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ª-«[¬c­c®�¯x°A­q±E² `�w=uv�htcr=�h��gj³e`\ikmKw=`c�vuvlezEdAlew�fj`^o´mAfjiEre��d&gjuvmql�mAo[dµfj`c�hmAr=fjtc`�d&���
�vm�t~d�gju�mAl¶b=fjmq�=�v`ci,{8gj³e`·dA�h�huvzAleik`cl�g-mAoE¸\fCdAw=rxd�gj`·¹¨`~d&tV³=u�l=z»º\�h�huv�¼gCdAl�gj�kgjm
tcmAr=fj�h`c�)uvlGgj³e`n�\leuv��`^fj�hu�g��EmAoL�\`c�=fCd&�h�qd����?uvletcmA�vl�p$mqikb=r=gj`^f$sRt^u�`^letc`n_a`^bxd&fhgh�
ik`cl�g~½ ² `)oIm&fjiGr=�Od�gj`$gj³euv�[bRfjmq�=��`^i¾dA�8d¿lemqlR�À�euvlxd�fh�Ep$mqle�¼ghfCd&uvlKg)sRd&gjuv�¼o�d&t^gjuvmql
Á�fjmq�=��`^i9ÂÀpns=Á)Ã+dAlewÄbRfjm��Ru�wR`#d�l=`^Å¾tcmAlK��`cl�gjuvmql�oIm&fEt^mqle�huv�¼gj`cl=t^�·tC³e`ctC�Ku�l=z
gjm�w=`~d&��ÅÆu�gj³�gj³=`�m���`^fh�ÀtcmAle�¼ghfCd&u�lew=l=`c�h�Gm&o+gj³e`-b=fjmA�e�v`ci�dAlewÇgj³=`�bRfCdAt^gjuvt~d&�
fj`~È�r=uvfj`^ik`cl�gj�)m&o¨mAr=fnd&beb=��uvt~d�gjuvmql?½ ² `\uvl�ghfjmKw=r=tc`\d2l=`^ÅÉwR`ctcmAikbÊmq�jdA�=�v`\l=mql=�
�=u�led&fh�Gtcmql=�¼ghfCdAuvl�g~{�ÅÆ³euvtV³kÅ$`\t~d&�v�ÊtcmqlRËxle`^ik`cl�g8tcmql=�¼ghfCdAuvl�g~{RdAlxwkwR`c�ht^fjuv�Ê`¿uvgj�
fj`c�v`c�AdAl=tc`Guvl·b=fCd&t^gjuvt~dA���h`Vghgju�l=zq�c½ ² `GwRu��ht^re�h�\gj³=`µfj`VoImAfjiEre��d&gjuvmAl�m&o)t^mql=Ëele`^�
ik`cl�gÆtcmAle�¼ghfCd&u�l�gj�+dAlxw�`~È�rxdA�vu�g��Ìtcmql=�¼ghfCdAuvl�gj�\uvl�gjm�dAl�`cÈKr=uv�qd&��`^lKgÆl=`^g�Å$mAfj��mAo
�=u�led&fh�µtcmAle�¼ghfCdAuvl�gj�c½�y8ikbeu�fjuvt~d&�=`c�AdA�vred&gjuvmql=�
mAlGgj³=fj`^`��h`^gj�8mAoÊfj`~d&���ÀÅ$mAfj��w#w=d&gCd
wR`cikmql=�¼ghfCd&gj`8gj³e`
�Ê`cle`^Ë=g[m&ox�hretC³�fj`^oIm&fjiGr=�Od�gjuvmqle�¨u�l2fj`~wRretcuvlezngj³=`)bRfjm�tc`c�h�huvlez
gjuvik`+gjmGfj`cdAtC³,`~È�reuv�AdA�v`cl�gÆ�hmq�vr=gjuvmAle�c½

Í ÎeÏ¿ÐÊÑLÒ�ÓEÔµÕ¨ÐLÖjÒ¿Ï

Z\;RQNPCBV@cHKM´QeBk×ÊHKBVMIPjØÀH=Ù~B^MO;=QÚWNH=P#>&Û,>&@^ÜR>qS�H=PkH�Ý¨;�Þ+>&@VØ¦JLF�ÝNHK@cHRSÊM´ÜRÛ9Ø¦;=@kÛ,;xSL>&F´MOQLÜÇHRQNS
PC;=FOßxM´QLÜ¶FIHK@^ÜR>�Ù&;RÛ-<NMOQNHKBV;=@VMIHKFEÝL@V;=<LF´>&Û�P&Y�×ÊÙcWL>qSÊJLF´MOQNÜ/HKQ?S¾@V>qPC;=JL@cÙ�>�HRFOF´;ÊÙ&H�B^MO;=QàHK@^>
PC;=ÛÌ>Ú;KØkB^WL>Ú>qHK@^FOM´>APCB�HRÝLÝLF´M´ÙAH�BVM´;RQáHK@^>AHRPÄ;KØkB^WLM´P�B^>AÙcWLQL;=FO;=ÜR]ãâ ä?åVæKç�Y\èhQàBVWNM´P�SÊ;ÊÙ�JÊé
ÛÌ>AQeBAåÊÞ+>#SLM´P^Ù�JNP^PaH�PVÝ¨>AÙ�MOê?Ù#HKÝNÝLFOMIÙ&HKBVM´;RQ�;KØ$Ù&;RQNPCBV@cHKM´QeB+P^H�B^M´PCØÀHRÙ�BVM´;RQ·B^>AÙcWLQNM´ëeJL>qP+BV;,H
@V>qHKFOé�Þ+;R@^F´S�HKÝNÝLFOMIÙ&HKBVM´;RQ8Y¨ìaWLMIP2MIP�BVWN>�HRP^PVMOÜ=QLÛ,>&QeB2;KØ¿DG@cHRSÊJNHKBV>-ì)>AH=ÙcWLM´QLÜ·íµP^PCMIPCB^HKQeBcP
î D#ì$íEïGB^;UÙ&;RJL@cPV>APGMOQðB^WL>·ñµ>AÝNHK@VBVÛ,>AQ=B�;RØ�Z\;=ÛÌÝNJÊBV>A@-×ÊÙ�M´>&QNÙ&>·HKQNSÚòÆQLÜ=MOQN>&>&@^M´QLÜU;KØ
BVWL>kó2QNMOß=>&@cPCMOBj],;KØ)ôµ>&<L@cHRPVõ�H�éhö8M´QNÙ�;=FOQ8YeìaWL>#M´SL>AH-Ø¦;R@\BVWLMIPaÝNHK@VBVMIÙ�JNF´HR@+HRÝLÝLF´M´ÙAH�BVM´;RQÄÞ+H=P
Ø¦;RJLQNS�;RQ�BVWL>ÌÞ\>A<�ÝNHRÜR>�;KØ\:�M´QNH�ñµ>qÙcWeBV>&@kHKBµBVWN>,óµQLM´ßR>&@cPVM�Bj]U;KØ�Z+HKF´M�Ø¦;=@VQLMIHLå¨èh@^ßeM´QL>=Y
ìaWLM´PµHKÝLÝLF´MIÙ&H�B^MO;=Q�MIPaM´Q�ØÀH=Ù~BµH,Ù�@^MOBVMIÙ&HKF8HRQNSUHK@cSÊJL;=JNP+@V>qPCÝ¨;RQNPVM´<LMOF´MOBj]�BVWNHKB�BVWL>�SL>&ÝNHR@CBVé
ÛÌ>AQeBA÷ P2HRSÊÛ,M´QLMIPjB^@^HKBVM´;RQÄW?HRP+BV;�W?HKQNSÊF´>#>&ß=>&@^]·PC>AÛÌ>qPjB^>&@qY

ì¿]xÝLMIÙ&HRFOF´]Rå�>AH=ÙcW�PV>&Û,>APCBV>A@ÆHGÝ?;x;RFÊ;RØ[ø=ù2B^;#ä=ú#D#ì)íEPnÛ-JNPCBn<?>2H=PVPVM´ÜRQL>qS-HRP$Ü=@^H=SÊ>&@cP
;R@
M´QNPCBV@^JNÙ~B^;R@cP�B^;2BVWN>\Û�H�ûj;=@VMOBj]µ;RØNÙ�;=JL@^PV>AP
;Kü[>&@^>ASkSÊJN@VM´QLÜ2B^WNH�B�PC>AÛ,>APCBV>&@qYqèhQkBVWL>\ÝNHRPCBAå
BVWLMIP8BcHRPVõ#WNHRP
<?>A>&Q-Ý¨>&@VØ¦;R@^Û,>AS#<x]#WNHKQ?Sk<x]#PV>&ß=>&@cHKFKÛ,>AÛ-<¨>&@cP
;RØÊBVWL>+PjBcH�ü�HKQNS#ØÀH=Ù�JLFOBj]RY
ì
>AQ=BcH�B^MOß=>aP^ÙcWL>qSÊJLF´>AP�Þ+>&@^>+MOBV>A@^HKBVM´ßR>AFO]�@^>�ê?QL>ASÌHKQNS�JLÝ[SLH�B^>AS,<NH=PC>qS-;=Q-Ø¦>A>ASÊ<?HRÙcõkØ¦@^;RÛ
;KBVWN>&@�ØÀHRÙ�JNF�Bj]¾Û,>&Û�<?>A@^PUHRQNS¾B^WL>ðPCBVJ?SÊ>&QeB^P�B^WL>&Û�PV>&F´ßR>APAåaMOQãH¶B^>ASÊM´;RJ?P�HRQNSà>A@V@^;R@Vé
ÝL@V;=QL>#ÝL@^;xÙ&>AP^P2SÊ@cHKÜ=ÜRM´QLÜ�;�ß=>&@�æ,Þ+>&>&õÊPAYÊè¼BµÞaHRP�ëeJLMOBV>-Ù&;RÛ,Û,;RQ�BVWNHKB2BVWL>#ê?QNHKF8W?HKQNSxé
Û,H=SÊ>\H=PVPVM´ÜRQLÛ,>&QeBcP8PjB^MOF´FÊÙ�;=Q=BcHKM´QL>ASkHµQxJLÛ-<¨>&@);KØNÙ�;=QÊýNMIÙ~BcP)HRQNSkM´QNÙ�;=QNPCMIPCBV>&Q?Ù�M´>APAå&Þ�WLMIÙcW
QL>&ÜeH�BVM´ßR>AFO]¶HKü¨>qÙ~BcP,BVWL>»ëeJNHRFOMOBj]¶;RØE;RJN@�ÝL@V;=ÜR@cHKÛUYnþL;=@�MOQNPCB^HRQNÙ�>=ånÞ�WL>&Q¾H6Ù�;=JL@cPC>�M´P
HRP^PCM´ÜRQL>qS¶H6D#ì)í�BVWNHKBÌW?HRPÌFOMOBCB^FO>UõxQL;�Þ�F´>ASÊÜ=>·;KØEBVWL>UPVJL<Êûj>AÙ�BÌÛ�HKBCBV>A@Aå$B^WL>�Ù&;RJL@cPV>R÷ P
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MOQNPCBV@^JNÙ�BV;R@GWNH=PµB^;·BcHKõR>Ì;�ßR>A@EHÄF´HR@VÜ=>-Ý¨;R@VBVM´;RQ»;RØÆBVWL>·D#ì$í�÷ P\ûj;R<ÚHRQNSÇB^WL>�D#ì)í WNH=P
BV;�M´QxßR>APCB¿Ù�;=QNPVM´SÊ>A@^HR<LF´>+>&ü¨;=@CB¿BV;�HRS�ûjJNPjB¿BV;kB^WL>µPVM�B^JNH�B^MO;=Q8Y��Ç;=@V>A;�ßR>A@Aå�PCBVJNSÊ>AQeB^PÆM´Q,BVWN>
Ù�;RJN@^PV>EÛ�H�]·@^>AÙ&>&M´ßR>#SÊM´ÛÌM´QLMIPCWN>AS�Ø¦>&>qSÊ<NH=Ùcõ·HKQNS�JLQÊØÀHRMO@�Ü=@^H=SÊM´QLÜNY

� JL@¿>&ü¨;=@CBcPÆM´QÄÛ,;ÊSÊ>&F´MOQNÜ�HKQ?S�PC;=FOßxM´QLÜkBVWNM´P+ÝL@^;R<LF´>&Û JNPVMOQNÜ�Ù�;=QNPCBV@cHKM´Q=B\ÝL@V;ÊÙ&>AP^PCM´QLÜ
BV>AÙcWNQLM´ëeJL>qP8WNH�ß=>n@V>qPCJNF�B^>AS#M´Q-HaÝL@^;KBV;RBj]xÝ?>¿PV]ÊPjB^>&ÛãJLQNSÊ>A@8êN>AF´SÊé�B^>APCB
MOQ-;RJL@
SL>&ÝNHR@CB^ÛÌ>AQeB
PCM´QNÙ�>�íµJLÜRJNPCB¿øKú=ú��Gâ���ç�YKìaWLMIPnPV]xPCBV>AÛ WNH=P�>�ü[>AÙ~B^MOß=>&F´]�@^>ASÊJNÙ&>AS-BVWL>aQxJLÛ�<?>A@n;KØ?;=<xßeM´;RJ?P
Ù�;RQLýNM´Ù�B^PAå
B^WxJNPÌ]eM´>&FISÊM´QLÜÚHÚÙ�;=ÛÌÛ,>AQNPCJN@^HKBV>·M´QNÙ�@^>AH=PC>ÄMOQ Ù�;RJN@^PV>ÄëeJNHKF´MOBj]RY$è¼B�WNH=P�HRF´PV;
SÊ>AÙ&@V>qHRPV>AS�BVWL>·HRÛÌ;=JLQeBk;KØ+BVM´ÛÌ>�HKQNSÚ>�ü[;R@VB-PCÝ¨>&QeB�;=QðÛ�HRõeM´QLÜ�BVWN>·HRP^PCM´ÜRQLÛ,>AQ=B�HRQNS
Ü=HKM´QL>qS·B^WL>�HKÝLÝN@V;�ß�HKF�HRQNS�P^H�B^M´PCØÀHRÙ�BVM´;RQ�;KØ$;RJL@2PCB^HKü$åÊØÀH=Ù�JLFOBj]ÄHRQNS�PCBVJ?SÊ>&QeB2<¨;xSL]RY

èhQÄB^WLM´PaÝ?HKÝ¨>&@qåÊÞ\>#SÊ>AP^Ù�@^M´<?>GBVWN>GÛ,;ÊSÊ>AFOM´QLÜ,;KØ)BVWLMIP�HKÝLÝNFOMIÙ&HKBVM´;RQ8åxÞ�WLMIÙcW�M´QxßR;=FOß=>AP+H
QeJNÛ-<¨>&@$;KØLQL;=QÊé�<NMOQNHR@V]#Ù�;=QNPCBV@cHKM´Q=BcP&YAèhQ�;R@cSÊ>A@8BV;#SÊ>qHKFRÞ�MOBVW-BVWL>\ØÀHRÙ�B
B^WNH�B$BVWL>+ÝL@^;R<LF´>&Û
M´P�HKF´ÞaH�]xP
;�ßR>A@CéhÙ�;=QNPjB^@^HRMOQN>AS�å~Þ+>\ÝN@V;=Ý?;ePC>+H2QL>AÞ Ù�;=Qeß=>&QeBVM´;RQ�Ø¦;R@�Ù�;RQ?PCMIPjB^>&QNÙ&]kÙcWL>AÙcõxM´QLÜ
BVWNHKBnHRFOF´;�Þ2P8ß�HR@VMIHK<LF´>AP
BV;#<¨>+H=PVPVM´ÜRQL>qS�H	��

���µß�HRFOJN>RY�þLJL@VBVWN>&@qåqÞ+>+M´SÊ>AQeBVMOØ¦]-HµQN>&ÞÉBj]xÝ¨>
;KØ[QL;RQÊé¼<LM´QNHK@^]�Ù�;=QNPCBV@cHKM´Q=B�B^WNH�BÆÞ+>�Ù&HKF´F������������������
������� �!�#"%$'&(� ��HKQNSÌSÊ>AÛÌ;=QNPCBV@cH�BV>+B^;
<?>,QL>&BjÞ\;=@VõÇSÊ>qÙ�;RÛ,Ý¨;=P^HK<LF´>Äâ )�ç¼Y+*Ú>,M´QeBV@^;xSLJNÙ�>�BVWL>�Ù&;RQÊêNQN>&Û,>&QeBkHKQNS�>AëeJNHKF´MOBj]»Ù�;RQLé
PjB^@^HRMOQeB^PAåqÜRM´ßR>ÆB^WL>&M´@�@V>&Ø¦;R@^Û-JLFIH�B^MO;=Q�HRP$HµQN>�BjÞ+;R@^õE;RØN<LM´QNHK@^]kÙ�;RQ?PjB^@^HRMOQeB^PAå�HKQNS->&ß�HKF´JNH�B^>
BVWL>G>�ü[>AÙ�B^Pa;KØ�B^WL>APV>G@V>&Ø¦;R@^Û-JLFIH�B^MO;=QNP¿;=Q�BVWN>GÝ¨>&@VØ¦;R@^Û�HKQNÙ&>2;KØ)<NHRÙcõeBV@cHRÙcõ,PV>AHK@cÙcW�JNPVMOQNÜ
@V>qHKFOé�Þ+;R@^F´SðSLHKB^H»PV>�BcP-Þ+>·WNH�ß=>·Ù�;RF´F´>AÙ~B^>AS�Y,*Ú>�HK@^ÜRJL>·BVWNHKBAå)H=P-H�@V>qPCJLFOB-;RØa;=JL@-Ý?HK@Vé
BVMIÙ�JLFIHK@-Ù&;RQNPVMIPjB^>&QNÙ&]=éhÙcWL>qÙcõeM´QLÜ�Û,>AÙcWNHRQLM´PVÛUå�BVWN>·@V>&Ø¦;R@^Û-JLFIH�B^MO;=QÚ;RØ\B^WL>ÄÙ&;RQÊêNQN>&Û,>&QeBAå
>AëeJNHKF´MOBj]Rå?HRQNS»HRFOFOé¼SLM�ü[>&@^>&QeBEÙ&;RQNPCBV@cHKM´QeB^P2M´QeBV;�QL>�BjÞ+;R@^õÊP�;KØÆ<LM´QNHR@V]UÙ�;=QNPjB^@^HRMOQeBcP�]xMO>AF´SLP
>�-LHRÙ�BVF´]#BVWL>aPVHRÛ,>¿B^@V>A>\HKQ?SkBVWN>aP^HKÛ,>aSÊ;RÛ�HRMOQ�@^>ASLJNÙ~B^MO;=QNP)Ø¦;R@$<NHRÙcõeBV@cHRÙcõ#PV>AHK@cÙcW�Þ�WLM´F´>
PCJL<?PjBcHKQeBVMIHKF´FO]Ä@V>qSÊJNÙ�M´QLÜÌBVWN>�Z/.¿óãBVM´Û,>RY

ìaWLM´PÆÝNHKÝ¨>&@nMIPÆPCBV@^JNÙ~B^JL@V>qS,HRP$Ø¦;RF´F´;�Þ2P&YR×x>qÙ~B^MO;=QÄøESL>�êNQL>qPÆHkÙ�;=QNPCBV@cHKM´Q=BÆP^H�B^M´PCØÀHRÙ�BVM´;RQ
ÝL@V;=<LF´>&ÛUY¨×x>qÙ~B^MO;=Q»æ·SÊ>AP^Ù�@^M´<?>qP�BVWN>ÌD#ì$í�HRP^PVMOÜ=QLÛ,>&QeB2ÝL@^;R<LF´>&ÛUY¨×Ê>AÙ~B^MO;=QÇäÄSÊMIPVÙ&JNP^PC>qP
M�BcP�Ø¦;R@^Û-JLFIH�B^MO;=Q�H=PnHµê?QLM�B^>RåKQN;RQÊé¼<LM´QNHK@^]�Za×�.�Ye×x>qÙ~B^MO;=Q,ùGSÊMIPVÙ&JNP^PC>qP$BVWL>�@^>�Ø¦;=@VÛ�JLF´HKBVM´;RQ
;KØnÙ�;RQLêNQL>&Û,>AQ=BµHRQNS�>AëeJNHRFOMOBj]ÄÙ�;=QNPCBV@cHKM´Q=BcPaMOQeB^;Ì>qëeJLMOß�HRFO>AQ=B2QN>�BjÞ+;R@^õxPa;RØ$<NMOQNHR@V]�Ù�;RQLé
PjB^@^HRMOQeB^PAY)þ$M´QNHKF´F´]Rå$×Ê>AÙ~B^MO;=Q10»SÊ>qPVÙ&@VM´<?>qP�;=JL@->�-xÝ¨>&@^M´ÛÌ>AQeB^P-HRQNS¶×x>qÙ~BVM´;RQ2�UÙ�;=QNÙ�F´JNSÊ>qP
BVWLMIP�ÝNHRÝ?>A@AY
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í Z\;RQNPCBV@cHKM´QeB�×ÊH�B^M´PCØÀHRÙ�BVM´;RQ;.Æ@^;R<LF´>&Û î Za×�.\ïÇM´P»H B^@VM´ÝLF´>Rå
P = (V ,D, C)

åµÞ�WL>A@V>
V = {V1, V2, . . . , Vn}

MIP$HEPV>�B$;KØNß�HK@^MIHK<LF´>APAåqHRQNS
D = {DV1

, DV2
, . . . , DVn

}
MIP
B^WL>aPC>&B

ß�HR@VMIHK<NFO>�SÊ;=Û,HRMOQ?P&åRPVJNÙcWÌBVW?H�B
DVi

M´P�B^WL>µSÊ;=Û�HKM´QÌ;RØ�ß�HR@VMIHK<NFO>
Vi

Y�*¾WL>&Q,B^WL>µSÊ;=Û,HRMOQ?P
HK@^>-êNQNM�B^>Rå�B^WL>ÄZa×�. M´P#P^HKMIS»B^;�<¨>ÌêNQLMOBV>=Y

C = {Ci, Cj,k, . . . , Ci,j,...,m, . . . Cn}
MIP#H

PC>&Ba;RØ$Ù&;RQNPCBV@cHKM´QeB^PaPCJ?ÙcWÄB^WNH�B
Ci,j

M´QNSÊMIÙ&H�B^>AP�HÌÙ�;=QNPjB^@^HRMOQeBa<?>&BjÞ\>A>&Q�ß�HK@^M´HR<LFO>qP
Vi

HRQNS
Vj

Y[×xJNÙcW»H�Ù�;=QNPCBV@cHKM´Q=B î M�Y >RY´å
CVi,Vj

ï�PVÝ?>qÙ�MOêN>AP�BVWL>-PV>�BE;KØnHKF´FO;�ÞaHK<LF´>GBVJLÝNFO>qP2;KØ�ß�HKF´JL>AP
BVWNHKB-Ù&HKQð<¨>·HRP^PCM´ÜRQL>qSÇB^;�B^WL>�ß�HK@^M´HR<LF´>AP

Vi

HKQNS
Vj

Y)í1Ù�;RQ?PjB^@^HRMOQeBkÙ&HKQð<¨>·PCÝ¨>AÙ&M�êN>qS
MOQÚ>�-xBV>AQNPCM´;RQ î HRFOF´;�Þ+HR<LF´>kBVJLÝNFO>qPGHR@V>�>&QxJLÛ,>&@cH�B^>ASNï2;R@GMOQðM´Q=B^>&QNPVM´;RQ î HÄÝL@^>ASLM´ÙAH�BV>ÌSÊ>�é
BV>&@^Û,MOQN>APGÞ�WL>�B^WL>&@�H�ÜRM´ßR>AQ»B^JLÝLF´>ÌMIP#HRÙAÙ�>&ÝLB^HK<NFO>�ï~Y�þL;=@#H�ÜRM´ßR>AQÚÙ&;RQNPCBV@cHKM´QeB

Ci,j,...,m

å
BVWL>#PC>&B\;RØ8ß�HR@VMIHK<NFO>qP

Vi, Vj , . . . , Vm

MIP¿BVWL>#Ù�;=QNPjB^@^HRMOQeBq÷ P	������<��#HRQNS,BVWN>EÙ&HR@^SLMOQNHRFOMOBj]Ì;KØ
BVWLMIP2PV>�B�M´P�BVWL>�Ù&;RQNPCBV@cHKM´QeBA÷ P=$'"!&(�#>?Y

þL;R@^Û�HKF´FO]=å�PC;=FOßxM´QLÜkHkZa×?.
P @ (V , D, C)

åK@^>AëeJLM´@V>qP
ê?QNSÊM´QLÜ�HKQ�HRP^PVMOÜ=QLÛ,>&QeB)B^;k>AH=ÙcW
Vi ∈ V

Ø¦@V;=Û M�BcP$SL;RÛ�HKM´Q
DVi

PCJ?ÙcW�BVW?H�BnHKF´FeÙ&;RQNPCBV@cHKM´QeB^P
HR@V>+PCM´Û-JNF�BcHKQL>A;RJNPVFO]#P^H�BVMIPCêN>AS�Y
�ÇJNÙcW�>�ü[;R@VB+M´Q�@^>APV>AHR@^ÙcWÄ;RQ·ê?QLM�B^>-Za×�./MIP+Ø¦;ÊÙ�JNPV>AS�;RQ�<LM´QNHK@^]·Ù�;=QNPjB^@^HRMOQeBcP&åeMOQ�Þ�WLMIÙcW



�

;RQLF´]�Ù�;RQ?PjB^@^HRMOQeB^PÆÞ�M�B^W�HK@^MOBj]
≤
ø�HR@V>EÙ�;RQ?PCMISÊ>&@^>AS î QL;KBcHK<LF´>2>�-ÊÙ&>&ÝÊB^MO;=QNP\HR@V>-â �qúLå��=å%0Kç�ï�Y

*Ú>kJNPV>#<?;RBVWU<LM´QNHK@^]ÄHRQNS�QL;RQÊé¼<LM´QNHK@^]·Ù�;=QNPCBV@cHKM´Q=BcP\BV;,Û,;xSL>&F8;=JL@2HKÝLÝNFOMIÙ&HKBVM´;RQ8Y

� �ÚÑLÒ���� 5�� Ó	587GÏµÖjÐLÖjÒ¿Ï

ìaWL>»D#ì)í H=PVPVMOÜ=QLÛ,>&QeB�ÝL@^;R<LF´>&Û ÙAHKQ <?>»PCB^HKBV>AS H=P-Ø¦;=FOF´;�Þ2PAYnèhQ HðÜRM´ßR>AQ PV>&Û,>qPjB^>&@qå
ÜRM´ßR>&Q6HÇPV>�B

G
;KØ�ÜR@cHRSLJNH�B^>-B^>AHRÙcWNMOQLÜ»H=PVPVMIPjBcHKQeB^PAå8HUPC>&B

V
;KØ�Ù�;=JL@^PV>APAå8HKQ?SðHÇPV>�B�;RØ

Ù�;RQ?PjB^@^HRMOQeB^P)B^WNH�B\PVÝ¨>AÙ�MOØ¦]�HRFOF´;�ÞaHK<LF´>+H=PVPVM´ÜRQLÛ,>&QeBcP&åqêNQNS�H������ �!& ��� ��� �nHKQNS ��$�� & �
	�$ ��� �'"!>
HRP^PCM´ÜRQLÛ,>AQ=Ba;KØÆD#ì$íµPaB^;,Ù&;RJL@cPV>APAYÊ×ÊMOQNÙ&>kMOQ�ÝL@cHRÙ�BVMIÙ�>GBVWLMIP�ÝL@^;R<NFO>AÛ M´P�PV]ÊPjB^>&Û�H�B^M´ÙAHKF´FO]
;�ßR>&@VéhÙ�;RQ?PjB^@^HRMOQL>qS�å[PC;=ÛÌ>·Ù&;RJL@cPV>APGMOQ6B^WL>,êNQNHRF¿HRP^PVMOÜ=QLÛ,>&QeB�Û�H�]»QL;KB�W?H�ßR>·D#ì)í�HRPCé
PCM´ÜRQL>qSÇB^;ÄB^WL>&ÛUY8í2Q6HRP^PVMOÜ=QLÛ,>&QeBEMIP#PVHRM´S»BV;�<?>���Ù�;RQ?PCMIPjB^>&QeBA÷[Þ�WL>AQ�QL;UÙ�;=QNPCBV@cHKM´Q=BGM´P
<L@V;=õR>AQÄ>&ß=>&Q�M�ØnPV;RÛ,>kÙ�;RJN@^PV>AP+WNH�ß=>GQN;KB�<?>A>&QÇHRP^PVMOÜ=QL>AS�H�D#ì)í-Y

×xMOQ?Ù�>�B^WL>-Ü=;=HRF
;KØnB^WL>,SÊ>&ÝNHR@CB^Û,>&QeBµMIP2B^;Ä>&Q?PCJL@^>ÌD#ì$í PCJLÝNÝ?;=@CB2B^;Ä>AßR>&@^]UÙ�;RJN@^PV>
BVWNHKB¿QL>&>qSLPn;=QL>Rå=Þ\>�Û,>AH=PCJN@V>+BVWN>µSÊ>&Ü=@V>A>�;KØ
� P^H�B^M´PCØÀHRÙ�BVM´;RQ8÷R;KØ8HkPC;=FOJLBVM´;RQ,ÝL@^MOÛ�HK@^M´FO]�<x]
BVWL>�QxJLÛ�<?>A@2;KØnÙ�;=JL@cPC>qP+BVWNHKBµHK@^>�HRP^PCM´ÜRQL>qS�H·D#ì$í�å?HKQNS�å¨PC>qÙ�;=QNSLHK@^M´FO]�<x]ÄMOB^PEëeJNHKF´M�Bj]
MOQ�BV>A@VÛ�Pa;RØ�PV;RÛ,>#ÝL@^>�Ø¦>&@^>&Q?Ù�>#Ù�@^M�B^>&@^M´H�BVW?H�B2Þ+>#SLM´P^Ù�JNP^PaM´QÇ×Ê>AÙ~B^MO;=Q�æNY ä?Y

����� ������������� �"!$#%�����"�

ìaWL>µÙ�;=JL@cPC>qP)M´Q,BVWNM´P¿ÝL@V;=<LF´>&Û ÙAHKQ,<¨>µSÊ>AP^Ù�@^M´<?>qS�<x]ÌHkPC>&BÆ;KØ[Ø¦>AHKBVJL@^>APAYRìaWL>qPC>aØ¦>qH�BVJN@V>qP
SÊ>�B^>&@^ÛÌM´QL>-PV;RÛ,>k;RØ$B^WL>�Ù&;RQNSLM�B^MO;=QNP�JLQNSL>&@µÞ�WNM´ÙcW»H,Ü=MOß=>&Q»D#ì)í Ù&HRQ�<¨>-H=PVPVMOÜ=QL>AS�B^;
HUÝNHK@VBVMIÙ�JLFIHK@�Ù&;RJL@cPV>RY8ìaWL>A]ÚHK@^>'&8Ù&;RJL@cPV>�Bj]xÝ¨>Rå
Ù&;RJL@cPV>,SLJL@^HKBVM´;RQ8å�Û,>A>�BVM´QLÜÇB^MOÛ,>·HRQNS
Ù�;RJN@^PV>EÞ+>&M´ÜRWeBqYLT\>AFO;�ÞáÞ\>kSÊ>qPVÙ&@VM´<¨>EB^WL>APV>#Ø¦>AHKBVJL@^>APAY

