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¡’®”π«πº≈‘µ¿—≥±å∑—ÈßÀ¡¥¡“°∂÷ß 180 √“¬°“√ ‚¥¬®–∑”°“√ª√—∫ª√ÿß„π à«π¢Õß°“√®—¥µ“√“ß°“√º≈‘µ„Àâ¡’

ª√– ‘∑∏‘¿“æ¡“°¬‘Ëß¢÷Èπ     ‡π◊ËÕß®“°∑“ß‚√ßß“πª√– ∫ªí≠À“°“√ àß¡Õ∫ ‘π§â“≈à“™â“Õ¬Ÿà„π™à«ß√âÕ¬≈– 16.78 ∂÷ß

√âÕ¬≈– 32 ¡’ “‡ÀµÿÀ≈—°®“°¢—ÈπµÕπ°“√®—¥≈”¥—∫ß“π ‰¡à¡’°“√®—¥≈”¥—∫°àÕπÀ≈—ß¢Õßß“π∑’Ë‡À¡“– ¡ πÕ°®“°π’È°“√

®—¥µ“√“ß°“√º≈‘µ„Àâ°—∫®”π«πß“π‚¥¬‡©≈’Ë¬¡“°∂÷ß 70 √“¬°“√/ —ª¥“Àå¡’§«“¡¬ÿàß¬“°·≈–´—∫´âÕπ ºŸâ®—¥µ“√“ß°“√

º≈‘µ®–µâÕßæ‘®“√≥“ªí®®—¬µà“ßÊ ‡ªìπ®”π«π¡“° ∑”„Àâ‰¡à “¡“√∂æ‘®“√≥“¢âÕ®”°—¥∑ÿ°µ—«‰ªæ√âÕ¡Ê °—π‰¥âÕ¬à“ß

≈–‡Õ’¬¥ Õ’°∑—Èß¬—ßµâÕß„™â‡«≈“„π°“√®—¥¡“°Õ’°¥â«¬ ¥—ßπ—Èπ‡æ◊ËÕ¢¬“¬¢’¥§«“¡ “¡“√∂„π°“√®—¥µ“√“ß°“√º≈‘µ ‚¥¬

Õ“»—¬®ÿ¥‡¥àπ¢Õß°“√§”π«≥¥â«¬§Õ¡æ‘«‡µÕ√å·≈–«‘∏’°“√§âπÀ“·∫∫µ“∫Ÿ „π°“√∑”«‘®—¬®–¡’°“√æ—≤π“‚ª√·°√¡

°“√®—¥µ“√“ß°“√º≈‘µ‡æ◊ËÕ™à«¬„π°“√®—¥µ“√“ß°“√º≈‘µ     ‚¥¬π”«‘∏’°“√§âπÀ“·∫∫µ“∫Ÿ¡“‡ªìπ°≈‰°„π°“√®—¥≈”¥—∫ß“π

„Àâ°—∫‡§√◊ËÕß®—°√„π à«π∑Õ ∑’Ë¡’≈—°…≥–‡ªìπ·∫∫®”≈Õß‡§√◊ËÕß®—°√¢π“π ‡æ◊ËÕ„Àâ°“√®—¥µ“√“ß°“√º≈‘µ “¡“√∂∑”‰¥â

Õ¬à“ß√«¥‡√Á«·≈–¡’ª√– ‘∑∏‘¿“æ ‚¥¬‡«≈“∑’Ë„™â„π°“√º≈‘µ‰¡àº—π·ª√¡“°π—° ·≈–„π™à«ß°“√«“ß·ºπ°“√º≈‘µÀπ÷ËßÊ

¡’‡«≈“∑’Ë‡ªìπ¿“√–‡§√◊ËÕß®—°√‰¡à¡“°°«à“‡«≈“¢Õß‡§√◊ËÕß®—°√∑’Ë¡’Õ¬Ÿà ®“°°“√∑¥≈Õß®—¥µ“√“ß°“√º≈‘µ æ∫«à“°“√®—¥

µ“√“ß°“√º≈‘µ¥â«¬‚ª√·°√¡ “¡“√∂≈¥®”π«πß“π≈à“™â“‰¥â√âÕ¬≈– 76.49 ≈¥‡«≈“≈à“™â“√«¡‰¥â√âÕ¬≈– 97.67 ·≈–

≈¥‡«≈“∑’Ë„™â„π°“√®—¥‰¥â√âÕ¬≈– 94.04 ‡¡◊ËÕ‡∑’¬∫°—∫«‘∏’°“√®—¥µ“√“ß°“√º≈‘µ·∫∫‡¥‘¡
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The purpose of this study is to improve the performance of production scheduling at an elastic

knitting factory, in which Make To Order strategy (MTO) is being applied. There are 180 different

product types being served to customers. The factory faced with late delivery high from 16.78 % to

32 % and the main reason was from ineffective of production scheduling. Moreover, the average

number of task per week is 70 tasks. The production scheduling is difficult as there are many factors

that a scheduler can not take them all into account. In order to improve the performance of produc-

tion scheduling at the factory, the Tabu Search technique was then applied. A computer programming

was developed with using the Tabu Search technique to establish production scheduling on the

parallel machine environment with concerning of setup time. In addition to these, production time is

almost stable and machine available time is more than machine loading time. It was found that the

program developed could reduce the tardy job number up to 76.49 %. Tardiness could be decreased

by 97.67 % and the time for establishing the production schedule could be reduced to 94.04 %

comparing the factoryûs typical production scheduling records.

Keywords : Scheduling / Tabu Search / Parallel Machine
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1.  ∫∑π”

°‘®°√√¡∑“ß¥â“π«“ß·ºπ°“√º≈‘µπ—Èπ∂◊Õ‰¥â«à“¡’§«“¡ ”§—≠Õ¬à“ß¡“° ‡æ√“–°“√«“ß·ºπ°“√º≈‘µ∑’Ë¥’·≈–¡’

ª√– ‘∑∏‘¿“æπ—Èπ  ¬àÕ¡ àßº≈µàÕª√– ‘∑∏‘¿“æ‚¥¬√«¡¢ÕßÕß§å°√  πÕ°®“°π’È¬—ß™à«¬„Àâµâπ∑ÿπ„π°“√¥”‡π‘π°“√≈¥≈ß

·≈– “¡“√∂µÕ∫ πÕß≈Ÿ°§â“‰¥â∑—πµ“¡‡«≈“∑’Ë≈Ÿ°§â“µâÕß°“√Õ’°¥â«¬

®“°°“√»÷°…“¢âÕ¡Ÿ≈¢Õß‚√ßß“πµ—«Õ¬à“ß∑’Ë‡ªìπ‚√ßß“πº≈‘µ·∂∫¬“ß ∑’Ë¡’°“√¥”‡π‘π°“√·∫∫º≈‘µµ“¡ —Ëß  ·≈–

¡’§«“¡À≈“°À≈“¬¢Õßº≈‘µ¿—≥±å¡“°∂÷ß 180 ™π‘¥ æ∫«à“∑“ß‚√ßß“πª√– ∫ªí≠À“„π à«π°“√ àß¡Õ∫ ‘π§â“≈à“™â“

Õ¬Ÿà„π™à«ß√âÕ¬≈– 16.78 ∂÷ß√âÕ¬≈– 32 ¡’ “‡ÀµÿÀ≈—°®“°¢—ÈπµÕπ°“√®—¥≈”¥—∫ß“π ‰¡à¡’°“√®—¥≈”¥—∫°àÕπÀ≈—ß¢Õß

ß“π∑’Ë‡À¡“– ¡  ‡π◊ËÕß®“°ºŸâ®—¥µ“√“ß°“√º≈‘µ®—¥µ“√“ß‚¥¬¡ÿàß‡πâπ‰ª∑’Ë°≈ÿà¡√“¬°“√ ‘π§â“∑’Ë‡À¡◊Õπ°—π ∂÷ß·¡â®–™à«¬

