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Abstract

focus in recent years, because most Web pages contain time information and many Web queries

Utilizing time information to improve the effective of Web search has been a research

involve time-related query terms. Motivated by the needs of time-aware Web search, in this
paper, we concentrate on two key issues, namely temporal keyword expansion and time-aware
ranking. Particularly, we propose a new algorithm for temporal word expansion which is based
on the co-occurrence of query terms and time words. In addition, we present a new time-aware
ranking algorithm considering both textual relevance and time relevance. We build a prototype
system and conduct experiments on real data sets to evaluate the performance of our proposal.
The results show that the proposed algorithms are time efficient and have a substantial improve-
ment on the effective of Web search.

Keywords temporal word expansion; Web search; time-aware ranking

51

|13

I ) 76 17 22 BF 5 S AT 1y B AR LAY M s

IR URESSE PO nip Ik rallIN I B N NS I i 2
L Web #8245, 7 k4 5t rb i ] 75 8 35 22 DU i) 3% 35
AHIE A B BT AT L 3 i 28 7, B A 5K ]
(2013 4% 5 7 20 H”) FE =[] =4 K7

Wk H 1 :2013-11-09 5 S ZAE BCRs Wi 2 H 39T : 2015-01-06. A PRSTAG 2 [ 58 [ SR B4 B 4 T B0 H (60776801,61379037) v & )27 FL AR
KEEWFIE A B R 540 & SR W Bh € UM o E B 2 R K2 E IS &0 B 8. 4k B 53,1987 4R LR A, EEF Sy
[ Web B} 25 {5 BB K K522, E-mail: linsh@ mail. ustc. edu. en. &N GEGEEE) . B.1975 H4 M+, @I E 8. b ETEIL¥ S

(CCH) M4 5

» BB T T 160 9 7 Bk G R P L N 2 0 P TR R B A ) B0 PR BOR  Web fF Bl 5 &R . E-mail : jpa@ uste.

edu. cn. ABE. 55 . 1984 AL [ Lo PRI EBEOFFE 7 W O iE AESh A AL (5 B R. B . 2. 1952 R4 B WL A B R AT R

AR B TR AR e L A S L S I R



2164 it "

2015 4

] Fe ik AR R BB DL K Web 9 TUAE7E I K
N ) 435 8 fdE Web 8 Z 4R 1 BIFSE 72 A2 1 LA MERSE

(1) 5 7h) B[R] 98] 7 & m) A0« G fo] B o8 — > A5 1A
F14) I (70 85 36 37 7 3K — ) 00 1) = Bk AR 7E 1R 22 1 i
M P AE#EAT Web 48 R B IR 25 3 8 42 4t 1 =009 it
V)45 8. DRI o 42 90 P 10 EF ) 28 90 75 5K 5 I i
Vi) A 7 5 3K LA R] 98] 1 05 204 R 2 P A i e, ax
JE I (R Web 48 2% rp 5 B8 S WF 5T 19— ]

(2) B[] JER 1 1) 48 2% 25 S HE P 1) 380 4 {45 )
T HR I ] A L R A ) Web 8 245 B0 HE R rPe
2R 55 B HE Y &t Web 38 220850 50 1 6 i R %
TE IS [T Web 48 28 b AR5 2225 JE A 1) v i
TR 2 R 2 I T e A R O o
5 ST 1) 5 9 T 22 ) g B ) A S 4 A 452 T s i) A 2%
1) Web 8 5 H.

EEXTES 1 AN 1a] 8, —Fh 7 02 6 R P i A
I H R EATArHT L A5 2 0 A IR A G Y B ) 3R AT
Ji& AR B 5 1 X T SRR B S R A RO B 2 R
BB B ] E 25 v H AR R A R A X B ER 2
A [0 80 DA (o) SR ) HE I o ME A AE T A0 ] A o B ]
Z A AR ARLE . h T 1 RN SRy p R T RE L 2 A
R[] 2 38 2 Bof () A 0L R e 5 2 % TR — X A i)
SR Ay B[] 2 3k 222 ) i AR LR, L P R i B %
SRS [H] 45 5L 22 18] £ R 58 9 2% R i) 3] A B 1% 25 22 A%
B O RS R 2805 08T T B g e £
X L2 7 At S R ) 14 B ] £ S

A S 22 ) ) RN 1 Web 18 2275 5K E AR
A A T ] ) 4 ) R ] JR RN 1 1 R 4
HEFF [ 8. Ry 7 I B UE DA ), FRAT TS T —
AN B[] J% 1 48 K 1 J5 R R 48 (Time- Aware Search
Engine, TASE)™  iZ R G M FEAR LA W 1 K.

ARG W T I [ J A A v A A ) IS ] 3] 4 g
AR H s R LA S B[] J R 2% 1 A DG T AR 4t 52 56
V. ARSI R I TE R R SCE L BT R R
BRGNS AL AT T 9000, A0 F o5t
AT LA B g LT LA

(1) 38T — AN %k 25 960 3 47 A 1) B () 3] 97 1Y
5 1% 1 R A i ) RN RS ) ) £ SCAY HR G L B
5 Z 00 Bif 5 RV TR O 1 B i) ) 3R X T R B A3
FI ] 3] P9 A v AT D 25 P 4 — S D B[] R i 3.

