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ABSTRACT

This paper presents a new query recommendation method
that generates recommended query list by mining large-scale
user logs. Starting from the user logs of click-through data,
we construct a bipartite network where the nodes on one side
correspond to unique queries, on the other side to unigue
URLs. Inspired by the bipartite network based resource
allocation method, we try to extract the hidden information
from the Query-URL bipartite network. The recommended
queries generated by the method are asymmetrical which
means two related queries may have different strength to
recommend each other. To evaluate the method, we use
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Parameters  Precision Recall Fl-measure

) Hierarchical Clustering

« HHES: Huthip Ui B —. = I 0365 0360 0367
2N E, M= =7 0.363 0.269 0.367
* % %ﬁ[ Y ﬂ[ﬁj m = %:1 0351 0562  0.432
Para;tieters Precision Recall Fl-measure me= Tl 0.348 {]'62_5: 0.446
Cooccurrence-based Relatedness m=3s" 0.340 0.657 0.448

w=2 0331 0.626 0.433 Spectral Clustering
o= 03313 0.621 0.434 m = xn 0.385  0.409 0.397
w=~60 0.331 0.630 0.434 m o= £n 0.374 0.497 0.427
w =8 0.330 0.623 0.432 M = =7 0.374 0.497 0.427
w = 1() 0.333 0.632 0.436 m=zn 0.350 0.660 0.457
Wikipedia-based Relatedness m = zn 0.340 0.679 0.453

CO8 0.348 0.655 0.455

Affinity Propagation

euc 0344 0634  0.446 -
pmi; 0344 0621 0.443 p=maz 0331 0688  0.44]
pmis 0344 0619 0.442 P = mean (0.433 0.070 0.121
pmi, 0,350  0.660 0.457 p = median (0.422 0.078 0.132

ngd 0.343 0.620 0.442 o= min 0.419 0.059 0.103




. . g7y == Ay Apy L
Keyphrases when m = <n, gn. 5n

=hTA unsupervis method; various unsupervis rank
,IJ W /u % method; exemplar term; state-of-the-art
graph-bas rank method: kevphras; Keyphras

CHHEBERN R e :

\ Keyphrases when m = &n

o é m unsupervis method; manual assign; brief sum-
mari; various unsupervis rank method; exem-
plar term; document; state-of-the-art graph-bas
rank method; experi; kevphras; import score;

kevphras extract
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Assigned Correct
Method Total Mean  Total Mean Precision Recall Fl-measure
Hulth’s 7.815 136 1.973 3.9 0.252 0517 0,339
TextRank 6,784  13.7 2,116 4.2 0.312 0431 0.362
HC 7.303 146 2494 3.0 0.342 0.657 0449
SC 7158 143 2,505 3.0 0.350 0.660 0457
AP 8013 160 26048 5.3 0.330 0.697 0.448
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Zhiyuan Liu, Peng Li, Yabin Zheng, Maosong Sun. Clustering to Find Exemplar Terms for

Keyphrase Extraction. The Conference on Empirical Methods in Natural Language
Processing (EMNLP), 2009.
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Topic 247 Topic 5 Topic 43 Topic 56
word  prob. word  prob. word prob. word prob.
DRUGS .069 RED .202 MIND .08l DOCTOR .074
DRUG .060 BLUE .099 THOUGHT .066 DR. .063
MEDICINE  .027 GREEN  .096 REMEMBER .064 PATIENT .06l
EFFECTS .026 YELLOW .073 MEMORY  .037 HOSPITAL .049
BODY  .023 WHITE .048 THINKING  .030 CARE .046
MEDICINES .019 COLOR .048 PROFESSOR  .028 MEDICAL .042
PAIN 016 BRIGHT .030 FELT .025 NURSE .031
PERSON .016 COLORS .029 REMEMBERED .022 PATIENTS .029
MARIJUANA 014 ORANGE .027 THOUGHTS .020 DOCTORS .028
LABEL .012 BROWN  .027 FORGOTTEN .020 HEALTH .025
ALCOHOL .012 PINK .017 MOMENT .020 MEDICINE .017
DANGEROUS .01l LOOK .017 THINK .019 NURSING .017
ABUSE .009 BLACK .016 THING .016 DENTAL .015
EFFECT .009 PURPLE .015 WONDER 014 NURSES 013
KNOWN  .008 CROSS .011 FORGET .012 PHYSICIAN .012
PILLS .008 COLORED .009 RECALL .012 HOSPITALS .011
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Zhiyuan Liu, Yuzhou Zhang, Edward Y. Chang, Maosong Sun. PLDA+: Parallel Latent
Dirichlet Allocation with Data Placement and Pipeline Processing. ACM Transactions on
Intelligent Systems and Technology (ACM TIST), 2010.
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Jii% Precision Recall F;-Measure
TFIDFE 0.239 0.295 0.264
TextRank 0.242 0.299 0.267

