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Keyword : Route Planning Algorithms Community Pharmacy Inspection Good 
Pharmacy Practice 

MISS Nuttakan TEERATANUN : Comparative study of algorithm route planning 
to Pharmacy store (Ko-Yor1) in Pathum Thani province, THAILAND Thesis advisor : 
Assistant Professor Doctor Pharmacist Perayot Pamonsinlapatham, Ph.D. 

Pathum Thani Provincial Public Health Office is responsible for inspecting 
modern drug stores according to Good Pharmacy Practice standards. In 2022, there 
were 476 drug stores requiring inspection, with the number continuously increasing. 
Currently, the routing of inspection visits primarily relies on expert judgment, which 
has become a significant bottleneck in the workflow. This research is a 
developmental evaluation study using quantitative retrospective data collection. The 
objective was to compare the routing efficiency between expert judgment and three 
computer algorithms: Savings Algorithm, PATH_CHEAPEST_ARC Algorithm, and 
Christofides Algorithm. The study examined a sample of 145 drug stores, divided into 
41 service areas based on density and clustering. The research methodology utilized 
Google OR Tools to develop routing programs through Google Colaboratory, 
calculating distances and times via Google Maps. The results showed that expert 
decision-making yielded the shortest total distance (2,755.01 kilometers) and minimal 
total time (4,962.00 minutes). However, the differences between expert decision-
making and the three algorithms were minimal, with distance variations not 
exceeding 1.62% and time differences not exceeding 2.49%. Chi-square statistical 
analysis revealed no significant differences in determining the shortest routes (at 0.05 
significance level). The research demonstrates the capability of computer algorithms 
to produce routing results comparable to expert judgment and suggests their 
potential use as decision support tools for route planning. This can help reduce 
dependence on personal experience and improve organizational resource 
management. 
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ĺŇĪĵŅĬŇıĬīƢ įŌƟĮĶŃĽŇĪīŇśĮĶŃĽŅĪĺŇĝŅėĺŅĴĶŌƟ ŒľƟėņŐĬŃĬņ ėņĮĶŉĔļŅ ĨĸŀħěĬĨĶĺěĪŅĬŐĸŃŐĔƟœĕ
ĕƟŀĭĔıĶƞŀĚĨƞŅĚŕ ħƟĺĵėĺŅĴŏŀŅŒěŒĽƞŀĵƞŅĚħňĵŇŗĚĨĸŀħĶŃĵŃŏĺĸŅĔŅĶĻŉĔļŅ ěĬĪņŒľƟĺŇĪĵŅĬŇıĬīƢĜĭńĭĬňŘĴň
ėĺŅĴĽĴĭŌĶĦƢŐĸŃĽņŏĶŖěĸŋĸƞĺĚœĮœħƟħƟĺĵħň įŌƟĺŇěńĵĶŌƟĽŉĔĞŅĭĞŉŘĚŒĬėĺŅĴĔĶŋĦŅĕŀĚĪƞŅĬŏĮƦĬŀĵƞŅĚĵŇŗĚ ŐĸŃĕŀ
ĔĶŅĭĕŀĭıĶŃėŋĦ įŌƟĝƞĺĵĻŅĽĨĶŅěŅĶĵƢ ħĶ. ĳĔ.ĽĶĺĚ ĶŋƞĚĮĶŃĔŅĵıĶĶĦ ŐĸŃįŌƟĝƞĺĵĻŅĽĨĶŅěŅĶĵƢ ħĶ. 
ĳĔ.Ĭıħĸ ĝĸŀīĶĶĴ ĪňŗœħƟĽĸŃŏĺĸŅŀńĬĴňėƞŅŒĬĔŅĶĨĶĺěĽŀĭĺŇĪĵŅĬŇıĬīƢĜĭńĭĬňŘ ĪƞŅĬĪńŘĚĽŀĚœħƟĴŀĭ
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ĕŀĕŀĭėŋĦėĦŃŏĳĽńĝĻŅĽĨĶƢ ĴľŅĺŇĪĵŅĸńĵĻŇĸĮŅĔĶ ĽņľĶńĭĔŅĶĽĬńĭĽĬŋĬĪŋĬŒĬĔŅĶ
ħņŏĬŇĬĔŅĶĺŇěńĵ ĞŉŗĚĴňĽƞĺĬĽņėńĠŀĵƞŅĚĵŇŗĚĨƞŀėĺŅĴĽņŏĶŖěĕŀĚĚŅĬĺŇěńĵĬňŘ 

ĕŀĔĶŅĭĕŀĭıĶŃėŋĦĭŇħŅ ĴŅĶħŅ ŐĸŃĕŀĭėŋĦĬƟŀĚĽŅĺ įŌƟŏĮƦĬĔņĸńĚŒěĽņėńĠŐĸŃŒľƟĔŅĶ
ĽĬńĭĽĬŋĬŒĬĪŋĔŕ ħƟŅĬŐĔƞįŌƟĺŇěńĵĨĸŀħĴŅ ěĬĮĶŃĽĭėĺŅĴĽņŏĶŖěŒĬĔŅĶĻŉĔļŅėĶńŘĚĬňŘ ėĺŅĴŏĕƟŅŒěŐĸŃėĺŅĴ
ŀħĪĬĕŀĚėĶŀĭėĶńĺŒĬĝƞĺĚŏĺĸŅĪňŗįŌƟĺŇěńĵĨƟŀĚĪŋƞĴŏĪŒľƟĔńĭĔŅĶĻŉĔļŅŐĸŃĔŅĶĪņĺŇěńĵ ŏĮƦĬıĸńĚŒěŀńĬĵŇŗĚŒľĠƞ
ĕŀĚįŌƟĺŇěńĵŒľƟĴŋƞĚĴńŗĬĽŌƞėĺŅĴĽņŏĶŖě 

ĕŀĕŀĭıĶŃėŋĦ ĬŅĵŐıĪĵƢĦńģĺŋĥŇ ŏŀňŗĵĚīĬĶńĨĬƢŐĸŃėĶŀĭėĶńĺ įŌƟŒľƟĔŅĶĽĬńĭĽĬŋĬŐĸŃŏĮƦĬ
ĔņĸńĚŒěĪňŗĽņėńĠĨĸŀħĶŃĵŃŏĺĸŅĔŅĶĪņĺŇĪĵŅĬŇıĬīƢ ėĺŅĴĝƞĺĵŏľĸŊŀĕŀĚĪƞŅĬĴňĽƞĺĬĽņėńĠŀĵƞŅĚĵŇŗĚŒĬ
ėĺŅĴĽņŏĶŖěĕŀĚĚŅĬĺŇěńĵĬňŘ 

ĕŀĕŀĭėŋĦ ĬŅĵĔĶħĬńĵ ŏŀňŗĵĴĝňĶŅĚĔŌĸ ĽņľĶńĭėĺŅĴĝƞĺĵŏľĸŊŀŐĸŃėņŐĬŃĬņŀńĬŏĮƦĬĮĶŃőĵĝĬƢ
ŒĬĔŅĶěńħĪņĺŇĪĵŅĬŇıĬīƢėĶńŘĚĬňŘ ĔŅĶĽĬńĭĽĬŋĬĕŀĚĪƞŅĬĴňĽƞĺĬĽņėńĠŒĬĔŅĶŏıŇŗĴıŌĬėŋĦėƞŅĪŅĚĺŇĝŅĔŅĶĕŀĚ
ĚŅĬĺŇěńĵĜĭńĭĬňŘ 

ĽŋħĪƟŅĵĬňŘ įŌƟĺŇěńĵľĺńĚŏĮƦĬŀĵƞŅĚĵŇŗĚĺƞŅĺŇĪĵŅĬŇıĬīƢĜĭńĭĬňŘěŃŏĮƦĬĮĶŃőĵĝĬƢĨƞŀįŌƟĽĬŒěŐĸŃĺĚ
ĺŇĝŅĔŅĶĪňŗŏĔňŗĵĺĕƟŀĚ ŀĬŉŗĚ ľŅĔĴňĕƟŀĭĔıĶƞŀĚľĶŊŀĕƟŀįŇħıĸŅħĮĶŃĔŅĶŒħ įŌƟĺŇěńĵĕŀĬƟŀĴĶńĭœĺƟŐĨƞŏıňĵĚįŌƟ
ŏħňĵĺŐĸŃĕŀŀĳńĵĴŅ Ħ ĪňŗĬňŘ 

  
  

ĦńģĔŅĬĨƢȮȮīňĶŃĪŅĬńĬĪƢ 
 

 

 



 

ĽŅĶĭńĠ 

 ľĬƟŅ 
ĭĪėńħĵƞŀĳŅļŅœĪĵ ............................................................................................................................. Ě 

ĭĪėńħĵƞŀĳŅļŅŀńĚĔķļ ....................................................................................................................... ě 

ĔŇĨĨŇĔĶĶĴĮĶŃĔŅĻ............................................................................................................................. Ĝ 

ĽŅĶĭńĠ .............................................................................................................................................. ĝ 

ĽŅĶĭńĠĨŅĶŅĚ ................................................................................................................................... Ġ 

ĽŅĶĭńĠĳŅı ...................................................................................................................................... ġ 

ĭĪĪňŗȮ/ȮĭĪĬņ ................................................................................................................................... / 

ėĺŅĴŏĮƦĬĴŅŐĸŃėĺŅĴĽņėńĠ ........................................................................................................ / 

ĺńĨĩŋĮĶŃĽĚėƢĕŀĚĔŅĶĺŇěńĵ ............................................................................................................ /. 

ĽĴĴĨŇģŅĬĕŀĚĔŅĶĺŇěńĵ ................................................................................................................ /. 

ĔĶŀĭŐĬĺėŇħĔŅĶĺŇěńĵ ................................................................................................................. /. 

ĕŀĭŏĕĨĕŀĚĔŅĶĺŇěńĵ ................................................................................................................... /0 

ĮĶŃőĵĝĬƢĪňŗœħƟĶńĭ ......................................................................................................................... /1 

ĭĪĪňŗȮ0 ĪĭĪĺĬĺĶĶĦĔĶĶĴ ............................................................................................................. /2 

ėĺŅĴĽņėńĠĕŀĚĔŅĶĨĶĺěĮĶŃŏĴŇĬĽĩŅĬĪňŗĕŅĵĵŅŐįĬĮƤěěŋĭńĬ ..................................................... /2 

ĭĪĭŅĪĕŀĚĽĩŅĬĪňŗĕŅĵĵŅŐįĬĮƤěěŋĭńĬ ............................................................................... /2 

ĔġľĴŅĵŐĸŃĶŃŏĭňĵĭĪňŗŏĔňŗĵĺĕƟŀĚĔńĭĔŅĶĨĶĺěĮĶŃŏĴŇĬĽĩŅĬĪňŗĕŅĵĵŅŐįĬĮƤěěŋĭńĬ ............... /3 

ĮƤĠľŅĔŅĶĨńħĽŇĬŒěȮ(decision making problem).................................................................... /4 

ĸņħńĭĕńŘĬĕŀĚĔŅĶŐĔƟĮƤĠľŅľĶŊŀŀńĸĔŀĶŇĪŉĴ .................................................................................. /4 

ĮƤĠľŅŐĭĭőıĸŇőĬŏĴňĵĸľĶŊŀŐĭĭıľŋĬŅĴ ............................................................................. /4 

ĮƤĠľŅŐĭĭĬŀĬőıĸŇőĬŏĴňĵĸ ................................................................................................ /5 

  



  Ğ 

ĮƤĠľŅĔŅĶľŅėƞŅĪňŗŏľĴŅŃĽĴĪňŗĽŋħŏĝŇĚĔŅĶěńħ ................................................................................. /5 

ĺŇīňĔŅĶĪňŗŒĝƟŐĔƟĮƤĠľŅĪňŗĴňĝŋħĕŀĚėņĨŀĭĪňŗŏĮƦĬœĮœħƟŐĬƞĬŀĬ .......................................................... /6 

ĔĶŃĭĺĬĔŅĶľŅėņĨŀĭĪňŗħňĪňŗĽŋħŀĵƞŅĚŐĪƟěĶŇĚ ľĶŊŀĺŇīňŐĴƞĬĨĶĚ ............................................... /6 

ĔĶŃĭĺĬĔŅĶĮĶŃĴŅĦėņĨŀĭĪňŗħňĪňŗĽŋħȮľĶŊŀĺŇīňľŅėƞŅőħĵĮĶŃĴŅĦ ........................................ /7 

ĺŇīňĔŅĶľĶŊŀĸņħńĭĕńŘĬĔŅĶŐĔƟĮƤĠľŅŐĭĭŁŇĺĶŇĽĨŇĔĽƢ ...................................................... /7 

ĺŇīňľĶŊŀĸņħńĭĕńŘĬĔŅĶŐĔƟĮƤĠľŅŐĭĭŏĴĨŅŁŇĺĶŇĽĨŇĔĽƢ .................................................... /7 

ĪķļġňĪňŗŏĔňŗĵĺĕƟŀĚĔńĭĔŅĶěńħŏĽƟĬĪŅĚĔŅĶĕĬĽƞĚ ............................................................................. 0. 

ĔŅĶěńħŐĭƞĚĔĸŋƞĴıŊŘĬĪňŗĭĶŇĔŅĶ................................................................................................. 0. 

ĮƤĠľŅĔŅĶěńħŏĽƟĬĪŅĚĔŅĶŏħŇĬĶĩ .......................................................................................... 0/ 

ĮƤĠľŅĔŅĶŏħŇĬĪŅĚĕŀĚıĬńĔĚŅĬĕŅĵ .................................................................................... 00 

ĺŇīňĔŅĶŐĔƟĮƤĠľŅĔŅĶŏħŇĬĪŅĚĕŀĚıĬńĔĚŅĬĕŅĵ ............................................................................ 02 

ĔŅĶŐĔƟĮƤĠľŅĔŅĶŏħŇĬĪŅĚĕŀĚıĬńĔĚŅĬĕŅĵħƟĺĵĺŇīňŁŇĺĶŇĽĨŇĔĽƢ ............................................... 03 

ŀńĸĔŀĶŇĪŉĴŐĭĭĮĶŃľĵńħ ............................................................................................ 03 

ŀńĸĔŀĶŇĪŉĴŏıŊŗŀĬĭƟŅĬŒĔĸƟĪňŗĽŋħ .................................................................................... 03 

ŀńĸĔŀĶŇĪŉĴėĶŇĽőĨœĲħƢ ................................................................................................ 04 

őĮĶŐĔĶĴĪňŗŒĝƟŒĬĔŅĶıńĥĬŅŐŀĮıĸŇŏėĝńĬ .................................................................................... 1. 

Google Colaboratory ....................................................................................................... 1. 

Google OR-Tools ............................................................................................................. 1. 

Google Maps .................................................................................................................... 1. 

Python................................................................................................................................ 1/ 

ĚŅĬĺŇěńĵĪňŗŏĔňŗĵĺĕƟŀĚ ..................................................................................................................... 1/ 

ĭĪĪňŗȮ1ȮĺŇīňĔŅĶħņŏĬŇĬĚŅĬĺŇěńĵ ......................................................................................................... 12 

ĺŇīňĔŅĶħņŏĬŇĬĔŅĶĺŇěńĵ ................................................................................................................. 13 

ŀŋĮĔĶĦƢŐĸŃőĮĶŐĔĶĴĪňŗŒĝƟŒĬĔŅĶĺŇěńĵ.......................................................................................... 23 



  ğ 

ĭĪĪňŗȮ2 įĸĔŅĶĺŇŏėĶŅŃľƢĕƟŀĴŌĸ......................................................................................................... 24 

ĨŀĬĪňŗȮ/8ȮĔŅĶěńħĔĸŋƞĴıŊŘĬĪňŗĭĶŇĔŅĶŒĬĔŅĶŀŀĔĨĶĺěőħĵįŌƟŏĝňŗĵĺĝŅĠ ............................................. 24 

ĨŀĬĪňŗȮ28ȮĶŃĵŃĪŅĚŐĸŃĶŃĵŃŏĺĸŅȮěŅĔĔŅĶĮĶŃĴĺĸįĸ ............................................................. 27 

ĨŀĬĪňŗȮ3 ĮĶŃĽŇĪīŇĳŅıŒĬĔŅĶĺŅĚŐįĬŏĽƟĬĪŅĚĶŃľĺƞŅĚįŌƟŏĝňŗĵĺĝŅĠŐĸŃŀńĸĔŀĶŇĪŉĴ ....................... 43 

ĭĪĪňŗȮ3ȮĽĶŋĮȮŀĳŇĮĶŅĵįĸȮŐĸŃĕƟŀŏĽĬŀŐĬŃ .................................................................................... 45 

ĽĶŋĮįĸĔŅĶĺŇěńĵ ........................................................................................................................... 45 

ĔŅĶŀĳŇĮĶŅĵįĸĔŅĶĻŉĔļŅ ........................................................................................................... 46 

ĕƟŀŏĽĬŀŐĬŃ ............................................................................................................................... 50 

ĕƟŀěņĔńħĚŅĬĺŇěńĵ ......................................................................................................................... 50 

ĶŅĵĔŅĶŀƟŅĚŀŇĚ ................................................................................................................................. 52 

ĳŅėįĬĺĔ........................................................................................................................................ 57 

ĳŅėįĬĺĔȮĔȮįĸĔŅĶěńħĔĸŋƞĴıŊŘĬĪňŗĭĶŇĔŅĶŒĬĔŅĶŀŀĔĨĶĺěőħĵįŌƟŏĝňŗĵĺĝŅĠ ................................... 6. 

ĳŅėįĬĺĔȮĕȮįĸĔŅĶěńħĔĸŋƞĴıŊŘĬĪňŗĭĶŇĔŅĶŒĬĔŅĶŀŀĔĨĶĺěőħĵįŌƟŏĝňŗĵĺĝŅĠ ................................. /./ 

ĳŅėįĬĺĔȮėȮĔŅĶĺŇŏėĶŅŃľƢįĸĨƞŅĚĶŃĵŃĪŅĚ-ĶŃĵŃŏĺĸŅȮĶŃľĺƞŅĚĺŇīňŏĝŇĚŀńĸĔŀĶŇĪŉĴŐĸŃĔŅĶĨńħĽŇĬŒě
ĕŀĚįŌƟŏĝňŗĵĺĝŅĠŒĬĔŅĶĔņľĬħŏĽƟĬĪŅĚĨĶĺěĽĩŅĬĪňŗĕŅĵĵŅŐįĬĮƤěěŋĭńĬȮěņŐĬĔĔĸŋƞĴıŊŘĬĪňŗ
ĭĶŇĔŅĶ ............................................................................................................................... /21 

ĳŅėįĬĺĔȮĚȮĝŋħėņĽńŗĚĭĬȮGoogle Colaboratory ĶĺĴĩŉĚĔŅĶŏĕňĵĬőĮĶŐĔĶĴėņĽńŗĚŏıŊŗŀĶŀĚĶńĭĔŅĶ
ŒĝƟŀńĸĔŀĶŇĪŉĴŐĭĭĮĶŃľĵńħȮŀńĸĔŀĶŇĪŉĴȮPATH_CHEAPEST_ARC ŐĸŃŀńĸĔŀĶŇĪŉĴėĶŇĽőĨœĲħƢ
 .......................................................................................................................................... /3. 

ĮĶŃĺńĨŇįŌƟŏĕňĵĬ ................................................................................................................................ /35 

 



 

ĽŅĶĭńĠĨŅĶŅĚ 

 ľĬƟŅ 
ĨŅĶŅĚĪňŗȮ1: ĶŌĮŐĭĭŏĽƟĬĪŅĚĪňŗŏĮƦĬœĮœħƟĪńŘĚľĴħȮŐěĔŐěĚĨŅĴěņĬĺĬĽĩŅĬĪňŗěŋħľĴŅĵȮ(n) ĪňŗĨƟŀĚĔŅĶ
ěŀħŐĺŃ ............................................................................................................................................ 3 

ĨŅĶŅĚĪňŗȮ2:ȮĕƟŀĴŌĸěņĬĺĬĽĩŅĬĪňŗĕŅĵĵŅŐįĬĮƤěěŋĭńĬĪňŗŀŀĔĨĶĺěŐĵĔĶŅĵŀņŏĳŀ ............................. 24 

ĨŅĶŅĚĪňŗȮ3: ěņĬĺĬĽĩŅĬĪňŗĕŅĵĵŅŐįĬĮƤěěŋĭńĬŐĸŃŀņŏĳŀĪňŗěŀħŐĺŃŒĬȮ/ȮĔĸŋƞĴıŊŘĬĪňŗĭĶŇĔŅĶ ............. 24 

ĨŅĶŅĚĪňŗȮ4: ĶŃĵŃĪŅĚȮ&ĔŇőĸŏĴĨĶ'ȮŐĸŃĶŌĮŐĭĭĺŇīňĔŅĶěńħĸņħńĭĪňŗŒľƟĶŃĵŃĪŅĚĽńŘĬĪňŗĽŋħŒĬŐĨƞĸŃĔĸŋƞĴıŊŘĬĪňŗ
ĭĶŇĔŅĶĽņľĶńĭĔŅĶĨĶĺěĮĶŃŏĴŇĬĽĩŅĬĪňŗĕŅĵĵŅŐįĬĮƤěěŋĭńĬ ............................................................ 3/ 

ĨŅĶŅĚĪňŗȮ5: ĔŅĶĺŇŏėĶŅŃľƢįĸĨƞŅĚĶŃĵŃĪŅĚĶŃľĺƞŅĚĺŇīňŏĝŇĚŀńĸĔŀĶŇĪŉĴŐĸŃĔŅĶĨńħĽŇĬŒěĕŀĚįŌƟŏĝňŗĵĺĝŅĠŒĬ
ĔŅĶĔņľĬħŏĽƟĬĪŅĚĨĶĺěĽĩŅĬĪňŗĕŅĵĵŅŐįĬĮƤěěŋĭńĬȮěņŐĬĔĔĸŋƞĴıŊŘĬĪňŗĭĶŇĔŅĶ ................................. 33 

ĨŅĶŅĚĪňŗȮ68ȮįĸĶĺĴĶŃĵŃŏĺĸŅȮ&ĬŅĪň'ȮŐĸŃĶŌĮŐĭĭĺŇīňĔŅĶěńħĸņħńĭĪňŗŒľƟĶŃĵŃŏĺĸŅĽńŘĬĪňŗĽŋħŒĬŐĨƞĸŃĔĸŋƞĴ
ıŊŘĬĪňŗĭĶŇĔŅĶĽņľĶńĭĔŅĶĨĶĺěĮĶŃŏĴŇĬĽĩŅĬĪňŗĕŅĵĵŅŐįĬĮƤěěŋĭńĬ .................................................... 37 

ĨŅĶŅĚĪňŗȮ7: ĔŅĶĺŇŏėĶŅŃľƢįĸĨƞŅĚĶŃĵŃŏĺĸŅĶŃľĺƞŅĚĺŇīňŏĝŇĚŀńĸĔŀĶŇĪŉĴŐĸŃĔŅĶĨńħĽŇĬŒěĕŀĚįŌƟŏĝňŗĵĺĝŅĠ
ŒĬĔŅĶĔņľĬħŏĽƟĬĪŅĚĨĶĺěĽĩŅĬĪňŗĕŅĵĵŅŐįĬĮƤěěŋĭńĬȮěņŐĬĔĔĸŋƞĴıŊŘĬĪňŗĭĶŇĔŅĶ ............................. 41 

ĨŅĶŅĚĪňŗȮ6:ȮėĺŅĴĩňŗĪňŗĽńĚŏĔĨœħƟĽņľĶńĭ ĺŇīňŒĬĔŅĶľŅŏĽƟĬĪŅĚĪňŗĽńŘĬĪňŗĽŋħ ............................................... 43 

ĨŅĶŅĚĪňŗȮ7: ėĺŅĴĩňŗĪňŗėŅħľĺńĚœħƟĽņľĶńĭŐĨƞĸŃĺŇīňŒĬĔŅĶľŅŏĽƟĬĪŅĚĪňŗĽńŘĬĪňŗĽŋħ .................................... 44 

 

  



 

ĽŅĶĭńĠĳŅı 

 ľĬƟŅ 
ĳŅıĪňŗȮ1: ĕńŘĬĨŀĬĔŅĶħņŏĬŇĬĚŅĬŏıŊŗŀŀŀĔĨĶĺěĽĩŅĬĪňŗĕŅĵĵŅŐįĬĮƤěěŋĭńĬ ....................................... 1 

ĳŅıĪňŗȮ2:ȮĔĶŀĭŐįĬįńĚĔŅĶıńĥĬŅĔŅĶŒĝƟĚŅĬőĮĶŐĔĶĴĽņľĶńĭĚŅĬĺŇěńĵ ............................................ // 

ĳŅıĪňŗȮ3: ĔŅĶŏĶňĵĚĸņħńĭĨŅĴėĺŅĴĞńĭĞƟŀĬĕŀĚĮƤĠľŅěŅĔĬƟŀĵœĮĴŅĔ &ŏĶŇŗĴěŅĔȮP, NP, NP-
Complete ŐĸŃȮNP-Hard) (Monteiro, 2019) .............................................................................. /5 

ĳŅıĪňŗȮ4: ŐįĬįńĚĺŇīňĔŅĶĪňŗŒĝƟŐĔƟĮƤĠľŅĪňŗĴňĝŋħĕŀĚėņĨŀĭĪňŗŏĮƦĬœĮœħƟŐĬƞĬŀĬ .................................... /6 

ĳŅıĪňŗȮ5: ŀĚėƢĮĶŃĔŀĭĕŀĚĮƤĠľŅĔŅĶěńħŏĽƟĬĪŅĚĽņľĶńĭĵŅĬıŅľĬŃ .............................................. 00 

ĳŅıĪňŗȮ6: ĸńĔļĦŃĮƤĠľŅĔŅĶŏħŇĬĪŅĚĕŀĚıĬńĔĚŅĬĕŅĵ (ÂÚÂèääÔ ëùáòÂÕö, 2556) ......................... 01 

ĳŅıĪňŗȮ7:ĔĶŅĲĨńĺŐĪĬĕŀĚĶŌĮĪĶĚĽŇĭĽŀĚľĬƟŅŐĸŃĨńĺŀĵƞŅĚĺĚŐŁĴŇĸĨńĬ ........................................... 01 

ĳŅıĪňŗȮ8: ĨńĺŀĵƞŅĚĺŇīňĔŅĶŐĔƟĮƤĠľŅĔŅĶŏħŇĬĪŅĚĕŀĚıĬńĔĚŅĬĕŅĵ ..................................................... 02 

ĳŅıĪňŗȮ9: ĔŅĶľŅĨņŐľĬƞĚĪňŗŒĔĸƟĪňŗĽŋħȮħƟĺĵĺŇīňŀńĸĔŀĶŇĪŉĴŏıŊŗŀĬĭƟŅĬŒĔĸƟĪňŗĽŋħ ...................................... 04 

ĳŅıĪňŗȮ10:ȮĔĶŅĲĽĴĭŌĶĦƢĪňŗĕŀĭĴňĬŘņľĬńĔĨŅĴŀĽĴĔŅĶĽŅĴŏľĸňŗĵĴ ................................................... 05 

ĳŅıĪňŗȮ11: ĔŅĶėņĬĺĦȮminimum spanning tree ........................................................................ 05 

ĳŅıĪňŗȮ12: ĔŅĶėņĬĺĦŏĞĨĕŀĚěŋħĵŀħĪňŗĴňħňĔĶňŏĮƦĬėňŗ ....................................................................... 06 

ĳŅıĪňŗȮ13: ĔŅĶĽĶƟŅĚĔĶŅĲĵƞŀĵőħĵŒĝƟěŋħĵŀħĪňŗĴňħňĔĶňŏĮƦĬėňŗ .............................................................. 06 

ĳŅıĪňŗȮ14: ĔŅĶĽĶƟŅĚěńĭėŌƞĪňŗĽĴĭŌĶĦƢŐĭĭĽņľĶńĭĬŘņľĬńĔĕńŘĬĨŗņ ......................................................... 06 

ĳŅıĪňŗȮ15: ĔŅĶĶĺĴěńĭėŌƞŐĸŃĕĵŅĵĨƟĬœĴƟ ŏıŊŗŀĽĶƟŅĚĴńĸĨŇĔĶŅĲŀŀĵŏĸŀŏĶňĵĬ ..................................... 07 

ĳŅıĪňŗȮ16: ľĬƟŅĨƞŅĚĽņľĶńĭĔŅĶĽĴńėĶŏĕƟŅŒĝƟȮGoogle product ....................................................... 14 

ĳŅıĪňŗȮ17: ľĬƟŅĨƞŅĚȮGoogle Colaboratory .................................................................................. 14 

ĳŅıĪňŗȮ18: ľĬƟŅĨƞŅĚȮGoogle OR tools ............................................................................................ 15 

ĳŅıĪňŗȮ19: ľĬƟŅĨƞŅĚȮMicrosoft excel ŏĔŖĭĕƟŀĴŌĸĽĩŅĬĪňŗĕŅĵĵŅŐįĬĮƤěěŋĭńĬĽņľĶńĭŒĝƟĮĶŃĴĺĸįĸŒĬȮ
Google Colaboratory .................................................................................................................. 15 

ĳŅıĪňŗȮ20: ĔŅĶĮĶŃĴĺĸįĸŀńĸĔŀĶŇĪŉĴĽņľĶńĭĔŅĶěńħĸņħńĭĽĩŅĬĪňŗĭĬȮGoogle Colaboratory ...... 16 

  



  Ģ 

ĳŅıĪňŗȮ21: ĔŅĶĬņŏĕƟŅĕƟŀĴŌĸŒĬĶŌĮŐĭĭœĲĸƢȮ,csvȮĽŌƞȮGoogle Colaboratory ................................... 16 

ĳŅıĪňŗȮ22:ȮĔŅĶĮĶŃĴĺĸįĸĝŋħėņĽńŗĚĭĬȮGoogle Colaboratory .................................................... 17 

ĳŅıĪňŗȮ23: įĸĸńıīƢľĸńĚĔŅĶĮĶŃĴĺĸįĸ ........................................................................................... 17 

ĳŅıĪňŗȮ24:ȮĨńĺŀĵƞŅĚĔŅĶŏĔŖĭĕƟŀĴŌĸěńħĸņħńĭĔŅĶěŀħŐĺŃĽĩŅĬĪňŗĕŅĵĵŅŐįĬĮƤěěŋĭńĬěŅĔĪŋĔĺŇīňȮŒĬȮ
Google sheetsȮŒĬĔĸŋƞĴıŊŘĬĪňŗĭĶŇĔŅĶĪňŗȮ/ ......................................................................................... 2. 

ĳŅıĪňŗȮ25: ĨńĺŀĵƞŅĚĔŅĶŏĔŖĭĕƟŀĴŌĸĶŃĵŃĪŅĚĪňŗĽńŘĬĪňŗĽŋħŐĸŃĶŃĵŃŏĺĸŅĪňĸŃėŌƞěŋħĭĬȮGoogle MapsȮȮŒĬ
ĔĸŋƞĴıŊŘĬĪňŗĭĶŇĔŅĶĪňŗȮ/ȮěńħĸņħńĭĔŅĶěŀħŐĺŃĽĩŅĬĪňŗĕŅĵĵŅŐįĬĮƤěěŋĭńĬěŅĔĔŅĶĨńħĽŇĬŒěȮőħĵ
įŌƟŏĝňŗĵĺĝŅĠ ...................................................................................................................................... 2/ 

ĳŅıĪňŗȮ26: ĨńĺŀĵƞŅĚĔŅĶŏĔŖĭĕƟŀĴŌĸĶŃĵŃĪŅĚĪňŗĽńŘĬĪňŗĽŋħŐĸŃĶŃĵŃŏĺĸŅĪňŗěńħĸņħńĭȮĔŅĶěŀħŐĺŃĽĩŅĬĪňŗ
ĕŅĵĵŅŐįĬĮƤěěŋĭńĬěŅĔĔŅĶĨńħĽŇĬŒěőħĵįŌƟŏĝňŗĵĺĝŅĠŒĬȮGoogle sheetsȮȮŒĬĔĸŋƞĴıŊŘĬĪňŗĭĶŇĔŅĶĪňŗȮ/ .. 20 

ĳŅıĪňŗȮ27: ĨńĺŀĵƞŅĚĔŅĶŏĔŖĭĕƟŀĴŌĸĶŃĵŃĪŅĚĪňŗĽńŘĬĪňŗĽŋħŐĸŃĶŃĵŃŏĺĸŅĪňŗěńħĸņħńĭȮĔŅĶěŀħŐĺŃĽĩŅĬĪňŗ
ĕŅĵĵŅŐįĬĮƤěěŋĭńĬěŅĔŀńĸĔŀĶŇĪŉĴŐĭĭĮĶŃľĵńħŒĬȮGoogle sheetsȮȮŒĬĔĸŋƞĴıŊŘĬĪňŗĭĶŇĔŅĶĪňŗȮ/ ........ 20 

ĳŅıĪňŗȮ28: ĨńĺŀĵƞŅĚĔŅĶŏĔŖĭĕƟŀĴŌĸĶŃĵŃĪŅĚĪňŗĽńŘĬĪňŗĽŋħŐĸŃĶŃĵŃŏĺĸŅĪňŗěńħĸņħńĭȮĔŅĶěŀħŐĺŃĽĩŅĬĪňŗ
ĕŅĵĵŅŐįĬĮƤěěŋĭńĬěŅĔŀńĸĔŀĶŇĪŉĴȮPATH_CHEAPEST_ARC  ŒĬȮGoogle sheets ŒĬĔĸŋƞĴıŊŘĬĪňŗ
ĭĶŇĔŅĶĪňŗȮ1 ....................................................................................................................................... 21 

ĳŅıĪňŗȮ29: ĨńĺŀĵƞŅĚĔŅĶŏĔŖĭĕƟŀĴŌĸĶŃĵŃĪŅĚĪňŗĽńŘĬĪňŗĽŋħŐĸŃĶŃĵŃŏĺĸŅĪňŗěńħĸņħńĭȮĔŅĶěŀħŐĺŃĽĩŅĬĪňŗ
ĕŅĵĵŅŐįĬĮƤěěŋĭńĬěŅĔŀńĸĔŀĶŇĪŉĴėĶŇĽőĨœĲħƢ ŒĬȮGoogle sheets ŒĬĔĸŋƞĴıŊŘĬĪňŗĭĶŇĔŅĶĪňŗȮ1 ............ 21 

ĳŅıĪňŗȮ30: ŐįĬĳŌĴŇŐĪƞĚŐĽħĚĶŃĵŃĪŅĚĶĺĴȮ&ĔŇőĸŏĴĨĶ'ȮĪňŗŒĝƟŒĬĔŅĶŏħŇĬĪŅĚŏıŊŗŀĨĶĺěĮĶŃŏĴŇĬ ĽĩŅĬĪňŗ
ĕŅĵĵŅŐįĬĮƤěěŋĭńĬħƟĺĵĔŅĶěńħĸņħńĭŏĽƟĬĪŅĚĺŇīňĨƞŅĚȮŕ ..................................................................... 27 

ĳŅıĪňŗȮ31: ŐįĬĳŌĴŇŐĪƞĚŐĽħĚėƞŅŏĜĸňŗĵĶŃĵŃĪŅĚȮ&ĔŇőĸŏĴĨĶ'ȮĪňŗŒĝƟŒĬĔŅĶŏħŇĬĪŅĚŏıŊŗŀĨĶĺěĮĶŃŏĴŇĬ 
ĽĩŅĬĪňŗĕŅĵĵŅŐįĬĮƤěěŋĭńĬħƟĺĵĔŅĶěńħĸņħńĭŏĽƟĬĪŅĚĺŇīňĨƞŅĚȮŕ ......................................................... 3. 

ĳŅıĪňŗȮ328ȮĔĶŅĲŏĽƟĬŐĽħĚĔŅĶŏĮĶňĵĭŏĪňĵĭĶŃĵŃĪŅĚĪňŗėņĬĺĦœħƟĕŀĚĔŅĶěńħĸņħńĭŏĽƟĬĪŅĚȮĪńŘĚĔŅĶ
ĨńħĽŇĬŒěőħĵįŌƟŏĝňŗĵĺĝŅĠȮŐĸŃŀńĸĔŀĶŇĪŉĴĪňŗėņĬĺĦħƟĺĵėŀĴıŇĺŏĨŀĶƢĽŅĴĝĬŇħ &ŀńĸĔŀĶŇĪŉĴŐĭĭĮĶŃľĵńħȮ

ŀńĸĔŀĶŇĪŉĴȮPATH_CHEAPEST_ARC ŐĸŃŀńĸĔŀĶŇĪŉĴėĶŇĽőĨœĲħƢ) ................................................. 32 

ĳŅıĪňŗȮ33: ĔĶŅĲŐĪƞĚŐĽħĚěņĬĺĬėĶńŘĚĕŀĚŐĨƞĸŃĺŇīňĔŅĶěńħĸņħńĭŏĽƟĬĪŅĚȮĪňŗĽŅĴŅĶĩĽĶƟŅĚĶŃĵŃĪŅĚĽńŘĬ
ĪňŗĽŋħŒĬȮ2/ȮĔĸŋƞĴıŊŘĬĪňŗĭĶŇĔŅĶ ............................................................................................................ 32 



  ģ 

ĳŅıĪňŗȮ34: ŐįĬĳŌĴŇŐĪƞĚŐĽħĚĶŃĵŃŏĺĸŅĶĺĴȮ&ĬŅĪň'ȮĪňŗŒĝƟŒĬĔŅĶŏħŇĬĪŅĚŏıŊŗŀĨĶĺěĮĶŃŏĴŇĬ ĽĩŅĬĪňŗĕŅĵ
ĵŅŐįĬĮƤěěŋĭńĬȮħƟĺĵĔŅĶěńħĸņħńĭŏĽƟĬĪŅĚĺŇīňĨƞŅĚȮŕ .......................................................................... 35 

ĳŅıĪňŗȮ35: ŐįĬĳŌĴŇŐĪƞĚŐĽħĚėƞŅŏĜĸňŗĵĶŃĵŃŏĺĸŅŏħŇĬĪŅĚȮ&ĬŅĪň'ȮĪňŗŒĝƟŒĬĔŅĶŏħŇĬĪŅĚŏıŊŗŀĨĶĺěĮĶŃŏĴŇĬ 
ĽĩŅĬĪňŗĕŅĵĵŅŐįĬĮƤěěŋĭńĬħƟĺĵĔŅĶěńħĸņħńĭŏĽƟĬĪŅĚĺŇīňĨƞŅĚȮŕ ......................................................... 36 

ĳŅıĪňŗȮ36: ĔĶŅĲŏĽƟĬŐĽħĚĔŅĶŏĮĶňĵĭŏĪňĵĭĶŃĵŃŏĺĸŅĔŅĶŏħŇĬĪŅĚĪňŗėņĬĺĦœħƟĕŀĚĔŅĶěńħĸņħńĭ
ŏĽƟĬĪŅĚȮĪńŘĚĺŇīňĔŅĶĨńħĽŇĬŒěőħĵįŌƟŏĝňŗĵĺĝŅĠȮŐĸŃŀńĸĔŀĶŇĪŉĴĪňŗėņĬĺĦħƟĺĵėŀĴıŇĺŏĨŀĶƢĽŅĴĝĬŇħȮ

&ŀńĸĔŀĶŇĪŉĴŐĭĭĮĶŃľĵńħȮŀńĸĔŀĶŇĪŉĴȮPATH_CHEAPEST_ARC ŐĸŃŀńĸĔŀĶŇĪŉĴėĶŇĽőĨœĲħƢ) ......... 40 

ĳŅıĪňŗȮ378ȮŐįĬĳŌĴŇŐĪƞĚŐĽħĚěņĬĺĬėĶńŘĚĕŀĚŐĨƞĸŃĺŇīňĔŅĶěńħĸņħńĭŏĽƟĬĪŅĚěńħŏĽƟĬĪŅĚȮĪňŗŒĝƟĶŃĵŃŏĺĸŅ
ŏĺĸŅŏħŇĬĪŅĚĽńŘĬĪňŗĽŋħŒĬȮ2/ȮĔĸŋƞĴıŊŘĬĪňŗĭĶŇĔŅĶ ................................................................................... 40 

 



 

ĭĪĪňŗȮ/ 

ĭĪĬņ 

ėĺŅĴŏĮƦĬĴŅŐĸŃėĺŅĴĽņėńĠ 

ĮƤěěŋĭńĬȮŴĽĩŅĬĪňŗĕŅĵĵŅŐįĬĮƤěěŋĭńĬŵ ľĶŊŀȮŴĶƟŅĬĕŅĵĵŅŵ ĴňĔŅĶĕĵŅĵěņĬĺĬŐĸŃĔŅĶ

ĔĶŃěŅĵĨńĺĨńŘĚŀĵŌƞėĶŀĭėĸŋĴŐĪĭĪŋĔıŊŘĬĪňŗŒĬĮĶŃŏĪĻœĪĵȮěŅĔŏľĨŋįĸħƟŅĬĨņŐľĬƞĚĪňŗĨńŘĚĪňŗĴňėĺŅĴŒĔĸƟĝŇħ

ĔńĭĝŋĴĝĬȮĶƞĺĴĔńĭėƞŅŒĝƟěƞŅĵŒĬĔŅĶĞŊŘŀĵŅŐĸŃŏĺĝĳńĦĤƢĪňŗœĴƞĽŌĚȮĽƞĚįĸŒľƟĮĶŃĝŅĝĬĽŅĴŅĶĩŏĕƟŅĩŉĚĔŅĶĞŊŘŀ

ĵŅŐĸŃŏĺĝĳńĦĤƢŏıŊŗŀħŌŐĸĶńĔļŅĨĬŏŀĚœħƟĚƞŅĵŐĸŃĽŃħĺĔȮĭĪĭŅĪĕŀĚĶƟŅĬĕŅĵĵŅŒĬĮƤěěŋĭńĬěŉĚœĴƞœħƟ

ěņĔńħŏıňĵĚĔŅĶŏĮƦĬĽĩŅĬĮĶŃĔŀĭīŋĶĔŇěħƟŅĬĽŋĕĳŅıŏĪƞŅĬńŘĬȮŐĨƞĵńĚŏĮƦĬŐľĸƞĚĽĶƟŅĚŏĽĶŇĴėĺŅĴĶŀĭĶŌƟħƟŅĬ

ĽŋĕĳŅıŒľƟĔńĭĮĶŃĝŅĝĬȮĪńŘĚŏĶŊŗŀĚėĺŅĴŏĕƟŅŒěŒĬĔŅĶŒĝƟĵŅĪňŗĩŌĔĨƟŀĚȮĨĸŀħěĬŐĬĺĪŅĚĔŅĶĽńĚŏĔĨŐĸŃŏİƚŅ

ĶŃĺńĚŀŅĔŅĶŏıŊŗŀĽƞĚĨƞŀŐıĪĵƢįŌƟŏĝňŗĵĺĝŅĠŒĬĔĶĦňĪňŗŏľĴŅŃĽĴȮ 

ĪńŘĚĬňŘŏıŊŗŀŏĮƚŅľĴŅĵĽŌĚĽŋħĪňŗĨŀĭĽĬŀĚĨƞŀĽŇĪīŇĕŀĚįŌƟĴŅĶńĭĭĶŇĔŅĶěŅĔĽĩŅĬĪňŗĕŅĵĵŅŐįĬ

ĮƤěěŋĭńĬĪňŗœħƟĶńĭĭĶŇĔŅĶĪňŗĴňėŋĦĳŅıŐĸŃĮĸŀħĳńĵĨŅĴĴŅĨĶģŅĬĺŇĝŅĝňıȮĬńĭĨńŘĚŐĨƞĮƖȮı,Ļ,Ȯ0320ȮŏĮƦĬĨƟĬ

ĴŅȮŀĚėƢĔŅĶŀĬŅĴńĵőĸĔȮ&World Health Organization; WHO) ĶƞĺĴĔńĭĽĴŅıńĬīƢŏĳĽńĝĔĶĶĴ

ĬŅĬŅĝŅĨŇȮ&The International Pharmaceutical Federation; FIP) œħƟĮĶŃĔŅĻĺŇīňĮĢŇĭńĨŇĪŅĚŏĳĽńĝ

ĔĶĶĴĝŋĴĝĬȮ&Good Pharmacy Practice; GPP) ŏıŊŗŀŏĮƦĬŐĬĺĪŅĚŒľƟľĬƞĺĵĚŅĬŒĬĮĶŃŏĪĻĨƞŅĚŕȮ

ĬņœĮıńĥĬŅŏĮƦĬŐĬĺĪŅĚŒĬĔŅĶĮĢŇĭńĨŇĪňŗħňĕŀĚŏĳĽńĝĔĶĶĴĝŋĴĝĬĪňŗĴňėĺŅĴŏľĴŅŃĽĴĔńĭĭĶŇĭĪěņŏıŅŃ

ĕŀĚŐĨƞĸŃıŊŘĬĪňŗľĶŊŀĮĶŃŏĪĻĨƞŅĚŕĪńŗĺőĸĔ (World Health Organization, 2011)Ȯ 

ĽņľĶńĭĮĶŃŏĪĻœĪĵȮĽņĬńĔĚŅĬőėĶĚĔŅĶıńĥĬŅĶƟŅĬĕŅĵĵŅȮĞŉŗĚŏĮƦĬľĬƞĺĵĚŅĬĳŅĵŒĨƟĽņĬńĔĚŅĬ

ėĦŃĔĶĶĴĔŅĶŀŅľŅĶŐĸŃĵŅȮ&ŀĵ,'ȮœħƟĮĶŃĽŅĬĳŅėňŏėĶŊŀĕƞŅĵĽĩŅĬĪňŗĕŅĵĵŅŐįĬĮƤěěŋĭńĬȮ1ȮŀĚėƢĔĶȮ

œħƟŐĔƞȮĽĴŅėĴŏĳĽńĝĔĶĶĴĝŋĴĝĬȮ&ĮĶŃŏĪĻœĪĵ'ȮĽĴŅėĴĶƟŅĬĕŅĵĵŅȮŐĸŃĝĴĶĴĶƟŅĬĕŅĵĵŅŐľƞĚĮĶŃŏĪĻ

œĪĵȮĶƞĺĴĔńĬěńħĨńŘĚȮ ĽĴŅıńĬīƢıńĥĬŅĶƟŅĬĵŅŐľƞĚĮĶŃŏĪĻœĪĵ ȮŐĸŃıĵŅĵŅĴĵĔĶƞŅĚĔġľĴŅĵȮGood 

Pharmacy Practice įƞŅĬĔŅĶĮĶŃĝŋĴĶŃħĴĽĴŀĚěŅĔĳŅėŏėĶŊŀĕƞŅĵĪňŗŏĔňŗĵĺĕƟŀĚȮĨŅĴĕńŘĬĨŀĬĨƞŅĚŕȮ

ĕŀĚĔŅĶĶƞŅĚĔġľĴŅĵŏĮƦĬĶŃĵŃŏĺĸŅľĬŉŗĚȮěĬĔĶŃĪńŗĚŀŀĔĴŅŏĮƦĬȮ ĔġĔĶŃĪĶĺĚĔŅĶĕŀŀĬŋĠŅĨŐĸŃĔŅĶ

ŀŀĔŒĭŀĬŋĠŅĨĕŅĵĵŅŐįĬĮƤěěŋĭńĬȮı,Ļ,Ȯ0334 ȮŐĸŃĴňĔŅĶĮĶŃĔŅĻĭńĚėńĭŒĝƟŏĴŊŗŀĺńĬĪňŗȮ03ȮĴŇĩŋĬŅĵĬȮ

ı,Ļ,Ȯ0335ȮőħĵĴňĽŅĶŃĽņėńĠĔņľĬħŒľƟĽĩŅĬĪňŗĕŅĵĵŅŐįĬĮƤěěŋĭńĬĪňŗŏĮƕħŒľĴƞľĸńĚĮĶŃĔŅĻħńĚĔĸƞŅĺ

ĭńĚėńĭŒĝƟĨƟŀĚĮĢŇĭńĨŇĨŅĴĪńĬĪňȮŒĬĕĦŃĪňŗĽĩŅĬĪňŗĕŅĵĵŅŐįĬĮƤěěŋĭńĬĪňŗŏĮƕħĔƞŀĬĮĶŃĔŅĻħńĚĔĸƞŅĺĨƟŀĚ
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ıńĥĬŅĽĩŅĬĪňŗĕŅĵĵŅŐįĬĮƤěěŋĭńĬŒľƟœħƟĨŅĴŏĔĦĤƢĳŅĵŒĬĶŃĵŃŏĺĸŅœĴƞŏĔŇĬȮ6ȮĮƖȮ&ĺŇĶńĨĬƢȮĪŀĚĶŀħ, 

034/'  

ĽņĬńĔĚŅĬĽŅīŅĶĦĽŋĕěńĚľĺńħĮĪŋĴīŅĬňȮ&ĽĽě,ĮĪŋĴīŅĬň'ȮœħƟĶńĭĴŀĭľĴŅĵŒĬĔŅĶĨĶĺěĮĶŃŏĴŇĬ

ĽĩŅĬĪňŗĕŅĵĵŅŐįĬĮƤěěŋĭńĬĨŅĴĺŇīňĮĢŇĭńĨŇĪŅĚŏĳĽńĝĔĶĶĴĝŋĴĝĬȮĳŅĵŒĨƟĮĶŃĔŅĻĽņĬńĔĚŅĬ

ėĦŃĔĶĶĴĔŅĶŀŅľŅĶŐĸŃĵŅȮŏĶŊŗŀĚȮľĸńĔŏĔĦĤƢȮĺŇīňĔŅĶȮŐĸŃŏĚŊŗŀĬœĕȮŒĬĔŅĶįƞŅĬĔŅĶĨĶĺěĮĶŃŏĴŇĬĨŅĴ

ĺŇīňĮĢŇĭńĨŇĪŅĚŏĳĽńĝĔĶĶĴĝŋĴĝĬȮĮĶŃĔŅĻȮĦȮĺńĬĪňŗȮ6ȮŏĴļŅĵĬȮ0337ȮĞŉŗĚĔņľĬħœĺƟĺƞŅĽĩŅĬĪňŗĕŅĵĵŅŐįĬ

ĮƤěěŋĭńĬĪňŗœħƟĶńĭŀĬŋĠŅĨĪńŘĚľĴħĨƟŀĚœħƟĶńĭĔŅĶĨĶĺěĮĶŃŏĴŇĬĞŘņŏıŊŗŀĨƞŀŀŅĵŋŀĵƞŅĚĬƟŀĵĪŋĔȮ0ȮĮƖ &ĮĶŃĔŅĻ

ĽņĬńĔĚŅĬėĦŃĔĶĶĴĔŅĶŀŅľŅĶŐĸŃĵŅȮŏĶŊŗŀĚȮľĸńĔŏĔĦĤƢȮĺŇīňĔŅĶȮŐĸŃŏĚŊŗŀĬœĕȮŒĬĔŅĶįƞŅĬĔŅĶĨĶĺě

ĮĶŃŏĴŇĬȮĨŅĴĺŇīňĮĢŇĭńĨŇĪŅĚŏĳĽńĝĔĶĶĴĝŋĴĝĬ, 0337'Ȯ 

ěŅĔĮĶŃĔŅĻłȮĕƟŅĚĨƟĬȮŏĴŊŗŀĬņĴŅıŇěŅĶĦŅŏĶŊŗŀĚĳŅĶŃĚŅĬĔŅĶŀŀĔĨĶĺěĮĶŃŏĴŇĬłȮıĭĺƞŅȮ

ĮƤěěŋĭńĬĴňĽĩŅĬĪňŗĕŅĵĵŅŐįĬĮƤěěŋĭńĬĪňŗœħƟĶńĭŀĬŋĠŅĨĪńŘĚľĴħȮ411ȮŐľƞĚȮ&ĕƟŀĴŌĸȮĦȮĺńĬĪňŗ 1/ȮīńĬĺŅėĴȮ

0343'ȮőħĵĴňȮ254ȮŐľƞĚȮĪňŗĨƟŀĚħņŏĬŇĬĔŅĶĨĶĺěĮĶŃŏĴŇĬŒĬĮƖȮ0343ȮĞŉŗĚŐĭƞĚŏĮƦĬȮ11/ȮŐľƞĚȮĪňŗĪŅĚȮĽĽě,

ĮĪŋĴīŅĬňȮĴŀĭľĴŅĵŒľƟĽņĬńĔĚŅĬĽŅīŅĶĦĽŋĕŀņŏĳŀŐĸŃőĶĚıĵŅĭŅĸŒĬŏĕĨıŊŘĬĪňŗěńĚľĺńħĮĪŋĴīŅĬňĶƞĺĴ

ħņŏĬŇĬĚŅĬȮŐĸŃŀňĔȮ145ȮŐľƞĚĪňŗĪŅĚȮĽĽě,ĮĪŋĴīŅĬňȮĶńĭįŇħĝŀĭħņŏĬŇĬĔŅĶŏŀĚȮ 

ĔŅĶħņŏĬŇĬĚŅĬŒĬĳŅĶĔŇěħńĚĔĸƞŅĺȮěņŏĮƦĬĨƟŀĚŀĵŌƞĳŅĵŒĨƟĔĶŀĭŐĬĺėŇħȮűĔŅĶĮĶŃŏĴŇĬėĺŅĴėŋƟĴėƞŅ

ŒĬĔŅĶĮĢŇĭńĨŇĳŅĶĔŇěĕŀĚĶńģŲȮĨŅĴĪňŗĽņĬńĔĚŅĬėĦŃĔĶĶĴĔŅĶıńĥĬŅĶŃĭĭĶŅĝĔŅĶȮ&Ĕ,ı,Ķ,'ȮœħƟĮĶŃĔŅĻ

ĭńĚėńĭŒĝƟıĶŃĶŅĝĔķļġňĔŅĺƞŅħƟĺĵľĸńĔŏĔĦĤƢŐĸŃĺŇīňĔŅĶĭĶŇľŅĶĔŇěĔŅĶĭƟŅĬŏĴŊŀĚĪňŗħňȮ&ĜĭńĭĪňŗȮ0'Ȯı,Ļ,Ȯ

0340ȮĨńŘĚŐĨƞĺńĬĪňŗȮ/ȮıķļĳŅėĴȮ0340ȮŏĮƦĬĨƟĬĴŅȮĽƞĚįĸŒľƟįŌƟĮĢŇĭńĨŇĚŅĬěņŏĮƦĬĨƟŀĚĪĭĪĺĬĶŌĮŐĭĭĔŅĶ

ĭĶŇľŅĶĔŅĶŒĝƟĶĩĶŅĝĔŅĶĽƞĺĬĔĸŅĚŐĸŃĮĶńĭĮĶŋĚĺŇīňĔŅĶĮĢŇĭńĨŇĚŅĬŀĵŌƞĽĴŗņŏĽĴŀŏıŊŗŀŏıŇŗĴĮĶŃĽŇĪīŇįĸȮ

(effectiveness) ĮĶŃĽŇĪīŇĳŅı (efficiency) ŀĵƞŅĚĨƞŀŏĬŊŗŀĚ &ıĶŃĶŅĝĔķļġňĔŅĺƞŅħƟĺĵľĸńĔŏĔĦĤƢŐĸŃ

ĺŇīňĔŅĶĭĶŇľŅĶĔŇěĔŅĶĭƟŅĬŏĴŊŀĚĪňŗħňȮ&ĜĭńĭĪňŗȮ0'Ȯı,Ļ,Ȯ0340, 0340' Ȯ 

ĮƤěěŋĭńĬȮĽĽě,ĮĪŋĴīŅĬňȮœħƟĴňĔŅĶĺŅĚĶŌĮŐĭĭĔŅĶħņŏĬŇĬĚŅĬĕŀĚĳŅĶĔŇěĨĶĺěĮĶŃŏĴŇĬŏıŊŗŀĨƞŀŀŅĵŋ

ĽĩŅĬĪňŗĕŅĵĵŅŐįĬĮƤěěŋĭńĬħƟĺĵĔŅĶĴŀĭľĴŅĵŒľƟĴňŏěƟŅľĬƟŅĪňŗĸĚĨĶĺěĽŀĭıŊŘĬĪňŗěĶŇĚȮŏħŇĬĪŅĚħƟĺĵ

ĶĩĵĬĨƢĶŅĝĔŅĶȮ1 ėńĬȮĔņľĬħĔĶŀĭŏĺĸŅĔŅĶŏħŇĬĪŅĚœħƟœĴƞŏĔŇĬȮ1 ĺńĬĨƞŀĽńĮħŅľƢȮŐĸŃŒĝƟŏĺĸŅŏħŇĬĪŅĚ

ŒĬŐĨƞĸŃĺńĬœħƟœĴƞŏĔŇĬȮ8 ĝńŗĺőĴĚȮĞŉŗĚĽŅĴŅĶĩĽĶŋĮĕńŘĬĨŀĬĔŅĶħņŏĬŇĬĚŅĬľĸńĔœħƟȮ3ȮĕńŘĬĨŀĬȮħńĚŐĽħĚŒĬ

ĳŅıĪňŗȮ/ȮŐĸŃŒĬŐĨƞĸŃĕńŘĬĨŀĬĴňĶŅĵĸŃŏŀňĵħĬňŘ 
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1. ŏěƟŅľĬƟŅĪňŗĮƤĔľĴŋħĔņľĬħĨņŐľĬƞĚĽĩŅĬĪňŗĕŅĵĵŅŐįĬĮƤěěŋĭńĬŐĨƞĸŃŐľƞĚȮěŅĔĔŅĶĸĚĨĶĺě

ĽĩŅĬĪňŗěĶŇĚȮĭĬĶŃĭĭıŇĔńħĪŅĚĳŌĴŇĻŅĽĨĶƢȮ&Global Positioning System; GPS)  

2. ŏěƟŅľĬƟŅĪňŗĶĺĭĶĺĴĕƟŀĴŌĸĽĩŅĬĪňŗĕŅĵĵŅŐįĬĮƤěěŋĭńĬěŅĔŏŀĔĽŅĶĪňŗĵŊŗĬĕŀŀĬŋĠŅĨĽĩŅĬĪňŗĕŅĵĵŅ

ŐįĬĮƤěěŋĭńĬŏĕƟŅĶŃĭĭȮPRIVUS ŏĮƦĬģŅĬĕƟŀĴŌĸĕŀĚĽņĬńĔĚŅĬėĦŃĔĶĶĴĔŅĶŀŅľŅĶŐĸŃĵŅȮŐĸŃ

ĭńĬĪŉĔĕƟŀĴŌĸĸĚŒĬȮMicrosoft Excel ŏıŊŗŀŏĮƦĬģŅĬĕƟŀĴŌĸĕŀĚȮĽĽě,ĮĪŋĴīŅĬňȮ 

1. ŏěƟŅľĬƟŅĪňŗįŌƟŏĝňŗĵĺĝŅĠĪņĔŅĶĶĺĭĶĺĴĽĩŅĬĪňŗĕŅĵĵŅŐįĬĮƤěěŋĭńĬĪňŗĨƟŀĚĸĚĨĶĺěŏıŊŗŀĨƞŀŀŅĵŋ

ĪńŘĚľĴħȮőħĵŐĭƞĚĔĸŋƞĴıŊŘĬĪňŗĭĶŇĔŅĶȮ&service zoning)ȮŏıŊŗŀĔņľĬħĕŀĭŏĕĨıŊŘĬĪňŗĔŅĶŏħŇĬĶĩŒĬŐĨƞ

ĸŃėĶńŘĚȮ 

2.ȮŏěƟŅľĬƟŅĪňŗįŌƟŏĝňŗĵĺĝŅĠĪņĔŅĶěńħĸņħńĭĔŅĶěŀħŐĺŃĽĩŅĬĪňŗĕŅĵĵŅŐįĬĮƤěěŋĭńĬĳŅĵŒĬŐĨƞĸŃĔĸŋƞĴ

ĔŅĶŏħŇĬĪŅĚȮőħĵĔņľĬħŒľƟěŋħŏĶŇŗĴĨƟĬŐĸŃěŋħĽŇŘĬĽŋħĕŀĚĔŅĶŏħŇĬĪŅĚŏĮƦĬěŋħŏħňĵĺĔńĬȮėŊŀȮȮȮȮȮȮȮȮȮȮȮȮȮ

