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Q>RTSCUPVXWXY�RTZ[W�\P]_^`\aY�ScbdWeRTV�fIg-hiR;ZCg�R

^`\Pji\[VkUPld\mfaWXUPWeRon>ZChqp[R;VkrehiWts
uc\aVeW�^`\PjijihiZCr;vw^`\Pji\[VkUPlC\�x[y[zP{P|�nofI}

�8� hqWXjqR;sc��g�r;� g�\Pji\[rXWXU'WXRP� R;lCb

�����P�d�C����

� � R8Y0U'��\[VXhqWts�\P]wW � R�VXR;rXR;UPVkg � bcreh Zd¡¢R�p[\Pj bdWehi\[ZI£
U[Ves¤U'ji¡P\[VXhiW � Y0r�]�\[V�W � R5¥[\[¦§f � \[S§fIg � RTlCbdjihiZd¡
¨�Ve\a¦djqRTYª©«¥IfCfI¨�¬ � U[r�rXWXbCldhiR;l\aZdjis®W � R5rXWXU'WXhig
¥dfCfa¨�TucR � R�pP\[jibCWehi\[ZCU[Ves�U'ji¡P\[VXhiW � Y0r � U�pPR6¦wR�RTZ
U[SCSdjihqRTl¯WX\°W � R%Q�sdZCUPY�h g±¥[\[¦²f � \aS�fdg � R;lCbCj³£
h Zd¡²¨`VX\[¦CjqRTY´©�Q¢¥Ifcfa¨�¬ �8� hig � h rµY�\[VXR°reh Y�h³£
j UPVWX\�VXR;UPj³£ � \[VXjil¶U[SCSdjihig;U'WXhq\aZCr��¸·¤R²hiY0SdjiR-£
Y�R;ZaW�U � sd¦CVXhil¡[R;ZdR;Weh gmU'ji¡P\aVehiW � Y¹]�\[V�rX\PjipIhiZC¡
W � R²ldsdZCUPY�h gµ��\a¦ºr � \[S=SCVX\[¦djiR;Y±��}»ldh VXR;g-W
g � VX\[Y�\are\aY�R¼VeRTSCVeRTreRTZaWXU'WXhq\aZEv�g�\[ZaWXUPhiZChiZd¡½W � R
rkg � R;lcbdjqR+hqWkreR;j³]�v`hir�bCrXR;lE�¯¾�VkldR;Ve£t¦CUPrXR;l¤\[SwR;VkU~£
WX\[Vkr>U[VeR�g�\[Y�¦dhiZCR;l � hiW � WeRTg � Zdh �abCR;r>W � UPW�SCVX\'£
lCbcg-R�U[g-WehipPR�U[ZCl%Zd\aZI£¿lCR�j U�s5rXg � R;lCbdjiR;r;��·®R�VXR-£
]�RTV�We\0\[bCVÀUPjq¡[\[VXhqW � YÁUPr�W � R�¾�VXlCR;Ve£«ÂÀUPrXR;l±Ã>h³]Ä£
Å RTV5U[ZClÆ� � \aY�Scre\aZ�©¿¾>Â�Ã���¬5Ã>RTZdR�WXhig®}8ji¡P\'£
VXhqW � Y±�Ç¾>Â�Ã��Áh rmg-\[Y0SCU[VeRTl°h Z§WeRTVXY0r�\']�W � R
�IbCUPjqhiWts�\']�rX\Pj bdWehi\[Zcr+UP¡[U'h ZCrXW+SCbc¦djqh r � R;l½re\[jibI£
WXhq\aZCro]�\aV�¦cRTZCg � Y0UPVkÈµScVe\a¦djqRTY0r��:¾>Â�Ã��=g�\[ZI£
rXhirXWeRTZaWejis�ÉwZclCr�¦wR�WXWeRTV�rX\Pj bdWehi\[ZcrÊ\[Z¢j UPVX¡PRTVÊSCVX\[¦I£
jiR;Y0r�g�\[Y0SCU[VeRTl	We\5rXR�p[R;VkU'jE\PW � R;V�R�p[\Pj bdWehi\[ZCU[Ves
UPjq¡[\[VXhqW � Y0r�v�hiZcg-j bCldh Zd¡+��R;Y0Sw\[VkU'jÌË>\[VXhq�;\[Z®Ã�}
©«��Ë�Í¢¬�U[ZClÎË>R;bCVXh reWXhig;U'jijqsm¡abdhilCR;l%Ã�}Ï©�Ë¢Ã�}¢¬#�

Ð Ñ[Ò �d�CÓÀÔ�Õ����CÖeÓ Ò

}�bCWe\[Y0UPWeR;lÇrkg � R;lCbCjqh Zd¡¤WeR;g � Zd\Pji\P¡[hqRTr � U�p[R±U®¡[VXR;UPW�h Y�£
SCU[g-W�hiZ±VXR;lCbCg�hiZC¡�\aScRTVXUPWehi\[Z5g�\[rXWXr�UPZcl5h Z5h ZCg;VeRTUPrXhiZd¡�W � R
\[SwR;VkU'WXhq\aZCU'jGUPbdWX\[Zd\aY�s	\']�g-\[Y0SdjiR-×:Y0UPZIbI]�U[g-WkbCVeh Zd¡±resdre£
WeRTY0r��A� � R:¡[\[UPjÀ\']�UPZas¼rkg � RTlCbdjihiZd¡§rXsdreWXR;Y)hir5We\°R�Ø�£
g-hiR;ZaWXjqs¢g-\aZ[p[R;VXWÊg�bCrXWe\aY�R;VÊVXR;�Ibdh VeRTY�R;ZaWXrEh ZaWe\�rkg � RTlCbdj UP¦djiR
\[SwR;VkU'WXhq\aZCr;��n�ZI]�\[VXWXbCZcU'WeR;jqs[vÌrkg � R;lCbCjqh Zd¡%SCVX\[¦djiR;Y0r�WtsdSdh³£
g�UPjqjisoldh rXSdj U�soY�bdjiWeh SdjiR�g�\[Z Å hig�Weh Zd¡�\a¦I��R;g�WehipPR;r;�Ì¥[\[¦CrGg-\aY�£
SwR�WeR�]�\[V8VXR;rX\[bcVXg�R;r�W � U'W � U�p[RoWe\5¦wR�UPjqji\dg�U'WXR;l	WX\ÎrXUPWeh r�]�s
W � R8\[¦I��RTg-WXhqp[R;rh Z0U � hi¡ � jis�g�\[ZCrXWXVkU'h ZdR;l�R;ZapIh Ve\aZCY�R;ZaW��GÙ�Z
W � hir � \aVXÈ�v � RµrXWXbclds¼Q�sdZCUPY�h g%¥P\a¦Æf � \[SÚfdg � R;lCbCjqh Zd¡cv
�8� RTVeR�W � R�¡P\[UPjÌh r�We\ÎÉ�ZCl%W � R�rXR;�IbdRTZCg-R�\']�Û���\[¦Cr�WX\+¦wR
g-\aY0SdjqR;WeRTl+\aZ5ÜÝY�U[g � h ZdR;rÀrkbCg � W � UPW8U�¡PhipPR;Z+\[¦d��R;g-WXhqp[R

