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Abstract: To improve the performance of case-based reasoning (CBR) classifier, we propose a feature reduction method
based on threshold optimization for CBR classifier. First a data-driven method is adopted to conduct the feature weight
distribution. Then, a weight threshold is introduced, where a genetic algorithm is utilized to obtain an appropriate threshold
result, together with the feature weight and the threshold, the features of which the weights are lower than the threshold are
deleted to accomplish the feature reduction process. The experimental results indicate that the weight distribution method
and the threshold optimization method can improve the performance of CBR classifier, which confirms that the proposed
reduction method is able to achieve a higher classification accuracy, decrease the time complexity, and improve the learning
ability of CBR classifier.
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1 ÚÚÚóóó(Introduction)
Y~ín(case-based reasoning, CBR)´20V80

c�<ó�U+�¥,å��«#�ínEâ[1]. Ù
¯K¦)L§�)u¢!^!?�Ú�;4��
![2],=4RÌ�.8c,Y~ín3�æ�ä!�Uû
ü!���ä��¡��
¤õA^[3–6]. 3�ª©a
+�¥, CBR©aì�©a5U�)O(5[7]!��

5[8]!ÆSUå[9]��¡��
2��'5. du
CBR©aìéD(ÚØ°(�êâ�©¯a,3¢
SA^¥, CBRXÚ¥�U�3�þ�Y~A�,ù


A�êâ  �3X�þ�&EP{�U,ù

P{�Y~A�éXÚ�5�Z6Ø=¬E¤�{

�mE,Ý�O\,�¬��Y~ínO(Ç�eü.
Ïd,éuP{A���{¤�JpCBR©aì�©
aO(Ç�~�$1�m���Ì�ïÄ��[10].

A��{´ò�(JØ�'½�^���P{A

�?1íØ.8c,~^�A��{�{Ì�kü«
�ª: �«´3A�8¥ÀJÑP{Ý���A�f
8,XÌ¤©©Û{[11]!o÷8[12]�. þã�{U
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©©Û¥J�Ñ�Ì�´��A��|Ü,ÙäN¹
ÂJ±`²;o÷8Iéêâ?1lÑz,�U¬�
�k^&E��{. ,�«�{�ªK´GØ�
Ý���A�[13],=�â,«IOéz�Y~A�©
��A��,,��½��A��Ý�K�,ò
��uTK��A�GØl�¤�{. ù«�ª
�`:3uÙ�{�Ç�p,ÏA^��2�.�
ÙØv�?3uÜn��ÝK�J±��. 8cT
�ÝK�Ì�d<ó�½,XJ�½
ØÜn�
�ÝK�,Òk�U���{Kk^�A�&E,?
K���XÚ�©aO(ÇÚ�Ç,Ø|uXÚO
(Ç�Jp��mE,Ý�ü$. Ïd,XÛ��Ü
n�A��ÝK�5?1A��{I�?�Úï

Ä.

�éþã¯K,�JpCBR©aì�O(Ç�¦
)�Ý,�©JÑ
�«Äu�K�Ï`�A��
{üÑ.Äk|^Äuêâ°Ä��{éY~�A�
�?1©�,,�|^¢D�{(genetic algorithm,
GA)éY~�m?1|¢�Ñ���`��ÝK
�,¿òdK��A��(Ü,��A��{�f
8. �©(�SüXe,12!0�DÚ�CBR©aì
9�3�¯K,13!�[£ã
�K�Ï`�A
��{L§,14!?1�ý¢�Ú(J©Û,��,
é�©¤J�{��5�ïÄ��?1
o(�Ð

".

2 CBR©©©aaaììì���¯̄̄KKK©©©ÛÛÛ(CBR classifier and
problem analysis)

2.1 CBR©©©aaaììì(CBR classifier)
�âAamodt & PlazaJÑ�4R@��.[2],Xã1

¤«,;.CBR©aì�ó��nXe.

