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SUMMARY  (IN GREEK) 

ɆŰɖɜ ˊŬɟɞɨůŬ ŭɘˊɚɤɛŬŰɘəɐ ŮɟɔŬůɑŬ ŭɘŮɟŮɡɜɎŰŬɘ Űɞ ɄɟɧɓɚɖɛŬ ȹɟɞɛɞɚɧɔɖůɖɠ 

ɃɢɖɛɎŰɤɜ ɛŮ ȹɡɜŬɛɘəɏɠ ɄŬɟŬɚŬɓɏɠ (ɄȹɃȹɄ), Űɞ ɞˊɞɑɞ ɏɢŮɘ ˊŬɟŬəɘɜɖɗŮɑ Ŭˊɧ 

ˊɟŬəŰɘəɏɠ ŮűŬɟɛɞɔɏɠ courier (Ninikas et al., 2011) əŬɘ ɓŬůɑɕŮŰŬɘ ůŮ ɛŮɚɏŰɖ ˊɞɡ 

ŭɘŮɝɎɔŮŰŬɘ Ŭˊɧ Űɞɡɠ Ninikas and Minis (2011). ɆŮ ɏɜŬ ŰɏŰɞɘɞ ˊɟɧɓɚɖɛŬ, ɏɜŬ ůɨɜɞɚɞ 

ɞɢɖɛɎŰɤɜ ɛŮŰŬűɞɟɎɠ, ŰŬ ɞˊɞɑŬ ŮɑɜŬɘ ŮɔəŬŰŮůŰɖɛɏɜŬ ůŮ ɏɜŬ Űɞˊɘəɧ əɧɛɓɞ ŭɘŬɜɞɛɐɠ 

(Ŭˊɞɗɐəɖ), ˊɟɞɞɟɑɕɞɜŰŬɘ ɜŬ ŮɝɡˊɖɟŮŰɐůɞɡɜ ŬɘŰɐɛŬŰŬ ˊŬɟɎŭɞůɖɠ (ŭɘŬɜɞɛɐɠ) ŰŬ 

ɞˊɞɑŬ ŮɑɜŬɘ ɔɜɤůŰɎ ˊɟɑɜ Ŭˊɧ Űɖɜ ɏɜŬɟɝɖ Űɤɜ ŮɟɔŬůɘɩɜ (ůŰŬŰɘəɏɠ ŬˊŬɘŰɐůŮɘɠ). ȾŬɗɩɠ 

Űɞ ˊɟɧɔɟŬɛɛŬ ŮɟɔŬůɑŬɠ ŮɝŮɚɑůůŮŰŬɘ, ɤůŰɧůɞ, ɜŮɞŬűɘɢɗɏɜŰŬ ŬɘŰɐɛŬŰŬ ˊŮɚŬŰɩɜ 

ɚŬɛɓɎɜɞɜŰŬɘ ɛɏůɤ Ůɜɧɠ ŰɖɚŮűɤɜɘəɞɨ əɏɜŰɟɞɡ, ɕɖŰɩɜŰŬɠ Ůˊɑ Űɧˊɞɡ ˊŬɟŬɚŬɓɐ 

űɞɟŰɑɞɡ ŮɜŰɧɠ Űɖɠ ŰɟɏɢɞɡůŬɠ ˊŮɟɘɧŭɞɡ ɚŮɘŰɞɡɟɔɑŬɠ (ŭɡɜŬɛɘəɏɠ ŬˊŬɘŰɐůŮɘɠ). ȰɜŬ 

ɢŬɟŬəŰɖɟɘůŰɘəɧ ˊŬɟɎŭŮɘɔɛŬ Űɞɡ ɄȹɃȹɄ ˊŬɟɞɡůɘɎɕŮŰŬɘ ůŰɞ ɆɢɐɛŬ Ʉ.1. 

 

ɆɢɐɛŬ Ʉ.1: ɇɞ ɄɟɧɓɚɖɛŬ ȹɟɞɛɞɚɧɔɖůɖɠ ɃɢɖɛɎŰɤɜ ɛŮ ȹɡɜŬɛɘəɏɠ ɄŬɟŬɚŬɓɏɠ (ɄȹɃȹɄ) 

ɆŮ ɛɘŬ ŭŮŭɞɛɏɜɖ ɢɟɞɜɘəɐ ůŰɘɔɛɐ (űɎůɖ ŬɜŬůɢŮŭɘŬůɛɞɨ), ˊɞɡ ŮˊɘɚɏɔŮŰŬɘ Ŭˊɧ Űɞɜ 

ɡˊŮɨɗɡɜɞ ŭɟɞɛɞɚɧɔɖůɖɠ, ɞɘ ŭɡɜŬɛɘəɏɠ ŬˊŬɘŰɐůŮɘɠ ˊɟɏˊŮɘ ɜŬ ŮɜůɤɛŬŰɤɗɞɨɜ ůŰɞ Ůɜ 

ɛɏɟŮɘ ŮəŰŮɚŮůɛɏɜɞ ůɢɏŭɘɞ ŭɟɞɛɞɚɧɔɖůɖɠ. ɇŬ űɞɟŰɑŬ ŬɡŰɩɜ Űɤɜ ŬɘŰɖɛɎŰɤɜ 

ůɡɚɚɏɔɞɜŰŬɘ Ŭˊɧ ŰŬ ɞɢɐɛŬŰŬ əŬɘ ŮˊɘůŰɟɏűɞɜŰŬɘ ůŰɖɜ Ŭˊɞɗɐəɖ ɔɘŬ ˊŮɟŬɘŰɏɟɤ 

ŮˊŮɝŮɟɔŬůɑŬ. ɆŰɞ ɆɢɐɛŬ Ʉ.2 ˊŬɟɞɡůɘɎɕŮŰŬɘ ɖ ɚɨůɖ ˊɞɡ ɚŬɛɓɎɜŮŰŬɘ ůŰɞ ˊɟɧɓɚɖɛŬ 

Űɞɡ ɆɢɐɛŬŰɞɠ Ʉ.1 əŬŰɎ Űɖ ɢɟɞɜɘəɐ ůŰɘɔɛɐ Űɞɡ ŬɜŬůɢŮŭɘŬůɛɞɨ. 

 

ɆɢɐɛŬ Ʉ.2: Ⱥˊɑɚɡůɖ Űɞɡ ɄȹɃȹɄ əŬŰɎ Űɖɜ űɎůɖ ŬɜŬůɢŮŭɘŬůɛɞɨ 
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Ƀɘ ɛŮŰŬűɞɟɘəɏɠ ŮŰŬɘɟŮɑŮɠ ˊɞɡ ɚŮɘŰɞɡɟɔɞɨɜ ɛɏůŬ ůŮ ɏɜŬ ŰɏŰɞɘɞ ˊɚŬɑůɘɞ, 

ŬɜŰɘɛŮŰɤˊɑɕɞɡɜ ˊɞɚɚɏɠ ˊɟɞəɚɐůŮɘɠ əŬŰɎ Űɖɜ ˊɟɞůˊɎɗŮɘɎ Űɞɡɠ ɜŬ ŮɜůɤɛŬŰɩůɞɡɜ Űɘɠ 

ŭɡɜŬɛɘəɏɠ ŬˊŬɘŰɐůŮɘɠ ůŰŬ ˊɟɞɔɟŬɛɛŬŰɘůɛɏɜŬ ŭɟɞɛɞɚɧɔɘŬ. Ƀɘ ́ɟɞəɚɐůŮɘɠ ŬɡŰɏɠ 

ɏɔəŮɘɜŰŬɘ əŬŰɎ əɨɟɘɞ ɚɧɔɞ ůŰɘɠ Ůɝɐɠ: 

¶ Ƀ ɛŮɔɎɚɞɠ Ŭɟɘɗɛɧɠ ŭɡɜŬɛɘəɩɜ ŬɘŰɖɛɎŰɤɜ ˊɞɡ ˊɟɞəɨˊŰɞɡɜ ŮɜŰɧɠ Űɖɠ ɖɛɏɟŬɠ 

ˊŮɟɘˊɚɏəŮɘ ůɖɛŬɜŰɘəɎ Űɖ ɚɐɣɖ ŬˊɞűɎůŮɤɜ, əŬɗɘůŰɩɜŰŬɠ ŬˊŬɟŬɑŰɖŰɖ Űɖɜ 

ŮűŬɟɛɞɔɐ çəŬɚɩɜè ůŰɟŬŰɖɔɘəɩɜ ɔɘŬ Űɞɜ ŬɜŬůɢŮŭɘŬůɛɧ Űɞɡ ůŰɧɚɞɡ. 

¶ ɆŮ ɏɜŬ ɡɣɖɚɐɠ ˊɡəɜɧŰɖŰŬɠ ŬůŰɘəɧ ˊŮɟɘɓɎɚɚɞɜ, ɡˊɎɟɢɞɡɜ ŮˊɘəŬɚɡˊŰɧɛŮɜŮɠ 

ˊŮɟɘɞɢɏɠ ŮɝɡˊɖɟɏŰɖůɖɠ ɔɘŬ ŰŬ ɞɢɐɛŬŰŬ, ɛŮ ŬˊɞŰɏɚŮůɛŬ ɜŬ ˊŮɟɘˊɚɏəɞɜŰŬɘ ɞɘ 

ŬˊɞűɎůŮɘɠ ɧůɞɜ ŬűɞɟɎ Űɖɜ ŬɜɎɗŮůɖ Űɞɡ əŬŰŬɚɚɖɚɧŰŮɟɞɡ ɞɢɐɛŬŰɞɠ ɔɘŬ Űɖɜ 

ŮɝɡˊɖɟɏŰɖůɖ ɛɘŬɠ ɜŮɞŬűɘɢɗŮɑůŬɠ ŬˊŬɑŰɖůɖɠ. 

¶ ȼ Ŭɟɢɘəɐ ŬɜɎɗŮůɖ ůɡɔəŮəɟɘɛɏɜɤɜ ŬɘŰɖɛɎŰɤɜ ˊŬɟɎŭɞůɖɠ ůŮ ɏɜŬ ɧɢɖɛŬ, 

ˊŮɟɘɞɟɑɕŮɘ ˊŮɟŬɘŰɏɟɤ ŰŬ ˊŮɟɘɗɩɟɘŬ ɓŮɚŰɘůŰɞˊɞɑɖůɖɠ, ŭŮŭɞɛɏɜɞɡ ɧŰɘ ŬɡŰɏɠ ɞɘ 

ˊŬɟŬɔɔŮɚɑŮɠ ˊɟɏˊŮɘ ɜŬ ŮɝɡˊɖɟŮŰɖɗɞɨɜ ɛɧɜɞ Ŭˊɧ ŬɡŰɧ Űɞ ɧɢɖɛŬ (Ŭűɞɨ 

ɛŮŰŬűɏɟŮɘ Űɞ űɞɟŰɑɞ ˊɞɡ ˊɟɏˊŮɘ ɜŬ ˊŬɟŬŭɞɗŮɑ ůŰɞɡɠ ˊŮɚɎŰŮɠ), ŬɜŬɔəɎɕɞɜŰŬɠ 

ɏŰůɘ ŰŬ ɞɢɐɛŬŰŬ ɜŬ Ŭəɞɚɞɡɗɞɨɜ ɏɜŬ ůɢɏŭɘɞ ŭɟɞɛɞɚɧɔɖůɖɠ ˊɞɡ ŬɚɚɎɕŮɘ 

ůɡɜŮɢɩɠ ůŮ ˊɟŬɔɛŬŰɘəɧ ɢɟɧɜɞ. 

ȼ ˊŬɟɞɨůŬ ŭɘˊɚɤɛŬŰɘəɐ ŮɟɔŬůɑŬ ŮɝŮŰɎɕŮɘ ɛɑŬ ˊɟɞůˊɎɗŮɘŬ ŮɝɞɛɎɚɡɜůɖɠ Űɖɠ 

ŰŮɚŮɡŰŬɑŬɠ ˊɟɧəɚɖůɖɠ ŮˊɘŰɟɏˊɞɜŰŬɠ ůŰŬ ɞɢɐɛŬŰŬ ɜŬ ůɡɜŬɜŰɖɗɞɨɜ ůŮ ˊɟŬɔɛŬŰɘəɧ 

ɢɟɧɜɞ əŬɘ ɜŬ ŬɜŰŬɚɚɎɝɞɡɜ ŬɘŰɐɛŬŰŬ ŭɘŬɜɞɛɐɠ (ůŰŬŰɘəɏɠ ŬˊŬɘŰɐůŮɘɠ), ŮɎɜ ŬɡŰɧ ŮɡɜɞŮɑ 

Űɖɜ ŬɜŰɘəŮɘɛŮɜɘəɐ ůɡɜɎɟŰɖůɖ. Ⱥˊɞɛɏɜɤɠ, ɛɘŬ ůŰŬŰɘəɐ ŬˊŬɑŰɖůɖ ɛˊɞɟŮɑ ɜŬ 

ŮɝɡˊɖɟŮŰɖɗŮɑ Ŭˊɧ ŭɨɞ ɞɢɐɛŬŰŬȚ ɏɜŬ ɧɢɖɛŬ ˊɞɡ ŬɟɢɘəɎ ŭɘŬŰɖɟŮɑ Űɞ űɞɟŰɑɞ Űɞɡ 

ŬɘŰɐɛŬŰɞɠ Ůɜɧɠ ˊŮɚɎŰɖ, ɞ ɞˊɞɑɞɠ Ůɜ ŰɏɚŮɘ ŮɝɡˊɖɟŮŰŮɑŰŬɘ Ŭˊɧ ɏɜŬ Ɏɚɚɞ ɧɢɖɛŬ. 

ȷɜŬűŮɟɧɛŬůŰŮ ůŮ ŬɡŰɐ Űɖ əŬɘɜɞŰɧɛɞ ůŰɟŬŰɖɔɘəɐ ɤɠ ɆŰɟŬŰɖɔɘəɐ ȷɜŰŬɚɚŬɔɐɠ 

ūɞɟŰɑɤɜ (Ɇȷū). 

ȼ əɨɟɘŬ ɘŭɏŬ Űɖɠ ůŰɟŬŰɖɔɘəɐɠ ŬɡŰɐɠ ɏɔəŮɘŰŬɘ ůŰɞɜ ˊŮɟɘɞɟɘůɛɧ Űɤɜ ɞɢɖɛɎŰɤɜ ůŰɖ 

ˊŮɟɘɞɢɐ əɎɚɡɣɐɠ Űɞɡɠ, ˊɟɞəŮɘɛɏɜɞɡ ɜŬ ŮɝɡˊɖɟŮŰɐůɞɡɜ ŭɡɜŬɛɘəɏɠ ŬˊŬɘŰɐůŮɘɠ ˊɞɡ 

ŮɜŭɏɢŮŰŬɘ ɜŬ ŮɛűŬɜɘůŰɞɨɜ ůŰɖ ˊŮɟɘɞɢɐ ŬɡŰɐ. ȰɜŬ ůɖɛŬɜŰɘəɧ ˊɚŮɞɜɏəŰɖɛŬ Űɖɠ Ɇȷū, 

ŮɑɜŬɘ ɖ ŭɡɜŬŰɧŰɖŰŬ ŬɜɎɗŮůɖɠ əɎɗŮ ˊŬɟŬɔɔŮɚɑŬɠ (ŮɑŰŮ ůŰŬŰɘəɐɠ ŮɑŰŮ ŭɡɜŬɛɘəɐɠ) ůŮ 

ɞˊɞɘɞŭɐˊɞŰŮ ɧɢɖɛŬ, ɢɤɟɑɠ ɜŬ ˊŮɟɘɞɟɑɕɞɜŰŬɘ ɞɘ Ůˊɘɚɞɔɏɠ ŬɜŬůɢŮŭɘŬůɛɞɨ. ɀŮ ŬɡŰɧ Űɞɜ 

Űɟɧˊɞ ɛˊɞɟŮɑ ɜŬ ŮˊɘŰŮɡɢɗŮɑ əŬɚɨŰŮɟɖ ŬɜŬəŬŰŬɜɞɛɐ Űɞɡ űɧɟŰɞɡ ŮɟɔŬůɑŬɠ əŬɘ 

əŬɚɨŰŮɟɞɠ ŬɜŬůɢŮŭɘŬůɛɧɠ Űɞɡ ˊɚɎɜɞɡ ŭɟɞɛɞɚɧɔɖůɖɠ. ɋůŰɧůɞ, ɏɜŬ ɛŮɘɞɜɏəŰɖɛŬ 
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ŬɡŰɐɠ Űɖɠ ůŰɟŬŰɖɔɘəɐɠ ŮɑɜŬɘ ɞɘ ˊɘɗŬɜɏɠ əŬɗɡůŰŮɟɐůŮɘɠ ˊɞɡ ɛˊɞɟŮɑ ɜŬ ˊɟɞəɚɖɗɞɨɜ 

ŮɝŬɘŰɑŬɠ Űɖɠ ɚŮɘŰɞɡɟɔɑŬɠ Űɖɠ ɛŮŰŬűɧɟŰɤůɖɠ. ȷɡŰɏɠ ɛˊɞɟŮɑ ɜŬ ɞűŮɑɚɞɜŰŬɘ: Ŭ) ůŰɞ 

ɔŮɔɞɜɧɠ ɧŰɘ, ůŰɘɠ ˊŮɟɘůůɧŰŮɟŮɠ ˊŮɟɘˊŰɩůŮɘɠ, ŰŬ ɞɢɐɛŬŰŬ ŭŮɜ űŰɎɜɞɡɜ ŰŬɡŰɧɢɟɞɜŬ ůŰɞ 

ůɖɛŮɑɞ ŬɜŰŬɚɚŬɔɐɠ, ɛŮ ŬˊɞŰɏɚŮůɛŬ ɜŬ ŬˊŬɘŰŮɑŰŬɘ ŬɜŬɛɞɜɐ Ůɜɧɠ ɞɢɐɛŬŰɞɠ ɛɏɢɟɘ ɜŬ 

űɗɎůŮɘ Űɞ Ɏɚɚɞ ˊɟɞəŮɘɛɏɜɞɡ ɜŬ ŮˊɘŰŮɡɢɗŮɑ ɖ ŬɜŰŬɚɚŬɔɐ Űɤɜ űɞɟŰɑɤɜ, əŬɘ ɓ) ůŰɞ 

ɢɟɞɜɘəɧ ŭɘɎůŰɖɛŬ ˊɞɡ ŬˊŬɘŰŮɑŰŬɘ Ŭˊɧ ŰŬ ɞɢɐɛŬŰŬ ɔɘŬ Űɖɜ űɞɟŰɞŮəűɧɟŰɤůɖ Űɤɜ 

ˊŬɟŬɔɔŮɚɘɩɜ. 

ɆŰɞ ɆɢɐɛŬ Ʉ.3 ŬˊŮɘəɞɜɑɕŮŰŬɘ ɖ ɚɨůɖ ůŰɞ ˊɟɧɓɚɖɛŬ Űɞɡ ɆɢɐɛŬŰɞɠ Ʉ.1, əŬŰɎ Űɖ 

ɢɟɞɜɘəɐ ůŰɘɔɛɐ Űɞɡ ŬɜŬůɢŮŭɘŬůɛɞɨ, ŮűŬɟɛɧɕɞɜŰŬɠ Űɖɜ ɆŰɟŬŰɖɔɘəɐ ȷɜŰŬɚɚŬɔɐɠ 

ūɞɟŰɑɞɡ (Ɇȷū). ɄŬɟŬŰɖɟŮɑŰŬɘ ɧŰɘ ɖ ɚɨůɖ ˊɞɡ ˊɟɞəɨˊŰŮɘ Ŭˊɧ Űɖɜ Ɇȷū, ɓŮɚŰɘɩɜŮɘ 

əŬŰɎ ˊɞɚɨ Űɖ ɚɨůɖ ůɡɔəɟɘŰɘəɎ ɛŮ ŮəŮɑɜɖ ˊɞɡ ˊŬɑɟɜɞɡɛŮ ůŰɞ ɆɢɐɛŬ Ʉ.2 ɧˊɞɡ ŭŮɜ 

ŮˊɘŰɟɏˊŮŰŬɘ ŬɜŰŬɚɚŬɔɐ űɞɟŰɑɞɡ ɛŮŰŬɝɨ Űɤɜ ɞɢɖɛɎŰɤɜ. Ʉɘɞ ůɡɔəŮəɟɘɛɏɜŬ, ůŰɞ 

ˊŬɟɎŭŮɘɔɛŬ ŬɡŰɧ, ɖ ɛŮɑɤůɖ Űɞɡ əɧůŰɞɡɠ ŭɘŬŭɟɞɛɐɠ ŮɑɜŬɘ Űɖɠ ŰɎɝŮɤɠ Űɞɡ 29.6%, Űɞ 

ɞˊɞɑɞ ɡˊɞŭŮɘəɜɨŮɘ Űɖɜ ŬɜɎɔəɖ ˊŮɟŬɘŰɏɟɤ ɛŮɚɏŰɖɠ Űɖɠ ůŰɟŬŰɖɔɘəɐɠ ŬɡŰɐɠ. 

