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th

FHAZEIRLERT Web 2.0 (Maness, 2006 ) [BEE » {5 el 225 A i w7y
A EEEE - BUHIAMEABHRE R & SGRstEEmE A EHEE - R
1Y RS EE - BAZBIIABREENER - BOMEF S - HERF
A B O KAV E A R R Mg 08 LB 2 ny it i - ISR EAE T
BB DR - A0 R AR B B R IE (filter) EFHZ &R » 1R
FERFREIA IS P E S & - CECR B B EE A ET S e B - Ktk Bhi
fiE B EE R T ARG RYRE « AT ARCE R SRR - SR IEER S HIGE
EENFESAYERES (Peis, del Castillo, & Delgado-Lopez, 2008 ) © AI15E55 2 F1] FH LR
{5 Y B g - sk 8 = &l » &R eR (information retrieval ) BG& A& ( In-
formation filter) R[S REH WA SR - R - BEEE s AL
AR HIRFTCEEAE R » HERE SR s B 2 — MR SR EA HEN THE (N
/NI » 1998 5 Ricci, Rokach, Shapira, & Kantor, 2011) ° #£/ %24t ( Adomavicius
& Tuzhilin, 2005 ) ZAKBESFEEN + BlI40 - BEYIERESRE SE S - FHIEE
BROELERSE  HEEAHRARG el E ARG o AR E R nE A s REFR it
EANBIEIRGHIDIRE - S B R S A ERE - HEE R R
(el &R R AL BRI SAVEE - Kl - fEEE &N Tra s s s
TR TEAEE R (Hwang & Lim, 2002; Aciar, Zhang, Simoff, & Debenham, 2007;
Kuroiwa & Bhalla, 2007 ) » fREZIE HEERAZHANE] » AT R4 N Fs = fEHERS
R OB EEHEE R (FRESE - BREIE - 2011 ; Resnick, Lacovou, Suchak,
Bergstrom, & Riedl, 1994 ) ; ()& HEE S5 (Mooney & Roy, 2000 ) ; ERES
FHEREE A (Kumar, Ratnam, & Babu, 2010 ) °

TEAE AMLARB I ZE R+ 73 [RICHERS 247 (collaborative filtering ) B2
IR —FE (McLaughlin & Herlocker, 2004 ) o [th AR IR B A
MEREYIERE - SEARRE R R R AR E EREAH U RS2
ABJEE - 5 E L A PTHE BB A MR BRI RE s EAG B - R - AR
ot R =CHE S R i U T AR RS E R - I35 8 5 R 25 R A i Ay BB 7%
(Chen, Jiang, & Zhao, 2010 ) T7EEHEERS S H REE H AioysEuEs « Bribzsb -
HAWFIERREER © TR IR A i B S S R R - RMIA
BT HMBEAIELEETE  C)E — A S 2T e LU HE B e
BB - NI . OF B SR S A A RECR B E SR - BlE
BRI (sparsity ) I + IREFRCIRISZZR 5 ()il 35 8F 8 H A K EHVEEEA
Y Y — EREASR 2R B RHERE (high dimension) » Y REHT 71k
(Jain, Murty, & Flynn, 1999 ) #EGBITHEE 7R 5 GREEENEARIEEEL
AR RERIR » A ERCEE - Hob » OFIO)RYRER—E— R s

%&



SRPRAE - REGHI » SREE ¢ BN S L R A 7

Fet2FE) (cold start) [FIE < 5591 » EAHERS AMATIHFEARI B REE - HE RS
TERESRAHBRE EIARTUGE » B HEREE RS R EL 2 - WS & L HE
PEFS R B TR S B 2 B - DIBUA A E 2 T R HE A SRR SR
M o SRR HERE RS S (Verbert, Parra, Brusilovsky, & Duval, 2013) °

