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.2+H�`�iBQM

A ?2`2#v /2+H�`2 i?�i A �K i?2 bQH2 �mi?Q` Q7 i?Bb i?2bBb �M/ i?�i MQM2 Qi?2` i?�M

i?2 bT2+B}2/ bQm`+2b �M/ �B/b ?�p2 #22M mb2/X S�bb�;2b �M/ };m`2b [mQi2/ 7`QK

Qi?2` rQ`Fb ?�p2 #22M K�`F2/ rBi? �TT`QT`B�i2 K2MiBQM Q7 i?2 bQm`+2X

SH�+2- .�i2 aB;M�im`2

Bonn, 17.01.2023



�#bi`�+i

h?2 e. Q#D2+i TQb2 2biBK�iBQM Bb �M BM/BbT2Mb�#H2 `2[mB`2K2Mi 7Q` K�Mv `Q#QiB+ �T@

THB+�iBQMb- bm+? �b �miQMQKQmb K�MBTmH�iBQM Q` KQiBQM TH�MMBM;X P#D2+i bvKK2i`B2b

+`2�i2 �K#B;mBiB2b BM �M Q#D2+iöb TQb2- BM+`2�bBM; i?2 +QKTH2tBiv Q7 i?2 TQb2 2biBK�iBQM

i�bFX 1tBbiBM; �TT`Q�+?2b T`2/B+i QMHv � bBM;H2 TQb2 r?B+? K�F2b Bi mM�#H2 iQ `2�bQM

�#Qmi Q#D2+i bvKK2i`B2b BM /QrMbi`2�K i�bFbX _2+2MiHv- KQ/2HBM; Q#D2+i Q`B2Mi�iBQMb

BKTHB+BiHv �b MQM@T�`�K2i`B+ T`Q#�#BHBiv /Bbi`B#miBQMb QM i?2 `Qi�iBQM K�MB7QH/ aP(3)

?�b b?QrM BKT`2bbBp2 +�T�#BHBiB2b iQ +�Tim`2 ;2QK2i`B+ bvKK2i`B2bX

h?Bb i?2bBb T`QTQb2b AKTHB+BiSQb2S.6 KQ/2H r?B+? �BKb iQ KQ/2H TQb2b #v 2t@

i2M/BM; i?2 �TT`Q�+? iQ i?2 bT�+2 Q7 �HH `B;B/ #Q/v i`�Mb7Q`K�iBQM a1(3) iQ +�Tim`2

Q#D2+i bvKK2i`B2bX h?2 2biBK�iBQM Q7 i?2 /Bbi`B#miBQMb Bb /2+QmTH2/ BM irQ KQ/2Hb 2b@

iBK�iBM; �M Q`B2Mi�iBQM �M/ � i`�MbH�iBQM /Bbi`B#miBQM `2bT2+iBp2HvX 1�+? /Bbi`B#miBQM

Bb T�`�K2i`Bx2/ i?`Qm;? � M2m`�H M2irQ`FX lbBM; �M 2{+B2Mi 2[mB@pQHmK2i`B+ b�K@

THBM; bi`�i2;v 7Q` i?2 `Qi�iBQM K�MB7QH/ aP(3) �M/ i?2 i`�MbH�iBQM bT�+2 R
3- i?2 TQb2

/Bbi`B#miBQM Bb �TT`QtBK�i2/ �b � ?BbiQ;`�K Qp2` i?2 `2bT2+iBp2 bT�+2X h?2 KQ/2Hb

�`2 i`�BM2/ iQ 2biBK�i2 i?2 HBF2HB?QQ/ Q7 � bBM;H2 Q`B2Mi�iBQM- `2bT2+iBp2Hv i`�MbH�iBQM-

?vTQi?2bBb i�F2M 7`QK � b2i Q7 ;`QmM/@i`mi? TQb2b `2T`2b2MiBM; i?2 Q#D2+i bvKK2i`B2bX

�+[mB`BM; ;`QmM/@i`mi? H�#2Hb- 2bT2+B�HHv KmHiBTH2 bvKK2i`B+�H TQb2b 7Q` 2�+? 7`�K2-

7Q` i?2 TQb2 2biBK�iBQM i�bF `2K�BMb � #QiiH2M2+F BM i?2 i`�BMBM; T`Q+2bbX hQ T`Q/m+2

;`QmM/@i`mi? H�#2Hb iQ i`�BM Qm` KQ/2H- i?Bb i?2bBb 7m`i?2` BMi`Q/m+2b � i?`22@bi�;2

TBT2HBM2 i?�i ;2M2`�i2b KmHiBTH2 bvKK2i`B+�H Tb2m/Q ;`QmM/@i`mi? TQb2b 7Q` 2�+? i`�BM@

BM; BK�;2 rBi?Qmi i?2 bmT2`pBbBQM Q7 Q#D2+i TQb2b Q` bvKK2i`B2bX :Bp2M �M _:"@.

BK�;2 �M/ � j. Q#D2+i KQ/2H- i?2 TBT2HBM2 T`Q/m+2b i?2 b2i Q7 Tb2m/Q ;`QmM/@i`mi?

TQb2b i?`Qm;? � irQ@bi�;2 TQBMi +HQm/ `2;Bbi`�iBQM T`Q+2bb rBi? � bm++22/BM; `2M/2`@

�M/@+QKT�`2 p�HB/�iBQM bi�;2X

h?2 TQb2 H�#2HBM; b+?2K2 �M/ AKTHB+BiSQb2S.6 KQ/2H �`2 2p�Hm�i2/ QM � T?QiQ`2@

�HBbiB+ /�i�b2i �M/ i?2 h@G2bb /�i�b2iX h?`Qm;? i?Q`Qm;? 2tT2`BK2Mi�H 2p�Hm�iBQMb-

r2 /2KQMbi`�i2 i?2 bi`2M;i?b Q7 Qm` KQ/2H iQ +�Tim`2 �`#Bi`�`v bvKK2i`B2b BM `2�HBbiB+

b+2M�`BQb �M/ ?B;?HB;?i i?2 �/p�Mi�;2b Q7 i?2 T`QTQb2/ TQb2 H�#2HBM; b+?2K2X



*QMi2Mib

R AMi`Q/m+iBQM R

k e. SQb2 1biBK�iBQM 9

kXR P#D2+i avKK2i`B2b X X X X X X X X X X X X X X X X X X X X X X X X X X X X 9

kXk S`Q#H2K .2}MBiBQM X X X X X X X X X X X X X X X X X X X X X X X X X X X X e

j _2H�i2/ qQ`F d

jXR e. SQb2 1biBK�iBQM X X X X X X X X X X X X X X X X X X X X X X X X X X X X d

jXk :`QmM/@h`mi? �+[mBbBiBQM X X X X X X X X X X X X X X X X X X X X X X X X 3

9 AKTHB+BiSQb2S.6 JQ/2H Ry

9XR J2i?Q/b X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X Ry

9Xk h`�BMBM; X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X R8

9Xj oBbm�HBx�iBQM X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X R8

8 �miQK�iB+ SQb2 G�#2HBM; a+?2K2 Rd

8XR S`Q#H2K .2}MBiBQM X X X X X X X X X X X X X X X X X X X X X X X X X X X X Rd

8Xk J2i?Q/b X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X R3

8Xj SBT2HBM2 X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X kR

e 1p�Hm�iBQM kj

eXR .�i�b2ib X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X kj

eXk 1p�Hm�iBQM J2i`B+b X X X X X X X X X X X X X X X X X X X X X X X X X X X X ke

eXj AKTH2K2Mi�iBQM .2i�BHb X X X X X X X X X X X X X X X X X X X X X X X X X X kd

eX9 �miQK�iB+ SQb2 G�#2HBM; a+?2K2 _2bmHib X X X X X X X X X X X X X X X X kN

eX8 "�+F#QM2 �#H�iBQM aim/B2b X X X X X X X X X X X X X X X X X X X X X X X X jy

eXe e. SQb2 .Bbi`B#miBQM 1biBK�iBQM X X X X X X X X X X X X X X X X X X X X jk

eXd aBM;H2 e. SQb2 1biBK�iBQM X X X X X X X X X X X X X X X X X X X X X X X X je

eX3 1z2+iBp2M2bb Q7 Sb2m/Q :`QmM/@h`mi? G�#2Hb X X X X X X X X X X X X X j3

eXN h@G2bb 1p�Hm�iBQM X X X X X X X X X X X X X X X X X X X X X X X X X X X X jN

d *QM+HmbBQM 9R

Bp



R AMi`Q/m+iBQM

AM Qm` /�BHv HB72- r2 +QMiBMmQmbHv 2biBK�i2 i?2 `2H�iBp2 HQ+�iBQMb �M/ Q`B2Mi�iBQMb

Q7 Q#D2+ib BM Qm` bm``QmM/BM;bX 6Q` BMbi�M+2- ;`�bTBM; � +Qz22 Km; `2[mB`2b mb iQ

2biBK�i2 i?2 `2H�iBp2 HQ+�iBQM �M/ Q`B2Mi�iBQM Q7 i?2 Km; iQ Qm` ?�M/X A7 i?2 ?�M/H2

Q7 i?2 Km; Bb MQi pBbB#H2- i?2 Q`B2Mi�iBQM 2biBK�iBQM Bb MQi mMB[m2 #mi `�i?2` BMi`Q/m+2b

mM+2`i�BMiv �#Qmi i?2 Q`B2Mi�iBQMX *QMb2[m2MiHv- r2 �`2 MQi QMHv �r�`2 Q7 i?2 TQb2

Q7 �M Q#D2+i #mi �HbQ Q7 i?2 mM+2`i�BMiv �`QmM/ BiX q2 ?�p2 � MQiBQM Q7 bvKK2i`v

2t?B#Bi2/ #v i?2 Km; �M/ +�M 2biBK�i2 i?2 TQbbB#H2 Q`B2Mi�iBQMb i?�i ?B/2 i?2 ?�M/H2X

qBi? i?2 BM+`2�b2 Q7 �miQK�iBx�iBQM BM i?2 2p2`v/�v HB72- �miQMQKQmb bvbi2Kb `2[mB`2

bBKBH�` +�T�#BHBiB2b iQ BMi2`�+i rBi? i?2B` bm``QmM/BM;bX

h?2 e. Q#D2+i TQb2 2biBK�iBQM #2+QK2b 2bb2MiB�HHv BKTQ`i�Mi BM i?2 }2H/ Q7 `Q#QiB+bX

qBi? i?2 ;Q�H Q7 #mBH/BM; �miQMQKQmb �;2Mib BM ?mK�M 2MpB`QMK2Mib- `Q#Qib M22/ iQ

`2�bQM �#Qmi �M Q#D2+iöb j. HQ+�iBQM �M/ j. Q`B2Mi�iBQM 7Q` K�MBTmH�iBQM Q` KQiBQM

TH�MMBM; i�bFbX q?BH2 i?2`2 �`2 p2`v bm++2bb7mH �TT`Q�+?2b iQ ;2M2`�iBM; �++m`�i2

TQb2b 7`QK _:"@. BK�;2b- i?2 TQb2 2biBK�iBQM 7`QK _:" BK�;2b biBHH 7�+2b QT2M

+?�HH2M;2bX h?2 HQr +Qbib �M/ bK�HH b2MbQ` bBx2b- r?BH2 +QMp2vBM; � #`Q�/ `�M;2 Q7

BM7Q`K�iBQM- K�F2b _:" +�K2`�b T�`iB+mH�`Hv BMi2`2biBM; 7Q` `Q#QiB+ �TTHB+�iBQMbX oB@

bm�H /�i� +QMp2vb pBi�H BM7Q`K�iBQM �#Qmi �M Q#D2+iöb TQb2 r?B+? Bb 2ti`�+i2/ BM `2+2Mi

�TT`Q�+?2b mbBM; *QMpQHmiBQM�H L2m`�H L2irQ`Fb U*LLbV �b 72�im`2 2ti`�+iQ`b (R) (k)X

AM `2�H@rQ`H/ b+2M�`BQb- bm+? /�i� Bb bi`QM;Hv BKT�+i2/ #v 2ti2`M�H BM~m2M+2b bm+? �b

HB;?iBM; +QM/BiBQMb- Q++HmbBQM- Q#D2+i i2tim`2 Q` TQb2 p�`B�iBQMb �`BbBM; 7`QK bvKK2@

i`B2bX P#D2+i bvKK2i`B2b BMi`Q/m+2 �K#B;mBiB2b BM i?2 TQb2- K2�MBM; i?�i i?2 pBbm�H

`2T`2b2Mi�iBQM Q7 �M Q#D2+i +�M #2 K�TT2/ iQ b2p2`�H +Q``2+i TQb2b �M/ pB+� p2`b�X

q?BH2 KQbi `2+2Mi e. TQb2 2biBK�iBQM �TT`Q�+?2b 7Q+mb QM 2biBK�iBM; � bBM;H2 +Q``2+i

e. TQb2 Q7 bvKK2i`B+ Q#D2+ib (j) (9) (k)- KQ/2HBM; Q#D2+i bvKK2i`B2b Bb biBHH �M QT2M

+?�HH2M;2X

6m`i?2`KQ`2- iQ 2{+B2MiHv i`�BM bm+? *LL KQ/2Hb i?`Qm;? /22T H2�`MBM;- H�`;2@

b+�H2 /�i�b2ib Q7 ;`QmM/@i`mi? �MMQi�i2/ BK�;2b �`2 `2[mB`2/X �+[mB`BM; ;`QmM/@

i`mi? H�#2Hb 7Q` H�`;2 /�i�b2ib biBHH `2K�BMb i?2 #QiiH2M2+F BM i?2 i`�BMBM; T`Q+2bbX

h?Bb T`Q#H2K Bb 7m`i?2` �;;`�p�i2/ r?2M /�i�b2i H�#2Hb b?QmH/ BM+Hm/2 KmHiBTH2 TQb2b

`2T`2b2MiBM; i?2 bvKK2i`B2b Q7 �`#Bi`�`v Q#D2+ib- 2bT2+B�HHv rBi?Qmi T`BQ` FMQrH2/;2

�#Qmi i?2 bvKK2i`B2bX

Jm`T?v 2i �HX (8) T`QTQb2/ i?2 AKTHB+Bi S`Q#�#BHBiv .Bbi`B#miBQM 6mM+iBQM UAKTHB+Bi@



*?�Ti2` R, AMi`Q/m+iBQM k

6B;m`2 RXR, S`2/B+i2/ .Bbi`B#miBQMb Q7 i?2 AKTHB+Bi@S.6 JQ/2HX h?2 +B`+H2b �M/
+QMiBMmQmb HBM2b `2T`2b2Mi i?2 ;`QmM/@i`mi? Q`B2Mi�iBQMbX h?2 /Qib BM/B+�i2 i?2
2biBK�i2/ Q`B2Mi�iBQMb rBi? i?2 bBx2 +Q``2bTQM/BM; iQ i?2 T`Q#�#BHBiv T`QT�;�i2/
#v i?2 KQ/2HX lTT2` _Qr, h?2 AKTHB+Bi@S.6 KQ/2H Bb �#H2 iQ 2tT`2bb i?2
+QMiBMmQmb bvKK2i`v Q7 i?2 +QM2 �M/ i?2 ey /Bb+`2i2 bvKK2i`B2b Q7 i?2 B+Qb�?2@
/`QMX GQr2` _Qr, h?2 pBbm�H 72�im`2b #`2�F i?2 pBbm�H bvKK2i`B2b- b?QrBM;
i?�i AKTHB+Bi@S.6 KQ/2H 2biBK�i2b �M Q`B2Mi�iBQM /Bbi`B#miBQM `2T`2b2MiBM; i?2
pBbm�H bvKK2i`B2bX (8)

S.6V KQ/2H 7Q` `Qi�iBQM K�MB7QH/b i?�i +QMbi`m+ib MQM@T�`�K2i`B+ T`Q#�#BHBiv /Bbi`B@

#miBQMb Qp2` i?2 `Qi�iBQM K�MB7QH/ aP(3) BKTHB+BiHv iQ KQ/2H �M Q#D2+iöb Q`B2Mi�iBQMX

h?Bb `2T`2b2Mi�iBQM Bb T�`�K2i`Bx2/ #v � M2m`�H M2irQ`F i?�i +�M #2 i`�BM2/ #v QMHv

Q#b2`pBM; � bBM;H2 Q#D2+i Q`B2Mi�iBQM 7Q` 2�+? i`�BMBM; BK�;2X h?2 KQ/2H b?Qrb BK@

T`2bbBp2 +�T�#BHBiB2b Q7 `2T`2b2MiBM; +QKTH2t bvKK2i`B2b Q7 TH�iQMB+ bQHB/b- bm+? �b

+QM2b- bT?2`2b �M/ B+Qb�?2/`QMb- b?QrM BM 6B;m`2 RXRX h?2 [m�HBi�iBp2 `2bmHib b?Qr

i?�i i?2 KQ/2H 2tT`2bb2b bvKK2i`B2b �`BbBM; 7`QK �K#B;mBiB2b BM i?2 pBbm�H 72�im`2b Q7

i?2 Q#D2+iX lM7Q`imM�i2Hv- i?2 KQ/2H Bb HBKBi2/ #v pBbm�H 72�im`2b 2tT`2bb2/ i?`Qm;?

Q#D2+i i2tim`2b- b?QrM BM i?2 HQr2` `Qr Q7 6B;m`2 RXRX h?2 /Bbi`B#miBQM 7�BHb iQ +�T@

im`2 ;2QK2i`B+ bvKK2i`B2b i?�i �`2 T�`iB+mH�`Hv BMi2`2biBM; 7Q` `Q#QiB+ �TTHB+�iBQMbX

JQ`2Qp2`- i?2 KQ/2H r�b QMHv +QMbi`m+i2/ iQ `2T`2b2Mi /Bbi`B#miBQMb Qp2` i?2 `Qi�iBQM

K�MB7QH/ aP(3) �M/ MQi a1(3)- i?2 ;`QmT +QMi�BMBM; �HH `B;B/ #Q/v i`�Mb7Q`K�iBQMbX

h?2 i`�BMBM; T`Q+2bb `2[mB`2b � ;`QmM/@i`mi? �MMQi�i2/ /�i�b2i r?B+? TQb2b �M �/@

/BiBQM�H HBKBi�iBQM- 2bT2+B�HHv BM `2�H@rQ`H/ b+2M�`BQb r?2M /2�HBM; rBi? bvKK2i`B+

Q#D2+ibX h?Bb i?2bBb i�+FH2b i?2 T`2pBQmbHv K2MiBQM2/ HBKBi�iBQMb Q7 i?2 KQ/2H #v

K�FBM; i?2 7QHHQrBM; +QMi`B#miBQMb,

RX h?2 AKTHB+BiSQb2S.6 KQ/2H r?B+? +QMbi`m+ib �`#Bi`�`v TQb2 /Bbi`B#miBQMb Qp2`

a1(3) mbBM; �M �/�TiBQM Q7 i?2 AKTHB+Bi@S.6 KQ/2H 7Q` 2biBK�iBM; i?2 i`�MbH�@

iBQM BM R
3 Uh`�MbH�iBQM@AS.6V +QK#BM2/ rBi? i?2 Q`B;BM�H AKTHB+Bi@S.6 KQ/2H



*?�Ti2` R, AMi`Q/m+iBQM j

U_Qi�iBQM@AS.6V-

kX �M �/Dmbi2/ i`�BMBM; T`Q+2/m`2 iQ KQ/2H ;2QK2i`B+ bvKK2i`B2b Q7 �`#Bi`�`v Q#@

D2+ib-

jX i?2 �miQK�iB+ SQb2 G�#2HBM; a+?2K2 i?�i T`Q/m+2b � Tb2m/Q ;`QmM/@i`mi? b2i

+QMbBbiBM; Q7 KmHiBTH2 TQb2b 7Q` 2�+? i`�BMBM; BK�;2- 2HBKBM�iBM; i?2 M2+2bbBiv

Q7 ;`QmM/@i`mi? �MMQi�i2/ i`�BMBM; /�i�-

9X 2p�Hm�iBQM QM KmHiBTH2 `2�H@rQ`H/ Q#D2+ib 2t?B#BiBM; /Bz2`2Mi ivT2b Q7 bvKK2i`v-

b?QrBM; i?�i i?2 KQ/2H Bb �#H2 iQ +QMbi`m+i �`#Bi`�`v TQb2 /Bbi`B#miBQMb Qp2`

a1(3) BMp�`B�Mi iQ Q#D2+i i2tim`2b �M/ M2;HB;B#H2 ;2QK2i`B+ 72�im`2bX

h?2 �miQK�iB+ SQb2 G�#2HBM; a+?2K2 �M/ i?2 BKTHB+Bi T`Q#�#BHBiv /Bbi`B#miBQM 7mM+@

iBQMb 7Q` KQ/2HBM; Q#D2+i Q`B2Mi�iBQMb /2p2HQT2/ /m`BM; i?2 i?2bBb r2`2 Tm#HBb?2/ �i

i?2 A111 AMi2`M�iBQM�H *QM72`2M+2 QM _Q#QiB+ *QKTmiBM; UA_*V (e)X







*?�Ti2` k, e. SQb2 1biBK�iBQM e

kXk S`Q#H2K .2}MBiBQM

h?Bb /2}MBiBQM Q7 bvKK2i`v �HHQrb mb iQ /2}M2 i?2 e. Q#D2+i TQb2 2biBK�iBQM T`Q#H2K

BM irQ /Bz2`2Mi r�vb, :Bp2M �M _:. BK�;2 t /2TB+iBM; �M Q#D2+i- U�V 2biBK�i2 � bBM;H2

TQb2 S ∈ a1(3) Q` U#V 2biBK�i2 i?2 +QKTH2i2 b2i Q7 T`QT2` bvKK2i`B2b MgeoX lbBM;

i?2 /2}MBiBQM U�V ?�b � K�DQ` �/p�Mi�;2, bvKK2i`B+ �M/ MQM@bvKK2i`B+ Q#D2+ib +�M

#2 i`2�i2/ i?2 b�K2 BM i2`Kb Q7 M2irQ`F �`+?Bi2+im`2- i`�BMBM; b+?2K2 �M/ BM72`2M+2-