≈¥‡«≈“„π°“√µ—Èß‡§√◊ËÕß≈ß‰¥â ·µà®–°àÕ„Àâ‡°‘¥§«“¡≈à“™â“‡°‘¥¢÷Èπ ·≈–„π°“√®—¥µ“√“ß°“√º≈‘µ¬—ßµâÕßæ‘®“√≥“ªí®®—¬

µà“ßÊ Õ’°‡ªìπ®”π«π¡“° ́ ÷Ëßªí®®—¬∑’Ë®–µâÕßπ”¡“æ‘®“√≥“‰¥â·°à §«“¡ “¡“√∂„π°“√º≈‘µ¬“ß·µà≈–√“¬°“√ ®”π«π

ß“π∑’Ë®–µâÕß∑”°“√®—¥µ“√“ß°“√º≈‘µ ·≈–√“¬≈–‡Õ’¬¥¢Õß·µà≈–ß“π∑’Ë®–µâÕßπ”¡“æ‘®“√≥“ ´÷Ëßª√–°Õ∫‰ª¥â«¬

‡«≈“∑’Ëß“π‡¢â“¡“ (release date) ‡«≈“∑’Ë„™â„π°“√º≈‘µ (processing time) ‡«≈“°”Àπ¥ àß (due date) ‡«≈“∑’Ë„™â

„π°“√µ—Èß‡§√◊ËÕß (setup time) „π°√≥’∑’Ë¡’„∫ —Ëß´◊ÈÕ‡¢â“¡“®”π«π¡“° ªí®®—¬∑’Ë®–µâÕßπ”¡“æ‘®“√≥“®–·ª√º—πµ“¡

®”π«π„∫ —Ëß´◊ÈÕ ∑”„ÀâºŸâ®—¥µ“√“ß°“√º≈‘µ‰¡à “¡“√∂æ‘®“√≥“¢âÕ®”°—¥∑ÿ°µ—«‰ªæ√âÕ¡Ê °—π‰¥âÕ¬à“ß≈–‡Õ’¬¥ ®“°

 “‡Àµÿ¥—ß°≈à“«∑”„Àâµ“√“ß°“√º≈‘µ∑’Ë‰¥âÕ“®®–‡ªìπµ“√“ß°“√º≈‘µ∑’Ë„Àâº≈≈—æ∏å∑’Ë‰¡à§àÕ¬πà“æÕ„®π—° ´÷Ëß°àÕ„Àâ‡°‘¥

§«“¡≈à“™â“¢÷Èπ πÕ°®“°π’È°“√®—¥µ“√“ß°“√º≈‘µ„Àâ°—∫ß“π®”π«π¡“°¡’§«“¡¬ÿàß¬“°·≈– —́∫´âÕπ ·≈–ºŸâ®—¥µ“√“ß

°“√º≈‘µ¬—ßµâÕß„™â‡«≈“„π°“√®—¥¡“°Õ’°¥â«¬ ‡æ◊ËÕ„Àâµ“√“ß°“√º≈‘µ∑’Ë®—¥∑”¢÷Èπ„Àâº≈≈—æ∏å‡ªìπ∑’Ëπà“æ÷ßæÕ„® ¥—ßπ—Èπ„π

ß“π«‘®—¬π’È®÷ß¡’§«“¡®”‡ªìπ∑’Ë®–µâÕßæ—≤π“‚ª√·°√¡¢÷Èπ¡“ ‡æ◊ËÕ™à«¬≈¥‡«≈“„π°“√®—¥µ“√“ß°“√º≈‘µ ™à«¬„π°“√®—¥

≈”¥—∫ß“πÕ¬à“ß¡’ª√– ‘∑∏‘¿“æ ·≈–‡æ◊ËÕ·°âªí≠À“∑“ß¥â“π¢’¥®”°—¥§«“¡ “¡“√∂¢ÕßºŸâ®—¥µ“√“ß°“√º≈‘µ ´÷Ëß®–™à«¬

„ÀâºŸâ®—¥µ“√“ß°“√º≈‘µ “¡“√∂®—¥µ“√“ß°“√º≈‘µ‰¥âÕ¬à“ß√«¥‡√Á« ·≈–‰¥âµ“√“ß°“√º≈‘µ∑’Ë„Àâº≈≈—æ∏å∑’Ë¥’

2. ∑ƒ…Æ’·≈–ß“π«‘®—¬∑’Ë‡°’Ë¬«¢âÕß

2.1 «‘∏’°“√®—¥µ“√“ß°“√º≈‘µ

ªí≠À“∑“ß¥â“π°“√®—¥µ“√“ß°“√º≈‘µπ—Èπ “¡“√∂·°â‰¥âÀ≈“¬«‘∏’°“√¥â«¬°—π «‘∏’°“√∑’Ëπ”¡“„™âπ—Èπ®–¡’

§«“¡‡À¡“– ¡°—∫≈—°…≥–ªí≠À“∑’Ëµà“ß°—π «‘∏’°“√Àπ÷ËßÕ“®®–¡’§«“¡‡À¡“– ¡°—∫≈—°…≥–ªí≠À“Àπ÷Ëß ·µàπ”¡“„™â

°—∫Õ’°≈—°…≥–ªí≠À“Àπ÷Ëß‰¡à‰¥â Geyik ·≈– Cedimoglu [1] ‰¥â·∫àß«‘∏’°“√∑’Ë„™â„π°“√®—¥µ“√“ß°“√º≈‘µÕÕ°‡ªìπ 3

«‘∏’°“√„À≠àÊ ‰¥â·°à «‘∏’°“√‡™‘ß«‘‡§√“–Àå (Analytical Approaches) «‘∏’°“√‡™‘ßŒ‘«√‘ µ‘° (Heuristic Approaches)

·≈–«‘∏’°“√‡™‘ßªí≠≠“ª√–¥‘…∞å (Artificial Intelligence Approaches) √“¬≈–‡Õ’¬¥· ¥ß¥—ß√Ÿª∑’Ë 1
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2.2 «‘∏’°“√®—¥µ“√“ß°“√º≈‘µ·∫∫µ“∫Ÿ

°“√§âπÀ“·∫∫µ“∫Ÿ‡ªìπŒ‘«√‘ µ‘°«‘∏’Àπ÷Ëß  ‚¥¬ Fred Glover ‡ªìπºŸâ√‘‡√‘Ë¡‡ πÕ·π«§‘¥«‘∏’°“√§âπÀ“·∫∫

µ“∫Ÿ„πªï 1977 „πß“π«‘®—¬π’ÈºŸâ∑”«‘®—¬‰¥âπ”«‘∏’°“√§âπÀ“·∫∫µ“∫Ÿ ´÷Ëß‡ªìπ‡∑§π‘§„π°“√§âπÀ“§”µÕ∫∑’Ë¥’∑’Ë ÿ¥™—Èπ Ÿß

(advanced optimization technique) ¡“„™â„π à«π¢Õß°“√®—¥µ“√“ß°“√º≈‘µ ‡æ◊ËÕ„Àâ‰¥âµ“√“ß°“√º≈‘µ∑’Ë„Àâ

º≈≈—æ∏å∑’Ë¥’∑’Ë ÿ¥  à«π∑’Ë ”§—≠¢Õß«‘∏’°“√§âπÀ“·∫∫µ“∫Ÿ‰¥â·°à √“¬°“√µ“∫Ÿ ´÷Ëß‡ªìπ à«π∑’Ë§Õ¬‡°Á∫¢âÕ¡Ÿ≈¢Õß§”µÕ∫

„πÕ¥’µ¢Õß°√–∫«π°“√§âπÀ“π—ÈπÊ ‡æ◊ËÕ‡ªìπµ—«°”Àπ¥°“√§âπÀ“§”µÕ∫‰¡à„Àâ°≈—∫‰ª Ÿà§”µÕ∫∑’Ë¥’∑’Ë ÿ¥‡©æ“–∑’Ë´÷Ëß