(2) & X iof F] SCAS 2 FRATT 4R 1 T — A e Y
i T B R HE 7 3k R B IR B A T A RN SRy 2 )
{18 SCAS A G B B (] A G B2 g 6% B 4 b YA 2 i)
SICPNGE P

AT

A

| AL 4 |

| gl Sy | [

A

g || maRERmR |

AR A E SN EARE

T

fi%1% Top K XCAY

K 1 TASE (1S 354

(3) SEBL T — > I (] B 48 2R B I B &R 48 O
TEZ ARG ERET B SO JETF 8 70 L S8 56 9 ik
TR R A

2 HAXIE

I TE J% 1R 7 2 1) P A 0 R SRS v o A 1) I [
R e Web 182 A9 25 5 i 18] 2 HE e 5 T /Y
e SR AN LR EPSNNE G e I AT LR EPSE S
[m] 25 T[] A4 6 ) A 36

LR R IAE Web R KR E W EHF
£ B I )5 S, A 2 ) O B i) 2 I oA I ) 3 5k
U A Sl (] {5 e A 30 HP O A 0 I ) 5 S L
1 Croft™ 8 i 1] fi5 B % & 218 5 A8 op (Time-
Based Language Model) , F: 52 8 J7 205k & 45 SO T
TR AR A AR — B SO R
A7 I TR] %) 728 KT 48 50026 U 1 oK 500, A AT 15 A Ak R T
I 5 3T A ) A 0] R, LA 28 T B R A B SCRY B
12 IR HH S HE 2. Diaz #1 Jones'™™ i A T SCAY 1 61 2
i [) 23 AT 45 2 5 1 K3 [l ) i 98 SO 4R A 1Y) s [] 48R
FROTAT AR AT 8 B 5 O3 A1 R A R X A A A
R B[] 38 SC A AT A 52 30 3% W] 45 G 90 1 0 A 1) I
TFa) 5 JE R SCRY ) P 5 R 060 12 8 A6 2R 118 1 X ol 6.
Kanhabua Fl Norvag" " | F i 75 46 1R bR 3 25 1) A9
TR I 8] 3], ZEAB AT Y J7 125 v, 3 B AN [6) 1 7 3 R 1
SE —I> A ) A] BE By I (8], SR 5 8 25 S i E M
N W e SO i i [T A Sl i o
J o HTRA A TR 1 1 B () 3 S e AH DG B SCARY Y AE G
FEAR AT AT AR L X 2 Ty B — A R R R



114 M AR I RETY Web 48 KBS 2165

AT 5 R T SO B4 K A I (] S T AN 25 R SCRS A
N[5 L R S 2 T SCRY PR R A
F19 P ] 175 5

SCHRLL, 707 2 18 1 5L 9 25 16 [ Berberich
SNSRI (] 4F R £ B A LR i LR
B IE 1A A SCRY 14 N R AR A A B E T
2 U A A RIS PR AR 5 S5 7 A 5 4 1) IR 4 5 ol
A I TR AR DL AR S T AN T B 2 5 e A 2 I A A
ISP [E3) AR RL P A o A K — T T AT A AR At AT 9
AR EA AR R AT AT A 1 5T A P IR 5 1A
FIHE e ke S35 I () A DA R A PERE. Li 48 N 42
H A 7 95 AT R TR RS ST AR I T — A E
S B A ] 3R] SR i 2 T3 A A — A S B 1R[] 1]
(Y BCXT R & A AT TR T — A Ao [ 3 5 119 3 5 A 7.
TEIX BRI TE R B A LAY P 28 I ] AR X R ok
VLA BN A — B B L R ] 9A 25 IX 00
P B F R — A B [ 6F ) T A 58 B ) R 22

L5 T A 28 0 B AN TR 192 Metzler 45 A 4
T — A B A ) H G P2 A ) G BEE  E A
SRR I )55 804 05 % - AT B0 07 3 9 B o B
T 4 A B[] R P 5 B i) 3 B AT B 5 A 3 56
R ) A S A I TR R AR Dok B A o T %S A
1 s TR I B AT 2E AT SR A A0 B R/ 07 3%
4 73 B — A~ ik B 590 2 X 7 R R U A i) H AR
A5 115 B L BLE L A RE AR 4 ) TN

FESCHRL8-10 17, Campos 2 ARG 1 K 51 %R
(] (1% o B AR BE AT 23 A o 38 3 il O 23 A R D R R
Jr B i )45 8 0 A R A5 R EAT 12K 55 Ak L Atk
A8 23 B 1 3 2 ] 1] {5 S5 0 £ ) 3 22 8] 9 A SC A
AT A ik S AT A TR
GBI (0] f) 19 5T B o T 95 A % 19 0T 4 S AT 23
MIMER T V24 A 6E . mEARI] R % R T 4R
TS FRF DKL BE % LA R B2 f) IR 8] 45 8 R T 25 .