 

ɆɢɐɛŬ Ʉ.3: Ⱥˊɑɚɡůɖ Űɞɡ ɄȹɃȹɄ ɛŮ Űɖɜ ɆŰɟŬŰɖɔɘəɐ ȷɜŰŬɚɚŬɔɐɠ ūɞɟŰɑɞɡ (Ɇȷū) 

ȼ ɡűɘůŰɎɛŮɜɖ ɓɘɓɚɘɞɔɟŬűɑŬ ůŰɞɜ ŰɞɛɏŬ Űɖɠ ŬɜŰŬɚɚŬɔɐɠ (ɛŮŰŬűɧɟŰɤůɖɠ) űɞɟŰɑɞɡ 

ɛŮŰŬɝɨ Űɤɜ ɞɢɖɛɎŰɤɜ ŮɑɜŬɘ ˊŮɟɘɞɟɘůɛɏɜɖ. ɇɞ ɛŮɔŬɚɨŰŮɟɞ ɛɏɟɞɠ Űɖɠ ɏɟŮɡɜŬɠ ˊɞɡ ɏɢŮɘ 

ŭɘŮɝŬɢɗŮɑ ɛɏɢɟɘ ůɐɛŮɟŬ ůŰɞɜ ŰɞɛɏŬ ŬɡŰɧ, ŮˊɘəŮɜŰɟɩɜŮŰŬɘ ůŮ ˊɟɞɓɚɐɛŬŰŬ ɧˊɞɡ ŰŬ 

ŬɘŰɐɛŬŰŬ Űɤɜ ˊŮɚŬŰɩɜ Ŭűɞɟɞɨɜ ˊŬɟŬɚŬɓɐ Ůɜɧɠ űɞɟŰɑɞɡ Ŭˊɧ ɛɘŬ ŰɞˊɞɗŮůɑŬ əŬɘ 

Ůˊɑŭɞůɖ ůŮ ɛɘŬ Ɏɚɚɖ ɛɏůŬ ůŰɖɜ ɑŭɘŬ ɖɛɏɟŬ (ɄɟɧɓɚɖɛŬ ɄŬɟŬɚŬɓɐɠ əŬɘ Ⱥˊɑŭɞůɖɠ, 

ɄɄȺ). ȼ ˊɟɞůɏɔɔɘůɐ ɛŬɠ ŭɘŬűɞɟɞˊɞɘŮɑŰŬɘ Ŭˊɧ Űɖɜ ɡűɘůŰɎɛŮɜɖ ɏɟŮɡɜŬ ɤɠ ˊɟɞɠ ŰŬ 

ŬəɧɚɞɡɗŬ ůɖɛŮɑŬ: 

¶ ȺűŬɟɛɧɕɞɡɛŮ Űɖɜ Ɇȷū ůŮ ɏɜŬ ŭɡɜŬɛɘəɧ ˊŮɟɘɓɎɚɚɞɜ ɧˊɞɡ ŰŬ ŬɘŰɐɛŬŰŬ Űɤɜ 

ˊŮɚŬŰɩɜ əŬŰŬűɗɎɜɞɡɜ ŭɡɜŬɛɘəɎ ɛŮ Űɖɜ ˊɎɟɞŭɞ Űɞɡ ɢɟɧɜɞɡ. 

¶ ȺűŬɟɛɧɕɞɡɛŮ Űɖɜ ůŰɟŬŰɖɔɘəɐ ůŮ many-to-one ˊŮɟɘˊŰɩůŮɘɠ, ůŰɘɠ ɞˊɞɑŮɠ əɎɗŮ 

ŬˊŬɑŰɖůɖ ůɡɜŭɏŮŰŬɘ ɛŮ ɛɘŬ ɛɧɜɞ ŰɞˊɞɗŮůɑŬ (ˊŬɟŬɚŬɓɐ ɐ Ůˊɑŭɞůɖ Ůɜɧɠ 
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ŬɜŰɘəŮɘɛɏɜɞɡ), ɧˊɞɡ ɖ ɚŮɘŰɞɡɟɔŮɑŬ Űɖɠ ɛŮŰŬűɧɟŰɤůɖɠ űɞɟŰɑɞɡ ŭŮɜ ŮɑɜŬɘ 

ŮɡŭɘɎəɟɘŰɞ ɧŰɘ ɛˊɞɟŮɑ ɜŬ ŮˊɘűɏɟŮɘ Ůɝɞɘəɞɜɧɛɖůɖ əɧůŰɞɡɠ. 

¶ ȺəŰɧɠ Ŭˊɧ Űɖɜ ˊŮɟɑˊŰɤůɖ Űɖɠ ůŰŬɗŮɟɐɠ ŰɞˊɞɗŮůɑŬɠ ɔɘŬ Űɖɜ ŬɜŰŬɚɚŬɔɐ Űɤɜ 

űɞɟŰɑɤɜ, ŮɝŮŰɎɕɞɡɛŮ əŬɘ ŮɜŰɞˊɑɕɞɡɛŮ ˊŮɟɘˊŰɩůŮɘɠ ɧˊɞɡ ŭɡɜŬɛɘəɎ ůɖɛŮɑŬ 

ɛˊɞɟɞɨɜ Ůˊɑůɖɠ ɜŬ ɚɖűɗɞɨɜ ɡˊɧɣɖɜ, ŮˊɘűɏɟɞɜŰŬɠ ůŮ ŬɟəŮŰɏɠ ˊŮɟɘˊŰɩůŮɘɠ 

Ŭəɧɛɖ əŬɚɨŰŮɟŬ ŬˊɞŰŮɚɏůɛŬŰŬ. 

ȼ ŬɜŰŬɚɚŬɔɐ űɞɟŰɑɞɡ ŮɑɜŬɘ ɛɘŬ ŬɟəŮŰɎ ˊŮɟɑˊɚɞəɖ əŬɘ ŭɨůəɞɚɖ ůŰɟŬŰɖɔɘəɐ ɧůɞɜ 

ŬűɞɟɎ Űɖɜ ɡɚɞˊɞɑɖůɐ Űɖɠ, ŮɝŬɘŰɑŬɠ Űɞɡ ɛŮɔɎɚɞɡ Ŭɟɘɗɛɞɨ ˊŬɟŬɛɏŰɟɤɜ ˊɞɡ ˊɟɏˊŮɘ ɜŬ 

əŬɗɞɟɘůŰɞɨɜ. Ƀɘ ˊŬɟɎɛŮŰɟɞɘ ŬɡŰɏɠ ůɡɜɞɣɑɕɞɜŰŬɘ ůŰɞɜ ɄɑɜŬəŬ Ʉ.1. 

ɄɑɜŬəŬɠ Ʉ.1: ɄŬɟɎɛŮŰɟɞɘ əŬɘ ŮɜŬɚɚŬəŰɘəɏɠ ˊɞɚɘŰɘəɏɠ ɔɘŬ Űɖɜ Ɇȷū 

ɄŬɟɎɛŮŰɟɞɠ ɄŮɟɘɔɟŬűɐ ȺɜŬɚɚŬəŰɘəɏɠ 

ɉɟɧɜɞɠ Ɉɚɞˊɞɑɖůɖɠ Űɖɠ 

Ɇȷū 

ȼ ɢɟɞɜɘəɐ ůŰɘɔɛɐ ɐ ɞɘ 

ůɡɜɗɐəŮɠ əɎŰɤ Ŭˊɧ Űɘɠ 

ɞˊɞɑŮɠ əɎˊɞɘɞɠ ɗŬ 

ɛˊɞɟɞɨůŮ ɜŬ ŮűŬɟɛɧůŮɘ 

Űɖ ůŰɟŬŰɖɔɘəɐ 

¶ ůŮ ɛɘŬ űɎůɖ 

ŬɜŬůɢŮŭɘŬůɛɞɨ 

¶ ɧŰŬɜ ɏɜŬ ɧɢɖɛŬ ŭŮɜ ɏɢŮɘ 

ɜŬ ŮɝɡˊɖɟŮŰɐůŮɘ ɎɚɚŮɠ 

ŬˊŬɘŰɐůŮɘɠ 

¶ ůŰɞɜ ɢɟɧɜɞ ŬŭɟɎɜŮɘŬɠ 

Ůɜɧɠ ɞɢɐɛŬŰɞɠ 

¶ ɧŰŬɜ ɏɜŬ ɧɢɖɛŬ ŭŮɜ ŮɑɜŬɘ 

ɘəŬɜɧ ɜŬ ŮɝɡˊɖɟŮŰɐůŮɘ 

Űɘɠ ɡˊɧɚɞɘˊŮɠ ŬˊŬɘŰɐůŮɘɠ 

ˊɞɡ Űɞɡ ŮɑɢŬɜ ŬɜŬŰŮɗŮɑ 

ɆɡɜŭɡŬůɛɞɑ ɆɡɜɎɜŰɖůɖɠ 

Ƀ Ŭɟɘɗɛɧɠ Űɤɜ əŬɗôɞŭɩɜ 

ɞɢɖɛɎŰɤɜ ɛŮ ŰŬ ɞˊɞɑŬ ɏɜŬ 

ɧɢɖɛŬ ɛˊɞɟŮɑ ɜŬ 

ŬɜŰŬɚɚɎɝŮɘ ůŰŬŰɘəɏɠ 

ŬˊŬɘŰɐůŮɘɠ  

¶ ɏɜŬ-ˊɟɞɠ-ɏɜŬ 

¶ ɏɜŬ-ˊɟɞɠ-ˊɞɚɚɎ 

ɇɞˊɞɗŮůɑŮɠ ȷɜŰŬɚɚŬɔɐɠ 

ɇŬ ůɖɛŮɑŬ ɧˊɞɡ ŰŬ 

ɞɢɐɛŬŰŬ ŮˊɘŰɟɏˊŮŰŬɘ ɜŬ 

ŬɜŰŬɚɚɎɝɞɡɜ 

(ɛŮŰŬűɞɟŰɩůɞɡɜ) ŰŬ 

űɞɟŰɑŬ 

¶ ůɖɛŮɑŬ ˊŮɚŬŰɩɜ ˊɞɡ ŭŮɜ 

ɏɢɞɡɜ ŮɝɡˊɖɟŮŰɖɗŮɑ 

Ŭəɧɛɖ 

¶ əŬɗôɞŭɧɜ 

¶ Ŭˊɞɗɐəɖ 

¶ ˊɟɞəŬɗɞɟɘůɛɏɜŮɠ 

(ůŰŬŰɘəɏɠ) ŰɞˊɞɗŮůɑŮɠ 

(çɗɡɟɑŭŮɠè, ɢɩɟɞɘ 

ůŰɎɗɛŮɡůɖɠ əɚˊ.)  
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ɆŰɖɜ ˊŬɟɞɨůŬ ŮɟɔŬůɑŬ, ɖ Ɇȷū ŮűŬɟɛɧɕŮŰŬɘ ůŰɞ ɄȹɃȹɄ, ŮɜůɤɛŬŰɩɜɞɜŰŬɠ ŬɟəŮŰɏɠ 

Ŭˊɧ Űɘɠ ˊɟɞŬɜŬűŮɟɧɛŮɜŮɠ ˊŬɟŬɛɏŰɟɞɡɠ. ɆɡɔəŮəɟɘɛɏɜŬ, ůŮ ŭŮŭɞɛɏɜɖ ɢɟɞɜɘəɐ ůŰɘɔɛɐ 

ŬɜŬůɢŮŭɘŬůɛɞɨ, ɗŮɤɟɞɨɛŮ ɏɜŬɜ ůŰɧɚɞ Ŭˊɧ ŭɨɞ ɞɢɐɛŬŰŬ ɧˊɞɡ Űɞ ɏɜŬ ŬɜŰɘůŰɞɘɢŮɑ 

ˊɎɜŰŬ ůŮ ɏɜŬ ɧɢɖɛŬ əŬɗôɞŭɧɜ (ŮɝɡˊɖɟŮŰɩɜŰŬɠ Űɞ ˊɚɎɜɞ ˊɞɡ Űɞɡ ɏɢŮɘ ŬɜŬŰŮɗŮɑ), əŬɘ 

Űɞ Ɏɚɚɞ ŮɑŰŮ əŬɗôɞŭɧɜ ŮɑŰŮ ůŰɖɜ Ŭˊɞɗɐəɖ (ůŬɜ ŮűŮŭɟɘəɧ ɧɢɖɛŬ) ŬɜŬɛɏɜɞɜŰŬɠ ɜŬ 

ŮɜŮɟɔɞˊɞɘɖɗŮɑ əŬŰɎ Űɖɜ ŮɛűɎɜɘůɖ ŭɡɜŬɛɘəɩɜ ŬˊŬɘŰɐůŮɤɜ. ȾŬŰɎ Űɖ űɎůɖ 

ŬɜŬůɢŮŭɘŬůɛɞɨ, ɖ Ɇȷū ŮűŬɟɛɧɕŮŰŬɘ ɔɘŬ ɜŬ ŮɝŮŰɎůŮɘ əŬŰɎ ˊɧůɞɜ ŮɑɜŬɘ əŮɟŭɞűɧɟɞ 

ɔɘŬ ŰŬ ɞɢɐɛŬŰŬ ɜŬ ůɡɜŬɜŰɖɗɞɨɜ əŬɘ ɜŬ ŬɜŰŬɚɚɎɝɞɡɜ əɎˊɞɘŮɠ ˊŬɟŬɔɔŮɚɑŮɠ ɐ ɧɢɘȚ ŮɎɜ 

ɧɢɘ, ɏɜŬɠ Űɡˊɘəɧɠ Ŭɚɔɧɟɘɗɛɞɠ ŬɜŬůɢŮŭɘŬůɛɞɨ ŮűŬɟɛɧɕŮŰŬɘ. ȷɡŰɧɠ ŮɑɜŬɘ əŬɘ ɞ ɚɧɔɞɠ 

ˊɞɡ ŬɜŬűŮɟɧɛŬůŰŮ ůŮ ŬɡŰɐ Űɖɜ əŬɘɜɞŰɞɛɘəɐ ɛɏɗɞŭɞ ɤɠ çůŰɟŬŰɖɔɘəɐè. ɄŮɟɘɞɟɘůɛɞɑ 

ɢɤɟɖŰɘəɧŰɖŰŬɠ ɔɘŬ ŰŬ ɞɢɐɛŬŰŬ ŭŮɜ ůɡɛˊŮɟɘɚŬɛɓɎɜɞɜŰŬɘ ůŰɞ ˊɟɧɓɚɖɛŬ, ŮˊŮɘŭɐ Űɞ 

űɞɟŰɑɞ Űɖɠ əɎɗŮ ŬˊŬɑŰɖůɖɠ ŮɑɜŬɘ ůɢŮŰɘəɎ ɛɘəɟɧ ůŰɘɠ ŮɝŮŰŬɕɧɛŮɜŮɠ ŮűŬɟɛɞɔɏɠ. ȼ 

ˊɟɞŰŮɘɜɧɛŮɜɖ ˊɟɞůɏɔɔɘůɖ ŮɝŮŰɎɕŮɘ ŭɘɎűɞɟŮɠ Ůˊɘɚɞɔɏɠ, ɧˊɤɠ ŭɡɜŬɛɘəɎ əŬɘ ůŰŬɗŮɟɎ 

ůɖɛŮɑŬ ŬɜŰŬɚɚŬɔɐɠ, Ŭəɟɘɓɐɠ (exact) ɐ ŮɡɟŮŰɘəɏɠ ɛŮɗɧŭɞɡɠ ɔɘŬ Űɖɜ Ůˊɑɚɡůɖ Űɤɜ 

ŰɛɖɛɎŰɤɜ Űɞɡ ůɡɜɞɚɘəɞɨ Ŭɚɔɞɟɑɗɛɞɡ, əɚˊ. 

ȸŬůɘəɐ ɀŮɗɞŭɞɚɞɔɑŬ Ⱥˊɑɚɡůɖɠ 

ȼ ˊɟɞŰŮɘɜɧɛŮɜɖ ɛŮɗɞŭɞɚɞɔɑŬ Ůˊɑɚɡůɖɠ ɔɘŬ Űɖɜ Ɇȷū ŬˊɞŰŮɚŮɑ ɏɜŬ Ŭɚɔɧɟɘɗɛɞ Űɟɘɩɜ 

űɎůŮɤɜ, əŬɘ ɡɚɞˊɞɘŮɑŰŬɘ ůŮ ůɡɜŭɡŬůɛɧ ɛŮ ɛɘŬ Űɡˊɘəɐ ɛɏɗɞŭɞ Ůˊɑɚɡůɖɠ Űɞɡ ɄȹɃȹɄ, 

ɖ ɞˊɞɑŬ ɏɢŮɘ ŭɖɛɘɞɡɟɔɖɗŮɑ Ŭˊɧ Űɞɡɠ Ninikas and Minis (2011), əŬɘ Űɖɜ ɞˊɞɑŬ 

ɞɜɞɛɎɕɞɡɛŮ ɀɏɗɞŭɞ ȺɘůŬɔɤɔɐɠ (ɀȺ). ȼ ɀȺ ŮɑɜŬɘ ɛɘŬ ˊɟɞůɏɔɔɘůɖ Ŭəɟɘɓɞɨɠ 

Ůˊɑɚɡůɖɠ (exact) ˊɞɡ ɢɟɖůɘɛɞˊɞɘŮɑ Űɖ ɛɏɗɞŭɞ ȹɡɜŬɛɘəɐɠ ȹɖɛɘɞɡɟɔɑŬɠ ɀŮŰŬɓɚɖŰɩɜ 

(ȹȹɀ) ɐ Column Generation (CG), əŬɘ ŭŮɜ ŮˊɘŰɟɏˊŮɘ Űɖɜ Ůə ɜɏɞɡ ŬɜɎɗŮůɖ Űɤɜ 

ůŰŬŰɘəɩɜ ŬˊŬɘŰɐůŮɤɜ ɛŮŰŬɝɨ Űɤɜ ɞɢɖɛɎŰɤɜ (ŭɖɚŬŭɐ əɎɗŮ ɧɢɖɛŬ ˊɟɏˊŮɘ ɜŬ 

ŮɝɡˊɖɟŮŰɐůŮɘ Űɘɠ ŬˊŬɘŰɐůŮɘɠ ŭɘŬɜɞɛɐɠ ˊɞɡ Űɞɡ ŮɑɢŬɜ ŬɜŬŰŮɗŮɑ ŬɟɢɘəɎ). ɆŮ ɛɘŬ űɎůɖ 

ŬɜŬůɢŮŭɘŬůɛɞɨ əŬɘ Ŭűɞɨ Űɞ ˊɟɧɓɚɖɛŬ ŮˊɘɚɡɗŮɑ ɛŮ Űɖɜ ɀȺ, ŮűŬɟɛɧɕŮŰŬɘ ɖ Ɇȷū 

ɩůŰŮ ɜŬ ŮɚɏɔɝŮɘ Ŭɜ ɖ ŬɜŰŬɚɚŬɔɐ űɞɟŰɑɞɡ ɛŮŰŬɝɨ Űɤɜ ɞɢɖɛɎŰɤɜ ɛˊɞɟŮɑ ɜŬ ŮˊɘűɏɟŮɘ 

ɛɘŬ ɓŮɚŰɘɤɛɏɜɖ ɚɨůɖ. Ƀɘ űɎůŮɘɠ Űɞɡ Ŭɚɔɞɟɑɗɛɞɡ Űɖɠ Ɇȷū ɏɢɞɡɜ ɤɠ Ůɝɐɠ:  

