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*?�Ti2` k9

J�tBKmK a�iBb}�#BHBiv
6�?B2K "�++?mb- J�iiB C `pBb�HQ- �M/ _m#2M J�`iBMb

J�tBKmK b�iBb}�#BHBiv UJ�ta�hV Bb �M QTiBKBx�iBQM p2`bBQM Q7 a�h i?�i Bb
bQHp2/ #v }M/BM; �M QTiBK�H i`mi? �bbB;MK2Mi BMbi2�/ Q7 Dmbi � b�iBb7vBM; QM2X AM
J�ta�h i?2 Q#D2+iBp2 7mM+iBQM iQ #2 QTiBKBx2/ Bb bT2+B}2/ #v � b2i Q7 r2B;?i2/
bQ7i +H�mb2b, i?2 Q#D2+iBp2 p�Hm2 Q7 � i`mi? �bbB;MK2Mi Bb i?2 bmK Q7 i?2 r2B;?ib
Q7 i?2 bQ7i +H�mb2b Bi b�iBb}2bX AM �//BiBQM- i?2 J�ta�h T`Q#H2K +�M ?�p2 ?�`/
+H�mb2b i?�i i?2 i`mi? �bbB;MK2Mi Kmbi b�iBb7vX J�Mv QTiBKBx�iBQM T`Q#H2Kb +�M
#2 M�im`�HHv 2M+Q/2/ BMiQ J�ta�h �M/ i?Bb- �HQM; rBi? bB;MB}+�Mi T2`7Q`K�M+2
BKT`Qp2K2Mib BM J�ta�h bQHp2`b- ?�b H2/ iQ J�ta�h #2BM; mb2/ BM � MmK@
#2` Q7 /Bz2`2Mi �TTHB+�iBQM �`2�bX h?Bb +?�Ti2` T`QpB/2b � /2i�BH2/ Qp2`pB2r Q7
i?2 �TT`Q�+?2b iQ J�ta�h bQHpBM; i?�i ?�p2 BM `2+2Mi v2�`b #22M KQbi bm++2bb@
7mH BM bQHpBM; `2�H@rQ`H/ QTiBKBx�iBQM T`Q#H2KbX 6m`i?2` `2+2Mi /2p2HQTK2Mib BM
J�ta�h `2b2�`+? �`2 �HbQ Qp2`pB2r2/- BM+Hm/BM; 2M+Q/BM;b- �TTHB+�iBQMb- T`2T`Q@
+2bbBM;- BM+QKTH2i2 bQHpBM;- �H;Q`Bi?K TQ`i7QHBQb- T�`iBiBQMBM;@#�b2/ bQHpBM;- �M/
T�`�HH2H bQHpBM;X

k9XRX AMi`Q/m+iBQM

*QKTmi�iBQM�H T`Q#H2Kb i?�i �`Bb2 7`QK `2�H@rQ`H/ �TTHB+�iBQM b+2M�`BQb Q7i2M
BMpQHp2 +QMbi`�BMib i?�i bT2+B7v i?2 72�bB#H2 bQHmiBQMb �M/ bQK2 MQiBQM Q7 +Qbi
Q` ;QQ/M2bb �bbQ+B�i2/ rBi? i?2 /Bz2`2Mi bQHmiBQMbX q?2`2�b b�iBb}�#BHBiv Ua�hV
T`QpB/2b MQ /B`2+i r�v Q7 /BbiBM;mBb?BM; bQHmiBQMb BM i2`Kb Q7 i?2B` +Qbi Q` ;QQ/@
M2bb- K�tBKmK b�iBb}�#BHBiv UJ�ta�h 7Q` b?Q`iV ;2M2`�HBx2b a�h rBi? � Qp2`
i?2 bQHmiBQMbX h?Bb +Qbi 7mM+iBQM Bb bT2+B}2/ #v � b2i Q7 bQ7i +H�mb2b rBi? r2B;?ib,
i?2 +Qbi Q7 � bQHmiBQM Bb i?2 bmK Q7 i?2 r2B;?ib Q7 i?2 bQ7i +H�mb2b Bi 7�BHb iQ b�iBb7vX
U1[mBp�H2MiHv- i?2 Q#D2+iBp2 p�Hm2 Q7 � bQHmiBQM Bb i?2 bmK Q7 i?2 r2B;?ib Q7 i?2
bQ7i +H�mb2b Bi b�iBb}2bXV

J�ta�h r�b 7Q` KQbi Q7 Bib ?BbiQ`v mb2/ K�BMHv �b � i?2Q`2iB+�H T`Q#H2K BM
i?2 �M�HvbBb Q7 i?2 +QKTmi�iBQM�H +QKTH2tBiv Q7 QTiBKBx�iBQM T`Q#H2KbX qBi?BM
i?2 H�bi /2+�/2- ?Qr2p2`- rBi? i?2 `Bb2 Q7 BM+`2�bBM;Hv 2z2+iBp2 J�ta�h bQHpBM;
i2+?MB[m2b �M/ bQHp2` BKTH2K2Mi�iBQMb- J�ta�h ?�b +?�M;2/ 7`QK � i?2Q`2iB+�H
7Q`K�HBbK BMiQ � pB�#H2 +QMbi`�BMi QTiBKBx�iBQM T�`�/B;KX h?2 �TT`Q�+? Q7 2M@
+Q/BM; p�`BQmb LS@?�`/ QTiBKBx�iBQM T`Q#H2Kb BMiQ J�ta�h �M/ i?2M miBHBxBM;
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J�ta�h bQHp2`b ?�b T`Qp2/ iQ #2 � pB�#H2 bQHmiBQM i2+?MB[m2 +�T�#H2 Q7 2{+B2MiHv
bQHpBM; T`Q#H2Kb 7`QK � p�`B2iv Q7 /QK�BMbX h?2b2 /QK�BMb BM+Hm/2 +QK#BM�@
iQ`B+b- TH�MMBM; �M/ b+?2/mHBM;- p2`B}+�iBQM- b2+m`Biv �M/ bQ7ir�`2 K�M�;2K2Mi-
/�i� �M�HvbBb �M/ K�+?BM2 H2�`MBM;- FMQrH2/;2 `2T`2b2Mi�iBQM- �M/ #BQBM7Q`K�i@
B+b- �KQM; Qi?2`bX J�Mv T`Q#H2Kb 7`QK i?2b2 /QK�BMb ?�p2 M�im`�H T`QTQbBiBQM�H
2M+Q/BM;b QM r?B+? J�ta�h Bb T�`iB+mH�`Hv 2z2+iBp2- Q7i2M KQ`2 2z2+iBp2 i?�M
Qi?2` +QMbi`�BMi QTiBKBx�iBQM T�`�/B;Kb bm+? �b BMi2;2` T`Q;`�KKBM; Ub22- 2X;X-
("CRd) �M/ i?2 `2bmHib Q7 ("CJR9) BM +QKT�`BbQM rBi? i?Qb2 Q7 (S6GR9)VX a2+@
iBQM k9XjXk /Bb+mbb2b bQK2 Q7 i?2b2 �TTHB+�iBQMb Q7 J�ta�h �M/ T`QpB/2b `272`@
2M+2b iQ i?2 `2H2p�Mi HBi2`�im`2X

� b2`B2b Q7 J�ta�h 2p�Hm�iBQMb (�GJSy3- >G/:ay3- �GJSRR- �"CJRd-
"CJR3- "CJRN)- `mMMBM; v2�`Hv bBM+2 kyye ?�b bmTTQ`i2/ i?2 /2p2HQTK2Mi Q7
BM+`2�bBM;Hv `Q#mbi �M/ 2{+B2Mi J�ta�h bQHp2`b +QMi�BMBM; M2r �H;Q`Bi?KB+ BM@
bB;?ibX h?2 2p�Hm�iBQMb T`QpB/2 � v2�`Hv bM�Tb?Qi Q7 i?2 +m``2Mi bi�i2 Q7 i?2
�`i BM J�ta�h bQHpBM;- �M/ �HbQ T`QpB/2 bi�M/�`/ #2M+?K�`F b2ib 7Q` i?2 b+B@
2MiB}+ 2p�Hm�iBQM Q7 M2r �H;Q`Bi?KB+ B/2�b 7Q` J�ta�hX h?2 2p�Hm�iBQM b2`B2b
Bb 7Q+mb2/ QM +QKTH2i2 J�ta�h bQHpBM;- BX2X- �TT`Q�+?2b i?�i T`QpB/2 QTiBK�H
bQHmiBQMbX _2+2MiHv- ?Qr2p2`- i?2 2p�Hm�iBQMb ?�p2 �HbQ �//2/ � i`�+F 7Q` BM+QK@
TH2i2 bQHp2`b- rBi? i?2 KQiBp�iBQM Q7 /2p2HQTBM; �TT`Q�+?2b r?B+? +�M `�TB/Hv }M/
;QQ/ěi?Qm;? MQi M2+2bb�`BHv QTiBK�HěbQHmiBQMbX

*QKTH2K2MiBM; *?�Ti2` kj- r?2`2 p�`BQmb #`�M+?@�M/@#QmM/ �TT`Q�+?2b iQ
J�ta�h bQHpBM; �`2 /2b+`B#2/ U2X;X- (>GPy3- GJJSRy)V- i?2 7Q+mb Q7 i?Bb +?�Ti2`
Bb QM `2+2Mi �H;Q`Bi?KB+ �/p�M+2b BM J�ta�h bQHpBM;X AM T�`iB+mH�`- r2 Qp2`pB2r
J�ta�h bQHpBM; �TT`Q�+?2b i?�i miBHBx2 Bi2`�iBp2 a�h bQHp2` +�HHb- M�K2Hv- i?2
KQ/2H@BKT`QpBM;- i?2 +Q`2@;mB/2/- �M/ i?2 BKTHB+Bi ?BiiBM; b2i �TT`Q�+?2b iQ
J�ta�h bQHpBM;- r?B+? �i i?2 iBK2 i?Bb +?�Ti2` r�b r`Bii2M +QMbiBimi2 i?2 K�BM
�H;Q`Bi?KB+ �TT`Q�+?2b 7Q` bQHpBM; H�`;2 J�ta�h BMbi�M+2b �`BbBM; 7`QK `2�H@
rQ`H/ /QK�BMbX

h?2 KQ/2H@BKT`QpBM; �TT`Q�+? Bb #�b2/ QM [m2`vBM; � a�h bQHp2` 7Q` � bQHm@
iBQM Q7 HQr2` +Qbi mMiBH i?2 bQHmiBQM +Qbi +�M MQ HQM;2` #2 BKT`Qp2/X *�`/BM�HBiv
+QMbi`�BMib Ua2+iBQM k9X9XkXRV �`2 mb2/ iQ 7Q`+2 i?2 a�h bQHp2` iQ }M/ � HQr2` +Qbi
bQHmiBQMX h?2 +Q`2@;mB/2/ �M/ BKTHB+Bi ?BiiBM; b2i �TT`Q�+?2b Bi2`�iBp2Hv [m2`v �
a�h bQHp2` 7Q` mMb�iBb}�#H2 +Q`2b - r?B+? �`2 bm#b2ib Q7 bQ7i +H�mb2b Q7 r?B+? �i
H2�bi QM2 Kmbi #2 7�HbB}2/ #v �Mv bQHmiBQMX AM i?2 +Q`2@;mB/2/ �TT`Q�+?2b- i?2b2
+Q`2b �`2 mb2/ iQ +QMbi`m+i +�`/BM�HBiv +QMbi`�BMib i?�i �HHQr i?2 a�h bQHp2` iQ
7�HbB7v QM2- #mi MQ KQ`2 i?�M QM2- bQ7i +H�mb2 7`QK 2�+? +Q`2X A7 i?2 T`Q#H2K `2@
K�BMb mMb�iBb}�#H2- � M2r +Q`2 rBHH #2 7QmM/ �M/ BM i?2 M2ti +�HH i?2 a�h bQHp2`
rBHH #2 �//BiBQM�HHv �HHQr2/ iQ 7�HbB7v QM2- #mi MQ KQ`2 i?�M QM2- bQ7i +H�mb2 Q7
i?Bb M2r +Q`2X 1p2Mim�HHv- MQ KQ`2 +Q`2b rBHH #2 7QmM/- BX2X- i?2 T`Q#H2K rBHH #2@
+QK2 b�iBb}�#H2 �M/ i?2 bQHmiBQM `2im`M2/ #v i?2 a�h bQHp2` rBHH 7�HbB7v QM2 bQ7i
+H�mb2 7`QK 2�+? +Q`2X aBM+2 2p2`v bQHmiBQM Kmbi 7�HbB7v �i H2�bi QM2 bQ7i +H�mb2
7`QK 2p2`v +Q`2 i?2 `2im`M2/ bQHmiBQM rBHH #2 QTiBK�HX

AM i?2 BKTHB+Bi ?BiiBM; b2i �TT`Q�+? +�`/BM�HBiv +QMbi`�BMib �`2 MQi mb2/- r?B+?
BM T`�+iB+2 K�F2b i?2 a�h bQHp2` +�HHb 7�bi2`X _�i?2` � KBMBKmK@+Qbi ?BiiBM; b2i
Q7 i?2 �++mKmH�i2/ b2i Q7 +Q`2b Bb +QKTmi2/X h?2 +Qbi Q7 i?Bb ?BiiBM; b2i T`QpB/2b
� HQr2` #QmM/ QM i?2 +Qbi Q7 QTiBK�H bQHmiBQMb- �b 2p2`v bQHmiBQM Kmbi BM+m` i?2
+Qbi Q7 �i H2�bi QM2 bQ7i +H�mb2 7`QK 2p2`v +Q`2 UBX2X- Bi Kmbi 7�HbB7v �i H2�bi QM2 bQ7i
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+H�mb2 7`QK 2p2`v +Q`2VX h?2 a�h bQHp2` Bb i?2M �bF2/ iQ }M/ � bQHmiBQM b�iBb7vBM;
�HH Q7 i?2 bQ7i +H�mb2b MQi BM i?2 +QKTmi2/ ?BiiBM; b2iX A7 Bi bm++22/b i?�i bQHmiBQM
Kmbi #2 QTiBK�H �b Bi rBHH ?�p2 � +Qbi 2[m�H iQ i?2 HQr2` #QmM/c �M/ B7 Bi /Q2b
MQi Bi rBHH }M/ �MQi?2` +Q`2- �m;K2MiBM; i?2 b2i Q7 +Q`2b- �M/ � M2r ?BiiBM; b2i
+�M #2 +QKTmi2/X

h?2b2 irQ �TT`Q�+?2b `2Hv QM �bbmKTiBQM@#�b2/ a�h bQHpBM; iQ 2ti`�+i +Q`2b
r?2M MQ b�iBb7vBM; bQHmiBQM +�M #2 7QmM/X �bbmKTiBQM@#�b2/ a�h bQHpBM; rBHH #2
/2b+`B#2/ BM a2+iBQM k9X9XRXkc 7Q` 7m`i?2` /2i�BHb p�`BQmb �bT2+ib Q7 KQ/2`M a�h
bQHp2`b r2 `272` i?2 BMi2`2bi2/ `2�/2` iQ *?�Ti2` 9X

"2vQM/ Qp2`pB2rBM; i?2b2 `2+2Mi �H;Q`Bi?KB+ �/p�M+2b- r2 �HbQ Qp2`pB2r bQK2
Q7 i?2 `2+2Mi bm++2bb7mH �TTHB+�iBQMb Q7 J�ta�h bQHpBM;- �M/ #`B2~v /Bb+mbb bQK2
7m`i?2` �/p�M+2b BM i?2 }2H/- BM+Hm/BM; T`2T`Q+2bbBM;- T�`�HH2H bQHpBM;- �M/ BM+QK@
TH2i2 bQHpBM;X

AM i?2 `2bi Q7 i?Bb +?�Ti2`- r2 }`bi 7Q`K�HBx2 i?2 J�ta�h T`Q#H2KX h?2M
mbBM; i?Bb 7Q`K�HBbK r2 /Bb+mbb bQK2 2M+Q/BM; i2+?MB[m2b i?�i +�M #2 mb2/ r?2M
QM2 r�Mib iQ 2M+Q/2 /Bz2`2Mi T`Q#H2Kb BMiQ J�ta�h- �M/ ;Bp2 �M Qp2`pB2r Q7
� `�M;2 Q7 /Bz2`2Mi �TTHB+�iBQM T`Q#H2Kb i?�i ?�p2 #22M bQHp2/ #v 2M+Q/BM; iQ
J�ta�h �M/ mbBM; J�ta�h bQHp2`b Ua2+iBQM k9XjVX qBi? i?Bb KQiBp�iBQM Q7 i?2
mb27mHM2bb Q7 J�ta�h- r2 im`M iQ i?2 #mHF Q7 i?2 +?�Ti2`, � T`2b2Mi�iBQM Q7 `2+2Mi
�H;Q`Bi?KB+ i2+?MB[m2b 7Q` bQHpBM; J�ta�h- T`2+2/2/ #v bQK2 �//BiBQM�H M22/2/
#�+F;`QmM/ Ua2+iBQM k9X9VX 6BM�HHv- r2 +HQb2 i?2 +?�Ti2` rBi? � /Bb+mbbBQM Q7 Qi?2`
`2+2Mi /2p2HQTK2Mib Ua2+iBQM k9X8V �M/ � bmKK�`v �M/ QmiHQQF QM J�ta�hX

k9XkX h?2 J�ta�h 6Q`K�HBbK

�b rBi? a�h- BM J�ta�h r2 /2�H 2t+HmbBp2Hv rBi? T`QTQbBiBQM�H 7Q`KmH�b 2t@
T`2bb2/ BM +QMDmM+iBp2 MQ`K�H 7Q`K U*L6V, 2�+? T`QTQbBiBQM�H p�`B�#H2 �M/ Bib
M2;�iBQM �`2 HBi2`�Hbc � +H�mb2 Bb � /BbDmM+iBQM Q7 HBi2`�Hbc �M/ � *L6 7Q`KmH� Bb �
+QMDmM+iBQM Q7 +H�mb2bX aBM+2 /mTHB+�i2/ /BbDmM+ib �M/ +QMDmM+ib +�M #2 /Bb+�`/2/
� +H�mb2 +�M �HbQ #2 pB2r2/ �b #2BM; � b2i Q7 HBi2`�Hb- �M/ � *L6 7Q`KmH� �b #2BM;
� b2i Q7 +H�mb2bX

:Bp2M � *L6 7Q`KmH� F r2 mb2 vars(F ) iQ /2MQi2 i?2 b2i Q7 T`QTQbBiBQM�H
p�`B�#H2b �TT2�`BM; BM F X � i`mi? �bbB;MK2Mi π 7Q` F �bbB;Mb iQ � i`mi? p�Hm2
Ui`m2 Q` 7�Hb2V iQ 2�+? T`QTQbBiBQM�H p�`B�#H2 p ∈ vars(F )X 6Q` � HBi2`�H l- π K�F2b
l i`m2 Uπ |= lV B7 l Bb i?2 p�`B�#H2 p �M/ π(p) = i`m2 Q` B7 l Bb ¬p �M/ π(p) = 7�Hb2X
6Q` � +H�mb2 c- π b�iBb}2b c Uπ |= cV B7 π K�F2b �i H2�bi QM2 Q7 i?2 HBi2`�Hb l BM c
i`m2c �M/ π b�iBb}2b F UQ` Bb � KQ/2H Q7 F V Uπ |= F V- B7 Bi b�iBb}2b 2p2`v +H�mb2 Q7
F X :Bp2M � b2i Q7 T`QTQbBiBQM�H p�`B�#H2b A ⊆ vars(F )- �M/ � i`mi? �bbB;MK2Mi π
7Q` F r2 /2MQi2 i?2 `2bi`B+iBQM Q7 π iQ A #v π|Ac π|A Bb � M2r i`mi? �bbB;MK2Mi
B/2MiB+�H iQ π #mi QMHv �bbB;MBM; i`mi? p�Hm2b iQ i?2 p�`B�#H2b Q7 AX

� J�ta�h 7Q`KmH� F Bb � *L6 7Q`KmH� i?�i Bb T�`iBiBQM2/ BMiQ ?�`/
�M/ bQ7i +H�mb2b, F = hard(F ) ∪ soft(F )X h?2 ?�`/ +H�mb2b Kmbi #2 b�iBb}2/-
r?BH2 i?2 bQ7i +H�mb2b +�M #2 7�HbB}2/ �i � +QbiX AM T�`iB+mH�`- 2�+? bQ7i +H�mb2
c ∈ soft(F ) ?�b �M �bbQ+B�i2/ TQbBiBp2 BMi2;`�H r2B;?i wt(c) bT2+B7vBM; i?2 +Qbi
Q7 7�HbB7vBM; i?�i +H�mb2XR 6Q` 2t�KTH2- F = {(x, y), (¬x, r, z), (¬x)2, (¬y)5} Bb �

RAi Bb TQbbB#H2 iQ ;2M2`�HBx2 i?2 7`�K2rQ`F iQ �++QKKQ/�i2 `�iBQM�H p�Hm2/ r2B;?ib- �M/
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J�ta�h 7Q`KmH� r?2`2 i?2 }`bi irQ +H�mb2b �`2 ?�`/ �M/ i?2 i?B`/ �M/ 7Qm`i?
+H�mb2b �`2 bQ7i rBi? r2B;?ib k �M/ 8 `2bT2+iBp2HvX q2 rBHH mb2 bm#b+`BTi2/ +H�mb2b
iQ BM/B+�i2 i?�i i?2v �`2 bQ7i- r?2`2 i?2 bm#b+`BTi Bb i?2 bQ7i +H�mb2Ƕb r2B;?iX

� 72�bB#H2 bQHmiBQM Q7 F Bb � i`mi? �bbB;MK2Mi iQ i?2 p�`B�#H2b Q7 F - vars(F )-
i?�i b�iBb}2b hard(F )X h?2 +Qbi Q7 � 72�bB#H2 bQHmiBQM π Q7 F Bb i?2 bmK Q7
i?2 r2B;?ib Q7 i?2 bQ7i +H�mb2b Bi 7�HbB}2b, cost(π, F ) =

∑
{c|c∈soft(F )∧π ̸|=c} wt(c)X

q?2M F Bb +H2�` 7`QK i?2 +QMi2ti r2 Q7i2M r`Bi2 Dmbi cost(π) iQ /2MQi2 cost(π, F )X
�M QTiBK�H bQHmiBQM π Q7 F Bb � 72�bB#H2 bQHmiBQM rBi? KBMBKmK +Qbi,

cost(π, F ) ≤ cost(π′, F ) 7Q` �HH 72�bB#H2 bQHmiBQMb π′ Q7 F X �M QTiBK�H bQHmiBQM
+QmH/ 2[mBp�H2MiHv #2 /2}M2/ �b � 72�bB#H2 bQHmiBQM b�iBb7vBM; � K�tBKmK r2B;?i
Q7 bQ7i +H�mb2bX q2 rBHH �HbQ mb2 cost(F ) iQ /2MQi2 i?2 +Qbi Q7 �M QTiBK�H bQHmiBQM
Q7 F - �M/ B7 H Bb � b2i Q7 bQ7i +H�mb2b cost(H) iQ /2MQi2 i?2 bmK Q7 i?2 r2B;?ib
Q7 Bib +H�mb2b

∑
c∈H wt(c)X

.2}MBiBQM R Uh?2 J�ta�h T`Q#H2KVX :Bp2M � J�ta�h 7Q`KmH� F }M/ QM2 Q7
Bib QTiBK�H bQHmiBQMbX

LQi2 i?�i F ?�b 72�bB#H2 bQHmiBQMb B7 �M/ QMHv B7 hard(F ) Bb b�iBb}�#H2X h?mb
F rBHH ?�p2 bQK2 QTiBK�H bQHmiBQMb B7 �M/ QMHv B7 hard(F ) Bb b�iBb}�#H2X AM i?2
`2bi Q7 i?Bb +?�Ti2`- r2 rBHH �bbmK2 i?�i hard(F ) Bb b�iBb}�#H2X AM T`�+iB+2- QM2
+�M +?2+F i?2 b�iBb}�#BHBiv Q7 hard(F ) rBi? � a�h bQHp2` T`BQ` iQ b2�`+?BM; 7Q`
�M QTiBK�H bQHmiBQMX AM 7�+i- bm+? � +?2+F Bb i?2 }`bi bi2T Q7 K�Mv J�ta�h
�H;Q`Bi?KbX

�MQi?2` mb27mH +QM+2Ti Bb i?�i Q7 � +Q`2X AM a�h- � +Q`2 Bb /2}M2/ iQ #2
�M mMb�iBb}�#H2 bm#b2i Q7 i?2 BMTmi 7Q`KmH�X AM J�ta�h- bBM+2 i?2 ?�`/ +H�mb2b
Kmbi �Hr�vb #2 b�iBb}2/- Bi Bb KQ`2 mb27mH iQ /2}M2 � +Q`2 �b 7QHHQrbX

.2}MBiBQM k UJ�ta�h +Q`2VX :Bp2M � J�ta�h 7Q`KmH� F - �Mv bm#b2i K Q7
soft(F ) bm+? i?�i K ∪ hard(F ) Bb mMb�iBb}�#H2- Bb � +Q`2 Q7 F X h?�i Bb- K Bb �
+Q`2 B7 �M/ QMHv B7 2p2`v 72�bB#H2 bQHmiBQM Q7 F 7�HbB}2b �i H2�bi QM2 bQ7i +H�mb2 Q7
KX

>BbiQ`B+�HHv- `2bi`B+i2/ 7Q`Kb Q7 J�ta�h ?�p2 #22M /2}M2/X AM T�`iB+mH�`-
� T�`iB�H J�ta�h 7Q`KmH� F Bb QM2 BM r?B+? hard(F ) Bb MQM@2KTiv �M/ � mM@
r2B;?i2/ J�ta�h 7Q`KmH� F Bb QM2 BM r?B+? �HH i?2 bQ7i +H�mb2b ?�p2 i?2 b�K2
r2B;?i Ur?B+?- rBi?Qmi HQbb Q7 ;2M2`�HBiv- +�M #2 �bbmK2/ iQ #2 QM2VX h?mb
7Qm` /Bz2`2Mi ivT2b Q7 J�ta�h 7Q`KmH�b r2`2 i`�/BiBQM�HHv `2+Q;MBx2/, URV mM@
r2B;?i2/ J�ta�h- UkV r2B;?i2/ J�ta�h- UjV mMr2B;?i2/ T�`iB�H J�ta�h- �M/
U9V r2B;?i2/ T�`iB�H J�ta�hX h?2 /2}MBiBQM ;Bp2M �#Qp2 +Q``2bTQM/b iQ i?2 KQbi
;2M2`�H +�b2 U9VX AM `2+2Mi v2�`b i?2 BKTQ`i�M+2 Q7 i?2b2 /BbiBM+iBQMb ?�b 7�/2/
�b KQbi J�ta�h bQHp2`b +�M ?�M/H2 i?2 KQbi ;2M2`�H BMTmiX Ai Bb biBHH i?2 +�b2-
?Qr2p2`- i?�i r?2i?2` Q` MQi i?2 BMbi�M+2 Bb r2B;?i2/ Q` mMr2B;?i2/ ?�b �M BK@
T�+i QM r?B+? �H;Q`Bi?Kb T2`7Q`K #2ii2`X >2M+2- i?2 v2�`Hv J�ta�h 2p�Hm�iBQMb
mb2 /Bz2`2Mi i`�+Fb 7Q` r2B;?i2/ �M/ mMr2B;?i2/ BMbi�M+2bX

bQK2 J�ta�h bQHp2`b U2X;X- i?2 BKTHB+Bi ?BiiBM; b2i bQHp2`b /2b+`B#2/ BM a2+iBQM k9X9XeV +�M
bQHp2 T`Q#H2Kb +QMi�BMBM; bQ7i +H�mb2b rBi? ~Q�iBM; TQBMi r2B;?ibX

9



k9XjX 1M+Q/BM;b �M/ �TTHB+�iBQMb

aB;MB}+�Mi T2`7Q`K�M+2 BKT`Qp2K2Mib BM J�ta�h �H;Q`Bi?Kb Qp2` i?2 v2�`b ?�p2
H2/ iQ �M BM+`2�bBM; MmK#2` Q7 �TTHB+�iBQMb Q7 J�ta�hX hQ T`QpB/2 i?2 `2�/2`
rBi? � #2ii2` b2Mb2 Q7 i?2 T`�+iB+�H mb27mHM2bb Q7 J�ta�h- r2 }`bi `2pB2r bQK2
Q7 i?2b2 �TTHB+�iBQMb �b r2HH �b bQK2 Q7 i?2 2M+Q/BM; i2+?MB[m2b Q7i2M �TTHB2/ iQ
i`�MbH�i2 QTiBKBx�iBQM T`Q#H2Kb BMiQ J�ta�hX

k9XjXRX 1M+Q/BM;b

"QQH2�M QTiBKBx�iBQM T`Q#H2Kb i?�i +�M #2 2tT`2bb2/ rBi? HBM2�` +QMbi`�BMib �M/ �
bBM;H2 QTiBKBx�iBQM 7mM+iBQM �`2 r2HH@bmBi2/ iQ #2 2M+Q/2/ �M/ bQHp2/ #v J�ta�h
bQHp2`bX >Qr2p2`- Bi +�M #2 i?2 +�b2 r?2`2 i?2 T`Q#H2K `2[mB`2b bQHpBM; � KmHiB@
Q#D2+iBp2 QTiBKBx�iBQM 7mM+iBQM- Q` i?�i i?2 T`Q#H2K `2[mB`2b bQ7i +QMbi`�BMib iQ
#2 KQ/2H2/ �b � ;`QmT Q7 bQ7i +H�mb2b BMbi2�/ Q7 BM/BpB/m�H bQ7i +H�mb2bX AM i?Qb2
+�b2b- J�ta�h +�M biBHH #2 mb2/ rBi? i?2 2M+Q/BM;b /2b+`B#2/ BM a2+iBQMb k9XjXRXR
�M/ k9XjXRXk- `2bT2+iBp2HvX JQ`2Qp2`- T`Q#H2Kb i?�i �`2 Q`B;BM�HHv 2M+Q/2/ BM
/Bz2`2Mi /2+H�`�iBp2 QTiBKBx�iBQM H�M;m�;2b �M/ �TT`Q�+?2b- bm+? �b J�t*aS-
JBMa�h- �M/ Tb2m/Q@"QQH2�M +QMbi`�BMib +�M �HbQ #2 i`�MbH�i2/ BMiQ J�ta�h-
�b Qp2`pB2r2/ BM a2+iBQM k9XjXRXjX

k9XjXRXRX "QQH2�M JmHiBH2p2H PTiBKBx�iBQM

h?2 +H�bb Q7 "QQH2�M QTiBKBx�iBQM T`Q#H2Kb i?�i +�M #2 `2T`2b2Mi2/ mbBM; KmHiB@
Q#D2+iBp2 7mM+iBQMb rBi? � T`2/2}M2/ ?B2`�`+?v Q7 BKTQ`i�M+2 Qp2` i?2 Q#D2+iBp2
7mM+iBQMb Bb FMQrM �b "QQH2�M KmHiBH2p2H QTiBKBx�iBQM U"JPV (J�:GRR)X

.2}MBiBQM j U"QQH2�M KmHiBH2p2H QTiBKBx�iBQMVX "QQH2�M KmHiBH2p2H QTiBKBx�iBQM
U"JPV T`Q#H2Kb (J�:GRR) +QMbBbi Q7 � b2i Q7 b2ib Q7 bQ7i +H�mb2b C = {C1- . . .-
Cm}- r?2`2 {C1- Ę- Cm} 7Q`Kb � T�`iBiBQM Q7 C- �M/ 2�+? +H�mb2 c ∈ Ci ?�b i?2
b�K2 r2B;?i wiX � J�ta�h 7Q`KmH� Bb �M BMbi�M+2 Q7 "JP B7 �M/ QMHv B7 i?2
7QHHQrBM; +QM/BiBQM ?QH/b,

wi >
∑

i+1≤j≤m

wj |̇Cj | rBi? i = 1, . . . ,m− 1.

AM rQ`/b- BM "JP T`Q#H2Kb Bi Bb KQ`2 p�Hm�#H2 iQ b�iBb7v � bBM;H2 bQ7i +H�mb2
BM i?2 b2i Ci i?�M iQ 7�HbB7v �HH bQ7i +H�mb2b BM i?2 bm#b2[m2Mi b2ib Ci+1, . . . , CmX

1t�KTH2 RX *QMbB/2` i?2 BMbi�M+2

F ={(¬x1, x2), (¬x1, x4), (¬x1,¬x5), (¬x3, x2, x4),

(¬x1)1, (¬x2)1, (¬x3)1, (¬x4)1, (¬x5)1}.

�bbmK2 i?�i BMbi2�/ Q7 �HH bQ7i +H�mb2b ?�pBM; i?2 b�K2 T`BQ`Biv- i?2 mb2` r�Mib iQ
;Bp2 T`BQ`Biv iQ b�iBb7vBM; bQK2 Q7 i?2 bQ7i +H�mb2b Qp2` Qi?2`bX 6Q` 2t�KTH2- b�v i?2
mb2` r�Mib iQ bQHp2 � KmHiBH2p2H QTiBKBx�iBQM T`Q#H2K r?2`2 i?2v ?�p2 i?`22 Q#D2+@
iBp2b bT2+B}2/ #v O1 = {(¬x1)}- O2 = {(¬x2)}- �M/ O3 = {(¬x3), (¬x4), (¬x5)}-
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rBi? O1 #2BM; bi`B+iHv KQ`2 BKTQ`i�Mi i?�M O2 �M/ O2 #2BM; bi`B+iHv KQ`2 BKTQ`@
i�Mi i?�M O3X h?Bb T`Q#H2K +�M #2 bQHp2/ rBi? J�ta�h #v �bbQ+B�iBM; bmBi�#H2
r2B;?ib iQ 2�+? bQ7i +H�mb2X

AM i?Bb 2t�KTH2- +QMbB/2`BM; i?2 7Q`KmH� F �M/ i?2 Q`/2`2/ QTiBKBx�iBQM
Q#D2+iBp2b O1, O2 �M/ O3 r2 rQmH/ i`�Mb7Q`K F BMiQ FBMO #v �bbQ+B�iBM; �HH
bQ7i +H�mb2b BM O3 rBi? i?2 r2B;?i RX �HH bQ7i +H�mb2b BM O2 rBi? i?2 r2B;?i 2[m�H
iQ i?2 bmK Q7 i?2 r2B;?ib Q7 i?2 bQ7i +H�mb2b BM O3 THmb R U3+1 = 4VX aQ7i +H�mb2b
BM O1 rBHH ?�p2 i?2 r2B;?i 3 r?B+? +Q``2bTQM/b iQ i?2 bmK Q7 i?2 r2B;?ib Q7 i?2
bQ7i +H�mb2b BM O2 �M/ O3 THmb R U3+4+1 = 8VX h?2 BMimBiBQM #2?BM/ i?2b2 r2B;?ib
Bb i?�i i?2 +Qbi Q7 7�HbB7vBM; � bBM;H2 bQ7i +H�mb2 BM O1 Bb ;`2�i2` i?�M 7�HbB7vBM;
�HH bQ7i +H�mb2b BM O2 �M/ O3X h?2`27Q`2- i?2b2 +Qbib +�Tim`2 i?2 H2tB+Q;`�T?B+�H
Q`/2` #2ir22M i?2 Q#D2+iBp2 7mM+iBQMb, O1 > O2 > O3X q2 �``Bp2 �i i?2 BMbi�M+2

FBMO ={(¬x1, x2), (¬x1, x4), (¬x1,¬x5), (¬x3, x2, x4),

(¬x1)8, (¬x2)4, (¬x3)1, (¬x4)1, (¬x5)1}.

FBMO +�M #2 bQHp2/ mbBM; J�ta�h �M/ i?2 QTiBK�H bQHmiBQM iQ i?Bb T`Q#H2K +Q`@
`2bTQM/b iQ i?2 QTiBK�H bQHmiBQM iQ i?2 KmHiBH2p2H QTiBKBx�iBQM T`Q#H2K /2b+`B#2/
#v i?2 Q`/2`2/ Q#D2+iBp2b O1, O2 �M/ O3X

k9XjXRXkX :`QmT J�ta�h

aQK2 �TTHB+�iBQMb K�v `2[mB`2 �+?B2pBM; KQ`2 +QKTH2t bQ7i +QMbi`�BMib i?�i +�M
QMHv #2 `2T`2b2Mi2/ rBi? � b2i UQ` ;`QmTV Q7 +H�mb2bX AM i?Bb +�b2- i?2 bQ7i +QM@
bi`�BMi Bb QMHv b�iBb}2/ B7 �HH Q7 i?2 +H�mb2b mb2/ iQ `2T`2b2Mi Bi �`2 b�iBb}2/c BX2X-
i?2 +Qbi Q7 i?2 bQ7i +QMbi`�BMi rBHH #2 BM+m``2/ B7 �Mv Q7 Bib +H�mb2b �`2 7�HbB}2/X
h?2b2 FBM/b Q7 bQ7i +H�mb2b ;Bp2 `Bb2 iQ i?2 ;`QmT J�ta�h T`Q#H2K (>JJR8)X AM
;`QmT J�ta�h i?2`2 �`2 k bQ7i +QMbi`�BMib r?2`2 i?2 i bQ7i +QMbi`�BMi Bb 2M+Q/2/
#v � ;`QmT Gi Q7 +H�mb2bX h?2 ;Q�H BM ;`QmT J�ta�h Bb iQ }M/ � bQHmiBQM i?�i
b�iBb}2b �HH ?�`/ +H�mb2b r?BH2 K�tBKBxBM; i?2 iQi�H r2B;?i Q7 i?2 b�iBb}2/ bQ7i
+QMbi`�BMibX

:`QmT J�ta�h 7Q`KmH�b +�M #2 i`�Mb7Q`K2/ BMiQ �M 2[mBp�H2Mi J�ta�h
7Q`KmH�b #v mbBM; bT2+B}+ 2M+Q/BM;bX PM2 Q7 i?2b2 2M+Q/BM;b Bb FMQrM �b i?2
⊤−2M+Q/BM; (>JJR8)X q2 `272` i?2 `2�/2` BMi2`2bi2/ BM Qi?2` 2M+Q/BM;b Q7 ;`QmT
J�ta�h iQ (>JJR8)X

.2}MBiBQM 9 U⊤−2M+Q/BM; (>JJR8)VX � ;`QmT J�ta�h BMbi�M+2 FG +�M #2
i`�Mb7Q`K2/ BMiQ �M 2[mBp�H2Mi J�ta�h BMbi�M+2 F #v �//BM; �HH ?�`/ +H�mb2b
7`QK FG iQ F X G2i i?2 iǶi? bQ7i +QMbi`�BMi- rBi? r2B;?i wi- #2 `2T`2b2Mi2/ #v
i?2 ;`QmT Q7 bQ7i +H�mb2b Gi = c1, . . . , ckX 6Q` 2�+? c ∈ Gi r2 �// i?2 ?�`/ +H�mb2
(c ∨ ri) iQ F r?2`2 ri Bb � #`�M/ M2r p�`B�#H2X 6BM�HHv- 7Q` 2�+? ;`QmT Gi- r2
BM+Hm/2 i?2 bQ7i +H�mb2 (¬ri)wi iQ F X

1t�KTH2 kX *QMbB/2` i?2 ;`QmT J�ta�h BMbi�M+2

FG ={(¬x1, x2), (¬x1, x5), (¬x1,¬x4), (¬x3, x2, x4)},

e



r?2`2

G1 =({(¬x3), (¬x4), (¬x5)})2,
G2 =({(¬x2), (¬x1)})3.

h?Bb 7Q`KmH� +�M #2 i`�Mb7Q`K2/ BMiQ �M 2[mBp�H2Mi J�ta�h 7Q`KmH� F #v
mbBM; i?2 ⊤−2M+Q/BM;- `2bmHiBM; BM

F ={(¬x1, x2), (¬x1, x5), (¬x1,¬x4), (¬x3, x2, x4),

(¬x3, r1), (¬x4, r1), (¬x5, r1), (¬x2, r2), (¬x1, r2)

(¬r1)2, (¬r2)3}.

LQi2 i?�i i?2 MmK#2` Q7 bQ7i +H�mb2b Q7 i?2 i`�Mb7Q`K2/ J�ta�h 7Q`KmH� +Q``2@
bTQM/b iQ i?2 MmK#2` Q7 ;`QmTb BM i?2 Q`B;BM�H ;`QmT J�ta�h BMbi�M+2X

k9XjXRXjX 1M+Q/BM; Qi?2` *QMbi`�BMi PTiBKBx�iBQM G�M;m�;2b iQ J�ta�h
h?2 �H;Q`Bi?KB+ �/p�M+2b Q7 J�ta�h K�F2 Bi �TT2�HBM; iQ 2M+Q/2 T`Q#H2Kb 7`QK
Qi?2` /QK�BMb BMiQ J�ta�h �M/ bQHp2 i?2K rBi? J�ta�h bQHp2`bX

6Q` 2t�KTH2- Qi?2` QTiBKBx�iBQM T`Q#H2Kb bm+? �b i?2 K�tBKmK +QMbi`�BMi
b�iBb7�+iBQM T`Q#H2K UJ�t*aSV (�*GJRk) �M/ KBMBKmK b�iBb}�#BHBiv UJBMa�hV
(wGJ�Rk- GwJaRk) +�M #2 `2/m+2/ iQ J�ta�h �M/ bQHp2/ rBi? J�ta�h bQHp2`bX

1p2M /2+BbBQM T`Q#H2Kb bm+? �b a�h +�M #2 `2/m+2/ iQ >Q`M J�ta�h #v
mbBM; i?2 /m�H@`�BH 2M+Q/BM; (AJJRd)X h?Bb `2/m+iBQM +QmTH2/ rBi? J�ta�h `2b@
QHmiBQM Ua2+iBQM k9X9XRXRXkV +QMbiBimi2b � T`QQ7 bvbi2K i?�i ?�b TQHvMQKB�H@iBK2
`27mi�iBQMb 7Q` TB;2QM?QH2 7Q`KmH�bX q2 `272` i?2 BMi2`2bi2/ `2�/2` iQ (JAJRd)
7Q` KQ`2 2t�KTH2b Q7 `2/m+iBQMb Q7 /2+BbBQM �M/ QTiBKBx�iBQM T`Q#H2Kb BMiQ >Q`M
J�ta�hX

� +QKKQM `2/m+iBQM Bb iQ i`�Mb7Q`K � Tb2m/Q@"QQH2�M QTiBKBx�iBQM T`Q#H2K
iQ J�ta�hX h?2 BMi2`2bi2/ `2�/2` Bb `272``2/ iQ *?�Ti2` k3 7Q` KQ`2 /2i�BHb QM
Tb2m/Q@"QQH2�M QTiBKBx�iBQMX
.2}MBiBQM 8 USb2m/Q@"QQH2�M QTiBKBx�iBQM- S"PVX Sb2m/Q@"QQH2�M QTiBKBx�@
iBQM T`Q#H2Kb �`2 Q7 i?2 7QHHQrBM; 7Q`K,

KBMBKBx2
n∑

j=1

cj lj

bm#D2+i iQ
n∑

j=1

aij lj ≤ bi ∀i = 1, . . . ,m,

r?2`2 n,m ∈ N �M/ aij , bi, cj ∈ ZX
1t�KTH2 jX *QMbB/2` i?2 S"P T`Q#H2K BMbi�M+2 FPBO

KBMBKBx2 x1 + x2 + x3 + x4 + x5

bm#D2+i iQ ¬x1 + x2 ≥ 1

¬x1 + x5 ≥ 1

¬x1 + ¬x4 ≥ 1

¬x3 + x2 + x4 ≥ 1

d



h?2 7Q`KmH� FPBO +�M #2 2M+Q/2/ iQ �M 2[mBp�H2Mi J�ta�h 7Q`KmH� F X
h?2 +QMbi`�BMib �`2 2M+Q/2/ �b ?�`/ +H�mb2b #v mbBM; �TT`QT`B�i2 +�`/BM�HBiv �M/
Tb2m/Q@"QQH2�M 2M+Q/BM;b k9X9XkXRX h?2 Q#D2+iBp2 7mM+iBQM +�M #2 2M+Q/2/ �b
bQ7i +H�mb2b, 7Q` 2�+? HBi2`�H cjxj BM i?2 Q#D2+iBp2 7mM+iBQM- +`2�i2 � +Q``2bTQM/BM;
mMBi bQ7i +H�mb2 (¬xj)cj X

FPBO Bb 2[mBp�H2Mi iQ i?2 7QHHQrBM; J�ta�h 7Q`KmH�
F ={(¬x1, x2), (¬x1, x5), (¬x1,¬x4), (¬x3, x2, x4),

(¬x3)1, (¬x4)1, (¬x5)1, (¬x2)1, (¬x1)1}.

