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°“√®—¥µ“√“ß°“√º≈‘µ‡§√◊ËÕß®—°√·∫∫¢π“π∑’Ë‰¡à‡°’Ë¬«¢âÕß°—π¿“¬„µâ
¢âÕ®”°—¥°“√º≈‘µ¢Õß‡§√◊ËÕß®—°√„πÕÿµ “À°√√¡°“√º≈‘µ

Œ“√å¥¥‘ °å‰¥√åø¢Õßª√–‡∑»‰∑¬
Scheduling Unrelated Parallel Machines Under Machine Eligibility

Constraints in Thailandûs Hard Disk Drive Industry

™“µ‘π—°√∫  · ß «à“ß (Chatnugrob  Sangsawang)*  ¥√.°“≠®π“  ‡»√…∞π—π∑å (Dr.Kanchana  Sethanun)**

∫∑§—¥¬àÕ

ß“π«‘®—¬π’È‡ªìπ°“√»÷°…“√Ÿª·∫∫ªí≠À“°“√®—¥µ“√“ß°“√º≈‘µ„π√–∫∫°“√º≈‘µ∑’Ë‡ªìπ‡§√◊ËÕß®—°√·∫∫

¢π“π∑’Ë‰¡à‡°’Ë¬«¢âÕß°—π (Unrelated Parallel Machines) ¿“¬„µâ¢âÕ®”°—¥°“√º≈‘µ¢Õß‡§√◊ËÕß®—°√ (Machine

Eligibility  Constraints) √–∫∫°“√º≈‘µ∑’Ëæ‘®“√≥“‡ªìπ¢—ÈπµÕπ°“√∑¥ Õ∫™‘Èπß“π ÷́Ëßª√–°Õ∫¥â«¬ ™‘Èπß“π

∑’ËµâÕß°“√∑¥ Õ∫ N ™π‘¥  ‚ª√·°√¡°“√∑¥ Õ∫ MG ‚ª√·°√¡ ·≈–‡§√◊ËÕß∑¥ Õ∫ MC ‡§√◊ËÕß ‚¥¬ªí≠À“

∑’Ëæ∫§◊Õ‡§√◊ËÕß®—°√∑’Ë∂Ÿ°µ—Èß§à“°“√∑¥ Õ∫‰«â‰¡à‡æ’¬ßæÕµàÕ§«“¡µâÕß°“√∑¥ Õ∫¢Õß™‘Èπß“π «—µ∂ÿª√– ß§å¢Õß

ß“π«‘®—¬π’È‡æ◊ËÕ„Àâ‡«≈“·≈â«‡ √Á®¢Õßß“π (makespan) µË”∑’Ë ÿ¥ ‚¥¬„™â°“√æ—≤π“√Ÿª·∫∫∑“ß§≥‘µ»“ µ√å·≈–

°“√æ—≤π“Õ—≈°Õ√‘∑÷¡ (Unrelated Parallel Machine under machine Eligibility Algorithm : UPMEA) „π°“√·°â

ªí≠À“  ®“°°“√∑¥≈Õßæ∫«à“Õ—≈°Õ√‘∑÷¡¡’ª√– ‘∑∏‘¿“æ§àÕπ¢â“ß¥’‚¥¬¡’§à“·µ°µà“ß®“°§”µÕ∫∑’Ë¥’∑’Ë ÿ¥‚¥¬‡©≈’Ë¬ 5.11%

ABSTRACT

This research addresses the scheduling problem in an unrelated parallel machines environment

under machine eligibility constraints. The considered in this research is the testing workstation. There are

N product type tested on totally MC machines in this station. Normally, the number of testy program is

MG. Currently, the case study company comforts with the testing produce in term of unbalance between

machines and products to be tested in acceptably time. The objective of this research is to minimize the

makespan. A mathematical model was developed for small size problems and a heuristic algorithm

(Unrelated Parallel Machine under machine Eligibility Algorithm:UPMEA) was developed to solve larger

problems. Computational experiments were performed and the performance of the heuristic algorithm was

measured. The experimental results show that the average deviation of the UPMEA from the optimal

solution is 5.11%.

§” ”§—≠ : °“√®—¥µ“√“ß°“√º≈‘µ  ‡§√◊ËÕß®—°√·∫∫¢π“π∑’Ë‰¡à‡°’Ë¬«¢âÕß°—π Õ—≈°Õ√‘∑÷¡
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∫∑π”

°“√®—¥µ“√“ß°“√º≈‘µ (scheduling) ‡ªìπ

 ‘Ëß ”§—≠„π√–∫∫°“√º≈‘µ∑ÿ°Õÿµ “À°√√¡ ´÷Ëß°“√®—¥

µ“√“ß°“√º≈‘µ®–¡’º≈ ”§—≠Õ¬à“ß¡“° ´÷ËßÕ“®°≈à“«

‰¥â«à“‡ªìπµ—«∑’Ë®–∫àß∫Õ°∂÷ßª√– ‘∑∏‘¿“æ¢Õß√–∫∫

°“√º≈‘µ∑—ÈßÀ¡¥ °“√·¢àß¢—π∑“ß¥â“πÕÿµ “À°√√¡

„πªí®®ÿ∫—π®÷ß®”‡ªìπµâÕß· «ßÀ“«‘∏’°“√∑’Ë‡À¡“– ¡

∑’Ë®–π”¡“ª√—∫ª√ÿß·≈–æ—≤π“√–∫∫°“√®—¥°“√°“√º≈‘µ

„Àâ¡’ª√– ‘∑∏‘¿“æ Ÿß ÿ¥‡æ◊ËÕ„Àâ “¡“√∂·¢àß¢—π‰¥â

„πµ≈“¥Õÿµ “À°√√¡  ªí≠À“°“√®—¥µ“√“ß°“√º≈‘µ

‚¥¬∑—Ë«‰ª®–¡’§«“¡ —́∫´âÕπ‡ªìπÕ¬à“ß¡“° ‚¥¬‡©æ“–

Õ¬à“ß¬‘Ëß°“√®—¥µ“√“ß°“√º≈‘µ‡§√◊ËÕß®—°√·∫∫¢π“π∑’Ë

‰¡à‡°’Ë¬«¢âÕß°—π  ¡’®ÿ¥ª√– ß§å„πÀ≈“¬¥â“π ‡™àπ ‡æ◊ËÕ

„Àâ¡’‡«≈“·≈â«‡ √Á®µË”∑’Ë ÿ¥  ‡æ◊ËÕ„Àâ¡’ª√‘¡“≥ß“πÕÕ°

¡“°∑’Ë ÿ¥À√◊Õ‡æ◊ËÕ„Àâ¡’µâπ∑ÿπ„π°“√º≈‘µ√«¡µË”∑’Ë ÿ¥

·µ°µà“ß°—π‰ªµ“¡√Ÿª·∫∫¢Õßªí≠À“  ÷́Ëßªí®®ÿ∫—π¡’

