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Abstract:Query performance prediction in supporting of the task of retrieval results diversification is studied.This

paper analyses the shortcomings of the existing performance prediction algorithms,considers using different ways to

measure the diversity of the final search results list,and proposes three methods to simultaneously examine the relevance

and diversity performance of the query results. TREC's ClueWeb09B dataset and query sets for the Web Track Task,and

open sourced search engine Indri are used to build the experimental platform and carry out experiments.Measured by using

Spearman,Pearson and Kendall correlation coefficients,the evaluation results show that the three proposed methods are more

suitable for predicting diversified retrieval results than traditional methods,and have stable performance under different

conditions.

Keywords:information retrieval;query performance prediction;search result diversification

1 5|5 (Introduction)

AR TN, HRR R iR T, R ARIERA
F RIS B AR OL R, VRAR 45 58 A 6 R R A5 R
PEREY Y. A RE TN B R AT DA% B 48 2% 5 1 0 1i i PR 4
BERERRS . NERSIEMEY, BRGIEMEE ]
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FHRABAREREME (Clarity)™, BTSSR FEER
JE(Robustness)", FI4-Hr45 5512 1 SCRE 55 4015

GIMTAR A3 43 A R T SEVETE AL G IAT 55 b4 RN
SD2" Iy ik BT 45 A K p SR B A B AR T 22, I AR YR
58— fom SCR A5 20 108 S I AS 0 190 1 SR I PR AT R Bk, B
I SRS F K E, ZhouZ "B i T — i 77 3 WIG
(Weighted Information Gain), ZJ¥EMre R4 R a]
K i SCRY Y 1 2 15 40 1 BEAS SORY 4R 19 7 3 SORY AR 23 Y 2218
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2 KRR ZH L (Search result diversification)
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3.1 TASUM

TASUM = B 2R 5 51 1) 2 FEAE RHT R P47 T %
5. ZHMEMRESRIIRZE BRI ENNARTER, B
BRI 5 P& S5 RN IR 75 1 B i ) T AL E T R
ERFEEMM S5, BECARTAWRRE -, IASUM
M AR(DITR,

1SN (g, W) = — i{ﬁm@n
- 1

. (1)

(1- a)qm

Nsubquery

Sum(d;) = Y M

HA, Do FRBIRG RS FEREEG KRR SO R
Wr R4, A iRELN100,

Sun(d;) 3R fix 2 45 59 3 b L B d Ak W SRR I 7
IR R R RGO AE T A g BT R
éﬁ%ﬁﬂl%%ﬂljtﬂfmﬂfﬁﬁkd,,q,%/%/ﬁ\ﬁ%, EpiEeRkye Eith
60 + ranky o FFSCRHER B A RSO 2y, A5 WAS 9>
H0, o FoRSRETUARMESTHA 7, &30 a=0.1, g, 8T
g RER T CEPERS ST U EHE .

AATHE B A TASUMTI J7 ¥4, 78 SCRS 9 AH 51 R
T, FIHSCRHES G R RE S FEWMA MR, MESH
fRPERE T, H IR AT EILE R R R AR A
FroTak, TASUMFI R & F o X R E Rl —F 2 Uk
TIEME AT AR, FULTAT L, TASUMR—FhLif & 7%
PR Z R B v
3.2 TASUM2

TASUMBVEAR T b I MG 2R 25 51 9 e HE 44 15 B # AT
G RETR A Z R EREIEAT 20T, B RS R AR b SO Y
SRR T EMENEE, HERFIASUMB %
BRI B E (SD2 M WIGN AT Ay, 1B — Rl A%
FEALEBEF EETASUM2, WA R Q)R

TASUM 2q, M) = SD2q, M) x WIG(q, M) x TASUM(q, #) (2)

TASUM2 5 ¥ H HISD2FIWIG BBl T35 J& T 45 .91 3 o 3¢
PYAR S A A RFAE . FI B T 25 5 3 op SORY AR 2 B AR v
2, BRWARG), J5&HET kR SO T A~
USSR TR R 2208, BAR LA (4),

