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H#¸ �aÅ oLö?

(ìÜ�Æ^�Æ�, ��, 030002)

Á �: 3^�"�ýÿ�£8ï�¥, d·��èJ��a�¡Ýþ� (A�) ±9d�{àÜ

(sum!avg!max!min)�a�A�  �õ, ¦^DÚ�A�ÀJ�{ (X AIC!BIC)Ï~k�(

½
�., ØÓ��.ÀÑ�A�8�É��, ��.��)º5�. ��&EXê MIC (maximal

information coefficient)´ Reshef� [4] JÑ�Ýþü�ëYCþ�m�p�6§Ý����I, �k

Äu*ÿêâ�O��{. �©Äu^�"��ê��A��MICÝþkÀJA�, 2é¤ÀA�?

1
·���gC�, ��¦^Ì¤©ÑtÚK��£8ï�. �©¢�Äu NASA� KC1�a�

¡êâ8, æ^
 m × 2���y�S0 t-u�5éü�.�5U�É�wÍ5?1u�, �.5U

µd�Iæ^ FPA!AAE!ARE. ¢�(JL²: 1)ÄuMICÀÑ�A�Ì�´ sum!avg!max

n«àÜ�ªA�, � AIC!BIC�{k²w��É; 2)éA��·���gC�3õê�.e�±

UõÙ5U; 3)éA���gC��,�Ì¤©©Û�Ïf©Û�±��ü�²w�Ïf, Ù��Ïf

�ÐéA avg� maxàÜ�ª�A�8, ,��Ïf�ÐéA sum�àÜ�ªA�8, ¦��.äk

�Ð��)º5. nÜ¢�����I�±�Ñ, sum!avg!maxn«àÜ�ªé^�"�ýÿkw

Í�^, �ÄuMIC¤ÀA�
�E��.´k`³�.

'�c: MICÝþ; ^�"�ýÿ; Ñt£8�.; K��£8�.; m× 2���yS0 t-u�

¥ã©aÒ: O212

=©Ú^�ª: CUI J, LIU Y N, GUO X F, et al. Software defect prediction model based

on maximal information coefficient [J]. Chinese J Appl Probab Statist, 2019, 35(1): 86–108. (in

Chinese)
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��^����×\ [1]. mÐ^�"�ýÿó����8�´�
Jp^��¬���5

Úk�5, JpuyÚüØ^�"���Ç.

^�"�ýÿ��@ïÄ�±J�� Briand (1992). 3Ï~�^��¬muL§¥,

^�mu|��UÏL^�ÿÁ(J5
)^��¬"��G¹. �^�ÿÁ¤�p[,

��k3muL§¥Úmuó��¤�â�?1, @�mu|�  ®vkv
�müØ

"�. ,	XJ^�mu|�²LÿÁuy^��¬�"�êþ½"�Çpu¤�¦��

I, @o§��Uí´�¬uÙ�m5�Öyk"�, ½U�uÙ�¹X�þ"��^�

�¬. �dïÄ<
JÑ
Nõ^�"�ýÿ�{.

^�"�ýÿnØb�3pE,Ý�¬äkp"�Ç�cJe, ^^��¬��
Ý

þ (metrics)5L�^��¬�E,§Ý, ?
é^��¬�"�G¹?1ýÿ. �âýÿ

(J, ^�mu|��±òk��mu!ÿÁ]
8¥uN´Ñy"��pºx�¬, l


�k�/uyÚüØ"�, Jp^��¬��þÚ��5. ïÄL², ^�"�ýÿU


�ÏJp^����5Ú�þ [2]. ^�"�ýÿÄu^��¬�õ«Ýþ. 3^��¬Ý

þ¥, Ýþ�±©�·�ÝþÚÄ�Ýþüa [3]. ·�Ýþ�±ÏLé^��¬�·�Ú

O��, X�è1ê!N^L§��ê��; Ä�ÝþK´�3�¬$1L§¥æ8��

·�Ýþ, ÙI�3^��¬muL§¥Úmuó��¤�²ÿÁâU¼�. Äu·�Ý

þ�"�ýÿ�8�´�Ï^�muö3�@Ïuy^��¬¥�"�, Ïd, �\É�

^�muö��H. �©òù
ÝþÚ¡�A�.

Cc5ÚOÆSnØ�uÐé^�"�ýÿïÄ+�Jø
#�g´Ú�{, �5�

É�NõÆö�2�'5. ÑtÚK��£8�.´8c�Ð�^�"�ýÿ�., �Ù

5UwÍ�6uA�ÀJ. ��5`, Äu·��è�Ä��A��õ, Ï~�A�ÀJ�

{ÀÑ�A�8  �)º5�. �*þ�±l¤kA�Ñu, ¦^Ì¤©ü�, �duA

��m�p'X��E,, 
Ì¤©�UØ Ùm��5'X,   J±k�ü�. Reshef

� [4] JÑ
ü�Cþ�m��§Ý�MICÝþ. ØÓu�'Xê�UÝþüCþ��5

�'§Ý, MICØ=U
ÝþCþm��5�''X, ��±ÝþCþ�m��5¼ê'

X, �MIC�ØÉCþ�?¿¼êC��K�. �=é�½�*ÿêâ, ü�Cþ�MIC

3*ÿêâ�?Û¼êC�e, MIC�þØC. �©�´�|^MICù�5�, 3é^�

"�êï�¥, kÀJ�^�"�êk���MIC�A� (Ýþ�), ù�A�ÀJ�Ú½

�¦^�o�.Ã', ØØ�¡ï�¥¦^�o�.±9XÛ¦^ù
A�, nØþþØ

¬¿�ý�k��'X�A�. Ùgé¤À�Ð©A�8¥�A�?1
·���gC

�, ¦�C���A��"�ê�I¦þ�C�5, ,�2éC���A�8?1Ì¤©

©Û (principal component analysis, {¡ PCA), ��Äu���Ì¤©�ÑtÚK��

£8�., ¿ÏL¢��DÚ�A�ÀJ�{, X AIC!BIC, ?1
5U�é'.

�©(�Xe, 1�!�!Ì�0�
^�"�Ýþ�¡��µ�£9ïÄyG; 1

n!Ì�£ã
ÄuMICÝþ�A�ÀJ; 1o!Ì�0�
^�"�ýÿ�K��£
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8�.; 1Ê!0�
�.5U'�� m × 2���yS0 t-u�; 18!0�
¢��

L§; 1Ô!´�©(Ø.

§2. ^�"�ýÿ�ïÄyG

Cc5, kNõÄuÅìÆS�.�^�"�ýÿïÄ. 8c~^�^�"�ýÿ

�.Ì�k©aÚ£8üa, Ì�k Logistic£8 (LR)!©a£8ä (CART)!õ��

5£8 (MLR)!<ó ²�ä (ANN)!�ÅÜ� (RF)!Ñt£8 (PRM)!K��£8

(NBRM)�. ¦^�êâý�Ü©5g NASAÚ PROMISEêâ¥, �'©z�é´L,

'X, ©z [5–13]�. o(©z�(J, V)/`, ýÿ5U�Ð��.´�ÅÜ� (�©

z [6]), ±9©z [7]�õ�ÅìÆS�.�8¤�{, �w,ù
�.�)º5��.

3A�ÀJ�¡, �â Khoshgoftaar� [8] 3 16�êâ8þ�'�(J, �Ð�A�

ÀJ�{´&EOÃ. OkutanÚ Yildiz [9] 3 9� PROMISEêâ¥þ�êâ8þ?1¢

�¿�uy�k��A�� Lines of Code!Response for ClassÚLack of Coding Quality.

�¦^ØÓ��.!ØÓ�êâ8À��A��É��, A�ÀJ(J�6u�., eÀ

^
ØÜ·��., Ò�U¿Kk^�A�.