ūɎůɖ I. ȹɟɞɛɞɚɧɔɖůɖ: ɆŮ ŬɡŰɐ Űɖ űɎůɖ, ŮˊɘɚɨŮŰŬɘ ɏɜŬ ˊɟɧɓɚɖɛŬ ˊɞɡ ɛɞɘɎɕŮɘ ɛŮ 

Űɞ Űɡˊɘəɧ ɄɟɧɓɚɖɛŬ ȹɟɞɛɞɚɧɔɖůɖɠ ɃɢɖɛɎŰɤɜ (ɄȹɃ) ɐ Vehicle Routing 

Problem (VRP). ɆŰɞ ˊɟɧɓɚɖɛŬ ŬɡŰɧ, ɗŮɤɟɞɨɛŮ ɏɜŬ ŭɑəŰɡɞ Űɞ ɞˊɞɑɞ 

ˊŮɟɘɚŬɛɓɎɜŮɘ ɧɚŮɠ Űɘɠ ŬˊŬɘŰɐůŮɘɠ Űɤɜ ˊŮɚŬŰɩɜ ˊɞɡ ŭŮɜ ɏɢɞɡɜ 

ŮɝɡˊɖɟŮŰɖɗŮɑ ɛɏɢɟɘ Űɖ ɢɟɞɜɘəɐ ůŰɘɔɛɐ Űɞɡ ŬɜŬůɢŮŭɘŬůɛɞɨ. ȳɚŮɠ ɞɘ 
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ŬˊŬɘŰɐůŮɘɠ ɗŮɤɟɞɨɜŰŬɘ ɞɛɞɘɞɔŮɜɐɠ, ŭɖɚŬŭɐ ŭŮɜ ɏɢɞɡɛŮ ŭɘɎəɟɘůɖ Űɤɜ 

ŬɘŰɖɛɎŰɤɜ ůŮ ŬˊŬɘŰɐůŮɘɠ ˊŬɟŬɚŬɓɐɠ əŬɘ ŬˊŬɘŰɐůŮɘɠ Ůˊɑŭɞůɖɠ. ȷɡŰɐ ɖ 

ɢŬɚɎɟɤůɖ ůŰɞ ˊɟɧɓɚɖɛŬ ŮˊɘŰɟɏˊŮɘ ůŮ əɎɗŮ ŬˊŬɑŰɖůɖ ɜŬ ɛˊɞɟŮɑ ɜŬ 

ŮɝɡˊɖɟŮŰɖɗŮɑ Ŭˊɧ ɞˊɞɘɞŭɐˊɞŰŮ ɧɢɖɛŬ, ŬɜŮɝɎɟŰɖŰŬ ɛŮ Űɖɜ Ŭɟɢɘəɐ Űɖɠ 

ŬɜɎɗŮůɖ. ũɘŬ Űɖɜ Ůˊɑɚɡůɖ ŬɡŰɐɠ Űɖɠ űɎůɖɠ, ɛˊɞɟŮɑ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ  

Űɧůɞ ɛɘŬ Ŭəɟɘɓɐɠ, ɧůɞ əŬɘ ɛɘŬ ŮɡɟŮŰɘəɐ ɛɏɗɞŭɞɠ, ŬɜɎɚɞɔŬ ɛŮ Űɞ ɛɏɔŮɗɞɠ 

Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ. 

ūɎůɖ II. ɆɡɜɎɜŰɖůɖ: ȾŬŰɎ Űɖ ŭɘɎɟəŮɘŬ ŬɡŰɐɠ Űɖɠ űɎůɖɠ, ŮɝŮŰɎɕŮŰŬɘ ŮɎɜ ɡˊɎɟɢɞɡɜ 

ˊŬɟŬɔɔŮɚɑŮɠ ŭɘŬɜɞɛɐɠ ˊɞɡ ŬɟɢɘəɎ ŮɑɢŬɜ ŬɜŬŰŮɗŮɑ ůŮ ɏɜŬ ɧɢɖɛŬ, əŬɘ ŰɩɟŬ 

ˊɟɏˊŮɘ ɜŬ ŮɝɡˊɖɟŮŰɖɗɞɨɜ Ŭˊɧ Űɞ Ɏɚɚɞ (ɛŮ ɓɎůɖ Űɖ ɚɨůɖ Űɞɡ ɄȹɃ). ȺɎɜ 

ɧɢɘ, ɖ ɚɨůɖ Űɞɡ ɄȹɃ ˊŬɟŬɛɏɜŮɘ ŬɛŮŰɎɓɚɖŰɖ əŬɘ ŬˊɞŰŮɚŮɑ Űɖɜ ŰŮɚɘəɐ 

ɚɨůɖ. ȹɘŬűɞɟŮŰɘəɎ, ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɛɘŬ ŭɘŬŭɘəŬůɑŬ ɖ ɞˊɞɑŬ ŬɜŬɕɖŰɎ Űɞ 

əŬɚɨŰŮɟɞ ŮűɘəŰɧ ůɖɛŮɑɞ ůɡɜɎɜŰɖůɖɠ ɔɘŬ ŰŬ ɞɢɐɛŬŰŬ. ũɘŬ Űɖɜ Ůˊɑɚɡůɖ 

ŬɡŰɐɠ Űɖɠ ŭɘŬŭɘəŬůɑŬɠ, ́ ɟɞŰŮɑɜɞɜŰŬɘ ŭɘɎűɞɟɞɘ ŮɜŬɚɚŬəŰɘəɞɑ Ŭɚɔɧɟɘɗɛɞɘ. 

ūɎůɖ III. ȸŮɚŰɘůŰɞˊɞɑɖůɖ: ɇɏɚɞɠ, ůŰɖ ɚɨůɖ ˊɞɡ ɚŬɛɓɎɜŮŰŬɘ Ŭˊɧ Űɘɠ ŭɨɞ 

ˊɟɞɖɔɞɨɛŮɜŮɠ űɎůŮɘɠ ŮűŬɟɛɧɕŮŰŬɘ ɛɘŬ ŭɘŬŭɘəŬůɑŬ ɓŮɚŰɘůŰɞˊɞɑɖůɖɠ, ɖ 

ɞˊɞɑŬ ŮɝŮŰɎɕŮɘ ŮɎɜ ɖ ŮɜŬɚɚŬɔɐ ɛɘŬɠ ŬˊŬɑŰɖůɖɠ ɛŮŰŬɝɨ Űɤɜ ŭɨɞ 

ŭɟɞɛɞɚɞɔɑɤɜ ɛˊɞɟŮɑ ɜŬ ɞŭɖɔɐůŮɘ ůŮ ɓŮɚŰɑɤůɖ Űɖɠ ůɡɜɞɚɘəɐɠ ɚɨůɖɠ.  

ũɘŬ Űɖɜ ŮɨɟŮůɖ Űɞɡ əŬɚɨŰŮɟɞɡ ŭɡɜŬŰɞɨ ůɖɛŮɑɞɡ ŬɜŰŬɚɚŬɔɐɠ əŬŰɎ Űɖ ūɎůɖ ȽȽ Űɖɠ 

ɛŮɗɧŭɞɡ, ŬɜŬˊŰɨɢɗɖəŬɜ ŰɏůůŮɟɘɠ (4) Ŭɚɔɧɟɘɗɛɞɘ. ȷˊɧ ŬɡŰɞɨɠ, ɞɘ ŰɟŮɘɠ ˊɟɩŰɞɘ 

ɗŮɤɟɞɨɜ ŭɡɜŬɛɘəɎ ůɖɛŮɑŬ ɔɘŬ Űɖɜ ŬɜŰŬɚɚŬɔɐ Űɤɜ űɞɟŰɑɤɜ əŬɘ ůɡɔəŮəɟɘɛɏɜŬ ɧɚŮɠ Űɘɠ 

ŰɞˊɞɗŮůɑŮɠ Űɤɜ ˊŮɚŬŰɩɜ ˊɞɡ ŭŮɜ ɏɢɞɡɜ ŮɝɡˊɖɟŮŰɖɗŮɑ Ŭəɧɛɖ, Ůɜɩ ɞ ŰŮɚŮɡŰŬɑɞɠ 

ŮɝŮŰɎɕŮɘ Űɖɜ ˊŮɟɑˊŰɤůɖ Ůɜɧɠ ůŰŬɗŮɟɞɨ ůɖɛŮɑɞɡ ɛŮŰŬűɧɟŰɤůɖɠ, Űɞ ɞˊɞɑɞ ɡˊɞɗɏŰɞɡɛŮ 

ɧŰɘ ŮɑɜŬɘ ŰɞˊɞɗŮŰɖɛɏɜɞ ůŰɞ əɏɜŰɟɞ ɓɎɟɞɡɠ Űɤɜ ůɡɜŰŮŰŬɔɛɏɜɤɜ Űɤɜ ˊŮɚŬŰɩɜ. 

ȷəɞɚɞɡɗŮɑ ɛɘŬ ɛɘəɟɐ ˊŮɟɘɔɟŬűɐ Űɞɡ əɎɗŮ Ŭɚɔɞɟɑɗɛɞɡ: 

1. ȷˊɚɐ ɇɞˊɘəɐ ȷɜŬɕɐŰɖůɖ (ȷɇȷ): Ƀ Ŭɚɔɧɟɘɗɛɞɠ ŬɡŰɧɠ ɢɟɖůɘɛɞˊɞɘŮɑ ɛɘŬ 

ɛɏɗɞŭɞ ŮɘůŬɔɤɔɐɠ, ɖ ɞˊɞɑŬ, ɛŮ ɓɎůɖ Űɖ ɚɨůɖ ˊɞɡ ˊɟɞəɨˊŰŮɘ Ŭˊɧ Űɞ ɄȹɃ Űɖɠ 

ˊɟɩŰɖɠ űɎůɖɠ, ŭɞəɘɛɎɕŮɘ əɎɗŮ ŰɞˊɞɗŮůɑŬ ˊŮɚɎŰɖ ůŬɜ ˊɘɗŬɜɧ ůɖɛŮɑɞ 

ŬɜŰŬɚɚŬɔɐɠ ɔɘŬ ŰŬ ɞɢɐɛŬŰŬ. ȷɡŰɧ ŮˊɘŰɡɔɢɎɜŮŰŬɘ, ŮɘůɎɔɞɜŰŬɠ ˊɟɞůɤɟɘɜɎ Űɞ 

ɡˊɞɣɐűɘɞ ůɖɛŮɑɞ ŬɜŰŬɚɚŬɔɐɠ (ŰɞˊɞɗŮůɑŬ ˊŮɚɎŰɖ) Ůɜɧɠ ŭɟɞɛɞɚɞɔɑɞɡ, ɛŮŰŬɝɨ 

ŭɨɞ ŭɘŬŭɞɢɘəɩɜ ˊŮɚŬŰɩɜ Űɞɡ Ɏɚɚɞɡ ŭɟɞɛɞɚɞɔɑɞɡ. ȿŬɛɓɎɜɞɜŰŬɠ ɧɚɞɡɠ Űɞɡɠ 

ŮűɘəŰɞɨɠ ůɡɜŭɡŬůɛɞɨɠ ŭɟɞɛɞɚɞɔɑɤɜ, ŮˊɘɚɏɔŮŰŬɘ ŬɡŰɧɠ (ŮɎɜ ɡˊɎɟɢŮɘ) ɛŮ Űɞ 
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ɢŬɛɖɚɧŰŮɟɞ əɧůŰɞɠ, ɩůŰŮ ɜŬ ŬˊɞŰŮɚɏůŮɘ Űɖ ɚɨůɖ ˊɞɡ ɗŬ ˊɟɞɢɤɟɐůŮɘ ůŰɖɜ 

ŰɟɑŰɖ űɎůɖ Űɖɠ ɛŮɗɧŭɞɡ. 

2. Ʉɟɞɖɔɛɏɜɖ ɇɞˊɘəɐ ȷɜŬɕɐŰɖůɖ (Ʉɇȷ): ȼ ˊɟɩŰɖ ɚŮɘŰɞɡɟɔɑŬ ŬɡŰɞɨ Űɞɡ 

Ŭɚɔɞɟɑɗɛɞɡ ŮɑɜŬɘ Ŭəɟɘɓɩɠ ɧɛɞɘŬ ɛŮ ŮəŮɑɜɖ ůŰɖɜ ȷɇȷ. ũɘŬ əɎɗŮ ůɡɜŭɡŬůɛɧ 

ŭɟɞɛɞɚɞɔɑɤɜ ˊɞɡ ˊɟɞəɨˊŰŮɘ Ŭˊɧ Űɖɜ ȷɇȷ, ŮűŬɟɛɧɕŮŰŬɘ ɛɘŬ ŭɘŬŭɘəŬůɑŬ 

ɓŮɚŰɘůŰɞˊɞɑɖůɖɠ ůŰŬ ŭɟɞɛɞɚɧɔɘŬ, ɖ ɞˊɞɑŬ ŬɜŬɕɖŰɎ ɎɚɚŮɠ ɚɨůŮɘɠ 

(ŮɜŬɚɚɎůɞɜŰŬɠ ɛɘŬ ŬˊŬɑŰɖůɖ ɛŮŰŬɝɨ Űɤɜ ŭɨɞ ŭɟɞɛɞɚɞɔɑɤɜ) ˊɞɡ ɛˊɞɟɞɨɜ ɜŬ 

ɓŮɚŰɘɩůɞɡɜ Űɖɜ ŰɟɏɢɞɡůŬ ɚɨůɖ. ȷˊɧ Űɞɡɠ ŬɜŬɜŮɤɛɏɜɞɡɠ ůɡɜŭɡŬůɛɞɨɠ 

ŭɟɞɛɞɚɞɔɑɤɜ, ŮˊɘɚɏɔŮŰŬɘ ŮəŮɑɜɞɠ ɛŮ Űɞ ɢŬɛɖɚɧŰŮɟɞ əɧůŰɞɠ. 

3. ɆɨɜɗŮŰɖ ȷɜŬɕɐŰɖůɖ (Ɇȷ): Ƀ Ŭɚɔɧɟɘɗɛɞɠ ŬɡŰɧɠ ɢɟɖůɘɛɞˊɞɘŮɑ Ůˊɑůɖɠ Űɖɜ ȷɇȷ. 

ũɘŬ əɎɗŮ ůɡɜŭɡŬůɛɧ ŭɟɞɛɞɚɞɔɑɤɜ ˊɞɡ ˊɟɞəɨˊŰŮɘ Ŭˊɧ Űɖɜ ȷɇȷ, ŮˊɘɚɨŮŰŬɘ ɏɜŬ 

ˊɟɧɓɚɖɛŬ ɧɛɞɘɞ ɛŮ Űɞ ɄȹɃ ɚŬɛɓɎɜɞɜŰŬɠ ɡˊɧɣɖ Űɞ ŭɑəŰɡɞ ɧɚɤɜ Űɤɜ ˊŮɚŬŰɩɜ 

ˊɞɡ ɏɢɞɡɜ ŬɜŬŰŮɗŮɑ ɛŮŰɎ Ŭˊɧ Űɖɜ ŰɞˊɞɗŮůɑŬ ŬɜŰŬɚɚŬɔɐɠ. ɋɠ Ůə ŰɞɨŰɞɡ, ŰŬ 

ŰɛɐɛŬŰŬ Űɤɜ ŭɘŬŭɟɞɛɩɜ ɛɏɢɟɘ Űɖɜ ɚŮɘŰɞɡɟɔɑŬ Űɖɠ ŬɜŰŬɚɚŬɔɐɠ ˊŬɟŬɛɏɜɞɡɜ 

ŬɛŮŰɎɓɚɖŰŬ, əŬɘ ɞɘ ŭɘŬŭɟɞɛɏɠ ˊɞɡ ˊɟɞəɨˊŰɞɡɜ Ŭˊɧ Űɞ ɄȹɃ ŬˊɞŰŮɚɞɨɜ ŰŬ 

ŰɛɐɛŬŰŬ ŭɟɞɛɞɚɞɔɑɤɜ ɛŮŰɎ Ŭˊɧ Űɞ ůɖɛŮɑɞ ŬɜŰŬɚɚŬɔɐɠ. ɄɎɚɘ, Ŭˊɧ Űɞɡɠ 

ŬɜŬɜŮɤɛɏɜɞɡɠ ůɡɜŭɡŬůɛɞɨɠ, ŮˊɘɚɏɔŮŰŬɘ ŮəŮɑɜɞɠ ɛŮ Űɞ ɢŬɛɖɚɧŰŮɟɞ əɧůŰɞɠ. ũɘŬ 

Űɖɜ Ůˊɑɚɡůɖ Űɞɡ ɄȹɃ ɛˊɞɟŮɑ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ  Űɧůɞ ɛɘŬ Ŭəɟɘɓɐɠ, ɧůɞ əŬɘ ɛɘŬ 

ŮɡɟŮŰɘəɐ ɛɏɗɞŭɞɠ, ŬɜɎɚɞɔŬ ɛŮ Űɞ ɛɏɔŮɗɞɠ Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ. 

4. ȺɜůɤɛɎŰɤůɖ ɆŰŬɗŮɟɞɨ ɆɖɛŮɑɞɡ ɀŮŰŬűɧɟŰɤůɖɠ (ȺɆɆɀ): ɆŰɞɜ ˊŬɟɩɜ 

Ŭɚɔɧɟɘɗɛɞ Űɞ ůɖɛŮɑɞ ŬɜŰŬɚɚŬɔɐɠ ɗŮɤɟŮɑŰŬɘ ɧŰɘ ŮɑɜŬɘ ɔɜɤůŰɧ ˊɟɘɜ Ŭˊɧ Űɖɜ 

ɏɜŬɟɝɖ Űɤɜ ŮɟɔŬůɘɩɜ əŬɘ ŬˊɞŰŮɚŮɑ ɘŭɘɞəŰɖůɑŬ Űɖɠ ŮŰŬɘɟɑŬɠ. ɆɖɛŬɜŰɘəɧ 

ˊɚŮɞɜɏəŰɖɛŬ Űɞɡ ůɖɛŮɑɞɡ ŬɡŰɞɨ ŮɑɜŬɘ ɧŰɘ ŮˊɘŰɟɏˊŮɘ ůŮ ɏɜŬ ɧɢɖɛŬ ɜŬ ŬˊɞɗɏůŮɘ 

ŮəŮɑ əɎˊɞɘɞ űɞɟŰɑɞ, Űɞ ɞˊɞɑɞ ɛˊɞɟŮɑ ɜŬ ɚɖűɗŮɑ əɎˊɞɘŬ ůŰɘɔɛɐ ŬɟɔɧŰŮɟŬ Ŭˊɧ Űɞ 

Ɏɚɚɞ ɧɢɖɛŬ. ȼ ɓŬůɘəɐ ŭɘŮɟɔŬůɑŬ Űɞɡ Ŭɚɔɞɟɑɗɛɞɡ ŬűɞɟɎ Űɖɜ ŮɘůŬɔɤɔɐ Űɞɡ 

ůɖɛŮɑɞɡ ɛŮŰŬűɧɟŰɤůɖɠ ɛŮŰŬɝɨ ŭɨɞ ɞˊɞɘɞɜŭɐˊɞŰŮ ŭɘŬŭɞɢɘəɩɜ ˊŮɚŬŰɩɜ ůŮ əɎɗŮ 

ˊɟɞɔɟŬɛɛŬŰɘůɛɏɜɞ ŭɟɞɛɞɚɞɔɑɞ. ȿŬɛɓɎɜɞɜŰŬɠ ɧɚɞɡɠ Űɞɡɠ ŮűɘəŰɞɨɠ 

ůɡɜŭɡŬůɛɞɨɠ ŭɟɞɛɞɚɞɔɑɤɜ, ŮˊɘɚɏɔŮŰŬɘ ŮəŮɑɜɞɠ ˊɞɡ ŮɚŬɢɘůŰɞˊɞɘŮɑ Űɞ ůɡɜɞɚɘəɧ 

əɧůŰɞɠ ŭɟɞɛɞɚɧɔɖůɖɠ. 

