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Abstract 

The ability to understand and predict the flows of people in cities is crucial for the 
planning of transportation systems and other urban infrastructures. Deep-learning 
approaches are powerful since they can capture non-linear relations between 
geographic features and the resulting mobility flow from a given origin location to a 
destination location. However, existing methods cannot quantify the uncertainty of 
the predictions, limiting their interpretability and thus their use for practical 
applications in urban infrastructure planning. To that end, we propose a Bayesian 
deep-learning approach that formulates deep neural networks as Gaussian processes 
and integrates automatic variable selection. Our method provides uncertainty 
estimates for the predicted origin-destination flows while also allowing to identify 
the most critical geographic features that drive the mobility patterns. The developed 
machine learning approach is applied to large-scale taxi trip data from New York 
City. 
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R AMi`Q/m+iBQM
h`�MbTQ`i�iBQM bvbi2Kb �M/ Qi?2` m`#�M BM7`�bi`m+im`2b M22/ iQ #2 +QMiBMm@
QmbHv �/�Ti2/ iQ +QT2 rBi? �M BM+`2�bBM; MmK#2` Q7 ;`�M/ +?�HH2M;2b bm+? �b
TQTmH�iBQM ;`Qri?- +HBK�i2 +?�M;2- /Bb`mTiBp2 i2+?MQHQ;B+�H BMMQp�iBQMb �M/-
KQ`2 `2+2MiHv- i?2 ;HQ#�H T�M/2KB+ (R- k)X �i i?2 b�K2 iBK2- BM7`�bi`m+im`2
/2p2HQTK2Mib ivTB+�HHv �z2+i K�Mv T2QTH2- +Qbi HQib Q7 `2bQm`+2b �M/ �`2 /B7@
}+mHi iQ `2p2`b2 (j)X �b � +QMb2[m2M+2- TH�MM2`b �M/ 2M;BM22`b- `2bTQMbB#H2 7Q`
i?2 bmbi�BM�#H2 /2bB;M Q7 i?2b2 bvbi2Kb- M22/ iQ #�b2 i?2B` /2+BbBQMb QM � T`Q@
7QmM/- b+B2M+2@#�b2/ mM/2`bi�M/BM; Q7 ?Qr T2QTH2 K�F2 mb2 Q7 m`#�M bT�+2 �M/
?Qr i?2B` /�BHv KQ#BHBiv T�ii2`Mb �`2 �z2+i2/ #v HQ+�H +?�`�+i2`BbiB+b (9Ĝe)X

hQ i?�i 2M/- K�i?2K�iB+�H KQ/2Hb ?2HT iQ [m�MiB7v i?2 `2H�iBQM #2ir22M
m`#�M 72�im`2b �M/ i?2 KQ#BHBiv ~Qrb #2ir22M /Bz2`2Mi Q`B;BM �M/ /2biBM�iBQM
HQ+�iBQMb (d)X P7 T�`iB+mH�` BKTQ`i�M+2 �`2 ;`�pBiv KQ/2Hb (3ĜRy) i?�i T`2/B+i
i?2 MmK#2` Q7 T2QTH2 i`�p2HBM; 7`QK �M Q`B;BM i iQ � /2biBM�iBQM j �b Tij =
cmimjf(rij), r?2`2 c Bb � +QMbi�Mi- mi �M/ mj �`2 F2v HQ+�H �ii`B#mi2b- �M/
f(·) Bb � /2+`2�bBM; 7mM+iBQM Q7 i?2 /Bbi�M+2 rij #2ir22M i?2 irQ HQ+�iBQMbX �
+QKKQM +?QB+2 Bb mi = P↵

i �M/ mj = P �
j - r?2`2 Pi �M/ Pj �`2 i?2 TQTmH�iBQM

bBx2b Q7 i?2 HQ+�iBQMb i �M/ j- �M/ ↵ �M/ � �`2 T�`�K2i2`b i?�i �`2 +�HB#`�i2/
rBi? /�i�X :`�pBiv KQ/2Hb +�M #2 2ti2M/2/ iQ BM+Hm/2 �//BiBQM�H p�`B�#H2b
bm+? �b i`�p2H iBK2 (RR)X hvTB+�HHv- i?2 7mM+iBQM f(·) i�F2b i?2 7Q`K Q7 �M
2tTQM2MiB�H Q` TQr2`@H�r f(rij) = r��

ij r?2`2 � Bb �M �//BiBQM�H T�`�K2i2`
i?�i M22/b iQ #2 +�HB#`�i2/X q?BH2 i?2 7mM+iBQM�H 7Q`K Q7 i?2 ;`�pBiv KQ/2Hb Bb
bBKTH2 �M/ 2tTH�BM�#H2- Bi K�v �HbQ H2�/ iQ ?B;? T`2/B+iBQM 2``Q`b bBM+2 Bi Bb MQi
�#H2 iQ `2~2+i K�Mv BMi2`�+iBM; 7�+iQ`b bm+? �b p�`vBM; i`BT Tm`TQb2b Qp2` i?2
+Qm`b2 Q7 � /�v Q` bQ+BQ@2+QMQKB+ +?�`�+i2`BbiB+b Q7 i?2 i`�p2H2`b (Rk)X "2BM; �
KQ`2 7mM/�K2Mi�H HBKBi�iBQM- ;`�pBiv KQ/2Hb bQ 7�` /Q MQi T`QpB/2 mM+2`i�BMiv
2biBK�i2b 7Q` i?2B` T`2/B+iBQMbX AM Qi?2` i2`Kb- /2+BbBQM K�F2`b /Q MQi FMQr
r?2M i?2 KQ/2H Bb mM+2`i�BM �#Qmi Bib T`2/B+iBQMb �M/ r?2i?2` Bi KB;?i 2p2M
#2 ;m2bbBM; �i `�M/QK- r?B+? Bb ?B;?Hv mM/2bB`�#H2 7Q` BM7`�bi`m+im`2 TH�MMBM;
�TTHB+�iBQMbX h?2 b�K2 HBKBi�iBQMb �HbQ �TTHv iQ BMi2`p2MBM; QTTQ`imMBiB2b
KQ/2Hb r?B+?- #2bB/2b ;`�pBiv KQ/2Hb- +QMbiBimi2 i?2 b2+QM/ BKTQ`i�Mi +H�bb
Q7 i`�/BiBQM�H KQ#BHBiv ~Qr KQ/2Hb (Rj- R9)X

a2p2`�H K�+?BM2 H2�`MBM; �TT`Q�+?2b ?�p2 #22M /2p2HQT2/ iQ �//`2bb bQK2
Q7 i?2b2 HBKBi�iBQMbX 1t�KTH2b �`2 /2+BbBQM i`22 KQ/2Hb (R8- Re) �M/ 722/@
7Q`r�`/ M2m`�H M2irQ`Fb (R8ĜRN) i?�i �`2 �#H2 iQ QmiT2`7Q`K i?2 i`�/BiBQM�H
KQ#BHBiv ~Qr KQ/2Hb BM i2`Kb Q7 T`2/B+iBQM T2`7Q`K�M+2X JQ`2 `2+2MiHv- p�`@
BQmb /22T H2�`MBM; i2+?MB[m2b ?�p2 #22M �TTHB2/ (ky)X S�`iB+mH�`Hv `2H2p�Mi Bb
.22T :`�pBiv (kR)- r?B+? Bb � /22T M2m`�H M2irQ`F KQ/2H 7Q` T`2/B+iBM; KQ#BH@
Biv ~Qrb #�b2/ QM �M 2ti2MbBp2 b2i Q7 ;2Q;`�T?B+ 72�im`2b bm+? �b H�M/ mb2-
`Q�/ M2irQ`F- 7QQ/ �M/ ?2�Hi? 7�+BHBiB2bX 1tTH�BM�#BHBiv Bb �//2/ i?`Qm;? mbBM;
a>�S Ua>�TH2v �//BiBp2 2tSH�M�iBQMV- �HHQrBM; iQ mM/2`bi�M/ ?Qr bi`QM;Hv
i?2 BMTmi 72�im`2b +QMi`B#mi2 iQ i?2 KQ#BHBiv T`2/B+iBQMbX h?2 bi`2M;i? Q7 bm+?
�TT`Q�+?2b HB2b BM T�ii2`M `2+Q;MBiBQM- r?2`2 i?2 MQM@HBM2�`Biv Q7 i?2 KQ/@
2Hb �HHQrb iQ BKT`Qp2 i?2 T`2/B+iBQM T2`7Q`K�M+2 i?`Qm;? /2i2+iBM; +QKTH2t



j

`2;mH�`BiB2b BM i?2 /�i�X >Qr2p2`- bBKBH�` iQ i`�/BiBQM�H KQ/2Hb- i?2v /Q MQi
T`QpB/2 �Mv mM+2`i�BMiv 2biBK�i2b �bbQ+B�i2/ rBi? BM/BpB/m�H T`2/B+iBQMbX

hQ �//`2bb i?Bb ;�T- r2 BMi`Q/m+2 � /22T H2�`MBM; �TT`Q�+? i?�i BV Bb
�#H2 iQ +QMbB/2` K�Mv BMTmi p�`B�#H2b rBi? +QKTH2t `2H�iBQM�H bi`m+im`2- BBV
Bb BMi2`T`2i�#H2 rBi? `2bT2+i iQ i?2 `2H2p�M+2 Q7 i?2 BM/BpB/m�H BMTmi p�`B�#H2b
�M/ BBBV Bb BMi2`T`2i�#H2 rBi? `2bT2+i iQ i?2 mM+2`i�BMiv Q7 Bib T`2/B+iBQMbX
h?2 �TT`Q�+? mb2b 2t�+i "�v2bB�M BM72`2M+2 QM /22T M2m`�H M2irQ`Fb i?�i �`2
7Q`KmH�i2/ �b :�mbbB�M T`Q+2bb2bX

k J2i?Q/QHQ;v
kXR "�v2bB�M /22T H2�`MBM; mbBM; :�mbbB�M T`Q+2bb T`BQ`b
.22T M2m`�H M2irQ`Fb ?�p2 � ?B;? T`2/B+iBQM T2`7Q`K�M+2 BM T�ii2`M `2+Q;@
MBiBQM T`Q#H2Kb (kk) bBM+2 i?2v �`2 �#H2 iQ +�Tim`2 +QKTH2t- MQM@HBM2�`
/2T2M/2M+B2bX >Qr2p2`- �7i2` i`�BMBM; � /22T M2m`�H M2irQ`F- Bi Bb /B{+mHi iQ
Q#i�BM mM+2`i�BMiv 2biBK�i2b Q7 Bib T`2/B+iBQMb (kj)X h?Bb Bb #2+�mb2 /22T H2�`M@
BM; KQ/2Hb �`2 ivTB+�HHv /2i2`KBMBbiB+ 7mM+iBQMb r?2`2 T�`�K2i2` p�Hm2b �M/
T`2/B+iBQMb �`2 TQBMi 2biBK�i2b `�i?2` i?�M T`Q#�#BHBiv /Bbi`B#miBQMbX