‡§¬ºà“π¡“°àÕπÀπâ“π’È·≈â« «‘∏’°“√§âπÀ“·∫∫µ“∫Ÿ ‡ªìπ«‘∏’∑’Ë “¡“√∂π”¡“ª√–¬ÿ°µå„™â°—∫°“√·°âªí≠À“∑“ß¥â“π°“√

®—¥‡√’¬ß∑’ËµâÕß°“√§”µÕ∫∑’Ë¥’∑’Ë ÿ¥ (combinatorial optimization) ‰¥âÕ¬à“ß¡’ª√– ‘∑∏‘¿“æ ¢âÕ¥’¢Õß«‘∏’°“√§âπÀ“

·∫∫µ“∫Ÿ§◊Õ ¡’°“√ª√—∫ª√ÿß§”µÕ∫∑’Ë‰¥â„π·µà≈–√Õ∫°“√§âπÀ“ ‚¥¬ “¡“√∂¥”‡π‘π°“√§âπÀ“§”µÕ∫µàÕ‰ª‡√◊ËÕ¬Ê ®π

°√–∑—Ëß‰¥â§”µÕ∫∑’Ë„°≈â‡§’¬ß°—∫§”µÕ∫∑’Ë¥’∑’Ë ÿ¥ [2-4]

2.3 ß“π«‘®—¬∑’Ë‡°’Ë¬«¢âÕß

√–∫∫°“√º≈‘µ¢Õß°√≥’»÷°…“π’È‡ªìπ√–∫∫°“√º≈‘µ·∫∫‡§√◊ËÕß®—°√¢π“π (identical parallel machine)

∑’Ë¡’°“√æ‘®“√≥“‡«≈“∑’Ë„™â„π°“√µ—Èß‡§√◊ËÕß (setup time) ®“°°“√∑∫∑«πß“π«‘®—¬∑’Ë‡°’Ë¬«¢âÕß°—∫°“√®—¥µ“√“ß°“√

º≈‘µ ”À√—∫Àπà«¬º≈‘µ·∫∫¢π“ππ—Èπ¡’®”π«π¡“° ·µàß“π«‘®—¬∑’Ë¡’°“√æ‘®“√≥“‡«≈“„π°“√µ—Èß‡§√◊ËÕßπ—Èπ¬—ß¡’®”π«π

®”°—¥  ®“°°“√ ”√«® “¡“√∂·¬°µ“¡«‘∏’°“√®—¥µ“√“ß°“√º≈‘µ‰¥â¥—ßπ’È ß“π«‘®—¬∑’Ë„™â«‘∏’°“√‡™‘ß«‘‡§√“–Àå¡’‡æ’¬ßß“π

‡¥’¬«‡∑à“π—Èπ∑’Ëæ‘®“√≥“‡«≈“„π°“√µ—Èß‡§√◊ËÕß Schutten ·≈– Leussink [5] ‰¥â„™â«‘∏’°“√ branch and bound ‚¥¬

¡’«—µ∂ÿª√– ß§å‡æ◊ËÕ∑”„Àâ§«“¡‡∫’Ë¬ß‡∫π Ÿß ÿ¥ (maximum lateness) ¢Õßß“π„¥Ê ¡’§à“µË”∑’Ë ÿ¥ ß“π«‘®—¬∑’Ë„™â«‘∏’°“√

‡™‘ßŒ‘«√‘ µ‘°ª√–°Õ∫‰ª¥â«¬ Centeno ·≈– Armacost [6] „™â°Æ°“√®—¥≈”¥—∫·∫∫ LFJ (least flexible job first)

·≈– LFM (least flexible machine first) √à«¡°—π ‡æ◊ËÕ∑”„Àâ§«“¡‡∫’Ë¬ß‡∫π Ÿß ÿ¥¡’§à“µË”∑’Ë ÿ¥ Weng et. al. [7] „™â

Scheduling
Approaches

Analytical Approaches

- Queue theory
- Linear programming
- Dynamic programming
- Branch and bound algorithm

- Dispatching rules
- Priority rules
- Scheduling rules
- Neighborhood search
- Tabu search

- Expert Systems
- Artficial Neural Network
- Other Artificial Intelligence
 Tabu search
 Genetic Algorithm
 Simulated Annealing
 Machine Learning
 Fuzzy set Theory
- Hybrid Approaches

Heuristic Approaches Artificial Intelligence
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√Ÿª∑’Ë 1  «‘∏’°“√®—¥µ“√“ß°“√º≈‘µ [1]
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«‘∏’°“√Œ‘«√‘ µ‘°∑’Ëæ—≤π“¢÷Èπ 7 «‘∏’ ‡æ◊ËÕ∑”„Àâ‡«≈“‡ √Á® ‘Èπ‡©≈’Ë¬·∫∫∂à«ßπÈ”Àπ—°¢Õßß“π¡’§à“µË”∑’Ë ÿ¥ Franca et. al.

[2] ·≈– Bilge et. al. [8] „™â«‘∏’°“√§âπÀ“·∫∫µ“∫Ÿ (Tabu search) ‚¥¬ß“π«‘®—¬¢Õß Franca et. al. [2] ¡’

«—µ∂ÿª√– ß§å‡æ◊ËÕ∑”„Àâ makespan ¡’§à“µË”∑’Ë ÿ¥  à«πß“π«‘®—¬¢Õß Bilge et. al. [8] ¡’«—µ∂ÿª√– ß§å‡æ◊ËÕ„Àâ§«“¡

≈à“™â“√«¡¡’§à“µË”∑’Ë ÿ¥ ß“π«‘®—¬∑’Ë„™â«‘∏’°“√‡™‘ßªí≠≠“ª√–¥‘…∞åª√–°Õ∫‰ª¥â«¬ Serifoglu [9] „™â«‘∏’ genetic

algorithm «—µ∂ÿª√– ß§å¢Õßß“π«‘®—¬°Á‡æ◊ËÕ ∑”„Àâº≈√«¡§à“πÈ”Àπ—°°“√ àßß“π°àÕπ°”Àπ¥·≈–°“√ àßß“π‰¡à∑—π

°”Àπ¥¡’§à“µË”∑’Ë ÿ¥  Kim et. al. [10] „™â«‘∏’ simulated annealing ‚¥¬¡’‡ªÑ“À¡“¬‡æ◊ËÕ„Àâ§«“¡≈à“™â“√«¡¡’§à“µË”∑’Ë ÿ¥

Park et. al. [11] „™â‡§√◊Õ¢à“¬„¬ª√– “∑‡∑’¬¡ (neural network) √à«¡°—∫°ÆŒ‘«√‘ µ‘° ‡æ◊ËÕ∑”„Àâº≈√«¡¢Õß§«“¡

≈à“™â“·∫∫∂à«ßπÈ”Àπ—°¡’§à“µË”∑’Ë ÿ¥ ¥—ßπ—Èπß“π«‘®—¬π’È®÷ß‰¥â‡≈◊Õ°‡Õ“‡∑§π‘§°“√§âπÀ“·∫∫µ“∫Ÿ‡¢â“ª√–¬ÿ°µå„™â„π°“√

®—¥µ“√“ß°“√º≈‘µ ”À√—∫√–∫∫°“√º≈‘µ·∫∫‡§√◊ËÕß®—°√¢π“π ‚¥¬π”‡Õ“‡«≈“∑’Ë„™â„π°“√µ—Èß‡§√◊ËÕß‡¢â“‡ªìπ‡ß◊ËÕπ‰¢„π

°“√æ‘®“√≥“¥â«¬

3.  «‘∏’°“√¥”‡π‘πß“π«‘®—¬

3.1 »÷°…“·≈–√«∫√«¡¢âÕ¡Ÿ≈¢Õß∑“ß‚√ßß“π

‚√ßß“π¡’°“√¥”‡π‘π°“√·∫∫º≈‘µµ“¡ —Ëß (make to order)  “¡“√∂∑”°“√º≈‘µ¬“ß‚¥¬·∫àßµ“¡™π‘¥