LQiB+2 i?�i i?Bb Bb i?2 b�K2 7Q`KmH� �b i?2 QM2 T`2b2Mi2/ BM 1t�KTH2 RX
LQi2- ?Qr2p2`- i?�i i?Bb 2t�KTH2 ?�b � T�`iB+mH�`Hv bBKTH2 i`�MbH�iBQM iQ

J�ta�h bBM+2 �HH Q7 i?2 HBM2�` BM2[m�HBiB2b +�M #2 /B`2+iHv `2T`2b2Mi2/ �b +H�mb2bX
AM ;2M2`�H- � HBM2�` +QMbi`�BMi Q7 i?2 7Q`K a1x1 + a2x2 + · · · + akxk ≥ t rQmH/
?�p2 iQ #2 i`�MbH�i2/ iQ *L6 mbBM; � Tb2m/Q@"QQH2�M +QMbi`�BMi 2M+Q/BM; Ua2+@
iBQM k9X9XkXRV r?B+? rQmH/ �// KmHiBTH2 +H�mb2b iQ i?2 `2bmHi�Mi J�ta�h 7Q`KmH�X

k9XjXkX �TTHB+�iBQMb

qBi? bB;MB}+�Mi T2`7Q`K�M+2 BKT`Qp2K2Mib BM J�ta�h �H;Q`Bi?Kb Qp2` i?2 v2�`b
i?2`2 ?�b #22M � +Q``2bTQM/BM; BM+`2�b2 BM i?2 MmK#2` �M/ /Bp2`bBiv Q7 �TTHB+�@
iBQMb Q7 J�ta�hX aQK2 2t�KTH2b Q7 /QK�BMb r?2`2 J�ta�h ?�b #22M bm++2bb@
7mHHv mb2/ BM+Hm/2 TH�MMBM;- b+?2/mHBM; �M/ +QM};m`�iBQM T`Q#H2Kb- �A �M/ /�i�
�M�HvbBb T`Q#H2Kb- +QK#BM�iQ`B�H T`Q#H2Kb- p2`B}+�iBQM �M/ b2+m`Biv- �M/ #BQBM7Q`@
K�iB+bX q2 rBHH #`B2~v QmiHBM2 bQK2 Q7 i?2b2 �TTHB+�iBQMb �M/ T`QpB/2 `272`2M+2b
iQ 7m`i?2` /2i�BHbX

k9XjXkXRX SH�MMBM;- a+?2/mHBM;- �M/ *QM};m`�iBQM
SH�MMBM; T`Q#H2Kb (w"Rk- J"JRe) +QMbBbi Q7 }M/BM; � b2[m2M+2 Q7 �+iBQMb i?�i
i`�Mb7Q`K �M BMBiB�H iQ � }M�H bi�i2X h?2b2 T`Q#H2Kb +�M #2 2M+Q/2/ iQ J�ta�h iQ
2{+B2MiHv }M/ bQHmiBQMb i?�i KBMBKBx2 i?2 +Qbi Q7 i?2 �+iBQMb `2[mB`2/ iQ �+?B2p2
i?2 }M�H bi�i2X J�ta�h ?�b �HbQ #22M mb2/ iQ bvMi?2bBx2 HBM2�` i2KTQ`�H HQ;B+
UGhGV bT2+B}+�iBQMb 7Q` `Q#Qi KQiBQM TH�MMBM; �M/ +QMi`QH Q7 �miQMQKQmb bvbi2Kb
BM b+2M�`BQb r?2`2 bT2+B}+�iBQMb K�v #2 mM`2�HBx�#H2 �M/ i?2b2 +�M #2 bTHBi BMiQ
bQ7i �M/ ?�`/ bT2+B}+�iBQMb (.:hR3)X

a+?2/mHBM; T`Q#H2Kb �`2 rB/2bT`2�/ �M/ �`Bb2 BM p�`BQmb +QMi2tibX J�ta�h
?�b #22M �TTHB2/ iQ bQHpBM; /Bz2`2Mi ivT2b Q7 b+?2/mHBM; T`Q#H2Kb- BM+Hm/BM;
+Qm`b2 iBK2i�#HBM; (.JRd- JL_aRd- �LR9)- bi�z b+?2/mHBM; (.JqRd- ":aoR8-
*>"Rd)- �M/ 2p2M r2//BM; b2�iBM; �``�M;2K2Mib (JaRd)X h?2 +Qm`b2 iBK2i�#HBM;
T`Q#H2K +QMbBbib Q7 +`2�iBM; � b+?2/mH2 bm+? i?�i Bi b�iBb}2b p�`BQmb +QMbi`�BMib
rBi? `2bT2+i iQ i2�+?2`b- `QQKb- iBK2b- H2+im`2b �M/ bim/2MibX h?2b2 b+?2/mHBM;
T`Q#H2Kb �`2 Q7i2M bQHp2/ K�Mm�HHv #v � b+?QQH �/KBMBbi`�iQ` #mi +�M #2 2M+Q/2/
BMiQ J�ta�h iQ H2p2` i?2 �H;Q`Bi?KB+ �/p�M+2b 7Q` J�ta�hX

J�ta�h ?�b �HbQ #22M mb2/ iQ bQHp2 +QM};m`�iBQM T`Q#H2Kb bm+? �b }M/BM; �
T`2@T`Q/m+iBQM p2?B+H2 +QM};m`�iBQM (JEh_Re)- bQHpBM; i?2 T�+F�;2 mT;`�/2�#BH@
Biv T`Q#H2K r?2`2 i?2 ;Q�H Bb iQ }M/ M2r T�+F�;2b iQ #2 BMbi�HH2/ BM i?2 +m``2Mi
bvbi2K �++Q`/BM; iQ bQK2 mb2` T`272`2M+2 (�GJyN- �"G+Ry#- ACJR9)- �M/ 2p2M
7Q` b2�iBM; �``�M;2K2Mib �i r2//BM;b (JaRd)X
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k9XjXkXkX �A �M/ .�i� �M�HvbBb S`Q#H2Kb

J�ta�h ?�b #22M mb2/ BM � p�`B2iv Q7 /�i�@Q`B2Mi2/ �A T`Q#H2Kb- bi�`iBM; rBi?
+QKTmiBM; KQbi T`Q#�#H2 2tTH�M�iBQMb UJS1V (S�`yk) BM "�v2bB�M M2irQ`Fb-
r?2`2 i?2 ;Q�H Bb iQ +QKTmi2 i?2 KQbi HBF2Hv bi�i2 Q7 � "�v2bB�M M2irQ`F ;Bp2M
Q#b2`p�iBQMb QM � bm#b2i Q7 i?2 `�M/QK p�`B�#H2bX J�ta�h ?�b #22M b?QrM iQ
vB2H/ +QKT2iBiBp2 �TT`Q�+?2b iQ H2�`MBM; /Bz2`2Mi +H�bb2b Q7 T`Q#�#BHBbiB+ ;`�T?B+�H
KQ/2Hb- BM+Hm/BM; "�v2bB�M M2irQ`F bi`m+im`2b rBi? `2bi`B+i2/ i`22rB/i? ("CJR9)-
+�mb�H /Bb+Qp2`v BM p2`v ;2M2`B+ KQ/2H bT�+2b (>aCRd)- �b r2HH �b +�mb�H bi`m+@
im`2 2biBK�iBQM 7`QK iBK2 b2`B2b /�i� (>SC+Rd)X J�ta�h ?�b �HbQ #22M T`Q@
TQb2/ �b �M �Hi2`M�iBp2 �TT`Q�+? iQ BM72``BM; T`Q#H2K@bT2+B}+ +miiBM; TH�M2b
BM � bi�i2@Q7@i?2@�`i BMi2;2` T`Q;`�KKBM; �TT`Q�+? iQ "�v2bB�M M2irQ`F bi`m+@
im`2 H2�`MBM; (aJCR8)X 6m`i?2` `2+2Mi /�i�@Q`B2Mi2/ �TTHB+�iBQMb Q7 J�ta�h BM@
+Hm/2 H2�`MBM; 2tTH�BM�#H2 /2+BbBQM b2ib (ASLJR3) �M/ BMi2`T`2i�#H2 +H�bbB}+�iBQM
`mH2b (JJR3)- +QMbi`�BM2/ +Q``2H�iBQM +Hmbi2`BM; ("CRj- "CRd)- �M/ M2B;?#Q`?QQ/@
T`2b2`pBM; HQr@/BK2MbBQM�H pBbm�HBx�iBQM Q7 ?B;?@/BK2MbBQM�H /�i�b2ib ("C"+R9)X

Pi?2` �A �TTHB+�iBQMb- bT2+B}+�HHv rBi?BM i?2 �`2� Q7 FMQrH2/;2 `2T`2b2M@
i�iBQM �M/ `2�bQMBM;- +QMbBbi Q7 �TTHvBM; J�ta�h iQ mM/2`bi�M/ i?2 /vM�KB+b
Q7 �`;mK2Mi�iBQM 7`�K2rQ`Fb (qLCRd- LqCRe�- LqCRe#) �M/ BM KQ/2H@#�b2/
/B�;MQbBb (JCAJR8)X :Bp2M � KQ/2H Q7 � bvbi2K �M/ �M BMTmi@QmiTmi Q#b2`p�@
iBQM i?�i Bb MQi +QMbBbi2Mi rBi? i?2 2tT2+i2/ #2?�pBQ`- i?2 ;Q�H Q7 KQ/2H@#�b2/
/B�;MQbBb Bb iQ B/2MiB7v � bm#b2i Q7 +QKTQM2Mib i?�i r?2M `2KQp2/ K�F2 i?2 bvb@
i2K +QMbBbi2Mi rBi? i?2 Q#b2`p�iBQMX J�ta�h +�M #2 mb2/ iQ }M/ i?2 bK�HH2bi
b2i Q7 +QKTQM2Mib i?�i M22/ iQ #2 `2KQp2/ (JCAJR8)X AM i?2 `2�HK Q7 �#bi`�+i
�`;mK2Mi�iBQM- J�ta�h 2M�#H2b 2{+B2MiHv `2�bQMBM; �#Qmi /Bz2`2Mi MQiBQMb Q7
2M7Q`+2K2Mi- /2�HBM; rBi? bK�HH2bi +?�M;2b `2[mB`2/ iQ �`;mK2Mi�iBQM 7`�K2rQ`Fb
BM HB;?i Q7 FMQrH2/;2 QM 2ti2MbBQMb (qLCRd- LqCRe�) �b r2HH �b bvMi?2bBb Q7 �`@
;mK2Mi�iBQM 7`�K2rQ`Fb #�b2/ QM M2;�iBp2 �M/ TQbBiBp2 2t�KTH2b Q7 2ti2MbBQMb
(LqCRe#)X

k9XjXkXjX *QK#BM�iQ`B�H S`Q#H2Kb

J�ta�h +�M �HbQ #2 mb2/ iQ 2M+Q/2 �M/ bQHp2 K�Mv +QK#BM�iQ`B�H T`Q#H2Kb-
bm+? �b i?2 J�t@*HB[m2 T`Q#H2K (GZRy- 6GZ+R9- GCsR8) r?2`2 ;Bp2M � ;`QmT Q7
p2`iB+2b- i?2 K�tBK�H +HB[m2 Bb i?2 H�`;2bi bm#b2i Q7 p2`iB+2b BM r?B+? 2�+? TQBMi
Bb /B`2+iHv +QMM2+i2/ iQ 2p2`v Qi?2` p2`i2t BM i?2 bm#b2iX

Pi?2` +QK#BM�iQ`B�H T`Q#H2Kb i?�i ?�p2 #22M 2M+Q/2/ BMiQ J�ta�h BM+Hm/2
i?2 ai2BM2` i`22 T`Q#H2K (/PaR8)- i`22@rB/i? +QKTmi�iBQM ("CR9) �M/ }M/BM;
bQHmiBQMb 7Q` i?2 K�tBKmK [m�`i2i +QMbBbi2M+v T`Q#H2K (JJRy)X

k9XjXkX9X o2`B}+�iBQM �M/ a2+m`Biv

�MQi?2` /QK�BM rBi? K�Mv bm++2bb7mH J�ta�h �TTHB+�iBQMb Bb p2`B}+�iBQM �M/
b2+m`Biv Q7 bQ7ir�`2 �M/ ?�`/r�`2X 6Q` BMbi�M+2- J�ta�h +�M #2 mb2/ iQ /2bB;M
�M/ /2#m; +B`+mBib (aJo+yd- *aoJayN- *aJoRy- �AJhRj- s_ayj)X Pi?2`
2t�KTH2b Q7 �TTHB+�iBQMb Q7 J�ta�h iQ ?�`/r�`2 +QMbBbi BM bQHpBM; i?2 ?�`/r�`2@
bQ7ir�`2 T�`iBiBQMBM; T`Q#H2K r?B+? /2+B/2b /m`BM; i?2 /2bB;M T?�b2 r?B+? T�`ib
b?QmH/ #2 BKTH2K2Mi2/ 2Bi?2` BM ?�`/r�`2 Q` bQ7ir�`2 (h.6.:.aC+Rd)X
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J�ta�h �HbQ ?�b K�Mv �TTHB+�iBQMb BM b2+m`BivX 6Q` BMbi�M+2- bQHpBM; i?2 mb2`
�mi?Q`Bx�iBQM [m2`v T`Q#H2K (qZGyN)- `2+QMbi`m+iBM; �1a F2v b+?2/mH2 BK�;2b
(GwERe)- /2i2+iBM; ?�`/r�`2 h`QD�Mb (a�R3)- �M/ K�tBKBxBM; i?2 /2p2HQTK2Mi
�bbm`�M+2 H2p2H iQ BKT`Qp2 i?2 `B;Q` Q7 i?2 /2p2HQTK2Mi Q7 bQ7ir�`2 �M/ ?�`/r�`2
QM �B`+`�7i (".aRR)X �MQi?2` �TTHB+�iBQM BM b2+m`Biv Bb iQ }M/ K�Hr�`2 BM �M/`QB/
�TTHB+�iBQMb #v K�tBKBxBM; i?2 bBKBH�`Biv #2ir22M � K�HB+BQmb �TTHB+�iBQM �M/ i?2
�TTHB+�iBQM i?�i Bb #2BM; b+�MM2/ (6"J+Rd)X

J�ta�h ?�b �HbQ #22M mb2/ iQ KBMBKBx2 +�b+�/BM; bivH2 b?22ib U*aaV BM
Q`/2` iQ `2/m+2 i?2 bBx2 Q7 i?2 +Q/2 i`�MbKBii2/ Qp2` i?2 r2# (>G>RN)X �MQi?2`
�TTHB+�iBQM Bb iQ mb2 J�ta�h 7Q` [m�HBiv Q7 b2`pB+2 UZQaV Q7 +HQm/ b2`pB+2b r?2`2
i?2 ;Q�H Bb iQ KBMBKBx2 i?2 +QKTQbBiBQM Q7 /Bbi`B#mi2/ r2# b2`pB+2b r?BH2 b�iBb7vBM;
i?2 mb2` T`272`2M+2b (qC>R3- "�*6Rd)X

q?2M �M�HvxBM; bQ7ir�`2- T`Q;`�K �M�HvbBb iQQHb mbm�HHv i`�/2 T`2+BbBQM 7Q`
b+�H�#BHBiv �M/ i?2B` QmiTmi Q7i2M +QMi�BMb mM/2bB`�#H2 QmiTmi /m2 iQ �TT`QtBK�@
iBQMbX J�ta�h +�M #2 mb2/ BM � mb2`@;mB/2/ T`Q;`�K �M�HvbBb b2iiBM; r?2`2 i?2
?�`/ +H�mb2b +�Tim`2 i?2 bQmM/M2bb Q7 i?2 �M�HvbBb �M/ bQ7i +H�mb2b +�Tim`2 i?2
/2;`22b Q7 �TT`QtBK�iBQM �M/ mb2`Ƕb T`272`2M+2b (JwLLR8�- aw:LRd)X 1M+Q/BM;
mb2`@;mB/2/ T`Q;`�K �M�HvbBb BMiQ J�ta�h +�M H2�/ iQ p2`v H�`;2 7Q`KmH�b r?B+?
+�M #2 bQHp2/ #v bT2+B�HBx2/ J�ta�h bQHpBM; �H;Q`Bi?Kb (JwLLR8#- wJLLRe)X

J�ta�h +�M �HbQ #2 mb2/ 7Q` 7�mHi HQ+�HBx�iBQM r?2`2 i?2 ;Q�H Bb iQ TBM@
TQBMi i?2 HQ+�HBx�iBQM Q7 bQ7ir�`2 #m;b (wqJRR- CJRR)X AM T�`iB+mH�`- J�ta�h
+�M #2 mb2/ iQ `2/m+2 i?2 2``Q` HQ; `2TQ`i2/ iQ i?2 T`Q;`�KK2` �M/ /2+`2�b2
i?2 �KQmMi Q7 +Q/2 i?�i M22/b iQ #2 `2pB2r2/X h?2 T`Q#H2K Q7 bi�i2@bT�+2 `2@
/m+iBQM 7Q` MQM@/2i2`KBMBbiB+ pBbB#Hv Tmb?/QrM �miQK�i� +�M �HbQ #2 2M+Q/2/
BMiQ J�ta�h- r?B+? +�M #2 mb2/ iQ BKT`Qp2 i?2 T2`7Q`K�M+2 Q7 bQ7ir�`2 KQ/2H@
+?2+F2`b (>ahRd)X

k9XjXkX8X "BQBM7Q`K�iB+b

J�ta�h ?�b �TTHB+�iBQMb BM K�Mv BMi2`/Bb+BTHBM�`v �TTHB+�iBQMb bm+? �b #BQBM@
7Q`K�iB+bX PM2 Q7 i?2b2 �TTHB+�iBQMb Bb iQ bQHp2 i?2 ?�THQivT2 BM72`2M+2 T`Q#H2K
r?B+? �BKb �i }M/BM; i?2 KBMBKmK MmK#2` Q7 ?�THQivT2b r?B+? 2tTH�BMb � ;Bp2M
b2i Q7 ;2MQivT2b (:JGRR- :JGPRR)X

Pi?2` �TTHB+�iBQMb rBi?BM i?Bb /QK�BM +QMbBbi Q7 }M/BM; ;2M2`�HBx2/ AbBM;
KQ/2Hb (>E.+Re)- }M/BM; i?2 K�tBKmK bBKBH�`Biv #2ir22M _L� b2[m2M+2b
(J�`Rd)- KQ/2HBM; #BQHQ;B+�H M2irQ`Fb `2T`2b2MiBM; i?2 BMi2`�+iBQMb #2ir22M ;2M2b
(:GRk)- �M/ 2p2M �TTHB+�iBQMb BM +�M+2` i?2`�Tv iQ }M/ 7�mHiv �`2�b Q7 i?2 ;2M2
`2;mH�iQ`v M2irQ`F (GERk)X

k9XjXkXeX 6m`i?2` �TTHB+�iBQMb

u2i �MQi?2` �TTHB+�iBQM Q7 J�ta�h Bb iQ BKT`Qp2 Qi?2` +QMbi`�BMi bQHpBM; �H;Q@
`Bi?KbX 6Q` BMbi�M+2- J�ta�h +�M #2 mb2/ iQ `2biQ`2 b�iBb}�#BHBiv Q7 +QMbi`�BMi
b�iBb7�+iBQM T`Q#H2Kb U*aSbVX "v 2M+Q/BM; � *aS BMbi�M+2 �b � J�ta�h BM@
bi�M+2- QM2 +�M B/2MiB7v i?2 bK�HH2bi b2i Q7 imTH2b iQ #2 `2KQp2/ 7`QK i?2 *aS
BMbi�M+2 iQ `2biQ`2 b�iBb}�#BHBiv (GJRR)X J�ta�h ?�b �HbQ #22M mb2/ iQ 2MmK2`@
�i2 KBMBK�H +Q``2+iBQM b2ib UJ*aV (JGJRj) rBi? i?2 ;Q�H Q7 `2KQpBM; � KBMBK�H
MmK#2` Q7 +H�mb2b bm+? i?�i �M mMb�iBb}�#H2 a�h 7Q`KmH� #2+QK2b b�iBb}�#H2X
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S`QT�;�iBQM +QKTH2i2 2M+Q/BM;b ?�p2 i?2 T`QT2`iv Q7 #2BM; �#H2 iQ B/2M@
iB7v BM+QMbBbi2M+B2b pB� mMBi T`QT�;�iBQM- i?mb �HHQrBM; i?2 2M+Q/BM; iQ #2 KQ`2
2{+B2MiHv bQHp2/ #v a�h bQHp2`bX >Qr2p2`- i?Bb i`�/2@Qz mbm�HHv +QK2b �i i?2 2t@
T2Mb2 Q7 H�`;2` a�h 2M+Q/BM;bX J�ta�h +�M #2 mb2/ iQ +QKTmi2 �TT`QtBK�i2Hv
T`QT�;�iBQM +QKTH2i2 2M+Q/BM;b (1_R3) r?B+? �HHQrb +QM~B+ib iQ #2 /2i2+i2/ 2�`@
HB2` r?2M mbBM; � a�h bQHp2`X

k9X9X JQ/2`M J�ta�h �H;Q`Bi?Kb

AM i?Bb b2+iBQM- r2 T`QpB/2 �M Qp2`pB2r Q7 i?2 +m``2MiHv KQbi BKTQ`i�Mi �H;Q@
`Bi?KB+ �TT`Q�+?2b iQ J�ta�h- 7Q+mbBM; QM a�h@#�b2/ �TT`Q�+?2b, i?2 KQ/2H@
BKT`QpBM; �TT`Q�+? U#�b2/ QM [m2`vBM; � a�h bQHp2` 7Q` bQHmiBQMb Q7 BM+`2�bBM;
[m�HBivV- i?2 +Q`2@;mB/2/ �TT`Q�+? UBM Bib b2p2`�H p�`B�Mib- #�b2/ QM 2ti`�+iBM;
J�ta�h +Q`2b �M/ +QKTBHBM; 2�+? +Q`2 BMiQ i?2 BMbi�M+2 mMiBH � b�iBb7vBM; �b@
bB;MK2Mi Bb 7QmM/V- �M/ i?2 BKTHB+Bi ?BiiBM; b2i �TT`Q�+? U#�b2/ QM �++mKmH�iBM;
� b2i Q7 J�ta�h +Q`2b �M/ +QKTmiBM; � KBMBKmK@+Qbi ?BiiBM; b2i Q7 i?2 +Q`2b
mMiBH � b�iBb7vBM; �bbB;MK2Mi 7Q` i?2 +H�mb2b MQi BM i?2 ?BiiBM; b2i Bb 7QmM/VX

q2 rBHH MQi +Qp2` #`�M+?@�M/@#QmM/ �TT`Q�+?2b iQ J�ta�h U2X;X- (>GPy3-
GJJSRy)VX h?2 BMi2`2bi2/ `2�/2` Bb `272``2/ iQ *?�Ti2` kj 7Q` �M Qp2`pB2r Q7
bm+? �TT`Q�+?2bX h?2 K�BM 72�im`2 Q7 i?2 �TT`Q�+?2b r2 rBHH T`2b2Mi ?2`2 Bb
i?�i i?2v b+�H2 mT iQ Km+? H�`;2` T`Q#H2Kb i?�M #`�M+?@�M/@#QmM/ �TT`Q�+?2bX
h?2`2 /Q 2tBbi bK�HH J�ta�h BMbi�M+2b rBi? � 72r ?mM/`2/ p�`B�#H2b U2X;X- }M/@
BM; H�`;2bi +mib BM `�M/QK ;`�T?bV i?�i #`�M+?@�M/@#QmM/ �H;Q`Bi?Kb +�M bQHp2
p2`v [mB+FHv UH2bb i?�M i2M b2+QM/bV r?BH2 i?2 KQ/2`M a�h@#�b2/ J�ta�h �H@
;Q`Bi?Kb Qp2`pB2r2/ BM i?Bb +?�Ti2` ?�p2 +QMbB/2`�#H2 T`Q#H2K bQHpBM; UBX2X- BM@
bi�M+2b `2K�BM mMbQHp2/ �7i2` i?Qmb�M/b Q7 b2+QM/bVX >Qr2p2`- #`�M+?@�M/@#QmM/
�TT`Q�+?2b �`2 ivTB+�HHv BM2z2+iBp2 QM BMbi�M+2b rBi? KQ`2 i?�M � i?Qmb�M/ p�`B@
�#H2bX S`Q#H2Kb 7`QK p�`BQmb �TTHB+�iBQM �`2�b- BM+Hm/BM; QM2b /2b+`B#2/ BM a2+@
iBQM k9XjXk- �`2 mbm�HHv Km+? H�`;2`- ivTB+�HHv BMpQHpBM; �i H2�bi i2M i?Qmb�M/
p�`B�#H2b �M/ bQK2iBK2b �b K�Mv �b KBHHBQMb Q7 p�`B�#H2b �M/ +H�mb2bX

k9X9XRX "�+F;`QmM/

q?BH2 /2i�BHb QM i?2 J�ta�h 7Q`K�HBbK r2`2 �H`2�/v T`2b2Mi2/ BM a2+iBQM k9Xk-
BM Q`/2` iQ T`QT2`Hv 2tTH�BM +m``2Mi �H;Q`Bi?Kb 7Q` bQHpBM; J�ta�h r2 M22/ bQK2
7m`i?2` #�+F;`QmM/X

k9X9XRXRX h`�Mb7Q`K�iBQMb
J�ta�h �H;Q`Bi?Kb `2Hv QM +2`i�BM i`�Mb7Q`K�iBQMb i?�i +�M #2 �TTHB2/ iQ �
J�ta�h 7Q`KmH�X h?2`2 �`2 � MmK#2` Q7 bQmM/ r�vb iQ i`�Mb7Q`K � J�ta�h
7Q`KmH� F BMiQ � M2r J�ta�h 7Q`KmH� F ′ bm+? i?�i 7`QK �M QTiBK�H bQHmiBQM
iQ F ′ r2 +�M 2�bBHv Q#i�BM �M QTiBK�H bQHmiBQM 7Q` F X am+? i`�Mb7Q`K�iBQMb
BM+Hm/2 bBKTHB7vBM; i`�Mb7Q`K�iBQMb mb2/ BM T`2T`Q+2bbBM;- �M/ i`�Mb7Q`K�iBQMb
mb2/ bBKTHv iQ K�F2 Bi KQ`2 �H;Q`Bi?KB+�HHv +QMp2MB2Mi iQ bQHp2 i?2 J�ta�h
T`Q#H2KX S`2T`Q+2bbBM; Bb /Bb+mbb2/ BM KQ`2 /2i�BH BM a2+iBQM k9X8XRX AM i?Bb
b2+iBQM r2 T`2b2Mi bQK2 KQ`2 #�bB+ i`�Mb7Q`K�iBQMb i?�i �`2 mb27mH 7Q` �H;Q`Bi?KB+
+QMp2MB2M+2 U#Qi? 7Q` J�ta�h bQHpBM; �M/ 7Q` 7m`i?2` T`2T`Q+2bbBM;VX
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k9X9XRXRXRX h?2 "HQ+FBM; o�`B�#H2 h`�Mb7Q`K�iBQMX h?2 #HQ+FBM; p�`B�#H2 i`�Mb@
7Q`K�iBQM Bb mb2/ QM i?2 BMTmi 7Q`KmH� #v � MmK#2` Q7 J�ta�h bQHp2`bX Ai i`�Mb@
7Q`Kb �M BMTmi J�ta�h 7Q`KmH� F BMiQ �M 2[mBp�H2Mi 7Q`KmH� F b i?�i ?�b QMHv
mMBi bQ7i +H�mb2bX >�pBM; � bBM;H2 HBi2`�H ℓ r?Qb2 i`mi? p�Hm2 2M+Q/2b i?2 i`mi?
p�Hm2 Q7 i?2 bQ7i +H�mb2 c- �HHQrb mb iQ mb2 ℓ �b �M �bbmKTiBQM iQ i?2 a�h bQHp2`
Ua2+iBQM k9X9XRXkV �M/ iQ mb2 ℓ �b �M BMTmi iQ +�`/BM�HBiv +QMbi`�BMib mb2/ r?2M
2M+Q/BM; i?2 +Qbi #QmM/ kX

AM i?2 F b i`�Mb7Q`K�iBQM- i?2 ?�`/ +H�mb2b F �`2 mM+?�M;2/X 1�+? bQ7i +H�mb2
ci Q7 F Bb i`�Mb7Q`K2/ #v �//BM; i?2 M2;�iBQM Q7 � #`�M/ M2r p�`B�#H2 bi-k �//BM;
i?2 `2bmHi�Mi 2ti2M/2/ +H�mb2 ci ∨ ¬bi �b � M2r ?�`/ +H�mb2- �M/ +`2�iBM; � M2r
mMBi bQ7i +H�mb2 (bi) rBi? r2B;?i 2[m�H iQ ciǶb r2B;?i UciǶb r2B;?i Bb KQp2/ iQ i?2
M2r mMBi bQ7i +H�mb2VX

.2}MBiBQM e U"HQ+FBM; p�`B�#H2 i`�Mb7Q`K�iBQMVX :Bp2M � J�ta�h BMbi�M+2 F -
F b Bb � M2r J�ta�h BMbi�M+2 rBi?,

RX hard(F b) = hard(F ) ∪ {(ci ∨ ¬bi) | ci ∈ soft(F )}- r?2`2 2�+? bi Bb � M2r
p�`B�#H2 +�HH2/ � #HQ+FBM; Q` � `2H�t�iBQM p�`B�#H2X

kX soft(F b) = {(bi) | bi r�b �//2/ BM bi2T R}
jX wt((bi)) = wt(ci) U2�+? M2r bQ7i +H�mb2 (bi) ;2ib i?2 r2B;?i Q7 i?2 Q`B;BM�H

ci ∈ soft(F )VX

1t�KTH2 9X A7 F = {(x,¬y, z)- (¬y, z)- (z, y)10- (¬z)5}- i?2M F b = {(x,¬y, z)-
(¬y, z)- (z, y,¬b1)- (¬z,¬b2)- (b1)10- (b2)5}Xj

F b ?�b i?2 7QHHQrBM; mb27mH T`QT2`iB2bX

RX F b ?�b QMHv mMBi bQ7i +H�mb2b- bQ i?2`2 Bb � bBM;H2 HBi2`�H /2MQiBM; i?2 i`mi?
�M/ 7�HbBiv Q7 2�+? bQ7i +H�mb2X

kX A7 πb Bb � 72�bB#H2 bQHmiBQM 7Q` F b i?2M πb|vars(F ) Bb � 72�bB#H2 bQHmiBQM 7Q`
F rBi? cost(πb, F b) ≥ cost(πb|vars(F ), F )X

jX A7 π Bb � 72�bB#H2 bQHmiBQM 7Q` F - i?2M r2 +�M 2ti2M/ π iQ πb- � 72�bB#H2
bQHmiBQM 7Q` F b- rBi? cost(π, F ) = cost(πb, F b)X

hQ BHHmbi`�i2 T`QT2`iv k- πb = {x,¬y, z,¬b1,¬b2} UHBbiBM; i?2 HBi2`�Hb K�/2
i`m2 #v πbV Bb � 72�bB#H2 bQHmiBQM 7Q` F b 7`QK 1t�KTH2 9- �M/ cost(πb, F b) = 15X
_2bi`B+iBM; πb iQ vars(F ) r2 Q#i�BM πb|vars(F ) = {x,¬y, z}- r?B+? +�M #2 b22M iQ
#2 � 72�bB#H2 bQHmiBQM iQ F rBi? HQr2` +Qbi cost(πb|vars(F ), F ) = 5X

hQ BHHmbi`�i2 T`QT2`iv j- π = {x,¬y, z} Bb � 72�bB#H2 bQHmiBQM Q7 F rBi?
cost(π, F ) = 5- �M/ r2 +�M 2ti2M/ Bi iQ #2 � 72�bB#H2 bQHmiBQM Q7 F b #v b2i@
iBM; 2�+? bi iQ i`m2 Bz π |= ciX AM i?Bb +�b2- r2 Q#i�BM πb = {x,¬y, z, b1,¬b2} rBi?
2[m�H +Qbi cost(πb, F b) = 5X

S`QTQbBiBQM RX S`QT2`iB2b k �M/ j ?QH/ 7Q` i?2 #HQ+FBM; p�`B�#H2 i`�Mb7Q`K�iBQMX
kh?2 B/2� Q7 �//BM; � M2r p�`B�#H2 iQ � +H�mb2 bQ i?�i i?2 M2r p�`B�#H2 2M+Q/2b i?2 +H�mb2Ƕb

i`mi? p�Hm2 �TT2�`b BM (:qNj)- #mi K�v ?�p2 #22M mb2/ 2p2M 2�`HB2`X
j6Q` bQK2 J�ta�h �H;Q`Bi?Kb Bi Bb TQbbB#H2 BM +2`i�BM +�b2b iQ �pQB/ �//BM; � M2r p�`B�#H2

iQ bQ7i +H�mb2b i?�i �`2 �H`2�/v mMBi ("aCR8#)X h?Bb +�M bB;MB}+�MiHv `2/m+2 i?2 MmK#2` Q7 M2r
p�`B�#H2b BM i?2 7Q`KmH� F b K�FBM; Bi KQ`2 2{+B2Mi iQ bQHp2X
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S`QQ7X hQ b22 i?�i T`QT2`iv k Bb i`m2- Q#b2`p2 i?2 7QHHQrBM;X A7 πb Bb � 72�bB#H2
bQHmiBQM Q7 F b Bi Kmbi b�iBb7v �HH ?�`/ +H�mb2b Q7 F bX >2M+2- πb b�iBb}2b 2p2`v
?�`/ +H�mb2 Q7 F bBM+2 hard(F ) ⊆ hard(F b)X aBM+2 MQM2 Q7 i?2 ?�`/ +H�mb2b Q7 F
+QMi�BM �Mv M2r bi p�`B�#H2b r2 �HbQ ?�p2 i?�i πb|vars(F ) b�iBb}2b 2p2`v ?�`/ +H�mb2
Q7 F - �M/ i?mb πb|vars(F ) Bb � 72�bB#H2 bQHmiBQM 7Q` F X *QMbB/2` cost(πb|vars(F ), F )X
h?Bb Bb i?2 bmK Q7 i?2 r2B;?ib Q7 �HH bQ7i +H�mb2b 7�HbB}2/ #v πb|vars(F )X G2i ci
#2 QM2 Q7 i?2 bQ7i +H�mb2b 7�HbB}2/ #v πb|vars(F ) bQ i?�i r2B;?i wt(ci) Bb � i2`K
BM i?2 bmK cost(πb|vars(F ), F )X aBM+2 πb b�iBb}2b i?2 ?�`/ +H�mb2 (ci ∨ ¬bi) Q7 F b

�M/ πb|vars(F ) 7�HbB}2b ci- r2 Kmbi ?�p2 i?�i πb |= ¬biX AM Qi?2` rQ`/b- πb Kmbi
7�HbB7v i?2 bQ7i +H�mb2 (bi) ∈ F b- r?B+? +QMi`B#mi2b i?2 i2`K wt((bi)) (= wt(ci))
iQ cost(πb, F b)X h?�i Bb- r2 Kmbi ?�p2 i?�i cost(πb, F b) ≥ cost(πb|vars(F ), F )X

hQ b22 i?�i T`QT2`iv j Bb i`m2- H2i π #2 � 72�bB#H2 bQHmiBQM 7Q` F X q2 2ti2M/
π iQ πb #v b2iiBM; πb |= bi B7 π |= ci �M/ πb |= ¬bi B7 π ̸|= ciX �b � `2bmHi
πb rBHH b�iBb7v �HH ?�`/ +H�mb2b Q7 F bX �HbQ- cost(πb, F b) rBHH BM+Hm/2 i?2 i2`K
wt((bi)) B7 �M/ QMHv B7 cost(π, F ) BM+Hm/2b i?2 i2`K wt(ci) U= wt(bi)VX >2M+2
cost(π, F ) = cost(πb, F b)

6m`i?2`KQ`2- T`QT2`iB2b k �M/ j BKTHv i?�i i?2 #HQ+FBM; p�`B�#H2 i`�Mb7Q`K�@
iBQM J�ta�h 2[mBp�H2M+2 BM i?2 7QHHQrBM; b2Mb2X

S`QTQbBiBQM k UJ�ta�h 2[mBp�H2M+2 Q7 F bVX A7 πb Bb �M QTiBK�H bQHmiBQM Q7 F b

i?2M πb|vars(F ) Bb �M QTiBK�H bQHmiBQM Q7 F X

S`QQ7X h?2 T`QTQbBiBQM 7QHHQrb 7`QK T`QT2`iB2b k �M/ j QM i?2 #HQ+FBM; p�`B�#H2
i`�Mb7Q`K�iBQMX AM T�`iB+mH�` UkV i2HHb mb i?�i i?2 +Qbi Q7 �M QTiBK�H bQHmiBQM iQ
F b Bb �i H2�bi �b H�`;2 �b i?2 +Qbi Q7 �M QTiBK�H bQHmiBQM iQ F c �M/ UjV i2HHb mb
i?�i i?�i Bb �i H2�bi �b bK�HHX

h?Bb T`QTQbBiBQM i2HHb mb i?�i r2 +�M bQHp2 � J�ta�h 7Q`KmH� F #v bQHpBM;
F b �M/ i?2M bBKTHv /Bb+�`/BM; i?2 i`mi? �bbB;MK2Mib iQ i?2 M2rHv BMi`Q/m+2/
p�`B�#H2b biX

>BbiQ`B+�HHv- i?2 B/2� Q7 �//BM; ǳ`2H�t�iBQMǴ Q` ǳ#HQ+FBM;Ǵ p�`B�#H2b iQ i?2
bQ7i +H�mb2b ?�b #22M mb2/ BM �HH J�ta�h �H;Q`Bi?Kb #�b2/ QM bQHpBM; � b2[m2M+2
Q7 a�h BMbi�M+2bX AM i?2 T`2b2Mi�iBQM Q7 i?2b2 �H;Q`Bi?Kb- ivTB+�HHv i?2 `2H�t�iBQM
p�`B�#H2b �`2 BMi`Q/m+2/ �i p�`BQmb bi�;2b Q7 i?2 �H;Q`Bi?KǶb 2t2+miBQM `�i?2` i?�M
BMBiB�HHvX AM T`�+iB+2- ?Qr2p2`- J�ta�h bQHp2`b ;2M2`�HHv BMi`Q/m+2 i?2 `2H�t�iBQM
p�`B�#H2b �i i?2 #2;BMMBM;- bQ �b iQ 2tTHQBi a�h bQHpBM; mM/2` �bbmKTiBQMb iQ
2ti`�+i +Q`2b- Q` iQ BKTQb2 #QmM/b QM ?Qr K�Mv bQ7i +H�mb2b +�M #2 7�HbB}2/
pB� +�`/BM�HBiv Q` Tb2m/Q@#QQH2�M +QMbi`�BMibX AM ;2M2`�H- Bi Bb bBKTH2` �M/ KQ`2
mMB7Q`K iQ 2tTH�BM i?2b2 /Bz2`2Mi �H;Q`Bi?Kb �b i?2v `mM BM T`�+iB+2ěBX2X- �b i?2v
`mM QM F b `�i?2` i?�M �b i?2v `mM QM F X

�HbQ ivTB+�HHv i?2 TQbBiBp2 7Q`K Q7 i?2 `2H�t�iBQM p�`B�#H2b Bb �//2/ iQ i?2
+H�mb2X aQ i?2 bQ7i +H�mb2 (x, y)10 rQmH/ #2+QK2 i?2 ?�`/ +H�mb2 (x, y, b1)- `�i?2`
i?�M (x, y,¬b1) �b r2 ?�p2 /QM2 ?2`2X "v �//BM; i?2 M2;�iBQM Q7 i?2 `2H�t�iBQM
p�`B�#H2 r2 �pQB/ � TQi2MiB�HHv +QM7mbBM; TQH�`Biv ~BTX AM T�`iB+mH�`- MQr r?2M bi
Bb i`m2 ci Kmbi #2 b�iBb}2/- `�i?2` i?�i ?�pBM; ¬bi BKTHv i?�i ci Kmbi #2 b�iBb}2/X
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k9X9XRXRXkX aQ7i *H�mb2 *HQMBM; �M/ J�ta�h _2bQHmiBQMX �MQi?2` i`�Mb7Q`K�@
iBQM i?�i Bb bQK2iBK2b mb2/ r?2M bQHpBM; � J�ta�h 7Q`KmH� Bb iQ bTHBi � bQ7i
+H�mb2 cm+n BMiQ irQ bQ7i +H�mb2b cm �M/ cnX 6Q` 2t�KTH2- r2 +�M `2TH�+2 i?2
bBM;H2 bQ7i +H�mb2 (x,¬y)12 rBi? i?2 irQ bQ7i +H�mb2b (x,¬y)5 �M/ (x,¬y)7X AM
i?2 HBi2`�im`2- i?Bb T`Q+2bb Bb +�HH2/ bQ7i +H�mb2 +HQMBM;X Ai Bb MQi /B{+mHi iQ b22
i?�i i?2 +Qbi Q7 �Mv 72�bB#H2 bQHmiBQM π `2K�BMb mM+?�M;2/ #v bQ7i +H�mb2 +HQMBM;
U�M/ ?2M+2 i?2 QTiBK�H bQHmiBQMb �`2 mM+?�M;2/VX h?Bb i`�Mb7Q`K�iBQM +�M �HbQ
#2 T2`7Q`K2/ BM `2p2`b2- r2 +�M +QK#BM2 i?2 r2B;?ib Q7 �HH +QTB2b Q7 � bQ7i +H�mb2
BMiQ � bBM;H2 +QTvX aQ7i +H�mb2 +HQMBM; Bb mb2/ BM K�Mv U#mi MQi �HHV J�ta�h
�H;Q`Bi?Kb iQ /2�H rBi? r2B;?i2/ BMbi�M+2bX

GB7iBM; i?2 +H�bbB+�H `2bQHmiBQM `mH2 iQ J�ta�h ;Bp2b `Bb2 iQ � KQ`2 +QKTH2t
i`�Mb7Q`K�iBQM (G>y8- "GJyd)X h?2 G�``Qb� �M/ >2`�b (G>y8) i`�Mb7Q`K�iBQM
Bb �b 7QHHQrbX :Bp2M irQ +H�mb2b Q7 i?2 7Q`K (x,A)w1 �M/ (¬x,B)w2 �M/ H2iiBM;
m = min(w1, w2) r2 +�M �TTHv � J�ta�h `2bQHmiBQM bi2T �b 7QHHQrbX

RX _2TH�+2 i?2 irQ Q`B;BM�H +H�mb2b (x,A)w1 �M/ (¬x,B)w2 #v i?2B` `2bB/m2b,
(x,A)w1−m �M/ (¬x,B)w2−mX

kX �// i?2 `2bQHp�Mi (A,B)mX
jX �// i?2 irQ +QKT2Mb�iBQM +H�mb2b (x,A,¬B)m �M/ (¬x,B,¬A)mX
h?2`2 �`2 � 72r i?BM;b iQ MQi2X 6B`bi- �Mv bQ7i +H�mb2 rBi? r2B;?i x2`Q +�M

#2 `2KQp2/ 7`QK i?2 7Q`KmH�ěbm+? +H�mb2b +�MMQi �z2+i i?2 +Qbi Q7 �Mv 72�bB#H2
bQHmiBQMX >2M+2- �i H2�bi QM2 Q7 i?2 `2bB/m2 +H�mb2b rBHH p�MBb?X a2+QM/- i?2
+QKT2Mb�iBQM +H�mb2b �`2 MQi +H�mb2b Ui?2v +QMi�BM +QMDmM+iBQMb Q7 HBi2`�Hb ¬A
Q` ¬BVX >2M+2- i?2v ?�p2 iQ #2 +QMp2`i2/ BMiQ � b2i Q7 +H�mb2b- r?2`2 i?2 bBx2
Q7 i?�i b2i rBHH /2T2M/ QM r?2i?2` Q` MQi M2r p�`B�#H2b �`2 BMi`Q/m+2/X �M/
i?B`/- #v i`2�iBM; ?�`/ +H�mb2b �b #2BM; bQ7i +H�mb2b rBi? BM}MBi2 r2B;?i U2X;-
(x, y) = (x, y)∞V- r2 +�M �TTHv J�ta�h `2bQHmiBQM iQ +QK#BM�iBQMb Q7 bQ7i �M/
?�`/ +H�mb2bX

aBM+2 i?2 J�ta�h `2bQHmiBQM `mH2 Q7 G�``Qb� �M/ >2`�b +�M ;2M2`�i2 MQM@
+H�mb�H 7Q`KmH� Bi +�MMQi 7Q`K � T`QQ7 bvbi2KX AM �Mv T`QQ7 bvbi2K 7Q` *L6 2�+?
`mH2 Q7 BM72`2M+2 Kmbi vB2H/ � p�HB/ M2r *L6X "QM2i 2i �HX ("GJyd) �//`2bb2/
i?Bb Bbbm2 �M/ ;�p2 � p2`bBQM Q7 J�ta�h `2bQHmiBQM i?�i /Q2b vB2H/ � M2r *L6X
h?2v �HbQ b?Qr2/ i?�i i?2B` p2`bBQM Q7 J�ta�h `2bQHmiBQM 7Q`Kb � +QKTH2i2 T`QQ7
bvbi2K, 7Q` �Mv J�ta�h BMbi�M+2 F i?2`2 2tBbib � J�ta�h `2bQHmiBQM T`QQ7 i?�i
F ?�b QTiBK�H +Qbi cost(F )X J�ta�h `2bQHmiBQM ?�b #22M mb2/ �b � i?2Q`2iB+�H
mM/2`TBMMBM; 7Q` bQK2 J�ta�h �H;Q`Bi?Kb- 2X;X- SJ_2b (L"R9) �M/ JBMBJ�ta�i
(>GPy3)- #mi /B`2+iHv BKTH2K2MiBM; J�ta�h `2bQHmiBQM iQ bQHp2 J�ta�h /Q2b
MQi b22K iQ #2 T`�+iB+�H (JJRR)X

k9X9XRXkX AM+`2K2Mi�H �M/ �bbmKTiBQM@#�b2/ a�h aQHpBM; 7Q` 1ti`�+iBM; *Q`2b
�M 2bb2MiB�H i2+?MB[m2 mb2/ BM J�ta�h bQHpBM; Bb �bbmKTiBQM@#�b2/ a�h bQHpBM;
(1ayj) BKTH2K2Mi2/ BM KQbi KQ/2`M a�h bQHp2`bX q?2M ;Bp2M �M BMTmi 7Q`KmH� F
� a�h bQHp2` +�M T`Q/m+2 2Bi?2` � b�iBb7vBM; i`mi? �bbB;MK2Mi Q` +QM+Hm/2 i?�i F
Bb mMb�iBb}�#H2X �bbmKTiBQM@#�b2/ a�h bQHpBM; 2ti2M/b i?2 +�T�+Biv Q7 i?2 a�h
bQHp2` #v �bFBM; Bi iQ bQHp2 F bm#D2+i iQ � b2i Q7 �bbmKTiBQMb A r?B+? Kmbi #2 �
b2i Q7 HBi2`�HbX LQr i?2 a�h bQHp2` Kmbi 2Bi?2` }M/ � i`mi? �bbB;MK2Mi b�iBb7vBM;
F ∧

∧
ℓ∈A ℓ UBX2X- � i`mi? �bbB;MK2Mi b�iBb7vBM; F i?�i �HbQ K�F2b �HH Q7 i?2 HBi2`�Hb
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BM A i`m2V- Q` Bi Kmbi +QM+Hm/2 i?�i F ∧ A Bb mMb�iBb}�#H2X 6m`i?2`KQ`2- �M/
KQbi +`BiB+�H iQ J�ta�h bQHp2`b- r?2M F ∧A �`2 mMb�iBb}�#H2 i?2 a�h bQHp2` Bb
�#H2 iQ `2im`M � +H�mb2 c bm+? i?�i

RX c +QMi�BMb QMHv M2;�i2/ HBi2`�Hb Q7 A- BX2X- A |= ¬c Uc Bb � +QM~B+i +H�mb2
Qp2` AV- �M/

kX F |= cX
h?2 +QM~B+i +H�mb2 c Bb i?mb � bm#b2i Q7 A i?�i Bb bm{+B2Mi iQ b?Qr i?�i MQ KQ/2H
Q7 F b�iBb}2b �HH Q7 AX AM T�`iB+mH�` �Mv KQ/2H Q7 F Kmbi 7�HbB7v �i H2�bi QM2 Q7
i?2 HBi2`�Hb Q7 A r?Qb2 M2;�iBQM Bb +QMi�BM2/ BM cX

Ai b?QmH/ #2 MQi2/ i?�i i?2 +QM~B+i +H�mb2 c `2im`M2/ #v i?2 a�h bQHp2` M22/
MQi #2 KBMBK�HX h?�i Bb- i?2`2 +QmH/ #2 �MQi?2` +H�mb2 c′ ̸⊆ c b�iBb7vBM; i?2 �#Qp2
irQ +QM/BiBQMbX >2M+2- B7 F #v Bib2H7 Bb mMb�iBb}�#H2 i?2 a�h bQHp2` KB;?i `2im`M
�Mv bm#b2i Q7 M2;�i2/ HBi2`�Hb Q7 A UBM+Hm/BM; TQbbB#Hv i?2 2KTiv +H�mb2VX

�bbmKTiBQMb +�M #2 mb2/ iQ 2ti`�+i +Q`2b r?2M i?2 J�ta�h 7Q`KmH� +QM@
i�BMb mMBi bQ7i +H�mb2b U2X;X- �7i2` i?2 F b i`�Mb7Q`K�iBQM ?�b #22M �TTHB2/VX AM
T�`iB+mH�`- B7 (b1)w1 , . . . , (bm)wm �`2 i?2 bQ7i +H�mb2b Q7 � J�ta�h 7Q`KmH� F i?2M
mbBM; {b1, . . . , bm} �b �bbmKTiBQMb BM � a�h bQHp2 Q7 hard(F ) rBHH 2Bi?2` `2bmHi BM �
KQ/2H Q7 hard(F ) i?�i b�iBb}2b �HH Q7 i?2 bQ7i +H�mb2b Q7 F - BX2X- � x2`Q@+Qbi KQ/2H-
Q` Bi rBHH `2bmHi BM � +QM~B+i +H�mb2 c bm+? i?�i F |= c �M/ c ⊆ {¬b1, . . . ,¬bm}X
h?�i Bb- i?2 +QM~B+i +H�mb2 c �bb2`ib i?�i �i H2�bi QM2 Q7 i?2 M2;�i2/ bi HBi2`�Hb
BM Bi Kmbi #2 i`m2 BM �Mv 72�bB#H2 KQ/2HX AM Qi?2` rQ`/b- c bT2+B}2b � b2i Q7 bQ7i
+H�mb2b �i H2�bi QM2 Q7 r?B+? Kmbi #2 7�HbB}2/ #v �Mv 72�bB#H2 KQ/2H- BX2X- � +Q`2
Q7 F X

�bbmKTiBQMb �HbQ TH�v � mb27mH `QH2 BM BM+`2K2Mi�H a�h bQHpBM;X AM K�Mv
�TT`Q�+?2b iQ J�ta�h bQHpBM; � a�h bQHp2` Bb +�HH2/ QM � b2[m2M+2 Q7 T`Q#H2Kb
i?�i �`2 +HQb2Hv `2H�i2/ iQ 2�+? Qi?2`X 1�+? Q7 T`Q#H2Kb +QmH/ #2 bQHp2/ #v
BMpQFBM; � M2r BMbi�M+2 Q7 i?2 a�h bQHp2`X >Qr2p2`- i?2M BM7Q`K�iBQM +QKTmi2/
/m`BM; QM2 a�h bQHp2` BMpQ+�iBQM U2X;X- H2�`Mi +H�mb2bV +�MMQi 2�bBHv #2 2tTHQBi2/
BM bm#b2[m2Mi bQHp2` BMpQ+�iBQMbX h?2 B/2� Q7 BM+`2K2Mi�H a�h bQHpBM; Bb iQ mb2
QMHv QM2 BMbi�M+2 Q7 i?2 a�h bQHp2` 7Q` �HH Q7 i?2 T`Q#H2Kb bQ i?�i �HH BM7Q`K�iBQM
+QKTmi2/ +�M #2 `2i�BM2/ 7Q` i?2 M2ti T`Q#H2KX AM i?Bb +�b2- r2 +�M KQMQiQMB+�HHv
�// +H�mb2b iQ i?2 a�h bQHp2` Q` mb2 /Bz2`2Mi b2ib Q7 �bbmKTiBQMb iQ bT2+B7v 2�+?
M2r T`Q#H2K iQ #2 bQHp2/X qBi? �bbmKTiBQMb r2 +�M �// Q` `2KQp2 +2`i�BM
+H�mb2b #v �//BM; iQ i?Qb2 +H�mb2b � M2r HBi2`�H ℓX q?2M r2 �bbmK2 ¬ℓ i?2b2
+H�mb2b #2+QK2 �+iBp2 U�//2/ iQ i?2 T`Q#H2KV- �M/ r?2M r2 �bbmK2 ℓ i?2b2 +H�mb2b
#2+QK2 BM�+iBp2 U`2KQp2/ 7`QK i?2 T`Q#H2KVX

k9X9XkX �TT`Q�+?2b #�b2/ QM a2[m2M+2b Q7 a�iBb}�#BHBiv Zm2`B2b

J�ta�h rBi? r2B;?i2/ bQ7i +H�mb2b Bb FMQrM iQ #2 BM i?2 +QKTH2tBiv +H�bb 6SNP

(S�TN9)X h?Bb K2�Mb i?�i Bi +�M #2 bQHp2/ rBi? � TQHvMQKB�H MmK#2` Q7 +�HHb iQ
�M LS@Q`�+H2X AM T�`iB+mH�`- � TQHvMQKB�H MmK#2` Q7 +�HHb iQ � a�h bQHp2` +�M #2
mb2/ iQ bQHp2 i?2 J�ta�h BMbi�M+2 F - rBi? 2�+? a�h +�HH /2i2`KBMBM; B7 F +�M
#2 b�iBb}2/ #v � 72�bB#H2 bQHmiBQM rBi? +Qbi H2bb i?�M Q` 2[m�H iQ k- 7Q` p�`BQmb
p�Hm2b Q7 kX qBi? BMi2;2` r2B;?ib- B7 F +�M #2 b�iBb}2/ rBi? +Qbi k �M/ F +�MMQi
#2 b�iBb}2/ rBi? +Qbi k − 1- i?2M i?2 72�bB#H2 KQ/2H �+?B2pBM; +Qbi k Kmbi #2 �M
QTiBK�H bQHmiBQMX
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:Bp2M i?2 2z2+iBp2M2bb Q7 KQ/2`M a�h bQHp2`b- i?2 �TT`Q�+? Q7 bQHpBM;
J�ta�h pB� � b2[m2M+2 Q7 +�HHb iQ � a�h bQHp2` ?�b T`Qp2/ iQ #2 #Qi? TQTmH�`
�M/ 2z2+iBp2X � MmK#2` Q7 /Bz2`2Mi i2+?MB[m2b ?�p2 #22M /2p2HQT2/ 7Q` 2z2+@
iBp2Hv 2M+Q/BM; b2[m2M+2b Q7 i?2 7QHHQrBM; /2+BbBQM T`Q#H2K D(F, k)- 7Q` p�`BQmb
p�Hm2b Q7 k- BMiQ *L6X

.2}MBiBQM d Uh?2 /2+BbBQM T`Q#H2K D(F, k)VX G2i D(F, k) #2 i?2 /2+BbBQM T`Q#@
H2K ǳ/Q2b � 72�bB#H2 bQHmiBQM Q7 F rBi? +Qbi H2bb i?�M Q` 2[m�H iQ k 2tBbi\Ǵ

AM T�`iB+mH�`- r2 r�Mi iQ 2M+Q/2 D(F, k)- BMiQ � *L6 7Q`KmH� i?�i +�M #2
2z2+iBp2Hv bQHp2/ #v � a�h bQHp2`X h?2 F2v iQ K�Mv Q7 i?2b2 2M+Q/BM; i2+?MB[m2b
Bb i?2 bm++2bb7mH 2tTHQBi�iBQM Q7 BM7Q`K�iBQM `2im`M2/ #v i?2 a�h bQHp2` r?2M Bi
2Bi?2` /2i2`KBM2b D(F, k) iQ #2 mMb�iBb}�#H2 Q` b�iBb}�#H2X AM T�`iB+mH�`- r?2M
D(F, k) Bb b�iBb}�#H2 i?2 +Qbi Q7 i?2 KQ/2H 7QmM/ +�M #2 mb2/ iQ /2i2`KBM2 i?2
M2ti p�Hm2 Q7 k iQ i2bic �M/ r?2M i?2 T`Q#H2K Bb mMb�iBb}�#H2 i?2 `2im`M2/ +Q`2
+�M #2 mb2/ iQ �// �//BiBQM�H +QMbi`�BMib iQ i?2 a�h bQHp2` bQ �b iQ 2z2+iBp2Hv
2M+Q/2 D(F, k′) 7Q` bQK2 p�Hm2 k′ H�`;2` i?�M kX

