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̂I ntensive Care Unit ICŨ Ҭ̆ ᵞ ̂Acute 

Hypotension Episode AHẼ ᴪ Ҥ ̆

Ҍ ̆ ̆Ҥ Ȃҳ ҉Һ ᶭ

∞ ̆ ԍ ╠ ICU Ҭ ֲ̆ Ҥ

̆ ғ ᵞ ᵬ╠ ץ ⌠ ᾠ̆ ֲ ץ

ᵞ ֲ̆ ᶏ ֲ ᵞҊȂ 

ICU Ҭ ῏ ҳ ̆ῒҬ ֲ ᵣ

̆ᶛ ֲ ̆ ̆ ̆ ׂ ̆ ≠

ꜛ ̆ ╠ ₮ ᵞ ̆ ᴪҹ

׆̆ ᵞ ֲ ֙ Ȃ 

ҹԅ ᵞ ╠ ̆ ԍ ̂Gene 

Expression Programminğ GEP̃ ̂Random Forest̆ RF̃

ȂҺ № 1̔. ᾢ ꜚ ̂Mean Arterial Pressure,

MAP̃ Ḥ № ̂Empirical Mode Decomposition̆ EMD̃ № ̕

2. № ₱ ̂Intrinsic Mode Function̆ IMF̃ Ḥ

̕3. № ̆ GEP

₮ѿҩ ₱ ̕4. № ̆

№ Ȃ ≠̆ 5 ֜ ⱬ ԅ

̆ ⌠‰ ҹ 77.55%̆ 80.55%̆ 75.14%Ȃ ̆

ҹץ ICU Ҭ AHÊ ᵞ ̃ ╠ ╠ ᶫ

̆ΐ ҳ ᴇṿȂ 

 

῏ ̔ ᵞ ̆EMD№ ̆ ̆  
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Abstract  

In ICU (intensive care unit ,  ICU),  occurrence of acute hypotension 

episode (AHE) tends to cause serious consequences to the patient and cause 

irreversible damage  to organs, exhaustion , even endanger the patient's 

life. The predictability of judgment  is mainly based on the doctor's 

experience in  clinical ly , because of the shortage of ICU medical resources  

current ly , a serious shortage of manpower and the lack of directly 

observed effect ive symptom before the occurrence of acute hypotension 

episodes, so the  medical staff is difficult to find the  acute hypotension 

patients  timely, resulting in the patient's survival rate is low.  

There is  a large number of clinical data about patients in IC U, 

including the patient's signs in real time data, such as the patient's 

blood pressure, pulse, respiration, in the rapid development of computer 

technology today, if we make use of the computer aided diagnosis, 

predict ing  the occurrence of acute hypotens ion  in advance, it will win 

precious time for the doctor's diagnosis, thereby reducing the patient 

mortality.  

In order to realize the prediction of acute hypotension, this paper 

takes an algorithm based on the gene  expression  programming (GEP) and 

random forest (RF). Can be divided into four steps:  1.The mean arterial 

pressure (MAP) signals are analyzed by empirical mode decomposition (EMD);  

2. The algorithm obtains features of the signal through the Intrinsic Mode 

Function (IMF) signal produc ed by applying empirical mode decomposition 

(EMD) to the arterial blood pressure (MAP) signal  in step 1;  3. Then the 

feature sets and the data sets are grouped to evolve decision functions 

via G EP. 4. Finally, a random forest is formed and the classificatio n 

result is obtained by voting. The achieved accuracy of the proposed method 
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is 77.55%, the sensitivity is 80.55% and specificity is 75.14% after the 

five - fold cross - validation.  

 

Keywords̔ Acute hypotensive episode ;  Empirical mode decomposition ; G ene 

expression  programming;  Random forest  
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ѿ   

1.1  ӈ 

ױֲ̆ ẫ ̆ ף

Ԋҙ ⌠ ̆ ף ᴪ Ҭ ᵝ ̆ ҹ ᴪ

ӊѿȂ Ҭ̆ ̂ICŨ ҹ ᾝ̆ ̆

ֲ ᶫ Ȃ ᾢ ̆ ֲ

ⱳ ῤ ̆ ҹ ֲ ѿ Ȃ 

₃ ̆ ̆ ICU ԅᾢ ת ῏ Ȃ

ֲ ׆̆ ҳ Ȃ

Һ ̆ ̆ ̆ ̆ ̆ᵣ ᵣ Ȃ ת

⁞ ԅ ֲ Ꞌꜚ ̆ ᵬ ̆ ֲ

’̆Ḃԍ Ạ₮ ‰ ׆̆ ⁞ ̆ ᵞ ֲ ֙

[ 1]Ȃ 

ᵞ ֲ ICU Ҭ ⌠ ₪ ӊѿȂ ҹ ᵞ

ᵣ ᶫ ᶫ Ҍ ̆ Ҥ ̆ ץ

ᵞ Ҍֽᴪ ̆ ̆ᴪ ̆

Ҍ ̆ ֙̆Ҥ Ҭ ֲ ῃȂ 

ᵞ ѿҩ ῤ ᴋᵥ 30№ ῤ 90%

ꜚ ԍ ԍ 60mmHgȂ 

Ҋ 1̆ ҹ ↓̆ ҹ ꜚ ṿȂ׆ 1 Ҭ ױ ץ ⌠

40№ ┴̆₮ ꜚ ṿ ԍ 60mmHğp ₮ 30№

̆ ץ 40№ ┴₮ ꜚ ԍ 60mmHğ Ҍ ҹ ᵞ Ȃ

150№ ⌠ 180№ ӊ ₮ ԅ 30№ ꜚ ṿ ԍ 60mmHğ ץ

150- 180№ ԅ ᵞ Ȃ 
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1. ᵞ ꜚ Ḥ  

Ḥ - PhysioNet MIMIC ň̂ the Multi - Parameter 

Intelligent Monitoring for Intensive Care ň, ̃

2008 12 [ 2] ,ICU Ҭ ԅ 1237ᶛ ꜚ ̆ῒҬ Ҭ

ᵞ 511ᶛ̆ ֙ 37.6%Ȃ ᵞ ̆ ̆

Ҍⱴץ ̆ ᴪ Ҥ Ȃ ̆ ᵥ ᵞ

Ҭ ѿҩ Ȃ 

╠ҳ ҉̆ ᵞ Һ ΐ ү ҳ ∞ ̆

ICUҬ̆ ᵞ ᵬ Ȃ ꜛ Ḥ

№ ̆ᶏ ≠ ҳ ᵞ ҹѿ

Ȃ ⌠ ᵣ Ḥ ̆ № ̆ ≢̆ ̆

ᵞ ̆ ᴪҹ Ԉ ҹ ̆ Ạ₮

̆ ⁞ ֲ ᵬ ̆ ᵬ ̆ ᵞ ֲ ֙

Ȃ ̆ ԍ ᵞ ΐ ҳ ӈ ᴇṿȂ 

1.2   

Ḥ ѿҩ ̆ ғ ҩ Ҭ ̆

Ҭ ̆ ץ̆ Ȃ

̆ ᵞ ῐ ԍ 21ҕ ∆ ̆ṿ ѿ 2009

PhysioNet/ComputersҽⱲԅѿ ῏ԍ AHE ̆
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Ȃ I CUҬ̆ᾢ ת ⌠ ҳ Ḥ ̆ ̂ABP̃̆

