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 “¬°“√ª√–°Õ∫·∫∫º≈‘µ¿—≥±åº ¡‡ªìπ “¬°“√ª√–°Õ∫∑’Ë “¡“√∂º≈‘µ ‘π§â“µà“ß™π‘¥æ√âÕ¡Ê °—π‰¥â„π

 “¬°“√º≈‘µ‡¥’¬«°—π  °“√®—¥ ¡¥ÿ≈ “¬°“√º≈‘µ®÷ß‡ªìπ ‘Ëß∑’Ë ”§—≠ ”À√—∫ “¬°“√ª√–°Õ∫·∫∫º≈‘µ¿—≥±åº ¡Õ¬à“ß¡“°

¥—ßπ—Èπ„πß“π«‘®—¬π’È®÷ß‰¥â‡ πÕ·π«∑“ß„π°“√π”‡Õ“‡®π‡πµ‘°Õ—≈°Õ√‘∑÷¡ (Genetic Algorithms: GAs) ¡“ª√–¬ÿ°µå

„™â„π°“√À“§”µÕ∫¢Õßªí≠À“°“√®—¥ ¡¥ÿ≈ “¬°“√ª√–°Õ∫·∫∫º≈‘µ¿—≥±åº ¡ ‚¥¬¡’«—µ∂ÿª√– ß§å‡æ◊ËÕ„Àâ¡’®”π«π

 ∂“π’ß“ππâÕ¬∑’Ë ÿ¥ ·≈–‡°‘¥‡«≈“«à“ßß“π√«¡πâÕ¬∑’Ë ÿ¥¥â«¬ πÕ°®“°π’È¬—ß‰¥â»÷°…“·≈–∑¥ Õ∫À“æ“√“¡‘‡µÕ√å∑’Ë¡’º≈

µàÕª√– ‘∑∏‘¿“æ¢Õß‡®π‡πµ‘°Õ—≈°Õ√‘∑÷¡´÷Ëß‰¥â·°à ¢π“¥ª√–™“°√ «‘∏’°“√§√Õ ‚Õ‡«Õ√å §«“¡πà“®–‡ªìπ„π°“√§√Õ 

‚Õ‡«Õ√å  ·≈–§«“¡πà“®–‡ªìπ„π°“√¡‘«‡µ™—Ëπ ·≈â«π”æ“√“¡‘‡µÕ√å∑’Ë‰¥â‰ª·°âªí≠À“µ—«Õ¬à“ß¢Õß°“√®—¥ ¡¥ÿ≈ “¬°“√

ª√–°Õ∫º≈‘µ¿—≥±å·∫∫º ¡

®“°ß“π«‘®—¬π’Èæ∫«à“æ“√“¡‘‡µÕ√å∑’Ë¡’º≈Õ¬à“ß¡’π—¬ ”§—≠µàÕª√– ‘∑∏‘¿“æ¢Õß‡®π‡πµ‘°Õ—≈°Õ√‘∑÷¡„π°“√®—¥

 ¡¥ÿ≈ “¬°“√ª√–°Õ∫·∫∫º≈‘µ¿—≥±åº ¡§◊Õ ®”π«πª√–™“°√ «‘∏’°“√§√Õ ‚Õ‡«Õ√å·≈–§«“¡πà“®–‡ªìπ„π°“√¡‘«‡µ™—Ëπ

¥—ßπ—Èπ„π°“√π”‡®π‡πµ‘°Õ—≈°Õ√‘∑÷¡‰ª„™â®√‘ßµâÕß¡’°“√°”Àπ¥§à“æ“√“¡‘‡µÕ√å∑’Ë‡À¡“– ¡ ´÷ËßÕ“®®–π”§à“∑’Ë‡À¡“–

 ¡∑’Ë‰¥â®“°°“√∑¥≈Õß„πß“π«‘®—¬π’È‡ªìπ·π«∑“ß‡∫◊ÈÕßµâπ‰¥â º≈®“°°“√‡ª√’¬∫‡∑’¬∫§”µÕ∫∑’Ë‰¥â®“°«‘∏’‡®π‡πµ‘°Õ—≈

°Õ√‘∑÷¡ °—∫«‘∏’°“√¢Õß COMSOAL æ∫«à“‡®π‡πµ‘°Õ—≈°Õ√‘∑÷¡®–„Àâº≈≈—æ∏å∑’Ë¥’°«à“ ´÷Ëß “¡“√∂ √ÿª‰¥â«à“‡®π‡πµ‘°

Õ—≈°Õ√‘∑÷¡‡ªìπ«‘∏’°“√À“§”µÕ∫ ”À√—∫ªí≠À“°“√®—¥ ¡¥ÿ≈ “¬°“√ª√–°Õ∫·∫∫º≈‘µ¿—≥±åº ¡∑’Ë¡’ª√– ‘∑∏‘¿“æ ·≈–
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Mixed model assembly lines are a type of production line where a variety of product models with
similar product characteristics are assembled. Line Balancing Problems are important for an efficient use of
mixed model assembly lines. This research introduces the use of artificial-intelligence based technique, so-called
genetic algorithms (GAs), to solve mixed model assembly line balancing problems. Two important objectives of
assembly line balancing problems are considered simultaneously including minimizing number of workstations
and minimizing total idle time.

Experimental design are set up to test the significance of several parameters of GA including problem
sizes, population sizes, crossover types, probability of cross-over, and probability of mutation. The results show
that the factors that significantly affect the performance of GAs are population size, crossover type and probability
of mutation. As a result, it is necessary to define appropriate parameters while using GAs.  However, the suitable
parameters obtained from the research can be used as a guideline in practice. The performance comparison
between the proposed GAs and the known heuristic technique (COMSOAL) indicates that GAs performs significantly
better than COMSOAL. From the research, it is found that GAs are powerful and efficient method that can
search for a good solution within an acceptable time limit.
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1. ∫∑π”

‡π◊ËÕß®“°„πªí®®ÿ∫—πÕÿµ “À°√√¡°“√º≈‘µ¡’°“√·¢àß¢—π„π¥â“π°“√º≈‘µ‡æ◊ËÕµÕ∫ πÕß§«“¡µâÕß°“√¢Õß

µ≈“¥‡ªìπÕ¬à“ß¡“° Õ’°∑—Èß§«“¡µâÕß°“√¢Õß≈Ÿ°§â“¡’°“√‡ª≈’Ë¬π·ª≈ßÕ¬Ÿàµ≈Õ¥‡«≈“ ¥—ßπ—Èπ “¬°“√º≈‘µ·∫∫º ¡®÷ß

¡’§«“¡ ”§—≠¡“°¢÷Èπ‡π◊ËÕß®“°‡ªìπ “¬°“√º≈‘µ·∫∫∑’Ë¡’§«“¡ “¡“√∂∑’Ë®–º≈‘µ ‘π§â“µà“ß√ÿàπæ√âÕ¡Ê °—π‰¥â„π “¬

°“√º≈‘µ‡¥’¬«°—π ´÷Ëß®–µÕ∫ πÕß§«“¡µâÕß°“√¢Õß≈Ÿ°§â“‰¥â∑—Èß„π¥â“π¢Õß√Ÿª·∫∫·≈–ª√‘¡“≥ ‘π§â“¿“¬„π™à«ß

√–¬–‡«≈“°“√º≈‘µÀπ÷ËßÊ ‚¥¬‰¡à®”‡ªìπµâÕß¡’ ‘π§â“‡°Á∫‰«â„π§≈—ß ‘π§â“‡ªìπ®”π«π¡“°

ªí≠À“°“√®—¥ ¡¥ÿ≈ “¬°“√ª√–°Õ∫º≈‘µ¿—≥±åº ¡®÷ß‡ªìπªí≠À“∑’Ë ”§—≠¡“°ªí≠À“Àπ÷Ëß ‡π◊ËÕß®“°°“√

º≈‘µ ‘π§â“µà“ß™π‘¥æ√âÕ¡Ê °—π„π “¬°“√º≈‘µ‡¥’¬«°—πÕ“®°àÕ„Àâ‡°‘¥ªí≠À“„π‡√◊ËÕß§«“¡ ¡¥ÿ≈„π°“√∑”ß“π¢Õß

 ∂“π’ß“π (work station) ‡π◊ËÕß®“°¢—Èπß“π (work element) ·µà≈–¢—Èπ¢Õß·µà≈–º≈‘µ¿—≥±å„™â‡«≈“„π°“√∑”ß“π

‰¡à‡∑à“°—π ‡¡◊ËÕπ”¡“√«¡°≈ÿà¡·≈–®—¥„Àâ ∂“π’∑”ß“π ®–∑”„Àâ‡«≈“∑”ß“π„π·µà≈– ∂“π’ß“π‰¡à‡∑à“°—π  àßº≈„Àâ‡°‘¥

§«“¡‰¡àµàÕ‡π◊ËÕß„π√–∫∫°“√º≈‘µ (§Õ¢«¥) ¥—ßπ—Èπ‡æ◊ËÕ∑”„Àâ “¬ß“π°“√ª√–°Õ∫¡’ª√– ‘∑∏‘¿“æ¡“°¢÷Èπ ®÷ß®”‡ªìπ

µâÕß·°âªí≠À“¥—ß°≈à“«‚¥¬°“√®—¥ ¡¥ÿ≈ “¬°“√º≈‘µ (line balancing)

≈—°…≥–ªí≠À“°“√®—¥ ¡¥ÿ≈ “¬°“√ª√–°Õ∫·∫∫º≈‘µ¿—≥±åº ¡‡ªìπªí≠À“ NP-Hard ·∫∫ Combina-

torial Optimization [1] À¡“¬∂÷ßªí≠À“∑’Ë„™â‡«≈“„π°“√À“§”µÕ∫¬“«π“π·≈–‡«≈“„π°“√À“§”µÕ∫®–‡æ‘Ë¡¡“°¢÷Èπ

‡ªìπ·∫∫‡ÕÁ°‚ª‡π‡™’¬≈‡¡◊ËÕ¢π“¥¢Õßªí≠À“‡æ‘Ë¡¢÷Èπ „πÕ¥’µ°“√·°âªí≠À“¥—ß°≈à“« “¡“√∂∑”‰¥â‚¥¬«‘∏’°“√§≥‘µ»“ µ√å

‡™àπ Stephen and Carlos [2] ‰¥â∑”°“√»÷°…“°“√®—¥ ¡¥ÿ≈ “¬°“√ª√–°Õ∫·∫∫º ¡‚¥¬«‘∏’∑“ß¥â“π‚ª√·°√¡‡™‘ß

§≥‘µ»“ µ√å (Mathematical Programming) °—∫ “¬°“√º≈‘µ∑’Ë¡’º≈‘µ¿—≥±å 2 ™π‘¥¡’¢—Èπß“π∑—ÈßÀ¡¥ 16 ¢—Èπß“π