8c�©z¥�Ü©´Äu©aêâ, 
Äu£8êâï�du�^�êâ8k�,

©z¥�'ïÄ�é��. ,	, du©aêâ¥k"���¬�, �,�±¦^Øþï©

a�{, ��J�Ø�n�, ù:�°¦ïÄ<
F"¦^£85ï�. Ï~5`, £8ê

â´©aêâ�àÜ, Ù¥��ACþ¦^�´�¬ (½a)¹k"���ê, 
Ø´��

¬´Äk"� (0.1�), A�����´àÜ���, nA�¹�õ�ï�&E, A���

�Ð�ýÿ�. (��3oþýÿþ). KoruÚ Liu [14] ¦^
 KC1a�¡�êâ, rA�

l�{?àÜ [15] (sum!avg!max!min)����âÝ (a)þ5ï�, ÏL¢�`²d�

{?àÜ�a?O�, �.o�ýÿ5Uk¤Jp, �¿vk�Ñ�o��àÜA��±

wÍJp�.5U. 
 Zhang� [15] æ^
 11«àÜ�ª, 3o«ØÓa.�^�"�ý

ÿ�.þ?1¢�, �ª(Jw«ØÓa.�^�"��.5U�Ð�¤æ^�àÜ�ª

´ØÓ�.

Ostrand� [16]¦^K��£8ïá^�"�£8�.. GaoÚ Khoshgoftaar [11]�¦

^
�)Ñt£8!K��£8�õ��., ¿¦^êâ­Ä�����y (RLT)!q,

'u�Ú Tukey�õ­'�Eâ?1
õ�¡�©Û. Ò8c©z(Jw, K��£8´

£8ï�¥�Ð��.. ¯¢þ, K��£8�.�±w�´éÑt£8�ÿÐ, Ù��

Ø2�uÏ", 
´Ï"�üO¼ê, �¹k#���ëê. nØþ`, K���.�ëê

�O���±ÏL4�q,5�O, �duq,¼êE, (k³ê©Ù��Ý¼ê), ¦�

J. ¢^¥, I�k�O#���ëê±9�½Ü·���ëê, ÄK~~¬��4�q

,�OØÂñ, ¦��.5Ueü. Ñt£8�.´K��£8�AÏ�/, �Ùëê�
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O�{ü�õ. ¢^¥, ��kéêâ[ÜÑt£8, u���´Ä�uÏ", =´Ä�3

overdispersion, e�3, 2?�Ú¦^K��£8ï�.

V)/`, Ò^�"�ýÿ£8ï�¥, �3�Ì�¯K´: 1)DÚ�A�ÀJ�{,

X AIC [17]!BIC [18], �6u¦^��.. ØÓ��.!ØÓ�êâ8À��A��É�

�, �ª����.��)º5��. eæ^��.Ø·�Ò�U¿Kk^A�. UÄé

��«��.Ã'�k��A�ÀJ�{; 2)£8ï�¥Ì�¦^�´àÜA� (¦^X

max!avg!sum!minàÜ¼ê¼��#A�), @o=«àÜé£8ï�´kwÍ�^�?

�d, �©±·�A��a�¡A�±9àÜA��Ä:, kæ^MICÝþýÀA�,

2éA��·���gC�, ��¦^Ì¤©ü�, ��¦^Ì¤©ÑtÚK��£8ï

�, ?�Ú�Ïf©Û, ¦��.k�Ð��)º5. �.éì�ÚOu�æ^
�#�

m× 2���y�S0 t-u�, ¿3 NASA� KC1�a�¡àÜêâ8þ?1
¢�.

§3. ÄuMIC�A�ÀJ

3.1 ü��ÅCþ���5MICÝþ

'uü��ÅCþ���5Ýþ, ~��Ì�k�'Xê!Spearman��' (SRCC)!

p&E�. Ù¥�'Xê!SRCCÌ�´Ýþü��ÅCþ�m��5�'§Ý, é��

���5��'X¿Øk�. p&E´Ýþ?¿ü��ÅCþ��5��ÐÝþ, �3ä

NO��, �UélÑ�ÅCþ, éëYCþ��|*ÿ, �vkäN�O��{.

Reshef� [4] �Ñü��ÅCþ� MIC (maximal information coefficient)Ýþ, ÿÐ


p&E�Vg, ¿éëYCþ�*ÿêâ�/e�Ñ
k���{. MIC�±Ýþõ«

a.���'X, MIC´Äuü��ÅCþ n�*ÿ�5O��, Ù½Â{ü£ãXe:

�½ü��ÅCþ�*ÿ�D : (X,Y ), r x−y²¡y©¤eZ����¦�êâ8
D¥�¤k�:Ñá\�� G¥, ù�Òr Dz�lÑ�Cþ�±O�Ùp&E. ØÓ�

����O��p&EØÓ, �¤k�U��¥���p&E, 2�8�zÒ��MIC.

½Â 1 �½üCþ X,Y � n�*ÿ� D, @où��ÅCþ�MIC½Â�

MIC(X,Y |D) = max
(x,y):xy<B

max
G∈Ω(x,y)

I(X(G), Y (G))

ln min(x, y)
. (1)

ùp, Ω(x, y)L«��� x × y �����8Ü, X(G), Y (G)L«Äu�� Ω(x, y)�l

ÑCþ, I(X(G), Y (G))L«Ùp&E, B �����ê, Reshef� [4]ïÆ� B = n0.6.

MICkXe5�:

w,, 0 6 MIC 6 1, XJ X � Y �pÕá�, @oMIC(X,Y ) = 0; MICké¡5,

=MIC(X,Y ) = MIC(Y,X);
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�ü�Cþ Y,X �3 Y = f(X)�, MIC(X,Y ) = 1, �Ò´`, éuü�k(½�¼

ê'X�ÅCþ, ØØù�¼ê'X´�o��, MIC��Ñ´ 1;

eéCþ X �?ÛüN¼ê g(X)C�, MICØC, =MIC(X,Y ) = MIC(g(X), Y );

lMIC�½Â�±wÑ, ��'Xê�'MIC­è5Ð, =MICØÉÉ~��K�,


�'Xê%´ÉÉ~��K�.

Reshef� [4]��Ñ
MICÝþ�wÍu�, �=, MIC(Y,X)��õ��±@�ü�

Cþ Y,X�m�3wÍ���'X, ¿�E
ÚOu��MIC�.�L.

3.2 ÄuMIC�A�ÀJ

lþã©Û��, MICÝþ
ü�Cþ�m��������'X. Ïd, aquæ

^p&EÝþ5ÀJCþ, Ó��±æ^MICÝþ5ÀJCþ.

Xu� [19] æ^MIC?1
ÀJCþ, �{´kO�A�Ú©a�ACþ Y (0, 1)m�

MIC, ,��ìüSü�ÀÑc p (p = bm/ lnmc, m�¤kA�)�A�. ù«�{�"

:3u p�(½"y�â, lÙÀJ�/ª p = bm/ lnmcþw, p�(½q�´/�p�

DÕA��/e�k�A�ê5(½�, �·�@�^�"�ýÿ�A��¡Øþp�D

ÕA�, AT¦^MIC�wÍ5�O��.�L5(½ p; ,	, Xu�<��{´�é�

©a�ACþ, �·�@�MIC�·^uÝþëYCþ���5. Ïd, �©¦^MIC?

1A�ÀJ�äNÚ½Xe:

1) Å�O�z�A� xiÚ�ACþ Y (ùpÒ´ NUMDEFECTS)�m�MIC�;

2) ÄuMICÝþ�wÍ5u���.�L, ÀÑMIC(xi, Y )�u�.��¤kA�.

3.3 MICA�ÀJ�{�·^u^�"�ýÿêâ

1) DÚ�A�ÀJ�{, X AIC!BIC, ´±q,¼ê\¨v��8I¼ê, ¦)��

�A�8Ü. 3A��õ�¹e, ��¦^ Forward (or Backward) Stepwise��%�{,

ÅÚ �.¥O\ (½~�)A�, zÚOÀ�A�´]À8I¼êO\�¯�A�, �3

Nõ�.e, Ù��þ´]À±�c[Ü�.�í��ÿÀA�¥����5�'�A�.

Ïd, eÿÀA��"�êk��E,���5�6'X, ék�U�üØ3�.	.

2) ����'XêéC�é¯a. ~X, NASA� KC1£8êâ8¥�"�ê NUM-

DEFECTS�àÜA� maxNUM OPERATORS�m, lã 1¥éJwÑüö���5.

^�'XêÝþ� 0.380764, éü�CþÑ� ln(x + 1)C�, ���'Xê� 0.538815,

`²�'§Ýéæ^�C�é¯a, ,
, ï��·�¿Ø��T��oC�. 
ÃØ��

oüNC�, üö�MIC = 0.47221, 3 0.01Y²e´wÍ�, %U�Ð/Ýþüö���

'X. Ïd, ^MIC5ÀA��·^uE,�^�"��êâ, MICÝþé�?ÛüN¼

êC�þØÉK�.
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ã 1 maxNUM OPERATORS� NUMDEFECTS�Ñ:ã

3.4 A���gC�

��o�éA�?1C�? Ì�lXeü:�Ä:

1) l"�ê�z�A� xi�Ñ:ãwÑ, �"�ê±9A� xi�����'�©Ñ,

ÚOþ�±@�´ xi���Ø­½, Ïd, ���­½��gC�, é2Â�5�. (K�

�£8!Ñt£8)�[Ü´k|�.

