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�)K�.DÚá5ÀJOK�½Â�õÄu]¼ê,¦�ûüä�{�3õ� �¯K,=��u

ÀJ��«aõ�á5��!:©�á5. ®kïÄL²�)�Å��5�µdOKU
ü$©a

 ��aq�ê �. �©òÄuIOzµe�)ÄZ�ê��Å��5, ±d�)Ùõ� �¯

K.ÏL<Eêâ8�y,IOÄZ�êU
�)ÄZ�ê�õ� �¯K,¿�ÀJÑäkûü&
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1 Úó

ûüä�{´²;�ÅìÆS�{[1], T�{æ^gþ
e�©�üÑé��?1y©, z�g

y©UìÀ��á5òA��m©�¤ØÓ�«�, 8I´¦�Ó�«�S���áuÓ�a. ûü

ä�{äkÃõ`:, X�.U
)¤�*�n)�If-Then 5K, äk�r��)º5, ¿�·^u

?noäê�á5��Âá5�©a¯K. d	, duûüä�SÜ!:zgÀJk|u�c��y

©�á5, Ïd�±«©ØÓaO¤I�A�, ¿�äSÜ!:üÕO�z�A��­�Ý, ép�

êâ�5��ê/J¯Käk�½�-�Uå. Äuûüä�., ïÄöJÑ�ÅÜ�!�ÝÜ��

�z5U�p�ÆS�{, 3�5�êâ!õ��êâ!�²ïêâþ��
¤õ�A^.

XÛÀJ!:�©�á5�©��´ûüä�{�Ø%¯K.yk�{�õ¦^ÄZ�ê�ØX

Ýü$¼ê��!:ÀJá5OK. ù
ØXÝ¼ê¢�þ´,�ü¸]¼ê�Ú�K�, duü�

Cþ�5|Ü�]¼ê��uü�Cþ]¼ê���5|Ü(f(tx1 +(1−t)x2) > tf(x1)+(1−t)f(x2)),

Ú^�ª: �qx, o�ô�. �)�Å��5�ÄZ�ê�ûüä�{. ¥I�Æ: &E�Æ, 3"©Ù
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�qx�: �)�Å��5�ÄZ�ê�ûüä�{

ù¦�ØXÝü$¼ê�3õ� �¯K, =��uÀJ���êõ�á5. ��
ó, þ!©Ù�

�ÅCþ½ÉDÑZ6�$�Cþ¬�3�õ���.õ� �¯K��ûüä�{3á5ÀJ��

3 �, ÀJÑ��«a�õ
éaOû½§ÝØp�á5Cþ, ùò¬K�ä�.��zUå�D

Ñ°�5�5U.

á5­�Ý�ÏLA�á5�ûüá5�m���§Ý�x. 3��§Ý�x¥, �3Ü©dC

þ�Å5½©ÙA5�����5. ~X, 3�Á¤1µd¥, ÀJK��(�Y�ý¢I\, Æ)�

K(J�ýÿI\. b���K��Y�(A, B, A, C, C, C, C, D, A, B),Æ)�Åßÿ��Y�(C, C,

C, C, C, C, C, C, C, C)�(A, B, A, B, A, B, A, B, A, B). ù���Y�¼�z©�o��z©�Ê�

�O(Ç. ùü«�Åßÿ��Y©Ù�ý¢�Y�©Ù��Cq, l
�)
�p���5. �©

òù«duCþ©Ù½�Å5�����5¡��Å��5.

3àa5Uµd¥, =��ê�&EOÃ��yäkaqØ°�5, =µd��Xaq�ê�O

õ
²wO�,w,,ÄZ�ê�õ� �¯K�aqµdOK�aqØ°�5�Ó��¯K.=üC

þ���5�xL§¥, ��5Ýþ�É��ÅCþ���ê�K�. Xc¤ã, ù��duCþ�

�½©ÙK���5�¯K�ÏL�)�Å��55)û. Gates�<[2, 3]®�y�Ø�Å��5�=

��ê�&EOÃäk�p�aq�ê°�5, =µd�Ø�Xaq�ê�Oõ
²wOõ.

nþ, �©òÏL�)ÄZ�ê��Å��55�)Ùõ� �¯K, ±J,ÄZ�êÀJA�

��þ9ûüä�{��z5U. �©�zÌ�Ny3±en�¡:

(1) y²��8Ü¥A��þ�I\�þ/¤��éL��Ñl�AÛ©Ù, ¿3�AÛ©Ùe

�ÑÄZ�êÏ"����L�ª;

(2) ½Â�)õ� ��IOÄZ�ê, 3<Eêâ8þ�yÙA�ÀJ�k�5;

(3) JÑÄuIOÄZ�ê�ûüä�{, ¿ÏL¢��yÙ�z5U.

�©312!�Ñ�a]¼ê¿lnØþ©ÛÙõ� �¯K.313!�Ñ��8ÜIOÄZ�

ê�Ï"���, ¿½ÂIOÄZ�ê. 14!3<Eêâ8þ�yIOÄZ�ê�)õ� ��k

�5,15!3ÄOêâ8�ã�êâ8þ�yÄuIOÄZ�ê�ûüä�{��z5U.��o(

�©.

1.1 �'ó�

Xc¤ã, ûüä�{¥�A�­�ÝµdOK¥�3õ� �¯K. ®kïÄ¤JL²�Ø�

Å��5��{��)üCþ��5µd�õ� �¯K[2]. Ïd, �©òÄu�)�Å��5��

{�)ÄZ�ê�õ� �¯K, ù�)ûüä�{!ûüä­�ÝµdOK, õ� �¯K, �Å�

�5o��¡�ó�, �!òlþão��¡?1£�.

1.1.1 ûüä�{

ûüä�{´ÚOÅìÆS+���L5�{, gJÑ±5, 'uûüä�{�}{!8¤!O

þªÆS!�.�Ýz�üÑ�U�JÑ, ûüä�.3�d¯aÆS!�²ï¯K!ú²5ÆS�

|µe�2�¦^[4]. ûüäÆS�{�;.�L�{�ID3[5], C4.5[6]ÚCart�{[7]. ù
�{�«O

3uä(��A�ÀJIO. ID3�C4.5æ^õ�ä(�, �lÑá5�z���ïá��©{, �ö

©O¦^&EOÃ�&EOÃ'ÀJ!:A�. Cart�{�ï��ä, ÏL��K�òëYá5��

z, ¦^ÄZ�êµdA�­��§Ý.

�·AØÓ�?Öa.�êâA5, ��p��ûüä�{�U�JÑ. �
?nkS©a¯K,
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Hu�<[8]JÑkS&E�9�A�ûüä�{, T�{LyÑ�Ð��z5�°�5. �
?n�²

ïêâ, Demirovic�<[9]JÑ`zF1©ê���5µd�I�ûüä�{. �
J,ûüä�.�a

Oú²5, Aghaei[10]�<Äu·Ü�ê�55y��Kz�{5�ïûüä¥�ýÿ�þÚú²5.

d	, ûüä�.äk�r��*Ð5. N´��5�.[11]!�ÝÆS[12, 13]�Ù¦�.(Ü, )¤�

�E,�ûüä�., ^u?n��5êâ!�(�zêâ�E,êâa..

ûüä�.�Øv�?3uûüä�{éÔöêâäk�r��65,��ûüä�.äkØ­

½5, N´éÔöêâ�)L[Ü�y�. �Ôöêâu)��UC�, ûüä�ä�.�)���

Cz. ûüä�.�Ø­½5��
Ù�z5U. ù�¯K�ÏLBagging[14], �ÅÜ�[15, 16], ��^

=Ü�[17], Boosting[18], A�f�m�ï[19]�8¤�{?1Uõ. ù
�{ÏLé�©êâ8���

?1Ä�!D�§½éA�?16Ä!�{!\�|Ü��ª��õ�Ôöêâ8,3ù
Ôöêâ8

þ���õ�ûüä�.äk�½�pÖ5!�É5, ÏL8¤ù
�.J,é#êâ��z5.

��, ��²;�ÅìÆS�{, ûüä�.äk�r�?Ö·A5��.�*Ð5, ¿���

äk�r�)º5��{, ��
�2��'5�A^.

1.1.2 A�­�ÝµdOK

éuA�­�ÝµdOK�ïÄ, Ì�lµ��I�½Â!Ä�©Ù�O9OK�`zA5n�

�¡?1£�. 3µ��I½Â�¡, Giorgi�<[20]�Ñõ«lÑ�/eÄZ�ê�½Â, ¿�ÑÄ

uÄZ�ê�ÚOíä�{. ÄuØÓ��y©¤�&E�����, Reshef�<[21]JÑMICµd�

I, �^5&¢ëYCþ���5'X. Serrurier�<[22]ÄuVÇ�&«mþ.½Â
&E�µdO

K, TOK�@ÊÅ�½¯�}{�J��. Li�<[23]Äu&E�½Â
��­½5¼ê, ^u«©

­½�aqØ%���Ø­½�>���, ¿JÑ�A�àa�{.

Ä�©Ù�O´�µdOK�²��O�ý¢��m��å±9µdOK�VÇ©Ù/ª�ï

Ä. Bhargava�<[24]3õ�©Ùe�ÑÄZ�êÄ�©Ù�VÇ�L, ¿�ÑÙÏ"����O�ú

ª. Roulston�<[25]�Ramos�<[26]©OÄu���p��VÐª�Ñ*ÿ&E��ý¢&E��m

��å, ¿�Ñ*ÿ&E�����«�O�ª.

OK`zA5´�á5µdOK��uÀJÛ«A5�á59©�:. Raileanu�<[27]lnØþ

'�
ÄZ�ê�&EOÃü«µdOK, /ªz/�Ñ�öµ�(J���Ø����¹, ¿�Ñ

�õê�/e�öµ�´���(Ø. Shih�<[28]ò&E�!ÄZ�ê!k�ÚOþ�ÚOþÚ�L

«�lÑVÇ©Ù�ÑÝ\�Ú�/ª, ���õêOK(ØÄZ�ê	)÷vp½`k5, =`kÀ

J�¦�m!:p½�á5. Breiman�<[29]nØ�y
ÄZ�ê��uò��a����!:, Ù

{a��!:�©�, &E���u!:��²ï�©�.

nþ¤ã, ûüä���«äk�r�)º5�©a�{, Ùá5µdOK�²��O5�, `

zA59VÇ©Ù/ª�ïÄEäk���uÐ�m.

1.1.3 õ� �¯K9Ù�)�{

�
�)A�á5�õ� �¯K,ïÄöJÑÚ\A�á5½ûüá5���8Ü5ïþõ�

��5�­�Ý. ��8Ü´�3,«A½�å^�e, ÏLUCá53��þ�ü� �/¤#�

á5�þ. ù
á5�þduA½�å��µ�á5�þ/¤,«¿Âe��5�þ, ,�ù
á5

�þ9Ùµ��©O/¤,«©Ù, ¦^©Ùe�,�êiA�5ïþõ���5�­�Ý.

Ï~, á5�þ~^�©Ùkþ!©Ù,µ��~^�©Ùk³ê©Ù!pd©Ù,á5�þ�û
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�qx�: �)�Å��5�ÄZ�ê�ûüä�{

üá5��L���~^�©Ùk�AÛ©Ù�. yk�{�õæ^��8Üþ­�Ý�©Ùp�?

1ûü½l�©­�Ý¥~���8Ü�²þ­�Ý�üÑ. ùü«üÑþI�¦Ñ­�Ý�þ�,

p�ûü�üÑ?�ÚI�­�Ý����Ä�©Ù¼ê. éuµ�OK©Ùëê(þ����)�©

Ù¼ê�O�, y�ã�3X�Akâ�{�[O�!Cq©ÙO�!°(O���{.

3�Akâ�{�[O��¡, Sandri�<[30]ÏL�|Ø�¹ûü&E��Cþ�²þ­�Ý5

Cq�� �, T�{�X��5Ýþg��Ó, ØÓ�?3uT�{½Â��Ø ��­�Ý¼ê

Ø�¹8�z�, ��Cþ´÷v^��Ü©Cþ
�¤k�UCþ. Wright�<[31]ÏL��A�á

53��þü���ª5½Âduá5(�( �)Úå�­�§Ý, ¿±~�ùÜ©­�Ý�(J�

�ý��­�Ý. Nembrini�<[32]æ^µ�OK�º¡²�\È©Ù�Op�,T�{Ø·^u���

K�­�ÝµdOK. Romano�<[33]ÄugÏæ�{½ÂMICµd�I�þ�,Äud½Â�)�Å

��5�AMICµd�I, ¢�©ÛL²AMICD�þ!Õá��ÅCþé�A�"�.