̂HR̃̆Ῑ ̂SO2̃ [ 3]̆ Ҭ̆ ≠ױ ABPḤ ѿҩ№

AHE Ȃ   

2001 ̆J̈Bassale № ᵞ ӊ╠ ABPḤ ̆

₮ ABPḤ ᵞ [ 4]Ȃ 

2002 C̆.CrespoẊ ABPḤ ᵞ ӊ╠ ⌠̆

ABPḤ ‖₯ ᵞ ѿ֓ [ 5]̆ 

2007 ̆M.Saeed[ 6]ѿ ԍ Ḥ ҹ ҳ ᵌ

ױז̆ № ҩ ҉ Ḥ Ȃױז ԍ ≢ ICU

ֲ ꜚⱬ Ḥ ӊ ᵌ ̆ ѿҩ

ꜚⱬ Ȃ 

2008 L.Lehman[ 7] ԍ ᵌ № ԍ ̆

Ҭ ᵌꜚ Ḥ Ȃ 

2009 ̆X.Chen[ 8] ABPḤ ҉ ₮ 6ҩ ̆ ABP ṿ

̆≠ ᵞ № ȂM.A.Mneimneh[9] ₮ѿҩ ԍ

↕ ̆ ꜚ Ḥ ṿᵬҹ ᵞ ȂPA. Fournier [ 10] ңҩ№

Ḥ ̆ ₮ ≢ ⱬ ̆ ֓ ԍ №

Ȃ 

2011 ̆T.Rocha[ 3] ₮ ᵞ Ҭ̆Һ №ңҩ

̆ ѿ Һ ̆ ԍ ╠ Ḥ ⌠ Ḥ

ӊ № Ȃ ԋ ╠ Ḥ ҉

ᵞ Ȃ 

2013 V̆.Awandekar[ 11] ₮ѿҩ ̆ MAPḤ № Ḥ

ңҩ № ӊ Ȃ 

҉׆ ̆ ᵞ ᵣ҉ ᾢ Ḥ

̆ ῀⌠ ӟ№ Ҭ № ̆

⌠ Ḥ № Ȃ 

1.3  ῤ  

₮ѿҩ ԍ ̆ № ⱳ
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ӊѿȂ ≢ ≢ ӟҬ № ҉

ⱬ[ 12] [ 13]Ȃ Ҭ ‗ ԍ CART [ 12]Ȃ

ѿ ץ ҹ ̆ ԍ ῃ ⱬ̆ Ҭ̆

Ҭ ‗ ҌῬ≠ CART ̆ ῃ

ᴨ‗ Ȃ Ҭ ̆ ᴰ ⌠

‰ Ȃ 

̂ ԍ ̆ GEP- RF̃ Һ ң №̔ ѿ №̆

≠ ꜚ ₮ ‗ ̕ ԋ № ⌠ ‗

Ȃ 

Ҭ ̔ ᾢ MAPḤ № ̂EMD̃̆׆ ⌠ Ḥ

̂I MF̃ Ҭ ₮ ȂEMD ѿ Ḥ ̆ Ḥ

№ Ḥ Ȃ 

̆ № ̆

₮ѿҩ ᴨ ‗ ₱ ̆ᴧ ‗ ₱ ̆ └

⌠ Ȃ 

ҩ Ҋ̔ 

ѿ ̔ Ȃ ᵬ ӈ̆׃ ῤ AHE ’Ȃ 

ԋ ̔Һ AHE ץ ׃ Ȃ 

҈ ̔Һ ׃ №̆ ̆ ץ ԋ

₮ Ȃ 

̔ Ạ Ȃ 

ԓ ̔ ҍ Ȃ ᴪ Ạ₮ᴨ № ҍ ̆ №

҉̆ ⱴץ ѿ֓ Ȃ 
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ԋ AHE  

2.1  

 № ‰ Ҭ ῏ ᵬ ̆ Һ
[ 14]
̔ 

1.  ԍ ̆ ṿ̆ ̆ ṿ̆ ̆

ⱳ ̆ ⱳ ף Ȃ 

2.  ԍ ̆ ┴ ↓ ̆ ᵬҹ

№ ̆ ԍ ↓̆

Ȃ 

3.  ԍ ̆ ̆ᶏ № ₮ ̆Ӟ

⌠ Ȃ ̆ ̆ ị

̆ ̆ № Ȃ 

4.  ԍ№ ̆№ ΐ ̆ Ҍ ↕̆ ᵌ

Ȃ Ҭ̆ ̆ ̆Ԑ ֓Ҍ ↕ ᵣ ԍ№ ̆

№ҍ ᵣ ᵌ Ȃ ԍ№ № № ᵬ

ҹ ̆ № ̆ № Ȃ 

ᵞ 2̆011 ↨ [ 15] Ḥ ̆ ⱳ ̆

Ҭᵝ ̆ ṿ̆ ṿ̆ ‰Ẓ ̆ ᵞ

Ḥ Ȃ № ꜚ ̆ ̆≠ BP

ᵞ Ḥ [ 16]Ȃ Ҽ ᵞ Ḥ ң

ӊ ꜚ Ḥ № ̆ Ҭᵝ

ṿ̆ ᵞ Ḥ №
[ 17]
Ȃ 

ᾢ ԍ ̆ MAPḤ № ̂EMD̃̆

№ ӊ ⌠ Ḥ ̂IMF̃ ̆ Һ ̆

ץ ѿ֓ῒז Ȃ 



2016 ᵝ  

6 
 

2.2  

׃ 2.2.1  

PhysioNet MIMIC-ň ̆ ֓

ҹ I CU ֲ Ȃ Ҭ ԅ 30,000ҩ ֲ ҳ

Ȃ Ҭ ԅ ̆ῒҬ 5000

̆ᶛ ̔ ̆ Ȃ 

≠ MIMIC-ň Ҭ 1599 ̆ῒҬ 799 AHE

ABPḤ ̆800 ABPḤ Ȃ ҹץ 125HZ ⌠ ABP Ḥ

Ȃ Ῥ Ḥ ̆ ῒ ꜚ ̂MAP̃ȂMAP ̂DABP̃

̂SABP̃ ҊῈ ̔ 

ὓὃὖ Ὀὃὄὖ        ρ  

Ὲ ꜚ Ḥ Ҋ 2̔ 

 

2. ꜚ Ḥ  

ABPḤ ꜚ Ḥ ̆ ѿ Ȃ ABPḤ ᵞ

̆ ҉ ABPḤ MAPḤ Ȃ Ҭ ױ 2.5 MAP

Ḥ ̆ Ҋ 30№ ῤ ᴪ₮ ᵞ Ȃ Ҋ 3̔ 
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3. ᵞ MAPḤ  

׆ 3Ҭ̆ ױ ץ ⌠╠ 2.5 ᵞ ̆ 2.5 ԅ

ᵞ Ȃ Ҭ̆ ױ ╠ 2.5 MAPḤ Ҭ ̆ 0.5

ᵞ Ȃ 

2.2.2 EMD №  

№ ̂Empirical Mode Decomposition,EMD̃ ̂N. E. Huang̃

ҍῒֲזԍ 1998 ⇔ ₮ ѿ Ḥ ̆

≢ ԍ Ḥ № [ 18]Ȃ Ҭ ԍ MAPḤ EMD

№ ⌠ IMFḤ ȂEMD ѿҩ ̆ ѿҩḤ № Ḥ [ 19]Ȃ

N.E.Huang 1998 ᵬҹѿҩ Ḥ ΐ ₮̆

ӊҬ[ 20]ҬȂ 

EMD ѿҩ Ḥ № ₃ҩ Ḥ ̂IMF̃̆ῒҬ ѿҩ IMF ѿҊ

ңҩ ᴆ[ 19]̔ 

1.  IMFḤ ṿ ҩ ̂ ṿ ṿ̃ ҩ

ѿҩȂ 

2.  I MFḤ ΐ ̆ ғ҉Ҋ ṿҹ 0.  

[ 20]Ҭ ̆ Ḥ № IMFs ѿҩ ף Ȃ ף ᴆ Ҋ[1 9] :  

1.  Ḥ ԍѿҩ ᾢ ṿȂ 

2.  Ḥ ѿҩ ₱ ̆Ҍ Ῥ№ IMFsȂ 
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№ ץ ҹץҊ ̔ 

1)  Ẋ i=1  

2)  ⌠Ḥ x( n) ṿ ṿ  

3)  Ḥ x( n) ṿ ṿ ̔Ὡ ὲȟὩ ὲ 

4)  ҉Ҋ ṿ̔ 

άὲ           ς  

5)  Ḥ x( n)ҍ ṿḤ m(n) ṿḤ ̔Ὤὲ ὼὲ ά ὲ 

6)  h(n)ᵬҹѿҩ Ḥ 1- 4 ̆ף ⌠ ᴆȂẊ

ὧὲ Ὤὲ, Ḥ ὼὲ Ὤὲᵬҹѿҩ Ḥ x( n) ̆

i+1Ȃ 

EMD№ ӊ ̆ Ḥ Ώᵬῒץ IMFsӊ ̆ ҊῈ ̔ 

ὼὲ  В ὧὲ        σ    

ᶛ Ҋ̆ 4 ѿҩ ᵞ MAPḤ № ⌠ I MFsȂῒ

Ҭ ҉ ѿҩ ҹ MAPḤ ̆ 11ҩҹῒ№ ⌠ I MFsȂ 

 

4. Ḥ ῒ I MFs 

҉׆ Ҭ̆ ױ ץ ₮̆ ѿҩ IMFḤ ῒңҩ ᴆ̔1. ṿ ҩ

ҩ Ҍ 1, 2. ̆҉Ҋ ṿҹ 0Ȃ 
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ҹԅḠ ҩḤ ₮ ҩ ̆ MAPḤ ⌠ IMF ⌠ԅ

ѿҩ ̆ ҹ ѿҩMAPḤ EMD№ ⌠ IMFҩ Ҍѿ ̆ ױ ⌠

ҩ Ḡ ѿҩMAPḤ № IMFҩ Ȃ ץ MAP

Ḥ № 11ҩ IMF № Ả ̆ №№ IMFҩ ԍ 11̆ № ԍ 11Ȃ ֓

№ IMFҩ ҹ n ԍ 11 ̆Ḡ nҩ Ḥל ̆− n- 1̆n- 2̆ŀ̆ ▼ᵩ

11ҩ IMFȂ ֓№ ҹm ԍ 11ҩ IMF Ḥ ̆ mҩ IMFḤ └

 11ҩ IMFḤ Ȃ 

2.2.3  

ѿҩMAPḤ № ⌠ Ḥ ӊ ̆ Ḥ I MFsҬ

₮ѿ֓ ᵬҹ ȂῒҬ Ḥ IMFs ṿ̆ ṿ̆

ṿ̆Ҭṿ Ȃ 

̆ѿ֓ῒז ̔ 

1.  ѿҩ I MFḤ ̆ ҊῈ 4 ⌠Ȃ 

ÍÁØ ᷁ὬὭὰὦὩὶὸὼὸ   (4) 

  ҩ I MFḤ ̆ῒҬ hilbert ѿҩ Ḥ ҉

̆᷁ Ḥ ᵝ[ 19]Ȃ 

2.  ҍᵞ ṿ̆ MAPḤ № I MFs ̆ Ḥ MAP

Ώҹץ Ҋ̔ 

ὓὃὖ В ὧὲ       υ    

ῒҬὧὲҹ MAPḤ i ҩ Ḥ ̆ ױ ץ ӈ E1 ᵞ

E2 Ҋ̔ 

Ὁ В ‐ὧὲ         φ    

Ὁ ‐ὧὲ      χ 

ῒҬ‐ὧὲ ὧὲ ̆ Ҋ̔ 

‐ὧὲ В ὧ ὲ       ̂8̃ 
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E1 E2 ӈ ̆ ҹ ѿҩ IMF EMD № ҹ 0Ȃ

1Ҭ ̆ ѿҩ IMFḤ ԍ ѿҩ IMFḤ [ 19]Ȃ

ѿҩ IMFḤ ₃Ӎҹ 0.  

