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ABSTRACT
With rapid advancement of Internet and World Wide Web (WWW), WWW has

been becoming an important information source. The proliferation of WWW also
encourages the development of electronic library. Many libraries are aiming to
provide patrons better services by means of computer and telecommunication

technology.

This thesis aims at discovering the community patterns of NCTU patrons via
data mining. The data used in mining are the bibliographic and holding records of

NCTU Library, aswdl asthe transaction history logs.

We expect that NCTU Library can apply the research findings to its operation
and service so that NCTU Library can play a more proactive role in the learning and
researching of NCTU patrons. The community patterns of patrons that we want to
discover in this thesis are the common patterns and sequences of collections,

borrowed by patrons.

After we find out the community patterns, we want to achieve the following
goals: (1) attract more patrons to borrow collections, (2) increase collection borrowing
rate, (3) raise the loyalty of patrons, (4) assist the policy making on the acquisition of

duplicate copy, and (5) encourage the rapid circulation of collections.
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(Digital Library)

(Virtual Library) (Library without Wall)

American Digital Library Federation 1998 (

) [16][19]
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( )
American Digitd Library Federation

[20]

*

€ ELIB = Electronic Daia/Fle/Archivel Information/Knowledge

+ Automated/Electronic Service
+ Automated/Electronic Operation
(E-Collection) (E-Operation) (E-Service)
(Community)
(Data Mining)



(Information Technology) (Business Modsdl)

(Data Mining)

(Data Mining) (Database Mining)
(Knowledge Discovery in Database)

(Database) (Data Warehouse) (Information Repository)
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(Formd Statement) [1]

1={i1,i2, ..,im} (Literd)
(Item)
(Itemset) D (Transaction) T T
Ti | TID
X1 XIT T (Contain) X (Association Rule)
XpY Xi1 Yil XCcyYy=££ D X
c% Y XpY (Confidence) C D
XEY % Xp Y (Support) s
D
(minconf) (minsup) minconf
minsup
[1]
1 1
(Large Itemset) (Small Itemset)
2. 2 1
L
a ab (L-a) (
support(L)/support(a))
[2] 2
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Apriori[ 2]
Apriori
Apriori (Iteration)
1
2
(Seed Set)
(Candidate Itemset)
2-2-1
Apriori 2
2-2-2 Apriori
C L
Itemsets | Suppoet Itemsets | Suppoet
{1} 2 {1} 2
{2} 3 {2} 3
{3} 3 {3} 3
{4} 1 {5} 3
Database D {5} 3
TID Items C, L,
100 | 134 ltemsets [Suppoet ltemsets | Suppoet
200 | 235 {12} 1 {12} 2
300 1235 {13} 2 {23} 2
400 25 {15} 1 {25} 3
minisup=2 {23} 2 {35} 2
{25} 3
{35} 2
C’: L’%
Itemsets | Suppoet Itemsets | Suppoet
{235} 2 {235} 2

2-2-1 Apriori [2]




L1 ={large 1-itemsets} //
for (k=2;Lk-1t AEk++) do begin
Cx = gpriori-gen(Ly.1) // k-
for dl transactions tl D do begin
C = subset(Ci )://

c.count++;
end

end
Answer =E (Ly);

for dl candidatescl C; do

Lk ={cl Cklc.count3 minsup}y/

2-2-2 Apriori

2-2-2 apriori_gen

apriori-gen

k- (Cx) apriori-gen

1. (Join) Lyt

insart into Ck

sdlect pitenu,p.itene,. p.itenk-1, g.itemk-1

from Lk-1 p, Lk-1 Q

Lk-1

(Lk-1)

Cx

where p.itemi=q.iten,... p.itenk-2=g.itermx-2, p.itemk-1<q.itemx-1

2. (Prune)

for dl itemsatscl Ck do

cl Ck

for dl (k-1)-subsets sof c do

If (3 Lk-1)then
ddete ¢ from Ck;

Ck

(Hash Tred)

