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S`2T`Q+2bbBM; BM a�h aQHpBM;
�`KBM "B2`2- J�iiB C `pBb�HQ- �M/ "2MD�KBM EB2bH

S`2T`Q+2bbBM; ?�b #2+QK2 � F2v +QKTQM2Mi Q7 i?2 "QQH2�M b�iBb}�#BHBiv Ua�hV
bQHpBM; rQ`F~QrX AM T`�+iB+2- T`2T`Q+2bbBM; Bb bBim�i2/ #2ir22M i?2 2M+Q/BM;
T?�b2 �M/ i?2 bQHpBM; T?�b2- rBi? i?2 �BK Q7 /2+`2�bBM; i?2 iQi�H bQHpBM; iBK2
#v �TTHvBM; 2{+B2Mi bBKTHB}+�iBQM i2+?MB[m2b QM a�h BMbi�M+2b iQ bT22/ mT i?2
b2�`+? bm#b2[m2MiHv T2`7Q`K2/ #v � a�h bQHp2`X AM i?Bb +?�Ti2`- r2 Qp2`pB2r
F2v T`2T`Q+2bbBM; i2+?MB[m2b T`QTQb2/ BM i?2 HBi2`�im`2X q?BH2 i?2 K�BM 7Q+mb Bb
QM i2+?MB[m2b �TTHB+�#H2 iQ 7Q`KmH�b BM +QMDmM+iBp2 MQ`K�H 7Q`K U*L6V- r2 �HbQ
b2H2+iBp2Hv +Qp2` K�BM B/2�b 7Q` T`2T`Q+2bbBM; bi`m+im`�H �M/ ?B;?2`@H2p2H a�h
BMbi�M+2 `2T`2b2Mi�iBQMbX

NXRX AMi`Q/m+iBQM

PM2 Q7 i?2 K�BM `2�bQMb 7Q` i?2 bm++2bb Q7 a�h bQHpBM; Bb i?2 �#BHBiv Q7 KQ/@
2`M +QM~B+i@/`Bp2M +H�mb2@H2�`MBM; bQHp2`b U/2b+`B#2/ BM *?�Ti2` 9 QM *.*GV iQ
b2�`+? Qp2` H�`;2 *L6 7Q`KmH�b rBi? KBHHBQMb Q7 p�`B�#H2b �M/ +H�mb2bX L2p2`i?2@
H2bb- `2�H@rQ`H/ �TTHB+�iBQMb bm+? �b KQ/2H +?2+FBM; U*?�Ti2` R3V �M/ bQ7ir�`2
p2`B}+�iBQM U*?�Ti2` kyV Q7i2M vB2H/ 7Q`KmH�b i?�i �`2 biBHH iQQ H�`;2 7Q` bi�i2@Q7@
i?2@�`i bQHp2`b- r?B+? BM im`M +�M HBKBi i?2 �TTHB+�#BHBiv Q7 a�h bQHpBM; �b i?2
bQHmiBQM K2i?Q/ Q7 +?QB+2X h?2 BKK2Mb2 bBx2 Q7 7Q`KmH�b Bb Q7i2M +�mb2/ #v �
+QK#BM�iBQM Q7 i?2 +QKTH2t M�im`2 Q7 i?2 T`Q#H2Kb i?2Kb2Hp2b- i?2 T`QTQbBiBQM�H
2M+Q/BM;b �p�BH�#H2- �M/ i?2 �miQK�i2/ 2M+Q/BM; i2+?MB[m2b i?�i ;2M2`�i2 i?2
7Q`KmH�b BM T`�+iB+2X

�miQK�i2/ 2M+Q/BM; i2+?MB[m2b BM T�`iB+mH�` +�M /2i2`BQ`�i2 bQHp2` T2`7Q`@
K�M+2 #v BMi`Q/m+BM; `2/mM/�M+B2b BM i?2 7Q`K Q7 mMM2+2bb�`v +H�mb2b �M/ p�`B@
�#H2bX JQ`2Qp2`- QM2 �M/ i?2 b�K2 T`Q#H2K +�M Q7i2M #2 2M+Q/2/ BM p�`BQmb
/Bz2`2Mi r�vb- K2�MBM; i?�i a�h bQHp2`b �`2 �i i?2 K2`+v Q7 i?2 mb2` BM i2`Kb
Q7 ?Qr � T`Q#H2K BMbi�M+2 Bb �+im�HHv 2M+Q/2/X h?Bb +�HHb 7Q` T`2T`Q+2bbBM;- i?�i
Bb- i?2 �TTHB+�iBQM Q7 �miQK�i2/ i2+?MB[m2b i?�i bBKTHB7v 7Q`KmH�b #27Q`2 T�bbBM;
i?2K iQ bQHp2`b BM Q`/2` iQ BKT`Qp2 i?2 2{+B2M+v Q7 i?2 r?QH2 bQHpBM; TBT2HBM2X
S`2T`Q+2bbBM; MQi QMHv BKT`Qp2b 2{+B2M+v BM ;2M2`�H- Bi �HbQ i�F2b i?2 #m`/2M
Q7 +`�7iBM; +QKTH2t T`Q#H2K 2M+Q/BM;b 7`QK i?2 mb2`- i?mb �HHQrBM; MQM@2tT2`i
mb2`b iQ H2p2`�;2 i?2 TQr2` Q7 KQ/2`M a�h bQHp2`bX
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S`2T`Q+2bbBM; ?�b rBi?BM `2+2Mi v2�`b #2+QK2 � F2v +QKTQM2Mi Q7 i?2 a�h
bQHpBM; rQ`F~QrX � H�M/K�`F BM i?2 ?BbiQ`v Q7 T`2T`Q+2bbBM; Bb i?2 i2+?MB[m2
Q7 #QmM/2/ p�`B�#H2 2HBKBM�iBQM U"o1V (1"y8)- �b BKTH2K2Mi2/ BM i?2 a�i1GBi2
T`2T`Q+2bbQ` (1"y8) �M/ H�i2` BMi2;`�i2/ BM p2`bBQM kXy (1aye) Q7 JBMBa�i (1ayj)XR
AM kyy8 �M/ kyye Bi +QMi`B#mi2/ iQ i?2 H�`;2bi BKT`Qp2K2Mi Q7 bQHp2` T2`7Q`K�M+2
rBiM2bb2/ BM i?2 ?BbiQ`v Q7 i?2 a�h +QKT2iBiBQMbX 1p2M iQ/�v- #QmM/2/ p�`B�#H2
2HBKBM�iBQM Bb biBHH �`;m�#Hv i?2 KQbi BKTQ`i�Mi T`�+iB+�H T`2T`Q+2bbBM; i2+?MB[m2X

AM i?2 a�h bQHpBM; rQ`F~Qr- T`2T`Q+2bbBM; Bb bBim�i2/ #2ir22M i?2 2M+Q/BM;
T?�b2- /m`BM; r?B+? � mb2` Q` � /2/B+�i2/ iQQH 2M+Q/2b � T`Q#H2K �b � 7Q`KmH�
Q7 T`QTQbBiBQM�H HQ;B+- �M/ i?2 bQHpBM; T?�b2- /m`BM; r?B+? � a�h bQHp2` i`B2b iQ
/2i2`KBM2 i?2 b�iBb}�#BHBiv Q7 � 7Q`KmH�X h?2 /BbiBM+iBQM #2ir22M i?2b2 T?�b2b-
?Qr2p2`- Bb MQi bi`�B;?i7Q`r�`/, QM i?2 QM2 ?�M/- T`2T`Q+2bbBM; +�M #2 pB2r2/ �b
�M �miQK�i2/ `2@2M+Q/BM; Q7 � 7Q`KmH�- r?B+? rQmH/ K�F2 Bi T�`i Q7 i?2 2M+Q/BM;
T?�b2c QM i?2 Qi?2` ?�M/- Bi +�M �HbQ #2 pB2r2/ �b � 7Q`K Q7 `2�bQMBM; Bib2H7- r?B+?
rQmH/ K�F2 Bi T�`i Q7 i?2 bQHpBM; T?�b2X h?2 H�ii2` pB2r Bb 2KT?�bBx2/ #v i?2
`2+2Mi `Bb2 Q7 bQ@+�HH2/ BMT`Q+2bbBM; a�h bQHp2`b (C>"Rk- 6"aRN)- r?B+? BMi2`H2�p2
b2�`+? rBi? T?�b2b /m`BM; r?B+? ivTB+�H T`2T`Q+2bbBM; i2+?MB[m2b �`2 �TTHB2/X AM
7�+i- bBM+2 kyRj i?2 a�h +QKT2iBiBQMb ?�p2 #22M /QKBM�i2/ #v *.*G bQHp2`b
i?�i miBHBx2 BMT`Q+2bbBM;X >Qr2p2`- +QK#BMBM; BM+`2K2Mi�H a�h bQHpBM; (>QQNj-
Eqayy- qEayR- 1ayj- �GaRj- ""AaRe) rBi? T`2T`Q+2bbBM; �M/ BMT`Q+2bbBM; biBHH
TQb2b � +?�HH2M;2 BM T`�+iB+2 (ELS>y8- ELRR- L_aRk- L_Rk- L_aR9- 6"aRN) �M/
rBHH MQi #2 +QMbB/2`2/ Km+? 7m`i?2` BM i?Bb +?�Ti2`X

6`QK �M �#bi`�+i TQBMi Q7 pB2r- T`2T`Q+2bbBM; i2+?MB[m2b +�M #2 b22M �b
BKTH2K2Mi�iBQMb Q7 BM72`2M+2 `mH2b i?�i- r?2M �TTHB2/ iQ 7Q`KmH�b �`BbBM; 7`QK
`2�H@rQ`H/ T`Q#H2K /QK�BMb- vB2H/ 2[mBb�iBb}�#H2 7Q`KmH�b i?�i �`2 2�bB2` iQ bQHp2X
JQbi T`2T`Q+2bbBM; i2+?MB[m2b �`2 /2bB;M2/ iQ bBKTHB7v *L6 7Q`KmH�b QM i?2
bvMi�+iB+ H2p2H #v `2/m+BM; i?2 MmK#2` Q7 p�`B�#H2b �M/ i?2 MmK#2` Q7 +H�mb2bX
� TQTmH�` 2t�KTH2 Q7 i?Bb Bb �;�BM i?2 K2i?Q/ Q7 #QmM/2/ p�`B�#H2 2HBKBM�iBQM-
r?B+? mb2b .�pBb@SmiM�K `2bQHmiBQM (.Sey) �M/ Qi?2` i2+?MB[m2b iQ 2HBKBM�i2
p�`B�#H2b rBi?Qmi BM+`2�bBM; i?2 MmK#2` Q7 +H�mb2bX

_2/m+BM; i?2 bBx2 Q7 7Q`KmH�b- ?Qr2p2`- /Q2b MQi �Hr�vb BKT`Qp2 i?2 2{+B2M+v
Q7 i?2 bQHpBM; T`Q+2bbX aQK2iBK2b a�h bQHp2`b �+im�HHv #2M2}i 7`QK `2/mM/�Mi
7Q`KmH� T�`ib- r?B+? K�F2b i?2 b2�`+? 7Q` 2z2+iBp2 T`2T`Q+2bbBM; KQ`2 +QKTH2t
i?�M i?2 b2�`+? 7Q` K2i?Q/b i?�i Dmbi vB2H/ 2[mBb�iBb}�#H2 7Q`KmH�b Q7 bK�HH2` bBx2X
h?2 KQbi 2pB/2Mi 2t�KTH2 Q7 i?Bb Bb i?2 +H�mb2 H2�`MBM; K2+?�MBbK �i i?2 ?2�`i
Q7 *.*G bQHp2`b U*?�Ti2` 9 QM *.*GV, +H�mb2 H2�`MBM; /`�biB+�HHv BKT`Qp2b i?2
bQHpBM; T`Q+2bb #v �//BM; +H�mb2b i?�i �`2 HQ;B+�HHv 2Mi�BH2/ #v i?2 BMTmi 7Q`KmH�
�M/ i?mb- #v /2}MBiBQM- `2/mM/�MiX �//BiBQM�HHv- #BM�`v +H�mb2b UBX2X- +H�mb2b
rBi? QMHv irQ HBi2`�HbV �`2 Q7i2M +QMbB/2`2/ bT2+B�H �M/ i?mb MQi `2KQp2/ #v a�h
bQHp2`b /m2 iQ i?2B` ?B;? TQi2MiB�H 7Q` 2M�#HBM; KQ`2 T`QT�;�iBQMX

� /`�biB+ 2t�KTH2 BHHmbi`�iBM; i?2 rQ`bi@+�b2 BKT�+i Q7 T`2T`Q+2bbBM; i2+?@
MB[m2b i?�i `2KQp2 +H�mb2b +QK2b 7`QK i?2 i?2Q`2iB+�H bim/v Q7 T`QQ7 bvbi2Kb
U*?�Ti2` dV, AM RN38- >�F2M T`Qp2/ i?�i � M�im`�H a�h 2M+Q/BM; Q7 i?2 TB;2QM@
?QH2 T`BM+BTH2 US>SV �/KBib QMHv `2bQHmiBQM T`QQ7b Q7 2tTQM2MiB�H bBx2 (>�F38)-
K2�MBM; i?�i *.*G bQHp2`běr?B+? �`2 #�b2/ QM `2bQHmiBQMě`2[mB`2 2tTQM2MiB�H

Rq?BH2 iB;?i BMi2;`�iBQM Q7 T`2T`Q+2bbBM; rBi? b2�`+? Bb MQr KQ`2 +QKKQM i?2`2 �HbQ 2tBbi
bi�M/@�HQM2 T`2T`Q+2bbBM; iQQHb (J�MRk- qp/:aRj) BM i?2 bTB`Bi Q7 a�i1GBi2 (1"y8)X
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iBK2 iQ bQHp2 i?Bb 2M+Q/BM; ("Eay9- S.RR)X "mi- �b b?QrM #v *QQF (*QQde)- B7 r2
�// bT2+B}+ +H�mb2b UbQ@+�HH2/ /2}MBiBQM +H�mb2bV iQ i?2 S>S 2M+Q/BM;- i?2 `2bmHi@
BM; *L6 7Q`KmH�b ?�p2 TQHvMQKB�H@bBx2 `2bQHmiBQM T`QQ7b- K2�MBM; i?�i *.*G
bQHp2`b +�M- �i H2�bi BM i?2Q`v- bQHp2 i?2K BM TQHvMQKB�H iBK2X

lM7Q`imM�i2Hv- TQTmH�` T`2T`Q+2bbBM; i2+?MB[m2b bm+? �b #QmM/2/ p�`B�#H2
2HBKBM�iBQM- #HQ+F2/ +H�mb2 2HBKBM�iBQM (C">Ry)- �M/ +QM2@Q7@BM~m2M+2 `2/m+@
iBQM U� +B`+mBi@T`2T`Q+2bbBM; i2+?MB[m2 /2b+`B#2/ BM *?�Ti2` kdV `2KQp2 i?2b2
/2}MBiBQM +H�mb2b- im`MBM; �M BMbi�M+2 i?�i Bb i`�+i�#H2 7Q` *.*G bQHp2`b BMiQ �M
BMi`�+i�#H2 QM2X AM T`�+iB+2- bQK2 Q7 i?2 KQbi 2z2+iBp2 T`2T`Q+2bbBM; i2+?MB[m2b
biBHH �BK �i `2KQpBM; 7Q`KmH� T�`ib- #mi Qi?2`b �HbQ �// bi`QM; `2/mM/�Mi +H�mb2b
bm+? �b #BM�`v Q` 2p2M mMBi +H�mb2bX

�MQi?2` �TT`Q�+? iQ �M�Hvx2 i?2 2z2+ib �M/ HBKBib Q7 T`2T`Q+2bbBM; Bb Qz2`2/
#v F2`M2HBx�iBQM �b bim/B2/ BM i?2 �`2� Q7 }t2/@T�`�K2i2` +QKTH2tBiv- i?2 iQTB+ Q7
*?�Ti2` RdX >Qr2p2`- r?BH2 F2`M2HBx�iBQM Bb �M BKTQ`i�Mi i?2Q`2iB+�H +QM+2Ti BM
i?2 +QMi2ti Q7 a�h- Bi ?�běmMHBF2 i?2 Qi?2` i2+?MB[m2b /Bb+mbb2/ BM i?Bb +?�Ti2`ě
bQ 7�` MQi #22M mb2/ 2z2+iBp2Hv BM T`�+iB+�H T`2T`Q+2bbBM;X

*H�bbB7vBM; T`�+iB+�H T`2T`Q+2bbBM; i2+?MB[m2b BM i2`Kb Q7 i?2B` mM/2`HvBM;
BM72`2M+2 `mH2b Bb /B{+mHi- #mi r2 +�M B/2MiB7v irQ K�BM +�i2;Q`B2b, h?2 }`bi
+�i2;Q`v +QMbBbib Q7 i2+?MB[m2b i?�i 2KTHQv i?2 `2bQHmiBQM `mH2 �M/ Bib p�`B�iBQMbc
2t�KTH2b �`2 mMBi T`QT�;�iBQM- #QmM/2/ p�`B�#H2 2HBKBM�iBQM (aSy9- "B2y9- 1"y8)-
?vT2` #BM�`v `2bQHmiBQM ("�+yk- "qyj- :ay8- >C"Rj)- �M/ Qi?2` �/p�M+2/ T`Q#@
BM; i2+?MB[m2b bm+? �b /BbiBHH�iBQM (>ayd) �M/ pBpB}+�iBQM (S>ay3)X

h?2 b2+QM/ +�i2;Q`v +QMbBbib Q7 T`2T`Q+2bbBM; i2+?MB[m2b i?�i B/2MiB7v HBi2`�Hb
Q` +H�mb2b i?�i �`2 `2/mM/�Mi mM/2` /Bz2`2Mi MQiBQMb Q7 `2/mM/�M+vc 2t�KTH2b
Q7 bm+? i2+?MB[m2b �`2 +H�mb2 bm#bmKTiBQM- ?B//2M HBi2`�H 2HBKBM�iBQM (>C"RR)-
2[mBp�H2Mi@HBi2`�H bm#biBimiBQM U+�HH2/ 2[mBp�H2M+2 `2/m+iBQM BM ("�+yk- "qyj)V-
�M/ #HQ+F2/ +H�mb2 2HBKBM�iBQM (C">Ry) iQ;2i?2` rBi? Bib ;2M2`�HBx�iBQMb (>CG+R8-
Eah"Re- Eah"R3- Eaa+Rd- >E"Rd- >E"ky)X

S`2T`Q+2bbBM; i2+?MB[m2b �HbQ p�`v BM i?2 r�vb BM r?B+? i?2v �M�Hvx2 7Q`Km@
H�bX JQbi i2+?MB[m2b �`2 �TTHB2/ bvMi�+iB+�HHv QM *L6 7Q`KmH�b- #mi bQK2 miBHBx2
;`�T? `2T`2b2Mi�iBQMb Q7 BKTHB+�iBQM +?�BMb �M/ Qi?2` ivT2b Q7 7mM+iBQM�H /2T2M@
/2M+B2b- Q` 2p2M ?B;?2`@H2p2H +QMbi`�BMiběBKTHB+BiHv `2T`2b2Mi2/ #v +H�mb2běiQ
T`2T`Q+2bb � 7Q`KmH�X

�Hi?Qm;? K�Mv BM/BpB/m�H T`2T`Q+2bbBM; i2+?MB[m2b �`2 #v i?2Kb2Hp2b [mBi2
bBKTH2- i?2 TQi2MiB�H Q7 T`2T`Q+2bbBM; �M/ BMT`Q+2bbBM; HB2b BM +QK#BMBM; /Bz2`2Mi
T`2T`Q+2bbBM; i2+?MB[m2b BM bm+? � r�v i?�i i?2v #2M2}i 7`QK 2�+? Qi?2`X 6Q` BM@
bi�M+2- �i TQBMib r?2`2 QM2 i2+?MB[m2 Bb mM�#H2 iQ K�F2 7m`i?2` T`Q;`2bb- �MQi?2`
i2+?MB[m2 KB;?i #2 �TTHB+�#H2- �M/ KB;?i 2p2M KQ/B7v i?2 7Q`KmH� BM r�vb i?�i
i`B;;2` i?2 }`bi i2+?MB[m2 �;�BMX

AM T`�+iB+2- ?Qr2p2`- `mMMBM; � bT2+B}+ T`2T`Q+2bbBM; i2+?MB[m2 mMiBH +QK@
TH2iBQM Bb Q7i2M QMHv 72�bB#H2 7Q` i2+?MB[m2b i?�i �`2 +QKTmi�iBQM�HHv BM2tT2MbBp2X
"2+�mb2 Q7 i?Bb- 2p2M bi�M/@�HQM2 T`2T`Q+2bbQ`b bm+? �b a�i1GBi2 (1"y8) `2Hv QM
HBKBib i?�i #QmM/ i?2 K�tBKmK MmK#2` Q7 Q++m``2M+2b Q7 � +�M/B/�i2 p�`B�#H2
iQ #2 2HBKBM�i2/X qBi?Qmi bm+? HBKBib i?2v rQmH/ MQi #2 #2M2}+B�H �M/ `mM Qmi
Q7 iBK2 QM K�Mv BMbi�M+2bX JQ`2Qp2`- b+?2/mHBM; i?2 2zQ`i bT2Mi QM BM/BpB/m�H
T`2T`Q+2bbBM; i2+?MB[m2b Bb MQi i`BpB�H �M/ ?�b MQi b22M Km+? Tm#HBb?2/ `2b2�`+?
iQ /�i2 ("B2R9)X .Bz2`2Mi T`2T`Q+2bbBM; i2+?MB[m2b +�M �HbQ ?�p2 bBKBH�` 2z2+ib
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BM i?2 b2Mb2 i?�i i?2v T2`7Q`K i?2 b�K2 KQ/B}+�iBQMbc 7Q` BMbi�M+2- #Qi? #HQ+F2/
+H�mb2 2HBKBM�iBQM �M/ #QmM/2/ p�`B�#H2 2HBKBM�iBQM ?�p2 #22M b?QrM iQ bBKmH�i2
+QM2@Q7@BM~m2M+2 `2/m+iBQM QM i?2 *L6@H2p2H (C">Rk)X

6BM�HHv- i?2 M�Bp2 BM+Q`TQ`�iBQM Q7 T`2T`Q+2bbBM; �M/ BMT`Q+2bbBM; BMiQ i?2
bQHpBM; TBT2HBM2 +�M TQi2MiB�HHv H2�/ iQ mM2tT2+i2/ Qmi+QK2b- BM+Hm/BM; BM+Q``2+i
bQHpBM; `2bmHibX 1bT2+B�HHv BM BMT`Q+2bbBM; a�h bQHp2`b- � HQi Q7 +�`2 (C>"Rk) Bb
`2[mB`2/ iQ 2Mbm`2 i?�i bBKTHB}+�iBQM i2+?MB[m2b BMi2`�+i BM � bQmM/ r�v rBi? #Qi?
+H�mb2 H2�`MBM; �M/ +H�mb2 7Q`;2iiBM; UH2�`M2/ +H�mb2b �`2 /2H2i2/ [mBi2 7`2[m2MiHv
/m`BM; i?2 `2/m+2 T?�b2 Q7 � a�h bQHp2` iQ BKT`Qp2 K2KQ`v mb�;2 �M/ bT22/ mT
T`QT�;�iBQMVX �//BiBQM�HHv- bBM+2 K�Mv T`2T`Q+2bbBM; i2+?MB[m2b QMHv K�BMi�BM
2[mBb�iBb}�#BHBiv #mi MQi HQ;B+�H 2[mBp�H2M+2- bQHmiBQM@`2+QMbi`m+iBQM K2i?Q/b �`2
bQK2iBK2b `2[mB`2/ iQ i`�Mb7Q`K � b�iBb7vBM; �bbB;MK2Mi Q7 � T`2T`Q+2bb2/ 7Q`KmH�
BMiQ � b�iBb7vBM; �bbB;MK2Mi Q7 i?2 Q`B;BM�H 7Q`KmH�X

JQbi i2+?MB[m2b /2b+`B#2/ BM i?Bb +?�Ti2` �`2 �HbQ �p�BH�#H2 BM i?2 a�h bQHp2`
*�.B*�G ("B2Rd)X h?2 ;Q�H Q7 /2p2HQTBM; *�.B*�G r�b iQ T`Q/m+2 � a�h bQHp2`
i?�i Bb i?Q`Qm;?Hv /Q+mK2Mi2/- 2�bv iQ mM/2`bi�M/ �M/ KQ/B7v- �M/ BM i?2 2M/
biBHH +QKT�`�#H2 iQ i?2 bi�i2 Q7 i?2 �`i UBM i?2 a�h _�+2 kyRN Bi �+im�HHv bQHp2/ i?2
H�`;2bi MmK#2` Q7 BMbi�M+2bVX h?2`27Q`2- +QMbmHiBM; i?2 *�.B*�G bQm`+2 +Q/2
�M/ Bib UBMHBM2/V /Q+mK2Mi�iBQM �i ?iiTb,ff;Bi?m#X+QKf�`KBM#B2`2f+�/B+�H
BM T�`�HH2H iQ `2�/BM; i?Bb +?�Ti2` Bb ?B;?Hv `2+QKK2M/2/X �b *�.B*�G ?�b #22M
T�`iB+BT�iBM; BM i?2 a�h +QKT2iBiBQM bBM+2 kyRd- Bib bQHp2` /2b+`BTiBQMb ("B2Rd-
"B2R3- "B2RN- "66>ky) T`QpB/2 �//BiBQM�H i2+?MB+�H /2i�BHbX

AM i?2 `2bi Q7 i?Bb +?�Ti2`- r2 ;Bp2 �M Qp2`pB2r Q7 F2v T`2T`Q+2bbBM; i2+?@
MB[m2b T`QTQb2/ BM i?2 HBi2`�im`2X �Hi?Qm;? Qm` K�BM 7Q+mb Bb QM *L6@H2p2H T`2@
T`Q+2bbBM;- r2 rBHH �HbQ #`B2~v /Bb+mbb K�BM B/2�b T`QTQb2/ 7Q` bi`m+im`2@#�b2/
T`2T`Q+2bbBM; QM i?2 H2p2H Q7 "QQH2�M +B`+mBi `2T`2b2Mi�iBQMb Q7 T`QTQbBiBQM�H 7Q`@
KmH�bX h?2 +?�Ti2` Bb Q`;�MBx2/ BMiQ b2+iBQMb /2b+`B#BM; *L6@H2p2H i2+?MB[m2b-
7`QK #�bB+ +QM+2Tib bm+? �b mMBi T`QT�;�iBQM Ua2+iBQM NXkV- Qp2` KQ`2 �/p�M+2/
`2bQHmiBQM@#�b2/ T`2T`Q+2bbBM; bm+? �b #QmM/2/ p�`B�#H2 2HBKBM�iBQM Ua2+iBQM NXjV-
iQ T`2T`Q+2bbBM; #2vQM/ `2bQHmiBQM@#�b2/ i2+?MB[m2b- bm+? �b +H�mb2 2HBKBM�iBQM
Ua2+iBQM NX9V- �b r2HH �b ?Qr iQ `2+QMbi`m+i bQHmiBQMb iQ Q`B;BM�H BMTmi *L6 7Q`@
KmH�b �7i2` T`2T`Q+2bbBM; Ua2+iBQM NX8VX "2vQM/ *L6@H2p2H i2+?MB[m2b r2 T`QpB/2
�M �//BiBQM�H b?Q`i2` Qp2`pB2r Q7 T`2T`Q+2bbBM; i2+?MB[m2b �TTHB+�#H2 QM ?B;?2`@
H2p2H T`QTQbBiBQM�H `2T`2b2Mi�iBQMb Ua2+iBQM NXeV- �M/ +QM+Hm/2 i?2 +?�Ti2` rBi?
� b?Q`i bmKK�`v �M/ 7mim`2 rQ`F Ua2+iBQM NXdVX

NXkX *H�bbB+�H S`2T`Q+2bbBM; h2+?MB[m2b

q2 #2;BM #v /Bb+mbbBM; p�`BQmb +H�bbB+�H *L6@H2p2H T`2T`Q+2bbBM; i2+?MB[m2b, mMBi
T`QT�;�iBQM Ui?2 K�BM T`QT�;�iBQM K2+?�MBbK BM +QKTH2i2 a�h bQHp2`bV- Tm`2
HBi2`�H 2HBKBM�iBQM- #�bB+ +H�mb2 2HBKBM�iBQM i2+?MB[m2b- �M/ i?2 /2i2+iBQM Q7 +QM@
M2+i2/ +QKTQM2Mib BM � ;`�T? `2T`2b2Mi�iBQM Q7 7Q`KmH�b iQ B/2MiB7v 7Q`KmH� T�`ib
i?�i +�M #2 bQHp2/ BM/2T2M/2MiHv Q7 2�+? Qi?2`X

NXkXRX lMBi S`QT�;�iBQM

lMBi T`QT�;�iBQM Bb � bi`�B;?i7Q`r�`/ i2+?MB[m2 i?�i ?�b #22M +QKKQM BM a�h
bQHpBM; 7Q` K�Mv /2+�/2b (.Sey)c Bi Bb #�b2/ QM i?2 mMBi@+H�mb2 `mH2, :Bp2M �
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7Q`KmH� BM +QMDmM+iBp2 MQ`K�H 7Q`K- i?2 mMBi@+H�mb2 `mH2 +?2+Fb B7 i?2 7Q`KmH�
+QMi�BMb � mMBi +H�mb2- BX2X- � +H�mb2 i?�i +QMi�BMb QMHv � bBM;H2 HBi2`�HX A7 bQ- Bi
`2KQp2b �HH +H�mb2b i?�i +QMi�BM i?2 HBi2`�H 7`QK i?2 7Q`KmH� Ui?Bb bi2T +�M #2 b22M
�b �M BMbi�M+2 Q7 bm#bmK2/@+H�mb2 `2KQp�HV �M/ Bi `2KQp2b i?2 M2;�iBQM Q7 i?2
HBi2`�H 7`QK i?2 Qi?2` +H�mb2bX lMBi T`QT�;�iBQM `2T2�i2/Hv �TTHB2b i?2 mMBi@+H�mb2
`mH2 mMiBH 2Bi?2` Bi /2`Bp2b i?2 2KTiv +H�mb2 Q` i?2`2 �`2 MQ KQ`2 mMBi +H�mb2b H27iX
AM i?2 7Q`K2` +�b2- r2 b�v i?�i mMBi T`QT�;�iBQM /2`Bp2b � +QM~B+iX

1t�KTH2 RX *QMbB/2` i?2 7Q`KmH� (x)∧ (x̄∨y)∧ (ȳ∨ z∨v)X h?2 mMBi@+H�mb2 `mH2
i�F2b i?2 mMBi +H�mb2 (x) �M/ }`bi `2KQp2b Bi 7`QK i?2 7Q`KmH�X Ai i?2M `2KQp2b
i?2 HBi2`�H x̄ 7`QK i?2 +H�mb2 (x̄ ∨ y)- `2bmHiBM; BM i?2 7Q`KmH� (y) ∧ (ȳ ∨ z ∨ v)X
�MQi?2` �TTHB+�iBQM Q7 i?2 mMBi@+H�mb2 `mH2 }`bi `2KQp2b i?2 mMBi +H�mb2 (y) �M/
i?2M `2KQp2b i?2 HBi2`�H ȳ 7`QK (ȳ ∨ z ∨ v)X q2 2M/ mT rBi? i?2 7Q`KmH� (z ∨ v)X

*H2�`Hv- r?2M2p2` � 7Q`KmH� +QMi�BMb � mMBi +H�mb2- i?2 7Q`KmH� +�M QMHv #2 b�iBb@
}2/ #v �bbB;MK2Mib i?�i K�F2 i?2 HBi2`�H Q7 i?2 mMBi +H�mb2 i`m2X h?2 �TTHB+�iBQM
Q7 mMBi T`QT�;�iBQM /m`BM; T`2T`Q+2bbBM; Bb i?2`27Q`2 b�72 BMbQ7�` �b i?2 `2bmHiBM;
7Q`KmH� �M/ i?2 Q`B;BM�H 7Q`KmH� �`2 2[mBb�iBb}�#H2X A7 mMBi T`QT�;�iBQM /2`Bp2b
� +QM~B+i- r2 +�M +QM+Hm/2 i?�i i?2 7Q`KmH� Kmbi #2 mMb�iBb}�#H2X h?2 +QMp2`b2-
?Qr2p2`- Bb MQi i`m2X 6Q` 2t�KTH2- i?2 7Q`KmH� (x∨ y)∧ (x̄∨ y)∧ (x∨ ȳ)∧ (x̄∨ ȳ)
Bb mMb�iBb}�#H2- #mi bBM+2 Bi /Q2b MQi +QMi�BM �Mv mMBi +H�mb2b- mMBi T`QT�;�iBQM
+�MMQi /2`Bp2 � +QM~B+iX

lMBi T`QT�;�iBQM U�b r2HH �b b2p2`�H Qi?2` T`2T`Q+2bbBM; i2+?MB[m2b r2 /Bb@
+mbb H�i2` QMV +�M #2 b22M �b i?2 `2T2�i2/ �TTHB+�iBQM Q7 i?2 +H�bbB+�H `2bQHmiBQM
`mH2 (_Q#e8)X :Bp2M irQ +H�mb2b (c1∨ · · ·∨cm∨ l) �M/ (d1∨ · · ·∨dn∨ l̄)- i?2 `2bQHm@
iBQM `mH2 �HHQrb mb iQ /2`Bp2 i?2 +H�mb2 (c1∨ · · ·∨cm∨d1∨ · · ·∨dn)- r?B+? Bb +�HH2/
i?2 `2bQHp2Mi Q7 i?2 irQ +H�mb2b mTQM lX AM +�b2 Q7 mMBi T`QT�;�iBQM- i?2 `2KQp�H
Q7 i?2 HBi2`�H l̄ 7`QK � +H�mb2 +�M #2 b22M �b � `2bQHmiBQM bi2T rBi? i?2 +H�mb2 (l)
�M/ i?mb Bb �HbQ Q7i2M +�HH2/ mMBi `2bQHmiBQMX AM i?2 +QMi2ti Q7 +QMbi`�BMi T`Q;`�K@
KBM;- mMBi T`QT�;�iBQM Bb �HbQ +�HH2/ "QQH2�M +QMbi`�BMi T`QT�;�iBQM U"*SVX lMBi
T`QT�;�iBQM Bb 2bb2MiB�H 7Q` i?2 Q`B;BM�H b2�`+?@#�b2/ .USVGG �H;Q`Bi?K (.GGek)
�b r2HH �b 7Q` i?2 *.*G T`Q+2/m`2 /2b+`B#2/ BM *?�Ti2` 9X

NXkXkX 6�BH2/ GBi2`�Hb

h?2 MQiBQM Q7 � 7�BH2/ HBi2`�H (G"yR- G�SJayj) 7Q`Kb i?2 #�bBb Q7 � T`2T`Q+2bbBM;
i2+?MB[m2 FMQrM �b 7�BH2/@HBi2`�H T`Q#BM;- r?B+? Bb �M BMi2;`�H T�`i Q7 HQQF@�?2�/
bQHpBM; Ub22 *?�Ti2` 8VX h?2 Q`B;BM Q7 7�BH2/ HBi2`�Hb /�i2b #�+F iQ w�#B? �M/
J+�HH2bi2` (wJ33)- �M/ Bb 72�im`2/ BM i?2 i?2bBb Q7 6`22K�M (6`2N8)X h?2 `2H�i2/
aGl_ �H;Q`Bi?K #v a+?HBT7 2iX �HX (a�6aN8) ?�b #22M mb2/ iQ +?�`�+i2`Bx2 � +H�bb
Q7 TQHvMQKB�HHv bQHp�#H2 7Q`KmH�b Ub22 �HbQ (/oyy) 7Q` � `2H�i2/ HBM2 Q7 rQ`FVX