2) |u¦^Ì¤©ü�. MICA�ÀJ�{du��Äz�A� xi � Y ���§Ý

���I, vk�ÄA��m��p'X, Ïd, Ï~ÄuMIC�A�ÀJ���8Ü�

¹�õ�A�. XÛ�ØP{A�, ½~�A��m���'X, ¦�^�"�ýÿ�.Q

{üqkÐ��)º5. w,, ÄkU
���´é¤ÀA�8¦^Ì¤©ü�, �duÌ

¤©�éA��m��5�'�±k�ü�, 
é��5��'X�JØZ.

�d, ·�JÑké¤ÀA�¦^�gC�, �=é¤ÀA� xi�C�:

f(xi) =


xαi − 1

α
, α 6= 0, α ∈ (0, 2];

ln(xi), α = 0.
(2)

ÀJ α�: α∗i = arg max ρ(f(xi), lnY ).

ùp ρ(f(xi), lnY )�C���A� f(xi)� lnY ��'Xê, �Ò´F"²L�gC

�� xαi � lnY ���U�C�5�', l
¦� xαi �m��5�'5Or, ù�Äu xαi

2�Ì¤©ü�âU�\k�. ùp¦^ xαi � lnY (
Ø´ Y )��'XêÌ�´�ÄÑ

tÚK���.��þ´é Y �éê��A�ïá�..
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¢^¥, ·�ò α ∈ (0, 2]���«mU 0.05m�©� 40�� (0.05, 0.1, 0.15, . . .,

1.95, 2), �kéêC� lnxi, � 41�. lù 41��¥À�¦� xαi � lnY �m�'Xê�

�5(½ α.

§4. ^�"�ýÿ�£8�.

^�"�ýÿ�£8�.´�ýÿ��§S©�¥�"��ê. Ï~��§S©�

´dõ���§S©�|¤, �§S©��"��ê´dz��§S©��"�àÜ


5. 'X, 3¡�é��§S�O¥, a§S©�´da©�¥����{©�®à


¤, ez��{©�kaOI\ (k"�½vk"�), �z��{©�kvk"�´Ñl

Ëã|©Ù��ÅCþ, ea©�¥�{©���ê (àÜ��ê)´ÑlÑt©Ù��

ÅCþ, KàÜ��a©��^�"��ê�ÑlÑt©Ù. �=, b½ S ∼ Poisson(λ),

Yi ∼ Bernoulli(p), i = 1, 2, . . . , S, i.i.d., K�ÅCþ

Y ,
S∑
i=1

Yi ∼ Poisson(λp),

� Var (Y ) 6 Var (S).

P Y �^�"�ê (�ACþ), x = (x1, x2, . . . , xp)
T�gCþ. ÙÑt£8�.�Y |x ∼ Poisson(µ), E(Y |x) = µ,

LINK : lnµ = xTβ.
(3)

K��£8�.´lÑt£8üCÑ5�, 3K��£8�.¥, ´b½ Y |x �
^�Ï"�u µε, 
 ε´��ÅCþ, �Ñlþ�� 1�³ê©Ù, K Y |xÑlK��
(negative binomial, {�� NB), =K��©Ù´dÑt©Ù�³ê©Ù�·Ü
�. �

=, b½ Y |x, εPoisson(µε), ε ∼ Gamma(θ, θ), ùp θ �©Ù�/GëêÚ�Ýëê, K

Y |x ∼ NB(r, p). eP µ , r(1− p)/p, θ , 1/r, K E(Y |x) = µ, Var (Y |x) = µ+ θµ2.

K��£8�.�Y |x ∼ NB(r, p), E(Y |x) = µ, Var (Y |x) = µ+ θµ2,

LINK : ln(µ) = xTβ.
(4)

ùp� θ�¡��.�ÑÝëê. � θªCu 0�, Ò�±ªCuÑt£8�., Ïd, Ñ

t£8´K��£8�AÏ�/.

K��£8�.kéõC«, X Var (Y |x) = µ + θµ� NB1, ùp��.Ò´õê©

z¥� NB2�..
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4.1 �.ëê��O

K�� (NB2)£8�.�ëê�O��æ^4�q,�O, Ùéêq,¼ê�

L(β; θ) =
n∑
i=1

{
yi ln

[ θ exp(xT
i β)

1 + θ exp(xT
i β)

]
− 1

θ
ln[1 + θ exp(xT

i β)]

+ ln Γ
(
yi +

1

θ

)
− ln Γ(yi + 1)− ln Γ

(1

θ

)}
.

�©æ^�´ R^��mass�¥� glm.nb(), ¦^�I��½Ð��ëê, ÄK~~

ØUÂñ. ��¦^ glm(·, family = negative.binomial(θ)), d� θI�¯k�½. e��

family = PoissonÒ´Ñt£8.

4.2 ÑÝëê�b�u�

éÑÝëê θ�±?1b�u� H0 : θ = 0 vs H1 : θ > 0, eØUáý�b�, K��

¦^Ñt£8ï�. e¡ù�u�5g©z [20].

q,'u�: G2 = −2(LPO − LNB2) ∼ χ2(1). u�æ^ü>u�. � G2 > χ2
1−2α(1)

�, Káý�b�
�É�Jb�, @�ÑÝëê θ�u", ýÿ�.A�æ^K��£8.

ùp LPOL«Ñt£8�éêq,¼ê, LNB2L«K��£8�éêq,¼ê, χ2
1−2α(1)

L« χ2(1)©Ù� 1− 2α© ê. 5¿, ù�u�A�3Ôö8þ?1.

4.3 Ì¤©

Ì¤© (principal component analysis, {¡ PCA)�{U
k�/�ØA��m��

'5, Jp"�ýÿ�.�5U.

P Xn×p �¥%IOz��OÝ
, �=, Xn×p ¥��dC���A� f(xi), i =

1, 2, . . . , p�¤, �²L
¥%IOz, ùp p�¤ÀA���ê. P Zn×k = Xn×pUp×k �

c k�Ì¤© (k < p), Un×kΣk×k ¡�1ÖÝ
, Σk×k �é�
, Ù���A���m�.

DÚ�Ì¤©�ê k�À�´æ^\È�zÇ5(½ k, ��zÇ==´lÌ¤©L

«A�Ý
�Ü�� “&E”�'~5(½, Ø´l�.�ýÿ5U�Ý. ��©�ª8�

´ïá^�"��ýÿ�., A�æ^"�ýÿ�5U�I (�©^ FPA)3ÿÁ8þ�

�5À.

�©æ^�| 3 × 2���y [21] 5ÀJ k. ,	, k�ÀJØU��.ëê�O3Ó

�|���yþ, Ï��k(½ k, âU��O�.ëê. k�(½��.�ëê�Okk

�^S, 3Ó�|���yþN´��éÓ�|êâ�L·A (adaptive). �d, �©æ�


ü| 3× 2���y�Y, 1�|^u k�ÀJ, 1�|^u�.ëê�O±9�.5U

éì� t-u�. ù��~�
éêâ� “adaptive”, ¦�(J�&ÝOr.
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§5. ü�.5Uéì� m× 2���yS0 t-u�

3�© 4.2¥k�.�[ÜÝ�u�, ´3êâ�Ôö8þ[Ü�.��ä=��.

[Ü��Ð, �[Ü�ÐØU�yýÿ�Ð. ^�"�ýÿ�5­ýÿ��J, I�3ÿÁ

8þ�ä�.ýÿ�Ð�. du^�"�ýÿ¤^�êâ8��'��, Ïd, �.ýÿ5

U~~¦^���y��{. 
æ^���y�, �­��´�Ñ�.5U�I�Ün�

���O.

