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hQ a22 Q` LQi hQ a22, .2i2`KBMBM; i?2 _2+Q;MBiBQM h?`2b?QH/
Q7 1M+`vTi2/ AK�;2b

>2BMx >Q7#�m2`
lMBp2`bBiv Q7 a�Hx#m`;

.2T�`iK2Mi Q7 *QKTmi2` a+B2M+2b
??Q7#�m2!+QbvXb#;X�+X�i

6HQ`2Mi �mi`mbb2�m
AMb2`K- lJ_ RkkN- _J2a

_2;2M2`�iBp2 J2/B+BM2 �M/ aF2H2iQM
lMBp2`bBiv Q7 L�Mi2b- PLA_Aa 6`�M+2
6HQ`2MiX�mi`mbb2�m!mMBp@M�Mi2bX7`

�M/`2�b l?H
lMBp2`bBiv Q7 a�Hx#m`;

.2T�`iK2Mi Q7 *QKTmi2` a+B2M+2b
m?H!+QbvXb#;X�+X�i

�#bi`�+iěh?2`2 �`2 MmK2`Qmb bi�M/�`/b �M/ `2+QKK2M@
/�iBQMb r?2M Bi +QK2b iQ i?2 �+[mBbBiBQM Q7 pBbm�H [m�HBiv
�bb2bbK2Mi 7`QK ?mK�M Q#b2`p2`bX h?2 `2+QKK2M/�iBQMb
/2�H rBi? +H2�`Hv pBbB#H2 BK�;2b �M/ i`v iQ F22T i?2 Dmbi@
MQiB+2�#H2@/Bz2`2M+2 #2ir22M [m�HBiv bi2Tb �b bK�HH �b TQb@
bB#H2 iQ 7�+BHBi�i2 �M 2t�+i K2�bm`2K2Mi Q7 BK�;2 /Bz2`2M+2bX
q?2M Bi +QK2b iQ i?2 �bb2bbK2Mi Q7 b2H2+iBp2 2M+`vTiBQM
b+?2K2b i?2 [m2biBQM Bb i?2 QTTQbBi2X h?2 [m�HBiv Bb MQi
`2�HHv Q7 BMi2`2bi- i?2 [m2biBQM Bb `�i?2` B7 i?2 +QMi2Mi Q7 i?2
BK�;2b Bb /Bb+2`MB#H2 �i �HHX h?2`2 �`2 MQ `2+QKK2M/�iBQMb
BM HBi2`�im`2 7Q` i?Bb FBM/ Q7 i�bFX AM i?Bb T�T2` r2 rBHH
QmiHBM2 /Bz2`2Mi T`QiQ+QHb �M/ b2imTb- i2bi i?2K �M/ 7Q`K
� `2+QKK2M/�iBQM 7Q` i?2 �+[mBbBiBQM Q7 i?2 `2+Q;MBiBQM
i?`2b?QH/ 7Q` 2M+`vTi2/ BK�;2b 7`QK ?mK�M Q#b2`p2`bX

AX AMi`Q/m+iBQM
a2H2+iBp2 2M+`vTiBQM Ua1M+V Bb i?2 2M+`vTiBQM- miBHBxBM; bi�i2

Q7 i?2 �`i +BT?2`b HBF2 �1a- Q7 � b2H2+i2/ T�`i Q7 � K2/B� }H2
Q` bi`2�KX h?2 ;Q�H Bb iQ b2+m`2 i?2 +QMi2Mi- Q` T�`ib i?2`2Q7-
r?BH2 biBHH K�BMi�BMBM; i?2 }H2 7Q`K�i- i?�i Bb i?2 }H2 Bb biBHH
mb�#H2 �b i?2 K2/B� }H2 Q` bi`2�K Bi �+im�HHv BbX

q?2M Bi +QK2b iQ `2+Q;MBxBM; +QMi2Mi i?2`2 �`2 p�`BQmb i�`;2i
H2p2Hb BM i2`Kb Q7 [m�HBiv, i`�MbT�`2Mi 2M+`vTiBQM r�Mib iQ `2p2�H
� HQr [m�HBiv p2`bBQM Q7 i?2 +QMi2Mi- 2X;X- �b � T`2pB2r- bm{+B2Mi
2M+`vTiBQM r�Mib iQ `2/m+2 i?2 +QMi2Mi iQ � H2p2H r?2`2 �
+QMbmKTiBQM Q7 i?2 BK�;2 Q` pB/2Q Bb MQ HQM;2` TQbbB#H2 #mi
/Q2b MQi +�`2 B7 TQi2MiB�H +QMi2Mi Bb H2�F2/- 2X;X- +QMbmK2`b
biBHH `2+Q;MBx2 r?�i Bb ;QBM; QM BM � KQpB2 #mi i?2 [m�HBiv
Bb bQ HQr i?�i � TH2�bm`�#H2 pB2rBM; 2tT2`B2M+2 Bb T`2p2Mi2/
UT�v@T2`@pB2r b+2M�`BQbVX *QM}/2MiB�H 2M+`vTiBQM Bb i?2 M2ti
bi2T r?2`2 i?2 ;Q�H Bb iQ �+im�HHv K�F2 i?2 +QMi2Mi Q7 i?2 /�i�
mM`2+Q;MBx�#H2X

h?2`2 �`2 MmK2`Qmb a1M+ 2M+`vTiBQM b+?2K2b- 2X;X- (R- k- j-
9)- �M/ �M BKTQ`i�Mi �bb2bbK2Mi Bb �Hr�vb i?�i Q7 [m�HBiv �M/
`2+Q;MBx�#BHBivX Ai ?�b #22M TQBMi2/ Qmi- (8)- i?�i i?2 [m�HBiv
�bb2bbK2Mi Bb T`Q#H2K�iB+ bBM+2 [m�HBiv K2i`B+b �`2 MQi mbm�HHv
#mBHi 7Q` bm+? HQr [m�HBiv K�i2`B�HX h?2 b�K2 T�T2` �HbQ TQBMib
Qmi i?�i i?2 �miQK�iB+ �bb2bbK2Mi Q7 `2+Q;MBx�#BHBiv Bb MQi
TQbbB#H2 bBM+2 i?2`2 �`2 MQ K2i`B+b- /�i�#�b2b Q` K2i?Q/b 7Q`
i?2 ;2M2`�iBQM Q7 bm+? /�i�#�b2b BM HBi2`�im`2X

h?Bb Bb BM/22/ Qm` ;Q�H BM i?Bb T�T2`- r2 �BK iQ T`Q/m+2 �
b2i Q7 ;mB/2HBM2b 7Q` i?2 �+[mBbBiBQM Q7 BM7Q`K�iBQM T2`i�BMBM;
iQ i?2 `2+Q;MBiBQM i?`2b?QH/X h?�i Bb- i?2 i?`2b?QH/ r?2`2 i?2
2M+`vTiBQM Bb bQ bi`QM; i?�i Bi +`Qbb2b 7`QK � HQr [m�HBiv #mi
`2+Q;MBx�#H2 BK�;2fpB/2Q iQ � BK�;2fpB/2Q r?2`2 i?2 +QMi2Mi
Bb MQ HQM;2` `2+Q;MBx�#H2X

h?Bb +�M #2 7Q`KmH�i2/ bHB;?iHv /Bz2`2MiHv- �M/ BM i?2 bivH2
Q7 BM/BbiBM;mBb?�#BHBiv mM/2` +?Qb2M@TH�BMi2ti �ii�+Fb UAL.@
*S�V- �b, q?2M T`2b2Mi2/ rBi? #Qi? 2M+`vTi2/ �M/ MQM@
2M+`vTi2/ /�i�- +�M QM2 #2 K�TT2/ iQ i?2 Qi?2`\

q2 rBHH T`2b2Mi /Bz2`2Mi K2i?Q/b iQ �+[mB`2 i?2 `2+Q;MB@
iBQM i?`2b?QH/ �M/ +QKT�`2 i?2KX 6m`i?2`KQ`2- r2 rBHH HQQF
�i `2+Q`/BM; +QM/BiBQMb- r?B+? KB;?i BM~m2M+2 i?2 2�b2 �M/
[m�HBiv Q7 i?2 �+[mB`2/ /�i�- #v bi�`iBM; rBi? `2+QKK2M/�iBQMb
7Q` BK�;2 [m�HBiv 2p�Hm�iBQM i2bib- rBi? p2`v bi`B+i BHHmKBM�iBQM
`2bi`B+iBQMb- iQ H2bb +QMi`QHH2/ 2MpB`QMK2MibX

q2 rBHH BMi`Q/m+2 i?2b2 K2i?Q/b- 2MpB`QMK2Mib �M/ i?2
`2�bQMBM; 7Q` i?2K BM a2+iBQM AAX AM a2+iBQM AAA r2 rBHH /2b+`B#2
�M/ T2`7Q`K i?2 2tT2`BK2Mi�H �M�HvbBb Q7 i?2 T`QTQb2/ K2i?Q/b
�M/ /Bb+mbb i?2 }M/BM;bX a2+iBQM Ao rBHH `2+�T i?2 }M/BM;b �M/
+QM+Hm/2 i?2 T�T2`X