KIEE - By 7R Ll gesid - AT — S A SRR B2 A2 LI
EHEERM o BB ERRIIAIZE (time decay factor ) » BjREFFEE 5K
VB S S R A R 3B AS - BEE B RERI(EAERH 73 B (matrix clustering
using dynamic threshold ) ZEV7FEEILHE o DL BEAEENCRAER > AL
REHE (topic map ) EEIHEEASIR » RUUHEREFG R EHENE - R TR RS EEA
BRI » bR T RS B EE LR o B o - M DA A =0 T
TS L HEEAS R 2 BIREEE R - ASCHRERSAY « 55— EERIAm TS R - i
SEENBEAINT SR HAY 5 58 T RIGR DA A0 AR R o i S H R RE B AR 53k 2R =
BT 4 o0 FF B O R o ] 5 4 P SR A R LA RS - SR PUERER B BRI
SMTHBERS R - RS ISP FEIIRS SR s I - Bl R A AT RERT BT
FEJIIm]

T

53 FE53HT (clustering analysis ) fEFTF 25T EEHE —THE R HTHIEAE T
H o FEZHTE R LU EE (cluster) B(53%8 (classification ) « HHKY
SR R E 2 HAER  ARIELHE R R R’ & R o BB B
g - b ER R TR BEESRENE - AEHEMTTRIIES SERE
T o KItEL 53 BES BT ROR HE TS SR AN AT Bk Ay TR « 2RI+ S0 B A 7 ik
¥ (Jain et al., 1999) » FEEA]53 RS E =X (hierarchical ) F153-#=X ( partition-
al) - B X FEH T RS (complete link ) » SEEHERS (average link ) FIE—5#
f&i (single link) 73k » Horp B —SlEER150 28RS Rolie 2 ABRITHY 51 - 59—
Jiml - 3 EIXF BRI K-Means {#E% ~ ISODATA JHEES » H XD
K-Means i B R o 2RI+ B =07 =0 43 Bt Ry S L P AR DS &
B H AR5 S RS  K-Means JTiEHILVESCABEREY ~ 32
VHARFEER LA YRR - DURTREH B Wi FEf# (local maximum ) 3R
RE o HL[EFRERE B E B BRI AR/ o KIL » afrr gk b ek s
FEOTAYIEIRE - TR 3 1h (R =X e 5 HE 7 R A AR R A

(=) FE R EEHIAHRR R 52

MRS PR R E TGS ST R RIS R UL - R TR
JERLEEES - A B N B IERI TR KE B EEAIWTFEERE © Oyanagi ~ Kubota
B Nakase (2001 ) & H AR E#% (matrix clustering ) 5 XU e HFBR AR R
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FIREE HEE (web log) 438F © FHR L (2003 ) 223 FaltEfE 31 - F2 DI
BERSITE P RS (Customer Relationship Management, CRM) » {i{5E]
L AWERER - CRM EERE AT ATREE BRI — R & 1R B B ]
SRR AU LB R - DUERF R AR - MEFEREALNS
Tk AR EIARS - R EEHEE RS CRM A iR Lzt -
BB NSGEEHE Rl AR E L EE S - L - R E AR R aIrE
mn — BRI R 2 2 MR AR RERES3H A] DU S B R R A A o3 R -
Rl - AWFSEE A GBS R AR TR Y S R AT

FEREST B2 AR B AERH (sparse matrix ) I E E 7704 (dense subma-
trix ) SRAFR—E SRS Ak 1 For o AR HEHEEIY ABCDEFGH f814 52
J\REEEHE » AT abedefgh RREG RS Rl = 5 F4RYEE » A IRy o0 Fems Sk v]
fp e FyRli BFG B EAA HERIBERE =4 it B -

abcdefgh

01001000 acg
00100010
B |o11
00000101
e F |111
01110000 G 111

01000001
10101010
10100010
00000100

IOTMMOOm>»

Bl &% E T4 %E (Oyanagietal,2001)

(=) RS B o 2R B LR

FEE A3 FE B A0 1 Py (BT AERH (binary matrix) FyE B HAE » 17
REGEE - FIIRERS R B E - TP A h > A ZRoRRl i Bl & | il
FIRALR - 35 A=1 FOREE (ERBEE | 5 M Ay=0 F0EE 113 fE R iE
Hj o Kk - FEE i B RO U AR - JE R R S SRR - Bl
R AR - £ THAEE R B LA B RS IIE i E R AR E RS - P
DATFIZNEIHE A mT LA LA A