]�bCZCg�Wehi\[Z¤h roY�h Zdh Y�hq�;R;lE�Î� � RTVeRmU[VeRmU	ZIbCY�¦wR;V¢\P]�ldhqÞ�RTV�£
R;ZaWÀ\a¦I��R;g�WehipPR;r �8� hig � g-\abdj l±¦wR�Y�hiZChiY�hi��R;lÊß8à�¬`W � RoWe\[WXU'j
R�j UPScreRTl	Weh Y�R�We\5g�\[Y0SdjiR�WeR�U'jijC��\a¦Cr�©«Y�U[È'RTrXSCU[ZEvcbCrXR;l	\aZ
rXWXU'WXhig0¥dfCfa¨À¬#vÊ{[¬�W � R � R�hi¡ � WXR;lµY�RTUPZµg�\[Y0SdjiR�WXhq\aZµWXhiY�RPv
|a¬ÊW � R � R�hi¡ � WXR;l�Y�R;U[Z�j U'WXR;ZdRTrXrG\[V�áI¬ÊW � R � R�hi¡ � WXR;l�Y�R;U[Z
h ldjqRoWXhiY�R[�
� � R6Y0U'��\[VXhqWts8\P]dW � R_R;pP\[jibdWXhq\aZCUPVXs�g�\[Y0SCbdWkU'Wehi\[Z¢VXR;rXR;U[VXg �
\[Z5W � Ro¥[\[¦	f � \[S%fIg � RTlCbdjihiZC¡�¨�Ve\a¦djqRTYâ©�¥dfCfa¨�¬ � U[r�g-\[Zd£
g-RTZaWXVkU'WeRTl%\[ZµreWkU'Weh g�¥IfCfI¨�wÙ�ZµW � h r�pPR;VkrXhq\aZ	\']_W � R�SCVX\[¦d£
jiR;Y±v�UPjqj�\']ÎW � R®��\[¦Cr¤UPVXR¯ÈIZd\ � Z�h ZºUPlCp�U[ZCg-R¼UPZCl¶ZC\
g � U[Zd¡PRTr0\Ig;g�bCV;�²Ù�Z�W � R:ldsdZCUPY�h g���\[¦�r � \[S�rXg � R;lCbdjih Zd¡
SCVX\[¦djiR;Y±vEZdR � ��\[¦Cr¢g;UPZ:U[VXVXhqp[R�U~]�WXR;V¢SCVX\dg-R;rkrXhiZd¡+¦cR;¡Ph ZCr��
¾�ZdjisºUL]�R � R�p[\Pj bdWehi\[ZcUPVXs¶UPSCSCVX\[U[g � R;r¼©kã uwU[Zd¡cvµà;äPäPá'å¿v
ã æÌh ZEvdR�WÀU'j«�iv�àTäPäIç~U~å¿vEã Ë�UPVXW�vIR�WÀU'j«�ivEà;äPä[x~åèUPZClã Â�hiR;V � hiVXW � v
R�WoUPj��ivà;ä[äPx~å�¬ � U�pPR�¦cR;R;Z¤UPSCSdjihiR;l®We\±W � RmldsdZCU[Y�h g0g�U[reR[�
� � R8\a¦I��R;g�WehipPRÀ\P]èW � h r`rXWXbClCs�h r_WX\oR�p~U'j bCU'WXR8W � R8R-ÞèR;g�WehipPR-£
ZdRTrXrÌ\']cUÀ¡[R;ZdR;Weh g6U'ji¡P\aVehiW � YÚbCrXhiZC¡�\[VkldRTV�£t¦CUPrXR;l>\[SwR;VkU'WX\[Vkr
g-\aY�¦dh ZdRTl � hiW � W � R>Ã>h³émRTV_UPZCl0� � \aY0SCre\aZ�UPjq¡[\[VXhqW � Y¶U[r