´÷ËßµâÕß„™âµ—«·ª√∂÷ß 126 µ—« ·≈–¢âÕ®”°—¥ (constraint) ∂÷ß 60 ¢âÕ  √ÿª‰¥â«à“°“√Õ“»—¬«‘∏’°“√∑“ß§≥‘µ»“ µ√å

‡À¡“– ¡∑’Ë®–„™â„π∑“ß∑ƒ…Æ’‡∑à“π—Èπ ‰¡à‡À¡“– ¡∑’Ë®–„™â„π∑“ßªØ‘∫—µ‘ √«¡∑—Èß«‘∏’°“√∑“ß¥â“πŒ‘«√‘ µ‘°Õ◊ËπÊ ‡™àπ

Hoffman Technique [3] ·≈– Rank Position Weight ¥—ßπ—Èπ®÷ß¡’°“√π”‡Õ“§Õ¡æ‘«‡µÕ√å‡¢â“¡“™à«¬„π°“√·°â

ªí≠À“ (COMSOAL) ∑”„Àâ°“√·°âªí≠À“∑”‰¥âßà“¬¢÷Èπ ·µàÕ¬à“ß‰√°Áµ“¡‡π◊ËÕß®“°„πªí®®ÿ∫—ππ’ÈÕÿµ “À°√√¡¡’°“√æ—≤π“

¡“°¢÷Èπ àßº≈„Àâ°“√ÕÕ°·∫∫º≈‘µ¿—≥±å¡’√Ÿª·∫∫∑’ËÀ≈“°À≈“¬·≈–¢—ÈπµÕπ°“√∑”ß“π°Á‡æ‘Ë¡¡“°¢÷Èπ °“√§”π«≥‚¥¬«‘∏’

°“√‡¥‘¡®÷ß∑”‰¥â¬“°·≈–„™â‡«≈“π“π¡“°¢÷Èπ ®÷ß§«√¡’°“√æ—≤π“«‘∏’°“√„À¡à¢÷Èπ¡“„™â·∑π ·¡âªí®®ÿ∫—π‡√‘Ë¡¡’°“√π” GAs

‡¢â“¡“ª√–¬ÿ°µå„™â„π°“√®—¥ ¡¥ÿ≈ “¬°“√ª√–°Õ∫ ·µà à«π„À≠à·≈â«®–„™â°—∫°“√®—¥ ¡¥ÿ≈ “¬°“√ª√–°Õ∫·∫∫

º≈‘µ¿—≥±å‡¥’¬« [4] ¥—ßπ—Èπ„πß“π«‘®—¬π’È®÷ß‰¥â¢¬“¬¢Õ∫‡¢µ°“√æ—≤π“‰ª Ÿà°“√π”‡Õ“«‘∏’‡®π‡πµ‘°Õ—≈°Õ√‘∑÷¡ (GAs) ‡¢â“

¡“ª√–¬ÿ°µå„™â„π°“√·°âªí≠À“°“√®—¥ ¡¥ÿ≈ “¬°“√ª√–°Õ∫·∫∫º≈‘µ¿—≥±åº ¡

 ”À√—∫√“¬≈–‡Õ’¬¥¢Õß°“√®—¥ ¡¥ÿ≈ “¬°“√ª√–°Õ∫·∫∫º≈‘µ¿—≥±åº ¡®–· ¥ß„π à«π∑’Ë 2 „π à«π∑’Ë 3

®–‡ªìπ·π«∑“ß°“√ª√–¬ÿ°µå„™â‡®π‡πµ‘°Õ—≈°Õ√‘∑÷¡„π°“√·°âªí≠À“  ”À√—∫„π à«π∑’Ë 4 ·≈– 5 ®–π”‡ πÕ°“√

∑¥≈Õß·≈–·π«∑“ß„π°“√°”Àπ¥§à“æ“√“¡‘‡µÕ√å¢Õß GAs „π à«π∑’Ë 6 ®–‡ªìπ°“√∑¥≈Õßπ” GAs ∑’Ë‡ πÕ‰«â°àÕπ

Àπâ“π’È‰ª·°âªí≠À“·≈–‡ª√’¬∫‡∑’¬∫§”µÕ∫∑’Ë‰¥â°—∫«‘∏’ COMSOAL ·≈– à«π∑’Ë 7 ®–°≈à“«∂÷ßº≈ √ÿª¢Õßß“π«‘®—¬
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2. °“√®—¥ ¡¥ÿ≈ “¬°“√ª√–°Õ∫·∫∫º≈‘µ¿—≥±åº ¡

°“√®—¥ ¡¥ÿ≈ “¬°“√ª√–°Õ∫·∫∫º≈‘µ¿—≥±åº ¡  ‡ªìπªí≠À“°“√®—¥ ¡¥ÿ≈¢Õß “¬ß“π°“√ª√–°Õ∫„Àâ°—∫

º≈‘µ¿—≥±å¡“°°«à“ 1 ™π‘¥¢÷Èπ‰ª ‚¥¬∑’Ë¡’°“√°”Àπ¥‡«≈“∑”ß“π¢Õß¢—Èπß“π·µà≈–¢—Èπ‡ªìπ§à“·πàπÕπ ‚¥¬∑—Ë«‰ª·≈â«

º≈‘µ¿—≥±å∑’Ë∂Ÿ°º≈‘µ„π “¬ß“π°“√ª√–°Õ∫·∫∫º ¡¡—°®–¡’¢—Èπß“π·≈–·ºπ¿“æ· ¥ß§«“¡ —¡æ—π∏å°àÕπÀ≈—ß (pre-

cedence diagram) ∑’Ë§≈â“¬°—π ¥—ßπ—Èπ‡√“®÷ß¡—°ÕÕ°·∫∫ “¬ß“π°“√ª√–°Õ∫‡æ’¬ß·∫∫‡¥’¬«‡æ◊ËÕ√Õß√—∫º≈‘µ¿—≥±å

¥—ß°≈à“« „π°“√®—¥ ¡¥ÿ≈¢Õß “¬ß“π°“√ª√–°Õ∫‡™àππ’È  µâÕß°“√º≈¢Õß°“√®—¥∑’Ë„Àâ§”µÕ∫∑’Ë¥’∑’Ë ÿ¥‚¥¬√«¡ (over-

all optimum solution) «‘∏’°“√®—¥ ¡¥ÿ≈ “¬°“√ª√–°Õ∫·∫∫º≈‘µ¿—≥±åº ¡¡’Õ¬Ÿà 2 «‘∏’ §◊Õ «‘∏’‚ª√·°√¡‡™‘ß

§≥‘µ»“ µ√å·≈–«‘∏’Œ‘«√‘ µ‘° ´÷Ëß«‘∏’‚ª√·°√¡§≥‘µ»“ µ√å‰¡à‡À¡“– ¡∑’Ë®–π”¡“„™â„π∑“ßªØ‘∫—µ‘ ‡æ√“–¡’§«“¡¬ÿàß

¬“°´—∫´âÕπ ·≈–„™â‡«≈“„π°“√À“§”µÕ∫π“π ”À√—∫ªí≠À“¢π“¥„À≠à ®÷ß¡’ºŸâ§‘¥§âπ«‘∏’°“√·°âªí≠À“°“√®—¥ ¡¥ÿ≈

 “¬°“√ª√–°Õ∫·∫∫º≈‘µ¿—≥±åº ¡¢÷Èπ ´÷Ëß‡ªìπ«‘∏’°“√∑’Ëßà“¬·≈–‡À¡“– ¡∑’Ë®–π”¡“ª√–¬ÿ°µå„™â¡“°°«à“ π—Ëπ§◊Õ«‘∏’

°“√¢Õß Thomopoulos [5] ‚¥¬π”«‘∏’°“√®—¥ ¡¥ÿ≈ “¬°“√ª√–°Õ∫·∫∫º≈‘µ¿—≥±å‡¥’¬«¡“ª√–¬ÿ°µå„™â„π°“√·°â

ªí≠À“°“√®—¥ ¡¥ÿ≈ “¬°“√ª√–°Õ∫·∫∫º≈‘µ¿—≥±åº ¡ ‚¥¬„Àâæ‘®“√≥“∂÷ß·ºπ°“√º≈‘µ∑—ÈßÀ¡¥„π·µà≈–«—πÀ√◊Õ„π

™à«ß‡«≈“°– ·∑π∑’Ë®–æ‘®“√≥“∂÷ß√Õ∫‡«≈“°“√º≈‘µ (cycle time basis) ´÷Ëß √ÿª‰¥â¥—ßπ’È§◊Õ

(1) „™â√–¬–‡«≈“∑”ß“πµàÕ«—π À√◊ÕµàÕ°– ·∑π√Õ∫‡«≈“°“√º≈‘µ

(2) ·∑π‡«≈“¬àÕ¬„π·µà≈–¢—Èπß“π  ¥â«¬‡«≈“∑—ÈßÀ¡¥∑’ËµâÕß°“√„™â∑”ß“ππ—ÈπÊ   ”À√—∫∑ÿ°Ê ™‘Èπß“π ¢Õß∑ÿ°Ê

·∫∫º≈‘µ¿—≥±å

(3) ·ºπ¿“æ≈”¥—∫°àÕπÀ≈—ß√«¡ (overall precedence diagram) ‡°‘¥®“°°“√√«¡°—π¢Õß·ºπ¿“æ

≈”¥—∫°àÕπÀ≈—ß¢Õß·µà≈–º≈‘µ¿—≥±å

≈—°…≥–ªí≠À“∑—Ë«‰ª¢Õßªí≠À“®–‡ªìπªí≠À“°“√®—¥ ¡¥ÿ≈ “¬°“√ª√–°Õ∫·∫∫º≈‘µ¿—≥±åº ¡ [6] ´÷Ëß¡’

‡ªìπ “¬ß“π°“√ª√–°Õ∫·∫∫Õπÿ°√¡ ”À√—∫°“√º≈‘µ·∫∫µàÕ‡π◊ËÕß ‚¥¬¡’‡«≈“∑”ß“π¢Õß¢—Èπß“π·µà≈–¢—Èπß“π‡ªìπ‡«≈“

¡“µ√∞“π·≈–§ß∑’Ë „π°“√®—¥¢—Èπß“π®–¬÷¥À≈—°°“√®—¥‡æ◊ËÕ„Àâ®”π«π ∂“π’∑”ß“ππâÕ¬∑’Ë ÿ¥ ¥—ßπ—Èπ®÷ßµâÕßæ¬“¬“¡®—¥

ß“π„Àâ‡µÁ¡§«“¡ “¡“√∂¢Õß·µà≈– ∂“π’ß“π°àÕπ ·≈â«®÷ßπ”‰ª®—¥„Àâ ∂“π’ß“π∂—¥‰ª ‚¥¬¡’«—µ∂ÿª√– ß§å„π°“√®—¥‡æ◊ËÕ

„Àâ¡’®”π«π ∂“π’ß“ππâÕ¬∑’Ë ÿ¥·≈–‡æ◊ËÕ„Àâ‡°‘¥‡«≈“«à“ßß“π√«¡πâÕ¬∑’Ë ÿ¥¥—ß ¡°“√∑’Ë (1) ·≈– (2) πÕ°®“°π—Èπ¬—ß