3 EBHEYTR

FEAS 5 o AR A 2 A6 P 2E AT 4 i I 22 36
PR ] ) 47 ) R G 52 AR 0 52 B B AT A i) I (] )
M e R o FEAR 2 I Mk Web 7 72 3547 4 1) £
P AR B T BT BE I AN R Ath i 5 22 45 ) 14 1 L)
F8 s TR X T BT [ gl i B P A BE 8 XY
i AH 0 A 3R A G Y A 3 I 1) 3R] L x LR AT TR 2 A 4
e A SO R I R A 1Y A A O 114 2 30 I ] 3.

3.1 {RiEaFrIIREX
TESCRY A FRATTIA R B2 A — A 5 1) 1 K 2
R (1] 38 A 5G4 37 5 B 4 A T S SO b 2 0% B 1] — i
B 2 X S I ] 3R] 78 ] — 4> A - e L PR
T B () ) 47 F 1) B FRATT 32 2 A %o A B s i) 3] 119 41
AT b 3L A5 3 RN A 98 3R] A G R IR ) 3R] X — >
) Q. FRATKE e HEIRL 2 174 It B A5 B o 58 1] 1 11 4B
A S, B S AR I 4G 0 SCRY A vh o A5 if) Q AT A
i, 7533 Top-k MW IH M) &R ZE R ARG XX £ A
SCARY AT I 1] 3] il B A K g3 ) AR B fR B A I
() 1) 4 4] -, 49 B e 1Y ) 42 A S X (D B,
S={S,,S,,S;,-,S,} (L
S;=t-temp} ., {t-text}) (2)
R4S HREASA) - H R [R] ) A SCAS DG B 3] 41
B W (2) frs, Hoip o t-temp 2R 8) F b By 1 (]
R A st-text Ko /m) vl SRR Y AL 5.

I

LLGRERIERES

Top KXCR44E

Bl 2 f i ] 3 AR IO AR

3.2 WEEME

TEAS T FATT R o SO A B R e B 3] 39 -
AT A RIS )5 HE B LA 3 R, ] -
T A TR R B — A 1A AR — A R 2 ]
AT O 2R B M) LA /m) 1 v B A A5 A g 1
PRI B 2 A O ) 1R T B8 58 4 ) o A 1] ]
P 4 R I [R] BT L ) 5 BT E. I (] -4 AR S B

St S, Sy e e e e S,
1
t
A=, w=(1,S))
- | W
[ I
S, S S, S
temp,
temp,
B= temp, w,=(temp, S,)

temp,

3 MEM



2166 it "

Hl

AL
-

it 2015 4E

M 7R B — A~ I (1] 37) 1 A — A ) 7 22 J) Y A G
B A ]3] ) 2 B O X ) B =i ) AR i
() ) A ORE BE CAF L H 2R B2 28D AH G
W) ~ B PR » X T Wi - 4] T A L
FR I ¢ AER]F S o B AR R ) S AL
B A AL ws AR TR AT R
TE ST Y A I [1] 2f T
w;; =tf, st} (3)
Ws = fion (S0 X faa ()= frn (S0 X 701 ()

) 1, # length(S;)>20
S (S;) = 0.5. Al (5
Horproof Fon il ¢ A4 TS, o I BURG IR L1 R 24
T PR B] 3 25 25 107 I () B3 1Y f e, (S RO (ELBR S, 0
) BB R T HLIRATTIA 9 KA (R 1 A

KT 20) HA = AU

X (6) ~ (9 7+ % 16 ] - 4] 7 H [ B 2w
i8] S, Hh ) I ) 35) 2eamn p ; 1 IS ) 288 5L IR [7) KL B2
devesE. B
Wi = foee (temP; +S;) X frgpe (temp;) X f gean (tem p;) (6)
1, W temp S, %
0, 150
L, AR temp, St XA A] (8)
0.5, 7
1, WM temp, €{ K. H}

Sfaran (temp;) =<0.75, UNHR temp, € {(ZT=JF, 4} (9)
10.5, W remp, € {FEAR)

DI B L2 B an 2R i) (8] 36]) zem p, RAER]F S,
B U HAL . wy; O 0, J HL IR 7S I8 18] 6] ) A 2 L
W I (W) 35 8 S e IS RDRE B2 Oy K 0 A4 I 7] 3]
R At Ao [0 AR g B ] ] ) AN 2
3.3 YEREERNHE

XL AN A0 FraRF AT I — & il Q %
718 B A ph ) A A5 2 A T R 5

0=[w, ,w,,w, " w, | (10)

WORA W Q (&AW £, W w, =1, 412RAE ) Q
AL 1, M, — 0. ARHE L I B 6 5 3, T
TR AR 30 (1D 31580 5 4 30 Q AH ¢ 4 1 1] 3] f)
e

Qronp = [ Wiem bt Weempy s Wiemp, s *** » Wremp, ]
—QXAXB" an
X vy, 278 I E) 6] cemp; FIA ) Q Y AH 54,
Weennp, (LR » 28 B IS [B]3R] 2ean p; MY ) Q 1Y AH OC
FOR. PR A AR <, B (E RS 5 8] 7] 35 47 B 7
HEZ L HEAE BT T LA I [) 3] A] DUAE S A 0 Q iy 9

focc(l‘(fl}”li),,Sj):{ )