J�ta�h bQHp2`b mbBM; � b2[m2M+2 Q7 a�h [m2`B2b ?�p2 #22M /2bB;M2/ BM �
MmK#2` Q7 /Bz2`2Mi r�vbX AM i?Bb b2+iBQM- r2 rBHH bm`p2v i?2 K�BM J�ta�h
�H;Q`Bi?Kb mbBM; i?Bb �TT`Q�+?X 6B`bi- ?Qr2p2` r2 BMi`Q/m+2 bQK2 BKTQ`i�Mi
72�im`2b Q7 i?2 *L6 2M+Q/BM; Q7 i?2 /2+BbBQM T`Q#H2K ǳ/Q2b � 72�bB#H2 bQHmiBQM
Q7 F rBi? +Qbi H2bb i?�M Q` 2[m�H iQ k 2tBbiǴ- bBM+2 i?2b2 72�im`2b �z2+i #Qi? i?2
/2bB;M �M/ 2z2+iBp2M2bb Q7 i?2 J�ta�h �H;Q`Bi?Kb /Bb+mbb2/ BM i?Bb b2+iBQMX

k9X9XkXRX *�`/BM�HBiv �M/ Sb2m/Q@"QQH2�M *QMbi`�BMib

Sb2m/Q@"QQH2�M +QMbi`�BMib �`2 mb2/ iQ ?2HT 2M+Q/2 D(F, k)X � Tb2m/Q@"QQH2�M
+QMbi`�BMi Qp2` i?2 HBi2`�Hb {ℓ1- . . .- ℓm} ?�b i?2 7Q`K aiℓ1+ · · ·+amℓm ≤ k r?2`2
i?2 ai �M/ k �`2 BMi2;2`b �M/ i?2 bmK Bb 2p�Hm�i2/ #v `2;�`/BM; ℓi = i`m2 �b R �M/
ℓi = 7�Hb2 �b yX9 q?2M �HH Q7 i?2 ai �`2 R- i?2 Tb2m/Q@"QQH2�M +QMbi`�BMi Bb +�HH2/
� +�`/BM�HBiv +QMbi`�BMiX *�`/BM�HBiv +QMbi`�BMib HBKBi i?2 MmK#2` Q7 HBi2`�Hb ℓi
i?�i +�M #2 i`m2X

h?2`2 Bb �M 2ti2MbBp2 HBi2`�im`2 QM /Bz2`2Mi K2i?Q/b 7Q` 2M+Q/BM; Tb2m/Q@
"QQH2�M +QMbi`�BMib �M/ +�`/BM�HBiv +QMbi`�BMib- 2X;X (q�`N3- 6:Ry- 1aye- ""yj-
aBMy8- �LP_yN- PG>+Rj- ""_yN- JSaR9- >JaRk- CJJR8)X h?2 /2i�BHb Q7
i?2b2 2M+Q/BM;b �M/ i?2B` /Bz2`2Mi T`QT2`iB2b rBHH MQi #2 /Bb+mbb2/ ?2`2- #mi r2
rBHH TQBMi Qmi bQK2 F2v 72�im`2b Q7 i?2b2 2M+Q/BM;b i?�i �`2 T�`iB+mH�`Hv `2H2p�Mi
iQ i?2B` mb2 BM J�ta�h bQHp2`bX

h?2 }`bi 72�im`2 Q7 i?2b2 2M+Q/BM;b Bb i?2B` bBx2- BX2X- i?2 MmK#2` Q7 +H�mb2b
�M/ M2r p�`B�#H2b M22/2/ BM i?2 *L6 2M+Q/BM;X h?2 K�BM T�`�K2i2`b BM~m2M+BM;
bBx2 �`2 m i?2 MmK#2` Q7 HBi2`�Hb r?Qb2 bmK Bb #2BM; i�F2M- k i?2 bBx2 Q7 i?2 mTT2`
#QmM/- �M/ max(ai) i?2 ;`2�i2bi +Q2{+B2Mi BM i?2 bmKX

6Q` +�`/BM�HBiv +QMbi`�BMib i?2 +QKKQMHv mb2/ *L6 2M+Q/BM;b U2X;X- i?2 iQ@
i�HBx2` 2M+Q/BM; (""yj)V i?2 bBx2 Q7 i?2 2M+Q/BM; ;`Qrb �b O(mk)X aQ BM i?2 rQ`bi
+�b2 r?2M k = m i?Bb +�M #2 �b H�`;2 �b O(m2)X aK�HH2` *L6 2M+Q/BM;b 7Q` +�`@
/BM�HBiv +QMbi`�BMib 2tBbiX 6Q` BMbi�M+2- i?2 KQ/mHQ iQi�HBx2` 2M+Q/BM; (PG>+Rj)

9h?2 Qi?2` `2H�iBQMb U=- ≥- <- �M/ >V +�M �HbQ #2 `2T`2b2Mi2/X

Re



`2[mB`2b O(m
3
2 ) +H�mb2b- r?2`2�b i?2 +�`/BM�HBiv M2irQ`F 2M+Q/BM; (�LP_yN) `2@

[mB`2b O(mlog2(k)) +H�mb2bX >Qr2p2`- i?2`2 �`2 K�Mv J�ta�h T`Q#H2Kb rBi?
Qp2` Ryy-yyy bQ7i +H�mb2bX �7i2` i?2 F b i`�Mb7Q`K�iBQM i?Bb rQmH/ vB2H/ Qp2`
Ryy-yyy bQ7i mMBi +H�mb2bX aQ r2 +�M b22 i?�i M�Bp2Hv +QMbi`m+iBM; � +�`/BM�HBiv
+QMbi`�BMi bmKKBM; �HH Q7 i?2b2 HBi2`�H KB;?i `2[mB`2 �b Km+? �b 1010 +H�mb2bX aQ
J�ta�h bQHp2`b Kmbi 2tTHQBi +�`/BM�HBiv +QMbi`�BMib BM KQ`2 +H2p2` r�vbX

6Q` Tb2m/Q@"QQH2�M +QMbi`�BMib- i?2 ivTB+�H 2M+Q/BM;b �`2 Km+? H�`;2`X aQK2
2M+Q/BM;b /Q MQi M2+2bb�`BHv /2T2M/ QM k #mi `�i?2` QM m �M/ log2(max(ai))
Ui?2 MmK#2` Q7 #Bib `2[mB`2/ iQ `2T`2b2Mi i?2 +Q2{+B2Mib BM #BM�`vVX h?2`2
�`2 Tb2m/Q@"QQH2�M 2M+Q/BM;b Q7 bBx2 �b bK�HH �b O(m log2(max(ai)) UHBM2�` BM
m B7 i?2 bBx2 Q7 i?2 +Q2{+B2Mib Bb #QmM/2/V (q�`N3)- �M/ Qi?2`b i?�i �`2 Q7
H�`;2` bBx2 O(m3 log2(m) log2(max(ai))) (""_yN)- O(m2 log2(m) log2(max(ai)))
(JSaR9)X Pi?2` 2M+Q/BM;b K�v /2T2M/ QM k U2X;- i?2 b2[m2MiB�H r2B;?i +QmMi2`
2M+Q/BM; (>JaRk)V �M/ ?�p2 bBx2 O(mk)- Q` /2T2M/ QM i?2 MmK#2` Q7 /BbiBM+i
r2B;?ib Ur?B+? Bb i?2 +�b2 7Q` 2X;X i?2 ;2M2`�HBx2/ iQi�HBx2` 2M+Q/BM; (CJJR8)VX
h?2 i`�/2Qz #2ir22M i?2b2 2M+Q/BM;b Bb i?�i i?2 H�`;2` 2M+Q/BM;b �+?B2p2 #2ii2`
T`QT�;�iBQM- �b r2 /Bb+mbb M2tiX

h?2 b2+QM/ `2H2p�Mi 72�im`2 Q7 i?2b2 2M+Q/BM; Bb i?2B` T`QT�;�iBQM TQr2`X
h?Bb Bb i?2 2ti2Mi iQ r?B+? mMBi T`QT�;�iBQM +�M }M/ 2Mi�BH2/ HBi2`�HbX *�`/BM�HBiv
+QMbi`�BMi 2M+Q/BM;b ivTB+�HHv �HHQr mMBi T`QT�;�iBQM iQ �+?B2p2 �`+ +QMbBbi2M+v
(.2+yj- ""yj)X h?�i Bb- mMBi T`QT�;�iBQM QM i?2 2M+Q/BM; Bb �#H2 iQ }M/ �HH HBi2`�Hb
2Mi�BH2/ #v i?2 +�`/BM�HBiv +QMbi`�BMiX aBM+2 a�h bQHp2`b H2�`M +H�mb2b #�b2/ QM
i?2 b2i Q7 mMBi T`QT�;�i2/ HBi2`�Hb- i?Bb /2;`22 Q7 T`QT�;�iBQM TQr2` 2M?�M+2b
i?2 2z2+iBp2M2bb Q7 i?2 a�h bQHp2`X h?2 r�i+?/Q; 2M+Q/BM; (""_yN) r�b i?2
}`bi TQHvMQKB�H bBx2 Tb2m/Q@"QQH2�M 2M+Q/BM; i?�i K�BMi�BMb �`+ +QMbBbi2M+vX
aBM+2 i?2M- b2p2`�H Qi?2` TQHvMQKB�H �`+ +QMbBbi2Mi 2M+Q/BM;b ?�p2 #22M T`QTQb2/
(JSaR9- >JaRk)X 1M+Q/BM;b i?�i �+?B2p2 �`+ +QMbBbi2Mi �`2 ivTB+�HHv p2`v H�`;2X
L2p2`i?2H2bb- B7 i?2 2M+Q/BM; Bb MQi T`Q?B#BiBp2Hv H�`;2 i?2M Bi +�M ?�p2 #2ii2`
a�h bQHpBM; T2`7Q`K�M+2 /m2 iQ ;`2�i2` T`QT�;�iBQM TQr2`X

6BM�HHv- i?2 i?B`/ `2H2p�Mi 72�im`2 Bb r?2i?2` Q` MQi i?2 2M+Q/BM; +�M #2
K�/2 BM+`2K2Mi�HX h?�i Bb- ;Bp2M � *L6 2M+Q/BM; Q7 aiℓ1 + · · · + amℓm ≤ k
+�M r2 BM+`2K2Mi�HHv �// �//BiBQM�H +H�mb2b iQ 2M+Q/2 aiℓ1 + · · · + amℓm +
am+1ℓm+1 · · · am+jℓm+j ≤ k′- r?2`2 r2 �`2 bmKKBM; Qp2` KQ`2 HBi2`�Hb �M/
k′ ≥ kX 6Q` +�`/BM�HBiv +QMbi`�BMib BM+`2K2Mi�HBiv r�b �+?B2p2/ BM (JJGR9)-
�M/ 7Q` Tb2m/Q@"QQH2�M +QMbi`�BMib (JCJGR9�- S_"R3) `2TQ`i2/ QM BM+`2K2Mi�H
r�vb Q7 +?�M;BM; i?2 H27i@?�M/ bBx2 k iQ k′X AM #Qi? +�b2b K�FBM; i?2b2 2M+Q/BM;b
BM+`2K2Mi�H vB2H/2/ bB;MB}+�Mi bT22/mTb 7Q` i?2 mM/2`HvBM; J�ta�h bQHp2`X

� +`BiB+�H 2H2K2Mi bmTTQ`iBM; BM+`2K2Mi�H a�h bQHpBM; Ua2+iBQM k9X9XRXkV Bb
i?�i bQK2 +�`/BM�HBiv +QMbi`�BMi 2M+Q/BM;b U2X;X- i?2 iQi�HBx2` 2M+Q/BM; (""yj)V
BM+Hm/2 � b2i Q7 ǳQmiTmiǴ p�`B�#H2b i?�i 2M+Q/2 i?2 bmK Q7 i?2 BMTmi HBi2`�Hb BM
mM�`vX h?�i Bb- i?2 2M+Q/BM; ?�b � b2i Q7 ǳQmiTmiǴ p�`B�#H2b oi bm+? i?�i 7Q`
�Mv i- oi Bb i`m2 B7 �M/ QMHv B7 i?2 BMTmi HBi2`�Hb bmK iQ �i H2�bi iX h?Bb �HHQrb
mbBM; BM+`2K2Mi�H a�h bQHpBM; r?2M +?�M;2b �`2 K�/2 iQ i?2 i?2 H27i@?�M/ bB/2
Q7 i?2 +QMbi`�BMi bBKTHv #v K�FBM; /Bz2`2Mi �bbmKTiBQMbX 6Q` 2t�KTH2- ;Bp2M i?2
iQi�HBx2` 2M+Q/BM; Q7 i?2 +�`/BM�HBiv +QMbi`�BMi

∑m
j=1 ℓj ≤ k r2 +�M BM+`2K2Mi�HHv

BKTQb2 i?2 +QMbi`�BMi
∑m

j=1 ℓj < i 7Q` �Mv i ≤ k- #v bBKTHv �bbmKBM; ¬oi /m`BM;
i?2 a�h +�HHX
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hard(F b) XXX

#HQ+FBM;
p�`B�#H2b

+�`/BM�HBiv H�v2` XXX

�bbmKTiBQM
HBi2`�Hb

6B;m`2 k9XR, ai`m+im`2 Q7 *L6 7Q` bQHpBM; D(F, k)X LQi2 bQK2 #HQ+FBM; p�`B�#H2
BMTmib iQ i?2 +�`/BM�HBiv H�v2` KB;?i #2 T�bb2/ /B`2+iHv i?`Qm;? iQ i?2 QmiTmib
UBX2X- mb2/ /B`2+iHv �b �bbmKTiBQM HBi2`�HbVX

k9X9XjX :2M2`�H ai`m+im`2 Q7 *L6 1M+Q/BM;b Q7 D(F, k)

6B;m`2 k9XR b?Qrb i?2 ;2M2`�H bi`m+im`2 Q7 i?2 *L6 7Q`KmH�b ivTB+�HHv mb2/ 7Q`
2M+Q/BM; i?2 /2+BbBQM T`Q#H2K D(F, k)X �b �H`2�/v K2MiBQM2/- i?2 J�ta�h �H@
;Q`Bi?Kb /Bb+mbb2/ BM i?Bb b2+iBQM �`2 �HH #�b2/ QM bQHpBM; � b2[m2M+2 Q7 D(F, k)
/2+BbBQM T`Q#H2Kb 7Q` p�`BQmb p�Hm2b Q7 k mbBM; � a�h bQHp2`X h?2 2M+Q/BM;
ivTB+�HHv mb2/ +QMbBbib Q7 i?2 ?�`/ +H�mb2b Q7 i?2 #HQ+FBM; p�`B�#H2 i`�Mb7Q`K�@
iBQM- hard(F b)- +QMDQBM2/ rBi? +H�mb2b Q7 � +�`/BM�HBiv H�v2`X h?2 +H�mb2b Q7 i?2
+�`/BM�HBiv H�v2` 2M+Q/2 p�`BQmb +�`/BM�HBiv +QMbi`�BMib UQ` Tb2m/Q@"QQH2�M *QM@
bi`�BMibV Qp2` i?2 #HQ+FBM; p�`B�#H2b Q7 F b- �M/ bQK2iBK2b Qp2` Qi?2` BMi2`M�H
p�`B�#H2b Q7 i?2 +�`/BM�HBiv H�v2`X

h?2 bQ7i +H�mb2b Q7 F b �`2 �HH Q7 i?2 7Q`K (bi)- BX2X- TQbBiBp2 BMbi�M+2b Q7
i?2 M2rHv BMi`Q/m+2/ #HQ+FBM; p�`B�#H2bX hvTB+�HHv- i?2 +�`/BM�HBiv H�v2` BKTQb2b
+QMbi`�BMib QM r?B+? �M/ ?Qr K�Mv Q7 i?2 HBi2`�Hb ¬bi +�M #2 i`m2X h?�i Bb- Bi
BKTQb2b +QMbi`�BMib QM i?2 b2i Q7 bQ7i +H�mb2b Q7 F b i?�i i?2 a�h bQHp2` Bb �HHQr2/
iQ 7�HbB7vX AM �//BiBQM- p�`BQmb HBi2`�Hb 7`QK i?2 +�`/BM�HBiv H�v2` UBM+Hm/BM; T2`?�Tb
bQK2 Q7 #HQ+FBM; p�`B�#H2bV +�M #2 �bbmK2/ iQ #2 i`m2 BM �bbmKTiBQM@#�b2/ a�h
bQHpBM;X

h?2 a�h bQHp2`- 7Q` r?B+? �HH +H�mb2b �`2 Q7 +Qm`b2 ?�`/- ?�b �HH Q7 i?2 +H�mb2b
Q7 hard(F b)X >2M+2- �HH b�iBb7vBM; KQ/2Hb 7QmM/ #v i?2 a�h bQHp2` Kmbi #2 72�bB#H2
KQ/2Hb Q7 F r?2M `2bi`B+i2/ iQ vars(F )X UaBM+2 i?2b2 KQ/2Hb �`2 72�bB#H2 bQHmiBQMb
Q7 F b i?Bb 7QHHQrb 7`QK i?2 T`QT2`iB2b Q7 F b /2b+`B#2/ BM a2+iBQM k9X9XRXRXRVX
6m`i?2`KQ`2- i?2 a�h bQHp2` Kmbi }M/ � KQ/2H i?�i b�iBb}2b �HH Q7 i?2 +H�mb2b Q7
i?2 +�`/BM�HBiv H�v2` �M/ K�F2b Bib +m``2Mi b2i Q7 �bbmKTiBQMb i`m2X P7 +Qm`b2- B7 MQ
bm+? KQ/2H 2tBbib i?2 a�h bQHp2` +�M `2im`M � +QM~B+i +H�mb2 Qp2` Bib �bbmKTiBQMb-
�b /2b+`B#2/ BM a2+iBQM k9X9XRXkX

k9X9X9X JQ/2H@AKT`QpBM; �H;Q`Bi?Kb

h?2 }`bi J�ta�h �H;Q`Bi?K r2 T`2b2Mi Bb i?2 KQ/2H@BKT`QpBM; GBM2�`
a�hflLa�h UGalV �H;Q`Bi?KX Gal 7QHHQrb �HKQbi /B`2+iHv 7`QK � T`QQ7 i?�i
J�ta�h Bb BM i?2 +QKTH2tBiv +H�bb 6SNPX h?�i Bb- Bi mb2b � a�h bQHp2` iQ bQHp2
i?2 b2[m2M+2 Q7 /2+BbBQM T`Q#H2Kb D(F, k0)- D(F, k1)- . . .- D(F, ku)- r?2`2 k0 = ∞
UBX2X- }M/ � 72�bB#H2 bQHmiBQM B``2bT2+iBp2 Q7 +QbiV- ki Bb i?2 +Qbi Q7 i?2 KQ/2H 7QmM/
r?2M bQHpBM; D(F, ki−1) KBMmb QM2- �M/ D(F, ku) Bb i?2 }`bi /2+BbBQM T`Q#H2K BM
i?2 b2[m2M+2 i?�i r�b mMb�iBb}�#H2 UlLa�hVX h?2 72�bB#H2 bQHmiBQM `2im`M2/ #v

R3



�H;Q`Bi?K R, GBM2�` a�hflLa�h �H;Q`Bi?K 7Q` J�ta�h ("SRy)
R GalUF V
k F b 4 #pni`�Mb7Q`KU6Vc +�`/nH�v2` 4 {}c "HBib 4 {¬bi | (bi) ∈ soft(F b)}
j #2biKQ/2H 4 {}c +Qbi 4 ∞c b�i\ 4 i`m2
9 r?BH2 b�i\ /Q

f a�h bQHp2` `2im`Mb #QQH2�M a�hflLa�h bi�imb  f
f B7 a�h `2im`Mb π- i?2 KQ/2H 7QmM/  f

8 Ub�i\- πV 4 a�haQHp2 Uhard(F b) ∪ +�`/nH�v2`V
e B7 b�i\ i?2M
d #2biKQ/2H 4 π
3 +Qbi 4 cost(π)

N +�`/nH�v2` 4 *L6
(∑

bi∈Blits wt((bi))× ¬bi < +Qbi
)

Ry 2Hb2
RR `2im`M Ubestmodel|vars(F )- +QbiV

i?2 H�bi b�iBb}�#H2 BMbi�M+2 D(F, ku−1) r?2M `2bi`B+i2/ iQ i?2 p�`B�#H2b Q7 F Bb �M
QTiBK�H bQHmiBQM Q7 F X

�H;Q`Bi?K R ;Bp2b i?2 /2i�BHbX 6B`bi �Mv 72�bB#H2 KQ/2H π Bb 7QmM/ UHBM2 8V
rBi? +�`/nH�v2` 2[m�H iQ i?2 2KTiv b2i Q7 +H�mb2bX h?2M mbBM; 2Bi?2` � +�`/BM�HBiv
Ur?2M wt((bi)) = 1 7Q` �HH iV Q` Tb2m/Q@"QQH2�M +QMbi`�BMi Ur?2M i?2 bQ7i +H�mb2b
?�p2 p�`vBM; r2B;?ibV BM i?2 +�`/BM�HBiv H�v2` UHBM2 NV- i?2 a�h bQHp2` Bb �bF2/ iQ
}M/ � 72�bB#H2 bQHmiBQM rBi? +Qbi bi`B+iHv H2bb i?�M cost(π)X8 h?Bb Bb `2T2�i2/ mMiBH
i?2 a�h bQHp2` `2im`Mb lLa�h- BM r?B+? +�b2 i?2 H�bi 72�bB#H2 bQHmiBQM `2im`M2/
Bb �M QTiBK�H bQHmiBQMX

h?2 �TT`Q�+? Q7 bQHpBM; � b2[m2M+2 Q7 /2+BbBQM T`Q#H2Kb D(F, ki) rBi? /2@
+`2�bBM; #QmM/b ki ?�b � HQM; ?BbiQ`vX h?2 2�`HB2bi `2TQ`i2/ mb2 Q7 i?Bb �TT`Q�+?
BM a�h bQHpBM; �TT2�`b iQ #2 (�_Jayk)X h?2 �TT`Q�+? r�b �HbQ mb2/ BM i?2
JBMBb�iY bQHp2` /2b+`B#2/ BM (1aye)- �M/ BM i?2 a�i9D J�ta�h bQHp2` ("SRy)
r?2`2 i?2 M�K2 Gal r�b }`bi mb2/ �M/ �M �H;Q`Bi?K bBKBH�` iQ �H;Q`Bi?K R
r�b T`2b2Mi2/X h?2b2 i?`22 bvbi2Kb �+im�HHv 7QmM/ QTiBK�H KQ/2Hb rBi? `2bT2+i
iQ Tb2m/Q@"QQH2�M Q#D2+iBp2 7mM+iBQMbX >Qr2p2`- Tb2m/Q@"QQH2�M Q#D2+iBp2 7mM+@
iBQMb +�M 2�bBHv `2T`2b2Mi J�ta�h r?2M �HH Q7 i?2 bQ7i +H�mb2b �`2 mMBi U�b i?2v
�`2 BM i?2 i`�Mb7Q`K2/ 7Q`KmH� F bVX

h?Bb �TT`Q�+? +QMiBMm2b iQ #2 mb2/ BM i?2 ZJ�ta�h (Ew6>Rk) �M/ S�+Qb2
bQHp2`b U/2b+`B#2/ BM ("CJR3)VX ZJ�ta�h BM+Hm/2b � MmK#2` Q7 /Bz2`2Mi +�`/B@
M�HBiv �M/ Tb2m/Q@"QQH2�M 2M+Q/BM;b- �M/ +�`27mHHv +?QQb2b r?B+? 2M+Q/BM; iQ mb2
#�b2/ QM i?2 +?�`�+i2`BbiB+b Q7 i?2 BMTmi T`Q#H2KX S�+Qb2 #mBH/b QM ZJ�ta�h
#v BKTH2K2MiBM; � /vM�KB+ +QMbi`m+iBQM Q7 QM2 Q7 Bib Tb2m/Q@"QQH2�M 2M+Q/BM;b
(S_"R3)X

_2+2MiHv- i?2 Gal �H;Q`Bi?K ?�b b22M BM+`2�bBM; mb2 BM BM+QKTH2i2 J�ta�h
bQHpBM; BM r?B+? i?2 �BK Bb iQ `2im`M i?2 HQr2bi@+Qbi 72�bB#H2 bQHmiBQM rBi?BM � ;Bp2M
iBK2 #QmM/X �b +�M #2 b22M 7`QK �H;Q`Bi?K R Bib +?B27 #2M2}i BM i?Bb +QMi2ti Bb
i?�i 2�+? +QKTH2i2/ +�HH iQ i?2 a�h bQHp2` `2im`Mb �M BKT`Qp2/ bQHmiBQMX >2M+2-
�i �Mv TQBMi i?2 #2bi KQ/2H 7QmM/ bQ 7�` +�M #2 `2im`M2/X

Pp2`�HH- ?Qr2p2`- i?2 /QrMbB/2 Q7 i?Bb �H;Q`Bi?K Bb i?�i i?2 +�`/BM�HBiv Q`
86BM/BM; � HQr +Qbi BMBiB�H 72�bB#H2 KQ/2H +�M TQi2MiB�HHv `2/m+2 i?2 bBx2 Q7 i?2 +�`/BM�HBiv

+QMbi`�BMi 2M+Q/BM; Ub22 a2+iBQM k9X9XkXRVX

RN



Tb2m/Q@"QQH2�M +QMbi`�BMi M22/b iQ #2 Qp2` m HBi2`�Hb- r?2`2 m Bb i?2 MmK#2`
Q7 bQ7i +H�mb2bX �b TQBMi2/ Qmi BM a2+iBQM k9X9XkXR- i?Bb +�M H2�/ iQ p2`v H�`;2
2M+Q/BM;b r?2M i?2 J�ta�h 7Q`KmH� ?�b i2Mb Q` ?mM/`2/b Q7 i?Qmb�M/b Q7 bQ7i
+H�mb2bX >2M+2- bQHpBM; i?2 `2bmHiBM; a�h T`Q#H2K +�M #2+QK2 BM72�bB#H2X

k9X9X8X *Q`2@:mB/2/ �H;Q`Bi?Kb

AM +QMi`�bi iQ Gal- +Q`2@;mB/2/ �H;Q`Bi?Kb rQ`F 7`QK lLa�h iQ a�hX h?�i
Bb- i?2v bQHp2 � b2[m2M+2 Q7 /2+BbBQM T`Q#H2Kb D(F, ki) r?2`2 ki Bb BM+`2�bBM;
Uki > ki−1)X q?2M ki Bb H2bb i?�M i?2 +Qbi Q7 �M QTiBK�H bQHmiBQM- D(F, ki) rBHH
#2 mMb�iBb}�#H2X 1bb2MiB�HHv- +Q`2@;mB/2/ �H;Q`Bi?Kb BM+`2�b2 ki mMiBH i?2 +m``2Mi
D(F, ki) Bb b�iBb}�#H2- #mi /Q MQi /Q i?Bb �b 2tTHB+BiHv �b /QM2 BM i?2 Gal �TT`Q�+?X

�b rBi? Gal i?2b2 �H;Q`Bi?Kb miBHBx2 BM7Q`K�iBQM 7`QK i?2 a�h bQHp2` `2@
im`M2/ 7`QK 2�+? lLa�h `2bmHi- iQ +QMbi`m+i i?2 M2ti /2+BbBQM T`Q#H2K iQ bQHp2X
h?2 F2v BMbB;?i- Q`B;BM�HHv +QKBM; 7`QK 6m �M/ J�HBF (6Jye) Bb i?�i +Q`2b +�M #2
2ti`�+i2/ 7`QK i?2 a�h bQHp2` r?2M D(F, k) Bb mMb�iBb}�#H2X 1p2`v 72�bB#H2 bQHm@
iBQM Kmbi 7�HbB7v �i H2�bi QM2 bQ7i +H�mb2 Q7 2p2`v +Q`2X >2M+2- i?2 +Q`2b T`QpB/2
mb BM7Q`K�iBQM �#Qmi i?2 bm#b2i Q7 bQ7i +H�mb2b i?�i i?2 a�h bQHp2` +�M +QMbB/2`
7Q` 7�HbB}+�iBQM r?2M bQHpBM; D(F, k)X

1KTB`B+�HHv- K�Mv J�ta�h BMbi�M+2b ?�p2 QTiBK�H bQHmiBQMb 7�HbB7vBM; p2`v
72r bQ7i +H�mb2b U`2H�iBp2 iQ i?2 iQi�H MmK#2` Q7 bQ7i +H�mb2bVX >2M+2 J�ta�h
+Q`2b Q7i2M +QMi�BM QMHv � bK�HH bm#b2i Q7 i?2 bQ7i +H�mb2bX aQ BMbi2�/ Q7 ?�pBM;
H�`;2 +�`/BM�HBiv +QMbi`�BMib Qp2` �HH Q7 i?2 bQ7i +H�mb2b- +Q`2@#�b2/ �H;Q`Bi?Kb
+�M Q7i2M miBHBx2 Km+? bK�HH2` +�`/BM�HBiv +QMbi`�BMib Qp2` QMHv i?Qb2 bQ7i +H�mb2b
�TT2�`BM; BM i?2 7QmM/ +Q`2b- �b i?2b2 �`2 i?2 QMHv QM2b i?�i i?2 a�h bQHp2` M22/b
iQ +QMbB/2` 7�HbB7vBM;X h?2 Qi?2` bQ7i +H�mb2b +�M #2 `2[mB`2/ iQ #2 b�iBb}2/ #v
mbBM; �bbmKTiBQMb- `�i?2` i?�M pB� +�`/BM�HBiv +QMbi`�BMibX

k9X9X8XRX 6m@J�HBF
6m �M/ J�HBF T`2b2Mi2/ i?2 }`bi J�ta�h �H;Q`Bi?K 2tTHQBiBM; +Q`2b (6Jye)X
�H;Q`Bi?K k ;Bp2b i?2 /2i�BHbX h?Bb �H;Q`Bi?K QMHv rQ`Fb QM mMr2B;?i2/ J�ta�h
BMbi�M+2b UBX2X- �HH bQ7i +H�mb2b ?�p2 r2B;?i RVX

�HH #HQ+FBM; p�`B�#H2b �`2 �Hr�vb �bbmK2/ iQ #2 i`m2 UHBM2 k �M/ 8VX h?2B`
K�BM `QH2 Bb bBKTHv iQ �HHQr i?2 a�h bQHp2` iQ 2ti`�+i +Q`2b pB� Bib �bbmKTiBQM
K2+?�MBbKX AM i?2 BMBiB�H +�HH- +�`/nH�v2` Bb 2KTivX >2M+2- i?2 BMBiB�H +�HH Bb
�bFBM; i?2 a�h bQHp2` iQ }M/ � 72�bB#H2 KQ/2H b�iBb7vBM; �HH bQ7i +H�mb2b UHBM2 8VX
AM T�`iB+mH�`- 2p2`v bQ7i +H�mb2 ci Q7 F ?�b #22M 2M+Q/2/ BM F b �b i?2 ?�`/ +H�mb2
(ci ∨ ¬bi)X >2M+2- r?2M r2 �bbmK2 bi i?Bb +H�mb2 Bb `2/m+2/ iQ ci- �M/ i?2 a�h
bQHp2` Kmbi b�iBb7v BiX

lMH2bb i?2`2 Bb � x2`Q@+Qbi 72�bB#H2 bQHmiBQM- i?Bb +�HH rBi? `2bmHi BM i?2 a�h
bQHp2` /2+H�`BM; mMb�iBb}�#BHBivX 6m`i?2`KQ`2- i?2 a�h bQHp2` rBHH �HbQ B/2MiB7v
� bm#b2i Q7 M2;�i2/ �bbmKTiBQMb 7Q`KBM; � +Q`2- κX h?�i Bb- �i H2�bi QM2 Q7 i?2
HBi2`�Hb ¬bi BM κ Kmbi #2 i`m2X h?2 �H;Q`Bi?K i?2M KQ/B}2b i?2 ?�`/ +H�mb2
+Q``2bTQM/BM; iQ 2�+? Q7 i?2 bQ7i +H�mb2b BM i?2 +Q`2c 7Q` ¬bi i?Bb Bb i?2 ?�`/
+H�mb2 (ci ∨ ¬bi)X Ai �//b � #`�M/ M2r `2H�t�iBQM p�`B�#H2 rcosti iQ 2�+? bm+?
+H�mb2 #v KQ/B7vBM; i?2 ci T�`i Q7 i?2 +H�mb2 UHBM2 3VX ULQi2 i?�i ǳ+QbiǴ Bb �Hr�vb
BM+`2K2Mi2/ BM i?2 HQQT- HBM2 Ry- bQ /Bz2`2Mi p�`B�#H2b �`2 �//2/ BM 2�+? Bi2`�iBQMVX

ky



�H;Q`Bi?K k, 6m@J�HBF �H;Q`Bi?K 7Q` mMr2B;?i2/ J�ta�h (6Jye)
R 6mJ�HBFUF V
k F b 4 #pni`�Mb7Q`KU6Vc +�`/nH�v2` 4 {}c �bbmKTiBQMb 4 {bi | (bi) ∈ soft(F b)}
j F ′ = hard(F b)c +Qbi 4 0c b�i\ 4 7�Hb2
9 r?BH2 MQi b�i\ /Q

f a�h bQHp2` i�F2b �b BMTmi i?2 *L6 iQ bQHp2 �M/ � b2i Q7 HBi2`�Hb iQ �bbmK2  f
f _2im`Mb #QQH2�M a�hflLa�h bi�imb  f
f A7 a�h `2im`Mb π- i?2 KQ/2H 7QmM/  f
f A7 lLa�h `2im`Mb κ- � +Q`2 Ubm#b2i Q7 M2;�i2/ �bbmKTiBQMbVX  f

8 Ub�i\- π- κV 4 a�haQHp2 UF ′ ∪ +�`/nH�v2`- �bbmKTiBQMbV
e B7 MQi b�i\ i?2M
d 7Q` ¬bi ∈ κ /Q
3 ci = ci ∨ rcosti

f JQ/B7vBM; ci KQ/B}2b i?2 +H�mb2 (ci ∨ bi) ∈ F ′  f
f 1�+? rcosti Bb � #`�M/ M2r p�`B�#H2X  f

N +�`/nH�v2` 4 +�`/nH�v2` ∪ CNF
(∑

{i|¬bi∈κ} rcosti = 1
)

Ry +Qbi 4 +Qbi Y R
RR 2Hb2
Rk `2im`M Uπ|vars(F )- +QbiV

6BM�HHv- Bi �//b � +�`/BM�HBiv +QMbi`�BMi �bb2`iBM; i?�i QM2 �M/ QMHv QM2 Q7 i?2
M2rHv �//2/ `2H�t�iBQM p�`B�#H2b +�M #2 K�/2 i`m2X J�FBM; rcosti i`m2 BKK2/B�i2Hv
b�iBb}2b UQ` `2H�t2bV i?2 +H�mb2 (ci ∨ rcosti ∨ ¬bi)- �HHQrBM; i?2 a�h bQHp2` iQ b2i
i?2 �bbmKTiBQM bi iQ i`m2 rBi? BKTmMBivX

h?Bb �H;Q`Bi?K /Q2b MQi [mBi2 7QHHQr i?2 ;2M2`�H bi`m+im`2 /2b+`B#2/ BM a2+@
iBQM k9X9XjX AM T�`iB+mH�`- 2�+? M2r +�HH iQ i?2 a�h bQHp2` BMpQHp2b +?�M;BM;
hard(F b)X aBM+2 i?2 +?�M;2 BMpQHp2b �//BM; #`�M/ M2r p�`B�#H2b iQ 2tBbiBM;
+H�mb2b UHBM2 3V- Bi Bb MQi 2�bv iQ mb2 i?2 a�h bQHp2` BM+`2K2Mi�HHv BM i?Bb �H@
;Q`Bi?KX

1t�KTH2 8X *QMbB/2` F = {(x,¬y)- (y, z)- (y,¬z)- (¬x)1- (¬y)1}X AM i?Bb 7Q`@
KmH� #Qi? x �M/ y �`2 7Q`+2/- �M/ i?mb #Qi? bQ7i +H�mb2b Kmbi #2 7�HbB}2/X �Mv
72�bB#H2 bQHmiBQM ?�b +Qbi k- �M/ i?mb �HH 72�bB#H2 bQHmiBQMb �`2 QTiBK�H bQHmiBQMbX

F b = {(x,¬y)- (y, z)- (y,¬z)- (¬x,¬b1)- (¬y,¬b2)- (b1)1- (b2)1}X h?2 }`bi
Bi2`�iBQM Q7 i?2 K�BM HQQT Q7 �H;Q`Bi?K k rQmH/ +�HH i?2 a�h bQHp2` QM i?2 *L6
{(x,¬y)- (y, z)- (y,¬z)- (¬x,¬b1)- (¬y,¬b2)} rBi? i?2 �bbmKTiBQMb {b1, b2}X �
TQbbB#H2 +Q`2 Bb κ = {¬b1,¬b2}X ULQi2 i?�i i?2 +Q`2b `2im`M2/ #v i?2 a�h bQHp2`
/Q MQi ?�p2 iQ #2 KBMBK�HXV

h?2 b2+QM/ Bi2`�iBQM rQmH/ i?2M #2 � +�HH iQ i?2 a�h bQHp2` QM i?2 *L6
{(x,¬y)- (y, z)- (y,¬z)- (¬x, r01,¬b1)- (¬y, r02,¬b2)}∪ *L6

(
r01 + r02 = 1

)
rBi? i?2

b�K2 �bbmKTiBQMb {b1, b2}X �;�BM κ = {¬b1,¬b2} Bb � TQbbB#H2 +Q`2X
h?2 i?B`/ Bi2`�iBQM rQmH/ i?2M #2 � +�HH iQ i?2 a�h bQHp2` QM i?2 *L6

{(x,¬y)- (y, z)- (y,¬z)- (¬x, r01, r11,¬b1)- (¬y, r02, r12,¬b2)}∪ *L6
(
r01 + r02 = 1

)
∪

*L6
(
r11 + r12 = 1

)
rBi? i?2 b�K2 �bbmKTiBQMb {b1, b2}X h?Bb iBK2 i?2 7Q`KmH�

Bb b�iBb}�#H2X 6Q` 2t�KTH2- i?2 i`mi? �bbB;MK2Mi {x, y, z, r01, r12,¬r02,¬r11, b1, b2}
b�iBb}2b �HH Q7 i?2 +H�mb2bX �i i?Bb TQBMi cost = 2X

1�+? +Q`2 vB2H/b � bm#b2i Q7 bQ7i +H�mb2b Q7 r?B+? �i H2�bi QM2 Kmbi #2 7�HbB}2/X
�//BM; i?2 `2H�t�iBQM p�`B�#H2b �M/ i?2 +�`/BM�HBiv +QMbi`�BMi ;Bp2b i?2 a�h

kR



�H;Q`Bi?K j, qSJRfqJalR �H;Q`Bi?K 7Q` J�ta�h (�"GyN-
JJSyN)
R qSJRfqJalRUF V
k F b 4 #pni`�Mb7Q`KU6Vc +�`/nH�v2` 4 {}c �bbmKTiBQMb 4 {bi | (bi) ∈ soft(F b)}
j F ′ = hard(F b)c +Qbi 4 0c Bi2` 4 yc b�i\ 4 7�Hb2
9 K 4 max({i | bi ∈ �bbmKTiBQMb}) Y R
8 r?BH2 MQi b�i\ /Q

f a�h bQHp2` BMi2`7�+2 Bb i?2 b�K2 �b BM �H;Q`Bi?K k  f
e Ub�i\- π- κV 4 a�haQHp2 UF ′ ∪ +�`/nH�v2`- �bbmKTiBQMbV
d B7 MQi b�i\ i?2M
3 wtmin 4 min{bi|¬bi∈κ} wt((bi))

N +Qbi 4 +Qbi Y wtmin

Ry 7Q` ¬bi ∈ κ /Q
RR B7 wt((bi)) > wtmin i?2M

f �// M2r +QTv Q7 +H�mb2 ci rBi? M2r #HQ+FBM; p�`B�#H2 bm  f
Rk cm = cic K 4 K Y Rc F ′ = F ′ ∪ {(cm ∨ ¬bm)}
Rj �bbmKTiBQMb 4 �bbmKTiBQMb ∪ {bm}
R9 wt((bm)) = wt((bi))− wtmin f L2r +QTv ;2ib `2bB/m�H r2B;?i  f
R8 wt((bi)) = wtmin f PH/ +QTv ;2ib r2B;?i wtmin  f
Re ci = ci ∨ riteri f �// M2r `2H�t�iBQM p�`B�#H2 iQ QH/ +QTv  f

f JQ/B}2b +H�mb2 (ci ∨ ¬bi) ∈ F ′  f
Rd +�`/nH�v2` 4 +�`/nH�v2` ∪ CNF

(∑
{i|¬bi∈κ} riteri = 1

)

R3 Bi2` 4 Bi2` Y R
RN 2Hb2
ky `2im`M Uπ|vars(F )- +QbiV

bQHp2` i?2 7`22/QK iQ 7�HbB7v QM2 U�M/ QMHv QM2V Q7 i?2b2 bQ7i +H�mb2b #v b2iiBM;
Bib `2H�t�iBQM p�`B�#H2 iQ i`m2X 1�+? Bi2`�iBQM }M/b � +Q`2 bm#D2+i iQ �HH Q7 i?2
T`2pBQmbHv /2`Bp2/ `2H�t�iBQMbX h?�i Bb- �i H2�bi QM2 +H�mb2 7`QK i?2 iǶi? +Q`2 κi

Kmbi #2 7�HbB}2/ 2p2M r?2M r2 7�HbB7v � bQ7i +H�mb2 7`QK 2�+? T`2pBQmbHv /2`Bp2/
+Q`2X >2M+2- �i bi�;2 k r2 ?�p2 T`Qp2/ i?�i i?2 QTiBK�H +Qbi Bb �i H2�bi kX LQi2
i?�i i?2 +Q`2b �HHQr mb iQ `2bi`B+i i?2 b2i Q7 bQ7i +H�mb2b i?�i M22/ iQ #2 +QMbB/2`2/
7Q` 7�HbB}+�iBQMX h?�i Bb- QMHv i?Qb2 bQ7i +H�mb2b �TT2�`BM; BM i?2 7QmM/ +Q`2b M22/
#2 +QMbB/2`2/ 7Q` 7�HbB}+�iBQMX h?Bb K�F2b i?2 bBx2 Q7 i?2 +�`/BM�HBiv +QMbi`�BMi
2M+Q/BM;b Km+? bK�HH2`X

h?2 2t�KTH2 b?Qrb i?�i QM2 72�im`2 Q7 i?Bb �H;Q`Bi?K Bb i?�i Bi +�M �//
KmHiBTH2 `2H�t�iBQM p�`B�#H2b iQ i?2 b�K2 +H�mb2 B7 i?�i +H�mb2 �TT2�`b BM KQ`2
i?�M QM2 +Q`2X h?Bb Bb � #v@T`Q/m+i Q7 mbBM; �M ǳ4 RǴ +�`/BM�HBiv +QMbi`�BMiX AM i?2
2t�KTH2- r2 M22/ iQ mb2 QM2 `2H�t�iBQM p�`B�#H2 7`QK 2�+? +�`/BM�HBiv +QMbi`�BMi BM
Q`/2` iQ b�iBb7v i?2 irQ +H�mb2b (¬x- ¬b1- r01- r11) �M/ (¬y,¬b2, r02, r12)c r2 +�MMQi
mb2 irQ `2H�t�iBQM p�`B�#H2b 7`QK i?2 b�K2 +�`/BM�HBiv +QMbi`�BMiX h?2b2 KmHiBTH2
`2H�t�iBQM p�`B�#H2b BM i?2 bQ7i +H�mb2 +�M #2 � bQm`+2 Q7 bB;MB}+�Mi BM2{+B2M+v �b
i?2v BMi`Q/m+2 bvKK2i`B2b i?�i +�M bHQr i?2 a�h bQHp2` /QrM (�"GRj)X

k9X9X8XkX qSJRfqJalRě6m@J�HBF 7Q` q2B;?i2/ J�ta�h

� `2bi`B+iBQM Q7 i?2 6m@J�HBF �H;Q`Bi?K Bb i?�i Bi QMHv rQ`Fb rBi? mMr2B;?i2/
J�ta�h BMbi�M+2bX aQ7i +H�mb2 +HQMBM; Bb � i2+?MB[m2 (�"GyN- JJSyN) i?�i �H@
HQrb K�Mv mMr2B;?i2/ �H;Q`Bi?Kb iQ #2 2ti2M/2/ iQ i?2 ;2M2`�H r2B;?i2/ +�b2X

kk



h?Bb i2+?MB[m2 r�b }`bi mb2/ BM i?2 qSJR (�"GyN) �M/ qJalR (JJSyN) �H;Q@
`Bi?Kb r?B+? �TT2�`2/ +QM+m``2MiHv �M/ BM/2T2M/2MiHv BM kyyNX "Qi? �H;Q`Bi?Kb
�`2 2bb2MiB�HHv B/2MiB+�H �M/ 2ti2M/ 6m@J�HBF iQ /2�H rBi? r2B;?i2/ bQ7i +H�mb2bX
.2i�BHb �`2 T`2b2Mi2/ �b �H;Q`Bi?K jX

q?2M � M2r +Q`2 κ Bb 7QmM/ �7i2` r2 ?�p2 �H`2�/v 7QmM/ �M/ `2H�t2/ bQK2
T`2pBQmb +Q`2b- r2 FMQr i?�i �i H2�bi QM2 Q7 i?2 bQ7i +H�mb2b BM κ Kmbi #2 7�HbB}2/X
A7 i?2b2 bQ7i +H�mb2b ?�p2 /Bz2`2Mi r2B;?ib- �HH i?�i +�M #2 +QM+Hm/2/ Bb i?�i
i?2 HQr2` #QmM/ QM i?2 +Qbi Q7 �M QTiBK�H bQHmiBQM Kmbi #2 BM+`2K2Mi2/ #v
wtmin = min{¬bi∈κ} wt((bi))- BX2X- #v i?2 KBMBKmK r2B;?i �KQM; i?2 bQ7i +H�mb2b
BM κX *H�mb2 +HQMBM; i�F2b TH�+2 �i i?Bb bi�;2- +QMp2`iBM; κ BMiQ � +Q`2 +QMi�BMBM;
+H�mb2b Q7 r2B;?i wtmin #v bTHBiiBM; 2p2`v +H�mb2 BM κ BMiQ irQ +QTB2b, QM2 rBi?
r2B;?i wtmin �M/ QM2 rBi? i?2 `2bB/m�H r2B;?iX h?2 +QTB2b rBi? i?2 `2bB/m�H
r2B;?i �`2 �//2/ iQ i?2 b2i Q7 bQ7i +H�mb2b- r?BH2 i?2 +QTB2b rBi? r2B;?i wtmin �`2
T`Q+2bb2/ �b �M mMr2B;?i2/ +Q`2X

AM �H;Q`Bi?K j r2 �;�BM mb2 i?2 #HQ+FBM; p�`B�#H2b BMi`Q/m+2/ BMiQ F b �b
�bbmKTiBQMb bQ i?�i r2 +�M 2ti`�+i +Q`2bX AM T`Q+2bbBM; 2�+? +Q`2 r2 �// � M2r
`2H�t�iBQM p�`B�#H2 iQ i?2 ?�`/ +H�mb2 +Q``2bTQM/BM; iQ 2�+? Q7 i?2 bQ7i +H�mb2b
BM i?2 +Q`2 UHBM2 ReVX �M/ 7Q` i?Qb2 bQ7i +H�mb2b rBi? r2B;?i ;`2�i2` i?�M i?2
KBMBKmK r2B;?i BM i?2 +Q`2 UwtminV- r2 +`2�i2 � M2r +QTv Q7 i?2 +H�mb2 UHBM2 RkV-
;Bp2 Bi � #`�M/ M2r #HQ+FBM; p�`B�#H2 bm- �M/ �// Bi iQ i?2 7Q`KmH� F ′ UHBM2 RkVX
h?2 QH/ bQ7i +H�mb2 (bi)- r?Qb2 ?�`/ +H�mb2 (ci ∨ riteri ∨ ¬bi) +QMi�BMb i?2 M2r
`2H�t�iBQM p�`B�#H2- ;2ib r2B;?i wtminX h?2 M2r bQ7i +H�mb2 (bm)- r?Qb2 ?�`/
+H�mb2 (cm ∨ ¬bm) Bb � +QTv Q7 i?2 Q`B;BM�H +H�mb2 rBi? � M2r #HQ+FBM; p�`B�#H2-
;2ib i?2 `2K�BMBM; r2B;?i wt((bi))−wtmin UHBM2 R9VX LQi2 i?�i- �b BM �H;Q`Bi?K k-
i?2 mMBi bQ7i +H�mb2b Q7 F b- BM+Hm/BM; i?2 M2r bQ7i +H�mb2 (bm)- QMHv �TT2�` BM i?2
b2i Q7 �bbmKTiBQMbX aQ r2 �HbQ M22/ iQ �// bm iQ i?2 b2i Q7 �bbmKTiBQMb UHBM2 RjVX
h?Bb K2�Mb i?�i i?2 a�h bQHp2` Bb MQi �HHQr2/ iQ 7�HbB7v i?2 Q`B;BM�H bQ7i +H�mb2
ci mMiBH i?Bb +H�mb2 ?�b �TT2�`2/ BM +Q`2b r?Qb2 bmK Q7 wtmin r2B;?ib Bb 2[m�H iQ
wt(ci)X PMHv �i i?�i TQBMi rBHH �HH +QTB2b Q7 ci ?�p2 � `2H�t�iBQM p�`B�#H2 �HHQrBM;
i?2 a�h bQHp2` iQ 7�HbB7v ciX 6m`i?2`KQ`2- iQ 7�HbB7v ci i?2 a�h bQHp2` rBHH ?�p2 iQ
mb2 � `2H�t�iBQM p�`B�#H2 7`QK 2�+? +QTv U#v b2iiBM; i?�i p�`B�#H2 iQ i`m2VX h?Bb
rBHH i?2M ǳmb2 mTǴ �HH Q7 i?2 +�`/BM�HBiv +QMbi`�BMib ci �TT2�`2/ BMX h?�i Bb- QM+2
ci Bb 7�Hb2- �HH Q7 i?2 +�`/BM�HBiv +QMbi`�BMib Bi �TT2�`b BM rBHH ?�p2 QM2 `2H�t�iBQM
p�`B�#H2 b2i- �M/ rBHH i?mb /Bb�HHQr �Mv Qi?2` `2H�t�iBQM p�`B�#H2 BM i?2 +QMbi`�BMi
7`QK #2BM; mb2/X

1t�KTH2 eX *QMbB/2`

F = {(¬x,¬q), (¬y,¬q), (¬z,¬q), (x)1, (y)1, (z)1, (q)2},
F b = {(¬x,¬q), (¬y,¬q), (¬z,¬q), (x,¬b1), (y,¬b2), (z,¬b3), (q,¬b4),

wt((b1)) = wt((b2)) = wt((b3)) = 1,wt((b4)) = 2}.

