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1.1.  

( )

( )

 

[1]  1 [1]

( ) ( 8-1-13)

34.2% (

) 28.1%  

 

 1 ( )( [1] ) 
   P25  P75    

 679 0.001 0.104 0.154 0.210 0.589 0.167 0.092 

 679 0.014 0.120 0.171 0.221 0.533 0.175 0.077 

 679 0.018 0.267 0.342 0.432 0.847 0.356 0.135 

 679 0.002 0.115 0.164 0.219 0.588 0.173 0.087 

 679 0.000 0.067 0.117 0.175 0.564 0.130 0.085 
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 Chidamber Kemerer[24] (CK Metrics) 

Chidamber Kemerer  2

CK  2 CK DIT NOC
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C3 3 NOC 3  6 B A
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2.7. Error-prone  

Error-prone true

false error-prone
1  3

recall, precision, f-measure, AUC(Area Under the 

Curve 0 1 1 )

[3,4,7,8]  3 recall, precision, f-measure

 

precision recall error-prone

precision

recall error-prone

precision

recall recall precision precision recall

precision recall  precision recall

f-measure(F ) F-measure 1

 f-measure (7) precision recall

1 recall precision 1
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 precision( ) 

precision true( )
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 recall( ) 

recall true( )
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 (6)  

 

 f-measure(F ) 
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error-prone
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2.8. Error-prone  
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3.4. HE  
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Step3. error-prone  
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3.7. (WEKA)  

 WEKA[21]  WEKA Waikato

WEKA Java

GPL(GNU Public License)

WEKA Java OS

 

WEKA arff(Attribute Relationship File Format)

”@relation” ”@attribute”

@attribute

(numeric) ( {} )

”@data” (CSV ) 1

1 WEKA arff C4.5

CSV arff  24 arff
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 24 arff  
 

WEKA GUI GUI

WEKA

 25 WEKA  4

 5  

 

 25 WEKA  
 

 4  
  

-t file_name  

-T file_name  

-x num fold  

 
 
 
 
 

$ java –cp weka.jar weka.classifiers.trees.j48 –t test.arff 
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 5  
  

-v (Error on training data)  

-d file_name  

-l file_name  

 
3.8. ( ) 

( )

 6 5

WEKA No

 

 6  
No   

0 J48(trees) C4.5  
1 RandomForest(trees) 

 
2 BayesNet(bayes) 

 
3 Logistic(functions)  
4 NaiveBayes(bayes)  

 

 

(1) J48(trees) 

HE C4.5

 

(2) RandomForest 

J48 bagging(

) random feature selection(

feature ) [22]

J48  

(3) BayesNet(bayes) 
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(4) Logistic(functions) 

 

 

 

(5) NaiveBayes(bayes) 

BayesNet BayesNet

BayesNet

 

 

3.9.  
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 7 precision recall efficiency

 

 

 7 (Confusion Matrix) 
true false

true True positive(TP) False negative(FN) 

false False positive(FP) True negative(TN) 

 
 precision(2.7 ) 

true true precision
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 recall(2.7 )  
true true recall

 efficiency( )  
Efficiency  7 Efficiency  error-prone

 
efficiency

TP+FP error-prone
efficiency error-prone

 (8)  

 

HE recall precision

 7 (TP+FN+FP+TN)

(TP+FP)/(TP+FP+FN+TN) efficiency

recall

efficiency precision

error-prone error-prone

efficiency

 efficiency 0.1

error-prone

efficiency

recall precision  efficiency

efficiency 10 %
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3.10.  
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true/false recall  0.7 and 

precision  0.5  HE

 HE

HE

4
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4  

4.1.  

 

 

4.2.  

 [25] sourceforge.net 20 

Understand[26]

OO ( OSS )

PROMISE(Prediction Models In Software Engineering)[27]

NASA Promise ) 

 

 

4.2.1.  