êâo´�kØ��, æ^Ün�ÚOwÍ5u�´����(Ø��æ. 3^�

"�ýÿ��Ü©©z¥, æ^�õ´Äu 5ò (10ò)����y�ÚOu�. ��X

Wang� [21] �Ñ, Ï~�Äu 5ò (10ò)���y�ÚOu�´-?�, Ï�, Ùu��

���O´3b½ 5gÔö!ÿÁ´�pÕá, æ^ 5gÁ����IO����, ù 

 E¤Ùý¢vkwÍ�É
íäkwÍ�É. �d, Wang� [22] ©Û
~^��.5U

é'� t-u��3�¯K, JÑ�.5U'���Kz m × 2���yS0 t-u��{.

nØÚ�[�yTu�´�é'��Å�u�, �±�����&�(Ø. e¡± m = 3

�~5�{�0�, 3× 2���yÒ´�Åòêâ8Dy©¤���Ó� 4°, ,�?�

ü°��Ôö8, Ù§ü°���y8, ?1 2ò���y, ù�ØÓ�|Ü�k 3|, o

�¢� 3| 2ò���y (
Ø´� 4ò���y), �±�� 6�(J. Wang� [22] �Ñ


���/e�m× 2���y��Kzêâ�©�{, ±95U�I����O. w,,

Wang� [21]¤�� 3× 2���y t-u�g,�±*Ð��A�ü�.5U'��m× 2

���yS0 t-u�, {ü£ãXe:

�½ü�ÅìÆS�. A!B9�.µd�I µA!µB , P µ = µA − µB �ü��.

5U��, Ø�b� µB �Ä� (baseline)�.�5U.

�b�: H0 : µ 6 0; �Jb�: H1 : µ > 0.

P µ�3êâ8 Dþ�1 ig�©þ� 2ò���y�O�

µ̂i = (µ̂
(i)
1 + µ̂

(i)
2 )/2, i = 1, 2, . . . ,m,

µ� m × 2���y�O� mg 2ò���y�O�²þ, P� µ̂ =
m∑
i=1

µ̂i/m, Ùu�Ú

OþXeª¤« [23]:

Tm×2 =
µ̂

σ̂
∼ Cm · t(2m− 1). (5)

ùp, σ̂2 =(2m)−1
m∑
i=1

2∑
k=1

(µ̂
(i)
k − µ̂)2� µ̂�����Å�O [22], Cm=

√
(2m+ 1)/(2m− 1)

¦�S0 t-u���û���� [23].

©z [23]y²
 Tm×2CqÑlgdÝ� 2m− 1� t-©Ù. � µ̂ > Cm · σ̂ · tα(2m− 1)

�, Òáý�b�, �É�Jb�. ùp tα(2m− 1)� t-©Ù� αþý© ê. Ï~·�í
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����m� 3, ��, 2ÅÚO\¢�gêm. e������¢�gê ('Xm = 12),

E,vkÊ�, �r1Ê�. 'u¢�Ê�gêm�À�, �ëw©z [23]¥�Øã.

§6. ¢ �

¢�8�:

1) '�MIC!AICÚ BICA�ÀJ��É5;

2) éA���gC��7�5©Û;

3) A��Ì¤©©Û���Ïf©Û, Ïf��)º5©Û;

4) =«a.�àÜ�ª�±wÍJ,�.5U?

¢�êâ: 3 NASA� KC1a�¡êâ8 (z1´��a�A�êâ)þ.

6.1 ^�"�ýÿ�5UÝþ�I

1) ²þýéØ� (AAE)

^�"�ýÿ+�, ò²þýéØ� (average absolute error, AAE)��é^�ýÿ

�{?1µd����I, AAEkXe½Â:

½Â 2

AAE =
1

n

n∑
i=1
|yi − ŷi|, (6)

Ù¥ ŷiL«1 i��¬�ýÿ�, yiL«�A�¢S�, nL«�¬�êþ.

lúª¥�±wÑ, XJz��¬�ýÿ�Ú¢S�����, K��� AAE��,

�Ò`²ù«ýÿ�{Ú¢S�¹����, ýÿ�°Ý�p, �Ò`²
ù«ýÿ�{

��JÐ.

2) ²þ�éØ� (ARE)

²þ�éØ� (average relative error, ARE)�´��~^5µd£8�.ýÿ�J

��I. ¤¢�éØ�, Ò´ý¢�Úÿþ��m��åÚý¢��'�, ²þ�éØ�,

Ò´r ngÿþ����éØ�\å5��2¦²þ�. 3µd^�"�ýÿ�{��J

�, �¬¦^�²þ�éØ�, ¿òÙ½Â�:

½Â 3

ARE =
1

n

n∑
i=1

∣∣∣yi − ŷi
yi + 1

∣∣∣. (7)

úª¥��±wÑ, XJÿþ��ý¢��m��å��, ý¢��ê���, ����é

Ø�Ò��. �éØ��Ä
¢S����éýÿ°Ý�K�, Ïd, §'²þýéØ��

{�ÎÜ¢S.
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3) FPA

FPA¢Sþ´cm��¬ (ýÿÑ5�"�êUl����^Sü����cm�)

ýÿÑ5�"�êÓ¢So"�ê'~�þ�, cm��¬ýÿ�"�Ó¢S"��'~

òÙ½Â�
1

n

k∑
i=k−m+1

ni, (8)

ni´��¬ i�¢S"�ê, n� k��¬o�"�ê8, k��¬ê.

FPA½Â�:

½Â 4

FPA =
1

k

k∑
m=1

1

n

k∑
i=k−m+1

ni. (9)

FPA´��l�.ýÿ"�ê�^S�Ä�5UÝþ�I, ��ýÿ�^S�¢S"�ê

�^S��, �.�ýÿ5UÒÐ. FPA�pTýÿ�.5U�Ð.

6.2 ¢�êâ

�©¢�êâ5
u PROMISE²�þ� KC1êâ8, �l�� http://openscience.

us/repo/defect/¥e1.

KC1´ NASA�,�»�E��XÚ�/¡êâfXÚ, TfXÚ¦^ C++�ó¢

y. 2005c 5�, PROMISEúÙ
fXÚ�"�êâ8, �2�^u^�"�ýÿïÄ

+�. KC1êâ8�¹ 2 109��¬�"�ª³ (1, 0�L«"��kÃ), z��¬�¹

21�·��èA�, 
g 21�Ýþ�I, �): 5�ØÓ��è1ê (LOC)�I, Xo�

è1ê!��1�è1ê!=5º1ê!�1ê!¹5º�è1ê; 3�McCabeE,Ý

Ýþ�I; 12� HalsteadÝþ�I; 1�©{ê (branch-count)�I. Äuþã 21�DÚ

�·��èA�ïá�êâ8, �2�^u^�"�ýÿ�.�ï�ïÄ.

PROMISEúÙ�1�� KC1êâ8�¹ 145�a�"��ê, z�a�¹ 94��

èA�. 145�ad� KC1êâ8� 2 109��¬àÜ (max!min!sum!avg)
5; 3 94

�A�¥, Ù¥ 84��èA�´d� KC1êâ8� 21��èA�©OUì 4«ØÓàÜ

�ªàÜ
¤; d	, àÜ�a�¡ KC1êâ8� 94�A�¥, �k 10�A�
g C&K

Ýþ� 10��I. C&K´¡�é�§S�O¦^��2��a�¡�·��èÝþ.

�¢�¦^�Ò´ù�a�¡ KC1êâ8, Têâ8k 95��, 94�A� (gCþ),

���ACþ ("�ê), 1451'uz�a�A�êâ. 3^ KC1êâïáÑtÚK��

£8¥, é¤k� Y �
\ 1?n, ±BU�éê�[ÜK��ÚÑt£8�..