AAX PM i?2 �+[mBbBiBQM Q7 i?2 _2+Q;MBiBQM h?`2b?QH/
7Q` 1M+`vTi2/ AK�;2b

h?2 oZ1: �M/ Ahl ;`QmTb `2;mH�`Hv Bbbm2 `2+QKK2M/�iBQMb
(e- d- 3- N) +QM+2`MBM; i?2 bm#D2+iBp2 b2imTb �M/ T`QiQ+QHbX h?2`2
�`2 MmK2`Qmb T`QiQ+QHb �M/ 2�+? QM2 Bb �/�Ti2/ iQ � T�`iB+@
mH�` pB2rBM; i�bF Q` BK�;2 T`Q+2bbBM; K2i?Q/X 6Q` BMbi�M+2-
�*_ U�#bQHmi2 *�i2;Q`v _�iBM;V- .aAa U.Qm#H2 aiBKmHmb
AKT�B`K2Mi a+�H2V Q` .a*Za U.Qm#H2 aiBKmHmb *QMiBMmQmb
Zm�HBiv a+�H2V T`QiQ+QHb +�M #2 mb2/ iQ `�i2 i?2 [m�HBiv Q7 �M
2M+Q/BM; U+QKT`2bbBQMV K2i?Q/X h?2 hrQ �Hi2`M�iBp2 6Q`+2/
*?QB+2 Uk�6*V T`QiQ+QH Bb +QKKQMHv mb2/ iQ i`�+F � pBbB#BHBiv
i?`2b?QH/- �M/ +�M i?mb #2 mb2/ BM � /�i� ?B/BM; 7`�K2rQ`FX

6m`i?2`- i?2`2 �`2 `2+QKK2M/�iBQMb 7Q` i?2 bm#D2+iBp2 i2bi
b2imT r?B+? b?QmH/ �/?2`2 iQ b2p2`�H #�bB+ `mH2bX h?2 b+`22M
b?QmH/ #2 +�HB#`�i2/- Bib HmKBM�M+2 Kmbi #2 +QMi`QHH2/X am`@
`QmM/BM; BHHmKBM�iBQM ?�b iQ #2 HBKBi2/X h?2 pB2rBM; /Bbi�M+2-
i?2 2tT2`BK2Mi /m`�iBQM- i?2 Q#b2`p2`bǶ �+mBiv- �`2 �KQM; i?2
T�`�K2i2`b i?�i Kmbi #2 +QMi`QHH2/X

AM i?Bb b2+iBQM r2 rBHH /Bb+mbb i?2 �+[mBbBiBQM K2i?Q/ UT`Q@
iQ+QHV �M/ 2MpB`QMK2Mi �M/ i?2 /Bz2`2M+2b BM �bb2bbK2Mi Q7
[m�HBiv �M/ `2+Q;MBx�#BHBiv rBi? i?2 ;Q�H Q7 2p�Hm�iBM; /Bz2`2Mi
KQ/�HBiB2b iQ }M/ i?2 2�bB2bi b2imT- BM i2`Kb Q7 T`�+iB+�HBiv-
r?B+? biBHH vB2H/b ?B;? [m�HBiv `2bmHibX 6BM�HHv r2 rBHH /Bb+mbb
i?2 ?�M/HBM; Q7 QmiHB2`b �M/ ;2M2`�iBQM Q7 � `2+Q;MBx�#BHBiv b+Q`2
#�b2/ QM i?2 �+[mB`2/ /�i�X

�X S`QiQ+QHb 7Q` �+[mBbBiBQM
q?�i r2 r�Mi iQ �+[mB`2 Bb � b+Q`2 T2` BK�;2 r?B+? `2~2+ib

i?2 `2+Q;MBx�#BHBiv Q7 BiǶb +QMi2MiX h?Bb b+Q`2 b?QmH/ B/2�HHv #2
QM � +QMiBMmQmb b+�H2 bQ i?�i r2 +�M i`�+F i?2 i`�MbBiBQM 7`QK
`2+Q;MBx�#HBiv iQ mM`2+Q;MBx�#BHBivX

h?2 `2;mH�` �+[mBbBiBQM K2i?Q/b 7Q` [m�HBiv 2biBK�iBQM Q7 BK@
�;2b �`2 MQi �TTHB+�#H2 iQ }M/BM; i?2 `2+Q;MBx�#BHBiv i?`2b?QH/X
h?2 [m2biBQM Bb MQi ?Qr ;QQ/ i?2 [m�HBiv Bb #mi `�i?2`, Ab i?2
Q`B;BM�H BK�;2 biBHH `2+Q;MBx�#H2 7`QK i?2 2M+`vTi2/ BK�;2\ h?2



#�bB+ i`�Mb72`2M+2 Q7 i?2 K2i?Q/QHQ;v 7`QK [m�HBiv �bb2bbK2Mi
rQmH/ #2 iQ T`2b2Mi �M Q`B;BM�H �M/ �M 2M+`vTi2/ BK�;2 �M/
�bF i?2 mb2` r?2i?2` Q` MQi BM7Q`K�iBQM 7`QK i?2 Q`B;BM�H
BK�;2 Bb biBHH `2i�BM2/ BM i?2 2M+`vTi2/ BK�;2X h?Bb �TT`Q�+?
bmz2`b 7`QK �TQT?2MB�- i?2 i2M/2M+v iQ T2`+2Bp2 +QMM2+iBQMb
�M/ K2�MBM; #2ir22M mM`2H�i2/ i?BM;bX

hQ T`2p2Mi i?Bb- � 7Q`+2/ +?QB+2 Bb bm;;2bi2/- r?2`2 i?2
T�`iB+BT�Mi ?�b iQ +?QQb2 �KQM; � MmK#2` Q7 +�M/B/�i2 BK�;2b
�M/ B/2MiB7v i?2 ǳ+Q``2+iǴ QM2X A7 i?2 +QMi2Mib Q7 �M BK�;2 Bb
i`mHv MQi `2+Q;MBx�#H2 i?2M i?2 T�`iB+BT�Mi ?�b iQ ;m2bbX AM
Qi?2` rQ`/b i?2 `�iBQ Q7 Q#b2`p2`b r?B+? +Q``2+iHv B/2MiB7v i?2
BK�;2 rBHH i2M/ iQr�`/b i?2 T`Q#�#BHBiv Q7 `�M/QK +?QB+2X

h?`22 K2i?Q/b �`2 +QM+2Bp�#H2- �M/ rBHH #2 i2bi2/ BM i?2
2tT2`BK2Mi�H b2+iBQMX

RV Pj, a?Qr � bBM;H2 Q`B;BM�H BK�;2 �M/ i?`22 2M+`vTi2/ BK@
�;2bX h?2 T�`iB+BT�Mi ?�b iQ b2H2+i i?2 2M+`vTi2/ p2`bBQM
Q7 i?2 Q`B;BM�H BK�;2X

kV j1, h?`22 TH�BM i2ti BK�;2b �M/ QM2 2M+`vTi2/ BK�;2 Bb
b?QrMX h?2 T�`iB+BT�Mi ?�b iQ b2H2+i i?2 +Q``2+i Q`B;BM�H
BK�;2 7`QK r?B+? i?2 2M+`vTi2/ BK�;2 r�b /2`Bp2/X

jV J�i+?k, h?`22 Q`B;BM�Hb �M/ i?`22 2M+`vTi2/ BK�;2b �`2
b?QrMX PM2 T�B` Q7 BK�;2b Bb �M Q`B;BM�H �M/ /2`Bp2/
2M+`vTi2/ BK�;2- i?2 Qi?2` 7Qm` BK�;2b ?�p2 iQ #2 mM@
`2H�i2/X h?2 T�`iB+BT�Mi Kmbi b2H2+i i?2 K�i+?BM; T�B`X

h?2 r�v i?2b2 T`QiQ+QHb /BbTH�v BK�;2b Bb b?QrM BM 6B;m`2 RX
h?2 `2�bQM i?2 J�i+?k p�`B�Mi Bb mb2/ Bb i?�i i?2 QM2

pbX i?`22 K2i?Q/b KB;?i �HHQr 7Q` 2t+HmbBQM ivT2 bi`�i2;B2b
r?2`2 BK�;2b +�M #2 /Bb`2;�`/2/ H2�/BM; iQ � TQbbB#H2 bF2r BM
T`Q#�#BHBivX AM i?2 HQM; `mM i?Bb T?2MQK2MQM b?QmH/ 2p2M Qmi
#mi Bi KB;?i H2�/ iQ � ?B;?2` MmK#2` Q7 `2[mB`2/ T�`iB+BT�Mib
7Q` i?�i iQ ?�TT2MX

6Q` �HH i?`22 K2i?Q/b Bi Bb `2[mB`2/ iQ ?�p2 BK�;2b rBi?
bBKBH�` 2M+`vTiBQM bi`2M;i?b iQ #2 b?QrM bBKmHi�M2QmbHvX
"X 1MpB`QMK2Mi 7Q` �+[mBbBiBQM

h?2 2MpB`QMK2Mi BM r?B+? iQ T2`7Q`K [m�HBiv �bb2bbK2Mi
Bb `2;mH�i2/ #v bi�M/�`/b- 2X;X- Ahl@_ "hX8yy@Rj (Ry)X h?2
bi�M/�`/b �`2 �BK2/ �i ?B;? [m�HBiv i2bib �M/ ;2M2`�iBM; �M
2MpB`QMK2Mi r?2`2 i?2 Dmbi MQiB+2�#H2 /Bz2`2M+2 BM BK�;2b Bb �b
bK�HH �b TQbbB#H2 iQ 2M�#H2 �M QTiBK�H [m�HBiv �bb2bbK2MiX 1p2M
7Q` [m�HBiv �bb2bbK2Mi- bi`B+iHv 7QHHQrBM; i?2b2 bi�M/�`/b +�M #2
+�HH2/ BMiQ [m2biBQM BM T�`i /m2 iQ `2+2Mi 2tT2`BK2MibX q?2M
#mBH/BM; i?2 hA. /�i�#�b2 (RR- Rk)- H�#Q`�iQ`v b2iiBM; r2`2
+QM7Q`K iQ Ahl@_ "hX8yy@Rj (Ry) �M/ �M Qz@bBi2 2MpB`QMK2Mi
UpB� BMi2`M2iV r�b mb2/ �b r2HHX h?2 `2bmHiBM; /�i� 2t?B#Bi2/ MQ
+QMbTB+mQmb /Bb�;`22K2MiX

