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∫∑§—¥¬àÕ

∫∑§«“¡π’Èπ”‡ πÕ°“√∑¥ Õ∫°“√«‘‡§√“–Àå¢âÕ¡Ÿ≈‚√§¡–‡√Áß‡¡Á¥‡≈◊Õ¥¢“«®“°ªí®®—¬‡ ’Ë¬ß¢Õß°“√‡°‘¥

‚√§¥â«¬¢âÕ¡Ÿ≈√À— æ—π∏ÿ°√√¡ ‚¥¬„™â¢âÕ¡Ÿ≈‚√§¡–‡√Áß‡¡Á¥‡≈◊Õ¥¢“« 3 ™π‘¥ ‰¥â·°à ™π‘¥ ALL AML ·≈– MLL

√à«¡°—∫¢âÕ¡Ÿ≈∑’Ë‡ªìπ¬’πª°µ‘ (Normal) ∑’Ë¡’§ÿ≥ ¡∫—µ‘ 12,583 ≈—°…≥– ®”π«π 85 µ—«Õ¬à“ß ∑”°“√ª√–¡«≈º≈

¥â«¬Õ—≈°Õ√‘∑÷¡ C5.0 Õ—≈°Õ√‘∑÷¡ Simple k-mean ·≈–Õ—≈°Õ√‘∑÷¡ Cart ‡æ◊ËÕ»÷°…“æƒµ‘°√√¡·≈–‡ª√’¬∫‡∑’¬∫

ª√– ‘∑∏‘¿“æ¢Õß°“√§—¥·¬°¢âÕ¡Ÿ≈ º≈°“√»÷°…“æ∫«à“Õ—≈°Õ√‘∑÷¡ C5.0 „Àâ§à“§«“¡∂Ÿ°µâÕß 98.82 % ·≈–

„™â√–¬–‡«≈“„π°“√ª√–¡«≈º≈πâÕ¬°«à“ ‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°—∫Õ—≈°Õ√‘∑÷¡ Simple k-mean ·≈– Õ—≈°Õ√‘∑÷¡ Cart

ABSTRACT

This paper proposes the testing of leukemia data analysis of the disease risk factor presence in the

DNA by using 3 types of leukemia data, which includes ALL AML and MLL, together with the normal

genetic data. The experiment has tested on totally 85 genetic data sets which each set contains 12,583

attributes. The C5.0 algorithm, the Simple k-mean and the Cart algorithm are used as the analytical testing

methods to study the behavior and compare the efficiency of data classification. The results show that the

C5.0 algorithm has the most accuracy at 98.82 % and requires less processing time comparing to the

Simple k-mean algorithm and the Cart algorithm.

§” ”§—≠ : °“√§—¥·¬°ª√–‡¿∑ Õ—≈°Õ√‘∑÷¡ C5.0 ‚√§¡–‡√Áß‡¡Á¥‡≈◊Õ¥¢“«
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∫∑π”

    „πªí®®ÿ∫—π¡’‚√§¿—¬‰¢â‡®Á∫µà“ß Ê ‡°‘¥¢÷Èπ¡“°¡“¬

´÷Ëß‚√§·µà≈–™π‘¥‰¥âæ—≤π“§«“¡´—∫´âÕπ·≈–‡æ‘Ë¡

√–¥—∫§«“¡√ÿπ·√ß¢Õß‡™◊ÈÕ‚√§  àßº≈„Àâ°“√µ‘¥‡™◊ÈÕ‚√§

 “¡“√∂‡°‘¥¢÷Èπ‰¥â®“°À≈“¬ªí®®—¬ ·≈–π”‰ª Ÿà°“√

‡ ’¬™’«‘µ„π∑’Ë ÿ¥ ·æ∑¬åºŸâ„Àâ°“√√—°…“®–µâÕß∑”°“√

µ√«®«‘π‘®©—¬‚√§‚¥¬§”π÷ß∂÷ß§«“¡∂Ÿ°µâÕß·¡àπ¬”

