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∫∑§—¥¬àÕ

∫∑§«“¡«‘®—¬π’Èπ”‡ πÕμ—«·∫∫∑“ß§≥‘μ»“ μ√å ”À√—∫Õ∏‘∫“¬ªí≠À“√–∫∫æÀÿ´—∫´âÕπ·∫∫‡ªÑ“À¡“¬

√à«¡ ´÷Ëß “¡“√∂π”‰ªª√–¬ÿ°μå„™â ‰¥â°—∫ªí≠À“„πÀ≈“°À≈“¬ “¢“«‘™“ ‚¥¬‡©æ“–Õ¬à“ß¬‘Ëß„π‡√◊ËÕß

√–∫∫°“√∑”ß“π¢ÕßÕß§å°√∑“ß¥â“π∏ÿ√°‘®∑’ËμâÕß°“√„Àâ‡°‘¥ª√– ‘∑∏‘¿“æ·≈–ª√– ‘∑∏‘º≈ ‚¥¬®–„™â

§«“¡√Ÿâ∑“ß¥â“π°“√À“§à“‡À¡“– ¡∑’Ë ÿ¥‡™‘ß°“√®—¥„π°“√«‘‡§√“–Àå≈—°…≥–ªí≠À“¢Õßμ—«·∫∫ Õ—π®–

‡ªìπ·π«∑“ß„π°“√®—¥°“√°—∫ªí≠À“ NP-Complete π’È πÕ°®“°π’È ß“π«‘®—¬π’È®–∑”°“√®”≈Õßªí≠À“

¥â«¬§Õ¡æ‘«‡μÕ√å ‡æ◊ËÕ∑”°“√«‘‡§√“–Àåº≈≈—æ∏å∑’Ë ‰¥â®“°μ—«·∫∫·≈–‡æ◊ËÕ»÷°…“ªí®®—¬∑’Ë¡’º≈μàÕ§à“

ª√– ‘∑∏‘º≈¢Õß√–∫∫

§” ”§—≠: √–∫∫æÀÿ´—∫´âÕπ  °“√À“§à“‡À¡“– ¡∑’Ë ÿ¥‡™‘ß°“√®—¥  ªí≠À“ NP-Complete
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º».¥√.©—∞‰™¬å ≈’π“«ß»å  Õ. ÿ∏‘μ“ ¡≥’™—¬

∫∑π”

√–∫∫∑’Ë¡—°æ∫„πß“π∑“ß¥â“π«‘∑¬“»“ μ√å

·≈–∏ÿ√°‘® À≈“¬Ê √–∫∫¡’≈—°…≥–‡ªìπ√–∫∫´—∫´âÕπ

Õ—π‡π◊ËÕß¡“®“° ¡“™‘°¿“¬„π√–∫∫¡’º≈°√–∑∫

μàÕ°—π·≈– àßº≈‰ª¬—ßª√– ‘∑∏‘º≈¢Õß√–∫∫π—ÈπÊ

μ—«Õ¬à“ß¢Õß√–∫∫ —́∫´âÕπ∑’Ë‡ÀÁπ‰¥â™—¥‡®π ‡™àπ

√–∫∫§«“¡ —¡æ—π∏å¢Õß¬’π¿“¬„π‚§√‚¡‚´¡ √–∫∫

 ªîπ°≈“  ·≈–æƒμ‘°√√¡Õß§å°√∑“ß¥â“π∏ÿ√°‘®

‡ªìπμâπ √–∫∫‡À≈à“π’È “¡“√∂Õ∏‘∫“¬‰¥â¥â«¬μ—«·∫∫

∑“ß§≥‘μ»“ μ√å∑’Ë‡√’¬°«à“ μ—«·∫∫ NK (Derrida,

1981; Kauffman, 1993; Levinthal, 1997;

Westhoff, Yarbrough, and Yarbrough, 1996)

μ—«·∫∫ NK ‡ªìπμ—«·∫∫∑’Ë„™âÕ∏‘∫“¬§«“¡

 —¡æ—π∏å√–À«à“ß ¡“™‘°∑’ËÕ¬Ÿà∫π K+1 μ”·Àπàß

(K ‡ªìπ®”π«π‡μÁ¡ ´÷Ëß 0 < K < N - 1 ‡¡◊ËÕ N §◊Õ

¢π“¥¢Õß√–∫∫) ∂â“ K = 0 · ¥ß«à“  ¡“™‘°∑ÿ°

μ”·Àπàß„π√–∫∫‡ªìπÕ‘ √–μàÕ°—π ª√– ‘∑∏‘º≈¢Õß

√–∫∫ (System Performance) ¢÷ÈπÕ¬Ÿà°—∫‡©æ“–

 ¡“™‘°„πμ”·Àπàßπ—ÈπÊ ·≈–∂â“ K = N - 1 · ¥ß

«à“ ¡“™‘°„π∑ÿ°Ê μ”·Àπàß¢Õß√–∫∫¡’§«“¡

 —¡æ—π∏å°—πÀ¡¥ ¥—ßπ—Èπ K ®÷ß‡ª√’¬∫‡ ¡◊Õπªí®®—¬

¿“¬„π∑’Ë àßº≈μàÕ§à“ª√– ‘∑∏‘º≈¢Õß ¡“™‘°¿“¬„π

√–∫∫ ÷́Ëß§à“ª√– ‘∑∏‘º≈¥—ß°≈à“« ‡√’¬°«à“ §à“

ª√– ‘∑∏‘º≈ª√–°Õ∫ (Contribution to Performance)

„πμ—«·∫∫ NK ¢Õß Kauffman °”Àπ¥„Àâ

√–∫∫Àπ÷ËßÊ ·∑π¥â«¬‡«°‡μÕ√å∑«‘¿“§ N ‡«°‡μÕ√å

∂â“ x §◊Õ √–∫∫∑’Ë‡ªìπ‰ª‰¥â„πμ—«·∫∫ §à“ª√– ‘∑∏‘º≈

¢Õß√–∫∫ x ∂Ÿ°°”Àπ¥„Àâ‡ªìπ§à“‡©≈’Ë¬¢Õß§à“

ª√– ‘∑∏‘º≈ª√–°Õ∫∑—ÈßÀ¡¥ ¥—ß ¡°“√

(1)

‡¡◊ËÕ    §◊Õ §à“ª√– ‘∑∏‘º≈ª√–°Õ∫¢Õß√–∫∫ x

´÷Ëß‡ªìπ§à“∑’Ë· ¥ßª√– ‘∑∏‘¿“æ¢Õß ¡“™‘°μ—«∑’Ë i

¿“¬„π√–∫∫ x ‚¥¬ ¡“™‘°¥—ß°≈à“«¡’§«“¡ —¡æ—π∏å

°—∫ ¡“™‘°„πμ”·ÀπàßÕ◊ËπÊ Õ’° K μ—« Kauffman

°”Àπ¥„Àâ§à“ª√– ‘∑∏‘º≈ª√–°Õ∫‡ªìπ‡≈¢ ÿà¡∑’Ë¡’°“√

·®°·®ß‡Õ°√Ÿª∫π™à«ß [0,1] ‚¥¬ —¡æ—π∏å°—∫°“√®—¥

À¡Ÿà¢Õß ¡“™‘°®”π«π K+1 μ—«

®“°≈—°…≥–¢Õßμ—«·∫∫ NK æ∫«à“ μ—«·∫∫

Abstract

This research proposes a mathematical model for studying multiple complex systems

with a common goal. It can be applied to problems in various areas of study, especially,

in business organizations that long for efficiency and effectiveness. The combinatorial

optimization methodology is used to analyze the problem and the behavior of these

complex systems, which will also be a way to handle this NP-Complete problem. In addition,

the problem will be computer simulated in order to examine the results on the system

performance and the factors affecting those results.

Keywords: Multiple Complex Systems, Combinatorial Optimization, NP-Complete Problem
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μ—«·∫∫‡™‘ß§≥‘μ»“ μ√å·≈–°“√®”≈Õß√–∫∫æÀÿ´—∫´âÕπ

¥—ß°≈à“«‡ªìπªí≠À“°“√À“§à“‡À¡“– ¡∑’Ë ÿ¥‡™‘ß°“√®—¥

(Combinatorial Optimization Problem: COP)

´÷Ëßª√–°Õ∫¥â«¬‡´μ¢Õß à«πª√–°Õ∫ 5  à«π §◊Õ

1. ‡´Áμ¢âÕ¡Ÿ≈ (Set of Data) = {N, K, x = (x
1
,

x
2
,..., x

N
) ‡¡◊ËÕ x

i
 = 0 À√◊Õ 1}

2. ‡´Áμ¢Õßº≈‡©≈¬∑’Ë‡ªìπ‰ª‰¥â (Set of

Feasible Solution) = {x | x §◊Õ √–∫∫∑’Ë‡ªìπ‰ª‰¥â}

3. ‡´Áμ¢Õß∫≈ÁÕ°‚§√ß √â“ß (Set of Building

Block) = {x
i
 | i = 1, 2,..., N}

4. §à“øíß°å™—π®ÿ¥ª√– ß§å (Objective Function

Value): Z(x) = f(x)

5. ®ÿ¥ª√– ß§å‚¥¬√«¡ (Overall Objective):

‡æ◊ËÕÀ“ x** ∑’Ë∑”„Àâ Z(x**) ¡’§à“¡“°∑’Ë ÿ¥

Kauffman „™â°√–∫«π°“√·∑π∑’ËÀπ÷Ëßμ”·Àπàß

(The One-Replacement Process) ́ ÷Ëß‡ªìπ¢—ÈπμÕπ

«‘∏’Œ‘«√‘ μ‘§∑’Ë‡√‘Ë¡μâπ®“°√–∫∫μ—Èßμâπ (Initial

System) ·≈â«‰μà ‰ªμ“¡√–∫∫¬à“π„°≈â ‡§’¬ß

(Neighbor) ∑’Ë¡’ ¡“™‘°·μ°μà“ß®“°√–∫∫μ—Èßμâπ

‡æ’¬ßÀπ÷Ëßμ”·Àπàß (One-Replacement Neighbor)