QMHv i?2 i`�BMBM; HQbb ?�b iQ #2 �/Dmbi2/X lbBM; i?2 /2}MBiBQM U#V K�F2b Bi M2+2bb�`v

iQ /2}M2 i?2 bvKK2i`B2b 2Bi?2` 2tTHB+BiHv Q` BKTHB+BiHv- K�FBM; Bi �`;m�#Hv i?2 ?�`/2`

i�bFX

6B;m`2 kXk U#V b?Qrb � T`QD2+iBQM Q7 i?2 `Qi�iBQM K�MB7QH/ aP(3)X h?2 bvKK2i`B2b

2t?B#Bi2/ #v i?2 *�M Q#D2+i /2TB+i2/ BM 6B;m`2 kXk U�V `2bmHi BM KmHiBTH2 +Q``2+i TQb2bX

AM i?Bb +�b2 BM irQ +QMiBMmQmb b2ib Q7 bvKK2i`B+ TQb2b rBi? � mMB[m2 i`�MbH�iBQM p2+iQ`X

lbBM; T`Q#H2K /2}MBiBQM U�V- 2p2`v TQb2 +QKBM; 7`QK i?2b2 b2ib Bb +QMbB/2`2/ iQ #2

� +Q``2+i TQb2X h?2 +?�HH2M;2 Q7 i?Bb i�bF Bb iQ 2biBK�i2 QM2 Q7 i?2 +Q``2+i TQb2b

�b �++m`�i2Hv �b TQbbB#H2X A7 r2 /2}M2/ i?2 T`Q#H2K �b bi�i2/ BM /2}MBiBQM U#V- i?2

+Qp2`�;2 Q7 �HH +Q``2+i TQb2b Bb i?2 Q#D2+iBp2X AM i?Bb i?2bBb- r2 rBHH `272` iQ i?2 T`Q#H2K

/2}MBiBQM U�V �b i?2 aBM;H2 e. SQb2 1biBK�iBQM i�bF �M/ iQ i?2 T`Q#H2K /2}MBiBQM

U#V �b i?2 e. SQb2 .Bbi`B#miBQM 1biBK�iBQM i�bFX
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jXR e. SQb2 1biBK�iBQM

AM `2+2Mi v2�`b i?2 T2`7Q`K�M+2 Q7 e. TQb2 2biBK�iBQM K2i?Q/b r�b bB;MB}+�MiHv

BKT`Qp2/ i?`Qm;? i?2 2K2`;2M+2 Q7 /22T H2�`MBM;X G�`;2` M2irQ`Fb �M/ BM+`2�bBM;

+QKTmi�iBQM�H TQr2` �HHQr mb iQ i`�BM KQ`2 �++m`�i2 KQ/2HbX 1bT2+B�HHv BM +QK#BM�@

iBQM rBi? *QMpQHmiBQM�H L2m`�H L2irQ`Fb U*LLbV i?2 e. TQb2 2biBK�iBQM 7`QK _:"

/�i� ?�b b22M bB;MB}+�Mi T`Q;`2bbX

AM Qm` ?mK�M@K�/2 rQ`H/ Q#D2+ib Q7i2M 2t?B#Bi bQK2 FBM/ Q7 `Qi�iBQM�H bvKK2i`vX

h?2b2 bvKK2i`B2b +`2�i2 �K#B;mBiB2b BM i?2 ;`QmM/@i`mi? TQb2 r?B+? KB;?i ?�KT2`

i?2 H2�`MBM; �#BHBiB2b Q7 bm+? �TT`Q�+?2bX h?mb- Bi Bb 2pB/2Mi i?�i BM Q`/2` iQ 2{+B2MiHv

i`�BM /22T H2�`MBM; KQ/2Hb- bvKK2i`B2b ?�p2 iQ #2 BM+Q`TQ`�i2/ BMiQ i?2 i`�BMBM; T`Q@

+2bbX �KQM; i?2 `2+2Mi �TT`Q�+?2b- bi`�i2;B2b ?�p2 #22M T`QTQb2/ iQ 2Bi?2` BKTHB+BiHv

Q` 2tTHB+BiHv miBHBx2 bvKK2i`v �MMQi�iBQMbX

sm 2i �HX (9) �M/ GB 2i �HX (j) 2KTHQv i?2 a?�T2J�i+?@GQbb (R) r?B+? +QT2b Q#D2+i

bvKK2i`B2b /m`BM; i`�BMBM;X Ai BKTHB+BiHv b2H2+ib � TQb2 +HQb2bi iQ i?2 T`2/B+i2/ TQb2

7`QK i?2 T`QT2` bvKK2i`v b2i �b i?2 +Q``2+i TQb2X q?BH2 i?Bb /Q2b MQi `2[mB`2 �Mv

T`BQ` FMQrH2/;2 �#Qmi Q#D2+i bvKK2i`B2b- i?Bb p�`B�#BHBiv BM i?2 ;`QmM/@i`mi? TQb2 biBHH

?�KT2`b i?2 H2�`MBM; �#BHBivX PTTQb2/ iQ i?2 BKTHB+Bi �TT`Q�+?- SBii2`B 2i �HX (3) �M/

�KBMB 2i �HX (k) K�TT2/ i?2 bvKK2i`B+ `Qi�iBQMb iQ � bBM;H2 ô+�MQMB+�Hô `Qi�iBQMX h?2

/QrMbB/2 Q7 bm+? �TT`Q�+?2b Bb i?2 2tTHB+Bi /2}MBiBQM Q7 Q#D2+i bvKK2i`B2bX P#D2+i

bvKK2i`B2b �`2 ivTB+�HHv MQi FMQrM T`BQ` iQ i`�BMBM; Q` Kmbi #2 /2}M2/ #v ?�M/-

r?B+? K�F2b i?2K mMi`�+i�#H2 7Q` H�`;2 /�i�b2ibX

�MQi?2` +QKKQM 2tTHB+Bi �TT`Q�+? Bb KQ/2HBM; bvKK2i`B2b mbBM; T`2@/2}M2/ bvK@

K2i`v +H�bb2bX _�/ �M/ G2T2iBi (N) /2}M2/ �M �//BiBQM�H �mtBHB�`v i�bF iQ +H�bbB7v

i?2 ivT2 Q7 bvKK2i`v �M Q#D2+i 2t?B#Bib i?�i #2M2}ib i?2 bBM;H2 e. TQb2 2biBK�iBQM

i�bF rBi? �//BiBQM�H T`QT2`iB2bX 1bi2p2b 2i �HX (Ry) �M/ a�t2M� 2i �HX (RR) T`QTQb2/

K2i?Q/b i?�i H2�`M pBbm�H 72�im`2b 2[mBp�`B�Mi iQ bT2+B}+ bvKK2i`v +H�bb2bX q?BH2

mbBM; T`2@/2}M2/ bvKK2i`v +H�bb2b K�v BKT`Qp2 i?2 e. TQb2 2biBK�iBQM �++m`�+v- Bi

Bb HBKBi2/ BM i?2 b+QT2 Q7 KQ/2HBM; �`#Bi`�`v bvKK2i`B2bX h?2 T`2pBQmbHv K2MiBQM2/

�TT`Q�+?2b KQ/2H2/ bvKK2i`B2b iQ BKT`Qp2 i?2 T`2+BbBQM Q7 bBM;H2 e. TQb2 2biBK�@

iBQMbX .Bz2`2Mi bi`�i2;B2b r2`2 T`QTQb2/ iQ +QT2 rBi? Q#D2+i bvKK2i`B2b iQ BM+`2�b2
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i?2 H2�`MBM; �#BHBiv Q7 bm+? KQ/2HbX h?2v K�/2 MQ �TT`Q�+? iQr�`/ 2biBK�iBM; �M/

KQ/2HBM; Q#D2+i bvKK2i`B2b /m`BM; BM72`2M+2X

h?2 �TT`Q�+? #v *Q`QM� 2i �HX (Rk) KQ/2H2/ i?2 TQb2 2biBK�iBQM i�bF �b �M BK�;2

+QKT�`BbQM i�bFX :Bp2M �M BMTmi BK�;2- � +Q/2#QQF Q7 BK�;2b Bb mb2/ 7Q` +QKT�`BbQMX

h?2v i`�BM2/ � KQ/2H iQ 2biBK�i2 � bBKBH�`Biv b+Q`2 #2ir22M irQ _:" BK�;2b r?B+? Bb

i?2M mb2/ iQ }M/ i?2 #2bi K�i+?BM; +Q/2#QQF BK�;2X h?2 TQb2 Q7 i?2 #2bi K�i+?BM;

+Q/2#QQF BK�;2 Bb i�F2M �b i?2 TQb2 2biBK�iBQM /m`BM; BM72`2M+2X AM i?2 T`2b2M+2 Q7

bvKK2i`v- KmHiBTH2 +Q/2#QQF BK�;2b rBi? � ?B;? bBKBH�`Biv b+Q`2 �`2 +?Qb2MX q?BH2

i?Bb �TT`Q�+? /Q2b MQi M22/ 2tTHB+Bi bvKK2i`v /2}MBiBQM iQ KQ/2H Q#D2+i bvKK2i`B2b-

Bi `2[mB`2b � H�`;2 +Q/2#QQF Q7 BK�;2b 7Q` �++m`�i2 TQb2 2biBK�iBQMX h?Bb +QK2b �i i?2

+Qbi Q7 � ?B;? BM72`2M+2 iBK2 `2[mB`2K2MiX hQ BKT`Qp2 i?2 BM72`2M+2 iBK2 amM/2`K2v2`

2i �HX (Rj) BMi`Q/m+2/ �M �m;K2Mi2/ �miQ2M+Q/2` iQ H2�`M � HQr@/BK2MbBQM�H H�i2Mi

bT�+2 `2T`2b2Mi�iBQM Q7 i?2 BK�;2b mb2/ 7Q` BK�;2 +QKT�`BbQMX h?Bb BKT`Qp2b i?2

BM72`2M+2 iBK2 #mi /Q2b MQi K�F2 Bi `2�H@iBK2 +�T�#H2 �M/ mb�#H2 7Q` `Q#QiB+ �TTHB+�@

iBQMbX h?2 K�DQ` /`�r#�+F Q7 bm+? BK�;2 +QKT�`BbQM �TT`Q�+?2b Bb i?�i i?2v QMHv

KQ/2H pBbm�H bvKK2i`B2b �M/ MQi ;2QK2i`B+ bvKK2i`B2b r?B+? �`2 KQ`2 BMi2`2biBM;

BM `Q#QiB+ �TTHB+�iBQMbX AMbi2�/ Q7 K�FBM; � bBM;H2 T`2/B+iBQM- J�M?�`/i 2i �HX (R9)

i`�BM2/ i?2B` KQ/2H iQ T`2/B+i � b2i Q7 TQb2bX h?2 KQ/2H T`2/B+ib mT iQ }p2 /Bz2`2Mi

pBbm�H bvKK2i`B+ TQb2bX h?Bb Bb M2Bi?2` bm{+B2Mi iQ +Qp2` i?2 +QKTH2i2 b2i Q7 T`QT2`

bvKK2i`B2b MQ` iQ `2�bQM �#Qmi i?2 ivT2 Q7 bvKK2i`v 2t?B#Bi2/ #v �M Q#D2+iX

_2+2Mi �TT`Q�+?2b KQ/2H bvKK2i`B2b #v 2biBK�iBM; T`Q#�#BHBiv /Bbi`B#miBQMb Qp2`

i?2 `Qi�iBQM K�MB7QH/ aP(3)X .2M; 2i �HX (R8) �M/ :BHBib+?2MbFB 2i �HX (Re) KQ/2H2/ KmH@

iBTH2 TQb2 ?vTQi?2b2b �b � KBtim`2 Q7 "BM;?�K /Bbi`B#miBQMb �M/ i`�BM2/ � *LL KQ/2H

iQ 2biBK�i2 i?2 /Bbi`B#miBQM T�`�K2i2`b 7`QK _:"@. BK�;2bX aBM+2 � bBM;H2 "BM;?�K

T`Q#�#BHBiv /Bbi`B#miBQM 7mM+iBQM /2b+`B#2b � mMB@KQ/2H /Bbi`B#miBQM QM i?2 `Qi�iBQM

K�MB7QH/- � ?B;? MmK#2` Q7 "BM;?�K /Bbi`B#miBQMb Bb `2[mB`2/ 7Q` �M �++m`�i2 �TT`Qt@

BK�iBQM Q7 KQ`2 +QKTH2t Q#D2+i bvKK2i`B2b- bm+? �b +QMiBMmQmb bvKK2i`B2bX h?2

+QKTmi�iBQM iBK2 M22/2/ /m`BM; BM72`2M+2 Bb bi`QM;Hv BM+`2�b2/ #v Q#D2+ib 2t?B#BiBM;

� ?B;? /2;`22 Q7 bvKK2i`vX PFQ`M 2i �HX (Rd) KQ/2H2/ KmHiBTH2 TQb2 ?vTQi?2b2b mbBM;

6Bb?2` /Bbi`B#miBQMbX h?2b2 K2i?Q/b bmz2` 7`QK Qp2`?2�/ BM i?2 +QKTmi�iBQM Q7 i?2

MQ`K�HBx�iBQM i2`KX JQ`2Qp2`- mbBM; T�`�K2i`Bx2/ T`Q#�#BHBiv /Bbi`B#miBQMb K�F2b �

T`BQ` �bbmKTiBQM QM i?2 TQb2 /Bbi`B#miBQM r?B+? K�F2b Bi mMHBF2Hv iQ #2 2ti2M/2/ iQ

�`#Bi`�`v +QKTH2t Q#D2+i bvKK2i`B2bX

jXk :`QmM/@h`mi? �+[mBbBiBQM

h?2 �7Q`2K2MiBQM2/ H2�`MBM; �TT`Q�+?2b �`2 i`�BM2/ BM � bmT2`pBb2/ K�MM2` Q#b2`pBM;

� bBM;H2 ;`QmM/@i`mi? TQb2X h?Bb `2[mB`2b ;`QmM/@i`mi? �MMQi�i2/ /�i�b2ibX
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amM 2i �HX (R3) b?Qr2/ i?�i �M BM+`2�b2 BM i?2 /�i�b2i bBx2 `2bmHib BM � HQ;�`Bi?KB+�H

BM+`2�b2 BM KQ/2H T2`7Q`K�M+2bX AM �#H�iBQM bim/B2b- Jm`T?v 2i �HX (8) +QM}`K2/ i?Bb

T`QTQbBiBQMX AM+`2�bBM; i?2 /�i�b2i bBx2 HQ;�`Bi?KB+�HHv BM+`2�b2b i?2 AKTHB+Bi@S.6

KQ/2Höb T2`7Q`K�M+2- bi�;M�iBM; �7i2` � /�i�b2i bBx2 Q7 8y-yyy BK�;2bX AM `2�H@rQ`H/

b+2M�`BQb- �+[mB`BM; bm+? H�`;2@b+�H2 ;`QmM/@i`mi? �MMQi�i2/ /�i�b2ib +QMbiBimi2b �

#QiiH2M2+F BM i?2 i`�BMBM; T`Q+2bbX sB�M; 2i �HX (R) �MMQi�i2/ i?2 u*"@oB/2Q /�i�b2i

#v K�Mm�HHv �MMQi�iBM; i?2 }`bi 7`�K2 Q7 2�+? pB/2QX h?2 `2K�BMBM; 7`�K2b �`2 �M@

MQi�i2/ #v i`�+FBM; i?2 +�K2`� i`�D2+iQ`v `2pQHpBM; �`QmM/ i?2 Q#D2+i �M/ }M�HHv

/2`BpBM; i?2 ;`QmM/@i`mi? TQb2 �M�HviB+�HHvX h?2 [m�HBiv Q7 i?2 ;`QmM/@i`mi? TQb2 �M@

MQi�iBQMb bi`QM;Hv `2HB2b QM i?2 �++m`�+v Q7 i?2 +�K2`� i`�D2+iQ`v �M/ T`2+Bb2 +�K2`�

+�HB#`�iBQMX >Q/�M 2i �HX (RN) K�Mm�HHv �MMQi�i2/ i?2 h@G2bb /�i�b2i #v `2+QMbi`m+i@

BM; i?2 j. b+2M2 mbBM; i?2 _:"@. BK�;2b �M/ *�. Q#D2+i KQ/2HbX JBb�HB;MK2Mib

BM i?2 b+2M2 `2+QMbi`m+iBQM �`2 `2T2�i2/Hv +Q``2+i2/ #v ?�M/ mMiBH i?2 �HB;MK2Mi Bb

b�iBb7�+iQ`vX 6Q` bK�HH /�i�b2ib HBF2 i?2 h@G2bb /�i�b2i r?B+? QMHv +QMbBbib Q7 R-kNe

i`�BMBM; BK�;2b 7Q` 2�+? Q#D2+i- i?Bb K2i?Q/ Bb i`�+i�#H2X Ai Bb 2pB/2Mi i?�i bm+? �M

�TT`Q�+? Bb MQi i`�+i�#H2 7Q` H�`;2@b+�H2 /�i�b2ibX Pp2`�HH- #Qi? K2i?Q/b �`2 �#H2 iQ

�MMQi�i2 ;`QmM/@i`mi? TQb2b rBi? K�Mm�H bmT2`pBbBQM #mi KBbb i?2 �#BHBiv iQ QmiTmi

KmHiBTH2 ;`QmM/@i`mi? �MMQi�iBQMb iQ +?�`�+i2`Bx2 i?2 bvKK2i`B2b T`2b2Mi BM i?2 BK@

�;2bX 1ti2M/BM; i?Qb2 K2i?Q/b iQ �HbQ /2}M2 ;`QmM/@i`mi? bvKK2i`B2b rQmH/ `2[mB`2

T`BQ` FMQrH2/;2 �#Qmi Q#D2+i bvKK2i`B2bX



9 AKTHB+BiSQb2S.6 JQ/2H

h?2 AKTHB+BiSQb2S.6 UASS.6V KQ/2H T`2b2Mi2/ BM i?Bb i?2bBb Bb #�b2/ mTQM i?2

AKTHB+Bi@S.6 UAS.6V KQ/2H T`QTQb2/ #v Jm`T?v 2i �HX (8)X h?2 AS.6 KQ/2H ?�b

b?QrM i`2K2M/Qmb +�T�#BHBiB2b Q7 2tT`2bbBM; Q#D2+i bvKK2i`B2b BKTHB+BiHvX hQ �T@

T`Q�+? e. TQb2 2biBK�iBQM- r2 2ti2M/ i?2 AS.6 KQ/2H iQ 2biBK�i2 � TQb2 /Bbi`B@

#miBQM Qp2` a1(3)X Jm`T?v 2i �HX (8) MQi2/ i?�i i?2 i`�MbH�iBQM K�v #2 T`2/B+i2/

bBKmHi�M2QmbHv rBi?BM i?2 b�K2 KQ/2HX AM � b2`B2b Q7 2tT2`BK2Mib- r2 Q#b2`p2/ i?�i

i?2 BM+Q`TQ`�iBQM Q7 i`�MbH�iBQM �M/ `Qi�iBQM BMiQ QM2 KQ/2H +QKT`QKBb2b i?2 �#BHBiv

Q7 i?2 KQ/2H iQ +�Tim`2 Q#D2+i bvKK2i`B2b r?BH2 K�FBM; �++m`�i2 TQb2 2biBK�iBQMbX

h?mb- i?2 `Qi�iBQM �M/ i`�MbH�iBQM 2biBK�iBQM Bb /2+QmTH2/ BMiQ irQ b2T�`�i2 KQ/@

2Hb- i?2 _Qi�iBQM@AS.6 �M/ h`�MbH�iBQM@AS.6 KQ/2HX h?2 irQ KQ/2Hb �M/ K2i?Q/b

mb2/ �`2 /Bb+mbb2/ BM /2i�BH i?`Qm;?Qmi a2+iBQM 9XRX AM i?2 7QHHQrBM;- r2 T`2b2Mi Qm`

�/Dmbi2/ i`�BMBM; T`Q+2/m`2 BM a2+iBQM 9Xk �M/ i?2 pBbm�HBx�iBQM K2i?Q/ mb2/ iQ 2p�Hm@

�i2 i?2 TQb2 /Bbi`B#miBQMb BM a2+iBQM 9XjX h?2 ;`QmM/@i`mi? H�#2Hb miBHBx2/ 7Q` i`�BMBM;

�`2 ;2M2`�i2/ #v i?2 �miQK�iB+ SQb2 G�#2HBM; a+?2K2 r?B+? rBHH #2 BMi`Q/m+2/ BM

*?�Ti2` 8X 6BM�HHv- r2 Tmi i?2 AKTHB+BiSQb2S.6 KQ/2H iQ � i2bi BM *?�Ti2` eX q2

?B;?HB;?i i?2 bi`2M;i?b Q7 i?2 ASS.6 KQ/2H iQ T`2/B+i �++m`�i2 e. TQb2b r?BH2 #2BM;

�#H2 iQ +�Tim`2 i?2 +QKTH2i2 b2i Q7 T`QT2` bvKK2i`B2b MgeoX

9XR J2i?Q/b

h?2 AKTHB+BiSQb2S.6 KQ/2H- BHHmbi`�i2/ BM 6B;m`2 9XR- 2tT`2bb2b e. TQb2 /Bbi`B#miBQMb

#v KQ/2HBM; irQ b2T�`�i2 MQM@T�`�K2i`B+ T`Q#�#BHBiv /Bbi`B#miBQM 7mM+iBQMb 7Q` i?2

Q`B2Mi�iBQM �M/ i`�MbH�iBQM `2bT2+iBp2HvX h?2 Q`B2Mi�iBQM /Bbi`B#miBQM ;2M2`�i2/ #v

i?2 _Qi�iBQM@AS.6 KQ/2H Bb `2bTQMbB#H2 7Q` +�Tim`BM; i?2 Q#D2+i bvKK2i`B2bX h?2

h`�MbH�iBQM@AS.6 ;2M2`�i2b � /Bbi`B#miBQM i?�i �TT`QtBK�i2b i?2 mMB[m2 i`�MbH�iBQM

p2+iQ` �b �++m`�i2Hv �b TQbbB#H2X A/2�HHv- i?Bb /Bbi`B#miBQM /2b+`B#2b � ?B;?Hv T2�F2/

mMB@KQ/�H /Bbi`B#miBQMX

�i i?2 +2Mi2` Q7 i?2 irQ KQ/2Hb bi�M/b � KmHiB@H�v2` T2`+2Ti`QM i?�i BKTHB+BiHv

`2T`2b2Mib i?2 T`Q#�#BHBiv /Bbi`B#miBQMX "Qi? KQ/2Hb �`2 bBKBH�` rBi? `2bT2+i iQ i?2

mb2/ K2i?Q/b �M/ M2irQ`F �`+?Bi2+im`2X h?2 T`Q#�#BHBiv /Bbi`B#miBQMb �`2 �TT`Qt@

BK�i2/ �b � ?BbiQ;`�KX h?2 `Qi�iBQM K�MB7QH/ aP(3) �M/ i`�MbH�iBQM bT�+2 R
3 �`2
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mbBM; i?2 MQ`K�HBx�iBQM i2`K αX LQi2 i?�i i?2 +QKTmi�iBQM Q7 α Bb BM72�bB#H2 #2@

+�mb2 Bi rQmH/ `2[mB`2 BMi2;`�iBQM Qp2` i?2 bT�+2 Q7 BK�;2b IX p(t) Bb 2biBK�i2/ #v

K�`;BM�HBxBM; Qp2` G- �M/ �TT`QtBK�iBM; i?2 BMi2;`�H rBi? � /Bb+`2i2 bmK,

p(t) =

∫

:∈G

p(t,:)d:

= α

∫

:∈G

2tT(f(t,:))d:

≈ α

N
∑

i

2tT(f(t,:i))V.