‚√§¡–‡√Áß‡¡Á¥‡≈◊Õ¥¢“«‡ªìπÕ’°‚√§Àπ÷Ëß∑’Ë®”π«π

ºŸâªÉ«¬¡’·π«‚πâ¡‡æ‘Ë¡¢÷Èπ„π·µà≈–ªï ¡Ÿ≈‡Àµÿ¢Õß‚√§

¡–‡√Áß‡¡Á¥‡≈◊Õ¥¢“«¡“®“°À≈“¬ªí®®—¬‡ ’Ë¬ß ‡™àπ ªí®®—¬

∑’Ë‡°‘¥®“°§«“¡º‘¥ª°µ‘∑“ßæ—π∏ÿ°√√¡

„π∑“ß°“√·æ∑¬å °√–∫«π°“√·≈–¢—ÈπµÕπ

„π°“√µ√«®«‘π‘®©—¬ªí®®—¬∑’Ë‡°‘¥®“°§«“¡º‘¥ª°µ‘∑“ß

æ—π∏ÿ°√√¡„π‚√§¡–‡√Áß‡¡Á¥‡≈◊Õ¥¢“«¡’§«“¡ —́∫´âÕπ

∑”‰¥â¬“° ·≈– ‘Èπ‡ª≈◊Õß§à“„™â®à“¬ ‚¥¬°“√µ√«®«‘π‘®©—¬

µâÕßÕ“»—¬¢âÕ¡Ÿ≈∑’Ë„™â„π°“√«‘‡§√“–Àå®”π«π¡“° ‡æ◊ËÕ

À“§«“¡º‘¥ª°µ‘∑’Ë‡°‘¥¢÷Èπ¢ÕßºŸâªÉ«¬·µà≈–§π ·≈–

∑”°“√§—¥·¬°ºŸâªÉ«¬µ“¡ª√–‡¿∑¢Õß‚√§ ‡æ◊ËÕ„Àâ

ºŸâªÉ«¬‰¥â√—∫°“√√—°…“Õ¬à“ß∂Ÿ°«‘∏’·≈–µ√ß‡ªÑ“À¡“¬∑’Ë ÿ¥

ªí®®ÿ∫—π¡’°“√»÷°…“‡°’Ë¬«°—∫¢âÕ¡Ÿ≈√À— 

æ—π∏ÿ°√√¡¢Õß‚√§Õ¬à“ß°«â“ß¢«“ß ‡π◊ËÕß®“°¢âÕ¡Ÿ≈∑’Ë‰¥â

®“°°“√· ¥ßÕÕ°„π√–¥—∫¬’π¡’„Àâ»÷°…“‡ªìπ®”π«π

¡“° ºŸâ∑”«‘®—¬‰¥âæ¬“¬“¡π”‡∑§π‘§µà“ß Ê ¡“ª√—∫ª√ÿß

·≈–æ—≤π“√à«¡°—∫Õ—≈°Õ√‘∑÷¡∑’Ë„™â„π°“√§—¥·¬°

¢âÕ¡Ÿ≈„Àâ “¡“√∂∑”ß“π√à«¡°—π‰¥â‡ªìπÕ¬à“ß¥’ ∑”„Àâ

√Ÿª·∫∫¢ÕßÕ—≈°Õ√‘∑÷¡∑’Ë„™â„π°“√ª√–¡«≈º≈¢âÕ¡Ÿ≈¡’

