TB/ h`�MbBi U�"_hV `Qmi2 ?�/ QM `B/2`b?BT QM �HH

`Qmi2b �+`Qbb i?2 hrBM *BiB2b `2;BQMX

dXR �bbB;MK2Mi J2i?Q/QHQ;v

dXRXR .2K�M/ a+�HBM;

aBKBH�` iQ i?2 a"aS �H;Q`Bi?K /2b+`B#2/ BM i?2 `Qmi2 +?QB+2 K2i?Q/QHQ;v �#Qp2- i?2 6�ah@

h`ASb KQ/2H `2[mB`2b Q`B;BM �M/ /2biBM�iBQM HQ+�iBQMb �b r2HH �b i?2 :h6a i`�MbBi M2irQ`F

/�i�X lMHBF2 i?2 a"aS K2i?Q/QHQ;v- ?Qr2p2`- i?Bb �bbB;MK2Mi K2i?Q/QHQ;v `2[mB`2b �M

BMTmi /2K�M/ }H2 7Q` �HH i`�MbBi `B/2`b BM i?2 K2i`Q `2;BQMX h?mb- r?BH2 � b�KTH2 Q7 �T@

T`QtBK�i2Hv k-yyy T�bb2M;2`b Bb mb2/ 7Q` i?2 `Qmi2 +?QB+2 +�HB#`�iBQM i?Bb BMTmi MmK#2` Q7
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dXRX �bbB;MK2Mi J2i?Q/QHQ;v

T�bb2M;2`b Bb b+�H2/ mT iQ #2 M2�`Hv kRk-yyyX h?2 BMTmi /2K�M/ Bb �;�BM i�F2M 7`QK i?2

kyRe PM@"Q�`/ bm`p2v `2+Q`/b 7Q` T�bb2M;2`b i?�i ?�p2 �++2bbf2;`2bb HBMFb i?�i �`2 r�HF2/

`�i?2` i?�M i`�p2`b2/ #v �Mv Qi?2` KQ/2X qBi?BM i?2 QM@#Q�`/ bm`p2v- 2�+? BM/BpB/m�H

`2+Q`/ UT�bb2M;2`V ?�b �M �bbQ+B�i2/ HBMF2/ r2B;?i 7�+iQ` r?B+? 2biBK�i2b ǳi?2 MmK#2` Q7

i`BTb T2` /�vǴ i?�i �`2 K�/2 #2ir22M i?2 Q`B;BM �M/ /2biBM�iBQM HQ+�iBQMX �b bm+?- i?2 BMTmi

/2K�M/ }H2 7Q` i?2 6�ah@h`ASb KQ/2H r�b ;2M2`�i2/ #v +`2�iBM; � MmK#2` Q7 /mTHB+�i2

T�bb2M;2`b Ub�K2 Q`B;BM �M/ /2biBM�iBQM +QQ`/BM�i2bV 2[m�H iQ i?2 HBMF2/ r2B;?i 7�+iQ`X AM

Q`/2` iQ �pQB/ Qp2`HQ�/BM; BM/BpB/m�H `Qmi2b �M/ iQ T`QpB/2 � KQ`2 �++m`�i2 �M/ bKQQi?

/2K�M/ 7mM+iBQM rBi? `2bT2+i iQ i?2 iBK2 Q7 /�v- 2�+? Q7 i?2 /mTHB+�i2 Q`B;BM@/2biBM�iBQM

T�bb2M;2`b r�b `�M/QKHv �bbB;M2/ � T`272``2/ /2T�`im`2 iBK2 US.hV rBi?BM R ?Qm` Q7 i?2

S.h Q7 i?2 #�b2 T�bb2M;2` +QMi�BM2/ rBi?BM i?2 bm`p2v `2+Q`/X h?2 `2bmHi U6B;X dXRV Bb �

7�B`Hv ivTB+�H /2K�M/ /Bbi`B#miBQM THQi rBi? T2�Fb BM i?2 KQ`MBM; �M/ 2p2MBM; `mb? ?Qm`bX

6B;m`2 dXR, S`272``2/ /2T�`im`2 iBK2 T`Q#�#BHBiv /Bbi`B#miBQM
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dXRX �bbB;MK2Mi J2i?Q/QHQ;v

dXRXk E J2�Mb aT�iB�H .2K�M/ *Hmbi2`BM;

�bB/2 7`QK i?2 /2K�M/ T`Q}H2- i?2 QMHv Qi?2` bB;MB}+�Mi /2T�`im`2 7`QK i?2 a"aS K2i?Q/@

QHQ;v HB2b BM i?2 K2i?Q/ #v r?B+? i?2 �++2bb �M/ 2;`2bb HBMFb r2`2 ;2M2`�i2/ 7Q` i?2 6�ah@

h`ASb �H;Q`Bi?KX .m2 iQ i?2 bK�HH MmK#2` Q7 T�bb2M;2`b Uk-yyyV BM i?2 a"aS b�KTH2 TQT@

mH�iBQM- �++2bb �M/ 2;`2bb HBMFb r2`2 ;2M2`�i2/ +QMM2+iBM; 2�+? T�bb2M;2`Ƕb mMB[m2 Q`B;BM

�M/ /2biBM�iBQM iQ i?2 i`�MbBi M2irQ`FX lM7Q`imM�i2Hv- /m2 iQ i?2 Km+? H�`;2` MmK#2` Q7

T�bb2M;2`b i?�i �`2 BMTmi iQ i?2 6�ah@h`ASb KQ/2H- `2THB+�iBM; i?2 K2i?Q/ 7Q` T`Q/m+BM;

�++2bb �M/ 2;`2bb HBMFb �i � H�iBim/2@HQM;Bim/2 H2p2H Bb MQi 72�bB#H2 �b i?Bb bBKmH�iBQM rQmH/

?�p2 i�F2M kd /�vb iQ +QKTH2i2X

q?BH2 i`�MbTQ`i�iBQM �M�HvbBb xQM2b Uh�wbVĜ;2Q;`�T?B+ mMBib mbm�HHv +QMbBbiBM; Q7 QM2

Q` KQ`2 +2Mbmb #HQ+Fb- #HQ+F ;`QmTb- Q` +2Mbmb i`�+ibĜ�`2 Q7i2M mb2/ �b � T`Qtv #v r?B+? iQ

+�i2;Q`Bx2 i`�MbTQ`i�iBQM /2K�M/- bm+? � K2i?Q/ Bb 7`�m;?i rBi? T`Q#H2Kb BM i?2 +QMi2ti

Q7 hrBM *BiB2b i`�MbBi �bbB;MK2MiX AM T`�+iB+2- h�w K2i?Q/QHQ;v KQbi 7`2[m2MiHv �bbB;Mb

i?2 HQ+�iBQM Q7 �HH BM/BpB/m�Hb +QMi�BM2/ rBi?BM i?2 xQM2 iQ �HH #2 �`iB}+B�HHv TH�+2/ �i

i?2 +2Mi2` Q7 i?2 xQM2X �b � `2bmHi- i?2 MmK#2` Q7 Q`B;BM �M/ /2biBM�iBQM HQ+�iBQMb Bb

/`�biB+�HHv `2/m+2/ #2+QKBM; � 7mM+iBQM Q7 i?2 xQM2b `�i?2` i?�M i?2 MmK#2` Q7 b�KTH2/

T�bb2M;2`bX q?BH2 i?Bb K�v b22K HBF2 i?2 T2`72+i bQHmiBQM iQ i?2 T`Q#H2K Q7 �++2bbf2;`2bb

HBMF ;2M2`�iBQM 7Q` BM+`2�b2/ /2K�M/- i?Bb K2i?Q/ Bb #2bi bmBi2/ 7Q` �miQ `�i?2` i?�M i`�MbBi@

#�b2/ i`BTbX h?2 `2�bQM i?Bb K2i?Q/ Bb BM�TTHB+�#H2 iQ i?2 i`�MbBi `Qmi2 +?QB+2 +QMi2ti Bb i?2