OyanagiZE A (2001) B AT B 75 'S uEE - $8H T Ping-Pong i
Hi% o Ping-Pong S BENEE A T ERHAEN B AIFHIAIEFERE (confidence ) Fll
SCFFRE (support) 1F e B AR S R RERY P IFEE B AT o TR RER -
SR E SRR AR Ry | FOTT R85 ERRE RI E SRR B -
HAEEET - FERHE S RERY H VS RIS AR B0 B ALy RS R - Al - H
ETRE ] 23 Rl N AR IR FE A (evaluation function ) :
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1. FE AL - fEfRE M b SRR Rl -
2. HERAL  fEfREEE L SRR -
Ping-Pong {#H R F EHSHAN PR
while (convergence) {
row_to_col () ;
prune_col () ;
col to row () ;

prune_row () ;

}

I EERY I A S B - D AR AR s R T A E TR
HHEY » —EBEITRSIE AR S EE (bR IR - FRIGERNSEEE L - $dTrow_
to_col () BREHITT (row ) 35! (column) » MiEHEEFFIRVETESE (count) £
1T prune_col () KL - MHIBRETEEUINAFERMIBREIERYS! » 3 > $dT col_
to_row () RIERERYIIMESAT - WATHAETHVRTE B, » T prune_row () REHY
i B B 5 A S A HIBR PR ( threshold ) BT e

=) g c 9

S
B ‘é i

!

ac e g / a © g
1 | i |
= g : —
i
F — F o=
G — G ™
a c g /
| |
B A
F_
G

B2 Ping-Pongi® f % (Oyanagietal.,2001)

DI 1) —AEAReRAERE Ry Bl - H Ping-Pong I EA T/~ B4R 2 Frrs -
BIE 0 BCEMBRBIE R 1 01T B BIAGEE (activate) 1 - SHASEIS Rl » &



10 HE BRI EE SRS 511 (Fall 2013)

FAFY FRVETEREL - (row_to_col B ) R %% » PUTFc ~ gHIMIBR » PLIRFEEIR
BHNHY count (B Ky 1 » FHAAMIERED A BATIIMIER © (prune_col P B ) ¥ -
AT c ~ gBUBES - ¥ c3HAS 71T BDFG Y g 4% T1TBFG 1% » S EET L
9 countfH ° (col_to_row & BE) FHIATT DAY count {H Ky 1 (ZEHAMHIBRREIE ) HoAtky
2 R THHERTT D (prune_row A B%) < 3% » 3% T BFG » WiitHEYaceghY
countfH ° (col_to_rowBE) AR + HHitFefycount B Ry 1 » FATHIHHERS e -
(prune_row B B » W& Tacg » (row_to_col HZBR) HIF - HHRTTHIZIER
AEEML - SRS E M E BT BFG Y acg Tk - #4235 » HEIIEE
THERAE 1 ZAE BRI - 435k 8 Fl18/9=0.89 kg% & KA AR EHE H
2L BITRT A BEHAE AR P 15 Ry B B T

2% it Ping-Pong 5% > Kuo B Zhang (2012 ) Ffi# ik Ping-Pong #EH1%
HEERE i N EArEEERERE - oo bR EEM S TFEE L - R
T LB B SR A B % R (e R B o ) o B AR AR SHER Y - B2
¥ T BEEARAEE - B E e A A B I - A0SR R AR
% P RMEL R B PR AEL » T Sl o E A [ ML T 8 AR oz i 43 B 8 ER - HA)
Arast + FEP 722 5 TR i ik IS it i S e i R Pl e SR A PR S A 3
FHRERHIRE - R EE I 5 1508 SE AR P T 3R T LA R R B 1 AE e » (Rt -
Kuo#1Zhang (2012 ) & i H 55 RERME AR /- i ER R 0 T Frsy B REREME 53
PREEE -

B RERHME AR A T Bk

() T A —AERMR BRI A RIS EAER 2 BRIRIE - Pl S

(2) 15 FH BB E M AR BRI L T8

(3) #1T Ping-Pong {fi HLi%:

(4) HAERE A IR EHEE % B AR & R}

(5) WIS eyl 2 B P B R P A PR L Ry 22 R » 0T (6) 5
BRI FITHER Q)

(6) AMEARHRAE A RN EZ2 (NULL) 1Y - SBI S S WO E

(7) W55 2 HEE E RN EFUERSYE - BUTHER Q)

(8) W AR T 2 B T AR

(9) FEH

ARG Ry 1 RS BN RERIE AR - FEAYRCR - BEFIANE] 3 () Fras iy —fE s R
FAPEPE R A » 33 - B TR R S 2 B R EE - 2RI AN
HHMEDSATE I HIAH SRR 2B iR E © BERIE (B © 0.1~1.0 » SRIIHE
0.1) » kA (B 2 B 5RE (B8R < 1~10 » JRIKAE < 1) » FEERIE ZIREE (H
b 1 0~1 0 SIEIRAE ¢ 0.1) AR SRR (fESK © 0~10 > SEIRKAE  0.5) » FAIT
BREREAERE 2R - 15BN 3 (D)FTR Z I ARG R o Bdy A fE e (BT




FhpAs ~ REGHE  RER SRR L HERE R 11

TR (E B 5B 2 B R 0.6 R4 » S—T71H » 5 RE RE AT BRI AE 1 20 71
Fs 0111 » (Kbt - 78 T —HiRUm S i & HEE R 2 B A L2 B & 2
BIREREE D FHE AN 2 RHER

111111111 10000000000000CO0O0O0ODODOOO000 [111111111 1000000000000000000000000000000
J A a1 11111111 1000000000000000000000000000000
111111111 100000000 coo i S oo ooncona
1111111111000000000 111111111/000000000000D000000000COAOM 11 1]
7111111111000000000000000000000000000000 O O D nonnaanOnOaooneg
111111111 1000000000000000000000000000000
71717111111 000000000000000000000000000000 133113113110000000 00000 oog
IRERERRERE 11111317
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1111 1111
00000000001 11110000 cocoo 1113 0000000000111 ooo 117
DOOOOOBOOOT 1111000 CooOO ooo 11111 ooocojoood
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(e A —{EAEfH (D) 4 28 A et
B3 AEEMARILAIER T4}

» FE R B R R (e B 53 1 2 il S T B 4 B R A

[ 4 Ry AW B EHERS RO - AR R R R A i
L~ BYRERIERERH R ~ TR AR~ R sth % p B R A R
] 52 BRASRE S /B AR o B B R R T R B AL [ 5 B i T Bk
At o EER NV ETAHRE R, - IR RS AR 5%
AR A AR R A RPN SR - SR RS R KB - 2 RIER R
HER PR AR - BRI IR AP AR B CSV
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A RERG R 5 AR - FEMEIEHOESH A CSV BT as i CSVAR iz 43 B
FEEAIHE L ERER - A6 Ontopia T B HE R X ML A& 202 T e E
BEE o+ e 1 B B AR 5 FH SR Y (Document Object Model, DOM )
P 8 TE 3 R i e Y [F] — P 2 IR R RE 2% - 5 RE Ml 2 BUESRH B8 A Ontopia
(Pepper, 2005 ) 9 Omnigator (2009 ) N &S #7~ 3- RE i DL i3S T LU
Y FE B et /N R e o DU 2% B i — 20 Gl B A H B R B A P RR U AH B &
K} o

() ERHIE RS

fl 25 B EACHOE B S IR AL - AR P L BT e 4
FERAFTRE o BURRRFMBR AT 2ERIMIAL - R TRIBRATIRRLER - 635 - 5[]
—fEEEE B A A RRAC SRS Al & OF AR — A E BAC R (BIATH R &R -
AREE —REHENR®R -ICEEER) > 2hlstEE - AETREMERX
o PlIafER I~ iR E NIRRT - YRR RYAE 5 FrRr s
ERET - Rk - BIAMARC_ID{EEFECHRT - HIES ~ 1FE ~ HRmEA
HiiRED - PR SRS ER R -