‘1 'Jkllzzf-1<500f€<df>—-u>2 (3)
q —

1 4 1

WiG(q, M) = — .
k 21:1 \/m
S, g My BB T G 78 [ 10 264609 49 5L
AT Hot, score(d,) #e77 SCRid,TE i 445 A1
1
p= o Xy seoreld ) 4 A 2 B A S BB 49 7

SD2Aq, M) =

(scoreld ;) — score(D)) (4)

43 score(D) R FFEAREDIE R —A STRY TR 197348
3.3 TASUM3

R TFALE JE SRS TE AR 5138 HE4 T LA TAS UM J5 ¥
MAAIASUM2 Y ¥, TASUMS3TE A EL B2 F] T S0
M E S5 B (B BOE L, (BAREE T SURIIFE 4R 154 19
FFAE) . ARG TR,

TASUM g, M) = !

Zle score(d;)Sum(d ;)
(5)

Asubguery

Sum(d,) = le

ARS) P AR E LG HCREAR—B, AFEZ LT
Sun(d)Wit5E 7K, score(d;,q)Fm A AE A g X . H)
LERB R TS, SRA0- UL AT, HEmift i &
BRI TRRAE, [EREML, A SORS AR i BRI HAE A0,
4 SIS (Experiment)
4.1 HiE&E

A CELE B RSk H TREC E B RS (Text Retrieval
Conference)# Web Track{f 4 F##taJClueweb09—
CategoryB3e Cdid ., Clueweb09%i 46 1 5 5 10424~
T, MUEROR, ARBNEZ AFHEL S 5155, TRECHH K
BTN Category B, %3RS 2 Clueweb09 )+
£, HI5000 174~ TTAE A

SLERERUR HTREC Web Track 2009—20124F 5% F 1
I, FAES0A, HTHISHEE 1005 A A R X 30k, T
RTEEE P RGRTRXWAAER, L1984 EiNS 558, M
A REA T HqueryER EAM, KRG A ERRAURE S
Hsubtopicl {2 F&i, B EEMES3IRI8ANTFAH], A
20094 R EB25 S ARG, B EEINN “Euclid” , FHRAY
PaASF AN E LR

<topic number="25" type="ambiguous">

<query>Euclid</query>
<description>

Find information on the Greek mathematician Euclid.
</description>
<subtopic number="1" type="inf">

Find information on the Greek mathematician Euclid.
</subtopic>
<subtopic number="2" type="inf">

I'm looking for a source for Euclid truck parts.
</subtopic>
<subtopic number="3" type="nav">

Take me to the homepage for Euclid Industries.
</subtopic>
<subtopic number="4" type="nav">

Take me to the homepage for the Euclid Chemical company.

score(d,, q;) (1 — )"

</subtopic>
</topic>

E1 TREC% #) =4
Fig.1 A query from TREC
XTI AL R, TRECHFMEREE L X AL
KA, FIBTIRLE SCRE A A A O, WRLEFIAD AR R, £
FEARAT 55 A, T — A SCRRIIRLE 1223 AH 5K
42 JFhAE
AT AL, RN A S T G TR, A
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— AN A BRI SRS B o SR AR 4 1R R I B T
DA A — A2 18 P R HE B, 9K s g T 0 g R X 32 5% oir A
EHET o[RBT BT A ) 1 25 4 BR R 0 R R e AR (R
IR R AR ZAEAMERESE IR A ERR-TIA@20, o NDCG@20%)
HEATRMY, R BTN P RR (R A A i e THEY . @it
FOXPIATIIRARIRERE , W] AVPH M BTN S i 645

B HE R e S AR AR B2, W] 94 454 Pearsonffl
ZEM K FH. KendallBAH X 240, Spearman®kfl X R E5%
e X RFUBUETE A1, 1], ey e e ME, (4
Fl, WMWHARF e, ER—1, WA JoH K1,
(EFEE0, (ML, Ui HE P ML, F0 S5 0
REBLT
43 XWiIgERAE

SR A Indri 5 18 28 5 158 Hh A4 2 ) 5D SR A 2R A 1Y
XF BT A A T AT R AR R, H P ORI e B T R AL
4 =1000, Z5ERF)RCRENBE #1000, F68H A FF B3R
SCRHES Bk Waterloo spam scorerXf W1 4aHS R 45 R HEAT 4%
A4 e, Waterloo spam  scorer A ClueWeb09%k H8 £ Hr i)
B ORI T T — B A O E, A EAR, BOA R AR
RIS ARSI B S A T0%,

