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A novel model for phrase searching based-on Minimum
Weighted Relocation Model

Javad Paksima
Department of Computer, University of Payam Noor, Iran

Abstract

Finding high-quality web pages is one of the most important tasks of search engines. The relevance between
the documents found and the query searched depends on the user observation and increases the complexity
of ranking algorithms. The other issue is that users often explore just the first 10 to 20 results while millions
of pages related to a query may exist. So search engines have to use suitable algorithms with high performance
to find the most relevant pages.

The ranking section is an important part of search engines. Ranking is a process in which the web page quality
is estimated by the search engine. There are two main methods for ranking web pages. In the first method,
ranking is done based on the documents’ content (traditional rankings). Models, such as Boolean model,
probability model and vector space model are used to rank documents based on their contents. In the second
method, based on the graph, web connections and the importance of web pages, ranking process is performed.
Based on researches on search engines, the majority of user queries is more than one term. For queries with
more than one term, two models can be used. The first model assumes that query terms are independent of
each other while the second model considers a location and order dependency between query terms.
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Experiments show that in the majority of queries there are dependencies between terms. One of the
parameters that can specify dependencies between query terms is the distance between query terms in the
document. In this paper, a new definition of distance based on Minimum Weighted Displacement Model
(MWDM) of document terms to accommodate the query terms is presented. In the Minimum Weighted
Displacement Model (MWDM), we call the minimum number of words moving a text to match the query term
by space.

In addition, because most of the ranking algorithms use the TF (Term Frequency) to score documents and for
queries more than one term, there is no clear definition of these parameters; in this paper, according to the
new distance concept, Phrase Frequency and Inverted Document Frequency are defined. Also, algorithms to
calculate them are presented. The results of the proposed algorithm compared with multiple corresponding

algorithms shows a favorable increase in average precision.

Keywords: Search engine, Ranking, Distance, Phrase Frequency.
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Algorithm PF

01: Input Query q, Document d

02: Output PF

03: Assumption

04: qis <ti, ta....., tm>

05: d includes <ti,(Pi1,Pi2,...)> , <t2,(P21,P22,...)>
gones <tm,(Pm] ,PmZ,. . .)>

06: Begin Algorithm

07: Max« 0

08: Repeat

09: Make a new permutation

10: S« Calculate Distance of all phrases

[ Downloaded from jsdp.rcisp.ac.ir on 2026-04-28 |

= 11: If S>Max Then

S 12: Max«<S

o 13: Until no new permutation

S 14: Return Max
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§ ~ U (Algorithm-2): An algorithm of calculating PF for a phrase
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Algorithm Distance

01: Input Query q, Text T

02: Output Distance

03: Assumption

04: q include <ti, t2...., tm>

05: T include <(t1,p1), (t2.p2),... , (tm, pm)>
06: Begin Algorithm

07: sort <p1, p2, ..., pm>

08: Mid« Center of mass of <pi, p2, ..., pm™>
09: For i=1 to m

10: move (i, pi) to Mid +i-1

11: Distance « Distance +abs(Mid +i-1-p;) * wi
12: Return Distance
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(Algorithm -1): Distance calculation algorithm
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Algorithm IDF

01: Input Query q

02: Output IDF

03: Assumption

04: q include <t t,...., tn>
05: N is total document in corpus
06: Begin Algorithm

07:DF « 0

08: For every document d;
09: PF « calculate PF(q, d;)
10: If PF>=1 Then

11: DF <~ DF +1

12: Else

13: DF < DF + PF

14: IDF « Log(N/(1 + DF))
15: Return IDF
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(Algorithm-3): An algorithm of calculating an IDF for a phrase
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on two Gaussian core functions
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(Table -1): Parameters and calculated weights for the

BM25F model
sl Jlade
ki 1.4
bitle 0.1
bbody 0.98
banchor 6
Viitle 3.6
Vbody 1
Vanchor 1.4

