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1.�HB�M lMBp2`bBiv Q7 h2+?MQHQ;v- .�HB�M- GB�QMBM;- *?BM�X M�H2B!/HmiX2/mX+M
2ai�i2 E2v G�#Q`�iQ`v Q7 AMi2HHB;2Mi J�Mm7�+im`BM; avbi2K h2+?MQHQ;v- "2BDBM;- *?BM�

3"2BDBM; �/p�M+2/ AMMQp�iBQM *2Mi2` 7Q` AK�;BM; h?2Q`v �M/ h2+?MQHQ;v- "2BDBM;- *?BM�
4AMbiBimi2 Q7 �`iB}+B�H AMi2HHB;2M+2- :mBHBM lMBp2`bBiv Q7 1H2+i`QMB+ h2+?MQHQ;v- :mBHBM- *?BM�

�"ah_�*h

Zm�/`BH�i2`�H K2b?2b ;2M2`�i2/ 7Q` i?2 BM/mbi`B�H �TTHB+�iBQMb ?�p2 iQ K22i bQK2 bT2+B�H [m�HBiv /2K�M/b �M/ Bi
`2K�BMb � i`B+Fv T`Q#H2KX q2 T`QTQb2 � MQp2H K2i?Q/ 7Q` ?B;? [m�HBiv [m�/ K2b? ;2M2`�iBQM #�b2/ QM i?2 2[mBp@
�H2M+2 `2H�iBQM #2ir22M [m�/`BH�i2`�H K2b?2b �M/ K2`QKQ`T?B+ [m�`iB+ /Bz2`2MiB�Hb(R)X �b HQM; �b KQ`2 i?�M QM2
K2`QKQ`T?B+ [m�`iB+ /Bz2`2MiB�H r2`2 Q#i�BM2/- i?2 HBM2�` bT�+2 2ti2M/2/ #v i?2K Bb �HbQ �p�BH�#H2 7Q` mb �++Q`/BM;
iQ i?2 K2`QKQ`T?B+ [m�`iB+ /Bz2`2MiB�Hb bT�+2 i?2Q`vX q2 +�M b2�`+? i?2 bT�+2 7Q` #2ii2` [m�/`BH�i2`�H K2b? �M/
i?2 ?B;? [m�HBiv K2b? +QMbi`m+iBQM T`Q#H2K #2+QK2b � QTiBKBx�iBQM T`Q#H2KX h?Bb T�T2` ;Bp2b i?2 �H;Q`Bi?K �M/
+�``B2b Qmi 2tT2`BK2Mib mM/2` irQ /Bz2`2Mi K2b? [m�HBiv +QMbi`�BMb BM+Hm/BM; K2b? +2HH bBx2 +QMbi`�BM �M/ 72�im`2
HBM2b +QMbi`�BMX h?2 2tT2`BK2Mi�H `2bmHib /2KQMbi`�i2 i?2 2{+B2M+v �M/ 2{+�+v Q7 i?2 �H;Q`Bi?KX

E2vrQ`/b, Zm�/ K2b? ;2M2`�iBQM- J2`QKQ`T?B+ [m�`iB+ /Bz2`2MiB�H- GBM2�` bT�+2- J2b? [m�HBiv
+QMbi`�BM

RX ALh_P.l*hAPL

Zm�/`BH�i2`�H K2b? ;2M2`�iBQM Bb �M 2bb2MiB�H Bbbm2 BM
i?2 �`2� Q7 +QKTmi�iBQM�H K2+?�MB+b- ;2QK2i`B+ KQ/@
2HBM;- +QKTmi2` �B/2/ /2bB;M- �MBK�iBQM �M/ /B;Bi�H
;2QK2i`v T`Q+2bbBM;X h?2`2 ?�p2 #22M K�Mv 2t+2HH2Mi
�H;Q`Bi?Kb 7Q` [m�/`BH�i2`�H K2b? ;2M2`�iBQMX >Qr@
2p2`- iQ iQi�HHv K22i i?2 p�`BQmb K2b? [m�HBiv /2K�M/b
BM T`�+iB+2- i?2`2 Bb biBHH � HQM; r�v iQ ;QX aQK2 `2@
b2�`+?2`b ?�p2 � ?B;? /2K�M/ QM i?2 +QMi`QH Q7 i?2
K2b? +2HH bBx2b #2+�mb2 i?2v M22/ iQ #�H�M+2 i?2 2{@
+B2M+v �M/ 2{+�+vX aQK2 `2b2�`+?2`b T�v Km+? �ii2M@
iBQM iQ i?2 MmK#2` �M/ /Bbi`B#miBQM Q7 i?2 bBM;mH�`B@
iB2bX AM MmK2`B+�H bBKmH�iBQM �`2�- 2Bi?2` i?2 b?�`T
72�im`2 T`2b2`pBM; Q` i?2 i2MbQ` bi`m+im`2- Q` Qi?2`
T`QT2`iB2b Q7 i?2 [m�/ K2b? rBHH bB;MB}+�MiHv �z2+i i?2
�++m`�+v- 2{+B2M+v- �M/ bi�#BHBiv Q7 i?2 2tT2`BK2MibX
>B;? [m�HBiv K2b? ;2M2`�iBQM `2K�BMb � +?�HH2M;2 BM
T`�+iB+2X

AM `2+2Mi v2�`b- � MQp2H i?2Q`v �M/ i2+?MQHQ;v 7Q`
[m�/`BH�i2`�H K2b? ;2M2`�iBQM ?�b 2K2`;2/X AM T�@
T2` (R) �M/ (k)- i?2 �mi?Q`b +H�`B}2/ i?2 `2H�iBQMb?BT
�KQM; [m�/`BH�i2`�H K2b?- _B2K�MM K2i`B+ �M/ J2`Q@
KQ`T?B+ [m�`iB+ /Bz2`2MiB�HX 1�+? [m�/`BH�i2`�H K2b?
BM/m+2b � _B2K�MM K2i`B+ Q7 i?2 bm`7�+2 #v i`2�iBM;
�HH i?2 [m�/ K2b? 2/;2 H2M;i? �b mMBi �M/ � K2`Q@
KQ`T?B+ [m�`iB+ /Bz2`2MiB�H- r?2`2 i?2 +QM};m`�iBQM
Q7 bBM;mH�` p2`iB+2b +Q``2bTQM/b iQ i?2 +QM};m`�iBQMb
Q7 i?2 TQH2b �M/ x2`Qb U/BpBbQ`V Q7 i?2 K2`QKQ`T?B+
/Bz2`2MiB�HX AMp2`b2Hv- B7 � K2`QKQ`T?B+ [m�`iB+ /B7@
72`2MiB�H Q7 i?2 bm`7�+2 Bb rBi? }MBi2 i`�D2+iQ`B2b- i?2M
Bi �HbQ BM/m+2b � [m�/@K2b?- i?2 TQH2b �M/ x2`Qb Q7
i?2 K2`QKQ`T?B+ /Bz2`2MiB�H +Q``2bTQM/ iQ i?2 bBM;m@
H�` p2`iB+2b Q7 i?2 [m�/@K2b?X

h?2 BMi`BMbB+�H BMbB;?i i?�i K2`QKQ`T?B+ /Bz2`2MiB�Hb
�M/ [m�/ K2b?2b �`2 2[mBp�H2Mi T`QpB/2/ mb � M2r /B@
`2+iBQM iQ b22 i?2 [m�/ K2b? ;2M2`�iBQM �M/ BKT`Qp2@
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K2MiX aBM+2 i?2 K2`QKQ`T?B+ /Bz2`2MiB�Hb Q7 QM2 bm`@
7�+2 7Q`K � HBM2�` bT�+2- i?2 [m�/ K2b?2b �HbQ 7Q`K
� HBM2�` bT�+2X �b HQM; �b r2 ?�p2 KQ`2 i?�M QM2
[m�/ K2b?- Qi?2` [m�/ K2b? +�M #2 Q#i�BM2/ #v HBM@
2�` +QK#BM�iBQMX h?Bb Qz2`b i?2 ~2tB#BHBiv 7Q` K2b?
BKT`Qp2K2MiX

S�T2` (j) �HbQ BMi`Q/m+2/ � �H;Q`Bi?K iQ ;2M2`�i2
[m�/`BH�i2`�H K2b?, � b2i Q7 bBM;mH�`BiB2b b?QmH/ #2
bT2+B}2/ BM �/p�M+2 �M/ +?2+F #v i?2 �#2H@C�+Q#B +QM@
/BiBQM- i?2M +QKTmi2 i?2 _B2K�MM K2i`B+ rBi? +QM2
bBM;mH�`BiB2b rBi? _B++B ~Qr �M/ i?2 K2i`B+ +�M BM/m+2
[m�/ K2b?X AM 7�+i i?2 [m�HBiv Q7 i?2 K2b? ;2M2`�i2/
#v _B++B ~Qr #�b2/ K2i?Q/b Bb b2p2`2Hv �z2+i2/ #v i?2
[m�HBiv Q7 i?2 bBM;mH�`Biv +QM};m`�iBQMX h?2 [m�HBiv Q7
i?2 `2bmHiBM; K2b? rBHH MQi #2 ;QQ/ B7 r2 +�MMQi Qz2`
� T`QT2` /Bbi`B#miBQM Q7 i?2 bBM;mH�`BiB2bX

>Qr2p2` i?2`2 Bb � ;`2�i +?�M+2 i?�i � ?B;? [m�HBiv
K2b? 2tBbib BM i?2 bT�+2 2ti2M/2/ #v b2p2`�H HQr [m�H@
Biv K2b?2bX q?2M r2 ?�p2 i?2 #�bBb Q7 i?2 #B;;2bi
HBM2�` bT�+2 BM+Hm/BM; �HH i?2 TQbbB#H2 [m�/ K2b?- �Mv
FBM/ Q7 [m�/ K2b? r2 M22/ +�M #2 +QMbi`m+i2/ #v HBM@
2�` +QK#BM�iBQM Q7 i?2 #�bBbX >2M+2 r2 i�F2 7mHH �/@
p�Mi�;2 Q7 i?2 2tBbiBM; [m�/ K2b?2b Q` K2`QKQ`T?B+
/Bz2`2MiB�Hb #v b2�`+?BM; i?2 HBM2�` bT�+2 2ti2M/2/ #v
i?2KX