OSS 20 OSS

1 3  OSS

Promise Promise

OSS Promise OSS

Promise

 

 

1. Understand (Java/C++/C 6)

 

2. (

) 

3. (

                                                   
6 Understand Java/C++/C

Java/C++/C 3  
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) 

 

  8  9

 10  11   

 

 8  OSS  
No  

  

 

0 Ant old 12 1183 Java 

1 new 9 1186 Java 

2 ant-ivy old 4 585 Java 

3 new 38 561 Java 

4 ant-ivyde old 10 133 Java 

5 new 26 137 Java 

6 DavMail old 39 24 Java/C++ 

7 new 22 152 Java/C++ 

8 DeSmuMe old 45 361 C++ 

9 new 33 378 C++ 

10 DrJava old 43 1215 Java 

11 new 84 1174 Java 

12 JCS old 1 521 Java 

13 new 104 415 Java 

14 SMPlayer old 1 116 C++ 

15 new 2 115 C++ 

16 Saros old 32 656 Java 

17 new 195 851 Java 

18 WinMerge old 14 393 C++ 

19 new 5 411 C++ 

20 Ffdshow old 232 714 C++ 

21 new 260 736 C++ 

22 Firebird old 87 959 C++ 

23 new 50 996 C++ 

24 gnome-panel old 18 57 C 

25 new 50 39 C 
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No  

  

 

26 gnome-session old 11 24 C 

27 new 4 30 C 

28 jEdit old 22 533 Java 

29 new 38 516 Java 

30 squirrel-sql old 37 3732 Java 

31 new 36 3893 Java 

32 tomcat 

tomcat 

old 282 1276 Java 

33 new 568 1024 Java 

34 VASSAL_Engi

ne 

old 1 887 Java 

35 new 742 147 Java 

36 Inkscape old 168 1223 C 

37 new 235 1151 C 

38 Shareaza old 83 473 Java 

39 new 150 405 Java 
 

 9  Promise  
No  

  

 

0 ar3 8 55 C 

1 ar4 20 87 C 

2 ar5 8 28 C 

3 kc1 326 1783 C++ 

4 kc2 107 415 C++ 

5 kc3 43 415 C++ 

6 cm1 49 449 C 

7 mw1 31 372 C 

8 pc1 77 1033 C 

9 mc2 52 109 C 
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 10 OSS  

AvgCyclomatic  Cyclomatic 

 

MaxCyclomaticStrict Strict Cyclomatic  

CountLine  

CountLineBlank  

RatioCommentToCode 

1  

MaxCyclomaticModified Modified Cyclomatic  

AvgCyclomaticModified  Modified Cyclomatic 

 

AvgEssential  Essential  

CountDeclFunction  

CountStmtExe  

CountStmt  

CountLineCodeDecl  

CountSemicolon  

CountLineCode 

 CouneLineCode  

AvgCyclomaticStrict  Strict Cyclomatic 

 

CountLineCodeExe  

MaxCyclomatic Cyclomatic  

CountLineComment  

CountDeclClass  

CountStmtDecl  

SumCyclomaticStrict Strict Cyclomatic  

SumCyclomatic Cyclomatic  

SumCyclomaticModified Modified Cyclomatic  

SumEssential Essential  

Language  
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 11 Promise  

blank_loc numeric  

branch_count numeric  

code_and_comment_loc 

numeric 

 

comment_loc numeric  

cyclomatic_complexity 

numeric 

 

design_complexity numeric  

halstead_difficulty numeric  

halstead_effort numeric  

halstead_length numeric  

halstead_time numeric  

halstead_volume numeric 

 

total_loc numeric  

total_operands numeric  

total_operators numeric  

unique_operands numeric  

unique_operators numeric  
 

4.2.2. (OSS ) 

OSS 2

old new 2

(old)

(new)

Promise 

 

OSS

( )

SZZ [30]
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Subversion( )

(Bugzilla ) (

ID )

Subversion

 bug fix  

Promise

Subversion( ) OSS

 

 

4.2.3. (OSS ) 

OSS

OSS

Understand

 26

 26

2 (n+1 n+2)

 

 
 26 OSS  
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4.3.  

 

 

1

 

2

precision ( )

 

3  

 

1 

1

2 error-prone 

error-prone 

3 

error-prone 

 

 

4.4.  