ã 1 CBR©aì�nã

Fig. 1 Schematic diagram of CBR

äN¦)L§Xe:

�{¤Y~¥¥�Y~�L«�Xe���|

/ª:

H : 〈Xi; Yi〉, i = 1, 2, · · · ,m, (1)

Ù¥: mL«Y~oê, XiÚYi©O´1i�Y~

�¯K£ãÚ©a(Ø, Xi�^A��þL«:

Xi = (xi1, · · · , xij, · · · , xin), (2)

Ù¥: n�Y~£ã�A��ê, xij�1i�Y~£ã

¥�1j�A���,¿²L8�z?n.

P8IY~�T = (t1, t2, · · · , tn),éA�©a(
Ø�YT. æ^Äuî¼ål�KNN(K-nearest neigh-
bor)u¢üÑ[14],O�8IY~T�z��Y~Xi

��qÝ,P�



s(T,Xi) = 1−
√

n∑
j=1

ωj(tj − xij)
2
,

i = 1, 2, · · · ,m,

(3)

Ù¥tj�8IY~¥1j�A��£ã�,Ks(T, Xi)
∈ [0, 1]L«8IY~T�{¤Y~Xi�m��qÝ;
ωj(j = 1, 2, 3, · · · , n)L«1j�A���,÷v

n∑
j=1

ωj = 1, 0 <ωj < 1. (4)

3��Y~m��qÝ�,òÙUìüS?1ü�:{
S = [s1 s2 · · · sm],
s1 > s2 > · · · > sm.

(5)

À�cK��qÝéA�Y~�H1,H2, · · · ,

HK ,�â^�n,�æ^���qÝ^�ª(K
= 1)½õê^�ª(K > 1��Ûê)��©a(
J[15]. 




YT = Y (H1), K = 1,

YT = majority
i=1,2,3,··· ,K

(Y (Hi)), K > 1. (6)

��ò�A�8IY~9aO�;?{¤Y~¥

¥,�¤CBR��£�;Ú²�ÆS.

2.2 ¯̄̄KKK©©©ÛÛÛ(Problem analysis)

þãL§=�DÚ�CBR©aì�.,�Y~A
�êâ¥�3X�þ�&EP{�U�,ù
P{
�Y~A�éXÚ�5�Z6Ø=¬E¤�{�m

E,Ý�O\,�¬��©aO(Ç�eü. ÏdI
�éP{�A�?1�{. �©Ú\A���ÝK
�5���{L§,=ÏL�½���Ý�K�,
ò��uTK��A�GØl�¤�{. d�{
üÑ�3X�ÝK��ÜnÀ�¯K.

dª(3)��A���(JØ=¬K�©aì�
©aO(Ç,���K�X�YA��{�Ün5;
Ùg,�ÝK��(½��'XXA��{�(J
?K�CBR©aì�©a5U.8cdK�Ì�d
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^r½;[�âg�²�5(½�,Ì*5Lr,Ø
|uXÚO(Ç�Jp��mE,Ý�ü$. eÀ�
ØÜ·��ÝK�,Òk�U���{Kk^�A
�,?K���XÚ�©aO(ÇÚ�Ç.

3 AAA������{{{(Feature reduction)
�!Äk0���©��{,2ÏL¢D�{

�ÀJ!��!CÉ��fé�{A���K�?

1Ï`. 3dÄ:þ,ò��udK��A�íØ
±�¤�{L§.

3.1 ���©©©���(Weight distribution)
æ^Äuêâ°Ä��{éA��?1`z©

�,�½��IXe:

Cω =
n∑

j=1

log2(1 + ρ2
jωj), (7)

Ù¥Cω���`²TA�Jø�&Eþ��,�Ý
�p,�A�A�����.Ïd,e����`�
�©��YI�¦T�I�����. ρ2

jKL«

1j�A���Ý�I,=Y~¥¥1j�A��ê

âÅÄ5.