U9XjV

h?2 [m2`B2b {:i} �`2 i?2 +2Mi2`b Q7 �M 2[mB@pQHmK2i`B+ T�`iBiBQMBM; Q7 2Bi?2` aP(3) Q`

R
3 rBi? N T�`iBiBQMb Q7 pQHmK2 V = π

N
Q` V = Vsub

N
X Vsub Bb i?2 pQHmK2 � bm#@bT�+2

h ⊂ R
3 +QMi�BMBM; i?2 TQbbB#H2 i`�MbH�iBQM p2+iQ`b i ∈ hX

h?2 MQ`K�HBx�iBQM i2`K α +�M+2Hb Qmi BM i?2 2tT`2bbBQM 7Q` p(:|t)- H2�/BM; iQ �

7Q`KmH�iBQM i?�i +�M #2 +QKTmi2/ #v [m2`vBM; i?2 M2m`�H M2irQ`F Qp2` i?2 ?vTQi?2b2b

{:i},

p(:|t) ≈
1

V

2tT(f(t,:))
N
∑

i

2tT(f(t,:i))

. U9X9V

PM � bK�HH b+�H2- r2 +�M �bbmK2 i?�i i?2 `Qi�iBQM +QKTQM2Mi Bb BM/2T2M/2Mi Q7 i?2

i`�MbH�iBQM +QKTQM2Mi- K2�MBM; p(_|t) �M/ p(i|t) �`2 BM/2T2M/2Mi Q7 2�+? Qi?2`X

h?2`27Q`2- i?2 }M�H TQb2 T`Q#�#BHBiv p(S|t) +�M #2 /2`Bp2/ i?`Qm;?,

p(S|t) = p(_|t)p(i|t). U9X8V

a�KTHBM;X hQ K�F2 i?2 BMi2;`�iBQM Qp2` : 72�bB#H2 BM 1[m�iBQM U9XjV- i?2 BMi2;`�H

Bb �TT`QtBK�i2/ #v � bmK Qp2` �M 2[mB@pQHmK2i`B+ T�`iBiBQMBM; Q7 aP(3)fR3X hQ +QM@

bi`m+i �M �++m`�i2 T`Q#�#BHBiv /Bbi`B#miBQM- Bi Bb +`m+B�H iQ T`2+Bb2Hv �TT`QtBK�i2 i?2

MQ`K�HBx�iBQM i2`KX h?Bb `2[mB`2b � /2Mb2 ;`B/ r?B+? +QK2b �i i?2 +Qbi Q7 +QKTm@

i�iBQM�H 2zQ`iX 6Q` i`�BMBM; �M/ TQb2 2biBK�iBQM � bT�`b2 ;`B/ Bb bm{+B2Mi 7Q` #Qi?

KQ/2HbX

hQ b�KTH2 7`QK i?2 `Qi�iBQM K�MB7QH/ aP(3)- r2 7QHHQr i?2 b�KTHBM; K2i?Q/ T`Q@

TQb2/ #v Jm`T?v 2i �HX (8) iQ T`Q/m+2 �M 2[mB@pQHmK2i`B+ ;`B/ {_i} ⊆ aP(3)X h?2

2[mB@pQHmK2i`B+ b�KTHBM; BM aP(3) Bb T`Q/m+2/ BM irQ bi2TbX 6B`bi- 2[m�H@�`2� ;`B/b QM

i?2 k@bT?2`2 �`2 T`Q/m+2/ mbBM; i?2 >1�GSBt K2i?Q/ (ky)X h?2 2[m�H@�`2� ;`B/b �`2

T`Q/m+2/ BM ?B2`�`+?B+�H Q`/2`- H2�/BM; iQ � +QMp2MB2Mi bB/2 2z2+i Q7 KmHiB@`2bQHmiBQM

b�KTHBM;X a2+QM/- i?2 >QT7 }#`�iBQM (kR) Bb mb2/ iQ +`2�i2 � ;`2�i +B`+H2 i?`Qm;?
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6B;m`2 9Xk, 1[mB@oQHmK2i`B+ a�KTHBM; Q7 aPUjVX h?2 MQ`K�HBx�iBQM i2`K Bb �TT`QtB@
K�i2/ #v +QKTmiBM; i?2 mMMQ`K�HBx2/ T`Q#�#BHBiB2b QM �M 2[mB@pQHmK2i`B+ ;`B/X
h?2 K2i?Q/ T`QTQb2/ #v (kR) T`Q/m+2b 2[m�H@�`2� ;`B/b ?B2`�`+?B+�HHv QM i?2
k@bT?2`2 mbBM; i?2 >1�GSBt K2i?Q/ (ky) �M/ }M�HHv b�KTH2b `Qi�iBQMb mbBM;
i?2 >QT7 }#`�iBQM (kk)X G27i, � ;`B/ rBi? 8de `Qi�iBQMb- `B;?i, 9ey3 `Qi�iBQMb (8)X

2�+? TQBMi BM i?2 2[m�H@�`2� ;`B/X 6BM�HHv- i?2 2[mB@pQHmK2i`B+ b�KTHBM; Q7 aP(3) Bb

;2M2`�i2/ BM `2+m`bBp2 bi2Tb rBi? � ;`B/ Q7 bBx2 72 �b � bi�`iBM; TQBMiX h?2 bBx2 Q7 i?2

;`B/ BM+`2�b2b #v i?2 7�+iQ` 2B;?i �7i2` 2�+? bm#/BpBbBQM i- |{_i}| = 72 · 8iX 6B;m`2 9Xk

/BbTH�vb i?2 ;`B/ rBi? i = 1 �M/ i = 2X

hQ b�KTH2 7`QK i?2 i`�MbH�iBQM bT�+2 R
3- r2 `2bi`B+i i?2 i`�MbH�iBQM p2+iQ` BM i?2

bT�iB�H #QmM/�`B2b Q7 i?2 ;Bp2M b+2M2X Ai Bb BM2{+B2Mi iQ BM+Hm/2 BKTQbbB#H2 i`�MbH�iBQM

p2+iQ`b BM i?2 b�KTHBM; T`Q+2bbX q2 /2}M2 h ⊂ R
3 �b i?2 bm#b2i +QMi�BMBM; �HH TQbbB#H2

i`�MbH�iBQM p2+iQ`b,

h = {i ∈ R
3 | ix ∈ [t0, t1] ∧ iy ∈ [t2, t3] ∧ iz ∈ [t4, t5]} U9XeV

t0, . . . , t5 K�`F i?2 #Q`/2`b Q7 i?2 TQbbB#H2 i`�MbH�iBQM [m2`B2bX h?2b2 p�Hm2b +�M #2 +?Q@

b2M K�Mm�HHv Q` �HbQ #2 H2�`M2/ #27Q`2 Q` /m`BM; i?2 i`�BMBM; 7`QK i?2 i`�BMBM; /�i�X

6BM�HHv- i?2 b�KTHBM; Q7 h Bb /QM2 mbBM; � `2;mH�` ;`B/ rBi? 2[mB@pQHmK2i`B+- +m#B+

+2HHbX h?2 +2Mi2`b Q7 i?2 +2HHb �`2 mb2/ �b i?2 i`�MbH�iBQM [m2`B2b 7Q` i?2 h`�MbH�iBQM@

AS.6 KQ/2HX

AM72`2M+2 aBM+2 i?2 `Qi�iBQM�H �M/ i`�MbH�iBQM�H +QKTQM2Mib Q7 � TQb2 �`2 MQi BM@

i2`irBM2/- r2 /2+QmTH2 i?2 2biBK�iBQM Q7 i?2 KQbi HBF2Hv TQb2 �b r2HH �b i?2 TQb2

/Bbi`B#miBQMX 6Q` BM72`2M+2- i?2 _Qi�iBQM@AS.6 KQ/2H �M/ h`�MbH�iBQM@AS.6 KQ/2H

K�F2 b2T�`�i2 2biBK�iBQMb Q7 2Bi?2` i?2 KQbi HBF2Hv Q`B2Mi�iBQMfi`�MbH�iBQM Q` i?2

+QKTH2i2 Q`B2Mi�iBQMfi`�MbH�iBQM /Bbi`B#miBQMX

hQ T`2/B+i � e. TQb2- i?2 Q#D2+iBp2 Q7 #Qi? KQ/2Hb Bb iQ }M/ i?2 bBM;H2 KQbi HBF2Hv

TQb2X lbBM; i?2 /Bz2`2MiB�#H2 M2irQ`F QmiTmi f(t,:)- #Qi? KQ/2Hb QTiBKBx2 : mbBM;

;`�/B2Mi �b+2Mi iQ vB2H/,

:̂t = �`; K�t
:∈G

f(t,G). U9XdV
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9Xk h`�BMBM;

� bi�M/�`/ HQbb iQ H2�`M T`Q#�#BHBiv /Bbi`B#miBQM 7mM+iBQMb Bb i?2 M2;�iBp2 HQ;@HBF2HB?QQ/

L(t,:GT ) = − HQ;(p(:GT | t))X h?2 HQ;@HBF2HB?QQ/ K2�bm`2b ?Qr iB;?iHv irQ T`Q#�@

#BHBiv /Bbi`B#miBQMb }i- 2p�Hm�i2/ QM � bBM;H2 TQBMiX :Bp2M � bBM;H2 ;`QmM/ i`mi?- i?2

KQ/2H Bb i`�BM2/ iQ KBMBKBx2 i?2 M2;�iBp2 HQ;@HBF2HB?QQ/X h?Bb `2[mB`2b 2biBK�iBM; i?2

TQb2 /Bbi`B#miBQM �b /2b+`B#2/ BM 1[m�iBQM U9X9VX 6Q` MQ`K�HBxBM; i?2 /Bbi`B#miBQM-

i?2 TQb2 /Bbi`B#miBQM M22/b iQ #2 2p�Hm�i2/ QM � ;`B/ {:i} BM GX h?2 ;`B/ Bb }M�HHv

`Qi�i2/ iQ BM+Hm/2 i?2 ;`QmM/ i`mi? :GT X

.m`BM; i`�BMBM;- i?2 MQ`K�HBx�iBQM i2`K Bb MQi `2[mB`2/ iQ #2 �TT`QtBK�i2/ rBi?

?B;? �++m`�+vX � +Q�`b2 ;`B/ Bb bm{+B2Mi /m`BM; i`�BMBM;X Jm`T?v 2i �HX (8) b?Qr2/

i?�i i?2 KQ/2H Bb 2p2M `Q#mbi 2MQm;? iQ #2 i`�BM2/ rBi?Qmi �M 2[mB@pQH2Ki`B+ ;`B/X

_�M/QKHv b�KTH2/ {:i} /m`BM; i`�BMBM; vB2H/ +QKT�`�#H2 KQ/2H T2`7Q`K�M+2b �b i?2

KQ/2Hb i`�BM2/ rBi? �M 2[mB@pQHmK2i`B+ ;`B/X

h?2 KQ/2H �b T`QTQb2/ #v Jm`T?v 2i �HX (8) Bb i`�BM2/ Q#b2`pBM; � bBM;H2 ;`QmM/@

i`mi? TQb2 7Q` 2�+? BK�;2X AM *?�Ti2` e- r2 b?Qr i?�i i`�BMBM; i?2 KQ/2H BM i?Bb

K�MM2` /Q2b MQi vB2H/ i?2 /2bB`2/ b2i Q7 T`QT2` bvKK2i`B2b MgeoX lbBM; i?2 �m@

iQK�iB+ SQb2 G�#2HBM; a+?2K2- r?B+? Bb H�i2` BMi`Q/m+2/ BM *?�Ti2` 8- r2 ;2M2`�i2

� b2i Q7 Tb2m/Q ;`QmM/@i`mi? TQb2b `2T`2b2Mi�iBp2 Q7 i?2 T`QT2` bvKK2i`B2bX h?2

_Qi�iBQM@AS.6 KQ/2H Bb i?2M i`�BM2/ QM p�`vBM; bBM;H2 ;`QmM/@i`mi? �MMQi�iBQMb 7Q`

2�+? BK�;2X h?2 i`�BMBM; Q7 i?2 h`�MbH�iBQM@AS.6 `2K�BMb i?2 b�K2 �b i?2 ;`QmM/@

i`mi? i`�MbH�iBQM Bb mMB[m2 7Q` 2�+? BK�;2X

9Xj oBbm�HBx�iBQM

6BM/BM; � T`QT2` K2i?Q/ iQ pBbm�HBx2 TQb2b BM Qm` mb2 +�b2 Bb MQi i`BpB�HX h?2 Q#D2+iBp2

Q7 i?2 pBbm�HBx�iBQMb Bb iQ �HHQr `2�bQMBM; �#Qmi i?2 +QKTQbBiBQM Q7 � b2i Q7 `Qi�iBQMb Q`

i`�MbH�iBQM p2+iQ`b �M/ i?2 T`QT�;�i2/ T`Q#�#BHBiB2bX h?mb- #2bB/2b i?2 pBbm�HBx�iBQM

Q7 i?2 `Qi�iBQM Q` i`�MbH�iBQM Bib2H7- �M �//BiBQM�H /2;`22 Q7 7`22/QK Bb `2[mB`2/ iQ

pBbm�HBx2 i?2 T`Q#�#BHBiv Q7 2�+? TQBMiX 6m`i?2`KQ`2- i?2 pBbm�HBx�iBQM b?QmH/ 7�+BHBi�i2

� MQiBQM Q7 /Bbi�M+2 #2ir22M `Qi�iBQMb Q` i`�MbH�iBQMb iQ `2�bQM �#Qmi i?2 �++m`�+v

Q7 i?2 2biBK�i2/ `Qi�iBQMb Q` i`�MbH�iBQMb BM `2H�iBQM iQ i?2 ;`QmM/ i`mi?X

_Qi�iBQM J�MB7QH/ aP(3)X _Qi�iBQM K�i`B+2b ?�p2 i?`22 /2;`22b Q7 7`22/QKX Jm`@

T?v 2i �HX (8) T`QTQb2/ � K2i?Q/ i?�i `2T`2b2Mib irQ /2;`22b Q7 7`22/QK �b � k@bT?2`2X

h?2 i?B`/ /2;`22 Q7 7`22/QK Bb `2T`2b2Mi2/ mbBM; i?2 >QT7 }#`�iBQM (kk) #v � ;`2�i

+B`+H2 Q7 TQBMib iQ 2�+? TQBMi QM i?2 k@bT?2`2X h?2 k@bT?2`2 Bb T`QD2+i2/ QMiQ � TH�M2

mbBM; i?2 JQHHr2B/2 T`QD2+iBQMX 6BM�HHv- i?2 i?B`/ /2;`22 Q7 7`22/QK Bb 2tT`2bb2/

i?`Qm;? � +QHQ` r?22H i?�i BM/B+�i2b i?2 HQ+�iBQM Q7 � TQBMi QM i?2 ;`2�i +B`+H2X h?2
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�b b?QrM H�i2` i?`Qm;?Qmi i?2 2p�Hm�iBQM BM *?�Ti2` e- i?2 AKTHB+BiSQb2S.6 KQ/2H

i`�BM2/ rBi? � bBM;H2 ;`QmM/@i`mi? TQb2 7Q` 2�+? BK�;2 Bb MQi �#H2 iQ `2T`2b2Mi i?2

+QKTH2i2 b2i Q7 T`QT2` bvKK2i`B2bX h`�BMBM; i?2 AKTHB+BiSQb2S.6 /B`2+iHv rBi? i?2

;`QmM/@i`mi? bvKK2i`B2b 2M�#H2b i?2 KQ/2H iQ +QMbi`m+i TQb2 /Bbi`B#miBQMb `2T`2b2M@

i�iBp2 Q7 Q#D2+i bvKK2i`B2bX AM i?Bb +�b2- i?2 ;`QmM/@i`mi? bvKK2i`B2b �`2 /2`Bp2/

�M�HviB+�HHv �M/ � b2i Q7 TQb2b- �++m`�i2Hv �TT`QtBK�iBM; i?2 Q#D2+i bvKK2i`B2b- Bb

mb2/ /m`BM; i`�BMBM;X .2}MBM; ;`QmM/@i`mi? bvKK2i`B2b �M�HviB+�HHv `2[mB`2b T`BQ`

FMQrH2/;2 �#Qmi i?2 Q#D2+iöb bvKK2i`B2b �M/ i?2 Q#D2+iöb TQb2X aBM+2 Bi Bb BKTQbbB#H2

iQ /2}M2 2p2`v bQm`+2 Q7 Q#D2+i bvKK2i`v- i?Bb �TT`Q�+? Bb MQi b+�H�#H2 iQ �`#Bi`�`v

Q#D2+ibX

�b �M �TT`Q�+? iQ K�F2 i?2 ;`QmM/@i`mi? bvKK2i`B2b �p�BH�#H2 iQ mb /m`BM; i`�BM@

BM; rBi?Qmi �Mv T`BQ` FMQrH2/;2- i?Bb i?2bBb T`QTQb2b i?2 �miQK�iB+ SQb2 G�#2HBM;

a+?2K2 U�SGaVX AM i?2 7QHHQrBM;- i?2 +QKTH2i2 TQb2 H�#2HBM; TBT2HBM2 Bb /2b+`B#2/

BM /2i�BHX 6B`bi- i?Bb i?2bBb 7Q`K�HHv /2}M2b i?2 T`Q#H2K BMi2M/2/ iQ #2 bQHp2/ #v

i?2 TQb2 H�#2HBM; b+?2K2 BM a2+iBQM 8XRX L2ti- i?2 K2i?Q/b mb2/ BM 2�+? bi�;2 Q7

i?2 TBT2HBM2 �`2 /2b+`B#2/ �M/ KQiBp�i2/ BM a2+iBQM 8XkX 6BM�HHv- i?2b2 K2i?Q/b �`2

BM+Q`TQ`�i2/ BMiQ i?2 i?`22@bi�;2 TBT2HBM2 �M/ i?2B` BKTH2K2Mi�iBQM Bb /Bb+mbb2/ BM

/2i�BH BM a2+iBQM 8XjX hQ 2p�Hm�i2 i?2 [m�HBiv Q7 i?2 `2bmHiBM; Tb2m/Q ;`QmM/@i`mi?