Sigpe (Lemp;) = {

JE A I E] 3R] m] AR 30 5 ok A IR A I ] 3 ik
A7 A0 AR AT RLZS 5 3 28 7 % 1) I 1] 3] 47 P R
ZR AT 1] AH 5 B A 7R 45 SRR [0 25 71 P

4 FHER A B HEF

FATE S A 48 SCRY A ] [R] RN B L R 5 1 iR
R TR)ARRL 3 80 o Jm B T I TR AR B 3R A i)
SO AR P [7) K SC A 5 45 B SCASAH SR X ) 538 2R 45
RiEATHEAEF.
4.1 RfERTEE

— > I ) 2 ik B — A SRS Y S A I TR] ) LA
AR 20 (12) Fom s — A~ el

T=(th, ,tb,te, ste,) (12)

Forp o, R b, 43 ) F2 R — A B ) X [] # FF G B[] 5
() S0 L S AR M ce, FA ce, S 0 38 % B[R] X
() (%) 45 AR B B] 6 %) R SR B SR B ] Gk =X
“2013 4F 3 H 7RI AR N (2013/03/01,2013/03/31,
2013/03/01,2013/03/31).

— IR d 1 SCARFRGY d o TN BB SY o e 21
J s P d e B SCRY R R AT I 8] P Time (d) FISCRS
BN TE] Content Time(d) 2H 1], » Content Time(d)
P RLFR IRty ati )

— D INFA] A ) g H SCAS S HER] g oo TR 1] 5C B
1] Goime 20 8. TE B [H) JEE 0T B A 2R L B op AE AE T R
B (D) A28 4 5 Ginelusive) F (2) A A1 & 2
(exclusive). Xt T3 & #1225 1) 19 SCA C A gen
H A 360 T ) SCAR ) R I ] ) 3 [ 20 A0 6 T AN AL
R A 90 18 SCAS SRR T) G L HR SCAS ) 4L B T AS
£ I3 PR X — AN P A A AR R
M5 198148 4 A 12 H” E R HF R F g RN N
(TR CMY 1981 48 4 H 12 H j MAEA & 8w
T 00 2 g (TR KA ).
4.2 BfEIAE U

AT T ry R B TR s LT H 3R Uy i
TERATH I JATEE & 1 W 5L i ] {75 S,
UA DG B A5 0. A2 X LIRS 4 — T AbATrY
5 AT 7 i B 8 T A B, — A
2 et 18] S Ay 2 PR ) B Y (Uncertainty-Ignorant
Language Model, LMT), LMT #& 5 v 25 17 i [5] F1
SCRY I [] 6 Y A 5 B2 3 an 5 (13) B .

0, t,7%t,

:{1, t,=ty
H 1, € Content Time(d) » R Y4 ¢, M t, 58 & 5%

P, | ) (13)



1144 M AR I RETY Web 48 KBS 2167

8 B i AR BE A 53 Ay 10 B A2 2% A Ceby = qby) N\
(th,=qb,) N\ (te,=qe,) N\ (te,=qe )W A H 1.

Ty — A R 2 pE AN B a2 R G S A (Uncer-
tainty-Aware Language Model, LMTU),LMTU #
Yo 2 f T A R [R) ) 2, R SCRY B[R] R 2, 9 B A AT
RETE LAY S 6. TR i LMTU o 45 36 i (7] £ SCAY i
TA] 4 AR 56 18 5 n 2k (1) A1 (15) fr i s H b g S
BRCL T TR 40 ) R 1 | T [ i PR iy 58 5 k.

[, Nty
P(l‘q‘td)LMTU:ﬁ (14)
q d

Ho 1, € Content Time(d) , |, 2, | W] LAFIR N
|t,Nts| = (max(th; ,qb,) ,min(th, ,qb,) »
max(te; yqe;) smin(te, ,qe,)) (15)
WU DA 26 S (G s i) P AR HE 3K (16) 3 5
TE5 A I8 A A — > I [ 3 32k XA SRS Hh A — A I 1]
Pk A Z B AR O EAT A MO 23 A 13 3.