PM i?Bb BMTmi- �H;Q`Bi?K j +QmH/ T2`7Q`K i?2 7QHHQrBM; b2[m2M+2 Q7 Bi2`�iBQMb
U/Bz2`2Mi Bi2`�iBQMb �`2 TQbbB#H2 /2T2M/BM; QM r?�i +Q`2b �`2 `2im`M2/ #v i?2
a�h bQHp2`VX

kj



RX *Q`2 κ1 = {¬b1,¬b4}- i?2M wtmin = 1- +Qbi 4 0 + wtmin 4 R- �M/

F ′ = {(x,¬q), (y,¬q), (z,¬q), (x, r01,¬b1), (y,¬b2), (z,¬b3),
r04,¬b4), (q,¬b5)} ∪ *L6

(
r01 + r04 = 1),

�bbmKTiBQMb = {b1, b2, b3, b4,b5},
wt((b1)) = wt((b2)) = wt((b3)) = 1,wt((b4)) = 1,wt((b5)) = 1.

kX *Q`2 κ2 = {¬b1,¬b2,¬b4,¬b5}- i?2M wtmin = 1- +Qbi 4 1+wtmin 4 k- �M/

F ′ = {(x,¬q), (y,¬q), (z,¬q), (x, r01, r11,¬b1), (y, r12,¬b2), (z,¬b3),
(q, r04, r

1
4,¬b4), (q, r15,¬b5)}

∪ *L6
(
r01 + r04 = 1) ∪ *L6

(
r11 + r12 + r14 + r15 = 1),

�bbmKTiBQMb �M/ r2B;?ib mM+?�M;2/.

jX LQr i?2 7Q`KmH� Bb b�iBb}2/ #v i?2 i`mi? �bbB;MK2Mi π = {x- y- z- ¬q- r04-
r15- ¬r01- ¬r11- ¬r12- ¬r14- b1- b2- b3- b4- b5}- �M/ π|vars(F ) = {x, y, z,¬q} Bb
�M QTiBK�H bQHmiBQM 7Q` F X

6m@J�HBF �M/ Bib r2B;?i2/ p2`bBQM �`2 KQbiHv Q7 ?BbiQ`B+�H BMi2`2bi �b i?2 }`bi
�TTHB+�iBQM Q7 +Q`2b �M/ +H�mb2 +HQMBM;- `2bT2+iBp2HvX hQ /�i2 MQ QM2 ?�b /2p2HQT2/
BKTH2K2Mi�iBQMb Q7 i?2b2 �H;Q`Bi?Kb i?�i T2`7Q`K �b 2{+B2MiHv �b KQ`2 `2+2Mi
�H;Q`Bi?KbX Ai Bb Q7 +Qm`b2 �Hr�vb TQbbB#H2 i?�i M2r BMbB;?i +QmH/ K�F2 i?2b2
�H;Q`Bi?Kb +QKT2iBiBp2X

k9X9X8XjX Jalj 7Q` lMr2B;?i2/ J�ta�h
Jalj (JSyd) Bb � Km+? bBKTH2` �H;Q`Bi?K i?�M 6m@J�HBF Ua2+iBQM k9X9X8XRV- �M/-
r?2M BKTH2K2Mi2/ rBi? BM+`2K2Mi�H a�h bQHpBM; (JCJGR9#)- Bi ?�b T`Qp2/ iQ
#2 Km+? KQ`2 2{+B2MiX AM 7�+i- �i i?2 iBK2 i?Bb +?�Ti2` r�b r`Bii2M- i?2 BK@
TH2K2Mi�iBQM Q7 Jalj BM i?2 PT2M@q"P bvbi2K (JJGR9) r�b QM2 Q7 i?2 KQbi
2z2+iBp2 bQHp2`b 7Q` i?2 mMr2B;?i2/ J�ta�h T`Q#H2KX Jalj- HBF2 i?2 Gal �H;Q@
`Bi?K Ua2+iBQM k9X9X9V �M/ mMHBF2 i?2 6m@J�HBF �H;Q`Bi?K- mb2b � bBKTH2 2M+Q/BM;
i?�i i`�MbT�`2MiHv +�Tim`2b i?2 /2+BbBQM T`Q#H2K D(F, k)X GBF2 6m@J�HBF- Jalj
bi�`ib rBi? k = 0 �M/ BM+`2�b2b k mMiBH D(F, k) #2+QK2b a�h 2tTHQBiBM; i?2 +Q`2b
7QmM/ 7Q` 2�+? lLa�h /2+BbBQM T`Q#H2K BMbi�M+2 D(F, k)X AM T�`iB+mH�`- BM i?2
mMr2B;?i2/ +�b2- D(F, k) Bb �bFBM; i?2 a�h bQHp2` iQ }M/ � 72�bB#H2 bQHmiBQM i?�i
7�HbB}2b �i KQbi k bQ7i +H�mb2bX h?2 a�h bQHp2` M22/ MQi +QMbB/2` �HH bQ7i +H�mb2b
7Q` 7�HbB}+�iBQMX _�i?2`- Bi M22/b iQ +QMbB/2` QMHv i?Qb2 bQ7i +H�mb2b i?�i ?�p2
�TT2�`2/ BM QM2 Q7 i?2 +Q`2b Q#i�BM2/ 7`QK i?2 T`2pBQmb a�h bQHp2` +�HHbX h?Bb
K�F2b i?2 +�`/BM�HBiv +QMbi`�BMi mb2/ BM i?2 2M+Q/BM; Q7 D(F, k) Km+? bK�HH2`
�M/ 2�bB2` 7Q` i?2 a�h bQHp2` iQ ?�M/H2X

�H;Q`Bi?K 9 ;Bp2b i?2 /2i�BHbX Ai bi�`ib rBi? �M 2KTiv +�`/nH�v2` �M/ �b@
bmKTiBQMb i?�i 7Q`+2 �HH bQ7i +H�mb2b iQ #2 b�iBb}2/ UHBM2 kVX >2M+2- i?2 a�h
bQHp2` Bb #2BM; �bF2/ iQ }M/ � 72�bB#H2 bQHmiBQM rBi? x2`Q +QbiX lMH2bb � bQHmiBQM
Bb 7QmM/- i?2 a�h bQHp2` rBHH `2im`M � +Q`2 bT2+B7vBM; � b2i Q7 bQ7i +H�mb2b QM2 Q7
r?B+? Kmbi #2 7�HbB}2/X h?2 HBi2`�Hb bi 7Q`+BM; i?2 b�iBb7�+iBQM Q7 i?2b2 bQ7i +H�mb2b
(bi) �`2 i?2M `2KQp2/ 7`QK i?2 �bbmKTiBQMb UHBM2 NV- �M/ �//2/ iQ i?2 +�`/BM�HBiv
+QMbi`�BMi UHBM2 3VX 6BM�HHv- i?2 +Qbi Bb BM+`2K2Mi2/ �M/ � M2r +�`/BM�HBiv +QM@
bi`�BMi Bb +QMbi`m+i2/ bT2+B7vBM; i?�i �i KQbi i?Bb M2r ǳ+QbiǴ Q7 bQ7i +H�mb2b +�M
#2 7�HbB}2/X

k9



�H;Q`Bi?K 9, Jalj �H;Q`Bi?K 7Q` mMr2B;?i2/ J�ta�h (JSyd)
R JaljUF V
k F b 4 #pni`�Mb7Q`KU6Vc +�`/nH�v2` 4 {}c �bbmKTiBQMb 4 {bi | (bi) ∈ soft(F b)}
j BM*�`/ 4 {}
9 F ′ = hard(F b)c +Qbi 4 0c b�i\ 4 7�Hb2
8 r?BH2 MQi b�i\ /Q

f a�h bQHp2` BMi2`7�+2 Bb i?2 b�K2 �b BM �H;Q`Bi?K k  f
e Ub�i\- π- κV 4 a�haQHp2 UF ′ ∪ +�`/nH�v2`- �bbmKTiBQMbV
d B7 MQi b�i\ i?2M
3 BM*�`/ 4 BM*�`/ ∪ κ
N �bbmKTiBQMb 4 �bbmKTiBQMb \ {bi | ¬bi ∈ κ}

Ry +Qbi 4 +Qbi Y R
RR +�`/nH�v2` 4 CNF

(∑
¬bi∈inCard ¬bi ≤ cost

)

Rk 2Hb2
Rj `2im`M Uπ|vars(F )- +QbiV

LQi2 i?�i i?2 BMBiB�H +�`/BM�HBiv +QMbi`�BMi Bb QMHv Qp2` i?2 bQ7i +H�mb2b i?�i
?�p2 �TT2�`2/ BM i?2 7QmM/ +Q`2 κX AM bm#b2[m2Mi Bi2`�iBQMb- i?2 +Q`2 κ rBHH
bT2+B7v � bm#b2i Q7 bQ7i +H�mb2b QM2 Q7 r?B+? Kmbi #2 7�HbB}2/ 2p2M i?Qm;? i?2
+�`/BM�HBiv +QMbi`�BMi �H`2�/v �HHQr2/ bQK2 MmK#2` Q7 bQ7i +H�mb2b iQ #2 7�HbB}2/X
>2M+2- i?2 #QmM/ QM i?2 +�`/BM�HBiv +QMbi`�BMi Bb �Hr�vb BM+`2K2Mi2/ #v QM2- �M/
Bi Bb �Hr�vb Qp2` i?2 bQ7i +H�mb2b BM i?2 mMBQM Q7 i?2 +Q`2b i?�i ?�p2 #22M 7QmM/ bQ
7�`X LQi2 �HbQ i?�i #v `2KQpBM; i?2 HBi2`�H bi 7`QK i?2 �bbmKTiBQMb- r2 MQ HQM;2`
`2[mB`2 i?2 a�h bQHp2` iQ b�iBb7v i?2 bQ7i +H�mb2 (bi)X >Qr2p2`- #v �//BM; ¬bi iQ
i?2 +�`/BM�HBiv +QMbi`�BMi r2 biBHH `2[mB`2 i?2 a�h bQHp2` iQ MQi 7�HbB7v KQ`2 i?�M
cost Q7 i?2b2 bQ7i +H�mb2bX LQi2 �HbQ i?�i κ +�M #2 2KTivX AM i?Bb +�b2- i?2 a�h
bQHp2` ?�b T`Qp2/ i?�i i?2 +m``2Mi #QmM/ QM i?2 MmK#2` Q7 bQ7i +H�mb2b i?�i +�M
#2 7�HbB}2/ BM i?2 +m``2Mi +�`/BM�HBiv +QMbi`�BMi Bb iQQ HQrX AM i?Bb +�b2- i?2 QMHv
+?�M;2 iQ +�`/nH�v2` rBHH #2 iQ BM+`2�b2 i?2 `B;?i@?�M/ bB/2 #QmM/ ǳ+QbiǴX

A7 r2 +QMbB/2` i?2 7Q`KmH� #2BM; bQHp2/ #v i?2 a�h bQHp2` QM HBM2 e- r2
b22 i?�i QMHv +�`/nH�v2` +?�M;2b #2ir22M a�h bQHp2` BMpQ+�iBQMbX 6m`i?2`KQ`2-
+�`/nH�v2` +?�M;2b BM irQ r�vb, U�V i?2 `B;?i@?�M/ bB/2 +Qbi #QmM/ Bb BM+`2@
K2Mi2/- �M/ U#V TQi2MiB�HHv �//BiBQM�H HBi2`�Hb �`2 �//2/ iQ i?2 H27i@?�M/ bB/2
bmKX J�`iBMb 2i �HX (JCJGR9#) b?Qr ?Qr- mbBM; � iQi�HBx2` 2M+Q/BM; Q7 i?2
+�`/BM�HBiv +QMbi`�BMi (""yj)- #Qi? +?�M;2b +�M #2 K�/2 #v QMHv �//BM; M2r
+H�mb2b iQ i?2 a�h bQHp2` �M/ #v +?�M;BM; i?2 �bbmK2/ iQi�HBx2` QmiTmi p�`B�#H2
iQ +?�M;2 i?2 `B;?i@?�M/ bB/2 #QmM/ Ua2+iBQM k9X9XkXRVX >2M+2- i?2 b�K2 a�h
bQHp2` BMbi�M+2 +�M #2 mb2/ i?`Qm;?Qmi i?2 �H;Q`Bi?K ;BpBM; `Bb2 iQ bB;MB}+�Mi
T2`7Q`K�M+2 BKT`Qp2K2Mib Qp2` MQM@BM+`2K2Mi�H BKTH2K2Mi�iBQMbX

k9X9X8XjXRX h?2 SJk �H;Q`Bi?KX �H;Q`Bi?K 9 UJaljV mb2b � bBM;H2 +�`/BM�HBiv
+QMbi`�BMi Qp2` �HH Q7 i?2 bQ7i +H�mb2b i?�i ?�p2 �TT2�`2/ BM bQK2 +Q`2X >Qr2p2`-
BM bQK2 +�b2b- i?Bb +�`/BM�HBiv +QMbi`�BMi +�M #2 /2+QKTQb2/ BMiQ bK�HH2` +�`/B@
M�HBiv +QMbi`�BMib 2�+? Qp2` � /BbDQBMi b2i Q7 bQ7i +H�mb2bX h?Bb Bb i?2 BMbB;?i mb2/
BM i?2 SJk �H;Q`Bi?K (�"GyN- �"GRj)X AM T�`iB+mH�`- SJk QT2`�i2b Dmbi HBF2
Jalj 2t+2Ti i?�i BM 2�+? Bi2`�iBQM +�`/nH�v2` rBHH +QMi�BM � b2i Q7 +�`/BM�HBiv
+QMbi`�BMib `�i?2` i?�M Dmbi QM2 H�`;2` +�`/BM�HBiv +QMbi`�BMiX
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*QMbB/2` i?2 7QHHQrBM; b2[m2M+2 Q7 +Q`2b U/Bb+Qp2`2/ #v i?2 a�h bQHp2` BM
i?Bb Q`/2`V, κ1 = {¬b1,¬b2,¬b3}- κ2 = {¬b4,¬b5,¬b6}- κ3 = {¬b7,¬b8}- κ4 =
{¬b1,¬b6}X Jalj rQmH/ +QMbi`m+i i?2 7QHHQrBM; b2[m2M+2 Q7 +�`/BM�HBiv +QM@
bi`�BMib Ub2iiBM; +�`/nH�v2` iQ i?2 iǶi? +QMbi`�BMi BM i?2 iǶi? Bi2`�iBQMV,

URV ¬b1 + ¬b2 + ¬b3 ≤ 1-
UkV ¬b1 + · · ·+ ¬b6 ≤ 2-
UjV ¬b1 + · · ·+ ¬b8 ≤ 3-
U9V ¬b1 + · · ·+ ¬b8 ≤ 4X

>Qr2p2`- i?2 }`bi i?`22 +Q`2b �`2 Qp2` /BbDQBMi b2ib Q7 bQ7i +H�mb2bX SJk rQmH/
BMbi2�/ mb2 � b2i Q7 +�`/BM�HBiv +QMbi`�BMib BM +�`/nH�v2` /m`BM; 2�+? Bi2`�iBQM,

URV ¬b1 + · · ·+ ¬b3 ≤ 1-
UkV ¬b1 + ¬b2 + ¬b3 ≤ 1 �M/ ¬b4 + ¬b5 + ¬b6 ≤ 1-
UjV ¬b1 + ¬b2 + ¬b3 ≤ 1 �M/ ¬b4 + ¬b5 + ¬b6 ≤ 1 �M/ ¬b7 + b8 ≤ 1X

>Qr2p2`- κ4 Bb Qp2` bQ7i +H�mb2b +QMi�BM2/ BM κ1 �M/ κ2X aQ �b iQ 2Mbm`2 i?�i Bib
+�`/BM�HBiv +QMbi`�BMib �`2 2�+? Qp2` /BbDQBMi b2ib Q7 bQ7i +H�mb2b- SJk rQmH/ MQr
K2`;2 i?2 bQ7i +H�mb2b BM κ1- κ2 �M/ κ4 �M/ +QMbi`m+i QM2 +�`/BM�HBiv +QMbi`�BMi
Qp2` i?2 mMBQM Q7 i?2B` bQ7i +H�mb2b rBi? � #QmM/ Q7 j UbBM+2 j +Q`2b ?�p2 #22M
/Bb+Qp2`2/ Qp2` i?Bb bm#b2i Q7 bQ7i +H�mb2bVX >2M+2- �i Bi2`�iBQM 9- SJk rQmH/ mb2
i?2 7QHHQrBM; b2i Q7 +�`/BM�HBiv +QMbi`�BMib BM +�`/nH�v2`, U9V ¬b1 + · · ·+¬b6 ≤ 3
�M/ ¬b7 + ¬b8 ≤ 1X

"v bTHBiiBM; mT i?2 +Q`2b BMiQ KmHiBTH2 +�`/BM�HBiv +QMbi`�BMib SJk Bb TQ@
i2MiB�HHv ;BpBM; i?2 a�h bQHp2` �M 2�bB2` T`Q#H2K iQ bQHp2X AM T�`iB+mH�`- i?2`2
�`2 72r2` b2iiBM;b Q7 i?2 bi p�`B�#H2b b�iBb7vBM; i?2 irQ +�`/BM�HBiv +QMbi`�BMib
¬b1 + · · · + ¬b6 ≤ 3 �M/ ¬b7 + ¬b8 ≤ 1 i?�M i?2`2 �`2 b2iiBM;b b�iBb7vBM; i?2
bBM;H2 +�`/BM�HBiv +QMbi`�BMi ¬b1 + · · ·+ ¬b8 ≤ 4X

SJk �HbQ �//2/ ≥ +�`/BM�HBiv +QMbi`�BMib U�i@G2�biV iQ i?2 a�h bQHp2`X >Qr@
2p2`- i?2b2 +QMbi`�BMib �`2 HQ;B+�HHv `2/mM/�Miěi?2 a�h bQHp2` ?�b �H`2�/v BM@
72``2/ i?�i �i H2�bi i?Bb MmK#2` Q7 bQ7i +H�mb2b Kmbi #2 7�HbB}2/X SQi2MiB�HHv- i?2b2
�i@G2�bi +QMbi`�BMib KB;?i bHQr /QrM i?2 a�h bQHp2`X

k9X9X8X9X PGG 7Q` q2B;?i2/ J�ta�h

�MQi?2` �H;Q`Bi?K i?�i Bb p2`v 2{+B2Mi 7Q` J�ta�h Bb i?2 PGG �H;Q`Bi?KX PGG
Bb Q`B;BM�HHv �M �H;Q`Bi?K 7Q` QTiBKBx�iBQM BM �Mbr2` a2i S`Q;`�KKBM; (�EJaRk)
�M/ r�b �/�Ti2/ 7Q` J�ta�h #v JQ`;�/Q 2i �HX (J.JR9)X h?2 PGG J�ta�h
�H;Q`Bi?K r�b KQbi `2+2MiHv U�i i?2 iBK2 i?Bb +?�Ti2` r�b r`Bii2MV BKTH2K2Mi2/
BM i?2 _*k bQHp2`X

h?2 F2v B/2� Q7 PGG Bb iQ miBHBx2 r?�i �`2 +�HH2/ ǳbQ7i +�`/BM�HBiv +QMbi`�BMibXǴ
*QMbB/2` �M mMr2B;?i2/ BMbi�M+2 7Q` r?B+? � +Q`2 κ = {¬b1, . . .¬bn} ?�b #22M
7QmM/ UBX2X- 7Q` 2�+? ¬bi ∈ κ- (bi) Bb � bQ7i +H�mb2 rBi? wt((bi)) = 1VX h?2 7Q`KmH�
+�M #2 `2H�t2/ #v `2KQpBM; i?2 bi 7`QK i?2 �bbmKTiBQMb �M/ �//BM; � +�`/BM�HBiv
+QMbi`�BMi

∑
¬bi∈κ ¬bi < jX h?Bb �HHQrb i?2 a�h bQHp2` iQ 7�HbB7v mT iQ j−1 Q7 i?2b2

bQ7i +H�mb2bX LQr /2}M2 M2r bmKK�iBQM QmiTmi p�`B�#H2b oj 7Q` j = 1, . . . n − 1
bm+? i?�i oj Bb i`m2 B7 �M/ QMHv B7

∑
¬bi∈κ ¬bi ≥ jX h?�i Bb- oj Bb i`m2 B7 �i H2�bi j

Q7 i?2 bQ7i +H�mb2b (b1)- Ę- (bn) �`2 7�HbB}2/c �M/ 7�Hb2 B7 �i KQbi j−1 �`2 7�HbB}2/X

ke



�H;Q`Bi?K 8, PGG �H;Q`Bi?K 7Q` J�ta�h (J.JR9)
R PGGUF V
k F b 4 #pni`�Mb7Q`KU6Vc +�`/nH�v2` 4 {}c �bbmKTiBQMb 4 {bi | (bi) ∈ soft(F b)}
j F ′ = hard(F b)c +Qbi 4 0c Bi2` 4 yc b�i\ 4 7�Hb2
9 r?BH2 MQi b�i\ /Q

f a�h bQHp2` BMi2`7�+2 Bb i?2 b�K2 �b BM �H;Q`Bi?K k  f
8 Ub�i\- π- κV 4 a�haQHp2 UF ′ ∪ +�`/nH�v2`- �bbmKTiBQMbV
e B7 MQi b�i\ i?2M
d wtmin 4 min{ℓ|ℓ∈κ} wt((¬ℓ))
3 +Qbi 4 +Qbi Y wtmin

N 7Q` ℓ ∈ κ /Q f (¬ℓ) Bb � bQ7i +H�mb2  f
Ry wt((¬ℓ)) = wt((¬ℓ))− wtmin

RR B7 wt((¬ℓ)) == 0 i?2M
Rk �bbmKTiBQMb 4 �bbmKTiBQMb \ {¬ℓ}
Rj 7Q` oij ∈ κ /Q f amKK�iBQM QmiTmi p�`B�#H2b  f
R9 B7 wt((¬oij)) == 0 ∧ oij+1 2tBbib i?2M

f iǶi? bmKK�iBQM ?�b �MQi?2` QmiTmi p�`B�#H2  f
R8 �bbmKTiBQMb 4 �bbmKTiBQMb ∪ {¬oij+1}

f 1M+Q/2 +H�mb2b i?�i K�F2 QmiTmi p�`B�#H2b 2[m�H iQ p�Hm2 Q7 bmK  f
Re +�`/nH�v2` 4 +�`/nH�v2` ∪ CNF

(∑
ℓ∈κ ℓ ≥ j ≡ oiterj 7Q` oiter2 , . . . , oiter|κ|

)

Rd 7Q` j = 2, . . . , |κ| /Q
R3 wt((¬oiterj )) = wtmin

RN �bbmKTiBQMb 4 �bbmKTiBQMb ∪ {¬oiter2 }
ky Bi2` 4 Bi2` Y R
kR 2Hb2
kk `2im`M Uπ|vars(F )- +QbiV

q2 rBHH `272` iQ i?2 oj �b #2BM; QmiTmi p�`B�#H2b Q7 i?2 +�`/BM�HBiv +QMbi`�BMi- �M/
i?2 HBi2`�Hb #2BM; bmKK2/ Ui?2 H27i@?�M/ bB/2V �b i?2 BMTmi p�`B�#H2bX

AMbi2�/ Q7 �//BM; i?2 +�`/BM�HBiv +QMbi`�BMi
∑

¬bi∈κ ¬bi < j- r2 +�M �//
i?2 +H�mb2b bT2+B7vBM; i?�i 7Q` 2�+? QmiTmi p�`B�#H2 oj i?2 2[mBp�H2M+2 oj ≡∑

¬bi∈κ ¬bj ≥ j ?QH/b- �M/ +�HH i?2 a�h bQHp2` mM/2` i?2 �bbmKTiBQM ¬oj Ua2+@
iBQM k9X9XkXRVX h?Bb i2+?MB[m2 Bb mb2/ #v (JCJGR9#) iQ K�F2 Jalj BM+`2K2Mi�HX
>Qr2p2`- i?2 mb2 Q7 bQ7i +�`/BM�HBiv +QMbi`�BMib i�F2b i?Bb B/2� 7m`i?2`X AMbi2�/ Q7
i`2�iBM; i?2 HBi2`�Hb ¬oj �b ?�`/ �bbmKTiBQMb- r2 +�M `2;�`/ i?2K iQ #2 M2r bQ7i
+H�mb2b (¬oj)1X aBM+2 oj → oj−1- r2 Q#b2`p2 i?�i �Mv i`mi? �bbB;MK2Mi 7�HbB7vBM;
i?2 bQ7i +H�mb2 (¬oj)1 Kmbi �HbQ 7�HbB7v i?2 j bQ7i +H�mb2b {(¬o1)1- Ę- (¬oj)1}X
>2M+2 �Mv 72�bB#H2 bQHmiBQM 7�HbB7vBM; (¬oj)1 BM+m`b +Qbi j- �M/ i?Bb Bb 2t�+iHv i?2
b�K2 �b i?2 +Qbib BM+m``2/ #v 7�HbB7vBM; j Q7 i?2 Q`B;BM�H bQ7i +H�mb2b (bi) Uoj Bb
i`m2 BKTHB2b j Q7 i?2 ¬bi �`2 i`m2VX h?�i Bb- `2TH�+BM; i?2 bQ7i +H�mb2b (bi)1 #v
i?2 bQ7i +H�mb2b (¬oj)1 +Q``2bTQM/BM; iQ i?2 bmKb Q7 i?2 ¬bi Bb � +Qbi@T`2b2`pBM;
i`�Mb7Q`K�iBQM Q7 i?2 J�ta�h 7Q`KmH�X

h?2 K�BM �/p�Mi�;2 Q7 i`2�iBM; i?2 (¬oi) �b M2r bQ7i +H�mb2b Bb i?�i +Q`2b +�M
MQr #2 7QmM/ Qp2` i?2b2 p�`B�#H2bX 6Q` 2t�KTH2- i?2 a�h bQHp2` +QmH/ +QKTmi2
� +Q`2 κ = {¬b2- ¬b4- o22} r?2`2 (b2)1 �M/ (b4)1 �`2 bQ7i +H�mb2b Q7 F b- �M/ o22 Bb
i?2 kM/ QmiTmi Q7 i?2 b2+QM/ +�`/BM�HBiv +QMbi`�BMiX h?Bb +Q`2 �bb2`ib i?�i 2Bi?2`
QM2 Q7 (b2)1 Q` (b4)1 Kmbi #2 7�HbB}2/ Q` KQ`2 i?�M irQ bQ7i +H�mb2 BMTmib Q7 i?2
b2+QM/ +�`/BM�HBiv +QMbi`�BMi Kmbi #2 7�HbB}2/X h?Bb Bb +H2�`Hv � KQ`2 ;2M2`�H
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�M/ TQi2MiB�HHv KQ`2 TQr2`7mH ivT2 Q7 +Q`2 i?�M +Q`2b bi`B+iHv Qp2` i?2 Q`B;BM�H
bQ7i +H�mb2b (bi)X 6m`i?2`KQ`2- i?2 QmiTmib Q7 QM2 +�`/BM�HBiv +QMbi`�BMi Ui?2
`B;?i@?�M/ bB/2 p�`B�#H2bV +�M 2M/ mT #2BM; mb2/ �b i?2 BMTmib Ui?2 H27i@?�M/ bB/2
HBi2`�HbV iQ �//BiBQM�H +�`/BM�HBiv +QMbi`�BMib- #mBH/BM; mT M2r QmiTmi p�`B�#H2b
`2T`2b2MiBM; [mBi2 +QKTHB+�i2/ +QMbi`�BMib QM i?2 b2i Q7 Q`B;BM�H bQ7i +H�mb2b i?�i
+�M #2 7�HbB}2/X

�H;Q`Bi?K 8 ;Bp2b i?2 /2i�BHb Q7 i?2 r2B;?i2/ +�b2Xe PM2 K�BM 72�im`2 Q7 i?Bb
�H;Q`Bi?K Bb i?�i i?2 iQi�HBx2` 2M+Q/BM; (""yj) Q7 +�`/BM�HBiv +QMbi`�BMib �H`2�/v
T`QpB/2b i?2 bmKK�iBQM QmiTmi p�`B�#H2b oi mb2/ QM HBM2 Re Ub22 a2+iBQM k9X9XkXRVXd
�MQi?2` 72�im`2 Q7 i?2 �H;Q`Bi?K Bb i?�i i?`Qm;? Bib mb2 Q7 �bbmKTiBQMb Bi +�M
T2`7Q`K +H�mb2 +HQMBM; rBi?Qmi ?�pBM; iQ �+im�HHv /mTHB+�i2 i?2 +H�mb2b �b r�b
M22/2/ BM qSJRfqJalR Ua2+iBQM k9X9X8XkVc i?Bb Bb /2b+`B#2/ #2HQrX

h?2 �H;Q`Bi?K bi�`ib �b MQ`K�H rBi? �M 2KTiv +�`/nH�v2` �M/ �bbmKTiBQMb
i?�i 7Q`+2 i?2 b�iBb7�+iBQM Q7 �HH bQ7i +H�mb2bX q?2M2p2` � +Q`2 Bb 7QmM/- i?2
KBMBKmK r2B;?i Qp2` i?2 bQ7i +H�mb2b BM i?2 +Q`2 Bb bm#i`�+i2/ 7`QK i?2 r2B;?i Q7
2p2`v bQ7i +H�mb2 BM i?2 +Q`2X LQi2 i?�i rBi? bmKK�iBQM QmiTmi HBi2`�Hb ¬oij #2BM;
�bbmK2/ UHBM2b R8 �M/ RNV i?2 +Q`2 +�M +QMi�BM 2Bi?2` M2;�i2/ #HQ+FBM; p�`B�#H2b
¬bi Q` TQbBiBp2 QmiTmi p�`B�#H2b oij X AM #Qi? +�b2b i?2 +Q``2bTQM/BM; bQ7i +H�mb2
+QMi�BMb i?2 M2;�iBQM- (bi) Q` (¬oij)X GBM2 Ry `2/m+2b i?2 r2B;?i Q7 i?2b2 bQ7i
+H�mb2b #v wtminX A7 i?2 r2B;?i /`QTb iQ x2`Q- i?2M i?�i T�`iB+mH�` bQ7i +H�mb2 ?�b
#22M 7mHHv �#bQ`#2/ BMiQ i?2 +�`/nH�v2` UBX2X- Bib r2B;?i ?�b #22M 7mHHv �++QmMi2/
7Q` BM i?2 +Qbi Q7 i?2 +Q`2b 7QmM/ bQ 7�`VX AM i?�i +�b2 r2 +�M `2KQp2 Bi 7`QK i?2
�bbmKTiBQMbc Qi?2`rBb2- r2 +QMiBMm2 iQ �bbmK2 Bi #mi MQr rBi? `2/m+2/ r2B;?iX

h?2 bmKK�iBQM QmiTmi p�`B�#H2b �TT2�`BM; BM i?2 +Q`2 `2[mB`2 bT2+B�H i`2�i@
K2Mi B7 i?2B` r2B;?i /`QTb iQ x2`QX A7 i?2 r2B;?i Q7 oij /`QTb iQ x2`Q- i?2 i@i?
+�`/BM�HBiv +QMbi`�BMi ?�b ?�/ j Q7 Bib BMTmib K�/2 i`m2X h?Bb +Q``2bTQM/b iQ j
bQ7i +H�mb2b #2BM; 7�HbB}2/- �M/ i?2 r2B;?i Q7 i?2b2 j 7�HbB}+�iBQMb ?�b #22M 7mHHv
�#bQ`#2/ BMiQ +�`/nH�v2`X LQr r2 Kmbi /Bb�HHQr �Mv 7m`i?2` 7�HbB}+�iBQMb #v
�bbmKBM; ¬oij+1 UHBM2 R8VX A7 7m`i?2` 7�HbB}+�iBQMb �`2 M22/2/- i?2 a�h bQHp2` rBHH
bm#b2[m2MiHv ;2M2`�i2 +Q`2b +QMi�BMBM; oij+1c 2p2Mim�HHv i?2 r2B;?i Q7 � Uj+1VǶi?
7�HbB}+�iBQM- BX2X- wt((¬oij+1))- rBHH #2 �#bQ`#2/ BMiQ i?2 +�`/nH�v2` �M/ r2 rBHH
i?2M �bbmK2 oij+2X LQi2 i?�i 2�+? Q7 i?2 bQ7i +H�mb2b (¬oij) ?�b � r2B;?i 2[m�H
iQ i?2 KBMBKmK r2B;?i Q7 i?2 bQ7i +H�mb2b BM i?2 iǶi? +Q`2 UHBM2 R3VX h?Bb Bb BM
;2M2`�H /Bz2`2Mi 7`QK wtmin Q7 i?2 Bi2`Ƕi? +Q`2 +m``2MiHv #2BM; T`Q+2bb2/X A7 �HH
Q7 i?2 bmKK�iBQM QmiTmi p�`B�#H2b ?�p2 #22M �#bQ`#2/ UBX2X- i?2`2 Bb MQ oij+1 Qmi@
Tmi p�`B�#H2V i?2M MQ 7m`i?2` �bbmKTiBQMb M22/ #2 �//2/ iQ i?2 a�h bQHp2`ěi?2
TQbbB#H2 7�HbB}+�iBQM Q7 �HH Q7 i?2 bQ7i +H�mb2 BMTmib iQ i?Bb +�`/BM�HBiv +QMbi`�BMi
?�b #22M 7mHHv �++QmMi2/ 7Q` #v i?2 �H;Q`Bi?KX

�7i2` mT/�iBM; i?2 r2B;?ib Q7 i?2 bQ7i +H�mb2b � M2r +�`/BM�HBiv +QMbi`�BMi Bb
;2M2`�i2/ Qp2` i?2 HBi2`�Hb BM i?2 +Q`2 UHBM2 ReV rBi? � +Q``2bTQM/BM; M2r b2i Q7
bmKK�iBQM QmiTmi p�`B�#H2b oiterj X q2 /Q MQi M22/ oiter1 #2+�mb2 r2 FMQr i?�i �i

eh?2 Q`B;BM�H Tm#HB+�iBQM (J.JR9) /B/ MQi /2i�BH i?2 ;2M2`�H r2B;?i2/ +�b2- bQ i?Bb �H;Q`Bi?K
Bb #�b2/ QM i?2 _*k BKTH2K2Mi�iBQMX

d�H;Q`Bi?Kb i?�i mb2 i?2 +�`/BM�HBiv +QMbi`�BMi CNF
(∑

¬bi∈inCard ¬bi ≤ cost
)

rBi? � bT2+B}+
#QmM/- bm+? �b Jalj- Q7i2M mb2 i?2 iQi�HBx2` 2M+Q/BM; i?�i �HbQ bmTTHB2b i?2b2 bmKK�iBQM QmiTmi
p�`B�#H2b oiX hQ BKTQb2 i?2 #QmM/ Q7 ≤ cost- i?2b2 �H;Q`Bi?Kb �// ¬ocost+1 iQ i?2 b2i Q7 a�h
bQHp2` �bbmKTiBQMbX

k3



H2�bi QM2 Q7 i?2 HBi2`�Hb BM κ Kmbi #2 i`m2- κ bT2+B}2b � +QM~B+i +H�mb2 b�iBb}2/
#v �HH 72�bB#H2 bQHmiBQMb Ub22 a2+iBQM k9X9XRXkV- �M/ bQ oiter1 Bb �H`2�/v i`m2X h?2b2
M2r bmKK�iBQM QmiTmi p�`B�#H2b rBHH +QmMi mT ?Qr K�Mv HBi2`�Hb ¬ℓ Q7 κ �`2 i`m2-
�M/ i?mb ?Qr K�Mv Q7 i?2 +Q``2bTQM/BM; bQ7i +H�mb2b (ℓ) �`2 7�Hb2X aBM+2 2�+? Q7
i?2 bmKK�iBQM QmiTmi p�`B�#H2b ;2ib r2B;?i wtmin UHBM2 R3V- 2�+? BMTmi +H�mb2
(ℓ) +QMi`B#mi2b wtmin B7 7�HbB}2/X h?Bb Bb ?Qr +H�mb2 +HQMBM; Bb BKTH2K2Mi2/X A7
i?2 bQ7i +H�mb2 (ℓ) U7Q` ¬ℓ ∈ κV ?�b r2B;?i wt(ℓ) > wtmin r2 rBHH ?�p2 ℓ �b �M
�bbmKTiBQM rBi? M2r r2B;?i wt(ℓ) − wtmin- �M/ ℓ �b �M BMTmi iQ i?2 +�`/BM�HBiv
+QMbi`�BMi rBi? r2B;?i wtminX h?2b2 irQ mb2b Q7 i?2 HBi2`�H ℓ +Q``2bTQM/ iQ i?2
irQ +H�mb2 +QTB2b mb2/ BM qSJR- �M/ i?2`2 Bb MQ HQM;2` � M22/ iQ �// +H�mb2
+QTB2b iQ i?2 a�h bQHp2`X3

h?2`2 �`2 � MmK#2` Q7 QTiBQMb rBi? `2bT2+i iQ �bbmKBM; i?2 M2r QmiTmi p�`B@
�#H2bX AM �H;Q`Bi?K 8 i?2 �bbmKTiBQMb +QMi�BM �i KQbi QM2 QmiTmi HBi2`�H 7`QK
2�+? +�`/BM�HBiv +QMbi`�BMi �i �Mv iBK2, BMBiB�HHv r2 �// ¬oi2 UHBM2 RNV- �M/ r?2M@
2p2` wt((¬oij) /`QTb iQ x2`Q r2 `2KQp2 Bi �M/ �// i?2 M2ti QmiTmi HBi2`�H ¬oij+1X
>Qr2p2`- bBM+2 ¬oij → ¬oij+1 U2[mBp�H2MiHv oij+1 → oijV Bi Bb HQ;B+�HHv bQmM/ iQ
�bbmK2 �HH Q7 i?2 QmiTmi HBi2`�Hb ¬oij �i QM+2 (�._R8)X AM i?2 _*k BKTH2K2Mi�@
iBQM Ub22 ("CJR3)V QMHv wt((¬oiter2 )) Bb BMBiB�HBx2/ iQ wtmin U�b BM HBM2 R3VX h?2M-
r?2M2p2` r2B;?i Bb `2KQp2/ 7`QK (¬oij)- �M 2[mBp�H2Mi r2B;?i Bb �//2/ iQ (¬oij+1)X
h?mb #v i?2 iBK2 (¬oiter2 ) ?�b ?�/ Bib r2B;?i `2/m+2/ iQ x2`Q- (¬oiter3 ) rBHH ?�p2
?�/ � iQi�H Q7 wtmin r2B;?i �//2/ iQ BiX h?�i Bb- BMbi2�/ Q7 bi�`iBM; (¬oiter3 ) rBi?
r2B;?i wtmin �b Bb /QM2 QM HBM2 R3- r2B;?i wtmin Bb KQp2/ iQ i?Bb bQ7i +H�mb2 BM@
+`2K2Mi�HHvX >2M+2- #v i?2 iBK2 (¬oij)- . . .- (¬oi2) �HH ?�p2 r2B;?i x2`Q- wtmin · j
r2B;?i Kmbi ?�p2 #22M �++mKmH�i2/ BMiQ +�`/nH�v2`X

qBi? KmHiBTH2 QmiTmi HBi2`�Hb oji BM i?2 �bbmKTiBQMb- i?2 +Q`2b Ur?B+? �`2
MQi KBMBK�HV +�M +QMi�BM KmHiBTH2 QmiTmi HBi2`�Hb 7`QK i?2 b�K2 +�`/BM�HBiv +QM@
bi`�BMiX 6m`i?2`KQ`2- i?2 r2B;?i Q7 oij KB;?i #2+QK2 x2`Q 2p2M r?2M oij−1 biBHH
?�b TQbBiBp2 r2B;?iX >2M+2- bQHp2`b bm+? �b _*k KB;?i `2KQp2 oij 7`QK i?2 �b@
bmKTiBQMb r?2M Bib r2B;?i ;2ib `2/m+2/ iQ x2`Q- �M/ i?2M �// Bi #�+F BM r?2M
r2B;?i Bb H�i2` b?B7i2/ BM 7`QK oij−1X h?2 BKT�+i Q7 i?Bb QM i?2 2{+B2M+v Q7 i?2
�H;Q`Bi?K ?�b MQi #22M `2TQ`i2/ iQ /�i2X

6BM�HHv- Bi +�M #2 MQi2/ i?�i i?2 +�`/BM�HBiv +QMbi`�BMi #mBHi QM HBM2 Re Q7
�H;Q`Bi?K 8 M22/ MQi #2 #mBHi �HH �i QM+2X AMbi2�/- bQHp2`b HBF2 _*k #mBH/ i?Bb
+�`/BM�HBiv +QMbi`�BMi BM+`2K2Mi�HHv- �//BM; QmiTmi p�`B�#H2b oiterj QMHv �b i?2b2
�`2 M22/2/X

k9X9X8X8X Pi?2` aQ7i *�`/BM�HBiv *QMbi`�BMi �H;Q`Bi?Kb

"2bB/2b PGG Qi?2` Tm#HBb?2/ �H;Q`Bi?Kb ?�p2 mb2/ i?2 MQiBQM Q7 /vM�KB+�HHv
+`2�iBM; M2r bQ7i +H�mb2b `2T`2b2MiBM; bmKK�iBQMb Q` /BbDmM+iBQMb Q7 i?2 Q`B;BM�H
bQ7i +H�mb2bX h?2b2 BM+Hm/2- 2X;X- SJ_2b (L"R9)- J�tBMQ (�._R8)- �M/ qSJj
(�.:R8)- �HH Q7 r?B+? ?�p2 p2`v ;QQ/ T2`7Q`K�M+2X q2 #`B2~v /2b+`B#2 i?2B` K�BM
72�im`2b- H2�pBM; i?2 BMi2`2bi2/ `2�/2` iQ +QMbmHi i?2 `272`2M+2b 7Q` KQ`2 /2i�BH2/
BM7Q`K�iBQMX

3h?Bb +�M vB2H/ � bB;MB}+�Mi BKT`Qp2K2Mi BM 2{+B2M+v r?2M i?2 +Q`2 +QMi�BMb ?mM/`2/b Q`
i?Qmb�M/b Q7 bQ7i +H�mb2bX
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�HH Q7 i?2b2 �H;Q`Bi?Kb mb2 i?2 b�K2 K�BM HQQT �b �H;Q`Bi?K 8 2t+2Ti i?�i
i?2v T`Q+2bb +Q`2b /Bz2`2MiHvX h?�i Bb- BMBiB�HHv �HH bQ7i +H�mb2b �`2 �bbmK2/ iQ
#2 i`m2 �M/ +�`/nH�v2` Bb 2KTivX h?2M- 7Q` 2p2`v +Q`2 κ i?�i Bb 7QmM/- wtmin Bb
/2i2`KBM2/ �M/ bm#i`�+i2/ 7`QK 2p2`v bQ7i +H�mb2 BM κ UHBM2 RyVX A7 i?2 `2K�BMBM;
r2B;?i Bb ;`2�i2` i?�M x2`Q- � ǳ+QTvǴ Q7 i?2 bQ7i +H�mb2 Bb H27i BM i?2 �bbmKTiBQMbc
Qi?2`rBb2- i?2 +H�mb2 Bb `2KQp2/ UHBM2 RkVX h?Bb H2�p2b κ rBi? bQ7i +H�mb2b �HH rBi?
i?2 b�K2 r2B;?i wtminX

�7i2` i?Bb- i?2 +Q`2 Bb T`Q+2bb2/- mT/�iBM; +�`/nH�v2` �M/ �bbmKTiBQMbX AM
�H;Q`Bi?K 8 i?Bb Bb /QM2 QM HBM2b Rj iQ RNX Ai Bb i?Bb T`Q+2bbBM; �M/ i?2b2 HBM2b
i?�i �`2 +?�M;2/ #v i?2 /Bz2`2Mi �H;Q`Bi?Kb r2 /Bb+mbb ?2`2X

6B`bi- Bi Bb mb27mH iQ /2b+`B#2 i?2 T`QT2`iB2b T`Q+2bbBM; � +Q`2 Kmbi b�iBb7vX
*Q`2 T`Q+2bbBM; ?�b iQ mT/�i2 i?2 7Q`KmH� bQ i?�i i?2 a�h bQHp2` Bb MQr �HHQr2/
iQ 7�HbB7v QM2 Q7 i?2 r2B;?i wtmin bQ7i +H�mb2b BM κ, wtmin ?�b #22M �//2/ iQ
+Qbi UHBM2 3V bQ i?2 +Qbi Q7 � bBM;H2 7�HbB}+�iBQM ?�b �H`2�/v #22M �++QmMi2/ 7Q`X
6m`i?2`KQ`2- i?2 mT/�i2 Kmbi T`2b2`p2 i?2 +QM/BiBQM i?�i B7 � i`mi? �bbB;MK2Mi
7�HbB}2b j bQ7i +H�mb2b Q7 κ- i?2M i?�i i`mi? �bbB;MK2Mi Kmbi BM+m` � +Qbi Q7
(j − 1) · wtmin BM i?2 M2r 7Q`KmH�X

AM PGG i?Bb Bb �++QKTHBb?2/ #v /2}MBM; i?2 bmKK�iBQM QmiTmi p�`B�#H2b
oiterj 7Q` j = 2 iQ |κ| rBi? iQi�HBx2` +H�mb2b U�//2/ iQ +�`/nH�v2`V 2Mbm`BM; i?�i
oiterj ≡

∑
ℓ∈κ ℓ ≥ jX h?2M i?2 bQ7i +H�mb2b (¬oiterj )wtmin �`2 �//2/ #v �//BM; ¬oiterj

iQ i?2 �bbmKTiBQMb �M/ b2iiBM; wt((¬oiterj )) = wtmin UHBM2 R3VX h?2b2 bQ7i +H�mb2b
�`2 �//2/ BM+`2K2Mi�HHv iQ i?2 �bbmKTiBQMb UHBM2 R8V- rBi? BMBiB�HHv QMHv ¬oiterm2

BM i?2 �bbmKTiBQMb UHBM2 RNVX h?mb- bBM+2 ¬oiter1 Bb M2p2` �bbmK2/ MQ` 2p2M /2}M2/-
i?2 a�h bQHp2` Bb �HHQr2/ iQ 7�HbB7v �Mv bBM;H2 bQ7i +H�mb2 BM κX 6m`i?2`KQ`2- B7
� i`mi? �bbB;MK2Mi 7�HbB}2b j bQ7i +H�mb2b BM κ- i?2 p�`B�#H2b oiter2 - Ę- oiterj rBHH �HH
#2 K�/2 i`m2- �M/ i?mb j − 1 bQ7i +H�mb2b (¬oiter2 )wtmin - Ę- (¬oiterj )wtmin rBHH #2
7�HbB}2/ BM+m``BM; +Qbi (j − 1) · wtminX
SJ_2bX h?2 SJ_2b �H;Q`Bi?K T`Q+2bb2b +Q`2b /Bz2`2MiHvX AM T�`iB+mH�`- SJ_2b
/Q2b MQi mb2 bmKK�iBQM QmiTmi p�`B�#H2bX AMbi2�/ Bi QT2`�i2b �b 7QHHQrbX G2i
κ = {¬ℓ1- Ę- ¬ℓm} �M/ w = wtminX h?mb i?2 bQ7i +H�mb2b �`2 (ℓ1)w- Ę- (ℓm)wX
SJ_2b rBHH /2}M2 m− 1 p�`B�#H2b d2- Ę- dm bm+? i?�i di ≡ ℓi ∨ (ℓ1 ∧ · · · ∧ ℓi−1)-
�//BM; i?2 +H�mb2b /2}MBM; i?Bb 2[mBp�H2M+2 iQ +�`/nH�v2` U(L"R9) T`2b2Mib �
+QKT�+i r�v Q7 2M+Q/BM; i?2b2 2[mBp�H2M+2bVX h?�i Bb- 2�+? di Bb i`m2 B7 2Bi?2` i?2
bQ7i +H�mb2 (ℓi)w Bb b�iBb}2/ Q` B7 �HH T`BQ` bQ7i +H�mb2b BM i?2 b2[m2M+2 (ℓ1)w- Ę-
(ℓi−1)w �`2 b�iBb}2/X Ai rBHH i?2M �// i?2 bQ7i +H�mb2b (d2)w- Ę- (dm)w #v �//BM;
d2- Ę- dm iQ i?2 �bbmKTiBQMb �M/ b2iiBM; wt((d1)) = w- Ę- wt((dm)) = wX

AM i?2 M2r 7Q`KmH�- i?2 a�h bQHp2` Bb MQr �HHQr2/ iQ 7�HbB7v �Mv bBM;H2 bQ7i
+H�mb2 BM κX A7 2t�+iHv QM2 (ℓi)w Bb 7�HbB}2/- i?2M �HH Q7 i?2 dj �bbmKTiBQMb rBHH
#2 i`m2, 7Q` j ̸= i- ℓj Bb i`m2- K�FBM; dj i`m2- �M/ 7Q` j = i- i?2 +QMDmM+iBQM
(ℓ1 ∧ · · · ∧ ℓi−1) Bb i`m2- K�FBM; dj i`m2X 6m`i?2`KQ`2- B7 � i`mi? �bbB;MK2Mi
7�HbB}2b j Q7 i?2 bQ7i +H�mb2b (ℓi)w- i?2M Bi rBHH K�F2 di i`m2 7Q` �HH i +Q``2bTQM/BM;
iQ b�iBb}2/ bQ7i +H�mb2bc Bi rBHH K�F2 di i`m2 7Q` i 2[m�H iQ i?2 BM/2t Q7 i?2 }`bi
7�HbB}2/ bQ7i bBM+2 �HH T`2pBQmb bQ7i +H�mb2b �`2 b�iBb}2/c �M/ Bi rBHH K�F2 di 7�Hb2
7Q` i 2[m�H iQ i?2 BM/2t Q7 �HH j − 1 bm#b2[m2Mi 7�HbB}2/ bQ7i +H�mb2b- bBM+2 BM i?Bb
+�b2 �HH T`2pBQmb bQ7i +H�mb2b �`2 MQi b�iBb}2/X >2M+2- i?2 i`mi? �bbB;MK2Mi rBHH
7�HbB7v 2t�+iHv j − 1 Q7 i?2 bQ7i +H�mb2b (di)w BM i?2 M2r 7Q`KmH� BM+m``BM; +Qbi
(j − 1) · wtminX
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SJ_2b ?�b T`Qp2/ iQ #2 � p2`v 2z2+iBp2 �H;Q`Bi?K- rBi? i?2 1p� bQHp2` BK@
TH2K2MiBM; Bi r�b QM2 Q7 i?2 #2bi T2`7Q`K2`b BM i?2 kyR9 J�ta�h 2p�Hm�iBQMX �M
QT2M Bbbm2 rBi? SJ_2b Bb i?�i i?2 Q`/2` Q7 i?2 bQ7i +H�mb2b BM κ ?�b �M BM~m2M+2
QM i?2 �H;Q`Bi?KǶb T2`7Q`K�M+2X q?v i?Bb Bb i?2 +�b2 Bb MQi r2HH mM/2`biQQ/X �
#2ii2` mM/2`bi�M/BM; Q7 i?Bb Bbbm2 KB;?i H2�/ iQ BKT`Qp2/ Q`/2`BM; b+?2K2b �M/
#2ii2` T2`7Q`K�M+2X

J�tBMQX h?2 J�tBMQ �H;Q`Bi?K mb2b bmKK�iBQM QmiTmi p�`B�#H2b iQ /2}M2 i?2
M2r bQ7i +H�mb2b HBF2 PGGX Aib K�BM BMMQp�iBQM Bb iQ mb2 � bBKTH2 i2+?MB[m2 iQ
T�`iBiBQM i?2 +Q`2 κ BMiQ � b2[m2M+2 Q7 bK�HH2` bm#b2ib i?�i �`2 T�B`rBb2 /BbDQBMi
�M/ r?Qb2 mMBQM Bb κX h?2 �H;Q`Bi?K i?2M +QMbi`m+ib � b2[m2M+2 Q7 +�`/BM�HBiv
+QMbi`�BMib- 2�+? +�`/BM�HBiv +QMbi`�BMi bmKKBM; i?2 7�HbB}2/ bQ7i +H�mb2b Q7 QM2
T�`iBiBQMX Ai HBMFb i?2 +�`/BM�HBiv +QMbi`�BMib iQ;2i?2` #v BM+Hm/BM; i?2 R QmiTmi
Ui?2 QmiTmi p�`B�#H2 BM/B+�iBM; i?�i i?2 bmK Q7 i?2 BMTmib Bb ≥ 1V 7`QK i?2 T`2@
pBQmb +�`/BM�HBiv +QMbi`�BMi �b �M BMTmi Q7 i?2 bm#b2[m2Mi +�`/BM�HBiv +QMbi`�BMiX

1�+? +�`/BM�HBiv +QMbi`�BMi �HHQrb �i KQbi QM2 Q7 Bib BMTmib iQ #2 i`m2 U�i
KQbi QM2 Q7 Bib +Q``2bTQM/BM; bQ7i +H�mb2b iQ #2 7�Hb2VX AM T�`iB+mH�`- Bib QmiTmib
BM/B+�iBM; i?�i i?�i i?2 bmK Bb ≥ 2- ≥ 3- Ę- �`2 �HH �bbmK2/ iQ #2 7�Hb2 �M/
2�+? Bb ;Bp2M r2B;?i wtmin UBX2X- i?2 M2;�iBQM Q7 i?2b2 QmiTmi p�`B�#H2b #2+QK2
M2r bQ7i +H�mb2b �b BM PGGNVX Aib R QmiTmi BM/B+�iBM; i?�i i?2 bmK Bb ≥ 1 Bb MQi
K�/2 BMiQ � bQ7i +H�mb2- BMbi2�/ i?2 R QmiTmi Bb 72/ BMiQ i?2 bm#b2[m2Mi +�`/BM�HBiv
+QMbi`�BMiX

qBi? i?2b2 M2r �bbmKTiBQMb �M/ +H�mb2b +�Tim`BM; i?2 M2r b2[m2M+2 Q7 +�`@
/BM�HBiv +QMbi`�BMib- i?2 a�h bQHp2` Bb MQr �HHQr2/ iQ 7�HbB7v �Mv bBM;H2 bQ7i +H�mb2
BM κX a�v i?�i i?2 bBM;H2 7�HbB}2/ bQ7i +H�mb2 Bb �M BMTmi iQ i?2 iǶi? +�`/BM�HBiv
+QMbi`�BMi BM i?2 b2[m2M+2 Q7 +�`/BM�HBiv +QMbi`�BMibX h?2 }`bi iQ i(−1)Ƕi? +�`@
/BM�HBiv +QMbi`�BMib rBHH �HH ?�p2 QMHv 7�Hb2 BMTmib �M/ i?mb rBHH b2i �HH Q7 i?2B`
QmiTmib iQ 7�Hb2- b�iBb7vBM; i?2 �bbmKTiBQMbX h?2 iǶi? +�`/BM�HBiv +QMbi`�BMi ?�b
QM2 i`m2 BMTmi- i?2 BMTmi +Q``2bTQM/BM; iQ i?2 7�HbB}2/ bQ7i +H�mb2- �M/ rBHH b2i
Bib R QmiTmi iQ i`m2 �M/ �HH Qi?2` QmiTmib iQ 7�Hb2X h?Bb �;�BM b�iBb}2b �HH Q7
i?2 �bbmKTiBQMb bBM+2 i?2 R@QmiTmi ?�b MQi #22M �//2/ iQ i?2 �bbmKTiBQMbX h?2
(i+1)Ƕi? +�`/BM�HBiv +QMbi`�BMi rBHH ?�p2 � i`m2 BMTmi- i?2 BMTmi +Q``2bTQM/BM; iQ
i?2 R QmiTmi Q7 i?2 iǶi? +�`/BM�HBiv +QMbi`�BMi- �M/ rBHH b2i Bib R QmiTmi iQ i`m2
�M/ �HH Qi?2` QmiTmib iQ 7�Hb2X �;�BM i?Bb rBHH b�iBb7v �HH Q7 i?2 �bbmKTiBQMb bBM+2
i?2 R QmiTmi ?�b MQi #22M �//2/ iQ i?2 �bbmKTiBQMbX h?Bb T�ii2`M rBHH +QMiBMm2
7Q` i?2 bm#b2[m2Mi +�`/BM�HBiv +QMbi`�BMib �M/ �HH �bbmKTiBQMb rBHH #2 b�iBb}2/X

6m`i?2`KQ`2- B7 j bQ7i +H�mb2b BM κ �`2 7�HbB}2/ #v bQK2 i`mi? �bbB;MK2Mi-
i?2M i?2 b2[m2M+2 Q7 +�`/BM�HBiv +QMbi`�BMib rBHH ?�p2 j i`m2 BMTmi p�`B�#H2bX h?2
}`bi +�`/BM�HBiv +QMbi`�BMi BM i?2 b2[m2M+2 rBi? i > 0 i`m2 BMTmib- rBHH b2i Bib i-
i− 1- Ę- R QmiTmib iQ i`m2 BM+m``BM; +Qbi (i− 1) ·wtmin, i?2 R QmiTmi Bb MQi � bQ7i
+H�mb2 �M/ ?2M+2 /Q2b MQi BM+m` �Mv +Qbi r?BH2 i?2 Qi?2` QmiTmib �HH 7�HbB7v bQ7i
+H�mb2b rBi? r2B;?i wtminX 1p2`v bm#b2[m2Mi +�`/BM�HBiv +QMbi`�BMi rBi? k i`m2
BMTmi p�`B�#H2b rBHH �HbQ ;2i �M �//BiBQM�H i`m2 BMTmi p�`B�#H2 7`QK i?2 T`2pBQmb
+�`/BM�HBiv +QMbi`�BMiǶb R QmiTmiX h?mb- Bi rBHH b2i Bib k+1- k- Ę- R QmiTmib iQ i`m2

N>Qr2p2`- �HH QmiTmi p�`B�#H2b �`2 �bbmK2/ iQ #2 7�Hb2- r?2`2�b BM PGG QMHv i?2 ≥ 2 QmiTmi
Bb �bbmK2/ iQ #2 7�Hb2X �b �H`2�/v 2tTH�BM2/- PGG BM+`2K2Mi�HHv �bbmK2b i?2 QmiTmi p�`B�#H2b
Q7 i?2 +�`/BM�HBiv +QMbi`�BMi r?2`2�b J�tBMQ �bbmK2b i?2K �HH �i QM+2X

jR



BM+m``BM; +Qbi k · wtmin, �;�BM i?2 R QmiTmi /Q2b MQi BM+m` �Mv +QbiX amKKBM;
Qp2` �HH i?2 +�`/BM�HBiv +QMbi`�BMib Bi +�M #2 b22M i?�i � iQi�H +Qbi Q7 (j−1) ·wtmin

rBHH #2 BM+m``2/X
h?2 BMi2`2bi2/ `2�/2` K�v +QMbmHi (�._R8) 7Q` 7m`i?2` /2i�BHbX >Qr2p2`- r2

MQi2 i?�i BM (�._R8) i?2 iQi�HBx2` 2M+Q/BM; Bb T`2b2Mi2/ BM � MQM@bi�M/�`/ r�vX
AM T�`iB+mH�`- 7Q` � iQi�HBx2` rBi? BMTmib ℓ1, . . . , ℓn �M/ QmiTmib oi ≡

∑n
j=1 ℓj ≥ i

U1 ≤ i ≤ nV- (�._R8) mb2b i?2 MQM@bi�M/�`/ #mi 2[mBp�H2Mi 2M+Q/BM; *L6U¬ℓ1 +
· · · + ¬ℓn + o1 + · · · on ≥ nV +QMDQBM2/ rBi?