ĽĽě,ĮĪŋĴīŅĬňȮ 

3. ŏěƟŅľĬƟŅĪňŗŀŀĔĨĶĺěĽĩŅĬĪňŗĕŅĵĵŅŐįĬĮƤěěŋĭńĬěĶŇĚĨŅĴĸņħńĭĔŅĶĨĶĺěĽĩŅĬĪňŗŐĸŃŏĽƟĬĪŅĚĔŅĶ

ŏħŇĬĶĩĪňŗœħƟĺŅĚŐįĬœĺƟ 

ŀĵƞŅĚœĶĔŖĨŅĴȮěŅĔĔŅĶĽńĚŏĔĨŒĬĔŅĶĮĢŇĭńĨŇĚŅĬěĶŇĚȮıĭĺƞŅĕńŘĬĨŀĬĪňŗȮ2ȮĕŀĚĔĶŃĭĺĬĔŅĶĮƤěěŋĭńĬȮ

ŏĔňŗĵĺĕƟŀĚĔńĭȮ ĔŅĶěńħĸņħńĭĔŅĶěŀħŐĺŃĽĩŅĬĪňŗĕŅĵĵŅŐįĬĮƤěěŋĭńĬĳŅĵŒĬŐĨƞĸŃĔĸŋƞĴĔŅĶŏħŇĬĪŅĚ ȮĬńŘĬȮ

ŀŅĻńĵĔŅĶĨńħĽŇĬŒěĕŀĚįŌƟŏĝňŗĵĺĝŅĠŏĮƦĬľĸńĔȮőħĵŒĝƟĮĶŃĽĭĔŅĶĦƢŐĸŃėĺŅĴėŋƟĬŏėĵĔńĭıŊŘĬĪňŗȮŐĴƟĺŇīňĬňŘěŃĴň

ĕƟŀħňŒĬŐĚƞĕŀĚėĺŅĴĵŊħľĵŋƞĬŐĸŃĔŅĶĮĶńĭĨńĺĨŅĴĽĩŅĬĔŅĶĦƢěĶŇĚȮŐĨƞŀŅěĕŅħėĺŅĴŏĮƦĬĶŃĭĭŐĸŃ

ĮĶŃĽŇĪīŇĳŅıĽŌĚĽŋħŒĬĔŅĶĸħĶŃĵŃĪŅĚ 

ěŅĔĔŅĶĪĭĪĺĬĺĶĶĦĔĶĶĴȮįŌƟĺŇěńĵıĭĺƞŅĔŅĶėņĬĺĦĶŃĵŃĪŅĚĪňŗĽńŘĬĪňŗĽŋħĽņľĶńĭĔŅĶěńħĸņħńĭ

ħńĚĔĸƞŅĺĽŅĴŅĶĩĮĶŃĵŋĔĨƢŒĝƟĪķļġňĔŅĶŏĶňĵĚĽńĭŏĮĸňŗĵĬŏĝŇĚĺĚĔĸĴȮ&circular permutation) œħƟȮĨŅĴ

ĬŇĵŅĴĪňŗĺƞŅȮ ŏĴŊŗŀĔņľĬħŒľƟěŋħŏĶŇŗĴĨƟĬŐĸŃěŋħĽŇŘĬĽŋħĕŀĚŏĽƟĬĪŅĚŏĮƦĬěŋħŏħňĵĺĔńĬȮŐĸŃĴňĨņŐľĬƞĚĽĩŅĬĪňŗ

ĨƟŀĚěŀħŐĺŃĪńŘĚľĴħȮn ŐľƞĚȮěŃŏĔŇħĶŌĮŐĭĭŏĽƟĬĪŅĚĔŅĶŏħŇĬĪŅĚĪňŗŏĮƦĬœĮœħƟĪńŘĚľĴħȮn! ĺŇīň ȮħńĚŐĽħĚŒĬ

ĨŅĶŅĚĪňŗȮ/ 
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ĨŅĶŅĚĪňŗȮ1: ĶŌĮŐĭĭŏĽƟĬĪŅĚĪňŗŏĮƦĬœĮœħƟĪńŘĚľĴħȮŐěĔŐěĚĨŅĴěņĬĺĬĽĩŅĬĪňŗěŋħľĴŅĵȮ(n) ĪňŗĨƟŀĚĔŅĶ
ěŀħŐĺŃ 

ěņĬĺĬ
ĽĩŅĬĪňŗȮ(N) 

ěņĬĺĬĶŌĮŐĭĭ
ŏĽƟĬĪŅĚ 
ĪňŗŏĮƦĬœĮœħƟ 

ĔŅĶŐěĔŐěĚĔĶĦňĶŌĮŐĭĭŏĽƟĬĪŅĚĪňŗŏĮƦĬœĮœħƟĪńŘĚľĴħ 

1 ĽĩŅĬĪňŗ /!Ȯ;Ȯ1ȮĶŌĮŐĭĭ (0-1-0) 
2 ĽĩŅĬĪňŗ 2!Ȯ;Ȯ0ȮĶŌĮŐĭĭ (0-1-2-0), (0-2-1-0) 

3 ĽĩŅĬĪňŗ 1 Ȯ;Ȯ6ȮĶŌĮŐĭĭ (0-1-2-3-0), (0-1-3-2-0), (0-2-1-3-0), (0-2-3-1-0), 
(0-3-1-2-0), (0-3-2-1-0) 

4 ĽĩŅĬĪňŗ 2 Ȯ;Ȯ24ȮĶŌĮŐĭĭ (0-1-2-3-4-0), (0-1-2-4-3-0), (0-1-3-2-4-0), (0-1-
3-4-2-0),Ȯ(0-1-4-2-3-0), (0-1-4-3-2-0), (0-2-1-3-4-
0), (0-2-1-4-3-0), (0-2-3-1-4-0),Ȯ(0-2-3-4-1-0), (0-
2-4-1-3-0), (0-2-4-3-1-0), (0-3-1-2-4-0), (0-3-1-4-
2-0),Ȯ(0-3-2-4-1-0), (0-3-2-1-4-0), (0-3-4-1-2-0), 
(0-3-4-2-1-0),Ȯ(0-4-1-2-3-0),Ȯ(0-4-1-3-2-0),Ȯ(0-4-
2-1-3-0), (0-4-2-3-1-0), (0-4-3-1-2-0), (0-4-3-2-1-
0) 

5 ĽĩŅĬĪňŗ 3 Ȯ;Ȯ120 ĶŌĮŐĭĭ ĕŀŀĬŋĠŅĨœĴƞŐĽħĚĔŅĶŐěĔŐěĚĔĶĦňŏĽƟĬĪŅĚĪňŗŏĮƦĬœĮ
œħƟĪńŘĚľĴħ 

ŏĬŊŗŀĚěŅĔŒĝƟıŊŘĬĪňŗĔŅĶĬņŏĽĬŀĴŅĔŏĔŇĬėĺŅĴěņŏĮƦĬ 
6 ĽĩŅĬĪňŗ 4 Ȯ;Ȯ720 ĶŌĮŐĭĭ 
7 ĽĩŅĬĪňŗ 5 Ȯ;Ȯ5,040ȮĶŌĮŐĭĭ 

8 ĽĩŅĬĪňŗ 6 Ȯ;Ȯ40,320 ĶŌĮŐĭĭ 
9 ĽĩŅĬĪňŗ 7 Ȯ;Ȯ362,880 ĶŌĮŐĭĭ 

 

őħĵŒĬĨŅĶŅĚĬňŘĔņľĬħŒľƟȮ 

0ȮȮȮ  ľĴŅĵĩŉĚ ěŋħŏĶŇŗĴĨƟĬŐĸŃěŋħĽŇŘĬĽŋħȮŏĮƦĬĽĩŅĬĪňŗŏħňĵĺĔńĬȮ 

ĞŉŗĚŒĬĔĶĦňĔŅĶĨĶĺěĮĶŃŏĴŇĬĽĩŅĬĪňŗĕŅĵĵŅŐįĬĮƤěěŋĭńĬĨŅĴĺŇīň

ĮĢŇĭńĨŇĪŅĚŏĳĽńĝĔĶĶĴĝŋĴĝĬȮĦȮĪňŗĬňŘĔņľĬħŏĮƦĬȮĽĽě,ĮĪŋĴīŅĬňȮ 

/, 0, 1*ȮźȮ*Ȯl ľĴŅĵĩŉĚȮĨņŐľĬƞĚĽĩŅĬĪňŗĕŅĵĵŅŐįĬĮƤěěŋĭńĬŐľƞĚĪňŗȮ/, 0, 1*ȮźȮ*ȮlȮ

ŒĬıŊŘĬĪňŗĭĶŇĔŅĶŏħňĵĺĔńĬ 
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ěŅĔĨŅĶŅĚĪňŗȮ/ȮŒĬĔĶĦňĪňŗĴňěņĬĺĬĽĩŅĬĪňŗŒĬĔĸŋƞĴıŊŘĬĪňŗĭĶŇĔŅĶĨńŘĚŐĨƞȮ3ȮĨņŐľĬƞĚĕŉŘĬœĮȮĔŅĶ

ėņĬĺĦĶŃĵŃĪŅĚěŅĔĶŌĮŐĭĭŏĽƟĬĪŅĚĪňŗŏĮƦĬœĮœħƟĪńŘĚľĴħěŃĽĶƟŅĚĳŅĶŃĚŅĬěņĬĺĬĴŅĔĵŅĔĪňŗěŃĪņœħƟ

ĳŅĵŒĨƟŏĺĸŅĪňŗěņĔńħȮįŌƟĮĢŇĭńĨŇĚŅĬŀŅěěŃĕƟŅĴĕńŘĬĨŀĬĔŅĶėņĬĺĦĶŃĵŃĪŅĚŒĬĕńŘĬĨŀĬĬňŘȮŐĸŃĨńħĽŇĬŒě

ĸņħńĭĽĩŅĬĪňŗěŅĔĮĶŃĽĭĔŅĶĦƢŐĸŃėĺŅĴėŋƟĬĝŇĬŏĽƟĬĪŅĚŏĜıŅŃĭŋėėĸȮĳŅĶŃĚŅĬŒĬĕńŘĬĨŀĬĪňŗȮ1ȮŐĸŃȮ2Ȯ

ŒĬĔĶŃĭĺĬĔŅĶĪņĚŅĬĮƤěěŋĭńĬěŉĚĩŌĔĴŀĭľĴŅĵœĺƟŀĵŌƞĔńĭįŌƟŏĝňŗĵĺĝŅĠŏĶŊŗŀĚŏĽƟĬĪŅĚŏıňĵĚœĴƞĔňŗėĬ 

ĳŅĵŒĨƟĭĶŇĭĪħńĚĔĸƞŅĺĪňŗěŃĴňĽĩŅĬĪňŗĕŅĵĵŅŐįĬĮƤěěŋĭńĬŏĕƟŅŏĔĦĤƢĨĶĺěĮĶŃŏĴŇĬĽŃĽĴŏıŇŗĴĕŉŘĬ

ĨƞŀŏĬŊŗŀĚĪŋĔĮƖȮĔŅĶħņŏĬŇĬĚŅĬŒĬĸńĔļĦŃħńĚĔĸƞŅĺĩŊŀŏĮƦĬėĺŅĴŏĽňŗĵĚĕŀĚȮĽĽě,ĮĪŋĴīŅĬňȮĞŉŗĚįŌƟĺŇěńĵœħƟ

ĺŇŏėĶŅŃľƢįĸĔĶŃĪĭħƟŅĬĸĭĪňŗŀŅěŏĔŇħĕŉŘĬœħƟŒĬȮ1ȮĮĶŃŏħŖĬľĸńĔȮėŊŀ 

1. őŀĔŅĽĪňŗĨńĺĭŋėėĸěŃĽŅĴŅĶĩĨńħĽŇĬŒěĶŌĮŐĭĭŏĽƟĬĪŅĚĪňŗĽńŘĬĪňŗĽŋħœħƟĩŌĔĨƟŀĚĪƞŅĴĔĸŅĚĶŌĮŐĭĭ

ŏĽƟĬĪŅĚĪňŗŏĮƦĬœħƟĪńŘĚľĴħŀŅěěŃĴňĸħĸĚ ŏĴŊŗŀěņĬĺĬĽĩŅĬĪňŗĕŅĵĵŅŐįĬĮƤěěŋĭńĬŒĬĔĸŋƞĴıŊŘĬĪňŗĭĶŇĔŅĶŒĬ

ŀĬŅėĨĴňŏıŇŗĴĕŉŘĬȮħńĚŐĽħĚœĺƟŒĬĨŅĶŅĚĪňŗȮ/ 

2. ĔŅĶĴŀĭľĴŅĵĳŅĶĔŇěĺŅĚŐįĬěńħĸņħńĭĔŅĶěŀħŐĺŃĨĶĺěĽĩŅĬĪňŗĕŅĵĵŅŐįĬĮƤěěŋĭńĬœĺƟĔńĭ

įŌƟŏĝňŗĵĺĝŅĠŏĶŊŗŀĚŏĽƟĬĪŅĚĪňŗĴňŀĵŌƞěņĬĺĬĬƟŀĵȮŀŅěĪņŒľƟŏĔŇħĮƤĠľŅěŋĔėŀĕĺħȮ&bottleneck) ĩŊŀŏĮƦĬ

ėĺŅĴŏĽňŗĵĚĶŌĮŐĭĭľĬŉŗĚĕŀĚȮĽĽě,ĮĪŋĴīŅĬňȮŏıĶŅŃĔŅĶĪňŗĳŅĶŃĚŅĬėńŗĚėƟŅĚŀĵŌƞĔńĭįŌƟŏĝňŗĵĺĝŅĠĴŅĔŏĔŇĬœĮȮ

ŀŅěĽƞĚįĸĔĶŃĪĭŒľƟįŌƟŏĝňŗĵĺĝŅĠœĴƞĽŅĴŅĶĩĮĢŇĭńĨŇĚŅĬœħƟĪńĬŏĺĸŅȮľĶŊŀįĸĸńıīƢĔŅĶŏĸŊŀĔŏĽƟĬĪŅĚŀŅěĴň

ėŋĦĳŅıĨŗņěŅĔŐĶĚĔħħńĬŏĶŊŗŀĚŏĺĸŅȮŒĬĕĦŃŏħňĵĺĔńĬĔŅĶĩƞŅĵőŀĬĳŅĶŃĚŅĬŒľƟĔńĭĭŋėĸŅĔĶŀŊŗĬŏĕƟŅĴŅ

ĮĢŇĭńĨŇĚŅĬĪħŐĪĬőħĵĪňŗĵńĚœĴƞĴňĻńĔĵĳŅıĴŅĔıŀŀŅěĽƞĚįĸŒľƟįĸĸńıīƢĔŅĶěńħŏĽƟĬĪŅĚĴňėŋĦĳŅıĸħĸĚœħƟ

ŏĝƞĬĔńĬ 

1. ĔŅĶĶńĔļŅĴŅĨĶģŅĬįĸĸńıīƢĕŀĚĔŅĶěńħŏĽƟĬĪŅĚŒľƟŀĵŌƞŒĬĶŃħńĭĪňŗĴňėŋĦĳŅıŐĸŃĴňėĺŅĴįńĬ

įĺĬĬƟŀĵŒĬĶŃĵŃĵŅĺĵńĚėĚŏĮƦĬŏĶŊŗŀĚĵŅĔěŅĔĮƤěěńĵıŊŘĬģŅĬėĺŅĴĶŀĭĶŌƟŏĶŊŗŀĚěńħŏĽƟĬĪŅĚĕŀĚĭŋėĸŅĔĶĪňŗ

ŐĨĔĨƞŅĚĔńĬ ŐĬĺĪŅĚĔŅĶıńĥĬŅĻńĔĵĳŅıĭŋėĸŅĔĶĕŀĚȮĽĽě,ĮĪŋĴīŅĬňȮĪňŗŀŅĻńĵĔŅĶĩƞŅĵĪŀħėĺŅĴĶŌƟŐĸŃ

ĮĶŃĽĭĔŅĶĦƢěŅĔįŌƟŏĝňŗĵĺĝŅĠŏĮƦĬľĸńĔœĴƞĪńĬĨƞŀĔŅĶĶńĭĴŊŀĔńĭĮĶŇĴŅĦĚŅĬĪňŗŏıŇŗĴĕŉŘĬŒĬŀńĨĶŅĪňŗĶĺħŏĶŖĺ

ĔĺƞŅȮŏıĶŅŃĔŅĶİƗĔİĬĪńĔļŃĕŀĚĭŋėĸŅĔĶŏĮƦĬĔĶŃĭĺĬĔŅĶĪňŗĨƟŀĚŀŅĻńĵŏĺĸŅĭƞĴŏıŅŃėĺŅĴĶŌƟŐĸŃ

ĮĶŃĽĭĔŅĶĦƢėƞŀĬĕƟŅĚĬŅĬ 

ěŅĔįĸĔĶŃĪĭħƟŅĬĸĭĪňŗŀŅěŏĔŇħĕŉŘĬĨŅĴĪňŗœħƟĺŇŏėĶŅŃľƢœĺƟĕƟŅĚĨƟĬȮŏĴŊŗŀĬņĴŅıŇěŅĶĦŅĶƞĺĴĔńĭ

ĔĶŀĭŐĬĺėŇħȮűĔŅĶĮĶŃŏĴŇĬėĺŅĴėŋƟĴėƞŅŒĬĔŅĶĮĢŇĭńĨŇĳŅĶĔŇěĕŀĚĶńģŲȮĪŅĚįŌƟĺŇěńĵĴňĽĴĴĨŇģŅĬĺƞŅȮĔŅĶ

ŏĮĸňŗĵĬŐĮĸĚȮűĔĶŃĭĺĬĔŅĶĪņĚŅĬŲȮĬƞŅěŃŏĮƦĬěŋħėŅĬħňħėŅĬĚńħĽņėńĠȮ(high leverage point) Īňŗ
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ĝƞĺĵĸħĕƟŀěņĔńħľĶŊŀŐĔƟœĕĮƤĠľŅĪňŗŏĔŇħĕŉŘĬěŅĔĔĶŃĭĺĬĔŅĶĪņĚŅĬŒĬĶŌĮŐĭĭŏħŇĴȮŐĸŃĽŅĴŅĶĩĶŀĚĶńĭ

ėĺŅĴĪƟŅĪŅĵĨƞŅĚŕĪňŗĴňőŀĔŅĽŏĔŇħĕŉŘĬŒĬŀĬŅėĨœħƟŀĵƞŅĚĵńŗĚĵŊĬ 

ěŅĔĔŅĶĪĭĪĺĬĺĶĦĔĶĶĴĪňŗŏĔňŗĵĺĕƟŀĚĔńĭĔŅĶěńħŏĽƟĬĪŅĚŏħŇĬĶĩȮįŌƟĺŇěńĵıĭĺƞŅĔĶŃĭĺĬĔŅĶ

ĪņĚŅĬŒĬĶŌĮŐĭĭŏħŇĴĕŀĚȮĽĽě,ĮĪŋĴīŅĬňȮĵńĚĴňőŀĔŅĽıńĥĬŅįƞŅĬĔŅĶĬņĕƟŀĴŌĸĪňŗœħƟŏĔŖĭĶĺĭĶĺĴœĺƟŀĵŌƞ

ŏħŇĴĴŅĮĶŃĵŋĔĨƢŒĝƟŐĸŃĨƞŀĵŀħŒľƟŏĔŇħĮĶŃőĵĝĬƢœħƟŒĬȮ2ȮĮĶŃŏħŖĬľĸńĔȮėŊŀȮ 

ĮĶŃĔŅĶĪňŗȮ1 ėŊŀȮĔĶĦňȮűĔŅĶěńħĸņħńĭĔŅĶĨĶĺěĽĩŅĬĪňŗĕŅĵĵŅŐįĬĮƤěěŋĭńĬŏıŊŗŀėƟĬľŅŏĽƟĬĪŅĚ

ŏħŇĬĶĩĪňŗĽńŘĬĪňŗĽŋħŲȮľĶŊŀȮĔŅĶħņŏĬŇĬĚŅĬŒĬĕńŘĬĨŀĬĪňŗ 4ȮįŌƟĺŇěńĵœħƟĪņĔŅĶĪĭĪĺĬĺĶĶĦĔĶĶĴŐĸŃĴňĕƟŀėƟĬ

ıĭĺƞŅĸńĔļĦŃĮƤĠľŅħńĚĔĸƞŅĺŏĕƟŅœħƟĔńĭȮűĮƤĠľŅĔŅĶŏħŇĬĪŅĚĕŀĚıĬńĔĚŅĬĕŅĵŲȮ(traveling salesman 

problem; TSP)ȮĪňŗĨƟŀĚĔŅĶľŅĸņħńĭĔŅĶįƞŅĬĽĩŅĬĪňŗĞŉŗĚŒĝƟĶŃĵŃĪŅĚŒĬĔŅĶŏħŇĬĪŅĚĽńŘĬĪňŗĽŋħȮĳŅĵŒĨƟ

ĕƟŀĔņľĬħĪňŗŏĽƟĬĪŅĚĬńŘĬĨƟŀĚĴňěŋħŏĶŇŗĴĨƟĬŐĸŃěŋħĽŇŘĬĽŋħŏĮƦĬĽĩŅĬĪňŗŏħňĵĺĔńĬȮĽŅĴŅĶĩŏħŇĬĪŅĚįƞŅĬĽĩŅĬĪňŗ

ŏĮƚŅľĴŅĵœħƟėĶĭĪŋĔŐľƞĚȮŐĸŃĨƟŀĚįƞŅĬŐĨƞĸŃĽĩŅĬĪňŗŏıňĵĚėĶńŘĚŏħňĵĺľĶŊŀœĴƞŐĺŃĞŘņŒĬŐĨƞĸŃĶŀĭĔŅĶ

ŏħŇĬĪŅĚ (Johnson & McGeoch, 1997; Laporte, 2010)ȮŀňĔĪńŘĚĔŅĶėņĬĺĦľŅŏĽƟĬĪŅĚĪňŗĽńŘĬĪňŗĽŋħ

ěŅĔĔŅĶŒĝƟőĮĶŐĔĶĴėŀĴıŇĺŏĨŀĶƢĬƞŅěŃĽŅĴŅĶĩĽĶƟŅĚĸņħńĭĔŅĶŏħŇĬĪŅĚĪňŗĴňĮĶŃĽŇĪīŇĳŅıœĴƞŐĨĔĨƞŅĚĔńĭ

įŌƟŏĝňŗĵĺĝŅĠĽƞĚįĸőħĵĨĶĚĨƞŀĔŅĶĸħĶŃĵŃŏĺĸŅŒĬĔŅĶĪņĚŅĬĕŀĚŏěƟŅľĬƟŅĪňŗĨĶĺěĮĶŃŏĴŇĬĽĩŅĬĪňŗĕŅĵĵŅ

ŐįĬĮƤěěŋĭńĬȮĔŅĶĸħĶŃĵŃŏĺĸŅĬňŘŏĔŇħěŅĔĔŅĶĪňŗőĮĶŐĔĶĴėŀĴıŇĺŏĨŀĶƢĽŅĴŅĶĩĺŇŏėĶŅŃľƢŐĸŃėņĬĺĦ

ŏĽƟĬĪŅĚĪňŗŏľĴŅŃĽĴĪňŗĽŋħœħƟŀĵƞŅĚŐĴƞĬĵņŐĸŃĶĺħŏĶŖĺȮĮƤěěŋĭńĬĴňĬńĔĺŇěńĵěņĬĺĬĴŅĔŒľƟėĺŅĴĽĬŒěŒĬĔŅĶ

ŐĔƟœĕĮƤĠľŅŒĬĸńĔļĦŃħńĚĔĸƞŅĺȮŐĸŃĴňĔŅĶėŇħėƟĬŀńĸĔŀĶŇĪŉĴȮ(algorithm)ȮŏıŊŗŀŐĔƟœĕĮƤĠľŅŒĬĶŌĮŐĭĭ

ĝŋħėņĽńŗĚĪŅĚėŀĴıŇĺŏĨŀĶƢŒĬŐĬĺĪŅĚĪňŗľĸŅĔľĸŅĵŏĮƦĬěņĬĺĬĴŅĔȮőħĵĪŅĚįŌƟĺŇěńĵĴňĽĴĴĨŇģŅĬĺƞŅľŅĔ

ĬņĝŋħėņĽńŗĚėŀĴıŇĺŏĨŀĶƢĪňŗĴňľĸńĔģŅĬĪŅĚĺŇĝŅĔŅĶıŇĽŌěĬƢĺƞŅĽŅĴŅĶĩŐĔƟœĕĮƤĠľŅĔŅĶŏħŇĬĪŅĚĕŀĚ

ıĬńĔĚŅĬĕŅĵœħƟŀĵƞŅĚĴňĮĶŃĽŇĪīŇįĸȮĴŅĮĶŃĵŋĔĨƢŒĝƟĔńĭĔŅĶěńħĸņħńĭĔŅĶěŀħŐĺŃĽĩŅĬĪňŗĕŅĵĵŅŐįĬ

ĮƤěěŋĭńĬĳŅĵŒĬŐĨƞĸŃĔĸŋƞĴĔŅĶŏħŇĬĪŅĚȮľĶŊŀŒĬĕńŘĬĨŀĬĪňŗȮ4ȮĕŀĚĳŅĶĔŇěĨĶĺěĮĶŃŏĴŇĬĽĩŅĬĪňŗĕŅĵĵŅ

ŐįĬĮƤěěŋĭńĬĕŀĚȮĽĽě,ĮĪŋĴīŅĬňȮįĸĸńıīƢŏĶŊŗŀĚĔŅĶĨńħĽŇĬŒěŏĸŊŀĔŏĽƟĬĪŅĚĪňŗĽńŘĬĪňŗĽŋħėĺĶěŃĴňėŋĦĳŅıœĴƞ

ŐĨĔĨƞŅĚľĶŊŀħňĔĺƞŅĔńĭĔŅĶĨńħĽŇĬŒěŏĽƟĬĪŅĚőħĵįŌƟŏĝňŗĵĺĝŅĠȮľĶŊŀĔĸƞŅĺŀňĔĬńĵĬŉĚėŊŀȮĔŅĶŒĝƟőĮĶŐĔĶĴ

ėŀĴıŇĺŏĨŀĶƢěńħŏĽƟĬĪŅĚĬƞŅěŃĝƞĺĵĸħĳŅĶŃĔŅĶĪņĚŅĬĕŀĚĭŋėĸŅĔĶœħƟĴŅĔĔĺƞŅĔŅĶĨńħĽŇĬŒěĸņħńĭĔŅĶ

ĨĶĺěĽĩŅĬĪňŗĕŅĵĵŅŐįĬĮƤěěŋĭńĬőħĵĭŋėĸŅĔĶįŌƟŏĝňŗĵĺĝŅĠŏĮƦĬĔŅĶŏıŇŗĴĮĶŃĽŇĪīŇĳŅıȮ(efficiency) ŒĬ

ĳŅĶĔŇěĨĶĺěĮĶŃŏĴŇĬĽĩŅĬĪňŗĕŅĵĵŅŐįĬĮƤěěŋĭńĬĕŀĚȮĽĽě,ĮĪŋĴīŅĬň 
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ĮĶŃĔŅĶĪňŗȮ0ȮėŊŀȮĔŅĶŏĮƕħőŀĔŅĽŒľƟĭŋėĸŅĔĶĕŀĚȮĽĽě,ĮĪŋĴīŅĬňȮĪňŗœĴƞĴňėĺŅĴŏĝňŗĵĺĝŅĠŏĶŊŗŀĚ

ŏĽƟĬĪŅĚœħƟŏĕƟŅĴňĽƞĺĬĶƞĺĴŒĬĔŅĶŒĝƟőĮĶŐĔĶĴėŀĴıŇĺŏĨŀĶƢĪňŗĴňŀńĸĔŀĶŇĪŉĴĽņľĶńĭŐĔƟĮƤĠľŅĔŅĶěńħŏĽƟĬĪŅĚ

ŏħŇĬĪŅĚĬņœĮĽŌƞȮ'ĔĶŃĭĺĬĔŅĶĪņĚŅĬŐĭĭŒľĴƞ' ĪňŗĽŅĴŅĶĩĝƞĺĵŐĔƟœĕĮƤĠľŅŏĶŊŗŀĚĔŅĶĕŅħŐėĸĬĭŋėĸŅĔĶ

įŌƟŏĝňŗĵĺĝŅĠŏĶŊŗŀĚŏĽƟĬĪŅĚŐĸŃĸħĝƞŀĚĺƞŅĚĔŅĶıńĥĬŅĻńĔĵĳŅıĭŋėĸŅĔĶœħƟȮőħĵĪŅĚįŌƟĺŇěńĵĴňĽĴĴĨŇģŅĬĺƞŅȮ

ŒĬĶŃħńĭĴŅĨĶģŅĬėŋĦĳŅıĕŀĚįĸĸńıīƢĪňŗŒĔĸƟŏėňĵĚĔńĬȮěŉĚėŅħĺƞŅĔŅĶŒĝƟőĮĶŐĔĶĴėŀĴıŇĺŏĨŀĶƢěŃĝƞĺĵĸħ

ĳŅĶŃŒĬĔŅĶĽĶƟŅĚĭŋėĸŅĔĶŒľƟĴňėĺŅĴŏĝňŗĵĺĝŅĠĳŅĵŒĬĶŃĵŃŏĺĸŅĪňŗĴňěņĔńħȮ 

ĔĸƞŅĺőħĵĽĶŋĮȮĚŅĬĺŇěńĵĝŇŘĬĬňŘĴŋƞĚŏĬƟĬĔŅĶĻŉĔļŅŏĔňŗĵĺĔńĭĔŅĶŒĝƟĚŅĬőĮĶŐĔĶĴėŀĴıŇĺŏĨŀĶƢőħĵŒĝƟ

ŀńĸĔŀĶŇĪŉĴĽņľĶńĭŐĔƟĮƤĠľŅĔŅĶŏħŇĬĪŅĚĕŀĚıĬńĔĚŅĬĕŅĵĪňŗįƞŅĬĔŅĶĪħĽŀĭŐĸŃœħƟĶńĭĔŅĶĔĸƞŅĺĩŉĚŒĬ

ĺŅĶĽŅĶĺŇĝŅĔŅĶȮĴŅĮĶŃĵŋĔĨƢŒĝƟŏĮƦĬŏėĶŊŗŀĚĴŊŀĽņľĶńĭĮĶńĭĔĶŃĭĺĬĔŅĶĪņĚŅĬŒĬĕńŘĬĨŀĬĔŅĶěńħĸņħńĭ

ĔŅĶěŀħŐĺŃĽĩŅĬĪňŗĕŅĵĵŅŐįĬĮƤěěŋĭńĬĳŅĵŒĬŐĨƞĸŃĔĸŋƞĴĔŅĶŏħŇĬĪŅĚȮľĶŊŀĕńŘĬĨŀĬĪňŗȮ2ȮĺńĨĩŋĮĶŃĽĚėƢ

ľĸńĔėŊŀĔŅĶŒĝƟőĮĶŐĔĶĴŏıŊŗŀėņĬĺĦľŅĶŃĵŃĪŅĚĪňŗĽńŘĬĪňŗĽŋħȮőħĵĴňŏĮƚŅľĴŅĵŏıŊŗŀĸħėĺŅĴŏĽňŗĵĚěŅĔĔŅĶ

ıŉŗĚıŅĮĶŃĽĭĔŅĶĦƢĔŅĶĪņĚŅĬőħĵįŌƟŏĝňŗĵĺĝŅĠŏĽƟĬĪŅĚŏıňĵĚŀĵƞŅĚŏħňĵĺȮĬŀĔěŅĔĬňŘȮĵńĚĴŋƞĚıŇĽŌěĬƢ

ĽĴĴĨŇģŅĬĕŀĚįŌƟĺŇěńĵĪňŗŏĝŊŗŀĺƞŅĔĶŃĭĺĬĔŅĶĪņĚŅĬŐĭĭŒľĴƞŒĬĕńŘĬĨŀĬĪňŗȮ2ȮĪňŗįŌƟĺŇěńĵœħƟŏĽĬŀŒĬėĶńŘĚĬňŘȮěŃ

ĝƞĺĵĺŅĚŐįĬŏĽƟĬĪŅĚĔŅĶŏħŇĬĪŅĚœħƟĶŃĵŃĪŅĚŐĸŃĶŃĵŃŏĺĸŅĔŅĶŏħŇĬĪŅĚőħĵĶĺĴœĴƞŐĨĔĨƞŅĚĔńĬĔńĭĔŅĶ

ĪņĚŅĬĶŌĮŐĭĭŏħŇĴȮĞŉŗĚĔŅĶĪņĚŅĬŒĬĶŌĮŐĭĭŒľĴƞŐĸŃĶŌĮŐĭĭŏħŇĴĪňŗœĴƞŐĨĔĨƞŅĚĔńĬĪńŘĚľĴħĬňŘěŃĬņœĮĽŌƞ

ĔŅĶŏıŇŗĴĮĶŃĽŇĪīŇĳŅıŒĬĔŅĶĮĢŇĭńĨŇĚŅĬĕŀĚȮĽĽě,ĮĪŋĴīŅĬňȮőħĵĶĺĴȮĪńŘĚŒĬŐĚƞĕŀĚĔŅĶĮĶŃľĵńħ

ĪĶńıĵŅĔĶĭŋėėĸŐĸŃŏĺĸŅŒĬĔŅĶěńħĸņħńĭĔŅĶěŀħŐĺŃĽĩŅĬĪňŗĕŅĵĵŅŐįĬĮƤěěŋĭńĬŐĸŃĔŅĶŏıŇŗĴ

ĮĶŃĽŇĪīŇįĸŒĬĔŅĶĮĢŇĭńĨŇĳŅĶĔŇěĕŀĚŏěƟŅľĬƟŅĪňŗ 

ŒĬĽƞĺĬĕŀĚĶŅĵĸŃŏŀňĵħĔŅĶıńĥĬŅőĮĶŐĔĶĴėŀĴıŇĺŏĨŀĶƢȮŏıŊŗŀŒĝƟŏĮƦĬŏėĶŊŗŀĚĴŊŀĔŅĶĪņĚŅĬ

ĽņľĶńĭĕńŘĬĨŀĬĔŅĶěńħĸņħńĭĽĩŅĬĪňŗľĶŊŀĕńŘĬĨŀĬĪňŗȮ4ȮįŌƟĺŇěńĵŏĸŊŀĔŒĝƟŏėĶŊŗŀĚĴŊŀĪňŗŏĶňĵĔĺƞŅȮGoogle OR 

ToolsȮŏĮƦĬĝŋħĞŀĲĨƢŐĺĶƢŐĭĭŏĮƕħŏįĵĶľńĽĨƟĬĜĭńĭŐĸŃœĴƞĴňėƞŅŒĝƟěƞŅĵȮ&free and open-source 

software suite) ĪňŗıńĥĬŅőħĵĭĶŇļńĪȮGoogle ŏıŊŗŀŒĝƟŒĬĔŅĶŐĔƟĮƤĠľŅĔŅĶľŅėƞŅŏľĴŅŃĪňŗĽŋħȮ

&optimization problems) ĴňĔŅĶĶĺĭĶĺĴĝŋħėņĽńŗĚĔŅĶėņĬĺĦȮ(About OR-tools) ŒľƟĔńĭĭŋėėĸĪňŗ

ĽĬŒěĬņœĮŒĝƟŒĬĔŅĶŐĔƟœĕĮƤĠľŅĪňŗıĭĭƞŀĵŒĬĚŅĬĺŇěńĵħņŏĬŇĬĔŅĶȮ(operational research) ĴŅ

ĮĶŃĵŋĔĨƢŒĝƟŒĬĚŅĬĺŇěńĵĝŇŘĬĬňŘȮőħĵįŌƟĺŇěńĵœħƟėńħŏĸŊŀĔȮ3 ŀńĸĔŀĶŇĪŉĴĪňŗœħƟĶńĭıŇĽŌěĬƢŐĸŃĽŅĴŅĶĩĬņĴŅŒĝƟ

ŐĔƟĮƤĠľŅĔŅĶŏħŇĬĪŅĚĕŀĚıĬńĔĚŅĬĕŅĵœħƟŀĵƞŅĚĴňĮĶŃĽŇĪīŇįĸ ėŊŀȮ(1) ŀńĸĔŀĶŇĪŉĴŐĭĭĮĶŃľĵńħȮ

&saving algorithm) (2)ȮŀńĸĔŀĶŇĪŉĴȮPATH_CHEAPEST_ARC ľĶŊŀŀňĔĝŊŗŀľĬŉŗĚėŊŀŀńĸĔŀĶŇĪŉĴŏıŊŗŀĬ

ĭƟŅĬŒĔĸƟĪňŗĽŋħȮ(nearest neighbor algorithm)ȮŐĸŃ (3) ŀńĸĔŀĶŇĪŉĴėĶŇĽőĨœĲħƢȮ&Christofides 
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algorithm) ĴŅŒĝƟěńħĸņħńĭĔŅĶĨĶĺěĽĩŅĬĪňŗŒĬĳŅĶĔŇěĨĶĺěĮĶŃŏĴŇĬĽĩŅĬĪňŗĕŅĵĵŅŐįĬĮƤěěŋĭńĬĕŀĚȮ

ĽĽě,ĮĪŋĴīŅĬňȮőħĵįŌƟĺŇěńĵěŃıńĥĬŅĝŋħėņĽńŗĚĪńŘĚľĴħœĮŏĕňĵĬĭĬȮGoogle Colaboratory ĪňŗĪņĚŅĬįƞŅĬ

ĶŃĭĭŀŇĬŏĪŀĶƢŏĬŖĨŐĸŃĮĶŃĴĺĸįĸĭĬŏĺŖĭŏĭĶŅĺƢŏĞŀĶƢȮĴňĕƟŀħňŒĬŏĶŊŗŀĚĔŅĶĪňŗœĴƞĨƟŀĚĨŇħĨńŘĚőĮĶŐĔĶĴŒĬĔŅĶ

ĪņĚŅĬĪņŒľƟįŌƟĮĢŇĭńĨŇĚŅĬĽŅĴŅĶĩĪņĚŅĬěńħŏĽƟĬĪŅĚěŅĔĽĩŅĬĪňŗŒħĔŖœħƟȮŐĸŃĝƞĺĵĸħĕƟŀěņĔńħŏĶŊŗŀĚ

ėĺŅĴŏĶŖĺŒĬĔŅĶĮĶŃĴĺĸįĸĨŅĴĮƤěěńĵŏĶŊŗŀĚėŋĦĽĴĭńĨŇĕŀĚŏėĶŊŗŀĚėŀĴıŇĺŏĨŀĶƢĕŀĚȮĽĽě,ĮĪŋĴīŅĬň 

ĔŅĶĮĶńĭĮĶŋĚĔĶŃĭĺĬĔŅĶĺŅĚŐįĬŏĽƟĬĪŅĚěŉĚĴňėĺŅĴĽņėńĠŀĵƞŅĚĵŇŗĚĨƞŀĔŅĶĵĔĶŃħńĭėŋĦĳŅı

ĔŅĶĨĶĺěĽŀĭĶƟŅĬĕŅĵĵŅĽƞĚįĸħňőħĵĨĶĚĨƞŀĽŋĕĳŅıŐĸŃėĺŅĴĮĸŀħĳńĵĕŀĚĮĶŃĝŅĝĬŒĬěńĚľĺńħ

ĮĪŋĴīŅĬňȮĔŅĶĬņŏĪėőĬőĸĵňŐĸŃŀńĸĔŀĶŇĪŉĴĴŅŒĝƟŒĬĔŅĶĺŅĚŐįĬŏĽƟĬĪŅĚœĴƞŏıňĵĚŐĨƞěŃĝƞĺĵŏıŇŗĴ

ĮĶŃĽŇĪīŇĳŅıŒĬĔŅĶĪņĚŅĬĕŀĚȮĽĽě,ĮĪŋĴīŅĬňȮŐĨƞĵńĚĽŀħėĸƟŀĚĔńĭĬőĵĭŅĵŐĸŃŏĮƚŅľĴŅĵĶŃħńĭĝŅĨŇŒĬ

ĔŅĶėĺĭėŋĴėŋĦĳŅıĵŅŐĸŃĔŅĶėŋƟĴėĶŀĚįŌƟĭĶŇőĳė 

ĬŀĔěŅĔĬňŘȮĔŅĶĮĶńĭĮĶŋĚĔĶŃĭĺĬĔŅĶħńĚĔĸƞŅĺĵńĚĽŀħėĸƟŀĚĔńĭĔġĔĶŃĪĶĺĚĔŅĶĕŀŀĬŋĠŅĨ

ŐĸŃĔŅĶŀŀĔŒĭŀĬŋĠŅĨĕŅĵĵŅŐįĬĮƤěěŋĭńĬȮı,Ļ,Ȯ2556ȮĪňŗĔņľĬħŒľƟĽĩŅĬĪňŗĕŅĵĵŅŐįĬĮƤěěŋĭńĬĨƟŀĚ

œħƟĶńĭĔŅĶĨĶĺěĮĶŃŏĴŇĬĨŅĴĺŇīňĮĢŇĭńĨŇĪŅĚŏĳĽńĝĔĶĶĴĝŋĴĝĬȮĔŅĶıńĥĬŅĶŃĭĭĔŅĶĺŅĚŐįĬŏĽƟĬĪŅĚĪňŗĴň

ĮĶŃĽŇĪīŇĳŅıěŃĝƞĺĵŒľƟȮĽĽě,ĮĪŋĴīŅĬňȮĽŅĴŅĶĩĮĢŇĭńĨŇĨŅĴĕƟŀĔņľĬħĪŅĚĔġľĴŅĵœħƟŀĵƞŅĚĴň

ĮĶŃĽŇĪīŇĳŅıĴŅĔĕŉŘĬȮŐĸŃĵńĚĽŀħėĸƟŀĚĔńĭŏĮƚŅľĴŅĵĔŅĶıńĥĬŅĶŃĭĭĽŅīŅĶĦĽŋĕŒĬĶŃħńĭĮĶŃŏĪĻĪňŗ

ĴŋƞĚŏĬƟĬĔŅĶŒĝƟŏĪėőĬőĸĵňŐĸŃĬĺńĨĔĶĶĴŒĬĔŅĶĵĔĶŃħńĭėŋĦĳŅıĔŅĶŒľƟĭĶŇĔŅĶ 

ħƟĺĵŏľĨŋĬňŘȮĔŅĶĻŉĔļŅŏĮĶňĵĭŏĪňĵĭŀńĸĔŀĶŇĪŉĴĔŅĶĺŅĚŐįĬŏĽƟĬĪŅĚĔŅĶŀŀĔĨĶĺěĮĶŃŏĴŇĬ

ĽĩŅĬĪňŗĕŅĵĵŅŐįĬĮƤěěŋĭńĬěńĚľĺńħĮĪŋĴīŅĬňȮěŉĚĴňėĺŅĴĽņėńĠŀĵƞŅĚĵŇŗĚŒĬĔŅĶŐĔƟœĕĮƤĠľŅŐĸŃıńĥĬŅ

ĔĶŃĭĺĬĔŅĶĪņĚŅĬĕŀĚȮĽĽě,ĮĪŋĴīŅĬňȮŒľƟĴňĮĶŃĽŇĪīŇĳŅıĴŅĔĵŇŗĚĕŉŘĬȮįĸĔŅĶĺŇěńĵĬňŘěŃœĴƞŏıňĵĚŐĨƞĝƞĺĵ

ĮĶńĭĮĶŋĚĔŅĶĺŅĚŐįĬŏĽƟĬĪŅĚĔŅĶĨĶĺěĽŀĭĶƟŅĬĕŅĵĵŅŒĬěńĚľĺńħĮĪŋĴīŅĬňŏĪƞŅĬńŘĬȮŐĨƞĵńĚŀŅěŏĮƦĬ

ĨƟĬŐĭĭĽņľĶńĭĔŅĶıńĥĬŅĶŃĭĭĔŅĶĨĶĺěĽŀĭŒĬıŊŘĬĪňŗŀŊŗĬŕȮĪńŗĺĮĶŃŏĪĻȮŀńĬěŃĬņœĮĽŌƞĔŅĶĵĔĶŃħńĭ

ĴŅĨĶģŅĬĔŅĶėĺĭėŋĴėŋĦĳŅıĵŅŐĸŃĔŅĶėŋƟĴėĶŀĚįŌƟĭĶŇőĳėŒĬĶŃħńĭĮĶŃŏĪĻĨƞŀœĮ 
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ĺńĨĩŋĮĶŃĽĚėƢĕŀĚĔŅĶĺŇěńĵ 

ĺńĨĩŋĮĶŃĽĚėƢĕŀĚĔŅĶĺŇěńĵĬňŘėŊŀŏıŊŗŀŏĮĶňĵĭŏĪňĵĭįĸĸńıīƢŒĬĔŅĶěńħĸņħńĭĔŅĶěńħŏĽƟĬĪŅĚĽĩŅĬĪňŗ

ĕŅĵĵŅŐįĬĮƤěěŋĭńĬȮőħĵĴŋƞĚŏĬƟĬĪňŗĽĩŅĬĪňŗěņĬĺĬȮ145 ŐľƞĚĪňŗœħƟĶńĭĔŅĶĨĶĺěŏıŊŗŀĨƞŀŀŅĵŋŒĬĮƖȮ        

ı,Ļ,Ȯ2565 ŐĭƞĚŀŀĔŏĮƦĬȮ41 ĔĸŋƞĴıŊŘĬĪňŗĭĶŇĔŅĶĨŅĴėĺŅĴľĬŅŐĬƞĬŐĸŃĔŅĶĔĶŃěŋĔĨńĺȮĔŅĶĺŇěńĵĬňŘěŃĪņ

ĔŅĶŏĮĶňĵĭŏĪňĵĭĶŃľĺƞŅĚĺŇīňĔŅĶĨńħĽŇĬŒěĕŀĚįŌƟŏĝňŗĵĺĝŅĠĔńĭĺŇīňĔŅĶŒĝƟŀńĸĔŀĶŇĪŉĴėŀĴıŇĺŏĨŀĶƢŒĬĔŅĶ

ĽĶƟŅĚŏĽƟĬĪŅĚȮ3 ĶŌĮŐĭĭȮœħƟŐĔƞȮŀńĸĔŀĶŇĪŉĴŐĭĭĮĶŃľĵńħȮŀńĸĔŀĶŇĪŉĴȮPATH_CHEAPEST_ARC ŐĸŃ

ŀńĸĔŀĶŇĪŉĴėĶŇĽőĨœĲħƢȮőħĵŒĝƟŏĔĦĤƢĔŅĶıŇěŅĶĦŅĽŀĚĮĶŃĔŅĶėŊŀȮĶŃĵŃĪŅĚĔŅĶŏħŇĬĪŅĚőħĵĶĺĴĪňŗĽńŘĬ

ĪňŗĽŋħȮ&ĔŇőĸŏĴĨĶ'ȮŐĸŃĶŃĵŃŏĺĸŅĔŅĶŏħŇĬĪŅĚőħĵĶĺĴĪňŗĽńŘĬĪňŗĽŋħȮ&ĬŅĪň' 

 

ĽĴĴĨŇģŅĬĕŀĚĔŅĶĺŇěńĵ 

ĶŃĵŃĪŅĚŒĬĔŅĶŏħŇĬĪŅĚěŅĔĔŅĶěńħĸņħńĭĽĩŅĬĪňŗĕŅĵĵŅŐįĬĮƤěěŋĭńĬőħĵŒĝƟĺŇīňĔŅĶŏĝŇĚŀńĸĔŀĶŇĪŉĴ

įƞŅĬőĮĶŐĔĶĴėŀĴıŇĺŏĨŀĶƢĽńŘĬĔĺƞŅľĶŊŀŏĪƞŅĔńĭĔŅĶěńħĸņħńĭőħĵįŌƟŏĝňŗĵĺĝŅĠŀĵƞŅĚĴňĬńĵĽņėńĠĪŅĚĽĩŇĨŇȮ

ĳŅĵŒĨƟĔŅĶěńħĔĸŋƞĴıŊŘĬĪňŗĭĶŇĔŅĶŏħňĵĺĔńĬ 

 

ĔĶŀĭŐĬĺėŇħĔŅĶĺŇěńĵ 

ĔŅĶĺŇěńĵĬňŘĴŋƞĚŏĬƟĬĔŅĶıńĥĬŅŐĸŃŏĮĶňĵĭŏĪňĵĭĮĶŃĽŇĪīŇĳŅıĕŀĚĔŅĶĺŅĚŐįĬŏĽƟĬĪŅĚĔŅĶĨĶĺě

ĮĶŃŏĴŇĬĽĩŅĬĪňŗĕŅĵĵŅŐįĬĮƤěěŋĭńĬŒĬěńĚľĺńħĮĪŋĴīŅĬňȮőħĵŒĝƟŏĪėőĬőĸĵňŐĸŃŀńĸĔŀĶŇĪŉĴŏĮĶňĵĭŏĪňĵĭ

ĔńĭĺŇīňĔŅĶĨńħĽŇĬŒěőħĵįŌƟŏĝňŗĵĺĝŅĠĪňŗŒĝƟŀĵŌƞŒĬĮƤěěŋĭńĬȮĔĶŀĭŐĬĺėŇħĬňŘœħƟĶńĭĔŅĶıńĥĬŅŒľƟĽŀħėĸƟŀĚĔńĭ

ĺńĨĩŋĮĶŃĽĚėƢĔŅĶĺŇěńĵŐĸŃĨŀĭĽĬŀĚĨƞŀėĺŅĴĪƟŅĪŅĵĪňŗȮĽĽě,ĮĪŋĴīŅĬňȮĔņĸńĚŏįĝŇĠŒĬĔŅĶĭĶŇľŅĶěńħĔŅĶ

ĳŅĶĔŇěĔŅĶĨĶĺěĮĶŃŏĴŇĬĽĩŅĬĪňŗĕŅĵĵŅŐįĬĮƤěěŋĭńĬ &ħńĚŐĽħĚŒĬĳŅıĪňŗȮ2) 
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- ĸŜŅħńĭĔŅĶĨĶĺěĶƟŅĵĕŅĵĵŅ 

- ĕƟŀĴŌĸıŇĔńħȮGPS ŒĬŐĨƞĸŃĶƟŅĬ 

ŀĵŌƞŒĬĶŌĮŐĭĭȮMicrosoft Excel 

 
 
 
 

Google Colaboratory 

 

ĳŅıĪňŗȮ2:ȮĔĶŀĭŐįĬįńĚĔŅĶıńĥĬŅĔŅĶŒĝƟĚŅĬőĮĶŐĔĶĴĽņľĶńĭĚŅĬĺŇěńĵ 
 

ĔĶŃĭĺĬĔŅĶĺŇěńĵŏĶŇŗĴĨƟĬěŅĔĔŅĶĬņĕƟŀĴŌĸıŇĔńħĪŅĚĳŌĴŇĻŅĽĨĶƢĕŀĚĽĩŅĬĪňŗĕŅĵĵŅŐįĬĮƤěěŋĭńĬěŅĔ

ģŅĬĕƟŀĴŌĸĕŀĚȮĽĽě,ĮĪŋĴīŅĬňȮĴŅŒĝƟŏĮƦĬĕƟŀĴŌĸĬņŏĕƟŅȮĶƞĺĴĔńĭĕƟŀĴŌĸĔŅĶěńħĔĸŋƞĴıŊŘĬĪňŗĭĶŇĔŅĶĪňŗĴňŀĵŌƞŏħŇĴȮ

ŐĸŃĕƟŀěņĔńħħƟŅĬĪĶńıĵŅĔĶȮŏĝƞĬȮěņĬĺĬĶĩĵĬĨƢĶŅĝĔŅĶŐĸŃĔĶŀĭŏĺĸŅĔŅĶŏħŇĬĪŅĚȮĕƟŀĴŌĸŏľĸƞŅĬňŘěŃ

ĩŌĔĬņĴŅĮĶŃĴĺĸįĸįƞŅĬőĮĶŐĔĶĴĪňŗıńĥĬŅĕŉŘĬőħĵŒĝƟȮGoogle OR Tools ĽņľĶńĭĔŅĶŐĔƟĮƤĠľŅĔŅĶ

ľŅėƞŅŏľĴŅŃĪňŗĽŋħȮŐĸŃȮGoogle Maps API ĽņľĶńĭĔŅĶėņĬĺĦĶŃĵŃĪŅĚŐĸŃŏĺĸŅŏħŇĬĪŅĚěĶŇĚȮ

ĪńŘĚľĴħĬňŘěŃĩŌĔıńĥĬŅŏĮƦĬĝŋħėņĽńŗĚĭĬȮGoogle Colaboratory ŏıŊŗŀėĺŅĴĽŃħĺĔŒĬĔŅĶŒĝƟĚŅĬŐĸŃ

ĮĶŃĴĺĸįĸ 

ĔŅĶĺŇěńĵěŃĪħĽŀĭŐĸŃŏĮĶňĵĭŏĪňĵĭĮĶŃĽŇĪīŇĳŅıĕŀĚĺŇīňĔŅĶĺŅĚŐįĬŏĽƟĬĪŅĚĔŅĶĨĶĺěĽŀĭĶƟŅĬ

ĕŅĵĵŅŐįĬĮƤěěŋĭńĬŒĬĶŌĮŐĭĭĨƞŅĚŕȮĮĶŃĔŀĭħƟĺĵĺŇīňĔŅĶĮƤěěŋĭńĬĪňŗŒĝƟĔŅĶĨńħĽŇĬŒěőħĵįŌƟŏĝňŗĵĺĝŅĠĕŀĚȮ

ĽĽě,ĮĪŋĴīŅĬňȮŐĸŃĔŅĶŒĝƟŀńĸĔŀĶŇĪŉĴįƞŅĬőĮĶŐĔĶĴėŀĴıŇĺŏĨŀĶƢĪňŗıńĥĬŅĕŉŘĬőħĵŏĜıŅŃȮĞŉŗĚ

ĮĶŃĔŀĭħƟĺĵŀńĸĔŀĶŇĪŉĴŐĭĭĮĶŃľĵńħȮŀńĸĔŀĶŇĪŉĴȮPATH_CHEAPEST_ARCȮŐĸŃŀńĸĔŀĶŇĪŉĴėĶŇĽőĨ

œĲħƢȮőħĵěŃĪņĔŅĶĪħĽŀĭŒĬŐĨƞĸŃıŊŘĬĪňŗĭĶŇĔŅĶĪňŗȮĽĽě,ĮĪŋĴīŅĬňȮ 

 



  12 

ĕŀĭŏĕĨĕŀĚĔŅĶĺŇěńĵ 

ĚŅĬĺŇěńĵĬňŘĴŋƞĚĻŉĔļŅĔŅĶěńħĸņħńĭĔŅĶěŀħŐĺŃĶĩĽņľĶńĭĳŅĶĔŇěĔŅĶŀŀĔĨĶĺěĮĶŃŏĴŇĬŏıŊŗŀĨƞŀ

ŀŅĵŋĽĩŅĬĪňŗĕŅĵĵŅŐįĬĮƤěěŋĭńĬĕŀĚȮĽĽě,ĮĪŋĴīŅĬňȮőħĵĴňĕŀĭŏĕĨħńĚĬňŘ8 

ĕŀĭŏĕĨħƟŅĬŏĬŊŘŀľŅ8ȮŏĮĶňĵĭŏĪňĵĭĶŃĵŃĪŅĚőħĵĶĺĴĪňŗĽńŘĬĪňŗĽŋħŐĸŃĶŃĵŃŏĺĸŅĔŅĶŏħŇĬĪŅĚ

őħĵĶĺĴĪňŗĽńŘĬĪňŗĽŋħĕŀĚĔŅĶěńħĸņħńĭĔŅĶěŀħŐĺŃĽĩŅĬĪňŗĕŅĵĵŅŐįĬĮƤěěŋĭńĬŒĬȮ2ȮĶŌĮŐĭĭȮœħƟŐĔƞȮĔŅĶ

ŀĬŋĴŅĬőħĵįŌƟŏĝňŗĵĺĝŅĠȮŐĸŃĔŅĶŒĝƟŀńĸĔŀĶŇĪŉĴȮ1ȮŐĭĭȮ&ŀńĸĔŀĶŇĪŉĴŐĭĭĮĶŃľĵńħȮŀńĸĔŀĶŇĪŉĴŏıŊŗŀĬĭƟŅĬ

ŒĔĸƟĪňŗĽŋħȮŐĸŃŀńĸĔŀĶŇĪŉĴėĶŇĽőĨœĲħƢ) 

ĕŀĭŏĕĨħƟŅĬĮĶŃĝŅĔĶ8ȮĽĩŅĬĪňŗĕŅĵĵŅŐįĬĮƤěěŋĭńĬĪňŗœħƟĶńĭĔŅĶĨĶĺěĮĶŃŏĴŇĬŏıŊŗŀĨƞŀŀŅĵŋŒĬĮƖȮ

ı,Ļ,0343ȮőħĵıĬńĔĚŅĬŏěƟŅľĬƟŅĪňŗȮĽĽě,ĮĪŋĴīŅĬňȮěņĬĺĬĪńŘĚľĴħȮ/23ȮŐľƞĚȮĪňŗĩŌĔŐĭƞĚŀŀĔŏĮƦĬȮ2/Ȯ

ĔĸŋƞĴıŊŘĬĪňŗĭĶŇĔŅĶȮĨŅĴĔŅĶěńħĔĸŋƞĴĕŀĚıĬńĔĚŅĬŏěƟŅľĬƟŅĪňŗȮĽĽě,ĮĪŋĴīŅĬňȮŏıŊŗŀħņŏĬŇĬĔŅĶŀŀĔĨĶĺěĨŅĴ

ŐįĬĪňŗĺŅĚœĺƟ 

ĕŀĭŏĕĨħƟŅĬıŊŘĬĪňŗ8ȮėĶŀĭėĸŋĴȮ7ȮŀņŏĳŀĕŀĚěńĚľĺńħĮĪŋĴīŅĬňȮœħƟŐĔƞȮŀņŏĳŀŏĴŊŀĚĮĪŋĴīŅĬňȮ

ŀņŏĳŀĸņĸŌĔĔŅȮŀņŏĳŀīńĠĭŋĶňȮŀņŏĳŀľĬŀĚŏĽŊŀȮŀņŏĳŀėĸŀĚľĸĺĚȮŀņŏĳŀĸŅħľĸŋĴŐĔƟĺȮŐĸŃŀņŏĳŀ

ĽŅĴőėĔ 

ĕŀĭŏĕĨħƟŅĬĶŃĵŃŏĺĸŅ8ȮĕƟŀĴŌĸĔŅĶŀŀĔĨĶĺěĮĶŃŏĴŇĬŒĬĝƞĺĚŏħŊŀĬĔĶĔġŅėĴĩŉĚīńĬĺŅėĴȮ

ı,Ļ,Ȯ0343ȮŏĮƦĬĝƞĺĚĪňŗħņŏĬŇĬĔŅĶĨĶĺěĨŅĴŐįĬĚŅĬĕŀĚĮƖȮı,Ļ,Ȯ0343ȮőħĵĴňĶŃĵŃŏĺĸŅħņŏĬŇĬĔŅĶĺŇěńĵ

ĨńŘĚŐĨƞŏħŊŀĬıķļĳŅėĴȮı,Ļ,Ȯ0344ȮĩŉĚŏħŊŀĬĔńĬĵŅĵĬȮı,Ļ,Ȯ0345 

ĕŀĭŏĕĨħƟŅĬĺŇīňĔŅĶ8ȮŒĝƟĔŅĶěńħĔĸŋƞĴıŊŘĬĪňŗĭĶŇĔŅĶĨŅĴĔŅĶĮĢŇĭńĨŇěĶŇĚĕŀĚįŌƟŏĝňŗĵĺĝŅĠıŇěŅĶĦŅ

ėĺŅĴľĬŅŐĬƞĬŐĸŃĔŅĶĔĶŃěŋĔĨńĺĕŀĚĽĩŅĬĪňŗĕŅĵĵŅŐįĬĮƤěěŋĭńĬȮĶĺĴĩŉĚĳŅĶŃĚŅĬĕŀĚŏěƟŅľĬƟŅĪňŗŒĬŐĨƞ

ĸŃĺńĬŐĸŃĽĩŅĬĔŅĶĦƢŀŊŗĬȮŕȮĪňŗŏĔňŗĵĺĕƟŀĚȮĔŅĶėņĬĺĦĶŃĵŃĪŅĚħņŏĬŇĬĔŅĶőħĵŒĝƟȮGoogle Maps őħĵ