æ‘®“√≥“°“√®—¥‡æ◊ËÕ„Àâ¡’¿“√–ß“π„π·µà≈– ∂“π’ß“π‡∑à“Ê °—πÕ’°¥â«¬ π—Ëπ§◊Õ„Àâ¡’§«“¡·ª√ª√«π¢Õß¿“√–ß“ππâÕ¬

∑’Ë ÿ¥µ“¡ ¡°“√∑’Ë (3)

(1)

(2)

(3)
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‡¡◊ËÕ WV §◊Õ§«“¡·ª√ª√«π¢Õß¿“√–ß“π, n §◊Õ®”π«π ∂“π’ß“π, N §◊Õ ®”π«π ∂“π’ß“π Ÿß ÿ¥∑’Ë¬Õ¡√—∫

‰¥â, W §◊Õ ‡«≈“∑”ß“π√«¡¢Õß∑ÿ°¢—Èπß“π      §◊Õ ‡«≈“∑”ß“π¢Õß ∂“π’ß“π∑’Ë i, ·≈– T §◊Õ

√–¬–‡«≈“∑”ß“π (period of time)

‡π◊ËÕß®“°ªí≠À“°“√®—¥ ¡¥ÿ≈¢Õß “¬ß“π°“√ª√–°Õ∫∑’Ëæ‘®“√≥“‡ªìπ·∫∫°”Àπ¥‡«≈“∑”ß“π§ß∑’Ë ¥—ßπ—Èπ

‰¡à«à“®–®—¥·∫∫„¥§à“º≈√«¡¢Õß‡«≈“∑”ß“π√«¡¢Õß‡«≈“∑”ß“π„π·µà≈– ∂“π’®–¡’§à“‡∑à“‡¥‘¡ §◊Õ‡∑à“°—∫‡«≈“

∑”ß“π√«¡¢Õß∑ÿ°¢—Èπß“π  ·≈–√–¬–‡«≈“∑”ß“π®–‡ªìπ§à“∑’Ë°”Àπ¥„Àâ´÷Ëß¡’§à“§ß∑’Ë ¥—ßπ—Èπ∂â“µâÕß°“√„Àâ ¡°“√∑’Ë  (2)

¡’§à“πâÕ¬∑’Ë ÿ¥ ®–µâÕß∑”„Àâ®”π«π ∂“π’ß“ππâÕ¬∑’Ë ÿ¥¥â«¬ ¥—ßπ—Èπ«—µ∂ÿª√– ß§å∑—Èß Õß¢âÕ®÷ß Õ¥§≈âÕß°—π

3. °“√ª√–¬ÿ°µå„™â‡®π‡πµ‘°Õ—≈°Õ√‘∑÷¡„π°“√®—¥ ¡¥ÿ≈ “¬°“√ª√–°Õ∫·∫∫º≈‘µ¿—≥±åº ¡

‡®π‡πµ‘°Õ—≈°Õ√‘∑÷¡ [7] ‡ªìπ«‘∏’°“√§âπÀ“§”µÕ∫‚¥¬¡’æ◊Èπ∞“π¡“®“°°√–∫«π°“√§—¥‡≈◊Õ°∑“ß∏√√¡™“µ‘

(natural selection) ·≈–°√–∫«π°“√§—¥‡≈◊Õ°∑“ßæ—π∏ÿ»“ µ√å  (natural genetic selection) ‚¥¬°“√§—¥‡≈◊Õ° µ√‘ß

(string) ∑’Ë¡’§«“¡‡À¡“– ¡®“°°≈ÿà¡¢Õß µ√‘ß∑—ÈßÀ¡¥¥â«¬«‘∏’°“√ ÿà¡ ·≈–π” µ√‘ß‡À≈à“π’È‰ªºà“π°√–∫«π°“√§—¥

‡≈◊Õ°∑’Ë‡≈’¬π·∫∫°√–∫«π°“√§—¥‡≈◊Õ°∑“ß∏√√¡™“µ‘‡æ◊ËÕÀ“ µ√‘ß∑’Ë¡’§«“¡‡À¡“– ¡„π°“√Õ¬Ÿà√Õ¥ ´÷Ëß µ√‘ß∑’Ë¡’§«“¡

‡À¡“– ¡π’È§◊Õ§”µÕ∫∑’Ë¥’∑’Ë ÿ¥ À√◊Õ„°≈â‡§’¬ß§”µÕ∫∑’Ë¥’∑’Ë ÿ¥

‡®π‡πµ‘°Õ—≈°Õ√‘∑÷¡ (GAs) ∑’Ëπ”¡“„™â„π°“√·°âªí≠À“°“√®—¥ ¡¥ÿ≈ “¬°“√ª√–°Õ∫·∫∫º≈‘µ¿—≥±åº ¡

 “¡“√∂· ¥ß‰¥â¥—ß√Ÿª∑’Ë 1 ´÷Ëß¡’¢—ÈπµÕπ‚¥¬ √ÿª§◊Õ
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√Ÿª∑’Ë 1     ·ºπº—ß· ¥ß‚§√ß √â“ß·≈–«‘∏’°“√¢Õß‡®π‡πµ‘°Õ—≈°Õ√‘∑÷¡

Data

Gen  Max Gen

Stop

No

Solution &
Measure of
Performance

Only on the last generation

Elite Preserve Strategy

Yes

Reprodution

Post-crossover
Elite Preserve

Strategy

Elite Preserve
Strategy of
Generation

Elite Preserve
Solution

Initial Elite
Preserve
Strategy

Decoding

Initialization

GAs Loop

Evaluation

Selection

Crossover

Mutatation
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Data Input : √—∫¢âÕ¡Ÿ≈‡¢â“µà“ßÊ ´÷Ëß‰¥â·°à ®”π«π¢—Èπß“π ‡«≈“√«¡·µà≈–¢—Èπß“π §«“¡ —¡æ—π∏åµ“¡≈”¥—∫°àÕπ

À≈—ß¢Õßß“π  ™à«ß√–¬–‡«≈“°“√∑”ß“π  ®”π«π ∂“π’ Ÿß ÿ¥∑’Ë¬Õ¡√—∫‰¥â

Representation & Initialization : π”¢âÕ¡Ÿ≈µà“ßÊ  ¡“ √â“ß§”µÕ∫‡∫◊ÈÕßµâπ·∫∫ ÿà¡®”π«π popsize µ—« ‚¥¬

ºà“π°√–∫«π°“√„ à√À— §”µÕ∫ (representation) ·≈–°“√ √â“ßª√–™“°√‡∫◊ÈÕßµâπ (initial  population) ª√–™“°√

À√◊Õ§”µÕ∫¢Õßªí≠À“‡∫◊ÈÕßµâπ ®–∂Ÿ°„ à√À— „ÀâÕ¬Ÿà„π√Ÿª¢Õß µ√‘ß§”µÕ∫ «‘∏’°“√„ à√À— ∑’Ë„™â§◊Õ«‘∏’ Sequence-Ori-

ented Representation [8] ́ ÷Ëß®–π”‡Õ“¢—Èπß“π∑—ÈßÀ¡¥¡“‡√’¬ß°—πµ“¡≈”¥—∫∑’Ë®–π”‰ª®—¥„Àâ°—∫ ∂“π’∑”ß“π ≈—°…≥–

¢Õß µ√‘ß§”µÕ∫§◊Õ §”µÕ∫ 1 §”µÕ∫·∑π¥â«¬ µ√‘ß§”µÕ∫ 1 µ—«∑’Ë‡√’¬°«à“ ‚§√‚¡‚´¡ „π 1 ‚§√‚¡‚´¡®–·∫àß

‡ªìπÀπà«¬‡≈Á°Ê ∑’Ë‡√’¬°«à“ ∫‘∑ (Bit) À√◊Õ ¬’π (gene) ‡√’¬ß°—πÕ¬Ÿà ®”π«π¢Õß∫‘∑®–‡∑à“°—∫®”π«π¢—Èπß“π∑—ÈßÀ¡¥∑’Ë

µâÕß∑”∫π “¬ß“π°“√ª√–°Õ∫∑’Ëæ‘®“√≥“ µ—«Õ¬à“ß‡™àπ  µ√‘ß§”µÕ∫ [1 3 5 2 4 6 14 15 7 8 9 13 10 11 12]

®–‰¥â«à“„π 1 ‚§√‚¡‚´¡¡’ 15 ∫‘∑ À¡“¬∂÷ß  “¬ß“π°“√ª√–°Õ∫∑’Ëæ‘®“√≥“¡’ 15 ¢—Èπß“π ß“π·√°∑’Ë®–π”‰ª®—¥„Àâ

°—∫ ∂“π’§◊Õß“π„πµ”·Àπàß·√° ´÷Ëß§◊Õ¢—Èπß“π∑’Ë 1 ¢—Èπß“π∂—¥‰ª∑’Ë®–π”‰ª®—¥„Àâ°—∫ ∂“π’§◊Õß“π„πµ”·Àπàß∑’Ë 2 ´÷Ëß

°Á§◊Õ¢—Èπß“π∑’Ë 4 ß“π∑’Ë®–π”‰ª®—¥Õ’°§◊Õß“π∑’ËÕ¬Ÿà„πµ”·Àπàß∂—¥‰ªµ“¡≈”¥—∫ ∂â“°”Àπ¥„Àâ‡«≈“∑”ß“π¢Õß·µà≈–¢—Èπ

ß“π„π‚§√‚¡‚´¡¥—ß°≈à“«§◊Õ [42 65 103 90 123 114 89 90 38 41 22 105 69 46 32] ·≈–√–¬–‡«≈“∑”ß“π

¢Õß·µà≈– ∂“π’§◊Õ 360 ¥—ßπ—Èπ§”µÕ∫Àπ÷Ëß¢Õßº≈°“√®—¥∑’Ë‡ªìπ‰ª‰¥â§◊Õ {[1 3 5 2], [4 6 14], [14 7 8 9 13], [10 11

12]} ‚¥¬∑’Ëµ—«‡≈¢∑’ËÕ¬Ÿà„π‡§√◊ËÕßÀ¡“¬ ç[ ]é ®–À¡“¬∂÷ß¢—Èπß“πµà“ßÊ ∑’Ë∂Ÿ°®—¥„ÀâÕ¬Ÿà¿“¬„µâ ∂“π’∑’Ë°”Àπ¥„Àâ  ́ ÷Ëß„π∑’Ëπ’È

®–®—¥‰¥â∑—ÈßÀ¡¥ 4  ∂“π’

‡π◊ËÕß®“°§«“¡ —¡æ—π∏å°àÕπÀ≈—ß¢Õßß“π‡ªìπ¢âÕ®”°—¥∑’Ë ”§—≠¢Õßªí≠À“°“√®—¥ ¡¥ÿ≈¢Õß “¬ß“π°“√