 

1  

OSS Promise ( )

1

( ) 5

WEKA (arff ) WEKA

( ) true

( ) 3

 

OSS 40

39 40

5( ) 7800 Promise 10
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9 10 5( ) 450  

 

2  

( 1 5) arff 10

 12  13

(8 ) precision( precision

) 

precision

2  OSS /Promise 12( ) 8(

) 5( ) 480  

 

1.

 

2. 1 precision recall efficiency  12

true

false  

3.  

(error 10% 10% 1% 1% )

 

4. arff  

5. arff WEKA 10  

 

 12 20% 60% 80%

[31,32,49,50,51,52,53]

precision recall error-prone

true efficiency

true

0 efficiency  0.3 and recall 0.7  

 



56 
 

 

 

 

(1) precision

precision  

(2) precision 100

( 0 )

 

(3) ( )

precision

 

 

 12 2  

precision P recall R
efficiency E

E 0.3 and R  0.7 
P 0.4 and R  0.7 
P 0.4 and R  0.6 
P 0.4 and R  0.5 
P 0.3 and R  0.7 
P 0.3 and R  0.6 
P 0.3 and R  0.5 
E 0.3 and R  0.6 
E 0.3 and R  0.5 
E 0.2 and R  0.7 
E 0.2 and R  0.6 
E 0.2 and R  0.5 
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 13  

 

3  

2 10 3.3 10

9 1 10

arff

precision  

 

 2  

 arff  

 

3 OSS 19200  12( ) 8( )

5( ) 40( ) Promise 4800

12( ) 8( ) 5( ) 10(

)  
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4.5.  

OSS Promise 2

3
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5  
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5  

5.1.  

4 2

4

 8  9 No  6 No

 

 

5.2. 1  

OSS  (precision  0.5 

and recall  0.8)  14 42 

14 ( PT

)  precision recall

efficiency 0.8 1

 

 

 14 OSS 1  
(precision  0.5 and recall  0.8) 

PT        precision  recall  efficiency  

 22 0 15 1 1 0.009 
 36 1 15 1 1 0.009 
 36 3 15 1 1 0.009 
 39 4 35 0.877 0.849 0.808 

 18 4 35 0.87 0.857 0.823 
 6 2 35 0.835 1 1 
 18 2 35 0.835 1 1 
 25 2 35 0.835 1 1 

 13 4 25 0.645 0.816 0.713 
 18 2 6 0.644 1 0.967 
 35 0 6 0.643 0.947 0.918 
 35 3 6 0.638 0.974 0.951 
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PT        precision  recall  efficiency  

 28 2 25 0.635 0.816 0.724 
 11 2 25 0.629 0.898 0.805 
 31 2 25 0.625 0.918 0.828 
 25 2 6 0.623 1 1 

 37 2 25 0.623 0.878 0.793 
 13 2 25 0.622 0.939 0.851 
 35 1 6 0.62 0.816 0.82 

 5 4 25 0.618 0.857 0.782 
 36 2 25 0.611 0.898 0.828 
 5 2 25 0.605 0.939 0.874 
 17 2 25 0.603 0.959 0.897 
 30 2 25 0.597 0.939 0.885 
 17 3 25 0.592 0.918 0.874 
 35 0 25 0.592 0.857 0.816 

 35 4 6 0.589 0.868 0.918 
 3 2 25 0.578 0.98 0.954 
 35 3 25 0.576 1 0.977 

 16 2 25 0.573 0.959 0.943 
 35 2 25 0.57 1 0.989 
 33 2 25 0.57 0.918 0.908 
 35 1 25 0.568 0.939 0.931 
 6 2 25 0.563 1 1 

 38 4 25 0.554 0.939 0.954 
 39 4 25 0.554 0.939 0.954 

 9 4 15 0.5 1 0.017 
 20 1 15 0.5 1 0.017 
 23 0 15 0.5 1 0.017 
 23 4 15 0.5 1 0.017 
 24 1 15 0.5 1 0.017 
 29 0 15 0.5 1 0.017 

 

 

  