T—2 2y RERFEITLZHEAESE, FH
xQuUAD™, PM—2""H1CombSUM=FhZ Fefb %k, XTI
i, L AERAEE R (run), 5556 Ndeval B8 77 Xf X 264G
REEFITITEY, HARIEERR—-TA@2048 K5k M A L 1T 1k
REERMN LR R E A, TN Z R R EE R R 1T
MNo

R1NVERRERATEHNEHENE

Tab.1 Results after diversified reranking

Diversification Runld A ERR-TA@20

indri2009xQuAD 0.9 0.191
indri2010xQuAD 0.8 0.241

XQuAD
indri201 1xQuAD 0.6 0.361
indri2012xQuAD 0.7 0.326
indri2009pm2 0.7 0.175
indri2010pm?2 0.5 0.241

PM—-2
indri2011pm?2 0.4 0.323
indri2012pm2 0 0.298
indri2009combSUM 0.5 0.189
indri2010combSUM 0.4 0.263

CombSUM

indri2011combSUM 0.4 0.382
indri2012combSUM 0.4 0.314

VA AR SR SR BN 7 IR A R, SRR R LS D2

WIG, NQCKSMV pufffege kR il Bk A Ay ke, A
LTS HORYE ST, 16, 1TIMHEFR TSR, WIGHI#INT 2
BRBLE RS, NQCHIEM R KB E 100, SMVHEIMT R %K
ki% 4100,
44 SRALHEETNT AT HEAH
{#i FlPearson. KendallfllSpearman 5 22504/ i i &
R RBER L, =FARLCT R SRR B B, B
PAIX HLAU S i Spearman Z O W 1 S 45 5R . FR250H T 48
T S A T -5 ERR—TA @208 bME 9 Spearman A X 5
B, RGN TASOIHRFEERFNE S ERR-TA@2045 17 (H
flSpearmanAt X A%, Hrp BAER T FRRTERTA R TI
AR ER LA
Fo LM% A spearmant < R #(ERR-1A@20)
Tab.2 Spearman correlation coefficients of several

traditional methods(ERR—IA@20)

Runld WIiG SD2 SMV NQC
indri2009xQuAD 0.064 —0.077 0.116 0.181
indri2010xQuAD 0.369 0.256 0.117 0.244
indri2011xQuAD —0.207 —0.185 —0.084 —0.075
indri2012xQuAD 0.428 —0.123 —0.017 0.103

indri2009pm2 0.062 0.084 —0.284 —0.274
indri2010pm2 0.422 0.098 —0.213 —0.191
indri2011pm2 0.206 0.239 —0.088 —0.129
indri2012pm2 0.491 0.285 —0.243 —0.239
indri2009combSUM 0.288 0.252 0.475 0.451
indri2010combSUM 0.429 0.310 0.043 0.068
indri2011combSUM —0.013 0.040 0.022 0.027
indri2012combSUM 0.571 0.487 0.239 0.219

£R3 =TT AN spearmantl X R #(ERR-IA@20)
Tab.3 Spearman correlation coefficients of three

new methods(ERR—IA@20)

Runld IASUM TASUM2 TASUM3
indri2009xQuAD 0.448 0.104 0.403
indri2010xQuAD 0.572 0.312 0.576
indri2011xQuAD 0.005 —0.213 0.211
indri2012xQuAD 0.681 0.032 0.677

indri2009pm2 0.437 0.218 0.465
indri2010pm2 0.431 0.132 0.492
indri2011pm?2 0.122 0.355 0.218
indri2012pm2 0.455 0.291 0.496
indri2009combSUM 0.369 0.398 0.369
indri2010combSUM 0.600 0.502 0.596
indri2011combSUM —0.016 0.022 0.055

indri2012combSUM 0.508 0.611 0.578
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KBS (5 ERR P IR SRR A R T 9

