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∫∑§—¥¬àÕ
§«“¡‡™◊ËÕ∂◊Õ‰¥â‡ªìπª√–‡¥Áπ ”§—≠∑’ËµâÕßæ‘®“√≥“„π√–∫∫ à«π„À≠à‡π◊ËÕß®“°¡’§«“¡‰¡à·πàπÕπ¢Õß

√–∫∫‡°‘¥¢÷Èπ „π¢≥–‡¥’¬«°—π°“√ª√–‡¡‘π§«“¡‰¡à·πàπÕπ°Á‡ªìπÀ—«¢âÕ∑’Ë∑â“∑“¬ ‡π◊ËÕß®“°¡’¢—ÈπµÕπ·≈–

µâÕß°“√∑√—æ¬“°√„π°“√§”π«≥¡“°°«à“°“√«‘‡§√“–Àå∑’Ë‰¡àπ”‡Õ“§«“¡‰¡à·πàπÕπ‡¢â“¡“æ‘®“√≥“ ∫∑§«“¡

π’Èπ”‡ πÕ°“√»÷°…“‡ª√’¬∫‡∑’¬∫‡™‘ßµ—«‡≈¢¢Õß°“√π”‡∑§π‘§®ÿ¥πà“®–‡ªìπ∑’Ë ÿ¥¡“„™â°—∫°“√«‘‡§√“–Àå§«“¡

‡™◊ËÕ∂◊Õ‰¥â°—∫°√≥’»÷°…“®”π«π 3 °√≥’ ®“°°“√»÷°…“æ∫«à“‡∑§π‘§π’È “¡“√∂ª√–¡“≥§«“¡πà“®–‡ªìπ∑’Ë

 ∂“π–¢’¥®”°—¥À√◊Õ§«“¡‡™◊ËÕ∂◊Õ‰¥â‰¥â‡ªìπÕ¬à“ß¥’‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°—∫°“√®”≈Õß ∂“π°“√≥å¡Õπ‡µ§“√å‚≈ ́ ÷Ëß

‡ªìπ«‘∏’∑’Ë¡’»—°¬¿“æ·µàµâÕß°“√∑√—æ¬“°√„π°“√§”π«≥∑’Ë¡“°∑’Ë ÿ¥ ·µà‡∑§π‘§®ÿ¥πà“®–‡ªìπ∑’Ë ÿ¥‰¡à‡À¡“– ¡

 ”À√—∫°“√À“øíß°å™—π§«“¡Àπ“·πàπ§«“¡πà“®–‡ªìπ∑—ÈßÀ¡¥ πÕ°®“°π’Èæ∫«à“√–¥—∫¢Õß§«“¡‰¡à‡™‘ß‡ âπ·≈–

§«“¡‡∫â´â“¬À√◊Õ¢«“¢Õß√–∫∫∑’Ë π„®¡’º≈°√–∑∫Õ¬à“ß¡“°µàÕ§«“¡·¡àπ¬”¢Õß°“√æ¬“°√≥å¢Õß‡∑§π‘§

®ÿ¥πà“®–‡ªìπ∑’Ë ÿ¥

§” ”§—≠ : ®ÿ¥πà“®–‡ªìπ∑’Ë ÿ¥, §«“¡‡™◊ËÕ∂◊Õ‰¥â, °“√ª√–‡¡‘π§«“¡‰¡à·πàπÕπ, °“√À“§à“‡À¡“– ¡∑’Ë ÿ¥,

§«“¡πà“®–‡ªìπ

Abstract
Reliability is an important issue in most systems because of the existence of uncertainty. At the

same time, the uncertainty assessment is a challenging issue since the needed effort is usually greater

than that of deterministic analysis without taking uncertainty into account. This paper presents a numerical

comparative study on an implementation of most probable point (MPP) for reliability analysis through

three case studies. It is found that MPP can well estimate the reliability in terms of probability at the limit

state when it is compared with Monte Carlo simulation, a powerful but the most expensive method. But

MPP is not suitable for predicting the entire probability density function (PDF). In addition, it is found

that the level of nonlinearity and skewness of the system of interest has a significant impact to the

prediction accuracy of MPP.