*Ú>2MISÊ>AQ=B^M�Ø¦]�æ�SLM´PCBVM´QNÙ~B\Bj]xÝ?>qPÆ;KØ8Ù&;RJL@cPC>qPn;Kü[>&@^>AS�&KFO>qÙ~B^JL@V>qP&å=F´HR<NPAå=HKQ?S,@V>qÙ�MOB^H�B^MO;=QNPAY
ìaWL>APV>ÌÙ&;RJL@cPV>APEÛ,H�]U@^>AëeJLM´@V>ÌH�D#ì$í HRPG>&MOBVWN>&@kHKQÚMOQNPCBV@^JNÙ�BV;R@G;R@#Ü=@^H=SÊMOQNÜÄHRP^PCMIPCB^HKQeBqå
;R@Æ<¨;KB^W8YRö
HR<NPÆHRQNSÌ@V>qÙ�MOB^H�B^MO;=QNP�@^>AëeJLM´@V>µD#ì$íµPÆH=PnM´QNPjB^@VJ?Ù~BV;=@^PAå�Þ�WLM´FO>µFO>qÙ~BVJN@V>qPnJNPVJNHKF´FO]
@V>që=JNMO@^>¿D#ì)íEP)H=P8Ü=@^H=SÊMOQNÜaH=PVPVMIPjBcHKQeB^PAY&þL>AÞÉ>�-LÙ�>AÝÊBVM´;RQ?P8>�-ÊMIPjB$HKQNSkHR@V>Æ>�-ÊÝLFOMIÙ�MOBVF´]#PjBcH�BV>qS
<e]·BVWL>�H=SÊÛ,MOQLMIPCBV@cH�BV;=@aMOQÇÙcWNHR@VÜ=>E;RØ
BVWN>�HRP^PCM´ÜRQLÛ,>AQ=BqY

ìaWL>\SÊJN@^HKBVM´;RQ�;RØ?HµÙ&;RJL@cPC>\Þ�M�B^WLM´Q�HµPV>&Û,>qPjB^>&@$Û,H�]#ß�HK@^]RY�ìaWL>A@V>+HK@^>ÆBVWN@V>A>¿Ý¨;=P^PCM´<LF´>
MOQeBV>A@Vß�HRF´PEH·Ù�;=JL@^PV>�Û�H�]�PVÝNHRQ�&NB^WL>�Ø¦JNFOF�PC>AÛ,>APCBV>&@qåLB^WL>�ê?@^PCBEWNHRF�Øn;RØnBVWL>ÌPC>AÛÌ>qPjB^>&@qåN;=@
BVWL>�PV>AÙ&;RQNS�WNHKFOØjYNìaWL>GB^MOÛ,>�PVÝNHKQNPa;RØ)B^WL>kWNHRF�Ø�PC>AÛÌ>qPjB^>&@cP�HK@^>GSLM´PÀûj;RM´QeBAY

*Ú>2Ù&;RQNPVM´SL>&@¿Ù&;RJL@cPC>qP)BVWNHKB¿WNH�ßR>�HGê�-Ê>qS�åRÝL@^>ASL>�BV>A@VÛ,M´QL>ASÌÛ,>&>&BVM´QLÜ#BVM´Û,>RåePCÝ¨>AÙ&M�êN>qS
<e]�BVM´ÛÌ>�;RØ¨SLH�]�HRQNSÌSLH�]ÊP);RØNB^WL>�Þ\>A>&õ[Y��Ç>&>&BVM´QLÜGBVM´Û,>APÆHR@V>aPCM´ÜRQNM�ê?ÙAHKQeB�MOQ�Ù&H=PC>qP$Þ�WL>&@^>
H,D#ì$í MIPa@V>qëeJLMO@^>AS�HRP�HRQ�M´QNPCBV@^JNÙ~B^;R@%&LH·D#ì)í ÙAHKQLQN;KB�<?>�H=PVPVM´ÜRQL>qS·B^;�B^>AH=ÙcWUHÌÜ=MOß=>&Q
Ù�;RJN@^PV>

A
MOØ$WN>G;=@�PCWL>#MIPa>&QL@^;RF´F´>AS·M´QUHKQL;RBVWL>A@2Ù�;RJN@^PV>2B^WNH�B2;�ß=>&@^F´HRÝNPÆM´Q�BVM´ÛÌ>#Þ�MOBVW

A
Y

.Æ@VM´;R@aB^;·HRP^PCM´ÜRQNÛÌ>AQeBAåÊ>AH=ÙcWÇÙ�;RJN@^PV>#M´P2H=PVPVM´ÜRQL>qS�HRQ�>�-ÊÝ?>qÙ~BV>qSUÞ\>AMOÜ=WeBAYLìaWLMIPµÙAHKQUH
@V>qHKF¨ß�HRFOJN>µM´Q·BVWN>EM´QeBV>&@^ß�HKF$â úNå �&ç¨<NJÊB+MIP\JNPCJ?HKF´FO]�H-SLM´P^Ù�@^>�B^>µß�HKF´JL> î M�Y >=YOåÊúLåxúLY�øRùLå=úNY ùLå=;=@
�qï~Y�í Ù�;=JL@^PV>

A
Þ�MOBVW

weight(A) = 0
MOQ?SÊM´ÙAH�B^>APEBVWNHKBGQN;UD#ì$í PVWL;=JLF´S�<?>,HRP^PVMOÜ=QL>AS

BV;
A
Y�ô2;RQLé (A>&@^;·Þ\>AMOÜ=WeBµß�HKF´JL>APGHK@^>�SÊMIP^Ù�JNP^PC>qSÇM´Q»Û,;R@^>�SÊ>&B^HKM´F$MOQ6×x>AÙ�BVM´;RQ�æNY ø·Þ�WL>&@^>

Þ\>#M´Q=B^@V;ÊSÊJ?Ù�>GBVWL>#Ø¦>qH�B^JL@V>qPa;KØÆD#ì)íEP&Y

���*) +�,.-/� �"!$#%�����"�

èhQ6BVWL>�ÝL@^>&ßxM´;RJNPkPV>AÙ�BVM´;RQ6Þ+>�Ü=H�ßR>�HRQð;�ß=>&@^ßxMO>AÞ ;KØ+BVWL>�H�BCB^@VM´<LJÊB^>APk;RØaÙ&;RJL@cPV>APAY8ìaWLM´P
PC>qÙ~BVM´;RQÉSÊMIP^Ù�JNP^PC>qPGBVWL>�@^>&F´>&ß�HRQ=B#Ø¦>qH�BVJN@V>qPk;KØ2D#ì)íEP&Y)ìaWL>APV>,Ø¦>AHKBVJL@^>APkHR@V>ÌBVWN>�D#ì)í-÷ P



�

>&QL@^;RF´FOÛ,>AQ=B+PjBcH�BVJ?P&åeèjì)íãÙ�>A@CB^M�ê¨Ù&H�B^MO;=Q8åKBj]xÝ¨>µ;RØ
HRP^PCMIPjBcHKQeB^PVWLM´Ý8å=HRQNS�M´QNSÊM´ßxM´SÊJ?HKF[Ù�;RJN@^PV>
ÝL@V>&Ø¦>&@^>&QNÙ&>APAY

í�D#ì$í�÷ P->AQL@V;=FOF´Û,>&QeB�PCB^HKBVJNP�M´P-BVWN>�PV>�B�;RØµÙ�;=JL@^PV>APkBVWNHKB�WL>�;R@�PVWL>�M´P�>&QL@^;RF´F´>AS
MOQUSÊJL@^MOQNÜ�B^WL>kPC>AÛ,>APCBV>&@qYÊìaWLMIP+Ø¦>AH�B^JL@^>GMIP+B^HRõR>AQÄM´Q=B^;�Ù�;RQ?PCMISÊ>&@cH�B^MO;=Q�Ø¦;R@aBjÞ+;Ì@V>qHRPV;RQNPAY
ìaWL>�êN@cPjB�MIP#B^;�H�ßR;=M´S�BVM´Û,>ÄÙ�;=QÊýNMIÙ~B^P�Þ�M�B^W¶Ù�;RJN@^PV>APGB^WNH�B�B^WL>ÄD#ì$í MIP�PVÙcWN>ASÊJLF´>ASÚB^;
BV>AH=ÙcW8Y=ìaWN>EPV>AÙ�;=QNS,ÝLJL@^Ý¨;=PV>µMIPnBV;ÌH�ßR;=M´S,PVM�B^JNH�B^MO;=QNPÆM´QÄÞ�WLMIÙcW·H�D#ì$íàMIP+PVÙcWL>qSÊJLF´>ASÌB^;
BV>AH=ÙcW�;=@�ÜR@cHRSÊ>EØ¦;R@2H,Ù&;RJL@cPC>EBVW?H�B2WL>k;=@2PCWL>#MIPa>&QL@^;RF´F´>AS�MOQ8Y

èhQ=B^>&@^QNH�B^MO;=QNHKFaì)>AHRÙcWNMOQLÜðíµP^PCMIPCB^HKQeB î èjì$íEïÌÙ�>A@CB^M�ê¨Ù&H�B^MO;=Q MIPÌ@V>që=JNMO@^>AS <e]ÉFIH�Þ1Ø¦;=@
HKQ·M´QeBV>&@^QNHKBVM´;RQNHRF[D#ì$íàB^;-M´QNPCBV@^JNÙ~B�H-Ù&;RJL@cPC>=YeD#ì$íµP+Þ�MOBVWL;=JÊB+èjì$íãÙ�>&@VBVMOê?ÙAH�BVM´;RQÄÛ,H�]
;RQLF´]#<?>�HRP^PVMOÜ=QL>ASkH=P
Ü=@^H=SÊMOQNÜµHRP^PCMIPCB^HKQeBcP&åqÞ�WLM´FO>\èjì)í Ù�>A@CB^M�ê?>AS-D#ì$íµP$Û�H�]#<?>aHRP^PCM´ÜRQN>AS
HRPa>&MOBVWN>&@�ÜR@cHRSLMOQLÜ,HRP^PVM´PCB^HRQ=BcP+;R@�M´QNPjB^@VJ?Ù~BV;=@^PAY

D#ì)íEP8Û�H�]E<¨>\H�ÞaHK@cSÊ>qSE>AM�B^WL>&@)WNHKFOØL;R@
Ø¦JLF´FRB^>AHRÙcWNMOQLÜ2H=PVPVMIPjBcHKQeB^PVWLM´ÝNP&Y *Ú>+HRP^PC;ÊÙ&M´HKBV>
H Ù&HRÝNHRÙ&M�Bj]

maxg

Þ�MOBVWá>AH=ÙcW D#ì)í-Yaí5D#ì)í Þ�M�B^WáH WNHKFOØ-ì)í2é¼PVWLM´ÝàWNH=PÄÙ&HRÝNHRÙ&M�Bj]
maxg = 0.5

HKQ?S�H�D#ì$í Þ�M�B^WðH·Ø¦JLF´FÆì)í2é¼PVWLM´Ý�WNH=PGÙAHKÝNH=Ù�MOBj]
maxg = 1

Y�í1D#ì)í-÷ P
Ù&HKÝ?HRÙ�MOBj],MOQ?SÊM´ÙAH�B^>AP\BVWL>GÛ�H�-ÊM´Û-JLÛ Ù&;RJL@cPC>EÞ\>AMOÜ=WeB\WL>#;R@aPVWL>GÙAHKQ·<¨>kHRP^PCM´ÜRQN>AS·HKBaHRQe]
Ý?;=MOQeB2M´Q�B^MOÛ,>�SÊJN@VM´QLÜ�H,PC>AÛÌ>qPjB^>&@qY

×xMOQ?Ù�>�BVWL>Ç<¨>&Ü=MOQNQLMOQNÜÉ;KØ#;RJL@,>�ü[;R@VBAå¿Þ\>UM´Q=B^@V;ÊSÊJ?Ù�>AS H6QL>AÞ�H�BVBV@^MO<NJÊBV>ÇM´QeBV;6BVWN>
SLH�BcH�Ù&;RF´FO>qÙ~BVM´;RQÚÝL@^;xÙ&>AP^P&Y�ìaWLMIPkH�BVBV@^MO<NJÊBV>ÌM´PGB^WL>·D#ì)í-÷ P#ÝN@V>&Ø¦>&@^>&QNÙ&>-Ø¦;=@G>qHRÙcWðÙ�;RJN@^PV>
;Kü[>&@^>AS�YqìaWL>APV>¿ÝL@^>�Ø¦>A@V>AQNÙ�>qP8HK@^>ÆM´QeBV>&Ü=>&@)ß�HRFOJN>AP)MOQ

{0, 1, . . . , 5}
Y�*¾WN>&Q-HµD#ì$í HRP^PCM´ÜRQNP

ÝL@V>&Ø¦>&@^>&QNÙ&>kúÌBV;�H�Ù�;=JL@^PV>RåxB^WLMIP�MOQ?SÊM´ÙAH�B^>APaB^WNH�B�B^WL>-D#ì)í�PCWL;=JLFISÄQL;RB2<?>�H=PVPVM´ÜRQL>qS·B^;
BVWL>GÙ�;RJN@^PV>RåKÞ�WNMOF´>Gù#>�-ÊÝL@V>qPVPV>AP¿H�PjB^@V;=QLÜkÝL@^>�Ø¦>A@V>AQNÙ�>2;RØ[BVWL>#D#ì)íàØ¦;R@ÆB^WL>EH=PVPVM´ÜRQLÛ,>&QeBqY

��� � - �%��������� �	� #�
'������# ��!��
� #��

èhQ B^WL>ÇÝL@^>&ßxMO;=JNP�BjÞ\;6PV>AÙ~B^MO;=QNPAå$Þ+>UFO;x;=õR>AS/H�B,Ø¦>AHKBVJL@^>APÌ;RØGM´QNSÊM´ßxM´SÊJ?HKF2Ù�;=JL@cPC>qP�HRQNS
D#ì)íEP&Y�èhQ BVWLMIPUPC>qÙ~BVM´;RQáÞ\>ðÞ�M´FOFkSÊMIPVÙ&JNP^P�PV;RÛ,>ð;KØ�B^WL>ð@VJLF´>APUHRQNSàÜ=JLM´SL>&F´MOQL>qP�BVWNHKB
SÊM´Ù�B^HKBV>�Þ�WL>&BVWL>A@�HUD#ì$í ÙAHKQð;R@�Ù&HRQLQL;RB#<¨>·HRP^PVMOÜ=QL>AS»BV;»Ù�>A@CBcHKM´QðÙ&;RJL@cPV>APAY�×Ê;RÛ,>,;KØ
BVWL>qPC>·Ù&;RQNPCBV@cHKM´QeB^P#Þ+>&@^>,HRFOF´JNSÊ>qSÚBV;»M´QðBVWL>ÄSLM´P^Ù�JNP^PVMO;=QÚ;RØ\Ø¦>qH�BVJN@V>qP&Y
þN;R@kM´QNPCB^HKQ?Ù�>Rå)H
D#ì)í Û�JNPjB2<¨>kèjì$í Ù�>&@VBVMOêN>qSÄ<¨>�Ø¦;=@V>#WL>k;=@2PCWL>kÙAHKQ�BV>AH=ÙcW�H,Ù&;RJL@cPC>=Y