1) A�ÀJ

é KC1êâ¦^�©1 3!��{, O�MIC?1A�ÀJ, �ªÀÑ
 52�A�,


ÄuÑt£8�.^ AICÀÑ
 58�A�, ^ BICÀÑ
 40�A�. XeL 1:
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L 1 3 KC1þ��{À��A�

¤kA�

MICÀJ

�A�

(52�)

AICÀJ

�A�

(58�)

BICÀJ

�A�

(40�)

A��

C��

α���

sumLOC TOTAL
√ √

0.45

avgLOC TOTAL
√

ln

maxLOC TOTAL
√ √ √

0.35

minLOC TOTAL
√

2

sumNUM UNIQUE OPERATORS
√ √ √

0.5

avgNUM UNIQUE OPERATORS
√ √

1.05

maxNUM UNIQUE OPERATORS
√ √ √

1.15

minNUM UNIQUE OPERATORS

sumNUM UNIQUE OPERANDS
√ √ √

0.5

avgNUM UNIQUE OPERANDS
√ √

0.6

maxNUM UNIQUE OPERANDS
√ √ √

0.65

minNUM UNIQUE OPERANDS

sumNUM OPERATORS
√

0.45

avgNUM OPERATORS
√ √ √

0.4

maxNUM OPERATORS
√

0.35

minNUM OPERATORS
√ √

0.05

sumNUM OPERANDS
√ √

0.45

avgNUM OPERANDS
√ √

ln

maxNUM OPERANDS
√

0.45

minNUM OPERANDS
√ √

1.95

sumHALSTEAD VOLUME
√

0.45

avgHALSTEAD VOLUME
√ √

0.4

maxHALSTEAD VOLUME
√ √ √

0.4

minHALSTEAD VOLUME
√ √

2

sumHALSTEAD PROG TIME
√ √ √

0.35

avgHALSTEAD PROG TIME
√

ln

maxHALSTEAD PROG TIME
√ √ √

0.25

minHALSTEAD PROG TIME

sumHALSTEAD LEVEL
√

ln

avgHALSTEAD LEVEL
√

2

maxHALSTEAD LEVEL
√

0.05

minHALSTEAD LEVEL

sumHALSTEAD LENGTH
√ √ √

0.45

avgHALSTEAD LENGTH
√ √ √

0.45

maxHALSTEAD LENGTH
√

0.4

minHALSTEAD LENGTH
√ √

0.05

sumHALSTEAD ERROR EST
√

0.45

avgHALSTEAD ERROR EST
√ √ √

0.45
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L 1 3 KC1þ��{À��A� (Y)

maxHALSTEAD ERROR EST
√ √

0.4

minHALSTEAD ERROR EST

sumHALSTEAD EFFORT
√ √ √

0.35

avgHALSTEAD EFFORT
√

0.25

maxHALSTEAD EFFORT
√ √ √

0.25

minHALSTEAD EFFORT
√

2

sumHALSTEAD DIFFICULTY
√ √ √

0.45

avgHALSTEAD DIFFICULTY
√ √

0.75

maxHALSTEAD DIFFICULTY
√

0.75

minHALSTEAD DIFFICULTY
√ √

2

sumHALSTEAD CONTENT
√

0.55

avgHALSTEAD CONTENT
√

0.7

maxHALSTEAD CONTENT
√ √

0.55

minHALSTEAD CONTENT

sumLOC EXECUTABLE
√ √ √

0.45

avgLOC EXECUTABLE
√ √ √

ln

maxLOC EXECUTABLE
√

0.45

minLOC EXECUTABLE

sumESSENTIAL COMPLEXITY
√ √ √

0.4

avgESSENTIAL COMPLEXITY
√ √

0.05

maxESSENTIAL COMPLEXITY
√

0.05

minESSENTIAL COMPLEXITY

sumDESIGN COMPLEXITY
√ √ √

0.45

avgDESIGN COMPLEXITY
√ √ √

0.05

maxDESIGN COMPLEXITY
√ √

0.05

minDESIGN COMPLEXITY

sumCYCLOMATIC COMPLEXITY
√ √

0.4

avgCYCLOMATIC COMPLEXITY
√ √ √

0.05

maxCYCLOMATIC COMPLEXITY
√ √

ln

minCYCLOMATIC COMPLEXITY

sumLOC COMMENTS

avgLOC COMMENTS
√

0.2

maxLOC COMMENTS
√

ln

minLOC COMMENTS

sumLOC CODE AND COMMENT
√ √

0.05

avgLOC CODE AND COMMENT
√ √

0.05

maxLOC CODE AND COMMENT

minLOC CODE AND COMMENT

sumBRANCH COUNT
√

0.4

avgBRANCH COUNT
√ √ √

0.05

maxBRANCH COUNT
√ √

ln



1 1Ï w�, �: Äu��&EXê�^�"�ýÿ�. 99

L 1 3 KC1þ��{À��A� (Y)

minBRANCH COUNT

sumLOC BLANK
√

0.4

avgLOC BLANK
√ √ √

0.15

maxLOC BLANK
√ √ √

0.4

minLOC BLANK

WEIGHTED METHODS PER CLASS
√ √

ln

RESPONSE FOR CLASS
√

0.35

FAN IN
√

2

DEP ON CHILD
√ √

0.05

NUM OF CHILDREN

LACK OF COHESION OF METHODS
√ √

1.3

DEPTH

COUPLING BETWEEN OBJECTS
√ √ √

1.3

ACCESS TO PUB DATA

PERCENT PUB DATA
√ √

2

e¡éMICÀJ(J?1©Û:

• MICÄ�þÀ��´d�{àÜ�a�A�, 
 AICÀ�
A�¤k'ua�¡�

A�;

DÚ·�A�©�oa: �è1ê (5�)!McCabe (3�)!Halstead (12�)!©{

ê (1�). lL 1¥dMICÀ�� 52�A�¥wÑ, �ka�¡���A� COU-

PLING BETWEEN OBJECTS, Ù{�´d C++¥�{�¡àÜ�a�¡�DÚ

�·��è�àÜA�. ØA� “¹5º��è1ê (LOC CODE AND COMMEN-

T)”	, Ù{ 20�DÚ·��èA�, 3¤¦^� 4«àÜ�ª¥, �� 1«àÜ¤

�)�A��"�êk��5. ���5¿�´¤k minàÜ�ªA�Ñvk�À

�, ù��ú�ÎÜ. ,
, AIC� BIC%À��A�¤ka�¡�A�, 4«àÜ�

ª�ÑkÀ�.

• MIC�À�n«àÜ�ª�A�, 
 AIC!BICÀ��'�'Ï;

lL 1�(J��, 4«ØÓàÜ�ªA^� 21�DÚ·��èA���) 84�

“#A�”. ^MICÀ�� avgàÜ�ªA� 18�, sum� 17�, max� 16�, min

� 0�. Ïd, l MICwn«àÜ�ª avg!maxÚ sumé"�ýÿÑ¬k^. 


AICÚ BICÀ��àÜA�w�'�'Ï.

2) A���gC�

æ^�© 3.3!��{?1�gC�, ¦^ xαi � lnY ����'Xê5(½z�C

�� α. ¢^¥, éz�A��
\ 1?n, ±B��éêC�. ·�ò α ∈ (0, 2]���«
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mU 0.05m�©� 40�� (0.05, 0.1, 0.15, . . . , 1.95, 2)±9 lnxi, lù 41��¥À�¦�

�'Xê��5(½ α, �ª(½� α3L 1¥1 3�.

3) Ì¤©�ê k�(½

éêâ KC1�E�| 3 × 2���y, é k = 1, 2, 3, . . . , 52©O�ïÄu PCA�"

�ýÿ�., À�3 6°þ� FPA�I²þ���� k���.�Ì¤©�ê.

4) ¢�(J�©Û

�Ä�Ì¤©�ê�ÀJ��.ëê�O´ï�¥kk��ü��ã, Ïd, ÀÌ¤

©�ê�^
�g 3 × 2���y, 
3�£8Xê�O�, ·�éêâ KC1­#�E�

| 3 × 2���y�©, é(½�Ì¤©�ê k, 3z|Ôö8þÔö, 3ÿÁ8þÿÁ�

�(JXL 2.

±L 2�(J¢�m× 2���yS0 t-u�, ��.�1�1���Ñt£8kw

Í�É (p�þ�u 0.05), �Ù¦��.�mþvkwÍ�É, `²±MICÀÑ�A��

ï��.5U´Øg�. ?�Ú, lL 2�±wÑ, éA��C�3õ��.þ���5U

�IþþkUõ. l�I AAEþw���´Äu BICÀÑ� 40�A��C��Ì¤©

K��£8�., � AAE = 4.244; l�I AREþw, ���´ÄuMICÀÑ� 52�A

��C��Ì¤©Ñt£8�., � ARE = 1.489. l FPA�Iw, ����´ÄuMIC

ÀÑ� 52�A�Ø�C��Ì¤©K��£8�., Ù FPA = 0.796. nÜ��I5w,

ÄuMICÀÑ� 52�A���.ÑÐuÙ¦�..

lL 3(Jw, 3�«�/e�Ñt�.� deviance'K���.��éõ, `²

K��£8�.�[Ü�J��
é��Uõ; q,'u�� G2 �wÍ, `²ÑÝëê

θ > 0, ù
´lÔö8þ�.[Ü��Ý5`²K��£8�.�Ð.