̆ ԅ ѿҩ IMF Ḥ 12%№ᵝ ץ̆ ѿҩ IMF Ẓ ̆

ᴧ ᵬҹ № Ȃ ׃ ҊẒ ̆ ᴧ Ȃ 

a.  Ẓ ̔ 

 

4. Ẓ  

Ẓ № Ẓ ̆ Ẓ Ҭᵝԍ ᶷ

ᵩᵝԍ ᶷ ̆ Ẓ Ҭᵝԍ ᶷ ᵩ ᶷ

Ȃ № № ̆↕Ẓ ҹ 0Ȃ ҉ 4̔Ẓ ṿ Ὲ ҊῈ

̔ῒҬ‘ҹ ṿ̆„ҹ ‰ Ȃ 

 ίὯὩύὲὩίί
Ὁὼ ‘

„
       ̂ ω̃  

b.  ̔ 

 

5.  

№ Ȃ ṿҹ 3 ҍ № ̆ ԍ

3 № ̆ ԍ 3 № ҹ Ȃ Ὲ ҉ 5̔

ῒҬ‘ҹ ṿ̆„ҹ ‰ Ȃ 

ὯόὶὸέίὭί
Ὁὼ ‘

„
   ̂ ρπ̃  
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c.  ᴧ ̔ 

 

6. ᴧ  

ᴧ MAP ↓Ҭ₮ MAPṿ̆ № ҉ ҹ№

ṿ ҉ 6̆ № Ҭ₮ ҩ ̆↕ ѿҩȂ 

̆ ῍ѿױ 77ҩ ̔ Ḥ 11ҩ IMFḤ ṿ̆ ṿ̆

ṿ̆Ҭṿ ῍ 60ҩ̆ ҩ IMF 11ҩ̆ ᵞ 1ҩ̆

Ḥ 12№ᵝ 1ҩ̆ ѿҩ IMFḤ 12№ᵝ ̆Ẓ ̆ ᴧ ῍ 4ҩȂ

῍ 77ҩ ̆ № Ȃ 

2.3  

Һ ׃ ԅ ᵞ №̆ ׃ ԅ ῤ ᵞ Ḥ

̆ ≠ ̆ № ̆ ׃ ԅ

Ȃ ҍ № ̆ EMD ᵞ Ḥ

MAP҉̆ MAPḤ № ̆ ׃ ԅ № IMFsḤ Ȃ 
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҈  AHE№  

3.1 AHE№  

 № ̆ ӟ ≢Ҭѿҩ Ȃ ‗№

̆ ѿ № Һ ̔‗ ̆ ̆ ̆k- ̆

ԍ῏ ↕ № ̆ ѿ֓ ѿ№ № ӟ ̆ AdaBoost̆

ȂῒҬ № ҹ ԍ № Ȃ

׃ ѿҊ₃҉ץҩ № ̔ 

1.  ‗ ̆‗ ԍ№ Һ ӊѿ̆ ѿ №

̆‗ ѿ ̆ῒҬ ҩῤ ѿҩ ҉ ̆ ҩ№

ף ѿҩ ₮̆ ҩ ף ѿ ≢̆ ṿ̆ ₃

̆ ⌠ ‗
[ 21]
ȂҺ ‗ ID3̆C4.5̆CART

Ȃ 

2.  № ̆ № ѿ ≠ № ̆

Ȃ ֓ Һ ѿҩ ≢ ԍ ҩ ≢

̆ ῒҬ ѿҩ ≢ᵬҹ ≢Ȃ 

3.  ֲ̆ ף ҉ ₮ ̆ ᵌԍ Ḥ

Ȃ Ҭ̆Ḥ ֜ ̆

Ҭ̆ ̂ ᵌ ̃ӊ ԑ ̆ ľ Ŀ̆ ׆

⌠ Ḥ Ȃ ̆

ӟ Ȃ ṿ̆׆ ᶏῒΐ № ⱳ

̆ ֲ ԍ ≢Ȃ BP Ȃ 

4.  ̆ ̂SVM̃ ӟ ₮ ѿ №  ̆ῒ

ᴨ ץ̆↕‰ № ҹ ‰ ᴨ №

̆ ӟ ⱬ̆ᴨ ‗ԅ ̆

Ȃ ԍ№ ̆SVM Ҭ ₮ ‗ ̆

Ҭ ≢Ȃ 

5.  K- ̆k- (kNN̆ k- Nearest Neighbors) ѿ ԍ № Ȃ

₮ҍ x kҩ ≢ ̆ kҩ
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Ҭ ԍ ѿ ̆ x ҹ ѿ ȂKNN ѿ ӟ ̆

Ҍ № ̆ № Ṝ Ȃ

̆ ᴪ ̆ KNN

⌠ Ȃ 

6.  ̆ ѿ ӟ Ȃ ҹ

ᶏ ѿ № ⌠ № ̆ ԅ №

ӟ Ȃ Ҭ ӟ ≠ ‗ ₮

№ ̆ ᾥ ԅ ‗ Ҋ№ ‰ ᵞҊ Ȃ

₮ѿҩ ҹ № Ȃ 

ԍ ᵞ № ̆ ╠ ῤ Ҭ ̆Һ

׆ Ḥ Ҭ Ҍ ̆ ԍ ӟ Ȃɒ ̆

≠ 2011 Teresa Rocha ᵞ [ 3], 2011 Ҽ

AHE [1 5]Ȃ 

ԍ ῃ ⱬ̆ ᴨ ‗ ̆

№ ̆ Ҍ Ҭ ₮Ҍ ‗ ̆ ᴧ ‗

̆≠ └ ₮ № Ȃ 

3.2  

3.2.1 ᴰ  

ᴰ ᵌԍ ̆ ᴧ ҩᵣҬ ₮ ᴨ ѿҩҩᵣ ‗ Ȃ

20ҕ 60 ף Holland J . H ₮
[ 22]
̆ ז ז

Ȃ ᾢ̆ ֟ ѿҩ ̆ ҩҩᵣ̆ҩᵣӊ ᴰ ᵬ ̔

֜ ̆ ̆ └ ֟ ҩᵣȂ ѿ ̆ ᴰ ѿ ̆

Ḡ ’Ҋ̆ ҩ ҩᵣ ѿҩ ṿ ṿ ᴇ̆

ṿᵞ ҩᵣ̆ ₮ ṿ ҩᵣ̆ ṿ ҩᵣῬ ᴰ ᵬ֟ ҩᵣ̆

Ҋ ̆ ⌠ ᴆȂ ᴰ Ȃ 

֟ Һ Ҋ̔ 

1)  ֟ ѿҩ ұ ᵣ ∆ Ȃ 

2)  ∆ Ҭ ҩᵣ └̆֜ ̆ ᴰ ᵬ̆֟ ҩᵣȂ 
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3)  Ҭ ҩҩᵣ ṿ ᴇ̆ Ḡ Ҍ ’Ҋ

ṿᵞ ҩᵣȂ 

4)  ѿ 2, 3 Ả ‰̔ 

ᴰ ѿ Ҋ̔ 

 

7 . ᴰ  

׆ Ҭ̆ ױ ץ ₮̆ ᾢ ∆ ̆ Ҭ ҩᵣ ұץ

ᵣ Ȃӊ Ҭ ҩᵣ ṿ ᵀ̆∞ ᴆ̆

Ҍ ↕ ֟ ᵬ̆֟ ₮ ̆ ᴆ̆ ₮ ᴨҩᵣ̆↕

Ȃ 

ѿ ’Ҋ̆ ‰ Ҋ҈ץ ’̔ 

(1)  ̆ Ҭ ҩᵣ ѿ ̆ ᴰ ᵬ֟ Ҍ₮ ҩᵣȂ 

(2)  ⌠ ᾢ ף ̆ ץ ᾢ ѿҩ ף ̆ ⌠ӊ Ả Ȃ 

(3)  ⌠ ᾢ ᴇ ̆ ץ ᴇ Ả Ȃ 

Ả ̆ Ҭ ᴨҩᵣ̆ ‗ ᴨ Ȃ ̆ ױ

ᴰ ᴧ׆ Ҭ ̆ ᾢ ∆ ̆ Ҭ ҩᵣ

֟ ұ ̔0101001101̆ ҩᵣ Ҭ ҹ ᵣ̆ ᵣ 10ҩ

Ȃ 0 Ҭ̆1 Ҭ̆ ᴇ₱ ₮ ҩᵣ

ṿ̆ ᴇ₱ ץ Ҭ ῀⌠ ӟ Ҭ № Ҭ

⌠ ‰ ̆ ⌠ ᴨҩᵣ ᶏ№ ‰ ҩᵣ̆

ᴨ Ȃ 

ᴰ Ҭҩᵣӊ ᴰ ᵬҺ └̆֜ ȂῒҬ └ ̆
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Ҭף ҩҩᵣ Ḡ Ҭ̆ף ֜ ̆↕ Ҋ 8̔ 

 

8. ᴰ ҩᵣ ֜ ᵬ 

҉׆ ױ ץ ₮̆ ңҩ ף ҩ ԅԑ ̆֟ ₮ԅ ҩᵣȂ

֜ ᵬҬ֜ ̂ ׆ ҩ ԑ ̃ Ȃ 

ᴰ ᵬҬ ᵬ↕ Ҋ 9̔ 

 