AM i?Bb T�T2`- r2 bT2+B7v KmHiBTH2 b2ib Q7 bBM;mH�`BiB2b
bviBb7vBM; i?2 �#2H@C�+Q#B +QM/BiBQM 7Q` i?2 b�K2 i`B@
�M;mH�` K2b? �M/ +�H+mH�i2 i?2 +Q``2bTQM/BM; K2`Q@
KQ`T?B+ /Bz2`2MiB�Hb mbBM; _B++B ~QrX h?2M r2 ?�p2
� HBM2�` bT�+2 r?Qb2 #�bBb �`2 i?2b2 K2`QKQ`T?B+ /B7@
72`2MiB�HbX "v �/DmbiBM; i?2 +Q2{+B2Mib Q7 i?2 HBM2�`
+QK#BM�iBQM- r2 +�M ;2i /Bz2`2Mi K2`QKQ`QT?B+ /B7@
72`2MiB�H �M/ [m�/ K2b?X J2b? BKT`Qp2K2Mi mM/2`
bT2+B�H +QMbi`�BMb Bb �HH �#Qmi QTiBKBxBM; i?2 +Q2{@
+B2MibX

q2 �HbQ T`QpB/2/ i?2 �H;Q`Bi?K iQ +QKTmi2 K2`QKQ`@
T?B+ /Bz2`2MiB�H 7`QK � ;Bp2M [m�/ K2b?X h?Bb 2HBK@
BM�i2b i?2 /2T2M/2M+2 Q7 Qm` K2i?Q/ QM _B++B ~QrX
�b HQM; �b i?2`2 �`2 KQ`2 i?�M QM2 [m�/ K2b? r?B+?
?�p2 i?2 i?2 b�K2 +QM7Q`K�H bi`m+im`2 rBi? i?2 Q`B;B@
M�H bm`7�+2- MQ K�ii2` ?Qr i?2v r2`2 +QMbi`m+i2/- i?2
BKT`Qp2 K2i?Q/ BM i?Bb T�T2` +�M rQ`F i?`Qm;?X

h?2 bi`m+im`2 Q7 i?Bb �`iB+H2 Bb �b 7QHHQrbX q2 `2@
pB2r bQK2 K2i?Q/b Q7 [m�/`BH�i2`�H K2b?2b ;2M2`�@
iBQM BM b2+iBQM kX AM b2+iBQM 9- r2 b?Qr ?Qr iQ +QK@
TH2i2 i?2 _B2K�MM K2i`B+ +�H+mH�i2/ #v i?2 _B++B6HQr
K2i?Q/ (9) �M/ /2b+`B#2 i?2 /2i�BHb Q7 i?2 HBM2�` +QK@
#BM�iBQM Q7 K2`QKQ`T?B+ /Bz2`2MiB�HbX q2 T`2b2Mi ?Qr
iQ �// +QMbi`�BMib BM i?2 T`Q+2bb Q7 HBM2�` +QK#BM�iBQM
iQ BKT`Qp2 i?2 [m�HBiv Q7 i?2 `2bmHi K2b? BM b2+iBQM 8X
AM b2+iBQM 8XR- r2 �// +QMbi`�BMb QM i?2 bBx2 Q7 i?2
K2b? mMBiX AM b2+iBQM 8Xk- r2 `2[mB`2 i?2 2/;2b Q7 i?2
[m�/`BH�i2`�H K2b? iQ #2 �HB;M2/ rBi? i?2 72�im`2 HBM2b
Q7 i?2 bm`7�+2X q2 bmKK�`Bx2 i?Bb T�T2` �M/ T`QTQb2

bQK2 TQbbB#H2 r�vb iQ 7m`i?2` QTiBKBx2 Qm` rQ`F BM i?2
7mim`2 BM b2+iBQM eX

kX _1G�h1. qP_Ea
AM i?Bb b2+iBQM- r2 #`B2~v `2pB2r i?2 [m�/ K2b? ;2M@
2`�iBQM K2i?Q/X

h`B�M;H2 iQ [m�/ K2i?Q/X h?Bb ivT2 Q7 K2i?Q/ /B@
`2+iHv +QMp2`ib i?2 i`B�M;mH�` K2b?2b iQ [m�/ K2b?2bX
h?2 ;2M2`�H B/2� Bb iQ T�B` i`B�M;H2b iQ [m�/bX h?2`2
�`2 K�Mv /Bz2`2Mi r�vb iQ BKTH2K2Mi i?Bb T`Q+2bb�2X;X
�M �/p�M+BM; 7`QMi �H;Q`Bi?K (8)�� ;HQ#�H QTiBK�H bQ@
HmiBQM (e)��M/ � ;`22/v �H;Q`Bi?K (d)X h?2 [m�HBiv Q7
i?2 K2b? ;2M2`�i2/ #v i?2b2 K2i?Q/b /2T2M/b QM i?2
[m�HBiv Q7 i?2 BMBiB�H i`B�M;mH�` K2b?X �M/ bBM+2 i?2
;HQ#�H BM7Q`K�iBQM Q7 i?2 bm`7�+2 Bb MQi i�F2M BMiQ �+@
+QmMi- i?2b2 K2i?Q/b +�MMQi �+?B2p2 bKQQi?M2bb �M/
`2;mH�`Biv ;HQ#�HHvX

*`Qbb@}2H/ #�b2/ K2i?Q/X h?2 /B`2+iBQM�H }2H/
+�M #2 mb2/ iQ ;mB/2 i?2 ;`Qri? Q7 K2b? HBM2bX h?Bb
ivT2 Q7 K2i?Q/ }`bi +�H+mH�i2b � /B`2+iBQM�H }2H/ 7Q`
i?2 bm`7�+2- mbm�HHv � 7Qm`@r�v `Qi�iBQM�HHv bvKK2i`B+
Q`B2Mi�iBQM }2H/ (3) (N) Q` +`Qbb }2H/X h?2 +`Qbb }2H/
Bb mbm�HHv +�H+mH�i2/ #v QTiBKBxBM; � MQMHBM2�` 2M2`;v
7mM+iBQM (Ry) (RR)X 6BM�HHv- [m�/`BH�i2`�H K2b?2b �`2
;2M2`�i2/ #v mbBM; bi`2�KHBM2 i`�+BM; i2+?MB[m2b (Rk)
Q` T�`�K2i`B+ K2i?Q/bX � T`Q#H2K rBi? i?2b2 K2i?@
Q/b Bb i?�i i?2 QTiBKBx�iBQM Q7 i?2 2M2`;v 7mM+iBQM
i2M/b iQ #2 i`�TT2/ BM i?2 HQ+�H KBMBKmK- r?B+? `2@
bmHib BM iQQ K�Mv bBM;mH�`BiB2b �M/ TQQ` K2b? [m�HBivX

S�`�K2i2`Bx�iBQM #�b2/ K2i?Q/X S�`�K2i2`Bx�@
iBQM #�b2/ K2i?Q/ +QKTmi2b i?2 [m�/`BH�i2`�H i2bb2H@
H�iBQM BM i?2 T�`�K2i2` /QK�BM Q` }M/b i?2 bF2H2iQM
7`QK BMi`BMbB+ ;2QK2i`B+ 7mM+iBQMb Q` /Bz2`2MiB�HbX h?2
bT2+i`�H bm`7�+2 [m�/`�M;mH�iBQM K2i?Q/ (Rj) (R9)
T`Q/m+2b i?2 bF2H2iQM bi`m+im`2 7`QK i?2 JQ`b2@aK�H2
+QKTH2t Q7 �M 2B;2M7mM+iBQM Q7 i?2 G�TH�+B�M QT2`�iQ`
QM i?2 BMTmi K2b?X (R8) (Re) BMi`Q/m+2b b2�KH2bb T�@
`�K2i2`Bx�iBQM- r?B+? K2�Mb i?2 i`�MbBiBQM 7mM+iBQMb
�+`Qbb i?2 +mib Q7 i?2 T�`�K2i2`Bx�iBQM �`2 MQi �`#B@
i`�`v #mi Q7 � p2`v `2bi`B+i2/ +H�bb, `B;B/ i`�Mb7Q`K�@
iBQMb rBi? � `Qi�iBQM �M;H2 Q7 bQK2 KmHiBTH2 Q7 NyǜX
Zm�MiBx2/ :HQ#�H S�`�K2i`Bx�iBQM (Rd) bim/B2b [m�M@
iBx2/ T�`�K2i2`Bx�iBQM QM i?Bb #�bBbX Zm�MiBx2/ T�@
`�K2i2`Bx�iBQM K2�Mb i?�i i`�MbBiBQMb BM b2�KH2bb T�@
`�K2i2`Bx�iBQM �`2 �HH BMi2;`�HX

