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Abstract  Faceted navigation is effective in reducing information overload in the process of re-
source identification, by organizing query result into dynamic multi-dimensional categories. Ex-
isting approaches allow users to add or delete only one query keyword at each step, which cannot
meet the demands for semantic-rich navigation operations. Moreover, the lack of efficient algo-
rithms for generating dynamic categories makes faceted navigation non-scalable to large datasets.
This paper proposes a hierarchical concept lattice for modeling the relationship between different
navigation states. Then, a series of navigation operations are proposed to support more flexible
transitions between navigation states and hence achieve more effective knowledge discovery. To
guarantee real-time response, this paper also devises an efficient algorithm L-Miner for mining
and indexing the hierarchical concept lattice. [.-Miner discovers all the nodes in a depth-first way
and updates the edges between all the generated nodes each time a new node is detected. Empiri-
cal studies demonstrate that I.-Miner is much faster than existing approaches, utilizing a much

smaller indexing structure.

Keywords  faceted navigation; concept lattice; frequent close itemset mining; data mining;
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F 20 A 8 R AR 25 B L0 A 45 3R 19 RN o AT AR RS
A= AR NN U R EO TS e e i ISP 2 (NB Y
R B 45 o3 T H S T A 200 9 A AR AL 4 2R 2 1]
(6 55 /AR AR SE AR AT E— 22 LA 3 25 73 T H SR

K2 EREE&ERK0=2)

SERY.AE 3.3 5 FRATDRE B 34 T2 U A% 1B
9 HAT F2 5 18 SO AR 1.

FR A 5 B3, BT 2 YRR &A% 1 0 mT DL E A
AR A A A T 0 IO B B AT BRI A A L PR A 0 4
TR R 8 T A VA $4 A0 X I  AR 2H Ak A 1 R A
Wiz A A h) Z 6] B LA T 2 YOME &8 4% 1 i ] DLl
E B 45 T Y BT A A ).

I 3. WAy X WA AT 5O Py
P, o, Po. WMEEZEN G=:X,G & resources (X)
Iz A2 HAY Y . (D) Vi€ [1,6],P,.<.G I
SR B () XHMEREA M Y>> G, Jie [1. k], flift
P,<.Y.

. A S=resources(X).

) 3ie[1. k], PG JRoar. ¥
resources(P;) Sresources (G), MR IE & E X SC
resources(P;) st SCresources(G). AN G & S K
Wiz AL A1), BT LA S=resources(G). F ARG H AT
J& SHURBEAS T Z5 A (D BT SR A Y > G,
MAE )z 1k A ) 5 € AT HL: resources (G) C
resources(Y). NS = resources (G), ff LI S C
resources(Y). MR 45 4% & LA, Fie [1, k], ffi 15
P,<.Y.

(KN G=c X, FrLh ST resources(G). g
(D, Vi€ [1, k], resources(P;) Cresources(G)
ARG, Mg E L S = resources (G), fT YA G
S AEM. WIS M 2, N EEERN Y > 6.
resources(Y) Dresources(P)DS. H I .G & S WK
Z AL, UEEE.

L5 LRI JEUME s RO I A A 4 Ak A i S A%
SR J2 X8 T A D W RS S LRI ¢ Z i Jo 4 H 4.
3.3 ETEAMESENSESMIBEREE

JE R A% 50 B I 1R v M 3k 1 A it 45 SR Y
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£ O AR AR 3 PP ) 0 e Al A A A [
R Z A AT B e 0 T S A E Bl A5 i H SRR
15 TP LA [ 30 B0 IR 2 22 Ta) A7 Rkt Bk e . AT 1Y
3 TS AL AN S 45 35 1 B 00 B 5 1 A0 Ak Bz A #R A
BRIV P e B sl 25 H 53¢ v 352001 40 4 24 i A ) 45

a3 I W B — A ) O B I Ak 2 i A i 45 OR. X
i AR AE 7 AU — R A A B R R B RE

BT R WML A% A ST T LT B Ry S R
VE LA SRR TP AR () 0 00K 25 22 1) B 52 938 1t b %
AT S A A5t 1R A R e B

(D) 7R 43 2518 G semantics(Q) « 4 5E A 1]
Q. & LA HHRH LT R S s AR 20 Ak A i) AT A AR
A

(2) 48 & W W JEAT AL refine (X, 0) s iz fk
expand(X,0) AR B s 5 YEiT A8 X HE A BT
O AR L Je A A AR G AEL S T 5