9. ᴰ Ҭ ᵬ 

ᵬҬ̆ ̆ ҉ Ҭ ᵣ҉ 6ҩ ԅ Ȃ 

̆ ᴰ Ҭ ҩᵣ ұ ̆ └֜ ᴰ

ᵬ ̆ ‗ ̆ ̆ ‗ ̆ ᴰ

‗Ȃ 

3.2.2  

ᴰ ץ ҹ [ 20][21]Ȃ

ᴰ Һ ≢ ԍҩᵣ ҉Ȃ ᴰ Ҭ̆ҩᵣ ұ

̆ ̆ Ҭ̆ҩᵣ Ȃᶛ Ҋ 10̔  

 

10.  ҩᵣ  
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҉ Ҭ̆Ἕ Q,+ -̆ *̆ ҉ ҹ ᵬ ̆ῒҬ Qҹ ᵬ̆

+̆-̆*ҹ ̆ Ἕ a,c,b,d ҉ ӊҹ Ȃ ̆Ἕ 2

̆ ̔ ὥ ὧ ὦz Ὠ 

̆ҍ ᴰ ̆ ԅ ⱴ ̆ ‗ ⱴ

[ 21]Ȃ1992 ̆J. Koza ז ӥȇ ȈҬ ԅ [ 15]Ȃ 

҉ ̆ ҍ ᴰ Һ ≢ ԍ Ҭҩᵣ ̆ ᴰ

Ҭҩᵣ ҹұ ̆ Ҭ ץ ҩᵣȂѿҩ

Ҋ 11̔  

 

11.   

׆ ҉ ץ ₮̆ ᴰ № ᵌȂ ≢ֽ ԍҩᵣ

̆ ԍ ̆ ᴰ ᵬ Ȃ ᾢ∆ ̆ ṿ ᵀ̆

ᵀӊ Ҋ ᴆ̆ Ҍ ᴆ̆↕ ᴰ ᵬ̆ ҩᵣӊ

└̆֜ ̆ ̆ ֟ ҩᵣ̆ ҩᵣῬ ᵀ Ҋѿ Ȃ

ᴆ̆ ₮ ᴨҩᵣȂ 

̆ ṿ ᵀ₱ ҩᵣ ҉ № ‰ Ȃ ᴰ ᵬ֜

└̆ῒҬ֜ ңҩ ԑ ̆ Ҋ 12̆ ף 1 ף 2

Ҭ ԑ ֟ץ̆ ₮ ҩᵣ ף 1 ף 2̆ Ҋ ̔ 
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12.  Ҭ֜ ᵬ 

ᵬ↕ 13̆ ῒҬ ѿҩ ѿҩ ̂ ̃

ѿҩ ׆̆ ֟ ѿҩ ҩᵣȂ 13Ҭ ҩᵣ Ҭ ľQĿ̆

ҹ ľ/ Ŀ̆ ֟ ₮ѿҩ  Ȃף

 

13 Ҭ ᵬ 

ҩᵣӊ ᴰ ᵬ ̆ ≢ ֜ ᵬ ̆ ֟

ҩᵣ ̆ ҩᵣ ̆ ҩᵣ Ȃ ֜ ̆ ≢

ᵬ ֟ ̆ ҹ 0 ’̆ ҩᵣ₮

̆ ̂╧ ̃ ҩᵣ̆ Ȃ 

̆ ῃ ⱬ̆ ‗ Ȃᵖ ῒ

ҹ ̆ ץ ҉ Ȃ 
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3.2.3  

 Candida Ferreira [23] [24]ԍ 2001 ₮̆ ѿ

ԍ ⱳ ѿ Ȃ ׆ ᴰ

Ҭ ̆ ԋ ᴨ ̆ ᾥ ԅԋ Ҍ ӊ Ȃῒ

≠ץ ‗ Ȃ 

 ᵣ ̆ ҉ ῍№҈ ̔ ̆ ̆ ᴰ ᵬȂ 

1.  ̔ 

GEPҬҩᵣ ֓ ᵌԍ ᴰ Ҭ ұ ̆ ѿұ

ұȂῒҬ ₱ ȂῒҬ ₱ ̔+̆-̆*̆

/̆sin ,cos,exp ̆ a,b,c,d ṿ ̆

ᶛ ѿҩ ҹ̔Q*- +abcdê ῒҬ Qҹ ԋ Ȃ̃ 

ҩᵣҬ ң №Ȃ Ҭ ץ ₱ ̆Ӟ ץ

̆ Ȃ h ץ ΐᵣ ’ ̆

t ↕ h ₱ Ҭ ᵬ n‗ ̆₱

ᵬ ₱ ‗ ̆ ľ+Ŀ̆ ₱ ΐ ңҩ ᵬ

̆ᶛ a+bȂ ľsinĿ₱ ΐ ᵬ 1ҩ̆ sin ( x)Ȃ

₱ ̆ Ҋ ԅ̆ῒҬ

t =h*(n- 1)+1,h ҹ ̆nҹ₱ Ҭ ᵬ Ȃ 

̔ ױ ѿҩ ҹ 4̆₱ ҹ{ Q,+,- ,*,/ }̆

ҹ{a,b,c,d,e} Ȃ ₱׆ױ Ҭ ץ ₮ ᵬ n=2̆↕

ҹ t =h*(n- 1)+1=4*( 2- 1) ׆,5=1+ ױ ҹ +

ҹ 9. ↕̆ ץ ₱ ̆

̆ ױ ֟ץ ѿҩ ̔ 

a)  ₱ Ҭ ̂ ̃4ҩ ̆ᶭ ↓ ҹ

 

b)  Ҭ ̂ ̃5ҩ ̆ᶭ ↓ Ȃ 

ѿҩ ֟ ԅ̆ ױ ҩ ᶭ ҹ̔+ a Q *,

ᶭ ҹ̔c b d a e ̆↕ ҩ ҹ̔+ a Q * c b d a e  

̆ ֟ ԅ̆׆ ѿұ ұ҉̆ ױ Ҍ₮ ᵬ ̆
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ֲױ ѿ ̆ ױ ѿұ׆ DNA҉∞ ₮ ױ ҩ

ᵝѿ Ȃ Ȃ 

2.  ̔ 

҉ѿ Ҭ̆ ֟ױ ԅѿҩ ̔+ a Q * c b d a e ȂGEP

ľ ̆ ṿĿ ̆ 

̆ ױ ҉ Ҋ ̔ 

 

14. GEP  

̆ ץ ⌠҉ Ҭ ҈ҩ d a e ⌠Ȃ

ҹ ѿҩ ѿҩ ̆ ֽ ῤ ̆

‗ Ȃ ӊ ̆ Ҍ Ҭ

ᵣ Ȃ 

̆ ҹ̔ὥ Ѝὧz ὦȂ

̆ Ӈ ̆ ᴪ ᵞ Ȃ

ԍῒ ұ ↕ └ ῤ ꜚ ̆
[ 25]

₮ԅѿҩ ҹ

̂gene read & computer machine,GRCM̃ ҩᵣ ṿ Ȃ

Ҍ̆ ̆

ṿ Ȃ Ṝ № ץ̆ ⌠ Ȃ

GRCM ᴺף Ҋ ̔ 
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1. GRCM ᴺף  

 

Ӟ ̆ ᾢ̆ ױ ̆ ׆ Ҭ

ѿҩ ̆ ҍ ₱ף ̆ ҹ 1̆↕

Ả ̆ ṿȂ 

3.  ṿ₱ :  

ף ҩᵣ ѿҩ ⱬ ᵀȂ

ҩᵣ ҩᵣ ⱬ ̆ ҩᵣ ᴰ ᵬ

̆ ҩᵣ ṿ Ȃѿҩҩᵣ ṿ₱

Ҋץ 3 ̔ 

1.  ҩᵣ ұ Ȃ ̆ ױ ҉ Ҭ֟ ҩᵣ

ѿҩ Ȃ 

2.  ҩᵣ ₮ ҩᵣ ₱ ṿȂ ҉ ᶛ Ҭ ԍ ₮

ṿȂ 

3.  ᴨ ̆ ₱ ṿ ѿ ↕ ₮ҩᵣ ₱

ȂẊ ҉ ѿҩ ̆ Ӈ ҩᵣ

ṿҍ  ṿӊ ᵬҹץ ṿ₱ Ȃ  ̔



2016 ᵝ  

21 
 

Tҹ ̆ m ̆ώ Ҭ i ṿ̆

ώ i ҉ ṿ̆ ṿ̆ Ӈ ṿ₱

ץ ҹ ҊῈ ̔ 

ὪὭὸὲὩίί ὓ ȿώ ώȿ      ̂ ρρ̃  

ѿҩ№ ̆ Ӈҩᵣ № ҉ ‰ ᵬҹץ

ṿ₱ Ȃ ӊ̆ ṿ₱ ΐᵣ Ȃ 

4.  ᴰ ᵬ̔ 

ԍ GEP ԅ ұ ̆ ῒץ ᴰ ᵬ ᵌԍ ᴰ Ҭ

ᴰ ᵬ̆ ᴰ ᵬ ľ Ҍ ̆ ₮ Ŀ̆

Ӈ֟ ₮ ҹ Ȃ ץ Ҭ ᴰ ᵬ ̆

Ȃ 

GEP ᴰ ᵬ ̆ ̆ṕұ̆ ұ̆ ұ̆ ̆ң

8 [ 26]Ȃ ֓ ᴰ ᶏ ⱬ ̆ ᾧ ₮

Ȃ 

1.  ̔ 

ҩᵣ ̆ ҩᵣף ᴰ ᵬȂ Ṝ

ľ Ŀ ̆ ṿ ҩᵣ Ҭ Ҭ ȂӞ

ṿ ҩᵣ ᵬҹ ף ᴰ ᵬ֟ ȂῒҬף

Ҋ ̔ 

 

