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On Early Phase Fault Estimation in Object-Oriented Development 
Toshihiro Kamiya†, Shinji Kusumoto† and Katsuro Inoue†‡ 

Chidamber and Kemerer's metrics are well-known object-oriented design complexity 
metrics. In the evaluations, their metrics were applied to source code because some of them 
depend on the information that can not be obtained until the end of design phase. This 
paper proposes a new method to estimate the fault-proneness of class by using C&K metrics 
at early design phase. In the proposed method, we introduce four checkpoints into the 
analysis/design/implementation phase, and use only the applicable metrics among the 
complexity metrics. Then we estimate the fault-proneness of the class by multivariate 
logistic analysis.  
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� ô u | _ � ^ W

OMT ^��0�%� k
laz ® C z  �© ( Ø*ì Ò�� ^ Ê c.a W '
                                                             

1 Weyuker x{2 Ø �}| ì ; '���� G§I K�Í�| S�u�{ v�w( ü�ý�~�� O��
X r Wn� « ( '$�½� G§I O y ( ü%ý�~
�
^�Æ d r a µ"¶ r | [17]

V
 



��� G�I�(%� ^ x ® C ØÎì Ò�� ( � c�� � � û b ¾\¿
�*Ö ( R W ® C Ø*ì Ò�� (�� c���� WY �©�Ø*ì Ò�� (�KL�� r ¦ û b � { � c Ö ( K � U*Vzy (��   ^��0� { W® C Ø�ì Ò
� (�� �#� � W ® C�ï%ð�ñ ^ E r a û b¾\¿ � '���� G§I O b�c�a Ø Ù Ò�Ú � Û�Ü ( Ý D O��%� V  

Ä ­ W C�DS(����\¦ d�� Û o
p�x I ^ 4 Q ()� ì 4G=� e�g � OP�S� r W �%� ì 4 G7� e�g � �A��( _ � ��þ
ÿ K ® C�ï%ð�ñ ^�� ø$� Õ U ¦ OP� d ¦ ^ S�U*V ç ^ W��� ì 4 G=� e�g � � � Û � Z U ® C"ï�ð�ñ�� û b ¾¿ � '(��� GJI�( : k l�m O p�q�S%U
V�� J ^ W ��� ì
4 G�� e
g � ^ Ê c.a WYØ Ù Ò�Ú � Û%Ü O
W û b ¾\¿ � '
��� GJI�(��%j%� p ë I
¤{� 4 G$�E� k�l�O b�c�a Ý DS�U*V

 

 
3.2. ���� ��5¡
¢�£��¥¤7¦�§S¨E©Aª��$���T� �  

2.
� x W OMT

( k�l,z ® C Ø
ì Ò�� O�W G�HfI�(P«¬ O F�G
­ r a�c �n®�¯ R±° ÷ a W 6 Q (ÎIh¤ 4 o ^ k
� r | VYy ( kA� ^{�%� c�a W ® C"ï�ð�ñ ^ '(��� GJI
O û b S�U |ÇÞ ^ W²k
l /

® C
/  �©�Ø*ì Ò�� ^ 4 Q (� ì 4 G³� ehg � O ® ø U*V  

 
(CP1)   U%R7B{C (entity and relation) 

CP1 x Ih¤ 4 o 1 W 2 W 3 KP´�µ r | w ����� U*V GfHJI
> (�¶ Æ BDC�R G$HfI�(�· À K Q p � Z a�c U
V ¶
Æ B�C x G(H]I > ( ·�m (coupling) ^ E�¸ r W · À
x ehg Ihi g I
j�k ^ E
¸ S�U*V CP1 ^ Ê c�a x W²�
" BDC x Q p � Z a Ê d ­ W G�HfI�H e ê H � ��(��(�G�HfI K�¹
º b � Z U ¦ Ö ® C�ï%ð�ñ ^ x ó ô �
Z a�c � c V¼» ä � W NIV x · À ( þ"ÿ ¦ d C�1 �
Z U*V CBO x ¶ Æ B)C ¦ d C�1 � Z U K�W G�H�I�H e
ê H � ��( ¹�º b � Z U G$HfIP½%(�¶ Æ x �.ö ^¨óô � Z a5c � c (�� W CBO