62 
 

 

 precision  0.4 and recall  0.8 

precision  0.5 and recall  0.8 precision 0.1

44 

 15  

 

recall  0.8 and efficiency 0.2 

20% 80% Weyuker[31]

80% 20% Glass[32]

20%

80% 71 

9 (precision  0.5 and recall  0.8) 

 16  

 

 15 OSS 1  
(precision  0.4 and recall  0.8) 

PT    precision recall efficiency 

 22 0 15 1 1 0.009 

 36 1 15 1 1 0.009 

 36 3 15 1 1 0.009 

 39 4 35 0.877 0.849 0.808 

 18 4 35 0.87 0.857 0.823 

 6 2 35 0.835 1 1 

 18 2 35 0.835 1 1 

 25 2 35 0.835 1 1 

 13 4 25 0.645 0.816 0.713 

 18 2 6 0.644 1 0.967 

 35 0 6 0.643 0.947 0.918 

 35 3 6 0.638 0.974 0.951 

 28 2 25 0.635 0.816 0.724 

 11 2 25 0.629 0.898 0.805 
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PT    precision recall efficiency 

 31 2 25 0.625 0.918 0.828 

 25 2 6 0.623 1 1 

 37 2 25 0.623 0.878 0.793 

 13 2 25 0.622 0.939 0.851 

 35 1 6 0.62 0.816 0.82 

 5 4 25 0.618 0.857 0.782 

 36 2 25 0.611 0.898 0.828 

 5 2 25 0.605 0.939 0.874 

 17 2 25 0.603 0.959 0.897 

 30 2 25 0.597 0.939 0.885 

 17 3 25 0.592 0.918 0.874 

 35 0 25 0.592 0.857 0.816 

 35 4 6 0.589 0.868 0.918 

 3 2 25 0.578 0.98 0.954 

 35 3 25 0.576 1 0.977 

 16 2 25 0.573 0.959 0.943 

 35 2 25 0.57 1 0.989 

 33 2 25 0.57 0.918 0.908 

 35 1 25 0.568 0.939 0.931 

 6 2 25 0.563 1 1 

 38 4 25 0.554 0.939 0.954 

 39 4 25 0.554 0.939 0.954 

 9 4 15 0.5 1 0.017 

 20 1 15 0.5 1 0.017 

 23 0 15 0.5 1 0.017 

 23 4 15 0.5 1 0.017 

 24 1 15 0.5 1 0.017 

 29 0 15 0.5 1 0.017 

 25 3 26 0.444 0.8 0.545 

 39 4 33 0.418 0.832 0.71 
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 16 OSS 1  
(recall  0.8 and efficiency  0.2) 

PT    precision recall efficiency 

 22 0 15 1 1 0.009 

 36 1 15 1 1 0.009 

 36 3 15 1 1 0.009 

 9 4 15 0.5 1 0.017 

 20 1 15 0.5 1 0.017 

 23 0 15 0.5 1 0.017 

 23 4 15 0.5 1 0.017 

 24 1 15 0.5 1 0.017 

 29 0 15 0.5 1 0.017 

 9 0 15 0.333 1 0.026 

 10 0 15 0.333 1 0.026 

 10 1 15 0.333 1 0.026 

 20 3 15 0.333 1 0.026 

 22 4 15 0.333 1 0.026 

 39 3 15 0.333 1 0.026 

 7 3 15 0.25 1 0.035 

 9 1 15 0.25 1 0.035 

 9 3 15 0.25 1 0.035 

 37 3 15 0.25 1 0.035 

 38 0 15 0.25 1 0.035 

 8 4 15 0.2 1 0.043 

 21 4 15 0.2 1 0.043 

 36 0 15 0.2 1 0.043 

 37 0 15 0.2 1 0.043 

 37 1 15 0.2 1 0.043 

 8 3 15 0.167 1 0.052 

 20 4 15 0.167 1 0.052 

 21 2 15 0.167 1 0.052 

 39 1 15 0.167 1 0.052 

 7 1 15 0.143 1 0.061 
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PT    precision recall efficiency 