∧n
i=1 oi → oiX h?�i Bb- B7 k BMTmib ℓi

�`2 i`m2 UBX2X �i KQbi k − n Q7 i?2 ¬ℓi �`2 i`m2V- i?2M �i H2�bi k QmiTmib Kmbi #2
i`m2 rBi? i?2 i`m2 QmiTmib +Hmbi2`2/ �i i?2 HQr2bi BM/B+2bX

J�tBMQ Bb �MQi?2` p2`v 2z2+iBp2 �H;Q`Bi?K #2BM; QM2 Q7 i?2 #2bi T2`7Q`KBM;
�H;Q`Bi?Kb BM i?2 kyR3 J�ta�h 2p�Hm�iBQMX �M QT2M Bbbm2 rBi? J�tBMQ Bb mM@
/2`bi�M/BM; KQ`2 T`2+Bb2Hv ?Qr T�`iBiBQMBM; i?2 +Q`2 BMiQ bK�HH2` bm#b2ib ?2HTb
i?2 bQHp2`- �M/ ?Qr i?Bb +Hmbi2`BM; b?QmH/ #2 /QM2 BM Q`/2` iQ K�tBKBx2 bQHp2`
T2`7Q`K�M+2X

qSJjX h?2 qSJj �H;Q`Bi?K- HBF2 J�tBMQ �M/ PGG- mb2b bmKK�iBQM Qmi@
Tmi p�`B�#H2b iQ /2}M2 i?2 M2r bQ7i +H�mb2b- #mi Bi /Bz2`b BM bQK2 r�vbX 6B`bi-
i?2 +�`/BM�HBiv +QMbi`�BMib Bi mb2b �`2 �Hr�vb bmKK�iBQMb Q7 7�HbB}2/ BMTmi bQ7i
+H�mb2bX h?2 M2r ǳK2i�Ǵ bQ7i +H�mb2b �`BbBM; 7`QK i?2 QmiTmi Q7 T`2pBQmb +�`@
/BM�HBiv +QMbi`�BMib �`2 MQi mb2/ �b BMTmib iQ M2r +�`/BM�HBiv +QMbi`�BMib �b BM
J�tBMQ- PGG- �M/ SJ_2bX a2+QM/- qSJj miBHBx2b � bm#@QTiBKBx�iBQM bi2T iQ
}M/ i?2 #2bi #QmM/ 7Q` 2�+? +Q`2X

q?2M T`Q+2bbBM; � M2r +Q`2 κ- qSJ- HBF2 PGG- /BbiBM;mBb?2b #2ir22M i?2
bQ7i +H�mb2b i?�i �`2 BMTmi bQ7i +H�mb2b �M/ i?Qb2 i?�i �`2 QmiTmi p�`B�#H2b Q7
T`2pBQmbHv +QMbi`m+i2/ +�`/BM�HBiv +QMbi`�BMibX AM T�`iB+mH�`- B7 oji ∈ κ Bb i?2 iǶi?
QmiTmi Q7 i?2 jǶi? +�`/BM�HBiv +QMbi`�BMi U(¬oji ) Bb � bQ7i +H�mb2V- i?2M qSJj
`2TH�+2b oji rBi? i?2 mMBQM Q7 i?2 BMTmib Q7 i?2 jǶi? +�`/BM�HBiv +QMbi`�BMiX aBM+2
i?Bb `2TH�+2K2Mi Bb /QM2 #27Q`2 i?2 M2r +�`/BM�HBiv +QMbi`�BMi Qp2` i?2 HBi2`�Hb
BM i?2 +Q`2 Bb +QMbi`m+i2/- 2p2`v +�`/BM�HBiv +QMbi`�BMi rBHH ?�p2 QMHv BMTmi bQ7i
+H�mb2b �b BMTmi UBX2X- HBi2`�Hb BM/B+�iBM; i?2 7�HbB}+�iBQM Q7 bQK2 BMTmi bQ7i +H�mb2VX
�7i2` #mBH/BM; i?Bb H�`;2` +Q`2 κ- qSJj +QMbi`m+ib � M2r +�`/BM�HBiv +QMbi`�BMi
C rBi? i?2 HBi2`�Hb BM κ �b BMTmib �M/ � +Q``2bTQM/BM; b2i Q7 QmiTmi p�`B�#H2b oCi
+QmMiBM; i?2 MmK#2` Q7 7�HbB}2/ bQ7i +H�mb2b BM κX

LQr BMbi2�/ Q7 �bbmKBM; i?2 k QmiTmi Q7 i?2 M2r +�`/BM�HBiv +QMbi`�BMi C iQ
HBKBi i?2 MmK#2` Q7 7�HbB}2/ bQ7i +H�mb2b iQ QM2- qSJj /Q2b � bm#@QTiBKBx�iBQM
iQ /2i2`KBM2 B7 i?Bb HBKBi Kmbi #2 ?B;?2`X h?Bb +�M #2 /QM2 BM p�`BQmb r�vb-
#mi qSJj �TTHB2b i?2 Gal U�H;Q`Bi?K RV Qp2` i?2 bm#T`Q#H2K +QMbBbiBM; Q7
hard(Fb) �HQM; rBi? QMHv i?2 bQ7i +H�mb2b i?�i �`2 BMTmib iQ CX a�v i?�i i?Bb
bm#@QTiBKBx�iBQM +QM+Hm/2b i?�i k Q7 i?2 bQ7i +H�mb2 BMTmib Q7 C Kmbi #2 7�HbB}2/X
h?2M qSJj rBHH �// i?2 QmiTmi ¬oCk+1 iQ i?2 b2i Q7 �bbmKTiBQMb rBi? r2B;?i
wtmin �M/ rBHH �// (k − 1) · wtmin iQ i?2 +QbiX AM Qi?2` rQ`/b- �7i2` +QM+Hm/BM;
i?�i k bQ7i +H�mb2b BMTmib iQ C Kmbi #2 7�HbB}2/- qSJj rBHH +QMbi`m+i � T`Q#H2K
BM r?B+? i?2 a�h bQHp2` +�M 7�HbB7v MQ KQ`2 i?�M k Q7 i?2b2 bQ7i +H�mb2b rBi?Qmi
BM+m``BM; �M �//BiBQM�H +QbiX

jk



k9X9X8X8XRX _2K�`FbX h?2 �H;Q`Bi?Kb K2MiBQM2/ BM i?Bb b2+iBQM- �HH Q7 r?B+? mb2
i?2 i2+?MB[m2 Q7 �//BM; M2r bQ7i +H�mb2b /2}M2/ BM i2`Kb Q7 T`2pBQmb bQ7i +H�mb2b-
b22K iQ ?�p2 bBKBH�` H2p2Hb Q7 2t+2HH2Mi T2`7Q`K�M+2X Ai Bb MQi +H2�` B7 �Mv bBM;H2
�TT`Q�+? Bb ;2M2`�HHv i?2 #2biX AM T�`iB+mH�`- Km+? Q7 i?2 /2KQMbi`�i2/ T2`7Q`@
K�M+2 /Bz2`2M+2b b22K iQ �`Bb2 7`QK i?2 [m�HBiv Q7 BKTH2K2Mi�iBQM �M/ �//BiBQM�H
i2+?MB[m2b mb2/ BM i?2 BKTH2K2Mi�iBQMX q2 +HQb2 i?Bb b2+iBQM #v K2MiBQMBM; bQK2
Q7 i?2 F2v i2+?MB[m2b mb2/ iQ BKT`Qp2 i?2 #�b2 �H;Q`Bi?KX

�M BKTQ`i�Mi i2+?MB[m2 7Q` �HH +Q`2@;mB/2/ �H;Q`Bi?Kb Bb r2B;?i bi`�iB}+�iBQM
(�"GyN)X h?Bb Bb i?2 i2+?MB[m2 Q7 T�`iBiBQMBM; i?2 bQ7i +H�mb2b BMiQ k b2ib bQ i?�i
i?2 bQ7i +H�mb2b BM b2i i ?�p2 ?B;?2` r2B;?i i?�M i?Qb2 BM b2i i − 1X h?2M i?2
T`Q#H2K Bb bQHp2/ B;MQ`BM; �HH bQ7i +H�mb2b 2t+2Ti i?Qb2 BM i?2 kǶi? b2iX PM+2
� bQHmiBQM Bb 7QmM/ 7Q` i?2b2 ?B;?2`@r2B;?i bQ7i +H�mb2b- i?2 k − 1Ƕi? b2i Q7 bQ7i
+H�mb2b Bb �//2/ �M/ i?2 T`Q#H2K bQHp2/ �;�BMX h?Bb Bb `2T2�i2/ mMiBH i?2 T`Q#H2K
?�b #22M bQHp2/ rBi? �HH bQ7i +H�mb2bX

h?2 `2�bQM i?Bb i2+?MB[m2 Bb mb27mH 7Q` +Q`2@;mB/2/ �H;Q`Bi?Kb Bb i?�i Bi ;2M2`@
�i2b +Q`2b rBi? ?B;?2` KBMBKmK r2B;?iX h?Bb KQp2b i?2 +Qbi iQr�`/b i?2 QTiBKmK
KQ`2 `�TB/Hv �M/ `2/m+2b i?2 �KQmMi Q7 +H�mb2 +HQMBM; i?�i M22/b iQ Q++m`X AM
T�`iB+mH�`- 2p2M rBi? +H�mb2 +HQMBM; QTiBKBx2/ iQ #2 bBKTHv `2mbBM; � HBi2`�H U�b
/2b+`B#2/ 2�`HB2`V- 2t+2bbBp2 +HQMBM; rBHH biBHH bHQr i?2 bQHp2` /QrM #v 7Q`+BM; Bi iQ
;2M2`�i2 KQ`2 +Q`2bX 6Q` 2t�KTH2- B7 �M BMbi�M+2 +QMi�BMb � bBM;H2 bQ7i +H�mb2 Q7
r2B;?i Ryy i?�i Kmbi #2 7�HbB}2/ BM �Mv QTiBK�H bQHmiBQM- �HQM; rBi? K�Mv Qi?2`
bQ7i +H�mb2b Q7 r2B;?i R- i?2M i?2 bQHp2` rQmH/ ?�p2 iQ ;2M2`�i2 �i H2�bi Ryy +Q`2b
B7 2�+? Q7 i?2b2 +Q`2b ?�b wtmin Q7 RX PM2 ?mM/`2/ bm+? +Q`2b rQmH/ #2 `2[mB`2/
iQ `2/m+2 i?2 r2B;?i Ryy bQ7i +H�mb2 /QrM iQ r2B;?i x2`Q, #27Q`2 Bib r2B;?i Bb
`2/m+2/ iQ x2`Q Bi `2K�BMb BM i?2 �bbmKTiBQMb �M/ Kmbi +QMiBMm2 iQ #2 b�iBb}2/
#v i?2 a�h bQHp2`X 6m`i?2`KQ`2- 2p2`v +Q`2 ;2M2`�i2/ �m;K2Mib i?2 +QKTH2tBiv
Q7 +�`/nH�v2`- r?B+? bi�`ib iQ bHQr i?2 a�h bQHp2` /QrMX 1p2M rBi? bi`�iB}+�iBQM-
?Qr2p2`- +Q`2@;mB/2/ �H;Q`Bi?Kb #2+QK2 bB;MB}+�MiHv H2bb 2{+B2Mi �b i?2 MmK#2`
Q7 /BbiBM+i bQ7i +H�mb2 r2B;?ib BM+`2�b2bX

h?2 qSJj i2+?MB[m2 Q7 }M/BM; �M QTiBK�H HQr2` #QmM/ 7Q` 2�+? +�`/BM�HBiv
+QMbi`�BMi pB� � bm#@QTiBKBx�iBQM �HbQ b22Kb iQ #2 [mBi2 2z2+iBp2X 6Q` 2t�KTH2-
_*k BKTH2K2Mi�iBQM Q7 PGG Ub22 ("CJR3)V 2KTHQv2/ i?Bb i2+?MB[m2 UBib ǳ2t@
?�mbin+Q`2Ǵ K2i?Q/VX �b TQBMi2/ Qmi 2�`HB2`- 2�+? �//2/ +�`/BM�HBiv +QMbi`�BMi
bHQrb /QrM i?2 a�h bQHp2`X h?2 bm#@QTiBKBx�iBQM i2+?MB[m2 �HHQrb i?2 bQHp2` iQ
BM+`2�b2 i?2 +Qbi iQr�`/b i?2 QTiBKmK rBi?Qmi �//BM; �//BiBQM�H +�`/BM�HBiv +QM@
bi`�BMibc QTiBKBx�iBQM Bb /QM2 #v mbBM; i?2 QmiTmi p�`B�#H2b Q7 i?2 �H`2�/v �//2/
+�`/BM�HBiv +QMbi`�BMi �b a�h bQHp2` �bbmKTiBQMb U`2+�HH a2+iBQM k9X9X8X8VX

h?2 }M�H i2+?MB[m2 i?�i r2 rBHH K2MiBQM ?2`2 Bb i?�i Q7 +Q`2 KBMBKBx�iBQMX
h?2`2 �`2 � MmK#2` Q7 �H;Q`Bi?Kb 7Q` `2/m+BM; i?2 bBx2 Q7 � +Q`2X 6Q` 2t�KTH2-
QM2 bBKTH2 i2+?MB[m2 Bb �b 7QHHQrbX :Bp2M � +Q`2 κ = {ℓ1, . . . , ℓn}- r2 +�M �bF i?2
a�h bQHp2` B7 Bi +�M b�iBb7v ¬ℓ1, . . . ,¬ℓn−1 mbBM; �bbmKTiBQMbX AM i?2 M2;�iBp2
+�b2- i?2 a�h bQHp2` Bi rBHH T`QpB/2 � M2r +Q`2 i?�i Kmbi #2 � bi`B+i bm#b2i Q7
κX AM i?2 TQbBiBp2 +�b2- i?2 i2bi +�M #2 T2`7Q`K2/ H2�pBM; Qmi � /Bz2`2Mi HBi2`�H
ℓi- i ̸= nX .2T2M/BM; QM i?2 bBx2 Q7 κ �M/ i?2 +QKTH2tBiv Q7 i?2 +m``2Mi a�h
7Q`KmH� Ur?B+? Bb ;`QrBM; �b r2 T`Q+2bb KQ`2 +Q`2b �M/ �// KQ`2 +�`/BM�HBiv
+QMbi`�BMibV- i?Bb i2+?MB[m2 +�M #2 2z2+iBp2 BM `2/m+BM; i?2 bBx2 Q7 i?2 +Q`2 �7i2`
r?B+? i?2 `2/m+2/ +Q`2 +�M #2 T`Q+2bb2/X *Q`2 `2/m+iBQM B7 �TTHB2/ Dm/B+BQmbHv

jj



+�M bT22/ mT i?2 bQHp2`X
"2bB/2b i?2 �H;Q`Bi?Kb �H`2�/v K2MiBQM2/- Bi b?QmH/ �HbQ #2 MQi2/ i?�i � MmK@

#2` Q7 Qi?2` +Q`2@;mB/2/ J�ta�h �H;Q`Bi?Kb ?�p2 #22M T`QTQb2/- 2X;X- (AJJ+R9-
J>JRk- JJy3- �"GRy�)X h?2b2 �H;Q`Bi?Kb ?�p2 KQbiHv #22M bm#bmK2/ #v i?2
�H;Q`Bi?Kb /Bb+mbb2/- #mi bQK2 B/2�b �M/ BMbB;?ib KB;?i biBHH #2 �p�BH�#H2 #v 2t@
�KBMBM; i?2b2 2�`HB2` rQ`Fb KQ`2 +�`27mHHvX

k9X9XeX h?2 AKTHB+Bi >BiiBM; a2i �TT`Q�+?

AKTHB+Bi ?BiiBM; b2i UA>aV J�ta�h bQHp2`b (."RR- ."Rj�- ."Rj#- .�pRj- a"CRe)
BMbi�MiB�i2 i?2 BKTHB+Bi ?BiiBM; b2i T�`�/B;K (.*"Ry- E�`Ry) BM i?2 +QMi2ti Q7

J�ta�hX AM T�`iB+mH�`- bBKBH�`Hv iQ i?2 Tm`2Hv a�h@#�b2/ +Q`2@;mB/2/ �TT`Q�+?-
A>a bQHp2`b 2ti`�+i +Q`2b BM �M Bi2`�iBp2 7�b?BQMX >Qr2p2`- BM +QMi`�bi iQ i?2
+Q`2@;mB/2/ �TT`Q�+?- BM i?2 A>a �TT`Q�+? ?BiiBM; b2ib Qp2` i?2 Bi2`�iBp2Hv �+@
+mKmH�i2/ b2i Q7 +Q`2b �`2 +QKTmi2/X A7 � KBMBKmK@+Qbi ?BiiBM; b2i UJ*>aVRy

Q7 i?2 �++mKmH�i2/ +Q`2b- r?2M `2KQp2/ 7`QK i?2 BMTmi 7Q`KmH�- K�F2b i?2 7Q`@
KmH� b�iBb}�#H2- i?2M �Mv b�iBb7vBM; i`mi? �bbB;MK2Mi Kmbi #2 �M QTiBK�H bQHmiBQM
(."RR)X AM +QMi`�bi iQ bQHp2`b BKTH2K2MiBM; i?2 Tm`2Hv a�h@#�b2/ +Q`2@;mB/2/
�TT`Q�+?- A>a bQHp2`b /Q MQi i`�Mb7Q`K i?2 BMTmi BMbi�M+2 mbBM; +Q`2 +QKTBH�iBQM
bi2Tbc `�i?2`- i?2 BMTmi J�ta�h BMbi�M+2 Bb MQi �Hi2`2/ /m`BM; b2�`+?X 1�+? a�h
bQHp2` +�HH Bb K�/2 QM i?2 Q`B;BM�H ?�`/ +H�mb2b iQ;2i?2` rBi? � bm#b2i Q7 i?2 Q`B;@
BM�H bQ7i +H�mb2b Ub2H2+i2/ i?`Qm;? i?2 mb2 Q7 �bbmKTiBQMbVX h?mb i?2 J�ta�h
BMbi�M+2 /Q2b MQi ;2i H�`;2` BM bBx2 �b i?2 b2�`+? T`Q;`2bb2bX �b � `2bmHi- i?2
+Q`2b 7QmM/ /m`BM; b2�`+? `2K�BM `2H�iBp2Hv bK�HH +QKT�`2/ iQ i?2 +Q`2@;mB/2/
�TT`Q�+?2b U+QMbBbiBM; Q7 MQ KQ`2 i?�M � 72r ?mM/`2/ +H�mb2b QM +m``2Mi ivTB+�H
J�ta�h #2M+?K�`FbVX

hQ Q#i�BM � J*>a HS - +m``2Mi A>a bQHp2`b 7Q` J�ta�h ?�p2 2KTHQv2/
BMi2;2` T`Q;`�KKBM; UASV bQHp2`b QM i?2 7QHHQrBM; J*>a AS 7Q`KmH�iBQM,

KBMBKBx2
∑

(bi)∈soft(F b)

wt((bi)) · ¬bi

bm#D2+i iQ
∑

¬bi∈κ

¬bi ≥ 1 ∀κ ∈ K,

¬bi ∈ {0, 1} ∀(bi) ∈ soft(F b),

r?2`2 K Bb i?2 �++mKmH�i2/ b2i Q7 +Q`2b- i?2 bi �`2 i?2 #HQ+FBM; p�`B�#H2b 7Q`
i?2 BMTmi bQ7i +H�mb2b ci +`2�i2/ #v i?2 #HQ+FBM; p�`B�#H2 i`�Mb7Q`K�iBQM Ua2+@
iBQM k9X9XRXRXRV- �M/ ¬bi = 1 r?2M bi Bb 7�Hb2 �M/ ci Bb 7�HbB}2/XRR AM i?2 Q`B;BM�H

Ry:Bp2M � b2i Q7 +Q`2b- � ?BiiBM; b2i Q7 i?2 +Q`2b Bb � b2i Q7 bQ7i +H�mb2b i?�i BM+Hm/2b � bQ7i
+H�mb2 7`QK 2�+? +Q`2X � ?BiiBM; b2i Bb QTiBK�H UQ7 KBMBKmK +QbiV Bz i?2 bmK Q7 i?2 r2B;?ib Q7
i?2 bQ7i +H�mb2b BM Bi Bb bK�HH2bi �KQM; �HH ?BiiBM; b2ib Q7 i?2 b2i Q7 +Q`2bX

RRPi?2` i2+?MB[m2b 7Q` +QKTmiBM; KBMBKmK@+Qbi ?BiiBM; b2ib #2bB/2b mbBM; AS bQHp2`b +�M
#2 mb2/X h?2b2 BM+Hm/2 #`�M+?@�M/@#QmM/ K2i?Q/b (EH2RR) �M/ a�h #�b2/ K2i?Q/b- 2X;X-
(ASGJR8)X AM +2`i�BM +QMi2tib i?2b2 K2i?Q/b +�M #2 [mBi2 2z2+iBp2- 2X;X- r?2M `2+QKTmiBM;
� KBMBKmK@+Qbi ?BiiBM; b2i �7i2` �//BM; � bBM;H2 M2r b2iX >Qr2p2`- i?2b2 �Hi2`M�iBp2b iQ AS
bQHp2`b 2Bi?2` +�MMQi ?�M/H2 i?2 r2B;?i2/ +�b2 Q` �`2 MQi p2`v 2{+B2Mi QM i?2 r2B;?i2/ +�b2X AM
�//BiBQM- AS bQHp2`b bmTTQ`i �//BM; Qi?2` ivT2b Q7 +QMbi`�BMib i?�i +�M #2 2ti`�+i2/ 7`QK i?2
BMTmi 7Q`KmH� (."Rj�)- �M/ #QmM/BM; i2+?MB[m2b i?�i +�M #2 mb2/ iQ ?�`/2M bQK2 Q7 i?2 bQ7i
+H�mb2b (">CaRd)c #Qi? Q7 i?2b2 B/2�b +�M vB2H/ bB;MB}+�Mi 2{+B2M+v BKT`Qp2K2MibX

j9



�H;Q`Bi?K e, A>a �H;Q`Bi?K 7Q` J�ta�h (."Rj#)
R A>aUF V
k F b 4 #pni`�Mb7Q`KU6Vc F ′ = hard(F b)c K 4 &'c HS 4 &'

f AMBiB�HBx2 mTT2` �M/ HQr2` #QmM/b Ul" �M/ G"VX G" Bb BMBiB�HBx2/ iQ x2`QX l" Bb
BMBiB�HBx2/ iQ � 72�bB#H2 bQHmiBQMX � 72�bB#H2 bQHmiBQM Kmbi 2tBbi bBM+2 #v �bbmKTiBQM
hard(F ) Bb b�iBb}�#H2X _2K2K#2` i?2 bQHmiBQM vB2H/BM; i?2 l" +QbiX a�h bQHp2`
BMi2`7�+2 Bb i?2 b�K2 �b BM �H;Q`Bi?K k  f

j Ub�i\- π- κV 4 a�haQHp2 UF ′- &'V
9 l" 4 cost(π)c G" 4 yc #2binbQH 4 π
8 r?BH2 i`m2 /Q
e Ub�i\- π- κV 4 a�haQHp2 UF ′, {bi | (bi) ∈

(
soft(F b) \HS)}V

d B7 MQi b�i\ i?2M
3 K 4 K ∪ {κ}
N UHS - J*>a\V 4 *QKTmi2>BiiBM;a2iUKV

Ry B7 J*>a\ i?2M
RR G" 4 max(G", cost(HS))
Rk B7 G" ≥ l" i?2M
Rj `2im`M U#2binbQH- costU#2binbQHVV
R9 2Hb2
R8 B7 cost(π) < l" i?2M
Re l" 4 cost(π)
Rd #2binbQH 4 π
R3 B7 G" ≥ l" i?2M
RN `2im`M U#2binbQH- costU#2binbQHVV

A>a �H;Q`Bi?K 7Q` J�ta�h (."RR) 2�+? Bi2`�iBQM Q7 i?2 �H;Q`Bi?K BMpQHp2/ +QK@
TmiBM; � J*>a HS Q7 i?2 +m``2Mi b2i Q7 +Q`2b K Ur?B+? Bb BMBiB�HHv 2KTivV �M/
i?2M i2biBM; i?2 b�iBb}�#BHBiv Q7 hard(F b) bm#D2+i iQ i?2 �bbmKTiBQMb {bi | (bi) ∈(
soft(F b) \ HS

)
}X h?�i Bb- � 72�bB#H2 bQHmiBQM b�iBb7vBM; �HH bQ7i +H�mb2b 2t+2Ti

i?Qb2 BM i?2 J*>a HS Kmbi #2 7QmM/X A7 i?Bb 7Q`KmH� Bb b�iBb}�#H2- i?2 b2i HS
Kmbi ?Bi �HH +Q`2b Q7 i?2 BMbi�M+2 (_2B3d)- �M/ i?2 QTiBK�HBiv Q7 HS BKTHB2b i?2
QTiBK�HBiv Q7 i?2 bQHmiBQM (."RR)- i2`KBM�iBM; i?2 J�ta�h b2�`+?X

PM2 #2M2}i Q7 i?2 A>a �TT`Q�+? Bb i?2 TQbbB#BHBiv Q7 iB;?iHv BMi2;`�iBM; mTT2`
�M/ HQr2` #QmM/ BM7Q`K�iBQM BMiQ b2�`+?X AM 7�+i- bi�`iBM; rBi? (."Rj#)- KQ`2
`2+2Mi p2`bBQMb Q7 A>a J�ta�h bQHp2`b ?�p2 mb2/ � /Bz2`2Mi �TT`Q�+? i?�i Bb
#2ii2` +�bi �b �M �H;Q`Bi?K +QKTmiBM; �M mTT2` �M/ HQr2` #QmM/ �M/ biQTTBM;
r?2M i?2b2 irQ #QmM/b K22iX h?Bb KQ`2 KQ/2`M p2`bBQM Q7 i?2 A>a �H;Q`Bi?K Bb
b?QrM BM �H;Q`Bi?K eX

h?2 �H;Q`Bi?K bi�`ib #v �TTHvBM; i?2 #HQ+FBM; p�`B�#H2 i`�Mb7Q`K�iBQM �M/
BMBiB�HBxBM; i?2 b2i Q7 +Q`2b K �M/ i?2 ?BiiBM; b2i HS iQ #2 2KTivX Ai �HbQ BMBiB�HBx2b
i?2 HQr2` #QmM/ UG"V iQ #2 x2`Q �M/ }M/b � 72�bB#H2 bQHmiBQM r?Qb2 +Qbi Bb mb2/
iQ BMBiB�HBx2 i?2 mTT2` #QmM/ Ul"VX LQi2 i?�i #v +�HHBM; i?2 a�h bQHp2` rBi? �M
2KTiv b2i Q7 �bbmKTiBQMb UHBM2 jV i?2 a�h bQHp2` Bb 7`22 iQ 7�HbB7v �Mv Q7 i?2 bQ7i
+H�mb2bX >2M+2- i?Bb +�HH rBHH `2im`M a�h B7 �Mv 72�bB#H2 bQHmiBQM 2tBbib- �M/ bBM+2
#v �bbmKTiBQM i?2 BMTmi b2i Q7 ?�`/ +H�mb2b- hard(F ) �`2 b�iBb}�#H2- i?Bb +�HH
Kmbi `2im`M a�h Ua2+iBQM k9X9XRXRXRVX h?2 72�bB#H2 bQHmiBQM Bb biQ`2/ BM #2binbQH
bQ i?�i �M QTiBK�H bQHmiBQM +�M #2 `2im`M2/ QM i2`KBM�iBQMX

h?2M i?2 K�BM HQQT Bb 2Mi2`2/ r?2`2 i?2 a�h bQHp2` Bb �bF2/ iQ }M/ � bQHmiBQM
b�iBb7vBM; �HH bQ7i +H�mb2b 2t+2Ti i?Qb2 BM i?2 +m``2Mi ?BiiBM; b2i UHBM2 eVX A7 i?2
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bQHp2` `2TQ`ib mMb�iBb}�#BHBiv- i?2 7QmM/ +Q`2 κ Bb �//2/ iQ i?2 b2i Q7 +Q`2b K- �M/
� M2r ?BiiBM; b2i Bb +QKTmi2/X A7 i?�i ?BiiBM; b2i Bb �M J*>a- i?2 HQr2` #QmM/
+�M #2 mT/�i2/ iQ #2 i?2 K�tBKmK Q7 Bib T`2pBQmb p�Hm2 �M/ i?2 +Qbi Q7 i?2
J*>a HS UHBM2 RRVX AM T�`iB+mH�`- 2p2`v i`mi? �bbB;MK2Mi π Kmbi 7�HbB7v �i H2�bi
QM2 bQ7i +H�mb2 BM 2p2`v +Q`2X h?mb i?2 b2i Q7 bQ7i +H�mb2b 7�HbB}2/ #v π 7Q`Kb �
?BiiBM; b2i Q7 KX h?2 +Qbi Q7 π Bb 2[m�H iQ i?2 bmK Q7 i?2 r2B;?ib Q7 i?2b2 7�HbB}2/
+H�mb2bc i?�i Bb- Bi Bb 2[m�H iQ i?2 +Qbi Q7 i?2 ?BiiBM; b2i Bi ;2M2`�i2bX h?mb cost(π)
Kmbi #2 �i H2�bi �b ?B;? �b i?2 +Qbi Q7 �Mv J*>aX aBM+2 i?Bb Bb i`m2 7Q` �HH i`mi?
�bbB;MK2Mib BM+Hm/BM; i?2 QTiBK�H bQHmiBQMb r?2M HS Bb �M J*>a- Bib +Qbi Kmbi
#2 � p�HB/ HQr2` #QmM/ QM cost(F )X

PM i?2 Qi?2` ?�M/- B7 i?2 a�h bQHp2` `2im`Mb � b�iBb7vBM; i`mi? �bbB;MK2Mi-
r2 +�M +?2+F i?2 +Qbi Q7 i?2 `2im`M2/ bQHmiBQM π �M/ mT/�i2 i?2 mTT2` #QmM/ B7
r2 ?�p2 7QmM/ � M2r HQr2` +Qbi bQHmiBQMX AM #Qi? +�b2b r?2M 2Bi?2` i?2 HQr2` Q`
mTT2` #QmM/ Bb mT/�i2/ r2 +?2+F B7 i?2 #QmM/b MQr K22iX A7 i?2v /Q- r2 `2im`M
#2binbQH- bBM+2 ?�b MQr #22M T`Qp2M iQ #2 �M QTiBK�H bQHmiBQMX

*QKTmi2>BiiBM;a2iX h?2 QM2 T�`i Q7 �H;Q`Bi?K e i?�i Bb BM+QKTH2i2Hv bT2+B}2/
Bb ?Qr *QKTmi2>BiiBM;a2i rQ`FbX h?Bb bm#`QmiBM2 Kmbi b�iBb7v irQ T`QT2`iB2b,
U�V Bi Kmbi `2im`M � ?BiiBM; b2i Q7 K- �M/ U#V Bi Kmbi �Hr�vb 2p2Mim�HHv `2im`M
�M J*>a Q7 KX h?�i Bb- *QKTmi2>BiiBM;a2i Bb 7`22 iQ +QKTmi2 �M/ `2im`M MQM@
QTiBK�H ?BiiBM; b2ib UBM r?B+? +�b2 J*>a\ Bb `2im`M2/ �b 7�Hb2V- #mi i?2`2 Kmbi
�Hr�vb 2tBbi � 7mim`2 +�HH i?�i rBHH +QKTmi2 �M/ `2im`M �M J*>aX AM 7�+i- i?2
�#BHBiv iQ TQbiTQM2 +QKTmiBM; J*>a Ur?B+? Bb � +QKTmi�iBQM�HHv ?�`/ T`Q#H2KV
?�b #22M b?QrM iQ #2 2bb2MiB�H 7Q` i?2 2z2+iBp2M2bb Q7 i?2 A>a �TT`Q�+? (."Rj#)X

Ai +�M #2 b?QrM i?�i �b HQM; �b *QKTmi2>BiiBM;a2i b�iBb}2b i?2b2 irQ
T`QT2`iB2b- �H;Q`Bi?K e rBHH 2p2Mim�HHv i2`KBM�i2 `2im`MBM; �M QTiBK�H bQHmiBQM
(">CaRd)X L2p2`i?2H2bb- i?2`2 Bb biBHH +QMbB/2`�#H2 ~2tB#BHBiv BM ?Qr *QKTmi2@
>BiiBM;a2i rQ`Fb- �M/ �Hi?Qm;? 2z2+iBp2 BKTH2K2Mi�iBQMb ?�p2 #22M 7QmM/- /22T
BMbB;?i ?�b MQi v2i #22M �+?B2p2/ BMiQ ?Qr iQ BKTH2K2Mi i?Bb 7mM+iBQM QTiBK�HHvX
>Qr2p2`- a�BFFQ (a�BR8) /B/ T`QpB/2 mb27mH 2KTB`B+�H 2pB/2M+2 �#Qmi /Bz2`2Mi
i2+?MB[m2bX

AM +m``2Mi A>a bQHp2`b UJ�t>a �M/ GJ>a ("CJR3)V i?2 7QHHQrBM; i2+?MB[m2b
�`2 mb2/ iQ +QKTmi2 ?BiiBM; b2ibX

RX h?2 2MiB`2 M2r +Q`2 κ Bb �//2/ iQ i?2 T`2pBQmbHv +QKTmi2/ ?BiiBM; b2i HS X
*H2�`Hv- B7 HS r�b � ?BiiBM; b2i Q7 �HH T`2pBQmb +Q`2b BM K- HS ∪ κ rBHH
#2 � ?BiiBM; b2i Q7 K ∪ {κ}X hvTB+�HHv- i?Bb i2+?MB[m2 Bb mb2/ BKK2/B�i2Hv
�7i2` �Mv Qi?2` KQ`2 2tT2MbBp2 i2+?MB[m2 7Q` +QKTmiBM; � ?BiiBM; b2i Bb
2KTHQv2/- �M/ Bi Bb mb2/ mMiBH i?2 ?BiiBM; b2i #2+QK2b bQ H�`;2 i?�i i?2
a�h bQHp2` `2im`Mb a�hX a�BFFQ (a�BR8) b?Qr2/ i?�i 2KTHQv2/ BM i?Bb r�v
i?Bb i2+?MB[m2 Bb 2KTB`B+�HHv 2z2+iBp2X

kX � ;`22/v �H;Q`Bi?K +�M #2 mb2/ iQ +QKTmi2 � M2r ?BiiBM; b2iX h?2 bi�M@
/�`/ ;`22/v ?2m`BbiB+- r?2`2 i?2 bQ7i +H�mb2 i?�i ?Bib i?2 KQbi +Q`2b 7Q`
i?2 H2�bi r2B;?i Bb +QMiBMm�HHv b2H2+i2/ mMiBH �HH +Q`2b �`2 ?Bi- Bb ivTB+�HHv
mb2/X

jX h?2 AS bQHp2` +�M #2 mb2/ iQ +QKTmi2 � ?BiiBM; b2i #mi Bi +�M #2 biQTT2/
�b bQQM �b Bi }M/b � 72�bB#H2 bQHmiBQM rBi? � +Qbi HQr2` i?�M i?2 +m``2Mi
mTT2` #QmM/X h?Bb i2+?MB[m2 +�M ?2HT HBKBi i?2 iBK2 +QMbmK2/ #v i?2 AS

je



bQHp2`X
9X 6BM�HHv i?2 AS bQHp2` Bb mb2/ r?2M Bi Bb iBK2 iQ +QKTmi2 �M J*>a
h?2b2 i2+?MB[m2b �`2 HBbi2/ BM Q`/2` Q7 BM+`2�bBM; +QKTmi�iBQM�H +QbiX *QK@

Tmi2>BiiBM;a2i BKTH2K2Mi�iBQMb ivTB+�HHv i`v iQ `2T2�i i?2 H2�bi 2tT2MbBp2 i2+?@
MB[m2 �b K�Mv iBK2b �b i?2v +�M #27Q`2 KQpBM; QM iQ � KQ`2 2tT2MbBp2 i2+?MB[m2-
rBi? i?2 �BK Q7 `2/m+BM; i?2 iBK2 `2[mB`2/ iQ �++mKmH�i2 � b2i Q7 +Q`2b +�T�#H2
Q7 `�BbBM; i?2 HQr2` #QmM/X AM T�`iB+mH�`- r?2M i?2 ?BiiBM; b2i `2im`M2/ #v �
i2+?MB[m2 BKK2/B�i2Hv vB2H/b � bQHmiBQM- i?2`2 Bb MQ HQM;2` �Mv TQBMi BM `2T2�iBM;
i?�i i2+?MB[m2ěMQ KQ`2 +Q`2b +�M #2 7QmM/ mbBM; Bi mMiBH bQK2 Qi?2` +Q`2b ?�p2
#22M 7QmM/ #v Qi?2` i2+?MB[m2bX h?Bb ǳ`2T2�i i?2 +?2�T2bi mMiBH MQi?BM; M2r +�M
#2 +QKTmi2/Ǵ K2i?Q/ ?�b T`Qp2/ iQ #2 [mBi2 2z2+iBp2 BM T`�+iB+2- #mi Qi?2` KQ`2
bQT?BbiB+�i2/ TQHB+B2b KB;?i r2HH #2 2p2M KQ`2 2z2+iBp2X

Pi?2` h2+?MB[m2bX � MmK#2` Q7 �//BiBQM�H i2+?MB[m2b �`2 2KTHQv2/ #v A>a
bQHp2`b iQ bT22/ mT i?2 �H;Q`Bi?KX >2`2 r2 K2MiBQM bQK2 Q7 i?2 KQbi BKTQ`i�Mi
QM2bX

a22/BM; Bb i?2 i2+?MB[m2 Q7 2t�KBMBM; i?2 BMTmi J�ta�h BMbi�M+2 iQ /2i2`@
KBM2 B7 �Mv +QMbi`�BMib +�M BKK2/B�i2Hv #2 �//2/ iQ i?2 AS bQHp2`X h?Bb i2+?MB[m2
Bb [mBi2 2z2+iBp2 �M/ Bb KQ`2 7mHHv /2b+`B#2/ BM (."Rj�)X

*Q`2 KBMBKBx�iBQM Ua2+iBQM k9X9X8X8XRV Bb p2`v 2z2+iBp2 7Q` A>a bQHp2`b (."Rj�)
�M/ Bb bi�M/�`/Hv 2KTHQv2/X >Qr2p2`- �b rBi? Bib mb2 BM +Q`2@;mB/2/ �H;Q`Bi?Kb-
i?2 `2bQm`+2b 2tT2M/2/ QM +Q`2 KBMBKBx�iBQM Kmbi #2 HBKBi2/X 6Q` 2t�KTH2- Bi
rQmH/ #2 iQQ 2tT2MbBp2 iQ +QKTmi2 i?2 bK�HH2bi +Q`2X L2p2`i?2H2bb- +Q`2 KBMB@
KBx�iBQM i2M/b iQ #2 2�bB2` iQ T2`7Q`K BM A>a bQHp2`b i?�M BM +Q`2@;mB/2/ bQHp2`bX
�b �H`2�/v K2MiBQM2/- i?2 +Q`2b BM A>a bQHp2`b i2M/ iQ #2 bK�HH2` iQ #2;BM rBi?-
�M/ bBM+2 +�`/BM�HBiv +QMbi`�BMib �`2 MQi #2BM; �//2/ iQ i?2 7Q`KmH� i?2 a�h
bQHp2` +�HHb mb2/ /m`BM; KBMBKBx�iBQM �`2 KQ`2 2{+B2MiX AM A>a bQHp2`b- KBMBKBx@
BM; i?2 +Q`2b `2bmHib BM iB;?i2` +QMbi`�BMib 7Q` i?2 AS bQHp2`- �HHQrBM; Bi iQ `�Bb2
i?2 HQr2` #QmM/ rBi? 72r2` +Q`2bX

h?2 }M�H i2+?MB[m2 i?�i r2 rBHH K2MiBQM ?2`2 Bb i?2 AS i2+?MB[m2 Q7 `2@
/m+2/ +Qbi }tBM;X AS bQHp2`b bi�M/�`/Hv rQ`F #v Bi2`�iBp2Hv bQHpBM; HBM2�` UGSV
`2H�t�iBQMb Q7 i?2 BMTmi AS �M/ i?2M `2}MBM; i?Qb2 `2H�t�iBQMb rBi? +mib Q` #v
#`�M+?BM;X AM i?2 +QMi2ti Q7 A>a- i?2 GS `2H�t�iBQM Q7 i?2 KBMBKmK@+Qbi ?Bi@
iBM; b2i AS T`QpB/2b � HQr2` #QmM/ QM i?2 p�Hm2 Q7 i?2 J*>a- r?B+? BM im`M
Bb � HQr2` #QmM/ QM i?2 +Qbi Q7 �M QTiBK�H bQHmiBQM iQ i?2 J�ta�h T`Q#H2KX
>2M+2- �b T`QTQb2/ BM (">CaRd)- i?2 GS +�M #2 mb2/ iQ Q#i�BM � `2/m+2/ +Qbi 7Q`
2p2`v bQ7i +H�mb2 #v +QKTmiBM; i?2 `2/m+2/ +Qbib Q7 i?2 AS p�`B�#H2b ¬biX h?Bb
�HHQrb i?2 bQHp2` iQ K�F2 mb2 Q7 i?2 bi�M/�`/ AS i2+?MB[m2 Q7 `2/m+2/ +Qbi }tBM;
(qQHN3- .6C89- *CS3j- LqNN)X AMimBiBp2Hv- i?2 `2/m+2/ +Qbi Q7 � bQ7i +H�mb2
bT2+B}2b � KBMBKmK BM+`2�b2 BM i?2 +Qbi Q7 i?2 GS `2H�t�iBQM i?�i rQmH/ �`Bb2
7`QK 7�HbB7vBM; U`2bT2+iBp2Hv- b�iBb7vBM;V � bQ7i +H�mb2 r?B+? r�b b�iBb}2/ U`2bT2+@
iBp2Hv- 7�HbB}2/V BM � +QKTmi2/ QTiBK�H GS bQHmiBQMX A7 i?Bb +Qbi BM+`2�b2 K�F2b i?2
HQr2` #QmM/ T`QpB/2/ #v i?2 GS `2H�t�iBQM ;`2�i2` i?�M i?2 +m``2Mi #2bi FMQrM
J�ta�h mTT2` #QmM/- i?2 +H�mb2 UBX2X- Bib #HQ+FBM; p�`B�#H2V +�M #2 }t2/ iQ Bib
bi�imb �b T`2b+`B#2/ #v i?2 GS bQHmiBQMX 6BtBM; i?2 p�Hm2b Q7 #HQ+FBM; p�`B�#H2b
bm#b2[m2MiHv bBKTHB}2b #Qi? i?2 KBMBKmK@+Qbi ?BiiBM; b2i +QKTmi�iBQMb �b r2HH
�b i?2 a�h bQHp2` +�HHbX h?Bb mb2 Q7 � T`Qp2M AS i2+?MB[m2 iQ BKT`Qp2 A>a bQHp2`b
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Bb K�/2 TQbbB#H2 #v i?2B` ?v#`B/ mb2 Q7 #Qi? a�h �M/ AS bQHp2`bX SQi2MiB�HHv-
Qi?2` B/2�b 7`QK i?2 `B+? }2H/ Q7 AS bQHpBM; +QmH/ #2 /Bb+Qp2`2/ iQ #2 mb27mHX

k9X9XdX aQHpBM; J�ta�h .B`2+iHv pB� AMi2;2` S`Q;`�KKBM;

AM �//BiBQM iQ /2p2HQTBM; a�h@#�b2/ �TT`Q�+?2b iQ J�ta�h- BMi2;2` T`Q;`�K@
KBM; bvbi2Kb +�M #2 mb2/ iQ /B`2+iHv bQHp2 J�ta�h BMbi�M+2b mbBM; i?2 bi�M/�`/
2M+Q/BM; Q7 J�ta�h iQ BMi2;2` T`Q;`�KKBM; (:qNj)X AM KQ`2 /2i�BH- bi�`iBM;
rBi? i?2 #HQ+FBM; p�`B�#H2 i`�Mb7Q`K�iBQM F b- �M AS yfR p�`B�#H2 x +�M #2 /2@
}M2/ 7Q` 2�+? T`QTQbBiBQM�H p�`B�#H2 x rBi? ¬x i`�MbH�i2/ �b (1− x)X h?2M 2p2`v
+H�mb2 +�M #2 i`�MbH�i2/ BMiQ � ≥ 1 HBM2�` +QMbi`�BMi- �M/ i?2 Q#D2+iBp2 7mM+iBQM
+�M #2 /2}M2/ iQ #2 i?2 KBMBKBx�iBQM Q7