·≈–¡’§à“ª√– ‘∑∏‘º≈ Ÿß°«à“√–∫∫μ—Èßμâππ—Èπ

®“°°“√«‘‡§√“–Àå§à“¢Õß N ·≈– K „πμ—«·∫∫

NK æ∫«à“ °√≥’ K = 0 §à“§“¥À«—ß§à“ª√– ‘∑∏‘º≈

¢Õß√–∫∫∑’Ë‡ªìπº≈‡©≈¬¢Õßμ—«·∫∫ (Global Optimal

Solution) ¡’§à“‡ªìπ 2/3 ·≈–§à“§“¥À«—ß¢Õß

®”π«π°“√·∑π∑’Ë∑—ÈßÀ¡¥¡’§à“‡ªìπ N/2 §√—Èß  à«π

°√≥’ K = N-1 æ∫«à“‡¡◊ËÕ N ¡’§à“¡“° §à“§“¥À«—ß

¢Õß§à“ª√– ‘∑∏‘º≈¢Õß√–∫∫∑’Ë‡ªìπº≈‡©≈¬¢Õßμ—«

·∫∫ (Local Optimal Solution) ¡’§à“‡∑à“°—∫ 2/3 ∂â“

æ‘®“√≥“°√“ø§«“¡ —¡æ—π∏å√–À«à“ß§à“ª√– ‘∑∏‘º≈

¥—ß°≈à“«°—∫®”π«π K ∑’Ë·μ°μà“ß°—π®–æ∫«à“ ‡ âπ

°√“ø®–‡√‘Ë¡μâπ (K = 0) ®–¡’§à“ª√– ‘∑∏‘º≈ª√–¡“≥

2/3 ®“°π—Èπ§à“ª√– ‘∑∏‘º≈®–‡æ‘Ë¡ Ÿß¢÷Èπ„π¢≥–∑’Ë K

πâÕ¬Ê ®π¡’§à“ Ÿß∑’Ë ÿ¥·≈â«®–§àÕ¬Ê ≈¥μË”≈ß‡¢â“®π

¡’§à“‡¢â“„°≈â 1/2 ¥—ß√Ÿª∑’Ë 1 °“√‡æ‘Ë¡¢÷Èπ·≈–≈¥≈ß

¢Õß°√“ø„π≈—°…≥–π’È‡√’¬°«à“ §«“¡«‘∫—μ‘´—∫´âÕπ

(Complexity Catastrophe)

√Ÿª∑’Ë 1 °√“ø· ¥ß§à“‡©≈’Ë¬¢Õß§à“ª√– ‘∑∏‘º≈¢Õß√–∫∫ —́∫´âÕπ¢π“¥ N = 20 ∑’Ë K ·μ°μà“ß°—π ¥â«¬°“√®”≈Õß

∑“ß§Õ¡æ‘«‡μÕ√å‡ªìπ®”π«π 500 §√—Èß
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„πªï §.». 1999 Solow ·≈–§≥– (Solow, et

al., 1999) ‰¥â‡ πÕμ—«·∫∫∑“ß§≥‘μ»“ μ√å‡æ◊ËÕ≈¥

§«“¡«‘∫—μ‘´—∫´âÕπ¢Õßμ—«·∫∫ NK ‡™àπ μ—«·∫∫ NK/

W ‡ªìπμ—«·∫∫∑’Ë°”Àπ¥„Àâ§à“ª√– ‘∑∏‘º≈¢Õß√–∫∫

‡ªìπ§à“‡©≈’Ë¬¢Õß§à“ª√– ‘∑∏‘º≈ª√–°Õ∫∑’Ë¡’°“√∂à«ß

πÈ”Àπ—° μ—«·∫∫ NK/N (μ,σ) ‡ªìπμ—«·∫∫∑’Ë

°”Àπ¥„Àâ§à“ª√– ‘∑∏‘º≈ª√–°Õ∫‡ªìπ‡≈¢ ÿà¡∑’Ë¡’°“√

·®°·®ßª°μ‘∑’Ë¡’§à“°≈“ß μ ·≈– à«π‡∫’Ë¬ß‡∫π

¡“μ√∞“π σ μ—«·∫∫ NK/A ‡ªìπμ—«·∫∫∑’Ë°”Àπ¥

„Àâ„π·μà≈– à«π¢Õß√–∫∫¡’ ¡“™‘°∑’Ë‡ªìπ‰ª‰¥â A

·∫∫ ‡ªìπμâπ º≈ª√“°Ø«à“¡’‡æ’¬ßμ—«·∫∫ NK/W

‡∑à“π—Èπ∑’Ë “¡“√∂¢®—¥§«“¡«‘∫—μ‘´—∫´âÕπ‰¥â  à«πμ—«

·∫∫Õ◊ËπÊ ·¡â®–‰¡à “¡“√∂¢®—¥§«“¡«‘∫—μ‘´—∫´âÕπ‰¥â

·μà§à“ª√– ‘∑∏‘º≈∑’Ë ‰¥â®“°μ—«·∫∫¥—ß°≈à“«¡’§à“

 Ÿß¢÷Èπμ“¡μ—«·ª√§«∫§ÿ¡∑’Ëμ—«·∫∫π—ÈπÊ °”Àπ¥‰«â

„πªï §.». 2002 Solow ·≈–§≥–‰¥â«‘‡§√“–Àå

§ÿ≥≈—°…≥–¢Õßμ—«·∫∫ NK ¢Õß Kauffman æ∫«à“

μ—«·∫∫ NK ‡ªìπªí≠À“Àπ÷Ëß„π NP-complete ´÷Ëß

‡ªìπªí≠À“∑’Ë‰¡à¡’¢—ÈπμÕπ«‘∏’∑’Ë¡’‡«≈“‡ªìπæÀÿπ“¡‡æ◊ËÕ

À“º≈‡©≈¬π—Ëπ‡Õß (Chartchai Leenawong and

Ponrudee Netisopakul, 2004; Solow, et al.,

2002)

Õ¬à“ß‰√°Áμ“¡ „πªï §.».1991 Kauffman ·≈–

Johnsen ‰¥â‡ πÕμ—«·∫∫∑“ß§≥‘μ»“ μ√å∑’Ëæ—≤π“

¡“®“°μ—«·∫∫ NK ‡æ◊ËÕÕ∏‘∫“¬§«“¡ “¡“√∂„π°“√

¥”√ßæ—π∏ÿå¢Õß‡À¬◊ËÕ·≈–ºŸâ≈à“„π√–∫∫π‘‡«» ´÷Ëß§«“¡

 —¡æ—π∏å¢Õß‡À¬◊ËÕ°—∫ºŸâ≈à“π—Èπ‡ªìπ√–∫∫æÀÿ´—∫´âÕπ

·∫∫μà“ß‡ªÑ“À¡“¬ (Multiple Complex Systems

with Different Goals) π—Ëπ§◊Õ §«“¡ —¡æ—π∏å¿“¬„π

‡À¬◊ËÕ‡ªìπ√–∫∫´—∫´âÕπ∑’Ë π—∫ πÿπ°“√¥”√ßæ—π∏ÿå∑—Èß

¢Õß‡À¬◊ËÕ·≈–ºŸâ≈à“ „π¢≥–∑’Ë§«“¡ —¡æ—π∏å¿“¬„π

ºŸâ≈à“‡ªìπ√–∫∫´—∫´âÕπ∑’Ë π—∫ πÿπ°“√¥”√ßæ—π∏ÿå¢Õß

ºŸâ≈à“·μà∑”≈“¬°“√¥”√ßæ—π∏ÿå¢Õß‡À¬◊ËÕ ´÷Ëßμ—«·∫∫

¥—ß°≈à“« “¡“√∂¬◊π¬—π‰¥â«à“ „π¢≥–∑’Ë‡À¬◊ËÕ¡’

®”π«ππâÕ¬ ºŸâ≈à“μâÕß¡’®”π«ππâÕ¬¥â«¬ ®÷ß®–∑”„Àâ

§«“¡ “¡“√∂„π°“√¥”√ßæ—π∏ÿå¢Õß∑—Èß Õß¥’∑’Ë ÿ¥ „π

∑“ß°≈—∫°—π ∂â“ºŸâ≈à“¡’®”π«π¡“° ‡À¬◊ËÕ°Á®–μâÕß¡’

®”π«π¡“°¥â«¬‡™àπ°—π ∂â“‡À¬◊ËÕ¡’®”π«π¡“° „π

¢≥–∑’ËºŸâ≈à“¡’®”π«ππâÕ¬ Õ“®°àÕ„Àâ‡°‘¥¿“«–®”π«π

‡À¬◊ËÕ¡“°‡°‘π‰ª∑”„Àâ‡ ’¬ ¡¥ÿ≈¢Õß√–∫∫π‘‡«» ·μà

∂â“¡’ºŸâ≈à“®”π«π¡“° „π¢≥–∑’Ë‡À¬◊ËÕ¡’®”π«ππâÕ¬ °Á

Õ“®°àÕ„Àâ‡°‘¥¿“«–°“√ Ÿ≠æ—π∏ÿå∑—Èß¢Õß‡À¬◊ËÕ·≈–

ºŸâ≈à“‰¥â

∫∑§«“¡«‘®—¬π’È ‡ªìπ°“√‡ πÕμ—«·∫∫∑“ß

§≥‘μ»“ μ√å∑’Ëæ—≤π“¡“®“°μ—«·∫∫ NK ‡æ◊ËÕ„™â

Õ∏‘∫“¬√–∫∫æÀÿ́ —∫´âÕπ·∫∫‡ªÑ“À¡“¬√à«¡ (Multiple

Complex Systems with a Common Goal) ´÷Ëß

À¡“¬∂÷ß √–∫∫æÀÿ´—∫´âÕπ∑’Ëª√–°Õ∫¥â«¬√–∫∫

´—∫´âÕπ∑’Ë∑ÿ°Ê √–∫∫¡’®ÿ¥¡ÿàßÀ¡“¬‡æ◊ËÕμâÕß°“√„Àâ

§à“ª√– ‘∑∏‘º≈¢Õß√–∫∫‚¥¬√«¡¥’∑’Ë ÿ¥ μ—«Õ¬à“ß

¢Õß√–∫∫æÀÿ´—∫´âÕπ„π≈—°…≥–π’È ‡™àπ √–∫∫°“√

∑”ß“π¢ÕßÕß§å°√∑’Ë¡’À≈“¬·ºπ° ‚¥¬Õß§å°√„À≠à

§◊Õ √–∫∫æÀÿ´—∫´âÕπ ·≈–·μà≈–·ºπ°„πÕß§å°√‡ªìπ

√–∫∫ —́∫´âÕπ ß“π«‘®—¬π’È®–· ¥ß°“√«‘‡§√“–Àå

§ÿ≥≈—°…≥–¢Õßμ—«·∫∫¥—ß°≈à“«‚¥¬„™â°“√«‘‡§√“–Àå

‡™‘ß°“√À“§à“‡À¡“– ¡∑’Ë ÿ¥‡™‘ß°“√®—¥ ·≈–„™â°“√

®”≈Õß∑“ß§Õ¡æ‘«‡μÕ√å‡æ◊ËÕ»÷°…“ªí®®—¬∑’Ë¡’º≈μàÕ

ª√– ‘∑∏‘º≈¢Õß√–∫∫ ·≈–‡æ◊ËÕ«‘‡§√“–Àåº≈≈—æ∏å∑’Ë

‰¥â®“°μ—«·∫∫ √«¡∑—ÈßÀ“¢—ÈπμÕπ«‘∏’‡æ◊ËÕÀ“º≈‡©≈¬

∑’Ë‡À¡“– ¡∑’Ë ÿ¥¢Õßμ—«·∫∫¥â«¬
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μ—«·∫∫‡™‘ß§≥‘μ»“ μ√å·≈–°“√®”≈Õß√–∫∫æÀÿ´—∫´âÕπ