� HBi2`�H l Bb � 7�BH2/ HBi2`�H rBi? `2bT2+i iQ � 7Q`KmH� F B7 mMBi T`QT�;�iBQM
/2`Bp2b � +QM~B+i QM F ∧ (l)X *H2�`Hv- B7 mMBi T`QT�;�iBQM /2`Bp2b � +QM~B+i QM
F ∧ (l)- i?2M F ∧ (l) Bb mMb�iBb}�#H2 �M/ i?2`27Q`2 F BKTHB2b l̄X h?2 �//BiBQM
Q7 i?2 mMBi +H�mb2 (l̄) iQ F i?mb T`2b2`p2b 2[mBp�H2M+2- �M/ i?2 +Q``2bTQM/BM;
T`2T`Q+2bbBM; i2+?MB[m2 i?�i �//b i?2 M2;�iBQMb Q7 7�BH2/ HBi2`�Hb iQ � 7Q`KmH� Bb
+�HH2/ 7�BH2/@HBi2`�H T`Q#BM;X
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1t�KTH2 kX G2i F = (x ∨ u) ∧ (x̄ ∨ u) ∧ (ū ∨ z ∨ y) ∧ (ū ∨ z ∨ ȳ)X aBM+2 F
/Q2b MQi +QMi�BM �Mv mMBi +H�mb2b- Bi +�MMQi #2 bBKTHB}2/ #v mMBi T`QT�;�iBQM
�HQM2X >Qr2p2`- ū Bb � 7�BH2/ HBi2`�H #2+�mb2 mMBi T`QT�;�iBQM /2`Bp2b � +QM~B+i QM
F ∧ (ū)- +�mb2/ #v i?2 }`bi irQ +H�mb2bX h?2 mMBi +H�mb2 (u) Bb i?2`27Q`2 BKTHB2/
#v F �M/ bQ r2 +�M �// Bi iQ F X A7 r2 i?2M T2`7Q`K mMBi T`QT�;�iBQM QM F ∧ (u)-
r2 Q#i�BM i?2 bBKTHB}2/ 7Q`KmH� G = (z ∨ y) ∧ (z ∨ ȳ)X
AM T`�+iB+�H T`2T`Q+2bbBM;- � HBbi Q7 +�M/B/�i2 HBi2`�Hb Bb +QMbB/2`2/- �M/ 7Q` �HH
i?2 +�M/B/�i2 HBi2`�Hb Bi Bb +?2+F2/ r?2i?2` Q` MQi i?2v �`2 7�BH2/ HBi2`�HbX Ai Bb
;2M2`�HHv MQi +H2�` ?Qr iQ Q`/2` i?2 +�M/B/�i2 HBi2`�Hb iQ KBMBKBx2 i?2 MmK#2` Q7
`2[mB`2/ /2+BbBQMbX 6Q` BMbi�M+2- BM 1t�KTH2 k- i?2 HBi2`�H ū Bb i?2 QMHv 7�BH2/ HBi2`�H
rBi? `2bT2+i iQ F X AM i?2 rQ`bi +�b2- r2 rQmH/ i?mb ?�p2 i2bi2/ �HH Qi?2` HBi2`�Hb
#27Q`2 (ū)X �7i2` bBKTHB7vBM; F - r?B+? vB2H/b G- r2 +�M b22 i?�i z̄ #2+QK2b � 7�BH2/
HBi2`�H- #mi z- y- �M/ ȳ �`2 biBHH MQ 7�BH2/ HBi2`�HbX aBKTHB7vBM; � 7Q`KmH� mMiBH i?2`2
�`2 MQ KQ`2 7�BH2/ HBi2`�Hb +�M i?mb `2[mB`2 mb iQ i2bi [m�/`�iB+�HHv K�Mv HBi2`�Hb
UrBi? `2bT2+i iQ i?2 MmK#2` Q7 p�`B�#H2bV BM i?2 rQ`bi +�b2X �bbmKBM; i?2 bi`QM;
2tTQM2MiB�H@iBK2 ?vTQi?2bBb U1h>V- i?2 [m�/`�iB+ mTT2` #QmM/ Bb iB;?i BM i2`Kb
Q7 #Qi? i?2 MmK#2` Q7 p�`B�#H2b �M/ i?2 MmK#2` Q7 +H�mb2b- 2p2M 7Q` >Q`M@j@*L6
7Q`KmH�b (CER9)X �b 2�+? i2bi T2`7Q`Kb mMBi T`QT�;�iBQM- i?Bb `2bmHib BM +m#B+
�++mKmH�i2/ +QKTH2tBiv BM i?2 rQ`bi +�b2X

h?2 +m#B+ +QKTH2tBiv +�M #2 `2/m+2/ #v K�`FBM; i?2 HBi2`�Hb i?�i r2`2 BK@
THB2/ #v mMBi T`QT�;�iBQM BM i2bib bBM+2 i?2 H�bi iBK2 � 7�BH2/ HBi2`�H ?�b #22M
/2i2+i2/X h?2b2 HBi2`�Hb /Q MQi ?�p2 iQ #2 i2bi2/ mMiBH �MQi?2` 7�BH2/ HBi2`�H Bb
7QmM/- bBM+2 i?2B` T`QT�;�iBQM /B/ MQi H2�/ iQ � +QM~B+iX �b bQQM �b � i2bi
vB2H/b � +QM~B+iěK2�MBM; i?�i � M2r 7�BH2/ HBi2`�H Bb 7QmM/ě�HH i?2 K�`F2/ HBi@
2`�Hb ?�p2 iQ #2 mMK�`F2/ �;�BM UBi Bb KQ`2 2{+B2Mi iQ mb2 iBK2@bi�KTBM; i2+?@
MB[m2b i?Qm;?VX h?Bb QTiBKBx�iBQM r�b BM/2T2M/2MiHv /Bb+Qp2`2/ �M/ /2b+`B#2/
BM (�"aNN) �M/ (aLayk)X

�MQi?2` QTiBKBx�iBQM +QMbBbib Q7 i2biBM; QMHv HBi2`�Hb i?�i /Q MQi Q++m` BM
#BM�`v +H�mb2b i?2Kb2Hp2b U#mi i?2B` M2;�iBQM /Q2bV- i?mb 2z2+iBp2Hv QMHv i2biBM;
i?2 `QQib Q7 i?2 #BM�`v BKTHB+�iBQM ;`�T? (:ay8- "B2Rd)Xk qBi? i?2b2 i2+?MB[m2b-
7�BH2/@HBi2`�H T`Q#BM; +�M `mM mMiBH +QKTH2iBQM 2p2M QM H�`;2 BM/mbi`B�H a�h BM@
bi�M+2b Q` +�M #2 mb2/ �b T`2T`Q+2bbBM; 7Q` bTHBiiBM; �M/ T�`iBiBQMBM; BM /Bbi`B#mi2/
a�h bQHpBM; (>CLRy)X G�i2` BM i?Bb +?�Ti2` r2 rBHH /Bb+mbb �M 2ti2MbBQM- #�b2/ QM
HQQF@�?2�/ Ub22 �HbQ *?�Ti2` 8V- i?�i H2�`Mb #BM�`v +H�mb2b QM i?2 ~v #v +QK#BMBM;
?vT2` #BM�`v `2bQHmiBQM rBi? 2[mBp�H2Mi@HBi2`�H `2�bQMBM;X

NXkXjX Sm`2 GBi2`�Hb

� Tm`2 HBi2`�H Bb � HBi2`�H r?Qb2 M2;�iBQM /Q2b MQi Q++m` BM i?2 7Q`KmH�X h?2 +Q`@
`2bTQM/BM; i2+?MB[m2 Q7 Tm`2@HBi2`�H 2HBKBM�iBQM `2KQp2b �HH +H�mb2b i?�i +QMi�BM
� Tm`2 HBi2`�H- #2+�mb2 i?2b2 +H�mb2b +�M #2 i`BpB�HHv b�iBb}2/ #v K�FBM; i?2 Tm`2
HBi2`�H i`m2 rBi?Qmi 7�HbB7vBM; �Mv Qi?2` +H�mb2bX
1t�KTH2 jX *QMbB/2` i?2 7Q`KmH� (x̄ ∨ y ∨ z) ∧ (ȳ ∨ z̄)X h?2 HBi2`�H x̄ Bb � Tm`2
HBi2`�H BM i?Bb 7Q`KmH� r?2`2�b �HH i?2 Qi?2` HBi2`�Hb �`2 MQi Tm`2X

kq?2M 7Q+mbBM; QM `QQib- +v+HB+ HBi2`�H /2T2M/2M+B2b- �b BM (a∨b̄)∧(ā∨b)∧(a∨b)- KB;?i T`2p2Mi
/2i2+iBQM Q7 bQK2 7�BH2/ HBi2`�Hb i?Qm;?X h?Bb +�M #2 �pQB/2/ #v +QKTmiBM; bi`QM;Hv +QMM2+i2/
+QKTQM2Mib �M/- 7Q` BMbi�M+2- 2[mBp�H2Mi@HBi2`�H bm#biBimiBQM �b /Bb+mbb2/ BM a2+iBQM NXjXkX

e



Sm`2@HBi2`�H 2HBKBM�iBQM r�b BMi`Q/m+2/ BM/2T2M/2MiHv #Qi? #v .�pBb �M/ Smi@
M�K (.Sey) �M/ #v .mM?�K- 6`B/b?�H- �M/ ar�`/ (.6a8N)X q?BH2 � 7�BH2/ HBi2`�H
+�M #2 b22M �b � HBi2`�H r?B+? r2 K�F2 7�Hb2 #2+�mb2 K�FBM; Bi i`m2 rQmH/ H2�/
iQ � +QM~B+i- � Tm`2 HBi2`�H +�M #2 b22M �b � HBi2`�H r?B+? r2 K�F2 i`m2 #2+�mb2
K�FBM; Bi i`m2 +�MMQi H2�/ iQ � +QM~B+iX JQ`2Qp2`- B7 � 7Q`KmH� Bb mMb�iBb}�#H2-
+H�mb2b +QMi�BMBM; � Tm`2 HBi2`�H +�MMQi #2 mb2/ T`Q/m+iBp2Hv BM � `2bQHmiBQM T`QQ7
#2+�mb2 Tm`2 HBi2`�Hb +�M M2p2` #2 `2bQHp2/ �r�vX

�M �Hi2`M�iBp2 iQ `2KQpBM; +H�mb2b i?�i +QMi�BM Tm`2 HBi2`�Hb Bb iQ �// i?2
Tm`2 HBi2`�Hb �b mMBi +H�mb2bX h?2 �//BiBQM Q7 i?2b2 mMBi +H�mb2b- ?Qr2p2`- /Q2b
MQi �Hr�vb T`2b2`p2 HQ;B+�H 2[mBp�H2M+2- #2+�mb2 Bi +QmH/ `2KQp2 TQi2MiB�H KQ/2Hb
BM r?B+? � Tm`2 HBi2`�H Bb 7�Hb2X L2p2`i?2H2bb- �//BM; Tm`2 HBi2`�Hb �b mMBi +H�mb2b
/Q2b MQi +?�M;2 i?2 b�iBb}�#BHBiv bi�imb Q7 � 7Q`KmH�X h?Bb B/2� Q7 T2`7Q`KBM;
i`�Mb7Q`K�iBQMb i?�i vB2H/ 2[mBb�iBb}�#H2ě#mi MQi M2+2bb�`BHv HQ;B+�HHv 2[mBp�@
H2Miě7Q`KmH�b Bb i?2 +Q`M2` biQM2 Q7 KQ`2 �/p�M+2/ T`2T`Q+2bbBM; i2+?MB[m2b-
bm+? �b #HQ+F2/ +H�mb2 �//BiBQM- r?B+? r2 /Bb+mbb H�i2`X

NXkX9X am#bmKTiBQM

� +H�mb2 C Bb bm#bmK2/ #v � +H�mb2 D B7 i?2 b2i Q7 HBi2`�Hb BM C Bb � bmT2`b2i Q7 i?2
HBi2`�Hb BM DX �M�HQ;QmbHv- � +H�mb2 Bb bm#bmK2/ #v � 7Q`KmH� B7 Bi Bb bm#bmK2/
#v bQK2 +H�mb2 BM i?2 7Q`KmH�X h?2 `2KQp�H Q7 bm#bmK2/ +H�mb2b Bb �M BKTQ`i�Mi
i2+?MB[m2 i?�i Bb Q7i2M `272``2/ iQ �b bm#bmKTiBQMX h?2 B/2� #2?BM/ bm#bmKTiBQM
Bb iQ 2HBKBM�i2 +H�mb2b i?�i �`2 `2/mM/�Mi BM i?2 b2Mb2 i?�i i?2B` `2KQp�H /Q2b MQi
�z2+i i?2 b�iBb}�#BHBiv Q7 � 7Q`KmH�, B7 � 7Q`KmH� +QMi�BMb irQ +H�mb2b C �M/ D-
r?2`2 D bm#bmK2b C- i?2 `2KQp�H Q7 C vB2H/b � HQ;B+�HHv 2[mBp�H2Mi 7Q`KmH� bBM+2
2p2`v �bbB;MK2Mi i?�i b�iBb}2b D Kmbi �HbQ b�iBb7v CX

1t�KTH2 9X h?2 +H�mb2 (x̄ ∨ y ∨ z) Bb bm#bmK2/ #v i?2 +H�mb2 (x̄ ∨ z) bBM+2 i?2
b2i {x̄, y, z} Bb � bmT2`b2i Q7 i?2 b2i {x̄, z}X q?2M2p2` (x̄ ∨ z) Bb i`m2- (x̄ ∨ y ∨ z)
Kmbi �HbQ #2 i`m2X

q2 ?�p2 �H`2�/v b22M �M �TTHB+�iBQM Q7 bm#bmKTiBQM 2�`HB2`, .m`BM; mMBi T`QT�@
;�iBQM- r?2M � mMBi +H�mb2 (l) Bb 7QmM/- �HH i?2 +H�mb2b +QMi�BMBM; i?2 HBi2`�H l �`2
`2KQp2/ 7`QK i?2 7Q`KmH�X � +Q`M2` +�b2 Bb i?2 2KTiv +H�mb2- r?B+? bm#bmK2b
�HH Qi?2` +H�mb2b BM � 7Q`KmH�X

NXkX9XRX 6Q`r�`/ am#bmKTiBQM

6Q`r�`/ bm#bmKTiBQM bi�`ib rBi? � ;Bp2M +H�mb2 C �M/ � 7Q`KmH� F - �M/ +?2+Fb B7
C Bb bm#bmK2/ #v F X � bBKTH2 i2+?MB[m2 iQ +?2+F B7 � +H�mb2 Bb 7Q`r�`/ bm#bmK2/
#v � 7Q`KmH� F i2KTQ`�`BHv K�`Fb �HH HBi2`�Hb Q7 C �b 7�Hb2 �M/ i?2M +?2+Fb r?2i?2`
i?2`2 Bb �MQi?2` Umbm�HHv bK�HH2`V +H�mb2 D BM F rBi? QMHv 7�Hb2 HBi2`�HbX

AM Q`/2` iQ }M/ �HH TQi2MiB�H +�M/B/�i2b D rBi?Qmi Bi2`�iBM; Qp2` F - �i H2�bi
QM2 HBi2`�H Q7 2p2`v +H�mb2 BM F M22/b iQ #2 ǳr�i+?2/ǴX hrQ@r�i+?2/ HBi2`�H
b+?2K2b (wayy- JJw+yR)- �b +QKKQMHv mb2/ BM *.*G bQHp2`b Ub22 *?�Ti2` 9V-
bm{+2 iQQ- r?BH2 Q++m``2M+2 HBbib U�M Q++m``2M+2 HBbi +QMi�BMb �HH i?2 +H�mb2b BM
r?B+? � HBi2`�H Q++m`bV �`2 MQi M2+2bb�`vX � bBKBH�` i2+?MB[m2 ?�b #22M /2b+`B#2/
BM ("`�y9) �M/ `2}M2/ BM (w?�y8)X

d



NXkX9XkX "�+Fr�`/ am#bmKTiBQM

AM +QMi`�bi iQ 7Q`r�`/ bm#bmKTiBQM- r?B+? +?2+Fb B7 � +H�mb2 C Bb bm#bmK2/ #v
� +H�mb2 D BM F - #�+Fr�`/ bm#bmKTiBQM +?2+Fb B7 F +QMi�BMb +H�mb2b C i?�i �`2
bm#bmK2/ #v � ;Bp2M +H�mb2 D- �M/ B7 bQ- `2KQp2b i?2KX "�+Fr�`/ bm#bmKTiBQM
Bb �+im�HHv KQ`2 +QKKQM BM T`�+iB+2c 7Q` 2t�KTH2- BM a�h bQHp2`b mbBM; +H�mb2
H2�`MBM;- H2�`M2/ +H�mb2b �`2 M2p2` 7Q`r�`/ bm#bmK2/- #mi i?2v KB;?i bm#bmK2
Qi?2` +H�mb2b Q7 i?2 7Q`KmH�- BM T�`iB+mH�` +H�mb2b i?�i r2`2 H2�`M2/ `2+2MiHvX

�b /2b+`B#2/ BM 1t2`+Bb2 kdR Q7 (EMmR8) �M/ Bib bQHmiBQM- i?Bb bBim�iBQM KB;?i
Q++m` 7`2[m2MiHv 7Q` +2`i�BM 7Q`KmH�b- �M/ Bi Bb TQbbB#H2 iQ 2�;2`Hv bm#bmK2 `2+2MiHv
H2�`M2/ +H�mb2b 2{+B2MiHv- #v `2mbBM; i?2 K�`FBM;b Q7 i?2 HBi2`�Hb BM i?2 H2�`M2/
+H�mb2 �i i?2 2M/ Q7 +QM~B+i �M�HvbBb Ub22 *?�Ti2` 9 QM *.*G �;�BMVX 1p2M i?Qm;?
i?Bb i2+?MB[m2 Bb 2{+B2Mi �M/ bBKTH2 iQ BKTH2K2Mi- bm#bmKTiBQM �H;Q`Bi?Kb �`2
KQ`2 mb27mH BM +QK#BM�iBQM rBi? p�`B�#H2 2HBKBM�iBQM Ub22 a2+iBQM NXjV- #2+�mb2
p�`B�#H2 2HBKBM�iBQM 7Q+mb2b QM B``2/mM/�Mi Q`B;BM�H +H�mb2b �M/ Bb �HHQr2/ iQ
B;MQ`2 `2/mM/�Mi H2�`M2/ +H�mb2b (C>"Rk)X

A7 �M BKTH2K2Mi�iBQM K�BMi�BMb 7Q` 2�+? HBi2`�H �M Q++m``2M+2 HBbi BMbi2�/
Q7 mbBM; � QM2@r�i+?2/ (w?�y8) Q` irQ@r�i+?2/ (wayy- JJw+yR) HBi2`�H b+?2K2-
i?2M i?2 b2�`+? 7Q` � +�M/B/�i2 +H�mb2 C- +?2+F2/ 7Q` #2BM; #�+Fr�`/ bm#bmK2/
#v i?2 ;Bp2M +H�mb2 D- +�M #2 `2bi`B+i2/ iQ Bi2`�i2 Qp2` i?2 Q++m``2M+2b Q7 �
bBM;H2 HBi2`�H BM i?2 ;Bp2M +H�mb2 D- +?Qb2M �b QM2 rBi? i?2 bK�HH2bi MmK#2` Q7
Q++m``2M+2b Ub?Q`i2bi Q++m``2M+2 HBbiVX h?Bb Q#b2`p�iBQM- Q`B;BM�HHv K�/2 BM i?2
+QMi2ti Q7 Z"6 bQHpBM; ("B2y9)- Bb +`m+B�H 7Q` b+�HBM; #�+Fr�`/ bm#bmKTiBQM iQ
H�`;2 7Q`KmH�b- �M/ r�b }`bi mb2/ 7Q` a�h T`2T`Q+2bbBM; BM a�i1GBi2 (1"y8)X

�MQi?2` i2+?MB[m2 iQ BKT`Qp2 i?2 T2`7Q`K�M+2 Q7 #�+Fr�`/ bm#bmKTiBQM BM
T`�+iB+2 Bb #�b2/ QM bQ@+�HH2/ bB;M�im`2b ("B2y9)- r?B+? �`2 �M BMbi�M+2 Q7 "HQQK
}Hi2`b ("HQdy)X h?2 #�bB+ B/2� Bb iQ �pQB/ +QbiHv i`�p2`b�Hb Q7 Q++m``2M+2 HBbib BM
i?2 U7`2[m2MiV +�b2 r?2`2 MQ bm#bmK2/ +H�mb2b +�M #2 7QmM/X h?Bb Bb �+?B2p2/
#v +?2+FBM; � bB;M�im`2 +QM/BiBQM i?�i Kmbi ?QH/ B7 i?2`2 Bb � +H�mb2 i?�i +�M #2
bm#bmK2/ #v i?2 ;Bp2M +H�mb2X A7 i?2 +QM/BiBQM /Q2b MQi ?QH/- i?2 i`�p2`b�H +�M
#2 �pQB/2/X 6Q` /2i�BHb- r2 `272` iQ i?2 Q`B;BM�H T�T2`X

� `2H�i2/ #�+Fr�`/@bm#bmKTiBQM �H;Q`Bi?K Bb /m2 iQ "`�7K�M ("`�y9)X :Bp2M
� +H�mb2 D �M/ � 7Q`KmH� F - i?2 �H;Q`Bi?K Bi2`�iBp2Hv +QKTmi2b i?2 b2i

S =
⋂

l∈D

clausesF (l)-

r?2`2 clausesF (l) /2MQi2b i?2 b2i Q7 �HH +H�mb2b Q7 F BM r?B+? i?2 HBi2`�H l Q++m`bX
h?2 }M�H b2i S +QMi�BMb �HH +H�mb2b Q7 F i?�i �`2 bm#bmK2/ #v DX �b bQQM �b
i?2 �H;Q`Bi?K /2i2+ib i?�i S Bb 2KTiv- Bi +�M +QM+Hm/2 i?�i D /Q2b MQi bm#bmK2
�Mv +H�mb2bX h?2 Q`B;BM�H �H;Q`Bi?K /Q2b MQi M22/ iQ b�p2 bB;M�im`2b 7Q` +H�mb2b
�M/ HBi2`�Hb- #mi Bi M22/b iQ b�p2 i?2 Q++m``2M+2 HBbib 7Q` �HH i?2 HBi2`�Hb BM F X AM
T`BM+BTH2- i?Qm;?- Bi +QmH/ �HbQ K�F2 mb2 Q7 bB;M�im`2bX

"�+Fr�`/ bm#bmKTiBQM +�M 2�bBHv #2 im`M2/ BMiQ �M �H;Q`Bi?K i?�i `2KQp2b
�HH bm#bmK2/ +H�mb2b 7`QK � 7Q`KmH�, bi�`i rBi? i?2 2KTiv 7Q`KmH� �M/ QM2@#v@
QM2 �// Q`B;BM�H +H�mb2b rBi? H�`;2bi +H�mb2b }`biX h?2M +?2+F 7Q` 2�+? M2rHv
�//2/ +H�mb2 r?2i?2` Bi bm#bmK2b �Mv Q7 i?2 T`2pBQmb +H�mb2bX h?Bb Q#b2`p�iBQM
Bb T�`iB+mH�`Hv mb27mH 7Q` �TTHvBM; bm#bmKTiBQM /m`BM; BMT`Q+2bbBM;X AM T`�+iB+2-

3



Bi Bb biBHH �/pBb�#H2 iQ HBKBi i?2 2zQ`i bT2Mi QM bm#bmKTiBQM +?2+FbX h?Bb +�M- 7Q`
BMbi�M+2- #2 /QM2 #v HBKBiBM; i?2 K�tBKmK H2M;i? Q7 i`�p2`b2/ Q++m``2M+2 HBbibX

NXkX9XjX a2H7@am#bmKBM; _2bQHmiBQM

�b Q#b2`p2/ BM (1"y8)- bm#bmKTiBQM Bb +HQb2Hv `2H�i2/ iQ bi`2M;i?2MBM; +H�mb2b-
KQ`2 T`2+Bb2Hv iQ b2H7@bm#bmKBM; `2bQHmiBQM �b BKTH2K2Mi2/ BM a�i1GBi2 (1"y8)X
*QMbB/2` irQ +H�mb2b C ∨ l �M/ D ∨ l̄- r?B+? +�M #2 `2bQHp2/ mTQM lX A7 D bm#@
bmK2b C- i?2M i?2 `2bmHiBM; `2bQHp2Mi Bb bBKTHv C- r?B+? BM im`M bm#bmK2b i?2
}`bi �Mi2+2/2Mi C ∨ lX h?mb- BMbi2�/ Q7 �//BM; i?2 `2bQHp2Mi C- r2 +�M `2TH�+2
C ∨ l #v C- BM 2z2+i bi`2M;i?2MBM; i?2 +H�mb2 C ∨ l #v `2KQpBM; i?2 HBi2`�H lX h?Bb
i2+?MB[m2 Bb +�HH2/ b2H7@bm#bmKBM; `2bQHmiBQMX

am#bmKTiBQM �H;Q`Bi?Kb +�M 2�bBHv #2 2ti2M/2/ iQ T2`7Q`K b2H7@bm#bmKBM;
`2bQHmiBQMX h?2 QMHv M2+2bb�`v +?�M;2 Bb iQ KQ/B7v i?2 bm#bmKTiBQM +?2+F #2@
ir22M irQ +H�mb2b, r?2M +?2+FBM; B7 D bm#bmK2b C- r2 bBKTHv �HHQr i?�i �i KQbi
QM2 HBi2`�H l̄ Q7 D Q++m`b M2;�i2/ BM CX A7 i?Bb Bb i?2 +�b2- �M/ �HH Qi?2` HBi2`�Hb Q7
D Q++m` BM C- r2 +�M �TTHv b2H7@bm#bmKBM; `2bQHmiBQM iQ C �M/ D #v `2KQpBM;
l 7`QK CX *?2+FBM; i?�i i?2 HBi2`�Hb Q7 D Q++m` BM C UrBi? QM2 TQbbB#H2 2t+2T@
iBQMV +�M #2 �+?B2p2/ #v K�`FBM; HBi2`�Hb UTQbbB#Hv rBi? iBK2 bi�KTbV Q` #v �
K2`;2@bQ`i@bivH2 +?2+F- �bbmKBM; i?2 HBi2`�Hb BM +H�mb2b �`2 bQ`i2/ ("SRR)X

a2H7@bm#bmKBM; `2bQHmiBQM r�b BM/2T2M/2MiHv /Bb+Qp2`2/ �b ;HQ#�H bm#bmKTiBQM
7Q` BMbi�MiB�iBQM@#�b2/ }`bi@Q`/2` i?2Q`2K T`QpBM; (EQ`y3) �M/ �+im�HHv r�b BMi`Q@
/m+2/ BM i?2 a�h +QMi2ti pB� i?2 MQiBQM Q7 � bm#bmKBM; `2bQHp2Mi BM (P:Jayk)
Ui?Qm;? rBi?Qmi /2i�BH2/ 2tT2`BK2MibVX AM (1"y8)- Bi r�b T�`iB�HHv KQiBp�i2/
#v i?2 7�+i i?�i +H�mb2 H2�`MBM; U*?�Ti2` 9V- �M/ T�`iB+mH�`Hv +H�mb2 KBMBKBx�@
iBQM (a"yN)- BKTHB+BiHv `2Hv QM BiX PM@i?2@~v bm#bmKTiBQM (>CaRy- >ayN) Bb �MQi?2`
`2H�i2/ i2+?MB[m2 i?�i mb2b b2H7@bm#bmKBM; `2bQHmiBQM iQ bi`2M;i?2M �Mi2+2/2Mi
+H�mb2b mb2/ 7Q` /2`BpBM; H2�`M2/ +H�mb2b BM *.*GX

NXkX9X9X AKTH2K2Mi�iBQMb

6BM/BM; bm#bmK2/ +H�mb2b BM *L6 7Q`KmH�b Bb +HQb2Hv `2H�i2/ iQ }M/BM; 2ti`2K�H
b2ib BM /�i� KBMBM;X AM i?Bb +QMi2ti- "�v�`/Q �M/ S�M/� ("SRR) b?Qr2/ i?�i
#�+Fr�`/@bm#bmKTiBQM �H;Q`Bi?Kb /2p2HQT2/ BM i?2 a�h +QKKmMBiv (1"y8) r2`2
+QKT2iBiBp2 7Q` i?Bb T`Q#H2K iQQ- #mi i?2B` T�T2` �HbQ T`2b2Mib � bm#bi�MiB�HHv
7�bi2` �H;Q`Bi?K- r?B+? BM Qm` b2iiBM; i`�MbH�i2b iQ 7Q`r�`/@bm#bmKTiBQM +?2+FBM;
�M/ vB2H/b � bm#bi�MiB�H T2`7Q`K�M+2 BKT`Qp2K2Mi �HbQ 7Q` a�hX

h?2 #�bB+ B/2� Bb iQ mb2 � QM2@r�i+?2/@HBi2`�H b+?2K2 �M/ QMHv r�i+? HBi2`�Hb
rBi? i?2 72r2bi Q++m``2M+2bX *H�mb2b �`2 �//2/ �;�BM QM2@#v@QM2- #mi MQr bi�`iBM;
rBi? i?2 bK�HH2bi +H�mb2b }`biX �HH QM2@r�i+?2/@HBi2`�H HBbib Q7 i?2 HBi2`�Hb BM �
T`Q+2bb2/ +H�mb2 �`2 i`�p2`b2/ iQ }M/ +H�mb2b r?B+? bm#bmK2 i?2 T`Q+2bb2/ +H�mb2X
A7 i?Bb Bb MQi i?2 +�b2 UBX2X- i?2 7Q`r�`/@bm#bmKTiBQM +?2+F 7�BHbV- i?2M i?2 +H�mb2
Bb �//2/- �M/ i?2 HBi2`�H rBi? i?2 b?Q`i2bi r�i+? HBbi U�i i?Bb TQBMiV Bb r�i+?2/X
�b �H`2�/v /Bb+mbb2/ �#Qp2- i?2 �+im�H bm#bmKTiBQM +?2+F #2ir22M � T`2pBQmbHv
�//2/ +H�mb2 �M/ i?2 T`Q+2bb2/ +H�mb2 +�M #2 K�/2 7�bi2` iQQ U7Q` BMbi�M+2- #v
bQ`iBM; HBi2`�Hb BM +H�mb2b ("SRR)V �M/ 2ti2M/b iQ b2H7@bm#bmKBM; `2bQHmiBQMX

AM i?2 +QMi2ti Q7 Zm�MiQ` ("B2y9)- a�i1GBi2 (1"y8)- �M/ JBMBa�i (1aye)
#�+Fr�`/ bm#bmKTiBQM r�b +QMbB/2`2/ bmT2`BQ`X >Qr2p2`- 7Q`r�`/@bm#bmKTiBQM

N



x y

z

u

v

w

6B;m`2 RX >vT2`;`�T? _2T`2b2Mi�iBQM Q7 � *L6 6Q`KmH�X

�H;Q`Bi?Kb BMbTB`2/ #v B/2�b Q7 ("SRR)- �b BKTH2K2Mi2/ BM aTH�ix ("B2Re) �M/
*�.B*�G ("B2Rd)- #2+QK2 KQ`2 BKTQ`i�Mi- T�`iB+mH�`Hv /m`BM; i?2 T`Q+2bb Q7
`2KQpBM; 7`QK � ;Bp2M *L6 �HH bm#bmK2/ +H�mb2b �M/ T2`7Q`KBM; b2H7@bm#bmKBM;
`2bQHmiBQM mMiBH +QKTH2iBQMX h?2b2 7Q`r�`/@bm#bmKTiBQM �H;Q`Bi?Kb �`2 Km+?
KQ`2 2{+B2Mi i?�M T`2pBQmbHv mb2/ #�+Fr�`/@bm#bmKTiBQM �H;Q`Bi?Kb �M/ +�M
2p2M `2;mH�`Hv #2 �TTHB2/ iQ H2�`M2/ +H�mb2b /m`BM; BMT`Q+2bbBM; iQQX AMi2`H2�p2/
rBi? p�`B�#H2 2HBKBM�iBQM Ub22 a2+iBQM NXjV- r?B+? M22/b 7mHH Q++m``2M+2 HBbib BM
�Mv +�b2- i?2`2 Bb biBHH � #2M2}i BM mbBM; #�+Fr�`/ bm#bmKTiBQM- bBM+2 Bi �HHQrb iQ
7Q+mb QM i`vBM; iQ bm#bmK2 Q` bi`2M;i?2M Qi?2` +H�mb2b #v M2rHv /2`Bp2/ +H�mb2b
iQ i`B;;2` M2r p�`B�#H2@2HBKBM�iBQM �ii2KTib U�b 7Q` BMbi�M+2 BM ("66>ky)VX

NXkX8X *QMM2+i2/ *QKTQM2Mib

h?2 bQHpBM; T`Q+2bb 7Q` � 7Q`KmH� +�M #2 bB;MB}+�MiHv bBKTHB}2/ #v i�FBM; Bib
mM/2`HvBM; ;`�T? bi`m+im`2 BMiQ �++QmMiX PM2 r�v iQ `2T`2b2Mi � 7Q`KmH� �b �
;`�T? Bb iQ /2}M2 � ?vT2`;`�T? r?2`2 p�`B�#H2b +Q``2bTQM/ iQ p2`iB+2b �M/ +H�mb2b
+Q``2bTQM/ iQ ?vT2`2/;2b +QMM2+iBM; i?2B` p�`B�#H2bX 6Q` 2t�KTH2- i?2 7Q`KmH�

(x ∨ y ∨ z̄) ∧ (ȳ ∨ z) ∧ (u ∨ v̄) ∧ (v ∨ w̄)

+�M #2 `2T`2b2Mi2/ #v i?2 ?vT2`;`�T? b?QrM BM 6B;m`2 RX �b r2 +�M b22 BM i?Bb
2t�KTH2- i?2 ;`�T? +QMi�BMb irQ /Bz2`2Mi +QMM2+i2/ +QKTQM2MibX

Ai ?�b #22M Q#b2`p2/ i?�i 7Q`KmH�b BM T`�+iB+�H a�h bQHpBM; Q7i2M +QMi�BM
KmHiBTH2 +QMM2+i2/ +QKTQM2Mib ("aye)X 1�+? Q7 i?2b2 +QKTQM2Mib +�M #2 b22M
�b �M BM/2T2M/2Mi a�h T`Q#H2K- rBi? i?2 r?QH2 7Q`KmH� #2BM; b�iBb}�#H2 QMHv B7
�HH Q7 Bib +QKTQM2Mib �`2 b�iBb}�#H2X aTHBiiBM; � 7Q`KmH� BMiQ Bib +QMM2+i2/ +QK@
TQM2Mib /m`BM; T`2T`Q+2bbBM; �M/ i?2M bQHpBM; i?2b2 +QKTQM2Mib BM/2T2M/2MiHv
?�b b2p2`�H �/p�Mi�;2b, i?2 BM/2T2M/2Mi +QKTQM2Mib +�M #2 bQHp2/ BM T�`�HH2H-
�M/ �b bQQM �b QM2 +QKTQM2Mi Bb B/2MiB}2/ �b mMb�iBb}�#H2- Bi +�M #2 +QM+Hm/2/
i?�i i?2 r?QH2 7Q`KmH� Bb mMb�iBb}�#H2X 1p2M B7 �HH +QKTQM2Mib �`2 b�iBb}�#H2- i?2
T�`�HH2HBbK +�M bT22/ mT i?2 bQHpBM; T`Q+2bbX aBKBH�` B/2�b �`2 mb2/ BM +QKTQM2Mi
+�+?BM; 7Q` KQ/2H +QmMiBM; (".Syj- a""+y9)- r?2`2 i?2 7Q`KmH� Bb T`2T`Q+2bb2/
�i 2p2`v b2�`+? MQ/2 �M/ /2+QKTQb2/ BMiQ /Bb+QMM2+i2/ +QKTQM2Mib 7Q` r?B+? i?2
KQ/2H +QmMi +�M #2 +QKTmi2/ BM/2T2M/2MiHvX h?2 T`Q#H2K Q7 KQ/2H +QmMiBM; Bb
�HbQ +�HH2/ Oa�h �M/ 2ti2MbBp2Hv +Qp2`2/ BM *?�Ti2` k8 �M/ keX

AM i?2 +QMi2ti Q7 *.*G a�h bQHpBM; U*?�Ti2` 9V- 7Q`KmH�b +QMbBbiBM; Q7 BM/2@
T2M/2Mi +QKTQM2Mib +�M #2 bBKTH2` iQ bQHp2 2p2M rBi?Qmi `2HvBM; QM T�`�HH2HBbKX
amTTQb2 � ivTB+�H *.*G bQHp2` i`B2b iQ }M/ � b�iBb7vBM; �bbB;MK2Mi 7Q` � 7Q`KmH�
i?�i +QMbBbib Q7 b2p2`�H BM/2T2M/2Mi +QKTQM2MibX .m`BM; b2�`+?- i?2 bQHp2` KB;?i
}M/ �M �bbB;MK2Mi i?�i �H`2�/v b�iBb}2b bQK2 Q7 i?2 +QKTQM2Mib- #mi i?2M `2�HBx2
i?�i i?2 �bbB;MK2Mi 7�HbB}2b �MQi?2` +QKTQM2MiX q?�i i?2 bQHp2` mbm�HHv /Q2b BM
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i?�i bBim�iBQM Bb iQ #�+FDmKT �M/ i?2`2#v mM/Q bQK2 Q7 Bib p�`B�#H2 �bbB;MK2MibX
>Qr2p2`- i?Bb +QmH/ mM/Q bQK2 Q7 i?2 �bbB;MK2Mib i?�i �`2 BM/2T2M/2Mi Q7 i?2
7�HbB}2/ +QKTQM2Mi �M/ i?2`2#v mM�bbB;M +QKTQM2Mib i?�i r2`2 �H`2�/v b�iBb}2/X