BM?2`2Mi BM�++m`�+v BM i?Bb K2i?Q/Ƕb r�HFBM; /Bbi�M+2 +�H+mH�iBQMb �b K2�bm`2/ 7`QK i?2

h�w +2Mi`QB/X �b /2b+`B#2/ BM a2+iBQM eXR- BM/BpB/m�Hb ?�p2 � bi`QM; �p2`bBQM iQ r�HFBM;

`2H�iBp2 iQ BM@p2?B+H2 iBK2X h?2`27Q`2- BM Q`/2` iQ KBMBKBx2 r�HFBM; /Bbi�M+2b- i?2 i`�MbBi

�bbB;MK2Mi KQ/2H rBHH KQbi HBF2Hv �bbB;M i?2 T�bb2M;2` iQ i?2 +HQb2bi biQT iQ i?2 h�w

+2Mi`QB/X

�b b?QrM BM 6B;m`2 dXk- /m2 iQ i?2 b?Q`i /Bbi�M+2 #2ir22M HQ+�H #mb biQTb UbK�HH Tm`TH2

/QibV- HQ+�H #mb biQTb ?�p2 � Km+? ?B;?2` HBF2HB?QQ/ Q7 #2BM; i?2 +HQb2bi biQT iQ i?2 h�w
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dXRX �bbB;MK2Mi J2i?Q/QHQ;v

6B;m`2 dXk, AM+Q``2+i T�bb2M;2` �bbB;MK2Mi /m2 iQ h�w +2Mi`QB/ K2i?Q/QHQ;v

+2Mi`QB/ r?2M +QKT�`2/ rBi? "_h biQTb UH�`;2 Tm`TH2 +B`+H2bV r?B+? ?�p2 H�`;2` biQT bT�+@

BM;X �b � `2bmHi- �Hi?Qm;? T�bb2M;2`b ?�p2 � ?B;?2` `2H�iBp2 miBHBiv 7Q` i`�MbBir�vb U"_h-

G_h- �M/ *QKKmi2` _�BHV- i?2 �bbB;MK2Mi �H;Q`Bi?K Bb KQ`2 HBF2Hv iQ �bbB;M T�bb2M;2`b

iQ HQ+�H `Qmi2b r?2M mbBM; � h�w K2i?Q/ iQ +`2�i2 �++2bb �M/ 2;`2bb HBMFbX h?Bb BM+Q``2+i

�bbB;MK2Mi Bb 2bT2+B�HHv T`2p�H2Mi +QMbB/2`BM; i?�i h�w #QmM/�`B2b Ub?QrM �b #H�+F HBM2b BM

6B;m`2 dXkV Q7i2M �`2 /`�rM /QrM i?2 KB//H2 Q7 F2v HQ+�H bi`22ib �M/ �`i2`B�Hb r?B+? +QMi�BM

� ?B;? T2`+2Mi�;2 Q7 i?2 }t2/ `Qmi2 i`�MbBi b2`pB+2 BM i?2 hrBM *BiB2b `2;BQMX

*H2�`Hv- � K2i?Q/ Kmbi #2 BKTH2K2Mi2/ iQ ;2M2`�i2 �++2bb �M/ 2;`2bb HBMFb i?�i +QK@

#BM2b i?2 BM+`2�b2/ �++m`�+v Q7 Q`B;BMf/2biBM�iBQM HQ+�iBQMb- �b 7QmM/ BM i?2 `Qmi2 +?QB+2

+�HB#`�iBQM K2i?Q/- rBi? i?2 7�bi +QKTmi�iBQM�H iBK2b Q7 i?2 h�w �TT`Q�+?X h?2 T`QTQb2/

K2i?Q/ i?�i �++QKTHBb?2b #Qi? ;Q�Hb �M/ T`Q/m+2b ?B;?2` �++m`�+v T�bb2M;2` �bbB;MK2Mi

Bb � bT�iB�H +Hmbi2`BM; �TT`Q�+?X

q?2M `2b2�`+?BM; i?2 2tBbiBM; HBi2`�im`2 QM bT�iB�H +Hmbi2`BM; K2i?Q/QHQ;B2b- irQ T`B@

K�`v +Hmbi2`BM; K2i?Q/QHQ;B2b +�M #2 7QmM/ #�b2/ QM i?2 BMTmib i?2v `2[mB`2X h?2 }`bi

+Hmbi2`BM; K2i?Q/QHQ;v `2HB2b QM � K�tBKmK BMi`�@+Hmbi2` /Bbi�M+2 i?`2b?QH/ #2ir22M TQBMib
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dXRX �bbB;MK2Mi J2i?Q/QHQ;v

r?BH2 i?2 b2+QM/ K2i?Q/ `2HB2b QMHv QM � iQi�H MmK#2` Q7 +Hmbi2`b iQ +`2�i2X qBi?BM i?2 +QM@

i2ti Q7 Q`B;BM �M/ /2biBM�iBQM +Hmbi2`BM;- ?Qr2p2`- i?2 /Bbi�M+2 i?`2b?QH/ K2i?Q/ /Q2b MQi

T`Q/m+2 ?B;?@`2bQHmiBQM +Hmbi2`bX AMbi2�/- #2+�mb2 i?2`2 �`2 bQ K�Mv Q`B;BM �M/ /2biBM�iBQM

HQ+�iBQMb rBi?BM i?2 /QrMiQrM `2;BQMb- i?2b2 K2i?Q/b +`2�i2 K�Mv +Hmbi2`b BM i?2 bm#m`#b

r?BH2 QMHv ;2M2`�iBM; QM2 +Hmbi2` 7Q` i?2 /QrMiQrM �`2� #2+�mb2 2�+? Q7 i?2 /QrMiQrM

TQBMib �`2 rBi?BM i?2 K�tBKmK /Bbi�M+2 i?`2b?QH/ Q7 �i H2�bi QM2 Qi?2` /QrMiQrM TQBMiX

.m2 iQ i?Bb Qp2`@�;;`2;�iBQM BM /QrMiQrM �`2�b- i?2 K2i?Q/ mb2/ 7Q` i?Bb +�b2 bim/v Bb E

J2�Mb *Hmbi2`BM; BM r?B+? i?2 iQi�H MmK#2` Q7 /2bB`2/ +Hmbi2`b Bb BMTmiX

E J2�Mb +Hmbi2`BM; }`bi +`2�i2b ǳFǴ MmK#2` Q7 mMB[m2 +Hmbi2` TQBMibX h?2M- i?2 �H;Q@

`Bi?K /2i2`KBM2b K2�bm`2b i?2 /Bbi�M+2 #2ir22M i?2 /2K�M/ HQ+�iBQM �M/ 2�+? Q7 i?2 F

+Hmbi2` TQBMib #27Q`2 �bbB;MBM; i?2 /2K�M/ HQ+�iBQM iQ i?2 M2�`2bi +Hmbi2` TQBMiX �7i2` �HH

HQ+�iBQMb ?�p2 #22M �bbB;M2/ iQ � +Hmbi2` TQBMi- i?2 �H;Q`Bi?K `2@+�H+mH�i2b i?2 HQ+�iBQM Q7

i?2 +Hmbi2` TQBMi U?2`2�7i2` `272``2/ iQ �b i?2 +Hmbi2` +2Mi`QB/V iQ #2 i?2 �p2`�;2 TQbBiBQM Q7

�HH HQ+�iBQMb rBi?BM i?�i +Hmbi2`X h?Bb T`Q+2bb +QMiBMm2b mMiBH MQ +2Mi`QB/ +?�M;2b TQbBiBQM

�7i2` `2+�H+mH�iBQMX

6B;m`2 dXj, E J2�Mb +Hmbi2`2/ HQ+�iBQMb Qp2`H�B/ rBi? h�w ;`B/
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dXRX �bbB;MK2Mi J2i?Q/QHQ;v

h?2 `2bmHib Q7 i?2 E J2�Mb +Hmbi2`BM; Q7 T�bb2M;2`bǶ Q`B;BM �M/ /2biBM�iBQM HQ+�iBQM

