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√«¡∑—Èß„™â¢âÕ¡Ÿ≈‡™‘ßª√‘¡“≥·≈–¢âÕ¡Ÿ≈‡™‘ß§ÿ≥¿“æ„π°“√«“ßº—ß ‚¥¬¡’«—µ∂ÿª√– ß§å‡æ◊ËÕ„Àâ‡°‘¥§à“„™â®à“¬√«¡

´÷Ëßª√–°Õ∫¥â«¬§à“„™â®à“¬„π°“√¢π∂à“¬°—∫§à“„™â®à“¬„π°“√‡ª≈’Ë¬π·ª≈ßº—ß„À¡à¡’§à“µË”∑’Ë ÿ¥ ‚¥¬°“√æ‘®“√≥“·∫∫

À—°≈â“ß√–À«à“ß§à“„™â®à“¬∑—Èß Õß ´÷Ëß„πß“π«‘®—¬π’È„™â«‘∏’°“√ √â“ßº—ß·∫∫‡µ‘∫‚µ (Growth Method) √à«¡°—∫°“√§ß

µ”·Àπàß¢ÕßÀπà«¬ß“π‡¥’¬«°—π„π Õß™à«ß‡«≈“µ‘¥°—π t ·≈– (t+1) ·≈–ª√–¬ÿ°µå„™â‡®‡πµ‘° åÕ—≈°Õ√‘∑÷¡¡“™à«¬

„π°“√À“§”µÕ∫

º≈°“√∑¥≈Õß∑“ßµ—«‡≈¢· ¥ß„Àâ‡ÀÁπ«à“«‘∏’°“√∑’Ëπ”‡ πÕ„Àâ§”µÕ∫∑’Ë¥’‰¥â§à“„°≈â‡§’¬ß§”µÕ∫∑’Ë¥’∑’Ë ÿ¥

·≈–¥’°«à“«‘∏’°“√«“ßº—ß·∫∫§ß∑’Ë (Fixed Layout Method) ¡“°∂÷ß 5% ‚¥¬‡©æ“–Õ¬à“ß¬‘Ëßªí≠À“¢π“¥‡≈Á°∑’Ë¡’

§à“„™â®à“¬„π°“√‡ª≈’Ë¬π·ª≈ßº—ß„À¡àµàÕÀπ÷ËßÀπà«¬ß“π¡’§à“πâÕ¬Ê

Abstract

This study investigates the dynamic layout problems in flexible manufacturing systems. The dynamic

layout model considers both qualitative and quantitative flow data with different shapes and areas of facilities

in open space areas where the distance between two facilities is defined by the rectilinear distance between any

two load/unload points located in the center of those facilities. The objective is to minimize the total cost

consisting of workflow cost and rearrangement cost by considering the tradeoff between both costs by using the

growth methods and the fixed position of identical facilities in two consecutive periods t and t+1 which are

embedded in the Genetic Algorithm.

Numerical experiments made clear that the proposed method yields a near optimum layout and

provides much better solution than the fixed layout method  by up to 5% especially in small problems where

the rearrangement costs are small.
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∫∑π”

°“√¢π∂à“¬¡’§«“¡ ”§—≠Õ¬à“ß¬‘Ëß„π√–∫∫

°“√º≈‘µ ‡æ√“–§à“„™â®à“¬∑’Ë‡°‘¥¢÷Èπ 20-50 ‡ªÕ√å‡´Áπµå

¢Õß√–∫∫°“√º≈‘µ‡°‘¥®“°§à“„™â®à“¬„π°“√¢π∂à“¬

(Tompkins et al.,1996) °“√«“ßº—ß‚√ßß“π∑’Ë¡’

ª√– ‘∑∏‘¿“æ “¡“√∂≈¥§à“„™â®à“¬„π°“√¢π∂à“¬‰¥â

‡π◊ËÕß®“°ªí≠À“°“√«“ßº—ß‚√ßß“π‡ªìπªí≠À“°“√À“

§à“∑’Ë¥’∑’Ë ÿ¥ (Optimization Problem) „π°“√·°âªí≠À“

°“√«“ßº—ß‚√ßß“ππ—Èπ “¡“√∂À“§”µÕ∫‰¥âÀ≈“¬«‘∏’

‚¥¬®–·∫àßÕÕ°‡ªìπ 2 «‘∏’§◊Õ «‘∏’À“§”µÕ∫∑’Ë·∑â®√‘ß

(Exact Algorithms) ·≈– «‘∏’Œ‘«√‘ µ‘° (Heuristic

Algorithms) «‘∏’À“§”µÕ∫∑’Ë·∑â®√‘ß‡ªìπ«‘∏’∑’Ë “¡“√∂

À“§”µÕ∫∑’Ë¥’∑’Ë ÿ¥ (Optimal Solution) ‰¥â¿“¬„µâ

ª√– ‘∑∏‘¿“æ¢Õß«‘∏’°“√§”π«≥∑“ß§Õ¡æ‘«‡µÕ√å

 à«π„À≠à®–„™â‰¥â¥’°—∫ªí≠À“∑’Ë¡’¢π“¥‡≈Á° ·≈–¡’

§«“¡´—∫ ấÕπ‰¡à¡“°  à«π«‘∏’Œ‘«√‘ µ‘°‡ªìπ«‘∏’∑’Ë “¡“√∂

À“§”µÕ∫‰¥â„°≈â‡§’¬ß°—∫§”µÕ∫∑’Ë¥’∑’Ë ÿ¥ (Near

Optimum Solution) À√◊Õ‡ªìπ§”µÕ∫∑’Ë¥’∑’Ë ÿ¥ „π‡«≈“

∑’Ë‡À¡“– ¡ ÷́Ëß “¡“√∂·∫àßÕÕ°‰¥â‡ªìπ 3 √Ÿª·∫∫

§◊ÕŒ‘«√‘ µ‘°·∫∫°“√ √â“ß (Construction Heuristic)

‡ªìπ«‘∏’°“√ √â“ßº—ß‚√ßß“π¢÷Èπ®“°¢âÕ¡Ÿ≈∑’ËªÑÕπ‡¢â“‰ª

‡™àπ CORELAP (Lee and More, 1967), SHAPE

(Hassan et al., 1986) ·≈– Growth Method

(Hamamoto, 1999) ‡ªìπµâπ Œ‘«√‘ µ‘°·∫∫°“√ª√—∫ª√ÿß

(Improvement Heuristic) ‡ªìπ«‘∏’°“√ª√—∫ª√ÿßº—ß

‚√ßß“π‡æ◊ËÕ„Àâ‰¥â§”µÕ∫∑’Ë¥’¢÷Èπ ‡™àπ CRAFT (Buffa

et al., 1964) ‡ªìπµâπ ·≈–Œ‘«√‘ µ‘°·∫∫º ¡ (Hybrid

Heuristic) ‡ªìπ«‘∏’°“√º ¡º “π°—π¢ÕßŒ‘«√‘ µ‘°·∫∫

°“√ √â“ß°—∫°“√ª√—∫ª√ÿß ‡™àπ BLOCPLAN (Donaghey

and Pire, 1991) ‡ªìπµâπ

ªí®®ÿ∫—π¡’ºŸâæ—≤π“«‘∏’°“√∑“ßŒ‘«√‘ µ‘° ”À√—∫

ªí≠À“°“√«“ßº—ß‚√ßß“π¡“°¡“¬ ‡™àπ°“√ª√–¬ÿ°µå„™â

√–∫∫ºŸâ‡™’Ë¬«™“≠ (Expert System), √–∫∫ªí≠≠“

ª√–¥‘…∞å (Artificial Intelligent), «‘∏’°“√§âπÀ“

∑“∫Ÿ (Tabu Search) √–∫∫‚§√ß¢à“¬ª√– “∑‡∑’¬¡

(Neuron Network) ´‘¡¡‘«‡≈‡µÁ¥Õ—≈π’≈√‘Ëß (Simulated

Annealing:SA) ·≈– ‡®‡πµ‘° åÕ—≈°Õ√‘∑÷¡ (Genetic

Algorithms:GA) ‡ªìπµâπ ‚¥¬‡©æ“–Õ¬à“ß¬‘Ëß SA ·≈–

GA ∂Ÿ°π”¡“„™â¡“°„π√–¬–À≈—ß°—∫ªí≠À“°“√«“ßº—ß

‚√ßß“π∑’Ë¡’§«“¡À≈“°À≈“¬∑—Èß∑’Ë¡’«—µ∂ÿª√– ß§å‡¥’¬«

(Single-Objective) ·≈–¡’À≈“¬«—µ∂ÿª√– ß§å (Multi-

Objective) ‚¥¬ Balakrishnan et al.(2003) ‰¥âπ”‡ πÕ

çFACOPTé ´÷Ëß‡ªìπ«‘∏’°“√Œ‘«√‘ µ‘°∑’Ë„™â∑—Èß SA ·≈–

GA ·°âªí≠À“°“√«“ßº—ß‚√ßß“π  πÕ°®“°π’È®“°ß“π

«‘®—¬‡™‘ß ”√«® ¢Õß Mavridou et al. (1997) æ∫«à“ SA

·≈– GA ¡’ª√– ‘∑∏‘¿“æ Ÿß„π°“√·°âªí≠À“°“√«“ßº—ß

‚√ßß“π

Islier (1998) ‰¥âπ” GA ‰ª„™â„π°“√ÕÕ°·∫∫

º—ß‚√ßß“π∑’Ë·ºπ°¡’¢π“¥·µ°µà“ß°—π ‚¥¬¡’À≈—°°“√

‡¥’¬«°—∫ Micro Craft ´÷Ëß‰¥â∑”°“√·°âªí≠À“º—ß

‚√ßß“π·∫∫«—µ∂ÿª√– ß§å‡¥’¬« «‘∏’°“√¥—ß°≈à“« “¡“√∂

ª√–¬ÿ°µå„™â°—∫ªí≠À“º—ß‚√ßß“π¢π“¥„À≠à‰¥â¥’

