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(a) : Example of a Vehicle Routing Problem 
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(b) : Example of a Routing Problem with Profit 
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(c): Example of a Routing Problem to Minimize Unmet demand 
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ïÙQðFù ä Ô0Ø ÙzØ Ð Ö ú á Ô0Ø Ð ú ö Ýû÷_Õ<ø©Å Ñ+ø©ÄÛß ÝDõ � ß

Ò�Ó�Ô ïÙRð�ù ä Ô0Ø ÙzØ Ð2ú á Ô0Ø Ð ô�â Ô0Ø Ð ú ö Ýû÷_Õ<ø©Å Ñ+ø©ÄÛß ÝDõ � ß
ÓeÅ·É	Ô�Ë�ÆÍØ*È±É�Ë�Ô/Ý®õ E ß�ã�Ý�3 ù ßeØ*Ç	Ç	Æ²Î°Ô²Ô4É	ÅwÇ	Î�ÔÍÎuÆ²ÜwÈ±ÄuÎ�Ä°Å·É	Ô�Ë�ÆÍØ*È±É�Ë�ÔuÐ

Ý ù ô Þ Ô�Ø Ð ßgÖ ú â Ô�Ø Ð Ýû÷_Õ<ø©Å Ñ$ø¨ÄÛß ÝDõ E ß
ïÙRð�ù ä Ô�Ø ÙzØ Ð ú Þ Ô0Ø Ð Ý0÷_Õ�ø¨ÅQà�Ñ+ø©ÄÛß Ý�3·ö�ß

