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Abstract Search engine has become an essential way for satisfying users’ daily information needs,
however, formulating a proper query for search is difficult for users. To alleviate users’ search
burden, query recommendation has been proposed and considered as a prominent ingredient of modern
search engines. Traditional recommendation approaches have paid great attention to recommend
relevant queries, which attempt to find alternative queries with close search intent to the original
query. However, the ultimate goal of query recommendation is to assist users to accomplish their
search task successfully, while not just find relevant queries in spite of they can sometimes produce
useful search results. To better match user search objective in the real world, a more straight way of
query recommendation is to recommend users high utility query, i. e. , queries that can better satisfy
users’ information needs. In this paper, we propose a two-step utility query recommendation method
based on absorbing random walk, which can infer query’s utility by simultaneously modeling both
users’ reformulation behaviors and click behaviors. Extensively experiments are conducted on a real
query log, and the results show that this method significantly outperforms five baseline methods under

the evaluation metric query relevant ratio (QRR) and mean relevant document (MRD).

Key words query recommendation; query log; absorbing random walk; query flow graph; utility
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Fig. 1 A two-step model based on absorbing random walk.
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Table 1  Statistics of Dataset
1 HEERITER

Name Size
Number of search sessions 1298
Number of distinct queries 1086
Number of distinct URLs 1555
Average number of search sessions for each test query 32
Average number of distinct reformulations for each test 26

query




2608

ARV S KR 2013, 50(12)

4.2 FMIELR

55 4% 8 0 RE OGP A ) 4 09 PR B B AN [ L &%
FH A A 9 4 7 PEA Y AR S oG 7 1 P 7R A A i)
Z 5 0 L BRAR g, BDRATE A T #E A A A i) 2
AHOG TR HE— 20 5 T P il T Z & ) 2 5 02 75 g
% P12 1 B R R 45 R v AR B A H B A5 2 A e H
TR OR . AL B8 AH OGP A 0 4 2E DA 5 A 1) 40
Precision Hl Recall™*), 5@ & ML 45 A T %F fr 4 757 A9 2%
TREAT AR SE PERR R AT PR T X B AR B R
P& A TR VP RO P i HE 7 45 R TEA M T
FE FRATTRE SC 2 A DA 48 Br R X 2% B 07 ¥ 19 S92 Br
HEFEBOR ATV : QRR Al MRD.

XF T 45 WG BT K IP 8 AR QRR E LR

RQ ()
N(p '’

Hrb RQ(p) Kon i) g VE R B P A 2 A
IRICHY Y S HE A EL N (@) R A i) g 1k i)
P B AR R 9 5 SO 25 P f T A A g R S
HAT BA K, A 2 KM B % 5 5 3 AH G 25
QRR [ {E 8K 2 m P B n] REHR B FH 25 5.
XFF 45 WA BT KPP A8 A5 MRD & L
RD (¢)
N(p ’

Hrp RD(@ KA i) g R E A P il 2
FROCSCRYEL B . A8 bn 193 S22 T P (8 iy g ok
SR AR B SR, HAP 1 B AR O SCRY R B H
MRD f {8 R e 7 I 4R B B AR OCAE Bt i 2.
4.3 BEFE

T R AR 1A TARW Jr ik pg R 3, 36
PR 3L 5 i B o 75 v E AT X LY, 3 4 56 o Oy vk m]
PLorohy 3 2K,

1) LT 1) 77 ¥

Adjacency (AD]) : 3 F A ] 2 3 @B 3 A4
07 ¥ g I A g T A ) 2 38 v g I
96 AT R R AR Sy A T A A AR

Co-occurrence (CO) . % F 4 if) & 3 th L I &
M7, s KA ¢ A2 S ¢ 3
IR T 1 A0 Ok AR Sy £ T A 0 A