J2i`B+ #�b2/ K2i?Q/bX (k) T`QTQb2/ � MQp2H K2b?
;2M2`�iBQM �H;Q`Bi?K #�b2/ QM i?2 _B2K�MM K2i`B+X
Ai ;�p2 i?2 M2+2bb�`v �M/ bm{+B2Mi +QM/BiBQMb 7Q`
r?2i?2` � _B2K�MM K2i`B+ +�M BM/m+2 [m�/`BH�i2`�H
K2b?X h?�i T�T2` mb2b i?2 _B++B~Qr K2i?Q/ T`QTQb2/
BM (9) iQ +�H+mH�i2 i?2 �TT`QT`B�i2 _B2K�MM K2i`B+X
>Qr2p2`- i?Bb K2i?Q/ ?�b bQK2 b?Q`i+QKBM;bX PM2 Bb
i?�i i?2 bBM;mH�`BiB2b M22/ iQ #2 bT2+B}2/ K�Mm�HHv-
MQi �miQK�iB+�HHvX "2bB/2b- Bi /Q2b MQi T`QpB/2 ?Qr
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iQ K�F2 i?2 bT2+B}2/ bBM;mH�`Biv +QM};m`�iBQM K22i
i?2 ?QHQMQKv +QM/BiBQM r?B+? Bb 2bb2MiB�H 7Q` BM/m+@
BM; � p�HB/ [m�/ K2b?X (R3) mb2b i?2 ?QHQKQ`T?B+
[m�/`�iB+ /Bz2`2MiB�H iQ ;2M2`�i2 � [m�/`BH�i2`�H K2b?-
r?B+? ?�b � iBMv MmK#2` Q7 bBM;mH�`BiB2b- #mi i?2 ?QHQ@
KQ`T?B+ [m�/`�iB+ /Bz2`2MiB�H Bb BM?2`2MiHv mM�#H2 iQ
/2�H rBi? KQ/2Hb r?B+? +QMi�BM bBM;mH�`BiB2b Q7 Q//
p�H�M+2bX (R) 7m`i?2` bim/B2b i?2 K2i?Q/b #�b2/ QM
i?2 _B2K�MM K2i`B+ �M/ ?QHQKQ`T?B+ /Bz2`2MiB�HX Ai
bQHp2b bQK2 b?Q`i+QKBM;b BM i?2 K2i?Q/b K2MiBQM2/
�#Qp2X PM i?2 QM2 ?�M/- Bi mb2b K2`QKQ`T?B+ [m�`@
iB+ /Bz2`2MiB�H BMbi2�/ Q7 ?QHQKQ`T?B+ [m�/`�iB+ /B7@
72`2MiB�H iQ ;2M2`�i2 K2b?2b- r?B+? i?2Q`2iB+�HHv +�M
?�M/H2 K2b?2b +QMi�BMBM; bBM;mH�`BiB2b Q7 �`#Bi`�`v p�@
H2M+2X PM i?2 Qi?2` ?�M/- Bi ;Bp2b i?2 M2+2bb�`v �M/
bm{+B2Mi +QM/BiBQM 7Q` r?2i?2` � +QM};m`�iBQM Q7 bBM@
;mH�`BiB2b b�iBb}2b i?2 ?QHQMQKv +QM/BiBQM- i?�i Bb- i?2
�#2H@C�+Q#B +QM/BiBQM- r?B+? K�F2b i?2 K2i`B+@#�b2/
K2i?Q/ KQ`2 K�im`2X

jX h>1P_1hA* "�*E:_PlL.
AM i?Bb b2+iBQM- r2 #`B2~v `2pB2r i?2 #�bB+ +QM+2Tib
�M/ i?2Q`2Kb BM _B2K�MM bm`7�+2 i?2Q`v �M/ K2`Q@
KQ`T?B+ [m�`iB+ /Bz2`2MiB�HX

jXR "�bB+ *QM+2Tib Q7 _B2K�MM am`7�+2
.2}MBiBQM jXR (hQTQHQ;B+�H J�MB7QH/) amTTQb2 Σ
Bb � iQTQHQ;B+�H bT�+2- {Uα} Bb � 7�KBHv Q7 QT2M b2ib
+Qp2`BM; i?2 bT�+2- Σ ⊂

⋃
α UαX 6Q` 2�+? QT2M b2i

Uα- i?2`2 2tBbib � ?QK2QKQ`T?BbK ϕα : Uα → Rn- i?2
T�B` (Uα,ϕα) Bb +�HH2/ � HQ+�H +?�`iX h?2 +QHH2+iBQM Q7
HQ+�H +?�`ib 7Q`K i?2 �iH�b Q7 M - A = {(Uα,ϕα)}X 6Q`
�Mv T�B` Q7 QT2M b2ib- Uα �M/ Uβ- B7 Uα ∩ Uβ ̸= ∅-
i?2 i`�MbBiBQM K�T Bb ;Bp2M #v ϕαβ : ϕα(Uα ∩ Uβ) →
ϕβ(Uα ∩ Uβ)- ϕαβ = ϕβ ◦ ϕ−1

α X h?2M Σ Bb +�HH2/ �
+HQb2/ n@/BK2bMBQM�H K�MB7QH/X

hrQ /BK2MbBQM�H K�MB7QH/b �`2 +�HH2/ bm`7�+2bX

.2}MBiBQM jXk (>QHQKQ`T?B+ 6mM+iBQM) amTTQb2
f : C → C Bb � +QKTH2t 7mM+iBQM- (x, y) '→
(u(x, y), v(x, y))- B7 i?2 7mM+iBQM b�iBb}2b i?2 *�m+?v@
_B2K�MM 2[m�iBQM

∂u
∂x

=
∂v
∂y

,
∂u
∂y

= −∂v
∂x

,

i?2M f Bb +�HH2/ � ?QHQKQ`T?B+ 7mM+iBQMX A7 f Bb BMp2`i@
B#H2- 7m`i?2`KQ`2 f−1 Bb �HbQ ?QHQKQ`T?B+- i?2M f Bb
+�HH2/ #B?QHQKQ`T?B+X

.2}MBiBQM jXj (J2`QKQ`T?B+ 6mM+iBQM) amTTQb2
f : C → C Bb � +QKTH2t 7mM+iBQM- f(z) = p(z)/q(z)-
r?2`2 p(z) �M/ q(z) �`2 ?QHQKQ`T?B+ 7mM+iBQMb- i?2M
f(z) Bb +�HH2/ � K2`QKQ`T?B+ 7mM+iBQMX

.2}MBiBQM jX9 (*QM7Q`K�H �iH�b) amTTQb2 S Bb �
irQ /BK2MbBQM�H iQTQHQ;B+�H K�MB7QH/- 2[mBTT2/ rBi? �M
�iH�b A = {(Uα,ϕα)}- 2p2`v HQ+�H +?�`i �`2 +QKTH2t
+QQ`/BM�i2b ϕα : Uα → C- /2MQi2/ �b zα- �M/ 2p2`v
i`�MbBiBQM K�T Bb #B?QHQKQ`T?B+-

ϕαβ : ϕα(Uα ∩ Uβ) → ϕβ(Uα ∩ Uβ), zα '→ zβ ,

i?2M i?2 �iH�b Bb +�HH2/ � +QM7Q`K�H �iH�bX

.2}MBiBQM jX8 (_B2K�MM am`7�+2) � iQTQHQ;B+�H
bm`7�+2 rBi? � +QM7Q`K�H �iH�b Bb +�HH2/ � _B2K�MM
bm`7�+2X

jXk J2`QKQ`T?B+ .Bz2`2MiB�Hb
h?2 +QM+2Tib Q7 ?QHQKQ`T?B+ �M/ K2`QKQ`T?B+ 7mM+@
iBQMb +�M #2 ;2M2`�HBx2/ iQ _B2K�MM bm`7�+2bX

.2}MBiBQM jXe (J2`QKQ`T?B+ 6mM+iBQM QM _B2@
K�MM am`7�+2) amTTQb2 � _B2K�MM bm`7�+2
(S, {(Uα,ϕα)}) Bb ;Bp2MX � +QKTH2t 7mM+iBQM Bb /2@
}M2/ QM i?2 bm`7�+2 f : S → C∪ {∞}X A7 QM 2�+? HQ+�H
+?�`i (Uα,ϕα)- i?2 HQ+�H `2T`2b2Mi�iBQM Q7 i?2 7mM+@
iBQMb f ◦ ϕ−1

α : C → C ∪ {∞} Bb K2`QKQ`T?B+- i?2M f
Bb +�HH2/ � K2`QKQ`T?B+ 7mM+iBQM /2}M2/ QM SX

� K2K`QKQ`T?B+ 7mM+iBQM +�M #2 i`2�i2/ �b � ?QHQ@
KQ`T?B+ K�T 7`QK i?2 _B2K�MM bm`7�+2 iQ i?2 mMBi
bT?2`2X

.2}MBiBQM jXd (J2`QKQ`T?B+ .Bz2`2MiB�H) :Bp2M
� _B2K�MM bm`7�+2 (S, {zα})- ω Bb � K2`QKQ`T?B+ /B7@
72`2MiB�H Q7 Q`/2` n- B7 Bi ?�b HQ+�H `2T`2b2Mi�iBQM-

ω = fα(zα)(dzα)
n,

r?2`2 fα(zα) Bb � K2`QKQ`T?B+ 7mM+iBQM- n Bb �M BM@
i2;2`c B7 fα(zα) Bb � ?QHQKQ`T?B+ 7mM+iBQM- i?2M ω Bb
+�HH2/ � ?QHQKQ`T?B+ /Bz2`2MiB�H Q7 Q`/2` nX

� K2`QKQ`T?B+ /Bz2`2MiB�H Q7 Q`/2` 4 Bb +�HH2/ � K2`Q@
KQ`T?B+ [m�`iB+ /Bz2`2MiB�HX

.2}MBiBQM jX3 (w2`Qb �M/ SQH2b Q7 J2`QKQ`T?B+

.Bz2`2MiB�Hb) :Bp2M � _B2K�MM bm`7�+2 (S, {zα})- ω
Bb � K2`QKQ`T?B+ /Bz2`2MiB�H rBi? HQ+�H `2T`2b2Mi�iBQM-

ω = fα(zα)(dzα)
n.