Kochhar  ·≈–§≥– (1998)  ‰¥âπ” GA

¡“·°âªí≠À“°“√«“ßº—ß‚√ßß“π™—Èπ‡¥’¬« ´÷Ëßæ‘®“√≥“

∑—Èß·ºπ°∑’Ë¡’¢π“¥‡∑à“°—π (QAP Problem) ·≈–·ºπ°

∑’Ë¡’¢π“¥‰¡à‡∑à“°—π (Non-QAP Problem) ‚¥¬®–·∑π

æ◊Èπ∑’Ë‚√ßß“π¥â«¬ Grid   ’Ë‡À≈’Ë¬¡®—µÿ√— ¢π“¥ 1  Àπà«¬

‡∑à“°—∫¢π“¥æ◊Èπ∑’Ë®√‘ß °“√ √â“ß µ√‘ß§”µÕ∫¡’ 2 Õ¬à“ß

§◊Õ · ¥ßÕ—π¥—∫¢Õß ’Ë ‡À≈’Ë¬¡ ·≈–· ¥ßÕ—π¥—∫

¢Õß·ºπ° ‡π◊ËÕß®“°ªí≠À“¢Õßß“π«‘®—¬¡’ 2 ≈—°…≥–

®÷ß∑”„Àâ«‘∏’ GA ¡’«‘∏’∑’Ë·µ°µà“ß°—π „π à«π¢Õß°“√

 √â“ß§”µÕ∫®–¡’«‘∏’ INIT_RANDOM ·≈– INIT_SFC

‚¥¬„™â Elitist strategy  à«π¢Õß°“√ Crossover ®–¡’

«‘∏’ BREED_RANDOM ·≈– BREED_SFC  à«π«‘∏’

Mutation ®–„™â Adaptive mutation rate m ·≈–

∑”°“√§”π«≥§à“ Fitness (HOPE) function ·∑π

°“√§‘¥§à“ Cost function ®“°º≈°“√∑¥≈Õß

‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°—∫«‘∏’°“√Õ◊Ëπ «‘∏’ HOPE ®–„Àâ

§”µÕ∫∑’Ë¥’°—∫∫“ßªí≠À“‡∑à“π—Èπ
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Imam ·≈– Mir (1998) π”‡ πÕ‡∑§π‘§

°“√«‘‡§√“–Àå°“√À“µ”·Àπàß∑’Ë ‡À¡“– ¡∑’Ë ÿ¥¢Õß

°“√«“ßº—ß‚√ßß“π∑’Ë·µà≈–Àπà«¬ß“π¡’√Ÿª√à“ß·≈–æ◊Èπ∑’Ë

‰¡à‡∑à“°—π „πæ◊Èπ∑’Ë‰¡à®”°—¥ ÷́Ëß‡∑§π‘§∑’Ë‰¥âπ”‡ πÕπ’È

‡ªìπ«‘∏’°“√·°âªí≠À“·∫∫‰Œ∫√‘¥Œ‘«√‘ µ‘°∑’Ë√«¡

¢—ÈπµÕπ°“√ √â“ß·≈–°“√ª√—∫ª√ÿßº—ß‚¥¬À“µ”·Àπàß

∑’Ë∑”„Àâ ‡°‘¥§à“„™â®à“¬°“√¢π∂à“¬µË”∑’Ë ÿ¥´÷Ëß·µà≈–

Àπà«¬ß“π∑’Ë®–«“ß≈ß‰ª®–µâÕß«“ß≈ß„πæ◊Èπ∑’Ë∑’Ë¡’

¢Õ∫‡¢µµ‘¥°—∫Àπà«¬ß“π∑’Ë«“ß°àÕπÀπâ“ ‚¥¬‰¥â∑¥≈Õß

¥â«¬‚ª√·°√¡§Õ¡æ‘«‡µÕ√å ·≈–∑”°“√‡ª√’¬∫‡∑’¬∫°—∫

GA ·≈– SA æ∫«à“«‘∏’°“√∑’Ëπ”‡ πÕ¡’ª√– ‘∑∏‘¿“æ Ÿß

°—∫ªí≠À“∑’Ë¡’¢π“¥„À≠à

„π à«π¢Õßªí≠À“°“√«“ßº—ß‚√ßß“π∑’Ë¡’

À≈“¬«—µ∂ÿª√– ß§å (Multi-Objective) ‡™àπ

™π– (2541) ‰¥âπ”‡®‡πµ‘° åÕ—≈°Õ√‘∑÷¡¡“

ª√–¬ÿ°µå„™â„πªí≠À“°“√«“ßº—ß‚√ßß“π‚¥¬®—¥ √√·ºπ°

µà“ßÊ ®”π«π n ∫≈ÁÕ°≈ß„πæ◊Èπ∑’Ë m ∫≈ÁÕ° (n ≤ m)

‚¥¬·ºπ°µà“ßÊ¡’¢π“¥‡∑à“°—π§◊Õ 1 Àπà«¬ ÷́Ëß

ª√–°Õ∫¥â«¬°“√À“√Ÿª·∫∫º—ß∑’Ë¡’§à“„™â®à“¬µË”∑’Ë ÿ¥

·≈–¡’§«“¡ —¡æ—π∏å√–À«à“ßÀπà«¬ß“πµà“ßÊ Ÿß∑’Ë ÿ¥

πÕ°®“°π’È‰¥â‡ πÕ«‘∏’°“√ª√—∫ª√ÿßª√– ‘∑∏‘¿“æ¢Õß

GA ‡æ◊ËÕ≈¥‡«≈“„π°“√À“§”µÕ∫ ‚¥¬°“√π”§”µÕ∫

®“°«‘∏’Œ‘«√‘ µ‘°¡“‡ªìπ§”µÕ∫‡√‘Ë¡µâπ ”À√—∫ GA

√«¡∑—Èß»÷°…“ªí®®—¬∑’Ë¡’º≈µàÕ§”µÕ∫ æ∫«à“ª√– ‘∑∏‘¿“æ

„π°“√À“§”µÕ∫¢Õß GA ®–‡æ‘Ë¡¢÷Èπ‡¡◊ËÕ„™â§”µÕ∫

‡√‘Ë¡µâπ®“°«‘∏’Œ‘«√‘ µ‘° πÕ°®“°π’È°“√∑¥≈Õß¬—ß· ¥ß

„Àâ‡ÀÁπ«à“ªí®®—¬∑’Ë¡’º≈µàÕ§”µÕ∫Õ¬à“ß¡’π—¬ ”§—≠

§◊Õ ®”π«πª√–™“°√·≈–§«“¡πà“®–‡ªìπ„π°“√¡‘«‡µ™—Ëπ

≥æß»å (2543)‰¥âª√–¬ÿ°µå„™â°“√π”‡Õ“

‡®‡πµ‘° åÕ—≈°Õ√‘∑÷¡„π°“√§âπÀ“§”µÕ∫¢Õßªí≠À“

°“√ÕÕ°·∫∫º—ß‚√ßß“π∑—Èß·∫∫«—µ∂ÿª√– ß§å‡¥’¬«

·≈–·∫∫À≈“¬«—µ∂ÿª√– ß§å‚¥¬ªí≠À“π—Èπ·µà≈–

·ºπ°¡’¢âÕ®”°—¥¥â“π¢π“¥·≈–√Ÿª√à“ß∑’Ë·µ°µà“ß°—π

æ∫«à“ GA  “¡“√∂™à«¬·°âªí≠À“‰¥âÕ¬à“ß¡’ª√– ‘∑∏‘¿“æ

„π‡«≈“∑’Ë°”Àπ¥·≈–¡’§«“¡ —¡æ—π∏å°—∫æ“√“¡‘‡µÕ√å

‡ªìπÕ¬à“ß¡“° ®÷ß®”‡ªìπµâÕß°”Àπ¥§à“æ“√“¡‘‡µÕ√å

„Àâ‡À¡“– ¡°—∫ªí≠À“ ·µà‰¡à “¡“√∂ √ÿª‰¥â«à“

º—ß‚√ßß“π∑’Ë‰¥â®“° GA ‡ªìπ§”µÕ∫∑’Ë¥’∑’Ë ÿ¥‡ ¡Õ

«√“¿√≥å (2544) ‰¥âπ”‡ πÕ«‘∏’°“√ª√–¬ÿ°µå„™â

GA „π°“√À“§”µÕ∫¢Õß°“√«“ßº—ß‚√ßß“π∑’Ë·µà≈–

Àπà«¬ß“π¡’¢π“¥·≈–æ◊Èπ∑’Ë‰¡à‡∑à“°—π ·≈– “¡“√∂°”Àπ¥

¢π“¥æ◊Èπ∑’Ë·≈–√Ÿª√à“ß¢ÕßÀπà«¬ß“π‰¥âÀπ÷ËßÀπà«¬ß“π

‚¥¬æ‘®“√≥“∑—Èß¢âÕ¡Ÿ≈‡™‘ßª√‘¡“≥·≈–‡™‘ß§ÿ≥¿“æ

´÷Ëß‡ªìπ°“√·°âªí≠À“·∫∫À≈“¬«—µ∂ÿª√– ß§å ‚¥¬°“√

√«¡øíß°å™—Ëπ‡¡◊ËÕ„ÀâπÈ”Àπ—°°—∫·µà≈–«—µ∂ÿª√– ß§å

æ∫«à“«‘∏’°“√∑’Ëπ”‡ πÕ “¡“√∂π”‰ªª√–¬ÿ°µå„™â·°âªí≠À“

°“√«“ßº—ß‚√ßß“π∑’Ë¡’¢âÕ®”°—¥µà“ßÊ‰¥âÕ¬à“ß¡’ª√– ‘∑∏‘¿“æ

¿“¬„π√–¬–‡«≈“∑’Ë°”Àπ¥

Chen ·≈– Sha (1999) ‰¥âπ”‡ πÕ«‘∏’°“√

Œ‘«√‘ µ‘°„π°“√·°âªí≠À“º—ß‚√ßß“π·∫∫À≈“¬«—µ∂ÿª√– ß§å

‚¥¬°“√√«∫√«¡¢âÕ¡Ÿ≈‡™‘ß§ÿ≥¿“æ·≈–‡™‘ßª√‘¡“≥

´÷Ëß¡’Àπà«¬·µ°µà“ß°—π‡¢â“‡ªìπÀπà«¬‡¥’¬«°—π ́ ÷Ëß«‘∏’°“√π’È

‡À¡“– ”À√—∫ªí≠À“º—ß‚√ßß“π¢π“¥‡≈Á° πÕ°®“°π’È

¬—ß‰¥â¡’°“√æ—≤π“ Dominance Index ‡æ◊ËÕ¬◊π¬—π«à“§”µÕ∫

∑’Ë‰¥â‡ªìπ§”µÕ∫∑’Ë¥’‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°—∫§”µÕ∫Õ◊ËπÊ