S"(Gume sdiw) = || Pt dine)
14 € Gyime
— H (# Z P, ,:d>> 16
{4 € Yime ‘ dlirm ‘ ty€dg

LT b R I ] AR A 2L AT AR
T Z A AR e i 3 oF B 1) BT v (1 B ) 3R
5 2 T B AE DG BEAR 43 Score (T)  3X FEAE T 5 B
[F) B 1 P EF i 50 X 70 A () P T % 3 o) ) o 2
PETER AT I7 v JATHE T 5 A iy ) R ik =X e,
A S A I 2 ik 2K 2 A 5 BE B IR =X (17D A
(18 Wy J7 ik AT

0, L,y
P(tq|td)l-1]‘1\/l’l‘: e 17)
Score(t,) s, #5 t,=1l4
2, Nty
P([q‘ta’)ELMTU:SC(”’@(td)'ﬁ (18)
gl * 1l

1 b i 2 b 2, 2 B G ame Y — S I
(] s 4 S SRS e R — S B[R], Score (2,) J2 B[]
Lo FSCRY d B AR G BE A543 o3 B0 8 3R 78 I ) 2, %
F R d #iE 2, ELMT (Enhanced LMT) & — 14~
AN 75 pE I A S B E PR R A, M ) ELMTU
(Enhanced LMTU) Jj& — A~ % J& i [8] A 8 & 1 19
B
4.3 MEWEHRF

g A R G B I R R RE ) o
3 4 )RR A B T R S5 R A9 A o B R — S A A
A — > L) B 28 1 R O RE A5 2 o AR 4R 1% 45 20 X K
AT EHER . Z AT R — B O SR
R[] AE AR A SR L 0 1 5 AR, SCiR(15-16]

30 5 R 1 R T R P A I () AR AL S A B A R
TR RN i 2 E] Y v AR AR SO JRATTHE AR Y
SCARAAMUME RS 53 S (Guona » dvora) TS [ AR BL 1 75 53
S"(Gime » i) FEAT LR R A 28 4 5K FI 2 Bl SC A
FHARLE A0 R0 B [8] AR AR A5 20 #0828 R 47 5 — Ak . 3
o A IR UPE RS 23 B LA Top K A~ SCRS H AR )
PEAS 70 dic i 1Y 2L X T 45 5 B0 I 8] £ 9R) g, SORY
B i X (19 1975 70 2~ AT EHE Y.
S(g-d)=(1—a) X S" (quo s dvora) +

X S"(Gume »d i) (19
HH 2 B8 o R SCASAR AR R R ] R AL 0 B 2L
JE.

~

B

5 XS

5.1 SLWRE

FRAT 1 S 56 54 4R ok 15T VR I ) 9 D
29N 1 190 3l T A%y 22 552 ) B0t 0 TR I i B
12012 AEAAERN 2013 4RSS — % BE AR I I DUAE
I 198360 N L. 4l 2B 4R £ & 1812933 A~
W4 T, 19 LR K A I T AR 1981 4R 3 2011 4R 22 ). H:
rh AL B S SR BT ) SC L AR IR AR AT
) FH XA B0 B R At AT AR R R 8 FEAS SO
FA1E A Apache Lucene 3.5.0 kg at &5, HHf
JEU 9 SCAS AU BT DA Lucene 32461 o8 20015 3.

TEX RS SCE A FRATSEEE T 6 FhAS [a] A e 7] Jgke
MR E ) LMT.LMTU, . ELMT . ELMTU,
TSR TSUS b 4 FhEIRTESS 4 Wb &
HEAT TR X BLRRATTRE XS TS Fil TSU 53 E 17 i
SRS,

TS FVE A 75 B 18] /9 A 1 E v R P (e, |
ta) s A P, ‘ to) it —FE YT E 7 vk Jﬂ% ta X}
IE P 2 I LAY i AT B[] T A S I ) P 25 B ] A
TS Fyk—FE . TSU FI I 252 P 5T/ % A i) 5
HhE IR T T I R] A AN E L P (e, | ) rso 8T A0
2O AN 2D R 1Y — 48 B B R BOk 155

\1[[ ty

P(z‘,q\td)TSUZDecayRaz‘,eA " (20)
[, —ta| =
L tb! —1b] | 4 | tb? —1b? | + | tel —te) | + | te” —te? |
4
HoA t,=PubTime(d) ,DecayRate F1 A J& 8, 0
DecayRate<1 3+ H A>0, p & — /B[R] LAY K
L Hod e AR GRS 2, B, AR PE TS 0 B e AT

2D



2168 it "

Hl

AL
-

it 2015 4E

22 V6 14 0 DR TR /1 o S B /) o s ] L P
5.2 BEHMEYRIBERSSN

FATTHIFH B TR 190 #8008 5 R B ik F AT ] A5 0 B[]
PRI R A Rk 1 S Lucene XFHZ 88 &
SEER T XTI Q. BATA T SCA AR 5 A 2 A
50 A T G 5 AR AR SR B30 Ak BT B i 46 e 5
w5 I 18] 3] (9 R0 5 4R . AR SCHRL 4 TP i S B 3
ATTAE S5 v /R) 38 6 32 1) 2 B A U — 0. 02, &
MBI T FH A AR ) 4 D £ if S B il e 1 P
e A NEI RN VN E< S PS4 T

x1 BANBYREZEERIARA
ENES T ESAES /40
R HAfr
AN R
g Rk e iz &

TEZE 2 PRATA R R Bl JE s T FA T2y it
8] 97 R SA TS AR B A AT 10 /£ 360 i 8] 37 J ], X
10 A~ £ ) I [A] 37 i) vh A7 9 A2 Ml 7R X A
HH SR A IR ] 3] He v — AN IE B 2 T R T e 2
i — T 7B P 12 T8 A ) LA ) — A - oA 2 i
W A R X e 7 P P Y

x2 THERETREERG
s 1] 97 Jie i) s 1] 9 Ji i) AL E
20134 2 A4 19 H 6.371291376493909
2012 4E 8 A 12 H 18 B} 47 4y 5.216149412392835
2012 4E 8 [ 31 H 20 I} 47 43 4.260718944831057
2012429 A1 H 4.260718944831057
20134 2 A 18 | 3.920794693227021
2013 4E 2 f1 19 H 24K 3.920794 693227021
2012 4E 9 f 22 | 2.556431366898634