TQb2b- r2 b?Qr 2tT2`BK2Mi�HHv BM *?�Ti2` e i?�i i?2 �SGa ;2M2`�i2b � b2i Q7 ;`QmM/@

i`mi? TQb2b i?�i �++m`�i2Hv +Qp2`b i?2 b2i Q7 T`QT2` bvKK2i`B2bX h?2 2z2+iBp2M2bb Q7

i?2 Tb2m/Q ;`QmM/@i`mi? H�#2Hb iQ i`�BM i?2 ASS.6 KQ/2H Bb b?QrM #v +QKT�`BM; Bi

�;�BMbi KQ/2Hb i`�BM2/ rBi? �M�HviB+�HHv /2`Bp2/ ;`QmM/@i`mi? bvKK2i`B2bX

8XR S`Q#H2K .2}MBiBQM

6B`bi- r2 M22/ iQ /2}M2 i?2 i�bF BMi2M/2/ iQ #2 bQHp2/ #v i?2 �SGa iQ KQiBp�i2 i?2

+?QB+2 Q7 K2i?Q/bX q2 �bbmK2 i?2 b2;K2Mi�iBQM BM7Q`K�iBQM �M/ +�K2`� BMi`BMbB+

p�Hm2b +Q``2bTQM/BM; iQ 2�+? BK�;2 iQ #2 ;Bp2MX h?2 Q#D2+iBp2 Q7 i?2 �SGa Bb iQ

`2;Bbi2` � ;Bp2M j. Q#D2+i KQ/2H Omodel �;�BMbi i?2 Q#b2`p2/ TQBMi +HQm/ Oobs iQ

QmiTmi � TQb2 7`QK i?2 b2i Q7 T`QT2` bvKK2i`B2b Mgeo X 6Q`K�HHv- i?2 ;Q�H Bb iQ
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QmiTmi � TQb2 S i?�i b�iBb}2b i?2 +QM/BiBQM,

1

n

∑

x1∈Oobs

KBM
x2∈Omodel

||x1 − Sx2|| ≈ 0, U8XRV

K2�MBM; i?�i TQb2 S Bb QM2 Q7 i?2 bvKK2i`B+ TQb2b +Q``2bTQM/BM; iQ i?2 Q#b2`p2/

TQBMi +HQm/X �b �H`2�/v /2b+`B#2/- � bBM;H2 ;`QmM/@i`mi? H�#2H 7Q` 2�+? BK�;2 Bb MQi

bm{+B2Mi iQ i`�BM i?2 ASS.6 KQ/2HX h?mb- Bi b?QmH/ #2 �#H2 iQ ;2M2`�i2 � b2i Q7

;`QmM/@i`mi? TQb2b i?�i �`2 `2T`2b2Mi�iBp2 Q7 i?2 Q#D2+i bvKK2i`B2bX LQi2 i?�i i?2

�SGa /Q2b MQi QmiTmi i?2 b2i Q7 T`QT2` bvKK2i`B2b �b /2}M2/ BM 1[m�iBQM UkXjV-

#mi `�i?2` QmiTmib i?2 }M�H TQb2b `2bmHiBM; 7`QK i?2 bvKK2i`B2bX lbBM; i?Bb /m�H

`2T`2b2Mi�iBQM Q7 i?2 ;2QK2i`B+ bvKK2i`B2b ?�b i?2 �/p�Mi�;2 i?�i i?2 ASS.6 KQ/2H

/B`2+iHv T`QT�;�i2b i?2 TQb2 /Bbi`B#miBQM Qp2` �HH TQbbB#H2 TQb2b �M/ /Q2b MQi bBKTHv

/2}M2 i?2 ;2QK2i`B+ bvKK2i`B2bX _2i`B2pBM; K 7`QK i?2 b2i Q7 ;`QmM/@i`mi? TQb2b Bb

�b bBKTH2 �b KmHiBTHvBM; �HH ;2M2`�i2/ TQb2b rBi? i?2 BMp2`b2 Q7 � }t2/ TQb2X

8Xk J2i?Q/b

6B;m`2 8XR, �miQK�iB+ SQb2 G�#2HBM; a+?2K2X :Bp2M �M _:"@. BK�;2 rBi?Qmi ;`QmM/@
i`mi? H�#2Hb- i?2 �SGa T`Q/m+2b � Tb2m/Q ;`QmM/@i`mi? H�#2H BM i?`22 bi�;2bX
6B`bi- i?2 Q#D2+i KQ/2H Bb Tmi BM �M BMBiB�H TQb2 P0X h?2 6�bi@:HQ#�H@_2;Bbi`�iBQM
�H;Q`Bi?K i?2M ;2M2`�i2b �M BMBiB�H �HB;MK2Mi P1X hQ;2i?2` rBi? i?2 BMBiB�HBx�iBQM
b2i Sinit- i?Bb TQb2 Bb 72/ iQ i?2 A*S �H;Q`Bi?K iQ T`Q/m+2 i?2 }M�H TQb2b P̂ X AM i?2
}M�H bi2T- i?2 Q#b2`p2/ /2Ti? K�T Bb +QKT�`2/ �;�BMbi i?2 /2Ti? K�T `2M/2`2/
mbBM; TQb2b P̂ iQ vB2H/ i?2 bBKBH�`Biv b+Q`2 SX h?2 TQb2 rBi? i?2 bK�HH2bi S Bb
i�F2M �b Tb2m/Q ;`QmM/@i`mi? H�#2H (e)X

h?2 �miQK�iB+ SQb2 G�#2HBM; a+?2K2- b?QrM BM 6B;m`2 8XR- �HB;Mb � ;Bp2M Q#D2+i

KQ/2H O rBi? i?2 Q#b2`p2/ TQBMi +HQm/ Oobs mbBM; � i?`22@bi�;2 TBT2HBM2X 6Q` i?Bb

Tm`TQb2- r2 �bbmK2 i?�i �M _:"@. BK�;2 rBi? b2;K2Mi�iBQM BM7Q`K�iBQM Bb ;Bp2MX

�//BiBQM�HHv- +�K2`� BMi`BMbB+ p�Hm2b M22/ iQ #2 T`QpB/2/X AM i?2 }`bi bi�;2- i?2
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Q#D2+i KQ/2H Bb ;HQ#�HHv `2;Bbi2`2/ �;�BMbi i?2 Q#b2`p2/ TQBMi +HQm/ iQ vB2H/ � `Qm;?

�HB;MK2MiX AM i?2 b2+QM/ bi�;2- i?Bb �HB;MK2Mi Bb `2}M2/ iQ T`Q/m+2 �M �++m`�i2 TQb2

Q7 i?2 Q#D2+iX hQ /2i2`KBM2 i?2 [m�HBiv Q7 i?Bb TQb2- i?2 iB;?iM2bb Q7 i?2 �HB;MK2Mi

Bb +?2+F2/ BM i?2 }M�H bi�;2X AM i?2 7QHHQrBM;- i?2 K2i?Q/b mb2/ BM 2�+? bi2T Q7 i?2

TBT2HBM2 �`2 /Bb+mbb2/X h?2 irQ@bi�;2 �HB;MK2Mi T`Q+2bb Bb /2b+`B#2/ BM � #QiiQK@mT

K�MM2` iQ KQiBp�i2 /2bB;M +?QB+2bX

P#b2`p2/ TQBMi +HQm/X 6`QK i?2 _:"@. BK�;2 i?2 Q#b2`p2/ TQBMi +HQm/ Oobs Bb

2ti`�+i2/ #v mMT`QD2+iBM; i?2 /2Ti? K�T D(x, y) BMiQ j.X EMQrBM; i?2 +�K2`� BM@

i`BMbB+b U7Q+�H H2M;i? (fx, fy) �M/ 7Q+�H TQBMi (cx, cy)V- i?2 j. TQBMib- +Q``2bTQM/BM; iQ

2�+? TBt2H p = (px, py)- +�M #2 `2+Qp2`2/ mbBM; � TBM?QH2 +�K2`� KQ/2H,

x =
cx − px

fx
· d(x, y)

y =
cy − py

fy
· d(x, y)

z = D(x, y).

U8XkV

6BM�HHv- #v mbBM; i?2 b2;K2Mi�iBQM BM7Q`K�iBQM i?2 j. TQBMib #2HQM;BM; iQ i?2 /2@

TB+i2/ Q#D2+i �`2 2ti`�+i2/ iQ Q#i�BM i?2 Q#b2`p2/ TQBMi +HQm/ OobsX

Ai2`�iBp2@*HQb2bi@SQBMi �H;Q`Bi?KX � +QKKQM K2i?Q/ 7Q` `2;Bbi`�iBQM i�bFb Bb i?2

Ai2`�iBp2@*HQb2bi@SQBMi UA*SV �H;Q`Bi?KX :Bp2M irQ TQBMi +HQm/b- M�K2Hv i?2 bQm`+2

TQBMi +HQm/ Osource �M/ i�`;2i TQBMi +HQm/ Otarget- i?2 A*S �H;Q`Bi?K Bi2`�iBp2Hv

K�i+?2b i?2 TQBMib BM i?2 bQm`+2 TQBMi +HQm/ iQ i?2 +HQb2bi TQBMi BM i?2 i�`;2i TQBMi

+HQm/X Ai2`�iBp2Hv- i?2 �H;Q`Bi?K }M/b i?2 `Qi�iBQM _ �M/ i`�MbH�iBQM i i?�i KBMBKBx2b-

1

n

∑

x1∈Osource

KBM
x2∈Otarget

||x1 − _x2 + i||. U8XjV

A/2�HHv- � T2`72+i �HB;MK2Mi Q7 i?2 TQBMi +HQm/b vB2H/b � /Bbi�M+2- �b /2}M2/ BM 1[m�@

iBQM U8XjV- Q7 �TT`QtBK�i2Hv x2`QX *QKT�`BbQM rBi? 1[m�iBQM U8XRV b?Qrb i?�i �

+QMp2`;2/ A*S bQHmiBQM vB2H/b � TQb2 7`QK i?2 b2i Q7 T`QT2` bvKK2i`B2bX JQ`2Qp2`-

Bi b?Qrb i?�i i?2 TQb2b 7`QK i?2 T`QT2` bvKK2i`v b2i B/2�HHv +`2�i2 HQ+�H QTiBK�

BM i?2 QTiBKBx�iBQM /QK�BM r?B+? +�mb2b i?2 A*S �H;Q`Bi?K iQ +QMp2`;2 iQ /Bz2`2Mi

bvKK2i`B+ TQb2b /2T2M/BM; QM i?2 BMBiB�HBx�iBQM Q7 A*SX h?Bb p�`B�#BHBiv BM i?2 `2bmHi@

BM; TQb2b +QK2b rBi? i?2 /QrMbB/2 Q7 i?2 A*S bQHmiBQMb #2BM; QMHv HQ+�HHv QTiBK�HX

qBi?Qmi T`QT2` BMBiB�HBx�iBQM rBi? � TQb2 +HQb2 iQ QM2 Q7 i?2 bvKK2i`B+ TQb2b- A*S

i2M/b iQ /Bp2`;2 iQ HQ+�H QTiBK� T`Q/m+BM; TQb2b i?�i /Q MQi +Q``2bTQM/ iQ i?2 T`QT2`

bvKK2i`v b2iX h?Bb `2[mB`2b � T`2pBQmb ;HQ#�H `2;Bbi`�iBQM bi2T iQ T`Q/m+2 �M BMBiB�H
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�HB;MK2Mi bm+? i?�i A*S +QMp2`;2b iQ i?2 +Q``2+i HQ+�H QTiBK�X

6�bi@:HQ#�H@_2;Bbi`�iBQM �H;Q`Bi?KX hQ `2i`B2p2 �M BMBiB�H ;HQ#�H �HB;MK2Mi- r2

+?Qb2 i?2 6�bi@:HQ#�H@_2;Bbi`�iBQM �H;Q`Bi?K (k9) /m2 iQ Bib +QKTmi�iBQM�H 2{+B2M+vX

"27Q`2 i?2 QTiBKBx�iBQM T`Q+2bb- +Q``2bTQM/2M+2b #2ir22M i?2 TQBMib Q7 i?2 irQ TQBMi

+HQm/b �`2 2bi�#HBb?2/ i?`Qm;? `�TB/ 72�im`2 K�i+?BM; mbBM; 6�bi SQBMi 62�im`2 >Bb@

iQ;`�K 72�im`2b (k8)X .m`BM; i?2 QTiBKBx�iBQM T`Q+2bb- i?2 i`�Mb7Q`K�iBQM Bb Bi2`�@

iBp2Hv QTiBKBx2/- KBMBKBxBM; �M Q#D2+iBp2 7mM+iBQM- rBi?Qmi `2+QKTmiBM; i?2b2 +Q`@

`2bTQM/2M+2bX h?Bb H2�/b iQ �M 2ti`2K2Hv 2{+B2Mi �HB;MK2Mi �H;Q`Bi?K i?�i vB2H/b

� `Qm;? �HB;MK2Mi Q7 irQ TQBMi +HQm/bX h?Bb BMBiB�H �HB;MK2Mi M22/b iQ #2 7m`i?2`

`2}M2/ iQ T`Q/m+2 �M �++m`�i2 TQb2 Q7 i?2 Q#D2+iX

SBt2H@rBb2 +QKT�`BbQMX hQ 2Mbm`2 T`QT2` ;`QmM/@i`mi? H�#2HBM;- r2 M22/ iQ �bb2bb

i?2 [m�HBiv Q7 i?2 }M�H TQb2 ;2M2`�i2/ #v i?2 A*S �H;Q`Bi?KX � M�Bp2 BKTH2K2Mi�iBQM

Q7 � [m�HBiv K2�bm`2 Bb i?2 2p�Hm�iBQM Q7 i?2 �HB;MK2Mi Q7 irQ +Q``2bTQM/BM; TQBMib

7`QK i?2 TQBMi +HQm/b mbBM; i?2 Gk K2i`B+ Q` bBKBH�` /Bbi�M+2 K2i`B+bX lbBM; i?2

M2�`2bi M2B;?#Q`b �b +Q``2bTQM/BM; TQBMib- i?Bb K2i`B+ vB2H/b i?2 Q#D2+iBp2 7mM+iBQM

7`QK i?2 A*S �H;Q`Bi?KX aBM+2 i?2 Q#b2`p2/ TQBMi +HQm/ Bb 2ti`�+i2/ 7`QK i?2 /2Ti?

K�T Q7 i?2 BK�;2- i?Bb TQBMi +HQm/ bmz2`b 7`QK � ?B;? /2;`22 Q7 b2H7@Q++HmbBQM- H2�/BM;

iQ TQi2MiB�HHv r`QM; +Q``2bTQM/2M+2bX AM i?2b2 b+2M�`BQb- � TQBMi@rBb2 +QKT�`BbQM

7�BHb iQ /BbiBM;mBb? #2ir22M #�/ �M/ ;QQ/ �HB;MK2MibX hQ 2HBKBM�i2 i?2 2z2+i Q7 b2H7@

Q++HmbBQM- r2 +?Qb2 � TBt2H@rBb2 +QKT�`BbQM �TT`Q�+?- +QKT�`BM; i?2 Q#b2`p2/ /2Ti?

K�T Dobs rBi? � `2M/2`2/ /2Ti? K�T Drend Q7 i?2 Q#D2+i Tmi BM i?2 TQb2 `2bmHiBM;

7`QK i?2 A*S �H;Q`Bi?KX h?2 `2M/2`2/ /2Ti? K�T Bb ;2M2`�i2/ mbBM; i?2 aiBHHH2#2M

7`�K2rQ`F (ke)X 6`QK i?2 Q#b2`p2/ �M/ `2M/2`2/ /2Ti? K�T- i?2 2/;2b �`2 2ti`�+i2/

mbBM; i?2 *�MMv 1/;2 .2i2+iQ` (kd) �M/ /BH�i2/ iQ K�F2 Bi KQ`2 `Q#mbi iQ KBMQ`

/Bz2`2M+2b BM i?2 +QMiQm` Q7 i?2 Q#D2+iX 6BM�HHv- � bBKBH�`Biv b+Q`2 S +QKTmi2/ #v

K2�bm`BM; i?2 Gk /Bbi�M+2 #2ir22M i?2 2/;2 TBt2Hb {2
i
obs} ∈ 1obs 7`QK Dobs �M/ i?2

M2�`2bi M2B;?#Qm` 7`QK i?2 2/;2 TBt2Hb {2
i
rend} ∈ 1rend +QKBM; 7`QK Drend �M/ pB+�

p2`b�,

S =
1

|1obs|+ |1rend|
(
∑

i

KBM
j
(||2iobs − 2

j
rend||2) +

∑

j

KBM
i
(||2jrend − 2

i
obs||2)). U8X9V

h?2 bBKBH�`Biv b+Q`2 2tT`2bb2b i?2 [m�HBiv Q7 i?2 �HB;MK2Mi Q7 i?2 TQBMi +HQm/b T`Q@

/m+2/ mbBM; i?2 A*S �H;Q`Bi?K �M/ +�M #2 miBHBx2/ iQ /2i2`KBM2 ;QQ/ �HB;MK2Mib 7`QK

#�/ �HB;MK2MibX � HQr2` b+Q`2 BM/B+�i2b � #2ii2` �HB;MK2MiX
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U�V U#V U+V

6B;m`2 8Xk, Sb2m/Q :`QmM/@h`mi? :2M2`�iBQM S`Q+2bbX h?2 Q#b2`p2/ TQBMi +HQm/ Cobs
Bb +QHQ`2/ ;`22M �M/ i?2 TQBMi +HQm/ `2bmHiBM; 7`QK 2�+? bi�;2 Bb +QHQ`2/ `2/X U�V
_:" BK�;2- i?2 Q#b2`p2/ TQBMi +HQm/ Bb 2ti`�+i2/ 7`QK U#V SQb2 ;2M2`�i2/ #v
i?2 6�bi@:HQ#�H@_2;Bbi`�iBQM �H;Q`Bi?KX U+V 6BM�H Tb2m/Q ;`QmM/@i`mi? TQb2
;2M2`�i2/ #v i?2 �SGa (e)X

8Xj SBT2HBM2

h?2 +QKTH2i2 TBT2HBM2 Bb /2TB+i2/ BM 6B;m`2 8XRX h?2 `2bmHib Q7 2�+? bi�;2 �`2 b?QrM BM

6B;m`2 8XkX h?2 bi�`iBM; TQBMi Q7 i?2 i?`22@bi�;2 TBT2HBM2 Bb i?2 2ti`�+iBQM Q7 i?2 Q#@

b2`p2/ TQBMi +HQm/ Oobs 7`QK i?2 BK�;2 BM +QHmKM U�V Q7 6B;m`2 8XkX h?2 Q#D2+i KQ/2H

Omodel Bb Tmi BMiQ �M BMBiB�H `�M/QK TQb2 P0 iQ 2Mbm`2 i?�i i?2 TBT2HBM2 +QMp2`;2b iQ

/Bz2`2Mi TQb2bX AM i?2 }`bi bi�;2 Q7 i?2 TBT2HBM2- i?2 6�bi@:HQ#�H@_2;Bbi`�iBQM �H;Q@

`Bi?K Bb miBHBx2/ iQ T`Q/m+2 �M BMBiB�H �HB;MK2Mi Q7 i?2 Q#D2+i KQ/2H �M/ i?2 Q#b2`p2/

TQBMi +HQm/X h?2 `Qm;? �HB;MK2Mi Q7 i?2 irQ TQBMi +HQm/b +�M #2 b22M BM +QHmKM U#V

Q7 6B;m`2 8Xk h?2 `2bmHiBM; TQb2 P1 `Qm;?Hv �HB;Mb i?2 Q#D2+i �t2b Q7 i?2 Q#D2+i KQ/2H

rBi? i?2 Q#b2`p2/ TQBMi +HQm/X h?Bb TQb2 +�M i?2M #2 mb2/ �b �M BMBiB�H �HB;MK2Mi 7Q`

i?2 Ai2`�iBp2@*HQb2bi@SQBMi �H;Q`Bi?KX

"27Q`2 i?2 M2ti bi�;2- �M BMBiB�HBx�iBQM b2i Sinit Q7 TQb2b Bb ;2M2`�i2/ iQ 7Q`+2 i?2

A*S �H;Q`Bi?K iQ +QMp2`;2 iQ /Bz2`2Mi HQ+�H QTiBK� �M/ iQ /2i2`KBM2 ;QQ/ �HB;MK2Mib

BM i?2 }M�H bi�;2X hQ ;2M2`�i2 i?2 BMBiB�HBx�iBQM b2i- r2 i�F2 TQb2 P1 �b � bi�`iBM; TQBMi

�M/ `Qi�i2 Bi Bi2`�iBp2Hv 2B;?i iBK2b #v 45◦ �`QmM/ i?2 x-y- �M/ z@�tBb `2bT2+iBp2HvX

h?Bb b2i Q7 TQb2b Bb i?2M mb2/ �b BMBiB�H �HB;MK2Mib 7Q` i?2 A*S �H;Q`Bi?K- r?B+?

`2}M2b i?2 TQb2b �M/ T`Q/m+2b i?2 }M�H TQb2b P̂ X AM i?2 H�bi bi�;2 Q7 i?Bb TBT2HBM2-

i?2 [m�HBiv Q7 i?2b2 TQb2b Bb �bb2bb2/X 6Q` 2�+? TQb2- i?2 bBKBH�`Biv b+Q`2 Bb +QKTmi2/

�M/ bm#b2[m2MiHv +QKT�`2/X 6BM�HHv- i?2 TQb2 rBi? i?2 bK�HH2bi b+Q`2 Bb +?Qb2M �b i?2

}M�H Tb2m/Q ;`QmM/@i`mi? TQb2X

Pm` 2tT2`BK2Mib BM a2+iBQM eX9 b?Qr i?�i i?2 K�DQ`Biv Q7 }M�H TQb2b +Q``2bTQM/



*?�Ti2` 8, �miQK�iB+ SQb2 G�#2HBM; a+?2K2 kk

iQ QM2 Q7 i?2 ;`QmM/@i`mi? bvKK2i`B2bX hQ K�F2 i?2 TBT2HBM2 +QKTmi�iBQM�H KQ`2

2{+B2Mi BM T`�+iB+2- r2 BMi`Q/m+2/ � i?`2b?QH/ T iQ /2i2`KBM2 ;QQ/ �HB;MK2MibX lbBM;

i?Bb K2i?Q/ iQ /BbiBM;mBb? #2ir22M ;QQ/ �M/ #�/ �HB;MK2Mib- �HH ;QQ/ �HB;MK2Mib �`2

BM+Hm/2/ BM i?2 b2i Q7 Tb2m/Q ;`QmM/@i`mi? TQb2b �M/ +QMb2[m2MiHv- i?2 MmK#2` Q7

Bi2`�iBQMb Q7 i?2 �SGa 7Q` 2�+? BK�;2 Bb `2/m+2/X h?2 i?`2b?QH/b ?Qr2p2` M22/ iQ #2

/2i2`KBM2/ 2tT2`BK2Mi�HHv T`BQ` iQ i?2 Tb2m/Q ;`QmM/@i`mi? ;2M2`�iBQM T`Q+2bbX q2

7QmM/ i?�i � i?`2b?QH/ Q7 T ≈ 5 rQ`Fb r2HH 7Q` KQbi Q#D2+ibX



e 1p�Hm�iBQM

Jm`T?v 2i �HX (8) +QM+Hm/2/ i?�i i?2 AKTHB+Bi@S.6 KQ/2H Bb �#H2 iQ `2T`2b2Mi �`#B@

i`�`BHv +QKTH2t /Bbi`B#miBQMb 7Q` j. Q`B2Mi�iBQMbX �M BKTHB+Bi `2T`2b2Mi�iBQM Q7 i?2

Q`B2Mi�iBQM /Bbi`B#miBQMb vB2H/b #2ii2` `2bmHib i?�M 2tBbiBM; bi�i2@Q7@i?2@�`i K2i?Q/bX

h?2 KQ/2H �HHQrb mb iQ `2�bQM �#Qmi Q#D2+i bvKK2i`B2b �M/ TQb2 mM+2`i�BMiB2bX h?Bb

i?2bBb 2ti2M/b i?2 �TT`Q�+? iQ 2biBK�iBM; TQb2 /Bbi`B#miBQMb Qp2` a1(3) 2tT`2bbBp2 Q7

;2QK2i`B+ bvKK2i`B2b 7QmM/ BM `2�H@rQ`H/ �TTHB+�iBQMbX

6Q` 2p�Hm�iBQM- i?Bb i?2bBb rBHH 2t�KBM2 i?2 T2`7Q`K�M+2 Q7 i?2 AKTHB+BiSQb2S.6

UASS.6V KQ/2H iQ +QMbi`m+i �`#Bi`�`v +QKTH2t TQb2 /Bbi`B#miBQMb Qp2` a1(3) QM bvK@

K2i`B+ Q#D2+ib BMp�`B�Mi iQ Q#D2+i i2tim`2bX 6B`bi- i?2 /�i�b2ib �M/ 2p�Hm�iBQM K2i`B+b

mb2/ �`2 BMi`Q/m+2/ BM a2+iBQM eXR �M/ a2+iBQM eXkX h?2 Tb2m/Q ;`QmM/@i`mi? H�#2Hb

7Q` 2�+? /�i�b2i �`2 ;2M2`�i2/ mbBM; i?2 �miQK�iB+ SQb2 G�#2HBM; a+?2K2 U�SGaVX

h?2 [m�HBiv Q7 i?2 Tb2m/Q ;`QmM/@i`mi? H�#2Hb Bb �bb2bb2/ BM a2+iBQM eX9X "27Q`2 2t@

�KBMBM; i?2 T2`7Q`K�M+2 Q7 i?2 ASS.6 KQ/2H i`�BM2/ rBi? i?2 Tb2m/Q ;`QmM/@i`mi?