Apriori

Lk-1
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Hash Function Candidate Hash Tree
14,7 3,6,9
2,35
367
368
124||125||159]|
457| | 458
2-2-3 [10]
(Interior Node) (Hash Table)
(Exterior Node) (Depth) 1 d
d+1
c c
d d (Hashing)
(Branch)
subset t
(A)
t (B)

subset



Hash Function 12345 Transaction

14,7 3,6

9
7as ~ [1+]2356]

367
368

124||125||159]|

457|| 458
Hash Function Transaction
14,7 3,6,9
235 [1+] 2356 |

| 12+] 356 |

367
368

124||125||159]|
457]| 458

2-2-4 sbst  [10]

[2] AprioriTid AprioriTid Apriori
apriori-gen Apriori
D AprioriTid [ C«

<TID{ Xk} > Xk TID
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k 2-2-5 C, TID=200

{235} 2 {23}{25},{35} {Xk} =
{{23}{25},{35}} 2-2-5 AprioriTid k=1 C« D
i {i} k>1 ti D
&TIDf{cT Ck|cl t}AT C« k-
Cx 2-2-5 TID=100
Cs Cs TID=100
k Ci D k
[ k-
Ci D
AprioriTid Apriori [ AprioriTid
Apriori Apriori
AprioriTid AprioriHybrid
61 I—l
Database
TID litems TID |Set-of-Itemsets Itemsets | Suppoet
100 [134 100 { {1},{3}. {4} } {1} 2
200 |235 200 |{ {2},{3},.{5}} {2} 3
300 {1235 300 ({ {1}.{2},{3}.{5}} {3} 3
400 [25 400 [{{2}.{5}} {5} 3
C2 Ez L2
Itemsets | Suppoet TID |Set-of-Itemsets Itemsets | Suppoet
{12} 1 100 ({{13}} {13} 2
{13} 2 200 |{ {23},{25},{35}} {23} 2
{15} 1 300 {{12},{13},{15}, {25} 3
{23} 2 {23},{25},{35} } {35} 2
{25} 3 400 { {25} }
{35} 2
CS 63 L3
Itemsets | Suppoet TID |Set-of-Itemsets Itemsets | Suppoet
{235} 2 200 |{ {235} } {235} 2
300 |{ {235}

2-2-5 TidApriori [2]
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AprioriTid Apriori
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[3][12][14]
[4][14]
(Incrementa Update) [71[9][11]
[6]
[13]
[8][14]
-3-1
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+ (Sequentid Peattern)
[31[12][14]
+ [41[14]
+
[71[91[11]
+ [6]
+ (Pair) [13]
+ [81[14]
2-3-1 [10]
[3][12]
AprioriAll[3] (Sequential Pattern)
(Order Set) AprioriAll
i1<i><..<lp
<aq & ..a> <bib, ..by> ali bi1 82|' bo ... ani bin <bib, ..by>
<aap ..a> <(7)(38)(9)(4 5 6)(8)> <(3)(4 5)(8)> ©)]
i (38) (451 (456) (8)I (8 <(3)(5)> <(3 5)> <(35)>
<(3)(5)>
AprioriAll 2-4-1a)
2 (1020) (30) (4050 70)
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25% Apriori
[2]
(Support)
2-4-1(b)
2-4-2
AprioriAll AprioriAll - Apriori
Apriori (Join)
2-4-3 2-4-4 L3 C4
Customer 1d | Customer Sequence Large Itemsets | Mapped To
1 <(30)(90)> (30) 1
2 <(10 20)(30)(40 50 70)> (40) 2
3 <(3050 70)> (70) 3
4 <(30)(40 70)(90)> (40 70) 4
5 <(90)> (90) 5
2-4-1(a) [3] 2-4-1(b) 1- [3]
Customer | Orgind Customer Transformed Customer After
Id Sequence Sequence Mapping
1 <(30)(%0)> < (30} (90)}> <{1H{5}>
2 <(10 20)(30)(4050 70)>  |<{(30)}{ (40)(70)(40 70)}> <{1}{234>
3 <(3050 70)> <{(30)(70)} > <{12}>
4 <(30)(40 70)(0)> < (30} (40)(70)(40 70)}{(0)}>  |<{1}{234}{5}>
5 <(%0> <(90)}> 5>
2-4-2 [3]
insart into Cy

from L1 p,Lk-1 q

seect p.litemsats,. p.litemsety 1, glitemsety.1

where p.itemset; =g.itemsety ,. ,p.itemsety.,=q.itemsety »;