�
¦��ICω�����,3ª(4)��å^
�e,�E.�KF¼êXe:

L(ω, λ) =
n∑

j=1

log2(1 + ρ2
jωj) + λ(1−

n∑
j=1

ωj), (8)

Ù¥λ´.�KF�f,�A�©�����|^
T¼êé�ωj¦ ����

ωj = max(0, (ε− 1/ρ2
j)), (9)

Ù¥ε����,Ù��ÏL�å^�Úª(9)¦�. �
[¦)L§�©z[13].

3.2 ���KKK���ÏÏÏ`̀̀(Weight threshold optimization)
|^A���¤�{�üÑI�)û,��

�¯K,=�ÝK��(½¯K.8cdK�Ì�
d^r½;[�âg�²�5(½�,Ì*5Lr,
k�U���{Kk^�A�Ø|uXÚO(Ç

�Jp��mE,Ý�ü$. Ïd,�©æ^¢D�
{(GA)éA���ÝK�?1Ï`,±Ï|¢��
�Ün��ÝK�l3�yXÚ©aO(Ç�

Ó�ü$�mE,Ý.

¢D�{´�«¦)¯K�pÝ¿1��Û�Å

|¢�{[16–17]. §�Ì/`���0�g,ÀJüÑ,
3|¢L§¥gÄ¼�ÚÈ\k'|¢�m��£,
¿g·A/��|¢L§±¦��`). |^¢D�
{¢yA��ÝK��Ï`,I�¢y±eö�:

1) ?è. �©ÀJ�~^��?�?è,æ^
5
 2?�?è;

2) «+Ð©z. �ÅÀJPs�/ÚN|¤��+

N,+NS�N�êþÒ´+N5�,z�Ð©�N

ÒL«ù¯K�Ð©);

3) ·AÝ¼ê. 3GAÏ`L§¥,��ûÐ�·
AÝ¼êU
��Ï`���,Ïd,�
�y|¢
���ÝK�U
k�/Jp�NXÚ�O(Ç,
½ÂXe�·AÝ¼ê:

Fitness = N ′/N, (10)

Ù¥: N ′L«3�cK�e?1A��{�,U
�
(©a�Y~�ê, NL«^uÔö�Y~oê. T
¼ê�±�yé�©aO(Çp�¤¹A�ê8�

��ÝK�,=�`);

4) ÀJ.�©UìÓ�Ù{ÀJÜ·��N,�
«+���Ps,Ù¥z��N�·AÝ�fi,K�Ni

�ÀJ�VÇ�

Pi = fi/
Ps∑
i=1

fi. (11)

5) ��. �©æ^ü:��: 3�NÄÏG¥�
Å�½��:,�¢1/ÚN���,ü�N��:
c��ÄÏ±VÇPcp�,¿)¤ü�#�N;

6) CÉ.�©æ^Ä�CÉ�f,é+N¥/Ú
N�Å]À��½A�ÄÏ �±VÇPm?1CÉ,
?1��ö�.

�©3����A���,æ^GA?1�Ý
K�Ï`L§���èXe¤«:

BEGIN
Initialize threshold population Po(t);
population size Ps;
mutation probability Pm;
crossover probability Pc;
iteration number Iter, the feature weight; //Ð©z,

�½«+êþ,��CÉVÇ,S�gê�����


While (t <Iter )
{

Decode the threshold,
Reduct the attribute, //dK�e?1A��{
Evaluate Fitness; //·AÝO�
Select operation,
Crossover operation,
Mutation operation; //ÀJ,��,CÉö�
Po(t + 1) = Po(t);
t + +;

}
Return the best fitness;
Decode the threshold; //���`��ÝK�

END

ÏLþãÚ½,Ò���`z��ÝK�(J
Sλ,|^d(JÒ(Üª(9)(½�A��ò��
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uTK��A�íØK,l�¤A��{L§.

4 ¢¢¢���(((JJJ(Experimental results)
�
�	�©JÑ�Äu�K�Ï`A��{

�{�k�5,À�UCIêâ¥¥�10|©aêâ8
?1¢�[18],äN&EXL1¤«.