� BVWL>A@\@^JLF´>AP\Þ\>EWNH�ßR>µHRFO@^>AH=SÊ]ÌWLMOQeB^>ASÄHKB+H�ß=;RMIS�Ù�;RQLýNM´Ù�B+<¨>�BjÞ+>&>AQ·>&QN@V;=FOF´Û,>&QeB+HRQNS
HRP^PCM´ÜRQLÛ,>AQ=Bqå=PVJNÙcW·HRP\H�ßR;=M´SÊM´QLÜ�H=PVPVMOÜ=QLÛ,>&QeB^PnBVWNHKB+Ù�;=QÊýNMIÙ~B¿M´Q�B^MOÛ,>µÞ�MOBVW�Ù�;=JL@^PV>APnBVWNHKB
HÌD#ì$í M´Pa>AQL@^;RF´FO>qS·M´Q8Y?*Ú>kHRF´PV;�ÞaHKQeB+BV;,ÝL@^>&ß=>&QeBaHRQx]ÄD#ì)íáØ¦@^;RÛ <¨>&M´QLÜ�HRP^PCM´ÜRQN>AS,B^;
Ù�;RJN@^PV>AP)BVW?H�BÆWL>�;=@�PVWL>�MIP$B^HRõeM´QLÜ?å�;R@�BVW?H�BÆWL>�;=@�PVWL>�WNH=P (&>A@V;GÝL@^>�Ø¦>&@^>&Q?Ù�>+Ø¦;R@qYKþ$MOQNHRFOF´]Rå
Þ\>,ÞaHKQeBEB^;UÝL@V>AßR>AQ=BkHKQx]�D#ì$í Ø¦@V;=Û <?>AMOQNÜUH=PVPVM´ÜRQL>qS�H�WL>AH�ßxM´>&@GÞ\;=@VõxF´;=H=SUBVWNHRQÚWN>
;R@2PVWL>#WNHRP�ÙAHKÝNH=Ù�MOBj]�Ø¦;R@qY

èhQðH=SLSÊMOBVM´;RQðBV;UB^WL>�ÝL@^>&ßxMO;=JNP#Ù�;=QNPjB^@^HRMOQeBcP&å8PV>&ß=>&@cHKF$ÜRJLMISÊ>&F´M´QL>AP�HR@V>�HRF´PV;ÄØ¦;=FOF´;�Þ+>AS
MOQÇÝL@cHRÙ�BVMIÙ�>=åNÞ�WLMIÙcWÇÞ\>-MOQeBV>AÜR@cH�B^>kMOQeBV;�;=JL@µÛ,;ÊSÊ>AF)HRPEÙ�;=QNPjB^@^HRMOQeBcP&YLþN;R@µM´QNPCB^HRQNÙ�>=åLBVWN>
SÊ>&ÝNHR@CB^Û,>&QeB¿PC;=Û,>�BVM´Û,>AP¿Þ+HRQ=BcP�BV;�H=PVPVM´ÜRQÌBV;-PV;RÛ,>2HR@V<LMOBV@cHK@^]-PV>�BÆ;RØ�Ù&;RJL@cPV>AP$BVWN>EP^HKÛ,>
D#ì)í-YÆí2QL;RBVWL>A@ÌÜ=JLMISÊ>&F´MOQN>�MIP,Ù�;RQ?Ù�>&@^QL>qSÉÞ�M�B^W/FIHK<?PÌHRQNS¶@^>AÙ&M�BcH�B^MO;=QNP&Yn×x;=ÛÌ>�F´>AÙ~B^JL@^>
Ù�;RJN@^PV>APµWNH�ßR>ÌPC>AßR>&@cHKF$PC>qÙ~B^MO;=QNP&å?Ø¦;R@G>�-LHRÛÌÝNFO>=åNB^WL>&@^>�Û�H�]U<¨>-Ø¦;=JL@GSLM�ü[>&@^>&QeBkPC>qÙ~BVM´;RQ?P
;KØaèhQ=B^@V;ÊSÊJ?Ù~BVM´;RQÚBV;ÚZ\;=Û,ÝLJÊBV>A@�×ÊÙ&MO>AQNÙ�>=Y8ò¿HRÙcWð;KØ+BVWN>APV>�FO>qÙ~BVJN@V>·PV>AÙ�BVM´;RQNP#Û�H�]»WNH�ß=>
PC>AßR>&@cHKF)F´HR<NPG;R@G@V>qÙ�MOB^HKBVM´;RQNPGHRP^PC;ÊÙ&M´HKBV>ASUÞ�MOBVWðMOBAY � Ø�BV>AQ8å¨BVWL>,Þ+>&M´ÜRWeBE;RØÆBVWL>qPC>ÌFIHK<NPEM´P
BV;x;-Û�JNÙcW�Ø¦;R@+;RQN>ED#ì)í-åx<LJÊBaÞ\>EÞ\;=JLF´S·FOM´õR>�B^;-õ=>&>&Ý·BVWL>GQxJLÛ-<¨>&@+;KØ)D#ì$íµP+HRP^PCM´ÜRQN>AS
BV;�HÌPV>�B\;RØ8BVWN>APV>µFIHK<NP+HKQNSÄ@V>qÙ�MOB^HKBVM´;RQNP¿@V>AF´HKBVM´ßR>&F´]�PCÛ�HRFOF�å=>=Y Ü?YRBjÞ+;-;=@ÆB^WL@V>A>#D#ì$íµP\Ø¦;=@
êNßR>+F´HR<NPAY�þNJL@VBVWL>A@Aå�B^WL>APV>aD#ì$íµPnPVWL;=JLF´S-QL;KBn<¨>�HRP^PCM´ÜRQL>qS#BV;#Ù�;=JL@cPC>qP
;RBVWL>A@)B^WNHKQ�BVWN>APV>



}

F´HR<NPn;R@¿@V>qÙ�MOB^H�B^MO;=QNPAY=×xJNÙcW·H�PCBV@cH�B^>&Ü=]-HKF´FO;�Þ2P$B^WL>APV>ED#ì$íµPÆBV;kØ¦;ÊÙ�J?PnBVWN>&M´@¿ÝL@^>&ÝNHR@^HKBVM´;RQ
;RQUH�Ü=@V;=JLÝ�;KØ$PVM´ÛÌM´FIHK@2Ù�;=JL@cPC>qP&Y
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í2<¨;�ßR>Rå�Þ+>�Ø¦;R@^Û,HRFOM (&>qS»B^WL>·D#ì)í1H=PVPVM´ÜRQLÛ,>&QeB#ÝL@^;R<LF´>&Û M´QðBV>&@^Û�P#;KØ\êNQNSÊM´QLÜÇHUÙ�;RQLé
PCMIPjB^>&QeBµHKQ?S�P^H�B^M´PCØÀHRÙ�BV;=@V]·H=PVPVMOÜ=QLÛ,>&QeB�;KØÆD#ì)íEPaBV;·Ù&;RJL@cPV>APAYxìaWN>#Ø¦>AH�B^JL@^>AP�;RØ�Ù&;RJL@cPC>qP
HKQNS D#ì$íµPAå�HKQNSðB^WL>�@^JLF´>AP�HKQNSÉÜ=JLMISÊ>&F´MOQN>APkØ¦;=@�H=PVPVMOÜ=QLÛ,>&QeB^P-ÜRM´ßR>ÄH�PC>AQNPC>Ä;KØ2Þ�WNHKB
M�B�Û,>AHRQNP�Ø¦;=@�HKQ H=PVPVMOÜ=QLÛ,>&QeB-B^;Ú<¨>ÇÙ�;=QNPCMIPCBV>&QeBqY,*ð>UWNH�ßR>�<L@VM´>�ý?]6H=SLSÊ@^>AP^PC>qSÉÞ�WNHKB
Ù�;RQ?PjB^M�B^JÊBV>qP2H � P^H�B^M´PCØÀHRÙ�BV;R@^][÷ÊHRP^PCM´ÜRQLÛ,>AQ=BqåÊ;R@�MOB^P2ëeJNHRFOMOBj]RYÊèhQUÝL@cHRÙ�BVMIÙ�>=åÊM�B2MIP�;KØ�B^>&QUM´Û�é
Ý?;ePVPVMO<NFO>�B^;#êNQNS·HRQ·HRP^PCM´ÜRQNÛÌ>AQeB$B^;�>&ß=>&@^]�Ù&;RJL@cPC>=YKèhQ,BVWN>µÙ�;=Q=B^>�-xB¿;RØ[;=JL@¿HRÝLÝLF´M´ÙAH�BVM´;RQ
å
BVWL>�QNH�B^JL@^HRF¿Ù�@^MOBV>&@^M´;RQ6Ø¦;R@�H»PVHKBVMIPjØÀH=Ù~B^;R@^]ÚHRP^PVMOÜ=QLÛ,>&QeB�M´P�BV;ÚÛ,H'-ÊMOÛ,M (&>�B^WL>·QxJLÛ-<¨>&@
;KØ$Ù&;RJL@cPV>AP+Ù�;�ßR>A@V>qS�YxþL;R@+BjÞ+;�H=PVPVMOÜ=QLÛ,>&QeB^P\B^WNH�B2Ù�;�ß=>&@¿BVWL>kP^HKÛ,>#QeJNÛ-<¨>&@a;KØ)Ù&;RJL@cPV>APAå
Þ\>ÄØ¦JL@CB^WL>&@ÌSÊMIPVÙ&@VM´Û,MOQNHKBV>�<?>&BjÞ\>A>&QÉB^WL>&Û <x]ÉÙcWL;x;=PVMOQLÜUB^WL>Ä;=QL>Ä;RØ2WLM´ÜRWL>qPjB�ëeJNHRFOMOBj]Rå
;R<ÊBcHKM´QL>ASÚ<x]ÚHUÙ�;=Û-<LM´QNH�B^MO;=Q�;RØ\B^WL>�ß�HKF´JL>,;KØ+BVWL>�ÝL@^>�Ø¦>A@V>AQNÙ�>qPGMOQ6>AH=ÙcWðH=PVPVM´ÜRQLÛ,>&QeBqY
*Ú>#>�-ÊÝ¨>&@^MOÛ,>AQ=B^>ASÄÞ�M�B^W�<¨;KB^W�Û�H�-ÊM´Û,M (qH�BVM´;RQ�;KØ8B^WL>#ÜR>A;RÛ,>�B^@VMIÙ2Û,>AHRQ�;RØ
ÝL@^>�Ø¦>A@V>AQNÙ�>qP
HKQNS6Û�H�-ÊM´Û,M (qH�BVM´;RQÉ;RØaBVWL>·Û,M´QLM´Û-JLÛ ÝL@^>�Ø¦>A@V>AQNÙ�>·ß�HRFOJL>ÄMOQ¶HRQ¶HRP^PCM´ÜRQLÛ,>AQ=BqY
ñEJL>·B^;
BVWL>µPVM´ÛÌM´FIHK@^M�Bj]�;RØ?B^WL>�Ý¨>&@VØ¦;R@^Û,HRQNÙ�>�;RØ?B^WL>aBjÞ+;kÛÌ>qHRPVJL@^>AP$MOQ�ÝN@^H=Ù~BVMIÙ�>=å�Þ\>�Þ�M´F´F?SÊMIPVÙ&JNP^P
@V>qPCJLFOB^Pa;=QLF´]�Ø¦;R@aB^WL>#Ø¦;R@^Û,>&@qY
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*Ú>aØ¦;=@VÛ�JLF´HKBV>\BVWL>µD#ì$í¾HRP^PVMOÜ=QLÛ,>&QeB$ÝN@V;=<LFO>AÛ�HRP�H#Ù�;=QNPCBV@cHKM´Q=BnP^H�BVMIPCØÀHRÙ~B^MO;=Q�ÝN@V;=<LFO>AÛUY
*Ú>a>�-ÊÝL@^>AP^P
BVWL>�Ù�;=JL@cPC>qP)H=P)ß�HR@VMIHK<LF´>APAåABVWL>�H�ß�HKM´F´HR<LF´>+D#ì$íµPnHRP$ß�HK@^MIHK<LF´>\SÊ;=Û�HKM´QNP&å�HRQNS
BVWL>k@^JLF´>AP�HKQ?SÄÜ=JLM´SL>&F´MOQL>qP2SÊMIPVÙ&JNP^PC>qSÄM´QU×Ê>AÙ~B^MO;=QÇæLY æÌH=P�Ù�;=QNPjB^@^HRMOQeBcP&Y

èhQÇBVWLMIPGPC>qÙ~BVM´;RQÇÞ+>kêN@cPCBE@^>AÙ&HRFOF);RJL@GÙ�;=Qeß=>&QeBVM´;RQ�Ø¦;=@EÙ�;=QNPVM´PCBV>AQNÙ�]UÙcWL>AÙcõxM´QLÜ·M´QÇBVWN>
Ù�;RQeB^>�-xB\;RØ
;�ßR>A@CéhÙ�;=QNPjB^@^HRMOQN>ASÌÝL@^;R<LF´>&Û�P¿BVWL>AQ·BVWN>Eß�HK@^M´;RJNP+Ù�;=QNPjB^@^HRMOQeBcPÆÞ+>µWNH�ß=>µMISÊ>&QÊé
BVMOêN>ASðØ¦;=@�;RJL@�HRÝLÝLF´M´ÙAH�B^MO;=Q8Y � JL@�Û,;ÊSÊ>AFÆMOQ?Ù�F´JNSÊ>APkØ¦;RJL@kBj]xÝ¨>AP-;KØaJLQNHK@^]�Ù&;RQNPCBV@cHKM´QeB^PAå
;RQL>GBj]xÝ?>k;RØ)<LM´QNHR@V]ÄÙ&;RQNPCBV@cHKM´QeBAåLHRQNS·B^WL@^>&>GBj]xÝ?>qP�;KØ$QL;RQÊé¼<LM´QNHK@^]ÄÙ&;RQNPCBV@cHKM´QeB^PAY
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×xMOQ?Ù�>aMOQ,;=JL@nHKÝLÝLF´MIÙ&H�B^MO;=Q8å�ÝL@^;R<LF´>&Û�P�HK@^>+;�ßR>&@VéhÙ�;RQ?PjB^@^HRMOQL>qS�åAPV;RÛ,>aß�HK@^M´HR<LF´>AP$MOQ,H#PC;=FOJLé
BVM´;RQ-Û�H�]#QL;RB$<¨>+H=PVPVM´ÜRQL>qSkHµß�HKF´JL>=Y�*ð>aÙcWL;x;=PV>nBV;GWNHKQ?SÊFO>\BVWNM´P�PVM�B^JNH�B^MO;=Q�MOQ�<NHRÙcõeB^@^H=Ùcõ
PC>qHK@cÙcWÚ<x]6HRP^PCM´ÜRQLM´QLÜ�BVWN>·ß�HKF´JL> ��
 ����B^;�PVJNÙcWÉHUß�HR@VMIHK<NFO>·HRQNS6HKF´FO;�Þ BVWL>�PC>qHK@cÙcW�B^;
ÝL@V;ÊÙ&>&>ASÄ<?>A]R;=QNS·B^WL>#ß�HK@^M´HR<LFO>=YÊìaWL>&@^>�Ø¦;=@V>=åeÞ+>GÛÌ;ÊSÊMOØ¦]·B^WL>kÙ�;=Qeß=>&QeBVM´;RQÄ;KØ$Ù&;RQNPCBV@cHKM´QeB
ÙcWL>AÙcõxM´QLÜðH=PÌØ¦;RF´FO;�Þ2PAY *ð>UP^H�]ÉB^WNH�BÄHðÜRM´ßR>AQ¶B^JLÝLF´>

〈v1, v2, . . . , vk〉
Ø¦;R@

k
ß�HR@VMIHK<LF´>AP

V1, V2, . . . , Vk

M´P2Ù&;RQNPVMIPjB^>&QeB�Þ�M�B^WUBVWL>�Ù&;RQNPCBV@cHKM´QeB
CV1,V2,...,Vk

åLÞ�WL>&QÇHRFOF8QN;RQÊé¼QxJLFOF
viMOQ�BVWL>\BVJNÝLFO>�P^H�B^M´PCØ¦]#BVWL>�Ù&;RQNPCBV@cHKM´QeBAåq@V>AÜ=HK@cSÊF´>AP^P8;RØNÞ�WL>�B^WL>&@nPV;RÛ,>+;KØLB^WL>aß�HRFOJN>AP$MOQ�BVWN>