ª√–°Õ∫ ¥—ßπ—Èπ„π°“√ √â“ß µ√‘ß§”µÕ∫·µà≈–µ—« ®÷ß‰¡à “¡“√∂®—¥≈”¥—∫ß“π≈ß„π·µà≈–∫‘∑¢Õß µ√‘ß§”µÕ∫‰¥â

Õ¬à“ßÕ‘ √–‚¥¬°“√ ÿà¡·∫∫∏√√¡¥“ ·µàµâÕßÕ“»—¬‡§√◊ËÕß¡◊Õ∑’Ë‡√’¬°«à“ Precedence Matrix ™à«¬„π°“√À“°≈ÿà¡¢Õß

¢—Èπß“π∑’Ë‰¡à¡’ß“π°àÕπÀπâ“ ·≈â«®÷ß ÿà¡¢—Èπß“π®“°‡´Áµ¥—ß°≈à“«¡“„ à„π µ√‘ß§”µÕ∫ ¢—Èπß“π∑’Ë∂Ÿ°‡≈◊Õ°‰ª·≈â«®–∂Ÿ°

µ—¥ÕÕ°®“° Precedence Matrix ®“°π—Èπ°Á®–À“°≈ÿà¡¢Õß¢—Èπß“π∑’Ë‰¡à¡’ß“π°àÕπÀπâ“™ÿ¥„À¡à ·≈â« ÿà¡‡≈◊Õ°¢—Èπß“πµàÕ

‰ª ∑”‡™àππ’È‡√◊ËÕ¬Ê ®π°«à“¢—Èπß“π∑—ÈßÀ¡¥®–∂Ÿ°®—¥≈ß„π µ√‘ß§”µÕ∫ «‘∏’π’È “¡“√∂√—∫ª√–°—π‰¥â«à“§”µÕ∫∑’Ë √â“ß¢÷Èπ

‡ªìπ§”µÕ∫∑’Ë‡ªìπ‰ª‰¥â

°“√√’‚ª√¥—°™—Ëπ (Reproduction) : §◊Õ°√–∫«π°“√§—¥‡≈◊Õ° µ√‘ß¡’§«“¡‡À¡“– ¡ Ÿß‡æ◊ËÕ‡ªìπ§”µÕ∫‡√‘Ë¡µâπ„Àâ

°—∫ª√–™“°√√ÿàπµàÕ‰ª  „π à«π¢Õß°“√√’‚ª√¥—°™—Ëπ®–·∫àßÕÕ°‡ªìπ  3   à«π¬àÕ¬ §◊Õ

•  °“√∂Õ¥√À— §”µÕ∫ (decoding) ‡ªìπ°“√π”¢—Èπß“π„π µ√‘ß§”µÕ∫·µà≈–µ—«¡“®—¥„Àâ ∂“π’∑”ß“π∑’

≈– ∂“π’ ‚¥¬„™â√–¬–‡«≈“∑”ß“π∑’Ë°”Àπ¥‡ªìπµ—«∫Õ°∂÷ß§«“¡ “¡“√∂ Ÿß ÿ¥¢Õß·µà≈– ∂“π’ß“π

•  °“√ª√–‡¡‘π§à“ (evaluation) ‡ªìπ°“√π”‡Õ“º≈°“√®—¥ß“π„Àâ°—∫ ∂“π’ß“π¡“§”π«≥À“§à“«—µ∂ÿª√– ß§å

∑’Ë π„®  ‡™àπ ‡«≈“«à“ßß“π√«¡  ®”π«π ∂“π’ß“π  §«“¡·ª√ª√«π¢Õß¿“√–ß“π À√◊Õ ª√– ‘∑∏‘¿“æ “¬°“√ª√–°Õ∫

‡ªìπµâπ  „π∫∑§«“¡π’È®–„™â§«“¡·ª√ª√«π¢Õß¿“√–ß“π„π°“√ª√–‡¡‘π§à“

•  °“√§—¥‡≈◊Õ° (selection) ‡ªìπ°“√§—¥‡≈◊Õ° µ√‘ßµ“¡∑ƒ…Æ’°“√Õ¬Ÿà√Õ¥¢Õß ‘Ëß¡’™’«‘µ  µ√‘ß∑’Ë¡’§«“¡

‡À¡“– ¡¡“°°«à“®–ºà“π‡¢â“‰ª„π°√–∫«π°“√∂—¥‰ª¢Õß GAs «‘∏’°“√§—¥‡≈◊Õ°∑’Ë„™â§◊Õ «‘∏’ Tournament Selection

‚¥¬ ÿà¡ µ√‘ß§”µÕ∫¡“ Õßµ—«·≈â«π”¡“‡ª√’¬∫‡∑’¬∫°—π  µ√‘ß§”µÕ∫µ—«∑’Ë¡’§«“¡‡À¡“– ¡¡“°°«à“®–∂Ÿ°‡≈◊Õ°‰ª
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°“√§√Õ ‚Õ‡«Õ√å (Crossover) : °“√§√Õ ‚Õ‡«Õ√å‡ªìπ¢—ÈπµÕπ∑’Ë°√–∑”¿“¬À≈—ß°“√√’‚ª√¥—°™—Ëπ   µ√‘ß∑’Ë∂Ÿ°‡≈◊Õ°

¡“∑—ÈßÀ¡¥®–∂Ÿ°°”Àπ¥§à“ ÿà¡„Àâ  µ√‘ßµ—«„¥∑’Ë¡’§à“ ÿà¡πâÕ¬°«à“§à“§«“¡πà“®–‡ªìπ„π°“√§√Õ ‚Õ‡«Õ√å (Pc) ®–∂Ÿ°π”

‰ª®—∫§Ÿà °≈“¬‡ªìπ µ√‘ßæàÕ·¡à (parent) ·≈â«¡’°“√·≈°‡ª≈’Ë¬π∫“ß à«π¢Õß µ√‘ß§”µÕ∫∑—Èß Õß‡æ◊ËÕ √â“ß µ√‘ß§”

µÕ∫√ÿàπ≈Ÿ° (offspring) «‘∏’§√Õ ‚Õ‡«Õ√å∑’Ë„™â„πß“π«‘®—¬π’È¡’ 5 «‘∏’ √“¬≈–‡Õ’¬¥·≈–°≈‰°¢Õß«‘∏’§√Õ ‚Õ‡«Õ√å·µà≈–

«‘∏’ “¡“√∂»÷°…“‰¥â®“° Chutima and Silanon [4] ·≈– “¡“√∂Õ∏‘∫“¬‚¥¬¬àÕ‰¥â¥—ßπ’È

     MOX (Modified One-Point Crossover) : ‡ªìπ«‘∏’∑’Ë¥—¥·ª≈ß¡“®“°°“√§√Õ ‚Õ‡«Õ√å·∫∫®ÿ¥‡¥’¬«

·∫∫∏√√¡¥“ ‚¥¬‡√‘Ë¡®“°°“√ ÿà¡µ”·Àπàß∑’Ë®–§√Õ ‚Õ‡«Õ√å (Xp) ¢÷Èπ¡“ 1 µ”·Àπàß  à«πÀ—«À√◊Õ§à“„πµ”·Àπàß·√°®π∂÷ß

Xp-1 ¢Õß µ√‘ß≈Ÿ°·µà≈–µ—« ®–‰¥â¡“®“°§à“„πµ”·Àπàß‡¥’¬«°—π¢Õß µ√‘ßæàÕ·¡àµ—«Àπ÷Ëß   à«πÀ“ß¢Õß µ√‘ß≈Ÿ° (µ”·Àπàß

∑’Ë Xp+1 ¢÷Èπ‰ª) ®–‰¥â¡“®“° µ√‘ßæàÕ·¡àÕ’°µ—«∑’Ë∂Ÿ°µ—¥ß“π∑’Ë´È”°—∫ß“π∑’ËÕ¬Ÿà„π à«πÀ—«¢Õß µ√‘ß≈Ÿ° µ—«π—ÈπÕÕ°·≈â«

   PMX (Partial-Mapped Crossover) : «‘∏’π’È®–‡√‘Ë¡®“°°“√ ÿà¡µ”·Àπàß∑’Ë®–§√Õ ‚Õ‡«Õ√å¢÷Èπ¡“  2

µ”·Àπàß gene ∑’ËÕ¬Ÿà„π™à«ß¢Õßµ”·Àπàß∑—Èß Õß®–‡√’¬°«à“‡ªìπ µ√‘ß¬àÕ¬  µ√‘ß≈Ÿ°®–‰¥â®“° µ√‘ßæàÕ·≈–·¡à∑’Ë∂Ÿ°

·≈°‡ª≈’Ë¬π µ√‘ß¬àÕ¬°—π À≈—ß°“√·≈°‡ª≈’Ë¬π ∂â“ß“π„π µ√‘ß¬àÕ¬´È”°—∫ß“πµ—«Õ◊Ëπ „Àâ·∑πß“πµ—«Õ◊Ëπ∑’Ë´È”¥â«¬ß“π∑’Ë

Õ¬Ÿà„πµ”·Àπàßµ√ß°—π¢Õß µ√‘ßÕ’°µ—«

    OX (Order Crossover) : «‘∏’π’È§≈â“¬°—∫«‘∏’ PMX µ√ß∑’ËµâÕß‡≈◊Õ° µ√‘ß¬àÕ¬Õ¬à“ß ÿà¡¡“®“° µ√‘ßæàÕ

·≈â«§—¥≈Õ°≈ß‰ª¬—ß µ√‘ß≈Ÿ°‡∫◊ÈÕßµâπ„πµ”·Àπàß‡¥’¬«°—π ®“°π—Èπ≈∫ß“π∑’Ëª√“°ØÕ¬Ÿà„π µ√‘ß≈Ÿ°‡∫◊ÈÕßµâπ·≈â«ÕÕ°

®“° µ√‘ß·¡à ®“°π—Èππ”ß“π∑’Ë‡À≈◊Õ„π µ√‘ß·¡à¡“„ à„πµ”·Àπàß∑’Ë¬—ß«à“ß¢Õß µ√‘ß≈Ÿ°‡∫◊ÈÕßµâπµ—«π—Èπ µ“¡≈”¥—∫®“°

ấ“¬‰ª¢«“

    CX (Cycle Crossover) :  ‡√‘Ë¡µâπ‚¥¬æ‘®“√≥“«à“µ”·Àπàß‡√‘Ë¡µâπ¢Õß µ√‘ßæàÕ¡’§à“‡∑à“‰√ À“°„π

µ”·Àπàß‡¥’¬«°—ππ’È¢Õß µ√‘ß·¡à¡’§à“‰¡à‡∑à“°—π Àâ§ß§à“„πµ”·Àπàßπ’È¢Õß µ√‘ßæàÕ·¡à‰«â ®“°π—ÈπÀ“«à“µ”·Àπàß