�`2 b?QrM BM 6B;m`2 dXj 7Q` � b2+iBQM Q7 aM2HHBM; �p2Mm2 LQ`i?X h?Bb };m`2 /2TB+ib i?2

i`�/BiBQM�H h�w ;`B/ Qp2`H�B/ �#Qp2 i?2 /2K�M/ HQ+�iBQMb U+QHQ`2/ +B`+H2bVX �//BiBQM�HHv-

h�w 8 U#QmM/�`B2b ?B;?HB;?i2/ BM TBMFV Bb i?2 b�K2 +2Mi`�H h�w b?QrM BM 6B;m`2 dXkX

*QKT�`BM; i?2b2 irQ };m`2b QM2 +�M b22 i?�i i?2`2 Bb- BM/22/- � H�`;2 MmK#2` Q7 /2K�M/

HQ+�iBQMb M2�` i?2 +2Mi`QB/ Q7 i?2 QH/ h�w U�b b?QrM #v i?2 Qz@v2HHQr +QHQ`VX >Qr2p2`-

i?2 H�`;2 TQ+F2ib Q7 /2K�M/ iQ i?2 bQmi?r2bi �M/ MQ`i?r2bi +Q`M2`b Q7 h�w 8 UQ`�M;2

�M/ /�`F #`QrM `2bT2+iBp2HvV MQr �`2 �bbB;M2/ � +Hmbi2` U`�i?2` i?�M h�wV +2Mi`QB/ i?�i

Bb �HKQbi 2t�+iHv �i r?2`2 i?2B` i`m2 HQ+�iBQM HB2b `�i?2` i?�M #2BM; `2KQp2/ #v �i H2�bi

i?`22 +Biv #HQ+FbX �b � `2bmHi- i?2 i`�MbBi �bbB;MK2Mi 7Q` i?2b2 BM/BpB/m�Hb- �M/ i?2 ;`2�i2`

K2i`QTQHBi�M `2;BQM �b � r?QH2- Bb BM Km+? +HQb2` �;`22K2Mi rBi? i?2 �+im�H T�i?b i?2b2

T�bb2M;2`b r2`2 bm`p2v2/ QMX

AM Q`/2` iQ /2i2`KBM2 i?2 p�HB/Biv �M/ �++m`�+v Q7 i?2 E J2�Mb +Hmbi2`BM; K2i?Q/- i?2

2MbmBM; i`�MbBi �bbB;MK2Mi `2bmHib 7Q` i?2 7mHH kyRe /2K�M/ r2`2 +QKT�`2/ rBi? i?2 h`�MbBi

aiQTb "Q�`/BM;b �M/ �HB;?iBM;b /�i� 7`QK kyRe T`QpB/2/ #v i?2 J2i`QTQHBi�M +QmM+BH �M/

mTHQ�/2/ QM i?2 JBMM2bQi� :2QbT�iB�H *QKKQMb U?iiTb,ff;Bb/�i�XKMX;Qpf/�i�b2if

mb@KM@bi�i2@K2i+@i`�Mb@biQT@#Q�`/BM;b@�HB;?iBM;bVX q?2M �M�HvxBM; i?2 �p2`�;2

r22F/�v `B/2`b?BT QM b2H2+i i`�MbBir�v `Qmi2b U"Hm2 GBM2- :`22M GBM2- �M/ � GBM2V- Bi r�b

7QmM/ i?�i i?2 �p2`�;2 p�Hm2b 7`QK i?2 :2QbT�iB�H *QKKQMb r2`2 N@RkW ?B;?2` i?�M i?2

+Q``2bTQM/BM; p�Hm2b `2TQ`i2/ QM i?2 J2i`Q h`�MbBi r2#bBi2 U?iiTb,ffrrrXK2i`Qi`�MbBiX

Q`;fK2i`Q@i`�MbBi@`B/2`b?BT@iQTb@3ke@KBHHBQM@BM@kyReVX �b � `2bmHi- i?2 �p2`�;2

r22F/�v `B/2`b?BT QM i?2b2 i?`22 `Qmi2b r�b }t2/ �b i?2 p�Hm2 `2TQ`i2/ QM i?2 J2i`Q h`�MbBi

r2#bBi2X Ai b?QmH/ #2 MQi2/- ?Qr2p2`- i?�i Bi Bb mMFMQrM r?2i?2` i?2 Qi?2` MQM@i`�MbBir�v

`Qmi2b �`2 bBKBH�`Hv Qp2`2biBK�i2/ BM i?2 JBMM2bQi� :2QbT�iB�H *QKKQMb /�i� mb2/ 7Q` i?2

K2i?Q/QHQ;v p�HB/�iBQM b?QrM BM 6B;m`2 dX9X

�HH `Qmi2b rBi? Qp2` R-yyy /�BHv `B/2`b �`2 BM+Hm/2/ rBi?BM i?Bb };m`2 rBi? i?2 �p2`�;2

r22F/�v `B/2`b?BT bBKmH�i2/ #v i?2 `Qmi2 +?QB+2 i`�MbBi �bbB;MK2Mi KQ/2H QM i?2 t@�tBb
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dXRX �bbB;MK2Mi J2i?Q/QHQ;v

6B;m`2 dX9, *QKT�`BbQM #2ir22M bBKmH�i2/ �M/ `2�HBx2/ /�BHv `Qmi2 `B/2`b?BT

�M/ i?2 +Q``2bTQM/BM; `2TQ`i2/ :2QbT�iB�H *QKKQMb /�i� QM i?2 v@�tBbX �//BiBQM�HHv-

`Qmi2 MmK#2` H�#2Hb ?�p2 #22M T`QpB/2/ 7Q` �Mv `Qmi2b i?�i /2pB�i2 #v KQ`2 i?�M R8W 7`QK

i?2 ǳ�+im�HǴ `B/2`b?BTX S2`72+i �;`22K2Mi #2ir22M i?2 KQ/2H2/ `B/2`b?BT �M/ :2QbT�iB�H

*QKKQMb /�i� rQmH/ #2 `2�HBx2/ B7 �HH TQBMib 72HH �HQM; i?2 /B�;QM�H HBM2X 6`QK i?Bb };m`2-

Bi Bb �TT�`2Mi i?�i i?2 K�DQ`Biv Q7 `Qmi2b- BM+Hm/BM; i?2 � GBM2 U/2MQi2/ �b _Qmi2 NkRV

�`2 BM +HQb2 �TT`QtBK�iBQM rBi? i?2 �+im�H r22F/�v `B/2`b?BT Q#b2`p2/ BM kyReX h?2 irQ

bB;MB}+�Mi QmiHB2`b- 2p2M rBi? i?2 /2K�M/ HQ+�iBQM +Hmbi2`BM; K2i?Q/QHQ;v- ?Qr2p2`- �`2 i?2

"Hm2 GBM2 U_Qmi2 NyRV �M/ :`22M GBM2 U_Qmi2 NykVX �i T`2b2Mi- i?2 #2bi 2tTH�M�iBQM 7Q` i?Bb

bB;MB}+�Mi /2pB�iBQM Bb i?�i i?2 TQbBiBp2 `2H�iBp2 miBHBiv �bbQ+B�i2/ rBi? `�BH i`�MbBir�vb Bb
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dXkX *�b2 aim/v _2bmHib

MQi 7mHHv 2M+QKT�bb2/ rBi?BM i?2 KQ/2HX q?2M BM+Hm/BM; i?2 irQ HB;?i `�BH HBM2b- i?2 }ii2/

HBM2�` `2;`2bbBQM HBM2Ƕb bHQT2 #2ir22M bBKmH�i2/ �M/ �+im�H `B/2`b?BT Bb yXd8 Ur?2`2 RXyy

rQmH/ BM/B+�i2 T2`72+i �;`22K2Mi QM �p2`�;2V r?BH2 i?2 bHQT2 p�Hm2 Bb yX3e r?2M 2t+Hm/BM;

i?2 HB;?i `�BH HBM2bX �b � `2bmHi- Bi �TT2�`b i?�i i?2 `Qmi2 +?QB+2 KQ/2H rBi? E J2�Mb

+Hmbi2`BM; �bbB;Mb i`�MbBi /2K�M/ 7�B`Hv T`2+Bb2Hv 7Q` �HH `Qmi2b 2t+2Ti i?2 "Hm2 �M/ :`22M