A7 zα Bb � TQH2 UQ` � x2`QV Q7 fα rBi? Q`/2` k- i?2M zα Bb
+�HH2/ � TQH2 UQ` � x2`QV Q7 i?2 K2`QKQ`T?B+ /Bz2`2MiB�H
ω Q7 Q`/2` kX
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q2 mb2 Singω iQ /2MQi2 i?2 bBM;mH�`Biv b2i Q7 ωX GQ@
+�HHv M2�` � `2;mH�` TQBMi p- i?2 /Bz2`2MiB�H ω =
f(z)dzn +�M #2 `2T`2b2Mi2/ �b i?2 n@i? TQr2` Q7 �
R@7Q`K h(z)dz r?2`2 hn(z) = f(z) �M/ i?mb h(z) =
n
√

f(z) +QBM+B/2b rBi? QM2 Q7 n TQbbB#H2 #`�M+?2b Q7
i?2 n@i? `QQiX q2 +�HH i?Bb n@p�Hm2/ R@7Q`K i?2 n@i?
`QQib Q7 ω- r?B+? Bb � ;HQ#�HHv r2HH@/2}M2/ KmHiB@p�Hm2/
K2`QKQ`T?B+ R@7Q`K QM SX

.2}MBiBQM jXN (h`�D2+iQ`B2b Q7 K2`QKQ`T?B+
/Bz2`2MiB�Hb):Bp2M � K2`QKQ`T?B+ n@/Bz2`2MiB�H ω
QM S r2 /2}M2 n /BbiBM+i HBM2 }2H/b QM S \ Singω �b
7QHHQrbX �i 2�+? MQM@bBM;mH�` TQBMi z i?2`2 �`2 2t�+iHv
n /BbiBM;mBb?2/ /B`2+iBQMb dz �i r?B+? ω = f(z)(dz)n

�ii�BMb `2�H p�Hm2bX AMi2;`�H +m`p2b Q7 i?2b2 HBM2 }2H/b
�`2 +�HH2/ i`�D2+iQ`B2b Q7 ωX

amTTQb2 ω Bb � K2`QKQ`T?B+ [m�/`�iB+ /Bz2`2MiB�H- dz
Bb � ?Q`BxQMi�H Up2`iB+�HV /B`2+iBQM B7 f(z)(dz)2 > 0
Uf(z)(dz)2 < 0VX AMi2;`�H +m`p2b Q7 ?Q`BxQMi�H /B`2+@
iBQM �`2 +�HH2/ ?Q`BxQMi�H Up2`iB+�HV i`�D2+iQ`B2bX

jXj �#2H@C�+Q#B *QM/BiBQM
:Bp2M � _B2K�MM bm`7�+2 (S, {zα})- ω Bb � r2HH@/2}M2/
K2`QKQ`T?B+ /Bz2`2MiB�H QM (S, {zα})- Singω Bb i?2
bBM;mH�`Biv b2i Q7 ω- i?2M Singω b�iBb}2b i?2 �#2H@
C�+Q#B +QM/BiBQMX h?2`2 2tBbib MQ r2HH@/2}M2/ K2`Q@
KQ`T?B+ /Bz2`2MiB�H ω QM _B2K�MM bm`7�+2 r?Qb2 bBM@
;mH�`Biv b2i Bb Singω r?2M Singω /Q2b MQi b�iBb7v i?2
�#2H@C�+Q#B +QM/BiBQMX 6Q` KQ`2 /2i�BH Q7 �#2H@C�+Q#B
+QM/BiBQM- `272` iQ T�T2`(R)X

jX9 Zm�/@J2b?2b �M/ J2`QKQ`T?B+ Zm�`@
iB+ 6Q`Kb

>2`2 r2 `2pB2r i?2 BMi`BMbB+ `2H�iBQM #2ir22M � [m�/@
K2b? �M/ � K2`QKQ`T?B+ [m�`iB+ /Bz2`2MiB�HX

.2}MBiBQM jXRy (Zm�/`BH�i2`�H J2b?) amTTQb2 Σ
Bb � iQTQHQ;B+�H bm`7�+2- Q Bb � +2HH T�`iBiBQM Q7 Σ- B7
�HH +2HHb Q7 Q �`2 iQTQHQ;B+�H [m�/`BH�i2`�Hb- i?2M r2 b�v
(Σ,Q) Bb � [m�/`BH�i2`�H K2b?X

PM � [m�/@K2b?- i?2 iQTQHQ;B+�H p�H2M+2 Q7 � p2`i2t Bb
i?2 MmK#2` Q7 7�+2b �/D�+2Mi iQ i?2 p2`i2tX

.2}MBiBQM jXRR UaBM;mH�`BivV amTTQb2 (S,Q) Bb �
[m�/`BH�i2`�H K2b?X A7 i?2 iQTQHQ;B+�H p�H2M+2 Q7 �M
BMi2`BQ` p2`i2t Bb 4- i?2M r2 +�HH Bi � `2;mH�` p2`i2t-
Qi?2`rBb2 � bBM;mH�`Bivc B7 i?2 iQTQHQ;B+�H p�H2M+2 Q7 �
#QmM/�`v p2`i2t Bb 2- i?2M r2 +�HH Bi � `2;mH�` #QmM/�`v
p2`i2t- Qi?2`rBb2 � #QmM/�`v bBM;mH�`BivX h?2 BM/2t
Q7 � bBM;mH�`Biv Bb /2}M2/ �b 7QHHQrb,

AM/(vi) =
{

4− p�H(vi) vi ̸∈ ∂(S,Q)
2− p�H(vi) vi ∈ ∂(S,Q)

r?2`2 AM/(vi) �M/ p�H(vi) �`2 i?2 BM/2t �M/ i?2 iQTQ@
HQ;B+�H p�H2M+2 Q7 viX

h?2Q`2K jXRk (Zm�/@J2b? iQ J2`QK`QT?B+
Zm�`iB+ .Bz2`2MiB�H) amTTQb2 (Σ,Q) Bb � +HQb2/
[m�/`BH�i2`�H K2b?- i?2M

RX i?2 [m�/@K2b? Q BM/m+2b � +QM7Q`K�H �iH�b A-
bm+? i?�i (Σ,A) 7Q`K � _B2K�MM bm`7�+2- /2MQi2/
�b SQX

kX i?2 [m�/@K2b? Q BM/m+2b � [m�`iB+ /Bz2`2MiB�H
ωQ QM SQX h?2 p�H2M+2@k bBM;mH�` p2`iB+2b +Q``2@
bTQM/ iQ TQH2b Q` x2`Qb Q7 Q`/2` k − 4X 6m`i?2`@
KQ`2- i?2 i`�D2+iQ`B2b Q7 ωQ �`2 }MBi2X

h?2Q`2K jXRj (Zm�`iB+ .Bz2`2MiB�H iQ Zm�/@
J2b?) amTTQb2 (Σ,A) Bb � _B2K�MM bm`7�+2- ω Bb �
K2`QKQ`T?B+ [m�`iB+ /Bz2`2MiB�H rBi? }MBi2 i`�D2+iQ@
`B2b- i?2M ω BM/m+2b � [m�/`BH�i2`�H K2b? Q- bm+? i?�i
i?2 TQH2b Q` x2`Qb rBi? Q`/2` k Q7 ω +Q``2bTQM/b iQ i?2
bBM;mH�` p2`iB+2b Q7 Q rBi? p�H2M+2 k + 4X

.2}MBiBQM jXR9 (GBM2�` +QK#BM�iBQM Q7 [m�`iB+

.Bz2`2MiB�H) :Bp2M � _B2K�MM bm`7�+2 (S, {zα})-
ω1, . . . ,ωi, . . . ,ωn �`2 n /Bz2`2Mi K2`QKQ`T?B+ [m�`iB+
/Bz2`2MiB�Hb rBi? }MBi2 i`�D2+iQ`B2b- i?2v ?�p2 i?2 HQ+�H
`2T`2b2Mi�iBQM-

ωi = fi,α(zα)(dzα)
4,

i?2 HBM2�` +QK#BM�iBQM Q7 i?2b2 K2`QKQ`T?B+ [m�`iB+
/Bz2`2MiB�Hb Bb /2}M2/ �b

n∑

i=1

ωi = (
n∑

i=1

fi,α(zα))(dzα)
4

h?2Q`2K jXR8 (HBM2�` bT�+2 Q7 Zm�`iB+ .Bz2`@
2MiB�H) :Bp2M n > 1 K2`QKQ`T?B+ [m�`iB+ /Bz2`2MiB�Hb
QM � _B2K�MM bm`7�+2- i?2B` HBM2�` +QK#BM�iBQM Bb �HbQ
� K2`QKQ`T?B+ [m�`iB+ /Bz2`2MiB�H- �HH i?2 +QK#BM�@
iBQM 7Q`Kb � HBM2�` bT�+2X �HH i?2 TQbbB#H2 K2`QKQ`T?B+
[m�`iB+ /Bz2`2MiB�Hb QM i?2 _B2K�MM bm`7�+2 7Q`Kb i?2
#B;;2bi HBM2�` bT�+2X

9X *PJSlh�hAPL�G �G:P_Ah>Ja
h?2 �H;Q`Bi?K TBT2HBM2 +�M #2 bmKK�`Bx2/ �b 7QHHQrb,

Ç *QKTmi2 ~�i _B2K�MMB�M K2i`B+ rBi? +QM2 bBM@
;mH�`BiB2b r?B+? b�iBbv i?2 �#2H@C�+Q#B +QM/BiBQMc

Ç AbQK2i`B+ BKK2`b2b i?2 i`B�M;H2 bm`7�+2 7�+2@rBb2
QMiQ i?2 +QKTH2t TH�M2 �M/ TmHH #�+F i?2 +�MQM@
B+�H ?QHQKQ`T?B+ /Bz2`2MiB�H iQ i?2 bm`7�+2 iQ Q#@
i�BM i?2 K2`QKQ`T?B+ /Bz2`2MiB�H �M/ K2`QKQ`@
T?B+ [m�`iB+ /Bz2`2MiB�Hc
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Ç _2T2�i i?2 T`2pBQmb bi2Tb iQ ;2i n > 1 K2`QKQ`@
T?B+ [m�`iB+ /Bz2`2MiB�Hbc