(3) Py 2 A5 0 53 B join (Xis Xy oes Xo) AN
meet (X, Xy oo, X)) AR A X0 X 0L X,
(IR SIR/NE S I B TSI/ ISR A

REXT. VRl X M X RN dist(X,, X)) =
1—1SSNS 1/ISSUS | HA S, =resources(X,),
S, =resources(X,).

semantics BRAEHS B P 5E 07 45 € A5 ) X5 I B
T R CRIAR A0 A A iR 45 YT I A ) 45 2R
1532518 SCT Bt il e 31 3, Hi o 2808 L b A7 a]
M 3 2T TR S UM AR Y B IR T A5 3.

expand Fl re fine PEAEFi¢ LU ) 41 A A1z Ak £ i)
S5 AT P G S A0 AL ANz AL kL L 8 A TR
PR A H Y. 55— 5 T A6 AL G2 0 TS5 A b o 2
Z PR BRI B 1 W AR Al B R B AR AT AR
Rl — N2 5 115 B A R E0R.

join Flmeer BEAE ] LA IR 43 24> i 52 45 i)
ZIAH)SEFR . meet FAETE B P T M 24> Al 45 2R
(458 5 19 43 2538 ST join BEAE XA € AT1R & A4
0.

BT BaR AR P A T H S AT UE A
FR N E R R B B0 L O AT A 2 A R A
BB Tk FRATTEE T2 ML #s 45 1 F ik
ST S B
3.3.1 semantics TEAEB W

AT 3 A ) () G A ) Q) X N 2 IR A
ME— 7 5 (B A XD 3 SR X=.Q H
resources (X) =resources(Q). BEN AL Q X I 1Y
J2 U A% v L O R O I N2 OB

M HEAT B T T s E IS btz R R R
AR T A X R R HAY X=.Q. H.
AT BT IR Y R Q AH B Ny P R B 2 IR ME A
B AT RRAR KR (i S IL AT D . ERE
F 08 AV 5 U B R RAIG M DA R AT S B P 1)
SRR AR SCH 5 T AR /N 4 Ak A R A 41 HE R 5
R4 R E L AR A B R,

W /I A0 A 2 0 X 07 2 AR A A rh R IS 2 T
B2 r A MR AR AR ) Ry ({e g b {bresh )
{b,c.g h}}.

EX S8 A(Q.<oORERMEHKH Xe 9,
A AY € QY < XD MIFR X JE AR /MK 40 Ak £ 3.

®2 BREESENEAHERIR(ESTH Ele.g),
{b.esh},{b,c.g.h}IRS 77 HAn, ,n,Fny)

e H T =
25 A
a M) sMN2 s N3
b ny 4Ny
¢ Ny aNg N3
d ny 5N
e n1snz
f ny 5Nz 503
g nysng
h N2 s N3

T AT a0 Ty A 2 UCOHE A% 1 {8 HE R 5
. AR oR T H 5 — A2 X R
Wil A i Xk X B 7 0 AR SRUAE IS )
verbose (XD RN R FN K. R 2 45 T
Xf o & 2 Hp O A B HE R 5 ] A A
ik 1. locate(Q).
WA EIQ
B Q ARUES IR I JE KA S A T R close (Q) 5 7
3R 8] 75 A
Set minnodes<—{n: Y u€ verbose(Q) (5 15 n 7& u MK 5|
IR )5/ /A i L Q YT R
if minnodes is empty
return null;
4 X g minnodes LT K
while preds(X) is not empty
bool bUp <false; / /& A 4k £ ] -5 0]
foreach Y& preds(X)
if Y=<.Q
X<Y;
bUp < true;
break;
if not bUp
break;

return X;

BT BREIHER S Ak 1 n] DR RE X L
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) Q RS T a5 DT A5 3] A 9 45 S 10 e Al A 2% N
1B SR, B 5, F R A I 45 R resources(Q) W
115 BT A /M AR AL S 1] minnodes. 24 minnodes Y

join(

S 23, A Q X IR A VE IRA H /N T 0. 75 W !
M minnodes FAEE W A X B AW Fhm |2 X / \—/\J\_ﬂ
€, BN X A TSR s 4 preds (XD ik BUME 5
AT QI A 50 1 % A :\X/