ºŸâ∑’Ëæ¬“¬“¡§‘¥§âπ«‘∏’°“√À“§”µÕ∫Õ¬Ÿà¡“°¡“¬ ‚¥¬

Dehua et al. (2009) ‰¥â‡ πÕ°“√®—¥µ“√“ß°“√º≈‘µ

‡§√◊ËÕß®—°√·∫∫¢π“π  ‚¥¬¡’‡ß◊ËÕπ‰¢¢Õß§“∫‡«≈“

°“√„™âª√–‚¬™πå®“°‡§√◊ËÕß®—°√‰¥â  ‚¥¬‡§√◊ËÕß®—°√

Àπ÷Ë ß ‡§√◊Ë Õß®–¡’ ‡ß◊Ë Õπ‰¢§“∫‡«≈“∑’Ë ‰¡à·πàπÕπ

¡’«—µ∂ÿª√– ß§å¢Õß°“√«‘®—¬‡æ◊ËÕ„Àâ¡’‡«≈“·≈â«‡ √Á®

¢Õßß“πµË”∑’Ë ÿ¥  ‚¥¬ª√–¬ÿ°µå„™â LPT  algorithm

·≈–  LS algorithm  „π·∫∫‰¡à‡™◊ËÕ¡µàÕ·≈–‡™◊ËÕ¡µàÕ

Eun  et al. (2009) ‰¥â‡ πÕ«‘∏’°“√®—¥µ“√“ß°“√º≈‘µ

‡§√◊ËÕß®—°√·∫∫¢π“π ∑’Ë¡’‡ß◊ËÕπ‰¢¢Õß≈”¥—∫ß“π ‡æ◊ËÕ

„Àâ¡’‡«≈“·≈â«‡ √Á®¢Õßß“πµË”∑’Ë ÿ¥ ‚¥¬°“√®—¥µ“√“ß

°“√º≈‘µ‡§√◊ËÕß®—°√·∫∫¢π“π∑’Ë¡’≈—°…≥–‡À¡◊Õπ°—π

À≈“¬‡§√◊ËÕß‚¥¬¡’‡ß◊ËÕπ‰¢§«“¡ —¡æ—π∏å°—π¢Õß≈”¥—∫

¢Õßß“π°àÕπ·≈–À≈—ßµ“¡·∫∫¢Õß (s-precedence)

‚¥¬„™â«‘∏’°“√°“√‚ª√·°√¡‡™‘ß‡ âπµ√ß∫πæ◊Èπ∞“π

¢ÕßŒ‘«√‘ µ‘°°“√‡√’¬ß≈”¥—∫ ·≈–∑”°“√‡ª√’¬∫‡∑’¬∫

ª√– ‘∑∏‘¿“æ°—∫«‘∏’ SPT Õ—≈°Õ√‘∑÷¡  Grzegorz (2009)

‡ πÕ°“√®—¥µ“√“ß°“√º≈‘µß“π∑’Ë‡ªìπÕ‘ √–µàÕ°—π

·≈–‰¡à “¡“√∂·¬°ß“π‰¥â„Àâ°—∫‡§√◊ËÕß®—°√·∫∫¢π“π

¿“¬„µâ‡ß◊ËÕπ‰¢°“√®—¥ √√‡§√◊ËÕß®—°√Õ¬à“ßµàÕ‡π◊ËÕß

‡æ◊ËÕ„Àâ¡’‡«≈“·≈â«‡ √Á®¢Õßß“πµË”∑’Ë ÿ¥ ‚¥¬®—¥≈”¥—∫

ß“π„Àâ°—∫‡§√◊ËÕß®—°√·∫∫¢π“π∑’Ë¡’≈—°…≥–‡À¡◊Õπ°—π

‚¥¬¡’‡ß◊ËÕπ‰¢°“√„™âß“π‰¥â¢Õß‡§√◊ËÕß®—°√ ·≈–Õ—µ√“

°“√º≈‘µ¢÷Èπ°—∫®”π«π¢Õß‡§√◊ËÕß®—°√∑’Ë®—¥„Àâ ‚¥¬°“√

 √â“ß·∫∫®”≈Õß∑“ß§≥‘µ»“ µ√å  °“√ √â“ßŒ‘«√‘ µ‘°

·≈–°“√ª√–¬ÿ°µå«‘∏’‡¡µ–Œ‘«√‘ µ‘°¥â«¬«‘∏’∑“∫Ÿ‡ ‘√å™

„π°“√À“§”µÕ∫∑’Ë„°≈â‡§’¬ß§”µÕ∫∑’Ë¥’∑’Ë ÿ¥ Pedro

et al. (2008)  ‰¥â· πÕ°“√®—¥µ“√“ß°“√º≈‘µ

‡§√◊ËÕß®—°√·∫∫¢π“π ∑’Ë¡’‡ß◊ËÕπ‰¢¢Õß≈”¥—∫ß“π ‡«≈“

„π°“√µ—Èß§à“‡§√◊ËÕß®—°√ (setup time) ‚¥¬„™â«‘∏’°“√

¢¬“¬·≈–®”°—¥‡¢µ (branch-and-bound)  ‡ª√’¬∫‡∑’¬∫

§”µÕ∫°—∫√Ÿª·∫∫°“√‚ª√·°√¡‡™‘ß‡ âπ·∫∫º ¡

(MIP) 2 √Ÿª·∫∫ Logendran and Subur (2004)

‰¥âæ—≤π“ heuristic ‡æ◊ËÕ·°âªí≠À“ Unrelated parallel

machine ´÷Ëßß“π·µà≈–ß“π “¡“√∂·¬°°—π∑”‰¥â

(Job splitting) ¡’®ÿ¥¡ÿàßÀ¡“¬‡æ◊ËÕ„ÀâπÈ”Àπ—°√«¡

¢Õßß“π≈à“™â“¡’§à“πâÕ¬∑’Ë ÿ¥ (Minimize total weighted

tardiness)  Heuristic ∑’Ë √â“ß¢÷Èπª√–°Õ∫¥â«¬ 2  à«π

 à«π·√°§◊Õ°“√À“§”µÕ∫‡∫◊ÈÕßµâπ (Initial solution)