� H2bb bi`BM;2Mi +QMi`QH Qp2` i?2 2MpB`QMK2Mi +H2�`Hv H2�/b
iQ � 2�bB2` �M/ KQ`2 K�M�;2�#H2 b2i mT Q7 2tT2`BK2Mib r?B+?
rQmH/ �HHQr 2�bB2` �+[mBbBiBQM Q7 /�i�b2ib iQ ?2HT BM `2b2�`+?-
�b HQM; �b i?2 [m�HBiv Q7 i?2 �+[mB`2/ /�i� /Q2b MQi bmz2`X

h?2 M22/ 7Q` i?2 mb2 Q7 bi`B+iHv +QMbi`�BM2/ bm#D2+iBp2 2M@
pB`QMK2Mi b2imTb K�v K�F2 b2Mb2 r?2M i?2 bm#D2+iBp2 i�bF
Bb iQ b+Q`2 i?2 [m�HBiv Q7 bHB;?iHv /BbiQ`i2/ BK�;2bfpB/2Qb- Q`
r?2M i?2 i�bF Bb iQ i`�+F � pBbB#BHBiv i?`2b?QH/ Ubm+? �b BM �
/�i� ?B/BM; 7`�K2rQ`FVX >Qr2p2`- BM i?2 +QMi2ti Q7 `2+Q;MB@
iBQM Q7 b2H2+iBp2Hv 2M+`vTi2/ BK�;2b- r?2`2 i?2 i�bF Bb MQi iQ
�/Dm/B+�i2 � KBMmi2 /Bz2`2M+2 BM [m�HBiv #mi iQ /2+B/2 B7 irQ
BK�;2b +QMi�BM i?2 b�K2 +QMi2Mi- i?2 pB2rBM; +QM/BiBQMb K�v
MQi bB;MB}+�MiHv BM~m2M+2 i?2 `2bmHibX

AM Q`/2` iQ 2p�Hm�i2 i?2 2MpB`QMK2Mi�H BM~m2M+2 QM i?2
`2+Q`/BM; r2 rBHH miBHBx2 i?`22 /Bz2`2Mi b2imTb,

RV *QMi`QHH2/ U*1V, h?2 +QMi`QHH2/ 2MpB`QMK2Mi mb2b �
+�HB#`�i2/ KQMBiQ` BM � +HQb2/ `QQK- BX2X- MQ M�im`�H HB;?i@
BM; Bb T`2b2Mi- �M/ � bi`B+iHv +QMi`QHH2/ �`iB}+B�H HB;?iBM;
iQ +QM7Q`K iQ Ahl@_ "hX8yy@Rj (Ry)X

kV a2KB@+QMi`QHH2/ Ua1V, � `2;mH�` rQ`FBM; bT�+2- bQK2
K2�bm`2b r2`2 i�F2M iQ HBKBi 2ti`�M2Qmb HB;?i- 2X;X- #HBM/b
r2`2 /`�rMX

jV lM+QMi`QHH2/ Ul1V, h?2 mM+QMi`QHH2/ 2MpB`QMK2Mi Bb
bBKTHv r?�i r�b �p�BH�#H2 �i i?2 mb2`b QrM S*X h?2
2tT2`BK2Mi r�b b2i mT iQ #2 mb2/ Qp2` i?2 BMi2`M2i �i
i?2 rQ`Fbi�iBQM Q7 i?2 mb2`b S*X

oB2rBM; /Bbi�M+2, AM #Qi? i?2 *1 �M/ a1- � bmT2`pBbQ`
BMbi`m+i2/ i?2 Q#b2`p2` iQ F22T � T`QT2` pB2rBM; /Bbi�M+2X h?2
pB2rBM; /Bbi�M+2 r�b b2i iQ e iBK2b i?2 BK�;2bǶ ?2B;?iX

a+�HBM;, *QMi`QHH2/ �M/ b2KB +QMi`QHH2/ 2MpB`QMK2Mi ?�p2
b+`22Mb r?B+? �`2 bBx2/ bQ i?�i i?2 BK�;2b �`2 MQi b+�H2/X h?2
mM+QMi`QHH2/ 2MpB`QMK2Mi b+�H2b /QrM B7 M2+2bb�`v iQ /BbTH�v
i?2 e BK�;2b BM i?2 jtk +QM};m`�iBQM #mi rBHH MQi b+�H2 mTX

AHHmKBM�iBQM �M/ *�HB#`�iBQM, PTiBK�HHv � +QMi`QHH2/
2MpB`QMK2Mi �M/ � ?B;? [m�HBiv +�HB#`�i2/ KQMBiQ` Bb `2+QK@
K2M/2/X h?2 bT2+b BM i?2 *1 r2`2, BHHmKBM�Mi r?Bi2 TQBMi
*A1 .e8- K�tBKmK b+`22M HmKBM�M+2 Q7 kyy +/fK2- b+`22M
;�KK� 7mM+iBQM Q7 kXky- +QMi`�bi `�iBQf #H�+F TQBMi Q7 k +/fK2

�M/ #�+F;`QmM/ BHHmKBM�iBQM Q7 Ry HmtX Pm` b2imT r�b i?mb
+QKTHB�Mi rBi? i?2 `2+QKK2M/�iBQMb Q7 Ahl@h _1* SXNRy (Rj)-
Ahl@_ "hX8yy@RR (R9) �M/ Ahl@_ "hX8yy@Rj (Ry)X

oB2rBM; hBK2, q2 `2bi`B+i2/ pB2rBM; iBK2 iQ T`2p2Mi �
iBK2Hv +QM+HmbBQM- r?B+? Bb BKTQ`i�Mi 7Q` i?2 �+[mBbBiBQM Q7
H�`;2 �KQmMib Q7 /�i�X h?2 pB2rBM; iBK2 `2bi`B+iBQM �HbQ b2`p2b
iQ T`2p2Mi 7�iB;m2 7Q` i?2 Q#b2`p2`bX h?2 iBK2 +?Qb2M r�b
8 b2+QM/b BM QTTQbBiBQM iQ i?2 `2+QKK2M/2/ Ry b2+ UAhl@
_ "hX8yy@RR (R9)VX h?2 `2�bQMb 7Q` i?Bb �`2 irQ7QH/, RV i?2
`2+Q;MBx�#BHBiv 7`�K2rQ`F Bb 2�bB2` i?�M [m�HBiv �bb2bbK2Mi �M/
+QMb2[m2MiHv i�F2b H2bb iBK2 �M/ kV Bi �HHQrb 7Q` KQ`2 +QK@
T�`BbQM #27Q`2 Q#b2`p2` 7�iB;m2 b2ib BM r?B+? Bb �M BKTQ`i�Mi
T`�+iB+�H +QMbB/2`�iBQMX q2 /B/ MQi +QMi`QH 7Q` iBK2 BM i?2
mM+QMi`QHH2/ 2MpB`QMK2MiX

oBbBQM *?2+F, 6Q` i?2 *1 2MpB`QMK2Mi � T`QT2` pBbBQM
i2bi r�b T2`7Q`K2/, P#b2`p2`b r2`2 b+`22M2/ iQ 2Mbm`2 T2`72+i
pBbm�H �+mBiv �M/ /2i2+i TQbbB#H2 +QHQ` /2}+B2M+B2bX h?2 aM2HH2M
2v2 +?�`i r�b mb2/ iQ +QMi`QH i?2 �+mBiv- �M/ i?2 Ab?B?�`�
+QHQ` TH�i2b r2`2 mb2/ iQ p�HB/�i2 � MQ`K�H +QHQ` pBbBQMX 6Q`
i?2 a1 b2imT i?2 K2�Mb r2`2 KQ`2 HBKBi2/ #mi r2 miBHBx2/
�M QMHBM2 pBbBQM i2bi iQ +?2+F pBbm�H �+mBiv- M2�` pBbBQM �M/
+QHQ` pBbBQMX LQ pBbBQM +?2+F r�b T2`7Q`K2/ 7Q` i?2 mM+QMi`QHH2/
2MpB`QMK2MiX

LmK#2` Q7 P#b2`p2`b, h?2 KBMBKmK MmK#2` Q7 Q#b2`p2`b
`2+QKK2M/2/ #v �HH bi�M/�`/b Bb R8 �M/ r�b 2t+22/2/ BM �HH
2MpB`QMK2MibX

h?2 +QM7Q`K�M+2 Q7 i?2 p�`BQmb 2MpB`QMK2Mib iQ i?2 bm;@
;2bi2/ b2imT Q7 i?2 bi�M/�`/b �b /2b+`B#2/ �#Qp2 Bb bmKK�`Bx2/
BM h�#H2 AX h?2 2tT2`BK2Mi Q7 i?2 �+[mBbBiBQM T`QiQ+QH mb2b i?2
l1 b2imT 7`QK i?2 i�#H2 #mi r2 +QmH/ QMHv T`Q+m`2 bBti22M
Q#b2`p2`b 7Q` i?Bb i2biX

*X �M�HvbBb Q7 .�i�
h?2 ?�M/HBM; Q7 i?2 /�i� Bb �HbQ bQK2r?�i /Bz2`2Mi 7`QK

mbm�H [m�HBiv 2tT2`BK2MibX h?2 K�BM /Bz2`2M+2 Bb i?�i /m`BM;
[m�HBiv 2p�Hm�iBQM 2�+? Q#b2`p2` ;Bp2b � `�iBM; 7Q` 2�+? BK�;2X
"�b2/ QM i?2b2 `�iBM;b i?2 QmiHB2`b +�M #2 /2i2+i2/X 6Q` 2�+?
`2+Q;MBiBQM i�bF- i?2 Q#b2`p2` QMHv ;2M2`�i2b � #BM�`v QmiTmi-