≈—°…≥–·µ°µà“ß°—π∑—Èß·∫∫µâπ‰¡â°“√µ—¥ ‘π„®  °“√„™â

‚§√ß¢à“¬ª√– “∑‡∑’¬¡ ·≈–°“√„™â°Æ°“√§—¥·¬°

¢âÕ¡Ÿ≈

„π»“ µ√å¥â“πªí≠≠“ª√–¥‘…∞å Õ—≈°Õ√‘∑÷¡

C5.0 ‡ªìπ«‘∏’°“√§—¥·¬°¢âÕ¡Ÿ≈∑’Ëπà“ π„®«‘∏’Àπ÷Ëß

·π«§‘¥„π°“√§—¥·¬°¢âÕ¡Ÿ≈¢ÕßÕ—≈°Õ√‘∑÷¡ C5.0 Õ“»—¬

‡°≥±å°“√§—¥·¬°®“°§ÿ≥≈—°…≥–µà“ß Ê ¢Õß¢âÕ¡Ÿ≈

·≈–· ¥ßº≈≈—æ∏å∑’Ëßà“¬µàÕ°“√«‘‡§√“–Àå¥â«¬√Ÿª·∫∫

µâπ‰¡â°“√µ—¥ ‘π„® ÷́Ëß‡ªìπ§ÿ≥≈—°…≥–‡¥àπ¢ÕßÕ—≈°Õ

√‘∑÷¡ C5.0 ∑’Ë·µ°µà“ß®“°°“√∑”ß“π¢ÕßÕ—≈°Õ√‘∑÷¡Õ◊Ëπ

‚¥¬Õ—≈°Õ√‘∑÷¡ C5.0‰¥â∂Ÿ°π”‰ª‡ª√’¬∫‡∑’¬∫°—∫

Õ—≈°Õ√‘∑÷¡Õ◊Ëπ„πÀ≈“¬ß“π«‘®—¬ ‡™àπ ß“π«‘®—¬¢Õß Sun

et al. (2007) ‰¥â»÷°…“°“√§—¥·¬°¢âÕ¡Ÿ≈‚√§¡–‡√Áß

‡¡Á¥‡≈◊Õ¥¢“«¥â«¬Õ—≈°Õ√‘∑÷¡ C5.0 ‡æ◊ËÕ‡ª√’¬∫‡∑’¬∫

ª√– ‘∑∏‘¿“æ§«“¡∂Ÿ°µâÕß°—∫Õ—≈°Õ√‘∑÷¡ K-NN ·≈–

Õ—≈°Õ√‘∑÷¡ Navie bayes ‡ªìπµâπ

ß“π«‘®—¬π’È®÷ß¡’·π«§‘¥„π°“√π”Õ—≈°Õ√‘∑÷¡

C5.0 ¡“™à«¬·°âªí≠À“¢Õß°√–∫«π°“√«‘‡§√“–Àå¢âÕ¡Ÿ≈

√À— æ—π∏ÿ°√√¡¢Õß‚√§¡–‡√Áß‡¡Á¥‡≈◊Õ¥¢“« 3 ™π‘¥

§◊Õ Acute Lymphocytic Leukemia (ALL), Acute

Myeloid Leukemia (AML) ·≈– Mixed Lineage

Leukemia (MLL) ‚¥¬«‘‡§√“–Àå√à«¡°—∫¢âÕ¡Ÿ≈¬’πª°µ‘

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

C5.0 °—∫Õ—≈°Õ√‘∑÷¡ Simple k-mean ·≈–Õ—≈°Õ√‘∑÷¡

Cart ´÷Ëßº≈≈—æ∏å®“°°“√«‘‡§√“–Àå¢âÕ¡Ÿ≈‡ªìπª√–‚¬™πå

„π°“√™à«¬§—¥°√ÕßºŸâªÉ«¬„π‡∫◊ÈÕßµâπ„Àâ°—∫·æ∑¬å

·≈–π”‰ª Ÿà°“√√—°…“∑’Ë¥’µàÕ‰ª

«—µ∂ÿª√– ß§å¢Õß°“√«‘®—¬

1. ‡æ◊ËÕæ—≤π“°√–∫«π°“√«‘‡§√“–Àå¢âÕ¡Ÿ≈

√À— æ—π∏ÿ°√√¡„π‚√§¡–‡√Áß‡¡Á¥‡≈◊Õ¥¢“«∑’Ë¡’®”π«π

¡“°„Àâ‡°‘¥§«“¡∂Ÿ°µâÕß„π°“√§—¥·¬°¢âÕ¡Ÿ≈¥â«¬

Õ—≈°Õ√‘∑÷¡ C5.0

2. ‡æ◊ËÕ‡ª√’¬∫‡∑’¬∫ª√– ‘∑∏‘¿“æ°“√

∑”ß“π¢ÕßÕ—≈°Õ√‘∑÷¡ C5.0 °—∫«‘∏’°“√§—¥·¬°¥â«¬

Õ—≈°Õ√‘∑÷¡ Simple k-mean ·≈– Õ—≈°Õ√‘∑÷¡ Cart

Õ—≈°Õ√‘∑÷¡ C5.0

Õ—≈°Õ√‘∑÷¡ C5.0 ‡ªìπÕ—≈°Õ√‘∑÷¡∑’Ë„™â‡ªìπ

µ—«§—¥·¬°„π√Ÿª·∫∫¢Õß°“√ √â“ßµâπ‰¡âæ—≤π“¡“

®“°Õ—≈°Õ√‘∑÷¡ C4.5 ∑’Ë∑”°“√‡æ‘Ë¡§«“¡∂Ÿ°µâÕß¢Õß

µ—«§—¥·¬° ¥â«¬°“√„™â«‘∏’ Boosting ´÷Ëß‡ªìπ°“√ª√—∫

§à“πÈ”Àπ—°¢Õßµ—«Õ¬à“ß∑’Ë‡ªìπ¢âÕ¡Ÿ≈„π°“√Ωñ° Õπ

‚¥¬µ—«Õ¬à“ß„¥¡’§«“¡·¡àπ¬”¡“°Õ¬Ÿà·≈â«®–≈¥§à“

πÈ”Àπ—°≈ß·≈–‰ª‡æ‘Ë¡§à“πÈ”Àπ—°„Àâµ—«Õ¬à“ß∑’Ë¡’§«“¡

·¡àπ¬”πâÕ¬ Õ—≈°Õ√‘∑÷¡ C5.0 ‰¥â√«¡‡Õ“øíß°å™—πµà“ßÊ
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‡™àπ §à“§«“¡·ª√ª√«π¢Õß°“√§—¥·¬°º‘¥ (variable

misclassification costs) ÷́Ëß®–¡’°“√·¬°§à“ Ÿ≠À“¬

„π°“√§—¥·¬°¢Õß°≈ÿà¡¢âÕ¡Ÿ≈∑”„Àâ≈¥°“√‡°‘¥§«“¡

·ª√ª√«π¢Õß°“√§—¥·¬°º‘¥‰¥â  „πÕ—≈°Õ√‘∑÷¡ C5.0

¬—ß„Àâ§«“¡ ”§—≠„π°“√°√–®“¬πÈ”Àπ—°∫π°≈ÿà¡¢âÕ¡Ÿ≈

‡™àπ „πß“π«‘®—¬¢Õß Berrar et al.(2001) ·≈– Ménard

et al.(2006) °≈à“«∂÷ß°“√°”Àπ¥§à“πÈ”Àπ—°Õ—≈°Õ√‘∑÷¡

C5.0 „π°“√ª√–¡«≈º≈‡ªìπ§à“‡¥’¬«°—π ·µà∂â“‡°‘¥

°√≥’∑’Ë¡’°“√§—¥·¬°º‘¥°Á®–¡’°“√‡æ‘Ë¡§à“πÈ”Àπ—°„Àâ

 Ÿß¢÷Èπ·≈–∑”°“√§—¥·¬°¢âÕ¡Ÿ≈„À¡àÕ’°§√—Èß  πÕ°®“°π’È

Õ—≈°Õ√‘∑÷¡ C5.0 ‰¥â‡æ‘Ë¡°“√√Õß√—∫™π‘¥¢âÕ¡Ÿ≈„À¡à Ê

¥â«¬ ´÷Ëß∑”„Àâ°“√ª√–¬ÿ°µå„™âß“πÕ—≈°Õ√‘∑÷¡ C5.0

 “¡“√∂∑”‰¥âßà“¬¢÷Èπ

≈”¥—∫¢—ÈπµÕπ°“√∑”ß“π¢ÕßÕ—≈°Õ√‘∑÷¡

C5.0 (Govindarajan, 2007) · ¥ß‰¥â¥—ßπ’È

1. ‡µ√’¬¡¢âÕ¡Ÿ≈∑’Ë®–»÷°…“ ‚¥¬°“√®—¥

‡√’¬ß¢âÕ¡Ÿ≈‡ªìπ·∂«·≈–§Õ≈—¡πå ´÷Ëß·µà≈–·∂«‡ªìπ§à“

¢Õß¢âÕ¡Ÿ≈∑’Ëπ”¡“æ‘®“√≥“·≈–·µà≈–§Õ≈—¡πå‡ªìπ™◊ËÕ

§ÿ≥ ¡∫—µ‘¢Õß¢âÕ¡Ÿ≈π—Èπ Ê

2.  ”À√—∫·µà≈–§ÿ≥ ¡∫—µ‘ À“§à“ Informa-

tion Gain ¢Õß·µà≈–§ÿ≥ ¡∫—µ‘‡æ◊ËÕ‡ªìπ°“√®—¥≈”¥—∫

¢Õß§«“¡ ”§—≠¢Õß§ÿ≥ ¡∫—µ‘

3.  √â“ß‚Àπ¥√“°®“°§à“ Information Gain

∑’Ë¡“°∑’Ë ÿ¥

4. ∑”°“√ √â“ß°‘Ëß®“°‚Àπ¥√“°„Àâ‡ªìπ

‚Àπ¥≈Ÿ° (Children Node)