Sha ·≈– Chen (2001) π”‡ πÕ«‘∏’°“√

·°âªí≠À“°“√«“ßº—ß‚√ßß“π·∫∫À≈“¬«—µ∂ÿª√– ß§å

(Multi Objective Facility Layout: MOFL) ∑’Ëæ‘®“√≥“

∑—Èß¢âÕ¡Ÿ≈‡™‘ßª√‘¡“≥·≈–‡™‘ß§ÿ≥¿“æ ‚¥¬°“√ √â“ß

‡§√◊ËÕß¡◊Õ«—¥§ÿ≥¿“æ¢Õßº—ß‡√’¬°«à“ §à“§«“¡πà“®–‡ªìπ

∑’Ë¥’°«à“ (Probability of Superiority: POS) ÷́Ëß

‡ªìπ°“√°”Àπ¥§à“§«“¡πà“®–‡ªìπ¢Õßº—ßÀπ÷ËßÊ ∑’Ë®–

¥’°«à“º—ßÕ◊ËπÊ «‘∏’°“√∑’Ëπ”‡ πÕπ’È®–‡ªìπª√–‚¬™πå

„Àâ ”À√—∫ºŸâ«“ßº—ß∑’Ë “¡“√∂‡≈◊Õ°º—ß‰¥âµ“¡§«“¡µâÕß°“√

À√◊Õµ“¡«—µ∂ÿª√– ß§å

Wang ·≈–§≥– (2005) ‰¥âπ” GA ‰ª

ª√–¬ÿ°µå„™â·°âªí≠À“º—ß‚√ßß“π·∫∫À≈“¬«—µ∂ÿª√– ß§å

‚¥¬Àπà«¬ß“π¡’¢π“¥·≈–æ◊Èπ∑’Ëµà“ß°—π „π√Ÿª·∫∫

º—ß‚√ßß“π·∫∫‰¡àµàÕ‡π◊ËÕß (Discrete Layout)

¡’«—µ∂ÿª√– ß§å‡æ◊ËÕ„Àâ§à“„™â®à“¬º—ß‚√ßß“π¡’§à“µË”∑’Ë ÿ¥

´÷Ëßª√–°Õ∫¥â«¬ §à“„™â®à“¬ª√‘¡“≥°“√¢π∂à“¬ (Material

Flow Factor Cost: MFFC) ª√– ‘∑∏‘¿“ææ◊Èπ∑’Ë

º—ß‚√ßß“π (Area Utilization Factor: AUF) ·≈–

Õ—µ√“ à«π√Ÿª√à“ß¢ÕßÀπà«¬ß“π (Shape Ratio Factor:

SRF) ·≈â«π”À≈—°°“√¢Õß√–∫∫ºŸâ‡™’Ë¬«™“≠ (Expert

System) ¡“ √â“ß Space-Filling Curve (SFC) „π°“√
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‡™◊ËÕ¡µàÕµ”·Àπàß¢ÕßÀπà«¬ß“π∑’Ë®–«“ß≈ß„πº—ß¢Õß

·µà≈–‡ âπ·∫àß (Partition) ß“π«‘®—¬π’È “¡“√∂π”‰ª

ª√–¬ÿ°µå„™â°—∫ªí≠À“º—ß‚√ßß“π∑’Ë¡’§«“¡ Õ¥§≈âÕß°—∫

 ¿“æªí≠À“®√‘ß‰¥â

ªí®®ÿ∫—π°“√‡ª≈’Ë¬π·ª≈ß∑’Ë√«¥‡√Á«®“°§«“¡

µâÕß°“√¢ÕßºŸâ∫√‘‚¿§∑’Ë¡’§«“¡À≈“°À≈“¬·≈–

‡ª≈’Ë¬π·ª≈ß‡√Á« ∑”„Àâ«ß®√™’«‘µ¢Õßº≈‘µ¿—≥±å (Product

Life Cycle)  —Èπ≈ß ª√–°Õ∫°—∫‡∑§‚π‚≈¬’¡’°“√

æ—≤π“Õ¬à“ß¡“°·≈–√«¥‡√Á« ‡§√◊ËÕß®—°√∂Ÿ°æ—≤π“„Àâ¡’

§«“¡ “¡“√∂∑”ß“π‰¥âÀ≈“°À≈“¬ (Multifunctional

Machine) ¡“°¢÷Èπ∑”„Àâ√–∫∫°“√º≈‘µµâÕß¡’°“√ª√—∫µ—«

‚¥¬¡’§«“¡¬◊¥À¬ÿàπ¡“°¢÷Èπ‡™àπ„π√–∫∫°“√º≈‘µ·∫∫

¬◊¥À¬ÿàπ ∑”„Àâ ‘π§â“™π‘¥‡¥’¬«°—π‰¡à®”‡ªìπµâÕß¡’‡ âπ∑“ß

°“√º≈‘µ‡¥’¬«°—π¢÷ÈπÕ¬Ÿà°—∫«à“‡§√◊ËÕß®—°√ “¡“√∂√Õß√—∫

°“√∑”ß“π™π‘¥π—Èπ‰¥â  ¥—ßπ—Èπ‡æ◊ËÕ√Õß√—∫°“√‡ª≈’Ë¬π·ª≈ß

¥—ß°≈à“«√Ÿª·∫∫ªí≠À“°“√«“ßº—ß‚√ßß“π∑’Ë‡À¡“– ¡

‡æ◊ËÕµÕ∫ πÕß§«“¡µâÕß°“√º≈‘µ¿—≥±å∑’Ë¡’§«“¡À≈“°

À≈“¬·≈–‡ª≈’Ë¬π·ª≈ß‡√Á«À√◊Õ„π√–∫∫°“√º≈‘µ·∫∫

¬◊¥À¬ÿàπ °ÁµâÕßæ‘®“√≥“„π√Ÿª·∫∫°“√«“ßº—ß‚√ßß“π

·∫∫æ≈«—µ

Peerapattana (2004) π”‡ πÕ°“√«“ßº—ß

‚√ßß“π„π√Ÿª·∫∫æ≈«—µ„π√–∫∫°“√º≈‘µ·∫∫¬◊¥À¬ÿàπ

®ÿ¥ª√– ß§å‡æ◊ËÕ∑”„Àâ‡°‘¥§à“„™â®à“¬√«¡´÷Ëßª√–°Õ∫¥â«¬

§à“„™â®à“¬°“√¢π∂à“¬°—∫°“√®—¥«“ßº—ß„À¡àµË”∑’Ë ÿ¥ ¥â«¬°“√

æ‘®“√≥“·∫∫À—°≈â“ß (Tradeoff) √–À«à“ß§à“„™â®à“¬

∑—Èß Õß ‚¥¬°“√·¬°ÕÕ°‡ªìπªí≠À“°“√‡≈◊Õ°µ”·Àπàß

°“√®—¥«“ß (Layout position decision problem) À√◊Õ

ªí≠À“À≈—° (Master Problem) ·≈–ªí≠À“°“√µ—¥ ‘π

„®ª√‘¡“≥°“√¢π∂à“¬ (Workflow decision problem)

À√◊Õªí≠À“¬àÕ¬ (Subproblems) ·≈–π” GA ·≈– SA

¡“™à«¬„π°“√À“µ”·Àπàßº—ß∑’Ë¥’∑’Ë ÿ¥„πªí≠À“À≈—°

 à«π„πªí≠À“¬àÕ¬ ”À√—∫À“‡ âπ∑“ß°“√º≈‘µ∑’Ë¥’∑’Ë ÿ¥

¥â«¬§à“„™â®à“¬°“√¢π∂à“¬µË” ÿ¥ ”À√—∫ß“π∑’Ë„Àâ§à“

°“√„™âª√–‚¬™πå‡§√◊ËÕß®—°√ Ÿß ÿ¥ (Maximun Machine

Utilization) ¿“¬„µâº—ß∑’Ë‰¥â®“°ªí≠À“À≈—° º≈°“√

∑¥≈Õß∑“ßµ—«‡≈¢· ¥ß„Àâ‡ÀÁπ«à“«‘∏’°“√∑’Ëπ”‡ πÕ

‡ªìπ«‘∏’∑’Ë¡’ª√– ‘∑∏‘¿“æ Ÿß™à«¬„Àâ “¡“√∂‡¢â“∂÷ß§”µÕ∫

∑’Ë„°≈â‡§’¬ß°—∫§”µÕ∫∑’Ë¥’∑’Ë ÿ¥ ‰¥â„π‡«≈“∑’Ë‡À¡“– ¡

ª≥‘∏“π (2549) π”‡ πÕ°“√ª√–¬ÿ°µå„™â GA

°—∫ªí≠À“°“√«“ßº—ß‚√ßß“π ‚¥¬¡’®ÿ¥ª√– ß§å‡æ◊ËÕÀ“

µ”·Àπàß∑’Ë°àÕ„Àâ‡°‘¥§à“„™â®à“¬°“√¢π∂à“¬µË”∑’Ë ÿ¥ GA

‡ªìπ·π«§‘¥ ¡—¬„À¡à¡’À≈—°°“√æ◊Èπ∞“π¡“®“°°“√

‡ª≈’Ë¬π·ª≈ß∑“ßæ—π∏ÿ°√√¡∑“ß∏√√¡™“µ‘ ‚¥¬Õ“»—¬

°√–∫«π°“√æ◊Èπ∞“π‡™àπ °“√‡¢â“√À—  (Encoding),

°“√ª√–‡¡‘π§à“ (Evaluation), °“√§—¥‡≈◊Õ° (Selection

or Reproduction), °“√¢â“¡ “¬æ—π∏ÿå (Crossover) ·≈–

°“√ºà“‡À≈à“ (Mutation)  “¡“√∂π”‰ªª√–¬ÿ°µå„™â‰¥â

Õ¬à“ß¡’ª√– ‘∑∏‘¿“æ°—∫À≈“°À≈“¬ ¿“æªí≠À“

°“√«“ßº—ß‚√ßß“π∑—Èß·∫∫ ∂‘µ·≈–·∫∫æ≈«—µ

Balakrishnan ·≈– Cheng (1998) ‰¥âæ—≤π“

GA ‡æ◊ËÕ„™â·°âªí≠À“°“√«“ßº—ß‚√ßß“π·∫∫æ≈«—µ

´÷Ëß GA ∑’Ë∂Ÿ°æ—≤π“¢÷Èππ’È¡’§«“¡·µ°µà“ß®“°‡®‡πµ‘° å

∑—Ë«Ê‰ª 3 ·π«∑“ß §◊Õ 1. „™â°“√§√Õ ‚Õ‡«Õ√å∑’Ë·µ°

µà“ß 2. „™â°“√¡‘«‡µ™—Ëπ ·≈– 3. „™â°≈¬ÿ∑∏å°“√

∑¥·∑π„π‡®π‡πÕ‡√™—Ëπ„À¡à º≈°“√»÷°…“æ∫«à“

«‘∏’°“√∑’Ëπ”‡ πÕ¡’ª√– ‘∑∏‘¿“æ„π°“√À“§”µÕ∫

Balakrishnan ·≈–§≥– (2002) ‰¥âπ”‡ πÕ

«‘∏’°“√·°âªí≠À“°“√«“ßº—ß‚√ßß“π·∫∫æ≈«—µ „πªí≠À“

·∫∫ (Quadratic Assignment Problem; QAP)