,
^�"�ýÿ�.�ATl�.�ýÿ�Ý5'��.�5U, lL 2�(Jw,

K��£8�.ýÿ�5U¿vkwÍ/'Ñt£8�.Ð, ù`²[Ü�ÐØ��ýÿ

�Ð. DÚ�±�.[Ü�Ð�8I��{, 3^�"�ýÿ¯Kþ�U�Jk�. ·�I

��\5­lýÿ�Ýï�, �.�y�ÔöëêÓ�­�, ù�´��o·�ïÆòê

â�©ü�, ���Ôö^!����y, ­Eõg, íÑm× 2���ye�ÚOíä�

{��Ï.

lL 4¤« PCA�(J, 1�Ì¤©Ì�d sum�ª�àÜA�Ïf, ù�(JL

²
¦Úù«àÜ�ª´­��àÜ�{; 
1�!1nÌ¤©©OÌ�d avgÚ max�

ªàÜA�Ïf�¤, Ù¦Ì¤©éJwÑÙÏfºÂ. Ó�, ·��5¿�, duA��

²C�, ��À� 9�Ì¤©, �Ã{)º 4� 9Ïf�ºÂ.

lL 5�±wÑ, A�²L�gC��, ± FPA��I�Ì¤©�êC� 2�, Ïf

1Ö^=����ü�Ïf�)º5�²w, 1���)º� maxÚ avgàÜA��Ó�

^�Ïf; 1���)º� sumàÜA��Ïf.

éêâ KC1þ�£8�.(J�©Û, �±�Ñ:
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L 2 KC1êâ8þ��.�5U

�.
µd�I AAE ARE FPA

�gC� Ø�C� �C� Ø�C� �C� Ø�C� �C�

Ñt

£8

(PO)

^MIC

ÀÑ�

52�A�

��

Ñt£8

23.682 26.113 10.372 10.517 0.637 0.729

(5.056) (5.022) (5.370) (5.595) (0.089) (0.026)

Ì¤©

Ñt£8

4.529 4.486 1.706 1.489 0.783 0.789

(0.555) (0.464) (0.346) (0.300) (0.034) (0.035)

(k = 1) (k = 2) (k = 9) (k = 10) (k = 9) (k = 2)

^ AIC*

ÀÑ�

58�A�

Ì¤©

Ñt£8

4.615 4.531 1.848 1.683 0.794 0.792

(0.499) (0.452) (0.758) (0.377) (0.033) (0.039)

(k = 2) (k = 3) (k = 13) (k = 14) (k = 12) (k = 4)

^ BIC*

ÀÑ�

40�A�

Ì¤©

Ñt£8

4.576 4.336 1.943 1.639 0.780 0.790

(0.511) (0.488) (0.280) (0.257) (0.048) (0.038)

(k = 2) (k = 2) (k = 1) (k = 2) (k = 10) (k = 2)

^�Ü 86*

�A�

Ì¤©

Ñt£8

4.614 4.480 1.731 1.643 0.780 0.793

(0.638) (0.659) (0.667) (0.354) (0.039) (0.038)

(k = 2) (k = 2) (k = 13) (k = 2) (k = 13) (k = 4)

K��

£8

(NB2)

^MIC

ÀÑ�

52�A�

Ì¤©K

��£8

4.766 4.342 1.637 1.552 0.796 0.789

(1.106) (0.757) (0.250) (0.270) (0.032) (0.033)

(k = 1) (k = 8) (k = 5) (k = 7) (k = 9) (k = 2)

(θ = 1.274) (θ = 2.188) (θ = 1.762)(θ = 2.118)(θ = 2.242) (θ = 1.624)

^ AIC*

ÀÑ�

58�A�

Ì¤©K

��£8

4.753 4.394 1.688 1.692 0.794 0.791

(0.934) (0.483) (0.558) (0.312) (0.033) (0.038)

(k = 1) (k = 4) (k = 13) (k = 12) (k = 12) (k = 4)

(θ = 1.265) (θ = 1.726) (θ = 2.480) (θ = 2.271) (θ = 2.390) (θ = 1.726)

^ BIC*

ÀÑ�

40�A�

Ì¤©K

��£8

5.059 4.244 1.918 1.627 0.783 0.791

(1.326) (0.521) (0.416) (0.302) (0.043) (0.040)

(k = 1) (k = 2) (k = 1) (k = 2) (k = 10) (k = 2)

(θ = 1.262) (θ = 1.611) (θ = 1.262) (θ = 1.611) (θ = 2.451) (θ = 1.611)

^�Ü 86*

�A�

Ì¤©K

��£8

4.695 4.366 1.748 1.700 0.780 0.795

(0.929) (0.544) (0.768) (0.328) (0.037) (0.037)

(k = 1) (k = 3) (k = 13) (k = 14) (k = 16) (k = 4)

(θ = 1.267) (θ = 1.694) (θ = 2.551) (θ = 2.495) (θ = 3.820) (θ = 1.715)

*5: 1) AIC� 58, BIC� 40�A�´±Ñt£8�.ÀÑ�, �
Bu'�3K���vk­#À;

2) KC1¥k 94�á5, íØ 8�~þ, 3e 86�á5.

1) ¦^ sum!avg!maxàÜ�ª���àÜA�é�.�ýÿ5U�K�´wÍ

�: lL 6wÑ, ±MICÀ�� 52�A�¥��Ð�.� Baseline, 3ù��.¥�K1

�Ì¤©, ����.� Baseline'�, 3 Tm×2 u�eÑkwÍ�É (Ø
 NB2� AAE

�I). `²ü�1�Ì¤©é"�ýÿÑ´kwÍ�^�. 
3A�Ø�C��/e, 1

�Ì¤©éA�´ suma.�Ïf; 3A��C�e, 1�Ì¤©éA�´ maxÚ avga

.Ïf. ù`²àÜA� (sum!avg!max)éýÿ5U�K�´wÍ�, ØÓ�àÜ�ª
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L 3 ÑÝëê�u�

5U�I �.
q,'u� G2

Ñt£8 deviance K��£8 deviance G2

AAE

MIC 52�A�
Ø�C� 366.136 67.981 298.155*

�C� 301.360 63.989 237.371*

AIC 58�A�
Ø�C� 371.750 68.068 303.682*

�C� 295.861 63.955 231.906*

BIC 40�A�
Ø�C� 369.994 68.179 301.815*

�C� 306.935 63.916 243.019*

ARE

MIC 52�A�
Ø�C� 265.552 63.096 202.456*

�C� 238.766 63.011 175.755*

AIC 58�A�
Ø�C� 200.602 60.210 140.392*

�C� 221.305 60.913 160.392*

BIC 40�A�
Ø�C� 369.994 68.179 301.815*

�C� 306.935 63.916 243.019*

FPA

MIC 52�A�
Ø�C� 224.070 61.798 162.272*

�C� 301.360 63.989 237.371*

AIC 58�A�
Ø�C� 206.129 61.117 145.012*

�C� 287.981 63.967 224.013*

BIC 40�A�
Ø�C� 212.635 62.008 150.627*

�C� 306.936 63.916 243.019*

5: L¥ *�L3 1%wÍY²ewÍ.

éØÓ�.5U�K�´k�É�.

2) �.��)º5�Ð: lL 4��±wÑ5, é 52�A�Ø�C��±�� 9�Ì

¤©, Ïf1Ö^=���)º5�~²w, 1���)º� sum�ª�Ïf, =, Ì�l

sumàÜ�ª�A�¥¼�; 1���)º� avg�ª�Ïf, =Ì�l avgàÜ�ª�

A�¥¼�; 1n��)º� max�ª�Ïf, =Ì�l maxàÜ�ª�A�¥¼�. �

´�{�Ù¦ 6�Ïfvk²w�a.A�, ØÐ)º. lL 5�±wÑ, A�²L�gC

��, Ì¤©�êC� 2�, Ïf1Ö^=����ü�Ïf�)º5�²w, 1���)

º� maxÚ avg�ª�A��Ó�^�Ïf, =Ì�l maxÚ avgàÜ�ª�A�8¥

¼�; 1���)º� sum�ª�Ïf, =Ì�l sumàÜ�ª�A�¥¼�.