"v bTHBiiBM; mT � 7Q`KmH�- bm+? � bBim�iBQM +�M #2 �pQB/2/X >Qr2p2`- i?2
b�K2 2z2+i +�M #2 �+?B2p2/ #v b�pBM; i?2 H�bi �bbB;M2/ i`mi? p�Hm2 U�HbQ +�HH2/
T?�b2V Q7 � p�`B�#H2 �M/ i?2M �Hr�vb �bbB;MBM; i?�i b�p2/ p�Hm2 r?2M K�FBM;
/2+BbBQMbX h?Bb T?�b2 b�pBM; i2+?MB[m2 r�b BMi`Q/m+2/ BM i?2 _a�i bQHp2` (S.yd)
�M/ ?�b #22M bi�M/�`/ BM a�h bQHp2`b bBM+2 i?2M- K�FBM; 2tTHB+Bi +QKTQM2Mi
/2+QKTQbBiBQM Q#bQH2i2- �i H2�bi 7Q` b2[m2MiB�H TH�BM *.*G bQHpBM;X

aBM+2 kyR3 b2p2`�H bi�i2@Q7@i?2@�`i a�h bQHp2`b [mBi2 7`2[m2MiHv `2b2i b�p2/
T?�b2b ("B2R3- "B2RN- "66>ky- w*ky- a*.+ky- aaE+ky)- r?B+? +QmMi2`�+ib i?2
2z2+i Q7 T?�b2 b�pBM; iQ `2K2K#2` b�iBb7vBM; �bbB;MK2Mib 7Q` +QKTQM2MibX �b
�M �Hi2`M�iBp2 iQ 2tTHB+Bi +QKTQM2Mi /2+QKTQbBiBQM �b BM ("aye)- Bi r�b T`QTQb2/
BM ("66>ky) iQ bBKTHv `2KQp2 �HH +H�mb2b b�iBb}2/ #v i?2 H�`;2bi �mi�`Fv rBi?BM
b�p2/ T?�b2b 7QHHQrBM; B/2�b BM (E>"RN)- �M �TTHB+�iBQM Q7 �mi�`Fv `2�bQMBM; Q7
*?�Ti2` R9 rBi?BM a�h bQHpBM;X

NXjX _2bQHmiBQM@"�b2/ S`2T`Q+2bbBM;

q2 +QMiBMm2 #v /Bb+mbbBM; T`2T`Q+2bbBM; i2+?MB[m2b i?�i `2Hv ?2�pBHv QM `2bQHm@
iBQM- bi�`iBM; rBi? #QmM/2/ p�`B�#H2 2HBKBM�iBQM- r?B+? �b ?B;?@HB;?i2/ �H`2�/v BM
i?2 BMi`Q/m+iBQM Bb biBHH +QMbB/2`2/ i?2 KQbi BKTQ`i�Mi T`2T`Q+2bbBM; i2+?MB[m2
BM T`�+iB+�H a�h bQHpBM;X

NXjXRX "QmM/2/ o�`B�#H2 1HBKBM�iBQM

"QmM/2/ p�`B�#H2 2HBKBM�iBQM ("B2yj- "B2y9- aSy9- 1"y8) Bb #�b2/ QM i?2 i2+?@
MB[m2 Q7 +H�mb2 /Bbi`B#miBQM- r?B+? HB2b �i i?2 +Q`2 Q7 i?2 Q`B;BM�H .�pBb@SmiM�K
T`Q+2/m`2 (.Sey)X hQ T2`7Q`K +H�mb2 /Bbi`B#miBQM- r2 +?QQb2 � p�`B�#H2- �//
�HH `2bQHp2Mib mTQM i?Bb p�`B�#H2 iQ i?2 7Q`KmH�- �M/ `2KQp2 i?2 Q`B;BM�H +H�mb2b
+QMi�BMBM; i?2 p�`B�#H2X

1t�KTH2 8X *QMbB/2` i?2 7Q`KmH�

F = (x ∨ e) ∧ (y ∨ e) ∧ (x̄ ∨ z ∨ ē) ∧ (y ∨ ē) ∧ (y ∨ z)X UNXRV

hQ T2`7Q`K +H�mb2 /Bbi`B#miBQM rBi? i?2 p�`B�#H2 e- r2 }`bi �// �HH `2bQHp2Mib
mTQM eX h?2 +H�mb2b (x∨ e) �M/ (y ∨ e) +�M #Qi? #2 `2bQHp2/ rBi? (x̄∨ z ∨ ē) �M/
(y ∨ ē)X q2 i?mb �// i?2 +Q``2bTQM/BM; 7Qm` `2bQHp2Mib iQ Q#i�BM i?2 7Q`KmH�

F ∧ (x ∨ x̄ ∨ z) ∧ (x ∨ y) ∧ (y ∨ x̄ ∨ z) ∧ (y)X

LQr r2 `2KQp2 �HH +H�mb2b i?�i +QMi�BM e iQ Q#i�BM

(y ∨ z) ∧ (x ∨ x̄ ∨ z) ∧ (x ∨ y) ∧ (y ∨ x̄ ∨ z) ∧ (y)X UNXkV

_2T2�i2/ +H�mb2 /Bbi`B#miBQM +�M BM+`2�b2 i?2 MmK#2` Q7 +H�mb2b 2tTQM2MiB�HHv-
`2M/2`BM; Bib mM#QmM/2/ mb2 �b � T`2T`Q+2bbBM; i2+?MB[m2 mM�zQ`/�#H2X �+im�HHv-
�H`2�/v 2HBKBM�iBM; � bBM;H2 p�`B�#H2 KB;?i BM+`2�b2 i?2 bBx2 [m�/`�iB+�HHvX hQ
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/2�H rBi? i?Bb T`Q#H2K- i?2 Q`B;BM�H i2+?MB[m2 Q7 #QmM/2/ p�`B�#H2 2HBKBM�iBQM
�TTHB2b +H�mb2 /Bbi`B#miBQM QMHv QM p�`B�#H2b r?Qb2 2HBKBM�iBQM /Q2b MQi BM+`2�b2
i?2 MmK#2` Q7 +H�mb2b- r?B+? 2tTH�BMb i?2 M�K2 #QmM/2/ p�`B�#H2 2HBKBM�iBQMX

>Qr2p2`- �b T`QTQb2/ BM i?2 p�`B�#H2@2HBKBM�iBQM T`Q+2/m`2 Q7 i?2 Z"6 bQHp2`
Zm�MiQ` ("B2y9)- Bi ?�b #2+QK2 +QKKQM BM a�h iQ `2H�t i?2 #QmM/ QM �//BiBQM�H
+H�mb2b, BM BM+`2K2Mi�HHv `2H�t2/ #QmM/2/ p�`B�#H2 2HBKBM�iBQM- BMi`Q/m+2/ BM i?2
a�h bQHp2` :Hm2JBMBa�i (LAAR8)- i?2 #QmM/ Bb BM+`2�b2/j BM+`2K2Mi�HHv 2p2`v
iBK2 � `QmM/ Q7 p�`B�#H2 2HBKBM�iBQM ?�b +QKTH2i2/ rBi?Qmi BM+`2�bBM; i?2 bBx2 Q7
i?2 7Q`KmH� iQQ Km+?X h?Bb i2+?MB[m2 r�b TQ`i2/ iQ i?2 ?B;?Hv BM~m2MiB�H a�h
bQHp2` *PJBMBa�iSa (P?Re) i?�i ?�b 7Q`K2/ i?2 #�bBb Q7 i?2 J�TH2a�h b2`B2b
Q7 a�h bQHp2`b (G:S*Re- GGs+Rd- L_R3)- r?B+? `�MF2/ �i i?2 iQT BM i?2 a�h
+QKT2iBiBQMb 7`QK kyRe iQ kyR3X

aBM+2 #QmM/2/ p�`B�#H2 2HBKBM�iBQM T`Q/m+2b K�Mv `2/mM/�Mi +H�mb2b- Bi Bb
Q7i2M +QK#BM2/ rBi? i�miQHQ;v 2HBKBM�iBQM U�b BM LBo1_ (aSy9)V �b r2HH �b rBi?
bm#bmKTiBQM �M/ bi`2M;i?2MBM; UBM a�i1GBi2 (1"y8)VX am#bmKTiBQM KB;?i H2�/
iQ 7m`i?2` p�`B�#H2b #2BM; 2HBKBM�i2/- i`B;;2`2/ #v `2KQpBM; +H�mb2b Q` HBi2`�HbX

1t�KTH2 eX *QMbB/2` �;�BM i?2 7Q`KmH� UNXkV- r?B+? `2bmHi2/ 7`QK i?2 7Q`KmH�
UNXRV #v 2HBKBM�iBM; i?2 p�`B�#H2 eX q2 +�M Q#b2`p2 i?�i i?2 `2bQHp2Mi (x∨ x̄∨ z)
Bb � i�miQHQ;v �M/ i?�i Bi +�M i?2`27Q`2 #2 `2KQp2/ 7`QK i?2 7Q`KmH�X JQ`2Qp2`-
i?2 +H�mb2b (y∨ z)- (x∨y)- �M/ (y∨ x̄∨ z) �`2 �HH bm#bmK2/ #v i?2 +H�mb2 (y)- �M/
bQ i?2v +�M #2 2HBKBM�i2/ �b r2HHX h?mb- �7i2` 2HBKBM�iBM; QMHv � bBM;H2 p�`B�#H2-
r2 2M/ mT rBi? i?2 i`BpB�HHv b�iBb}�#H2 7Q`KmH� (y)X

PM i?2 BKTH2K2Mi�iBQM bB/2- +H�mb2 /Bbi`B#miBQM Bb #2bi BMi2`H2�p2/ rBi? bm#@
bmKTiBQM mbBM; i?2 ;2M2`�i2/ `2bQHp2Mib BKK2/B�i2Hv iQ bm#bmK2 �M/ bi`2M;i?2M
2tBbiBM; +H�mb2b i?`Qm;? #�+Fr�`/ bm#bmKTiBQMX 6m`i?2`KQ`2- #QmM/2/ p�`B�#H2
2HBKBM�iBQM +�M #2 BKT`Qp2/ #v QM@i?2@~v bm#bmKTiBQM /m`BM; p�`B�#H2 2HBKBM�@
iBQM (>ayN) �b 7QHHQrb, q?2M2p2` � UMQM@i�miQHQ;B+�HV `2bQHp2Mi R Q7 irQ +H�mb2b
C �M/ D Bb +QKTmi2/- +?2+F B7 |R| = |C| − 1 Q` |R| = |D| − 1 U�7i2` `2KQpBM;
`2T2�i2/ HBi2`�Hb- BX2X- BMi2`T`2iBM; +H�mb2b �b HBi2`�H b2ibVX AM i?2 7Q`K2` +�b2- C Bb
bm#bmK2/ #v R �M/ bQ Bi +�M #2 `2TH�+2/ #v Rc BM i?2 H�ii2` +�b2- D Bb bm#bmK2/
#v R �M/ bQ Bi +�M �HbQ #2 `2TH�+2/ #v RX JQ`2Qp2`- i?2 `2TH�+2K2Mi +�M #2
T2`7Q`K2/ `2;�`/H2bb Q7 r?2i?2` e Bb �+im�HHv 2HBKBM�i2/ Q` MQi UBM +�b2 2HBKBM�@
iBQM Q7 e rQmH/ T`Q/m+2 iQQ K�Mv M2r +H�mb2bVX o�`B�#H2b Q7 `2KQp2/ +H�mb2b Q`
HBi2`�Hb ?�p2 iQ #2 U`2Vb+?2/mH2/ �b +�M/B/�i2b 7Q` 7m`i?2` 2HBKBM�iBQM �ii2KTibX

�MQi?2` BKTQ`i�Mi BKTH2K2Mi�iBQM /2i�BH Bb ?Qr iQ Q`;�MBx2 i?2 b+?2/mH2 Q7
2HBKBM�iBQM +�M/B/�i2bX *QKKQM T`�+iB+2 Bb iQ mb2 � T`BQ`Biv [m2m2 BKTH2K2Mi2/
�b � #BM�`v ?2�T BM r?B+? i?2 p�`B�#H2b �`2 Q`/2`2/ #v i?2B` MmK#2` Q7 Q++m``2M+2b
rBi?BM i?2 7Q`KmH�X o�`B�#H2b rBi? i?2 bK�HH2bi MmK#2` Q7 Q++m``2M+2b �`2 i`B2/
}`bi- �M/ i?2 T`BQ`Biv [m2m2 Bb mT/�i2/ /vM�KB+�HHv �b +H�mb2b �`2 bi`2M;i?2M2/-
`2KQp2/- �M/ �//2/X AM Q`/2` iQ b+�H2 p�`B�#H2 2HBKBM�iBQM iQ H�`;2 7Q`KmH�b-
p�`B�#H2b i?�iěr?2M `2bQHp2/ěT`Q/m+2 H�`;2 `2bQHp2Mib Q` Q++m` BM H�`;2 Q` BM
iQQ K�Mv +H�mb2b- b?QmH/ MQi #2 2HBKBM�i2/X GBKBib p�`v #v BKTH2K2Mi�iBQM-
#mi ivTB+�HHv i?2 +H�mb2 bBx2 Q` i?2 `2bQHp2Mi bBx2 Bb HBKBi2/ iQ ky iQ Ryy HBi2`�HbX
o�`B�#H2b i?�i Q++m` KQ`2 i?�M Ryy iQ Ryyy iBK2b- 2Bi?2` M2;�iBp2Hv Q` TQbBiBp2Hv-
�`2 ivTB+�HHv bFBTT2/ iQQX

j6Q` BMbi�M+2- i?2 #QmM/b 7Q`K � ;2QK2i`B+ b2`B2b 0, 8, 16, 32, . . . , 8192X
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h?2 2z2+iBp2M2bb Q7 #QmM/2/ p�`B�#H2 2HBKBM�iBQM Bb ?B;?HB;?i2/ #v i?2 Q#@
b2`p�iBQM i?�i Bi �miQK�iB+�HHv T2`7Q`Kb i?2 2�`HB2` /Bb+mbb2/ 2HBKBM�iBQM Q7 Tm`2
HBi2`�Hb- #2+�mb2 i?2`2 �`2 MQ `2bQHp2Mib mTQM Tm`2 HBi2`�HbX JQ`2Qp2`- B7 � 7Q`@
KmH� +QMi�BMb � mMBi +H�mb2 (e) �M/ 2Bi?2` QM@i?2@~v bm#bmKTiBQM Bb T2`7Q`K2/
Q` i?2 7Q`KmH� +QMi�BMb MQ +H�mb2b i?�i �`2 bm#bmK2/ #v (e)- i?2M i?2 `2bmHi Q7
2HBKBM�iBM; i?2 p�`B�#H2 e Bb i?2 b�K2 �b �TTHvBM; i?2 mMBi@+H�mb2 `mH2 rBi? (e)X

�b Q#b2`p2/ BM (1"y8)- i?2 2HBKBM�iBQM Q7 p�`B�#H2b 7Q` r?B+? i?2 *L6 +QM@
i�BMb � 7mM+iBQM�H /2}MBiBQM T`Q/m+2b `2/mM/�Mi +H�mb2bc i?2b2 +H�mb2b �`2 �+im�HHv
`2bQHp2Mib Q7 +H�mb2b i?�i �`2 MQi T�`i Q7 i?2 7mM+iBQM�H /2}MBiBQMX h?mb- b2�`+?BM;
7Q` bm+? /2}MBiBQMb Ub22 a2+iBQM NXeXkV /m`BM; 2HBKBM�iBQM �ii2KTib `2/m+2b i?2
MmK#2` Q7 `2[mB`2/ `2bQHp2Mib �M/ Q7i2M �HHQrb KQ`2 p�`B�#H2b iQ #2 2HBKBM�i2/X

�Hi2`M�iBp2Hv- �b BKTH2K2Mi2/ BM GBM;2HBM; ("B2Ry)- Bi Bb TQbbB#H2 iQ bBKTHB7v
i?2 *L6 Q7 `2bQHp2Mib QM i?2 ~v- 7Q` BMbi�M+2 #v �TTHvBM; ǳb2K�MiB+�HHvǴ i?2 /m�H
Q7 JBM�iQǶb �H;Q`Bi?K 7Q` T`Q/m+BM; �M B``2/mM/�Mi bmK@Q7@T`Q/m+ib (JBMNk) iQ
*L6 (1Jayd)X h?2 B/2� Bb iQ +QKTBH2 i?2 *L6 Q7 i?2 +H�mb2b +QMi�BMBM; i?2
p�`B�#H2 iQ #2 2HBKBM�i2/ BMiQ � ǳb2K�MiB+Ǵ `2T`2b2Mi�iBQM- bm+? �b � #BM�`v /2+B@
bBQM /B�;`�K U"..V ("`v3e)- 2HBKBM�i2 i?2 p�`B�#H2 7`QK i?2 ".. #v 2tBbi2MiB�H
[m�MiB}+�iBQM- �M/ i?2M �b BM (1Jayd) 2M+Q/2 i?2 `2bmHiBM; ".. #�+F BMiQ �M
B``2/mM/�Mi *L6 UmbBM; JBM�iQǶb �H;Q`Bi?KVX AMbi2�/ Q7 mbBM; "..b 7mM+iBQM
i�#H2b `2T`2b2Mi2/ �b #Bi@K�Tb �b BM GBM;2HBM; rBHH �HbQ /QX AM �Mv +�b2- i?Bb
�TT`Q�+? �pQB/b b2�`+?BM; 7Q` 7mM+iBQM�H /2}MBiBQMb 2tTHB+BiHv �M/ +�Tim`2b �HH
ivT2b Q7 7mM+iBQM�H /2T2M/2M+B2bX Pi?2`rBb2 Bi `2/m+2b i?2 MmK#2` Q7 T`Q/m+2/
+H�mb2b �i H2�bi �b Km+? �b i?2 2tTHB+Bi K2i?Q/ (1"y8) /Bb+mbb2/ �#Qp2X

6Q` i?2 b�F2 Q7 +QKTH2i2M2bb- Bi b?QmH/ �HbQ #2 K2MiBQM2/ i?�i i?2`2 2tBbi bvK@
#QHB+ p�`B�Mib Q7 #QmM/2/ p�`B�#H2 2HBKBM�iBQM i?�i mb2 /2+BbBQM /B�;`�Kb (*ayy-
p.1"R3)- KQ`2 T`2+Bb2Hv x2`Q@bmTT`2bb2/ /2+BbBQM /B�;`�Kb Uw..V (JBMNj)c #mi
BM T`�+iB+2 i?2v +m``2MiHv rQ`F QMHv QM p2`v `2bi`B+i2/ b2ib Q7 7Q`KmH�b U2X;X-
TB;2QM@?QH2 7Q`KmH�bVX

6BM�HHv- #QmM/2/ p�`B�#H2 2HBKBM�iBQM +�M �HbQ #2 �TTHB2/ ǳBM `2p2`b2Ǵ- `2bmHi@
BM; BM r?�i Bb +�HH2/ #QmM/2/ p�`B�#H2 �//BiBQM U"o�V- �b T`QTQb2/ BM (J>"Rk)X
aBM+2 i?2 2HBKBM�iBQM Q7 p�`B�#H2b +�M BM+`2�b2 i?2 MmK#2` Q7 +H�mb2b- T2`7Q`K@
BM; p�`B�#H2 2HBKBM�iBQM BM `2p2`b2 U�//BM; p�`B�#H2b BMbi2�/ Q7 2HBKBM�iBM; i?2KV
+�M TQi2MiB�HHv b?`BMF i?2 bBx2 Q7 � 7Q`KmH�X _2[mB`BM; iQ /BbiBM;mBb? #2ir22M irQ
ivT2b Q7 p�`B�#H2b UBX2X- Q`B;BM�H �M/ �//2/V K�F2b i?2 BKTH2K2Mi�iBQM Q7 #QmM/2/
p�`B�#H2 �//BiBQM Km+? KQ`2 T`Q#H2K�iB+ i?�M BKTH2K2MiBM; #QmM/2/ p�`B�#H2
2HBKBM�iBQM- T�`iB+mH�`Hv BM i?2 +QMi2ti Q7 BM+`2K2Mi�H a�h bQHpBM;- r?2`2 �HbQ
i?2 M22/ Q7 ǳ`2+v+HBM;Ǵ p�`B�#H2b KB;?i #2+QK2 �M Bbbm2X AM +QMi`�bi iQ #QmM/2/
p�`B�#H2 2HBKBM�iBQM- #QmM/2/ p�`B�#H2 �//BiBQM ?�b i?2`27Q`2 MQi v2i 2bi�#HBb?2/
Bib2H7 �b � +2Mi`�H T`2T`Q+2bbBM; i2+?MB[m2X

NXjXkX h2+?MB[m2b "�b2/ QM AKTHB+�iBQM :`�T?b

�M�HvxBM; i?2 bi`m+im`2 Q7 #BM�`v +H�mb2b UBX2X- +H�mb2b i?�i +QMi�BM 2t�+iHv irQ
HBi2`�HbV BM � *L6 7Q`KmH� ;Bp2b `Bb2 iQ T`2T`Q+2bbBM; i2+?MB[m2b i?`Qm;? i?2
MQiBQM Q7 � U#BM�`vV BKTHB+�iBQM ;`�T? (�ShdN) U"A:VX :Bp2M � *L6 7Q`KmH�- Bib
#BM�`v BKTHB+�iBQM ;`�T? Bb � /B`2+i2/ ;`�T? i?�i Bb Q#i�BM2/ �b 7QHHQrb, AMi`Q/m+2
� p2`i2t 7Q` 2p2`v HBi2`�H- �M/ �// i?2 2/;2b (l̄, k) �M/ (k̄, l) 7Q` 2p2`v #BM�`v +H�mb2
(l ∨ k)- r?2`2 l �M/ k �`2 UTQbbB#Hv M2;�iBp2V HBi2`�HbX
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x y z

u

x̄ȳz̄

ū

x y

x̄ȳ

6B;m`2 kX h?2 Q`B;BM�H U#BM�`vV BKTHB+�iBQM ;`�T? U"A:V 7Q` i?2 7Q`KmH� Q7 1t�KTH2 d Bb b?QrM
QM i?2 H27i �M/ QM i?2 `B;?i i?2 `2bmHi �7i2` QM2 `QmM/ Q7 2[mBp�H2Mi@HBi2`�H bm#biBimiBQMX

1t�KTH2 dX h?2 BKTHB+�iBQM ;`�T? Q7 i?2 7Q`KmH�

(x̄ ∨ y) ∧ (ȳ ∨ z) ∧ (z̄ ∨ u) ∧ (ū ∨ y) ∧ (x̄ ∨ z̄) ∧ (x ∨ z ∨ u)

Bb b?QrM QM i?2 H27i BM 6B;m`2 kX LQiB+2 i?�i i?2 i2`M�`v +H�mb2 (x ∨ z ∨ u) /Q2b
MQi �z2+i i?2 BKTHB+�iBQM ;`�T?X

�M 2/;2 BM i?2 BKTHB+�iBQM ;`�T? /B`2+iHv `2T`2b2Mib �M BKTHB+�iBQM i?�i Bb
2[mBp�H2Mi iQ � #BM�`v +H�mb2 BM i?2 7Q`KmH�X AM i?2 2t�KTH2- x BKTHB2b y- y BKTHB2b
z- z BKTHB2b u- �M/ bQ QMX LQiB+2 �HbQ i?�i 7Q` 2p2`v 2/;2 Q7 i?2 7Q`K (e1, e2)-
i?2 BKTHB+�iBQM ;`�T? +QMi�BMb � +Q``2bTQM/BM; 2/;2 (ē2, ē1)- `2T`2b2MiBM; i?2
+QMi`�TQbBiBQM Q7 i?2 BKTHB+�iBQMX

"v +QMbi`m+iBQM- 2p2`v bi`QM;Hv +QMM2+i2/ +QKTQM2Mi9 Q7 � #BM�`v BKTHB+�iBQM
;`�T? `2T`2b2Mib � b2i Q7 2[mBp�H2Mi HBi2`�Hb (o:hNj- GByy)- BX2X- HBi2`�Hb r?Q Kmbi
?�p2 i?2 b�K2 i`mi? p�Hm2 BM 2p2`v b�iBb7vBM; �bbB;MK2Mi Q7 i?2 7Q`KmH�X h?2 b2i
Q7 HBi2`�Hb T`2b+`B#2/ #v � bi`QM;Hv +QMM2+i2/ +QKTQM2Mi +�M i?2`27Q`2 #2 `2TH�+2/
#v � bBM;H2 `2T`2b2Mi�iBp2 HBi2`�H BM i?2 mM/2`HvBM; *L6 7Q`KmH�c i?Bb `2TH�+2K2Mi
Bb FMQrM �b 2[mBp�H2M+2 `2/m+iBQM �M/ 2[mBp�H2Mi@HBi2`�H bm#biBimiBQM U1GaVX

1t�KTH2 3X AM i?2 BKTHB+�iBQM ;`�T? QM i?2 H27i BM 6B;m`2 k- i?2 HBi2`�Hb y- z-
�M/ u 7Q`K � bi`QM;Hv +QMM2+i2/ +QKTQM2MiX h?2B` M2;�iBQMb ȳ- z̄- �M/ ū �HbQ
7Q`K � bi`QM;Hv +QMM2+i2/ +QKTQM2MiX aBM+2 � +H�mb2 (x ∨ y) Bb `2T`2b2Mi2/ #v
i?2 irQ 2/;2b (ȳ, x) �M/ (x̄, y) BM i?2 #BM�`v BKTHB+�iBQM ;`�T?- 2p2`v bi`QM;Hv
+QMM2+i2/ +QKTQM2Mi ?�b � +Q``2bTQM/BM; bi`QM;Hv +QMM2+i2/ +QKTQM2Mi i?�i
+QMbBbib Q7 Bib +QKTH2K2Mi�`v HBi2`�HbX AM i?2 2t�KTH2- r2 +�M `2TH�+2 i?2 bi`QM;Hv
+QMM2+i2/ +QKTQM2Mi {y, z, u} #v i?2 p2`i2t y- �M/ i?2 bi`QM;Hv +QMM2+i2/ +QK@
TQM2Mi {ȳ, z̄, ū} #v i?2 p2`i2t ȳ- iQ Q#i�BM i?2 bBKTHB}2/ 7Q`KmH�

(x̄ ∨ y) ∧ (x̄ ∨ ȳ) ∧ (x ∨ y)X

LQi2 i?�i i?2 +H�mb2 (x∨y) bi2Kb 7`QK i?2 Q`B;BM�H i2`M�`v +H�mb2 (x∨z∨u)X h?2
bBKTHB}2/ 7Q`KmH� +Q``2bTQM/b iQ i?2 BKTHB+�iBQM ;`�T? /2TB+i2/ QM i?2 `B;?i Q7
6B;m`2 k UrBi? irQ M2r bi`QM;Hv +QMM2+i2/ +QKTQM2MibVX

h?2`2 �`2 b2p2`�H /Bz2`2Mi BKTH2K2Mi�iBQMb 7Q` }M/BM; �M/ `2TH�+BM; bi`QM;Hv
+QMM2+i2/ +QKTQM2Mib (�ShdN- /oyR- "qyj- o:y8- :ay8) BM i?2 +QMi2ti Q7 a�hX
6Q` /2i�BHb- r2 `272` iQ i?2 `2bT2+iBp2 HBi2`�im`2- #mi mbm�HHv i?2 BKTH2K2Mi�iBQMb
�`2 #�b2/ QM � /2Ti?@}`bi b2�`+? Q7 i?2 BKTHB+�iBQM ;`�T?X

9� bi`QM;Hv +QMM2+i2/ +QKTQM2Mi Bb � K�tBK�H b2i Q7 p2`iB+2b bm+? i?�i 2p2`v p2`i2t BM i?2
b2i Bb `2�+?�#H2 7`QK �HH Qi?2` p2`iB+2b BM i?2 b2iX
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AM +2`i�BM +�b2b- bi`QM;Hv +QMM2+i2/ +QKTQM2Mib +�M 2p2M #2 mb2/ 7Q` /2i2+i@
BM; mMb�iBb}�#BHBiv, B7 #Qi? � HBi2`�H l �M/ Bib +QKTH2K2Mi l̄ �`2 +QMi�BM2/ BM i?2
b�K2 bi`QM;Hv +QMM2+i2/ +QKTQM2Mi- i?2M i?2 7Q`KmH� Bb mMb�iBb}�#H2X �//BiBQM@
�HHv- i?2 BKTHB+�iBQM ;`�T? +�M #2 mb2/ 7Q` i?2 /2i2+iBQM Q7 7�BH2/ HBi2`�HbX AM
T�`iB+mH�`- B7 i?2`2 Bb � T�i? 7`QK � HBi2`�H l iQ Bib +QKTH2K2Mi l̄- i?2M l Bb � 7�BH2/
HBi2`�H (o:y8)X

1t�KTH2 NX AM i?2 #BM�`v BKTHB+�iBQM ;`�T? b?QrM BM 6B;m`2 k- x Bb � 7�BH2/
HBi2`�H #2+�mb2 i?2`2 Bb � T�i? 7`QK x iQ x̄X LQi2- ?Qr2p2`- i?�i i?2 BKTHB+�iBQM
;`�T? /Q2b MQi �Hr�vb +QMi�BM � T�i? 7`QK � 7�BH2/ HBi2`�H l iQ Bib +QKTH2K2Mi l̄X
hQ b22 i?Bb- +QMbB/2` i?2 7Q`KmH� F = (x̄ ∨ y ∨ z) ∧ (x̄ ∨ ȳ) ∧ (x̄ ∨ z̄) �M/ i?2
HBi2`�H xX �Hi?Qm;? Bi +�M #2 +?2+F2/ i?�i x Bb � 7�BH2/ HBi2`�H rBi? `2bT2+i iQ F -
i?2`2 Bb MQ T�i? 7`QK x iQ x̄ BM i?2 BKTHB+�iBQM ;`�T?- #2+�mb2 i?2 i2`M�`v +H�mb2
(x̄ ∨ y ∨ z)- rBi?Qmi r?B+? x rQmH/ MQi #2 � 7�BH2/ HBi2`�H- Bb MQi +QMbB/2`2/ r?2M
+QMbi`m+iBM; i?2 BKTHB+�iBQM ;`�T?X

NXjXjX >vT2` "BM�`v _2bQHmiBQM

q2 ?�p2 �H`2�/v b22M BM i?2 +QMi2ti Q7 mMBi T`QT�;�iBQM ?Qr � 7Q`KmH� +�M #2
bBKTHB}2/ #v +QMiBMmQmbHv T2`7Q`KBM; BM72`2M+2 bi2Tb UM�K2Hv- i?2 mMBi@+H�mb2
`mH2V mMiBH 2Bi?2` � +QM~B+i Bb /2`Bp2/ Q` MQ KQ`2 BM72`2M+2 bi2Tb �`2 �TTHB+�#H2X
>vT2` #BM�`v `2bQHmiBQM Bb #�b2/ QM i?2 b�K2 B/2�- #mi mb2b bi`QM;2` BM72`2M+2bX

hQr�`/b ?vT2` #BM�`v `2bQHmiBQM- +QMbB/2` }`bi #BM�`v `2bQHmiBQMX h?2 #BM�`v@
`2bQHmiBQM `mH2 Bb Q#i�BM2/ 7`QK i?2 Q`/BM�`v `2bQHmiBQM `mH2 #v `2bi`B+iBM; Bi
iQ #BM�`v +H�mb2bX � #BM�`v@`2bQHmiBQM bi2T +�M 2Bi?2` T`Q/m+2 �MQi?2` #BM�`v
+H�mb2ě7Q` BMbi�M+2- B7 r2 `2bQHp2 (x∨ y) rBi? (x̄∨ z) iQ Q#i�BM (y ∨ z)ěQ` Bi +�M
vB2H/ � mMBi +H�mb2ě7Q` BMbi�M+2- B7 r2 `2bQHp2 (x ∨ y) rBi? (x̄ ∨ y) iQ Q#i�BM (y)X
�TTHvBM; i?2 #BM�`v@`2bQHmiBQM `mH2 �M/ i?2 mMBi@+H�mb2 `mH2 mMiBH MQM2 Q7 i?2K
Bb �TTHB+�#H2 �MvKQ`2 +�M bBKTHB7v � 7Q`KmH� KQ`2 �;;`2bbBp2Hv i?�M T2`7Q`KBM;
QMHv mMBi T`QT�;�iBQMX

1t�KTH2 RyX G2i F = (x ∨ y) ∧ (x̄ ∨ y) ∧ (x ∨ ȳ) ∧ (x̄ ∨ ȳ)X �b i?2`2 �`2 MQ
mMBi +H�mb2b BM F - mMBi T`QT�;�iBQM ?�b MQ 2z2+i QM i?2 7Q`KmH�X >Qr2p2`- #v
T2`7Q`KBM; #BM�`v `2bQHmiBQM Q7 (x ∨ y) rBi? (x̄ ∨ y)- r2 /2`Bp2 (y)X �7i2` i?Bb-
mMBi T`QT�;�iBQM +�M /2`Bp2 � +QM~B+i rBi? i?2 +H�mb2b (y)- (x ∨ ȳ)- �M/ (x̄ ∨ ȳ)X

�b Q#b2`p2/ #v "�++?mb ("�+yk)- 2p2`v mMBi +H�mb2 i?�i +�M #2 /2`Bp2/ #v T2`@
7Q`KBM; #BM�`v `2bQHmiBQM BM +QK#BM�iBQM rBi? mMBi T`QT�;�iBQM U�b /2b+`B#2/
�#Qp2V +�M �HbQ #2 /2`Bp2/ #v 7�BH2/@HBi2`�H /2i2+iBQM- #mi MQi pB+2 p2`b�X

1t�KTH2 RRX qBi? `2bT2+i iQ i?2 7Q`KmH� F = (x̄∨y∨z)∧ (x̄∨ ȳ)∧ (x̄∨ z̄) 7`QK
1t�KTH2 N �#Qp2- i?2 HBi2`�H x Bb � 7�BH2/ HBi2`�H bBM+2 mMBi T`QT�;�iBQM /2`Bp2b
� +QM~B+i QM F ∧ (x)X h?2`27Q`2 (x̄) +�M #2 /2`Bp2/ #v 7�BH2/@HBi2`�H /2i2+iBQMX
>Qr2p2`- #Qi? mMBi T`QT�;�iBQM �M/ #BM�`v `2bQHmiBQM /Q MQi �z2+i F X h?2 `2�bQM
7Q` i?Bb Bb i?�i i?2v +�MMQi mb2 i?2 }`bi +H�mb2- r?B+? +QMi�BMb i?`22 HBi2`�HbX

aBKTHv T2`7Q`KBM; �HH `2bQHmiBQMb- �HbQ rBi? HQM;2` +H�mb2b- rQmH/ T`Q/m+2 iQQ
K�Mv +H�mb2bX h?Bb H2�/b iQ i?2 /2}MBiBQM Q7 ?vT2` #BM�`v `2bQHmiBQM ("�+yk)- �M
BMbi�M+2 Q7 ?vT2` `2bQHmiBQM (_Q#d9)- r?B+? +QMi`�+ib b2p2`�H `2bQHmiBQM bi2Tb BMiQ
� bBM;H2 BM72`2M+2 bi2TX
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l1 ∨ · · · ∨ ln

l̄1 ∨ l

l2 ∨ · · · ∨ ln ∨ l

l̄2 ∨ l

· · · ln−1 ∨ ln ∨ l

l̄n−1 ∨ l

ln ∨ l

︸ ︷︷ ︸
BKTHB+Bi

6B;m`2 jX >vT2` #BM�`v `2bQHmiBQMX PMHv i?2 H�bi `2bQHp2Mi (ln ∨ l) Bb �+im�HHv �//2/ �7i2` �
?vT2` #BM�`v `2bQHmiBQM bi2TX h?2 BMi2`K2/B�i2 `2bQHp2Mib �`2 BKTHB+BiX

.2}MBiBQM RkX :Bp2M �M n@�`v +H�mb2 (l1 ∨ · · · ∨ ln) �M/ n − 1 #BM�`v +H�mb2b
(l̄1 ∨ l), . . . , (l̄n−1 ∨ l)- ?vT2` #BM�`v `2bQHmiBQM �HHQrb i?2 /2`Bp�iBQM Q7 i?2 +H�mb2
(ln ∨ l)- r?B+? Bb +�HH2/ � ?vT2` #BM�`v `2bQHp2MiX

P#b2`p2 i?�i i?2 ?vT2` #BM�`v `2bQHp2Mi (ln ∨ l) +�M #2 /2`Bp2/ 7`QK i?2 T`2pBQmb
+H�mb2b #v �TTHvBM; � MmK#2` Q7 `2bQHmiBQM bi2TbX q2 bi�`i rBi? (l1∨ · · ·∨ ln) �M/
}`bi `2bQHp2 Bi rBi? (l̄1 ∨ l) iQ Q#i�BM (l2 ∨ · · ·∨ ln ∨ l)- r?B+? r2 i?2M `2bQHp2 rBi?
(l̄2 ∨ l) iQ Q#i�BM (l3 ∨ · · · ∨ ln ∨ l) �M/ bQ QM mMiBH r2 }M�HHv /2`Bp2 (ln ∨ l)X h?2
BMi2`K2/B�i2 `2bQHp2Mib- ?Qr2p2`- �`2 MQi /2`Bp2/ 2tTHB+BiHvX 6B;m`2 j BHHmbi`�i2b
i?2 UBKTHB+BiV `2bQHmiBQMb BMpQHp2/ BM � bBM;H2 ?vT2` #BM�`v `2bQHmiBQM bi2TX