15.  
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Ẋ ҈ҩҩᵣ s1,s2,s3̆Ẋ ѿҩҩᵣ ҩᵣ ṿ 35%̆

ԋҩҩᵣ ṿ 16%̆ ҈ҩҩᵣ ṿ 49%Ȃ ҩ

ᵣ Ṝ̆ ֟ ѿҩ 0- 1ӊ x̆ x [ 0,0.35̃Ҭ̆↕

ѿҩҩᵣ̕ x [0.35,0.51 ), ↕ ԋҩҩᵣ̕ x [ 0.51,1]

ӊ ̆↕ ҈ҩҩᵣᵬҹ ף ⱴ⌠ ᴰ ᵬҬ֟  Ȃף

2.  ̔ 

ᵬ ҉̆ ҉ ѿᵝ̆ ֟ ᵝ ҉ Ȃ

ᵝ ̆ Ӈ Ῥץ Ҭ ѿҩ̆ ᵝ ̆

Ӈӄ Ҭ ѿҩ̆ ᵝ Ȃ Ҋ ̆ ᵝ ҹ

ҩ ̆ b ҹ aȂ 

 

16.  GEPҬ  

 

3.  ṕұ̔ 

ṕұ ᵬᵬ ̆ ѿ ̆ ᶏ

ῒҬץ ҹҬ ̆ ᵝ ȂҊ ԅ ṕұ ’̆

Ҭף ԅѿ ᵣҊ⅞ ̆ ṕұӊ ֟ ̆ף ᵣҊ⅞

ҍ Ҭף Ȃ 

 

17.  GEPҬ ṕұ 

 

4.  ұ ̔ 

ұ Ҭ ᴰ Ȃ Ҭ ѿ

ұ̆ ұ ῀ ѿҩᵝ ̂ᵖҌ ѿҩᵝ ̃̆

ῒז ᶭ ̆ ȂҊ ԅ ף

ұ ᵬ ֟ ף Ȃ ԅ Ҭף ᵣҊ⅞ ̆ ῒ

῀⌠ ҈ҩᵝ ̆ ף Ҭ ₮ Ȃ 
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18.  GEPҬ ұ ᵬ 

5.  ұ ̔ 

҉ ұ ᵬҬ̆ Ҍᾛ ұ ῀⌠ ѿҩᵝ ̆

ұ ↕ Ғ ұ ῀⌠ ѿҩᵝ Ȃᵖ ұ

׆̔ ѿҩᵝ ̆ ⌠ ѿҩ₱ ̆ ׆ ᵝ

ѿ ұ̆ ұ ῀⌠ ѿҩᵝ ̆ ᶭ ̆

₮ № Ȃ Ҭ̆ Ҍ⌠₱ ̆↕ҌẠᴋᵥԊ Ȃ

Ạ ҹԅḠ ѿҩᵝ ѿ ѿҩ₱ ᵬ Ȃ

Ҋ ԅѿҩ ұ ֟ ף Ȃ Ҭ ԅ ᵣҊ⅞

№ ұ̆ ұ⌠ ѿҩᵝ ̆ῒᵩ № ̆ ₮ № Ȃ 

 

19.  GEP ᴰ ᵬҬ ұ 

6.  ̔ 

ᵌԍ ᴰ Ҭ ֜ ᵬȂ ңҩ ף ҉̆

ѿҩ֜ ᵝ ̆ԑ ֜ №̆ ⌠ңҩ ף ȂҊ

Ҭ ԅ ̆ ֜ ᵝ ҹ ԓҩᵝ ̆ ԓҩᵝ

ңҩ ԑף ׆̆ ֟ ₮ңҩ  Ȃף

 

20.  GEP  

7.  ң ̔ 

ң ֓ ᵌ̆Ӟ ᵬ ңҩ ҉̆ ңҩ

ף ҉ ңҩ֜ ̆ ԑ ңҩ֜ ӊ Ȃ Ҋ ̆

ԅңҩ ף ᵣ ң ᵬ֟ ңҩ ף Ȃ 
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21.  GEPң ᵬ 

8.  ̔ 

҉ ױ GEP ᴰ ᵬ ҩ ҉ ̆ ̆ѿ ᵣ҉Ӟ

Ҍ ѿҩ ̆ ѿ ᵣ҉ ’Ҋ̆

Ȃ Ӟ ң ᵣ҉̆ ѿ ᵣ҉ ѿҩ ̆

ѿҩ ף ᵝ ԑ Ȃ 

̆ ֓ ᶏ └̆ ⌠ ף ׅ GEP

ӈ̆ Ӟ ѿҩ Ȃ ֓ ᴰ ᵬ ̆

ⱴԅ Ȃ ᾧ ῀ ᴨ Ȃ 

ҍ҉ ᴰ ֓ ᵌ̆ Ҋ ̔ 

 

22.  GEP  

׆ ҉ ץ ₮̆ ҍ ᴰ ≢

GEP ҩᵣ ү ᴰ ᵬȂ 

3.3  

 ѿҩ ԅ ⱳ № ̆ ≢ № ҉ ᵣ
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₮ῒ ӊ [10][ 22]Ȃѿҩ ѿҩ‗ ̆ ץ ᵬ ѿҩ№

Ҍ ‗ [ 22]Ȃ ҩ ҈ №̔ № ̆ ‗ ̆

 

3.3.1 №  

ҹԅḠ Ҭ ҩ‗ ̆ ‗ Ṝ Ҍ

Ҍ ҉ ̆ ‗ Ȃ ̆ ױ

№ ̆ № Ҭ̆№≢ № № Ȃ 

№ Ҭ̆ ԍ Bootstraping Aggregation(Bagging) [27]№

Ȃ Bagging№ Ҋ̔ 

1.  ᾢ ҩ ҹ n ̂ ̃ № ̆ ҹ n

ҩ̆№ m Ȃ ԍ mҩ ҹ n Ȃ 

2.  ҉̆№≢ mҩ № Ȃ ⌠m

ҩ№ Ȃ 

3.  ≠ mҩ№ № Ȃ mҩ№ ‗

ҹ ѿ Ȃ 

̆ ҹԅ ᵣ ₮ῒ ̆ Bagging№ ҉ ԅѿ֓

̔Ҍֽ № ̆ № Ȃΐᵣ Ҋ̔ 

1.  ᾢ ҩ ҹ n ̂ ̃ № ̆ ҹ nҩ̆

№ m Ȃ ԍ mҩ ҹ n Ȃ 

2.  № ̆ ҩ ҹ t̆ ҉ kҩ ̂k<t̃̆

m ̆ ῍ m ̆ ҹ k Ȃ 

3.  m m Ҭ ≠̆ ѿ ѿ ҉ ⌠ѿҩ‗

№ Ȃ ⌠mҩ№ Ȃ 

4.  ≠ mҩ№ № Ȃ mҩ№ ‗ ҹ

ѿ Ȃ 

ᾢ № ̆ №ҹ t Ȃ 24 ̔ 
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23.  №  

№ Ҭ̆ ῀ ̆ ₮ҹ№  ╓░̆ ῒҬ

ṿ̆ ҹԅḠ ѿ ̆

̆ ץ ѿҩ Ҭ̆ᾛ ₮ Ȃ 

№ ̆ № ̆ 25 ̔ 

 

24.  №  

№ ̆ ҉ ̆ ῀ ῃ 77ҩ Ȃ ⌠ t Ὂ̆

№ Ṝ̆ ̆ ץ ҩ Ҭ Ҍᴪ

Ȃ ̆ ԍ ̆↕

Ҭ Ҍ ’Ҋ̆ ҩ ѿ ̆ ԅ ׆̆ └ԅ

Ҭ̆‗ ȂȂ 

3.3.2 ‗  

‗ ̆Һ №ң ̔ ῃ‗ ‗ ◄ Ȃ ᾢ ѿ

‗ ̆ ₮ѿҩ ◄ ‗ Ȃ ̆ ‗ ◄ ῒ№

ⱬȂ ῃ‗ Ṝ ҈ ̆№≢ҹ I D3 Ҭ
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Ḥ ̆C4.5Ҭ Ḥ CARTҬ Gini ̔ 