BVJLÝLF´>kHK@^>µHRÙ�BVJNHRFOF´] ��

� �#"AYxè¼Ø)Þ+>ESLM´S�QL;KB�HKF´F´;�Þ ��

���-ß�HRFOJN>APAåRB^WL>&Q�<NHRÙcõeB^@^H=ÙcõÌPV>AHR@^ÙcW
Þ\;=JLF´S·QL;KBa<?>#HK<NFO>µBV;ÌÝL@V;ÊÙ&>&>AS�BV;�B^WL>G@V>AÛ,HRMOQNMOQLÜ-Ø¦JÊBVJN@V>Gß�HK@^M´HR<LFO>qP&Y=èhQÄÝL@cHRÙ�BVMIÙ�>=åRB^WLM´P
Ù�;RQxß=>&QeBVM´;RQÌ@V>qPCJNF�BcPnMOQ,B^WL>2ÝL@^JLQLM´QLÜkÝ¨;�Þ\>A@Æ;KØ[QNþ�Zaø#;RQÌBVWN>2QL;RQLé�<LM´QNHR@V]kØ¦;=@VÛ�JLFIH�BVM´;RQ?P
$ �+m&gj`µgj³ed&g~{xuvl�gj`^fjik�¿mAo8fj`c��d&gjuvmAlxdA�
d&��zA`c�=fCdK{Êgj³euv�+t^mqlK��`cl�gjuvmql�uv�+`cÈKr=uv�qd&��`^lKg¿gjmkre�huvl=z�gj³=`
mqrRgj`^f&%¼mAu�l�m&o[gj³e`\fj`c��d&gjuvmql=�+wR`^Ëxl=`~w����kgj³e`�t^mqle�¼ghfCd&uvlKgj�c½



�

;KØ)Ù&;RQÊêNQN>&Û,>&QeBAåx>që=J?HKF´M�Bj]=åxHRQNS�� 
������ÌÙ&;RQNPCBV@cHKM´QeB^P¿BV;,Ù�;RF´FIHKÝNPV>2B^;-B^WNH�Ba;KØ�þ$Z ;=Q·BVWN>
<LMOQ?HK@^]ÄSÊ>AÙ&;RÛ,Ý¨;=PVM�B^MO;=Q�;RØ
BVWN>APV>�Ù�;RQ?PjB^@^HRMOQeB^PAY

×eBV@^M´Ù�BVF´]ÉPCÝ¨>AHRõeM´QLÜ?å
;RJN@-ÝL@^;R<LF´>&Û MIP-QN;KBÌHðZa×�.�M´Q¶B^WNH�BÌÞ\>�SÊ;»QL;RB�@^>AëeJLM´@V>ÄHRFOF
ß�HR@VMIHK<NFO>qPµM´QðH�PV;RF´JÊBVM´;RQ�BV;U<?>,M´QNPCB^HKQeB^M´HKBV>AS	�KY[èhQ ��H�-xéjZa×?.�â�ù�ç¼å�;RQL>�BV@^MO>qPEBV;�êNQNSðH
Ù�;RÛ,ÝLF´>�B^>·HRP^PCM´ÜRQNÛÌ>AQeBEB^WNH�B�Û,M´QLMOÛ,M (&>qP#BVWL>�QxJLÛ�<?>A@k;KØaßxMO;=F´HKBV>ASðÙ�;=QNPCBV@cHKM´Q=BcP&Y�
µ;�Þaé
>&ßR>A@Aå=BVWN>GÝN@^H=Ù~BVMIÙ&HRF?@^>AëeJLM´@^>&Û,>&QeB^P\;KØ);RJL@aHKÝLÝNFOMIÙ&HKBVM´;RQ�SLM´Ù�B^H�B^>µB^WNH�BaÞ+>EÛ,M´QLMOÛ,M (&>GBVWN>
QeJNÛ-<¨>&@�;KØ$JLQÊé¼MOQ?PjBcHKQeBVMIH�B^>AS·ß�HR@VMIHK<LF´>APAåxQL;KB2Ù&;RJLQeBVM´QLÜÌBVWN>GQxJLÛ�<?>A@�;KØ�Ù�;RQ?PjB^@^HRMOQeB^P\ßxM�é
;RFIH�BV>qS�Y � B^WL>&@GPjB^@^HKBV>AÜRM´>AP�Ø¦;=@ESÊ>qHKF´MOQNÜ·Þ�M�B^W»;�ßR>A@CéhÙ�;=QNPCBV@cHKM´QL>AS�ÝL@^;R<LF´>&Û�P2M´QNÙ&FOJNSL>�BVWN>
SÊM´PCBVM´QNÙ�BVM´;RQU<?>&BjÞ\>A>&Q�WNHK@cS�HKQNS�PC;RØ�BµÙ�;=QNPjB^@^HRMOQeBcP&YÊí2ÜeHKM´Q8åÊM´Q�;=JL@�HKÝLÝNFOMIÙ&HKBVM´;RQ8åLPVJNÙcWUH
SÊM´PCBVM´QNÙ�BVM´;RQÄMIP\QL;KB+Û,H=SÊ>µM´QÄÝN@^H=Ù~BVMIÙ�>=YeíµF�B^WL;RJNÜRW·MOB ��$�>Ì<¨>EÝ¨;=P^PCM´<LF´>2B^;�BVWN>&;R@^>�B^M´ÙAHKF´FO]
@V>qSÊJNÙ�>�;RJL@�ÝL@^;R<LF´>&Û5BV;ðPC;=Û,>·;KØ�B^WL>�HR<?;�ß=>·F´M´PCBV>qSÉÜR>AQL>&@cHKF\ÝL@V;=<LF´>&Û�P&å)Þ\>�HK@^>·QL;RB
Ù�;RÛ,Ý¨>&F´FO>qSÉB^;ðSÊ;ðPC;ðM´Q ;R@cSÊ>A@�BV;ð@^>&Û�HKM´Q HRP�ØÀHRM�B^WÊØ¦JLF�HRPÌÝ¨;=P^PCM´<LF´>·BV;ÚBVWN>�ÝL@cHRÙ�BVMIÙ&HRF
@V>që=JNMO@^>&Û,>&QeBcP\;RØ)B^WL>�HKÝNÝLFOMIÙ&HKBVM´;RQ8Y
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ìaWL>µJLQ?HK@^]ÌÙ&;RQNPCBV@cHKM´QeB^PÆJ?PC>qS,MOQÄBVWLMIP\HRÝLÝLF´M´ÙAH�B^MO;=Q·HK@^>2èjì)íáÙ�>A@CB^M�ê?ÙAH�B^MO;=Q8å=>AQL@^;RF´FOÛ,>&QeBqå
;�ßR>&@^FIHKÝ8å~HKQ?S (&>&@^;aÝL@^>�Ø¦>&@^>&Q?Ù�>ÆÙ�;=QNPCBV@cHKM´Q=BcP&Y~èjì$íÉÙ�>A@CB^M�ê¨Ù&H�B^MO;=QkÙ�;RQ?PjB^@^HRMOQeB^P�HRQNSG;�ßR>A@VFIHKÝ
Ù�;RQ?PjB^@^HRMOQeB^PÌHK@^>�ÝLF´H=Ù�>qS¶;RQ/>&ß=>&@^]6Ù&;RJL@cPV>ÄB^WNH�B,@V>qëeJLMO@^>AP,H6D#ì)í9H=PÌHRQ M´QNPCBV@^JNÙ~B^;R@qå
Þ�WLMOF´>�>AQL@V;=FOF´Û,>&QeBEHRQNS (&>A@V;�ÝL@^>�Ø¦>A@V>AQNÙ�>�Ù&;RQNPCBV@cHKM´QeB^P2HR@V>kÝNF´H=Ù�>ASU;=QÇHKF´F)Ù�;=JL@cPC>qP&YNìaWN>
>&QL@^;RF´FOÛ,>AQ=B#Ù�;=QNPjB^@^HRMOQeBµÝN@V>AßR>&QeBcPµHUD#ì)í�Ø¦@V;=Û9<?>AMOQLÜ�HRP^PCM´ÜRQN>AS�BV;UHÄÙ&;RJL@cPV>kBVWNHKBGWN>
;R@-PVWL>·MIPk>&QN@V;=FOF´>ASðM´Q8å)Þ�WNMOF´>�BVWN>·;�ßR>A@VFIHKÝðÙ�;RQ?PjB^@^HRMOQeB�ÝL@^>&ß=>&QeB^P�H»D#ì$í Ø¦@^;RÛ5<?>AMOQNÜ
HRP^PCM´ÜRQL>qSÇB^;ÄB^>AHRÙcWðHUÙ�;RJN@^PV>�B^WNH�BkMIP#WL>&FISÚHKB#BVWL>�P^HKÛ,>-B^MOÛ,>�HRPkH�Ù�;=JL@cPC>�WL>,;R@kPCWN>
M´P+>&QN@V;=FOF´>AS�M´Q8Y�
¨>A@V;�ÝL@^>�Ø¦>&@^>&Q?Ù�>EÙ&;RQNPCBV@cHKM´QeB^P\ÝL@^>&ßR>AQeB\JNP\Ø¦@^;RÛ HRP^PVMOÜ=QLMOQNÜ-HÌD#ì$í BV;,H
Ù�;RJN@^PV>EMOØ�WL>k;R@2PVWL>#WNHRP (A>&@^;,ÝL@V>&Ø¦>&@^>&QNÙ&>µØ¦;=@�M�BqY

ìaWL>�;RQLF´]»<LM´QNHR@V]�Ù&;RQNPCBV@cHKM´QeBkJNPC>qSðMOQðBVWNM´P�HKÝLÝLF´MIÙ&H�B^MO;=QÚMIP�HU<LM´QNHR@V]�� 
������»Ù�;RQLé
PjB^@^HRMOQeB��Kå
Þ�WLMIÙcWÉPCÝ¨>AÙ&M�êN>qP#BVW?H�B-<¨;KB^W6Ù&;RJL@cPV>AP#M´QÉM�BcP�PVÙ&;RÝ¨>·Ù&HRQLQL;KB�<¨>ÄH=PVPVMOÜ=QL>AS�BVWN>
PVHRÛÌ>ÄD#ì$í�å�HKFOBVWN;RJLÜ=Wð<¨;KB^W¶Ù�;=JLF´S6Ý¨;=P^PVMO<LF´]�<¨>�H=PVPVM´ÜRQL>qS»B^WL>���

� �Çß�HKF´JL>��=Y
èhQÉ;RJN@
ÛÌ;ÊSÊ>AF�å�� 
������-Ù&;RQNPCBV@cHKM´QeB^PÆHR@V>µÝLF´H=Ù�>qS,<?>&BjÞ\>A>&QÄHRQe]-BjÞ\;�Ù�;RJN@^PV>AP�B^WNH�B+Û,>&>�BaH�B¿;�ß=>&@Vé
F´HRÝLÝLM´QLÜ�B^MOÛ,>qP�HKQNS @V>që=JNMO@^>�H6D#ì$í H=P,HKQ M´QNPCBV@^JNÙ~B^;R@qY � QL>�MIP�BV>AÛÌÝLBV>AS BV;6Û,;ÊSÊ>&F
BVWLMIPkPCMOBVJ?H�BVM´;RQðÞ�MOBVW6HÄQL;=QÊé¼<LMOQ?HK@^]���
������ÇÙ�;RQ?PjB^@^HRMOQeBµB^WL>&QðJNPV>ÌBVWL>,Ý¨;�Þ\>A@CØ¦JLF$êNFOBV>A@Cé
MOQLÜ·HRFOÜ=;R@^M�B^WLÛ1ÝL@^;RÝ¨;=PV>AS�<x]Ä:��&Ü=MOQUM´Q6â �Kç�YNìaWNM´P�PV;RF´JÊBVM´;RQUÞ+;RJLFIS�<?>kM´QNÙ�;=@V@^>AÙ�B�MOQU;RJN@
Ù&HRPV>�PVM´QNÙ�>�BVWLMIPEêNFOBV>&@^M´QLÜ�HRFOÜ=;R@^M�B^WLÛ9Ù&HKQNQL;KB#WNHKQ?SÊFO> ��

� �ÄHRP^PVMOÜ=QLÛ,>&QeB^PµBV;�ß�HR@VMIHK<NFO>qP
HKQNS @V>&BVJL@^QNP-ØÀHKM´FOJL@^>Ä;=Q ;�ß=>&@Vé¼Ù&;RQNPCBV@cHKM´QL>ASÚÝL@^;R<LF´>&Û�PAå)Þ�WNM´ÙcW/ÝL@V>AßR>AQ=BcP-PV>AHR@^ÙcW6Ø¦@^;RÛ
ÝL@V;=ÜR@^>AP^PCM´QLÜ?Y

*Ú>�J?PC>kB^WL@^>&>kBj]xÝ¨>AP2;RØnQL;RQÊé¼<LM´QNHK@^]�Ù&;RQNPCBV@cHKM´QeB^P�&NÙ&HRÝNHRÙ&M�Bj]�Ù�;=QNPjB^@^HRMOQeBcP&åL>qëeJNHKF´M�Bj]
Ù�;RQ?PjB^@^HRMOQeB^PAå�HKQ?SkÙ�;RQLêNQL>&Û,>AQ=B$Ù�;RQ?PjB^@^HRMOQeB^PAY!*ð>¿SÊ>�ê?QL>¿HKQ?SkSÊM´P^Ù�J?PVP�>qHRÙcW#;RQN>ÆMOQ�SL>�B^HRMOF
<?>AFO;�ÞkY

Z+HKÝNH=Ù�MOBj]»Ù�;RQ?PjB^@^HRMOQeB^PkHR@V>
n
éhHK@^]�Ù�;=QNPjB^@^HRMOQeBcPµB^WNH�B�ÝN@V>AßR>&QeB�HÇD#ì)í1Ø¦@V;=Û <?>AMOQNÜ