ïÙRð�ù ß ÙzØ Ô�Ø Ð ô ïÙRð�ù ß Ô�Ø ÙzØ Ð ö Þ Ô0Ø Ð Ö Ý0÷_Õ<øAÅQà�Ñ+ø©ÄÛß Ý�3 ù ß
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��Ì	Î?ÔÍÎuÄ°Å·ÉMÇ.ÆÍÎuÄ°Å·æMÆÍÔÍÎ'Ô²ËÍÆ�Ø�ËÍÎ°Ê*ì í«È±Ù±Ù_Ù±Î°Ø*Ç Ë�ÅóØÛÆ²Î°Ô²æ	Ù¬Ë§Ø�Ë�Ù¬Î�Ø*Ô�Ë§Ø*Ô�Ê·ÅwÅKÇïØ*Ô¤ËÍÌ	Î$ü2ÆÍÔ�Ë¥Å*É	Î?â�ìç	Æ²Å[ÜwÈ¬Ç	È±É	Ê'Î#þwËÍÆ�Ø'ÕÖÆ²Î°ÎuÇ	Å·ä Å·ÉóÎ#þKÎ°ÄuæMË�È¬É	Ê�ËÍÌ	Î¥Æ²Å·æMËÍÎ§í«Ì	È¬Ä�Ì Ø*Ù¬Ù±Åií«Ô�ÔÍÅ·ä§Î�ÔÍå�È±çMç	È±É	Ê�Å·ÉÛË�Ì	Î§Ù±ÅiíÇ	Îuä¨Ø*ÉMÇ)Ù¬ÎuÜ*Î°Ù;É	ÅwÇ	ÎuÔ�í«ÌMÈ±Ù±Î5Ô²Ë�È¬Ù±Ù3ç	ÆÍÎuÔÍÎ°Æ�ÜwÈ±É	Ê$Ë�ÌMÎ¥Ø�ÇMÜ�Ø*É�Ë�Ø*Ê·ÎuÔ�Å*Õ1Ä°æ	Ô�Ë�Å·ä§Î°Æ}ãzÜ*Î°Ì	È¬Ä°Ù±Î¤Õ�Ø�ä¥È¬Ù±ÈëØ�ÆÍÈ¬Ë�ìØ*É	Ç�Ë�ÌMÎ�ÆÍÎ�Ø�Ç	È±É	ÎuÔÍÔ
ÕÖÅ·Æ8ËÍÆ�Ø*È¬É	È±É	Ê�çMæ	ÆÍç©Å·ÔÍÎuÔ1Ø*Ô!íeÎuÙ±ÙDÐ¹��Ì	Î�Ë�ÆÍØ*Ç	Î#ãzÅ*ð$È¬Ô;Ë�Ì2Ø�Ë
È�Ë
ÆÍÎ�	wæMÈ±ÆÍÎuÔ1Ø*Ç	Ç	È�Ë�È±Å*É2Ø*ÙÄ°Å*ä¥ç	æKË�Ø�ËÍÈ±Å·É2Ø�Ù©Î#ð0Å*Æ²Ë�Ô²È±É	ÄuÎ�Ë�Ì	Î�Ü*Î°Ì	È¬Ä°Ù±Î&12Åií Ü�Ø*Æ²ÈëØ*â	Ù¬Î°Ô_Ø*ÆÍÎ�È¬É�Ë�ÆÍÅwÇ	æ	ÄuÎ°Ç$È¬É�ËÍÅ5Ë�ÌMÎ�ä¥ÅwÇ	Î°Ù>Ø*Ê�Ø�È±É9Ð
�4Åií_ÎuÜ*Î°Æ°à«Ë�ÌMÎ412Î#þKÈ¬â	È±Ù¬È¬Ë�ì Å·ÉÞË�Ì	Î'Ü·Î°ÌMÈ±Ä°Ù¬Î�12Åií È±Ô§ÆÍÎuÔ²ËÍÆÍÈ±Ä#Ë�ÎuÇIí«È¬Ë�ÌMÈ±ÉÞËÍÌ	Î�üKþMÎuÇ ÆÍÅ·æKË�Î*à@í«ÌMÈ±Ä�ÌÇ	ÆÍØ*ä¨ØSË�È±Ä°Ø*Ù±Ù�ì Ç	ÎuÄ°Æ²Î�Ø*Ô²Î°Ô�Ë�ÌMÎ¤Ø*Ç	ä§È±Ô²ÔÍÈ¬â	Ù±Î�ÔÍÎ°Ø*ÆÍÄ�ÌµÔ²ç2Ø*ÄuÎ¤Ä°Å·ä§ç2Ø*Æ²Î°ÇQí«È�Ë�Ì'Ë�Ì	Î7ü2ÆÍÔ�Ë²ã�Ô�Ë�Ø*Ê*Î5ä§ÅKÇ	ÎuÙDÐ
�4ÎuÉ	Ä°Î�à0È�Ë¦Ä°Ø*ÉQâ©Î5Ô²Å·Ù¬Ü*Î°Ç¶ÎK�¥ÄuÈ±ÎuÉ�ËÍÙ¬ì*Ðm�óÎ5Ä°Ø*Ù±Ù�È�Ë�ËÍÌ	Î5å�É2Ø�ç	Ô�Ø*Ä�å'ÆÍÎuÄ°Å·æMÆÍÔÍÎ5Ô²Ë�ÆÍØ�Ë�ÎuÊ*ì'â>ÎuÄ�Ø*æMÔÍÎ5í_Îç	Æ²Å·ç>Å*ÔÍÎ@Ø�É¤Ø*ç	çMÆÍÅ�þKÈ±ä¥Ø�Ë�È¬Å·É�ÔÍÅ·Ù¬æMË�È¬Å·É7Ø*ç	ç	Æ²Å�Ø*Ä�Ì¤â�ì7ÔÍÅ·Ù�ÜwÈ±É	Ê4Ø4å�É2Ø*çMÔ�Ø*Ä�å7ç	ÆÍÅ*â	Ù±Îuä�Ðw��Ì	ÎeçMÆÍÅ·â	Ù¬Î°äÄ�Ø�É$â>Î�Ô²Å·Ù¬Ü*Î°Ç?Î��§Ä°È¬Î°É�Ë�Ù�ì¨â�ì¥Ë�Ì	È¬Ô�Ø*ç	ç	Æ²Å�þMÈ¬ä¨ØSË�È±Å*É Ø*Ù¬Ê·Å·ÆÍÈ�Ë�Ì	ä Ø�É	Ç Ë�Ì	Î�ÇMÎuË�Ø�È±Ù±Ô_Å*Õ�Ë�Ì	Î�Ø�ç	ç	ÆÍÅ·Ø*Ä�Ìí«È±Ù¬Ù0â©Î�Ç	È±Ô²Ä°æ	Ô²ÔÍÎ°Ç�È±É$Ë�ÌMÎ7ÉMÎ#þwË¦Ô²Î°Ä#Ë�È±Å*É9Ð
��������� ����� � �#W�9;XK-37;7>Y�7>0R)@+,%.-/+A�!032