Ç _2T`2b2Mi i?2 HBM2�` bT�+2 #v i?2 HBM2�` +QK#BM�@
iBQM Q7 i?2 n K2`QKQ`T?B+ [m�`iB+ /Bz2`2MiB�Hbc

Ç PTiBKBx2 i?2 +Q2{+B2Mib Q7 i?2 HBM2�` +QK#BM�@
iBQM iQ BKT`Qp2 i?2 [m�HBiv Q7 i?2 [m�/ K2b?X

h?2 QTiBKBx�iBQM bi2T rBHH #2 BHHmbi`�i2/ iQ;2i?2` rBi?
+QM+`2i2 [m�HBiv +QMbi`�BM 2t�KTH2 BM i?2 M2ti b2+iBQMX

AM i?2 7QHHQrBM;- r2 2tTH�BM Qi?2` bi2Tb Q7 i?2 �H;Q@
`Bi?K BM /2i�BHbX h?2 BMTmi Q7 i?2 �H;Q`Bi?K Bb � i`B@
�M;H2 K2b? M X

9XR _B2K�MMB�M K2i`B+ +QKTmi�iBQM
.Bb+`2i2 7Q`K Q7 _B2K�MM K2i`B+ QM i`B�M;H2 K2b? +�M
#2 /2}M2/ �b i?2 K2b? 2/;2 H2M;i?X _B2K�MM K2i@
`B+ +QKTmi�iBQM Bb �HH �#Qmi �bbB;MBM; i?2 T`QT2` 2/;2
H2M;i?X

h?2 }`bi r�v iQ Q#i�BM i?2 _B2K�MM K2i`B+ Bb i?2
_B++B6HQr �H;Q`Bi?K (9)X q2 +�M b2i mT b2p2`�H b2ib Q7
/Bz2`2Mi bBM;mH�`BiB2b rBi? /2;`22b 7Q` i?2 b�K2 i`B�M@
;mH�` K2b?- �M/ +QKTmi2 i?2 +Q``2bTQM/BM; _B2K�MM
K2i`B+ mbBM; _B++B 6HQrX

Ai b?QmH/ #2 MQi2/ i?�i i?2 BMTmi bBM;mH�`Biv b2i ?2`2
Kmbi b�iBb7v i?2 �#2H@C�+Q#B +QM/BiBQM- Qi?2`rBb2 r2
+�M MQi ;2i � p�HB/ r2HH@/2}M2/ K2`QKQ`T?B+ [m�`iB+
/Bz2`2MiB�HX

h?2 b2+QM/ r�v Bb iQ ;2i i?2 _B2K�MM K2i`B+ 7`QK
2tBbiBM; [m�/ K2b?2bX h?2 2tBbiBM; [m�/ K2b?2b mb2/
?2`2 Kmbi #2 +QM7Q`K�HHv 2[mBp�H2Mi iQ i?2 Q`B;BM�H
i`B�M;H2 bm`7�+2X �bbmK2 i?�i r2 ?�p2 Q#i�BM2/ bQK2
[m�/`BH�i2`�H K2b?2b ;2M2`�i2/ #v Qi?2` K2i?Q/b �M/
r�Mi iQ Q#i�BM � ?B;?2` [m�HBiv K2b? #v HBM2�` +QK#B@
M�iBQM K2i?Q/X h?2M r2 +�M /B`2+iHv mb2 i?2b2 [m�/`B@
H�i2`�H K2b?2b iQ +�H+mH�i2 b2p2`�H b2ib Q7 _B2K�MM
K2i`B+b 7Q` i?2 i`B�M;mH�` K2b?X

q2 i�F2 2�+? [m�/`BH�i2`�H K2b? �b #�+F;`QmM/ K2b?-
�M/ K�T i?2 i`B�M;H2 K2b? QMiQ BiX 6B;m`2 R b?Qrb
i?�i � i`B�M;H2 TABC Q7 i?2 i`B�M;H2 K2b? Bb K�TT2/
QMiQ � [m�/`BH�i2`�H #�+F;`QmM/ K2b?X AM Q`/2` iQ +�H@
+mH�i2 i?2 K2i`B+ QM 2/;2 EAB - r2 �bbmK2 i?�i i?2b2
HQ+�H [m�/b �`2 +QTH�M�` �M/ i?2 H2M;i? Q7 2�+? 2/;2 Q7
i?2 [m�/ K2b? Bb RX h?2M r2 +�M 2�bBHv +�H+mH�i2 i?2
H2M;i? Q7 2/;2 EAB �M/ mb2 Bi �b i?2 _B2K�MM K2i`B+
Q7 i?�i 2/;2X h?2M r2 +�M +�H+mH�i2 i?2 +Q``2bTQM/BM;
/Bz2`2MiB�HX

6Q` � ;Bp2M i`B�M;mH�` K2b?- 2Bi?2` r2 ?�p2 n >
1 K2`QKQ`T?B+ [m�`iB+ /Bz2`2MiB�Hb Q` [m�/`BH�i2`�H
K2b?2b- r2 +�M mb2 i?2 HBM2�` +QK#BM�iBQM K2i?Q/ iQ
BKT`Qp2 i?2 [m�HBiv Q7 i?2 K2b?2bX

6B;m`2 R, � i`B�M;H2 K�TT2/ iQ � #�+F;`QmM/ [m�/ K2b?

9Xk AbQK2i`B+ AKK2`bBQM �M/ J2`QKQ`T?B+
Zm�`iB+ .Bz2`2MiB�H

aHB+2 i`B�M;H2 K2b? M iQ Q#i�BM � iQTQHQ;B+�H /BbF M̃
�M/ K�F2 bm`2 �HH i?2 bBM;HmH�`BiB2b �`2 QM i?2 /BbF
#QmM/�`vX

h?2M r2 ~�ii2M M̃ 7�+2 #v 7�+2 mbBM; i?2 K2i`B+ Q#@
i�BM2/X h?Bb T`Q/m+2b �M BKK2`bBQM Q7 ϕ : M̃ → CX
PM i?2 +QKTH2t TH�M2- i?2`2 Bb � +�MQMB+�H /Bz2`2M@
iB�H d4z- i?2 TmHH #�+F ϕ∗d4z Bb � K2`QKQ`T?B+ [m�`iB+
/Bz2`2MiB�H /2}M2/ QM M X

h?2 /Bb+`2i2 7Q`K Q7 K2`QKQ`T?B+ /Bz2`2MiB�H QM i`B�M@
;H2 K2b? Bb i?2 +QKTH2t MmK#2`b /2}M2/ QM i?2 K2b?
2/;2bX

>2`2 r2 mb2 duv iQ /2MQi2 i?2 K2`QKQ`T?B+ }`bi /B7@
72`2MiB�H /2}M2/ QM 2/;2bc duv4 7Q` i?2 K2`QKQ`T?B+
[m�`iB+ /Bz2`2MiB�HX

AM i?Bb bi2T- �`#Bi`�`v bHB+BM; K2i?Q/ rQ`Fb mM/2` Qm`
7`�K2rQ`FX .Bz2`2Mi bHB+BM; �M/ BbQK2i`B+ BKK2`bBQM
r�v K�v BM/m+2 /Bz2`2Mi K2`QKQ`T?B+ [m�`iB+ /Bz2`@
2MiB�Hb- #mi i?2v �`2 �HH 2[mBp�H2Mi iQ 2�+? Qi?2` rBi?
`2bT2+i iQ � ;HQ#�H `Qi�iBQMX

9Xj h?2 T`Q+2bb Q7 HBM2�` +QK#BM�iBQM
�bbmK2 r2 ?�p2 n /Bz2`2Mi K2`QKQ`T?B+ [m�`iB+ /B7@
72`2MiB�Hb- r2 mb2 i?2 7Q`KmH�

duvnew = 4

√√√√
n∑

i=1

(duvi4 ∗ αi)

iQ HBM2�`Hv +QK#BM2 i?2 /Bz2`2MiB�Hb- r?2`2 M K2�Mb
i?2 MmK#2` Q7 /Bz2`2MiB�H #�b2b- αi ∈ ! Bb i?2 HBM@
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2�` +QK#BM�iBQM +Q2{+B2Mi +Q``2bTQM/BM; iQ i?2 B@i?
K2`QKQ`T?B+ [m�`iB+ /Bz2`2MiB�H #�b2b duv4i X

h?2 7Qm`i? `QQi Q7 � +QKTH2t MmK#2` �`2 7Qm` +QK@
TH2t MmK#2`b rBi? i?2 b�K2 MQ`K �M/ /Bz2`2Mi /B`2+@
iBQMbX q2 +?QQb2 2Bi?2` QM2 �b �b i?2 /Bz2`2MiB�H p�Hm2
7Q` i?2 }`bi 2/;2- i?2M i?2 /Bz2`2MiB�Hb Q7 Qi?2` 2/;2b
+�M #2 }t2/ mM/2` i?2 ;HQ#�H bKQQi? +QMbi`�BM QM i?2
bHB+2/ /BbFX �7i2` 2�+? 2/;2 ?�b � M2r /Bz2`2MiB�H-
r2 +�M BMi2;`�i2 /Bz2`2MiB�Hb iQ Q#i�BM � T�`�K2i2`@
Bx�iBQMX "�b2/ QM i?2 T�`�K2i2`Bx�iBQM- r2 2ti`�+i
i`�D2+iQ`B2b �M/ }M�HHv Q#i�BM � [m�/ K2b?X