GBM2bX

q?BH2 i?2 mM/2`@bBKmH�iBQM Q7 i?2 HB;?i `�BH HBM2b `2K�BMb �M QM;QBM; BMp2biB;�iBQM- r?2M

+QKT�`BM; i?2 i`�MbBi `B/2`b?BT #27Q`2 �M/ �7i2` i?2 BMi`Q/m+iBQM Q7 i?2 � GBM2 b2`pB+2- i?2

K2i?Q/QHQ;v rBHH #2 i?2 b�K2X h?2`27Q`2- #2+�mb2 i?2 `2H�iBp2 `B/2`b?BT +?�M;2b #2ir22M

i?2 irQ iBK2 T2`BQ/b Bb #2BM; BMp2biB;�i2/- `�i?2` i?�M �#bQHmi2 MmK#2`b- i?Bb BM+QMbBbi2M+v

rBHH MQi +�mb2 BM�++m`�i2 `2bmHibX

dXRXj _B/2`b?BT *QKT�`BbQM J2i?Q/QHQ;v

q?2M +QKT�`BM; `B/2`b?BT +?�M;2b #27Q`2 �M/ �7i2` � GBM2 BKTH2K2Mi�iBQM- i?2 QMHv

K2i?Q/QHQ;B+�H +?�M;2 i?�i r�b M2+2bb�`v r�b � +?�M;2 BM i?2 i`�MbBi M2irQ`F :h6a }H2bX

�b � `2bmHi- 7Q` #Qi? i?2 i`�MbBi �bbB;MK2Mi #27Q`2 �M/ �7i2` i?2 BMi`Q/m+iBQM Q7 i?2 � GBM2-

i?2 b�K2 �7Q`2K2MiBQM2/ `Qmi2 +?QB+2 KQ/2H T�`�K2i2`b �M/ BMTmi /2K�M/ r2`2 mb2/- rBi?

Dmbi i?2 � GBM2 i`BT- biQT- �M/ biQT iBK2 BM7Q`K�iBQM `2KQp2/ 7`QK i?2 M2irQ`F }H2bX 6Q`

2�bv pBbm�HBx�iBQM Q7 `B/2`b?BT +?�M;2b #2ir22M i?2 irQ iBK2 T2`BQ/b �i #Qi? i?2 `2;BQM�H-

`Qmi2- �M/ biQT H2p2Hb- �M BMi2`�+iBp2 _ a?BMv �TTHB+�iBQM r�b +`2�i2/X �//BiBQM�HHv- +QK@

T�`BbQMb r2`2 K�/2 QMHv 7Q` `Qmi2b i?�i 2tBbi2/ BM #Qi? iBK2 T2`BQ/bX

dXk *�b2 aim/v _2bmHib

lbBM; i?2 _ a?BMv �TTHB+�iBQM �M/ i?2 QmiTmi HQ�/ T`Q}H2b ;2M2`�i2/ 7Q` i?2 #27Q`2 �M/

�7i2` � GBM2 iBK2 T2`BQ/b b2p2`�H +QM+HmbBQMb +�M #2 K�/2X 6B`bi- �b b?QrM BM h�#H2 dXR-

QMHv bBt `Qmi2b ?�/ � /�BHv `B/2`b?BT +?�M;2 BM K�;MBim/2 Q7 ;`2�i2` i?�M 9W Q7 i?2 `B/2`b?BT

H2p2Hb 7`QK #27Q`2 i?2 � GBM2X P7 i?2b2 `Qmi2b- _Qmi2 39 Ui?2 `Qmi2 i?�i i?2 � GBM2 r�b
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dXkX *�b2 aim/v _2bmHib

H�`;2Hv /2bB;M2/ iQ bmTTH2K2MiV b�r i?2 ;`2�i2bi /2+`2�b2 BM �p2`�;2 /�BHv `B/2`b?BTĜ7�HHBM;

#v M2�`Hv NyWX 6m`i?2`KQ`2- QMHv QM2 `Qmi2 �+`Qbb i?2 2MiB`2 K2i`Q `2;BQM U2t+Hm/BM; i?2

� GBM2 �b Bi /B/ MQi 2tBbi BM #Qi? iBK2 T2`BQ/bV b�r �M BM+`2�b2 BM /�BHv `B/2`b?BT ;`2�i2`

i?�M 8WX h?Bb `Qmi2- _Qmi2 jk- i`�p2Hb 2�bi@r2bi 7`QK i?2 MQ`i?2`M i2`KBMmb Q7 i?2 � GBM2

U_Qb2/�H2V iQ _Q##BMb/�H2X

h?Bb `B/2`b?BT BM+`2�b2 K�v i?2`27Q`2 bB;MB7v i?�i i?2 BM+`2�b2/ b2`pB+2 [m�HBiv �bbQ+B�i2/

rBi? i?2 � GBM2 ?�b ?2HT2/ iQ 7�+BHBi�i2 � K�`;BM�H BM+`2�b2 BM 2�bi@r2bi +QMM2+iBQMb i?�i

r2`2 MQi T`2b2Mi #27Q`2 i?2 � GBM2X lbBM; i?2 2t�+i b�K2 /2K�M/ bBx2 �M/ HQ+�iBQMb

#2ir22M i?2 irQ iBK2 T2`BQ/b Ui?2`27Q`2 2t+Hm/BM; i?2 BKT�+ib Q7 BM/m+2/ /2K�M/V- i?Bb

+�b2 bim/v ?�b BM/B+�i2/- i?`Qm;? mb2 Q7 i?2 M2r `Qmi2 +?QB+2 KQ/2H T�`�K2i2`b- i?�i i?2

� GBM2 ?�b ?�/ � bB;MB}+�Mi BKT�+i QM i?2 `B/2`b?BT �b `B/2`b 7`QK i?2 M2�`2bi �M/ KQbi

T�`�HH2H `Qmi2b ?�p2 i`�MbBiBQM2/ 7`QK i?2B` T`2pBQmb `Qmi2 iQ i?2 � GBM2X

h�#H2 dXR, �p2`�;2 r22F/�v `B/2`b?BT +?�M;2 /m2 iQ � GBM2 b2`pB+2

_Qmi2 LmK#2` _Qmi2 .2b+`BTiBQM .�BHv W *?�M;2 .�BHv *QmMi *?�M;2

39 _Qb2/�H2 @ aM2HHBM; @ aB#H2v SH�x� @3NW @R-838

3d lJL aiX S�mH@*H2p2H�M/@>B;?H�M/ @RNW @k38

e8 .�H2 ai`22i@*QmMiv _/ "@_Qb2/�H2 @RyW @RR3

d9 9ei? aiX@_�M/QHT?@q di? aiX@amM`�v @eW @jyk

ed q JBMM2?�?�@_�vKQM/ ai�iBQM@6`�MFHBM �p2 @9W @RRj

jk _Q##BMb/�H2@GQr`v �p2@_Qb2/�H2 Y8W YN8
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*?�Ti2` 3

*QM+HmbBQM �M/ *QMi`B#miBQMb

h?2 T`BK�`v �BK Q7 i?Bb `2b2�`+? r�b iQ +`2�i2 � M2r `Qmi2 +?QB+2 KQ/2H 7Q` i?2 hrBM

*BiB2b K2i`QTQHBi�M `2;BQM i?�i BM+Hm/2/ �HH i?2 M2r `Qmi2b �M/ i`�MbBir�vb BMi`Q/m+2/ BM

i?2 H�bi irQ /2+�/2bX AM +`2�iBM; i?Bb KQ/2H- � M2r +?QB+2 b2i ;2M2`�iBQM K2i?Q/QHQ;v

r�b T`QTQb2/ i?�i bvbi2K�iB+�HHv ;2M2`�i2/ +?QB+2 b2ib Q7 #2ir22M k �M/ R8 �ii`�+iBp2

T�i?b 7Q` 2�+? T�bb2M;2` #v Bi2`�iBp2Hv 2t+Hm/BM; T`2pBQmb T�i?bǶ i`BT +QKTQM2Mib 7`QK i?2

i`�MbBi M2irQ`FX lbBM; i?2b2 +?QB+2 b2ib- � KmHiBMQKB�H HQ;Bi 2biBK�iBQM KQ/2H rBi? T�i?

bBx2 +Q``2+iBQM 7�+iQ` r�b mb2/ iQ K�tBKBx2 i?2 HBF2HB?QQ/ i?�i i?2 bBKmH�i2/ i`�MbBi T�i?