5. ‡¡◊ËÕ‰¡à “¡“√∂ √â“ß°‘ËßµàÕ‰ª‰¥âÕ’°®–‰¥â

‚Àπ¥ ÿ¥∑â“¬‡ªìπº≈≈—æ∏å À√◊Õ ‚Àπ¥„∫

Frey et al. (2003) °≈à“«∂÷ß°“√ √â“ßµâπ‰¡â

¥â«¬°“√„™â Gain Ratio ¥—ß ¡°“√°“√«—¥§à“§«“¡

‰¡à∫√‘ ÿ∑∏‘Ï¢Õß¢âÕ¡Ÿ≈ (Entropy)

(1)

®“° ¡°“√ (1) §à“ c
1
 ∂÷ß c

n
 ‡ªìπ°≈ÿà¡¢âÕ¡Ÿ≈¬àÕ¬¢Õß

S ·≈– p(S
c
) §◊Õ §«“¡πà“®–‡ªìπ¢Õß°≈ÿà¡¢âÕ¡Ÿ≈ C

∑’Ë‡°‘¥¢÷Èπ„π S ‚¥¬°“√«—¥§à“ Information Gain

‡æ◊ËÕ‡ªìπ°“√ √â“ß≈”¥—∫∑”‰¥â¥â«¬ ¡°“√

(2)

§à“ Gain ∑’Ë‰¥â¡’§à“Õ§µ‘ (bias) ∑’Ë‡ªìπ à«πÀπ÷Ëß„π°“√

·∫àß·¬°°≈ÿà¡¢âÕ¡Ÿ≈ °“√≈¥§à“Õ§µ‘ “¡“√∂∑”‰¥â‚¥¬

§”π«≥¥—ß ¡°“√

(3)

°“√À“§à“ Gain Ratio ‡ªìπ°“√·∫àß§à“ Gain ¥â«¬§à“

°“√ Split Info ¥—ß ¡°“√

(4)

¢âÕ¡Ÿ≈‚√§¡–‡√Áß‡¡Á¥‡≈◊Õ¥¢“« (Leukemia)

§ÿ≥ ¡∫—µ‘¢Õß¢âÕ¡Ÿ≈∑’Ë∑”°“√∑¥ Õ∫‰¥â

®“°°“√„™â Affymetrix GeneChip ∑”„Àâ‰¥â¢âÕ¡Ÿ≈

‡ªìπ Microarray ∑’Ë¡’§à“µ—«‡≈¢·ª≈ß®“°¿“æ· ¥ß

¥—ß¿“æ∑’Ë 1 ¿“æ 1 (°) ‡ªìπµ—«Õ¬à“ß¢Õß¢âÕ¡Ÿ≈∑’Ë‰¥â

®“° Affymetrix §«“¡ «à“ß¢Õß®ÿ¥· ¥ß∂÷ß§«“¡

Àπ“·πàπ¢Õß°“√· ¥ßÕÕ°®“°¬’π ·≈â«∂Ÿ°·ª≈ß¥â«¬

Microarray ‰ª‡ªìπµ—«‡≈¢‰¥â¥—ß¿“æ 1 (¢)

(°) (¢)

¿“æ∑’Ë 1 §à“∑’Ë‰¥â®“° Affymetrix GeneChip

(Piatetsky-Shapiro, 2003)

¢âÕ¡Ÿ≈‚√§¡–‡√Áß‡¡Á¥‡≈◊Õ¥¢“«¡’≈—°…≥–¢Õß

¢âÕ¡Ÿ≈∑’Ë„™â„π°“√∑¥ Õ∫ ¥—ßπ’È
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1. ™π‘¥¢âÕ¡Ÿ≈‡ªìπ·∫∫ Multivariate

2. ®”π«π§ÿ≥ ¡∫—µ‘ (attribute) ∑—ÈßÀ¡¥

∑’Ë„™â¡’ 12,583 §ÿ≥ ¡∫—µ‘

3. §ÿ≥ ¡∫—µ‘∑’Ë„™â‡ªìπ§ÿ≥ ¡∫—µ‘¢Õß°“√

· ¥ßÕÕ°„π√–¥—∫¬’π¡’≈—°…≥–‡À¡◊Õπ°—∫µ—«Õ¬à“ß

¿“æ∑’Ë 1 ‡™àπ Gene D26018_at „™â‡ªìπ√À— ¬’π∑’Ë

·∑π√“¬≈–¢Õß¬’ππ—Èπ

4. ≈—°…≥–¢Õß¢âÕ¡Ÿ≈‡ªìπ Real Data

5. ‡ªìπ¢âÕ¡Ÿ≈∑’Ë∂Ÿ°π”‰ª„™â„π°“√§—¥·¬°

«‘∏’°“√∑¥≈Õß

·∫àßÕÕ°‡ªìπ 2 ¢—ÈπµÕπÀ≈—° ¥—ßπ’È

1. °“√∑¥ Õ∫¢âÕ¡Ÿ≈‚√§¡–‡√Áß‡µâ“π¡

(¢âÕ¡Ÿ≈¡“µ√∞“π)

°“√∑¥ Õ∫¢âÕ¡Ÿ≈¡“µ√∞“π„™â¢âÕ¡Ÿ≈¢Õß

‚√§¡–‡√Áß‡µâ“π¡´÷Ëß‡ªìπ¢âÕ¡Ÿ≈∑’Ë∂Ÿ°¬Õ¡√—∫·≈–π”¡“

„™â„π°“√»÷°…“®“°À≈“¬ß“π«‘®—¬ ·≈–‡ªìπ¢âÕ¡Ÿ≈∑’Ë¡’