2) HETEMTT ik

Query Flow Graph (QF): & F&H M AR M
D502 B Boldi 5 W4 A L 2 A ) 7E

QRR (¢) =

MRD (q) =

FHEAREEW L. ZTEE LT AN SE
oyt A i) i R L SR e TR B B BATRENLAT E L IR A
Ik BEAT A R HE T

Click-through Graph (CT): % F Click-through
PR Oy i J2 B Mei S5 005 1R A9, A 2 4 i 3 9
EOE T T B AR R ) O k. AR SR 2 i e AR
A H A8 — 4 Query-URL By % &, K )5
TEZ B EPAT — A BEHLAT E J7 6 JF AR 8 & > e ik
45 5B 5 A 1) 45 500 A B [E] Chitting time) SR AR
Ry A W HERE DR

3) #F Click-through Rate fyJ7 ik

Click-through Rate (CTR) ;3% J7 i AR 8 2% 11
HREGRMB B Click-through Rate e #E 47 A i) #E
1. HEEAMB BRI T 0T a5 i A 2 A
KR LE R, Wtk CTR KM 7 1 P % % 45 3 1Y
TN,
4.4 EEMNKEREWENLER

Kl 2 s 11 2 iR i s QRR AT MRD T
A7 I A ) HE AE ) 25 SRR L AL, AR 2 BT L
B2 TR A F i AD] R CO [y HE 77 801
e 25 XU TR B0 5 U A 9 7R A R AR 2
R AR SRR A R Bl e B B A ) (I 2 Ay i) 3E
w5 PR R AR E A5 R BE PR UE RE S 17
7 o 5OR P 0 A oR) LA 2 P BAR B oKL AR
TR T EM . BT E B g an QF 1 CT %
I A AR RO XU S 2R A AR TE R
Jry T B AH SG M AN AE £ i) 23 38 vh I B0 A i A
AH I SR A5 3 A 1R 22 1] 42 Jmy 14 AH DG 1, Be % 15 1) B
A R HEFERCR. CTR ik RE ik 53 TR
J5 VAR RL A HE A AR HR AR 1Y S BRSO R AE
JH 000 B AH I 198 SCRY N 25 2 Ja A BE A A 12 SRS & 15
AE % e A T 15 . BRI AUAUAR 48 Click-through
Rate JF AN B L IE R Wiz A f) 2 6 HOEA M X 2
A4 CTR FiETE 2 A PFEM 48 br LI AN B — 3otk
i A AR G ) FR B RN Y B M DT A B FRATT 4R
B TARW J7 ik — SO HUS 5 4 09 7R A 45 21, 42
T F E R (T-Test » pvalue << 0. 05) Z5 H F B
TARW J5 ik FI S T7 A0 b 7 P 46 bn L AR A
3 M R XU A T RS BEAILAT E Y 2
B BOASE 7 Sf [ Bk A5 P 114 e 1) T AL AT S AR A 98 A5
A AT A AT DL G b 475 4 A 1 %) SRR DT S B
FH P 3 H s 19 45 2.

@ LEASCH R T 08N WS BGRB8 7 Sk (9 52 L 9 A0 RQCq) A N (@) 43 50 2R (2,.2) LA Fe 43 531 2 (20, 200 B A5 B R 25 R 300 1 H B AR5 —
AN G G 7R 52 B A FRATTRT 45 SR #EAT W L B QRR (@) = (RQ() + 1)/ ((RQ() + 1)+ (UQ () +1)) =(RQ(¢) + 1 /(N(g)+2),
Hrp UQ( F R q 1B F A A B, P 2 i o B A 56 SORY 9 T8 A o 8. [RIRE B AT %8 bR MRD i 3847 40 B A &b 2.