3Cq©ÙO��¡, Alin�<[34]3�éL��Ñlõ�©Ù�b�eO�ÄZ�ê�Ï"��

�, �X¦^³ê©ÙCqÄZ�ê�Ä�©Ù, ��¦^³ê©Ù��p���­�ÝµdOK. ,


, 3©a¯K¥�b�A��>�©Ù�½�, lnØþ5w�éL��AÑl�AÛ©Ù. d	,

¦^p�?1­�Ý�ä�3· k&Eá5�Ã&Eá5�ºx, �I��õ���[Ü­�ÝO

K�VÇ©Ù. Altmann�<[36]JÑPIMP�{, T�{éûüCþ?1��ü�, ��A��õ�­

�§Ý�, ,�b�ù
�Ñlpd©Ù!éêpd½³ê©Ù�, ©Ù�ëêÏL��q,�O, ©

Ù�ÀJÏLKolmogorovõSmirnovu��¤, �ªÏLp��éêC�éá5�­�§Ý?1�ä.

3°(O��¡, Romano�<[35]3©z [33]�Ä:þ½Â
�k?�IOp&E�I,T�IÏ

Llp&E¥~Kþ�Ø±IO�, �y
ù«½Â�{�±ü$õ� �Ú��� �, ¿�ÑÙ

¦^^�����ê�u5���éL���ê. ,
, ù«½Â�{�9�O�µd�I���, O

�E,Ý�p. Romano�<[33] ÄuAlin�<[34]���ÄZ�ê�Ä�©Ù�CantelliØ�ª�ÑÄ

Z�ê�© ê�þ., ¿Äud�ï�ÅÜ�, ¢�L²TµdOK�¼��p�O(Ý.

nþ¤ã, Äu�Akâ�{�Cq©ÙO��¡�ó��õÄuµ�OK�p�½Âá5­�

Ý.
Äup��ä­�Ý��{I�CqÚOþ(µ�OK)�Ä�©Ù9(½©Ùëê,E,Ý�p,


�p��XÚOþ�C��3Í,Cz��U, �UK�éá5&E§Ý��ä[37]. Äu°(O�

��{I�(½ÚOþ�VÇ©Ù. éuÄZ�ê
ó, Ù��8Ü�©ÙA��AÛ©Ù
�õ�

©Ù,�©3�AÛ©Ùe½ÂIOÄZ�ê,±�)ÄZ�êÚå�õ� �¯K,±Ï�ïäk�

Ð�z5�ûüä�..

1.1.4 �Å��5

3ÅìÆS?Ö¥, ���qÝ�O�!�.ÀJ�µd�L§ÑI�éü��ÅCþ���5

?1µ�OK. ~^���5OKkÄuål�!ÄuÚO�'Xê�!Äu&EØ�. ù
OK�

õ��O��þ�m���§Ý. 
duCþ��Å5!���k�5, ù
OK�¹
�Å��5.

�Å��5´�du�ÅCþ©Ù��Å5�����5.

3�Ø�Å��5�¡, Wang�<[38]3X��5µee�)XO(Ý�I¥��Å��5,½Â


XO(Ý�I, ¿nØ�yÙ��uO(ÝäkÆS�O�5(`zXO(Ý����p�O(Ý

�), $ �5( �´�üa�©Ç�m�ýé��)!pE£5(XO(Ý�I�£O�Ü©�O(

ÝD��Ó©ê�Ä©aìé). Wang�<[39]é'
XO(Ý��Fmeasure�, �Ñäk�p�XO

(Ý�©aìäk�p�O(Ý�Ú�$��aVÇ,¿�ï
ÄuXO(ÝÆS��;��zØ�
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þ.. ©z [38], [39], [40]©OJÑ`zXO(Ý��ÀJ58¤�{!plug-in�{9|±�þÅ.

3�Ø&E��=��ê��Å��5�¡, Romano�<[33] ½Â
�)�Å��5�AMICµ

d�I, T�Iéuþ!DÑäk°�5. Gates�<[2]3�½aq�ê!�½aq��!¤kaqn

«b�9ü>�½½V>�½ü«�/e, �ÑÏ"&E��Ï"=��ê�½Â, �ÑØÓ��Å

�.���µd(JØÓ. Vinh�<[3]©Ûé'
IOp&EÚN�p&E�Ýþ5�!�Å"ÄO

�5�, ¿3ü«aqµd?Ö¥¢��y
N�p&EØ´Éaq�ê�K�.

nþ, 3©a?Ö¥, �)æ^�½>�©Ù½Â��Å��5kÏu�ï$ ���.; 3à

a?Ö¥, �)�Å��5kÏu�ïØÉaq�êK��µd�I; 3'é©Û¥, �)�Å��

5kÏu�ïØÉþ!DÑK��µd�I.¯¤±�,ûüä�{�3õ� �¯K,�©òÄu�

Å��5�)T¯K.

yéþão��¡�ïÄ?1�N�¡�o(Ú©Û. 'uûüä�{�ïÄ�¹ä(�!A�

­�ÝµdOK!·A#?Ö!?n#êâ!�.�Ýz��¡. Ù¥,A�­�ÝµdOKéuûü

ä�{5K��ï�'­�. ù�¡�ïÄ�¹µ��I�½Â!Ä�©Ù�O!OK`zA5!õ

� �¯K��¡�ïÄ.

8c,'uA�­�ÝµdOK�õ� �¯KÌ�ÏL¦­�Ý�p�½© ê,,�^ùü«

��O­�Ý?1A�µ���ª?1)û. ¦­�Ý�p�½© ê��{�9�¦­�Ý�þ�

���, ��ÏL�AkâO�!Cq©ÙO�!°(O���{��þ����. ,
, �AkâO

��{�3X�m¤�p!Cq©ÙO��°(O��3XCq©Ù ��¯K.

Ï�)�Å��5��{®��y��)Cþ©Ù�5���5. �©�Ø%ïÄ¯K�Äu�

)�Å��5�)ÄZ�ê�õ� �¯K, ù��ªÓ��9�ÄZ�ê�þ�����O�, �

©ÏL�Cq�©Ù�°(O���ª�ÑÄZ�êþ�Ú���O�úª.

2 ÄuØXÝ¼ê�á5µdOK9Ùõ� �¯K

3ûüä©a�{¥, !:�á5­�ÝÀJ¼êû½
ä��zUå!�Ý!²ï§Ý�­�

5U. Ï~, ûüäæ^�A�ÀJOK�õê´ÄuØXÝ¼ê½Â�. 
�õêØXÝ¼ê´Ä

u,�]¼ê½Â�, ù¦Ù�ä(JÉ�á5���ê�K�, =ØXÝ¼ê��uD���õ�

á5�p�­�§Ý.�!,�Ñ�^u½ÂØXÝ¼ê�]¼ê¿lnØþy²Ùõ� �¯K.©

z [41]©O�Ñ�a�/eGini �ê!&EOÃ!k�ÚOþ�õ� �¯K. �!òÙ(J*Ð�

õa©a?Ö9�aÄu]¼ê½Â�ØXÝ¼ê.

�Ôö8Ü�SN = {(x 1, y1), ..., (xN , yN )}, ���mX ∈ X ⊆ Rd, á5�ê�d, =x idd ��þ

L«, z��Ý�L��A�, A�8Ü�A = {A1, A2, ..., Ad}. I\8Ü�Y ∈ Y = {c1, c2, ..., ck}, I
\�ê�k. �½��A�A, �U����ê�r 6 N , A�A�I\Y/¤����éLXL1¤«.

Ù¥, nAi L«3Aá5þ���ai����ê, nYj L«aOá5cj����ê, nijL«A á5þ��

�ai, aOá5�cj����ê. ��áu1ja�k�VÇ�p(cj), aO�A��éÜVÇ�p(cj , ai),

^�VÇ�p(cj |ai), �©OÏL
nY
j

N ,
nij

N
nij

nA
i
?1�O.

Äk, �ÑØXÝ¼ê�½Â:

½Â1 �k�|(π1, π2, ..., πk)÷vπi > 0, i = 1, 2, ..., k �
∑

i πi = 1, φ�½Â3Ùþ�¼ê, φ¡

�ØXÝ¼ê, XJφ÷vXe^�:

(1)φ3( 1
k ,

1
k , ...,

1
k )þ�����;
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L 1 A�A�I\Y��éL

Table 1 Cross table between the feature A and label Y

A\Y Y = c1 . . . Y = cj . . . Y = ck Total(A)

A = a1 n11 . . . n1j . . . n1C nA
1

...
...

...
...

...
...

...

A = ai ni1 . . . nij . . . niC nA
i

...
...

...
...

...
...

...

A = ar nr1 . . . nrj . . . nrC nA
r

Total(Y) nY
1 . . . nY

j . . . nY
C N

L 2 A�A′�I\Y��éL

Table 2 Cross table between the feature A′ and label Y

A′\Y Y = c1 . . . Y = cj . . . Y = ck Total(A’)

A′ = a1 n11 . . . n1j . . . n1C nA′
1

...
...

...
...

...
...

...

A′ = ai ni1 . . . nij . . . niC nA′
i

...
...

...
...

...
...

...

A′ = a′r n′
r1 . . . n′

rj . . . n′
rC nA′

r

A′ = a′r+1 n′
r+1,1 . . . n′

r+1,j . . . n′
r+1,C nA′

r+1

Total(Y) nY
1 . . . nY

j . . . nY
C N

(2)φ3(1, 0, ..., 0),(0, 1, ..., 0),...,(0, 0, ..., 1)þ�����;

(3)φ'u(π1, π2, ..., πk)é¡;

ÄuXeo«]¼ê, ©O¡�ì?1C�Ø�¼ê!&E�!Bayes��Ø�Ç!MatushitaØ�,

f(x) = x(1− x) (1)

f(x) = −x log2 x (2)

f(x) = min{x, 1− x} (3)

f(x) =
√
x(1− x) (4)

�½ÂØXÝ¼ê�:

φ(π1, π2, ..., πk) = Σk
i=1f(πi). (5)

Ù¥πi ∈ [0, 1], �
∑

i πi = 1. ã1Ð«
�a�/ek = 2�, Äuo«]¼ê�ØXÝ¼ê. ��, ù

o«]¼êþ÷vØXÝ¼ê�5��¦. �½��ØXÝ¼ê, á5���a���8Ü�ØXÝ

�:

Im(a) = φ(p(c1|a), p(c2|a), ..., p(ck|a)), (6)

Ù¥p(cj |a)á5���a ���8Ü¥aO�cj ���'~. XJA�Aäkr«��, A�A éaO

ØXÝ�ü$§Ý½Â�:

∆Im(A) = Im(Y )− Σr
i=1p(ai)Im(ai). (7)
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0 0.2 0.4 0.6 0.8 1

x

0

0.2

0.4

0.6

0.8

1

(a)

ã 1 ]¼ê

Figure 1 The concave funtion

~X, �âúª(1)¤«�ì?1C�Ø��úª(2)¤«�&E�, Gini�ê�&EOÃ©O½Â�:

Gini(A) = 1− Σk
j=1(p(cj))

2 − Σr
i=1p(ai)Σ

k
j=1p(cj |ai)(1− p(cj |ai)), (8)

Gain(A) = −Σk
j=1p(cj) log2 p(cj) + Σr

i=1p(ai)Σ
k
j=1p(cj |ai) log2 p(cj |ai). (9)

ØXÝ¼ê�ü$§Ý���N
A��­�§Ý. �Ï´, 'uI\�þ�&EOÃ!ÄZ�

ê�ØXÝ¼êÝþ
8Ü¥��aO�ü�§Ý. ØXÝ¼ê�¼ê��p, 8Ü¥¤¹���I

\«a�õ½©Ù�þ!. �Uìá5��ò��8Üy©�ØÓf8�, ef8�XÝ�p, Kù

�á5éuûü�­�§Ý��. d�, 3ù
f8þO���I\�ØXÝ¼ê���, �A/, ü

$�©8ÜØXÝ�§Ý�p.

��\�*/n)ØXÝü$§Ý�A�­�Ý�'X, ±ì?1C�Ø�¼êf(p) = p(1− p)�
Ñ��a¯K�ØXÝ¼êÄZ�êφ(p) = 2p(1 − p)�~?1?�Ú�ã. w,, ØXÝ¼êf(p)3

üa©Ù���Óp = 1/2�, ����. d�, 8ÜS���I\©ÙXÝ�$. L3�Ñ
���

��I\9a, b, cn«á5���. XL3¤«, eUìá5aé��8Üy©, ���ü���f8

�{x1,x2,x3}�{x4,x5,x6,x7,x8,x9,x10}. �A/, Uìúª(8)O�, ØXÝ¼êü$��0.2700. e

Uìá5bé��8Üy©,���ü���f8�{x1,x2}�{x3,x4,x5,x6,x7,x8,x9,x10}. �A/,Ø

XÝ¼êü$��0.1200. w,, á5aé��8Ü�ØXÝü$§Ýpuá5b�ü$§Ý. ¿�, �

*5w, �âá5aé��?1©aU���Ð�©aO(Ý. @oá5aéuûü��­�. Ïd, Ø

XÝ¼ê�ü$§Ý��NA�éuûü�­�§Ý.