M2 AR B, B—Fh I ik BT AR A SR 5K 1158 DL
I, B DAME G BT A5 45 4010 0 TN SR vA TR A ) 2 AR Tk
REFIOI b i P AN, TARIERR3, AT AR JIA SR i =
% 1 22 BV A PR RE TN S0 00 T PO A B ME TN 5005 . Bk
U, GRS RER DRI BEAR G, AR SRR ) =
ML IANIBFTE5 R EEUS T R RySpearman R4L, 1
Al AE— BTG5 R B IS o 0T 170 A B2 o T 0 B8
hHEAT P LR, WIGH AR A AR, (HS AR
SRTRINEAA RS %, TE=MOE AT, TASUM3TY
AR, BN TIASUMAIASUM2H) EH R H 2,
LA H B R MM Z R Bl B, B0 A T42R
SR SCR AR 40 0 AR R, BOTE S5 L /SRS T A
397 %N

F2 TERR-TA@20%F, &4 7 o NDCG@20FINRBP
FEARE PPAl B 545 SR 21 2R 0 1 RE AN 5000 () HE 7 EAT HU R, [
2FNE3S F 2R T R o NDCG@20FINRBPHY ) Spearman
X FRE, BPHIL T =M % (WIG, SD2#
TASUM3) T RE

750 = = =lAsUM3

500

250

000+

Spearman Coefficient

-250

JJJJJJJJJJJJJJJJ
3
5 § 8 B B B B B B B B B

8 8 2 2 2 2 2 2 2 B B B

a¥no
WNSeuI0d

o
c

3,
a

A2 WIG, SD2#2IASUM3#JSpearman#t % % 4 (a NDCG@20)
Fig.2 Spearman correlation coefficients of WIG,SD2 and

TASUM3( a NDCG@20)

—wie

sD2
750 = = 1ASUM3

¥ B

Spearman Coefficient
g
bl

§

JJJJJJJJJJJJ
::::::::::::

B3 WIG. SD2#IASUM3#jSpearman#d % % # (NRBP)
Fig.3 Spearman correlation coefficient of WIG,

SD2 and TASUM3(NRBP)

SRBESK, R o NDCG@20ENRBPHIR HERR~
TA@20FE R R A . X Eb 20 18 3 Hp (s AN [ i s ) 5 et
T AR A, W] AR AHE B BE R R A7 (o NDCG@20
FINRBP)HF, Fiili vk Spearman 2 0 #- 2 ALK, 2418
B3k a NDCG@20HT, 12/MzfT45 R HIASUM3BIATEL0 Mz
R BT WIGHISD2H %, HAEI2 BT 44 B FY
Spearman #%°40.408, 244EFANRBPHS, TASUM3BIATE
10MBFT4E R LT WIGHISD2M 1k, HAF 124MB 174558 1Y
F¥Spearman R ECH0.422, FH—JriE, Xt =FpIEARiTE AT
LRI 221, 5B WIGHISD2/) 224 31250, 22651
0.199, MIASUM3H 2 40.181, X FITASUMIE ETER
REER PRI |, BEMEREN.

5 #5if(Conclusion)

BT T SO AE e £ ZAF ST N B GV I A M R T B R
A SCRAR T AR A P B AN 22 B AL PR RRIX AN T Tl
FHIR A PERETIN , HHR T =Fh i 2 B P Re R T
SOV, AT R ER R TN SR A R, A 2R
B Indriis 455 RiEfT T 2 AL M BR RO TN L8, 5C
W aE R, FL e TN S L, AR SCHR A 300 59k
IASUMAITASUMBR AR, REA 3R & 2 F b M RE T RS
B, HYERBECNRRE. [, AT SCRE LTSS ITASUMBSE
R TON AR B BT HE 2 A3 4 ITASUMBE , X it
B SRR AR AHEZ B L, SCRIAS A8 T 3 2 1 SOy
ARG R, XTI S, OS LHEA S
FLA O 8 A [

ASCER AR 2 R M RE TN SR A R ] T A5 R Ak
SR IHER 5185 R, HASZ B NE, X2 T
M LAER I, FATEEIR— BT BRGSO, A
HIIRAS SN A BN 2 AR A PERE TN k. — T,
RIFEERRSBETETRENBREIEFELE, FHXLE
AEEE T RER BRSNS EER, WA S
RN Hrix S, A T AWM, W2 —TUEST
FUHY TAE,
£ ik (References)

[1] Zamani H,Croft W B,Culpepper J S,et al.Neural Query
Performance Prediction using Weak Supervision from Multiple
Signals[C].international acm sigir conference on research and

development in information retrieval,2018:105—114.