Keywords : Most Probable Point; Reliability; Uncertainty Assessment; Optimization; Probability

°“√»÷°…“‡ª√’¬∫‡∑’¬∫‡™‘ßµ—«‡≈¢¢Õß®ÿ¥πà“®–‡ªìπ∑’Ë ÿ¥
 ”À√—∫°“√«‘‡§√“–Àå§«“¡‡™◊ËÕ∂◊Õ‰¥â

A Numerical Comparative Study on Most Probable
Point for Reliability Analysis

§≥–æ≈—ßß“π ‘Ëß·«¥≈âÕ¡·≈–«— ¥ÿ ¡À“«‘∑¬“≈—¬‡∑§‚π‚≈¬’æ√–®Õ¡‡°≈â“∏π∫ÿ√’

∑«’¿—∑√å ∫Ÿ√≥∏‘µ‘
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∫∑π” (Introduction)
§«“¡‡™◊ËÕ∂◊Õ‰¥â (Reliability) ¢Õß√–∫∫Àπ÷ËßÊ

‡ªìπ ‘Ëß ”§—≠Õ¬à“ß¬‘Ëß„π —ß§¡ªí®®ÿ∫—π º≈‘µ¿—≥±å

(Product) À√◊Õ°√–∫«π°“√º≈‘µ (Manufacturing

Process) „¥Ê µâÕß¡’§«“¡‡™◊ËÕ∂◊Õ‰¥â∑’Ë‡æ’¬ßæÕ∑’Ë®–

∑”„Àâ¡’§«“¡¡—Ëπ„® «à“¡’‚Õ°“ ‡°‘¥§«“¡‡ ’¬À“¬πâÕ¬

®π‡ªìπ∑’Ë¬Õ¡√—∫‰¥â ‚¥¬∑—Ë«‰ª·≈â«„π°“√ÕÕ°·∫∫

π—Èπ∂â“∑ÿ°ªí®®—¬„π°“√ √â“ß º≈‘µ¿—≥±åÀ√◊Õ √â“ß

√–∫∫Àπ÷ËßÊ ¡’§«“¡ ¡∫Ÿ√≥å·∫∫¥—ß∑’ËÕÕ°·∫∫‰«â

¬àÕ¡‰¡à‡°‘¥§«“¡º‘¥æ≈“¥„¥Ê ·µà„π§«“¡ ‡ªìπ®√‘ß

ªí®®—¬®”π«π¡“°π—Èπ¡’§«“¡‰¡à·πàπÕπ (Uncertainty)

·ΩßÕ¬Ÿà ‡™àπ «— ¥ÿ™π‘¥Àπ÷Ëß∂Ÿ°ÕÕ°·∫∫„Àâ¡’      §«“¡

 “¡“√∂√—∫¿“√–°√√¡ (Load) ‰¥â 300 MPa ·µà∫“ß

™‘Èπ à«π∑’Ëº≈‘µ®“°«— ¥ÿ™π‘¥‡¥’¬«°—π∫“ß™‘Èπ à«π “¡“√∂

√—∫¿“√–°√√¡‰¥âπâÕ¬°«à“∑’Ë§«√–®‡ªìπ ¥—ßπ—Èπ‡¡◊ËÕ

µâÕß√—∫¿“√–°√√¡ ÷́Ëß„°≈â‡§’¬ß°—∫ ∂“π–¢’¥®”°—¥

(Limit State) Õ“®°àÕ„Àâ‡°‘¥§«“¡‡ ’¬À“¬‰¥â ‡ªìπµâπ

¥—ßπ—Èπ „π°“√«‘‡§√“–Àå§«“¡‡™◊ËÕ∂◊Õ‰¥â¢Õß√–∫∫®÷ß

®”‡ªìπµâÕß∑√“∫ªí®®—¬§«“¡‰¡à·πàπÕπ∑’Ë·ΩßÕ¬Ÿà„π

√–∫∫Õ¬à“ßÀ≈’°‡≈’Ë¬ß‰¡à‰¥â ·≈–°“√ √â“ß·∫∫®”≈Õß

‡ ¡◊Õπ®√‘ß ”À√—∫ª√“°Æ°“√≥å ®√‘ßπ—Èπ ®”‡ªìπµâÕß

æ‘®“√≥“§«“¡‡ªìπ‰ª‰¥â¢Õß§«“¡‰¡à·πàπÕπ¥â«¬

[Ross, 1993; Law and Kelton, 2000]

°“√«‘‡§√“–Àå§«“¡‡™◊ËÕ∂◊Õ‰¥â (Reliability

Analysis) ¡’§«“¡∑â“∑“¬Õ¬à“ß¬‘Ëß ‡π◊ËÕß®“°µâÕßπ”

§«“¡‰¡à·πàπÕπ¢Õßªí®®—¬µà“ßÊ ¡“æ‘®“√≥“

[Robinson, 1989; Oberkampf et al., 2002] ∑—Èßπ’È

«‘∏’°“√ª√–‡¡‘π§«“¡ ‰¡à·πàπÕπ (Uncertainty

Assessment) ´÷Ëß‡ªìπ∑’Ë¬Õ¡√—∫¡“Õ¬à“ß¬“«π“π §◊Õ

Monte Carlo Simulation À√◊Õ MCS ‚¥¬Õ“»—¬À≈—°

°“√¢Õßµ—«·ª√ ÿà¡ (Random Variable) ·≈–°Æ

®”π«π¡“° (Strong Law of Large Number) ÷́Ëß

ªí®®ÿ∫—π “¡“√∂∑”‰¥â¥â«¬§Õ¡æ‘«‡µÕ√åª√– ‘∑∏‘¿“æ

 Ÿß Õ¬à“ß‰√°Áµ“¡‡∑§π‘§π’È¡’ªí≠À“¡“°„π°√≥’∑’Ë¡’