ŏĸŊŀĔŏĽƟĬĪŅĚĮĔĨŇĪňŗĽńŘĬĪňŗĽŋħŒĬĔŅĶŏħŇĬĪŅĚȮœĴƞĶĺĴŏĽƟĬĪŅĚĪňŗįƞŅĬĪŅĚħƞĺĬľĶŊŀĪŅĚĵĔĶŃħńĭ 

ŏĚŊŗŀĬœĕĔŅĶėņĬĺĦ8ȮĔņľĬħŒľƟěŋħŏĶŇŗĴĨƟĬŐĸŃěŋħĽŇŘĬĽŋħŏĮƦĬěŋħŏħňĵĺĔńĬėŊŀȮĽĽě,ĮĪŋĴīŅĬňȮ

ĔŅĶěńħŏĽƟĬĪŅĚŏħŇĬĶĩŒĬŐĨƞĸŃėĶńŘĚœĴƞŏĔŇĬȮ6ȮĝńŗĺőĴĚĨƞŀĺńĬȮ&.6,1.ȮůȮ/4,1.ȮĬ,'ȮŐĸŃĶĩĪňŗŒĝƟĽŅĴŅĶĩ

ĭĶĶěŋėĬŐĸŃĽŇŗĚĕŀĚœħƟœĴƞěņĔńħ 
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ĮĶŃőĵĝĬƢĪňŗœħƟĶńĭ 

1. ĚŅĬĺŇěńĵĬňŘěŃŐĽħĚŒľƟŏľŖĬĩŉĚĮĶŃĽŇĪīŇĳŅıĕŀĚĔŅĶŒĝƟŀńĸĔŀĶŇĪŉĴŒĬĔŅĶěńħĸņħńĭĔŅĶěŀħŐĺŃ
ĽĩŅĬĪňŗĕŅĵĵŅŐįĬĮƤěěŋĭńĬȮőħĵŏĮĶňĵĭŏĪňĵĭĔńĭĺŇīňĔŅĶĕŀĚįŌƟŏĝňŗĵĺĝŅĠȮĪńŘĚŒĬŐĚƞĕŀĚĶŃĵŃĪŅĚĔŅĶ
ŏħŇĬĪŅĚőħĵĶĺĴĪňŗĽńŘĬĪňŗĽŋħŏĮƦĬĮĶŃŏħŖĬľĸńĔŒĬĔŅĶĪħĽŀĭĽĴĴĨŇģŅĬȮŐĸŃĶŃĵŃŏĺĸŅĔŅĶŏħŇĬĪŅĚ
őħĵĶĺĴĪňŗĽńŘĬĪňŗĽŋħȮįĸĔŅĶĺŇěńĵěŃĝƞĺĵĵŊĬĵńĬĺƞŅĔŅĶŒĝƟŏĪėőĬőĸĵňŐĸŃŀńĸĔŀĶŇĪŉĴĽŅĴŅĶĩŏıŇŗĴ
ĮĶŃĽŇĪīŇĳŅıŒĬĔŅĶĺŅĚŐįĬŏĽƟĬĪŅĚœħƟŀĵƞŅĚĴňĬńĵĽņėńĠ 

2. ŏėĶŊŗŀĚĴŊŀĪňŗıńĥĬŅĕŉŘĬěŅĔĚŅĬĺŇěńĵĬňŘȮĞŉŗĚŒĝƟȮGoogle OR Tools, Google Maps API ŐĸŃȮGoogle 
Colaboratory ěŃĝƞĺĵŒľƟĭŋėĸŅĔĶĪŋĔĶŃħńĭĕŀĚȮĽĽě,ĮĪŋĴīŅĬňȮĽŅĴŅĶĩĺŅĚŐįĬŏĽƟĬĪŅĚĔŅĶ
ĨĶĺěĽĩŅĬĪňŗĕŅĵĵŅŐįĬĮƤěěŋĭńĬœħƟŀĵƞŅĚĴňĮĶŃĽŇĪīŇĳŅıȮőħĵĸħĔŅĶıŉŗĚıŅėĺŅĴŏĝňŗĵĺĝŅĠŏĜıŅŃ
ĭŋėėĸȮĝƞĺĵŐĔƟĮƤĠľŅĔŅĶĕŅħŐėĸĬĭŋėĸŅĔĶįŌƟŏĝňŗĵĺĝŅĠȮŐĸŃĸħĳŅĶŃĚŅĬŒĬĔŅĶĺŅĚŐįĬŏĽƟĬĪŅĚȮ
ĽŀħėĸƟŀĚĔńĭŏĮƚŅľĴŅĵŒĬĔŅĶŏıŇŗĴĮĶŃĽŇĪīŇĳŅıĔŅĶĮĢŇĭńĨŇĚŅĬĕŀĚľĬƞĺĵĚŅĬĳŅėĶńģ 

3. ĔŅĶŒĝƟŀńĸĔŀĶŇĪŉĴŒĬĔŅĶěńħŏĽƟĬĪŅĚěŃĝƞĺĵŒľƟœħƟįĸĸńıīƢĪňŗŏĮƦĬĕƟŀĴŌĸŏĝŇĚĮĶŃěńĔļƢŒĬĔŅĶĮĢŇĭńĨŇĚŅĬȮ
ĪņŒľƟėŋĦĳŅıĕŀĚŐįĬĔŅĶŏħŇĬĪŅĚĴňėĺŅĴĽĴŗņŏĽĴŀŐĸŃĬƞŅŏĝŊŗŀĩŊŀȮĸħėĺŅĴŐĮĶĮĶĺĬĪňŗŀŅěŏĔŇħ
ěŅĔĔŅĶĨńħĽŇĬŒěĕŀĚĭŋėėĸȮ 

4. ĺŇīňĔŅĶŐĸŃŏėĶŊŗŀĚĴŊŀĪňŗıńĥĬŅĕŉŘĬěŅĔĚŅĬĺŇěńĵĬňŘĽŅĴŅĶĩĬņœĮĮĶŃĵŋĔĨƢŒĝƟĔńĭĚŅĬĸńĔļĦŃėĸƟŅĵĔńĬ
ŒĬľĬƞĺĵĚŅĬĽŅīŅĶĦĽŋĕŀŊŗĬŕȮľĶŊŀľĬƞĺĵĚŅĬĪňŗĴňĳŅĶĔŇěĔŅĶĨĶĺěĮĶŃŏĴŇĬĽĩŅĬĪňŗŒĬĸńĔļĦŃ
ėĸƟŅĵėĸŉĚĔńĬȮŏıŊŗŀŏıŇŗĴĮĶŃĽŇĪīŇĳŅıĔŅĶĪņĚŅĬŒĬĶŃĭĭĽŅīŅĶĦĽŋĕőħĵĶĺĴȮĽŀħėĸƟŀĚĔńĭ
ĬőĵĭŅĵŐĸŃŏĮƚŅľĴŅĵĶŃħńĭĝŅĨŇŒĬĔŅĶıńĥĬŅĶŃĭĭĽŅīŅĶĦĽŋĕħƟĺĵŏĪėőĬőĸĵňŐĸŃĬĺńĨĔĶĶĴ 
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ĭĪĪňŗȮ0 

ĪĭĪĺĬĺĶĶĦĔĶĶĴ 

 

ėĺŅĴĽņėńĠĕŀĚĔŅĶĨĶĺěĮĶŃŏĴŇĬĽĩŅĬĪňŗĕŅĵĵŅŐįĬĮƤěěŋĭńĬ 

ĭĪĭŅĪĕŀĚĽĩŅĬĪňŗĕŅĵĵŅŐįĬĮƤěěŋĭńĬ 

ĽĩŅĬĪňŗĕŅĵĵŅŐįĬĮƤěěŋĭńĬĴňĭĪĭŅĪĽņėńĠŒĬĶŃĭĭĽŅīŅĶĦĽŋĕĕŀĚĮĶŃŏĪĻœĪĵȮőħĵŏĮƦĬĽƞĺĬ

ľĬŉŗĚĕŀĚĶŃĭĭľĸńĔĮĶŃĔńĬĽŋĕĳŅıŐľƞĚĝŅĨŇŒĬģŅĬŃľĬƞĺĵĭĶŇĔŅĶĮģĴĳŌĴŇĪňŗĮĶŃĝŅĝĬŏĕƟŅĩŉĚœħƟĚƞŅĵȮ

ĽĩŅĬĪňŗĕŅĵĵŅŐįĬĮƤěěŋĭńĬĴňĽƞĺĬĽņėńĠŒĬĔŅĶĽĶƟŅĚėĺŅĴŏĮƦĬīĶĶĴŒĬĔŅĶŏĕƟŅĩŉĚĭĶŇĔŅĶĽŋĕĳŅıȮőħĵ

ŒľƟĭĶŇĔŅĶěƞŅĵĵŅŐĸŃŒľƟėņŐĬŃĬņĔŅĶŒĝƟĵŅŐĔƞĮĶŃĝŅĝĬȮőħĵŏĜıŅŃįŌƟĮƙĺĵőĶėŏĶŊŘŀĶńĚĪňŗĽŅĴŅĶĩĶńĭĵŅ

ěŅĔĽĩŅĬĪňŗĕŅĵĵŅŐįĬĮƤěěŋĭńĬŒĔĸƟĭƟŅĬœħƟįƞŅĬőėĶĚĔŅĶĶńĭĵŅŒĔĸƟĭƟŅĬĝƞĺĵĸħėĺŅĴŐŀŀńħŒĬ

őĶĚıĵŅĭŅĸŐĸŃŀņĬĺĵėĺŅĴĽŃħĺĔŐĔƞįŌƟĮƙĺĵȮĕĦŃĪňŗŏĳĽńĝĔĶĽŅĴŅĶĩĨŇħĨŅĴĔŅĶŒĝƟĵŅĕŀĚįŌƟĮƙĺĵœħƟ

ŀĵƞŅĚŒĔĸƟĝŇħȮĬŀĔěŅĔĔŅĶěƞŅĵĵŅȮĽĩŅĬĪňŗĕŅĵĵŅŐįĬĮƤěěŋĭńĬĵńĚĴňĭĪĭŅĪŒĬĔŅĶėńħĔĶŀĚőĶėŐĸŃŒľƟ

ėņĮĶŉĔļŅħƟŅĬĽŋĕĳŅıŏĭŊŘŀĚĨƟĬȮŏĝƞĬȮĔŅĶĮĶŃŏĴŇĬėĺŅĴŏĽňŗĵĚĨƞŀőĶėĨƞŅĚŕȮĶĺĴĩŉĚĔŅĶŒľƟĭĶŇĔŅĶĽĶƟŅĚ

ŏĽĶŇĴĽŋĕĳŅıŐĸŃĮƚŀĚĔńĬőĶėȮŀŅĪŇȮĔŅĶŐěĔĵŅėŋĴĔņŏĬŇħȮĩŋĚĵŅĚŀĬŅĴńĵȮŐĸŃĔŅĶėńħĔĶŀĚėĺŅĴŏĽňŗĵĚ

őĶėŏĴĨŅĭŀĸŇĔȮĪņŒľƟĮĶŃĝŅĝĬŏĕƟŅĩŉĚĭĶŇĔŅĶĽŋĕĳŅıœħƟĚƞŅĵĕŉŘĬȮĬŀĔěŅĔĬňŘȮĵńĚĴňőėĶĚĔŅĶŒľƟĭĶŇĔŅĶĪŅĚ

ŏĳĽńĝĔĶĶĴĽņľĶńĭėĺŅĴŏěŖĭĮƙĺĵŏĸŖĔĬƟŀĵĪňŗıĭĭƞŀĵȮ&common illness)ȮĝƞĺĵĸħĳŅĶŃĕŀĚ

őĶĚıĵŅĭŅĸŐĸŃėĸŇĬŇĔœħƟŀĵƞŅĚĴňĮĶŃĽŇĪīŇĳŅıȮ&ĦńģĝĸĳńĦȮľŀĴŐĔƟĺ, 0343; ĽņĬńĔĕƞŅĺȮHfocus, 

0342'ȮħńĚĬńŘĬĔŅĶıńĥĬŅĻńĔĵĳŅıŏĳĽńĝĔĶĶƟŅĬĵŅŐĸŃĔŅĶıńĥĬŅĽĩŅĬĪňŗĕŅĵĵŅŐįĬĮƤěěŋĭńĬŀĵƞŅĚ

ĨƞŀŏĬŊŗŀĚĴňėĺŅĴĽņėńĠĵŇŗĚŒĬĔŅĶĵĔĶŃħńĭėŋĦĳŅıĔŅĶĭĶŇĔŅĶŐĸŃĨŀĭĽĬŀĚėĺŅĴĨƟŀĚĔŅĶħƟŅĬĽŋĕĳŅı

ĕŀĚĮĶŃĝŅĝĬŀĵƞŅĚĴňĮĶŃĽŇĪīŇĳŅıȮ&ĺĚĔŅĶŐıĪĵƢ; ĽņĬńĔĕƞŅĺȮHfocus, 0340'ȮőħĵĽĶŋĮȮĽĩŅĬĪňŗĕŅĵĵŅ

ŐįĬĮƤěěŋĭńĬĴňĭĪĭŅĪĽņėńĠľĸŅĵĮĶŃĔŅĶŒĬĶŃĭĭĽŅīŅĶĦĽŋĕœĪĵȮĪńŘĚŒĬħƟŅĬĔŅĶŏĮƦĬľĬƞĺĵĭĶŇĔŅĶ

ĮģĴĳŌĴŇȮĔŅĶŒľƟĭĶŇĔŅĶħƟŅĬĵŅŐĸŃĽŋĕĳŅıȮĔŅĶĽĶƟŅĚŏĽĶŇĴĽŋĕĳŅıŐĸŃĮƚŀĚĔńĬőĶėȮĶĺĴĩŉĚĔŅĶŏĮƦĬĽƞĺĬ

ľĬŉŗĚĕŀĚĶŃĭĭľĸńĔĮĶŃĔńĬĽŋĕĳŅıĪňŗĽƞĚŏĽĶŇĴĔŅĶŏĕƟŅĩŉĚĭĶŇĔŅĶĽŋĕĳŅıĕŀĚĮĶŃĝŅĝĬĴňĽƞĺĬĽņėńĠŒĬ

ĔŅĶıńĥĬŅĶŃĭĭĽŅīŅĶĦĽŋĕĕŀĚĮĶŃŏĪĻőħĵĶĺĴȮ 
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ĔġľĴŅĵŐĸŃĶŃŏĭňĵĭĪňŗŏĔňŗĵĺĕƟŀĚĔńĭĔŅĶĨĶĺěĮĶŃŏĴŇĬĽĩŅĬĪňŗĕŅĵĵŅŐįĬĮƤěěŋĭńĬ 

ĔŅĶĨĶĺěĮĶŃŏĴŇĬĽĩŅĬĪňŗĕŅĵĵŅŐįĬĮƤěěŋĭńĬŒĬĮĶŃŏĪĻœĪĵŀĵŌƞĳŅĵŒĨƟĔĶŀĭĔġľĴŅĵŐĸŃ

ĶŃŏĭňĵĭĪňŗľĸŅĔľĸŅĵȮőħĵĴňıĶŃĶŅĝĭńĠĠńĨŇĵŅȮı,Ļ,Ȯ03/.ȮŐĸŃĜĭńĭŐĔƟœĕŏıŇŗĴŏĨŇĴŏĮƦĬĔġľĴŅĵľĸńĔ

ŒĬĔŅĶėĺĭėŋĴĔŅĶĮĶŃĔŀĭīŋĶĔŇěĵŅ (ıĶŃĶŅĝĭńĠĠńĨŇĵŅȮı,Ļ,2510, 2510) ĬŀĔěŅĔĬňŘȮĵńĚĴň

ĔġĔĶŃĪĶĺĚĔŅĶĕŀŀĬŋĠŅĨŐĸŃĔŅĶŀŀĔŒĭŀĬŋĠŅĨĕŅĵĵŅŐįĬĮƤěěŋĭńĬȮĔņľĬħľĸńĔŏĔĦĤƢŐĸŃĺŇīňĔŅĶ

ĕŀŀĬŋĠŅĨŏĮƕħĶƟŅĬĕŅĵĵŅȮ&ĔġĔĶŃĪĶĺĚĔŅĶĕŀŀĬŋĠŅĨŐĸŃĔŅĶŀŀĔŒĭŀĬŋĠŅĨĕŅĵĵŅŐįĬĮƤěěŋĭńĬȮ

ı,Ļ,0334, 0334' ŐĸŃĽĩŅĬĪňŗĕŅĵĵŅŐįĬĮƤěěŋĭńĬĨƟŀĚĴňĴŅĨĶģŅĬŏıŊŗŀĵĔĶŃħńĭėŋĦĳŅıĭĶŇĔŅĶŏĳĽńĝ

ĔĶĶĴĝŋĴĝĬĪňŗħňȮGood Pharmacy Practice őħĵĮĢŇĭńĨŇĳŅĵŒĨƟĮĶŃĔŅĻĔĶŃĪĶĺĚĽŅīŅĶĦĽŋĕȮŏĶŊŗŀĚȮ

ĔŅĶĔņľĬħŏĔňŗĵĺĔńĭĽĩŅĬĪňŗȮŀŋĮĔĶĦƢȮŐĸŃĺŇīňĮĢŇĭńĨŇĪŅĚŏĳĽńĝĔĶĶĴĝŋĴĝĬŒĬĽĩŅĬĪňŗĕŅĵĵŅŐįĬĮƤěěŋĭńĬ

ĨŅĴĔġľĴŅĵĺƞŅħƟĺĵĵŅȮı,Ļ,Ȯ0335 ĔņľĬħĴŅĨĶģŅĬĨƞŅĚŕȮĪňŗĶƟŅĬĕŅĵĵŅĨƟŀĚĮĢŇĭńĨŇĨŅĴȮėĶŀĭėĸŋĴ

ľĴĺħĨƞŅĚŕȮŏĝƞĬȮĽĩŅĬĪňŗȮŀŋĮĔĶĦƢȮĭŋėĸŅĔĶȮŏĮƦĬĨƟĬȮ&ĮĶŃĔŅĻĔĶŃĪĶĺĚĽŅīŅĶĦĽŋĕȮŏĶŊŗŀĚȮĔŅĶĔņľĬħ

ŏĔňŗĵĺĔńĭĽĩŅĬĪňŗȮŀŋĮĔĶĦƢȮŐĸŃĺŇīňĮĢŇĭńĨŇĪŅĚŏĳĽńĝĔĶĶĴĝŋĴĝĬŒĬĽĩŅĬĪňŗĕŅĵĵŅŐįĬĮƤěěŋĭńĬĨŅĴ

ĔġľĴŅĵĺƞŅħƟĺĵĵŅȮı,Ļ,Ȯ0335, 0335'ȮőħĵĽĩŅĬĪňŗĕŅĵĵŅŐįĬĮƤěěŋĭńĬěŃĨƟŀĚœħƟĶńĭĔŅĶĨĶĺěĮĶŃŏĴŇĬ

ĨŅĴĺŇīňĮĢŇĭńĨŇĪŅĚŏĳĽńĝĔĶĶĴĝŋĴĝĬěŅĔıĬńĔĚŅĬŏěƟŅľĬƟŅĪňŗĨŅĴıĶŃĶŅĝĭńĠĠńĨŇĵŅȮı,Ļ,03/.ȮĞŘņŀĵƞŅĚ

ĬƟŀĵĪŋĔȮ0ȮĮƖȮŏĮƦĬœĮĨŅĴĮĶŃĔŅĻĽņĬńĔĚŅĬėĦŃĔĶĶĴĔŅĶŀŅľŅĶŐĸŃĵŅȮŏĶŊŗŀĚȮľĸńĔŏĔĦĤƢȮĺŇīňĔŅĶȮ

ŐĸŃŏĚŊŗŀĬœĕȮŒĬĔŅĶįƞŅĬĔŅĶĨĶĺěĮĶŃŏĴŇĬȮĨŅĴĺŇīňĮĢŇĭńĨŇĪŅĚŏĳĽńĝĔĶĶĴĝŋĴĝĬȮ(ĮĶŃĔŅĻĽņĬńĔĚŅĬ

ėĦŃĔĶĶĴĔŅĶŀŅľŅĶŐĸŃĵŅȮŏĶŊŗŀĚȮľĸńĔŏĔĦĤƢȮĺŇīňĔŅĶȮŐĸŃŏĚŊŗŀĬœĕȮŒĬĔŅĶįƞŅĬĔŅĶĨĶĺěĮĶŃŏĴŇĬȮĨŅĴ

ĺŇīňĮĢŇĭńĨŇĪŅĚŏĳĽńĝĔĶĶĴĝŋĴĝĬ, 2559)Ȯ 
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ĮƤĠľŅĔŅĶĨńħĽŇĬŒěȮ(decision making problem) 

ĮƤĠľŅĔŅĶĨńħĽŇĬŒěȮľĴŅĵĩŉĚĮƤĠľŅĪňŗěņŏĮƦĬĨƟŀĚėņĬŉĚĩŉĚ 

ėņěņĔńħėĺŅĴĪńŗĺœĮĕŀĚĨńĺŐĮĶŐĸŃėƞŅėĚĪňŗĨƞŅĚŕȮŒĬĮƤĠľŅȮėŋĦĽĴĭńĨŇĕŀĚėņĨŀĭĪňŗĨƟŀĚĔŅĶěŅĔ
ĮƤĠľŅĬńŘĬȮ 
ĨńĺŀĵƞŅĚĕŀĚĮƤĠľŅĪňŗŒĝƟŏĮƦĬĴŅĨĶģŅĬȮŒĬĪŅĚĔŅĶĺŇěńĵŐĸŃħņŏĬŇĬĚŅĬĬńŘĬĴňĴŅĔĴŅĵȮŏĝƞĬȮĮƤĠľŅ

ĔŅĶĺŅĚŐįĬĔŅĶįĸŇĨȮĮƤĠľŅĔŅĶĺŅĚŐįĬőĸěŇĽĨŇĔĽƢȮĮƤĠľŅĕĬĽƞĚȮŏĮƦĬĨƟĬȮĞŉŗĚĮƤĠľŅĴŅĨĶģŅĬŏľĸƞŅĬňŘ

ĮĶŃĔŀĭħƟĺĵĝŋħĕŀĚĕƟŀĴŌĸĪňŗĶŃĭŋėƞŅĨńĺŐĮĶĪňŗĪĶŅĭėƞŅĕŀĚĮƤĠľŅŒħĮƤĠľŅľĬŉŗĚŐĸŃĩŌĔĬņœĮŒĝƟŒĬėƟĬľŅ

ĺŇīňĔŅĶľŅėņĨŀĭĶŌĮŐĭĭŒľĴƞŕȮĞŉŗĚĴňĮĶŃĽŇĪīŇĳŅıĽŌĚĕŉŘĬȮľĶŊŀŒĝƟŏĺĸŅŒĬĔŅĶľŅėņĨŀĭĸħĸĚŏĶŊŗŀĵŕȮ

ĨŅĴıńĥĬŅĔŅĶ (ĶŃıňıńĬīƢȮĮƕĨŅėŃőĽ, 2557)  

 

ĸņħńĭĕńŘĬĕŀĚĔŅĶŐĔƟĮƤĠľŅľĶŊŀŀńĸĔŀĶŇĪŉĴȮ 

ŀńĸĔŀĶŇĪŉĴȮľĴŅĵĩŉĚȮĺŇīňĔŅĶľŅėņĨŀĭĪňŗŀŀĔŐĭĭĴŅŏıŊŗŀŐĔƟĮƤĠľŅŒħĮƤĠľŅľĬŉŗĚ ŀŅěěŃĴň

ľĸńĔŏĔĦĤƢŒħŕȮĕŉŘĬŀĵŌƞĔńĭįŌƟŀŀĔŐĭĭĺŇīňĔŅĶȮĽŅĴŅĶĩėŇħŐĸŃěŇĬĨĬŅĔŅĶœħƟĨŅĴĮĶŃĽĭĔŅĶĦƢȮľĶŊŀŒľƟ

ĶŌĮŐĭĭĪňŗŏĮƦĬĴŅĨĶģŅĬŐĨƞĽŅĴŅĶĩŏĮĸňŗĵĬŐĮĸĚĶŅĵĸŃŏŀňĵħœħƟȮėĺŅĴĵŅĔĚƞŅĵĕŀĚŀńĸĔŀĶŇĪŉĴľĶŊŀėĺŅĴ

ĞńĭĞƟŀĬĕŀĚĺŇīňĔŅĶȮŐĨĔĨƞŅĚĔńĬœĮĕŉŘĬŀĵŌƞĔńĭįŌƟŀŀĔŐĭĭĺŇīňĔŅĶȮŒĬĔŅĶĺŇěńĵŏĝŇĚĮĢŇĭńĨŇĔŅĶȮėĺŅĴĞńĭĞƟŀĬȮ

ľĴŅĵĩŉĚȮėĺŅĴĵŅĔĚƞŅĵĕŀĚĸņħńĭĕńŘĬĔŅĶŐĔƟœĕĪŅĚŏĺĸŅȮ(time complexity) ľĶŊŀȮŏĺĸŅĪňŗŒĝƟŒĬĔŅĶ

ėņĬĺĦĨŅĴĸņħńĭĕńŘĬĔŅĶŐĔƟĮƤĠľŅĬńŘĬŕȮĕŉŘĬŀĵŌƞĔńĭĮĶŃŏĳĪĮƤĠľŅŐĨƞĸŃĮƤĠľŅŐĸŃěņĬĺĬĸņħńĭĕńŘĬ

ĕŀĚĔŅĶŐĔƟĮƤĠľŅĬńŘĬŕȮ&ĺŇļĦŋȮĝƟŅĚŏĬňĵĴ, 0337' 

ĮƤĠľŅŐĭĭőıĸŇőĬŏĴňĵĸľĶŊŀŐĭĭıľŋĬŅĴ (problems solvable in polynomial time) 
ėĺŅĴĞńĭĞƟŀĬľĶŊŀėĺŅĴĵŅĔŐĭĭőıĸŇőĬŏĴňĵĸȮľĴŅĵĩŉĚĶŌĮŐĭĭĮƤĠľŅĪňŗŏĕƟŅœħƟĔńĭŏĚŊŗŀĬœĕĪňŗĺƞŅȮ

ŏĴŊŗŀĕĬŅħĕŀĚĮƤĠľŅĴŅĨĶģŅĬŒľĠƞĕŉŘĬľĶŊŀĴňěņĬĺĬĕŀĚĨńĺŐĮĶĴŅĔĕŉŘĬȮėĺŅĴĞńĭĞƟŀĬĪŅĚŏĺĸŅȮŒĬĔŅĶ

ėņĬĺĦĴŅĔĕŉŘĬŐĭĭőıĸŇőĬŏĴňĵĸȮőħĵŏĺĸŅĪňŗŏıŇŗĴĕŉŘĬŐĭĭőıĸŇőĬŏĴňĵĸȮľĴŅĵĩŉĚȮŏĴŊŗŀĕĬŅħĕŀĚĮƤĠľŅ

ĨńĺŀĵƞŅĚŏĮƦĬȮn ĴňĶŃĵŃŏĺĸŅŒĬĔŅĶėņĬĺĦŏĮƦĬȮὲ ĵĔĨńĺŀĵƞŅĚŏĝƞĬȮĸņħńĭĔŅĶŐĔƟĮƤĠľŅŐĭĭľĬŉŗĚĪňŗŒĝƟ

ŏıŊŗŀľŅĸņĔńĭĔŅĶįĸŇĨĕŀĚĽŇĬėƟŅȮ/.ȮĝĬŇħȮľŅĔŀńĸĔŀĶŇĪŉĴħńĚĔĸƞŅĺŏĮƦĬŐĭĭőıĸŇőĬŏĴňĵĸȮĴňėĺŅĴĞńĭĞƟŀĬ

ĪŅĚŏĺĸŅŒĬĔŅĶėņĬĺĦŏĮƦĬȮ/.0ȮȮľĶŊŀȮ/..Ȯ&Monteiro, 0./7' 
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ĮƤĠľŅŐĭĭĬŀĬőıĸŇőĬŏĴňĵĸȮ(problems verifiable in non-polynomial time) 

ėĺŅĴĞńĭĞƟŀĬľĶŊŀėĺŅĴĵŅĔŐĭĭĬŀĬőıĸŇőĬŏĴňĵĸȮľĴŅĵĩŉĚĶŌĮŐĭĭĮƤĠľŅĪňŗŏĕƟŅœħƟĔńĭŏĚŊŗŀĬœĕĪňŗĺƞŅȮ

ŏĴŊŗŀĕĬŅħĕŀĚĮƤĠľŅĴŅĨĶģŅĬŒľĠƞĕŉŘĬľĶŊŀĴňěņĬĺĬĕŀĚĨńĺŐĮĶĴŅĔĕŉŘĬȮėĺŅĴĞńĭĞƟŀĬĪŅĚŏĺĸŅȮŒĬĔŅĶ

ėņĬĺĦĴŅĔĕŉŘĬŐĭĭĬŀĬőıĸŇőĬŏĴňĵĸȮőħĵŏĺĸŅĪňŗŏıŇŗĴĕŉŘĬŐĭĭĬŀĬőıĸŇőĬŏĴňĵĸȮľĴŅĵĩŉĚȮŏĴŊŗŀĕĬŅħĕŀĚ

ĮƤĠľŅĨńĺŀĵƞŅĚŏĮƦĬȮn ĴňĶŃĵŃŏĺĸŅŒĬĔŅĶėņĬĺĦŏĮƦĬȮςȮĵĔĨńĺŀĵƞŅĚŏĝƞĬȮĸņħńĭĔŅĶŐĔƟĮƤĠľŅŐĭĭ

ľĬŉŗĚĪňŗŒĝƟŏıŊŗŀľŅĸņĔńĭĔŅĶįĸŇĨĕŀĚĽŇĬėƟŅȮ/.ȮĝĬŇħȮľŅĔĸņħńĭĕńŘĬĕŀĚĔŅĶŐĔƟĮƤĠľŅħńĚĔĸƞŅĺŏĮƦĬŐĭĭ

ĬŀĬőıĸŇőĬŏĴňĵĸȮĴňėĺŅĴĞńĭĞƟŀĬĪŅĚŏĺĸŅŒĬĔŅĶėņĬĺĦŏĮƦĬȮ0/.ȮľĶŊŀȮ/,024 ĴňėĺŅĴĞńĭĞƟŀĬĴŅĔĔĺƞŅ

ĸņħńĭĔŅĶŐĔƟĮƤĠľŅŐĭĭőıĸŇőĬŏĴňĵĸŀĵŌƞĩŉĚȮ/.ȮŏĪƞŅȮ&Monteiro, 0./7' 

ŒĬĭĶĶħŅĮƤĠľŅŐĭĭĬŀĬőıĸŇőĬŏĴňĵĸȮĽŅĴŅĶĩŐĵĔĵƞŀĵŏĮƦĬĔĸŋƞĴŒľĠƞœħƟȮ1ȮĔĸŋƞĴȮ&ĳŅıĪňŗȮ1'ȮėŊŀ 

1) NP-Complete ľĴŅĵĩŉĚȮĮƤĠľŅĪňŗĽŅĴŅĶĩĶŃĭŋĕŀĭŏĕĨĕŀĚėņĨŀĭŐĸŃėŅħŏħŅėņĨŀĭĕŀĚ
ĮƤĠľŅŒħĮƤĠľŅľĬŉŗĚœħƟȮĶĺĴĪńŘĚĴňĺŇīňĔŅĶĨĶĺěĽŀĭĺƞŅėņĨŀĭĬńŘĬŏĮƦĬėņĨŀĭĪňŗħňĪňŗĽŋħľĶŊŀœĴƞȮ
ĳŅĵŒĨƟėĺŅĴĞńĭĞƟŀĬĕŀĚŏĺĸŅŒĬĶŃħńĭŏħňĵĺĔńĬ 

2) NP-Hard ľĴŅĵĩŉĚȮĮƤĠľŅĪňŗĽŅĴŅĶĩĶŃĭŋĕŀĭŏĕĨĕŀĚėņĨŀĭœħƟȮŐĨƞĵńĚœĴƞĴňĺŇīňĔŅĶĨĶĺěĽŀĭ
ėņĨŀĭĪňŗŏĮƦĬőıĸŇőĬŏĴňĵĸ 

3) Strongly NP-Hard ľĴŅĵĩŉĚȮĮƤĠľŅĪňŗĽŅĴŅĶĩĶŃĭŋĕŀĭŏĕĨĕŀĚėņĨŀĭœħƟȮŐĨƞĵńĚœĴƞĴňĺŇīňĔŅĶ
ĨĶĺěĽŀĭœħƟĺƞŅėņĨŀĭĪňŗŏħŅĬńŘĬĩŌĔľĶŊŀœĴƞ 

  

ĳŅıĪňŗȮ3: ĔŅĶŏĶňĵĚĸņħńĭĨŅĴėĺŅĴĞńĭĞƟŀĬĕŀĚĮƤĠľŅěŅĔĬƟŀĵœĮĴŅĔ 
&ŏĶŇŗĴěŅĔȮP, NP, NP-Complete ŐĸŃȮNP-Hard) (Monteiro, 2019) 

 

ĮƤĠľŅĔŅĶľŅėƞŅĪňŗŏľĴŅŃĽĴĪňŗĽŋħŏĝŇĚĔŅĶěńħȮľĶŊŀĔŅĶľŅėņĨŀĭĪňŗħňĪňŗĽŋħěŅĔĝŋħĕŀĚėņĨŀĭĪňŗŏĮƦĬœĮ

œħƟȮ(combinatorial optimizationȮproblem; COP) 

Combinatorial Optimization Problem ėŊŀȮĔŅĶľŅėņĨŀĭĪňŗħňĪňŗĽŋħěŅĔĝŋħĕŀĚėņĨŀĭĪňŗŏĮƦĬœĮ

œħƟȮ(set of feasible solution) ĪňŗĪĶŅĭŐĬƞĬŀĬĺƞŅĴňėņĨŀĭĪňŗŏĮƦĬœĮœħƟěņĬĺĬĔňŗėņĨŀĭȮėņĨŀĭĪňŗħň
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ĪňŗĽŋħĬňŘŀŅěŏĮƦĬėņĨŀĭĪňŗĨƟŀĚĔŅĶľŅėƞŅĴŅĔĪňŗĽŋħȮŏĝƞĬȮľŅĔņœĶĽŌĚĽŋħȮľĶŊŀĮƤĠľŅĪňŗľŅėƞŅĬƟŀĵĪňŗĽŋħȮŏĝƞĬȮ

ľŅĨƟĬĪŋĬĪňŗĨŗņĪňŗĽŋħȮ 

ĮƤĠľŅȮCombinatorial Optimization Problem ĽŅĴŅĶĩıĭŏľŖĬœħƟĪńŗĺœĮŒĬĮƤĠľŅħƟŅĬĔŅĶĺŅĚ

ŐįĬĔŅĶįĸŇĨŐĸŃőĸěŇĽĨŇĔĽƢȮŏĝƞĬȮĮƤĠľŅĔŅĶľŅĕĬŅħĔŅĶįĸŇĨĪňŗŏľĴŅŃĽĴȮľĶŊŀĮƤĠľŅĔŅĶĕĬĽƞĚȮŏĮƦĬ

ĨƟĬȮ&Shen et al., 0.00; ĶŃıňıńĬīƢȮĮƕĨŅėŃőĽ, 0335' 

ĺŇīňĔŅĶĪňŗŒĝƟŐĔƟĮƤĠľŅĪňŗĴňĝŋħĕŀĚėņĨŀĭĪňŗŏĮƦĬœĮœħƟŐĬƞĬŀĬ 

 ĺŇīňĪňŗŒĝƟŒĬĔŅĶěńħĔŅĶĔńĭĮƤĠľŅĪňŗĴňĝŋħėņĨŀĭĪňŗŏĮƦĬœĮœħƟŐĬƞĬŀĬĴňľĸŅĵĺŇīňȮĞŉŗĚĽŅĴŅĶĩŐĭƞĚœħƟ

ŏĮƦĬȮ0ȮĔĸŋƞĴȮ&ĳŅıĪňŗȮ2'ȮėŊŀȮĔĶŃĭĺĬĔŅĶľŅėņĨŀĭĪňŗħňĪňŗĽŋħŀĵƞŅĚŐĪƟěĶŇĚȮ(exact methods)ȮŐĸŃ

ĔĶŃĭĺĬĔŅĶĮĶŃĴŅĦėņĨŀĭĪňŗħňĪňŗĽŋħȮ(approximation method) ŏĮƦĬĔĸŋƞĴĪňŗĶĺĴĩŉĚȮĺŇīňĔŅĶŐĔƟĮƤĠľŅ

ŐĭĭŁŇĺĶŇĽĨŇĔĽƢȮ(heuristic) ŐĸŃ ĺŇīňĔŅĶŐĔƟĮƤĠľŅŐĭĭŏĴĨŅŁŇĺĶŇĽĨŇĔĽƢȮ(metaheuristic)Ȯ&ĶŃıňıńĬīƢȮ

ĮƕĨŅėŃőĽ, 0335' 

 

ĳŅıĪňŗȮ4: ŐįĬįńĚĺŇīňĔŅĶĪňŗŒĝƟŐĔƟĮƤĠľŅĪňŗĴňĝŋħĕŀĚėņĨŀĭĪňŗŏĮƦĬœĮœħƟŐĬƞĬŀĬ 
&ħńħŐĮĸĚěŅĔȮ(Talbi, 2009; äñßößòÚÙ° ÜõÖóÅñāë, 2557)) 

  

ĔĶŃĭĺĬĔŅĶľŅėņĨŀĭĪňŗħňĪňŗĽŋħŀĵƞŅĚŐĪƟěĶŇĚ ľĶŊŀĺŇīňŐĴƞĬĨĶĚȮ 

ėŊŀȮĔĶŃĭĺĬĔŅĶĪňŗıŇěŅĶĦŅĨĶĺěĽŀĭĪŋĔėņĨŀĭĪňŗŏĮƦĬœĮœħƟȮ(feasible solutions) ĪņŒľƟ

įĸĸńıīƢĪňŗŏĔŇħĕŉŘĬŏĮƦĬėņĨŀĭĪňŗħňĪňŗĽŋħŀĵƞŅĚŐĪƟěĶŇĚȮŐĨƞĕƟŀŏĽňĵĽņėńĠĕŀĚĺŇīňĬňŘȮėŊŀȮŀŅěĴňĮĶŃĽŇĪīŇĳŅıĨŗņ

ŏĴŊŗŀĬņœĮŐĔƟĮƤĠľŅĪňŗĴňĕĬŅħŒľĠƞŐĸŃĞńĭĞƟŀĬȮŏıĶŅŃĔŅĶĮĶŃĴĺĸŒĬĔĶĦňĪňŗěņĬĺĬėņĨŀĭĪňŗŏĮƦĬœĮœħƟȮ
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&ŒĬĔĶĦňĪňŗœĴƞĴňĕƟŀěņĔńħ'ȮĴŅĔĕŉŘĬěņŏĮƦĬĨƟŀĚŒĝƟŏĺĸŅĬŅĬȮĺŇīňĬňŘěŉĚŏľĴŅŃĔńĭĔŅĶŐĔƟĮƤĠľŅĕĬŅħŏĸŖĔĪňŗĴň

ěņĬĺĬĨńĺŐĮĶœĴƞĴŅĔŐĸŃĴňŏĚŊŗŀĬœĕĪňŗœĴƞĞńĭĞƟŀĬĴŅĔĬńĔ 

ĔĶŃĭĺĬĔŅĶĮĶŃĴŅĦėņĨŀĭĪňŗħňĪňŗĽŋħȮľĶŊŀĺŇīňľŅėƞŅőħĵĮĶŃĴŅĦȮ 

ŒĬŐĺħĺĚĺŇĝŅĔŅĶȮĴňĬńĔĺŇěńĵıĵŅĵŅĴıńĥĬŅĺŇīňĔŅĶŏıŊŗŀŐĔƟĮƤĠľŅĕĬŅħŒľĠƞŐĸŃĞńĭĞƟŀĬĪňŗ

ĽŅĴŅĶĩœħƟėņĨŀĭĪňŗĴňėŋĦĳŅıŀĵŌƞŒĬŏĔĦĤƢĪňŗĵŀĴĶńĭœħƟĳŅĵŒĬĶŃĵŃŏĺĸŅŀńĬĽńŘĬȮľĶŊŀŒĝƟŏĺĸŅĬƟŀĵĔĺƞŅĺŇīň

ŐĴƞĬĵņŀĵŌƞľĸŅĵĺŇīňȮĴńĔŀĵŌƞŒĬĶŌĮŐĭĭĸņħńĭĕńŘĬĔŅĶŐĔƟĮƤĠľŅĪňŗĴňėĺŅĴŐĨĔĨƞŅĚĔńĬȮŐĸŃŒĝƟŏĺĸŅŒĬĔŅĶ

ėņĬĺĦŏıŊŗŀŐĔƟĮƤĠľŅœĴƞŏĪƞŅĔńĬ 

ĺŇīňĔŅĶľĶŊŀĸņħńĭĕńŘĬĔŅĶŐĔƟĮƤĠľŅŐĭĭŁŇĺĶŇĽĨŇĔĽƢ 

ĺŇīňĔŅĶŁŇĺĶŇĽĨŇĔĽƢŏĮƦĬĶŃŏĭňĵĭĺŇīňŐĭĭŀŇĽĶŃĪňŗĽŅĴŅĶĩĽĶƟŅĚĔĶĶĴĺŇīňľĶŊŀĕńŘĬĨŀĬŒħŕȮŏıŊŗŀėƟĬľŅ

ėņĨŀĭĪňŗħňȮ&ŒĔĸƟŏėňĵĚ'ȮĔńĭėņĨŀĭĪňŗħňĪňŗĽŋħŒĬĮƤĠľŅĪňŗĴňĕĬŅħŒľĠƞœħƟȮėņĨŀĭħńĚĔĸƞŅĺŏĮƦĬėņĨŀĭĪňŗȮ

űŏľĴŅŃĽĴŲȮľĶŊŀȮűħňŒĬĶŃħńĭĪňŗĬƞŅıŀŒěŲȮœħƟȮőħĵĪňŗŒĝƟŏĺĸŅėņĬĺĦĬƟŀĵĸĚŀĵŌƞŒĬĶŃħńĭĪňŗȮűĵŀĴĶńĭœħƟŲ11 

ľĶŊŀŀŅěĽĶŋĮĺƞŅŏĮƦĬĺŇīňľŅėņĨŀĭĪňŗħňŒĬŏĺĸŅĪňŗŏľĴŅŃĽĴȮĴńĔĩŌĔŀŀĔŐĭĭĴŅŐĔƟĮƤĠľŅŏĜıŅŃĶŌĮŐĭĭȮ

őħĵœĴƞĽŅĴŅĶĩĬņľĸńĔĔŅĶĕŀĚĺŇīňĔŅĶĪňŗŒĝƟŐĔƟĮƤĠľŅĝĬŇħľĬŉŗĚœĮŒĝƟĪħŐĪĬĔŅĶŐĔƟĮƤĠľŅĝĬŇħŀŊŗĬœħƟȮ

ŏĬŊŗŀĚěŅĔėņĨŀĭĪňŗħňĕŀĚĮƤĠľŅľĬŉŗĚŀŅěœĴƞŒĝƞėņĨŀĭĪňŗħňĕŀĚĮƤĠľŅŀŊŗĬȮĺŇīňŁŇĺĶŇĽĨŇĔĽƢěŉĚĴńĔĩŌĔŏĶňĵĔŒĬ

ŀňĔĝŊŗŀľĬŉŗĚĺƞŅȮűĔĸŋƞĴĕŀĚĺŇīňĔŅĶĪňŗŒĝƟŐĔƟĮƤĠľŅŏĜıŅŃȮ(problem-based heuristics)³ȮĵĔĨńĺŀĵƞŅĚŏĝƞĬ 

- ŀńĸĔŀĶŇĪŉĴŐĭĭĮĶŃľĵńħŐĸŃŀńĸĔŀĶŇĪŉĴŏıŊŗŀĬĭƟŅĬŒĔĸƟĪňŗĽŋħĽņľĶńĭŒĝƟŐĔƟĮƤĠľŅĔŅĶ
ŏħŇĬĪŅĚĕŀĚıĬńĔĚŅĬĕŅĵľĶŊŀȮĮƤĠľŅĔŅĶěńħŏĽƟĬĪŅĚĔŅĶĕĬĽƞĚħƟĺĵĵŅĬıŅľĬŃȮ
(vehicle routing problem; VRP) 

- ĺŇīňĔŅĶȮShortest Processing Time (SPT), Earlier Due Date (EDD) ĽņľĶńĭŒĝƟ
ŐĔƟĮƤĠľŅĔŅĶěńħĸņħńĭŐĸŃĨŅĶŅĚĔŅĶįĸŇĨ 

- ĺŇīňĔŅĶȮPart Period Balancing (PPB) ĽņľĶńĭŒĝƟŐĔƟĮƤĠľŅĔŅĶľŅĕĬŅħĔŅĶįĸŇĨĪňŗ
ŏľĴŅŃĽĴ 

 

ĺŇīňľĶŊŀĸņħńĭĕńŘĬĔŅĶŐĔƟĮƤĠľŅŐĭĭŏĴĨŅŁŇĺĶŇĽĨŇĔĽƢȮ 

ŏĴĨŅŁŇĺĶŇĽĨŇĔĽƢȮŏĮƦĬĺŇīňĔŅĶĮĶŃĴŅĦėƞŅĪňŗıńĥĬŅĨƞŀĵŀħĴŅěŅĔĺŇīňŁŇĺĶŇĽĨŇĔĽƢȮĴňĪňŗĴŅěŅĔĔŅĶ

ĽńĚŏĔĨıķĨŇĔĶĶĴĕŀĚīĶĶĴĝŅĨŇȮŏĝƞĬȮĔŅĶĻŉĔļŅĸńĔļĦŃĔŅĶħņĶĚĝňĺŇĨĕŀĚĽńĨĺƢȮŏıŊŗŀıńĥĬŅŐĬĺĪŅĚĪňŗ
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ĝňŘĬņĔŅĶĽņĶĺěėƟĬľŅŒĬŐĨƞĸŃĶŀĭĕŀĚĔŅĶĺĬĞŘņŏıŊŗŀŒľƟœħƟėņĨŀĭĪňŗħňĪňŗĽŋħěŅĔėņĨŀĭĪńŘĚľĴħĪňŗŏĮƦĬœĮ

œħƟȮĞŉŗĚĽƞĺĬĴŅĔœħƟėņĨŀĭĪňŗħňĔĺƞŅĔĸŋƞĴĕŀĚĺŇīňĔŅĶĪňŗŒĝƟŐĔƟĮƤĠľŅŏĜıŅŃěŅĔėĺŅĴĞńĭĞƟŀĬŒĬĔŅĶėƟĬľŅ

ėņĨŀĭĪňŗĴňĴŅĔĔĺƞŅȮŐĸŃĵńĚĽŅĴŅĶĩĶńĔļŅėĺŅĴĶĺħŏĶŖĺŒĬĔŅĶėņĬĺĦœħƟħňȮěŋħŏħƞĬĕŀĚĺŇīňĔŅĶŐĔƟĮƤĠľŅ

ŐĭĭŏĴĨŅŁŇĺĶŇĽĨŇĔĽƢȮėŊŀȮĔŅĶĽŅĴŅĶĩĬņĺŇīňĔŅĶĪňŗŒĝƟĔńĭĮƤĠľŅĝĬŇħľĬŉŗĚœĮĮĶŃĵŋĔĨƢŒĝƟĔńĭĮƤĠľŅ

ĮĶŃŏĳĪŀŊŗĬœħƟȮŐĴƟĴňĪňŗĴŅŐĸŃľĸńĔĔŅĶĪňŗŐĨĔĨƞŅĚĔńĬȮőħĵĺŇīňĔŅĶŏĴĨŅŁŇĺĶŇĽĨŇĔĽƢĽŅĴŅĶĩŐĭƞĚŀŀĔœħƟŏĮƦĬȮ

0ȮĶŌĮŐĭĭĨŅĴĸńĔļĦŃĕŀĚĔŅĶĺĬĞŘņȮœħƟŐĔƞ 

1) ĺŇīňĔŅĶŏĴĨŅŁŇĺĶŇĽĨŇĔĽƢĪňŗĴňĸńĔļĦŃŒĬĔŅĶľŅėņĨŀĭĪňŗħňĪňŗĽŋħŏıňĵĚėņĨŀĭŏħňĵĺŒĬ
ĔŅĶĺĬĞŘņŐĨƞĸŃėĶńŘĚȮ(metaheuristics generating a sequence of solutions)Ȯ

ĨńĺŀĵƞŅĚĺŇīňĔŅĶĪňŗěńħŀĵŌƞŒĬĔĸŋƞĴĬňŘȮėŊŀȮĺŇīňĔŅĶěņĸŀĚĔŅĶŀĭŏľĬňĵĺȮ(simulated 
annealing; SA) ŐĸŃĺŇīňĔŅĶėƟĬľŅŐĭĭĴňĕƟŀľƟŅĴȮ(tabu search) 

2) ĺŇīňĔŅĶŏĴĨŅŁŇĺĶŇĽĨŇĔĽƢĪňŗĴňĸńĔļĦŃĔŅĶĽĶƟŅĚėņĨŀĭŒľĴƞőħĵľŅėņĨŀĭĪňŗħňĪňŗĽŋħ
ĴŅĔĔĺƞŅľĬŉŗĚėņĨŀĭŒĬĔŅĶĺĬĞŘņŐĨƞĸŃėĶńŘĚȮȮĨńĺŀĵƞŅĚĺŇīňĔŅĶĪňŗěńħŀĵŌƞŒĬĔĸŋƞĴĬňŘȮėŊŀ 
ĺŇīňŏĝŇĚıńĬīŋĔĶĶĴȮ(genetic algorithm; GA) ŐĸŃĺŇīňŀŅĦŅĬŇėĴĴħȮ(ant colony 
optimization; ACO) (metaheuristics generating set of solutions) 
(Labadie et al., 2016) 

ĪķļġňĪňŗŏĔňŗĵĺĕƟŀĚĔńĭĔŅĶěńħŏĽƟĬĪŅĚĔŅĶĕĬĽƞĚȮ(transportation routing) 

ĔŅĶěńħĔŅĶŏĽƟĬĪŅĚĔŅĶĕĬĽƞĚŏĮƦĬĺŇīňĪňŗįŌƟĮĢŇĭńĨŇĔŅĶħƟŅĬőĸěŇĽĨŇĔĽƢŒĝƟŏıŊŗŀĸħĨƟĬĪŋĬŒĬĔŅĶĕĬĽƞĚȮįƞŅĬ

ĔŅĶěńħŏĽƟĬĪŅĚĔŅĶĕĬĽƞĚĪňŗĪņŒľƟŏĔŇħĶŃĵŃĪŅĚĪňŗĽńŘĬĸĚȮŒĝƟŏĺĸŅŒĬĔŅĶěńħĽƞĚĽŇĬėƟŅĸħĸĚ ĬņœĮĽŌƞĔŅĶĸħ

ėƞŅŒĝƟěƞŅĵěŅĔĔŅĶŒĝƟĮĶŇĴŅĦĬŘņĴńĬŏĝŊŘŀŏıĸŇĚĸħĸĚȮ&ĬńĪĔŅĬĨƢȮĔŇĶńĴĵƢ, 0341' 

ĔŅĶŏĸŊŀĔĶŌĮŐĭĭŏĽƟĬĪŅĚĔŅĶŏħŇĬĶĩĪňŗŏľĴŅŃĽĴŏĮƦĬŏĶŊŗŀĚĪňŗĵŅĔȮŏĬŊŗŀĚěŅĔȮĮƤěěńĵĪňŗŏĔňŗĵĺĕƟŀĚ

ėƞŀĬĕƟŅĚĴŅĔȮŏĝƞĬȮĶŃĵŃĪŅĚȮĶŃĵŃŏĺĸŅĔŅĶĶŀėŀĵȮĔŅĶěĶŅěĶȮĽĳŅıĩĬĬȮĝƞĺĚŏĺĸŅľƟŅĴŏħŇĬĶĩ 

ĔŅĶěńħŐĭƞĚĔĸŋƞĴıŊŘĬĪňŗĭĶŇĔŅĶ 

ěŅĔĽĴĴĨŇģŅĬĪňŗŏĝŊŗŀĺƞŅĔŅĶŏħŇĬĶĩŏıŊŗŀĕĬĽƞĚĽŇĬėƟŅĪňŗĮĶŃľĵńħĪňŗĽŋħȮŏĔŇħĕŉŘĬœħƟěŅĔĪňŗĶĩĕĬĽƞĚ

ŐĨƞĸŃėńĬĽŅĴŅĶĩĺŇŗĚœĮĽƞĚĽŇĬėƟŅŒľƟŐĔƞĸŌĔėƟŅŒĬěņĬĺĬĴŅĔĪňŗĽŋħŏĪƞŅĪņœħƟŒĬŐĨƞĸŃĺńĬȮĽƞĚįĸŒľƟŏĔŇħĔŅĶĽƞĚ

ĽŇĬėƟŅŒľƟĔńĭĸŌĔėƟŅœħƟėĶĭĪŋĔĶŅĵőħĵŒĝƟĶĩĕĬĽƞĚŒĬěņĬĺĬĬƟŀĵĪňŗĽŋħȮĔŅĶŐĭƞĚıŊŘĬĪňŗĭĶŇĔŅĶŒĬĪŅĚĮĢŇĭńĨŇ

ěŉĚıĵŅĵŅĴěńħŐĭƞĚıŊŘĬĪňŗĭĶŇĔŅĶĶĺĴŀŀĔŏĮƦĬıŊŘĬĪňŗĭĶŇĔŅĶĵƞŀĵȮőħĵŒľƟŐĨƞĸŃıŊŘĬĪňŗĵƞŀĵĴňĸŌĔėƟŅĪňŗŀĵŌƞŒĬ
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ĭĶŇŏĺĦŒĔĸƟŏėňĵĚĔńĬŀĵŌƞĔńĬŏĮƦĬĔĸŋƞĴĔƟŀĬȮŏıŊŗŀŏıŇŗĴőŀĔŅĽĪňŗĪņŒľƟĶĩĕĬĽƞĚŏıňĵĚėńĬŏħňĵĺľĶŊŀěņĬĺĬœĴƞ

ĴŅĔȮĽŅĴŅĶĩĺŇŗĚœĮĽƞĚĽŇĬėƟŅŒľƟĸŌĔėƟŅŒĬıŊŘĬĪňŗĵƞŀĵœħƟľĴħĳŅĵŒĬľĬŉŗĚĺńĬ 

ĔŅĶěńħŐĭƞĚıŊŘĬĪňŗĭĶŇĔŅĶĵńĚĴňĮĶŃőĵĝĬƢŒĬĔŅĶŏıŇŗĴėĺŅĴĶĺħŏĶŖĺŒĬĔŅĶĺŇŏėĶŅŃľƢŏĽƟĬĪŅĚȮ

ŏĬŊŗŀĚěŅĔĽŅĴŅĶĩĸħĪŀĬŒľƟĮƤĠľŅŏħňŗĵĺĪňŗĴňĕĬŅħŒľĠƞŐĸŃĞńĭĞƟŀĬĞŉŗĚŀŅěĨƟŀĚŒĝƟŏĺĸŅŒĬĔŅĶėņĬĺĦ

ŏĽƟĬĪŅĚĬŅĬȮĔĸŅĵŏĮƦĬĮƤĠľŅĵƞŀĵľĸŅĵŕĮƤĠľŅȮĪňŗĩŉĚŐĴƟĴňěņĬĺĬĮƤĠľŅŏıŇŗĴĕŉŘĬȮŐĨƞħƟĺĵėĺŅĴĞńĭĞƟŀĬ

ŒĬŐĨƞĸŃĮƤĠľŅĪňŗĴňĬƟŀĵĔĺƞŅȮĔŖĽƞĚįĸŒľƟĔŅĶėņĬĺĦĺŇŏėĶŅŃľƢŐĨƞĸŃĮƤĠľŅĶĺħŏĶŖĺĔĺƞŅȮŐĸŃĪņŒľƟŏĺĸŅĪňŗ

ŒĝƟŒĬĔŅĶėņĬĺĦŒĬĳŅıĶĺĴĬƟŀĵĸĚȮ&ĬėĶȮœĝĵĺĚĻƢĻńĔħŅȮŐĸŃėĦŃ, 0336' 

ĮƤĠľŅĔŅĶěńħŏĽƟĬĪŅĚĔŅĶŏħŇĬĶĩȮ 

ĮƤĠľŅĔŅĶěńħŏĽƟĬĪŅĚĔŅĶŏħŇĬĶĩŏĮƦĬĮƤĠľŅĶŌĮŐĭĭľĬŉŗĚĪňŗŒľƟėĺŅĴĽņėńĠĔŅĶŐĔƟĮƤĠľŅ

ĮĶŃěņĕŀĚĭĶŇļńĪĕĬĽƞĚĪňŗįŌƟěńħĔŅĶĨƟŀĚŏįĝŇĠŒĬŐĨƞĸŃĺńĬȮŏĝƞĬȮĨƟŀĚŒĝƟĶĩĕĬĽƞĚĔňŗėńĬȮĶĩėńĬœľĬėĺĶœĮĽƞĚ

ĽŇĬėƟŅŒľƟŐĔƞĸŌĔėƟŅĶŅĵŒħĭƟŅĚȮėĺĶěńħĸņħńĭĔŅĶĽƞĚĽŇĬėƟŅĕŀĚĸŌĔėƟŅŐĨƞĸŃĶŅĵŀĵƞŅĚœĶ ŏĮƦĬĨƟĬȮŏĮƦĬĮƤĠľŅ

ĴŅĨĶģŅĬĕŀĚĔŅĶĺŇěńĵħņŏĬŇĬĔŅĶŏıŊŗŀŏıŇŗĴĮĶŃĽŇĪīŇĳŅıĔŅĶěńħŏĽƟĬĪŅĚŒĬĔŅĶĕĬĽƞĚĽŇĬėƟŅĪňŗœħƟĶńĭĔŅĶ

ıńĥĬŅŀĵƞŅĚĨƞŀŏĬŊŗŀĚȮŒĬĪŅĚėĦŇĨĻŅĽĨĶƢĮƤĠľŅĬňŘĩŌĔěńħŀĵŌƞŒĬĔĸŋƞĴĮƤĠľŅŏŀŖĬıňŐĭĭĵŅĔȮ(NP-Hard)ȮĪňŗ

ĨƟŀĚŒĝƟĺŇīňĔŅĶľŅėņĨŀĭĪňŗħňĪňŗĽŋħěŅĔĝŋħĕŀĚėņĨŀĭĪňŗŏĮƦĬœĮœħƟŒĬĔŅĶŐĔƟĮƤĠľŅ ŏĬŊŗŀĚěŅĔĔŅĶĺŇŏėĶŅŃľƢ

ľŅŐįĬĔŅĶŏħŇĬĶĩĪňŗħňĪňŗĽŋħŀĵƞŅĚŐĪƟěĶŇĚŒĬĭĶĶħŅŐįĬĪňŗŏĮƦĬœĮœħƟěņĬĺĬĴŅĔŏĮƦĬŏĶŊŗŀĚĪňŗĪņœħƟĵŅĔŐĸŃ

ŐĪĭœĴƞĴňőŀĔŅĽŏĔŇħĕŉŘĬœħƟŒĬĔĶĦňĪňŗĴňėņĽńŗĚĞŊŘŀěŅĔĸŌĔėƟŅŐĸŃĶĩĽƞĚĽŇĬėƟŅěņĬĺĬĴŅĔ ŏĬŊŗŀĚěŅĔĨƟŀĚŒĝƟ

ŏĺĸŅŒĬĔŅĶėņĬĺĦĺŇŏėĶŅŃľƢĵŅĺĬŅĬĴŅĔěĬŀŅěœĴƞĪńĬĔŅĶĦƢȮŀĵƞŅĚħňĪňŗĽŋħĪňŗıŀĪņœħƟėŊŀĔŅĶĺŇŏėĶŅŃľƢ

ŒľƟœħƟŏĽƟĬĪŅĚĕĬĽƞĚĪňŗȮűėƞŀĬĕƟŅĚħňŲȮľĶŊŀȮűħňıŀŒĝƟŲȮŐĨƞĽŅĴŅĶĩėņĬĺĦŀŀĔĴŅœħƟĶĺħŏĶŖĺȮĪņŒľƟĽŅĴŅĶĩ

