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∫∑§—¥¬àÕ

ß“π«‘®—¬π’Èπ”‡ πÕ«‘∏’Œ‘«√‘ μ‘° ”À√—∫ªí≠À“°“√®—¥‡ âπ∑“ß¬“πæ“Àπ– (Vehicle routing problem)
ºŸâ«‘®—¬‰¥âª√–¬ÿ°μå„™â«‘∏’Œ‘«√‘ μ‘° Greedy Randomized  Adaptive Search Procedure (GRASP)  ”À√—∫
°“√§âπÀ“§”μÕ∫ ‚¥¬¡’«—μ∂ÿª√– ß§å‡æ◊ËÕ„Àâ√–¬–∑“ß√«¡μË” ÿ¥ ¿“¬„μâ‡ß◊ËÕπ‰¢§«“¡μâÕß°“√ ‘π§â“
¢Õß≈Ÿ°§â“·μà≈–√“¬‰¡à·πàπÕπ  §«“¡®ÿ¢Õß¬“πæ“Àπ–¡’®”π«π®”°—¥ °√–∫«π°“√∑”ß“π¢Õß GRASP
·∫àß‡ªìπ 2 √–¬–§◊Õ √–¬–·√° ‡ªìπ°“√ √â“ß§”μÕ∫‡√‘Ë¡μâπ (Initial solution phase) ÷́Ëßæ‘®“√≥“æ◊Èπ∑’Ë
¢Õß§”μÕ∫∑’Ë‡ªìπ‰ª‰¥â∑’Ë‰¡à¢—¥·¬âß°—∫‡ß◊ËÕπ‰¢ ·≈–√–¬–∑’Ë Õß‡ªìπ°“√ª√—∫ª√ÿß§ÿ≥¿“æ§”μÕ∫ ‚¥¬«‘∏’
2-opt, Swap operator and Move exchanges º≈°“√∑¥ Õ∫æ∫«à“ «‘∏’Œ‘«√‘ μ‘°∑’Ëπ”‡ πÕ„Àâ
º≈≈—æ∏åÕ¬Ÿà„π√–¥—∫∑’Ë¥’  “¡“√∂≈¥√–¬–∑“ß¢π àß®“°‡¥‘¡ 154.8 °‘‚≈‡¡μ√μàÕ«—π ≈¥≈ß‡À≈◊Õ 120.5
°‘‚≈‡¡μ√μàÕ«—π  §‘¥‡ªìπ 19.25%

§” ”§—≠ :  Œ‘«√‘ μ‘° GRASP  ªí≠À“°“√®—¥‡ âπ∑“ß¬“πæ“Àπ–  §«“¡μâÕß°“√ ‘π§â“‰¡à·πàπÕπ

Abstract

This paper presents heuristic for solving the vehicle routing problem. We apply a Greedy
Randomized Adaptive Search Procedure (GRASP) to solve for solutions with the objective of
minimizing the total distance traveled. The demand from each customer is uncertain and the
vehicle capacity is limited. GRASP consists of two phase. The first phase is to construct an initial
feasible solution and in the second phases, the solution is improved by applying local search
methods that are 2-opt, Swap and Move exchanges procedures. The computational results show
that the proposed heuristic provides good solutions. The total distance can be decreased from
154.8 kilometers to 120.5 kilometers reduced by 19.25 %

Keywords : Heuristic GRASP, Vehicle routing problem, Uncertain demand
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1.  ∫∑π” (Introduction)
„π ¿“«–√“§“πÈ”¡—π∑’Ëª√—∫μ—« Ÿß¢÷ÈπÕ¬à“ß

μàÕ‡π◊ËÕß  àßº≈°√–∑∫μàÕ¿“§∏ÿ√°‘®·≈–Õÿμ “À°√√¡

μà“ßÊ ‡ªìπÕ¬à“ß¡“° ‚¥¬‡©æ“–Õ¬à“ß¬‘ËßÕß§å°√∑’ËμâÕß

Õ“»—¬°“√¢π àß‡ªìπ°‘®°√√¡À≈—°®–‰¥â√—∫º≈°√–∑∫

‚¥¬μ√ß À“°Õß§å°√‡À≈à“π’È¡’°“√®—¥‡ âπ∑“ß ”À√—∫

¬“πæ“Àπ–∑’Ë‰¡à‡À¡“– ¡ ®–∑”„Àâμâπ∑ÿπ Ÿß¢÷Èπ

 àßº≈∂÷ß»—°¬¿“æ„π°“√·¢àß¢—π≈¥≈ß

≥°√ Õ‘π∑√åæ¬ÿß (2548) °≈à“««à“ ªí≠À“°“√

®—¥‡ âπ∑“ß ”À√—∫¬“πæ“Àπ– (Vehicle Routing

Problem: VRP) ∂◊Õ‡ªìπªí≠À“ à«πÀπ÷Ëß¢Õß°“√®—¥°“√

¥â“π‚≈®‘ μ‘° å (Logistic) §◊Õ ªí≠À“°“√μ—¥ ‘π„®‡≈◊Õ°

∑“ß‡≈◊Õ°∑’Ë¥’∑’Ë ÿ¥„π°“√‡§≈◊ËÕπ¬â“¬«—μ∂ÿ ‚¥¬°“√À“

«‘∏’°“√«“ß·ºπ®—¥≈”¥—∫·≈–‡ âπ∑“ß°“√¢π àß ‘π§â“

‰ª¬—ß≈Ÿ°§â“À√◊ÕºŸâ∫√‘‚¿§∑’Ë¡’ª√– ‘∑∏‘¿“æ¡“°∑’Ë ÿ¥ ‡æ◊ËÕ

„Àâ≈Ÿ°§â“‡°‘¥§«“¡æ÷ßæÕ„π∫√‘°“√ ‡ªÑ“À¡“¬ ”§—≠¢Õß

ªí≠À“°“√®—¥‡ âπ∑“ß¬“πæ“Àπ– §◊Õ °“√æ¬“¬“¡

ÕÕ°·∫∫°≈ÿà¡¢Õß¬“πæ“Àπ–∑ÿ°§—π „Àâ¡’°“√

‡¥‘π∑“ß‚¥¬„™âμâπ∑ÿπμË”∑’Ë ÿ¥ ́ ÷Ëß¡’®ÿ¥‡√‘Ë¡μâπ·≈– ‘Èπ ÿ¥

∑’Ë»Ÿπ¬å°√–®“¬ ‘π§â“ (Depot) ¬“πæ“Àπ–«‘Ëß‰ªμ“¡

‡ âπ∑“ß∑’Ë®– àß ‘π§â“ ‚¥¬æ‘®“√≥“∂÷ß‡ß◊ËÕπ‰¢À√◊Õ

¢âÕ®”°—¥μà“ßÊ ¥â«¬ ‡™àπ ‡«≈“, ®”π«π¬“πæ“Àπ–,

√–¬–∑“ß ‡ªìπμâπ

ºŸâ«‘®—¬‰¥â»÷°…“«‘∏’Œ‘«√‘ μ‘° (Heuristic method)

 ”À√—∫·°âªí≠À“°“√®—¥‡ âπ∑“ßæ“Àπ– ‚¥¬ºŸâ«‘®—¬

‰¥â»÷°…“ªí≠À“¢Õß°“√®—¥‡ âπ∑“ß¬“πæ“Àπ–¢π àß

πÈ”¥◊Ë¡¢Õß‚√ßß“ππÈ”¥◊Ë¡∏“√∑‘æ¬å ´÷Ëßμ—ÈßÕ¬Ÿà‡≈¢∑’Ë 51

À¡Ÿà 8 μ”∫≈ÀπÕß§√° Õ”‡¿Õ‡¡◊Õß ®—ßÀ«—¥»√’ –‡°…

‚¥¬¢π àßπÈ”¥◊Ë¡®“°‚√ßß“π‰ª¬—ß≈Ÿ°§â“∑’Ë¡’∑—ÈßÀ¡¥

73 √“¬ ‚√ßß“π¡’√∂°√–∫–∫√√∑ÿ°®”π«π 3 §—π

§«“¡®ÿ„π°“√∫√√∑ÿ°¢Õß√∂·μà≈–§—π Ÿß ÿ¥ 75 ∂—ß

§«“¡μâÕß°“√¢Õß≈Ÿ°§â“·μà≈–√“¬‰¡à·πàπÕπ (Stochastic)