Pj j1 J�i+?k

6B;X RX 1t�KTH2b Q7 i?2 Pj- j1 �M/ J�i+?k T`QiQ+QHb 7Q` i?2 `2+Q;MBx�#BHBiv i2biX

h�"G1 A
*QM7Q`K�M+2 iQ +QMbi`�BMib #v i?2 �+[mBbBiBQM

2MpB`QMK2MibX

GmKB@ oB2rBM; a+�H2 oBbBQM oB2r P#b2`p@
M�M+2 .Bbi�M+2 *?2+F hBK2 2`b

*1 3 3 3 3 3 b2+ 98
a1 7 3 3 s 3 b2+ jy
l1 7 7 7 7 1 b2+ 9R

+QMi2Mi `2+Q;MBx2/ Q` MQiX h?2 }M�H b+Q`2 Bb �M �;;`2;�i2 Qp2`
�HH Q#b2`p2`b- �M/ Bb 2tT2+i2/ iQ i`2M/ iQr�`/b i?2 `�M/QKM2bb
BM +�b2 Q7 mM`2+Q;MBx�#BHBivX h?2 T`Q#�#BHBiv Q7 � `�M/QKHv
+Q``2+i ;m2bb U prV /2T2M/b QM i?2 b2imT- 2�+? +?QB+2 Q7 BK�;2b
Bb QM2 BM i?`22 `2bmHiBM; BM pr3E = prO3 = 1

3 = 0.33̇- �M/
prJ�i+?k = 1

3
1
3 = 0.11̇X

PmiHB2` /2i2+iBQM, PmiHB2` /2i2+iBQM BM i?2 +H�bbB+�H b2Mb2
rBHH MQi rQ`F- bBM+2 i?2 /�i� #2BM; +QHH2+i2/ �`2 MQi MmK2`B+�H
b+Q`2b- #mi `�i?2` bQK2 #BM�`v BM7Q`K�iBQM `2T`2b2MiBM; +Q``2+i
Q` BM+Q``2+i `2+Q;MBiBQMX � bBKTH2 2``Q` �;;`2;�i2 �HbQ rQMǶi
rQ`F bBM+2 irQ Q#b2`p2`b +�M ?�p2 i?2 b�K2 MmK#2` Q7 2``Q`b
r?BH2 MQi �;`22BM; QM � bBM;H2 BK�;2X :Bp2M i?�i r2 ?�p2
2bb2MiB�HHv � p2+iQ` rBi? #BM�`v p�Hm2b i?2 >�KKBM; /Bbi�M+2
+QK2b iQ KBM/- i?2M r2 +�M �i H2�bi +QKT�`2 irQ Q#b2`p2`b
�M/ ;2i � K2�MBM;7mH b+Q`2X �M QmiHB2` BM i?Bb +QMi2ti +�M i?2M
#2 b22M �b �M Q#b2`p2` r?Qb2 QTBMBQMb bi`QM;Hv /Bz2` 7`QK i?2
K�DQ`Biv Q7 i?2 Qi?2` Q#b2`p2`bX hQ }M/ QmiHB2`b r2 +�M T2`7Q`K
� ?B2`�`+?B+�H +Hmbi2`BM; r?B+? bi�`ib rBi? i?2 bK�HH2bi /Bbi�M+2
�M/ +QMiBMm2b iQ +Hmbi2` i?2 2H2K2Mib iQ;2i?2` mMiBH � bBM;H2
+Hmbi2` ?�b 7Q`K2/X h?2 QmiHB2`b +�M i?2M #2 /2i2+i2/ #�b2/ QM
bi�iBbiB+b Q7 bBKBH�`Biv #2ir22M Q#b2`p2`b HBF2 bQ, rBi? O i?2 b2i
Q7 Q#b2`p2`b �M/ D = {HD(Oi, Oj) | 8Oi, Oj 2 I, i 6= j} i?2 b2i
Q7 T�B`rBb2 /Bbi�M+2b r2 mb2 i?2 x@b+Q`2 zD = µ(D) + 3�(D) iQ
}M/ Q#b2`p2`b r?B+? �`2 p2`v 7�` 7`QK i?2 ;`QmT +QMb2MbmbX

.2T2M/BM; QM i?2 �;;`2;�iBQM Q7 +Hmbi2`BM; Bi KB;?i #2 mb27mH
iQ mb2 i?2 `1 K2�bm`2 �b � ;2M2`�HBx2/ p2`bBQM Q7 i?2 >�KKBM;
/Bbi�M+2- �b HQM; �b MQ K2`;BM; Q7 p2+iQ`b Bb T2`7Q`K2/- BX2X- B7
7Q` � p2+iQ` v- vi 2 {0, 1}, i = 1, . . . ,Ov ?QH/b- i?2M kv�wk1 =POv

i=0 |vi �wi| =
POv

i=0 vi �wi = HD(v, w)- rBi? Ov #2BM; i?2
/BK2MbBQM Q7 i?2 p2+iQ` v U�M/ wVX h?Bb K2i?Q/ KB;?i ?Qr2p2`
#2 mb27mH B7 � /Bz2`2Mi +Hmbi2`BM; Q` �;;`2;�iBQM K2i?Q/ Bb mb2/X

�b �;;`2;�iBQM Q7 +Hmbi2` bBx2- �M/ /Bbi�M+2 iQ +Hmbi2` +�H@
+mH�iBQM- Bi Bb bm;;2bi2/ iQ mb2 i?2 K�tBKmK Qp2` �HH T�B`rBb2
/Bbi�M+2bX h?�i K2�Mb i?�i �HH T�B`rBb2 /Bbi�M+2b BM i?2 +Hmbi2`
�`2 #2HQr i?2 +?Qb2M i?`2b?QH/ zD = µ+ 3�X

h?2 r�v i?Bb HQQFb BM T`�+iB+2 +�M #2 b22M BM 6B;m`2 8 H�i2` BM
i?2 T�T2`X h?2 +Hmbi2`BM; Bb /BbTH�v2/ �b � /2M/`Q;`�K- � i`22
Q7 K2`;2 /2+BbBQMb- i?2 v@�tBb ;Bp2b i?2 K2`;2b �i i?2 ?2B;?i Q7
i?2 M2r +Hmbi2` bBx2X A7 i?2 i`22 Bb +mi Qz �i � ?2B;?i K�i+?BM;
zD Bi rBHH bTHBi BMiQ bm# +Hmbi2`b r?2`2 2�+? +Hmbi2` /Q2b MQi
+QMi�BM QmiHB2`bX h?2 H�`;2bi bm+? +Hmbi2` Bb i?2M mb2/ �b i?2

ǳ+Q``2+iǴ b2i Q7 Q#b2`p2`b- i?2 Qi?2`b �`2 +QMbB/2`2/ QmiHB2`b
UK�`F2/ BM `2/ BM i?2 /2M/`Q;`�KbVX

AAAX 1tT2`BK2Mib
q2 ?�p2 b2i mT 2tT2`BK2Mib iQ 2p�Hm�i2 i?2 /Bz2`2Mi K2i?Q/b

Q7 �+[mBbBiBQM �M/ 2MpB`QMK2Mib �b bT2+B}2/ BM a2+iBQM AAX q2
rBHH �M�Hvx2 i?2 b2imTb �M/ `2bmHib �M/ i`v iQ ;Bp2 `2+QKK2M@
/�iBQMb B7 KQ`2 i?�M QM2 K2i?Q/ r�b T`QTQb2/X

h?2 /�i�#�b2 Q7 2M+`vTi2/ BK�;2b, 6B;m`2 k b?Qrb b�K@
TH2b Q7 2M+`vTiBQM 7Q` QM2 K2i?Q/ �M/ BK�;2 iQ ;Bp2 i?2 `2�/2`
�M B/2� �#Qmi i?2 K�F2mT Q7 i?2 /�i�#�b2X q2 mb2/ BK�;2b 7`QK
i?2 EQ/�F /�i�#�b2R ?�pBM; � H�M/b+�T2 7Q`K�i- bT2+B}+�HHv
BK�;2b MmK#2`2/ e-3-Rj-R9-Re-kR-kj-k9 U`2/m+2/ /�i� b2iVX
h?Bb r�b �m;K2Mi2/ BM H�i2` bi�;2b rBi? BK�;2b B/- RR- ky- kk
7`QK i?2 EQ/�F /�i�#�b2- 7m`i?2`KQ`2 ;`�v@b+�H2 p2`bBQMb Q7
BK�;2b MmK#2` kj �M/ k9 �b r2HH �b � S?BHBTb SJ8899 i2bi
T�ii2`Mk +`QTT2/ iQ i?2 EQ/�F BK�;2 bBx2 r2`2 BM+Hm/2/X h?Bb
2ti2M/2/ /�i� b2i r�b mb2/ H�i2` BM i?2 i2bi r?2M i?2 b2imT
r�b }t2/ �M/ � H�`;2` /�i� b2i +QmH/ #2 �++QKKQ/�i2/ /m2 iQ
� KQ`2 HBKBi2/ MmK#2` Q7 2tT2`BK2MibX

� LQi2 QM i?2 .�i�b2ib, h?2 +?QB+2 Q7 /�i� b2i BM Qm` +�b2
r�b iQ mb2 BK�;2b r?B+? �`2 FMQrM BM i?2 pBbBQM +QKKmMBivX
aBM+2 a1M+ bi`QM;Hv /2T2M/b QM i?2 +QMi2Mi Q7 i?2 BK�;2 �M/
i?2 �H;Q`Bi?K mb2/ r2 /2+B/2/ iQ �HbQ BM+Hm/2 i?2 S?BHBTb
SJ8899 i2bi T�ii2`M bBM+2 Bi +QMi�BMb #HQ+Fb Q7 +QHQ` �M/
7`2[m2M+v BM7Q`K�iBQM �M/ �HHQrb � KQ`2 +H2�M b2T�`�iBQM Q7
+QMi2Mi ivT2 i?�M � M�im`�H BK�;2X