FRAFI T S5 D R B &TI]—IU\T!: o
B £ 028 B BT /g&\

R 8 2 L 3, Y {0 s A Bz Ak A R AT A i - A/ o

i S B 2 2 0 4 .k % g K8 o Rimeet IR
verbose (Q) B K /N K | verbose(Q) | —1 #| 1 &4 ST MM Rl RAET A XX X

T4 G WHE concise(GOHOARTEHETFHEE P GE
[1o kDD R FERICA M e 5 5 5 ) G AT B TR H A
B 5. T L B A TR A R TG R B 2 1Y AR A AR
Z AL

3.3.2 expand M refine PAEE

ESCT Y R R T AW R
) ) B 45 2. 5 FNZ B B S Jaccard FR B — 2, 173
REMAFELMEEAET A X0 XL X ff
|dist(X,,X,) —dist (X, , X,) | <dist(X,,X,).
B FRATAT LR A O AT expand Fl refine
e fr.

X T expand (X, O BAE N X i A& LLkIZ 5 5(
VIR ARG i 2 BT I R Y BT A TR S
X B B ik 0. 4 T re fine (X O #AE N X
S VAU J7 Avs n) HE A AL B R PR AR BT
ARERT RS X B0,

3.3.3 join fll meet PpVEE

join Fl meet ZA% KA IHRAE 43 R 18] 45 7€ %
4\%‘){—?\ Xl ’ Xz st 9Xk E@%/J\/A\;E‘J:ﬁ*u%j(&;j\:
T

ﬁﬂ SETZT_\‘?W EE’ZM%?'J? '5 N, 9%EV76

[1,k:|,ﬁ Xig(ZNuh- /7\ ] ﬂfﬁ{‘ *ﬁ/ﬁﬁ%’v?ﬂﬂ"]
R

1.4 N 251775 8.

2. AW R EAELAM TR EEZEGS® YR Z, Vi€

(1] X <<cZ. QR AAETE, W A2 [ 45
B MURAEAE MK Y AT By Z R 4 2.
e 3 s REC LR A Ny R Vie
[1.k ] f5 Ny <<cX,. & MR NR T EARRI
1.4 Ny N Y547 &
2. JUWE R AR AT R BRI A Z, Vi€
(k] A Z<<c X, NSRS AEAE, ISR (8] 24 {49 00 0 45 s 58
P WRAETE MK a0 U E o Z R[4 2.

RIRE R

/NI E RS KA R, B join K1 meet
ERAE Y A& (o] 45 2R A% B9 AR Y R W 2 R N,
Ny, AT R 5o 479 4 i A R /A 4 A 4 3 15 2.

HRAJE N 38 5E BE, meer #AEIE W] DL 33 5% 1 6]

LS.

TEIB 4. meet (X, X5+ X)) =locate(U;—1...,
X).

. 4 S, =resources( X)), YVi€E[1.k]. &
U=Ui1..X..S =S NS, N-NS.. 41 S =

resources(U). K42 B 1, S" X B ¥ g4l 4L & ih) Y
X1 Xy XU AT R AR Y AEX . X,
XM RA TR MAEEA LGRS SCS"H
vie[l.k]. 1 S"=sS. WL, 'S Ns. NN
Si=S" W BEA ALY J& X Xo s Xe B IRK
N B W N resources (locate (U -1, X)) =
S’ LS8 B UEEE.

4 L-Miner: EXSRIBIEE %

R P A R L AE P ) Y A AR Bl A A
J2 UM A B AR A R i s a0 3 BAL 2 A 9 45 R 1 A
1A A 1) R T B R — kBN L R R S T
BTG A . AR SCHR Y — 2 R S 2 i Bk
L-Miner, &k H — R E 2SR LA T B
TR BE AR 5 7 A s 1 A TR B 2R A7 300 5
4.1 ETREMENRESIZSRIES

JZ R A% 1 ¥2 48 AT 55 40 P 40 1 S 32 i

PFE YR, FRATT R FH 3 T VR 0 5 1 4 34 e 42 B AE
71<.ﬁﬂ:mﬁéﬂ]ﬁgﬁﬂf'ﬁﬁf*ﬁ%’@ﬁ”%ﬁﬁgmi
BT A 1 ) AR T S RS T S ——
XN g 2 A il — T B A A R
V1. DR, 2 A e A A ) A% T i [R] B
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B ZAEZR T RIS SCHERAE  TURA AN s 5
AkAEd B AE 4. 2 A 4.3 4 B AGA.
411 IR

2 D31 A AR 2 A 0 3 A2 S O3 2 ok A i A )
R AL O A BT i A A A0 Ak A 3R A Y SR
4 i — — XL, DR ] o 2 ) A M2 R R L =
UCHE A% 1 L T[] T A % B2 A 56 388 I

BT SRR = e (feissuppsref_seq) s
fei S AN AL AW supp ST FF . (5T
| resources( fci)|)  ref_seq 5= W 45 Xt e 3. & 4~ I
YEXF RN N IJCH (ref_item,trans) , HoWp trans=
resources( fci U {ref _item}) H &< | trans | <
resources( fci).