ɄŮɘɟŬɛŬŰɘəɐ ȹɘŮɟŮɨɜɖůɖ 
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ɇŬ ˊŮɘɟɎɛŬŰŬ ŭɖɛɘɞɡɟɔɐɗɖəŬɜ ɓɎůŮɘ Űɤɜ əɟɘŰɖɟɑɤɜ Űɞɡ Solomon (Solomon, 1987), 

ŰŬ ɞˊɞɑŬ ŬˊɞŰŮɚɞɨɜŰŬɘ Ŭˊɧ ůɨɜɞɚŬ R, C əŬɘ RȚ ɧˊɞɡ əɎɗŮ ůɨɜɞɚɞ ɡˊɞŭɖɚɩɜŮɘ ɛɘŬ 

ŭɘŬűɞɟŮŰɘəɐ ɔŮɤɔɟŬűɘəɐ əŬŰŬɜɞɛɐ ˊŮɚŬŰɩɜ (R: ŰɡɢŬɑŬ, C: ɞɛŬŭɞˊɞɘɖɛɏɜɖ, RC: 

ɛɘəŰɐ). ɄɟɞəŮɘɛɏɜɞɡ ɜŬ ˊŬɟɏɢɞɡɛŮ ŮəŰŮɜɐ ˊŮɘɟŬɛŬŰɘəɐ ŭɘŮɟŮɨɜɖůɖ əŬɘ ɜŬ 

ˊɟɞůŭɘɞɟɑůɞɡɛŮ Űɖ ůɡůɢɏŰɘůɖ Űɖɠ Ŭˊɧŭɞůɖɠ Űɖɠ Ɇȷū ɛŮ Űɖ ɔŮɤɔɟŬűɘəɐ əŬŰŬɜɞɛɐ 

Űɤɜ ˊŮɚŬŰɩɜ, ŭɖɛɘɞɡɟɔɐůŬɛŮ ůŮŰ ŭɞəɘɛɩɜ Ŭˊɧ ɧɚŮɠ Űɘɠ əŬŰɖɔɞɟɑŮɠ. ũɘŬ əɎɗŮ ɛɘŬ Ŭˊɧ 

ŬɡŰɏɠ Űɘɠ əŬŰɖɔɞɟɑŮɠ, ɗŮɤɟɐůŬɛŮ Ůˊɑůɖɠ ůɨɜɞɚŬ ŭɞəɘɛɩɜ ˊɞɡ ŬˊɞŰŮɚɞɨɜŰŬɘ Ŭˊɧ 15, 

25 əŬɘ 50 ŬˊŬɘŰɐůŮɘɠ ˊŮɚŬŰɩɜ. Ⱥˊɘˊɚɏɞɜ, ɔɘŬ əɎɗŮ ɛɘŬ Ŭˊɧ Űɘɠ ˊŬɟŬˊɎɜɤ ˊŮɟɘˊŰɩůŮɘɠ 

ŮɝŮŰɎůŬɛŮ ˊŮɟɘˊŰɩůŮɘɠ ɛŮ ɉɟɞɜɘəɎ ɄŬɟɎɗɡɟŬ (ɉɄ) əŬɘ ɢɤɟɑɠ, ɞŭɖɔɩɜŰŬɠ ůŮ ɏɜŬ 

ůɨɜɞɚɞ 18 ůŮŰ ˊŮɘɟŬɛɎŰɤɜ. Ƀ ɄɑɜŬəŬɠ Ʉ.2 ůɡɜɞɣɑɕŮɘ ŰŬ ůŮŰ ˊŮɘɟŬɛɎŰɤɜ.  

ɄɑɜŬəŬɠ Ʉ.2: ɆŮŰ ɄŮɘɟŬɛɎŰɤɜ 

ɆŮŰ 

ȷɟɘɗɛɧɠ 

ŬˊŬɘŰɐůŮɤɜ/ 

ˊŮɚŬŰɩɜ 

ũŮɤɔɟŬűɘəɐ 

əŬŰŬɜɞɛɐ 

ˊŮɚŬŰɩɜ 

ɉɟɞɜɘəɎ 

ɄŬɟɎɗɡɟŬ 

(ɉɄ) 

ȷɟɘɗɛɧɠ 

ˊŮɘɟŬɛɎŰɤɜ ˊɞɡ 

ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ 

1 15 R ɿʰʽ 8 

2 15 C ɿʰʽ 7 

3 15 RC ɿʰʽ 8 

4 25 R ɿʰʽ 8 

5 25 C ɿʰʽ 7 

6 25 RC ɿʰʽ 6 

7 50 R ɿʰʽ 6 

8 50 C ɿʰʽ 6 

9 50 RC ɿʰʽ 6 

10 15 R ʂ˔ʽ 6 

11 15 C ʂ˔ʽ 6 

12 15 RC ʂ˔ʽ 6 

13 25 R ʂ˔ʽ 7 

14 25 C ʂ˔ʽ 6 

15 25 RC ʂ˔ʽ 6 

16 50 R ʂ˔ʽ 6 

17 50 C ʂ˔ʽ 6 

18 50 RC ʂ˔ʽ 6 

 

Ƀɘ ŬəɧɚɞɡɗŮɠ ˊŬɟŬŭɞɢɏɠ ɘůɢɨɞɡɜ ɔɘŬ ɧɚŬ ŰŬ ůɨɜɞɚŬ ˊŮɘɟŬɛɎŰɤɜ ˊɞɡ 

ŭɖɛɘɞɡɟɔɐɗɖəŬɜ ɔɘŬ Űɖɜ ˊŮɘɟŬɛŬŰɘəɐ ŭɘŮɟŮɨɜɖůɖ Űɖɠ Ɇȷū: 

¶ ŪŮɤɟɞɨɛŮ ɏɜŬ ɛɧɜɞ əɨəɚɞ ŬɜŬůɢŮŭɘŬůɛɞɨ əŬɘ ɖ Ɇȷū ŮűŬɟɛɧɕŮŰŬɘ ɛɘŬ űɞɟɎ 

Űɖɜ ɢɟɞɜɘəɐ ůŰɘɔɛɐ Űɞɡ ŬɜŬůɢŮŭɘŬůɛɞɨ. 

¶ ȼ ɓɏɚŰɘůŰɖ ɚɨůɖ (ˊɞɡ ˊŬɟɎɔŮŰŬɘ ˊɟɘɜ Űɖ ɢɟɞɜɘəɐ ůŰɘɔɛɐ 0) ŬɜŰɘůŰɞɘɢŮɑ ůŰɖɜ 

ŬɜɎɗŮůɖ ɧɚɤɜ ŬɘŰɖɛɎŰɤɜ ˊŬɟɎŭɞůɖɠ ůŮ ɏɜŬ Ŭˊɧ ŰŬ ŭɨɞ ŭɘŬɗɏůɘɛŬ ɞɢɐɛŬŰŬ, 
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Ůɜɩ Űɞ Ɏɚɚɞ ɓɟɑůəŮŰŬɘ ůŰɖɜ Ŭˊɞɗɐəɖ (ůŬɜ ŮűŮŭɟɘəɧ ɧɢɖɛŬ) ɔɘŬ Űɖɜ 

ŮɝɡˊɖɟɏŰɖůɖ ŭɡɜŬɛɘəɩɜ ŬˊŬɘŰɐůŮɤɜ. 

¶ ȼ ɢɟɞɜɘəɐ ůŰɘɔɛɐ ŬɜŬůɢŮŭɘŬůɛɞɨ ŬɜŰɘůŰɞɘɢŮɑ ůŮ ɛɘŬ ŰɡɢŬɑŬ ůŰɘɔɛɐ Űɞɡ 

ɢɟɧɜɞɡ, əŬɘ ɏɜŬɠ Ŭɟɘɗɛɧɠ ůŰŬŰɘəɩɜ ŬˊŬɘŰɐůŮɤɜ ɏɢŮɘ ŮɝɡˊɖɟŮŰɖɗŮɑ ɛɏɢɟɘ 

ŮəŮɑɜɖ Űɖ ůŰɘɔɛɐ. 

¶ ũɘŬ ɚɧɔɞɡɠ ŬˊɚɧŰɖŰŬɠ, ɞ ɢɟɧɜɞɠ ɔɘŬ Űɖɜ ŮɝɡˊɖɟɏŰɖůɖ ɛɘŬɠ ŬˊŬɑŰɖůɖɠ ůŰɖɜ 

ŰɞˊɞɗŮůɑŬ Űɞɡ ˊŮɚɎŰɖ ɗŮɤɟŮɑŰŬɘ ɧŰɘ ŮɑɜŬɘ ɛɖŭɏɜ (0). 

ũɘŬ Űɖɜ ˊɟŬɔɛŬŰɞˊɞɑɖůɖ Űɖɠ ˊŮɘɟŬɛŬŰɘəɐɠ ŭɘŮɟŮɨɜɖůɖɠ ɛɏůɤ Űɖɠ Ɇȷū 

ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ŰɏůůŮɟɘɠ ŮɜŬɚɚŬəŰɘəɞɑ Ŭɚɔɧɟɘɗɛɞɘ. Ƀɘ Ŭɚɔɧɟɘɗɛɞɘ ŬɡŰɞɑ 

ɓŬůɑɕɞɜŰŬɘ ůŰɖɜ ɛŮɗɞŭɞɚɞɔɑŬ Ůˊɑɚɡůɖɠ əŬɘ Űɘɠ Ŭɚɔɞɟɘɗɛɘəɏɠ ŭɘŬŭɘəŬůɑŮɠ ˊɞɡ 

ˊŮɟɘɔɟɎűɖəŬɜ ˊŬɟŬˊɎɜɤ. Ⱦɨɟɘɞɠ ůəɞˊɧɠ Űɖɠ ˊŬɟɞɨůŬɠ ŮɟɔŬůɑŬɠ ŮɑɜŬɘ ɖ Ŭɝɘɞɚɧɔɖůɖ 

Űɖɠ ŬˊɞŰŮɚŮůɛŬŰɘəɧŰɖŰɎɠ Űɞɡɠ ɧůɞɜ ŬűɞɟɎ Űɞ əɧůŰɞɠ əŬɘ Űɞɜ ɡˊɞɚɞɔɘůŰɘəɧ ɢɟɧɜɞ 

ˊɞɡ ŬˊŬɘŰɞɨɜ. 

Ƀ ɄɑɜŬəŬɠ Ʉ.3 ůɡɜɞɣɑɕŮɘ ŰŬ əɨɟɘŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɤɜ Ŭɚɔɞɟɑɗɛɤɜ əŬɘ Űɘɠ ɛŮɗɧŭɞɡɠ 

ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ɔɘŬ ŰŬ ůŮŰ ˊŮɘɟŬɛɎŰɤɜ. ȺűŬɟɛɧůŬɛŮ ŭɘŬűɞɟŮŰɘəɏɠ ɛŮɗɧŭɞɡɠ, 

ɏŰůɘ ɩůŰŮ ɜŬ ŰŬɘɟɘɎɕɞɡɜ ɛŮ Űɖɜ ˊɞɚɡˊɚɞəɧŰɖŰŬ Űɞɡ əɎɗŮ ˊɟɞɓɚɐɛŬŰɞɠ (ŭɖɚŬŭɐ Űɞɜ 

Ŭɟɘɗɛɧ Űɤɜ ˊŮɚŬŰɩɜ). ɆɡɔəŮəɟɘɛɏɜŬ, ɔɘŬ Űɖɜ Ůˊɑɚɡůɖ Űɖɠ ūɎůɖɠ Ƚ, ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ 

ɛɘŬ Branch-and-Price (B&P) ɛɏɗɞŭɞɠ ˊɞɡ ˊŬɟɏɢŮɘ Ŭəɟɘɓɐɠ ɚɨůŮɘɠ ɔɘŬ ŰŬ ůŮŰ 

ˊŮɘɟŬɛɎŰɤɜ ɛŮ 15 ŬˊŬɘŰɐůŮɘɠ ˊŮɚŬŰɩɜ, Ůɜɩ ɔɘŬ ŰŬ ɛŮɔŬɚɨŰŮɟŬ ˊɟɞɓɚɐɛŬŰŬ (25 əŬɘ 

50 ́ ŮɚɎŰŮɠ), ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ɞ Ŭɚɔɧɟɘɗɛɞɠ Űɤɜ Clarke & Wright (C&W), ɞ ɞˊɞɑɞɠ 

ŬˊɞŰŮɚŮɑ ŮɡɟŮŰɘəɐ ɛɏɗɞŭɞ, ůŮ ůɡɜŭɡŬůɛɧ ɛŮ ɛɘŬ ŭɘŬŭɘəŬůɑŬ ɓŮɚŰɘůŰɞˊɞɑɖůɖɠ (Route-

Interchange).  

ɄɑɜŬəŬɠ Ʉ.3: ȸŬůɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɤɜ Ŭɚɔɞɟɑɗɛɤɜ Ůˊɑɚɡůɖɠ  

ɮ˂ʴˈˊʽʻ˃ˇˌ ʂ˄ˇ˃ʰ 
ʅʹ˃ʶʾˇ 

ɮ˄ˍʰ˂˂ʰʴʺˌ 

15 ̄ ʶ˂ʱˍʶˌ 25, 50 ̄ ʶ˂ʱˍʶˌ 

ʊʱˋʹ I 
όɲˊˇ˃ˇ˂ˈʴʹˋʹύ 

ʊʱˋʹ II 
όʅˎ˄ʱ˄ˍʹˋʹύ 

ʊʱˋʹ I 
(ɲˊˇ˃ˇ˂ˈʴʹˋʹύ 

ʊʱˋʹ II 
όʅˎ˄ʱ˄ˍʹˋʹύ 

 

1 

 

ȹɡɜ_Ɇȷū1 ȹɡɜŬɛɘəɧ B&P ȷɇȷ 
C&W + Route 

Interchange 
ȷɇȷ 

 

2 

 

ȹɡɜ_Ɇȷū2 ȹɡɜŬɛɘəɧ B&P 
Ɇȷ (B&P 

ɔɘŬ ŰŬ ɄȹɃ) 

C&W + Route 

Interchange 

Ɇȷ (C&W 

ɔɘŬ ŰŬ ɄȹɃ) 

 

3 

 

ȹɡɜ_Ɇȷū3 ȹɡɜŬɛɘəɧ B&P Ʉɇȷ 
C&W + Route 

Interchange 
Ʉɇȷ 

 

4 
ɆŰŬɗ_Ɇȷū4 ɆŰŬɗŮɟɧ B&P ȺɆɆɀ 

C&W + Route 

Interchange 
ȺɆɆɀ 



 

University of the Aegean         Department of Financial and Management Engineering 

xii  

 

 

 

ɄŬɟŬəɎŰɤ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ůɡɜɞˊŰɘəɎ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ ˊɞɡ ŬˊɞəŰɐɗɖəŬɜ ɔɘŬ ɧɚŬ ŰŬ 

ůŮŰ ˊŮɘɟŬɛɎŰɤɜ, ŬɜŬɚɨɞɜŰɎɠ ŰŬ ɛŮ ɓɎůɖ: Ŭ) ŰŬ ɉɟɞɜɘəɎ ɄŬɟɎɗɡɟŬ (ɉɄ), ɓ) Űɖɜ 

ɔŮɤɔɟŬűɘəɐ əŬŰŬɜɞɛɐ Űɤɜ ˊŮɚŬŰɩɜ əŬɘ ɔ) Űɖɜ ɡˊɞɚɞɔɘůŰɘəɐ ˊɟɞůˊɎɗŮɘŬ Űɤɜ 

Ŭɚɔɞɟɑɗɛɤɜ. ȾɎɗŮ ˊŮɑɟŬɛŬ ŮˊɘɚɨɗɖəŮ ŬɟɢɘəɎ ɛŮ Űɖɜ ɀɏɗɞŭɞ ȺɘůŬɔɤɔɐɠ (ɀȺ) əŬɘ 

ůŰɖ ůɡɜɏɢŮɘŬ ɛŮ əŬɗɏɜŬɜ Ŭˊɧ Űɞɡɠ ŰɏůůŮɟɘɠ Ŭɚɔɧɟɘɗɛɞɡɠ. 

ɆŰŬ ŮˊɧɛŮɜŬ ŰɟɑŬ ɆɢɐɛŬŰŬ ŬˊŮɘəɞɜɑɕŮŰŬɘ Űɞ ˊɞůɞůŰɧ ɓŮɚŰɑɤůɖɠ əŬɗŮɜɧɠ Ŭˊɧ Űɞɡɠ 

ŰɏůůŮɟɘɠ Ŭɚɔɧɟɘɗɛɞɡɠ ůɡɔəɟɘŰɘəɎ ɛŮ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ ˊɞɡ ˊɟɞɏəɡɣŬɜ Ŭˊɧ Űɖɜ ɀȺ 

(Ɉ-ɎɝɞɜŬɠ). Ƀ ɉ-ɎɝɞɜŬɠ ŬɜŬűɏɟŮŰŬɘ ůŰɖɜ ɔŮɤɔɟŬűɘəɐ əŬŰŬɜɞɛɐ Űɤɜ ˊŮɚŬŰɩɜ, 

ŭɖɚŬŭɐ R, C əŬɘ RC. ȾɎɗŮ ɔɟɎűɖɛŬ ůŰŬ ůɢɐɛŬŰŬ ŬɜŰɘˊɟɞůɤˊŮɨŮɘ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ 

ˊɞɡ ŬˊɞəŰɐɗɖəŬɜ Ŭˊɧ əŬɗɏɜŬɜ Ŭˊɧ Űɞɡɠ ŰɏůůŮɟɘɠ ˊɟɞŰŮɘɜɧɛŮɜɞɡɠ Ŭɚɔɧɟɘɗɛɞɡɠ. ɀɘŬ 

ˊɟɧůɗŮŰɖ əɧəəɘɜɖ ɔɟŬɛɛɐ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ Ůˊɑůɖɠ ůŮ əɎɗŮ ůɢɐɛŬ ɔɘŬ ɜŬ ŭŮɑɝŮɘ Űɖ 

ɛɏůɖ ɓŮɚŰɑɤůɖ ɧɚɤɜ Űɤɜ Ŭɚɔɞɟɑɗɛɤɜ. 

ɆŰɞ ɆɢɐɛŬ Ʉ.4 ́ ŬɟɞɡůɘɎɕŮŰŬɘ Űɞ ɛɏůɞ ˊɞůɞůŰɧ ɓŮɚŰɑɤůɖɠ əɎɗŮ Ŭɚɔɞɟɑɗɛɞɡ ɔɘŬ ɧɚŬ 

ŰŬ ůŮŰ ˊŮɘɟŬɛɎŰɤɜ ɛŮ ɉɄ. ȺɑɜŬɘ ŬɟəŮŰɎ ůŬűɏɠ ɧŰɘ ɞɘ Ŭɚɔɧɟɘɗɛɞɘ ˊŬɟɏɢɞɡɜ 

ůɖɛŬɜŰɘəɐ ɓŮɚŰɑɤůɖ ůŮ ůɨɔəɟɘůɖ ɛŮ Űɖ ɀȺ. ȷˊɧ Űɞ ŭɘɎɔɟŬɛɛŬ űŬɑɜŮŰŬɘ ɧŰɘ ɖ Ɇȷū 

ɞŭɖɔŮɑ ůŮ ůɖɛŬɜŰɘəɏɠ ɓŮɚŰɘɩůŮɘɠ ɧŰŬɜ ɞɘ ˊŮɚɎŰŮɠ ŬˊŬɘŰɞɨɜ ŮɝɡˊɖɟɏŰɖůɖ ɛɏůŬ ůŮ ɏɜŬ 

ɢɟɞɜɘəɧ ˊŬɟɎɗɡɟɞ, əŬɘ ɘŭɑɤɠ ůŰɘɠ ˊŮɟɘˊŰɩůŮɘɠ ɛŮ ɞɛŬŭɞˊɞɘɖɛɏɜɖ ɔŮɤɔɟŬűɘəɐ 

əŬŰŬɜɞɛɐ (C-ˊɟɞɓɚɐɛŬŰŬ). ȳůɞɜ ŬűɞɟɎ Űɞɡɠ ŮɜŬɚɚŬəŰɘəɞɨɠ Ŭɚɔɧɟɘɗɛɞɡɠ, ɛˊɞɟɞɨɛŮ 

ɜŬ ˊɞɨɛŮ ɧŰɘ ɞ óȹɡɜ_Ɇȷū3ô űŬɑɜŮŰŬɘ ɜŬ ɡˊŮɟŰŮɟŮɑ Űɤɜ ɡˊɞɚɞɑˊɤɜ. 