§ÿ≥ ¡∫—µ‘µà“ß Ê „°≈â‡§’¬ß°—π°—∫¢âÕ¡Ÿ≈‚√§¡–‡√Áß

‡¡Á¥‡≈◊Õ¥¢“« „π¢—ÈπµÕππ’Èπ”¢âÕ¡Ÿ≈¡“µ√∞“π¡“

∑¥ Õ∫°—∫Õ—≈°Õ√‘∑÷¡∑—Èß “¡«‘∏’ §◊Õ Õ—≈°Õ√‘∑÷¡ C5.0

Õ—≈°Õ√‘∑÷¡ Simple k-mean ·≈– Õ—≈°Õ√‘∑÷¡ Cart

‚¥¬ª√—∫§à“ ¿“«–¢ÕßÕ—≈°Õ√‘∑÷¡„π·µà≈–«‘∏’ ‡æ◊ËÕ„Àâ

‰¥â§à“∑’Ë∂Ÿ°µâÕß‡À¡“– ¡∑’Ë ÿ¥ ‡æ◊ËÕπ”‰ª„™â„π°“√

∑¥ Õ∫°—∫¢âÕ¡Ÿ≈‚√§¡–‡√Áß‡¡Á¥‡≈◊Õ¥¢“«„π¢—ÈπµÕπ∑’Ë 2

2. °“√∑¥ Õ∫¢âÕ¡Ÿ≈‚√§¡–‡√Áß‡¡Á¥‡≈◊Õ¥¢“«

(¢âÕ¡Ÿ≈®√‘ß)

¢âÕ¡Ÿ≈‚√§¡–‡√Áß‡¡Á¥‡≈◊Õ¥¢“«∑’Ë„™â∑¥ Õ∫

‡ªìπ¢âÕ¡Ÿ≈√À— æ—π∏ÿ°√√¡∑’Ë¡’§ÿ≥ ¡∫—µ‘ 12,583

≈—°…≥– ®”π«π 72 µ—«Õ¬à“ß ́ ÷Ëßª√–°Õ∫¥â«¬‚√§¡–‡√Áß

‡¡Á¥‡≈◊Õ¥¢“«™π‘¥ ALL AML ·≈– MLL π”¡“√«¡

°—∫¢âÕ¡Ÿ≈√À— æ—π∏ÿ°√√¡∑’Ë¡’ ¿“æ‡ªìπª°µ‘®”π«π

13 µ—«Õ¬à“ß √«¡∑—Èß ‘Èπ 85 µ—«Õ¬à“ß ¢âÕ¡Ÿ≈∑—Èß 85

µ—«Õ¬à“ß∂Ÿ°ª√—∫√Ÿª·∫∫°“√®—¥‡√’¬ß¢âÕ¡Ÿ≈„Àâ∂Ÿ°µâÕß

µ“¡√Ÿª·∫∫¢Õß‡§√◊ËÕß¡◊Õ∑’Ë„™â∑¥ Õ∫ °“√ª√–¡«≈

º≈¢âÕ¡Ÿ≈¥â«¬Õ—≈°Õ√‘∑÷¡∑—Èß “¡«‘∏’„™â ¿“«–¢Õß°“√

ª√—∫§à“µà“ß Ê µ“¡∑’Ë‰¥â®“°°“√∑¥ Õ∫°—∫¢âÕ¡Ÿ≈

¡“µ√∞“π º≈°“√∑¥≈Õß∑’Ë‰¥â∂Ÿ°π”¡“«‘‡§√“–Àå‚¥¬

‡ª√’¬∫‡∑’¬∫ª√– ‘∑∏‘¿“æ„π°“√§—¥·¬°„π·µà≈–

Õ—≈°Õ√‘∑÷¡

º≈°“√«‘®—¬·≈–Õ¿‘ª√“¬º≈

„π°“√∑¥ Õ∫¢âÕ¡Ÿ≈¡“µ√∞“π∑”°“√ª√—∫§à“

 ¿“«–µà“ß Ê „π·µà≈–Õ—≈°Õ√‘∑÷¡‡æ◊ËÕ„Àâ‰¥â§à“ ¿“«–

∑’Ë‡À¡“– ¡°àÕππ”Õ—≈°Õ√‘∑÷¡π—Èπ‰ª∑¥ Õ∫°—∫¢âÕ¡Ÿ≈

‚√§¡–‡√Áß‡¡Á¥‡≈◊Õ¥¢“«· ¥ß§à“ ¿“«–∑’Ëª√—∫·≈â«

¥—ßµ“√“ß∑’Ë 1

µ“√“ß∑’Ë 1 °“√ª√—∫§à“ ¿“«–µà“ß Ê ¢Õß·µà≈–

Õ—≈°Õ√‘∑÷¡

Õ—≈°Õ√‘∑÷¡ §à“ ¿“«–∑’Ë„™â

C5.0 - Boosting = 10

- Cross Validation = 10

- Expected noise = 30%

K-means - Euclidean Distance

- Max Iterations = 500

Cart - Cross Validation = 10

‚¥¬°“√∑¥ Õ∫¢âÕ¡Ÿ≈¡“µ√∞“π®“°§à“ ¿“«–∑’Ë

‡À¡“– ¡„π·µà≈–Õ—≈°Õ√‘∑÷¡‰¥âº≈≈—æ∏å· ¥ß¥—ß

µ“√“ß∑’Ë 2 ´÷Ëß· ¥ß„Àâ‡ÀÁπ∂÷ßª√– ‘∑∏‘¿“æ¢Õß°“√

ª√–¡«≈º≈¢âÕ¡Ÿ≈¥â«¬Õ—≈°Õ√‘∑÷¡ C5.0 ∑’Ë¡’§«“¡

∂Ÿ°µâÕß¡“°∑’Ë ÿ¥

µ“√“ß∑’Ë 2 º≈≈—æ∏å°“√ª√–¡«≈º≈¢âÕ¡Ÿ≈¡“µ√∞“π

„π·µà≈–Õ—≈°Õ√‘∑÷¡

Õ—≈°Õ√‘∑÷¡ §«“¡∂Ÿ°µâÕß §«“¡º‘¥æ≈“¥

(%) (%)

C5.0 99.65 0.35

K-means 92.79 7.21

Cart 93.32 6.68
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‡¡◊ËÕπ”Õ—≈°Õ√‘∑÷¡∑—Èß “¡·∫∫∑’Ë‰¥âª√—∫§à“