2013 4E 1 A 19 H 22 i} 56 4 2.0
201341 A 9H 2.0
201341 A 9 0 15 i 26 4> 04 # 2.0

FRATT X BIr A 1o B £ T 5 B ) 14 2 30 I )R
W RIHT 10 DNERPEAT ST R A MERR L3R 3
Geit 7k eI Al AP @1 . P@5 Al P@10
(RSP R A 3R S 0 2 R AR I R A Bk RE S I
50 114 R 23 0 P 32 BB o 1) £ A0 (] 3
HA BRI B X T 8RB R4 - F g1 L
BOAR O 1 I 8] 37 8 B HH BRAS FL 2 L /N R 0 AN KA
LTI A A1) 325 o 45 2R 1 B2 i 2 5 =2 D0 S R 1Y
LR M —uk,

*®3 THRETREEZERE
P@*k W 2
P@1 1. 00
P@5 0. 90
P@10 0. 87

5.3 MEBRMHFLEERSHN

TEIX — 19 FRATTHS 38 A [ ik 1] 8 i 55
LW VERE BT A7 B HE 7 5505 A0 A6 R [R) A 9 £ i A T
FE AR 2 B FRATTHTCBC A 201 2 1 41 1) a4 . 3T
PEHCT 30 AN E] U A A2 i) . 3% 4 B T H PRy
IUEESITR

® 4 HEBRMEEEIRRG

SCAR A IA] i 17 ¢ 4t )
kurt cobain April 5, 1994
mickey mouse 1930s
dallas mavericks June 2011

November 4, 2008
October 27, 2004
1982

October 20, 2011
June 7, 2010
1891

obama

boston red sox
michael jackson
muammar qaddafi
iphone 4

thomas edison

FEFRAT Y TR B R g8 b, FRAT A B L
(inclusive) F£ H H 2 & SCAC AL P 10 550 A o Bk o
kL R TFIDF, H o SCAS A L PE 7E R AT 7
A B Lucene 15 2 (9 SCAR AR 2. X 5F
— A, AT 7 R OR [F ) % (TFIDE,
ELMT,ELMTU,LMT,LMTU, TS f1 TSU) Il %
Je 6 B R ) P b A O A A A 0
SR D X R R AT =R AT
B DL T FEHET 25 S 1T 20 A SCRY R 47 AH G 7 )
E. AR P@5.P@10, P@20 FI MRR ¥ fir
HE ¥ PERE.

FERRATH B P AEFE Z AT 1 S8 4
FHF FHE P 052 SCRY AR 1 R/ TSU B3k 1 2 8K
DA B SCASHE R A543 0 B (6] 4 40 4543 14 A Al PR
a. AT AL T T 5 HF 7 19 AN [R) SCRS e i 48 K/
(50,500 F1 1000) X 55 56 25 R 1Y) 52 M o 5 50 45 SR R W
P T3 HE Y 1 SCRY i 18 4 2 1000 B A8 BUAS: B8 47 1Y)
SLHGZE R AR FRATT Y FR 4 v A o R B R AT)
FOXTHT 1000 A48 28 45 L 1130 Ath 7] (1% SC A A 56 Fn
BF ) AH DG PE L SR 5 AT EHE Y. TSU Bk i S50k
FHRIE 332 19 2 80— 3, B DecayRate=0.5,A =
0.5 Ml =6 1 H . WiAUHFHF o TATEXT 10 B A
] R BCAEL (0. 1,0, 25+, 1. OO HEAT HLAE . 24 o« BUH
0. 1 BF FRIRFRATIL T A O 1 sf (] AH BL P, 32 2 by i
06 P SCAS AH O B2 o e EEHE A 45 21 R S|l L 2 1Y
WU 1.0 ffy Bsf fi 2 WY 6 A1 7 2 HE 109 B4 A AN 5 1
P[] A RA

4 HE S Bn T H P@S5 WM 5 A R ) 5
BWEE o« U 0972 A B HE ¥ M RE R A8 k. P @ 10,



11 # UiN

BRI AR Web 18 R BT 2169

P@20 Ml MRR B2 R M P @5 KMl 7] LA A
[l (9 S5 B A A — D IL IR L B Y o fE— 2 1Y
BUETEE N R B PERE 2 BEH o« B R K. 2 a
M EE S T — & B E S KR IERE S B « A3 R
728 /0 + A Bl W17 68 B i) J R0 ) A 3 i 22 mld
/D 14 25 I ) AR B0 2 2 S R T RE A R 1 1T 1Y
AR