H�#2Hb- i?2 BKTH2K2Mi�iBQM Q7 i?2 KQ/2Hb mb2/ 7Q` 2p�Hm�iBQM Bb /2b+`B#2/ BM /2i�BH BM

a2+iBQM eXjX h?2 #�+F#QM2 72�im`2 2ti`�+iQ` r�b 2tT2`BK2Mi�HHv /2i2`KBM2/ �M/ i?2

�#H�iBQM bim/B2b �`2 /2b+`B#2/ BM /2i�BH BM a2+iBQM eX8X AM �//BiBQM- r2 7m`i?2` BMp2b@

iB;�i2 i?2 BKT�+i Q7 /Bz2`2Mi pBbm�H 72�im`2bX AM i?2 7QHHQrBM; a2+iBQM eXe- a2+iBQM eXd

�M/ a2+iBQM eXN- i?2 T2`7Q`K�M+2 Q7 i?2 ASS.6 KQ/2H Bb 2p�Hm�i2/ QM /Bz2`2Mi bvK@

K2i`B+ Q#D2+ib QM i?2 e. SQb2 .Bbi`B#miBQM S`Q#H2K �b r2HH �b i?2 aBM;H2 e. SQb2

1biBK�iBQM S`Q#H2KX

eXR .�i�b2ib

hQ 2p�Hm�i2 i?2 T2`7Q`K�M+2 Q7 i?2 �SGa �M/ i?2 ASS.6 KQ/2H BM `2�H@rQ`H/ b+2@

M�`BQb- r2 +`2�i2/ � T?QiQ`2�HBbiB+ /�i�b2iX �//BiBQM�HHv- i?2 h@G2bb /�i�b2i Bb mb2/

�b � TQTmH�` /�i�b2i iQ +QKT�`2 Qm` �TT`Q�+? rBi? bi�i2@Q7@i?2@�`i K2i?Q/bX

S?QiQ`2�HBbiB+ .�i�b2iX h?2 /�i�b2i +QMi�BMb i?`22 Q#D2+ib- +�M- #Qt �M/ #QrH 7`QK

i?2 u*"@oB/2Q /�i�b2i 2t?B#BiBM; /Bz2`2Mi ivT2b Q7 ;2QK2i`B+ bvKK2i`B2bX hQ bBK@

mH�i2 � `2�HBbiB+ `Q#QiB+ 2MpB`QMK2Mi- i?2 Q#D2+ib �`2 TH�+2/ QM � i�#H2iQT �M/ Tmi

BM `�M/QKHv b�KTH2/ T?vbB+�H@TH�mbB#H2 TQb2bX h?2 TQbbB#H2 i`�MbH�iBQM p2+iQ`b �`2
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;`QmM/@i`mi? bvKK2i`B2b 7Q` 2�+? Q#D2+i /m`BM; 2p�Hm�iBQM �`2 T`QpB/2/XR

h@G2bb .�i�b2i h?2 h@G2bb /�i�b2i (RN) +QMbBbib Q7 mMi2tim`2/ BM/mbi`B�H Q#D2+ib

Q7 p�`vBM; bBx2bX 6Q` i?2 2p�Hm�iBQM Q7 i?2 ASS.6 KQ/2H QM bvKK2i`B+ Q#D2+ib- r2

+?Qb2 � bm#b2i Q7 Q#D2+ib 7`QK i?2 h@G2bb /�i�b2i i?�i 2t?B#Bi ;2QK2i`B+ bvKK2@

i`B2bX h?2 Q#D2+ib �`2 b?QrM BM a2+iBQM eXRX h?2 Q#D2+ib �`2 TH�+2/ BM BbQH�iBQM QM

� im`Mi�#H2 rBi? � #H�+F #�+F;`QmM/X �b i?2 Q#D2+ib �`2 im`M2/- � +�K2`� KQmMi2/

�i /Bz2`2Mi 2H2p�iBQMb +�Tim`2b i?2 BK�;2bX �b � bB/2@2z2+i Q7 i?Bb i2+?MB[m2- i?2

i`�MbH�iBQM�H +QKTQM2Mi /Q2b MQi 2tT`2bb K�Mv p�`B�iBQMbX h?2`27Q`2- r2 QMHv 2p�H@

m�i2 i?2 _Qi�iBQM@AS.6 KQ/2H QM i?2 h@G2bb /�i�b2iX 6Q` 2�+? Q#D2+i- i?2 i`�BMBM;

b2i +QMi�BMb RkNe BK�;2b rBi? /2Ti? BM7Q`K�iBQM- ;`QmM/@i`mi? H�#2Hb �M/ +�K2`�

BMi`BMbB+ p�Hm2bX

hQ K�F2 i?2 b2;K2Mi�iBQM BM7Q`K�iBQM �p�BH�#H2 iQ mb- 2�+? BK�;2 Bb `2T`Q/m+2/

mbBM; i?2 aiBHHH2#2M 7`�K2rQ`F (ke)X lbBM; i?2 T`QpB/2/ +�K2`� BMi`BMbB+ p�Hm2b- �

bvMi?2iB+ BK�;2 Q7 i?2 Q#D2+i TH�+2/ BM i?2 ;`QmM/@i`mi? TQb2 Bb `2M/2`2/X h?2 b2;@

K2Mi�iBQM BM7Q`K�iBQM 7`QK i?2 bvMi?2iB+ BK�;2 vB2H/b �M �++m`�i2 b2;K2Mi�iBQM BK@

�;2 7Q` i?2 Q`B;BM�H BK�;2 7`QK i?2 h@G2bb /�i�b2iX h?Bb i?2bBb 7QHHQrb i?2 2p�Hm�iBQM

bi`�i2;v �b BKTH2K2Mi2/ #v :BHBib+?2MbFB 2i �HX (Re) �M/ Jm`T?v 2i �HX (8)X h?2 i`�BM@

BM; b2i Q7 2�+? Q#D2+i Bb bTHBi BMiQ � i`�BMBM; �M/ p�HB/�iBQM b2iX 1/6 Q7 i?2 i`�BMBM;

b2i Bb mb2/ 7Q` i?2 p�HB/�iBQM b2iX

6B;m`2 eXk, h@G2bb .�i�b2i P#D2+ibX 6Q` 2p�Hm�iBQM- r2 mb2 � bm#b2i Q7 Q#D2+ib 7`QK i?2
h@G2bb /�i�b2i i?�i 2t?B#Bi ;2QK2i`B+ bvKK2i`B2bX

R?iiTb,ffmMB@#QMMXb+B2#QX/2fbfjKQ[o_mqrl+uFea



*?�Ti2` e, 1p�Hm�iBQM ke

eXk 1p�Hm�iBQM J2i`B+b

h?2 ASS.6 KQ/2H +QMbBbib Q7 i?2 _Qi�iBQM@AS.6 �M/ h`�MbH�iBQM@AS.6 r?B+? 2biB@

K�i2 i?2 `Qi�iBQM _̂ ∈ aP(3) �M/ i`�MbH�iBQM î ∈ R
3 b2T�`�i2HvX h?2 BK�;2b +QMi�BM2/

BM i?2 p�HB/�iBQM b2ib �`2 �MMQi�i2/ rBi? � ;`QmM/@i`mi? TQb2b SGT = (_GT , iGT )X �/@

/BiBQM�HHv- i?2 Q#D2+i bvKK2i`B2b �`2 FMQrM /m`BM; 2p�Hm�iBQM r?B+? vB2H/b i?2 b2i Q7

;`QmM/@i`mi? bvKK2i`B2b {_
i
GT} ⊆ aP(3)X h?Bb b2i +QMi�BMb i?2 +Q``2+i `Qi�iBQMb Q7

�M Q#D2+i rBi? `2bT2+i iQ i?2 T`QT2` bvKK2i`B2bX AM i?2 +�b2 Q7 +QMiBMmQmb bvKK2@

i`B2b- r2 mb2 � /Bb+`2iBx2/ b2i Q7 kyy TQb2b iQ K�F2 i?2 +QKTmi�iBQM Q7 i?2 2p�Hm�iBQM

K2i`B+b i`�+i�#H2X LQi2 i?�i i?2 i`�MbH�iBQM +QKTQM2Mi Bb mMB[m2 7Q` �HH ;`QmM/@i`mi?

bvKK2i`B2bX avKK2i`B2b �`2 QMHv 2tT`2bb2/ BM i?2 `Qi�iBQM�H +QKTQM2MiX h?2`27Q`2-

r2 `2T`2b2Mi i?2 ;`QmM/@i`mi? bvKK2i`B2b �b � b2i Q7 `Qi�iBQMbX

hQ 2p�Hm�i2 i?2 T`Q#�#BHBiv /Bbi`B#miBQM ;2M2`�i2/ #v 2�+? KQ/2H- r2 `2TQ`i i?2 HQ;@

HBF2HB?QQ/ UGG>V b2T�`�i2Hv 7Q` 2�+? KQ/2HX h?2 GG> K2i`B+ K2�bm`2b i?2 HBF2HB?QQ/

;Bp2M iQ � bBM;H2 ;`QmM/@i`mi? `Qi�iBQM Q` i`�MbH�iBQM,

GG>(:) = EI∼R(I) E:∼PGT (:|I) HQ;(P(:|I)), UeXRV

r?2`2 : Bb � TH�+2?QH/2` 7Q` 2Bi?2` i?2 `Qi�iBQM _ Q` i`�MbH�iBQM iX h?Bb ;Bp2b p�Hm�#H2

BMbB;?i BMiQ i?2 KQ/2Höb +QM}/2M+2 BM i?2 2biBK�i2/ TQb2bX

6Q` i?2 2p�Hm�iBQM Q7 i?2 AKTHB+BiSQb2S.6 KQ/2H QM i?2 aBM;H2 e. SQb2 1biBK�iBQM

S`Q#H2K- r2 K2�bm`2 i?2 T`2+BbBQM Q7 � bBM;H2 e. TQb2 2biBK�iBQM ŜX �b � T`2+BbBQM

K2i`B+ 7Q` i?2 Q`B2Mi�iBQM 2biBK�iBQM- i?2 K2�M �#bQHmi2 �M;mH�` /2pB�iBQM UJ��.V

Bb `2TQ`i2/X h?2 J��. K2i`B+ Bb /2}M2/ �b,

J��.(_) = E_∼P(_|I)

[

KBM_′∈_GT
d(R,R′)

]

, UeXkV

rBi? d #2BM; i?2 ;2Q/2bB+ /Bbi�M+2 #2ir22M `Qi�iBQMbX a2T�`�i2Hv- r2 K2�bm`2 i?2

T`2+BbBQM Q7 i?2 i`�MbH�iBQM 2biBK�iBQM î mbBM; i?2 Gk /Bbi�M+2 #2ir22M i?2 2biBK�iBQM

�M/ i?2 ;`QmM/@i`mi? i`�MbH�iBQM iGT X

hQ ;Bp2 7m`i?2` BMbB;?i iQ i?2 Qp2`�HH [m�HBiv Q7 i?2 TQb2 2biBK�iBQM- r2 2t�KBM2

i?2 �HB;MK2Mi Q7 i?2 Q#D2+i KQ/2H TH�+2/ BM i?2 2biBK�i2/ TQb2 rBi? i?2 Q#b2`p2/

Q#D2+i KQ/2HX Omodel /2MQi2b � b2i Q7 m j. TQBMib +Q``2bTQM/BM; iQ i?2 Q#D2+i KQ/2HX

h?2 �p2`�;2 /Bbi�M+2 K2i`B+ U�..@aV �b T`QTQb2/ #v *Q`QM� 2i �HX (Rk) 2p�Hm�i2b i?2

Q#D2+i KQ/2H �HB;MK2Mi QM bvKK2i`B+ Q#D2+ibX aBM+2 i?2 K�i+?BM; #2ir22M TQBMib

?�b �K#B;mBiB2b �`BbBM; 7`QK i?2 bvKK2i`B2b- i?2 �..@a K2i`B+ miBHBx2b i?2 +HQb2bi

TQBMi /Bbi�M+2 #2ir22M i?2 2biBK�i2/ �M/ Q#b2`p2/ Q#D2+i KQ/2HX h?2 �..@a K2i`B+
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Bb 7Q`K�HHv /2}M2/ �b,

�..@a =
1

m

∑

t1∈Omodel

KBM
t2∈Omodel

||(RGTt1 + iGT )− (R̂t1 + î)||. UeXjV

h?Bb K2i`B+ +QKT�`2b �;�BMbi i?2 +QKTH2i2 b2i Q7 T`QT2` bvKK2i`B2b #v BKTHB+BiHv

+?QQbBM; i?2 +HQb2bi ;`QmM/@i`mi? TQb2 iQ +QKT�`2 i?2 �HB;MK2Mi �;�BMbiX � TQb2 Bb

+QMbB/2`2/ iQ #2 +Q``2+i B7 i?2 �p2`�;2 /Bbi�M+2 Bb mM/2` � T`2/2}M2/ i?`2b?QH/X q2

}M�HHv `2TQ`i i?2 �l* K2i`B+ 7Q` i?`2b?QH/b `�M;BM; 7`QK 0.001 iQ 0.02 K2i2`bX

hQ ?B;?HB;?i i?2 bi`2M;i? Q7 Qm` KQ/2H iQ 2tT`2bb Q#D2+i bvKK2i`B2b- r2 2p�Hm�i2

i?2 T2`7Q`K�M+2 QM i?2 e. SQb2 .Bbi`B#miBQM S`Q#H2K mbBM; i?2 _2+�HH J��. �b �

`2+�HH K2i`B+X h?2 _2+�HH J��. 2tT`2bb2b ?Qr �++m`�i2Hv 2�+? `Qi�iBQM 7`QK {_
i
GT}

Bb 2biBK�i2/ BM i?2 Q`B2Mi�iBQM /Bbi`B#miBQMX 6`QK i?2 Q`B2Mi�iBQM /Bbi`B#miBQM � b2i

Q7 T`2/B+iBQMb {_̂} rBi? � T`Q#�#BHBiv Qp2` 1e−3 Bb 2ti`�+i2/X 6Q`K�HHv- i?2 _2+�HH

J��. K2�bm`2b i?2 K2�M �#bQHmi2 �M;mH�` /2pB�iBQM 7Q` 2�+? ;`QmM/@i`mi? `Qi�iBQM

BM {_
i
GT} 7`QK i?2 +HQb2bi T`2/B+i2/ `Qi�iBQM BM {_̂},

_J��.(_) = E_∼P(_|I)[KBM_∈{_|P(_|I)≥Θ}d(_,_GT )]. UeX9V

6m`i?2`KQ`2- r2 �bb2bb i?2 [m�HBiv Q7 i?2 Tb2m/Q ;`QmM/@i`mi? H�#2Hb T`Q/m+2/ #v

i?2 �miQK�iB+ SQb2 G�#2HBM; a+?2K2 iQ 2t�KBM2 i?2 BKT�+i Q7 i?2 Tb2m/Q ;`QmM/@

i`mi? H�#2Hb QM i?2 i`�BMBM; T`Q+2bb Q7 i?2 AKTHB+BiSQb2S.6 KQ/2HX �b � T`2+BbBQM

K2i`B+- r2 `2TQ`i i?2 J��. K2i`B+ �b /2}M2/ �#Qp2 7Q` i?2 `Qi�iBQM +QKTQM2Mi �M/

i?2 Gk /Bbi�M+2 7Q` i?2 i`�MbH�iBQM +QKTQM2MiX �//BiBQM�HHv- r2 `2TQ`i i?2 �HB;MK2Mi

[m�HBiv Q7 i?2 �SGa mbBM; i?2 �..@a K2i`B+X hQ KQiBp�i2 i?2 p�`B�iBQM rBi?BM

� b2i Q7 Tb2m/Q ;`QmM/@i`mi? TQb2b �`BbBM; 7`QK Q#D2+i bvKK2i`B2b- r2 `2TQ`i i?2

�p2`�;2 K2�M �M;mH�` M2�`2bi M2B;?#Q` /Bbi�M+2 UJ�LLV rBi?BM i?2 Tb2m/Q ;`QmM/@

i`mi? b2ibX h?Bb i?2bBb /2}M2b i?2 J�LL K2i`B+ 7Q` � bBM;H2 Tb2m/Q ;`QmM/@i`mi? b2i

_PGT = {_
i
PGT} Q7 bBx2 n �b,

J�LL =
1

n

∑

_i∈_PGT

KBM
_i∈_PGT _i

d(_i,_j), UeX8V

r?2`2 / Bb i?2 ;2Q/2bB+ /Bbi�M+2 #2ir22M irQ `Qi�iBQMbX

eXj AKTH2K2Mi�iBQM .2i�BHb

h?2 AKTHB+BiSQb2S.6 KQ/2H �M/ i?2 �miQK�iB+ SQb2 G�#2HBM; a+?2K2 �`2 BKTH2@

K2Mi2/ mbBM; i?2 SvhQ`+? HB#`�`v (kN)X �//BiBQM�HHv- i?2 �SGa mb2b i?2 BKTH2K2Mi�@

iBQM Q7 i?2 6�bi@:HQ#�H@_2;Bbi`�iBQM �H;Q`Bi?K 7`QK i?2 PT2Mj. HB#`�`v (jy) �M/ i?2
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SvhQ`+?j. (jR) BKTH2K2Mi�iBQM Q7 i?2 Ai2`�iBp2@*HQb2bi@SQBMi �H;Q`Bi?KX

�miQK�iB+ SQb2 G�#2HBM; a+?2K2X h?2 TQb2 H�#2HBM; b+?2K2 `mMb Q|BM2 QM+2 7Q`

2�+? 7`�K2 T`BQ` iQ i`�BMBM;X h?2 �SGa `mMb �i `Qm;?Hv 3 b2+QM/b 7Q` 2�+? 7`�K2

rBi? i?2 `2M/2`@�M/@+QKT�`2 bi�;2 #2BM; i?2 ?2�pB2bi rQ`FHQ�/ BM i?Bb T`Q+2bbX AM �

TQbi@T`Q+2bbBM; bi2T- +HQb2 `Qi�iBQMb rBi?BM � Tb2m/Q ;`QmM/@i`mi? b2i �`2 2HBKBM�i2/

iQ 2Mbm`2 p�`B�iBQM BM i?2 ;`QmM/@i`mi? TQb2X _Qi�iBQMb rBi? �M �M;mH�` /2pB�iBQM

mM/2` 5 /2;`22b �`2 bm#biBimi2/ #v � bBM;H2 `Qi�iBQMX h?Bb bBM;H2 `Qi�iBQM Bb ;2M2`�i2/

#v KBMBKBxBM; i?2 6`Q#2MBmb MQ`K #2ir22M i?2 b2i Q7 +HQb2 `Qi�iBQM K�i`B+2b i?`Qm;?

