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Abstract The paper presented a distributed data mining model based on Support Vector Machines

DSVM. It described the definition of multi-branches tree of Eigen (ET) and the method of building ET

based on mobile Agents accessing to distributed datasets. It elaborated the concept by using ET to reflect

the characteristic of attribute in the distributed dataset, and then proposed the algorithm of distributed

incremental Support Vector Machines based on hull vector (HDIS) using the data structure of ET and

the feature of Support Vector Machine. Finally, the ET was modified and improved by HDIS to realize

distributed data mining. The experimental results show the DSVM providing high capability and efficiency

of distributed business data mining.
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��, ������	���, Æ���� [2]�Æ���� [3]���� [4] 	, ���	������
��	��. ����������������������: ��, ���������������
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-�3	 [9] ������	��/.���, �.1	�0�	2//��0��031�. 44, 51
SVM ���	2)*1!0��'��"!���670��2#.

2 .$/012

2.1 3%45&
'58�1 (SVM) �� VC ���12)*��. SVM 	��'��63 ��9��73�(

4��3�, �)"�2���45��. '58�1����#	56���:	����&7�, ��
�3)*������"	. 67�:	��8�!�	�����4��)�	9, &��	��5�
�. 45�:	�73��6�8�84'58� [10] .

�:	773��3�(�#�:�4��889#(�, Vapnik9/���; Lagrange:��9�
;:��:�:

Lp =
1
2
‖w‖2 + C

∑

i

εi −
∑

i

αi {yi (Φ (xi) · w + b) − 1 + εi} −
∑

i

µiεi (1)

� w 0 b 	;4:���:73���8�0*#, εi, µi 	;4�"� Lagrange <�, C 4�"�
;=<!>�, Φ (x) 4/;�8:��<<�:�.

= K-K-T  �#+, �:�����88:

w =
∑

i

αiyiΦ (xi) (2)

0 ≤ αi ≤ C,
∑

i

αiyi = 0 (3)

�?56�, �2 (2) w ��92, ����� αi 4=#, ����	����. &@ w �� �<

>�����=#� αi 6@�� xi, Æ8�'58� (Support vector, SV)[11]. 44, SV �1	:��,
�?>�	��	��-, @ SV ��=		2@,��	��	7. ����56�, ?>� SV �
��.�?>@6��>��"	. 44#��� SV �A=?>@6�?A	�)*, ����	�@�
���9��A�?>��.
2.2 65789/:01;<=Æ

��)*�43��?>@6(4��,@�%?>@6��?>:��	�2?A?>�&�3:�
�	�2�B@%?>@6�03�?>@6�Æ�>.�	�. �2��)*��BB, ��)*��#
�1	?�@>)*���, �&A�CD?>��, CDC#@>�	, �&A��#$��E?. �
�, ��)2@� SVM ���)*��?A�51, �!��ÆE�
����)*@�0ÆE��
��)*3�@����� [12−13] .

� SVM��)*,@A��3�?>�&F,
'58��F�B8���3�. ÆA 1 6B, �G
0GH�� A�B DB, AD	:�����;�
?>�,�A�GH�ECF'F��@64?>
� A �B8�, � H2 ����4'58�; G
H�ECF'F��@64?>� B �B8�, �
 H1 ����4'58�. H 4 SVM �:	�7
3�,.�G/DCBH�@6�	��I�#�
@��@6)�	�, '58�8��JE, &�
#��DCBC"�@6� [14] .

@	��	�,� AgentGF����H
4I� [15]. 4@��	�I6J!�����	

, ?� Agent @	�	K�-:��<<0Æ
����)*��,JD�8���I	L�	�
	��','5��?A�������2K� �
��	�	��LK [16].

H2 H1H

> 1 ?@ABC5@A67D
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DSVM ��!3 �: GO@
	?��	�?A SVM G"�; HC?��-�O��J��4G
"���'58�<<!G"�-�O�, 9/�K Agent 4'58�0B8���@P����?�,
Q43�@6 (�N�?��B8��) ���@6 (���?��@6�) F�C� (HDIS), ���@
6��OH (
�?���K) �
��)*@�; �A�+	���'58�1�1G�. A 2 6B
4�'58�1�	�	��' DSVM �I�P�.

SVM

HDIS

Agent
Agent

1

PCA

................. .................