 8 2 15 0.143 1 0.061 

 9 2 15 0.143 1 0.061 

 21 0 15 0.143 1 0.061 

 23 2 15 0.143 1 0.061 

 24 4 15 0.143 1 0.061 

 29 4 15 0.143 1 0.061 

 4 0 15 0.125 1 0.07 

 26 0 15 0.125 1 0.07 

 28 4 15 0.125 1 0.07 

 38 3 15 0.125 1 0.07 

 10 4 15 0.111 1 0.078 

 19 4 15 0.111 1 0.078 

 20 2 15 0.111 1 0.078 

 28 3 15 0.111 1 0.078 

 32 1 15 0.111 1 0.078 

 37 4 15 0.111 1 0.078 

 22 2 15 0.1 1 0.087 

 24 3 15 0.1 1 0.087 

 36 4 15 0.1 1 0.087 

 2 4 15 0.0909090
91 

1 0.0956521
74 

 20 0 15 0.083 1 0.104 

 25 4 15 0.077 1 0.113 

 1 4 15 0.0769230
77 

1 0.1130434
78 

 1 2 15 0.0714285
71 

1 0.1217391
3 

 11 4 15 0.071 1 0.122 

 29 3 15 0.071 1 0.122 

 39 0 15 0.071 1 0.122 

 32 0 15 0.067 1 0.13 

 10 3 15 0.063 1 0.139 
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PT    precision recall efficiency 

 32 4 15 0.063 1 0.139 

 33 4 15 0.063 1 0.139 

 38 2 15 0.063 1 0.139 

 6 4 15 0.059 1 0.148 

 33 3 15 0.059 1 0.148 

 5 1 15 0.05 1 0.174 

 7 4 15 0.048 1 0.183 

 13 1 15 0.045 1 0.191 

 32 3 15 0.045 1 0.191 

 7 2 15 0.043 1 0.2 

 16 4 15 0.043 1 0.2 

 31 4 15 0.043 1 0.2 

 

Promise Promise 

 (precision  0.5 and recall  0.8)  17

OSS  

 

 17 Promise 1  
(precision  0.5 and recall  0.8) 

    precision  recall   efficiency  

1 1 2 0.636  0.875 0.306  
1 2 2 0.636  0.875 0.306  
1 4 2 0.636  0.875 0.306  
4 4 2 0.500  1 0.444  
5 4 2 0.500  1 0.444  
6 4 2 0.636  0.875 0.306  
8 4 2 0.700  0.875 0.278  
9 2 2 0.500  1 0.444  
9 4 2 0.538  0.875 0.361  
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(1) 

1  

(2) OSS (old) (new)

 14

 

(3)  

 

5.3. 2  

5.3.1. ( 2)  

2 precision 0.7  18  19

precision 0.8 OSS /Promise

0.7

error-prone

precision

5.3.2  

 

 18 2 (OSS )(precision>0.7) 
 

  
TP FN FP TN precision 

3 3 0 50 117 13 7620 0.794 
3 23 0 50 117 13 7620 0.794 
3 13 0 51 116 14 7619 0.785 
3 123 0 51 116 14 7619 0.785 
2 3 0 39 80 11 7670 0.780 
2 23 0 39 80 11 7670 0.780 
1 3 0 42 42 12 7704 0.778 
1 13 0 42 42 12 7704 0.778 
1 23 0 42 42 12 7704 0.778 
1 123 0 42 42 12 7704 0.778 
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TP FN FP TN precision 

5 1 0 77 165 23 7535 0.770 
5 12 0 77 165 23 7535 0.770 
3 1 0 53 114 16 7617 0.768 
3 12 0 53 114 16 7617 0.768 
2 0 0 42 77 13 7668 0.764 
2 2 0 42 77 13 7668 0.764 
5 0 0 77 165 24 7534 0.762 
5 2 0 77 165 24 7534 0.762 
3 0 0 53 114 17 7616 0.757 
3 2 0 53 114 17 7616 0.757 
2 1 0 40 79 13 7668 0.755 
2 12 0 40 79 13 7668 0.755 
2 13 0 39 80 13 7668 0.750 
2 123 0 39 80 13 7668 0.750 
1 1 0 36 48 14 7702 0.720 
1 12 0 36 48 14 7702 0.720 
1 0 0 35 49 14 7702 0.714 
1 2 0 35 49 14 7702 0.714 
3 123 2 22 145 9 7624 0.710 
4 3 0 53 117 22 7608 0.707 
4 23 0 53 117 22 7608 0.707 

