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Abstract: To address problems of both relevance measurement and redundance in traditional query recommenda- tion
approaches, in this paper, we proposed a novel query recommendation approach based on Manifold Ranking. This
approach exploited the intrinsic global manifold structure to capture the relevance among queries, and it could effectively
avoid the deficiency of the relevance measurement in traditional approaches when dealing with high-dimensional query
data. Meanwhile, it also reduced the redundance by boosting representative queries in the structure. Empirical experiments
on a large scale query log of a commercial search engine show that query recommendation using Manifold Rarking is
superior to both the traditional approach and the existing Hitting- time Ranking approach.
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Hel, BEM LA T KEMER, BRSIECLNA X s S Ba ek, H
PIETEANEEEHRREFINERT 1%, REERS|EREHEREREHFEH. AW, 4E
—MEENEWHF AR —HERRNEE, —AERAEEEREE" (-2 8 FEFEEX
A (Blin java, apple ¥), H—AW, BTHANAEANAZRES FEASXIETAMN
L REAER, BIanF P HI hay potter, T AER%T4 70 harry potter FI—ZRUFRRESE, 2L
HXTE AR BN @-&Tmﬁﬂzmwﬁﬁyﬁjmﬁﬁ%ﬁFiﬁm&ﬂﬁﬁmﬁaa&
BA— N EREEN .

EUHESE ) F P HETEAR SRR AR, B A PR AT, BRTE S — M
SEEMFRT . —SELRERSIZEAT (40 Google H Yahoo!) FHif IR EWHER
RE, URBRAPEFERRIFTFENER.

SR B R TR R B FRA PRSI, S E R g I A S A R E

EEEIS: RADTEA979), B, BEHRAE, zgmﬁﬁrﬁmﬁamz@; WHEFE(1980—), H, B,
BEMAR, EEFRATEAERRE: BEE191—), B. B, FRA, TERRTAAEERE.
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VRAHSRRRE, MR WIHTHT, FHEERARIE « D EWERF . SRAETTUAZ
EPRAPEEERYNE, HRNBEE—ERE. (1) HXHEERE. AREEETE
BEARGER FEE A B, ERTERESEPREARESERRNE, FRNHE
R BTSRRIV P EW BN B, T REAREEE WL
FEIERS, B TFRIAESSAYEEW (I0“national basketball association”#l“nba™) 2 |EJ¥FHARREIA
EHRRIE, AMEANRAER: REFAETHP, S0 URL SKrEEZ R LIRS,
BMRMEWERARE SRR URL (FA £ 3R SR, SSE0AMER.
(2) TIRHERE. BT REEASEERRNAERE, (RN I EFENE S
FEBKRTIANE GEFNEWZENEREDN, flnSA AT b, R
B ) i P HESE“abc television™f1“abe tv”?, TIXPANEHHSLRAFA THAEKEE.

A T BGRAZERIEE ISP HFAENRE, CHARAARRHE 20055, il Mei F
NPT BEHLESE (random walk ) $2H T8t & SR 2 W BIIRE RO BEE R ] (hitting time)
AT AW (U {£A Hitting-time Ranking SRRIR), BAVERT LI BUHER K R (long twil)
FIEESHF, UPHRESEREAIAN. AMEDXF T ERENKEEAEERE R, AX
HHEEHERRE, FHttS R aE s AT, :

HEXNCHEEEEFE AR, BIMEE T —METIRITHFOEEEE i CrEA
Manifold Ranking R7%). HESHEA P EHESERESHE L, BATIUR A EAEEE R
ITEMIGRBERZBRAEANE, ATTERRRES T BRHEREEERE. Wit, BTERY
TATEH, BAOVEATATHRF SRR I TS, b TSEERHEFE A B IR
BTEEN, FRNtSRkETHANEEW, AMEEREEl F SEtnmmait A AARRENE
# BLEREFRZABELE SWEW) REBEXNHTHES. BULATR, # Hitting-time Ranking /A~
[, Manifold Ranking i3 ARG H)_E A R M E SR NOEEE NIRRT .

BAMWEA TR R RS A W A ERHMTER, ZERHEERELA 1500 /1
ZHAFPEWIER. FATH Manifold Ranking 5PIFEEME: ETHEFRBLUEHTEE (Naive
Ranking) # Hitting-time Ranking BHTHE, HBET—ABITFNMTLERN & iEEE RN
HRHEMERMHTR. SIS %5, Manifold Ranking FFiEERIFREHEAENEAF T,
B B T BWHEF RN, B4R EEMT Naive Ranking 1 Hitting-time Ranking 7%

ASCHIRLERIINT . 58 2 EABHKIHFRLAE, ET Manifold Ranking RIZWHETF /5%
BESR 3 BTITR, B4 BABTIREREIT, SR EsS—E4HH.