 

ɆɢɐɛŬ Ʉ.4: ɀɏůɞ ˊɞůɞůŰɧ ɓŮɚŰɑɤůɖɠ əɎɗŮ Ŭɚɔɞɟɑɗɛɞɡ ɔɘŬ ɧɚŬ ŰŬ ůŮŰ ˊŮɘɟŬɛɎŰɤɜ ɛŮ ɉɄ 
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ɆŰɞ ɆɢɐɛŬ Ʉ.5 ́ ŬɟɞɡůɘɎɕɞɜŰŬɘ ŰŬ ůɡɔəŮɜŰɟɤŰɘəɎ ŬˊɞŰŮɚɏůɛŬŰŬ ˊɞɡ ˊɟɞɏəɡɣŬɜ ɔɘŬ 

ŰŬ ůŮŰ ˊŮɘɟŬɛɎŰɤɜ ɢɤɟɑɠ ɉɄ. ũɘŬ Űɘɠ ˊŮɟɘˊŰɩůŮɘɠ ŬɡŰɏɠ, űŬɑɜŮŰŬɘ ɜŬ ɡˊɎɟɢŮɘ ɛɘŬ 

ɘůɞɟɟɞˊɖɛɏɜɖ ɓŮɚŰɑɤůɖ ŬɜŮɝɎɟŰɖŰŬ Ŭˊɧ Űɖ ɔŮɤɔɟŬűɘəɐ əŬŰŬɜɞɛɐ Űɤɜ ˊŮɚŬŰɩɜ. 

ȷɡŰɧ ɞűŮɑɚŮŰŬɘ əɡɟɑɤɠ ůŰɞ ɔŮɔɞɜɧɠ ɧŰɘ ɞɘ ˊŮɚɎŰŮɠ ɛˊɞɟɞɨɜ ŰɩɟŬ ɜŬ ŮɝɡˊɖɟŮŰɖɗɞɨɜ 

ŬɜɎ ˊɎůŬ ůŰɘɔɛɐ ɛɏůŬ ůŰɞ ŭɘŬɗɏůɘɛɞ ɢɟɞɜɘəɧ ɞɟɑɕɞɜŰŬ, ŬɜŮɝɎɟŰɖŰŬ Ŭˊɧ Űɖɜ ɗɏůɖ 

Űɤɜ ˊŮɚŬŰɩɜ. 

 

ɆɢɐɛŬ Ʉ.5: ɀɏůɞ ˊɞůɞůŰɧ ɓŮɚŰɑɤůɖɠ əɎɗŮ Ŭɚɔɞɟɑɗɛɞɡ ɔɘŬ ɧɚŬ ŰŬ ůŮŰ ˊŮɘɟŬɛɎŰɤɜ ɢɤɟɑɠ ɉɄ 

ɇɞ ɆɢɐɛŬ Ʉ.6 ůɡɜɞɣɑɕŮɘ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ Ŭˊɧ ɧɚŬ ŰŬ ůŮŰ ˊŮɘɟŬɛɎŰɤɜ. ȺɑɜŬɘ ŬɟəŮŰɎ 

ůŬűɏɠ, ɧŰɘ ɖ Ɇȷū ŬˊɞŭɑŭŮɘ əŬɚɨŰŮɟŬ ůŰŬ C-ˊɟɞɓɚɐɛŬŰŬ, ɛŮ ɛɘŬ ɛɏůɖ ɓŮɚŰɑɤůɖ 

16.7%. Ⱥˊɘˊɚɏɞɜ, ɞ Ŭɚɔɧɟɘɗɛɞɠ óȹɡɜ_Ɇȷū3ô űŬɑɜŮŰŬɘ ɜŬ ŮɑɜŬɘ ɞ ˊɘɞ 

ŬˊɞŰŮɚŮůɛŬŰɘəɧɠ ɧůɞɜ ŬűɞɟɎ Űɞ əɧůŰɞɠ ŭɟɞɛɞɚɧɔɖůɖɠ ɔɘŬ ɧɚŬ ŰŬ ůŮŰ ˊŮɘɟŬɛɎŰɤɜ. 
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ɆɢɐɛŬ Ʉ.6: ɀɏůɞ ˊɞůɞůŰɧ ɓŮɚŰɑɤůɖɠ əɎɗŮ Ŭɚɔɞɟɑɗɛɞɡ ɔɘŬ ɧɚŬ ŰŬ ůŮŰ ˊŮɘɟŬɛɎŰɤɜ 

ɆŰɞ ɆɢɐɛŬ Ʉ.7 ́ ŬɟɞɡůɘɎɕŮŰŬɘ ɛɘŬ Ůˊɘůəɧˊɖůɖ Űɖɠ Ŭˊɧŭɞůɖɠ Űɖɠ Ɇȷū ɤɠ ůɡɜɎɟŰɖůɖ 

Űɞɡ Ŭɟɘɗɛɞɨ Űɤɜ ˊŮɚŬŰɩɜ, ɛŮ ɓɎůɖ Űɖɜ ɔŮɤɔɟŬűɘəɐ Űɞɡɠ əŬŰŬɜɞɛɐ. ȷˊɧ Űɞ ɆɢɐɛŬ 

ŬɡŰɧ, ɛˊɞɟɞɨɛŮ ɜŬ ůɡɛˊŮɟɎɜɞɡɛŮ ɧŰɘ ɖ ɆŰɟŬŰɖɔɘəɐ űŬɑɜŮŰŬɘ ɜŬ ɏɢŮɘ Űɖɜ əŬɚɨŰŮɟɖ 

Ŭˊɧŭɞůɖ ůŰŬ C-ˊɟɞɓɚɐɛŬŰŬ, ɧˊɤɠ ɐŰŬɜ ŬɜŬɛŮɜɧɛŮɜɞ, əŬɘ ɘŭɑɤɠ ůŰŬ ɛɘəɟɎ 

ˊŬɟŬŭŮɑɔɛŬŰŬ (ůŮŰ 15 ˊŮɚŬŰɩɜ). Ⱥˊɘˊɚɏɞɜ, ˊɟɏˊŮɘ ɜŬ ŬɜŬűŮɟɗŮɑ ɧŰɘ ɞ ŮɡɟŮŰɘəɧɠ 

ɛɖɢŬɜɘůɛɧɠ ˊɞɡ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ Űɖɜ Ůˊɑɚɡůɖ Űɖɠ ūɎůɖɠ Ƚ Űɤɜ Ŭɚɔɞɟɑɗɛɤɜ ŮɑɜŬɘ 

ɡˊŮɨɗɡɜɞɠ ɔɘŬ ŬɡŰɐ Űɖ ɛɘəɟɐ ŮˊɘŭŮɑɜɤůɖ Űɖɠ ɓŮɚŰɑɤůɖɠ ůŰŬ ɛŮɔŬɚɨŰŮɟŬ 

ˊŬɟŬŭŮɑɔɛŬŰŬ (25 əŬɘ 50 ˊŮɚɎŰŮɠ). ȷɡŰɧ ůɖɛŬɑɜŮɘ ɧŰɘ ɖ ɢɟɐůɖ ɛɘŬɠ Ŭəɟɘɓɞɨɠ 

ɛŮɗɧŭɞɡ (ˊ.ɢ. Column Generation) ɛˊɞɟŮɑ ɜŬ ɞŭɖɔɐůŮɘ ůŮ əŬɚɨŰŮɟŬ ŬˊɞŰŮɚɏůɛŬŰŬ. 

 

ɆɢɐɛŬ Ʉ.7: ɀɏůɖ Ŭˊɧŭɞůɖ Űɖɠ Ɇȷū ɤɠ ůɡɜɎɟŰɖůɖ Űɞɡ Ŭɟɘɗɛɞɨ Űɤɜ ˊŮɚŬŰɩɜ 
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ɆŰɞ ɆɢɐɛŬ Ʉ.8 ŬˊŮɘəɞɜɑɕŮŰŬɘ ɞ ɛɏůɞɠ ɢɟɧɜɞɠ ˊɞɡ ŭŬˊŬɜɎŰŬɘ Ŭˊɧ əɎɗŮ Ŭɚɔɧɟɘɗɛɞ ɔɘŬ 

ɜŬ ɚɨůŮɘ ɏɜŬ ˊɟɧɓɚɖɛŬ 15 ˊŮɚŬŰɩɜ ɛŮ ɉɄ (əɧəəɘɜɖ ɔɟŬɛɛɐ) əŬɘ ɢɤɟɑɠ ɉɄ (ɛˊɚŮ 

ɔɟŬɛɛɐ). ȳˊɤɠ ŬɜŬɛŮɜɧŰŬɜ, ŰŬ ˊɟɞɓɚɐɛŬŰŬ ɛŮ ɉɄ ŮˊɘɚɨɞɜŰŬɘ ŰŬɢɨŰŮɟŬ, ŮɝŬɘŰɑŬɠ 

Űɞɡ ˊŮɟɘɞɟɘůɛɏɜɞɡ ɢɩɟɞɡ ɚɨůŮɤɜ. Ⱥˊɑůɖɠ ˊŬɟŬŰɖɟŮɑŰŬɘ ɧŰɘ, ůŰŬ ˊɟɞɓɚɐɛŬŰŬ ɛŮ 15 

ˊŮɚɎŰŮɠ ɞ Ŭɚɔɧɟɘɗɛɞɠ óȹɡɜ_Ɇȷū2ô ŬˊŬɘŰŮɑ ˊŮɟɘůůɧŰŮɟɞ ɡˊɞɚɞɔɘůŰɘəɧ ɢɟɧɜɞ, ɧˊɤɠ 

ɐŰŬɜ ŬɜŬɛŮɜɧɛŮɜɞ, ɚɧɔɤ Űɖɠ ŰŮɢɜɘəɐɠ Branch-and-Price ˊɞɡ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ůŰɖ 

ūɎůɖ ȽȽ. 

 

ɆɢɐɛŬ Ʉ.8: ɀɏůɞɠ ɢɟɧɜɞɠ əɎɗŮ Ŭɚɔɞɟɑɗɛɞɡ ɔɘŬ ŰŬ ůŮŰ ˊŮɘɟŬɛɎŰɤɜ ɛŮ 15 ˊŮɚɎŰŮɠ 

ũɘŬ ɛŮɔŬɚɨŰŮɟɖɠ əɚɑɛŬəŬɠ ˊɟɞɓɚɐɛŬŰŬ, ŭŮɜ ɡˊɎɟɢŮɘ ůɖɛŬɜŰɘəɐ ŭɘŬűɞɟɎ ɛŮŰŬɝɨ Űɤɜ 

Ŭɚɔɞɟɑɗɛɤɜ ɧůɞɜ ŬűɞɟɎ Űɞɜ ɡˊɞɚɞɔɘůŰɘəɧ ɢɟɧɜɞ. ɇŬ ůɢɐɛŬŰŬ Ʉ.9 əŬɘ Ʉ.10 

ˊŬɟɏɢɞɡɜ Űɖɜ ɡˊɞɚɞɔɘůŰɘəɐ ˊɟɞůˊɎɗŮɘŬ ɧɚɤɜ Űɤɜ Ŭɚɔɞɟɑɗɛɤɜ ɔɘŬ ŰŬ ˊɟɞɓɐɛŬŰŬ ɛŮ 

25 əŬɘ 50 ́ ŮɚɎŰŮɠ ŬɜŰɑůŰɞɘɢŬ. ŪŬ ˊɟɏˊŮɘ ɜŬ ůɖɛŮɘɤɗŮɑ Ůŭɩ, ɧŰɘ Űɞ ɛŮɔŬɚɨŰŮɟɞ ɛɏɟɞɠ 

Űɞɡ ɢɟɧɜɞɡ ˊɞɡ Ŭ́ ŬɘŰŮɑŰŬɘ Ŭˊɧ Űɞɡɠ Ŭɚɔɧɟɘɗɛɞɡɠ, ŭŬˊŬɜɎŰŬɘ əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ Űɖɠ 

ˊɟɩŰɖɠ űɎůɖɠ Űɖɠ ɛŮɗɧŭɞɡ Űɞɡ əɎɗŮ Ŭɚɔɞɟɑɗɛɞɡ (Ůˊɑɚɡůɖ Űɞɡ ɄȹɃ). ȷɜ əŬɘ ɞ 

Ŭɚɔɧɟɘɗɛɞɠ Űɤɜ Clarke and Wright ˊɞɡ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ŮɑɜŬɘ ŬɟəŮŰɎ ɔɟɐɔɞɟɞɠ, ɖ 

ŭɘŬŭɘəŬůɑŬ ɓŮɚŰɘůŰɞˊɞɑɖůɖɠ Route Interchange ŬˊŬɘŰŮɑ ůɖɛŬɜŰɘəɐ ɡˊɞɚɞɔɘůŰɘəɐ 

ˊɟɞůˊɎɗŮɘŬ (ɘŭɑɤɠ ůŰŬ ˊɟɞɓɐɛŬŰŬ ɛŮ 50 ˊŮɚɎŰŮɠ). ɋůŰɧůɞ, əɎˊɞɘɞɠ ɗŬ ɛˊɞɟɞɨůŮ ɜŬ 

ɢɟɖůɘɛɞˊɞɘɐůŮɘ ɔɟɖɔɞɟɧŰŮɟŮɠ ŮɡɟŮŰɘəɏɠ ɐ ɛŮŰŮɡɟŮŰɘəɏɠ ɛŮɗɧŭɞɡɠ (ˊ.ɢ. Tabu Search), 

ɞɘ ɞˊɞɑŮɠ ɛˊɞɟɞɨɜ ɜŬ ɛŮɘɩůɞɡɜ ůɖɛŬɜŰɘəɎ Űɖɜ ɡˊɞɚɞɔɘůŰɘəɐ ˊɟɞůˊɎɗŮɘŬ ˊɞɡ 

ŬˊŬɘŰŮɑŰŬɘ ɔɘŬ Űɖ ŭɘŬŭɘəŬůɑŬ Űɖɠ ɓŮɚŰɘůŰɞˊɞɑɖůɖɠ. 
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ȷɝɑɕŮɘ Ůˊɑůɖɠ ɜŬ ůɖɛŮɘɤɗŮɑ ɧŰɘ ɞɘ Ŭɚɔɧɟɘɗɛɞɘ ŬˊŬɘŰɞɨɜ ɚɘɔɧŰŮɟɞ ɢɟɧɜɞ ůŰŬ 

ˊɟɞɓɚɐɛŬŰŬ ˊɞɡ ŭŮɜ ɏɢɞɡɛŮ ɉɄ, ŭɘɧŰɘ ɖ C&W, ˊɞɡ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ Űɖɜ Ůˊɑɚɡůɖ 

Űɖɠ ˊɟɩŰɖɠ űɎůɖɠ, ˊŬɟɏɢŮɘ ŰŬɢɨŰŮɟŬ ɚɨůŮɘɠ ɧŰŬɜ ŭŮɜ ɡűɑůŰŬɜŰŬɘ ɉɄ. 

 

ɆɢɐɛŬ Ʉ.9: ɀɏůɞɠ ɢɟɧɜɞɠ əɎɗŮ Ŭɚɔɞɟɑɗɛɞɡ ɔɘŬ ŰŬ ůŮŰ ˊŮɘɟŬɛɎŰɤɜ ɛŮ 25 ˊŮɚɎŰŮɠ 

 

ɆɢɐɛŬ Ʉ.10: ɀɏůɞɠ ɢɟɧɜɞɠ əɎɗŮ Ŭɚɔɞɟɑɗɛɞɡ ɔɘŬ ŰŬ ůŮŰ ˊŮɘɟŬɛɎŰɤɜ ɛŮ 50 ˊŮɚɎŰŮɠ 

ɇŬ ůɖɛŬɜŰɘəɧŰŮɟŬ ůɡɛˊŮɟɎůɛŬŰŬ ˊɞɡ ˊɟɞɏəɡɣŬɜ Ŭˊɧ Űɖ ůɡɜɞɚɘəɐ ŭɘŮɝŬɔɤɔɐ Űɤɜ 

ˊŮɘɟŬɛɎŰɤɜ ɛˊɞɟɞɨɜ ɜŬ ůɡɜɞɣɘůŰɞɨɜ ɤɠ Ůɝɐɠ: 

¶ ȼ Ɇȷū ɛˊɞɟŮɑ ɜŬ ˊŬɟɏɢŮɘ əŬɚɨŰŮɟŮɠ ɚɨůŮɘɠ Ŭˊɧ Űɖ ɀȺ ůŮ ŬɟəŮŰɏɠ 

ˊŮɟɘˊŰɩůŮɘɠ. 

¶ Ƀɘ ɛŮɔŬɚɨŰŮɟŮɠ ɓŮɚŰɘɩůŮɘɠ ɚŬɛɓɎɜɞɜŰŬɘ ůŰɘɠ ˊŮɟɘˊŰɩůŮɘɠ ˊɞɡ ɞɘ ˊŮɚɎŰŮɠ 

ɏɢɞɡɜ ɉɄ əŬɘ ŮɑɜŬɘ ɞɛŬŭɞˊɞɘɖɛɏɜɞɘ ɔŮɤɔɟŬűɘəɎ. 
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¶ ɆŰŬ ˊɟɞɓɚɐɛŬŰŬ ɢɤɟɑɠ ɉɄ, űŬɑɜŮŰŬɘ ɧŰɘ ɖ Ɇȷū ˊŬɟɏɢŮɘ ɘůɞŭɨɜŬɛŮɠ (əŬŰɎ 

ɛɏůɞ ɧɟɞ) ɓŮɚŰɘɩůŮɘɠ ůŮ ɧɚŮɠ Űɘɠ ˊŮɟɘˊŰɩůŮɘɠ ŬɜŮɝɎɟŰɖŰŬ Ŭˊɧ Űɖɜ 

ɔŮɤɔɟŬűɘəɐ əŬŰŬɜɞɛɐ Űɤɜ ˊŮɚŬŰɩɜ. 

¶ ũŮɜɘəɎ, ˊŬɟŬŰɖɟŮɑŰŬɘ ɧŰɘ ɞɘ ɚɨůŮɘɠ ˊɞɡ ˊɟɞəɨˊŰɞɡɜ Ŭˊɧ Űɖɜ Ɇȷū ɞŭɖɔɞɨɜ ůŮ 

ɏɜŬɜ ˊɘɞ ɘůɞɟɟɞˊɖɛɏɜɞ űɧɟŰɞ ŮɟɔŬůɑŬɠ ɛŮŰŬɝɨ Űɤɜ ɞɢɖɛɎŰɤɜ. 

¶ ȳůɞɜ ŬűɞɟɎ ŰŬ ůɖɛŮɑŬ ɧˊɞɡ ɔɑɜŮŰŬɘ ɖ ŬɜŰŬɚɚŬɔɐ (ɛŮŰŬűɧɟŰɤůɖ) Űɤɜ 

űɞɟŰɑɤɜ, ɖ ɢɟɐůɖ ŭɡɜŬɛɘəɩɜ ŰɞˊɞɗŮůɘɩɜ (ůɖɛŮɑŬ ˊŮɚŬŰɩɜ) ɞŭɖɔŮɑ ůŮ 

əŬɚɨŰŮɟŮɠ ɚɨůŮɘɠ ůŮ ůɢɏůɖ ɛŮ Űɞ ůŰŬɗŮɟɧ ůɖɛŮɑɞ ɛŮŰŬűɧɟŰɤůɖɠ. 

¶ Ƀ Ŭɚɔɧɟɘɗɛɞɠ óȹɡɜ_Ɇȷū1ô ˊŬɟɏɢŮɘ Űɘɠ ŰŬɢɨŰŮɟŮɠ ɚɨůŮɘɠ. ɄŬɟô ɧɚŬ ŬɡŰɎ, ɞɘ 

óȹɡɜɆȷū3ô əŬɘ óɆŰŬɗ_Ɇȷū4ô űŬɑɜŮŰŬɘ ɜŬ ɏɢɞɡɜ ˊŬɟɧɛɞɘŮɠ ŮˊɘŭɧůŮɘɠ. 