μ—«·∫∫∑“ß§≥‘μ»“ μ√å ”À√—∫√–∫∫
æÀÿ́ —∫´âÕπ·∫∫‡ªÑ“À¡“¬‡¥’¬«

‡π◊ËÕß®“°μ—«·∫∫ NK ‡ªìπμ—«·∫∫∑“ß

§≥‘μ»“ μ√å∑’Ë „™â ”À√—∫Õ∏‘∫“¬√–∫∫ —́∫´âÕπ ÷́Ëß

 π„®‡©æ“–§«“¡ —¡æ—π∏å¢Õß ¡“™‘°¿“¬„π√–∫∫

(Chartchai Leenawong, 2003) ‡∑à“π—Èπ ·μàμ—«

·∫∫π’È ‰¡à “¡“√∂„™âÕ∏‘∫“¬√–∫∫æÀÿ´—∫´âÕπ ÷́Ëß

‡ªìπ√–∫∫∑’Ë ¡“™‘°¿“¬„π√–∫∫¡’§«“¡ —¡æ—π∏å

°—∫ ¡“™‘°∑—Èß¿“¬„π·≈–¿“¬πÕ°√–∫∫‰¥â ¥—ßπ—Èπ

∫∑§«“¡«‘®—¬π’È®÷ß‰¥â‡ πÕμ—«·∫∫∑“ß§≥‘μ»“ μ√å∑’Ë

 “¡“√∂„™âÕ∏‘∫“¬√–∫∫¥—ß°≈à“«‰¥â ‚¥¬√–∫∫

æÀÿ´—∫´âÕπ„πß“π«‘®—¬π’È°”Àπ¥„Àâ‡ªìπ√–∫∫∑’Ë

ª√–°Õ∫¥â«¬√–∫∫´—∫´âÕπ 2 √–∫∫´÷Ëß‡√’¬°«à“

√–∫∫¬àÕ¬∑’Ë 1 ·≈–√–∫∫¬àÕ¬∑’Ë 2  ¡“™‘°¢Õß

√–∫∫¬àÕ¬Àπ÷Ëß¡’º≈°√–∑∫μàÕ ¡“™‘°¢ÕßÕ’°√–∫∫

Àπ÷Ëß ·≈–°“√°√–∑∫¥—ß°≈à“« àßº≈μàÕ§à“ª√– ‘∑∏‘º≈

¢Õß√–∫∫æÀÿ´—∫´âÕππ—Èπ μ—«·∫∫∑’Ë √â“ß¢÷Èπ„πß“π

«‘®—¬π’È ‰¥âæ—≤π“¡“®“°μ—«·∫∫ NK ¢Õß Kauffman

´÷Ëß„Àâ™◊ËÕ«à“ μ—«·∫∫ NKC

≈—°…≥–¢Õßμ—«·∫∫ NKC

μ—«·∫∫ NKC ‡ªìπμ—«·∫∫∑’Ë √â“ß¢÷Èπ‡æ◊ËÕ¡ÿàß

‡πâπ§âπÀ“√–∫∫¬àÕ¬∑’Ë 1 ·≈–√–∫∫¬àÕ¬∑’Ë 2 ´÷Ëß

ª√–°Õ∫¢÷Èπ‡ªìπ√–∫∫æÀÿ́ —∫´âÕπ∑’Ë„Àâ§à“ª√– ‘∑∏‘º≈

 Ÿß ÿ¥ ·≈–°”Àπ¥„Àâ·μà≈–√–∫∫¬àÕ¬·∑π¥â«¬

‡«°‡μÕ√å∑«‘¿“§ N ‡«°‡μÕ√å (Binary N-Vector)

∂â“„Àâ x §◊Õ √–∫∫¬àÕ¬∑’Ë 1 ·≈– y §◊Õ √–∫∫

¬àÕ¬∑’Ë 2 §à“ª√– ‘∑∏‘º≈¢Õß√–∫∫æÀÿ´—∫´âÕπ (x,y)

·∑π¥â«¬ ¡°“√ 2.1

(2.1)

‡¡◊ËÕ f(xK, yC) §◊Õ §à“ª√– ‘∑∏‘º≈¢Õß√–∫∫ x

(∑’Ë∂Ÿ°°√–∑∫¥â«¬√–∫∫ y)

f(yK, xC) §◊Õ §à“ª√– ‘∑∏‘º≈¢Õß√–∫∫ y

(∑’Ë∂Ÿ°°√–∑∫¥â«¬√–∫∫  x)

f(yK, xC) ·≈– f(yK, xC) °”Àπ¥„Àâ‡ªìπ

§à“‡©≈’Ë¬¢Õß§à“ª√– ‘∑∏‘º≈ª√–°Õ∫∑—ÈßÀ¡¥ ¥—ß

 ¡°“√ 2.2 ·≈– 2.3

(2.2)

(2.3)

‡¡◊ËÕ           §◊Õ §à“ª√– ‘∑∏‘º≈ª√–°Õ∫∑’Ë i

¢Õß√–∫∫ x ´÷ËßÀ¡“¬∂÷ß §à“ª√– ‘∑∏‘º≈¢Õß

 ¡“™‘°μ—«∑’Ë i „π√–∫∫ x ∑’Ë∂Ÿ°°√–∑∫¥â«¬ ¡“™‘°

K  μ—«®“°√–∫∫ x ·≈– C μ—«®“°√–∫∫ y

       §◊Õ §à“ª√– ‘∑∏‘º≈ª√–°Õ∫∑’Ë i ¢Õß

√–∫∫ y ´÷ËßÀ¡“¬∂÷ß §à“ª√– ‘∑∏‘º≈¢Õß ¡“™‘°μ—«∑’Ë

i „π√–∫∫ y ∑’Ë∂Ÿ°°√–∑∫¥â«¬ ¡“™‘° K μ—«®“°

√–∫∫ y ·≈– C μ—«®“°√–∫∫ x

§à“ª√– ‘∑∏‘º≈ª√–°Õ∫∑—ÈßÀ¡¥„πμ—«·∫∫

NKC °”Àπ¥„Àâ‡ªìπ‡≈¢ ÿà¡∑’Ë¡’°“√·®°·®ß‡Õ°√Ÿª

∫π™à«ß [0,1] ÷́Ëß —¡æ—π∏å°—∫°“√®—¥À¡Ÿà¢Õß ¡“™‘°

®”π«π K+C+1 μ—«

®“°∑’Ë°≈à“«¡“ ‡√“ “¡“√∂· ¥ß‰¥â«à“ μ—«·∫∫

NKC ‡ªìπ COP ´÷Ëß¡’ à«πª√–°Õ∫¥—ßπ’È

1. ‡´Áμ¢âÕ¡Ÿ≈ = {2N, K, C, x = (x
1
, x

2
,..., x

N
),

y = (y
1
, y

2
,..., y

N
) ‡¡◊ËÕ x

i
, y

j
 = 0 À√◊Õ 1 ·≈– i, j =

1, 2,..., N}

2. ‡´Áμ¢Õßº≈‡©≈¬∑’Ë‡ªìπ‰ª‰¥â = {(x,y) | x,y

§◊Õ √–∫∫¬àÕ¬∑’Ë 1 ·≈–√–∫∫¬àÕ¬∑’Ë 2 μ“¡≈”¥—∫}
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3. ‡´Áμ¢Õß∫≈ÁÕ°‚§√ß √â“ß = {x
i
 , y

j
 | i, j = 1,

2,..., N}

4. §à“øíß°å™—π®ÿ¥ª√– ß§å: Z(x,y) = f(x,y)

5. ®ÿ¥ª√– ß§å‚¥¬√«¡: çÀ“ x* ·≈– y* ∑’Ë

∑”„Àâ Z(x*,y*) ¡’§à“¡“°∑’Ë ÿ¥é

μ—«·∫∫ NKC ‡ªìπªí≠À“ NP-complete

∫∑μ—Èß 2.1 °”Àπ¥„Àâ A = {a
1
, a

2
,..., a

n
} ‚¥¬∑’Ë

a
i
 > 0  ”À√—∫∑ÿ° i = 1, 2,..., n  ”À√—∫®”π«π®√‘ß

d > 0 ·≈â« max(dA) = d (max A)

æ‘ Ÿ®πå

„Àâ a
j
∈ A ·≈– a

j
 = max A  ”À√—∫∫“ß j = 1,

2,..., n

¥—ßπ—Èπ da
j
 = d (max A) = max (dA)

(®“° d > 0)