8X GAL1�_ *PJ"AL�hAPL qAh>
*PLah_�ALha

h?Bb b2+iBQM b?Qrb i?2 /2i�BH Q7 ?Qr iQ BKT`Qp2 K2b?
[m�HBiv BM i?2 HBM2�` K2`QKQ`T?B+ /Bz2`2MiB�H bT�+2
X q2 +QMbB/2` irQ K2b? [m�HBiv +QMbi`�BMb- i?2 }`bi
QM2 Bb i?2 bBx2 +QMi`QH Q7 i?2 K2b? +2HH- �M/ i?2 b2+@
QM/ Bb i?2 �HB;MK2Mi #2ir22M 2/;2b Q7 i?2 ;2M2`�i2/
K2b? �M/ i?2 72�im`2 HBM2b Q7 i?2 bm`7�+2X h?2 T`Q@
;`�K `2�/b BM b2p2`�H /Bz2`2MiB�H #�b2b �M/ �/Dmbi i?2
+QK#BM�iBQM +Q2{+B2Mib #�b2/ QM i?2 T2`7Q`K�M+2 Q7
i?2 +QK#BM�iBQM `2bmHiX AM i?2 2M/- � b2i Q7 #2ii2`
+Q2{+B2Mib Bb Q#i�BM2/- r?B+? +Q``2bTQM/b iQ � ?B;?2`
[m�HBiv [m�/`BH�i2`�H K2b?X

q2 mb2 i?`22 /Bz2`2Mi KQ/2H iQ +?2+F Qm` �H;Q`Bi?K-
�M/ T`QpB/2 #Qi? i2tim`2 K�Tb pBbm�HBx�iBQM �M/ [m�/
K2b? 7Q` 2�+? 2tT2`BK2Mi /�i�X AM i?2 TB+im`2b- bK�HH
TBMF #�HH `2T`2b2Mib � p�H2M+2 j bBM;mH�`Bivc #Hm2 +QHQ`
K2�Mb p�H2M+2 8 bBM;mH�`Biv �M/ ;`22M +QHQ` 7Q` p2H2M+2
e bBM;mH�`BivX

8XR aBx2 +QMbi`�BMib Q7 K2b? +2HHb
8XRXR aBx2 mMB7Q`K�iBQM

AM K�Mv �TTHB+�iBQMb- � +QKKQM `2[mB`2K2Mi 7Q`
[m�/`BH�i2`�H K2b?2b Bb i?�i i?2 bBx2 Q7 i?2 K2b? +2HHb
M22/ iQ #2 �b mMB7Q`K �b TQbbB#H2X *QKT�`2/ rBi? �
[m�/`BH�i2`�H K2b? rBi? H�`;2 ~m+im�iBQMb BM 2H2K2Mi
bBx2- � [m�/ K2b? rBi? +2HHb Q7 mMB7Q`K bBx2 Bb KQ`2
bmBi�#H2 7Q` �+im�H BM/mbi`B�H �TTHB+�iBQMb X

AM Q`/2` iQ +QMi`QH i?2 +2HH bBx2 Q7 i?2 i�`;2i [m�/`BH�i@
2`�H K2b? ;2M2`�i2/ #v K2`QKQ`T?B+ /Bz2`2MiB�Hb- r2
/2}M2 � `�iBQ 7Q` 2�+? 2/;2 mbBM; i?2 [mQiB2Mi #2ir22M
i?2 MQ`K Q7 i?2 /Bz2`2MiB�H �M/ i?2 1m+HB/2�M H2M;i?
Q7 2/;2X q?2M i?2 `�iBQb Q7 i?2b2 2/;2b �`2 `2H�iBp2Hv
+HQb2- i?2 +2HHb Q7 i?2 ;2M2`�i2/ [m�/`BH�i2`�H K2b? �`2
`2H�iBp2Hv mMB7Q`KX

q2 /2}M2 � p2+iQ` r ∈ R|E| - r?Qb2 2H2K2Mi Bb

ri =
|duvi|
li

URV

r?2`2 |duvi| K2�Mb i?2 MQ`K Q7 i?2 /Bz2`2MiB�H QM i?2

B@i? 2/;2 �M/ li Bb i?2 1m+HB/2�M H2M;i? Q7 i?2 2/;2X
|E| `2T`2b2Mib i?2 MmK#2` Q7 K2b? 2/;2bX q2 b2i �
i�`;2i K2b? bBx2 +QMi`QH p2+iQ` t ∈ R|E| �M/ /2}M2

α =
||t||1
||r||1

UkV

h?2M r2 /2}M2 i?2 HQbb 7mM+iBQM-

loss =
1
|E|

|E|∑

i=1

(ri ∗ α− ti)
2 UjV

q2 �bbmK2 i?�i 2�+? `Qr Q7 i?2 p2+iQ` t Bb R BM i?Bb
b2+iBQM- r?B+? K2�Mb r2 r�Mi iQ K�F2 i?2 `2bmHi K2b?
�b mMB7Q`K �b TQbbB#H2X q2 mb2 � T`BK�`v QTiBKBx�iBQM
K2i?Q/ iQ +�H+mH�i2 i?2 +Q2{+B2Mib Q7 i?2 HBM2�` +QK@
#BM�iBQMX 6B`bi- � b2i Q7 BMBiB�H +QK#BM�iBQM +Q2{+B2Mib
�`2 ;Bp2M 7Q` HBM2�` +QK#BM�iBQMX h?2M r2 +�H+mH�i2
i?2 BMBiB�H HQbb p�Hm2X h?2M r2 �/Dmbi 2�+? +Q2{+B2Mi
BM/BpB/m�HHvX q?2i?2` i?2 +m``2Mi +Q2{+B2Mi Bb iQ BM@
+`2�b2 Q` /2+`2�b2 /2T2M/b QM i?2 +?�M;2 Q7 i?2 HQbb
p�Hm2 �7i2` KQ/B7vBM; i?2 +Q2{+B2MiX q2 `2T2�i2/Hv
�/Dmbi 2�+? +Q2{+B2Mi mMiBH r2 ;2i i?2 /2bB`2/ `2bmHibX

>2`2 r2 mb2 KQ/2H 2B;?i iQ +?2+F Qm` K2b? bBx2 mMB@
7Q`K�iBQM �H;Q`Bi?KX 6B;m`2 k b?Qrb 7Qm` /Bz2`2Mi
K2`QKQ`T?B+ /Bz2`2MiB�Hb �M/ i?2 +Q``2bTQM/BM; [m�/
K2b?2bX h?2 K2`QKQT?B+ /Bz2`2MiB�H MQ`Kb p�`B2b
� HQi �+`Qbb i?2 bm`7�+2- ?2M+2 i?2 +2HH bBx2 Q7 i?2b2
K2b?2b Bb [mBi2 MQi mMB7Q`KX h?2 K2b? [m�HBiv M22/
iQ #2 BKT`Qp2/X

6B;X9 b?Qrb irQ `2bmHib Q7 K2b? +2HH mMB7Q`K�iBQMX
1�+? KQ/2H Bb � `2bmHi Q7 HBM2�` +QK#BM�iBQM Q7 7Qm`
/Bz2`2MiB�H #�b2b �++Q`/BM; iQ � b2i Q7 QTiBKBx2/ +Q@
2{+B2MibX Ai Bb Q#pBQmb i?�i Qm` QTiBKBx2/ `2bmHib �`2
KQ`2 mMB7Q`KX h?2 HQbb p�Hm2 Q7 2�+? `2bmHi Bb b?Qr2/
mM/2` i?2 KQ/2H r?B+? Bb [mBi2 +HQb2 iQ x2`QX

8XRXk aBx2 +QMi`QH Q7 K2b? +2HHb
�T�`i 7`QK Tm`bmBM; i?2 mMB7Q`KBiv Q7 i?2 bBx2 Q7 K2b?
+2HHb- r2 +�M �HbQ BKTQb2 Qi?2` +QMbi`�BMb QM i?2 bBx2
Q7 i?2 K2b? +2HHb �++Q`/BM; iQ i?2 T`�+iB+�H M22/b iQ
BKT`Qp2 K2b? [m�HBivX

h?2 #�bB+ B/2� Bb iQ b2i bT2+B}+ i�`;2i `�iBQ 7Q` 2�+?
2/;2- h?2M r2 +�H+mH�i2 � b2i Q7 +QK#BM�iBQM +Q2{@
+B2Mib i?�i K22ib i?2 +QMbi`�BMb #v QTiBKBxBM; i?2 HQbb
7mM+iBQMX

q2 i`v iQ +QMi`QH i?2 +2HH bBx2 �++Q`/BM; iQ i?2 +m`p�@
im`2 Q7 i?2 Q`B;BM i`B�M;H2 bm`7�+2X � H�`;2` +m`p�im`2
�i � +2`i�BM TQBMi BM/B+�i2b i?�i i?2 bm`7�+2 �i i?�i
TQBMi ?�b KQ`2 /2i�BHbX h?2`27Q`2 i?2 [m�/ +2HHb ?2`2
M22/ iQ #2 /2Mb2`X q?2`2 i?2 +m`p�im`2 Bb bK�HH2`- i?2
bm`7�+2 ?2`2 Bb bKQQi?2` �M/ i?2 bBx2 Q7 [m�/ K2b? +2HHb
+�M #2 �TT`QT`B�i2Hv H�`;2`X >2`2 � +m`p�im`2@�r�`2
7mM+iBQM Bb b2i iQ +�H+mH�i2 � bBx2 �ii`B#mi2 7Q` 2�+?
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U�V #�bBb R U#V #�bBb k U+V #�bBb j U/V #�bBb 9

6B;m`2 k, 6Qm` K2`QKQ`T?B+ /Bz2`2MiB�Hb �M/ i?2 +Q``2bTQM/BM; [m�/ K2b?2b Q7 KQ/2H 2B;?i

U�V #�bBb R U#V #�bBb k U+V #�bBb j U/V #�bBb 9

6B;m`2 j, 6Qm` K2`QKQ`T?B+ /Bz2`2MiB�Hb �M/ i?2 +Q``2bTQM/BM; [m�/ K2b?2b Q7 KQ/2H FBii2M
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U�V HQbb4yXy8e3d3 U#V HQbb4yXy8jddd9