PROCESS_ USER_ID ACTIVITYRNO ACC_NO CLASS_N{MARC_ID MEMO LAN borrow_count start_date  return_date durd
2008/10% CIR1 & 79414001 515992 496, 326598 MEEH: 20081105 chi 12008/106  2008/1031 26|
2008/L0/6 CIRL & 79414001 886145 24.6| 284816 MEFH: 2006/1105 chi 22008/106 2008/114 30
2008/10/ CIRL & 79414001 927678 246 135835 MEEH: 200871105 chi 12008106 2008106 1
2008/10% CIR1 & 79414001 929818 246 360318 MERH: 200871105 chi 22008/106 2008/114 30

2008/10%4 CIR1 & 79414001 929819 246 360318 MEFEH: 200871105 chi 22008/10/6 2008114 30
200841 CIR2 18 79414001 532168 23.68] 360310 MEEH: 200809115 chi 2200861  2008/106 128
2008441 CIRL 1 79414001 553757 4%4.2) 524987 MESH: 200609715 chi 120086/ 2008779 39
200841 CIRL & 79414001 619663 417 5591 MEEH: 20080915 chi 120086/1 20087710 39
2008441 CIRL 18 79414001 643717 170) 14240 MEH: 2008/09/15 chi 12008671 20087718 39
200841 CIR2 1# 79414001 674876 245232, 77383 MEEH: 20080915 chi 22008401  2008/106 128
2008471 CIR1 & 79414001 856054 170 80093 MEEH: 2008/09/15 chi 12008671 2008779 39

Ttitle author publisher publish year

EEEFFAHE-R R HF Ec) 2001

EEHOMEER MR SER EFEER 1999

NSRRI SE R R R =7 il e A

U NEEIEEAESEFH SR BEFRREFER

IS S RA R THE I T E RS PR E R E 9999

H#ITRE SEEH (Robbins, F&0{k 2006

At CIEE FETRE. ( Sears, D AR 1989

SEACIEE SHET | 1990

FEMENREESE MK T 1993

O R R A -Cog BRE Fi;:) 1993

BS5 fREFAHRHE

() B A AR

Fo T AR AEAERRATAERE - ACBZEA 60 F R & 0 J1E - H2 IR
sl o ER R 5 R » 2001) REAEEE BRI AVIE &0 R K3 - [KitL -
ZIREBEEERR - KT EREE T ERE S - SR SR E R AR
HEMERIREL - R T _EallseBRSh - RIB TR Z AR R Rt 2Rt - B
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- BE IR RS RS EH RS A R R R RS ~ MR~ AR B R B
A KR o

fie 5 A A BRI R R BT » FOREEEE T S e B s ek B B r [ 5
[+ FOREANE BB R LR o ST KR TR S IR R A 3R« (R
EHEEE AR PR R AT RKRI 32 (Gong & Cheng, 2008; Zhang & Ye,
2012) » 53J51H * Chen%FE A (2010 ) FEASGE SHLERAY R EGE AR DR - £210
FEFAIRFREAE EE P8 (time-based weighting function ) FIf5H FH 28 m By A/ N #E
ERHE - WHAAEREEAR o REEEEMERVEN T e SR IR - 2
% Chen A (2010) WY EERKEUE » $2HANA ()R BRI B Ry R 5=
BRI - fEat A — SRR - AR ERANGEZ - TD-SUM
R F— MR8 - TDi Al PR 54 i 5ERiTHI{E © Decay_Factor A2 ERE » H
B0~ 12 /] » BIANEE—HERUEE - HHR/Z0RTT » At ABEFHIRRAVME - B3 -
g —EERRA AT E —EEMES: - FHEER 08 -

TD-SUM= Z(decay_ factor)™! % TD; (1)
AHFEEE A R RIE (0.99~0.90) » 23 IS EHEEHRHEI A B (HEE S
B % - MRS R R B R EORERE £ 0.95 -