2 HIETAE |

FEWHGEEA—FA P =ERNEEE, RSB A EERERT EHTERR NN EEILR,
HASKEEMENRER, BRAKAEE” (wisdom of crowds) Y, o4k, WHMIRITIER
{EREWE FH click-through data SRITHEE A [BIAIE ARKRKR, XFHFRKAR AT LA
SKHATEWHERE . B8N, Beeferman & APLETN} query-URL — B L FEER BAE SRR
FASSEEH): Wen 2 \PVRIRS B R click-through data FIEH & SCRSEIM 2515 Bk AR LA .
Li AV T —ABI R EREE E: ERM BN B, XTI, FART
query-URL [f &Rt H AW [RIFARLUE: T, A BREREER R EwT
1THEIF: Baeza-Yates ZEAPETF query-URL —#EEXT 3 FHELLE: identical cover, strict
complete cover 1 partial cover, FEULHEEWIRIMTE KR U LR TR ARIUR
Y THEHERNEW. Mei 2 APE query-URL — B LEMIRHLEEE TS, KIBRIREEHE
FERRTENERN BRI THY, TTUARIEE KRS, BERHRGET: BTN
KEMNEHRSEEMRRERARS, BE T EaEEiEXHt.
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Manifold Ranking ;2 H Zhou AP E sei2H, 544k 2 A L BT EE W BRI
WHEARR], BB R AESE R NS RIS RS ERIMER: |
FRIE— NG, 3 BSESES A ERNES, HESIreE anEdakR 0, RieE
— G S B S8R RST RS S R AR T EIRS BRSSO 4 R IEHE
BEBSAINTHF (B4, HFEER). B Manifold Ranking B8 FRXT R EL
SCREERATHIT, JFEUHBIFRECR . B, He 2 A\METF Manifold Ranking 3T EUSHEF,
HFRFESIRZ BI*R, RUERANEASHE R MAXME. Wan S A Manifold
Ranking ST EBARRAS NIRE, BdRASEHra TR R AT5 EF AR
t#, FHETROEESREIHE = R RSO RE.

3 BRI TAE

EIX—EA IR, BATHARR T W click-through data SRAGEEARITIL A,
SR JETEHERY_ E{# A Manifold Ranking i T B WHETFRILE.

3.1 EAMS

BE—HEM g =(x,x, %} cR", BN EHx, TFEEH, HEEOA<i<n A
RiEEH. 2d: yxyx>RFRy EH—NER, H d(xi,xj)%%ﬁiﬁ]x,- %ﬂx,- KIBEES (AnBk
REEE). [:7 > RAHFEH HAGAEHXO0<i<n) HWENFET £, ZREA]
ALK f BRE—ARE f =1/, fi.- £, - B, BXEEy =[yy, 0, Y] » HEFy, =1 (x
REEWD, y, =00<i<n).

3.2 MEEAWITTEEH

BATE S click-through data #J#—4 query-URL Z#BE (Wl 1 fis), G=(V,E), 3
TV =V, xV,, VRTHFANENSER, v, 378 URL 4, HAP EHREx HTRE,
FARGTTRRERS URL j, WHEE—Fille eE . ¥TFE—AEWH, RINTUA—T
query-URL [RERFIR. SE4EH TF-IDF FERLL BATE L ¢, =1, *log(N / df)) » HF, o,
ForA PR ER x, R URL j BIRE of, Fn Al sidi URL j B A RIE RIS,
N FrITE ERNAE . ROV NS RRIATEN, Mg E— 4R T~ Eil,
MBI [ — 4R I0ARIE, UEER R IR, X FEMx, 0<i<n), A
SeXdHIIRIM query-URL [FIEHTIIEM, ML TR K

e {norm(e,.k) if edge e, exist

(1

0 otherwise,
Kb norm(e,) = e, /[T 2+ |U| R URL BB HTA/N. BAMEFBRKGREEER S x, 71
x, ZIBIBERS d(x,,x,) = 37 (- x)? o SR 3, 5 x, REAEEIAINT AT 0

| w, =g et )
S, =0 WA, BHAURETAFRRATA SRR N k 48 (k=50), TR,

CLRFFIFEUR S IR TR TE. 2k, BAMSSIT - Emims (AIERiTa) » HeTLli—
MISEREW = [w,] ki, -
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1. Compute the pair-wise similarity values w;
between queries i and j , and then construct a
weighted network. The affinity matrix W is
defined by W =[w,].

2. Symmetrically normalize W by $=D"W
D™ in which D is the diagonal matrix with
(i,i) -lement equal to the sum of the # -th row of
w. '

3. Iterate fP=aSf+(-a)y untl con-
vergence, where « is a pammetér in [0,1),
started with @ =0,

1 query-URL ¢ 4. Let f denote the limit of the sequence { £;(¢)} -

Rank each query x, according to its ranking

scores f; (largest ranked first).