∫∑μ—Èß 2.2 °”Àπ¥„Àâ  A = {a
1
, a

2
,..., a

n
} ‚¥¬∑’Ë

a
i
 > 0  ”À√—∫∑ÿ° i = 1, 2,..., n ·≈– B = {b

1
, b

2
,

..., b
m
} ‚¥¬∑’Ë b

j
 > 0  ”À√—∫∑ÿ° j = 1, 2,..., m

∂â“ A+B = {a
i
 + b

j
}  ”À√—∫∑ÿ° i = 1, 2,..., n ·≈–

∑ÿ° j = 1, 2,..., m ·≈â« max (A+B) = max A +

max B

æ‘ Ÿ®πå

„Àâ a
p 
∈ A ·≈– a

p 
= max A

 ”À√—∫∫“ß p = 1, 2,..., n

·≈– b
q 
∈ B ·≈– b

q 
= max B

 ”À√—∫∫“ß q = 1, 2,..., n

¥—ßπ—Èπ a
p 
+ b

q
 = max A + max B (2.1)

·≈– a
p 
+ b

q
 >  a

i
 + b

j

 ”À√—∫∑ÿ° i ≠ p ·≈– j ≠ q

‡π◊ËÕß®“° a
p
+ b

q
 ∈ A+B

¥—ßπ—Èπ a
p
+ b

q
 =  max (A+B)          (2.2)

®“° (2.1) ·≈– (2.2) ∑”„Àâ √ÿª‰¥â«à“ max

(A+B) = max A + max B

∑ƒ…Æ’∫∑ 2.1 μ—«·∫∫ NKC ‡ªìπªí≠À“„π NP-

complete

æ‘ Ÿ®πå °“√æ‘ Ÿ®πå·∫àß°“√æ‘ Ÿ®πåÕÕ°‡ªìπ 2 μÕπ

¥—ßπ’È

μÕπ∑’Ë 1 · ¥ß«à“μ—«·∫∫ NKC ‡ªìπªí≠À“

„π NP

μ—«·∫∫ NKC  “¡“√∂·∑π‰¥â¥â«¬°√“ø Õß

 à«π·∫∫∫√‘∫Ÿ√≥å (Complete Bipartite Graph)

G = (V,E) ´÷Ëß V = V′∪V″ ‡¡◊ËÕ ¡“™‘°„π V′ §◊Õ

√–∫∫¬àÕ¬∑’Ë 1 ∑’Ë‡ªìπ‰ª‰¥â„πμ—«·∫∫ (|V′| = 2N)

·≈– ¡“™‘°„π V″ §◊Õ √–∫∫¬àÕ¬∑’Ë 2 ∑’Ë‡ªìπ‰ª‰¥â„π

μ—«·∫∫ (|V′| = 2N)  à«π ¡“™‘°„π E §◊Õ ‡ âπ

‡™◊ËÕ¡√–∫∫æÀÿ´—∫´âÕπ∑’Ë‡ªìπ‰ª‰¥â∑—ÈßÀ¡¥ (|E| = 22N)

‚¥¬¡’§à“°”°—∫ (Cost) „π·μà≈–‡ âπ‡ªìπ§à“

ª√– ‘∑∏‘º≈¢Õß√–∫∫æÀÿ´—∫´âÕπ∑’Ë —¡æ—π∏å°—∫‡ âπ

‡™◊ËÕ¡π—ÈπÊ ¥—ßμ—«Õ¬à“ß„π√Ÿª∑’Ë 2
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μ—«·∫∫‡™‘ß§≥‘μ»“ μ√å·≈–°“√®”≈Õß√–∫∫æÀÿ´—∫´âÕπ

°”Àπ¥„Àâ®”π«π®√‘ß          ‡ªìπ

 ¡“™‘°∑’Ë‡æ‘Ë¡‡¢â“‰ª„π‡´μ¢âÕ¡Ÿ≈¢Õßμ—«·∫∫ NKC

‡æ◊ËÕ∑”„Àâ μ—«·∫∫ NKC ‡ªìπ COP ∑’ËÕ¬Ÿà„π√Ÿª

ªí≠À“°“√μ—¥ ‘π„® (Decision Problem) ¢—ÈπμÕπ

«‘∏’∑’Ë„™â„π°“√μ√«® Õ∫«à“ f(x,y) > R
NKC

 ¡’Õ—π¥—∫

¢Õßøíß°å™—π§«“¡ —́∫´âÕπ —́∫‡«≈“ (Time Complexity

Function) ‡ªìπ O(n2) ‡¡◊ËÕ n §◊Õ ®”π«π√–∫∫¬àÕ¬

∑’Ë 1 ·≈–√–∫∫¬àÕ¬∑’Ë 2 ∑—ÈßÀ¡¥„πμ—«·∫∫ ´÷Ëß®–

‡ÀÁπ‰¥â«à“§«“¡ —́∫´âÕπ‡™‘ß‡«≈“¢Õß¢—ÈπμÕπ«‘∏’

¥—ß°≈à“«‡ªìπæÀÿπ“¡ (Polynomial) ¥—ßπ—Èπ μ—«·∫∫

NKC ®÷ß‡ªìπªí≠À“ NP

μÕπ∑’Ë 2 · ¥ß«à“μ—«·∫∫ NKC ‡ªìπ NP-hard

°“√· ¥ß«à“ μ—«·∫∫ NKC ‡ªìπ NP-hard

 “¡“√∂· ¥ß‰¥â ‚¥¬Õ“»—¬¢—ÈπμÕπ«‘∏’°“√≈¥∑Õπ

®“°μ—«·∫∫ NK ‰ª¬—ßμ—«·∫∫ NKC ´÷Ëß¡’≈—°…≥–

°“√≈¥∑Õπ¥—ß√Ÿª∑’Ë 3

√Ÿª∑’Ë 2 μ—«Õ¬à“ß¢Õßμ—«·∫∫ NKC „π√Ÿª¢Õß°√“ø Õß à«π·∫∫∫√‘∫Ÿ√≥å

√Ÿª∑’Ë 3 ¢—ÈπμÕπ«‘∏’°“√≈¥∑Õπªí≠À“®“°μ—«·∫∫ NK ‰ª Ÿàμ—«·∫∫ NKC
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μàÕ‰ªπ’È®–· ¥ß‡æ◊ËÕ¬◊π¬—π«à“ μ—«·∫∫ NKC

¥—ß√Ÿª∑’Ë 3 ®–¡’º≈‡©≈¬°ÁμàÕ‡¡◊ËÕ μ—«·∫∫ NK ¡’º≈

‡©≈¬ π—Ëπ§◊Õ μâÕß°“√· ¥ß«à“ ¡’ x* ·≈– y* ∑’Ë∑”„Àâ

Z(x*,y*) > R
NKC

 °ÁμàÕ‡¡◊ËÕ ¡’ x** ∑’Ë∑”„Àâ Z(x*)

> R
NK

‡√‘Ë¡μâπ®“°°“√ ¡¡μ‘„Àâ ¡’ x* ·≈– y* ∑’Ë∑”„Àâ

Z(x*,y*) > R
NKC

 ¥—ßπ—Èπ  ¡’ x* ·≈– y* ∑’Ë∑”„Àâ

„Àâ x** = x* ®“°Õ ¡°“√ (2.3) ®–‰¥â

f(x**) >         f(x) π—Ëπ§◊Õ Z(x**) > R
NK

®“°π—Èπ ¡¡μ‘„Àâ ¡’ x** ∑’Ë∑”„Àâ Z(x**) > R
NK

 ¥—ßπ—Èπ ¡’ x** ∑’Ë∑”„Àâ f(x**) >         f(x) „Àâ x*

= x** ·≈– y* ´÷Ëß f(y*) =      f(y)

(®“° C = 0)

(®“°∫∑μ—Èß 2.1)

(®“°∫∑μ—Èß 2.2)

(2.3)¥—ßπ—Èπ

¥—ßπ—Èπ

(®“° C = 0)

(®“°∫∑μ—Èß 2.2)

(®“°∫∑μ—Èß 2.1)
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μ—«·∫∫‡™‘ß§≥‘μ»“ μ√å·≈–°“√®”≈Õß√–∫∫æÀÿ´—∫´âÕπ

®“°°“√æ‘ Ÿ®πåº≈‡©≈¬¢Õßμ—«·∫∫∑—Èß Õß¢â“ß

μâπ∑”„Àâ “¡“√∂ √ÿª‰¥â«à“ μ—«·∫∫ NKC ‡ªìπ

NP-hard ·≈–®“°°“√æ‘ Ÿ®πå∑—Èß Õß¢—ÈπμÕπ

(μ—«·∫∫ NKC ∈NP ·≈– μ—«·∫∫ NKC ∈NP-hard)

¥—ßπ—Èπ “¡“√∂ √ÿª‰¥â«à“ μ—«·∫∫ NKC ‡ªìπ

NP-complete

°“√«‘‡§√“–Àå‡™‘ß§≥‘μ»“ μ√å¢Õßμ—«·∫∫
NKC

„πÀ—«¢âÕπ’È®–· ¥ß°“√«‘‡§√“–Àå‡™‘ß§≥‘μ»“ μ√å

‡æ◊ËÕÀ“§à“§“¥À«—ß§à“ª√– ‘∑∏‘º≈¢Õß√–∫∫æÀÿ

´—∫´âÕπ∑’Ë‡ªìπº≈‡©≈¬ ”À√—∫°√≥’ ÿ¥¢’¥ (Extreme

Case) ¢Õßμ—«·∫∫ NKC ‚¥¬Õ“»—¬§ÿ≥ ¡∫—μ‘¢Õß

§à“§“¥À«—ß¢Õßμ—«·ª√ ÿà¡·≈–§à“§“¥À«—ß§à“

ª√– ‘∑∏‘º≈¢Õß√–∫∫ —́∫´âÕπ ÷́Ëß‡ªìπº≈‡©≈¬¢Õßμ—«

·∫∫ NK

∂â“°”Àπ¥„Àâ E[f(x**)] ·∑π§à“§“¥À«—ß¢Õß

§à“ª√– ‘∑∏‘º≈¢Õß√–∫∫ x** ´÷Ëß‡ªìπ√–∫∫´—∫´âÕπ

∑’Ë‡ªìπº≈‡©≈¬¢Õßμ—«·∫∫ NK ¥—ßπ—Èπ „π°√≥’∑’Ë

K = 0 ®–‰¥â E[f(x**)] = 2/3 ·≈–„π°√≥’∑’Ë K = N

-1 ·≈– N ¡’§à“¡“° ®–‰¥â E[f(x**)] = 1/2

∂â“°”Àπ¥„Àâ√–∫∫æÀÿ´—∫´âÕπ (x*,y*) ‡ªìπ

º≈‡©≈¬¢Õß°√≥’ ÿ¥¢’¥¢Õßμ—«·∫∫ NKC ¥—ßπ—Èπ

®–· ¥ß°“√§”π«≥§à“§“¥À«—ß§à“ª√– ‘∑∏‘º≈¢Õß

√–∫∫æÀÿ´—∫´âÕπ (x*,y*) ‰¥âμàÕ‰ªπ’È

1. °√≥’ K = 0 ·≈– C = 0

2. °√≥’ K = N-1 ·≈– C = 0 ‡¡◊ËÕ N ¡’§à“¡“°

3. °√≥’ K = 0 ·≈–  C = N-1 ‡¡◊ËÕ N ¡’§à“¡“°

(‡π◊ËÕß®“° N ¡’§à“¡“°)