÷́Ëßß“π«‘®—¬π’È¡ÿàß‡πâπ∂÷ß≈¥√–¬–∑“ß°“√¢π àß„Àâ¡’√–¬–

∑“ß‚¥¬√«¡μË” ÿ¥ ‚¥¬æ‘®“√≥“∂÷ß§à“„™â®à“¬∑’Ë‡°‘¥¢÷Èπ

®“°°√≥’°“√‡°‘¥ ‘π§â“‰¡àæÕμàÕ§«“¡μâÕß°“√ (Shortage

cost) ·≈–°√≥’∑’Ë ‘π§â“‡°‘π§«“¡μâÕß°“√¢Õß≈Ÿ°§â“

(Overload cost)

2.  ß“π«‘®—¬∑’Ë‡°’Ë¬«¢âÕß (Literature Reviews)
°“√®—¥‡ âπ∑“ß ”À√—∫¬“πæ“Àπ–μ—Èß·μàÕ¥’μ

®π∂÷ßªí®®ÿ∫—π¡’π—°«‘®—¬‰¥â∑”°“√»÷°…“À≈“¬∑à“π ‡™àπ

„πß“π«‘®—¬¢Õßμà“ßª√–‡∑» Feo and Resende (1995)

Õ∏‘∫“¬∂÷ßÕß§åª√–°Õ∫¢Õß  GRASP ‚¥¬æ—≤π“Œ‘«√‘ μ‘°

‡æ◊ËÕ·°âªí≠À“‡™‘ß°“√®—¥À¡«¥À¡Ÿà (Combinatorial

optimization problem) ÷́Ëß· ¥ß·∫∫‡ªìπ¢—ÈπμÕπ (Step

by  Step) „π°√–∫«π«‘Ëß«π√Õ∫À“§”μÕ∫¢Õß«‘∏’ GRASP

Œ‘«√‘ μ‘° ª√–°Õ∫‰ª¥â«¬ 2 √–¬–§◊Õ √–¬–·√°§◊Õ

¢—ÈπμÕπ°“√ √â“ß§”μÕ∫‡√‘Ë¡μâπ ·≈–√–¬–∑’Ë 2 §◊Õ

¢—ÈπμÕπ°“√ª√—∫ª√ÿß§ÿ≥¿“æ§”μÕ∫ Kontoravdis and

Bard (1995) π”‡ πÕ«‘∏’ GRASP ‡æ◊ËÕ·°âªí≠À“

°“√®—¥‡ âπ∑“ß°“√‡¥‘π√∂·∫∫¡’°√Õ∫‡«≈“ ‚¥¬¡’

«—μ∂ÿª√– ß§å‡æ◊ËÕÀ“®”π«π¬“πæ“Àπ–·≈–√–¬–∑“ß

√«¡μË” ÿ¥ ≈Ÿ°§â“·μà≈–√“¬¡’‡ß◊ËÕπ‰¢„π°“√√—∫·≈–

 àß¡Õ∫ ‘π§â“ ¬“πæ“Àπ–¡’§«“¡®ÿ®”°—¥ º≈∑’Ë‰¥â

 “¡“√∂„Àâ§”μÕ∫ Õ¬Ÿà„π√–¥—∫∑’Ë¥’ Resende (1995)

π”‡ πÕ°“√·°âªí≠À“ Maximum Covering Problem

(MCP) ¥â«¬«‘∏’Œ‘«√‘ μ‘° GRASP °—∫°“√À“μ”·Àπàß

∑’Ëμ—Èß‚√ßß“π ∑”„Àâ‰¥â§”μÕ∫∑’Ë„°≈â‡§’¬ß Resende and

Pitsoulis (2001) Õ∏‘∫“¬∂÷ß °√–∫«π°“√¢Õß«‘∏’Œ‘«√‘ μ‘°

GRASP „π¢—ÈπμÕπ°“√ √â“ß§”μÕ∫‡√‘Ë¡μâπ (Construction)

·≈–¢—ÈπμÕπ°“√§âπÀ“§”μÕ∫ (Local search) ‡æ◊ËÕ

ª√—∫ª√ÿß§ÿ≥¿“æ§”μÕ∫ πÕ°®“°π’È¬—ßÕ∏‘∫“¬∂÷ß

°√–∫«π°“√æ◊Èπ∞“π¢ÕßŒ‘«√‘ μ‘°·≈–°“√„™âß“π¢—Èπ Ÿß

Resende and Ribeiro (2004) °≈à“««à“  ”À√—∫ªí≠À“

‡™‘ß°“√®—¥À¡«¥À¡Ÿà «‘∏’ GRASP ‡ªìπ«‘∏’Œ‘«√‘ μ‘°

∑’Ë “¡“√∂À“§”μÕ∫∑’Ë¡’§ÿ≥¿“æ¥’ ‚¥¬ºŸâ«‘®—¬Õ∏‘∫“¬

°≈¬ÿ∑∏å∑’Ë‡ªìπ‡§√◊ËÕß¡◊Õ π—∫ πÿπ«‘∏’Œ‘«√‘ μ‘° GRASP

‡ª√’¬∫‡∑’¬∫√–À«à“ß·∫∫‡ âπ∑“ß‡¥‘π§Ÿà¢π“πÕ‘ √–

(Multiple-walk independent-thread) ·≈–·∫∫‡ âπ∑“ß

‡¥‘π√à«¡ (Multiple-walk cooperative - thread)

Sindhuchao S. (2003) π”‡ πÕ«‘∏’Œ‘«√‘ μ‘°

GRASP ‡æ◊ËÕ·°âªí≠À“√–∫∫°“√‡°Á∫√«∫√«¡ ‘π§â“

‡¢â“ Ÿà§≈—ß ‘π§â“ ‡§√◊Õ¢à“¬ª√–°Õ∫¥â«¬ ¡’‚°¥—ß‡°Á∫ ‘π§â“

1 ·Ààß ºŸâº≈‘μ ‘π§â“μ—Èß°√–®—¥°√–®“¬ Àà“ß°—π·≈–

º≈‘μ ‘π§â“∑’Ë‰¡à‡À¡◊Õπ°—π  ‘π§â“®–∂Ÿ°√«∫√«¡®“°

«‘∏’Œ‘«√‘ μ‘° GRASP  ”À√—∫ªí≠À“°“√®—¥‡ âπ∑“ß¬“πæ“Àπ–
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ºŸâº≈‘μ¡“‡°Á∫‰«â∑’Ë‚°¥—ß‡°Á∫ ‘π§â“ à«π°≈“ß „™â

π‚¬∫“¬°—∫ ‘π§â“·∫∫ª√‘¡“≥°“√ —Ëß´◊ÈÕ∑’Ëª√–À¬—¥

(EOQ) §≈—ß ‘π§â“ à«π°≈“ß®–∑”°“√‡μ‘¡‡μÁ¡ ‘π§â“ ‚¥¬

°“√ àß°≈ÿà¡√∂∫√√∑ÿ°ÕÕ°‰ª‡°Á∫√«∫√«¡ ‘π§â“μ“¡

°≈ÿà¡ºŸâº≈‘μ ‚¥¬∑’Ë√∂∫√√∑ÿ°·μà≈–§—π®–¡’¢’¥®”°—¥„π

°“√∫√√∑ÿ°∑’Ë‡∑à“°—π ·≈–‰¡à “¡“√∂‡¥‘π∑“ß∑’Ë®–ÕÕ°

‰ª‡°Á∫ ‘π§â“‰¥â‡°‘π®”π«π§√—Èß Ÿß ÿ¥∑’Ë°”Àπ¥‰«â ‰¥â¡’

°“√æ—≤π“«‘∏’°“√·°âªí≠À“π’È ‚¥¬°“√º ¡º “π

°“√μ—¥ ‘π„®„π¥â“πæ— ¥ÿ§ß§≈—ß ·≈–¥â“π°“√¢π àß

‡¢â“¥â«¬°—π Pitakaso R. and Sindhuchao S. (2006)

π”‡ πÕ«‘∏’Œ‘«√‘ μ‘° GRASP ·°âªí≠À“ Capacitated

p - medians problem (CPMP) ‚¥¬„™âŒ‘«√‘ μ‘° GRASP

‡≈◊Õ°μ”·Àπàß¢Õß≈Ÿ°§â“‡æ◊ËÕ √â“ß§”μÕ∫‡√‘Ë¡μâπ ·≈–

„™â°√–∫«π°“√«‘Ëß«π√Õ∫æ◊Èπ∞“π (Iterated Local Search:

ILS) ‡æ◊ËÕ∑”„Àâ‰¥â§”μÕ∫∑’Ë¥’¢÷Èπ

 ”À√—∫ªí≠À“∑’Ë¡’°“√¢π àß∑’Ë¡’§«“¡μâÕß°“√

‰¡à·πàπÕπ¡’π—°«‘®—¬À≈“¬∑à“π∑’Ëπ”‡ πÕ‰«â ‡™àπ Karahan

et al. (2006) »÷°…“‡ª√’¬∫‡∑’¬∫ªí≠À“°“√¢π àß

ª√–°Õ∫¥â«¬ªí≠À“ 2 ª√–‡¿∑§◊Õ ª√–‡¿∑·√°‡ªìπ

ªí≠À“°“√®—¥‡ âπ∑“ß‡¥‘π¢Õßæπ—°ß“π¢“¬ ‚¥¬¡’