2-4-3 AprioriAll
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Large Candidate Candidate
3-Sequence 4-Sequences 4-Sequences
(after join) (after pruning)

<123> <1234> <1234>
<124> <1243>

<134> <1345>

<135> <1354>

<234>

2-4-4 ApioiAllLs  Cq4[3]

AprioriAll [12]

GSP (Generalized Sequentia Patterns)

GSP
1 (Time Constraints)
()
2. (Sliding Time Window)
“ Foundatior? “ Ringworld” “ Foundation
and Empire’  “ Ringworld Engineers” “ Foundation”
“ Ringworld” (Foundation, Ringworld) (Foundation and

Empire, Ringworld Engineers)
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Foundation ” “ Perfect Spy”
(Foundation)(Perfect Sy) “ Science Fictior’
“ Spy” “ Asimov’ “ Le Care”

(Foundation, Asimov, Science Fiction)(Perfect Spy, Le Carre, Spy)

Science Fiction Spy
Asmov Niven LeCarre
Foundatf(‘)n/Fwngation\gaond Ri ngwsr{ E‘gworld Peré Sr\nﬂey S
and Empire  Foundation Enginers  Spy  People
2-4-5 [12]
GSP
GSP  AprioriAll 1
1
GSP Ck
1. (Join)
Lk-1 Lk Cka S S S
S S S
Ck S S

(1.2 (3 (2) (34) (1.2) (34)
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2. (Prune)

cl Ck
(k-1)-

Csa

s=4(1,2)(3,4)(5)(6)

a(1,2)(3,4)(5) i

2. ¢ S

s=4(1,2)(34)(5)(6) fi

3 ¢ c¢

S=<8S S~

ct s

S

s=4(1,2)BAG)6) A ct= 4(2)(3,4)(5)(6) fi

s = (12(B4)(5)6)
2EB406)  (L2B)(5)(6) ©C) s
&1,2)(3,4)(6) (DG)(®)
Frequent Candidate Candidate
3-Sequence 4-Sequences | 4-Sequences
(after join) (after pruning)
<(1, 2)(3)> <(1,2)3,4)>| <(1,2)(3, 4>
<(1, 2)(4)> <(1, 2)(3)(5)>
<(1)(3, 4)>
<(1, 3)(5)>
<(2)(3, 4)>
<(2B)(5)>
2-4-6 GSPLj C4[12]
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c= 4(2(34)5) fi
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30 5 0
(1.2(3)(4) 2-4-7 (1.2)(3)(4)
1,2 1,2 10 3) (3
45 35(= 45-10) 30
15(= 45-30) (1,2) (1,2) 50 (3)
45 55(= 50+5) 3 65
4 (4) 90
(1,234
Transaction-Time Items
10 1,2
25 4,6
45 3
50 1,2
65 3
90 2,4
95 6

2-4-7 DataSegquence

GSP
7 2-4-7
20 (2,6)
2 20 2
6 6 25 25
43(= 50-7) 2 50

7 88(= 95-7) 2
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Items Times

1® 10® 50® NULL

2® 10® 50® 90® NULL
3® 45® 65® NULL

4® 25® 90® NULL

5® NULL

6® 25® 95® NULL

7® NULL

2-4-8
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405,785 526,868

282,250

1998 1 1 2000 8 31
1998 1 1 2000 8 31
487,786

441,688
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(Item) ( )
(Transaction) D
“AT "B A “1343" 253"
B “3423"  “ 34636" “ 9689"