∑
(bi)∈soft(F b) wt((bi)) · ¬bi �b b?QrM BM

(�:Rj- ."Rj�)- AS bQHp2`b +�M #2 [mBi2 2z2+iBp2 QM bQK2 J�ta�h BMbi�M+2b mbBM;
i?Bb bi�M/�`/ AS 2M+Q/BM; Q7 J�ta�hX >Qr2p2`- BM ;2M2`�H- i?2B` T2`7Q`K�M+2 Bb
MQi +QKT2iBiBp2 rBi? J�ta�h@bT2+B}+ �H;Q`Bi?Kb QM KQbi BMbi�M+2bX

k9X8X 6m`i?2` .2p2HQTK2Mib

6BM�HHv- r2 Qp2`pB2r 7m`i?2` `2+2Mi /2p2HQTK2Mib BM J�ta�h bQHpBM; BMpQHpBM;
T`2T`Q+2bbBM;- T`�+iB+�H BM+QKTH2i2 �H;Q`Bi?Kb- �H;Q`Bi?K TQ`i7QHBQb- T�`iBiBQMBM;@
#�b2/- �M/ T�`�HH2H �TT`Q�+?2b iQ J�ta�h bQHpBM;X

k9X8XRX S`2T`Q+2bbBM;

S`2T`Q+2bbBM; i2+?MB[m2b 7Q` a�h T`QpB/2 bB;MB}+�Mi T2`7Q`K�M+2 BKT`Qp2K2Mib
iQ a�h bQHpBM;- �M/ T`2T`Q+2bbBM; Bb iQ/�v � bi�M/�`/ T�`i Q7 i?2 a�h bQHpBM;
rQ`F~Qr Ub22 �HbQ *?�Ti2` NVX AM +QKT�`BbQM- T`Q;`2bb QM J�ta�h T`2T`Q+2bbBM;
Bb KQ`2 `2+2Mi �M/ T`2T`Q+2bbBM; H2bb `QmiBM2Hv �TTHB2/X

L2p2`i?2H2bb- 2bb2MiB�HHv �HH K�DQ` a�h T`2T`Q+2bbBM; i2+?MB[m2b +�M #2 M�i@
m`�HHv HB7i2/ iQ J�ta�hX h?2 F2v iQ a�h@#�b2/ T`2T`Q+2bbBM; 7Q` J�ta�h Bb
BM BMi`Q/m+BM; }`bi #HQ+FBM; p�`B�#H2b i?`Qm;? i?2 F b i`�Mb7Q`K�iBQM U+7X a2+@
iBQM k9X9XRXRXRV- im`MBM; 2�+? bQ7i +H�mb2 c BMiQ i?2 ?�`/ +H�mb2 c∨¬bC X h?2 +H�mb2b
Q7 hard(F b) `2bmHiBM; 7`QK i?Bb i`�Mb7Q`K�iBQM +�M i?2M #2 T`2T`Q+2bb2/ mbBM; �M
a�h T`2T`Q+2bbBM; rBi? QM2 KBMQ` #miěBM i2`Kb Q7 +Q``2+iM2bb 7Q` J�ta�hĜp2`v
BKTQ`i�Mi `2bi`B+iBQM, i?2 2HBKBM�iBQM Q7 i?2 #HQ+FBM; p�`B�#H2b #v `2bQHpBM; QM i?2
p�`B�#H2b U2X;X- i?`Qm;? #QmM/2/ p�`B�#H2 2HBKBM�iBQMV Kmbi #2 /Bb�HHQr2/- BM Q`@
/2` iQ T`2b2`p2 i?2 mMb�iBb}�#H2 +Q`2 bi`m+im`2 Q7 i?2 BMbi�M+2 ("CJRj- "JJRj)X
"v HB7iBM; i?2 MQiBQMb Q7 `2bQHmiBQM �bvKK2i`B+ i�miQHQ;B2b (C>"Rk) 7`QK a�h
iQ J�ta�h- � ;2M2`B+ T`QQ7 Q7 +Q``2+iM2bb 7Q` M�im`�H J�ta�h HB7iBM;b Q7 a�h
T`2T`Q+2bbBM; i2+?MB[m2b r�b `2+2MiHv T`QpB/2/ ("CRN)X

�M QTiBK�H bQHmiBQM iQ i?2 Q`B;BM�H J�ta�h BMbi�M+2 +�M i?2M #2 Q#i�BM2/
7`QK �Mv QTiBK�H bQHmiBQM iQ i?2 BMbi�M+2 �7i2` �TTHvBM; a�h T`2T`Q+2bbBM; #v
�TTHvBM; i?2 ;2M2`B+ bQHmiBQM `2+QMbi`m+iBQM i2+?MB[m2 7Q` a�h T`2T`Q+2bbBM;
(C>"Rk) BM HBM2�` iBK2 rBi? `2bT2+i iQ i?2 MmK#2` Q7 T`2T`Q+2bbBM; bi2Tb K�/2X

�7i2` �TTHvBM; a�h T`2T`Q+2bbBM; i?2 +H�mb2b +�M +QMi�BM KQ`2 i?�M QM2
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#HQ+FBM; p�`B�#H2- �M/ � #HQ+FBM; p�`B�#H2 +�M Q++m` BM KmHiBTH2 +H�mb2bXRk >2M+2
i?2 #BD2+iBp2 K�TTBM; #2ir22M #HQ+FBM; p�`B�#H2b �M/ bQ7i +H�mb2b Bb HQbi �7i2`
a�h T`2T`Q+2bbBM;X 6Q` +QmTHBM; a�h T`2T`Q+2bbBM; rBi? +Q`2@;mB/2/ �M/ A>a
J�ta�h �TT`Q�+?2b- i?Bb Bb MQi T`Q#H2K�iB+- #mi M2p2`i?2H2bb `2[mB`2b �ii2M@
iBQMX h?2 #HQ+FBM; p�`B�#H2b BMi`Q/m+2/ #27Q`2 T`2T`Q+2bbBM; +�M #2 /B`2+iHv mb2/
�b #HQ+FBM; p�`B�#H2b #v i?2 J�ta�h �H;Q`Bi?Kb r?B+? 2KTHQv #HQ+FBM; p�`B@
�#H2b- BMbi2�/ Q7 T2`7Q`KBM; �MQi?2` F b i`�Mb7Q`K�iBQM bi2T �7i2` T`2T`Q+2bbBM;
("aCR8�)X

o�`B�#H2b i?�i +�M #2 /B`2+iHv mb2/ �b #HQ+FBM; p�`B�#H2b +�M �HbQ #2 /2@
i2+i2/ 7`QK BMTmi J�ta�h BMbi�M+2b �M/ `2mb2/ �b �bbmKTiBQMb i?`Qm;?Qmi i?2
J�ta�h bQHpBM; T`Q+2bb- i?2`2#v HBKBiBM; i?2 MmK#2` Q7 M2r p�`B�#H2b �//2/ #v
i?2 F b i`�Mb7Q`K�iBQM bi2T- �b T`QTQb2/ BM ("aCR8#) mM/2` i?2 MQiBQM Q7 ;`QmT
/2i2+iBQMX :`QmT /2i2+iBQM `272`b iQ /2i2+iBM; �mtBHB�`v p�`B�#H2b BMi`Q/m+2/ #v
J�ta�h 2M+Q/BM;b Q7 KQ`2 ?B;?@H2p2H }MBi2@/QK�BM +QMbi`�BMibX AM KQ`2 /2i�BH-
�bbmK2 i?�i � b2i Q7 +H�mb2b *L6UC) = {C1, . . . , Ck} Bb � +QMDmM+iBp2 MQ`K�H 7Q`K
2M+Q/BM; Q7 � }MBi2@/QK�BM +QMbi`�BMi CX LQr �bbmK2 i?�i C Bb � bQ7i +QMbi`�BMi-
rBi? �M �bbQ+B�i2/ r2B;?i WC X PM i?2 H2p2H Q7 ;`QmT J�ta�h (>JJR8) i?Bb
bQ7i +QMbi`�BMi +�M #2 `2T`2b2Mi2/ �b i?2 bQ7i ;`QmT {C1, . . . , Ck} rBi? r2B;?i
WC X 6Q` 2KTHQvBM; � bi�M/�`/ J�ta�h bQHp2`- � M�im`�H r�v Q7 2M+Q/BM; bm+? �
;`QmT@H2p2H J�ta�h `2T`2b2Mi�iBQM Bb iQ BMi`Q/m+2 � bBM;H2 #HQ+FBM; p�`B�#H2 bC
�M/ �// Bi iQ 2�+? Q7 i?2 +H�mb2b C1, . . . , Ck- i?2`2#v Q#i�BMBM; i?2 ?�`/ +H�mb2b
C1 ∨ ¬bC , . . . , Ck ∨ ¬bC iQ;2i?2` rBi? i?2 bQ7i +H�mb2 bC rBi? r2B;?i WC X qBi?
i?Bb BMimBiBQM- ;`QmT /2i2+iBQM `272`b iQ T�ii2`M K�i+?BM; BM � J�ta�h BMbi�M+2
HBi2`�Hb i?�i �`2 /B`2+iHv `2@mb�#H2 �b #HQ+FBM; p�`B�#H2bX AM T�`iB+mH�`- � HBi2`�H
l Bb `2@mb�#H2 �b � #HQ+FBM; p�`B�#H2 B7 i?2 HBi2`�H ¬l QMHv �TT2�`b BM i?2 ?�`/
+H�mb2b Q7 i?2 J�ta�h BMbi�M+2X h?Bb +�Tim`2b i?2 �mtBHB�`v p�`B�#H2b �`BbBM; 7`QK
i?2 �H`2�/v@/2b+`B#2/ ;2M2`�H �TT`Q�+? Q7 2M+Q/BM; ?B;?@H2p2H bQ7i +QMbi`�BMib BM
J�ta�hX AM T`�+iB+2- BM ("aCR8#) i?2 �mi?Q`b b?Qr2/ i?�i BM i?2 BM/mbi`B�H �M/
+`�7i2/ #2M+?K�`F BMbi�M+2b Q7 J�ta�h 1p�Hm�iBQM kyR9- p�`B�#H2b `2@mb�#H2 /B@
`2+iHv �b #HQ+FBM; p�`B�#H2b r2`2 7QmM/ BM � K�DQ`Biv Q7 i?2 BMbi�M+2b mbBM; ;`QmT
/2i2+iBQM- KQbi Q7i2M BM bB;MB}+�Mi MmK#2`bX

h?2 BKT�+i Q7 a�h T`2T`Q+2bbBM; QM i?2 2{+B2M+v Q7 J�ta�h �H;Q`Bi?Kb BM
T`�+iB+2 ?�b #22M iQ /�i2 H2bb bim/B2/- �Hi?Qm;? bQK2 i?2Q`2iB+�H 2pB/2M+2 QM Bib
TQi2MiB�H Bb �p�BH�#H2c b22 2X;X ("JJRj- E"aCRd)X >Qr2p2`- Bi ?�b #22M b?QrM
i?�i- i?2Q`2iB+�HHv- a�h T`2T`Q+2bbBM; ?�b MQ 2z2+i QM i?2 #2bi@+�b2 MmK#2` Q7
Bi2`�iBQMb Q7 +Q`2@;mB/2/ J�ta�h �H;Q`Bi?Kb ("CRe)- r?B+? bm;;2bib i?�i Bib BK@
T�+i K�v K�BMHv #2 BM K�FBM; i?2 BM/BpB/m�H a�h bQHp2` +�HHb rBi?BM +Q`2@;mB/2/
J�ta�h �H;Q`Bi?Kb bBKTH2`X

"2vQM/ a�h T`2T`Q+2bbBM;- M�iBp2 J�ta�h@bT2+B}+ T`2T`Q+2bbBM; i2+?MB[m2b
?�p2 �HbQ #22M T`QTQb2/X � HBKBi2/ 7Q`K Q7 p�`B�#H2 b�im`�iBQM BM i?2 +QMi2ti
Q7 J�ta�h `2bQHmiBQM r�b T`QTQb2/ �b � J�ta�h T`2T`Q+2bbBM; i2+?MB[m2 BM
(�GJy3)X JQ`2 `2+2MiHv- i?2 J�tS`2 J�ta�h T`2T`Q+2bbQ` (E"aCRd) BMi`Q@
/m+2/ b2p2`�H 7m`i?2` T`2T`Q+2bbBM; i2+?MB[m2b M�iBp2 iQ J�ta�h- BM+Hm/BM; H�#2H
K�i+?BM;- #BM�`v +Q`2 `2KQp�H- �M/ ;2M2`�HBx2/ 7Q`K Q7 bm#bmK2/ H�#2H 2HBKBM�@

RkAM i?Bb +QMi2ti- #HQ+FBM; p�`B�#H2b �`2 bQK2iBK2b `272``2/ iQ �b H�#2Hb- 7QHHQrBM; i?2 H�#2H2/
*L6 7`�K2rQ`F ("JRk) i?�i 2tTHB+BiHv /BbiBM;mBb?2b #2ir22M i?2 #HQ+FBM; p�`B�#H2b �M/ Q`B;BM�H
+H�mb2b Q7 2�+? +H�mb2X
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iBQM ("aCRe)- i?2 H�bi Q7 r?B+? �HHQrb 7Q` `2KQpBM; #HQ+FBM; p�`B�#H2b UH�#2HbV
BM i?2 7QHHQrBM; b2Mb2, � #HQ+FBM; p�`B�#H2 b Bb bm#bmK2/ #v � b2i Q7 #HQ+FBM;
p�`B�#H2b {b1, . . . , bk} B7 QM2 Q7 b1, . . . , bk Q++m`b BM � +H�mb2 r?2M2p2` b Q++m`b BM
i?2 +H�mb2- �M/

∑k
i=1 wt(bi) ≤ wt(b)X 6Q` k = 1- i?Bb ;Bp2b i?2 Q`B;BM�H T`QTQb2/

/2}MBiBQM Q7 bm#bmK2/ H�#2H 2HBKBM�iBQM ("aCRe)- r?BH2 BM ;2M2`�H i?2 +QM/BiBQMb
+Q``2bTQM/ iQ i?2 LS@+QKTH2i2 ?BiiBM; b2i T`Q#H2KX AM T`�+iB+2- �M �TT`QtBK�i2
p2`bBQM Q7 i?2 ;2M2`�HBx2/ 7Q`K Q7 bm#bmK2/ H�#2H 2HBKBM�iBQM +�M #2 +QKTmi2/
mbBM; � +H�bbB+�H ln(n)@�TT`QtBK�iBQM �H;Q`Bi?K 7Q` i?2 ?BiiBM; b2i T`Q#H2KX

AM i2`Kb Q7 BKTH2K2Mi�iBQMb Q7 J�ta�h T`2T`Q+2bbBM;- i?2 a�h T`2T`Q+2b@
bQ` *QT`Q+2bbQ` (J�MRk) bmTTQ`ib a�h T`2T`Q+2bbBM; i2+?MB[m2b 7Q` J�ta�h
BMbi�M+2b- r?BH2 i?2 J�tS`2 T`2T`Q+2bbQ` (E"aCRd) Qz2`b +QK#BM�iBQMb Q7 a�h
T`2T`Q+2bbBM; �M/ M�iBp2 J�ta�h T`2T`Q+2bbBM; i2+?MB[m2bX

k9X8XkX AM+QKTH2i2 �H;Q`Bi?Kb 7Q` J�ta�h

AM+QKTH2i2 J�ta�h bQHpBM; +�M T`BK�`BHv #2 /BpB/2/ BMiQ irQ +�i2;Q`B2b, UBV HQ+�H
b2�`+? J�ta�h bQHp2`b �M/ UBBV �TT`QtBK�iBQM �H;Q`Bi?Kb #�b2/ QM Bi2`�iBp2 +�HHb
iQ a�h bQHp2`b i?�i K�v MQi ;m�`�Mi22 QTiBK�HBivX

k9X8XkXRX GQ+�H a2�`+? 7Q` J�ta�h
GQ+�H b2�`+? bQHp2`b bi�`i #v }M/BM; � `�M/QK �bbB;MK2Mi iQ i?2 J�ta�h 7Q`@
KmH�X aBM+2 i?Bb �bbB;MK2Mi Bb mMHBF2Hv iQ b�iBb7v �HH +H�mb2b- i?2v +?QQb2 � +H�mb2
i?�i Bb mMb�iBb}2/ �M/ ~BT i?2 �bbB;MK2Mi Q7 � p�`B�#H2 Q++m``BM; BM i?�i +H�mb2X
q?2M +QKT�`2/ iQ HQ+�H b2�`+? bQHp2`b 7Q` a�h- HQ+�H b2�`+? bQHp2`b 7Q` J�ta�h
7�+2 �//BiBQM�H +?�HH2M;2b bBM+2 i?2v Kmbi }M/ �M �bbB;MK2Mi i?�i b�iBb}2b �HH
?�`/ +H�mb2b r?BH2 i`vBM; iQ K�tBKBx2 i?2 bmK Q7 i?2 r2B;?ib Q7 b�iBb}2/ bQ7i
+H�mb2bX hQ Qp2`+QK2 i?Bb +?�HH2M;2- HQ+�H J�ta�h bQHp2`b /BbiBM;mBb? #2ir22M
bQ7i �M/ ?�`/ +H�mb2b �M/ �TTHv r2B;?iBM; b+?2K2b i?�i 7�pQ` b�iBb7vBM; ?�`/
+H�mb2b (*GhaR9- G*q+R8- *CaR8- *GGaRe- G*a>Rd- G*R3)X 6Q` KQ`2 /2i�BHb
QM HQ+�H b2�`+? a�h bQHp2`b- r2 `272` i?2 BMi2`2bi2/ `2�/2` iQ *?�Ti2` eX

k9X8XkXkX JQ/2H@AKT`QpBM; �TT`QtBK�iBQM
JQ/2H@BKT`QpBM; �TT`QtBK�iBQM �H;Q`Bi?Kb /Q MQi ;m�`�Mi22 i?2 QTiBK�HBiv Q7
i?2 }M�H bQHmiBQMX �M 2t�KTH2 Q7 i?Bb �TT`Q�+? Bb �M 2MmK2`�iBQM Q7 KBMBK�H
+Q``2+iBQM bm#b2ib UJ*a2bV (J>C+Rj- JSJR8)X �M J*a Q7 �M mMb�iBb}�#H2 b2i
Q7 +H�mb2b Bb � KBMBK�H bm#b2i i?�i- B7 `2KQp2/- K�F2b i?2 7Q`KmH� b�iBb}�#H2X
h?2`2 ?�b #22M � `2+2Mi i`2M/ Q7 mbBM; �TT`QtBK�iBQM �TT`Q�+?2b 7Q` BM+QKTH2i2
J�ta�hX 6Q` BMbi�M+2- �M �TT`Q�+? #�b2/ QM #Bi@p2+iQ` QTiBKBx�iBQM r�b T`Q@
TQb2/ 7Q` mMr2B;?i2/ BM+QKTH2i2 J�ta�h rBi? T`QKBbBM; `2bmHib (L�/R3)X

GBMa"Sa (.aR3) Bb �M BM+QKTH2i2 J�ta�h bQHp2` #�b2/ QM KQ/2H@BKT`QpBM;
�H;Q`Bi?KbX 6Q` r2B;?i2/ BMbi�M+2b- i?2v bBKTHB7v i?2 r2B;?ib Q7 i?2 7Q`KmH� �M/
b22 Bi BM HQr `2bQHmiBQM- BX2X- rBi? �HH i?2B` r2B;?ib /BpB/2/ #v � H�`;2 p�Hm2X aBM+2
i?2v mb2 BMi2;2` /BpBbBQM- i?2 r2B;?ib Q7 bQK2 bQ7i +H�mb2b �`2 b2i iQ x2`Q- 2z2+iBp2Hv
`2KQpBM; i?2KX q?2M2p2` i?2 bQHp2` i2`KBM�i2b rBi? �M ǳQTiBK�HǴ bQHmiBQM iQ
i?2 bBKTHB}2/ 7Q`KmH�- i?2 `2bQHmiBQM Bb BM+`2�b2/ #v /2+`2�bBM; i?2 /BpBbQ` p�Hm2X
�//BiBQM�HHv- i?2v mb2 bQHmiBQM@#�b2/ b�pBM; (�:Rd- .*aR3) iQ ;mB/2 i?2 b2�`+?
iQr�`/b i?2 #2bi bQHmiBQM 7QmM/ bQ 7�`X
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PT2M@q"P@AM+ (CEJ_R3) Bb �MQi?2` BM+QKTH2i2 J�ta�h bQHp2` #�b2/ QM
KQ/2H@BKT`QpBM; �H;Q`Bi?KbX 6Q` r2B;?i2/ BMbi�M+2b- i?Bb bQHp2` �HbQ bBKTHB}2b
i?2 r2B;?ib Q7 i?2 7Q`KmH� #v +Hmbi2`BM; i?2K BMiQ k /Bz2`2Mi r2B;?ibX �M �Hi2`@
M�iBp2 �TT`Q�+? �HbQ 2KTHQv2/ #v i?Bb bQHp2` Bb iQ +QMbB/2` � r2B;?i2/ BMbi�M+2
�b � KmHiBH2p2H QTiBKBx�iBQM T`Q#H2K U2p2M i?Qm;? Bi K�v MQi b�iBb7v i?2 "JP
+QM/BiBQM /2b+`B#2/ BM a2+iBQM k9XjXRXRVX h?Bb �Hi2`M�iBp2 �TT`Q�+? `2/m+2b i?2
bQHpBM; Q7 � r2B;?i2/ BMbi�M+2 iQ bQHpBM; � b2[m2M+2 Q7 mMr2B;?i2/ BMbi�M+2b-
r?B+? bB;MB}+�MiHv BKT`Qp2b i?2 T2`7Q`K�M+2 Q7 KQ/2H@BKT`QpBM; �H;Q`Bi?Kb �M/
[mB+FHv +QMp2`;2b iQ � }M�H bQHmiBQM r?B+? +Q``2bTQM/b iQ �M mTT2` #QmM/ QM i?2
QTiBK�H p�Hm2 Q7 i?2 Q`B;BM�H 7Q`KmH�X

k9X8XjX �H;Q`Bi?K SQ`i7QHBQb

:Bp2M i?2 /Bp2`bBiv Q7 J�ta�h �H;Q`Bi?Kb UbQK2 Q7 r?B+? r2`2 Qp2`pB2r2/ BM
a2+iBQM k9X9V- � K2i� �TT`Q�+? i?�i �BKb �i i�FBM; �/p�Mi�;2 Q7 i?Bb /Bp2`bBiv Bb
iQ #mBH/ �M Q`�+H2 iQ T`2/B+i i?2 KQbi bmBi�#H2 J�ta�h �H;Q`Bi?K 7Q` � T�`iB+mH�`
BMbi�M+2X AMbTB`2/ #v i?2 bm++2bb Q7 a�hxBHH� (s>>Gy3) �M/ Qi?2` �H;Q`Bi?K
TQ`i7QHBQb 7Q` a�h bQHpBM;- J�iQb 2i �HX (JSGJy3) T`QTQb2/ i?2 }`bi �H;Q`Bi?K
TQ`i7QHBQ 7Q` J�ta�h #v 2KTHQvBM; HBM2�` `2;`2bbBQM mbBM; i?`22 FBM/b Q7 72�im`2b
(LG>+y9), T`Q#H2K bBx2 72�im`2b- #�H�M+2 72�im`2b �M/ HQ+�H b2�`+? T`Q#2 72�im`2bX

Aa�*Y (�JaR9) Bb �MQi?2` �H;Q`Bi?K TQ`i7QHBQ �TT`Q�+? i?�i 2ti2M/b i?2
BMbi�M+2@bT2+B}+ �H;Q`Bi?K +QM};m`�iBQM UAa�* (EJahRy)V #v +Hmbi2`BM; i?2 #2M@
+?K�`Fb �M/ imMBM; i?2 T�`�K2i2`b Q7 2tBbiBM; bQHp2`b QM 2�+? +Hmbi2`X Aa�* /Q2b
MQi mb2 `2;`2bbBQM@#�b2/ �M�HvbBb #mi BMbi2�/ +QKTmi2b � `2T`2b2Mi�iBp2 72�im`2
p2+iQ` i?�i +�Tim`2b T`QT2`iB2b Q7 � T�`iB+mH�` BMbi�M+2 BM Q`/2` iQ B/2MiB7v +Hmb@
i2`b Q7 bBKBH�` BMbi�M+2bX � bBM;H2 bQHp2` Bb b2H2+i2/ 7Q` 2�+? ;`QmT #�b2/ QM i?2
+?�`�+i2`BbiB+b Q7 i?Qb2 #2M+?K�`FbX :Bp2M � M2r BMbi�M+2- Bib 72�im`2b �`2 +QK@
Tmi2/ �M/ Bi Bb �bbB;M2/ iQ i?2 +HQb2bi +Hmbi2` �M/ bQHp2/ #v i?2 `2bT2+iBp2 bQHp2`X
h?2 72�im`2b mb2/ #v Aa�*Y +QMbB/2` i?2 T2`+2Mi�;2 Q7 +H�mb2b i?�i �`2 bQ7i- �M/
i?2 bi�iBbiB+b Q7 i?2 /Bbi`B#miBQM Q7 r2B;?ib U�p2`�;2- KBMBKmK- K�tBKmK- bi�M@
/�`/ /2pB�iBQMVX h?2 `2K�BMBM; jk 72�im`2b �`2 � bm#b2i Q7 i?2 72�im`2b mb2/ #v
a�hwBHH� i?�i �`2 bT2+B}+ iQ a�h BMbi�M+2b �M/ �`2 �TTHB2/ iQ J�ta�h BMbi�M+2b
#v +QMbB/2`BM; �HH bQ7i +H�mb2b �b ?�`/X Aa�*Y /Bz2`b 7`QK Aa�* bBM+2 Bi �HbQ
�TTHB2b �M �H;Q`Bi?K b2H2+iQ` iQ +?QQb2 i?2 #2bi T�`�K2i2`b Q7 2tBbiBM; bQHp2`b 7Q`
2�+? +Hmbi2`X lbBM; � TQ`i7QHBQ Q7 /Bz2`2Mi J�ta�h bQHp2`b- �HHQr2/ Aa�*Y iQ #2
QM2 Q7 i?2 #2bi �TT`Q�+?2b 7Q` J�ta�h BM i?2 kyRj@kyR8 J�ta�h 1p�Hm�iBQMbX

k9X8X9X S�`�HH2H aQHpBM;

LQr�/�vb- 2ti`� +QKTmi�iBQM�H TQr2` Bb MQ HQM;2` +QKBM; 7`QK ?B;?2` T`Q+2bbQ`
7`2[m2M+B2b #mi `�i?2` 7`QK �//BM; �//BiBQM�H T`Q+2bbQ`bX .Bbi`B#mi2/ bvbi2Kb �`2
�HbQ #2+QKBM; KQ`2 T`2/QKBM�Mi �M/ +?2�T2`X 6Q` BMbi�M+2- Bi Bb MQi mM+QKKQM
iQ /2THQv /Bbi`B#mi2/ iQQHb iQ r2# b2`pB+2b bm+? �b �K�xQM q2# a2`pB+2bX 1p2M
i?Qm;? T�`�HH2H �TT`Q�+?2b 7Q` J�ta�h �`2 MQi �b T`2/QKBM�Mi �b BM a�h bQHpBM;-
i?2`2 �`2 � 72r T�`�HH2H J�ta�h bQHp2`b i?�i +�M i�F2 �/p�Mi�;2 Q7 i?2b2 M2r
�`+?Bi2+im`2bX h?2b2 T�`�HH2H bQHp2`b +�M #2 K�BMHv +�i2;Q`Bx2/ BMiQ irQ +H�bb2b,
UBV TQ`i7QHBQ �TT`Q�+?2b- �M/ UBBV b2�`+? bT�+2 bTHBiiBM;X
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k9X8X9XRX SQ`i7QHBQ �TT`Q�+?2b

SQ`i7QHBQ �TT`Q�+?2b �`2 MQi `2bi`B+i2/ iQ b2[m2MiB�H bQHpBM; �M/ +�M #2 2ti2M/2/
iQ � T�`�HH2H b2iiBM; r?2`2 /Bz2`2Mi bi`�i2;B2b �`2 `mM BM T�`�HH2HX h?2b2 /Bz2`2Mi
bi`�i2;B2b +�M #2 #�b2/ QM /Bz2`2Mi J�ta�h �H;Q`Bi?Kb U2X;X- KQ/2H@BKT`QpBM; �H@
;Q`Bi?Kb- +Q`2@;mB/2/ �H;Q`Bi?Kb- BKTHB+Bi ?BiiBM; b2i �H;Q`Bi?KbV Q` #v mbBM; /B7@
72`2Mi b2iiBM;b Q7 � ;Bp2M �H;Q`Bi?K U2X;X- +?�M;BM; i?2 2M+Q/BM; 7Q` +�`/BM�HBiv Q`
Tb2m/Q@"QQH2�M +QMbi`�BMibVX �M 2t�KTH2 Q7 � TQ`i7QHBQ bQHp2` Bb Sq"P (JJGRR)
r?B+? �HHQ+�i2b ?�H7 Q7 i?2 rQ`F2`b iQ mb2 KQ/2H@BKT`QpBM; �H;Q`Bi?Kb- �M/ i?2
Qi?2` ?�H7 +Q`2@;mB/2/ �H;Q`Bi?KbX hQ 7m`i?2` BM+`2�b2 /Bp2`bBiv #2ir22M rQ`F@
2`b mbBM; i?2 b�K2 �H;Q`Bi?K- Sq"P i`�MbH�i2b +�`/BM�HBiv �M/ Tb2m/Q@"QQH2�M
+QMbi`�BMib rBi? /Bz2`2Mi 2M+Q/BM;b (JJGRR)X

h?2 TQ`i7QHBQ �TT`Q�+?2b 7Q` T�`�HH2H J�ta�h bQHpBM; �`2 +HQb2Hv `2H�i2/ iQ
TQ`i7QHBQ �TT`Q�+?2b 7Q` T�`�HH2H a�h bQHpBM;X h?2 K�BM /Bz2`2M+2 +QMbBbib QM
?Qr /Bp2`bBiv Bb 2KTHQv2/X "Qi? �TT`Q�+?2b T2`7Q`K +H�mb2 b?�`BM; r?2`2 H2�`M2/
+H�mb2b #2ir22M /Bz2`2Mi rQ`F2`b �`2 2t+?�M;2/ iQ 7m`i?2` T`mM2 i?2 b2�`+? bT�+2
�M/ #QQbi i?2 T2`7Q`K�M+2 Q7 i?2 T�`�HH2H bQHp2`X

SQ`i7QHBQ �TT`Q�+?2b �`2 #2ii2` bmBi2/ 7Q` KmHiB+Q`2 �TT`Q�+?2b bBM+2 /Bp2`bBiv
/Q2b MQi mbm�HHv b+�H2 �M/ +H�mb2 b?�`BM; Bb KQ`2 2{+B2Mi r?2M T2`7Q`K2/ BM
b?�`2/ K2KQ`vX

k9X8X9XkX a2�`+? aT�+2 aTHBiiBM;

�MQi?2` �TT`Q�+? 7Q` T�`�HH2H J�ta�h bQHpBM; Bb iQ bTHBi i?2 Q`B;BM�H T`Q#H2K BMiQ
bm#T`Q#H2Kb bm+? i?�i 2�+? rQ`F2` bQHp2b � bK�HH2` 7Q`KmH� i?�i Bb ?QT27mHHv 2�bB2`
iQ bQHp2X h?2 irQ K�BM �TT`Q�+?2b iQ /BpB/2 i?2 b2�`+? bT�+2 Bb iQ UBV T2`7Q`K
BMi2`p�H bTHBiiBM; Q` UBBV bTHBi i?2 b2�`+? bT�+2 rBi? ;mB/BM; T�i?bX

h?2 QTiBK�H bQHmiBQM p�Hm2 Q7 � J�ta�h T`Q#H2K Bb #QmM/2/ #2ir22M y �M/
i?2 bmK Q7 i?2 r2B;?ib Q7 i?2 bQ7i +H�mb2bX h?2`27Q`2 QM2 r�v Q7 bTHBiiBM; i?2 b2�`+?
bT�+2 Bb iQ /BpB/2 i?Bb BMi2`p�H �M/ ?�p2 /Bz2`2Mi rQ`F2`b b2�`+?BM; QM /Bz2`2Mi
#QmM/b BM Q`/2` iQ M�``Qr i?2 b2�`+? BMi2`p�H �M/ +QMp2`;2 iQ �M QTiBK�H bQHmiBQMX
h?Bb �TT`Q�+? Bb 2KTHQv2/ BM � p2`bBQM Q7 Sq"P (JJGRk)X

h?2 b2�`+? bT�+2 +�M �HbQ #2 pB2r2/ �b � #BM�`v i`22- r?2`2 2�+? MQ/2 +Q``2@
bTQM/b iQ � p�`B�#H2 �M/ 2�+? Q7 Bib 2/;2b +Q``2bTQM/b iQ �M �bbB;MK2Mi iQ i?�i
p�`B�#H2X h?2 b2�`+? bT�+2 +�M i?2M #2 bTHBi #v mbBM; /Bz2`2Mi T�i?b BM i?2 i`22
U+�HH2/ ;mB/BM; T�i?bV iQ bTHBi i?2 b2�`+? BMiQ bm#@i`22b �M/ �bbB;M 2�+? Q7 i?2K
iQ � /Bz2`2Mi rQ`F2`X h?2`2 �`2 K�Mv r�vb Q7 ;2M2`�iBM; ;mB/BM; T�i?bX PM2 Q7
i?2 KQbi bm++2bb7mH �TT`Q�+?2b ?�b #22M mbBM; HQQF�?2�/ bQHp2`b (p/h>"Rk) iQ
bTHBi i?2 b2�`+? i`22X h?Bb bi`�i2;v ?�b #22M mb2/ BM � /Bbi`B#mi2/ J�ta�h bQHp2`
(hGJRe)X

PM2 Q7 i?2 �/p�Mi�;2b Q7 i?Bb �TT`Q�+? Bb i?�i Bi Bb 2�bB2` iQ bTHBi i?2 b2�`+?
bT�+2 BMiQ K�Mv rQ`F2`b �M/ i?2`27Q`2 +�M #2 KQ`2 bmBi�#H2 7Q` � /Bbi`B#mi2/
b2iiBM;X >Qr2p2`- bBM+2 bQK2 Q7 i?2 bm#@i`22b K�v #2 Km+? 2�bB2` iQ bQHp2 i?�M
Qi?2`b- Bi Bb M2+2bb�`v iQ ?�p2 � /vM�KB+ HQ�/ #�H�M+BM; b+?2K2 i?�i +QMiBMmQmbHv
bTHBib i?2 b2�`+? bT�+2 �M/ F22Tb �HH rQ`F2`b #mbvX
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k9X8X8X S�`iBiBQMBM;@#�b2/ J�ta�h

.BpB/2@�M/@+QM[m2` i2+?MB[m2b �`2 MQi `2bi`B+i2/ iQ T�`�HH2H J�ta�h bQHpBM; �M/
+�M �HbQ #2 �TTHB2/ iQ b2[m2MiB�H J�ta�h bQHpBM;X 6Q` BMbi�M+2- T�`iBiBQMBM;@
#�b2/ J�ta�h ?�b #22M bm++2bb7mHHv mb2/ iQ BKT`Qp2 i?2 T2`7Q`K�M+2 Q7 +Q`2@
#�b2/ �H;Q`Bi?Kb (JJGRj- LJC+R8)X

*Q`2@#�b2/ �H;Q`Bi?Kb `2Hv QM mMb�iBb}�#H2 +Q`2b `2im`M2/ #v i?2 a�h bQHp2`X
lbm�HHv- +Q`2@#�b2/ �H;Q`Bi?Kb T2`7Q`K #2ii2` r?2M bK�HH +Q`2b �`2 7QmM/ 2�`HvX
>Qr2p2`- i?Bb Bb MQi M2+2bb�`BHv i?2 +�b2- bBM+2 i?2b2 mMb�iBb}�#H2 +Q`2b �`2 MQi
;m�`�Mi22/ iQ #2 KBMBK�H- �M/ i?2`2 �`2 MQ ;m�`�Mi22b i?�i bK�HH2` +Q`2b rBHH #2
7QmM/ }`biX h?2 Q`/2` BM r?B+? +Q`2b �`2 2MmK2`�i2/ +�M ?�p2 � H�`;2 BKT�+i QM
i?2 T2`7Q`K�M+2 Q7 J�ta�h �H;Q`Bi?KbX

aBKBH�`Hv iQ a�h BMbi�M+2b- J�ta�h BMbi�M+2b +�M �HbQ #2 `2T`2b2Mi2/ mb@
BM; ;`�T?bX 6Q` BMbi�M+2- � J�ta�h BMbi�M+2 +�M #2 `2T`2b2Mi2/ #v 2Bi?2` i?2
p�`B�#H2 BM+B/2M+2 ;`�T? UoA:V Q` i?2 +H�mb2 p�`B�#H2 BM+B/2M+2 ;`�T? U*oA:V
(JJGRj)X AM i?2 oA: `2T`2b2Mi�iBQM- p2`iB+2b +Q``2bTQM/ iQ i?2 p�`B�#H2b Q7 i?2
T`Q#H2K- �M/ 2/;2b +Q``2bTQM/ iQ +H�mb2b r?2`2 #Qi? p�`B�#H2b Q++m`X AM i?2
*oA: `2T`2b2Mi�iBQM- p2`iB+2b +Q``2bTQM/ iQ #Qi? p�`B�#H2b �M/ +H�mb2b �M/ i?2`2
Bb �M 2/;2 #2ir22M i?2 p2`iB+2b i?�i `2T`2b2Mi i?2 p�`B�#H2b �M/ i?2 +H�mb2b r?2`2
i?2v Q++m`X PM2 +�M �HbQ mb2 i?2 `2bQHmiBQM `mH2 iQ +QMbi`m+i � ;`�T? r?2`2 p2`@
iB+2b �`2 +H�mb2b �M/ 2/;2b +Q``2bTQM/ iQ +H�mb2b i?�i +�M #2 `2bQHp2/ rBi? 2�+?
Qi?2` U_1aV (LJC+R8)X

S�`iBiBQMBM;@#�b2/ J�ta�h mb2b ;`�T? T�`iBiBQM i2+?MB[m2b iQ bTHBi i?2 7Q`@
KmH� BMiQ /BbDQBMi bm#b2ib U2X;X- mbBM; � KQ/mH�`Biv +Hmbi2`BM; �TT`Q�+? (:Lyk)VX
"v /2+QKTQbBM; i?2 J�ta�h BMbi�M+2 BMiQ /BbDQBMi bm#7Q`KmH�b- i?2 a�h bQHp2`
Bb 7Q`+2/ iQ }M/ mMb�iBb}�#H2 +Q`2b QM � bm#b2i Q7 i?2 7Q`KmH�X A7 bm+? mMb�iBb}�#H2
+Q`2b 2tBbi- i?2M i?2v K�v #2 Km+? bK�HH2` i?�M B7 i?2 2MiB`2 J�ta�h BMbi�M+2
r�b ;Bp2M iQ i?2 a�h bQHp2`X h?2 _1a `2T`2b2Mi�iBQM (LJC+R8) Bb BKTH2K2Mi2/
QM iQT Q7 i?2 PT2M@q"P bvbi2K (JJGR9) mbBM; i?2 Jalj �H;Q`Bi?K �M/ ?�b
#22M b?QrM iQ #2 T�`iB+mH�`Hv 2z2+iBp2 7Q` mMr2B;?i2/ J�ta�hX

k9XeX amKK�`v

�/p�M+2b BM T`�+iB+�H �bT2+ib Q7 K�tBKmK b�iBb}�#BHBiv rBi?BM i?2 H�bi Ry@R8 v2�`b
?�p2 2bi�#HBb?2/ J�ta�h �b � ;2M2`�H@Tm`TQb2 "QQH2�M +QMbi`�BMi QTiBKBx�iBQM
T�`�/B;KX h?2 BKT`Qp2K2Mib ?�p2 +QK2 BM BM+`2�bBM; MmK#2`b #Qi? BM i2`Kb
Q7 /QK�BM@bT2+B}+ J�ta�h 2M+Q/BM;b Q7 p�`BQmb ?�`/ QTiBKBx�iBQM T`Q#H2Kb
iQ MQp2H �H;Q`Bi?KB+ i2+?MB[m2b �M/ i?2B` 2{+B2Mi BKTH2K2Mi�iBQMb BM ;2M2`�H@
Tm`TQb2 J�ta�h bQHp2`bX AM i2`Kb Q7 �H;Q`Bi?KB+ �/p�M+2b- i?2 �/p2Mi Q7 a�h@
#�b2/ �TT`Q�+?2b iQ T`�+iB+�H J�ta�h bQHpBM; BM Bib /Bz2`2Mi 7Q`Kb Bb �`;m�#Hv
�i i?2 +2Mi2` Q7 i?Bb bm++2bbX hQ i?Bb 2M/- r2 ?�p2 ?2`2 �BK2/ �i +Qp2`BM; +2Mi`�H
`2b2�`+? �/p�M+2b QM T`�+iB+�H �bT2+ib Q7 J�ta�h rBi?BM i?2 H�bi Ry v2�`b- rBi?
� bi`QM; 7Q+mb QM i?2 i?`22 K�BM a�h@#�b2/ �TT`Q�+?2b iQ J�ta�h bQHpBM;, i?2
KQ/2H@BKT`QpBM;- +Q`2@;mB/2/- �M/ i?2 BKTHB+Bi ?BiiBM; b2i �TT`Q�+?X "2vQM/ 7m`@
i?2` BKT`Qp2K2Mib iQ i?2b2 �H;Q`Bi?KB+ �TT`Q�+?2b iQ J�ta�h- i?2`2 �`2 TH2Miv
Q7 �p2Mm2b 7Q` 7m`i?2` `2b2�`+? QM J�ta�h BM i2`Kb Q7 MQp2H �TTHB+�iBQMb Q7 i?2
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i2+?MQHQ;v- �b r2HH �b 7m`i?2` �/p�M+2b BM i?2 `2+2Mi `2b2�`+? /B`2+iBQMb QM BM@
+QKTH2i2 �M/ T�`�HH2H �TT`Q�+?2b iQ J�ta�h bQHpBM;X

�+FMQrH2/;K2Mib

h?2 �mi?Q`b i?�MF C2`2KB�b "2`;- �H2t2v A;M�iB2p- CQ�Q J�`[m2b@aBHp�- �M/ �M@
iQMBQ JQ`;�/Q- r?Q T`QpB/2/ p�`BQmb ?2HT7mH +QKK2Mib QM � /`�7i p2`bBQM Q7 i?Bb
+?�Ti2`X

_272`2M+2b

(�"CJRd) *X �MbƦi2;mB- 6X "�++?mb- JX C `pBb�HQ- �M/ _X J�`iBMb- 2/@
BiQ`bX J�ta�h 1p�Hm�iBQM kyRd, aQHp2` �M/ "2M+?K�`F .2@
b+`BTiBQMb- pQHmK2 "@kyRd@k Q7 .2T�`iK2Mi Q7 *QKTmi2` a+B@
2M+2 a2`B2b Q7 Sm#HB+�iBQMb "X lMBp2`bBiv Q7 >2HbBMFB- kyRdX

(�"GyN) *X �MbƦi2;mB- JX GX "QM2i- �M/ CX G2pvX aQHpBM; Ur2B;?i2/V
T�`iB�H J�ta�h i?`Qm;? b�iBb}�#BHBiv i2biBM;X AM PX EmHHK�MM-
2/BiQ`- h?2Q`v �M/ �TTHB+�iBQMb Q7 a�iBb}�#BHBiv h2biBM; @ a�h
kyyN- Rki? AMi2`M�iBQM�H *QM72`2M+2- a�h kyyN- ar�Mb2�- lE-
CmM2 jy @ CmHv j- kyyNX S`Q+22/BM;b- pQHmK2 8839 Q7 G2+im`2
LQi2b BM *QKTmi2` a+B2M+2- T�;2b 9kdĜ99yX aT`BM;2`- kyyNX

(�"GRy�) *X �MbƦi2;mB- JX GX "QM2i- �M/ CX G2pvX � M2r �H;Q`Bi?K 7Q`
r2B;?i2/ T�`iB�H J�ta�hX AM JX 6Qt �M/ .X SQQH2- 2/BiQ`b-
S`Q+22/BM;b Q7 i?2 hr2Miv@6Qm`i? ���A *QM72`2M+2 QM �`iB@
}+B�H AMi2HHB;2M+2- ���A kyRy- �iH�Mi�- :2Q`;B�- la�- CmHv
RR@R8- kyRyX ���A S`2bb- kyRyX

(�"G+Ry#) CX �`;2HB+?- .X GX "2``2- AX GvM+2- CX J�`[m2b@aBHp�- �M/
SX _�TB+�mHiX aQHpBM; HBMmt mT;`�/2�#BHBiv T`Q#H2Kb mbBM;
#QQH2�M QTiBKBx�iBQMX AM AX GvM+2 �M/ _X h`2BM2M- 2/BiQ`b- S`Q@
+22/BM;b 6B`bi AMi2`M�iBQM�H qQ`Fb?QT QM GQ;B+b 7Q` *QKTQ@
M2Mi *QM};m`�iBQM- GQ*Q*Q kyRy- 1/BM#m`;?- lE- Ryi? CmHv
kyRyX- pQHmK2 kN Q7 1Sh*a- T�;2b RRĜkk- kyRyX

(�"GRj) *X �MbƦi2;mB- JX GX "QM2i- �M/ CX G2pvX a�h@#�b2/ J�ta�h
�H;Q`Bi?KbX �`iB}+B�H AMi2HHB;2M+2- RNe,ddĜRy8- kyRjX

(�*GJRk) CX �`;2HB+?- �X *�#Bb+QH- AX GvM+2- �M/ 6X J�Mv¨X 1{+B2Mi 2M@
+Q/BM;b 7`QK *aS BMiQ a�h- �M/ 7`QK J�t*aS BMiQ J�ta�hX
JmHiBTH2@o�Hm2/ GQ;B+ �M/ aQ7i *QKTmiBM;- RNUR@jV,jĜkj- kyRkX

(�.:R8) *X �MbƦi2;mB- 6X .B/B2`- �M/ CX :�#¨bX 1tTHQBiBM; i?2 bi`m+@
im`2 Q7 mMb�iBb}�#H2 +Q`2b BM J�ta�hX AM ZX u�M; �M/
JX qQQH/`B/;2- 2/BiQ`b- S`Q+22/BM;b Q7 i?2 hr2Miv@6Qm`i? AM@
i2`M�iBQM�H CQBMi *QM72`2M+2 QM �`iB}+B�H AMi2HHB;2M+2- AC*�A
kyR8- "m2MQb �B`2b- �`;2MiBM�- CmHv k8@jR- kyR8- T�;2b k3jĜ
k3NX ���A S`2bb- kyR8X

(�._R8) JX �HpB�MQ- *X .Q/�`Q- �M/ 6X _B++�X � J�ta�h �H;Q`Bi?K
mbBM; +�`/BM�HBiv +QMbi`�BMib Q7 #QmM/2/ bBx2X AM ZX u�M; �M/
JX qQQH/`B/;2- 2/BiQ`b- S`Q+22/BM;b Q7 i?2 hr2Miv@6Qm`i? AM@
i2`M�iBQM�H CQBMi *QM72`2M+2 QM �`iB}+B�H AMi2HHB;2M+2- AC*�A
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kyR8- "m2MQb �B`2b- �`;2MiBM�- CmHv k8@jR- kyR8- T�;2b keddĜ
ke3jX ���A S`2bb- kyR8X

(�:Rj) *X �MbƦi2;mB �M/ CX :�#¨bX aQHpBM; Ur2B;?i2/V T�`iB�H
J�ta�h rBi? AGSX AM *X SX :QK2b �M/ JX a2HHK�MM- 2/BiQ`b-
AMi2;`�iBQM Q7 �A �M/ P_ h2+?MB[m2b BM *QMbi`�BMi S`Q;`�K@
KBM; 7Q` *QK#BM�iQ`B�H PTiBKBx�iBQM S`Q#H2Kb- Ryi? AMi2`@
M�iBQM�H *QM72`2M+2- *S�AP_ kyRj- uQ`FiQrM >2B;?ib- Lu-
la�- J�v R3@kk- kyRjX S`Q+22/BM;b- pQHmK2 d3d9 Q7 G2+im`2
LQi2b BM *QKTmi2` a+B2M+2- T�;2b 9yjĜ9yNX aT`BM;2`- kyRjX

(�:Rd) *X �MbƦi2;mB �M/ CX :�#¨bX qSJj, �M UBMV+QKTH2i2 �H;Q`Bi?K
7Q` r2B;?i2/ T�`iB�H J�ta�hX �`iB}+B�H AMi2HHB;2M+2- k8y,jdĜ
8d- kyRdX

(�AJhRj) *X �MbƦi2;mB- AX Ax[mB2`/Q- 6X J�Mv¨- �M/ CX hQ``2b@CBKûM2xX
� J�t@a�h@#�b2/ �TT`Q�+? iQ +QMbi`m+iBM; QTiBK�H +Qp2`BM;
�``�vbX AM EX :B#2`i- oX CX "QiiB- �M/ _X _X "QH�ƢQ- 2/BiQ`b-
�`iB}+B�H AMi2HHB;2M+2 _2b2�`+? �M/ .2p2HQTK2Mi @ S`Q+22/BM;b
Q7 i?2 Rei? AMi2`M�iBQM�H *QM72`2M+2 Q7 i?2 *�i�H�M �bbQ+B�iBQM
7Q` �`iB}+B�H AMi2HHB;2M+2- oB+- *�i�HQMB�- aT�BM- P+iQ#2` kj@
k8- kyRjX- pQHmK2 k8e Q7 6`QMiB2`b BM �`iB}+B�H AMi2HHB;2M+2 �M/
�TTHB+�iBQMb- T�;2b 8RĜ8NX APa S`2bb- kyRjX

(�EJaRk) "X �M/`2b- "X E�m7K�MM- PX J�i?2Bb- �M/ hX a+?�m#X
lMb�iBb}�#BHBiv@#�b2/ QTiBKBx�iBQM BM +H�bTX AM �X .QpB2` �M/
oX aX *Qbi�- 2/BiQ`b- h2+?MB+�H *QKKmMB+�iBQMb Q7 i?2 k3i?
AMi2`M�iBQM�H *QM72`2M+2 QM GQ;B+ S`Q;`�KKBM;- A*GS kyRk-
a2Ti2K#2` 9@3- kyRk- "m/�T2bi- >mM;�`v- pQHmK2 Rd Q7 GASA+b-
T�;2b kRRĜkkRX a+?HQbb .�;bim?H @ G2B#MBx@w2Mi`mK 7m2` AM7Q`@
K�iBF- kyRkX

(�GJy3) CX �`;2HB+?- *X JX GB- �M/ 6X J�Mv¨X � T`2T`Q+2bbQ` 7Q` J�t@
a�h bQHp2`bX AM >X EX "ɃMBM; �M/ sX w?�Q- 2/BiQ`b- h?2Q`v �M/
�TTHB+�iBQMb Q7 a�iBb}�#BHBiv h2biBM; @ a�h kyy3- RRi? AMi2`M�@
iBQM�H *QM72`2M+2- a�h kyy3- :m�M;x?Qm- *?BM�- J�v Rk@R8-
kyy3X S`Q+22/BM;b- pQHmK2 9NNe Q7 G2+im`2 LQi2b BM *QKTmi2`
a+B2M+2- T�;2b R8ĜkyX aT`BM;2`- kyy3X