3) éA��C�'Ø�C��Ð: lL 2�±wÑ: Ø
Äu AIC�C���Ì¤©

K��£8�.� ARE�I	, C��� AAE!ARE�I�ý�õêÑ$uØ�C�

���, õ��.e� FPA�IpuØ�C����, Nõ�.e��IþkUõ, `²

éA��C�´k�^�. Ì�´C���A��ÏCþ lnY �m�\�C�5'X, �

A���C��Xê αý�Ü©�u 1, Ø 
àÜ��A�¥�����*ÿ�, lÚ

O¿Âþ5`, Ò´A�����\­½
, ��C�
, ¦�A�C��Ì¤©�êl 9

�ü� 2�, �.C���{', 5U�ÑkJ,��\­½, ù`²C�´k��.
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L 4 ¦^ 52�A��Ì¤© (Ø�C�)�^=�� 9�Ïf1Ö

Ïf 1 Ïf 2 Ïf 3 Ïf 4 Ïf 5 Ïf 6 Ïf 7 Ïf 8 Ïf 9

sumLOC TOTAL 0.856 0.322 0.275 0.105 0.105 0.076 0.184 -0.054 0.000

sumLOC EXECUTABLE 0.843 0.345 0.299 0.098 0.108 0.062 0.165 -0.060 -0.045

maxHALSTEAD VOLUME 0.353 0.384 0.841 0.102 0.027 0.035 0.049 0.019 0.030

avgHALSTEAD VOLUME 0.290 0.851 0.388 0.130 -0.041 0.067 0.064 0.034 0.080

maxNUM OPERANDS 0.361 0.409 0.816 0.113 0.046 0.038 0.070 0.072 0.041

maxHALSTEAD LENGTH 0.352 0.411 0.823 0.113 0.075 0.037 0.059 0.043 0.025

maxNUM OPERATORS 0.353 0.408 0.822 0.112 0.092 0.037 0.049 0.029 0.017

sumHALSTEAD DIFFICULTY 0.951 0.159 0.218 0.014 0.053 0.045 0.018 0.112 0.000

maxLOC TOTAL 0.319 0.497 0.715 0.050 0.170 0.060 0.269 -0.014 0.120

sumHALSTEAD LENGTH 0.920 0.268 0.262 0.066 0.013 0.043 0.051 0.014 0.026

avgHALSTEAD LENGTH 0.303 0.858 0.357 0.155 0.004 0.082 0.067 0.051 0.039

maxHALSTEAD ERROR EST 0.352 0.385 0.841 0.103 0.027 0.036 0.048 0.019 0.030

sumNUM UNIQUE OPERANDS 0.916 0.244 0.220 0.169 0.040 0.048 0.079 0.065 0.033

maxHALSTEAD CONTENT 0.318 0.366 0.567 0.576 0.173 -0.013 0.013 0.002 0.100

avgHALSTEAD ERROR EST 0.289 0.852 0.385 0.129 -0.039 0.076 0.063 0.035 0.079

sumHALSTEAD VOLUME 0.908 0.292 0.271 0.049 -0.026 0.036 0.040 0.007 0.060

maxLOC EXECUTABLE 0.352 0.470 0.748 0.049 0.184 0.043 0.184 0.005 0.029

avgLOC TOTAL 0.218 0.872 0.267 0.091 0.082 0.164 0.180 -0.041 0.115

sumHALSTEAD EFFORT 0.884 0.253 0.287 -0.085 -0.137 0.011 -0.050 0.043 0.127

sumHALSTEAD PROG TIME 0.884 0.253 0.287 -0.085 -0.137 0.011 -0.050 0.043 0.127

avgNUM OPERATORS 0.298 0.863 0.356 0.140 0.025 0.083 0.057 0.039 0.019

maxNUM UNIQUE OPERANDS 0.328 0.461 0.705 0.305 0.102 0.030 0.055 0.162 0.129

sumNUM OPERATORS 0.917 0.267 0.272 0.060 0.028 0.044 0.053 0.004 0.009

maxLOC BLANK 0.515 0.484 0.350 0.017 0.082 -0.007 0.159 0.116 0.538

maxHALSTEAD EFFORT 0.402 0.300 0.842 -0.082 -0.110 0.026 0.018 0.038 0.005

maxHALSTEAD PROG TIME 0.402 0.300 0.842 -0.082 -0.110 0.026 0.018 0.038 0.005

avgNUM UNIQUE OPERANDS 0.283 0.831 0.271 0.319 0.008 0.108 0.090 0.125 0.036

sumHALSTEAD ERROR EST 0.907 0.295 0.271 0.047 -0.027 0.038 0.041 0.006 0.059

avgHALSTEAD EFFORT 0.274 0.747 0.516 -0.078 -0.179 -0.009 0.018 0.074 0.156

avgHALSTEAD PROG TIME 0.274 0.747 0.516 -0.078 -0.179 -0.009 0.018 0.074 0.156

avgHALSTEAD DIFFICULTY 0.364 0.814 0.293 0.054 0.081 0.104 0.059 0.254 -0.053

sumHALSTEAD CONTENT 0.870 0.173 0.221 0.284 0.140 0.049 0.119 0.043 -0.058

avgBRANCH COUNT 0.265 0.878 0.320 -0.124 0.138 0.028 0.015 -0.006 -0.007

sumNUM UNIQUE OPERATORS 0.930 0.100 0.216 0.083 0.117 0.050 0.054 0.162 -0.033

maxHALSTEAD DIFFICULTY 0.361 0.465 0.614 -0.013 0.219 0.026 0.087 0.411 0.069

avgHALSTEAD CONTENT 0.260 0.749 0.211 0.493 0.084 0.073 0.095 0.081 -0.066

avgLOC EXECUTABLE 0.224 0.893 0.295 0.109 0.105 0.106 0.124 0.006 0.028

sumDESIGN COMPLEXITY 0.899 0.237 0.301 0.005 0.156 0.046 0.064 -0.013 -0.059

sumBRANCH COUNT 0.917 0.270 0.263 -0.055 0.066 0.029 0.024 0.018 0.018
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L 4 ¦^ 52�A��Ì¤© (Ø�C�)�^=�� 9�Ïf1Ö (Y)

avgCYCLOMATIC COMPLEXITY 0.268 0.878 0.317 -0.122 0.145 0.031 0.019 -0.016 -0.007

sumCYCLOMATIC COMPLEXITY 0.926 0.233 0.264 -0.026 0.094 0.030 0.033 0.033 0.008

avgDESIGN COMPLEXITY 0.243 0.868 0.311 -0.087 0.218 0.065 -0.006 -0.072 -0.044

sumLOC BLANK 0.872 0.320 0.119 0.048 -0.015 0.001 0.053 0.017 0.311

avgNUM UNIQUE OPERATORS 0.333 0.770 0.222 0.170 0.123 0.112 0.070 0.349 -0.109

avgLOC BLANK 0.268 0.755 0.169 0.084 0.040 0.052 0.164 -0.011 0.480

COUPLING BETWEEN OBJECTS 0.257 0.476 0.298 0.155 0.646 0.093 0.121 0.190 0.052

sumESSENTIAL COMPLEXITY 0.925 0.203 0.223 -0.029 0.053 -0.007 -0.029 0.093 0.076

maxNUM UNIQUE OPERATORS 0.225 0.537 0.492 0.055 0.238 0.044 0.082 0.556 0.103

avgHALSTEAD LEVEL -0.156 -0.302 -0.073 -0.016 -0.040 -0.930 -0.012 -0.022 -0.006

avgESSENTIAL COMPLEXITY 0.238 0.815 0.282 -0.240 -0.012 -0.114 -0.018 0.004 0.075

maxBRANCH COUNT 0.378 0.466 0.715 -0.123 0.229 0.001 0.122 0.039 -0.027

maxLOC COMMENTS 0.244 0.395 0.351 0.036 0.077 0.015 0.787 0.055 0.085

4) Äu MICA�ÀJ�{�£8�.�5U�Ð: l�I AAEþw, ���´Ä

u BICÀÑ� 40�A��C��Ì¤©K��£8�., AAE = 4.244. l�I AREþ

w, ���´ÄuMICÀÑ� 52�A��C��Ì¤©Ñt£8�., ARE = 1.489. l

FPA�Iw, ���´ÄuMICÀÑ� 52�A�Ø�C���Ì¤©K��£8�.,

Ù FPA = 0.796. üwK��£8�., n��I¥, �Ð��´ÄuMICÀÑ� 52�A

��K��£8�.. �,, lÚO�wÍ5é'5w, Äu MIC��., �Äu AIC!