K�i+?2/ i?2 �+im�H T�i? i�F2M #v 2�+? T�bb2M;2`X

PM@#Q�`/ i`�MbBi bm`p2v /�i� r�b mb2/ iQ ;2M2`�i2 � T`272``2/ Q`B;BM /2T�`im`2 iBK2-

T`2+Bb2 Q`B;BM �M/ /2biBM�iBQM +QQ`/BM�i2b- i?2 �+im�H T�i? i�F2M #v i?2 T�bb2M;2`- �M/ i?2

T�bb2M;2` bT2+B}+ /2KQ;`�T?B+ �M/ i`BT Tm`TQb2 BM7Q`K�iBQMX AM �//BiBQM iQ #2BM; i?2 }`bi

FMQrM i`�MbBi `Qmi2 +?QB+2 KQ/2H iQ 2M+QKT�bb i`�MbBir�vb BM i?2 `2;BQM- � K�DQ` +QMi`B#m@

iBQM Q7 i?Bb bim/v `2bB/2b BM i?2 +?QB+2 b2i ;2M2`�iBQM K2i?Q/X h?Bb `2b2�`+? /2KQMbi`�i2/

i?�i #v BM+Hm/BM; �M Bi2`�iBp2 i`BT 2HBKBM�iBQM K2i?Q/ 2K#2//2/ BM i?2 b+?2/mH2 #�b2/

b?Q`i2bi T�i? �H;Q`Bi?K- � KQ`2 `Q#mbi �M/ +QKTH2i2 +?QB+2 b2i +�M #2 ;2M2`�i2/ rBi?Qmi

?�pBM; iQ +QMiBMmQmbHv �Hi2` BMTmi T�`�K2i2`bX

� b2+QM/ �BK Q7 i?Bb �M�HvbBb r�b iQ �b+2`i�BM r?B+? �ii`B#mi2b U#Qi? M2irQ`F bT2+B}+

�M/ T�bb2M;2` bT2+B}+V ?�/ i?2 bi`QM;2bi BM~m2M+2 QM � T�bb2M;2`bǶ +?QB+2 Q7 � i`�MbBi

T�i? �M/ B7 T�bb2M;2`b +?Qb2 i?2 b?Q`i2bi U[mB+F2biV T�i?X "�b2/ QM i?2 `2bmHib Q7 i?2

KmHiBMQKB�H HQ;Bi KQ/2H- Bi +�M #2 +QM+Hm/2/ i?�i T�bb2M;2`b /Q MQi T2`+2Bp2 i?2 T�bb�;2

Q7 iBK2 mMB7Q`KHv rBi? QMHv 9eW Q7 T�bb2M;2`b i�FBM; i?2 b?Q`i2bi T�i?X JQ`2 bT2+B}+�HHv-
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3XRX 6mim`2 qQ`F

T�bb2M;2`b T2`+2Bp2 i?2 `2H�iBp2 /BbmiBHBiv Q7 r�BiBM; iQ #2 i?`22 iBK2b H�`;2` i?�M HQ+�H #mb

BM@p2?B+H2 iBK2X �//BiBQM�HHv- i?2 `2H�iBp2 /BbmiBHBiv Q7 HQ+�H #mb BM@p2?B+H2 iBK2 Bb M2�`Hv i?`22

iBK2b i?�i Q7 i`�MbBir�v BM@p2?B+H2 iBK2 �M/ hrBM *BiB2b T�bb2M;2`b �bbQ+B�i2 � T2M�Hiv Q7

M2�`Hv kN KBMmi2b rBi? 2�+? i`�Mb72`X h?Bb bi`QM; �p2`bBQM iQ i`�Mb72`b Bb 7m`i?2` 2pB/2M+2/

#�b2/ QM i?2 Q#b2`p�iBQM i?�i r?2M b2H2+iBM; � T�i? 7`QK � b2i Q7 �ii`�+iBp2 T�i?b- M2�`Hv

NyW Q7 i?2 TQTmH�iBQM +?QQb2b � T�i? rBi? i?2 KBMBKmK MmK#2` Q7 i`�Mb72`bX

hQ;2i?2`- i?2 `Qmi2 +?QB+2 T�`�K2i2` `2bmHib �HHQr 7Q` ?2B;?i2M2/ �++m`�+v �M/ mM/2`@

bi�M/BM; Q7 i`�MbBi `B/2`b rBi?BM i?2 hrBM *BiB2bX "v mbBM; 2tBbiBM; `Qmi2@H2p2H �p2`�;2

r22F/�v `B/2`b?BT +QmMib �b � #�b2HBM2 +QKT�`BbQM- i?2 T`2pBQmbHv K2MiBQM2/ `Qmi2 +?QB+2

T�`�K2i2`b ?�p2 #22M mb2/ iQ +�HB#`�i2 i`�MbBi �bbB;MK2Mi KQ/2HbX aT2+B}+�HHv- �b BHHmb@

i`�i2/ rBi? i?2 � GBM2 +�b2 bim/v Ua2+iBQM dV- i?2 +Q2{+B2Mi p�Hm2b �M/ `2H�iBQMb?BTb

�KQM;bi i?2 p�`B�#H2b `2H�iBM; iQ i?2 /Bz2`2Mi +QKTQM2Mib Q7 iBK2 +�M #2 mb2/ iQ 7m`@

i?2` BKT`Qp2 i?2 T`2+BbBQM �M/ p�HB/Biv Q7 `B/2`b?BT T`QD2+iBQMb �M/ iQ ?B;?HB;?i i?2 BKT�+i

b2`pB+2 �//BiBQMb UQ` bm#i`�+iBQMbV +�M ?�p2 QM bvbi2K@rB/2 `B/2`b?BTX

3XR 6mim`2 qQ`F

6mim`2 �p2Mm2b Q7 rQ`F iQ #2 Tm`bm2/ �`2 i?2 BM+HmbBQM Q7 � i`�Mb72` `2HB�#BHBiv 7�+iQ` �b

r2HH �b �M �M�HvbBb QM i?2 T2`+2TiBQM Q7 i`�MbBi /2H�vb �i #Qi? i?2 biQT �M/ `Qmi2 H2p2H �M/

i?2 bm#b2[m2Mi BKT�+ib QM i`�MbBi `Qmi2 +?QB+2X 6m`i?2`KQ`2- � +`Qbb@M2bi2/ HQ;Bi KQ/2H

+QmH/ #2 +`2�i2/ �M/ +QKT�`2/ rBi? i?2 KmHiBMQKB�H HQ;Bi KQ/2HX �//BiBQM�HHv- 7m`i?2`

b2MbBiBpBiv �M�HvbBb +QmH/ #2 +QM/m+i2/ QM i?2 i`�/2@Qz #2ir22M i?2 MmK#2` Q7 E J2�Mb

/2K�M/ +Hmbi2`b �M/ i?2 +QKTmi�iBQM�H iBK2 iQ /2i2`KBM2 i?2 MmK#2` Q7 +Hmbi2`b i?�i

vB2H/b i?2 #2bi `2bmHibX q?BH2 iBK2@BMi2MbBp2- �M �//BiBQM�H /B`2+iBQM 7Q` 7mim`2 rQ`F +QmH/

+2Mi2` �`QmM/ i?2 Bi2`�iBp2 `2;2M2`�iBQM Q7 +?QB+2 b2ibX aT2+B}+�HHv- i?2 2MiB`2 T`Q+2/m`2 Q7

;2M2`�iBM; � +?QB+2 b2i 7Q` 2�+? T�bb2M;2` �M/ i?2M 2biBK�iBM; i?2 `Qmi2 +?QB+2 #2?�pBQ`

rBi? � JLG KQ/2H +QmH/ #2 Bi2`�i2/ Qp2` r?2`2- 7Q` 2�+? M2r Bi2`�iBQM- i?2 iBK2@`2H�i2/
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3XRX 6mim`2 qQ`F