ĬņœĮŒĝƟĚŅĬŒĬĝňĺŇĨěĶŇĚœħƟĪńĬŏĺĸŅ  

ĮƤĠľŅĔŅĶěńħŏĽƟĬĪŅĚŏħŇĬĶĩȮĴňŀĚėƢĮĶŃĔŀĭĪňŗĬņıŇěŅĶĦŅŏĮƦĬŏĚŊŗŀĬœĕŐĸŃĕƟŀěņĔńħĨƞŅĚŕŀĵŌƞȮ

2ȮĮƤěěńĵĽņėńĠȮėŊŀȮıŅľĬŃĕĬĽƞĚȮ(vehicle) ŏĽƟĬĪŅĚĔŅĶĽƞĚȮ(routing) ěŋħĻŌĬĵƢĔĸŅĚĔĶŃěŅĵĽŇĬėƟŅȮ

(depot) ŐĸŃĸŌĔėƟŅȮ(customer) &ĳŅıĪňŗȮ3' 



  22 

 

ĳŅıĪňŗȮ5: ŀĚėƢĮĶŃĔŀĭĕŀĚĮƤĠľŅĔŅĶěńħŏĽƟĬĪŅĚĽņľĶńĭĵŅĬıŅľĬŃ 

(vehicle routing problem; VRP) (ÙóäËùÕó ßòÚÙ°ÚõÂùæ, 2551) 
 

ĮƤĠľŅĔŅĶŏħŇĬĪŅĚĕŀĚıĬńĔĚŅĬĕŅĵȮ 

ĮƤĠľŅĔŅĶŏħŇĬĪŅĚĕŀĚıĬńĔĚŅĬĕŅĵĩŊŀŏĮƦĬĽƞĺĬľĬŉŗĚĕŀĚĮƤĠľŅĔŅĶěńħŏĽƟĬĪŅĚĔŅĶŏħŇĬĶĩ Ȯ

ĮƤĠľŅĔŅĶĨńħĽŇĬŒěŒĬĔĶĦňĕŀĚĮƤĠľŅĔŅĶŏħŇĬĪŅĚĕŀĚıĬńĔĚŅĬĕŅĵ ėŊŀȮĔŅĶėƟĬľŅĺƞŅŏĽƟĬĪŅĚĺĚĮƕħȮ

(closed loop)Ȯ&ĳŅıĪňŗȮ4'ȮĪňŗĴňěŋħŏĶŇŗĴĨƟĬŐĸŃěŋħĽŇŘĬĽŋħŏĮƦĬěŋħŏħňĵĺĔńĬȮ(ľĶŊŀĔŅĶĴňěŋħĻŌĬĵƢĔĸŅĚ

ĔĶŃěŅĵĽŇĬėƟŅȮ/ȮěŋħȮľŅĔĬņœĮŏĮĶňĵĭŏĪňĵĭĔńĭĮƤĠľŅĔŅĶěńħŏĽƟĬĪŅĚĔŅĶŏħŇĬĶĩ) ĴňĔŅĶĸņħńĭ

ŏĶňĵĚĸņħńĭĽĩŅĬĪňŗěŋħľĴŅĵŀĵƞŅĚœĶȮěŉĚĪņŒľƟĔŅĶŏħŇĬĪŅĚŏĴŊŗŀĴňŏĴŊŀĚľĶŊŀĽĩŅĬĪňŗěŋħľĴŅĵěņĬĺĬȮn 

ŐľƞĚȮĴňĶŃĵŃĪŅĚĶĺĴȮ&ľĶŊŀŀŅěŐĪĬħƟĺĵŏĺĸŅľĶŊŀėƞŅŒĝƟěƞŅĵ'ȮĬƟŀĵĪňŗĽŋħȮĳŅĵŒĨƟŏĚŊŗŀĬœĕĪňŗĔņľĬħŒľƟĨƟŀĚ

ŐĺŃŐĨƞĸŃĽĩŅĬĪňŗŏıňĵĚȮ/ȮėĶńŘĚŏĪƞŅĬńŘĬőħĵœĴƞĴňĔŅĶįƞŅĬĞŘņĞƟŀĬȮěĬŏħŇĬĪŅĚėĶĭȮn ŐľƞĚĨŅĴĪňŗĔņľĬħœĺƟȮ

&Croes, /736; Dumas et al., /773' 

ĸńĔļĦŃĕŀĚĮƤĠľŅĔŅĶŏħŇĬĪŅĚĕŀĚıĬńĔĚŅĬĕŅĵĪňŗĽĶƟŅĚėĺŅĴŐĨĔĨƞŅĚĕŀĚĔŅĶŐĔƟĮƤĠľŅ

ĮĶŃŏĳĪĬňŘŏĴŊŗŀŏĪňĵĭĔńĭĮƤĠľŅĔŅĶěńħŏĽƟĬĪŅĚĔŅĶĕĬĽƞĚĶŌĮŐĭĭŀŊŗĬȮėŊŀȮĔŅĶœĴƞıŇěŅĶĦŅŏĔňŗĵĺĔńĭėĺŅĴěŋȮ

ľĶŊŀĕƟŀěņĔńħħƟŅĬĮĶŇĴŅĦėĺŅĴěŋĕŀĚıŅľĬŃĽƞĚĽŇĬėƟŅ 
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ĳŅıĪňŗȮ6: ĸńĔļĦŃĮƤĠľŅĔŅĶŏħŇĬĪŅĚĕŀĚıĬńĔĚŅĬĕŅĵ (ÂÚÂèääÔ ëùáòÂÕö, 2556) 
 

 ĔŅĶıńĥĬŅĮƤĠľŅĔŅĶŏħŇĬĪŅĚĕŀĚıĬńĔĚŅĬĕŅĵŏĔŇħĕŉŘĬŒĬĝƞĺĚȮė,Ļ,Ȯ/6..ȮőħĵĬńĔėĦŇĨĻŅĽĨĶƢ

ĝŅĺœŀĶƢŐĸĬħƢĝŊŗŀȮW.R. Hamilton ŐĸŃĬńĔėĦŇĨĻŅĽĨĶƢĝŅĺŀńĚĔķļĝŊŗŀȮThomas Kirkman ĪňŗœħƟĽĶƟŅĚ

ŏĔĴĪňŗĝŊŗŀĺƞŅȮIcosian ĕŉŘĬĴŅȮŏĮƦĬŏĔĴĪňŗŏĔňŗĵĺĕƟŀĚĔńĭĶŌĮĪĶĚĽŇĭĽŀĚľĬƟŅȮ&Dodecahedron) ĴňĸńĔļĦŃ

ħńĚĳŅıĪňŗȮ5ȮĴňěņĬĺĬěŋħĵŀħĪńŘĚľĴħȮ0.ȮěŋħȮŐĨƞĸŃěŋħĵŀħŐĪĬŏĴŊŀĚľĸĺĚĕŀĚȮ0.ȮĮĶŃŏĪĻȮŐĸŃŏĽƟĬ

ŏĝŊŗŀĴľĴŅĵĩŉĚŏĽƟĬĪŅĚėĴĬŅėĴĪňŗŏĝŊŗŀĴĶŃľĺƞŅĚŏĴŊŀĚľĸĺĚŏľĸƞŅĬńŘĬȮěŋħĴŋƞĚľĴŅĵĕŀĚŏĔĴėŊŀĨƟŀĚĔŅĶľŅ

ŏĽƟĬĪŅĚŏħŇĬĪňŗįƞŅĬĪŋĔŏĴŊŀĚŏıňĵĚėĶńŘĚŏħňĵĺȮőħĵŏĶŇŗĴĨƟĬŐĸŃĽŇŘĬĽŋħȮĦȮŏĴŊŀĚŏħňĵĺĔńĬȮĔĸƞŅĺėŊŀȮĨƟŀĚĔŅĶľŅ

ĺĚŐŁĴŇĸĨƟĬȮ(Hamiltonian cycle; HAMC) ŒĬĔĶŅĲĶŌĮĪĶĚĽŇĭĽŀĚľĬƟŅȮőħĵĨńĺŀĵƞŅĚĕŀĚĺĚŐŁĴŇĸĨńĬ

ŒĬĔĶŅĲĨńĺŐĪĬĶŌĮĪĶĚĽŇĭĽŀĚľĬƟŅȮœħƟŐĽħĚœĺƟőħĵŒĝƟŏĽƟĬĪŉĭȮ&ĳŅıĪňŗȮ5' 

 

ĳŅıĪňŗȮ7:ĔĶŅĲĨńĺŐĪĬĕŀĚĶŌĮĪĶĚĽŇĭĽŀĚľĬƟŅŐĸŃĨńĺŀĵƞŅĚĺĚŐŁĴŇĸĨńĬ 
&ŐĽħĚœĺƟĭĬŏĽƟĬĪŉĭ'Ȯ&ĬŇĲŅĨĴŃľƢȮĴŃĔŅŏěȮŐĸŃȮŀŅĪŇĨĵƢȮŀŇĬĪĶĽŇĪīŇś, 0336' 

  

ĨƞŀĴŅŒĬĮƖȮė,Ļ,Ȯ/73.ȮůȮ/74.ȮĮƤĠľŅĔŅĶŏħŇĬĪŅĚĕŀĚıĬńĔĚŅĬĕŅĵœħƟĶńĭėĺŅĴĽĬŒěŒĬĺĚ

ĔĺƟŅĚĴŅĔĕŉŘĬȮŐĸŃŏĶŇŗĴĩŌĔĬņœĮıńĥĬŅŏĮƦĬĨńĺŐĭĭĪŅĚėĦŇĨĻŅĽĨĶƢȮŐĸŃĶŌĮŐĭĭĔŅĶŐĔƟĮƤĠľŅħƟĺĵĺŇīň

ŐĴƞĬĨĶĚȮěĬĔĶŃĪńŗĚœħƟĶńĭĔŅĶıŇĽŌěĬƢŒĬŏĺĸŅĨƞŀĴŅĺƞŅŏĔĴĔŅĶľŅĺĚŐŁĴŇĸĨńĬěńħŏĮƦĬĮƤĠľŅĮĶŃŏĳĪȮNP-
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Complete ľĶŊŀȮĮƤĠľŅĪňŗĽŅĴŅĶĩĶŃĭŋĕŀĭŏĕĨĕŀĚėņĨŀĭŐĸŃėŅħŏħŅėņĨŀĭĕŀĚĮƤĠľŅŒħĮƤĠľŅ

ľĬŉŗĚœħƟȮĶĺĴĪńŘĚĴňĺŇīňĔŅĶĨĶĺěĽŀĭĺƞŅėņĨŀĭĬńŘĬŏĮƦĬėņĨŀĭĪňŗħňĪňŗĽŋħľĶŊŀœĴƞ ĳŅĵŒĨƟėĺŅĴĞńĭĞƟŀĬĕŀĚ

ŏĺĸŅŒĬĶŃħńĭŏħňĵĺĔńĬ 

 ěŅĔėĺŅĴŏĮƦĬĴŅĪňŗœħƟĔĸƞŅĺœĺƟĕƟŅĚĨƟĬȮŀŅěĽĶŋĮœħƟĺƟŅĮƤĠľŅĔŅĶŏħŇĬĪŅĚĕŀĚıĬńĔĚŅĬĕŅĵėŊŀ

ĶŌĮŐĭĭĮƤĠľŅĪňŗŏıŇŗĴŏĚŊŗŀĬœĕĺƞŅĨƟŀĚĔŅĶľŅĺĚŐŁĴŇĸĨńĬĪňŗĴňĶŃĵŃĪŅĚĽńŘĬĪňŗĽŋħěŅĔĶŌĮŐĭĭĺĚŐŁĴŇĸĨńĬ

ĪńŘĚľĴħĪňŗŏĮƦĬœĮœħƟĪńŘĚľĴħȮĽƞĚįĸŒľƟĮƤĠľŅĔŅĶŏħŇĬĪŅĚĕŀĚıĬńĔĚŅĬĕŅĵĴňėĺŅĴĞńĭĞƟŀĬŐĸŃĔŅĶľŅ

ėņĨŀĭĪňŗħňĪňŗĽŋħĴňėĺŅĴĵŅĔĴŅĔĕŉŘĬȮĪņŒľƟĴňĬńĔĺŇěńĵĔĸŋƞĴľĬŉŗĚěńħŒľƟĮƤĠľŅĔŅĶŏħŇĬĪŅĚĕŀĚıĬńĔĚŅĬĕŅĵ

ŀĵŌƞŒĬĔĸŋƞĴĮƤĠľŅĮĶŃŏĳĪȮNP-Hard ľĶŊŀĮƤĠľŅĪňŗœĴƞĴňĺŇīňĔŅĶĪňŗĶńĭĶŀĚœħƟĺƞŅĽŅĴŅĶĩėƟĬľŅėņĨŀĭœħƟ

ĳŅĵŒĬŏĺĸŅıľŋĬŅĴĪňŗŐĬƞĬŀĬȮ(deterministic polynomial time) 

ĺŇīňĔŅĶŐĔƟĮƤĠľŅĔŅĶŏħŇĬĪŅĚĕŀĚıĬńĔĚŅĬĕŅĵ 

ĮƤĠľŅĔŅĶŏħŇĬĪŅĚĕŀĚıĬńĔĚŅĬĕŅĵŏĮƦĬĮƤĠľŅĪňŗœħƟĶńĭėĺŅĴĽĬŒěěŅĔĬńĔĺŇěńĵŒĬŐĺħĺĚĺŇĝŅĔŅĶ

ŀĵƞŅĚĴŅĔȮĪņŒľƟŏĔŇħĔŅĶıńĥĬŅĺŇīňĔŅĶŐĔƟĮƤĠľŅĮƤĠľŅĔŅĶŏħŇĬĪŅĚĕŀĚıĬńĔĚŅĬĕŅĵŒĬĶŌĮŐĭĭĨƞŅĚŕ

ĴŅĔĴŅĵȮŐĨƞĸŃĺŇīňĔŖĴňŏĚŊŗŀĬœĕŐĸŃĕƟŀħňĕƟŀŏĽňĵŐĨĔĨƞŅĚĔńĬœĮȮőħĵĺŇīňĔŅĶŐĔƟĮƤĠľŅĔŅĶŏħŇĬĪŅĚĕŀĚ

ıĬńĔĚŅĬĕŅĵĪňŗĴňĬŇĵĴŒĝƟŒĬĮƤěěŋĭńĬȮĽŅĴŅĶĩŐĭƞĚŀŀĔœħƟŏĮƦĬȮ1ȮĔĸŋƞĴľĸńĔȮ&ĳŅıĪňŗȮ6' 

 

ĳŅıĪňŗȮ8: ĨńĺŀĵƞŅĚĺŇīňĔŅĶŐĔƟĮƤĠľŅĔŅĶŏħŇĬĪŅĚĕŀĚıĬńĔĚŅĬĕŅĵ 

&ħńħŐĮĸĚěŅĔȮ(ÜõãñÚó× èÈê°ÉČóÜó, 2564)) 
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ĔŅĶŐĔƟĮƤĠľŅĔŅĶŏħŇĬĪŅĚĕŀĚıĬńĔĚŅĬĕŅĵħƟĺĵĺŇīňŁŇĺĶŇĽĨŇĔĽƢ 

ŀńĸĔŀĶŇĪŉĴŐĭĭĮĶŃľĵńħȮ(saving algorithm) 

ŏĮƦĬĺŇīňĪňŗėŇħėƟĬőħĵȮClarke and Wright ŒĬĮƖȮė,Ļ,Ȯ/742Ȯ&Clarke & Wright, /742'Ȯ

ıŇěŅĶĦŅĔŅĶěńħŏĽƟĬĪŅĚĵŅĬıŅľĬŃĪňŗĨƟŀĚĔŅĶĽƞĚĽŇĬėƟŅŒľƟĔńĭĸŌĔėƟŅľĸŅĵĶŅĵőħĵŀŀĔěŅĔėĸńĚıńĽħŋ

ŐľƞĚŏħňĵĺȮĬŇĵĴŒĝƟĔńĬŀĵƞŅĚŐıĶƞľĸŅĵȮŐĸŃœħƟıńĥĬŅĕńŘĬĨŀĬŒľƟĽŅĴŅĶĩŏĸŊŀĔŏĽƟĬĪŅĚĵŅĬıŅľĬŃĪňŗ

ŏľĴŅŃĽĴĪňŗĽŋħȮőħĵĴňĺŇīňĔŅĶŒĬĔŅĶħņŏĬŇĬĚŅĬħńĚĬňŘ 

1) ŏĸŊŀĔěŋħŏĶŇŗĴĨƟĬěŅĔėĸńĚĽŇĬėƟŅĕŉŘĬĴŅľĬŉŗĚĮŋƙĴȮŒľƟŏľŖĬŏĮƦĬĮŋƙĴĪňŗľĬŉŗĚ 
2) ėņĬĺĦėƞŅĕŀĚĶŃĵŃŏĺĸŅȮĶŃĵŃĪŅĚľĶŊŀėƞŅŒĝƟěƞŅĵŒĬĔŅĶĕĬĽƞĚĪňŗĮĶŃľĵńħȮ

(saving cost) őħĵŒĝƟĽĴĔŅĶȮSij = CiD + CDj - Cij ŏĴŊŗŀȮi, j ėŊŀĸŌĔėƟŅȮŐĸŃȮD ėŊŀ

ėĸńĚĽŇĬėƟŅ; ėƞŅȮsaving (Sij) ĪňŗœħƟėŊŀĶŃĵŃĪŅĚĪňŗĽŅĴŅĶĩĸħœħƟȮľŅĔĶŃĵŃĪŅĚ
ĶŃľĺƞŅĚĸŌĔėƟŅŒħĽŅĴŅĶĩĪņŒľƟŏĔŇħėƞŅȮsaving ĞŉŗĚȮĔŖľĴŅĵėĺŅĴĺƞŅȮĽŅĴŅĶĩĸħ
ĶŃĵŃĪŅĚœħƟĴŅĔ  

3) ŏĶňĵĚĸņħńĭėƞŅȮSijȮěŅĔĴŅĔœĮľŅĬƟŀĵ 

4) ĽĶƟŅĚŏĽƟĬĪŅĚĕŀĚĵŅĬıŅľĬŃȮőħĵŏĝŊŗŀĴĮŋƙĴ i ŐĸŃȮj ĪňŗĴňėƞŅȮSij ĴŅĔĪňŗĽŋħ 
5) ĪņĞŘņěĬĔĺƞŅěńħŏĽƟĬĪŅĚœħƟėĶĭȮőħĵĴňŏĚŊŗŀĬœĕĕŀĚĕƟŀěņĔńħŒĬĔŅĶŏħŇĬĪŅĚŐĨƞĸŃ
ĵŅĬıŅľĬŃ 
 

ŀńĸĔŀĶŇĪŉĴŏıŊŗŀĬĭƟŅĬŒĔĸƟĪňŗĽŋħȮ(Nearest Neighbor Algorithm) 

  ŏĮƦĬĺŇīňĪňŗĽĶƟŅĚŏĽƟĬĪŅĚěŅĔĔŅĶėņĬĺĦĶŃĵŃėĺŅĴŒĔĸƟȮ&ĔĴĸȮĝńĵĶńĨĬƢ, 0336; ŏĔĻŇĬňȮ

ĽŊŀĬŇ, 0341'ȮĴňĸņħńĭĔŅĶėŇħħńĚĬňŘȮ&ĳŅıĪňŗȮ7' 

1) ŏĶŇŗĴĨƟĬěŅĔĔŅĶŏĸŊŀĔěŋħĪňŗŏĮƦĬěŋħŏĶŇŗĴĨƟĬĕŀĚĔŅĶŏħŇĬĪŅĚȮ(node)ȮŏĝƞĬȮŒĬ
ĚŅĬĺŇěńĵĬňŘĔņľĬħȮĽĽě,ĮĪŋĴīŅĬň 

2) ľŅěŋħȮ&ĞŉŗĚŒĬĔĶĦňĬňŘėŊŀĨņŐľĬƞĚĽĩŅĬĪňŗĕŅĵĵŅŐįĬĮƤěěŋĭńĬ'ȮĪňŗĴňĶŃĵŃĪŅĚľƞŅĚ
ěŅĔěŋħŐĶĔĪňŗŏĸŊŀĔĬƟŀĵĪňŗĽŋħȮŐĸƟĺĽĶƟŅĚŏĽƟĬĪŅĚ 

3) ĪņĞŘņŒĬĕńŘĬĨŀĬĪňŗȮ2 őħĵŏĝŊŗŀĴěŋħěĬĽŅĴŅĶĩįƞŅĬĽĩŅĬĪňŗŒĬĔĸŋƞĴıŊŘĬĪňŗĭĶŇĔŅĶ
ėĶĭĪŋĔěŋħȮŐĸƟĺěŉĚĽĶƟŅĚŏĽƟĬĪŅĚĭĶĶěĭěŅĔĨņŐľĬƞĚįƞŅĬĽŋħĪƟŅĵœĮĵńĚěŋħŏĶŇŗĴĨƟĬ
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ĳŅıĪňŗȮ9: ĔŅĶľŅĨņŐľĬƞĚĪňŗŒĔĸƟĪňŗĽŋħȮħƟĺĵĺŇīňŀńĸĔŀĶŇĪŉĴŏıŊŗŀĬĭƟŅĬŒĔĸƟĪňŗĽŋħ 
 

ĽņľĶńĭĚŅĬĺŇěńĵĬňŘȮĪŅĚĺŇěńĵœħƟŏĸŊŀĔŒĝƟŀńĸĔŀĶŇĪŉĴȮPATH_CHEAPEST_ARCȮŐĪĬŀńĸĔŀĶŇĪŉĴ

ŏıŊŗŀĬĭƟŅĬŒĔĸƟĪňŗĽŋħŏĬŊŗŀĚěŅĔŏĮƦĬĨńĺŏĸŊŀĔĪňŗĴňŀĵŌƞŒĬȮGoogle OR-Tools ŐĸŃĪņĚŅĬĭĬľĸńĔĔŅĶ

ıŊŘĬģŅĬĪňŗėĸƟŅĵėĸŉĚĔńĬȮPATH_CHEAPEST_ARC ŏĮƦĬĔĸĵŋĪīƢĔŅĶĽĶƟŅĚŏĽƟĬĪŅĚĪňŗĴňĮĶŃĽŇĪīŇĳŅı

ĽņľĶńĭĮƤĠľŅĔŅĶěńħŏĽƟĬĪŅĚĔŅĶŏħŇĬĶĩȮőħĵŒĬŐĨƞĸŃĕńŘĬĨŀĬȮěŃŏĸŊŀĔŏĽƟĬĪŅĚĪňŗĴňĨƟĬĪŋĬĨŗņĪňŗĽŋħŏıŊŗŀ

ŏĝŊŗŀĴĨƞŀœĮĵńĚěŋħĩńħœĮȮŐĬĺėŇħĬňŘĽŀħėĸƟŀĚĔńĭŀńĸĔŀĶŇĪŉĴŏıŊŗŀĬĭƟŅĬŒĔĸƟĪňŗĽŋħĪňŗŏĸŊŀĔěŋħĪňŗŒĔĸƟĪňŗĽŋħŒĬŐĨƞ

ĸŃėĶńŘĚȮŐĨƞȮPATH_CHEAPEST_ARC ĴňėĺŅĴĵŊħľĵŋƞĬĴŅĔĔĺƞŅŒĬĔŅĶıŇěŅĶĦŅȮ ĨƟĬĪŋĬ  ŀŅěœĴƞœħƟ

ľĴŅĵĩŉĚĶŃĵŃĪŅĚŏıňĵĚŀĵƞŅĚŏħňĵĺ 

ĔŅĶŒĝƟȮPATH_CHEAPEST_ARC ĴňĝŋħėņĽńŗĚŒľƟŏĸŊŀĔěŅĔȮGoogle OR-Tools ĝƞĺĵŒľƟŏĶŅ

ĽŅĴŅĶĩŒĝƟĮĶŃőĵĝĬƢěŅĔĝŋħŏėĶŊŗŀĚĴŊŀĪňŗĴňĮĶŃĽŇĪīŇĳŅıŐĸŃŏĮƦĬĪňŗĵŀĴĶńĭŒĬĺĚĔĺƟŅĚȮŒĬĕĦŃŏħňĵĺĔńĬĔŖ

ĵńĚėĚĶńĔļŅŐĬĺėŇħıŊŘĬģŅĬĕŀĚĔŅĶŏĸŊŀĔŏĽƟĬĪŅĚĪňŗħňĪňŗĽŋħŒĬŐĨƞĸŃĕńŘĬĨŀĬȮĞŉŗĚŏĮƦĬľńĺŒěĽņėńĠĕŀĚ

ŀńĸĔŀĶŇĪŉĴŏıŊŗŀĬĭƟŅĬŒĔĸƟĪňŗĽŋħħƟĺĵŏľĨŋįĸĬňŘȮPATH_CHEAPEST_ARC ěŉĚŏĮƦĬĨńĺŏĸŊŀĔĪňŗŏľĴŅŃĽĴ

ĽņľĶńĭĚŅĬĺŇěńĵĕŀĚŏĶŅȮőħĵĶńĔļŅėĺŅĴŏĶňĵĭĚƞŅĵŐĸŃĮĶŃĽŇĪīŇĳŅıĕŀĚŀńĸĔŀĶŇĪŉĴŏıŊŗŀĬĭƟŅĬŒĔĸƟĪňŗĽŋħ

œĺƟȮıĶƟŀĴĪńŘĚŏıŇŗĴėĺŅĴĵŊħľĵŋƞĬŐĸŃėĺŅĴĽŅĴŅĶĩŒĬĔŅĶĪņĚŅĬĶƞĺĴĔńĭŏėĶŊŗŀĚĴŊŀŀŊŗĬŕȮŒĬȮGoogle OR-

Tools 

ŀńĸĔŀĶŇĪŉĴėĶŇĽőĨœĲħƢȮ&Christofides algorithm) 

ŀńĸĔŀĶŇĪŉĴėĶŇĽőĨœĲħƢŏĮƦĬĺŇīňĔŅĶŐĔƟĮƤĠľŅĔŅĶŏħŇĬĪŅĚĕŀĚıĬńĔĚŅĬĕŅĵĪňŗėŇħėƟĬőħĵȮ

Nicos Christofides ŒĬĮƖȮė,Ļ,Ȯ/754ȮĺŇīňĬňŘŒĝƟľĸńĔĔŅĶĪňŗŏĶňĵĔĺƞŅȮ ėĺŅĴœĴƞŏĽĴŀĳŅėĕŀĚĽŅĴŏľĸňŗĵĴ Ȯ

&triangle inequality) ĞŉŗĚľĴŅĵėĺŅĴĺƞŅȮŒĬĔŅĶŏħŇĬĪŅĚĶŃľĺƞŅĚĽŅĴěŋħŒħŕȮŏĽƟĬĪŅĚĨĶĚĶŃľĺƞŅĚĽŀĚ

ěŋħěŃĽńŘĬĔĺƞŅľĶŊŀŏĪƞŅĔńĭŏĽƟĬĪŅĚĪňŗįƞŅĬěŋħĪňŗĽŅĴ 
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ŒĬĝňĺŇĨěĶŇĚȮŏĶŅĽŅĴŅĶĩŏĕƟŅŒěľĸńĔĔŅĶĬňŘœħƟĚƞŅĵŕȮŏĝƞĬȮĩƟŅŏĶŅŏħŇĬĪŅĚěŅĔŏĴŊŀĚȮA œĮȮ

B ŐĸŃěŅĔȮB œĮȮC ŐĸƟĺȮŏĽƟĬĪŅĚĨĶĚěŅĔȮA œĮȮC ěŃĨƟŀĚœĴƞĵŅĺĔĺƞŅŏĽƟĬĪŅĚěŅĔȮA įƞŅĬȮB œĮȮC 

ŀĵƞŅĚŐĬƞĬŀĬȮŏĽƟĬĪŅĚĨĶĚĬňŘŀŅěŏĮĶňĵĭœħƟĔńĭĪŅĚĸńħĬńŗĬŏŀĚ 

ĕƟŀħňĕŀĚŀńĸĔŀĶŇĪŉĴėĶŇĽőĨœĲħƢėŊŀȮĴńĬĶńĭĮĶŃĔńĬĺƞŅįĸĸńıīƢĪňŗœħƟěŃœĴƞŐĵƞœĮĔĺƞŅȮ/,3Ȯ

ŏĪƞŅĕŀĚėņĨŀĭĪňŗħňĪňŗĽŋħȮ&Arora, /774; Christofides, 0.00; van Bevern & Slugina, 0.0.'ȮĬńŗĬ

ľĴŅĵėĺŅĴĺƞŅȮŐĴƟěŃœĴƞŒĝƞĺŇīňĪňŗŒľƟėņĨŀĭĪňŗħňĪňŗĽŋħŏĽĴŀœĮȮŐĨƞĔŖĶńĭĮĶŃĔńĬœħƟĺƞŅěŃŒľƟįĸĸńıīƢĪňŗŒĔĸƟŏėňĵĚ

ĔńĭėņĨŀĭĪňŗħňĪňŗĽŋħŒĬĶŃħńĭĪňŗĵŀĴĶńĭœħƟ 

ŀńĸĔŀĶŇĪŉĴėĶŇĽőĨœĲħƢĴňĕńŘĬĨŀĬĔŅĶĪņĚŅĬĪňŗĽņėńĠȮĞŉŗĚŀīŇĭŅĵœħƟħńĚĬňŘȮ&Fok et al., 0./4; Genova & 

Williamson, 0./3; Genova & Williamson, 0./5' 

1) ĽĶƟŅĚőėĶĚĽĶƟŅĚĨƟĬœĴƟĪňŗŏĝŊŗŀĴĪŋĔěŋħħƟĺĵĶŃĵŃĪŅĚĶĺĴĬƟŀĵĪňŗĽŋħȮ&minimum spanning 

tree)ȮĕńŘĬĨŀĬŐĶĔĬňŘŏĶŇŗĴěŅĔĔŅĶĴŀĚĮƤĠľŅŏĮƦĬĔĶŅĲȮőħĵŐĨƞĸŃěŋħŐĪĬĽĩŅĬĪňŗȮŐĸŃŏĽƟĬŏĝŊŗŀĴĶŃľĺƞŅĚ

ěŋħŐĪĬĶŃĵŃĪŅĚȮŏĶŅěŃĽĶƟŅĚőėĶĚĽĶƟŅĚĪňŗŏĝŊŗŀĴĪŋĔěŋħŏĕƟŅħƟĺĵĔńĬőħĵŒĝƟĶŃĵŃĪŅĚĶĺĴĬƟŀĵĪňŗĽŋħȮĞŉŗĚ

ŏĶňĵĔĺƞŅȮ ėĺŅĴœĴƞŏĽĴŀĳŅėĕŀĚĽŅĴŏľĸňŗĵĴ ȮľĴŅĵėĺŅĴĺƞŅĶŃĵŃĪŅĚĨĶĚĶŃľĺƞŅĚĽŀĚěŋħŒħŕȮěŃĨƟŀĚœĴƞ

ĴŅĔĔĺƞŅįĸĶĺĴĕŀĚĶŃĵŃĪŅĚįƞŅĬěŋħĪňŗĽŅĴȮŏĝƞĬȮĶŃĵŃĪŅĚěŅĔȮA œĮȮC ĨƟŀĚœĴƞĴŅĔĔĺƞŅĶŃĵŃĪŅĚěŅĔȮ

A œĮȮB ĶĺĴĔńĭȮB œĮȮCȮ&ĳŅıĪňŗȮ/.-//' 

 

ĳŅıĪňŗȮ10:ȮĔĶŅĲĽĴĭŌĶĦƢĪňŗĕŀĭĴňĬŘņľĬńĔĨŅĴŀĽĴĔŅĶĽŅĴŏľĸňŗĵĴ 
 

 

 

ĳŅıĪňŗȮ11: ĔŅĶėņĬĺĦȮminimum spanning tree 
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2) ėņĬĺĦŏĞĨĕŀĚěŋħĵŀħĪňŗĴňħňĔĶňŏĮƦĬėňŗ &ĳŅıĪňŗȮ/0' 

 

ĳŅıĪňŗȮ12: ĔŅĶėņĬĺĦŏĞĨĕŀĚěŋħĵŀħĪňŗĴňħňĔĶňŏĮƦĬėňŗ 

3) ĽĶƟŅĚĔĶŅĲĵƞŀĵőħĵŒĝƟěŋħĵŀħĪňŗĴňħňĔĶňŏĮƦĬėňŗȮ&ĳŅıĪňŗȮ/1' 

 

ĳŅıĪňŗȮ13: ĔŅĶĽĶƟŅĚĔĶŅĲĵƞŀĵőħĵŒĝƟěŋħĵŀħĪňŗĴňħňĔĶňŏĮƦĬėňŗ 

4) ĔŅĶĽĶƟŅĚěńĭėŌƞĪňŗĽĴĭŌĶĦƢŐĭĭĽņľĶńĭĬŘņľĬńĔĕńŘĬĨŗņ &ĳŅıĪňŗȮ/2' 

 

ĳŅıĪňŗȮ14: ĔŅĶĽĶƟŅĚěńĭėŌƞĪňŗĽĴĭŌĶĦƢŐĭĭĽņľĶńĭĬŘņľĬńĔĕńŘĬĨŗņ 
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5) ĶĺĴĔŅĶěńĭėŌƞŐĸŃĕĵŅĵĨƟĬœĴƟ ŏıŊŗŀĽĶƟŅĚĴńĸĨŇĔĶŅĲŀŀĵŏĸŀŏĶňĵĬȮ&ĳŅıĪňŗȮ/3' 

 

ĳŅıĪňŗȮ15: ĔŅĶĶĺĴěńĭėŌƞŐĸŃĕĵŅĵĨƟĬœĴƟ ŏıŊŗŀĽĶƟŅĚĴńĸĨŇĔĶŅĲŀŀĵŏĸŀŏĶňĵĬ 
 

ĬńĔĺŇěńĵœħƟıĵŅĵŅĴĮĶńĭĮĶŋĚŀńĸĔŀĶŇĪŉĴėĶŇĽőĨœĲħƢŏıŊŗŀŐĔƟĮƤĠľŅĔŅĶŏħŇĬĪŅĚĕŀĚıĬńĔĚŅĬĕŅĵ

ŒĬĶŌĮŐĭĭĨƞŅĚŕȮĔŅĶıńĥĬŅŒľĴƞŕȮœħƟĬņŏĽĬŀĺŇīňĔŅĶľĸŅĔľĸŅĵŏıŊŗŀĪņŒľƟŀńĸĔŀĶŇĪŉĴĬňŘĪņĚŅĬœħƟħňĕŉŘĬ 

ĨńĺŀĵƞŅĚŏĝƞĬȮŀńĸĔŀĶŇĪŉĴȮBest-of-Many Christofides ŒĝƟĺŇīňĽŋƞĴŏĸŊŀĔőėĶĚĽĶƟŅĚĨƟĬœĴƟěŅĔįĸĸńıīƢĪŅĚ

ėĦŇĨĻŅĽĨĶƢȮĞŉŗĚŒľƟįĸĸńıīƢĪňŗħňŒĬĔŅĶĪħĸŀĚȮ&Genova & Williamson, 0./3' ĬŀĔěŅĔĬňŘȮĵńĚĴňĔŅĶ

ıńĥĬŅĺŇīňĔŅĶŐĔƟĮƤĠľŅĔŅĶŏħŇĬĪŅĚĕŀĚıĬńĔĚŅĬĕŅĵĪňŗĴňěŋħŏĶŇŗĴĨƟĬľĸŅĵěŋħȮĞŉŗĚĽŅĴŅĶĩľŅėņĨŀĭĪňŗ

ŒĔĸƟŏėňĵĚėņĨŀĭĪňŗħňĪňŗĽŋħœħƟĴŅĔ (Xu & Rodrigues, 2017; Xu et al., 2011)Ȯ 

ĬńĔĺŇěńĵĵńĚœħƟĺŇŏėĶŅŃľƢĮƤĠľŅĔŅĶŏħŇĬĪŅĚĕŀĚıĬńĔĚŅĬĕŅĵŒĬĶŌĮŐĭĭıŇŏĻļȮŏĝƞĬȮĮƤĠľŅĔŅĶ

ŏħŇĬĪŅĚĕŀĚıĬńĔĚŅĬĕŅĵŐĭĭĽĴĴŅĨĶ (Volgenant & Jonker, 1985)ȮŏıŊŗŀľŅĕŀĭŏĕĨĕŀĚėņĨŀĭĪňŗ

ħňĪňŗĽŋħȮĚŅĬĺŇěńĵĸƞŅĽŋħıĵŅĵŅĴŐĔƟĮƤĠľŅĔŅĶŏħŇĬĪŅĚĕŀĚıĬńĔĚŅĬĕŅĵŐĭĭėĶŉŗĚěņĬĺĬŏĨŖĴȮőħĵľĺńĚĺƞŅ

ěŃœħƟėņĨŀĭĪňŗħňĔĺƞŅŀńĸĔŀĶŇĪŉĴėĶŇĽőĨœĲħƢ (Haddadan & Newman, 2019) 

ĺŇīňĔŅĶŒľĴƞŕȮŏĝƞĬȮĔŅĶŏĝŊŗŀĴŏĽƟĬĪŅĚįƞŅĬěŋħĨńħıŇŏĻļŐĸŃĔŅĶĨńħŏĽƟĬĪŅĚĭŅĚĽƞĺĬŀŀĔěŅĔ

őėĶĚĽĶƟŅĚĨƟĬœĴƟȮĝƞĺĵŒľƟœħƟėņĨŀĭĪňŗħňĕŉŘĬĽņľĶńĭĮƤĠľŅĔŅĶŏħŇĬĪŅĚĕŀĚıĬńĔĚŅĬĕŅĵĭŅĚĶŌĮŐĭĭ 

(Haddadan & Newman, 2019; Sebǃ & Zuylen, 2019)ȮĔŅĶıńĥĬŅŏľĸƞŅĬňŘŐĽħĚŒľƟŏľŖĬĺƞŅ

ĬńĔĺŇěńĵĵńĚėĚıĵŅĵŅĴĮĶńĭĮĶŋĚĺŇīňĔŅĶŐĔƟĮƤĠľŅĔŅĶŏħŇĬĪŅĚĕŀĚıĬńĔĚŅĬĕŅĵŀĵƞŅĚĨƞŀŏĬŊŗŀĚȮŏıŊŗŀŒľƟœħƟ

įĸĸńıīƢĪňŗħňĕŉŘĬŏĴŊŗŀĬņœĮŒĝƟĚŅĬěĶŇĚ 
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őĮĶŐĔĶĴĪňŗŒĝƟŒĬĔŅĶıńĥĬŅŐŀĮıĸŇŏėĝńĬ 

Google Colaboratory 

 Google Colaboratory ŏĮƦĬįĸŇĨĳńĦĤƢěŅĔȮGoogle Research ĞŉŗĚŏĮƦĬŏėĶŊŗŀĚĴŊŀĪňŗŒĝƟŒĬĔŅĶ

ŏĕňĵĬĝŋħėņĽńŗĚȮ(code) ľĶŊŀȮJupyter Notebook ŐĨƞŏĮƦĬĔŅĶĚŅĬĭĬĭĶŅĺŏĞŀĶƢȮ(browser) ĽŅĴŅĶĩ

ĮĶŃĴĺĸįĸįƞŅĬėĸŅĺħƢȮ(cloud) ŐĸŃěńħŏĔŖĭĭĬȮGoogle drive ĞŉŗĚŏĮƦĬĔŅĶĪņĚŅĬĭĶŅĺŏĞŀĶƢȮőħĵœĴƞ

ĨƟŀĚħŅĺĬƢőľĸħȮŐĸŃĨŇħĨńŘĚőĮĶŐĔĶĴŒĬĔŅĶĪņĚŅĬȮŀňĔĪńŘĚĵńĚĽŅĴŅĶĩŐĝĶƢĔŅĶĪņĚŅĬĔńĭĭŋėėĸŀŊŗĬĪňŗ

ĨƟŀĚĔŅĶœħƟȮĽŅĴŅĶĩŒĝƟĚŅĬœħƟőħĵœĴƞŏĽňĵėƞŅŒĝƟěƞŅĵ (Colaboratory) 

Google OR-Tools 

Google OR Tools ŏĮƦĬĞŀĲĨƢŐĺĶƢőŀŏıĬĞŀĶƢĞȮ(open source software; OSS) őĮĶŐĔĶĴ

ėŀĴıŇĺŏĨŀĶƢĪňŗŏĮƕħŒľƟŒĝƟĚŅĬŐĸŃŏįĵŐıĶƞėņĽńŗĚŒĬĔŅĶŏĕňĵĬőĮĶŐĔĶĴȮ&source code) ŏıŊŗŀŒľƟįŌƟŒĝƟĚŅĬ

ĽŅĴŅĶĩĬņœĮıńĥĬŅŒľƟĨĶĚĔńĭĶŌĮŐĭĭĔŅĶŒĝƟĚŅĬĕŀĚĨńĺŏŀĚœħƟȮŒĬĽƞĺĬĕŀĚȮGoogle OR Tools ĬňŘŏĮƦĬ

ĞŀĲĨƢŐĺĶƢőŀŏıĬĞŀĶƢĞĪňŗıńĥĬŅőħĵȮGoogle ĪňŗŀŀĔŐĭĭĴŅŏıŊŗŀŐĔƟĮƤĠľŅĔŅĶľŅėƞŅĪňŗŏľĴŅŃĽĴŏĝŇĚěńħȮ 

ĪňŗĨƟŀĚĔŅĶľŅėņĨŀĭĪňŗħňĪňŗĽŋħěŅĔĝŋħėņĨŀĭĪňŗŏĮƦĬœĮœħƟȮŏĮƦĬĪňŗĬŇĵĴŒĬĔŅĶĺŇěńĵħņŏĬŇĬĔŅĶȮľĶŊŀȮĔŅĶĺŇěńĵ

ĪňŗĨƟŀĚĔŅĶĨŀĭėņĩŅĴĺƞŅĪņŀĵƞŅĚœĶĩŉĚħņŏĬŇĬĚŅĬŒľƟĴňĮĶŃĽŇĪīŇįĸŐĸŃĴňĮĶŃĽŇĪīŇĳŅıĴŅĔĪňŗĽŋħȮŏĮƦĬĔŅĶ

ĮĶŃĵŋĔĨƢŒĝƟĶŃŏĭňĵĭĺŇīňĺŇěńĵŏĝŇĚĮĶŇĴŅĦŏıŊŗŀŒľƟœħƟĔŅĶĨńħĽŇĬŒěĪňŗħňĕŉŘĬȮ&About OR-tools) 

Google Maps 

 ŏĮƦĬįĸŇĨĳńĦĤƢĪňŗŒľƟĭĶŇĔŅĶħƟŅĬŐįĬĪňŗįƞŅĬŏĺŖĭœĞĨƢĕŀĚȮGoogle őħĵœĴƞŏĽňĵėƞŅŒĝƟěƞŅĵȮŒľƟĭĶŇĔŅĶ

ĭĬŏĺŖĭœĞĨƢĨńŘĚŐĨƞȮė,Ļ,Ȯ2005ȮőħĵȮGoogle Maps ŒľƟĭĶŇĔŅĶŒĬĔŅĶŐĽħĚĕƟŀĴŌĸĕŀĚŐįĬĪňŗěĶŇĚȮĶĺĴĩŉĚ

ėņĬĺĦŏĽƟĬĪŅĚȮŐĸŃĶŃĵŃŏĺĸŅĔŅĶŏħŇĬĪŅĚŐĭĭĮƤěěŋĭńĬĪńĬĪňȮĽŀħėĸƟŀĚĨŅĴĽĳŅıĔŅĶěĶŅěĶěĶŇĚȮ

ŐĸŃĶŌĮŐĭĭĔŅĶŏħŇĬĪŅĚĪňŗœħƟĔņľĬħœĺƟȮĬŀĔěŅĔĬňŘĵńĚĽŅĴŅĶĩĔņľĬħŏĽƟĬĪŅĚĔŅĶŏħŇĬĪŅĚőħĵĔņľĬħ

ěŋħŏĶŇŗĴĨƟĬĕŀĚĔŅĶŏħŇĬĪŅĚȮŐĸŃĮĸŅĵĪŅĚĔŅĶŏħŇĬĪŅĚľĸŅĵŕȮŐľƞĚœħƟȮGoogle Maps ĽŅĴŅĶĩĔņľĬħ

ĪňŗŀĵŌƞȮŐĸŃŐĮĸĚŏĮƦĬıŇĔńħĪŅĚĳŌĴŇĻŅĽĨĶƢœħƟȮĪņŒľƟĚƞŅĵĨƞŀĔŅĶŏĔŖĭĕƟŀĴŌĸŏĮƦĬĨńĺŏĸĕĸŃĨŇěŌħ-ĸŀĚěŇěŌħœħƟ 

(Google map platform) 
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Python 

 ĳŅļŅœıĪŀĬȮĩŌĔėŇħėƟĬőħĵȮGuido van Rossum ŒĬĮƖȮė,Ļ,1989 ŐĸŃŒĝƟĚŅĬėĶńŘĚŐĶĔŒĬĮƖȮ

ė,Ļ,1994 ěńħŏĮƦĬĳŅļŅĶŃħńĭĽŌĚȮŐĸŃŏĮƦĬĔŅĶŏĕňĵĬőĮĶŐĔĶĴŏĝŇĚĺńĨĩŋȮ&Object Oriented 

Programming: OOP) ŏĮƦĬĳŅļŅĪňŗœĴƞĞńĭĞƟŀĬȮŏĕƟŅŒěœħƟĚƞŅĵȮœĴƞĴňėƞŅŒĝƟěƞŅĵȮĪņŒľƟĚƞŅĵĨƞŀĔŅĶŏĕňĵĬ

őĮĶŐĔĶĴȮĬŀĔěŅĔĬňŘĳŅļŅœıĪŀĬŏĮƦĬĳŅļŅĪňŗĴňœĸĭĶŅĶňěņĬĺĬĴŅĔĪńŘĚĳŅĵŒĬȮ&built-in) ŐĸŃĳŅĵĬŀĔȮ

&third-party libraries) ĪňŗĽĬńĭĽĬŋĬŒĬĔŅĶĪņĚŅĬȮŐĸŃĵńĚĽŅĴŅĶĩĪņĚŅĬĕƟŅĴŐıĸŖĨĲŀĶƢĴȮ&platform) 

ěŉĚŏĔŇħĪŅĚŏĸŊŀĔŒĬĔŅĶıńĥĬŅŐŀĮıĸŇŏėĝńĬŒľƟľĸŅĔľĸŅĵĵŇŗĚĕŉŘĬȮŐĸŃŏĮƦĬĳŅļŅĪňŗĽŅĴŅĶĩŒĝƟıńĥĬŅŐŀĮ

ıĸŇŏėĝńĬĨƞŅĚŕȮŏĝƞĬȮŏĺŖĭŐŀĮıĸŇŏėĝńĬȮĔŅĶŏĕňĵĬőĮĶŐĔĶĴħƟŅĬĔĶŅĲƕĔĨŇħĨƞŀĔŅĶĪņĚŅĬĔńĭįŌƟŒĝƟĚŅĬȮ

&Graphic User Interface : GUI) ŏĮƦĬĨƟĬȮ&foundation; ĭńĠĝŅȮĮŃĽňĸŃŏĨĽńĚ, 0340' 

ĚŅĬĺŇěńĵĪňŗŏĔňŗĵĺĕƟŀĚ 

ŒĬĮĶŃŏĪĻœĪĵȮŀńĸĔŀĶŇĪŉĴŐĭĭĮĶŃľĵńħœħƟĶńĭėĺŅĴĽĬŒěŀĵƞŅĚĴŅĔŒĬĔŅĶŐĔƟĮƤĠľŅĔŅĶěńħ

ŏĽƟĬĪŅĚĽņľĶńĭıĬńĔĚŅĬĕŅĵŐĸŃĔŅĶĕĬĽƞĚĽŇĬėƟŅŒĬľĸŅĔľĸŅĵŀŋĨĽŅľĔĶĶĴȮŏĬŊŗŀĚěŅĔĽŅĴŅĶĩĝƞĺĵĸħ

ĨƟĬĪŋĬŐĸŃŏıŇŗĴĮĶŃĽŇĪīŇĳŅıĔŅĶĪņĚŅĬœħƟŀĵƞŅĚŏĮƦĬĶŌĮīĶĶĴȮŏĝƞĬȮŒĬŀŋĨĽŅľĔĶĶĴıĸŅĽĨŇĔ ĬŘņİĬȮıŅ

ıńĬīƢȮŐĸŃĳńĪĶŅĬŇļģƢȮŐĔƟĺĮĶŃħŇļģƢȮ&0341'ȮœħƟĬņŀńĸĔŀĶŇĪŉĴŐĭĭĮĶŃľĵńħĴŅŒĝƟěńħŏĽƟĬĪŅĚĕĬĽƞĚŏĴŖħ

ıĸŅĽĨŇĔŒľƟĔńĭĸŌĔėƟŅĪňŗőĶĚĚŅĬĔĶŃěŅĵĨńĺŀĵŌƞŒĬĔĶŋĚŏĪıłȮŐĸŃĮĶŇĴĦĤĸŏĪňĵĭĔńĭĔŅĶěńħŏĽƟĬĪŅĚĕĬĽƞĚ

ŐĭĭŏħŇĴȮěŅĔĔŅĶĺŇŏėĶŅŃľƢĽĩŇĨŇŏĝŇĚıĶĶĦĬŅįĸĸńıīƢĪňŗœħƟėŊŀŀńĸĔŀĶŇĪŉĴŐĭĭĮĶŃľĵńħĽŅĴŅĶĩĸħ

ĶŃĵŃĪŅĚĶĺĴĸĚěŅĔȮ1*/6.,4.ȮĔŇőĸŏĴĨĶȮŏľĸŊŀȮ0*.72,/.ȮĔŇőĸŏĴĨĶȮėŇħŏĮƦĬȮ12,/4# (ĬŘņİĬȮıŅıńĬīƢȮ

ŐĸŃȮĳńĪĶŅĬŇļģƢȮŐĔƟĺĮĶŃħŇļģ, 2563)ȮŒĬĔĶĦňĕŀĚŀŋĨĽŅľĔĶĶĴŏėĶŊŗŀĚħŊŗĴȮĶĺňőĶěĬƢȮĮƚŀĚĪĶńıĵƢȮ&0342'Ȯ

ıĭĺƞŅĔŅĶŒĝƟŀńĸĔŀĶŇĪŉĴĬňŘĝƞĺĵĸħěņĬĺĬĶĩĭĶĶĪŋĔŐĸŃıĬńĔĚŅĬĸĚœħƟĩŉĚȮ04,45#ȮŀňĔĪńŘĚĵńĚĝƞĺĵĸħ

ĨƟĬĪŋĬĶĺĴȮĸħĶŃĵŃĪŅĚĶĺĴȮŐĸŃĸħĶŃĵŃŏĺĸŅĶĺĴȮėŇħŏĮƦĬȮ01,11%Ȯ/6,61% ŐĸŃȮ/5,15%Ȯ

ĨŅĴĸņħńĭ ĞŉŗĚĬŀĔěŅĔěŃĝƞĺĵĮĶŃľĵńħĨƟĬĪŋĬŐĸƟĺȮĵńĚĝƞĺĵĸħįĸĔĶŃĪĭĨƞŀĽŇŗĚŐĺħĸƟŀĴŀňĔħƟĺĵȮŐĸŃĸħ

ěņĬĺĬĔŅĶŒĝƟĶĩȮěŅĔȮ5ȮėńĬȮŏľĸŊŀȮ3ȮėńĬȮ&ĶĺňőĶěĬƢȮĮƚŀĚĪĶńıĵƢ, 0342'ȮĬŀĔěŅĔĬňŘȮŀńĸĔŀĶŇĪŉĴŐĭĭ

ĮĶŃľĵńħĵńĚĪņŒľƟĽŅĴŅĶĩĬņœĮŒĝƟŒĬĚŅĬĪňŗœĴƞŒĝƞĔŅĶĕĬĽƞĚĽŇĬėƟŅőħĵĨĶĚœħƟħƟĺĵȮŏĝƞĬȮŒĬĺĚĔŅĶ

őĪĶėĴĬŅėĴȮıŇĴıƢıĸŀĵȮĳĺĳŌĨŅĬĬĪƢȮŐĸŃħĺĚŒěȮěŇĨėĚĝŊŗĬȮ&0343'ȮœħƟŒĝƟĴńĬŒĬĔŅĶĺŅĚŐįĬŏĽƟĬĪŅĚ

ĭņĶŋĚĶńĔļŅĽĩŅĬňĽƞĚĽńĠĠŅĦőĪĶĪńĻĬƢȮĪňŗĸħėƞŅŒĝƟěƞŅĵĪňŗŏĔŇħĕŉŘĬĪńŘĚľĴħĪńŘĚėƞŅŒĝƟěƞŅĵĔŅĶŏħŇĬĪŅĚŐĸŃ

ėƞŅŒĝƟěƞŅĵŀŊŗĬŕȮĨƞŀĔŅĶŏħŇĬĪŅĚŀŀĔœĮŒĬŐĨƞĸŃėĶńŘĚĸħœħƟĩŉĚȮ60%ȮĞŉŗĚŐĽħĚŒľƟŏľŖĬĺƞŅŀńĸĔŀĶŇĪŉĴĬňŘ

ĽŅĴŅĶĩĨŀĭőěĪĵƢėĺŅĴĨƟŀĚĔŅĶĪňŗľĸŅĔľĸŅĵĕŀĚŐĨƞĸŃŀŋĨĽŅľĔĶĶĴœħƟ (ıŇĴıƢıĸŀĵȮĳĺĳŌĨŅĬĬĪƢȮ

ŐĸŃȮħĺĚŒěȮěŇĨėĚĝŊŗĬ, 2565)  
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ŀńĸĔŀĶŇĪŉĴŏıŊŗŀĬĭƟŅĬŒĔĸƟĪňŗĽŋħŒĝƟŒĬĔŅĶŐĔƟĮƤĠľŅĔŅĶěńħŏĽƟĬĪŅĚŒĬĮĶŃŏĪĻœĪĵȮŏĬŊŗŀĚěŅĔ

ėĺŅĴŏĶňĵĭĚƞŅĵŐĸŃĮĶŃĽŇĪīŇĳŅıĪňŗŏľĴŅŃĽĴĔńĭĭĶŇĭĪĕŀĚīŋĶĔŇěœĪĵȮőħĵŏĜıŅŃŀĵƞŅĚĵŇŗĚŒĬĺŇĽŅľĔŇě

ĕĬŅħĔĸŅĚŐĸŃĕĬŅħĵƞŀĴȮ(SMEs) ĪňŗĨƟŀĚĔŅĶĺŇīňĔŅĶĪňŗŒĝƟĚŅĬĚƞŅĵŐĸŃŒľƟįĸĸńıīƢĪňŗħňŒĬŏĺĸŅŀńĬĶĺħŏĶŖĺȮ

ŏĝƞĬȮŒĬŀŋĨĽŅľĔĶĶĴĔŅĶĕĬĽƞĚĬŘņħŊŗĴŒĬěńĚľĺńħĬėĶĶŅĝĽňĴŅȮĺĶıĸȮŀŅĶňĵƢȮŐĸŃėĦŃȮ&2565) œħƟĬņ

ŀńĸĔŀĶŇĪŉĴŐĭĭĮĶŃľĵńħȮŀńĸĔŀĶŇĪŉĴŏıŊŗŀĬĭƟŅĬŒĔĸƟĪňŗĽŋħȮőĮĶŐĔĶĴŐĔƟĮƤĠľŅœĴőėĶĞŀĲŏŀŖĔŏĞĸȮŐĸŃ

őĮĶŐĔĶĴŐĔƟĮƤĠľŅĺňŀŅĶƢıňĽŏĮĶħĝňĪȮĴŅŒĝƟŐĔƟĮƤĠľŅĔŅĶěńħŏĽƟĬĪŅĚĕĬĽƞĚȮįĸĸńıīƢĪňŗœħƟėŊŀĶŃĵŃĪŅĚ

ŏĜĸňŗĵĪňŗœħƟěŅĔĔŅĶěńħŏĽƟĬĪŅĚĪńŘĚȮ2ȮĺŇīňœĴƞĴňėĺŅĴŐĨĔĨƞŅĚŀĵƞŅĚĴňĬńĵĽņėńĠĪŅĚĽĩŇĨŇȮĞŉŗĚŐĽħĚŒľƟŏľŖĬĺƞŅ

ĽŅĴŅĶĩĬņĺŇīňĔŅĶěńħŏĽƟĬĪŅĚőħĵėŀĴıŇĺŏĨŀĶƢŐĪĬĔŅĶĪņĚŅĬĶŌĮŐĭĭŏħŇĴȮĪņŒľƟŏĔŇħĴŅĨĶģŅĬŐĸŃŏĮƦĬ

ŐĬĺĪŅĚĔŅĶĮĢŇĭńĨŇĕŀĚıĬńĔĚŅĬœħƟȮ&ĺĶıĸȮŀŅĶňĵƢȮŐĸŃėĦŃ, 0343'ȮėĺŅĴĬƞŅĽĬŒěĕŀĚŀńĸĔŀĶŇĪŉĴ

ŏıŊŗŀĬĭƟŅĬŒĔĸƟĪňŗĽŋħœĴƞœħƟěņĔńħŀĵŌƞŐėƞŒĬĺĚĔŅĶĕĬĽƞĚĽŇĬėƟŅŏĪƞŅĬńŘĬȮŐĨƞĵńĚĽŅĴŅĶĩĮĶŃĵŋĔĨƢŒĝƟŒĬ

ŀŋĨĽŅľĔĶĶĴĔŅĶĪƞŀĚŏĪňŗĵĺœħƟŀňĔħƟĺĵȮĪňŗœħƟĬņŀńĸĔŀĶŇĪŉĴĬňŘĴŅŒĝƟŒĬĔŅĶěńħőĮĶŐĔĶĴŏĽƟĬĪŅĚĪƞŀĚŏĪňŗĵĺ

ěńĚľĺńħĬėĶĻĶňīĶĶĴĶŅĝȮėĺŅĴĽņėńĠĕŀĚĚŅĬĬňŘŀĵŌƞĪňŗĔŅĶĝƞĺĵŒľƟĬńĔĪƞŀĚŏĪňŗĵĺĽŅĴŅĶĩĺŅĚŐįĬĔŅĶ

ŏħŇĬĪŅĚœħƟŀĵƞŅĚĴňĮĶŃĽŇĪīŇĳŅıĳŅĵŒĨƟŏĺĸŅĪňŗěņĔńħĝƞĺĵŏıŇŗĴėĺŅĴıŉĚıŀŒěĕŀĚĬńĔĪƞŀĚŏĪňŗĵĺĽƞĚįĸħňĨƞŀ

ĔŅĶĔĶŃěŅĵĶŅĵœħƟŒĬŐľĸƞĚĪƞŀĚŏĪňŗĵĺĨƞŅĚŕȮŀňĔħƟĺĵ (ĻŇĺıĶȮŐĬƞĬľĬŅȮŐĸŃėĦŃ, 2566)Ȯ 

ĬŀĔěŅĔĬňŘȮŒĬŐĚƞĕŀĚĔŅĶŏĮĶňĵĭŏĪňĵĭĮĶŃĽŇĪīŇĳŅıȮŏĔĻŇĬňȮĽŊŀĬŇȮ&2541) œħƟĪņĔŅĶĻŉĔļŅ

ŏĮĶňĵĭŏĪňĵĭĔŅĶěńħŏĽƟĬĪŅĚŏıŊŗŀĕĬĽŇĬėƟŅőħĵŏĮĶňĵĭŏĪňĵĭŀńĸĔŀĶŇĪŉĴŐĭĭĮĶŃľĵńħŐĸŃŀńĸĔŀĶŇĪŉĴ

ŏıŊŗŀĬĭƟŅĬŒĔĸƟĪňŗĽŋħŒĬĔŅĶěńħŏĽƟĬĪŅĚĔŅĶĕĬĽƞĚĽŇĬėƟŅȮįĸĔŅĶĺŇěńĵıĭĺƞŅŀńĸĔŀĶŇĪŉĴŏıŊŗŀĬĭƟŅĬŒĔĸƟĪňŗĽŋħ