UoVXR;SCUPhiV_Y�R;W � \dl�]�\[V6re\[jqpIh Zd¡�ldsdZCUPY�h gG��\[¦mr � \[Smrkg � RTlCbdjq£
h Zd¡mSCVe\a¦djiR;Y0r¢©�Q¢¥Ifcfa¨�¬
� � R�VXR;rXWÀ\']�W � hir>SCUPSwR;VÀh r8\aVe¡aUPZdhi��RTl+U[r�]�\Pjiji\ � r��`Ù�Z%fIR;gê£
Wehi\[ZÎ{CvaUolCR�WXUPhqjiR;l5ldR;rkg�VXhiSCWehi\[Z�\']EW � R>¥[\[¦Îf � \aS5fIg � R;lcbdj³£
h Zd¡¢¨`VX\[¦djiR;Y�h r�¡PhipPRTZE��faRTg-WXhq\aZ�|�h Z[WkVe\dlCbcg-R;r�W � R�WtsdScRTr�\']
rkg � R;lCbCjqRTrER-×dh reWXhiZd¡�hiZo¥dfCfa¨µU[ZCloSCVXR;rXR;ZaWXrÊW � \8UPjq¡[\[VXhqW � Y0r
W � U'WÎSCVX\dlCbCg-R%W � \WtsdScRTrm\']>]�R;UPrXh ¦djqR:rkg � RTlCbdjiR;r;ß:UPg-WXhqp[R
UPZcl¶Zd\[Zd£¿ldR;jiU�s[�ëfaRTg-Wehi\[Z¶á½rkbCY0Y�U[Vehi��RTrµSCVXR�pIhi\[bCrµ¡PR�£
ZdR;Weh g8U'ji¡P\aVehiW � YºVeRTreRTUPVkg � UPhiY�R;l0UPW6re\[jqpIh Zd¡¢W � R>ldsdZCUPY�h g
¥dfCfa¨�¢fIR;g-WXhq\aZ¶z²ldRTrXg;Veh ¦cRTr:W � R¼U[SCSdjihig;U'Wehi\[ZL\P]Î\[VkldR;Ve£
¦CU[reRTl	\[SwR;VkU'We\aVXr�h Z:rkg � R;lcbdjqh Zd¡5ScVe\a¦djqRTY0r��ÀÙ�Z%rXR;g�Wehi\[Z%ìCv
W � R¢¾�VkldR;Ve£«ÂÀU[reRTl�Ã>hqé0RTV`U[ZClm� � \aY�Scre\aZ+©t¾>Â�Ã���¬U'ji¡P\P£
VXhqW � Yºh rh ZaWXVX\IlcbCg-RTlE�fIR;g-WXhq\aZÎç�rXbCY0Y0UPVXhi��R;r�\abCV_VXR;rkbdjiWXr;�
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}²¦CVXhqR�]E¡PR;ZCR;VkU'jdldR;rkg�VXh SdWehi\[Z�\']èW � R�¥P\a¦0f � \[SÎfIg � RTlCbdjihiZC¡
¨`VX\[¦CjqRTY�hir8lCR;rkg�VXhi¦wR;l±¦cR;jq\ � �
·¤R�ldR-ÉwZCRoW � R¢]�\[jqji\ � hiZC¡�Zd\[WXUPWehi\[Z®ß
õöL÷~øLù-úCùkû�ü h rÀUm|~£¿WXbCSCjqRoVXR;SCVXR;rXR;ZaWeh Zd¡�W � R�ScVe\a¦djqRTY±�



115           171     174         226      250          306          313         344        385        400        474           542

M3

M2

M1 J3

J3

J3J1

J1

J1

J2

J2

J2

JOB

duration

56 72 74

76 56 68

55 63 56

Arrival J1Arrival J3 Arrival J2

Due date J3 Due date J2Due date J1

u�hq¡abCVXR°àPß®fIg � RTlCbdjiR%]�\[V0W � Rµ|��w|Q¢¥IfCfI¨ ldR;rkg�VXhi¦wR;lÇh Z
�GUP¦djiR0à

øòöL÷�ø���ùkø��~ù ����� ùkø�	�ü vaVXR;SCVXR;rXR;ZaWXhiZd¡�W � R�ÜâY0U[g � hiZCR;r;�ú%öA÷Pú
��ù-ú��'ù ����� ù�ú�'ü vCVXR;SCVXR;rXR;ZaWXhiZd¡�W � R�Û¢��\[¦cr���`U[g � ��\[¦Ev ú��>ö ÷P÷��������ù ��� ������	�üaù M�� ��ù������Xù�����ü vGg�\[ZCrXh reWkr\']�ß�U	rXR�W¢\']�\[SwR;VkU'WXhq\aZCr ��� ��� rXSwR;g�h³ÉcRTl®¦as®W � RÎSCVX\dg-RTrXre£
h Zd¡5WXhiY�R�\[Z%RTUPg � Y0UPg � hiZdR[vwW � R0UPVkVehip~U'jÌWXhiY�R�\']_W � R���\a¦
M�� � v`W � R%lCbCR	lcU'WeR+]�\[V�W � R���\[¦ ��� � v`W � R���\a¦ � R�hi¡ � W � �
UPZclÎUPZm\aScRTVXUPWehi\[ZCUPjwSCVXR;g�R;ldRTZCg-R�VeR;jiUPWehi\[Z	©«SCVeR;R;Y0SdWXhq\aZmhir
Zd\[W�U'jiji\ � RTlw¬#�µ� � R+UPVkVXhqp~U'j6Weh Y�R±h r�W � R5WXhiY�R+¦as �8� h g �
W � R¢��\[¦¤g�UPZ¤rXWXUPVXW¢hqWkroSCVX\Ig�R;rkreh Zd¡w��� � RmlCbCR0lcU'WeRmh r¢W � R
Weh Y�Rm¦[s �8� hig � W � R���\a¦ � U[r�We\%¦cRmg�\[Y0SdjiR�WeRTlE��� � R>��\a¦
� R�hi¡ � W�VXR Å RTg-Wkr�W � R�VeR;jiUPWehipPR6h Y0Sc\aVeWkUPZCg�R6\P]cW � R���\[¦�hiZ�W � R
rkg � R;lCbCjqh Zd¡mSCVX\Ig�R;rkr��
û&öâ÷�û��~ùkû��'ù ����� ù#û��-ü VXR;ScVeRTreRTZ[WXhiZC¡±W � RÎUPlcldhqWXhq\aZCU'j`g-\[Zd£rXWXVkU'h Z[Wkr�\']GW � R�SCVX\[¦CjqRTY+�
� � RÀ\a¦I��R;g�WehipPR�hir�WX\�SCVX\IlcbCg-RÀUPZ�\aVXldRTVeRTl�rXR;�IbdRTZCg-R�\']è\[Sd£
R;VkU'WXhq\aZCr�We\%SCVX\dg-R;rkr�\[Z®R;U[g � Y0UPg � hiZdR[��� � RÎSCVe\dg�R;rkreh Zd¡
rXWXUPVXW�Weh Y�RTr�\']ÌRTUPg � \[SwR;VkU'Wehi\[Z5UPVXR�U[rXrXhq¡aZdR;l5re\0UPr`We\0\[Sd£
Weh Y�hq�;RÀW � R8lCR;rXhiVXR;l�\[¦I��RTg-WXhqp[R`]�bcZCg-WXhq\aZ�U[ZCl�We\orkU'Weh re]�s�W � R
SCVX\[¦djiR;YÏg-\aZCreWkVXUPhiZcr��G��U[¦djqRoàÀ¡[hqp[R;r_U[Z�R-×CUPY0SdjiRÀ\']EU�|���|
SCVX\[¦djiR;Y&©«|>��\[¦CrÀU[ZCl+|�Y0UPg � h ZdRTr#¬`UPZcl5u�hi¡[bCVXR�à¢¡[hqp[R;r�U
rkg � R;lCbCjqR�]�\[V�W � h r8SCVX\[¦djiR;Y±�

�GUP¦djiR¯à[ß �6×CUPY0SdjiR:\']�U¼|��w|¯Q�¥dfCfa¨��uc\aVÎRTUPg � ��\[¦ÚU
rXR;�IbdR;Zcg-Rm\']�\[SwR;VkU'WXhq\aZCr�hir�rXSwR;g�h³ÉcRTlE�µ©"!¤¬¢ldRTZd\PWXR;r�Y0U'£
g � h ZdR;r;vCUPZclã W�åGldR;Zd\[WeRTrÀSCVe\dg�R;rkreh Zd¡�Weh Y�RTr��
#%$%& ')("*,+�$.-�$%/0("132.435 $%687 9
131"+4�5 :;( <
=8(�>82.4�( ?@("5 A%B�4
#�C D�E%F"G H.I.J�DLKMF"G H.K.J�DNC.F"G H%EOJ C.H.P P%K%Q C�+ R%Q#ME DLKMF"G S.I.J�DNC.F"G H.P.J�D�E%F"G I%R.J K%P%P S.I%R K�+ T%K#%K DNC.F"G S.I.J�DLKMF"G S%SOJ�D�E%F"G S.I.J C%C.S E.T%I E)+ E.P