JAeN) w.’;.;.)}fﬂ 50 b golpriny w.'lg‘)ﬂ‘ dslie gl (MAPY)
el o0l oolazul

S baiooylis P@n b obn (S 0 N Shso
Slp ol Ganas, s wiw n o Lo e sbusl slass
ool Hlid iy Aolre W P@N Jgo 8 .ol 4y 929 gy 2

n 1w 00

1
Pan=->"r 0

=1
el anad; o ek s Gegdad e baaslii 1y A5
Ll
» sly MAP L Cés bhugie 5 Ske uzee
olul den gl L-P@n polie 1Kl lgicds 929wy
D9 g0 iy 25 La e

1 N
AP = lD—Jrleﬂrj X P@j 0

slass saso syl Dy soliw! S slaws saceo Lid N
(el ) i oglad e saslis Iy g e e ol
AP ol Slo olgieas MAP) cio 1 Slo Jawgie
Ll 00l &) slogzg py dor

Jae il ouds auslie ;50 Juo 99 LMWRM o
Sl BM25 alice BM25F oo CRTER Jow g BM25F
5 oadlay 83l gl BM2SF o a5 &glas ol b
e ee 43S i o s slagyyy Aise sla i
B 50 i 5 sly e sle il ke 45 o
O55ly 5 o55ly 55t CRTER Jow jo [38]cul pulass
s 5 Slopls o i s S o5 L e
aiS Tan mb mly opl 4 [39] Sed e 03] CpeeS
Bl a5 Sleogas wb diws &b 2 095 o0

sl el e

il S yho alols gl o Jladee
o3ly 93 (nl &S w3 e &5 Sloj G 5 G 03]y 90 @bl
Cd Bl ais (0 5 wisd jalb pa K05 aiw S§ o
o o Cowl (goae oS pLnl ddad o ,le STil alais Lo
(F) 58 el 55,5 S laalols @l a5 G

Do oo slas |y ablas ol 5l slasges
b s ysbdy o Jow S 5o df o tf slo zal )by
CRTER oo ;0 25,5 o0 1,8 oolatul 590 puiiinws

I Mean Average Precision

2Kernel Function

YA 2l ¥ o)l Ay Jlo



http://dx.doi.org/10.29252/jsdp.15.4.71
http://jsdp.rcisp.ac.ir/article-1-670-en.html

=

)9 LA diseS wlwl po )le GoFd Slye B33 J3w

[ Downloaded from jsdp.rcisp.ac.ir on 2026-04-28 |

- 10.29252/jsdp.15.4.71 ]

[D

p@n

0.8

o6 \\‘_‘g
0.4
0.2
0

1 2 3 4 5 6 7 8 9 10

el WRM BM25F CRTER

BM25F i 5951 b (golodudn vk 5951 (oo dunny Lo 2 (V- J5C0)
s(d) = 1= cdl> 3 P@n jLso 3l o3liiusl L CRTER 4

(Figure-7): Comparison of the proposed algorithm with the
BM2SF and CRTER algorithms using the P@n criterion in

1
S(d) = m
Lj bw}.'}.;o > ) as AR o0 ulm} }:.3 (/\) Ji,.u
90 5l yiig (eolgaing oo 35 MAP Sze 5l eolanul

Caaw| )iio plg.)jin

MAP

0.6

0.55 I
' B
0.45 ]
MWRM  BM25F CRTER
203 w951 98 9 (3l wiz 39X (o nn Lo 1 (A - JS)

MAP Lo 3l colaiw! b

(Figure-8): Comparison between the proposed algorithm and
the other two algorithms using the MAP benchmark

ool b, 5 (6 A -F

R e Slaygise Dlegdge 5l (o Allae nl o
3 D oy p JBJE Cadle en Sl (o
Sobe O3y et (e e S5 0 Dl S sy
alols pogie axl o g bl 9290 (yie cilie glal> )0
Bl gl bl AL damonlii a5 Wl iy
IDF 5 PF arlo (gly alols 5l ooliial b 5 555 & Lie
pl,88dl 90 g oloiian iy sXl o g S slaes ;55
s ool alioe