ŒľƟįĸĸńıīƢĪňŗħňŒĬħƟŅĬĶŃĵŃĪŅĚŐĸŃĨƟĬĪŋĬȮĽŅĴŅĶĩĸħĶŃĵŃĪŅĚœħƟȮ6/4,10ȮĔŇőĸŏĴĨĶȮŐĸŃĸħĨƟĬĪŋĬȮ

3,22.,46ȮĭŅĪȮėŇħŏĮƦĬȮ66.8% ŐĸŃȮ6.,03% ĨŅĴĸņħńĭȮĝňŘŒľƟŏľŖĬĺƞŅŀńĸĔŀĶŇĪŉĴŐĭĭĮĶŃľĵńħŐĴƟěŃ

ŏĮƦĬĺŇīňĔŅĶĪňŗŏĶňĵĭĚƞŅĵȮŐĨƞĔŖĽŅĴŅĶĩŐĕƞĚĕńĬĔńĭŀńĸĔŀĶŇĪŉĴĪňŗĞńĭĞƟŀĬĔĺƞŅŀĵƞŅĚȮŀńĸĔŀĶŇĪŉĴŏıŊŗŀĬĭƟŅĬŒĔĸƟ

ĪňŗĽŋħœħƟŒĬĭŅĚĽĩŅĬĔŅĶĦƢȮ&ŏĔĻŇĬňȮĽŊŀĬŇ, 0341'Ȯ 

ĔŅĶĻŉĔļŅĕŀĚȮĮƤĠĠĺńĥĬƢȮěńĬĪĶƢĝńĵĳńĔħŇśȮ(2561) œħƟĻŉĔļŅȮĔŅĶŐĔƟĮƤĠľŅĔŅĶěńħŏĽƟĬĪŅĚŏħŇĬ

ĶĩĶńĭĽƞĚĬńĔŏĶňĵĬ8ȮĔĶĦňĻŉĔļŅőĶĚŏĶňĵĬĮĶŃĽŇĪīŇśĻŉĔļŅȮőħĵįŌƟĺŇěńĵœħƟŐĭƞĚĔĸŋƞĴŏĽƟĬĪŅĚĔŅĶŏħŇĬĶĩĶńĭĽƞĚ

ĬńĔŏĶňĵĬĨŅĴŐĨƞĸŃĵŅĬıŅľĬŃĔƞŀĬȮŐĸŃŏĮĶňĵĭŏĪňĵĭĺŇīňŁŇĺĶŇĽĨŇĔĽƢĪńŘĚľĴħȮ2ȮĺŇīňȮœħƟŐĔƞȮŀńĸĔŀĶŇĪŉĴŐĭĭ

ŏıŊŗŀĬĭƟŅĬŒĔĸƟ ŀńĸĔŀĶŇĪŉĴŐĭĭĮĶŃľĵńħ Sweep heuristic ŐĸŃȮFarthest-Nearest neighbor 

heuristic  įĸĔŅĶĺŇěńĵıĭĺƞŅĺŇīňȮŀńĸĔŀĶŇĪŉĴŐĭĭĮĶŃľĵńħőħĵĔŅĶĕĬĽƞĚőħĵĶĽĭńĽĶńĭĽƞĚȮœħƟĶŃĵŃĪŅĚĪňŗ

ĽńŘĬĪňŗĽŋħȮŐĸŃėƞŅŒĝƟěƞŅĵŒĬĔŅĶŒĝƟŏĝŊŘŀŏıĸŇĚĨŗņĽŋħȮ&ĮƤĠĠĺńĥĬƢȮěńĬĪĶƢĝńĵĳńĔħŇś, 034/' 
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őħĵĽĶŋĮȮĔŅĶŏĸŊŀĔŒĝƟŀńĸĔŀĶŇĪŉĴŒĬĔŅĶŐĔƟĮƤĠľŅĔŅĶŏħŇĬĪŅĚĕŀĚıĬńĔĚŅĬĕŅĵĬńŘĬĕŉŘĬŀĵŌƞĔńĭ

ėĺŅĴĨƟŀĚĔŅĶŏĜıŅŃĕŀĚŐĨƞĸŃĔĶĦňȮľŅĔĨƟŀĚĔŅĶėņĨŀĭĪňŗŒĔĸƟŏėňĵĚėƞŅĪňŗħňĪňŗĽŋħȮŀńĸĔŀĶŇĪŉĴėĶŇĽőĨœĲħƢ 

ĵńĚėĚŏĮƦĬĨńĺŏĸŊŀĔĪňŗŏľĬŊŀĔĺƞŅȮŐĨƞŒĬĔĶĦňĪňŗĨƟŀĚĔŅĶėĺŅĴŏĶŖĺŒĬĔŅĶĮĶŃĴĺĸįĸŐĸŃĵŀĴĶńĭėņĨŀĭĪňŗ

ŏĮƦĬėƞŅĮĶŃĴŅĦœħƟŀńĸĔŀĶŇĪŉĴŐĭĭŏıŊŗŀĬĭƟŅĬŒĔĸƟĪňŗĽŋħŐĸŃȮŀńĸĔŀĶŇĪŉĴŐĭĭĮĶŃľĵńħŀŅěŏĮƦĬĪŅĚŏĸŊŀĔ

ĪňŗŏľĴŅŃĽĴȮŀňĔĪńŘĚĵńĚœĴƞıĭĔŅĶĬņŀńĸĔŀĶŇĪŉĴĪŅĚėŀĴıŇĺŏĨŀĶƢĴŅŒĝƟŒĬĚŅĬĭĶŇĭĪŒĔĸƟŏėňĵĚĔńĭħƟŅĬ

ĽŅīŅĶĦĽŋĕĽņľĶńĭĔŅĶŀŀĔĨĶĺěĮĶŃŏĴŇĬĽĩŅĬĪňŗȮŒĬĔŅĶĻŉĔļŅĬňŘěŉĚœħƟŏĸŊŀĔŒĝƟŀńĸĔŀĶŇĪŉĴŐĭĭĮĶŃľĵńħȮ

ŀńĸĔŀĶŇĪŉĴȮPATH_CHEAPEST_ARC ŐĸŃŀńĸĔŀĶŇĪŉĴėĶŇĽőĨœĲħƢ ŏıŊŗŀŏĮĶňĵĭŏĪňĵĭħƟŅĬĶŃĵŃĪŅĚŐĸŃ

ĶŃĵŃŏĺĸŅĔŅĶěńħĸņħńĭĽĩŅĬĪňŗĕŅĵĵŅŐįĬĮƤěěŋĭńĬŒĬěńĚľĺńħĮĪŋĴīŅĬň 
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ĭĪĪňŗȮ1 

ĺŇīňĔŅĶħņŏĬŇĬĚŅĬĺŇěńĵ 

 

ĔŅĶĺŇěńĵĬňŘŏĮƦĬĔŅĶĻŉĔļŅĮĶŃŏĴŇĬįĸŏĝŇĚıńĥĬŅȮ&developmental evaluation)ȮőħĵŏĮƦĬĔŅĶŏĔŖĭ

ĕƟŀĴŌĸĵƟŀĬľĸńĚȮ&retrospective study) ŒĝƟĕƟŀĴŌĸĔŅĶĨĶĺěĽŀĭĪňŗœħƟħņŏĬŇĬĔŅĶœĮŐĸƟĺŒĬĮƖȮı,Ļ,Ȯ

2565 ĴŅĪņĔŅĶĺŇŏėĶŅŃľƢŐĸŃŏĮĶňĵĭŏĪňĵĭĔńĭįĸĸńıīƢĪňŗœħƟěŅĔĔŅĶŒĝƟŀńĸĔŀĶŇĪŉĴȮĔŅĶĺŇěńĵĬňŘœĴƞĴňĔŅĶ

ŐĭƞĚĔĸŋƞĴėĺĭėŋĴȮŐĨƞŒĝƟĺŇīňĔŅĶŏĮĶňĵĭŏĪňĵĭįĸĸńıīƢěŅĔŀńĸĔŀĶŇĪŉĴĪńŘĚĽŅĴŐĭĭĔńĭĺŇīňĔŅĶěńħĸņħńĭőħĵ

įŌƟŏĝňŗĵĺĝŅĠȮőħĵĪņĔŅĶŏĔŖĭĕƟŀĴŌĸŐĸŃĺŇŏėĶŅŃľƢŏıŊŗŀŏĮĶňĵĭŏĪňĵĭĮĶŃĽŇĪīŇĳŅıĕŀĚĺŇīňĔŅĶěńħĸņħńĭĔŅĶ

ěŀħŐĺŃĽĩŅĬĪňŗĕŅĵĵŅŐįĬĮƤěěŋĭńĬŒĬěńĚľĺńħĮĪŋĴīŅĬňȮőħĵŒĝƟŀńĸĔŀĶŇĪŉĴĨƞŅĚŕȮ3ȮŐĭĭȮœħƟŐĔƞȮ

ŀńĸĔŀĶŇĪŉĴŐĭĭĮĶŃľĵńħ, ŀńĸĔŀĶŇĪŉĴȮPATH_CHEAPEST_ARC ŐĸŃŀńĸĔŀĶŇĪŉĴėĶŇĽőĨœĲħƢȮŏĪňĵĭĔńĭ

ĺŇīňĔŅĶěńħĸņħńĭőħĵįŌƟŏĝňŗĵĺĝŅĠȮĪňŗĴŋƞĚŏĬƟĬĔŅĶıńĥĬŅŐĸŃĪħĽŀĭĮĶŃĽŇĪīŇĳŅıĕŀĚĶŃĭĭĔŅĶěńħĸņħńĭ

ĔŅĶĨĶĺěĽĩŅĬĪňŗȮőħĵŏĮĶňĵĭŏĪňĵĭįĸĸńıīƢħƟŅĬĶŃĵŃĪŅĚŐĸŃĶŃĵŃŏĺĸŅĪňŗœħƟĔńĭŏĽƟĬĪŅĚĪňŗœħƟěŅĔĔŅĶ

ĨńħĽŇĬŒěőħĵįŌƟŏĝňŗĵĺĝŅĠĪňŗŏĮƦĬĺŇīňĔŅĶĪňŗŒĝƟŀĵŌƞŒĬĮƤěěŋĭńĬ 

ĺŇīňĔŅĶĺŇěńĵĮĶŃĔŀĭħƟĺĵĔŅĶıńĥĬŅĝŋħėņĽńŗĚĽņľĶńĭŀńĸĔŀĶŇĪŉĴĪńŘĚĽŅĴŐĭĭĭĬȮGoogle 

Colaboratory őħĵŒĝƟȮGoogle OR-Tools ĔŅĶĪħĽŀĭĮĶŃĽŇĪīŇĳŅıĕŀĚŀńĸĔŀĶŇĪŉĴŒĬĔŅĶěńħĸņħńĭ

ĔŅĶěŀħŐĺŃĽĩŅĬĪňŗĕŅĵĵŅŐįĬĮƤěěŋĭńĬȮŐĸŃĔŅĶŏĮĶňĵĭŏĪňĵĭįĸĸńıīƢĔńĭĺŇīňĔŅĶěńħĸņħńĭőħĵ

įŌƟŏĝňŗĵĺĝŅĠȮĮĶŃĝŅĔĶŒĬĔŅĶĻŉĔļŅĬňŘėŊŀĽĩŅĬĪňŗĕŅĵĵŅŐįĬĮƤěěŋĭńĬŒĬěńĚľĺńħĮĪŋĴīŅĬňĪńŘĚľĴħȮőħĵ

ĔĸŋƞĴĨńĺŀĵƞŅĚĪňŗŒĝƟŒĬĔŅĶĺŇěńĵėŊŀĽĩŅĬĪňŗĕŅĵĵŅŐįĬĮƤěěŋĭńĬĪňŗĨƟŀĚĸĚĨĶĺěŏıŊŗŀĨƞŀŀŅĵŋŒĬĮƖȮı,Ļ,Ȯ2565Ȯ

ěņĬĺĬȮ145ȮŐľƞĚȮœħƟĴŅőħĵĔŅĶŏĸŊŀĔŐĭĭŏěŅŃěĚȮĨŅĴŏĔĦĤƢĔŅĶĨƞŀŀŅĵŋŒĭŀĬŋĠŅĨȮĔĸŋƞĴĨńĺŀĵƞŅĚĬňŘœħƟ

ĩŌĔŐĭƞĚŀŀĔŏĮƦĬȮ41ȮĔĸŋƞĴıŊŘĬĪňŗĭĶŇĔŅĶȮőħĵįŌƟŏĝňŗĵĺĝŅĠœħƟħņŏĬŇĬĔŅĶŐĭƞĚĔĸŋƞĴıŊŘĬĪňŗ ıŇěŅĶĦŅěŅĔėĺŅĴ

ľĬŅŐĬƞĬŐĸŃĔŅĶĔĶŃěŋĔĨńĺĕŀĚĽĩŅĬĪňŗĕŅĵĵŅŐįĬĮƤěěŋĭńĬȮĶƞĺĴĔńĭĮƤěěńĵħƟŅĬĳŌĴŇĻŅĽĨĶƢŐĸŃĔŅĶ

ĭĶŇľŅĶěńħĔŅĶȮŏıŊŗŀŒľƟĽŀħėĸƟŀĚĔńĭĽĳŅıĔŅĶĮĢŇĭńĨŇĚŅĬěĶŇĚŐĸŃŏıŇŗĴĮĶŃĽŇĪīŇĳŅıŒĬĔŅĶĺŅĚŐįĬĔŅĶ

ĨĶĺěĽŀĭȮĔŅĶŒĝƟŀńĸĔŀĶŇĪŉĴŒĬĔŅĶĺŇěńĵĬňŘěŃĪņĔŅĶėņĬĺĦĳŅĵŒĬŐĨƞĸŃĔĸŋƞĴıŊŘĬĪňŗĭĶŇĔŅĶĪňŗœħƟĔņľĬħœĺƟȮ

őħĵŀŅěœħƟĸņħńĭŏĽƟĬĪŅĚĔŅĶĨĶĺěŒľĴƞĪňŗŐĨĔĨƞŅĚěŅĔĸņħńĭŏħŇĴĪňŗįŌƟŏĝňŗĵĺĝŅĠĔņľĬħ 
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ĺŇīňĔŅĶħņŏĬŇĬĔŅĶĺŇěńĵ 

1. ĪĭĪĺĬĺĶĶĦĔĶĶĴĨƞŅĚŕȮĪňŗŏĔňŗĵĺĕƟŀĚȮŏĝƞĬȮĮƤĠľŅĔŅĶŏħŇĬĪŅĚĕŀĚıĬńĔĚŅĬĕŅĵȮĔġľĴŅĵĪňŗ
ŏĔňŗĵĺĕƟŀĚĔńĭĽĩŅĬĪňŗĕŅĵĵŅŐįĬĮƤěěŋĭńĬȮŐĸŃĶŌĮŐĭĭŀńĸĔŀĶŇĪŉĴĪňŗŒĝƟĪħĽŀĭ 
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ŀŀĔŏĮƦĬȮ2/ȮĔĸŋƞĴıŊŘĬĪňŗĭĶŇĔŅĶ 

1.4. ŏěƟŅľĬƟŅĪňŗįŌƟŏĝňŗĵĺĝŅĠěńħĸņħńĭĔŅĶěŀħŐĺŃĽĩŅĬĪňŗĕŅĵĵŅŐįĬĮƤěěŋĭńĬĳŅĵŒĬŐĨƞĸŃĔĸŋƞĴ
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https://developers.google.com/optimization/routing/routing_options
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ĝŋħėņĽńŗĚĭĬȮGoogle ColaboratoryȮĪńŘĚ 1ȮŀńĸĔŀĶŇĪŉĴȮŏĕƟŅȮGoogle MapsȮĪňĸŃėŌƞěŋħěĬėĶĭĪńŘĚ
ŏĽƟĬĪŅĚŐĸŃėĶĭĪŋĔŀńĸĔŀĶŇĪŉĴĶĺĴĩŉĚĔŅĶěńħŏĽƟĬĪŅĚőħĵįŌƟŏĝňŗĵĺĝŅĠȮŏıŊŗŀŏĔŖĭĕƟŀĴŌĸĶŃĵŃĪŅĚĪňŗĽńŘĬ
ĽŋħŐĸŃĶŃĵŃŏĺĸŅĔŅĶŏħŇĬĪŅĚŒĬŐĨƞĸŃĶƟŅĬȮěĬėĶĭĪŋĔĶƟŅĬŐĸŃĪŋĔĔĸŋƞĴőħĵĬņœĮĮĶŃĴĺĸįĸŒĬȮ
Google MapsȮVersion 3.54.12a ŒĬĴŊŀĩŊŀĶŃĭĭ iOS 17.5 ŏĬŊŗŀĚěŅĔȮĨƟŀĚĔŅĶŏĸŊŀĔĺńĬ-ŏĺĸŅŒĬ
ĔŅĶŏħŇĬĪŅĚĵƟŀĬľĸńĚĪňŗĨĶĚĔńĭĺńĬĪňŗŀŀĔĨĶĺěěĶŇĚȮőħĵŏĸŊŀĔŏĺĸŅŏħŇĬĪŅĚŏĮƦĬĺńĬĪňŗȮ6ȮĔĶĔġŅėĴȮ
0343ȮĩŉĚȮ04ȮīńĬĺŅėĴȮ0343ȮŏĺĸŅȮ.6,1.ȮĬ,ȮĨńĺŀĵƞŅĚĨŅĴĳŅıĪňŗȮ03 
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ĳŅıĪňŗȮ25: ĨńĺŀĵƞŅĚĔŅĶŏĔŖĭĕƟŀĴŌĸĶŃĵŃĪŅĚĪňŗĽńŘĬĪňŗĽŋħŐĸŃĶŃĵŃŏĺĸŅĪňĸŃėŌƞěŋħĭĬȮGoogle MapsȮ 
ŒĬĔĸŋƞĴıŊŘĬĪňŗĭĶŇĔŅĶĪňŗȮ/ȮěńħĸņħńĭĔŅĶěŀħŐĺŃĽĩŅĬĪňŗĕŅĵĵŅŐįĬĮƤěěŋĭńĬěŅĔĔŅĶĨńħĽŇĬŒě 

őħĵįŌƟŏĝňŗĵĺĝŅĠ 
&ěŋħĪňŗȮ.ȮėŊŀȮĽĽě,ĮĪŋĴīŅĬňȮŐĸŃěŋħĪňŗȮ/Ȯ-5ȮŏĮƦĬȮėŊŀȮĽĩŅĬĪňŗĕŅĵĵĵŅŐįĬĮƤěěŋĭńĬĪňŗĨƟŀĚŐĺŃŒĬĔĸŋƞĴĬňŘ' 
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13. ěńħŏĔŖĭįĸĸńıīƢĶŃĵŃĪŅĚĪňŗĽńŘĬĪňŗĽŋħŐĸŃĶŃĵŃŏĺĸŅŏĜĸňŗĵȮ&ĶŃĵŃŏĺĸŅŏĜĸňŗĵȮ=Ȯ&ĶŃĵŃŏĺĸŅĪňŗĬƟŀĵĽŋħ)
ĶŃĵŃŏĺĸŅĪňŗĴŅĔĽŋħ'-0'ȮĭĬ Google sheetsȮ&ĳŅıĪňŗȮ04-07'Ȯ

 

ĳŅıĪňŗȮ26: ĨńĺŀĵƞŅĚĔŅĶŏĔŖĭĕƟŀĴŌĸĶŃĵŃĪŅĚĪňŗĽńŘĬĪňŗĽŋħŐĸŃĶŃĵŃŏĺĸŅĪňŗěńħĸņħńĭ 
ĔŅĶěŀħŐĺŃĽĩŅĬĪňŗĕŅĵĵŅŐįĬĮƤěěŋĭńĬěŅĔĔŅĶĨńħĽŇĬŒěőħĵįŌƟŏĝňŗĵĺĝŅĠŒĬȮGoogle sheetsȮ 

ŒĬĔĸŋƞĴıŊŘĬĪňŗĭĶŇĔŅĶĪňŗȮ/ 
&ěŋħĪňŗȮ.Ȯ-Ȯ3ȮėŊŀȮĽĩŅĬĪňŗĪňŗěŃĨƟŀĚŐĺŃŒĬĔĸŋƞĴĬňŘȮőħĵěŋħĪňŗȮ.ȮėŊŀȮĽĽě,ĮĪŋĴīŅĬňȮ 

ŐĸŃěŋħĪňŗȮ/ȮĩŉĚȮ3ȮŏĮƦĬȮėŊŀȮĽĩŅĬĪňŗĕŅĵĵĵŅŐįĬĮƤěěŋĭńĬĪňŗĨƟŀĚŐĺŃŒĬĔĸŋƞĴĬňŘ' 

 

 

ĳŅıĪňŗȮ27: ĨńĺŀĵƞŅĚĔŅĶŏĔŖĭĕƟŀĴŌĸĶŃĵŃĪŅĚĪňŗĽńŘĬĪňŗĽŋħŐĸŃĶŃĵŃŏĺĸŅĪňŗěńħĸņħńĭ 
ĔŅĶěŀħŐĺŃĽĩŅĬĪňŗĕŅĵĵŅŐįĬĮƤěěŋĭńĬěŅĔŀńĸĔŀĶŇĪŉĴŐĭĭĮĶŃľĵńħŒĬȮGoogle sheetsȮ 

ŒĬĔĸŋƞĴıŊŘĬĪňŗĭĶŇĔŅĶĪňŗȮ/Ȯ 
&ěŋħĪňŗȮ.Ȯ-Ȯ3ȮėŊŀȮĽĩŅĬĪňŗĪňŗěŃĨƟŀĚŐĺŃŒĬĔĸŋƞĴĬňŘȮőħĵěŋħĪňŗȮ.ȮėŊŀȮĽĽě,ĮĪŋĴīŅĬňȮ 

ŐĸŃěŋħĪňŗȮ/ȮĩŉĚȮ3ȮŏĮƦĬȮėŊŀȮĽĩŅĬĪňŗĕŅĵĵĵŅŐįĬĮƤěěŋĭńĬĪňŗĨƟŀĚŐĺŃŒĬĔĸŋƞĴĬňŘ' 
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ĳŅıĪňŗȮ28: ĨńĺŀĵƞŅĚĔŅĶŏĔŖĭĕƟŀĴŌĸĶŃĵŃĪŅĚĪňŗĽńŘĬĪňŗĽŋħŐĸŃĶŃĵŃŏĺĸŅĪňŗěńħĸņħńĭ 
ĔŅĶěŀħŐĺŃĽĩŅĬĪňŗĕŅĵĵŅŐįĬĮƤěěŋĭńĬěŅĔŀńĸĔŀĶŇĪŉĴȮPATH_CHEAPEST_ARC  

ŒĬȮGoogle sheets ŒĬĔĸŋƞĴıŊŘĬĪňŗĭĶŇĔŅĶĪňŗȮ1 
&ěŋħĪňŗȮ.Ȯ-Ȯ3ȮėŊŀȮĽĩŅĬĪňŗĪňŗěŃĨƟŀĚŐĺŃŒĬĔĸŋƞĴĬňŘȮőħĵěŋħĪňŗȮ.ȮėŊŀȮĽĽě,ĮĪŋĴīŅĬňȮ 

ŐĸŃěŋħĪňŗȮ/ȮĩŉĚȮ3ȮŏĮƦĬȮėŊŀȮĽĩŅĬĪňŗĕŅĵĵĵŅŐįĬĮƤěěŋĭńĬĪňŗĨƟŀĚŐĺŃŒĬĔĸŋƞĴĬňŘ' 

 

 

ĳŅıĪňŗȮ29: ĨńĺŀĵƞŅĚĔŅĶŏĔŖĭĕƟŀĴŌĸĶŃĵŃĪŅĚĪňŗĽńŘĬĪňŗĽŋħŐĸŃĶŃĵŃŏĺĸŅĪňŗěńħĸņħńĭ 
ĔŅĶěŀħŐĺŃĽĩŅĬĪňŗĕŅĵĵŅŐįĬĮƤěěŋĭńĬěŅĔŀńĸĔŀĶŇĪŉĴėĶŇĽőĨœĲħƢ ŒĬȮGoogle sheets 

ŒĬĔĸŋƞĴıŊŘĬĪňŗĭĶŇĔŅĶĪňŗȮ1 
&ěŋħĪňŗȮ.Ȯ-Ȯ3ȮėŊŀȮĽĩŅĬĪňŗĪňŗěŃĨƟŀĚŐĺŃŒĬĔĸŋƞĴĬňŘȮőħĵěŋħĪňŗȮ.ȮėŊŀȮĽĽě,ĮĪŋĴīŅĬňȮ 

ŐĸŃěŋħĪňŗȮ/ȮĩŉĚȮ3ȮŏĮƦĬȮėŊŀȮĽĩŅĬĪňŗĕŅĵĵĵŅŐįĬĮƤěěŋĭńĬĪňŗĨƟŀĚŐĺŃŒĬĔĸŋƞĴĬňŘ' 
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14. ĶĺĭĶĺĴŐĸŃěńħĶŃŏĭňĵĭĕƟŀĴŌĸĽņľĶńĭĔŅĶĺŇŏėĶŅŃľƢĪŅĚĽĩŇĨŇȮőħĵĬņįĸĸńıīƢĶŃĵŃĪŅĚĶĺĴŐĸŃ
ĶŃĵŃŏĺĸŅŏĜĸňŗĵĶĺĴěŅĔŐĨƞĸŃĺŇīňĔŅĶŐĸŃĔĸŋƞĴıŊŘĬĪňŗĭĶŇĔŅĶĴŅěńħŏĔŖĭŒĬĨŅĶŅĚȮĔņľĬħŒľƟĺŇīňĔŅĶ
ěńħĸņħńĭĔŅĶěŀħŐĺŃŏĮƦĬĨńĺŐĮĶĨƟĬȮ&categorical variable) ĮĶŃĔŀĭħƟĺĵĽňŗĶŃħńĭȮœħƟŐĔƞȮĔŅĶ
ĨńħĽŇĬŒěőħĵįŌƟŏĝňŗĵĺĝŅĠȮŀńĸĔŀĶŇĪŉĴŐĭĭĮĶŃľĵńħȮŀńĸĔŀĶŇĪŉĴȮPATH_CHEAPEST_ARC ŐĸŃ
ŀńĸĔŀĶŇĪŉĴėĶŇĽőĨœĲħƢȮĽƞĺĬĶŃĵŃĪŅĚĶĺĴŐĸŃĶŃĵŃŏĺĸŅŏĜĸňŗĵĶĺĴŏĮƦĬĨńĺŐĮĶĨŅĴŏĝŇĚĮĶŇĴŅĦȮ
&continuous variables) 

15. ħņŏĬŇĬĔŅĶĺŇŏėĶŅŃľƢĽĩŇĨŇŏĝŇĚıĶĶĦĬŅħƟĺĵőĮĶŐĔĶĴȮSPSS ŏıŊŗŀĪņėĺŅĴŏĕƟŅŒěŏĭŊŘŀĚĨƟĬŏĔňŗĵĺĔńĭ
ĕƟŀĴŌĸȮőħĵėņĬĺĦėƞŅĽĩŇĨŇıŊŘĬģŅĬȮŏĝƞĬȮĶŃĵŃĪŅĚŐĸŃĶŃĵŃŏĺĸŅĶĺĴĕŀĚŐĨƞĸŃĺŇīňĔŅĶȮěŅĔĬńŘĬ
ĬņŏĽĬŀįĸĔŅĶĺŇŏėĶŅŃľƢŒĬĶŌĮŐĭĭĨŅĶŅĚ ŐįĬĳŌĴŇŐĸŃĔĶŅĲȮŏıŊŗŀŐĽħĚĳŅıĶĺĴĕŀĚĸńĔļĦŃ
ĕƟŀĴŌĸŐĸŃĽĬńĭĽĬŋĬĔŅĶŏĮĶňĵĭŏĪňĵĭįĸĸńıīƢŏĭŊŘŀĚĨƟĬĶŃľĺƞŅĚĔŅĶěńħĸņħńĭŏĽƟĬĪŅĚħƟĺĵĺŇīňĨƞŅĚŕ 

16. ħņŏĬŇĬĔŅĶĪħĽŀĭĕƟŀĽĴĴĨŇıŊŘĬģŅĬĽņľĶńĭĔŅĶŒĝƟĽĩŇĨŇŐĭĭœĴƞŒĝƟıŅĶŅĴŇŏĨŀĶƢħƟĺĵőĮĶŐĔĶĴȮ

Microsoft Excel ŏĺŀĶƢĝńĬȮOffice 2021ȮĽĩŇĨŇĪňŗŒĝƟĪħĽŀĭėŊŀȮChi-squareȮTest &…-test' Īňŗ
ĶŃħńĭĬńĵĽņėńĠĪŅĚĽĩŇĨŇȮ.,.3Ȯ 

…
έ Ὁ

Ὁ
 

 

 ŏĴŊŗŀ …  ŐĪĬėƞŅȮChi-square 
  έ  ŐĪĬėƞŅȮėƞŅėĺŅĴĩňŗĪňŗœħƟěŅĔĔŅĶĽńĚŏĔĨȮ(Observed frequency)  

ŒĬŐĩĺĪňŗȮI ėŀĸńĴĬƢȮj 
  Ὁ  ŐĪĬėƞŅȮėƞŅėĺŅĴĩňŗĪňŗėŅħľĺńĚȮ(Expected frequency)  

ŒĬŐĩĺĪňŗȮI ėŀĸńĴĬƢȮj 
  r  ŐĪĬėƞŅȮěņĬĺĬĔĸŋƞĴĕŀĚĨńĺŐĮĶħƟŅĬŐĩĺ 
  c  ŐĪĬėƞŅȮěņĬĺĬĔĸŋƞĴĕŀĚĨńĺŐĮĶėŀĸńĴĬƢ 

ĽĴĴĨŇģŅĬľĸńĔȮ&HϚ) ĪňŗĶŃĭŋĺƞŅȮėĺŅĴĩňŗĪňŗıĭŒĬŐĨƞĸŃĺŇīňĔŅĶľŅŏĽƟĬĪŅĚĪňŗĽńŘĬĪňŗĽŋħœĴƞŐĨĔĨƞŅĚ

ĔńĬŀĵƞŅĚĴňĬńĵĽņėńĠĪŅĚĽĩŇĨŇȮŒĬĕĦŃĪňŗĽĴĴĨŇģŅĬĪŅĚŏĸŊŀĔȮ&Hϛ'ȮĶŃĭŋĺƞŅėĺŅĴĩňŗĪňŗıĭŒĬŐĨƞĸŃĺŇīňĔŅĶľŅ

ŏĽƟĬĪŅĚĪňŗĽńŘĬĪňŗĽŋħŐĨĔĨƞŅĚĔńĬŀĵƞŅĚĴňĬńĵĽņėńĠĪŅĚĽĩŇĨŇȮľŅĔėƞŅȮp-value < 0.05ȮěŃĮĢŇŏĽīĽĴĴĨŇģŅĬ

ľĸńĔ ĭƞĚĝňŘĺƞŅĴňľĸńĔģŅĬŏıňĵĚıŀĪňŗěŃĽĶŋĮĺƞŅėĺŅĴĩňŗĪňŗıĭŒĬŐĨƞĸŃĺŇīňĔŅĶľŅŏĽƟĬĪŅĚĪňŗĽńŘĬĪňŗĽŋħŐĨĔĨƞŅĚ

ĔńĬŀĵƞŅĚĴňĬńĵĽņėńĠĪŅĚĽĩŇĨŇȮ 

17. ĽĶŋĮįĸĔŅĶĻŉĔļŅȮŀĳŇĮĶŅĵįĸȮĽƞĚįĸĚŅĬĺŇěńĵŏıŊŗŀŏįĵŐıĶƞȮŐĸŃĽŀĭĺŇĪĵŅĬŇıĬīƢȮ 
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ŀŋĮĔĶĦƢŐĸŃőĮĶŐĔĶĴĪňŗŒĝƟŒĬĔŅĶĺŇěńĵ 

1. ŏėĶŊŗŀĚėŀĴıŇĺŏĨŀĶƢĽņľĶńĭĔŅĶĶĺĭĶĺĴĕƟŀĴŌĸŐĸŃĔŅĶĮĶŃĴĺĸįĸ 
ĶŃĭĭĮĢŇĭńĨŇĔŅĶ8ȮWindows // Home Single Language, ŏĺŀĶƢĝńĬȮ00H0 

ľĬƞĺĵĮĶŃĴĺĸįĸ8ȮIntel(R) Core(TM) i5-753.H CPU @ 0,4.GHz 0,37 GHz 

ľĬƞĺĵėĺŅĴěņ8Ȯ6,.. GB RAM 

ĮĶŃŏĳĪĶŃĭĭ8ȮĶŃĭĭĮĢŇĭńĨŇĔŅĶȮ42ȮĭŇĨ, őĮĶŏĞĽŏĞŀĶƢŐĭĭȮx42 

2. őĮĶŐĔĶĴĺŇŏėĶŅŃľƢĕƟŀĴŌĸĪŅĚĽĩŇĨŇȮœħƟŐĔƞ 
SPSS ŏĺŀĶƢĝńĬȮ29.0.2 
Microsoft Excel ŏĺŀĶƢĝńĬȮOffice 2021 

3. őĮĶŐĔĶĴĪňŗŒĝƟŒĬĔŅĶıńĥĬŅŐŀĮıĸŇŏėĝńĬŐĸŃĺŇŏėĶŅŃľƢĕƟŀĴŌĸȮœħƟŐĔƞ 
Google Chrome ŏĺŀĶƢĝńĬȮ/03 
Google Maps ŏĺŀĶƢĝńĬȮ1,32,/0a 
Google Colaboratory (ŒĝƟĳŅļŅȮPython, ŀńĮŏħĨŏĴŊŗŀĺńĬĪňŗȮ3ȮıķļĳŅėĴȮ0344' 
Google OR-Tools ŏĺŀĶƢĝńĬȮ7,4 
Google Drive ŏĺŀĶƢĝńĬȮ7/,. 
Google Sheets  
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ĭĪĪňŗȮ2 

įĸĔŅĶĺŇŏėĶŅŃľƢĕƟŀĴŌĸ 

 

ĨŀĬĪňŗȮ/8ȮĔŅĶěńħĔĸŋƞĴıŊŘĬĪňŗĭĶŇĔŅĶŒĬĔŅĶŀŀĔĨĶĺěőħĵįŌƟŏĝňŗĵĺĝŅĠ 

įŌƟŏĝňŗĵĺĝŅĠœħƟŐĭƞĚĽĩŅĬĪňŗĕŅĵĵŅŐįĬĮƤěěŋĭńĬĪńŘĚľĴħȮ/23ȮŐľƞĚȮŒĬȮ5ȮŀņŏĳŀȮőħĵĴň

ĶŅĵĸŃŏŀňĵħĨŅĴĨŅĶŅĚĪňŗȮ0ȮŐĸŃœħƟěńħĔĸŋƞĴıŊŘĬĪňŗĭĶŇĔŅĶŐĭƞĚŀŀĔŏĮƦĬȮ2/ȮĔĸŋƞĴıŊŘĬĪňŗĭĶŇĔŅĶȮőħĵŐĨƞĸŃ

ĔĸŋƞĴıŊŘĬĪňŗĭĶŇĔŅĶĴňěņĬĺĬĽĩŅĬĪňŗĕŅĵĵŅŐįĬĮƤěěŋĭńĬŐĸŃŀņŏĳŀĪňŗĨƟŀĚěŀħŐĺŃŒĬȮ/ȮĔĸŋƞĴıŊŘĬĪňŗĭĶŇĔŅĶȮ

ŐĽħĚħńĚĨŅĴĨŅĶŅĚĪňŗȮ1ȮĴňĶŅĵĸŃŏŀňĵħĕŀĚŐĨƞĸŃĔĸŋƞĴŐĽħĚŒĬĳŅėįĬĺĔȮĔ 

ĨŅĶŅĚĪňŗȮ2:ȮĕƟŀĴŌĸěņĬĺĬĽĩŅĬĪňŗĕŅĵĵŅŐįĬĮƤěěŋĭńĬĪňŗŀŀĔĨĶĺěŐĵĔĶŅĵŀņŏĳŀȮ 

ŀņŏĳŀ ěņĬĺĬĽĩŅĬĪňŗĕŅĵĵŅŐįĬĮƤěěŋĭńĬȮ&ŐľƞĚ' 

ŏĴŊŀĚĮĪŋĴīŅĬň 22 
ėĸŀĚľĸĺĚ 59 

īńĠĭŋĶň 27 

ĸŅħľĸŋĴŐĔƟĺ 2 

ĸņĸŌĔĔŅ 30 

ĽŅĴőėĔ 1 

ľĬŀĚŏĽŊŀ 2 

ĶĺĴ 143 

 

ĨŅĶŅĚĪňŗȮ3: ěņĬĺĬĽĩŅĬĪňŗĕŅĵĵŅŐįĬĮƤěěŋĭńĬŐĸŃŀņŏĳŀĪňŗěŀħŐĺŃŒĬȮ/ȮĔĸŋƞĴıŊŘĬĪňŗĭĶŇĔŅĶ 

ĔĸŋƞĴıŊŘĬĪňŗ
ĭĶŇĔŅĶ 

ěņĬĺĬĽĩŅĬĪňŗĕŅĵĵŅŐįĬĮƤěěŋĭńĬȮ
&œĴƞĬńĭěŋħŏĶŇŗĴĨƟĬ' 

ŀņŏĳŀ 

1 5 ľĬŀĚŏĽŊŀȮėĸŀĚľĸĺĚ 

2 2 ėĸŀĚľĸĺĚȮīńĠĭŋĶň 

3 4 īńĠĭŋĶň 

4 6 ŏĴŊŀĚĮĪŋĴīŅĬň 
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ĨŅĶŅĚĪňŗȮ1Ȯ&Ĩƞŀ': ěņĬĺĬĽĩŅĬĪňŗĕŅĵĵŅŐįĬĮƤěěŋĭńĬŐĸŃŀņŏĳŀĪňŗěŀħŐĺŃŒĬȮ/ȮĔĸŋƞĴıŊŘĬĪňŗĭĶŇĔŅĶ 

ĔĸŋƞĴıŊŘĬĪňŗ
ĭĶŇĔŅĶ 

ěņĬĺĬĽĩŅĬĪňŗĕŅĵĵŅŐįĬĮƤěěŋĭńĬȮ
&œĴƞĬńĭěŋħŏĶŇŗĴĨƟĬ' 

ŀņŏĳŀ 

5 5 ŏĴŊŀĚĮĪŋĴīŅĬňȮĽŅĴőėĔ  

6 3 ŏĴŊŀĚĮĪŋĴīŅĬňȮėĸŀĚľĸĺĚ  

7 6 ėĸŀĚľĸĺĚ 

8 5 ėĸŀĚľĸĺĚ 

9 8 īńĠĭŋĶň 

10 4 ĸņĸŌĔĔŅȮīńĠĭŋĶň 

11 6 ĸņĸŌĔĔŅ 

12 7 ėĸŀĚľĸĺĚȮīńĠĭŋĶň 

13 4 ėĸŀĚľĸĺĚ 

14 4 ŏĴŊŀĚĮĪŋĴīŅĬň 

15 2 ėĸŀĚľĸĺĚ 

16 3 ĸņĸŌĔĔŅ 

17 4 ėĸŀĚľĸĺĚ 

18 2 ĸņĸŌĔĔŅ 

19 2 ĸņĸŌĔĔŅ 

20 3 ŏĴŊŀĚĮĪŋĴīŅĬňȮĸņĸŌĔĔŅȮīńĠĭŋĶň 

21 3 ėĸŀĚľĸĺĚ 

22 2 ĸņĸŌĔĔŅ 

23 2 īńĠĭŋĶň 

24 4 ŏĴŊŀĚĮĪŋĴīŅĬňȮĸņĸŌĔĔŅ 

25 3 ėĸŀĚľĸĺĚȮīńĠĭŋĶň 
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ĨŅĶŅĚĪňŗȮ1Ȯ&Ĩƞŀ': ěņĬĺĬĽĩŅĬĪňŗĕŅĵĵŅŐįĬĮƤěěŋĭńĬŐĸŃŀņŏĳŀĪňŗěŀħŐĺŃŒĬȮ/ȮĔĸŋƞĴıŊŘĬĪňŗĭĶŇĔŅĶ 

ĔĸŋƞĴıŊŘĬĪňŗ
ĭĶŇĔŅĶ 

ěņĬĺĬĽĩŅĬĪňŗĕŅĵĵŅŐįĬĮƤěěŋĭńĬȮ
&œĴƞĬńĭěŋħŏĶŇŗĴĨƟĬ' 

ŀņŏĳŀ 

26 4 ėĸŀĚľĸĺĚ 

27 2 ėĸŀĚľĸĺĚ 

28 4 ŏĴŊŀĚĮĪŋĴīŅĬňȮĸņĸŌĔĔŅȮėĸŀĚľĸĺĚ 

29 3 ėĸŀĚľĸĺĚ 

30 3 ŏĴŊŀĚĮĪŋĴīŅĬňȮėĸŀĚľĸĺĚ  

31 3 ĸņĸŌĔĔŅȮėĸŀĚľĸĺĚ 

32 2 ĸņĸŌĔĔŅȮėĸŀĚľĸĺĚ 

33 3 ėĸŀĚľĸĺĚȮĸŅħľĸŋĴŐĔƟĺ 

34 4 ĸņĸŌĔĔŅȮėĸŀĚľĸĺĚ 

35 3 ŏĴŊŀĚĮĪŋĴīŅĬňȮėĸŀĚľĸĺĚȮīńĠĭŋĶň 

36 3 ŏĴŊŀĚĮĪŋĴīŅĬňȮĸņĸŌĔĔŅȮīńĠĭŋĶň 

37 2 ŏĴŊŀĚĮĪŋĴīŅĬň 

38 3 ĸņĸŌĔĔŅȮėĸŀĚľĸĺĚ 

39 3 ĸņĸŌĔĔŅȮėĸŀĚľĸĺĚȮīńĠĭŋĶň 

40 2 ĸņĸŌĔĔŅȮėĸŀĚľĸĺĚ 

41 2 īńĠĭŋĶňȮĸŅħľĸŋĴŐĔƟĺ 
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ĨŀĬĪňŗȮ28ȮĶŃĵŃĪŅĚŐĸŃĶŃĵŃŏĺĸŅȮěŅĔĔŅĶĮĶŃĴĺĸįĸȮ 

 

0,/ȮĶŃĵŃĪŅĚőħĵĶĺĴŒĬĔŅĶŏħŇĬĪŅĚĪŋĔŏĽƟĬĪŅĚ 

 

ĳŅıĪňŗȮ30: ŐįĬĳŌĴŇŐĪƞĚŐĽħĚĶŃĵŃĪŅĚĶĺĴȮ&ĔŇőĸŏĴĨĶ'ȮĪňŗŒĝƟŒĬĔŅĶŏħŇĬĪŅĚŏıŊŗŀĨĶĺěĮĶŃŏĴŇĬ 
ĽĩŅĬĪňŗĕŅĵĵŅŐįĬĮƤěěŋĭńĬħƟĺĵĔŅĶěńħĸņħńĭŏĽƟĬĪŅĚĺŇīňĨƞŅĚȮŕ 

 

 ěŅĔĳŅıĪňŗȮ1.ȮįĸĔŅĶĺŇŏėĶŅŃľƢĕƟŀĴŌĸıĭĺƞŅĶŃĵŃĪŅĚĶĺĴěŅĔĔŅĶěńħĸņħńĭĔŅĶěŀħŐĺŃ

ĽĩŅĬĪňŗĕŅĵĵŅŐįĬĮƤěěŋĭńĬőħĵĨńħĽŇĬŒěőħĵįŌƟŏĝňŗĵĺĝŅĠȮœħƟĶŃĵŃĪŅĚĶĺĴĽńŘĬĪňŗĽŋħȮėŊŀȮ0,533,./ȮĔĴ,Ȯ

ŒĬĕĦŃĪňŗŀńĸĔŀĶŇĪŉĴŐĭĭĮĶŃľĵńħŒľƟĶŃĵŃĪŅĚĶĺĴĴŅĔĪňŗĽŋħĪňŗȮ0,577,4.ȮĔŇőĸŏĴĨĶȮĽƞĺĬŀńĸĔŀĶŇĪŉĴȮ

PATH_CHEAPEST_ARC ŐĸŃŀńĸĔŀĶŇĪŉĴėĶŇĽőĨœĲħƢŒľƟĶŃĵŃĪŅĚĶĺĴŀĵŌƞĶŃľĺƞŅĚėƞŅħńĚĔĸƞŅĺȮőħĵĴň

ĶŃĵŃĪŅĚȮ0,574,6/ȮĔŇőĸŏĴĨĶȮŐĸŃȮ0,554,.1ȮĔŇőĸŏĴĨĶȮĨŅĴĸņħńĭȮŀĵƞŅĚœĶĔŖĨŅĴȮėĺŅĴŐĨĔĨƞŅĚĕŀĚ

ĶŃĵŃĪŅĚĶĺĴĶŃľĺƞŅĚĪńŘĚȮ1ȮŀńĸĔŀĶŇĪŉĴȮĪňŗŒľƟĶŃĵŃĪŅĚĴŅĔĔĺƞŅĔŅĶĨńħĽŇĬŒěőħĵįŌƟŏĝňŗĵĺĝŅĠȮŀĵŌƞŒĬĝƞĺĚȮ

0/,.0ȮůȮ22,37ȮĔŇőĸŏĴĨĶȮľĶŊŀėŇħŏĮƦĬĶƟŀĵĸŃȮ.,54ȮůȮ1.62 

 

įŌƟŏĝňŗĵĺĝŅĠ
ŀńĸĔŀĶŇĪŉĴ
ŐĭĭĮĶŃľĵńħ

ŀńĸĔŀĶŇĪŉĴ
Őĭĭ

PATH_CHEA
PEST_ARC

ŀńĸĔŀĶŇĪŉĴėĶŇĽ
őĨœĲħƢ

ĶŃĵŃĪŅĚ2,755.01 2,799.60 2,796.81 2,776.03

0.00
500.00

1,000.00
1,500.00
2,000.00
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  50 

 

ĳŅıĪňŗȮ31: ŐįĬĳŌĴŇŐĪƞĚŐĽħĚėƞŅŏĜĸňŗĵĶŃĵŃĪŅĚȮ&ĔŇőĸŏĴĨĶ'ȮĪňŗŒĝƟŒĬĔŅĶŏħŇĬĪŅĚŏıŊŗŀĨĶĺěĮĶŃŏĴŇĬ 
ĽĩŅĬĪňŗĕŅĵĵŅŐįĬĮƤěěŋĭńĬħƟĺĵĔŅĶěńħĸņħńĭŏĽƟĬĪŅĚĺŇīňĨƞŅĚȮŕ 

 

 ěŅĔĳŅıĪňŗȮ1/ȮįĸĔŅĶĺŇŏėĶŅŃľƢĕƟŀĴŌĸıĭĺƞŅĴŌĸěŅĔŐįĬĳŌĴŇŐĽħĚėƞŅŏĜĸňŗĵĶŃĵŃĪŅĚĕŀĚĺŇīňĔŅĶ

ěńħŏĽƟĬĪŅĚĪńŘĚȮ4 ĺŇīňȮœħƟŐĔƞȮĺŇīňĕŀĚįŌƟŏĝňŗĵĺĝŅĠȮŀńĸĔŀĶŇĪŉĴŐĭĭĮĶŃľĵńħȮŀńĸĔŀĶŇĪŉĴȮ

PATH_CHEAPEST_ARC ŐĸŃŀńĸĔŀĶŇĪŉĴėĶŇĽőĨœĲħƢȮįĸĔŅĶĻŉĔļŅıĭĺƞŅȮŀńĸĔŀĶŇĪŉĴŐĭĭĮĶŃľĵńħŒľƟ

ėƞŅŏĜĸňŗĵĶŃĵŃĪŅĚĽŌĚĽŋħĪňŗȮ68.28 ĔŇőĸŏĴĨĶȮĨŅĴħƟĺĵŀńĸĔŀĶŇĪŉĴȮPATH_CHEAPEST_ARC ĪňŗȮ68.21 

ĔŇőĸŏĴĨĶȮŀńĸĔŀĶŇĪŉĴėĶŇĽőĨœĲħƢĪňŗȮ67.71 ĔŇőĸŏĴĨĶȮŐĸŃĺŇīňĕŀĚįŌƟŏĝňŗĵĺĝŅĠĪňŗŒľƟėƞŅŏĜĸňŗĵĶŃĵŃĪŅĚĨŗņĽŋħ

ĪňŗȮ67.20 ĔŇőĸŏĴĨĶȮĪńŘĚĬňŘȮėĺŅĴŐĨĔĨƞŅĚĕŀĚĶŃĵŃĪŅĚĶĺĴĶŃľĺƞŅĚĪńŘĚȮ1ȮŀńĸĔŀĶŇĪŉĴȮĪňŗŒľƟĶŃĵŃĪŅĚ

ĴŅĔĔĺƞŅĔŅĶĨńħĽŇĬŒěőħĵįŌƟŏĝňŗĵĺĝŅĠȮŀĵŌƞŒĬĝƞĺĚȮ.,3/ȮůȮ/,.6ȮĔŇőĸŏĴĨĶȮľĶŊŀėŇħŏĮƦĬĶƟŀĵĸŃȮ.,54Ȯů

1.6/ ŒĬĝƞĺĚĪňŗœĴƞŐĨĔĨƞŅĚĔńĬŏĔŇĬȮ3ȮĔŇőĸŏĴĨĶȮ 
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ĺŇīňĔŅĶěńħŏĽƟĬĪŅĚ

ėƞŅŏĜĸňŗĵĶŃĵŃĪŅĚŐĨƞĸŃĺŇīňĔŅĶěńħŏĽƟĬĪŅĚ

įŌƟŏĝňŗĵĺĝŅĠ

ŀńĸĔŀĶŇĪŉĴŐĭĭĮĶŃľĵńħ

ŀńĸĔŀĶŇĪŉĴŐĭĭȮPATH_CHEAPEST_ARC

ŀńĸĔŀĶŇĪŉĴėĶŇĽőĨœĲħƢ
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ĨŅĶŅĚĪňŗȮ2ȮŐĽħĚįĸĔŅĶŏĮĶňĵĭŏĪňĵĭŏĝŇĚĮĶŇĴŅĦȮőħĵĬņŏĽĬŀĶŃĵŃĪŅĚȮ&ĔŇőĸŏĴĨĶ'ȮĪňŗœħƟěŅĔ

ĺŇīňĔŅĶěńħĸņħńĭŏĽƟĬĪŅĚĪńŘĚĽňŗŐĭĭȮĮĶŃĔŀĭħƟĺĵĔŅĶĨńħĽŇĬŒěőħĵįŌƟŏĝňŗĵĺĝŅĠȮ&E) ŐĸŃŀńĸĔŀĶŇĪŉĴȮ1Ȯ

ĶŌĮŐĭĭȮœħƟŐĔƞȮŀńĸĔŀĶŇĪŉĴŐĭĭĮĶŃľĵńħȮ&S), ŀńĸĔŀĶŇĪŉĴȮPATH_CHEAPEST_ARC (P), ŐĸŃ

ŀńĸĔŀĶŇĪŉĴėĶŇĽőĨœĲħƢȮ&C) ŒĬŐĨƞĸŃĔĸŋƞĴıŊŘĬĪňŗȮěŅĔĪńŘĚľĴħȮ2/ȮĔĸŋƞĴıŊŘĬĪňŗĭĶŇĔŅĶȮėŀĸńĴĬƢĽŋħĪƟŅĵĕŀĚ

ĨŅĶŅĚĬňŘĶŃĭŋĶŌĮŐĭĭĺŇīňĔŅĶĪňŗŒľƟĶŃĵŃĪŅĚĬƟŀĵĪňŗĽŋħŒĬŐĨƞĸŃĔĸŋƞĴıŊŘĬĪňŗĭĶŇĔŅĶ 

ĨŅĶŅĚĪňŗȮ4: ĶŃĵŃĪŅĚȮ&ĔŇőĸŏĴĨĶ'ȮŐĸŃĶŌĮŐĭĭĺŇīňĔŅĶěńħĸņħńĭĪňŗŒľƟĶŃĵŃĪŅĚĽńŘĬĪňŗĽŋħŒĬŐĨƞĸŃĔĸŋƞĴıŊŘĬĪňŗ
ĭĶŇĔŅĶĽņľĶńĭĔŅĶĨĶĺěĮĶŃŏĴŇĬĽĩŅĬĪňŗĕŅĵĵŅŐįĬĮƤěěŋĭńĬ 

ĔĸŋƞĴ
ıŊŘĬĪňŗ
ĭĶŇĔŅĶ 

įŌƟŏĝňŗĵĺĝŅĠȮ
&E) 

(ĔŇőĸŏĴĨĶ' 

ŀńĸĔŀĶŇĪŉĴ
Őĭĭ
ĮĶŃľĵńħ 

(S) 
(ĔŇőĸŏĴĨĶ' 

ŀńĸĔŀĶŇĪŉĴ
PATH_CHEAPEST_ARC 

(P) 
(ĔŇőĸŏĴĨĶ' 

ŀńĸĔŀĶŇĪŉĴ 
ėĶŇĽőĨœĲħƢ 

(C) 
(ĔŇőĸŏĴĨĶ' 

ĺŇīňĔŅĶ 
ĪňŗŒľƟ
ĶŃĵŃĪŅĚ
ĬƟŀĵĪňŗĽŋħ 

1 98.97 98.97 98.97 98.97 E,S,P,C 

2 78 78 71.9 71.9 P,C 

3 88.05 87.7 87.25 86.35 C 

4 27.08 30.71 32.5 29.48 E 

5 19 20.4 18.8 18.7 C 

6 65 62 59.6 62 P 

7 64.13 65.43 65.53 65.2 E 

8 73.4 88.6 88.5 88.6 E 

9 56.38 60.79 66.29 60.79 E 

10 63.6 71.4 69.8 69.8 E 

11 76.7 79.9 79.9 79.9 E 

12 53.47 56.35 56.19 57.31 E 

13 74.1 78.4 75.1 75.1 E 

ľĴŅĵŏľĨŋ:  ĽňŐĶĚŏĚŅŒĬŐĨƞĸŃĝƞŀĚȮŐĽħĚĩŉĚĶŃĵŃĪŅĚĪňŗĽńŘĬĪňŗĽŋħ  



  52 

ĨŅĶŅĚĪňŗȮ2Ȯ&Ĩƞŀ'8ȮĶŃĵŃĪŅĚȮ&ĔŇőĸŏĴĨĶ'ȮŐĸŃĶŌĮŐĭĭĺŇīňĔŅĶěńħĸņħńĭĪňŗŒľƟĶŃĵŃĪŅĚĽńŘĬĪňŗĽŋħŒĬŐĨƞĸŃĔĸŋƞĴ
ıŊŘĬĪňŗĭĶŇĔŅĶĽņľĶńĭĔŅĶĨĶĺěĮĶŃŏĴŇĬĽĩŅĬĪňŗĕŅĵĵŅŐįĬĮƤěěŋĭńĬ 

ĔĸŋƞĴ
ıŊŘĬĪňŗ
ĭĶŇĔŅĶ 

įŌƟŏĝňŗĵĺĝŅĠȮ
&E) 

(ĔŇőĸŏĴĨĶ' 

ŀńĸĔŀĶŇĪŉĴ
Őĭĭ
ĮĶŃľĵńħ 

(S) 
(ĔŇőĸŏĴĨĶ' 

ŀńĸĔŀĶŇĪŉĴ
PATH_CHEAPEST_ARC 

(P) 
(ĔŇőĸŏĴĨĶ' 

ŀńĸĔŀĶŇĪŉĴ 
ėĶŇĽőĨœĲħƢ 

(C) 
(ĔŇőĸŏĴĨĶ' 

ĺŇīňĔŅĶ 
ĪňŗŒľƟ
ĶŃĵŃĪŅĚ
ĬƟŀĵĪňŗĽŋħ 

14 5.83 6.4 6.03 5.83 E,C 

15 41.7 41.7 41.3 41.3 P,C 

16 42.9 48.1 48.1 48.1 E 

17 81.8 74.6 81 81 S 

18 72 72 68 68 P,C 

19 77.4 77.4 78.9 78.9 E,S 

20 76.1 76.1 80.5 80.5 E,S 

21 67.4 59.4 59.4 59.4 S,P,C 

22 37 37 40.4 37 E,S,C 

23 67.4 67.4 66.5 67.4 P 

24 69.7 68.5 66.9 66.9 P,C 

25 54.5 57.5 59.5 59.5 E 

26 54.45 62.1 62.25 54.45 E,C 

27 62 62 57 57 P,C 

28 104 111 111 111 E 

29 51.5 51.5 51.5 51.5 E,S,P,C 

30 46.4 53.5 50.5 46.4 E,C 

31 106 99 104 104 S 

32 82 82 82 82 E,S,P,C 

ľĴŅĵŏľĨŋ:  ĽňŐĶĚŏĚŅŒĬŐĨƞĸŃĝƞŀĚȮŐĽħĚĩŉĚĶŃĵŃĪŅĚĪňŗĽńŘĬĪňŗĽŋħ 
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ĨŅĶŅĚĪňŗȮ2Ȯ&Ĩƞŀ'8ȮĶŃĵŃĪŅĚȮ&ĔŇőĸŏĴĨĶ'ȮŐĸŃĶŌĮŐĭĭĺŇīňĔŅĶěńħĸņħńĭĪňŗŒľƟĶŃĵŃĪŅĚĽńŘĬĪňŗĽŋħŒĬŐĨƞĸŃĔĸŋƞĴ
ıŊŘĬĪňŗĭĶŇĔŅĶĽņľĶńĭĔŅĶĨĶĺěĮĶŃŏĴŇĬĽĩŅĬĪňŗĕŅĵĵŅŐįĬĮƤěěŋĭńĬ 

ĔĸŋƞĴ
ıŊŘĬĪňŗ
ĭĶŇĔŅĶ 

įŌƟŏĝňŗĵĺĝŅĠȮ
&E) 

(ĔŇőĸŏĴĨĶ' 

ŀńĸĔŀĶŇĪŉĴ
Őĭĭ
ĮĶŃľĵńħ 

(S) 
(ĔŇőĸŏĴĨĶ' 

ŀńĸĔŀĶŇĪŉĴ
PATH_CHEAPEST_ARC 

(P) 
(ĔŇőĸŏĴĨĶ' 

ŀńĸĔŀĶŇĪŉĴ 
ėĶŇĽőĨœĲħƢ 

(C) 
(ĔŇőĸŏĴĨĶ' 

ĺŇīňĔŅĶ 
ĪňŗŒľƟ
ĶŃĵŃĪŅĚ
ĬƟŀĵĪňŗĽŋħ 

33 102 103 101 101 P,C 

34 112 120 120 111 C 

35 66.4 66.4 66.4 69.4 E,S,P 

36 80.5 80.5 80.5 84.5 E,S,P 

37 8.15 8.15 6.1 8.15 P 

38 76 71 73 73 S 

39 94 86.7 86.7 86.7 S,P,C 

40 94 94 94 94 E,S,P,C 

41 84 84 84 84 E,S,P,C 

ľĴŅĵŏľĨŋ:  ĽňŐĶĚŏĚŅŒĬŐĨƞĸŃĝƞŀĚȮŐĽħĚĩŉĚĶŃĵŃĪŅĚĪňŗĽńŘĬĪňŗĽŋħ 
 

ĔŅĶĺŇŏėĶŅŃľƢĕƟŀĴŌĸěŅĔĔĶŅĲŏĽƟĬŐĽħĚėĺŅĴĽńĴıńĬīƢĶŃľĺƞŅĚĶŃĵŃĪŅĚĶĺĴȮ&ĔŇőĸŏĴĨĶ'ȮŒĬŐĨƞ

ĸŃĔĸŋƞĴıŊŘĬĪňŗĭĶŇĔŅĶȮŐĸŃĺŇīňĔŅĶěńħŏĽƟĬĪŅĚȮ2ȮĺŇīňȮœħƟŐĔƞȮĔŅĶĨńħĽŇĬŒěőħĵįŌƟŏĝňŗĵĺĝŅĠȮŀńĸĔŀĶŇĪŉĴȮŐĭĭ

ĮĶŃľĵńħȮŀńĸĔŀĶŇĪŉĴȮPATH_CHEAPEST_ARC ŐĸŃŀńĸĔŀĶŇĪŉĴėĶŇĽőĨœĲħƢ őħĵŐĔĬĬŀĬȮ&ŐĔĬȮX) 