„¥¢Õß µ√‘ßæàÕ¡’§à“‡∑à“°—∫§à“„π µ√‘ß·¡à„πµ”·Àπàß∑’Ëºà“π¡“ ·≈â«æ‘®“√≥“«à“„πµ”·Àπàß¥—ß°≈à“«¢Õß µ√‘ß·¡à¡’§à“

‡∑à“°—∫§à“„πµ”·Àπàß‡√‘Ë¡µâπ¢Õß µ√‘ßæàÕÀ√◊Õ‰¡à À“°¡’§à“‰¡à‡∑à“°—π„Àâ§ß§à“¢Õß µ√‘ßæàÕ·¡à„πµ”·Àπàß¥—ß°≈à“«‰«â ·≈–

∑”´È”¢—ÈπµÕπ¥—ß°≈à“«®πæ∫µ”·Àπàß„π µ√‘ß·¡à∑’Ë¡’§à“‡∑à“°—∫§à“„πµ”·Àπàß‡√‘Ë¡µâπ¢Õß µ√‘ßæàÕ ®“°π—Èπ„Àâ∑”°“√

 ≈—∫∑’Ë√–À«à“ß§à“„πµ”·Àπàß∑’Ë‰¡àºà“π¢—ÈπµÕπ¢—Èπµâπ¢Õß µ√‘ßæàÕ·¡à

               PBX (Position-Base Crossover) : ‚¥¬‡≈◊Õ°µ”·Àπàß§√Õ ‚Õ‡«Õ√å®“° µ√‘ßæàÕÕ¬à“ß ÿà¡ ·≈â«π”§à“

„πµ”·Àπàß∑’Ë‡≈◊Õ°¢Õß µ√‘ßæàÕ ‰ª„ à„πµ”·Àπàß‡¥’¬«°—π„π µ√‘ß≈Ÿ° µ—¥§à“∑’ËÕ¬Ÿàµ√ßµ”·Àπàßµ”·Àπàß§√Õ ‚Õ‡«Õ√å

∑’Ë‡≈◊Õ°¢Õß µ√‘ßæàÕÕÕ°®“° µ√‘ß·¡à π”§à“∑’Ë‡À≈◊ÕÕ¬Ÿà„π µ√‘ß·¡à¡“„ à„π µ√‘ß≈Ÿ°

              °“√´àÕ¡·´¡§”µÕ∫ : ®“°«‘∏’°“√§√Õ ‚Õ‡«Õ√å∑—Èß 5 «‘∏’ ¡’‡æ’¬ß«‘∏’ MOX ‡∑à“π—Èπ∑’Ë “¡“√∂√—∫ª√–°—π

‰¥â«à“®–„Àâª√–™“°√√ÿàπ≈Ÿ°∑’Ë‡ªìπ§”µÕ∫∑’Ë‡ªìπ‰ª‰¥â ¥—ßπ—Èπ®÷ßµâÕß∑”°“√´àÕ¡·´¡§”µÕ∫∑’Ë‰¥â®“°«‘∏’Õ◊ËπÊ ‡æ◊ËÕ„Àâ‰¥â µ√‘ß

§”µÕ∫∑’Ë‰¡à¢—¥°—∫À≈—°§«“¡ —¡æ—π∏å°àÕπÀ≈—ß¢Õßß“π °“√´àÕ¡·´¡§”µÕ∫®–¡’«‘∏’°“√§≈â“¬°—∫°“√ √â“ß µ√‘ß§”µÕ∫

‡∫◊ÈÕßµâπ §◊ÕµâÕß„™â Precedence Matrix ™à«¬„π°“√À“°≈ÿà¡¢Õß¢—Èπß“π∑’Ë‰¡à¡’ß“π°àÕπÀπâ“ ·µà°“√‡≈◊Õ°ß“π®“°

‡´Áµ¥—ß°≈à“«¡“„ à„π µ√‘ß§”µÕ∫µ—«„À¡à ®–‡≈◊Õ°®“°¢—Èπß“π∑’ËÕ¬Ÿà„πµ”·Àπàß∑’ËπâÕ¬∑’Ë ÿ¥„π µ√‘ß§”µÕ∫∑’Ë®–

´àÕ¡·´¡·∑π°“√‡≈◊Õ°·∫∫ ÿà¡ ∑—Èßπ’È‡æ◊ËÕ„Àâ µ√‘ß§”µÕ∫¿“¬À≈—ß°“√´àÕ¡·´¡¡’≈—°…≥–§≈â“¬µ—«‡¥‘¡¡“°∑’Ë ÿ¥

     Õ—µ√“°“√§√Õ ‚Õ‡«Õ√å (Pc) ‡ªìπæ“√“¡‘‡µÕ√å∑’Ë ”§—≠Õ¬à“ßÀπ÷Ëß ”À√—∫°≈‰°°“√À“§”µÕ∫¢Õß GAs

‚¥¬®–· ¥ß∂÷ßÕ—µ√“ à«π¢Õß®”π«π¢Õß µ√‘ß≈Ÿ°∑’Ë∂Ÿ° √â“ß¢÷Èπ„π·µà≈–‡®π‡πÕ‡√™—ËπµàÕ¢π“¥¢Õßª√–™“°√(pop_size)

Õ—µ√“ à«ππ’È®–§«∫§ÿ¡®”π«π¢Õß‚§√‚¡‚´¡ (Pc x pop_size) ∑’Ë®–ºà“π°√–∫«π°“√§√Õ ‚Õ‡«Õ√å
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°“√¡‘«‡µ™—Ëπ (Mutation) :  «‘∏’°“√¡‘«‡µ™—Ëπ‡ªìπ¢—ÈπµÕπ∑’Ë¡’§«“¡ ”§—≠Õ¬à“ß¡“°„π°“√®—¥ ¡¥ÿ≈¢Õß “¬ß“π°“√

ª√–°Õ∫‚¥¬‡®π‡πµ‘°Õ—≈°Õ√‘∑÷¡  µ√‘ß§”µÕ∫∑ÿ°µ—«®–∂Ÿ°°”Àπ¥§à“ ÿà¡„Àâ  µ√‘ßµ—«∑’Ë¡’§à“ ÿà¡πâÕ¬°«à“§à“§«“¡πà“

®–‡ªìπ„π°“√¡‘«‡µ™—Ëπ®–∂Ÿ°π”¡“∑”°“√¡‘«‡µ™—Ëπ‚¥¬«‘∏’  Random Sequence Mutation (À√◊Õ Scrumble Muta-

tion [9]) «‘∏’π’È®–‡√‘Ë¡®“°°“√ ÿà¡µ”·Àπàß∑’Ë®–¡‘«‡µ™—Ëπ¡“ 1 µ”·Àπàß ®“°π—Èπ ¢—Èπß“π∑’ËÕ¬Ÿà¥â“π´â“¬¡◊Õ¢Õßµ”·Àπàß

¥—ß°≈à“«®–∂Ÿ°§—¥≈Õ°¡“‡ªìπ à«πÀ—«¢Õß µ√‘ßµ—«„À¡à  à«πß“π„πµ”·Àπàß∑’Ë‡À≈◊Õ®–‰¥â¡“®“°«‘∏’‡¥’¬«°—π°—∫°“√ µ√‘ß§”

µÕ∫‡∫◊ÈÕßµâπ‚¥¬Õ“»—¬ Precedence Matrix ∑’Ë¡’°“√µ—¥ß“π∑’ËÕ¬Ÿà„π à«πÀ—«¢Õß µ√‘ß§”µÕ∫µ—«„À¡àÕÕ°‰ª·≈â« °“√

¡‘«‡µ™—Ëπ·∫∫π’È®–„Àâ§”µÕ∫∑’Ë‡ªìπ‰ª‰¥âÕ¬Ÿà·≈â« ®÷ß‰¡àµâÕß∑”°“√´àÕ¡·´¡§”µÕ∫Õ’°§√—Èß (°≈‰°„π√“¬≈–‡Õ’¬¥

 “¡“√∂»÷°…“‰¥â®“° Chutima and Silanon [4])

     Õ—µ√“°“√¡‘«‡µ™—Ëπ (Pm)  À¡“¬∂÷ß  ‡ªÕ√å‡´Áπµå¢Õß®”π«π¬’π∑—ÈßÀ¡¥„πª√–™“°√∑’Ë®–‡°‘¥°“√¡‘«‡µ™—Ëπ¢÷Èπ

´÷Ëß®–‡ªìπµ—«§Õ¬§«∫§ÿ¡Õ—µ√“°“√‡°‘¥¢Õß¬’π„À¡à„πª√–™“°√  ·≈–°“√∑’Ë¬’π„À¡àπ’È∂Ÿ° √â“ß¢÷Èπ„ÀâÕ¬Ÿà„πª√–™“°√ªí®®ÿ∫—π

°Á®–∑”„Àâ‚Õ°“ „π°“√À“§”µÕ∫∑’Ë¡’§«“¡À≈“°À≈“¬¡“°¢÷Èπ

‡∑§π‘§°“√‡°Á∫§à“∑’Ë¥’∑’Ë ÿ¥ (Elite Preserve Strategy) [10] :  ‡π◊ËÕß®“° µ√‘ß§”µÕ∫∑’Ë‰¥â®“°°“√§√Õ ‚Õ-

‡«Õ√å·≈–°“√¡‘«‡µ™—Ëπ Õ“®‡ªìπ§”µÕ∫∑’Ë·¬à°«à“§”µÕ∫∑’Ë‡§¬ª√“°Ø„π‡®π‡πÕ‡√™—Ëπ∑’Ëºà“πÊ ¡“ ¥—ßπ—Èπ®÷ßµâÕß¡’°“√

‡°Á∫§à“∑’Ë¥’∑’Ë ÿ¥‡Õ“‰«â‡æ◊ËÕ„™â‡ª√’¬∫‡∑’¬∫°—∫§à“∑’Ë¥’∑’Ë ÿ¥¢Õß µ√‘ß§”µÕ∫™ÿ¥„À¡à  ∂â“À“° Elite Preserve Solution „Àâ

§à“ Fitness ∑’Ë¥’°«à“§à“∑’Ë¥’∑’Ë ÿ¥¢Õß µ√‘ß™ÿ¥„À¡à°Á„Àâ‡Õ“ Elite Preserve Solution ·∑π∑’Ë§à“∑’Ë·¬à∑’Ë ÿ¥ ∑—Èßπ’È‡æ◊ËÕ

„Àâ µ√‘ß§”µÕ∫∑’Ë¥’∑’Ë ÿ¥‡∑à“∑’Ëæ∫¬—ß§ßÕ¬Ÿà„π°√–∫«π°“√¢Õß GAs µàÕ‰ª ‡∑§π‘§°“√‡°Á∫§à“∑’Ë¥’∑’Ë ÿ¥·∫àßÕÕ°‡ªìπ 3

¢—ÈπµÕπ §◊Õ

    Initial Elite Preserve Strategy : À“§à“§”µÕ∫∑’Ë¥’∑’Ë ÿ¥®“°ª√–™“°√‡®π‡πÕ‡√™—Ëπ·√°·≈–‡°Á∫§à“§”