(�GJyN) CX �`;2HB+?- AX GvM+2- �M/ CX J�`[m2b@aBHp�X PM bQHpBM; #QQH2�M
KmHiBH2p2H QTiBKBx�iBQM T`Q#H2KbX AM *X "QmiBHB2`- 2/BiQ`- AC@
*�A kyyN- S`Q+22/BM;b Q7 i?2 kRbi AMi2`M�iBQM�H CQBMi *QM@
72`2M+2 QM �`iB}+B�H AMi2HHB;2M+2- S�b�/2M�- *�HB7Q`MB�- la�-
CmHv RR@Rd- kyyN- T�;2b jNjĜjN3X ���A S`2bb- kyyNX

(�GJSy3) CX �`;2HB+?- *X JX GB- 6X J�Mv¨- �M/ CX SH�M2bX h?2 }`bi
�M/ b2+QM/ J�t@a�h 2p�Hm�iBQMbX CQm`M�H QM a�iBb}�#BHBiv-
"QQH2�M JQ/2HBM; �M/ *QKTmi�iBQM- 9Uk@9V,k8RĜkd3- kyy3X

(�GJSRR) CX �`;2HB+?- *X JX GB- 6X J�Mv¨- �M/ CX SH�M2bX �M�HvxBM;
i?2 BMbi�M+2b Q7 i?2 J�ta�h 2p�Hm�iBQMX AM EX �X a�F�HH�?
�M/ GX aBKQM- 2/BiQ`b- h?2Q`v �M/ �TTHB+�iBQMb Q7 a�iBb}�#BH@
Biv h2biBM; @ a�h kyRR @ R9i? AMi2`M�iBQM�H *QM72`2M+2- a�h
kyRR- �MM �`#Q`- JA- la�- CmM2 RN@kk- kyRRX S`Q+22/BM;b-
pQHmK2 eeN8 Q7 G2+im`2 LQi2b BM *QKTmi2` a+B2M+2- T�;2b jeyĜ
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jeRX aT`BM;2`- kyRRX
(�JaR9) *X �MbƦi2;mB- uX J�HBibFv- �M/ JX a2HHK�MMX J�ta�h

#v BKT`Qp2/ BMbi�M+2@bT2+B}+ �H;Q`Bi?K +QM};m`�iBQMX AM
*X 1X "`Q/H2v �M/ SX aiQM2- 2/BiQ`b- S`Q+22/BM;b Q7 i?2
hr2Miv@1B;?i? ���A *QM72`2M+2 QM �`iB}+B�H AMi2HHB;2M+2-
CmHv kd @jR- kyR9- Zmû#2+ *Biv- Zmû#2+- *�M�/�X- T�;2b k8N9Ĝ
keyyX ���A S`2bb- kyR9X

(�LR9) _X CX �X �+?� �M/ _X LB2mr2M?mBbX *m``B+mHmK@#�b2/ +Qm`b2
iBK2i�#HBM; rBi? a�h �M/ J�ta�hX �MM�Hb Q7 PT2`�iBQMb
_2b2�`+?- kR3URV,dRĜNR- kyR9X

(�LP_yN) _X �bőM- _X LB2mr2M?mBb- �X PHBp2`�b- �M/ 1X _Q/`ő;m2x@
*�`#QM2HHX *�`/BM�HBiv M2irQ`Fb �M/ i?2B` �TTHB+�iBQMbX AM
PX EmHHK�MM- 2/BiQ`- h?2Q`v �M/ �TTHB+�iBQMb Q7 a�iBb}�#BHBiv
h2biBM; @ a�h kyyN- Rki? AMi2`M�iBQM�H *QM72`2M+2- a�h kyyN-
ar�Mb2�- lE- CmM2 jy @ CmHv j- kyyNX S`Q+22/BM;b- pQHmK2
8839 Q7 G2+im`2 LQi2b BM *QKTmi2` a+B2M+2- T�;2b RedĜR3yX
aT`BM;2`- kyyNX

(�_Jayk) 6X �X �HQmH- �X _�K�MB- AX GX J�`FQp- �M/ EX �X a�F�HH�?X
:2M2`B+ AGS p2`bmb bT2+B�HBx2/ y@R AGS, �M mT/�i2X AM S`Q@
+22/BM;b Q7 i?2 kyyk A111f�*J AMi2`M�iBQM�H *QM72`2M+2 QM
*QKTmi2`@�B/2/ .2bB;M- A**�. kyyk- a�M CQb2- *�HB7Q`MB�-
la�- LQp2K#2` Ry@R9- kyyk- T�;2b 98yĜ98d- kyykX

("�*6Rd) �X "2H�#2/- 1X �śK2m`- JX �X *?BF?- �M/ >X 62i?�HH�?X �
T`Bp�+v@T`2b2`pBM; �TT`Q�+? 7Q` +QKTQbBi2 r2# b2`pB+2 b2H2+@
iBQMX h`�Mb�+iBQMb QM .�i� S`Bp�+v- RyUkV,3jĜRR8- kyRdX

(""yj) PX "�BHH2mt �M/ uX "Qm7F?�/X 1{+B2Mi *L6 2M+Q/BM; Q7
#QQH2�M +�`/BM�HBiv +QMbi`�BMibX AM 6X _QbbB- 2/BiQ`- S`BM+B@
TH2b �M/ S`�+iB+2 Q7 *QMbi`�BMi S`Q;`�KKBM; @ *S kyyj- Ni?
AMi2`M�iBQM�H *QM72`2M+2- *S kyyj- EBMb�H2- A`2H�M/- a2Ti2K@
#2` kN @ P+iQ#2` j- kyyj- S`Q+22/BM;b- pQHmK2 k3jj Q7 G2+im`2
LQi2b BM *QKTmi2` a+B2M+2- T�;2b Ry3ĜRkkX aT`BM;2`- kyyjX

(""_yN) PX "�BHH2mt- uX "Qm7F?�/- �M/ PX _Qmbb2HX L2r 2M+Q/BM;b Q7
Tb2m/Q@#QQH2�M +QMbi`�BMib BMiQ *L6X AM PX EmHHK�MM- 2/BiQ`-
h?2Q`v �M/ �TTHB+�iBQMb Q7 a�iBb}�#BHBiv h2biBM; @ a�h kyyN-
Rki? AMi2`M�iBQM�H *QM72`2M+2- a�h kyyN- ar�Mb2�- lE- CmM2
jy @ CmHv j- kyyNX S`Q+22/BM;b- pQHmK2 8839 Q7 G2+im`2 LQi2b
BM *QKTmi2` a+B2M+2- T�;2b R3RĜRN9X aT`BM;2`- kyyNX

(".aRR) SX "B2#2`- _X .2HK�b- �M/ *X a2;mBMX .�G+mHmb Ĝ i?2@
Q`v �M/ iQQH 7Q` /2p2HQTK2Mi �bbm`�M+2 H2p2H �HHQ+�iBQMX AM
6X 6H�KKBMB- aX "QHQ;M�- �M/ oX oBiiQ`BMB- 2/BiQ`b- *QKTmi2`
a�72iv- _2HB�#BHBiv- �M/ a2+m`Biv @ jyi? AMi2`M�iBQM�H *QM@
72`2M+2- a�61*PJS kyRR- L�TH2b- Ai�Hv- a2Ti2K#2` RN@kk-
kyRRX S`Q+22/BM;b- pQHmK2 e3N9 Q7 G2+im`2 LQi2b BM *QKTmi2`
a+B2M+2- T�;2b 9jĜ8eX aT`BM;2`- kyRRX

(":aoR8) JX "Q}HH- JX :�`+B�- CX amv- �M/ JX oBHH�`2iX J�ta�h@#�b2/
b+?2/mHBM; Q7 "k" K22iBM;bX AM GX JB+?2H- 2/BiQ`- AMi2;`�iBQM
Q7 �A �M/ P_ h2+?MB[m2b BM *QMbi`�BMi S`Q;`�KKBM; @ Rki?
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AMi2`M�iBQM�H *QM72`2M+2- *S�AP_ kyR8- "�`+2HQM�- aT�BM-
J�v R3@kk- kyR8- S`Q+22/BM;b- pQHmK2 Nyd8 Q7 G2+im`2 LQi2b
BM *QKTmi2` a+B2M+2- T�;2b e8ĜdjX aT`BM;2`- kyR8X

(">CaRd) 6X "�++?mb- �X >viiBM2M- JX C `pBb�HQ- �M/ SX a�BFFQX _2@
/m+2/ +Qbi }tBM; BM J�ta�hX AM CX *X "2+F- 2/BiQ`- S`BM+BTH2b
�M/ S`�+iB+2 Q7 *QMbi`�BMi S`Q;`�KKBM; @ kj`/ AMi2`M�iBQM�H
*QM72`2M+2- *S kyRd- J2H#Qm`M2- oA*- �mbi`�HB�- �m;mbi k3 @
a2Ti2K#2` R- kyRd- S`Q+22/BM;b- pQHmK2 Ry9Re Q7 G2+im`2 LQi2b
BM *QKTmi2` a+B2M+2- T�;2b e9RĜe8RX aT`BM;2`- kyRdX

("CRj) CX "2`; �M/ JX C `pBb�HQX PTiBK�H +Q``2H�iBQM +Hmbi2`BM; pB�
J�ta�hX AM qX .BM;- hX q�b?BQ- >X sBQM;- :X E�`vTBb-
"X JX h?m`�BbBM;?�K- .X CX *QQF- �M/ sX qm- 2/BiQ`b- Rji?
A111 AMi2`M�iBQM�H *QM72`2M+2 QM .�i� JBMBM; qQ`Fb?QTb-
A*.J qQ`Fb?QTb- hs- la�- .2+2K#2` d@Ry- kyRj- T�;2b d8yĜ
d8dX A111 *QKTmi2` aQ+B2iv- kyRjX

("CR9) CX "2`; �M/ JX C `pBb�HQX a�h@#�b2/ �TT`Q�+?2b iQ i`22rB/i?
+QKTmi�iBQM, �M 2p�Hm�iBQMX AM kei? A111 AMi2`M�iBQM�H *QM@
72`2M+2 QM hQQHb rBi? �`iB}+B�H AMi2HHB;2M+2- A*h�A kyR9- GB@
K�bbQH- *vT`mb- LQp2K#2` Ry@Rk- kyR9- T�;2b jk3Ĝjj8X A111
*QKTmi2` aQ+B2iv- kyR9X

("CRe) CX "2`; �M/ JX C `pBb�HQX AKT�+i Q7 a�h@#�b2/ T`2T`Q+2bbBM;
QM +Q`2@;mB/2/ J�ta�h bQHpBM;X AM JX _m2?2`- 2/BiQ`- S`BM+B@
TH2b �M/ S`�+iB+2 Q7 *QMbi`�BMi S`Q;`�KKBM; @ kkM/ AMi2`M�@
iBQM�H *QM72`2M+2- *S kyRe- hQmHQmb2- 6`�M+2- a2Ti2K#2` 8@N-
kyRe- S`Q+22/BM;b- pQHmK2 N3Nk Q7 G2+im`2 LQi2b BM *QKTmi2`
a+B2M+2- T�;2b eeĜ38X aT`BM;2`- kyReX

("CRd) CX "2`; �M/ JX C `pBb�HQX *Qbi@QTiBK�H +QMbi`�BM2/ +Q``2H�iBQM
+Hmbi2`BM; pB� r2B;?i2/ T�`iB�H K�tBKmK b�iBb}�#BHBivX �`iB}@
+B�H AMi2HHB;2M+2- k99,RRyĜR9k- kyRdX

("CRN) CX "2`; �M/ JX C `pBb�HQX lMB7vBM; `2�bQMBM; �M/ +Q`2@;mB/2/
b2�`+? 7Q` K�tBKmK b�iBb}�#BHBivX AM 6X *�HBK2`B- LX G2QM2-
�M/ JX J�MM�- 2/BiQ`b- GQ;B+b BM �`iB}+B�H AMi2HHB;2M+2 @ Rei?
1m`QT2�M *QM72`2M+2- C1GA� kyRN- _2M/2- Ai�Hv- J�v d@RR-
kyRN- S`Q+22/BM;b- pQHmK2 RR9e3 Q7 G2+im`2 LQi2b BM *QKTmi2`
a+B2M+2- T�;2b k3dĜjyjX aT`BM;2`- kyRNX

("C"+R9) EX "mMi2- JX C `pBb�HQ- CX "2`;- SX JvHHvK FB- CX S2HiQM2M-
�M/ aX E�bFBX PTiBK�H M2B;?#Q`?QQ/ T`2b2`pBM; pBbm�HBx�iBQM
#v K�tBKmK b�iBb}�#BHBivX AM *X 1X "`Q/H2v �M/ SX aiQM2-
2/BiQ`b- S`Q+22/BM;b Q7 i?2 hr2Miv@1B;?i? ���A *QM72`2M+2 QM
�`iB}+B�H AMi2HHB;2M+2- CmHv kd @jR- kyR9- Zmû#2+ *Biv- Zmû#2+-
*�M�/�X- T�;2b ReN9ĜRdyyX ���A S`2bb- kyR9X

("CJRj) �X "2HQp- JX C `pBb�HQ- �M/ CX J�`[m2b@aBHp�X 6Q`KmH� T`2T`Q@
+2bbBM; BM Jla 2ti`�+iBQMX AM LX SBi2`K�M �M/ aX �X aKQHF�-
2/BiQ`b- hQQHb �M/ �H;Q`Bi?Kb 7Q` i?2 *QMbi`m+iBQM �M/ �M�Hv@
bBb Q7 avbi2Kb @ RNi? AMi2`M�iBQM�H *QM72`2M+2- h�*�a kyRj-
>2H/ �b S�`i Q7 i?2 1m`QT2�M CQBMi *QM72`2M+2b QM h?2Q`v �M/
S`�+iB+2 Q7 aQ7ir�`2- 1h�Sa kyRj- _QK2- Ai�Hv- J�`+? Re@k9-
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kyRjX S`Q+22/BM;b- pQHmK2 ddN8 Q7 G2+im`2 LQi2b BM *QKTmi2`
a+B2M+2- T�;2b Ry3ĜRkjX aT`BM;2`- kyRjX

("CJR9) CX "2`;- JX C `pBb�HQ- �M/ "X J�HQM2X G2�`MBM; QTiBK�H
#QmM/2/ i`22rB/i? "�v2bB�M M2irQ`Fb pB� K�tBKmK b�iBb}@
�#BHBivX AM CX *Q`�M/2` �M/ aX E�bFB- 2/BiQ`b- S`Q+22/BM;b Q7
i?2 a2p2Mi22Mi? AMi2`M�iBQM�H *QM72`2M+2 QM �`iB}+B�H AMi2HHB@
;2M+2 �M/ ai�iBbiB+b- �Aah�ha kyR9- _2vFD�pBF- A+2H�M/- �T`BH
kk@k8- kyR9- pQHmK2 jj Q7 CJG_ qQ`Fb?QT �M/ *QM72`2M+2
S`Q+22/BM;b- T�;2b 3eĜN8X CJG_XQ`;- kyR9X

("CJR3) 6X "�++?mb- JX C `pBb�HQ- �M/ _X J�`iBMb- 2/BiQ`bX J�ta�h
1p�Hm�iBQM kyR3, aQHp2` �M/ "2M+?K�`F .2b+`BTiBQMb- pQHmK2
"@kyR3@k Q7 .2T�`iK2Mi Q7 *QKTmi2` a+B2M+2 a2`B2b Q7 Sm#HB@
+�iBQMb "X lMBp2`bBiv Q7 >2HbBMFB- kyR3X

("CJRN) 6X "�++?mb- JX C `pBb�HQ- �M/ _X J�`iBMbX J�ta�h 1p�Hm�@
iBQM kyR3, L2r /2p2HQTK2Mib �M/ /2i�BH2/ `2bmHibX CQm`M�H QM
a�iBb}�#BHBiv- "QQH2�M JQ/2HBM; �M/ *QKTmi�iBQM- RR,NNĜRjR-
kyRNX

("GJyd) JX GX "QM2i- CX G2pv- �M/ 6X J�Mv¨X _2bQHmiBQM 7Q` J�t@a�hX
�`iB}+B�H AMi2HHB;2M+2- RdRU3@NV,eyeĜeR3- kyydX

("JRk) �X "2HQp �M/ CX J�`[m2b@aBHp�X :2M2`�HBxBM; `2/mM/�M+v
BM T`QTQbBiBQM�H HQ;B+, 6QmM/�iBQMb �M/ ?BiiBM; b2ib /m�HBivX
*Q__- �#bfRkydXRk8d- kyRkX

("JJRj) �X "2HQp- �X JQ`;�/Q- �M/ CX J�`[m2b@aBHp�X a�h@#�b2/ T`2@
T`Q+2bbBM; 7Q` J�ta�hX AM EX GX J+JBHH�M- �X JB//2H/Q`T-
�M/ �X oQ`QMFQp- 2/BiQ`b- GQ;B+ 7Q` S`Q;`�KKBM;- �`iB}+B�H
AMi2HHB;2M+2- �M/ _2�bQMBM; @ RNi? AMi2`M�iBQM�H *QM72`2M+2-
GS�_@RN- ai2HH2M#Qb+?- aQmi? �7`B+�- .2+2K#2` R9@RN- kyRjX
S`Q+22/BM;b- pQHmK2 3jRk Q7 G2+im`2 LQi2b BM *QKTmi2` a+B@
2M+2- T�;2b NeĜRRRX aT`BM;2`- kyRjX

("SRy) .X GX "2``2 �M/ �X S�``�BMX h?2 a�i9D HB#`�`v- `2H2�b2 kXkX
CQm`M�H Q7 a�iBb}�#BHBiv- "QQH2�M JQ/2HBM; �M/ *QKTmi�iBQM-
dUk@jV,8NĜe- kyRyX

("aCR8�) CX "2`;- SX a�BFFQ- �M/ JX C `pBb�HQX AKT`QpBM; i?2 2z2+@
iBp2M2bb Q7 a�h@#�b2/ T`2T`Q+2bbBM; 7Q` J�ta�hX AM ZX u�M;
�M/ JX qQQH/`B/;2- 2/BiQ`b- S`Q+22/BM;b Q7 i?2 hr2Miv@6Qm`i?
AMi2`M�iBQM�H CQBMi *QM72`2M+2 QM �`iB}+B�H AMi2HHB;2M+2- AC@
*�A kyR8- "m2MQb �B`2b- �`;2MiBM�- CmHv k8@jR- kyR8- T�;2b
kjNĜk98X ���A S`2bb- kyR8X

("aCR8#) CX "2`;- SX a�BFFQ- �M/ JX C `pBb�HQX _2@mbBM; �mtBHB�`v p�`B@
�#H2b 7Q` J�ta�h T`2T`Q+2bbBM;X AM kdi? A111 AMi2`M�iBQM�H
*QM72`2M+2 QM hQQHb rBi? �`iB}+B�H AMi2HHB;2M+2- A*h�A kyR8-
oB2i`B bmH J�`2- Ai�Hv- LQp2K#2` N@RR- kyR8- T�;2b 3RjĜ3kyX
A111 *QKTmi2` aQ+B2iv- kyR8X

("aCRe) CX "2`;- SX a�BFFQ- �M/ JX C `pBb�HQX am#bmK2/ H�#2H 2HBKB@
M�iBQM 7Q` K�tBKmK b�iBb}�#BHBivX AM :X �X E�KBMF�- JX 6Qt-
SX "Qm[m2i- 1X >ɃHH2`K2B2`- oX .B;MmK- 6X .B;MmK- �M/
6X p�M >�`K2H2M- 2/BiQ`b- 1*�A kyRe @ kkM/ 1m`QT2�M *QM@
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72`2M+2 QM �`iB}+B�H AMi2HHB;2M+2- kN �m;mbi@k a2Ti2K#2` kyRe-
h?2 >�;m2- h?2 L2i?2`H�M/b @ AM+Hm/BM; S`2biB;BQmb �TTHB@
+�iBQMb Q7 �`iB}+B�H AMi2HHB;2M+2 US�Aa kyReV- pQHmK2 k38 Q7
6`QMiB2`b BM �`iB}+B�H AMi2HHB;2M+2 �M/ �TTHB+�iBQMb- T�;2b ejyĜ
ej3X APa S`2bb- kyReX

(*>"Rd) 1X *Q?2M- :X >m�M;- �M/ CX *X "2+FX UA +�M ;2iV b�iBb7�+iBQM,
S`272`2M+2@#�b2/ b+?2/mHBM; 7Q` +QM+2`i@;Q2`b �i KmHiB@p2Mm2
KmbB+ 72biBp�HbX AM aX :�bT2`b �M/ hX q�Hb?- 2/BiQ`b- h?2Q`v
�M/ �TTHB+�iBQMb Q7 a�iBb}�#BHBiv h2biBM; @ a�h kyRd @ kyi?
AMi2`M�iBQM�H *QM72`2M+2- J2H#Qm`M2- oA*- �mbi`�HB�- �m;mbi
k3 @ a2Ti2K#2` R- kyRd- S`Q+22/BM;b- pQHmK2 Ry9NR Q7 G2+im`2
LQi2b BM *QKTmi2` a+B2M+2- T�;2b R9dĜRejX aT`BM;2`- kyRdX

(*CS3j) >X *`Qr/2`- 1X GX CQ?MbQM- �M/ JX S�/#2`;X aQHpBM; H�`;2@
b+�H2 x2`Q@QM2 HBM2�` T`Q;`�KKBM; T`Q#H2KbX PT2`�iBQMb _2@
b2�`+?- jRU8V,3yjĜ3j9- RN3jX

(*CaR8) aX *�B- wX CB2- �M/ EX amX �M 2z2+iBp2 p�`B�#H2 b2H2+iBQM ?2m`Bb@
iB+ BM aGa 7Q` r2B;?i2/ J�t@k@a�hX CQm`M�H Q7 >2m`BbiB+b-
kRUjV,9jjĜ98e- kyR8X

(*GGaRe) aX *�B- *X GmQ- CX GBM- �M/ EX amX L2r HQ+�H b2�`+? K2i?Q/b
7Q` T�`iB�H J�ta�hX �`iB}+B�H AMi2HHB;2M+2- k9y,RĜR3- kyReX

(*GhaR9) aX *�B- *X GmQ- CX h?Q`MiQM- �M/ EX amX h�BHQ`BM; HQ+�H b2�`+?
7Q` T�`iB�H J�ta�hX AM *X 1X "`Q/H2v �M/ SX aiQM2- 2/BiQ`b-
S`Q+22/BM;b Q7 i?2 hr2Miv@1B;?i? ���A *QM72`2M+2 QM �`@
iB}+B�H AMi2HHB;2M+2- CmHv kd @jR- kyR9- Zmû#2+ *Biv- Zmû#2+-
*�M�/�X- T�;2b kekjĜkekNX ���A S`2bb- kyR9X

(*aJoRy) uX *?2M- aX a�7�`TQm`- CX J�`[m2b@aBHp�- �M/ �X :X o2M2`BbX
�miQK�i2/ /2bB;M /2#m;;BM; rBi? K�tBKmK b�iBb}�#BHBivX
A111 h`�Mb�+iBQMb QM *QKTmi2`@�B/2/ .2bB;M Q7 AMi2;`�i2/
*B`+mBib �M/ avbi2Kb- kNURRV,R3y9ĜR3Rd- kyRyX

(*aoJayN) uX *?2M- aX a�7�`TQm`- �X :X o2M2`Bb- �M/ CX J�`[m2b@aBHp�X
aT�iB�H �M/ i2KTQ`�H /2bB;M /2#m; mbBM; T�`iB�H J�ta�hX AM
6X GQK#�`/B- aX "?�MD�- uX J�bbQm/- �M/ _X AX "�?�`- 2/BiQ`b-
S`Q+22/BM;b Q7 i?2 RNi? �*J :`2�i G�F2b avKTQbBmK QM oGaA
kyyN- "QbiQM �`2�- J�- la�- J�v Ry@Rk kyyN- T�;2b j98Ĝ
j8yX �*J- kyyNX

(.�pRj) CX .�pB2bX aQHpBM; J�sa�h #v .2+QmTHBM; PTiBKBx�iBQM �M/
a�iBb7�+iBQMX S?. i?2bBb- lMBp2`bBiv Q7 hQ`QMiQ- kyRjX

(."RR) CX .�pB2b �M/ 6X "�++?mbX aQHpBM; J�sa�h #v bQHpBM; � b2@
[m2M+2 Q7 bBKTH2` a�h BMbi�M+2bX AM CX >X G22- 2/BiQ`- S`BM+B@
TH2b �M/ S`�+iB+2 Q7 *QMbi`�BMi S`Q;`�KKBM; @ *S kyRR @ Rdi?
AMi2`M�iBQM�H *QM72`2M+2- *S kyRR- S2`m;B�- Ai�Hv- a2Ti2K#2`
Rk@Re- kyRRX S`Q+22/BM;b- pQHmK2 e3de Q7 G2+im`2 LQi2b BM
*QKTmi2` a+B2M+2- T�;2b kk8ĜkjNX aT`BM;2`- kyRRX

(."Rj�) CX .�pB2b �M/ 6X "�++?mbX 1tTHQBiBM; i?2 TQr2` Q7 JAS bQHp2`b
BM J�ta�hX AM JX C `pBb�HQ �M/ �X oX :2H/2`- 2/BiQ`b- h?2@
Q`v �M/ �TTHB+�iBQMb Q7 a�iBb}�#BHBiv h2biBM; @ a�h kyRj @
Rei? AMi2`M�iBQM�H *QM72`2M+2- >2HbBMFB- 6BMH�M/- CmHv 3@Rk-
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kyRjX S`Q+22/BM;b- pQHmK2 dNek Q7 G2+im`2 LQi2b BM *QKTmi2`
a+B2M+2- T�;2b ReeĜR3RX aT`BM;2`- kyRjX

(."Rj#) CX .�pB2b �M/ 6X "�++?mbX SQbiTQMBM; QTiBKBx�iBQM iQ bT22/
mT J�sa�h bQHpBM;X AM *X a+?mHi2- 2/BiQ`- S`BM+BTH2b �M/
S`�+iB+2 Q7 *QMbi`�BMi S`Q;`�KKBM; @ RNi? AMi2`M�iBQM�H *QM@
72`2M+2- *S kyRj- lTTb�H�- ar2/2M- a2Ti2K#2` Re@ky- kyRjX
S`Q+22/BM;b- pQHmK2 3Rk9 Q7 G2+im`2 LQi2b BM *QKTmi2` a+B@
2M+2- T�;2b k9dĜkekX aT`BM;2`- kyRjX

(.*"Ry) CX .�pB2b- CX *?Q- �M/ 6X "�++?mbX lbBM; H2�`Mi +H�mb2b BM
J�ta�hX AM .X *Q?2M- 2/BiQ`- S`BM+BTH2b �M/ S`�+iB+2 Q7 *QM@
bi`�BMi S`Q;`�KKBM; @ *S kyRy @ Rei? AMi2`M�iBQM�H *QM72`@
2M+2- *S kyRy- aiX �M/`2rb- a+QiH�M/- lE- a2Ti2K#2` e@Ry-
kyRyX S`Q+22/BM;b- pQHmK2 ejy3 Q7 G2+im`2 LQi2b BM *QKTmi2`
a+B2M+2- T�;2b RdeĜRNyX aT`BM;2`- kyRyX

(.*aR3) 1X .2KB`QpB+- :X *?m- �M/ SX CX aim+F2vX aQHmiBQM@#�b2/
T?�b2 b�pBM; 7Q` *S, � p�Hm2@b2H2+iBQM ?2m`BbiB+ iQ bBKmH�i2
HQ+�H b2�`+? #2?�pBQ` BM +QKTH2i2 bQHp2`bX AM CX LX >QQF2`-
2/BiQ`- S`BM+BTH2b �M/ S`�+iB+2 Q7 *QMbi`�BMi S`Q;`�KKBM; @
k9i? AMi2`M�iBQM�H *QM72`2M+2- *S kyR3- GBHH2- 6`�M+2- �m@
;mbi kd@jR- kyR3- S`Q+22/BM;b- pQHmK2 RRyy3 Q7 G2+im`2 LQi2b
BM *QKTmi2` a+B2M+2- T�;2b NNĜRy3X aT`BM;2`- kyR3X

(.2+yj) _X .2+?i2`X *QMbi`�BMi T`Q+2bbBM;X 1Hb2pB2` JQ`;�M E�m7@
K�MM- kyyjX

(.6C89) :X "X .�MxB;- .X _X 6mHF2`bQM- �M/ aX JX CQ?MbQMX aQHmiBQM Q7
� H�`;2@b+�H2 i`�p2HBM;@b�H2bK�M T`Q#H2KX PT2`�iBQMb _2b2�`+?-
k,jNjĜ9Ry- RN89X

(.:hR3) _X .BKBi`Qp�- JX :?�b2KB- �M/ lX hQT+mX J�tBKmK `2�HBx@
�#BHBiv 7Q` HBM2�` i2KTQ`�H HQ;B+ bT2+B}+�iBQMbX AM aX EX G�?B`B
�M/ *X q�M;- 2/BiQ`b- �miQK�i2/ h2+?MQHQ;v 7Q` o2`B}+�iBQM
�M/ �M�HvbBb @ Rei? AMi2`M�iBQM�H avKTQbBmK- �ho� kyR3- GQb
�M;2H2b- *�- la�- P+iQ#2` d@Ry- kyR3- S`Q+22/BM;b- pQHmK2
RRRj3 Q7 G2+im`2 LQi2b BM *QKTmi2` a+B2M+2- T�;2b 983Ĝ9d8X
aT`BM;2`- kyR3X

(.JRd) 1X .2KB`QpB+ �M/ LX JmbHBmX J�ta�h@#�b2/ H�`;2 M2B;?#Q`@
?QQ/ b2�`+? 7Q` ?B;? b+?QQH iBK2i�#HBM;X *QKTmi2`b � PT2`@
�iBQMb _2b2�`+?- d3,RdkĜR3y- kyRdX

(.JqRd) 1X .2KB`QpBÉ- LX JmbHBm- �M/ 6X qBMi2`X JQ/2HBM; �M/ bQHpBM;
bi�z b+?2/mHBM; rBi? T�`iB�H r2B;?i2/ J�ta�hX �MM�Hb Q7
PT2`�iBQMb _2b2�`+?- kyRdX

(/PaR8) _X hX /2 PHBp2B`� �M/ 6X aBHp�X PM � `2H�iBp2 J�ta�h 2M+Q/BM;
7Q` i?2 bi2BM2` i`22 T`Q#H2K BM ;`�T?bX AM PX SB+?�`/Q@G�;mM�b-
PX >2``2`�@�H+�Mi�`�- �M/ :X �``QvQ@6B;m2`Q�- 2/BiQ`b- �/@
p�M+2b BM �`iB}+B�H AMi2HHB;2M+2 �M/ Aib �TTHB+�iBQMb @ R9i?
J2tB+�M AMi2`M�iBQM�H *QM72`2M+2 QM �`iB}+B�H AMi2HHB;2M+2-
JA*�A kyR8- *m2`M�p�+�- JQ`2HQb- J2tB+Q- P+iQ#2` k8@jR-
kyR8X S`Q+22/BM;b- S�`i AA- pQHmK2 N9R9 Q7 G2+im`2 LQi2b BM
*QKTmi2` a+B2M+2- T�;2b 9kkĜ9j9X aT`BM;2`- kyR8X
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(.aR3) 1X .2KB`QpB+ �M/ SX CX aim+F2vX GBMa"SaX AM J�ta�h 1p�H@
m�iBQM kyR3, aQHp2` �M/ "2M+?K�`F .2b+`BTiBQMb- pQHmK2 "@
kyR3@k Q7 .2T�`iK2Mi Q7 *QKTmi2` a+B2M+2 a2`B2b Q7 Sm#HB+�@
iBQMb "- T�;2 3X lMBp2`bBiv Q7 >2HbBMFB- kyR3X

(1_R3) _X 1?H2`b �M/ 6X SX _QK2`QX �TT`QtBK�i2Hv T`QT�;�iBQM +QK@
TH2i2 �M/ +QM~B+i T`QT�;�iBM; +QMbi`�BMi 2M+Q/BM;bX AM PX "2v@
2`b/Q`z �M/ *X JX qBMi2`bi2B;2`- 2/BiQ`b- h?2Q`v �M/ �TTHB+�@
iBQMb Q7 a�iBb}�#BHBiv h2biBM; @ a�h kyR3 @ kRbi AMi2`M�iBQM�H
*QM72`2M+2- a�h kyR3- >2H/ �b S�`i Q7 i?2 62/2`�i2/ GQ;B+
*QM72`2M+2- 6HQ* kyR3- Pt7Q`/- lE- CmHv N@Rk- kyR3- S`Q@
+22/BM;b- pQHmK2 RyNkN Q7 G2+im`2 LQi2b BM *QKTmi2` a+B2M+2-
T�;2b RNĜjeX aT`BM;2`- kyR3X

(1ayj) LX 1ûM �M/ LX aƺ`2MbbQMX h2KTQ`�H BM/m+iBQM #v BM+`2K2M@
i�H a�h bQHpBM;X 1H2+i`QMB+ LQi2b BM h?2Q`2iB+�H *QKTmi2`
a+B2M+2- 3NU9V,89jĜ8ey- kyyjX

(1aye) LX 1ûM �M/ LX aƺ`2MbbQMX h`�MbH�iBM; Tb2m/Q@#QQH2�M +QM@
bi`�BMib BMiQ a�hX CQm`M�H QM a�iBb}�#BHBiv- "QQH2�M JQ/2HBM;
�M/ *QKTmi�iBQM- kUR@9V,RĜke- kyyeX

(6"J+Rd) uX 62M;- PX "�bi�MB- _X J�`iBMb- AX .BHHB;- �M/ aX �M�M/X �m@
iQK�i2/ bvMi?2bBb Q7 b2K�MiB+ K�Hr�`2 bB;M�im`2b mbBM; K�t@
BKmK b�iBb}�#BHBivX AM k9i? �MMm�H L2irQ`F �M/ .Bbi`B#mi2/
avbi2K a2+m`Biv avKTQbBmK- L.aa kyRd- a�M .B2;Q- *�HB7Q`@
MB�- la�- 62#`m�`v ke @ J�`+? R- kyRdX h?2 AMi2`M2i aQ+B2iv-
kyRdX

(6:Ry) �X JX 6`Bb+? �M/ SX �X :B�MMQ`QbX a�h 2M+Q/BM;b Q7 i?2 �i@
KQbi@F +QMbi`�BMiX AM S`Q+2/BM;b Q7 Ni? AMi2`M�iBQM�H qQ`Fb?QT
QM *QMbi`�BMi JQ/2HHBM; �M/ _27Q`KmH�iBQM- kyRyX

(6GZ+R9) wX 6�M;- *X GB- EX ZB�Q- sX 62M;- �M/ EX smX aQHpBM; K�tB@
KmK r2B;?i +HB[m2 mbBM; K�tBKmK b�iBb}�#BHBiv `2�bQMBM;X AM
hX a+?�m#- :X 6`B2/`B+?- �M/ "X PǶamHHBp�M- 2/BiQ`b- 1*�A kyR9
@ kRbi 1m`QT2�M *QM72`2M+2 QM �`iB}+B�H AMi2HHB;2M+2- R3@kk
�m;mbi kyR9- S`�;m2- *x2+? _2Tm#HB+ @ AM+Hm/BM; S`2biB;BQmb
�TTHB+�iBQMb Q7 AMi2HHB;2Mi avbi2Kb US�Aa kyR9V- pQHmK2 kej
Q7 6`QMiB2`b BM �`iB}+B�H AMi2HHB;2M+2 �M/ �TTHB+�iBQMb- T�;2b
jyjĜjy3X APa S`2bb- kyR9X

(6Jye) wX 6m �M/ aX J�HBFX PM bQHpBM; i?2 T�`iB�H J�s@a�h T`Q#@
H2KX AM �X "B2`2 �M/ *X SX :QK2b- 2/BiQ`b- h?2Q`v �M/ �TTHB@
+�iBQMb Q7 a�iBb}�#BHBiv h2biBM; @ a�h kyye- Ni? AMi2`M�iBQM�H
*QM72`2M+2- a2�iiH2- q�- la�- �m;mbi Rk@R8- kyye- S`Q+22/@
BM;b- pQHmK2 9RkR Q7 G2+im`2 LQi2b BM *QKTmi2` a+B2M+2- T�;2b
k8kĜke8X aT`BM;2`- kyyeX

(:GRk) CX :m2``� �M/ AX GvM+2X _2�bQMBM; Qp2` #BQHQ;B+�H M2irQ`Fb
mbBM; K�tBKmK b�iBb}�#BHBivX AM JX JBH�MQ- 2/BiQ`- S`BM+BTH2b
�M/ S`�+iB+2 Q7 *QMbi`�BMi S`Q;`�KKBM; @ R3i? AMi2`M�iBQM�H
*QM72`2M+2- *S kyRk- Zmû#2+ *Biv- Z*- *�M�/�- P+iQ#2` 3@
Rk- kyRkX S`Q+22/BM;b- pQHmK2 d8R9 Q7 G2+im`2 LQi2b BM *QK@
Tmi2` a+B2M+2- T�;2b N9RĜN8eX aT`BM;2`- kyRkX
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(:JGRR) �X :`�Ï�- CX J�`[m2b@aBHp�- �M/ AX GvM+2X >�THQivT2 BM72`2M+2
mbBM; T`QTQbBiBQM�H b�iBb}�#BHBivX AM _X "`mMB- 2/BiQ`- J�i?2@
K�iB+�H �TT`Q�+?2b iQ SQHvK2` a2[m2M+2 �M�HvbBb �M/ _2H�i2/
S`Q#H2Kb- T�;2b RkdĜR9dX aT`BM;2`- kyRRX

(:JGPRR) �X :`�Ï�- CX J�`[m2b@aBHp�- AX GvM+2- �M/ �X GX PHBp2B`�X >�T@
HQivT2 BM72`2M+2 rBi? Tb2m/Q@#QQH2�M QTiBKBx�iBQMX �MM�Hb Q7
PT2`�iBQMb _2b2�`+?- R39URV,RjdĜRek- kyRRX

(:Lyk) JX :B`p�M �M/ JX 1X CX L2rK�MX *QKKmMBiv bi`m+im`2 BM
bQ+B�H �M/ #BQHQ;B+�H M2irQ`FbX S`Q+22/BM;b Q7 i?2 L�iBQM�H
�+�/2Kv Q7 a+B2M+2b- NNURkV,d3kRĜd3ke- kyykX

(:qNj) JX sX :Q2K�Mb �M/ .X SX qBHHB�KbQMX � M2r 3
4 @�TT`QtBK�iBQM

�H;Q`Bi?K 7Q` J�sa�hX AM :X _BM�H/B �M/ GX �X qQHb2v- 2/B@
iQ`b- S`Q+22/BM;b Q7 i?2 j`/ AMi2;2` S`Q;`�KKBM; �M/ *QK#B@
M�iQ`B�H PTiBKBx�iBQM *QM72`2M+2- 1`B+2- Ai�Hv- �T`BH kN @ J�v
R- RNNj- T�;2b jRjĜjkRX *A�*P- RNNjX

(>E.+Re) qX >m�M;- .X �X EBi+?�2p- aX hX .�+2F- wX _QM;- �X l`#�M-
aX *�Q- *X GmQ- �M/ :X *2/2`X 6BM/BM; �M/ T`QpBM; i?2 2t�+i
;`QmM/ bi�i2 Q7 � ;2M2`�HBx2/ BbBM; KQ/2H #v +QMp2t QTiBKBx�@
iBQM �M/ J�s@a�hX S?vbB+�H _2pB2r "- N9,Rj99k9- kyReX

(>G/:ay3) 6X >2`�b- CX G�``Qb�- aX /2 :Bp`v- �M/ hX a+?B2tX kyye �M/ kyyd
J�t@a�h 1p�Hm�iBQMb, *QMi`B#mi2/ BMbi�M+2bX CQm`M�H QM
a�iBb}�#BHBiv- "QQH2�M JQ/2HBM; �M/ *QKTmi�iBQM- 9Uk@9V,kjNĜ
k8y- kyy3X

(>G>RN) JX >�;m2- �X qX GBM- �M/ *X@.X >QM;X *aa KBMB}+�iBQM
pB� +QMbi`�BMi bQHpBM;X AM h`�Mb�+iBQMb QM S`Q;`�KKBM; G�M@
;m�;2b �M/ avbi2KbX �*J- kyRNX

(>GPy3) 6X >2`�b- CX G�``Qb�- �M/ �X PHBp2`�bX JBMBJ�ta�h, �M 27@
}+B2Mi r2B;?i2/ J�t@a�h bQHp2`X CQm`M�H Q7 �`iB}+B�H AMi2HHB@
;2M+2 _2b2�`+?- jR,RĜjk- kyy3X

(>JJR8) 6X >2`�b- �X JQ`;�/Q- �M/ CX J�`[m2b@aBHp�X J�ta�h@#�b2/
2M+Q/BM;b 7Q` ;`QmT J�ta�hX �A *QKKmMB+�iBQMb- k3UkV,RN8Ĝ
kR9- kyR8X

(>JaRk) aX >ƺHH/Q#H2`- LX J�Mi?2v- �M/ SX ai2BMF2X � +QKT�+i 2M@
+Q/BM; Q7 Tb2m/Q@#QQH2�M +QMbi`�BMib BMiQ a�hX AM "X :HBKK
�M/ �X E`Ƀ;2`- 2/BiQ`b- EA kyRk, �/p�M+2b BM �`iB}+B�H AMi2HHB@
;2M+2 @ j8i? �MMm�H :2`K�M *QM72`2M+2 QM �A- a��`#`Ƀ+F2M-
:2`K�Mv- a2Ti2K#2` k9@kd- kyRkX S`Q+22/BM;b- pQHmK2 d8ke Q7
G2+im`2 LQi2b BM *QKTmi2` a+B2M+2- T�;2b RydĜRR3X aT`BM;2`-
kyRkX

(>SC+Rd) �X >viiBM2M- aX JX SHBb- JX C `pBb�HQ- 6X 1#2`?�`/i- �M/
.X .�MFbX � +QMbi`�BMi QTiBKBx�iBQM �TT`Q�+? iQ +�mb�H /Bb@
+Qp2`v 7`QK bm#b�KTH2/ iBK2 b2`B2b /�i�X AMi2`M�iBQM�H CQm`@
M�H Q7 �TT`QtBK�i2 _2�bQMBM;- Ny,ky3Ĝkk8- kyRdX

(>aCRd) �X >viiBM2M- SX a�BFFQ- �M/ JX C `pBb�HQX � +Q`2@;mB/2/ �T@
T`Q�+? iQ H2�`MBM; QTiBK�H +�mb�H ;`�T?bX AM *X aB2``�- 2/BiQ`-
S`Q+22/BM;b Q7 i?2 hr2Miv@aBti? AMi2`M�iBQM�H CQBMi *QM72`@
2M+2 QM �`iB}+B�H AMi2HHB;2M+2- AC*�A kyRd- J2H#Qm`M2- �mb@
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i`�HB�- �m;mbi RN@k8- kyRd- T�;2b e98Ĝe8RX BD+�BXQ`;- kyRdX
(>ahRd) JX >2BxK�MM- *X a+?BHHBM;- �M/ .X hBb+?M2`X JBMBKBx�iBQM

Q7 pBbB#Hv Tmb?/QrM �miQK�i� mbBM; T�`iB�H J�t@a�hX AM
�X G2;�v �M/ hX J�`;�`B�- 2/BiQ`b- hQQHb �M/ �H;Q`Bi?Kb 7Q`
i?2 *QMbi`m+iBQM �M/ �M�HvbBb Q7 avbi2Kb @ kj`/ AMi2`M�@
iBQM�H *QM72`2M+2- h�*�a kyRd- >2H/ �b S�`i Q7 i?2 1m`QT2�M
CQBMi *QM72`2M+2b QM h?2Q`v �M/ S`�+iB+2 Q7 aQ7ir�`2- 1h�Sa
kyRd- lTTb�H�- ar2/2M- �T`BH kk@kN- kyRd- S`Q+22/BM;b- S�`i
A- pQHmK2 Rykye Q7 G2+im`2 LQi2b BM *QKTmi2` a+B2M+2- T�;2b
9eRĜ9d3X aT`BM;2`- kyRdX

(ACJR9) �X A;M�iB2p- JX C�MQi�- �M/ CX J�`[m2b@aBHp�X hQr�`/b 27@
}+B2Mi QTiBKBx�iBQM BM T�+F�;2 K�M�;2K2Mi bvbi2KbX AM
SX C�HQi2- GX *X "`B�M/- �M/ �X p�M /2` >Q2F- 2/BiQ`b- jei?
AMi2`M�iBQM�H *QM72`2M+2 QM aQ7ir�`2 1M;BM22`BM;- A*a1 ǶR9-
>v/2`�#�/- AM/B� @ J�v jR @ CmM2 yd- kyR9- T�;2b d98Ĝd88X
�*J- kyR9X

(AJJ+R9) �X A;M�iB2p- �X JQ`;�/Q- oX JX J�M[mBM?Q- AX GvM+2- �M/
CX J�`[m2b@aBHp�X S`Q;`2bbBQM BM K�tBKmK b�iBb}�#BHBivX AM
hX a+?�m#- :X 6`B2/`B+?- �M/ "X PǶamHHBp�M- 2/BiQ`b- 1*�A kyR9
@ kRbi 1m`QT2�M *QM72`2M+2 QM �`iB}+B�H AMi2HHB;2M+2- R3@kk
�m;mbi kyR9- S`�;m2- *x2+? _2Tm#HB+ @ AM+Hm/BM; S`2biB;BQmb
�TTHB+�iBQMb Q7 AMi2HHB;2Mi avbi2Kb US�Aa kyR9V- pQHmK2 kej
Q7 6`QMiB2`b BM �`iB}+B�H AMi2HHB;2M+2 �M/ �TTHB+�iBQMb- T�;2b
98jĜ983X APa S`2bb- kyR9X

(AJJRd) �X A;M�iB2p- �X JQ`;�/Q- �M/ CX J�`[m2b@aBHp�X PM h�+F@
HBM; i?2 GBKBib Q7 _2bQHmiBQM BM a�h aQHpBM;X AM aX :�bT2`b
�M/ hX q�Hb?- 2/BiQ`b- h?2Q`v �M/ �TTHB+�iBQMb Q7 a�iBb}�@
#BHBiv h2biBM; @ a�h kyRd @ kyi? AMi2`M�iBQM�H *QM72`2M+2-
J2H#Qm`M2- oA*- �mbi`�HB�- �m;mbi k3 @ a2Ti2K#2` R- kyRd-
S`Q+22/BM;b- pQHmK2 Ry9NR Q7 G2+im`2 LQi2b BM *QKTmi2` a+B@
2M+2- T�;2b Re9ĜR3jX aT`BM;2`- kyRdX

(ASGJR8) �X A;M�iB2p- �X S`2pBiB- JX >X GB{iQM- �M/ CX J�`[m2b@aBHp�X
aK�HH2bi Jla 2ti`�+iBQM rBi? KBMBK�H ?BiiBM; b2i /m�HBx�iBQMX
AM :X S2b�Mi- 2/BiQ`- S`BM+BTH2b �M/ S`�+iB+2 Q7 *QMbi`�BMi
S`Q;`�KKBM; @ kRbi AMi2`M�iBQM�H *QM72`2M+2- *S kyR8- *Q`F-
A`2H�M/- �m;mbi jR @ a2Ti2K#2` 9- kyR8- S`Q+22/BM;b- T�;2b
RdjĜR3k- kyR8X

(ASLJR3) �X A;M�iB2p- 6X S2`2B`�- LX L�`Q/vibF�- �M/ CX J�`[m2b@aBHp�X
� a�h@#�b2/ �TT`Q�+? iQ H2�`M 2tTH�BM�#H2 /2+BbBQM b2ibX AM
.X :�HKB+?2- aX a+?mHx- �M/ _X a2#�biB�MB- 2/BiQ`b- �miQK�i2/
_2�bQMBM; @ Ni? AMi2`M�iBQM�H CQBMi *QM72`2M+2- AC*�_ kyR3-
>2H/ �b S�`i Q7 i?2 62/2`�i2/ GQ;B+ *QM72`2M+2- 6HQ* kyR3-
Pt7Q`/- lE- CmHv R9@Rd- kyR3- S`Q+22/BM;b- pQHmK2 RyNyy Q7
G2+im`2 LQi2b BM *QKTmi2` a+B2M+2- T�;2b ekdĜe98X aT`BM;2`-
kyR3X

(C>"Rk) JX C `pBb�HQ- JX >2mH2- �M/ �X "B2`2X AMT`Q+2bbBM; `mH2bX
AM "X :`�KHB+?- .X JBHH2`- �M/ lX a�iiH2`- 2/BiQ`b- �miQ@

8j



K�i2/ _2�bQMBM; @ ei? AMi2`M�iBQM�H CQBMi *QM72`2M+2- AC*�_
kyRk- J�M+?2bi2`- lE- CmM2 ke@kN- kyRkX S`Q+22/BM;b- pQHmK2
dje9 Q7 G2+im`2 LQi2b BM *QKTmi2` a+B2M+2- T�;2b j88ĜjdyX
aT`BM;2`- kyRkX

(CEJ_R3) aX CQb?B- SX EmK�`- _X J�`iBMb- �M/ aX _�QX �TT`QtBK�iBQM
bi`�i2;B2b 7Q` BM+QKTH2i2 J�ta�hX AM CX LX >QQF2`- 2/BiQ`-
S`BM+BTH2b �M/ S`�+iB+2 Q7 *QMbi`�BMi S`Q;`�KKBM; @ k9i? AM@
i2`M�iBQM�H *QM72`2M+2- *S kyR3- GBHH2- 6`�M+2- �m;mbi kd@jR-
kyR3- S`Q+22/BM;b- pQHmK2 RRyy3 Q7 G2+im`2 LQi2b BM *QKTmi2`
a+B2M+2- T�;2b kRNĜkk3X aT`BM;2`- kyR3X

(CJRR) JX CQb2 �M/ _X J�DmK/�`X *�mb2 +Hm2 +H�mb2b, 2``Q` HQ@
+�HBx�iBQM mbBM; K�tBKmK b�iBb}�#BHBivX AM JX qX >�HH �M/
.X �X S�/m�- 2/BiQ`b- S`Q+22/BM;b Q7 i?2 jkM/ �*J aA:SG�L
*QM72`2M+2 QM S`Q;`�KKBM; G�M;m�;2 .2bB;M �M/ AKTH2K2M@
i�iBQM- SG.A kyRR- a�M CQb2- *�- la�- CmM2 9@3- kyRR- T�;2b
9jdĜ99eX �*J- kyRRX

(CJJR8) aX CQb?B- _X J�`iBMb- �M/ oX JX J�M[mBM?QX :2M2`�HBx2/ iQ@
i�HBx2` 2M+Q/BM; 7Q` Tb2m/Q@#QQH2�M +QMbi`�BMibX AM :X S2b�Mi-
2/BiQ`- S`BM+BTH2b �M/ S`�+iB+2 Q7 *QMbi`�BMi S`Q;`�KKBM; @
kRbi AMi2`M�iBQM�H *QM72`2M+2- *S kyR8- *Q`F- A`2H�M/- �m;mbi
jR @ a2Ti2K#2` 9- kyR8- S`Q+22/BM;b- pQHmK2 Nk88 Q7 G2+im`2
LQi2b BM *QKTmi2` a+B2M+2- T�;2b kyyĜkyNX aT`BM;2`- kyR8X