C o Gl Gl Olgiee oanl Slailesar Glyea
Oz ol &l 6 5a s slaeiy ;6N IDE § PF aul>=e
dloee S p a8l (sl (oB9) Wl on 58 S3lusslee
a8l ) b5 IDF o PF

YA 2be F o)l IYAY Jlo

P2 (339 9 W Aliso A e (0658 abold (Y- Jgu)
MWRM Jow 5l p oaddumlxo s

(Table-2): The hypothetical distance between the different
document sections and the weight of each computed part for

the MWRM model
).LD‘)LL )Im
dAB 1
drs 0
dat 5
Vtitle 6.6
Vbody 1
Vanchor 10.3

Syl b a1 JSCS aw ol 5o a0 oo oyl | s
el ool solawl s(d) é“).g

p@n

0.8
06 \\
0.4 r—
0.2
0
1 2 3 4 5 6 7 8 9 10
e MWRM BM25F CRTER

BM25F (o 59531 b (g0 lgoudiny ok 595 (o oy Lo 1(B~ JSCi0)
s(d) = - <dl> 53 P@n jLxo j o3liiw! L CRTER g

(Figure-5): Comparison of the proposed algorithm with the
BM2SF and CRTER algorithms using the P@n criterion in

s(d) = di

p@n

0.8
0.6 AN
0.4 et
0.2
0
1 2 3 4 5 6 7 8 9 10
e MWRM BM25F CRTER

9 BM25F % 9501 b (g3l i 5951 oyt s Lo 1(5 - JSC2)
s(d) = 5 <dl> 13 P@n Lz jf soliw! b CRTER
(Figure -6): Comparison of the proposed algorithm with the
BM25F and CRTER algorithms using the P@n criterion in

s(d) ==


http://dx.doi.org/10.29252/jsdp.15.4.71
http://jsdp.rcisp.ac.ir/article-1-670-en.html

[ Downloaded from jsdp.rcisp.ac.ir on 2026-04-28 |

[ DOI: 10.29252/jsdp.15.4.71]

[16]

[17]

(18]

[19]

[20]

(21]

[22]

(23]

[24]

(25]

[26]

retrieval, 1991, pp. 32-45.

D. Metzler and W. B. Croft, “A Markov random

field model for term dependencies,” in Proceed-
ings of the 28th annual international ACM SIGIR
conference on Research and development in
information retrieval, 2005, pp. 472—479.

E. K. F. Dang, R. W. P. Luk, and J. Allan, “A
context-dependent relevance model,” Journal of
the Association for Information Science and
Technology, 2015.

F. Song and W. B. Croft, “A general language
model for information retrieval,” in Proceedings
of the eighth international conference on In-

formation and knowledge management, 1999, pp.
316-321.

J. Gao, J.-Y. Nie, G. Wu, and G. Cao,
“Dependence language model for information
retrieval,” in Proceedings of the 27th annual
international ACM SIGIR conference on

Research and development in information retrie-
val, 2004, pp. 170-177.

B. He, J. X. Huang, and X. Zhou, “Modeling term
proximity for probabilistic information retrieval
models,” Information Sciences, vol. 181, no. 14,
pp. 3017-3031, 2011.

Y. Rasolofo and J. Savoy, Term proximity
scoring for keyword-based retrieval systems.
Springer, 2003.

C. Eickhoff, A. P. de Vries, and T. Hofmann,
“Modelling Term Dependence with Copulas,” in
Proceedings of the 38th International ACM
SIGIR Conference on Research and Development
in Information Retrieval, 2015, pp. 783-786.

S. Biittcher, C. L. A. Clarke, and B. Lushman,
“Term proximity scoring for ad-hoc retrieval on
very large text collections,” in Proceedings of the
29th  annual international ACM  SIGIR
conference on Research and development in
information retrieval, 2006, pp. 621-622.