µ—«·ª√®”π«π¡“° ‚¥¬∑’ËµâÕß°“√®”π«πµ—«·ª√ ÿà¡

®”π«π¡“°¢÷Èπµ“¡µ—«·ª√¢Õß√–∫∫ ÷́Ëß¡’°“√‡æ‘Ë¡¢÷Èπ

‡ªìπ·∫∫ Exponential ≈—°…≥–ªí≠À“π’È‡√’¬°‰¥â«à“‡ªìπ

Curse of Dimensionality ÷́ËßµâÕß°“√°“√§”π«≥

‡æ‘Ë¡¢÷ÈπÕ¬à“ß‰¡à¡’∑’Ë ‘Èπ ÿ¥Õ¬à“ß√«¥‡√Á«„πÕ—µ√“¬°

°”≈—ßµ“¡¢π“¥¢Õß√–∫∫ ®÷ß®”‡ªìπµâÕßæ‘®“√≥“

‡∑§π‘§°“√ª√–‡¡‘π§«“¡‰¡à·πàπÕπ∑’Ë¡’ª√– ‘∑∏‘¿“æ

(Efficient) ¡“°°«à“«‘∏’ MCS «‘∏’°“√ª√–¡“≥∑’Ëπ‘¬¡

„™â§◊Õ ‡∑§π‘§ Moment-Matching ÷́Ëß‡πâπ°“√

ª√–¡“≥§à“§“¥À«—ß (Expected Value) ·≈–§à“

§«“¡·ª√ª√«π (Variance) ¥â«¬‡∑§π‘§∑’Ë¡’

ª√– ‘∑∏‘¿“æµà“ßÊ ‡™àπ First-Order Approximation

·≈– Weighted Three-Point-Based Method „π

Buranathiti et al. (2006)

≈—°…≥–‡¥àπ„π°“√«‘‡§√“–Àå§«“¡‡™◊ËÕ∂◊Õ‰¥â §◊Õ

‡πâπ°“√À“®ÿ¥∑’Ë¡—°®–¡’§à“§«“¡πà“®–‡ªìπ∑’Ë®ÿ¥ª≈“¬

(Tail) ¥â“π„¥¥â“πÀπ÷Ëß ‡™àπ §«“¡πà“®–‡ªìπ∑’Ë

‚§√ß √â“ßÀπ÷Ëß®–√—∫¿“√–°√√¡‰¥âπâÕ¬°«à“§à“§à“Àπ÷Ëß

‡ªìπµâπ ¥—ßπ—Èπ°“√„™â«‘∏’ MCS ÷́Ëß‡ªìπ°“√À“øíß°å™—π

§«“¡Àπ“·πàπ§«“¡πà“®–‡ªìπ (Probability Density

Function À√◊Õ PDF) ∑—ÈßÀ¡¥®÷ß‰¡à§ÿâ¡§à“ ‡™àπ ∑’Ë

§«“¡‡™◊ËÕ∂◊Õ‰¥â 99.99%  ”À√—∫°“√ ÿà¡ 100,000

µ—«Õ¬à“ß „πÕÿ¥¡§µ‘®–¡’µ—«Õ¬à“ß ÷́Ëß‰¡àºà“π°“√ª√–‡¡‘π

10 µ—«Õ¬à“ß ·≈–¡’µ—«Õ¬à“ß∑’Ëºà“π°“√ª√–‡¡‘πÕ¬Ÿà∂÷ß

99,990 µ—«Õ¬à“ß ∑”„Àâ§«“¡·¡àπ¬”‚¥¬«‘∏’ MCS ‰¡à

¥’π—°‚¥¬‡©æ“–°—∫√–∫∫∑’ËµâÕß«‘‡§√“–ÀåÀ“§à“§«“¡

‡™◊ËÕ∂◊Õ‰¥â ŸßÊ ‡™àπ 99.999% 99.9999% ‡ªìπµâπ

·≈–¡’µ—«·ª√„π√–∫∫‡ªìπ®”π«π¡“°  à«π‡∑§π‘§

Àπ÷Ëß∑’Ë‡πâπÀ“§«“¡πà“®–‡ªìπ∑’Ë®ÿ¥ª≈“¬ §◊Õ ‡∑§π‘§

®ÿ¥πà“®–‡ªìπ∑’Ë ÿ¥ (Most Probable Technique À√◊Õ

MPP) ‚¥¬ MPP ‡ªìπ‡∑§π‘§∑’Ë‡πâπ°“√À“ ∂“π–¢’¥

®”°—¥ ÷́Ëß Õ¥§≈âÕß°—∫§à“§«“¡‡™◊ËÕ∂◊Õ‰¥âÀ√◊Õ§«“¡

πà“®–‡ªìπÀπ÷ËßÊ ∑”„Àâ≈¥¿“√–„π°“√§”π«≥À“ PDF

∑—ÈßÀ¡¥ [Robinson, 1998; Du and Chen, 2001]