∑’Ë·µà≈–Àπà«¬ß“π¡’¢π“¥·≈–æ◊Èπ∑’Ë‡∑à“°—π ‚¥¬„™â«‘∏’

‰Œ∫√‘¥‡®‡πµ‘° åÕ—≈°Õ√‘∑÷¡´÷Ëß„™â°“√§√Õ ‚Õ‡«Õ√å

¥â«¬«‘∏’°”Àπ¥°“√‡™‘ßæ≈«—µ (Dynamic Programming),

„™â«‘∏’°“√¡‘«‡µ™—Ëπ¥â«¬«‘∏’ CRAFT ·≈–„™â«‘∏’°“√ √â“ß

ª√–™“°√¥â«¬«‘∏’¢Õß Urban (1993) ·≈â«π”º≈®“°

°“√∑¥≈Õß‡ª√’¬∫‡∑’¬∫°—∫«‘∏’ GA ·≈–«‘∏’ SA æ∫«à“

«‘∏’°“√∑’Ëπ”‡ πÕ¡’ª√– ‘∑∏‘¿“æ¥’°«à“‡¡◊ËÕπ”‰ª„™â°—∫

ªí≠À“∑’Ë¡’¢π“¥„À≠à

Krishnan ·≈–§≥– (2006) ‰¥âπ”‡ πÕ

°“√·°âªí≠À“°“√«“ßº—ß‚√ßß“π·∫∫æ≈«—µ‚¥¬ª√–¬ÿ°µå

„™âÀ≈—°°“√¢Õß Dynamic From-Between Chart (DFBC)

´÷Ëß‡ªìπ°“√ √â“ßøíß°å™—Ëπ§«“¡ —¡æ—π∏å¢Õß¢âÕ¡Ÿ≈ª√‘¡“≥

°“√¢π∂à“¬„π·µà≈–™à«ß‡«≈“ æ∫«à“«‘∏’°“√π’È “¡“√∂

≈¥§à“„™â®à“¬„π°“√«“ßº—ß·≈–¡’ª√– ‘∑∏‘¿“æ „π°“√

«‘‡§√“–Àåº—ß„π·µà≈–™à«ß‡«≈“·∫∫µàÕ‡π◊ËÕß ¡“°°«à“

°“√«‘ ‡§√“–Àåº—ß·µà≈–™à«ß‡«≈“·∫∫·¬°°—π‚¥¬

 “¡“√∂≈¥§à“„™â®à“¬ª√‘¡“≥°“√¢π∂à“¬‰¥â¡“°°«à“ 25%
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®“°ß“π«‘®—¬∑’Ë°≈à“«¡“¢â“ßµâπ®–‡ÀÁπ«à“ªí≠À“

º—ß‚√ßß“π‡ªìπªí≠À“∑’Ë¡’ ‡´µ§”µÕ∫®”π«π¡“°

‚¥¬‡©æ“–Õ¬à“ß¬‘Ë ß„π√Ÿª·∫∫ªí≠À“·∫∫æ≈«—µ

´÷Ëß°“√∑’Ë®–§à“§”µÕ∫∑’Ë¥’∑’Ë ÿ¥ (Optimum solution)

π—Èπ‡ªìπ‡√◊ËÕß¬“° ®÷ß¡’°“√æ—≤π“«‘∏’°“√·∫∫Œ‘«√‘ µ‘° å

µà“ßÊ ‚¥¬‡©æ“–Õ¬à“ß¬‘Ëß SA ·≈– GA ∂Ÿ°π”¡“„™â

Õ¬à“ß¡’ª√– ‘∑∏‘¿“æ¡“°„π√–¬–À≈—ß°—∫ªí≠À“

°“√«“ßº—ß‚√ßß“π ∑—Èßπ’Èß“π«‘®—¬ à«π„À≠à‰¥âπ”‡ πÕ

ªí≠À“ „π°√≥’∑’ËÀπà«¬ß“π¡’¢π“¥·≈–æ◊Èπ∑’Ë‡∑à“°—π

À√◊Õ‰¡à°Á¡’¢π“¥·≈–æ◊Èπ∑’Ëµà“ß°—π ‚¥¬¢π“¥¡’∑—Èß∑’Ë

‡ª≈’Ë¬π·ª≈ß‰¥â·≈–‰¡à “¡“√∂‡ª≈’Ë¬π·ª≈ß‰¥â¿“¬„π

æ◊Èπ∑’Ë·ºπº—ß∑’Ë°”Àπ¥‰«â·πàπÕπÀ√◊Õ‡ª≈’Ë¬π·ª≈ß

‰¡à‰¥ấ ÷Ëß‡´µ§”µÕ∫‰¥â∂Ÿ°®”°—¥‰«â„πæ◊Èπ∑’Ë∑’Ë∂Ÿ°°”Àπ¥

·µà∂â“„π°√≥’æ◊Èπ∑’Ëº—ß‚√ßß“π·∫∫‰¡à®”°—¥À√◊Õæ◊Èπ∑’Ë

·ºπº—ß·∫∫‡ªî¥ (Open space layout area) ®–∑”„Àâ

‡´µ§”µÕ∫¡’¢π“¥„À≠à¡“°°«à“∑”„Àâªí≠À“¡’§«“¡

´—∫´âÕπ·≈–∑â“∑“¬¡“°¢÷Èπ

ß“π«‘®—¬π’È®÷ß‰¥âπ”‡ πÕ°“√«‘∏’°“√·°âªí≠À“

°“√«“ßº—ß‚√ßß“π·∫∫æ≈«—µ ‚¥¬„™â GA „π°√≥’

∑’ËÀπà«¬ß“π¡’¢π“¥·≈–æ◊Èπ∑’Ëµà“ß°—π·≈–‰¡à “¡“√∂

‡ª≈’Ë¬π·ª≈ß‰¥â ¿“¬„πæ◊Èπ∑’Ëº—ß‚√ßß“π·∫∫‰¡à®”°—¥

À√◊Õæ◊Èπ∑’Ë·ºπº—ß·∫∫‡ªî¥ ´÷Ëß∑”„Àâ‡´µ§”µÕ∫

¡’¢π“¥„À≠à¡“°°«à“≈—°…≥–ªí≠À“∑’Ë°≈à“«¢â“ßµâπ

√Ÿª·∫∫·ºπº—ß (Layout Model)

‡π◊ËÕß®“°√Ÿª·∫∫·ºπº—ß¢Õßªí≠À“°“√«“ß

º—ß‚√ßß“π¡’§«“¡À≈“°À≈“¬¡“° ∑”„Àâ¡’§«“¡®”‡ªìπ

µâÕß°”Àπ¥√Ÿª·∫∫·ºπº—ß¢Õßªí≠À“„Àâ™—¥‡®π

‡æ◊ËÕ„Àâ°“√·°âªí≠À“¡’§«“¡‡À¡“– ¡°—∫≈—°…≥–

¢Õßªí≠À“ ¥—ßπ—Èπß“π«‘®—¬π’È®÷ßµâÕß°”Àπ¥√Ÿª·∫∫

¢Õß·ºπº—ßÀ√◊Õªí≠À“¿“¬„µâ ¡¡µ‘∞“π¥—ßπ’È

(1) √–∫∫°“√º≈‘µª√–°Õ∫¥â«¬ ∂“π’ß“π

(Workstation) ®ÿ¥¢÷Èπ-≈ß¢Õß (Load/Unload station)

·≈–√–∫∫°“√¢π∂à“¬

(2) ¡’‡ âπ∑“ß°“√º≈‘µÀ≈“¬‡ âπ∑“ß ”À√—∫

 ‘π§â“™π‘¥‡¥’¬«°—π

(3) √Ÿª√à“ß¢ÕßÀπà«¬ß“π (Facilities) ·≈–

æ◊Èπ∑’Ë·ºπº—ß (Layout area) ‡ªìπ ’Ë‡À≈’Ë¬¡¡ÿ¡©“°

ª√–°Õ∫¢÷Èπ¥â«¬∫≈ÁÕ° ’Ë‡À≈’Ë¬¡®—µÿ√— ¢π“¥Àπ÷ËßÀπà«¬

(Unit square block) ®”π«π‡∑à“°—∫æ◊Èπ∑’Ë¢ÕßÀπà«¬ß“π

(4) √–¬–∑“ß√–À«à“ßÀπà«¬ß“π«—¥‡ªìπ

·∫∫¡ÿ¡©“° (Rectilinear) √–À«à“ß®ÿ¥»Ÿπ¬å°≈“ß

¢ÕßÀπà«¬ß“π

(5) ∂â“æ‘°—¥¢ÕßÀπà«¬ß“π¡’°“√‡ª≈’Ë¬π·ª≈ß

„π™à«ß‡«≈“∑’Ëµ‘¥°—π®–‡°‘¥§à“„™â®à“¬¢÷ÈπµàÕÀπà«¬ß“π

‚¥¬¡’«—µ∂ÿª√– ß§å‡æ◊ËÕ„Àâ∑”„Àâ‡°‘¥§à“„™â®à“¬

√«¡ ÷́Ëßª√–°Õ∫¥â«¬§à“„™â®à“¬„π°“√¢π∂à“¬°—∫§à“„™â®à“¬

„π°“√‡ª≈’Ë¬π·ª≈ßº—ß„À¡à¡’§à“µË”∑’Ë ÿ¥ ‚¥¬°“√æ‘®“√≥“

·∫∫À—°≈â“ß√–À«à“ß§à“„™â®à“¬∑—Èß Õß ¥—ßπ’È

(1)