TE AR Y o, B 0 D0 A B8 YA L X
B AR AR 1) T A Wi i % % AR T AR B
240 08 HE BGZAR T R £ L TR B AR R e AR
T R T AN W W A AL S T O A B TR AR B Y.

4 g Xk 2 A ROME R A 2 ) S AR 2
BT RN ~ N 18 A B 2 8 B 00 56 19 5
BRI SN R BT IRAE(1,2.3,4.5,6].
RN R BAT ase. f ORI SR T a 2
c IR, BT LIN,G . fei=concise ({a,c, f})={c, [}.
HAREN bodoe, g h AW EER 5 N (1,3, 4,
5),{2,4,5,6}.,{2,4,5,6},{1.3,5,6},{1,2,3,4,
5 BB BB IR /N T 6 g Dl AR Y A Y i e
Xt Wz xsH R AR R bod g h o3 B RN T
No o N o Na s Noo T2 e X I 446 25 3R f d (1)
AR TR T LA TCAR I AR NG 1 25

g %K—Eq;% .
R ma NOD:
§ ) NO@ATH]
NIcDd@,4[& ]
‘ R NOB:3]
NJOrOD®-4] N B2
NL@BDAE®.2] N OOB®D.3]

Bl 4 SO MOE B

A YHTT RN DUHC AR 4 4 4 7 X
A 8 AR NG I WS40 % I 9] o B A WU W R AT
TUAKEIN » BVE A5 A7 7E © A B A 5 BN, (<<d)
JE resources(N,. fci) =R, trans. #5175 WA BN 1)
BT RN HO R R IR R, trans, 98 J5 X H

TREE AL S 5 2 » DU kAol 32 e 4 ) 5 A6 I T — 4>
Wi k. i T A B TR R O S AR LAY L O
JIRAER) T 1 E A2 R A 2 %5 48 H AT RN P
15 R; 5 B X

XA B T R N SR T
IR, trans|, # 40tk 7 ] A concise (N;.fci U
R, ref_item U (R, ref_item:R,, BN BIILZ4E X A R,
HETER 2 )5 AR, trans=R,, trans}) . N, W46 %
F| A (R, .ref_item,R,, .trans(\ R, .trans) : R, & N;
mc4E ¥t AR, HETE R; Z )5 N0 < | R;.trans
R, .trans| <|R, .trans| } B/L EHES.

B R PRI S R AR . N RS 1 A
FN X LA 1 AW i Xt (b, {1.3.4.50) K trans
A T AW X 1Y 22 53 0 R (4,50, {4.5),{1,3,5}
{13,450 BT W d s e, g WA N AL AN/
T A TN BER AR LI 2 TR AR A A T
E I N . fei=concise (N, . fei U (b} U{h}) ={c,b,
Ry CPEL AR LR P bR ) [ 38 N B 2R T A WG 44 %o 0
B CER 1A% T N WA X 5 S U 4 %) /9 52 53
W45 FA{5). BN, fei = concise (N, fei U
{diUfle})={b.h,e} s BN WA X T 51 0 25 (R Dy
0=2). ARG B BN IS 2 DA RS Cen {4.50) . E
() trans FN, M) S 8CTC A A8 A OB 35 A5 AN B 3R
A7 bk i 25l I AR R RS

EARTE B R A Bk B (D) Wi X Fr 41
(R 4 I o] DIAT 35 (2) 4 211 1E 78 % £ N IR
A5 %S R; A5 I trans 48 805 T S AR X R, 1Y
trans s WA LI BR R, (R A B 269040

R T 28 I A MO I T A M T S R A
AT 5 b AR DG TIE B
4.1.2 HEH

L-Miner SZIf4E47 BT A7 © A BT A 2Z 18] 55 T fig
JP 5K 28 B e 30T 1R A B — T 9 A SR e B
PR 340 DR A 2 AR 2 M 0 BT A1 i 22 1) 2 g
Ok A IS ST 1L BT D24 BT AT 5 g A B [ 45 3
b i A 2.