��Ì	Î1ÙëØ*Ô�Ë�ç	ÆÍÅ*ç>Å·Ô²Î°Ç7ÆÍÎuÄ°Å·æ	Æ²ÔÍÎ_Ô²Ë�ÆÍØ�Ë�ÎuÊ*ì�È¬Ô�ËÍÅ«ÔÍÅ·Ù�Ü·Î1Ø�ÇMÎuË�ÎuÆÍä§È±É	È¬Ô²ËÍÈ±Ä;Æ²Å·æMË�È¬É	Ê«ç	ÆÍÅ*â	Ù±ÎuäZË�Å«ä§È±É	È¬ä¥È¬ÿ°ÎË�ÌMÎ�æ	É	ä§ÎuË�Ç	Îuä¨Ø�É	Ç$æ	ÔÍÎuÇ$ÕÖÅ·ÆeË�ÌMÎ�ü2ÆÍÔ�Ë�ç	ÙëØ�É	É	È±ÉMÊ¤Ô²Ë�Ø*Ê·Î�â�ì çMÙ±æ	Ê·Ê*È±É	Ê¤È¬É¨Ë�ÌMÎ�Ø*ÄuËÍæ2Ø*Ù>ËÍÆ�Ø�Ü·ÎuÙ0Ë�È¬ä¥ÎØ*É	ÇïÇ	Îuä¨Ø*ÉMÇïÜ�Ø*Ù¬æ	Î*Ðÿ��Ì	Î�Ø*ÇMÜ�Ø*É�Ë�Ø�Ê·Î?Å*Õ4ËÍÌ	È±Ô�Ô�Ë�Æ�ØSË�Î°Ê�ì Ù±È¬Î°Ô�È±É ËÍÌ2Ø�Ë§È¬Ë�ç	Æ²ÅiÜKÈ¬Ç	Î°Ô�ËÍÌ	Î�Ù±Ø*ÆÍÊ*Î°Ô²ËÔÍÎ°Ø*ÆÍÄ�ÌÛÔ²ç2Ø*Ä°Î�Ø�É	Çµä¥Å*Ô²Ë21	Î#þKÈ±â	È¬Ù±È�Ë�ì?ÆÍÎ°Ê·Ø*ÆÍÇ	È¬É	Ê¨ËÍÌ	Î¤Ä°æMÆÍÆÍÎuÉ�Ë�Î°ä§Î°ÆÍÊ*Î°É	Ä#ìQÔ²Ä°Î°É	Ø*ÆÍÈ¬Å	Ð � æMË�È�Ë�Ù¬Å·ÔÍÎuÔË�ÌMÎ�ç	ÆÍÎ�ã�å�É	Åií«Ù±ÎuÇ	Ê·Î�Å*Õ
Ë�ÌMÎ¤ç	ÙëØ�É	É	Î°ÇµÆ²Å·æMËÍÎ°Ô�í«Ì	È¬Ä�Ì)ä¥Ø*å�Î°Ô�È¬Ë¦Ç	È��§Äuæ	Ù¬Ë4ÕÖÅ·Æ¦Ë�ÆÍØ*È±ÉMÈ±É	Ê¨Ø*É	ÇÛÇ	ÆÍÈ�Ü·ÎuÆÙ±Î°Ø*ÆÍÉMÈ±É	Ê/Å·É Ë�Ì	Î�Æ²Å·æMËÍÎ°Ô°Ð_ÑKÈ¬É	Ä°Î4Õ�Ø*ä¥È¬Ù±È±Ø*ÆÍÈ�Ë�ì5Å*Õ�ËÍÌ	Î�ÆÍÅ·æKË�Î°Ô@Ø*É	Ç Ë�ÆÍØ*È±ÉMÈ±É	Ê5Ø*ÆÍÎ�È¬ä¥ç©Å·Æ²Ë�Ø*É�Ë@Ø�ÔÍç©Î°ÄuËÍÔÅ*Õ8ÆÍÎ°Ù¬ÈëØ*âMÙ±Î�Ô²Å·Ù±æMËÍÈ±Å·ÉMÔ°à2È¬Ë«È¬Ô«È±ä§ç	Æ�Ø*Ä#Ë�È¬Ä�Ø*Ù©Ë�Å¥Ø*ç	ç	Ù�ì$Ë�Ì	È¬Ô�Æ²Î#ãzç	ÙëØ*É?Ô�Ë�Æ�ØSË�Î°Ê�ì?È±É'ÆÍÎ�Ø�ÙkÙ±È¬ÕÖÎ�Ð���ÅiíeÎ#Ü·Î°ÆuàË�ÌMÈ±Ô§Ô²Ë�ÆÍØ�Ë�ÎuÊ*ìïÄ�Ø*É.ç	ÆÍÅiÜwÈ±Ç	Î�æ	Ô¥í«È�Ë�Ì Ø)â>Å*æ	É	Ç.ËÍÅ Ä°Å*ä¥ç2Ø�ÆÍÎ�Ø*É	ÇIÎ#Ü*Ø�Ù±æ2Ø�ËÍÎ'ËÍÌ	ÎQçMÆÍÎuÜwÈ¬Å·æ	Ô¥Ë�í_ÅÔ²ËÍÆ�Ø�ËÍÎ°Ê·È¬Î°Ô«È±É ËÍÌ	Î�Î#þKç©Î°ÆÍÈ¬ä¥ÎuÉ�Ë�Ø*ÙkÔ²Î°ÄuËÍÈ±Å·É'â©Î°Ù±Åií�Ð
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8È¬Ê·æ	ÆÍÎ7õ�, ú Ù±Ù±æMÔ²Ë�ÆÍØ�Ë�È¬Å·É Å*Õ3Ë�Ì	Î7×D�#(²(�ÅiÜ·ÎuÔ°Ð
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� ö ¥ à E ö ¥ à ù ö·ö ¥ Ø*É	Ç ù õ*ö ¥ Å*Õ�Ë�ÌMÎAXQ`��FL�ª��k` MONbJSN«�óØ*Ô5ËÍÌ	Î$Ø�Ü�Ø*È±Ù±Ø*â	Ù¬Î§Ô²æ	ç	ç	Ù�ì¤	�æ2Ø�É�ËÍÈ¬Ë�ì*Ð©��Ì	Î
XQ`��FL¬ª��k` MONbJSN���Å*Õ0ËÍÌ	Î�ËÍÅ*Ë�Ø�Ù2ÔÍæ	ç	çMÙ¬ì¥Ø�Ë
Ë�Ì	Î�Ç	Îuç>Å*Ë_È±Ô1Ç	Î#ü2É	Î°Ç¥Ë�Å7â>Î«Ë�Ì	Î�ÔÍæMä¥ä¥Ø�Ë�È¬Å·É�Å*Õ0ËÍÌ	Î�ä¥Î°Ø*ÉÇ	Îuä¨Ø*ÉMÇ�	�æ2Ø*É�ËÍÈ¬Ë�ì?Ø�Ë�Ø�Ù±Ù0ËÍÌ	Î�Ç	Î°ä¥Ø*É	Ç'É	ÅwÇ	Î°Ôuà	í«Ì	È±Ä�Ì'È±Ô ù ö*öMàèõ*ö·öKà2Ø*É	ÇQ÷*ö·ö�Å·É�Ø�Ü·Î°ÆÍØ*Ê·Î�ÕÖÅ·Æ�Ë�ÌMÎË�ÌMÆÍÎ°Î/Ç	È¬ð>Î°Æ²Î°É�Ë4ÔÍÈ±ÿuÎ/çMÆÍÅ·â	Ù¬Î°äûÔ²ÎuËÍËÍÈ±É	Ê*Ô¦ÆÍÎuÔÍç©Î°Ä#Ë�È¬Ü*Î°Ù�ì·Ðm��Ì	Î5ÇMÎ�Ø*Ç	Ù¬È±É	Î�È¬Ô4Ô²ÎuË¦ËÍÅ�5·ö ¥ à9÷*ö ¥ à©ø·ö ¥ à