NEWS.PL.K = 50 0.258 0.318 0.285
Wiki.PL.K = 1500 0.267 0.329 0.294

- TERESEARCHA(# & & F # %51 X # 1 1) ZUR

Tk Precision Recall F;-Measure
TFIDF 0.333 0.173 0.227
TextRank 0.330 0.171 0.225

RESEARCH.co0s.K = 50 0.343 0.178 0.234
Wikt.PL.K = 1500 0.349 0.181 0.238
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Topic 1

yic 2
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1. keyphrase extraction|
a 2. PageRank
3. semantic relatedness| | . i AR
1, keyphrase extraction
i - 2« PageRank
Topic 1 1 [ ,
- ' 3. topic m 3

\ 1. topic model "
3 2. randaom walk
9 4 3. PagcRank
Word Graph Topic 2 ' |

Topical PageRank Topic-specific
Keyphrases

Rz(Wj) + (1 _ A)pz(wi)

Keyphrases

e (W], Wi)
Jwj-w;

* p,(w;) = P(w|z), probability of word w given topic z.
* p,(w;) = P(z|w), probability of word z given topic w.
* p,(w;) = P(w|z) X P(z|w) , product of hub and authority.

R, (Wi) = A
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‘/__._,.Q weee -.-.:- 2. PageRank
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O //? e 3. semantic relatedness 1. keyphrase extraction
\;\ Topic 1 ¥ - 2. PageRank
>®—) 3. topic model
4.

C{"—C \\\i g 1. topic model
L R 2. random walk
: S ) 3. PageRank
Word Graph Topic 2~ "© Keyphrases

Topical PageRank Topic-specific
Keyphrases

Candidate Phrases noun phrases (Hulth, 2003)
(adjective)* (noun)+
Doc topic distribution P(z|d) for each topic z

Phrase Score R(p) = Z;Rz(p) X Az|d)
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american citizens
american personnel

target
emeriean tareey united States s rihard murphy angrioan pereonnel & vas slaving wazir
state departmenta“eged document 4ocument palestinian guerrillas,p, J.had|5r33|| officials
state department spokesman charles redman I]I(] Ieade[:“ vassel‘ arafat;mr;:m:::smn e ok
t at e, i itjllte‘departinentt spukeIsEan ch;lr‘"i'bs redmant ,...,g.,','l.ﬁ'l‘..tm..,e...ei. .@.ﬂﬁ o
— g s g ceSe g arah olvernment mdde st quntie hwee e opalestine liberation organization leader
“plo’ leader r-vasSer arafat - .S uverment docuent =t inited states
~isracli officials @ slaying wazir _ alleged threat arabviorld  glleged document .. wsringhatii waz
terrorist attack ) e L L T —
u.s. government document s s state richard marphy,,, "4 So0praton department
abu jihad 2ies, sesssanaion
fl.l“ nnupel‘ﬂfln palestinian guerrillas
assassination
(a) Topic on “Terrorism” (b) Topic on  “Israel”

slaying wazir khalil wazir
, R palestinian guerrillas
e e e political assassination terrorist attacks
e ehanl: particulary palestinian circles

,,,,,,,,,,,,

e d Mé»t atpe smaicn args s plo Ieader vasser arafat

lIlII
ab ll_|| ad
plo leader yasser arafat plo officials israeli squad
pfical assassination united states