L 1 ¢�êâ8Ä�&E
Table 1 Basic information of the datasets

SÒ êâ8 Y~�ê/� A��ê/� aO/a
1 glass 214 9 6
2 seeds 210 7 3
3 fertility 100 9 2
4 Parkinsons 195 23 2
5 blood transfusion 748 4 2
6 statlog (vehicle) 846 18 4
7 ionosphere 351 33 2
8 pima 768 8 2
9 image segment 2310 18 7

10 bench 208 60 2

�
ÿÁ�©�{��J,æ^5ò���y�
{,¿��
;.©a�{?1©aO(Ç�é',
�O¢��YXe:

¢¢¢��� 1 ��y�©�{üÑ¥A��©��

Ün5�`�5,Äkò�©æ^�êâ°Ä�{©
���CBR©aì(P�WF&CBR),¿�DÚþ
�CBR(P�MCBR)!��{©���CBR(P�
EN&CBR)!¢D�{©���CBR(P�GA&
CBR)±9~^�©a�{(À�J48ûüä�{�
RBF ²�ä)�é';

¢¢¢��� 2 ��y�K�Ï`üÑ��15,3
��Ä:þ|^GA?1�ÝK��`z|¢,
¿|^dK���A��{,¿ò�{�A�f8�
©aO(ÇP�WF&CBR&RD.

¢�¥^���
ëê��½�:¢�¥K = 7;
RBFNN¥æ^Gaussian¼ê��»�Ä¼ê,¢�2
¢D�{(GA)¥�½Ð©«+5�Ps = 30,�?�
?è ê�5 ,CÉVÇPm = 0.06,��VÇPc =
0.3,S�gêIter = 30.

4.1 ���{{{ccc���(((JJJ(Results without reduction)
�â¢�1,|^ª(7)–(9)éêâ8¥z�A�?

1��©�,�âz�A���Ý�I�Ñ`z
���;¿|^d�?1CBR�©a��WF&
CBR�©aO(Ç,¿�DÚMCBR, GA&CBR, EN
&CBR, J48, RBFNN?1O(Ç±9$1�m�é
',é'(JXL2¤«.

L 2 6«�{�©aO(Ç�$1�mé'
Table 2 Comparison results between 6 methods

MCBR EN&CBR GA&CBR WF&CBR J48 RBFNN
êâ

O(Ç/%�m/s O(Ç/%�m/s O(Ç/% �m/s O(Ç/%�m/s O(Ç/%�m/s O(Ç/%�m/s

glass 67.26 0.047 65.90 0.047 69.62 4.914 71.04 0.078 65.42 0.050 68.69 0.764

seeds 92.86 0.016 92.38 0.026 92.38 4.243 93.81 0.016 89.05 0.010 90.95 0.718

fertility 81.00 0.016 82.00 0.008 81.00 1.123 84.00 0.016 84.00 0.010 87.00 0.359

Parkinsons 91.79 0.031 90.26 0.040 88.21 6.911 92.82 0.031 89.74 0.020 82.05 0.655

blood transfusion 61.12 0.234 61.25 0.221 61.65 43.560 63.52 0.265 77.27 0.080 78.61 1.123

statlog (vehicle) 68.92 0.561 66.19 0.555 71.52 113.650 72.34 0.593 73.29 0.110 65.37 1.529

ionosphere 85.75 0.140 85.75 0.152 90.01 30.330 89.16 0.156 89.74 0.050 90.88 0.764

pima 69.92 0.296 66.28 0.294 67.46 59.610 69.77 0.296 71.22 0.080 75.26 1.061

image segment 97.27 3.900 96.36 4.035 97.23 861.620 97.58 4.134 96.45 0.280 87.32 4.711

bench 77.83 0.078 79.29 0.096 78.87 17.000 78.77 0.094 71.15 0.080 74.04 0.640

mean 79.37 0.532 78.57 0.547 79.80 114.296 81.28 0.568 80.73 0.077 80.02 1.232

dL2�wÑ, 10�êâ8¥WF&CBR�©a
O(Ç�õ�'MCBR, EN&CBR�GA&CBR�
O(Ç�p,L²
�©|^êâ°Ä�{?1A
��©�U
����°(��(J,Jp

