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[]8;H}å�HÍ6D>r[V6D\�øÓð�Yú<
\]@T>?åx<=EZ[;MGHA\�äG8;@DöJ>A<=æ öhíZFG\]H?IJa)[;MJ<°[;<=:NMGIGH�>hFG<=\ÒEG<=åx<=>A@9ä+<=EÌH?I
[;MG<=@D8]í"@TRu6D:«[;HA@TIG\Â6DIGE°:NMJ6DIGaT<Q6DIGEÖ[;MG<�äÓ@jéÂ<«8Â@TR+ì-èaBÅ8;@D>A@Ta�8;FG>?<�\=ðn�l[ÂH?\zIJ@9[Â:=>A<�698
[;@ÖFJ\-MG@jé [;MG<=\]<�<&xÓ<�:«[;\�:�@DFJ>?E�öÓ<Ò69:�:=F�8V69[;<�>}í�8;<=äG8;<=\]<�Ix[;<=E�öhí)æ�@D8;<Æ[]8V6DEGH?[;HA@DIW69>
ë ã U:��B/ë
>?H?øx<�6D:«[;HA@DI�>A6DIGaTFJ6DaT<=\=ð

2 ì-èaBÅ8;@D>A@Ta�äJ8;@�åx<�E°[;@�öÓ<o6�>A6DIGaTFJ6DaT<Õ:j6Xä
6XöW>?<Õ@TRu\�ä+<=:=HAR·í�HAIGa�[;MG<ÕHAIGH}[;HÍ6D>Ó\]H}[;FJ69[;HA@TI+K
:�6DFG\;6D>W6DIGE"@D[;MG<=8$8;<�>A69[;HA@DIJ\$@TRW[;MG<CEJ@DæÖ6DHAI+Kh69\ÅéÂ<=>A>J6D\$[;MG<CMG<�F�8;H?\�[;HA:CHAIGR·@D8;æÖ69[;H?@TI
>?HAæ"H}[;HAIGa [;MG<�\]<�698;:NMû\�äW6D:=<ú6DIGEûHAæ�äG8;@jå�H?IGa{>hFJ6D>?H?[�íÊ@TRÆäJ>Í6DIG\=ð ã MGHA\4:�@DIh[]8V69\�[;\
é�H}[;Mò\]@Tæ"<�@TRr[;MG<�@D[;MG<«8Æ8;<«äG8;<�\]<=Ix[V69[;HA@TIJ6D>Å6XäJäG8;@x69:NMG<=\oé�MGHA:VM�8;<�>xFJH}8;<�\]<=äW698V69[;<
>A6DIGaTFJ6DaT<=\-R·@D8�<�6D:NM4@TR�[;MG<=\]<Æ:=>Í6D\]\]<=\�@DRP\�[V69[;<=æ"<=Ih[;\=ð

2 ìQIG\�éÂ<«8�\]<«[oäJ>Í6DIGIGHAIGa�äG8;@jåx<=E�[;@
öÓ<"6�aT@h@�E7[;@h@T>$R·@D8Æ@TF�8oäJF�8]äÓ@T\]<Dð1B$698][;>?í)[;MGH?\
H?\QEGFG<Æ[;@ÖIJ@DIGè�IhFGæ"<«8;HA:�6D>PIJ69[;F�8;<Æ@TRv[;MG<oäJ8;@9öW>?<�æ�ð
B/F�[-[;MG<oäW>A6DIGIG<=8.3 \Õ69öJH?>AH?[�í�[;@

4 ~ �xeC{Vq9ÁxeCsAqXivkn�xeC�/yD�rËL�zÁT�D|}�nqjiÅ|��zgV�jg�|}²}gj�x²�e/qjp"i�e;×DwxeV�lkrsAi�qjm kn�xe�g�wTkn�xqji��NÇ



0

5

10

15

20

25

0 10 20 30 40 50 60

T
im

e 
(s

ec
s)

Instance Number

with heuristics

I�JLK À.5JÀ ~ |}moeV�$sÍqji$ingjpxÁxqjmo²���ÃjeVpxe;ing�kne;Á�kne;��kn�N�hyDm�g�ilkr´³²?g�pxpxeVi$qXpx²Ô�

æ"HQ%)äW698V69>A>A<=>$6DIGE7\]<?>hFG<=Ih[;HA6D>PäJ>Í69IJ\o6DIGE_[;@°<�PÖ:=HA<=Ix[;>?í)\]<j6X8;:NM7RS@D8Q[;MG<�æ 6X8;<�[;MJ<
øx<«í�H?IJa98;<�EGHA<=Ix[;\�HAI�[;MG<Æ\]FG:=:�<=\]\�@TR�[;MG<ÕäJ8;@��n<�:«[�ð