{1343, 253} {3423, 34636, 9689}

L 2
(Item)
(Itemset)
(Sequence) “A” 10 1
‘3425 10 15 “0823" 4875
{ (3425) (9823, 4875) }
1998
1 2000 8 31 14,652
14,450
322
321

1 Apriori

24



GSP

3-2-1

1998.1~2000.8

A—
Raw Logs ——> —>» Transactions
Preprocessing Tasks ﬂ
A
Apriori and GSP

Pattern Discovery

g 1
Interested

Rules,Patterns Rules,Patterns
And Statistics Pattern Analysis And Statistics

282,250

3-2-1
GSP GSP
GSP
GSP
GSP
10 50 1
45 65 4 %
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Items Times

1® 10® 50® NULL
2® NULL

3® NULL

4® 45® 65® NULL
5® NULL

6® 25® NULL

7® NULL

8® NULL

3-2-2 GSP
L 2 282,250

(51.92%) 20

282,250
(1 ~ 600) 3-2-2

8 3

Items Times

1® 10® 50® NULL

4® 45® 65® NULL

6® 25® NULL

NULL
3-2-3

323

26

600
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MS SQL Server6.5
Web Server for SQL 6.5

Microsoft
S
()312 (Natural Sciences)-->
( )OA Science-->Mathematics
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E— E—
MATLAB PC MATLAB
MATLAB
PC MATLAB
3-2-6
3.2.6
Apriori
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(_)=Thin Red Line

( )=ThinRedLine o9
Borland C++ 31
Applied numerica andyss
The Godfather [ videorecording]= o8
The Godfather Part 2 [ videorecording]=
The Empire Strikes Back [ videorecording]= o7
Return of the Jedi [ videorecording]=
Star Wars | videorecording]= %6
The Empire Strikes Back [ videorecording]=
Star Wars [ videorecording]= 3
Return of the Jedi [ videorecording]=
[ ]1.1998-7 18
[DVD]=The Negotiator
: (I ]
17
(I ]
16
=There's something about Mary 16
=Dr. Dalittle
4-1-1 1999
1999
10,773 0.2%
0.15%
()

19998 1 1 2000 8 31

()
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1998 1 2000 8
11,398
542
30 (minsup)
0.21%( 23 )
4-1-2(d 4-1-
2(b)

Borland C++ Builder: C/IC++ 50
Borland C++ Builder
MPEG video:compression sandard 51
Digitd video:an introduction to MPEG-2
CMOQOS circuit design, layout, and smulation
L ow-power cmos wireless communications.awideband CDMA 42
system design
MATLAB 38
PC MATLAB

37

XILINX FPGA/CPLD %6
XILINX FPGA
CDMA systems engineering handbook 36
CDMA techniques for third generation mobile systems/
CDMA techniques for third generation mobile systems/ 35
Spread spectrum CDMA systems for wireless communications

4-1-2()

32

()



Wideband CDMA for third generation mobile communications

CDMA systems engineering handbook 34
FreeBSD INTERNET:
FreeBSD
Borland C++ Builder: C/C++ 33
Borland C++ Builder
JPEG 4ill image data compression standard
Win 32 : =Multithreading 30
Applicationsin Win 32
OpenGL reference manud:the officid reference document to
OpenGL, verson 1.1 29
OpenGL programming guidethe officid reference guide for OpenGL,
release 1.1
RF power amplifiers for wirdess communications/ 8
Microwave circuit desgn using linear and nonlinear techniques
CMOS circuit design, layout, and Smulation 26
Low-Power CMOS Design
CDMA techniques for third generation mobile systems/
Smart antennas for wirdless communications : 1S-95 and third 26
generation CDMA applications/
Win 32 : =Multithreading
Applicationsin Win 32 25
Numericd Recipesin C:The Art of Scientific Computing 24
An introduction to wavelets
CMOQOS circuit design, layout, and smulation o4
The design of CMOS radio-frequency integrated circuits
CMOS circuit design, layout, and smulation
Phase-locked loops for wirdess communications.digital and anaog 24
implementation
Visud C++ 6.0 o4
Visud C++ 6.0 :
24
Delphi 4.0
P 24
Delphi 4.
phi 40 24
Delphi 4 Bible:

4-1-2(b) (

)
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1998 1 2000 8

11,398 542
(minsup) 0.21%

4-1-3

MATLAB 37
PC MATLAB
Wideband CDMA for third generation mobile communications 32
CDMA systems engineering handbook

CDMA systems engineering handbook 29
CDMA techniques for third generation mobile systems/

4-1-3

2000 8 35,670
13,322

1998/1/1~2000/8/31 9,092

62.25% 40%
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D

400

300
200
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|
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|

100

O 1 1 1 1 1 1 1 1 1 1

1 2 3 4 5 6 7 8 9 101112
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4-2-1
: () 54
? 53
=L e Scaphandre et |e Papillon 51
MATLAB 50
14 =Tuedayswith Morrie 45
PC MATLAB 44
: () 43
() 41
40
100% 40
Microsoft Windows 2000 39
VHDL 39
WWW ‘HTML 39
=By the River Pledra | sat down and wept 39
VHDL 38
: 38
Linux , , 37
37
Microwave enginegring 36
Redhat Linux ( CLE) 36
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* 31
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1998 1 2000 8
4-5-1 4-5-2

14 6

Microwave solid-gtate circuits and gpplications 14 7
Operating system concepts 13 15
() 12 6

Molecular biology of the cll 1 5
Semiconductor physics and devicesBasic principles 1 5
Introduction to agorithms 11 6
Semiconductor devices:an introduction 1 5
=Advanced Engineering Mathematics.( ) 10 6
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RF power amplifiers for wireless communications/ 8 3
CDMA systems engineering handbook 8 3
Numericd Recipesin C:The Art of Scientific Computing 7 4
: ( )=Computer Architecture A 7 2

Quantitative Approach
() 7 4
6 2

4-5-2
4-5-1
4-5-2 “ RF power

amplifiers for wireless communications /” CDMA systems engineering

handbook”  “ Numerical Recipes in C:The Art of Scientific Computing’



4-6-

1a  4-6-1(b

1 13 DreamWeaver 4

2 12 =Fundamentas of Database Systems

3 12 - Matlab

4 11 |MATLAB

5 10  |Probability and Satidtica inference

6 10

7 10 =Maerids Andyss

8 9 C++

9 9 Flash 5

10 9 TCP/IP

1 9 MATLAB DSP

12 9 =The Hospital

13 3 Internetworki ng with TCP/IP Vol.llI:Client-server programming
and gpplications

14 8 Introduction to dgorithms

15 8 Linux

16 8 VHDL

17 8 Wirdess CMOS frequency synthesizer design

18 8

19 8

20 8

21 8

22 8 OrCAD Pspice 9.0

23 7 AUTO LISP

24 7 An introduction to database systems/

25 7 Flash 5 -

26 7 MATLAB

27 7 Perl =Learning Perl

28 7 RF power amplifiers for wirdess communications/

29 7 Smulation of communication systems

30 7 Space-time processing for CDMA mobile communications/

31 7 _\/LSI digitd_ sgnd processng sysems : design and
implementation /

32 7 VLS

4-6-1(a) (

a4

)




33 7 Wideband CDMA for third generation mobile communications

34 7 Photol mpact 6.x

35 7

36 7 UNIX

37 - : =The Success Story of Stanley
Yen

38 6 ASP

39 6 CMOQOS circuit design, layout, and smulation

40 6 Data mining solutions : methods and tools for solving red-world
problems/

41 6 Dreamweaver 4

42 6 Elementary classcd andyss

43 6 Fundamentals of microfabrication

44 6 Harry Potter and the Chamber of Secrets/

45 6 Java: how to program /

46 6 LINUX =Linux Kernd Internds

47 6 MATLAB 5

48 6 MATLAB :

49 6 MATLAB

50 6 Matlab

4-6-1(b) ()
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