¢Õßº≈‘µ¿—≥±å ”‡√Á®√Ÿª‰¥â‡ªìπ 4 ™π‘¥§◊Õ  “¬·¢π °”¡–À¬’Ë √‘∫∫‘Èπ ·≈– ‚§‡™√å  º≈‘µ¿—≥±å ”‡√Á®√Ÿª∑—Èß 4 ™π‘¥π’È

 “¡“√∂·¬°¬àÕ¬µ“¡™π‘¥¢Õß¬“ß ¢π“¥ ·≈–≈«¥≈“¬ÕÕ°‡ªìπ√“¬°“√ ‘π§â“‰¥â∂÷ß 180 √“¬°“√ ‚√ßß“π¡’

‡§√◊ËÕß®—°√∑’Ë„™â„π°“√º≈‘µ¬“ß∑—ÈßÀ¡¥ 28 ‡§√◊ËÕß ·∫àß‡ªìπ‡§√◊ËÕß®—°√∑’Ë„™â°—∫º≈‘µ¿—≥±åª√–‡¿∑ “¬·¢π °”¡–À¬’Ë

√‘∫∫‘Èπ®”π«π 20 ‡§√◊ËÕß ‡§√◊ËÕß®—°√∑’Ë„™â°—∫º≈‘µ¿—≥±åª√–‡¿∑‚§‡™√å®”π«π 8 ‡§√◊ËÕß ‡«≈“∑’Ë„™â„π°“√µ—Èß‡§√◊ËÕß¢÷Èπ

°—∫™π‘¥¢Õßº≈‘µ¿—≥±å º≈‘µ¿—≥±åª√–‡¿∑ “¬·¢π„™â‡«≈“ 12 ™—Ë«‚¡ß º≈‘µ¿—≥±åª√–‡¿∑√‘∫∫‘Èπ·≈–‚§‡™√å„™â‡«≈“ 8

™—Ë«‚¡ß  º≈‘µ¿—≥±åª√–‡¿∑°”¡–À¬’Ë„™â‡«≈“ 4 ™—Ë«‚¡ß

‡π◊ËÕß®“°§«“¡À≈“°À≈“¬¢Õßº≈‘µ¿—≥±å¡’¡“° ºŸâ«‘®—¬‰¥â∑”°“√®”°—¥¢Õ∫‡¢µ¢Õß°“√»÷°…“ ‚¥¬∑”°“√

«‘‡§√“–Àå¢âÕ¡Ÿ≈°“√ —Ëß ◊́ÈÕº≈‘µ¿—≥±å¥â«¬ Volume-Variety Chart ·≈–‡ªÕ√å‡´Áπµå°“√„™âß“π‡§√◊ËÕß®—°√ æ∫«à“

‡ªÕ√å‡´Áπµå°“√„™âß“π‡§√◊ËÕß®—°√∑’Ë„™â°—∫º≈‘µ¿—≥±åª√–‡¿∑ “¬·¢π °”¡–À¬’Ë √‘∫∫‘ÈπÕ¬Ÿà„π —¥ à«π∑’Ë Ÿß

 à«π‡ªÕ√å‡´Áπµå°“√„™âß“π‡§√◊ËÕß®—°√∑’Ë„™â°—∫º≈‘µ¿—≥±åª√–‡¿∑‚§‡™√åÕ¬Ÿà„π‡°≥±å§àÕπ¢â“ßµË”  ·≈–®“°°“√«‘‡§√“–Àå

Volume-Variety æ∫«à“º≈‘µ¿—≥±åª√–‡¿∑ “¬·¢π °”¡–À¬’Ë √‘∫∫‘Èπ ®”π«π 34 √“¬°“√¡’ —¥ à«π§«“¡µâÕß°“√

‡∑à“°—∫ 80 ‡ªÕ√å‡´Áπµå¢Õßª√‘¡“≥§«“¡µâÕß°“√∑—ÈßÀ¡¥ ¥—ßπ—Èπ„πß“π«‘®—¬π’È®–®”°—¥¢Õ∫‡¢µ°“√»÷°…“ ‚¥¬∑”°“√

»÷°…“‡©æ“–º≈‘µ¿—≥±åª√–‡¿∑ “¬·¢π °”¡–À¬’Ë √‘∫∫‘Èπ ®”π«π 34 √“¬°“√

3.2 √–∫∫°“√®—¥µ“√“ß°“√º≈‘µ„πªí®®ÿ∫—π

√–∫∫°“√º≈‘µ¢Õß°√≥’»÷°…“‡ªìπ√–∫∫°“√º≈‘µ·∫∫‡§√◊ËÕß®—°√¢π“π  √–∫∫π’Èª√–°Õ∫‰ª¥â«¬‡§√◊ËÕß®—°√

20 ‡§√◊ËÕß ·µà≈–‡§√◊ËÕß¡’§«“¡ “¡“√∂„π°“√∑”ß“π∑’Ë‡À¡◊Õπ°—π·≈–¡’§«“¡‡√Á«„π°“√∑”ß“π‡∑à“°—π ß“π∑’Ë‡¢â“¡“

„π√–∫∫ “¡“√∂∑’Ë®–‡≈◊Õ°∑”‰¥â∑’Ë‡§√◊ËÕß®—°√‡§√◊ËÕß„¥°Á‰¥â„π 20 ‡§√◊ËÕßπ’È √–∫∫°“√®—¥µ“√“ß°“√º≈‘µ¢Õß‚√ßß“πµ—«Õ¬à“ß

‡√‘Ë¡®“°ºŸâ®—¥µ“√“ß°“√º≈‘µ∑”°“√√«∫√«¡ª√‘¡“≥§«“¡µâÕß°“√¢Õß¬“ß√“¬°“√∑’Ë‡À¡◊Õπ°—π®“°„∫ —Ëß´◊ÈÕµà“ßÊ ‡¢â“
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¥â«¬°—π À≈—ß®“°π—Èπ®÷ß§”π«≥‡«≈“∑’Ë„™â„π°“√º≈‘µ¢Õß¬“ß·µà≈–√“¬°“√ ‚¥¬§”π«≥®“°ª√‘¡“≥∑’Ë®–µâÕß∑”°“√

º≈‘µÀ“√¥â«¬°”≈—ß°“√º≈‘µ∑’Ë “¡“√∂º≈‘µ‰¥âµàÕ«—π¢Õß¬“ß√“¬°“√π—ÈπÊ ¢—ÈπµÕπµàÕ‰ª®–‡ªìπ°“√®—¥≈”¥—∫ß“π„Àâ°—∫

‡§√◊ËÕß®—°√ ‚¥¬ºŸâ®—¥µ“√“ß°“√º≈‘µ®–„Àâ§«“¡ ”§—≠°—∫ß“π∑’Ë∑”Õ¬Ÿà°àÕπ‡ªìπÕ—π¥—∫·√° ‡π◊ËÕß®“°∂â“‡ªìπ√“¬°“√

‡¥’¬«°—π¡“∑”µàÕ®“°°—π °Á®–‰¡àµâÕß∑”°“√µ—Èß‡§√◊ËÕß„À¡à „π∑“ßµ√ß°—π¢â“¡∂â“√“¬°“√∑’Ë®–π”¡“∑”µàÕ‡ªìπ§π≈–√“¬°“√

°Á®–µâÕß¡’°“√µ—Èß‡§√◊ËÕß„À¡à  à«πªí®®—¬∑’Ëπ”¡“æ‘®“√≥“‡ªìπ≈”¥—∫∂—¥‰ª°Á§◊Õ«—π°”Àπ¥ àß ‚¥¬®–æ‘®“√≥“«à“ß“π∑’Ë

®—¥‰ª‡≈¬°”Àπ¥ àßÀ√◊Õ‰¡à ´÷Ëß‡¡◊ËÕ®—¥≈”¥—∫ß“π‡ √Á® °Á®–‰¥âµ“√“ß°“√º≈‘µ√“¬ —ª¥“ÀåÕÕ°¡“