;`�/B2Mi /2b+2MiX

AKTHB+BiSQb2S.6X 6Q` i?2 S?QiQ`2�HBbiB+ /�i�b2i i?2 JGS Q7 i?2 _Qi�iBQM@AS.6

+QMbBbib Q7 i?`22 H�v2`b Q7 256 M2m`QMb r?BH2 i?2 h`�MbH�iBQM@AS.6 mb2b � `2/m+2/

p2`bBQM Q7 irQ H�v2`bX h?2 `Qi�iBQM�H +QKTQM2Mi Bb 2M+Q/2/ #v i?`22 TQbBiBQM�H 2M+Q/@

BM; i2`Kb �M/ i?2 i`�MbH�iBQM�H +QKTQM2Mi rBi? irQ i2`KbX lbBM; i?2 b2;K2Mi�iBQM

BM7Q`K�iBQM- i?2 #�+F;`QmM/ Bb K�bF2/ Qmi BM 2�+? BK�;2X 6Q` i?2 _Qi�iBQM@AS.6

KQ/2H- � [m�/`�iB+ +`QT Q7 560× 560 TBt2Hb �`QmM/ i?2 Q#D2+i Bb 2ti`�+i2/X h?2 +`QT

Bb i?2M `2bBx2/ iQ i?2 BMTmi bBx2 224 × 224 Q7 i?2 72�im`2 2ti`�+iQ`X hQ K�BMi�BM BM@

7Q`K�iBQM �#Qmi i?2 Q#D2+iöb TQbBiBQM- i?2 h`�MbH�iBQM@AS.6 KQ/2H Bb 72/ i?2 `2bBx2/

BK�;2 rBi?Qmi +`QTTBM;X h?2 BK�;2b �`2 i?2M +QHQ`@MQ`K�HBx2/ �M/ i?2 ;�KK� p�Hm2

Bb BM+`2�b2/ iQ bmTT`2bb /QKBM�Mi pBbm�H 72�im`2b QM i?2 Q#D2+ibX h?2 ;`�/B2Mib �`2

#�+FT`QT�;�i2/ i?`Qm;? i?2 #�+F#QM2 bm+? i?�i i?2 72�im`2 2ti`�+iQ` Bb BM+Hm/2/ BM

i?2 i`�BMBM; T`Q+2bbX

�b � bi�`iBM; TQBMi i?2 72�im`2 2ti`�+iQ` Bb BMBiB�HBx2/ rBi? T`2@i`�BM2/ r2B;?ib 7Q`

i?2 AK�;2L2i@Ryyy /�i�b2i (jk)X h?2 _Qi�iBQM@AS.6 KQ/2H �M/ i?2 h`�MbH�iBQM@

AS.6 KQ/2H �`2 i`�BM2/ b2T�`�i2Hv rBi? b2T�`�i2 72�im`2 2ti`�+iQ`bX 6Q` 2�+? Q#D2+i

� b2T�`�i2 KQ/2H Bb i`�BM2/X lbBM; � +QK#BM2/ KQ/2H �b /QM2 #v Jm`T?v 2i �HX (8) /B/

MQi T2`7Q`K T`QT2`Hv rBi? Qm` �/�Ti2/ i`�BMBM; T`Q+2/m`2X h?2 KQ/2Hb �`2 i`�BM2/

7Q` 8y 2TQ+?b rBi? 2�+? 2TQ+? +QMbBbiBM; Q7 kyy Bi2`�iBQMbX AM 2�+? Bi2`�iBQM- i?2

KQ/2Hb �`2 i`�BM2/ rBi? � #�i+? Q7 jk _:" BK�;2bX q2 2�`Hv biQT i?2 i`�BMBM; �7@

i2` jy 2TQ+?b r?2M i?2 i`�BMBM; T`Q;`2bb bi�`ib bi�;M�iBM;X "Qi? KQ/2Hb �`2 i`�BM2/

rBi? �M �/�K QTiBKBx2` Uβ1 = 0.9, β2 = 0.999V �M/ � #�b2 H2�`MBM; `�i2 Q7 10−4 mb2/

7Q` ky Bi2`�iBQMbX h?2 H2�`MBM; `�i2 +QbBM2 /2+�vb iQ x2`Q i?`Qm;?Qmi i?2 `2K�BMBM;

Bi2`�iBQMbX hQ bi�#BHBx2 i?2 i`�BMBM; T`Q+2bb Q7 i?2 M2m`�H M2irQ`F r2 �//BiBQM�HHv miB@

HBx2 ;`�/B2Mi +HBTTBM; �M/ #�i+? MQ`K�HBx�iBQMX h?2 _Qi�iBQM@AS.6 KQ/2H Bb i`�BM2/

mbBM; � ;`B/ Q7 +�`/BM�HBiv 4, 608 �M/ i?2 h`�MbH�iBQM@AS.6 Bb i`�BM2/ mbBM; � ;`B/ Q7

+�`/BM�HBiv 4, 913X h?2 2p�Hm�iBQM Q7 i?2 _Qi�iBQM@AS.6 KQ/2H Bb +QKTH2i2/ rBi? �

;`B/ Q7 294, 912 Q`B2Mi�iBQMb �M/ 97, 336 i`�MbH�iBQM p2+iQ`b 7Q` i?2 h`�MbH�iBQM@AS.6X
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h?2 2p�Hm�iBQM Q7 i?2 �SGa 7Q+mb2b QM i?2 S?QiQ`2�HBbiB+ /�i�b2i iQ ?B;?HB;?i i?2

bi`2M;i?b QM ?B;?Hv bvKK2i`B+ Q#D2+ib BM � `2�HBbiB+ 2MpB`QMK2MiX h?2 [m�MiBi�iBp2

`2bmHib 7Q` i?2 S?QiQ`2�HBbiB+ /�i�b2i �`2 T`2b2Mi2/ BM h�#H2 eXRX h?2 �SGa �+?B2p2b

�M Qp2`�HH T`2+BbBQM Q7 1.95◦ 7Q` i?2 `Qi�iBQM�H +QKTQM2Mi �M/ �M 2``Q` Q7 0.46cm

BM i?2 i`�MbH�iBQM +QKTQM2MiX hQ 2p�Hm�i2 i?2 Qp2`�HH [m�HBiv Tb2m/Q ;`QmM/@i`mi?

TQb2b ;2M2`�i2 #v i?2 TQb2 H�#2HBM; b+?2K2- r2 �//BiBQM�HHv `2TQ`i i?2 �..@a K2i`B+

BM h�#H2 eX9X h?2 �p2`�;2 �l* Q7 90.57 b?Qrb i?�i i?2 �SGa T`Q/m+2b �++m`�i2

TQb2 H�#2HbX h?2 bHB;?iHv rQ`b2 T2`7Q`K�M+2 QM i?2 "Qt Q#D2+i Bb +QMi`B#mi2/ iQ

M2;HB;B#H2 ;2QK2i`B+ 72�im`2b bm+? �b bK�HH /2Mib BM i?2 Q#D2+i KQ/2H r?B+? +�mb2

7m`i?2` �K#B;mBiB2b BM i?2 TQBMi +HQm/ `2;Bbi`�iBQM T`Q+2bbX

hQ ?B;?HB;?i i?2 �#BHBiv Q7 i?2 TQb2 H�#2HBM; b+?2K2 iQ T`Q/m+2 Tb2m/Q ;`QmM/@

i`mi? b2ib `2T`2b2MiBM; i?2 Q#D2+i bvKK2i`B2b- r2 �//BiBQM�HHv T`QpB/2 [m�HBi�iBp2

`2bmHib BM 6B;m`2 eXjX 6Q` /Bb+`2i2 bvKK2i`B2b i?2 Tb2m/Q ;`QmM/@i`mi? b2ib BM+Hm/2

�M �++m`�i2 Tb2m/Q ;`QmM/@i`mi? 7Q` 2�+? bvKK2i`B+ TQb2X qBi? 4.01 Tb2m/Q ;`QmM/@

i`mi? H�#2Hb 7Q` 2�+? 7`�K2 Q7 i?2 "Qt Q#D2+i- i?2 4 bvKK2i`B+ TQb2b Q7 i?2 "Qt �`2

r2HH `2T`2b2Mi2/X h?2 �p2`�;2 /Bbi�M+2 #2ir22M i?2 `Qi�iBQMb Q7 174.47◦ `2~2+ib i?2

180◦ `Qi�iBQM �`QmM/ QM2 Q7 i?2 �t2b M22/2/ iQ i`�Mb7Q`K #2ir22M i?2 bvKK2i`B+

`Qi�iBQMbX h?2 bK�HH 2``Q` BM #Qi? K2i`B+b +�M #2 +QMi`B#mi2/ iQ � K�`;BM�H MmK#2`

Q7 7�Hb2 H�#2HBM;b i?�i /Q MQi BMi2`72`2 rBi? i?2 H2�`MBM; �#BHBiv Q7 i?2 ASS.6 KQ/2HX

h?2 [m�HBi�iBp2 `2bmHib BM/B+�i2 i?�i i?2 Tb2m/Q ;`QmM/@i`mi? H�#2Hb �`2 r2HH bT`2�/

�+`Qbb i?2 +QMiBMmQmb bvKK2i`B2bX LQi2 i?�i � +HQb2 �TT`QtBK�iBQM Bb MQi `2[mB`2/X

� +Q�`b2 b�KTHBM; Q7 i?2 bvKK2i`B+ TQb2b Bb bm{+B2Mi iQ i`�BM i?2 ASS.6 KQ/2HX PM

�p2`�;2- i?2 Tb2m/Q ;`QmM/@i`mi? b2ib Q7 i?2 "QrH Q#D2+i +QMbBbi Q7 9.04 TQb2 H�#2Hb

rBi? �M �p2`�;2 /Bbi�M+2 Q7 35.81 iQ i?2 +HQb2bi M2B;?#Q` BM i?2 `Qi�iBQM�H +QKTQM2MiX

.m2 iQ i?2 �//BiBQM�H /Bb+`2i2 ~BT bvKK2i`B2b- i?2 Tb2m/Q ;`QmM/@i`mi? b2ib 7Q` i?2

*�M �`2 2p2M H�`;2` rBi? � bBKBH�` /Bbi�M+2 iQ i?2 +HQb2bi M2B;?#Q`bX

h?2 T`2b2Mi2/ `2bmHib b?Qr i?�i i?2 �SGa Bb �#H2 iQ T`Q/m+2 �++m`�i2 Tb2m/Q

;`QmM/@i`mi? b2ib rBi?Qmi T`BQ` FMQrH2/;2 Q7 Q#D2+i bvKK2i`B2bX .Bb+`2i2 �M/ +QM@

iBMmQmb bvKK2i`B2b �`2 r2HH �TT`2+B�i2/ i?`Qm;? KmHiBTH2 TQb2 H�#2Hb 7Q` 2�+? BK�;2X

h?2 bBx2 Q7 2�+? Tb2m/Q ;`QmM/@i`mi? b2i /2T2M/b QM i?2 Q#D2+i bvKK2i`B2b �M/ +QM};@

m`�iBQM +?Qb2M 7Q` i?2 �SGaX AM a2+iBQM eX3 r2 rBHH 7m`i?2` ?B;?HB;?i i?2 2z2+iBp2M2bb

Q7 i?2 Tb2m/Q ;`QmM/@i`mi? H�#2Hb BM i?2 i`�BMBM; T`Q+2bbX

eX8 "�+F#QM2 �#H�iBQM aim/B2b

h?2 #�+F#QM2 72�im`2 2ti`�+iQ` T`Q/m+2b � pBbm�H 72�im`2 /2b+`BTiQ` mb2/ �b �M BMTmi

7Q` i?2 JGSX ai�i2@Q7@i?2@�`i 72�im`2 2ti`�+iQ`b mb2 *LLb iQ T`Q/m+2 pBbm�H 72�im`2b

BM � ?B2`�`+?B+�H Q`/2`X h?2 }`bi H�v2`b 2ti`�+i HQr@H2p2H 72�im`2b �i � ?B;? `2bQHmiBQM-



*?�Ti2` e, 1p�Hm�iBQM jR

h�#H2 eXk, *QKT�`BbQM Q7 /Bz2`2Mi KQ/2Hb �b 72�im`2 2ti`�+iQ`X

JQ/2H J2i`B+
_2bL2i (jj) *QMpL2si (kj)

R3 8y hBMv hBMv@R hBMv@k aK�HH "�b2

6
G

P
S

bR

RX3: jX3: 9X8: @ @ 3Xd: R8X9:

+�
M

_Qi�iBQM
GG> jXde jX3e jXNN jX3j RXyN jXdd jXdk

J��. (ê) kXk9 kX9e kX99 kX8k kRX8 kX88 kXdN

h`�MbH�iBQM
GG> NXRN NXjR NXRN NXj9 NXRj NX8e NX9j

Gk (+K) yXdR yXdN yX93 yX8k yX8j yXe yX8d

#
Qt

_Qi�iBQM
GG> 8Xd8 8XN3 eXyN 8Xd8 jXyk 8XNNe 8Xe9N

J��. (ê) 8Xk 9Xdj 8Xk9 8XNd j9Xkd 9Xk3 3XeyN

h`�MbH�iBQM
GG> 3X3e 3XNd NX9N NXyj 3XdN NXkN NXk9

Gk (+K) RXyd RXR yX33 RXy9 RXyk yXN9 yXNN

#
Qr

H _Qi�iBQM
GG> jXj jXRd jX38 jX3e RXy8 jXkR jXk9

J��. (ê) kXNe jXRd kX9d kXd kkX39 kX33 jXkk

h`�MbH�iBQM
GG> NXR NXk8 NXRN NX8k NX98 NX8e NXe

Gk (+K) yX83 yXej yX9N yX8j yX8j yXed yXd
Ù6GPS p�Hm2b �`2 i�F2M 7`QK (jj) �M/ (kj)X

r?2`2�b i?2 H�bi H�v2`b T`Q/m+2/ ?B;?@H2p2H 72�im`2b �i � HQr `2bQHmiBQMX .Bz2`2Mi

KQ/2H �`+?Bi2+im`2b T`Q/m+2 /Bz2`2Mi pBbm�H 72�im`2b i?�i ivTB+�HHv ;2M2`�HBx2 r2HH

�KQM; /Bz2`2Mi /�i�b2ib �M/ Q#D2+ibX hQ }M/ i?2 #2bi@bmBi2/ 72�im`2 2ti`�+iQ` 7Q`

i?2 AKTHB+BiSQb2S.6 KQ/2H- r2 +�``B2/ Qmi MmK2`Qmb 2tT2`BK2Mib rBi? � p�`B2iv Q7

KQ/2HbX

h?2 _2bL2i@8y KQ/2H (jj) r�b Q`B;BM�HHv +?Qb2M #v Jm`T?v 2i �HX (8)X �//BiBQM�HHv-

r2 2tT2`BK2Mi2/ rBi? i?2 _2bL2i@R3 �M/ i?2 *QMpL2si KQ/2Hb (kj) BM /Bz2`2Mi +QM@

};m`�iBQMbX h?2 H�bi 7mHHv +QMM2+i2/ H�v2` mb2/ 7Q` +H�bbB}+�iBQM Bb `2KQp2/ 7`QK i?2

72�im`2 2ti`�+iQ`b bm+? i?�i i?2 pBbm�H 72�im`2 /2b+`BTiQ`b �`2 72/ /B`2+iHv iQ i?2 JGSX

h?2 _2bL2i@R3 T`Q/m+2b � 72�im`2 p2+iQ` Q7 bBx2 8Rk �M/ i?2 _2bL2i@8y QmiTmib � 72�@

im`2 p2+iQ` Q7 bBx2 ky93X AM i?2 iBMv �M/ bK�HH +QM};m`�iBQM- i?2 *QMpL2si KQ/2Hb

T`Q/m+2 � 72�im`2 p2+iQ` Q7 bBx2 de3X h?2 *QMpL2si@"�b2 KQ/2H ;2M2`�i2b � 72�im`2

p2+iQ` Q7 bBx2 Ryk9X h�#H2 eXk T`2b2Mib i?2 [m�MiBi�iBp2 `2bmHib Q7 i?2 _Qi�iBQM@AS.6

KQ/2H �M/ i?2 h`�MbH�iBQM@AS.6 KQ/2H mbBM; /Bz2`2Mi #�+F#QM2bX Pp2`�HH- mbBM; /B7@

72`2Mi 72�im`2 2ti`�+iQ`b `2bmHib BM ;QQ/ T2`7Q`K�M+2b �+`Qbb i?2 #Q�`/X h?2 72�im`2b

2ti`�+i2/ b22K iQ ;2M2`�HBx2 r2HH iQ Qm` i�bFX

6m`i?2`KQ`2- r2 2t�KBM2/ i?2 BKT�+i Q7 /Bz2`2Mi 72�im`2b i�F2M 7`QK /Bz2`2Mi

H�v2`b Q7 i?2 72�im`2 2ti`�+iQ`X �b i�bFb HBF2 Q#D2+i +H�bbB}+�iBQM �M/ Q#D2+i /2i2+@

iBQM T`Q}i 7`QK ?B;?@H2p2H 72�im`2b- Qi?2` i�bFb bm+? �b b2K�MiB+ b2;K2Mi�iBQM #2M2}i

7`QK HQr@H2p2H 72�im`2bX hQ /2i2`KBM2 i?2 #2bi@bmBi2/ 72�im`2b 7Q` Qm` i�bF- r2 �/@
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/BiBQM�HHv BMi`Q/m+2 i?2 *QMpL2si@hBMv@R KQ/2H rBi? i?2 H�bi �p2`�;2@TQQHBM; H�v2`

`2KQp2/ �M/ i?2 *QMpL2si@hBMv@k KQ/2H rBi? i?2 H�bi �p2`�;2@TQQHBM; H�v2` �M/

*QMpL2si #HQ+F `2KQp2/X h?2 72�im`2b 2ti`�+i2/ #v i?2 *QMpL2si@hBMv@R KQ/2H

�`2 Q7 b?�T2 768 × 7 × 7 �M/ i?2 72�im`2b 2ti`�+i2/ #v i?2 *QMpL2si@hBMv@k KQ/2H

Q7 b?�T2 384 × 14 × 14X h?2 [m�MiBi�iBp2 `2bmHib BM h�#H2 eXk b?Qr i?�i i?2 72�@

im`2b 7`QK i?2 *QMpL2si@hBMv@k KQ/2H b22K iQ MQi T`QpB/2 mb27mH BM7Q`K�iBQM �#Qmi

�M Q#D2+iöb Q`B2Mi�iBQM #mi ;Bp2 bm{+B2Mi BM7Q`K�iBQM �#Qmi i?2 i`�MbH�iBQMX h�FBM;

HQr@H2p2H 72�im`2b 7`QK 2�`HB2` H�v2`b b22Kb iQ MQi BKT`Qp2 Qm` KQ/2Höb T2`7Q`K�M+2X

q2 +QM+Hm/2 i?�i i?2 }M�H 72�im`2b 2ti`�+i2/ 7`QK i?2 *QMpL2si@hBMv KQ/2H �`2

r2HH@bmBi2/ 7Q` Qm` i�bFX

qBi? i?2 ;Q�H Q7 2biBK�iBM; Q`B2Mi�iBQM /Bbi`B#miBQMb- r2 /2+B/2/ BM 7�pQ` Q7 i?2

#�+F#QM2 vB2H/BM; i?2 #2bi `2bmHib Q7 i?2 _Qi�iBQM@AS.6 BM i2`Kb Q7 i?2 HQ;@HBF2HB?QQ/X

h?2 h`�MbH�iBQM@AS.6 KQ/2Höb Q#D2+iBp2 Bb iQ T`2/B+i � bBM;H2 i`�MbH�iBQM �b T`2@

+Bb2Hv �b TQbbB#H2X h?mb- r2 +?Qb2 i?2 #�+F#QM2 r?B+? T`Q/m+2b i?2 bK�HH2bi 2``Q`

BM i?2 i`�MbH�iBQM 2biBK�iBQMX lHiBK�i2Hv- r2 /2+B/2/ BM 7�pQ` Q7 i?2 *QMpL2si@hBMv

KQ/2H rBi?Qmi �//BiBQM�H H�v2`b `2KQp2/ �b Qm` #�+F#QM2 72�im`2 2ti`�+iQ`X h?2

*QMpL2si@hBMv KQ/2H QmiT2`7Q`Kb i?2 Qi?2` 72�im`2 2ti`�+iQ`b #v � bK�HH K�`;BM

7Q` i?2 _Qi�iBQM@AS.6 KQ/2H �M/ i?2 h`�MbH�iBQM@AS.6 KQ/2HX h?2 pBbm�H 72�im`2b

2ti`�+i2/ #v i?Bb KQ/2H b22K iQ #2 i?2 #2bi bmBi2/ 7Q` Qm` i�bFX LQi2 i?�i i?2 72�im`2

2ti`�+iQ` �++QmMib 7Q` i?2 K�DQ`Biv Q7 i?2 +QKTmi�iBQM�H 2zQ`i Q7 i?2 AKTHB+BiSQb2S.6

KQ/2HX qBi? �#Qmi i?`22 iBK2b 72r2` ~Q�iBM; TQBMi QT2`�iBQMb- i?2 _2bL2i@R3 biBHH

TQb2b �M �/2[m�i2 �Hi2`M�iBp2 iQ bT22/ mT i`�BMBM; �M/ BM72`2M+2X

eXe e. SQb2 .Bbi`B#miBQM 1biBK�iBQM

AM Q`/2` iQ 2p�Hm�i2 i?2 �#BHBiv Q7 i?2 AKTHB+BiSQb2S.6 KQ/2H iQ +�Tim`2 �`#Bi`�`v

Q#D2+i bvKK2i`B2b- r2 2t�KBM2 i?2 T2`7Q`K�M+2 Q7 i?2 KQ/2H QM i?2 bvKK2i`B+ Q#D2+ib

7`QK i?2 S?QiQ`2�HBbiB+ /�i�b2iX qBi?Qmi ;`QmM/@i`mi? �MMQi�iBQMb Q` T`BQ` FMQrH2/;2

Q7 Q#D2+i bvKK2i`B2b- i?2 i`�BMBM; Bb 7mHHv �miQK�i2/ i?`Qm;? i?2 �miQK�iB+ SQb2

G�#2HBM; a+?2K2X

hQ ?B;?HB;?i i?2 �/p�Mi�;2b Q7 i?2 ASS.6 KQ/2H i`�BM2/ rBi? Tb2m/Q ;`QmM/@i`mi?