5N T A FESEAE e L2 BT MK R 4
oo NPT LU L B A4 I TR HE 7 J7 ik #B L

K4 EEEHEAT P@S MRS o« 1724k

0.60
055
0.50f ®
0.45|
N
o 0.40
)
S 059 —6—ELMT
0.36F —B5—ELMTU
—A—LMT
0.25 —6—LMTU
0.20} =TS
—+—TSU
0.15 Il Il Il Il Il Il

| |
01 02 03 04 05 06 07 08 09 10

K5 TEAREEHENAT P@S BT SE o« 197224k

RS TRHFEENORERE

ik KM##xX  P@5 P@l0 P@20 MRR
TFIDF inclusive 0. 467 0.417 0. 383 0. 682
ELMT 0. 547 0. 460 0.418 0. 754
ELMTU 0.593 0.513 0. 450 0.801
LMT . . 0. 500 0. 427 0. 390 0.751
inclusive ~
LMTU 0.573 0. 500 0. 447 0.796
TS 0.513 0. 447 0. 397 0.738
TSU 0. 500 0.463 0. 380 0.701
ELMT 0.553 0.513 0. 467 0.757
ELMTU 0.553 0.503 0.472 0. 746
LMT . 0.493 0.413 0.373 0.718
exclusive _
LMTU 0. 547 0.503 0. 482 0.735
TS 0.393 0. 347 0. 300 0.603
TSU 0. 440 0.390 0. 357 0.632

AN pE st () B 1 35 o T A 2 A R AT Y
J5 % (ELMT,. ELMTU) X b F HiAth 19 57 ¥k 78 K £
B LT B At 1 55 T BB 4, 31X 36 B X 43 ) T
r R R] 2% 2 30 F SRR AT A T e )R DG AR R
(A A RE.

FRATATLLE 52560 vp i 45 A B I JgR 8 1 B3
(8 HE B B AN 8, — 7 T T A S 36 v A
241 24 B 1 099 355 e B BT I D) O A Ay B 4R L I T
(18 50 et P X K ) 114 T o Y R AT AR K 25 5
18 23R ] (14 25 5L bR 56 ) T A B0 FE R AT BR 11 5
T3 AN FRATT S v R X ) e AR A DA A G BE R ]
AR R 2 R BT EH AT 9 7 X — 25 A e 2 Tl 4
— SR DG A SCRY 3 XoF B ] J R HE L Y o R
WA — 5 [R5 .

6 ZEFRiE

o [A] 2 5 R AR L R Web 8 30E L
AEBEFE R — AT T ). AR SCESE T I R AT Web
AR R IR A S B [ . A 30 I (8] ) 4 R R ] J
AL L A R HE . A3 T — P 2 T A ) 3R A
P ¥ 3] 5 SO o 3 B 5C AR 10 A 30 N (R] R 9 R Bk
DA B — b 25 5 SCAS RN 8] 4 S 1k 19 18 R 45 R HE 1y 7
W TR R RE  FRATAG R T — I A
KRR AL Z RS ERATEL BT 24 i) [a] g%
ORI £ 00 HE P B30 05 o O 2 T 0SS IR 0 1 1) 5
AT TSR SRR AR AR T BT A [ A
JE ik HAT B N R RS 4 T B R o T
JH 01 R A5 ) S S 3 A O 1) B TR 3. 55 Ah A 21 24 B 4
A Rt A B OEAT MY SE B AW T FATHR A9 5 M T
F IS Ji) 35 X5 T 0 R A [ AR 1 AR BE RS B
28 IR (5] R HE P 0 A

FETF — 2 19 AR b JATTH 35 5% 08 i fik i
[ {5 G0 G 3t 25 398 R 51 B 1) LA B L ] A
R BTR RG] B oh, B AT H BF 5 i 1) £ L AE Atk
Web A 543k o (19 1 1 6 4 Web W 5T 1) B 3 4if
B RGN EACHERE R GLAE.

& % x #t

[1] Berberich K, Bedathur S, Alonso O, Weikum G. A language
modeling approach for temporal information needs//
Proceedings of the 32nd European Conference on Information

Retrieval (ECIR). Milton Keynes, UK, 2010; 13-25



2170 02 M S VI R - ¢ 2015 4f
[2] Metzler D, Jones R, Peng F, Zhang R. Improving search 2039
relevance for implicitly temporal queries//Proceedings of the [9] Campos R, Jorge A, Dias G, Nunes C. Disambiguating