3.3 °“√ÕÕ°·∫∫°“√∑”ß“π¢Õß«‘∏’°“√®—¥µ“√“ß°“√º≈‘µ

„πµÕπµâπ¢Õß°“√ÕÕ°·∫∫‚ª√·°√¡°“√®—¥µ“√“ß°“√º≈‘µ ºŸâ«‘®—¬‰¥â°”Àπ¥¢âÕ¡Ÿ≈π”‡¢â“ ·≈–º≈≈—æ∏å

¢Õß‚ª√·°√¡°“√®—¥µ“√“ß°“√º≈‘µ ´÷Ëß· ¥ß√“¬≈–‡Õ’¬¥‰¥â¥—ß√Ÿª∑’Ë 2 ·≈–≈”¥—∫¢—ÈπµÕπ„π°“√®—¥µ“√“ß°“√º≈‘µ

¥â«¬«‘∏’°“√§âπÀ“·∫∫µ“∫Ÿ √ÿª‰«â„π√Ÿª∑’Ë 3

°“√∑”ß“π¢Õß«‘∏’°“√®—¥µ“√“ß°“√º≈‘µ “¡“√∂Õ∏‘∫“¬‰¥â¥â«¬ flowchart ¥—ß· ¥ß„π√Ÿª∑’Ë 3  à«π

µ—«·ª√∑’Ë°”Àπ¥¢÷Èπ„π flowchart ª√–°Õ∫‰ª¥â«¬ c §◊Õµ—«π—∫®”π«π√Õ∫„π°“√§âπÀ“, S0 §◊Õµ“√“ßµ—Èßµâπ∑’Ë„™â

 ”À√—∫§âπÀ“§”µÕ∫, Sc §◊Õ§”µÕ∫¢Õß√Õ∫°“√§âπÀ“√Õ∫∑’Ë c, Sbest §◊Õ§”µÕ∫∑’Ë¥’∑’Ë ÿ¥, Cbest §◊Õ§à“‡«≈“≈à“™â“

√«¡∑’Ë¥’∑’Ë ÿ¥, Sneighbor §◊Õ§”µÕ∫¢â“ß‡§’¬ß∑’Ë‡ªìπ‰ª‰¥â, Sneighbor_best 
§◊Õ§”µÕ∫¢â“ß‡§’¬ß∑’Ë„Àâ§à“‡«≈“≈à“™â“√«¡∑’Ë¥’∑’Ë ÿ¥,

Cneighbor §◊Õ§à“‡«≈“≈à“™â“√«¡¢Õß§”µÕ∫¢â“ß‡§’¬ß, Cneighbor_best §◊Õ§à“‡«≈“≈à“™â“√«¡¢Õß§”µÕ∫¢â“ß‡§’¬ß∑’Ë¥’∑’Ë ÿ¥,

insert  §◊Õ√Ÿª·∫∫°“√‡§≈◊ËÕπ∑’Ë·∫∫·∑√°  ‡√‘Ë¡®“°°”Àπ¥§à“√Õ∫°“√§âπÀ“„Àâ‡∑à“°—∫ 1 °”Àπ¥„Àâ S0 §◊Õµ“√“ß∑’Ë

‰¥â®“°°Æ EDD, Sbest §◊Õ S0, ·≈– Cbest §◊Õ§à“‡«≈“≈à“™â“√«¡¢Õß S0 À≈—ß®“°π—Èπ®–∑”°“√ √â“ß§”µÕ∫¢â“ß‡§’¬ß

∑’Ë‡ªìπ‰ª‰¥â (Sneighbor) ‚¥¬„™â°“√‡§≈◊ËÕπ∑’Ë·∫∫·∑√° (insert moves) ‚¥¬®–π”‡©æ“–ß“π¢Õß‡§√◊ËÕß®—°√∑’Ë¡’‡«≈“

√Ÿª∑’Ë 2          · ¥ß¢âÕ¡Ÿ≈π”‡¢â“·≈–º≈≈—æ∏å¢Õß‚ª√·°√¡°“√®—¥µ“√“ß°“√º≈‘µ

‚ª√·°√¡

-  ß“π∑’Ë®–∑”°“√®—¥µ“√“ß°“√º≈‘µ

- ®”π«πß“π

- √“¬≈–‡Õ’¬¥¢Õß·µà≈–ß“π

  ‡≈¢∑’Ëß“π

  √“¬°“√¬“ß

  ª√‘¡“≥∑’Ë —Ëß

  °”Àπ¥ àß¡Õ∫

- ®”π«π‡§√◊ËÕß®—°√

- ‡«≈“ Set up ¢Õß¬“ß·µà≈–™π‘¥

- °”≈—ß°“√º≈‘µ¢Õß‡§√◊ËÕß®—°√µ“¡

 √“¬°“√¬“ß·µà≈–™π‘¥

¢âÕ¡Ÿ≈‡¢â“

º≈≈—æ∏å

µ“√“ß°“√º≈‘µ∑’Ë„Àâ‡«≈“

≈à“™â“√«¡πâÕ¬∑’Ë ÿ¥

(‡°‘¥¢÷ÈπµàÕ‡¡◊ËÕ¿“√–ß“π

πâÕ¬°«à“°”≈—ß°“√º≈‘µ

„π™à«ß√–¬–‡«≈“„π°“√

«“ß·ºπ)
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≈à“™â“√«¡¡“°∑’Ë ÿ¥‰ª¡Õ∫„Àâ°—∫‡§√◊ËÕß®—°√‡§√◊ËÕßÕ◊ËπÊ ‚¥¬·∑√°≈ß„πµ”·Àπàßµà“ßÊ ¢Õßµ“√“ßµ—Èßµâπ∑’Ë “¡“√∂·∑√°

‰¥â [8] „π°“√·∑√° 1 §√—Èß°Á®–‰¥âµ“√“ß¢â“ß‡§’¬ß 1 µ“√“ß À≈—ß®“°π—Èπ∑”°“√§”π«≥§à“ Cneighbor ¢Õß∑ÿ°Ê Sneighbor

·≈–‡≈◊Õ°§”µÕ∫¢â“ß‡§’¬ß∑’Ë„Àâ§à“§”µÕ∫∑’Ë¥’∑’Ë ÿ¥ (Sneighbor_best) ¢—ÈπµÕπµàÕ‰ª‡ªìπ°“√µ√«® Õ∫«à“√Ÿª·∫∫°“√

‡§≈◊ËÕπ∑’Ë·∫∫·∑√° (insert) Õ¬Ÿà„π√“¬°“√µ“∫ŸÀ√◊Õ‰¡à „π∑’Ëπ’È√Ÿª·∫∫°“√‡§≈◊ËÕπ∑’Ë·∫∫·∑√°®–Õ¬Ÿà„π≈—°…≥–∑’Ë«à“

π”ß“π„¥‰ª·∑√°∑’Ëµ”·Àπàß„¥ ‡™àππ”ß“π∑’Ë 23 ‰ª·∑√°Àπâ“ß“π∑’Ë 12 ‡ªìπµâπ ∂â“µ√«® Õ∫·≈â«æ∫«à“ Insert ‰¡à

Õ¬Ÿà„π√“¬°“√µ“∫Ÿ°Á„Àâª√—∫ª√ÿß√“¬°“√µ“∫Ÿ‚¥¬π” insert ‰ª„ à‰«â„π√“¬°“√µ“∫Ÿ·≈–°”Àπ¥„Àâ  Sc  =  Sneighbor_best

∂â“µ√«® Õ∫·≈â«æ∫«à“ insert Õ¬Ÿà„π√“¬°“√µ“∫Ÿ °Á®–∑”°“√‡™Á§«à“§à“  Cneighbor_best  <  Cbest À√◊Õ‰¡à  ∂â“πâÕ¬

°«à“°Á„Àâπ” insert ‡¢’¬π∑—∫≈ß„π√“¬°“√µ“∫Ÿ‡≈¬ ·µà∂â“ Cneighbor_best > Cbest  °Á„Àâ‡≈◊Õ°§à“ Sneighbor_best ∑’Ë„Àâ§”