‡ß◊ËÕπ‰¢‡√◊ËÕß‡«≈“‰¡à·πàπÕπ (Stochastic timers) ·≈–

®”π«π≈Ÿ°§â“‰¡à·πàπÕπ (Stochastic customers) ª√–‡¿∑

∑’Ë Õß‡ªìπªí≠À“°“√®—¥‡ âπ∑“ß ”À√—∫¬“πæ“Àπ–

‚¥¬¡’‡ß◊ËÕπ‰¢®”π«π≈Ÿ°§â“‰¡à·πàπÕπ (Stochastic custo-

mers) ·≈–§«“¡μâÕß°“√¢Õß≈Ÿ°§â“‰¡à·πàπÕπ (Stocha-

stic demands) ‚¥¬æ‘®“√≥“∂÷ß√–¥—∫¢Õßªí≠À“®“°

ß“π«‘®—¬∑à“πÕ◊Ëπ Laporte and Louveaux (1997) π”

‡ πÕ«‘∏’·°âªí≠À“°“√®—¥‡ âπ∑“ß¬“πæ“Àπ–·∫∫

‰¡à·πàπÕπ ¥â«¬«‘∏’ Integer L-Shaped Method ‡æ◊ËÕ„Àâ

‰¥â§”μÕ∫∑’Ë¥’∑’Ë ÿ¥ ‚¥¬»÷°…“®“°ªí≠À“ 4 ™π‘¥ ‰¥â·°à

ªí≠À“∑’Ë 1 ‡«≈“‰¡à·πàπÕπ, ®”π«π¬“πæ“Àπ– m §—π

ªí≠À“∑’Ë 2 ®”π«π≈Ÿ°§â“‰¡à·πàπÕπ, ¬“πæ“Àπ– 1 §—π

ªí≠À“∑’Ë 3 ®”π«π≈Ÿ°§â“·≈–§«“¡μâÕß°“√‰¡à·πàπÕπ,

¬“πæ“Àπ– m §—π ·≈–ªí≠À“∑’Ë 4 μâÕß°“√‰¡à·πàπÕπ,

¬“πæ“Àπ– 1 §—π Bianchi et al.(2004) π”‡ πÕ«‘∏’

‡¡μâ“Œ‘«√‘ μ‘° ”À√—∫ªí≠À“°“√®—¥‡ âπ∑“ß¬“π

æ“Àπ–·∫∫§«“¡μâÕß°“√‰¡à·πàπÕπ ‚¥¬®—¥≈”¥—∫

≈Ÿ°§â“„π‡ âπ∑“ß ‡æ◊ËÕ≈¥√–¬–∑“ß°“√¢π àßμË” ÿ¥

«‘∏’ FR like  “¡“√∂„Àâ§”μÕ∫∑’Ë¥’∑’Ë ÿ¥

3. «‘∏’°“√«‘®—¬ (Research Methods)
„π°“√«‘®—¬¢—ÈπμÕπ‡√‘Ë¡μâπºŸâ«‘®—¬∑”°“√ √â“ß

·∫∫®”≈Õß∑“ß§≥‘μ»“ μ√å (Mathematical model) ¢Õß

ªí≠À“°“√®—¥‡ âπ∑“ß ”À√—∫¬“πæ“Àπ– √Ÿª·∫∫

¢Õßªí≠À“§◊Õæ‘®“√≥“‡ß◊ËÕπ‰¢§«“¡μâÕß°“√¢Õß≈Ÿ°§â“

·μà≈–√“¬‰¡à·πàπÕπ (Stochastic Vehicle Routing

Problem: SVRP) »Ÿπ¬å°√–®“¬ ‘π§â“°≈“ß 1 ·Ààß

(The Single - Depot Vehicle Routing Problem) ®”π«π

≈Ÿ°§â“À≈“¬√“¬ „™â¢π“¥°“√∫√√∑ÿ°®”°—¥ „πß“π«‘®—¬π’È

ºŸâ«‘®—¬°”Àπ¥°“√À“√–¬–∑“ß√–À«à“ß≈Ÿ°§â“·μà≈–√“¬

‚¥¬„™â«‘∏’«—¥√–¬–∑“ß®“°‚ª√·°√¡ Point Asia ·≈â«

∑”°“√∫—π∑÷°√–¬–∑“ß≈ß„πμ“√“ß‡¡μ√‘°√–¬–∑“ß

ºŸâ«‘®—¬‰¥â∑¥ Õ∫§«“¡∂Ÿ°μâÕß¢Õß¢âÕ¡Ÿ≈‚¥¬°“√ ÿà¡«—¥

√–¬–∑“ß®√‘ß√–À«à“ß≈Ÿ°§â“®”π«π 10 √“¬®“°

‡¢Á¡‰¡≈å√∂¬πμå æ∫«à“√–¬–∑’Ë‰¥â¡’§«“¡„°≈â‡§’¬ß°—π

μ—«Õ¬à“ß‡¡μ√‘°√–¬–∑“ß¥—ß· ¥ß„πμ“√“ß∑’Ë 1

°“√°”Àπ¥¢âÕ¡Ÿ≈§«“¡μâÕß°“√¢Õß≈Ÿ°§â“

ºŸâ«‘®—¬°”Àπ¥®“°§«“¡μâÕß°“√¢Õß≈Ÿ°§â“·μà≈–√“¬

∑’Ë‡°Á∫¢âÕ¡Ÿ≈√–¬–‡«≈“ 1 ‡¥◊Õπ ·≈â«À“§à“‡©≈’Ë¬§«“¡

μâÕß°“√¢Õß≈Ÿ°§â“·μà≈–√“¬ ®“°π—Èππ”¢âÕ¡Ÿ≈∑’Ë‰¥â¡“

‡ªìπ¢âÕ¡Ÿ≈„π°“√∫√√∑ÿ° ‘π§â“‰ª¬—ß≈Ÿ°§â“‡æ◊ËÕ·°â‰¢

ªí≠À“ ¢âÕ¡Ÿ≈§«“¡μâÕß°“√‡©≈’Ë¬¢Õß≈Ÿ°§â“·μà≈–√“¬

¥—ß· ¥ß„πμ“√“ß∑’Ë 2

ºŸâ«‘®—¬ª√–¬ÿ°μå„™â«‘∏’Œ‘«√‘ μ‘° GRASP ·°â‰¢

ªí≠À“ ÷́Ëß¡’¢—ÈπμÕπ¥—ßπ’È

¢—ÈπμÕπ∑’Ë 1 Õà“π¢âÕ¡Ÿ≈∑’Ëπ”‡¢â“ ÷́Ëßª√–°Õ∫¥â«¬

®”π«π≈Ÿ°§â“ §«“¡®ÿ¢Õß¬“πæ“Àπ– √–¬–∑“ß ·≈–

§«“¡μâÕß°“√¢Õß≈Ÿ°§â“·μà≈–√“¬

¢—ÈπμÕπ∑’Ë 2 °”Àπ¥„Àâ k = 1 ‡√‘Ë¡°√–∫«π°“√

«‘Ëß«π√Õ∫À“§”μÕ∫

¢—ÈπμÕπ∑’Ë 3  √â“ß§”μÕ∫‡√‘Ë¡μâπ¥â«¬°√–∫«π

°“√ ÿà¡≈Ÿ°§â“∑’ËÕ¬Ÿà„π∫—≠™’√“¬™◊ËÕ≈Ÿ°§â“ (Restricted

Candidate List) ∑’Ë¬—ß‰¡à∂Ÿ°®—¥°≈ÿà¡·≈–¡’§à“√–¬–∑’Ë‡ªìπ

‰ªμ“¡‡ß◊ËÕπ‰¢
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μ“√“ß∑’Ë 2  ¢âÕ¡Ÿ≈§«“¡μâÕß°“√‡©≈’Ë¬¢Õß≈Ÿ°§â“·μà≈–√“¬