4. °√≥’ K = N-1 ·≈– C = N-1 ‡¡◊ËÕ N ¡’

§à“¡“° æ‘ Ÿ®πå§≈â“¬°√≥’  K = 0 ·≈– C = N-1 ´÷Ëß

®–‰¥â«à“ E[f(x*,y*)] = 1/2 ‡™àπ‡¥’¬«°—π

°“√®”≈Õßμ—«·∫∫ NKC

¢âÕ°”Àπ¥¢Õß√–∫∫æÀÿ́ —∫´âÕπ„πμ—«·∫∫

NKC

®“°∑’Ë°≈à“«‰«â„πÀ—«¢âÕμ—«·∫∫∑“ß§≥‘μ»“ μ√å

 ”À√—∫√–∫∫æÀÿ´—∫´âÕπ·∫∫‡ªÑ“À¡“¬‡¥’¬« «à“

√–∫∫æÀÿ´—∫´âÕπ„πß“π«‘®—¬π’Èª√–°Õ∫‰ª¥â«¬√–∫∫

´—∫´âÕπ 2 √–∫∫´÷Ëß°”Àπ¥„Àâ‡ªìπ√–∫∫¬àÕ¬∑’Ë 1 ·≈–

√–∫∫¬àÕ¬∑’Ë 2 ·μà≈–√–∫∫¬àÕ¬∑’Ë‡ªìπ‰ª‰¥â·∑π¥â«¬

‡«°‡μÕ√å∑«‘¿“§ N ‡«°‡μÕ√å  à«π§à“ª√– ‘∑∏‘º≈¢Õß

√–∫∫æÀÿ´—∫´âÕπ°”Àπ¥„Àâ‡ªìπ§à“‡©≈’Ë¬¢Õß§à“

ª√– ‘∑∏‘º≈ª√–°Õ∫´÷Ëß°”Àπ¥„Àâ‡ªìπ‡≈¢ ÿà¡∑’Ë¡’°“√

·®°·®ß‡Õ°√Ÿª∫π™à«ß [0,1] ∑’Ë —¡æ—π∏å°—∫°“√®—¥À¡Ÿà

¢Õß ¡“™‘°®”π«π K+C+1 μ—« ¥—ß√Ÿª∑’Ë 4
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º».¥√.©—∞‰™¬å ≈’π“«ß»å  Õ. ÿ∏‘μ“ ¡≥’™—¬

¢—ÈπμÕπ«‘∏’ ”À√—∫À“º≈‡©≈¬¢Õßμ—«·∫∫

NKC

„π∫∑§«“¡«‘®—¬π’È ‰¥â‡ πÕ¢—ÈπμÕπ«‘∏’Œ‘«√‘ μ‘§

´÷Ëß‡°‘¥®“°°“√º ¡º “π√–À«à“ß°√–∫«π°“√‰μà‡¢“

(Hill Climbing Process) ·≈–°√–∫«π°“√·∑π∑’Ë

1 μ”·Àπàß (One-Replacement Process) ‡æ◊ËÕ„™â

 ”À√—∫À“º≈‡©≈¬¢Õßμ—«·∫∫ NKC ‚¥¬°√–∫«π

°“√‰μà‡¢“®–„™â ”À√—∫§âπÀ“√–∫∫∑’Ë„Àâ§à“ª√– ‘∑∏‘º≈

 Ÿß°«à“√–∫∫μ—Èßμâπ (Initial Systems) ·≈–

°√–∫«π°“√·∑π∑’Ë 1 μ”·Àπàß„™â ”À√—∫À“√–∫∫

¬à“π„°≈â‡§’¬ß (Neighbor) ¢Õß√–∫∫μ—Èßμâπ ÷́Ëß

¢—ÈπμÕπ«‘∏’¥—ß°≈à“«¡’¢—ÈπμÕπ¥—ßπ’È

¢—Èπ∑’Ë 1 ‡≈◊Õ°√–∫∫ x ‡ªìπ√–∫∫μ—Èßμâπ¢Õß

√–∫∫¬àÕ¬∑’Ë 1 ·≈–√–∫∫ y ‡ªìπ

√–∫∫μ—Èßμâπ¢Õß√–∫∫¬àÕ¬∑’Ë 2 æ√âÕ¡

∑—Èß§”π«≥§à“ª√– ‘∑∏‘º≈¢Õß√–∫∫

æÀÿ´—∫´âÕπ (x,y)

¢—Èπ∑’Ë 2 À“√–∫∫¬à“π„°≈â‡§’¬ß x′′′′′ ¢Õß√–∫∫

x ∑—ÈßÀ¡¥ æ√âÕ¡∑—Èß§”π«≥§à“

ª√– ‘∑∏‘º≈¢Õß√–∫∫æÀÿ´—∫´âÕπ

(x′′′′′, y)

¢—Èπ∑’Ë 3 ‡≈◊Õ°√–∫∫æÀÿ´—∫´âÕπ (x*,y) ́ ÷Ëß‡ªìπ

√–∫∫∑’Ë„Àâ§à“ª√– ‘∑∏‘º≈ Ÿß ÿ¥

¢—Èπ∑’Ë 4 °”Àπ¥„Àâ  x = x*

¢—Èπ∑’Ë 5 À“√–∫∫¬à“π„°≈â‡§’¬ß y′ ¢Õß√–∫∫

y ∑—ÈßÀ¡¥ æ√âÕ¡∑—Èß§”π«≥§à“

ª√– ‘∑∏‘º≈¢Õß√–∫∫æÀÿ´—∫´âÕπ

(x,y′′′′′)

¢—Èπ∑’Ë 6 ‡≈◊Õ°√–∫∫æÀÿ´—∫´âÕπ (x,y*) ́ ÷Ëß‡ªìπ

√–∫∫∑’Ë„Àâ§à“ª√– ‘∑∏‘º≈ Ÿß ÿ¥

¢—Èπ∑’Ë 7 °”Àπ¥„Àâ  y = y*

¢—Èπ∑’Ë 8 °≈—∫‰ª∑”¢—Èπ∑’Ë 2 ®π°√–∑—Ëß‰¥â√–∫∫

æÀÿ´—∫´âÕπ (x,y) ´÷Ëß‡ªìπ√–∫∫∑’Ë„Àâ

§à“ª√– ‘∑∏‘º≈ Ÿß°«à“§à“ª√– ‘∑∏‘º≈

√Ÿª∑’Ë 4 °“√®—¥À¡Ÿà¢Õß ¡“™‘°®”π«π  K+C+1 μ—« ´÷Ëß —¡æ—π∏å°—∫§à“ª√– ‘∑∏‘º≈ª√–°Õ∫∑’Ë i ¢Õß√–∫∫¬àÕ¬∑’Ë 1
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μ—«·∫∫‡™‘ß§≥‘μ»“ μ√å·≈–°“√®”≈Õß√–∫∫æÀÿ´—∫´âÕπ

¢Õß√–∫∫æÀÿ´—∫´âÕπ∑’Ë‡°‘¥®“°√–∫∫

¬à“π„°≈â‡§’¬ß¢Õß∑—Èß√–∫∫ x ·≈–

√–∫∫ y

º≈‡©≈¬∑’Ë‰¥â®“°¢—ÈπμÕπ«‘∏’¥—ß°≈à“«Õ“®‰¡à„™à

º≈‡©≈¬∑’Ë¥’∑’Ë ÿ¥ ́ ÷Ëß‡√’¬°«à“ º≈‡©≈¬‡©æ“–∑’Ë (Local

Optimal Solution) ÷́ËßÕ“®¡’‰¥â¡“°°«à“ 1 º≈‡©≈¬

∑—Èßπ’È¢÷ÈπÕ¬Ÿà°—∫√–∫∫∑’Ë‡≈◊Õ°‡ªìπ√–∫∫μ—Èßμâπ

√ŸªμàÕ‰ªπ’È· ¥ß„Àâ‡ÀÁπ≈—°…≥–¢ÕßæÀÿ√–∫∫

´—∫´âÕπ´÷Ëßª√–°Õ∫¥â«¬ 2 √–∫∫¬àÕ¬ √–∫∫∑’Ë‡ªìπ

‰ª‰¥â¢Õß∑—Èß Õß√–∫∫¬àÕ¬´÷Ëß·∑π¥â«¬‡«°‡μÕ√å

∑«‘¿“§ √–∫∫¬à“π„°≈â‡§’¬ß ·≈–§à“ª√– ‘∑∏‘º≈¢Õß

√–∫∫æÀÿ´—∫´âÕπ∑—ÈßÀ¡¥„πμ—«·∫∫ NKC °√≥’

N = 2

√Ÿª∑’Ë 5 §à“ª√– ‘∑∏‘º≈¢Õß√–∫∫æÀÿ´—∫´âÕπ∑’Ë‡ªìπ‰ª‰¥â∑—ÈßÀ¡¥¢Õßμ—«·∫∫ NKC °√≥’ N = 2

‚¥¬¢—ÈπμÕπ«‘∏’Œ‘«√‘ μ‘§¥—ß°≈à“«¢â“ßμâπ “¡“√∂

À“º≈‡©≈¬‡©æ“–∑’Ë¢Õßμ—«·∫∫ NKC „π√Ÿª∑’Ë 5

¥—ß· ¥ß¢—ÈπμÕπ‰«â„π√Ÿª∑’Ë 6
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º».¥√.©—∞‰™¬å ≈’π“«ß»å  Õ. ÿ∏‘μ“ ¡≥’™—¬