"v `2T2�i2/Hv T2`7Q`KBM; ?vT2` #BM�`v `2bQHmiBQM BM +QK#BM�iBQM rBi? mMBi
T`QT�;�iBQM mMiBH MQ KQ`2 BM72`2M+2 bi2Tb �`2 TQbbB#H2 UQ` � +QM~B+i Bb /2`Bp2/V- �
7Q`KmH� +�M #2 bBKTHB}2/ bB;MB}+�MiHvX AM 7�+i- i?Bb +QK#BM�iBQM /2`Bp2b i?2 b�K2
HBi2`�Hb i?�i rQmH/ #2 /2`Bp2/ #v T2`7Q`KBM; 7�BH2/@HBi2`�H /2i2+iBQM QM �HH HBi2`�Hb
BM +QK#BM�iBQM rBi? mMBi T`QT�;�iBQM ("�+yk)X Ai +�M- 7Q` BMbi�M+2- /2`Bp2 i?2
HBi2`�H (x̄) 7`QK i?2 7Q`KmH� F BM 1t�KTH2 RR #v � bBM;H2 �TTHB+�iBQM Q7 i?2 ?vT2`
#BM�`v `2bQHmiBQM `mH2X

>vT2` #BM�`v `2bQHmiBQM �M/ mMBi T`QT�;�iBQM ?�p2 #22M mb2/ BM +QK#BM�@
iBQM rBi? i?2 /2i2+iBQM Q7 #BM�`v 2[mBp�H2M+2b U`2TH�+BM; i?2K #v bBM;H2 HBi2`@
�Hb- bBKBH�` iQ i?2 i2+?MB[m2 #�b2/ QM bi`QM;Hv +QMM2+i2/ +QKTQM2Mib /Bb+mbb2/
BM a2+iBQM NXjXkVX h?2 `2bmHiBM; T`2T`Q+2bbBM; i2+?MB[m2 +�M #2 BKTH2K2Mi2/
#�b2/ QM T`Q#BM; 7�BH2/ HBi2`�Hb BM � /2Ti?@}`bi b2�`+? Q7 i?2 #BM�`v BKTHB+�iBQM
;`�T? ("qyj)X �b bQQM �b � H�`;2 UMQM@#BM�`vV +H�mb2 Bb mb2/ iQ /2`Bp2 � mMBi
+H�mb2 /m`BM; T`Q#BM;- � ?vT2` #BM�`v `2bQHp2Mi Bb H2�`M2/X � H2bb ;2M2`�H #mi
7�bi2` p2`bBQM Q7 i?Bb i2+?MB[m2- r?B+? QMHv T`Q#2b `QQib Q7 i?2 #BM�`v BKTHB+�iBQM
;`�T?- ?�b #22M BKTH2K2Mi2/ #v :2`b?K�M �M/ ai`B+?K�M (:ay8)X

JQ`2 bQT?BbiB+�i2/ �H;Q`Bi?Kb 7Q` ?vT2` #BM�`v `2bQHmiBQM (>C"Rj) `2mb2 /2@
+BbBQMb �M/ T`QT�;�iBQM 2zQ`i #v b+?2/mHBM; /2+BbBQMb �HQM; i?2 bi`m+im`2 Q7 i?2
#BM�`v BKTHB+�iBQM ;`�T?- #mi mbBM; KmHiBTH2 /2+BbBQMb �i i?2 b�K2 iBK2- bBKBH�`
BM bTB`Bi iQ 2{+B2Mi ǳ/BbiBHH�iBQMǴ QM i`B2b (>ayd)- rBi? KQ`2 /2i�BHb T`QpB/2/ �i
i?2 2M/ Q7 i?2 M2ti b2+iBQMX

h?2b2 �TT`Q�+?2b �pQB/ ǳi`�MbBiBp2Ǵ ?vT2` #BM�`v `2bQHp2Mib #v T`BQ`BiBxBM;
mMBi T`QT�;�iBQM Qp2` #BM�`v +H�mb2bX 6Q` BMbi�M+2- i?2 b2i {(āi∨ai+1) | 1 ≤ i < n}
Q7 #BM�`v +H�mb2b ?�b [m�/`�iB+�HHv K�Mv ?vT2` #BM�`v `2bQHp2Mib (āi ∨ aj)- rBi?
1 ≤ i < j ≤ nX LQi2 i?�i i?2b2 �//BiBQM�H i`�MbBiBp2 +H�mb2b �`2 `2/mM/�Mi rBi?
`2bT2+i iQ /2i2+iBM; bi`QM;Hv +QMM2+i2/ +QKTQM2Mib Q7 2[mBp�H2Mi HBi2`�Hb �b r2HH
�b mMBi T`QT�;�iBQM Ub22 �HbQ i?2 /Bb+mbbBQM Q7 ǳ2KTQr2`BM;Ǵ BM (S.RR)V �M/ i?mb
b?QmH/ MQi #2 /2`Bp2/ U�M/ biQ`2/VX Ai Bb 7m`i?2` mb27mH iQ �TTHv i`�MbBiBp2 `2/m+@
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iBQM Q7 i?2 #BM�`v BKTHB+�iBQM ;`�T? T`Q@�+iBp2Hv (>C"Ry�)X �b }`bi BKTH2K2Mi2/
BM S`2+Qa�h ("B2yN) �M/ 7m`i?2` `2}M2/ BM (>CaRR)- i?2`2 Bb �HbQ �M QM@i?2@~v
p�`B�Mi Q7 ?vT2` #BM�`v `2bQHmiBQM i?�i H2�`Mb #BM�`v +H�mb2b /m`BM; T`QT�;�iBQM
mbBM; /QKBM�iQ` �M�HvbBb QM i?2 #BM�`v BKTHB+�iBQM ;`�T? Ub22 �HbQ (>C"Rj)VX

>Qr2p2`- `2KQpBM; i`�MbBiBp2 `2bQHp2Mib /Q2b MQi T`2p2Mi i?2 rQ`bi +�b2 Q7
[m�/`�iB+�HHv K�Mv MQM@i`�MbBiBp2 ?vT2` #BM�`v `2bQHp2Mib (>C"Rj)- �M/ `mMMBM;
?vT2` #BM�`v `2bQHmiBQM mMiBH +QKTH2iBQM Bb QMHv 72�bB#H2 7Q` +2`i�BM 7Q`KmH�b
UKQbiHv bK�HH �M/ ?�`/ +QK#BM�iQ`B�H T`Q#H2KbVX 6Q` H�`;2 �TTHB+�iBQM 7Q`Km@
H�b- ?vT2` #BM�`v `2bQHmiBQM ?�b iQ #2 T`22KTi2/- �M/ Bi Bb �/pBb�#H2 iQ ǳ7Q`;2iǴ
?vT2` #BM�`v `2bQHp2/ +H�mb2b �;;`2bbBp2Hv ("66>ky) /m`BM; i?2 ǳ`2/m+2Ǵ T?�b2
Q7 i?2 a�h bQHp2` r?B+? /2H2i2b mb2H2bb H2�`M2/ +H�mb2bX

NXjX9X �/p�M+2/ S`Q#BM; h2+?MB[m2b

q2 bi�`i rBi? �bvKK2i`B+8 i�miQHQ;B2b- r?B+? �`2 � ;2M2`�HBx�iBQM Q7 i�miQHQ;B2b
#�b2/ QM i?2 +QM+2Ti Q7 �M �bvKK2i`B+ HBi2`�H,

.2}MBiBQM RjX � HBi2`�H l Bb �M �bvKK2i`B+ HBi2`�H BM � +H�mb2 C ∨ l rBi? `2bT2+i
iQ � 7Q`KmH� F B7 mMBi T`QT�;�iBQM /2/m+2b i?2 mMBi +H�mb2 l̄ 7`QK F ∧ C- r?2`2
C Bb i?2 +QMDmM+iBQM Q7 i?2 M2;�iBQMb Q7 i?2 HBi2`�Hb BM CX

�++Q`/BM;Hv- B7 l Bb �M �bvKK2i`B+ HBi2`�H BM C ∨ l rX`XiX F - i?2M �HH KQ/2Hb
i?�i 7�HbB7v C #mi b�iBb7v F - 7�HbB7v lX AM i?Bb +�b2- l Bb `2/mM/�Mi BM C ∨ l �M/
F ∧ (C ∨ l) +�M #2 bBKTHB}2/ iQ F ∧ C #v ǳbi`2M;i?2MBM;Ǵ C ∨ l �M/ `2KQpBM; lX
h?Bb bBKTHB}+�iBQM Bb �HbQ +�HH2/ �bvKK2i`B+ HBi2`�H 2HBKBM�iBQM Ub?Q`i ALEVX

1t�KTH2 R9X *QMbB/2` i?2 7Q`KmH� F = (a∨x̄)∧(x∨l̄) �M/ i?2 +H�mb2 C = (a∨b)X
lMBi T`QT�;�iBQM QM F ∧C = F ∧(ā)∧(b̄) T`Q/m+2b i?2 mMBi +H�mb2 (l̄)X h?2`27Q`2-
l Bb �M �bvKK2i`B+ HBi2`�H BM C∨l rBi? `2bT2+i iQ F - �M/ (a∨x̄)∧(x∨ l̄)∧(a∨b∨l) =
F ∧(C∨l) +�M #2 bBKTHB}2/ iQ (a∨x̄)∧(x∨ l̄)∧(a∨b) = F ∧C i?`Qm;? �bvKK2i`B+
HBi2`�H 2HBKBM�iBQMX

AM Q`/2` iQ /2/m+2 i?�i +H�mb2b �`2 ǳ`2/mM/�MiǴ #�b2/ QM i?Bb MQiBQM- r2 �//
HBi2`�Hb BMbi2�/ Q7 `2KQpBM; i?2K- �M/ /m`BM; i?Bb T`Q+2bb Q#i�BM � i�miQHQ;B+�H
+H�mb2 (>C"Ry�)X

.2}MBiBQM R8X � +H�mb2 C Bb �M �bvKK2i`B+ i�miQHQ;v UATV rBi? `2bT2+i iQ F
B7 i?2`2 Bb � b2[m2M+2 l1, . . . , ln Q7 HBi2`�Hb bm+? i?�i C ∨ l1 ∨ · · ·∨ ln Bb � i�miQHQ;v
�M/ 2�+? li Bb �M �bvKK2i`B+ HBi2`�H BM C ∨ l1 ∨ · · · ∨ li rBi? `2bT2+i iQ F X

1t�KTH2 ReX *QMbB/2` i?2 7Q`KmH� F = (x̄∨z)∧(ȳ∨z̄) �M/ i?2 +H�mb2 C = (x̄∨ȳ)X
h?2 HBi2`�H z̄ Bb �M �bvKK2i`B+ HBi2`�H BM (x̄∨ ȳ∨ z̄) rX`XiX F bBM+2 mMBi T`QT�;�iBQM
QM F ∧ (x) ∧ (y) /2/m+2b i?2 mMBi +H�mb2 (z) UT`QT�;�iBQM Q7 F ∧ (x) Bb 2MQm;?VX
h?2M z Bb �M �bvKK2i`B+ HBi2`�H BM (x̄ ∨ ȳ ∨ z̄ ∨ z) rX`XiX F �b mMBi T`QT�;�iBQM
/2/m+2b �HbQ z̄ 7`QK F ∧ (x)∧ (y)∧ (z) U�;�BM �H`2�/v mMBi T`QT�;�iBQM Q7 F ∧ (y)
bm{+2bVX �i i?Bb TQBMi r2 +�M biQT- bBM+2 r2 ?�p2 �H`2�/v b?QrM i?�i C BM
+QK#BM�iBQM rBi? F Bb 2[mBp�H2Mi iQ � i�miQHQ;v- i?mb �M �bvKK2i`B+ i�miQHQ;vX

8h?2 i2`K ǳ�bvKK2i`B+Ǵ ?�b Bib Q`B;BM BM i?2 MQiBQM Q7 ǳ�bvKK2i`B+ Ui�#H2�mV `mH2bǴ (.JN9)-
r?B+? �TT�`2MiHv BMbTB`2/ i?2 JBMBa�i �mi?Q`b (1ayj) iQ M�K2 � +QKK�M/ HBM2 QTiBQM ǳ@�bvKKǴ
mb2/ iQ 2M�#H2 � ǳbi`2M;i?2MBM;Ǵ T`Q+2/m`2 MQr +�HH2/ ǳ�bvKK2i`B+ HBi2`�H 2HBKBM�iBQMǴX
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LQi2 i?�i BM i?Bb 2t�KTH2 r2 mb2/ i?2 7�+i i?�i mMBi T`QT�;�iBQM Bb +QM~m2Mi
BM i?2 b2Mb2 i?�i i?2 Q`/2` BM r?B+? i?2 mMBi@+H�mb2 `mH2 Bb �TTHB2/ Bb B``2H2p�Mi
iQ i?2 Qmi+QK2c Bi Bb �HbQ KQMQiQMB+ BM i?2 b2Mb2 i?�i 2p2`v mMBi +H�mb2 i?�i +�M
#2 /2`Bp2/ 7`QK � 7Q`KmH� F +�M �HbQ #2 /2`Bp2/ 7`QK 2p2`v H�`;2` 7Q`KmH� i?�i
+QMi�BMb �HH i?2 +H�mb2b Q7 F X

Ai +�M 7m`i?2` #2 b?QrM i?�i B7 � +H�mb2 C Bb �M �bvKK2i`B+ i�miQHQ;v rX`XiX �
7Q`KmH� F - i?2M F BKTHB2b CX h?Bb BM im`M K2�Mb i?�i C +�M #2 b�72Hv 2HBKBM�i2/
7`QK i?2 7Q`KmH� F ∧CX JQ`2Qp2`- B7 QMHv �bvKK2i`B+ HBi2`�Hb 7`QK #BM�`v +H�mb2b
M22/ iQ #2 �//2/ iQ im`M � +H�mb2 BMiQ � i�miQHQ;v- i?2M i?�i +H�mb2 Bb �HbQ +�HH2/
� ?B//2M i�miQHQ;v- �M/ i?2 +Q``2bTQM/BM; +H�mb2@2HBKBM�iBQM i2+?MB[m2 Bb +�HH2/
?B//2M i�miQHQ;v 2HBKBM�iBQM U>h1V (>C"Ry�)X

h?2 `2H�i2/ i2+?MB[m2 Q7 mM?B/BM; (>C"RR) �pQB/b [m�/`�iB+ +QKTmi�iBQM /m`@
BM; `2T2�i2/ mMBi T`QT�;�iBQMX Ai Bb #�b2/ QM `�M/QKBx2/ /2Ti?@}`bi i`�p2`b�H Q7
i?2 #BM�`v BKTHB+�iBQM ;`�T? �M/ `2HB2b QM i?2 T�`2Mi?2bBb i?2Q`2K iQ /2i2+i BM
�HKQbi +QMbi�Mi iBK2 B7 � +H�mb2 Bb � ?B//2M i�miQHQ;v Q` B7 +H�mb2b +�M #2 bi`2M;i?@
2M2/ #v `2KQpBM; ?B//2M HBi2`�HbX h?Bb 7Q`K Q7 HBi2`�H `2KQp�H Bb �HbQ FMQrM �b
?B//2M HBi2`�H 2HBKBM�iBQM U>G1V- r?B+? +�M #2 b22M � `2bi`B+i2/ p�`B�Mi Q7 �bvK@
K2i`B+ HBi2`�H 2HBKBM�iBQM r?B+? QMHv T`QT�;�i2b Qp2` #BM�`v +H�mb2bX

Ai Bb r2HH@FMQrM i?�i � +H�mb2 C Bb �M �bvKK2i`B+ i�miQHQ;v rBi? `2bT2+i iQ
� 7Q`KmH� F B7 �M/ QMHv B7 Bi Bb � `2p2`b2 mMBi T`QT�;�iBQM URUPV +H�mb2 (o:Rk)X

.2}MBiBQM RdX � +H�mb2 C Bb � RUP +H�mb2 rBi? `2bT2+i iQ � 7Q`KmH� F B7 mMBi
T`QT�;�iBQM /2`Bp2b � +QM~B+i QM F ∧ CX

hQ i2bi B7 � +H�mb2 Bb �M �bvKK2i`B+ i�miQHQ;v rBi? `2bT2+i iQ � 7Q`KmH� F - Bi i?mb
bm{+2b iQ +?2+F B7 T`QT�;�iBM; Bib M2;�iBQM H2�/b iQ � +QM~B+iX LQi2 i?�i RUP
+H�mb2b �`2 � ;2M2`�HBx�iBQM Q7 i?2 2�`HB2`@K2MiBQM2/ 7�BH2/ HBi2`�Hb, � mMBi +H�mb2
(l) Bb � RUP +H�mb2 rBi? `2bT2+i iQ � 7Q`KmH� F B7 �M/ QMHv B7 l̄ Bb � 7�BH2/ HBi2`�H
rBi? `2bT2+i iQ F X 6`QK i?2 RUP /2}MBiBQM Bi �HbQ #2+QK2b +H2�` r?v �bvKK2i`B+
i�miQHQ;B2b �`2 BKTHB2/- bBM+2 mMBi T`QT�;�iBQM +�M QMHv /2`Bp2 � +QM~B+i B7 i?2
+QMDmM+iBQM Q7 i?2 7Q`KmH� rBi? i?2 M2;�i2/ +H�mb2 Bb mMb�iBb}�#H2- r?B+? Bb i?2
+�b2 B7 �M/ QMHv B7 i?2 +H�mb2 Bb BKTHB2/ #v i?2 7Q`KmH�X

6�BH2/@HBi2`�H T`Q#BM; �HQM2 Bb Q7i2M �H`2�/v [mBi2 2tT2MbBp2X h?mb +?2+FBM;
�HH +H�mb2b 7Q` #2BM; �bvKK2i`B+ i�miQHQ;B2b Bb 2p2M KQ`2 +QbiHvX aiBHH- `2KQpBM;
i?2K +�M #2M2}i Qi?2` T`2T`Q+2bbBM; �H;Q`Bi?Kb bm+? �b p�`B�#H2 2HBKBM�iBQMX

h?2 #�bB+ �TT`Q�+? Q7 �bvKK2i`B+ i�miQHQ;v +?2+FBM; i�F2b � +H�mb2 C- i?2M
�bbB;Mb �HH Bib HBi2`�Hb iQ 7�Hb2- 7QHHQr2/ #v mMBi T`QT�;�iBQMX �/p�M+2/ T`Q#BM;
i2+?MB[m2b HBF2 /BbiBHH�iBQM (>ayd) �M/ pBpB}+�iBQM (S>ay3) BMi2`H2�p2 �bbB;MK2Mib
�M/ T`QT�;�iBQMb BMbi2�/X h?Bb rQ`Fb �b 7QHHQrbX

h?2 HBi2`�Hb Q7 C �`2 biBHH �bbB;M2/ iQ #2 7�Hb2 BM �M �`#Bi`�`v }t2/ Q`/2`- #mi �
+QKTH2i2 `QmM/ Q7 T`QT�;�iBQM Bb bi�`i2/ BKK2/B�i2Hv �7i2` 2p2`v bBM;H2 �bbmK2/
�bbB;MK2MiX A7 /m`BM; bm+? � T`QT�;�iBQM `QmM/ � +QM~B+i Bb 7QmM/ Q` �MQi?2`
MQi v2i �bbB;M2/ HBi2`�H Q7 C Bb 7Q`+2/ iQ i`m2- i?2M i?2 +H�mb2 Bb �M �bvKK2i`B+
i�miQHQ;v �M/ +�M BM T`BM+BTH2 #2 `2KQp2/X �Hi2`M�iBp2Hv- T�`iB+mH�`Hv B7 �TTHB2/
iQ H2�`M2/ +H�mb2b BM *.*G (GGs+Rd- GsG+ky)- bm+? �bvKK2i`B+ i�miQHQ;B2b
+�M #2 `2TH�+2/ #v +H�mb2b H2�`M2/ i?`Qm;? i?2 bi�M/�`/ *.*G +QM~B+i �M�HvbBb-
B7- 7Q` BMbi�M+2- i?2 H2�`M2/ +H�mb2 im`Mb Qmi iQ #2 b?Q`i2`X A7- ?Qr2p2`- /m`BM;
T`QT�;�iBQM �MQi?2` MQi v2i �bbB;M2/ HBi2`�H Q7 C Bb 7Q`+2/ iQ 7�Hb2- i?2M i?Bb
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HBi2`�H Bb �+im�HHv �M �bvKK2i`B+ HBi2`�H �M/ i?2 +H�mb2 C +�M #2 bi`2M;i?2M2/-
#v `2KQpBM; i?2 HBi2`�H 7`QK CX h?Bb T`2b2Mib i?2 `2�H #2M2}i Q7 BMi2`H2�pBM;
�bbB;MK2Mib �M/ T`QT�;�iBQM BM pBpB}+�iBQM �M/ /BbiBHH�iBQMX

� /Bb�/p�Mi�;2 Q7 +H�mb2@#�b2/ T`Q#BM;- BM +QMi`�bi iQ HBi2`�H #�b2/ T`Q#@
BM; /Bb+mbb2/ #27Q`2- Bb i?�i TQi2MiB�HHv K�Mv `2/mM/�Mi T`QT�;�iBQMb �`2 T2`@
7Q`K2/- 7Q` BMbi�M+2 r?2M K�Mv +H�mb2b b?�`2 i?2 b�K2 HBi2`�HbX h?2b2 HBi2`�Hb
�`2 i?2M `2T2�i2/Hv �bbB;M2/ iQ 7�Hb2 �M/ T`QT�;�i2/X �M �ii2KTi iQ `2/m+2
i?Bb `2/mM/�Mi T`QT�;�iBQM 2zQ`i r�b K�/2 BM /BbiBHH�iBQM #v `2Q`;�MBxBM; i?2
+H�mb2b BM � i`B2 UBX2X- �b � b?�`2/ T`2}t i`22V �M/ `2mbBM; T`QT�;�iBQMb �HQM; i?2
b�K2 T`2}t (>ayd)X h?2 BKTH2K2Mi�iBQM Q7 pBpB}+�iBQM BM *�.B*�G ("B2Rd) �M/
EBbb�i ("66>ky) �+?B2p2b i?2 b�K2 2z2+i #v bQ`iBM; +H�mb2b �M/ HBi2`�Hb- i?mb
bBKmH�iBM; � i`B2 bi`m+im`2 QM � TH�BM *L6 7Q`KmH�X

�MQi?2` BKTQ`i�Mi [m2biBQM Bb r?B+? +H�mb2b b?QmH/ #2 +?2+F2/- T�`iB+mH�`Hv B7
i?2b2 i2+?MB[m2b �`2 �TTHB2/ iQ H2�`M2/ +H�mb2b /m`BM; BMT`Q+2bbBM; (C>"Rk)X PM2
T`QTQb�H r�b iQ +?2+F H2�`M2/ +H�mb2b BM T�`�HH2H (q>Rj) BM � b2T�`�i2 i?`2�/X �M@
Qi?2`- r?B+? r�b �+im�HHv i?2 #�bBb 7Q` i?2 `2pBp�H Q7 i?2b2 i2+?MB[m2b (GGs+Rd)-
r�b iQ 7Q+mb QM H2�`M2/ +H�mb2b- +?2+F �HH +H�mb2b �i KQbi QM+2- �M/ +?2+F QMHv
i?Qb2 r?B+? ?�p2 � ?B;? +?�M+2 Q7 #2BM; mb2/ U2X;X- +H�mb2b Q7 bK�HH G". (�ayN)VX
6Q` KQ`2 /2i�BHb b22 (GsG+ky)X

NX9X *L6 S`2T`Q+2bbBM; "2vQM/ _2bQHmiBQM

aQ 7�`- r2 ?�p2 QMHv +QMbB/2`2/ i?2 2HBKBM�iBQM Q7 +H�mb2b i?�i �`2 BKTHB2/X >Qr@
2p2`- �b r2 /Bb+mbb2/ BM i?2 b2+iBQM QM bm#bmKTiBQM- BM a�h bQHpBM; Q7i2M � KQ`2
;2M2`�H MQiBQM Q7 `2/mM/�M+v Bb mb2/- `2[mB`BM; QMHv i?�i i?2 2HBKBM�iBQM Q7 �
+H�mb2 ?�b MQ 2z2+i QM i?2 b�iBb}�#BHBiv bi�imb Q7 � 7Q`KmH� Ub22 (C>"Rk)VX

PM2 Q7 i?2 KQbi BKTQ`i�Mi ivT2b Q7 +H�mb2b i?�i �`2 `2/mM/�Mi #mi MQi M2+@
2bb�`BHv BKTHB2/- �`2 #HQ+F2/ +H�mb2bX AMimBiBp2Hv- � +H�mb2 Bb #HQ+F2/ B7 Bi +QMi�BMb
� HBi2`�H bm+? i?�i �HH `2bQHp2Mib mTQM i?Bb HBi2`�H �`2 i�miQHQ;B2b (EmHNN)X
.2}MBiBQM R3X :Bp2M � 7Q`KmH� F �M/ � HBi2`�H l- r2 /2MQi2 #v Fl i?2 b2i Q7
+H�mb2b Q7 F i?�i +QMi�BM lX h?2M � +H�mb2 C Bb � #HQ+F2/ +H�mb2 BM � 7Q`KmH� F B7
Bi +QMi�BMb � HBi2`�H l bm+? i?�i 7Q` 2p2`v +H�mb2 D ∈ Fl̄- i?2 `2bQHp2Mi Q7 C �M/ D
mTQM l Bb � i�miQHQ;vX q2 b�v i?�i l #HQ+Fb C BM F X
1t�KTH2 RNX *QMbB/2` i?2 7Q`KmH� F = (x̄∨ z)∧ (ȳ ∨ x̄) �M/ i?2 +H�mb2 (x∨ y)X
h?2 HBi2`�H x /Q2b MQi #HQ+F (x∨ y) BM F bBM+2 i?2 `2bQHp2Mi (y ∨ z) Q7 (x∨ y) �M/
(x̄∨z) Bb MQi � i�miQHQ;vX >Qr2p2`- i?2 HBi2`�H y #HQ+Fb (x∨y) BM F bBM+2 i?2 QMHv
+H�mb2 BM Fȳ Bb i?2 +H�mb2 (ȳ ∨ x̄)- �M/ i?2 `2bQHp2Mi (x ∨ x̄) Q7 (x ∨ y) �M/ (ȳ ∨ x̄)
Bb � i�miQHQ;vX h?2`27Q`2- (x ∨ y) Bb #HQ+F2/ BM F X
"HQ+F2/ +H�mb2b r2`2 BMBiB�HHv BMi`Q/m+2/ #v EmHHK�MM (EmHNN) �b � ;2M2`�H@
Bx�iBQM Q7 i?2 /2}MBiBQM +H�mb2b BM 2ti2M/2/ `2bQHmiBQM (hb2e3)- �M/ r2`2 H�i2`
T`QTQb2/ �b � #�bBb 7Q` i?2 T`2T`Q+2bbBM; i2+?MB[m2 Q7 #HQ+F2/ +H�mb2 2HBKBM�@
iBQM (C">Ry) U"*1VX �b 7m`i?2` b?QrM BM (C">Rk)- #HQ+F2/ +H�mb2 2HBKBM�iBQM +�M
bBKmH�i2 b2p2`�H bi`m+im`�H bBKTHB}+�iBQM i2+?MB[m2b Ub22 �HbQ a2+iBQM NXeV QM i?2
*L6@H2p2H- BM T�`iB+mH�` MQM@b?�`2/@BMTmi 2HBKBM�iBQM- KQMQiQM2@BMTmi `2/m+iBQM-
�M/ +QM2@Q7@BM~m2M+2 `2/m+iBQMX JQ`2Qp2`- i?2 2z2+iBp2M2bb Q7 #QmM/2/ p�`B�#H2
2HBKBM�iBQM +�M #2 BM+`2�b2/ #v BMi2`H2�pBM; Bi rBi? #HQ+F2/ +H�mb2 2HBKBM�iBQMX
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"HQ+F2/ +H�mb2b ?�p2 #22M ;2M2`�HBx2/ BM b2p2`�H r�vbX PM2 r2HH@FMQrM ;2M2`@
�HBx�iBQM �`2 `2bQHmiBQM �bvKK2i`B+ i�miQHQ;B2b- #2ii2` FMQrM �b RATbX h?2 RAT
/2}MBiBQM Bb Q#i�BM2/ 7`QK i?2 #HQ+F2/@+H�mb2 /2}MBiBQM #v `2TH�+BM; i�miQHQ;B2b
rBi? �bvKK2i`B+ i�miQHQ;B2b (C>"Rk)X
.2}MBiBQM kyX � +H�mb2 C Bb � `2bQHmiBQM �bvKK2i`B+ i�miQHQ;v URATV BM �
7Q`KmH� F B7 Bi +QMi�BMb � HBi2`�H l bm+? i?�i 7Q` 2p2`v +H�mb2 D ∈ Fl̄- i?2 `2bQHp2Mi
Q7 C �M/ D mTQM l Bb �M �bvKK2i`B+ i�miQHQ;v rBi? `2bT2+i iQ F X
6`QK i?Bb /2}MBiBQM Bi BKK2/B�i2Hv 7QHHQrb i?�i 2p2`v #HQ+F2/ +H�mb2 BM 7Q`KmH� F
Bb �HbQ � RAT rBi? `2bT2+i iQ F X �Hi?Qm;? i?2 2tTHB+Bi 2HBKBM�iBQM Q7 RATb
?�b MQi v2i #22M b?QrM iQ #QQbi bQHp2` T2`7Q`K�M+2 BM a�h- ;2M2`�HBx�iBQMb Q7
RAT 2HBKBM�iBQM 7Q` [m�MiB}2/ "QQH2�M 7Q`KmH�b UZ"6bV ?�p2 H2/ iQ bB;MB}+�Mi
T2`7Q`K�M+2 BKT`Qp2K2Mib BM Z"6 bQHpBM; (G1R3)X

JQ`2Qp2`- RAT HB2b �i i?2 +Q`2 Q7 i?2 r2HH@FMQrM DRAT T`QQ7 bvbi2K- r?B+?
Bb i?2 /2@7�+iQ bi�M/�`/ BM KQ/2`M a�h bQHpBM;X Pi?2` ;2M2`�HBx�iBQMb Q7 #HQ+F2/
+H�mb2b �M/ RATb U2X;X- b2i@#HQ+F2/ +H�mb2b (Eah"Re- Eah"R3) �M/ T`QT�;�iBQM@
`2/mM/�Mi +H�mb2b US_V (>E"Rd- >E"ky)V ?�p2 �HbQ MQi v2i #22M mb2/ 7Q` +H�mb2
2HBKBM�iBQM #mi BMbi2�/ 7Q` +H�mb2 �//BiBQM /m`BM; bQHpBM; �M/ 7Q` T`QQ7 ;2M2`�iBQM-
r?B+? r2 �`2 MQi ;QBM; iQ /Bb+mbb ?2`2X

PM2 ivT2 Q7 +H�mb2b i?�i ;2M2`�HBx2b #HQ+F2/ +H�mb2b- �M/ r?Qb2 2HBKBM�iBQM
?�b b?QrM bQK2 T2`7Q`K�M+2 BKT`Qp2K2Mib BM i?2 a�h bQHp2` GBM;2HBM; ("B2Rd)-
�`2 +Qp2`2/ +H�mb2bX AMimBiBp2Hv- � +H�mb2 Bb � +Qp2`2/ B7 Bi +�M #2 im`M2/ BMiQ �
#HQ+F2/ +H�mb2 #v �//BM; bQ@+�HH2/ +Qp2`2/ HBi2`�Hb (>C"Ry#)X
.2}MBiBQM kRX � HBi2`�H k Bb � +Qp2`2/ HBi2`�H BM � +H�mb2 C rBi? `2bT2+i iQ �
7Q`KmH� F B7 C +QMi�BMb � HBi2`�H l bm+? i?�i �HH MQM@i�miQHQ;B+�H `2bQHp2Mib Q7 C
mTQM l rBi? +H�mb2b D BM Fl̄ +QMi�BM kX
h?2 �//BiBQM Q7 +Qp2`2/ HBi2`�Hb T`2b2`p2b b�iBb}�#BHBiv BM i?2 b2Mb2 i?�i F ∧ C
�M/ F ∧ (C ∨ k) �`2 2[mBb�iBb}�#H2 B7 k Bb +Qp2`2/ #v C BM F c #27Q`2 �M 2t�KTH2-
r2 ;Bp2 i?2 /2}MBiBQM Q7 +Qp2`2/ +H�mb2b (>C"Ry#) #�b2/ QM +Qp2`2/ HBi2`�HbX
.2}MBiBQM kkX � +H�mb2 C Bb � +Qp2`2/ +H�mb2 rBi? `2bT2+i iQ � 7Q`KmH� F
B7 i?2`2 2tBbib � b2[m2M+2 k1, . . . , kn Q7 HBi2`�Hb bm+? i?�i 2�+? ki Bb +Qp2`2/ #v
C ∨ k1 ∨ · · · ∨ ki−1 rBi? `2bT2+i iQ F �M/ C ∨ k1 ∨ · · · ∨ kn Bb #HQ+F2/ BM F X
1t�KTH2 kjX *QMbB/2` i?2 7Q`KmH� F = (x̄∨y)∧(ȳ∨z) �M/ i?2 +H�mb2 C = (x∨z̄)X
�Hi?Qm;? C Bb MQi #HQ+F2/ BM F - r2 +�M �// i?2 HBi2`�H y bBM+2 Bi Bb +QMi�BM2/ BM
i?2 QMHv `2bQHp2Mi mTQM x- M�K2Hv (y ∨ z̄)- Q#i�BM2/ #v `2bQHpBM; rBi? (x̄ ∨ y)X
h?2 `2bmHiBM; +H�mb2 (x ∨ z̄ ∨ y) Bb i?2M #HQ+F2/ �b i?2`2 Bb QMHv i?2 i�miQHQ;B+�H
`2bQHp2Mi (x ∨ z̄ ∨ z) mTQM y- Q#i�BM2/ #v `2bQHpBM; rBi? (ȳ ∨ z)X h?mb- C Bb �
+Qp2`2/ +H�mb2 rBi? `2bT2+i iQ F X
h?2`2 2tBbi 2p2M KQ`2 ;2M2`�H ivT2b Q7 `2/mM/�Mi +H�mb2b- bm+? �b `2bQHmiBQM@
bm#bmK2/ +H�mb2b (C>"Rk) Uǳi?2 +H�mb2 +QMi�BMb � HBi2`�H bm+? i?�i �HH `2bQH@
p2Mib mTQM i?2 HBi2`�H �`2 i�miQHQ;B+�H Q` bm#bmK2/ǴV- �M/ �bvKK2i`B+ p�`B�Mib Q7
#HQ+F2/ �b r2HH �b +Qp2`2/ +H�mb2b Uǳi?2 �//BiBQM Q7 �bvKK2i`B+ Q` +Qp2`2/ HBi2`�Hb
im`Mb i?2 +H�mb2 BMiQ � #HQ+F2/ +H�mb2ǴV (>CG+R8- C>"Rk)- i?mb 2ti2M/BM; #HQ+F2/
+H�mb2 2HBKBM�iBQM U"*1V �M/ +Qp2`2/ +H�mb2 2HBK�iBQM U**1V iQ i?2 KQ`2 ;2M2`�H
+QM+2Ti Q7 �bvKK2i`B+ +Qp2`2/ +H�mb2 2HBKBM�iBQM U�**1VX

ky



Ai Bb- ?Qr2p2`- MQi +H2�` B7 i?2 2HBKBM�iBQM Q7 bm+? +H�mb2b +�M H2�/ iQ MQ@
iB+2�#H2 T2`7Q`K�M+2 BKT`Qp2K2Mib BM T`�+iB+�H a�h bQHpBM;X h?2 b�K2 �TTHB2b
iQ i?2 2HBKBM�iBQM Q7 ;HQ#�HHv #HQ+F2/ +H�mb2b (E>"RN) KQiBp�i2/ #v +B`+mBi T`2@
T`Q+2bbBM; i2+?MB[m2bX h?2`2 Bb �HbQ bQK2 `2M2r2/ BMi2`2bi BM +Qp2`2/ +H�mb2b-
r?B+? r2`2 `2+2MiHv b?QrM iQ ?�p2 Q`i?Q;QM�H bi`2M;i? iQ T`QT�;�iBQM@`2/mM/�Mi
+H�mb2b ("*"ky)X