( ~ x�¾ ö � x � c V  

(CP2)
«0¬ RI¿�À

 

CP2 x I*¤ 4 o 4
R

5 KP´�µ r | w ����� U*VzS � Õ

Á W G$HfI�( � " B�CtR G$HJI{( '325476 K Q p � Z ac U5V � " B�C O Q p�S%U |.Þ ^ W G$HfI�( ¿SÀSÂ
K���ö ^�ó ô � Z U
V Ï ` a W DIT K)� " B)C ¦ dC�1 � Z U*V NIM x�'325476 ^ B�S"U þ�ÿ ¦ d C�1��{
U�V ¹�º b � Z U G�H I K Q p � Z a\c U (�� W
CBO x�¾ r � C�1 � Z U*V  

(CP3)
; Ú�< � � ¥  

CP3 x Ih¤ 4 o 6 K{´�µ r | w �\��� U*VzS � Õ Á W� '72�4=6 ( ; Ú0< � � ¥ R '³2�476=> (
?
@ " ryB)C
K Q p � Z a5c U*Vzy ( þ�ÿ�^5_(` a W LCOM

R
RFC

K C�1 � Z U*V  

(CP4)  �©  

CP4 xP2 Ò I Ñ Ò 6 K¨ �© � Z�| w �\��� U*V ��G�HI ^ Q c�a W SLOC( 2 Ò IP( � k ) K C�1 � Z U*V  

 
CBO x CP1

R
CP2

�.C�1 � Z U*V CBO x E�F R �U G$HfI R X�Z �"� (�G$HfI R ( ·�m (�k O k ² U '$���G§I��.� U*V
CP1
(

CBO x C�D�E�F�G�H�I RIÃ�Ä ^ �
Û � Z�| G$HfI R ( ·�m ( Ô O k ² U (�� W CBO

( ~
x C&K '���� G§I{( é � ë)Å Ú ( p\q ^ Ï ` a C�1 � ZU Õ ø � x � c VYr ¦ r � K d W ®%Æ (�i%j ^�_v` a W
CP1

( w ��( CBO x Ø Ù ÒÇÚ � Û�Ü R3Ç c�È B OvP
Q y(R K5Á � Z a5c U [10]

V X�ZAÉ�²�W ��Ê ( 2 Q ( '��
� G§I Oy�
� r a y Z d ( CBO O�ËPÌ S�U*V  

CBON(Coupling Between Object classes 
Newly-developed) Í  

CBON x E"F R � U G$HfI R W Ã�Ä ^ � Û � Z\| G�HI R ( ·"m O k ² U*V  

CBOR(Coupling Between Object classes Reused) Í  
CBOR x E�F R � U G�H�I R W²¹�º b � Z�| GfHJI R (
·�m O k ² U*V  

 p\q _v� W CBO x CBON
R

CBOR
( m C ^5� U*V  � ì 4 G�� e�g � R W � ì 4 GÎ� ehg � ^ Ê c.a C�1 ¾

 Ï
1
� ì 4 G³� ehg � R û b ¾\¿ � '���� G§I  

Table 1 Checkpoint and available metrics � ì 4 GÎ� ehg �  tE� S�U þ�ÿ  û b ¾�¿ � '$��� G§I  

(CP1)   U%R7B{C  
GfHJI > ( B{C W GfHJI{()· À  NIV, CBON 

(CP2)
«S¬ RI¿�À

 
G$HfI�( ¿0À «�¬ W '³2�476 W²¹�ºb � Z U H e ê H �  

NIV, CBON, CBOR, CBO, NIM, DIT, NOC 

(CP3)
; Ú�< � � ¥  '³2�4�6 ( ; Ú�< � � ¥  NIV, CBON, CBOR, CBO, NIM, DIT, NOC, RFC, 

LCOM 

(CP4)  �©  2 Ò I Ñ Ò 6  NIV, CBON, CBOR, CBO, NIM, DIT, NOC, RFC, 

LCOM, SLOC 

 