10 TR

201942 H

[2] Mizzaro S,Mothe J,Roitero K,et al.Query Performance
Prediction and Effectiveness Evaluation Without Relevance
Judgments:Two Sides of the Same Coin[C].international acm
sigir conference on research and development in information
retrieval,2018:1233—1236.

13

—_

Roitman H.An Extended Query Performance Prediction
Framework Utilizing Passage—Level Information[C].
international conference on the theory of information
retrieval,2018:35—42.

[4] Roitman H,Erera S,Sarshalom O, et al. Enhanced Mean Retrieval
Score Estimation for Query Performance Prediction[C].
international conference on the theory of information
retrieval,2017:35—42.

[5] Katz G,Shtock A,Kurland O,et al. Wikipedia—based
query performance prediction[C].international acm sigir
conference on research and development in information
retrieval,2014:1235—1238.

[6] Tao Y,Wu S.Query performance prediction by considering
score magnitude and variance together[C].Acm International
Conference on Conference on Information & Knowledge
Management. ACM,2014:1891—-1894.

[7] Raiber F,Kurland O.Query—performance prediction:setting the
expectations straight[C].international acm sigir conference on
research and development in information retrieval,2014:13—22.

[8] Hauff C,De Jong F M,Kelly D,et al.Query quality:user

ratings and system predictions[C].international acm sigir

conference on research and development in information
retrieval,2010:743—744.

[9

—

Sondak M,Shtok A,Kurland O,et al.Estimating query
representativeness for query—performance prediction[C].
international acm sigir conference on research and development
in information retrieval,2013:853—856.

[10] Mothe J,Tanguy L.Linguistic features to predict query
difficulty—a case study on previous TREC campaigns[C].ACM
SIGIR Workshop on Predicting Query Difficulty—Methods &
Applications,2005.

[11] Butman O,Shtok A,Kurland O,et al.Query—Performance

Prediction Using Minimal Relevance Feedback[C].Conference
on the Theory of Information Retrieval. ACM,2013.

[12] Julie A,Adrian G,Sebastien D,et al.Statistical Analysis to Establish
the Importance of Information Retrieval Parameters[J].Journal
of Universal Computer Science,2015,21(13):1767—1787.

[13] Cronen—Townsend S,Zhou Y,Croft W B,et al.Predicting query
performance[C].international acm sigir conference on research
and development in information retrieval,2002:299—-306.

[14] Zhou Y,Croft W B.Ranking robustness:a novel framework to
predict query performance|[C].conference on information and
knowledge management,2006:567—574.

[15] Cummins R,Jose ] M,Oriordan C,et al.Improved query
performance prediction using standard deviation[C].
international acm sigir conference on research and
development in information retrieval,2011:1089—1090.

[16] Zhou Y,Croft W B.Query performance prediction in
web search environments[C].international acm sigir
conference on research and development in information
retrieval,2007:543—550.

[17] Shtok A,Kurland O,Carmel D,et al.Predicting Query
Performance by Query—Drift Estimation[]J].ACM Transactions
on Information Systems,2012,30(2):305—312.

[18] Carbinell J,Goldstein J.The use of MMR ,diversity—
based reranking for reordering documents and producing
summaries[]].international acm sigir conference on research
and development in information retrieval,1998,51(2):335—336.

[19] Santos R L,Macdonald C,Ounis I,et al.Exploiting query
reformulations for web search result diversification([J].the web
conference,2010:881—890.

[20] Dang V,Croft W B.Diversity by proportionality:an election—
based approach to search result diversification[C].international
acm sigir conference on research and development in
information retrieval,2012:65—74.

1EEEIT:

REH(1994-), D, BidA HIFauE: [FEER.

ZREAN(1963-), 55, W, B WSO, BdEESFERAR

g8, RERER.



