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Matrix Clustering: A New Data Mining Algorithm for CRM

SHIGERU OYANAGI,t KAzZUTO KUBOTAt and AKIHIKO NAKASE?

A new data mining method named Matrix Clustering is proposed for CRM (Customer Re-
lationship Management). Matrix clustering is defined to generate a dense sub-matrix from a
sparse binary matrix by exchanging rows and columns. We also propose a new fast algorithm
named ping-pong algorithm for clustering large sparse matrix. The ping-pong algorithm is
1,000 to 10,000 times faster than a naive algorithm, and the quality of solution is better. This
algorithm is also applicable to WWW access log analysis.
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Fig.1 Target matrix representation.
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Fig.2 Exchange of rows and columns.
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Fig.3 Example of ping-pong algorithm.
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Table 1 Execution time of ping-pong algorithm (sec).

1% 2% 5% 10% 20%

128 x 128 0.00044 | 0.00069 | 0.0010 | 0.0028 | 0.017
256 x 256 0.00063 | 0.0016 | 0.0038|0.019 |O0.11
512 x 512 0.002 0.0029 |0.024 |0.12 1.097
1024 x 1024 | 0.0075 | 0.0156 | 0.163 | 1.29 5.44

02 00000000000000

Table 2 Execution time of exchange algorithm (sec).

1% 2% 5% 10% 20%
64 x 64 0.009 | 0.014 | 0.020 | 0.051 | 0.087
128 x 128 0.051 | 0.083 | 0.20 0.41 0.67
256 x 256 0.42 0.53 1.35 2.28 5.32
512 x 512 2.55 4.43 9.12 22.8 54.4
1024 x 1024 | 13.0 37.3 107.4 | 198.1 | 538.4

00000 Pp*00000000000000
00000000000000000de0000
00000000000000000000000
0000000000000000000000
00000000000000000 O(d?n?)
0000000000000 000000000
0000000000000000000000
000000000000000000000

e DOOODOD
00000000000 00000000000
0000000000000 000D000O0
00000000000000000000000
0000000000000000000000
0000000000000
0000000000000000000000
0000 nxn20000 d000D000000
0000000000000 »? 00000000
000000000000000 1000000
000000 den0D000D0000000000
000 O(de®) 00000000 2000000
00000000 0D0oO0Dooono

e 00DDDOODDODDOODDOD
000000000000000000000
0Os0600000500000001%000
00000000000000000000 60
D0D0000000 1024 x 1024000000
000000000000000
0506 0000000000000512x5120
0MO000000005% 0000000000
000000000000 1,0000000000
000000000 5000000000000



Vol. 42 No. 8

(sec)

100 Oppoooo
Opoooo

10

. /
0.01
. /D

D/E/

Matrix Size
64x64  128x128

05 0O0O0ODODOD
0000001%00000000000000
Fig.5 Comparison of execution time with changing

256x256 512x512 1024x1024

matrix size.

(sec)
1000

O pooooo
O ooooo

1 /D/
0.1

0.001

1% 2% 5% 10% 205 density

06 DOODOODO
00000001024 x 10240000000000000
Fig.6 Comparison of execution time with changing

density.

ooooboooooOoboooboO eOCOOO
goooobooboooobOOobOOooooooobo
obobOoooobOoooooboboOoOooooboo
ooooooooooboocooooboooboo
goboooooooooobooboooobooo
ooog
5.2.2 J0O0O0O0OO
gooooooooooooboooooooooa
gboooooooooooobo 20000000
goooboooooooobobooooobooooboooo
ooooooooboooooooooooooboo
gooboobooooobooooooooooooon
100x 100000 10%000000005x50000
gbooooooooobooobooobooo 1000
goobooboooooooooooboooooobo
gobooooobOooOooobooooooboobDOoo

Matrix Clusteringd CRM O O0O0O0000O0O00O0000O00O 2163

oooooo8%uooooooo

11110

11101

11011

10111

01111

100000000 550000000000 500
gboboobogsboboooooboboonofo 25000
goooooboobooO0sxsoboobooooooog
OobooooooOmsxs0000000000DO
ubooooooobOmOoooOoooOooooboooo
goooooooooooooooboooooooo

oooo (oobooo (oobooo
gooooo 0 2 23
goooo 15 6 4

gooboooboooooobooobooooooon
goooboooboobooooooooooooooan
gbobooocoocooooooooooboobooobo
gbobooooboooooboOooooooooooo
goboooooobooooooboooooooooon
gbooooobooooboooboooooooboooboo
gooooooooooooboobooooboooooon
gooooooooooobooooooboboboobooon
oboooobooooobooo