6B;m`2 9, aBx2 mMB7Q`K�iBQM 7Q` KQ/2H 2B;?i

p2`i2t �++Q`/BM; iQ i?2 :�mbbB�M +m`p�im`2X q2 /2@
}M2/ i?2 bBx2 �ii`B#mi2 QM 2�+? p2`i2t �b s = exp(x)-
r?2`2 x Bb i?2 ;�mbbB�M +m`p�im`2 Q7 i?2 p2`i2tX h?2
`�iBQ Q7 2�+? 2/;2 ei Bb b2i iQ #2 i?2 T`Q/m+i Q7 i?2
bBx2 �ii`B#mi2 Q7 i?2 irQ �/D�+2Mi p2`iB+2b Q7 2/;2 eiX
q2 mb2 i?Bb `�iBQ Q7 i?2 2/;2b iQ �bbB;M i?2 2H2K2Mib
Q7 i?2 i�`;2i K2b? bBx2 +QMi`QH p2+iQ` r ∈ R|E|X

>2`2 r2 mb2 KQ/2H FBii2M iQ +?2+F i?2 �H;Q`Bi?KX 6B;Xj
b?Qrb 7Qm` K2`QKQ`T?B+ #�b2b �M/ i?2 +Q``2bTQM/BM;
[m�/ K2b?2bX 6B;m`2 8 b?Qrb i?2 `2bmHib Q7 +m`p�im`2@
�r�`2 K2b? bBx2 +QMi`QHX 6B;m`2 8 U�V Bb i?2 K2b?
+Q``2bTQM/BM; iQ i?2 BMBiB�H +Q2{+B2MibX 6B;m`2 8 U#V
Bb i?2 `2bmHi 7Q` � b2i Q7 QTiBKBx2/ +Q2{+B2Mib rBi? �
HQr2` HQbb p�Hm2X

8Xk �HB;MK2Mi Q7 72�im`2 HBM2b +QMbi`�BM
�MQi?2` �bT2+i i?�i �z2+ib i?2 [m�HBiv Q7 i?2 [m�/`B@
H�i2`�H K2b? Bb i?2 �HB;MK2Mi rBi? i?2 72�im`2 HBM2b
Q7 i?2 bm`7�+2X JQ/2Hb BM i?2 BM/mbi`v Q7i2M +QMi�BM
K�Mv Q#pBQmb 72�im`2bX � M�im`�H `2[mB`2K2Mi Bb i?�i
i?2 2/;2b Q7 i?2 [m�/`BH�i2`�H K2b? r2 ;2i M22/ iQ #2
�HB;M2/ rBi? i?2 72�im`2 HBM2b Q7 i?2 KQ/2H �b Km+?
�b TQbbB#H2X h?Bb b2+iBQM 2tTHQ`2b i?Bb +QMbi`�BMi 7`QK
i?2 T2`bT2+iBp2 Q7 HBM2�` +QK#BM�iBQMX �bbmKBM; i?�i
i?2`2 Bb � M2r /Bz2`2MiB�H QM 2�+? 2/;2 �7i2` i?2 +QK@
#BM�iBQM- r2 ?QT2 i?�i i?2 /Bz2`2MiB�H /B`2+iBQMb QM
i?2 irQ �/D�+2Mi 72�im`2 2/;2b �`2 +QHHBM2�`- bQ �b iQ
2Mbm`2 i?�i i?2 2/;2b Q7 i?2 }M�H ;2M2`�i2/ K2b? �`2
�HB;M2/ rBi? i?2 72�im`2 2/;2b �b Km+? �b TQbbB#H2X

aQ r2 /2}M2 � M2r HQbb 7mM+iBQM-

lossnangle = avg

(
∑

i,j

⟨duvi, duvj⟩
)

U9V

where i = 1, ..., n; j = 1, ...,mi

�KQM; i?2K- M `2T`2b2Mib i?2 MmK#2` Q7 72�im`2 2/;2b
Q7 i?2 K2b?- mi `2T`2b2Mib i?2 MmK#2` Q7 Qi?2` 72�im`2
2/;2b +QMM2+i2/ iQ i?2 irQ 2M/ TQBMib Q7 i?2 i − th

72�im`2 2/;2- �M/ < a, b > `2T`2b2Mib i?2 `�/B�M p�Hm2
+Q``2bTQM/BM; iQ i?2 bK�HH2bi �M;H2 Q7 i?2 7Qm` �M;H2b
7Q`K2/ #v p2+iQ` � �M/ p2+iQ` #X avg() Bb � 7mM+iBQM
7Q` �p2`�;BM;X

h?2 bm#b2[m2Mi �H;Q`Bi?K TBT2HBM2 Bb bBKBH�` iQ i?2
2H2K2Mi bBx2 +QMi`QH K2i?Q/ BM i?2 T`2pBQmb b2+iBQMX
q2 }`bi bT2+B7v � b2i Q7 HBM2�` +QK#BM�iBQM +Q2{+B2Mib
�M/ +�H+mH�i2 i?2 BMBiB�H HQbb p�Hm2X h?2M `2T2�i i?2
BM/BpB/m�H �/DmbiK2Mi Q7 2�+? +Q2{+B2Mi mMiBH i?2 HQbb
p�Hm2 MQ HQM;2` /2+`2�b2bX

>2`2 r2 mb2 KQ/2H �`K iQ i�F2 i?2 2tT2`BK2Mi- i?2
#Hm2 HBM2 BM };XN Bb i?2 72�im`2 HBM2 r2 r�Mi i?2 [m�/
K2b? iQ �HB;M rBi?X 6B;Xe /BbTH�vb 7Qm` /Bz2`2Mi K2`Q@
KQ`T?B+ /Bz2`2MiB�Hb QM i?2 KQ/2H �`K bm`7�+2X 6B;Xd
b?Qrb irQ `2bmHib Q7 i?2 72�im`2 HBM2 �HB;MK2Mi 2tT2`@
BK2MiX h?2 �H;Q`Bi?K BKT`Qp2b i?2 72�im`2 �HB;MK2Mi
rBi? HQbb p�Hm2b 2[m�H iQ yXjRjj �M/ yXk3jR `2bT2+@
iBp2HvX >Qr2p2` i?2 K2b? bBx2 Bb [mBi2 MQi mMB7Q`KX
>2M+2 r2 i`v iQ QTiBKBx2 i?2 K2b? +2HH bBx2 �M/ i?2
72�im`2 �HB;MK2Mi- 6B;X3 b?Qrb i?2 `2bmHib r2 Q#i�BM2/X
q2 �+?B2p2 � #�H�M+2 #2ir22M irQ +QMbi`�BMbX

eX *PL*GlaAPL

"�b2/ QM i?2 B/2� Q7 ;2M2`�iBM; [m�/ K2b?2b mbBM;
_B2K�MM K2i`B+ �M/ K2`QKQ`T?B+ [m�`iB+ /Bz2`2M@
iB�H- i?Bb T�T2` Qz2`b �M �H;Q`Bi?K iQ HBM2�`Hv +QK#BM2
/Bz2`2Mi /Bz2`2MiB�H #�b2b Q7 i?2 b�K2 bm`7�+2- r?B+?
+�M ;2M2`�i2 M2r K2`QKQ`T?B+ /Bz2`2MiB�Hb �M/ M2r
[m�/ K2b?2bX h?Bb T�T2` i�F2b BM +QMbB/2`�iBQM Q7
i?2 K2b? +2HH bBx2 +QMbi`�BM �M/ 72�im`2 HBM2 �HB;MK2Mi
+QMbi`�BM BM i?2 T`Q+2bb Q7 HBM2�` +QK#BM�iBQMX h?2
T`Q;`�Kb b2�`+? 7Q` � b2i Q7 +Q2{+B2Mib i?�i K22i i?2
+QMbi`�BMb iQ Q#i�BM [m�/ K2b?2b rBi? #2ii2` [m�HBivX
aBM+2 r2 mb2 KmHiBTH2 b2ib Q7 bBM;mH�` TQBMib �M/ KmHiB@
TH2 K2`QKQ`T?B+ /Bz2`2MiB�Hb iQ ;2M2`�i2 � [m�/`BH�i@
2`�H K2b?- r2 `2/m+2 i?2 /2T2M/2M+2 Q7 K2b? [m�HBiv
BKT`Qp2K2Mi QM K�Mm�H 2tT2`B2M+2 iQ bQK2 /2;`22X
h?Bb T�T2` b?Qrb i?2 72�bB#BHBiv �M/ T`�+iB+�#BHBiv Q7
i?2 B/2� i?�i mbBM; HBM2�` +QK#BM�iBQM K2i?Q/ iQ ;2M@
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U�V HQbb4yXkyR9j3 U#V HQbb4yXR3yN33

6B;m`2 8, *m`p�im`2 �r�`2 bBx2 +QMi`QH 7Q` KQ/2H FBii2M

U�V #�bBb R U#V #�bBb k U+V #�bBb j U/V #�bBb 9

6B;m`2 e, 6Qm` K2`QKQ`T?B+ /Bz2`2MiB�Hb �M/ i?2 +Q``2bTQM/BM; [m�/ K2b?2b Q7 KQ/2H �`K

2`�i2 [m�/ K2b?2b �M/ BKT`Qp2 K2b? [m�HBivX h?Bb
T�T2` Qz2`b � iQi�H M2r T2`bT2+iBp2 iQ QTiBKBx2 i?2
K2b? [m�HBiv- 2bT2+B�HHv BM i?2 r�v Q7 +?�M;BM; i?2
K2b? iQTQHQ;vX

Pm` K2i?Q/ +�M #2 BKT`Qp2/ BM b2p2`�H r�vb BM i?2 7m@
im`2X PM QM2 ?�M/- i?2 /Bz2`2MiB�H #�b2b r2 b2H2+i2/