µÕ∫∑’Ë¥’∑’Ë ÿ¥π’È‰«â‡ªìπ Elite Preserve Solution

  Post-crossover Elite Preserve Strategy : À“§à“§”µÕ∫∑’Ë¥’∑’Ë ÿ¥®“°°“√§√Õ ‚Õ‡«Õ√å ·≈â«π”¡“

‡ª√’¬∫‡∑’¬∫°—∫ Elite Preserve Solution ∑’Ë¡’Õ¬Ÿà ∂â“§”µÕ∫∑’Ë‰¥â®“°°“√§√Õ ‚Õ‡«Õ√å¥’°«à“ °Á„Àâ‡°Á∫§”µÕ∫π—Èπ‡ªìπ

Elite Preserve Solution ·∑π

  Elite Preserve Strategy of Generation :  À“§à“§”µÕ∫∑’Ë¥’∑’Ë ÿ¥®“°°“√¡‘«‡µ™—Ëπ ·≈â«π”¡“‡ª√’¬∫

‡∑’¬∫°—∫ Elite Preserve Solution ∑’Ë¡’Õ¬Ÿà  ∂â“§”µÕ∫∑’Ë‰¥â®“°¡‘«‡µ™—Ëπ¥’°«à“ °Á„Àâ‡°Á∫§”µÕ∫π—Èπ‡ªìπ Elite Preserve

Solution ·∑π ·µà∂â“ Elite Preserve Solution ¥’°«à“ °Á„Àâ·∑π∑’Ë§”µÕ∫∑’Ë·¬à∑’Ë ÿ¥®“°°“√¡‘«‡µ™—Ëπ¥â«¬ Elite Pre-

serve Solution

°“√µ√«® Õ∫ ¿“«–°“√À¬ÿ¥∑”ß“π : °“√¥”‡π‘π°“√µ“¡°√–∫«π°“√¢Õß GAs ®– ‘Èπ ÿ¥‡¡◊ËÕ∫√√≈ÿ‡ß◊ËÕπ‰¢„π

°“√À¬ÿ¥´÷Ëß¡’Õ¬Ÿà 2 Õ¬à“ß§◊Õ ®–À¬ÿ¥‡¡◊ËÕ®”π«π‡®π‡πÕ‡√™—Ëπ‡°‘π®”π«π‡®π‡πÕ‡√™—Ëπ Ÿß ÿ¥∑’Ë°”Àπ¥ À√◊ÕÀ¬ÿ¥‡¡◊ËÕ

§à“¢Õß ¡°“√«—µ∂ÿª√– ß§å§ß∑’Ëπ“π‡°‘π°«à“®”π«π‡®π‡πÕ‡√™—Ëπ∑’Ë°”Àπ¥ ‡¡◊ËÕÀ¬ÿ¥·≈â«§”µÕ∫∑’Ë¥’∑’Ë ÿ¥®–‰¥â¡“

®“° µ√‘ß§”µÕ∫∑’Ë‡°Á∫‰«â‚¥¬„™â§à“ Fitness  Ÿß ÿ¥‡ªìπ‡°≥±å°“√æ‘®“√≥“
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4. °“√ÕÕ°·∫∫∑¥≈Õß

«‘∏’‡®π‡πµ‘°Õ—≈°Õ√‘∑÷¡ (GAs) ∑’Ëπ”¡“„™â„π°“√®—¥ ¡¥ÿ≈ “¬°“√ª√–°Õ∫·∫∫º≈‘µ¿—≥±åº ¡π—Èπ ¡’æ“√“

¡‘‡µÕ√å∑’Ë‡°’Ë¬«¢âÕßÀ≈“¬µ—« °“√°”Àπ¥æ“√“¡‘‡µÕ√å∑’Ë‡À¡“– ¡®–∑”„Àâª√– ‘∑∏‘¿“æ¢Õß GAs ¥’¢÷Èπ ¥—ßπ—Èπ®÷ß‰¥â

∑”°“√ÕÕ°·∫∫°“√∑¥≈Õß [11] ·≈–∑”°“√∑¥≈Õßµ“¡«‘∏’¢Õß°“√ÕÕ°·∫∫°“√∑¥≈Õß (experimental design) [12]

‡æ◊ËÕÀ“æ“√“¡‘‡µÕ√å∑’Ë‡°’Ë¬«¢âÕßÕ¬à“ß‡À¡“– ¡ ‚¥¬«—µ∂ÿª√– ß§å‡æ◊ËÕª√—∫ª√ÿßª√– ‘∑∏‘¿“æ¢Õß GAs „π¥â“π§«“¡

 “¡“√∂„π°“√À“§”µÕ∫∑’Ë¥’∑’Ë ÿ¥ «‘∏’°“√À“æ“√“¡‘‡µÕ√å∑’Ë‡À¡“– ¡·∫àßÕÕ°‡ªìπ 3 ¢—ÈπµÕπ§◊Õ

1.  °“√À“æ“√“¡‘‡µÕ√å∑’Ë‡À¡“– ¡‚¥¬æ‘®“√≥“®“°§«“¡ “¡“√∂„π°“√À“§”µÕ∫∑’Ë¥’∑’Ë ÿ¥

2.  °“√À“æ“√“¡‘‡µÕ√å∑’Ë‡À¡“– ¡‚¥¬æ‘®“√≥“®“°§«“¡‡√Á«„π°“√≈Ÿà‡¢â“À“§”µÕ∫

3.  °“√À“æ“√“¡‘‡µÕ√å∑’Ë‡À¡“– ¡‚¥¬æ‘®“√≥“®“°§à“‡©≈’Ë¬¢Õß WV ·≈–§à“‡©≈’Ë¬¢Õß≈”¥—∫∑’Ë¢Õß‡®π

‡πÕ‡√™—Ëπ∑’Ëæ∫§”µÕ∫

„π°“√∑¥≈Õß®–„™âªí≠À“µ—«Õ¬à“ß®”π«π 4 ªí≠À“´÷Ëß¡’®”π«π¢—Èπß“π 19, 114 ·≈– 194 ß“π Õ’° 1

ªí≠À“‰¥â¡“®“°°“√ ÿà¡´÷Ëß¡’¢π“¥ 49 ß“π (¥Ÿ√“¬≈–‡Õ’¬¥¢Õßªí≠À“‰¥â„π‡Õ° “√Õâ“ßÕ‘ß [14]) „™â°“√∑¥≈Õß·∫∫

Full Factorial Design ∑’Ë√–¥—∫§«“¡‡™◊ËÕ¡—Ëπ 0.95 ‚¥¬„™â§à“ Workload Variance ‡ªìπ§à“µÕ∫ πÕß ¡’ªí®®—¬

·≈–√–¥—∫ªí®®—¬∑’Ëæ‘®“√≥“¥—ßπ’È

      ®”π«πª√–™“°√  ·∫àßÕÕ°‡ªìπ 3 √–¥—∫  §«“¡‡À¡“– ¡¢Õß·µà≈–√–¥—∫‰¥â¡“®“°º≈¢Õß°“√∑¥≈Õß

‡∫◊ÈÕßµâπ (pilot run) ´÷Ëß‰¥â∑”°“√∑¥ Õ∫¿“¬„µâ®”π«π‡®π‡πÕ‡√™—Ëπ‰¡à¡“°π—° (500 ‡®π‡πÕ‡√™—Ëπ) ´÷Ëß√–¥—∫∑’Ë

‡≈◊Õ°¢÷Èπ¡“∑”°“√∑¥≈Õß„π¢—ÈπµàÕ‰ªπ’È ‡ªìπ√–¥—∫∑’Ë„Àâ‰¥â§”µÕ∫∑’Ë¥’„π√–À«à“ß°“√∑”°“√∑¥≈Õß‡∫◊ÈÕßµâπ ´÷Ëß‰¥â·°à

- 10 15 ·≈– 20  ”À√—∫ªí≠À“ 19 ·≈– 49 ß“π

- 10 20 ·≈– 30  ”À√—∫ªí≠À“ 114 ·≈– 194 ß“π

    «‘∏’§√Õ ‚Õ‡«Õ√å  ·∫àß‡ªìπ 5 √–¥—∫ §◊Õ MOX  PMX  CX  OX  ·≈– PBX

    Pc ·∫àß‡ªìπ 3 √–¥—∫§◊Õ  0.8  0.9 ·≈– 1.0  (À“®“° pilot run ‡™àπ‡¥’¬«°—π°—∫°“√À“√–¥—∫¢Õß

®”π«π¢Õßª√–™“°√)

    Pm ·∫àß‡ªìπ 3 √–¥—∫§◊Õ  0.2  0.3  ·≈– 0.4 (À“®“° pilot run ‡™àπ‡¥’¬«°—π°—∫°“√À“√–¥—∫¢Õß

®”π«π¢Õßª√–™“°√)

·µà≈–°“√∑¥≈Õß¡’®”π«π°“√∑” È́”‡∑à“°—∫ 2 ¥—ßπ—Èπ®”π«π°“√∑¥≈Õß∑—ÈßÀ¡¥¢Õß·µà≈–ªí≠À“‡∑à“°—∫ 270
¢âÕ¡Ÿ≈  ®”π«π‡®π‡πÕ‡√™—Ëπ Ÿß ÿ¥∑’Ë„™â„π·µà≈–ªí≠À“√«¡∑—Èß√–¥—∫ªí®®—¬µà“ßÊ ‰¥â¡“®“°°“√æ‘®“√≥“·≈–∑¥≈Õß∑”
pilot run Õ¬à“ß§√à“«Ê „π°√≥’∑’Ë„™â§à“ Workload Variance ‡ªìπ§à“µÕ∫ πÕß·≈â«¬—ß‰¡à “¡“√∂«‘‡§√“–ÀåÀ“§à“æ“√“
¡‘‡µÕ√å∑’Ë‡À¡“– ¡¢Õß∫“ßªí®®—¬‰¥â „Àâπ”√–¥—∫ªí®®—¬∑’Ë‡À≈◊Õ¡“«‘‡§√“–ÀåÕ’°§√—Èß‚¥¬„Àâ≈”¥—∫∑’Ë¢Õß‡®π‡πÕ‡√™—Ëπ∑’Ëæ∫
§”µÕ∫‡ªìπ§à“µÕ∫ πÕß·∑π ∑—Èßπ’È‡π◊ËÕß®“°§«“¡‡√Á«„π°“√≈Ÿà‡¢â“À“§”µÕ∫‡ªìπµ—«°”Àπ¥ª√– ‘∑∏‘¿“æ¢Õß GAs Õ’°
ª√–°“√Àπ÷Ëß
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5. º≈°“√∑¥≈Õß

®“°°“√∑¥≈Õß·≈–«‘‡§√“–Àåº≈¥â«¬°“√«‘‡§√“–Àå§«“¡·ª√ª√«π (ANOVA) ·≈– Duncanûs Multiple