¿ � '$��� G§I O Ä R Þ¨| Ö ( O Ï 1 ^ Á S�V  

 
3.3. Ð�ÑEÒ%Ó�ÔÎ�PÕ{Ö± ���×�Ø�Ù�Ú  á�â

[1][3] ^ Ê c.a W �"jS� p ë Ih¤�� 4 G5��� k
l
K oSp � Hv¥�( Ø*Ù Ò�Ú �×Û�Ü O Ý D S%U ( ^ b�c"d
Z a.c U5V h%i�j�� Ö y ( V õ O b�c U5V '��z� GfI�(
fault-prone

Ý D À�¿
(
E�F%(¨GfHJI ^ Ø Ù Ò�Ú � K Û�ÜS�U ¦ O Ý D S%U(À�¿ ) O µ�¶ S�U |.Þ ^ x W Ä ­ W GHfI)( '(��� GJI ~�O��AÛ RTr WnÜ�Ý�~ (

Ý D
) O " Û S"UB k O�ù U ü�ý K � UÎV " Û ( ÜSÝ�~ x G�HfI K�ØvÙÒ�Ú � OhP�Q ¦ P�| � c ¦ O*Á S�VÞB k ^ ��D � Z�|

']�×� G�I ~�O{ß�² a Ý D O��%� V X (PJ W Ý D�à�á Ú R
 �¡ ^ �MD � Z�|5Ø Ù Ò�Ú � O�â�ã S"U(y(R � W à�á Ú( ¾ ö � O�ä p�r W '���� G§I{( À�¿ O µ�¶ S�U*V  �%j�� p ë I*¤�� 4 G9����à�á Ú x��SÊ ( B{C�å Ob�c U*V

 

y(y � W P x ß%² d Z�| GfHJI ^Pæ H Ò K ° Q ¦ U ö0ç�\� � W Xi x G�HfI�( '(�½� G§I ~ �.� U*V Ö r ß�² d Z�|
'���� G§I ~�K P O 0.5 ��è ^ S�U � d W G�HJI x Ø Ù Ò�Ú
� OhP�Q (fault-prone

�\� U
)
RTÝ D S"U*Vzy ( å ^ Ê ca W Z = C0 + C1 z X1 + ... + Cn z Xn
R Ê�ø�/�W P(Z) = 1 / (1 

+ exp(-Z))
R � U*Vzy ( P

R
Z
( B)C x S é
ê Ò ê ( ë 1¶ Æ ) ^5� U*Vzy ( _ � � S é
ê Ò ê x Xi

R
P
( B{C Kì�í ��� Uyî � W 2 ~ ( k
ï ^ û b ¾\¿ �.� U*V  C k

Ci O Q p S U ¡ ^ x W �ñðñò
(maximum-likelihood) � ò K b�c�d Z U*VzS � Õ Á W Ck x ��D � Z�| ·�¸ O Öh` R Öh_��²ó ô S%U _ � � ~�Kõ /�Z U*V '���� G§I (

j�k
)X1...Xn

( È B K)ö c ( ÷ ÷ À
K)ø c ) ù"m W�ú
û � j�k K � Ä Z UvR W²� ¦ Z U�C k
O ú"û0ü � U c x�ý O Oÿþ �Y_ � ��Ö ( ^ r a r Ä � Vzy( _ � � W�����K � c � U c x���� � j�k x W � � ´j�k õ	� ^�_�` a�
 ��� ¦ Z U
V k�
 ï ( õ��0; Ú�<
� � ¥ «	� S%U
VYy ( È á � x j"k t
� õ R���� õ (
ã�ä O j�k õ��0; Ú�< � � ¥ RÉr aÎb�c | V  