� ö ¥ à ù ö·ö ¥ Ø*É	Ç ù õ*ö ¥ Å*Õ�ËÍÌ	Î©XQ`��FL�IWV���NsLCY0LKM�T N£�wÐ$��Ì	Î©XQ`��FLCIWV���NsLCY0LKM�T NS� È¬Ô/Ç	Î#ü2É	ÎuÇîØ*Ô5Ë�ÌMÎØ�Ü·ÎuÆ�Ø*Ê·Î4Ù±ÎuÉ	Ê*Ë�Ì¥Å*ÕkØ�Ù±Ù	Ë�ÌMÎ¦Î°ÇMÊ·Î°Ô_È±É�Ë�Ì	Î�Ê·Æ�Ø�ç	Ì¥ËÍÈ±ä§Î°Ô
Ë�Ì	Î4Ø�Ü·Î°ÆÍØ*Ê·Î4ÉwæMä¤â>ÎuÆ_Å�ÕkÔÍÎuÆ²Ü·ÎuÇ$É	ÅwÇ	Î°Ô_ç>ÎuÆÜ·ÎuÌ	È±ÄuÙ±Î�Ð;
2Å·Æ
Î#þMØ*ä§ç	Ù±Î�àwÕÖÅ·Æ!ËÍÌ	Î4Ô²È±ÿuÎ�÷*ö�ç	Æ²Å·â	Ù±Îuä�àK÷*ö�Ç	Îuä¨Ø*ÉMÇ¨É	ÅwÇ	Î°Ô_Ø*Æ²Î4Ô²Î°Æ²Ü*Î°Ç$â�ì ù ö�Ü·Î°ÌMÈ±Ä°Ù¬Î°Ô�-ÔÍÅ$Å*ÉóØ�Ü*Î°Æ�Ø�Ê·Î*àkÎ°Ø*Ä�ÌµÜ·Î°ÌMÈ±Ä°Ù¬Î¤ÔÍÎuÆ²Ü*Î°Ô5÷¨Ç	Î°ä¥Ø*É	ÇµÉ	ÅwÇ	ÎuÔ�-�Ì	Î°ÉMÄ°Î�Ë�Ì	Î¤ØiÜ*Î°ÆÍØ*Ê·Î�É�æ	ä¤â©Î°Æ�Å*Õ1Ô²Î°Æ²Ü*Î°ÇÉ	ÅwÇ	Î°Ô§ç©Î°Æ�Ü·ÎuÌ	È±ÄuÙ±Î'È±Ô¥÷KÐÿ� Î'Ä�Ø*Ù¬Ù@Å·É	Î'Ä°Å*ä¤â	È±É	Ø�Ë�È¬Å·É Å*Õ¦ËÍÌ	Î'Ç	Î�Ø*ÇMÙ±È±ÉMÎ?Ø*É	ÇÞËÍÌ	Î?Ë�Å*Ë�Ø*Ù@ÔÍæMç	ç	Ù¬ìç2Ø*ÆÍØ*ä§ÎuË�ÎuÆÍÔ1Ø
NsLQ�KN<�a`��FL#Ð ú É�Ë�Ì	Î«Î�þMç©Î°Æ²È±ä§Î°É�Ë
Ë�Å�ÎuÜ�Ø*Ù¬æ2Ø�ËÍÎ@Ë�Ì	Îm	�æ2Ø*Ù¬È¬Ë�ì¤Å�Õ>ËÍÌ	Î�Ë�Ø*â	æ§Ì	Îuæ	ÆÍÈ¬Ô²Ë�È¬Ä*à·í_ÎÆÍæMÉ¤Î�Ø*Ä�Ì5ç	ÆÍÅ·âMÙ±Î°äXÔ²ÎuËÍËÍÈ±É	Ê4Å·É E NsLQ�KN��a`��FLQ�#à[í«Ì	È±Ä�Ì¤Ø*ÆÍÎ_È±Ç	ÎuÉ�ËÍÈ¬ü2ÎuÇ5â�ì7Ë�Ì	Î_Ç	È¬ð>Î°Æ²Î°É�Ë;ÄuÅ·ä¤â	È¬É2Ø�Ë�È¬Å·É	ÔÅ*Õ�Ë�ÌMÎ7ÇMÎ�Ø*Ç	Ù¬È±É	Î¦Å·É$Ë�Ì	Î�Ç	Îuä¨Ø�É	Ç?É	ÅKÇMÎ°Ô/Ý�35Ë�ìwç©Î°Ô�,#5�ö ¥ à � ö ¥ à ù õ*ö ¥ ßeØ�É	Ç$Ë�Ì	Î�ËÍÅ*Ë�Ø*Ù0ÔÍæ	ç	çMÙ¬ì$ØSËË�ÌMÎ¥Ç	Îuç>Å�Ë$Ýb3'Ë�ìwç>ÎuÔ�, � ö ¥ à E ö ¥ à ù õ*ö ¥ ß�Ð ú ÉóËÍÌ	Î¥Ô²È±ä¤æMÙëØ�ËÍÈ±Å·É¶ËÍÅQÄ°Å*ä¥ç2Ø�ÆÍÎ§Ç	È¬ð>Î°Æ²Î°É�Ë5Æ²Î°ÄuÅ·æ	ÆÍÔ²ÎÔ²ËÍÆ�Ø�ËÍÎ°Ê·È¬Î°Ôuà	íeÎ7Ì2Ø�Ü·Î!3·ö+NsLQ�KNm�a`��FLQ��ÕÖÅ·Æ�Î�Ø�Ä�ÌQç	Æ²Å·â	Ù±Îuä�Ô²ÎuËÍËÍÈ±É	ÊMà	í«Ì	È±Ä�Ì�Ø*ÆÍÎ�ËÍÌ	Î�Ä°Å·ä¤âMÈ±É2Ø�ËÍÈ±Å·ÉMÔ@Å*Õø�Ë�ìKç©Î°Ô_Å*Õ9ÇMÎ�Ø*Ç	Ù¬È±É	Î/Ý£5�ö ¥ àK÷*ö ¥ àwø·ö ¥ à � ö ¥ à ù ö·ö ¥ à ù õ*ö ¥ ß!Ø*É	Ç ÷�Ë�ìwç©Î°Ô_Å*Õ0ËÍÅ*Ë�Ø*Ù2Ô²æ	ç	ç	Ù�ì�Ý � ö ¥ à
� ö ¥ à E ö ¥ à ù ö·ö ¥ à ù õ�ö ¥ ß#Ð