∫∑§«“¡π’È‰¥âπ”‡ πÕ‡∑§π‘§°“√ª√–‡¡‘π

§«“¡‰¡à·πàπÕπ ”À√—∫°“√«‘‡§√“–Àå§«“¡‡™◊ËÕ∂◊Õ‰¥â

‚¥¬‡∑§π‘§ MPP æ√âÕ¡°—∫· ¥ßµ—«Õ¬à“ßª√–°Õ∫

‡ªìπ°√≥’»÷°…“ ‚¥¬æ‘®“√≥“®“°§«“¡ “¡“√∂„π
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°“√æ¬“°√≥å§à“§«“¡‡™◊ËÕ∂◊Õ‰¥â·≈– PDF ∑’Ë‡°‘¥¢÷Èπ

‚¥¬°“√‡ª√’¬∫‡∑’¬∫°—∫«‘∏’ MCS ´÷Ëß°√≥’»÷°…“π”

‰ª Ÿà°“√Õ¿‘ª√“¬·≈–À¡“¬‡Àµÿ √ÿª ”À√—∫‡∑§π‘§

MPP „π°“√ª√–¬ÿ°µå„™â°—∫°“√«‘‡§√“–Àå§«“¡‡™◊ËÕ∂◊Õ

‰¥âµàÕ‰ª

‡∑§π‘§®ÿ¥πà“®–‡ªìπ∑’Ë ÿ¥ (Most Probable Point
Technique)

‡∑§π‘§®ÿ¥πà“®–‡ªìπ∑’Ë ÿ¥¡’æ◊Èπ∞“π§«“¡§‘¥¡“

®“°°“√À“ ∂“π–¢’¥®”°—¥∑’Ë Õ¥§≈âÕß°—∫§à“§«“¡

‡™◊ËÕ∂◊Õ‰¥âÀ√◊Õ§«“¡πà“®–‡ªìπÀπ÷ËßÊ ¥—ßπ—Èπ‡∑§π‘§

MPP ®÷ß‡À¡“–°—∫°“√„™â‡æ◊ËÕÀ“§à“‡©æ“–§à“Àπ÷Ëß

°”Àπ¥„Àâµ—«·ª√º≈≈—æ∏åÀ√◊Õµ—«·ª√µ“¡¢Õß√–∫∫

(y) ‡ªìπøíß°å™—π¢Õß‡«°‡µÕ√åµ—«·ª√Õ‘ √– (x)

¥—ßµàÕ‰ªπ’È

y=y(x)=y(χ
1
,χ

2
,........,χ

n
) (1)

‚¥¬√–∫∫¡’µ—«·ª√Õ‘ √–®”π«π n µ—«·ª√

∑”°“√·ª≈ß‡«°‡µÕ√åµ—«·ª√Õ‘ √– (x) ‰ªÕ¬Ÿà

„πª√‘¿Ÿ¡‘ (Space) Õ◊Ëπ „π°√≥’π’È∑”°“√·ª≈ß x „Àâ

Õ¬Ÿà„π ª√‘¿Ÿ¡‘ª°µ‘¡“µ√∞“π (Standard Normal

Space) u (u   x) ¥â«¬°“√Õâ“ßÕ‘ßøíß°å™—π°“√

·®°·®ß§«“¡πà“®–‡ªìπ  – ¡ (Cumulative

Distribution Function À√◊Õ CDF) ¥—ßπ’È

u=Φ-1[ F(x)] (2)

‚¥¬∑’Ë F(x) ‡ªìπ CDF ¢Õß x ·≈– Φ-1[ F ]

‡ªìπøíß°å™—π¬âÕπ°≈—∫¢Õß F ∑—Èßπ’È øíß°å™—π F(x)