Ai Bb BMi2`2biBM; iQ MQiB+2 i?�i i?2 `2+Q;MBx�#BHBiv `�i2
bi`QM;Hv /2T2M/b QM i?2 BK�;2 +QMi2MiX 6Q` BMbi�M+2- �HH BK�;2b
BM 6B;m`2 j �`2 2M+`vTi2/ rBi? i?2 b�K2 T�`�K2i2`b- #mi- �b +�M
#2 Q#b2`p2/- i?Bb BM/m+2b p2`v /Bz2`2Mi `2+Q;MBx�#BHBiv `�i2b-
�HbQ `2TQ`i2/ BM i?2 };m`2X h?2 +QHQ` T�i+?2b BM~m2M+2 i?2
`2+Q;MBiBQM- �b Q#b2`p2/ BM i?2 i?B`/ `Qr Q7 6B;X jX q?BH2 i?2
BM~m2M+2 Q7 mMB7Q`KHv +QHQ`2/ �`2�b Bb +H2�`Hv �TT�`2Mi BM i?2
i?B`/ BK�;2 Bi +�M �HbQ ?�TT2M BM M�im`�H BK�;2b- �b 2t2KTHB}2/
BM i?2 b2+QM/ `Qr r?2`2 mMB7Q`K /�`F �`2�b `2K�BM pBbB#H2X
6Q` i?2 ;2M2`�iBQM Q7 � i2bib2i Bi Bb i?2`27Q`2 `2+QKK2M/2/ iQ
�HbQ BM+Hm/2 �`iB}+B�H BK�;2b- HBF2 i?2 i2bi T�ii2`M- r?B+? �HHQr
7Q` i?2 +H2�` B/2MiB}+�iBQM Q7 i?2 T`Q+2bb H2�/BM; iQ � ?B;?2`
`2+Q;MBiBQM `�i2X q?BH2 bm+? +B`+mKbi�M+2b +�M #2 /2/m+2/
7`QK M�im`�H BK�;2b �b r2HH- `Qr irQ- Bi Bb � 7�` bBKTH2` i�bF
r?2M i?2 `2bmHib �`2 �b +H2�` �b i?2 2t�KTH2 BM i?2 i?B`/ `QrX

� LQi2 QM i?2 1M+`vTiBQM, hQ /2b+`B#2 i?2 i?`22 2M@
+`vTiBQM K2i?Q/b- (k- j- 9)- mb2/ rQmH/ QMHv +Hmii2` i?2 T�T2`
rBi?Qmi ;BpBM; �Mv M2r BMbB;?iX Ai b?QmH/ bm{+2 i?�i i?2
2M+`vTiBQM bi`2M;i? `�M;2b 7`QK � `2H�iBp2Hv ?B;? [m�HBiv iQ
� MQM `2+Q;MBx�#H2 [m�HBiv- BHHmbi`�i2/ BM 6B;X k �M/ jX

R?iiT,ff`yFXmbf;`�T?B+bfFQ/�FfBM/2tX?iKH
k?iiTb,ff+QKKQMbXrBFBK2/B�XQ`;frBFBf6BH2,SJ8899nrBi?n

MQM@S�GnbB;M�HbXTM;

http://r0k.us/graphics/kodak/index.html
https://commons.wikimedia.org/wiki/File:PM5544_with_non-PAL_signals.png
https://commons.wikimedia.org/wiki/File:PM5544_with_non-PAL_signals.png


6B;X kX � b�KTH2 7`QK i?2 /�i�#�b2 UEQ/�F Ok9V, i?2 Q`B;BM�H BK�;2 �M/ BiǶb 2M+`vTi2/ p�`B�Mib 7Q` QM2 Q7 i?2 2M+`vTiBQM K2i?Q/bX

U�V BK�;2 j U#V BK�;2 d U+V S?BHBTb SJ8899

U/V _1 4 yX3d9 U2V _1 4 yXjkN U7V _1 4 y
6B;X jX P`B;BM�H BK�;2b UiQTV- �HQM; rBi? i?2B` 2M+`vTi2/ p2`bBQM
U#QiiQKV mbBM; i?2 b�K2 2M+`vTiBQM T�`�K2i2`- `2+Q;MBiBQM 2``Q`b
U_1V �`2 �HbQ ;Bp2M T2` BK�;2X

�X 1p�Hm�iBQM Q7 i?2 �+[mBbBiBQM S`QiQ+QH
h?`22 H�vQmib r2`2 i2bi2/- Pj- j1 �M/ J�i+?k- �b /2b+`B#2/

BM a2+iBQM AA@� �M/ BHHmbi`�i2/ BM 6B;X RX
� r2#@#�b2/ p2`bBQM Q7 i?2 2tT2`BK2Mi r�b i2bi2/ rBi? bBt@

i22M Q#b2`p2`bX h?2 i2bib r2`2 +QM/m+i2/ BM MQ`K�H Q{+2f?QK2
pB2rBM; +QM/BiBQMb- BX2X p�`vBM; bmMHB;?i BHHmKBM�iBQM- p�`BQmb
b+`22M `2bQHmiBQMb- mM+�HB#`�i2/ KQMBiQ`b- p�`vBM; pB2rBM; /Bb@
i�M+2b- BM 2bb2M+2 bBKBH�` iQ i?2 l1 b2imTX

h?2 2tT2`BK2Mi r�b +QKTQb2/ Q7 3 BK�;2b U`2/m+2/ /�i�
b2iV- 2�+? QM2 #2BM; /BbiQ`i2/ rBi? � bBM;H2 2M+`vTiBQM K2i?Q/
rBi? e /Bz2`2Mi 2M+`vTiBQM T�`�K2i2`b- i?mb +QKTQbBM; �
/�i�b2i Q7 8e BK�;2bX h?2 +QHH2+i2/ QmiTmib r2`2 i?2 MmK#2` Q7
KBb@/2i2+iBQMbX AM 6B;m`2 9- r2 b?Qr ?Qr i?2 /2i2+iBQM 2``Q`b
r2`2 /Bbi`B#mi2/ �+`Qbb i?2 i?`22 b2imTbX Pp2`�HH- i?2 /2+BbBQM
�TT2�`2/ iQ #2 KQ`2 /B{+mHi 7Q` i?2 J�i+?k T`QiQ+QHX
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Experiments
O3 3E Match2

6B;X 9X _2T�`iBiBQM Q7 i?2 KBb@/2i2+iBQMb �+`Qbb i?2 i?`22 T`2@i2bibX

Pm` ;Q�H Bb iQ +QHH2+i � b2i Q7 `2+Q;MBx�#BHBiv b+Q`2b i?�i
rBHH #2 +QMiBMmQmbHv /Bbi`B#mi2/X h?2 `2+Q;MBx�#BHBiv b+Q`2 Bb
BM 2bb2M+2 i?2 T2`+2Mi�;2 Q7 Q#b2`p2`b r?Q `2+Q;MBx2/ i?2
+QMi2MiX A7 i?2 /2+BbBQM T`Q+2bb Bb iQQ bBKTH2- 72r B7 �Mv 2``Q`b
rBHH ?�TT2M �M/ i?2 `2bmHiBM; b+Q`2 rBHH �HKQbi #2 #BM�`vX
h?Bb rQmH/ �HHQr mb iQ bi�i2 i?�i i?2`2 �`2 `2+Q;MBx�#H2 �M/
mM`2+Q;MBx�#H2 BK�;2b- #mi MQi r?�i ?�TT2Mb #2ir22M i?2b2

irQ bi�i2bX � `2bmHi i?�i Bb +QMiBMmQmb �HHQrb mb iQ T2`7Q`K
`2b2�`+? �i i?2 i`�MbBiBQM 7`QK `2+Q;MBx�#H2 iQ mM`2+Q;MBx�#H2X
J�i+?k bT�Mb � rB/2` `�M;2 Q7 KBbb2/ /2i2+iBQMb- `2bmHiBM; BM
KQ`2 2``Q`b �M/ � ?B;?2` MmK#2` Q7 b+Q`2b r?B+? �`2 #2ir22M
`2+Q;MBx�#H2fMQM`2+Q;MBx�#H2X JQ`2 2``Q`b �HHQr 7Q` � #2ii2`
�TT`QtBK�iBQM Q7 � +QMiBMmQmb b+Q`2- BMbQ7�` �b i?�i Bb TQbbB#H2
rBi? � +QmMi�#H2 MmK#2` Q7 Q#b2`p2`bX

h?Bb rQ`F Bb T�`i Q7 � rB/2` T`QD2+i- r?2`2 i?2 �BK Bb MQi QMHv
iQ /2bB;M i?2 #2bi bm#D2+iBp2 T`QiQ+QH 7Q` � `2+Q;MBx�#BHBiv i�bF
UrQ`F T`2b2Mi2/ BM i?Bb T�T2`V- #mi r2 �HbQ TH�M iQ +QKT�`2
`2+Q;MBx�#BHBiv iQ � `2;mH�` [m�HBiv �bb2bbK2Mi i�bFX JQ`2Qp2`-
BM 7mim`2 rQ`Fb- r2 �BK iQ /2i2`KBM2 i?2 P#D2+iBp2 Zm�HBiv
J2i`B+ i?�i rBHH #2bi T`2/B+i i?2 `2+Q;MBx�#BHBivX h?mb- BM Q`/2`
iQ `2�+? i?2b2 ;Q�Hb- r2 M22/ iQ +QHH2+i � bm#D2+iBp2 /�i�b2i
r?B+? Bb 7Q+mb2/ QMiQ i?2 i`�MbBiBQM 7`QK mM`2+Q;MBx2/ iQ
`2+Q;MBx2/ +QMi2Mi Ui?2 bHQT2 Q7 i?2 +m`p2b BM 6B;X dVX