(E�`Ry) _X JX E�`TX AKTHB+Bi ?BiiBM; b2i T`Q#H2Kb �M/ KmHiB@;2MQK2
�HB;MK2MiX AM �X �KB` �M/ GX S�`B/�- 2/BiQ`b- *QK#BM�iQ`B�H
S�ii2`M J�i+?BM;- kRbi �MMm�H avKTQbBmK- *SJ kyRy- L2r
uQ`F- Lu- la�- CmM2 kR@kj- kyRyX S`Q+22/BM;b- pQHmK2 eRkN
Q7 G2+im`2 LQi2b BM *QKTmi2` a+B2M+2- T�;2 R8RX aT`BM;2`-
kyRyX

(E"aCRd) hX EQ`?QM2M- CX "2`;- SX a�BFFQ- �M/ JX C `pBb�HQX J�t@
S`2, �M 2ti2M/2/ J�ta�h T`2T`Q+2bbQ`X AM aX :�bT2`b �M/
hX q�Hb?- 2/BiQ`b- h?2Q`v �M/ �TTHB+�iBQMb Q7 a�iBb}�#BHBiv
h2biBM; @ a�h kyRd @ kyi? AMi2`M�iBQM�H *QM72`2M+2- J2H@
#Qm`M2- oA*- �mbi`�HB�- �m;mbi k3 @ a2Ti2K#2` R- kyRd- S`Q@
+22/BM;b- pQHmK2 Ry9NR Q7 G2+im`2 LQi2b BM *QKTmi2` a+B2M+2-
T�;2b 99NĜ98eX aT`BM;2`- kyRdX

(EH2RR) CX .X EH22`X >BiiBM; b2i �H;Q`Bi?Kb 7Q` KQ/2H@#�b2/ /B�;MQbBbX
AM S`Q+22/BM;b Q7 i?2 kkM/ AMi2`M�iBQM�H qQ`Fb?QT QM S`BM+B@
TH2b Q7 .B�;MQbBb U.s kyRRV- T�;2b RyyĜRy8- kyRRX

(EJahRy) aX E�/BQ;Hm- uX J�HBibFv- JX a2HHK�MM- �M/ EX hB2`M2vX Aa�*
@ BMbi�M+2@bT2+B}+ �H;Q`Bi?K +QM};m`�iBQMX AM >X *Q2H?Q-
_X aim/2`- �M/ JX CX qQQH/`B/;2- 2/BiQ`b- 1*�A kyRy @ RNi?
1m`QT2�M *QM72`2M+2 QM �`iB}+B�H AMi2HHB;2M+2- GBb#QM- SQ`im@
;�H- �m;mbi Re@ky- kyRy- S`Q+22/BM;b- pQHmK2 kR8 Q7 6`QMiB2`b
BM �`iB}+B�H AMi2HHB;2M+2 �M/ �TTHB+�iBQMb- T�;2b d8RĜd8eX APa
S`2bb- kyRyX

(Ew6>Rk) JX EQb?BKm`�- hX w?�M;- >X 6mDBi�- �M/ _X >�b2;�r�X
ZJ�ta�h, � T�`iB�H J�t@a�h bQHp2`X CQm`M�H Q7 a�iBb}�#BH@
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Biv- "QQH2�M JQ/2HBM; �M/ *QKTmi�iBQM- 3URfkV,N8ĜRyy- kyRkX
(G*R3) wX G2B �M/ aX *�BX aQHpBM; Ur2B;?i2/V T�`iB�H J�ta�h #v /v@

M�KB+ HQ+�H b2�`+? 7Q` a�hX AM CX G�M;- 2/BiQ`- S`Q+22/BM;b Q7
i?2 hr2Miv@a2p2Mi? AMi2`M�iBQM�H CQBMi *QM72`2M+2 QM �`iB@
}+B�H AMi2HHB;2M+2- AC*�A kyR3- CmHv Rj@RN- kyR3- aiQ+F?QHK-
ar2/2MX- T�;2b Rj9eĜRj8kX BD+�BXQ`;- kyR3X

(G*a>Rd) *X GmQ- aX *�B- EX am- �M/ qX >m�M;X **1>*, �M 2{+B2Mi
HQ+�H b2�`+? �H;Q`Bi?K 7Q` r2B;?i2/ T�`iB�H K�tBKmK b�iBb}�@
#BHBivX �`iB}+B�H AMi2HHB;2M+2- k9j,keĜ99- kyRdX

(G*q+R8) *X GmQ- aX *�B- qX qm- wX CB2- �M/ EX amX **Ga, �M 2{@
+B2Mi HQ+�H b2�`+? �H;Q`Bi?K 7Q` r2B;?i2/ K�tBKmK b�iBb}�#BH@
BivX A111 h`�Mb�+iBQMb QM *QKTmi2`b- e9UdV,R3jyĜR39j- kyR8X

(G>y8) CX G�``Qb� �M/ 6X >2`�bX _2bQHmiBQM BM J�t@a�h �M/ Bib `2@
H�iBQM iQ HQ+�H +QMbBbi2M+v BM r2B;?i2/ *aSbX AM GX SX E�2H@
#HBM; �M/ �X a�{QiiB- 2/BiQ`b- AC*�A@y8- S`Q+22/BM;b Q7 i?2
LBM2i22Mi? AMi2`M�iBQM�H CQBMi *QM72`2M+2 QM �`iB}+B�H AMi2H@
HB;2M+2- 1/BM#m`;?- a+QiH�M/- lE- CmHv jy @ �m;mbi 8- kyy8-
T�;2b RNjĜRN3X S`Q72bbBQM�H "QQF *2Mi2`- kyy8X

(GCsR8) *X GB- >X CB�M;- �M/ _X smX AM+`2K2Mi�H J�ta�h `2�bQMBM;
iQ `2/m+2 #`�M+?2b BM � #`�M+?@�M/@#QmM/ �H;Q`Bi?K 7Q` J�t@
*HB[m2X AM *X .?�2M2Mb- GX CQm`/�M- �M/ JX J�`KBQM- 2/BiQ`b-
G2�`MBM; �M/ AMi2HHB;2Mi PTiBKBx�iBQM @ Ni? AMi2`M�iBQM�H *QM@
72`2M+2- GAPL N- GBHH2- 6`�M+2- C�Mm�`v Rk@R8- kyR8X _2pBb2/
a2H2+i2/ S�T2`b- pQHmK2 3NN9 Q7 G2+im`2 LQi2b BM *QKTmi2`
a+B2M+2- T�;2b ke3Ĝkd9X aT`BM;2`- kyR8X

(GERk) SX@*X EX GBM �M/ aX SX E?�i`BX �TTHB+�iBQM Q7 J�t@a�h@#�b2/
�hS: iQ QTiBK�H +�M+2` i?2`�Tv /2bB;MX "J* :2MQKB+b- Rj-
kyRkX

(GJRR) AX GvM+2 �M/ CX J�`[m2b@aBHp�X _2biQ`BM; *aS b�iBb}�#BHBiv
rBi? J�ta�hX 6mM/�K2Mi� AM7Q`K�iB+�- RydUk@jV,k9NĜkee-
kyRRX

(GJJSRy) *X JX GB- 6X J�Mv¨- LX PX JQ?�K2/Qm- �M/ CX SH�M2bX
_2bQHmiBQM@#�b2/ HQr2` #QmM/b BM J�ta�hX *QMbi`�BMib-
R8U9V,98eĜ939- kyRyX

(GZRy) *X JX GB �M/ wX Zm�MX �M 2{+B2Mi #`�M+?@�M/@#QmM/ �H@
;Q`Bi?K #�b2/ QM J�ta�h 7Q` i?2 K�tBKmK +HB[m2 T`Q#@
H2KX AM JX 6Qt �M/ .X SQQH2- 2/BiQ`b- S`Q+22/BM;b Q7 i?2
hr2Miv@6Qm`i? ���A *QM72`2M+2 QM �`iB}+B�H AMi2HHB;2M+2-
���A kyRy- �iH�Mi�- :2Q`;B�- la�- CmHv RR@R8- kyRyX ���A
S`2bb- kyRyX

(GwERe) sX GB�Q- >X w?�M;- �M/ JX EQb?BKm`�X _2+QMbi`m+iBM; �1a
F2v b+?2/mH2 BK�;2b rBi? a�h �M/ J�ta�hX A1A*1 h`�Mb�+@
iBQMb- NN@.URV,R9RĜR8y- kyReX

(GwJaRk) *X JX GB- wX w?m- 6X J�Mv¨- �M/ GX aBKQMX PTiBKBxBM; rBi?
KBMBKmK b�iBb}�#BHBivX �`iB}+B�H AMi2HHB;2M+2- RNy,jkĜ99- kyRkX

(J�:GRR) CX J�`[m2b@aBHp�- CX �`;2HB+?- �X :`�Ï�- �M/ AX GvM+2X "QQH2�M
H2tB+Q;`�T?B+ QTiBKBx�iBQM, �H;Q`Bi?Kb � �TTHB+�iBQMbX �M@
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M�Hb Q7 J�i?2K�iB+b �M/ �`iB}+B�H AMi2HHB;2M+2- ekUj@9V,jRdĜ
j9j- kyRRX

(J�MRk) LX J�Mi?2vX *QT`Q+2bbQ` kXy @ � ~2tB#H2 *L6 bBKTHB}2` @
UiQQH T`2b2Mi�iBQMVX AM �X *BK�iiB �M/ _X a2#�biB�MB- 2/BiQ`b-
h?2Q`v �M/ �TTHB+�iBQMb Q7 a�iBb}�#BHBiv h2biBM; @ a�h kyRk
@ R8i? AMi2`M�iBQM�H *QM72`2M+2- h`2MiQ- Ai�Hv- CmM2 Rd@ky-
kyRkX S`Q+22/BM;b- pQHmK2 djRd Q7 G2+im`2 LQi2b BM *QKTmi2`
a+B2M+2- T�;2b 9jeĜ99RX aT`BM;2`- kyRkX

(J�`Rd) _X J�`iBMbX aQHpBM; _L� �HB;MK2Mi rBi? J�ta�hX AM
J�ta�h 1p�Hm�iBQM kyRd, aQHp2` �M/ "2M+?K�`F .2b+`BT@
iBQMb- pQHmK2 "@kyRd@k Q7 .2T�`iK2Mi Q7 *QKTmi2` a+B2M+2
a2`B2b Q7 Sm#HB+�iBQMb "- T�;2b kNĜjyX lMBp2`bBiv Q7 >2HbBMFB-
kyRdX

(J"JRe) *X CX JmBb2- CX *X "2+F- �M/ aX �X J+AH`�Bi?X PTiBK�H T�`iB�H@
Q`/2` TH�M `2H�t�iBQM pB� J�ta�hX CQm`M�H Q7 �`iB}+B�H AMi2H@
HB;2M+2 _2b2�`+?- 8d,RRjĜR9N- kyReX

(J.JR9) �X JQ`;�/Q- *X .Q/�`Q- �M/ CX J�`[m2b@aBHp�X *Q`2@;mB/2/
J�ta�h rBi? bQ7i +�`/BM�HBiv +QMbi`�BMibX AM "X PǶamHHBp�M-
2/BiQ`- S`BM+BTH2b �M/ S`�+iB+2 Q7 *QMbi`�BMi S`Q;`�KKBM;
@ kyi? AMi2`M�iBQM�H *QM72`2M+2- *S kyR9- GvQM- 6`�M+2-
a2Ti2K#2` 3@Rk- kyR9X S`Q+22/BM;b- pQHmK2 3e8e Q7 G2+im`2
LQi2b BM *QKTmi2` a+B2M+2- T�;2b 8e9Ĝ8djX aT`BM;2`- kyR9X

(J>C+Rj) CX J�`[m2b@aBHp�- 6X >2`�b- JX C�MQi�- �X S`2pBiB- �M/
�X "2HQpX PM +QKTmiBM; KBMBK�H +Q``2+iBQM bm#b2ibX AM
6X _QbbB- 2/BiQ`- AC*�A kyRj- S`Q+22/BM;b Q7 i?2 kj`/ AMi2`@
M�iBQM�H CQBMi *QM72`2M+2 QM �`iB}+B�H AMi2HHB;2M+2- "2BDBM;-
*?BM�- �m;mbi j@N- kyRj- T�;2b eR8ĜekkX AC*�Af���A- kyRjX

(J>JRk) �X JQ`;�/Q- 6X >2`�b- �M/ CX J�`[m2b@aBHp�X AKT`Qp2K2Mib
iQ +Q`2@;mB/2/ #BM�`v b2�`+? 7Q` J�ta�hX AM �X *BK�iiB �M/
_X a2#�biB�MB- 2/BiQ`b- h?2Q`v �M/ �TTHB+�iBQMb Q7 a�iBb}�#BHBiv
h2biBM; @ a�h kyRk @ R8i? AMi2`M�iBQM�H *QM72`2M+2- h`2MiQ-
Ai�Hv- CmM2 Rd@ky- kyRkX S`Q+22/BM;b- pQHmK2 djRd Q7 G2+im`2
LQi2b BM *QKTmi2` a+B2M+2- T�;2b k39ĜkNdX aT`BM;2`- kyRkX

(JAJRd) CX J�`[m2b@aBHp�- �X A;M�iB2p- �M/ �X JQ`;�/QX >Q`M K�t@
BKmK b�iBb}�#BHBiv, _2/m+iBQMb- �H;Q`Bi?Kb �M/ �TTHB+�iBQMbX
AM 1X *X PHBp2B`�- CX :�K�- wX �X o�H2- �M/ >X GX *�`/QbQ-
2/BiQ`b- S`Q;`2bb BM �`iB}+B�H AMi2HHB;2M+2 @ R3i? 1SA� *QM@
72`2M+2 QM �`iB}+B�H AMi2HHB;2M+2- 1SA� kyRd- SQ`iQ- SQ`im;�H-
a2Ti2K#2` 8@3- kyRd- S`Q+22/BM;b- pQHmK2 Ry9kj Q7 G2+im`2
LQi2b BM *QKTmi2` a+B2M+2- T�;2b e3RĜeN9X aT`BM;2`- kyRdX

(JCAJR8) CX J�`[m2b@aBHp�- JX C�MQi�- �X A;M�iB2p- �M/ �X JQ`;�/QX
1{+B2Mi KQ/2H #�b2/ /B�;MQbBb rBi? K�tBKmK b�iBb}�#BHBivX
AM ZX u�M; �M/ JX qQQH/`B/;2- 2/BiQ`b- S`Q+22/BM;b Q7 i?2
hr2Miv@6Qm`i? AMi2`M�iBQM�H CQBMi *QM72`2M+2 QM �`iB}+B�H AM@
i2HHB;2M+2- AC*�A kyR8- "m2MQb �B`2b- �`;2MiBM�- CmHv k8@jR-
kyR8- T�;2b RNeeĜRNdkX ���A S`2bb- kyR8X

(JCJGR9�) _X J�`iBMb- aX CQb?B- oX J�M[mBM?Q- �M/ AX GvM+2X PM mbBM; BM@
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+`2K2Mi�H 2M+Q/BM;b BM mMb�iBb}�#BHBiv@#�b2/ J�ta�h bQHpBM;X
CQm`M�H QM a�iBb}�#BHBiv- "QQH2�M JQ/2HBM; �M/ *QKTmi�iBQM-
N,8NĜ3R- kyR9X

(JCJGR9#) _X J�`iBMb- aX CQb?B- oX JX J�M[mBM?Q- �M/ AX GvM+2X AM+`2@
K2Mi�H +�`/BM�HBiv +QMbi`�BMib 7Q` J�ta�hX AM "X PǶamHHBp�M-
2/BiQ`- S`BM+BTH2b �M/ S`�+iB+2 Q7 *QMbi`�BMi S`Q;`�KKBM;
@ kyi? AMi2`M�iBQM�H *QM72`2M+2- *S kyR9- GvQM- 6`�M+2-
a2Ti2K#2` 3@Rk- kyR9X S`Q+22/BM;b- pQHmK2 3e8e Q7 G2+im`2
LQi2b BM *QKTmi2` a+B2M+2- T�;2b 8jRĜ893X aT`BM;2`- kyR9X

(JEh_Re) hX J�`+2H E2pBM �M/ aX hBH�F _�DX 6BM/BM; T`2@T`Q/m+iBQM p2@
?B+H2 +QM};m`�iBQMb mbBM; � J�ta�h 7`�K2rQ`FX AM S`Q+22/@
BM;b Q7 i?2 R3i? AMi2`M�iBQM�H *QM};m`�iBQM qQ`Fb?QT- T�;2b
RRdĜRkkX ú+QH2 /2b JBM2b /Ƕ�H#B@*�`K�mt- kyReX

(JGJRj) �X JQ`;�/Q- JX >X GB{iQM- �M/ CX J�`[m2b@aBHp�X J�ta�h@
#�b2/ J*a 2MmK2`�iBQMX AM �X "B2`2- �X L�?B`- �M/
hX 1X CX oQb- 2/BiQ`b- >�`/r�`2 �M/ aQ7ir�`2, o2`B}+�iBQM
�M/ h2biBM; @ 3i? AMi2`M�iBQM�H >�B7� o2`B}+�iBQM *QM72`2M+2-
>o* kyRk- >�B7�- Ab`�2H- LQp2K#2` e@3- kyRkX _2pBb2/ a2H2+i2/
S�T2`b- pQHmK2 d38d Q7 G2+im`2 LQi2b BM *QKTmi2` a+B2M+2-
T�;2b 3eĜRyRX aT`BM;2`- kyRjX

(JJy3) CX J�`[m2b@aBHp� �M/ oX JX J�M[mBM?QX hQr�`/b KQ`2 2z2+@
iBp2 mMb�iBb}�#BHBiv@#�b2/ K�tBKmK b�iBb}�#BHBiv �H;Q`Bi?KbX
AM >X EX "ɃMBM; �M/ sX w?�Q- 2/BiQ`b- h?2Q`v �M/ �TTHB+�@
iBQMb Q7 a�iBb}�#BHBiv h2biBM; @ a�h kyy3- RRi? AMi2`M�iBQM�H
*QM72`2M+2- a�h kyy3- :m�M;x?Qm- *?BM�- J�v Rk@R8- kyy3X
S`Q+22/BM;b- pQHmK2 9NNe Q7 G2+im`2 LQi2b BM *QKTmi2` a+B@
2M+2- T�;2b kk8ĜkjyX aT`BM;2`- kyy3X

(JJRy) �X JQ`;�/Q �M/ CX J�`[m2b@aBHp�X *QK#BM�iQ`B�H QTiBKBx�@
iBQM bQHmiBQMb 7Q` i?2 K�tBKmK [m�`i2i +QMbBbi2M+v T`Q#H2KX
6mM/�K2Mi� AM7Q`K�iB+�- RykUj@9V,jejĜj3N- kyRyX

(JJRR) �X JQ`;�/Q �M/ CX J�`[m2b@aBHp�X PM p�HB/�iBM; #QQH2�M QTiB@
KBx2`bX AM A111 kj`/ AMi2`M�iBQM�H *QM72`2M+2 QM hQQHb rBi?
�`iB}+B�H AMi2HHB;2M+2- A*h�A kyRR- "Q+� _�iQM- 6G- la�-
LQp2K#2` d@N- kyRR- T�;2b Nk9ĜNke- kyRRX

(JJR3) .X J�HBQiQp �M/ EX aX J22HX JGA*, � J�ta�h@#�b2/
7`�K2rQ`F 7Q` H2�`MBM; BMi2`T`2i�#H2 +H�bbB}+�iBQM `mH2bX AM
CX LX >QQF2`- 2/BiQ`- S`BM+BTH2b �M/ S`�+iB+2 Q7 *QMbi`�BMi
S`Q;`�KKBM; @ k9i? AMi2`M�iBQM�H *QM72`2M+2- *S kyR3- GBHH2-
6`�M+2- �m;mbi kd@jR- kyR3- S`Q+22/BM;b- pQHmK2 RRyy3 Q7
G2+im`2 LQi2b BM *QKTmi2` a+B2M+2- T�;2b jRkĜjkdX aT`BM;2`-
kyR3X

(JJGRR) _X J�`iBMb- oX JX J�M[mBM?Q- �M/ AX GvM+2X 1tTHQBiBM; +�`@
/BM�HBiv 2M+Q/BM;b BM T�`�HH2H K�tBKmK b�iBb}�#BHBivX AM A111
kj`/ AMi2`M�iBQM�H *QM72`2M+2 QM hQQHb rBi? �`iB}+B�H AMi2H@
HB;2M+2- A*h�A kyRR- "Q+� _�iQM- 6G- la�- LQp2K#2` d@N-
kyRR- T�;2b jRjĜjkyX A111 *QKTmi2` aQ+B2iv- kyRRX

(JJGRk) _X J�`iBMb- oX JX J�M[mBM?Q- �M/ AX GvM+2X S�`�HH2H b2�`+?
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7Q` K�tBKmK b�iBb}�#BHBivX �A *QKKmMB+�iBQMb- k8UkV,d8ĜN8-
kyRkX

(JJGRj) _X J�`iBMb- oX JX J�M[mBM?Q- �M/ AX GvM+2X *QKKmMBiv@
#�b2/ T�`iBiBQMBM; 7Q` J�ta�h bQHpBM;X AM JX C `pBb�HQ �M/
�X oX :2H/2`- 2/BiQ`b- h?2Q`v �M/ �TTHB+�iBQMb Q7 a�iBb}�#BHBiv
h2biBM; @ a�h kyRj @ Rei? AMi2`M�iBQM�H *QM72`2M+2- >2HbBMFB-
6BMH�M/- CmHv 3@Rk- kyRjX S`Q+22/BM;b- pQHmK2 dNek Q7 G2+im`2
LQi2b BM *QKTmi2` a+B2M+2- T�;2b R3kĜRNRX aT`BM;2`- kyRjX

(JJGR9) _X J�`iBMb- oX JX J�M[mBM?Q- �M/ AX GvM+2X PT2M@q"P,
� KQ/mH�` J�ta�h bQHp2`X AM *X aBMx �M/ lX 1;Hv- 2/BiQ`b-
h?2Q`v �M/ �TTHB+�iBQMb Q7 a�iBb}�#BHBiv h2biBM; @ a�h kyR9
@ Rdi? AMi2`M�iBQM�H *QM72`2M+2- >2H/ �b S�`i Q7 i?2 oB2MM�
amKK2` Q7 GQ;B+- oaG kyR9- oB2MM�- �mbi`B�- CmHv R9@Rd-
kyR9X S`Q+22/BM;b- pQHmK2 38eR Q7 G2+im`2 LQi2b BM *QKTmi2`
a+B2M+2- T�;2b 9j3Ĝ998X aT`BM;2`- kyR9X

(JJSyN) oX JX J�M[mBM?Q- CX J�`[m2b@aBHp�- �M/ CX SH�M2bX �H;Q`Bi?Kb
7Q` r2B;?i2/ #QQH2�M QTiBKBx�iBQMX AM PX EmHHK�MM- 2/BiQ`-
h?2Q`v �M/ �TTHB+�iBQMb Q7 a�iBb}�#BHBiv h2biBM; @ a�h kyyN-
Rki? AMi2`M�iBQM�H *QM72`2M+2- a�h kyyN- ar�Mb2�- lE- CmM2
jy @ CmHv j- kyyNX S`Q+22/BM;b- pQHmK2 8839 Q7 G2+im`2 LQi2b
BM *QKTmi2` a+B2M+2- T�;2b 9N8Ĝ8y3X aT`BM;2`- kyyNX

(JL_aRd) 6X J�Mv¨- aX L2;`2i2- *X _QB;- �M/ CX _X aQH2`X � J�ta�h@
#�b2/ �TT`Q�+? iQ i?2 i2�K +QKTQbBiBQM T`Q#H2K BM � +H�bb@
`QQKX AM :X amFi?�MF�` �M/ CX �X _Q/`ő;m2x@�;mBH�`- 2/BiQ`b-
�miQMQKQmb �;2Mib �M/ JmHiB�;2Mi avbi2Kb @ ��J�a kyRd
qQ`Fb?QTb- oBbBQM�`v S�T2`b- a½Q S�mHQ- "`�xBH- J�v 3@Rk-
kyRd- _2pBb2/ a2H2+i2/ S�T2`b- pQHmK2 Rye9j Q7 G2+im`2 LQi2b
BM *QKTmi2` a+B2M+2- T�;2b Re9ĜRdjX aT`BM;2`- kyRdX

(JSyd) CX J�`[m2b@aBHp� �M/ CX SH�M2bX PM mbBM; mMb�iBb}�#BHBiv 7Q`
bQHpBM; K�tBKmK b�iBb}�#BHBivX *Q__- �#bfydRkXRyNd- kyydX

(JSGJy3) SX CX J�iQb- CX SH�M2b- 6X G2iQK#2- �M/ CX J�`[m2b@aBHp�X
� J�s@a�h �H;Q`Bi?K TQ`i7QHBQX AM JX :?�HH�#- *X .X aTv@
`QTQmHQb- LX 6�FQi�FBb- �M/ LX JX �pQm`Bb- 2/BiQ`b- 1*�A kyy3
@ R3i? 1m`QT2�M *QM72`2M+2 QM �`iB}+B�H AMi2HHB;2M+2- S�i`�b-
:`22+2- CmHv kR@k8- kyy3- S`Q+22/BM;b- pQHmK2 Rd3 Q7 6`QMiB2`b
BM �`iB}+B�H AMi2HHB;2M+2 �M/ �TTHB+�iBQMb- T�;2b NRRĜNRkX APa
S`2bb- kyy3X

(JSJR8) *X J2M+ő�- �X S`2pBiB- �M/ CX J�`[m2b@aBHp�X GBi2`�H@#�b2/
J*a 2ti`�+iBQMX AM ZX u�M; �M/ JX qQQH/`B/;2- 2/BiQ`b-
S`Q+22/BM;b Q7 i?2 hr2Miv@6Qm`i? AMi2`M�iBQM�H CQBMi *QM@
72`2M+2 QM �`iB}+B�H AMi2HHB;2M+2- AC*�A kyR8- "m2MQb �B`2b-
�`;2MiBM�- CmHv k8@jR- kyR8- T�;2b RNdjĜRNdNX ���A S`2bb-
kyR8X

(JSaR9) LX J�Mi?2v- hX S?BHBTT- �M/ SX ai2BMF2X � KQ`2 +QKT�+i
i`�MbH�iBQM Q7 Tb2m/Q@#QQH2�M +QMbi`�BMib BMiQ *L6 bm+? i?�i
;2M2`�HBx2/ �`+ +QMbBbi2M+v Bb K�BMi�BM2/X AM *X Gmix �M/
JX h?B2Hb+?2`- 2/BiQ`b- EA kyR9, �/p�M+2b BM �`iB}+B�H AM@

83



i2HHB;2M+2 @ jdi? �MMm�H :2`K�M *QM72`2M+2 QM �A- aimii;�`i-
:2`K�Mv- a2Ti2K#2` kk@ke- kyR9X S`Q+22/BM;b- pQHmK2 3dje Q7
G2+im`2 LQi2b BM *QKTmi2` a+B2M+2- T�;2b RkjĜRj9X aT`BM;2`-
kyR9X

(JaRd) _X J�`iBMb �M/ CX a?2``vX GBb#QM r2//BM;, a2�iBM; �``�M;2@
K2Mib mbBM; J�ta�hX AM J�ta�h 1p�Hm�iBQM kyRd, aQHp2`
�M/ "2M+?K�`F .2b+`BTiBQMb- pQHmK2 "@kyRd@k Q7 .2T�`iK2Mi
Q7 *QKTmi2` a+B2M+2 a2`B2b Q7 Sm#HB+�iBQMb "- T�;2b k8ĜkeX
lMBp2`bBiv Q7 >2HbBMFB- kyRdX

(JwLLR8�) _X J�M;�H- sX w?�M;- �X oX LQ`B- �M/ JX L�BFX � mb2`@;mB/2/
�TT`Q�+? iQ T`Q;`�K �M�HvbBbX AM 1X .X LBiiQ- JX >�`K�M-
�M/ SX >2vK�Mb- 2/BiQ`b- S`Q+22/BM;b Q7 i?2 kyR8 Ryi? CQBMi
J22iBM; QM 6QmM/�iBQMb Q7 aQ7ir�`2 1M;BM22`BM;- 1a1*f6a1
kyR8- "2`;�KQ- Ai�Hv- �m;mbi jy @ a2Ti2K#2` 9- kyR8- T�;2b
9ekĜ9djX �*J- kyR8X

(JwLLR8#) _X J�M;�H- sX w?�M;- �X oX LQ`B- �M/ JX L�BFX oQHi, � H�xv
;`QmM/BM; 7`�K2rQ`F 7Q` bQHpBM; p2`v H�`;2 J�ta�h BMbi�M+2bX
AM JX >2mH2 �M/ aX q2�p2`- 2/BiQ`b- h?2Q`v �M/ �TTHB+�iBQMb
Q7 a�iBb}�#BHBiv h2biBM; @ a�h kyR8 @ R3i? AMi2`M�iBQM�H *QM@
72`2M+2- �mbiBM- hs- la�- a2Ti2K#2` k9@kd- kyR8- S`Q+22/@
BM;b- pQHmK2 Nj9y Q7 G2+im`2 LQi2b BM *QKTmi2` a+B2M+2- T�;2b
kNNĜjyeX aT`BM;2`- kyR8X

(L�/R3) �X L�/2HX aQHpBM; J�ta�h rBi? #Bi@p2+iQ` QTiBKBx�iBQMX AM
PX "2v2`b/Q`z �M/ *X JX qBMi2`bi2B;2`- 2/BiQ`b- h?2Q`v �M/
�TTHB+�iBQMb Q7 a�iBb}�#BHBiv h2biBM; @ a�h kyR3 @ kRbi AMi2`@
M�iBQM�H *QM72`2M+2- a�h kyR3- >2H/ �b S�`i Q7 i?2 62/2`�i2/
GQ;B+ *QM72`2M+2- 6HQ* kyR3- Pt7Q`/- lE- CmHv N@Rk- kyR3-
S`Q+22/BM;b- pQHmK2 RyNkN Q7 G2+im`2 LQi2b BM *QKTmi2` a+B@
2M+2- T�;2b 89ĜdkX aT`BM;2`- kyR3X

(L"R9) LX L�`Q/vibF� �M/ 6X "�++?mbX J�tBKmK b�iBb}�#BHBiv mb@
BM; +Q`2@;mB/2/ J�ta�h `2bQHmiBQMX AM *X 1X "`Q/H2v �M/
SX aiQM2- 2/BiQ`b- S`Q+22/BM;b Q7 i?2 hr2Miv@1B;?i? ���A
*QM72`2M+2 QM �`iB}+B�H AMi2HHB;2M+2- CmHv kd @jR- kyR9- Zmû#2+
*Biv- Zmû#2+- *�M�/�X- T�;2b kdRdĜkdkjX ���A S`2bb- kyR9X

(LG>+y9) 1X Lm/2HK�M- EX G2viQM@"`QrM- >X >X >QQb- �X .2pF�`- �M/
uX a?Q?�KX lM/2`bi�M/BM; `�M/QK a�h, #2vQM/ i?2 +H�mb2b@
iQ@p�`B�#H2b `�iBQX AM JX q�HH�+2- 2/BiQ`- S`BM+BTH2b �M/ S`�+@
iB+2 Q7 *QMbi`�BMi S`Q;`�KKBM; @ *S kyy9- Ryi? AMi2`M�iBQM�H
*QM72`2M+2- *S kyy9- hQ`QMiQ- *�M�/�- a2Ti2K#2` kd @ P+@
iQ#2` R- kyy9- S`Q+22/BM;b- pQHmK2 jk83 Q7 G2+im`2 LQi2b BM
*QKTmi2` a+B2M+2- T�;2b 9j3Ĝ98kX aT`BM;2`- kyy9X

(LJC+R8) JX L2p2b- _X J�`iBMb- JX C�MQi�- AX GvM+2- �M/ oX JX J�M@
[mBM?QX 1tTHQBiBM; `2bQHmiBQM@#�b2/ `2T`2b2Mi�iBQMb 7Q`
J�ta�h bQHpBM;X AM JX >2mH2 �M/ aX q2�p2`- 2/BiQ`b- h?2Q`v
�M/ �TTHB+�iBQMb Q7 a�iBb}�#BHBiv h2biBM; @ a�h kyR8 @ R3i? AM@
i2`M�iBQM�H *QM72`2M+2- �mbiBM- hs- la�- a2Ti2K#2` k9@kd-
kyR8- S`Q+22/BM;b- pQHmK2 Nj9y Q7 G2+im`2 LQi2b BM *QKTmi2`
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a+B2M+2- T�;2b kdkĜk3eX aT`BM;2`- kyR8X
(LqNN) :X GX L2K?�mb2` �M/ GX �X qQHb2vX AMi2;2` �M/ *QK#BM�iQ`B�H

PTiBKBx�iBQMX qBH2v@AMi2`b+B2M+2- RNNNX
(LqCRe�) �X LBbF�M2M- CX SX q�HHM2`- �M/ JX C `pBb�HQX PTiBK�H bi�imb

2M7Q`+2K2Mi BM �#bi`�+i �`;mK2Mi�iBQMX AM aX E�K#?�KT�iB-
2/BiQ`- S`Q+22/BM;b Q7 i?2 hr2Miv@6B7i? AMi2`M�iBQM�H CQBMi
*QM72`2M+2 QM �`iB}+B�H AMi2HHB;2M+2- AC*�A kyRe- L2r uQ`F-
Lu- la�- N@R8 CmHv kyRe- T�;2b RkReĜRkkkX AC*�Af���A
S`2bb- kyReX

(LqCRe#) �X LBbF�M2M- CX SX q�HHM2`- �M/ JX C `pBb�HQX avMi?2bBxBM;
�`;mK2Mi�iBQM 7`�K2rQ`Fb 7`QK 2t�KTH2bX AM :X �X E�KBMF�-
JX 6Qt- SX "Qm[m2i- 1X >ɃHH2`K2B2`- oX .B;MmK- 6X .B;MmK-
�M/ 6X p�M >�`K2H2M- 2/BiQ`b- 1*�A kyRe @ kkM/ 1m`QT2�M
*QM72`2M+2 QM �`iB}+B�H AMi2HHB;2M+2- kN �m;mbi@k a2Ti2K#2`
kyRe- h?2 >�;m2- h?2 L2i?2`H�M/b @ AM+Hm/BM; S`2biB;BQmb �T@
THB+�iBQMb Q7 �`iB}+B�H AMi2HHB;2M+2 US�Aa kyReV- pQHmK2 k38
Q7 6`QMiB2`b BM �`iB}+B�H AMi2HHB;2M+2 �M/ �TTHB+�iBQMb- T�;2b
88RĜ88NX APa S`2bb- kyReX

(PG>+Rj) hX P;�r�- uX GBm- _X >�b2;�r�- JX EQb?BKm`�- �M/ >X 6mDBi�X
JQ/mHQ #�b2/ *L6 2M+Q/BM; Q7 +�`/BM�HBiv +QMbi`�BMib �M/ Bib
�TTHB+�iBQM iQ J�ta�h bQHp2`bX AM k8i? A111 AMi2`M�iBQM�H
*QM72`2M+2 QM hQQHb rBi? �`iB}+B�H AMi2HHB;2M+2- A*h�A kyRj-
>2`M/QM- o�- la�- LQp2K#2` 9@e- kyRj- T�;2b NĜRdX A111
*QKTmi2` aQ+B2iv- kyRjX

(S�TN9) *X >X S�T�/BKBi`BQmX *QKTmi�iBQM�H *QKTH2tBivX �//BbQM
q2bH2v GQM;K�M- RNN9X

(S�`yk) CX .X S�`FX lbBM; r2B;?i2/ J�s@a�h 2M;BM2b iQ bQHp2 JS1X
AM _X .2+?i2` �M/ _X aX amiiQM- 2/BiQ`b- S`Q+22/BM;b Q7 i?2
1B;?i22Mi? L�iBQM�H *QM72`2M+2 QM �`iB}+B�H AMi2HHB;2M+2 �M/
6Qm`i22Mi? *QM72`2M+2 QM AMMQp�iBp2 �TTHB+�iBQMb Q7 �`iB}+B�H
AMi2HHB;2M+2- CmHv k3 @ �m;mbi R- kyyk- 1/KQMiQM- �H#2`i�-
*�M�/�X- T�;2b e3kĜe3dX ���A S`2bb f h?2 JAh S`2bb- kyykX

(S6GR9) SX S�`pB�BM2M- >X aX 6�`�?�MB- �M/ CX G�;2`;`2MX G2�`MBM;
#QmM/2/ i`22@rB/i? "�v2bB�M M2irQ`Fb mbBM; BMi2;2` HBM2�`
T`Q;`�KKBM;X AM CX *Q`�M/2` �M/ aX E�bFB- 2/BiQ`b- S`Q+22/@
BM;b Q7 i?2 a2p2Mi22Mi? AMi2`M�iBQM�H *QM72`2M+2 QM �`iB}+B�H
AMi2HHB;2M+2 �M/ ai�iBbiB+b- �Aah�ha kyR9- _2vFD�pBF- A+2H�M/-
�T`BH kk@k8- kyR9- pQHmK2 jj Q7 CJG_ qQ`Fb?QT �M/ *QM72`@
2M+2 S`Q+22/BM;b- T�;2b d8RĜd8NX CJG_XQ`;- kyR9X

(S_"R3) hX S�tB�M- aX _2BK2`- �M/ "X "2+F2`X .vM�KB+ TQHvMQKB�H
r�i+?/Q; 2M+Q/BM; 7Q` bQHpBM; r2B;?i2/ J�ta�hX AM PX "2v@
2`b/Q`z �M/ *X JX qBMi2`bi2B;2`- 2/BiQ`b- h?2Q`v �M/ �TTHB+�@
iBQMb Q7 a�iBb}�#BHBiv h2biBM; @ a�h kyR3 @ kRbi AMi2`M�iBQM�H
*QM72`2M+2- a�h kyR3- >2H/ �b S�`i Q7 i?2 62/2`�i2/ GQ;B+
*QM72`2M+2- 6HQ* kyR3- Pt7Q`/- lE- CmHv N@Rk- kyR3- S`Q@
+22/BM;b- pQHmK2 RyNkN Q7 G2+im`2 LQi2b BM *QKTmi2` a+B2M+2-
T�;2b jdĜ8jX aT`BM;2`- kyR3X

ey



(_2B3d) _X _2Bi2`X � i?2Q`v Q7 /B�;MQbBb 7`QK }`bi T`BM+BTH2bX �`iB}+B�H
AMi2HHB;2M+2- jkURV,8dĜN8- RN3dX

(a�R3) �X a?�#�MB �M/ "X �HBx�/2?X SJhS, � J�s@a�h #�b2/ �T@
T`Q�+? iQ /2i2+i ?�`/r�`2 i`QD�M mbBM; T`QT�;�iBQM Q7 K�tB@
KmK i`�MbBiBQM T`Q#�#BHBivX A111 h`�Mb�+iBQMb QM *QKTmi2`@
�B/2/ .2bB;M Q7 AMi2;`�i2/ *B`+mBib �M/ avbi2Kb- kyR3X

(a�BR8) SX a�BFFQX _2@BKTH2K2MiBM; �M/ 2ti2M/BM; � ?v#`B/ a�h@AS
�TT`Q�+? iQ K�tBKmK b�iBb}�#BHBivX J�bi2`Ƕb i?2bBb- lMBp2`@
bBiv Q7 >2HbBMFB- kyR8X

(a"CRe) SX a�BFFQ- CX "2`;- �M/ JX C `pBb�HQX GJ>a, � a�h@AS ?v#`B/
J�ta�h bQHp2`X AM LX *`2B;MQm �M/ .X GX "2``2- 2/BiQ`b-
h?2Q`v �M/ �TTHB+�iBQMb Q7 a�iBb}�#BHBiv h2biBM; @ a�h kyRe
@ RNi? AMi2`M�iBQM�H *QM72`2M+2- "Q`/2�mt- 6`�M+2- CmHv 8@3-
kyRe- S`Q+22/BM;b- pQHmK2 NdRy Q7 G2+im`2 LQi2b BM *QKTmi2`
a+B2M+2- T�;2b 8jNĜ89eX aT`BM;2`- kyReX

(aBMy8) *X aBMxX hQr�`/b �M QTiBK�H *L6 2M+Q/BM; Q7 #QQH2�M +�`@
/BM�HBiv +QMbi`�BMibX AM SX p�M "22F- 2/BiQ`- S`BM+BTH2b �M/
S`�+iB+2 Q7 *QMbi`�BMi S`Q;`�KKBM; @ *S kyy8- RRi? AMi2`M�@
iBQM�H *QM72`2M+2- *S kyy8- aBi;2b- aT�BM- P+iQ#2` R@8- kyy8-
S`Q+22/BM;b- pQHmK2 jdyN Q7 G2+im`2 LQi2b BM *QKTmi2` a+B@
2M+2- T�;2b 3kdĜ3jRX aT`BM;2`- kyy8X

(aJCR8) SX a�BFFQ- "X J�HQM2- �M/ JX C `pBb�HQX J�ta�h@#�b2/ +mi@
iBM; TH�M2b 7Q` H2�`MBM; ;`�T?B+�H KQ/2HbX AM GX JB+?2H- 2/B@
iQ`- AMi2;`�iBQM Q7 �A �M/ P_ h2+?MB[m2b BM *QMbi`�BMi S`Q@
;`�KKBM; @ Rki? AMi2`M�iBQM�H *QM72`2M+2- *S�AP_ kyR8-
"�`+2HQM�- aT�BM- J�v R3@kk- kyR8- S`Q+22/BM;b- pQHmK2
Nyd8 Q7 G2+im`2 LQi2b BM *QKTmi2` a+B2M+2- T�;2b j9dĜj8eX
aT`BM;2`- kyR8X

(aJo+yd) aX a�7�`TQm`- >X J�M;�bb�`B�M- �X :X o2M2`Bb- JX >X GB{iQM-
�M/ EX �X a�F�HH�?X AKT`Qp2/ /2bB;M /2#m;;BM; mbBM; K�t@
BKmK b�iBb}�#BHBivX AM 6Q`K�H J2i?Q/b BM *QKTmi2`@�B/2/
.2bB;M- di? AMi2`M�iBQM�H *QM72`2M+2- 6J*�. kyyd- �mbiBM-
h2t�b- la�- LQp2K#2` RR@R9- kyyd- S`Q+22/BM;b- T�;2b RjĜRNX
A111 *QKTmi2` aQ+B2iv- kyydX

(aw:LRd) sX aB- sX w?�M;- _X :`B;Q`2- �M/ JX L�BFX J�tBKmK b�iBb}@
�#BHBiv BM bQ7ir�`2 �M�HvbBb, �TTHB+�iBQMb �M/ i2+?MB[m2bX AM
_X J�DmK/�` �M/ oX EmM+�F- 2/BiQ`b- *QKTmi2` �B/2/ o2`B}@
+�iBQM @ kNi? AMi2`M�iBQM�H *QM72`2M+2- *�o kyRd- >2B/2H#2`;-
:2`K�Mv- CmHv k9@k3- kyRd- S`Q+22/BM;b- S�`i A- pQHmK2 Ry9kd
Q7 G2+im`2 LQi2b BM *QKTmi2` a+B2M+2- T�;2b e3ĜN9X aT`BM;2`-
kyRdX

(h.6.:.aC+Rd) �X "X h`BM/�/2- _X .2 6�`B� .2;2HQ- 1X :�Hp½Q .Qb a�MiQb Cm@
MBQ`- >X AX AbK�BH- >X *`mx .� aBHp�- �M/ GX *X *Q`/2B`QX JmHiB@
+Q`2 KQ/2H +?2+FBM; �M/ K�tBKmK b�iBb}�#BHBiv �TTHB2/ iQ
?�`/r�`2@bQ7ir�`2 T�`iBiBQMBM;X AMi2`M�iBQM�H CQm`M�H Q7 1M@
;BM22`BM; a+B2M+2- NUeV,8dyĜ83k- kyRdX

(hGJRe) JX h2``�@L2p2b- AX GvM+2- �M/ oX JX J�M[mBM?QX LQM@

eR



TQ`i7QHBQ �TT`Q�+?2b 7Q` /Bbi`B#mi2/ K�tBKmK b�iBb}�#BHBivX AM
k3i? A111 AMi2`M�iBQM�H *QM72`2M+2 QM hQQHb rBi? �`iB}+B�H
AMi2HHB;2M+2- A*h�A kyRe- a�M CQb2- *�- la�- LQp2K#2` e@3-
kyRe- T�;2b 9jeĜ99jX A111 *QKTmi2` aQ+B2iv- kyReX

(p/h>"Rk) SX p�M /2` h�F- JX >2mH2- �M/ �X "B2`2X *QM+m``2Mi +m#2@�M/@
+QM[m2` @ UTQbi2` T`2b2Mi�iBQMVX AM �X *BK�iiB �M/ _X a2#�b@
iB�MB- 2/BiQ`b- h?2Q`v �M/ �TTHB+�iBQMb Q7 a�iBb}�#BHBiv h2biBM;
@ a�h kyRk @ R8i? AMi2`M�iBQM�H *QM72`2M+2- h`2MiQ- Ai�Hv-
CmM2 Rd@ky- kyRkX S`Q+22/BM;b- pQHmK2 djRd Q7 G2+im`2 LQi2b
BM *QKTmi2` a+B2M+2- T�;2b 9d8Ĝ9deX aT`BM;2`- kyRkX

(q�`N3) CX SX q�`M2`bX � HBM2�`@iBK2 i`�Mb7Q`K�iBQM Q7 HBM2�` BM2[m�H@
BiB2b BMiQ +QMDmM+iBp2 MQ`K�H 7Q`KX AM7Q`K�iBQM S`Q+2bbBM;
G2ii2`b- e3UkV,ejĜeN- RNN3X

(qC>R3) �X �X q�F`BK2- aX C�##Qm`- �M/ LX >�K2m`H�BMX � J�ta�h
#�b2/ �TT`Q�+? 7Q` ZQa +HQm/ b2`pB+2bX AMi2`M�iBQM�H CQm`M�H
Q7 S�`�HH2H- 1K2`;2Mi �M/ .Bbi`B#mi2/ avbi2Kb- kyR3X

(qLCRd) CX SX q�HHM2`- �X LBbF�M2M- �M/ JX C `pBb�HQX *QKTH2tBiv `2@
bmHib �M/ �H;Q`Bi?Kb 7Q` 2ti2MbBQM 2M7Q`+2K2Mi BM �#bi`�+i �`@
;mK2Mi�iBQMX CQm`M�H Q7 �`iB}+B�H AMi2HHB;2M+2 _2b2�`+?- ey,RĜ
9y- kyRdX

(qQHN3) GX �X qQHb2vX AMi2;2` S`Q;`�KKBM;X CQ?M qBH2v- RNN3X
(qZGyN) :X hX qB+F`�K��`�+?+?B- qX >X Z�`/�DB- �M/ LX GBX �M 2{@

+B2Mi 7`�K2rQ`F 7Q` mb2` �mi?Q`Bx�iBQM [m2`B2b BM _"�* bvb@
i2KbX AM "X *�`KBM�iB �M/ CX CQb?B- 2/BiQ`b- R9i? �*J avK@
TQbBmK QM �++2bb *QMi`QH JQ/2Hb �M/ h2+?MQHQ;B2b- a�*J�h
kyyN- ai`2b�- Ai�Hv- CmM2 j@8- kyyN- S`Q+22/BM;b- T�;2b kjĜjkX
�*J- kyyNX

(s>>Gy3) GX sm- 6X >mii2`- >X >X >QQb- �M/ EX G2viQM@"`QrMX a�ixBHH�,
SQ`i7QHBQ@#�b2/ �H;Q`Bi?K b2H2+iBQM 7Q` a�hX CQm`M�H Q7 �`iB@
}+B�H AMi2HHB;2M+2 _2b2�`+?- jk,8e8Ĝeye- kyy3X

(s_ayj) >X sm- _X �X _mi2M#�`- �M/ EX a�F�HH�?X bm#@a�h, � 7Q`@
KmH�iBQM 7Q` `2H�t2/ "QQH2�M b�iBb}�#BHBiv rBi? �TTHB+�iBQMb
BM `QmiBM;X A111 h`�Mb�+iBQMb QM *QKTmi2`@�B/2/ .2bB;M Q7
AMi2;`�i2/ *B`+mBib �M/ avbi2Kb- kkUeV,3R9Ĝ3ky- kyyjX

(w"Rk) GX w?�M; �M/ 6X "�++?mbX J�sa�h ?2m`BbiB+b 7Q` +Qbi QTiB@
K�H TH�MMBM;X AM CX >QzK�MM �M/ "X a2HK�M- 2/BiQ`b- S`Q+22/@
BM;b Q7 i?2 hr2Miv@aBti? ���A *QM72`2M+2 QM �`iB}+B�H AMi2H@
HB;2M+2- CmHv kk@ke- kyRk- hQ`QMiQ- PMi�`BQ- *�M�/�X ���A
S`2bb- kyRkX

(wGJ�Rk) wX w?m- *X JX GB- 6X J�Mv¨- �M/ CX �`;2HB+?X � M2r 2M+Q/BM;
7`QK JBMa�h BMiQ J�ta�hX AM JX JBH�MQ- 2/BiQ`- S`BM+BTH2b
�M/ S`�+iB+2 Q7 *QMbi`�BMi S`Q;`�KKBM; @ R3i? AMi2`M�iBQM�H
*QM72`2M+2- *S kyRk- Zmû#2+ *Biv- Z*- *�M�/�- P+iQ#2` 3@
Rk- kyRkX S`Q+22/BM;b- pQHmK2 d8R9 Q7 G2+im`2 LQi2b BM *QK@
Tmi2` a+B2M+2- T�;2b 988Ĝ9ejX aT`BM;2`- kyRkX

(wJLLRe) sX w?�M;- _X J�M;�H- �X oX LQ`B- �M/ JX L�BFX Zm2`v@;mB/2/
K�tBKmK b�iBb}�#BHBivX AM _X "Q/őF �M/ _X J�DmK/�`- 2/B@

ek



iQ`b- S`Q+22/BM;b Q7 i?2 9j`/ �MMm�H �*J aA:SG�L@aA:�*h
avKTQbBmK QM S`BM+BTH2b Q7 S`Q;`�KKBM; G�M;m�;2b- SPSG
kyRe- aiX S2i2`b#m`;- 6G- la�- C�Mm�`v ky @ kk- kyRe- T�;2b
RyNĜRkkX �*J- kyReX

(wqJRR) *X aX w?m- :X q2Bbb2M#�+?2`- �M/ aX J�HBFX SQbi@bBHB+QM 7�mHi
HQ+�HBb�iBQM mbBM; K�tBKmK b�iBb}�#BHBiv �M/ #�+F#QM2bX AM
SX "D2bb2 �M/ �X aHQ#Q/Qp�- 2/BiQ`b- AMi2`M�iBQM�H *QM72`2M+2
QM 6Q`K�H J2i?Q/b BM *QKTmi2`@�B/2/ .2bB;M- 6J*�. ǶRR-
�mbiBM- hs- la�- P+iQ#2` jy @ LQp2K#2` yk- kyRR- T�;2b
ejĜeeX 6J*�. AM+X- kyRRX
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