μ“√“ß∑’Ë 1  μ—«Õ¬à“ß‡¡μ√‘°√–¬–∑“ß¢Õß‚√ßß“π°√≥’»÷°…“

C1 4 C21 12 C41 13 C61 4
C2 7 C22 4 C42 3 C62 4
C3 4 C23 4 C43 13 C63 16
C4 4 C24 4 C44 8 C64 4
C5 4 C25 4 C45 3 C65 4
C6 4 C26 4 C46 17 C66 8
C7 3 C27 7 C47 3 C67 4
C8 2 C28 3 C48 4 C68 4
C9 4 C29 13 C49 3 C69 5
C10 4 C30 5 C50 4 C70 4
C11 4 C31 4 C51 4 C71 4
C12 3 C32 6 C52 14 C72 8
C13 4 C33 5 C53 4 C73 12
C14 4 C34 13 C54 4
C15 4 C35 4 C55 7
C16 3 C36 15 C56 4
C17 4 C37 4 C57 4
C18 5 C38 24 C58 12
C19 4 C39 6 C59 4
C20 4 C40 4 C60 14

  0 1 2 3 4 5 6 7 8 9 10..............73
0   0 0.4 2.0 1.7 2.5 2.9 3.2 2.7 3.1 3.3 3.7.............7.4
1 0.4   0 1.6 1.3 2.7 3.0 3.3 2.5 2.8 2.8 3.5.............7.0
2 2.0 1.6   0 0.7 2.4 2.7 3.0 1.9 1.3 1.4 2.1.............5.7
3 1.7 1.3 0.7   0 1.5 1.8 2.0 1.3 1.4 1.5 2.2.............6.6
4 2.5 2.7 2.4 1.5   0 0.4 0.6 0.2 0.7 0.9 1.1.............5.4
5 2.9 3.0 2.7 1.8 0.4   0 2.5 0.6 1.1 1.3 1.5.............5.8
6 3.2 3.3 3.0 2.0 0.6 2.5   0 0.9 1.4 1.6 1.8.............6.0
7 2.7 2.5 1.9 1.3 0.2 0.6 0.9   0 0.6 0.8 1.5.............5.2
8 3.1 2.8 1.3 1.4 0.7 1.1 1.4 0.6   0 0.2 0.7.............4.7
9 3.3 2.8 1.4 1.5 0.9 1.3 1.6 0.8 0.2   0 0.7.............4.5
10 3.7 3.5 2.1 2.2 1.1 1.5 1.8 1.5 0.7 0.7   0.............5.0
 . . . . . . . . . . . . .
 . . . . . . . . . . . . .
73 7.4 7.0 5.7 6.6 5.4 5.8 6.0 5.2 4.7 4.5 5.0..............0

√À— 
≈Ÿ°§â“

§«“¡
μâÕß°“√

‡©≈’Ë¬ (∂—ß)

√À— 
≈Ÿ°§â“

§«“¡
μâÕß°“√

‡©≈’Ë¬ (∂—ß)

√À— 
≈Ÿ°§â“

§«“¡
μâÕß°“√

‡©≈’Ë¬ (∂—ß)

√À— 
≈Ÿ°§â“

§«“¡
μâÕß°“√

‡©≈’Ë¬ (∂—ß)

«‘∏’Œ‘«√‘ μ‘¥ GRASP  ”À√—∫ªí≠À“°“√®—¥‡ âπ∑“ß¬“πæ“Àπ–



7«“√ “√ ¡∑√. Õ’ “π ªï∑’Ë 2 ©∫—∫∑’Ë 1 ¡°√“§¡ - ¡‘∂ÿπ“¬π

(1.1)

(1.2)

(1.3)

(1.4)

(1.5)

(1.6)

(1.7)

 ¡°“√¢Õ∫¢à“¬∑’Ë  (1.1) §◊Õøíß°å™—π

«—μ∂ÿª√– ß§åÀ≈—°‡æ◊ËÕ„Àâ§à“„™â®à“¬„π°“√‡¥‘π∑“ßμË”

∑’Ë ÿ¥  ¡°“√¢Õ∫¢à“¬∑’Ë (1.2) ·≈–  (1.3) §◊Õª√–°—π

«à“≈Ÿ°§â“·μà≈–√“¬√—∫∫√‘°“√®“°¬“πæ“Àπ–‡æ’¬ß

¢—ÈπμÕπ∑’Ë 4 ª√—∫ª√ÿß§ÿ≥¿“æ§”μÕ∫„Àâ¥’¢÷Èπ

®“°§”μÕ∫‡√‘Ë¡μâπ¥â«¬«‘∏’°“√ ≈—∫‡ª≈’Ë¬πμ”·Àπàß

(Swap operator), «‘∏’°“√¬â“¬μ”·Àπàß (Move Exchanges)

·≈–«‘∏’ 2-opt

¢—ÈπμÕπ∑’Ë 5 Õ—æ‡¥∑ (Update) §”μÕ∫ ·≈–„Àâ

k = k+1 ∂â“ k < M (®”π«π√Õ∫¢Õß°“√À“§”μÕ∫)

„Àâ‰ª∑’Ë¢—ÈπμÕπ∑’Ë 3 ¡‘©–π—Èπ·≈â« ‰ª∑’Ë¢—ÈπμÕπ∑’Ë 6

¢—ÈπμÕπ∑’Ë 6 §◊π§à“§”μÕ∫

3.1 ·∫∫®”≈Õß∑“ß§≥‘μ»“ μ√å
(Mathematical model)
ªí≠À“°“√®—¥‡ âπ∑“ß ”À√—∫¬“πæ“Àπ–

·∫∫§«“¡μâÕß°“√‰¡à·πàπÕπ (Vehicle Routing Problem

with Stochastic Demands; VRPSD)  “¡“√∂Õ∏‘∫“¬

‰¥â®“°°√“ø G = (V,A,D) ‡¡◊ËÕ V = {0,1...,n}  §◊Õ

‡´μ¢Õß‚Àπ¥À√◊Õ‡¡◊Õß¢Õß≈Ÿ°§â“ ‚¥¬∑’Ë‚Àπ¥ 0 §◊Õ

»Ÿπ¬å°√–®“¬ ‘π§â“ ÷́Ëß A = {(i, j) : i, j    V,i  j}

‚¥¬∑’Ë A §◊Õ ‡´μ‡ âπ‡™◊ËÕ¡√–À«à“ß‡¡◊Õß i ‰ª¬—ß‡¡◊Õß j

À√◊Õ∑’Ë‡√’¬°«à“ Õ“√å§ (Arc) ·≈– ‚¥¬∑’Ë D = {d
ij

: i,j

   V,i  j §◊Õ √–¬–∑“ß√–À«à“ß‡¡◊Õß i ‰ª¬—ß‡¡◊Õß j

‡¡μ√‘°√–¬–∑“ß‡ªìπ·∫∫ ¡¡“μ√ (Symmetric) ¬“π

æ“Àπ–·μà≈–§—π¡’§«“¡®ÿ®”°—¥ Q ‚¥¬¢π àß ‘π§â“

‰ª¬—ß‡¡◊Õßμà“ßÊ ‡æ◊ËÕ„Àâ¡’√–¬–∑“ß√«¡μË” ÿ¥ ®”π«π

§«“¡μâÕß°“√ ‘π§â“¢Õß≈Ÿ°§â“·μà≈–√“¬‰¡à·πàπÕπ

§«“¡μâÕß°“√∑’Ë·∑â®√‘ ß¢Õß≈Ÿ°§â“®–∑√“∫‡¡◊ËÕ

¬“πæ“Àπ–‡¥‘π∑“ß‰ª àß ‘π§â“ ¬—ß≈Ÿ°§â“·≈â«‡∑à“π—Èπ

ºŸâ«‘®—¬‰¥â°”Àπ¥æ“√“¡‘‡μÕ√å„π°“√ √â“ß·∫∫®”≈Õß

∑“ß§≥‘μ»“ μ√å¥—ßπ’È

3.1.1 °“√°”Àπ¥æ“√“¡‘‡μÕ√å
Z = Vehicle routing cost + Penalty cost

K =   ®”π«π¬“πæ“Àπ–∑—ÈßÀ¡¥

N = ®”π«π‚Àπ¥∑—ÈßÀ¡¥

Q = §«“¡®ÿ¢Õß¬“πæ“Àπ–

R
k

= √–¬–∑“ß√«¡¢Õß√∂§—π∑’Ë K

= §à“„™â®à“¬∑’Ë‡°‘¥¢÷Èπ®“°°“√∫√√∑ÿ° ‘π§â“

‰ª àß∑’Ë‚Àπ¥·≈â«‡°‘¥°√≥’ ‘π§â“‰¡àæÕμàÕ§«“¡μâÕß°“√

(Shortage cost) À√◊Õ  ‘π§â“‡°‘π§«“¡μâÕß°“√ (Overload

cost)

d
i

= §«“¡μâÕß°“√ ‘π§â“®√‘ß¢Õß‚Àπ¥ ´÷Ëß

¡’§à“§«“¡μâÕß°“√‰¡à·πàπÕπ„π·μà≈–«—π ·≈– d
0
 = 0

C
ij

= §à“„™â®à“¬„π°“√‡¥‘π∑“ß√–À«à“ß‚Àπ¥

i ·≈–‚Àπ¥ j ‚¥¬æ‘®“√≥“‡©æ“–§à“„™â®à“¬®“°√–¬–

∑“ß√«¡‡∑à“π—Èπ ‰¡à√«¡∂÷ß§à“„™â®à“¬Õ◊ËπÊ

‚¥¬°”Àπ¥μ—«·ª√μ—¥ ‘π„®·∫∫‰∫π“√’ (Binary) §◊Õ

q
i

= ª√‘¡“≥ ‘π§â“¢Õß‚Àπ¥ i ∑’Ë∫√√∑ÿ°

∫π¬“πæ“Àπ– ·≈– q
0 = 0

X k
ij
= 1  ∂â“¬“πæ“Àπ– K ¢π àß ‘π§â“

√–À«à“ß≈Ÿ°§â“ i ·≈–‰ª¬—ß≈Ÿ°§â“ j

= 0 „π°√≥’Õ◊Ëπ Ê

3.1.2 øíß°å™—Ëπ«—μ∂ÿª√– ß§å  (Objective
function)