 

4. ���������  
4.1. �������	�  

 "³ á Ò i x W 1997  8 ! ^ � U#"	$ ( Ã	% i�&� � Õ Z�| C++
oAp � H(¥ � Û	'�( ¦ d ¹ l � Z�| V'�( (*) ý x��SÊ ( H � �.� U : 

(1)
� Û ¼ x,+.- ( Ã � -	/ ��� � W�u10 � U c x u

012�O*3 $�r W 1997  4 ! ^ � - r | V �AL ^ � Õ
Z�|�4 q�R '�( ^5_v� Wzé�ê�ë�ì G � ß�í ® C R C++576 ^5_ U o
p � H98 g � O &;: r a�c U*V  

(2)16
( � Û � Ò ¥ K�W=< v ( ý�> ï"ð�ñ ^��S� c�a

' Ò�Ú@?.A £ I�¤�¥ O�ù � S�U�V�y ( £ I
¤�¥ x kB�C 4(�ED Ò G#F�G��,H ù r W ASCII æ g Ñ Ò 6 � Z
| ' Ò�Ú O A7I�J S�U*V � Û ��K w ��� W ý�> ï"ðñ WML�ê £ I*¤¨¥ ( X�Z�[\Z SMTP L Ò�N%Ò W POP LÒONMÒ W DELIVER L Ò7N�Ò W SMTP

G$H eÿ;5g � W
POP

G�H e�;�g � ) ½�( k
��WML.ê £ Ih¤�¥{( ehg i Ò
Ø�ì e I ® C K � Ò ¥ ^ ß�² d Z UÎV X.Z�[�Z (��Ò ¥D( � Ò q Ò K�W � Ò ¥D( ' g N�Ò ^ � Û S�u%{L�ê £ I*¤¨¥ O$� � è a U*V  

(3)
� Ò ¥ x 4

¦ d
5
% ( � Û ¼ �D« � � Z U*V ehg I �H�G$i Ò K�W � Û ¼ ( ¿ Û�O���P r a W � Û ¼�O �Ò ¥ ^RQ � S�U*V  

(4)
� Ò ¥ K oAp � H(¥D( ´ � O�H r�S�U�R W e
g I � HGJi Ò K I øy��Z ¤
I � O��%� V  

(5)
o
p � H�¥ x C++

�  �© � Z U*V � Û F�G x Visual 

C++
� � � W � Û ^ x Microsoft Foundation 

Class(MFC) K ; o � � Ò £�S g Ø*T Ò ¥ D Ò G RTr ab�c"d Z UÎVMU ÒOV"Ò ehg i Ò Øhì e I R 2 � 4$� L ÒW I K MFC
(¨G�H�I�¦ dYX Ü r | G�H�I RTr a  �© �

Z�| V  

 
4.2. ���	Z7[O\  � Û ¼�] R ^ W '(��� GJI R ØhÙ Ò�Ú � á Ò i O�¹ l r
| V h  "³ � x OMT ^5_ U$® C�ï�ð�ñ x ¹ l � { �¦ ` | V X y � W 2 Ò I Ñ Ò 6$x ® C�ï�ð�ñ Oh �© r |
Ö (Ç��� U ¦ d W ® C"ï%ð�ñS( S�u a ( þ�ÿ O �	^ �

 
P(X1, ..., Xn) = 1 / (1 + exp(-(C0 + C1 z X1 + ... + Cn z Xn))) 
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Figure 1 Plot of P with Z 
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c U�R c �po p ^��0� c.a W �S� ì 4 G³� ehg � ^ Ê%ø U
'���� GfI�( ~tO 2 Ò I Ñ Ò 6 ¦ d ¹ l r | C�D ~ ��qb r | V � Û ¼ x �@r � � è aÇd Z�| PC è � ù $ O
� c W C 4$�pD Ò G=s å � L Ò�N%Ò K 1 wS> ] R ^ W 2Ò I Ñ Ò 6 O*¹ l r | V '(��� G�I ~ ()1 "\^ x W C++

o
p � H$¥
¦ d

9

�( '���� GNI Out " S�U#v Ò�Ú [11] O bc | V h  %³ � x � Û ù $ O ó�w S�U |ÇÞ ( v Ò�Ú Öò7x � Z"WYØ Ù ÒÇÚ � á Ò iy( ¹ l ^ b�c�d Z�| V ¹ l