"�v2bB�M /22T H2�`MBM; Bb i?2 T`BM+BTH2/ �TT`Q�+? Q7 /2�HBM; rBi? i?2b2
mM+2`i�BMiB2b #v /2}MBM; /22T H2�`MBM; KQ/2Hb BM � T`Q#�#BHBbiB+ r�v (k9- k8)X
h?2 `2bmHiBM; KQ/2Hb �`2 ivTB+�HHv KQ`2 `Q#mbi �;�BMbi Qp2`}iiBM;- T`QpB/2
mM+2`i�BMiv 2biBK�i2b 7Q` T�`�K2i2`b �M/ T`2/B+iBQMb �M/ +�M ?�M/H2 bK�HH
/�i� bBx2b- r?BH2 #2BM; �b bi`�B;?i7Q`r�`/ iQ i`�BM �b i`�/BiBQM�H /22T H2�`MBM;
KQ/2Hb (ke)X am+? KQ/2Hb �`2 i?2`27Q`2 Q7 ;`2�i p�Hm2 7Q` +`BiB+�H �TTHB+�iBQMb
r?2`2 mM+2`i�BMiv BM7Q`K�iBQM Bb `2[mB`2/X "�v2bB�M /22T H2�`MBM; `2[mB`2b
}`bi- i?2 /2}MBiBQM Q7 � T`Q#�#BHBbiB+ KQ/2H �M/ b2+QM/- i?2 BM72`2M+2 Q7 i?2
KQ/2H T�`�K2i2`b 7`QK i?2 Q#b2`p2/ /�i�X AM HBM2 rBi? i?2 "�v2bB�M T�`�/B;K-
r2 ?�p2 iQ /2}M2 � T`BQ` /Bbi`B#miBQM �b r2HH �b � HBF2HB?QQ/ 7mM+iBQMX h?2
T`BQ` /Bbi`B#miBQM Qp2` i?2 M2irQ`F T�`�K2i2`b ✓ ;Bp2b � T`BQ` /Bbi`B#miBQM
Qp2` T�`�K2i`B+ 7mM+iBQMb f(x; ✓)- r?2`2 f(·) Bb i?2 M2irQ`F 7mM+iBQM �M/ x
Bb i?2 M2irQ`F BMTmiX h?2 r2B;?ib �M/ #B�b2b BM 2�+? H�v2` �`2 Q7i2M ;Bp2M
bi�M/�`/ :�mbbB�M T`BQ` /Bbi`B#miBQMbX h?2 HBF2HB?QQ/ 7mM+iBQM Bb i`2�i2/ �b BM
:2M2`�HBx2/ GBM2�` JQ/2Hb r?2`2 i?2 M2m`�H M2irQ`F Bb mb2/ BMbi2�/ Q7 � HBM@
2�` KQ/2HX h?2 K�BM /B{+mHiv BM "�v2bB�M /22T H2�`MBM; Bb i?2 BM72`2M+2 T�`i
/m2 iQ � H�`;2 �KQmMi Q7 T�`�K2i2`b r?B+? H2�/b iQ p2`v ?B;?@/BK2MbBQM�H-
BMi`�+i�#H2 TQbi2`BQ` T`Q#�#BHBiv /Bbi`B#miBQMb (ke)X h?Bb T`Q#H2K ?�b #22M
i�+FH2/ i?`Qm;? biQ+?�biB+ BM72`2M+2 �TT`Q�+?2b (kd) bm+? �b J�`FQp +?�BM
JQMi2 *�`HQ UJ*J*V K2i?Q/bX h?2b2 K2i?Q/b b�KTH2 7`QK i?2 i`m2 TQbi2@
`BQ` /Bbi`B#miBQM �M/ �`2 +?�`�+i2`Bx2/ #v i?2 i?2Q`2iB+�H +QMp2`;2M+2 iQ i?2
i`m2 KQ/2HX "mi BM i?2 +QMi2ti Q7 M2m`�H M2irQ`F KQ/2Hb J*J* K2i?Q/b �`2
�#H2 iQ 2tTHQ`2 i?2 TQbi2`BQ` QMHv BM � bK�HH M2B;?#Q`?QQ/ i?�i Bb b2MbBiBp2
iQ i?2 BMBiB�H +QM/BiBQMbX a�KTHBM; i?2M K�v T`Q/m+2 mb27mH T`2/B+iBp2 KQ/2Hb
#mi Bi biBHH 7�BHb iQ b�KTH2 +Q``2+iHv 7`QK i?2 r?QH2 TQbi2`BQ`X �Hi2`M�iBp2Hv-
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/2i2`KBMBbiB+ �TT`Q�+?2b (k3- kN) �TT`QtBK�i2 i?2 BMi`�+i�#H2 TQbi2`BQ` /Bbi`B@
#miBQM mbBM; bQK2 i`�+i�#H2 7Q`K #mi /Q MQi [m�MiB7v ?Qr +HQb2 i?2 TQbi2`BQ`
�TT`QtBK�iBQM Bb iQ i?2 i`m2 KQ/2H (jy)X

_2+2MiHv- i?2 2t�+i 2[mBp�H2M+2 #2ir22M BM}MBi2Hv rB/2 /22T M2m`�H M2i@
rQ`Fb Ur?B+? �`2 /2i2`KBMBbiB+ 7mM+iBQMbV �M/ :�mbbB�M T`Q+2bb2b Ur?B+?
�`2 T`Q#�#BHBiv /Bbi`B#miBQMb Qp2` 7mM+iBQMbV ?�b #22M /2`Bp2/ (jR- jk)X h?Bb
�TT`Q�+? T`QKBb2b iQ Qp2`+QK2 K�Mv Q7 i?2 �#Qp2 +?�HH2M;2b #v T`QpB/BM;
2t�+i �M/ 2{+B2Mi "�v2bB�M BM72`2M+2X h?Bb Bb �M �Hi2`M�iBp2 iQ /2i2`KBMBb@
iB+ Q` biQ+?�biB+ BM72`2M+2 rBi? i?2 Q`B;BM�H M2m`�H M2irQ`F KQ/2H r?2`2 i?2
T`BQ` /Bbi`B#miBQM Q7 i?2 M2m`�H M2irQ`F Bb `27Q`KmH�i2/ �b � :�mbbB�M T`Q+2bb
T`BQ`X *QM+`2i2Hv- ;Bp2M � 722/@7Q`r�`/ M2m`�H M2irQ`F �M/ TH�+BM; :�mbbB�M
/Bbi`B#miBQMb Qp2` i?2 r2B;?ib- i?2M BM i?2 HBKBi Q7 BM}MBi2 M2irQ`F rB/i? i?2
KQ/2H #2+QK2b � :�mbbB�M T`Q+2bb rBi? i?2 F2`M2H #2BM; /2T2M/2Mi QM i?2
M2irQ`F �`+?Bi2+im`2 �M/ T`BQ` bT2+B}+�iBQMX h?Bb `27Q`KmH�iBQM i?2M �HHQrb
7Q` "�v2bB�M T`2/B+iBQM rBi? /22T M2m`�H M2irQ`Fb r?2`2 i?2 +QKTmi�iBQM QMHv
`2[mB`2b #mBH/BM; i?2 F2`M2H �M/ bi`�B;?i7Q`r�`/ K�i`Bt +QKTmi�iBQMb rBi?Qmi
i?2 M22/ 7Q` biQ+?�biB+ ;`�/B2Mi@#�b2/ i`�BMBM;X AM/22/- G22 2i �HX (jR) mb2/ i?2
:�mbbB�M T`Q+2bb2b 7Q` "�v2bB�M BM72`2M+2 QM `2;`2bbBQM i�bFb �M/ +QKT�`2/
i?2B` T2`7Q`K�M+2 iQ biQ+?�biB+ ;`�/B2Mi i`�BMBM;X h?2v 7QmM/ i?�i i?2 M2m@
`�H M2irQ`F �++m`�+v �TT`Q�+?2b i?�i Q7 i?2 :�mbbB�M T`Q+2bb rBi? BM+`2�bBM;
H�v2` rB/i?- i?�i i?2 :�mbbB�M T`Q+2bb T`2/B+iBQMb ivTB+�HHv QmiT2`7Q`K i?2
M2m`�H M2irQ`Fb rBi? }MBi2 rB/i?- �M/ i?�i i?2 :�mbbB�M T`Q+2bb mM+2`i�BMiv Bb
bi`QM;Hv +Q``2H�i2/ rBi? i?2 T`2/B+iBQM 2``Q`X h?Bb T`Q#�#BHBbiB+ 7Q`KmH�iBQM Q7
�M BM}MBi2Hv rB/2 /22T M2m`�H M2irQ`F �b � :�mbbB�M T`Q+2bb ?�b #22M i2`K2/
L2m`�H L2irQ`F :�mbbB�M S`Q+2bb ULL:SV (jR)X � ;2M2`�H HBKBi�iBQM Bb i?2
b+�H�#BHBiv /m2 iQ i?2 K�i`Bt BMp2`b2 T`Q#H2K BM :�mbbB�M T`Q+2bb BM72`2M+2X

h?mb- 7Q` i?2 M2m`�H M2irQ`F KQ/2H- r2 +QMbB/2` � 722/@7Q`r�`/ 7mHHv@
+QMM2+i2/ �`+?Bi2+im`2 rBi? L ?B//2M H�v2`b �M/ Nl ?B//2M mMBib BM H�v2`b
l = 1, . . . , LX h?2 BMTmi 7Q` i?2 KQ/2H Bb x 2 RD �M/ i?2 QmiTmi Bb z 2 RX AM
2�+? H�v2` l �M/ mMBi i- xl

i Bb i?2 p�Hm2 �7i2` i?2 �+iBp�iBQM �M/ zli Bb i?2 p�Hm2
�7i2` i?2 HBM2�` i`�Mb7Q`K�iBQM �M/ #27Q`2 i?2 M2ti �+iBp�iBQMX AM i?2 +�b2 Q7
i?2 BMTmi- x↵

i Bb i?2 p�Hm2 Q7 p�`B�#H2 i 7Q` � T�`iB+mH�` BMTmi ↵X h?2 MQM@HBM2�`
i`�Mb7Q`K�iBQM Bb /2MQi2/ #v �(·)X �M/ i?2 r2B;?ib W l

ij rBi?BM � H�v2` ?�p2
i?2 7QHHQrBM; ?B2`�`+?B+�H T`BQ`

W l
ij ⇠ N (0,

�2
w

Nl
)

��2
w ⇠ :�KK�(↵w,�w),

�M/ i?2 #B�b2b bli rBi?BM � H�v2` ?�p2 i?2 7QHHQrBM; ?B2`�`+?B+�H T`BQ`

bli ⇠ N (0,�2
b )

��2
b ⇠ :�KK�(↵b,�b)
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h?2 +Q``2bTQM/2M+2 #2ir22M /22T M2m`�H M2irQ`Fb �M/ :�mbbB�M T`Q+2bb2b
+�M #2 b22M BM i?2 M2irQ`F 7mM+iBQM (jR)

zli(x) = bli +
NlX

j=1

W l
ijx

l
j(x), xl

j(x) = �
�
zl�1
j (x)

�
.

"v BM/m+iBQM Bi +�M #2 b?QrM i?�i B7 Nl�1 ;Q2b iQ BM}MBiv i?2M i?2 BMTmi iQ
H�v2` l Bb � :�mbbB�M T`Q+2bb �M/ i?2`27Q`2 zli(x) Bb � :�mbbB�M T`Q+2bb rBi?

zli ⇠ :S(µl, kl)

µl = 1
⇥
zli(x)

⇤
= 0

kl(x, x⇤) = +Qp
⇥
zli(x), z

l
i(x⇤)

⇤
= 1

⇥
zli(x)z

l
i(x⇤)

⇤

= �2
b + �2

w1zl�1
j ⇠:S(0,kl�1)

⇥
�(zl�1

j (x))�(zl�1
j (x⇤))

⇤

= �2
b + �2

wF
�
kl�1(x, x⇤), k

l�1(x, x), kl�1(x⇤, x⇤)
�

r?2`2 F Bb � /2i2`KBMBbiB+ 7mM+iBQM i?�i /2b+`B#2b i?2 `2H�iBQMb?BT #2ir22M kl

�M/ kl�1X kl +�M i?2M #2 bQHp2/ �M�HviB+�HHv- 2X;X B7 �(·) Bb i?2 _2+iB}2/ GBM2�`
lMBi U_2GlV MQM@HBM2�`Biv i?2M kl #2+QK2b i?2 �`++QbBM2 F2`M2H (jj) �M/ kL

+�M #2 +QKTmi2/ Bi2`�iBp2HvX

kXk aT�`b2 H2�`MBM; 7Q` p�`B�#H2 b2H2+iBQM
hQ BKT`Qp2 i?2 BMi2`T`2i�#BHBiv Q7 i?2 BMTmib iQ i?2 KQ/2H- r2 �//BiBQM�HHv
mb2 bT�`b2 H2�`MBM;X AM i?2 ivTB+�H bT�`b2 H2�`MBM; b2iiBM;- i?2 KQ/2H �HHQrb 7Q`
K�Mv +Qp�`B�i2b i?�i �`2 TQi2MiB�HHv `2H2p�Mi 7Q` T`2/B+iBQMX aT�`bBiv i?2M ?�b
i?2 mM/2`HvBM; �bbmKTiBQM i?�i QMHv � bm#b2i Q7 i?2b2 +Qp�`B�i2b Bb `2H2p�Mi #mi
r2 /QMǶi FMQr #27Q`2?�M/ r?B+? QM2X "v b2H2+iBM; QMHv i?2 `2H2p�Mi p�`B�#H2b-
bT�`b2 H2�`MBM; +�M ?2HT iQ #2ii2` mM/2`bi�M/ i?2 T`Q+2bb i?�i ;2M2`�i2/ i?2
/�i�- Bi +�M `2/m+2 K2�bm`2K2Mi `2[mB`2K2Mib- �M/ Bi +�M BKT`Qp2 T`2/B+iBQM
T2`7Q`K�M+2 2bT2+B�HHv B7 i?2 MmK#2` Q7 /�i� TQBMib Bb bK�HH +QKT�`2/ iQ
i?2 MmK#2` Q7 +Qp�`B�i2bX hQ 2M�#H2 "�v2bB�M bT�`bBiv- r2 M22/ � T`BQ` i?�i
+QHH�Tb2b �HH i?2 TQbi2`BQ` K�bb iQ 2Bi?2` `2H2p�M+2 Q` B``2H2p�M+2X >2`2- i?2
`2;mH�`Bx2/ ?Q`b2b?Q2 T`BQ` (j9) r?B+? Bb �M 2ti2MbBQM Q7 i?2 Q`B;BM�H ?Q`b2b?Q2
T`BQ` (j8) ?�b #22M b?QrM iQ #2 T�`iB+mH�`Hv mb27mH- bBM+2 i?2 T2`7Q`K�M+2 Q7
i?2 KQ/2H Bb MQi p2`v b2MbBiBp2 iQ i?2 +?QB+2b BM i?2 T`BQ` T�`�K2i2`b (k8)X

hQ Qm` FMQrH2/;2- MQ `2b2�`+? ?�b #22M /QM2 QM BMi2;`�iBM; �miQK�iB+
p�`B�#H2 b2H2+iBQM BM i?2 7Q`KmH�iBQM Q7 /22T M2m`�H M2irQ`Fb �b :�mbbB�M T`Q@
+2bb2bX hQ i?�i 2M/- r2 BMi2;`�i2 i?2 ?Q`b2b?Q2 T`BQ` BMiQ i?2 M2m`�H M2irQ`F
F2`M2H Q7 i?2 :�mbbB�M T`Q+2bb #v BMi`Q/m+BM; �//BiBQM�H ?vT2`T�`�K2i2`b iQ
i?2 F2`M2HX aT2+B}+�HHv- r2 T`QTQb2 � ?Q`b2b?Q2 T`BQ` QM i?2 r2B;?i T�`�K2@
i2`b +QMM2+i2/ iQ i?2 BMTmi p�`B�#H2b r?B+? BM/m+2b bT�`bBiv BM i?2 }`bi H�v2`
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Ul = 0V Q7 i?2 +Q``2bTQM/BM; M2m`�H M2irQ`F (j9)-