NX8X aQHmiBQM _2+QMbi`m+iBQM

6Q` K�Mv T`�+iB+�H �TTHB+�iBQMb Bi Bb MQi bm{+B2Mi iQ `2;�`/ a�h �b � K2`2 /2+BbBQM
T`Q#H2KX *QMbB/2`- 7Q` BMbi�M+2- #QmM/2/ KQ/2H +?2+FBM; U*?�Ti2` R3V, A7 � a�h
bQHp2` /2i2`KBM2b i?�i � T`QTQbBiBQM�H 2M+Q/BM; Q7 � b�72iv T`QT2`iv Bb b�iBb}�#H2-
r2 FMQr i?�i � #�/ bi�i2 Bb `2�+?�#H2 �M/ i?mb i?�i i?2 b�72iv T`QT2`iv Bb pBQH�i2/X
qBi?Qmi � +QM+`2i2 b�iBb7vBM; �bbB;MK2Mi- ?Qr2p2`- r2 +�MMQi Q#i�BM �M 2t2+miBQM
i`�+2 iQ �M�Hvx2 �M/ /B�;MQb2 i?2 `2�bQM 7Q` i?2 T`QT2`iv pBQH�iBQMX � bBKBH�`
bBim�iBQM Q++m`b BM a�h@#�b2/ TH�MMBM; U*?�Ti2` RNV- r?2`2 � bBKTH2 v2bfMQ
�Mbr2` rBi?Qmi i?2 �#BHBiv iQ ;2M2`�i2 �+im�H TH�Mb Bb UKQbiHvV mb2H2bbX

Pi?2` �TTHB+�iBQMb `2[mB`2 T`QQ7b �7i2` i?2 a�h bQHp2` /2i2`KBM2/ � 7Q`KmH�
iQ #2 mMb�iBb}�#H2 U2X;X- iQ 2ti`�+i +H�mb�H +Q`2b Q` iQ ;2M2`�i2 BMi2`TQH�MibVX
S`2T`Q+2bbQ`b i?mb �HbQ M22/ iQ K�F2 bm`2 i?�i p�HB/ T`QQ7b Q7 � bBKTHB}2/ 7Q`KmH�
+�M #2 im`M2/ BMiQ p�HB/ T`QQ7b Q7 i?2 Q`B;BM�H 7Q`KmH�X 6Q` +H�mb�H T`QQ7b- r?B+?
?�p2 #22M i?2 /QKBM�Mi T`QQ7 p�`B�Mi BM i?2 a�h +QKT2iBiBQM bBM+2 kyRj- i?Bb
Bb Q7i2M 2�bv iQ �+?B2p2 (C>"Rk)- �M/ QMHv `2[mB`2b i?�i �//2/ +H�mb2b +�M #2
/2`Bp2/ pB� � b2[m2M+2 Q7 bBKTH2 T`QQ7 bi2Tb U7Q` K�Mv i2+?MB[m2b- � bBKTH2 T`QQ7
bi2T pB� � RAT �//BiBQM Q7i2M bm{+2bVX S`Q/m+BM; /2H2iBQM BM7Q`K�iBQM- mb2/ iQ
bT22/ mT T`QQ7 +?2+FBM; 7Q` DRAT T`QQ7b (>>CqRj- q>>CR9)- Bb bHB;?iHv KQ`2
BMpQHp2/- �b �//BiBQM�H +�`2 M22/b iQ #2 i�F2M iQ �pQB/ i?�i +H�mb2b �`2 /2H2i2/
iQQ 2�`HvX a22 *?�Ti2` R8 QM T`QQ7b Q7 mMb�iBb}�#BHBiv 7Q` KQ`2 /2i�BHbX

AM i?2 `2bi Q7 i?Bb b2+iBQM- r2 7Q+mb QM b�iBb}�#H2 7Q`KmH�b- �M/- 7QHHQrBM;
i?2 HBi2`�im`2 (C"Ry)- r2 mb2 i?2 i2`Kb b�iBb7vBM; �bbB;MK2Mi- KQ/2H- �M/ bQHmiBQM
BMi2`+?�M;2�#HvX JQ`2Qp2`- r2 BMi2`T`2i bQHmiBQM `2+QMbi`m+iBQM �b i?2 T`Q+2bb
Q7 im`MBM; � b�iBb7vBM; �bbB;MK2Mi Q7 i?2 bBKTHB}2/ 7Q`KmH� UBX2X- i?2 7Q`KmH�
T`Q/m+2/ #v T`2T`Q+2bbBM;V BMiQ � b�iBb7vBM; �bbB;MK2Mi Q7 i?2 Q`B;BM�H 7Q`KmH�X

AM Q`/2` iQ Q#i�BM bQHmiBQM `2+QMbi`m+iBQM 7Q` mMBi T`QT�;�iBQM Ua2+iBQM NXkXRV-
Bi Bb +QKKQM T`�+iB+2 iQ bBKTHv F22T mMBi HBi2`�Hb T2`K�M2MiHv �bbB;M2/X h?�i
Bb �HbQ i?2 `2�bQM r?v i?2v �`2 bQK2iBK2b +�HH2/ `QQi@H2p2H �bbB;M2/- `QQi@H2p2H
7Q`+2/ Q` bBKTHv }t2/ HBi2`�Hb- r?2`2 i?2 `QQi H2p2H Bb i?2 iQT@KQbi /2+BbBQM H2p2H
Ur?2`2 MQ /2+BbBQMb ?�p2 #22M K�/2V BM � *.*G bQHp2` U*?�Ti2` 9VX h?Bb +Qp2`b
�HbQ i?2 2z2+i Q7 7�BH2/@HBi2`�H T`Q#BM;X aQHp2`b KB;?i �+im�HHv +QMi�BM � ;HQ#�H
"QQH2�M ~�; iQ `2+Q`/ i?�i i?2 7Q`KmH� Bb `QQi@H2p2H BM+QMbBbi2Mi- K2�MBM; i?�i
2Bi?2` i?2 BMTmi *L6 +QMi�BMb i?2 2KTiv +H�mb2 Q` i?2 2KTiv +H�mb2 ?�b #22M
/2`Bp2/ Ui?`Qm;? T`2T`Q+2bbBM; Q` BM +QM~B+i �M�HvbBb /m`BM; *.*G b2�`+?VX

AM BM/mbi`B�H �TTHB+�iBQMb- Bi Bb MQi mM+QKKQM i?�i T`2T`Q+2bbBM; `2KQp2b
�`QmM/ 3yW Q7 i?2 p�`B�#H2b (1"y8)X 6Q+mbBM; QM i?2 `2K�BMBM; ǳrQ`FBM; b2iǴ Q7
�+iBp2 p�`B�#H2b +�M i?2`27Q`2 BKT`Qp2 +�+?2 2{+B2M+v �M/ `2/m+2 K2KQ`v +QM@
bmKTiBQMX o�`B�#H2b #2+QK2 BM�+iBp2 /m`BM; b2�`+? Q` BMT`Q+2bbBM; B7 i?2v �`2
7Q` BMbi�M+2 }t2/ UQ` 2HBKBM�i2/VX �++Q`/BM;Hv- b2p2`�H a�h bQHp2`b /BbiBM;mBb?
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BMi2`M�H p�`B�#H2b �M/ 2ti2`M�H p�`B�#H2b BM Q`/2` iQ F22T i?2 rQ`FBM; b2i +QK@
T�+iX 1ti2`M�H p�`B�#H2b �`2 i?Qb2 b22M #v i?2 mb2` Q7 i?2 UBM+`2K2Mi�HV a�h
bQHp2` �M/ �`2 K�TT2/ U�M/ Q++�bBQM�HHv `2K�TT2/ /m`BM; BMT`Q+2bbBM;V iQ i?2
`2K�BMBM; BMi2`M�H p�`B�#H2b QM r?B+? i?2 a�h bQHp2` rQ`Fb BMi2`M�HHvX 6Bt2/
2ti2`M�H p�`B�#H2b +�M 2Bi?2` #2 `2+Q`/2/ iQ #2 }t2/ UiQ � +2`i�BM "QQH2�M p�Hm2V
BM i?Bb K�TTBM; /B`2+iHv- Q` +�M #2 K�TT2/ iQ � mMB[m2 BMi2`M�H }t2/ p�`B�#H2
UTQbBiBp2Hv Q` M2;�i2/V- r?B+? `2T`2b2Mib �HH i?2 }t2/ U2ti2`M�HV p�`B�#H2bX

�HH 7Q`Kb Q7 bi`2M;i?2MBM; �M/ bm#bmKTiBQM +QMbB/2`2/ BM i?Bb +?�Ti2`- BM@
+Hm/BM; pBpB}+�iBQM �M/ /BbiBHH�iBQM- T`2b2`p2 HQ;B+�H 2[mBp�H2M+2 �M/ i?mb +�M #2
B;MQ`2/ 7`QK i?2 T2`bT2+iBp2 Q7 bQHmiBQM `2+QMbi`m+iBQM U7Q` b�iBb}�#H2 7Q`KmH�bVX
6Q` Tm`2 HBi2`�Hb bQHmiBQM `2+QMbi`m+iBQM +�M #2 �+?B2p2/ #v bBKTHv �//BM; i?2 +Q`@
`2bTQM/BM; mMBi +H�mb2b Ur?B+? �`2 RATVX >Qr2p2`- �b /Bb+mbb2/ BM a2+iBQM NXkXj-
i?Bb K2i?Q/ /Q2b MQi T`2b2`p2 HQ;B+�H 2[mBp�H2M+2- bBM+2 i?2 7Q`KmH� KB;?i �HbQ
�HHQr KQ/2Hb r?2`2 Tm`2 HBi2`�Hb �`2 7�Hb2X h?Bb Bb +QMbB/2`2/ T`Q#H2K�iB+ 7Q` BM@
+`2K2Mi�H a�h- bBM+2 i?2 mb2` +QmH/ #2 BMi2`2bi2/ BM bm+? KQ/2Hb BM +QMb2+miBp2
a�h [m2`B2bX �M �Hi2`M�iBp2 Bb iQ mb2 � `2+QMbi`m+iBQM bi�+F �b /Bb+mbb2/ 7m`i?2`
/QrM- BM 2bb2M+2 i`2�iBM; Tm`2 HBi2`�Hb BM i?2 b�K2 r�v �b 2HBKBM�i2/ p�`B�#H2bX

1[mBp�H2Mi@HBi2`�H bm#biBimiBQM U1GaV Ub22 a2+iBQM NXjXkV �HbQ QMHv T`2b2`p2b
b�iBb}�#BHBiv- bBM+2 bm#biBimi2/ HBi2`�Hb /Q MQi Q++m` BM i?2 bBKTHB}2/ 7Q`KmH� �Mv@
KQ`2 �M/ +�M �bbmK2 �Mv p�Hm2X PM2 r�v Q7 /2�HBM; rBi? i?Bb bBim�iBQM- �b
BKTH2K2Mi2/ BM GBM;2HBM; ("B2RR)- Bb iQ K�BMi�BM � ;HQ#�H mMBQM@}M/ /�i� bi`m+@
im`2 (h�`dN) Q7 bm#biBimi2/ HBi2`�Hb r?B+? K�Tb HBi2`�Hb iQ i?2 `2T`2b2Mi�iBp2 HBi2`�H
Q7 i?2B` 2[mBp�H2Mi@HBi2`�H +H�bbX h?2 mb2` +�M i?2M Q#i�BM i?2 bQHmiBQM p�Hm2 Q7 �
HBi2`�H 7`QK Bib `2T`2b2Mi�iBp2 HBi2`�HX h?Bb ?�b i?2 �//BiBQM�H #2M2}i i?�i mb2`b
+�M `�i?2` +?2�THv [m2`v i?2 a�h bQHp2`- r?2i?2` irQ HBi2`�Hb ?�p2 �H`2�/v #22M
/2i2`KBM2/ iQ #2 2[mBp�H2MiX h?Bb mMBQM@}M/ /�i� bi`m+im`2 +�M �HbQ #2 b?�`2/
�KQM; b2p2`�H bQHp2` i?`2�/b 2{+B2MiHv �b BM SHBM;2HBM; ("B2RR)X 6Bt2/ HBi2`�Hb
UmMBibV +�M #2 ?�M/H2/ rBi?BM i?2 b�K2 b+?2K2 #v �//BM; � Tb2m/Q@`2T`2b2Mi�iBp2
+QMbi�Mi HBi2`�H U7Q`- b�v- i?2 "QQH2�M +QMbi�Mi 7�Hb2VX

NX8XRX _2+QMbi`m+iBQM ai�+F

"QmM/2/ p�`B�#H2 2HBKBM�iBQM- Bb QM i?2 QM2 ?�M/ i?2 KQbi BKTQ`i�Mi T`2T`Q+2bb@
BM; i2+?MB[m2- #mi QM i?2 Qi?2` ?�M/ /Q2b MQi T`2b2`p2 HQ;B+�H 2[mBp�H2M+2- #v i?2
b�K2 �`;mK2Mi �b 7Q` 2[mBp�H2Mi@HBi2`�H bm#biBimiBQM, �7i2` 2HBKBM�iBQM- i?2 2HBK@
BM�i2/ p�`B�#H2 Bb MQi `2bi`B+i2/ �MvKQ`2 �M/ +�M �bbmK2 �Mv p�Hm2X h?2`27Q`2-
r2 `2�HHv M22/ � K2i?Q/ 7Q` bQHmiBQM `2+QMbi`m+iBQMX

PM2 r�v iQ T2`7Q`K bQHmiBQM `2+QMbi`m+iBQM 7Q` p�`B�#H2 2HBKBM�iBQM rQ`Fb
�b 7QHHQrbX h�F2 i?2 ;Bp2M bQHmiBQM Q7 i?2 bBKTHB}2/ 7Q`KmH� U`2bi`B+i2/ iQ i?2
`2K�BMBM; p�`B�#H2bV �M/ �// b�iBb}2/ HBi2`�Hb �b mMBi +H�mb2b iQ i?2 Q`B;BM�H 7Q`@
KmH�X �Hi2`M�iBp2Hv- �// #�+F i?2 2HBKBM�i2/ +H�mb2b iQ i?2 bBKTHB}2/ 7Q`KmH�
THmb i?2 b�iBb}2/ HBi2`�Hb Q7 i?2 bQHmiBQM �b mMBib iQ Q#i�BM i?2 �m;K2Mi2/ 7Q`KmH�X
h?2M +�HH � b2+QM/ iBK2 � UTH�BMV a�h bQHp2` QM i?Bb �m;K2Mi2/ 7Q`KmH�- r?B+?
Bb ;m�`�Mi22/ iQ #2 b�iBb}�#H2- �M/ i?�i r�v +QKTmi2 � b�iBb7vBM; �bbB;MK2Mi Q7
i?2 Q`B;BM�H 7Q`KmH�X h?2 ?QT2 Bb i?�i i?2 �//BiBQM�H mMBi +H�mb2b K�F2 Bi 2�bv iQ
bQHp2 i?2 �m;K2Mi2/ 7Q`KmH�- r?B+? Bb MQi ;m�`�Mi22/ i?Qm;?X � bBKBH�` b+?2K2
r�b 2KTHQv2/ BM i?2 a�h T`2T`Q+2bbQ` a�i1GBi2 (1"y8)- mbBM; i2KTQ`�`v U#B@

kk



M�`vV }H2b 7Q` +QKKmMB+�iBM; i?2 bBKTHB}2/ *L6 �M/ i?2 2HBKBM�i2/ +H�mb2b iQ
i?2 b2+QM/ a�h bQHp2`X

� KQ`2 bQT?BbiB+�i2/ �TT`Q�+?- ;m�`�Mi22/ iQ ?�p2 2p2M HBM2�` +QKTH2tBiv
BM i?2 MmK#2` Q7 2HBKBM�i2/ +H�mb2b- r?B+? r�b }`bi /2b+`B#2/ BM i?2 HBi2`�im`2
BM (C"Ry)- ;Q2b #�+F iQ LBFH�b aƺ`2MbbQMX >2 Q#b2`p2/ i?�i i?2 ;Bp2M bQHmiBQM
Q7 i?2 bBKTHB}2/ 7Q`KmH� +�M #2 ǳ2ti2M/2/Ǵ iQ � bQHmiBQM Q7 i?2 Q`B;BM�H 7Q`KmH�
#v T`QT�;�iBM; �HQM; i?2 2HBKBM�i2/ +H�mb2b BM � bT2+B}+ r�vX h?2 +Q``2bTQM/BM;
`2+QMbi`m+iBQM �H;Q`Bi?K +�M #2 /2b+`B#2/ �b 7QHHQrbX

�bbmK2 i?�i r?2M2p2` � p�`B�#H2 Bb 2HBKBM�i2/- i?2 +H�mb2b BM r?B+? i?2 p�`B@
�#H2 Q++m`b �`2 Tmb?2/ QM � bi�+F- +�HH2/ i?2 `2+QMbi`m+iBQM bi�+FX 6m`i?2`- K�F2
bm`2 i?�i i?2 }`bi HBi2`�H BM 2�+? Tmb?2/ +H�mb2 Bb 2Bi?2` i?2 2HBKBM�i2/ p�`B�#H2
Q` Bib M2;�iBQM- BM Q`/2` iQ K�T 2HBKBM�i2/ +H�mb2b iQ 2HBKBM�i2/ p�`B�#H2bX

�7i2` Q#i�BMBM; � bQHmiBQM Q7 i?2 bBKTHB}2/ 7Q`KmH�- Bi Bb }`bi 2ti2M/2/ #v
�bbB;MBM; �M �`#Bi`�`v p�Hm2 U2X;X- 7�Hb2V iQ �HH 2HBKBM�i2/ p�`B�#H2bX h?2M- bQHmiBQM
`2+QMbi`m+iBQM ;Q2b Qp2` i?2 +H�mb2b QM i?2 `2+QMbi`m+iBQM bi�+F BM `2p2`b2 Q`/2`-
bi�`iBM; 7`QK i?2 H�bi Tmb?2/ +H�mb2X 1�+? +H�mb2 Bb +?2+F2/ iQ #2 b�iBb}2/- �M/
B7 MQi UBX2X- �HH Bib HBi2`�Hb �`2 �bbB;M2/ iQ 7�Hb2V- i?2M i?2 p�Hm2 Q7 Bib }`bi HBi2`�H-
r?B+? +Q``2bTQM/b iQ i?2 2HBKBM�i2/ p�`B�#H2- Bb ~BTT2/ U�bbB;M2/ QTTQbBi2 p�Hm2VX

1t�KTH2 k9X *QMbB/2` i?2 7Q`KmH� (ā ∨ b) ∧ (a ∨ b̄) ∧ (b ∨ c) ∧ (b̄ ∨ c̄) r?B+?
Bb b�iBb}�#H2 �M/ 2M+Q/2b i?�i a �M/ b M22/ iQ ?�p2 i?2 b�K2 i`mi? p�Hm2 #mi b
�M/ c M22/ iQ ?�p2 QTTQbBi2 p�Hm2bX LQr �bbmK2 i?�i p�`B�#H2 2HBKBM�iBQM }`bi
2HBKBM�i2b a- i?2M b- �M/ /m`BM; i?Bb T`Q+2bb Tmb?2b i?2b2 7Qm` +H�mb2b BM i?2
;Bp2M Q`/2` QMiQ i?2 `2+QMbi`m+iBQM bi�+FX h?2 bBKTHB}2/ 7Q`KmH� +QMbBbib Q7 i?2
2KTiv *L6 �M/ ?�b �b 2ti2M/2/ bQHmiBQM i?2 �bbB;MK2Mi r?2`2 �HH p�`B�#H2b �`2
b2i iQ 7�Hb2X LQr ;QBM; #�+Fr�`/ Qp2` i?2 `2+QMbi`m+iBQM bi�+F i?2 �H;Q`Bi?K
}`bi +?2+Fb r?2i?2` i?2 H�bi +H�mb2 (b̄∨ c̄) Bb b�iBb}2/- r?B+? Bb i?2 +�b2X h?2 M2ti
+H�mb2 BM `2p2`b2 Q`/2` (b∨c) Bb 7�HbB}2/ ?Qr2p2`X h?mb r2 ~BT i?2 p�Hm2 Q7 Bib }`bi
HBi2`�H b �M/ b2i b iQ i`m2X h?2 M2ti +H�mb2 iQ #2 +?2+F2/ (a ∨ b̄) Bb �HbQ 7�HbB}2/
UbBM+2 a Bb biBHH 7�Hb2 �M/ b Dmbi #2+�K2 i`m2VX �++Q`/BM;Hv- r2 ~BT i?2 p�Hm2 Q7 Bib
}`bi HBi2`�H a �M/ b2i a iQ i`m2X h?2 H�bi +H�mb2 iQ #2 +?2+F2/- (ā∨ b)- Bb b�iBb}2/X
h?mb i?2 `2+QMbi`m+i2/ bQHmiBQM ?�b #Qi? a �M/ b b2i iQ i`m2 U�bbB;M2/ iQ i?2
b�K2 p�Hm2V- r?BH2 c `2K�BMb 7�Hb2 U�bbB;M2/ /Bz2`2MiHvVX

AM 7�+i- i?Bb bBKTH2 �H;Q`Bi?K �HbQ rQ`Fb 7Q` KQ`2 �/p�M+2/ +H�mb2 2HBKBM�iBQM
T`Q+2/m`2b, "HQ+F2/ +H�mb2b �`2 Dmbi Tmb?2/ QM i?2 `2+QMbi`m+iBQM bi�+F rBi?
i?2 #HQ+FBM; HBi2`�H �b }`bi rBiM2bb HBi2`�HX h?2 b�K2 T`BM+BTH2 2ti2M/b rBi?Qmi
KQ/B}+�iBQM iQ KQ`2 TQr2`7mH +H�mb2 `2/mM/�M+v T`QT2`iB2b (>C"Ry�- >C"Ry#-
>CG+R8)- BM+Hm/BM; RAT- CCE �M/ ACCE (C>"Rk)- i?2 H�ii2` irQ rBi? i?2
+�p2�i Q7 `2[mB`BM; iQ TQi2MiB�HHv Tmb? KmHiBTH2 +H�mb2b QM i?2 `2+QMbi`m+iBQM bi�+F
r?2M 2HBKBM�iBM; � +H�mb2 ("*"ky)X h?Bb b+?2K2 �HbQ �HHQrb iQ ?�M/H2 �mi�`Fv
2HBKBM�iBQM ("66>ky) �b r2HH �b 2[mBp�H2Mi@HBi2`�H bm#biBimiBQM 2H2;�MiHv (6"aRN)-
BMbi2�/ Q7 mbBM; � mMBQM@}M/ /�i� bi`m+im`2X 6BM�HHv- bQHmiBQM `2+QMbi`m+iBQM 7Q`
T`QT�;�iBQM@`2/mM/�Mi +H�mb2b (>E"Rd- >E"ky) +�M #2 �+?B2p2/ BM � bBKBH�` r�v-
mbBM; � `2+QMbi`m+iBQM bi�+F- 2p2M 7Q` BM+`2K2Mi�H a�h bQHpBM; (6"aRN)X h?2
QMHv +?�M;2 M22/2/- �b BKTH2K2Mi2/ BM *�.B*�G iQ bmTTQ`i ;HQ#�HHv #HQ+F2/
+H�mb2b (E>"RN)- Bb iQ `2TH�+2 i?2 bBM;H2 rBiM2bb HBi2`�H #v � b2i Q7 rBiM2bb HBi2`�Hb-
r?B+? �`2 �HH b2i iQ i`m2 B7 i?2 +Q``2bTQM/BM; +H�mb2 Bb 7�HbB}2/X

kj



NXeX ai`m+im`2@"�b2/ S`2T`Q+2bbBM;

aQ 7�` r2 ?�p2 7Q+mb2/ QM T`2T`Q+2bbBM; i2+?MB[m2b /2p2HQT2/ bT2+B}+�HHv 7Q`
7Q`KmH�b BM +QMDmM+iBp2 MQ`K�H 7Q`KX q2 MQr 2ti2M/ i?2 /Bb+mbbBQM iQ T`2T`Q@
+2bbBM; i2+?MB[m2b i?�i r2`2 T`QTQb2/ 7Q` KQ`2 2tT`2bbBp2 +QMbi`�BMib �M/ bi`m+@
im`�H `2T`2b2Mi�iBQMbX AM T�`iB+mH�`- r2 /Bb+mbb T�`Biv@`2�bQMBM; i2+?MB[m2b �M/
T`2T`Q+2bbBM; i2+?MB[m2b �TTHB+�#H2 QM "QQH2�M +B`+mBib- r?B+? Qz2` � +QKT�+i
`2T`2b2Mi�iBQM Q7 �`#Bi`�`v T`QTQbBiBQM�H 7Q`KmH�bX

NXeXRX S�`Biv _2�bQMBM;

�Hi?Qm;? i?2 *L6 `2T`2b2Mi�iBQM Q7 T`QTQbBiBQM�H 7Q`KmH�b ?�b K�Mv �/p�Mi�;2b-
Bi +�M #2 bm#QTiBK�H BM bQK2 +�b2bX PM2 bm+? +�b2- r?B+? Q++m`b 7`2[m2MiHv- Bb
r?2M 7Q`KmH�b 2M+Q/2 bQ@+�HH2/ sP_ +QMbi`�BMib Q` 2[mBp�H2M+2 +H�mb2bX �M sP_
+QMbi`�BMi Bb Q7 i?2 7Q`K

l1 ⊕ l2 ⊕ . . .⊕ lk = b-

r?2`2 l1, . . . , lk �`2 T`QTQbBiBQM�H HBi2`�Hb �M/ b Bb 2Bi?2` 0 Q` 1X 6QHHQrBM; i?2
bi�M/�`/ b2K�MiB+b Q7 i?2 ⊕ QT2`�iQ` Ux ⊕ y Bb i`m2 B7 �M/ QMHv B7 x �M/ y �`2
�bbB;M2/ /Bz2`2Mi i`mi? p�Hm2bV- �M �bbB;MK2Mi b�iBb}2b �M sP_ +QMbi`�BMi rBi?
b = 1 B7 �M/ QMHv B7 Bi b�iBb}2b �M Q// MmK#2` Q7 i?2 HBi2`�Hb l1, . . . , lkX _2bT2+@
iBp2Hv- Bi b�iBb}2b �M sP_ +QMbi`�BMi rBi? b = 0 B7 Bi b�iBb}2b �M 2p2M MmK#2`
Q7 i?2 HBi2`�HbX 1[mBp�H2M+2 +H�mb2b �`2 +HQb2Hv `2H�i2/ iQ sP_ +QMbi`�BMibX �M
2[mBp�H2M+2 +H�mb2 Bb Q7 i?2 7Q`K

l1 ↔ l2 ↔ . . . ↔ lkX

�M �bbB;MK2Mi b�iBb}2b �M 2[mBp�H2M+2 +H�mb2 B7 �M/ QMHv B7 Bi 7�HbB}2b �M 2p2M
MmK#2` Q7 i?2 HBi2`�Hb l1, . . . , lkX P#b2`p2 i?�i �M 2[mBp�H2M+2 +H�mb2 Q7 i?2 7Q`K
l1 ↔ . . . ↔ l2i+1- ?�pBM; �M Q// MmK#2` Q7 HBi2`�Hb- Bb 2[mBp�H2Mi iQ i?2 sP_
+QMbi`�BMi l1⊕ . . .⊕ l2i+1 = 1X GBF2rBb2- �M 2[mBp�H2M+2 +H�mb2 l1 ↔ . . . ↔ l2i rBi?
�M 2p2M MmK#2` Q7 HBi2`�Hb Bb 2[mBp�H2Mi iQ i?2 sP_ +QMbi`�BMi l1 ⊕ . . .⊕ l2i = 0X
h?mb 2[mBp�H2M+2 +H�mb2b �M/ sP_ +QMbi`�BMib �`2 2bb2MiB�HHv i?2 b�K2 +QM+2TiX

�M 2z2+iBp2 bi`�i2;v 7Q` /2�HBM; rBi? sP_ +QMbi`�BMib Bb iQ }`bi b+�M i?2 *L6
2M+Q/BM; Q7 � 7Q`KmH� 7Q` b2ib Q7 +H�mb2b i?�i `2T`2b2Mi sP_ +QMbi`�BMib- �M/ iQ
i?2M ?�M/H2 i?2b2 +QMbi`�BMib /Bz2`2MiHv i?�M Q`/BM�`v +H�mb2b (GByy- >pJy9-
aL*yN- *?2yN- aQQRy- GCLRy- GCLRk�- GCLRk#- "B2Rk- >CRk- aJRN- a:Jky)X

h?2 M�Bp2 *L6 2M+Q/BM; Q7 �M sP_ +QMbi`�BMi rBi? k HBi2`�Hb +QMbBbib Q7
2k−1 +H�mb2b- r?2`2 2�+? +H�mb2 `mH2b Qmi 2t�+iHv QM2 �bbB;MK2Mi i?�i rQmH/
7�HbB7v i?2 +QMbi`�BMiX JQ`2 bT2+B}+�HHv- i?2 *L6 2M+Q/BM; Q7 �M sP_ +QMbi`�BMi
l1⊕ . . .⊕lk = b +QMbBbib Q7 �HH k@bBx2/ +H�mb2b Qp2` l1, . . . , lk- r?2`2 �M 2p2M MmK#2`
Q7 HBi2`�Hb Q++m`b M2;�i2/ B7 b = 1 �M/ �M Q// MmK#2` Q++m`b M2;�i2/ B7 b = 0X
1t�KTH2 k8X h?2 sP_ +QMbi`�BMi

l1 ⊕ l2 ⊕ l3 = 1

Bb 7�HbB}2/ #v 2p2`v �bbB;MK2Mi i?�i b�iBb}2b �M 2p2M MmK#2` Q7 i?2 HBi2`�Hb l1, l2, l3X
Aib *L6 2M+Q/BM; i?mb `mH2b Qmi �HH bm+? �bbB;MK2Mib- H2�/BM; iQ i?2 +H�mb2b
(l1 ∨ l2 ∨ l3), (l̄1 ∨ l̄2 ∨ l3), (l1 ∨ l̄2 ∨ l̄3), (l̄1 ∨ l2 ∨ l̄3)X

k9



� TQTmH�` K2i?Q/ 7Q` /2�HBM; rBi? sP_ +QMbi`�BMib- r?B+? Bb mb2/ #v b2p@
2`�H bQHp2`b- BM+Hm/BM; *`vTiQJBMBa�i (aL*yN- aQQRy)- GBM;2HBM; ("B2Rk)- �M/
J�`+? (>pJy9)- Bb :�mbbB�M 2HBKBM�iBQMX :�mbbB�M 2HBKBM�iBQM Bb #�b2/ QM i?2
Q#b2`p�iBQM i?�i sP_ +QMbi`�BMib +�M #2 pB2r2/ �b 2[m�iBQMb Qp2` i?2 }MBi2 }2H/
GF(2) U�HbQ /2MQi2/ F2 Q` Z2V- r?2`2 i?2 ⊕ QT2`�iBQM +Q``2bTQM/b iQ �//BiBQM
KQ/mHQ k U�M/ i?2 ∧ QT2`�iBQM +Q``2bTQM/b iQ KmHiBTHB+�iBQM KQ/mHQ kVX

� b2i Q7 sP_ +QMbi`�BMib +�M i?2M #2 b22M �b � bvbi2K Q7 HBM2�` 2[m�iBQMb-
�M/ r2 +�M /2`Bp2 M2r 2[m�iBQMb #v �//BM; iQ;2i?2` 2tBbiBM; QM2b- Dmbi �b FMQrM
7`QK ?B;? b+?QQH �H;2#`�X A7 :�mbbB�M 2HBKBM�iBQM Bb T2`7Q`K2/ BM � T`2T`Q+2bbBM;
T?�b2- Bi +�M TQbbB#Hv /2`Bp2 M2r mMBi +H�mb2bX

1t�KTH2 keX *QMbB/2` i?2 +H�mb2b

(x̄ ∨ y ∨ z), (x ∨ ȳ ∨ z), (x ∨ y ∨ z̄), (x̄ ∨ ȳ ∨ z̄),

(y ∨ z), (ȳ ∨ z̄)X

h?2b2 +H�mb2b +Q``2bTQM/ iQ i?2 irQ sP_ +QMbi`�BMib

x⊕ y ⊕ z = 0, UNXjV
y ⊕ z = 1. UNX9V

�b i?2`2 �`2 MQ mMBi +H�mb2b- mMBi T`QT�;�iBQM rQmH/ MQi ?�p2 �M 2z2+i QM i?2
+H�mb2bX >Qr2p2`- #v �//BM; i?2 sP_ +QMbi`�BMi NXj iQ NX9- �M/ #v mbBM; i?2 7�+i
i?�i l ⊕ l = 0 �M/ l ⊕ 0 = l 7Q` 2p2`v HBi2`�H l- r2 +�M /2`Bp2 i?2 sP_ +QMbi`�BMi

x = 1- UNX8V

r?B+? Bb 2[mBp�H2Mi iQ i?2 mMBi +H�mb2 (x)X

:�mbbB�M 2HBKBM�iBQM +�M 2p2M b?Qr i?2 mMb�iBb}�#BHBiv Q7 T�`iB+mH�` 7Q`KmH�b- �b
BHHmbi`�i2/ M2tiX

1t�KTH2 kdX *QMbB/2` i?2 sP_ +QMbi`�BMib

x⊕ y = 1, UNXeV
y ⊕ z = 1, UNXdV
x⊕ z = 1. UNX3V

"v �//BM; NXe iQ NXd- r2 /2`Bp2

x⊕ z = 0X UNXNV

A7 r2 �// NX3 iQ NXN- r2 2M/ mT rBi? i?2 i`BpB�HHv mMb�iBb}�#H2 +QMbi`�BMi 0 = 1X

h?2 mb2 Q7 :�mbbB�M 2HBKBM�iBQM +�M H2�/ iQ 2tTQM2MiB�H bT22/mTb BM a�h bQHpBM;X
Ai ?�b #22M b?QrM i?�i hb2BiBM 7Q`KmH�b (hb2e3) Qp2` 2tT�M/2` ;`�T?b ?�p2 QMHv
2tTQM2MiB�H@bBx2 `2bQHmiBQM T`QQ7b (l`[3d)- K2�MBM; i?�i *.*G bQHp2`b `2[mB`2
2tTQM2MiB�H iBK2 iQ bQHp2 i?2KX AM +QMi`�bi- :�mbbB�M 2HBKBM�iBQM +�M b?Qr i?2
mMb�iBb}�#BHBiv Q7 i?2b2 7Q`KmH�b BM TQHvMQKB�H iBK2X

k8



JQ`2Qp2`- :�mbbB�M 2HBKBM�iBQM +�M #2 2tT`2bb2/ TQHvMQKB�HHv rBi? 2ti2M/2/
`2bQHmiBQM (a"ye) �M/ i?mb BM i?2 DRAT T`QQ7 bvbi2K (S_Re)X Ai Bb biBHH mM@
+H2�` i?Qm;? ?Qr K�Mv M2r p�`B�#H2b �`2 M22/2/X 6Q` bBKTH2 T`Q#H2Kb r?B+?
`2[mB`2 T�`Biv `2�bQMBM; M2r p�`B�#H2b +�M #2 �pQB/2/ #v `2mbBM; 2HBKBM�i2/ p�`B@
�#H2b (*>ky)X LQi2 i?�i :�mbbB�M 2HBKBM�iBQM +�M #2 b22M �b �M BMbi�M+2 Q7 i?2
KQ`2 ;2M2`�H �TT`Q�+? Q7 �H;2#`�B+ a�h bQHpBM; BM *?�Ti2` d QM T`QQ7 +QKTH2tBivX

h?2`2 2tBbi b2p2`�H �TT`Q�+?2b i?�i 2ti`�+i �M/ miBHBx2 2[mBp�H2M+2 +H�mb2b-
2bT2+B�HHv BM T`2T`Q+2bbBM;X �H`2�/v BM RNN3- q�`M2`b �M/ p�M J��`2M (qpJN3)
T`2b2Mi2/ � T`2T`Q+2bbQ` i?�i miBHBx2b HBM2�` T`Q;`�KKBM; iQ 2ti`�+i 2[mBp�H2M+2
+H�mb2b 7`QK *L6 7Q`KmH�bX "v `2�bQMBM; Qp2` i?2b2 2[mBp�H2M+2 +H�mb2b BM �M BMB@
iB�H bQHpBM; T?�b2 �M/ i?2M `mMMBM; � #�bB+ .SGG T`Q+2/m`2- i?2B` �TT`Q�+? r�b
i?2 }`bi iQ bQHp2 i?2 MQiQ`BQmb T�`Biv 7Q`KmH� (*EaN9) rBi?BM `2�bQM�#H2 iBK2X
>2mH2 �M/ p�M J��`2M (>pJy9) H�i2` BKT`Qp2/ i?Bb �TT`Q�+? �M/ BMi2;`�i2/
2[mBp�H2M+2 `2�bQMBM; BMiQ i?2 HQQF@�?2�/ bQHp2` J�`+? Ub22 *?�Ti2` 8 7Q` /2@
i�BHb QM HQQF@�?2�/ #�b2/ bQHp2`bV- r?B+? +QmH/ �+?B2p2 � +QMbB/2`�#H2 bT22/mT
#v �pQB/BM; HQQF@mTb QM p�`B�#H2b 7Q` r?B+? HQQF@mTb QM 2[mBp�H2Mi HBi2`�Hb U�b
BM/B+�i2/ pB� #BM�`v 2[mBp�H2M+2bV ?�/ �H`2�/v #22M T2`7Q`K2/X