CBR�©aO(Ç,��YK�Ï`�{Jø
Ü
n��(J.� J48, RBFNN�{�', WF&
CBR3õê�êâ8¥©aO(Ç��`�
,ò
L2¥10�êâ8�(JO�Ñ²þ©aO(Ç,

¿�ãXã2¤«. dã2¥�wÑWF&CBR�²
þ©aO(Ç�p,NyÑ
d�{3©aO(Ç
þ�`�5,?�Ú�y
�©æ^�A��©
��{U
¿©�÷ÑA�¥d3��Ý&E,
���\Ün��©�(JlJp
CBR©
aì�O(Ç.d	,l$1�mþ�Ä,U,Sü
��: J48, MCBR, EN&CBR, WF&CBR, RBFNN,
GA&CBR.�wÑWF&CBR3$1�mþ¿ØÓ
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`³. �)ûd¯K,�©3�Y?1
�ÝK
��Ï`,ÏLòP{�A�íØK,5~�WF&
CBR��mE,Ý.

ã 2 ²þ©aO(Ç

Fig. 2 Average classification accuracy

4.2 KKK���ÏÏÏ`̀̀���{{{���(((JJJ (Results of feature red-
uction)
�âL2���(J���,|^A��©�

�{U
wÍJpCBR�©aO(Ç,�Ù¦�
©��{�é'L²
T�(J�`�5. ��
YA���{Jø
Ün�cJ^�.

�!3��`z�A���,Ú\
�Ý
K�,æ^
GAé�ÝK�?1Ï`,¿�âd
K��¤éY~A�8��{±~��{��mE

,Ý.¿|^�{��êâ8?1CBR�©a¢
�,Ù©aO(Ç(J�$1�mXL3¤«. l
L3�±wÑ, 10�êâ8Ñ�{K
eZA�,Ø
Óêâ8Ù�{Ç�k¤Cz. l©aO(Ç�¡
w, 10�êâ83A��{��©aO(ÇØ=v
keü�þk¤Jp.

L 3 K�Ï`�{��©aO(Ç��mé'
Table 3 Comparison results of classification accuracy and the cost time with GA for reduction

êâ WF&CBR/% WF&CBR&RD/% �{�A�/� �{Ç/% �{c$1�m/s �{�$1�m/s

glass 71.04 72.91 5 55.56 0.078 0.016

seeds 93.81 93.81 0 0 0.016 0.016

fertility 84.00 88.00 6 66.67 0.016 0.010

Parkinsons 92.82 93.33 14 60.87 0.031 0.010

blood transfusion 63.52 69.66 2 50.00 0.265 0.203

statlog (vehicle) 72.34 72.69 7 38.89 0.593 0.406

ionosphere 89.16 90.30 11 33.33 0.156 0.109

pima 69.77 69.77 4 50.00 0.296 0.218

image segment 97.58 97.58 4 22.22 4.134 3.416

bench 78.77 78.77 34 56.67 0.094 0.031

mean 81.28 82.68 8.7 43.42 0.568 0.443

L3�L2¥Ù¦©a�{�', WF & CBR &
RD�²þ©aO(Ç�� 82.68%,'MCBR, EN
& CBR, GA & CBR, WF & CBR, J48, RBFNN©O
pÑ�3.31%, 4.11%, 2.88%, 1.40%, 1.95%, 2.66%.
L²�©¤æ^�K�Ï`�{U
k�/�{K

P{�A�,l?�ÚJp
CBR�©aO(
Ç;lXÚ�$1�mw,A��{��©a$1
�m��
�½§Ý�~$,²þ5w�{��$
1�m'�{c�ü$
�21.91%.

d	,��	GA�{¥,«+êþPs�S�g

êIteré©a(J9Âñ�Ý�K�,©OÀ�

«+êþ�10, 15, 20, 30�, 10�êâ8©aO(
Ç�Cz�¹,Xã3¤«. dã3�wÑ,3�½�
S�gêIterS, 10�êâ8�²þ©aO(Çþ
��
Âñ,�X«+êþ�O\,²þ©aO(
Ç��Âñ�S�gêIterk~��ª³,�3

Ps = 30�,Âñ�Ý�¯.