?�Ú,ÏLL3`²ØXÝ¼êÀJA���3�õ� �¯K.òá5b���?�Ú[z,�

��b2���8Ü?1©�,��á5b′. eUìá5b′é��8Üy©,���n���f8�{x1,x2},
{x3,x4,x5,x6}, {x7,x8,x9,x10}. �A/, ØXÝ¼êü$��0.1733. l�*5w, á5b�á5b′�©

aO(Ý�Ó, �ö�«O==3u���ê�ØÓ. ,
, á5b′�ØXÝ¼êü$�puá5b�

ØXÝ¼ê�.ù`²ØXÝ¼êäkõ� �¯K.�e5,lnØþy²�3Äu]¼ê�ØXÝ

¼êþäkõ� �¯K.

b�á5A����a1, a2, ..., ar, ,	��á5A′ ����a1, a2, ..., a
′
r, a
′
r+1, A′ �á5���d

ur�kará5���?¿y©�ü|, ¿�ÅD�a′r, a
′
r+1 ���. á5A′�I\Y/¤��éLX

L2¤«. du���a′r½a
′
r+1´���Å�, a′r�a

′
r+1/¤�y©(JØ�¹éûük^�&E. @

o, A′ ATØ'A �­�. XJµdOK∆Im D�A′�p��∆Im(A) 6 ∆Im(A′), ¡ÄuØXÝ¼

êφ �µdOKäkõ� �¯K.
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L 3 ØXÝü$§Ý�A�­�Ý�'X«~±9õ� �¯K«~

Table 3 An example of the relationship between the degree of impurity reduction and feature importance and the multi-
value bias problem

X x1 x2 x3 x4 x5 x6 x7 x8 x9 x10
Gini SGini

Y 1 1 1 1 2 2 2 2 2 2

a a1 a1 a1 a2 a2 a2 a2 a2 a2 a2 0.2700 3.7690

b b1 b1 b2 b2 b2 b2 b2 b2 b2 b2 0.1200 2.1046

b′ b1 b1 b′2 b′2 b′2 b′2 b′3 b′3 b′3 b′3 0.1733 1.5781

5�1�ÑÄu]¼ê½Â�ØXÝ¼ê�3õ� �¯K(y²�N¹).

5�1 Äuúª(5), (6), (7)½Â�ØXÝ¼ê�3õ� �¯K.

3 �)�Å��5�ÄZ�ê

�
�xA�A�­�§Ý, ïÄöÏ~æ^A�Y�m�'é¼ê[42]!�q¼ê½AéY�OÃ

¼ê. ù
¼êÏ~�N
A�Y�m�,«��§Ý. ~X, ~^�Kendall tauXê�x
A�Y�

O~��§Ý, ±9~^�&EOÃ�x
A�Yéêâ8y©���§Ý�. 3A�Y��5�xL

§¥, Ø
A���­�§Ý	, �É�Ù¦Ï��K�. ù
Ï��)á5���ê!á5��©Ù

�þï5!þ!DÑ!���ê�.

�)�Å��5��{ÄkI�Ú\��Cþ8Ü, 8Ü¥¤kCþ���Ñ´�Å�, �Ñ÷

v,«�å^�.ù��å^��I��)�A½Ï��'.,�,¦^8Ü¥Cþ�ý¢Cþ��5

�²þ�½¥ ê�,«�L�N�êiA�, ��A½Ï�Úå���5. du8Ü¥CþÑ´�

Å�, ÏdÙ��5�²þ��x
�Å��5�§Ý; ��, 3,«½Âªµee, ÏL3��5�

x¥~��Å��5, ��)duA½Ï�Úå���5§Ý.

�©ÏL�)�Å��5��{�Øá5���êé��5µ��K�. Äkb�����8

ÜAperm, T8Ü¥�Cþ�A�Cþ�>�©Ù�Ó, ���´���Å�. du=3>�©Ùþ�

A��Ó, Aperm¥Cþ�Y/¤���5�^5�xduA��>�©ÙA5�Y/¤���5§

Ý. ÏL~�ùÜ©��5, ����)Cþ��K����5§Ý.

3�)�Å��5�½Âªµe�¡, Wang�<[38∼40]3X��5½Âªµee�)
©aµd

OKO(Ý��Å��5. ,
,X��5µe¥��Ä��5�I���&E,¦Ùé�Å��5�

�)§Ý�f. Romano�<[35]JÑIOzµee�aqµdOK'X��5µee��J�Ð. Ï

d, �©æ^IOzµe�)�Å��5.

PA�Y�m���§Ý�CM(A, Y ),@o3IOz�½Âªµee, A�Y�m�IOz��§

ÝSCM(A, Y ):

SCM(A, Y ) =
CM(A, Y )− E(CM(A, Y ))

S(CM(A, Y ))
, (10)

Ù¥E(CM(A, Y ))�S(CM(A, Y ))©O�Aperm¥A��þ��§ÝCM(A, Y )�Ï"�IO�.

3.1 IOÄZ�ê9Ùûüä�{

²;�ûüä�{ID3�{[5]�CART�{[7]©OÄu&EOÃ�ÄZ�ê�ï. 'u&EOÃ�

8

Acc
ep

te
d

 https://engine.scichina.com/doi/10.1360/SSI-2022-0337



¥I�Æ :&E�Æ

õ� �¯K±9�)�{, ®���õ�ïÄ�?Ð[2, 3, 26]. 
ykïÄ[33, 34]3O�ÄZ�êÏ"

����, b��éL��Ñlõ�©Ù, ù�b��3 �. Äud, �©ò'5ÄZ�ê�õ� 

�¯K.

3úª(10)�Ñ�IOzµee, �½ÂIOÄZ�ê�:

SGini(A, Y ) =
Gini(A, Y )− EpermGini(A)√

VpermGini(A)
, (11)

��, IOzµe¥I�O�ÄZ�ê�Ï"���, �
Ø©��Ö5, ò33.2!�3.3!�Ñ

ÄZ�êÏ"����O�L§�(J.

ÏL12!5�1�©Û��,ÄZ�êGini(A, Y )�X���Oõ
O\. �â3.2!¥úª(16)�

�, ÄZ�ê�Ï"EpermGini(A)�Xá5���êr�O\
O\. dd��, �Xá5���ê�

Oõ, SGini(A, Y )©f�O~ª³Ø(½, �Ù©1/ªE,. Ïd, SGini(A, Y )Ø�3²w�õ�

 �¯K.

ÄuIOÄZ�ê�ûüä�{1¤«. 3?nlÑá5�, T�{�ID3�{þ�õ�ä�ä(

�, ØÓ�?3uID3¦^&EOÃ�!:á5ÀJOK. �{1Uìá5����ê�äá5´lÑ

á5�´ëYá5. �á5���ê�udnum �, �½Tá5�ëYá5. éuëYá5, XJæ

^Cart�{?nëYá5��ª, éz��á5kÏé�Z�©:, 2µ�á5. ù���ªµ�z

��á5�I�H{¤k����, �m¤�4p. XJkòêâýklÑz, 2æ^ID3�{?nl

Ñá5��ª, �z��!:�ï��fä, @o��:¬é¯�©Ñ3z�!:¥, ��ïä�{

L@��Ê�^�, (J�����²þ!:êõ(°)!�ê�(f)�ûüä, /¤�y©5K�6u

4�ê�A�, ä�.�z5U��.

nþ, �
o��z5U��m¤�, ¦�ÄuIOÄZ�ê�ûüä�{U
�Ð/?nëY

á5�õ�êâ8. éuëYá5, 3ïäL§òCart�{���lÑz�ª*Ð�õy©��ª.

äN/, 3µ�z��á5�c, æ^�gàa��{éá5?1üCþàa, lÑz�¬ê���

��zµ��I�àa�ê. lÑz«mà:��z�aq¥��:��������. éuÿÁ�

�, æ^Ó��à:�?1lÑz. lÑz��, z��á5��lÑá5?1A�µ�. ù�Äuà

a�lÑz¬ê�ûuàa��ê, �ª(J�U´òá5��z½�±�k��. Ïd, ù���

ªÓ��¹
Cart�ID3?ná5��ª. 
�ªlÑz��ª3ä�ïL§¥Uìµ��I���

g·AÀJ, äN6§X�{1¤«.

ykûüäõ� �¯K�)û�{�)AIR[32]�{, PIMP�{[36],4ge[34]�{, AGini�{[33]�.

AIR�{3ïþá5­�Ý�, òá53��þ���?1�g��ü�, ^ùgü��­�Ý��

�ÄO�,puÄO��Ü©�����µ��.ù«�{��Å5�r,z�gØÓ���ü���

ØÓ�ÄO�, l
��ØÓ�µ��. ���á53��þ���ü�ØÓ, PIMP�{��I\3

��þ�ü�, ¿b�µ��Ñlpd©Ù½³ê©Ù, ©Ù�ëêÏLõgü����µ��?1

�O, �ª¦^©Ùeµ��éA�p��Kéê��­�ÝµdOK. ù«ÄuÚO©Ù�p���

{I�éµ���©Ù�Ñb�, ¿�µ�(J'��6u¤b��©Ù. d	, PIMP�{I���

õgI\�ü��O©Ù�ëê, �m¤��p.

4ge�{b��éL��nijÑlõ�©Ù, 3dÄ:þ�ÑÄZ�ê�Ï"���Xúª(12)¤

«, ?�Úb�ÄZ�êÑl³ê©Ù, ±ÄZ�ê3T©ÙeéA�p���µ�(J. AGini�{

�â4ge�{�Ñ�ÄZ�ê�Ï"���,ÏLCantelliØ�ª��ÄZ�ê�1−α© êµ�A�
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�{ 1 ÄuIOÄZ�ê�ûüä�{

Ñ\: êâ8X = {(x1, y1), (x2, y2), . . . , (xn, yn)}; !:����ê: minnum, lÑá5����

�êdnum

L§:

1: XJ��êþ�uminnum½ö¤k���aO�Ó, ©|Ê�)�;

2: ÄK,

3: for éuz�A�ai, do

4: if |Vai
| 6 dnum, (Vai

´ai�����), then

5: O�SGiniai
= SGini({ai}, {y}), ©��ti = Vai

.

6: else

7: �âaié��?1�gàaäGã

8: for éuk = 1 : 1 : |Vai
| do

9: �â�gàaäGã��aq�ê�k�àa(J:

π1 = {ai(xπ
1

1 ), ..., ai(x
π1

|π1|)},...,π
k = {ai(xπ

k

1 ), ..., ai(x
πk

|πk|)}
10: �âàa(J��©��þ, daqS��/¤«m�à:�|¤:

tki = (−inf,max{π1},min{π2},max{π2}, ...,min{πk}, inf)

11: ai(t
k
i )L«ai'u©��þtki�õ�A�(�� u©��þ�����m��D��Ó�

lÑzA�),

O�SGiniai(tki ) = SGini({ai(tki )}, {y})
12: end for k

13: end if

14: end for i

15: (½�Z©�A�a∗9Ù©��þt∗:

(a∗, t∗) = argmaxi maxk SGini({ai(tki )}, {y}).
16: ¦^a∗Út∗ïá!:, Uìa∗(t∗)���é��?1y©, �#êâ8

17: �a∗(t∗)�z�����ï©|, 48Mï#�©�:��÷vÊ�^�.

ÑÑ: ûüäT
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�­�Ý. 4ge�{�AGini�{'u�éL���©Ùb��3�½� �. Xã2�Ún1¤«, �

á5CþÑlþ!©Ù�, Ù�I\Cþ/¤��éL��nijÑl�AÛ©Ù
�õ�©Ù.

�©JÑ�IOÄZ�ê�Ï"����O�3nijÑl�AÛ©Ù�b�e�Ñ, ¿ÏL”~þ

�, Ø±IO�”��ª�)ÄZ�ê�õ� �. nþ¤ã, �DÚ�)õ� ��ûüä�{�',

�©ûüä�{¤æ^�A�µdOKIOÄZ�êØ�6uÄZ�ê©Ù�b�,==�6uÄZ

�ê�Ï"���. ¿�, TIOÄZ�ê¤æ^Ï"���´3�Cq�(�éL���)©Ùb�

eÏL)ÛO���ª�Ñ.

3.2 ��8Ü¥ÄZ�ê�Ï"�

��!�Ñ��8ÜAperm¥A��þ�ÄZ�êÏ"��O��ª. ©z [33, 34]3�éL�

�nijÑlõ�©Ùb�e�ÑÄZ�ê�Ï"���, Xúª(12)[33, 34]¤«.