‡¡◊ËÕ M = ®”π«π¢ÕßÀπà«¬ß“π

Z = §à“„™â®à“¬√«¡∑—ÈßÀ¡¥∑ÿ°™à«ß‡«≈“

∑’Ë«“ß·ºπ

T = ™à«ß‡«≈“∑’Ë«“ß·ºπ ; t = 1,2,3,...,T

F
ijt

= º≈√«¡¢Õß¢âÕ¡Ÿ≈‡™‘ß§ÿ≥¿“æ·≈–

‡™‘ßª√‘¡“≥√–À«à“ßÀπà«¬ß“π i ·≈– j „π™à«ß‡«≈“ t

D
ijt

= √–¬–∑“ß·∫∫¡ÿ¡©“°√–À«à“ßÀπà«¬ß“π

i ·≈– j „π™à«ß‡«≈“ t

C = §à“„™â®à“¬∑’Ë ‡°‘¥¢÷ÈπµàÕÀπà«¬ß“π

∂â“æ‘°—¥¢ÕßÀπà«¬ß“π¡’°“√‡ª≈’Ë¬π·ª≈ß

α
t(t+1)

= 1  ∂â“æ‘°—¥¢ÕßÀπà«¬ß“π i

¡’°“√‡ª≈’Ë¬π·ª≈ß„π√–À«à“ß

™à«ß‡«≈“∑’Ë t ∂÷ß t+1

0 ‡ªìπÕ¬à“ßÕ◊Ëπ

«‘∏’°“√·°âªí≠À“ (Solution Method)

‡π◊ËÕß®“°°“√·°âªí≠À“°“√«“ßº—ß‚√ßß“π

·∫∫æ≈«—µ ¿“¬„πæ◊Èπ∑’Ëº—ß‚√ßß“π·∫∫‰¡à®”°—¥π—Èπ

‡ªìπªí≠À“∑’Ë¡’‡´µ§”µÕ∫¢π“¥„À≠à‰¡à “¡“√∂∑’Ë®–

À“§”µÕ∫∑’Ë¥’∑’Ë ÿ¥À√◊Õ„°≈â‡§’¬ß¥â«¬«‘∏’°“√·∫∫∑—Ë«‰ª

¥—ß∑’Ë°≈à“«¢â“ßµâπ ¥—ßπ—Èπß“π«‘®—¬π’È®÷ß‰¥â‡ πÕ«‘∏’°“√

}
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Œ‘«√‘ µ‘°„π°“√À“§”µÕ∫∑’Ë„°≈â‡§’¬ß§à“∑’Ë¥’∑’Ë ÿ¥‚¥¬„™â

«‘∏’°“√ √â“ßº—ß·∫∫‡µ‘∫‚µ (Growth Method) √à«¡°—∫

°“√§ßµ”·Àπàß¢ÕßÀπà«¬ß“π‡¥’¬«°—π„π Õß™à«ß‡«≈“

µ‘¥°—π t ·≈– (t+1) ‚¥¬ª√–¬ÿ°µå„™â GA ¡“™à«¬

„π°“√À“§”µÕ∫ ß“π«‘®—¬π’Èæ‘®“√≥“∑—Èß¢âÕ¡Ÿ≈‡™‘ß

ª√‘¡“≥·≈–‡™‘ß§ÿ≥¿“æ ®÷ß„™â«‘∏’°“√ √â“ßª√‘¡“≥

§«“¡ —¡æ—π∏å√«¡‚¥¬°“√√«¡§«“¡ —¡æ—π∏å∑—Èß Õß

¥â«¬«‘∏’°“√√«¡‡¡µ√‘°´å (Combined Matrix)

‡æ◊ËÕπ”‰ª„™â‡ªìπ¢âÕ¡Ÿ≈π”‡¢â“„π°“√«“ßº—ß‚√ßß“π

‚¥¬¡’¢—ÈπµÕπ°“√·°âªí≠À“¥—ßπ’È

<¢—ÈπµÕπ1> °”Àπ¥ Gen_Index=1,  √â“ß

ª√–™“°√‡√‘Ë¡µâπÀ√◊Õ‡¢â“√À— „π√Ÿª·∫∫™ÿ¥‚§√‚¡‚´¡

®”π«π‡∑à“°—∫ Pop_Repro  ”À√—∫ªí≠À“‚¥¬°“√

°”Àπ¥≈”¥—∫Àπà«¬ß“π∑’Ë®–«“ß≈ß„πº—ß‚√ßß“π

„π·µà≈–™à«ß‡«≈“Õ¬à“ß ÿà¡ (‚¥¬„Àâ‡§√◊ËÕßÀ¡“¬ / ·∑π

™à«ß‡«≈“) ‡™àπ 3 5 2 4 1 / 2 3 4 1 5 / 5 4 3 2 1

À¡“¬§«“¡«à“ „π™à«ß‡«≈“∑’Ë 1 Àπà«¬ß“π 3 ®–∂Ÿ°

«“ß≈ß„πº—ß‚√ßß“π‡ªìπ≈”¥—∫∑’ËÀπ÷Ëß Àπà«¬ß“π 5

®–∂Ÿ°«“ß„πº—ß‚√ßß“π‡ªìπ≈”¥—∫∑’Ë Õß ·≈–Àπà«¬ß“π

∑’Ë‡À≈◊Õ®–∂Ÿ°«“ßµ“¡≈”¥—∫®π°√–∑—Ëß∂÷ßÀπà«¬ß“π

≈”¥—∫ ÿ¥∑â“¬§◊ÕÀπà«¬ß“π 1  „π™à«ß‡«≈“∑’Ë 2

°Áæ‘®“√≥“‡™àπ‡¥’¬«°—π ®π°√–∑—Ëß§√∫∑ÿ°™à«ß‡«≈“ (T)

<¢—ÈπµÕπ2> °“√∂Õ¥√À—  „™â«‘∏’°“√ √â“ß

º—ß·∫∫‡µ‘∫‚µ  ”À√—∫™à«ß‡«≈“∑’Ë 1 (t)

<¢—ÈπµÕπ3>  ”À√—∫™à«ß‡«≈“∂—¥‰ª (t+1)

Àπà«¬ß“π≈”¥—∫∑’Ë 1 ®–∂Ÿ°«“ß„πµ”·Àπàß‡¥‘¡´÷Ëß

À¡“¬∂÷ßµ”·Àπàß∑’ËÀπà«¬ß“ππ—Èπ∂Ÿ°«“ß„π™à«ß‡«≈“

°àÕπÀπâ“ (t)  à«πÀπà«¬ß“π≈”¥—∫∂—¥‰ª®–∂Ÿ°®—¥«“ß

‚¥¬„™â«‘∏’°“√ √â “ßº—ß·∫∫‡µ‘∫‚µ‡∑’¬∫°—∫°“√

§ßµ”·Àπàß¢ÕßÀπà«¬ß“π„π™à«ß‡«≈“°àÕπÀπâ“

‚¥¬°“√æ‘®“√≥“·∫∫À—°≈â“ß√–À«à“ß§à“„™â®à“¬∑—Èß Õß

®“°øíß°å™—Ëπ«—µ∂ÿª√– ß§å∑’Ë (1)

<¢—ÈπµÕπ4>  ”À√—∫™à«ß‡«≈“∂—¥‰ª (t+1)

∑”°“√ª√—∫ª√ÿß‚¥¬°“√À¡ÿπº—ß∑’Ë‰¥â∑’≈– 90, 180, 270

Õß»“‚¥¬·µà ≈–∑‘ »∑“ß∑’Ë À¡ÿπ„Àâ∑”°“√ ‡∑’ ¬∫

®ÿ¥»Ÿπ¬å°≈“ß¢ÕßÀπà«¬ß“π·µà≈–Àπà«¬ß“π°—∫™à«ß

‡«≈“°àÕπÀπâ“ (t) ·≈â«‡≈◊Õ°º—ß∑’Ë¡’®ÿ¥»Ÿπ¬å°≈“ß È́”°—π

¡“°∑’Ë ÿ¥ ‡æ◊ËÕ≈¥§à“„™â®à“¬∑’Ë‡°‘¥®“°°“√®—¥«“ßº—ß„À¡à

‚¥¬∑’Ë·ºπº—ß¬—ß§ß√Ÿª‡¥‘¡ ®“°π—Èπ‡¢â“ Ÿà°√–∫«π°“√¢Õß

GA ‡¡◊ËÕ Pop_Repro_Index= Pop_Repro

<¢—ÈπµÕπ5> °“√§—¥‡≈◊Õ° „™â«‘∏’«ß≈âÕ√Ÿ‡≈µµå

(Roulette Wheel) ´÷Ëß‡ªìπ«‘∏’°“√§—¥‡≈◊Õ°‚§√‚¡‚´¡

‡æ◊ËÕπ”‰ª‡ªìπ‚§√‚¡‚´¡æàÕ-·¡àæ—π∏ÿå ”À√—∫°√–∫«π°“√

¢â“¡ “¬æ—π∏ÿå ¥—ß√“¬≈–‡Õ’¬¥„π Goldberg et al. (1989)

·≈– Murata (1997) ‚¥¬¢π“¥™àÕß«ß≈âÕ√Ÿ‡≈µµå

‡ªìπ —¥ à«π°—∫§à“øíß°å™—Ëπ§«“¡‡À¡“– ¡∑’ËÀ“®“° ¡°“√

(2) µàÕ‰ªπ’È

(2)

‡¡◊ËÕ P
s
(x

i
) = §à“§«“¡πà“®–‡ªìπ„π°“√‡≈◊Õ°

 f(x
i
) = §à“øíß°å™—Ëπ§«“¡‡À¡“– ¡

(Fitness Value)

N
pop

= ®”π«πª√–™“°√

À“§à“§«“¡πà“®–‡ªìπ„π°“√∂Ÿ°‡≈◊Õ° – ¡

(Cumulative Probability of Selection) ¢Õß

‚§√‚¡‚´¡·µà≈–µ—« ¥—ß ¡°“√∑’Ë (3) µàÕ‰ªπ’È

(3)