 ¡°“√¢Õ∫¢à“¬ (Subject to)

(1.8)

(1.9)

(1.10)
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§—π‡¥’¬«  ¡°“√¢Õ∫¢à“¬∑’Ë (1.4) ª√–°—π«à“‡¡◊ËÕ¬“π

æ“Àπ–‡¢â“¡“¬—ß®ÿ¥ àß ‘π§â“·≈â«¬“πæ“Àπ–®–ÕÕ°

®“°®ÿ¥ àß ‘π§â“π—Èπ  ¡°“√¢Õ∫¢à“¬∑’Ë (1.5) ¬“π

æ“Àπ–¢π àß ‘π§â“∑ÿ°§—π “¡“√∂∫√√∑ÿ° ‘π§â“‰¥â

‰¡à‡°‘π¢âÕ®”°—¥  ¡°“√¢Õ∫¢à“¬∑’Ë (1.6) ·≈– (1.7) ª√–°—π«à“

¬“πæ“Àπ–¢π àß·μà≈–§—π∂Ÿ°„™â‰¥â‡æ’¬ß‡ âπ∑“ß„¥

‡ âπ∑“ßÀπ÷Ëß‡∑à“π—Èπ  ¡°“√¢Õ∫¢à“¬∑’Ë (1.8) §à“„™â®à“¬

∑’Ë‡°‘¥¢÷Èπ°√≥’ ‘π§â“‰¡àæÕμàÕ§«“¡μâÕß°“√ (Shortage

cost) §◊Õ °”‰√μàÕ∂—ßÊ ≈– 3 ∫“∑   ¡°“√¢Õ∫¢à“¬∑’Ë

(1.9) §à“„™â®à“¬∑’Ë‡°‘¥¢÷Èπ°√≥’ ‘π§â“‡°‘π§«“¡μâÕß°“√

(Overload cost )  ¡°“√¢Õ∫¢à“¬∑’Ë (1.10) · ¥ß°“√

‡™◊ËÕ¡‚¬ß°—π√–À«à“ß‚Àπ¥ i ·≈– j ‚¥¬‡ªìπ‰¥â ÕßÕ¬à“ß

§◊Õ ‰¥â√—∫°“√‡™◊ËÕ¡‚¬ß°—∫‰¡à‰¥â√—∫°“√ ‡™◊ËÕ¡‚¬ß

‡¡◊ËÕ¬“πæ“Àπ–·μà≈–§—π‡¥‘π∑“ß‰ª àß ‘π§â“

„Àâ°—∫≈Ÿ°§â“®π§√∫∑ÿ°√“¬·≈â« ·μà ‘π§â“‰¡àæÕμàÕ

§«“¡μâÕß°“√ ®–¡’§à“„™â®à“¬‡°‘¥¢÷Èπ (Shortage cost) ®“°

°”‰√μàÕ∂—ß§Ÿ≥¥â«¬®”π«π∂—ß∑’Ë¢“¥ ´÷Ëß‚√ßß“π°√≥’

»÷°…“¡’º≈°”‰√∑—Èß ‘Èπ∂—ß≈– 3 ∫“∑  à«π°√≥’∑’Ë ‘π§â“

‡°‘π§«“¡μâÕß°“√¢Õß≈Ÿ°§â“ ®–¡’§à“„™â®à“¬‡°‘¥¢÷Èπ

(Overload cost) §◊Õ §à“πÈ”¡—π à«π‡æ‘Ë¡∑’Ë‡°‘¥¢÷Èπ®“°

πÈ”Àπ—°∫√√∑ÿ° ºŸâ«‘®—¬‰¥â∑”°“√»÷°…“¢âÕ¡Ÿ≈«—π∑’Ë 12

°√°Æ“§¡ 2551 „π‡«Á∫‰´μå “√–∑à“‡√◊Õ°“√∑à“‡√◊Õ·Ààß

ª√–‡∑»‰∑¬ °≈à“«„πÀ—«¢âÕ°“√∫√‘À“√μâπ∑ÿπ‡æ◊ËÕ‡æ‘Ë¡

ª√– ‘∑∏‘¿“æ°“√¢π àß«à“ °“√‡æ‘Ë¡πÈ”Àπ—°∫√√∑ÿ°

®“°πÈ”Àπ—°∫√√∑ÿ°ª°μ‘®–∑”„Àâ ‘Èπ‡ª≈◊ÕßπÈ”¡—π‡æ‘Ë¡¢÷Èπ

0.05-0.06 ≈‘μ√/°¡. „π∑ÿ°Ê 10 μ—π ©–π—Èπ°“√§‘¥§à“„™â

®à“¬μâπ∑ÿπ°“√¢π àß„π à«ππ’È¢Õß‚√ßß“π°√≥’»÷°…“

 “¡“√∂À“‰¥â¥—ßπ’È

Õ—μ√“°“√ ‘Èπ‡ª≈◊ÕßπÈ”¡—π‡æ‘Ë¡∑ÿ°Ê 10 μ—π

= 0.05 + 0.06

  2

= 0.055 ≈‘μ√/°¡.

= 0.0055      ≈‘μ√/°¡./μ—π

Õ—μ√“°“√ ‘Èπ‡ª≈◊ÕßπÈ”¡—π‡æ‘Ë¡μàÕπÈ”¥◊Ë¡ 1 ∂—ß

Àπ—° 20 °°. = 0.02 μ—π

= 0.02 x 0.0055

= 0.00011 ≈‘μ√/°¡./μ—π

√“§“πÈ”¡—π‡™◊ÈÕ‡æ≈‘ß≈‘μ√≈– 34 ∫“∑ §à“„™â®à“¬

 à«π∑’Ë‡æ‘Ë¡¢÷Èπ®“°°“√∫√√∑ÿ°πÈ”¥◊Ë¡°≈—∫‰ª¬—ß»Ÿπ¬å

°√–®“¬ ‘π§â“§◊Õ 0.00011 X 34 = 0.00374 ∫“∑μàÕ

∂—ßμàÕ°‘‚≈‡¡μ√

3.2   °“√æ—≤π“«‘∏’°“√À“§”μÕ∫∑’Ë¥’
‡æ’¬ßæÕ (Heuristic Method)

ß“π«‘®—¬π’È∑”°“√»÷°…“°“√À“«‘∏’°“√∑’Ë¥’‡æ’¬ßæÕ

 ”À√—∫°“√·°âªí≠À“°“√®—¥‡ âπ∑“ß¬“πæ“Àπ–

ºŸâ«‘®—¬π”‡ πÕ«‘∏’Œ‘«√‘ μ‘°‚¥¬·∫àß‡ªìπ 2 √–¬–§◊Õ √–¬–

·√°„™âŒ‘«√‘ μ‘° GRASP  √â“ß§”μÕ∫‡√‘Ë¡μâπ ·≈–

ª√—∫ª√ÿß§”μÕ∫¥â«¬«‘∏’ 2-opt, Swap ·≈– Move

operation „π°“√§âπÀ“§”μÕ∫∑’Ë¡’§ÿ≥¿“æ„π°“√

·°âªí≠À“ ÷́Ëß¡’¢—ÈπμÕπ  ¥—ßπ’È

3.2.1   √â“ß§”μÕ∫‡√‘Ë¡μâπ (Initial solution)
„π°√–∫«π°“√«‘Ëß«π´È”‡æ◊ËÕ √â“ß§”μÕ∫‡√‘Ë¡μâπ