õ*ö
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�hÅ'Î#Ü�Ø*Ù±æ2ØSË�Î/ËÍÌ	Î
	�æ2Ø*Ù¬È¬Ë�ì�Å*Õ1Å·æ	Æ�Ë�Ø�â	æµÌ	Î°æMÆÍÈ±Ô�Ë�È¬Ä*à0í_Î�ÆÍæ	É¶ËÍÌ	È±Ô�Ô²Î�Ø*Æ²Ä�Ì)çMÆÍÅwÄ°Î°Ô²Ô�Å[Ü*Î°Æ/÷¨Æ�Ø�É	Ç	Å·ä
�oIWV X�Y0LKZê�FLKNbN�JSM�T��/ÅiÜ·ÎuÆ4Î°Ø*Ä�ÌQç	Æ²Å·â	Ù¬Î°ä�Ô²È±ÿuÎ¨Ý ù öMà©õ*ö�Ø*ÉMÇ¶÷*ö·ß«Ø�Ô�ÇMÎ°ÔÍÄuÆÍÈ¬â>ÎuÇQØ*â©ÅiÜ·Î�Ð#�óÎ5Ø�Ù±ÔÍÅ�Æ²æ	ÉË�ÌMÎ°ÔÍÎ?ç	Æ²Å·â	Ù¬Î°ä§Ô¤æ	ÔÍÈ¬É	Ê)Ó@Ú
ôy�;º E Ð öQÕÖÅ·Æ¤Å*É	Î$Ì	Å·æ	Æ�Ø�É	ÇîÆÍÎ°ÄuÅ·ÆÍÇ ËÍÌ	Î$Ù±Åií_Î°Æ�â©Å·æ	É	ÇïØ*É	Ç æMç	ç>ÎuÆâ©Å·æ	É	Ç Å*âMË�Ø*È¬É	Î°Ç¥ÕÖÆÍÅ·ä Ë�ÌMÎ�Ó@Ú
ôw�/º Ô²Å·Ù¬Ü*Î°ÆeËÍÅ¤Ä°Å*ä¥ç2Ø�ÆÍÎ4í«È�Ë�Ì¨ËÍÌ	Î¦Ë�Ø*â	æ Æ²Î°ÔÍæMÙ¬Ë�Ð;��ÌMÎ�ÆÍÎuÔÍæ	Ù�Ë�Ô_ÕÖÅ*ÆÔÍÈ¬ÿ°Î ù öMà2õ*ö�Ø*É	ÇQ÷*ö�Ø*ÆÍÎ�ç	Æ²Î°Ô²Î°É�Ë�ÎuÇ¶È±É$�3Ø*â	Ù±ÎuÔ ù àèõ�Ø*É	Ç�3�ÆÍÎ°Ô²ç>ÎuÄuËÍÈ¬Ü·ÎuÙ¬ì*Ð