ŐĽħĚĸņħńĭĔĸŋƞĴıŊŘĬĪňŗĭĶŇĔŅĶĨńŘĚŐĨƞȮ/Ȯ-Ȯ2/ȮŐĸŃŐĔĬĨńŘĚȮ&ŐĔĬȮY) ŐĽħĚĶŃĵŃĪŅĚŏĮƦĬĔŇőĸŏĴĨĶĨńŘĚŐĨƞȮ.Ȯ

ĩŉĚȮ/0.ȮĔŇőĸŏĴĨĶȮıĭĺƞŅŏĽƟĬĔĶŅĲĕŀĚĪńŘĚȮ2ȮĺŇīňŐĽħĚŐĬĺőĬƟĴĪňŗĽŀħėĸƟŀĚĔńĬȮőħĵœĴƞıĭėĺŅĴŐĨĔĨƞŅĚ

ĪňŗŏħƞĬĝńħŒĬĝƞĺĚĕŀĚĕƟŀĴŌĸȮĵĔŏĺƟĬĭŅĚĔĸŋƞĴıŊŘĬĪňŗĭĶŇĔŅĶȮŏĝƞĬȮĔĸŋƞĴıŊŘĬĪňŗĭĶŇĔŅĶĪňŗȮ6ȮĪňŗĪńŘĚȮ1ȮŀńĸĔŀĶŇĪŉĴ 

œħƟĶŃĵŃĪŅĚĶĺĴŐĨĔĨƞŅĚěŅĔįŌƟŏĝňŗĵĺĝŅĠŀĵƞŅĚŏľŖĬœħƟĝńħȮőħĵĽŅĴŅĶĩĔņľĬħŏĽƟĬĪŅĚĪňŗĴňĶŃĵŃĪŅĚĶĺĴȮ

73.4ȮĔŇőĸŏĴĨĶȮŐĸŃŒĝƟŏĺĸŅŏħŇĬĪŅĚȮ128.5ȮĬŅĪňȮĞŉŗĚĬƟŀĵĔĺƞŅŀńĸĔŀĶŇĪŉĴŀŊŗĬŕȮĮĶŃĴŅĦȮ15ȮĔŇőĸŏĴĨĶ

ŐĸŃȮ17-18.5ȮĬŅĪňȮĨŅĴĸņħńĭȮ&ŀĳŇĮĶŅĵįĸŒĬĭĪĪňŗȮ3'ȮħńĚŐĽħĚŒĬĳŅıĪňŗȮ12 

ĽƞĺĬĳŅıĪňŗȮ13ȮŐĽħĚėĺŅĴĩňŗĕŀĚŐĨƞĸŃĺŇīňĪňŗĽŅĴŅĶĩĽĶƟŅĚŏĽƟĬĪŅĚĪňŗĶŃĵŃĪŅĚĽńŘĬĪňŗĽŋħœħƟěŅĔ

ĪńŘĚľĴħȮ2/ȮĔĸŋƞĴıŊŘĬĪňŗĭĶŇĔŅĶȮĳŅıĶĺĴĕŀĚĔŅĶĽĶƟŅĚŏĽƟĬĪŅĚĪňŗĶŃĵŃĪŅĚĽńŘĬĪňŗĽŋħĶŃľĺƞŅĚĺŇīňĨƞŅĚŕȮŐĸŃ
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ĨŅĶŅĚĪňŗȮ3ȮŐĽħĚĔŅĶĺŇŏėĶŅŃľƢįĸĨƞŅĚĶŃĵŃĪŅĚĶŃľĺƞŅĚĺŇīňŏĝŇĚŀńĸĔŀĶŇĪŉĴŐĸŃĔŅĶĨńħĽŇĬŒěĕŀĚ

įŌƟŏĝňŗĵĺĝŅĠŒĬĔŅĶĔņľĬħŏĽƟĬĪŅĚĨĶĺěĽĩŅĬĪňŗĕŅĵĵŅŐįĬĮƤěěŋĭńĬȮ 

 

ĳŅıĪňŗȮ328ȮĔĶŅĲŏĽƟĬŐĽħĚĔŅĶŏĮĶňĵĭŏĪňĵĭĶŃĵŃĪŅĚĪňŗėņĬĺĦœħƟĕŀĚĔŅĶěńħĸņħńĭŏĽƟĬĪŅĚȮĪńŘĚĔŅĶ
ĨńħĽŇĬŒěőħĵįŌƟŏĝňŗĵĺĝŅĠȮŐĸŃŀńĸĔŀĶŇĪŉĴĪňŗėņĬĺĦħƟĺĵėŀĴıŇĺŏĨŀĶƢĽŅĴĝĬŇħ &ŀńĸĔŀĶŇĪŉĴŐĭĭĮĶŃľĵńħȮ

ŀńĸĔŀĶŇĪŉĴȮPATH_CHEAPEST_ARC ŐĸŃŀńĸĔŀĶŇĪŉĴėĶŇĽőĨœĲħƢ) 

 

 

 

 

 

 

 

 

 

ĳŅıĪňŗȮ33: ĔĶŅĲŐĪƞĚŐĽħĚěņĬĺĬėĶńŘĚĕŀĚŐĨƞĸŃĺŇīňĔŅĶěńħĸņħńĭŏĽƟĬĪŅĚ 
ĪňŗĽŅĴŅĶĩĽĶƟŅĚĶŃĵŃĪŅĚĽńŘĬĪňŗĽŋħŒĬȮ2/ȮĔĸŋƞĴıŊŘĬĪňŗĭĶŇĔŅĶ 
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ĺŇīňĔŅĶěńħĸŜŅħńĭŏĽƟĬĪŅĚ

ěŜŅĬĺĬėĶńŘĚĕŀĚŐĨƞĸŃĺŇīňĔŅĶěńħĸŜŅħńĭŏĽƟĬĪŅĚ
ĪňŗĽŅĴŅĶĩĽĶƟŅĚĶŃĵŃĪŅĚĽńŘĬĪňŗĽŋħŒĬȮ2/ȮĔĸŋƞĴıŊŘĬĪňŗĭĶŇĔŅĶ

E =ȮĺŇīňĔŅĶĨńħĽŇĬŒěőħĵįŌƟŏĝňŗĵĺĝŅĠ  S = ŀńĸĔŀĶŇĪŉĴŐĭĭĮĶŃľĵńħ  
P = ŀńĸĔŀĶŇĪŉĴ PATH_CHEAPEST_ARC C = ŀńĸĔŀĶŇĪŉĴėĶŇĽőĨœĲħƢ Ȯ 
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ĨŅĶŅĚĪňŗȮ5: ĔŅĶĺŇŏėĶŅŃľƢįĸĨƞŅĚĶŃĵŃĪŅĚĶŃľĺƞŅĚĺŇīňŏĝŇĚŀńĸĔŀĶŇĪŉĴŐĸŃĔŅĶĨńħĽŇĬŒěĕŀĚįŌƟŏĝňŗĵĺĝŅĠŒĬ
ĔŅĶĔņľĬħŏĽƟĬĪŅĚĨĶĺěĽĩŅĬĪňŗĕŅĵĵŅŐįĬĮƤěěŋĭńĬȮěņŐĬĔĔĸŋƞĴıŊŘĬĪňŗĭĶŇĔŅĶ 

ĔĸŋƞĴıŊŘĬĪňŗĭĶŇĔŅĶ 

ŀńĸĔŀĶŇĪŉĴŐĭĭ
ĮĶŃľĵńħ (S) 

(ěņĬĺĬĔĸŋƞĴıŊŘĬĪňŗ
ĭĶŇĔŅĶ) 

ŀńĸĔŀĶŇĪŉĴ 
PATH 

_CHEAPEST 
_ARC (P) 

(ěņĬĺĬĔĸŋƞĴıŊŘĬĪňŗ
ĭĶŇĔŅĶ) 

ŀńĸĔŀĶŇĪŉĴ 
ėĶŇĽőĨœĲħƢ (C) 

(ěņĬĺĬĔĸŋƞĴıŊŘĬĪňŗ
ĭĶŇĔŅĶ) 

įĸĨƞŅĚŏĝŇĚĭĺĔa 
&Positive Differences) 

17 18 15 

įĸĨƞŅĚŏĝŇĚĸĭb 
&Negative Differences) 

8 16 15 

įĸĨƞŅĚŏĮƦĬĻŌĬĵƢc 
&Zero Differences) 

16 7 11 

 

ľĴŅĵŏľĨŋ 

a= įĸĨƞŅĚŏĝŇĚĭĺĔȮľĴŅĵĩŉĚěņĬĺĬĔĸŋƞĴıŊŘĬĪňŗĭĶŇĔŅĶĪňŗĺŇīňŏĝŇĚŀńĸĔŀĶŇĪŉĴŒľƟįĸĸńıīƢĶŃĵŃĪŅĚĪňŗĴŅĔĔĺƞŅ

ĔŅĶĨńħĽŇĬŒěĕŀĚįŌƟŏĝňŗĵĺĝŅĠȮ 

b= įĸĨƞŅĚŏĝŇĚĸĭȮľĴŅĵĩŉĚěņĬĺĬĔĸŋƞĴıŊŘĬĪňŗĭĶŇĔŅĶĪňŗĺŇīňŏĝŇĚŀńĸĔŀĶŇĪŉĴŒľƟįĸĸńıīƢĶŃĵŃĪŅĚĪňŗĬƟŀĵĔĺƞŅ

ĔŅĶĨńħĽŇĬŒěĕŀĚįŌƟŏĝňŗĵĺĝŅĠȮ 

c= įĸĨƞŅĚŏĮƦĬĻŌĬĵƢȮľĴŅĵĩŉĚěņĬĺĬĔĸŋƞĴıŊŘĬĪňŗĭĶŇĔŅĶĪňŗĺŇīňŏĝŇĚŀńĸĔŀĶŇĪŉĴŒľƟįĸĸńıīƢĶŃĵŃĪŅĚŏĪƞŅĔńĭ

ĔŅĶĨńħĽŇĬŒěĕŀĚįŌƟŏĝňŗĵĺĝŅĠ 
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ĔŅĶĺŇŏėĶŅŃľƢĕƟŀĴŌĸěŅĔĨŅĶŅĚĪňŗȮ2-3ȮŐĸŃĳŅıĪňŗȮ10-11ȮŐĽħĚŒľƟŏľŖĬĔŅĶŏĮĶňĵĭŏĪňĵĭĶŃľĺƞŅĚ 

ĺŇīňĔŅĶĨńħĽŇĬŒěőħĵįŌƟŏĝňŗĵĺĝŅĠĔńĭŀńĸĔŀĶŇĪŉĴėŀĴıŇĺŏĨŀĶƢȮ1ȮĺŇīňŒĬĔŅĶĽĶƟŅĚŏĽƟĬĪŅĚĪňŗĽńŘĬĪňŗĽŋħĽņľĶńĭ

ĔĸŋƞĴıŊŘĬĪňŗĭĶŇĔŅĶĪńŘĚȮ2/ȮĔĸŋƞĴȮįŌƟŏĝňŗĵĺĝŅĠĽĶƟŅĚŏĽƟĬĪŅĚĪňŗĽńŘĬĪňŗĽŋħŒĬȮ//ȮĔĸŋƞĴıŊŘĬĪňŗĭĶŇĔŅĶȮ&ľĴŅĵŏĸĕȮ2, 

5, 6, 7, /., //, /0, /1, /4, 03ȮŐĸŃȮ06'ȮėŇħŏĮƦĬĶƟŀĵĸŃȮ04,61ȮĕŀĚıŊŘĬĪňŗĪńŘĚľĴħȮĬŀĔěŅĔĬňŘȮĵńĚĴň

ĔĶĦňĪňŗįĸĸńıīƢĕŀĚįŌƟŏĝňŗĵĺĝŅĠŏĪňĵĭŏĪƞŅĔńĭŀńĸĔŀĶŇĪŉĴĨƞŅĚŕȮŒĬľĸŅĵıŊŘĬĪňŗ 

ŒĬĕĦŃĪňŗŐĨƞĸŃŀńĸĔŀĶŇĪŉĴėŀĴıŇĺŏĨŀĶƢĽŅĴŅĶĩĽĶƟŅĚŏĽƟĬĪŅĚĪňŗĽńŘĬĪňŗĽŋħŏıňĵĚĺŇīňŏħňĵĺŒĬȮ1ȮĔĸŋƞĴ

ıŊŘĬĪňŗĭĶŇĔŅĶȮőħĵŀńĸĔŀĶŇĪŉĴŐĭĭĮĶŃľĵńħŒľƟĶŃĵŃĪŅĚĽńŘĬĪňŗĽŋħŒĬıŊŘĬĪňŗȮ/5, 1/ȮŐĸŃȮ16ȮŀńĸĔŀĶŇĪŉĴȮ

PATH_CHEAPEST_ARC ŒľƟĶŃĵŃĪŅĚĽńŘĬĪňŗĽŋħŒĬıŊŘĬĪňŗȮ4, 01ȮŐĸŃȮ15ȮŐĸŃŀńĸĔŀĶŇĪŉĴėĶŇĽőĨœĲħƢŒľƟ

ĶŃĵŃĪŅĚĽńŘĬĪňŗĽŋħŒĬıŊŘĬĪňŗȮ1, 3ȮŐĸŃȮ12 

ŏĴŊŗŀŏĮĶňĵĭŏĪňĵĭĶŃĵŃĪŅĚĶŃľĺƞŅĚĺŇīňĔŅĶĨńħĽŇĬŒěőħĵįŌƟŏĝňŗĵĺĝŅĠĔńĭŀńĸĔŀĶŇĪŉĴėŀĴıŇĺŏĨŀĶƢȮ

ıĭĺƞŅŒĬĔĶĦňĪňŗįŌƟŏĝňŗĵĺĝŅĠŒľƟĶŃĵŃĪŅĚĽńŘĬĔĺƞŅȮĽƞĺĬŒľĠƞĴňėĺŅĴŐĨĔĨƞŅĚȮ/,.Ȯ-Ȯ5,.ȮĔŇőĸŏĴĨĶȮőħĵıĭ

ėĺŅĴŐĨĔĨƞŅĚĴŅĔĪňŗĽŋħĮĶŃĴŅĦȮ/3ȮĔŇőĸŏĴĨĶŒĬıŊŘĬĪňŗĭĶŇĔŅĶȮ6ȮŒĬĪŅĚĔĸńĭĔńĬȮĔĶĦňĪňŗŀńĸĔŀĶŇĪŉĴ

ėŀĴıŇĺŏĨŀĶƢŒľƟĶŃĵŃĪŅĚĽńŘĬĔĺƞŅȮĽƞĺĬŒľĠƞĴňėĺŅĴŐĨĔĨƞŅĚȮ/,.Ȯ-Ȯ3,.ȮĔŇőĸŏĴĨĶȮőħĵıĭėĺŅĴŐĨĔĨƞŅĚ

ĴŅĔĪňŗĽŋħĮĶŃĴŅĦȮ5,.Ȯ-Ȯ6,.ȮĔŇőĸŏĴĨĶŒĬıŊŘĬĪňŗĭĶŇĔŅĶȮ0/ȮŐĸŃȮ17 

ĔŅĶĺŇŏėĶŅŃľƢįĸĨƞŅĚĶŃĵŃĪŅĚĶŃľĺƞŅĚĺŇīňŏĝŇĚŀńĸĔŀĶŇĪŉĴŐĸŃĔŅĶĨńħĽŇĬŒěĕŀĚįŌƟŏĝňŗĵĺĝŅĠĨŅĴ

ĨŅĶŅĚĪňŗȮ3ȮŐĽħĚŒľƟŏľŖĬĩŉĚįĸĨƞŅĚĕŀĚĶŃĵŃĪŅĚŒĬĽŅĴĸńĔļĦŃȮœħƟŐĔƞȮįĸĨƞŅĚŏĝŇĚĭĺĔȮįĸĨƞŅĚŏĝŇĚĸĭȮ

ŐĸŃįĸĨƞŅĚŏĮƦĬĻŌĬĵƢȮőħĵıĭĺƞŅįĸĔŅĶĺŇŏėĶŅŃľƢıĭĺƞŅŀńĸĔŀĶŇĪŉĴŐĭĭĮĶŃľĵńħĴňįĸĨƞŅĚŏĝŇĚĭĺĔŒĬȮ/5Ȯ

ĔĸŋƞĴıŊŘĬĪňŗĭĶŇĔŅĶȮįĸĨƞŅĚŏĝŇĚĸĭŒĬȮ6ȮĔĸŋƞĴıŊŘĬĪňŗĭĶŇĔŅĶȮŐĸŃįĸĨƞŅĚŏĮƦĬĻŌĬĵƢŒĬȮ/4ȮĔĸŋƞĴıŊŘĬĪňŗĭĶŇĔŅĶȮ

ŀńĸĔŀĶŇĪŉĴȮPATH_CHEAPEST_ARC ĴňįĸĨƞŅĚŏĝŇĚĭĺĔŒĬȮ/6ȮĔĸŋƞĴıŊŘĬĪňŗĭĶŇĔŅĶȮįĸĨƞŅĚŏĝŇĚĸĭŒĬȮ/4Ȯ

ĔĸŋƞĴıŊŘĬĪňŗĭĶŇĔŅĶȮŐĸŃįĸĨƞŅĚŏĮƦĬĻŌĬĵƢŒĬȮ5ȮĔĸŋƞĴıŊŘĬĪňŗĭĶŇĔŅĶȮĽƞĺĬŀńĸĔŀĶŇĪŉĴėĶŇĽőĨœĲħƢĴňįĸĨƞŅĚŏĝŇĚ

ĭĺĔŒĬȮ/3ȮĔĸŋƞĴıŊŘĬĪňŗĭĶŇĔŅĶȮįĸĨƞŅĚŏĝŇĚĸĭŒĬȮ/3ȮĔĸŋƞĴıŊŘĬĪňŗĭĶŇĔŅĶȮŐĸŃįĸĨƞŅĚŏĮƦĬĻŌĬĵƢŒĬȮ//ȮĔĸŋƞĴ

ıŊŘĬĪňŗĭĶŇĔŅĶ 

ĔŅĶŏĮĶňĵĭŏĪňĵĭėĺŅĴŐĨĔĨƞŅĚĕŀĚĶŃĵŃĪŅĚŒĬŐĨƞĸŃĔĸŋƞĴıŊŘĬĪňŗıĭĺƞŅėĺŅĴŐĨĔĨƞŅĚŏĝŇĚĭĺĔĪňŗ

ĴŅĔĪňŗĽŋħŀĵŌƞŒĬĔĸŋƞĴıŊŘĬĪňŗȮ6ȮőħĵŀńĸĔŀĶŇĪŉĴŐĭĭĮĶŃľĵńħŒľƟĶŃĵŃĪŅĚĴŅĔĔĺƞŅįŌƟŏĝňŗĵĺĝŅĠȮ/3,0Ȯ

ĔŇőĸŏĴĨĶȮŀńĸĔŀĶŇĪŉĴȮPATH_CHEAPEST_ARC ĴŅĔĔĺƞŅȮ/3,/ȮĔŇőĸŏĴĨĶȮŐĸŃŀńĸĔŀĶŇĪŉĴėĶŇĽőĨœĲħƢ

ĴŅĔĔĺƞŅȮ/3,0ȮĔŇőĸŏĴĨĶ,ȮĽƞĺĬėĺŅĴŐĨĔĨƞŅĚŏĝŇĚĸĭĪňŗĴŅĔĪňŗĽŋħıĭŒĬĔĸŋƞĴıŊŘĬĪňŗȮ0/ȮĪňŗŀńĸĔŀĶŇĪŉĴĪńŘĚĽŅĴ

ŒľƟĶŃĵŃĪŅĚĬƟŀĵĔĺƞŅįŌƟŏĝňŗĵĺĝŅĠȮ6ȮĔŇőĸŏĴĨĶȮįĸĔŅĶĺŇŏėĶŅŃľƢĬňŘŐĽħĚŒľƟŏľŖĬĺƞŅŐĴƟįŌƟŏĝňŗĵĺĝŅĠěŃ
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ĽŅĴŅĶĩĽĶƟŅĚŏĽƟĬĪŅĚĪňŗĽńŘĬĪňŗĽŋħŒĬľĸŅĵıŊŘĬĪňŗȮŐĨƞŀńĸĔŀĶŇĪŉĴėŀĴıŇĺŏĨŀĶƢĽŅĴŅĶĩŒľƟĶŃĵŃĪŅĚĪňŗĽńŘĬ

ĪňŗĽŋħŏĪňĵĭŏĪƞŅľĶŊŀĽńŘĬĔĺƞŅŒĬľĸŅĵĔĶĦňȮėĺŅĴŐĨĔĨƞŅĚĕŀĚĶŃĵŃĪŅĚĶŃľĺƞŅĚĺŇīňĔŅĶĨńħĽŇĬŒěőħĵ

įŌƟŏĝňŗĵĺĝŅĠŐĸŃĪńŘĚĽŅĴŀńĸĔŀĶŇĪŉĴŀĵŌƞŒĬĝƞĺĚœĴƞŏĔŇĬȮ5ȮĔŇőĸŏĴĨĶȮĵĔŏĺƟĬŒĬĭŅĚıŊŘĬĪňŗĪňŗĴňėĺŅĴŐĨĔĨƞŅĚ

ĴŅĔĔĺƞŅĬňŘŀŅěŏĔŇħěŅĔĸńĔļĦŃŏĜıŅŃĕŀĚıŊŘĬĪňŗĬńŘĬŕ 

ĶŅĵĸŃŏŀňĵħŏıŇŗĴŏĨŇĴŏĔňŗĵĺĔńĭįĸĨƞŅĚĶŃĵŃĪŅĚĶŃľĺƞŅĚĺŇīňŏĝŇĚŀńĸĔŀĶŇĪŉĴŐĸŃĔŅĶĨńħĽŇĬŒěĕŀĚ

įŌƟŏĝňŗĵĺĝŅĠŒĬĔŅĶĔņľĬħŏĽƟĬĪŅĚĨĶĺěĽĩŅĬĪňŗĕŅĵĵŅĮƤěěŋĭńĬȮěņŐĬĔĨŅĴĶŅĵıŊŘĬĪňŗĭĶŇĔŅĶȮĽŅĴŅĶĩħŌ

œħƟŒĬĳŅėįĬĺĔȮėȮŐĽħĚŒľƟŏľŖĬĩŉĚėĺŅĴŐĨĔĨƞŅĚĕŀĚĶŃĵŃĪŅĚŒĬŐĨƞĸŃıŊŘĬĪňŗĭĶŇĔŅĶȮ 

 

0,0ȮĶŃĵŃŏĺĸŅőħĵĶĺĴŒĬĔŅĶŏħŇĬĪŅĚĪŋĔŏĽƟĬĪŅĚ 

 

ĳŅıĪňŗȮ34: ŐįĬĳŌĴŇŐĪƞĚŐĽħĚĶŃĵŃŏĺĸŅĶĺĴȮ&ĬŅĪň'ȮĪňŗŒĝƟŒĬĔŅĶŏħŇĬĪŅĚŏıŊŗŀĨĶĺěĮĶŃŏĴŇĬ 
ĽĩŅĬĪňŗĕŅĵĵŅŐįĬĮƤěěŋĭńĬȮħƟĺĵĔŅĶěńħĸņħńĭŏĽƟĬĪŅĚĺŇīňĨƞŅĚȮŕ 

 ěŅĔĳŅıĪňŗȮ12ȮįĸĔŅĶĺŇŏėĶŅŃľƢĕƟŀĴŌĸıĭĺƞŅĶŃĵŃŏĺĸŅĶĺĴĕŀĚĺŇīňĔŅĶěńħŏĽƟĬĪŅĚĪňŗŐĨĔĨƞŅĚĔńĬ

2ȮĺŇīňȮıĭĺƞŅĺŇīňĔŅĶĨńħĽŇĬŒěőħĵįŌƟŏĝňŗĵĺĝŅĠŒĝƟŏĺĸŅĬƟŀĵĪňŗĽŋħȮėŊŀȮ4,962.00 ĬŅĪňȮĶŀĚĸĚĴŅėŊŀ

ŀńĸĔŀĶŇĪŉĴėĶŇĽőĨœĲħƢĪňŗŒĝƟŏĺĸŅȮ5,057.00 ĬŅĪňȮĨŅĴħƟĺĵŀńĸĔŀĶŇĪŉĴȮPATH_CHEAPEST_ARC ĪňŗŒĝƟ

ŏĺĸŅȮ5,082.50 ĬŅĪňȮŐĸŃŀńĸĔŀĶŇĪŉĴŐĭĭĮĶŃľĵńħŒĝƟŏĺĸŅĴŅĔĪňŗĽŋħĪňŗȮ5,085.50 ĬŅĪňȮŀĵƞŅĚœĶĔŖĨŅĴȮ

įŌƟŏĝňŗĵĺĝŅĠ
ŀńĸĔŀĶŇĪŉĴŐĭĭ
ĮĶŃľĵńħ

ŀńĸĔŀĶŇĪŉĴŐĭĭ
PATH_CHEA
PEST_ARC

ŀńĸĔŀĶŇĪŉĴėĶŇĽ
őĨœĲħƢ

ŏĺĸŅ4,962.00 5,085.50 5,082.50 5,057.00
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ėĺŅĴŐĨĔĨƞŅĚĕŀĚĶŃĵŃĪŅĚĶĺĴĶŃľĺƞŅĚĪńŘĚȮ1ȮŀńĸĔŀĶŇĪŉĴȮĪňŗŒľƟĶŃĵŃŏĺĸŅĴŅĔĔĺƞŅĺŇīňĔŅĶĨńħĽŇĬŒěőħĵ

įŌƟŏĝňŗĵĺĝŅĠȮŀĵŌƞŒĬĝƞĺĚȮ73ȮůȮ/01,3.ȮĬŅĪňľĶŊŀėŇħŏĮƦĬĶƟŀĵĸŃȮ/,7/ ůȮ0,27 

 

 

ĳŅıĪňŗȮ35: ŐįĬĳŌĴŇŐĪƞĚŐĽħĚėƞŅŏĜĸňŗĵĶŃĵŃŏĺĸŅŏħŇĬĪŅĚȮ&ĬŅĪň'ȮĪňŗŒĝƟŒĬĔŅĶŏħŇĬĪŅĚŏıŊŗŀĨĶĺěĮĶŃŏĴŇĬ 
ĽĩŅĬĪňŗĕŅĵĵŅŐįĬĮƤěěŋĭńĬħƟĺĵĔŅĶěńħĸņħńĭŏĽƟĬĪŅĚĺŇīňĨƞŅĚȮŕ 

 

ĔŅĶĺŇŏėĶŅŃľƢĕƟŀĴŌĸěŅĔĳŅıĪňŗȮ13ȮıĭĺƞŅėƞŅŏĜĸňŗĵĶŃĵŃŏĺĸŅĨƞŀĺŇīňĔŅĶěńħŏĽƟĬĪŅĚȮıĭĺƞŅĺŇīňĔŅĶ

ĨńħĽŇĬŒěőħĵįŌƟŏĝňŗĵĺĝŅĠŒĝƟėƞŅŏĜĸňŗĵĶŃĵŃŏĺĸŅĬƟŀĵĪňŗĽŋħĪňŗȮ/0/,.0ȮĬŅĪňȮĶŀĚĸĚĴŅėŊŀŀńĸĔŀĶŇĪŉĴėĶŇĽőĨ

œĲħƢĪňŗĴňėƞŅŏĜĸňŗĵȮ/01,12ȮĬŅĪňȮĨŅĴħƟĺĵŀńĸĔŀĶŇĪŉĴŐĭĭȮPATH_CHEAPEST_ARC ĪňŗȮ/01,74ȮĬŅĪňȮ

ŐĸŃŀńĸĔŀĶŇĪŉĴŐĭĭĮĶŃľĵńħĪňŗŒĝƟŏĺĸŅŏĜĸňŗĵĴŅĔĪňŗĽŋħĪňŗȮ/02,.2ȮĬŅĪňȮėĺŅĴŐĨĔĨƞŅĚĕŀĚėƞŅŏĜĸňŗĵ

ĶŃĵŃŏĺĸŅĶŃľĺƞŅĚĺŇīňĔŅĶĨńħĽŇĬŒěőħĵįŌƟŏĝňŗĵĺĝŅĠĔńĭĺŇīňŏĝŇĚŀńĸĔŀĶŇĪŉĴĪńŘĚȮ1ȮŀńĸĔŀĶŇĪŉĴȮŀĵŌƞŒĬĝƞĺĚ

ĮĶŃĴŅĦȮ0,10ȮůȮ1,.0ȮĬŅĪňȮėŇħŏĮƦĬĶƟŀĵĸŃȮ/,7/ȮůȮ0,5. 
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ŀńĸĔŀĶŇĪŉĴŐĭĭȮPATH_CHEAPEST_ARC
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ěŅĔĨŅĶŅĚĪňŗȮ4ȮŐĽħĚįĸĔŅĶŏĮĶňĵĭŏĪňĵĭŏĝŇĚĮĶŇĴŅĦȮőħĵĬņŏĽĬŀĶŃĵŃŏĺĸŅȮ&ĬŅĪň'ȮĪňŗœħƟěŅĔ

ĺŇīňĔŅĶěńħĸņħńĭŏĽƟĬĪŅĚĪńŘĚĽňŗŐĭĭȮĮĶŃĔŀĭħƟĺĵĔŅĶĨńħĽŇĬŒěőħĵįŌƟŏĝňŗĵĺĝŅĠȮŐĸŃŀńĸĔŀĶŇĪŉĴȮ1ȮĶŌĮŐĭĭȮ

œħƟŐĔƞȮŀńĸĔŀĶŇĪŉĴŐĭĭĮĶŃľĵńħ, ŀńĸĔŀĶŇĪŉĴȮPATH_CHEAPEST_ARC, ŐĸŃŀńĸĔŀĶŇĪŉĴėĶŇĽőĨœĲħƢȮ

ĽņľĶńĭĪńŘĚȮ2/ȮĔĸŋƞĴıŊŘĬĪňŗĭĶŇĔŅĶȮőħĵėŀĸńĴĬƢĽŋħĪƟŅĵĕŀĚĨŅĶŅĚĬňŘĶŃĭŋĶŌĮŐĭĭĺŇīňĔŅĶĪňŗŒľƟĶŃĵŃŏĺĸŅĽńŘĬ

ĪňŗĽŋħŒĬŐĨƞĸŃĔĸŋƞĴȮ 

ĨŅĶŅĚĪňŗȮ68ȮįĸĶĺĴĶŃĵŃŏĺĸŅȮ&ĬŅĪň'ȮŐĸŃĶŌĮŐĭĭĺŇīňĔŅĶěńħĸņħńĭĪňŗŒľƟĶŃĵŃŏĺĸŅĽńŘĬĪňŗĽŋħŒĬŐĨƞĸŃĔĸŋƞĴ
ıŊŘĬĪňŗĭĶŇĔŅĶĽņľĶńĭĔŅĶĨĶĺěĮĶŃŏĴŇĬĽĩŅĬĪňŗĕŅĵĵŅŐįĬĮƤěěŋĭńĬ 

ĔĸŋƞĴıŊŘĬĪňŗ
ĭĶŇĔŅĶ 

įŌƟŏĝňŗĵĺĝŅĠȮ
&E) 

(ĔŇőĸŏĴĨĶ' 

ŀńĸĔŀĶŇĪŉĴ
Őĭĭ

ĮĶŃľĵńħ (S) 
(ĔŇőĸŏĴĨĶ' 

ŀńĸĔŀĶŇĪŉĴ
PATH_CHEAPEST 

_ARC (P) 
(ĔŇőĸŏĴĨĶ' 

ŀńĸĔŀĶŇĪŉĴ 
ėĶŇĽőĨœĲħƢ 

(C) 
(ĔŇőĸŏĴĨĶ' 

ĶŌĮŐĭĭĪňŗŒľƟ
ĶŃĵŃŏĺĸŅ
ŏħŇĬĪŅĚ
ĬƟŀĵĪňŗĽŋħ 

1 166 159.5 158.5 160 P 

2 129 129 124.5 124.5 P,C 

3 157 162.5 159 160 E 

4 54.5 59.5 64 57.5 E 

5 52.5 54 50.5 50.5 P,C 

6 111 101 93 101 P 

7 104.5 103 104.5 104.5 S 

8 128.5 147 145.5 147 E 

9 113 128.5 136 128.5 E 

10 122 135 131 131 E 

11 166 184 184 184 E 

12 98.5 112 109 111.5 E 

13 116 127.5 127 127 E 

ľĴŅĵŏľĨŋ:  ĽňŐĶĚŏĚŅŒĬŐĨƞĸŃĝƞŀĚȮŐĽħĚĩŉĚĶŃĵŃŏĺĸŅĪňŗĽńŘĬĪňŗĽŋħ 
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ĨŅĶŅĚĪňŗȮ6 &Ĩƞŀ': įĸĶĺĴĶŃĵŃŏĺĸŅȮ&ĬŅĪň'ȮŐĸŃĶŌĮŐĭĭĺŇīňĔŅĶěńħĸņħńĭĪňŗŒľƟĶŃĵŃŏĺĸŅĽńŘĬĪňŗĽŋħŒĬŐĨƞĸŃ

ĔĸŋƞĴıŊŘĬĪňŗĭĶŇĔŅĶĽņľĶńĭĔŅĶĨĶĺěĮĶŃŏĴŇĬĽĩŅĬĪňŗĕŅĵĵŅŐįĬĮƤěěŋĭńĬ 

ĔĸŋƞĴıŊŘĬĪňŗ
ĭĶŇĔŅĶ 

įŌƟŏĝňŗĵĺĝŅĠȮ
&E) 

(ĔŇőĸŏĴĨĶ' 

ŀńĸĔŀĶŇĪŉĴ
Őĭĭ

ĮĶŃľĵńħ (S) 
(ĔŇőĸŏĴĨĶ' 

ŀńĸĔŀĶŇĪŉĴ
PATH_CHEAPEST 

_ARC (P) 
(ĔŇőĸŏĴĨĶ' 

ŀńĸĔŀĶŇĪŉĴ 
ėĶŇĽőĨœĲħƢ 

(C) 
(ĔŇőĸŏĴĨĶ' 

ĶŌĮŐĭĭĪňŗŒľƟ
ĶŃĵŃŏĺĸŅ
ŏħŇĬĪŅĚ
ĬƟŀĵĪňŗĽŋħ 

14 16 16.5 18.5 16 E,C 

15 67 67 60.5 60.5 P,C 

16 81.5 91 91 91 E 

17 128 139 154 154 E 

18 132.5 132.5 125.5 125.5 P,C 

19 154.5 154.5 157.5 157.5 E,S 

20 150 150 153 153 E,S 

21 121 109.5 109.5 109.5 S,P,C 

22 70 70 81.5 70 E,S,C 

23 129.5 129.5 127.5 129.5 P 

24 139 136 127.5 127.5 P,C 

25 94.5 108.5 112 112 E 

26 81 95 96.5 81 E,C 

27 90 90 83 83 P,C 

28 181 201.5 197.5 197.5 E 

29 100.5 100.5 100.5 100.5 E,S,P,C 

30 84.5 92.5 90 84.5 E,C 

31 170.5 166 162.5 162.5 P,C 

32 159 159 159 159 E,S,P,C 

ľĴŅĵŏľĨŋ:  ĽňŐĶĚŏĚŅŒĬŐĨƞĸŃĝƞŀĚȮŐĽħĚĩŉĚĶŃĵŃŏĺĸŅĪňŗĽńŘĬĪňŗĽŋħ 
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ĨŅĶŅĚĪňŗȮ6 &Ĩƞŀ': įĸĶĺĴĶŃĵŃŏĺĸŅȮ&ĬŅĪň'ȮŐĸŃĶŌĮŐĭĭĺŇīňĔŅĶěńħĸņħńĭĪňŗŒľƟĶŃĵŃŏĺĸŅĽńŘĬĪňŗĽŋħŒĬŐĨƞĸŃ

ĔĸŋƞĴıŊŘĬĪňŗĭĶŇĔŅĶĽņľĶńĭĔŅĶĨĶĺěĮĶŃŏĴŇĬĽĩŅĬĪňŗĕŅĵĵŅŐįĬĮƤěěŋĭńĬ 

ĔĸŋƞĴıŊŘĬĪňŗ
ĭĶŇĔŅĶ 

įŌƟŏĝňŗĵĺĝŅĠȮ
&E) 

(ĔŇőĸŏĴĨĶ' 

ŀńĸĔŀĶŇĪŉĴ
Őĭĭ

ĮĶŃľĵńħ (S) 
(ĔŇőĸŏĴĨĶ' 

ŀńĸĔŀĶŇĪŉĴ
PATH_CHEAPEST 

_ARC (P) 
(ĔŇőĸŏĴĨĶ' 

ŀńĸĔŀĶŇĪŉĴ 
ėĶŇĽőĨœĲħƢ 

(C) 
(ĔŇőĸŏĴĨĶ' 

ĶŌĮŐĭĭĪňŗŒľƟ
ĶŃĵŃŏĺĸŅ
ŏħŇĬĪŅĚ
ĬƟŀĵĪňŗĽŋħ 

33 161.5 153 150 150 P,C 

34 205.5 210.5 221.5 209.5 E 

35 114 114 114 118 E,S,P 

36 151.5 151.5 151.5 161.5 E,S,P 

37 21.5 21.5 16.5 21.5 P 

38 148 135.5 147 147 S 

39 185 182 182 182 S,P,C 

40 164 164 164 164 E,S,P,C 

41 142.5 142.5 142.5 142.5 E,S,P,C 

ľĴŅĵŏľĨŋ:  ĽňŐĶĚŏĚŅŒĬŐĨƞĸŃĝƞŀĚȮŐĽħĚĩŉĚĶŃĵŃŏĺĸŅĪňŗĽńŘĬĪňŗĽŋħ 

 

ĔŅĶĺŇŏėĶŅŃľƢĕƟŀĴŌĸěŅĔĔĶŅĲŏĽƟĬŐĽħĚėĺŅĴĽńĴıńĬīƢĶŃľĺƞŅĚĶŃĵŃŏĺĸŅȮ&ĬŅĪň'ȮŐĸŃĸņħńĭ

ĔĸŋƞĴıŊŘĬĪňŗĭĶŇĔŅĶĽņľĶńĭĺŇīňĔŅĶěńħŏĽƟĬĪŅĚȮ2ȮĺŇīňȮœħƟŐĔƞȮĔŅĶĨńħĽŇĬŒěőħĵįŌƟŏĝňŗĵĺĝŅĠȮŀńĸĔŀĶŇĪŉĴŐĭĭ

ĮĶŃľĵńħȮŀńĸĔŀĶŇĪŉĴȮPATH_CHEAPEST_ARC ŐĸŃŀńĸĔŀĶŇĪŉĴėĶŇĽőĨœĲħƢ őħĵŐĔĬĬŀĬȮ&ŐĔĬȮX) 

ŐĽħĚĸņħńĭĔĸŋƞĴıŊŘĬĪňŗĭĶŇĔŅĶĨńŘĚŐĨƞȮ/Ȯ-Ȯ2/ȮŐĸŃŐĔĬĨńŘĚȮ&ŐĔĬȮY) ŐĽħĚĶŃĵŃŏĺĸŅŏĮƦĬĬŅĪňȮĨńŘĚŐĨƞȮ.ȮĩŉĚȮ

00/,3ȮĬŅĪňȮıĭĺƞŅŏĽƟĬĔĶŅĲĕŀĚĪńŘĚȮ2ȮĺŇīňȮŐĽħĚŐĬĺőĬƟĴĪňŗĽŀħėĸƟŀĚĔńĬȮħńĚŐĽħĚŒĬĳŅıĪňŗȮ14 
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ĳŅıĪňŗȮ36: ĔĶŅĲŏĽƟĬŐĽħĚĔŅĶŏĮĶňĵĭŏĪňĵĭĶŃĵŃŏĺĸŅĔŅĶŏħŇĬĪŅĚĪňŗėņĬĺĦœħƟĕŀĚĔŅĶěńħĸņħńĭ
ŏĽƟĬĪŅĚȮĪńŘĚĺŇīňĔŅĶĨńħĽŇĬŒěőħĵįŌƟŏĝňŗĵĺĝŅĠȮŐĸŃŀńĸĔŀĶŇĪŉĴĪňŗėņĬĺĦħƟĺĵėŀĴıŇĺŏĨŀĶƢĽŅĴĝĬŇħȮ
&ŀńĸĔŀĶŇĪŉĴŐĭĭĮĶŃľĵńħȮŀńĸĔŀĶŇĪŉĴȮPATH_CHEAPEST_ARC ŐĸŃŀńĸĔŀĶŇĪŉĴėĶŇĽőĨœĲħƢ) 

 

ĳŅıĪňŗȮ15ȮĬņŏĽĬŀĔŅĶŐĽħĚėĺŅĴĩňŗĕŀĚŐĨƞĸŃĺŇīňĪňŗĽŅĴŅĶĩĽĶƟŅĚŏĽƟĬĪŅĚĪňŗŒĝƟĶŃĵŃŏĺĸŅĽńŘĬ

ĪňŗĽŋħœħƟěŅĔĪńŘĚľĴħȮ2/ȮĔĸŋƞĴıŊŘĬĪňŗĭĶŇĔŅĶȮĳŅıĶĺĴĕŀĚėĺŅĴĽŅĴŅĶĩŒĬĔŅĶĽĶƟŅĚŏĽƟĬĪŅĚĪňŗŒĝƟ

ĶŃĵŃŏĺĸŅĽńŘĬĪňŗĽŋħĶŃľĺƞŅĚĺŇīňĨƞŅĚŕȮŐĸŃĨŅĶŅĚĪňŗȮ5ȮŐĽħĚĔŅĶĺŇŏėĶŅŃľƢįĸĨƞŅĚĶŃĵŃŏĺĸŅĶŃľĺƞŅĚĺŇīňŏĝŇĚ

ŀńĸĔŀĶŇĪŉĴŐĸŃĔŅĶĨńħĽŇĬŒěĕŀĚįŌƟŏĝňŗĵĺĝŅĠŒĬĔŅĶĔņľĬħŏĽƟĬĪŅĚĨĶĺěĽĩŅĬĪňŗĕŅĵĵŅŐįĬĮƤěěŋĭńĬȮ 

 

ĳŅıĪňŗȮ378ȮŐįĬĳŌĴŇŐĪƞĚŐĽħĚěņĬĺĬėĶńŘĚĕŀĚŐĨƞĸŃĺŇīňĔŅĶěńħĸņħńĭŏĽƟĬĪŅĚěńħŏĽƟĬĪŅĚȮĪňŗŒĝƟĶŃĵŃŏĺĸŅ
ŏĺĸŅŏħŇĬĪŅĚĽńŘĬĪňŗĽŋħŒĬȮ2/ȮĔĸŋƞĴıŊŘĬĪňŗĭĶŇĔŅĶ 
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ĺŇīňĔŅĶěńħĸŜŅħńĭŏĽƟĬĪŅĚ

ěŜŅĬĺĬėĶńŘĚĪňŗŐĨƞĸŃĺŇīňĔŅĶěńħŏĽƟĬĪŅĚĽŅĴŅĶĩĽĶƟŅĚĶŃĵŃĪŅĚ
ĪňŗŒĝƟŏĺĸŅŏħŇĬĪŅĚĽńŘĬĪňŗĽŋħŒĬȮ41 ĔĸŋƞĴıŊŘĬĪňŗĭĶŇĔŅĶ

E =ĺŇīňĔŅĶĨńħĽŇĬŒěőħĵįŌƟŏĝňŗĵĺĝŅĠȮS = ŀńĸĔŀĶŇĪŉĴŐĭĭĮĶŃľĵńħȮ

P = ŀńĸĔŀĶŇĪŉĴPATH_CHEAPEST_ARCC = ŀńĸĔŀĶŇĪŉĴėĶŇĽőĨœĲħƢȮȮ
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ĨŅĶŅĚĪňŗȮ7: ĔŅĶĺŇŏėĶŅŃľƢįĸĨƞŅĚĶŃĵŃŏĺĸŅĶŃľĺƞŅĚĺŇīňŏĝŇĚŀńĸĔŀĶŇĪŉĴŐĸŃĔŅĶĨńħĽŇĬŒěĕŀĚįŌƟŏĝňŗĵĺĝŅĠ
ŒĬĔŅĶĔņľĬħŏĽƟĬĪŅĚĨĶĺěĽĩŅĬĪňŗĕŅĵĵŅŐįĬĮƤěěŋĭńĬȮěņŐĬĔĔĸŋƞĴıŊŘĬĪňŗĭĶŇĔŅĶ 

ĔĸŋƞĴıŊŘĬĪňŗĭĶŇĔŅĶ 

ŀńĸĔŀĶŇĪŉĴŐĭĭ
ĮĶŃľĵńħ (S) 

(ěņĬĺĬĔĸŋƞĴıŊŘĬĪňŗ
ĭĶŇĔŅĶ) 

ŀńĸĔŀĶŇĪŉĴŐĭĭ 
PATH_CHEAPEST 

_ARC (P) 
(ěņĬĺĬĔĸŋƞĴıŊŘĬĪňŗ
ĭĶŇĔŅĶ) 

ŀńĸĔŀĶŇĪŉĴ 
ėĶŇĽőĨœĲħƢ (C) 

(ěņĬĺĬĔĸŋƞĴıŊŘĬĪňŗ
ĭĶŇĔŅĶ) 

įĸĨƞŅĚŏĝŇĚĭĺĔa 
&Positive Differences) 

17 19 17 

įĸĨƞŅĚŏĝŇĚĸĭb 
&Negative Differences) 

9 15 13 

įĸĨƞŅĚŏĮƦĬĻŌĬĵƢc 
&Zero Differences) 

15 7 11 

ľĴŅĵŏľĨŋ 

a= įĸĨƞŅĚŏĝŇĚĭĺĔȮľĴŅĵĩŉĚěņĬĺĬĔĸŋƞĴıŊŘĬĪňŗĭĶŇĔŅĶĪňŗĺŇīňŏĝŇĚŀńĸĔŀĶŇĪŉĴŒľƟįĸĸńıīƢĶŃĵŃŏĺĸŅĪňŗĴŅĔĔĺƞŅ

ĔŅĶĨńħĽŇĬŒěĕŀĚįŌƟŏĝňŗĵĺĝŅĠȮ 

b= įĸĨƞŅĚŏĝŇĚĸĭȮľĴŅĵĩŉĚěņĬĺĬĔĸŋƞĴıŊŘĬĪňŗĭĶŇĔŅĶĪňŗĺŇīňŏĝŇĚŀńĸĔŀĶŇĪŉĴŒľƟįĸĸńıīƢĶŃĵŃŏĺĸŅĪňŗĬƟŀĵĔĺƞŅ

ĔŅĶĨńħĽŇĬŒěĕŀĚįŌƟŏĝňŗĵĺĝŅĠȮ 

c= įĸĨƞŅĚŏĮƦĬĻŌĬĵƢȮľĴŅĵĩŉĚěņĬĺĬĔĸŋƞĴıŊŘĬĪňŗĭĶŇĔŅĶĪňŗĺŇīňŏĝŇĚŀńĸĔŀĶŇĪŉĴŒľƟįĸĸńıīƢĶŃĵŃŏĺĸŅŏĪƞŅĔńĭ

ĔŅĶĨńħĽŇĬŒěĕŀĚįŌƟŏĝňŗĵĺĝŅĠ 

ĔŅĶĺŇŏėĶŅŃľƢĕƟŀĴŌĸěŅĔĨŅĶŅĚĪňŗȮ4-5ȮŐĸŃĳŅıĪňŗȮ14-15ȮŐĽħĚĔŅĶŏĮĶňĵĭŏĪňĵĭĶŃľĺƞŅĚĺŇīňĔŅĶ

ĨńħĽŇĬŒěőħĵįŌƟŏĝňŗĵĺĝŅĠĔńĭŀńĸĔŀĶŇĪŉĴėŀĴıŇĺŏĨŀĶƢȮ1ȮĺŇīňŒĬĔŅĶĽĶƟŅĚŏĽƟĬĪŅĚĪňŗŒĝƟĶŃĵŃŏĺĸŅĽńŘĬĪňŗĽŋħ

ĽņľĶńĭıŊŘĬĪňŗĭĶŇĔŅĶĪńŘĚȮ2/ȮŐľƞĚȮįŌƟŏĝňŗĵĺĝŅĠĽĶƟŅĚŏĽƟĬĪŅĚĪňŗŒĝƟĶŃĵŃŏĺĸŅĽńŘĬĪňŗĽŋħŒĬȮ/1ȮĔĸŋƞĴıŊŘĬĪňŗ

ĭĶŇĔŅĶȮ&ľĴŅĵŏĸĕȮ1, 2, 6, 7, /., //, /0, /1, /4, /5, 03, 06ȮŐĸŃȮ12'ȮėŇħŏĮƦĬĶƟŀĵĸŃȮ1/,5/ȮĕŀĚ

ıŊŘĬĪňŗĪńŘĚľĴħȮĬŀĔěŅĔĬňŘȮĵńĚĴňĔĶĦňĪňŗįĸĸńıīƢĕŀĚįŌƟŏĝňŗĵĺĝŅĠŏĪňĵĭŏĪƞŅĔńĭŀńĸĔŀĶŇĪŉĴĨƞŅĚŕȮŒĬľĸŅĵıŊŘĬĪňŗ 

įĸĸńıīƢĪňŗŀńĸĔŀĶŇĪŉĴėŀĴıŇĺŏĨŀĶƢŒĬĔŅĶĽĶƟŅĚŏĽƟĬĪŅĚĪňŗŒĝƟĶŃĵŃŏĺĸŅĽńŘĬĪňŗĽŋħŏıňĵĚĺŇīňŏħňĵĺĨƞŀ

ĔĸŋƞĴıŊŘĬĪňŗĭĶŇĔŅĶȮıĭĺƞŅȮŀńĸĔŀĶŇĪŉĴŐĭĭĮĶŃľĵńħŒľƟĶŃĵŃŏĺĸŅĽńŘĬĪňŗĽŋħŒĬȮ0ȮĔĸŋƞĴıŊŘĬĪňŗĭĶŇĔŅĶȮ

&ľĴŅĵŏĸĕȮ5ȮŐĸŃȮ16'ȮŀńĸĔŀĶŇĪŉĴȮPATH_CHEAPEST_ARC ŒľƟĶŃĵŃŏĺĸŅĽńŘĬĪňŗĽŋħŒĬȮ2ȮĔĸŋƞĴıŊŘĬĪňŗ
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ĭĶŇĔŅĶȮ&ľĴŅĵŏĸĕȮ/, 4, 01ȮŐĸŃȮ15ȮŒĬĕĦŃĪňŗŀńĸĔŀĶŇĪŉĴėĶŇĽőĨœĲħƢœĴƞĴňĔĸŋƞĴıŊŘĬĪňŗĭĶŇĔŅĶŒħŒľƟ

ĶŃĵŃŏĺĸŅĪňŗĽńŘĬĪňŗĽŋħ 

ĔŅĶĺŇŏėĶŅŃľƢįĸĨƞŅĚĶŃĵŃĪŅĚĶŃľĺƞŅĚĺŇīňŏĝŇĚŀńĸĔŀĶŇĪŉĴŐĸŃĔŅĶĨńħĽŇĬŒěĕŀĚįŌƟŏĝňŗĵĺĝŅĠĨŅĴ

ĨŅĶŅĚĪňŗȮ5ȮŐĽħĚŒľƟŏľŖĬĩŉĚįĸĨƞŅĚĕŀĚĶŃĵŃŏĺĸŅŒĬĽŅĴĸńĔļĦŃȮœħƟŐĔƞȮįĸĨƞŅĚŏĝŇĚĭĺĔȮįĸĨƞŅĚŏĝŇĚĸĭȮ

ĸŃįĸĨƞŅĚŏĮƦĬĻŌĬĵƢȮőħĵıĭĺƞŅįĸĔŅĶĺŇŏėĶŅŃľƢıĭĺƞŅŀńĸĔŀĶŇĪŉĴŐĭĭĮĶŃľĵńħĴňįĸĨƞŅĚŏĝŇĚĭĺĔŒĬȮ/5Ȯ

ĔĸŋƞĴıŊŘĬĪňŗĭĶŇĔŅĶȮįĸĨƞŅĚŏĝŇĚĸĭŒĬȮ7ȮĔĸŋƞĴıŊŘĬĪňŗĭĶŇĔŅĶȮŐĸŃįĸĨƞŅĚŏĮƦĬĻŌĬĵƢŒĬȮ/3ȮĔĸŋƞĴıŊŘĬĪňŗĭĶŇĔŅĶȮ

ŀńĸĔŀĶŇĪŉĴȮPATH_CHEAPEST_ARC ĴňįĸĨƞŅĚŏĝŇĚĭĺĔŒĬȮ/7ȮĔĸŋƞĴıŊŘĬĪňŗĭĶŇĔŅĶȮįĸĨƞŅĚŏĝŇĚĸĭŒĬȮ/3Ȯ

ĔĸŋƞĴıŊŘĬĪňŗĭĶŇĔŅĶȮŐĸŃįĸĨƞŅĚŏĮƦĬĻŌĬĵƢŒĬȮ5ȮĔĸŋƞĴıŊŘĬĪňŗĭĶŇĔŅĶȮĽƞĺĬŀńĸĔŀĶŇĪŉĴėĶŇĽőĨœĲħƢĴňįĸĨƞŅĚŏĝŇĚ

ĭĺĔŒĬȮ/5ȮĔĸŋƞĴıŊŘĬĪňŗĭĶŇĔŅĶȮįĸĨƞŅĚŏĝŇĚĸĭŒĬȮ/1ȮĔĸŋƞĴıŊŘĬĪňŗĭĶŇĔŅĶȮŐĸŃįĸĨƞŅĚŏĮƦĬĻŌĬĵƢŒĬȮ//ȮĔĸŋƞĴ

ıŊŘĬĪňŗĭĶŇĔŅĶ 

ĶŅĵĸŃŏŀňĵħŏıŇŗĴŏĨŇĴŏĔňŗĵĺĔńĭįĸĨƞŅĚĶŃĵŃŏĺĸŅĶŃľĺƞŅĚĺŇīňŏĝŇĚŀńĸĔŀĶŇĪŉĴŐĸŃĔŅĶĨńħĽŇĬŒěĕŀĚ

įŌƟŏĝňŗĵĺĝŅĠŒĬĔŅĶĔņľĬħŏĽƟĬĪŅĚĨĶĺěĽĩŅĬĪňŗĕŅĵĵŅĮƤěěŋĭńĬȮěņŐĬĔĨŅĴĶŅĵıŊŘĬĪňŗĭĶŇĔŅĶȮĽŅĴŅĶĩħŌ

œħƟŒĬĳŅėįĬĺĔȮėȮ 
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ĨŀĬĪňŗȮ3 ĮĶŃĽŇĪīŇĳŅıŒĬĔŅĶĺŅĚŐįĬŏĽƟĬĪŅĚĶŃľĺƞŅĚįŌƟŏĝňŗĵĺĝŅĠŐĸŃŀńĸĔŀĶŇĪŉĴ 

ĔŅĶĺŇěńĵĬňŘĴňěŋħĴŋƞĚľĴŅĵŏıŊŗŀŏĮĶňĵĭŏĪňĵĭĮĶŃĽŇĪīŇĳŅıŒĬĔŅĶĺŅĚŐįĬŏĽƟĬĪŅĚĽņľĶńĭĔŅĶŏĵňŗĵĴ

ĽĩŅĬĪňŗĕŅĵĵŅŐįĬĮƤěěŋĭńĬȮ/23ȮŐľƞĚȮ2/ȮĔĸŋƞĴıŊŘĬĪňŗĭĶŇĔŅĶĨŅĴėĺŅĴľĬŅŐĬƞĬŐĸŃĔŅĶĔĶŃěŋĔĨńĺȮőħĵ

ŏĮĶňĵĭŏĪňĵĭĶŃľĺƞŅĚĔŅĶĨńħĽŇĬŒěĕŀĚįŌƟŏĝňŗĵĺĝŅĠĔńĭĺŇīňĔŅĶĪŅĚŀńĸĔŀĶŇĪŉĴĽŅĴĶŌĮŐĭĭȮœħƟŐĔƞȮ

ŀńĸĔŀĶŇĪŉĴŐĭĭĮĶŃľĵńħȮŀńĸĔŀĶŇĪŉĴȮPATH_CHEAPEST_ARC ŐĸŃŀńĸĔŀĶŇĪŉĴėĶŇĽőĨœĲħƢȮ 

ŏıŊŗŀĪħĽŀĭĽĴĴŋĨŇģŅĬĕŀĚĚŅĬĺŇěńĵȮĶŃĵŃĪŅĚŒĬĔŅĶŏħŇĬĪŅĚěŅĔĔŅĶěńħĸņħńĭĽĩŅĬĪňŗĕŅĵĵŅŐįĬ

ĮƤěěŋĭńĬőħĵŒĝƟĺŇīňĔŅĶŏĝŇĚŀńĸĔŀĶŇĪŉĴįƞŅĬőĮĶŐĔĶĴėŀĴıŇĺŏĨŀĶƢěŃĽńŘĬĔĺƞŅľĶŊŀŏĪƞŅĔńĭĔŅĶěńħĸņħńĭőħĵ

įŌƟŏĝňŗĵĺĝŅĠŀĵƞŅĚĴňĬńĵĽņėńĠĪŅĚĽĩŇĨŇȮĳŅĵŒĨƟĔŅĶěńħĔĸŋƞĴıŊŘĬĪňŗĭĶŇĔŅĶŏħňĵĺĔńĬȮħƟĺĵĔŅĶĪħĽŀĭĪŅĚĽĩŇĨŇ

ħƟĺĵœėĽŐėĺĶƢ 

ĽĴĴĨŇģŅĬľĸńĔȮ&H.'ȮĺŇīňĔŅĶŏĝŇĚŀńĸĔŀĶŇĪŉĴŐĸŃĺŇīňĔŅĶĕŀĚįŌƟŏĝňŗĵĺĝŅĠŒĬĔŅĶľŅĶŃĵŃĪŅĚĽńŘĬ

ĪňŗĽŋħœĴƞŐĨĔĨƞŅĚĔńĬ 

ĽĴĴĨŇģŅĬĪŅĚŏĸŊŀĔȮ&H/) ĺŇīňĔŅĶŏĝŇĚŀńĸĔŀĶŇĪŉĴŐĸŃĺŇīňĔŅĶĕŀĚįŌƟŏĝňŗĵĺĝŅĠŒĬĔŅĶľŅĶŃĵŃĪŅĚ

ĽńŘĬĪňŗĽŋħĴňėĺŅĴŐĨĔĨƞŅĚĔńĬ 

ěŅĔĔŅĶĺŇŏėĶŅŃľƢĕƟŀĴŌĸȮıĭĺƞŅėĺŅĴĩňŗĪňŗĽńĚŏĔĨœħƟȮ&observed frequencies) ĽņľĶńĭŐĨƞĸŃĺŇīň

ŒĬĔŅĶľŅŏĽƟĬĪŅĚĪňŗĽńŘĬĪňŗĽŋħħńĚĨŅĶŅĚĪňŗȮ6 

ĨŅĶŅĚĪňŗȮ8:ȮėĺŅĴĩňŗĪňŗĽńĚŏĔĨœħƟĽņľĶńĭ ĺŇīňŒĬĔŅĶľŅŏĽƟĬĪŅĚĪňŗĽńŘĬĪňŗĽŋħ 

ěņĬĺĬěŋħěŀħŐĺŃŒĬŐĨƞĸŃĔĸŋƞĴ 
ėĺŅĴĩňŗĪňŗŐĨƞĸŃŀńĸĔŀĶŇĪŉĴŒľƟŏĽƟĬĪŅĚĪňŗĽńŘĬĪňŗĽŋħ 

E S P C 

2 5 5 9 8 

3 7 8 7 5 

4 5 1 1 5 

5 2 1 1 2 

6 3 0 0 0 

7 1 0 0 0 

8 1 0 0 0 
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ĔŅĶėņĬĺĦėĺŅĴĩňŗĪňŗėŅħľĺńĚ (expected frequency) ėĺŅĴĩňŗĪňŗėĺĶěŃŏĔŇħĕŉŘĬľŅĔĪŋĔĺŇīňĴň