‡¢â“ Ÿà°√–∫«π°“√§—¥‡≈◊Õ°‚¥¬À¡ÿπ«ß≈âÕ√Ÿ‡≈µµå

‡∑à “°—∫®”π«πª√–™“°√„π·µà≈–§√—È ß®–‰¥â™ÿ¥

‚§√‚¡‚´¡§”µÕ∫  ”À√—∫°√–∫«π°“√µàÕ‰ª ÷́Ëß¡’

¢—ÈπµÕπ¥—ßµàÕ‰ªπ’È

1.  √â“ß‡≈¢ ÿà¡∑’Ë¡’§à“Õ¬Ÿà„π™à«ß [0...1]

„Àâ°—∫‚§√‚¡‚´¡§”µÕ∫·µà≈–µ—«

2. ∂â“ r < q
i
 „Àâ‡≈◊Õ°™ÿ¥‚§√‚¡‚´¡

§”µÕ∫™ÿ¥·√° ·µà∂â“ q
i-l

 ≤ r ≤ q
i
  (‡¡◊ËÕ 2

≤ i ≤ popsize )  „Àâ ‡≈◊ Õ°™ÿ¥‚§√‚¡‚´¡

§”µÕ∫µ—«∑’Ë  ∑—Èßπ’È™ÿ¥‚§√‚¡‚´¡§”µÕ∫®–∂Ÿ°‡≈◊Õ°

‰¥â¡“°°«à“ 1 §√—ÈßÀ√◊Õ‰¡à∂Ÿ°‡≈◊Õ°‡≈¬

3. ∑”µ“¡¢—ÈπµÕπ∑’Ë 1-2 ®π°«à“®–‰¥â™ÿ¥

‚§√‚¡‚´¡§”µÕ∫‡∑à“°—∫®”π«πª√–™“°√

®–‡ÀÁπ‰¥â«à“‚§√‚¡‚´¡§”µÕ∫∑’Ë¡’§à“øíß°å™—Ëπ

§«“¡‡À¡“– ¡¡“°°«à“°Á®–¡’‚Õ°“ ∂Ÿ°‡≈◊Õ°¡“°°«à“
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<¢—ÈπµÕπ6> °“√¢â“¡ “¬æ—π∏ÿå ‡ªìπ°“√ √â“ß

‚§√‚¡‚´¡§”µÕ∫„À¡à®“°°“√·≈°‡ª≈’Ë¬π à«πª√–°Õ∫

√–À«à“ß‚§√‚¡‚´¡æàÕ·¡àæ—π∏ÿå 2 µ—« ¡’¢—ÈπµÕπ¥—ßπ’È

1. °“√®—∫§Ÿà ‚§√‚¡‚´¡§”µÕ∫ ®“°

°√–∫«π°“√§—¥‡≈◊Õ°®–¡’‚§√‚¡‚´¡§”µÕ∫‡æ’¬ß∫“ß

 à«π‡∑à“π—Èπ∑’Ë®–∂Ÿ°π”¡“®—∫§Ÿà ‡æ◊ËÕ ‡µ√’¬¡ ”À√—∫

°√–∫«π°“√¢â“¡ “¬æ—π∏ÿå  à«π‚§√‚¡‚´¡∑’Ë‰¡à‰¥â∂Ÿ°

π”‰ª®—∫§Ÿà°Á®–¬—ß§ß ¿“æ‡¥‘¡ ®”π«π‚§√‚¡‚´¡

§”µÕ∫∑’Ë®–∂Ÿ°π”¡“®—∫§Ÿà (Number of Crossover: Nc)

¢÷È πÕ¬Ÿà °—∫§«“¡πà “®– ‡ªìπ„π°“√¢â “¡ “¬æ—π∏ÿå

(Probability of  Crossover : Pc) ¡’¢—ÈπµÕπ¥—ßµàÕ‰ªπ’È

1.1  √â“ß‡≈¢ ÿà¡ (Random Number: r)

∑’Ë¡’§à“Õ¬Ÿà„π™à«ß [0...1] „Àâ°—∫‚§√‚¡‚´¡§”µÕ∫

·µà≈–µ—«

1.2 ‚§√‚¡‚´¡§”µÕ∫µ—«„¥∑’Ë¡’§à“‡≈¢ ÿà¡

πâÕ¬°«à“ Pc ®–∂Ÿ°π”¡“®—∫§Ÿà·≈–∑”°“√¢â“¡ “¬æ—π∏ÿå

1.3 ∂â“‰¡à¡’‚§√‚¡‚´¡§”µÕ∫µ—«„¥

∑’Ë¡’§à“‡≈¢ ÿà¡πâÕ¬°«à“ Pc „Àâ°≈—∫‰ª∑” 1 ·≈– 2

Õ’°§√—Èß

1.4 ∂â“¡’‚§√‚¡‚´¡§”µÕ∫∑’Ë¡’§à“ r

πâÕ¬°«à“ Pc ∑—ÈßÀ¡¥®”π«π Nc µ—«·≈–‡ªìπ®”π«π§’Ë

µâÕß∑”°“√ª√—∫„Àâ‡ªìπ®”π«π§Ÿà ‚¥¬¡’‡ß◊ËÕπ‰¢„π°“√

ª√—∫¥—ßπ’È

- ∂â“ Nc ‡ªìπ®”π«π§’Ë∑’Ë¡’§à“√–À«à“ß

1 ∂÷ß ª√–™“°√ „Àâ∑”°“√ ÿà¡‡≈¢ 0 À√◊Õ 1 ¢÷Èπ¡“ 1

§à“ ∂â“‰¥â‡≈¢ 0 „Àâµ—¥‚§√‚¡‚´¡§”µÕ∫∑‘Èß 1 µ—«

‚¥¬ ÿà¡®“°µ—«∑’Ë‰¥â‡≈◊Õ°‰«â ·µà∂â“ ÿà¡‰¥â‡≈¢ 1 „Àâ‡æ‘Ë¡

‚§√‚¡‚´¡§”µÕ∫‡¢â“‰ª 1 µ—«‚¥¬ ÿà¡®“°µ—«∑’Ë‡À≈◊Õ

„π°≈ÿà¡‚§√‚¡‚´¡§”µÕ∫

- ∂â“ Nc ¡’§à“‡∑à“°—∫ 1 „Àâ‡æ‘Ë¡

‚§√‚¡‚´¡‡¢â“‰ªÕ’° 1 µ—«

- ∂â“ Nc ¡’®”π«π‡∑à“°—∫ª√–™“°√

·≈–‡ªìπ®”π«π§’Ë „Àâµ—¥‚§√‚¡‚´¡§”µÕ∫ÕÕ° 1 µ—«

1.5 ‡¡◊ËÕ‰¥â‚§√‚¡‚´¡§”µÕ∫∑—ÈßÀ¡¥

·≈â«π”¡“®—∫§Ÿà°—πµ“¡≈”¥—∫∑’≈–§Ÿà®π∂÷ß§Ÿà ÿ¥∑â“¬

2. °“√¢â“¡ “¬æ—π∏ÿå „™â«‘∏’°“√·∫∫°“√®—∫

°—π∫“ß à«π (Partially Match Crossover,PMX) ·≈–

·∫∫«π√Õ∫ (Cyclic Crossover) ‚¥¬∑”°“√ ÿà¡™à«ß‡«≈“

‡æ◊ËÕ∑”°“√¢â“¡ “¬æ—π∏ÿå ‚¥¬„™â«‘∏’°“√ ÿà¡™à«ß‡«≈“ 2 «‘∏’§◊Õ

2.1 ™à«ß‡«≈“‡À¡◊Õπ°—π ‚¥¬∑’Ë™à«ß‡«≈“

∑’Ë ÿà¡‰¥â‡ªìπ™à«ß‡«≈“‡¥’¬«°—π

2.2 ™à«ß‡«≈“·∫∫ ÿà¡ ‚¥¬∑’Ë™à«ß‡«≈“

∑’Ë ÿà¡‰¥â‡ªìπ™à«ß‡«≈“‡¥’¬«°—πÀ√◊Õµà“ß°—π°Á‰¥â

<¢—ÈπµÕπ7> °“√ºà“‡À≈à“ ‡ªìπ°“√ √â“ß

‚§√‚¡‚´¡§”µÕ∫„À¡à®“°°“√ ≈—∫µ”·Àπàß à«πª√–°Õ∫

∫“ßµ”·Àπàß„π‚§√‚¡‚´¡æàÕ-·¡àæ—π∏ÿå

1. °“√‡≈◊Õ°‚§√‚¡‚´¡®“°°√–∫«π°“√

¢â“¡ “¬æ—π∏ÿå®–¡’‚§√‚¡‚´¡§”µÕ∫‡æ’¬ß∫“ß à«π

‡∑à“π—Èπ∑’Ë®–∂Ÿ°π”¡“∑”°“√ºà“‡À≈à“  à«π‚§√‚¡‚´¡

∑’Ë‰¡à‰¥â∂Ÿ°π”¡“∑”°“√ºà“‡À≈à“°Á®–¬—ß§ß ¿“æ‡¥‘¡

·≈–‚§√‚¡‚´¡§”µÕ∫∑’Ë®–∂Ÿ°π”¡“∑”°“√ºà“‡À≈à“¢÷Èπ

Õ¬Ÿà°—∫§«“¡πà“®–‡ªìπ„π°“√ºà“‡À≈à“ (Pm) ¥—ßµàÕ‰ªπ’È
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√Ÿª∑’Ë1. · ¥ß«‘∏’°“√∑’Ëπ”‡ πÕ

- °”Àπ¥≈”¥—∫Àπà«¬ß“π∑’Ë®–«“ß≈ß„πº—ß‚√ßß“π„π·µà≈–™à«ß‡«≈“Õ¬à“ß ¡‡æ◊ËÕ‡ªìπ§”µÕ∫

- Period Index = Period Index+l
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            1.1  √â“ß‡≈¢ ÿà¡ (Random Number: r)