H�#2Hb Qp2` i?2 i`�BMBM; T`Q+2/m`2 T`QTQb2/ #v Jm`T?v 2i �HX (8)- r2 �//BiBQM�HHv

i`�BM2/ i?2 ASS.6 KQ/2H Q#b2`pBM; QMHv � bBM;H2 ;`QmM/@i`mi? H�#2H 7Q` 2�+? 7`�K2

r?B+? Bb `272``2/ iQ �b i?2 bBM;H2 KQ/2HX h?2 [m�HBi�iBp2 `2bmHib T`2b2Mi2/ BM 6B;m`2 eX8

/2KQMbi`�i2 i?�i i?Bb KQ/2H Bb MQi �#H2 iQ +�Tim`2 i?2 T`QT2` bvKK2i`B2bX h?2

TQb2 /Bbi`B#miBQMb /2;2M2`�i2 iQ � bBM;H2 TQb2 2biBK�iBQM- 2p2M 7Q` mMB7Q`KHv +QHQ`2/

Q#D2+ibX h�#H2 eXj T`2b2Mib i?2 [m�MiBi�iBp2 `2bmHib Q7 i?Bb KQ/2HX h?2 ?B;? �p2`�;2

_2+�HH J��. Q7 121.2◦ �M/ GG> b+Q`2 Q7 6.5 2KT?�bBx2 i?�i i?2 KQ/2H 2biBK�i2b �









*?�Ti2` e, 1p�Hm�iBQM je

h�#H2 eXj, _2bmHib Q7 KQ/2Hb i`�BM2/ QM /Bz2`2Mi ;`QmM/@i`mi? G�#2HbX

:h qBi?Qmi P++HmbBQM qBi? P++HmbBQM

GG> GG> J��. _2+�HH Gk GG> GG> J��. _2+�HH Gk

U_QiXV Uh`�MbXV J��. (+K) U_QiXV Uh`�MbXV J��. (+K)

↑ ↑ (ê) ↓ (ê) ↓ ↓ ↑ ↑ (ê) ↓ (ê) ↓ ↑

+�
M

aBM;H2 eX9e NXRd jXRR RkyXd yX98 8Xj9d 3Xdd 9XN NdXNN yXdd

�M�HviB+ jXd3 NXkk kX8 RX3d yX9e jX9d 3X3R jX3d RXN8 yXdd

Sb2m/Q jXNN NXRN kX99 RX3e yX93 jX88 3X3j 9XRe RXNN yXd9

#
Qt

aBM;H2 eX8e NX8N 8Xj8 RkjXeR yXeR eXde NXj8 8Xe RRNXej yXNN

�M�HviB+ 8Xd3 NX8j 8Xk kXRd yXek 8Xd8 NXe3 9XN9 kXy3 yXNd

Sb2m/Q eXyN NX9N 8Xk9 kXRd yX33 8Xe3 NX8e 8Xee RXN8 yX33

#
Qr

H aBM;H2 eX9N NXRN kXdd RRNXk3 yX98 8Xje NXk3 9XNN NdXRk yXN

�M�HviB+ jXN8 NXkj kX9j kXRk yX9e jXNj NXkd 8XNN RX33 yX3N

Sb2m/Q jX38 NXRN kX9d kXy8 yX9N jXde NXkR eX3N kX89 yXNd

Sb2m/Q �p;X 9Xe9 NXkN jXj3 kXyj yXek 9Xjj NXk 8XyN kXRe yX3e

↑ BM/B+�i2b ?B;?2` p�Hm2 #2ii2`- r?2`2�b ↓ BM/B+�i2b HQr2` p�Hm2 #2ii2`X

BM i?2 T`2b2M+2 Q7 Q++HmbBQMX h?Bb +�M #2 �ii`B#mi2/ iQ i?2 �//BiBQM�H mM+2`i�BMiv

BMi`Q/m+2/ i?`Qm;? i?2 Q++HmbBQMX

hQ 7m`i?2` /2KQMbi`�i2 i?2 2tT`2bbBp2M2bb Q7 Q#D2+i bvKK2i`B2b- r2 �//BiBQM�HHv

T`QpB/2 pB/2Qb Q7 i?2 Q`B2Mi�iBQM /Bbi`B#miBQMb T`2/B+i2/ #v Qm` KQ/2H QM � bvMi?2iB+

/�i�b2i `2M/2`2/ mbBM; i?2 aiBHHH2#2M 7`�K2rQ`F (ke)Xk

Pp2`�HH- Qm` KQ/2H 2tT`2bb2b i?2 �#BHBiv iQ +QMbi`m+i +QKTH2i2 TQb2 /Bbi`B#miBQMb

i?�i �`2 `2T`2b2Mi�iBp2 Q7 Q#D2+i bvKK2i`B2b BMp�`B�Mi iQ Q#D2+i i2tim`2bX h?2 _Qi�iBQM@

AS.6 KQ/2H BKTHB+BiHv H2�`Mb iQ `2T`2b2Mi i?2 T`QT2` bvKK2i`B2b r?BH2 i?2 h`�MbH�iBQM@

AS.6 H2�`Mb � mMB@KQ/�H /Bbi`B#miBQM i?�i T`2+Bb2Hv 2biBK�i2b � mMB[m2 i`�MbH�iBQM

p2+iQ`X 1p2M BM KQ`2 +QKTH2t b+2M2b i?�i BM+Hm/2 Q++HmbBQM- i?2 ASS.6 KQ/2H H2�`Mb

i?2 /Bbi`B#miBQMb r2HH 7Q` i?2 `Qi�iBQM�H +QKTQM2Mi- �b r2HH �b i?2 i`�MbH�iBQM�H +QK@

TQM2MiX *QK#BM2/ rBi? i?2 �SGa- i?2 AKTHB+BiSQb2S.6 Bb �#H2 iQ +�Tim`2 �`#Bi`�`v

bvKK2i`B2b BM `2�HBbiB+ b+2M2b rBi?Qmi i?2 bmT2`pBbBQM Q7 Q#D2+i TQb2b Q` bvKK2i`B2bX

hQ 7m`i?2` /2KQMbi`�i2 i?2 +�T�#BHBiB2b Q7 i?2 AKTHB+BiSQb2S.6

eXd aBM;H2 e. SQb2 1biBK�iBQM
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k?iiTb,ffmMB@#QMMXb+B2#QX/2fbfoh;wu7l�ZuAtGo2
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Sb2m/Q AKTHB+BiSQb2S.6

P#D2+i :`QmM/@h`mi? h2tim`2 lMB7Q`K aBM;H2 �M�HviB+ P++HmbBQM
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h�#H2 eX9, �`2� mM/2` i?2 �++m`�+v@i?`2b?QH/ U�l*V Q7 i?2 �..@a K2i`B+ QM i?2
S?QiQ`2�HBbiB+ /�i�b2iX

miBHBx2b i?2 BKTHB+Bi `2T`2b2Mi�iBQM Q7 i?2 Q#D2+i bvKK2i`B2b /m`BM; BM72`2M+2 �b r2HHX

hQ �bb2bb i?2 [m�HBiv Q7 i?2 T`2/B+i2/ `Qi�iBQM �M/ i`�MbH�iBQM b2T�`�i2Hv- r2 `2@

TQ`i i?2 2biBK�iBQM 2``Q` Q7 i?2 Q`B2Mi�iBQM �M/ i`�MbH�iBQM 2biBK�iBQM BM h�#H2 eXjX

*QKT�`2/ iQ TQTmH�` /�i�b2ib mb2/ 7Q` TQb2 2biBK�iBQM i�bFb bm+? �b i?2 u*"@oB/2Q

/�i�b2i (R) Q` i?2 GBM2JP. /�i�b2i (j9)- i?2 i`�MbH�iBQM `�M;2 BM Qm` /�i�b2i Bb HBK@

Bi2/X h?mb- Bi Bb MQi bm`T`BbBM; i?�i i?2 h`�MbH�iBQM@AS.6 KQ/2H Bb �#H2 iQ 2biBK�i2 �

bBM;H2 i`�MbH�iBQM rBi? � bK�HH 2``Q` Q7 0.58 +KX h?2 2biBK�iBQM Q7 i?2 Q`B2Mi�iBQM QM

i?2 Qi?2` ?�M/ biBHH TQb2b � /B{+mHi +?�HH2M;2 7Q` i?2 _Qi�iBQM@AS.6X qBi? � #`Q�/

p�`B2iv Q7 Q`B2Mi�iBQMb T`2b2Mi2/ BM Qm` /�i�b2i- i?2 _Qi�iBQM@AS.6 KQ/2H Bb �#H2 iQ

T`2/B+i �M Q`B2Mi�iBQM rBi? �M �p2`�;2 2``Q` Q7 3.2◦X

q2 7m`i?2` 2p�Hm�i2 i?2 �++m`�+v Q7 i?2 TQb2 mbBM; i?2 �`2� mM/2` i?2 �++m`�+v@

i?`2b?QH/ U�l*V Q7 i?2 �..@a K2i`B+X h?2 �..@a K2i`B+ Bb KQ`2 b2MbBiBp2 iQ 2``Q`b

BM i?2 i`�MbH�iBQM i?�M iQ 2``Q`b BM i?2 Q`B2Mi�iBQM 2biBK�iBQMX h?2`27Q`2- iQ +QKT2M@

b�i2 7Q` i?2 HBKBi2/ i`�MbH�iBQM `�M;2 �M/ i?2 `2bmHiBM; bK�HH 2biBK�iBQM 2``Q`- r2 mb2

bK�HH2` i?`2b?QH/b i?�M i?2 bi�i2@Q7@i?2@�`i K2i?Q/bX h?2 i?`2b?QH/b mb2/ 7Q` 2p�Hm@

�iBQM `�M;2 7`QK 0.1 +K iQ 2 +KX h?2 `2bmHib Q7 i?2 �..@a 2p�Hm�iBQM �`2 T`2b2Mi2/

BM h�#H2 eX9X Pm` KQ/2H �+?B2p2b �M �p2`�;2 �l* Q7 87.4 QM i?2 h2tim`2 /�i�b2i �M/

�M �p2`�;2 �l* Q7 86.86 QM i?2 lMB7Q`K /�i�b2iX h?2 KQ/2H i2M/b iQ T2`7Q`K rQ`b2

QM i?2 "Qt Q#D2+iX h?Bb +�M #2 �ii`B#mi2/ iQ i?2 H2�`M2/ Q`B2Mi�iBQM /Bbi`B#miBQM 7Q`
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/Bb+`2i2 Q#D2+ibX h?2 /Bbi`B#miBQM +QMbBbib Q7 � 72r Q`B2Mi�iBQMb rBi? � ?B;? T`Q#�#BH@

Biv �b b?QrM BM 6B;m`2 eX9 r?B+? /Q2b MQi �HHQr i?2 +QKTmi�iBQM Q7 mb27mH ;`�/B2Mib

iQ QTiBKBx2 i?2 Q`B2Mi�iBQM bm+? i?�i i?2 ;`�/B2Mi �b+2Mi K2i?Q/ ;2ib bim+F BM HQ+�H

QTiBK� `2bmHiBM; BM H2bb �++m`�i2 T`2/B+BiQMbX Pp2`�HH i?2 KQ/2H Bb biBHH �#H2 iQ T`2/B+i

�++m`�i2 TQb2b QM �HH Q#D2+ib BM Qm` /�i�b2i BMp�`B�Mi iQ Q#D2+i i2tim`2bX *QKT�`2/

iQ i?2 bBM;H2 KQ/2H- r2 �+?B2p2 bBKBH�` `2bmHib- r?BH2 #2BM; �#H2 iQ T`Q/m+2 +QKTH2i2

TQb2 /Bbi`B#miBQMbX

q?BH2 i?2 Q++HmbBQM /Q2b MQi �z2+i i?2 TQb2 /Bbi`B#miBQMb T`2/B+i2/ #v Qm` KQ/2H-

Bi biBHH b22Kb iQ +QKT`QKBb2 i?2 �++m`�+v Q7 T`2/B+i2/ TQb2b iQ � bK�HH 2ti2MiX h?2

[m�MiBi�iBp2 `2bmHib BM h�#H2 eXj b?Qr i?�i Q++HmbBQM BM+`2�b2b i?2 i`�MbH�iBQM 2``Q`

#v 0.24 +K �M/ i?2 �M;mH�` 2``Q` Q7 i?2 Q`B2Mi�iBQM 2biBK�iBQM #v 1.71◦X 1bT2+B�HHv

QM Q#D2+ib rBi? � ?B;? /2;`22 Q7 bvKK2i`v- bm+? �b i?2 *�M �M/ "QrH- i?2 _Qi�iBQM@

AS.6 KQ/2H T2`7Q`Kb rQ`b2 BM T`2b2M+2 Q7 Q++HmbBQMX aBM+2 i?2 TQb2 /Bbi`B#miBQMb

�`2 mM�z2+i2/- r2 +QM+Hm/2 i?�i i?2 Q++HmbBQM K�BMHv �z2+ib i?2 ;`�/B2Mib +�H+mH�i2/

/m`BM; TQb2 2biBK�iBQMX qBi? 7�mHiv ;`�/B2Mib �M/ � ?B;? MmK#2` Q7 HQ+�H QTiBK�-

`2bmHiBM; 7`QK � ?B;? /2;`22 Q7 bvKK2i`v- BM i?2 QTiBKBx�iBQM /QK�BM aP(3)- i?2

;`�/B2Mi �b+2Mi K2i?Q/ ;2ib bim+F BM HQ+�H QTiBK� �M/ Bb mM�#H2 iQ +QMp2`;2 iQ �M

�++m`�i2 TQb2 2biBK�iBQMX aiBHH- Qm` KQ/2H �+?B2p2b �M �p2`�;2 �l* Q7 84.56 7Q` i?2

BK�;2b �z2+i2/ #v Q++HmbBQM- b?QrBM; Bib +�T�#BHBiB2b BM KQ`2 +QKTH2t b+2M2bX

1p2M i?Qm;? Qm` KQ/2H Bb /2bB;M2/ iQ 2biBK�i2 TQb2 /Bbi`B#miBQMb- Bi Bb �#H2 iQ

T`2/B+i �++m`�i2 TQb2b 2p2M BM b+2M2b BM+Hm/BM; Q++HmbBQMX .2}MBM; bvKK2i`B2b /m`BM;

BM72`2M+2 b22Kb ?2HT7mH 7Q` i?2 e. TQb2 2biBK�iBQM i�bF 7Q` bvKK2i`B+ Q#D2+ibX

eX3 1z2+iBp2M2bb Q7 Sb2m/Q :`QmM/@h`mi? G�#2Hb

lbBM; Tb2m/Q ;`QmM/@i`mi? H�#2Hb /m`BM; i`�BMBM; BMbi2�/ Q7 bBM;H2 ;`QmM/@i`mi? H�#2Hb

?�b b?QrM bmT2`BQ` `2bmHib rBi? `2bT2+i iQ i?2 2biBK�i2/ TQb2 /Bbi`B#miBQMX hQ 7m`i?2`

?B;?HB;?i i?2 2z2+iBp2M2bb Q7 i?2 Tb2m/Q ;`QmM/@i`mi? H�#2Hb- r2 2t�KBM2 � i?B`/ KQ/2H

i`�BM2/ /B`2+iHv rBi? i?2 ;`QmM/@i`mi? bvKK2i`B2b Q7 i?2 Q#D2+i- +�HH2/ i?2 �M�HviB+

KQ/2HX EMQrBM; � ;`QmM/@i`mi? TQb2 �M/ i?2 Q#D2+i bvKK2i`B2b- r2 /2}M2 � b2i

Q7 �M�HviB+�HHv /2`Bp2/ ;`QmM/@i`mi? H�#2HbX h?2 [m�MiBi�iBp2 `2bmHib BM h�#H2 eXj

b?Qr i?�i Qm` KQ/2H mbBM; Tb2m/Q ;`QmM/@i`mi? H�#2Hb vB2H/b bBKBH�` `2bmHib �b i?2

�M�HviB+ KQ/2HX h?2 /Bz2`2M+2b BM i?2 [m�MiBi�iBp2 `2bmHib 7Q` i?2 _Qi�iBQM@AS.6 �M/

h`�MbH�iBQM@AS.6 �`2 K�`;BM�HX h?2 `2bmHib �HbQ +QM}`K i?�i i?2 /`QT BM i?2 GG>

K2i`B+ +QKT�`2/ iQ i?2 bBM;H2 KQ/2H Bb HBMF2/ iQ i?2 7�+i i?�i Qm` KQ/2H 2biBK�i2b �

+QKTH2i2 TQb2 /Bbi`B#miBQM �M/ MQi � `2bmHi Q7 i?2 miBHBx�iBQM Q7 i?2 Tb2m/Q ;`QmM/@

i`mi? H�#2HbX

h?2 [m�MiBi�iBp2 `2bmHib 7`QK i?2 bBM;H2 e. TQb2 2biBK�iBQM i�bF T`2b2Mi2/ BM h�@
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h�#H2 eX8, _2bmHib Q7 i?2 _Qi�iBQM@AS.6 KQ/2H QM i?2 h@G2bb /�i�b2iX

J2i?Q/
GG> J��.(ê)

↑ ↓

.2M; 2i �HX (R8) 8Xj kjXR

:BHBib+?2MbFB 2i �HX (Re) eXN jX9

S`QFm/BM 2i �HX (j8) 3X3 j9Xj

Jm`T?v 2i �HX (8) NX3 9XR

�M�HviB+ eXk RXd

Pm`b eXyN jXkk

KQ/2H r2 bi�i2 i?2 [m�MiBi�iBp2 `2bmHib BM h�#H2 eX8 +QKT�`2/ iQ i?2 bi�i2@Q7@i?2@�`i

K2i?Q/bX Pp2`�HH- i?2 _Qi�iBQM@AS.6 KQ/2H �+?B2p2b � GG> b+Q`2 Q7 6.09X P#D2+i

bvKK2i`B2b BMi`Q/m+2 mM+2`i�BMiv BM i?2 Q`B2Mi�iBQMbX Pm` bm#b2i Q7 Q#D2+ib mb2/ 7Q`

2p�Hm�iBQM +QMbBbib bi`B+iHv Q7 bvKK2i`B+ Q#D2+ibX h?mb- Qm` KQ/2H T2`7Q`Kb rQ`b2 BM

i2`Kb Q7 i?2 GG> K2i`B+ #mi i?Bb /Q2b MQi ?�KT2` i?2 �#BHBiv Q7 i?2 _Qi�iBQM@AS.6

iQ �++m`�i2Hv `2+QMbi`m+i Q`B2Mi�iBQM /Bbi`B#miBQMbX h?2 J��. b+Q`2 Q7 3.22◦ b?Qrb

i?�i i?2 KQ/2H T`2/B+ib Q`B2Mi�iBQMb rBi? ?B;? T`2+BbBQMX h?2 `2bmHib Q7 i?2 _Qi�iBQM@

AS.6 KQ/2H i`�BMBM; rBi? �M�HviB+�HHv /2`Bp2/ ;`QmM/@i`mi? H�#2Hb 7m`i?2` b?Qr i?�i

i?2 Tb2m/Q ;`QmM/@i`mi? H�#2Hb �`2 2z2+iBp2 iQ i`�BM i?2 _Qi�iBQM@AS.6 KQ/2H QM i?2

h@G2bb /�i�b2iX q2 Q#b2`p2/ QMHv � K�`;BM�H /Bz2`2M+2 BM i?2 GG> K2i`B+ �M/ �

/Bz2`2M+2 Q7 1.52◦ BM i?2 J��. K2i`B+X h?Bb 2``Q` BM i?2 Q`B2Mi�iBQM 2biBK�iBQM +�M

#2 �ii`B#mi2/ iQ � bK�HH 2``Q` BM i?2 Tb2m/Q ;`QmM/@i`mi? H�#2Hb #mi i?Bb BKT�+ib i?2

KQ/2Höb T2`7Q`K�M+2 QMHv iQ � bK�HH 2ti2MiX h?2 bK�HH 2``Q` BM i?2 Tb2m/Q ;`QmM/@

i`mi? H�#2Hb /Q2b MQi ?�KT2` i?2 H2�`MBM; �#BHBiv Q7 i?2 _Qi�iBQM@AS.6 KQ/2HX h?mb-

mbBM; Tb2m/Q ;`QmM/@i`mi? H�#2Hb TQb2b �M 2{+B2Mi �Hi2`M�iBp2 iQ �M�HviB+�HHv /2`Bp2/

;`QmM/@i`mi? H�#2HbX
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h?Bb i?2bBb T`2b2Mib i?2 AKTHB+BiSQb2S.6 KQ/2H r?B+? 2ti2M/b i?2 �TT`Q�+? #v Jm`@

T?v 2i �HX (8) 7`QK i?2 `Qi�iBQM K�MB7QH/ aP(3) iQ +QMbi`m+i TQb2 /Bbi`B#miBQMb Qp2`

a1(3)X h?2 KQ/2H Bb �#H2 iQ #2 i`�BM2/ rBi?Qmi �Mv bmT2`pBbBQM Q7 i?2 TQb2b �M/

bvKK2i`B2b i?`Qm;? i?2 mb�;2 Q7 Tb2m/Q ;`QmM/@i`mi? H�#2HbX h?2 �miQK�iB+ SQb2

G�#2HBM; a+?2K2- T`Q/m+BM; i?2 Tb2m/Q ;`QmM/@i`mi? H�#2Hb- Bb i?2 b2+QM/ +QMi`B#miBQM

T`2b2Mi2/ BM i?Bb i?2bBbX

h?2 bi`2M;i?b Q7 i?2 AKTHB+BiSQb2S.6 r2`2 ?B;?HB;?i2/ QM � p�`B2iv Q7 bvKK2i`B+

Q#D2+ib 7`QK i?2 S?QiQ`2�HBbiB+ /�i�b2i �M/ i?2 h@G2bb /�i�b2iX h?2 KQ/2H Bb �#H2

iQ +QMbi`m+i +QKTH2i2 TQb2 /Bbi`B#miBQMb- +�Tim`BM; �`#Bi`�`v ;2QK2i`B+ bvKK2i`B2b