� Z�|�ØvÙ Ò�Ú � á Ò i x W (1) Ñ Ò 6 T W � Ò ( Ø*ì Ò� R ¤
I � Øhì Ò�� � Û ° � Z�|�Ø Ù Ò�Ú � W (2)
y Z d (

ØvÙ Ò�Ú � O & ¾ S%U |.Þ ^ j�y � Z�| GfHJI W (3) Ø ÙÒ�Ú � O & ¾ S%U |.Þ ^{z � � Z�|,|
Û ( w%> ) W ���U*V
 

ØhÙ Ò.Ú � á Ò i O~} ��� ¦ ` |�W � U c x á Ò i K��� r a�c U � Û ¼ x WIk�l (�E�F�¦ d � r | V ·�¸RÉr a W 17
% (�á Ò i (141 L (¨G�H�I W 80 L ( Ø Ù Ò�Ú

� ) K)k
l E�F ^��5` | V  Ï
2 x�'$��� G§IP(���CS�\�.� U*Vzy ( ·"¸�x W GfHJI

K)â�ã%´ � Ä�� ��Ö (���� ` | y(R O��.� S�U*V NIV
R

NIM K R Ö�^ 0
(�G�HJI K � ` |ÇK�W y (¨G�H�I x  �© (S�u a Ou� G�H�I�¦ d ¿�À%r a�c | V   

 
4.3. ÙAÚ  Ï

3 ^ W ��j�� p ë I
¤�� 4 G9��� k
l ^5_(` a 1
"�� Z�| Ý D#à%á Ú ( C k O�Á S V CBO, CBOR, 

CBON ^ x ªt« BAC K � U |�Þ (CBO = CBOR + 

CBON) W 3 Q�K R Ö�^ Ý D å ^�� Ä Z U*y*R x � c V

DIT x{��� �(^ E S�U#� ( ý.� R �5` | Vzy ({� � x Wh  %³ � x � � (�� q e�; p ��� GfHJI K¨ù d Z�|�K.WE�¿ K ìO� ��� ` | ^�Ö B Õ d ­ â�ã%´Eu { � DIT OvP
` | y R ��� U (

q e�; p � G�H�IP(
DIT ~ x 4

��� ` | )
V

��D � Z\| NOC x S�u a 0
��� ` | (

Ï
2
¶ Æ ) WYX (

|%Þ NOC xS¾ r � Ý D å ¦ du
 �9� ¦ Z a�c U�V
LCOM x CP4 ^ Ê c.a Ý D å ¦ d R � [ ¦ Z a5c U K.Wy Z x [1]

( ·"¸ R m	� S�U*V  Ï
4, 5, 6, 7 x �0� ì 4 GÎ� ehg � � ¹ l � Z�| á Òi O ��j�� p ë I
¤{� 4 G��
� kAl S�UvyvR �,: d Z�|Ý D�à�á Ú OvÁ r a�c U*V | R ²�/�W Ï 4

� x W 112 L(\G�HfI K�ØvÙ Ò.Ú � O*P�| � c RNÝ D � Z�W  M¡ ^ Ø
Ù Ò�Ú � K Û ° � Z � ¦ ` | V 2 L (�G�H�I x Ø Ù Ò�Ú �
K � U�RNÝ D � Z"WY %¡ ^ x Ø(Ù Ò�Ú � K Û ° � Z � ¦
` | V 18 L (�G�H�I x Ø Ù ÒÇÚ � O�P%| � c RTÝ D � Z
|�K.WY %¡ ^ x Ø Ù ÒÇÚ � K Û ° � Z\| (43 L ( Ø Ù ÒÚ � O ��^ � c | )