Range Test ∑’Ë√–¥—∫§«“¡‡™◊ËÕ¡—Ëπ 0.95 · ¥ß‰¥â¥—ßµ“√“ß∑’Ë 1 ´÷Ëß “¡“√∂ √ÿª‰¥â¥—ßπ’È§◊Õ

°√≥’¢Õßªí≠À“¢π“¥ 19 ¢—Èπß“π °“√«‘‡§√“–Àå· ¥ß„Àâ‡ÀÁπ«à“ªí®®—¬∑’Ë¡’º≈µàÕ GAs Õ¬à“ß¡’π—¬ ”§—≠§◊Õ

®”π«πª√–™“°√·≈–«‘∏’°“√§√Õ ‚Õ‡«Õ√å  ´÷Ëß§à“∑’Ë‡À¡“– ¡§◊Õ®”π«πª√–™“°√ 15 ·≈– 20 «‘∏’°“√§√Õ ‚Õ‡«Õ√å

·∫∫ OX ·≈– §«“¡πà“®–‡ªìπ„π°“√¡‘«‡µ™—Ëπ (Pm) 0.3 ·≈– 0.4  ”À√—∫ªí≠À“ 49 ß“π  ªí®®—¬∑’Ë¡’º≈µàÕ GAs §◊Õ

®”π«πª√–™“°√  §«“¡πà“®–‡ªìπ„π°“√¡‘«‡µ™—Ëπ  ´÷Ëß§à“∑’Ë‡À¡“– ¡§◊Õ  ®”π«πª√–™“°√ 15 ·≈– 20  à«π Pm ∑’Ë

‡À¡“– ¡§◊Õ 0.3 ·≈– 0.4  ”À√—∫ªí≠À“ 114 ß“π ªí®®—¬∑’Ë¡’º≈µàÕ GAs §◊Õ ®”π«πª√–™“°√  «‘∏’°“√§√Õ ‚Õ‡«Õ√å

·≈–§«“¡πà“®–‡ªìπ„π°“√¡‘«‡µ™—Ëπ  ‚¥¬¡’§à“∑’Ë‡À¡“– ¡§◊Õ  ®”π«πª√–™“°√ 30 «‘∏’°“√§√Õ ‚Õ‡«Õ√å·∫∫ PMX

·≈–§à“ Pm 0.3

ªí®®—¬∑’Ë¡’º≈µàÕ GAs  ”À√—∫ªí≠À“ 194 ß“π§◊Õ ®”π«πª√–™“°√ «‘∏’°“√§√Õ ‚Õ‡«Õ√å ·≈–§«“¡πà“®–

‡ªìπ„π°“√¡‘«‡µ™—Ëπ (Pm) ‚¥¬§à“∑’Ë‡À¡“– ¡§◊Õ ®”π«πª√–™“°√ 20 ·≈– 30  «‘∏’°“√§√Õ ‚Õ‡«Õ√å·∫∫ MOX ·≈–

PMX  à«π Pm ∑’Ë‡À¡“– ¡§◊Õ 0.2 ·≈– 0.3

  µ“√“ß∑’Ë 1  º≈°“√∑¥ Õ∫æ“√“¡‘‡µÕ√å¢Õß GAs

°√≥’»÷°…“ æ“√“¡‘‡µÕ√å

§à“∑’Ë‡À¡“– ¡

§à“µÕ∫ πÕß§◊Õ
Workload Variance

§à“µÕ∫ πÕß§◊Õ
≈”¥—∫∑’Ë¢Õß‡®π‡πÕ‡√™—Ëπ

∑’Ëæ∫§”µÕ∫

ªí≠À“ 49 ¢—Èπß“π ®”π«πª√–™“°√
«‘∏’°“√§√Õ ‚Õ‡«Õ√å
§«“¡πà“®–‡ªìπ„π°“√§√Õ ‚Õ‡«Õ√å
§«“¡πà“®–‡ªìπ„π°“√¡‘«‡µ™—Ëπ

15 20
‰¡à¡’º≈
‰¡à¡’º≈
0.3 0.4

15 20
‰¡à¡’º≈
‰¡à¡’º≈
0.3 0.4

ªí≠À“ 19 ¢—Èπß“π ®”π«πª√–™“°√
«‘∏’°“√§√Õ ‚Õ‡«Õ√å
§«“¡πà“®–‡ªìπ„π°“√§√Õ ‚Õ‡«Õ√å
§«“¡πà“®–‡ªìπ„π°“√¡‘«‡µ™—Ëπ

15 20
OX

‰¡à¡’º≈
0.3 0.4

15 20
OX

‰¡à¡’º≈
0.3 0.4

ªí≠À“ 114 ¢—Èπß“π ®”π«πª√–™“°√
«‘∏’°“√§√Õ ‚Õ‡«Õ√å
§«“¡πà“®–‡ªìπ„π°“√§√Õ ‚Õ‡«Õ√å
§«“¡πà“®–‡ªìπ„π°“√¡‘«‡µ™—Ëπ

30
PMX
‰¡à¡’º≈
0.3

30
PMX
‰¡à¡’º≈
0.3

®”π«πª√–™“°√
«‘∏’°“√§√Õ ‚Õ‡«Õ√å
§«“¡πà“®–‡ªìπ„π°“√§√Õ ‚Õ‡«Õ√å
§«“¡πà“®–‡ªìπ„π°“√¡‘«‡µ™—Ëπ

ªí≠À“ 194 ¢—Èπß“π 20 30
MOX PMX

‰¡à¡’º≈
0.2 0.3

20 30
MOX PMX

‰¡à¡’º≈
0.2 0.3
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®“°°“√∑¥≈Õß “¡“√∂„Àâ·π«∑“ß„π°“√°”Àπ¥§à“æ“√“¡‘‡µÕ√åÕ¬à“ß§√à“«Ê  ‰¥â«à“ §«√„™â®”π«πª√–™“°√

¢π“¥ 15 À√◊Õ 20 ·µà∂â“µâÕß°“√„Àâ‡«≈“„π°“√§”π«≥πâÕ¬·π–π”„Àâ„™âª√–™“°√ 15 ·≈–„™â«‘∏’°“√§√Õ ‚Õ‡«Õ√å

·∫∫ OX √à«¡°—∫°“√´àÕ¡·´¡§”µÕ∫ ”À√—∫ªí≠À“¢π“¥ 19 ·≈– 49 ¢—Èπß“π „™â®”π«πª√–™“°√  30  «‘∏’°“√§√Õ 

‚Õ‡«Õ√å·∫∫ PMX √à«¡°—∫°“√´àÕ¡·´¡§”µÕ∫  ”À√—∫ªí≠À“¢π“¥ 114 ·≈– 194 ¢—Èπß“π  à«π§à“ Pm §«√Õ¬Ÿà

√–À«à“ß 0.3-0.4

®“°º≈°“√«‘‡§√“–Àå∑’Ë‰¥â®“°ªí≠À“µ—«Õ¬à“ß∑—ÈßÀ¡¥ “¡“√∂ √ÿª‰¥â«à“  ªí®®—¬∑’Ë¡’º≈µàÕ°“√À“§”µÕ∫¢Õß GAs

Õ¬à“ß¡’π—¬ ”§—≠§◊Õ  ®”π«πª√–™“°√  §«“¡πà“®–‡ªìπ„π°“√¡‘«‡µ™—Ëπ  ·≈–«‘∏’°“√§√Õ ‚Õ‡«Õ√å   ”À√—∫§«“¡πà“

®–‡ªìπ„π°“√§√Õ ‚Õ‡«Õ√å‰¡à¡’º≈µàÕª√– ‘∑∏‘¿“æ¢Õß GAs ∑—Èß„π‡√◊ËÕß¢Õß§«“¡ “¡“√∂„π°“√À“§”µÕ∫∑’Ë¥’∑’Ë ÿ¥

·≈–§«“¡ “¡“√∂„π°“√≈Ÿà‡¢â“À“§”µÕ∫·≈–„π°“√∑¥ Õ∫®–‰¥âæ“√“¡‘‡µÕ√å∑’Ë„Àâ§”µÕ∫∑’Ë¥’æÕÊ °—π·≈–„°≈â‡§’¬ß

°—∫§”µÕ∫∑’Ë¥’∑’Ë ÿ¥À≈“¬§à“ · ¥ß„Àâ‡ÀÁπ«à“™à«ß¢Õßæ“√“¡‘‡µÕ√å∑’Ë„™â„π°“√∑¥≈Õßπ’È‡ªìπ™à«ß∑’Ë¬Õ¡√—∫‰¥â ·≈–

 “¡“√∂π”‰ª„™â‡ªìπ·π«∑“ß„π°“√°”Àπ¥√–¥—∫ªí®®—¬∑’Ë·§∫≈ß‰¥â„π°“√„™âß“π®√‘ß

6. °“√‡ª√’¬∫‡∑’¬∫§”µÕ∫∑’Ë‰¥â®“°«‘∏’ GAs °—∫«‘∏’ COMSOAL

„π°“√„™â«‘∏’‡®π‡πµ‘°Õ—≈°Õ√‘∑÷¡„π°“√·°âªí≠À“°“√®—¥ ¡¥ÿ≈ “¬°“√ª√–°Õ∫·∫∫º≈‘µ¿—≥±åº ¡¢Õß

ªí≠À“µ—«Õ¬à“ß∑—Èß 4 ªí≠À“‚¥¬„™â§à“æ“√“¡‘‡µÕ√å∑’Ë‰¥â®“°°“√«‘‡§√“–Àå‡æ◊ËÕ∑¥≈ÕßÀ“§”µÕ∫∑’Ë¥’∑’Ë ÿ¥¢Õß·µà≈–ªí≠À“

·≈â«π”‰ª‡ª√’¬∫‡∑’¬∫°—∫§”µÕ∫∑’Ë‰¥â®“° COMSOAL [13] π—Èπ ®“°√Ÿª∑’Ë 2-5 æ∫«à“°√“ø· ¥ß§à“ Measure of

Performance µà“ßÊ ¡’·π«‚πâ¡≈Ÿà‡¢â“À“§à“∑’Ë¥’∑’Ë ÿ¥Õ¬à“ß√«¥‡√Á«¥—ß®–‡ÀÁπ‰¥â®“°√Ÿª∑’Ë 2, 3 ·≈– 4 ‚¥¬‡©æ“–§à“

«—µ∂ÿª√– ß§å§◊Õ§à“‡«≈“«à“ßß“π√«¡  ·≈–®”π«π ∂“π’ß“π  „Àâ§à“∑’Ë¥’∑’Ë ÿ¥µ—Èß·µà‡®π‡πÕ‡√™—Ëπ∑’Ë 1 ·≈–§à“ Measure

of Performance µà“ßÊ  “¡“√∂≈Ÿà‡¢â“ Ÿà§à“∑’Ë¥’∑’Ë ÿ¥§à“Àπ÷Ëß·≈–§ß∑’Ë®π°«à“®–∂÷ß‡ß◊ËÕπ‰¢„π°“√À¬ÿ¥ · ¥ß„Àâ‡ÀÁπ«à“