/N QA T RS BEDLAT AE B4 4 B B 20T P 2 9 4 A U ek

2609

& ADJ
CO

[ QF

CT

@ CTR
TARW

N

@10
Rank

B ADJ
co

M QF

GT

B CTR
TARW

10

@5
Rank

Fig. 2 Comparison of the performance of all approaches
in terms of QRR and MRD.
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KIMIAT . & 2 PR T EEFEM 5 Fr QRR Al
MRD |-, & Fh 5 WL 2EAS A 2 g ofE B b iy R . o
F&5 H B E o R R AT 5 vk 5 A D T A EL AR
IR R AR E AR 0 HE R NS 25 ] LB L B
AU RDEERR BE B0, BT A R SR AR S B
R a3 AR S TRl skt o] LR B R AT 42 1 i TARW
D7 VR AE BT A B A Ve L T AR — SO M AR A
WETT k. i H s — A 8 0 B 5 ik 2, B 25 A5 i) PR M
FREE M3, TARW Jy 2% 56 o 7 16 AH e 3 s 1% 08
BE . i, FEEA FE b MRD@ 10 1, 4 4 16 7
BAR, BRI M E R F 0. T R TR
HEME T Click-through Rate 09 77 = #57F 0. 8 A&
150 TARW J5 3 W3k 2] 0. 844, 3 156 B XF T 7 5
B R 0 A 1 4 7 v R 22 5 IF R
Ko FEE T 15 AL BE 08 HE T AT i AL SR T, BE A A

Table 2 Performance Comparison of All Methods under Different Query Difficulty Levels
R2 FEAZEAREAHEE LWRALLR

Query QRR MRD
Method
Difficulty @5 Cnum/ %) @10 Cnum/ %) @5 Cnum/ %) @10 Cnum| %)
AD]J 0.588(16.79) 0.526(25.97) 0.771(28.11) 0.674(27. 86)
CO 0.609(12.76) 0.529(25.3D) 0.830(19.04) 0.687(25.48)
QF 0.618(11.17) 0.604(9.61) 0.846(16.77) 0.806(6.90)
Fasy HT 0.654(4.95) 0.635(4. 38) 0.836(18.21) 0. 805(7.00)
CTR 0.656(4.71) 0.611(8.46) 0.889(11.11) 0.798(8.02)
TARW 0. 687 0. 663 0.988 0. 862
AD]J 0.460(36.59) 0.429(41.76) 0.596(44.16) 0.527(44.30)
CO 0.495(26.93) 0.441(38.00) 0.640(34. 39 0.550(38.19)
QF 0.511(23.00) 0.500(21.76) 0.615(39. 85) 0.630(20.60)
Medium
HT 0.534(17.75) 0.549(10.72) 0.689(24. 88) 0.692(9.83)
CTR 0.544(15.48) 0.485(25. 32) 0.703(22.29 0.588(29.19)
TARW 0.628 0.608 0. 860 0.760
AD] 0.259(92.00) 0.216(94.29) 0.351(87.62) 0.284(89.87)
CO 0.314(58.32) 0.261(60.74) 0.412(59.98) 0. 340(58.52)
QF 0.324(53.43) 0.312(34.35) 0.441(49.42) 0.414(30.43)
Hard HT 0.334(48.79) 0.343(22.13) 0.437(50.89) 0.424(27.29)
CTR 0.404(23.02) 0.324(29.13) 0.534(23.40) 0.413(30.69)
TARW 0.497 0.419 0. 659 0.540

Note: The number in parentheses presents the improvements of TARW over the corresponding methods
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VAU ) B R o T YA R R BL AT TARW 5 3 4
FE T B 4 i R B R ) A 3 AR R G 7 kL B ADJ
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F10. 34, B F Rk, QF Fil CT 4351 F R 0. 414
F10. 424, 3 F Click- through Rate i /54, B CTR T
B 0. 413, M FATHE 1) TARW J5 35 7E 48 MRD
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FR) 8 2 43 ) TR 31 30 90 26 A 3K Ul W 24 T P A A AT
S RMERS , F AT TARW J7 ¥ BE 08 o 4 M 425 48 A
WSO, ZEIE M #8455 MRD@5, QRR@5 Fil QRR
@10 |, AT A LA PFAN 25
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SO FRATTER G £ i) 4 7 B e ¢ H AR 2 il A
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AR T — el B R TR A [ I xS 2 A A AT
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