´÷Ëß¡’∑—ÈßÀ¡¥ 4 «‘∏’ ‰¥â·°à EDD, EDDSP, LFT/LFM,

MATC  à«π∑’Ë 2 §◊Õ «‘∏’°“√§âπÀ“§”µÕ∫ (Search

method) ‚¥¬„™â‡∑§π‘§∑“∫Ÿ‡ ‘√å™∑’Ë √â“ß¢÷Èπ¡“ 6 √Ÿª·∫∫

·≈â«π”º≈∑’Ë‰¥â®“° heuristic ∑’Ë √â“ß¢÷Èπ¡“‡ª√’¬∫‡∑’¬∫

°—∫√Ÿª·∫∫∑“ß§≥‘µ»“ µ√å   ‚¥¬®“°°“√»÷°…“æ∫«à“

¬—ß‰¡à¡’ß“π«‘®—¬„¥∑’Ë»÷°…“°“√®—¥µ“√“ß°“√º≈‘µ

„π√–∫∫°“√º≈‘µ∑’Ë‡ªìπ‡§√◊ËÕß®—°√·∫∫¢π“π∑’Ë‰¡à

‡°’Ë¬«¢âÕß°—π ¿“¬„µâ¢âÕ®”°—¥°“√º≈‘µ¢Õß‡§√◊ËÕß®—°√

¥—ßπ—Èπ«—µ∂ÿª√– ß§å¢Õßß“π«‘®—¬π’È‡æ◊ËÕ„Àâ‡«≈“·≈â«‡ √Á®

¢Õßß“πµË”∑’Ë ÿ¥ ‚¥¬≈—°…≥–¢Õßªí≠À“ «‘∏’„π°“√

∑”«‘®—¬ ·≈–º≈¢Õß°“√∑”«‘®—¬ ‰¥â· ¥ß„π à«πµàÕ‰ª

«—µ∂ÿª√– ß§å¢Õß°“√«‘®—¬

1. ‡æ◊ËÕæ—≤π“√Ÿª·∫∫∑“ß§≥‘µ»“ µ√å

 ”À√—∫ªí≠À“¢π“¥‡≈Á°„π°“√®—¥µ“√“ß°“√º≈‘µ

‡§√◊ËÕß®—°√·∫∫¢π“π∑’Ë‰¡à‡°’Ë¬«¢âÕß°—π¿“¬„µâ¢âÕ®”°—¥

°“√º≈‘µ¢Õß‡§√◊ËÕß®—°√ ‚¥¬¡’‡«≈“·≈â«‡ √Á®¢Õß

ß“πµË” ÿ¥
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2. ‡æ◊ËÕæ—≤π“√Ÿª·∫∫°“√®—¥µ“√“ß°“√º≈‘µ

‡§√◊ËÕß®—°√·∫∫¢π“π∑’Ë‰¡à‡°’Ë¬«¢âÕß°—π¿“¬„µâ¢âÕ®”°—¥

°“√º≈‘µ¢Õß‡§√◊ËÕß®—°√ ‚¥¬¡’‡«≈“·≈â«‡ √Á®¢Õß

ß“πµË” ÿ¥

«‘∏’°“√«‘®—¬

°“√«‘®—¬„π§√—Èßπ’È‰¥â∑”°“√»÷°…“ªí≠À“„π°“√

®—¥µ“√“ß°“√º≈‘µ‡§√◊ËÕß®—°√·∫∫¢π“π∑’Ë‰¡à‡°’Ë¬«¢âÕß

°—π ‚¥¬¡’≈—°…≥–¢Õßªí≠À“·≈–«‘∏’°“√∑’Ë„™â„π°“√·°â

ªí≠À“¥—ßµàÕ‰ªπ’È

≈—°…≥–¢Õßªí≠À“

‚¥¬„π§√—Èßπ’È‰¥â»÷°…“ªí≠À“µ—«Õ¬à“ß¢Õß

¢—ÈπµÕπ°“√∑¥ Õ∫™‘Èπß“π´÷Ëß¡’≈—°…≥–°“√∑”ß“π

(¥—ß√Ÿª∑’Ë 1) §◊Õ ¡’®”π«πº≈‘µ¿—≥±å  N º≈‘µ¿—≥±å

‚¥¬·µà≈–º≈‘µ¿—≥±å®–∂Ÿ°·∫àß‰ª∑¥ Õ∫°—∫‚ª√·°√¡

°“√∑¥ Õ∫ G ‚ª√·°√¡ ∫π‡§√◊ËÕß®—°√  M ‡§√◊ËÕß

‚¥¬‡§√◊ËÕß®—°√·µà≈–‡§√◊ËÕß “¡“√∂µ—Èß§à“‰¥â‡æ’¬ß

º≈‘µ¿—≥±å‡¥’¬«·≈–‚ª√·°√¡‡¥’¬«‡∑à“π—Èπ   ·µàÕπÿ≠“µ

„Àâ„π·µà≈–ß“π “¡“√∂·∫àßÕÕ°‰ª∑¥ Õ∫∫π‡§√◊ËÕß®—°√

À≈“¬‡§√◊ËÕß‰¥â  ·≈–‡§√◊ËÕß®—°√¡’¢âÕ®”°—¥„π°“√‡≈◊Õ°

∑”ß“π  ‚¥¬‡«≈“∑”ß“π„π·µà≈–ß“π¢Õß·µà≈–‡§√◊ËÕß®—°√

‰¡à‡∑à“°—π  ¡’‡«≈“°“√æ√âÕ¡∑”ß“π∑’Ë‰¡àæ√âÕ¡°—π  ·≈–

¡’‡«≈“®”°—¥„π°“√∑¥ Õ∫„π·µà≈–‡§√◊ËÕß®—°√

¢âÕ ¡¡µ‘∞“π∑’Ë„™â (Assumption)