 “¡“√∂‡ªìπøíß°å™—π§«“¡Àπ“·πàπ§«“¡πà“®–‡ªìπ

·∫∫µà“ßÊ ‡™àπ ·∫∫ ¡Ë”‡ ¡Õ (Uniform) À√◊Õ·∫∫

ª°µ‘ (Normal) ‡ªìπµâπ  ”À√—∫°“√ª√–¬ÿ°µå‡æ◊ËÕ

π”‰ª √â“ß PDF À√◊Õ CDF π—Èπ ®”‡ªìπµâÕßÀ“§à“

§«“¡πà“®–‡ªìπ – ¡ ≥ §à“µ—«·ª√º≈≈—æ∏å¢Õß√–∫∫

y ∑ÿ°Ê §à“

√–¬–∑“ß —Èπ∑’Ë ÿ¥ ( β ) ‡ªìπøíß°å™—π¢Õß u ‡ªìπ

µ—«·ª√∑’ËµâÕß∑”°“√§”π«≥ ‚¥¬√–¬–∑“ß —Èπ∑’Ë ÿ¥ ( β )

{ 1-Φ(β),P<0.5

Φ(β),P>0.5

π’È®”‡ªìπµâÕß Õ¥§≈âÕß°—∫ ¡°“√ ∂“π–¢’¥®”°—¥ ¥—ßπ’È

y(x(u))-Y = 0 (3)

®“°·π«§‘¥∑’Ë°≈à“«¡“·≈â«π—Èπ ∑”„Àâ “¡“√∂

‡¢’¬π‡ªìπ·∫∫®”≈Õß∑“ß§≥‘µ»“ µ√å„π√Ÿª·∫∫

®”≈ÕßÀ“§à“‡À¡“– ¡∑’Ë ÿ¥ (Optimization Model) „π

√Ÿª·∫∫ªí≠À“§à“πâÕ¬∑’Ë ÿ¥∑’Ë¡’¢âÕ®”°—¥·∫∫‰¡à‡™‘ß

‡ âπ‰¥â¥—ßµàÕ‰ªπ’È

Find      β = min u

Subjected to  y(x(u))-Y= 0 (4)

¢Õ∫‡¢µ∑’Ë‡ªìπ‰ª‰¥â¢Õßµ—«·ª√ u π’È¡—°®–Õ¬Ÿà„π™à«ß

 —ÈπÊ °≈à“«§◊Õ √–À«à“ß [-5,5]

‡¡◊ËÕ “¡“√∂À“√–¬–∑“ß —Èπ∑’Ë ÿ¥ (β) ‰¥â·≈â«

§à“§«“¡πà“®–‡ªìπ – ¡∑’Ëµ—«·ª√º≈≈—æ∏å¢Õß√–∫∫ y
®–πâÕ¬°«à“§à“∑’Ë°”Àπ¥‰«â Y À√◊Õ y<Y ´÷Ëß “¡“√∂

°”Àπ¥¥â«¬§«“¡ —¡æ—π∏å ¥—ßµàÕ‰ªπ’È

P(y(x(u))<Y)  = (5)

§«“¡À¡“¬∑“ß‡√¢“§≥‘µ¢Õß√–¬–∑“ß —Èπ∑’Ë ÿ¥ (β)

·≈– ∂“π–¢’¥®”°—¥ (Limit State)  “¡“√∂¥Ÿ‰¥â®“°√Ÿª∑’Ë

1 ‚¥¬∑’Ë PDF µ—¥°—∫øíß°å™—π ∂“π–¢’¥®”°—¥∑’Ë β

√Ÿª∑’Ë 1 §«“¡ —¡æ—π∏å„π≈—°…≥–‡√¢“§≥‘µ¢Õß PDF

·≈–øíß°å™—π ∂“π–¢’¥®”°—¥ ®“° Robinson (1998)
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°√≥’»÷°…“ (Case Study)
‡æ◊ËÕ∑”°“√»÷°…“°“√π”‡∑§π‘§ MPP ¡“„™â

„π°“√ª√–‡¡‘π§«“¡‡™◊ËÕ∂◊Õ‰¥â ®–°”Àπ¥°√≥’»÷°…“

‡ªìπøíß°å™—π∑“ß§≥‘µ»“ µ√å·∑π√–∫∫∑—Ë«‰ª ‚¥¬

°”Àπ¥„Àâµ—«·ª√Õ‘ √–∑ÿ°µ—«„π∑’Ëπ’È¡’°“√·®°·®ß

§«“¡πà“®–‡ªìπ·∫∫ª°µ‘ (Normal Distribution) ∑’Ë¡’