32nd Annual International ACM SIGIR Conference on
Research and Development in Information Retrieval (SIGIR).
Boston, USA, 2009: 700-701
[3] LinS, Jin P, Zhao X, Yue L. TASE: A time-aware search
engine//Proceedings of the 21st ACM International Conference
on Information and Knowledge Management (CIKM). Maui,
USA, 2012. 2713-2715
[4] LiX, Croft W B. Time-based language models//Proceedings
of the 12th ACM International Conference on Information
and Knowledge Management (CIKM). New Orleans, USA,
2003: 469-475
Diaz F, Jones R. Using temporal profiles of queries for precision
prediction//Proceedings of the 27th Annual International
ACM SIGIR Conference on Research and Development in
Information Retrieval (SIGIR). Sheffield, UK, 2004, 18-24
[6] Kanhabua N, Ngrvag K. Determining time of queries for
re-ranking search results//Proceedings of the 14th European
Conference on Research and Advanced Technology for Digital
Libraries (ECDL). Glasgow, UK, 2010. 261-272
[7] Li X, Jin P, Zhao X, et al. NTLM: A time-enhanced
language model based ranking approach for Web search//
Proceedings of the WISE 2010 Workshops-WISE 2010 Inter-
national Symposium WISS, and International Workshops
CISE, MBC. LNCS 6724. Hong Kong, China, 2010 156-
170
[8] Campos R, Dias G, Jorge A, Nunes C. GTE: A distributional
second-order co-occurrence approach to improve the identifi-
cation of top relevant dates in Web snippets//Proceedings of

the 21st ACM International Conference on Information and

Knowledge Management (CIKM). Maui, USA, 2012. 2035-

LIN Sheng. born in 1987, Ph. D.
candidate. His research interests include

information extraction

{ % ‘

2

JIN Pei-Quan, born in 1975, Ph.D., associate professor.

spatiotemporal

and Web search.

His research interests include moving objects databases,

Background

Time-aware Web search is a promising way to improve
the effectiveness of Web search by making use of the time
intention in queries and the temporal contents in documents.

Recent researches on Web search have shown that a majority

implicit temporal queries by clustering top relevant dates in
Web snippets//Proceedings of the 2012 IEEE/WIC/ACM
International Conferences on Web Intelligence ( WI-IAT).
Macau, China, 2012; 1-8
[10] Campos R, Dias G, Jorge A. What is the temporal value of
Web snippets ?//Proceedings of the WWW 2011 Workshop
on Linked Data on the Web (TWAW). Hyderabad, India,
2011: 9-16
[11] Lin S, Jin P, Zhao X, et al. Extracting focused time for Web
pages//Proceedings of the 13th International Conference on
Web-Age Information Management ( WAIM ). Harbin,
China, 2012 266-271
[12] Zhao X, Jin P, Yue L.

Automatic temporal expression

normalization with reference time dynamic-choosing//

Proceedings of the 23rd International Conference on Compu-

tational Linguistics (COLING). Beijing, China, 2010. 1498-
1506

[13] Lin S, Jin P, Zhao X, Yue L. Exploiting temporal information

in Web search. Expert Systems with Applications, 2014,
41(2) . 331-341

[14] Dakka W, Gravano L, Ipeirotis P. Answering general time-

sensitive queries. IEEE Transactions on Knowledge and Data

Engineering, 2012, 24(2). 220-235

[15] Jin P, Li X, Chen H, Yue L. CT-rank; A time-aware ranking

algorithm for Web search. Journal of Convergence Information

Technology, 2010, 5(6): 99-111

[16] Kanhabua N, Norvag K. A comparison of time-aware ranking

methods//Proceedings of the 34th International ACM SIGIR

Conference on Research and Development in Information

Retrieval (SIGIR). Beijing, China, 2011: 1257-1258

spatiotemporal databases, databases on new hardware, Web
information extraction and retrieval.
ZHAO Xu-Jian, born in 1984, Ph.D., lecturer. His
research interests include dynamic topic evolution, information
retrieval.
YUE Li-Hua, born in 1952, professor, Ph. D. supervisor.
Her research interests include database system and applica-

tion, information integration, real-time database.

of Web queries contain explicit or implicit time words. To
improve the effectiveness of searches on time-based Web
queries, researchers have proposed some methods. Some of

them proposed to incorporate time into a language model by
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assigning a priority of time to each document. Such a value of
priority can be computed in terms of an exponential decay
function on documents’ creation dates. Based on the priority
of time, time-related queries can be better evaluated and
fresh documents are more possible to get high rankings.
Previous studies have been also focused on the time information
embedded in the contents of Web pages, i.e., content time.
They extracted the content time expressions in Web pages
and then normalized them into some unified form. However,
they did not consider the different impacts of different
content time expressions in reflecting a document’s time
information.

In the research area of temporal keyword expansion,
previous studies used documents’ creation dates to measure
the distribution of retrieved documents as well as to create
the temporal profile of a query. Some researchers employed
language models to associate time with documents. One limi-

tation in these studies was that they only considered create

dates and ignored content time in the contents of documents.
Another method for temporal keyword expansion was mining
temporal patterns directly from query logs. However, this
method was not suitable for new queries because they were
usually not listed in query logs.

In this paper, we proposed a time-aware search prototype
system and implemented several baseline algorithms in the
system. We proposed a new time-aware ranking algorithm
which considered the text similarity and temporal similarity
and made use of the temporal expressions’ importance of
Web pages. We also proposed a new temporal keywords
expansion algorithm, which was based on the co-occurrence
between query words and temporal expressions in Web pages.
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