W 0
ij | �j , ⌧,�0 ⇠ N (0, ⌧2�̃2

j ), �̃2
j =

�2
0�

2
j

�2
0 + ⌧2�2

j

,

�j ⇠ C+(0, 1),

��2
0 ⇠ :�KK�(↵0,�0), ↵0 = ⌫0/2, �0 = ⌫0s

2/2

⌧ ⇠ C+(0,�2
g),

r?2`2 �HH r2B;?ib W 0
ij i?�i +QMM2+i iQ i?2 b�K2 BMTmi +QKTQM2Mi xj �`2 /`�rM

7`QK � b+�H2 KBtim`2 Q7 MQ`K�H /Bbi`B#miBQMb rBi? p�`B�M+2 ⌧2�̃2
j - r?2`2 ⌧ Bb

i?2 ;HQ#�H b?`BMF�;2 T�`�K2i2` i?�i b?`BMFb �HH T�`�K2i2`b iQ x2`Q r?BH2 �̃j

Bb i?2 HQ+�H b?`BMF�;2 T�`�K2i2` i?�i �HHQrb BM/BpB/m�H T�`�K2i2`b iQ 2b+�T2
i?Bb b?`BMF�;2 B7 Bi Bb mb27mH 7Q` i?2 T`2/B+iBQMX h?2 T�`�K2i2`b ⌧ �M/ �j �`2
i?2Kb2Hp2b mMFMQrMX h?2 T`BQ` 7Q` ⌧ 2Mbm`2b i?�i i?2 /�i� +�M BM7Q`K i?2
;HQ#�H b?`BMF�;2 #2vQM/ i?2 BMBiB�H ;m2bb �gX h?2 ?2�pv@i�BH2/ *�m+?v T`BQ` Q7
�j �HHQrb BM/BpB/m�H T�`�K2i2`b iQ ;Q iQ H�`;2 p�Hm2b �M/ ;Q �#Qp2 i?2 ;HQ#�H
b?`BMF�;2 ⌧ B7 M22/2/X "v mbBM; �̃2

j BMbi2�/ Q7 �2
j /B`2+iHv- i?2 K�BM T`Q#H2K

Q7 i?2 Q`B;BM�H ?Q`b2b?Q2 T`BQ` +�M #2 bQHp2/ r?B+? Bb i?�i T�`�K2i2`b i?�i
2b+�T2 i?2 b?`BMF�;2 �`2 �HKQbi mM`2;mH�`Bx2/ �M/ i?2`27Q`2 +�M ;Q iQ p2`v
H�`;2 p�Hm2bX �7i2` K�`;BM�HBxBM;- i?2 :�KK� /Bbi`B#miBQM QM ��2

0 i?2M `2bmHib
BM � aim/2Mi@t⌫0(0, s

2
0) 7Q` i?2 T�`�K2i2`b 7�` 7`QK x2`QX �7i2` i`�BMBM;- bQK2

Q7 i?2 ?vT2`T�`�K2i2`b �bbQ+B�i2/ iQ �M BMTmi p�`B�#H2 rBHH #2 Km+? bK�HH2`
i?�M Qi?2`b- BM/B+�iBM; i?�i i?2 +Q``2bTQM/BM; BMTmi p�`B�#H2 Bb MQi `2H2p�Mi
7Q` i?2 T`2/B+iBQMbX

L2ti- r2 +QMp2`i i?2 �#Qp2 7Q`KmH�iBQM Q7 i?2 T`BQ` /Bbi`B#miBQM 7Q` i?2
}`bi H�v2` Q7 i?2 M2m`�H M2irQ`F BMiQ i?2 7Q`KmH�iBQM Q7 i?2 :�mbbB�M T`Q+2bb
T`BQ` 7Q` /22T M2m`�H M2irQ`FbX qBi? W 0

ij ⇠ N (0, ⌧2�̃2
j ) �M/ bi ⇠ N (0,�2

b ) i?2
#�b2 +�b2 k0 #2+QK2b

k0(x, x⇤) = +Qp
⇥
z0i (x), z

0
i (x⇤)

⇤
= 1

⇥
z0i (x)z

0
i (x⇤)

⇤

= �2
b + ⌧2

DX

j=1

�̃2
jxjx⇤j

q2 +�M MQr miBHBx2 i?2 `2+m`bBQM `2H�iBM; k1 �M/ k0 iQ +QKTH2i2 i?2 Bi2`�iBp2
b2`B2b Q7 +QKTmi�iBQMb iQ Q#i�BM kL 7Q` i?2 :�mbbB�M T`Q+2bb i?�i /2b+`B#2b
i?2 M2irQ`FǶb }M�H QmiTmiX

*QMbB/2` � /�i�b2i {(x1, y1), . . . , (xN , yN )} rBi? N BMTmi@i�`;2i T�B`b- 7Q`
2t�KTH2 BM KQ#BHBiv ~Qr KQ/2HBM;- N Q`B;BM@/2biBM�iBQM T�B`b r?2`2 x �`2
i?2 BMTmi p�`B�#H2b bm+? �b MmK#2` Q7 T2QTH2 HBpBM; �M/ rQ`FBM; �i Q`B;BM �M/
/2biBM�iBQM �M/ y �`2 i?2 ~Qrb #2ir22M i?2 Q`B;BMb �M/ /2biBM�iBQMbX h?2 ;Q�H
Bb iQ +QMbi`m+i � /Bbi`B#miBQM Qp2` 7mM+iBQMb z(x) i?�i +�M #2 mb2/ iQ K�F2
T`2/B+iBQMb �i � i2bi TQBMi x⇤X h?2 /Bbi`B#miBQM Qp2` 7mM+iBQMb Bb KQ/2H2/ rBi?
i?2 �#Qp2 /2b+`B#2/ :�mbbB�M T`Q+2bb KQ/2H �M/ 7Q` i?2 MQBb2 KQ/2H r2 �bbmK2
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� :�mbbB�M +2Mi2`2/ �i z r?B+? �HHQrb 7Q` 2t�+i "�v2bB�M BM72`2M+2 rBi? Tm`2
K�i`Bt +�H+mH�iBQMX

h?2 /22T M2m`�H M2irQ`F F2`M2H �M/ i?2 MQBb2 KQ/2H �`2 7mHHv /2i2`KBM2/
#v i?2 b2i Q7 T�`�K2i2`b ✓ = {�w,�b, ⌧,�0,�,�n}X Pi?2` T�`�K2i2`b bm+? �b
i?2 /2Ti? Q7 i?2 M2irQ`F �`2 MQi KQ/2HH2/ 2tTHB+BiHv �M/ r2 bBKTHv i2bi 7Q` /B7@
72`2Mi +QM};m`�iBQMbX h?2 HQ; Q7 i?2 TQbi2`BQ` /Bbi`B#miBQM Qp2` i?2 T�`�K2i2`
bT�+2 Bb i?2M log p(✓ | x,y) / log p(✓) + log p(y | ✓,x)X h?2 T`BQ` Q7 i?2 MQBb2
p�`B�M+2 Bb ��2 ⇠ :�KK�(↵n,�n) �M/ i?2 +�H+mH�iBQM Q7 i?2 HQ; K�`;BM�H
HBF2HB?QQ/ Bb ;Bp2M BM (je)X

h?2 2MiB`2 +QKTmi�iBQMb BM+Hm/BM; i?2 +QMbi`m+iBQM Q7 i?2 F2`M2H �`2 /B7@
72`2MiB�#H2 r?B+? K�F2b Bi TQbbB#H2 iQ mb2 i?2 >�KBHiQMB�M JQMi2 *�`HQ
�H;Q`Bi?KX h?2 QmiTmi Bb � b2i Q7 M b�KTH2b ✓ = {✓1, . . . , ✓M} i?�i +�M #2
mb2/ iQ +QKTmi2 2tT2+i�iBQM p�Hm2b Q7 �Mv 7mM+iBQM Q7 BMi2`2biX 6Q` "�v2bB�M
T`2/B+iBQM r2 +�M /`�r 7Q` 2�+? ✓i b�KTH2b 7`QK i?2 :�mbbB�M T`Q+2bb KQ/2H
z⇤ij ⇠ p(z⇤ | ✓i, x⇤) r?2`2 i = 1, . . . ,M �`2 i?2 J*J* b�KTH2b Q7 ✓ �M/
j = 1, . . . , L �`2 i?2 b�KTH2b Q7 z⇤ 7Q` 2�+? ✓iX h?2 b�KTH2b z⇤ij +�M i?2M #2
mb2/ iQ +QKTmi2 bmKK�`B2b bm+? �b K2�M �M/ bi�M/�`/ /2pB�iBQMX

h�F2M iQ;2i?2`- r2 `272` iQ Qm` T`QTQb2/ 7`�K2rQ`F �b >Q`b2b?Q2 L2m@
`�H L2irQ`F :�mbbB�M S`Q+2bb U>@LL:SVX Aib /2bB;M �HHQrb 7Q` 7mHHv "�v2bB�M
BM72`2M+2 Q7 /22T M2m`�H M2irQ`FbX qBi? i?2 7Q`KmH�iBQM �b � :�mbbB�M T`Q@
+2bb r2 +�M 2tTHB+BiHv KQ/2H i?2 mM+2`i�BMiv BM i?2 /�i�b2i- �b r2HH �b BM i?2
T`2/B+iBQM 7mM+iBQM r?B+? Bb BKTQ`i�Mi 7Q` i?2 +`BiB+�H /2+BbBQM K�FBM; BM i?2
m`#�M +QMi2tiX �//BiBQM�HHv- i?2 BMi`Q/m+2/ ?vT2`T�`�K2i2`b BM i?2 +Qp�`B�M+2
7mM+iBQM Q7 i?2 :�mbbB�M T`Q+2bb �HHQr � T`BM+BTH2/ r�v Q7 �miQK�iB+ p�`B@
�#H2 b2H2+iBQMX 6BM�HHv- i?2 7`�K2rQ`F +�M `2THB+�i2 i?2 HBM2�` ;`�pBiv KQ/2H
UbBKTHv #v b2iiBM; i?2 MmK#2` Q7 ?B//2M H�v2`b iQ x2`QV- �b r2HH �b TQr2`7mH
MQM@HBM2�` KQ/2Hb UrBi? BM+`2�bBM; MmK#2` Q7 ?B//2M H�v2`bV- �M/ i?2`2 Bb �
i?2Q`2iB+�H ;m�`�Mi22 i?�i i?2 TQbi2`BQ` T�`�K2i2`b U�M/ i?2`2#v i?2 p�`B�#H2
BKTQ`i�M+2V �`2 +Q``2+iX

kXj �bb2bbK2Mi Q7 >@LL:S QM bvMi?2iB+ /�i�
hQ �bb2bb i?2 >@LL:S KQ/2H BM � +QMi`QHH2/ b2iiBM;- r2 i2bi Bi QM bvMi?2iB+
/�i�X hQ i?�i 2M/- r2 +`2�i2/ � bvMi?2iB+ /�i�b2i rBi? i?2 ǵJ�/2HQMǶ i2K@
TH�i2 i?�i r�b T`QTQb2/ BM i?2 LASa kyyj p�`B�#H2b b2H2+iBQM +?�HH2M;2 (jd)X "v
�/DmbiBM; i?2 T�`�K2i2`b Q7 i?2 i2KTH�i2 Bi Bb TQbbB#H2 iQ ;2M2`�i2 p2`bBQMb Q7
i?2 /�i�b2i i?�i �HHQr iQ 7Q+mb QM bT2+B}+ p�`B�#H2 b2H2+iBQM +?�HH2M;2bX J�/2@
HQM Bb � irQ@+H�bb +H�bbB}+�iBQM /�i�b2i rBi? +QMiBMmQmb BMTmi p�`B�#H2b �M/ �
#BM�`v i�`;2i p�`B�#H2X q2 ;2M2`�i2 QM2 bK�HH T`Q#H2K Uǵb@J�/2HQMǶV- �M/ QM2
H�`;2 T`Q#H2K UǵH@J�/2HQMǶV- b22 i�#H2 RX h?2 H@J�/2HQM Bb bm#bi�MiB�HHv KQ`2
/B{+mHi i?�M b@J�/2HQM /m2 iQ i?2 H�`;2` MmK#2` Q7 p�`B�#H2b �M/ � bK�HH2`
`�iBQ Q7 b�KTH2b iQ BM7Q`K�iBp2 p�`B�#H2bX hQ;2i?2`- i?2 /�i�b2ib +Qp2` /Bz2`2Mi
+?�HH2M;2b `2H�i2/ iQ i?2 MmK#2` Q7 `2/mM/�Mi- `2T2�i2/- �M/ MQM@BM7Q`K�iBp2
p�`B�#H2b- i?2 MmK#2` Q7 i`�BMBM; b�KTH2b- �M/ i?2 MQMHBM2�`Biv Q7 i?2 /�i�X
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h�#H2 R S�`�K2i2` +?QB+2b 7Q` i?2 bvMi?2iB+
/�i�b2ib