7Q` 2�+? KQ/2H BM i?2 2tT2`BK2Mi +�M MQi 2ti2M/ iQ
i?2 r?QH2 HBM2�` bT�+2 Q7 i?2 K2`QKQ`T?B+ [m�`iB+ /B7@
72`2MiB�HbX h?Bb +�mb2b i?�i i?2 }M�H `2bmHib +�M MQi
�+?B2p2 i?2 ;HQ#�H QTiBKmKX AM i?2 7mim`2- r2 rBHH
+?QQb2 i?2 r?QH2 /Bz2`2MiB�H #�b2b iQ BKT`Qp2 i?2 ~2t@
B#BHBiv Q7 i?2 HBM2�` +QK#BM�iBQM K2i?Q/X PM i?2 Qi?2`
?�M/- i?2 QTiBKBx�iBQM K2i?Q/ r2 mb2/ Bb MQi bQ ;QQ/
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U�V HQbb4yXjRjj3j U#V HQbb4yXk3jRNe

6B;m`2 d, 62�im`2 �HB;MK2Mi , �`K KQ/2H

U�V 72�im`2 HQbb4yXj38kde- bBx2 HQbb4yXR833e9 U#V 72�im`2 HQbb4yXjNeje9- bBx2 HQbb4yXR3Rjek

6B;m`2 3, 62�im`2 �HB;MK2Mi �M/ bBx2 +QMi`QH , �`K KQ/2H

6B;m`2 N, 62�im`2 HBM2 iQ #2 �HB;M2/

2MQm;? i?�i i?2 `2bmHi K�v MQi #2 i?2 #2bi BM i?2
+m``2Mi HBM2�` bT�+2X � KQ`2 2z2+iBp2 QTiBKBx�iBQM
K2i?Q/ rQmH/ BKT`Qp2 Qm` `2bmHi ;`2�iHvX

�*ELPqG1.:1J1Lh

h?Bb rQ`F Bb bmTTQ`i2/ #v PT2M 6mM/ Q7 ai�i2 E2v
G�#Q`�iQ`v Q7 AMi2HHB;2Mi J�Mm7�+im`BM; avbi2K h2+?@
MQHQ;v �M/ i?2 L�iBQM�H L�im`�H a+B2M+2 6QmM/�iBQM
Q7 *?BM� mM/2` :`�Mi LQX eRNydyy8- eRdkyRyeyy8-
eRddkRy8- eRNjeyykX

_272`2M+2b
(R) G2B LX- w?2M; sX- GmQ wX- GmQ 6X- :m sX ǳZm�/`B@

H�i2`�H K2b? ;2M2`�iBQM AA, J2`QKQ`T?B+ [m�`iB+
/Bz2`2MiB�Hb �M/ �#2HĜC�+Q#B +QM/BiBQMXǴ *QK@
Tmi2` J2i?Q/b BM �TTHB2/ J2+?�MB+b �M/ 1M;B@
M22`BM;- pQHX jee- RRkN3y- kyky

(k) *?2M qX- w?2M; sX- E2 CX- G2B LX- GmQ wX- :m sX
ǳZm�/`BH�i2`�H K2b? ;2M2`�iBQM A, J2i`B+ #�b2/
K2i?Q/XǴ *QKTmi2` J2i?Q/b BM �TTHB2/ J2+?�M@
B+b �M/ 1M;BM22`BM;- pQHX j8e- e8kĜee3- kyRN

(j) w?2M; sX- w?m uX- G2B LX- GmQ wX- :m sX ǳZm�/`B@
H�i2`�H J2b? :2M2`�iBQM AAA , PTiBKBxBM; aBM;m@
H�`Biv *QM};m`�iBQM "�b2/ QM �#2H@C�+Q#B h?2@
Q`vXǴ l_G ?iiTb,ff�`tBpXQ`;f�#bfkyydXydjj9

(9) :m sX.X- GmQ 6X- amM CX- qm hX- 2i �HX ǳ� /Bb+`2i2
mMB7Q`KBx�iBQM i?2Q`2K 7Q` TQHv?2/`�H bm`7�+2bXǴ
CQm`M�H Q7 /Bz2`2MiB�H ;2QK2i`v- pQHX RyN- MQX k-
kkjĜk8e- kyR3

(8) Pr2M aXCX- ai�i2M JXGX- *�M�MM aX�X- a�B;�H aX
ǳZ@JQ`T?, �M BM/B`2+i �TT`Q�+? iQ �/p�M+BM;
7`QMi [m�/ K2b?BM;XǴ AMi2`M�iBQM�H DQm`M�H 7Q`
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MmK2`B+�H K2i?Q/b BM 2M;BM22`BM;- pQHX 99- MQX N-
RjRdĜRj9y- RNNN

(e) _2K�+H2 CX6X- G�K#`2+?ib CX- a2Mv "X- J�`+?�M@
/Bb2 1X- CQ?M2M �X- :2mx�BM2i *X ǳ"HQbbQK@Zm�/,
� MQM@mMB7Q`K [m�/`BH�i2`�H K2b? ;2M2`�iQ` mb@
BM; � KBMBKmK@+Qbi T2`72+i@K�i+?BM; �H;Q`Bi?KXǴ
AMi2`M�iBQM�H DQm`M�H 7Q` MmK2`B+�H K2i?Q/b BM
2M;BM22`BM;- pQHX 3N- MQX N- RRykĜRRRN- kyRk

(d) o2H?Q GX- wQ`BM .X ǳ9Ĝ3 am#/BpBbBQMXǴ *QKTmi2`
�B/2/ :2QK2i`B+ .2bB;M- pQHX R3- MQX 8- jNdĜ9kd-
kyyR

(3) _�v LX- o�HH2i "X- GB qX*X- Gûpv "X ǳL@bvKK2i`v
/B`2+iBQM }2H/ /2bB;MXǴ �*J h`�Mb�+iBQMb QM
:`�T?B+b UhP:V- pQHX kd- MQX k- RĜRj- kyy3

(N) G�B uXEX- CBM JX- sB2 sX- >2 uX- S�H�+BQb CX-
w?�M; 1X- >m aXJX- :m sX ǳJ2i`B+@/`Bp2M `Qbv
}2H/ /2bB;M �M/ `2K2b?BM;XǴ A111 h`�Mb�+iBQMb
QM oBbm�HBx�iBQM �M/ *QKTmi2` :`�T?B+b- pQHX Re-
MQX R- N8ĜRy3- kyyN

(Ry) >2`ixK�MM �X- wQ`BM .X ǳAHHmbi`�iBM; bKQQi? bm`@
7�+2bXǴ S`Q+22/BM;b Q7 i?2 kdi? �MMm�H +QM72`2M+2
QM *QKTmi2` ;`�T?B+b �M/ BMi2`�+iBp2 i2+?MB[m2b-
TTX 8RdĜ8keX kyyy

(RR) _�v LX- o�HH2i "X- �HQMbQ GX- G2pv "X ǳ:2QK2i`v@
�r�`2 /B`2+iBQM }2H/ T`Q+2bbBM;XǴ �*J h`�Mb�+@
iBQMb QM :`�T?B+b UhP:V- pQHX kN- MQX R- RĜRR-
kyyN

(Rk) _�v LX- aQFQHQp .X ǳ_Q#mbi TQHvHBM2b i`�+BM; 7Q`
M@bvKK2i`v /B`2+iBQM }2H/ QM i`B�M;mH�i2/ bm`@
7�+2bXǴ �*J h`�Mb�+iBQMb QM :`�T?B+b UhP:V-
pQHX jj- MQX j- RĜRR- kyR9

(Rj) .QM; aX- "`2K2` SXhX- :�`H�M/ JX- S�b+m++B oX-
>�`i CX*X ǳaT2+i`�H bm`7�+2 [m�/`�M;mH�iBQMXǴ
�*J aA::_�S> kyye S�T2`b- TTX Ry8dĜRyeeX
kyye

(R9) >m�M; CX- w?�M; JX- J� CX- GBm sX- EQ##2Hi GX-
"�Q >X ǳaT2+i`�H [m�/`�M;mH�iBQM rBi? Q`B2Mi�@
iBQM �M/ �HB;MK2Mi +QMi`QHXǴ �*J aA::_�S>
�bB� kyy3 T�T2`b- TTX RĜNX kyy3

(R8) JvH2b �X- wQ`BM .X ǳ:HQ#�H T�`�K2i`Bx�iBQM #v
BM+`2K2Mi�H ~�ii2MBM;XǴ �*J h`�Mb�+iBQMb QM
:`�T?B+b UhP:V- pQHX jR- MQX 9- RĜRR- kyRk

(Re) Sm`MQKQ "X- *Q?2M CX.X- EmK�` aX ǳa2�KH2bb
i2tim`2 �iH�b2bXǴ S`Q+22/BM;b Q7 i?2 kyy9 1m`Q@
;`�T?B+bf�*J aA::_�S> bvKTQbBmK QM :2@
QK2i`v T`Q+2bbBM;- TTX e8Ĝd9X kyy9

(Rd) *�KT2M JX- "QKK2b .X- EQ##2Hi GX ǳZm�MiBx2/
;HQ#�H T�`�K2i`Bx�iBQMXǴ �+K h`�Mb�+iBQMb PM
:`�T?B+b UiQ;V- pQHX j9- MQX e- RĜRk- kyR8

(R3) G2B LX- w?2M; sX- aB >X- GmQ wX- :m sX ǳ:2M2`�H@
Bx2/ `2;mH�` [m�/`BH�i2`�H K2b? ;2M2`�iBQM #�b2/
QM bm`7�+2 7QHB�iBQMXǴ S`Q+2/B� 2M;BM22`BM;- pQHX
kyj- jjeĜj93- kyRd
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