B 2 Manifold Ranking &%

3.3 Manifold Ranking 757

BT U b B WIATEN, B VEE R THF RS T B H e . 58, BT W
BATARRREAL: S=D"""wD™, Hth D AXAENE, BEXATERSHIAW STICRZM.
Ria, R THRAERAE

SO =as® +(1-a)y ®

ERE £ HR, o AREHRE FRRE TR B TEH LARSRIES S48 X B A&k
JHF DTN, o EERKRIRKR B TS S5 BTRET &S BB K(a €[0,1) ).

Manifold Ranking 2R ITE SR Ay B FeAiE— AU SR, Rgrhag—AN45 5%t
NF—AEW; ¥IiRint, SIEEERMU—ERNFEFS S, HREEERnNFEFEa 40 K
b G B A A B EAMSME S, YKL ESRTERER, (St

A IREE AR RS R B TH, JREHFRATRT « MBI A, .
B 2 REEHIVRAIEAR, SCRIOFIER T f B E) |
f =BU~aS)y S

Hbp=l-a, BRTUERER ) RKAE 1, BRATYRETEEEE I -as)”,
UEIRIEEART, EEMEIAER, Bl SR ERIR TR, R 1ixX Bk
ERTRSAE 1 '

AL, BT RN E TS RN XA SR, RAVNEE A R e E
HME—ATE, HETFESNENLEASITG e NS E. TR S GREERSES
5 TLE BRI —MEAER, BERETFETNGE, bTEFREHLESRET, U
ETRTREHETFRR S, XIS AR, R ESIRREAHERERIEE, 1EAT DA R
B L.
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# 1 query-URL ZEBERZHER

Size
#. Query Nodes 161585
# URL Nodes 251427
# Edges 318947

4 SEEE R R
4.1 BaE&E

BRI ARRS S B S A SaReE, SEERERT 200645 A 1 HE
2006 4E 5 A 31 BHAAAY 1500 H4&ER. HFE—1EH, BEPERHHNNER, GFE
WD, #WAAL, HIAHHIURL, URL MRIBEREE, HERL FF Sesion ID, URL7EL
EREPHHF, UREESEREE. BATERE RTINS, RREEEN, HAEE
MR RET IR S, RITE TR AR LA TR MR B EORHRAM,
%3 FRAEAERAL A RECRRE T 3 K. % 1 RFTHRIEM query-URL ZHENZEIHE
B, |

4.2 iFhietr

PN EHIHER R — I+ B ES, FAX F— N WSk R H AR R ER S R
ATEINERFAENEE, ERRIIXA T 5 GshiPr i oS ERA et KE
FAFZEF Y ODP (the Open Directory Project)fl Google FIM 5 R AN SR TR, XEWHE
T RBREMEREHTIFY. ODP R BRI AMATHRBNIERERSR, e
RN R FRIEA TN SR, 50 Baykan Z AP {£F5 ODP 44 URL EFH5E RKFNI4
| K4ER, Baeza-Yates S NME R HPY B MAGE S .

4.2.1 FEARMEIEIR

31F ODP HIBN KR ¢, File, , BATE EARSRBE A LRI RS SRARAKE
BIRT, FERUBIRTRA s(c,.c;) =[lec,)|/ maxflc, Lie, I} » EH i, c,)| B3, B c, AARET
LBKE, |c| AL EKE. BFIRIF, P B X"Ars/Television/News" Fl1"Arts/Television/
Stations/North_America/ United_States"fIFFSREES 2/5. BIAFEARRIRTEA" Arts/Television”, K&
12, TEBKZERA" Arts/Television/Stations/ North_America/ United States”, EA 5.

SHFEANEW, 7EMUR Google Directory 18T k 4~ ODP B FHEAZE X MAIRFIES,
WCHC HRIhEW g Tl g’ FIRIRIN ODP KR5S, RUT3RS], BANAEMNEECEC
Z ABARI BN R AR AR B T g A ¢ AR, FERLTTRA,

r(g.q) = _max_s(c.,c;) &)

¢eC.cpe

Fitk, MTFARIEE G, RIS RIS TR SO, FrAREENS ¢ KT

rel(q) = ﬁ Z r(g.9") (6)

g'es
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Her s AREW g FHEFERRS, | S| AEFEAESPEARE.
4.2.2 ERMEER

KT g , BABTIR Google A k MERLE R URL, 1552 ¢ STRIAI URL 54
BHg Mg MEREALIENA: Eiflg Mg § URL AR URL K% E TSRS,
FAWETRH: dg,q)=1-o(g."|/ k » Flo(g.q) RE g Fq' 5 URL SE&F4HF URL H)
HH. Eilk, MHTAEORER g, RIS RNERENRE Ch: FEEEEmRL
FEPERE, FRFRN