"X 1p�Hm�iBQM Q7 i?2 �+[mBbBiBQM 1MpB`QMK2Mi
h?2 J�i+?k T`QiQ+QH r�b +?Qb2M #�b2/ QM i?2 `2bmHib 7`QK

i?2 T`2pBQmb b2+iBQMX h?2 b2imT 7QHHQrb i?2 +QMbB/2`�iBQMb BM
b2+iBQM AA@"X .m2 iQ i?2 `2bQHmiBQM Q7 i?2 b2H2+i2/ BK�;2b U768⇥
512 TBt2HbV- BM Q`/2` iQ #2 �#H2 iQ /BbTH�v i?`22 BK�;2b bB/2 #v
bB/2 QM i?2 b+`22M- � qB/2 Zm�/ >B;? .2}MBiBQM U2560⇥1440V
KQMBiQ` r�b mb2/ 7Q` i?2 b2imTb *1 �M/ a1X h?2 `2bQHmiBQM
7Q` l1 +QmH/ MQi #2 +QMi`QHH2/- #mi i?2 `2bQHmiBQM Q7 i?2 r2#
�TTHB+�iBQM r�b `2TQ`i2/- �b 2tTH�BM2/ H�i2`X

6Q` i?Bb 2tT2`BK2Mi r2 BM+`2�b2/ i?2 MmK#2` Q7 BK�;2b BM i?2
i2bi b2i U2ti2M/2/ /�i� b2iV �M/ mb2/ irQ 2M+`vTiBQM K2i?Q/b
Ui2bib2i R �M/ i2bib2i kV- �;�BM rBi? e BKT�B`K2Mi bi2Tb 7Q`
� iQi�H Q7 R3k BK�;2bX h�#H2 A HBbib i?2 p�`BQmb b2iiBM;b �M/
+QMbi`�BMib Q7 2�+? 2tT2`BK2MiX h?2 b�K2 MmK#2` Q7 Q#b2`p2`b
r�b mb2/ QM i2bib2i R �M/ k BM 2�+? 2MpB`QMK2MiX

6Q` i?2 *1 i?2 7QHHQrBM; bi�iBbi+B+b r2`2 �//BiBQM�HHv ;�i?@
2`2/, 1t+2Ti j Q#b2`p2`b r?Q ?�/ � kyfk8 pBbBQM- �HH Qi?2`
Q#b2`p2`b ?�/ �i H2�bi � kyfky �+mBiv �++Q`/BM; iQ i?2 aM2HH2M
+?�`iX PMHv QM2 Q7 i?2b2 Q#b2`p2`b UrBi? � kyfk8 �+mBivV r�b
/Bb+�`/2/ /m`BM; i?2 QmiHB2`b /2i2+iBQM bi2TX h?`22 Q#b2`p2`b
?�/ � `2/f;`22M +QHQ` /2}+B2M+v UMQM2 r2`2 /Bb+�`/2/VX

RV PmiHvBM; P#b2`p2`b .2i2+iBQM, �7i2` `mMMBM; � bm#D2+@
iBp2 2tT2`BK2Mi- /m`BM; i?2 /�i� �M�HvbBb bi2T- r2 BM2pBi�#Hv
2M+QmMi2` /Bb+`2T�M+B2b BM i?2 /�i�X 6Q` � ?B;? MmK#2` Q7
Q#b2`p2`b i?Bb rBHH bi�iBbiB+�HHv 2p2M Qmi- #mi 7Q` � bK�HH2`
MmK#2` Q7 Q#b2`p2`b QmiHB2`b +�M bB;MB}+�MiHv bF2r i?2 `2bmHibX
h?2`27Q`2- Bi Bb #2bi iQ `2KQp2 QmiHB2`b #27Q`2 /`�rBM; `2bmHib
7`QK i?2 /�i� ;�i?2`2/X q2 miBHBx2 i?2 +Hmbi2`BM; QmiHB2` /2i2+@
iBQM U/2M/`Q;`�KbV �b bT2+B}2/ BM a2+iBQM AA@*X

h�#H2 AA b?Qrb i?2 `2bmHi Q7 i?2 +Hmbi2`BM; #�b2/ QmiHB2`
/2i2+iBQM 7Q` i?2 i?`22 b2imTb �M/ 6B;m`2 8 BHHmbi`�i2b i?2
+Hmbi2`BM; �M/ QmiHB2` +miQz �b /2M/`Q;`�KbX LQi2 i?�i i?2
/2M/`Q;`�K 7Q` a1 Bb MQi b?QrM �b i?2`2 r2`2 MQ QmiHB2`b 7Q`
i?2b2 irQ 2tT2`BK2MibX

�b +�M #2 b22M BM 6B;m`2 8 i?2`2 Bb � bB;MB}+�Mi p�`B�iBQM BM
i?2 MmK#2` Q7 QmiHvBM; Q#b2`p2`b `2;�`/BM; i?2 p�`BQmb b2imTbX



h�"G1 AA
.Bbi`B#miBQM Q7 Q#b2`p2` /B772`2M+2 �M/ `2bmHiBM;

i?`2b?QH/ zD �M/ QmiHB2`b 7Q` i?2 i?`22 �+[mBbBiBQM
2MpB`QMK2Mi 2tT2`BK2Mib T2` i2bib2iX

a2imT h2bib2i µ � zD

*1 R 9XkR kXyy RyXkR
*1 k 8X3j kXjR RkXd9
a1 R 9XkR RXej NXRR
a1 k 8XRk RX38 RyXed
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l1 k 8Xee RX3R RRXRR
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6B;X 8X .2M/`Q;`�Kb Q7 i?2 ?B2`�`+?B+�H +Hmbi2`BM;- QmiHB2` #`�M+?2b
�`2 b?QrM BM `2/X hrQ i2bib2ib r2`2 2p�Hm�i2/ 7Q` 2�+? 2MpB`QMK2MiX

h?Bb p�`B�iBQM +�M #2 2tTH�BM2/ #v i?2 /Bz2`2Mi TQTmH�iBQMb
i?�i r2`2 2M`QHH2/ 7Q` i?2 i2bibX h?2 Q#b2`p2`b BM i?2 a1 2t@
T2`BK2Mi r2`2 +QKTmi2` b+B2MiBbib - � H�`;2 T�`i Q7 i?2 Q#b2`p2`
TQQH r�b 7�KBHB�` rBi? i?2 +?Qb2M +QMi2Mib UEQ/�F /�i�#�b2V
�M/ [mBi2 7�KBHB�` rBi? i?2 /BbiQ`iBQMb �b r2HHX h?2 Q#b2`p2`b
2M`QHH2/ 7Q` i?2 *1 2tT2`BK2Mi r2`2 �HH M�Bp2 Q#b2`p2`b 7`QK
#BQHQ;v �M/ K2/B+�H /2T�`iK2MibX 6Q` i?2 l1 2tT2`BK2Mi r2
?�/ `2im`MBM; Q#b2`p2`b 7`QK i?2 *1 �M/ a1 2tT2`BK2Mib #mi
�HbQ � H�`;2 MmK#2` Q7 M2r Q#b2`p2`bX

� LQi2 QM i?2 mb2 Q7 i?2 Ja1 7Q` QmiHB2` /2i2+iBQM,
� bBKTH2` r�v iQ }M/ QmiHvBM; Q#b2`p�iBQMb rQmH/ #2 iQ Dmbi
+QmMi i?2 MmK#2` Q7 KBbb2/ /2i2+iBQMbX >Qr2p2`- Bi Bb BKTQ`i�Mi
iQ MQi2 i?�i BM i?2 +QMi2ti Q7 QmiHvBM; Q#b2`p2`bǶ /2i2+iBQM- MQ
K�ii2` B7 �M Q#b2`p2` K�F2b p2`v 72r KBbi�F2b Q` K�Mv- r?�i
K�ii2`b Bb i?2 +QMbBbi2M+vX �M Q#b2`p2` K�FBM; p2`v 72r 2``Q`b
UKBbb2/ /2i2+iBQMV #mi #2?�pBM; /Bz2`2MiHv 7`QK i?2 T�M2H UBX2X
/2i2+iBM; � T�B` `2+Q;MBx2/ #v MQ QM2 2Hb2- Q` KBbbBM; � p2`v
Q#pBQmb K�i+?V rQmH/ ?�p2 iQ #2 /Bb+�`/2/ 7`QK i?2 �M�HvbBbX

6B;m`2 e b?Qrb i?2 Ja1 �b � 7mM+iBQM Q7 i?2 MmK#2` Q7 2``Q`b
K�/2 #v 2�+? Q#b2`p2`X 6Q` 2p2`v Q#b2`p2`- �M/ 7Q` 2�+? i2bi2/
BK�;2- r2 +QKTmi2 i?2 Ja1 #2ir22M i?2 Q#b2`p2`Ƕb b+Q`2
�M/ i?2 �p2`�;2 7Q` i?Bb BK�;2 U�p2`�;2 �+`Qbb �HH Q#b2`p2`bVX
h?Bb ;Bp2b mb �M B/2� B7 � ;Bp2M Q#b2`p2` Qp2`�HH /2pB�i2b �
HQi 7`QK i?2 �p2`�;2X �b +�M #2 b22M QM i?Bb };m`2- i?2 irQ
;`22M bTQib `2T`2b2Mi irQ Q#b2`p2`b ?�pBM; � bBKBH�` Ja1-
r?B+? K2�Mb i?2B` #2?�pBQ` Bb +Q?2`2Mi- ?Qr2p2`- QM2 K�/2 Ny
KBb/2i2+iBQMb- r?2`2�b i?2 Qi?2` QM2 QMHv K�/2 ey KBbi�F2b
UmM`2+Q;MBx2/ T�B`bVX �M QTTQbBi2 #2?�pBQ` Bb `2T`2b2Mi2/ #v

h�"G1 AAA
�;`22K2Mi K�i`Bt #2ir22M i?2 �+[mBbBiBQM 2MpB`QMK2Mib
#�b2/ QM HBM2�` �M/ aT2�`K�M `�MF Q`/2` +Q``2H�iBQMX