§à“‡©≈’Ë¬ (µ
x
) ·≈– §«“¡·ª√ª√«π (σ

x

2) ¢Õß

µ—«·ª√ ÿà¡‡∑à“°—∫ 1 ‡æ◊ËÕ„Àâßà“¬µàÕ°“√‡ª√’¬∫‡∑’¬∫

√Ÿª·∫∫¢Õß PDF ·≈–CDF ‚¥¬«‘∏’ MPP ®–∂Ÿ°

‡ª√’¬∫‡∑’¬∫°—∫«‘∏’  MCS ¥â«¬®”π«π°“√ ÿà¡

500,000 ™ÿ¥µ—«Õ¬à“ß ´÷Ëß∂◊Õ‡ªìπ§à“Õâ“ßÕ‘ßµàÕ‰ª

Y P(y<Y)from MPP P(y<Y) from MCS

0 7.8650E-02 7.9154E-02

-1 1.6947E-02 1.7130E-02

-2 2.3389E-03 2.2720E-03

-3 2.0348E-04 2.2400E-04

-4 1.1045E-05 1.0000E-05

-5 3.7155E-07 0.0000E+00

°√≥’∑’Ë 1 °”Àπ¥„Àâ√–∫∫¡’º≈≈—æ∏åµ“¡§«“¡

 —¡æ—π∏å„π√Ÿª·∫∫‡™‘ß‡ âπ ¥—ßπ’È

g(x)χ
1
+ χ

2
(6)

§à“§«“¡‡™◊ËÕ∂◊Õ‰¥â¢Õß√–∫∫ P(y<Y) ‡¡◊ËÕº≈≈—æ∏å

πâÕ¬°«à“§à“∑’Ë°”Àπ¥‰«â‚¥¬«‘∏’ MPP ·≈– MCS · ¥ß

„πµ“√“ß∑’Ë 1  à«π PDF ·≈– CDF ¢Õß√–∫∫· ¥ß

„π√Ÿª∑’Ë 2 ·≈– 3 µ“¡≈”¥—∫

µ“√“ß∑’Ë 1 §«“¡‡™◊ËÕ∂◊Õ‰¥â¢Õß√–∫∫‚¥¬«‘∏’ MPP ·≈– MCS ∑’Ë 500,000 ™ÿ¥µ—«Õ¬à“ß

√Ÿª∑’Ë 2 §à“æ¬“°√≥å PDF ‚¥¬«‘∏’ MPP ·≈– MCS
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√Ÿª∑’Ë 3 §à“æ¬“°√≥å CDF ‚¥¬«‘∏’ MPP ·≈– MCS

°√≥’∑’Ë 2 °”Àπ¥„Àâ√–∫∫¡’º≈≈—æ∏åµ“¡§«“¡ —¡æ—π∏å·∫∫‰¡à‡™‘ß‡ âπ ¥—ßπ’È

g(x)=0.5X2 + 0.25X
1
X

2
 + 1.5X

3
X

4
 -  0.5X2 (7)

§à“§«“¡‡™◊ËÕ∂◊Õ‰¥â¢Õß√–∫∫ P(y<Y) ‡¡◊ËÕº≈≈—æ∏åπâÕ¬°«à“§à“∑’Ë°”Àπ¥‰«â‚¥¬«‘∏’ MPP ·≈– MCS · ¥ß„π

µ“√“ß∑’Ë 2  à«π PDF ·≈– CDF ¢Õß√–∫∫· ¥ß„π√Ÿª∑’Ë 4 ·≈– 5 µ“¡≈”¥—∫

1 4

Y P(y<Y) from MPP P(y<Y) from MCS P(y<Y) from MCS P(y<Y) from MCS

0 1.5401E-01 1.6826E-01 1.6874E-01 1.6877E-01

-4 1.5091E-02 1.1198E-02 1.1226E-02 1.1243E-02

-6 4.9906E-03 3.3520E-03 3.3100E-03 3.3238E-03

-8 1.6734E-03 1.0180E-03 1.0220E-03 1.0026E-03

-10 5.6589E-04 2.6400E-04 2.9150E-04 3.0020E-04

-15 3.8415E-05 1.0000E-05 1.5500E-05 1.5200E-05

By 500k samples By 2M samples By 10M samples

µ“√“ß∑’Ë 2 §«“¡‡™◊ËÕ∂◊Õ‰¥â¢Õß√–∫∫‚¥¬«‘∏’ MPP ·≈– MCS



31

«“√ “√¡À“«‘∑¬“≈—¬»√’π§√‘π∑√«‘‚√≤
( “¢“«‘∑¬“»“ µ√å·≈–‡∑§‚π‚≈¬’)

ªï∑’Ë 1 ©∫—∫∑’Ë 1 ¡°√“§¡ - ¡‘∂ÿπ“¬π 2552

√Ÿª∑’Ë 4 §à“æ¬“°√≥å PDF ‚¥¬«‘∏’ MPP ·≈– MCS

√Ÿª∑’Ë 5 §à“æ¬“°√≥å CDF ‚¥¬«‘∏’ MPP ·≈– MCS

°√≥’∑’Ë 3 °”Àπ¥„Àâ√–∫∫¡’º≈≈—æ∏åµ“¡§«“¡ —¡æ—π∏å·∫∫‰¡à‡™‘ß‡ âπ ¥—ßπ’È

g(x)=     χ3 +      χ
2
χ

5 
+ sin (       ) - cos(χ2) +     χ

3
χ

4
+ sin (  ) (8)