E(4ge) =
r − 1

N

(
1−

k∑
j=1

p2
j

)
, (12)

V(4ge) =
1

N2

[
(r − 1)

(
2

k∑
j=1

p2
j + 2(

k∑
j=1

p2
j )2 − 4

k∑
j=1

p3
j

)
+
( r∑
i=1

1

nAi
− 2

r

N
+

1

N

)(
− 2

k∑
j=1

p2
j − 6(

k∑
j=1

p2
j )2 + 8

k∑
j=1

p3
j

)]
,

Ù¥, r, k, N©O�A�A����ê, aO�ê, ��ê, pj�1ja���VÇ, nAi �A = ai���

ê. ,
, A�8ÜAperm¥A��þ���©Ù±9ý¢I\Y���©Ù´�½�. ��éL�>

�©ÙnAi �n
Y
j �½�, �éL��nij�y²Ñl�AÛ©Ù.

�!Äky²��8Ü¥�A��þ�Y/¤��éL��Ñl�AÛ©Ù, XÚn1¤«(3.2!

Ì�(J),2�â|Üê�5��Ñ��8ÜÄZ�ê�Ï"�IO��O��ª,Xúª(16)(3.2!

Ì�(J)�úª(23), úª(24), úª(25), úª(26)¤«(3.3!Ì�(J). þãn�Ì�(J��©Ì

��z�U?�?, 3.2!�3.3!^��Ù¦úª�½Âª½®kïÄ(J.�
«©�©�z�®k

ó�,�!3®kÚn½úªþV\
Ú^�ë�©z. d	,Ún1�úª(16),úª(24),úª(26)�

y²3N¹¥Ð«.

Ún1 �Aperm¥�A��þA′>�©Ù9���ê�½�,Ù�Y/¤��éL��nijÑlë

ê�N,nYj , n
A
i ��AÛ©Ù. =lN���(Ù¥�¹nYj �1ja��¤¥Ø�£/ÄÑn

A
i ���, Ä

�n�1ja���VÇ. P�nij ∼ H(N,nYj , n
A
i ), =:

PA∈Aperm

(
nij = n

)
=

Cn
nY
j
C

nA
i −n

N−nY
j

C
nA
i

N

, (13)

Ù¥n = max{0, nAi + nYj −N}, ...,min{nAi , nYj }, Cr
n�ln���¥�r����|Üê.

©z [33, 34]JÑ�éL��nijÑlëê�N,nYj /N�õ�©Ù. ¢Sþ, ÏLÚn1�y²��,

�8ÜAperm¥�A��þ>�©ÙØ�½��þ�, nijÑlõ�©Ù. 
���8Ü¥A�á5�

>�©Ù�½�, nijÑl�AÛ©Ù.

ã2 ÏL�[¢��yù�:. 3�[¢�¥, ��á5�I\�aOê�2, ���êN = 1000,

Ù¥I\�1����ê�nY1 = 200, I\�2����ê�nY2 = 800, I\�þ��½��þ. á
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(a) S=1000 (b) S=30000

ã 2 ��8Ü��éL��Ñl�AÛ©Ù

Figure 2 The contingency table elements of a permutation set obey hypergeometric distribution

5���1����ê�nA1 = 400, ���2����ê�nA2 = 600. �)¤ù��á5�þ, l�

�¢Ú�þ(1, 2, ..., N)¥�ÅÄ�nA1� ��1, �{ ��2. ù���ÅÄ�?1Sg. ã2Ð«


S = 1000�S = 30000 �2 × 2 �éL¥n11 �²�©Ù!�AÛ©Ù���©ÙVÇ�. ��, n11

�²�©Ù��CuéAëêe��AÛ©Ù.

�e5,ÄuÚn1��AÛ©Ùb��ÑAperm¥A��þÄZ�ê�Ï"��IO�. P(n)l =
n!

(n−l)! , Äk�â5�(n)lC
n
M = (M)lC

n−l
M−l, �ÑÚn:

Ún2 [44] b���oþ�N , Ù¥�¹M�äk,«A½5����, l¥Ã�£Ä�K�, @

ok:

Σn(n)l
Cn

MCK−n
N−M

CK
N

=
(K)l(M)l

(N)l
(14)

ÄZ�ê'uªê�L��:

Gini(A) = −Σk
j=1

(nYj
N

)2
+ Σr

i=1Σk
j=1

(nij)
2

NnAi
, (15)

�âÚn2±9n2 = (n)2 + (n)1, ����8Ü¥ÄZ�ê�Ï"��:

EpermGini(A) =
r − 1

N − 1

(
1− Σk

j=1

(
nYj
N

)2)
(16)

©z [33, 34]3õ�©Ùe�Ñ�ÄZ�êÏ"��O�úª(12)�úª(16)�'XXe:

EnY
j
EpermGini(A) = E(4ge), (17)

=úª(16)´'uAperm¥A��Ï",´3�éL>�©Ù�½�^�(=ònYj , nAi ���½~ê)e

¦��Ï". �ònYj À��ÅCþ�, 2òEpermGini(A)'uY¦Ï", ¬�����(J. ù�y�

ÎÜõ�©Ù��AÛ©ÙÏ"�m�'X/ª.

w,, úª(16)�Ñ�ÄZ�êÏ"�O�E,Ý�O(k). ù8õÚn2, ù�Ún�Ñ²�¼ê

¦±�AÛ©ÙVÇ�¦Ú��õ�ªL�(J. ,
éê¼êØ�3aq�/ª, ÙÏ"O�E,

Ý�p, ©z [2]�Ñ&EOÃÏ"�O��ªXúª(18)[2]¤«:

Gain(A) = −Σk
j=1

nYj
N

log2

nYj
N

+ Σr
i=1Σk

j=1Σn6min{nA
i ,nY

j }
n

N
log2

n

nAi
P(nij = n). (18)
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ù«O��ª�E,Ý�O(rkmax{nA1 , ..., nA
r , n

Y
1 , ..., n

Y
k }).

3.3 ��8Ü¥ÄZ�ê���

�â���½Â,

VpermGini(A) = Eperm[Gini(A)]2 − [EpermGini(A)]2, (19)

Ù¥Eperm[Gini(A)]2�'�3uogõ�ª(
∑r

i=1

∑k
j=1(nij)

2)2Ï"�O�, Togõ�ª¥���

�n2
ijn

2
i′j′ �9�éÜVÇ©ÙP(nij , ni′j′)�O�. 3&EOÃ���O�L§¥, Ó��3ééÜV

ÇP(nij , ni′j′)��O.�
O�&EOÃ���,©z [2]òéÜVÇ�O�=��^�VÇ�O�,¿

y²
VÇP(ni′j |nij), P(nij′ |nij), P(ni′j′ |ni′j , nij)Ñl�AÛ©Ù, Xúª(20)[2]¤«:

ni′j |nij ∼ H(N − nAi , nAi′ , nYj − nij) (20)

nij′ |nij ∼ H(N − nYj , nYj′ , nAi − nij)

ni′j′ |nij′ , nij ∼ H(N − nAi , nYj′ − nij′ , nAi′ ).

UìÓ���ª,�!�ÑÄZ�ê���O��ª,¿�âÚn2�ÑÄZ�ê��'u>�VÇ�

L�ª, l
ü$O�E,Ý.

²L{ü�O�, ÄZ�ê²��Ï"�:

Eperm[Gini(A)]2 (21)

= −
(

Σk
j=1

(nYj
N

)2)2

− 2Σk
j=1

(nYj
N

)2EpermGini(A) + Eperm

( r∑
i=1

k∑
j=1

(nij)
2

NnAi

)2

�âúª(20), ò�éL��Uì1�´Ä�Ó�o«�¹?1y©: (i′ = i, j′ = j), (i′ 6= i, j′ =

j), (i′ = i, j′ 6= j)9(i′ 6= i, j′ 6= j), úª(21)¥�1n��:

Eperm

( r∑
i=1

k∑
j=1

(nij)
2

NnAi

)2

(22)

=

r∑
i=1

k∑
j=1

∑
n

(
n2

NnAi

)2

P(nij = n)

+

r∑
i=1

k∑
j=1

∑
n

n2

NnAi
P(nij = n)

r∑
i′ 6=i

∑
n′

n′2

NnAi
P(ni′j = n′|nij = n)

+

r∑
i=1

k∑
j=1

∑
n

n2

NnAi
P(nij = n)

k∑
j′ 6=j

∑
n′

n′2

NnAi
P(nij′ = n′|nij = n)

+

r∑
i=1

k∑
j=1

∑
n

n2

NnAi
P(nij = n)

k∑
j′ 6=j

P(nij′ = n′|nij = n)

r∑
i′ 6=i

∑
n′′

n′′2

NnAi
P(ni′j′ = n′′|nij′ = n′, nij = n).

éuúª(22)�O�, kòÙ¥n�lg�¼ê=��(n)l, (n)l−1, ..., n��5¼ê. 2�âÚn2w

«L�
∑

n f(nl)P(nij = n)�¦Ú(J,Ù¥f�'unl�¼ê,B�òúª(22)L«'unAi , nYj �¦Ú

�, l
�ÌÝ/ü$O�E,Ý. äN/,
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�âúª(50)9Ún2, úª(22)¥1���L«�:

r∑
i=1

k∑
j=1

∑
n

(
n2

NnAi

)2

P(nij = n)

=

r∑
i=1

k∑
j=1

1

(NnAi )2

(
(nAi )4(nYj )4

(N)4
+ 6

(nAi )3(nYj )3

(N)3
+ 7

(nAi )2(nYj )2

(N)2
+
nAi n

Y
j

N

)
, (23)

Tª��¹énAi , nYj �$�.

�âÚn29úª(50), úª(22)¥1���L«�:

r∑
i=1

k∑
j=1

∑
n

n2

NnAi
P(nij = n)

r∑
i′ 6=i

∑
n′

n′2

NnAi′
P(ni′j = n′|nij = n)

=

r∑
i=1

k∑
j=1

r∑
i′ 6=i

1

N2nAi n
A
i′

(
C4

(nAi )4(nYj )4

(N)4
+ C3

(nAi )3(nYj )3

(N)3
+ C2

(nAi )2(nYj )2

(N)2
+ C1

nAi n
Y
j

N

)
, (24)

Tª��¹énAi , nAi′ , n
Y
j �$�. Ù¥C1 = C2 + C3 + C4, C2 = C2 + 3C3 + 7C4, C3 = C3 + 6C4,

C4 = C4, C1 =
nA
i′

N−nA
i

, C4 =
(nA

i′ )2
(N−nA

i )2
, C2 = (C1 − C4)nYj + C4(nYj )2, C3 = −2nYj C4 + C4 − C1.

UìÓ���ª, úª(22)¥1n��L«�:

r∑
i=1

k∑
j=1

∑
n

n2

NnAi
P(nij = n)

k∑
j′ 6=j

∑
n′

n′2

NnAi
P(nij′ = n′|nij = n)

=

r∑
i=1

k∑
j=1

k∑
j′ 6=j

1

(NnAi )2

(
C4

(nAi )4(nYj )4

(N)4
+ C3

(nAi )3(nYj )3

(N)3
+ C2

(nAi )2(nYj )2

(N)2
+ C1

nAi n
Y
j

N

)
, (25)

Ù¥C1 = C2 + C3 + C4, C2 = C2 + 3C3 + 7C4, C3 = C3 + 6C4, C4 = C4, C1 =
nY
j′

N−nY
j

, C4 =
(nY

j′ )2

(N−nY
j )2

,

C2 = (C1 − C4)nAi + C4(nAi )2, C3 = −2nAi C4 + C4 − C1.

�âúª(50)9Ún2, úª(22)¥1o��L«�:

r∑
i=1

k∑
j=1

∑
n

n2

NnAi
P(nij = n)

k∑
j′ 6=j

P(nij′ = n′|nij = n)

r∑
i′ 6=i

∑
n′′

n′′2

NnAi′
P(ni′j′ = n′′|nij′ = n′, nij = n)

=

r∑
i=1

k∑
j=1

k∑
j′ 6=j

r∑
i′ 6=i

1

N2nAi n
A
i′

(
C4

(nAi )4(nYj )4

(N)4
+ C3

(nAi )3(nYj )3

(N)3
+ C2

(nAi )2(nYj )2

(N)2
+ C1

nAi n
Y
j

N

)
, (26)

Ù¥C1 = C2 +C3 +C4, C2 = C2 +3C3 +7C4, C3 = C3 +6C4, C4 = C4, C4 = C2, C3 = C2−C1−2C2n
A
i ,

C2 = C0 +(C1−C2)nAi +C2(nAi )2, C2 = b
(nY

j′ )2

(N−nY
j )2

, C1 = (2b(1−nYj′)−a)
nY
j′

N−nY
j

, C0 = nYj′(a−b)+b(nYj′)
2,

b =
(nA

i′ )2
(N−nA

i )2
, a =

nA
i′

N−nA
i

.

o
ó�,úª(23),úª(24),úª(25),úª(26)�ÑÄZ�ê²��Ï"�O��ª,TO��

ª��¹énAi , n
Y
j , n

A
i′ , n

Y
j′�$�, éA��mE,Ý�O(r2k2 + 4rk).

nþ, (Üúª(19), úª(16), úª(21)�úª(22), úª(23), úª(24), úª(25), úª(26), B�

��ÄZ�ê���.