2ÆÍÅ·ä Ë�ÌMÎ°ÔÍÎ�Ë�Ø*â	Ù±ÎuÔ°àwíeÎ�Ä�Ø�É'Ô²Î°Î�ËÍÌ2Ø�Ë�ÕÖÅ·Æ@Ô²ä¨Ø�Ù±Ù±ÎuÆ_Ô²È±ÿuÎ�ç	ÆÍÅ·âMÙ±Î°ä§Ô�ÝÖÔÍÈ±ÿuÎ ù ö�ß�àKË�ÌMÎ7Ó@Ú1ôy�/º=ÔÍÅ·Ù�Ü·ÎuÆÄ�Ø�É Å·âMË�Ø*È±É¥Ø7ÕÖÎ°Ø*ÔÍÈ¬â	Ù±Î«ÔÍÅ*Ù±æMËÍÈ±Å·É�í«È¬ËÍÌ	È±É ù Ì	Å*æ	Æ1ÕÖÅ*Æ_ä§Å·Ô²Ë_Å*Õ>Ë�Ì	Î4È±É	Ô�Ë�Ø*É	ÄuÎ°Ô�Ýb5�ö7Å·æMË_Å*Õ9Ë�ÌMÎ&5�÷�È±ÉKãÔ²Ë�Ø*É	ÄuÎ°Ô�ß�Ð/��Ì	Î.�3Ø*â	æ5Ì	Î°æ	Æ²È±Ô�Ë�È±Ä1ÆÍÎuÔÍæ	Ù�Ë�Ô3Å·âMË�Ø�È±É	ÎuÇ/í«È¬ËÍÌ	È±É5õ*ö·ö�ÔÍÎuÄ°Å·É	ÇMÔ;Ê·Î°ÉMÎ°Æ�ØSË�Îeâ©ÎuË²Ë�ÎuÆ8ÔÍÅ*Ù±æMËÍÈ±Å·É	ÔË�Ì	Ø*É Ë�Ì	Î�Ó@Ú1ôy�/ºXÆÍÎuÔÍæ	Ù�Ë�Ô@ÕÖÅ·ÆeØ*â©Å·æMË@Ì	Ø*Ù¬Õ�Å*ÕkËÍÌ	Î�È±ÉMÔ²Ë�Ø�É	Ä°ÎuÔ�Ý ù¦� Å*æMË@Å*Õ�ËÍÌ	Î�5�ö5È¬É	Ô²Ë�Ø*É	ÄuÎ°Ô�ß�Ð<��Ì	ÎÓ@Ú
ôy�;ºXÔ²Å·Ù¬Ü*Î°Æ@Ä°Ø*É	É	Å�Ë@Å·âMË�Ø*È±É Ø/ÕÖÎ�Ø*Ô²È±â	Ù¬Î¦Ô²Å·Ù±æMËÍÈ±Å·É§í«È¬ËÍÌ	È±É ù Ì	Å·æ	Æ_ÕÖÅ·Æ@Ø*Ù¬Ù>Ù±Ø*ÆÍÊ*Î°Æ1ÔÍÈ±ÿuÎ�ç	Æ²Å·â	Ù±Îuä¥ÔÝ�Ô²È±ÿuÎ�õ*öMà9÷*ö�ß#Ð��4ÅiíeÎ#Ü·ÎuÆ°ày�8Ø�â	æµÔÍÎ°Ø*ÆÍÄ�ÌÛÄ�Ø�ÉµÊ·Î°É	ÎuÆ�Ø�ËÍÎ�Ø ÔÍÅ*Ù±æMËÍÈ±Å·É'í«È¬Ë�ÌMÈ±Éµõ�ö·ö¨ÔÍÎuÄ°Å·ÉMÇ	Ô�Ä°Ù±Å*ÔÍÎ/ËÍÅË�ÌMÎ§Ù¬ÅiíeÎuÆ�â>Å·æMÉ	ÇóÅ*âMË�Ø*È¬É	Î°ÇµÕÖÆ²Å·ä ËÍÌ	Î¥Ó@Ú1ôy�/º¤Ðµ��ÌMÎ¥Ù¬Å[í_Î°Æ�â©Å·æ	ÉMÇóç	Æ²ÅiÜKÈ¬Ç	Î°Ç)â�ì¶Ë�ÌMÎ¨Ó@Ú
ôy�/ºÔÍÅ*Ù¬Ü·ÎuÆ«ç	ÆÍÈ¬ä¨Ø*Æ²È±Ù�ì�ÆÍÎ�1	Î°ÄuËÍÔ4ËÍÌ	Î�ÔÍÌ	Å·Æ�Ë�Ø*Ê*Î�Å*Õ8ËÍÌ	Î�ÔÍæ	ç	çMÙ¬ì?Ø�Ë�ËÍÌ	Î�Ç	Î°ç©Å*Ë�Ä°Å*ä¥ç2Ø�ÆÍÎ°Ç$í«È�Ë�Ì$Ë�Ì	Î�ËÍÅ*Ë�Ø*ÙÇ	Îuä¨Ø*ÉMÇ9Ð+��Ì	Î°Ô²Î¥Ë�Ø*â	Ù±ÎuÔ5Ø�Ù±ÔÍÅ'ÔÍÌMÅ[í ËÍÌ2Ø�Ë7Ë�Ì	ÎuÆÍÎ¨Ø*ÆÍÎ§â	È±Ê*Ê·Î°Æ�Ê�Ø*çMÔ/â©ÎuË�í_Î°ÎuÉ Ë�Ì	Î Ó@Ú1ôy�/ºýÙ¬ÅiíeÎuÆâ©Å·æ	É	Ç�Ø*É	Ç?Ë�Ì	Î�Ë�Ø*â	æ'ÆÍÎ°Ô²æ	Ù¬Ë�ÕÖÅ*Æ@Ë�Ì	Î�Ë�È¬Ê·Ì�Ë«Ç	Î�Ø�Ç	Ù±È¬É	Î�Ø*É	Ç'Ù±Åií Ë�Å*Ë�Ø*Ù9ÔÍæMç	ç	Ù¬ì?Ù¬ÎuÜ*Î°ÙkÄ°Å*ä¤â	È±É	Ø�Ë�È¬Å·É9Ð
�óÎ¦ÔÍæMÔÍç©Î°ÄuËeË�Ì	È¬Ô_È¬Ô_Ç	æMÎ¦Ë�Å7Ë�Ì	Î�Ë�È±Ê*Ì�Ë1Ç	Î°Ø*Ç	Ù¬È±É	Î«í«Ì	È±Ä�Ì¨ä¥È¬Ê·Ì�Ë_çMÆÍÎuÜ*Î°É�Ë�Ë�ÌMÎ4Ë�È¬ä¥ÎuÙ¬ì�ÇMÎ°Ù±È�Ü·ÎuÆ²ì�ÎuÜ*Î°Éí«È¬ËÍÌÛÎ°É	Å·æMÊ·ÌóÔ²æ	ç	ç	Ù¬È±ÎuÔ°Ð�Ã Ë�È±Ê*Ì�ËÍÎ°Æ�Ù¬Å[í_Î°Æ�â©Å·æ	É	ÇÛí«È¬ËÍÌÛÆÍÎ°Ô²ç>ÎuÄuË7Ë�Å'Ø$ÔÍÌ	Å*Æ²Ë7Ç	Î�Ø�Ç	Ù±È¬É	Î�È±Ô�Ø?ÔÍæ	âwã
�²Î°Ä#Ë4ÕÖÅ*Æ«ÕÖæKË�æ	Æ²Î7Æ²Î°Ô²Î�Ø*Æ²Ä�Ì9Ðm�4Åií_ÎuÜ·ÎuÆ°à>È±É?Ê·Î°ÉMÎ°Æ�Ø�ÙDà	í_Î5Ä°Å*É	Ä°Ù¬æ	Ç	Î�Ë�Ì2ØSË4ËÍÌ	Î�ç	ÆÍÅ·ç©Å·Ô²Î°Ç�Ë�Ø*â	æ�ÔÍÎ�Ø�ÆÍÄ�Ìä§ÎuË�ÌMÅKÇ?È±Ô�Ü*Î°Æ²ì?Î#ð0ÎuÄuËÍÈ¬Ü·Î7È±É?ä§È±É	È¬ä¥È¬ÿ°È¬É	Ê/ËÍÌ	Î�æ	É	ä§ÎuË�Ç	Î°ä¥Ø*É	Ç0à	í«Ì	È±Ä�Ì'È±Ô«Å·æ	Æ�çMÆÍÈ±ä¥Ø*Æ�ì Ä°Å*É	Ä°ÎuÆÍÉÈ±É$ËÍÌ	È±Ô�ä§ÅKÇMÎ°ÙDÐ