SRR AR Y S — X R (HR R A
B I ATAAEIX RO R BRI

(DA RY 298 X AW 21,
Y A—E R X 7EM PR BG4k

(DAY B X RN B e AHAR
ZA WY —EATE X TR H 5 4k

(3) 7 9 JY J& 1 s XAEAS P 30 B S 4k Y AT
RETEMCAS IR BE A S I A i AR P ol T X 2R L
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MR L. Y S TE T B A R, T NAN S HRTT S G Ak A & ARl (NG NGO

FEAS TR T A G 4k T s 3 A R

FET BaR YRR, AT IR 0 i k.
T 6 SO AR A 1 T R A I R T —
BBy 30U A0S P — 2 U AT R
INF o BT AR A0 A A 3 R SRR HE AL R P g
T RTEMS TP B O B S Ak Y 3.

FAT3E 1 40 F T3 A R BT e i AR A
A B4 IS Ak X B R b Y B AR BT RN
12 A 43 HAE )2 UL &% v i B 42 J5 46 51 3% . il
A osuces(NDARIEVERT 1, BN B )G . suces (MR
R AR B N B 5 75 30 I A% b i) i A7 B 4%
J& 4k

1R 58 7 1k — R 1 43 B BOE A2 98 46 5 5 A 0T
A IR R IR E . B T R E R RO E R
TR E BT R J5 489 s 5 2 ROR B Y
S FRATTAE P 0y 3 S 5 5 R AT DA T L
AR s DT 4 v 1 ) T B AR
4.2 TURKN

TUAR G I 2 1 o 2 A A7 72 O AR LA B i, H
A ) 25 R 5 2 T WA R Y E R AR AR TR 0 A A I 2
B MO A A I R b Y S B R AR L T AR K
RARKARSE FIR T IR 180, AR R P
A T A B RUOT T R BOR R AR TR, AT
BT 301 Y R A OC TR /AR A0 A A R Y £ HE R
71 R 52 il B TCARAGL I

PERT 2. A TR T O A, AR Ry AR I Y i 4
X Cus S) . Cus SYZTUAR I H HALY JY Esuces(X)
locate(Y. fei U {u}) 3R 01 4 25 45 4, H I S 47 4
TSI

ol 14 H A RN e R A —
AR R=<h {1,350, GNHE U, H S 4%
RN FING. X R BEAT TUAR AR I, R A N,
MN:# h AALERER SRR (1,3.5). By he
N feis LA locate (N . fei U {h}) iR [ 35 SN, X
Nisupp=3 . BOZWAER ZTCRI.

PRIt U4 DU v ) G B B A A 02 3. 1 v i
VB Y TE AL ERAE S Bk T AR /N A0 A i 43 R R 1 )
DA 8 250 b 5 AR
4.3 T REHRHER

5Ca) W T NG K ) s PR 254 55 4 45 A4 A
. 27— &N N B/ 5(h) BR TN A UG
O 472 A% 25 48 1 A8 AR A B0 TR T 19 s NG R A Y A

(NG N B 7550 21 — 2508 1 AR B AT AT i
AN N TS (h) s T NG AR s B 42 i A% 45 14
AR A1 D BB 38 B 1 B A SR (N
NS IR Z T P25 1 R B W) 40 ) 4k 7 5 A0 i
(N s NO NG S NG

(e AL FRNGJR RIS S F4

5 & ri A U A S R R 2 1 CL AT A2 b

WRCORA.CE AR )

MR bR B, S W 19 A U BB A
FACT U JE Ak e A= AR A A R SR e AR AR AR
ANAE PR FRATTHERCEE A8 A Bl i o ) I 2R BT A
A B S AR SR 1 RS AR R AR S KOG R
AR J7 A A5 2 i 5K 5C 2R 5 el I 58 A% A 2 4

A VI i R IR Y e R AT s A
i xS Cus Sy TATH A WAL VI B 5 46 I B X
(9 Ak, LR 1 i ) LA S AR AN R AR AR AL BRI -

(D) suces (Y) <= max{V: Z€ succs (X)) N V=
locate(Z.feiU {ut) N VAESS ), Hid 4y & Z (8] 19 J
J 0% A 55 HAR AR Al A 38 22 8] B4 D P 06 &R — 20

(2) suces(X) < suces(X) —suces(Y) U{Y}.