®–æ‘®“√≥“æ◊Èπ∑’Ë¢Õß§”μÕ∫∑’Ë‡ªìπ‰ª‰¥â∑’Ë‰¡à¢—¥·¬âß

°—∫‡ß◊ËÕπ‰¢ (Feasible solution) °“√‡≈◊Õ°‡ âπ∑“ß·≈–

Õ—æ‡¥∑ (Update) ‡ âπ∑“ß¢Õß≈Ÿ°§â“‡¡◊ËÕæ∫§”μÕ∫∑’Ë¥’

„π·μà≈–°“√«‘Ëß«π«π√Õ∫°√–∑”´È” ´÷Ëß®–æ‘®“√≥“

≈Ÿ°§â“®—¥‡¢â“„π‡ âπ∑“ß®“°∫—≠™’√“¬™◊ËÕ≈Ÿ°§â“

ºŸâ«‘®—¬„™â«‘∏’ Greedy Randomized Adaptive Search

Procedure; GRASP ‚¥¬„π‡ø ·√° ‡ªìπ°“√ √â“ß§”μÕ∫

‡√‘Ë¡μâπ¢Õß‡ âπ∑“ß¬“πæ“Àπ–·μà≈–‡ âπ ´÷Ëß √â“ß

‡ âπ∑“ß¥â«¬«‘∏’°“√ ÿà¡‡ âπ∑“ß∑’Ë¡’§”μÕ∫∑’Ë‡ªìπ‰ª‰¥â

„π·μà≈–°“√«π√Õ∫ ‚¥¬‰¡à¢—¥·¬âß°—∫‡ß◊ËÕπ‰¢∑’Ë°”Àπ¥

´÷ËßμâÕßÀ“√–¬–∑“ß√–À«à“ß≈Ÿ°§â“·μà≈–√“¬°—∫‚√ßß“π

πÈ”¥◊Ë¡°√≥’»÷°…“ ®“°π—Èπ‡≈◊Õ°≈Ÿ°§â“ i% ¢Õß∑—ÈßÀ¡¥

∑’Ë¬—ß‰¡à∂Ÿ°®—¥‡¢â“‡ âπ∑“ß·≈–¡’√–¬–∑“ß„°≈â°—∫‚√ßß“π

πÈ”¥◊Ë¡¡“°∑’Ë ÿ¥®—¥≈ß„π∫—≠™’≈Ÿ°§â“ ‡¡◊ËÕ i = 10, 20,..90

·≈â« ÿà¡‡≈◊Õ°≈Ÿ°§â“®”π«π 1 √“¬®“°∫—≠™’≈Ÿ°§â“‡¢â“„π

‡ âπ∑“ß‚¥¬æ‘®“√≥“¥â“π§«“¡®ÿ¢Õß¬“πæ“Àπ– ∂â“

§«“¡μâÕß°“√‡¥‘¡√«¡°—∫§«“¡μâÕß°“√¢Õß≈Ÿ°§â“√“¬

„À¡à∑’Ë®–®—¥‡¢â“‡ âπ∑“ß‡°‘π§«“¡®ÿ¢Õß¬“πæ“Àπ– °Á∑”

°“√ªî¥‡ âπ∑“ß·≈â«æ‘®“√≥“≈Ÿ°§â“‡¢â“‡ âπ∑“ß¢Õß

¬“πæ“Àπ–§—π∂—¥‰ª ∂â“§«“¡μâÕß°“√ ‡¥‘¡√«¡°—∫§«“¡

μâÕß°“√¢Õß≈Ÿ°§â“√“¬„À¡à∑’Ë®–®—¥‡¢â“‡ âπ∑“ß‰¡à‡°‘π

§«“¡®ÿ¢Õß¬“πæ“Àπ– °Á‡æ‘Ë¡≈Ÿ°§â“‡¢â“„π‡ âπ∑“ß

«‘∏’Œ‘«√‘ μ‘¥ GRASP  ”À√—∫ªí≠À“°“√®—¥‡ âπ∑“ß¬“πæ“Àπ–
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®“°π—Èπ ∑”°“√μ√«® Õ∫«à“¬—ß¡’≈Ÿ°§â“∑’Ë¬—ß‰¡à‰¥â®—¥‡¢â“

‡ âπ∑“ßÀ√◊Õ‰¡à ∂â“¬—ß¡’°Á∑”°“√‡≈◊Õ°≈Ÿ°§â“®—¥≈ß„π

∫—≠™’√“¬™◊ËÕ ≈Ÿ°§â“„À¡à·≈â«∑”¢—ÈπμÕπμàÕ‰ª ∂â“‰¡à¡’°Á

®–‰¥â‡ âπ∑“ß‡√‘Ë¡μâπ √“¬≈–‡Õ’¬¥°“√ √â“ß‡ âπ∑“ß‡√‘Ë¡

μâπ· ¥ß¥—ß√Ÿª∑’Ë  1

√Ÿª∑’Ë 1  °“√ √â“ß‡ âπ∑“ß‡√‘Ë¡μâπ¥â«¬«‘∏’ GRASP
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3.2.2 ¢—ÈπμÕπ°“√ª√—∫ª√ÿß§ÿ≥¿“æ§”μÕ∫
(Improvement solution)

À≈—ß®“°‰¥â‡ âπ∑“ß‡√‘Ë¡μâπ®“° Phase 1 °Á‡¢â“

 Ÿà°√–∫«π°“√„π Phase 2 ºŸâ«‘®—¬®–∑”°“√ª√–¬ÿ°μå

°“√ª√—∫ª√ÿß§ÿ≥¿“æ§”μÕ∫‚¥¬°“√„™â ‡∑§π‘§

Œ‘«√‘ μ‘°°“√§âπÀ“ (Search algorithm) „π√Ÿª·∫∫μà“ßÊ

‡™àπ  «‘∏’°“√¬â“¬μ”·Àπàß (Move Exchanges) «‘∏’°“√

 ≈—∫μ”·Àπàß (Swap Operator) ·≈– «‘∏’ 2-opt  ‡æ◊ËÕ∑”

°“√ ≈—∫‡ª≈’Ë¬π≈Ÿ°§â“®“°μ”·Àπàß∑’Ë i °—∫μ”·Àπàß

≈Ÿ°§â“∑’Ë j „π√–À«à“ß —∫‡´μ ·≈–®”π«π —∫‡´μ∑’Ë‡ªìπ

™ÿ¥§”μÕ∫∑’Ë‡ªìπ‰ª‰¥â (Feasible of solutions) ∑—ÈßÀ¡¥

∑’Ë‰¥â®“°¢—ÈπμÕπ¢Õß«‘∏’ GRASP ‡æ◊ËÕ∑”°“√ª√—∫ª√ÿß

§ÿ≥¿“æ§”μÕ∫ (To improve the  solution quality)

¢—ÈπμÕπ°“√ª√—∫ª√ÿß§ÿ≥¿“æ§”μÕ∫ “¡“√∂Õ∏‘∫“¬

‰¥â¥—ßπ’È

¢—ÈπμÕπ∑’Ë 1  ÿà¡‡≈◊Õ°≈Ÿ°§â“ 1 √“¬®“°‡ âπ

∑“ß‡√‘Ë¡μâπ

¢—ÈπμÕπ∑’Ë 2 μ√«® Õ∫§«“¡μâÕß°“√‡¥‘¡

√«¡°—∫§«“¡μâÕß°“√„À¡à‡°‘π§«“¡®ÿ¢Õß¬“πæ“Àπ–

À√◊Õ‰¡à  ∂â“‡°‘π°Á„Àâæ‘®“√≥“¬â“¬≈Ÿ°§â“√“¬μàÕ‰ª ·μà

∂â“‰¡à‡°‘π°Á∑”„π¢—ÈπμÕπ∑’Ë 3

¢—ÈπμÕπ∑’Ë 3 ¬â“¬ ≈—∫μ”·Àπàß≈Ÿ°§â“√–À«à“ß

‡ âπ∑“ß°“√¬â“¬ ≈—∫≈Ÿ°§â“∑”„Àâ√–¬–∑“ß√«¡≈¥≈ß

¡‘©–π—Èπ·≈â«„Àâ‰ª∑’Ë¢—ÈπμÕπ∑’Ë 1

¢—ÈπμÕπ∑’Ë 4 Õ—æ‡¥∑‡ âπ∑“ß∑’Ë¥’∑’Ë ÿ¥

¢—ÈπμÕπ∑’Ë 5 μ√«® Õ∫«à“¡’≈Ÿ°§â“∑’Ë¬—ß‰¡à¬â“¬

 ≈—∫μ”·ÀπàßÀ√◊Õ‰¡à ∂â“¡’°Á‡√‘Ë¡∑”μ—Èß·μà¢—ÈπμÕπ∑’Ë 1-5

Õ’°§√—Èß®π°«à“®–§√∫ ∂â“‰¡à¡’°Á ‘Èπ ÿ¥°“√∑” Local

search

 ”À√—∫¢—ÈπμÕπ¢Õß°“√«‘∏’°“√ª√—∫ª√ÿß§ÿ≥¿“æ

§”μÕ∫„π·μà≈–«‘∏’π—Èπ “¡“√∂Õ∏‘∫“¬‰¥â¥—ßπ’È

°. «‘∏’°“√ ≈—∫‡ª≈’Ë¬πμ”·Àπàß (Swap Operator)
       °“√ ≈—∫‡ª≈’Ë¬πμ”·Àπàß (Swap Operator)