S�`�K2i2` b@J�/2HQM H@J�/2HQM

LmK#2` Q7 +H�bb2b k k
LmK#2` Q7 +Hmbi2`b T2` +H�bb k Re
LmK#2` Q7 b�KTH2b T2` +Hmbi2` 8y k8
LmK#2` Q7 BM7Q`K�iBp2 p�`B�#H2b k 8
LmK#2` Q7 `2/mM/�Mi p�`B�#H2b k 8
LmK#2` Q7 `2T2�i2/ p�`B�#H2b k Ry
LmK#2` Q7 MQMBM7Q`K�iBp2 p�`B�#H2b R9 3y
6�+iQ` KmHiBTHvBM; ?vT2`+m#2 bBx2 k k
6`�+iBQM Q7 `�M/QK H�#2Hb yXyR yXyR

kXjXR JQ/2H +QM};m`�iBQMb
AM i?2 2tT2`BK2Mib i?2 +H�bbB}+�iBQM i�bF Bb 7Q`KmH�i2/ �b � `2;`2bbBQM i�bF (j3)
r?B+? 2M�#H2b i?2 mb2 Q7 � :�mbbB�M MQBb2 KQ/2H �M/ i?2`27Q`2 �HHQrb 2t�+i
BM72`2M+2 7Q` i?2 >@LL:S KQ/2HX aBKBH�` iQ (jR)- i?2 +H�bb H�#2Hb �`2 2M+Q/2/
�b QM2@?Qi x2`Q K2�M KmHiB/BK2MbBQM�H `2;`2bbBQM i�`;2ibX

q2 i?2M /`�r Ryy i`�BMBM; b�KTH2b �M/ Ryy i2bi b�KTH2b 7Q` i?2 b@J�/2HQM
2tT2`BK2Mi- �M/ 9yy i`�BMBM; b�KTH2b �M/ 9yy i2bi b�KTH2b 7Q` i?2 H@J�/2HQM
2tT2`BK2MiX h?2 i`�BMBM; b2ib �`2 mb2/ 7Q` i?2 BM72`2M+2 T�`i �M/ i?2 i2bi b2ib
�`2 mb2/ iQ `2TQ`i i?2 T2`7Q`K�M+2X

h?2 >@LL:S T2`7Q`K�M+2 Bb i2bi2/ 7Q` /Bz2`2Mi +?QB+2b Q7 (L,�2
g)X h?2

?vT2`T�`�K2i2` M2irQ`F /2Ti?- L- r�b i2bi2/ 7Q` {0, 1, 3}- r?2`2 L = 0 ?�b
x2`Q ?B//2M H�v2` �M/ Bb 2[mBp�H2Mi iQ � :�mbbB�M S`Q+2bb rBi? � HBM2�` F2`M2HX
h?2 ?vT2`T�`�K2i2` �2

g 7Q` i?2 T`BQ` Q7 i?2 ;HQ#�H b?`BMF�;2 T�`�K2i2` ⌧ r�b
i2bi2/ QM HQ; b+�H2 7Q` {0.01, 1, 100}X h?2 ?vT2`T�`�K2i2`b 7Q` i?2 `2K�BMBM;
T`BQ`b �`2 }t2/, UBV ↵w = 1 �M/ �w = 10�2 r?B+? ;Bp2b � r2�FHv BM7Q`K�iBp2
T`BQ` 7Q` ��2

w - UBBV ↵b = 1 �M/ �b = 10�2 r?B+? ;Bp2b � r2�FHv BM7Q`K�iBp2
T`BQ` 7Q` ��2

b - UBBBV ⌫0 = 1 �M/ s0 = 1 r?B+? `2bmHib BM � r2�FHv BM7Q`K�iBp2
aim/2Mi@t⌫0(0, s

2
0) T`BQ` 7Q` i?2 T�`�K2i2`b 7�` 7`QK x2`Q- �M/ UBpV ↵n = 10�6

�M/ �n = 10�6 r?B+? ;Bp2b �M mMBM7Q`K�iBp2 T`BQ` 7Q` i?2 MQBb2 ��2
n X

h?2 KQ/2H T�`�K2i2`b �`2 i?2M 2biBK�i2/ rBi? "�v2bB�M BM72`2M+2 mbBM;
i?2 >�KBHiQMB�M JQMi2 *�`HQ �TT`Q�+? (jN)X AM 2�+? 2tT2`BK2Mi i?2 J�`FQp
+?�BM Bb bi�`i2/ �i i?2 K�tBKmK � TQbi2`BQ`B r?B+? Bb 7QmM/ rBi? i?2 �/�K
QTiBKBx2` (9y)X

kXjXk _2bmHib
h?2 }`bi T�`i Q7 `2bmHib +QM+2`Mb i?2 T`2/B+iBQM T2`7Q`K�M+2 BM i2`Kb Q7 i?2
�++m`�+v Q7 i?2 #BM�`v +H�bbB}+�iBQM i�bF- b22 i�#H2 kX 6Q` b@J�/2HQM i?2 HBM2�`
KQ/2Hb rBi? x2`Q ?B//2M H�v2`b ?�p2 �M �++m`�+v +HQb2 iQ 8y T2`+2Mi r?B+?-
7Q` � #BM�`v +H�bbB}+�iBQM i�bF- +Q``2bTQM/b iQ ;m2bbBM; �i `�M/QK �M/ Bb
MQi bm`T`BbBM; ;Bp2M i?2 sP_ +H�bbB}+�iBQM i�bFX h?2 MQM@HBM2�` KQ/2Hb `2�+?
�HKQbi T2`72+i �++m`�+v +QMbB/2`BM; i?2 MQBb2 BM i?2 /�i�X h?2 TB+im`2 Bb bBK@
BH�` 7Q` H@J�/2HQMX h?2 HBM2�` KQ/2Hb T2`7Q`K bHB;?iHv #2ii2` i?�M ;m2bbBM;



kXj �bb2bbK2Mi Q7 >@LL:S QM bvMi?2iB+ /�i� N

h�#H2 k h2bi �++m`�+v 7Q` p�`BQmb KQ/2H
+QM};m`�iBQMb 7Q` i?2 J�/2HQM /�i�b2ibX h?2
:�mbbB�M T`Q+2bb KQ/2Hb �`2 bT2+B}2/ #v L
�M/ �2

g U2X;X- >@LL:S@y@R +Q``2bTQM/b iQ
L = 0 �M/ �2

g = 1VX

JQ/2H b@J�/2HQM H@J�/2HQM

>@LL:S@y@R yX9d yX83
>@LL:S@y@Ryy yX9d yX83
>@LL:S@R@yXyR yXNe 0.87
>@LL:S@R@R 0.98 0.87
>@LL:S@R@Ryy 0.98 0.87
>@LL:S@j@yXyR yXN9 0.87
>@LL:S@j@R yXN8 0.87
>@LL:S@j@Ryy yXN9 0.87

�i `�M/QK bBM+2 BiǶb MQi � T2`72+i sP_ i�bF �MvKQ`2X h?2 MQM@HBM2�` KQ/2Hb
T2`7Q`K bHB;?iHv rQ`b2 i?�M 7Q` i?2 b@J�/2HQM /m2 iQ i?2 ?B;?2` +QKTH2tBiv
Q7 i?2 +H�bbB}+�iBQM i�bFX LQi2rQ`i?v- i?2 +H�bbB}+�iBQM �++m`�+v Bb BMb2MbBiBp2
iQ i?2 MmK#2` Q7 ?B//2M H�v2`b �b HQM; �b i?2 KQ/2H Bb MQM@HBM2�` UL � 1)
�M/ i?2 +H�bbB}+�iBQM �++m`�+v Bb �HbQ BMb2MbBiBp2 iQ /Bz2`2Mi ;HQ#�H b?`BMF�;2
T�`�K2i2`bX h?Bb Bb HBF2Hv /m2 iQ i?2 bBKTHB+Biv Q7 i?2 bvMi?2iB+ /�i�b2ib r?2`2
MQM@HBM2�` T�ii2`Mb +�M #2 /2i2+i2/ `2H�iBp2Hv 2�bBHvX AMi2`2biBM;Hv- i?2 ?vT2`@
T�`�K2i2` �2

g i?�i b?�T2b i?2 T`BQ` Q7 i?2 ;HQ#�H b?`BMF�;2 T�`�K2i2` ⌧ ?�b MQ
bB;MB}+�Mi 2z2+i QM i?2 T`2/B+iBQM �++m`�+vX h?Bb bm;;2bib i?�i i?2 T�`�K2i2`
⌧ Bb K�BMHv BM7Q`K2/ #v i?2 /�i� �M/ H2bb 2z2+i2/ #v i?2 T`BQ`X

h?2 b2+QM/ T�`i Q7 `2bmHib +QM+2`Mb i?2 mM+2`i�BMiv 2biBK�iBQM T2`7Q`@
K�M+2X �M �/p�Mi�;2 Q7 i?2 "�v2bB�M 7Q`KmH�iBQM Bb i?�i Bi �HHQrb iQ �bbB;M �
p�`B�M+2 iQ 2�+? i2bi TQBMi T`2/B+iBQM r?B+? 2M+Q/2b ?Qr +2`i�BM i?2 KQ/2H Bb
�#Qmi � T`2/B+iBQMX 6B;X R b?Qrb i?2 +Q``2H�iBQM #2ir22M mM+2`i�BMiv 2biBK�i2b
�M/ T`2/B+iBQM 2``Q`X h2bi TQBMib rBi? � ?B;?2` mM+2`i�BMiv 2biBK�i2 i2M/ iQ
?�p2 ?B;?2` T`2/B+iBQM 2``Q`X h?Bb b?Qrb i?�i i?2 KQ/2H b22Kb iQ ǵFMQr r?2M
Bi /Q2bMǶi FMQrǶX

h?2 i?B`/ T�`i Q7 `2bmHib +QM+2`Mb i?2 p�`B�#H2 b2H2+iBQM T2`7Q`K�M+2X o�`B@
�#H2b �`2 b2H2+i2/ #�b2/ QM i?2 K�;MBim/2 Q7 i?2 HQ+�H b?`BMF�;2 T�`�K2i2`b
�- r?2`2 � H�`;2 �i BM/B+�i2b i?�i i?2 +QMM2+i2/ p�`B�#H2 i Bb `2H2p�Mi 7Q`
2tTH�BMBM; i?2 Q#b2`p2/ /�i�X h?2 K�;MBim/2 /Q2b MQi `2T`2b2Mi i?2 `2H�iBp2
`2H2p�M+2 Q7 BM/BpB/m�H p�`B�#H2b #mi +�M QMHv #2 mb2/ iQ /BbiBM;mBb? #2ir22M
`2H2p�Mi �M/ B``2H2p�MiX 6B;m`2 k b?Qrb i?2 TQbi2`BQ` p�Hm2b 7Q` �HH HQ+�H b?`BMF@
�;2 T�`�K2i2`bX h?2 KQ/2H +Q``2+iHv b2H2+ib �HH p�`B�#H2b i?�i +QMi�BM ?2HT7mH
BM7Q`K�iBQM- 2Bi?2` #v #2BM; BM7Q`K�iBp2 U/B`2+iHv Q` #v `2T2�iBM; �M BM7Q`@
K�iBp2 p�`B�#H2 i?�i r�b MQi b2H2+i2/V Q` #v � +QK#BM�iBQM Q7 BM7Q`K�iBp2
p�`B�#H2b U`2/mM/�MiV- rBi?Qmi b2H2+iBM; MQM@BM7Q`K�iBp2 p�`B�#H2bX
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6B;X R h2bi TQBMib �`2 bQ`i2/ �++Q`/BM; iQ i?2 T`2/B+i2/ K2�M b[m�`2/ 2``Q` UJa1V �M/
i?2M #BMM2/X h?2 T`2/B+i2/ Ja1 QM i?2 t@�tBb Bb i?2 K2�M Q7 i?2 T`2/B+i2/ p�`B�M+2 7Q`
� #BM �M/ i?2 v@�tBb Bb i?2 �+im�H Ja1 7Q` i?2 i2bi TQBMib BM i?�i #BM- UH27iV 7Q` i?2 bK�HH
J�/2HQM /�i�b2i rBi? #BM bBx2 Ry- U`B;?iV 7Q` i?2 H�`;2 J�/2HQM /�i�b2i rBi? #BM bBx2 8yX