1.  ID3 ῃ‗ Ḥ [ 28] ѿ ≠ ‗ Ḥץ̆

Ҋ ҹ ‰̆ ҩ ⅞№ ΐ

Ḥ ᵬҹ⅞№ ‰̆ ҩ ̆ ⌠ ‗

№ ᶛȂ 

ID3 ‗ ↕ ԍḤ ↕̆ ΐ Ḥ

ᵬҹ N № Ȃ ᶏ ⅞№Ҭ ᾝ № Ḥ Ȃ

DҬ ᾝ № Ḥ Ҋ̔ 

ὍὲὪέὈ ὴὰέὫὴ          ρς 

ὍὲὪέ$ ҹ ῒ̆Ҭὴҹ Ὥ ṿȂ Ẋ A D⅞№

ҹ vҩҌ Ȃ ⅞№ӊ ̆ҹԅ ⌠‰ № Ḥ Ҋ

̔ 

ὍὲὪέὈ
Ὀ

ȿὈȿ
ὍὲὪέὈ        ρσ 

Ḥ ӈҹ Ḥ ̂ ֽ ԍ ᶛ̃ҍ ̂ A⅞№

ӊ ⌠ ̃ӊ ̆  

ὋὥὭὲὃ ὍὲὪέὈ ὍὲὪέὈ        ρτ 

ѿ ̆ ԍѿҩΐ ҩ ᾝ ̆ ѿҩ ῒ ῃ№ ₃Ӎ Ҍ

Ȃ ↕ ̆‗ 2ԅ̆׆ ץ ₮̆ѿ ױ

ѿҩ Ă Ẋ ᾝ № ԅңҩ № A1 A2̆ ԍ A1 A2 ץ ῒ

Ῥ№̆ ץ ₮ѿҩ ̔ Ҋ ױ ҩ № ̙ D

Ҭᾝ № Ḥ ὍὲὪέ$  , Ӈ ̆ ױ A D⅞№ vҩ

Ὀ (j=1,2, ŀ,v) ӊ ̆ ױ Ὀ ᾝ № ̆ Ḥ

ὍὲὪέὈ , ѿ῍ vҩ ̆ ץ vҩ Ῥ№ ̆ Ḥ Ὲ ̂13̃

ԅȂ ̆ Ὲ ̂13̃ ̆ ױ Ҋ A№₮ ₃ҩ

Ῥ № Ḥ ̆ ԍ ̆ ҉ὍὲὪέ$

ԅ̆ ץ Ḥ ᵬҹ№ Ȃ 
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 ᵖ ᶏ Ḥ ѿҩ ̆ Ẓז ԍΐ ṿ Ȃ

Ҭ̆ ҩ Ҍ ṿ ҩ ̆ Ӈ ᵬҹ№

Ȃᶛ ѿҩ Ҭ 10ҩᾝ ̆ ԍ ѿҩ Ă №≢ 1- 10 ҩ

̆ A № ᴪ№ 10ҩ ̆ Ӈ ԍ ѿҩ ὍὲὪέὈ =0̆ ׆

̂13̃ҹ 0̆ ⅞№ ⌠ Ḥ ̂14̃ ̆ᵖ ̆ ⅞№

ӈȂ 

2.  C4.5 ῃ‗ Ḥ Ȃ 

ҹ ԍḤ Ẓ ΐ Q̆uinlan  [29] ₮≠ Ḥ

ᵬҹ ȂḤ ᶏ ľ№ Ḥ Ŀṿ Ḥ Ȃ№

Ḥ ᵌԍὍὲὪέ$ , ӈ Ҋ̔ 

ὛὴὰὭὸὍὲὪέὈ
Ὀ

ȿὈȿ
ὰέὫ

Ὀ

ȿὈȿ
       ρυ 

ῒҬὮ A Ὦҩ ṿ̆Ὀ A Ҭ Ὦṿ ҩ ̆ȿὈȿ

ҩ Ȃ ҩṿ D⅞№ ԍ A vҩ

₮ vҩ⅞№֟ Ḥ ȂḤ ӈ̔ 

ὋὥὭὲὙὥὸὭέὃ
ὋὥὭὲὃ

ὛὴὰὭὸὍὲὪέὃ
        ρφ 

ῒҬὋὥὭὲὃ ҉ Ὲ ₃Ҭ Ḥ Ȃ ̆ ҩ Ḥ

̆C4.5 ΐ ᵬҹ № Ȃ 

3.  CART ῃ‗ ὋὭὲὭȂ 

CART ≠ ὋὭὲὭ № ȂὋὭὲὭ ⅞№

D Ҍ ̆ῒҬ A ṿὃ Ҍ ӈҹ̕ 

ὋὭὲὭὃ ρ ὴ       ρχ 

 ῒҬὭ ṿὃ ≢̆Ὦҹ ṿҊ ≢̆↕ A Ҍ ҹ̔ 
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ὋὭὲὭὃ ὴᶻ ρ ὴ        ρψ 

 ῒҬὭ A ṿ̆Ὦ № ≢Ȃ 

Ҍ ᵬҹ ̆ ‗ Ȃ  

ױ  ₮ѿҩ ᶛ ̆ ҈ ѿҩ ̆ ѿҩ ̆

̆ ∞ ҽⱲ ꜚ ̆ Ҋ ̔ 

2 ‗  

     ꜚ 

1      

2      

3      

4  Ҭ    

5  ‛    

6  ‛    

7  ‛    

8  Ҭ    

9  ‛    

10  Ҭ    

11  Ҭ    

12  Ҭ    

13      

14  Ҭ    

 

҉׆ Ҭ̆ ױ ץ ₮̆ 4ҩ ̆ ҹ A={ ̆ ̆ ̆

}̆ ң { ̆ }Ȃ 

 D 14ҩ ̆ῒҬ ԍľ Ŀ 9ҩ̆ ԍľ Ŀ

5ҩȂ↕ D Ḥ ̔ Ὲ 12 ̔ 

Info(D) = -9/14 * log2(9/14) - 5/14 * log2(5/14) = 0.940 

Ҋ Ҭ ҩ ῒḤ ̆ Ҋ ̔ 
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1 
Info( ) = 5/14 * [- 2/5 * log2(2/5) ï 3/5 * log2(3/5)] + 4/14 * [ - 4/4 * log2

(4/4) - 0/4 * log2(0/4)] + 5/14 * [ - 3/5 * log2(3/5) ï 2/5 * log2(2/5)] = 0.694 

2 
Info( ) = 4/14 * [- 2/4 * log2(2/4) ï 2/4 * log2(2/4)] + 6/14 * [ - 4/6 * log2

(4/6) - 2/6 * log2(2/6)] + 4/14 * [ - 3/4 * log2(3/4) ï 1/4 * log2(1/4)] = 0.911 

3 
Info( ) = 7/14 * [- 3/7 * log2(3/7) ï 4/7 * log2(4/7)] + 7/14 * [ - 6/7 * log2

(6/7) - 1/7 * log2(1/7)] = 0.789 

4 
Info( ) = 6/14 * [- 3/6 * log2(3/6) ï 3/6 * log2(3/6)] + 8/14 * [ - 6/8 * log2

(6/8) - 2/8 * log2(2/8)] = 0.892 

҉ ̆ ױ ץ ѿҩ ᶭ Ḥ ṿ̆ Ҋ̔ 

1 Gain( ) = Info(D) - Info( ) = 0.940 - 0.694 = 0.246 

2 Gain( ) = Info(D) - Info( ) = 0.940 - 0.911 = 0.029 

3 Gain( ) = Info(D) - Info( ) = 0.940 - 0.789 = 0.151 

4 Gain( ) = Info(D) - Info( ) = 0.940 - 0.892 = 0.048 

̆ ױ ID3 Ҭ Ḥ ṿ ̆ ױ

ᴪ ̆ ҹ Ḥ ṿ Ȃ 

ҹԅ Ḥ ̆ ױ Ὲ 15 № Ḥ Splotinfo. ҹ Ĥ Ṽ ̔ 

Ҭ̆ 3ҩ ṿ̆ῒҬ 5ҩ ̆ 5ҩ ̆ 4ҩ ̆

̆ץ ױ ̔ 

H( ) = - 5/14 * log2(5/14) - 5/14 * log2(5/14) - 4/14 * log2(4/14) = 1.577 

Ҭ̆ 3ҩ ṿ̆ῒҬ 4ҩ ̆ Ҭ 6ҩ ̆ ‛ 4ҩ

̆ ̆ץ ױ ̔ 

H( ) = - 4/14 * log2(4/14) - 6/14 * log2(6/14) - 4/14 * log2(4/14) = 1.557 

Ҭ̆ 2ҩ ṿ̆ῒҬ 7ҩ ̆ 7ҩ ̆ ̆ץ ױ

̔ 

H( ) = - 7/14 * log2(7/14) - 7/14 * log2(7/14) = 1.0 
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Ҭ̆ 2ҩ ṿ̆ῒҬ 6ҩ ̆ 8ҩ ̆ ̆ץ ױ ̔ 

H( ) = - 6/14 * log2(6/14) - 8/14 * log2(8/14) = 0.985 

̆ ױ Ὲ 16 ҩ Ḥ ̆ ҹ IGRȂ Ҋ ̔ 

IGR( ) = Info( ) / H( ) = 0.246/1.577 = 0.156 

IGR( ) = Info( ) / H( ) = 0.029 / 1.557 = 0.019 

IGR( ) = Info( ) / H( ) = 0.151/1.0 = 0.151 

IGR( ) = Info( ) / H( ) = 0.048/0.985 = 0.049 

ױ C4.5 Ҭ Ḥ ‗ ̆

№ Ȃ҉׆ IGR ץ Ḥ ̆ ץ ױ ᵬҹῒ

Ȃ 

̆ ױ ҩ Gini ̔ 

'ÉÎÉ  
υ

ρτ
ρ

ς

υ

σ

υ
 
υ

ρτ
ρ

ς

υ

σ

υ
 
τ

ρτ
ρ

τ

τ

π

τ

πȢστςω 

'ÉÎÉ  
τ

ρτ
ρ

ς

τ

ς

τ
 
φ

ρτ
ρ

τ

φ

ς

φ
 
τ

ρτ
ρ

σ

τ

ρ

τ

πȢττπυ 

'ÉÎÉ  
χ

ρτ
ρ

τ

χ

σ

χ
 
χ

ρτ
ρ

φ

χ

ρ

χ
πȢσφχσ 

'ÉÎÉ  
ψ

ρτ
ρ

ς

ψ

φ

ψ
 
φ

ρτ
ρ

σ

φ

σ

φ
πȢτςψφ 

׆ ҩ ὋὭὲὭ҉̆ ױ ץ ₮̆ CART Gini ᵬ

ҹ ̆ ̆ ᵬҹ № Ȃ 

‗ ῃӊ ̆ ԍ Ҭ Ȃ №

Ҭ Ȃ◄ ‗ Ȃ ◄

ᶏ ̆ ◄ Ҍ № Ȃ 

◄ ѿ №ҹң ̔ᾢ◄ ◄  
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ᾢ◄ ╠Ả ̂ ‗ ҩ ҌῬ№ ̃ ◄ ̆