∑’Ë¡’§à“Õ¬Ÿà„π™à«ß [0...1] „Àâ°—∫‚§√‚¡‚´¡§”µÕ∫

·µà≈–µ—«

   1.2 ‚§√‚¡‚´¡§”µÕ∫µ—«„¥∑’Ë¡’§à“‡≈¢

 ÿà¡πâÕ¬°«à“ Pm ®–∂Ÿ°π”¡“∑”°“√ºà“‡À≈à“

       2. °“√ºà“‡À≈à“ „πß“π«‘®—¬π’È‡≈◊Õ°°“√ºà“‡À≈à“

‚¥¬«‘∏’°“√ ≈—∫µ”·Àπàß (Reciprocal Exchange) ‡æ√“–

‡ªìπ«‘∏’°“√∑’Ëßà“¬‰¡à´—∫´âÕπ‡π◊ËÕß®“° à«πª√–°Õ∫

‡ªìπ≈”¥—∫‡≈¢®”π«π‡µÁ¡ (Permutation) ·≈–‡ªìπ«‘∏’∑’Ë

„Àâº≈∑’Ë ¥’‚¥¬∑”°“√ ÿà¡™à«ß‡«≈“¢Õß‚§√‚¡‚´¡

‡æ◊ËÕ∑”°“√ºà“‡À≈à“ ·≈â«‡≈◊Õ° ÿà¡µ”·Àπàß à«πª√–°Õ∫

2 µ”·Àπàß„π™à«ß‡«≈“∑’Ë ÿà¡‰¥â ‡æ◊ËÕ∑”°“√ ≈—∫∑’Ë°—π

¥—ßµàÕ‰ªπ’È

1 3 7 9 4 5 2 6 8  ➜  1 3 2 9 4 5 7 6 8

<¢—ÈπµÕπ8> °“√§—¥‡≈◊Õ°‚§√‚¡‚´¡∑’Ë‚¥¥

‡¥àπ‡æ◊ËÕ√—°…“‰«â„π√ÿàπ∂—¥‰ª (Elitist Strategy) ‡ªìπ

°√–∫«π°“√∑’Ë√—°…“‚§√‚¡‚´¡∑’Ë¥’∑’Ë ÿ¥„πª√–™“°√

√ÿàπÀπ÷ËßÊ ‡æ◊ËÕ¥”√ß‰«â ”À√—∫√ÿàπµàÕ‰ª‚¥¬‰¡à¡’º≈°√–∑∫

®“°°“√¢â“¡ “¬æ—π∏ÿå·≈–°“√ºà“‡À≈à“ ‚§√‚¡‚´¡∑’Ë¥’

∑’Ë ÿ¥‡À≈à“π’È¡’‚Õ°“  Ÿß„π°“√∂Ÿ°‡≈◊Õ°‡ªìπæàÕ-·¡à

æ—π∏ÿå„π√ÿàπµàÕ‰ª ‡ªìπ«‘∏’°“√‡ √‘¡∑’Ë “¡“√∂™à«¬„Àâ

‡¢â“∂÷ß§”µÕ∫‰¥â‡√Á«¢÷Èπ

<¢—ÈπµÕπ9> ∑¥ Õ∫‡°≥±å„π°“√À¬ÿ¥

‚¥¬°“√æ‘®“√≥“§à“ Gen ‚¥¬∂â“ Gen_Index  = Gen

„ÀâÀ¬ÿ¥  ∂â“‰¡à„™à„Àâ∑”´È” <¢—ÈπµÕπ2>

«‘‡§√“–Àåº≈°“√∑¥≈Õß

‡æ◊ËÕ‡ªìπ°“√∑¥ Õ∫ ¡¡ÿµ‘∞“π¢Õß°“√·°â

ªí≠À“ ß“π«‘®—¬π’È®÷ß‰¥âπ”‡ πÕ°“√∑¥≈Õß∑“ßµ—«‡≈¢

‡æ◊ËÕ∑’Ë®–À“æ“√“¡‘‡µÕ√å∑’Ë‡À¡“– ¡‡æ◊ËÕ· ¥ß„Àâ‡ÀÁπ

∂÷ßª√– ‘∑∏‘¿“æ¢Õß«‘∏’°“√∑’Ëπ”‡ πÕ‚¥¬„™â¢âÕ¡Ÿ≈

π”‡¢â“¥—ßπ’È

(1) ®”π«πÀπà«¬ß“π : M=6, 9

(2) ®”π«π™à«ß‡«≈“∑’Ë„™â : T=3

(3) §à“πÈ”Àπ—°§«“¡ ”§—≠¢Õß¢âÕ¡Ÿ≈°“√

‰À≈‡™‘ßª√‘¡“≥·≈–§ÿ≥¿“æ: W1, W2 = 0.5

§à“æ“√“¡‘‡µÕ√å¢Õß GA ∑’Ë‡À¡“– ¡ ”À√—∫ªí≠À“π’È

(4) ®”π«π√ÿàπ (Generation Number:

Gen_Index) : 1000

(5) ®”π«πª√–™“°√ (Population Size:

Pop_Repro_Index) : 20

(6) §«“¡πà“®–‡ªìπ¢Õß°“√¢â“¡ “¬æ—π∏ÿå

(Probability of Crossover: Pc): 0.5

(7) §«“¡πà“®–‡ªìπ¢Õß°“√ºà“‡À≈à“ (Pm): 0.1

 ”À√—∫ M=6 ·≈– 0.3  ”À√—∫ M=9

(8) √âÕ¬≈–¢Õß°“√‡≈◊Õ°‚§√‚¡‚´¡∑’Ë‚¥¥‡¥àπ

‡æ◊ËÕ√—°…“‰«â„π√ÿàπ∂—¥‰ª (Elitist Percentage):

10% ”À√—∫ M=6 ·≈– 5%  ”À√—∫ M=9

(9) „™â Visual C++ „π°“√‡¢’¬π‚ª√·°√¡

·≈–ª√–¡«≈º≈¥â«¬ AMD SempronTM 2400+(1.67

GHz)

‡π◊ËÕß®“°ªí≠À“π’È‡ªìπªí≠À“·∫∫ NP-Hard

‡´µ§”µÕ∫¡’¢π“¥„À≠à °“√À“§”µÕ∫∑’Ë¥’∑’Ë ÿ¥∑”‰¥â¬“°

®÷ßπ”‡ πÕ°“√ª√–‡¡‘πª√– ‘∑∏‘¿“æ«‘∏’°“√∑’Ëπ”‡ πÕ

®“°§à“Õ—µ√“ à«π°“√‡∫’Ë¬ß‡∫π (Deviation Rate: P (%))

‡∑’¬∫°—∫§à“§”µÕ∫„πÕÿ¥¡§µ‘ (Ideal cost) ´÷Ëß„π∑’Ëπ’È

®–‡√’¬°‡ªìπ§à“¢’¥®”°—¥≈à“ß (Lower Bound; LB)

´÷ËßÀ“‰¥â®“°º—ß∑’Ë¥’∑’Ë ÿ¥¢Õß·µà≈–™à«ß‡«≈“ (Best Layout

of Each Period) ‚¥¬„Àâ§à“„™â®à“¬„π°“√‡ª≈’Ë¬π·ª≈ß

º—ß„À¡àµàÕÀπ÷ËßÀπà«¬ß“π¡’§à“‡∑à“°—∫ 0 ¥—ßπ’È P(%)

= 100(TC-LB)/LB  ‚¥¬∑’Ë TC ‡ªìπ§à“„™â®à“¬√«¡∑’Ë¥’

∑’Ë ÿ¥‰¥â®“°«‘∏’°“√∑’Ëπ”‡ πÕ·≈–∑”°“√‡ª√’¬∫‡∑’¬∫

§à“∑’Ë‰¥â°—∫§”µÕ∫®“°«‘∏’°“√«“ßº—ß·∫∫§ß∑’Ë (Fixed

Layout Method) ´÷ËßÀ“‰¥â®“°°“√π”‡Õ“¢âÕ¡Ÿ≈

∑ÿ°™à«ß‡«≈“¡“√«¡°—π·≈â«À“√¥â«¬®”π«π™à«ß‡«≈“

 ‡æ◊ËÕπ”‰ª  √â“ßº—ß ”À√—∫

∑ÿ°™à«ß‡«≈“¥—ßµ“√“ß∑’Ë1

„π°√≥’¢Õßªí≠À“¢π“¥‡≈Á° M = 6,

®–‡ÀÁπ‰¥â«à“«‘∏’°“√∑’Ëπ”‡ πÕ®–„Àâ§”µÕ∫∑’Ë¥’°«à“«‘∏’

°“√«“ßº—ß·∫∫§ß∑’Ë‡¡◊ËÕ§à“„™â®à“¬„π°“√‡ª≈’Ë¬π·ª≈ß

º—ß„À¡àµàÕÀπ÷ËßÀπà«¬ß“π¡’§à“πâÕ¬ (1FC, 3FC) ‚¥¬∑’Ë

FC §◊Õ §à“‡©≈’Ë¬¢Õß
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µ“√“ß∑’Ë 1. §à“Õ—µ√“ à«π°“√‡∫’Ë¬ß‡∫π (Deviation Rate : P(%))

ª√‘¡“≥°“√¢π∂à“¬ À“‰¥â®“°

„π¢≥–∑’Ëªí≠À“¢π“¥°≈“ß (M = 9) «‘∏’°“√

∑’Ëπ”‡ πÕ®–„Àâ§”µÕ∫∑’Ë¥’°«à“«‘∏’°“√«“ßº—ß·∫∫§ß∑’Ë

‡¡◊ËÕ§à“„™â®à“¬„π°“√‡ª≈’Ë¬π·ª≈ßº—ß„À¡àµàÕÀπ÷ËßÀπà«¬ß“π

¡’§à“πâÕ¬ (1FC) ·µà∂â“§à“„™â®à“¬„π°“√‡ª≈’Ë¬π·ª≈ßº—ß

„À¡àµàÕÀπ÷ËßÀπà«¬ß“π¡’§à“¡“° (5FC) «‘∏’°“√«“ßº—ß

·∫∫§ß∑’Ë®–„Àâ§”µÕ∫∑’Ë¥’°«à“«‘∏’°“√∑’Ëπ”‡ πÕ · ¥ß

„Àâ‡ÀÁπ«à“‡¡◊ËÕ§à“„™â®à“¬„π°“√‡ª≈’Ë¬π·ª≈ßº—ß„À¡àµàÕ

Àπ÷ËßÀπà«¬ß“π¡’§à“‡æ‘Ë¡¢÷ÈπÀπà«¬ß“π®–¡’·π«‚πâ¡

‰¡à‡ª≈’Ë¬πµ”·Àπàß (·ºπº—ß‡¥’¬«°—π) ∑ÿ°™à«ß‡«≈“

´÷Ëß®–∑”„Àâ«‘∏’°“√«“ßº—ß·∫∫§ß∑’Ë„Àâ§”µÕ∫∑’Ë¥’°«à“

«‘∏’°“√∑’Ëπ”‡ πÕ ·≈–‡¡◊ËÕ§à“„™â®à“¬„π°“√‡ª≈’Ë¬π·ª≈ß

º—ß„À¡àµàÕÀπ÷ËßÀπà«¬ß“π¡’§à“πâÕ¬≈ß Àπà«¬ß“π®–¡’