U�V HBM2�` +Q``2H�iBQM
*1 a1 l1

*1 RXyyy yXN39 yXNd3
a1 yXN39 RXyyy yXNd3
l1 yXNd3 yXNd3 RXyyy

U#V `�MF Q`/2` +Q``2H�iBQM
*1 a1 l1

*1 RXyyy yX3ek yX339
a1 yX3ek RXyyy yX333
l1 yX339 yX333 RXyyy

i?2 irQ `2/ bTQibX "Qi? Q#b2`p2`b K�/2 i?2 b�K2 �KQmMi Q7
KBbb2/ /2i2+iBQMb r?BH2 b2H2+iBM; i?2 T�B`b Q7 BK�;2b U3y 2``Q`bV-
#mi i?2B` Ja1 bB;MB}+�MiHv /Bz2`bX LQM2 Q7 i?2b2 9 Q#b2`p2`b
r2`2 /2i2+i2/ �b QmiHB2`b #v i?2 /2M/`Q;`�KX AM i?Bb };m`2- i?2
;`�v bTQib `2T`2b2Mi i?2 QmiHvBM; Q#b2`p2`bX

hQ `2+�T- � bBKBH�` MmK#2` Q7 2``Q`b /Q2b MQi K2�M �;`22K2Mi
�M/ � /BbbBKBH�` MmK#2` Q7 2``Q`b /Q2b MQi K2�M /Bb�;`22K2MiX
h?�i Bb- i?2 MmK#2` Q7 2``Q`b- �M/ �HbQ /2`Bp2/ bi�iBbiB+b HBF2
Ja1- Bb � TQQ` r�v Q7 }M/BM; QmiHB2`bX
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0,02

0,03
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0,06

0,07

Number of errors
60 65 70 75 80 85 90

NTE Exp#1
Detected Outliers

(60, 0.048) (90, 0.048)

(80, 0.066)

(80, 0.028)

6B;X eX Ja1 �b � 7mM+iBQM Q7 i?2 MmK#2` Q7 KBbb2/ /2i2+iBQM
U`2+Q;MBiBQM 2``Q`bVX

kV �M�HvbBb Q7 �+[mBbBiBQM 1MpB`QMK2Mi, h?2`2 �`2 irQ r�vb
iQ HQQF �i i?2 /�i�X

q2 +�M HQQF �i i?2 HBM2�` +Q``2H�iBQM #2ir22M i?2 /�i� 7QmM/-
#�bB+�HHv B7 i?2 b�K2 BK�;2 ?�b i?2 b�K2 MmK#2` Q7 2``Q`b-
r?B+? Bb � `2T`2b2Mi�iBQM Q7 i?2 `2+Q;MBx�#BHBivX

�Hi2`M�iBp2Hv- r2 +�M HQQF �i i?2 /�i� 7`QK � T2`bT2+iBp2 Q7
Q`/2`BM; i?2 /�i� 7`QK i?2 H2�bi iQ KQbi `2+Q;MBx�#H2 BK�;2 #v
mbBM; i?2 2``Q`bX h?2M r2 HQQF �i i?2 /Bz2`2M+2 BM Q`/2`BM; #v
mbBM; � `�MF Q`/2` +Q``2H�iBQMX

h?2 `2bmHib 7Q` #Qi? +�H+mH�iBQMb �`2 ;Bp2M BM h�#H2 AAAX "Qi?
K2i?Q/b �;`22 QM i?2 Qmi+QK2, i?2 i?`22 2MpB`QMK2Mib �`2
bi`QM;Hv `2H�i2/ #mi i?2`2 �`2 /Bz2`2M+2bX h?2 +Q``2H�iBQMb-
HBM2�` �b r2HH �b `�MF Q`/2`- �`2 +QKT�`�#H2X

aQ Qp2`�HH �HH 2MpB`QMK2Mib 2t?B#Bi i?2 b�K2 i`2M/X h?Bb
bm;;2bib i?�i i?2 /Bz2`2M+2b �`2 +�mb2/ #v �V KBbb@+HB+Fb- �M/
"V i?2 BMM�i2 `�M/QKM2bb BM i?2 `2+Q;MBx�#BHBiv bim/vX

�MQi?2` r�v iQ b?Qr i?2 bBKBH�`Biv Q7 i?2 `2bmHib Bb iQ THQi
i?2KX 6Q` i?Bb r2 iQQF �M �;;`2;�i2- KBMmb QmiHB2`b- Q7 �HH
b+Q`2b �M/ Q`/2`2/ i?2 BK�;2b 7`QK KQbi iQ H2�bi `2+Q;MBx�#H2X
h?2M r2 THQii2/ i?2 b+Q`2b 7`QK i?2 /Bz2`2Mi 2MpB`QMK2Mib Qp2`
i?Bb /QK�BMX h?2 `2bmHi +�M #2 b22M BM 6B;m`2 d- i?2 THQi r�b
bKQQi?2/ rBi? � rBM/Qr bBx2 8 �p2`�;2 7mM+iBQM iQ bmTT`2bb �M
2ti`2K2Hv D�;;2/ �TT2�`�M+2 /m2 iQ KBbb +HB+Fb #v Q#b2`p2`bX
h?2 `2+Q;MBiBQM `�i2 U__V Bb i?2 `2H�iBp2 2``Q` Qp2` �HH Q#b2`p2`b
T2` BK�;2- �M 2``Q` Bb +Q/2/ �b 1 bQ � __ Q7 0 K2�Mb �HH
Q#b2`p2`b `2+Q;MBx2/ i?2 BK�;2X

�HH 2tT2`BK2Mi�H b2imTb b?Qr � p2`v bBKBH�` +m`p2 �M/ i?2
+?QB+2 Q7 2MpB`QMK2Mi /Q2b MQi b22K iQ BM~m2M+2 i?2 `2bmHibX �HH
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6B;X dX SHQi Q7 BM/BpB/m�H b+Q`2b- T2` 2MpB`QMK2Mi- +QKT�`2/ iQ i?2
Qp2`�HH Q`/2`BM; #�b2/ QM �M �;;`2;�i2 Qp2` �HH 2MpB`QMK2MibX

p2`bBQMb b?Qr � ;`�/B2Mi 7`QK `2+Q;MBx�#H2 iQ mM`2+Q;MBx�#H2
�M/ �`2 i`2M/BM; iQr�`/b i?2 T`Q#�#BHBiv Q7 `�M/QK +?QB+2 UprVX

a+�HBM; �M/ i?2 lM+QMi`QHH2/ 1MpB`QMK2Mi, h?2 r2#
�TTHB+�iBQM Ul1V `2TQ`i2/ #�+F i?2 �+im�H bT�+2 mb2/ 7Q` i?2
#`Qrb2` rBM/Qr r?B+? r�b mb2/ iQ /BbTH�v i?2 BK�;2bX PMHv QM2
Q#b2`p2` mb2/ � `2bQHmiBQM Q7 R99yT r?B+? K2�Mi �M mM@b+�H2/
p2`bBQM Q7 i?2 BK�;2b- i?2 `2bi U9yV mb2/ /BbTH�vb Q7 p�`BQmb
UbK�HH2`V bBx2bX

6`QK i?2 `2TQ`i2/ `2bQHmiBQMb r2 `2+QMbi`m+i i?2 7QHHQr@
BM; /BbTH�v bBx2b r?B+? r2`2 mb2/ U+QmMi BM T�`2Mi?2bBbV,
k8eytR99yT URV- RNkytRkyy U3V- RNkytRy3y UR8V- Re3ytRy8y
URV- ReyytNyy UjV- R9yytNyy URV- RjeetNyy UeV- Rk3ytRyk9 URV-
Rk3ytde3 UjV- mMFMQrM UkVX h?2 mMFMQrM `2bQHmiBQM r2`2
T`Q#�#Hv 7`QK MQM@K�tBKBx2/ #`Qrb2` rBM/Qrb bQ i?2 �+im�H
`2bQHmiBQM +QmH/ MQi #2 /2i2`KBM2/- ?Qr2p2` i?2 `2bQHmiBQM Bb
iQQ bK�HH iQ /BbTH�v i?2 j⇥k �``�v Q7 BK�;2b rBi?Qmi b+�HBM;X

AoX *QM+HmbBQM
h?2 7QHHQrBM; `2+QKK2M/�iBQMb �M/ `2K�`Fb +�M #2 K�/2

7Q` i?2 �+[mBbBiBQM Q7 i?2 `2+Q;MBiBQM i?`2b?QH/ 7`QK Q#b2`p2`bX
h?2 J�i+?k T`QiQ+QH Bb `2+QKK2M/2/ bBM+2 Bi ;Bp2b � ?B;?2`

2``Q` `�i2- �HHQrBM; 7Q` � #2ii2` /Bz2`2MiB�iBQM #2ir22M BK�;2
`2+Q;MBiBQM i?�M i?2 Qi?2` T`QTQb2/ T`QiQ+QHbX �b � bB/2 MQi2,
� ?B;?2` MmK#2` Q7 /BbTH�v2/ BK�;2b- BX2X- KQ`2 i?�M i?2 e
`2+QKK2M/2/ BM J�i+?k- KB;?i ;2M2`�i2 �M 2p2M #2ii2` `2bmHi
BM i2`Kb Q7 2``Q` `�i2 #mi rQmH/ `2[mB`2 i?2 BK�;2b iQ #2 bK�HH2`
UH2bb /2i�BH pBbB#H2V �M/ BM+`2�b2 pB2rBM; iBK2 iQ T`QT2`Hv �bb2bb
i?2 BK�;2b U�HHQrBM; 7Q` 72r2` BK�;2b T2` b2bbBQMVX