º≈°“√®”≈Õß∑“ß§Õ¡æ‘«‡μÕ√å ”À√—∫

μ—«·∫∫ NKC

„πÀ—«¢âÕπ’È®–· ¥ßº≈¢Õß°“√®”≈Õß∑“ß

§Õ¡æ‘«‡μÕ√å®“°‚ª√·°√¡ ÷́Ëß‡¢’¬π¥â«¬¿“…“ C

‡æ◊ËÕ«‘‡§√“–Àåªí®®—¬∑’Ë¡’º≈μàÕ§à“ª√– ‘∑∏‘º≈¢Õß

√–∫∫æÀÿ´—∫´âÕπ∑’Ë‡ªìπº≈‡©≈¬¢Õßμ—«·∫∫ NKC

®“°°“√®”≈Õß∑“ß§Õ¡æ‘«‡μÕ√åæ∫«à“®”π«π

K ·≈– C ´÷Ëß‡ªìπ®”π«π‡μÁ¡„π™à«ß [0, N-1] ¡’º≈

μàÕ§à“ª√– ‘∑∏‘º≈¢Õß√–∫∫æÀÿ´—∫´âÕπ∑’Ë‡ªìπº≈

‡©≈¬¢Õßμ—«·∫∫ NKC ∂â“°”Àπ¥„Àâ§à“‡©≈’Ë¬§à“

ª√– ‘∑∏‘º≈‡ªìπμ—«·∑π¢Õß§à“ª√– ‘∑∏‘º≈¢Õß

√–∫∫æÀÿ´—∫´âÕπ∑’Ë‡ªìπº≈‡©≈¬¢Õßμ—«·∫∫ NKC, K

§◊Õ ®”π«πªí®®—¬¿“¬„π∑’Ë¡’º≈μàÕ§à“ª√– ‘∑∏‘º≈

¢Õß√–∫∫ ·≈– C §◊Õ ®”π«πªí®®—¬¿“¬πÕ°∑’Ë¡’º≈

μàÕ§à“ª√– ‘∑∏‘º≈¢Õß√–∫∫ ®“°°“√«‘‡§√“–Àå„π

À—«¢âÕ 3 æ∫«à“°√≥’∑’Ë‰¡à¡’∑—Èßªí®®—¬¿“¬„π·≈–ªí®®—¬

¿“¬πÕ°¡“°√–∑∫μàÕ ¡“™‘°„π·μà≈–μ”·Àπàß¢Õß

√–∫∫ (C = 0 ·≈– K = 0) §à“§“¥À«—ß§à“

ª√– ‘∑∏‘º≈¢Õß√–∫∫¥—ß°≈à“«®–¡’§à“‡∑à“°—∫ 2/3

 à«π„π°√≥’∑’Ë¡’‡©æ“–ªí®®—¬¿“¬„π‡ªìπ®”π«ππâÕ¬

°«à“¢π“¥¢Õß√–∫∫Õ¬ŸàÀπ÷Ëß ®”π«π¡“°√–∑∫ ¡“™‘°

„π·μà≈–μ”·Àπàß¢Õß√–∫∫ (C = 0 ·≈– K = N-1)

‡¡◊ËÕ¢π“¥¢Õß√–∫∫¡’§à“¡“° §à“§“¥À«—ß§à“

ª√– ‘∑∏‘º≈¢Õß√–∫∫¥—ß°≈à“«®–¡’§à“‡∑à“°—∫ 1/2

Õ¬à“ß‰√°Áμ“¡ ‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫§«“¡ —¡æ—π∏å

√–À«à“ß§à“ª√– ‘∑∏‘º≈¢Õß√–∫∫∑’Ë‡ªìπº≈‡©≈¬¢Õß

μ—«·∫∫ NKC °—∫®”π«πªí®®—¬¿“¬„π·≈–®”π«π

ªí®®—¬¿“¬πÕ°·μ°μà“ß°—π ®–æ∫«à“„π°√≥’∑’Ë∑—Èß

®”π«πªí®®—¬¿“¬„π·≈–®”π«πªí®®—¬¿“¬πÕ°¡’§à“

πâÕ¬§à“ª√– ‘∑∏‘º≈¢Õß√–∫∫®–¡’§à“ Ÿß ®“°π—Èπ§à“

√Ÿª∑’Ë 6 ¢—ÈπμÕπ ”À√—∫À“º≈‡©≈¬¢Õßμ—«·∫∫ NKC „π√Ÿª∑’Ë 5
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μ—«·∫∫‡™‘ß§≥‘μ»“ μ√å·≈–°“√®”≈Õß√–∫∫æÀÿ´—∫´âÕπ

√Ÿª∑’Ë 7 °√“ø§«“¡ —¡æ—π∏å√–À«à“ß ®”π«π‡μÁ¡ K ·≈–§à“‡©≈’Ë¬§à“ª√– ‘∑∏‘º≈¢Õß√–∫∫æÀÿ´—∫´âÕπ∑’Ë‡ªìπº≈‡©≈¬

¢Õßμ—«·∫∫ NKC °√≥’  N = 20  ·≈– C ∈{0,1,2,3,10,16,19} ‚¥¬„™â°“√®”≈Õß 500 §√—Èß

√Ÿª∑’Ë 8 °√“ø§«“¡ —¡æ—π∏å√–À«à“ß ®”π«π‡μÁ¡ C ·≈–§à“‡©≈’Ë¬§à“ª√– ‘∑∏‘º≈¢Õß√–∫∫æÀÿ´—∫´âÕπ∑’Ë‡ªìπº≈‡©≈¬

¢Õßμ—«·∫∫ NKC °√≥’ N = 20 ·≈– K ∈{0,1,3,10,14,16,19} ‚¥¬„™â°“√®”≈Õß 500 §√—Èß

ª√– ‘∑∏‘º≈¥—ß°≈à“«®–≈¥≈ß‡¡◊ËÕ®”π«πªí®®—¬∑—Èß

 Õß‡æ‘Ë¡¡“°¢÷Èπ ¥—ß· ¥ß„π√Ÿª∑’Ë 7 ·≈–√Ÿª∑’Ë 8

®“°√Ÿª∑’Ë 7 ®–‡ÀÁπ«à“ „π¢≥–∑’Ë®”π«πªí®®—¬

¿“¬πÕ°¡’§à“πâÕ¬ (C = 0, 1, 2) ≈—°…≥–¢Õß°√“ø

´÷Ëß·∑π§«“¡ —¡æ—π∏å√–À«à“ß§à“ª√– ‘∑∏‘º≈¢Õß

√–∫∫æÀÿ´—∫´âÕπ∑’Ë‡ªìπº≈‡©≈¬¢Õßμ—«·∫∫ NKC

°—∫®”π«πªí®®—¬¿“¬„π ®–· ¥ß„Àâ‡ÀÁπ∂÷ß≈—°…≥–

¢Õß§«“¡«‘∫—μ‘´—∫´âÕπ ·≈–®ÿ¥‡√‘Ë¡μâπ¢Õß°√“ø

(K = 0) ®–¡’§à“ª√– ‘∑∏‘º≈¢Õß√–∫∫ Ÿß¢÷Èπ‡¡◊ËÕ®”π«π

ªí®®—¬¿“¬πÕ° Ÿß¢÷Èπ ·μà‡¡◊ËÕ®”π«πªí®®—¬¿“¬πÕ°

‡æ‘Ë¡¢÷Èπ (C > 3) §«“¡«‘∫—μ‘´—∫´âÕπ®–À“¬‰ª ≈—°…≥–

¢Õß°√“ø®–≈¥≈ß∑“ß‡¥’¬« (Monotonic

Decreasing) ·≈–®ÿ¥‡√‘Ë¡μâπ¢Õß°√“ø®–¡’§à“≈¥≈ß

‡¡◊ËÕ®”π«πªí®®—¬¿“¬πÕ°¡’§à“ Ÿß¢÷Èπ
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º».¥√.©—∞‰™¬å ≈’π“«ß»å  Õ. ÿ∏‘μ“ ¡≥’™—¬

 ”À√—∫√Ÿª∑’Ë 8 ®–æ∫«à“≈—°…≥–¢Õß°√“ø

´÷Ëß· ¥ß§«“¡ —¡æ—π∏å√–À«à“ß§à“ª√– ‘∑∏‘º≈¢Õß

√–∫∫æÀÿ´—∫´âÕπ∑’Ë‡ªìπº≈‡©≈¬¢Õßμ—«·∫∫ NKC

°—∫®”π«πªí®®—¬¿“¬πÕ°®–¡’§«“¡«‘∫—μ‘´—∫´âÕπ

‡°‘¥¢÷Èπ„π∑ÿ°Ê §à“¢Õß®”π«πªí®®—¬¿“¬„π πÕ°®“°

π’È¬—ßæ∫«à“®ÿ¥‡√‘Ë¡μâπ¢Õß°√“ø (C = 0) ®–‡æ‘Ë¡¢÷Èπ

‡¡◊ËÕ®”π«πªí®®—¬¿“¬„π¡’§à“πâÕ¬ (K = 0, 1, 2, 3)

®“°π—Èπ®ÿ¥‡√‘Ë¡μâπ¢Õß°√“ø®–§àÕ¬Ê ≈¥≈ß‡¡◊Ë Õ

®”π«πªí®®—¬¿“¬πÕ°¡’§à“‡æ‘Ë¡¢÷Èπ (K > 4)