 ¿“«–„Àâ∂Ÿ°µâÕß‡À¡“– ¡·≈â« ¡“ª√–¡«≈º≈¢âÕ¡Ÿ≈

‚√§¡–‡√Áß‡¡Á¥‡≈◊Õ¥¢“«∑’Ë¡’∑—ÈßÀ¡¥ 12,583 ≈—°…≥–

®”π«π 85 µ—«Õ¬à“ß¥â«¬Õ—≈°Õ√‘∑÷¡ C5.0 ®–‰¥â

º≈≈—æ∏å¥—ß¿“æ∑’Ë 2

¿“æ∑’Ë 2 º≈°“√§—¥·¬°¢âÕ¡Ÿ≈‚√§¡–‡√Áß‡¡Á¥‡≈◊Õ¥

¢“«®”π«π 85 µ—«Õ¬à“ß ¥â«¬Õ—≈°Õ√‘∑÷¡

C5.0

®“°°“√∑¥≈Õßæ∫«à“®”π«πµ—«Õ¬à“ß 85

µ—«Õ¬à“ß ́ ÷Ëßª√–°Õ∫¥â«¬ ¢âÕ¡Ÿ≈™π‘¥ ALL 24 µ—«Õ¬à“ß

™π‘¥ AML 28 µ—«Õ¬à“ß ™π‘¥ MLL 20 µ—«Õ¬à“ß ·≈–

™π‘¥ Normal 13 µ—«Õ¬à“ß Õ—≈°Õ√‘∑÷¡ C5.0  “¡“√∂

§—¥·¬°°≈ÿà¡¢âÕ¡Ÿ≈‰¥âº≈∂Ÿ°µâÕß√«¡∑—ÈßÀ¡¥ 84

µ—«Õ¬à“ß §‘¥‡ªìπ‡ªÕ√å‡´Áπµå¢Õß§«“¡∂Ÿ°µâÕß 98.82

‡ªÕ√å‡´Áπµå ‚¥¬¡’°“√§—¥·¬°º‘¥ 1 µ—«Õ¬à“ß §‘¥‡ªìπ

1.18 ‡ªÕ√å‡´Áπµå ´÷Ëß‡ªìπ¢âÕ¡Ÿ≈™π‘¥ MLL ∑’Ë∂Ÿ°§—¥

·¬°‰ª‡ªìπ™π‘¥ AML

µâπ‰¡â°“√µ—¥ ‘π„®∑’Ë‰¥â®“°°“√∑”ß“π¢Õß

Õ—≈°Õ√‘∑÷¡ C5.0 · ¥ß¥—ß¿“æ∑’Ë 3 ‚¥¬„π‚Àπ¥∑’Ë 0

· ¥ß∂÷ß°“√„™â§ÿ≥ ¡∫—µ‘®”π«π 3,695 ≈—°…≥– ‡æ◊ËÕ

·¬°°≈ÿà¡¢âÕ¡Ÿ≈¬’πª°µ‘ (‚Àπ¥∑’Ë 6) ÕÕ°®“°°≈ÿà¡

¢âÕ¡Ÿ≈¡–‡√Áß‡¡Á¥‡≈◊Õ¥¢“« (‚Àπ¥∑’Ë 1) ‰¥â∂Ÿ°µâÕß∑—Èß

100 ‡ªÕ√å‡´Áπµå ·≈–„™â§ÿ≥ ¡∫—µ‘ ®”π«π11,297

≈—°…≥–„π‚Àπ¥∑’Ë 1 ‡æ◊ËÕ§—¥·¬°¢âÕ¡Ÿ≈™π‘¥ ALL

(‚Àπ¥∑’Ë 5) ÕÕ°®“°°≈ÿà¡¢âÕ¡Ÿ≈‚√§¡–‡√Áß‡¡Á¥‡≈◊Õ¥¢“«

‰¥â∂Ÿ°µâÕß 100 ‡ªÕ√å‡´Áπµå ·≈–„π‚Àπ¥∑’Ë 2  „™â

§ÿ≥ ¡∫—µ‘®”π«π 5,801 ≈—°…≥–„π°“√·¬°¢âÕ¡Ÿ≈

™π‘¥ MLL (‚Àπ¥∑’Ë 4) ‰¥â∂Ÿ°µâÕß 100 ‡ªÕ√å‡ Á́πµå

°—∫ ™π‘¥ AML (‚Àπ¥∑’Ë 3) ∑’Ë¡’§«“¡∂Ÿ°µâÕß 96.55

‡ªÕ√å‡´Áπµå ‚¥¬¡’¢âÕº‘¥æ≈“¥ 3.45 ‡ªÕ√å‡´Áπµå ∑’Ë

‡°‘¥®“°°“√®”·π°¢âÕ¡Ÿ≈™π‘¥ MLL ‡ªìπ AML ®”π«π

1 µ—«Õ¬à“ß

¿“æ∑’Ë 3 µâπ‰¡â°“√µ—¥ ‘π„®¢Õß°“√§—¥·¬°¢âÕ¡Ÿ≈

‚√§¡–‡√Áß‡¡Á¥‡≈◊Õ¥¢“«¥â«¬Õ—≈°Õ√‘∑÷¡

C5.0

°“√∑¥ Õ∫¢âÕ¡Ÿ≈‚√§¡–‡√Áß‡¡Á¥‡≈◊Õ¥¢“«

‡¡◊ËÕπ”‰ªª√–¡«≈º≈°—∫Õ—≈°Õ√‘∑÷¡ Simple k-mean

„π·∫∫ Matrix‰¥âº≈≈—æ∏å¥—ß¿“æ∑’Ë 4 ‚¥¬ Cluster 0

‡ªìπ™π‘¥ ALL Cluster 1 ‡ªìπ™π‘¥ Normal Cluster 2
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‡ªìπ™π‘¥ MLL ·≈– Cluster 3 ‡ªìπ™π‘¥ AML  “¡“√∂