`Qmi2 +?QB+2 +Q2{+B2Mi BMTmib iQ i?2 +?QB+2 b2i ;2M2`�iBQM �H;Q`Bi?K rQmH/ #2 b2i �b i?2

T`2pBQmb Bi2`�iBQMbǶ JLG T�`�K2i2`bX h?`Qm;? i?Bb Bi2`�iBp2- #mi p2`v iBK2 BMi2MbBp2-

T`Q+2/m`2- QM2 +QmH/ 2t�KBM2 B7 i?2 KQ/2H +QMp2`;2/ iQ � ǳ#2biǴ b2i Q7 2biBK�i2/ `Qmi2

+?QB+2 T�`�K2i2`bX

q?BH2 K�Mv BMi2`2biBM; �M/ 2t+BiBM; �p2Mm2b 2tBbi 7Q` 7mim`2 `2b2�`+?- i?2 K�BM +QM@

i`B#miBQMb Q7 i?Bb `2b2�`+? +�M +m``2MiHv #2bi #2 bmKK�`Bx2/ �b +`2�iBM; � M2r +?QB+2 b2i

;2M2`�iBQM K2i?Q/ �M/ T�i? bBx2 Qp2`H�T 7�+iQ` +�H+mH�iBQM �b r2HH �b BKTH2K2MiBM; � `Qmi2

+?QB+2 KQ/2H i?�i /2b+`B#2b #Qi? i`�/BiBQM�H HQ+�H �M/ 2tT`2bb `Qmi2b �b r2HH �b i?2 BKTH2@

K2Mi�iBQM Q7 i`�MbBir�vb BM i?2 v2�`b bBM+2 kyyyX h?2 `2bmHib Q7 i?Bb `2b2�`+?- i?2`27Q`2-

T`QpB/2 � ;HBKTb2 BMiQ i?2 MmK2`Qmb i`�MbTQ`i�iBQM /2+BbBQMb BM/BpB/m�Hb K�F2 2p2`v /�vX

"v BM+`2�bBM; Qm` mM/2`bi�M/BM; Q7 i?2b2 /2+BbBQMb- i`�MbBi bvbi2Kb �M/ TQHB+v +�M- i?2`2@

7Q`2- #2 #2ii2` i�BHQ`2/ iQ K22i i?2 M22/b �M/ /2bB`2b Q7 T�bb2M;2`b #Qi? BM i?2 T`2b2Mi �M/

7mim`2X
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"B#HBQ;`�T?v

(R) "X CX a�?�FB�M �M/ CX LX G�#mx2ii�- ǳ"�/ KQp2b, >Qr /2+BbBQM K�FBM; ;Q2b r`QM;-
�M/ i?2 2i?B+b Q7 bK�`i /`m;b-Ǵ kyRjX

(k) S" *QMbmHi�Mib- AM+- ǳhrBM *BiB2b _2;BQM�H JQ/2H, .2p2HQTK2Mi Q7 i?2 hrBM *BiB2b
kyyy JQ/2 *?QB+2 JQ/2H-Ǵ kyy9X

(j) uX amM �M/ _X sm- ǳ_�BH i`�MbBi i`�p2H iBK2 `2HB�#BHBiv �M/ 2biBK�iBQM Q7 T�bb2M;2`
`Qmi2 +?QB+2 #2?�pBQ`-Ǵ h`�MbTQ`i�iBQM _2b2�`+? _2+Q`/- MQX kkd8- TTX 83Ĝed- kyRkX

(9) uX@aX w?�M; �M/ 1X@CX u�Q- ǳaTHBiiBM; h`�p2H hBK2 "�b2/ QM �6* .�i�, 1biBK�iBM;
q�HFBM;- q�BiBM;- h`�Mb72`- �M/ AM@o2?B+H2 h`�p2H hBK2b BM J2i`Q avbi2K-Ǵ kyR8X

(8) CX "X :Q`/QM- LX >X JX qBHbQM- �M/ CX SX �ii�Mm++B- ǳ�miQK�i2/ AM72`2M+2 Q7 GBMF2/
h`�MbBi CQm`M2vb BM GQM/QM lbBM; 6�`2@h`�Mb�+iBQM �M/ o2?B+H2 GQ+�iBQM .�i�-Ǵ
h`�MbTQ`i�iBQM _2b2�`+? _2+Q`/, CQm`M�H Q7 i?2 h`�MbTQ`i�iBQM _2b2�`+? "Q�`/-
MQX kj9j- TTX RdĜk9- kyRjX

(e) JX libmMQKBv�- CX �ii�Mm++B- �M/ CX qBHbQM- ǳSQi2MiB�H lb2b Q7 h`�MbBi aK�`i *�`/
_2;Bbi`�iBQM �M/ h`�Mb�+iBQM .�i� iQ AKT`Qp2 h`�MbBi SH�MMBM;-Ǵ h`�MbTQ`i�iBQM
_2b2�`+? _2+Q`/, CQm`M�H Q7 i?2 h`�MbTQ`i�iBQM _2b2�`+? "Q�`/- pQHX RNdR-
TTX RRNĜRke- kyyeX

(d) CX CX "�``v- _X L2r?Qmb2`- aX a�v2/�- CX CX "�``v- _X L2r?Qmb2`- �X _�?#22- �M/
aX a�v2/�- ǳP`B;BM �M/ .2biBM�iBQM 1biBK�iBQM BM L2r uQ`F *Biv rBi? �miQK�i2/
6�`2 avbi2K .�i�-Ǵ h`�MbTQ`i�iBQM _2b2�`+? _2+Q`/ CQm`M�H Q7 i?2 h`�MbTQ`i�iBQM
_2b2�`+? "Q�`/- pQHX R3Rd- TTX R3jĜR3d- kyykX

(3) AX EBK- >X@*X EBK- .X@CX a2Q- �M/ CX AX EBK- ǳ*�HB#`�iBQM Q7 � i`�MbBi `Qmi2 +?QB+2
KQ/2H mbBM; `2p2�H2/ TQTmH�iBQM /�i� Q7 bK�`i+�`/ BM � KmHiBKQ/�H i`�MbBi M2irQ`F-Ǵ
h`�MbTQ`i�iBQM- TTX RĜk9- kyRNX

(N) �X E?�MB- hX CX "2/m?M- CX .mi?B2- aX "QvH2b- �M/ 1X C�7�`B- ǳlbBM; h`�MbBi Aha .�i�
6Q` JQ/2HBM; L2irQ`F _2HB�#BHBiv �M/ h?2 AKT�+i PM S�bb2M;2` _Qmi2 *?QB+2-Ǵ
kyR9X

(Ry) aX@>X G�K �M/ 6X sB2- ǳh`�MbBi S�i?@*?QB+2 JQ/2Hb h?�i lb2 _2p2�H2/ S`272`2M+2
�M/ ai�i2/ S`272`2M+2 .�i�-Ǵ h`�MbTQ`i�iBQM _2b2�`+? _2+Q`/, CQm`M�H Q7 i?2
h`�MbTQ`i�iBQM _2b2�`+? "Q�`/- pQHX RdNN- TTX 83Ĝe8- kyykX
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"B#HBQ;`�T?v

(RR) ǳ1biBK�iBM; q2B;?ib Q7 hBK2b �M/ h`�Mb72`b 7Q` >vT2`T�i? h`�p2H2`b-Ǵ
h`�MbTQ`i�iBQM _2b2�`+? _2+Q`/- pQHX kk39- MQX R- TTX 3NĜNN- kyRkX

(Rk) _X *?�TH2�m- JX h`ĕT�MB2`- �M/ EX EX *?m- ǳh?2 lHiBK�i2 am`p2v 6Q` h`�MbBi
SH�MMBM;, *QKTH2i2 AM7Q`K�iBQM qBi? aK�`i *�`/ .�i� �M/ :Aa-Ǵ BM 3i?
AMi2`M�iBQM�H *QM72`2M+2 QM am`p2v J2i?Q/b BM h`�MbTQ`i, >�`KQMBb�iBQM �M/ .�i�
*QKT�`�#BHBiv- kyy3X