SVM
Agent

PCA

SVM
Agent

SVM
Agent

ni

> 2 DSVM OPQDRB

DSVM �'����QG1!: �0�����@�	���:��RC�PQ�O�+J,
���	����, DR:�������S. 44, GO�
�	?�Q��S�3	L�� —— �!
		L� (Principal component analysis, PCA)[17] �G"�	��K��!	�J�-�O� (Multi-
branches tree of Eigen, ET), ���S?>�	���0����I; LM ET ���E�B8��	
2'58�1���� (HDIS).
3.1 STFGU

6N�N> [16] :��O��RJ�T�, ����E3��	#$�� —— �-�O�. �-�O
���KU�OD��O�, �V��3S��A�W�S�@��	����-:�, ÆT�-��
���C��B�%P:����HF (PCA �K��!	 [17]), Æ�������, �-#����5
L�' (:�: 5LMU�L�O	�OHVTUX���HF). ET �F@�V�-���K#, WV�
-���EK#, 8���8F, A�S�C#VF@��-�K#���VK#�XN8�0C#���
��B�K#�����I (Y���S��#�, ��I4 null). �3S�V�	'S�����, Y�
��JZ, #Z[S��V�3S��OP6DB�@6��; (Æ������, 1 AD�����, −1
AD����). A 3 �?A��������"	�-�O��Q3, ��WDB���!	5L�', @
�Q8F, A8F@� “UL”�“WL”�“RL” QEK#, A�S�C#S�K#\XN8�, Æ� “UL”
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� 26898XN, ]&A��TI > 2000�� 1205 8, 1000 < ]&A��TI < 2000�� 830 8, ]&
A��TI < 1000 �� 654 8.

�-�O��OD��8S�[K�RX��, 4 Agent @ ET �KS\L�^'5. OD]�T�

: �-U8 EigenName, �-K# EigenValue, M� Total \��B��-#�VDOD4 Head. OD
A�AXN���-��EK#, M�XNÆ��-KV#�@6��, ���VD4�S��-6�K
#B����V_W7, ��^OD4Z�OD.

...... ...... ...... ......

ct 2689

ct 1500

tdf >2k 1205

tdf 1k~2k 830

tdf <1k 654

...... ...... ...... ......

x>2k,
594 x<1k,

1100

x<1k,
654

1k<x<2k
,830

x>2k,
1205

1k<x<2k
,674

,
2368

,
2689 ,

1500

root

> 3 VWNOXYZ

ET �������:U:
1) ?� PCA 4	?��:�#?A�!	�K, ��S:������, ���Y��ZV�	��

@�� [18]. 44, 6N4�!	 (W%7:����HF) �7�J�-�O�, �CX�������, =
��W��A�, @�?A�_`, �S�9�"a, �&#��	?�9���I.

2) SVM 	����G3 8�[�'58�, ����	��J!���:	��, Æ��:	�
�!CP	�)�&�	��\�� [6] . 4�)�	�, '58�� �DA��?>�NE67��F
]�� ('58�b2B8�), &�#��?>�C"�� [19]. $���, '58��	���$^__B
%P�	�$, 6�9/@
�	?��'58�`@?A�-�O���J0`), �CP	�@���
��, �S�`)����ca�.

� ET 7a<	�	K'58��:��-, bY�	�	dM6U7���0#$"%. V
ET .�XN�	�	K'58���-:���, W
�-#0��� �-#88�XN8�, &
CDC#,8XN���, 6�SW���0#$�, �?b��I���.
3.2 STFGUQ[9/

Y�K Agent �K�	��	��, Ae('58�����SH, #KS��-�O�C#V
SH���, �A�-�O���\@�F�#. YA��K Agent �K�@���	�, Æ#`Æ�-
�O��F0S�#, R�
�K Agent e(X6��	�	
�'58��.

9/ 1 STFGUQ[
/;: ?>@6	� N �3?�, 	;RS4 D = {D1, D2, · · · , DN}; 4
�!	c<>I���

$"dZc, E = {E1, E2, · · · , En1}.
/�: G"'58�� (SVn) � ET, n = {1, 2, · · · , N}.
��:
For k = 1 to n1

Begin AgentWrapper
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IF (k == 1)

THEN

//�Dn� SVn �3E1 �6�K# (n2)\KV#�XN8� Count. HC	;[	K# EigenValuek

\8�eJS� ENode1i, �4ÆTS�[_�[S� root.

For i = 1 to n2

ENode1i [EigenValue1, Count] =CreateTree (E1, SVn)

Connection (root, ENode1i)

End

ELSE

//	;���W�!	�
S� ENode(k−1)i, 4fS�, �3 SVn ��fS���OP
S��K
#�, Ek �6�K# (n3) \KV#�XN8�, 	;[	VK#\8�eJS� ENodekj , HC4V��
[_�@��fS�.

For i = 1 to n2

For j = 1 to n3

ENodekj [EigenValuek, Count] =CreateTree (Ek, SVn)

Connection (ENode(k−1)i, ENodekj)

End

End

//^���f��� (�!	 Ek−1) �3�� (�!	 Ek) ��B�K#�S�D4V_.

Connection2 ()

//4 Count !;OD�@�M� Total d, 4OS��IZ;OD����-K#�D4 Head
d.