§à“§«“¡‡™◊ËÕ∂◊Õ‰¥â¢Õß√–∫∫ P(y<Y) ‡¡◊ËÕº≈≈—æ∏åπâÕ¬°«à“§à“∑’Ë°”Àπ¥‰«â‚¥¬«‘∏’ MPP ·≈– MCS · ¥ß„π

µ“√“ß∑’Ë 3  à«π PDF ·≈– CDF ¢Õß√–∫∫· ¥ß„π√Ÿª∑’Ë 6 ·≈– 7 µ“¡≈”¥—∫

1
8

1
5

χ
1
χ

3

9
1
9

χ
5

51 4
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µ“√“ß∑’Ë 3 §«“¡‡™◊ËÕ∂◊Õ‰¥â¢Õß√–∫∫‚¥¬«‘∏’ MPP ·≈– MCS

Y P(y<Y) from MPP P(y<Y) from MCS P(y<Y) from MCS P(y<Y) from MCS

0.0 4.5266E-01 3.2783E-01 3.2808E-01 3.2853E-01

-1.0 6.7585E-02 3.6242E-02 3.5499E-02 3.5662E-02

-2.0 9.8744E-04 1.0440E-03 1.0200E-03 1.0892E-03

-2.5 3.8641E-04 3.4400E-04 3.2050E-04 3.2660E-04

-3.0 1.7249E-04 1.5400E-04 1.3750E-04 1.3220E-04

-3.5 8.3691E-05 8.2000E-05 6.5000E-05 6.3000E-05

By 500k samples By 2M samples By 10M samples

√Ÿª∑’Ë 6 §à“æ¬“°√≥å PDF ‚¥¬«‘∏’ MPP ·≈– MCS

√Ÿª∑’Ë 7 §à“æ¬“°√≥å CDF ‚¥¬«‘∏’ MPP ·≈– MCS
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Õ¿‘ª√“¬·≈–À¡“¬‡Àµÿ √ÿª (Discussions and
Concluding Remarks)

°“√§”π«≥À“§à“§«“¡‡™◊ËÕ∂◊Õ‰¥â (Reliability)

‚¥¬«‘∏’ MPP  “¡“√∂∑”‰¥â‚¥¬‰¡àµâÕß°“√∑√—æ¬“°√

®”π«π¡“°„π°“√ √â“ß PDF ∑—ÈßÀ¡¥ ÷́Ëß‡À¡“–°—∫

°“√π”‰ªª√–¬ÿ°µå„™â„π°“√À“§à“§«“¡‡™◊ËÕ∂◊Õ‰¥â´÷Ëß

‡ªìπ§à“§«“¡πà“®–‡ªìπ∑’Ë¢’¥®”°—¥‚¥¬∑’ËÕ“®‡ªìπ·∫∫

∑“ß‡¥’¬«À√◊Õ·∫∫ Õß∑“ß°Á‰¥â Õ¬à“ß‰√°Áµ“¡‡π◊ËÕß®“°

°“√§”π«≥¥â«¬«‘∏’ MPP ®”‡ªìπµâÕß·°âªí≠À“„π

≈—°…≥–°“√À“§à“‡À¡“– ¡∑’Ë ÿ¥ (Optimization) À√◊Õ

À“√–¬–∑“ß —Èπ∑’Ë ÿ¥ (Shortest Path) °“√≈Ÿà‡¢â“ Ÿà§”

µÕ∫®–‡√Á«À√◊Õ™â“°Á¢÷Èπ°—∫°“√°”Àπ¥§”µÕ∫‡√‘Ë¡µâπ

πÕ°®“°π’È§à“‡√‘Ë¡µâπ¡’§«“¡ ”§—≠¡“°µàÕ§«“¡·¡àπ¬”

¢Õß MPP ´÷ËßÀ“‰¥â®“°°“√À“§à“‡À¡“– ¡∑’Ë ÿ¥‡¡◊ËÕ

√–∫∫¡’§«“¡ ‰¡à‡™‘ß‡ âπ Ÿß Õ¬à“ß‰√°Áµ“¡ªí≠À“≈—°…≥–

π’È¡’¢âÕ¥’ §◊Õ ¢Õ∫‡¢µ¢Õß§”µÕ∫∑’Ë‡ªìπ‰ª‰¥âÕ¬Ÿà„π

¢Õ∫‡¢µ®”°—¥ „π°√≥’»÷°…“∑’Ë 1 ®–‡ÀÁπ«à“«‘∏’ MCS

·≈– MPP „Àâº≈°“√æ¬“°√≥å∑’Ë‡°◊Õ∫‡ªìπ‡ âπ

‡¥’¬«°—π´÷Ëß· ¥ß«à“°“√æ¬“°√≥å¥â«¬«‘∏’ MPP ¡’