6B;X k h?2 #Hm2 HBM2 b?Qrb i?2 TQbi2`BQ` K2�M p�Hm2 Q7 i?2 HQ+�H b?`BMF�;2 T�`�K2i2`b �
i?�i /2i2`KBM2 i?2 b?`BMF�;2 Q7 i?2 +QMM2+i2/ p�`B�#H2b- i?2 +QHQ`2/ /Qib b?Qr r?B+? Q7 i?2
p�`B�#H2b �`2 i`m2 BM7Q`K�iBp2- `2/mM/�Mi- �M/ `2T2�i2/- UH27iV 7Q` � b2H2+i2/ KQ/2H 7Q` i?2
bK�HH J�/2HQM /�i�b2i- U`B;?iV 7Q` � b2H2+i2/ KQ/2H 7Q` i?2 H�`;2 J�/2HQM /�i�b2iX

j S`2/B+iBQM Q7 Q`B;BM@/2biBM�iBQM ~Qrb
jXR .�i�
q2 �TTHv i?2 /2p2HQT2/ K�+?BM2 H2�`MBM; �TT`Q�+?- >@LL:S- iQ i?2 T`2@
/B+iBQM Q7 BMi`�@+Biv Q`B;BM@/2biBM�iBQM UP.V ~QrbX h?2 BMTmi p�`B�#H2b �`2
HQ+�iBQM�H �ii`B#mi2b Q7 i?2 Q`B;BM �M/ /2biBM�iBQM- �b r2HH �b Q7 i?2 HQ+�iBQMb
BM #2ir22M- r?BH2 i?2 i�`;2i p�`B�#H2 Bb i?2 ~Qr Q7 BM/BpB/m�Hb #2ir22M Q`B;BM
�M/ /2biBM�iBQMX q2 i2bi i?2 KQ/2H QM � :Sa@#�b2/ i�tB i`BT /�i�b2i 7`QK
L2r uQ`F *Biv r?2`2 i?2 i�bF Bb iQ T`2/B+i MmK#2` Q7 i`BTb #2ir22M +2Mbmb
i`�+ib #�b2/ QM � b2i Q7 +2Mbmb i`�+i p�`B�#H2b U2X;X- TQTmH�iBQM bBx2- MmK#2` Q7
DQ#bV �M/ � b2i Q7 ǵHBMFǶ p�`B�#H2b U2X;X- ;2Q;`�T?B+ /Bbi�M+2- MmK#2` Q7 BMi2`@
p2MBM; DQ#bVX q2 QTi 7Q` � [m�bB 2tT2`BK2Mi�H b2iiBM; r?2`2 7Q` i?2 i`�BMBM;
b2i r2 `�M/QKHv b2H2+i KQ#BHBiv ~Qrb 7`QK i?2 v2�` kyR9 �M/ 7Q` i?2 i2bi b2i
r2 `�M/QKHv b2H2+i KQ#BHBiv ~Qrb 7`QK i?2 v2�` kyR8X q2 �//BiBQM�HHv �M�Hvx2
?Qr i?2 ~Qr /vM�KB+b +?�M;2 Qp2` i?2 +Qm`b2 Q7 � /�vX h?2 >@LL:S KQ/2H



jXR .�i� RR

Bb 2p�Hm�i2/ �++Q`/BM; iQ T`2/B+iBQM T2`7Q`K�M+2- mM+2`i�BMiv 2biBK�iBQM- �M/
p�`B�#H2 b2H2+iBQMX

6Q` i?2 2tT2`BK2Mib- r2 +`2�i2 � /�i�b2i i?�i +QMi�BMb BV �;;`2;�i2/ P.
~Qrb �M/ BBV �ii`B#mi2b /�i� i?�i /2b+`B#2 i?2 +2Mbmb i`�+ibX h?2 rQ`F~Qr iQ
#mBH/ i?2 /�i�b2i Bb �b 7QHHQrb,
RX h?2 +Biv Bb /BpB/2/ BMiQ k-Red +2Mbmb i`�+ib (9R)c 2�+? +2Mbmb i`�+i `2T`2b2Mib

�M Q`B;BM Q` /2biBM�iBQM BM i?2 P.@K�i`BtX
kX h?2 TB+F@mT �M/ /`QT@Qz iBK2b �M/ HQ+�iBQMb �`2 +QHH2+i2/ 7Q` �HH v2HHQr

�M/ ;`22M i�tBb 7Q` i?2 v2�`b kyR9 �M/ kyR8 (9k)X
jX h?2 H�iBim/2 �M/ HQM;Bim/2 Q7 i?2 Q`B;BM �M/ /2biBM�iBQM �`2 +QMp2`i2/ BMiQ

+2Mbmb i`�+i B/bX
9X h?2 i`BTb �`2 �;;`2;�i2/ bT�iB�HHv Ub�K2 Q`B;BM �M/ /2biBM�iBQMV �M/ i2K@

TQ`�HHv Ub�K2 v2�`- r22F/�v +?mMF- �M/ ?Qm` +?mMFVX >2`2 r22F/�v +?mMF
bm#/BpB/2b BMiQ r22F/�vbfr22F2M/b �M/ ?Qm` +?mMF bm#/BpB/2b BMiQ k@?Qm`
bHQib bi�`iBM; �i RRTK Ubi�`iBM; �i �M Q// MmK#2` bm#/BpB/2b i?2 /�v BMiQ
KQ`2 ǵM�im`�HǶ k@?Qm` bHQibVX 6B;m`2 j b?Qrb i?2 K�TTBM; Q7 � b2H2+iBQM
Q7 #BMM2/ P. ~QrbX h?2 7`2[m2M+v Q7 i`BTb 7Q` �M P. T�B` r�b ?B;?2bi
BM J�M?�ii�M �M/ /2+`2�b2b rBi? BM+`2�bBM; /Bbi�M+2 7`QK i?2 +Biv +2Mi2`c
� MQi2rQ`i?v 2t+2TiBQM �`2 i?2 �B`TQ`ib QmibB/2 i?2 +Biv +2Mi2`X 6B;m`2 j
b?Qrb i?2 T`Q#�#BHBiv /Bbi`B#miBQM Q7 P. ~Qrb �;;`2;�i2/ Qp2` �HH i2KTQ`�H
+�b2bX h?2 HQr@7`2[m2M+v ~Qrb �`2 ?2�pBHv Qp2`@`2T`2b2Mi2/ BM i?2 /�i�b2i
�M/ i?2`2 Bb QMHv � `2H�iBp2Hv bK�HH b?�`2 Q7 ?B;?@7`2[m2M+v ~QrbX

8X h?2 HQ+�iBQM �ii`B#mi2b �`2 b2H2+i2/ rBi? � ?2m`BbiB+ �TT`Q�+?X 6B`bi- p�`@
BQmb i`BT Tm`TQb2b �`2 /2}M2/ U2X;X ?QK2@rQ`FVc b2+QM/- 7Q` 2�+? i`BT
Tm`TQb2- 7�+iQ`b �`2 BM+Hm/2/ i?�i `2H�i2 iQ BV i`BT T`Q/m+iBQM- 2X;X MmK@
#2` Q7 DQ#b rBi? � bT2+B}+ BM+QK2 `�M;2 HQ+�i2/ �i i?2 Q`B;BM- BBV i`BT
�ii`�+iBQM- 2X;X MmK#2` Q7 DQ#b rBi? � bT2+B}+ BM+QK2 `�M;2 HQ+�i2/ �i i?2
/2biBM�iBQM �M/ BBBV BMi2`�+iBQM �{MBiv- 2X;X /Bbi�M+2X h?2 HBbi Q7 �ii`B#mi2b
Bb ;Bp2M BM i�#H2 jX 6B;m`2 9 b?Qrb i?2 bT�iB�H /Bbi`B#miBQM 7Q` i?`22 Q7 i?2

6B;X j G27i, aT�iB�H K�TTBM; Q7 #BMM2/ �M/ `�M/QKHv b2H2+i2/ P. ~Qrb 7Q` i�tB i`BTb
#2ir22M L2r uQ`F *BivǶb +2Mbmb i`�+ib BM kyR9 �M/ kyR8X h?2 #H�+F /Qib `2T`2b2Mi L2r
uQ`F *BivǶb +2Mbmb i`�+ib �M/ i?2 +QHQ`2/ HBM2b `2T`2b2Mi i?2 P. ~Qr #2ir22M i?2KX _B;?i,
S`Q#�#BHBiv /Bbi`B#miBQM Q7 �HH P. ~Qrb 7Q` h�tB i`BTb #2ir22M L2r uQ`F *BivǶb +2Mbmb i`�+ib
BM kyR9 �M/ kyR8X
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�ii`B#mi2b, MmK#2` Q7 HQr BM+QK2 DQ#b- MmK#2` Q7 ?B;? BM+QK2 DQ#b- �M/
MmK#2` Q7 �K2MBiB2bX 6Q` 2t�KTH2- HQr@BM+QK2 DQ#b +Hmbi2` BM i?2 "`QMt-
?B;?@BM+QK2 DQ#b +Hmbi2` BM i?2 lTT2` 1�bi aB/2 �M/ �K2MBiB2b +Hmbi2` �i
GQr2` J�M?�ii�MX hQ b�MBiv@+?2+F i?2 p�`B�#H2 b2H2+iBQM K2i?Q/- � bvM@
i?2iB+ �ii`B#mi2 Bb �//2/ iQ i?2 /�i�b2i r?B+? `2T`2b2Mib � b2i Q7 `�M/QK
b�KTH2b 7`QK � bi�M/�`/ MQ`K�H /Bbi`B#miBQMX 6Q` �HH DQ#@`2H�i2/ �ii`B#mi2b
i?2 G1>. P`B;BM@.2biBM�iBQM 1KTHQvK2Mi ai�iBbiB+b UGP.1aV /�i� (9j)
Bb mb2/ r?B+? T`QpB/2b BM7Q`K�iBQM iQ rQ`F7Q`+2 /vM�KB+bX 6Q` i?2 �K2MBiv
`2H�i2/ �ii`B#mi2b PT2Mai`22iJ�T (99) Bb mb2/X �HH SQBMib@Q7@AMi2`2bi i?�i
�`2 /2+H�`2/ �b �K2MBiB2b ?�p2 #22M BM+Hm/2/X

eX h?2 ~Qr /�i� �M/ i?2 �ii`B#mi2 /�i� �`2 K2`;2/ BMiQ QM2 /�i� i�#H2 rBi?
i?2 7QHHQrBM; +QHmKMb, A. Q7 Q`B;BM- A. Q7 /2biBM�iBQM- v2�`- r22F/�v +?mMF-
?Qm` +?mMF- MmK#2` Q7 i`BTb- �M/ i?2 kj �ii`B#mi2b �bbQ+B�i2/ rBi? i?2
Q`B;BM �M/ /2biBM�iBQMX

dX h?2 /�i� i�#H2 Bb }Hi2`2/ 7Q` r22F/�v +?mMF U2X;X- QMHv r22F/�vbV �M/ 7Q`
?Qm` +?mMF U2X;X- QMHv i`BTb Q++m``BM; #2ir22M d�K �M/ N�KVX �HH i`BTb
r?2`2 i?2 Q`B;BM 2[m�Hb i?2 /2biBM�iBQM �`2 }Hi2`2/ QmiX

3X h?2 /�i� i�#H2 Bb bTHBi BMiQ � i`�BMBM; b2i U�HH ~Qrb Q++m``BM; BM i?2 v2�`
kyR9V �M/ � i2bi b2i U�HH ~Qrb Q++m``BM; BM i?2 v2�` kyR8VX

h�#H2 j GQ+�iBQM �ii`B#mi2b `2H�i2/ iQ
�ii`�+iBQM Q7 i`BTb- T`Q/m+iBQM Q7 i`BTb- �M/
BMi2`�+iBQM #2ir22M Q`B;BM �M/ /2biBM�iBQMX

h`BT `2H�iBQM �ii`B#mi2

.2biBM�iBQM
U�ii`�+iBQMV

LQX Q7 HQr@BM+QK2 `2bB/2Mib
LQX Q7 K2/BmK@BM+QK2 `2bB/2Mib
LQX Q7 ?B;?@BM+QK2 `2bB/2Mib
LQX Q7 HQr@BM+QK2 rQ`F2`b
LQX Q7 K2/BmK@BM+QK2 rQ`F2`b
LQX Q7 ?B;?@BM+QK2 rQ`F2`b
LQX Q7 �K2MBiB2b

P`B;BM
UT`Q/m+iBQMV

LQX Q7 HQr@BM+QK2 `2bB/2Mib
LQX Q7 K2/BmK@BM+QK2 `2bB/2Mib
LQX Q7 ?B;?@BM+QK2 `2bB/2Mib
LQX Q7 HQr@BM+QK2 rQ`F2`b
LQX Q7 K2/BmK@BM+QK2 rQ`F2`b
LQX Q7 ?B;?@BM+QK2 rQ`F2`b
LQX Q7 �K2MBiB2b