HRP^PCM´ÜRQL>qS-HGWL>qH�ßeM´>&@�Þ+;R@^õxFO;eHRSkB^WNHKQÌWL>�;=@ÆPCWL>�PVWL;RJNF´S�WNH�ßR>=Y�ìaWLM´PÆÛ,H'-ÊMOÛ�JLÛ�Ù&HRÝNHRÙ&M�Bj]
M´P�SÊ>&BV>A@VÛ,M´QL>AS�<x]�BVWN>EBj]xÝ¨>k;KØ�ì)í2é¼PVWLM´Ý�;RØ
B^WL>-D#ì)í-YLì
Þ+;�Ù&HRÝNHRÙ&M�Bj]·Ù&;RQNPCBV@cHKM´QeB^PaHK@^>
� ¹�³e`ao´mAfji�dA�?w=`VËxleu�gjuvmql�mAo
dkpnsRÁ�fj`~È�r=uvfj`^�ÆdAl�d&�h�hu�zAleik`cl�gngjm������¨�Ad&fju�dA�=�v`c�c½
� dR½ �Ê½ dR½ �����! ~©R�#"$" {LwRu&%L`Vfj`cletc`A{em&f\t^mq�vmAfjuvlezkt^mqle�¼ghfCd&uvlKg~½
' �+m&gj`)gj³xd�g¨Å$`�dA�v�hm\re�h`$�=uvlxd&fh�)( �+*� -, tcmql=�¼ghfCdAuvl�gj��uvl2gj³=`
fj`VoImAfjiEre��d&gjuvmAlEm&oegj³e`
lemAl=�À�euvled&fh�
tcmqlRËxl=`cik`cl�gntcmAle�¼ghfCdAuvl�gj�c½
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JNPC>qSkØ¦;=@)>qHRÙcW�D#ì$í�Y�ìaWLMIP$M´P�SÊJL>\BV;#Ù�;=JL@cPC>¿SLJL@^HKBVM´;RQNP
BVWN@V;=JLÜRWL;=JÊB
B^WL>aPC>AÛÌ>qPjB^>&@qYqìaWN>
Ù�;RJN@^PV>APGØ¦@^;RÛ HUÜRM´ßR>AQ6PV>&Û,>qPjB^>&@-ÙAHKQÉ<¨>·ÝNHK@VBVMOBVM´;RQN>AS6M´Q=B^;UBVWL@^>&>�PC>&B^P�&
Ù�;=JL@^PV>APkBVWNHKB
HK@^>-WL>AF´SðSÊJL@^MOQNÜ�ûjJNPCB#BVWL>ÌêN@cPjB#WNHRF�Ø¿;RØÆBVWN>,PV>&Û,>qPjB^>&@qå¨Ù&;RJL@cPC>qPµWN>&FIS�SÊJL@^M´QLÜ-ûjJ?PjB#BVWN>
F´H=PjB¿W?HKFOØ[;RØ�BVWL>EPC>AÛÌ>qPjB^>&@qå=HRQNS�Ù�;=JL@^PV>APnBVWNHKB\HK@^>2WL>AF´SÌB^WL@V;=JLÜRWN;RJÊBnB^WL>EPV>&Û,>APCBV>A@AYeþL;=@
H·ÜRM´ßR>AQÚD#ì$í�å[;RQL>ÌÙ&HRÝNHRÙ&M�Bj]UÙ�;=QNPjB^@^HRMOQeB#Ù�;�ßR>A@^P�BVWL>,Ù�;=JL@^PV>AP2BVWNHKBG;ÊÙAÙ�JL@#SÊJL@^MOQNÜ·BVWN>
êN@^PCBµWNHRF�Ø�;KØ�B^WL>-PV>&Û,>APCBV>A@ î M´QNÙ�F´JNSÊM´QLÜ�Ø¦JNFOFOé¼PV>&Û,>qPjB^>&@µÙ&;RJL@cPC>qP^ïaHRQNSUHKQL;RBVWL>A@µÙ&HRÝNHRÙ&M�Bj]
Ù�;RQ?PjB^@^HRMOQeBµÙ�;�ß=>&@cPaBVWN>�Ù�;=JL@cPC>qPaBVWNHKBE;ÊÙ&Ù&JL@ESLJL@VM´QLÜ�B^WL>�PV>AÙ&;RQNSUW?HKFOØÆ;KØnBVWN>�PV>&Û,>APCBV>A@
î HKFIPV;ÄM´QNÙ�F´JNSÊM´QLÜ·Ø¦JNFOFOé¼PV>&Û,>qPjB^>&@kÙ�;=JL@^PV>APcï~å¨HRPGPCWN;�Þ�Q»MOQÚþ)M´ÜRJN@V> �RY�ìaWL>�Ù&;RQNPCBV@cHKM´QeBµØ¦;=@
BVWL>#PCÝ¨>AÙ&M�ê?>ASÄD#ì$íáPCB^HKBV>qPÆB^WNH�B+BVWL>#PVJLÛ ;KØ8B^WL>EÞ+>&M´ÜRWeBcPÆ;KØ�B^WL>#Ù�;RJN@^PV>AP¿MOQÄBVWL>GPVÙ&;RÝ¨>
;KØ+BVWL>·Ù&;RQNPCBV@cHKM´QeBGB^;UÞ�WLM´ÙcW6WL>�;=@�PCWN>ÌMIP�H=PVPVMOÜ=QL>ASðÙ&HRQLQL;RB#>�-LÙ�>&>qS»B^WL>·Ù&HRÝNHRÙ&M�Bj]�;KØ
BVWL>-D#ì$í�åNHRQNS�M´Pa>�-ÊÝL@V>qPVPV>AS�HRP+Ø¦;=FOF´;�Þ2P &

∑

v∈Scope(C)

assigned(g, v) · weight(v) ≤ capacity(g)

Þ�WL>&@^>
C
M´P2HÄÙ&HKÝ?HRÙ�MOBj]ÄÙ&;RQNPCBV@cHKM´QeB�PVÝ¨>AÙ�MOê?Ù#B^;ÄD#ì)í

g
å?HRQNS

assigned(g, v)
MIP �kMOØ

gM´P2H=PVPVM´ÜRQL>qS�BV;
v
åL;KB^WL>&@^Þ�MIPC>#MOB2M´P�úNY

CSCE251U 951 CSCE251Y 952

variabletime interval constraint

CSCE101 150

CSCE230 001

CSCE251K 951

Cap. Cap.

CSCE230 001CSCE322 001

CSCE251Y 952CSCE251K 951

CSCE101 150

CSCE251U 951

����� ±��x± p$mql=�¼ghfCdAuvl�g+l=`^g�Å$mAfj�kÅÆu�gj³Ìg�Å$m#t~dAbedAtcu�g��ÌtcmAle�¼ghfCd&u�l�gj�c{emqle`ao´mAf\tcmqrRfj�h`c�Æuvl,`~dAtC³,³edA��o
m&o\gj³=`��h`^ik`c�¼gj`^f~½
�er=���$�h`cik`c�¼gj`^fkt^mqr=fj�h`^�kd&fj`�u�l»gj³e`-�htcmAbÊ`ÌmAo\�ÊmAgj³N{[ÅÆ³euv�v`,³edA��o+�h`^ik`c�¼gj`^f
t^mqr=fj�h`^�+d�fj`�u�l-gj³e`��htcmAbÊ`�mAo#%�re�¼g¿mql=`�t~dAbedAtcu�g��ÌtcmAle�¼ghfCd&u�l�g~½

è¼Ø2;RQLF´]Ú;=QL>ÄÜ=FO;=<NHKF+Ù�;=QNPjB^@^HRMOQeB-Þ+>&@^>·JNPV>AS6M´QNPCBV>qHRS�å$M�B,Þ+;RJLFIS6<?>�Ý?;ePVPVM´<LFO>ÄØ¦;R@ÌH
D#ì)í BV;�<¨>�HRP^PVMOÜ=QL>AS�WLMIP2;=@2WL>&@µÛ,H'-ÊMOÛ�JLÛ ÙAHKÝNH=Ù�MOBj]ÄM´Q»Ù�;=JL@^PV>AP�BVWNHKBµ;ÊÙ&Ù�JN@ESÊJL@^M´QLÜ
ûjJNPjB�;=QL>EW?HKFOØ);KØ
BVWL>kPV>&Û,>APCBV>A@AYxìaWLMIPaM´P+ÝL@^;R<LF´>&Û�HKBVMIÙKåx<?>qÙ&HRJNPC>GSÊJL@^MOQNÜ-B^WL>#;KBVWN>&@aWNHKFOØ
;KØaBVWL>�PC>AÛ,>APCBV>&@qå8B^WL>�D#ì$í Þ+;RJNF´S6QL;RB-<¨>·BV>qHRÙcWLM´QLÜÇ;=@-ÜR@cHRSLMOQLÜ?Y8*ð>�ÙcWL;ePC>,B^;»JNPV>
BjÞ\;ðÙ�;RQ?PjB^@^HRMOQeB^PAå$@^HKBVWL>A@-B^WNHKQ/MOQNÙ&@V>qHRPVMOQNÜ»BVWN>�Ù&;RÛ,ÝLF´>�-ÊM�Bj]É;RØEÙcWL>qÙcõeM´QLÜðH�Ù&HRÝNHRÙ&M�Bj]
Ù�;RQ?PjB^@^HRMOQeBa<e]�ÙcWL>AÙcõxM´QLÜ�BVWL>kÝ¨;R@VBVM´;RQ�;KØ�H�PC>AÛÌ>qPjB^>&@�Ù�;=JL@cPC>qP+HR@V>#WL>AF´S�M´Q8Y

ò¿ëeJNHKF´M�Bj]ÉÙ&;RQNPCBV@cHKM´QeB^P-B^HKõ=>�HRQ/HK@^<LMOBV@cHK@^]ÚPVJL<NPV>�B,;KØEÙ&;RJL@cPV>APÌHRPÌPVÙ&;RÝ¨>RY$ò¿HRÙcW/;KØ
BVWL>qPC>aÙ�;=JL@^PV>AP)PCWN;RJLFISk<¨>+H=PVPVMOÜ=QL>ASkBVWL>aPVHRÛ,>+D#ì$í�Y�ìaWL>&@^>¿Û�H�]#<¨>+HGÙ�;=QÊýNMIÙ~B)<¨>�BjÞ+>&>AQ
BVWL>+>AëeJNHRFOMOBj]GÙ&;RQNPCBV@cHKM´QeB)HKQ?S�HµÙAHKÝNH=Ù�MOBj]GÙ&;RQNPCBV@cHKM´QeBAåAPV;µMOB)MIP)ÛÌ;=@V>+HRÙAÙ�JL@cH�B^>nBV;GPCÝ¨>AÙ&M�Ø¦]
BVWL>#>AëeJNHRFOMOBj]�Ù�;=QNPjB^@^HRMOQeBaHRP+HRP+ÝL@^>&ßR>AQeBVM´QLÜ-;RBVWL>A@aD#ì$íµP+Ø¦@^;RÛ <¨>&M´QLÜÌH=PVPVM´ÜRQL>qS�Þ�M�B^WLM´Q
M�BcPÌP^Ù�;=Ý?>Ä;KØ2B^WL>�Ù&;RQNPCBV@cHKM´QeB-;RQNÙ&>�HRQe]6ß�HK@^MIHK<LF´>·M´Q¶BVWN>�P^Ù�;RÝ¨>ÄMIPÌHRP^PCM´ÜRQL>qS¶H�D#ì$í�Y
þL;R@kM´QNPCB^HRQNÙ�>=å�MOQ6þ$MOÜ=JL@V>·øLå�Þ\>,WNH�ß=>-êNß=>�Ù�;RJN@^PV>APAåNB^WL@^>&>,;KØaÞ�WLMIÙcW î Za×NZ\ò	�qùRú�ú=ú=øLå
Za×NZ\ò	�qùRú�úRú=æLåNHRQNS�Za×NZ\ò\ø=ùRø�ú=ú��qïaHR@V>#B^WL>�P^Ù�;=Ý?>-;KØÆHKQÇ>që=J?HKF´M�Bj]�Ù�;RQ?PjB^@^HRMOQeBAY¨þ$MOÜRé
JL@V>aø î <?ï)SÊ>&Û,;RQ?PjB^@^HKBV>AP
êNFOBV>A@VM´QLÜESLJL@VM´QLÜE<NHRÙcõeBV@cHRÙcõ#PV>AHK@cÙcWkÞ�MOBVW-QN;RQÊé¼<LM´QNHK@^]GØ¦;R@^Þ+HR@^S
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ÙcWL>AÙcõxM´QLÜ î QNþ�Zaï�â�ø�ç¿Þ�WL>AQ¶í2F´M¿MIP�HRP^PVMOÜ=QL>AS�BV;ðZa×?Z\ò	�qùRú�ú=ú=øLY
ô2;RBV>,BVW?H�B�T+;R<ÉHRQNS
Z\WNHKQLÜ�HK@^>kêNFOBV>&@^>ASÇØ¦@V;=Û�B^WL>�SL;RÛ�HKM´QNPE;KØnBVWN>-@^>&Û�HKM´QLM´QLÜ·ß�HK@^M´HR<LF´>AP2M´QÇB^WL>ÌP^Ù�;=Ý?>-;KØ
BVWL>k>që=J?HKF´M�Bj]ÄÙ&;RQNPCBV@cHKM´QeBAY

{Ali, Bob, Chang}

CSCE252D 001

{Ali, Bob, Chang}

CSCE430 001

{Ali, Bob, Chang}

CSCE230 001{Ali, Bob, Chang}

CSCE150 003

{Ali, Bob, Chang}

CSCE150 002 {Ali, Bob, Chang}

CSCE252D 001

{Ali, Bob, Chang}

CSCE430 001

{Ali, Bob, Chang}

CSCE230 001{Ali, Bob, Chang}

CSCE150 003

(b)(a)

CSCE150 002

Ali

����� ±��N± Â¦dqÃ¿uv�ad&l·`��=dAikbe�v`2mAo
`~È�redA�vu�g��,t^mqle�¼ghfCd&uvlKg+re�h`q½[Â��ÊÃÆw=`cikmAle�¼ghfCd&gj`^�\Ëx��gj`^fjuvl=z-���Ì�[p
wRr=fjuvlezE�h`~d&fjtC³�d�o´gj`^f+dAl�d&�h�huvzqleik`^lKgngjmkpnsep�yn|�}A�k�A� � ½

Z\;RQÊêNQN>&Û,>&QeBGÙ&;RQNPCBV@cHKM´QeB^PEHKF´FO;�Þ JNPEB^;�PVÝ?>qÙ�MOØ¦]UBVWNHKB#H�D#ì)í HRP^PVMOÜ=QL>AS�B^;�;=QL>-;=@
ÛÌ;=@V>�Ù�;RJN@^PV>APkM´Q¶H»Ü=MOß=>&QÉPV>�B

S
å)Ù&HRFOF´>ASðB^WL> ���'� ���+������� �:������å)Ù&HRQLQL;RB-<?>�HRP^PCM´ÜRQN>AS

BV;ÉHKQx]¶Ù�;=JL@cPC>�;RJÊBcPCMISÊ>
S
ånHKQ?S ßxMIÙ�>UßR>A@^P^HLY *Ú>ÇJ?PC>�BVWLMIP·Ù&;RQNPCBV@cHKM´QeB-BV;6ÝL@^>&ß=>&QeB�H

D#ì)í Ø¦@V;=Û <¨>&M´QLÜÌHRP^PCM´ÜRQL>qS,;RJÊBcPCMISÊ>µBVWL>GPC>&B+;RØ8F´HR<NPÆ;=@¿@^>AÙ�MOB^HKBVM´;RQNP\HRP^PC;ÊÙ&M´HKBV>AS,Þ�MOBVW�H
PCÝ¨>AÙ&M�ê?Ù¿PC>qÙ~BVM´;RQ#;RØÊHµÙ�;RJN@^PV>RY�ì\]xÝLM´ÙAHKF´FO]µBVWLMIP8MIP
SL>APVMO@cHK<LF´>nÞ�WL>AQ#BVWL>¿PV>AÙ�BVM´;RQkWNH=P8PV>&ßR>A@^HRF
F´HR<NP�;R@2Ù&;RJL@cPV>AP�HKQ?S�Þ+>kÞaHKQeBaBV;ÄHRFOF´;�ÞàB^WL>-D#ì)í BV;,Ø¦;ÊÙ�JNP2WLM´Pµ;R@�WL>A@2>�ü[;R@VB^P�BV;,BVWN>
ÝNHK@VBVMIÙ�JLFIHK@\PC>qÙ~BVM´;RQ
Y=í2QÄ>�-LHKÛ,ÝLF´>2;KØ8PVJNÙcW·H�Ù&;RQNPCBV@cHKM´QeBÆM´P¿MOF´FOJ?PjB^@^HKBV>AS,M´QÄþ$M´ÜRJL@^>µæ î H=ï~Y

{Ali, Bob, Chang}

CSCE322 001

{Ali, Bob, Chang}

CSCE101 150

{Ali, Bob, Chang}

CSCE230 001

{Ali, Bob, Chang}

CSCE322 001

{Ali, Bob, Chang}

CSCE101 150

{Ali, Bob, Chang}

CSCE230 001

CSCE322 001

{Bob, Chang}

CSCE101 150

{Bob, Chang}

CSCE230 001

Bob

confined variables variable non-binary constraint

{Ali, Bob, Chang}

{Ali, Bob, Chang}

CSCE155 151

CSCE155 152

C

{Ali, Bob, Chang}

CSCE155 151

CSCE155 152

C

Ali

{Ali, Bob, Chang}

CSCE155 151

CSCE155 152

C

Ali

SSS

(a) (b) (c)