�MQi?2` �TT`Q�+? i?�i `2HB2b QM BM72`2M+2 `mH2b Qp2` 2[mBp�H2M+2 +H�mb2b r�b
T`2b2Mi2/ #v GB (GByy)X AM �M BMT`Q+2bbBM; 7�b?BQM- ?2 BM+Q`TQ`�i2/ i?2b2 BM72`2M+2
`mH2běr?B+? �TTHv iQ 2[mBp�H2M+2 +H�mb2b rBi? �i KQbi i?`22 HBi2`�HběBMiQ i?2
bQHp2` a�ixX h?2 `2bmHiBM; bQHp2`- 1[a�ix- r�b �#H2 iQ QmiT2`7Q`K i?2 �TT`Q�+?
Q7 q�`M2`b �M/ p�M J��`2M QM bQK2- #mi MQi �HH- Q7 i?2 T�`Biv 7Q`KmH�bX

h?2 +m``2Mi bi�i2 Q7 i?2 �`i BM T�`Biv `2�bQMBM;- �TTHB2/ iQ �TT`QtBK�i2 KQ/2H
+QmMiBM;- 7Q+mb2b QM T�`Biv `2�bQMBM; /m`BM; b2�`+? (aJRN- a:Jky)- r?2`2 Km+?
KQ`2 2{+B2Mi �H;Q`Bi?Kb �`2 `2[mB`2/- 2ti2M/BM; B/2�b 7`QK (>CRk)X

NXeXkX *B`+mBi@G2p2H _2�bQMBM;

S`QTQbBiBQM�H 2M+Q/BM;b i2M/ iQ #2 KQ`2 M�im`�H iQ /2p2HQT mbBM; i?2 7mHH H�M@
;m�;2 Q7 T`QTQbBiBQM�H HQ;B+ `�i?2` i?�M �BKBM; /B`2+iHv �i � *L6@H2p2H 2M+Q/BM;X
"QQH2�M +B`+mBib Qz2` � bm++BM+i bi`m+im`�H `2T`2b2Mi�iBQM 7Q` T`QTQbBiBQM�H 7Q`@
KmH�bX am++BM+iM2bb +QK2b 7`QK `2}MBM; bvMi�t i`22b Q7 T`QTQbBiBQM�H 7Q`KmH�b iQ
/B`2+i2/ �+v+HB+ ;`�T? bi`m+im`2b #v �HHQrBM; bi`m+im`�H ?�b?BM;- BX2X- #v `2T`2b2Mi@
BM; 2�+? bm#+B`+mBi Ubm#7Q`KmH�V QMHv QM+2X h?Bb Bb � +QKKQM BKTH2K2Mi�iBQM
i2+?MB[m2 7Q` `2T`2b2MiBM; BKKmi�#H2 /�i� bi`m+im`2b- �HbQ +�HH2/ ?�b? +QMbBM; BM
i?2 +QMi2ti Q7 7mM+iBQM�H H�M;m�;2bc Bi Bb mb2/ BM KQbi ".. HB#`�`B2b UBM 7Q`K Q7
� ǳmMB[m2 i�#H2ǴV �M/ `2H�i2/ iQ +QKKQM bm#2tT`2bbBQM 2HBKBM�iBQM BM QTiBKBx@
BM; +QKTBH2`bX AM T`�+iB+�H BKTH2K2Mi�iBQMb Q7 +B`+mBi@H2p2H `2�bQMBM;- `2bi`B+i2/
+H�bb2b Q7 +B`+mBib �`2 mb2/- rBi? �M/@BMp2`i2` ;`�T?b U�A:bV (E:SyR) �b QM2
T`QKBM2Mi 2t�KTH2X

q?BH2 a�h bQHp2`b rQ`FBM; /B`2+iHv QM i?2 H2p2H Q7 +B`+mBib ?�p2 #22M /2p2H@
QT2/ Ub22- 7Q` BMbi�M+2- (G�`Nk) �M/ BM ;2M2`�H *?�Ti2` kdV- a�h bQHp2`b iQ/�v
i2M/ iQ #2 BKTH2K2Mi2/ bT2+B}+�HHv 7Q` *L6 7Q`KmH�bX AM 7�+i- bi�M/�`/ "QQH2�M
+QMbi`�BMi T`QT�;�iBQM �+?B2p2/ QM i?2 H2p2H Q7 +B`+mBib Bb 2[mBp�H2MiHv �+?B2p2/
#v mMBi T`QT�;�iBQM QM i?2 *L6 Q#i�BM2/ pB� i?2 hb2BiBM 2M+Q/BM; (hb2e3)X

>Qr2p2`- +B`+mBib Qz2` � pB2r iQ /2p2HQTBM; 7m`i?2` bi`m+im`2@#�b2/ *L6
2M+Q/BM;b �M/ bBKTHB}+�iBQM i2+?MB[m2b- #v 2tTHQBiBM; 7mM+iBQM�H /2T2M/2M+B2b
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2tTHB+Bi BM +B`+mBibX � +H�bbB+�H �`;mK2Mi 7Q` i?2 M2+2bbBiv Q7 bm+? bi`m+im`�H
BM7Q`K�iBQM �M/ �;�BMbi *L6 Bb i?�i i?Bb BM7Q`K�iBQM Bb HQbi BM i?2 *L6 2M+Q/BM;
T?�b2X q?BH2 bi`m+im`�H BM7Q`K�iBQM Bb MQi 2pB/2Mi BM *L6- Bi ?�b im`M2/ Qmi i?�i
bm+? �`;mK2Mib �`2 T�`iHv r`QM;X AM T�`iB+mH�`- *L6@H2p2H `2�bQMBM; +�M �+?B2p2
i?2 b�K2 2z2+ib 7Q` p�`BQmb 7Q`Kb Q7 +B`+mBi@H2p2H `2�bQMBM; i2+?MB[m2bX

PM2 2t�KTH2 Bb i?2 SH�Bbi2/@:`22M#�mK *L6 2M+Q/BM; Q7 T`QTQbBiBQM�H 7Q`@
KmH�b (S:3e) r?B+?- #�b2/ QM i?2 MQiBQM Q7 TQH�`BiB2b Q7 bm#7Q`KmH�b- `2}M2b
i?2 hb2BiBM 2M+Q/BM; (hb2e3)X Ai �HHQrb iQ /`QT +H�mb2b `2T`2b2MiBM; QM2 /B`2+@
iBQM Q7 i?2 #B@BKTHB+�iBQMb mb2/ BM i?2 hb2BiBM 2M+Q/BM;- i?mb HQ+�HHv 2M+Q/BM;
� mMBTQH�` bm#7Q`KmH�X q?BH2 bm#7Q`KmH� TQH�`BiB2b �`2 +QKTmi2/ 7QHHQrBM; i?2
+B`+mBi bi`m+im`2 Q7 � 7Q`KmH�- Bi ?�b #22M b?QrM (C">Rk) i?�i #HQ+F2/ +H�mb2
2HBKBM�iBQM- rQ`FBM; ǳ#HBM/HvǴ QM i?2 *L6- +�M `2KQp2 �HH +H�mb2b H27i Qmi #v
i?2 SH�Bbi2/@:`22M#�mK 2M+Q/BM;X h?Bb BKTHB2b i?�i #HQ+F2/ +H�mb2 2HBKBM�iBQM
7`QK a2+iBQM NX9 �+?B2p2b KQMQiQM2@BMTmi `2/m+iBQM- BX2X- Bi /2i2+ib B7 i?2 mM/2`@
HvBM; +B`+mBi Q7 i?2 7Q`KmH� Bb KQMQiQM2 BM i2`Kb Q7 � T�`iB+mH�` BMTmi p�`B�#H2
UBMTmi ;�i2 Q` T`BK�`v BMTmiVX �b #HQ+F2/ +H�mb2 2HBKBM�iBQM +�M #2 BKTH2K2Mi2/
2{+B2MiHv- i?Bb `2M/2`b i?2 SH�Bbi2/@:`22M#�mK 2M+Q/BM; QM Bib QrM mMM2+2bb�`vX

1pB/2MiHv- i?2`2 �`2 HBKBib iQ r?�i +�M #2 �+?B2p2/ U#Qi? BM i?2Q`v �M/ BM
T`�+iB+2V BM i2`Kb Q7 bi`m+im`2@#�b2/ bBKTHB}+�iBQMb bQH2Hv QM i?2 *L6@H2p2H- #mi
i?2b2 HBKBib �`2 iQ �M 2ti2Mi mM+H2�`X ai`m+im`�H ?�b?BM;- 7Q` 2t�KTH2- +�M #2
bBKmH�i2/ #v ?vT2` #BM�`v `2bQHmiBQM Q7 a2+iBQM NXjXj QM i?2 hb2BiBM 2M+Q/BM; Q7
�A:b- �b b?QrM BM (>C"Rj)X >Qr2p2`- 7Q` Qi?2` ;�i2 ivT2b bm+? �b sP_b �M/ B7@
i?2M@2Hb2- �HbQ +�HH2/ KmHiBTH2t2` UJlsV- ?vT2` #BM�`v `2bQHmiBQM /Q2b MQi �+?B2p2
bi`m+im`�H ?�b?BM; (>C"Rj)X

JQ`2 ;2M2`�H ?�b?BM; 7Q` KBMBKBxBM; +B`+mBi `2T`2b2Mi�iBQMb i?`Qm;? /2i2+iBQM
Q7 HQ;B+�HHv 2[mBp�H2Mi bm#bi`m+im`2b +�M #2 �+?B2p2/ QM i?2 +B`+mBi H2p2H i?`Qm;?
".. br22TBM; (EENd) �M/ a�h br22TBM; (Em2y9- J*C"y8- wEEaye- qEERk)X
ai´HK�`+FǶb T`Q+2/m`2 (aayy) �M/ _2+m`bBp2 G2�`MBM; (ESNk) �`2 2�`HB2` +B`+mBi@
H2p2H T`2T`Q+2bbBM; i2+?MB[m2b rBi? bBKBH�` 2z2+ibX

h?2`2 �`2 *L6@H2p2H p2`bBQMb Q7 ai´HK�`+FǶb T`Q+2/m`2 (:qyy)- _2+m`bBp2
G2�`MBM; (Ja:NN) Q` KQ`2 ;2M2`�H a�h br22TBM; (>C"Rj- CG�JaR8- *6JRj)X
h?2b2 T`Q+2/m`2b �HHQr iQ /2/m+2 HBi2`�H 2[mBp�H2M+2b BKTHB2/ #v i?2 *L6 �b r2HH
�b HBi2`�Hb 7Q`+2/ iQ � bT2+B}+ i`mi? p�Hm2- #2+�mb2 i?2v ?�p2 i?�i b�K2 i`mi? p�Hm2
BM �HH KQ/2Hb UbQ@+�HH2/ ǳ#�+F#QM2bǴ (CG�JaR8)VX AM +QMi`�bi iQ ?vT2` #BM�`v
`2bQHmiBQM- r?B+? �HbQ T`Q/m+2b 2[mBp�H2M+2b- br22TBM; Bb �#H2 iQ }M/ KQ`2 Q7 i?2b2
2[mBp�H2M+2b Q` 2p2M �HH- B7 `2[mB`2/ #v bQK2 �TTHB+�iBQMbX h?2b2 2[mBp�H2M+2b �`2
ivTB+�HHv mb2/ iQ `2/m+2 i?2 *L6 �b /2b+`B#2/ BM a2+iBQM NXjXkX

h?2 +m``2Mi bi�i2 Q7 i?2 �`i BM 2M+Q/BM; +B`+mBib BMiQ *L6 (1Jayd) Bb #�b2/
QM i2+?MB[m2b 7`QK +B`+mBi bvMi?2bBb, +B`+mBi@H2p2H `2r`BiBM; (""y9- ""ye) rBi? +mi
2MmK2`�iBQM (J*"ye�) �M/ i2+?MQHQ;v K�TTBM; (J*"ye#)X _2H�i2/ rQ`F mb2b
bBKBH�` +`Bi2`B� (Joyd- *JoyN)X q2 �`2 MQi �r�`2 Q7 �Mv *L6@H2p2H T`2T`Q+2bbBM;
i2+?MB[m2 �#H2 iQ bBKmH�i2 i?2b2 QTiBKBx�iBQMbX

q?2M ?�pBM; iQ bi�`i rBi? *L6- QM2 �TT`Q�+? iQ 2tTHQBi +B`+mBi@H2p2H i2+?@
MB[m2b Bb iQ }`bi �ii2KTi iQ �H;Q`Bi?KB+�HHv `2+Qp2` � +B`+mBi@H2p2H `2T`2b2Mi�iBQM
TQi2MiB�HHv mM/2`HvBM; i?2 *L6 7Q`KmH�- QM r?B+? +B`+mBi@H2p2H i2+?MB[m2b +�M
i?2M #2 �TTHB2/X h?Bb T`Q+2bb Bb �HbQ +�HH2/ ;�i2 2ti`�+iBQM Q` KBMBM; 7mM+@
iBQM�H /2}MBiBQMbX 1p2M i?Qm;? i?2`2 Bb �H`2�/v � bm#bi�MiB�H �KQmMi Q7 rQ`F
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BM i?Bb /B`2+iBQM bi�`iBM; rBi? (P:Jayk- _J"y9- 6Jyd- AEaRd) �M/ KQbi `2@
+2MiHv (GGJky- aHBky) rBi? KQ`2 `272`2M+2b- i?2 i�bF Q7 i?2 `2+Qp2`v bi2T Bb BM
;2M2`�H MQM@i`BpB�H �M/ `�`2Hv mb2/ BM T`�+iB+�H a�h bQHpBM;X

h?2`2 Bb � `2H�i2/ i2+?MB[m2- +�HH2/ #HQ+F2/ +H�mb2 /2+QKTQbBiBQM (>"Rj-
"6>"R9- *?2R8)- rBi? � bBKBH�` Tm`TQb2, Bi T�`iBiBQMb � ;Bp2M *L6 BMiQ � b2i
Q7 #HQ+F2/ +H�mb2b Ur?B+? Bb K�tBKBx2/V �M/ bQK2 `2K�BMBM; +H�mb2bX h?2 b2i
Q7 #HQ+F2/ +H�mb2b ?�b bBKBH�` T`QT2`iB2b �b � +B`+mBi- BX2X- +H�mb2b �`2 Q`/2`2/
�M/ KQ/2Hb +�M #2 +QMbi`m+i2/ TQHvMQKB�HHv- r?B+? ?�b �TTHB+�iBQMb mbm�HHv �i@
i`B#mi2/ iQ +B`+mBi@H2p2H `2�bQMBM;- BM+Hm/BM; a�h br22TBM; (>"Rj)X

"2bB/2 +B`+mBib �M/ sP_ +QMbi`�BMib �H`2�/v /Bb+mbb2/ BM a2+iBQM NXeXR- i?2`2
�`2 Qi?2` ?B;?@H2p2H `2T`2b2Mi�iBQMb Q` +QMbi`�BMib 7Q` r?B+? /2/B+�i2/ T`2T`Q+2bb@
BM; �H;Q`Bi?Kb 2tBbi- #mi +m``2MiHv MQ U2{+B2MiV *L6@H2p2H i2+?MB[m2 Bb FMQrMX �b
2tTH�BM2/ 7Q` T�`Biv `2�bQMBM;- � +QKKQM �TT`Q�+? Bb iQ 2ti`�+i bm+? +QMbi`�BMib-
�TTHv ?B;?@H2p2H T`2T`Q+2bbBM;- �M/ i?2M 2M+Q/2 i?2 `2bmHiBM; +QMbi`�BMib #�+F
iQ *L6X *HQb2Hv `2H�i2/ iQ sP_ +QMbi`�BMib �`2 TQHvMQKB�Hb KQ/mHQ k �b +QM@
bB/2`2/ BM (*Eyd- *a*JRN)- �M/ mbBM; :`ƺ#M2` #�b2b i?2Q`v 7Q` T`2T`Q+2bbBM;
�M/ BMT`Q+2bbBM;X _2;�`/BM; Tb2m/Q@"QQH2�M �M/ +�`/BM�HBiv +QMbi`�BMib Ub22 �HbQ
*?�Ti2` k3V � bBKBH�` �`;mK2Mi �TTHB2b ("G"GJR9)X

NXdX *QM+HmbBQM

h?2 /2p2HQTK2Mi Q7 MQp2H ivT2b Q7 T`2T`Q+2bbBM; i2+?MB[m2b �M/ i?2 QTiBKBx2/
BKTH2K2Mi�iBQM Q7 i?2b2 i2+?MB[m2b ?�b K�/2 T`2T`Q+2bbBM; � +2Mi`�H T�`i Q7 i?2
a�h bQHpBM; rQ`F~QrX AM i?Bb +?�Ti2`- r2 ?�p2 /Bb+mbb2/ K�DQ` /2p2HQTK2Mib
BM T`2T`Q+2bbBM; BM a�h- 7Q+mbBM; KQbiHv QM *L6@H2p2H T`2T`Q+2bbBM; i2+?MB[m2b-
#mi �HbQ +QMbB/2`BM; bQK2 i2+?MB[m2b QM Qi?2` `2T`2b2Mi�iBQMbX

AM T`�+iB+2- i?2 `QH2 Q7 T`2T`Q+2bbBM; Bb BMi2`irBM2/ QM QM2 ?�M/ rBi? i?2
2M+Q/BM; T?�b2- T`QpB/BM; �M �miQK�i2/ r�v iQ `2@2M+Q/2 *L6 BMbi�M+2b- �M/
QM i?2 Qi?2` ?�M/ rBi? *.*G a�h bQHpBM;X .2p2HQTK2Mib BM i?2 H�ii2` /B`2+iBQM
?�p2 #`Qm;?i QM i?2 BM~m2MiB�H BMT`Q+2bbBM; a�h bQHpBM; T�`�/B;K- r?B+? BMi2`@
H2�p2b +Q`2 *.*G b2�`+? rBi? +QKTH2t +QK#BM�iBQMb Q7 T`2T`Q+2bbBM; i2+?MB[m2bX

�`;m�#Hv- #QmM/2/ p�`B�#H2 2HBKBM�iBQM (1"y8) Bb biBHH i?2 KQbi BKTQ`i�Mi
T`�+iB+�H T`2T`Q+2bbBM; i2+?MB[m2 iQ/�vX >Qr2p2`- i?2 K�Mv Qi?2` ivT2b Q7 T`2@
T`Q+2bbBM; i2+?MB[m2b- /2p2HQT2/ BM T�`iB+mH�` /m`BM; i?2 kRbi +2Mim`v- TH�v �M
2pB/2Mi `QH2 �b r2HHX AM i2`Kb Q7 bmTTQ`iBM; p�`B�#H2 2HBKBM�iBQM- p�`BQmb Qi?2`
i2+?MB[m2b �`2 BKTQ`i�Mi 7Q` i`B;;2`BM; 7m`i?2` 2HBKBM�iBQM bi2Tb Q7 #QmM/2/ p�`B@
�#H2 2HBKBM�iBQM- #v T2`7Q`KBM; +`m+B�H `2/mM/�M+v@2HBKBM�iBQM bi2Tb i?�i �`2 MQi
2M�#H2/ #v #QmM/2/ p�`B�#H2 2HBKBM�iBQM �HQM2X Pi?2` BM/BpB/m�H i2+?MB[m2b �M/
i?2B` +QK#BM�iBQMb +�M #2 +2Mi`�H BM /Bz2`2Mi ivT2b Q7 T`Q#H2K@bT2+B}+ �TTHB+�@
iBQMb Q7 a�h bQHp2`bX

:QBM; 7m`i?2`- i?2 p�`BQmb /2p2HQTK2Mib BM *L6@H2p2H T`2T`Q+2bbBM; ?�p2 ?�/
� rB/2 BKT�+i- r2HH #2vQM/ K2`2 T`2T`Q+2bbBM;X "v K�FBM; mb2 Q7 TQHvMQKB�H@
iBK2 +?2+F�#H2 +H�mb2@`2/mM/�M+v T`QT2`iB2b- BMT`Q+2bbBM; a�h bQHpBM; #`2�Fb
i?2 HQM;@bi�M/BM; ǳ`2bQHmiBQM #�``B2`Ǵ Q7 bi�M/�`/ *.*G a�h bQHp2`b- K�FBM;
i?2 bQHp2`b KQ`2 TQr2`7mH i?�M i?2 `2bQHmiBQM T`QQ7 bvbi2KX *H�mb2 `2/mM/�M+v
T`QT2`iB2b ?�p2 �HbQ `2bmHi2/ BM ;2M2`�HHv �TTHB+�#H2 T`�+iB+�H T`QQ7 +?2+FBM; K2+?@
�MBbKb- 2M�#HBM; i?2 �miQK�i2/ p2`B}+�iBQM Q7 T`QQ7b +QMbi`m+i2/ #v a�h bQHp2`b-
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i?mb HB7iBM; i?2 i`mbirQ`i?BM2bb Q7 ǳMQǴ �Mbr2`b T`QpB/2/ #v a�h bQHp2`b iQ M2r
H2p2Hb Ub22 *?�Ti2` R8VX

h?2`2 Bb Km+? QM;QBM; rQ`F QM +QK#BMBM; ?B;?@H2p2H �M/ *L6@H2p2H T`2T`Q@
+2bbBM;- T�`iB+mH�`Hv 7Q` MQM@HBM2�` �H;2#`�B+ `2�bQMBM; (*a*JRN- E"ERN)- r?BH2
T`Q/m+BM; T`QQ7b 7Q` 2p2M T�`Biv `2�bQMBM; Bb biBHH � +?�HH2M;2 (*>ky)X AM i?Bb
+QMi2ti- `2pBbBiBM; i2+?MB[m2b mbBM; #BM�`v /2+BbBQM /B�;`�Kb KB;?i �HbQ #2 BM@
i2`2biBM; (JJyk- 6Ea+y9- a"ye- q6aye- ".yN- p.1"R3)X q2 �HbQ +QMbB/2`
T�`�HH2HBx�iBQM Q7 T`2T`Q+2bbBM; iQ biBHH #2 BM Bib BM7�M+v (q>Rj- :JRj- >qRj-
"aR3- PqRN)X

6BM�HHv- r2 r�Mi iQ TQBMi Qmi i?�i K�Mv Q7 i?2 T`2T`Q+2bbBM; i2+?MB[m2b
/Bb+mbb2/ BM i?Bb +?�Ti2` ?�p2 #22M HB7i2/ iQ KQ`2 ;2M2`�H HQ;B+b �M/ T`Q#H2Kb-
bm+? �b Z"6- J�ta�h- Oa�h- �M/ }`bi@Q`/2` HQ;B+- #mi BMbi2�/ Q7 HBbiBM; i?2b2
2ti2MbBQMb ?2`2- r2 `272` iQ i?2 +?�Ti2`b QM i?2b2 2ti2MbBQMb BM i?Bb ?�M/#QQF Q`
i?2 +Q``2bTQM/BM; HBi2`�im`2 BMbi2�/X

�+FMQrH2/;K2Mib

q2 rQmH/ HBF2 iQ i?�MF G22 "�`M2ii- E�i�HBM 6�x2F�b- �M/ J�i?B�b 6H2m`v 7Q`
T`QpB/BM; p�Hm�#H2 722/#�+F QM H�i2 /`�7ib Q7 i?2 +?�Ti2`X

_272`2M+2b

(�"aNN) :X �m/2K�`/- "X "2M?�KQm- �M/ SX aB2;2HX G� Kûi?Q/2 /Ƕ�p�H�M+?2
�o�G, lM2 Kûi?Q/2 ûMmKû`�iBp2 TQm` a�hX CQm`Mû2b L�iBQM�H2b /2
H� _ûbQHmiBQM S`�iB[m2 /2b T`Q#HĕK2b LS@*QKTH2ib UCLS*V- T�;2b
RdĜk8- RNNNX

(�GaRj) :X �m/2K�`/- CX G�;MB2x- �M/ GX aBKQMX AKT`QpBM; :Hm+Qb2 7Q`
BM+`2K2Mi�H a�h bQHpBM; rBi? �bbmKTiBQMb, �TTHB+�iBQM iQ Jla
2ti`�+iBQMX AM JX C `pBb�HQ �M/ �X o�M :2H/2`- 2/BiQ`b- a�h- pQHmK2
dNek Q7 GL*a- T�;2b jyNĜjRdX aT`BM;2`- kyRjX

(�ShdN) "X �bTp�HH- JX 6X SH�bb- �M/ _X 1X h�`D�MX � HBM2�`@iBK2 �H;Q`Bi?K
7Q` i2biBM; i?2 i`mi? Q7 +2`i�BM [m�MiB}2/ "QQH2�M 7Q`KmH�bX AM7X
S`Q+2bbX G2iiX- 3UjV,RkRĜRkj- RNdNX

(�ayN) :X �m/2K�`/ �M/ GX aBKQMX S`2/B+iBM; H2�`Mi +H�mb2b [m�HBiv BM
KQ/2`M a�h bQHp2`bX AM *X "QmiBHB2`- 2/BiQ`- AC*�A kyyN- S`Q+22/BM;b
Q7 i?2 kRbi AMi2`M�iBQM�H CQBMi *QM72`2M+2 QM �`iB}+B�H AMi2HHB;2M+2-
S�b�/2M�- *�HB7Q`MB�- la�- CmHv RR@Rd- kyyN- T�;2b jNNĜ9y9- kyyNX

("�+yk) 6X "�++?mbX 1M?�M+BM; .�pBb SmiM�K rBi? 2ti2M/2/ #BM�`v +H�mb2
`2�bQMBM;X AM _X .2+?i2`- JX CX E2�`Mb- �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 AM@
i2HHB;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 eRjĜeRNX ���A S`2bb f h?2 JAh S`2bb- kyykX

(""y9) SX "D2bb2 �M/ �X "Q` HpX .�:@�r�`2 +B`+mBi +QKT`2bbBQM 7Q` 7Q`K�H
p2`B}+�iBQMX AM kyy9 AMi2`M�iBQM�H *QM72`2M+2 QM *QKTmi2`@�B/2/
.2bB;M- A**�. kyy9- a�M CQb2- *�- la�- LQp2K#2` d@RR- kyy9-
T�;2b 9kĜ9NX A111 *QKTmi2` aQ+B2iv f �*J- kyy9X
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(""ye) _X "`mKK�v2` �M/ �X "B2`2X GQ+�H irQ@H2p2H �M/@AMp2`i2` ;`�T?
KBMBKBx�iBQM rBi?Qmi #HQrmTX AM S`Q+22/BM;b Q7 i?2 kM/ .Q+iQ`�H
qQ`Fb?QT QM J�i?2K�iB+�H �M/ 1M;BM22`BM; J2i?Q/b BM *QKTmi2`
a+B2M+2 UJ1JA*a kyyeV- kyyeX

(""AaRe) hX "�HvQ- �X "B2`2- JX Ab2`- �M/ *X aBMxX a�h _�+2 kyR8X �`iB}+B�H
AMi2HHB;2M+2- k9R,98Ĝe8- kyReX

("*"ky) GX �X "�`M2ii- .X *2`M�- �M/ �X "B2`2X *Qp2`2/ +H�mb2b �`2 MQi
T`QT�;�iBQM `2/mM/�MiX AM LX S2HiB2` �M/ oX aQ7`QMB2@aiQFF2`K�Mb-
2/BiQ`b- �miQK�i2/ _2�bQMBM; @ Ryi? AMi2`M�iBQM�H CQBMi *QM72`2M+2-
AC*�_ kyky- S�`Bb- 6`�M+2- CmHv R@9- kyky- S`Q+22/BM;b- S�`i A-
pQHmK2 RkRee Q7 G2+im`2 LQi2b BM *QKTmi2` a+B2M+2- T�;2b jkĜ9dX
aT`BM;2`- kykyX

(".yN) JX "`B+F2Mbi2BM �M/ �X .`2v2`X SQHv"Q_B, � 7`�K2rQ`F 7Q`
:`ƺ#M2`@#�bBb +QKTmi�iBQMb rBi? "QQH2�M TQHvMQKB�HbX CX avK#X
*QKTmiX- 99UNV,RjkeĜRj98- kyyNX

(".Syj) 6X "�++?mb- aX .�HK�Q- �M/ hX SBi�bbBX .SGG rBi? +�+?BM;, � M2r
�H;Q`Bi?K 7Q` Oa�h �M/ "�v2bB�M BM72`2M+2X 1H2+i`QMB+ *QHHQ[mBmK
QM *QKTmi�iBQM�H *QKTH2tBiv U1***V- RyUyyjV- kyyjX

("66>ky) �X "B2`2- EX 6�x2F�b- JX 6H2m`v- �M/ JX >2BbBM;2`X *�.B*�G- EBbb�i-
S�`�+QQ#�- SHBM;2HBM; �M/ h`22M;2HBM; 2Mi2`BM; i?2 a�h *QKT2@
iBiBQM kykyX AM hX "�HvQ- LX 6`QH2vFb- JX CX >X >2mH2- JX Ab2`-
JX C `pBb�HQ- �M/ JX am/�- 2/BiQ`b- S`Q+X Q7 a�h *QKT2iBiBQM kyky,
aQHp2` �M/ "2M+?K�`F .2b+`BTiBQMb- pQHmK2 "@kyky@R Q7 .2T�`i@
K2Mi Q7 *QKTmi2` a+B2M+2 _2TQ`i a2`B2b "- T�;2b 8RĜ8jX lMBp2`bBiv
Q7 >2HbBMFB- kykyX

("6>"R9) hX "�HvQ- �X 6`ƺ?HB+?- JX CX >X >2mH2- �M/ �X "B2`2X 1p2`vi?BM;
vQm �Hr�vb r�Mi2/ iQ FMQr �#Qmi #HQ+F2/ b2ib U#mi r2`2 �7`�B/ iQ
�bFVX 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 jRdĜjjkX aT`BM;2`- kyR9X

("B2yj) �X "B2`2X �#Qmi i?2 a�h bQHp2`b GBKK�i- *QKTb�i- 6mM2t �M/ i?2
Z"6 bQHp2` Zm�MiQ`- kyyjX S`2b2Mi�iBQM 7Q` i?2 a�hǶyj a�h aQHp2`
*QKT2iBiBQMX

("B2y9) �X "B2`2X _2bQHp2 �M/ 2tT�M/X AM >X >X >QQb �M/ .X :X JBi+?2HH-
2/BiQ`b- h?2Q`v �M/ �TTHB+�iBQMb Q7 a�iBb}�#BHBiv h2biBM;- di? AM@
i2`M�iBQM�H *QM72`2M+2- a�h kyy9- o�M+Qmp2`- "*- *�M�/�- J�v
Ry@Rj- kyy9- _2pBb2/ a2H2+i2/ S�T2`b- pQHmK2 j89k Q7 G2+im`2 LQi2b
BM *QKTmi2` a+B2M+2- T�;2b 8NĜdyX aT`BM;2`- kyy9X

("B2yN) �X "B2`2X S&`2-B'+Qa�h!a*ǶyNX AM a�h kyyN *QKT2iBiBp2 1p2Mi
"QQFH2i- kyyNX

("B2Ry) �X "B2`2X GBM;2HBM;- SHBM;2HBM;- SB+Qa�h �M/ S`2+Qa�h �i a�h _�+2
kyRyX h2+?MB+�H `2TQ`i- CQ?�MM2b E2TH2` lMBp2`bBiv GBMx- kyRyX

("B2RR) �X "B2`2X GBM;2HBM; �M/ 7`B2M/b �i i?2 a�h *QKT2iBiBQM kyRRX h2+?@
MB+�H `2TQ`i- 6Jo _2TQ`ib a2`B2b- AMbiBimi2 7Q` 6Q`K�H JQ/2Hb �M/
o2`B}+�iBQM- CQ?�MM2b E2TH2` lMBp2`bBiv- �Hi2M#2`;2`bi`X eN- 9y9y
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GBMx- �mbi`B�- kyRRX
("B2Rk) �X "B2`2X GBM;2HBM; �M/ 7`B2M/b 2Mi2`BM; i?2 a�h *?�HH2M;2 kyRkX AM

S`Q+X Q7 a�h *?�HH2M;2 kyRk, aQHp2` �M/ "2M+?K�`F .2b+`BTiBQMb-
pQHmK2 "@kyRk@k Q7 .2TiX Q7 *QKTmi2` a+B2M+2 a2`B2b Q7 Sm#HB+�iBQMb
"- lMBp2`bBiv Q7 >2HbBMFB- kyRkX

("B2R9) �X "B2`2X GBM;2HBM; 2bb2MiB�Hb- � imiQ`B�H QM /2bB;M �M/ BKTH2K2Mi�@
iBQM �bT2+ib Q7 i?2 i?2 a�h bQHp2` GBM;2HBM;X AM .X G2 "2``2- 2/BiQ`-
SPa@R9X 6B7i? S`�;K�iB+b Q7 a�h rQ`Fb?QT- � rQ`Fb?QT Q7 i?2 a�h
kyR9 +QM72`2M+2- T�`i Q7 6GQ* kyR9 /m`BM; i?2 oB2MM� amKK2` Q7
GQ;B+- CmHv Rj- kyR9- oB2MM�- �mbi`B�- pQHmK2 kd Q7 1SB* a2`B2b BM
*QKTmiBM;- T�;2 33X 1�bv*?�B`- kyR9X

("B2Re) �X "B2`2X aTH�ix- GBM;2HBM;- SHBM;2HBM;- h`22M;2HBM;- u�Ha�h 2Mi2`@
BM; i?2 a�h *QKT2iBiBQM kyReX AM hX "�HvQ- JX CX >X >2mH2- �M/
JX C `pBb�HQ- 2/BiQ`b- S`Q+X Q7 a�h *QKT2iBiBQM kyRe, aQHp2` �M/
"2M+?K�`F .2b+`BTiBQMb- pQHmK2 "@kyRe@R Q7 .2T�`iK2Mi Q7 *QK@
Tmi2` a+B2M+2 a2`B2b Q7 Sm#HB+�iBQMb "- T�;2b 99Ĝ98X lMBp2`bBiv Q7
>2HbBMFB- kyReX

("B2Rd) �X "B2`2X *�.B*�G- GBM;2HBM;- SHBM;2HBM;- h`22M;2HBM;- u�Ha�h 2M@
i2`BM; i?2 a�h *QKT2iBiBQM kyRdX AM hX "�HvQ- JX CX >X >2mH2- �M/
JX C `pBb�HQ- 2/BiQ`b- S`Q+X Q7 a�h *QKT2iBiBQM kyRd, aQHp2` �M/
"2M+?K�`F .2b+`BTiBQMb- pQHmK2 "@kyRd@R Q7 .2T�`iK2Mi Q7 *QK@
Tmi2` a+B2M+2 a2`B2b Q7 Sm#HB+�iBQMb "- T�;2b R9ĜR8X lMBp2`bBiv Q7
>2HbBMFB- kyRdX

("B2R3) �X "B2`2X *�.B*�G- GBM;2HBM;- SHBM;2HBM;- h`22M;2HBM; �M/ u�Ha�h
2Mi2`BM; i?2 a�h *QKT2iBiBQM kyR3X AM JX CX >X >2mH2- JX C `pBb�HQ-
�M/ JX am/�- 2/BiQ`b- S`Q+X Q7 a�h *QKT2iBiBQM kyR3, aQHp2` �M/
"2M+?K�`F .2b+`BTiBQMb- pQHmK2 "@kyR3@R Q7 .2T�`iK2Mi Q7 *QK@
Tmi2` a+B2M+2 a2`B2b Q7 Sm#HB+�iBQMb "- T�;2b RjĜR9X lMBp2`bBiv Q7
>2HbBMFB- kyR3X

("B2RN) �X "B2`2X *�.B*�G �i i?2 a�h _�+2 kyRNX AM JX CX >X >2mH2-
JX C `pBb�HQ- �M/ JX am/�- 2/BiQ`b- S`Q+X Q7 a�h _�+2 kyRN, aQHp2`
�M/ "2M+?K�`F .2b+`BTiBQMb- pQHmK2 "@kyRN@R Q7 .2T�`iK2Mi Q7
*QKTmi2` a+B2M+2 a2`B2b Q7 Sm#HB+�iBQMb "- T�;2b 3ĜNX lMBp2`bBiv Q7
>2HbBMFB- kyRNX

("Eay9) SX "2�K2- >X �X E�mix- �M/ �X a�#?�`r�HX hQr�`/b mM/2`bi�M/BM;
�M/ ?�`M2bbBM; i?2 TQi2MiB�H Q7 +H�mb2 H2�`MBM;X CX �`iB7X AMi2HHX _2bX-
kk,jRNĜj8R- kyy9X

("G"GJR9) �X "B2`2- .X G2 "2``2- 1X GQM+�- �M/ LX J�Mi?2vX .2i2+iBM; +�`/B@
M�HBiv +QMbi`�BMib BM *L6X 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 k38ĜjyRX aT`BM;2`-
kyR9X