AMi2`p2MBM;
�ii`B#mi2b

.Bbi�M+2 #2ir22M Q`B;BM �M/ /2biBM�iBQM
LQX Q7 HQr@BM+QK2 `2bB/2Mib +HQb2` iQ Q`B;BM
LQX Q7 K2/BmK@BM+QK2 `2bB/2Mib +HQb2` iQ Q`B;BM
LQX Q7 ?B;?@BM+QK2 `2bB/2Mib +HQb2` iQ Q`B;BM
LQX Q7 HQr@BM+QK2 rQ`F2`b +HQb2` iQ Q`B;BM
LQX Q7 K2/BmK@BM+QK2 rQ`F2`b +HQb2` iQ Q`B;BM
LQX Q7 ?B;?@BM+QK2 rQ`F2`b +HQb2` iQ Q`B;BM
LmK#2` Q7 �K2MBiB2b +HQb2` iQ Q`B;BM



jXk JQ/2H +QM};m`�iBQMb Rj

6B;X 9 aT�iB�H K�TTBM; Q7 i?2 MmK#2` Q7 HQr BM+QK2 DQ#b Q7 T2QTH2 HBpBM; BM 2�+? +2Mbmb
i`�+i UH27iV- i?2 MmK#2` Q7 ?B;? BM+QK2 DQ#b UKB//H2V- �M/ i?2 MmK#2` Q7 �K2MBiB2b U`B;?iVX
h?2 /Qib `2T`2b2Mi +2Mbmb i`�+ib �M/ #`B;?i2` +QHQ`b +Q``2bTQM/ iQ ?B;?2` MmK#2`bX

NX 6`QK i?2 i`�BMBM; b2i � bK�HH bm#b2i Bb b2H2+i2/ i?�i Bb mb2/ �b i`�BMBM;
/�i�X h?Bb bBKmH�i2b i?2 mb2 +�b2 Q7 � HBKBi2/ �++2bb iQ i`�BMBM; /�i�X h?Bb
Bb � HBF2Hv b+2M�`BQ bBM+2 Bi Bb /B{+mHi 7Q` m`#�M TH�MM2`b iQ ;2i �++2bb iQ
/�i� i?�i +Qp2`b i?2 2MiB`2 TQTmH�iBQM U2X;X- /m2 iQ T`Bp�+v +QM+2`MbVX h?2
i`�BMBM; /�i� Bb i?2M mMB7Q`KHv b�KTH2/ BMiQ 2[m�HHv bBx2/ /�i� #BMb mMiBH
2�+? #BM Bb }HH2/X h?2 /�i� #BM 2/;2b �`2 b2i iQ (R- Ry- Ryy- Ryyy- Ryyyy)
�M/ i?2 #BM bBx2 Bb b2i iQ k8yX h?2 i`�BMBM; b2i i?2`27Q`2 +QMi�BMb Ryyy /�i�
TQBMibX h?2 i2bi /�i� Bb i`2�i2/ BM � bBKBH�` 7�b?BQM #mi �//BiBQM�HHv �M
mM#BMM2/ i2bi b2i Bb +`2�i2/ iQ bBKmH�i2 � `2�H rQ`H/ �TTHB+�iBQMX

RyX h`�BMBM; �M/ i2bi b2ib �`2 }M�HHv HQ;@i`�Mb7Q`K2/ �M/ i?2M HBM2�`Hv b?B7i2/
iQ x2`Q K2�M �M/ b+�H2/ iQ QM2 bi�M/�`/ /2pB�iBQMX

jXk JQ/2H +QM};m`�iBQMb
h?2 M2irQ`F /2Ti? r�b i2bi2/ 7Q` L 2 {0, 1, 3}- r?2`2 L = 0 +Q``2bTQM/b iQ
i?2 HBM2�` ;`�pBiv KQ/2HX aBM+2 �HH BMBiB�H `2bmHib r2`2 BMb2MbBiBp2 iQ i?2 +?QB+2
Q7 i?2 ?vT2`T�`�K2i2` �2

g - Bi r�b b2i iQ 1 7Q` �HH 7QHHQrBM; 2tT2`BK2MibX h?2
?vT2`T�`�K2i2`b 7Q` i?2 `2K�BMBM; T`BQ`b �`2, UBV ↵w = 1 �M/ �w = 10�2 r?B+?
;Bp2b � r2�FHv BM7Q`K�iBp2 T`BQ` 7Q` ��2

w - UBBV ↵b = 1 �M/ �b = 10�2 r?B+? ;Bp2b
� r2�FHv BM7Q`K�iBp2 T`BQ` 7Q` ��2

b - UBBBV ⌫0 = 1 �M/ s0 = 1 r?B+? `2bmHib BM �
r2�FHv BM7Q`K�iBp2 aim/2Mi@t⌫0(0, s

2
0) T`BQ` 7Q` i?2 T�`�K2i2`b 7�` 7`QK x2`Q-

�M/ UBpV ↵n = 10�6 �M/ �n = 10�6 r?B+? ;Bp2b �M mMBM7Q`K�iBp2 T`BQ` 7Q` i?2
MQBb2 ��2

n X 6Q` i?2 KQ/2H BM72`2M+2 r2 mb2 i?2 >v#`B/ JQMi2 *�`HQ �H;Q`Bi?K
�b 7Q` i?2 bvMi?2iB+ /�i� b2iX

jXj _2bmHib
h?2 7QHHQrBM; K2i`B+b �`2 mb2/ iQ [m�MiB7v i?2 T`2/B+iBQM T2`7Q`K�M+2 Q7 i?2
>@LL:S KQ/2H,
Ç J2�M b[m�`2/ 2``Q`- MSE = 1

N

PN
i=1(yi � zi)2- r?2`2 zi /2MQi2b i?2 T`2@

/B+i2/ ~Qr 7Q` �M P. T�B` i- yi Bb i?2 �+im�H ~Qr- �M/ N Bb i?2 MmK#2` Q7
P. T�B`bX
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Ç J2�M �#bQHmi2 2``Q`- MAE = 1
N

PN
i=1|yi � zi|X G�`;2 /Bz2`2M+2b #2ir22M

T`2/B+i2/ �M/ �+im�H ~Qrb �`2 T2M�HBx2/ H2bb +QKT�`2/ iQ i?2 Ja1X
Ç J2�M �#bQHmi2 T2`+2Mi�;2 2``Q`- MAPE = 1

N

PN
i=1|

yi�zi
yi

|X
Ç *QKKQM T�`i Q7 +QKKmi2`b- CPC =

PN
i=1

2min(yi,zi)
yi+zi

X *S* Bb ivTB+�HHv mb2/
BM KQ#BHBiv ~Qr KQ/2HBM; (d)X

h�#H2 9 b?Qrb i?2 T`2/B+iBQM T2`7Q`K�M+2 `2bmHib 7Q` i?`22 iBK2 T2`BQ/b URRTK
@ R�K- d�K @ N�K- �M/ jTK @ 8TKV- 7Q` /Bz2`2Mi /�i� #BMb U~Qrb #2ir22M
Ry @ Ryy- ~Qrb #2ir22M Ryy @ R-yyy- ~Qrb #2ir22M R-yyy @ Ry-yyy- �HH #BMb
iQ;2i?2`- �M/ �M mM#BMM2/ bm#b2i Q7 ~QrbV �M/ 7Q` /Bz2`2Mi KQ/2H +QM};m`�@
iBQMb UL 2 {0, 1, 3}VX h?2 *S* p�Hm2b 7Q` �HH i?`22 iBK2 T2`BQ/b U?2`2 *S*
Bb QMHv +QKTmi2/ 7Q` i?2 mM#BMM2/ /�i� �b Bb +QKKQM T`�+iB+2 BM KQ#BHBiv
KQ/2HBM;V b?Qr i?�i i?2 MQM@HBM2�` KQ/2Hb UL 2 {1, 2}V +H2�`Hv QmiT2`7Q`K
i?2 HBM2�` KQ/2H UL = 0VX 6m`i?2`- 7Q` i?2 MQM@HBM2�` KQ/2Hb � ?B;?2` MmK#2`
Q7 ?B//2M H�v2`b /Q2bMǶi M2+2bb�`BHv �// iQ i?2 T`2/B+iBQM T2`7Q`K�M+2X h?Bb
Bb �HbQ i`m2 7Q` �HH Qi?2` K2i`B+b 7Q` i?2 mM#BMM2/ /�i�X q2 Q#b2`p2 � bBKB@
H�` TB+im`2 7Q` i?2 #BMM2/ /�i� Uǵ�HHǶV r?2`2 i?2 MQM@HBM2�` KQ/2Hb QmiT2`7Q`K
i?2 HBM2�` QM2bX *QKT�`2/ iQ i?2 mM#BMM2/ `2bmHib- i?2 Ja1 �M/ J�1 �`2
Km+? ?B;?2` �M/ i?2 J�S1 Bb HQr2`- r?B+? BM/B+�i2b i?2 ?B;?Hv `B;?i@bF2r2/
M�im`2 Q7 i?2 ~Qr /�i� UrBi? K�Mv bK�HH ~Qrb �M/ � 72r p2`v H�`;2 ~QrbVX
"v xQQKBM; BMiQ i?2 BM/BpB/m�H #BMb r2 +�M b22 i?2 +QMi`B#miBQMb Q7 2�+? #BM
iQ i?2 Qp2`�HH 2``Q`bX :2M2`�HHv- +QKT�`2/ iQ i?2 #BMb rBi? bK�HH2` ~Qrb- i?2
#BMb rBi? H�`;2` ~Qrb +QMi`B#mi2 KQ`2 iQ i?2 Ja1 �M/ J�1 #mi +QMi`B#mi2
H2bb iQ i?2 J�S1X h?Bb b?Qrb i?�i i?2 KQ/2Hb BM �#bQHmi2 MmK#2`b �`2 #2i@
i2` BM T`2/B+iBM; bK�HH ~Qrb #mi BM `2H�iBp2 MmK#2`b �`2 #2ii2` BM T`2/B+iBM;
H�`;2 ~QrbX qBi? QM2 2t+2TiBQM- i?2 MQM@HBM2�` KQ/2Hb �Hr�vb QmiT2`7Q`K i?2
HBM2�` KQ/2Hb 7Q` �HH BM/BpB/m�H #BMbX AMi2`2biBM;Hv- i?2 2``Q`b 7Q` i?2 T2`BQ/
RRTK @ R�K �`2 Km+? bK�HH2` i?�M 7Q` i?2 Qi?2` irQ iBK2 T2`BQ/bX h?2 ?B;?2`
�++m`�+v KB;?i #2 /m2 iQ i?2 KQ`2 bT2+B�HBx2/ i`BTb Ubm+? �b i�FBM; � i�tB
#�+F ?QK2 7`QK MB;?iHB72V r?2`2 �K2MBiB2b +Hmbi2` �i +2`i�BM HQ+�iBQMb �M/ P.
T�ii2`Mb �`2 KQ`2 T`2/B+i�#H2X

6B;m`2 8 b?Qrb i?2 �#bQHmi2 T2`+2Mi�;2 2``Q` 7Q` i?2 #BMM2/ i2bi /�i� 7Q`
i?2 i?`22 /Bz2`2Mi iBK2 T2`BQ/b �M/ 7Q` i?2 i?`22 /Bz2`2Mi >@LL:S p2`bBQMbX
h?2 ?B;?2` �++m`�+v Q7 i?2 MQM@HBM2�` KQ/2Hb +QKT�`2/ iQ i?2 HBM2�` ;`�pBiv
KQ/2Hb Bb +H2�`Hv pBbB#H2- r?BH2 i?2`2 Bb MQ T`QMQmM+2/ /Bz2`2M+2 #2ir22M QM2
?B//2M H�v2` �M/ i?`22 ?B//2M H�v2`bX 6Q` BMbi�M+2- i?2 MQM@HBM2�` KQ/2Hb b22K
iQ T`2/B+i ~Qrb Q`B;BM�iBM; Q` 2M/BM; �i i?2 �B`TQ`ib UCQ?M 6X E2MM2/v �M/
G�:m�`/B�V Km+? #2ii2` i?�M i?2 HBM2�` KQ/2HbX

h?2 b2+QM/ T�`i Q7 `2bmHib +QM+2`Mb i?2 mM+2`i�BMiv 2biBK�iBQM T2`7Q`@
K�M+2X �M �/p�Mi�;2 Q7 i?2 "�v2bB�M 7Q`KmH�iBQM +QKT�`2/ iQ 2tBbiBM;
K2i?Q/b Bb i?�i Bi �HHQrb iQ �bbB;M � p�`B�M+2 iQ 2�+? i2bi TQBMi T`2/B+iBQM
r?B+? 2M+Q/2b ?Qr +2`i�BM i?2 KQ/2H Bb �#Qmi � T`2/B+iBQMX 6B;m`2 e b?Qrb i?2
+Q``2H�iBQM #2ir22M mM+2`i�BMiv 2biBK�i2b �M/ T`2/B+iBQM 2``Q`X 6Q` �HH +�b2b
i?2`2 Bb � KQMQiQMB+ `2H�iBQMb?BT #2ir22M mM+2`i�BMiv 2biBK�i2b �M/ T`2/B+iBQM
2``Q`, i?2 KQ`2 mM+2`i�BM i?2 KQ/2H Bb �#Qmi BiǶb T`2/B+iBQMb U?B;? T`2/B+i2/