(=) BhRERIE AP B

AR R B ST & 43 B A bl o2 Bl B R R R e 3 B
% (Kuo & Zhang, 2012) o R4 FER RIRE n] 9 By 4 538 (co-cluster ) RRE
(Angiulli, Cesario, & Pizzuti, 2006 ) * #EFEFy * #a T 11X T K/ {EFREL
AL T)  HHERZEEEE MR (homogeneity characteristics ) FY5 7%
HIPHRE - HEFEMB QAT ~ (AR  ay) RER i TTHIIIME - af R )51
HISEEEME » vy i BRI 1 ARES - Q (1, 1) BERR TRIES IRY 1 B9~
B - ERK HEEN R - B AR AMH—XGR0E - S REEE
IS AT EH 7R o DU 6 Ryl » AR ABEH BB RTTRIES » 1T B IHIHER]
#r24 s RSB ERRE (a) » WERBEANEJTHUES » (a) B (b) RYFEFISTH
Ry 167112 o AR FAGEMEIS - A =8 FRYRTT - ARWESEry BB
RABLIRR F7 Fyteft » FEASRA AT Z(4) -

11 lofo|[1]O0]O]1
11 loflof||lo]1]1]0O
(a) (b)

E6 B4 EATRI|FIIE 6 F4E M (Angiullietal, 2006)




14 HE BRI EE SRS 511 (Fall 2013)

! 1
aij= mZ] €Ja;, and a;= mzl el a; 2)

vy= Z 4y (3)

iel, jeJ

Ziel(ai,)z +2ng (ay)’

X 4
IEE @

od, =

FEF S REIFETREDE 1Y NP (TSI + FTLLIA RS AT 9 B K heuristic
function ) 7 3 RERE - RS0 I B MBCR R LR BRI R
B+ SRR 1 B 5] — BRER 0 F A S VAR TR R Q - 3T
PR A G » HEEF R -1 A BRI Q (1, 1) (R
QR « Horp i {EFRAYE HATCAN A5 R - § R A T50 | TR
fF - B - ERkRAe max Q' ().

Fag!

0'()=Y 0,11 +Q()) (5)

HORIEEET - ] AR B B 28 =53 (Russell & Norvig, 2003) » #{T
R A BHRERIE Z FER O FRERRE - ARG R R SR ER BN RE T TS
B

() = et el A

R ( TopicMaps.Org, 2005 ) s&— A% F1E B Mg uE & I - Oy FTRE
EHEEGEA  EWAEHRAGRER - EHESNENASRERE - AF5RHE
3 (relation propagation ) ° #E# 0] AFEH TR H CHIFTEREHH » A kFEH MlE
HEFRMMAER BRI RETR K TR - ERETHHEERIED - Kt - T 38
HigEl o FERAT AR LR D b R B AR T+ R AT AR e 2 A S SR A A R AR
%E °

EURFEOR E B R - RE ] - S R B B R R S AR R e L R
FHERHE AR - 325 FH CSVParser (2011) EFEEZINTREHE RHAIE R
HERR (CSVE) BREITRZENERNE » LlOntopia (Pepper, 2005) $2{H
Topic Maps Engine F1 APTZEN F-REMIlE o i + BRI 50 ey - B bl L
XTM A DA A E B - 3= RE e 2 =3 (topic) ~ Bl (association ) Al
“ a5 Coccurrence ) = KESFHRHATIRK » BEAE FIIE EEGRPERAZA -
& IRTET ES RN - TERER S - EFERFTCTFRNSE - &
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Abstract

Traditional library recommender system can not only employ users’ borrowing
records to recommend books with similar subjects which they have read, but
also use borrowing records of users who are in the same social network to
recommend books they never borrow but may be interested in. However, as
users’ reading interests changes from time to time, treating their borrowing
records at different time periods equally seems to lead the recommendation
results not to meet the users’ current needs. Moreover, as the borrowing
records are highly dimensional and sparse, the traditional clustering methods
cannot tackle clustering issue effectively. Besides, in order to allow users to
examine recommendation results in multiple aspects and offer a clear picture
of items ranked by users’ perceived reading interests, interactive information
visualization need to be implemented. Therefore, this paper exploits time decay
weight, matrix clustering using dynamic threshold and topic maps to propose
a novel visualized book recommender system. According to the experimental
results of users’ satisfaction questionnaire, the proposed recommender system
can be useful to represent the recommendation results and helpful for users to
find their interested books. Furthermore, two-layered topic map is easier to
understand than one-layered topic map, and it can effectively satisfy the users’
needs.