«‘∏’ GAs  “¡“√∂„Àâ§à“§”µÕ∫∑’Ë¥’∑’Ë ÿ¥À√◊Õ„°≈â‡§’¬ß∑’Ë¥’∑’Ë ÿ¥‰¥âÕ¬à“ß√«¥‡√Á«

Objective : Minimize total idle time of line

√Ÿª∑’Ë 2 º≈°“√À“§”µÕ∫‚¥¬«‘∏’ GAs ¢Õßªí≠À“µ—«Õ¬à“ß¢π“¥ 19 ¢—Èπß“π
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Objective : Minimize total idle time of line
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Objective : Minimize total idle time of line

√Ÿª∑’Ë 4 º≈°“√À“§”µÕ∫‚¥¬«‘∏’ GAs ¢Õßªí≠À“µ—«Õ¬à“ß¢π“¥ 114 ¢—Èπß“π
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 ”À√—∫°“√‡ª√’¬∫‡∑’¬∫ª√– ‘∑∏‘¿“æ„π°“√À“§”µÕ∫√–À«à“ß«‘∏’ GAs °—∫ «‘∏’ COMSOAL „πµ“√“ß∑’Ë 2

æ∫«à“

Objective : Minimize total idle time of line

√Ÿª∑’Ë 5√Ÿª∑’Ë 5√Ÿª∑’Ë 5√Ÿª∑’Ë 5√Ÿª∑’Ë 5 º≈°“√À“§”µÕ∫‚¥¬«‘∏’ GAs ¢Õßªí≠À“µ—«Õ¬à“ß¢π“¥ 194 ¢—Èπß“π
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   µ“√“ß∑’Ë 2 · ¥ßº≈°“√‡ª√’¬∫‡∑’¬∫§”µÕ∫∑’Ë‰¥â®“°«‘∏’ GAs ·≈–«‘∏’ COMSOAL

19 ¢—Èπß“π ®”π«π ∂“π’
‡«≈“«à“ß√«¡
Workload Variance
ª√– ‘∑∏‘¿“æ “¬°“√º≈‘µ

3
18
38.667
98.57

3
0
18
98.57

49 ¢—Èπß“π ®”π«π ∂“π’
‡«≈“«à“ß√«¡
Workload Variance
ª√– ‘∑∏‘¿“æ “¬°“√º≈‘µ

12
849
3312.69
85.85

11
348
158.78
93.67

114 ¢—Èπß“π ®”π«π ∂“π’
‡«≈“«à“ß√«¡
Workload Variance
ª√– ‘∑∏‘¿“æ “¬°“√º≈‘µ

25
630.38
1200.54
93.99

25
630.38
935.61
93.99

®”π«π ∂“π’
‡«≈“«à“ß√«¡
Workload Variance
ª√– ‘∑∏‘¿“æ “¬°“√º≈‘µ

194 ¢—Èπß“π 22
690.25
3445.953
94.50

22
690.5
432.00
94.19

ªí≠À“µ—«Õ¬à“ß æ“√“¡‘‡µÕ√å «‘∏’ GAs «‘∏’ COMSOAL



«“√ “√«‘®—¬·≈–æ—≤π“ ¡®∏. ªï∑’Ë 26 ©∫—∫∑’Ë 1 ¡°√“§¡-¡’π“§¡ 2546 15

„πªí≠À“¢π“¥ 19 ¢—Èπß“π ‡¡◊ËÕæ‘®“√≥“§à“ Measure of Performance µà“ßÊ ®–‰¥â«à“∑—Èß Õß«‘∏’„Àâ®”π«π

 ∂“π’ ‡«≈“«à“ßß“π√«¡ ·≈–ª√– ‘∑∏‘¿“æ “¬°“√º≈‘µ‡∑à“°—π ·µà§”µÕ∫∑’Ë‰¥â®“°«‘∏’ GAs π—Èπ®–¡’§à“ Workload

Variance ∑’ËµË”°«à“§”µÕ∫®“°«‘∏’ COMSOAL ∂÷ß 100%

 ”À√—∫ªí≠À“ 49 ¢—Èπß“πæ∫«à“«‘∏’ GAs „Àâ®”π«π ∂“π’µË”°«à“«‘∏’ COMSOAL ®”π«π 1  ∂“π’  §‘¥‡ªìπ

√âÕ¬≈– 8.34  à«π§à“ Workload Variance «‘∏’ GAs „Àâ§à“µË”°«à“∂÷ß√âÕ¬≈– 95.21 ‡¡◊ËÕæ‘®“√≥“‡«≈“«à“ßß“π√«¡

æ∫«à“«‘∏’ GAs „Àâ§à“µË”°«à“«‘∏’ COMSOAL√âÕ¬≈– 59.01 ·≈–„π à«π¢Õßª√– ‘∑∏‘¿“æ “¬°“√º≈‘µπ—Èπ«‘∏’ GAs

„Àâ§”µÕ∫∑’Ë¥’°«à“√âÕ¬≈– 9.10

ªí≠À“ 114 ¢—Èπß“πæ∫«à“®”π«π ∂“π’ß“π ‡«≈“«à“ß√«¡ ·≈–ª√– ‘∑∏‘¿“æ “¬°“√º≈‘µ∑’Ë‰¥â®“°∑—Èß Õß

«‘∏’¡’§à“‡∑à“°—π ·µà‡¡◊ËÕæ‘®“√≥“§à“  Workload Variance  π—Èπ«‘∏’ GAs „Àâ§”µÕ∫∑’Ë¥’°«à“√âÕ¬≈– 22.07

„πªí≠À“¢π“¥ 194 ¢—Èπß“π æ∫«à“ §à“ Measure of Performance „π à«π¢Õß®”π«π ∂“π’ß“π ‡«≈“

«à“ßß“π√«¡  ·≈–ª√– ‘∑∏‘¿“æ “¬°“√º≈‘µπ—Èπ∑—Èß Õß«‘∏’„Àâ§”µÕ∫‡À¡◊Õπ°—π  ·µà„π à«π¢Õß§à“ Workload Variance

π—Èπ«‘∏’ GAs „Àâ§”µÕ∫∑’Ë¥’°«à“∂÷ß√âÕ¬≈– 87.46

®“°°“√‡ª√’¬∫‡∑’¬∫ª√– ‘∑∏‘¿“æ„π°“√À“§”µÕ∫√–À«à“ß«‘∏’ GAs °—∫ «‘∏’ COMSOAL „πªí≠À“µ—«Õ¬à“ß

∑—ÈßÀ¡¥ “¡“√∂ √ÿª‰¥â«à“ „π à«π‡«≈“«à“ßß“π√«¡·≈–®”π«π ∂“π’ß“π´÷Ëß‡ªìπ§à“«—µ∂ÿª√– ß§åπ—Èπæ∫«à“«‘∏’ GAs

 “¡“√∂„Àâ§”µÕ∫‰¥â¥’°«à“À√◊Õ¥’‡∑à“°—∫«‘∏’ COMSOAL  à«π§à“ª√– ‘∑∏‘¿“æ “¬°“√º≈‘µ°Á„Àâº≈‡™àπ‡¥’¬«°—π ·≈–

‡¡◊ËÕæ‘®“√≥“∂÷ß§à“§«“¡·ª√ª√«π¢Õß¿“√–ß“π«‘∏’ GAs ®–„Àâ§”µÕ∫∑’Ë¥’°«à“Õ¬à“ß¡“° ¥—ßπ—Èπ®÷ß “¡“√∂ √ÿª‰¥â«à“

«‘∏’ GAs  “¡“√∂„Àâ§”µÕ∫∑’Ë¥’°«à“«‘∏’ COMSOAL

7. ∫∑ √ÿª

‡®π‡πµ‘°Õ—≈°Õ√‘∑÷¡‡ªìπ«‘∏’∑’Ë “¡“√∂π”¡“„™â·°âªí≠À“°“√®—¥ ¡¥ÿ≈ “¬°“√ª√–°Õ∫·∫∫º≈‘µ¿—≥±åº ¡‰¥â

Õ¬à“ß¡’ª√– ‘∑∏‘¿“æ ́ ÷Ëß®–‡ÀÁπ‰¥â®“°ß“π«‘®—¬«à“‡®π‡πµ‘°Õ—≈°Õ√‘∑÷¡∑’Ëπ”¡“„™â “¡“√∂„Àâ§”µÕ∫∑’Ë¥’°«à“«‘∏’ COMSOAL

„π à«π¢Õß°“√∑¥≈Õß‡æ◊ËÕ∑¥ Õ∫À“æ“√“¡‘‡µÕ√å∑’Ë¡’º≈µàÕª√– ‘∑∏‘¿“æ„π°“√À“§”µÕ∫¢Õß‡®π‡πµ‘°Õ—≈

°Õ√‘∑÷¡®–‰¥â«à“ ®”π«πª√–™“°√ «‘∏’°“√§√Õ ‚Õ‡«Õ√å ·≈–§«“¡πà“®–‡ªìπ„π°“√¡‘«‡µ™—Ëπ ‡ªìπæ“√“¡‘‡µÕ√å∑’Ë¡’º≈

µàÕ GAs Õ¬à“ß¡’π—¬ ”§—≠·≈–µâÕß¡’°“√°”Àπ¥§à“Õ¬à“ß‡À¡“– ¡ ´÷Ëß„πß“π«‘®—¬π’È‰¥â¡’°“√°”Àπ¥æ“√“¡‘‡µÕ√å∑’Ë

‡À¡“– ¡‰«âÕ¬à“ß§√à“«Ê ‡æ◊ËÕ‡ªìπ·π«∑“ß„π°“√π”‡®π‡πµ‘°Õ—≈°Õ√‘∑÷¡‰ª„™â·°âªí≠À“°“√®—¥ ¡¥ÿ≈¢Õß “¬°“√

ª√–°Õ∫·∫∫º≈‘µ¿—≥±åº ¡®√‘ßµàÕ‰ª

°“√»÷°…“‡°’Ë¬«°—∫°“√π”‡Õ“‡®π‡πµ‘°Õ—≈°Õ√‘∑÷¡¡“ª√–¬ÿ°µå„™â°—∫ªí≠À“°“√®—¥ ¡¥ÿ≈ “¬°“√ª√–°Õ∫·∫∫

º≈‘µ¿—≥±åº ¡„πÕπ“§µ §«√¢¬“¬¢Õ∫‡¢µ°“√»÷°…“„π°“√∑” line balancing ‚¥¬¡’°“√æ‘®“√≥“°“√®—¥≈”¥—∫¢Õß

º≈‘µ¿—≥±å (model sequencing) §«∫§Ÿà‰ª¥â«¬√«¡∑—Èß§«√¡’°“√æ—≤π“«‘∏’°“√ ”À√—∫ªí≠À“„π√Ÿª·∫∫Õ◊ËπÊ ¥â«¬
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