(c) Topicon “U.S.” (d) TPR Result
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 precision, recall, F-measure

Ccorrect Ccorrect f . Zpr

Cextract Cstandard p + 7
 binary preference measure (Bpref)

B 2 In ranked higher than 7|
pref =% o

)

* mean reciprocal rank (MRR)

MRR = ! 2 !
~ |D| rankg
deD
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Bpref

MRR

50
100
500

1000
1500

0.268
0.276
0.284
0.282
0.282

0.330
0.340
0.350
0.348
0.348

0.296
0.304
0.313
0.312
0.311

0.204
0.208
0.215
0.214
0.214

0.632
0.632
0.648
0.638
0.631
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AT B 1 % 80 E 1 W

Pref Pre. Rec. F. Bpref MRR
pr(w]z) 0.256 0.316 0.283 0.192 0.584
pr(zlw) 0282 0.348 0.312 0.214 0.638

prod 0259 0.320 0.286 0.193 0.587

A EARRE S REN FW (H#EM =107 X #5 )
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Method Pre. Rec. E Bpref MRR
TFIDF 0.239 0.295 0.264 0.179 0.576
PageRank 0.242 0.299 0.267 0.184 0.564
LDA 0.259 0.320 0.286 0.194 0.518
TPR 0.282 0.348 0.312 0.214 0.638

e 0 B A E R = 10)
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Method Pre. Rec. F. Bpref MRR
TFIDF 0.333 0.173 0.227 0.255 0.565

PageRank 0.330 0.171 0.225 0.263 0.575
LDA 0.332 0.172 0.227 0.254 0.548

TPR 0.354 0.183 0.242 0.274 0.583

HR X WERE O HRWM =5)
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0.3f
0481 —e—TFIDF
o4 --TFIDF . —a— PageRank
iy —=—-PageRank 0.25}
——LDA
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_ 03 0.2}
= =
o 4]
0 0.25- 7]
& & 0.15¢
0.2
0.15 0.1
01
0.05-
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0 1 1 i 1 L 0 I i i I i i i
0.2 0.25 0.3 0.36 0.4 0.45 0.5 0.3 0.32 0.34 0.36 0.38 0.4 0.42
Precision Precision
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focused ) H9 % 5 i 4 I

Zhiyuan Liu, Wenyi Huang, Yabin Zheng, Maosong Sun. Automatic Keyphrase Extraction
via Topic Decomposition. The Conference on Empirical Methods in Natural Language
Processing (EMNLP), 2010.
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Recall

0.1

TFIDF —&—
TextRank —m—
LDA —&—

- |ExpandRank

Title-Sa
Title-Sp
Summ-Sa 7

Summ-Sp —v—

0.05

0.2 0.25
Precision



SRR

Method Precision Recall F-measure
TFIDF 0.187 0.256  0.208+0.005
TextRank 0.217 0.301 0.24340.008
LDA 0.181 0.253 0.203+0.002
ExpandRank 0.228 0.316 0.255+0.007
Title-Sa 0.299 0424  0.337=+=0.008
Title-Sp 0.300 0.425 0.339+0.010
Summ-Sa 0.258 0.361 0.289+0.009
Summ-Sp 0.273 0.384 0.307=0.008
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Method Precision Recall F-measure

First 0.290 0.410 0.327£0.013
Importance 0.260 0.367 0.29340.010




025 - K g & ( keyword Generation )
- TR, R oag 05 8 B br o K

Method Precision Recall F-measure
TFIDF 0.105 0.141  0.115+0.004
TextRank 0.107 0.144  0.118+0.005
LDA 0.180 0.256  0.204=+0.008

ExpandRank 0.194 0.268 0.216+0.012
WAM 0.296 0.420 0.334+0.009
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Zhiyuan Liu, Xinxiong Chen, Yabin Zheng, Maosong Sun. Automatic Keyphrase Extraction
by Bridging Vocabulary Gap. The 15th Conference on Computational Natural Language
Learning (CoNLL'11).
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