(Rj) "X a+?�HH2`- PM@#Q�`/ �M/ BMi2`+2Ti i`�MbBi bm`p2v i2+?MB[m2bX LQX ej- h`�MbTQ`i�iBQM
_2b2�`+? "Q�`/- kyy8X

(R9) 1X 6`2DBM;2`- JX "B2`H�B`2- �M/ JX "2M@�FBp�- ǳa�KTHBM; Q7 �Hi2`M�iBp2b 7Q` `Qmi2
+?QB+2 KQ/2HBM;-Ǵ h`�MbTQ`i�iBQM _2b2�`+? S�`i ", J2i?Q/QHQ;B+�H- pQHX 9j- MQX Ry-
TTX N39ĜNN9- kyyNX

(R8) aX "2F?Q`- JX 1X "2M@�FBp�- �M/ JX aX _�KKBM;- ǳ1p�Hm�iBQM Q7 +?QB+2 b2i
;2M2`�iBQM �H;Q`Bi?Kb 7Q` `Qmi2 +?QB+2 KQ/2Hb-Ǵ �MM�Hb Q7 PT2`�iBQMb _2b2�`+?-
pQHX R99- MQX R- TTX kj8Ĝk9d- kyyeX

(Re) >X E�iQ- uX E�M2FQ- �M/ JX AMQm2- ǳ*QKT�`�iBp2 �M�HvbBb Q7 i`�MbBi �bbB;MK2Mi,
1pB/2M+2 7`QK m`#�M `�BHr�v bvbi2K BM i?2 hQFvQ J2i`QTQHBi�M �`2�-Ǵ
h`�MbTQ`i�iBQM- pQHX jd- MQX 8- TTX dd8ĜdNN- kyRyX

(Rd) JX 6`B2/`B+?- AX >Q7b�2bb- �M/ aX q2F2+F- ǳhBK2i�#H2@#�b2/ i`�MbBi �bbB;MK2Mi mbBM;
#`�M+? �M/ #QmM/ i2+?MB[m2b-Ǵ MQX Rd8k- TTX RyyĜRyd- kyyRX

(R3) *X :X S`�iQ �M/ aX "2F?Q`- ǳ�TTHvBM; "`�M+?@�M/@"QmM/ h2+?MB[m2 iQ _Qmi2 *?QB+2
a2i :2M2`�iBQM-Ǵ h`�MbTQ`i�iBQM _2b2�`+? _2+Q`/, CQm`M�H Q7 i?2 h`�MbTQ`i�iBQM
_2b2�`+? "Q�`/- pQHX RN38- MQX R- TTX RNĜk3- kyyeX

(RN) _X "X .B�H- ǳ� S`Q#�#BHBbiB+ JmHiBT�i? h`�{+ �bbB;MK2Mi JQ/2H q?B+? P#pB�i2b
S�i? 1MmK2`�iBQM-Ǵ h`�MbTQ`i�iBQM _2b2�`+?- pQHX 8- TTX 3jĜRRR- RNdyX

(ky) CX ar�Bi- ǳ*?QB+2 b2i ;2M2`�iBQM rBi?BM i?2 ;2M2`�HBx2/ 2ti`2K2 p�Hm2 7�KBHv Q7
/Bb+`2i2 +?QB+2 KQ/2Hb-Ǵ h`�MbTQ`i�iBQM _2b2�`+? S�`i ", J2i?Q/QHQ;B+�H- pQHX j8-
MQX d- TTX e9jĜeee- kyyRX

(kR) JX aX _�KKBM;- ǳL2irQ`F EMQrH2/;2 �M/ _Qmi2 *?QB+2-Ǵ kyykX

(kk) 1X *�b+2ii�- �X LmxxQHQ- 6X _mbbQ- �M/ �X oBi2ii�- ǳ� KQ/B}2/ HQ;Bi `Qmi2 +?QB+2
KQ/2H Qp2`+QKBM; T�i? Qp2`H�TTBM; T`Q#H2Kb, aT2+B}+�iBQM �M/ bQK2 +�HB#`�iBQM
`2bmHib 7Q` BMi2`m`#�M M2irQ`Fb-Ǵ BM S`Q+22/BM;b Q7 i?2 BMi2`M�iBQM�H bvKTQbBmK QM
i`�MbTQ`i�iBQM �M/ i`�{+ i?2Q`v- UGvQM- 6`�M+2V- TTX eNdĜdRR- RNNeX

(kj) JX 1X "2M@�FBp� �M/ JX "B2`H�B`2- ǳ.Bb+`2i2 +?QB+2 K2i?Q/b �M/ i?2B` �TTHB+�iBQMb iQ
b?Q`i i2`K i`�p2H /2+BbBQMb-Ǵ BM >�M/#QQF Q7 i`�MbTQ`i�iBQM b+B2M+2- TTX 8Ĝjj-
aT`BM;2`- RNNNX
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(k9) SX oQpb?�- ǳ�TTHB+�iBQM Q7 +`Qbb@M2bi2/ HQ;Bi KQ/2H iQ KQ/2 +?QB+2 BM h2H �pBp-
Ab`�2H- K2i`QTQHBi�M �`2�-Ǵ h2+?X _2TX Reyd- RNNdX

(k8) 1X *�b+2ii� �M/ �X S�TQH�- ǳ� DQBMi KQ/2@i`�MbBi b2`pB+2 +?QB+2 KQ/2H BM+Q`TQ`�iBM;
i?2 2z2+i Q7 `2;BQM�H i`�MbTQ`i b2`pB+2 iBK2i�#H2b-Ǵ h`�MbTQ`i�iBQM _2b2�`+? S�`i ",
J2i?Q/QHQ;B+�H- pQHX jd- MQX d- TTX 8N8 Ĝ eR9- kyyjX

(ke) �X S�TQH�- ǳaQK2 /2p2HQTK2Mib QM i?2 +`Qbb@M2bi2/ HQ;Bi KQ/2H-Ǵ h`�MbTQ`i�iBQM
_2b2�`+? S�`i ", J2i?Q/QHQ;B+�H- pQHX j3- MQX N- TTX 3jj Ĝ 38R- kyy9X

(kd) SX oQpb?� �M/ aX "2F?Q`- ǳGBMF@M2bi2/ HQ;Bi KQ/2H Q7 `Qmi2 +?QB+2, Pp2`+QKBM; `Qmi2
Qp2`H�TTBM; T`Q#H2K-Ǵ h`�MbTQ`i�iBQM _2b2�`+? _2+Q`/- pQHX Re98- MQX R- TTX RjjĜR9k-
RNN3X

(k3) .X J+6�//2M- ǳJQ/2HBM; i?2 +?QB+2 Q7 `2bB/2MiB�H HQ+�iBQM-Ǵ h`�MbTQ`i�iBQM _2b2�`+?
_2+Q`/- MQX edj- RNd3X

(kN) aX "2F?Q`- hX hQH2/Q- �M/ CX LX S`�b?F2`- ǳ1z2+ib Q7 *?QB+2 a2i aBx2 �M/ _Qmi2
*?QB+2 JQ/2Hb QM S�i?@"�b2/ h`�{+ �bbB;MK2Mi-Ǵ h`�MbTQ`iK2i`B+�- pQHX 9- MQX k-
TTX RRdĜRjj- kyy3X

(jy) J2i`QTQHBi�M *QmM+BH- ǳh`�p2H "2?�pBQ` AMp2MiQ`v Uh"AV kyRe h`�MbBi PM "Q�`/
am`p2v @ _2bQm`+2b @ JBMM2bQi� :2QbT�iB�H *QKKQMb-Ǵ kyReX ?iiTb,ff;Bb/�i�XKMX
;Qpf/�i�b2ifmb@KM@bi�i2@K2i+@bQ+B2iv@i#B@i`�MbBi@QM#Q�`/kyRe- �++2bb2/
kyRN@Ry@kNX

(jR) _X EBi�Km`� �M/ hX o�M .2` >QQ`M- ǳ_2;mH�`Biv �M/ B``2p2`bB#BHBiv Q7 r22FHv i`�p2H
#2?�pBQ`-Ǵ h`�MbTQ`i�iBQM- pQHX R9- MQX j- TTX kkdĜk8R- RN3dX