ѿ Ả ̆ ҩ ̆ ᵬҹ Ȃ

ᾢ◄ ̆ ‗ ⌠ѿ Ả ‗ ̕ ⌠

ᶛҩ ԍ ҩ ṿ ṜӞ Ảץ ̆Ҍ ӊ Ҍ ֓

’Ȃᾢ◄ ҩ ̆Ӟ ױ ԍᾢ◄

‗ ᴨ ‗ Ȃ 

ԋ ◄ Ȃ ῃ ◄ ̆ −

№ Ȃ ѿ Ҭ ≢ Ȃ ҩ ҹ ԍ ∞

◄ Ȃ ҩ ̆ ҹ ῃ‗ ̆ ץ ѿҩ Ȃ

ԍ ῃ‗ Ҭ ѿҩ ̆ ױ ѿҩ ̆

≢ ױ Ҭ ҩ ף ̆ ֟ ԅѿ

ҩ ‗ ̆ ңҩ‗ Ҭ ̆ ‗

Ҭ ̆ ғ ѿҩΐ ᵌ ̂ ᵌ

̆ ̆ῒ ∞ ᵞ ̃̆ Ӈ

ץ Ȃ ץ bottom- up ̆ ᴋᵥ

ץ ᶏ ץ ̆ ץ [ 30]Ȃ 

ױ ‗ Ṝ̆ № ӊ ̆

№ № ̔ 

Ὃ ὋȟὋȟȣȟὋȟȣȟὋ ȟ ύὬὩὶὩ Ὃ ὈȟὊ     ρω    

 ᴰ Ҭ̆‗ CART ‗ ȂCART

№ ̆ ԋ

‗
[ 23]

CART ᶃ №◓ ṿ‰↕҉ Ҭ

ὋὭὲὭ, ὋὭὲὭ ӈ҉Ȃ CART Ὃ ‗ Ȃ ױ

ץ t ‗ Ȃ 

3.3.3 └ 

└ ץ ₮ ѿ ȂῒҬҺ №ѿҊ₃

̔ 

1.  ѿ ‗└̂ѿ ‗̃̔ ѿ ‗└ Ҭ̆ A
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’Ҋ̆ ҹ Ă ᴋᵥѿ Ҍ ̆↕ Ҍҹ AȂ 

2. ׆  └̔ Ҭ̆ ֲ ̆

ֲ ׆ ֲ Ȃ 

3.  ṿ ‗└̔ Ṝ ҹ̆ ҩ ṿ̆ ⌠ ѿ ṿ ̆

ҹ Ȃ 

4.  ⱴ └̔ Ҭ̆ ֲ֓ № ̆ GEPҬ̆ ץ Ạ

ṿ ҩᵣ ᴍ Ȃ 

5.  └̔ Ẋ ҩ№ ̆ Ҭ̆ ױ

ѿҩֲ ̆ᴪ ҩֲ ׆̆ ⱴ ⁞ ṿȂӞ

└ ԍ ҩ№ № ѿҩ ṿ̆

ҩ ṿ Ȃ 

 

‗ ᴰ ᶏ CART ‗ ̆ t

t ‗ ̆ ≠ ѿ ‗ ‗ ₮ѿҩ Ȃ ᴪ

ѿҩ ⌠ t ҩ Ȃ ̆ ‗ ѿ ̆ ׆

↕̆ ⌠ № Ȃ Ҋ 8̔ 

 

25  

ҩ ҉ Ȃ ᾢ № ̆ ѿ

CART ‗ ̆ ԍѿҩ ̆ ѿҩ‗

ᴪ ₮ѿҩ‗ ̆ ׆ ↕ ₮ № Ȃ 



2016 ᵝ  

34 
 

3.4 GEP-RF  

3.4.1 ‗  

╠ ̆ GEP- RF Ҭ̆‗ ₮

‗ ף ᴰ CART ⌠ ‗ Ȃ ԍ‗ GEP Ҭ ץ

ұ ̆ ץ ‗ ̆ ‗ Ӟ ұ ̆Һ

Ҋңץ№ ̔ 

1.  ӈ‗ ̔ 

╠ GEPҬ ̆ ᾢ ᾢױ ӈ ₱ ̔{ Q,+̆-̆*̆

/,sin,cos,tan,cot }̆ ҹ{f1,f2,f3,f4, ŀ,f75,f76,f77}̆ ҹ

ȂῒҬ‗ ₱ ҹ ̆ ҹ ṿȂ 

ῒҬ ̆ ױ ₱׆ Ҭ ̆ ̆

ױ ׆ Ҭ Ȃ ӈ ׆̆ ̆

ױ ץ ₮ Ȃ  

2.  ӈ ѿ֓ ӊ ̆ ױ ץ ֟ ұȂ 

Ẋ̆ ҹ 5̆ ץ ⌠ ҹ 11. ױ ץ ↕̆

₱׆ Ҭ 5ҩ ̔+ sin  * / f2 ̆

̆Ῥ׆ Ҭ 6ҩ ̔f5 f3 f7 f1 f9 f 11̆ ᵬҹ Ȃ

⌠ѿ ֟ ₮ѿҩ ̔+ sin  * / f2 f5 f3 f7 f1 f9 f 11 

̂ ̃ ⌠ѿҩ₱ ̆ ױ ץ ₱

№ Ȃ ץ ѿ ̆ᶛ Ҋ ̔ 

 

26 ‗ Ҭ ѿҩ ҩᵣ 

26 ҩҩᵣҬ +̆,  sin, *, / ԍ Ҭ ѿ֓ f̆ 2,f5,f3,f7
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ԍ Ҭ ѿ֓ ṿȂᶛ f̆ 2 Ҭ ԋҩ ̆ Ҭ̆

ץ ṿ Ȃ ̆ ҉ 9 ̆ ╠ ױ

GRCM ̆↕ ץ ῒ ҹҊ ѿҩ₱ ̔ 

ώ ÓÉÎ Ὢςz Ὢυ           ςπ) 

̆ ѿҩ ῀ ‗ ӊ ̆ 2,3,5,7 ῀₱ 11̆

ױ ץ ₱ ⌠ѿҩ yṿȂ ̆ ץ ѿҩ ṿ ѿҩ‗ № Ȃ

ױ y>0 ᵞ ̆ y<0 ᵞ Ȃ ҉̆ ױ

ץ ₱ ᵬҹѿҩ‗ ₱ Ȃ 

3.4.2 GEP-RF  

Ҭ ṿ₱ ҹ‗ № ‰ ̆ 26ҩᵣ ṿ ̆

ױ ץ ῀⌠ ‗ Ҭ̆ ץ ⌠ѿҩ ‗ ѿҩ‰

̆ ‰ ᵞ̆ ҩ Ҭᴨ ⱷ Ȃ 

̆ ױ ׃ ԅ ̆ ѿ ̆ ױ ץ 11

̆ ᾢ̆ᾢ∆ ѿҩ ̆ Ҭ nҩ ᵌԍ 26 ҩᵣȂ≠

Ҭ ҩᵣ ṿ ᵀ̆ ѿҩҩᵣ Ҭ

№ ‰ Ȃ ׆̆↕ Ҭ ₮ҩᵣᵬҹ ̆ף ҩᵣף

ӊ ᴰ ᵬ̆ ̆ ұ̆ ᴰ ᵬ̆ ᵬ֟ ҩᵣ̆Ῥ≠ GRCM

ṿ ᵀ̆ Ḡ Ҍ ’Ҋ ṿ ᴨ ⱷ

Ȃ ṿᵞ ҩᵣ̆ Ҭ ṿ ҩᵣȂ ᴨ ҩᵣ ᴪ ֟

ҊѿףȂ Ȃ 

ᴆѿ №ҹ҈ ̔ 

1. Ӟ̆ Ҭ ҩᵣῬӞ Ҍ₮ ṿ ҩᵣ ԅ̆ ̆

Ȃ 

2. ֲҹ ף ̆ mףӊ ̆Ả ̆ ̆ף5000 ’

Ȃ 

3. ֲҹ ᴇ ̆ ⌠ҩᵣ ᴇ ̆Ả Ȃ 

̆ ױ ף ̔

m̆ףԋ ῒѿ Ȃ 
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№ ᴺף Ҋ ;  

3 GEP- RFᴺף  

GEP-RF Algorithm 

Input : 

-t: the number of trees, 

-D: the training data set, 

-F: the feature set, 

-m: the size of subset of the feature 

-g: the generation of GEPΩǎ ŜǾƻƭǳǘƛƻƴ 

 

Output:  

-A random forest RF 
 

Method: 

1. For i=1  to t do 

2. Grouping the data set as in Figure 6. 

3. Grouping the feature set as in Figure 7. 

4. Tree(i) = evolveTrees(Di,Fi,g); 

5. End for 

6. RF is obtained with the set of trees with 

   the number of t 

 