ºŸâ«‘®—¬°”Àπ¥≈”¥—∫°“√§âπÀ“ ”À√—∫°“√ ≈—∫‡ª≈’Ë¬π

μ”·Àπàß≈Ÿ°§â“ 1 √“¬ √–À«à“ß —∫‡´μ ‚¥¬∑’Ë„™âμ—«

¥”‡π‘π°“√‡∑à“°—∫ (1,1) À¡“¬∂÷ß °“√ ≈—∫‡ª≈’Ë¬π

μ”·Àπàß≈Ÿ°§â“ 1 √“¬∑’Ë∂Ÿ°‡™◊ËÕ¡°—πÕ¬Ÿà„π‡ âπ∑“ß

¢π àß®“° —∫‡´μÀπ÷Ëß‰ª¬—ßÕ’° —∫‡´μÀπ÷Ëß‰ª¬—ßÕ’° —∫

‡´μÀπ÷Ëß· ¥ß¥—ß√Ÿª∑’Ë 2

√Ÿª∑’Ë 2  · ¥ßμ—«¥”‡π‘π°“√ Swap (1,1)

¢. «‘∏’°“√¬â“¬μ”·Àπàß (Move Exchanges)
μ—«¥”‡π‘π°“√ Move Exchanges (1,0) À¡“¬∂÷ß

°“√¬â“¬≈Ÿ°§â“ 1 √“¬ ®“° —∫‡´μÀπ÷Ëß‰ª¬—ß —∫‡´μÀπ÷Ëß

‚¥¬∑’Ë‰¡à¡’°“√¬â“¬·∫∫ ≈—∫¿“¬„π —∫‡´μμ—«‡Õß

¥—ß· ¥ß„π√Ÿª∑’Ë 3 ¢—ÈπμÕπ°“√ª√—∫ª√ÿß§ÿ≥¿“æ§”μÕ∫

¥â«¬«‘∏’Œ‘«√‘ μ‘° Move Exchanges ´÷Ëß‡ªìπ¢—ÈπμÕπ

°“√°√–∑”´È”‡æ◊ËÕ∑”°“√‡ª≈’Ë¬π·ª≈ß§”μÕ∫Àπ÷Ëß

‰ª¬—ßÕ’°§”μÕ∫Àπ÷Ëß¿“¬„π‡π‡∫Õ√åŒŸ¥

§. «‘∏’ 2-opt
„π√“¬≈–‡Õ’¬¥ 2-Opt  ®–∑”°“√ ≈—∫‡ª≈’Ë¬π

(Swap) ≈Ÿ°§â“°—π¿“¬„π‡ âπ∑“ß‡¥’¬«∑’Ë‡ªìπ‰ª‰¥â  ‚¥¬

®–∑”°“√ ≈—∫‡ª≈’Ë¬π≈Ÿ°§â“ 2  √“¬À√◊Õ  2  ¥â“π Õ“®

®–‡√’¬°Õ’°Õ¬à“ßÀπ÷Ëß«à“ 2-Exchanges ´÷Ëß≈”¥—∫≈Ÿ°§â“

¿“¬„π‡ âπ∑“ß¢π àß®–∂Ÿ°‡ª≈’Ë¬π·ª≈ß ¥—ß· ¥ß„π

√Ÿª∑’Ë¥—ß„π√Ÿª∑’Ë  4

«‘∏’Œ‘«√‘ μ‘¥ GRASP  ”À√—∫ªí≠À“°“√®—¥‡ âπ∑“ß¬“πæ“Àπ–

√Ÿª∑’Ë 3  · ¥ßμ—«¥”‡π‘π°“√ Move operator (1,0)

√Ÿª∑’Ë 4  · ¥ß°“√ª√—∫ª√ÿß§”μÕ∫¥â«¬«‘∏’  2-opt
Œ‘«√‘ μ‘°
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1
0-34-20-0

1.8    17

2
0-20-21-22-52-54-23-53-55-

27.9 7455-63-0

3
0-64-43-27-46-49-50-51-45-

22.8 7314-42-13-12-3-0-

4 0-36-32-10-41-28-31-30- 14.7 67
29-1-0

5
0-24-57-66-67-68-69-70-71-

18.8 74
72-73-18-17-26-19-0

6
0-11-44-16-15-47-48-62-61-

38.1 72
60-59-58-37-65-0

7
0-2-38-25-39-40-9-8-7-6-4-

11.6 755-35-33-0
             √«¡ 120.5 447

μ“√“ß∑’Ë 3  º≈°“√‡ª√’¬∫¢âÕ¡Ÿ≈®—¥‡ âπ∑“ß°“√¢π àß«‘∏’ªí®®ÿ∫—π°—∫«‘∏’Œ‘«√‘ μ‘°

1 0-1-2-3-4-5-6-7-8-9-10-11-
23.2 7512-13-14-15-16-17-18-19-0

2 0-20-21-22-23-24-25-26-27-
27.9 7428-29-30-31-32-0

3 0-33-34-35-36-37-38-39-40-0
10.9 75

4 0-41-42-43-44-45-46-47-
48-49-50-51-0

36.3 75

5 0-52-53-54-55-56-57-58-59-
60-61-62-0

39.5 75

6 0-63-64-65-66-67-68-69-70-
71-72-73-0

17 73

                        √«¡ 154.8 447

°“√®—¥‡ âπ∑“ßªí®®ÿ∫—π °“√®—¥‡ âπ∑“ß«‘∏’Œ‘«√‘ μ‘°
 “¬
 àß °“√‡¥‘π∑“ß

√–¬–
∑“ß
(°¡.)

§«“¡®ÿ
(∂—ß)

 “¬
 àß °“√‡¥‘π∑“ß

√–¬–
∑“ß
(°¡.)

§«“¡®ÿ
(∂—ß)