V
9 L (�G$HfI x Ø Ù Ò�Ú � OvP�Q RÝ D � Z"WY %¡ ^ Ø(Ù Ò�Ú � K Û ° � Z�| (37 L ( Ø(ÙÒ�Ú � O �	^ � c | )
V

 y(y � W Ý D å (�� ò O µ�¶ S�U |�Þ ^ W 3 Q ( ßà O��
� S"U : 

¾ ö À (Correctness): ¾ r � Ø�Ù Ò�Ú � K � U�RNÝ D �
Z\| G�H�IP( � m (%)

V
 

´	� À (Completeness): ØvÙ Ò�Ú � K � U G�HfI K ! "
� Z�|�� m (%)

V
 

ØvÙ Ò�Ú �E� Ò I�( ´1� À : ØvÙ Ò�Ú��������������1��O {¡9¢Y£¥¤,¦1§	¨*©«ª � �7 {¬®­°¯�± �E²°³�´ (%) µ  

 ¶
2 141 ² C++

¡·¢=£ ²¹¸�º1»  

Table 2 Descriptive statistics of the 141 C++ classes ¼ �p½ ¡¾£  ¿	À  ¿	Á  Â*Ã  ÄOÅ  Æ1Ç  È;É
 

NIV 0 14 3 4.00 2.67 

CBO 0 5 1 1.39 1.59 

CBON 0 3 0 0.53 0.99 

CBOR 0 4 1 0.86 0.99 

NIM 0 22 3 5.73 4.86 

DIT 0 6 4 3.44 1.41 

NOC 0 0 0 0.00 0.00 

RFC 0 27 7 8.23 6.81 

LCOM 0 190 3 22.42 36.84 

SLOC 0 420 71 96.43 81.01 Ê ¢Ë¯,Ì
 0 17 0 0.57 1.93 

Et( Í ) 0 599 0 12.68 58.94 

Et ÎuÏËÐ�Ñ¹ÒÔÓ°Õ�Ö#×*Ø�Ù~ÚRÛ  

 ¶
3 Ü1ÝOÞ~ß ¡=à{á�â � ¨�ã	ä �·å Ì  

Table 3 Coefficients at Each Checkpoint å Ì  
¼ �æ½ ¡¾£  

CP1 CP2 CP3 CP4 ç Ì
C0 -3.37 -1.23 -1.31 -2.69 

NIV 0.420 EL EL EL 

CBON EL EL EL EL 

CBOR - 0.934 0.890 EL 

CBO - EL EL EL 

NIM - 0.336 EL EL 

DIT - -1.16 -1.28 -0.663 

NOC - - EL EL 

RFC - - 0.284 EL 

LCOM - - - EL 

SLOC - - - 0.0302 è
EL éêÎ�ë�Ò·ìMíïîêðòñËóõô¥ö*÷*ø°ù�Ö#ú�û9üËý¥þ°ÿ��������� ��	*Ù�

��������� è - é Îuë~Ò·ì íêîêðòñËóõë~Ò������ ð����
�9í Î"!$#  �%'&�( 
'�)���*�*�  
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Correctness = CPFAF / (CPFAF + CPFAN) 

Completeness = CPFAF / (CPFAF + CPNAF) 

Completenessfaultbased = EPFAF / (EPFAF + EPNAF) 

 +�+ ¤;:
CPFAF / ¬®­°¯�±=<?> �°�~�����1� �7¦1§	¨°¬®­¯�±@<A> �2B  �¡#¢·£ ² ÌC: CPFAN / ¬®­°¯�±0<?> �{�~��	��� �7 �>¹¦1§1¨ / ¬®­°¯�±0<?>�D*E B  {¡9¢Y£ ² ÌF:

CPNAF / ¬~­°¯�±0<?>�D*G ������� �7 �>¹¦1§	¨ / ¬®­¯�±0<)> �HB  °¡9¢Y£ ² Ì0: Ei /�I;JLK � Ci
² ¡9¢Y£¥¤MLN � �O {¬®­°¯�±0< ² Ì1¤ �{� µ  Ý7Þ~ß ¡=à{á�â*< CP1

E;,
CP4

¤ ² fault-prone ���O9P0Q ¶
8
¨�R K.µ?S-T ² Ý7Þuß ¡=à{á�â*<?UWV�: 57X�YZ7[ ��� Q�\0] � µ CP4 /9^ ML_;`baR£ ² ¿Lc ¬ Þ ¯2d¤ ��X :fe	¦-g.¨�ã	ä �Ë�;� O9P ²ihLj ¤ �{� µ  

CP1
¨�ãkGil / :fmon-p /*q [ (33%)

: Y9r p /WsG
(82%) µ 5�B li: ¬~­�¯,±@<?>HMLt Z�u 6 D°¡9¢Y£ Qovxw

¯ky � K �9z|{ ¤ CP1
¨�ã	ä �Ë�;� Q�} G � + � >¹¤i~� µ w ¯oy � �� �¡#¢·£ /W�F� { ¨H�����~¯ � �W�R£H< �� � ¡#¢·£ ²��4� ¨�D � µ��  i: w ¯ky � �O {¡9¢Y£ ² Í� >2� º ���$�~¯ ²H�0�i. Ç ¨HD � µ   � ]2� : w ¯ky� �� �¡Ô¢·£2>2� ºo�4�L�1² �o� D*� Í ¨�� Â Z lHGli:�E9�0:��{£2<f>o�W�0D2� Í ¤ ��� Di,�:��9� º Q7\6�� G 6 + � >�� ] ,Y� � µ  

CP2
¤ / : C&K

¼ < ½ ¡ £ ² ¼�� ß y ²2� ±o� ½ d���¨� K �"�*² / } G-,Ô�ol2G9D2G1¨ � �o  ,b¡F: CP4
Q

¢0£ O4P ²oh@jo¤�¥L¦ Z li:�EkD X�5 G9¢L£ OoP ¤ D
B l2G9§ (
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( ¯2¾ � ¯i¿HÀ�¯oy � } G9¡ )

:�� º-�4�
� E4, ÊoÁ ¯ ² M@t Q ¢0£ K §$ÂLÃ4p Q R=Ä Z l2G§ µ  

CP3
¤ ² ¢-£ / CP2

¤ ² ¢o£�¨ ¥oÅ l�:�¢o£ O;P> u ¸-UWV*Æ h Z l*GWD*G µ  Ç@Èo/ : CP3
¨�ã1ä�§�¢

£ O-P / : vÊÉ;Ë=P.� C++
� º ¼ < ½AÌ ¿ [3]

Q7Ío} K § +¤°Î;ÏoÐkÎ ~�§ ¤ � ] l*GW§ µ Chidamber
, � : WMC ²Ñ / : º £FÒb¸o§ ¼
� ß y ²�Ó9ÔCÕ�Öo× K § ¤°Ø-Å lHG§ µ�Ù ¤ ]9� :�Ú�á Ì `�Û Ý�ß Ì ÌLÜ Q�} G9l ¼µ� ß y ²ÝLÞ Ò Q�ß YCÕ �=àWá ä K § WMC

Q�} GW§ + ¤°Î :¢o£ O9P / ÏoÐ Ò
¸9§ ¤ � ] ,
¸9§ µ  

5. âäã-å  e4æ4ç Î / :�è;éiê Þ Ì <)ëìÆ Ý4ÞLP ¼ < ½�Ì ¿ Q7}Gkli:�� º4í Þ$î d ²�ï T Õ�í�ð îiñ < ² M0t Q ¢4£
K §�ò@ó Q�ôLõ Z Ù7µ +7ök÷ ó Î / : Í-ø /