πÕ°®“°π’È∂â“æ‘®“√≥“°√≥’ ÿ¥¢’¥ (Extreme

Case) ¢Õß®”π«πªí®®—¬¿“¬„π·≈–®”π«πªí®®—¬

¿“¬πÕ° (K = N-1 ·≈– C = N-1) ®–æ∫«à“‡¡◊ËÕ

¢π“¥¢Õß√–∫∫¡’§à“¡“° §à“§“¥À«—ß§à“ª√– ‘∑∏‘º≈

¢Õß√–∫∫∑’Ë‡ªìπº≈‡©≈¬¢Õßμ—«·∫∫ NKC ®–¡’§à“

‡∑à“°—∫ 1/2 ´÷Ëß· ¥ß°“√§”π«≥‰«â„πÀ—«¢âÕ 3

®“°º≈°“√®”≈Õß∑“ß§Õ¡æ‘«‡μÕ√å¥—ß°≈à“«

¢â“ßμâπ ∑”„Àâ “¡“√∂ √ÿª‰¥â«à“ §à“ª√– ‘∑∏‘º≈¢Õß

√–∫∫æÀÿ´—∫´âÕπ∑’Ë‡ªìπº≈‡©≈¬¢Õßμ—«·∫∫ NKC

¡’§à“¢÷ÈπÕ¬Ÿà°—∫®”π«πªí®®—¬¿“¬„π·≈–®”π«πªí®®—¬

¿“¬πÕ° ‚¥¬∂â“∑—Èßªí®®—¬¿“¬„π·≈–ªí®®—¬¿“¬πÕ°

¡’®”π«ππâÕ¬ ®– àßº≈„Àâ§à“ª√– ‘∑∏‘º≈¢Õß√–∫∫

¥—ß°≈à“«¡’§à“¡“° ·μà„π∑“ß°≈—∫°—π∂â“∑—Èßªí®®—¬

¿“¬„π·≈–ªí®®—¬¿“¬πÕ°¡’§à“‡æ‘Ë¡¡“°¢÷Èπ §à“

ª√– ‘∑∏‘º≈¢Õß√–∫∫¥—ß°≈à“«°Á®–¡’§à“πâÕ¬≈ß

°“√ª√–¬ÿ°μåμ—«·∫∫ NKC  ”À√—∫°“√
∑”ß“π¢ÕßÕß§å°√·∫∫À≈“¬·ºπ°

μ—«·∫∫ NKC „πß“π«‘®—¬π’È “¡“√∂„™âÕ∏‘∫“¬

§«“¡ —¡æ—π∏å„π°“√∑”ß“π¢ÕßÕß§å°√·∫∫ 2 ·ºπ°

‰¥â ‚¥¬∑’Ë·ºπ°∑—Èß Õß¢ÕßÕß§å°√®–μâÕß¡’μ”·Àπàß

ß“π‡∑à“°—π ·≈–∫ÿ§§≈∑’Ë®–¡“∑”ß“π„πμ”·Àπàß

μà“ßÊ ¢Õß·μà≈–·ºπ°°”Àπ¥„Àâ‡ªìπ‰ª‰¥â‡æ’¬ß 2 §π

‡∑à“π—Èπ ª√– ‘∑∏‘º≈°“√∑”ß“π¢Õß·μà≈–§π„π

·μà≈–μ”·Àπàß¢÷ÈπÕ¬Ÿà°—∫§«“¡ “¡“√∂¢Õß∫ÿ§§≈π—Èπ

·≈–§«“¡ —¡æ—π∏å®“°∫ÿ§§≈∑’ËÕ¬Ÿà∑—Èß¿“¬„π·ºπ°

‡¥’¬«°—π·≈–μà“ß·ºπ°°—π

√Ÿª∑’Ë 9 ‡ªìπ√Ÿª∑’Ë· ¥ß„Àâ‡ÀÁπ≈—°…≥–¢Õß

Õß§å°√·∫∫ 2 ·ºπ° ‚¥¬·μà≈–·ºπ°ª√–°Õ∫¥â«¬

2 μ”·Àπàßß“π æ√âÕ¡∑—Èß· ¥ß„Àâ‡ÀÁπ√–∫∫´—∫´âÕπ

„πμ—«·∫∫ NKC ´÷Ëß‡ªìπμ—«·∑π≈—°…≥–§«“¡

 —¡æ—π∏å√–À«à“ß∫ÿ§§≈·≈–μ”·Àπàßß“π¢Õß·μà≈–

·ºπ°
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μ—«·∫∫‡™‘ß§≥‘μ»“ μ√å·≈–°“√®”≈Õß√–∫∫æÀÿ´—∫´âÕπ

®“°μ—«Õ¬à“ß≈—°…≥–Õß§å°√À≈“¬·ºπ°„π√Ÿª∑’Ë

9 ‡√“ “¡“√∂«“¥°√“ø· ¥ß√–∫∫æÀÿ´—∫´âÕπ„π

μ—«·∫∫ NKC ‰¥â¥—ß√Ÿª∑’Ë 5 ·≈– “¡“√∂§âπÀ“

∫ÿ§§≈‡æ◊ËÕ¡“∑”ß“π„πμ”·Àπàßμà“ßÊ ¢Õß·μà≈–

·ºπ°‰¥â‚¥¬„™â¢—ÈπμÕπ«‘∏’´÷Ëß‰¥â°≈à“«‰«â·≈â«„πÀ—«¢âÕ

¢—ÈπμÕπ«‘∏’ ”À√—∫À“º≈‡©≈¬¢Õßμ—«·∫∫

NKC

‚¥¬∑—Ë«‰ª·≈â« ”À√—∫Õß§å°√·∫∫ 2 ·ºπ°

∑’Ë·μà≈–·ºπ°¡’À≈“¬μ”·Àπàßß“π æ∫«à“§à“ª√– ‘∑∏‘º≈

¢ÕßÕß§å°√¢÷ÈπÕ¬Ÿà°—∫®”π«π§«“¡ —¡æ—π∏å∑—Èß¿“¬„π

·≈–¿“¬πÕ°¢Õß∫ÿ§§≈∑’Ë∑”ß“π„πμ”·Àπàßμà“ßÊ

¢Õß·μà≈–·ºπ° ‚¥¬§à“ª√– ‘∑∏‘º≈¢ÕßÕß§å°√®–

‡æ‘Ë¡¢÷Èπ„π°√≥’∑’Ë®”π«π§«“¡ —¡æ—π∏å∑—Èß¿“¬„π·≈–

¿“¬πÕ°μË” ·μà∂â“‡æ‘Ë¡®”π«π§«“¡ —¡æ—π∏å‰¡à«à“®–

‡ªìπ¿“¬„πÀ√◊Õ¿“¬πÕ° §à“ª√– ‘∑∏‘º≈¢ÕßÕß§å°√

°Á®–≈¥≈ß„π≈—°…≥–¢Õß§«“¡«‘∫—μ‘´—∫´âÕπ ¥—ß√Ÿª∑’Ë

7 ·≈– 8

∂â“æ‘®“√≥“√Ÿª∑’Ë 7 ‚¥¬≈–‡Õ’¬¥·≈â« æ∫«à“

®”π«π§«“¡ —¡æ—π∏å¿“¬πÕ°πâÕ¬Ê ®– àßº≈¥’μàÕ

ª√– ‘∑∏‘º≈¢ÕßÕß§å°√„π∑ÿ°Ê °√≥’ ´÷Ëß≈—°…≥–

‡™àππ’ÈÕ“®‡ªìπ‰ª‰¥â ‡π◊ËÕß®“°„π°“√∑”ß“ππ—Èπ

∫ÿ§§≈∑’ËÕ¬Ÿà „π·ºπ°‡¥’¬«°—πÕ“®¡Õß‰¡à ‡ÀÁπ®ÿ¥

∫°æ√àÕß„π°“√∑”ß“π¿“¬„π·ºπ°¢Õßμπ ·μà∂â“

‰¥â∫ÿ§§≈®“°¿“¬πÕ°‡æ’¬ß‰¡à°’Ë§π§Õ¬™’È®ÿ¥∫°æ√àÕß

·≈â« ß“π∑’ËÕÕ°¡“°Á®–¡’ª√– ‘∑∏‘º≈¡“° Õ¬à“ß‰√

°Áμ“¡À“°®”π«π§«“¡ —¡æ—π∏å®“°¿“¬πÕ°¡’

®”π«π¡“°°ÁÕ“®°àÕ„Àâ‡°‘¥§«“¡«ÿàπ«“¬¢÷Èπ‰¥â ´÷Ëß àß

º≈„Àâª√– ‘∑∏‘º≈¢Õßß“π≈¥μË”≈ß

∫∑ √ÿª·≈–¢âÕ‡ πÕ·π–

„πß“π«‘®—¬π’È ‰¥â‡ πÕμ—«·∫∫ NKC ´÷Ëß‡ªìπ

√Ÿª∑’Ë 9 ≈—°…≥–Õß§å°√·∫∫ 2 ·ºπ° ÷́Ëß·μà≈–·ºπ°¡’ 2 μ”·Àπàßß“π ·≈–√–∫∫ —́∫´âÕπ·∑π∫ÿ§§≈∑’Ë —¡æ—π∏å°—∫

μ”·Àπàßß“π¢Õß·μà≈–·ºπ°
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μ—«·∫∫∑“ß§≥‘μ»“ μ√å ”À√—∫Õ∏‘∫“¬√–∫∫

æÀÿ´—∫´âÕπ·∫∫‡ªÑ“À¡“¬√à«¡∑’Ë¡’‡ß◊ËÕπ‰¢ ¥—ßπ’È

1. √–∫∫æÀÿ´—∫´âÕπ„πμ—«·∫∫ NKC ‡°‘¥

®“°√–∫∫´—∫´âÕπ‡æ’¬ß 2 √–∫∫‡∑à“π—Èπ

2. √–∫∫ —́∫´âÕπ∑—Èß Õß√–∫∫¡’¢π“¥‡∑à“°—∫

N

3.  ¡“™‘°∑’Ë‡ªìπ‰ª‰¥â„π·μà≈–μ”·Àπàß¢Õß

√–∫∫ —́∫´âÕπ¡’√Ÿª·∫∫∑’Ë‡ªìπ‰ª‰¥â‡æ’¬ß 2 ≈—°…≥–

μ—«·∫∫ NKC ‡ªìπμ—«·∫∫∑’Ë¡ÿàß§âπÀ“√–∫∫

æÀÿ´—∫´âÕπ∑’Ë„Àâ§à“ª√– ‘∑∏‘º≈ Ÿß∑’Ë ÿ¥ ‚¥¬∑’Ë§à“

ª√– ‘∑∏‘º≈¢Õß√–∫∫æÀÿ´—∫´âÕπ°”Àπ¥„Àâ‡ªìπ

§à“‡©≈’Ë¬¢Õß§à“ª√– ‘∑∏‘º≈¢Õß√–∫∫ —́∫´âÕπ∑’Ë‡ªìπ

√–∫∫¬àÕ¬¢Õß√–∫∫æÀÿ´—∫´âÕπ∑—ÈßÀ¡¥ °“√§”π«≥

§à“ª√– ‘∑∏‘º≈¢Õß√–∫∫ —́∫´âÕπÕ“»—¬À≈—°°“√‡™àπ

‡¥’¬«°—∫μ—«·∫∫ NK ¢Õß§Õøøá·¡π §◊Õ °”Àπ¥„Àâ

§à“ª√– ‘∑∏‘º≈¢Õß√–∫∫´—∫´âÕπ‡ªìπ§à“‡©≈’Ë¬¢Õß

§à“ª√– ‘∑∏‘º≈ª√–°Õ∫∑—ÈßÀ¡¥ ‚¥¬∑’Ë§à“ª√– ‘∑∏‘º≈

ª√–°Õ∫·∑π¥â«¬‡≈¢ ÿà¡∑’Ë¡’°“√·®°·®ß‡Õ°√Ÿª∫π

™à«ß [0,1] ´÷Ëß —¡æ—π∏å°—∫°“√®—¥À¡Ÿà¢Õß ¡“™‘°∑’Ë¡’