őŀĔŅĽŏĪƞŅŏĪňĵĴĔńĬŒĬĔŅĶĽĶƟŅĚŏĽƟĬĪŅĚĪňŗĽńŘĬĪňŗĽŋħȮħńĚĨŅĶŅĚĪňŗȮ7 

ĨŅĶŅĚĪňŗȮ9: ėĺŅĴĩňŗĪňŗėŅħľĺńĚœħƟĽņľĶńĭŐĨƞĸŃĺŇīňŒĬĔŅĶľŅŏĽƟĬĪŅĚĪňŗĽńŘĬĪňŗĽŋħ 

ěņĬĺĬěŋħěŀħŐĺŃŒĬŐĨƞĸŃĔĸŋƞĴ 
ėĺŅĴĩňŗĪňŗŐĨƞĸŃŀńĸĔŀĶŇĪŉĴŒľƟŏĽƟĬĪŅĚĪňŗĽńŘĬĪňŗĽŋħ 

E S P C 

2 8.42 5.26 6.31 7.01 

3 8.42 5.26 6.31 7.01 

4 3.74 2.34 2.81 3.12 

5 1.87 1.17 1.40 1.56 

6 0.94 0.58 0.70 0.78 

7 0.31 0.19 0.23 0.26 

8 0.31 0.19 0.23 0.26 

 

ěŅĔĬńŘĬȮĔŅĶĪħĽŀĭœėĽŐėĺĶƢěŃėņĬĺĦėƞŅĽĩŇĨŇœėĽŐėĺĶƢȮŒĬĔĶĦňĬňŘȮėƞŅĽĩŇĨŇœėĽŐėĺĶƢĪňŗ

ėņĬĺĦœħƟĴňėƞŅĮĶŃĴŅĦȮ/7,6/ȮĪňŗȮdegree of freedom (d.f.) ŏĪƞŅĔńĭȮ/6ȮŐĸŃėƞŅȮp-value ĪňŗœħƟěŅĔ

ĔŅĶĪħĽŀĭĴňėƞŅĮĶŃĴŅĦȮ.,122Ȯ&p > .,.3'ȮŐĽħĚĺƞŅȮœĴƞĴňľĸńĔģŅĬŏıňĵĚıŀĪňŗěŃĮĢŇŏĽīĽĴĴĨŇģŅĬ

ľĸńĔȮœĴƞıĭėĺŅĴŐĨĔĨƞŅĚĶŃľĺƞŅĚĺŇīňĔŅĶĨƞŅĚŕ ĕŀĚĺŇīňĔŅĶŏĝŇĚŀńĸĔŀĶŇĪŉĴŐĸŃĺŇīňĔŅĶĕŀĚįŌƟŏĝňŗĵĺĝŅĠȮ

ħƟĺĵĔŅĶĪħĽŀĭĪŅĚĽĩŇĨŇħƟĺĵœėĽŐėĺĶƢȮ 
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ĭĪĪňŗȮ3 

ĽĶŋĮȮŀĳŇĮĶŅĵįĸȮŐĸŃĕƟŀŏĽĬŀŐĬŃ 

 

ĔŅĶĺŇěńĵĬňŘŏĮƦĬĔŅĶĻŉĔļŅŏĝŇĚĮĶŃŏĴŇĬįĸŐĸŃıńĥĬŅȮőħĵŒĝƟĔŅĶŏĔŖĭĕƟŀĴŌĸŐĭĭĵƟŀĬľĸńĚȮĴň

ĺńĨĩŋĮĶŃĽĚėƢŏıŊŗŀėƟĬľŅĺŇīňĔŅĶěńħŏĽƟĬĪŅĚĔŅĶĨĶĺěĮĶŃŏĴŇĬĽĩŅĬĪňŗĕŅĵĵŅŐįĬĮƤěěŋĭńĬŒĬěńĚľĺńħ

ĮĪŋĴīŅĬňĪňŗĴňĮĶŃĽŇĪīŇĳŅıĽŌĚĽŋħȮĳŅĵŒĨƟėĺŅĴĪƟŅĪŅĵĕŀĚěņĬĺĬĽĩŅĬĪňŗĕŅĵĵŅĪňŗŏıŇŗĴĕŉŘĬĪŋĔĮƖŐĸŃ

ĕƟŀěņĔńħħƟŅĬĭŋėĸŅĔĶįŌƟŏĝňŗĵĺĝŅĠȮĔŅĶĻŉĔļŅĬňŘĨńŘĚĽĴĴĨŇģŅĬĺƞŅĔŅĶŒĝƟĺŇīňĔŅĶŏĝŇĚŀńĸĔŀĶŇĪŉĴŒĬĔŅĶ

ěńħĸņħńĭŏĽƟĬĪŅĚěŃŒľƟĶŃĵŃĪŅĚŐĸŃŏĺĸŅĔŅĶŏħŇĬĪŅĚĪňŗĽńŘĬĔĺƞŅľĶŊŀŏĪƞŅĔńĭĔŅĶěńħĸņħńĭőħĵįŌƟŏĝňŗĵĺĝŅĠ

ŀĵƞŅĚĴňĬńĵĽņėńĠĪŅĚĽĩŇĨŇȮőħĵėŅħľĺńĚĺƞŅĔŅĶĬņŏĪėőĬőĸĵňĴŅŒĝƟěŃĝƞĺĵŏıŇŗĴĮĶŃĽŇĪīŇĳŅıŒĬĔŅĶ

ĺŅĚŐįĬŏĽƟĬĪŅĚŐĸŃĸħĳŅĶŃĚŅĬĕŀĚįŌƟŏĝňŗĵĺĝŅĠ 

ĔĸŋƞĴĨńĺŀĵƞŅĚĪňŗŒĝƟŒĬĔŅĶĺŇěńĵėŊŀĽĩŅĬĪňŗĕŅĵĵŅŐįĬĮƤěěŋĭńĬĪňŗĽņĬńĔĚŅĬĽŅīŅĶĦĽŋĕěńĚľĺńħ

ĮĪŋĴīŅĬňĨƟŀĚĸĚĨĶĺěŏıŊŗŀĨƞŀŀŅĵŋŒĬĮƖȮı,Ļ,Ȯ2565ȮěņĬĺĬȮ145ȮŐľƞĚȮőħĵĔŅĶŏĸŊŀĔŐĭĭŏěŅŃěĚĨŅĴ

ŏĔĦĤƢĔŅĶĨƞŀŀŅĵŋŒĭŀĬŋĠŅĨȮĽĩŅĬĪňŗŏľĸƞŅĬňŘĩŌĔŐĭƞĚŀŀĔŏĮƦĬȮ41ȮĔĸŋƞĴıŊŘĬĪňŗĭĶŇĔŅĶőħĵįŌƟŏĝňŗĵĺĝŅĠȮ

ıŇěŅĶĦŅěŅĔėĺŅĴľĬŅŐĬƞĬŐĸŃĔŅĶĔĶŃěŋĔĨńĺĕŀĚĽĩŅĬĪňŗȮĶƞĺĴĔńĭĮƤěěńĵħƟŅĬĳŌĴŇĻŅĽĨĶƢŐĸŃĔŅĶ

ĭĶŇľŅĶěńħĔŅĶȮŏıŊŗŀŒľƟĽŀħėĸƟŀĚĔńĭĽĳŅıĔŅĶĮĢŇĭńĨŇĚŅĬěĶŇĚ 

ŒĬĔŅĶĺŇěńĵȮœħƟıńĥĬŅĝŋħėņĽńŗĚĽņľĶńĭŀńĸĔŀĶŇĪŉĴĽŅĴŐĭĭȮœħƟŐĔƞȮŀńĸĔŀĶŇĪŉĴŐĭĭĮĶŃľĵńħȮ

ŀńĸĔŀĶŇĪŉĴȮPATH_CHEAPEST_ARC ŐĸŃŀńĸĔŀĶŇĪŉĴėĶŇĽőĨœĲħƢȮĭĬŐıĸĨĲŀĶƢĴȮGoogle 

Colaboratory őħĵŒĝƟȮGoogle OR-Tools įĸĸńıīƢħƟŅĬĶŃĵŃĪŅĚŐĸŃŏĺĸŅĕŀĚŀńĸĔŀĶŇĪŉĴŒĬĔŅĶ

ěńħĸņħńĭĔŅĶěŀħŐĺŃĽĩŅĬĪňŗĕŅĵĵŅȮŐĸŃŏĮĶňĵĭŏĪňĵĭĔńĭĺŇīňĔŅĶěńħĸņħńĭőħĵįŌƟŏĝňŗĵĺĝŅĠȮőħĵŒĝƟȮ

Google Maps API ŒĬĔŅĶėņĬĺĦĶŃĵŃĪŅĚŐĸŃŏĺĸŅŏħŇĬĪŅĚěĶŇĚȮĕƟŀĴŌĸĪňŗœħƟĩŌĔĬņĴŅĺŇŏėĶŅŃľƢĪŅĚ

ĽĩŇĨŇ 

 

ĽĶŋĮįĸĔŅĶĺŇěńĵ 

ĔŅĶĺŇŏėĶŅŃľƢĽĩŇĨŇŏĝŇĚıĶĶĦĬŅıĭĺƞŅĺŇīňĔŅĶĨńħĽŇĬŒěőħĵįŌƟŏĝňŗĵĺĝŅĠŒľƟĶŃĵŃĪŅĚĶĺĴĽńŘĬĪňŗĽŋħĪňŗȮ

2,755.01ȮĔŇőĸŏĴĨĶȮĕĦŃĪňŗŀńĸĔŀĶŇĪŉĴĪńŘĚĽŅĴŐĭĭŒľƟĶŃĵŃĪŅĚĶĺĴĴŅĔĔĺƞŅȮŐĨƞėĺŅĴŐĨĔĨƞŅĚœĴƞŏĔŇĬ

ĶƟŀĵĸŃȮ1.62ȮĽƞĺĬĔŅĶĪħĽŀĭœėĽŐėĺĶƢŐĽħĚĺƞŅœĴƞıĭėĺŅĴŐĨĔĨƞŅĚŀĵƞŅĚĴňĬńĵĽņėńĠĪŅĚĽĩŇĨŇĶŃľĺƞŅĚ
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ĺŇīňĔŅĶĕŀĚįŌƟŏĝňŗĵĺĝŅĠŐĸŃĺŇīňĔŅĶĪŅĚŀńĸĔŀĶŇĪŉĴĽņľĶńĭĔŅĶŏĵňŗĵĴĽĩŅĬĪňŗĕŅĵĵŅŐįĬĮƤěěŋĭńĬȮ&²̝ = 

19.81, d,f, = 18, p = 0.344)  

ŒĬħƟŅĬĶŃĵŃŏĺĸŅȮĺŇīňĔŅĶĨńħĽŇĬŒěőħĵįŌƟŏĝňŗĵĺĝŅĠŒĝƟŏĺĸŅĶĺĴĬƟŀĵĪňŗĽŋħĪňŗȮ4,962.00ȮĬŅĪňȮĽƞĺĬ

ŀńĸĔŀĶŇĪŉĴĪńŘĚĽŅĴŐĭĭŒĝƟŏĺĸŅĴŅĔĔĺƞŅȮŐĨƞėĺŅĴŐĨĔĨƞŅĚœĴƞŏĔŇĬĶƟŀĵĸŃȮ2.49ȮľĶŊŀĮĶŃĴŅĦȮ123.5Ȯ

ĬŅĪňȮ&2ȮĝńŗĺőĴĚȮ3.5ȮĬŅĪň'Ȯ 

 

ĔŅĶŀĳŇĮĶŅĵįĸĔŅĶĻŉĔļŅ 

ĔŅĶĺŇŏėĶŅŃľƢŏĮĶňĵĭŏĪňĵĭŀńĸĔŀĶŇĪŉĴĔŅĶĺŅĚŐįĬŏĽƟĬĪŅĚĔŅĶĨĶĺěĮĶŃŏĴŇĬĽĩŅĬĪňŗĕŅĵĵŅ

ŐįĬĮƤěěŋĭńĬȮ&ĕĵ,1) ŒĬěńĚľĺńħĮĪŋĴīŅĬňœħƟŒľƟĕƟŀėƟĬıĭĪňŗĬƞŅĽĬŒěŐĸŃĴňĬńĵĽņėńĠĨƞŀĔŅĶıńĥĬŅĶŃĭĭ

ĔŅĶĺŅĚŐįĬŏĽƟĬĪŅĚŒĬŀĬŅėĨ 

įĸĔŅĶĺŇŏėĶŅŃľƢĽĩŇĨŇŏĝŇĚıĶĶĦĬŅŐĽħĚŒľƟŏľŖĬĺƞŅĺŇīňĔŅĶĨńħĽŇĬŒěőħĵįŌƟŏĝňŗĵĺĝŅĠĽŅĴŅĶĩĽĶƟŅĚ

ŏĽƟĬĪŅĚĪňŗĴňĶŃĵŃĪŅĚĶĺĴĽńŘĬĪňŗĽŋħĪňŗȮ2,755.01 ĔŇőĸŏĴĨĶȮŒĬĕĦŃĪňŗŀńĸĔŀĶŇĪŉĴĪńŘĚĽŅĴŐĭĭŒľƟįĸĸńıīƢĪňŗĴň

ĶŃĵŃĪŅĚĶĺĴĴŅĔĔĺƞŅȮőħĵėĺŅĴŐĨĔĨƞŅĚĬňŘœĴƞŏĔŇĬĶƟŀĵĸŃȮ1.62 ĕƟŀĴŌĸĬňŘĝňŘŒľƟŏľŖĬĺƞŅŐĴƟįŌƟŏĝňŗĵĺĝŅĠěŃ

ĽŅĴŅĶĩĽĶƟŅĚŏĽƟĬĪŅĚĪňŗĽńŘĬĪňŗĽŋħœħƟȮŐĨƞėĺŅĴŐĨĔĨƞŅĚĶŃľĺƞŅĚĺŇīňĔŅĶĨƞŅĚŕȮėƞŀĬĕƟŅĚĬƟŀĵȮŀńĸĔŀĶŇĪŉĴ

ėŀĴıŇĺŏĨŀĶƢĽŅĴŅĶĩŒľƟįĸĸńıīƢĪňŗŒĔĸƟŏėňĵĚĔńĭĔŅĶĨńħĽŇĬŒěĕŀĚĴĬŋļĵƢœħƟŀĵƞŅĚĴňĮĶŃĽŇĪīŇĳŅı 

ĔŅĶĪħĽŀĭœėĽŐėĺĶƢœħƟŒľƟĕƟŀĴŌĸŏıŇŗĴŏĨŇĴĪňŗĽņėńĠȮőħĵįĸĔŅĶĪħĽŀĭŐĽħĚŒľƟŏľŖĬĺƞŅœĴƞĴň

ėĺŅĴŐĨĔĨƞŅĚŀĵƞŅĚĴňĬńĵĽņėńĠĪŅĚĽĩŇĨŇŒĬėĺŅĴĩňŗĕŀĚĔŅĶĽĶƟŅĚŏĽƟĬĪŅĚĪňŗĽńŘĬĪňŗĽŋħĶŃľĺƞŅĚĺŇīňĔŅĶĕŀĚ

įŌƟŏĝňŗĵĺĝŅĠŐĸŃĺŇīňĔŅĶĪŅĚŀńĸĔŀĶŇĪŉĴȮ&²̝ = 19.81, d,f, = 18, p = 0.344) įĸĸńıīƢĬňŘĵŊĬĵńĬĺƞŅĪŋĔĺŇīňĴň

ĮĶŃĽŇĪīŇĳŅıŒĔĸƟŏėňĵĚĔńĬŒĬĔŅĶĺŅĚŐįĬŏĽƟĬĪŅĚőħĵĶĺĴȮ 

ŀĵƞŅĚœĶĔŖĨŅĴȮėĺŅĴĞńĭĞƟŀĬĕŀĚĮƤĠľŅĔŅĶĺŅĚŐįĬŏĽƟĬĪŅĚȮŐĴƟĺƞŅįĸĔŅĶĪħĽŀĭĪŅĚĽĩŇĨŇěŃ

ŐĽħĚĺƞŅœĴƞĴňĺŇīňŒħĪňŗŐĨĔĨƞŅĚŀĵƞŅĚĴňĬńĵĽņėńĠȮŐĨƞĔŅĶıŇěŅĶĦŅŒĬŐĨƞĸŃĔĸŋƞĴıŊŘĬĪňŗĭĶŇĔŅĶŐĽħĚŒľƟŏľŖĬĩŉĚ

ėĺŅĴŐĨĔĨƞŅĚĪňŗĬƞŅĽĬŒěȮĨńĺŀĵƞŅĚŏĝƞĬȮŒĬĔĸŋƞĴıŊŘĬĪňŗĭĶŇĔŅĶĪňŗȮ8 įŌƟŏĝňŗĵĺĝŅĠĽŅĴŅĶĩĔņľĬħŏĽƟĬĪŅĚĪňŗĴň

ĶŃĵŃĪŅĚŐĸŃŏĺĸŅŏħŇĬĪŅĚĬƟŀĵĔĺƞŅŀńĸĔŀĶŇĪŉĴŀŊŗĬŕȮőħĵĴňĶŃĵŃĪŅĚȮ73.4 ĔŇőĸŏĴĨĶȮŐĸŃŒĝƟŏĺĸŅ

ŏħŇĬĪŅĚȮ128.5 ĬŅĪňȮŏĪňĵĭĔńĭŀńĸĔŀĶŇĪŉĴĪňŗŒľƟįĸĸńıīƢĶŃĵŃĪŅĚĮĶŃĴŅĦȮ88.5-88.6 ĔŇőĸŏĴĨĶȮŐĸŃ

ŏĺĸŅȮ145.5-147 ĬŅĪň 
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įŌƟŏĝňŗĵĺĝŅĠŏĸŊŀĔŏĽƟĬĪŅĚȮ0-32-33-34-35-36-0ȮőħĵŏĶŇŗĴĨƟĬĪňŗěŋħȮ32ȮĴňĶŃĵŃĪŅĚĽńŘĬĪňŗĽŋħěŅĔ

ěŋħŏĶŇŗĴĨƟĬȮ&21ȮĔĴ,'ȮĔŅĶĨńħĽŇĬŒěĬňŘŐĽħĚĩŉĚĔŅĶĴŀĚĳŅıĶĺĴȮŐĸŃĔŅĶėŅħĔŅĶĦƢįĸĸńıīƢŒĬĶŃĵŃĵŅĺȮ

ĸņħńĭĔŅĶŏħŇĬĪŅĚŐĽħĚŒľƟŏľŖĬĩŉĚĔŅĶŒĝƟėĺŅĴĶŌƟŏĜıŅŃĕŀĚıŊŘĬĪňŗŀĵƞŅĚĴňĮĶŃĽŇĪīŇĳŅıȮŏĝƞĬȮĔŅĶŏĸŊŀĔŒĝƟ

ĩĬĬıńĥĬĽńĴıńĬīƢȮįƞŅĬĽňŗŐĵĔĽńĬĨŇĽŋĕȮŐĸŃŏĽƟĬĪŅĚįƞŅĬĔŇĬĞƞŅȮĶńĚĽŇĨȮěŅĔěŋħȮ0ȮœĮĵńĚěŋħȮ32 (21ȮĔĴ,'Ȯ

ŐĪĬŏĽƟĬĪŅĚĪňŗĨĶĚĔĺƞŅŐĨƞĵŅĺĔĺƞŅȮěŅĔĬńŘĬŏĸŊŀĔœĮĵńĚěŋħȮ33ȮĴňĶŃĵŃĪŅĚĽńŘĬĪňŗĽŋħěŅĔěŋħȮ32 (6.3ȮĔĴ,'Ȯ

ĸħĶŃĵŃĪŅĚœħƟȮ11.7ȮĔĴ,ȮŏĴŊŗŀŏĪňĵĭĔńĭĔŅĶĔĸńĭœĮĪňŗěŋħȮ0ȮĔƞŀĬȮŒĬĔŅĶŏħŇĬĪŅĚĶŃľĺƞŅĚěŋħĪňŗȮ33ȮŐĸŃȮ

34ȮįŌƟŏĝňŗĵĺĝŅĠŏĸŊŀĔŏĽƟĬĪŅĚĪňŗįƞŅĬĞŀĵĬĺĬėĶȮ1ȮŐĸŃĩĬĬĬĺĬėĶȮ4ȮŐĸŃȮ5 (7.5ȮĔŇőĸŏĴĨĶ'ȮŐĪĬ

ŏĽƟĬĪŅĚĪňŗįƞŅĬőĶĚŏĔĸŊŀĬĺĬėĶȮ&9.5ȮĔŇőĸŏĴĨĶ'ȮĮĶŃľĵńħĶŃĵŃĪŅĚœħƟȮ2ȮĔĴ,ȮŐĽħĚŒľƟŏľŖĬĩŉĚĔŅĶŒĝƟ

ėĺŅĴĶŌƟŏĔňŗĵĺĔńĭŏĽƟĬĪŅĚĸńħȮŐĸŃĽĳŅıĔŅĶěĶŅěĶĪňŗĴňĮĶŃĽŇĪīŇĳŅıȮĬŀĔěŅĔĬňŘȮĔŅĶŏĸŊŀĔĸņħńĭěŋħȮ35 

(13ȮĔĴ,ȮěŅĔěŋħȮ34) ŐĸŃěŋħȮ36 (1.6ȮĔĴ,ȮěŅĔěŋħȮ35) ĔƞŀĬĔĸńĭĽŌƞěŋħŏĶŇŗĴĨƟĬȮ&24ȮĔĴ,ȮěŅĔěŋħȮ36) 

ŐĽħĚŒľƟŏľŖĬĩŉĚĔŅĶĺŅĚŐįĬĪňŗĴňĮĶŃĽŇĪīŇĳŅıŒĬĔŅĶĸħĶŃĵŃĪŅĚĶĺĴȮőħĵŏĜıŅŃĔŅĶŒĝƟĮĶŃőĵĝĬƢěŅĔ

ĶŃĵŃĪŅĚĽńŘĬŕȮĶŃľĺƞŅĚěŋħȮ35ȮŐĸŃȮ36 

ŒĬĕĦŃŏħňĵĺĔńĬȮĔŅĶĺŇŏėĶŅŃľƢŀńĸĔŀĶŇĪŉĴŐĨƞĸŃŐĭĭŐĽħĚŒľƟŏľŖĬĩŉĚěŋħŐĕŖĚŐĸŃĕƟŀěņĔńħĕŀĚ

ŐĨƞĸŃĺŇīň ŀńĸĔŀĶŇĪŉĴĮĶŃľĵńħȮŒľƟįĸĸńıīƢŏĽƟĬĪŅĚȮ0-33-32-34-35-36-0ȮĪňŗĴňĶŃĵŃĪŅĚȮ88.6ȮĔŇőĸŏĴĨĶ

ŐĸŃŒĝƟŏĺĸŅȮ147ȮĬŅĪňȮĺŇīňĔŅĶĬňŘŏĶŇŗĴĨƟĬħƟĺĵĔŅĶĽĶƟŅĚŏĽƟĬĪŅĚŐĵĔĽņľĶńĭŐĨƞĸŃěŋħĸŌĔėƟŅȮœħƟŐĔƞȮ0-33-0 

(46ȮĔĴ,', 0-32-0 (42ȮĔĴ,', 0-34-0 (56ȮĔĴ,', 0-35-0 (48ȮĔĴ,'ȮŐĸŃȮ0-36-0 (52ȮĔĴ,'ȮĶĺĴ

ĶŃĵŃĪŅĚŏĶŇŗĴĨƟĬȮ244ȮĔĴ,ȮěŅĔĬńŘĬėņĬĺĦėƞŅĮĶŃľĵńħȮ&Savings) ĽņľĶńĭĪŋĔėŌƞěŋħőħĵŒĝƟĽŌĨĶȮS(i,j) = 

d(0,i) + d(0,j) - d(i,j) ĨńĺŀĵƞŅĚŏĝƞĬȮS (35-36) = 24 + 26 - 1.6 = 48.4ȮĔĴ,ȮŏĮƦĬėƞŅĮĶŃľĵńħĽŌĚĽŋħȮ

ĶŀĚĸĚĴŅėŊŀȮS(33-34) = 23 + 28 - 7.5 = 43.5ȮĔĴ,ȮŐĸŃȮS(34-36) = 28 + 26 - 12 = 42ȮĔĴ,Ȯ

ŀńĸĔŀĶŇĪŉĴěŉĚŏĶŇŗĴĶĺĴŏĽƟĬĪŅĚěŅĔėŌƞȮ35-36ȮœħƟŏĽƟĬĪŅĚȮ0-35-36-0 (ĶŃĵŃĪŅĚȮ51.6ȮĔĴ,'ȮŐĸŃȮ0-33-

34-0 (ĶŃĵŃĪŅĚȮ58.5ȮĔĴ,'ȮĨŅĴĸņħńĭȮĔƞŀĬěŃĶĺĴŏĽƟĬĪŅĚĪńŘĚľĴħŏĕƟŅħƟĺĵĔńĬŒĬĕńŘĬĨŀĬĽŋħĪƟŅĵȮĔŅĶ

ŏĶŇŗĴĨƟĬĪňŗěŋħȮ33ȮŐĪĬěŋħȮ32ȮŐĽħĚŒľƟŏľŖĬĺƞŅĔŅĶıŇěŅĶĦŅŏĜıŅŃėƞŅĮĶŃľĵńħŀŅěœĴƞœħƟĬņœĮĽŌƞŏĽƟĬĪŅĚĪňŗ

ħňĪňŗĽŋħŏĽĴŀœĮȮŐĨƞĽŅĴŅĶĩĸħĶŃĵŃĪŅĚĶĺĴěŅĔȮ244ȮĔĴ,ȮŏľĸŊŀȮ88.6ȮĔĴ,ȮėŇħŏĮƦĬĔŅĶĮĶŃľĵńħ

ĶŃĵŃĪŅĚĩŉĚĶƟŀĵĸŃȮ63.7 

ŀńĸĔŀĶŇĪŉĴȮPATH_CHEAPEST_ARC ŒĝƟĺŇīňĔŅĶŐĭĭĸŃőĴĭȮ&greedy approach) őħĵŏĶŇŗĴ

ěŅĔěŋħȮ0ȮŐĸŃŏĸŊŀĔěŋħĩńħœĮĪňŗĴňĶŃĵŃĪŅĚĽńŘĬĪňŗĽŋħŒĬŐĨƞĸŃĕńŘĬĨŀĬȮŒľƟįĸĸńıīƢŏĽƟĬĪŅĚȮ0-33-32-34-

36-35-0ȮĪňŗĴňĶŃĵŃĪŅĚȮ88.5ȮĔŇőĸŏĴĨĶŐĸŃŒĝƟŏĺĸŅȮ145.5ȮĬŅĪňȮĺŇīňĬňŘŏĶŇŗĴěŅĔěŋħȮ0ȮœĮĵńĚěŋħȮ33 (23Ȯ
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ĔĴ,'ȮěŅĔĬńŘĬœĮěŋħȮ32 (6.3ȮĔĴ,'ȮěŋħȮ34 (10ȮĔĴ,'ȮěŋħȮ36 (12ȮĔĴ,'ȮŐĸŃěŋħĽŋħĪƟŅĵėŊŀȮ35 (1.5ȮĔĴ,'Ȯ

ĔƞŀĬĔĸńĭœĮĵńĚěŋħȮ0 (24ȮĔĴ,'ȮĔŅĶĨńħĽŇĬŒěŐĭĭŏĜıŅŃľĬƟŅȮ&Local Decision Making) ŒĬŐĨƞĸŃ

ĕńŘĬĨŀĬĪņŒľƟŏĸŊŀĔœĮĵńĚěŋħȮ36ȮĔƞŀĬěŋħȮ35ȮŏĬŊŗŀĚěŅĔĶŃĵŃĪŅĚěŅĔěŋħȮ34ȮœĮȮ36 (12ȮĔĴ,'ȮĽńŘĬĔĺƞŅœĮ

ěŋħȮ35 (13ȮĔĴ,'ȮŏĸŖĔĬƟŀĵȮŐĨƞœĴƞœħƟĬņœĮĽŌƞŏĽƟĬĪŅĚĪňŗħňĪňŗĽŋħŒĬĳŅıĶĺĴȮŏıĶŅŃĪņŒľƟĨƟŀĚŏħŇĬĪŅĚěŅĔěŋħȮ

36ȮœĮȮ35 (1.5ȮĔĴ,'ȮŏıŇŗĴŏĨŇĴȮŐĪĬĪňŗěŃŒĝƟĮĶŃőĵĝĬƢěŅĔĶŃĵŃĪŅĚĽńŘĬŕȮĬňŘŒĬĔŅĶŏĝŊŗŀĴĨƞŀĶŃľĺƞŅĚěŋħ

ĽŋħĪƟŅĵĽŀĚěŋħ 

ŀńĸĔŀĶŇĪŉĴėĶŇĽőĨœĲħƢȮŒľƟįĸĸńıīƢŏĽƟĬĪŅĚŏħňĵĺĔńĭŀńĸĔŀĶŇĪŉĴĮĶŃľĵńħėŊŀȮ0-33-32-34-35-

36-0 ĪňŗĴňĶŃĵŃĪŅĚȮ88.6 ĔŇőĸŏĴĨĶŐĸŃŒĝƟŏĺĸŅȮ147 ĬŅĪňȮŐĴƟěŃŒĝƟĺŇīňĔŅĶĪňŗŐĨĔĨƞŅĚȮőħĵŏĶŇŗĴěŅĔĔŅĶ

ĽĶƟŅĚŐįĬĳŌĴŇĨƟĬœĴƟŐįƞĪńŗĺĨŗņĽŋħȮ&Minimum Spanning Tree: MST) őħĵŒĝƟŀńĸĔŀĶŇĪŉĴĕŀĚıĶŇĴȮŏĶŇŗĴ

ěŅĔěŋħȮ0 ŏĝŊŗŀĴĔńĭěŋħȮ32 (21 ĔĴ,'ȮěŅĔĬńŘĬŏĝŊŗŀĴȮ32-33 (6.3 ĔĴ,', 33-34 (7.5 ĔĴ,', 35-36 (1.6 

ĔĴ,'ȮŐĸŃȮ34-35 (13 ĔĴ,'ȮĨŅĴĸņħńĭȮœħƟȮMST ĪňŗĴňĶŃĵŃĪŅĚĶĺĴȮ49.4 ĔĴ,ȮěŅĔĬńŘĬĶŃĭŋěŋħĪňŗĴňĶŃħńĭėňŗ

ŒĬȮMST ıĭĺƞŅĴňěŋħȮ0 ŐĸŃȮ36 ŐĸƟĺĽĶƟŅĚĔŅĶěńĭėŌƞĽĴĭŌĶĦƢȮőħĵŏĝŊŗŀĴȮ0-36 (26 ĔĴ,'ȮĔŅĶĶĺĴȮMST 

ŐĸŃĔŅĶěńĭėŌƞĽĴĭŌĶĦƢĪņŒľƟœħƟĔĶŅĲŀŀĵŏĸŀĶƢȮ&Eulerian Graph) ŐĮĸĚŏĮƦĬĺĚěĶŐŁĴŇĸĨńĬœħƟŏĽƟĬĪŅĚ

ĽŋħĪƟŅĵȮĺŇīňĬňŘĶńĭĮĶŃĔńĬįĸĸńıīƢĪňŗœĴƞŐĵƞŏĔŇĬȮ1.5 ŏĪƞŅĕŀĚŏĽƟĬĪŅĚĪňŗħňĪňŗĽŋħȮŐĨƞŒĬĔĶĦňĬňŘŒľƟįĸĸńıīƢĪňŗ

ŏĪƞŅĔńĭŀńĸĔŀĶŇĪŉĴĮĶŃľĵńħ 

ėĺŅĴŐĨĔĨƞŅĚĶŃľĺƞŅĚįĸĸńıīƢĕŀĚįŌƟŏĝňŗĵĺĝŅĠŐĸŃŀńĸĔŀĶŇĪŉĴĝňŘŒľƟŏľŖĬĩŉĚėĺŅĴĽņėńĠĕŀĚ

ĮƤěěńĵĪňŗœĴƞœħƟĩŌĔĶĺĴŀĵŌƞŒĬĔŅĶėņĬĺĦĕŀĚŀńĸĔŀĶŇĪŉĴȮŏĝƞĬȮėĺŅĴĶŌƟŏĜıŅŃŏĔňŗĵĺĔńĭĽĳŅıĔŅĶěĶŅěĶŒĬ

ĝƞĺĚŏĺĸŅĨƞŅĚŕȮŐĸŃŏĽƟĬĪŅĚĸńħĪňŗœĴƞĮĶŅĔĢŒĬŐįĬĪňŗĪńŗĺœĮȮįŌƟŏĝňŗĵĺĝŅĠĽŅĴŅĶĩŒĝƟĕƟŀĴŌĸŏľĸƞŅĬňŘŒĬĔŅĶ

ĨńħĽŇĬŒěȮĽƞĚįĸŒľƟĽŅĴŅĶĩĽĶƟŅĚŏĽƟĬĪŅĚĪňŗĴňĮĶŃĽŇĪīŇĳŅıĽŌĚĔĺƞŅŒĬĭŅĚĔĶĦň 

ŐĴƟĺƞŅįĸĔŅĶĻŉĔļŅěŃœĴƞĽŀħėĸƟŀĚĔńĭĽĴĴĨŇģŅĬĪňŗĨńŘĚœĺƟĨŀĬŏĶŇŗĴŐĶĔȮ&ĶŃĵŃĪŅĚĪňŗœħƟěŅĔ

ŀńĸĔŀĶŇĪŉĴĽńŘĬĔĺƞŅĔŅĶĨńħĽŇĬőħĵįŌƟŏĝňŗĵĺĝŅĠ'ȮŐĨƞĔŖŐĽħĚŒľƟŏľŖĬĺƞŅŀńĸĔŀĶŇĪŉĴĽŅĴŅĶĩĬņĴŅŒĝƟěńħĸņħńĭ

ĽĩŅĬĪňŗĕŅĵĵŅŐįĬĮƤěěŋĭńĬŐĪĬĺŇīňĔŅĶĨńħĽŇĬŒěőħĵįŌƟŏĝňŗĵĺĝŅĠœħƟȮŏĮƦĬĮĶŃőĵĝĬƢĨƞŀĔŅĶĪņĚŅĬĕŀĚ

ĽņĬńĔĚŅĬĽŅīŅĶĦĽŋĕěńĚľĺńħĮĪŋĴīŅĬňȮőħĵĝƞĺĵĽĶƟŅĚĴŅĨĶģŅĬŒĬĔŅĶŀŀĔĨĶĺěȮĸħĔŅĶıŉŗĚıŅ

ĮĶŃĽĭĔŅĶĦƢĽƞĺĬĭŋėėĸȮŐĸŃĸħĶŃĵŃŏĺĸŅŒĬĔŅĶıńĥĬŅĭŋėĸŅĔĶŒľƟĴňėĺŅĴŏĝňŗĵĺĝŅĠħƟŅĬıŊŘĬĪňŗ 

ĽŅŏľĨŋĪňŗįĸĔŅĶĻŉĔļŅœĴƞŏĮƦĬœĮĨŅĴĽĴĴĨŇģŅĬŀŅěĴŅěŅĔĕƟŀěņĔńħŒĬĔŅĶěńħĔĸŋƞĴıŊŘĬĪňŗĭĶŇĔŅĶȮ

ěŅĔľĸŅĵĮƤěěńĵȮĪņŒľƟĭŅĚĔĸŋƞĴıŊŘĬĪňŗĭĶŇĔŅĶĴňĶŌĮŐĭĭĔŅĶŏħŇĬĪŅĚĪňŗŐĨĔĨƞŅĚĔńĬȮŀńĸĔŀĶŇĪŉĴĪňŗŏľĴŅŃĽĴ
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ĔńĭıŊŘĬĪňŗľĬŉŗĚŀŅěœĴƞĽŅĴŅĶĩŒľƟįĸĸńıīƢĪňŗħňĪňŗĽŋħŒĬĪŋĔĔĸŋƞĴıŊŘĬĪňŗœħƟȮĬŀĔěŅĔĬňŘȮŀńĸĔŀĶŇĪŉĴœĴƞĽŅĴŅĶĩ

ėņĬŉĚĩŉĚĮƤěěńĵŏĝŇĚėŋĦĳŅıȮŏĝƞĬȮĽĳŅıĔŅĶěĶŅěĶĪňŗŏĮĸňŗĵĬŐĮĸĚĨŅĴŏĺĸŅȮľĶŊŀŏĽƟĬĪŅĚĸńħĪňŗįŌƟŏĝňŗĵĺĝŅĠ

ĶŌƟěńĔȮěŉĚŀŅěŏĮƦĬŀňĔŏľĨŋįĸĪňŗĪņŒľƟįĸĸńıīƢœĴƞŏĮƦĬœĮĨŅĴėŅħĔŅĶĦƢ 

ŒĬĔŅĶĺŇŏėĶŅŃľƢŏıŇŗĴŏĨŇĴȮıĭĺƞŅŀńĸĔŀĶŇĪŉĴŐĨƞĸŃĮĶŃŏĳĪĴňėĺŅĴŏľĴŅŃĽĴĔńĭĸńĔļĦŃĕŀĚ
ıŊŘĬĪňŗĪňŗŐĨĔĨƞŅĚĔńĬȮŀńĸĔŀĶŇĪŉĴŐĭĭĮĶŃľĵńħŏľĴŅŃĽņľĶńĭıŊŘĬĪňŗĪňŗĴňĔŅĶĔĶŃěŅĵĨńĺĕŀĚěŋħŒľƟĭĶŇĔŅĶĽŌĚ
ŐĸŃĴňĶŃĵŃľƞŅĚĶŃľĺƞŅĚěŋħĴŅĔĔĺƞŅȮ/.ȮĔŇőĸŏĴĨĶ ĔŅĶĔĶŃěŅĵĨńĺĽŌĚľĴŅĵĩŉĚěŋħŒľƟĭĶŇĔŅĶŀĵŌƞľƞŅĚĔńĬ

ĴŅĔŐĸŃœĴƞœħƟĔĶŃěŋĔĨńĺŀĵŌƞŒĬĭĶŇŏĺĦŏħňĵĺĔńĬȮ(Grau & Gonzalez-Feliu, 2015) ĨńĺŀĵƞŅĚŒĬĮĪŋĴīŅĬňȮ
ŀŅěŏĮƦĬĔŅĶĺŅĚŐįĬŏĽƟĬĪŅĚĔŅĶĕĬĽƞĚĶŃľĺƞŅĚŀņŏĳŀĨƞŅĚŕȮŏĝƞĬȮěŅĔŀņŏĳŀŏĴŊŀĚĮĪŋĴīŅĬňœĮĵńĚŀņŏĳŀ
ľĬŀĚŏĽŊŀȮĞŉŗĚĴňĶŃĵŃĪŅĚĮĶŃĴŅĦȮ50ȮĔŇőĸŏĴĨĶȮŒĬĳŅıĩƞŅĵĴŋĴĽŌĚĪňŗėĶŀĭėĸŋĴĪńŘĚěńĚľĺńħĮĪŋĴīŅĬňȮěŃ
ŏľŖĬěŋħĻŌĬĵƢĔĸŅĚĝŋĴĝĬľĶŊŀŀņŏĳŀĨƞŅĚŕȮĔĶŃěŅĵĨńĺŀĵŌƞľƞŅĚĔńĬȮŏĝŊŗŀĴĨƞŀħƟĺĵŏĽƟĬĪŅĚľĸńĔĪňŗĝńħŏěĬȮ
ŏĝƞĬȮĪŅĚľĸĺĚŐįƞĬħŇĬľĴŅĵŏĸĕȮ305 ĪňŗŏĝŊŗŀĴĶŃľĺƞŅĚŀņŏĳŀŏĴŊŀĚĮĪŋĴīŅĬňĔńĭŀņŏĳŀľĬŀĚŏĽŊŀȮŏĮƦĬ
ĮĶŃőĵĝĬƢĨƞŀĔŅĶĺŅĚŐįĬŏĽƟĬĪŅĚĔŅĶĕĬĽƞĚĶŃľĺƞŅĚĻŌĬĵƢĔĸŅĚĝŋĴĝĬľĶŊŀŏĴŊŀĚĨƞŅĚŕȮĪňŗŀĵŌƞľƞŅĚĔńĬȮľĶŊŀ
ěŋħĻŌĬĵƢĔĸŅĚĝŋĴĝĬĞŉŗĚĔĶŃěŅĵĨńĺŀĵŌƞľƞŅĚĔńĬŐĨƞŏĝŊŗŀĴĨƞŀħƟĺĵŏĽƟĬĪŅĚľĸńĔĪňŗĝńħŏěĬȮħńĚĬńŘĬŀńĸĔŀĶŇĪŉĴĬňŘĴň
ĮĶŃĽŇĪīŇĳŅıŒĬĔŅĶŏĝŊŗŀĴĨƞŀěŋħĪňŗŀĵŌƞľƞŅĚĔńĬőħĵĔŅĶŏĸŊŀĔŏĽƟĬĪŅĚĪňŗĴňĨƟĬĪŋĬĨŗņĪňŗĽŋħŒĬŐĨƞĸŃĕńŘĬĨŀĬ 

ŒĬĕĦŃĪňŗŀńĸĔŀĶŇĪŉĴȮPATH_CHEPEST_ARCȮŏľĴŅŃĽņľĶńĭıŊŘĬĪňŗĪňŗĴňěŋħŒľƟĭĶŇĔŅĶľĬŅŐĬƞĬ
ŐĸŃĴňőėĶĚĕƞŅĵĩĬĬŏĮƦĬĶŃŏĭňĵĭȮőħĵŏĜıŅŃŒĬĔĶĦňĪňŗĶŃĵŃľƞŅĚĶŃľĺƞŅĚěŋħœĴƞŏĔŇĬȮ10 ĔŇőĸŏĴĨĶȮ
őėĶĚĕƞŅĵĩĬĬĪňŗŏĮƦĬĶŃŏĭňĵĭľĴŅĵĩŉĚĩĬĬĪňŗĴňĸńĔļĦŃŏĮƦĬĨŅĶŅĚĔĶŇħȮĴňŏĽƟĬĪŅĚŏĝŊŗŀĴĨƞŀĶŃľĺƞŅĚěŋħĪňŗ
ĝńħŏěĬŐĸŃĨĶĚœĮĨĶĚĴŅ (Rand, 2009)ȮĨńĺŀĵƞŅĚĔĶĦňĻŉĔļŅŒĬěńĚľĺńħĮĪŋĴīŅĬňȮŏĝƞĬȮŒĬĵƞŅĬĨĸŅħœĪȮ
ŀņŏĳŀėĸŀĚľĸĺĚȮĞŉŗĚŏĮƦĬĻŌĬĵƢĔĸŅĚĔŅĶėƟŅĽŇĬėƟŅŏĔļĨĶĕĬŅħŒľĠƞȮĴňĶƟŅĬėƟŅŐĸŃěŋħĔĶŃěŅĵĽŇĬėƟŅ
ěņĬĺĬĴŅĔŒĬıŊŘĬĪňŗœĴƞĔĺƟŅĚĬńĔȮŒĬĳŅıĩƞŅĵĴŋĴĽŌĚĕŀĚĵƞŅĬĨĸŅħœĪȮěŃŏľŖĬıŊŘĬĪňŗĽňŗŏľĸňŗĵĴĕĬŅħŒľĠƞĪňŗ
ŏĨŖĴœĮħƟĺĵŀŅėŅĶıŅĦŇĝĵƢŐĸŃőĔħńĚĽŇĬėƟŅŏĶňĵĚĨńĺŏĮƦĬŐĩĺŏĮƦĬŐĬĺȮĴňĩĬĬĨńħĔńĬŏĮƦĬĨŅĶŅĚĔĶŇħĝńħŏěĬȮ
ėĸƟŅĵĔńĭĳŅıĩƞŅĵĴŋĴĽŌĚĕŀĚĵƞŅĬŐĴĬŁńĨĨńĬŒĬĬŇĺĵŀĶƢĔȮŐĨƞŒĬĕĬŅħĪňŗŏĸŖĔĔĺƞŅ ŀńĸĔŀĶŇĪŉĴĬňŘĴň
ĮĶŃĽŇĪīŇĳŅıĽŌĚŒĬĔŅĶĸħĶŃĵŃĪŅĚĶĺĴőħĵĔŅĶĶĺĴěŋħľĴŅĵĪňŗŀĵŌƞŒĔĸƟĔńĬŏĕƟŅħƟĺĵĔńĬ (Clarke & 
Wright, 1964) 

ĽņľĶńĭŀńĸĔŀĶŇĪŉĴėĶŇĽőĨœĲħƢŏľĴŅŃĽĴĽņľĶńĭıŊŘĬĪňŗĭĶŇĔŅĶĪňŗĴňĶŃĭĭĩĬĬĞńĭĞƟŀĬŐĸŃœĶƟ
ĶŃŏĭňĵĭȮőħĵŏĜıŅŃŏĴŊŗŀĨƟŀĚĔŅĶĺŅĚŐįĬŏĽƟĬĪŅĚŒľƟėĶŀĭėĸŋĴĴŅĔĪňŗĽŋħ ĶŃĭĭĩĬĬĪňŗĞńĭĞƟŀĬŐĸŃœĶƟ
ĶŃŏĭňĵĭľĴŅĵĩŉĚıŊŘĬĪňŗĪňŗĴňĩĬĬľĸŅĵĽŅĵȮĴňĞŀĵĵƞŀĵěņĬĺĬĴŅĔȮŐĸŃœĴƞœħƟĺŅĚĨńĺŏĮƦĬĶŃŏĭňĵĭŐĭĭ
ĨŅĶŅĚĔĶŇħŐĸŃŀĵŌƞľƞŅĚœĔĸěŅĔĔńĬ (Baldacci et al., 2008)ȮĨńĺŀĵƞŅĚŒĬĮĪŋĴīŅĬňȮŏĝƞĬȮĔĶĦňŏĕĨŏĴŊŀĚ
ŏĔƞŅĕŀĚŀņŏĳŀŏĴŊŀĚĮĪŋĴīŅĬňȮĭĶŇŏĺĦĶŇĴŐĴƞĬŘņŏěƟŅıĶŃĵŅȮĴňĨĶŀĔĞŀĔĞŀĵŏĸŖĔŕȮěņĬĺĬĴŅĔȮŐĸŃĴň
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ĩĬĬĪňŗėħŏėňŘĵĺĨŅĴŐĬĺŐĴƞĬŘņ ĳŅıĩƞŅĵĴŋĴĽŌĚĕŀĚŏĕĨŏĴŊŀĚŏĔƞŅĮĪŋĴīŅĬňȮĭĶŇŏĺĦĶŇĴŐĴƞĬŘņŏěƟŅıĶŃĵŅȮěŃ
ŏľŖĬĩĬĬĽŅĵľĸńĔĪňŗėħŏėňŘĵĺœĮĨŅĴŐĬĺŐĴƞĬŘņȮŐĸŃĴňĞŀĵŏĸŖĔĞŀĵĬƟŀĵŐĵĔŀŀĔœĮŒĬĪŇĻĪŅĚĪňŗœĴƞŏĮƦĬ
ĶŃŏĭňĵĭȮėĸƟŅĵĔńĭĳŅıĩƞŅĵĴŋĴĽŌĚĕŀĚŏĴŊŀĚŏĔƞŅŒĬĵŋőĶĮȮŀńĸĔŀĶŇĪŉĴĬňŘŒĝƟľĸńĔĔŅĶȮ ėĺŅĴœĴƞŏĽĴŀĳŅėĕŀĚ
ĽŅĴŏľĸňŗĵĴ ȮŒĬĔŅĶĽĶƟŅĚŏĽƟĬĪŅĚĪňŗĴňĮĶŃĽŇĪīŇĳŅıȮőħĵĶńĭĮĶŃĔńĬĺƞŅįĸĸńıīƢĪňŗœħƟěŃœĴƞŐĵƞœĮĔĺƞŅȮ/,3Ȯ
ŏĪƞŅĕŀĚėņĨŀĭĪňŗħňĪňŗĽŋħ 

įĸĔŅĶĻŉĔļŅĬňŘĝňŘŒľƟŏľŖĬĩŉĚėĺŅĴĽņėńĠĕŀĚĔŅĶıńĥĬŅĶŃĭĭĺŅĚŐįĬŏĽƟĬĪŅĚĪňŗįĽĴįĽŅĬ

ĶŃľĺƞŅĚėĺŅĴĽŅĴŅĶĩĕŀĚŀńĸĔŀĶŇĪŉĴŐĸŃėĺŅĴŏĝňŗĵĺĝŅĠĕŀĚĴĬŋļĵƢȮŏıŊŗŀŒľƟœħƟįĸĸńıīƢĪňŗĴňĮĶŃĽŇĪīŇĳŅı

ĽŌĚĽŋħŒĬĪŋĔĽĩŅĬĔŅĶĦƢȮĔŅĶıńĥĬŅŀńĸĔŀĶŇĪŉĴŒĬŀĬŅėĨėĺĶıŇěŅĶĦŅĔŅĶĶĺĴĮƤěěńĵŏĝŇĚėŋĦĳŅıȮŏĝƞĬȮ
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ĝŋĴĝĬŒĬĽĩŅĬĪňŗĕŅĵĵŅŐįĬĮƤěěŋĭńĬĨŅĴĔġľĴŅĵĺƞŅħƟĺĵĵŅȮı,Ļ,Ȯ2557. (2557).  
ĮĶŃĔŅĻĽņĬńĔĚŅĬėĦŃĔĶĶĴĔŅĶŀŅľŅĶŐĸŃĵŅȮŏĶŊŗŀĚȮľĸńĔŏĔĦĤƢȮĺŇīňĔŅĶȮŐĸŃŏĚŊŗŀĬœĕȮŒĬĔŅĶįƞŅĬĔŅĶ

ĨĶĺěĮĶŃŏĴŇĬȮĨŅĴĺŇīňĮĢŇĭńĨŇĪŅĚŏĳĽńĝĔĶĶĴĝŋĴĝĬ,Ȯ&2559).  
ĮƤĠĠĺńĥĬƢȮěńĬĪĶƢĝńĵĳńĔħŇś,Ȯ&2561). ĔŅĶŐĔƟĮƤĠľŅĔŅĶěńħŏĽƟĬĪŅĚŏħŇĬĶĩĶńĭĽƞĚĬńĔŏĶňĵĬ8ȮĔĶĦňĻŉĔļŅ

őĶĚŏĶňĵĬĮĶŃĽŇĪīŇśĻŉĔļŅĽĚŏėĶŅŃľƢȮĴľŅĺŇĪĵŅĸńĵŀŋĭĸĶŅĝīŅĬň[,ȮŀŋĭĸĶŅĝīŅĬň,Ȯ
https://www.oar.ubu.ac.th/old/images/docs/techno/paper/i8-63.pdf 

ĮƕĵŃĬŅĩȮĺĚļƢěņĮŅ,Ȯ&2564). ĔŅĶĺŅĚŐįĬŏĽƟĬĪŅĚŏħŇĬĶĩőħĵŒĝƟŏĞĲĺŇŗĚŀńĸĔŀĶŇĪŉĴŐĸŃĮƤĠľŅĔŅĶŏħŇĬĪŅĚ
ĕŀĚıĬńĔĚŅĬĕŅĵȮĔĶĦňĻŉĔļŅȮĭĶŇļńĪȮŀňĶŇėĽńĬȮ&ĮĶŃŏĪĻœĪĵ'ȮěņĔńħȮĴľŅĺŇĪĵŅĸńĵīŋĶĔŇěĭńĦĤŇĨĵƢ[,Ȯ
ĔĶŋĚŏĪıł,Ȯhttp://libdoc.dpu.ac.th/thesis/Piyanart.Won.pdf 

ıĶŃĶŅĝĔķļġňĔŅĺƞŅħƟĺĵľĸńĔŏĔĦĤƢŐĸŃĺŇīňĔŅĶĭĶŇľŅĶĔŇěĔŅĶĭƟŅĬŏĴŊŀĚĪňŗħňȮ&ĜĭńĭĪňŗȮ2) ı,Ļ. 2562. 
(2562).  

ıĶŃĶŅĝĭńĠĠńĨŇĵŅȮı,Ļ,2510. (2510).  
ıŇĴıƢıĸŀĵȮĳĺĳŌĨŅĬĬĪƢȮŐĸŃȮħĺĚŒěȮěŇĨėĚĝŊŗĬ,Ȯ&2565). ĔŅĶĮĶŃĵŋĔĨƢŒĝƟĺŇīňŀńĸĔŀĶŇĪŉĴŐĭĭĮĶŃľĵńħ

ĽņľĶńĭĮƤĠľŅĔŅĶěńħŏĽƟĬĪŅĚĔĶĦňĻŉĔļŅȮŏĽƟĬĪŅĚŒĬĔŅĶĭņĶŋĚĶńĔļŅĽĩŅĬňĽƞĚĽńĠĠŅĦőĪĶĪńĻĬƢ,Ȯ
ĺŅĶĽŅĶĭńĦĤŇĨĻŉĔļŅĴľŅĺŇĪĵŅĸńĵīŋĶĔŇěĭńĦĤŇĨĵƢ, 12(1).  

ĶĺňőĶěĬƢȮĮƚŀĚĪĶńıĵƢ,Ȯ&2564). Master Degree of Science ĴľŅĺŇĪĵŅĸńĵĭŌĶıŅ[,Ȯ 
ĶŃıňıńĬīƢȮĮƕĨŅėŃőĽ,Ȯ&2557). ĺŇīňĔŅĶŏĴĨŅŁŇĺĶŇĽĨŇĔȮŏıŊŗŀŐĔƟœĕĮƤĠľŅĔŅĶĺŅĚŐįĬĔŅĶįĸŇĨŐĸŃĔŅĶ

ěńħĔŅĶőĸěŇĽĨŇĔĽƢ,ȮĽĴŅėĴĽƞĚŏĽĶŇĴŏĪėőĬőĸĵňȮ&œĪĵ-ĠňŗĮŋƙĬ',Ȯ 
ĺĚĔŅĶŐıĪĵƢ,ȮĔġĔĶŃĪĶĺĚŒľĴƞȮĵĔŏėĶŊŗŀĚȮŴĶƟŅĬĵŅŵ,Ȯ

https://www.wongkarnpat.com/viewya.php?id=935 
ĺĶıĸȮŀŅĶňĵƢȮŐĸŃėĦŃ,Ȯ&2565). ĔŅĶŐĔƟĮƤĠľŅĔŅĶěńħŏĽƟĬĪŅĚĔŅĶĕĬĽƞĚ8ȮĔĶĦňĻŉĔļŅȮĭĶŇļńĪȮŏŀĭňĞňȮĬŘņħŊŗĴȮ

ěņĔńħ,ȮĺŅĶĽŅĶŏĻĶļģĻŅĽĨĶƢŐĸŃĭĶŇľŅĶīŋĶĔŇěĴľŅĺŇĪĵŅĸńĵĪńĔļŇĦ, 14(3).  
ĺŇĶńĨĬƢȮĪŀĚĶŀħ,Ȯ&2561). GPP Phase 1: Good Pharmacy Practice Phase 1 In Thailand. 

Retrieved 3ȮĔńĬĵŅĵĬȮ2565, from 
https://ccpe.pharmacycouncil.org/index.php?option=article_detail&subpage=arti
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cle_detail&id=496  
ĺŇļĦŋȮĝƟŅĚŏĬňĵĴ,Ȯ&2559). ėŌƞĴŊŀŏĶňĵĬőėĶĚĽĶƟŅĚĕƟŀĴŌĸŐĸŃŀńĸĔŀĶŇĪŉĴȮ&Data Structure & Algorithm). œŀ

ħňĞňł,Ȯ 
ĻŇĺıĶȮŐĬƞĬľĬŅȮŐĸŃėĦŃ,Ȯ&2566). ĔŅĶěńħőĮĶŐĔĶĴŏĽƟĬĪŅĚĔŅĶĪƞŀĚŏĪňŗĵĺěńĚľĺńħĬėĶĻĶňīĶĶĴĶŅĝȮőħĵ

ŒĝƟĺŇīňĔŅĶėƟĬľŅŏıŊŗŀĬĭƟŅĬŒĔĸƟĽŋħ,ȮĺŅĶĽŅĶĺŇĝŅĔŅĶŏĪėőĬőĸĵňŀŋĨĽŅľĔĶĶĴȮĴľŅĺŇĪĵŅĸńĵĶŅĝĳńĢ
ĽŋĶŇĬĪĶƢ, 8(2).  