6. wwwiooooooooooono

6.1 00DOOODO

Matrix Clustering 0 000000000000
WWwOOoOoOooooooooooooo'®Pooo
0000000000000000000 cookiedO
WWWOOOOODOOOODO URLOODOOOOO
0000000000 URLOOOcookieD OO OO
Matrix 0000 0000000000000 DO0OO

000000000000 02251 000 URLO
1,223000 CookieDO DD OODO 66,1010000
O00DWebDDOOOOOOODOODOOOODO
000000000D000000 URLOO gifd jpg
000000000000 ¢giDO0O00O0D0D0O00
0000000000000000000 WebODO
000000000000000000000URL
0O HTMLOOOOOOODODOODOOOOODOO
000000000 0000000D00000000
00000000000 0000000000000
0000 cookieD DOOOO URLOODOODODOOO
000000000000000000000000



2164 goooooooo

gobooodooobooboooooooboOobooo
O URLODOO 480000000cookied 1,22300
oooooooboooooooooboooooooo
oo0oooon 144160000000000000
gooooooooboooooooboobooooo
gr4000000000D0O0CO 10000000
6,936 000000000000 1.4%00000

gooooooooboboooobooooooao
goobooooboooobbooooboooooboooa
000 80%»b0ooo0ooooUooooooooo
gboooo 3oboobooooooooobooboooo
goooooooooo

e JOOOOODOCODODOOO

oo00 (0000 xO00| 00

A 38 x 25 = 950 86%
B 24 x 57 = 1392 86%
C 20 x 46 = 920 80%

e JOOOODODOOO

oood goooxoo| oo
D 5 x 195 =975 90%
E 3 X 229 = 687 90%
F 6 x 111 = 666 100%

e JOOOODODOO

oood goooxoo| oo
G 18 x 3 =54 100%
H 16 x 3 =48 100%

ooOoo00o000 BOoOoOOOOoO 000D

gooooooboooboobooboooboooooo
00 vRLOOOOOOOOOOO0DOODOO URLO
wwwioooooooooooooooooooo
oboooooOWebOOOOOOOODOODBDODO
gooooboooooooobobooooooooo
gooboobooooooooooboooooon
gbobdooooooooboooOoooooboboboooo
gooooooooboooooobooooooooboo

gboooobooooobooooooooooooon

gooooboooooooboooboooooboooobooo
goboboooooooooboboobooooo

0000 |0000 x0O0| 00
P 18 x 3 =54 100%
Q 16 x 3 =48 100%
R 4% 6=24 90%
S 11 x3=233 100%

Aug. 2001

1111111111111111111121111111111211111112111111111111111111100
1111111111111101111111111111111111111011111111111111111100
111111111111111111112111112111112111111111111111101111111100
1111111111111101111111111111111111111011111111111111111100
1111111111111111111111111111111111111111111111111111111100
1111111101011111111011111111111101110111110111101101111110
11111111011111111110111111111121111111111111111101111111110
1111111101010111111011111111101101110111110011110101111111
1111111111111111111111111111111111111111111111111111111100
1111111101010111111011111111111101110111110111110101111111
11111111111111111111211111111111111111111111111101111111100
1111111101011111111011111111111101110111110111100101111110
11111111011111111111111111111121111111111111111101111111110
111111110111111111112111112111121111111111111111101111111110
1111111101111111111011111111111101110111110111101111111110
1111111101010111111011111111100101110111110011110101111111
1111111101010111111011111111111101110111110111110101111111
1101111101010111111011111111000101110011110011110101111111
1101111101010111111011111111000101110011110011110101111111
1111111101010111111011111111000101110111110011110101111111
1101111101010111111011111111000101110011110011110101111111
1101111101010111111011111111000101110011110011110101111111
0111111111111111001111111011111111111011011111111111110100
0111111111111111001111111011111111111011111111111111111100

07 0U0OD0OD0ODOODOOOO BOOOOOOO
Fig.7 Example of a pattern of dense sub-matrix
(Cluster B).
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Table 3 Set of URLSs obtained by Apriori algorithm.
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