� º / Ó-Ôí Þ|î d Õ 4
� ö ÝOÞ~ß Ì à{á�â*< Q�ù;ú Z Ù�µ + ¸-, öÝ�Þ�ß Ì à�á*â2< Î / :�û ç ö � Í ¼ < ½fÌ ¿ ö à > º £Â;Ã Î9ü2B Ù7µ Ò�, Õ : +7ö9÷ ó Q Ó g { D2_;`µê Þ Ì< Õ I Z l ßL} Z Ù7µòÍoø ¹ º / ôoõ K § ÷ ó öHý-þ¤°ÿ�� p Q R Z l*GW§ µ  � S ö�� · ¤ Z l�:�� ö (1) � (3)

Q � ] lHGi§ µ  

¶
8 í ð î2ñ < ¢-£ ö O9P  

Table 8 Fault Predict Precision at Checkpoint Ý7Þuß Ì à{á�â*<  CP1 CP2 CP3 CP4 Y9r p (%) 82 76 86 86 mon-p
(%) 33 59 67 70 í|ð î9ñ <�© î ¿ ömon-p
(%) 

46 75 78 83 

 

¶
4 CP1 Õ ã	ä�§ í ð î�ñ <ª¢o£  

Table 4 Fault Prediction at CP1 ¢-£
 í ð î2ñ <	�  í�ð î2ñ < ÿ  í�ð î2ñ <	�  112 2 Ó £  í�ð î2ñ < ÿ  18(43) 9(37) 
�� Ò�
,Ò�����Îuð�Ð ñuÒ��W� 
���� Ò����{ÎËð�Ðòñ  ����� 	�Ù����ÔÑ��°íæÒ��  

 ¶
5 CP2 Õ ã	ä�§ í ð î�ñ <ª¢o£  

Table 5 Fault Prediction at CP2 ¢-£
 í ð î2ñ <	�  í�ð î2ñ < ÿ  í�ð î2ñ <	�  109 5 Ó £  í�ð î2ñ < ÿ  11(20) 16(60) 

 ¶
6 CP3 Õ ã	ä�§ í ð î�ñ <ª¢o£  

Table 6 Fault Prediction at CP3 ¢-£
 í ð î2ñ <	�  í�ð î2ñ < ÿ  í�ð î2ñ <	�  111 3 Ó £  í�ð î2ñ < ÿ  9(18) 18(62) 

 ¶
7 CP4 Õ ã	ä�§ í ð î�ñ <ª¢o£  

Table 7 Fault Prediction at CP4 ¢-£
 í ð î2ñ <	�  í�ð î2ñ < ÿ  í�ð î2ñ <	�  111 3 Ó £  í�ð î2ñ < ÿ  8(14) 19(66) 

 



(1)
ôoõ K § ÷ ó ö�� �  �"!�#@} Z Ù ¼ < ½�Ì ¿ 1%$ ö ¼ < ½�Ì ¿ Õ I Z li: ôõ Z Ù ÷ ó Q�} Gi§ + ¤ Î : 57X�Y9r DH¢o£ Q7\ 6 µ  

(2) & { D ÝoÞoP ¼ < ½AÌ ¿ ö ^ M  

C&K
¼ < ½fÌ ¿ / èké2ê Þ Ì < ë Æ � í <	' Þ � ö�( {D ÝLÞ Ò Q ýLþ K § µ Z E Z :�èoéiê Þ Ì <ªëCÆH� º�0�@� /)& { D�*,+ �.-0/ ( Ù ¤ ]W� : UML[18]

ö
1,2%3 465 : w î)7 â7¿ 5 :�À Á98 � î w�: â 5 ) µ uö 5�6 D & { D Ý0Þ Ò Q ý0þ K §7ò@óC>); � Îoü§ µ  

(3)
� º9�o�L�FÕ IoK § ¼ < ½fÌ ¿=< î2ñ ö ^ M  >@? :

UML(Unified Modeling Language)[18]
>*èké
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