1. ‡§√◊ËÕß®—°√‡ªìπ·∫∫¢π“π·≈–‰¡à‡°’Ë¬«

¢âÕß°—π

2. ¡’®”π«π‡§√◊ËÕß®—°√‡æ’¬ßæÕµàÕ°“√º≈‘µ

·≈–„π·µà≈–‡§√◊ËÕß®—°√¡’‡«≈“°“√∑”ß“π∑’Ë®”°—¥

3. ß“π∫“ßß“π‰¡à “¡“√∂∑”∫π‡§√◊ËÕß®—°√

∫“ß‡§√◊ËÕß‰¥â

4. ª√– ‘∑∏‘¿“æ¢Õß·µà≈–‡§√◊ËÕß®—°√‰¡à

‡∑à“°—π

5. ‡§√◊ËÕß®—°√¡’‡«≈“„π°“√æ√âÕ¡∑”ß“π

‰¡à‡∑à“°—π

6. ‡§√◊ËÕß®—°√ “¡“√∂µ—Èß§à“„Àâ ”À√—∫

1 º≈‘µ¿—≥±å ·≈– 1 ‚ª√·°√¡°“√∑¥ Õ∫‡∑à“π—Èπ

7. Õπÿ≠“µ„Àâ·¬°ß“πÕÕ°®“°°—π‰¥â

(Splitting)

√Ÿª∑’Ë 1 · ¥ß≈—°…≥–¢Õßªí≠À“∑’Ë»÷°…“

·∫∫®”≈Õß∑“ß§≥‘µ»“ µ√å¢Õßªí≠À“

„π°“√ √â“ß√Ÿª·∫∫∑“ß§≥‘µ»“ µ√å‡æ◊ËÕÀ“

≈”¥—∫°“√º≈‘µ∑’Ë‡À¡“– ¡∑’Ë ÿ¥ ”À√—∫‡§√◊ËÕß®—°√

·∫∫¢π“π∑’Ë‰¡à‡°’Ë¬«¢âÕß°—π ‚¥¬¡’®ÿ¥ª√– ß§å‡æ◊ËÕ

∑”„Àâ‡«≈“·≈â«‡ √Á®¢Õßß“πµË”∑’Ë ÿ¥‚¥¬„™â Mixed

Integer Programming µ—«·ª√∑’Ë„™â·≈–§«“¡À¡“¬

¢Õßµ—«·ª√∑’Ë„™â„π°“√ √â“ß·∫∫®”≈Õß∑“ß§≥‘µ»“ µ√å

Õ∏‘∫“¬‰¥â¥—ßµ“√“ß∑’Ë 1, 2 ·≈– 3

µ“√“ß∑’Ë 1  §«“¡À¡“¬¢Õßµ—«ÀâÕ¬ (subscripts)

Õ—°…√¬àÕ §«“¡À¡“¬

i ¥√√™π’(index)¢Õßº≈‘µ¿—≥±å

g ¥√√™π’(index)¢Õß‚ª√·°√¡°“√∑¥ Õ∫

m ¥√√™π’(index)¢Õß‡§√◊ËÕß®—°√
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 ¡°“√∑“ß§≥‘µ»“ µ√å

 ¡°“√‡ªÑ“À¡“¬ (objective function) : Minimize

(1)

 ¡°“√‡ß◊ËÕπ‰¢ (constraints)

(2)

(3)

(4)

(5)

(6)

(7)

(8)

(9)

Objective function(1) ≈¥‡«≈“√«¡∑’Ë„™â„π°“√∑¥ Õ∫

„ÀâµË”∑’Ë ÿ¥ Constraints(2) ‡§√◊ËÕß®—°√ “¡“√∂

µ—Èß§à“„Àâ°—∫º≈‘µ¿—≥±å·≈–‚ª√·°√¡‡¥’¬«‡∑à“π—Èπ

Constraints(3) „Àâ§à“ X(i,g,m) =1 ‡¡◊ËÕß“π i ‚ª√·°√¡

g ∂Ÿ°∑¥ Õ∫∫π‡§√◊ËÕß®—°√ m  Constraints(4) ª√‘¡“≥

°“√∑¥ Õ∫√«¡µâÕß‡∑à“°—∫§«“¡µâÕß°“√¢Õßº≈‘µ¿—≥±å

·≈–‚ª√·°√¡π—ÈπÊ Constraints(5) ‡«≈“·≈â«‡ √Á®¢Õß

º≈‘µ¿—≥±å®–‡∑à“°—∫‡«≈“∑’Ë∑”ß“π∑—ÈßÀ¡¥∫π‡§√◊ËÕß®—°√

π—Èπ√«¡°—∫‡«≈“∑’Ë‡§√◊ËÕß®—°√æ√âÕ¡∑”ß“π Constraints(6)

‡«≈“·≈â«‡ √Á®¢Õß·µà≈–ß“π„π·µà≈–‡§√◊ËÕß®—°√

µ“√“ß∑’Ë 2  §«“¡À¡“¬¢Õßæ“√“¡‘‡µÕ√å (parameters)

µ—«·ª√ §«“¡À¡“¬

N

MC

PG

MC(i)

PT(i,g,m)

DP(i,g)

EF(m)

RT(m)

MCA(m)

PTT(i,g,m)

G

µ“√“ß∑’Ë 3 µ—«·ª√µ—¥ ‘π„® (Decision variables)

™π‘¥¢Õß µ—«·ª√ §«“¡À¡“¬

µ—«·ª√

µ—«·ª√ C(i,g,m) ‡«≈“·≈â«‡ √Á®¢Õßß“π

µ—¥ ‘π„® i ‚ª√·°√¡ g

(Decision ∫π‡§√◊ËÕß®—°√ m

variables) E ‡«≈“∑’Ë„™â„π°“√∑¥ Õ∫

∑ÿ°ß“π‚¥¬æ‘®“√≥“®“°

‡«≈“·≈â«‡ √Á®∑’Ë¡“°∑’Ë ÿ¥

¢Õß∑ÿ°ß“π

µ—«·ª√‰∫π“√’Ë PS(i,g,m) ª√‘¡“≥°“√∑¥ Õ∫

(Binary º≈‘µ¿—≥±å i ‚ª√·°√¡ g

decision ∫π‡§√◊ËÕß®—°√ m

variables)