¶ ɆŰŬ ɛɘəɟɧŰŮɟŬ ˊɟɞɓɚɐɛŬŰŬ (15-ˊŮɚɎŰŮɠ), ɞɘ əŬɚɨŰŮɟŮɠ ɚɨůŮɘɠ ɚŬɛɓɎɜɞɜŰŬɘ 

Ŭˊɧ Űɞɜ Ŭɚɔɧɟɘɗɛɞ óȹɡɜ_Ɇȷū2ô, ɞ ɞˊɞɑɞɠ ɧɛɤɠ ŬˊŬɘŰŮɑ ŬɟəŮŰɧ ɡˊɞɚɞɔɘůŰɘəɧ 

ɢɟɧɜɞ. ũɘŬ ŰŬ ɛŮɔŬɚɨŰŮɟŬ ˊɟɞɓɚɐɛŬŰŬ, ɖ Ŭˊɧŭɞůɖ Űɞɡ Ŭɚɔɞɟɑɗɛɞɡ 

ŮˊɘŭŮɘɜɩɜŮŰŬɘ ŮɝŬɘŰɑŬɠ Űɖɠ ŮɡɟŮŰɘəɐɠ ɛŮɗɧŭɞɡ (C&W) ˊɞɡ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ 

ɔɘŬ Űɖɜ ŮəŰɏɚŮůɖ Űɖɠ ūɎůɖɠ ȽȽ. 

¶ ɆŮ ɔŮɜɘəɏɠ ɔɟŬɛɛɏɠ, ɞ Ŭɚɔɧɟɘɗɛɞɠ óȹɡɜɆȷū3ô űŬɑɜŮŰŬɘ ɜŬ ŮɑɜŬɘ ɞ ˊɘɞ 

ŬˊɞŰŮɚŮůɛŬŰɘəɧɠ, Űɧůɞ ůŮ ˊɞɘɧŰɖŰŬ ɚɨůɖɠ, ɧůɞ əŬɘ ůŮ ɡˊɞɚɞɔɘůŰɘəɐ 

ˊɟɞůˊɎɗŮɘŬ.  
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ABSTRACT 

The problem addressed in the present thesis, concerns a Vehicle Routing Problem 

with Dynamic Pickups (VRPDP). In such a problem, vehicles are destined to serve 

delivery requests known prior to the start of operations, and as the working plan 

unfolds newly arrived pickup requests are assigned to the fleet of vehicles. Solution 

approaches proposed by the DeOPSys lab to address this problem, allocate the 

dynamic requests to the most appropriate vehicles, allowing, if itôs profitable, the 

change in sequence of the delivery orders of a certain vehicle. Each vehicle, however, 

is restricted to serve the delivery orders assigned to it at the beginning of the time 

horizon.  

The main purpose of the current thesis was to solve the VRPDP using a novel strategy 

that allows transshipment of delivery orders between vehicles. This strategy leads to a 

holistic view of routing operations at a reoptimization period allowing each request 

(static or dynamic) to be served by any vehicle; therefore the strategy has the potential 

to provide more effective solutions, in terms of travel costs and service quality. So, 

the main contribution of the thesis concerns the definement of this original strategy, 

first proposed in the DeOPSys lab, and the implementation of Load Exchange 

Strategy (LES) in a VRPDP environment of two vehicles. Computational results 

illustrate that the proposed strategy offers superior results in many cases, improving 

the solutions of the previous approaches over 15% on average. The strategy 

investigated in this thesis may form the basis for further research in the DeOPSys 

laboratory. 
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Supply chains have become a competitive leverage in the global economy. Supply 

chain management refers to the design and management of all operations and 

activities related with procurement procedures, production, processing and all 

distribution activities. The remarkable advances in telecommunications and 

information technology have enabled companies to focus on velocity and timeliness 

throughout the supply chain (Larsen et al, 2008). Low-cost and lean transportation 

and distribution activities have received significant attention, since they affect the 

overall supply chain costs, quality of customer service and the total cost of the 

product. Additionally, in addition to cost-reduction aspects of the transportation 

activities, environmental issues appear to play a very important role in the strategic 

and operational perspectives of modern companies worldwide. Optimizing the routing 

of vehicles may lead to better vehicle utilization and, consequently, to the reduction of 

ὅὕ emissions, thus leading to more environment-friendly operations in 

transportation activities. 
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In an attempt to address the above issues, significant research has been conducted in 

vehicle routing. The majority of this research has focused on deterministic and static 

models, mainly for helping companies during the planning phase of their routing 

procedures. Distribution companies often use a fleet of vehicles (own or rented) 

commencing from a single or multiple depots in order to serve a number of customers 

with known demands and service costs. The Vehicle Routing Problem (VRP), as 

addressed in the literature, is usually modeled as an integer programming problem, 

where the objective is the minimization of distribution costs. 

However, the current way of conducting business has raised significantly customer 

service expectations; it is not unusual for customers to require service in real-time 

during the execution of the designed plan. Additional disruptions in the execution of 

the original distribution plan may stem from delays due to traffic congestion, or to 

unavailability of docking space, vehicle breakdowns, temporary alterations in the road 

network, etc. The disruption caused by these dynamic and unexpected events, led 

research community to focus on the dynamic counterpart of the generic VRP 

(Dynamic VRP ï DVRP). The DVRP is a typical example of distribution, in which 

companies must quickly and smartly use real-time information, in order to reduce 

their total costs and provide superior customer service. For instance, in courier 

operations, dynamism is commonly implied by arrival of new requests. Those 

requests arise dynamically over time as the working plan unfolds. Several variations 

of the DVRP exist in order to adapt to various practical characteristics and constraints. 

DVRP corresponds to a more demanding and difficult problem than the VRP. As a 

consequence, itôs not always feasible to obtain optimal solutions to problems of 

practical sizes within reasonable timeframes. 

During the past decade more and more researchers deal with dynamic transportation 

models. The DVRP is only a subset of these models. A typical way of solving a 

DVRP is to employ a sequence of reoptimization steps, where at each step a suitable 

(static) problem is solved, incorporating an appropriate portion of the dynamic up-to-

date information. Several methods for solving DVRPs exist in the literature, ranging 

from exact algorithms, simple policy based techniques, problem specific heuristics 

and metaheuristics. Typically, a static algorithm is initially applied to the information 

known a priori in order to design an original plan. Two basic approaches are usually 

applied to deal with the newly emerging information: i) local update procedures, that 
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try to incorporate the newly received information to the currently designed plan and 

ii) reoptimization procedures, that provide a solution of the past and new information 

from scratch. Lately, several advanced other strategies are being investigated in order 

to react to the occurrence of dynamic events, such as waiting strategies, diversion, 

anticipation of future requests and time-dependent solution methods. 

This thesis is based on the work of Ninikas and Minis (2011) which was motivated by 

practical courier applications (Ninikas et al., 2011). As stated in the aforementioned 

work: ñin a typical courier distribution setting, a set of delivery vehicles, originating 

from a local distribution hub (depot), is tasked to serve delivery orders known prior to 

the start of operations, called static orders. As the working plan unfolds, however, 

customer orders are received through a call center, called dynamic orders, requesting 

on-site pickup within the current period of operations. At a given time instance, 

selected by the dispatcher, the newly arrived orders need to be incorporated in the 

partially executed plan.  Those pickup orders have to be collected and returned to the 

depot for further processingò. ñBackupò vehicles may be initially located at the depot, 

in order to be dispatched when necessary to serve newly arrived orders. Exactly this 

case is considered in the current thesis and for simplicity is referred as the Vehicle 

Routing Problem with Dynamic Pickups, VRPDP (Ninikas and Minis, 2011).  

Transportation companies that operate within such a context, face a lot of difficulties 

during their effort to incorporate the dynamic orders into the planned routes. Those 

difficulties correspond to the following: 

¶ The large number of dynamic requests that arise within the day complicates 

significantly the decision-taking of the dispatchers in order to implement 

ñgoodò strategies for replanning their fleet in a real-time fashion. 

¶ In a high density urban environment, there are overlapping service regions for 

vehicles, resulting to complex decisions regarding which vehicle will be 

assigned to serve a newly received order. 

¶ The original assignment of specific delivery orders to each vehicle, further 

limits the optimization margins, since those assigned orders must be served 

only by this vehicle (since it carries the load to be delivered to the customers), 

forcing the vehicles to follow a routing plan that is constantly changing in a 

real-time manner. 
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In the present thesis, we address the latter limitation by allowing vehicles to meet 

each other in real-time and exchange delivery orders, in order to share workload and 

better adopt in the new, updated picture of the routing plan. We refer to this novel 

approach, as the Load Exchange Strategy (LES).   

Load Exchange is a rather complex and hard to implement, due to the high number of 

parameters that have to be determined. Those parameters are summarized in Table 

1.1. 

Table 1.1: Parameters and alternative policies for the LES 

Parameter Description Alternatives 

Implementation time of 

the LES 

The time instance or the 

conditions under which 

someone could apply the 

strategy 

¶ at a replanning timestamp 

¶ when there are no 

remaining orders on the 

vehicle 

¶ on vehicleôs idle time 

¶ when a vehicle is unable 

to serve its remaining 

orders 

Meeting combinations 

The allowance for a 

vehicle to serve a number 

of delivery orders 

originally assigned to one 

or more than one other 

vehicles en route 

¶ one-to-one 

¶ one-to-many 

Exchange locations 

The locations where 

vehicles are allowed to 

exchange the loads 

¶ on-site of not yet served 

customers 

¶ en route 

¶ depot 

¶ predefined (static) meet-

ing locations 

(pigeonholes or parking 

lots)  

 

In the current thesis, LES is applied in the VRPDP, incorporating several of the 

aforementioned parameters. Specifically, at any given replanning timestamp, a fleet of 

two vehicles is considered where one corresponds to a vehicle always en route, and 

the other one either en route or located at the depot; the latter (ñbackupò vehicle) may 
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be waiting to be dispatched for the service of newly received orders. During the 

replanning timestamp, LES is triggered to examine whether it is profitable for 

vehicles to meet and exchange orders or not; if not, a typical replanning algorithm is 

applied. This is why we refer to this novel method as ñstrategyò. Capacity constraints 

arenôt included in the problem, because the load of each request is relatively small in 

the applications considered (e.g. courier service industries). The proposed approach 

investigates several options, such as dynamic or fixed transshipment locations, exact 

or heuristic methods for the solution of components of the overall algorithm, etc.  

Our proposed algorithm is comprised of three steps. During the first phase, a VRP is 

being solved with all remaining orders (static and dynamic). No pickup or delivery 

requirements are assumed, in order for all vehicles to be able to serve all requests. The 

second phase, examines whether there are delivery orders initially assigned to a 

vehicle that now have been assigned to the other vehicle (based on the VRP solution). 

If not, the VRP solution remains unchanged and comprises the final solution. 

Otherwise, a new procedure is being used searching for the optimal incorporation of 

the exchange location into the routes. Finally, in the third phase of the approach, a 

post-optimization process identifies if interchanging a customer between the two 

routes can further improve the current solution at-hand. 

The main objective of the current diploma thesis is to investigate this strategy, which 

can be applied to VRPs in order to improve the solution results. The objective is to 

use original ideas for solving dynamic VRPs by incorporating the novel proposed 

strategy (LES). The main contribution of the thesis is the application of LES to a 

dynamic problem with static deliveries and dynamic pickups (VRPDP). To the best of 

our knowledge, this scheme has not been studied and has yet to be investigated. 

References related with load exchange-related strategies have been published in the 

literature, mostly for pickup and delivery problems with fixed transshipment points.  

The algorithmic approach proposed will be used by the Design, Operations & 

Production Systems Lab (DeOPSys) of the Financial and Management Engineering 

(FME) Department of the University of the Aegean, where several algorithms for 

problems of the dynamic VRP class have been developed and studied. 

The remainder of the thesis is structured as follows: Chapter 2 provides the basic 

theoretical background of the problem at-hand.  A thorough discussion regarding 
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other related advanced strategies applied in dynamic problems as well as 

methodologies related to the LES is given, followed by the related research gaps and 

contribution of the thesis. Chapter 3 presents the dynamic problem considered 

(VRPDP) and the LES framework, and discusses several characteristics of the 

strategy and the investigated parameters. Chapter 4 provides a detailed description of 

the solution methodology. Results from extensive computational testing and 

evaluation are provided in Chapter 5. Finally, Chapter 6 summarizes the main 

findings and concluding remarks, along with directions for further research. 
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The present chapter overviews the basic theoretical background of the problem solved 

in the current thesis. Initially, the Vehicle Routing Problem (VRP) is introduced, 

followed by the Dynamic Vehicle Routing Problem (DVRP) which defines the family 

of problems, to which the one undertaken in this thesis belongs. The basic solution 

methods proposed in the literature for the DVRP are described, as well as recent 

advanced solution approaches. In Section 2.4 we introduce the idea of load 

transshipment between vehicles, while applications and references relevant to the 

Load Exchange Strategy (LES) are also presented. Finally, Section 2.5 provides the 

related research gaps and the contribution of the current thesis. 
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2.1 THE VEHICLE ROUTING PROBLEM 

The vehicle routing problem (VRP) is one of the most studied problems of Operations 

Research, and many mathematical programming techniques have been developed for 

solving it. Practical supply chain and distribution systems are highly connected with 

the VRP and its extensions, since it forms the basic tool that models and provides 

solutions in the field of transportation, distribution and logistics. Mathematical 

programming and efficient algorithmic approaches for addressing this problem play a 

significant role for companies active in the supply chain are, since the related 

solutions may have a significant impact on related operating costs. The majority of 

real-world applications (both in North America and Europe), have shown that the use 

of computerized procedures for planning the distribution process result in  substantial 

savings (generally from 5% to 20%) in transportation costs (Toth & Vigo, 2002). 

The VRP is a generalization of the classic Traveling Salesman Problem (TSP) 

(Christofides, 1979; Cornuejols and Nemhauser, 1978; Gendreau et al., 1997), and it 

concerns the distribution of goods between depots and customers (final users). It was 

firstly introduced by Dantzig and Ramser (1959), who proposed a mathematical 

programming formulation and an algorithmic approach to solve a real-life problem for 

the delivery of gasoline to service stations. The definition of VRP and its variants, as 

well as an extensive analysis of solution methods are presented by Toth & Vigo 

(2002). Nowadays numerous commercial software applications are available that 

embed advanced algorithmic approaches for the solution of different real-li fe VRPs. 

In a typical VRP setting, every customer represents a node of a network. Every 

customer has a known demand and must be served once by only one vehicle. Every 

arc ὭȟὮ of the network (where Ὥ and Ὦ correspond to all nodes of the network) is 

associated with a cost ὧ  which represents the cost of traveling from Ὥ to Ὦ. Every 

vehicle has a specific capacity and its route must start and end at a specific depot. The 

total demand of the customers served by a vehicle cannot exceed the vehicleôs 

capacity. The objective of the problem is to minimize the total cost traveled by all 

vehicles. Figure 2.1 presents a network of customers along with the feasible solution 

of the vehicle routing problem. 
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According to Steward and Golden (1983), a compact and convenient formulation for 

the VRP can be written as follows: 

 ὓὭὲὭάὭᾀὩ ὧὼ   

ȟ

 

Subject to 

‘ὼ   

ȟ

ὗ      Ὧ ρȟςȟȣȟά 

ὼ ὼ  ɴὛ  

where: 

ὧ   = the cost of traveling from Ὥ to Ὦ 

ὼ  = 1 if the vehicle Ὧ travels from Ὥ to Ὦ and 0 otherwise 

ά    = the number of available vehicles 

Ὓ    = the set of all feasible solutions in m-traveling salesman problem (m-TSP) 

‘    = the demand at location Ὥ 

ὗ    = the vehicle capacity 

According to the above formulation, VRP is modeled as an integer-programming 

problem. VRP falls into the category of NP-hard optimization problems, in which 

computational time increases exponentially with the problemôs size. That is the main 

reason that exact methods fail to solve VRP optimally in reasonable computational 

time. As a result, exact solution methods are used for limited-size problem instances, 

while heuristics and metaheuristics are proposed in most of the other cases. 

 

Figure 2.1: A solution example of the VRP 
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There are many variations of this classical problem, depending on the constraints of 

the problem at-hand. The main variations are discussed below: 

¶ Capacitated VRP (CVRP): It is almost identical to the conventional VRP, since 

vehicles in most of the models introduced to the literature have restricted 

capacity. In this problem all demands are deterministic, known a-priori  and 

cannot be separated. The objective is to minimize the total routing cost by 

servicing all customers exactly once without exceeding capacity constraints (Toth 

& Vigo, 2002).  

¶ VRP with Time Windows (VRPTW):  Itôs an extension of the CVRP, including 

time window constraints. The time window is a specific, predefined time interval 

associated with a customer in which the customer must start being served. This 

time interval is not the same for all customers.  

¶ VRP with Pickup and Delivery (VRPPD): Restrictions on delivery and 

collection of goods are included in this problem. Here, every customer is 

associated with two service locations, one for the pickup and one for the delivery 

of goods. The goal is to find optimal routes for a fleet of vehicles to visit the 

pickup and drop-off locations.  

¶ VRP with Backhauls (VRPB): This problem is also an extension of the CVRP, 

in which customers are divided into two sets. The first set of customers requires a 

quantity of goods to be picked up from their location and returned back to the 

depot, while the other requires a quantity of goods to be delivered to them.  

Other VRP variations may include: 

¶ the Distance Constrained VRP (Toth & Vigo, 2002) 

¶ the Multi -Depot VRP (Bianco et al., 1994; Carpaneto et al., 1989) 

¶ the Heterogeneous Capacitated VRP (Taillard, 1996) 

¶ the Multi -Period VRP (Tan and Beasley, 1984; Christofides and Beasley, 1984). 

There is an extensive literature regarding methods solving the VRP. The interested 

reader may refer to the work of Toth and Vigo (2002), Christofides, Mingozzi et al. 

(1979), Desrochers et al. (1990), Laporte (1992), Golden and Assad (1988), and 

Laporte and Osman (1995). 
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2.2 THE DYNAMIC VEHICLE ROUTING PROBLEM 

The Dynamic Vehicle Routing Problem (DVRP) is the dynamic counterpart of the 

generic VRP mentioned above (Larsen et al., 2008). Dynamic routing of a fleet of 

vehicles refers to distribution problems in which information is dynamically revealed 

to the decision maker. During the past decade, the research community focuses more 

and more on dynamic problems, developing various related models and algorithms. 

Rapid growth in telecommunications and information technology have led to this 

direction, since, based on these advancements, distribution companies are able to 

monitor the vehiclesô location and status in a real-time fashion. Related applications 

and systems include dynamic fleet management systems, courier service systems, 

dial-a-ride systems, emergency systems, etc. 

According to Larsen et al. (2007) the DVRP has two main differences compared with 

the VRP: 

¶ Not all information relevant to the planning of the routes is known by the planner 

when the routing process begins 

¶ Information may change after the initial routes have been designed. 

DVRP is a more elaborate and complex problem than its static counterpart, since 

solution methods and algorithms are based on data received from the fleet of vehicles 

in real time. It also belongs to the class of NP-hard optimization problems, and as a 

result, itôs not always feasible to obtain optimal solutions to problems of practical size 

within a reasonable timeframe. 

Psaraftis (1988, 1995) presents the following 12 issues that distinguish the dynamic 

vehicle routing problem from the conventional static routing problem: 

1. Time dimension is essential 

2. The problem may be open-ended 

3. Future information may be imprecise or unknown 

4. Near-term events are more important 

5. Information update mechanisms are essential 

6. Re-sequencing and reassigning decisions may be warranted 

7. Faster computation times are necessary 

8. Indefinite deferment mechanisms are essential 
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9. Objective function may be different 

10. Time constraints may be different 

11. Flexibility to vary vehicle fleet size is lower 

12. Queuing considerations may become important. 

The full discussion of these issues can be found in Psaraftis (1988) and Psaraftis 

(1995). 