4. º≈°“√«‘®—¬ (Results)
°“√∑¥ Õ∫ª√– ‘∑∏‘¿“æŒ‘«√‘ μ‘° ºŸâ«‘®—¬‰¥â

∑”°“√‡ª√’¬∫‡∑’¬∫º≈√–¬–∑“ß°“√‡¥‘π∑“ß¢Õß

‡ âπ∑“ß°“√¢π àß∑’Ë‰¥â®“°Œ‘«√‘ μ‘°°—∫√–¬–∑“ß°“√

‡¥‘π∑“ß¢Õß‡ âπ∑“ß°“√¢π àß¢Õß‚√ßß“π°√≥’»÷°…“

‚¥¬°√–∫«π°“√∑”ß“π¢ÕßŒ‘«√‘ μ‘°∑’Ëπ”‡ πÕπ’È∑”°“√

‡¢’¬π§” —Ëß¥â«¬‚ª√·°√¡ Dev-C++ 4 ·≈–∑¥ Õ∫∫π

‡§√◊ËÕß§Õ¡æ‘«‡μÕ√å  √ÿàπ Pentium [R]4, CPU 3.06 GHz,

Ram 256 MB ∫π Windows XP ‚¥¬∑”°“√∑¥ Õ∫

ªí≠À“  ‚√ßß“π°√≥’»÷°…“¡’≈Ÿ°§â“∑—ÈßÀ¡¥  73 √“¬

√∂°√–∫–∫√√∑ÿ° ”À√—∫¢π àßπÈ”®”π«π 3 §—π ·μà≈–

§—π “¡“√∂ àß ‘π§â“‰¥âÀ≈“¬Ê √Õ∫  ®÷ß ¡¡μ‘‰¥â«à“

√∂‡¥‘π∑“ßÀπ÷Ëß√Õ∫„Àâ‡ªìπ√∂Àπ÷Ëß§—π μ—«Õ¬à“ß‡™àπ

∂â“°”Àπ¥„Àâ√∂Àπ÷Ëß§—π àß ‘π§â“‰¥â‰¡à‡°‘π«—π≈– “¡√Õ∫

¥—ßπ—Èπ„π°“√À“§”μÕ∫®÷ß “¡“√∂°”Àπ¥„Àâ¡’√∂ 9 §—π

‰¥â „π°“√À“§”μÕ∫π’È®–°”Àπ¥„Àâ¡’®”π«π√Õ∫¢Õß

°“√ àß ‘π§â“‰¥â Ÿß ÿ¥ 6 √Õ∫ §«“¡®ÿ„π°“√∫√√∑ÿ°

¢Õß√∂·μà≈–§—π¡’§à“ Ÿß ÿ¥ 75 ∂—ß §«“¡μâÕß°“√

 ‘π§â“¢Õß≈Ÿ°§â“·μà≈–√“¬‰¡à§ß∑’Ë °”Àπ¥√Õ∫°“√À“

§”μÕ∫¥â«¬«‘∏’ GRASP ‡ªìπ®”π«π 100 √Õ∫ º≈°“√

«‘®—¬  ¥—ß· ¥ß„πμ“√“ß∑’Ë 3

°“√∑¥ Õ∫Œ‘«√‘ μ‘° ºŸâ«‘®—¬æ‘®“√≥“§«“¡®ÿ∑’Ë

‰¥â®“°°“√®—¥‡ âπ∑“ß∑’Ë¥’∑’Ë ÿ¥∑’Ë‰¥â®“°°“√∑¥ Õ∫

¡“‡ª√’¬∫‡∑’¬∫°—∫§«“¡®ÿ∑’Ë‰¥â®“°°“√‡°Á∫¢âÕ¡Ÿ≈„À¡à

Õ’°§√—Èß®”π«π 1 «—π §◊Õ«—π∑’Ë 10 °—π¬“¬π 2551

´÷ËßÀ≈—ß®“°‡°Á∫¢âÕ¡Ÿ≈æ∫«à“®”π«π§«“¡μâÕß°“√

 ‘π§â“¢Õß≈Ÿ°§â“‡æ‘Ë¡¢÷Èπ®“°‡¥‘¡ 447 ∂—ß ‡ªìπ 450 ∂—ß

‚¥¬‡ª√’¬∫‡∑’¬∫§à“πÈ”¡—π‡™◊ÈÕ‡æ≈‘ß¢Õß “¬ àß·μà≈–

‡ âπ∑“ß·≈â«§”π«≥À“§à“‚∑… (Penalty cost)

´÷Ëßæ‘®“√≥“∂÷ß§à“„™â®à“¬∑’Ë‡°‘¥¢÷Èπ®“°°√≥’°“√‡°‘¥

 ‘π§â“‰¡àæÕμàÕ§«“¡μâÕß°“√ (Shortage cost) ·≈–

°√≥’∑’Ë ‘π§â“‡°‘π§«“¡μâÕß°“√¢Õß≈Ÿ°§â“ (Overload cost)

§à“„™â®à“¬√«¡∑’Ë‡°‘¥¢÷Èπμ“¡π‚¬∫“¬¥—ßμ“√“ß∑’Ë 4



12

μ“√“ß∑’Ë 4  ‡ª√’¬∫‡∑’¬∫§à“„™â®à“¬√«¡®“°º≈°“√®—¥‡ âπ∑“ß¥â«¬«‘∏’Œ‘«√‘ μ‘°°—∫¢âÕ¡Ÿ≈„À¡à¢Õß
‚√ßß“π°√≥’»÷°…“

®“°μ“√“ß∑’Ë 4  · ¥ß‰¥â«à“À≈—ß®“°°“√®—¥

‡ âπ∑“ß¬“πæ“Àπ–¥â«¬«‘∏’Œ‘«√‘ μ‘°·≈â«π”‰ª‡ª√’¬∫

°—∫¢âÕ¡Ÿ≈„À¡à¢Õß‚√ßß“π°√≥’»÷°…“ ºŸâ«‘®—¬‰¥â°”Àπ¥

®ÿ¥∑»π‘¬¡¢Õß§à“„™â®à“¬®”π«π 2 μ”·Àπàß „π°“√

 √ÿªº≈°“√∑¥ Õ∫ ‡æ◊ËÕ„Àâßà“¬μàÕ°“√∫—π∑÷°¢âÕ¡Ÿ≈

º≈°“√∑¥ Õ∫æ∫«à“  “¡“√∂≈¥√–¬–∑“ß√«¡

®“°‡¥‘¡ 154.8 °‘‚≈‡¡μ√μàÕ«—π ≈¥≈ß‡À≈◊Õ 120.5

°‘‚≈‡¡μ√μàÕ«—π ¡’ “¬ àß‡°‘¥¢÷Èπ 7 ‡ âπ∑“ß ·≈–‡¡◊ËÕ

æ‘®“√≥“∂÷ß§à“‚∑… (Penalty cost) ∑’Ë‡°‘¥¢÷Èπæ∫«à“

º≈≈—æ∏å∑’Ë‰¥â¡’§à“‚∑…‡°‘¥¢÷Èπ®”π«π 15.26  ∫“∑  “¡“√∂

≈¥§à“„™â®à“¬®“°§à“πÈ”¡—π‡™◊ÈÕ‡æ≈‘ß®“° 526.32 ∫“∑

μàÕ«—π ‡À≈◊Õ 424.96 ∫“∑μàÕ«—π ́ ÷Ëß≈¥≈ß®”π«π 101.36

∫“∑μàÕ«—π ∂â“À“°§‘¥‡ªìπ‡¥◊Õπ®–¡’§à“„™â®à“¬®“°

§à“πÈ”¡—π‡™◊ÈÕ‡æ≈‘ß®“°‡¥‘¡ 15,789.60 ∫“∑μàÕ‡¥◊Õπ

‡À≈◊Õ 12,748.80 ∫“∑μàÕ‡¥◊Õπ≈¥≈ß 3,040.80 ∫“∑

μàÕ‡¥◊Õπ §‘¥‡ªìπ 19.25%

5.  √ÿª·≈–Õ¿‘ª√“¬º≈°“√∑¥≈Õß
®“°∑’ËºŸâ«‘®—¬‰¥â»÷°…“°“√·°âªí≠À“°“√®—¥‡ âπ

 ”À√—∫¬“πæ“Àπ– °√≥’»÷°…“ ‚√ßß“ππÈ”¥◊Ë¡∏“√∑‘æ¬å

‚¥¬ª√–¬ÿ°μå«‘∏’ Greedy Randomized Adaptive Search

Procedure (GRASP) ‚¥¬¡’«—μ∂ÿª√– ß§å‡æ◊ËÕ„Àâ√–¬–

∑“ß√«¡μË” ÿ¥ ́ ÷Ëß¡’®”π«π≈Ÿ°§â“∑’Ë®–μâÕß®—¥ àß∑—ÈßÀ¡¥

73 √“¬ °√–∫«π°“√∑”ß“π¢ÕßŒ‘«√‘ μ‘°·∫àß‡ªìπ 2

√–¬–§◊Õ √–¬–·√°  √â“ß§”μÕ∫‡√‘Ë¡μâπ (Initial solution

phase) ´÷Ëßæ‘®“√≥“æ◊Èπ∑’Ë¢Õß§”μÕ∫∑’Ë‡ªìπ‰ª‰¥â∑’Ë

‰¡à¢—¥·¬âß°—∫‡ß◊ËÕπ‰¢ (Feasible solution) ·≈–ª√—∫ª√ÿß

§ÿ≥¿“æ§”μÕ∫ (Improvement solution phase) ‚¥¬«‘∏’

2-opt, Swap ·≈–  Move exchanges „π√–¬–∑’Ë Õß

æ∫«à“°“√®—¥‡ âπ∑“ß¥â«¬«‘∏’Œ‘«√‘ μ‘° º≈≈—æ∏å∑’Ë‰¥âÕ¬Ÿà

„π√–¥—∫∑’Ë¥’  “¡“√∂≈¥√–¬–∑“ß√«¡®“°‡¥‘¡ 154.8

°‘‚≈‡¡μ√μàÕ«—π  ≈¥≈ß‡À≈◊Õ 120.5 °‘‚≈‡¡μ√μàÕ«—π

§‘¥‡ªìπ 18.6%

6. ‡Õ° “√Õâ“ßÕ‘ß
°“√∑à“‡√◊Õ·Ààßª√–‡∑»‰∑¬. (2550). °“√∫√‘À“√

μâπ∑ÿπ‡æ◊ËÕ‡æ‘Ë¡ª√– ‘∑∏‘¿“æ°“√¢π àß.
ª√–‡¿∑¢Õß ◊ËÕ [ÕÕπ‰≈πå]  ◊∫§âπ‡¡◊ËÕ 12
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