jXj _2bmHib R8

h�#H2 9 S`2/B+iBQM T2`7Q`K�M+2X h?2 rBMMBM; KQ/2Hb �`2 ?B;?HB;?i2/ BM #QH/X

hBK2 "BM L Ja1 J�1 J�S1 *S*

RRTK @ R�K 101 @ 102 y RjNRj jjX3 RXkR @
R jdd9 k3XR yXNd @
j jeey k3Xk yXN3 @

102 @ 103 y j9jjjk k83X9 yXNd @
R 3ekdj RNRXk yXdd @
j 3kyRe R3NX8 yXdd @

103 @ 104 y Nk39e3 djeXN yX8j @
R j9dkej 99jX9 yXjR @
j jke99N 9keXk yXjy @

�HH y jkR9dj k83X9 RX9R @
R RyNjek ReeXd yXNN @
j Ryjye9 RekXy yXNN @

mM#X y k9 kX8 RXdk yX8R
R Rd RXN RXR9 yXey
j R8 RXN RXRk yXey

d�K @ N�K 101 @ 102 y Ree8e 9NXk RX3k @
R kk9j3 98Xe RXey @
j k9893 9eXe RXe9 @

102 @ 103 y 9RN88N k38XN yXNR @
R ReR8Nj k8jXR yX3N @
j R83yRd k8kXN yXNy @

103 @ 104 y jNR9y93 Rk3yXy yXed @
R Re3NyNR NyeXR yX9d @
j Re9R8R8 338XN yX98 @

�HH y Ry383e3 9yeXR kX99 @
R 9eddRy jykXe RXej @
j 9889NN kNdXd RXe9 @

mM#X y ReN 8XR jXjj yXj3
R ee kX3 RX8d yX88
j dd kXN RXe8 yX89

jTK @ 8TK 101 @ 102 y R9R9d 9jXe RXdj @
R Nk9d j8Xe RXj9 @
j N9ed jeXy RXj8 @

102 @ 103 y e9ee98 kN3Xk yXN9 @
R Rk3ykd kRdXk yXde @
j Rk93dy kReXy yXde @

103 @ 104 y j9j9e3R Rky3Xy yXdR @
R RR3jNyN djRXd yX9R @
j RRkyR3y dyeXR yX9y @

�HH y Rykj98R j3NXe kXRd @
R jjyRde k9dX9 RXj8 @
j jRj8kN k9yX3 RXje @

mM#X y RR3 9Xd jXyy yX9y
R RyR jXR RXdj yX8k
j RRy jXj RX3R yX8R
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Ja1V i?2 H�`;2` i?2 �+im�H 2``Q` rBHH #2 U?B;? �+im�H Ja1VX h?Bb +?�`�+i2`BbiB+
Bb � p2`v p�Hm�#H2 72�im`2 r?2M i?2 KQ/2Hb �`2 mb2/ BM T`�+iB+2X 6Q` 2t�K@
TH2- Bi �HHQrb m`#�M TH�MM2`b iQ QMHv `2Hv QM i?2 KQ/2HǶb T`2/B+iBQMb r?2M i?2
KQ/2H Bb p2`v +2`i�BMX h?2 MQM@HBM2�` KQ/2Hb ;Bp2 Km+? #2ii2` 2biBK�i2b Q7
i?2 Ja1 +QKT�`2/ iQ i?2 HBM2�` KQ/2HbX

h?2 i?B`/ T�`i Q7 `2bmHib +QM+2`Mb i?2 p�`B�#H2 b2H2+iBQM T2`7Q`K�M+2X
6B;m`2 d b?Qrb i?2 TQbi2`BQ` p�Hm2b 7Q` �HH HQ+�H b?`BMF�;2 T�`�K2i2`b 7Q` i?2
i?`22 p2`bBQMb Q7 >@LL:S �TTHB2/ iQ i?2 iBK2 T2`BQ/ d�K @ N�K UKQ`MBM;
`mb? ?Qm`bVX h?2 p�Hm2b �`2 i?2 K2�Mb Q7 i?2 +Q``2bTQM/BM; J*J* +?�BMb �M/
BM/B+�i2 i?2 BKTQ`i�M+2 Q7 � T�`iB+mH�` 72�im`2X >B;? `2H2p�M+2 p�Hm2b BM i?2
MQM@HBM2�` KQ/2Hb �//BiBQM�HHv BM/B+�i2 ?B;? MQM@HBM2�`Biv Q7 i?2 72�im`2X h?2
`�M/QK 72�im`2 Bb x2`Q 7Q` �HH KQ/2Hb b?QrBM; i?�i i?2v T�bb i?Bb b�MBiv +?2+FX

6B;X 8 �#bQHmi2 T2`+2Mi�;2 2``Q`b Q7 i?2 T`2/B+i2/ ~Qrb BM L2r uQ`F *Biv 7Q` i?2 #BMM2/
i2bi /�i�X h?2 2``Q`b �`2 b?QrM 7Q` ~Qrb Q++m``BM; #2ir22M RRTK @ R�K U}`bi `QrV- d�K @
N�K Ub2+QM/ `QrV- jTK @ 8TK Ui?B`/ `QrV �M/ 7Q` i?2 >@LL:S rBi? x2`Q U}`bi +QHmKMV-
QM2 Ub2+QM/ +QHmKMV- �M/ i?`22 ?B//2M H�v2`b Ui?B`/ +QHmKMVX h?2 +QHQ`K�T Bb MQ`K�HBx2/
rBi?BM 2�+? `Qr �M/ #`B;?i2` +QHQ`b BM/B+�i2 H�`;2` 2``Q`bX



jXj _2bmHib Rd

6B;X e S`2/B+i2/ p2`bmb �+im�H Ja1 7Q` i?2 #BMM2/ i2bi /�i�X J2�Mb �`2 +QKTmi2/ #v
�p2`�;BM; Qp2` 8y /�i� TQBMibX h?2 +Q``2H�iBQM THQib �`2 b?QrM 7Q` ~Qrb Q++m``BM; #2ir22M
RRTK @ R�K U}`bi `QrV- d�K @ N�K Ub2+QM/ `QrV- jTK @ 8TK Ui?B`/ `QrV �M/ 7Q` i?2 >@LL:S
rBi? x2`Q ?B//2M H�v2` U}`bi +QHmKMV- QM2 ?B//2M H�v2` Ub2+QM/ +QHmKMV- �M/ i?`22 ?B//2M
H�v2`b Ui?B`/ +QHmKMVX

6Q` i?2 MQM@HBM2�` KQ/2Hb- i?2 p�`B�#H2 b2H2+iBQM `2bmHib �`2 i?2 b�K2 7Q`
i?2 KQ/2H p2`bBQMb rBi? R �M/ j ?B//2M H�v2`b- �;�BM bm;;2biBM; i?�i � H�`;2`
MmK#2` Q7 ?B//2M H�v2`b /Q MQi M2+2bb�`BHv /Bb+Qp2` KQ`2 T�ii2`Mb BM i?2 /�i�X
h?2 MQM@HBM2�` KQ/2Hb /2i2+i i?2 ?QK2@rQ`F i`BT T�ii2`MbX 6Q` BMbi�M+2- �i
i?2 Q`B;BM HQ+�iBQM- i?2 MmK#2` Q7 ?B;?@BM+QK2 `2bB/2Mib Bb i?2 KQbi BKTQ`i�Mi
72�im`2 7Q` i?2 i�tB i`BTb- r?BH2 �i i?2 /2biBM�iBQM HQ+�iBQM i?2 KQbi BKTQ`i�Mi
72�im`2 Bb i?2 MmK#2` Q7 ?B;?@BM+QK2 rQ`F2`bX h?2 `2H2p�Mi 72�im`2 `2H�i2/ iQ
i`BT 7`B+iBQM Bb /Bbi�M+2X "2+�mb2 i?2 MQM@HBM2�` KQ/2Hb �`2 �#H2 iQ TB+F mT
MQM@HBM2�` `2H�iBQMb #2ir22M i?2 72�im`2b- i?2v �HbQ T2`7Q`K r2HH �i T`2/B+iBM;
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6B;X d 62�im`2 `2H2p�M+2 7Q` T`2/B+iBM; ~Qrb i?�i Q++m``2/ d�K @ N�K 7Q` i?2 HBM2�` KQ/2H
rBi? x2`Q ?B//2M H�v2`b U>@LL:S@y- 2[mBp�H2Mi iQ i?2 HBM2�` ;`�pBiv KQ/2HV- i?2 MQM@HBM2�`
KQ/2H rBi? QM2 ?B//2M H�v2` U>@LL:S@RV �M/ i?2 MQM@HBM2�` KQ/2H rBi? i?`22 ?B//2M H�v2`b
U>@LL:S@jVX

i`BTb i?�i /2pB�i2 7`QK i?2 ?QK2@rQ`F T�ii2`MbX 1t�KTH2b �`2 i`BTb 7`QK �M/
iQ i?2 �B`TQ`ib �b ?�b #22M b?QrM BM 6B;X eX

AM bmKK�`v- i?2 +QKT�`BbQM #2ir22M i?2 /Bz2`2Mi p2`bBQMb Q7 i?2 >@LL:S
KQ/2H b?Qrb i?�i BV i?2 MQM@HBM2�` p2`bBQMb QmiT2`7Q`K i?2 HBM2�` p2`bBQMb- BBV
7Q` i?2 MQM@HBM2�` p2`bBQMb � ?B;?2` MmK#2` Q7 ?B//2M H�v2`b /Q2bMǶi M2+2bb�`BHv
�// iQ T`2/B+iBQM T2`7Q`K�M+2- BBBV i?2 KQ`2 mM+2`i�BM i?2 KQ/2Hb �`2 �#Qmi
i?2B` T`2/B+iBQMb- i?2 H�`;2` i?2 �+im�H 2``Q` rBHH #2 �M/ BpV QMHv i?2 MQM@HBM2�`
KQ/2H p2`bBQMb +�M /2i2+i i`BTb i?�i /Bp2`;2 7`QK T`2/QKBM�Mi T�ii2`Mb �M/
�`2 `2H�i2/ iQ KQ`2 bT2+B�HBx2/ TH�+2b- bm+? �b i`BTb 7`QK �M/ iQ i?2 �B`TQ`ibX

9 *QM+HmbBQM
h?Bb T�T2` T`2b2Mib � MQp2H K�+?BM2 H2�`MBM; �TT`Q�+? 7Q` i?2 T`2/B+iBQM Q7
KQ#BHBiv ~QrbX h?2 K�BM �/p�M+2K2Mi Qp2` 2tBbiBM; K2i?Q/b Bb i?2 �#BHBiv
iQ [m�MiB7v i?2 mM+2`i�BMiv Q7 i?2 T`2/B+iBQMbX h?Bb Bb �+?B2p2/ i?`Qm;? 2t�+i
"�v2bB�M BM72`2M+2 QM /22T M2m`�H M2irQ`Fb i?�i �`2 7Q`KmH�i2/ �b :�mbbB�M
T`Q+2bb2bX h?2 `2bmHiBM; >@LL:S KQ/2H QmiT2`7Q`Kb i?2 T`2/B+iBQM �++m@
`�+v Q7 i`�/BiBQM�H KQ#BHBiv KQ/2Hb i?�i /Q MQi +QMbB/2` MQM@HBM2�`Biv- �M/ Bi
�HHQrb 7Q` i?2 B/2MiB}+�iBQM Q7 i?2 KQbi `2H2p�Mi m`#�M 72�im`2b i?�i �z2+i i?2
K�;MBim/2b Q7 i?2 KQ#BHBiv ~QrbX

h?2 mM+2`i�BMiv [m�MiB}+�iBQM Bb T�`iB+mH�`Hv `2H2p�Mi 7Q` i?2 TH�MMBM;
Q7 i`�MbTQ`i�iBQM bvbi2Kb �M/ Qi?2` m`#�M BM7`�bi`m+im`2b- bBM+2 bm+? H�`;2@
b+�H2 BMi2`p2MiBQMb `2[mB`2 � ?B;? +QM}/2M+2 BM i?2 KQ#BHBiv T`2/B+iBQMbX h?2
B/2MiB}+�iBQM Q7 `2H2p�Mi ;2Q;`�T?B+ 72�im`2b i?�i /2i2`KBM2 i?2 ~Qrb +�M #2
i�F2M �b � bi�`iBM; TQBMi iQ ;�BM � /22T2` mM/2`bi�M/BM; Q7 i?2 mM/2`HvBM;



RN

K2+?�MBbKbX h?Bb K�v ?2HT iQ 7m`i?2` `2}M2 2tBbiBM; 2tTH�BM�#H2 v2i `�i?2`
+Q�`b2@;`�BM2/ KQ/2Hb rBi? 72r T�`�K2i2`b U2X;X- (98)V- bQ �b iQ #2ii2` +�Tim`2
HQ+�iBQM@bT2+B}+ p�`B�#BHBiB2bX hQ i?�i 2M/- i?2 T`QTQb2/ �TT`Q�+? rBHH M22/ iQ
#2 i2bi2/ QM KQ`2 +QKT`2?2MbBp2 KQ#BHBiv /�i� U2X;X- KQ#BH2 T?QM2 `2+Q`/bV- QM
�//BiBQM�H ;2Q;`�T?B+ 72�im`2b U2X;X- 2{+B2M+v Q7 i?2 i`�MbTQ`i�iBQM bvbi2KV-
�M/ Bi rBHH M22/ iQ #2 �TTHB2/ iQ /Bz2`2Mi ;2Q;`�T?B+ `2;BQMb �+`Qbb i?2 rQ`H/X
�+FMQrH2/;K2MibX �XaX �M/ JXaX �+FMQrH2/;2 7mM/BM; 7`QK i?2 aBM@
;�TQ`2 L�iBQM�H _2b2�`+? 6QmM/�iBQM U6A jdyyd9yReVX JXaX �+FMQrH2/;2b
bmTTQ`i 7`QK i?2 L�iBQM�H _2b2�`+? S`Q;`�KK2 ǵ.B;Bi�H i`�Mb7Q`K�iBQMǶ
UL_S ddV Q7 i?2 arBbb L�iBQM�H a+B2M+2 6QmM/�iBQM UT`QD2+i MmK#2` R3d99j-
2MiBiH2/ ǵh?2 `QH2 Q7 /B;Bi�HBb�iBQM BM i?2 bT�iB�H /Bbi`B#miBQM Q7 i?2 2+QMQKvǶVX