T. Tao and C. Zhai, “An exploration of proximity

measures in information retrieval,” in Proceed-
ings of the 30th annual international ACM SIGIR
conference on Research and development in
information retrieval, 2007, pp. 295-302.

J. Zhao and Y. Yun, “A proximity language
model for information retrieval,” in Proceedings
of the 32nd international ACM SIGIR conference
on Research and development in information
retrieval, 2009, pp. 291-298.

J. Zhao, J. X. Huang, and B. He, “CRTER: using
cross terms to enhance probabilistic information
retrieval,” in Proceedings of the 34th inter-
national ACM SIGIR conference on Research

and development in Information Retrieval, 2011,
pp- 155-164.

7- References &=l =Y

[1]A. Z. Bidoki, “Effective Web Ranking and
Crawling(in persian),” University of Tehran, 2009.

[2]R. Baeza-Yates and B. Ribeiro-Neto, “Modern
information retrieval,” New York, vol. 9, p. 513,
1999.

[3]G. Salton and C. Buckley, “Term-weighting
approaches in automatic text retrieval,” Informa-
tion Processing and Management, vol. 24, no. 5,

pp. 513-523, 1988,

[4]S. E. Robertson, Overview of the Okapi projects,
vol. 53, no. 1. MCB UP Ltd, 1997, pp. 3-7.

[5]1Y. Zhang and A. Moffat, “Some Observations on
User Search Behaviour.,” Austr. J. Intelligent

Information Processing Systems, vol. 9, no. 2, pp.
1-8, 2006.

[6] D. Bahle, H. Williams, and J. Zobel, “Compaction
techniques for nextword indexes,” in String
Processing and Information Retrieval, Interna-
tional Symposium on, 2001, p. 33.

[71H. E. Williams, J. Zobel, and D. Bahle, “Fast
phrase querying with combined indexes,” ACM
Transactions on Information Systems (TOIS), vol.
22, no. 4, pp. 573-594, 2004.

[8] A. Doucet and H. Ahonen-Myka, “An efficient any
language approach for the integration of phrases in
document retrieval,” Language resources and
evaluation, vol. 44, no. 1-2, pp. 159-180, 2010.

[9]11. H. Witten, A. Moffat, and T. C. Bell, Managing
gigabytes: compressing and indexing documents
and images. Morgan Kaufmann, 1999.

[10] D. Bahle, “Efficient Phrase Querying,” School of
Computer Science and Information Technology,
Royal Melbourne Institute of Technology, 2003.

[11] A. Fellinghaug, “Phrase searching in text index-
es,” no. June, p. 137, 2008.

[12] C.J. van Rijsbergen, “A theoretical basis for the
use of co-occurrence data in information retrie-

val,” Journal of documentation, vol. 33, no. 2, pp.
106-119, 1977.

[13] R. Nallapati and J. Allan, “Capturing term
dependencies using a language model based on
sentence trees,” in Proceedings of the eleventh
international conference on Information and
knowledge management, 2002, pp. 383-390.

[14] E. M. Keen, “The use of term position devices in
ranked output experiments,” Journal of
Documentation, vol. 47, no. 1, pp. 1-22, 1991.

[15] W.B. Croft, H. R. Turtle, and D. D. Lewis, “The
use of phrases and structured queries in
information retrieval,” in Proceedings of the 14th
annual international ACM SIGIR conference on
Research and development in information

YA 2l ¥ o)l Ay Jlo



http://dx.doi.org/10.29252/jsdp.15.4.71
http://jsdp.rcisp.ac.ir/article-1-670-en.html

[ Downloaded from jsdp.rcisp.ac.ir on 2026-04-28 |

- 10.29252/jsdp.15.4.71 ]