X(i,g,m) = 1 : ‡¡◊ËÕß“π i ‚ª√·°√¡

g ∂Ÿ°∑¥ Õ∫∫π

‡§√◊ËÕß®—°√ m =0 : Õ◊ËπÊ

®”π«πº≈‘µ¿—≥±å

®”π«π‡§√◊ËÕß®—°√∑—ÈßÀ¡¥

®”π«π‚ª√·°√¡∑¥ Õ∫

‡§√◊ËÕß®—°√∑’Ë∑”ß“π‰¥â°—∫ß“π i

‡«≈“„π°“√∑¥ Õ∫º≈‘µ¿—≥±å i

‚ª√·°√¡ g ∫π‡§√◊ËÕß®—°√ m

§«“¡µâÕß°“√„π°“√∑¥ Õ∫º≈‘µ¿—≥±å

i ‚ª√·°√¡ g

ª√– ‘∑∏‘¿“æ¢Õß‡§√◊ËÕß®—°√ m

‡«≈“∑’Ë‡§√◊ËÕß®—°√ m æ√âÕ¡∑”ß“π

‡«≈“∑’Ë∑”ß“π‰¥â¢Õß‡§√◊ËÕß®—°√ m

= PT(i,g,m)  : ‡¡◊ËÕ‡§√◊ËÕß®—°√ m

Õ¬Ÿà„π MC(i) ; =  : Õ◊ËπÊ

®”π«π®√‘ß∑’Ë¡’§à“¡“°Ê ·≈–‡ªìπ∫«°
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®–µâÕß‰¡à‡°‘π‡«≈“∑’Ë‡§√◊ËÕß®—°√ “¡“√∂∑”ß“π‰¥â

Constraints(7) ‡«≈“·≈â«‡ √Á®√«¡¢Õß∑ÿ°ß“πæ‘®“√≥“

®“°‡«≈“·≈â«‡ √Á®¢Õßß“π∑’Ë¡“°∑’Ë ÿ¥ Constraints(8)

‡ß◊ËÕπ‰¢∑’Ë∑”„Àâ Constraints ‰¡àµ‘¥≈∫ Constraints(9)

‡ß◊ËÕπ‰¢µ—«·ª√‰∫π“√’Ë

°“√æ—≤π“Õ—≈°Õ√‘∑÷¡

°“√·°âªí≠À“‚¥¬„™â√Ÿª·∫∫∑“ß§≥‘µ»“ µ√å

‡À¡“– ”À√—∫°“√·°âªí≠À“∑’Ë¡’¢π“¥‡≈Á°  ´÷Ëß∂â“À“°

π”‰ª„™â°—∫ªí≠À“∑’Ë¡’¢π“¥„À≠à ´÷Ëß à«π„À≠àªí≠À“

„π°“√®—¥≈”¥—∫°“√º≈‘µ®–‡ªìπªí≠À“∑’Ë¡’§«“¡´—∫´âÕπ

·≈–¡’¢π“¥¢Õßªí≠À“∑’Ë„À≠àÕ¬Ÿà·≈â« °Á®–∑”„Àâ “¡“√∂

„™â√Ÿª·∫∫∑“ß§≥‘µ»“ µ√åÀ“§”µÕ∫∑’Ë¥’∑’Ë ÿ¥‰¥â¬“°

À√◊ÕÕ“®®–„™â‡«≈“„π°“√À“§”µÕ∫∑’Ëπ“π  ‚¥¬¢âÕ®”°—¥

∑’Ë ”§—≠§◊Õ¢âÕ®”°—¥∑“ß¥â“π‡∑§‚π‚≈¬’∑’Ë®–π”¡“„™â

„π°“√À“§”µÕ∫  ́ ÷ËßÕ“®®–¡’¢âÕ®”°—¥¥â“π®”π«πµ—«·ª√

´÷Ëß àßº≈„ÀâÀ“§”µÕ∫∑’Ë¥’∑’Ë ÿ¥‰¡à‰¥â  ¥—ßπ—Èπ„π°“√∑”

«‘®—¬§√—Èßπ’È®÷ß‰¥âæ—≤π“Õ—≈°Õ√‘∑÷¡ (Unrelated Parallel

Machine under machine Eligibility Algorithm:

UPMEA) ¢÷Èπ¡“‡æ◊ËÕ„™â„π°“√·°âªí≠À“∑’Ë¡’¢π“¥„À≠à

·≈–‰¥â§”µÕ∫∑’Ë„°≈â‡§’¬ß§”µÕ∫∑’Ë¥’∑’Ë ÿ¥ (Optimal

solution) ¡“°∑’Ë ÿ¥

≈—°…≥–°“√∑”ß“π¢ÕßÕ—≈°Õ√‘∑÷¡®–‡ªìπ°“√

À“§”µÕ∫‚¥¬„™âÀ≈—°°“√°“√µ—¥ ‘π„®§«∫§Ÿà‰ª°—∫

°“√§”π«≥º≈≈—æ∏å‡æ◊ËÕÀ“§”µÕ∫ ‚¥¬§”µÕ∫∑’Ë‰¥â®–

‰¡à‡ªìπ§”µÕ∫∑’Ë‡À¡“– ¡∑’Ë ÿ¥  ·µà®–„Àâ§à“§”µÕ∫∑’Ë

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

·≈–¢—ÈπµÕπ¢Õß UPMEA ¥—ßµàÕ‰ªπ’È

√“¬≈–‡Õ’¬¥¢Õß UPMEA

µ—«·ª√·≈– —≠≈—°…≥å∑’Ë „™â„π°“√ √â“ß

UPMEA  · ¥ß‰¥â¥—ßπ’È

i = ¥√√™π’¢Õßº≈‘µ¿—≥±å

g = ¥√√™π’¢Õß‚ª√·°√¡°“√∑¥ Õ∫

m = ¥√√™π’¢Õß‡§√◊ËÕß®—°√

N = ‡´µ¢Õßß“π∑’ËµâÕß°“√∑¥ Õ∫∑—ÈßÀ¡¥;

N={DP(i,g)}

DM = ‡´µ¢Õßß“π∑’Ë¡’§«“¡µâÕß°“√¡“°

∑’Ë ÿ¥ ; DM=MAX{DP(i,g)}

MC = ‡´µ¢Õß‡§√◊ËÕß®—°√∑’Ë¡’∑—ÈßÀ¡¥

MC(dm) = ‡´µ¢Õß‡§√◊ËÕß®—°√∑’Ë “¡“√∂

∑”ß“π‰¥â°—∫ß“π∑’Ë¡’§«“¡µâÕß°“√¡“°∑’Ë ÿ¥

RT(m) = ‡«≈“∑’Ë‡§√◊ËÕß®—°√ m æ√âÕ¡∑”ß“π

PTE(i,g,m)= ‡«≈“„π°“√∑¥ Õ∫º≈‘µ¿—≥±å i

‚ª√·°√¡ g ∫π‡§√◊ËÕß®—°√ m ∑’Ëª√—∫µ“¡ª√– ‘∑∏‘¿“æ

‡§√◊ËÕß®—°√·≈â«

PS(i,g,m)  =  ª√‘¡“≥°“√∑¥ Õ∫º≈‘µ¿—≥±å

i ‚ª√·°√¡ g ∫π‡§√◊ËÕß®—°√ m

C(i,g,m)= ‡«≈“·≈â«‡ √Á®¢Õßß“π i ‚ª√·°√¡

g ∫π‡§√◊ËÕß®—°√ m

E = ‡«≈“√«¡∑’Ë„™â„π°“√∑¥ Õ∫∑ÿ°ß“π;