.2+H�`�iBQMb
*QM~B+i Q7 BMi2`2biX PM #2?�H7 Q7 �HH �mi?Q`b- i?2 +Q``2bTQM/BM; �mi?Q`
bi�i2b i?�i i?2`2 Bb MQ +QM~B+i Q7 BMi2`2biX

_272`2M+2b
(R) "�iiv- JX- �t?�mb2M- EXqX- :B�MMQiiB- 6X- SQx/MQmF?Qp- �X- "�xx�MB- �X-

q�+?QrB+x- JX- PmxQmMBb- :X- SQ`im;�HB- uX, aK�`i +BiB2b Q7 i?2 7mim`2X
h?2 1m`QT2�M S?vbB+�H CQm`M�H aT2+B�H hQTB+b kR9- 93RĜ8R3 UkyRkV

(k) hB`�+?BMB- �X- *�ib- PX, *PoA.@RN �M/ Tm#HB+ i`�MbTQ`i�iBQM, *m``2Mi
�bb2bbK2Mi- T`QbT2+ib- �M/ `2b2�`+? M22/bX CQm`M�H Q7 Sm#HB+ h`�MbTQ`i�@
iBQM kk- RĜkR UkykyV

(j) _2//BM;- aXCX- hm`M2`- JX�X, h`�MbTQ`i�iBQM +Qbib �M/ i?2 bT�iB�H Q`;�MB@
x�iBQM Q7 2+QMQKB+ �+iBpBivX AM, .m`�MiQM- :X- >2M/2`bQM- CXoX- ai`�M;2-
qX*X U2/bXV >�M/#QQF Q7 _2;BQM�H �M/ l`#�M 1+QMQKB+b- TTX RjjNĜRjN3
UkyR8V

(9) hQQH2- CXGX- *QH�F- aX- aim`i- "X- �H2t�M/2`- GXSX- 1pbmFQz- �X- :QMx�H2x-
JX*X, h?2 T�i? KQbi i`�p2H2/, h`�p2H /2K�M/ 2biBK�iBQM mbBM; #B; /�i�
`2bQm`+2bX h`�MbTQ`i�iBQM _2b2�`+? S�`i *, 1K2`;BM; h2+?MQHQ;B2b 83-
RekĜRdd UkyR8V

(8) a+?H T72`- JX- *?2r- >XCX- u2�M- aX- G22- "X@aX, lbBM; KQ#BHBiv T�ii2`Mb
7Q` i?2 TH�MMBM; Q7 p2?B+H2@iQ@;`B/ BM7`�bi`m+im`2b i?�i bmTTQ`i T?QiQ@
pQHi�B+b BM +BiB2b UkykRVX S`2T`BMi �i ?iiTb,ff�`tBpXQ`;f�#bfkRRkXR8yye

(e) J�`iBM2x@*2b2M�- 1X�X- J�M+�`2HH�- SX- L/B�v2- JX- a+?H T72`- JX, lbBM;
KQ#BH2 T?QM2 /�i� 7Q` 2H2+i`B+Biv BM7`�bi`m+im`2 TH�MMBM;X *QM72`2M+2 QM
i?2 �M�HvBbBb Q7 JQ#BH2 S?QM2 L2irQ`Fb UkyR8VX *�K#`B/;2- la�
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(d) "�`#Qb�- >X- "�`i?2H2Kv- JX- :?Qb?�H- :X- C�K2b- *X_X- G2MQ`K�M/- JX-
GQm�BH- hX- J2M2x2b- _X- _�K�b+Q- CXCX- aBKBMB- 6X- hQK�bBMB- JX, >mK�M
KQ#BHBiv, JQ/2Hb �M/ �TTHB+�iBQMbX S?vbB+b _2TQ`ib dj9- RĜd9 UkyR3V
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(Ry) 1`H�M/2`- aX- ai2r�`i- LX6X, h?2 :`�pBiv JQ/2H BM h`�MbTQ`i�iBQM
�M�HvbBb, h?2Q`v �M/ 1ti2MbBQMbX *_* S`2bb- "Q+� _�iQM URNNyV

(RR) qBHbQM- �X:X, � 7�KBHv Q7 bT�iB�H BMi2`�+iBQM KQ/2Hb- �M/ �bbQ+B�i2/
/2p2HQTK2MibX 1MpB`QMK2Mi �M/ SH�MMBM; � j- RĜjk URNdRV

(Rk) G2MQ`K�M/- JX- "�bbQH�b- �X- _�K�b+Q- CXCX, avbi2K�iB+ +QKT�`BbQM Q7
i`BT /Bbi`B#miBQM H�rb �M/ KQ/2HbX CQm`M�H Q7 h`�MbTQ`i :2Q;`�T?v 8R-
R83ĜReN UkyReV

(Rj) aiQmz2`- aX�X, AMi2`p2MBM; QTTQ`imMBiB2b, � i?2Q`v `2H�iBM; KQ#BHBiv �M/
/Bbi�M+2X �K2`B+�M aQ+BQHQ;B+�H _2pB2r 8- 398Ĝ3ed URN9yV

(R9) aBKBMB- 6X- :QMx�H2x- JX*X- J�`Bi�M- �X- "�`�#�bB- �X@GX, � mMBp2`b�H
KQ/2H 7Q` KQ#BHBiv �M/ KB;`�iBQM T�ii2`MbX L�im`2 939- Ne UkyRkV

(R8) SQm`2#`�?BK- LX- amHi�M�- aX- LB�F�MH�?BDB- �X- h?BHH- CX@*X, h`BT /Bbi`B@
#miBQM KQ/2HBM; rBi? hrBii2` /�i�X *QKTmi2`b- 1MpB`QMK2Mi �M/ l`#�M
avbi2Kb dd- RyRj89 UkyRNV

(Re) _Q#BMbQM- *X- .BHFBM�- "X, � K�+?BM2 H2�`MBM; �TT`Q�+? iQ KQ/2HBM;
?mK�M KB;`�iBQMX AM, S`Q+22/BM;b Q7 i?2 Rbi �*J aA:*�a *QM72`2M+2
QM *QKTmiBM; �M/ ambi�BM�#H2 aQ+B2iB2b- TTX RĜ3 UkyR3V

(Rd) hQ[mû- 6X- *ƬK2- 1X- 1H J�?`bB- JXEX- PmF?2HHQm- GX, 6Q`2+�biBM;
/vM�KB+ Tm#HB+ i`�MbTQ`i Q`B;BM@/2biBM�iBQM K�i`B+2b rBi? HQM;@b?Q`i
i2`K K2KQ`v `2+m``2Mi M2m`�H M2irQ`FbX AM, kyRe A111 RNi? AMi2`M�iBQM�H
*QM72`2M+2 QM AMi2HHB;2Mi h`�MbTQ`i�iBQM avbi2Kb UAha*V- TTX RydRĜRyde
UkyReV

(R3) hBHH2K�- 6X- o�M wmBH2FQK- EXJX- o�M J��`b2p22M- JX6X, *QKT�`BbQM Q7
M2m`�H M2irQ`Fb �M/ ;`�pBiv KQ/2Hb BM i`BT /Bbi`B#miBQMX *QKTmi2`@�B/2/
*BpBH �M/ AM7`�bi`m+im`2 1M;BM22`BM; kR- Ry9ĜRRN UkyyeV

(RN) u2;?BFv�M- :X- PTQHF�- 6XGX- L�MMB- JX- G2T`B- "X- GBǁ- SX, G2�`M@
BM; KQ#BHBiv ~Qrb 7`QK m`#�M 72�im`2b rBi? bT�iB�H BMi2`�+iBQM KQ/2Hb
�M/ M2m`�H M2irQ`FbX AM, kyky A111 AMi2`M�iBQM�H *QM72`2M+2 QM aK�`i



kR

*QKTmiBM; UaJ�_h*PJSV- TTX 8dĜe9 UkykyV

(ky) Gm+�- JX- "�`H�++?B- :X- G2T`B- "X- S�TT�H�`/Q- GX, � bm`p2v QM /22T
H2�`MBM; 7Q` ?mK�M KQ#BHBivX �*J *QKTmiBM; am`p2vb 88- RĜ99 UkykRV

(kR) aBKBMB- 6X- "�`H�++?B- :X- Gm+�- JX- S�TT�H�`/Q- GX, � .22T :`�pBiv KQ/2H
7Q` KQ#BHBiv ~Qrb ;2M2`�iBQMX L�im`2 *QKKmMB+�iBQMb Rk- RĜRj UkykRV

(kk) E`Bx?2pbFv- �X- amibF2p2`- AX- >BMiQM- :X1X, AK�;2M2i +H�bbB}+�iBQM rBi?
/22T +QMpQHmiBQM�H M2m`�H M2irQ`FbX �/p�M+2b BM M2m`�H BM7Q`K�iBQM
T`Q+2bbBM; bvbi2Kb k8- RyNdĜRRy8 UkyRkV

(kj) :`�p2b- �X, S`�+iB+�H p�`B�iBQM�H BM72`2M+2 7Q` M2m`�H M2irQ`FbX AM,
�/p�M+2b BM L2m`�H AM7Q`K�iBQM S`Q+2bbBM; avbi2Kb- TTX kj93Ĝkj8e
UkyRRV

(k9) Jm`T?v- EXSX, J�+?BM2 G2�`MBM;, � S`Q#�#BHBbiB+ S2`bT2+iBp2X JAh S`2bb-
*�K#`B/;2 UkyRkV

(k8) ai22MiQ7i- �X�X, lM+2`i�BMiv [m�MiB}+�iBQM 7Q` +QKTH2t bvbi2Kb, �TTHB+�@
iBQM iQ i?2 bim/v Q7 +BiB2bX S?. i?2bBb- L�Mv�M; h2+?MQHQ;B+�H lMBp2`bBiv-
aBM;�TQ`2 UkykRV

(ke) :�H- uX, lM+2`i�BMiv BM /22T H2�`MBM;X S?. i?2bBb- lMBp2`bBiv Q7 *�K@
#`B/;2- *�K#`B/;2- lE Ua2Ti2K#2` kyReV

(kd) L2�H- _XJX, "�v2bB�M H2�`MBM; 7Q` M2m`�H M2irQ`FbX S?. i?2bBb- lMBp2`bBiv
Q7 hQ`QMiQ- hQ`QMiQ- *�M�/� URNN8V

(k3) :2HK�M- �X- *�`HBM- CX"X- ai2`M- >XaX- .mMbQM- .X"X- o2?i�`B- �X- _m#BM-
.X"X, "�v2bB�M .�i� �M�HvbBbX *?�TK�M �M/ >�HHf*_*- L2r uQ`F
UkyRjV

(kN) "HmM/2HH- *X- *Q`M2#Bb2- CX- E�pmF+mQ;Hm- EX- qB2`bi`�- .X, q2B;?i
mM+2`i�BMiv BM M2m`�H M2irQ`FbX �`sBp T`2T`BMi �`sBp,R8y8Xy89k9 UkyR8V

(jy) u�Q- uX- o2?i�`B- �X- aBKTbQM- .X- :2HK�M- �X, u2b- #mi /B/ Bi rQ`F\,
1p�Hm�iBM; p�`B�iBQM�H BM72`2M+2X �`sBp T`2T`BMi �`sBp,R3ykXyk8j3 UkyR3V

(jR) G22- CX- "�?`B- uX- LQp�F- _X- a+?Q2M?QHx- aXaX- S2MMBM;iQM- CX- aQ?H@
.B+Fbi2BM- CX, .22T M2m`�H M2irQ`Fb �b :�mbbB�M T`Q+2bb2bX AM, AMi2`M�@
iBQM�H *QM72`2M+2 QM G2�`MBM; _2T`2b2Mi�iBQMb UkyR3V

(jk) J�ii?2rb- �X:X/X:X- _QrH�M/- JX- >`QM- CX- hm`M2`- _X1X- :?�?`�K�MB-
wX, :�mbbB�M T`Q+2bb #2?�pBQm` BM rB/2 /22T M2m`�H M2irQ`FbX �`sBp
T`2T`BMi �`sBp,R3y9XRRkdR UkyR3V

(jj) *?Q- uX- a�mH- GXEX, E2`M2H K2i?Q/b 7Q` /22T H2�`MBM;X AM, �/p�M+2b BM



kk 9 *PL*GlaAPL

L2m`�H AM7Q`K�iBQM S`Q+2bbBM; avbi2Kb- TTX j9kĜj8y UkyyNV

(j9) SBB`QM2M- CX- o2?i�`B- �X- 2i �HX, aT�`bBiv BM7Q`K�iBQM �M/ `2;mH�`Bx�iBQM BM
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