õ ù



10 Nodes 3 Vehs CPLEX = 3600 sec 

Deadline 150 -  (40%) 250 -  (80%) 400 -  (120%)
CPLEX LB CPLEX UB Tabu CPLEX LBCPLEX UB Tabu CPLEX LBCPLEX UB Tabu

Supply
70 - (70%) case 1 14633 N/A 14792 14633 N/A 14792 14633 14664 14792

case 2 30523 30537 33002 30522 30538 30913 30522 30537 30913
case 3 40162 40176 41774 40162 40176 41774 40162 40180 41774
case 4 22043 22059 24996 22044 22059 22275 22043 22059 22275
case 5 34762 41121 37764 34762 34784 37764 34763 34781 35964

90 - (90%) case 1 4.11 N/A 14792 3.08 N/A 11.86 3.39 32.01 11.86
case 2 10522 18801 18789 10522 10538 11008 10523 10539 11008
case 3 20162 22984 23133 20162 20179 21912 20162 20181 21912
case 4 2044 29233 17952 2043 2060 6582 2044 2063 6582
case 5 14763 30712 21961 14763 14782 16301 14763 14781 15811

120 - (120%) case 1 3.11 34074 14792 3.30 5964 11.86 3.25 27.60 11.86
case 2 2.30 10536 18789 2.14 31.45 8.16 2.67 16.20 8.16
case 3 1.70 8980 16539 1.85 21.94 8.24 2.10 20.24 8.24
case 4 3.29 N/A 17952 3.15 21.35 11.37 3.65 20.67 11.37
case 5 2.47 37776 21961 2.57 27.70 10.70 3.02 26.46 10.70

Table 1: Tabu heuristic result with CPLEX bounding for 10 customers and 3 vehicles 

õ·õ



20 Nodes 4 Vehs CPLEX = 3600 sec 

Deadline 200 -  (40%) 400 -  (80%) 600 -  (120%)
CPLEX LBCPLEX  UB Tabu CPLEX  LBCPLEX  UB Tabu CPLEX  LBCPLEX  UB Tabu

Supply
140 - (70%) case 1 36461 N/A 36499 36461 N/A 36498 36461 N/A 36498

case 2 70551 N/A 70851 70552 N/A 70753 70552 N/A 70753
case 3 75171 N/A 75400 75171 N/A 75344 75171 N/A 75344
case 4 56362 N/A 60026 56362 N/A 58375 56363 N/A 58375
case 5 57491 N/A 58152 57492 N/A 59671 57492 N/A 59671

180 - (90%) case 1 1.15 N/A 14822 1.08 N/A 20.78 1.21 N/A 20.78
case 2 30558 N/A 30978 30552 N/A 30846 30552 N/A 30846
case 3 35171 N/A 36337 35171 N/A 35360 35171 N/A 35360
case 4 16362 N/A 53166 16362 N/A 20168 16362 N/A 20168
case 5 17492 N/A 28996 17491 N/A 19945 17491 N/A 19945