14

Acc
ep

te
d

 https://engine.scichina.com/doi/10.1360/SSI-2022-0337



¥I�Æ :&E�Æ

4 IOÄZ�ê�)õ� ��k�5�y

�
�yIOÄZ�ê´ÄU
k��)õ� �,�!3<Eêâ8þ*	IOÄZ�ê�À

J��. ��<Eêâ8���þ�N = 100, I\aO�ê�2, �a�����þ©O�nY1 = 30,

nY2 = 70. á5�ê�2, Ù¥A1 ���«a���Cþ, ���êr1 = 3; A2���«a�õ�Cþ,

���êr2 > r1. ��P(A1 6= Y ) = p1, P(A2 6= Y ) = p2. =Ai�Y��ØÓ���'~�pi, ùÜ©

���Ail{1, .., , ri} ¥þ!�Å��. w,, pi���, Ai�Y���5�r. �pi = 0�, á5Ai�

�Y�������Cþ. �pi = 1�, á5Ai����ÅCþ.

�
�ySGiniU
�)Gini�õ� �¯K9U
ÀJÑäk&E�á5,3pi�ØÓ���¹

e,¦^Gini,SGiniü«á5­�Ýµd�{©OµdA1�A2 �­�Ý.Ïêâ�)¤äk�Å5,T

é'¢�?1Tg,ÏL*	Tgé'¥A1µd�I�Ø$uA2��'~5é'µd�{�ÀJ��.

��T = 300,��r2������3 : 1 : 50,ã3Ð«
r2�ØÓ���µd�I�.ã3�p¶�300g

¢�¥A1�­�Ý�I�Ø$uA2�­�Ý�I��'~, î¶�A2����êr2,

1�«�¹��A1��Yäk�½��5�Cþ, A2����ÅCþ. XJµd�{��ÀJA1,

K`²d�{Øäkõ� �¯K. äN/:

• �p1 = 0.3, p2 = 1�, A1�Yäk�p���5, A2����ÅCþ. lã3(a)�±w�, SGiniÀ

JA1�VÇ©ª�1, 
Gini3A2���ê�25�m�, �XA2���ê�Oõ, ÀJA1�VÇl1m

©eü, =ÀJA2�VÇm©þ,.

• �p1 = 0.7, p2 = 1�, A1�Yäk�$���5, A2����ÅCþ. lã3(b)�±w�, SGiniÀ

JA1�VÇ�0.9�m,
GiniÀJA1�VÇ�XA2���ê�Oõ¥yeüª³,3���ê�30�

m�, GiniÀJA2�VÇ��1�m.

nþ,lã3(a)-ã3(b)`², GiniLyÑõ� �¯K,
SGini�Ð/�)
Gini�õ� �¯K.

1�«�¹��A2��Yäk�½��5�Cþ, A1����ÅCþ. XJµd�{��ÀJA2,

K`²d�{U
ÀJÑäk&E�á5. äN/:

• �p1 = 1, p2 = 0.3�, A1����ÅCþ, A2�Yäk�p���5. lã3(c)�±w�, SGi-

ni�Gini��uÀJA2.

• �p1 = 1, p2 = 0.8�, A1����ÅCþ, A2�Yäk�$���5. lã3(d)�±w�, SGi-

ni�Gini��uÀJA2.

nþ, lã3(c)-ã3(d)`²SGiniU
ÀJÑäk&E�á5.

1n«�¹��A1!A2��Yäk�Ó½�C���5, äN/:

• �p1 = 0.5, p2 = 0.5�, A1, A2�Y���5�Ó. lã3(e)�±w�, GiniÀJA2�VÇ�XA2�

��ê�Oõ
,p, 3k = 10, GiniÀJA1�VÇü�0. 
SGini��uÀJA1, �E�3ÀJA2�

VÇ.

• �p1 = 1, p2 = 1�, A1�A2þ����ÅCþ, lã3(f)�±w�, SGiniÀJA1�A2�VÇ�Ó,


Gini��uÀJA2.

• �p1 = 0.3, p2 = 0.4�, A1���5ÑpuA2, lã3(g)�±w�, SGini��uÀJA1, 
Gini�

�uÀJA2.

• �p1 = 0.4, p2 = 0.3�, A2���5ÑpuA1, lã3(f)�±w�, SGini��uÀJA1, �E�3

ÀJA2�VÇ, 
Gini��uÀJA2, 3k = 10�m, ÀJA2�VÇ��1.

nþ, lã3(e)-ã3(h)`²��uGini, SGini3µdá5�­�Ý�¡�äÜn5.
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Figure 3 The selection tendency of standard Gini index and the Gini index

5 �)õ� ��ûüä�{��z5U'�

�
�yIOÄZ�ê��z5U,�!3ÄOêâ8þ'�ÄuIOÄZ�ê�ûüä�{�

Ù¦�)õ� ��ûüä�{�©a5U.

5.1 é'�{

�
�)ÄZ�ê�õ� �,ïÄö¦^ØÓ����.�©ÙÚOþ£ãõ��5�­�§

Ý.�!�Ño«äk�L5��{,ù
�{ò��5Ué'�ÄO�{. Ù¥, AIR�{�AGini�

{��O�á5�­�§Ý�; PIMP�{�4ge �{O�­�§Ý�éA�p�.

5.1.1 AIR�{

AIR�{[32]ÏL����IDO�á5(��5�­�Ý. -A�¢Ú8Ü�O = {1, 2, .., d}, P =

{d+ 1, d+ 2, .., 2d},á5Xi, i ∈ O ��©á5,á5Xi, i ∈ P����©á5Xi−d 3��þ�ü��

��á5. á5Xi�AIR­�Ý½Â�:

AIR(Xi) = Im(Xi; i ∈ O)− Im(Xi; i ∈ P), (27)

Ù¥Im�&EOÃ!ÄZ�ê�ØXÝü$¼ê.

5.1.2 PIMP�{

PIMP�{[36]��I\�þ3��þ�ü�, b�õg����­�Ý�/¤pd©Ù½³ê©

Ù, ^©Ùe�OOK�− log p���­�ÝµdOK. -s���gê, äNÚ½Xe:

Step1. Äk, O�z�á5�µ�OK�Im(Xi; i 6 d);

Step2. ,�, 1t (t 6 s) g��I\�þ� ������I\�þ, O�i (i 6 d)á5éT�I

\�þûü�­�§ÝRt,i;
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Step3. O�z�á5sg���þ��IO�, ©OP�µi = mean(R∗,i)�σi = std(R∗,i), ÑÑ¤

k���þ�σ′ = mean(σi);

Step4. ��, �£�ÅCþIm(Xi)3ëê�N(µi,max{σi, σ′}) ���©Ùb�eéA�p �.

PIMP�{Uì− log p éá5�­�Ý?1üS.

5.1.3 4ge �{

4ge�{[34]b�nijÑlõ�©Ù, ¿�ÑÄZ�ê�Ï"���Xúª(12)¤«. ?�Úb�Ä

Z�êÑl³ê©Ù, O��cÄZ�ê3T©ÙeéA�p�:

p(4ge) = Gampdf

(
(E(4ge))2

V(4ge)
,
GiniV(4ge)

E(4ge)

)
, (28)

4ge �{Uì− log p éá5�­�Ý?1üS.

5.1.4 AGini�{

AGini�{[33] �â4ge�{�Ñ�ÄZ�ê�Ï"���, ?�ÚÏLCantelliØ�ª��ÄZ�

ê�1− α© ê:

AGini = Gini−
(
E(4ge) +

√
1− α
α

V(4ge)
)
. (29)

AGini�{UìAGiniéá5�­�Ý?1üS, Ù¥ëêα����α = 0.1.

5.2 êâ8£ã9ëêÀJ�{

��yÄuIOÄZ�ê�ûüä�{��z5U,æ^5
uUCI½WEKAêâ8�12|êâ,

12|êâ��[&EXL4 ¤«. L4��©OéAêâ8¶¡!���ê!á5�ê(á5��«a

ê��������)9aOê(��a��'~���a��'~).

éu�3ëYá5�êâ8,�©æ^²;�ChiMerge�{[45]éêâ?1lÑz. ChiMerge�{

´�«Äuk�u��kiÒlÑz�{, T�{æ^ge
þ�üÑÜ¿��«m. T�{Ì��

)ü��ã: Ð©z�ã, é¤k��ëYá5���üS, òz�¢~üÕ����«m. Ü¿�

ã,éz�é���«mO�k��;�âO��k��,ÀJÙ¥��k����é��«m?1Ü

¿; Øä­EþãÚ½, ��O�Ñ�k��ÑØ$u¯k�½�K�, ½öÜ¿«m���½�ê

þ. �©�á5lÑz�ê���50±S��Å�ê.

éuz�êâ8, Uì7 : 3�'~y©�Ôö8ÚÿÁ8, 2Uì7 : 3�'~òÔö8y©�Ô

ö8Ú�y8. ù��y©?1Ê�g, ¤k��{3Ó�gy©e$1'�. 'uûüä�{Ê�

^��ëêminnum��������{1, 2, .., 20}. z�gy©e,�y8þ��µ��éA�ëê�

���.ëê. �
µ��{�5U, Ú\O(Ý�IAcc�XO(Ý�IPAcc[39]:

Acc = P(h(x) = y), (30)

PAcc =
Acc−RAcc

1−RAcc
, (31)

Ù¥RAcc = Σk
i=1P(h(x) = ci)P(y = ci), h(x)�©aì, y�ý¢I\, ci�1ia�I\.
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L 4 ÄOêâ8£ã

Table 4 The description of benchmark data sets

ID Name Objects Attributes Class

1 Breast Cancer 699 9(9:11) 2(34.48:65.52)

2 Balance Scale Weight Distance 625 4(5:5) 3(7.84:46.08)

3 Molecular Biology Promoter

Gene Sequences

106 57(4:4) 2(50.00:50.00)

4 Liver Disorders 345 6(1:16) 2(42.03:57.97)

5 Libras Movement 360 90(1:19) 15(6.67:6.67)

6 Musk(Version 1) 476 166(1:22) 2(43.49:56.51)

7 Zoo 100 16(2:6) 7(4.00:40.00)

8 Vehicle 846 18(4:29) 4(23.52:25.77)

9 Cardiotocography 2126 40(1:47) 10(2.49:27.23)

10 Segment 2310 19(1:44) 7(14.29:14.29)

11 Spambase 4601 57(3:68) 2(39.40:60.60)

12 Waveform Database Genera-

tor(Version 1)

5000 21(3:71) 3(32.94:33.92)
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Figure 4 Comparison of decision tree accuracy with different parameters on benchmark data sets
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Table 5 Performance comparison of decision tree algorithms on benchmark data sets