º≈°√–∑∫μ—«°—π®”π«π K+C+1 μ—« ‚¥¬∑’Ë°“√®—¥

À¡Ÿà¥—ß°≈à“« √â“ß¢÷Èπ‡æ◊ËÕ‡ªìπμ—«·∑π§«“¡ —¡æ—π∏å

¢Õß ¡“™‘°®”π«πK+1 μ—«∑’ËÕ¬Ÿà¿“¬„π√–∫∫´—∫´âÕπ

∑’Ëæ‘®“√≥“·≈– ¡“™‘°Õ’° C μ—«®“°Õ’°√–∫∫

´—∫´âÕπÀπ÷Ëß

®“°¢âÕ°”Àπ¥¢Õßμ—«·∫∫ NKC ¢â“ßμâπ

∑”„Àâ “¡“√∂· ¥ß‰¥â«à“μ—«·∫∫ NKC ‡ªìπªí≠À“

°“√À“§à“‡À¡“– ¡∑’Ë ÿ¥‡™‘ß°“√®—¥ ¬‘Ëß°«à“π—Èπ¬—ß

 “¡“√∂· ¥ß‰¥âÕ’°«à“ μ—«·∫∫ NKC ‡ªìπªí≠À“

Àπ÷Ëß„π NP-complete ∑”„Àâ∑√“∫·π«∑“ß„π°“√

À“¢—ÈπμÕπ«‘∏’ ”À√—∫À“º≈‡©≈¬¢Õßμ—«·∫∫

„πß“π«‘®—¬π’È ‰¥â‡ πÕ¢—ÈπμÕπ«‘∏’Œ‘«√‘ μ‘§

 ”À√—∫À“º≈‡©≈¬¢Õßμ—«·∫∫ NKC ´÷Ëß¢—ÈπμÕπ«‘∏’

¥—ß°≈à“«‡ªìπ°“√º ¡º “π√–À«à“ß°√–∫«π°“√

‰μà‡¢“·≈–°√–∫«π°“√·∑π∑’Ë 1 μ”·Àπàß ‚¥¬

°√–∫«π°“√¥—ß°≈à“«·¡âº≈‡©≈¬∑’Ë‰¥âÕ“®®–‰¡à„™àº≈

‡©≈¬∑’Ë¥’∑’Ë ÿ¥ ·μà°Á‡ªìπº≈‡©≈¬∑’Ë¥’æÕ‰¥â„π√–¥—∫Àπ÷Ëß

°≈à“«§◊Õ º≈‡©≈¬∑’Ë‰¥â®–‡ªìπ√–∫∫æÀÿ´—∫´âÕπ∑’Ë„Àâ

§à“ª√– ‘∑∏‘º≈ Ÿß°«à“§à“ª√– ‘∑∏‘º≈¢Õß√–∫∫¬à“π

„°≈â‡§’¬ß∑—ÈßÀ¡¥

º≈®“°°“√®”≈Õß∑“ß§Õ¡æ‘«‡μÕ√å∑”„Àâ

 “¡“√∂ √ÿª‰¥â«à“®”π«π§«“¡ —¡æ—π∏å¢Õß ¡“™‘°

∑—Èß¿“¬„π·≈–¿“¬πÕ°¢Õß√–∫∫´—∫´âÕπ∑’Ëª√–°Õ∫

¢÷Èπ‡ªìπ√–∫∫æÀÿ´—∫´âÕπ ¡’º≈μàÕª√– ‘∑∏‘º≈¢Õß

√–∫∫æÀÿ´—∫´âÕππ—ÈπÊ °≈à“«§◊Õ „π¢≥–∑’Ë®”π«π

§«“¡ —¡æ—π∏å∑—Èß¿“¬„π·≈–¿“¬πÕ°¡’§à“πâÕ¬ §à“

ª√– ‘∑∏‘º≈¢Õß√–∫∫æÀÿ´—∫´âÕπ®–¡’§à“ Ÿß ·μà‡¡◊ËÕ

‡æ‘Ë¡®”π«π§«“¡ —¡æ—π∏å‰¡à«à“®–‡ªìπ¿“¬„πÀ√◊Õ

¿“¬πÕ°√–∫∫®–‡ªìπº≈∑”„Àâª√– ‘∑∏‘º≈¢Õß

√–∫∫æÀÿ´—∫´âÕπ¡’§à“≈¥≈ßμ“¡≈—°…≥–¢Õß§«“¡

«‘∫—μ‘´—∫´âÕπ

Õ¬à“ß‰√°Áμ“¡μ—«·∫∫ NKC ∑’Ë √â“ß¢÷Èπ„πß“π

«‘®—¬π’È “¡“√∂π”‰ªª√–¬ÿ°μå„™â ‰¥â°—∫‡©æ“–√–∫∫

æÀÿ´—∫´âÕπ∑’Ë¡’≈—°…≥–μ“¡‡ß◊ËÕπ‰¢∑’Ë°”Àπ¥‡∑à“π—Èπ

‡æ◊ËÕª√–‚¬™πå„π°“√π”μ—«·∫∫¥—ß°≈à“«‰ªª√–¬ÿ°μå

„™â„πÕπ“§μºŸâ«‘®—¬®÷ß‰¥â‡ πÕ·π«∑“ß°“√»÷°…“‡æ‘Ë¡

‡μ‘¡‚¥¬‰¥â‡ πÕ·¬°‡ªìπ¢âÕÊ ¥—ßπ’È

1. ‡æ‘Ë¡®”π«π¢Õß√–∫∫´—∫´âÕπ∑’Ëª√–°Õ∫¢÷Èπ

‡ªìπ√–∫∫æÀÿ´—∫´âÕπ

2. °”Àπ¥„Àâ√–∫∫´—∫´âÕπ∑’Ëª√–°Õ∫¢÷Èπ‡ªìπ

√–∫∫æÀÿ´—∫´âÕπ¡’¢π“¥·μ°μà“ß°—π

3. ‡æ‘Ë¡≈—°…≥–¢Õß ¡“™‘°∑’Ë ‡ªìπ‰ª‰¥â „π

·μà≈–μ”·Àπàß¢Õß√–∫∫´—∫´âÕπ
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μ—«·∫∫‡™‘ß§≥‘μ»“ μ√å·≈–°“√®”≈Õß√–∫∫æÀÿ´—∫´âÕπ

4. ‡ª≈’Ë¬π·ª≈ß≈—°…≥–°“√®—¥À¡Ÿà¢Õß ¡“™‘°

∑’Ë¡’º≈°√–∑∫μ—«°—π‚¥¬Õ“®®–„™â°“√ ÿà¡μ”·Àπàß

¢Õß ¡“™‘°∑’Ë¡’º≈°√–∑∫μàÕ ¡“™‘°„πμ”·Àπàß∑’Ë

æ‘®“√≥“

5. ‡ª≈’Ë¬π·ª≈ß≈—°…≥–¢Õß‡≈¢ ÿà¡∑’Ë —¡æ—π∏å

°—∫°“√®—¥À¡Ÿà¢Õß ¡“™‘° ‚¥¬Õ“®®–„™â‡≈¢ ÿà¡∑’Ë¡’

°“√·®°·®ßª°μ‘·∑π‡≈¢ ÿà¡∑’Ë¡’°“√·®°·®ß‡Õ°√Ÿª

∑’Ë„™â„πß“π«‘®—¬π’È

6. ‡æ‘Ë¡°“√∂à«ßπÈ”Àπ—°‡æ◊ËÕ√–∫ÿ§«“¡ ”§—≠

¢Õß ¡“™‘°„π·μà≈–μ”·Àπàß¢Õß√–∫∫ —́∫´âÕπ

7. ‡ª≈’Ë¬π·ª≈ß°“√‡≈◊Õ°√–∫∫¬à“π„°≈â‡§’¬ß

¢Õß·μà≈–√–∫∫¬àÕ¬„π¢—ÈπμÕπ«‘∏’Œ‘«√‘ μ‘§‡ªìπ·∫∫

¡“°àÕπ‡≈◊Õ°°àÕπ (First Come First Serve) ÷́Ëß

À¡“¬∂÷ß °“√‡≈◊Õ°√–∫∫¬à“π„°≈â‡§’¬ß¢Õß√–∫∫¬àÕ¬

∑’Ëª√–°Õ∫°—π¢÷Èπ‡ªìπ√–∫∫æÀÿ´—∫´âÕπ√–∫∫·√°

∑’Ë „Àâ§à“ª√– ‘∑∏‘º≈ Ÿß°«à“√–∫∫æÀÿ´—∫´âÕπμ—Èßμâπ

À√◊Õ„™â°“√ ÿà¡‡≈◊Õ°√–∫∫¬à“π„°≈â‡§’¬ß¢Õß√–∫∫

¬àÕ¬∑’Ëª√–°Õ∫°—π¢÷Èπ‡ªìπ√–∫∫æÀÿ´—∫´âÕπ∑’Ë„Àâ§à“

ª√– ‘∑∏‘¿“æ Ÿß°«à“√–∫∫æÀÿ´—∫´âÕπμ—Èßμâπ°Á‰¥â

°‘μμ‘°√√¡ª√–°“»

¢Õ¢Õ∫§ÿ≥ Õ.π‘»“°√ «—≤π»‘√‘æß…å ¡À“«‘∑¬“≈—¬

√“™¿—Ø «π ÿπ—π∑“  ”À√—∫¢âÕ‡ πÕ·π–∑’Ë™à«¬∑”„Àâ

ß“π«‘®—¬™‘Èππ’È¡’§«“¡∂Ÿ°μâÕß ¡∫Ÿ√≥å
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