ª√– ‘∑∏‘º≈ (Effective) ¥’¡“° ¢≥–∑’Ë°√≥’»÷°…“∑’Ë 2

®–‡ÀÁπ§«“¡·µ°µà“ß√–À«à“ß∑—Èß Õß«‘∏’ ´÷Ëß “‡Àµÿ

 à«πÀπ÷Ëß¡“®“°¡’§«“¡‰¡à‡ªìπ‡™‘ß‡ âπ∑’Ë Ÿß¢÷Èπ¢Õß

√–∫∫„π°√≥’»÷°…“∑’Ë 2 ·≈–‡¡◊ËÕ¡’ §«“¡‰¡à‡ªìπ‡™‘ß‡ âπ

∑’Ë Ÿß¢÷Èπ ª√–°Õ∫°—∫¡’§«“¡‡∫â´â“¬¢Õß√–∫∫∑’Ë Ÿß„π

°√≥’»÷°…“∑’Ë 3 ∑”„Àâ§«“¡·¡àπ¬”„π°“√æ¬“°√≥å

≈¥≈ßÕ’° „π°√≥’∑’Ë√–∫∫¡’§«“¡‡™‘ß‡ âπ Ÿß¥—ß‡™àπ„π

°√≥’»÷°…“∑’Ë 1 «‘∏’ MPP  “¡“√∂æ¬“°√≥å PDF ‰¥â

„°≈â‡§’¬ßº≈≈—æ∏å®“°«‘∏’ MCS ¡“°¥—ß· ¥ß„πµ“√“ß

∑’Ë 1 ·µà‡¡◊ËÕ¡’§«“¡‰¡à‡™‘ß‡ âπ Ÿß¢÷Èπ¥—ß‡™àπ„π°√≥’

»÷°…“∑’Ë 2 «‘∏’ MPP ¡’§«“¡º‘¥æ≈“¥ Ÿß¢÷Èπ ·≈–®– Ÿß

¡“°¢÷Èπ‡¡◊ËÕ√–∫∫¡’§«“¡‡∫â´â“¬À√◊Õ¢«“∑’Ë¡“°¢÷Èπ„π

°√≥’»÷°…“∑’Ë 3 ¥—ß· ¥ß„πµ“√“ß∑’Ë 2 ·≈– 3 µ“¡≈”¥—∫

 ”À√—∫§à“øíß°å™—π PDF „π√Ÿª∑’Ë 2, 4 ·≈– 6

®–‡ÀÁπ‰¥â«à“«‘∏’ MPP „Àâ§à“øíß°å™—π PDF ‡ªìπ·∫∫‡√’¬∫

(Smooth) ´÷Ëßµà“ß®“°º≈∑’Ë‰¥â®“° MCS ´÷Ëß¡’

≈—°…≥– —≠≠“≥√∫°«π (Noise) ´÷Ëß‡ªìπ≈—°…≥–

ª°µ‘®“°°“√ √â“ßµ—«·ª√ ÿà¡®”π«π¡“°·≈–§«“¡‰¡à

 ¡∫Ÿ√≥å·∫∫¢Õßµ—«·ª√ ÿà¡∑’Ë‡°‘¥¢÷Èπ®“°µ—«°”‡π‘¥

·∫∫ ÿà¡ (Random Generator) °“√∑’Ëøíß°å™—π‡ªìπ

·∫∫‡√’¬∫π’È™à«¬„Àâ°“√π”‰ªª√–¬ÿ°µå„™â„π°“√ÕÕ°·∫∫

∑’Ë¡’æ◊Èπ∞“π¡“®“°§«“¡‡™◊ËÕ∂◊Õ‰¥â (Reliability -Based

Design) ¡’§«“¡‡ ∂’¬√ Ÿß¢÷Èπ ¢âÕ —ß‡°µÕ’°ª√–°“√

Àπ÷Ëß§◊Õ «‘∏’ MPP ‡ªìπ«‘∏’´÷Ëß‡πâπ°“√§”π«≥§à“§«“¡

πà“®–‡ªìπ‡©æ“–®ÿ¥ ®÷ß‰¡à‡À¡“–∑’Ë®–π”¡“„™âÀ“ PDF

À√◊Õ CDF ¥—ß “¡“√∂‡ÀÁπ ‰¥â®“°µ“√“ß∑’Ë 1, 2 ·≈– 3

«à“«‘∏’ MPP ‡À¡“–∑’Ë®–π”¡“„™âÀ“§à“§«“¡πà“®–‡ªìπ∑’Ë

 à«πª≈“¬´÷Ëß Õ¥§≈âÕß°—∫°“√π”‰ª„™â„π°“√ª√–‡¡‘π

§«“¡‡™◊ËÕ∂◊Õ‰¥â¢Õß√–∫∫
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