®—¥°≈ÿà¡®”π«πµ—«Õ¬à“ß‰¥â∂Ÿ°µâÕß„π™π‘¥ ALL ‰¥â 24

µ—«Õ¬à“ß ™π‘¥ Normal ‰¥â 13 µ—«Õ¬à“ß ™π‘¥ MLL ‰¥â

4 µ—«Õ¬à“ß ™π‘¥ AML ‰¥â 27 µ—«Õ¬à“ß ·≈–°“√§—¥

·¬°°≈ÿà¡¢âÕ¡Ÿ≈∑’Ë‰¡à∂Ÿ°µâÕßÕ’° 17 µ—«Õ¬à“ß ‚¥¬§‘¥

‡ªìπ‡ªÕ√å‡´Áπµå§«“¡∂Ÿ°µâÕß‰¥â 80 ‡ªÕ√å‡´Áπµå ·≈–

‡ªÕ√å‡´Áπµå§«“¡º‘¥æ≈“¥ 20 ‡ªÕ√å‡´Áπµå

¿“æ∑’Ë 4 º≈°“√§—¥·¬°¢âÕ¡Ÿ≈‚√§¡–‡√Áß‡¡Á¥‡≈◊Õ¥

¢“«®”π«π 85 µ—«Õ¬à“ß ¥â«¬Õ—≈°Õ√‘∑÷¡

Simple k-mean

¿“æ∑’Ë 5 º≈°“√§—¥·¬°¢âÕ¡Ÿ≈‚√§¡–‡√Áß‡¡Á¥‡≈◊Õ¥¢“«

®”π«π 85 µ—«Õ¬à“ß ¥â«¬Õ—≈°Õ√‘∑÷¡ Cart

°“√∑¥ Õ∫¢âÕ¡Ÿ≈‚√§¡–‡√Áß‡¡Á¥‡≈◊Õ¥¢“«

‡¡◊ËÕπ”‰ªª√–¡«≈º≈°—∫Õ—≈°Õ√‘∑÷¡ Cart ‰¥âº≈≈—æ∏å

¥—ß¿“æ∑’Ë 5‚¥¬Õ—≈°Õ√‘∑÷¡ Cart  “¡“√∂§—¥·¬°°≈ÿà¡

¢âÕ¡Ÿ≈‰¥â∂Ÿ°µâÕß 70 µ—«Õ¬à“ß §‘¥‡ªìπ 82.35 ‡ªÕ√å‡´Áπµå

·≈–‰¡à∂Ÿ°µâÕß 15 µ—«Õ¬à“ß §‘¥‡ªìπ 17.65 ‡ªÕ√å‡´Áπµå

®”π«πµ—«Õ¬à“ß∑’Ë§—¥·¬°‰¥â∂Ÿ°µâÕß ‰¥â·°à ™π‘¥ ALL

24 µ—«Õ¬à“ß™π‘¥ MLL 14 µ—«Õ¬à“ß ™π‘¥ AML 19

µ—«Õ¬à“ß ·≈–™π‘¥ Normal 13 µ—«Õ¬à“ß

®“°°“√∑¥ Õ∫‚¥¬„™âÕ—≈°Õ√‘∑÷¡∑—Èß “¡

·∫∫æ∫«à“ ¢âÕ¡Ÿ≈ Õß™π‘¥§◊Õ AML ·≈– MLL

¡’®”π«π„π°“√§—¥·¬°º‘¥æ≈“¥¡“°∑’Ë ÿ¥ ‡π◊ËÕß®“°

¢âÕ¡Ÿ≈™π‘¥ MLL ‡ªìπ‚√§¡–‡√Áß‡¡Á¥‡≈◊Õ¥¢“«∑’Ë‡ªìπ

™π‘¥¬àÕ¬¢Õß¢âÕ¡Ÿ≈™π‘¥ AML ∑”„Àâ√Ÿª·∫∫¢Õß

§ÿ≥ ¡∫—µ‘¢Õß¢âÕ¡Ÿ≈∑—Èß Õß™π‘¥¡’§«“¡„°≈â‡§’¬ß°—π

¡“°

°“√‡ª√’¬∫‡∑’¬∫ª√– ‘∑∏‘¿“æ°“√∑”ß“π¢Õß

Õ—≈°Õ√‘∑÷¡∑—Èß “¡·∫∫§”π÷ß∂÷ß‡«≈“∑’Ë„™â„π°“√«‘‡§√“–Àå

¢âÕ¡Ÿ≈ ´÷Ëß‡√‘Ë¡æ‘®“√≥“µ—Èß·µà‡√‘Ë¡°“√ª√–¡«≈º≈¢âÕ¡Ÿ≈

¥â«¬‚ª√·°√¡„π·µà≈–Õ—≈°Õ√‘∑÷¡ ®π°√–∑—Ëß ‘Èπ ÿ¥

°“√ª√–¡«≈º≈ ‚¥¬§à“ª√–¡“≥°“√∑”ß“π§‘¥®“°

§à“‡©≈’Ë¬∑’Ë‡°‘¥¢÷Èπ„π°“√∑¥≈Õß º≈°“√∑¥≈Õß· ¥ß

‰¥â¥—ßµ“√“ß∑’Ë 3

µ“√“ß∑’Ë 3 §à“ª√–¡“≥‡«≈“·≈–º≈≈—æ∏å°“√ª√–¡«≈º≈

¢âÕ¡Ÿ≈‚√§¡–‡√Áß‡¡Á¥‡≈◊Õ¥¢“«¥â«¬Õ—≈°Õ√‘∑÷¡

∑—Èß “¡·∫∫

Õ—≈°Õ√‘∑÷¡ ‡«≈“ §«“¡ §«“¡

ª√–¡«≈º≈ ∂Ÿ°µâÕß º‘¥æ≈“¥

(≈  π“∑’) (%) (%)