E = MAX{C(i,g,m)}

°“√∑”ß“π¢Õß UPMEA  “¡“√∂·∫àßÕÕ°

‡ªìπ 9 ¢—ÈπµÕπ ´÷Ëß· ¥ß√“¬≈–‡Õ’¬¥¢Õß°“√§”π«≥

À“§”µÕ∫„π·µà≈–¢—ÈπµÕπ‰¥â¥—ßπ’È

¢—ÈπµÕπ∑’Ë 1 : æ‘®“√≥“§«“¡µâÕß°“√¢Õß

ß“π∑—ÈßÀ¡¥ ‚¥¬‡≈◊Õ°ß“π„π‡´µ N ∑’Ë¡’§«“¡µâÕß°“√

∑¥ Õ∫¡“°∑’Ë ÿ¥°àÕπ‚¥¬°”Àπ¥„Àâ‡ªìπ‡´µß“π

DM=MAX{DP(i,g)}  ·≈–∑”µàÕ¢—ÈπµÕπ∑’Ë 2

¢—ÈπµÕπ∑’Ë 2 : æ‘®“√≥“‡§√◊ËÕß®—°√∑’Ë¡’∑—ÈßÀ¡¥

„π‡´µ  MC  √â“ß‡´µ¢Õß‡§√◊ËÕß®—°√∑’Ë “¡“√∂

∑”ß“π‰¥â°—∫‡´µß“π DM  ‚¥¬°”Àπ¥„Àâ‡ªìπ‡´µ

MC(dm)  ·≈–∑”µàÕ¢—ÈπµÕπ∑’Ë 3

¢—ÈπµÕπ∑’Ë 3 : ª√—∫§à“‡«≈“„π°“√º≈‘µ ”À√—∫

‡§√◊ËÕß®—°√„π‡´µ MC(dm) ‚¥¬∑”°“√ª√—∫µ“¡

ª√– ‘∑∏‘¿“æ¢Õß‡§√◊ËÕß®—°√‚¥¬∑’Ë  PTE(i,g,m)=

(PT(i,g,m)/EF(m)) ; i,gDM,mMC(dm) ·≈–

∑”µàÕ¢—ÈπµÕπ∑’Ë 4

¢—ÈπµÕπ∑’Ë 4  : æ‘®“√≥“‡≈◊Õ°‡§√◊ËÕß®—°√„π

‡´µ MC(dm) „Àâ°—∫ß“π„π‡´µ DM ‚¥¬

(4.1) æ‘®“√≥“‡≈◊Õ°‡§√◊ËÕß®—°√ m ;

mMC(dm)

4.1.1 ‡≈◊Õ°‡§√◊ËÕß®—°√∑’Ë¡’‡«≈“∑¥ Õ∫

πâÕ¬ ÿ¥°àÕπ§◊Õ mû; mû= MIN{PTE(i,g,m)} ; m

·≈–∑”µàÕ¢âÕ 4.1.2

4.1.2 ¡’‡«≈“„π°“√∑¥ Õ∫πâÕ¬ ÿ¥

‡∑à“°—πÀ√◊Õ‰¡à  ∂â“¡’ „Àâ∑”µàÕ¢âÕ  4.1.3  ∂â“ ‰¡à¡’ „Àâ

¢â“¡‰ª∑”¢—ÈπµÕπ∑’Ë 5
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4.1.3 ‡≈◊Õ°‡§√◊ËÕß®—°√∑’Ë¡’‡«≈“∑¥ Õ∫

πâÕ¬ ÿ¥·≈–¡’‡«≈“æ√âÕ¡∑”ß“π‡√Á« mû; mû=  MIN{PTE

(i,g,m)};m, MIN{RTm)}  ·≈–∑”µàÕ¢—ÈπµÕπ∑’Ë 5

¢—ÈπµÕπ∑’Ë 5 : æ‘®“√≥“ª√‘¡“≥°“√º≈‘µß“π

DM „Àâ°—∫‡§√◊ËÕß®—°√ m ∑’Ë‰¥â®“°¢—ÈπµÕπ∑’Ë 4  ‚¥¬

(5.1) µ√«® Õ∫‡«≈“∑’Ë‡§√◊ËÕß®—°√¡’Õ¬Ÿà ‚¥¬

MTA(m) > DP(i,g)*PTE(i,g,m) + RT(m) À√◊Õ‰¡à

∂â“¡“°°«à“ „Àâº≈‘µµ“¡®”π«π PS(i,g,m);PS(i,g,m)

= DP(i,g) ·≈–¢â“¡‰ª∑”¢—ÈπµÕπ∑’Ë 6  ∂â“‰¡à „Àâ∑”

µàÕ¢âÕ (5.2)

(5.2) º≈‘µµ“¡ª√‘¡“≥∑’Ë‡§√◊ËÕß®—°√ m

 “¡“√∂∑”ß“π‰¥â§◊Õ PS(i,g,m) ;PS(i,g,m) = [MTA

(m)-RT(m)]/PTE(i,g,m) ·≈–∑”µàÕ¢âÕ∑’Ë (5.3)