Figure 2.2 presents a simple example of a dynamic vehicle routing situation. In this 

example, two un-capacitated vehicles must serve static orders that are known a-priori  

(represented by black nodes) as well as dynamic requests (depicted by white nodes) 

that are revealed during the execution of the designed routing plan. Figure 2.2a 

represents the initial routing solution prior to the vehicles leaving the depot. During 

the situation of Figure 2.2b, vehicles have already performed a part of the plan 

(dashed lines) and are on their way to their next destination (thick lines). However, at 

this moment, several dynamic requests (DRs) are received that need to be 

incorporated in the current plan. Ideally, the DRs should be inserted into the already 

planned routes without changing the order of the non-served customers and with the 

minimal increase in total cost traveled. This is depicted in figure 2.2c, where a DR can 

be successfully fit on the current plan of the trip (trip to the North of the depot). 

However, as illustrated by the South route of the same figure, the insertion of the new 

customer creates a large detour, illustrating that the insertion of DRs in the existing 

plan is much more complex, usually requiring a re-planning of the routes in order to 

incorporate the newly received requests. 
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Figure 2.2: A dynamic vehicle routing scenario: (a) Initial routing solution, (b) Emergence of DRs, (c) 

Incorporation of DRs into the plan 

Generally speaking, the more restricted and complex the routing problem is, the more 

complicated the insertion of new dynamic customers will be. For instance, the 

insertion of new customers in a time window constrained routing problem will usually 

be much more difficult than in a non-time constrained problem (Larsen, 2000). 

2.2.1 CLASSIFICATION OF DVRPS 

A DVRP can be either deterministic or stochastic (Powell et al., 1995). In 

deterministic and dynamic problems, some parameters or variables depend on time 

but there is no randomness. On the contrary, in stochastic problems, the actual 

demand or time to start service at a customer location may be a random variable over 

time. Uncertainty is an inherent characteristic of this kind of problems. 

Powell et al. (1995), also distinguish between dynamism within a problem, a model 

and the application of a model. According to them: 

¶ A problem is dynamic if one or more of its parameters can be defined as function 

of time. This includes models with dynamic data that change constantly as well as 

problems with time-dependent data which are known in advance. 
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¶ A model is dynamic if it explicitly incorporates the interaction of activities over 

time. Here once should distinguish between deterministic dynamic models and 

stochastic models. 

¶ An application is dynamic if the underlying model is solved repeatedly as new 

information is received. Consequently, solving models within dynamic 

applications require significant computational resources. 

Dynamic vehicle routing problems can be divided into two basic categories, 

depending on the major feature that causes the dynamism: 

1. Problems for which dynamism depends on the travel time (DVRPs-Travel 

Times). 

2. Problems for which dynamism depends on customer requests (either occurrence 

of new requests, or the variability of the demand required) (DVRPs-Customer 

Requests). 

DVRPs ï Travel times 

In these problems, travel times among customers vary depending on the time the route 

is executed.  This models the effects of different levels of road traffic during the day, 

road construction, accidents, weather conditions, etc. These deviations have varying 

degrees of predictability, and forecasts may be useful in order to estimate the travel 

times between customer requests. The problem dealt in this thesis is not related to this 

class of problems. 

DVRPs ï Customer Requests 

The most significant part of the literature has focused on cases in which the dynamism 

relates to customer requests. This class of problems may be defined as follows: A 

fleet of vehicles is en route to serve customers revealed dynamically over time (i.e. 

during the shift). With the occurrence of a new request, the current plan must be re-

designed in order to incorporate the up-to-date information (i.e. include the new 

request), by taking under consideration all past and new information. 

This class of problems may be further divided into two major subclasses, based on the 

service type of the dynamic requests: 
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Ç Many-to-one (one-to-many) problems, in which each dynamic request is 

associated with a single location (e.g. pickup or delivery of an object, e.g. next-

day courier services). 

Ç Many-to-many problems, in which each dynamic request may be associated with 

more than one locations (e.g. pickup and delivery of an item, same-day courier 

services, dial-a-ride, etc.). 

Additionally, regarding the degree of dynamism, DVR problems can be classified into 

three main levels: 

Ç Weak dynamic systems: In those systems, only a small portion of customer 

requests is revealed dynamically, while the largest one is known in advance (i.e. 

prior to start of execution). The objective of those systems is mainly the 

minimization of the distribution costs. 

Ç Moderate dynamic systems: Dynamic requests occupy a significant percentage 

of total service requests, but not at the level that one should take into account 

when designing the initial plan. The objective here comprises a combination of 

cost minimization and response time to dynamic service requests. 

Ç Highly dynamic systems: They comprise the most extreme case of dynamic 

routing systems, met mainly in emergency services such as police, fire 

department and ambulances. On those cases, no requests are known in advance 

and the routing plan is constantly changing (in a real-time fashion) based on the 

newly received requests. Those applications are characterized by a strong focus 

on response time minimization. 

The complexity of a dynamic vehicle routing system can be seen as a function of the 

number of customers and their spatial distribution, but most significantly, it depends 

on the number of dynamic events and their temporal distribution (Larsen et al., 2008). 

In the problem investigated in this thesis, a portion of service requests are revealed 

after the start of operations. Specifically, we investigate a problem with an a-priori  

designed routing plan, where dynamic requests (pickups) occur in real-time. 

Therefore, this problem is a many-to-one DVRP and it concerns a moderate dynamic 

system. 
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2.2.2 BASIC METHODS AND APPROACHES FOR DVRP 

In this section, we overview the basic methodologies, algorithms and solution 

approaches for DVRPs, in which dynamism is due to the occurrence of new dynamic 

requests. The decision making related to the solution approach depends strongly on 

the following factors: 

Ç Problem size, which concerns the number of both static (known in advance), and 

dynamic customer requests that occur during the execution of the initially 

designed plan (depending on the total number of requests to serve), and 

Ç Computational effort needed, which concerns the time required for the problem to 

be solved. This factor is quite significant in DVR Problems due to the constantly 

changing information and the new status of the logistics resources after each time 

unit.  

The DVRP is usually solved in a sequential manner, by repeatedly updating the 

existing route, either during the occurrence of some external factor (one or more 

dynamic requests), or at regular time intervals. Very often, the overall dynamic 

problem is decomposed into a sequence of static sub-problems which are solved by a 

static algorithm repeatedly (e.g. every hour), based on the current available 

information. Depending on the type of the basic solution procedure applied to solve 

the static sub-problems, solution methods for DVRP can be divided into four main 

categories: 

Ç Exact algorithms 

Ç Simple policy based techniques 

Ç Problem specific heuristics 

Ç Metaheuristics. 

Typically, a static algorithm is initially applied to the requests known a-priori  (e.g. 

early in the morning) in order to design an original route. Three basic approaches are 

usually applied to deal with the newly emerging requests: 

Ç Local update procedures. Simple policy-based techniques and various heuristics 

are often used to incorporate the DRs in the current routing plan, by applying a 

fast local update procedure (e.g. insertion methods). The main characteristic of 

these procedures is their computational efficiency and their simplicity. However, 
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due to their myopic nature, they may lead to a local minimum/maximum. The 

interested reader can find more information regarding those approaches in 

Bertsimas and Van Ryzin (1991), Larsen et al. (2002) and Madsen et al. (1995). 

 

Ç Re-optimization procedures. These procedures mainly use exact algorithms and 

metaheuristics in order to re-optimize the total VRP solution from scratch, by 

considering all the available information up to the related point in time and not 

any pre-designed routing solution. These procedures explore the overall feasible 

space of the problem and may yield solutions of improved quality in comparison 

to the first strategy. The drawback is the significant computational effort 

required. More information regarding this kind of solution approaches can be 

found in Bell et al. (1983), Fisher et al. (1982), Brown et al. (1987), Bausch et al. 

(1995), Gendreau et al. (1999), Montemanni et al. (2005) and Gambardella et al. 

(2003). Many researchers have combined local update procedures with re-

optimization procedures creating hybrid algorithms in order to exploit the 

advantages of each approach. 

 

Ç Advanced strategies. This category includes more advanced procedures, such as 

waiting strategies, diversion, anticipation of future requests, etc. which are 

described in the next section. 

 

2.3 ADVANCED STRATEGIES FOR DVRP 

Recently, more sophisticated approaches than the aforementioned conventional 

solution approaches are proposed in the literature for solving the DVRPs. In this 

Section, we review some of these novel approaches. 

2.3.1 DIVERSION 

The purpose of this strategy is to divert a vehicle that is on its way to the next service 

destination in order to cover a request that just entered the system. Diversion is a very 

interesting area of research that has not been investigated in depth. Recent advances in 

telecommunications and information technologies (e.g. global positioning systems, 
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telematics, etc.) enable this strategy, since they allow dispatchers to be fully aware of 

the current state of the logistics system. However, itôs difficult to integrate diversion 

into a solution methodology and a number of issues must be carefully addressed. For 

that reason, the next destination of a vehicle is considered fixed in most methods. 

Regan et al. (1995) were the first to apply diversion and they empirically evaluated 

the benefits of this approach in several ways. 

The work of Ichoua et al. (2000) addresses a diversion strategy motivated from a 

courier service application. In this setting, parcels are collected from customers placed 

in a local area and are brought back to a central depot for further processing. The 

diversion strategy was integrated into a parallel tabu search heuristic originally 

proposed by Gendreau et al. (1999). Other optimization methodologies can be used as 

well. The suggested approach is applied whenever a new request occurs and seeks to 

exploit the new diversion opportunities that are offered in a highly dynamic 

environment. When such a strategy is enabled, the algorithm considers as starting 

point the current vehicleôs location, instead of its next destination as usually 

considered by conventional solution approaches. For that reason, more options are 

available in order to incorporate the newly received requests.  

2.3.2 ANTICIPATION OF FUTURE REQUESTS 

Strategies of this type use historical information regarding the arrival of new requests. 

Specifically, various patterns for the arrival of the dynamic requests (e.g. time and 

location) may be used in order for appropriate strategies to be adopted based on the 

outcome of such information. In this case, human dispatchers are able to better 

manage their transportation resources by anticipating future needs, since they now 

have some valuable knowledge about spatial and temporal distribution of the DRs. 

Historical data may be used in order to determine probability distributions that can be 

used for the occurrence of new customer requests (both in terms of time and space). 

This has motivated researchers to develop solution procedures to exploit this 

knowledge. A large volume of historical data is required in order to extract good 

quality data regarding the customersô behavior. References related to these strategies 

can be found in the work of Ichoua et al. (2006) and Ghiani et al. (2009). 
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2.3.2.1 WAITING STRATEGIES 

Waiting strategies examine the possibility of positioning vehicles at strategic locations 

in order to wait for the arrival of potential new (dynamic) requests. In case of 

problems with time-windows, there are cases in which a vehicle is forced to wait at 

the location of its next destination prior to the opening of the time window of this 

customer. The vehicle may wait at this location for sufficient time in order to reach its 

next destination, either exactly at the opening of the time window (earliest departure 

policy), or exactly before the closing of the time window (latest departure policy).   

Waiting strategies may also be used as policies that allow vehicles to wait at new 

strategic locations, either during the execution of their original plan, or (more often) 

when they have completed their current service plan. For that case, more sophisticated 

strategies must be invented to determine the waiting times of the vehicles at strategic 

locations. A drawback of waiting strategies is that a vehicle may wait at a customer 

location longer than necessary. 

Mitrovic-Minic and Laporte (2004) analyze this issue and present four waiting 

strategies for a pickup and delivery problem with time windows. These strategies 

concern: i) the drive-first strategy, ii) the wait-fi rst strategy, iii) the dynamic waiting 

strategy and, iv) the advanced dynamic waiting strategy. The first two concern rather 

simple strategies, while the latter two were developed in order to improve distribution 

of the waiting times along routes, in order to facilitate future request insertions. The 

advanced dynamic waiting strategy, which combines earliest and latest departure 

times, seems to be the most efficient one with respect to the number of vehicles used 

and the total route length. 

In Ichoua (2001), the distribution area is partitioned into geographic zones and the 

time horizon is divided into time periods. According to this work, a vehicle that has 

completed its service at a customer location is forced to wait for some time, if: a) its 

next destination is far enough, b) the probability of a request arrival in the vehicleôs 

neighborhood in the near future is high enough and, c) there arenôt many vehicles in 

the current service zone. This strategy seems to be very effective, especially for 

harder problems (i.e. small fleet of vehicles and high demand rates). 



 

University of the Aegean         Department of Financial and Management Engineering 

20 

 

 In the work of Branke et al. (2005), various waiting strategies have been used for a 

dynamic vehicle routing problem with no time windows. The authors consider a set of 

planned routes and the occurrence of a single new request, with either known or 

unknown arrival time, which is uniformly allocated within the service area. They 

examine if forcing a vehicle to wait at a customer location increases the probability of 

being able to serve the new request without violating time constraints. For the cases of 

one and two vehicles, they extract theoretical results about the best waiting strategy. 

Actually, the optimal strategy for the case of a single vehicle is not to wait, while for 

two vehicles the authors propose the optimal waiting strategy. Several waiting 

strategies and an evolutionary algorithm for the optimization of the waiting strategy 

are also proposed and tested. Furthermore, it is demonstrated that in comparison to the 

ñno waitò strategy, the distribution of the slack time among the customers based on a 

proper waiting strategy can a) significantly increase the probability of serving the new 

request (up to 10%), while b) reduce the average detour incurred to serve this request 

(decrease to up to 35%). 

2.3.2.2 DOUBLE HORIZON 

This approach has been introduced in Mitrovic-Minic et al. (2004) for a dynamic 

pickup and delivery problem with time windows. The authors propose double horizon 

based heuristics for solving this problem, in which both a short-term and a long-term 

planning horizon are considered. In each planning horizon a different objective is 

sought. For example, the goal for the short-term horizon may be the minimization of 

the total distance traveled, while the objective for the long-term horizon may favor 

large slack times in the routes to better manage future requests. This idea is useful in 

contexts where near future actions depend on the solution proposed for the distant 

future. Extensive computational results have demonstrated the benefits of a double 

horizon approach compared with the classical single horizon approach. 

2.3.2.3 FRUITFUL REGIONS 

This approach is presented by Van Hemert and La Poutr® (2004); the authors suggest 

a vehicle to move to a ñfruitfulò region, if this move doesnôt violate any constraint for 

the known requests. A region is called fruitful, when there is a high possibility of 

occurrence of a new customer request in the specific region. This is achieved by 
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capitalizing on the related probability distributions. This strategy is incorporated into 

an evolutionary algorithm developed for a dynamic pickup and delivery problem. An 

interesting approach of this strategy has also been introduced in Van Hemert and La 

Poutr® (2009). 

2.3.3 LOAD EXCHANGE-RELATED STRATEGIES 

This is an innovative strategy recently addressed in the literature. It is applied in 

vehicle routing problems and allows transshipment of cargos between vehicles when 

advantageous. So, a request can be served by two vehicles. A vehicle can originally 

carry the load of a customer request, but finally another vehicle distributes it to the 

delivery location. Load exchange is an advanced strategy, used in practice by some 

courier companies for requests that require a load to be picked up from a location and 

be delivered to another in the same day. This is further described in the next section. 

 

2.4 LOAD EXCHANGE-RELATED STRATEGIES 

In a typical VRP setting, delivery requests are usually loaded to the vehicle at the 

beginning of the shift. This gives a certain degree of limitation to the problem, since 

each delivery request can be served only by the vehicle that carries the load for this 

specific customer. The basic idea of the current Section (and of this thesis) is to relax 

this limitation by allowing loads (and, consequently, customers) to be transshipped (or 

exchanged) between vehicles.  

Load exchange-related strategies have been inspired from many courier companies, 

who empirically apply this method in practice. Usually, these companies serve 

customers requiring transportation of an object from a pickup location to a delivery 

location (Pickup and Delivery Problem) within the same day. They usually partition 

the distribution area into a number of geographic zones and each vehicle is allowed to 

work in a certain zone. In case a delivery location of a request belongs to a service 

region of another vehicle, the drivers communicate and decide where and when they 

will meet to exchange the corresponding load needed. In those cases a customer 

request might be served by two vehicles; one collects the package from the pickup 
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location and the other one delivers it to the delivery location. Typically, there are 

predefined locations where this operation may be performed, usually referred to as 

transshipment points. This case has been basically addressed in the literature so far, 

while in the current thesis, additional options of allowing dynamic exchange locations 

are also considered. Figure 2.3 provides an illustrative example, where the solution 

obtained by a conventional approach (Fig. 2.3b) is compared to the one obtained 

when enabling a transshipment operation (Fig. 2.3c); it is quite clear that allowing 

such an operation may yield significant savings.  

 

Figure 2.3: Example of a Pickup and Delivery Problem allowing the exchange of loads between 

vehicles 

The majority of the research that has been conducted so far in this area focuses on the 

following three (3) major characteristics regarding transshipment operations: 

¶ They address the static case of vehicle routing problems 

¶ They deal only with many-to-many problems (i.e. pickup and delivery or dial-

a-ride problems) 

¶ They allow vehicles to meet at predefined transshipment locations. 
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In the following paragraphs, we review work related to the Load Exchange Strategy 

addressed in this thesis. Although our approach differs in all three aforementioned 

characteristics, there are several similarities with the work found in the literature.  

These are presented below.  

Mitrovic-Minic and Laporte (2006), motivated by a large San Francisco courier 

company that allows transshipment of loads between vehicles, attempted to 

investigate the usefulness of having transshipment points in the service area. The 

authors propose a two-phase heuristic for the static case of a pickup and delivery 

problem with time windows and transshipment points (PDPTWT). Contrary to the 

standard PDPTW statement, in which an entire request must be served by the same 

vehicle, transshipment allows for a request to be served by two vehicles; one vehicle 

can collect the load at the pickup location and drop it at a transshipment point, and 

then another vehicle collects the load from the transshipment point and transfers it at 

the delivery location. Therefore, a request, that has to be transferred to another 

vehicle, is split in two requests; pickup location-transshipment point, and 

transshipment point-delivery location. Of course, the two requests have suitable time 

windows and precedence constraints.  

The heuristic proposed includes a construction phase followed by an improvement 

phase. A random multi-start cheapest insertion procedure is considered for the 

construction phase. Several solutions are constructed using different random initial 

orderings of the requests and the best solution is used as the initial for the 

improvement phase. This solution is changed, based on request re-insertions, and the 

procedure stops if the solution canôt be improved anymore. Transshipment decisions, 

whether a request will be split or not, are made during the both phases. Capacity 

constraints arenôt included in the problem, since the load of each request is relatively 

small in the applications considered. The heuristic has solved randomly generated 

instances with up to 100 requests and 4 transshipment points. Computational results 

showed, both in clustered and uniformly distributed requests, that transshipment 

points can reduce the total distance traveled by vehicles. Especially for clustered 

instances, transshipment points seem to be very useful and their usefulness increases 

when the cluster size becomes smaller. 
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In the work of Cortes et al. (2010), the authors present a strict arc-based formulation 

of the static pickup and delivery problem with transfers (PDPT), i.e. allowing the 

option for passengers to transfer between vehicles. The transfer locations are 

considered to be fixed and known in advance. This mathematical approach includes 

special modeling of transfer locations as well as additional variables to identify 

certain customers and their interaction with vehicles at pickup, delivery and transfer 

points. They define a request, as a set of passengers (objects to be transported, such as 

people, freight etc.) traveling from the same origin to the same destination. It is also 

assumed that passengers of the same request canôt be served by different vehicles. 

Time windows and capacity constraints are included in the problem. The 

mathematical formulation of PDPT is built by systematically adding variables and 

constraints. Furthermore, the authors provide an illustrative example, proving that 

there exist some configurations, in which the transfer option between vehicles can 

yield more efficient solutions than those obtained from the classical PDP without 

transfers. The proposed formulation is solved with an exact solution method based 

upon a branch-and-cut technique using Benders Decomposition (Benders, 1962); the 

latter is advantageous (especially in terms of running time) when compared against a 

straight branch-and-bound approach. The proposed method decomposes the set of 

constraints into pure integer and mixed constraints and then a branch-and-cut process 

is applied to the resulting pure integer problem, by using real variables and constraints 

related as cut generators. The authors solved very small instances with up to six 

customers and one transfer point located in the geographical center of the customer 

nodes. Since this exact method can handle only small instances, the authors provide 

some guidelines for further improvements. They postulate that transfer operations 

become more and more profitable in high demand instances and they expect 

metaheuristics, such as Tabu Search, to perform well under high demand conditions. 