BMp�`B�Mi iQ Q#D2+i i2tim`2bX 1HBKBM�iBM; i?2 ?B;? b2MbBiBpBiv iQ Q#D2+i i2tim`2b 2M@

�#H2b i?2 ASS.6 KQ/2H iQ #2 2KTHQv2/ BM `2�H@rQ`H/ b+2M�`BQbX �//BiBQM�HHv- r2 ?�p2

b?QrM i?2 �/p�Mi�;2b Q7 BKTHB+BiHv KQ/2HBM; bvKK2i`B2b 7Q` i?2 bBM;H2 e. TQb2 2biB@

K�iBQM i�bFX 1p2M i?Qm;? i?2 AKTHB+BiSQb2S.6 KQ/2H Bb /2bB;M2/ iQ 2biBK�i2 TQb2

/Bbi`B#miBQMb- Bi Bb �#H2 iQ T`2/B+i Q#D2+i TQb2b �++m`�i2HvX

h?`Qm;? i?2 �SGa i?2 ASS.6 KQ/2H +�M #2 i`�BM2/ rBi?Qmi i?2 bmT2`pBbBQM Q7

Q#D2+i TQb2b �M/ Q#D2+i bvKK2i`B2bX ai�`iBM; Qz rBi? �M mMH�#2H2/ /�i�b2i- i?2 TQb2

H�#2HBM; b+?2K2 Bb �#H2 iQ T`Q/m+2 b2ib Q7 �++m`�i2 ;`QmM/@i`mi? TQb2b `2T`2b2Mi�iBp2

Q7 Q#D2+i bvKK2i`B2bX h?2 Tb2m/Q ;`QmM/@i`mi? H�#2Hb T`Qp2/ iQ #2 �M 2{+B2Mi bm#@

biBimiBQM 7Q` �M�HviB+�HHv /2`Bp2/ ;`QmM/@i`mi? H�#2Hb BM i?2 i`�BMBM; T`Q+2bb Q7 Qm`

KQ/2HX h?2 �SGa Bb �#H2 iQ 7mHHv �miQK�i2 i?2 i`�BMBM; TBT2HBM2 Q7 Qm` KQ/2H �M/

2HBKBM�i2b i?2 M2+2bbBiv Q7 ;`QmM/@i`mi? H�#2H2/ /�i�X

h?2 ASS.6 KQ/2H +QK#BM2/ rBi? i?2 �SGa ?�b b?QrM i?2 +�T�#BHBiv Q7 #2BM;

2KTHQv2/ BM KQ`2 �TTHB+�iBQM@Q`B2Mi2/ i�bFbX 6mim`2 rQ`F +�M BM+Hm/2 BM+Q`TQ`�iBM;

Qm` KQ/2H BMiQ � ;`�bT TH�MMBM; i�bF iQ i2bi Bib �#BHBiB2b BM � `Q#QiB+ �TTHB+�iBQMX

JQ`2Qp2`- i?2`2 Bb `QQK iQ BKT`Qp2 i?2 2{+B2M+v Q7 i?2 TQb2 H�#2HBM; b+?2K2X �

#�i+?@rBb2 +QKTmi�iBQM Q7 i?2 Tb2m/Q ;`QmM/@i`mi? H�#2Hb- 7m`i?2` /QrMb�KTHBM; Q7

TQBMi +HQm/b �M/ `2/m+iBQM Q7 BK�;2 bBx2b +QmH/ BKT`Qp2 i?2 `mMMBM; iBK2 Q7 i?2

�SGaX



GBbi Q7 6B;m`2b

RXR S`2/B+i2/ .Bbi`B#miBQMb Q7 i?2 AKTHB+Bi@S.6 JQ/2H X X X X X X X X X X k

kXR e. SQb2 1biBK�iBQM S`Q#H2K X X X X X X X X X X X X X X X X X X X X X X 9

kXk *�M P#D2+i avKK2i`B2b X X X X X X X X X X X X X X X X X X X X X X X X X 8

9XR AKTHB+BiSQb2S.6 JQ/2H X X X X X X X X X X X X X X X X X X X X X X X X X RR

9Xk 1[mB@oQHmK2i`B+ a�KTHBM; Q7 aP(3) X X X X X X X X X X X X X X X X X X X Rj

9Xj AKTHB+Bi@S.6 JQ/2H X X X X X X X X X X X X X X X X X X X X X X X X X X X R9

9X9 oBbm�HBx�iBQM h2+?MB[m2 7Q` SQb2 .Bbi`B#miBQMb X X X X X X X X X X X X X Re

8XR �miQK�iB+ SQb2 G�#2HBM; a+?2K2 X X X X X X X X X X X X X X X X X X X X R3

8Xk Sb2m/Q :`QmM/@h`mi? :2M2`�iBQM S`Q+2bb X X X X X X X X X X X X X X X kR

eXR P#D2+i avKK2i`B2b BM i?2 S?QiQ`2�HBbiB+ .�i�b2i X X X X X X X X X X X X k9

eXk h@G2bb .�i�b2i P#D2+ib X X X X X X X X X X X X X X X X X X X X X X X X X X k8

eXj Sb2m/Q :`QmM/@h`mi? G�#2Hb X X X X X X X X X X X X X X X X X X X X X X kN

eX9 SQb2 .Bbi`B#miBQMb QM i?2 S?QiQ`2�HBbiB+ .�i�b2i X X X X X X X X X X X X jj

eX8 SQb2 .Bbi`B#miBQMb mbBM; .Bz2`2Mi :`QmM/@h`mi? G�#2Hb X X X X X X X j9

eXe SQb2 .Bbi`B#miBQMb BM i?2 S`2b2M+2 Q7 P++HmbBQM X X X X X X X X X X X X j8

eXd SQb2 .Bbi`B#miBQMb QM i?2 h@G2bb .�i�b2i X X X X X X X X X X X X X X X X jN

9k



GBbi Q7 h�#H2b

eXR 1p�Hm�iBQM Q7 i?2 Sb2m/Q :`QmM/@h`mi? SQb2 G�#2Hb X X X X X X X X X kN

eXk *QKT�`BbQM Q7 /Bz2`2Mi KQ/2Hb �b 72�im`2 2ti`�+iQ`X X X X X X X X X X X jR

eXj Zm�MiBi�iBp2 _2bmHib mbBM; .Bz2`2Mi :`QmM/@h`mi? X X X X X X X X X X je

eX9 �l* Q7 i?2 �..@a K2i`B+ QM i?2 u*"@oB/2Q /�i�b2i X X X X X X X X X jd

eX8 _2bmHib Q7 i?2 _Qi�iBQM@AS.6 KQ/2H QM i?2 h@G2bb /�i�b2iX X X X X X 9y
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(R) uX sB�M;- hX a+?KB/i- oX L�`�v�M�M- �M/ .X 6Qt- óSQb2*LL, � +QMpQHmiBQM�H
M2m`�H M2irQ`F 7Q` e. Q#D2+i TQb2 2biBK�iBQM BM +Hmii2`2/ b+2M2b-ô kyR3X

(k) �X �KBMB- �X aX S2`Bv�b�Kv- �M/ aX "2?MF2- óuPGPSQb2, h`�Mb7Q`K2`@#�b2/
KmHiB@Q#D2+i e. TQb2 2biBK�iBQM mbBM; F2vTQBMi `2;`2bbBQM-ô BM AMi2`M�iBQM�H
*QM72`2M+2 QM AMi2HHB;2Mi �miQMQKQmb avbi2Kb UA�aV- kykkX

(j) uX GB- :X q�M;- sX CB- uX sB�M;- �M/ .X 6Qt- ó.22TAJ, .22T Bi2`�iBp2 K�i+?BM;
7Q` e. TQb2 2biBK�iBQM-ô BM 1m`QT2�M *QM72`2M+2 QM *QKTmi2` oBbBQM U1**oV-
kyR3- TTX e3j�eN3X

(9) uX sm- EX@uX GBM- :X w?�M;- sX q�M;- �M/ >X GB- ó_LLSQb2, _2+m``2Mi e@
.Q6 Q#D2+i TQb2 `2}M2K2Mi rBi? `Q#mbi +Q``2bTQM/2M+2 }2H/ 2biBK�iBQM �M/
TQb2 QTiBKBx�iBQM-ô BM A111f*o6 *QM72`2M+2 QM *QKTmi2` oBbBQM �M/ S�ii2`M
_2+Q;MBiBQM U*oS_V- kykk- TTX R9 33y�R9 3NyX

(8) EX �X Jm`T?v- *X 1bi2p2b- oX C�KT�MB- aX _�K�HBM;�K- �M/ �X J�F�/B�-
óAKTHB+Bi@S.6, LQM@T�`�K2i`B+ `2T`2b2Mi�iBQM Q7 T`Q#�#BHBiv /Bbi`B#miBQMb QM
i?2 `Qi�iBQM K�MB7QH/-ô BM AMi2`M�iBQM�H *QM72`2M+2 QM J�+?BM2 G2�`MBM; UA*JGV-
SJG_- kykR- TTX d33k�d3NjX

(e) �X aX S2`Bv�b�Kv- GX .2MMBM;2`- �M/ aX "2?MF2- óG2�`MBM; BKTHB+Bi T`Q#�#BHBiv
/Bbi`B#miBQM 7mM+iBQMb 7Q` bvKK2i`B+ Q`B2Mi�iBQM 2biBK�iBQM 7`QK `;# BK�;2b
rBi?Qmi TQb2 H�#2Hb-ô kykkX

(d) _X "`2;B2`- 6X .2p2`M�v- GX G2v`Bi- �M/ CX GX *`QrH2v- ó.2}MBM; i?2 TQb2 Q7 �Mv
j. `B;B/ Q#D2+i �M/ �M �bbQ+B�i2/ /Bbi�M+2-ô AMi2`M�iBQM�H CQm`M�H Q7 *QKTmi2`
oBbBQM UAC*oV- pQHX Rke- TTX 8dR�8Ne- kyR3X

(3) :X SBii2`B- JX _�K�KQMDBbQ�- aX AHB+- �M/ oX G2T2iBi- óPM Q#D2+i bvKK2i`B2b
�M/ e. TQb2 2biBK�iBQM 7`QK BK�;2b-ô BM AMi2`M�iBQM�H *QM72`2M+2 QM j. oBbBQM
Uj.oV- A111- kyRNX

(N) JX _�/ �M/ oX G2T2iBi- ó""3, � b+�H�#H2- �++m`�i2- `Q#mbi iQ T�`iB�H Q++HmbBQM
K2i?Q/ 7Q` T`2/B+iBM; i?2 j. TQb2b Q7 +?�HH2M;BM; Q#D2+ib rBi?Qmi mbBM; /2Ti?-ô
BM A111 AMi2`M�iBQM�H *QM72`2M+2 QM *QKTmi2` oBbBQM UA**oV- kyRd- TTX j3k3�

j3jeX

(Ry) *X 1bi2p2b- �X am/- wX GmQ- EX .�MBBHB/Bb- �M/ �X J�F�/B�- ó*`Qbb@/QK�BM
j. 2[mBp�`B�Mi BK�;2 2K#2//BM;b-ô BM AMi2`M�iBQM�H *QM72`2M+2 QM J�+?BM2
G2�`MBM; UA*JGV- SJG_- kyRN- TTX R3Rk�R3kkX

99
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(RR) �X a�t2M�- CX .`B2K2v2`- �M/ �X uX L;- óG2�`MBM; j. Q#D2+i Q`B2Mi�iBQM 7`QK
BK�;2b-ô BM A111 AMi2`M�iBQM�H *QM72`2M+2 QM _Q#QiB+b �M/ �miQK�iBQM UA*_�V-
kyyN- TTX dN9�3yyX

(Rk) 1X *Q`QM�- EX EmM/m- �M/ aX 6B/H2`- óSQb2 2biBK�iBQM 7Q` Q#D2+ib rBi? `Qi�iBQM�H
bvKK2i`v-ô BM A111f_aC AMi2`M�iBQM�H *QM72`2M+2 QM AMi2HHB;2Mi _Q#Qib �M/
avbi2Kb UA_PaV- kyR3X

(Rj) JX amM/2`K2v2`- wX@*X J�`iQM- JX .m`M2`- JX "`m+F2`- �M/ _X h`B2#2H- óAK@
THB+Bi j. Q`B2Mi�iBQM H2�`MBM; 7Q` e. Q#D2+i /2i2+iBQM 7`QK _:" BK�;2b-ô BM
1m`QT2�M *QM72`2M+2 QM *QKTmi2` oBbBQM U1**oV- kyR3X

(R9) 6X J�M?�`/i- .X JX �``QvQ- *X _mTT`2+?i- "X "mb�K- hX "B`/�H- LX L�p�#-
�M/ 6X hQK#�`B- ó1tTH�BMBM; i?2 �K#B;mBiv Q7 Q#D2+i /2i2+iBQM �M/ e. TQb2
7`QK pBbm�H /�i�-ô BM A111f*o6 AMi2`M�iBQM�H *QM72`2M+2 QM *QKTmi2` oBbBQM
U*oS_V- kyRNX

(R8) >X .2M;- JX "mB- LX L�p�#- GX :mB#�b- aX AHB+- �M/ hX "B`/�H- ó.22T #BM;?�K
M2irQ`Fb, .2�HBM; rBi? mM+2`i�BMiv �M/ �K#B;mBiv BM TQb2 2biBK�iBQM-ô AMi2`@
M�iBQM�H CQm`M�H Q7 *QKTmi2` oBbBQM UAC*oV- TTX R�k3- kykkX

(Re) AX :BHBib+?2MbFB- _X a�?QQ- qX a+?r�`iBM;- �X �KBMB- aX E�`�K�M- �M/ .X _mb-
ó.22T Q`B2Mi�iBQM mM+2`i�BMiv H2�`MBM; #�b2/ QM "BM;?�K HQbb-ô BM AMi2`M�iBQM�H
*QM72`2M+2 QM G2�`MBM; _2T`2b2Mi�iBQMb UA*G_V- kyRNX

(Rd) "X PFQ`M- JX sm- JX >2#2`i- �M/ .X >2H/- óG2�`MBM; Q`B2Mi�iBQM /Bbi`B#miBQMb
7Q` Q#D2+i TQb2 2biBK�iBQM-ô BM A111f_aC AMi2`M�iBQM�H *QM72`2M+2 QM AMi2HHB@
;2Mi _Q#Qib �M/ avbi2Kb UA_PaV- kykyX

(R3) *X amM- �X a?`Bp�bi�p�- aX aBM;?- �M/ �X :mTi�- ó_2pBbBiBM; mM`2�bQM�#H2 27@
72+iBp2M2bb Q7 /�i� BM /22T H2�`MBM; 2`�-ô BM A111 AMi2`M�iBQM�H *QM72`2M+2 QM
*QKTmi2` oBbBQM UA**oV- kyRdX

(RN) hX >Q/�M- SX >�Hmx�- aX P#/`x�H2F- CX J�i�b- JX GQm`�FBb- �M/ sX w�#mHBb-
óh@G1aa, �M _:"@. /�i�b2i 7Q` e. TQb2 2biBK�iBQM Q7 i2tim`2@H2bb Q#D2+ib-ô BM
A111 qBMi2` *QM72`2M+2 QM �TTHB+�iBQMb Q7 *QKTmi2` oBbBQM Uq�*oV- A111-
kyRd- TTX 33y�333X

(ky) EX JX :Q`bFB- 1X >BpQM- �X CX "�M/�v- "X .X q�M/2Hi- 6X EX >�Mb2M- JX _2B@
M2+F2- �M/ JX "�`i2HK�MM- ó>1�GSBt, � 7`�K2rQ`F 7Q` ?B;?@`2bQHmiBQM /Bb@
+`2iBx�iBQM �M/ 7�bi �M�HvbBb Q7 /�i� /Bbi`B#mi2/ QM i?2 bT?2`2-ô h?2 �bi`QT?vb@
B+�H CQm`M�H- TX d8N- kyy8X

(kR) �X u2`b?Qp�- aX C�BM- aX G�p�HH2- �M/ CX JBi+?2HH- ó:2M2`�iBM; mMB7Q`K BM+`2@
K2Mi�H ;`B/b QM aPUjV mbBM; i?2 ?QT7 }#`�iBQM-ô h?2 AMi2`M�iBQM�H DQm`M�H Q7
`Q#QiB+b `2b2�`+?- kyRyX

(kk) .X qX GvQMb- ó�M 2H2K2Mi�`v BMi`Q/m+iBQM iQ i?2 >QT7 6B#`�iBQM-ô J�i?2K�iB+b
J�;�xBM2- kyyjX
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(kj) wX GBm- >X J�Q- *X@uX qm- *X 62B+?i2M?Q72`- hX .�``2HH- �M/ aX sB2- ó� +QMpM2i
7Q` i?2 kykyb-ô BM A111f*o6 AMi2`M�iBQM�H *QM72`2M+2 QM *QKTmi2` oBbBQM
U*oS_V- kykkX

(k9) ZX@uX w?Qm- CX S�`F- �M/ oX EQHimM- ó6�bi ;HQ#�H `2;Bbi`�iBQM-ô BM 1m`QT2�M
*QM72`2M+2 QM *QKTmi2` oBbBQM U1**oV- aT`BM;2`- kyRe- TTX dee�d3kX

(k8) _X "X _mbm- LX "HQ/Qr- �M/ JX "22ix- ó6�bi TQBMi 72�im`2 ?BbiQ;`�Kb U6S6>V
7Q` j. `2;Bbi`�iBQM-ô BM AMi2`M�iBQM�H *QM72`2M+2 QM _Q#QiB+b �M/ �miQK�iBQM
UA*_�V- A111- kyyN- TTX jkRk�jkRdX

(ke) JX a+?r�`x �M/ aX "2?MF2- óaiBHHH2#2M, _2�HBbiB+ b+2M2 bvMi?2bBb 7Q` /22T H2�`M@
BM; BM `Q#QiB+b-ô BM A111 AMi2`M�iBQM *QM72`2M+2 QM _Q#QiB+b �M/ �miQK�iBQM
UA*_�V- kykyX

(kd) CX *�MMv- ó� +QKTmi�iBQM�H �TT`Q�+? iQ 2/;2 /2i2+iBQM-ô A111 h`�Mb�+iBQMb
QM S�ii2`M �M�HvbBb �M/ J�+?BM2 AMi2HHB;2M+2- pQHX S�JA@3- MQX e- TTX edN�eN3-
RN3eX

(k3) oX J�FQpBv+?mF- GX q�r`xvMB�F- uX :mQ- JX Gm- EX aiQ`2v- JX J�+FHBM- .X
>Q2HH2`- LX _m/BM- �X �HHb?B`2- �X >�M/�- �M/ :X ai�i2- óAb��+ :vK, >B;?
T2`7Q`K�M+2 :Sl #�b2/ T?vbB+b bBKmH�iBQM 7Q` `Q#Qi H2�`MBM;-ô BM h?B`iv@}7i?
*QM72`2M+2 QM L2m`�H AM7Q`K�iBQM S`Q+2bbBM; avbi2Kb UL2m`ASaV- kykRX

(kN) �X S�bxF2- aX :`Qbb- 6X J�bb�- �X G2`2`- CX "`�/#m`v- :X *?�M�M- hX EBHH22M- wX
GBM- LX :BK2Hb?2BM- GX �MiB;�- �X .2bK�BbQM- �X EºT7- 1X u�M;- wX .2oBiQ- JX
_�BbQM- �X h2D�MB- aX *?BH�KFm`i?v- "X ai2BM2`- GX 6�M;- CX "�B- �M/ aX *?BMi�H�-
óSvhQ`+?, �M BKT2`�iBp2 bivH2- ?B;?@T2`7Q`K�M+2 /22T H2�`MBM; HB#`�`v-ô kyRNX

(jy) ZX@uX w?Qm- CX S�`F- �M/ oX EQHimM- óPT2Mj., � KQ/2`M HB#`�`v 7Q` j. /�i�
T`Q+2bbBM;-ô �`sBp,R3yRXyN39d- kyR3X

(jR) LX _�pB- CX _2Bx2Mbi2BM- .X LQpQiMv- hX :Q`/QM- qX@uX GQ- CX CQ?MbQM- �M/
:X :FBQt�`B- ó�++2H2`�iBM; j. /22T H2�`MBM; rBi? SvhQ`+?j.-ô BM 1m`QT2�M
*QM72`2M+2 QM *QKTmi2` oBbBQM U1**oV- kykyX

(jk) CX .2M;- qX .QM;- _X aQ+?2`- GX@CX GB- EX GB- �M/ GX 62B@62B- óAK�;2M2i, � H�`;2@
b+�H2 ?B2`�`+?B+�H BK�;2 /�i�#�b2-ô BM A111 *QM72`2M+2 QM *QKTmi2` oBbBQM �M/
S�ii2`M _2+Q;MBiBQM- kyyNX

(jj) EX >2- sX w?�M;- aX _2M- �M/ CX amM- ó.22T `2bB/m�H H2�`MBM; 7Q` BK�;2 `2+Q;@
MBiBQM-ô kyR8X

(j9) aX >BMi2`biQB=2`- oX G2T2iBi- aX AHB+- aX >QHx2`- :X _X "`�/bFB- EX EQMQHB;2- �M/
LX L�p�#- óJQ/2H #�b2/ i`�BMBM;- /2i2+iBQM �M/ TQb2 2biBK�iBQM Q7 i2tim`2@
H2bb j/ Q#D2+ib BM ?2�pBHv +Hmii2`2/ b+2M2b-ô BM �bB�M *QM72`2M+2 QM *QKTmi2`
oBbBQM- kyRkX

(j8) aX S`QFm/BM- SX :2?H2`- �M/ aX LQrQxBM- ó.22T /B`2+iBQM�H bi�iBbiB+b, SQb2 2biB@
K�iBQM rBi? mM+2`i�BMiv [m�MiB}+�iBQM-ô BM 1m`QT2�M *QM72`2M+2 QM *QKTmi2`
oBbBQM U1**oV- kyR3- TTX 8j9�88RX