6Q` i?2 b2imT r2 7QmM/ `2H�iBp2Hv HBiiH2 /Bz2`2M+2 #2ir22M
i?2 i2bi2/ 2MpB`QMK2MibX h?2 l1 b2imT BM i?2Q`v Bb }M2- #mi
mMHBKBi2/ pB2rBM; iBK2 TQi2MiB�HHv H2�/b iQ pB2r2` 7�iB;m2 �7i2`
72r2` BK�;2b- �b i?2 iBK2 T2` BK�;2b +�M #2 HQM;2`X Ai b?QmH/
#2 MQi2/ i?�i i?2 pB2rBM; iBK2 /B/ MQi ?�p2 �M BKT�+i QM i?2
`2bmHibX � b?Q`i2` pB2rBM; iBK2 �HHQrb 7Q` � H�`;2` MmK#2` Q7
+QKT�`BbQMb #27Q`2 pB2r2` 7�iB;m2 b2ib BM- r?B+? rQmH/ bm;;2bi
� b2KB@+QMi`QHH2/ 2MpB`QMK2Mi- ?Qr2p2` i?2 mM+QMi`QHH2/ 2M@
pB`QMK2Mi �HHQrb 7Q` T�`�HH2H �+[mBbBiBQM �M/ �HHQrb iQ `2�+? �
rB/2` MmK#2` Q7 Q#b2`p2`bX h?2 +QMi`QHH2/ 2MpB`QMK2Mi /B/ MQi
;2M2`�i2 �Mv `2�H #2M2}ib �M/ Bb i?2`27Q`2 MQi bm;;2bi2/X

.m`BM; Qm` i2bib � b?Q`i T`2@i2bi r�b `mM iQ b?Qr i?2 T�`iB+@
BT�Mib i?2 `�M;2 Q7 BK�;2 [m�HBiv iQ 2tT2+i �M/ iQ 7�KBHB�`Bx2
i?2K iQ i?2 mb2 Q7 i?2 BMi2`7�+2X Ai Bb bm;;2bi2/ iQ 2ti2M/
i?Bb i2bi T2`BQ/ iQ 7�KBHB�`Bx2 i?2 Q#b2`p2`b rBi? i?2 /BbiQ`iBQM
ivT2bX � 7�KBHB�`Biv rBi? i?2 /BbiQ`iBQM ivT2b ;2M2`�i2b � KQ`2
+QMbBbi2Mi #2?�pBQm` �M/ H2bb QmiHB2`b �b +�M #2 b22M 7`QK
i?2 a1 pbX *1 QmiHB2` MmK#2`b 7`QK #Q/B2b +QMbBbiBM; �HKQbi
2MiB`2Hv Q7 +QKTmi2` b+B2MiBbib �M/ K2/B+�H /Q+iQ`b `2bT2+iBp2HvX
6Q` QmiHB2` /2i2+iBQM ?B2`�`+?B+�H +Hmbi2`BM; K2i?Q/b �`2 `2+@

QKK2M/2/ �b T`QTQb2/ BM QTTQbBiBQM iQ /B`2+i 2``Q` K2�bm`2b
UJa1VX

�+FMQrH2/;K2Mib
h?Bb rQ`F r�b T�`iB�HHv bmTTQ`i2/ #v i?2 �mbi`B�M a+B2M+2

6mM/- T`QD2+i MQX SkdddeX

_272`2M+2b
(R) *X "2`;2`QM �M/ *X G�Kv@"2`;Q`- ǳ*QKTHB�Mi b2H2+iBp2

2M+`vTiBQM 7Q` >Xke9f�o* pB/2Q bi`2�Kb-Ǵ BM S`Q+22/BM;b
Q7 i?2 A111 qQ`Fb?QT QM JmHiBK2/B� aB;M�H S`Q+2bbBM;-
JJaSǶy8- kyy8- TTX RĜ9X

(k) aX C2MBb+? �M/ �X l?H- ǳ� /2i�BH2/ 2p�Hm�iBQM Q7 7Q`K�i@
+QKTHB�Mi 2M+`vTiBQM K2i?Q/b 7Q` CS1: s_@+QKT`2bb2/
BK�;2b-Ǵ 1l_�aAS CQm`M�H QM AM7Q`K�iBQM a2+m`Biv- pQHX
kyR9- MQX e- kyR9X

(j) hX aiɃix �M/ �X l?H- ǳPM 2{+B2Mi i`�MbT�`2Mi CS1:kyyy
2M+`vTiBQM-Ǵ BM S`Q+22/BM;b Q7 �*J JmHiBK2/B� �M/ a2+m@
`Biv qQ`Fb?QT- JJ@a1* Ƕyd- kyyd- TTX NdĜRy3X

(9) >X >Q7#�m2`- �X l?H- �M/ �X lMi2`r2;2`- ǳh`�MbT�`2Mi
1M+`vTiBQM 7Q` >1o* lbBM; "Bi@ai`2�K@"�b2/ a2H2+iBp2
*Q2{+B2Mi aB;M 1M+`vTiBQM-Ǵ BM kyR9 A111 AMi2`M�iBQM�H
*QM72`2M+2 QM �+QmbiB+b- aT22+? �M/ aB;M�H S`Q+2bbBM;
UA*�aaSVX A111- kyR9- TTX RN3eĜRNNyX

(8) >X >Q7#�m2` �M/ �X l?H- ǳA/2MiB7vBM; /2}+Bib Q7 pBbm�H
b2+m`Biv K2i`B+b 7Q` BK�;2b-Ǵ aB;M�H S`Q+2bbBM;, AK�;2
*QKKmMB+�iBQM- pQHX 9e- TTX ey Ĝ d8- kyReX

(e) Ahl@_ "hXkykk- ǳ:2M2`�H pB2rBM; +QM/BiBQMb 7Q` bm#D2+@
iBp2 �bb2bbK2Mi Q7 [m�HBiv Q7 a.ho �M/ >.ho i2H2pBbBQM
TB+im`2b QM ~�i T�M2H /BbTH�vb "h a2`B2b "`Q�/+�biBM;
b2`pB+2-Ǵ AMiHX h2H2+QKX lMBQM- h2+?X _2TX- kyRkX

(d) Ahl@_@"hX8yy@RR- ǳJ2i?Q/QHQ;v 7Q` i?2 bm#D2+iBp2 �bb2bb@
K2Mi Q7 i?2 [m�HBiv Q7 i2H2pBbBQM TB+im`2b-Ǵ AMiHX h2H2+QKX
lMBQM- h2+?X _2TX- kyy9X

(3) :X *2`K�F- GX h?Q`T2- �M/ JX SBMbQM- ǳh2bi SH�M 7Q`
1p�Hm�iBQM Q7 oB/2Q Zm�HBiv JQ/2Hb 7Q` lb2 rBi? >B;?
.2}MBiBQM ho *QMi2MiXǴ oB/2Q Zm�HBiv 1tT2`ib :`QmT
UoZ1:VX- h2+?X _2TX- kyyNX

(N) A1*@eRNee@k@R,RNNN- ǳJmHiBK2/B� bvbi2Kb �M/ 2[mBTK2Mi
@ *QHQm` K2�bm`2K2Mi �M/ K�M�;2K2Mi @ S�`i k@R, *QHQm`
K�M�;2K2Mi @ .27�mHi _:" +QHQm` bT�+2 @ b_:"-Ǵ AMiHX
1H2+i`Qi2+?MB+�H *QKKBbbBQM UA1*V- h2+?X _2TX- RNNNX

(Ry) Ahl@_ "hX8yy@Rj- ǳJ2i?Q/QHQ;v 7Q` i?2 bm#D2+iBp2 �bb2b@
K2Mi Q7 i?2 [m�HBiv Q7 i2H2pBbBQM TB+im`2b-Ǵ kyRkX

(RR) LX SQMQK�`2MFQ- GX CBM- PX A2`2K2B2p- oX GmFBM-
EX 1;B�x�`B�M- CX �biQH�- "X oQx2H- EX *?2?/B- JX *�`HB-
6X "�iiBbiB- �M/ *X@*X CX EmQ- ǳAK�;2 /�i�#�b2 hA.kyRj,
S2+mHB�`BiB2b- `2bmHib �M/ T2`bT2+iBp2b-Ǵ aB;M�H S`Q+2bbBM;,
AK�;2 *QKKmMB+�iBQM- pQHX jy- TTX 8dĜdd- kyR8X

(Rk) LX SQMQK�`2MFQ- PX A2`2K2B2p- oX GmFBM- EX 1;B�x�`B�M-
GX CBM- CX �biQH�- "X oQx2H- EX *?2?/B- JX *�`HB- 6X "�i@
iBbiB- �M/ *X@*X CX EmQ- ǳ*QHQ` BK�;2 /�i�#�b2 hA.kyRj,
S2+mHB�`BiB2b �M/ T`2HBKBM�`v `2bmHib-Ǵ BM S`Q+22/BM;b Q7
9i? 1m`QTB�M qQ`Fb?QT QM oBbm�H AM7Q`K�iBQM S`Q+2bbBM;
U1loASǶRjV- kyRj- TTX RyeĜRRRX

(Rj) Ahl@h _1* SXNRy- ǳa1_A1a S, h1G1S>PL1 h_�La@
JAaaAPL Zl�GAhu �m/BQpBbm�H [m�HBiv BM KmHiBK2/B�
b2`pB+2b-Ǵ RNNeX

(R9) Ahl@_ "hX8yy@RR- ǳJ2i?Q/QHQ;v 7Q` i?2 bm#D2+iBp2 �bb2b@
K2Mi Q7 i?2 [m�HBiv Q7 i2H2pBbBQM TB+im`2b-Ǵ kyykX
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