' s 220es 239)
iy (Ee

IS1(S1-D

)

b s AREE W FEEFERES, | S| AEFEREETEREE.
4.3 SEBRAERRMT

BAIRBHUHER T 150 DM EWEANRRAEA, ZREITF30R14), BRATESROX LIS B2/
URL siRET 700 £ 15000 RZI8], IXPEHM B 28 T @Gl FHE N E
W (B0 www, car, book W], BEAX BTG E LRESO A TAREHIKEM (&
WHEFNEFEATLUHEENER . RESEREN. BRERNRERER 30, =059,
o=125.,

FA TE T Manifold Ranking FEWIER 77, SHASEHERHER 7 (Naive Ranking,
Hitting-time Ranking) T 7 SCM R, SEREBNHIBRER 2 R I H. R 2 BH=FIH
FrERFFAETE R TIE, MR 2 pEATATLAE 2] Manifold Ranking 5 Naive Ranking F1EH]
TG RAEAH ISP R AR (Naive Ranking BITSMSCHEFEFR A 0.891, Manifold
Ranking “FHIARPEEER A 0.898); T Hitting-time Ranking fEHIHER G BAEHIDCHE IS A THIE
HERTAAMAE (Hitting-time AR EREIRRE 0.859), XFERER Hiiting-time
Ranking JHEE TIRIAHEFKEMNENW, M REEWIEEMNTEER ERIE AHEFKIE,
288 T iXEE- ~NESE: RSB WEIEERRNEEN FMED, FAERE NI RN
FEERTANE N, XS E SEE AR S, £ 3 AN SRR RN ERT
Totx (FriEF B W TR MR, HERMEFEPRR) #HTHEL, IR 3 ThEATATLAE 2] Manifold
Ranking 5 Hitting-time Ranking FIZWMIHERFEE R A2 R METRIRTHIE ¥ = T Naive Ranking 77
% (Hitting-time Ranking 5 Manifold Ranking {1342 R $E4REL Naive Ranking 7795 AlliR &
T 49 M 21 NES ). NEFRMRFRILEZE KU Hitting-time Ranking Z{T Manifold
Ranking FIHERFEER. (BRMBTEAATAISRFTR, Hitting-time Ranking FITSAH3CHETERRLL
Naive Ranking {7 3.9ME4 4., T Manifold Ranking E¥H< 43555 Naive Ranking FE454H
. WEDATERRO A ERUE, BA 1A BRI S EE TR, RNFHEENERZ

T BAREFIHHEERE N | HERERE, BAERMERETHEFENEFRZANTFHERE,
LEEHEN 1N, HEERNERERFEEITNENL.
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& 2 ZFPEVIHE 7 vA(Naive Ranking, # 3 =HEFHIHER /7 i%(Naive Rankin
Hitting-time Ranki_xrl:g*,g/{arﬂfold Rﬁk(N ié%ﬂﬁﬁéﬁﬁ Hitting-time Ra:ﬂdno,Manifon Rankin \Z{Tlﬁl?é’ﬁ&

B F ARt H T =Rttt
Num.of Rec.  Naive Hitting-ime ~ Manifold Num. of Rec. Naive Hitting-ime ~ Manifold
1 0.895357  0.865029  0.929037 2 0.720000  0.794000  0.740000
2 0889213  0.867908  0.921127 3 0723778 0787556  0.756667
3 0.887114  0.855341  0.914037 4 0735222 0793000  0.762000
4 0.889551  0.858329  0.907529 s 0744622 0797600 0777822
3 0894822 0.859017  0.897493 6 0750644  0.805956  0.784978
6 0.889221  0.861678  0.892139 ; 0772462 081279 0791326
7 0.890248  0.856508  0.888523
g 0890754 0858719  0.881784 8 0.782974  0.820810  0.795979
9 0889303 0854848  0.875094 9 0792264  0.829370  0.801718
10 0.890152  0.851882 0.872619 10 0.801247  0.835559  0.809108
Average  0.890574 0.858926  0.897938 Average  0.759135  0.808516  0.779955

B XRAT et Rt HIEEWMEEORtESERNE, BITTLERILIT45#8: Manifold
Ranking HIEFRARAAXMMNSMET, HEMNES T EWEENERY, B EELT Nalve
Ranking Ff! Hitting-time Ranking. '

5 4w

A3, BAURE T HETRATHFNERER A, RSB AT REER
HITATE MR TR R, B T B A A B B AT R T A2 .
50 Hitting-time Ranking 48, Manifold Ranking @i 2744 L BH RN, MiLE
BHEENERSREENE R RNRS, RN RS, £ MR RERs|
FLHE A K LMK SRR, Manifold Ranking BRI S THFEAREN % (Naive Ranking F1
Hitting-time Ranking).
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