µÕ∫∑’Ë¥’∑’Ë ÿ¥√Õß≈ß¡“ ·≈–π” insert ¡“µ√«® Õ∫«à“Õ¬Ÿà„π√“¬°“√µ“∫ŸÀ√◊Õ‰¡à  ∑”®π°«à“®–‰¥âµ“√“ß Sc  ‡¡◊ËÕ‰¥â§à“

Sc = Sneighbor_best  ·≈â«  °Á®–∑”°“√µ√«® Õ∫«à“ Cneighbor_best< Cbest À√◊Õ‰¡à  ∂â“πâÕ¬°«à“°Á„Àâª√—∫ª√ÿß§à“ Cbest =

Cneighbor_best, Sbest = Sneighbor_best À≈—ß®“°π—Èπ„Àâπ—∫®”π«π√Õ∫„π°“√§âπÀ“‡æ‘Ë¡¢÷ÈπÕ’° 1 √Õ∫ ·≈–∑”°“√µ√«®

 Õ∫«à“°“√§âπÀ“§”µÕ∫‡ªìπ‰ªµ“¡‡°≥±å°“√À¬ÿ¥§âπÀ“§”µÕ∫ (stopping condition) ÷́Ëß‰¥â·°à‡«≈“≈à“™â“√«¡

‡∑à“°—∫»Ÿπ¬åÀ√◊Õ®”π«π√Õ∫°“√§âπÀ“‡∑à“°—∫®”π«π√Õ∫ Ÿß ÿ¥∑’Ë°”Àπ¥‰«â·≈â«À√◊Õ¬—ß ∂â“¬—ß°Á„Àâ∑”°“√§âπÀ“§”

µÕ∫„π√Õ∫µàÕ‰ª  ·µà∂â“§√∫·≈â«°Á„Àâ· ¥ß§à“§”µÕ∫∑’Ë¥’∑’Ë ÿ¥

3.4 °“√∑¥≈ÕßÀ“®”π«π√Õ∫„π°“√√—π‚ª√·°√¡∑’Ë‡À¡“– ¡

„πß“π«‘®—¬π’ÈºŸâ«‘®—¬‰¥â°”Àπ¥‡°≥±å°“√À¬ÿ¥§âπÀ“§”µÕ∫‰«â 2 √Ÿª·∫∫§◊Õ ‡«≈“≈à“™â“√«¡‡∑à“°—∫»Ÿπ¬å

À√◊Õ®”π«π√Õ∫°“√§âπÀ“‡∑à“°—∫®”π«π√Õ∫ Ÿß ÿ¥∑’Ë°”Àπ¥‰«â °“√§âπÀ“§”µÕ∫®–À¬ÿ¥ ‡¡◊ËÕæ∫‡°≥±å°“√À¬ÿ¥

‡°≥±å„¥‡°≥±åÀπ÷Ëß  “‡Àµÿ∑’ËµâÕß„™â‡°≥±å°“√À¬ÿ¥‡°≥±å∑’Ë Õß ‡π◊ËÕß®“°‰¡à “¡“√∂§âπÀ“‡«≈“≈à“™â“√«¡∑’Ë‡∑à“°—∫»Ÿπ¬å‰¥â

ºŸâ«‘®—¬‰¥â∑”°“√∑¥≈Õß°”Àπ¥√Õ∫°“√§âπÀ“ Ÿß ÿ¥‰«â∑’Ë 20, 30, 50, ·≈– 100 √Õ∫ ‚¥¬‰¥âπ”¢âÕ¡Ÿ≈®”π«π 10 ™ÿ¥

¡“∑”°“√∑¥≈Õß ‡æ◊ËÕ∑’Ë®–∑”°“√°”Àπ¥®”π«π√Õ∫ Ÿß ÿ¥∑’Ë‡À¡“– ¡

º≈°“√∑¥≈Õß· ¥ß¥—ßµ“√“ß∑’Ë 1 ®“°°“√∑¥≈Õßæ∫«à“√âÕ¬≈– 70 ¢Õß¢âÕ¡Ÿ≈æ∫§à“§”µÕ∫∑’Ë¥’∑’Ë ÿ¥„π

√–À«à“ß√Õ∫∑’Ë√âÕ¬≈– 1-20, 10 ¢Õß¢âÕ¡Ÿ≈æ∫§à“§”µÕ∫∑’Ë¥’∑’Ë ÿ¥„π√–À«à“ß√Õ∫∑’Ë√âÕ¬≈– 21-30, 10 ¢Õß¢âÕ¡Ÿ≈æ∫

§à“§”µÕ∫∑’Ë¥’∑’Ë ÿ¥„π√–À«à“ß√Õ∫∑’Ë 31-50, ·≈–Õ’°√âÕ¬≈– 10 æ∫§à“§”µÕ∫∑’Ë¥’∑’Ë ÿ¥„π√–À«à“ß√Õ∫∑’Ë 51-100 ®“°

°“√∑¥≈Õßæ∫«à“§«√°”Àπ¥®”π«π√Õ∫ Ÿß ÿ¥„π°“√§âπÀ“‰«â∑’Ë 20 √Õ∫°Á‡æ’¬ßæÕ·≈â« ‡π◊ËÕß®“°§”µÕ∫∑’Ë‰¥â¡’§à“‰¡à

·µ°µà“ß®“°§à“∑’Ë¥’∑’Ë ÿ¥‡∑à“‰√π—° ‚¥¬§«“¡·µ°µà“ßÕ¬Ÿà„π™à«ß 2.171 - 6.774 ™.¡. ¥—ßπ—Èπ„πß“π«‘®—¬π’È°”Àπ¥„Àâ

®”π«π√Õ∫°“√§âπÀ“ Ÿß ÿ¥‡∑à“°—∫ 20 √Õ∫



«“√ “√«‘®—¬·≈–æ—≤π“ ¡®∏. ªï∑’Ë 28 ©∫—∫∑’Ë 3 °√°Æ“§¡-°—π¬“¬π 2548368

√Ÿª∑’Ë 3  «‘∏’°“√®—¥µ“√“ß°“√º≈‘µ·∫∫µ“∫Ÿ

ª√—∫ª√ÿß√“¬°“√µ“∫Ÿ
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µ“√“ß∑’Ë 1  º≈°“√∑¥≈Õß√—π‚ª√·°√¡‡¡◊ËÕ°”Àπ¥‡°≥±å°“√À¬ÿ¥∑’Ë®”π«π√Õ∫°“√§âπÀ“µà“ßÊ

1 3.563 01:49 3.563 02:20 3.563 03:25 3.563 06:38
2 0 00:51 0 00:51 0 00:51 0 00:51

3 0 01:20 0 01:20 0 01:20 0 01:20

4 3.908 01:04 1.656 01:28 1.656 02:27 0 02:32
5 0 00:20 0 00:20 0 00:20 0 00:20
6 0 00:36 0 00:36 0 00:36 0 00:36
7 0 00:21 0 00:21 0 00:21 0 00:21
8 20.133 01:16 20.133 01:36 13.359 02:35 13.359 05:11

9 0 00:41 0 00:41 0 00:41 0 00:41

10 10.901 01:12 8.730 01:41 8.730 02:49 8.730 05:47

™ÿ¥

¢âÕ¡Ÿ≈

20

‡«≈“≈à“™â“
√«¡
(™.¡.)

‡«≈“∑’Ë„™â
„π°“√®—¥
(π“∑’)

30

‡«≈“≈à“™â“
√«¡
(™.¡.)

‡«≈“∑’Ë„™â
„π°“√®—¥
(π“∑’)

50

‡«≈“≈à“™â“
√«¡
(™.¡.)

‡«≈“∑’Ë„™â
„π°“√®—¥
(π“∑’)

100

‡«≈“≈à“™â“
√«¡
(™.¡.)