(5.3) Update ¢âÕ¡Ÿ≈ ‡´µ DM=DM\{PS},

MC(dm) =MC(dm)\{m} ·≈–°≈—∫‰ª∑”¢—ÈπµÕπ∑’Ë 4

¢—ÈπµÕπ∑’Ë 6 : update ¢âÕ¡Ÿ≈ ‡´µN ;N\{DP

(i,g)DM}, MC;MC\{m}   ·≈–∑”µàÕ¢—ÈπµÕπ∑’Ë 7

¢—ÈπµÕπ∑’Ë 7 : µ√«® Õ∫«à“ ‡´µ N =

À√◊Õ‰¡à  ∂â“„™à„Àâ∑”µàÕ¢—ÈπµÕπ∑’Ë 8  ∂â“‰¡à„™à „Àâ°≈—∫

‰ª∑”¢—ÈπµÕπ∑’Ë 1

¢—ÈπµÕπ∑’Ë 8  : §”π«≥§à“‡«≈“·≈â«‡ √Á®

¢Õß·µà≈–ß“π ‚¥¬∑’Ë C(i,g,m) = PS(i,g,m)*

PTE(i,g,m) + RT(m)  ·≈–∑”µàÕ¢—ÈπµÕπ∑’Ë 9

¢—ÈπµÕπ∑’Ë 9  : §”π«≥§à“‡«≈“·≈â«‡ √Á®

¢Õßß“π√«¡ (makespan) ‚¥¬∑’Ë E = MAX{C(i,g,m)}

º≈°“√«‘®—¬·≈–°“√Õ¿‘ª√“¬º≈

®“°°“√ √â“ß√Ÿª·∫∫∑“ß§≥‘µ»“ µ√å·≈–

°“√æ—≤π“Õ—≈°Õ√‘∑÷¡ UPMEA ®÷ß‰¥âπ”∑—Èß 2 «‘∏’°“√

‰ª∑¥≈Õß∑”°“√·°âªí≠À“°—∫µ—«Õ¬à“ß∑’Ë √â“ß¢÷Èπ

·≈–∑”°“√‡ª√’¬∫‡∑’¬∫ª√– ‘∑∏‘¿“æ¢ÕßÕ—≈°Õ√‘∑÷¡

∑’Ëæ—≤π“¢÷Èπ ‚¥¬¡’º≈°“√∑¥≈Õß·≈–√“¬≈–‡Õ’¬¥

°“√‡ª√’¬∫‡∑’¬∫ª√– ‘∑∏‘¿“æ¥—ßπ’È

°“√‡ª√’¬∫‡∑’¬∫ª√– ‘∑∏‘¿“æ¢ÕßÕ—≈°Õ√‘∑÷¡

°—∫º≈‡©≈¬∑’Ë‡À¡“– ¡∑’Ë ÿ¥

‡æ◊ËÕ‡ªìπ°“√‡ª√’¬∫‡∑’¬∫§”µÕ∫∑’Ë‰¥â®“°

°“√∑”ß“π¢ÕßÕ—≈°Õ√‘∑÷¡°—∫§”µÕ∫∑’Ë‰¥â®“°√Ÿª·∫∫

∑“ß§≥‘µ»“ µ√å  ®÷ß‰¥â √â“ßµ—«Õ¬à“ß¢Õßªí≠À“∑’Ë¡’

¢π“¥·µ°µà“ß°—π®”π«π 6 ¢π“¥ ÷́Ëß„π·µà≈–¢π“¥

°Á®–¡’≈—°…≥–ªí≠À“∑’Ë·µ°µà“ß°—πÕÕ°‰ªÕ’°¢π“¥≈–

5 µ—«Õ¬à“ß √«¡∑—Èß ‘Èπ 30 µ—«Õ¬à“ß  „π°“√À“º≈‡©≈¬

∑’Ë‡À¡“– ¡∑’Ë ÿ¥‰¥â„™â´Õø∑å·«√å CPLEX/MPL

™à«¬„π°“√À“§”µÕ∫  ´÷Ëßº≈°“√‡ª√’¬∫‡∑’¬∫§”µÕ∫

∑’Ë‰¥â®“°«‘∏’Õ—≈°Õ√‘∑÷¡°—∫º≈‡©≈¬∑’Ë‡À¡“– ¡∑’Ë ÿ¥

· ¥ß√“¬≈–‡Õ’¬¥¥—ß„πµ“√“ß∑’Ë 4 ·≈– √ÿªº≈

°“√‡ª√’¬∫‡∑’¬∫¥—ßµ“√“ß∑’Ë 5

µ“√“ß∑’Ë 4 · ¥ß°“√‡ª√’¬∫‡∑’¬∫§à“§”µÕ∫∑’Ë‰¥â®“°

°“√„™â«‘∏’Õ—≈°Õ√‘∑÷¡°—∫º≈‡©≈¬‡À¡“–∑’Ë ÿ¥

EX1     4  º≈‘µ¿—≥±å  2 ‚ª√·°√¡ 8 ‡§√◊ËÕß®—°√

† Optimal UPMEA error %error

1.1 421 452 31 7.36

1.2 380 405 25 6.58

1.3 363 387 24 6.61

1.4 398 409 11 2.76

1.5 342 358 16 4.68

§à“‡©≈’Ë¬ 5.60

EX2   4 º≈‘µ¿—≥±å  2 ‚ª√·°√¡ 10 ‡§√◊ËÕß®—°√

Optimal UPMEA error %error

2.1 270 270 0 0

2.2 245 258 13 5.31

2.3 233 233 0

2.4 261 275 14 5.36

2.5 238 238 0 0

§à“‡©≈’Ë¬ 2.13

EX3    3 º≈‘µ¿—≥±å  2 ‚ª√·°√¡ 6 ‡§√◊ËÕß®—°√

Optimal UPMEA error %error

3.1 225 243 18 8

3.2 256 262 6 2.34

3.3 264 285 21 7.95

3.4 233 233 0 0

3.5 229 242 13 5.68

† §à“‡©≈’Ë¬ 4.80
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EX4      3 º≈‘µ¿—≥±å  2 ‚ª√·°√¡ 8 ‡§√◊ËÕß®—°√