2 ã MG<"MJ<=F�8;HA\�[;H?:�\ÆFG\]<=EúH?I�[;MJ<°ë�æ"698][wBr>Í69IJIG<«8ÆéÂ<=8;<�<j6D\�í_[;@4<=IJ:=@�EG<Ö6DIGE�[;@4FG\]<Tð
ñ F�8/<&%�äÓ<=8;H?æ"<�Ix[;\z\]MG@jé�[;MW6X[z[;MG<«íÖ\]H?aTIGH?õJ:�6DIx[;>?í°HAæÒäJ8;@�åx<-öÓ@D[;M+K;>hFJ6D>AH}[�íÖ@TR+äJ>A6DIG\
6DIGE�<&PÖ:=HA<=IG:=í�@DRP\]<�698;:NM+ð

2 �l[Pé/6D\vH?Ix[;<=8;<=\�[;HAIGaQ[;@QIG@D[;H?:�<r[;MJ69[væÖ69IhíÆïJFJ<=Ix[;\$@DRG[;MG<zU ü ëÆEG@Tæ"6DHAIÒMW69EÒIW6X[;FG8V69>
8;<=:�F�8;\]H}åx<ÆEG<=õJIGH?[;H?@TIG\=KW<�6D\]H?>?í�<&%�äG8;<�\]\]H}öJ>A<oHAI�ì-èaBÅ8;@D>A@TaGð ã MGHA\C\]HAæÒäW>?H?õJ<=E�[;MG<Õ8;<«äGè
8;<=\]<�Ix[V69[;H?@TI�öJF�[oäJ8;<=:=>AFGEG<�E7[;MJ<�H?æ"æ"<=EJHA69[;<"FG\]<"@TR üCü ì6� ü �QG.���Å\�[�í�>A<�äJ>Í69IJIGH?IJa
é�H}[;Mú\;69[;HA\�õW69öJH?>AH?[�íò\]@D>?åx<«8;\=ðC�l[Æé�HA>?>ÅöÓ<ÖH?Ix[;<=8;<=\�[;HAIGa4[;@)\]<=<ÖHARÂ\]FG:NMú\]@T>}åx<=8;\Æ:�@DFJ>?E
öÓ<ÖFG\]<�EZ6DRÍ[;<=8�\]@Tæ"<Öæ"@�EGH}õW:�69[;H?@TIG\�@DRÂ[;MG<"8;<«äG8;<�\]<=Ix[V69[;HA@TI+ðC�l[�HA\oäJ8;@9ö
6XöW>}íú6D>A\]@
éÂ@D8][;Mòæ"<=Ix[;HA@TIGH?IJa�[;MJ69[ÆIG@TI�è�æ"@TIG@D[;@TIGH?:�H}[�íò@TRzì-èaBÅ8;@T>?@Ta4äJ>Í6�íT<�Eú6DIúH?æ�äÓ@D8][V6DIx[
8;@T>?<ÆH?I�[;MJ<ÕRS@D8;æÖ69>AHAç�69[;H?@TI4@TR³[;MG<oEG@TæÖ6DH?IuKJ<Dð aGðGHAI4\�äÓ<�:=HARÍí�HAIGaÒ[;MG<oHAIG<«8][;HÍ6"6�%�HA@Tæ�K
:=>A@T\]<=E
éÂ@D8;>?E46D\]\]FGæ�äG[;H?@TIG\CFJ\]<=E�RS@98/EG<�\]:«8;H?öJH?IJa�[;MG<ÕHAIGH}[;HÍ6D>Ó\]H}[;FJ69[;HA@TI+KG6DIGE�@9[;MJ<«8
[�í�äJH?:j6D>uEG<=RL6DFG>?[Cø�IJ@�é�>A<=EJaD<Tð

-/,87�,uÝm,³ÛQá],C9
�jÇy�$g�{V{Vwx�V�:9vÇTg�pxÁ<;Cg��hgjpxÏVgx�:9vÇQ�D�z�n|�pxÃ ~ e;mÆf�qjingj² � qjÃX|�{rknqotPqXpXkni�qj²JyDeNg�i�{]��|}p�g=9hqXilÄ$g�i�Á
tv�hg�|}px|}pxÃz´³²?g�pxpxeViVÇ=È§p%>@?�ACBED(FHGI?�J�DLKNMPOQD(M6RTSVU.MWMPD(M:X����4Ç��Â�hg�²}²?g��-g�pxÁQ�-Ç��Ö|}²}gjpxq ~ ±³Áx�NÇ �]�È¬
CyÒ´³i�eV���N� ~ � �j�jµ �]�m� � �IY`�&�?�



�DÇy�$g�{V{Vwx�V�Q9vÇvg�pxÁZ;�g��hg�pxÏNgT�T9vÇO�P�z�n|}pxÃ ~ eVmof�qjing�² � qjÃj|}{V��knq)±u�Tfxi�eV����yDeNg�i�{��Ìtvqjp9kni�qj²
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gjÃjeVmoeVpXkNÇ9È§p<RTFHK
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