‡«≈“∑’Ë„™â
„π°“√®—¥
(π“∑’)

3.5 °“√∑¥ Õ∫À“¢π“¥µ—«Õ¬à“ß∑’Ë„™â„π°“√∑¥≈Õß

°“√∑¥ Õ∫À“¢π“¥¢Õßµ—«Õ¬à“ß∑’Ë∑”„Àâ‡™◊ËÕ¡—Ëπ‰¥â∑’Ë√–¥—∫§«“¡‡™◊ËÕ¡—Ëπ 100 (1-α) ‡ªÕ√å‡´Áπµå «à“

§«“¡§≈“¥‡§≈◊ËÕπ®–‰¡à‡°‘π™à«ß∑’Ë°”Àπ¥  Ÿµ√∑’Ë„™â„π°“√§”π«≥¡’¥—ßπ’È [12]

µ—«·ª√„π ¡°“√¡’§«“¡À¡“¬¥—ßπ’È n §◊Õ ¢π“¥µ—«Õ¬à“ß, t §◊Õ §à“∑’Ë‡ªî¥®“°µ“√“ß°“√·®°·®ßª°µ‘,

s §◊Õ  à«π‡∫’Ë¬ß‡∫π¡“µ√∞“π, E §◊Õ §«“¡§≈“¥‡§≈◊ËÕπ „π°“√∑¥ Õ∫À“¢π“¥µ—«Õ¬à“ß∑’Ë„™â„π°“√∑¥≈Õß ºŸâ«‘®—¬

‰¥âπ”¢âÕ¡Ÿ≈‡«≈“≈à“™â“√«¡¢Õß°“√√—π‚ª√·°√¡®”π«π 10 ™ÿ¥ ´÷Ëß· ¥ß¥—ßµ“√“ß∑’Ë 2 ¡“„™â„π°“√§”π«≥ ‚¥¬

¢âÕ¡Ÿ≈∑’Ëπ”¡“π’È‡ªìπº≈°“√√—π‡¡◊ËÕ„™â®”π«π√Õ∫„π°“√§âπÀ“‡∑à“°—∫ 20 √Õ∫

 n     =
tα/2s

E

µ“√“ß∑’Ë 2  ¢âÕ¡Ÿ≈∑’Ëπ”¡“„™â„π°“√∑¥ Õ∫À“¢π“¥µ—«Õ¬à“ß∑’Ë„™â„π°“√∑¥≈Õß

™ÿ¥¢âÕ¡Ÿ≈∑’Ë 1 2 3 4 5 6 7 8 9 10

‡«≈“≈à“™â“
√«¡ (™—Ë«‚¡ß) 3.563 0 0 3.908 0 0 0 20.133 0 10.901
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π”¢âÕ¡Ÿ≈‡«≈“≈à“™â“¡“§”π«≥‰¥â§à“‡©≈’Ë¬ = 3.85,  à«π‡∫’Ë¬ß‡∫π¡“µ√∞“π = 6.7 °”Àπ¥√–¥—∫§«“¡

‡™◊ËÕ¡—Ëπ√âÕ¬≈– 95, α = 0.05, Z = 1.96  §à“®”π«πµ—«Õ¬à“ß‡¡◊ËÕ°”Àπ¥§à“§«“¡§≈“¥‡§≈◊ËÕπµà“ßÊ ¡’¥—ßπ’È

®“°°“√§”π«≥æ∫«à“„™â®”π«πµ—«Õ¬à“ß‡æ’¬ß 3 ™ÿ¥°Á‡æ’¬ßæÕ·≈â« „π°“√∑¥≈Õßπ’È∑”°“√∑¥≈Õß∑’Ë 10

™ÿ¥ ¥—ßπ—Èπ®÷ß¡—Ëπ„®‰¥â«à“º≈°“√∑¥≈Õß¡’§«“¡πà“‡™◊ËÕ∂◊Õ∑’Ë√–¥—∫§«“¡‡™◊ËÕ¡—Ëπ√âÕ¬≈– 95 ‚¥¬¡’§«“¡§≈“¥‡§≈◊ËÕπ‰¡à‡°‘π

8 ™—Ë«‚¡ß

4.  º≈°“√«‘®—¬

‡æ◊ËÕ∑’Ë®–Õ∏‘∫“¬°“√®—¥µ“√“ß°“√º≈‘µ¥â«¬‚ª√·°√¡ ºŸâ«‘®—¬‰¥âπ”¢âÕ¡Ÿ≈™ÿ¥∑’Ë 1 ¡“„™âª√–°Õ∫°“√Õ∏‘∫“¬

º≈°“√®—¥µ“√“ß°“√º≈‘µ¥â«¬‚ª√·°√¡· ¥ß‰¥â¥—ß√Ÿª∑’Ë 4 º≈≈—æ∏å∑’Ë‰¥â®“°°“√√—π‚ª√·°√¡ (output) ª√–°Õ∫‰ª¥â«¬

º≈≈—æ∏å„π√Ÿª·∫∫§ÿ≥ ¡∫—µ‘¢Õßß“π·µà≈–ß“π (job pool) º≈≈—æ∏å„π√Ÿª·∫∫º≈°“√§âπÀ“§”µÕ∫¢Õß·µà≈–√Õ∫

·≈–º≈≈—æ∏å„π√Ÿª·∫∫·ºπ¿Ÿ¡‘·°π∑å º≈°“√§âπÀ“§”µÕ∫¢Õß·µà≈–√Õ∫°“√§âπÀ“· ¥ß¥—ßµ“√“ß∑’Ë 4 º≈≈—æ∏å„π

√Ÿª·∫∫§ÿ≥ ¡∫—µ‘¢Õßß“π·µà≈–ß“π· ¥ß¥—ß√Ÿª∑’Ë 5 ºŸâ«‘®—¬‰¥âπ”¢âÕ¡Ÿ≈°“√ —Ëß´◊ÈÕ¢Õß≈Ÿ°§â“„π·µà≈– —ª¥“Àå®”π«π 10

 —ª¥“Àå¡“∑”°“√∑¥≈Õß ‡æ◊ËÕ∑”°“√‡ª√’¬∫‡∑’¬∫º≈√–À«à“ß«‘∏’°“√®—¥µ“√“ß·∫∫‡¥‘¡ ·≈–«‘∏’°“√∑’Ëπ”‡ πÕ ªí®®—¬

∑’Ëπ”¡“„™â„π°“√‡ª√’¬∫‡∑’¬∫‰¥â·°à ‡«≈“≈à“™â“√«¡ ®”π«πß“π≈à“™â“ ·≈–‡«≈“∑’Ë„™â„π°“√®—¥ º≈°“√∑¥≈Õß· ¥ß

¥—ßµ“√“ß∑’Ë 5 ®“°°“√∑¥≈Õß √ÿª‰¥â«à“«‘∏’°“√®—¥µ“√“ß·∫∫µ“∫Ÿ “¡“√∂≈¥‡«≈“≈à“™â“√«¡ ®”π«πß“π≈à“™â“ ·≈–

‡«≈“∑’Ë„™â„π°“√®—¥‰¥â¡“°°«à“«‘∏’°“√®—¥µ“√“ß°“√º≈‘µ·∫∫‡¥‘¡√âÕ¬≈– 97.67 76.49 ·≈–√âÕ¬≈– 94.04 µ“¡≈”¥—∫

µ“√“ß∑’Ë 3 ¢π“¥µ—«Õ¬à“ß‡¡◊ËÕ°”Àπ¥§à“§«“¡

§≈“¥‡§≈◊ËÕπµà“ßÊ

§à“§«“¡§≈“¥‡§≈◊ËÕπ (E)

8 ™—Ë«‚¡ß 12 ™—Ë«‚¡ß 24 ™—Ë«‚¡ß

¢π“¥µ—«Õ¬à“ß (n) 2.69 1.20 0.30
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√Ÿª∑’Ë 4  Àπâ“®Õ· ¥ßº≈°“√√—π‚ª√·°√¡