PRI G B ER VR TS AR 2 3. 1 7 v h IR 9 o7 45
VE o AT 8 250 58 B

5 XRHERSHH

AT 38 955 A B 3T R A AR 42 4 Tk
L-Miner (2173 IR 5 R/, 12817358 4 Lenovo
& K M7000, CPU i MW # 2.93GHz, 2GB N 1%,
Ubuntu9. 04 #4{E R 4. RIBH C++H5.

F AR Al UCIKDDArchive® 1 28 JF % 45 4

@ http://kdd. ics. uci. edu/
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chess, connect,mushroom FlI pumsb, H #1451 5
Xof IO — A~ YR A T XoF B — > 28 . A T A 4
B35 v T2 SR P sk e B A HE AT M AR A b
F 3GV T RSB SE 0 BR IR A B (# Trans) .
SAEAECE Trems) REASTT AT A 24288 551 5
(AL) Fl f¢ 2 25 S50 (ML) . mushroom %5 % 48 i i
TR R B 5 9 R AE  pumsb B4R 42 A 1 % A
TR B AR T S8 bR N A AT R 8 3] Y 4 v A A
JE. PR, 4% 47 48 55 25 78 mushroom #l pumsb 45
A EPERE T DA S0dE 5 A5 TR ML RS 1Y 23 T
IR IR
F 3 KIS

MR R CHARM-LEY [ i i 1 F 5530 . B
X H B e CHARM-L. LR 45 B min_sup 1§
AL R T AL 1 e D B IR A Ko b SR IR B
Fb A1)
5.1 FE3IHE
L-Miner I HER R 5] H 1T C AL 5L B A )/
Weanfe s if), i CHARM-L FEHER RS i B2k
AR A0 A A . D, —E R G RN Z ST
& Al /N S H BR LR Y SEH

6 B L-Miner & 5]/ T CHARM-L
K1 BN 7E chess B4 1.2 min_sup Jy 60%
I AR /N Ry 3323 T BT A 1Y s B 98 393,
L-Miner iR 5| K/h 2y 5 CHARM-L /R 5] K/
3.4%(~=3323/98393). FE connect (min_sup==65%) .
mushroom(min_sup=1%)Fl pumsb(min_sup=65%)
Bl 52 b L% H B4y i 3. 206 (A= 1587/49 705)
13. 1% (~=6768/51640) F1 3. 4% (2=18182/496 070).

B4 # Trans & Items AL ML
chess 3196 76 37 37
connect 67557 130 43 43
mushroom 8124 119 23 23
pumsb 49046 2113 74 74
NN iR YR R T S e N
12
=8r
=
f:? 6 4.9035
=gyl
2.3893
2 osogy 111526
0 260226 [oloasg | olosoy | 1797 | §:332p
80 75 70 65 60
min_sup/%
(a) chess
6
OFCI 5.164
SH @BMFI ]
=4l 3.9773
3 3.1654
g 3
ool
1.2843
1F sees T
0.4885 s01 | 0fa778
Omwwbﬂmﬁ il
10.0 5.0 2.0 1.5 1.0

6
OFCI R
5 BMFI e
= 4P 3.5876
&gl
i 2.4347
i
2 15108
108253 H
57: 96 2 5
0 00454 0 Oh/il 0. %ll 0 lZ_I 0 l_7|87

85

80 75 70
min_sup/%

(b) connect

65

min_sup/%

(¢) mushroom

&l 6

5.2 BEREE

L-Miner il CHARM-L %97 5 A i 07 =88 —
B RIS R ey e 45 %8y T 2 BT A 30 0 2R
IR B AD ) 2 2 DX A T 0 A A 0 A T 3
AESCR TS TR R A R ARk AT E R T
3 Fhe i xR R 75 5 O 27 #2140 Ak 2 0 1 b iR
FER/NHE I 5 @ 371 45 e 240 4k 45 21 19 K/ Ty HE
J¥ 5 @ i # H A AL 45 SR 19 RN P HE . X T

60
OFCI ~
50H mMF1 49.607
I 40
e
i 50 241197
90
1ol o lodoss
0.851 3.3296 ~ .
_0.108 [m3143 07062' 1.173/I l._1|82
85 80 75 70 65
min_sup/%
(d) pumsb

