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Abstract

Data mining is the exploration and analysis of large quantities of data in order to discover
meaningful patterns and rules. It is an important discipline, which has widely applied in fields
ranging from customer relationship management to marketing, and medicine.

The discovery of association rulesisan important task in data mining. The Apriori algorithm is
the most popularly and widely used technique for mining association rules. However, the Apriori
algorithm must scan the database many times to discover the large itemsets so that it has three
main disadvantages: (1) it is time-consuming; (2) it is not suitable for mining of incrementally
growing databases due to the need of rescanning the original databases; and (3) as databases grow,
the sensitive information in the new transactions can be not mined effectively.

In this paper, we propose the Multilayer Update Miner (MUM) algorithm, which does not need
to rescan the original database, to mine the association rules for the incrementally growing
databases. Based on two our designed sensitivity indexes, the MUM can mine sensitive information
from the newly inserted transaction. Many experiments and related analyses are conducted to
validate our proposed approaches.

Keywords: data mining, association rules, dynamic databases, online mining, incremental mining,
sensitiveinformation
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1 TID Items
count 1 ACD
1 2 BCE
stepd support 3 ABCE
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MUM
(Itemsets) minimum support
2.2 1-ltemset
1-Itemset 2- 2.3 l-itemset
ltemset 2-1temset
1-
itemset
TID
=3 {D} 50%
minimum support
pass
Count
{D}
minimum support 50%
2.2
2.2 MUM
3-ltemsety Counts 2.3 1-ltemSet
2- Counts TID A B C D E
ltemsats 1|AcD| 1100 | / |[1/100(2/100| /
1-Itemsetl Counts 2 | BCE| 1/50 | 1/50 |2/100| 1/50 | 1/50
3 [ABCE| 2/66.6 |2/66.6| 3/100 |1/33.3/2/66.6
4 | ABE| 3/75 | 3/75| 3/75 3/75
3 ltemsets Teble 5 || ABE | 4/80 | 4/80 | 3/60 4/80
2-ltemsets Table 6 || ACD | 5/83.3|4/66.6|4/66.6 4/66.6
1-ltemset Table 7 (BCDE| 5/71.4|5/71.4|5/71.4 5/71.4)
8 || BCE | 5/62.5| 6/75 | 6/75 6/75
1-ltemsets  4-ltemsets minimum support = 50%
minimum support 50%, 20%,
10%, 5% 2.4
23 TID=3
{D}
{D}
Count count

support



50% {D}
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TID[ Items | Supports
1 / /
2 / /
3| D 333
4 D 25
5 D 20
6| D 333
7 D 42.8
8 D 375
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Itemset
MUM
2.5 2-Itemset
pasy AB|AC|AD|AEBC|BD|BE|CD|CE|DH
1 J|[ACD 11 1
2 |BCE 1 1 1
3 |[ABCE|1 |2
4 ||ABE
5 [ABE
6 |[ACD 3 (2
7 ||IBCDE 2 |1 |14 |3 1
8 |[BCE 3

minimum support = 20%

2.6 3ltemset

ABC|ACD|ABD|ABE[BCD|BCE|CDE

ACD 1

BCE

ABCE| 1

ABE

ABE

ACD 2

BCDE] 1 3|1

mﬂ@mbwl\bl—‘g

BCE 4

TID

o N o o~ WN PP

minimum support = 10%
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T
k Apriori

MUM Tk

Tie1

T1 = split(l)
for (i=1;i<n;i++) do
begin
insert into T+
select
p.iteml,p.item2,...,p.itemk,q.itemk
fromT; p,Tiq
where
p.iteml=q.itemi,...,p.itemk-1=q.itemk-1,
p.itemk<g.itemk

23 MUM_gen

23

MUM MUM

MUM_gen(l)
forall tempdatail T do
begin
if not exist(select item from MUM where
item=i) do
insert into MUM values(i,1)
else
update MUM set count=count+1

end

24MUM

MUM

MUM

MUM

MUM



24

(1)
sL() = (1) —spa(l)
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(34)
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t
MUM

32  2-itemset

3.3

t-1

Items

(3.2) 8300

ACD
BCE
ABCE
ABE
ABE
ACD
BCDE
BCE

3.2

2-Itemset

Count/Support

AB
AC
AD
t AE
BC
BD
(3.3) BE
CD
CE
DE

3/0.375
3/0.375
2/0.25
3/0.375
4/0.5
1/0.125
6/0.75
3/0.375
4/0.5
1/0.125

32 2-

itemset



2-Itemset | Count/Support
AB 430/0.43
AC 257/0.257
AD 382/0.382
AE 413/0.413
BC 135/0.135
BD 407/0.417
BE 389/0.389
CD 435/0.435
CE 512/0.512
DE 207/0.207
33 2-itemset
25% (321 34
{BC}{BD} {BE}
sl 5%
(32
2-Itemset sl
AB -0.055
AC 0.118
AD -0.132
AE -0.038
BC 0.365
BD -0.292
BE 0.361
CD -0.06
CE -0.012
DE -0.082
34
30% p=3 35

25

35  {AD}{CE} sl
2506

(3.3)

A4T% 38.7% W
(34 {AD} {CE}

eMs® o | st | ko

AB | 0.055 | -0.203 | 0.134
AC [-0.118( -0.129 | -0.139
AD | 0132 | 0.147 | 0.168
AE | 0.038 | 0.093 | -0.017
BC |-0.365]|-0.218 | -0.045
BD | 0292 | 0.121 | 0.034
BE [-0.361| 0.173 | 0.061
CD 0.06 | 0.074 | -0.034
CE | 0.012 | 0.189 | 0.186
DE | 0.082 | 0.154 | -0.097
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CPU Authon 1G
RAM 512M
HD IBM 40G

2.

Windows 2000 Professiona with
2

SQL 7.0 with sp2

Visua Basic 6.0

VB

Microsoft SQL Server 7.0
Apriori
(stored procedures)
SQL
Apriori

MUM

QL
MUM VB6

Apriori
10000
100
(ms) 100
4.1
Apriori
4.1
41 MUM
10000
MUM
MUM VB
VB
MUM
MUM
MUM 4.1

10000 | 10100 | 10200 | 10300

Apriori | 977 1005 | 1036 | 1076

MUM | 9463 | 132 134 132

41 « )
10000
ms
150, 125, 100, &)
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ms Apriori
4.2
ms
MUM
nms
ms
ms
MUM
ms=150| ms=125| ms=100| ms=75
Aprion 617 | 637 | 977 | 2159
MUMT 5 2 2 2
4.2 «( )
MUM
MUM
MUM
MUM
1
(pre-large
itemsets) [2]
2.
Extensible

Hashing
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