Insights for more efficient set partitioning formulations (route-based) and algorithms 

to solve real-size problems are also provided. 

Kerivin et al. (2008) consider a relaxation of the standard PDP where any load can be 

unloaded (fully or partially) at any intermediate stop (node), and picked up later by 

the same or another vehicle.  They call this unloading/picking up process as a reload, 

and refer to the problem as the splittable pickup and delivery problem with reloads 

(SPDPR). A reload can be repeated several times for a customer request until it 
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reaches its destination. Also there is no constraint on vehicle routes, and each vehicle 

can visit a node of the network or link as many times as needed. The authors discuss 

the complexity of the problem and prove that it is a NP-hard problem. They also 

present two mixed-integer linear programming formulations (a multicommodity flow-

based formulation and a metric constrained one) based on a space-time graph. 

Furthermore, they describe some valid inequalities for the problem, which may be 

added to strengthen the associated linear relaxations, along with separation routines. 

A branch-and-cut algorithm is developed for solving to optimality the two models, for 

small-size problems with up to 10 vertices and 15 demands. The main purpose of this 

paper is more to provide a basic frame for further research, and generate lower bounds 

for checking the efficiency of heuristics developed for the problem.  

In his PhD dissertation, Nadarajah (2008) provides a collaborative framework for 

LTL (less-than-truckload) carriers in an urban region. Collaborative logistics (CL) is a 

recent business model designed to eliminate transportation inefficiencies. The author 

models this collaboration framework as a variant of the VRP which is referred to as 

the COLaborative VRPTW (COL-VRPTW). The problem arises in urban areas where 

the routes of different carriers overlap, and the exploitation of goods transshipment 

between collaborating carriers can be mutually beneficial. In the COL-VRPTW, 

customer requests donôt concern pickup and delivery of goods. Goods are loaded at 

the depot and are destined to be delivered to customer locations, with the allowance of 

exchanging goods with other carriers at transshipment points. Transshipment is 

allowed just between two vehicles belonging to different carriers. Simple examples 

are presented in the dissertation explaining the benefits of carrier collaboration.  

The author proposes a two stage collaborative framework, which can be used between 

LTL carriers. The first stage involves exchange of (partial) loads between carriers at 

logistics platforms located at the entry to the city (solution of simple VRP-like 

problems), while in the second stage trucks make such exchanges during local 

delivery (solution of COL-VRPTW). To solve the mathematical problem that results 

from the two stage collaborative framework, a novel integrated three-phase heuristic 

is presented. The first phase uses either a modified tabu search, or a guided local 

search, to solve the vehicle routing problems with time windows. The preceding 

methods use a constraint-programming engine for feasibility checks and reduction of 

the search space, and then the solution is used to create the COL-VRPTW instances. 
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Given a COL-VRPTW instance, the second phase of the algorithmic framework uses 

an adaptive quadtree search to create clusters of customers that can be considered for 

collaborative exchange of partial loads at transshipment points. The site of the 

transshipment point is also located in the cluster by this method. In the last phase, an 

integrated greedy local search method is used to construct collaborative routes, using 

three new transshipment-specific moves for neighborhood definition. An optimization 

module is utilized within local search to combine multiple moves at each iteration, 

thereby taking efficient advantage of information from neighborhood exploration.  

Extensive computational tests were performed on random data sets for problems of 

realistic size, and sensitivity analysis was conducted on key parameters. Overall 

results showed that the collaboration leads to 12% and 15% improvements in route 

distance and time, respectively. 

In addition to the work presented earlier, several other researchers introduce the idea 

of transshipment operations in terms of operational strategies that could potentially 

support efficient transfer operations. Interesting information on various issues related 

to the transfer operations in vehicle routing can be found in Aldaihani and Dessouky 

(2003), Liaw et al. (1996), Hickman and Blume (2000), Mues et al. (2005), Nakao et 

al. (2008), Shang et al. (1996) etc. 

Table 2.1 summarizes the research related to the idea of transshipment operations in a 

vehicle routing setting. The solution methodologies used are also presented, along 

with several proposals for future research, as provided by the authors. 

  



  

 

 

Table 2.1: Some problems addressed in the literature considering the transfer operation between vehicles 

Authors Problem Method Research Extensions 

Mitrovic-Minic and 
Laporte (2006) 

PDPTW and Transshipment 
points 

Heuristic including two phases: 
construction & insertion 

i) dynamic case of the problem 
ii) definition of conditions under which a PDPT 

solution can outperform a PDP solution 
iii) algorithms which can solve large instances 
iv) polyhedral study for faster solutions 
v) use of a set partitioning formulation  

Cortes et al. (2010) PDP with Transfers Exact method based upon a branch-
and-cut technique using Benders 
Decomposition 

 

Kerivin et al. (2008) Splittable PDP with reloads Branch-and-cut algorithm i) further valid inequalities to strengthen the 
formulation 

ii) consider a column generation approach based 
on an arc-path formulation 

iii) model without time indexation 
Nadarajah (2008) Collaborative VRPTW Integrated three-phase heuristic i) synergies between shipper and carrier 

collaboration 
ii) more effective algorithmic approaches 
iii) incorporated inventory replenishment issues 

Aldaihani and Dessouky 
(2003) 

Dial-a-ride as a hybrid system 
consisting of both 
on-demand vehicles and fixed 
route lines 

Three-phase heuristic (Identification 
of the candidate path set- Insertion-
Improvement) and Tabu Search 

i) Adaptation of the Improvement heuristic to a 
real-time environment 

Hickman and Blume 
(2000) 

Integrated transit service Two stage scheduling heuristic that 
includes both the passenger and 
operator objectives 

 

Mues et al. (2005) Intermodal transportation 
problem 

Column Generation based approach i) implementation of the sketched solution 
method 
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2.5 RESEARCH GAPS AND CONTRIBUTION OF THE THESIS 

Several authors have introduced the idea of load transshipment between vehicles in 

order to better handle the customer requests. However, the related papers concern 

mostly the static case of many-to-many problems (pickup and delivery problem and 

dial-a-ride systems), where the transshipment operation can be performed on 

predefined locations.  

In the present thesis, we apply a novel approach of the transshipment strategy, called 

hereafter Load Exchange Strategy (LES). This was originally proposed by the on-

going research of Ninikas and Minis (2011) to be implemented to a dynamic vehicle 

routing problem, referred to as the Vehicle Routing Problem with Dynamic Pickups 

(VRPDP). In this dynamic setting, each vehicle is assigned to serve a predefined 

customer set, consisting of delivery orders known in advance. As the working plan 

unfolds, however, customer orders are received through a call center, requesting on-

site pickup within the current period of operations. The load exchange strategy allows 

for vehicles to meet in real-time and exchange some delivery orders if this is 

profitable. The location of the exchange operations may be either dynamic (i.e. most 

favorable locations) or static (predefined). In our approach, we differentiate from the 

related work to-date, based on the following three points: 

¶ We apply LES on a dynamic setting, where customer requests arrive 

dynamically over time 

¶ We apply LES on many-to-one cases, where transshipment operations may not 

have that much discrete savings 

¶ We examine and identify cases where dynamic locations should be also 

considered for the exchange operation, in addition to the fixed location case. 

Extensive experimental analysis of LES under various dynamic settings showed that 

in the majority of cases tested, allowing transfers results in solutions of improved 

quality.  

LES is a complex strategy to implement.  Thus, the current thesis attempts to 

investigate several key aspects related to this strategy. Of course, further research is 

required to understand the extensions of LES, the problems in which it can be 
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implemented and the circumstances under which it provides solutions of superior 

quality. Finally, due to the fact that the method proposed here provides solutions for 

instances with a fleet of only two vehicles, research may also focus on how a load 

exchange scheme can be implemented for a large fleet. 
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CHAPTER 3  PROBLEM DESCRIPTION  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The main scope of this Chapter is to review the Vehicle Routing Problem with 

Dynamic Pickups (VRPDP) and set the foundation for the solution methodology of 

Load Exchange Strategy (LES) thatôs further discussed in Chapter 4. This Chapter 

mostly overviews work developed in the context of the Ph.D. current research of G. 

Ninikas in the DeOPSys lab. Section 3.1 presents basic characteristics and 

assumptions of VRPDP, as well as the static problem to be considered at each 

replanning timestamp. Section 3.2 provides an overview of the LES framework, while 

Section 3.3 addresses the decision components that have to be defined for the 

application of the LES. Finally, Section 3.4 presents the cases/characteristics 

considered in the current thesis among these possible alternatives. 
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3.1 THE VEHICLE ROUTING PROBLEM WITH DYNAMIC PICKUPS 

3.1.1 INTRODUCTION 

The problem addressed is a variant of the DVRP described in Chapter 2 and is referred 

to as the Vehicle Routing Problem with Dynamic Pickups (VRPDP). Due to its 

dynamic nature, not all information is known a-priori  (during the original planning 

phase) and some information is revealed during the execution of the designed plan. 

Dynamic information refers to the occurrence of dynamic events, e.g. the arrival of 

new customers requiring service during plan execution. Each time a new dynamic 

request is received, the current fleet en route is located in different positions and 

several requests may have already been served. Thus, the routing plan has to be 

updated in order to incorporate the up-to-date information, which usually implies that 

the originally designed routes should be re-optimized. 

The VRPDP has been motivated by the courier industry, where new customer orders 

are received continuously over time (Ninikas et al., 2011 and Ninikas and Minis, 

2011). In this setting, distribution vehicles depart loaded early in the morning from a 

Local Service Point (LSP) to perform deliveries known a-priori ; typically, each 

delivery vehicle serves a certain geographical area. However, the LSP dispatcher 

typically knows in advance only a subset of the tasks. The rest request on-site pickup 

within the current period of operations, and arrive in the system in a real-time manner 

through a call center. These pickup orders have to be collected and returned to the 

depot for further processing. As mentioned above, this problem has been formalized 

by Ninikas and Minis (2011) and is overviewed in Section 3.1.2. For simplicity and 

comparison purposes with the solution method of the current thesis, we refer hereafter 

to solution approach of the related work to as Insertion Method. 

3.1.2 PROBLEM OVERVIEW 

Consider a set of homogeneous vehicles, originating from a local distribution hub 

(depot). The vehicles are tasked to serve delivery orders known prior to the start of 

operations, referred to as static orders. At time prior to the beginning of the shift, a 

static VRP is solved which assigns customer orders and their service sequence to 

vehicles, referred to as planned routes (Figure 3.1a). As the working plan unfolds, 
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however, pickup requests are received and have to be served within the current 

service shift (Figure 3.1b). These arriving requests will be referred as Dynamic 

Requests (DRs). Each order (static or dynamic) may be associated with a time window 

within which the order must be served. Dynamic requests can be also seen as flexible 

orders, since they can be served by each vehicle (either en route or located at the 

depot), while static orders are inflexible, since they have to be served by the vehicle 

originally assigned to it. 

At a given time instance ὸ (replanning timestamp), the newly received information 

(DRs) need to be incorporated in the partially executed plan. Therefore, a ñstaticò 

problem (replanning problem) has to be solved at this replanning timestamp, 

considering all the information known up to this point in time (i.e. information 

concerning the static orders that havenôt been served yet and the newly received DRs). 

A solution method may be applied, such as the Insertion Method, in order to allocate 

the dynamically revealed orders to the most appropriate vehicles (Figure 3.1c). Figure 

3.1d represents the new solution obtained at replanning timestamp t1, when applying 

this method. 
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Figure 3.1: Illustrative example of the VRPDP 

The objective of the VRPDP is to find a set of vehicle routes that minimizes the total 

routing cost and the number of unserved DRs throughout the available shift, while 

satisfying the following constraints: 

¶ Each vehicle must start and end at the depot 

¶ All static (delivery) orders should be served, while there is no such constraint 

for DRs 

¶ Each order may be served at most once by a single vehicle  
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¶ Each order has to be served within a certain time window selected by the 

customer. In case a vehicle arrives at a request before its earliest service time 

(early time window), it has to wait, but canôt serve the request later than the 

latest service time (late time window) 

¶ Static (delivery) orders cannot be reassigned among vehicles, i.e. the orders 

originally assigned to a vehicle, must be served only by this vehicle. Of 

course, the sequence of servicing delivery orders by a certain vehicle may be 

changed, if this favors the objective function. (In section 3.2 we relax this 

constraint and introduce a new policy that allows transferring of delivery 

orders between vehicles if favorable) 

¶ All vehicle routes have a duration constraint equal to the length of the 

planning horizon 

Figure 3.2 summarizes the entire process followed within an available shift (t=0 to 

Tmax) for solving the VRPDP (see Ninikas and Minis, 2011). Initially, a static VRP 

is solved, assigning the static (delivery) orders to the fleet of vehicles and producing 

the initial routes to execute. At each replanning timestamp (specified by the 

dispatcher) the DRs occurred are assigned to the most appropriate vehicles through 

the Insertion Method. Of course, orders arriving after the last replanning timestamp 

(tn) are either rejected or served during the next service period. 

 

Figure 3.2: VRPDP solution process during the available planning horizon  

3.1.3 ASSUMPTIONS OF THE GENERIC PROBLEM 

The following characteristics/assumptions concern the operating scenarios considered 

for the VRPDP (as taken from the work of Ninikas and Minis, 2011): 
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i. The current status of the logistics operations (i.e. current location of each 

vehicle of the fleet and time for service, remaining unserved customers, etc.) is 

assumed to be known at any time instance.  In practice, this is achieved by 

employing appropriate fleet monitoring systems. 

 

ii.  A vehicle commits to travel at the latest possible time. For example, if a 

vehicle is planned to arrive at a customer prior to the opening of its time 

window, the vehicle has to wait at the location of the previously served 

customer. This assumption facilitates replanning changes in case appropriate 

new orders arrive to the system. 

  

iii.  The route is updated only at customer locations, i.e. the problem considered 

does not allow diversion (Ichoua et al., 2000). Once a vehicle has left its 

previous service location and is en route to its next destination, the vehicle 

cannot be diverted. 

 

iv. A number of vehicles may be available at the depot (as ñbackupò vehicles) at 

the beginning of the planning horizon, ready to be dispatched when necessary 

for the service of DRs. The trigger of this action is when vehicles en route 

canôt serve DRs, or when this action favors the objective function.  

 

v. We assume that the load of each request (letter or small parcel) is relatively 

small, thus, we donôt consider capacity constraints during the solution of the 

problem at hand. 

 

3.2 LOAD EXCHANGE STRATEGY FOR THE VRPDP 

In this Section, we introduce the framework of the Load Exchange Strategy. As 

already mentioned, each static (delivery) order is assigned to a specific vehicle at the 

beginning of the planning horizon, and is prevented to be reassigned to other vehicles 

at a next replanning cycle. Oftentimes, this intrinsic constraint, combined with the 

continuous arrival of new requests, may reduce the planôs quality or, even worse it 



 

University of the Aegean         Department of Financial and Management Engineering 

36 

 

may lead to inability of servicing a number of requests. The main idea of LES, 

explored in the present thesis, is to relax this constraint by transferring delivery orders 

among vehicles. This operation can be performed by allowing vehicles to meet en 

route at appropriate locations and exchange loads (actually, orders), if this favors the 

objective function.  

Figure 3.3 illustrates the LES strategy, using the example given in Figure 3.1. 

 

Figure 3.3: Example of Load Exchange Strategy  

Consider the case of Figure 3.3a where two (2) optimal routes have been designed at 

time ὸ π. Customer locations of the example have been placed on the nodes of a 

grid, where all arcs equal to one unit of distance. The length of the available planning 

horizon (Tmax) is considered to be 18 units of time and a vehicle travels 1 unit of 

distance in one unit of time. At replanning timestamp ὸ ς όὲὭὸί, five DRs have 

arrived (Figure 3.3b). The solution under the Insertion Method (Fig. 3.3c) mentioned 
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above returns a total cost of 33.8 units. Figure 3.3d provides a solution that may be 

obtained with LES, assuming that the vehicles are able to meet and transfer delivery 

orders between each other at any unserved customer location. As shown in the Figure, 

the (red) vehicle initially assigned to serve delivery orders ρȟςȟσ, after serving 

customer 1, travels to the location of customer 4 in order to meet the other vehicle 

(blue) and take the load of orders 5 and 6. The total distance traveled (cost) under this 

solution is 30.96, improved by 8.4% compared to the one obtained with the Insertion 

Method. 

The main reasoning behind allowing transshipment lies in the idea of restraining 

vehicles to their service region, in order to serve potentially new DRs that may occur 

in their region. A significant advantage of this novel strategy is the ability of assigning 

each order (either static or dynamic) to any vehicle without limiting the replanning 

options. Therefore, this exchange operation allows the dispatcher to better manage the 

fleet of vehicles and better re-distribute the workload as needed in a real-time fashion. 

However, a drawback of such a strategy is possible delays due to the transfer 

operation. Such delays may be due to a) the fact that, in most cases, vehicles donôt 

arrive at the exchange location simultaneously, and b) the time required for the 

vehicles to load/unload the appropriate load (orders). 

Furthermore, it should be noted that, LES is not a panacea, since it doesnôt always 

provide a ñbetterò solution. Therefore, LES is a policy that can be applied as an 

extension to the conventional solution of the VRPDP (Insertion Method) at a 

replanning timestamp. In case LES doesnôt return a feasible solution, we may adopt 

the one returned from the Insertion Method. 

Additionally, the following characteristics/assumptions are assumed regarding the 

operating scenarios considered for the problems solved with LES: 

¶ All constraints of the VRPDP, mentioned in 3.1.2, must be satisfied (except the 

one preventing reassignment of the static orders between vehicles). 

¶ The vehicles should meet prior to the service of any exchanged static (delivery) 

order. 
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3.3 DECISION COMPONENTS AND ALTERNATIVE POLICIES FOR THE 

LES 

LES is a very complicated and multidimensional strategy, since many options are 

available to the dispatcher. When dealing with such a strategy, the following 

questions arise and should be defined: 

1) Implementation time instances to apply LES: When should one apply the LES? 

This concerns the time instance or the conditions under which the implementation 

of the strategy could provide an efficient solution. 

2) Meeting combinations: Who is going to meet and how many times? This 

parameter determines which vehicles will be examined for load exchange; i.e. if a 

vehicle is able to meet one or more than one other vehicles en route. 

3) Exchange locations: Where is it allowed for vehicles to exchange loads? This 

parameter refers to the locations where vehicles are allowed to meet and 

exchange their loads.  

Figure 3.4 summarizes the aforementioned parameters and potential alternative 

decision policies. In the following subsections, each parameter is thoroughly 

described. 

 

Figure 3.4: Components and alternative decision policies 
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3.3.1 IMPLEMENTATION TIME INSTANCES 

As it has already been described, the most typical implementation time instance for 

LES is during each replanning cycle, i.e. at the replanning timestamp, where the 

current routing plan has to be updated in order to incorporate the newly received 

information. The application of LES at each replanning cycle may not yield 

significant results each time, but possibly during the first replanning cycles, where 

there are still many options available and only a limited portion of the routing plan has 

been executed.  

When there are no remaining orders on the vehicle  

An alternative approach regarding to the time instance to implement LES can be when 

a vehicle has no remaining orders in its planned route and it is ready to return to the 

depot. Consider the example of Figure 3.5a. At time ὸ ὢ the red vehicle has no 

remaining customers to serve, while seven (7) orders are still assigned to the blue 

vehicle. In this case, when applying LES (Figure 3.5b) the blue vehicle meets and 

exchanges several orders with the red vehicle at customer location A. One of the main 

advantages of LES in that case, is the balanced workload of the solution between the 

vehicles. This way, future DRs that may arrive can be better allocated among the 

vehicles, since more options are now available.  

 

Figure 3.5: Example of LES when there are no remaining customers 

The same concept can be also applied for cases where a vehicle is idle, e.g. in cases 

where a vehicle is forced to wait at a customer location for a significant amount of 

time, until the time window of the next customer to be served opens. 