 
 19 2 (Promise )(precision>0.7) 

  
 

TP FN FP TN precision 

6 0 0 44 24 14 368 0.759 
6 1 0 44 24 14 368 0.759 
6 2 0 44 24 14 368 0.759 
6 12 0 44 24 14 368 0.759 
6 3 0 42 26 16 366 0.724 
6 13 0 42 26 16 366 0.724 
6 23 0 42 26 16 366 0.724 
6 123 0 42 26 16 366 0.724 
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2 OSS /Promise

precision OSS  20

Promise  21 OSS 0 precision

0.583 123(  13 3

) precision 0.710 Promise 0

precision 0.273 2 precision 0.323  

 

 20 (OSS ) 
   precision 

3 123 2 0.710 

3 13 2 0.667 

3 23 2 0.667 

3 3 2 0.636 

3 12 2 0.625 

3 1 2 0.600 

3 0 2 0.583 

 
 21 (Promise ) 

   precision 

2 2 1 0.323 

2 3 1 0.303 

2 13 1 0.286 

2 1 1 0.281 

2 123 1 0.281 

2 0 1 0.273 

2 23 1 0.267 

 

2 precision 100  OSS /Promise

 22

 22 OSS 0 (

) 11 0 (

) 89 Promise
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0 12 0 88

 22

 

 

 22 100  

 
 

OSS  Promise  

0 11 12 

1 12 12 

2 8 13 

3 14 12 

12 12 14 

13 16 12 

23 14 13 

123 13 12 

 

2

precision

 

 

5.4. 3  

3

OSS 16800 725 ( 4.32%)

precision Promise 4200

227 ( 5.4%) precision OSS /Promise

 23  24



71 
 

 

precision 

 

 

 23 (0 ) (OSS ) 
 precision    

1 67 2400 2.79% 

2 74 2400 3.08% 

3 83 2400 3.46% 

12 109 2400 4.54% 

13 116 2400 4.83% 

23 130 2400 5.42% 

123 146 2400 6.08% 

 725 16800 4.32% 
 

 24 (0 ) (Promise ) 
 precision    

1 20 600 3.3% 

2 17 600 2.8% 

3 32 600 5.3% 

12 32 600 5.3% 

13 34 600 5.7% 

23 43 600 7.2% 

123 49 600 8.2% 

 227 4200 5.4% 
 

5.5.  

4
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6  
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6  

6.1.  

4 5

Barbara[35]

2  

 (Internal validity) 

 (External validity) 

 

4 5

 

 

 

6.2.  

6.2.1. (OSS ) 

Promise OSS

4.2.3

(1) (2) (2)

 

(1) 

 

(2) 

 

(2) (1)
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6.2.2. (OSS ) 

4.2.2 OSS

( )

Subversion  

bug fix  

 

SZZ [30]

 

 

6.2.3. ( )  

3.2 1 (

10% 10% 1% 1% 3 0 2 )

(

)  

10% 10% 1% 1% 3

 

 

6.2.4. 2 3  

4.4 2 10

3 10

error-prone

 

 

6.2.5.  

4 OSS Promise 2 OSS

sourceforge
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OSS Subversion

(bug  fix) Bug fix

Bug fix Bug fix

Promise NASA

 

 

6.2.6.  

 

 

6.3.  

2 3
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6.4.  

 

 



77 
 

7  
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7  

 error-prone error-prone

 

 

 error-prone

.

( )

 

HE

HE

method mining

error-prone error-prone

 

error-prone

( precision) 2 3
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(1) error-proneness 

error-proneness 

 

(2) 

 

(3) 

 

(4) 

error-prone

error-prone

 

(5) OSS

Promise

 

(6) SZZ [30]
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(7) error-prone

error-prone
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