("HQdy) "X >X "HQQKX aT�+2fiBK2 i`�/2@Qzb BM ?�b? +Q/BM; rBi? �HHQr�#H2
2``Q`bX *QKKmMX �*J- RjUdV,9kkĜ9ke- RNdyX

("SRR) _X CX "�v�`/Q �M/ "X S�M/�X 6�bi �H;Q`Bi?Kb 7Q` }M/BM; 2ti`2K�H
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b2ibX AM S`Q+22/BM;b Q7 i?2 1H2p2Mi? aA�J AMi2`M�iBQM�H *QM72`2M+2
QM .�i� JBMBM;- a.J kyRR- �T`BH k3@jy- kyRR- J2b�- �`BxQM�-
la�- T�;2b k8Ĝj9X aA�J f PKMBT`2bb- kyRRX

("`�y9) _X AX "`�7K�MX � bBKTHB}2` 7Q` T`QTQbBiBQM�H 7Q`KmH�b rBi? K�Mv
#BM�`v +H�mb2bX A111 h`�MbX avbi2Kb- J�M- �M/ *v#2`M2iB+b- S�`i
"- j9URV,8kĜ8N- kyy9X

("`v3e) _X 1X "`v�MiX :`�T?@#�b2/ �H;Q`Bi?Kb 7Q` #QQH2�M 7mM+iBQM K�MBT@
mH�iBQMX A111 h`�MbX *QKTmi2`b- j8U3V,eddĜeNR- RN3eX

("aye) �X "B2`2 �M/ *X aBMxX .2+QKTQbBM; a�h T`Q#H2Kb BMiQ +QMM2+i2/
+QKTQM2MibX CX a�iBb7X "QQH2�M JQ/2HX *QKTmiX- kUR@9V,kyRĜky3-
kyyeX

("aR3) hX "�HvQ �M/ *X aBMxX S�`�HH2H b�iBb}�#BHBivX AM uX >�K�/B �M/
GX a�Bb- 2/BiQ`b- >�M/#QQF Q7 S�`�HH2H *QMbi`�BMi _2�bQMBM;- T�;2b
jĜkNX aT`BM;2`- kyR3X

("qyj) 6X "�++?mb �M/ CX qBMi2`X 1z2+iBp2 T`2T`Q+2bbBM; rBi? ?vT2`@
`2bQHmiBQM �M/ 2[m�HBiv `2/m+iBQMX AM 1X :BmM+?B;HB� �M/ �X h�+@
+?2HH�- 2/BiQ`b- h?2Q`v �M/ �TTHB+�iBQMb Q7 a�iBb}�#BHBiv h2biBM;- ei?
AMi2`M�iBQM�H *QM72`2M+2- a�h kyyjX a�Mi� J�`;?2`Bi� GB;m`2- Ai�Hv-
J�v 8@3- kyyj a2H2+i2/ _2pBb2/ S�T2`b- pQHmK2 kNRN Q7 G2+im`2 LQi2b
BM *QKTmi2` a+B2M+2- T�;2b j9RĜj88X aT`BM;2`- kyyjX

(*6JRj) JX *Q/Bb?- uX 62F2i2- �M/ �X J2iQ/BX "�+F#QM2b 7Q` 2[m�HBivX AM
oX "2`i�++Q �M/ �X G2;�v- 2/BiQ`b- >�`/r�`2 �M/ aQ7ir�`2, o2`B}+�@
iBQM �M/ h2biBM; @ Ni? AMi2`M�iBQM�H >�B7� o2`B}+�iBQM *QM72`2M+2-
>o* kyRj- >�B7�- Ab`�2H- LQp2K#2` 8@d- kyRj- S`Q+22/BM;b- pQHmK2
3k99 Q7 G2+im`2 LQi2b BM *QKTmi2` a+B2M+2- T�;2b RĜR9X aT`BM;2`-
kyRjX

(*>ky) GX *?2r �M/ JX CX >X >2mH2X aQ`iBM; T�`Biv 2M+Q/BM;b #v `2mbBM;
p�`B�#H2bX AM GX SmHBM� �M/ JX a2B/H- 2/BiQ`b- h?2Q`v �M/ �TTHB+�iBQMb
Q7 a�iBb}�#BHBiv h2biBM; @ a�h kyky @ kj`/ AMi2`M�iBQM�H *QM72`2M+2-
�H;?2`Q- Ai�Hv- CmHv j@Ry- kyky- S`Q+22/BM;b- pQHmK2 RkRd3 Q7 G2+im`2
LQi2b BM *QKTmi2` a+B2M+2- T�;2b RĜRyX aT`BM;2`- kykyX

(*?2yN) CX *?2MX "mBH/BM; � ?v#`B/ a�h bQHp2` pB� +QM~B+i@/`Bp2M- HQQF@�?2�/
�M/ sP_ `2�bQMBM; i2+?MB[m2bX 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
kN3ĜjRRX aT`BM;2`- kyyNX

(*?2R8) CX *?2MX 6�bi #HQ+F2/ +H�mb2 /2+QKTQbBiBQM rBi? ?B;? [m�HBivX *Q__-
�#bfR8ydXyy98N- kyR8X

(*Eyd) *X *QM/`�i �M/ SX E�HH�X � :`ƺ#M2` #�bBb �TT`Q�+? iQ *L6@
7Q`KmH�2 T`2T`Q+2bbBM;X AM PX :`mK#2`; �M/ JX >mi?- 2/BiQ`b- hQQHb
�M/ �H;Q`Bi?Kb 7Q` i?2 *QMbi`m+iBQM �M/ �M�HvbBb Q7 avbi2Kb- Rji?
AMi2`M�iBQM�H *QM72`2M+2- h�*�a kyyd- >2H/ �b S�`i Q7 i?2 CQBMi
1m`QT2�M *QM72`2M+2b QM h?2Q`v �M/ S`�+iB+2 Q7 aQ7ir�`2- 1h�Sa
kyyd "`�;�- SQ`im;�H- J�`+? k9 @ �T`BH R- kyyd- S`Q+22/BM;b- pQHmK2
99k9 Q7 G2+im`2 LQi2b BM *QKTmi2` a+B2M+2- T�;2b eR3ĜejRX aT`BM;2`-
kyydX

jk



(*EaN9) CX JX *`�r7Q`/- JX CX E2�`Mb- �M/ _X 1X a+?�TB`2X h?2 KBMBK�H /Bb@
�;`22K2Mi T�`Biv T`Q#H2K �b � ?�`/ b�iBb}�#BHBiv T`Q#H2KX h2+?MB+�H
`2TQ`i- *QKTmi�iBQM�H AMi2HHB;2M+2 _2b2�`+? G�#Q`�iQ`v �M/ �h�h
"2HH G�#b- RNN9X

(*JoyN) "X *?�K#2`b- SX J�MQHBQb- �M/ .X o`QQMX 6�bi2` a�h bQHpBM; rBi?
#2ii2` *L6 ;2M2`�iBQMX AM GX "2MBMB- :X .2 JB+?2HB- "X JX �H@
>�b?BKB- �M/ qX JɃHH2`- 2/BiQ`b- .2bB;M- �miQK�iBQM �M/ h2bi BM
1m`QT2- .�h1 kyyN- LB+2- 6`�M+2- �T`BH ky@k9- kyyN- T�;2b R8NyĜ
R8N8X A111- kyyNX

(*QQde) aX �X *QQFX � b?Q`i T`QQ7 Q7 i?2 TB;2QM ?QH2 T`BM+BTH2 mbBM; 2ti2M/2/
`2bQHmiBQMX �*J aA:�*h L2rb- 3U9V,k3Ĝjk- RNdeX

(*ayy) SX *?�i�HB+ �M/ GX aBKQMX w_1a, h?2 QH/ .�pBb@SmiM�K T`Q+2/m`2
K22ib w"..X AM .X �X J+�HH2bi2`- 2/BiQ`- �miQK�i2/ .2/m+iBQM @
*�.1@Rd- Rdi? AMi2`M�iBQM�H *QM72`2M+2 QM �miQK�i2/ .2/m+iBQM-
SBiib#m`;?- S�- la�- CmM2 Rd@ky- kyyy- S`Q+22/BM;b- pQHmK2 R3jR Q7
G2+im`2 LQi2b BM *QKTmi2` a+B2M+2- T�;2b 99NĜ989X aT`BM;2`- kyyyX

(*a*JRN) .X *?QQ- JX aQQb- EX JX �X *?�B- �M/ EX aX J22HX "QbT?Q`mb,
"`B/;BM; �L6 �M/ *L6 bQHp2`bX AM CX h2B+? �M/ 6X 6mKKB- 2/BiQ`b-
.2bB;M- �miQK�iBQM � h2bi BM 1m`QT2 *QM72`2M+2 � 1t?B#BiBQM-
.�h1 kyRN- 6HQ`2M+2- Ai�Hv- J�`+? k8@kN- kyRN- T�;2b 9e3Ĝ9djX
A111- kyRNX

(.6a8N) "X .mM?�K- _X 6`B/b?�H- �M/ :X GX ar�`/X � MQM@?2m`BbiB+ T`Q;`�K
7Q` T`QpBM; 2H2K2Mi�`v HQ;B+�H i?2Q`2KbX AM AM7Q`K�iBQM S`Q+2bbBM;-
S`Q+22/BM;b Q7 i?2 Rbi AMi2`M�iBQM�H *QM72`2M+2 QM AM7Q`K�iBQM S`Q@
+2bbBM;- lL1a*P- S�`Bb R8@ky CmM2 RN8N- T�;2b k3kĜk39X lL1a*P
US�`BbV- RN8NX

(.GGek) JX .�pBb- :X GQ;2K�MM- �M/ .X qX GQp2H�M/X � K�+?BM2 T`Q;`�K
7Q` i?2Q`2K@T`QpBM;X *QKKmMX �*J- 8UdV,jN9ĜjNd- RNekX

(.JN9) JX .Ƕ�;QbiBMQ �M/ JX JQM/�/Q`BX h?2 i�KBM; Q7 i?2 +miX +H�bbB+�H
`27mi�iBQMb rBi? �M�HviB+ +miX CX GQ;X *QKTmiX- 9UjV,k38ĜjRN- RNN9X

(.Sey) JX .�pBb �M/ >X SmiM�KX � +QKTmiBM; T`Q+2/m`2 7Q` [m�MiB}+�iBQM
i?2Q`vX CX �*J- dUjV,kyRĜkR8- RNeyX

(/oyy) �X /2H o�HX PM k@a�h �M/ `2M�K�#H2 >Q`MX AM >X �X E�mix �M/
"X qX SQ`i2`- 2/BiQ`b- S`Q+22/BM;b Q7 i?2 a2p2Mi22Mi? L�iBQM�H *QM@
72`2M+2 QM �`iB}+B�H AMi2HHB;2M+2 �M/ hr2H7i? *QM72`2M+2 QM QM AM@
MQp�iBp2 �TTHB+�iBQMb Q7 �`iB}+B�H AMi2HHB;2M+2- CmHv jy @ �m;mbi j-
kyyy- �mbiBM- h2t�b- la�X- T�;2b kdNĜk39X ���A S`2bb f h?2 JAh
S`2bb- kyyyX

(/oyR) �X /2H o�HX aBKTHB7vBM; #BM�`v T`QTQbBiBQM�H i?2Q`B2b BMiQ +QMM2+i2/
+QKTQM2Mib irB+2 �b 7�biX AM _X LB2mr2M?mBb �M/ �X oQ`QMFQp- 2/B@
iQ`b- GQ;B+ 7Q` S`Q;`�KKBM;- �`iB}+B�H AMi2HHB;2M+2- �M/ _2�bQMBM;-
3i? AMi2`M�iBQM�H *QM72`2M+2- GS�_ kyyR- >�p�M�- *m#�- .2+2K#2`
j@d- kyyR- S`Q+22/BM;b- pQHmK2 kk8y Q7 G2+im`2 LQi2b BM *QKTmi2`
a+B2M+2- T�;2b jNkĜ9yeX aT`BM;2`- kyyRX

(1"y8) LX 1ûM �M/ �X "B2`2X 1z2+iBp2 T`2T`Q+2bbBM; BM a�h i?`Qm;? p�`B@
�#H2 �M/ +H�mb2 2HBKBM�iBQMX AM 6X "�++?mb �M/ hX q�Hb?- 2/BiQ`b-
h?2Q`v �M/ �TTHB+�iBQMb Q7 a�iBb}�#BHBiv h2biBM;- 3i? AMi2`M�iBQM�H
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*QM72`2M+2- a�h kyy8- aiX �M/`2rb- lE- CmM2 RN@kj- kyy8- S`Q@
+22/BM;b- pQHmK2 j8eN Q7 G2+im`2 LQi2b BM *QKTmi2` a+B2M+2- T�;2b
eRĜd8X aT`BM;2`- kyy8X

(1Jayd) LX 1ûM- �X JBb?+?2MFQ- �M/ LX aƺ`2MbbQMX �TTHvBM; HQ;B+ bvMi?2bBb
7Q` bT22/BM; mT a�hX AM CX �X J�`[m2b@aBHp� �M/ EX �X a�F�HH�?-
2/BiQ`b- h?2Q`v �M/ �TTHB+�iBQMb Q7 a�iBb}�#BHBiv h2biBM; @ a�h kyyd-
Ryi? AMi2`M�iBQM�H *QM72`2M+2- GBb#QM- SQ`im;�H- J�v k3@jR- kyyd-
S`Q+22/BM;b- pQHmK2 98yR Q7 G2+im`2 LQi2b BM *QKTmi2` a+B2M+2-
T�;2b kdkĜk3eX aT`BM;2`- kyydX

(1ayj) LX 1ûM �M/ LX aƺ`2MbbQMX �M 2ti2MbB#H2 a�h@bQHp2`X AM a�h- pQHmK2
kNRN Q7 G2+im`2 LQi2b BM *QKTmi2` a+B2M+2- T�;2b 8ykĜ8R3X aT`BM;2`-
kyyjX

(1aye) LX 1ûM �M/ LX aƺ`2MbbQMX JBMBa�i kXy #2i�X AM aQHp2` .2b+`BTiBQM
a�h _�+2 kyye- kyyeX

(6"aRN) EX 6�x2F�b- �X "B2`2- �M/ *X a+?QHHX AM+`2K2Mi�H BMT`Q+2bbBM; BM
a�h bQHpBM;X AM JX C�MQi� �M/ AX GvM+2- 2/BiQ`b- h?2Q`v �M/ �T@
THB+�iBQMb Q7 a�iBb}�#BHBiv h2biBM; @ a�h kyRN @ kkM/ AMi2`M�iBQM�H
*QM72`2M+2- a�h kyRN- GBb#QM- SQ`im;�H- CmHv N@Rk- kyRN- S`Q+22/@
BM;b- pQHmK2 RRek3 Q7 G2+im`2 LQi2b BM *QKTmi2` a+B2M+2- T�;2b
RjeĜR89X aT`BM;2`- kyRNX

(6Ea+y9) CX oX 6`�M+Q- JX EQm`BH- CX aX a+?HBT7- aX �X q2�p2`- JX _X .`�Mb@
}2H/- �M/ qX JX o�M~22iX 6mM+iBQM@+QKTH2i2 HQQF�?2�/ BM bmT@
TQ`i Q7 2{+B2Mi a�h b2�`+? ?2m`BbiB+bX CX lMBp2`bX *QKTmiX a+BX-
RyURkV,Re88ĜReN8- kyy9X

(6Jyd) wX 6m �M/ aX J�HBFX 1ti`�+iBM; HQ;B+ +B`+mBi bi`m+im`2 7`QK +QMDmM+@
iBp2 MQ`K�H 7Q`K /2b+`BTiBQMbX AM kyi? AMi2`M�iBQM�H *QM72`2M+2 QM
oGaA .2bB;M UoGaA .2bB;M kyydV- aBti? AMi2`M�iBQM�H *QM72`2M+2
QM 1K#2//2/ avbi2Kb UA*1a kyydV- e@Ry C�Mm�`v kyyd- "�M;�HQ`2-
AM/B�- T�;2b jdĜ9kX A111 *QKTmi2` aQ+B2iv- kyydX

(6`2N8) CX qX 6`22K�MX AKT`Qp2K2Mib iQ T`QTQbBiBQM�H b�iBb}�#BHBiv b2�`+?
�H;Q`Bi?KbX S?. i?2bBb- lMBp2`bBiv Q7 S2MMbvHp�MB�- S�- la�- RNN8X

(:JRj) EX :2#?�`/i �M/ LX J�Mi?2vX S�`�HH2H p�`B�#H2 2HBKBM�iBQM QM *L6
7Q`KmH�bX AM AX CX hBKK �M/ JX h?BKK- 2/BiQ`b- EA kyRj, �/@
p�M+2b BM �`iB}+B�H AMi2HHB;2M+2 @ jei? �MMm�H :2`K�M *QM72`2M+2 QM
�A- EQ#H2Mx- :2`K�Mv- a2Ti2K#2` Re@ky- kyRjX S`Q+22/BM;b- pQHmK2
3ydd Q7 G2+im`2 LQi2b BM *QKTmi2` a+B2M+2- T�;2b eRĜdjX aT`BM;2`-
kyRjX

(:ay8) _X :2`b?K�M �M/ PX ai`B+?K�MX *Qbi@2z2+iBp2 ?vT2`@`2bQHmiBQM 7Q`
T`2T`Q+2bbBM; *L6 7Q`KmH�bX AM 6X "�++?mb �M/ hX q�Hb?- 2/BiQ`b-
h?2Q`v �M/ �TTHB+�iBQMb Q7 a�iBb}�#BHBiv h2biBM;- 3i? AMi2`M�iBQM�H
*QM72`2M+2- a�h kyy8- aiX �M/`2rb- lE- CmM2 RN@kj- kyy8- S`Q@
+22/BM;b- pQHmK2 j8eN Q7 G2+im`2 LQi2b BM *QKTmi2` a+B2M+2- T�;2b
9kjĜ9kNX aT`BM;2`- kyy8X

(:qyy) CX 6X :`QQi2 �M/ CX SX q�`M2`bX h?2 T`QTQbBiBQM�H 7Q`KmH� +?2+F2`
>22`>m;QX CX �miQKX _2�bQMBM;- k9URfkV,RyRĜRk8- kyyyX

(>�F38) �X >�F2MX h?2 BMi`�+i�#BHBiv Q7 `2bQHmiBQMX h?2Q`X *QKTmiX a+BX-
jN,kNdĜjy3- RN38X
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(>"Rj) JX CX >X >2mH2 �M/ �X "B2`2X "HQ+F2/ +H�mb2 /2+QKTQbBiBQMX 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+B2M+2- T�;2b 9kjĜ9j3X aT`BM;2`- kyRjX

(>>CqRj) JX CX >X >2mH2- qX �X >mMi C`X- �M/ LX q2ixH2`X h`BKKBM; r?BH2
+?2+FBM; +H�mb�H T`QQ7bX AM 6Q`K�H J2i?Q/b BM *QKTmi2`@�B/2/ .2@
bB;M- 6J*�. kyRj- SQ`iH�M/- P_- la�- P+iQ#2` ky@kj- kyRj- T�;2b
R3RĜR33X A111- kyRjX

(>CRk) *X >�M �M/ CX _X CB�M;X q?2M "QQH2�M b�iBb}�#BHBiv K22ib :�mbbB�M
2HBKBM�iBQM BM � aBKTH2t r�vX AM SX J�/?mbm/�M �M/ aX �X a2b?B�-
2/BiQ`b- *QKTmi2` �B/2/ o2`B}+�iBQM @ k9i? AMi2`M�iBQM�H *QM72`@
2M+2- *�o kyRk- "2`F2H2v- *�- la�- CmHv d@Rj- kyRk S`Q+22/BM;b-
pQHmK2 dj83 Q7 G2+im`2 LQi2b BM *QKTmi2` a+B2M+2- T�;2b 9RyĜ9keX
aT`BM;2`- kyRkX

(>C"Ry�) JX CX >X >2mH2- JX C `pBb�HQ- �M/ �X "B2`2X *H�mb2 2HBKBM�iBQM T`Q@
+2/m`2b 7Q` *L6 7Q`KmH�bX AM *X :X 62`KɃHH2` �M/ �X oQ`QMFQp- 2/@
BiQ`b- GQ;B+ 7Q` S`Q;`�KKBM;- �`iB}+B�H AMi2HHB;2M+2- �M/ _2�bQMBM;
@ Rdi? AMi2`M�iBQM�H *QM72`2M+2- GS�_@Rd- uQ;v�F�`i�- AM/QM2bB�-
P+iQ#2` Ry@R8- kyRyX S`Q+22/BM;b- pQHmK2 ejNd Q7 G2+im`2 LQi2b BM
*QKTmi2` a+B2M+2- T�;2b j8dĜjdRX aT`BM;2`- kyRyX

(>C"Ry#) JX CX >X >2mH2- JX C `pBb�HQ- �M/ �X "B2`2X *Qp2`2/ +H�mb2 2HBKBM�@
iBQMX AM �X oQ`QMFQp- :X ami+HBz2- JX "��x- �M/ *X :X 62`KɃHH2`-
2/BiQ`b- a?Q`i T�T2`b 7Q` Rdi? AMi2`M�iBQM�H *QM72`2M+2 QM GQ;B+
7Q` S`Q;`�KKBM;- �`iB}+B�H BMi2HHB;2M+2- �M/ _2�bQMBM;- GS�_@Rd@
b?Q`i- uQ;v�F�`i�- AM/QM2bB�- P+iQ#2` Ry@R8- kyRy- pQHmK2 Rj Q7
1SB* a2`B2b BM *QKTmiBM;- T�;2b 9RĜ9eX 1�bv*?�B`- kyRyX

(>C"RR) JX CX >X >2mH2- JX C `pBb�HQ- �M/ �X "B2`2X 1{+B2Mi *L6 bBKTHB@
}+�iBQM #�b2/ QM #BM�`v BKTHB+�iBQM ;`�T?bX AM EX �X a�F�HH�? �M/
GX aBKQM- 2/BiQ`b- h?2Q`v �M/ �TTHB+�iBQMb Q7 a�iBb}�#BHBiv 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 kyRĜkR8X aT`BM;2`- kyRRX

(>C"Rj) JX CX >X >2mH2- JX C `pBb�HQ- �M/ �X "B2`2X _2pBbBiBM; ?vT2` #BM�`v
`2bQHmiBQMX 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;`�KKBM; 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
ddĜNjX aT`BM;2`- kyRjX

(>CG+R8) JX CX >X >2mH2- JX C `pBb�HQ- 6X GQMbBM;- JX a2B/H- �M/ �X "B2`2X
*H�mb2 2HBKBM�iBQM 7Q` a�h �M/ Za�hX CX �`iB7X AMi2HHX _2bX- 8j,RkdĜ
Re3- kyR8X

(>CLRy) �X 1X CX >vp `BM2M- hX �X CmMiiBH�- �M/ AX LB2K2H X S�`iBiBQM@
BM; a�h BMbi�M+2b 7Q` /Bbi`B#mi2/ bQHpBM;X AM *X :X 62`KɃHH2`
�M/ �X oQ`QMFQp- 2/BiQ`b- GQ;B+ 7Q` S`Q;`�KKBM;- �`iB}+B�H AMi2H@
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HB;2M+2- �M/ _2�bQMBM; @ Rdi? AMi2`M�iBQM�H *QM72`2M+2- GS�_@Rd-
uQ;v�F�`i�- AM/QM2bB�- P+iQ#2` Ry@R8- kyRyX S`Q+22/BM;b- pQHmK2
ejNd Q7 G2+im`2 LQi2b BM *QKTmi2` a+B2M+2- T�;2b jdkĜj3eX aT`BM;2`-
kyRyX

(>CaRy) uX >�K�/B- aX C�##Qm`- �M/ GX a�BbX G2�`MBM; 7Q` /vM�KB+ bm#bmKT@
iBQMX AMiX CX �`iB7X AMi2HHX hQQHb- RNU9V,8RRĜ8kN- kyRyX

(>CaRR) >X >�M- >X CBM- �M/ 6X aQK2MxBX *H�mb2 bBKTHB}+�iBQM i?`Qm;? /QK@
BM�iQ` �M�HvbBbX AM .2bB;M- �miQK�iBQM �M/ h2bi BM 1m`QT2- .�h1
kyRR- :`2MQ#H2- 6`�M+2- J�`+? R9@R3- kyRR- T�;2b R9jĜR93X A111-
kyRRX

(>E"Rd) JX CX >X >2mH2- "X EB2bH- �M/ �X "B2`2X a?Q`i T`QQ7b rBi?Qmi M2r
p�`B�#H2bX AM GX /2 JQm`�- 2/BiQ`- �miQK�i2/ .2/m+iBQM @ *�.1 ke @
kei? AMi2`M�iBQM�H *QM72`2M+2 QM �miQK�i2/ .2/m+iBQM- :Qi?2M#m`;-
ar2/2M- �m;mbi e@RR- kyRd- S`Q+22/BM;b- pQHmK2 RyjN8 Q7 G2+im`2
LQi2b BM *QKTmi2` a+B2M+2- T�;2b RjyĜR9dX aT`BM;2`- kyRdX

(>E"ky) JX CX >X >2mH2- "X EB2bH- �M/ �X "B2`2X ai`QM; 2ti2MbBQM@7`22 T`QQ7
bvbi2KbX CX �miQKX _2�bQMX- e9UjV,8jjĜ889- kykyX

(>QQNj) CX LX >QQF2`X aQHpBM; i?2 BM+`2K2Mi�H b�iBb}�#BHBiv T`Q#H2KX CX GQ;X
S`Q;`�KX- R8UR�kV,RddĜR3e- RNNjX

(>ayd) >X >�M �M/ 6X aQK2MxBX �H2K#B+, �M 2{+B2Mi �H;Q`Bi?K 7Q` *L6
T`2T`Q+2bbBM;X AM S`Q+22/BM;b Q7 i?2 99i? .2bB;M �miQK�iBQM *QM@
72`2M+2- .�* kyyd- a�M .B2;Q- *�- la�- CmM2 9@3- kyyd- T�;2b
83kĜ83dX A111- kyydX

(>ayN) >X >�M �M/ 6X aQK2MxBX PM@i?2@~v +H�mb2 BKT`Qp2K2MiX AM PX EmHH@
K�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 kyNĜkkkX aT`BM;2`- kyyNX

(>pJy9) JX CX >X >2mH2 �M/ >X p�M J��`2MX �HB;MBM; *L6@ �M/ 2[mBp�H2M+2@
`2�bQMBM;X AM >X >X >QQb �M/ .X :X JBi+?2HH- 2/BiQ`b- h?2Q`v �M/
�TTHB+�iBQMb Q7 a�iBb}�#BHBiv h2biBM;- di? AMi2`M�iBQM�H *QM72`2M+2-
a�h kyy9- o�M+Qmp2`- "*- *�M�/�- J�v Ry@Rj- kyy9- _2pBb2/ a2@
H2+i2/ S�T2`b- pQHmK2 j89k Q7 G2+im`2 LQi2b BM *QKTmi2` a+B2M+2-
T�;2b R98ĜR8eX aT`BM;2`- kyy9X

(>qRj) uX >�K�/B �M/ *X JX qBMi2`bi2B;2`X a2p2M +?�HH2M;2b BM T�`�HH2H
a�h bQHpBM;X �A J�;X- j9UkV,NNĜRye- kyRjX

(AEaRd) JX Ab2`- 6X EmixM2`- �M/ *X aBMxX lbBM; ;�i2 `2+Q;MBiBQM �M/ `�M@
/QK bBKmH�iBQM 7Q` mM/2`@�TT`QtBK�iBQM �M/ QTiBKBx2/ #`�M+?BM; BM
a�h bQHp2`bX AM kNi? A111 AMi2`M�iBQM�H *QM72`2M+2 QM hQQHb rBi?
�`iB}+B�H AMi2HHB;2M+2- A*h�A kyRd- "QbiQM- J�- la�- LQp2K#2`
e@3- kyRd- T�;2b RykNĜRyjeX A111 *QKTmi2` aQ+B2iv- kyRdX

(C"Ry) JX C `pBb�HQ �M/ �X "B2`2X _2+QMbi`m+iBM; bQHmiBQMb �7i2` #HQ+F2/
+H�mb2 2HBKBM�iBQMX AM PX ai`B+?K�M �M/ aX ax2B/2`- 2/BiQ`b- h?2Q`v
�M/ �TTHB+�iBQMb Q7 a�iBb}�#BHBiv h2biBM; @ a�h kyRy- Rji? AMi2`@
M�iBQM�H *QM72`2M+2- a�h kyRy- 1/BM#m`;?- lE- CmHv RR@R9- kyRyX
S`Q+22/BM;b- pQHmK2 eRd8 Q7 G2+im`2 LQi2b BM *QKTmi2` a+B2M+2-
T�;2b j9yĜj98X aT`BM;2`- kyRyX
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(C">Ry) JX C `pBb�HQ- �X "B2`2- �M/ JX CX >X >2mH2X "HQ+F2/ +H�mb2 2HBKBM�@
iBQMX AM CX 1bT�`x� �M/ _X J�DmK/�`- 2/BiQ`b- hQQHb �M/ �H;Q`Bi?Kb
7Q` i?2 *QMbi`m+iBQM �M/ �M�HvbBb Q7 avbi2Kb- Rei? AMi2`M�iBQM�H
*QM72`2M+2- h�*�a kyRy- >2H/ �b S�`i Q7 i?2 CQBMi 1m`QT2�M *QM@
72`2M+2b QM h?2Q`v �M/ S`�+iB+2 Q7 aQ7ir�`2- 1h�Sa kyRy- S�T?Qb-
*vT`mb- J�`+? ky@k3- kyRyX S`Q+22/BM;b- pQHmK2 eyR8 Q7 G2+im`2
LQi2b BM *QKTmi2` a+B2M+2- T�;2b RkNĜR99X aT`BM;2`- kyRyX

(C">Rk) JX C `pBb�HQ- �X "B2`2- �M/ JX CX >X >2mH2X aBKmH�iBM; +B`+mBi@H2p2H
bBKTHB}+�iBQMb QM *L6X CX �miQKX _2�bQMBM;- 9NU9V,83jĜeRN- kyRkX

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

(CER9) JX C `pBb�HQ �M/ CX >X EQ`?QM2MX *QM/BiBQM�H HQr2` #QmM/b 7Q`
7�BH2/ HBi2`�Hb �M/ `2H�i2/ i2+?MB[m2bX 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 d8Ĝ39X
aT`BM;2`- kyR9X

(CG�JaR8) JX C�MQi�- AX GvM+2- �M/ CX �Q J�`[m2b@aBHp�X �H;Q`Bi?Kb 7Q`
+QKTmiBM; #�+F#QM2b Q7 T`QTQbBiBQM�H 7Q`KmH�2X �A *QKKmMX-
k3UkV,ReRĜRdd- kyR8X

(E"ERN) .X E�m7K�MM- �X "B2`2- �M/ JX E�m2`bX o2`B7vBM; H�`;2 KmHiBTHB2`b
#v +QK#BMBM; a�h �M/ +QKTmi2` �H;2#`�X AM *X qX "�``2ii �M/
CX u�M;- 2/BiQ`b- kyRN 6Q`K�H J2i?Q/b BM *QKTmi2` �B/2/ .2bB;M-
6J*�. kyRN- a�M CQb2- *�- la�- P+iQ#2` kk@k8- kyRN- T�;2b
k3ĜjeX A111- kyRNX

(E:SyR) �X Em2?HK�MM- JX EX :�M�B- �M/ oX S�`mi?BX *B`+mBi@#�b2/ "QQH2�M
`2�bQMBM;X AM S`Q+22/BM;b Q7 i?2 j3i? .2bB;M �miQK�iBQM *QM72`2M+2-
.�* kyyR- G�b o2;�b- Lo- la�- CmM2 R3@kk- kyyR- T�;2b kjkĜkjdX
�*J- kyyRX

(E>"RN) "X EB2bH- JX CX >X >2mH2- �M/ �X "B2`2X h`mi? �bbB;MK2Mib �b +QM@
/BiBQM�H �mi�`FB2bX AM uX *?2M- *X *?2M;- �M/ CX 1bT�`x�- 2/BiQ`b-
�miQK�i2/ h2+?MQHQ;v 7Q` o2`B}+�iBQM �M/ �M�HvbBb @ Rdi? AMi2`@
M�iBQM�H avKTQbBmK- �ho� kyRN- h�BT2B- h�Br�M- P+iQ#2` k3@jR-
kyRN- S`Q+22/BM;b- pQHmK2 RRd3R Q7 G2+im`2 LQi2b BM *QKTmi2` a+B@
2M+2- T�;2b 93Ĝe9X aT`BM;2`- kyRNX

(EENd) �X Em2?HK�MM �M/ 6X E`Q?KX 1[mBp�H2M+2 +?2+FBM; mbBM; +mib �M/
?2�TbX AM 1X CX uQz�- :X .2 JB+?2HB- �M/ CX JX _�#�2v- 2/BiQ`b-
S`Q+22/BM;b Q7 i?2 j9bi *QM72`2M+2 QM .2bB;M �miQK�iBQM- �M�?2BK-
*�HB7Q`MB�- la�- �M�?2BK *QMp2MiBQM *2Mi2`- CmM2 N@Rj- RNNdX-
T�;2b kejĜke3X �*J S`2bb- RNNdX

(ELRR) wX E?�bB/�b?pBHB �M/ �X L�/2HX AKTHB+�iBp2 bBKmHi�M2Qmb b�iBb}�#BH@
Biv �M/ �TTHB+�iBQMbX AM EX 1/2`- CX �Q GQm`2MÏQ- �M/ PX a?2?Q`v-
2/BiQ`b- >�`/r�`2 �M/ aQ7ir�`2, o2`B}+�iBQM �M/ h2biBM; @ di? AM@
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i2`M�iBQM�H >�B7� o2`B}+�iBQM *QM72`2M+2- >o* kyRR- >�B7�- Ab`�2H-
.2+2K#2` e@3- kyRR- _2pBb2/ a2H2+i2/ S�T2`b- pQHmK2 dkeR Q7 G2+im`2
LQi2b BM *QKTmi2` a+B2M+2- T�;2b eeĜdNX aT`BM;2`- kyRRX

(ELS>y8) wX E?�bB/�b?pBHB- �X L�/2H- �X S�HiB- �M/ wX >�MM�X aBKmHi�M2Qmb
a�h@#�b2/ KQ/2H +?2+FBM; Q7 b�72iv T`QT2`iB2bX AM aX l`- 1X "BM-
�M/ uX qQH7bi?�H- 2/BiQ`b- >�`/r�`2 �M/ aQ7ir�`2 o2`B}+�iBQM �M/
h2biBM;- 6B`bi AMi2`M�iBQM�H >�B7� o2`B}+�iBQM *QM72`2M+2- >�B7�-
Ab`�2H- LQp2K#2` Rj@Re- kyy8- _2pBb2/ a2H2+i2/ S�T2`b- pQHmK2 j3d8
Q7 G2+im`2 LQi2b BM *QKTmi2` a+B2M+2- T�;2b 8eĜd8X aT`BM;2`- kyy8X

(EMmR8) .X 1X EMmi?X h?2 �`i Q7 *QKTmi2` S`Q;`�KKBM;- oQHmK2 9- 6�b+B+H2
e, a�iBb}�#BHBivX �//BbQM@q2bH2v S`Q72bbBQM�H- kyR8X

(EQ`y3) EX EQ`QpBMX BS`Qp2` ě �M BMbi�MiB�iBQM@#�b2/ i?2Q`2K T`Qp2` 7Q`
}`bi@Q`/2` HQ;B+ Ubvbi2K /2b+`BTiBQMVX AM �X �`K�M/Q- SX "�mK;�`i@
M2`- �M/ :X .Qr2F- 2/BiQ`b- �miQK�i2/ _2�bQMBM;- 9i? AMi2`M�iBQM�H
CQBMi *QM72`2M+2- AC*�_ kyy3- av/M2v- �mbi`�HB�- �m;mbi Rk@R8-
kyy3- S`Q+22/BM;b- pQHmK2 8RN8 Q7 G2+im`2 LQi2b BM *QKTmi2` a+B@
2M+2- T�;2b kNkĜkN3X aT`BM;2`- kyy3X

(ESNk) qX EmMx �M/ .X EX S`�/?�MX _2+m`bBp2 H2�`MBM;, �M �ii`�+iBp2 �H@
i2`M�iBp2 iQ i?2 /2+BbBQM i`22 7Q` i2bi ;2M2`�iBQM BM /B;Bi�H +B`+mBibX AM
S`Q+22/BM;b A111 AMi2`M�iBQM�H h2bi *QM72`2M+2 RNNk- .Bb+Qp2` i?2
L2r qQ`H/ Q7 h2bi �M/ .2bB;M- "�HiBKQ`2- J�`vH�M/- la�- a2Ti2K@
#2` ky@k9- RNNk- T�;2b 3ReĜ3k8X A111 *QKTmi2` aQ+B2iv- RNNkX