Insert ()

End

Æ�Y�K Agent �K�S��	���J ET �\(, Y�K�����	��, �`)0XYV
ET ���4:

9/ 2 STFGU\]
/;: 4
�!	c<>I���$"dZc, E = {E1, E2, · · · , En1}; ?>@6	� N �3?�,

	;RS4 D = {D1, D2, · · · , DN}; a<� k �?� (D1 · · ·Dk) �'58�� (SVk) � ETk.

/�: a< D1 · · ·Dk+1 � SVk+1 � ETk+1.

��:

For k = 1 to N

Begin AgentWrapper

//f� HDIS �� (eg��$S) E!'58��.

SVk+1=HDIS ()

// ETk �6�S� (n4).

For h = 1 to n4

//@S�S� ENodeij (� i ADS�W�!	, j ADVW�!	�S�S�), � SVk+1 `)0
XY ETk, �3'58����fS���OP
S�K#�XN�8�count, 4V8� count �VS

�%�8� Count B!, �#;VS�.

ENodeij [EigenValuen1 , Count+ count] =ModifyTree (Eh, SVk+1)

Connection2 ()

Insert ()

End

//
�?��K7`)XY�-�O�.

NextAgent (ETk+1)
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End
3.3 T^_45U01`3%45&659/

@���	��F S,  7B8��0'58�.

Va 1 Hv(S)DB@ S ��B8�� (CB)��3,�:�B8��� HV 7DB,W HV = Hv(S);

Va 2 \ Sv(S) DB@ S ��'58����3, �:�'58��� SV 7DB, W SV = Sv(S).
Z S+ 4 S �����@6�, ��� S ∩ S+ = Φ. �#:���]� [20]:

bc 1 Sv(S) ⊂ Hv(S).

bc 2 Sv(SV ∪ S+) �= Sv(S ∪ S+).

bc 3 Sv(HV ∪ S+) = Sv(S ∪ S+).

	� 2 D^: ��?56�, ��?>������������'58��, �	V?>��'5
8����������'58��. 44JD�	� 2 �T��+� SVM ��)*����CP;:
)��	���:�. 	� 3 D^, ��?>������������'58��, 	V?>��B8
����������'58��. 6�6S���B8��	2'58�1���� HDIS.

[	3�NE���B� �, #3��	� S �B8��F (CB)Hv(S)[21]. @������
��(�, 	2 SVM ��)*(�#�J2�:�4: #�?>�	� Di, #	4 D+

i 0 D−
i ��; �

��?�?>�	� Di+1, #	 D+
i+1 0 D−

i+1 ��, ��h CP@���	�� Di∩Di+1 = Φ. ��
���R�[K�@6�F Di ∪Di+1 �� SVM 	�2 ψ 0@��'58�� SV . �I��Æ�:

9/ 3 HDIS

/;: ?>@6	� N �3?�, 	;RS4 D = {D1, D2, · · · , DN}; a< D1 · · ·Di '58��
(SVi) � ETi.

/�: D1 · · ·Di+1 '58�� SVi+1.

��:

For i = 1 to N

Begin AgentWrapper

//@�	� Di ��B8��.

HVi=Hv(Di)

//`@ HVi, b��-�O����J HVETi.

HVETi=CreateTree (HVi)

//����?� Di+1, 4 HVi (43�?>@6�!� Di+1 .

NextAgent (HV ETi)

//f� SVM ��K:'58�� SVi+1, �=4�93��:	�2 ψ

SVi+1 = SVM(HVi ∪Di+1)

End

b� ET (4G"'58����PI, 9/ HDIS ��`)0XY ET, �+
�?�B8��'5
8��2g0if.

4 Wde=f

%'�� R-DSVM �� DSVM �'0 Toshiba � Bee-gent ��T�, ?� Bee-gent B��0__7
�+	����'58�1�1G� [16] . 6N���[G
�����\	2���. �	7
XS[]^���Y�����	, 4 _ PC �!	2?�.

6S`��������	�(�, � m �?>@6 {zj = (xj , yj)}m
j , � xj 4@6/;, yj ∈

{−1,+1}4@6/�, −1DB��, +1DB)h. 44]&�	�����	,Q:�Q���Q k(x, y) =
exp(−||x− y||2)/β, � β = 1

m2

∑m
i,j=1 ||xi − yi||2. ��	
�K�������B��:�, HC�


X?�?A�!		L, �K�!	#, 4ÆT�!	�K#��C, �	K2Æ�:

< label >< index1 >:< value1 >< index2 >:< value2 > · · ·
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� < label >�?>�	���R#, @	�, a�RJS��,� (−1, 1); < index >�� 19P�,
�, #���[g� (AD�!	); < value > 4��, �8��!	#. A 4 4�\�S�?���C��

	� (A�@69/ PCA � 45 �:��� 7 ��
!	).�A, ?� Agent0 ETQ���1G'58
��(4?>�	, f� SVM ��?A1G�.
4.1 01`3%45&659/ghUZ[

��T�	?�, A�	?��1RK 230�
275�286�300�@6. Q�6N�����'. �
� 4 Q�G"6�@6��J ET; �� 5 Q�G"
SVM ?>:�� SV �J ET; �� 6 �6N��
� HDIS ��`)0XY ET. ?A	�����
������\, ����ÆD 1 6B.