240 - (120%) case 1 1.15 N/A 14822 1.15 N/A 20.78 1.21 N/A 20.78
case 2 1.77 N/A 7800 1.83 N/A 20.39 1.69 N/A 20.39
case 3 0.98 N/A 15332 0.96 N/A 21.89 0.99 N/A 21.89
case 4 2.53 N/A 53166 2.53 N/A 22.97 2.51 N/A 22.97
case 5 1.58 N/A 28996 1.42 N/A 23.19 1.59 N/A 23.19

Table 2: Tabu heuristic result with CPLEX bounding for 20 customers and 4 vehicles 

õ 3



50 Nodes 10 Vehs CPLEX = 3600 sec 

Deadline 200 -  (40%) 400 -  (80%) 600 -  (120%)
CPLEX LB CPLEX UB Tabu CPLEX LBCPLEX UB Tabu CPLEX LBCPLEX UB Tabu

Supply
350 - (70%) case 1 139752 N/A 140100 139752 N/A 139810 139752 N/A 139810

case 2 154132 N/A 154190 154132 N/A 154190 154132 N/A 154190
case 3 137861 N/A 137960 137861 N/A 137960 137861 N/A 137960
case 4 147863 N/A 147930 147863 N/A 147940 147863 N/A 147940
case 5 150453 N/A 150710 150453 N/A 150550 150453 N/A 150550

450 - (90%) case 1 39751 N/A 40569 39751 N/A 40125 39751 N/A 40125
case 2 54132 N/A 59333 54132 N/A 54195 54132 N/A 54195
case 3 37861 N/A 38950 37861 N/A 37949 37861 N/A 37949
case 4 47863 N/A 48825 47863 N/A 47924 47863 N/A 47924
case 5 50453 N/A 50766 50453 N/A 50536 50453 N/A 50536

600 - (120%) case 1 1.49 N/A 40569 1.49 N/A 47.23 1.49 N/A 47.23
case 2 1.63 N/A 40470 1.63 N/A 47.77 1.63 N/A 47.77
case 3 1.22 N/A 38950 1.22 N/A 47.55 1.22 N/A 47.55
case 4 3.36 N/A 30781 3.36 N/A 48.34 3.36 N/A 48.34
case 5 2.70 N/A 29562 2.70 N/A 58.99 2.70 N/A 58.99

Table 3: Tabu heuristic result with CPLEX bounding for 50 customers and 10 vehicles 

õ�5
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ú ÉQËÍÌ	È±Ô�ÔÍÈ¬ä¤æ	ÙëØSË�È±Å*É'Î�þKç>ÎuÆÍÈ±ä§Î°É�Ë°à©í_Î¤ÎuÜ�Ø*Ù¬æ2Ø�ËÍÎ5Ø*ÉMÇ¶Ä°Å·ä§ç2Ø*Æ²Î7ËÍÌ	Î5Î#ð0ÎuÄuËÍÈ¬Ü·ÎuÉ	Î°Ô²Ô�Å*Õ!Ç	È�ð0ÎuÆÍÎuÉ�Ë¦ÆÍÎ�ãÄ°Å*æ	ÆÍÔ²Î§Ô�Ë�ÆÍØ�Ë�ÎuÊ·È±ÎuÔ¦íeÎ�Ç	È¬ÔÍÄuæ	ÔÍÔ²Î°Ç)È±ÉµÔÍÎuÄuËÍÈ±Å·ÉA5	Ð�� Î�çMÆÍÎ°Ô²Î°É�Ë�Ë�Ì	Î�çMÆÍÅwÄ°Î°Ô²Ô�Å*Õ
Ë�Ì	Î�Ô²È±ä¤æ	Ù±Ø�Ë�È¬Å·É¶Ø�ÔØ
12ÅiíeÄ�Ì2Ø�Æ²Ë4È±É$ü2Ê·æ	Æ²Î!5MÐ�
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DL 200 DL 250 DL 300
LP Knapsack Replan LP Knapsack Replan LP Knapsack Replan

SUP 350 30.7% 30.3% 30.3% 30.5% 30.3% 30.3% 30.3% 30.3% 30.3%
SUP 400 22.1% 20.4% 20.4% 21.2% 20.4% 20.4% 20.8% 20.4% 20.4%
SUP 450 16.7% 11.3% 10.5% 13.7% 10.8% 10.5% 12.5% 10.6% 10.5%
SUP 500 15.2% 8.1% 1.9% 10.5% 5.7% 1.9% 8.0% 4.2% 1.9%
SUP 600 15.2% 6.8% 0.0% 10.3% 5.6% 0.0% 7.5% 3.2% 0.0%

DL 400 DL 500 DL 600
LP Knapsack Replan LP Knapsack Replan LP Knapsack Replan

SUP 350 30.3% 30.3% 30.3% 30.3% 30.3% 30.3% 30.3% 30.3% 30.3%
SUP 400 20.4% 20.4% 20.4% 20.4% 20.4% 20.4% 20.4% 20.4% 20.4%
SUP 450 11.2% 10.5% 10.5% 10.9% 10.5% 10.5% 10.7% 10.5% 10.5%
SUP 500 5.4% 3.2% 1.9% 4.1% 2.7% 1.9% 3.5% 2.5% 1.9%
SUP 600 4.5% 1.5% 0.0% 2.9% 1.0% 0.0% 2.1% 0.8% 0.0%

Table 4: Unmet demand percentage comparison between 3 different recourse strategies for 
50 customers and 10 vehicles (average over 10 networks) 
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