BIC±9 86�A���.�5UþvkwÍ�É, �õ��IÑÑÐuÙ¦�., nÜ5

`, �±�ÑÄuMICÀÑ�A�ï�´k`³�.

§7. o(�Ð"

�éÄu·��è�^�"�ýÿï�¥A�õ!A�m'XE,, 
DÚ�A�À

J���A�8�)º5��¯K, �©kæ^ Reshef� [4] JÑ�MICÝþl¯õA�

¥ýÀÑMIC���ÿÀA�8, Ùgé¤ÀA�?1
·���gC�, ,�2éC�

��A�8?1Ì¤©©Û, ��Äu���Ì¤©�ÑtÚK��£8�.. ¢�(J

L², ÄuMICA�ÀJ�{���£8�.5UÑÐuDÚ�Äu AIC!BIC�{, �

?�ÚÏf©ÛL², ���cü�Ì¤©��´éA� avgÚ maxàÜ�ªA�8, �

��ÐéA� sumàÜ�ªA�8, ¦��.äkûÐ��)º5. e�Ú, ·�òïÄ

Ù¦àÜ�ª ('X, © ê)é"�ýÿ´ÄkwÍ�^, Ïé�õk^�àÜ�ª; ,

	, Q,àÜA�´da¥��{�¬àÜ��, ´Ä�±�ÄàÜ�êâ�àÜcêâ

��g8¤ÆS�., ±?�ÚJp^�"�ýÿ�5U.
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L 5 ¦^ 52�A��C���Ì¤©©Û²^=�� 2�Ïf1Ö

Ïf 1 Ïf 2

sumLOC TOTAL 0.484 0.846

sumLOC EXECUTABLE 0.577 0.799

maxHALSTEAD VOLUME 0.808 0.522

avgHALSTEAD VOLUME 0.892 0.405

maxNUM OPERANDS 0.803 0.53

maxHALSTEAD LENGTH 0.812 0.521

maxNUM OPERATORS 0.815 0.514

sumHALSTEAD DIFFICULTY 0.415 0.895

maxLOC TOTAL 0.818 0.485

sumHALSTEAD LENGTH 0.508 0.855

avgHALSTEAD LENGTH 0.879 0.416

maxHALSTEAD ERROR EST 0.81 0.518

sumNUM UNIQUE OPERANDS 0.434 0.887

maxHALSTEAD CONTENT 0.667 0.547

avgHALSTEAD ERROR EST 0.891 0.406

sumHALSTEAD VOLUME 0.545 0.827

maxLOC EXECUTABLE 0.829 0.499

avgLOC TOTAL 0.841 0.348

sumHALSTEAD EFFORT 0.66 0.727

sumHALSTEAD PROG TIME 0.66 0.727

avgNUM OPERATORS 0.879 0.411

maxNUM UNIQUE OPERANDS 0.781 0.529

sumNUM OPERATORS 0.506 0.856

maxLOC BLANK 0.765 0.487

maxHALSTEAD EFFORT 0.826 0.503

maxHALSTEAD PROG TIME 0.826 0.503

avgNUM UNIQUE OPERANDS 0.838 0.422

sumHALSTEAD ERROR EST 0.561 0.816

avgHALSTEAD EFFORT 0.913 0.385

avgHALSTEAD PROG TIME 0.905 0.38

avgHALSTEAD DIFFICULTY 0.827 0.444

sumHALSTEAD CONTENT 0.327 0.919

avgBRANCH COUNT 0.879 0.343

sumNUM UNIQUE OPERATORS 0.312 0.929

maxHALSTEAD DIFFICULTY 0.776 0.513

avgHALSTEAD CONTENT 0.748 0.44

avgLOC EXECUTABLE 0.885 0.364

sumDESIGN COMPLEXITY 0.41 0.894

sumBRANCH COUNT 0.496 0.846

avgCYCLOMATIC COMPLEXITY 0.87 0.343



106 A^VÇÚO 1 35ò

L 5 ¦^ 52�A��C���Ì¤©©Û²^=�� 2�Ïf1Ö (Y)

sumCYCLOMATIC COMPLEXITY 0.437 0.882

avgDESIGN COMPLEXITY 0.856 0.34

sumLOC BLANK 0.576 0.743

avgNUM UNIQUE OPERATORS 0.783 0.457

avgLOC BLANK 0.787 0.383

COUPLING BETWEEN OBJECTS 0.6 0.5

sumESSENTIAL COMPLEXITY 0.342 0.905

maxNUM UNIQUE OPERATORS 0.817 0.404

avgHALSTEAD LEVEL -0.41 -0.251

avgESSENTIAL COMPLEXITY 0.738 0.318

maxBRANCH COUNT 0.815 0.471

maxLOC COMMENTS 0.646 0.45

L 6 KC1êâ8þA��1�Ì¤©��^

µd�I
AAE ARE FPA

Ø�C� �C� Ø�C� �C� Ø�C� �C�

Ñt£

8�.

(PO)

52�A� (MIC)

�Ì¤©Ñt£

8 (Baseline)

4.529

(0.555)

4.486

(0.464)

1.706

(0.346)

1.489

(0.300)

0.783

(0.034)

0.789

(0.035)

52�A� (MIC)

�K1��Ì¤©

��Ñt£8

5.702

(0.482)

5.666

(0.468)

2.663

(0.113)

2.561

(0.212)

0.529

(0.101)

0.668

(0.063)

� Baseline�É�

m× 2 CV t-u�

T4×2:2.301

p :0.027

T3×2:2.700

p :0.021

T3×2:2.889

p :0.017

T3×2:2.358

p :0.032

T4×2:-2.343

p :0.026

T4×2:-3.119

p :0.008

K��

£8�.

(NB2)

52�A� (MIC)

�Ì¤©K��

£8 (Baseline)

4.766

(1.106)

4.342

(0.757)

1.637

(0.250)

1.552

(0.270)

0.796

(0.032)

0.789

(0.033)

52�A� (MIC)

�K1��Ì¤©

��K��£8

5.809

(0.494)

5.784

(0.433)

2.738

(0.231)

2.749

(0.416)

0.561

(0.077)

0.668

(0.063)

� Baseline�É�

m× 2 CV t-u�

T3×2:0.729

p :0.249

T3×2:1.675

p :0.077

T3×2:3.334

p :0.010

T3×2:2.365

p :0.032

T3×2:-3.038

p :0.014

T4×2:-3.041

p :0.009

5: çN�LY² 0.05ewÍ. AAE�Ie, K��Ì¤©£8�.e, �K�Ø�K1�Ì¤©ü�.

��, �±YO\mS0u�vkUõ, �L¥�3e 3× 2�(J.
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Software Defect Prediction Model Based on Maximal

Information Coefficient

CUI Jun LIU Yana
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Abstract: In software defect prediction with a regression model, too many metrics extracted from static

code and aggregated (sum, avg, max, min) from methods into classes can be candidate features, and the

classical feature selection methods, such as AIC, BIC, should be processed at a given model. As a result,

the selected feature sets are significantly different for various models without a reasonable interpretation.

Maximal information coefficient (MIC) presented by Reshef et al. [4] is a novel method to measure the

degree of the interdependence between two continuous variables, and an available computing method is

also given based on the observations. This paper firstly use the MIC between defect counts and each

feature to select features, and then conduct the power transformation on the selected features, and finally

build up the principal component Poisson and negative binomial regression model. All experiments are

conducted on KC1 data set in NASA repository on the level of class. The block-regularized m × 2

cross-validated sequential t-test is employed to test the difference of performance of two models. The

performance measures of a model in this paper are FPA, AAE, ARE. The experimental results show that

1) the aggregated features, such as sum, avg, max, are selected by MIC except min, which are significantly

different from AIC, BIC; 2) the power transformation to the features can improve the performance for

majority of models; 3) after PCA and factorial analysis, two clear factors are obtained in the model. One

corresponds to the aggregated features via avg and max, and the other corresponds to the aggregated

features with sum. Therefore, the model owns a reasonable interpretation. Conclusively, the aggregated

features with sum, avg, max are significantly effective for software defect prediction, and the regression

model based on the selected features by MIC has some advantages.

Keywords: MIC; software defect prediction; Possion regression; negative binomial regression; block-

regularized m× 2 cross-validated sequential t-test
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