µ“√“ß∑’Ë 4  º≈°“√§âπÀ“§”µÕ∫¢Õß·µà≈–√Õ∫°“√§âπÀ“

√Õ∫°“√§âπÀ“∑’Ë ®”π«πµ“√“ß¢â“ß‡§’¬ß §à“‡«≈“≈à“™â“√«¡∑’Ë¥’∑’Ë ÿ¥ µ“√“ß∑’Ë¥’∑’Ë ÿ¥‡°‘¥®“°°“√‡§≈◊ËÕπ∑’Ë
1 267 263.288 ·∑√° J013 Àπâ“ J002
2 534 229.048 ·∑√° J022 Àπâ“ J068

3 267 185.563 ·∑√° J042 Àπâ“ J041

4 356 150.924 ·∑√° J021 Àπâ“ J034
5 356 118.758 ·∑√° J002 Àπâ“ J051
6 267 88.435 ·∑√° J045 Àπâ“ J053
7 445 59.303 ·∑√° J015 Àπâ“ J058
8 267 38.207 ·∑√° J047 Àπâ“ J052

9 178 63.018 ·∑√° J012 Àπâ“ J044

10 534 37.127 ·∑√° J008 Àπâ“ J019
11 178 63.018 ·∑√° J008 Àπâ“ J039

12 532 38.207 ·∑√° J012 Àπâ“ J019

13 173 75.286 ·∑√° J012 Àπâ“ J056
14 349 20.127 ·∑√° J054 Àπâ“ J019
15 178 30.841 ·∑√° J037 Àπâ“ J044
16 532 11.094 ·∑√° J044 Àπâ“ J017

17 445 3.563 ·∑√° J050 Àπâ“ J022

18 178 29.460 ·∑√° J055 Àπâ“ J044
19 267 3.563 ·∑√° J055 Àπâ“ J004
20 175 32.384 ·∑√° J055 Àπâ“ J038
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√Ÿª∑’Ë 5  º≈≈—æ∏å„π√Ÿª·∫∫§ÿ≥ ¡∫—µ‘¢Õß·µà≈–ß“π

1 234.737 7 241 3.563 1 14.67 98.48 85.71 93.91

2 140.607 6 219 0 0 13.02 100.00 100.00 94.05
3 251.449 8 220 0 0 13.47 100.00 100.00 93.88
4 117.029 6 207 3.908 5 13.20 96.66 16.67 93.62
5 149.131 7 217 0 0 12.42 100.00 100.00 94.28

6 144.948 7 231 0 0 13.15 100.00 100.00 94.31
7 160.623 9 225 0 0 12.53 100.00 100.00 94.43
8 167.027 8 210 20.133 7 13.28 87.95 12.50 93.68

9 188.588 5 215 0 0 12.28 100.00 100.00 94.29

10 169.970 6 222 10.901 3 13.33 93.59 50.00 94.00
97.67 76.49 94.04

™ÿ¥
¢âÕ¡Ÿ≈

«‘∏’°“√‡¥‘¡ Tabu Search º≈µà“ß
‡«≈“
≈à“™â“
√«¡
(™.¡.)

®”π«π
ß“π
≈à“™â“
(ß“π)

‡«≈“∑’Ë
„™â„π
°“√®—¥
(π“∑’)

‡«≈“
≈à“™â“
√«¡
(™.¡.)

®”π«π
ß“π
≈à“™â“
(ß“π)

‡«≈“∑’Ë
„™â„π
°“√®—¥
(π“∑’)

√âÕ¬≈–
‡«≈“
≈à“™â“
√«¡

√âÕ¬≈–
®”π«π
ß“π
≈à“™â“

√âÕ¬≈–
‡«≈“∑’Ë
„™â„π
°“√®—¥

µ“√“ß∑’Ë 5  · ¥ß°“√‡ª√’¬∫‡∑’¬∫ª√– ‘∑∏‘¿“æ√–À«à“ß«‘∏’°“√‡¥‘¡·≈–«‘∏’°“√∑’Ëπ”‡ πÕ
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‡æ◊ËÕ∑’Ë®–· ¥ß„Àâ‡ÀÁπ∂÷ß®ÿ¥‡¥àπ¢Õß«‘∏’°“√§âπÀ“·∫∫µ“∫Ÿ ºŸâ«‘®—¬®–∑”°“√‡ª√’¬∫‡∑’¬∫º≈°“√∑¥≈Õß®—¥µ“√“ß

√–À«à“ß«‘∏’°“√§âπÀ“ß“π¢â“ß‡§’¬ß (neighborhood search) ·≈–«‘∏’°“√§âπÀ“·∫∫µ“∫Ÿ ∑—Èß 2 «‘∏’°“√¡’¢—ÈπµÕπ

°“√§”π«≥µ“¡√Ÿª∑’Ë 3 ·µà®–·µ°µà“ß°—πµ√ß∑’Ë‰¡à¡’·≈–¡’√“¬°“√µ“∫Ÿ‡∑à“π—Èπ ºŸâ«‘®—¬‰¥âπ”¢âÕ¡Ÿ≈°“√ —Ëß´◊ÈÕ ‘π§â“¢Õß

≈Ÿ°§â“„π —ª¥“ÀåÀπ÷Ëß¡“„™â„π°“√Õ∏‘∫“¬º≈°“√®—¥µ“√“ß º≈°“√§âπÀ“§”µÕ∫· ¥ß¥—ß√Ÿª∑’Ë 6 °“√§âπÀ“§”µÕ∫¢Õß

«‘∏’°“√§âπÀ“ß“π¢â“ß‡§’¬ß‰¥â§”µÕ∫· ¥ß„π√Ÿª∑’Ë 6 (°) ®“°¿“æ®–‡ÀÁπ‰¥â«à“°“√§âπÀ“§”µÕ∫‡°‘¥°“√«π≈Ÿªµ—Èß·µà

√Õ∫∑’Ë 12 ‡ªìπµâπ‰ª ·≈–§”µÕ∫∑’Ë‰¥â§◊Õ‡«≈“≈à“™â“√«¡‡∑à“°—∫ 37.127 ™—Ë«‚¡ß ‡¡◊ËÕπ”°“√§âπÀ“·∫∫µ“∫Ÿ¡“„™â®–

‰¥â§”µÕ∫· ¥ß¥—ß√Ÿª∑’Ë 6 (¢) °“√π”√“¬°“√µ“∫Ÿ¡“„™â∑”„Àâ°“√§âπÀ“§”µÕ∫‰¡à‡°‘¥°“√«π≈Ÿª ·≈– “¡“√∂§âπÀ“

§”µÕ∫∑’Ë¥’∑’Ë ÿ¥‰¥âÕ¬à“ß¡’ª√– ‘∑∏‘¿“æ ‡¡◊ËÕ¥”‡π‘π°“√§âπÀ“§”µÕ∫µàÕ‰ª ª√“°Ø«à“‰¥â‡«≈“≈à“™â“√«¡∑’Ë¥’∑’Ë ÿ¥‡∑à“°—∫

3.563 ™—Ë«‚¡ß
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5.   √ÿªº≈°“√«‘®—¬

ß“π«‘®—¬π’È¡’®ÿ¥¡ÿàßÀ¡“¬‡æ◊ËÕª√—∫ª√ÿß°‘®°√√¡°“√«“ß·ºπ°“√º≈‘µ¢Õß‚√ßß“πº≈‘µ·∂∫¬“ß¬◊¥ ∑’Ë¡’°“√

¥”‡π‘π°“√·∫∫º≈‘µµ“¡ —Ëß     ´÷Ëßª√– ∫ªí≠À“ àß¡Õ∫ ‘π§â“„Àâ°—∫≈Ÿ°§â“¡’§«“¡≈à“™â“Õ¬Ÿà„π™à«ß√âÕ¬≈– 16.78›32

µàÕ‡¥◊Õπ ¡’ “‡ÀµÿÀ≈—°®“°¢—ÈπµÕπ°“√®—¥≈”¥—∫ß“π ‰¡à¡’°“√®—¥≈”¥—∫°àÕπÀ≈—ß¢Õßß“π∑’Ë‡À¡“– ¡ ‡π◊ËÕß®“°ºŸâ®—¥
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