(jk) JX q2B- CX *Q`+Q`�M- hX aB;H2`- �M/ uX GBm- ǳJQ/2HBM; i?2 BM~m2M+2 Q7 r2�i?2` QM
i`�MbBi `B/2`b?BT, � +�b2 bim/v 7`QK #`Bb#�M2- �mbi`�HB�-Ǵ h`�MbTQ`i�iBQM _2b2�`+?
_2+Q`/- pQHX kedk- MQX 3- TTX 8y8Ĝ8Ry- kyR3X

(jj) :X "Q2BM;- ǳPaJMt, L2r K2i?Q/b 7Q` �+[mB`BM;- +QMbi`m+iBM;- �M�HvxBM;- �M/
pBbm�HBxBM; +QKTH2t bi`22i M2irQ`Fb-Ǵ *QKTmi2`b- 1MpB`QMK2Mi �M/ l`#�M avbi2Kb-
pQHX e8- TTX RkeĜRjN- kyRdX

(j9) LX L�bbB`- JX >B+FK�M- �X J�H2Fx�/2?- �M/ 1X A`�MM2x?�/- ǳJQ/2HBM; i`�MbBi
T�bb2M;2` +?QB+2b Q7 �++2bb biQT-Ǵ h`�MbTQ`i�iBQM _2b2�`+? _2+Q`/- pQHX k9Nj- MQX R-
TTX dyĜdd- kyR8X

(j8) qX C�M;- ǳh`�p2H iBK2 �M/ i`�Mb72` �M�HvbBb mbBM; i`�MbBi bK�`i +�`/ /�i�-Ǵ
h`�MbTQ`i�iBQM _2b2�`+? _2+Q`/- pQHX kR99- MQX R- TTX R9kĜR9N- kyRyX

(je) hX "`�M/b- 1X .2 _QKT?- hX o2Bi+?- �M/ CX *QQF- ǳJQ/2HHBM; Tm#HB+ i`�MbTQ`i `Qmi2
+?QB+2- rBi? KmHiBTH2 �++2bb �M/ 2;`2bb KQ/2b-Ǵ h`�MbTQ`i�iBQM `2b2�`+? T`Q+2/B�-
pQHX R- MQX R- TTX RkĜkj- kyR9X

ey



"B#HBQ;`�T?v

(jd) .X J�`iBM- >X q`B;H2v- aX "�`M2ii- �M/ SX _Q/2`B+F- ǳAM+`2�bBM; i?2 bQT?BbiB+�iBQM Q7
�++2bb K2�bm`2K2Mi BM � `m`�H ?2�Hi?+�`2 bim/v-Ǵ >2�Hi? � SH�+2- pQHX 3- MQX R-
TTX jĜRj- kyykX

(j3) .X qQQ/ �M/ �X :�i`2HH- ǳ1[mBiv Q7 ;2Q;`�T?B+�H �++2bb iQ BMT�iB2Mi ?QbTB+2 +�`2
rBi?BM MQ`i? r2bi 2M;H�M/, � ;2Q;`�T?B+�H BM7Q`K�iBQM bvbi2Kb U:AaV �TT`Q�+?-Ǵ
G�M+�bi2`- lE, AMbiBimi2 7Q` >2�Hi? _2b2�`+?- G�M+�bi2` lMBp2`bBiv- kyykX

(jN) >X CQ`/�M- SX _Q/2`B+F- .X J�`iBM- �M/ aX "�`M2ii- ǳ.Bbi�M+2- `m`�HBiv �M/ i?2 M22/
7Q` +�`2, �++2bb iQ ?2�Hi? b2`pB+2b BM bQmi? r2bi 2M;H�M/-Ǵ AMi2`M�iBQM�H DQm`M�H Q7
?2�Hi? ;2Q;`�T?B+b- pQHX j- MQX R- TX kR- kyy9X

(9y) 6X SX "Qb+Q2- EX �X >2M`v- �M/ JX aX w/2#- ǳ� L�iBQMrB/2 *QKT�`BbQM Q7 .`BpBM;
.Bbi�M+2 o2`bmb ai`�B;?i@GBM2 .Bbi�M+2 iQ >QbTBi�Hb-Ǵ h?2 S`Q72bbBQM�H :2Q;`�T?2`-
pQHX e9- MQX k- TTX R33ĜRNe- kyRkX

(9R) CX :miBû``2x �M/ CX *X :�`+ő�@S�HQK�`2b- ǳ.Bbi�M+2@K2�bm`2 BKT�+ib QM i?2
+�H+mH�iBQM Q7 i`�MbTQ`i b2`pB+2 �`2�b mbBM; :Aa-Ǵ 1MpB`QMK2Mi �M/ SH�MMBM; ",
SH�MMBM; �M/ .2bB;M- pQHX j8- MQX j- TTX 93yĜ8yj- kyy3X

(9k) �X E?�MB- JX >B+FK�M- �M/ >X LQ?- ǳh`BT@#�b2/ T�i? �H;Q`Bi?Kb mbBM; i?2 i`�MbBi
M2irQ`F ?B2`�`+?v-Ǵ L2irQ`Fb �M/ aT�iB�H 1+QMQKB+b- pQHX R8- MQX j- TTX ej8Ĝe8j-
kyR8X

(9j) �X J2DB�- ǳh`22 .�i� ai`m+im`2b BM C�p�a+`BTi 7Q` "2;BMM2`b -Ǵ kyRNX
?iiTb,ff�/`B�MK2DB�X+QKf
/�i�@bi`m+im`2b@7Q`@#2;BMM2`b@i`22b@#BM�`v@b2�`+?@i`22@imiQ`B�H-
�++2bb2/ kyRN@Ry@jRX

(99) qX .X 6�M �M/ _X "X J�+?2K2?H- ǳ.Q i`�MbBi mb2`b Dmbi r�Bi 7Q` #mb2b Q` r�Bi rBi?
bi`�i2;B2b\, aQK2 MmK2`B+�H `2bmHib i?�i i`�MbBi TH�MM2`b b?QmH/ b22-Ǵ h`�MbTQ`i�iBQM
_2b2�`+? _2+Q`/- pQHX kRRR- MQX R- TTX ReNĜRde- kyyNX

(98) hX "`�i?r�Bi2 �M/ CX GX q�HF2`- ǳ�bvKK2i`B+- +HQb2/@7Q`K- }MBi2@T�`�K2i2` KQ/2Hb
Q7 KmHiBMQKB�H +?QB+2-Ǵ CQm`M�H Q7 *?QB+2 JQ/2HHBM;- pQHX kN- TTX d3 Ĝ RRk- kyR3X

(9e) _X h�M- JX �/M�M- .X@>X G22- �M/ JX 1X "2M@�FBp�- ǳL2r T�i? bBx2 7Q`KmH�iBQM BM
T�i? bBx2 HQ;Bi 7Q` `Qmi2 +?QB+2 KQ/2HBM; BM Tm#HB+ i`�MbTQ`i M2irQ`Fb-Ǵ
h`�MbTQ`i�iBQM _2b2�`+? _2+Q`/- pQHX k8j3- MQX R- TTX RRĜR3- kyR8X

(9d) aX o�M/2 q�HH2 �M/ hX ai22M#2`;?2M- ǳaT�+2 �M/ iBK2 `2H�i2/ /2i2`KBM�Mib Q7 Tm#HB+
i`�MbTQ`i mb2 BM i`BT +?�BMb-Ǵ h`�MbTQ`i�iBQM _2b2�`+? S�`i �, SQHB+v �M/ S`�+iB+2-
pQHX 9y- MQX k- TTX R8RĜRek- kyyeX

(93) �X E?�MB- ǳJQ/2Hb �M/ bQHmiBQM �H;Q`Bi?Kb 7Q` i`�MbBi �M/ BMi2`KQ/�H T�bb2M;2`
�bbB;MK2Mi U/2p2HQTK2Mi Q7 7�bi@i`BTb KQ/2HV-Ǵ kyRjX
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