����� ±��N± Â¦dqÃ��h³em~ÅÆ��dÇtcmAle�¼ghfCd&u�l�gÌle`^g�Å�mAfj�ÚÅÆuvgj³ mql=`�t^mql=Ëele`cik`^lKg-tcmAle�¼ghfCd&u�l�g~½¿¹�³=`�tcmAl=�
�¼ghfCd&uvlKg�� �ntcmAl=Ëele`cik`cl�g$�h`^gnuv�Æw=`cl=mAgj`~w����kgj³e`+wedA�h³=`~w��h³xdAbÊ`A½?Â��xÃ)zquv��`^�$gj³e`¿Ëx��gj`^fjuvlezGw=r=fjuvl=z
�h`cd&fjtC³�ÅÆ³=`cl»º\�vunuv�#d&�h�hu�zAle`~wÇgjm�pnsep�yn|�}q}Ç|�}�|q{
dAlewÉÂ�t�ÃµzAu��q`c�Egj³=`��hr=�e�h`~È�re`^lKgµËx��gj`^fjuvl=z
ÅÆ³=`cl��$mA�,uv�¿dA�h�huvzql=`~w�gjm�pns=p�y � � ���q�K|q½

ìaWL>ÌP^Ù�;=Ý?>Ì;KØaH�Ù&;RQÊê?QL>&Û,>&QeBkÙ�;=QNPjB^@^HRMOQeB#M´PEB^WL>�PC>&B#;RØ\HKF´FnÙ�;=JL@^PV>APµBVW?H�Bk;�ßR>A@VFIHKÝ
MOQ BVM´ÛÌ>=YÆD#ì)íEPÌH=PVPVM´ÜRQL>qSðBV;6Ù�;RJN@^PV>AP-MOQ

S
Ù&HRQLQL;KB,<¨>�H=PVPVMOÜ=QL>AS6;=JÊB^PVMISÊ>�;RØ

S
YnþL;=@

MOQNPCB^HRQNÙ�>=åÊMOQÇþ$M´ÜRJL@^>Gæ î H=ï~å?HKF´F8Ù�;RJN@^PV>APaHK@^>#PCJL<Lûj>AÙ~B�B^;�HÌÙ&;RQeB^HRMOQNÛÌ>AQeBaÙ&;RQNPCBV@cHKM´QeB
C
Y

C
÷ P�Ù&;RQÊêNQN>&Û,>&QeBµPV>�B

S
Ù&;RQeB^HRMOQ?P¿BjÞ+;,ß�HK@^M´HR<LFO>qP&åNZa×NZ\ò �qùRù �qù��GHRQNSUZa×?Z\ò	�qù=ù ��ùRøÊY

þ)M´ÜRJN@V>�æ î <?ï�HKQ?S î ÙAï�SL>&Û,;RQNPCBV@cH�B^>AP+B^WL>k>�ü[>AÙ�Bµ;KØ
C
SÊJL@^MOQLÜ�<?HRÙcõeBV@cHRÙcõ·PV>AHR@^ÙcW�Þ�M�B^W

QL;RQÊé¼<LM´QNHK@^]�Ø¦;R@^Þ+HR@^S�ÙcWL>AÙcõxM´QLÜNY[èhQ î <?ï�å�;RQNÙ&>ÌíµFOMÆMIP#HRP^PCM´ÜRQN>ASÇB^;ÇZa×?Z\ò	�qù=ù ��ù?�Rå¨Þ+>
êNF�B^>&@ní2F´MxØ¦@^;RÛãBVWL>�SÊ;=Û�HKM´QNP
;RØLBVWN>+ß�HR@VMIHK<LF´>AP
;RJÊBcPCMISÊ>

S
Y�èhQ î ÙAï~å�;=QNÙ�>aT+;R<�MIP�HRP^PCM´ÜRQN>AS
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;RJÊBcPCMISÊ>+;KØ
S
å�WL>aMIP$@V>AÛÌ;�ß=>AS#Ø¦@^;RÛ B^WL>aSÊ;RÛ�HKM´QNP$;KØNBVWL>aß�HK@^M´HR<LF´>AP)MOQ

S
Y�ìaWLM´P�QN>&ÞÉBj]xÝ¨>

;KØ2Ù�;=QNPjB^@^HRMOQeB-W?HRP�M´Q6ØÀHRÙ�BÌHÇÞ�MISÊ>�HKÝLÝLF´MIÙ&HK<NMOF´M�Bj]6HKQ?SÉÙ&HKQÉ<¨>�H=SÊß�HKQeB^HRÜR>A;RJNPVFO]�JNPC>qS
BV; Û,;ÊSÊ>AFµ;KB^WL>&@�ÝL@cHRÙ�BVMIÙ&HKFEPCMOBVJNHKBVM´;RQNPAY\þN;R@�MOQNPCB^HRQNÙ�>=å\M´Q H¶PV]ÊPjB^>&Û Ø¦;R@UPVÙcWN>ASÊJLF´M´QLÜ
Þ\;=@Võ=>&@cP#BV;ÚÛ,H=ÙcWLM´QL>AP�MOQ/HÇØÀHRÙ�BV;=@V]ÉPV>�BCB^MOQNÜNå$Þ\>�Ù�;RJNF´S¶SL>�êNQL>UÙ�;=QÊêNQL>AÛ,>&QeBÌPV>�BcP�B^;
Ù�;RQeBcHKM´QÇÛ,H=ÙcWLM´QL>AP î ß�HK@^MIHK<LF´>APcï+BVW?H�BGHR@V>-MOQ�BVWL>�MOÛ,Û,>ASÊMIH�B^>�ßxMIÙ�M´QLMOBj]�;=@2B^WNH�BG@V>që=JNMO@^>
PCM´Û,MOFIHK@2PVõxMOF´F´P+B^;,;RÝ¨>&@cH�BV>=Y

DGMOß=>&Q BVWNHKB·BVWN>�PVÙ&;RÝ¨>Ç;KØ#BVWNM´P�Ù�;RQLêNQL>&Û,>AQ=BÄÙ&;RQNPCBV@cHKM´QeB�M´PÄßR>&@^]¶FIHK@^ÜR>=åÆM�B�Û,H�]
ÝL@V;�ß=>�>�-ÊÝ¨>&QNPVMOß=>�BV;ðÙcWL>AÙcõðM´Q¶ÝL@cHRÙ~B^M´Ù&>RY$ìaWL>&@^>�Ø¦;=@V>=å
MOB�Û�HKõ=>AP-PV>&Q?PC>�B^;ÚHKBCBV>AÛ,ÝÊB-B^;
@V>&Ø¦;R@^Û-JLFIH�B^>GMOBµHRPµHÌPV>�B2;RØ$<NMOQNHR@V]�Ù�;=QNPjB^@^HRMOQeBcP&YxèhQ»PV>AÙ~B^MO;=QUùÌÞ+>k>APCB^HR<LF´M´PVWÄB^WNH�BGÙ�;RQLé
êNQL>&Û,>AQ=B+Ù�;RQ?PjB^@^HRMOQeBÆMIPÆQL>&BjÞ\;=@Võ-SL>AÙ�;=Û,Ý?;ePVHR<LFO>2HRQNS,SÊMIPVÙ&JNPVP¿M�BcPÆ@^>�Ø¦;=@VÛ�JLF´HKBVM´;RQ,HRPÆHRQ
>AëeJLM´ß�HRFO>AQeB�PV>�B2;RØ)<LM´QNHR@V]ÄÙ&;RQNPCBV@cHKM´QeB^PAY

� �25��cÒÆÑ ��Ô ���$ÐLÖjÒ\Ï Ò���Õ[Ò¿Ï 9=ÐÊÑ��nÖCÏ\Ð�9

:�>AÙ&>&QeBVF´]Rå=@V>qPC>qHK@cÙcWL>&@cP$WNH�ßR>�<¨>&>AQ·MOQxß=>APCBVM´Ü=H�B^MOQNÜGÞ�WN>�BVWN>&@¿MOB\MIP¿H=SÊß�HKQeB^HRÜR>A;RJNP$B^;�WNHKQLé
SÊFO>�QN;RQÊé¼<LM´QNHK@^]»Ù�;=QNPjB^@^HRMOQeBcPGSLMO@^>AÙ�BVF´]�;R@GB^;UêN@^PCBk@V>&Ø¦;R@^Û-JLFIH�B^>ÌBVWL>AÛ HRP#<NMOQNHR@V]ÚÙ�;RQLé
PjB^@^HRMOQeB^PÌâ �AúNå��Rå 0�ç¼Y?ìaWL>A@V>,HK@^>�BVWL@^>&>�Bj]xÝ?>qP#;KØ¿QL;=QÊé¼<LMOQ?HK@^]»Ù�;RQ?PjB^@^HRMOQeB^PEM´QÚ;=JL@GHRÝLÝLF´M�é
Ù&H�B^MO;=Q8Y¨èhQÇBVWLMIPGÝNHKÝ¨>&@qå¨Þ\>ÌHRSLSÊ@^>AP^P�B^WL>-@^>�Ø¦;=@VÛ�JLFIH�BVM´;RQÇ;RØnBjÞ\;�;KØnB^WL>APV>�Ù&;RQNPCBV@cHKM´QeB^PAY
ìaWL>APV>kHK@^>EB^WL>�Ù�;=QÊêNQL>AÛ,>&QeB2Ù�;RQ?PjB^@^HRMOQeB2HKQNSÄBVWN>k>AëeJNHKF´MOBj]ÄÙ�;=QNPjB^@^HRMOQeBqY

èhQÉBVWL>USÊMIPVÙ&JNP^PCM´;RQ¶HR<?;�ß=>Rå
Þ+>Ä>�-ÊÝL@V>qPVPV>AS HKQNS6Ø¦;=@VÛ�JLFIH�BV>qSðBVWL>qPC>UÙ�;=QNPCBV@cHKM´Q=BcP-H=P
QL;RQÊé¼<LM´QNHK@^]UÙ�;RQ?PjB^@^HRMOQeB^PAY *ð>-ÝN@V;=Ý?;ePC>�WN>&@^>�BV;�@V>&Ø¦;R@^Û-JLFIH�B^>kBVWN>&Û9BVWN@V;=JLÜRWÇQL>&BjÞ\;=@Võ
SÊ>AÙ&;RÛ,Ý?;ePCMOBVM´;RQ6M´QeBV;ÇQL>&BjÞ\;=@VõÊPG;KØ�<LM´QNHK@^]�Ù&;RQNPCBV@cHKM´QeB^PAY�èhQ6BVWLMIP�PV>AÙ~B^MO;=Q6Þ\>·SÊ>qPVÙ&@VM´<¨>
BVWL>k@^>�Ø¦;=@VÛ�JLF´HKBVM´;RQ�ÛÌ>qÙcWNHKQNM´PVÛUåxBVWL>�SLHKB^HNåÊ;RJL@�>�-xÝ¨>&@^M´ÛÌ>AQeB^PAåLHKQNS�@V>qPCJNF�BcP&Y

� ��� � �"� ��� � � � !$#�� ��� � � �#� ��! ���
#	� 
'������# ��!��
� #��

*Ú>·@^>�Ø¦;=@VÛ�JLFIH�BV>�H
k
é¼HR@V]»>qëeJNHKF´M�Bj]ðÙ�;=QNPjB^@^HRMOQeBk<x]�@^>&ÝLFIHRÙ&MOQNÜUBVWL>ÄÙ&;RQNPCBV@cHKM´QeB#Þ�MOBVW¶H

Ù�F´M´ëeJL>�;KØ k(k−1)
2

>AëeJNHKF´MOBj]6Ù&;RQNPCBV@cHKM´QeB^P-<?>&BjÞ\>A>&Q/HRFOFaß�HK@^MIHK<LF´>AP-MOQ BVWL>UPVÙ&;RÝ¨>�;RØ2BVWN>
Ù�;RQ?PjB^@^HRMOQeBAYeìaWLMIP¿Û�H�],PC>A>&Û BV;-<¨>#HKQ�;�ßR>A@VõxM´FOF?HRPnB^WL>#PVHRÛÌ>µ>�ü[>AÙ~BaÙ�;=JLF´S·<?>GHRÙcWLM´>&ß=>AS
Þ�M�B^W H¶ÙcWNHRMOQ ;KØ

(k − 1)
>AëeJNHKF´MOBj]/Ù�;=QNPCBV@cHKM´Q=BcP·HRP�PCWN;�Þ�Q M´Q þ$M´ÜRJL@^>ÇäNY 
2;�Þ+>&ßR>A@Aå

{Ali, Bob, Chang}

CSCE150 002

{Ali, Bob, Chang}

CSCE150 003

CSCE252D 001

{Bob, Chang}

{Ali, Bob, Chang}

CSCE150 002

{Ali, Bob, Chang}

CSCE150 003

CSCE252D 001

{Bob, Chang}

(a) (b)

����� ±	�¨± Â¦dqÃnsR³em~ÅÆ�Ædµtcmql=�¼ghfCdAuvl�gnle`^g�Å�m&fj��ÅÆu�gj³-mql=`alemAl=�À�euvlxd�fh�k`~È�rxd&�vuvg��-tcmql=�¼ghfCdAuvl�g�Â��ÊÃ)uv�
mAle`\bÊmq�h�huv�e�v`+fj`^o´mAfjiEre��d&gjuvmql-mAo?gj³euv��`~È�redA�vu�g��ktcmAle�¼ghfCd&u�l�g~½R¹�³=u��n�htC³e`^ik`\uv��l=mAgn`~È�r=u��AdA�v`cl�g)gjm
gj³=`amAfjuvzAu�ledA�[t^mqle�¼ghfCd&uvlKg\wRre`+gjmGgj³=`abÊmq�h�huv�=u��vu�g���mAo
d&�h�huvzqleuvl=z §��=��� ½

PCM´QNÙ�>,Þ+>·HRSÊÛ,MOB ��
 ����ß�HKF´JL>qP&å�Þ+>�Ù&HKQNQL;KBkJNPV>,BVWL>�@^>�Ø¦;=@VÛ�JLFIH�BVM´;RQÚMOQeB^;UHUÙcWNHRMOQð<LJÊB
WNH�ßR>UB^;¶@V>&Ø¦;R@^Û-JLFIH�B^>�BVWL>»QN;RQÊé¼<LM´QNHK@^] >që=J?HKF´M�Bj] Ù�;RQ?PjB^@^HRMOQeB·<x] HÉÙ&FOMIëeJL>»;RØ#<NMOQNHR@V]



|c�

Ù�;RQ?PjB^@^HRMOQeB^PAY�ìaWL>\>�-LHKÛ,ÝLF´>\;RØ?þ$MOÜ=JL@V>\ä î <?ï)MOF´F´JNPjB^@^HKBV>qP8B^WLM´PnPVMOBVJNHKBVM´;RQ8Y�íµP^PCJNÛÌ>�PV>AHR@^ÙcW
êN@^PCBEßxMIPCMOB^P�Za×NZ\ò �qùKúÄúRú=øLå¨H=PVPVM´ÜRQLM´QLÜÄíµFOM$BV;�M�BqY�ìaWL>ÌSL;RÛ�HKM´Q»;KØ�Za×NZ\ò\øRù=øKñ úRú ��M´P
Þ�MOÝ¨>AS ;RJÊBqY$èhQ?PjB^>AHRS¶;KØ2<NH=Ùcõ=B^@^H=ÙcõxMOQLÜ?å
PV>AHK@cÙcW¶HRP^PVMOÜ=QNPkB^WLM´PÌß�HK@^MIHK<LF´>���

� �NY$í+B�B^WLM´P
Ý?;=MOQeBAåLZa×NZ\ò	��ùKú�ú=úRækMIPÆQN;KB+Ù&;RQNPCBV@cHKM´QL>qSÌBV;-<¨>EH=PVPVM´ÜRQL>qSÌíµFOM�åÊHKQNS,Û�H�]ÌB^HRõR>µH�ß�HRFOJN>
MOQNÙ&;RQNPVMIPjB^>&QeBÆÞ�M�B^WÄZa×NZ\ò	�qùRú#úRú=øLY�èhQ,;R@cSÊ>&@$BV;�H�ß=;RMIS�PVJNÙcW,PCMOBVJ?H�BVM´;RQ?P&åKÞ+>aÛ-JNPCBÆÝLFIHRÙ&>
H�<LM´QNHK@^]Ä>që=J?HKF´M�Bj]UÙ�;=QNPjB^@^HRMOQeB2<¨>�BjÞ+>&>AQÇ>&ßR>A@V]�ÝNHKM´@µ;RØnß�HR@VMIHK<NFO>qP�MOQ»BVWL>ÌPVÙ&;RÝ¨>k;KØnBVWN>
;R@^MOÜ=MOQNHRF[QL;RQÊé¼<LM´QNHK@^]·Ù�;=QNPCBV@cHKM´Q=BqY

� �*) � �"� ��� � � � !$#�� ��� � ����� ��� ���	� �	� # 
 � �
��# ��!���� #%�

ìaWL>�@^>�Ø¦;=@VÛ�JLFIH�BVM´;RQÉÝN@V;ÊÙ�>qSÊJL@^>�Ø¦;R@�Ù&;RQÊêNQN>&Û,>&QeBÌÙ&;RQNPCBV@cHKM´QeB^P�Ù�;RQ?PCMIPjBcP-M´Q @^>&ÝNF´H=Ù�M´QLÜ
>AHRÙcW·Ù&;RQÊê?QL>&Û,>&QeBaÙ�;RQ?PjB^@^HRMOQeB

C
<x],H-PV>�B\;RØ	��
�������Ù&;RQNPCBV@cHKM´QeB^PÆ<¨>�BjÞ+>&>AQ�>&ß=>&@^]�ß�HK@^MOé

HK<LF´>�M´Q
S
HKQNS�>&ß=>&@^]�ß�HR@VMIHK<LF´>�M´Q

scope(C)\S
Y+*ð>ÌÙAHKQðPCWL;�Þ B^WNH�BGBVWN>�M´QLMOBVMIHKFÆÙ�;=QÊé

PjB^@^HRMOQeB
C
M´P�>qëeJLMOß�HRFO>AQ=BqåLM´QUBV>&@^Û�P�;KØ$BVWN>kBVJLÝNFO>qP�>&QeB^HRMOF´>AS8åÊBV;,B^WL>-PV>�B2;KØ�ÝL@^;Kûj>qÙ~BVM´;RQ?P

;KØ
C
;=Q�>&ß=>&@^]�ÝNHKM´@Æ;RØ¨ß�HK@^MIHK<LF´>AP�M´Q

scope(C)
å=Þ�WLM´ÙcW�MIP�B^WL>2ÝL@^;RÝ¨;=PV>ASÌ@^>�Ø¦;R@^Û-JNF´HKBVM´;RQ8Y

ìaWeJ?P&å
C
MIP-QL>&BjÞ\;=@Võ6SÊ>qÙ�;RÛ,Ý¨;=P^HK<LF´>RY$ìaWL>Ä@^>�Ø¦;=@VÛ�JLFIH�BVM´;RQ6B^@^HRQNPCØ¦;R@^Û,P-;RQL>�Ù�;=QÊêNQL>&é

ÛÌ>AQeBaÙ&;RQNPCBV@cHKM´QeB¿MOQeB^;
|S| · |scope(C)\S|

<LM´QNHK@^]�Ù�;RQ?PjB^@^HRMOQeB^PAå=H=P\PVWL;�Þ�Q·M´QÄþ$M´ÜRJL@^>GùLY

=
{Ali, Bob, Chang}

CSCE322 001

{Ali, Bob, Chang}

CSCE322 001

{Ali, Bob, Chang}

CSCE101 150

{Ali, Bob, Chang}

CSCE230 001

{Ali, Bob, Chang}

CSCE101 150=

{Ali, Bob, Chang}

CSCE230 001

=

=

=

=

confined variables variable non-binary constraint

{Ali, Bob, Chang}

{Ali, Bob, Chang}

CSCE155 151

CSCE155 152

C

{Ali, Bob, Chang}

{Ali, Bob, Chang}

CSCE155 151

CSCE155 152

S S

(a) (b)

����� ±��N± Â¦d�ÃÆsR³=m�ÅÆ�ngj³=`�tcmql=�¼ghfCdAuvl�g+l=`^g�Å$mAfj��o´fjmqi Ëezqr=fj` � ½[Â��xÃ$u��\dAlÌ`~È�reuv�qd&�v`cl�gapnsRÁ�gj³ed&g
fj`^b=fj`c�h`cl�gj�ngj³e`+tcmqlRËxle`^ik`cl�gntcmql=�¼ghfCdAuvl�g\dA�¿dGle`Vg�Å�m&fj��mAo�( �+*� -, tcmql=�¼ghfCdAuvl�gj�c½

� � � ����� �	
 #�! # � ���
�

DG>&QeBÌ>&B,HRF�Y�Ù�;=Û,ÝNHK@^>�â 0�ç+BVWL>�Ý¨>&@VØ¦;R@^Û,HRQNÙ�>�;KØµ<?HRÙcõeBV@cHRÙcõðPC>qHK@cÙcWÉÞ�M�B^W QL;=QÊé�<NMOQNHR@V]
Ø¦;R@^Þ+HR@^S¶ÙcWN>AÙcõxMOQNÜ î QNþ$Zaï�â�ø�ç2;RQ/QL;RQLé�<LM´QNHR@V]¶Ù&;RQNPCBV@cHKM´QeB^PÌHKQNS BV;ðBVW?H�B�;KØEØ¦;R@^Þ+HR@^S
ÙcWL>AÙcõxM´QLÜ î þ�Zaïn;RQÌB^WL>µ<LM´QNHR@V]ÌSÊ>AÙ&;RÛ,Ý?;ePCMOBVM´;RQ�;RØ[BVWL>µÙ&;RQNPCBV@cHKM´QeB^PÆHRQNS�Ù�;=QNÙ�F´JNSÊ>2BVWNHKB
þ$Z�Ù&HKQNQL;KBkßxM´PVMOB#F´>AP^PkQL;ÊSÊ>qPGBVWNHRQ6QNþ$Z:�=å�QNþ$ZaøLå

. . .
å8QNþ�ZaùÊY8ìaWLMIP�ÙAHKQð<?>#ûjJNPCBVMOêN>qS

MOQeBVJNM�B^MOß=>&F´]ÌH=P�Ø¦;RF´FO;�Þ2PAYRíµQe]�;KØ[BVWN>2QNþ$Z
i
Þ�MOBVW

i ≥ 1
WNHRP\PjB^@V;=QLÜR>A@$ÝN@VJLQNMOQLÜ-Ý?;�Þ+>&@n;=Q

BVWL>�QL;=QÊé¼<LMOQ?HK@^]�Ù�;RQ?PjB^@^HRMOQeB$BVWNHRQÌþ�Z6WNH=P�;RQ�BVWL>�<LM´QNHR@V]�SÊ>qÙ�;=ÛÌÝ¨;=PVMOBVM´;RQ��RYKìaWL>&@^>�Ø¦;=@V>=å
	 lx�¨p��ÄmAl»gj³=`�m&gj³e`^fG³xd&lxwÇ³xd&�EÅ�`cdA��`^f#b=fjrel=uvlez·bÊm~Å�`^fGmql»gj³e`�lemAl=�À�euvlxd�fh�UtcmAle�¼ghfCd&u�l�g
gj³xd&l,�[p6³edA�ÆmqlÌgj³=`a�euvled&fh��w=`ct^mqikbÊmq�hu�gjuvmqlN½



|A|

PCJNÙcW�HKQ�QNþ$Z
i
Û�H�]·HKQLQNMOWLM´FIH�BV>µBVWL>kSÊ;=Û�HKM´QNP¿;RØ8Ø¦JÊB^JL@V>#ß�HK@^MIHK<LF´>AP¿ÛÌ;=@V>#ëeJLMIÙcõeF´]ÌBVWNHRQ

QNþ$Z Þ\;=JLF´S8å8HRP^PCJLÛ,M´QLÜ�BVWL>�P^HKÛ,>�ß�HR@VMIHK<LF´>Ì;R@cSÊ>&@^MOQNÜNY�ìaWL>&@^>�Ø¦;=@V>=å[M�BkÛ�H�]Ç<NHRÙcõeB^@^H=Ùcõ
>AHK@^F´MO>A@aHRQNS�Û�H�]�>&QNS�JLÝUßxM´PVMOBVM´QLÜ,FO>qPVPaQL;ÊSÊ>qPaBVW?HKQUþ$ZEY

èhQ,×x>qÙ~B^MO;=Q�ä?Y �=åqÞ+>a>�-ÊÝLFIHKM´QL>AS�BVWNHKBÆ;RJL@¿Za×�.6Û,;ÊSÊ>&FLHRFOF´;�Þ2P$PC>qHK@cÙcW�BV;kH=PVPVMOÜ=Q ��

���
BV;Äß�HR@VMIHK<LF´>APAY?ìaWNM´PEÛ,>AHKQ?P2B^WNH�B#PC>qHK@cÙcW»SÊ;x>APEQL;KBG<NHRÙcõeBV@cHRÙcõ�Þ�WL>&Q»BVWL>,SÊ;RÛ�HRMOQÇ;RØ¿H
ß�HR@VMIHK<NFO>,MIPkHKQLQLM´WLM´F´HKBV>qS�Y$Z\;RQ?PC>që=JN>&QeBVF´]Rå¨BVWN>·HK<¨;�ßR>ÌÛÌ>AQeBVM´;RQL>qSðH=SÊß�HKQeB^HRÜR>Ì;KØ+QNþ$Z

iÞ�M�B^W
i ≥ 1

;�ßR>A@�þ$Z�;RQ6B^WL>·<LM´QNHK@^]ð@V>&Ø¦;R@^Û-JLFIH�B^MO;=QðSÊ;x>qP�QL;RB-QL>AÙ&>AP^PVHR@VM´F´]»WL;RFIS�Y)èhQ
ØÀHRÙ~BqåRÞ+>2Ù&HRQ·PCWL;�Þ BVWNHKB¿M´Q,BVWL>µÙ&;RQeBV>�-xB¿;KØ[;RJL@\Ù�;RQxß=>&QeBVM´;RQ�Ø¦;R@¿Ù&;RQNPVMIPjB^>&QNÙ&]�ÙcWL>qÙcõeM´QLÜ?å
QNþ$Z:�#HKQNSÄQNþ$Zaø-;RQÄBVWL>#QL;=QÊé¼<LMOQ?HK@^]Ì>qëeJNHKF´M�Bj]=åÊÙ�;RQLêNQL>&Û,>AQ=B�HKQ?S�� 
�������Ù�;=QNPCBV@cHKM´Q=BcP
Ù�;RF´FIHKÝNPV>aBV;-þ�Z ;RQ,BVWN>&M´@¿<LM´QNHK@^]�SL>AÙ�;=Û,Ý?;ePCMOBVM´;RQNPAYKèhQ�ÝNHR@CB^M´Ù&JLFIHK@qå�BVWL>µQL;ÊSÊ>AP¿>�-ÊÝLF´;R@^>AS
HKQNSÄBVWL>�SL;RÛ�HKM´Q�@^>ASLJNÙ~B^MO;=QNP�HK@^>#>�-LHRÙ�BVF´]�BVWL>�P^HKÛ,>=Y

� �
�	5 Ó �$Ð � �nÏEÓ 5�� � 58ÑNÖ � 5
Ï\Ð�9

*Ú>GBV>qPjB^>ASÄBVWL>G>�ü[>AÙ�B�;KØ
B^WL>#@V>&Ø¦;R@^Û-JLFIH�B^MO;=Q�;KØ)BVWL>kÙ�;=QÊêNQL>AÛ,>&QeBaÙ&;RQNPCBV@cHKM´QeB\;=Q·BVWN@V>A>
SLH�BcH2PC>&B^P8Ø¦@V;=Û B^WL>+×xÝN@VM´QLÜEøRúRú��ÆHRQNSkþNHRFOFÊøKú=ú��nHKQ?S-øKú=ú=ø+PC>AÛ,>APCBV>&@cP8M´QkB^WL>+Z\;RÛ,ÝLJLBV>&@
×ÊÙ�M´>&QNÙ&>/HRQNS òÆQLÜ=MOQL>A>&@^MOQNÜ SÊ>&Ý?HK@VBVÛ,>&QeBÚHKB�BVWN>/ó2QNMOß=>&@cPCMOBj] ;RØÄô2>&<N@^H=PCõ�H�éhö8M´QNÙ&;RF´Q8Y
ìaWL>APV>kSLH�BcHÌPV>�BcP2HK@^>#PCJLÛ,Û�HK@^M (&>AS�M´QUì$HK<NFO> ���RY

� ¯=­c¯�¬��R­
sKb=fjuvlez � �A�R| �edA�v� � �q�K| �xd&��� � �A� �

�
	�� «��K®�
�������ª-¬ � } � � � |
��
e­c¯���� 	�� «��K®�
��¿°�
 	 ®&¬��=¬ � � �R| � �

�?`ctVgjr=fj`c� � � � � ��}
�¨d&�e� � � � � � �
�\`^tcu�gCd&gjuvmql=� � � �
�ad&�voO�À�h`cik`c�¼gj`^f � � �

�
	�� «��K®�
������ 	 ¯ � � ­"!Ú°�
#�¨¬c­c®�¯ � �L­~¬ � � |c�
º¨��`^fCd&zq`2d�fjuvg�� } }K½ � � � ½ �

�
	�� «��K®�
��\°q¯�$¨¯e° � ­"!ð°�
#�¨¬c­c®�¯ � �L­~¬ }&� �q� � �
º¨��`^fCd&zq`2d�fjuvg�� � � }A� �q}

�
	�� «��K®�
��\°�
#�&%'�&� � � �Ê­#°�
#�¨¬c­c®�¯ � �L­~¬ | � |~� | �
º¨��`^fCd&zq`2d�fjuvg�� � � }A� �q}
º¨��`^fCd&zq`�tcmAl=Ëele`cik`cl�g$�h`^g¿�hu)(^` � ½ ���%� �R½ � � } �=½ �q} �

�)¯x«��*� �x± _+`c�ht^fjuvb=gjuvmqlÌmAo�gj`c�¼g¿w=d&gCdR½

� JL@�BV>qPjBcP·Ù�;=QNPVM´PCBV>qS ;KØGØ¦;RJL@�>�-ÊÝ?>A@VM´Û,>&QeB^P·Ý?>A@�SLHKB^HÉPV>�BAY\ò¿HRÙcW¾>�-ÊÝ?>A@VM´Û,>&QeB·M´P
H»Ù�;=Û-<LM´QNH�B^MO;=QÉ;KØ2>AM�B^WL>&@ÌH»<LM´QNHK@^]ð;R@�QL;=QÊé¼<LMOQ?HK@^]ÚÛ,;ÊSÊ>&F+Þ�MOBVW PCB^HKBVMIÙ�;R@ÌSÊ]xQNHKÛ,MIÙ
+ ¹�³e`ÄsKb=fjuvlez � �q�K|�w=d&gCd��h`VgÌwRu�wðlem&g�uvl=tc�vrxw=`�³edA��oµdAlewÚoIr=�v�+¹[ºÆ�À�h³euvb6uvl=o´mAfji�d&gjuvmAl-,
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