Keywords: Time decay; Matrix clustering; Topic map; Book recommender
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SUMMARY
1. Introduction

With the challenge of information explosion and development of Web 2.0
technology, traditional libraries have transformed into digital libraries gradually.
The abundance of documents and information in digital libraries has created much
inconvenience to users seeking information online. Consequently, digital libraries
are confronted with a big challenge: effective management of large information
collections to give users easy and quick access to information needed. Along
with personalized service development and research, recommender systems have
proven to be valuable in tackling the above issues advising users on relevant
products and information by predicting a user’s interest, based on various types
of information. Currently, collaborative filtering has been one of the most
successful technologies for personalized recommendation, in which the typical
algorithm is the clustering algorithm using similarity based on user ratings in
order to find neighbors who have similar interests with the active user. However,
most of the traditional collaborative filtering algorithms only pay attention to the
similarity score, without considering the user interest shifting with the change
of time. Thus leads to the recommendation result departure from the true user’s
current information needs. In addition, for library recommendation application,
high dimensional and sparse data are typical. Besides, interactive information
visualization can allow users to more easily see multiple aspects of recommended
results and offer a clear of items ranked by perceived interests. To solve the above
issues of library recommender systems simultaneously, the time decay weight
for interest change over time, matrix clustering and topic maps are introduced to
propose a novel library recommender system.

2. Matrix Clustering

To deal with the issue of personalization, how to obtain customers’ interests
effectively has become an important research topic. One of the approaches for
personalization is matrix clustering, which is similar to the collaborative filtering.
Figure 1 shows the exchange example of rows and columns and the extracted
dense sub-matrix from the given base matrix.
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Figure 1 Exchange Example of Rows and Columns
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A naive algorithm to exchange rows and columns iteratively requires
many computations when the matrix is large. Ping-Pong algorithm is a new
fast algorithm, which is intended to reduce the execution time by utilizing
the sparseness of a matrix. Furthermore, the Ping-Pong algorithm finds the
most maximum dense matrix, which satisfies both the support and confidence.
However, we want to extract all the dense matrices iteratively. Thus, the Ping-
Pong algorithm is modified below.

Mairix Clustering using Dynamic Parameters:

{ )Input binary sparse matrix A and set the related parameters such as density.
(2)Use random number o decide the start row and then activate the row in matrix A,
(3)Execute the ping-pong algorithm.
(4)Delete the rows and columns of dense matrix from matrix A.
(5011 there is an extracted dense matrix, output the dense matrix and go to step 2
(6011 matrix A is not NULL, decrease the density parameter and activated value
stepwise.
( T)If both the density and activated value are bigger than predefined respective critical

values, go to step 2.
(®)End

3. Visualized Book Recommender System

The architecture of proposed visualized library recommender system is shown
as Figure 2. There are six modules and three types of records collected by digital
libraries. Besides, the borrow/return statistics is created by data conversion module.

Borrow/Return

Data Conversion Statistics

Resources Catalogues l
Binary Matrix
- Generation
Borrow/Return Records 1
Matrix Clustering
Using Dynamic

Parameters

Topic Maps

Ontopia + CSV Parser :
Conversion

e —
Topic Maps
Post-processing
Ommigator Topic Maps
Visualization Tools Representation