Accuracy

ID Gini AIR PIMP 4ge AGini SGini

1 0.93 ±0.02 • 0.92 ±0.01 • 0.92 ±0.02 • 0.91 ±0.02 • 0.93 ±0.02 0.93 ±0.02

2 0.63 ±0.03 • 0.63 ±0.03 • 0.62 ±0.03 • 0.63 ±0.03 • 0.62 ±0.03 • 0.64 ±0.04

3 0.72 ±0.06 • 0.73 ±0.07 • 0.70 ±0.07 • 0.73 ±0.07 • 0.73 ±0.07 • 0.76 ±0.06

4 0.62 ±0.04 • 0.63 ±0.04 • 0.64 ±0.04 • 0.64 ±0.04 • 0.64 ±0.04 • 0.65 ±0.04

5 0.20 ±0.02 • 0.21 ±0.02 • 0.21 ±0.01 • 0.22 ±0.02 • 0.21 ±0.02 • 0.23 ±0.02

6 0.73 ±0.04 • 0.74 ±0.04 • 0.75 ±0.04 • 0.75 ±0.03 0.75 ±0.03 0.76 ±0.04

7 0.61 ±0.05 • 0.62 ±0.05 • 0.69 ±0.04 • 0.61 ±0.05 • 0.60 ±0.05 • 0.74 ±0.04

8 0.54 ±0.03 • 0.61 ±0.03 • 0.55 ±0.03 • 0.59 ±0.05 • 0.63 ±0.02 • 0.65 ±0.02

9 0.74 ±0.02 • 0.82 ±0.03 • 0.64 ±0.04 • 0.77 ±0.02 • 0.86 ±0.01 • 0.88 ±0.00

10 0.83 ±0.01 • 0.84 ±0.01 • 0.78 ±0.01 • 0.80 ±0.01 • 0.84 ±0.01 • 0.87 ±0.01

11 0.83 ±0.01 • 0.85 ±0.01 • 0.82 ±0.01 • 0.83 ±0.01 • 0.86 ±0.01 • 0.88 ±0.01

12 0.58 ±0.01 • 0.60 ±0.01 • 0.51 ±0.02 • 0.53 ±0.01 • 0.60 ±0.01 • 0.63 ±0.01

Ave. Rank 4.8333 3.3333 4.9167 4.0000 2.9167 1.0000

Pure Accuracy

ID Gini PIMP AIR 4ge AGini SGini

1 0.83 ±0.04 • 0.83 ±0.04 0.82 ±0.03 • 0.80 ±0.04 • 0.84 ±0.04 0.85 ±0.03

2 0.36 ±0.05 0.36 ±0.04 0.35 ±0.04 0.36 ±0.04 0.35 ±0.04 • 0.36 ±0.04

3 0.44 ±0.13 • 0.45 ±0.15 • 0.38 ±0.13 • 0.44 ±0.13 • 0.43 ±0.12 • 0.51 ±0.11

4 0.24 ±0.09 • 0.26 ±0.07 0.27 ±0.08 0.27 ±0.08 0.27 ±0.08 • 0.29 ±0.09

5 0.15 ±0.02 • 0.16 ±0.02 • 0.16 ±0.02 • 0.16 ±0.02 • 0.16 ±0.02 • 0.17 ±0.02

6 0.45 ±0.07 • 0.48 ±0.08 • 0.48 ±0.08 • 0.49 ±0.06 0.49 ±0.06 0.52 ±0.08

7 0.43 ±0.03 • 0.43 ±0.03 • 0.47 ±0.03 • 0.43 ±0.03 • 0.43 ±0.04 • 0.52 ±0.02

8 0.39 ±0.05 • 0.49 ±0.04 • 0.40 ±0.04 • 0.45 ±0.06 • 0.50 ±0.03 • 0.53 ±0.03

9 0.70 ±0.02 • 0.79 ±0.04 • 0.57 ±0.04 • 0.74 ±0.03 • 0.83 ±0.01 • 0.86 ±0.00

10 0.81 ±0.01 • 0.81 ±0.01 • 0.74 ±0.02 • 0.77 ±0.01 • 0.82 ±0.01 • 0.85 ±0.01

11 0.64 ±0.02 • 0.68 ±0.02 • 0.61 ±0.03 • 0.65 ±0.02 • 0.71 ±0.02 • 0.76 ±0.02

12 0.37 ±0.02 • 0.39 ±0.02 • 0.26 ±0.02 • 0.29 ±0.02 • 0.40 ±0.02 • 0.44 ±0.02

Ave. Rank 4.8333 3.6667 4.8333 3.6667 3.0000 1.0000

Average Number of Nodes in Each Layer

ID Gini AIR PIMP 4ge AGini SGini

1 14.50 ±2.53 13.87 ±1.85 16.34 ±2.06 16.84 ±1.90 12.85 ±1.78 10.30 ±1.76

2 47.45 ±5.53 48.23 ±5.83 48.48 ±3.42 47.52 ±5.44 47.57 ±5.47 22.74 ±5.58

3 4.85 ±0.96 4.69 ±1.00 5.20 ±0.96 4.36 ±0.80 4.42 ±0.83 3.48 ±0.57

4 20.56 ±2.28 19.17 ±2.89 17.56 ±2.83 18.61 ±1.84 17.28 ±1.97 14.46 ±1.74

5 38.91 ±2.31 28.90 ±3.56 28.66 ±3.05 28.04 ±3.71 25.91 ±3.52 18.47 ±2.43

6 28.99 ±2.99 20.93 ±3.18 15.06 ±2.78 16.36 ±2.65 15.61 ±2.65 11.05 ±1.66

7 4.09 ±0.41 3.75 ±0.57 2.73 ±0.36 3.54 ±0.63 3.54 ±0.62 1.81 ±0.21

8 65.71 ±4.29 41.10 ±4.59 49.81 ±5.93 41.35 ±6.38 31.70 ±3.76 26.43 ±2.62

9 42.68 ±5.89 16.83 ±7.12 68.32 ±12.38 30.88 ±3.89 7.82 ±1.42 1.80 ±0.00

10 57.49 ±7.78 48.49 ±9.56 74.75 ±10.15 62.63 ±7.48 40.45 ±7.46 29.60 ±3.32

11 89.58 ±21.02 49.72 ±12.36 34.70 ±4.63 30.85 ±9.79 27.05 ±5.73 44.77 ±12.36

12 417.76 ±12.92 309.88 ±23.64 314.93 ±26.94 290.23 ±23.26 245.27 ±16.36 218.79 ±10.59

Ave. Rank 5.1667 4.1667 4.4167 3.6667 2.3333 1.2500
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Figure 5 Significance test

ã5Ð«
¤J�{�ÄO�{�wÍ5�Éé'(J.ã5¥z�^/£ã
�A�{wÍ5Ð

�wÍ5��gê��. �{awÍ5Ðu�{b, XJ:

µa(d)− 1.96
σa(d)√

t
> µb(d) + 1.96

σb(d)√
t
, (32)

Ù¥µa(d)�σa(d)©O´�{a5Uµ���²þ��IO�, t´¢�gê, 1.96´IO��©Ù0.975�

VÇ�éA�_\È©Ù¼ê�. éuêâ8DS��{8ÜA, awÍ5ÐuÙ¦�{�gê½Â�:

Ba :=
∑

d∈DS,b∈A

I
[
µa(d)− 1.96

σa(d)√
t

> µb(d) + 1.96
σb(d)√

t

]
, (33)

awÍ5�uÙ¦�{�gê½Â�:

Wa :=
∑

d∈DS,b∈A

I
[
µa(d)− 1.96

σa(d)√
t

6 µb(d) + 1.96
σb(d)√

t

]
. (34)

ã5�^/�©OéAuAccuracy�Pure Accuracyµde�Ba −Wa, ±9�²þ!:êK�eO�
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Figure 6 Comparison of decision tree algorithm accuracy under different parameters at disturbed noise level of 30%
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Table 6 Performance comparison of decision tree algorithm at disturbed noise level of 30%

Accuracy

ID Gini AIR PIMP 4ge AGini SGini

1 0.91 ±0.02 0.91 ±0.02 0.91 ±0.02 • 0.91 ±0.02 • 0.91 ±0.02 • 0.92 ±0.02

2 0.64 ±0.04 0.65 ±0.04 0.64 ±0.04 0.64 ±0.04 • 0.64 ±0.04 • 0.65 ±0.03

3 0.68 ±0.06 • 0.70 ±0.08 0.69 ±0.07 • 0.70 ±0.07 • 0.70 ±0.07 • 0.72 ±0.06

4 0.60 ±0.04 • 0.60 ±0.04 0.60 ±0.04 0.61 ±0.04 0.61 ±0.03 0.62 ±0.04

5 0.20 ±0.02 • 0.21 ±0.02 • 0.20 ±0.03 • 0.22 ±0.02 • 0.21 ±0.02 • 0.23 ±0.02

6 0.72 ±0.04 • 0.73 ±0.04 • 0.72 ±0.04 • 0.73 ±0.04 0.74 ±0.04 • 0.75 ±0.04

7 0.57 ±0.05 • 0.56 ±0.05 • 0.61 ±0.06 0.57 ±0.05 • 0.57 ±0.05 • 0.63 ±0.06

8 0.54 ±0.03 • 0.59 ±0.03 • 0.51 ±0.05 • 0.60 ±0.05 • 0.62 ±0.03 • 0.64 ±0.03

9 0.66 ±0.02 • 0.81 ±0.02 • 0.59 ±0.04 • 0.75 ±0.04 • 0.82 ±0.02 • 0.88 ±0.00

10 0.81 ±0.01 • 0.82 ±0.01 0.74 ±0.02 • 0.76 ±0.01 • 0.82 ±0.01 0.82 ±0.02

11 0.83 ±0.01 • 0.84 ±0.01 • 0.75 ±0.01 • 0.80 ±0.02 • 0.85 ±0.01 • 0.87 ±0.01

12 0.61 ±0.01 • 0.62 ±0.01 • 0.52 ±0.02 • 0.54 ±0.01 • 0.63 ±0.01 • 0.64 ±0.02

Ave. Rank 4.67 3.33 5.00 3.92 2.83 1.25

Pure Accuracy

ID Gini AIR PIMP 4ge AGini SGini

1 0.80 ±0.04 • 0.79 ±0.04 • 0.80 ±0.04 • 0.79 ±0.05 0.79 ±0.04 • 0.82 ±0.04

2 0.34 ±0.05 • 0.34 ±0.05 0.32 ±0.04 • 0.34 ±0.05 • 0.33 ±0.05 • 0.35 ±0.05

3 0.36 ±0.13 • 0.37 ±0.15 • 0.36 ±0.15 • 0.38 ±0.14 • 0.38 ±0.13 • 0.45 ±0.13

4 0.20 ±0.09 0.20 ±0.07 0.20 ±0.08 • 0.21 ±0.09 0.21 ±0.08 0.22 ±0.08

5 0.14 ±0.02 • 0.15 ±0.02 • 0.14 ±0.03 • 0.16 ±0.02 0.15 ±0.02 • 0.16 ±0.02

6 0.42 ±0.08 • 0.44 ±0.07 • 0.43 ±0.08 • 0.46 ±0.08 • 0.46 ±0.08 • 0.50 ±0.08

7 0.43 ±0.03 • 0.43 ±0.03 • 0.45 ±0.05 0.43 ±0.04 • 0.43 ±0.04 • 0.46 ±0.04

8 0.38 ±0.04 • 0.45 ±0.04 • 0.34 ±0.08 • 0.47 ±0.07 • 0.49 ±0.04 • 0.51 ±0.04

9 0.60 ±0.02 • 0.78 ±0.02 • 0.51 ±0.05 • 0.70 ±0.04 • 0.79 ±0.02 • 0.86 ±0.00

10 0.78 ±0.02 • 0.79 ±0.01 0.70 ±0.02 • 0.72 ±0.02 • 0.79 ±0.01 0.79 ±0.02

11 0.64 ±0.02 • 0.65 ±0.02 • 0.48 ±0.03 • 0.58 ±0.04 • 0.68 ±0.02 • 0.73 ±0.02

12 0.41 ±0.02 • 0.43 ±0.02 • 0.28 ±0.03 • 0.31 ±0.02 • 0.45 ±0.02 0.46 ±0.02

Ave. Rank 4.42 3.42 5.17 3.92 2.92 1.17

Average Number of Nodes in Each Layer

ID Gini AIR PIMP 4ge AGini SGini

1 13.57 ±2.86 14.02 ±2.52 16.47 ±2.37 15.66 ±1.81 11.39 ±2.26 10.02 ±1.76

2 32.37 ±6.68 32.06 ±7.88 31.42 ±6.72 32.25 ±6.79 32.06 ±6.89 25.10 ±4.66

3 4.97 ±0.90 4.73 ±0.90 5.61 ±1.01 4.46 ±0.77 4.45 ±0.79 3.65 ±0.53

4 21.00 ±2.48 19.60 ±3.24 19.65 ±2.29 19.16 ±2.29 18.13 ±1.68 15.30 ±1.71

5 40.34 ±2.13 28.14 ±2.73 29.91 ±3.88 28.98 ±3.59 25.99 ±3.63 18.59 ±2.35

6 28.69 ±3.14 20.22 ±3.07 14.27 ±3.10 16.25 ±2.79 15.54 ±2.40 11.73 ±1.67

7 4.04 ±0.40 3.98 ±0.48 3.01 ±0.36 3.94 ±0.44 3.95 ±0.47 2.16 ±0.26

8 57.50 ±6.73 37.57 ±4.47 45.81 ±7.00 36.22 ±5.63 29.66 ±3.12 27.75 ±2.95

9 48.70 ±5.81 10.12 ±3.05 33.25 ±6.58 19.50 ±2.07 7.67 ±1.06 1.81 ±0.05

10 56.80 ±7.17 50.57 ±6.41 65.55 ±8.40 65.39 ±7.99 43.22 ±5.49 47.96 ±5.17

11 84.90 ±14.44 58.05 ±14.15 19.41 ±3.84 28.96 ±11.55 20.66 ±4.24 46.97 ±6.20

12 237.80 ±31.04 174.85 ±8.62 122.74 ±14.17 125.84 ±12.12 114.65 ±9.48 145.67 ±14.83

Ave. Rank 5.50 4.08 3.92 3.75 2.17 1.58
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Figure 7 Comparison of decision tree algorithm accuracy under different parameters at the synthetic noise level of 30%

é'¢�(J5w, PIMP�{�5U��. Ïd, 3Ü¤ªêâ8þ, PIPM�{òØ��ÄO�{

?1é'. L79ã7©O�5.3!¥L59ã4�¹Â�Ó. L8Ð«
�{ÀJÜ¤ªDÑá5��!