���K Agent@P ET�
�?��K,	
2 SVM��)*�i?A.�D 1#�`�,�� 6
��� 4BB���SE�3���,!a��'?
>�@�, &	���I�6��; �� 6 ��� 5
BB��9hb�, ����IH�, D^ HDIS �
���. ��, ����)*��i?A, HDIS  �
"	B8�\�4�B8�,�&�+@?>@>�
	?A�RC�ib.
4.2 :]i` SVM 9/ghUZ[

	;�1jK 100�10000 100008XN(4�
\@6Æj	� 4 ���?�. Q��	dM�
�6N������'58����bA���	�
��I	��?ABH. �	��9/ RMI _�
e(, ^	�	dM, HC�dM�	R_?A
'58���K, ?A1G�; %'�� R-DSVM
9/�K Agent e(	?�'58��7�J ET,
1GE!^F ET C?A�. ��ÆD 2. > 4 j_`ka_lmb

c 1 _dn SVM oApeqr6fs
�g( ck c/E 8L/E djldm hee (%)

�n 1 4

5

6

—

—

103

54

54

54

47±4

47±2

47±3

84.80

84.80

84.80

�n 2 4

5

6

—

—

159

78

70

77

68±4

57±3

60±3

86.54

85.48

86.49

�n 3 4

5

6

—

—

195

98

88

96

125±5

68±3

75±4

88.86

86.24

88.79

�n 4 4

5

6

—

—

224

123

105

119

236±7

80±4

95±6

89.58

86.57

89.39

ÆD 2 6B, ��		���, �2 SVM ����I^kS	2 SVM ����I. %4�:
?��	dM��, 	!O4
	�����	�dM, Æ �������2/��, &?� DSVM �
��, a.	!dM ET, V ET �Rf
	����	�'58��:��-#, ?���2/ ET �
�	�__$2/
	�	XN��	�. $�, � SVM ���I!b�	2 SVM, ��B=
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��, 44�	��	��3 ET �,  #�� g=, ��E!�1G'58����A�, �J�	
���	�����6�S. ��^F��7f, �Y���	���	2 SVM !B�2 SVM k:
l.

c 2 _dnBbtn SVM qr6fs
oglh)lhm 8L/EM 8L/E djldm heel%m

100
m�i SVM 68 25±3 87.21

�Ni SVM 61 16±2 84.48

1000
m�i SVM 364 282±5 88.53

�Ni SVM 319 120±4 86.14

10000
m�i SVM 2624 986±9 90.51

�Ni SVM 2521 309±5 88.93

4.3 :uv01`;<=Æi/ghUZ[
4��P�'����, ��j	2��?A@B, R����� [9]���� (C4.5, ���Q�G"

6�@6��J ET,9/ Agent�K�1G?�?A������)�Æ�� (p(X|w i )P (wi)−p(X|w j)P (wj)
=04	�2i;�, � wi 4	��', p(X|w)488RI, P (w)=04O�RI)[16] . 	;�1jK 10000
8XN�j�\@6	� 4 ���?�.

@���'���I�]I�noI0�k��	>�?ABH, >�ZkgD 3.
�'��I =(A+D)/(A+B+C+D); ]I =A/(A+C); noI =A/(A+B); �k�� = ]I/�

	�����I, :����ÆD 4.

c 3 wlmpxn
mp�jpol nokm nopq
,qkm A B

,qpq C D

c 4 qrpeqr6fs
FNck hee l�e rse no1)

DSVM 0.95 0.90 0.54 8.74

ptqm 0.94 0.93 0.23 8.71

ror 0.91 0.88 0.51 8.56

nss 0.85 0.80 0.43 6.34

���DR7`, DSVM �'�� HDIS �����������Æ������BBVB����
�]IbS�, �jDRÆ��� �:U. �"!%4�����noIH$, #+V��� ���
�+�/oF+p.

5 yz{

Ns����'58�1�	�	��', ����	�^��	4�	K, ��!		L�
�0'58�14	2�����Z3��T, ���K Agent e(	�	�7�J�-�O�4
�pq, �	���	
:�1G+J, �A�+�����@��^���. ��D^: V�'���
��%�	����j���#$9h��tA�I=�31�0q0�S	(�. uC�514��
'�KS���Ab�	���9.
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