ĽņĬńĔĕƞŅĺȮHfocus. (2562). įĬŉĔȮűĶƟŅĬĕŅĵĵŅŲȮĨńŘĚŏĮƦĬħƞŅĬľĬƟŅėńħĔĶŀĚőĶėȮĝƞĺĵȮĮĝĝ,ŏĕƟŅĩŉĚĭĶŇĔŅĶ
ĽŅīŅĶĦĽŋĕ,Ȯhttps://www.hfocus.org/content/2019/05/17144 

ĽņĬńĔĕƞŅĺȮHfocus. (2564). ĬőĵĭŅĵȮŴĶńĭĵŅĪňŗĶƟŅĬĵŅŵȮŒľƟįĸĸńıīƢħňȮıĭĝƞĺĵĸħĮƤĠľŅėĺŅĴŐŀŀńħ-Ķŀ
ĬŅĬėŇĺŏĨĶňĵĴĕĵŅĵĔĸŋƞĴőĶė-ŏıŇŗĴěŋħĶńĭ,Ȯ
https://www.hfocus.org/content/2021/12/24064 
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ĔĸŋƞĴĪňŗȮ1 

ĸņħńĭ ĝŊŗŀŏĶňĵĔ ıŇĔńħĪŅĚĳŌĴŇĻŅĽĨĶƢȮ 
(ĸŃĨŇěŌħ-ĸŀĚěŇěŌħ' 

ľĴŌƞ Ĩņĭĸ ŀņŏĳŀ 

1 ěŋħĪňŗ 0 14.0219375,100.5344375 - ĭŅĚĮĶŀĔ ŏĴŊŀĚĮĪŋĴīŅĬň 

2 ěŋħĪňŗ 1 14.1376,100.8259 6 ĭŉĚĭŅ ľĬŀĚŏĽŊŀ 

3 ěŋħĪňŗ 2 14.13595,100.8241 6 ĭŉĚĭŅ ľĬŀĚŏĽŊŀ 

4 ěŋħĪňŗ 3 14.04025049,100.73253416 1 ėĸŀĚľĔ ėĸŀĚľĸĺĚ 

5 ěŋħĪňŗ 4 14.036062, 100.732807 1 ėĸŀĚľĔ ėĸŀĚľĸĺĚ 

6 ěŋħĪňŗ 5 14.036156, 100.732928 7 ėĸŀĚľĔ ėĸŀĚľĸĺĚ 

7 ěŋħĪňŗ 0 14.0219375,100.5344375 - ĭŅĚĮĶŀĔ ŏĴŊŀĚĮĪŋĴīŅĬň 

 

ĔĸŋƞĴȮ0 

ĸņħńĭ ĝŊŗŀŏĶňĵĔ ıŇĔńħĪŅĚĳŌĴŇĻŅĽĨĶƢȮ 
(ĸŃĨŇěŌħ-ĸŀĚěŇěŌħ' 

ľĴŌƞ Ĩņĭĸ ŀņŏĳŀ 

1 ěŋħĪňŗ 0 14.0219375,100.5344375 - ĭŅĚĮĶŀĔ ŏĴŊŀĚĮĪŋĴīŅĬň 

2 ěŋħĪňŗ 6 14.0946,100.73217 7 ėĸŀĚľĔ ėĸŀĚľĸĺĚ 

3 ěŋħĪňŗ 7 14.0259,100.7432 4 ĶńĚĽŇĨ īńĠĭŋĶň 

4 ěŋħĪňŗ 0 14.0219375,100.5344375 - ĭŅĚĮĶŀĔ ŏĴŊŀĚĮĪŋĴīŅĬň 
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ĔĸŋƞĴȮ1 

ĸņħńĭ ĝŊŗŀŏĶňĵĔ ıŇĔńħĪŅĚĳŌĴŇĻŅĽĨĶƢȮ 
(ĸŃĨŇěŌħ-ĸŀĚěŇěŌħ' 

ľĴŌƞ Ĩņĭĸ ŀņŏĳŀ 

1 ěŋħĪňŗ 0 14.0219375,100.5344375 - ĭŅĚĮĶŀĔ ŏĴŊŀĚĮĪŋĴīŅĬň 

2 ěŋħĪňŗ 8 14.06,100.85 2 ĭŉĚĬŘņĶńĔļƢ īńĠĭŋĶň 

3 ěŋħĪňŗ 9 14.035626, 100.777266 1 ĸņįńĔĔŌħ īńĠĭŋĶň 

4 ěŋħĪňŗ 10 14.03402,100.7666 2 ĸņįńĔĔŌħ īńĠĭŋĶň 

5 ěŋħĪňŗ 11 14.0362,100.76649 2 ĸņįńĔĔŌħ īńĠĭŋĶň 

6 ěŋħĪňŗ 0 14.0219375,100.5344375 - ĭŅĚĮĶŀĔ ŏĴŊŀĚĮĪŋĴīŅĬň 

 

ĔĸŋƞĴȮ2 

ĸņħńĭ ĝŊŗŀŏĶňĵĔ ıŇĔńħĪŅĚĳŌĴŇĻŅĽĨĶƢȮ 
(ĸŃĨŇěŌħ-ĸŀĚěŇěŌħ' 

ľĴŌƞ Ĩņĭĸ ŀņŏĳŀ 

1 ěŋħĪňŗ 0 14.0219375,100.5344375 - ĭŅĚĮĶŀĔ ŏĴŊŀĚĮĪŋĴīŅĬň 

2 ěŋħĪňŗ 12 14.01963,100.52381 - ĭŅĚĮĶŀĔ ŏĴŊŀĚĮĪŋĴīŅĬň 

3 ěŋħĪňŗ 13 14.0196875,100.5234375 - ĭŅĚĮĶŀĔ ŏĴŊŀĚĮĪŋĴīŅĬň 

4 ěŋħĪňŗ 14 14.0196875,100.5231875 - ĭŅĚĮĶŀĔ ŏĴŊŀĚĮĪŋĴīŅĬň 

5 ěŋħĪňŗ 15 13.97942,100.55156 5 ĭŅĚĔŃħň ŏĴŊŀĚĮĪŋĴīŅĬň 

6 ěŋħĪňŗ 16 13.97923,100.55185 5 ĭŅĚĔŃħň ŏĴŊŀĚĮĪŋĴīŅĬň 

7 ěŋħĪňŗ 17 13.95825,100.52014 10 ĭŅĚėŌĺńħ ŏĴŊŀĚĮĪŋĴīŅĬň 

8 ěŋħĪňŗ 0 14.0219375,100.5344375 - ĭŅĚĮĶŀĔ ŏĴŊŀĚĮĪŋĴīŅĬň 
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ĔĸŋƞĴȮ5 

ĸņħńĭ ĝŊŗŀŏĶňĵĔ ıŇĔńħĪŅĚĳŌĴŇĻŅĽĨĶƢȮ 
(ĸŃĨŇěŌħ-ĸŀĚěŇěŌħ' 

ľĴŌƞ Ĩņĭĸ ŀņŏĳŀ 

1 ěŋħĪňŗ 0 14.0219375,100.5344375 - ĭŅĚĮĶŀĔ ŏĴŊŀĚĮĪŋĴīŅĬň 

2 ěŋħĪňŗ 18 14.0408807,100.5254385 3 ĔĶŃŐĝĚ ĽŅĴőėĔ 

3 ěŋħĪňŗ 19 14.000033,100.5297300 4 ĭƟŅĬĜŅĚ ŏĴŊŀĚĮĪŋĴīŅĬň 

4 ěŋħĪňŗ 20 14.005188,100.519391 3 ĭƟŅĬĜŅĚ ŏĴŊŀĚĮĪŋĴīŅĬň 

5 ěŋħĪňŗ 21 14.020488,100.525953 - ĭŅĚĮĶŀĔ ŏĴŊŀĚĮĪŋĴīŅĬň 

6 ěŋħĪňŗ 22 14.0201748,100.5264396 - ĭŅĚĮĶŀĔ ŏĴŊŀĚĮĪŋĴīŅĬň 

7 ěŋħĪňŗ 0 14.0219375,100.5344375 - ĭŅĚĮĶŀĔ ŏĴŊŀĚĮĪŋĴīŅĬň 

 

ĔĸŋƞĴȮ6 

ĸņħńĭ ĝŊŗŀŏĶňĵĔ ıŇĔńħĪŅĚĳŌĴŇĻŅĽĨĶƢȮ 
(ĸŃĨŇěŌħ-ĸŀĚěŇěŌħ' 

ľĴŌƞ Ĩņĭĸ ŀņŏĳŀ 

1 ěŋħĪňŗ 0 14.0219375,100.5344375 - ĭŅĚĮĶŀĔ ŏĴŊŀĚĮĪŋĴīŅĬň 

2 ěŋħĪňŗ 23 14.0652169,100.6006597 18 ėĸŀĚľĬŉŗĚ ėĸŀĚľĸĺĚ 

3 ěŋħĪňŗ 24 14.1204935,100.6164575 13 ėĸŀĚľĬŉŗĚ ėĸŀĚľĸĺĚ 

4 ěŋħĪňŗ 25 13.97103,100.56707 3 ĭƟŅĬŒľĴƞ ŏĴŊŀĚĮĪŋĴīŅĬň 

5 ěŋħĪňŗ 0 14.0219375,100.5344375 - ĭŅĚĮĶŀĔ ŏĴŊŀĚĮĪŋĴīŅĬň 
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ĔĸŋƞĴȮ7 

ĸņħńĭ ĝŊŗŀŏĶňĵĔ ıŇĔńħĪŅĚĳŌĴŇĻŅĽĨĶƢȮ 
(ĸŃĨŇěŌħ-ĸŀĚěŇěŌħ' 

ľĴŌƞ Ĩņĭĸ ŀņŏĳŀ 

1 ěŋħĪňŗ 0 14.0219375,100.5344375 - ĭŅĚĮĶŀĔ ŏĴŊŀĚĮĪŋĴīŅĬň 

2 ěŋħĪňŗ 26 14.0660,100.6325 7 ėĸŀĚĽŀĚ ėĸŀĚľĸĺĚ 

3 ěŋħĪňŗ 27 14.049,100.64239 5 ėĸŀĚĽŀĚ ėĸŀĚľĸĺĚ 

4 ěŋħĪňŗ 28 14.0493383,100.6423727 5 ėĸŀĚĽŀĚ ėĸŀĚľĸĺĚ 

5 ěŋħĪňŗ 29 14.0215,100.6425 2 ėĸŀĚĽŀĚ ėĸŀĚľĸĺĚ 

6 ěŋħĪňŗ 30 14.105188,100.642063 23 ėĸŀĚĽŀĚ ėĸŀĚľĸĺĚ 

7 ěŋħĪňŗ 31 14.061,100.63189 7 ėĸŀĚĽŀĚ ėĸŀĚľĸĺĚ 

8 ěŋħĪňŗ 0 14.0219375,100.5344375 - ĭŅĚĮĶŀĔ ŏĴŊŀĚĮĪŋĴīŅĬň 

 

ĔĸŋƞĴȮ8 

ĸņħńĭ ĝŊŗŀŏĶňĵĔ ıŇĔńħĪŅĚĳŌĴŇĻŅĽĨĶƢȮ 
(ĸŃĨŇěŌħ-ĸŀĚěŇěŌħ' 

ľĴŌƞ Ĩņĭĸ ŀņŏĳŀ 

1 ěŋħĪňŗ 0 14.0219375,100.5344375 - ĭŅĚĮĶŀĔ ŏĴŊŀĚĮĪŋĴīŅĬň 

2 ěŋħĪňŗ 32 14.0497,100.614 6 ėĸŀĚľĬŉŗĚ ėĸŀĚľĸĺĚ 

3 ěŋħĪňŗ 33 14.0973,100.61169 18 ėĸŀĚľĬŉŗĚ ėĸŀĚľĸĺĚ 

4 ěŋħĪňŗ 34 14.1060335,100.6203206 12 ėĸŀĚľĬŉŗĚ ėĸŀĚľĸĺĚ 

5 ěŋħĪňŗ 35 14.0327,100.6626 3 ėĸŀĚĽŅĴ ėĸŀĚľĸĺĚ 

6 ěŋħĪňŗ 36 14.045031,100.664546 4 ėĸŀĚĽŅĴ ėĸŀĚľĸĺĚ 

7 ěŋħĪňŗ 0 14.0219375,100.5344375 - ĭŅĚĮĶŀĔ ŏĴŊŀĚĮĪŋĴīŅĬň 
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ĔĸŋƞĴȮ9 

ĸņħńĭ ĝŊŗŀŏĶňĵĔ ıŇĔńħĪŅĚĳŌĴŇĻŅĽĨĶƢȮ 
(ĸŃĨŇěŌħ-ĸŀĚěŇěŌħ' 

ľĴŌƞ Ĩņĭĸ ŀņŏĳŀ 

1 ěŋħĪňŗ 0 14.0219375,100.5344375 - ĭŅĚĮĶŀĔ ŏĴŊŀĚĮĪŋĴīŅĬň 

2 ěŋħĪňŗ 37 14.0012,100.6809 2 ĭŉĚĵňŗőĩ īńĠĭŋĶň 

3 ěŋħĪňŗ 38 14.00191,100.68092 2 ĭŉĚĵňŗőĩ īńĠĭŋĶň 

4 ěŋħĪňŗ 39 14.0013,100.6854 2 ĭŉĚĵňŗőĩ īńĠĭŋĶň 

5 ěŋħĪňŗ 40 13.9856,100.62619 - ĮĶŃĝŅīŇĮƤĨĵƢ īńĠĭŋĶň 

6 ěŋħĪňŗ 41 13.9849,100.6237 - ĮĶŃĝŅīŇĮƤĨĵƢ īńĠĭŋĶň 

7 ěŋħĪňŗ 42 13.98702,100.6168 2 ĮĶŃĝŅīŇĮƤĨĵƢ īńĠĭŋĶň 

8 ěŋħĪňŗ 43 13.9724125,100.6194531 1 ĮĶŃĝŅīŇĮƤĨĵƢ īńĠĭŋĶň 

9 ěŋħĪňŗ 44 13.9742,100.61649 - ĮĶŃĝŅīŇĮƤĨĵƢ īńĠĭŋĶň 

10 ěŋħĪňŗ 0 14.0219375,100.5344375 - ĭŅĚĮĶŀĔ ŏĴŊŀĚĮĪŋĴīŅĬň 

 

ĔĸŋƞĴȮ10 

ĸņħńĭ ĝŊŗŀŏĶňĵĔ ıŇĔńħĪŅĚĳŌĴŇĻŅĽĨĶƢȮ 
(ĸŃĨŇěŌħ-ĸŀĚěŇěŌħ' 

ľĴŌƞ Ĩņĭĸ ŀņŏĳŀ 

1 ěŋħĪňŗ 0 14.0219375,100.5344375 - ĭŅĚĮĶŀĔ ŏĴŊŀĚĮĪŋĴīŅĬň 

2 ěŋħĪňŗ 45 13.933950,100.682100 7 ĸŅħĽĺŅĵ ĸņĸŌĔĔŅ 

3 ěŋħĪňŗ 46 13.947, 100.64459 18 ėŌėĨ ĸņĸŌĔĔŅ 

4 ěŋħĪňŗ 47 13.9595126,100.6196721 15 ėŌėĨ ĸņĸŌĔĔŅ 

5 ěŋħĪňŗ 48 13.9939, 100.61259 - ĮĶŃĝŅīŇĮƤĨĵƢ īńĠĭŋĶň 

6 ěŋħĪňŗ 0 14.0219375,100.5344375 - ĭŅĚĮĶŀĔ ŏĴŊŀĚĮĪŋĴīŅĬň 
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ĔĸŋƞĴ 11 

ĸņħńĭ ĝŊŗŀŏĶňĵĔ ıŇĔńħĪŅĚĳŌĴŇĻŅĽĨĶƢȮ 
(ĸŃĨŇěŌħ-ĸŀĚěŇěŌħ' 

ľĴŌƞ Ĩņĭĸ ŀņŏĳŀ 

1 ěŋħĪňŗ 0 14.0219375,100.5344375 - ĭŅĚĮĶŀĔ ŏĴŊŀĚĮĪŋĴīŅĬň 

2 ěŋħĪňŗ 49 13.9363115,100.7519751 11 ĸņĸŌĔĔŅ ĸņĸŌĔĔŅ 

3 ěŋħĪňŗ 50 13.9253965, 100.7112508 18 ĭŉĚėņıĶƟŀĵ ĸņĸŌĔĔŅ 

4 ěŋħĪňŗ 51 13.9227,100.69499 11 ĸŅħĽĺŅĵ ĸņĸŌĔĔŅ 

5 ěŋħĪňŗ 52 13.9636,100.6426 6 ėŌėĨ ĸņĸŌĔĔŅ 

6 ěŋħĪňŗ 53 13.9699,100.6467 6 ėŌėĨ ĸņĸŌĔĔŅ 

7 ěŋħĪňŗ 54 13.97158,100.63095 7 ėŌėĨ ĸņĸŌĔĔŅ 

8 ěŋħĪňŗ 0 14.0219375,100.5344375 - ĭŅĚĮĶŀĔ ŏĴŊŀĚĮĪŋĴīŅĬň 

 

ĔĸŋƞĴȮ12 

ĸņħńĭ ĝŊŗŀŏĶňĵĔ ıŇĔńħĪŅĚĳŌĴŇĻŅĽĨĶƢȮ 
(ĸŃĨŇěŌħ-ĸŀĚěŇěŌħ' 

ľĴŌƞ Ĩņĭĸ ŀņŏĳŀ 

1 ěŋħĪňŗ 0 14.0219375,100.5344375 - ĭŅĚĮĶŀĔ ŏĴŊŀĚĮĪŋĴīŅĬň 

2 ěŋħĪňŗ 55 14.0667375,100.629297 8 ėĸŀĚľĬŉŗĚ ėĸŀĚľĸĺĚ 

3 ěŋħĪňŗ 56 14.066413,100.629203 8 ėĸŀĚľĬŉŗĚ ėĸŀĚľĸĺĚ 

4 ěŋħĪňŗ 57 13.9895875,100.6173281 - ĮĶŃĝŅīŇĮƤĨĵƢ īńĠĭŋĶň 

5 ěŋħĪňŗ 58 13.990463,100.616297 - ĮĶŃĝŅīŇĮƤĨĵƢ īńĠĭŋĶň 

6 ěŋħĪňŗ 59 13.9908944,100.6183941 - ĮĶŃĝŅīŇĮƤĨĵƢ īńĠĭŋĶň 

7 ěŋħĪňŗ 60 13.988837,100.6182344 - ĮĶŃĝŅīŇĮƤĨĵƢ īńĠĭŋĶň 

8 ěŋħĪňŗ 61 13.99019,100.6168 - ĮĶŃĝŅīŇĮƤĨĵƢ īńĠĭŋĶň 

9 ěŋħĪňŗ 0 14.0219375,100.5344375 - ĭŅĚĮĶŀĔ ŏĴŊŀĚĮĪŋĴīŅĬň 
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ĔĸŋƞĴȮ13 

ĸņħńĭ ĝŊŗŀŏĶňĵĔ ıŇĔńħĪŅĚĳŌĴŇĻŅĽĨĶƢȮ 
(ĸŃĨŇěŌħ-ĸŀĚěŇěŌħ' 

ľĴŌƞ Ĩņĭĸ ŀņŏĳŀ 

1 ěŋħĪňŗ 0 14.0219375,100.5344375 - ĭŅĚĮĶŀĔ ŏĴŊŀĚĮĪŋĴīŅĬň 

2 ěŋħĪňŗ 62 14.074900,100.615990 8 ėĸŀĚľĬŉŗĚ ėĸŀĚľĸĺĚ 

3 ěŋħĪňŗ 63 14.1128626,100.5985377 19 ėĸŀĚľĬŉŗĚ ėĸŀĚľĸĺĚ 

4 ěŋħĪňŗ 64 14.06574,100.60661 8 ėĸŀĚľĬŉŗĚ ėĸŀĚľĸĺĚ 

5 ěŋħĪňŗ 65 14.0033852,100.626893 1 ėĸŀĚľĬŉŗĚ ėĸŀĚľĸĺĚ 

6 ěŋħĪňŗ 0 14.0219375,100.5344375 - ĭŅĚĮĶŀĔ ŏĴŊŀĚĮĪŋĴīŅĬň 

 

ĔĸŋƞĴȮ14 

ĸņħńĭ ĝŊŗŀŏĶňĵĔ ıŇĔńħĪŅĚĳŌĴŇĻŅĽĨĶƢȮ 
(ĸŃĨŇěŌħ-ĸŀĚěŇěŌħ' 

ľĴŌƞ Ĩņĭĸ ŀņŏĳŀ 

1 ěŋħĪňŗ 0 14.0219375,100.5344375 - ĭŅĚĮĶŀĔ ŏĴŊŀĚĮĪŋĴīŅĬň 

2 ěŋħĪňŗ 66 14.02290,100.53420 - ĭŅĚĮĶŀĔ ŏĴŊŀĚĮĪŋĴīŅĬň 

3 ěŋħĪňŗ 67 14.0187421,100.5350960 - ĭŅĚĮĶŀĔ ŏĴŊŀĚĮĪŋĴīŅĬň 

4 ěŋħĪňŗ 68 14.0182,100.5353 - ĭŅĚĮĶŀĔ ŏĴŊŀĚĮĪŋĴīŅĬň 

5 ěŋħĪňŗ 69 14.0146741,100.5236109 - ĭŅĚĮĶŀĔ ŏĴŊŀĚĮĪŋĴīŅĬň 

6 ěŋħĪňŗ 0 14.0219375,100.5344375 - ĭŅĚĮĶŀĔ ŏĴŊŀĚĮĪŋĴīŅĬň 
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ĔĸŋƞĴȮ15 

ĸņħńĭ ĝŊŗŀŏĶňĵĔ ıŇĔńħĪŅĚĳŌĴŇĻŅĽĨĶƢȮ 
(ĸŃĨŇěŌħ-ĸŀĚěŇěŌħ' 

ľĴŌƞ Ĩņĭĸ ŀņŏĳŀ 

1 ěŋħĪňŗ 0 14.0219375,100.5344375 - ĭŅĚĮĶŀĔ ŏĴŊŀĚĮĪŋĴīŅĬň 

2 ěŋħĪňŗ 70 14.066049,100.629244 8 ėĸŀĚľĬŉŗĚ ėĸŀĚľĸĺĚ 

3 ěŋħĪňŗ 71 14.066188,100.610516 18 ėĸŀĚľĬŉŗĚ ėĸŀĚľĸĺĚ 

4 ěŋħĪňŗ 0 14.0219375,100.5344375 - ĭŅĚĮĶŀĔ ŏĴŊŀĚĮĪŋĴīŅĬň 

 

ĔĸŋƞĴȮ16 

ĸņħńĭ ĝŊŗŀŏĶňĵĔ ıŇĔńħĪŅĚĳŌĴŇĻŅĽĨĶƢȮ 
(ĸŃĨŇěŌħ-ĸŀĚěŇěŌħ' 

ľĴŌƞ Ĩņĭĸ ŀņŏĳŀ 

1 ěŋħĪňŗ 0 14.0219375,100.5344375 - ĭŅĚĮĶŀĔ ŏĴŊŀĚĮĪŋĴīŅĬň 

2 ěŋħĪňŗ 72 13.9577,100.6219 8 ėŌėĨ ĸņĸŌĔĔŅ 

3 ěŋħĪňŗ 73 13.9510,100.6329 9 ėŌėĨ ĸņĸŌĔĔŅ 

4 ěŋħĪňŗ 74 13.955790,100.610184 15 ėŌėĨ ĸņĸŌĔĔŅ 

5 ěŋħĪňŗ 0 14.0219375,100.5344375 - ĭŅĚĮĶŀĔ ŏĴŊŀĚĮĪŋĴīŅĬň 
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ĔĸŋƞĴȮ17 

ĸņħńĭ ĝŊŗŀŏĶňĵĔ ıŇĔńħĪŅĚĳŌĴŇĻŅĽĨĶƢȮ 
(ĸŃĨŇěŌħ-ĸŀĚěŇěŌħ' 

ľĴŌƞ Ĩņĭĸ ŀņŏĳŀ 

1 ěŋħĪňŗ 0 14.0219375,100.5344375 - ĭŅĚĮĶŀĔ ŏĴŊŀĚĮĪŋĴīŅĬň 

2 ěŋħĪňŗ 75 14.08963,100.624180 10 ėĸŀĚľĬŉŗĚ ėĸŀĚľĸĺĚ 

3 ěŋħĪňŗ 76 14.0409,100.6159 5 ėĸŀĚľĬŉŗĚ ėĸŀĚľĸĺĚ 

4 ěŋħĪňŗ 77 14.0454,100.7342 2 ėĸŀĚľĔ ėĸŀĚľĸĺĚ 

5 ěŋħĪňŗ 78 14.0651,100.6618 7 ėĸŀĚĽŅĴ ėĸŀĚľĸĺĚ 

6 ěŋħĪňŗ 0 14.0219375,100.5344375 - ĭŅĚĮĶŀĔ ŏĴŊŀĚĮĪŋĴīŅĬň 

 

ĔĸŋƞĴȮ18 

ĸņħńĭ ĝŊŗŀŏĶňĵĔ ıŇĔńħĪŅĚĳŌĴŇĻŅĽĨĶƢȮ 
(ĸŃĨŇěŌħ-ĸŀĚěŇěŌħ' 

ľĴŌƞ Ĩņĭĸ ŀņŏĳŀ 

1 ěŋħĪňŗ 0 14.0219375,100.5344375 - ĭŅĚĮĶŀĔ ŏĴŊŀĚĮĪŋĴīŅĬň 

2 ěŋħĪňŗ 79 13.9604, 100.7255 7 ĭŉĚėņıĶƟŀĵ ĸņĸŌĔĔŅ 

3 ěŋħĪňŗ 80 13.9499392,100.6471796 5 ėŌėĨ ĸņĸŌĔĔŅ 

4 ěŋħĪňŗ 0 14.0219375,100.5344375 - ĭŅĚĮĶŀĔ ŏĴŊŀĚĮĪŋĴīŅĬň 
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ĔĸŋƞĴȮ19 

ĸņħńĭ ĝŊŗŀŏĶňĵĔ ıŇĔńħĪŅĚĳŌĴŇĻŅĽĨĶƢȮ 
(ĸŃĨŇěŌħ-ĸŀĚěŇěŌħ' 

ľĴŌƞ Ĩņĭĸ ŀņŏĳŀ 

1 ěŋħĪňŗ 0 14.0219375,100.5344375 - ĭŅĚĮĶŀĔ ŏĴŊŀĚĮĪŋĴīŅĬň 

2 ěŋħĪňŗ 81 13.95027,100.77449 5 ĸņĸŌĔĔŅ ĸņĸŌĔĔŅ 

3 ěŋħĪňŗ 82 13.9329019,100.6958909 13 ĸŅħĽĺŅĵ ĸņĸŌĔĔŅ 

4 ěŋħĪňŗ 0 14.0219375,100.5344375 - ĭŅĚĮĶŀĔ ŏĴŊŀĚĮĪŋĴīŅĬň 

 

ĔĸŋƞĴȮ20 

ĸņħńĭ ĝŊŗŀŏĶňĵĔ ıŇĔńħĪŅĚĳŌĴŇĻŅĽĨĶƢȮ 
(ĸŃĨŇěŌħ-ĸŀĚěŇěŌħ' 

ľĴŌƞ Ĩņĭĸ ŀņŏĳŀ 

1 ěŋħĪňŗ 0 14.0219375,100.5344375 - ĭŅĚĮĶŀĔ ŏĴŊŀĚĮĪŋĴīŅĬň 

2 ěŋħĪňŗ 83 13.9465,100.6614 2 ėŌėĨ ĸņĸŌĔĔŅ 

3 ěŋħĪňŗ 84 13.93462,100.71453 - ĮĶŃĝŅīŇĮƤĨĵƢ īńĠĭŋĶň 

4 ěŋħĪňŗ 85 13.9735, 100.4939 1 ĭŅĚėŌĺńħ ŏĴŊŀĚĮĪŋĴīŅĬň 

5 ěŋħĪňŗ 0 14.0219375,100.5344375 - ĭŅĚĮĶŀĔ ŏĴŊŀĚĮĪŋĴīŅĬň 
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ĔĸŋƞĴȮ21 

ĸņħńĭ ĝŊŗŀŏĶňĵĔ ıŇĔńħĪŅĚĳŌĴŇĻŅĽĨĶƢȮ 
(ĸŃĨŇěŌħ-ĸŀĚěŇěŌħ' 

ľĴŌƞ Ĩņĭĸ ŀņŏĳŀ 

1 ěŋħĪňŗ 0 14.0219375,100.5344375 - ĭŅĚĮĶŀĔ ŏĴŊŀĚĮĪŋĴīŅĬň 

2 ěŋħĪňŗ 86 14.030238,100.663484 3 ėĸŀĚĽŅĴ ėĸŀĚľĸĺĚ 

3 ěŋħĪňŗ 87 14.076599,100.633808 9 ėĸŀĚĽŀĚ ėĸŀĚľĸĺĚ 

4 ěŋħĪňŗ 88 14.0066,100.61349 1 ėĸŀĚľĬŉŗĚ ėĸŀĚľĸĺĚ 

5 ěŋħĪňŗ 0 14.0219375,100.5344375 - ĭŅĚĮĶŀĔ ŏĴŊŀĚĮĪŋĴīŅĬň 

 

ĔĸŋƞĴȮ22 

ĸņħńĭ ĝŊŗŀŏĶňĵĔ ıŇĔńħĪŅĚĳŌĴŇĻŅĽĨĶƢȮ 
(ĸŃĨŇěŌħ-ĸŀĚěŇěŌħ' 

ľĴŌƞ Ĩņĭĸ ŀņŏĳŀ 

1 ěŋħĪňŗ 0 14.0219375,100.5344375 - ĭŅĚĮĶŀĔ ŏĴŊŀĚĮĪŋĴīŅĬň 

2 ěŋħĪňŗ 89 13.9553,100.60886 15 ėŌėĨ ĸņĸŌĔĔŅ 

3 ěŋħĪňŗ 90 13.957608,100.616227 15 ėŌėĨ ĸņĸŌĔĔŅ 

4 ěŋħĪňŗ 0 14.0219375,100.5344375 - ĭŅĚĮĶŀĔ ŏĴŊŀĚĮĪŋĴīŅĬň 

 

ĔĸŋƞĴȮ23 

ĸņħńĭ ĝŊŗŀŏĶňĵĔ ıŇĔńħĪŅĚĳŌĴŇĻŅĽĨĶƢȮ 
(ĸŃĨŇěŌħ-ĸŀĚěŇěŌħ' 

ľĴŌƞ Ĩņĭĸ ŀņŏĳŀ 

1 ěŋħĪňŗ 0 14.0219375,100.5344375 - ĭŅĚĮĶŀĔ ŏĴŊŀĚĮĪŋĴīŅĬň 

2 ěŋħĪňŗ 91 14.033886,100.771757 1 ĸņįńĔĔŌħ īńĠĭŋĶň 

3 ěŋħĪňŗ 92 14.035726,100.77439 1 ĸņįńĔĔŌħ īńĠĭŋĶň 

4 ěŋħĪňŗ 0 14.0219375,100.5344375 - ĭŅĚĮĶŀĔ ŏĴŊŀĚĮĪŋĴīŅĬň 
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ĔĸŋƞĴȮ24 

ĸņħńĭ ĝŊŗŀŏĶňĵĔ ıŇĔńħĪŅĚĳŌĴŇĻŅĽĨĶƢȮ 
(ĸŃĨŇěŌħ-ĸŀĚěŇěŌħ' 

ľĴŌƞ Ĩņĭĸ ŀņŏĳŀ 

1 ěŋħĪňŗ 0 14.0219375,100.5344375 - ĭŅĚĮĶŀĔ ŏĴŊŀĚĮĪŋĴīŅĬň 

2 ěŋħĪňŗ 93 13.9722,100.6849 6 ĸŅħĽĺŅĵ ĸņĸŌĔĔŅ 

3 ěŋħĪňŗ 94 13.9382,100.64599 18 ėŌėĨ ĸņĸŌĔĔŅ 

4 ěŋħĪňŗ 95 13.9516,100.6604 2 ėŌėĨ ĸņĸŌĔĔŅ 

5 ěŋħĪňŗ 96 13.9582,100.5750 1 ľĸńĔľĔ ŏĴŊŀĚĮĪŋĴīŅĬň 

6 ěŋħĪňŗ 0 14.0219375,100.5344375 - ĭŅĚĮĶŀĔ ŏĴŊŀĚĮĪŋĴīŅĬň 

 

ĔĸŋƞĴȮ25 

ĸņħńĭ ĝŊŗŀŏĶňĵĔ ıŇĔńħĪŅĚĳŌĴŇĻŅĽĨĶƢȮ 
(ĸŃĨŇěŌħ-ĸŀĚěŇěŌħ' 

ľĴŌƞ Ĩņĭĸ ŀņŏĳŀ 

1 ěŋħĪňŗ 0 14.0219375,100.5344375 - ĭŅĚĮĶŀĔ ŏĴŊŀĚĮĪŋĴīŅĬň 

2 ěŋħĪňŗ 97 14.079917,100.631250 9 ėĸŀĚľĬŉŗĚ ėĸŀĚľĸĺĚ 

3 ěŋħĪňŗ 98 14.1088989,100.6202475 12 ėĸŀĚľĬŉŗĚ ėĸŀĚľĸĺĚ 

4 ěŋħĪňŗ 99 13.994313,100.613109 - ĮĶŃĝŅīŇĮƤĨĵƢ īńĠĭŋĶň 

5 ěŋħĪňŗ 0 14.0219375,100.5344375 - ĭŅĚĮĶŀĔ ŏĴŊŀĚĮĪŋĴīŅĬň 

  



  93 

ĔĸŋƞĴȮ26 

ĸņħńĭ ĝŊŗŀŏĶňĵĔ ıŇĔńħĪŅĚĳŌĴŇĻŅĽĨĶƢȮ 
(ĸŃĨŇěŌħ-ĸŀĚěŇěŌħ' 

ľĴŌƞ Ĩņĭĸ ŀņŏĳŀ 

1 ěŋħĪňŗ 0 14.0219375,100.5344375 - ĭŅĚĮĶŀĔ ŏĴŊŀĚĮĪŋĴīŅĬň 

2 ěŋħĪňŗ 100 14.1141375,100.6166404 13 ėĸŀĚľĬŉŗĚ ėĸŀĚľĸĺĚ 

3 ěŋħĪňŗ 101 14.1164815,100.6163161 13 ėĸŀĚľĬŉŗĚ ėĸŀĚľĸĺĚ 

4 ěŋħĪňŗ 102 14.1175625,100.6177656 13 ėĸŀĚľĬŉŗĚ ėĸŀĚľĸĺĚ 

5 ěŋħĪňŗ 103 14.1079875,100.6203594 12 ėĸŀĚľĬŉŗĚ ėĸŀĚľĸĺĚ 

6 ěŋħĪňŗ 0 14.0219375,100.5344375 - ĭŅĚĮĶŀĔ ŏĴŊŀĚĮĪŋĴīŅĬň 

 

ĔĸŋƞĴȮ27 

ĸņħńĭ ĝŊŗŀŏĶňĵĔ ıŇĔńħĪŅĚĳŌĴŇĻŅĽĨĶƢȮ 
(ĸŃĨŇěŌħ-ĸŀĚěŇěŌħ' 

ľĴŌƞ Ĩņĭĸ ŀņŏĳŀ 

1 ěŋħĪňŗ 0 14.0219375,100.5344375 - ĭŅĚĮĶŀĔ ŏĴŊŀĚĮĪŋĴīŅĬň 

2 ěŋħĪňŗ 104 14.125566,100.627186 14 ėĸŀĚľĬŉŗĚ ėĸŀĚľĸĺĚ 

3 ěŋħĪňŗ 105 14.0668,100.6023 18 ėĸŀĚľĬŉŗĚ ėĸŀĚľĸĺĚ 

4 ěŋħĪňŗ 0 14.0219375,100.5344375 - ĭŅĚĮĶŀĔ ŏĴŊŀĚĮĪŋĴīŅĬň 

  



  94 

ĔĸŋƞĴȮ28 

ĸņħńĭ ĝŊŗŀŏĶňĵĔ ıŇĔńħĪŅĚĳŌĴŇĻŅĽĨĶƢȮ 
(ĸŃĨŇěŌħ-ĸŀĚěŇěŌħ' 

ľĴŌƞ Ĩņĭĸ ŀņŏĳŀ 

1 ěŋħĪňŗ 0 14.0219375,100.5344375 - ĭŅĚĮĶŀĔ ŏĴŊŀĚĮĪŋĴīŅĬň 

2 ěŋħĪňŗ 106 13.962611,100.59 7 ľĸńĔľĔ ŏĴŊŀĚĮĪŋĴīŅĬň 

3 ěŋħĪňŗ 107 13.965353,100.746444 4 ĭŉĚėņıĶƟŀĵ ĸņĸŌĔĔŅ 

4 ěŋħĪňŗ 108 14.113934,100.6202016 13 ėĸŀĚľĬŉŗĚ ėĸŀĚľĸĺĚ 

5 ěŋħĪňŗ 109 14.078611,100.593583 18 ėĸŀĚľĬŉŗĚ ėĸŀĚľĸĺĚ 

6 ěŋħĪňŗ 0 14.0219375,100.5344375 - ĭŅĚĮĶŀĔ ŏĴŊŀĚĮĪŋĴīŅĬň 

 

ĔĸŋƞĴȮ29 

ĸņħńĭ ĝŊŗŀŏĶňĵĔ ıŇĔńħĪŅĚĳŌĴŇĻŅĽĨĶƢȮ 
(ĸŃĨŇěŌħ-ĸŀĚěŇěŌħ' 

ľĴŌƞ Ĩņĭĸ ŀņŏĳŀ 

1 ěŋħĪňŗ 0 14.0219375,100.5344375 - ĭŅĚĮĶŀĔ ŏĴŊŀĚĮĪŋĴīŅĬň 

2 ěŋħĪňŗ 110 14.0044823,100.6210756 1 ėĸŀĚľĬŉŗĚ ėĸŀĚľĸĺĚ 

3 ěŋħĪňŗ 111 14.0215,100.663556 2 ėĸŀĚĽŅĴ ėĸŀĚľĸĺĚ 

4 ěŋħĪňŗ 112 14.0456870,100.6605645 4 ėĸŀĚĽŅĴ ėĸŀĚľĸĺĚ 

5 ěŋħĪňŗ 0 14.0219375,100.5344375 - ĭŅĚĮĶŀĔ ŏĴŊŀĚĮĪŋĴīŅĬň 

  



  95 

ĔĸŋƞĴȮ30 

ĸņħńĭ ĝŊŗŀŏĶňĵĔ ıŇĔńħĪŅĚĳŌĴŇĻŅĽĨĶƢȮ 
(ĸŃĨŇěŌħ-ĸŀĚěŇěŌħ' 

ľĴŌƞ Ĩņĭĸ ŀņŏĳŀ 

1 ěŋħĪňŗ 0 14.0219375,100.5344375 - ĭŅĚĮĶŀĔ ŏĴŊŀĚĮĪŋĴīŅĬň 

2 ěŋħĪňŗ 113 13.9844664,100.5142513 5 ĭŅĚŏħŊŗŀ ŏĴŊŀĚĮĪŋĴīŅĬň 

3 ěŋħĪňŗ 114 13.9700,100.5141111 1 ĭŅĚĕŃŐĵĚ ŏĴŊŀĚĮĪŋĴīŅĬň 

4 ěŋħĪňŗ 115 14.0331895,100.6207132 4 ėĸŀĚľĬŉŗĚ ėĸŀĚľĸĺĚ 

5 ěŋħĪňŗ 0 14.0219375,100.5344375 - ĭŅĚĮĶŀĔ ŏĴŊŀĚĮĪŋĴīŅĬň 

 

ĔĸŋƞĴȮ31 

ĸņħńĭ ĝŊŗŀŏĶňĵĔ ıŇĔńħĪŅĚĳŌĴŇĻŅĽĨĶƢȮ 
(ĸŃĨŇěŌħ-ĸŀĚěŇěŌħ' 

ľĴŌƞ Ĩņĭĸ ŀņŏĳŀ 

1 ěŋħĪňŗ 0 14.0219375,100.5344375 - ĭŅĚĮĶŀĔ ŏĴŊŀĚĮĪŋĴīŅĬň 

2 ěŋħĪňŗ 116 14.0957,100.73209 7 ėĸŀĚľĔ ėĸŀĚľĸĺĚ 

3 ěŋħĪňŗ 117 13.9326204,100.6741799 7 ĸŅħĽĺŅĵ ĸņĸŌĔĔŅ 

4 ěŋħĪňŗ 118 14.081513,100.623099 9 ėĸŀĚľĬŉŗĚ ėĸŀĚľĸĺĚ 

5 ěŋħĪňŗ 0 14.0219375,100.5344375 - ĭŅĚĮĶŀĔ ŏĴŊŀĚĮĪŋĴīŅĬň 

  



  96 

ĔĸŋƞĴȮ32 

ĸņħńĭ ĝŊŗŀŏĶňĵĔ ıŇĔńħĪŅĚĳŌĴŇĻŅĽĨĶƢȮ 
(ĸŃĨŇěŌħ-ĸŀĚěŇěŌħ' 

ľĴŌƞ Ĩņĭĸ ŀņŏĳŀ 

1 ěŋħĪňŗ 0 14.0219375,100.5344375 - ĭŅĚĮĶŀĔ ŏĴŊŀĚĮĪŋĴīŅĬň 

2 ěŋħĪňŗ 119 14.0394,100.66049 4 ėĸŀĚĽŀĚ ėĸŀĚľĸĺĚ 

3 ěŋħĪňŗ 120 13.9367, 100.7363 5 ĭŉĚėņıĶƟŀĵ ĸņĸŌĔĔŅ 

4 ěŋħĪňŗ 0 14.0219375,100.5344375 - ĭŅĚĮĶŀĔ ŏĴŊŀĚĮĪŋĴīŅĬň 

 

ĔĸŋƞĴȮ33 

ĸņħńĭ ĝŊŗŀŏĶňĵĔ ıŇĔńħĪŅĚĳŌĴŇĻŅĽĨĶƢȮ 
(ĸŃĨŇěŌħ-ĸŀĚěŇěŌħ' 

ľĴŌƞ Ĩņĭĸ ŀņŏĳŀ 

1 ěŋħĪňŗ 0 14.0219375,100.5344375 - ĭŅĚĮĶŀĔ ŏĴŊŀĚĮĪŋĴīŅĬň 

2 ěŋħĪňŗ 121 14.0405329, 100.6670760 4 ėĸŀĚĽŅĴ ėĸŀĚľĸĺĚ 

3 ěŋħĪňŗ 122 14.0698366, 100.5961346 18 ėĸŀĚľĬŉŗĚ ėĸŀĚľĸĺĚ 

4 ěŋħĪňŗ 123 14.0269257, 100.3532534 3 ľĬƟŅœĴƟ ĸŅħľĸŋĴŐĔƟĺ 

5 ěŋħĪňŗ 0 14.0219375,100.5344375 - ĭŅĚĮĶŀĔ ŏĴŊŀĚĮĪŋĴīŅĬň 

  



  97 

ĔĸŋƞĴȮ34 

ĸņħńĭ ĝŊŗŀŏĶňĵĔ ıŇĔńħĪŅĚĳŌĴŇĻŅĽĨĶƢȮ 
(ĸŃĨŇěŌħ-ĸŀĚěŇěŌħ' 

ľĴŌƞ Ĩņĭĸ ŀņŏĳŀ 

1 ěŋħĪňŗ 0 14.0219375,100.5344375 - ĭŅĚĮĶŀĔ ŏĴŊŀĚĮĪŋĴīŅĬň 

2 ěŋħĪňŗ 124 14.0064,100.61439 1 ėĸŀĚľĬŉŗĚ ėĸŀĚľĸĺĚ 

3 ěŋħĪňŗ 125 14.10672, 100.62054 12 ėĸŀĚľĬŉŗĚ ėĸŀĚľĸĺĚ 

4 ěŋħĪňŗ 126 14.04943079,100.61448139 6 ėĸŀĚľĬŉŗĚ ėĸŀĚľĸĺĚ 

5 ěŋħĪňŗ 127 13.93589542,100.73964655 5 ĭŉĚėņıĶƟŀĵ ĸņĸŌĔĔŅ 

6 ěŋħĪňŗ 0 14.0219375,100.5344375 - ĭŅĚĮĶŀĔ ŏĴŊŀĚĮĪŋĴīŅĬň 

 

ĔĸŋƞĴȮ35 

ĸņħńĭ ĝŊŗŀŏĶňĵĔ ıŇĔńħĪŅĚĳŌĴŇĻŅĽĨĶƢȮ 
(ĸŃĨŇěŌħ-ĸŀĚěŇěŌħ' 

ľĴŌƞ Ĩņĭĸ ŀņŏĳŀ 

1 ěŋħĪňŗ 0 14.0219375,100.5344375 - ĭŅĚĮĶŀĔ ŏĴŊŀĚĮĪŋĴīŅĬň 

2 ěŋħĪňŗ 128 13.9600,100.527694 2 ĭŅĚĕŃŐĵĚ ŏĴŊŀĚĮĪŋĴīŅĬň 

3 ěŋħĪňŗ 129 13.9852088,100.6063459 - ĮĶŃĝŅīŇĮƤĨĵƢ īńĠĭŋĶň 

4 ěŋħĪňŗ 130 14.075373,100.687405 7 ėĸŀĚĽňŗ ėĸŀĚľĸĺĚ 

5 ěŋħĪňŗ 0 14.0219375,100.5344375 - ĭŅĚĮĶŀĔ ŏĴŊŀĚĮĪŋĴīŅĬň 

  



  98 

ĔĸŋƞĴȮ36 

ĸņħńĭ ĝŊŗŀŏĶňĵĔ ıŇĔńħĪŅĚĳŌĴŇĻŅĽĨĶƢȮ 
(ĸŃĨŇěŌħ-ĸŀĚěŇěŌħ' 

ľĴŌƞ Ĩņĭĸ ŀņŏĳŀ 

1 ěŋħĪňŗ 0 14.0219375,100.5344375 - ĭŅĚĮĶŀĔ ŏĴŊŀĚĮĪŋĴīŅĬň 

2 ěŋħĪňŗ 131 14.031695,100.562328 4 ĭƟŅĬĔĶŃŐĝĚ ŏĴŊŀĚĮĪŋĴīŅĬň 

3 ěŋħĪňŗ 132 14.0290625,100.7296875 3 ĶńĚĽŇĨ īńĠĭŋĶň 

4 ěŋħĪňŗ 133 13.936497,100.736065 5 ĭŉĚėņıĶƟŀĵ ĸņĸŌĔĔŅ 

5 ěŋħĪňŗ 0 14.0219375,100.5344375 - ĭŅĚĮĶŀĔ ŏĴŊŀĚĮĪŋĴīŅĬň 

 

ĔĸŋƞĴȮ37 

ĸņħńĭ ĝŊŗŀŏĶňĵĔ ıŇĔńħĪŅĚĳŌĴŇĻŅĽĨĶƢȮ 
(ĸŃĨŇěŌħ-ĸŀĚěŇěŌħ' 

ľĴŌƞ Ĩņĭĸ ŀņŏĳŀ 

1 ěŋħĪňŗ 0 14.0219375,100.5344375 - ĭŅĚĮĶŀĔ ŏĴŊŀĚĮĪŋĴīŅĬň 

2 ěŋħĪňŗ 134 14.0186684,100.5310101 - ĭŅĚĮĶŀĔ ŏĴŊŀĚĮĪŋĴīŅĬň 

3 ěŋħĪňŗ 135 14.0175432,100.5346213 - ĭŅĚĮĶŀĔ ŏĴŊŀĚĮĪŋĴīŅĬň 

4 ěŋħĪňŗ 0 14.0219375,100.5344375 - ĭŅĚĮĶŀĔ ŏĴŊŀĚĮĪŋĴīŅĬň 

  



  99 

ĔĸŋƞĴȮ38 

ĸņħńĭ ĝŊŗŀŏĶňĵĔ ıŇĔńħĪŅĚĳŌĴŇĻŅĽĨĶƢȮ 
(ĸŃĨŇěŌħ-ĸŀĚěŇěŌħ' 

ľĴŌƞ Ĩņĭĸ ŀņŏĳŀ 

1 ěŋħĪňŗ 0 14.0219375,100.5344375 - ĭŅĚĮĶŀĔ ŏĴŊŀĚĮĪŋĴīŅĬň 

2 ěŋħĪňŗ 136 13.946413,100.644828 18 ėŌėĨ ĸņĸŌĔĔŅ 

3 ěŋħĪňŗ 137 14.080213,100.628422 9 ėĸŀĚľĬŉŗĚ ėĸŀĚľĸĺĚ 

4 ěŋħĪňŗ 138 14.0087375,100.6144531 2 ėĸŀĚľĬŉŗĚ ėĸŀĚľĸĺĚ 

5 ěŋħĪňŗ 0 14.0219375,100.5344375 - ĭŅĚĮĶŀĔ ŏĴŊŀĚĮĪŋĴīŅĬň 

 

ĔĸŋƞĴȮ39 

ĸņħńĭ ĝŊŗŀŏĶňĵĔ ıŇĔńħĪŅĚĳŌĴŇĻŅĽĨĶƢȮ 
(ĸŃĨŇěŌħ-ĸŀĚěŇěŌħ' 

ľĴŌƞ Ĩņĭĸ ŀņŏĳŀ 

1 ěŋħĪňŗ 0 14.0219375,100.5344375 - ĭŅĚĮĶŀĔ ŏĴŊŀĚĮĪŋĴīŅĬň 

2 ěŋħĪňŗ 139 14.02516,100.7533 3 ĶńĚĽŇĨ īńĠĭŋĶň 

3 ěŋħĪňŗ 140 13.944056,100.773762 5 ĸņĸŌĔĔŅ ĸņĸŌĔĔŅ 

4 ěŋħĪňŗ 141 14.0382,100.7362 1 ėĸŀĚľĔ ėĸŀĚľĸĺĚ 

5 ěŋħĪňŗ 0 14.0219375,100.5344375 - ĭŅĚĮĶŀĔ ŏĴŊŀĚĮĪŋĴīŅĬň 

  



  100 

ĔĸŋƞĴȮ40 

ĸņħńĭ ĝŊŗŀŏĶňĵĔ ıŇĔńħĪŅĚĳŌĴŇĻŅĽĨĶƢȮ 
(ĸŃĨŇěŌħ-ĸŀĚěŇěŌħ' 

ľĴŌƞ Ĩņĭĸ ŀņŏĳŀ 

1 ěŋħĪňŗ 0 14.0219375,100.5344375 - ĭŅĚĮĶŀĔ ŏĴŊŀĚĮĪŋĴīŅĬň 

2 ěŋħĪňŗ 142 14.1114621,100.6202200 13 ėĸŀĚľĬŉŗĚ ėĸŀĚľĸĺĚ 

3 ěŋħĪňŗ 143 13.9257925,100.7112314 18 ĭŉĚėņıĶƟŀĵ ĸņĸŌĔĔŅ 

4 ěŋħĪňŗ 0 14.0219375,100.5344375 - ĭŅĚĮĶŀĔ ŏĴŊŀĚĮĪŋĴīŅĬň 

 

ĔĸŋƞĴȮ41 

ĸņħńĭ ĝŊŗŀŏĶňĵĔ ıŇĔńħĪŅĚĳŌĴŇĻŅĽĨĶƢȮ 
(ĸŃĨŇěŌħ-ĸŀĚěŇěŌħ' 

ľĴŌƞ Ĩņĭĸ ŀņŏĳŀ 

1 ěŋħĪňŗ 0 14.0219375,100.5344375 - ĭŅĚĮĶŀĔ ŏĴŊŀĚĮĪŋĴīŅĬň 

2 ěŋħĪňŗ 144 13.9799,100.4400 3 ėĸŀĚıĶŃ
ŀŋħĴ 

ĸŅħľĸŋĴŐĔƟĺ 

3 ěŋħĪňŗ 145 14.026161,100.743961 4 ĶńĚĽŇĨ īńĠĭŋĶň 

4 ěŋħĪňŗ 0 14.0219375,100.5344375 - ĭŅĚĮĶŀĔ ŏĴŊŀĚĮĪŋĴīŅĬň 
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ĳŅėįĬĺĔȮĕȮįĸĔŅĶěńħĔĸŋƞĴıŊŘĬĪňŗĭĶŇĔŅĶŒĬĔŅĶŀŀĔĨĶĺěőħĵįŌƟŏĝňŗĵĺĝŅĠ 

  



  102 

ĔĸŋƞĴĪňŗȮ1 

ĺŇīňĔŅĶěńħĔĸŋƞĴ ĸņħńĭĔŅĶĨĶĺěĽĩŅĬĪňŗ 
ėƞŅĮĶŃĴŅĦ
ĶŃĵŃĪŅĚ (ĔĴ,' 

ėƞŅĮĶŃĴŅĦŏĺĸŅ
ŏħŇĬĪŅĚ (ĬŅĪň' 

ĺŇīňĔŅĶĨńħĽŇĬŒěőħĵ
įŌƟŏĝňŗĵĺĝŅĠ 

0-1-2-3-4-5-0 98.97 166 

ŀńĸĔŀĶŇĪŉĴĮĶŃľĵńħ 0-5-4-3-1-2-0 98.97 159.5 

ŀńĸĔŀĶŇĪŉĴ 
PATH_CHEAPEST_ARC 

0-5-4-3-2-1-0 98.97 158.5 

ŀńĸĔŀĶŇĪŉĴėĶŇĽőĨœĲħƢ 0-3-4-5-2-1-0 98.97 160 

 

ĺŇīňĔŅĶĨńħĽŇĬŒěőħĵįŌƟŏĝňŗĵĺĝŅĠ ŀńĸĔŀĶŇĪŉĴĮĶŃľĵńħ 

  
ŀńĸĔŀĶŇĪŉĴȮPATH_CHEAPEST_ARC ŀńĸĔŀĶŇĪŉĴėĶŇĽőĨœĲħƢ 

  
  



  103 

ĔĸŋƞĴĪňŗȮ2 

ĺŇīňĔŅĶěńħĔĸŋƞĴ ĸņħńĭĔŅĶĨĶĺěĽĩŅĬĪňŗ 
ėƞŅĮĶŃĴŅĦ
ĶŃĵŃĪŅĚ (ĔĴ,' 

ėƞŅĮĶŃĴŅĦŏĺĸŅ
ŏħŇĬĪŅĚ (ĬŅĪň' 

ĺŇīňĔŅĶĨńħĽŇĬŒěőħĵ
įŌƟŏĝňŗĵĺĝŅĠ 

0-6-7-0 78 129 

ŀńĸĔŀĶŇĪŉĴĮĶŃľĵńħ 0-6-7-0 78 129 

ŀńĸĔŀĶŇĪŉĴ 
PATH_CHEAPEST_ARC 

0-7-6-0 71.9 124.5 

ŀńĸĔŀĶŇĪŉĴėĶŇĽőĨœĲħƢ 0-7-6-0 71.9 124.5 

 

ĺŇīňĔŅĶĨńħĽŇĬŒěőħĵįŌƟŏĝňŗĵĺĝŅĠ ŀńĸĔŀĶŇĪŉĴĮĶŃľĵńħ 

  
ŀńĸĔŀĶŇĪŉĴȮPATH_CHEAPEST_ARC ŀńĸĔŀĶŇĪŉĴėĶŇĽőĨœĲħƢ 

  
  



  104 

ĔĸŋƞĴĪňŗȮ3 

ĺŇīňĔŅĶěńħĔĸŋƞĴ ĸņħńĭĔŅĶĨĶĺěĽĩŅĬĪňŗ 
ėƞŅĮĶŃĴŅĦ
ĶŃĵŃĪŅĚ (ĔĴ,' 

ėƞŅĮĶŃĴŅĦŏĺĸŅ
ŏħŇĬĪŅĚ (ĬŅĪň' 

ĺŇīňĔŅĶĨńħĽŇĬŒěőħĵ
įŌƟŏĝňŗĵĺĝŅĠ 

0-8-9-10-11-0 88.05 157 

ŀńĸĔŀĶŇĪŉĴĮĶŃľĵńħ 0-11-8-9-10-0 87.7 162.5 

ŀńĸĔŀĶŇĪŉĴ 
PATH_CHEAPEST_ARC 

0-11-10-9-8-0 87.25 159 

ŀńĸĔŀĶŇĪŉĴėĶŇĽőĨœĲħƢ 0-10-11-9-8-0 86.35 160 

 

ĺŇīňĔŅĶĨńħĽŇĬŒěőħĵįŌƟŏĝňŗĵĺĝŅĠ ŀńĸĔŀĶŇĪŉĴĮĶŃľĵńħ 

  
ŀńĸĔŀĶŇĪŉĴȮPATH_CHEAPEST_ARC ŀńĸĔŀĶŇĪŉĴėĶŇĽőĨœĲħƢ 

  
  



  105 

ĔĸŋƞĴĪňŗȮ4 

ĺŇīňĔŅĶěńħĔĸŋƞĴ ĸņħńĭĔŅĶĨĶĺěĽĩŅĬĪňŗ 
ėƞŅĮĶŃĴŅĦ
ĶŃĵŃĪŅĚ (ĔĴ,' 

ėƞŅĮĶŃĴŅĦŏĺĸŅ
ŏħŇĬĪŅĚ (ĬŅĪň' 

ĺŇīňĔŅĶĨńħĽŇĬŒěőħĵ
įŌƟŏĝňŗĵĺĝŅĠ 

0-12-13-14-15-16-17-0 27.08 54.5 

ŀńĸĔŀĶŇĪŉĴĮĶŃľĵńħ 0-14-13-12-17-15-16-0 30.71 59.5 

ŀńĸĔŀĶŇĪŉĴ 
PATH_CHEAPEST_ARC 

0-14-13-12-17-16-15-0 32.5 64 

ŀńĸĔŀĶŇĪŉĴėĶŇĽőĨœĲħƢ 0-12-13-14-17-15-16-0 29.48 57.5 

 

ĺŇīňĔŅĶĨńħĽŇĬŒěőħĵįŌƟŏĝňŗĵĺĝŅĠ ŀńĸĔŀĶŇĪŉĴĮĶŃľĵńħ 

  
ŀńĸĔŀĶŇĪŉĴȮPATH_CHEAPEST_ARC ŀńĸĔŀĶŇĪŉĴėĶŇĽőĨœĲħƢ 

  
  



  106 

ĔĸŋƞĴĪňŗȮ5 

ĺŇīňĔŅĶěńħĔĸŋƞĴ ĸņħńĭĔŅĶĨĶĺěĽĩŅĬĪňŗ 
ėƞŅĮĶŃĴŅĦ
ĶŃĵŃĪŅĚ (ĔĴ,' 

ėƞŅĮĶŃĴŅĦŏĺĸŅ
ŏħŇĬĪŅĚ (ĬŅĪň' 

ĺŇīňĔŅĶĨńħĽŇĬŒěőħĵ
įŌƟŏĝňŗĵĺĝŅĠ 

0-18-19-20-21-22-0 19 52.5 

ŀńĸĔŀĶŇĪŉĴĮĶŃľĵńħ 0-20-22-18-21-19-0 20.4 54 

ŀńĸĔŀĶŇĪŉĴ 
PATH_CHEAPEST_ARC 

0-19-22-20-21-18-0 18.8 50.5 

ŀńĸĔŀĶŇĪŉĴėĶŇĽőĨœĲħƢ 0-19-21-18-22-20-0 18.7 50.5 

 

ĺŇīňĔŅĶĨńħĽŇĬŒěőħĵįŌƟŏĝňŗĵĺĝŅĠ ŀńĸĔŀĶŇĪŉĴĮĶŃľĵńħ 

  
ŀńĸĔŀĶŇĪŉĴȮPATH_CHEAPEST_ARC ŀńĸĔŀĶŇĪŉĴėĶŇĽőĨœĲħƢ 

  
  



  107 

ĔĸŋƞĴĪňŗȮ6 

ĺŇīňĔŅĶěńħĔĸŋƞĴ ĸņħńĭĔŅĶĨĶĺěĽĩŅĬĪňŗ 
ėƞŅĮĶŃĴŅĦ
ĶŃĵŃĪŅĚ (ĔĴ,' 

ėƞŅĮĶŃĴŅĦŏĺĸŅ
ŏħŇĬĪŅĚ (ĬŅĪň' 

ĺŇīňĔŅĶĨńħĽŇĬŒěőħĵ
įŌƟŏĝňŗĵĺĝŅĠ 

0-23-24-25-0 65 111 

ŀńĸĔŀĶŇĪŉĴĮĶŃľĵńħ 0-25-23-24-0 62 101 

ŀńĸĔŀĶŇĪŉĴ 
PATH_CHEAPEST_ARC 

0-25-24-23-0 59.6 93 

ŀńĸĔŀĶŇĪŉĴėĶŇĽőĨœĲħƢ 0-25-23-24-0 62 101 

 

ĺŇīňĔŅĶĨńħĽŇĬŒěőħĵįŌƟŏĝňŗĵĺĝŅĠ ŀńĸĔŀĶŇĪŉĴĮĶŃľĵńħ 

  
ŀńĸĔŀĶŇĪŉĴȮPATH_CHEAPEST_ARC ŀńĸĔŀĶŇĪŉĴėĶŇĽőĨœĲħƢ 

  
  



  108 

ĔĸŋƞĴĪňŗȮ7 

ĺŇīňĔŅĶěńħĔĸŋƞĴ ĸņħńĭĔŅĶĨĶĺěĽĩŅĬĪňŗ 
ėƞŅĮĶŃĴŅĦ
ĶŃĵŃĪŅĚ (ĔĴ,' 

ėƞŅĮĶŃĴŅĦŏĺĸŅ
ŏħŇĬĪŅĚ (ĬŅĪň' 

ĺŇīňĔŅĶĨńħĽŇĬŒěőħĵ
įŌƟŏĝňŗĵĺĝŅĠ 

0-26-27-28-29-30-31-0 64.13 104.5 

ŀńĸĔŀĶŇĪŉĴĮĶŃľĵńħ 0-30-29-28-27-26-31-0 65.43 103 

ŀńĸĔŀĶŇĪŉĴ 
PATH_CHEAPEST_ARC 

0-31-26-30-29-28-27-0 65.53 104.5 

ŀńĸĔŀĶŇĪŉĴėĶŇĽőĨœĲħƢ 0-26-31-30-28-29-27-0 65.2 104.5 

 

ĺŇīňĔŅĶĨńħĽŇĬŒěőħĵįŌƟŏĝňŗĵĺĝŅĠ ŀńĸĔŀĶŇĪŉĴĮĶŃľĵńħ 

  
ŀńĸĔŀĶŇĪŉĴȮPATH_CHEAPEST_ARC ŀńĸĔŀĶŇĪŉĴėĶŇĽőĨœĲħƢ 

  
  



  109 

ĔĸŋƞĴĪňŗȮ8 

ĺŇīňĔŅĶěńħĔĸŋƞĴ ĸņħńĭĔŅĶĨĶĺěĽĩŅĬĪňŗ 
ėƞŅĮĶŃĴŅĦ
ĶŃĵŃĪŅĚ (ĔĴ,' 

ėƞŅĮĶŃĴŅĦŏĺĸŅ
ŏħŇĬĪŅĚ (ĬŅĪň' 

ĺŇīňĔŅĶĨńħĽŇĬŒěőħĵ
įŌƟŏĝňŗĵĺĝŅĠ 

0-32-33-34-35-36-0 73.4 128.5 

ŀńĸĔŀĶŇĪŉĴĮĶŃľĵńħ 0-33-32-34-35-36-0 88.6 147 

ŀńĸĔŀĶŇĪŉĴ 
PATH_CHEAPEST_ARC 

0-33-32-34-36-35-0 88.5 145.5 

ŀńĸĔŀĶŇĪŉĴėĶŇĽőĨœĲħƢ 0-33-32-34-35-36-0 88.6 147 

 

ĺŇīňĔŅĶĨńħĽŇĬŒěőħĵįŌƟŏĝňŗĵĺĝŅĠ ŀńĸĔŀĶŇĪŉĴĮĶŃľĵńħ 

  
ŀńĸĔŀĶŇĪŉĴȮPATH_CHEAPEST_ARC ŀńĸĔŀĶŇĪŉĴėĶŇĽőĨœĲħƢ 

  
  