:A��'~. lL7�±w�, ÄuSGini�ûüä�{311��12�êâ8þ©O��
�p�²

þO(Ý�XO(Ý�, 39�êâ8þ��
����²þ!:ê, ±9���²þS�. lã7�

±w�, 3ØÓ��Êëêe, Ø1o�êâ8	, ÄuSGini�ûüä�{3ØÓ�ëêe��
�

p�O(Ý�. lL8�±w�, 37�êâ8þ¼�
�$DÑá5ÀJ', ¿�¼�
��S�. l

ã5(c)�±wÑ, ÄuSGini�ûüä�{5UwÍ5/ÐuÙ¦�{, �²þ!:êwÍ5/�uÙ

¦�{. ù
`²ÄuSGini�ûüä�{éuÜ¤ªDÑäk�Ð�DÑ°�5��z5U.

5.5 ã�êâ8©a5U'�

Ø
ÄOêâ8,�©3ý¢|µ�ã�êâ8þ�
?�Ú¢�,�y¤JIOÄZ�ê�ûü

ä�{�5U. ã�êâ8æ^ÅìÀú+�~^�STL-10[47]�ImageNet-10[48]. STL-10�¹13000Ü

çÚã�, ù
ã��©�10«ØÓaO, z«aOk1300Üã�, Ù¥500Ü�^�Ôö8, 800Ü^

�ÿÁ8. ImageNet-10�¹13500ÜçÚã�, ù
ã��©¤10�aO, z«aOk1350Üã�, Ù

¥1300Ü�^�Ôö8, 50Ü^�ÿÁ8.

éuSTL-10�ImageNet-10, �©æ^giÒÆS�.MOCO V3[49]J�êâ�A�L«. MOCO

V3�é'ÆS¥��c÷��{, Ù��6§Xã8¤«. MOCO V3�äÌ�d?èì(Encoder)Ú
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Table 7 Performance comparison of decision tree algorithm at the synthetic noise level of 30%

Accuracy

ID Gini AIR 4ge AGini SGini

1 0.92 ±0.02 • 0.92 ±0.02 • 0.90 ±0.02 • 0.93 ±0.02 0.93 ±0.02

2 0.57 ±0.03 • 0.61 ±0.04 • 0.62 ±0.04 0.63 ±0.05 0.63 ±0.04

3 0.65 ±0.07 • 0.71 ±0.07 • 0.71 ±0.08 • 0.72 ±0.07 0.74 ±0.06

4 0.57 ±0.05 • 0.59 ±0.05 • 0.62 ±0.05 0.62 ±0.05 0.62 ±0.05

5 0.16 ±0.01 • 0.22 ±0.03 • 0.20 ±0.02 • 0.21 ±0.03 • 0.23 ±0.03

6 0.65 ±0.03 • 0.72 ±0.05 • 0.73 ±0.03 • 0.73 ±0.03 0.75 ±0.04

7 0.47 ±0.07 • 0.52 ±0.07 • 0.55 ±0.07 • 0.56 ±0.06 • 0.60 ±0.06

8 0.40 ±0.04 • 0.59 ±0.03 • 0.57 ±0.05 • 0.62 ±0.02 • 0.64 ±0.03

9 0.55 ±0.06 • 0.80 ±0.04 • 0.73 ±0.03 • 0.84 ±0.01 • 0.88 ±0.00

10 0.81 ±0.01 • 0.81 ±0.01 • 0.78 ±0.02 • 0.81 ±0.01 • 0.84 ±0.01

11 0.66 ±0.07 • 0.81 ±0.01 • 0.78 ±0.01 • 0.81 ±0.01 • 0.82 ±0.01

12 0.60 ±0.01 • 0.58 ±0.01 • 0.48 ±0.01 • 0.58 ±0.01 • 0.65 ±0.02

Ave. Rank 4.5833 3.2500 3.6667 2.4167 1.0833

Pure Accuracy

ID Gini AIR 4ge AGini SGini

1 0.81 ±0.05 • 0.82 ±0.04 • 0.78 ±0.04 • 0.83 ±0.04 • 0.84 ±0.03

2 0.26 ±0.05 • 0.31 ±0.05 • 0.33 ±0.04 • 0.33 ±0.05 • 0.35 ±0.05

3 0.30 ±0.14 • 0.42 ±0.15 • 0.42 ±0.14 • 0.43 ±0.12 • 0.49 ±0.12

4 0.13 ±0.09 • 0.17 ±0.10 • 0.21 ±0.10 0.22 ±0.09 • 0.23 ±0.10

5 0.10 ±0.01 • 0.15 ±0.02 • 0.15 ±0.02 • 0.15 ±0.02 • 0.16 ±0.02

6 0.27 ±0.07 • 0.42 ±0.10 • 0.47 ±0.06 0.47 ±0.06 0.49 ±0.08

7 0.33 ±0.05 • 0.39 ±0.05 • 0.42 ±0.05 • 0.42 ±0.04 • 0.47 ±0.04

8 0.20 ±0.04 • 0.45 ±0.05 • 0.42 ±0.06 • 0.49 ±0.03 • 0.52 ±0.04

9 0.47 ±0.07 • 0.76 ±0.05 • 0.69 ±0.04 • 0.81 ±0.02 • 0.86 ±0.00

10 0.77 ±0.02 • 0.78 ±0.02 • 0.74 ±0.02 • 0.77 ±0.02 • 0.81 ±0.01

11 0.18 ±0.18 • 0.60 ±0.02 • 0.53 ±0.03 • 0.59 ±0.02 • 0.63 ±0.02

12 0.40 ±0.02 • 0.37 ±0.02 • 0.23 ±0.02 • 0.37 ±0.02 • 0.48 ±0.02

Ave. Rank 4.5833 3.3333 3.7500 2.3333 1.0000

Average Number of Nodes in Each Layer

ID Gini AIR 4ge AGini SGini

1 17.68 ±4.92 15.98 ±3.88 15.28 ±1.39 12.07 ±2.44 10.54 ±2.05

2 42.43 ±5.53 32.76 ±5.48 31.72 ±6.05 27.84 ±3.82 26.50 ±3.73

3 8.24 ±2.04 5.30 ±1.07 4.57 ±0.87 4.49 ±0.78 3.55 ±0.70

4 28.49 ±2.64 19.16 ±2.86 15.85 ±1.88 13.75 ±1.56 13.36 ±2.44

5 48.74 ±6.11 28.83 ±3.68 29.91 ±3.21 26.20 ±4.08 18.93 ±2.53

6 41.88 ±6.57 22.07 ±3.46 17.44 ±3.16 16.10 ±2.70 11.31 ±1.90

7 7.53 ±1.29 4.36 ±1.18 3.69 ±0.72 3.65 ±0.72 1.93 ±0.25

8 72.09 ±4.31 39.64 ±4.62 39.15 ±5.69 27.80 ±4.04 27.96 ±3.05

9 59.76 ±13.86 10.07 ±3.70 24.70 ±3.41 5.40 ±0.61 1.80 ±0.00

10 64.05 ±8.72 47.59 ±8.02 50.88 ±7.73 41.92 ±9.93 18.94 ±3.83

11 6.07 ±3.00 48.66 ±13.07 22.82 ±5.24 89.23 ±18.09 21.04 ±4.55

12 189.96 ±7.56 59.89 ±11.40 42.19 ±5.84 20.14 ±5.40 20.29 ±3.61

Ave. Rank 4.6667 3.7500 3.2500 2.0833 1.2500
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Table 8 Noise attribute selection ratio of decision tree algorithm at the synthetic noise level of 30%

Noise Ratio

ID Gini AIR 4ge AGini SGini

1 0.33 ±0.17 0.23 ±0.17 0.03 ±0.06 0.06 ±0.10 0.06 ±0.10

2 0.71 ±0.16 0.24 ±0.17 0.09 ±0.12 0.09 ±0.14 0.08 ±0.13

3 0.39 ±0.21 0.23 ±0.15 0.06 ±0.11 0.03 ±0.08 0.02 ±0.08

4 0.81 ±0.22 0.54 ±0.15 0.47 ±0.17 0.49 ±0.17 0.46 ±0.17

5 0.53 ±0.39 0.07 ±0.18 0.03 ±0.09 • 0.05 ±0.09 0.06 ±0.11

6 0.50 ±0.28 0.22 ±0.13 0.18 ±0.13 0.13 ±0.10 0.09 ±0.09

7 0.40 ±0.15 0.14 ±0.15 0.10 ±0.16 0.07 ±0.13 • 0.11 ±0.13

8 0.86 ±0.26 0.27 ±0.11 0.23 ±0.08 0.18 ±0.10 0.18 ±0.12

9 0.40 ±0.16 0.04 ±0.06 0.06 ±0.03 0.00 ±0.01 0.00 ±0.00

10 0.16 ±0.05 • 0.19 ±0.07 • 0.14 ±0.05 • 0.22 ±0.08 • 0.31 ±0.13

11 0.75 ±0.12 0.40 ±0.20 • 0.60 ±0.11 0.37 ±0.18 • 0.55 ±0.21

12 0.92 ±0.08 • 0.67 ±0.20 • 0.66 ±0.22 • 0.88 ±0.14 0.35 ±0.04

Ave. Rank 4.7500 3.5833 2.4167 2.2500 2.0000
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Figure 8 Diagram of image data set feature extractor

Äþ?èì(Momentum Encoder)üÜ©|¤. ?èìæ^Àú=�ì(Visual Transformer)���Z

�ä, ¿3Ù��\
N�Þ(Projector head)ÚýÿÞ(Predictor head); Äþ?èìdÀú=�ìÚ

N�Þ|¤. MOCO V3òÓ�Üã¡�ü«OrÀã²dü��ä�L«�����é, òOrÀ

ãÚ�1þS¤k����K��é, æ^InfoNCE��Ôö�., �#?èì�ëê, ¿ÏLÄþ�

{�#Äþ?èìëê. �©æ^He�<[49]�<ÔöÐ�MOCO V3�., òSTL-10�ImageNet-10�

zÜã¡L«�256*1�¢ê�þ. éuã�êâ8J��z��¢êA��þ, kæ�Äuk�Ú

Oþ��glÑz�{Chimerge�{[45]?1©¬lÑz. éuSTL-10�ImageNet-10ü�ã�êâ8,

z��A�lÑz�¬ê©Ol[2, 10]�[2, 40]�m�ÅÀJ.

�?�ÚJpûüä�{éã�êâ8�·A5, æ^Bagging�8¤üÑJ,ä�5U, 8¤

�ê���21. ��ü�ä�!:����ëê���5, �{$15g?1é'. ã�êâ8²

LMOCO V3A�J���, �Ý�p, ��4ge�PIMP�{�m¤��p, 3�o�êâ8þ�$

26

Acc
ep

te
d

 https://engine.scichina.com/doi/10.1360/SSI-2022-0337



¥I�Æ :&E�Æ

Cat

Car

Airplane

Deer

Bird

Ship

Monkey

Dog

Truck

Horse

(a) STL-10

White 
terrier

King 
penguin

Soccer
ball

Snow 
leopard

Orange

Container 
ship

Airliner

Airship

Sports 
car

Trailer
truck

(b) ImageNet-10

ã 9 ã�êâ8«¿ã

Figure 9 Display of the image data sets

L 9 ã�êâ8ûüä�{�5U'�

Table 9 Performance comparison of decision tree algorithms on image data sets

STL-10

Measure Gini AIR AGini SGini

Accuracy 0.8638 ±0.0044 0.8673 ±0.0070 0.8776 ±0.0056 0.9106 ±0.0017

Pure Accuracy 0.8486 ±0.0049 0.8525 ±0.0078 0.8639 ±0.0062 0.9006 ±0.0019

Average Node 844.4381 ±3.7992 768.9238 ±6.9872 719.6857 ±3.1441 509.7619 ±5.8037

Tree Depth 8.9333 ±0.1263 9.1238 ±0.1582 9.4952 ±0.2142 15.9905 ±0.3594

Tree Time(s) 223.0507 ±28.3694 241.3341 ±28.4778 223.7008 ±27.8236 345.3840 ±28.4345

ImageNet-10

Measure Gini AIR AGini SGini

Accuracy 0.9173 ±0.0102 0.9227 ±0.0062 0.9200 ±0.0082 0.9427 ±0.0055

Pure Accuracy 0.9081 ±0.0113 0.9142 ±0.0068 0.9111 ±0.0091 0.9364 ±0.0061

Average Node 886.2762 ±21.5499 784.7905 ±18.5932 739.8667 ±19.0862 517.5905 ±8.4759

Tree Depth 9.2476 ±0.2029 9.4857 ±0.1457 9.5714 ±0.2793 15.2095 ±0.1822

Tree Time(s) 1120.6451 ±41.7773 1163.2559 ±67.0833 1027.6510 ±51.4554 1359.8604 ±88.0581

1�m�m�L72��(!:����ëê���5, $1gê�5g, 8¤21�ä). Ïd, 3ã�êâ

8þ, 4ge�PIPM�{òØ��ÄO�{?1é'. L9Ð«
é'�O(Ý�, XO(Ý�, �²þ

!:ê, ä��Ý9ïä�m. lL9�±wÑ, ÄuSGini��{��
���²þ!:�ê, ��

�ûüä, ïä�m�, ��
�p�O(Ý, XO(Ý�. ù`², SGini�{Ø �uÀJ��á5

õ�A���!:, ØL@ò��/�©��ä�þ�!:�¥, |±�õ���ë�e�ä��ï.