C5.0 20 98.82 1.18

k-mean 25 80 20

Cart 30 82.35 17.65

µ“√“ß∑’Ë 3 · ¥ß„Àâ‡ÀÁπ«à“ °“√§—¥·¬°¢âÕ¡Ÿ≈

‚√§¡–‡√Áß‡¡Á¥‡≈◊Õ¥¢“«¥â«¬Õ—≈°Õ√‘∑÷¡ C5.0 ¡’§«“¡

∂Ÿ°µâÕß¡“°∑’Ë ÿ¥ ·≈–„™â‡«≈“„π°“√ª√–¡«≈º≈πâÕ¬

∑’Ë ÿ¥ ‡¡◊ËÕ‡∑’¬∫°—∫ ÕßÕ—≈°Õ√‘∑÷¡ ‚¥¬∑’ËÕ—≈°Õ√‘∑÷¡

Simple k-mean „™â‡«≈“„π°“√§—¥·¬°¢âÕ¡Ÿ≈‚¥¬

‡©≈’Ë¬πâÕ¬°«à“Õ—≈°Õ√‘∑÷¡ Cart ·µàÕ—≈°Õ√‘∑÷¡ Cart ‰¥â

º≈§«“¡∂Ÿ°µâÕß„π°“√§—¥·¬°¢âÕ¡Ÿ≈¡“°°«à“Õ—≈°Õ√‘∑÷¡

Simple k-mean ‡≈Á°πâÕ¬
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 √ÿªº≈°“√«‘®—¬

§à“§«“¡∂Ÿ°µâÕß¢Õß°“√ª√–¡«≈º≈¢âÕ¡Ÿ≈

‚√§¡–‡√Áß‡¡Á¥‡≈◊Õ¥¢“«∑’Ë‡ªìπ¢âÕ¡Ÿ≈®√‘ß ¡’§«“¡

 Õ¥§≈âÕß°—∫§à“§«“¡∂Ÿ°µâÕß∑’Ë‰¥â®“°°“√ª√–¡«≈

º≈¢âÕ¡Ÿ≈‚√§¡–‡√Áß‡µâ“π¡ ∑’Ë„™â‡ªìπ¢âÕ¡Ÿ≈¡“µ√∞“π

„π°“√ª√—∫§à“ ¿“«–¢Õß·µà≈–Õ—≈°Õ√‘∑÷¡ ‚¥¬°“√

§—¥·¬°¢âÕ¡Ÿ≈¥â«¬Õ—≈°Õ√‘∑÷¡ C5.0 ¡’ª√– ‘∑∏‘¿“æ

„π°“√§—¥·¬°¢âÕ¡Ÿ≈‰¥â¥’°«à“Õ—≈°Õ√‘∑÷¡ Simple

k-mean ·≈–Õ—≈°Õ√‘∑÷¡ Cart ‡π◊ËÕß®“° Õ—≈°Õ√‘∑÷¡

C5.0 ¡’§«“¡ “¡“√∂„π°“√‡√’¬π√Ÿâ≈—°…≥–¢Õß¢âÕ¡Ÿ≈

„π√Ÿª·∫∫¢âÕ¡Ÿ≈‚√§¡–‡√Áß‡¡Á¥‡≈◊Õ¥¢“«‰¥â¥’°«à“ ·≈–

Õ—≈°Õ√‘∑÷¡ C5.0 ¬—ß¡’ à«π¢Õß°“√ª√—∫§à“„ÀâÕ—≈°Õ√‘∑÷¡

¥â«¬øíß°å™—π°“√∑”ß“πµà“ß Ê ∑’Ë™à«¬‡æ‘Ë¡§«“¡ “¡“√∂

„π°“√®”·π°§ÿ≥ ¡∫—µ‘¢Õß¢âÕ¡Ÿ≈

πÕ°®“°π’È Õ—≈°Õ√‘∑÷¡ C5.0 ¬—ß¡’°“√· ¥ß

º≈≈—æ∏å„π√Ÿª·∫∫¢Õßµâπ‰¡â°“√µ—¥ ‘π„® ÷́Ëß· ¥ß

„Àâ‡ÀÁπ≈”¥—∫™—Èπ„π°“√®”·π°¢âÕ¡Ÿ≈ ∑”„Àâ®”·π°

¢âÕ¡Ÿ≈∑’Ë‡¢â“¡“„À¡à‰¥âßà“¬·≈–√«¥‡√Á«¢÷Èπ¥â«¬°“√

æ‘®“√≥“¢âÕ¡Ÿ≈µ“¡≈”¥—∫™—Èπ∑’Ë‰¥â®”·π°¢âÕ¡Ÿ≈‰«â·≈â«

´÷ËßÕ—≈°Õ√‘∑÷¡Õ◊Ëπ‰¡à “¡“√∂∑”‰¥â ·≈–®“°°“√∑¥≈Õß

¬—ßæ∫«à“Õ—≈°Õ√‘∑÷¡ C5.0 ¡’ª√– ‘∑∏‘¿“æ„π‡√◊ËÕß

¢Õß‡«≈“ ‚¥¬Õ—≈°Õ√‘∑÷¡ C5.0 ®–„™â√–¬–‡«≈“„π°“√

ª√–¡«≈º≈πâÕ¬°«à“Õ—≈°Õ√‘∑÷¡ Simple k-mean ·≈–

Õ—≈°Õ√‘∑÷¡ Cart Õ¬à“ß‡ÀÁπ‰¥â™—¥

¢âÕ‡ πÕ·π–

¢âÕ¡Ÿ≈∑’Ë„™â„π°“√∑¥≈Õß‡ªìπ¢âÕ¡Ÿ≈∑’Ë¡’®”π«π

§ÿ≥ ¡∫—µ‘¡“° °“√§—¥°√Õß‡æ◊ËÕ§—¥‡≈◊Õ°‡©æ“–

§ÿ≥ ¡∫—µ‘∑’Ë¡’π—¬ ”§—≠¡“∑”°“√«‘‡§√“–Àåº≈¥â«¬
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