Figure 2 Architecture of the Proposed Visualized
Library Recommender System

(1) Data Conversion Module
The module deletes the unnecessary data and saves the remainder. All the
data belongs to a user will first be gathered and then the relevant data of each user
are merged into borrow/return statistics. Moreover, the start date, return date,
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loan duration, and borrowing times of each book are computed and saved as well.
(2) Binary Matrix Generation Module
This module converts the data from data conversion module into binary
matrix using some criteria. Moreover, the time weight of user access time is also
introduced to improve the importance of recent borrowed books in the course of
producing the book recommendation.
(3) Matrix Clustering Using Dynamic Parameters Module
This module employs the matrix clustering to detect maximal and dense
sub-matrices. As the matrix clustering is an NP problem, an admissible heuristic
function is needed. In order to obtain a heuristic function, the matrix clustering
problem is eased with fewer restrictions.
(4) Topic Maps Generation Module
To convert the data into a topic map, first, users’ interesting group data are
automatic clustered by the dynamic threshold matrix clustering module. Then,
we collect the users’ profiles, circulation records and library bibliographic records
and convert all data into CSV files. The conversion module is developed in a
JAVA environment using the Topic Maps Engine and Ontopia API to build the
topic map. In order to read the file content in CSV format, we make use of the
CSVParser package to parse the value in the column field. Finally, a topic map
with XTM format is generated.
(5) Topic Maps Post-processing Module
There is a serious representing problem with the topic map generated by the
conversion module: the topics of the same concept are not identified as the same
object in the topic map. To cope with this problem, the DOM(Document Object
Model) package is used. An ID list was built to process the duplicate objects.
Topics with wrong reference will be searched and then deleted.
(6) Topic Maps Representation Module
Omnigator is a topic map navigator built using components of the Ontopia
for loading, viewing, visualizing, debugging and merging Topic Maps. For this
reason, we not only build the topic maps with the Ontopia Topic Maps Engine and
API, but also visualize the topic maps with Omnigator to make the presentation
more intuitive and effective for browsing and evaluating.

4. Experiment Results

The related borrow/return records of our graduate students from year 2005
to 2010 were employed to be our test corpus. There were a total of 71 students.
After deleting those students who seldom or never borrowed books, there were 59
students. Furthermore, the related patron records and resources catalogues were
extracted as well.
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(1) Results of the Satisfaction of Recommender Systems
To compare the proposed library recommender systems, K-Means clustering
(baselinel) and hierarchical clustering using complete link algorithm (baseline2)
are employed to implement two baseline recommender systems. The results are
shown in Table 1, the scores are precisions. The higher the precisions are, the
better the recommendation performance is. Moreover, time decay A and B means
“not using time weight” and “using time weight”. On the one hand, Rigid metric
used only the marks in the “interested” column of evaluation sheets. On the other
hand, the relaxed metrics used all the marks in the “interested” or “don’t know”

columns of evaluation sheets.
Table 1 Average Precision of Experimental Results

Tims Metheds
- Baselinel Baselin2 Proposed Method
decay etrics
A Rigmd 0.2918 0.2735 0.3075
Eelaxed 0.3510 0.3320 0.6294
B Rigd 0.3350 0.3725 0.5161
Relaned 0.3817 0.408% 07124

(2) Results of Visualized Satisfaction

Two kinds of Topic Map presentations are proposed and named as one-
layered topic map and two layered topic, respectively. For each topic node,
one-layered topic map shows all the information. On the other hand, for each
topic node the two-layered topic map hides most of information and only shows
the necessary information. Whenever necessary, the readers can expand the
information easily. To understand the usability and visibility of the proposed
Topic Map presentations, five-point Likert scale questionnaire and three testers
are employs to evaluate the visualized satisfaction. The average scores for both
topic map presentations are 2.9 (one-layered) and 3.8 (two-layered), respectively.
Apparently, two-layered topic map is more easily understood than one-layered
topic map, and can effectively satisfy the users’ information needs.

5. Conclusions

During the time of knowledge explosion, personalized knowledge service
is an inevitable trend and it exhibits a high-level service pattern to satisfy users’
diversified information needs. The study integrates users’ interest change over
time into user interest modeling. Additionally, to tackle the data sparsity the
matrix clustering is also introduced and modified to discover neighbors who
have same interests. Topic map is also employed to propose a novel visualized
recommender system. According to the experiment promising results, the time
decay weight can effectively reflect user’s interest trend and the matrix clustering
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can tackle the sparsity issue as well. Moreover, for better visibility and usability,
the two-layered topic map presentation is superior than one-layered topic map
presentation. To further improve the quality of the proposed library recommender
system there are future works described below.
(1) To cope with the scalability problem, effective heuristic functions
should be further studied.
(2) How to provide a user-friendly interface such as semantic web or topic
map is indispensable.
(3) To enhance the performance of the recommender system, social
network and trust propagation should be researched and introduced.
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