ù����ûü5Kâk�U�Ä�õA���[âÝ�y©, l
¼��Ð��z5U. nþ, Ä

uSGini��ûüä�{U
éÐ/·^uã�êâ8�©a¯K.

6 (Ø

ûüä�{´ÅìÆS+��²;�{, T�{Ï~ÄuØXÝ¼ê½Â!:á5µdOK. �

©3õ©a?Öe, y²
Äu]¼ê�ØXÝ¼êäkõ� �¯K, ¿�Ñ�½>�©Ù��é

L��Ñl�AÛ©Ù, 3�AÛ©Ùb�e, �ÑÄZ�êÏ"���'u>�©Ù�L�ª. ù

4�§Ý$ü$
ÄZ�êÏ"����O�E,Ý.�X,3IOzµee,½Â
�)�Å��5
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�IOzÄZ�ê, ¿JÑ
ÄuIOzÄZ�ê�ûüä�{. ��, 3ÄOêâ8, DÑêâ8þ

�ã�êâ8þ, �y
¤J�{��z5U��)õ� ��k�5.

ûüä�{zg�ïSÜ!:�, Ié�c¤kA�?1­�Ýµ�. �êâ��Ý�p�, J

pûüä�{��5�'�3u\�A�­�Ý�µ��Ý. 8c, �ÝÆS���(�zêâ�L

«�{®��
¤õA^. 
�ÝÆS�ÑÑ���p��þ. Ïd, XÛp�?np�êâ´J,

�©¤J�{���­���.

3�5ïÄ¥, &¢IOzÄZ�ê�J,�z5Um�S3'X´����ïÄ���. µ�

OK½êâ�IOz´ÅìÆS+�~^�üÑ. 3�ÝÆS+�, êâ�IOz®�y²�ÏLU

õ��¼ê°ÜÝ
�^�ê5Jp�{�Âñ�Ý[43]. �©3IOzµee½Â
IOÄZ�ê.

3dÄ:þ,�«ÃXÄZ�ê�µdOK�IOzé�z5U��^ÅnéÅìÆSnØïÄ�u

Ðäk�½�Æ¿Â.

7 N¹

5�1 Äuúª(5), (6), (7)½Â�ØXÝ¼ê�3õ� �¯K.

5�1�y² �âúª(6), (7), A�A�A′�m­�Ý����:

∆Im(A)−∆Im(A′) (35)

= −p(ar)Im(ar) + p(a′r)Im(a′r) + p(a′r+1)Im(a′r+1)

= −p(ar)φ(p(c1|ar), p(c2|ar), ..., p(ck|ar)) (36)

+ p(a′r)φ(p(c1|a′r), p(c2|a′r), ..., p(ck|a′r)) + p(a′r+1)φ(p(c1|a′r+1), p(c2|a′r+1), ..., p(ck|a′r+1))

w,k, p(a′r) + p(a′r+1) = p(ar). -t =
p(a′

r)
p(ar) , k1 − t =

p(a′
r+1)

p(ar) . ?�Ú-xj = p(cj |ar), pj = p(cj |a′r),

qj = p(cj |a′r+1), k

xj =
p(cj , ar)

p(ar)
(37)

=
p(cj , a

′
r)

p(ar)
+
p(cj , a

′
r+1)

p(ar)
(38)

=
p(a′r)

p(ar)

p(cj , a
′
r)

p(a′r)
+
p(a′r+1)

p(ar)

p(cj , a
′
r+1)

p(a′r+1)
(39)

= tpj + (1− t)qj . (40)

�âþã'X9úª(5), k:

∆Im(A)−∆Im(A′)

p(ar)
(41)

= −Σk
j=1f(xj) + tΣk

j=1f(pj) + (1− t)Σk
j=1f(qj) (42)

= −Σk
j=1f(tpj + (1− t)qj) + tΣk

j=1f(pj) + (1− t)Σk
j=1f(qj) 6 0. (43)

Ù¥����Ø�ª�âf´]¼ê,äk5�f(rpj + (1− r)qj) > rf(pj) + (1− r)f(qj), ∀r ∈ [0, 1]. �

âþã©Û��, Äu]¼ê�Ú½Â�ØXÝ¼êþäkõ� �¯K. 2
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Ún1 �Aperm¥�A��þA′>�©Ù9���ê�½�, Ù�Y/¤��éL��nijÑlë

ê�N,nY
j , n

A
i ��AÛ©Ù. =lN���(Ù¥�¹nYj �1ja��¤¥Ø�£/ÄÑn

A
i ���, Ä

�n�1ja���VÇ. P�nij ∼ H(N,nY
j , n

A
i ), =:

PA∈Aperm

(
nij = n

)
=

Cn
nY
j
C

nA
i −n

N−nY
j

C
nA
i

N

, (44)

Ù¥n = max{0, nAi + nYj −N}, ...,min{nAi , nYj }, Cr
n�ln���¥�r����|Üê.

Ún1�y²3��8Ü¥,��½á5>�©Ù�,�A½á5�����ê´�½�,
=


���A½á5�´Ø�½�, @o���á5���ÙaOÃ'. =ØÓa���á5�Ó���

VÇ´�Ó�, P�p. @o,

PA∈Aperm

(
nij = n

)
= P

(
nij = n

∣∣∣∣∑
j

nij = nAi

)
(45)

=
P(nij = n,

∑
j nij = nAi )

P(
∑

j nij = nAi )
(46)

=
P(nij = n)P(

∑
j′ 6=j nij′ = nAi − n)

P(
∑

j nij = nAi )
(47)

=
Cn

nY
j
pn(1− p)n

Y
j −nC

nA
i −n

N−nY
j

pn
A
i −n(1− p)N−n

Y
j −n

A
i +n

C
nA
i

N pn
A
i (1− p)N−nA

i

(48)

=
Cn

nY
j
C

nA
i −n

N−nY
j

C
nA
i

N

.2 (49)

©¥3.1!¥Ún2�Ñ�AÛ©Ù�ÅCþlgõ�ª�Ï"�O��ª,?�Ú,�ânl�(n)l�

'X:

n4 = (n)4 + 6(n)3 + 7(n)2 + n,

n3 = (n)3 + 3(n)2 + n,

n2 = (n)2 + n. (50)

B���úª(16), úª(24), úª(25), úª(26)�y², Ù¥úª(25)�úª(24)�y²�ª�Ó.

úª(16)�y²

�âÚn2±9n2 = (n)2 + (n)1, ����8Ü¥ÄZ�ê�Ï"��:

EpermGini(A) = −Σk
j=1

(
nYj
N

)2

+ Σi,jΣn6min{nA
i ,nY

j }
n2

nAi N
P(nij = n) (51)

= −Σk
j=1

(
nYj
N

)2

+ Σi,j

nYj
N2

(
(nYj − 1)(nAi − 1)

N − 1
+ 1

)
(52)

=
r − 1

N − 1

(
1− Σk

j=1

(
nYj
N

)2)
(53)

úª(24)�y²
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�âÚn29úª(50), úª(22)¥1���L«�:

r∑
i=1

k∑
j=1

∑
n

n2

NnAi
P(nij = n)

r∑
i′ 6=i

∑
n′

n′2

NnAi′
P(ni′j = n′|nij = n)

=

r∑
i=1

k∑
j=1

r∑
i′ 6=i

∑
n

n2

N2nAi n
A
i′
P(nij = n)

(
(nAi′ )2(nYj − n)2

(N − nAi )2
+
nAi′ (n

Y
j − n)

N − nAi

)

=

r∑
i=1

k∑
j=1

r∑
i′ 6=i

1

N2nAi n
A
i′

∑
n

P(nij = n)
(
C4n

4 + C3n
3 + C2n

2
)

=

r∑
i=1

k∑
j=1

r∑
i′ 6=i

1

N2nAi n
A
i′

∑
n

P(nij = n)
(
C4(n)4 + C3(n)3 + C2(n)2 + C1n

)
=

r∑
i=1

k∑
j=1

r∑
i′ 6=i

1

N2nAi n
A
i′

(
C4

(nAi )4(nYj )4

(N)4
+ C3

(nAi )3(nYj )3

(N)3
+ C2

(nAi )2(nYj )2

(N)2
+ C1

nAi n
Y
j

N

)
, (54)

Tª��¹énAi , nAi′ , n
Y
j �$�. Ù¥C1 = C2 + C3 + C4, C2 = C2 + 3C3 + 7C4, C3 = C3 + 6C4,

C4 = C4, C1 =
nA
i′

N−nA
i

, C4 =
(nA

i′ )2
(N−nA

i )2
, C2 = (C1 − C4)nYj + C4(nYj )2, C3 = −2nYj C4 + C4 − C1.

úª(26)�y² �âúª(50)9Ún2, úª(22)¥1o��L«�:

r∑
i=1

k∑
j=1

∑
n

n2

NnAi
P(nij = n)

k∑
j′ 6=j

P(nij′ = n′|nij = n)

r∑
i′ 6=i

∑
n′′

n′′2

NnAi′
P(ni′j′ = n′′|nij′ = n′, nij = n)

=

r∑
i=1

k∑
j=1

n2

N2nAi n
A
i′
P(nij = n)

k∑
j′ 6=j

r∑
i′ 6=i

P(nij′ = n′|nij = n)

(
(nYj′ − n′)nAi′
N − nAi

+
(nYj′ − n′)2(nAi′ )2

(N − nAi )2

)

=

r∑
i=1

k∑
j=1

k∑
j′ 6=j

r∑
i′ 6=i

n2

N2nAi n
A
i′
P(nij = n)

(
C2(nAi − n)2 + C1(nAi − n) + C0

)
=

r∑
i=1

k∑
j=1

k∑
j′ 6=j

r∑
i′ 6=i

1

N2nAi n
A
i′
P(nij = n)C4n

4 + C3n
3 + C2n

2

=

r∑
i=1

k∑
j=1

k∑
j′ 6=j

r∑
i′ 6=i

1

N2nAi n
A
i′

(
C4

(nAi )4(nYj )4

(N)4
+ C3

(nAi )3(nYj )3

(N)3
+ C2

(nAi )2(nYj )2

(N)2
+ C1

nAi n
Y
j

N

)
, (55)

Ù¥C1 = C2 +C3 +C4, C2 = C2 +3C3 +7C4, C3 = C3 +6C4, C4 = C4, C4 = C2, C3 = C2−C1−2C2n
A
i ,

C2 = C0 +(C1−C2)nAi +C2(nAi )2, C2 = b
(nY

j′ )2

(N−nY
j )2

, C1 = (2b(1−nYj′)−a)
nY
j′

N−nY
j

, C0 = nYj′(a−b)+b(nYj′)
2,

b =
(nA

i′ )2
(N−nA

i )2
, a =

nA
i′

N−nA
i

.
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Abstract Decision tree model has strong interpretability and is the basis of machine learning methods such

as random forest and deep forest. How to select the segmentation attribute and segmentation value of nodes

is the core problem of decision tree method, which has an impact on the generalization ability, depth, balance

degree and other important performance of tree. Most of the traditional node selection attribute criteria are

defined based on the sum of concave functions, which makes the decision tree algorithm have the problem of

multi-value bias, that is, it tends to select the attribute with many values as the node segmentation attribute.

In the classification task, the performance evaluation method from the perspective of random consistency is

verified to have low classification bias. The evaluation criterion that alleviates random consistency can reduce

classification bias and cluster number bias. In this paper, the random consistency of Gini index is alleviated based

on the standard framework to alleviate its multi-value bias. It is verified by artificial data sets that standard Gini

index can alleviate the multi-value bias problem of Gini index and select the attributes with decision information.

Experimental results on twelve benchmark datasets and two image data sets show that the decision tree based

on pure Gini index has higher generalization performance than the existing decision tree algorithms to mitigate

multi-value bias.

Keywords Gini Index, Bias to Multi-value, Decision Tree, Random Consistency
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