(Eaa+Rd) "X EB2bH- JX am/�- JX a2B/H- >X hQKTBib- �M/ �X "B2`2X "HQ+F2/
+H�mb2b BM }`bi@Q`/2` HQ;B+X AM hX 1Bi2` �M/ .X a�M/b- 2/BiQ`b- GS�_@
kR- kRbi AMi2`M�iBQM�H *QM72`2M+2 QM GQ;B+ 7Q` S`Q;`�KKBM;- �`iB@
}+B�H AMi2HHB;2M+2 �M/ _2�bQMBM;- J�mM- "Qibr�M�- J�v d@Rk- kyRd-
pQHmK2 9e Q7 1SB* a2`B2b BM *QKTmiBM;- T�;2b jRĜ93X 1�bv*?�B`-
kyRdX

(Eah"Re) "X EB2bH- JX a2B/H- >X hQKTBib- �M/ �X "B2`2X amT2`@#HQ+F2/ +H�mb2bX
AM LX PHBp2iiB �M/ �X hBr�`B- 2/BiQ`b- �miQK�i2/ _2�bQMBM; @ 3i?
AMi2`M�iBQM�H CQBMi *QM72`2M+2- AC*�_ kyRe- *QBK#`�- SQ`im;�H-
CmM2 kd @ CmHv k- kyRe- S`Q+22/BM;b- pQHmK2 Ndye Q7 G2+im`2 LQi2b
BM *QKTmi2` a+B2M+2- T�;2b 98ĜeRX aT`BM;2`- kyReX

(Eah"R3) "X EB2bH- JX a2B/H- >X hQKTBib- �M/ �X "B2`2X GQ+�H `2/mM/�M+v BM
a�h, :2M2`�HBx�iBQMb Q7 #HQ+F2/ +H�mb2bX GQ;X J2i?Q/b *QKTmiX a+BX-
R9U9V- kyR3X

(Em2y9) �X Em2?HK�MMX .vM�KB+ i`�MbBiBQM `2H�iBQM bBKTHB}+�iBQM 7Q`
#QmM/2/ T`QT2`iv +?2+FBM;X AM kyy9 AMi2`M�iBQM�H *QM72`2M+2 QM
*QKTmi2`@�B/2/ .2bB;M- A**�. kyy9- a�M CQb2- *�- la�- LQp2K@
#2` d@RR- kyy9- T�;2b 8yĜ8dX A111 *QKTmi2` aQ+B2iv f �*J- kyy9X

(EmHNN) PX EmHHK�MMX PM � ;2M2`�HBx�iBQM Q7 2ti2M/2/ `2bQHmiBQMX .Bb+`2iX
�TTHX J�i?X- Ne@Nd,R9NĜRde- RNNNX

(Eqayy) CX EBK- CX q?Bii2KQ`2- �M/ EX �X a�F�HH�?X PM bQHpBM; bi�+F@#�b2/
BM+`2K2Mi�H b�iBb}�#BHBiv T`Q#H2KbX AM S`Q+22/BM;b Q7 i?2 A111 AM@
i2`M�iBQM�H *QM72`2M+2 PM *QKTmi2` .2bB;M, oGaA AM *QKTmi2`b �
S`Q+2bbQ`b- A**. Ƕyy- �mbiBM- h2t�b- la�- a2Ti2K#2` Rd@ky- kyyy-
T�;2b jdNĜj3kX A111 *QKTmi2` aQ+B2iv- kyyyX
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(G�SJayj) AX GvM+2 �M/ CX �Q SX J�`[m2b@aBHp�X S`Q#BM;@#�b2/ T`2T`Q+2bbBM;
i2+?MB[m2b 7Q` T`QTQbBiBQM�H b�iBb}�#BHBivX AM R8i? A111 AMi2`M�iBQM�H
*QM72`2M+2 QM hQQHb rBi? �`iB}+B�H AMi2HHB;2M+2 UA*h�A kyyjV- j@8
LQp2K#2` kyyj- a�+`�K2MiQ- *�HB7Q`MB�- la�- T�;2b Ry8ĜRRyX A111
*QKTmi2` aQ+B2iv- kyyjX

(G�`Nk) hX G�``�#22X h2bi T�ii2`M ;2M2`�iBQM mbBM; "QQH2�M b�iBb}�#BHBivX
A111 h`�MbX *QKTmiX �B/2/ .2bX AMi2;`X *B`+mBib avbiX- RRURV,9ĜR8-
RNNkX

(G"yR) .X G2 "2``2X 1tTHQBiBM; i?2 `2�H TQr2` Q7 mMBi T`QT�;�iBQM HQQF�@
?2�/X 1H2+i`QMX LQi2b .Bb+`2iX J�i?X- N,8NĜ3y- kyyRX

(G1R3) 6X GQMbBM; �M/ lX 1;HvX Z_�hY, :2M2`�HBxBM; Z_�h #v � KQ`2
TQr2`7mH Z"6 `2/mM/�M+v T`QT2`ivX 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 ReRĜRddX
aT`BM;2`- kyR3X

(G:S*Re) CX >X GB�M;- oX :�M2b?- SX SQmT�`i- �M/ EX *x�`M2+FBX G2�`MBM;
`�i2 #�b2/ #`�M+?BM; ?2m`BbiB+ 7Q` a�h bQHp2`bX AM LX *`2B;MQm �M/
.X G2 "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 RkjĜR9yX aT`BM;2`- kyReX

(GByy) *X JX GBX AMi2;`�iBM; 2[mBp�H2M+v `2�bQMBM; BMiQ .�pBb@SmiM�K T`Q@
+2/m`2X AM >X �X E�mix �M/ "X qX SQ`i2`- 2/BiQ`b- S`Q+22/BM;b Q7
i?2 a2p2Mi22Mi? L�iBQM�H *QM72`2M+2 QM �`iB}+B�H AMi2HHB;2M+2 �M/
hr2H7i? *QM72`2M+2 QM QM AMMQp�iBp2 �TTHB+�iBQMb Q7 �`iB}+B�H AM@
i2HHB;2M+2- CmHv jy @ �m;mbi j- kyyy- �mbiBM- h2t�b- la�X- T�;2b
kNRĜkNeX ���A S`2bb f h?2 JAh S`2bb- kyyyX

(GCLRy) hX G�BiBM2M- hX �X CmMiiBH�- �M/ AX LB2K2H X 1ti2M/BM; +H�mb2 H2�`M@
BM; .SGG rBi? T�`Biv `2�bQMBM;X AM >X *Q2H?Q- _X aim/2`- �M/
JX 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/ �T@
THB+�iBQMb- T�;2b kRĜkeX APa S`2bb- kyRyX

(GCLRk�) hX G�BiBM2M- hX �X CmMiiBH�- �M/ AX LB2K2H X *H�bbB7vBM; �M/ T`QT�@
;�iBM; T�`Biv +QMbi`�BMibX 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 *QKTmi2` a+B2M+2- T�;2b j8dĜjdkX
aT`BM;2`- kyRkX

(GCLRk#) hX G�BiBM2M- hX �X CmMiiBH�- �M/ AX LB2K2H X 1ti2M/BM; +H�mb2 H2�`M@
BM; a�h bQHp2`b rBi? +QKTH2i2 T�`Biv `2�bQMBM;X AM A111 k9i? AM@
i2`M�iBQM�H *QM72`2M+2 QM hQQHb rBi? �`iB}+B�H AMi2HHB;2M+2- A*h�A
kyRk- �i?2Mb- :`22+2- LQp2K#2` d@N- kyRk- T�;2b e8ĜdkX A111 *QK@
Tmi2` aQ+B2iv- kyRkX

(GGJky) CX G�;MB2x- 1X GQM+�- �M/ SX J�`[mBbX .2}M�#BHBiv 7Q` KQ/2H +QmMi@
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BM;X �`iB7X AMi2HHX- k3R,RyjkkN- kykyX
(GGs+Rd) JX GmQ- *X GB- 6X sB�Q- 6X J�Mv¨- �M/ wX GɃX �M 2z2+iBp2 H2�`Mi

+H�mb2 KBMBKBx�iBQM �TT`Q�+? 7Q` *.*G a�h bQHp2`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- �mbi`�HB�-
�m;mbi RN@k8- kyRd- T�;2b dyjĜdRRX BD+�BXQ`;- kyRdX

(GsG+ky) *X GB- 6X sB�Q- JX GmQ- 6X J�Mv¨- wX GɃ- �M/ uX GBX *H�mb2 pBpB}+�@
iBQM #v mMBi T`QT�;�iBQM BM *.*G a�h bQHp2`bX �`iB7X AMi2HHX- kdN-
kykyX

(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*"ye�) �X JBb?+?2MFQ- aX *?�ii2`D22- �M/ _X EX "`�viQMX .�:@�r�`2 �A:
`2r`BiBM; � 7`2b? HQQF �i +QK#BM�iBQM�H HQ;B+ bvMi?2bBbX AM 1X a2M@
iQpB+?- 2/BiQ`- S`Q+22/BM;b Q7 i?2 9j`/ .2bB;M �miQK�iBQM *QM72`@
2M+2- .�* kyye- a�M 6`�M+Bb+Q- *�- la�- CmHv k9@k3- kyye- T�;2b
8jkĜ8j8X �*J- kyyeX

(J*"ye#) �X JBb?+?2MFQ- aX *?�ii2`D22- �M/ _X EX "`�viQMX AKT`Qp2K2Mib
iQ i2+?MQHQ;v K�TTBM; 7Q` Glh@#�b2/ 6S:�bX AM aX CX 1X qBHiQM
�M/ �X .2>QM- 2/BiQ`b- S`Q+22/BM;b Q7 i?2 �*JfaA:.� R9i? AM@
i2`M�iBQM�H avKTQbBmK QM 6B2H/ S`Q;`�KK�#H2 :�i2 �``�vb- 6S:�
kyye- JQMi2`2v- *�HB7Q`MB�- la�- 62#`m�`v kk@k9- kyye- T�;2b 9RĜ
9NX �*J- kyyeX

(J*C"y8) �X JBb?+?2MFQ- aX *?�ii2`D22- _X CB�M;- �M/ _X EX "`�viQMX 6_�A:b,
� mMB7vBM; `2T`2b2Mi�iBQM 7Q` HQ;B+ bvMi?2bBb �M/ p2`B}+�iBQMX h2+?@
MB+�H `2TQ`i- 1_G h2+?MB+�H _2TQ`i- kyy8X

(J>"Rk) LX J�Mi?2v- JX CX >X >2mH2- �M/ �X "B2`2X �miQK�i2/ `22M+Q/BM; Q7
"QQH2�M 7Q`KmH�bX 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 RykĜRRdX aT`BM;2`- kyRkX

(JBMNk) aX JBM�iQX 6�bi ;2M2`�iBQM Q7 B``2/mM/�Mi bmK@Q7@T`Q/m+ib 7Q`Kb
7`QK #BM�`v /2+BbBQM /B�;`�KbX AM S`Q+22/BM;b Q7 i?2 avMi?2bBb
�M/ aBKmH�iBQM J22iBM; �M/ AMi2`M�iBQM�H AMi2`+?�M;2 Ua�aAJAǶNkV-
T�;2b e9Ĝdj- RNNkX

(JBMNj) aX JBM�iQX w2`Q@bmTT`2bb2/ #//b 7Q` b2i K�MBTmH�iBQM BM +QK#BM�@
iQ`B�H T`Q#H2KbX AM .�*- T�;2b kdkĜkddX �*J S`2bb- RNNjX

(JJyk) .X "X JQii2` �M/ AX GX J�`FQpX � +QKT`2bb2/ #`2�/i?@}`bi b2�`+? 7Q`
b�iBb}�#BHBivX AM .X JX JQmMi �M/ *X ai2BM- 2/BiQ`b- �H;Q`Bi?K 1M@
;BM22`BM; �M/ 1tT2`BK2Mib- 9i? AMi2`M�iBQM�H qQ`Fb?QT- �G1L1s
kyyk- a�M 6`�M+Bb+Q- *�- la�- C�Mm�`v 9@8- kyyk- _2pBb2/ S�T2`b-
pQHmK2 k9yN Q7 G2+im`2 LQi2b BM *QKTmi2` a+B2M+2- T�;2b kNĜ9kX
aT`BM;2`- kyykX
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(JJw+yR) JX qX JQbF2rB+x- *X 6X J�/B;�M- uX w?�Q- GX w?�M;- �M/ aX J�HBFX
*?�z, 1M;BM22`BM; �M 2{+B2Mi a�h bQHp2`X AM S`Q+22/BM;b Q7 i?2
j3i? .2bB;M �miQK�iBQM *QM72`2M+2- .�* kyyR- G�b o2;�b- Lo-
la�- CmM2 R3@kk- kyyR- T�;2b 8jyĜ8j8X �*J- kyyRX

(Ja:NN) CX �X SX J�`[m2b@aBHp� �M/ hX :H�bbX *QK#BM�iBQM�H 2[mBp�H2M+2
+?2+FBM; mbBM; b�iBb}�#BHBiv �M/ `2+m`bBp2 H2�`MBM;X AM RNNN .2bB;M-
�miQK�iBQM �M/ h2bi BM 1m`QT2 U.�h1 ǶNNV- N@Rk J�`+? RNNN- Jm@
MB+?- :2`K�Mv- T�;2b R98ĜR9NX A111 *QKTmi2` aQ+B2iv f �*J-
RNNNX

(Joyd) SX J�MQHBQb �M/ .X o`QQMX 1{+B2Mi +B`+mBi iQ *L6 +QMp2`bBQMX AM
CX �Q J�`[m2b@aBHp� �M/ EX �X a�F�HH�?- 2/BiQ`b- h?2Q`v �M/ �TTHB+�@
iBQMb Q7 a�iBb}�#BHBiv h2biBM; @ a�h kyyd- Ryi? AMi2`M�iBQM�H *QM72`@
2M+2- GBb#QM- SQ`im;�H- J�v k3@jR- kyyd- S`Q+22/BM;b- pQHmK2 98yR
Q7 G2+im`2 LQi2b BM *QKTmi2` a+B2M+2- T�;2b 9ĜNX aT`BM;2`- kyydX

(LAAR8) >X L�#2b?BK�- EX Ar�MmK�- �M/ EX AMQm2X :Hm2JBMBa�i kXkXRy �
kXkXRy@8- kyR8X a�h@_�+2 kyR8X

(L_Rk) �X L�/2H �M/ oX _vp+?BMX 1{+B2Mi a�h bQHpBM; mM/2` �bbmKTiBQMbX
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 k9kĜk88X aT`BM;2`- kyRkX

(L_R3) �X L�/2H �M/ oX _vp+?BMX *?`QMQHQ;B+�H #�+Fi`�+FBM;X 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 RRRĜRkRX aT`BM;2`- kyR3X

(L_aRk) �X L�/2H- oX _vp+?BM- �M/ PX ai`B+?K�MX S`2T`Q+2bbBM; BM BM+`2@
K2Mi�H a�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 k8eĜkeNX aT`BM;2`-
kyRkX

(L_aR9) �X L�/2H- oX _vp+?BM- �M/ PX ai`B+?K�MX lHiBK�i2Hv BM+`2K2Mi�H
a�hX 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 kyeĜkR3X aT`BM;2`- kyR9X

(P:Jayk) _X Pbi`QrbFB- úX :`û;QB`2- "X J�xm`2- �M/ GX a�BbX _2+Qp2`BM; �M/
2tTHQBiBM; bi`m+im`�H FMQrH2/;2 7`QK *L6 7Q`KmH�bX AM SX oX >2M@
i2M`v+F- 2/BiQ`- S`BM+BTH2b �M/ S`�+iB+2 Q7 *QMbi`�BMi S`Q;`�KKBM; @
*S kyyk- 3i? AMi2`M�iBQM�H *QM72`2M+2- *S kyyk- Ai?�+�- Lu- la�-
a2Ti2K#2` N@Rj- kyyk- S`Q+22/BM;b- pQHmK2 k9dy Q7 G2+im`2 LQi2b BM
*QKTmi2` a+B2M+2- T�;2b R38ĜRNNX aT`BM;2`- kyykX

(P?Re) *X P?X AKT`QpBM; a�h bQHp2`b #v 2tTHQBiBM; 2KTB`B+�H +?�`�+i2`BbiB+b
Q7 *.*GX S?. i?2bBb- L2r uQ`F lMBp2`bBiv- Lu- la�- kyReX
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(PqRN) JX Pb�K� �M/ �X qBDbX S�`�HH2H a�h bBKTHB}+�iBQM QM :Sl �`+?B@
i2+im`2bX AM h�*�a URV- pQHmK2 RR9kd Q7 G2+im`2 LQi2b BM *QKTmi2`
a+B2M+2- T�;2b kRĜ9yX aT`BM;2`- kyRNX

(S.yd) EX SBT�ib`Bb�r�i �M/ �X .�`rB+?2X � HB;?ir2B;?i +QKTQM2Mi
+�+?BM; b+?2K2 7Q` b�iBb}�#BHBiv bQHp2`bX AM CX �Q J�`[m2b@aBHp� �M/
EX �X a�F�HH�?- 2/BiQ`b- h?2Q`v �M/ �TTHB+�iBQMb Q7 a�iBb}�#BHBiv
h2biBM; @ a�h kyyd- Ryi? AMi2`M�iBQM�H *QM72`2M+2- GBb#QM- SQ`im@
;�H- J�v k3@jR- kyyd- S`Q+22/BM;b- pQHmK2 98yR Q7 G2+im`2 LQi2b BM
*QKTmi2` a+B2M+2- T�;2b kN9ĜkNNX aT`BM;2`- kyydX

(S.RR) EX SBT�ib`Bb�r�i �M/ �X .�`rB+?2X PM i?2 TQr2` Q7 +H�mb2@H2�`MBM;
a�h bQHp2`b �b `2bQHmiBQM 2M;BM2bX �`iB7X AMi2HHX- Rd8UkV,8RkĜ8k8-
kyRRX

(S:3e) .X �X SH�Bbi2/ �M/ aX :`22M#�mKX � bi`m+im`2@T`2b2`pBM; +H�mb2
7Q`K i`�MbH�iBQMX CX avK#X *QKTmiX- kUjV,kNjĜjy9- RN3eX

(S>ay3) *X SB2ii2- uX >�K�/B- �M/ GX a�BbX oBpB7vBM; T`QTQbBiBQM�H +H�mb�H
7Q`KmH�2X 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 8k8Ĝ8kNX APa S`2bb- kyy3X

(S_Re) hX S?BHBTT �M/ �X _2#QH�@S�`/QX ._�h T`QQ7b 7Q` sP_ `2�bQMBM;X
AM GX JB+?�2H �M/ �X *X E�F�b- 2/BiQ`b- GQ;B+b BM �`iB}+B�H AMi2HHB@
;2M+2 @ R8i? 1m`QT2�M *QM72`2M+2- C1GA� kyRe- G�`M�+�- *vT`mb-
LQp2K#2` N@RR- kyRe- S`Q+22/BM;b- pQHmK2 RyykR Q7 G2+im`2 LQi2b
BM *QKTmi2` a+B2M+2- T�;2b 9R8Ĝ9kN- kyReX

(_J"y9) CX �X _Qv- AX GX J�`FQp- �M/ oX "2`i�++QX _2biQ`BM; +B`+mBi bi`m+im`2
7`QK a�h BMbi�M+2bX AM S`Q+22/BM;b Q7 AMi2`M�iBQM�H qQ`Fb?QT QM
GQ;B+ �M/ avMi?2bBb UAqGaV- T�;2b eejĜed3- kyy9X

(_Q#e8) CX �X _Q#BMbQMX � K�+?BM2@Q`B2Mi2/ HQ;B+ #�b2/ QM i?2 `2bQHmiBQM
T`BM+BTH2X CX �*J- RkURV,kjĜ9R- RNe8X

(_Q#d9) CX �X _Q#BMbQMX �miQK�iB+ /2/m+iBQM rBi? ?vT2`@`2bQHmiBQMX CX
avK#X GQ;- jNURV,R3NĜRNy- RNd9X

(a�6aN8) CX aX a+?HBT7- 6X aX �MM2tbi2BM- CX oX 6`�M+Q- �M/ _X SX ar�KBM�i?�MX
PM }M/BM; bQHmiBQMb 7Q` 2ti2M/2/ >Q`M 7Q`KmH�bX AM7X S`Q+2bbX G2iiX-
89UjV,RjjĜRjd- RNN8X

(a"ye) *X aBMx �M/ �X "B2`2X 1ti2M/2/ `2bQHmiBQM T`QQ7b 7Q` +QMDQBMBM;
"..bX AM .X :`B;Q`B2p- CX >�``BbQM- �M/ 1X �X >B`b+?- 2/BiQ`b-
*QKTmi2` a+B2M+2 @ h?2Q`v �M/ �TTHB+�iBQMb- 6B`bi AMi2`M�iBQM�H
*QKTmi2` a+B2M+2 avKTQbBmK BM _mbbB�- *a_ kyye- aiX S2i2`b#m`;-
_mbbB�- CmM2 3@Rk- kyye- S`Q+22/BM;b- pQHmK2 jNed Q7 G2+im`2 LQi2b
BM *QKTmi2` a+B2M+2- T�;2b eyyĜeRRX aT`BM;2`- kyyeX

(a"yN) LX aƺ`2MbbQM �M/ �X "B2`2X JBMBKBxBM; H2�`M2/ +H�mb2bX AM PX EmHH@
K�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 kjdĜk9jX aT`BM;2`- kyyNX

(a""+y9) hX a�M;- 6X "�++?mb- SX "2�K2- >X �X E�mix- �M/ hX SBi�bbBX *QK@
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#BMBM; +QKTQM2Mi +�+?BM; �M/ +H�mb2 H2�`MBM; 7Q` 2z2+iBp2 KQ/2H
+QmMiBM;X AM a�h kyy9 @ h?2 a2p2Mi? AMi2`M�iBQM�H *QM72`2M+2 QM
h?2Q`v �M/ �TTHB+�iBQMb Q7 a�iBb}�#BHBiv h2biBM;- Ry@Rj J�v kyy9-
o�M+Qmp2`- "*- *�M�/�- PMHBM2 S`Q+22/BM;b- kyy9X

(a*.+ky) JX aQQb- aX *�B- CX .2p`B2M/i- aX :Q+?i- �X a?�r- �M/ EX J22HX *`vT@
iQJBMBa�h rBi? **�M` �i i?2 a�h *QKT2iBiBQM kykyX AM hX "�HvQ-
LX 6`QH2vFb- JX CX >X >2mH2- JX Ab2`- JX C `pBb�HQ- �M/ JX am/�-
2/BiQ`b- S`Q+X Q7 a�h *QKT2iBiBQM kyky, aQHp2` �M/ "2M+?K�`F
.2b+`BTiBQMb- pQHmK2 "@kyky@R Q7 .2T�`iK2Mi Q7 *QKTmi2` a+B2M+2
_2TQ`i a2`B2b "- T�;2b kdĜk3X lMBp2`bBiv Q7 >2HbBMFB- kykyX

(a:Jky) JX aQQb- aX :Q+?i- �M/ EX aX J22HX hBMi2/- /2i�+?2/- �M/ H�xv
*L6@sP_ bQHpBM; �M/ Bib �TTHB+�iBQMb iQ +QmMiBM; �M/ b�KTHBM;X AM
aX EX G�?B`B �M/ *X q�M;- 2/BiQ`b- *QKTmi2` �B/2/ o2`B}+�iBQM @
jkM/ AMi2`M�iBQM�H *QM72`2M+2- *�o kyky- GQb �M;2H2b- *�- la�-
CmHv kR@k9- kyky- S`Q+22/BM;b- S�`i A- pQHmK2 Rkkk9 Q7 G2+im`2 LQi2b
BM *QKTmi2` a+B2M+2- T�;2b 9ejĜ939X aT`BM;2`- kykyX

(aHBky) 6X aHBpQpbFvX AMi2`TQH�iBQM@#�b2/ b2K�MiB+ ;�i2 2ti`�+iBQM �M/ Bib
�TTHB+�iBQMb iQ Z"6 T`2T`Q+2bbBM;X AM aX EX G�?B`B �M/ *X q�M;- 2/@
BiQ`b- *QKTmi2` �B/2/ o2`B}+�iBQM @ jkM/ AMi2`M�iBQM�H *QM72`2M+2-
*�o kyky- GQb �M;2H2b- *�- la�- CmHv kR@k9- kyky- S`Q+22/BM;b-
S�`i A- pQHmK2 Rkkk9 Q7 G2+im`2 LQi2b BM *QKTmi2` a+B2M+2- T�;2b
8y3Ĝ8k3X aT`BM;2`- kykyX

(aJRN) JX aQQb �M/ EX aX J22HX "A_., 1M;BM22`BM; �M 2{+B2Mi *L6@sP_
a�h bQHp2` �M/ Bib �TTHB+�iBQMb iQ �TT`QtBK�i2 KQ/2H +QmMiBM;X AM
h?2 h?B`iv@h?B`/ ���A *QM72`2M+2 QM �`iB}+B�H AMi2HHB;2M+2- ���A
kyRN- h?2 h?B`iv@6B`bi AMMQp�iBp2 �TTHB+�iBQMb Q7 �`iB}+B�H AMi2HHB@
;2M+2 *QM72`2M+2- A��A kyRN- h?2 LBMi? ���A avKTQbBmK QM 1/@
m+�iBQM�H �/p�M+2b BM �`iB}+B�H AMi2HHB;2M+2- 1��A kyRN- >QMQHmHm-
>�r�BB- la�- C�Mm�`v kd @ 62#`m�`v R- kyRN- T�;2b R8NkĜR8NNX
���A S`2bb- kyRNX

(aL*yN) JX aQQb- EX LQ?H- �M/ *X *�bi2HHm++B�X 1ti2M/BM; a�h bQHp2`b iQ
+`vTiQ;`�T?B+ T`Q#H2KbX AM PX EmHHK�MM- 2/BiQ`- h?2Q`v �M/ �T@
THB+�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
k99Ĝk8dX aT`BM;2`- kyyNX

(aLayk) SX aBKQMb- AX LB2K2H - �M/ hX aQBMBM2MX 1ti2M/BM; �M/ BKTH2K2MiBM;
i?2 bi�#H2 KQ/2H b2K�MiB+bX �`iB7X AMi2HHX- Rj3UR@kV,R3RĜkj9- kyykX

(aQQRy) JX aQQbX 1M?�M+2/ :�mbbB�M 2HBKBM�iBQM BM .SGG@#�b2/ a�h
bQHp2`bX AM .X G2 "2``2- 2/BiQ`- SPa@RyX S`�;K�iB+b Q7 a�h- 1/@
BM#m`;?- lE- CmHv Ry- kyRy- pQHmK2 3 Q7 1SB* a2`B2b BM *QKTmiBM;-
T�;2b kĜR9X 1�bv*?�B`- kyRyX

(aSy9) aX am##�`�v�M �M/ .X EX S`�/?�MX LBo1_, LQM BM+`2�bBM; p�`B�#H2
2HBKBM�iBQM `2bQHmiBQM 7Q` T`2T`Q+2bbBM; a�h BMbi�M+2bX AM a�h kyy9
@ h?2 a2p2Mi? AMi2`M�iBQM�H *QM72`2M+2 QM h?2Q`v �M/ �TTHB+�iBQMb
Q7 a�iBb}�#BHBiv h2biBM;- Ry@Rj J�v kyy9- o�M+Qmp2`- "*- *�M�/�-
PMHBM2 S`Q+22/BM;b- kyy9X
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(aayy) JX a?22`�M �M/ :X ai´HK�`+FX � imiQ`B�H QM ai´HK�`+FǶb T`QQ7 T`Q+2@
/m`2 7Q` T`QTQbBiBQM�H HQ;B+X 6Q`K�H J2i?Q/b avbiX .2bX- ReURV,kjĜ83-
kyyyX

(aaE+ky) JX aQQb- "X a2HK�M- >X E�mix- CX .2p`B2M/i- �M/ aX :Q+?iX *`vTiQ@
JBMBa�h rBi? q�HFa�h �i i?2 a�h *QKT2iBiBQM kykyX AM hX "�HvQ-
LX 6`QH2vFb- JX CX >X >2mH2- JX Ab2`- JX C `pBb�HQ- �M/ JX am/�-
2/BiQ`b- S`Q+X Q7 a�h *QKT2iBiBQM kyky, aQHp2` �M/ "2M+?K�`F
.2b+`BTiBQMb- pQHmK2 "@kyky@R Q7 .2T�`iK2Mi Q7 *QKTmi2` a+B2M+2
_2TQ`i a2`B2b "- T�;2b kNĜjyX lMBp2`bBiv Q7 >2HbBMFB- kykyX

(h�`dN) _X 1X h�`D�MX � +H�bb Q7 �H;Q`Bi?Kb r?B+? `2[mB`2 MQMHBM2�` iBK2 iQ
K�BMi�BM /BbDQBMi b2ibX CX *QKTmiX avbiX a+BX- R3UkV,RRyĜRkd- RNdNX

(hb2e3) :X aX hb2BiBMX PM i?2 +QKTH2tBiv Q7 /2`Bp�iBQM BM T`QTQbBiBQM�H +�H@
+mHmbX aim/B2b BM J�i?2K�iB+b �M/ J�i?2K�iB+�H GQ;B+- k,RR8ĜRk8-
RNe3X

(l`[3d) �X l`[m?�`iX >�`/ 2t�KTH2b 7Q` `2bQHmiBQMX CX �*J- j9URV,kyNĜkRN-
RN3dX

(p.1"R3) hX p�M .BDF- _X 1?H2`b- �M/ �X "B2`2X _2pBbBiBM; /2+BbBQM /B�;`�Kb
7Q` a�hX *Q__- �#bfR3y8Xyj9Ne- kyR3X

(o:y8) �X o�M :2H/2`X hQr�`/ H2�M2` #BM�`v@+H�mb2 `2�bQMBM; BM � b�iBb}�@
#BHBiv bQHp2`X �MMX J�i?X �`iB7X AMi2HHX- 9jURV,kjNĜk8j- kyy8X

(o:Rk) �X o�M :2H/2`X S`Q/m+BM; �M/ p2`B7vBM; 2ti`2K2Hv H�`;2 T`QTQbB@
iBQM�H `27mi�iBQMb @ ?�p2 vQm` +�F2 �M/ 2�i Bi iQQX �MMX J�i?X �`iB7X
AMi2HHX- e8U9V,jkNĜjdk- kyRkX

(o:hNj) �X o�M :2H/2` �M/ uX EX hbmDBX a�iBb}�#BHBiv i2biBM; rBi? KQ`2
`2�bQMBM; �M/ H2bb ;m2bbBM;X AM .X aX CQ?MbQM �M/ JX �X h`B+F- 2/B@
iQ`b- *HB[m2b- *QHQ`BM;- �M/ a�iBb}�#BHBiv- S`Q+22/BM;b Q7 � .AJ�*a
qQ`Fb?QT- L2r "`mMbrB+F- L2r C2`b2v- la�- P+iQ#2` RR@Rj- RNNj-
pQHmK2 ke Q7 .AJ�*a a2`B2b BM .Bb+`2i2 J�i?2K�iB+b �M/ h?2Q`2i@
B+�H *QKTmi2` a+B2M+2- T�;2b 88NĜ83eX .AJ�*af�Ja- RNNjX

(q6aye) aX �X q2�p2`- CX oX 6`�M+Q- �M/ CX aX a+?HBT7X 1ti2M/BM; 2tBbi2MiB�H
[m�MiB}+�iBQM BM +QMDmM+iBQMb Q7 "..bX CX a�iBb7X "QQH2�M JQ/2HX
*QKTmiX- RUkV,3NĜRRy- kyyeX

(q>Rj) aX qB2`BM;� �M/ EX >2HD�MFQX *QM+m``2Mi +H�mb2 bi`2M;i?2MBM;X AM
JX C `pBb�HQ �M/ �X o�M :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 RReĜRjkX aT`BM;2`- kyRjX

(q>>CR9) LX q2ixH2`- JX CX >X >2mH2- �M/ qX �X >mMi C`X .`�i@i`BK, 1{+B2Mi
+?2+FBM; �M/ i`BKKBM; mbBM; 2tT`2bbBp2 +H�mb�H T`QQ7bX AM *X aBMx
�M/ lX 1;Hv- 2/BiQ`b- h?2Q`v �M/ �TTHB+�iBQMb Q7 a�iBb}�#BHBiv h2bi@
BM; @ 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 9kkĜ9kNX aT`BM;2`- kyR9X

(qEERk) hX q2HT- aX E`Bb?M�br�Kv- �M/ �X Em2?HK�MMX :2M2`�HBx2/ a�h@
br22TBM; 7Q` TQbi@K�TTBM; QTiBKBx�iBQMX AM SX :`Q2M2p2H/- .X a+B@
miQ- �M/ aX >�bbQmM- 2/BiQ`b- h?2 9Ni? �MMm�H .2bB;M �miQK�iBQM
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*QM72`2M+2 kyRk- .�* ǶRk- a�M 6`�M+Bb+Q- *�- la�- CmM2 j@d-
kyRk- T�;2b 3R9Ĝ3RNX �*J- kyRkX

(qEayR) CX q?Bii2KQ`2- CX EBK- �M/ EX �X a�F�HH�?X a�hA_1, � M2r BM+`2@
K2Mi�H b�iBb}�#BHBiv 2M;BM2X AM .�*- T�;2b 89kĜ898X �*J- kyyRX

(qp/:aRj) �X qQixH�r- �X p�M /2` :`BMi2M- �M/ 1X aT2+F2MK2v2`X 1z2+iBp2@
M2bb Q7 T`2@ �M/ BMT`Q+2bbBM; 7Q` *.*G@#�b2/ a�h bQHpBM;X *Q__-
�#bfRjRyX9d8e- kyRjX

(qpJN3) CX SX q�`M2`b �M/ >X p�M J��`2MX � irQ@T?�b2 �H;Q`Bi?K 7Q` bQHpBM;
� +H�bb Q7 ?�`/ b�iBb}�#BHBiv T`Q#H2KbX PT2`X _2bX G2iiX- kjUj@8V,3RĜ
33- RNN3X

(w*ky) sX w?�M; �M/ aX *�BX _2H�t2/ #�+Fi`�+FBM; rBi? `2T?�bBM;X AM hX "�@
HvQ- LX 6`QH2vFb- JX CX >X >2mH2- JX Ab2`- JX C `pBb�HQ- �M/ JX am/�-
2/BiQ`b- S`Q+X Q7 a�h *QKT2iBiBQM kyky, aQHp2` �M/ "2M+?K�`F
.2b+`BTiBQMb- pQHmK2 "@kyky@R Q7 .2T�`iK2Mi Q7 *QKTmi2` a+B2M+2
_2TQ`i a2`B2b "- T�;2b R8ĜReX lMBp2`bBiv Q7 >2HbBMFB- kykyX

(w?�y8) GX w?�M;X PM bm#bmKTiBQM `2KQp�H �M/ QM@i?2@~v *L6 bBKTHB}+�@
iBQMX AM 6X "�++?mb �M/ hX q�Hb?- 2/BiQ`b- h?2Q`v �M/ �TTHB+�iBQMb
Q7 a�iBb}�#BHBiv h2biBM;- 3i? AMi2`M�iBQM�H *QM72`2M+2- a�h kyy8-
aiX �M/`2rb- lE- CmM2 RN@kj- kyy8- S`Q+22/BM;b- pQHmK2 j8eN Q7
G2+im`2 LQi2b BM *QKTmi2` a+B2M+2- T�;2b 93kĜ93NX aT`BM;2`- kyy8X

(wEEaye) ZX w?m- LX EBi+?2M- �X Em2?HK�MM- �M/ �X GX a�M;BQp�MMB@
oBM+2Mi2HHBX a�h br22TBM; rBi? HQ+�H Q#b2`p�#BHBiv /QMǶi@+�`2bX AM
1X a2MiQpB+?- 2/BiQ`- S`Q+22/BM;b Q7 i?2 9j`/ .2bB;M �miQK�iBQM
*QM72`2M+2- .�* kyye- a�M 6`�M+Bb+Q- *�- la�- CmHv k9@k3- kyye-
T�;2b kkNĜkj9X �*J- kyyeX

(wJ33) _X w�#B? �M/ .X �X J+�HH2bi2`X � `2�``�M;2K2Mi b2�`+? bi`�i@
2;v 7Q` /2i2`KBMBM; T`QTQbBiBQM�H b�iBb}�#BHBivX AM >X 1X a?`Q#2-
hX JX JBi+?2HH- �M/ _X :X aKBi?- 2/BiQ`b- S`Q+22/BM;b Q7 i?2 di?
L�iBQM�H *QM72`2M+2 QM �`iB}+B�H AMi2HHB;2M+2- aiX S�mH- JL- la�-
�m;mbi kR@ke- RN33X- T�;2b R88ĜReyX ���A S`2bb f h?2 JAh S`2bb-
RN33X

(wayy) >X w?�M; �M/ JX 1X aiB+F2HX AKTH2K2MiBM; i?2 .�pBb@SmiM�K
K2i?Q/X CX �miQKX _2�bQMX- k9URfkV,kddĜkNe- kyyyX
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