# 3 PRAREAEARTR min_sup T K H S ECCFCD AR /N1 S 8 (MFD

AHE AT T L-Miner il CHARM-L 7£3X 3 Fif
JF R B Z ] 25 SR an & 7 R,

" PIE H . (1) L-Miner X} /3 B8 28 A6 A 85088,
CHARM-L 72 ¥ @ & 09 # J& 9] W18 T H & 75
(2) L-Miner fE T B & B9 8 5 3 (R F i3 3 T
CHARM-L e 555 Fr T 35 B i S PR o 52 LBl & #%
OS2 5 (3) B2 A/ I
min_sup W /N, L-Miner W42 4l 5] 8] 22 12 3% K, 1M
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BCHARM-L_1
BCHARM-L_2
BCHARM-L_3
B Lminer_1
B Lminer_2

1. Lminer_3

I 11 /100s
S — o w e 1o o~

80 75 70 65
min_sup/%
(a) chess

60

I 1] /100s
Do w = wl [o2)

—_
T

o

80 75 70
min_sup/%

(b) connect

85

10.0 5.0 2.0 1.5 1.0 75 70
min_sup/ % min_sup/%
(¢) mushroom (d) pumsb
K7 RS R ETEAE min_sup T WIREIE 0
300 700 669
_ 257 BCHARM-L M
250k ;%,HARMl*L 600f @y, miner_1
_miner =
& 200t = 187 & 000
Fa = q00f
= 150 3 P,
B & 300
&= 100r B 200f 59
50 19 21 100+ 19
0 80 85 60 0 70 65
min wp// min \up//
(a) chess (b) connect
140 800 — 752
mCHARM-L 120 700 OCHARM-L| ]
120 B L miner_1 EILmincr_l
= 100 97 60
=g 9 iu 500 435
= w400}
T o 47 £ 300t
B 40f 31 | 217
c = 103
20H| [13 | [4 14 | |15 15 100F »
0 L L L 0 s =
10.0 5.0 2.0 1.5 1.0 80 75 65
min_sup/% mzngup//
(¢) mushroom (d) pumsb

B8 g AW A Xof Bt U () (9 - 279

CHARM-L & Fh 7 F ) P 84 K. 4] a1, 7 chess
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Background

Recently, there is a growing interest on exploratory
search. Traditional information retrieval often assumes that
users can pose specific queries and such queries can be an-
swered by a relevant document. In real life, however, users
often pose exploratory queries due to vague information need
or exploratory search behavior. Traditional information re-
trieval adopts a query- and-response paradigm, while in ex-
ploratory search, information need is satisfied by a series of
consecutive queries. Users need to investigate and learn from
the query results, in order to form a more specific query at
the next step.

Faceted search is an important kind of exploratory
search, which emerges in the fields of enterprise search and
vertical search. Its goal is organizing query results into a dy-
namic taxonomy according to the faceted metadata associated
with resources. Faceted navigation is now becoming the dom-
inant search user interface in e-Commerce websites (like eBay
and Amazon) and digital libraries (like ACM digital library).
The main focus of faceted navigation lies on three aspects:
facet selection, facet ranking and facet mining.

Facet selection is an essential task in faceted navigation.
Given a query, it decides what facet and their values appear

in the query results, which compose a dynamic taxonomy.

web search & data mining, and P2P &. distributed compu-
ting.
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Hence users can avoid dead-end in the process of navigation.
Such a dynamic taxonomy is also effective in analyzing and
understanding query results, by previewing the next-step re-
finement results. Most research efforts are devoted to a fur-
ther selection in case that dynamic taxonomy is prohibitively
large. However, current faceted navigation can only preview
one-step refinement. This paper aims to build up a data mod-
el describing the relations among different navigation states.
The model not only guides more effective faceted selection,
but also serves as a global map in the process of faceted navi-
gation.

Authors” recent studies mainly focus on facet selection.
Authors have made some in-depth research on the data model
of faceted navigation and efficient algorithms of pre-compu-
ting the model for the sake of real-time response in faceted
navigation.

The research is part of the work in the 863 project “New
Theories and Methods on Web Search and Data Mining”
(No. 60933005). Our group has already made a significant
progress, including the work on learning to rank, user query
understanding. faceted navigation and recommendation.

which have been published in top conferences such as SIGIR,
WWW, IJCAI and CIKM.