FEASIBLE

INADMISSIBLE

SEMI-ACTIVE

ACTIVE

NON-DELAY

OPTIMAL

INFEASIBLE

u�hq¡abCVXR5{dßVU8R;jiUPWehi\[ZCr � h S¤U[Y�\[Zd¡%W � RmWtsdScRTro\']8rkg � R;lCbCjqRTr
h Z±¥dfCfa¨

W �YX Z\[][\^`_�H�@bacaT�edgfP@d�T�Yh�B

Ù�Z¢W � Rji,k.l�k"mYn�o�pqpsr®vTUPjqjPW � RÌ��\[¦Cr�UPVXR_VeRTUPlds>We\�rXWXU[VeWÌUPWÊW � R
¦wR�¡Ph ZCZdh Zd¡�\P]ÊW � R�rXg � R;lCbdjiR�U[ZCl0W � R�Y0U'h Z0\[¦I��RTg-WehipPR>bCreRTl
h r�W � R+Y0UPÈPR;rkSCUPZE�%Ù�ZW � Rut�vwxl�yzmYn{o�p�p
r�vÌ\aVz|zo�p�psrÀv
��\[¦cr�g;UPZ:U[VXVXhipPR�UPW�rX\[Y�R0ÈaZC\ � Z~}Mt���k.���,yzm�wqm3i,k"mYnM��\[V�bCZI£
ÈIZd\ � Z�}Oi,k.�cn8�bl�i,kOmYn%�µ]�bdWXbCVXR¤Weh Y�R[� ·¤R¤SCVXR;rXR;ZaW	VeRTrXbCjqWkr
]�\[V5W � R¤ldR�WXR;VkY�hiZdh rXWeh g:Q¢¥IfCfI¨v`¦wR;g�U[bCrXRµre\aY�R:\']oW � \[rXR
� Rµg-\aY�ScUPVXRµU'¡aU'h ZCreWÎVXR;�Ibdh VXR:W � h r+hiZI]�\aVXY0UPWehi\[ZE�AË>\ � £
R�p[R;V;v�\abCV�UPjq¡[\[VXhqW � Y�ld\IR;r�ZC\PW�VXR;�Ibdh VXRÎ\[V�bcreR+hiZI]�\aVXY0U'£
Wehi\[Z®UP¦w\[bdW�]�bdWkbCVXR�U[VXVXhqp[R�Weh Y�R;r;vÌUPZcl:h r�U±Y�\[VXR�¡[R;ZdRTVXUPj
UPScSCVe\aUPg � W � UPW8U'j re\ � \aVXÈIr`]�\[V�W � R�rXWe\dg � UPrXWeh g�Q�¥dfCfa¨�

� �8ó ��IÖ���� ó¶ï ��� ó Ô�Õ�� ó �¼Ö Òâî8ï>ï�ð

� � RTVeR�UPVXR_]�\[bcV�g�jiU[rXrXR;r�\']d]�RTUPrXhi¦djiR�rXg � RTlCbdjiR;r �8� h g � UPSCSCjqs
We\+U'jijÌ¥Ifcfa¨²p~UPVXhiU[Z[Wkr�ß6hiZCU[lCY�hirkrXhi¦djiRPv�reRTY�h³£tUPg�WehipPRPvwUPg-WXhqp[R
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rkSCVeh Zd¡ar���� � \�pPRTVXrXhq\aZCr_\P]ÌW � R���Ë>ÍLUPjq¡[\[VXhqW � Yâ©¿f�vdrXR;VXhiUPj
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