ã 3 ØÓ«+êþ�S�gê�¹e�²þ©aO(Ç

Fig. 3 Average classification accuracy under different

population and iteration
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4.3 wwwÍÍÍ555uuu���(Significance test)
�
�y�©¤J�{�{´ÄU
wÍJp

©a5U,�?1Tu�,ÏLu��VÇP��w

ÍY²���,5�äü���²þê��g¤�
L�oN��É´ÄwÍ:�P�uwÍY²α�,
KL«�öÃ�É½�ÉØ²w; P�uwÍY²

α�,KL«k�É½�É²w, P����É�w

Í.L 4K´WF&CBR&RD, EN&CBR, GA&CBR,
J48, RBFNN�DÚMCBRm�©a5U�¤éT

u�(J(wÍY²�0.05).

L 4 ©a5U�wÍ5u�(α = 0.05)
Table 4 Significance test for the classification

performance

�{GA&CBR EN&CBR WF&CBR&RD J48 RBFNN

P 0.291 0.071 0.0034 0.255 0.406

(Ø ØwÍ ØwÍ wÍ ØwÍ ØwÍ

dL4wÑ,3wÍY²α�0.05�, WF&CBR
&RDu����VÇP��u0.05,GA&CBR,
EN&CBR, J48, RBFNNu����P�þ�u

0.05,`²�Ù¦4«�{�',�©¤JÄu�
K�Ï`�A��{üÑU
wÍJpCBR�©
a5U.

nþ¤ã,�©JÑ��K�Ï`A��{
üÑ�¹A���©���ÝK��Ï`,d
þã¢�L²ÏLêâ°Ä�{éA��?1©

�U
k�|^A�¥d3��Ý&E,l�
�
��°(��©�(J,�DÚþ�CBR,
EN & CBR, GA & CBRÚ~^�©a�{ J48±9
RBFNN�é'L², WF&CBRU
Jp©aO(
Ç,�y
T�{��15��(J�`�5;
3��Ün���,�©æ^
GAéA��
ÝK�?1
Ï`,¿|^dK�?1
A���
{,¢�(JL²�{��A�Ø=ü$
$1�
�m�?�ÚJp
CBR�©aO(Ç,L²
�
©¤J�{üÑU
JpCBRXÚ�5U��Ç.

5 (((ØØØ(Conclusions)
�JpCBR�©aO(Ç¿ü$�mE,Ý,

�©JÑ
�«Äu�K�Ï`�A��{ü

Ñ.ÄkÏLêâ°Ä�{O�ÑA��,Ùg
Ú\�ÝK�,¿æ^GAéêâ8��ÝK
�?1`z|¢,�â���K���A��{.
é'¢�L²,Äu�K�Ï`�A��{�{
U
?�ÚJpCBR�©aO(Ç,¿ü$
XÚ
�$1�m,Jp
CBR�ÆSUå. duA��

©��Ün§Ý��K�K�Ï`±9A��{

�(J,�,¢�L²,�©æ^�êâ°Ä��
{äk�½�Ün5,�ù«©�Å�´�«·�
�©�Å�,"yS�ÆSUå. CBR´��O
þÆSL§,�XCBR©aì�$1,Y~¥5�
¬ØäO\,d�·���©�Å�Øv±�Ñ
Ün��(J?K��A��{�(J.Ïd,
e�Ú�ïÄÌ��)é�Ä�ÆSÅ��ï

Ä,±�yCBR©aì�$15U.
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