=

)9 LA diseS wlwl po )le GoFd Slye B33 J3w

PRSI0\ L PR FR PV

R P . V7 W Ly

JPles GRlSm feeslS (pwaigs
o= EERA AT R A A RN SRR
-\ /)511
b )3 J8le 5 faalS 4l ) o1, 055 paass IS5
i 0aSiils o yols b o (g 0,5 8l s A8
@ Jprde ole Crp lyie 4 jgiely KA SealS
el Glopsrie 2858 Jele pae iz g ool
il 9 FoeelS slaasid linl Ae 3 90 Dlegose
Ll Oledlb]
5l el ole lagl &bl Slas

RVE PPN 1Y PP VR POV PE IR L W]

paksima@pnu.ac.ir

YA 2be F o)l IYAY Jlo

[27] J. Zhao, J. X. Huang, and Z. Ye, “Modeling term
associations for probabilistic information
retrieval,” ACM Transactions on Information
Systems (TOIS), vol. 32, no. 2, p. 7, 2014.

[28] J. Miao, J. X. Huang, and Z. Ye, “Proximity-
based rocchio’s model for pseudo relevance,” in
Proceedings of the 35th international ACM
SIGIR conference on Research and development
in information retrieval, 2012, pp. 535-544.

[29] C. L. A. Clarke, G. V. Cormack, and E. A.
Tudhope, “Relevance ranking for one to three
term queries,” [Information Processing &
Management, vol. 36, no. 2, pp. 291-311, 2000.

[30] J. Klekota, F. P. Roth, and S. L. Schreiber,
“Query Chem: a Google-powered web search

combining text and chemical structures,” Bioin-
formatics, vol. 22, no. 13, pp. 1670-1673, 2006.

[31] K. Sadakane and H. Imai, “Text Retrieval by
using k-word Proximity Search,” in Database
Applications in Non-Traditional Environments,
1999.(DANTE99) Proceedings. 1999 Inter-
national Symposium on, 1999, pp. 183—188.

[32] X. Lu, A. Moffat, and J. S. Culpepper, “On the
cost of extracting proximity features for term-
dependency models,” in CIKM 2015, 2015, pp.
293-302.

[33] M. Blum, R. W. Floyd, V. Pratt, R. L. Rivest, and
R. E. Tarjan, “Time bounds for selection,”

Journal of computer and system sciences, vol. 7,
no. 4, pp. 448-461, 1973.

[34] R. Courant, Differential and integral calculus,
vol. 2. John Wiley & Sons, 2011.

[35] S.E. Robertson and S. Walker, “Some for Simple
Effective Approximations to the 2 — Poisson
Model Probabilistic Weighted Retrieval,”
Proceedings of the 17th annual international
ACM SIGIR conference on Research and
development in information retrieval, pp. 232—
241, 1994.

[36] H. Zaragoza, N. Craswell, M. J. Taylor, S. Saria,
and S. E. Robertson, “Microsoft Cambridge at
TREC 13: Web and Hard Tracks.,” in TREC,
2004, vol. 4, p. 1.

[37] R. Duda O., P. Hart E., and D. Stork G., Pattern
Classification. 2000.

[38] S. Robertson and H. Zaragoza, The probabilistic
relevance framework: BM25 and beyond. Now
Publishers Inc, 2009.

[39] J. Zhao and J. X. Huang, “An enhanced context-
sensitive proximity model for probabilistic
information retrieval,” in Proceedings of the 37th
international ACM SIGIR conference on
Research & development in information
retrieval, 2014, pp. 1131-1134.


http://dx.doi.org/10.29252/jsdp.15.4.71
http://jsdp.rcisp.ac.ir/article-1-670-en.html

[ 82-¥0-920z uo JrJe-dsioidps( wouy pspeojumod | [T v sTdpslzaesz ot (104 ]


http://dx.doi.org/10.29252/jsdp.15.4.71
http://jsdp.rcisp.ac.ir/article-1-670-en.html
http://www.tcpdf.org