Function evolveTrees() 

1. Initialize the population  

2. For i=1 to g do 

3. Evaluate the fitness of individuals in population 

4. Keep the best individual through elitism strategy 

5. Apply genetic operations  

6. Whether the population is convergence 

7. End for 

8. Obtain a tree from the best individual of all the   

 generations 

׆ ᴺף Ҭ̆ ץ ₮ GEP- RF ῀ t - Ҭ‗ ҩ ̆D-

̆F- ̆m- ̆g- ף Ȃ ₮ ѿҩ №

Ȃ ᾢ 23 № ̆ ⌠ DĭῒҬ Di ѿ

Ȃ 24 № ̆ ⌠ FĭῒҬ Fi

Ȃ№ ≠ № ῃ ₮ѿҩ ᴨ

‗ Ȃ ‗ Ҭ̆ ᾢ∆ ѿҩ ̆ Ҭ ҩᵣ ṿ

ᵀ̆ ᴰ ᵬ֟ ₮ ҩᵣ̆ Ḡ Ҍ ’Ҋ ᴨ Ḡ

Ȃ ᴆҹ ⌠ gף ӊ Ả ⅞Ȃ ӊ Ḃ ⌠ѿҩ
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ᵌԍ҉ ѿҩ ұ̆ ץ ұ 26 ‗ Ȃ ҩ

ӊ ̆ ₮ѿҩ t ҩ ‗ ұ Ȃ 

3.5  

 Һ ׃ ԅ̔ 

1. ̆ ᴰ ̆ ̆

ҍ ̆ ᴰ ӊ Ҍ ӊ Ȃ 

2. ̆ ᵥ№ ̆ ᵥ ‗ ץ̆ └Ȃ 

3. GEP- RF ̆ ҍ ̆ ᵥ ‗ ץ

Ȃ 
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4.1  

 № ԍ VS2010 ̆ Һ № 3ҩ №̆ ᾢ

EMD№ ⌠ IMFḤ ̆ IMFḤ FȂ

№ ̆ ≠ № ₮ Ȃ 

 

27  

 ֜ Ȃ֜ ѿ ᵀ № ̆ ӟ

ԍ ⱬȂ ҈ ̔ 

1.  Ḡ ̔Ḡ №ҹң ̆ѿ Ạ ̆

№ ̆ѿ ᵬҹ ̆ № № ⱬ̆≠ ῒ ҉

ᵬҹ № ‰Ȃ ̆ №ҹң Ȃ

ᵖ ⌠ ῒ Ҍΐ ̆Һ ̆

Ҍ ףץ ᵣ № Ȃ 

2.  K ֜ ̔k ֜ ⱬ ̆ῒҺ

№ k ̂ѿ №̃̆ ҩ №≢Ạѿ ̆ῒ
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ᵩ k- 1 Ạ ̆ ᴪ ⌠ kҩ ̆ kҩ ҉

№ ᵬҹ ȂKѿ ԍ 2.ѿ k 5

10̂ Ȃ̃K ֜ ץ ᾧ ӟץ ӟ ̆

⌠ Ӟ ΐ Ȃ 

3.  ѿ ֜ ̔ῒ ֜ k ֜ ѿҩ ’Ȃ ҩ

kṿ ҹ ȂẊ ̆ Ҭ ῍ mҩ ̆ Ӈ ҩ k ҹ

m̆ ̆ ѿ 1ҩ ᵬҹ ̆ῒᵩ m- 1ҩ ᵬҹ

№ ̆ k ֜ ᵌ̆ mҩ ҉ №

₡ ᵬҹ Ȃ ̆ Ӟ ̆

̆ Ȃ 

Ҭ̆ ױ 5 ֜ ⱬ ᴇ̆ԓ ֜

Ҋ ̔ 

 

28. 5 ֜  

 5 ֜ ᾢ № 5ᴍ 1̔,2,3,4,5 ҩ ̆ ҉ Ȃ ᾢ 2,3,4,5 ̆

№ ̆ 1 № ̆ ⌠‰ 1̕ ᵌ̆

2ᵬҹ ̆ῒᵩ ҹ ̆ ⌠‰ 2̕ᶭ ѿҩ

ῒ̆ᵩ Ȃ ⌠ 5 ‰ ṿ ⌠ ‰ Ȃ 
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4.2  

 ԍ PhysioNet MIMIC-ň ̆ Ҭ῍῍

1599 ̆ῒҬ 799 AHE ABPḤ ̆800 ABPḤ Ȃ ᾢ Ḥ

ҹ MAPḤ Ȃ MAP EMD№ Ȃ Ҭ 5 ֜

ⱬ̆ Ҭ‗ ҩ ҹ ׆5̆ IMFs Ḥ Ҭ 77ҩ̆

№ ̆ ҩ ҹ 30Ȃ ‗ Ҋ̔ 

4. ‗  

ҩ  1 ұ  0. 1 

 100 ұ  0.1  

 10  0.3  

ף  1000  0.3  

 0. 1 ṕұ  0.1  

₱  + -̆ ¦̆,/,sin,cos,tan,cot,exp  

 f1,f2,ŀ,f76,f77 

 

‰ץ  ACC̆ SĔ SP ȂῒҬ ACC,SE,SP Ҋ̔ 

 

ὃὅ        ̂ ςρ̃       

  

ὛὉ              ̂ ςς̃        

       

Ὓὖ              ̂ ςσ̃              

 

 ῒҬ TP,FP,TN,FN№≢ҹ ̆Ẋ ̆ ̆Ẋ Ȃ ԍѿҩԋ№

̆ᴪ₮ ’Ȃ ѿҩ ᶛ ғӞ ̆ ҹ ̂True 

positive ̃,Ӟ ҹ ̂TP̃Ȃ ᶛ ̆ ӊҹẊ ̂False 

positive ̃̆ Ӟ ҹẊ ̂FP̃Ȃ ̆ ᶛ ̆ ӊҹ

̂True negative ̃̆ ̂TÑ , ↕ҹẊ ̂false negative ̃̆
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Ӟ Ẋ ̂FÑȂ 

ױ  5 ֜ ̆ῒҬ Ҭ ACC,SE,SP Ҋ ̆

ῒҬ ѿ↓ҹ 5 ֜ ⌠ ̔ 

5 ֜  

Training set 

Time 

Precision 

First 

validation 

Second 

validation 

Third 

validation 

Forth 

validation 

Fifth 

validation 

Average 

validation 

ACC 0.7852 0.7648 0.8016 0.7727 0.7945 0.7837 

SE 0.8225 0.8146 0.8029 0.7910 0.8094 0.8081 

SP 0.7553 0.7292 0.8003 0.7575 0.7798 0.7644 

 

҉׆ Ҭ̆ ױ ץ ₮̆ ԓ ֜ ҉ ‰ ҹ

78.37%̆ ҹ 80.81%̆ ҹ 76.44%Ȃ 

5 ֜ Ҭ ACC,SE,SP Ҋ ̆ῒҬ ѿ↓ҹ 5 ֜

⌠ ̔ 

6 ֜  

Testing set 

Time 

Precision 

First 

validation 

Second 

validation 

Third 

validation 

Forth 

validation 

Fifth 

validation 

Average 

validation 

ACC 0.7524 0.8245 0.7524 0.7962 0.7524 0.7755 

SE 0.7635 0.8786 0.7607 0.8786 0.7462 0.8055 

SP 0.7427 0.7821 0.7436 0.7318 0.7566 0.7514 

 

҉׆  ҉ ץ ₮̆ ҉ ⌠ ‰ ҹ 77.55%̆

ҹ 80.55%̆ ҹ 75.14%Ȃ 

 ԍ ‗

ץ̆ ᴰ CART ‗ Ȃ5 ֜

҉ Ҋ Ȃ 
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7 ҍῒז ҉  

Training set 

        Algorithm 

Precision 
GEP GEP-RF RF 

ACC 0.7803 0.7837 0.6938 

SE 0.8089 0.8081 0.6870 

SP 0.7575 0.7644 0.7009 

  

҉̆ ױ ץ ⌠ ԍ ACC SP ҉

ԍ GEP ̆ ҍ ҉ ̆҈ ԍ  

 ҉̆GEP- RF ACC,SE,SP҈ҩ ҉ ԍ

Ȃ Ҋ ̔ 

8 ҍῒז ҉  

Testing set 

         Algorithm 

Precision 
GEP GEP-RF RF 

ACC 0.7705 0.7755 0.7289 

SE 0.7975 0.8055 0.7297 

SP 0.7478 0.7514 0.7284 

  

҉׆ ̆ ױ ץ ₮ ԍ ҉ ‰

77.55%̆ ҹ 80.55%̆ ҹ 75.14%̆ ғ ԍ

Ȃ 

 ҈ ҹԅ ѿҩ ̆ Ạԅѿҩ T- ̆T ԍ ̂

ԍ 30̃ ңҩ ṿ Ȃ T№

׆̆ ∞ ңҩ Ȃ 

ῒ Ҋ Ȃ 

p-value of T-test result 

         Algorithm 

Precision 
GEP-RF &GEP 

GEP-RF 

&RF 

ACC 0.3864 0.02251 

SE 0.4175 0.03923 
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SP 0.3876 0.1211 

9 T-  

׆ 9̆ ױ ץ ₮̆ ԍ ‰ ҉ ᴨ

ԍ ̆ ‰ ҉ ᴨԍ Ȃ 

̆ ԍ ‰ ̆

҉ ԍ ᴰ Ȃ ҳ ҉ ᵞ

ӈȂ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 