Optimal UPMEA error %error

4.1 176 185 9 5.11

4.2 188 188 0 0

4.3 193 206 13 6.74

4.4 170 170 0 0

4.5 155 167 12 7.74

† §à“‡©≈’Ë¬ 3.9

EX5     2 º≈‘µ¿—≥±å  2 ‚ª√·°√¡ 4 ‡§√◊ËÕß®—°√

Optimal UPMEA error %error

5.1 145 145 0 0

5.2 139 142 3 2.16

5.3 141 158 17 12.06

5.4 120 120 0 0

5.5 117 133 16 13.68

† §à“‡©≈’Ë¬ 5.58

EX6       2 º≈‘µ¿—≥±å  2 ‚ª√·°√¡ 6 ‡§√◊ËÕß®—°√

† Optimal UPMEA error %error

6.1 95 95 0 0

6.2 87 98 11 12.64

6.3 90 90 0 0

6.4 74 83 9 12.16

6.5 81 96 15 18.52

† §à“‡©≈’Ë¬ 8.66

µ“√“ß∑’Ë 5  √ÿª°“√‡ª√’¬∫‡∑’¬∫ª√– ‘∑∏‘¿“æ¢Õß

Õ—≈°Õ√‘∑÷¡°—∫º≈‡©≈¬‡À¡“–∑’Ë ÿ¥

§«“¡§“¥‡§≈◊ËÕπ Ÿß ÿ¥ 18.52

§«“¡§“¥‡§≈◊ËÕπµË” ÿ¥ 0

§«“¡§“¥‡§≈◊ËÕπ‡©≈’Ë¬√«¡ 5.11

®”π«πµ—«Õ¬à“ß∑’Ë„Àâ§”µÕ∫∑’Ë‡À¡“–∑’Ë ÿ¥ 10

®“°º≈°“√‡ª√’¬∫‡∑’¬∫§à“‡«≈“·≈â«‡ √Á®

√–À«à“ßÕ—≈°Õ√‘∑÷¡°—∫º≈‡©≈¬∑’Ë‡À¡“– ¡∑’Ë ÿ¥®“°

30 µ—«Õ¬à“ß‚¥¬„™â‚®∑¬åµ—«Õ¬à“ß°“√º≈‘µ∑’Ë¡’§à“

º≈‘µ¿—≥±åµ—Èß·µà 2 ∂÷ß 4 º≈‘µ¿—≥±å ‚ª√·°√¡

°“√∑¥ Õ∫ 2 ‚ª√·°√¡ ·≈–‡§√◊ËÕß®—°√ 4 ∂÷ß 10

‡§√◊ËÕß®—°√ ®“°º≈°“√∑¥≈Õßæ∫«à“ UPMEA ®–‰¥â

‡«≈“·≈â«‡ √Á®‡∑à“°—∫§à“º≈‡©≈¬∑’Ë‡À¡“–∑’Ë ÿ¥ 10

µ—«Õ¬à“ß  §à“§«“¡º‘¥æ≈“¥‡©≈’Ë¬√âÕ¬≈– 5.11 ´÷Ëß

∑”„Àâ‡ÀÁπ«à“ UPMEA ¡’ª√– ‘∑∏‘¿“æ°“√∑”ß“π

„π‡°≥±å∑’Ë¥’

 √ÿªº≈°“√«‘®—¬

®“°°“√»÷°…“°“√®—¥µ“√“ß°“√º≈‘µ‡§√◊ËÕß®—°√

·∫∫¢π“π∑’Ë‰¡à‡°’Ë¬«¢âÕß°—π¿“¬„µâ¢âÕ®”°—¥°“√º≈‘µ

¢Õß‡§√◊ËÕß®—°√ ‚¥¬¡’‡«≈“·≈â«‡ √Á®¢Õßß“πµË” ÿ¥  ´÷Ëß

√Ÿª·∫∫∑“ß§≥‘µ»“ µ√å∑’Ë √â“ß¢÷Èπ “¡“√∂„Àâº≈‡©≈¬

∑’Ë‡À¡“– ¡∑’Ë ÿ¥  ·µà‡π◊ËÕß®“°„π°“√π”‰ª„™â°—∫ªí≠À“

∑’Ë¡’¢π“¥„À≠àÕ“®„™â‡«≈“π“π À√◊Õ¢âÕ®”°—¥¢Õß

´Õø∑å·«√å Õ“®∑”„Àâ‰¡à “¡“√∂À“§”µÕ∫‰¥â ®÷ßµâÕß

∑”°“√æ—≤π“Õ—≈°Õ√‘∑÷¡ UPMEA ¢÷Èπ‡æ◊ËÕ„™â„π°“√

·°âªí≠À“∑’Ë¡’¢π“¥„À≠à ‚¥¬®“°°“√‡ª√’¬∫‡∑’¬∫

ª√– ‘∑∏‘¿“æ°Á®–‡ÀÁπ‰¥â«à“ Õ—≈°Õ√‘∑÷¡ UPMEA

 “¡“√∂„Àâ§”µÕ∫„°≈â‡§’¬ß°—∫§”µÕ∫∑’Ë‡À¡“–∑’Ë ÿ¥

·≈–¡’§«“¡§“¥‡§≈◊ËÕπ 5.11% ´÷ËßÕ—≈°Õ√‘∑÷¡π’È

 “¡“√∂π”‰ª„™â„π°“√®—¥µ“√“ß°“√º≈‘µ‰¥âÕ¬à“ßßà“¬

·≈–‰¡à´—∫´âÕπ ÷́Ëß®– àßº≈„Àâ„™â‡«≈“„π°“√µ—¥ ‘π„®

«“ß·ºπ°“√º≈‘µπâÕ¬·≈–≈¥µâπ∑ÿπ°“√º≈‘µ≈ßÕ’°¥â«¬

¢âÕ‡ πÕ·π–

1. §«√¡’°“√»÷°…“‡æ‘Ë¡‡µ‘¡„π°“√∑’Ë®–

æ—≤π“√Ÿª·∫∫¢Õßªí≠À“‡æ◊ËÕ„™â„π°“√«“ß·ºπ√–¬–

¬“« ÷́ËßÕ“®‡ªìπ°“√«“ß·ºπ≈à«ßÀπâ“√“¬ —ª¥“ÀåÀ√◊Õ

√“¬‡¥◊Õπ

2. §«√¡’°“√‡æ‘Ë¡ªí®®—¬„π°“√®—¥µ“√“ß

°“√º≈‘µ„π‡√◊ËÕß¢Õß‡«≈“„π°“√µ—Èß§à“‡§√◊ËÕß®—°√ (setup

time) ‡¢â“‰ª„π√–∫∫‡æ◊ËÕ„Àâ¡’§«“¡‡ ¡◊Õπªí≠À“®√‘ß

·≈– ¡∫Ÿ√≥å·∫∫∑’Ë ÿ¥

3. §«√»÷°…“‡æ‘Ë¡‡µ‘¡„π à«π¢Õß°“√ª√—∫ª√ÿß

§”µÕ∫∑’Ë‰¥â®“°Õ—≈°Õ√‘∑÷¡ ¥â«¬«‘∏’ ‡¡µ–Œ‘«√‘ µ‘° å

‡æ◊ËÕ„Àâ‰¥â§”µÕ∫∑’Ë„°≈â‡§’¬ß°—∫§”µÕ∫∑’Ë‡À¡“–∑’Ë ÿ¥

¡“°∑’Ë ÿ¥
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