·π«‚πâ¡∂Ÿ°‡ª≈’Ë¬πµ”·Àπàßµ“¡ª√‘¡“≥§«“¡ —¡æ—π∏å

√«¡„π·µà≈–™à«ß‡«≈“ ·≈–¬‘Ëß§à“„™â®à“¬„π°“√‡ª≈’Ë¬π·ª≈ß

º—ß„À¡àµàÕÀπ÷ËßÀπà«¬ß“π‡¢â“„°≈â»Ÿπ¬å‡∑à“„¥ «‘∏’°“√

∑’Ëπ”‡ πÕ®–„Àâ§”µÕ∫‡¢â“„°≈â§”µÕ∫„πÕÿ¥¡§µ‘‡∑à“π—Èπ

· ¥ß„Àâ‡ÀÁπ«à“‡¡◊ËÕ§à“„™â®à“¬„π°“√‡ª≈’Ë¬π·ª≈ßº—ß„À¡à

µàÕÀπ÷ËßÀπà«¬ß“π¡’§à“µË”≈ß ·ºπº—ß∑’Ë‰¥â®–¡’·π«‚πâ¡

∑’Ë®–ª√—∫‡ª≈’Ë¬π‰ªµ“¡§à“ª√‘¡“≥°“√¢π∂à“¬¢Õß

·µà≈–™à«ß‡«≈“´÷Ëß®–∑”„Àâ§à“§”µÕ∫∑’Ë‰¥â‡¢â“„°≈â§à“

„πÕÿ¥¡§µ‘À√◊Õ§à“∑’Ë„°≈â‡§’¬ß§à“∑’Ë¥’∑’Ë ÿ¥

 √ÿªº≈°“√∑¥≈Õß

       ß“π«‘®—¬π’È‰¥âπ”‡ πÕ«‘∏’°“√·°âªí≠À“°“√«“ß

º—ß‚√ßß“π·∫∫æ≈«—µ„π√–∫∫°“√º≈‘µ·∫∫¬◊¥À¬ÿàπ

„π°√≥’∑’ËÀπà«¬ß“π¡’¢π“¥·≈–æ◊Èπ∑’Ëµà“ß°—π ‰¡à “¡“√∂

‡ª≈’Ë¬π·ª≈ß‰¥â ¿“¬„πæ◊Èπ∑’Ëº—ß‚√ßß“π·∫∫‰¡à®”°—¥

‚¥¬√–¬–∑“ß√–À«à“ßÀπà«¬ß“π«—¥‡ªìπ¡ÿ¡©“°√–À«à“ß

®ÿ¥¢÷Èπ-≈ß ´÷ËßÕ¬Ÿà∑’Ë®ÿ¥»Ÿπ¬å°≈“ß¢Õß·µà≈–Àπà«¬ß“π

√«¡∑—Èß„™â¢âÕ¡Ÿ≈‡™‘ßª√‘¡“≥·≈–¢âÕ¡Ÿ≈‡™‘ß§ÿ≥¿“æ

„π°“√«“ßº—ß ¡’«—µ∂ÿª√– ß§å‡æ◊ËÕ„Àâ‡°‘¥§à“„™â®à“¬√«¡

´÷Ëßª√–°Õ∫¥â«¬§à“„™â®à“¬„π°“√¢π∂à“¬°—∫§à“„™â®à“¬

„π°“√‡ª≈’Ë¬π·ª≈ßº—ß„À¡à¡’§à“µË”∑’Ë ÿ¥ ‚¥¬°“√æ‘®“√≥“

·∫∫À—°≈â“ß√–À«à“ß§à“„™â®à“¬∑—Èß Õß ÷́Ëß„πß“π«‘®—¬π’È

„™â«‘∏’°“√ √â“ßº—ß·∫∫‡µ‘∫‚µ√à«¡°—∫°“√§ßµ”·Àπàß

¢ÕßÀπà«¬ß“π‡¥’¬«°—π„π Õß™à«ß‡«≈“µ‘¥°—π t ·≈–

(t+1) ·≈–ª√–¬ÿ°µå„™â GA ¡“™à«¬„π°“√À“§”µÕ∫

®“°°“√∑¥≈Õß∑“ßµ—«‡≈¢æ∫«à“«‘∏’°“√

∑’Ëπ”‡ πÕ„Àâ§”µÕ∫∑’Ë„°≈â‡§’¬ß§à“„πÕÿ¥¡§µ‘ ·≈–

¥’°«à“«‘∏’°“√«“ßº—ß·∫∫§ß∑’Ë∑ÿ°°√≥’‡¡◊ËÕ§à“„™â®à“¬

„π°“√‡ª≈’Ë¬π·ª≈ßº—ß„À¡àµàÕÀπ÷ËßÀπà«¬ß“π¡’§à“πâÕ¬

‡¡◊ËÕ‡∑’¬∫°—∫§à“‡©≈’Ë¬ª√‘¡“≥°“√¢π∂à“¬ (1FC) · ¥ß

«à“‡¡◊ËÕ§à“„™â®à“¬„π°“√‡ª≈’Ë¬π·ª≈ßº—ß„À¡à¡’§à“πâÕ¬

§à“„™â®à“¬°“√¢π∂à“¬®–¡’º≈µàÕ°“√°”Àπ¥µ”·Àπàß

¢ÕßÀπà«¬ß“π„π·ºπº—ß¡“°°«à“∑”„Àâ·ºπº—ß∑’Ë‰¥â

®–¡’·π«‚πâ¡∑’Ëµ”·Àπàß¢ÕßÀπà«¬ß“π®–‡ª≈’Ë¬π·ª≈ß
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‰ªµ“¡™à«ß‡«≈“¢÷Èπ°—∫ª√‘¡“≥°“√¢π∂à“¬ ·µà‡¡◊ËÕ

§à“„™â®à“¬„π°“√‡ª≈’Ë¬π·ª≈ßº—ß„À¡àµàÕÀπ÷ËßÀπà«¬ß“π

¡’§à“ª“π°≈“ß (3FC) «‘∏’°“√∑’Ëπ”‡ πÕ®–„Àâ§”µÕ∫

∑’Ë¥’°«à“«‘∏’°“√«“ßº—ß·∫∫§ß∑’Ë ‡©æ“–ªí≠À“¢π“¥‡≈Á°

(6 Àπà«¬ß“π) „π¢≥–∑’Ëªí≠À“¢π“¥°≈“ß (9 Àπà«¬ß“π)

«‘∏’°“√«“ßº—ß·∫∫§ß∑’Ë®–„Àâ§”µÕ∫∑’Ë¥’°«à“«‘∏’°“√∑’Ëπ”

‡ πÕ ·≈–‡¡◊ËÕ§à“„™â®à“¬„π°“√‡ª≈’Ë¬π·ª≈ßº—ß„À¡àµàÕ

Àπ÷ËßÀπà«¬ß“π¡’§à“¡“° (5FC) «‘∏’°“√«“ßº—ß·∫∫§ß∑’Ë

®–„Àâ§”µÕ∫∑’Ë¥’°«à“«‘∏’°“√∑’Ëπ”‡ πÕ∑ÿ°°√≥’ · ¥ß

„Àâ‡ÀÁπ«à“‡¡◊ËÕ§à“„™â®à“¬„π°“√‡ª≈’Ë¬π·ª≈ßº—ß„À¡à

¡’§à“¡“°·ºπº—ß∑’Ë‰¥â®–¡’·π«‚πâ¡∑’Ëµ”·Àπàß¢Õß

Àπà«¬ß“π®–‰¡à‡ª≈’Ë¬π·ª≈ßÀ√◊Õ®–‰¥â·ºπº—ß‡¥’¬«°—π

ªí≠À“°“√«“ßº—ß‚√ßß“π·∫∫æ≈«—µ ‚¥¬∑’Ë

Àπà«¬ß“π¡’¢π“¥·≈–æ◊Èπ∑’Ëµà“ß°—π √«¡∑—Èß‰¡à “¡“√∂

‡ª≈’Ë¬π·ª≈ß‰¥â ¬—ß§ß¡’§«“¡∑â“∑“¬ ”À√—∫°“√»÷°…“

µàÕ‰ª‡æ√“–«à“‡ªìπªí≠À“∑’Ë “¡“√∂π”‰ªª√–¬ÿ°µå

„™â‰¥â°—∫√–∫∫°“√º≈‘µ®√‘ß ·µà«à“‡π◊ËÕß®“°«à“‡´µ

§”µÕ∫∑’Ë¡’¢π“¥„À≠à®–∑”Õ¬à“ß‰√∑’Ë®–À“«‘∏’°“√À“

§”µÕ∫∑’Ë¥’‰¥â„π√–¬–‡«≈“∑’Ë‡À¡“– ¡

‡Õ° “√Õâ“ßÕ‘ß

™π– ‡¬’Ë¬ß°¡≈ ‘ßÀå. 2541. °“√ª√–¬ÿ°µå„™â‡®π‡π

µ‘°Õ—≈°Õ√‘∑÷¡„π°“√ÕÕ°·∫∫º—ß‚√ßß“π.

«‘∑¬“π‘æπ∏åª√‘≠≠“¡À“∫—≥±‘µ ¿“§«‘™“

«‘»«°√√¡Õÿµ “À°“√ §≥–«‘»«°√√¡»“ µ√å

®ÿÃ“≈ß°√≥å¡À“«‘∑¬“≈—¬.

≥æß»å µ—πµπ“µ√–°Ÿ≈. 2543. °“√ª√–¬ÿ°µå„™â‡®π

‡πµ‘°Õ—≈°Õ√‘∑÷¡„π°“√ÕÕ°·∫∫º—ß‚√ßß“π∑’Ë
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