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Abstract for QE. We limit the number of expansion terms to
at most 20. In most QE experiments, hundreds of

This paper presents comprehensive experimentalterms are added to an original query[10][12]. How-
results on query expansion (QE) with a small number ever, this style of QE substantially increases search
of terms. Our retrieval process uses a term weighting response time and introduces a complication with re-
scheme based on a probabilistic model. The terms ofspect to the actual system implementation, e.g. par-
large Robertson’s selection values are used for QE. In allelized or distributed processings. In this paper, we
most QE experiments, hundreds of terms are added topresent experimental results attained by using at most
an original query. However, this style of QE substan- 20 terms for QE. The best average precision is nearly
tially increases search response time. In this paper, we 8% increase over the baseline case, i.e., the case where
provide experimental results attained by using at most we do not use QE. This improvement is obtained when
20 terms for expansion. The best average precision only ten terms are added to an original query. More-
is nearly 8% increase over the baseline case, i.e., the over, expansion terms are selected only from the top
case where we do not use QE. This improvement is ob-five documents of an initial retrieval. Our results show
tained when only ten terms are added to an original that we can achieve a fairly good improvement even
query. Our results show that we can achieve a fairly with a small number of expansion terms. Therefore,
good improvement even with a small number of expan- it can be concluded that this kind of light-weight QE
sion terms. The results also show how we should ad- technique is a realistic choice for an efficient and scal-
just parameter values to improve the quality of seach able Web search. However, to improve search quality
systems using QE. with light-weight QE, we should adjust system param-
Keywords: WWW, Information Retrieval, Query Ex- eters appropriately. The parameters to be adjusted are:

pansion. L .
1. Control parameters appearing in the term weight-

ing formula,

1 Introduction 2. Number of the top-ranked documents from where
expansion terms are extracted, and

This paper presents comprehensive experimental
results on query expansion (QE) with a small number
of terms. Our retrieval process uses a term weighting
scheme based on a probabilistic model after a slight
modification reported in [2]. Then, the terms hav- According to our experimental results, we can improve
ing large Robertson’s selection values [7] [6] are used Web search fairly well with a wide range of values of

3. Mixture ratio multiplied to the weights of expan-
sion terms when we take a summation of all term
weights for computing a document score.
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the second parameter, i.e., the number of top-ranked3 Term selection method

documents from where expansion terms are extracted.

However, the first and the third parameters heavily af-  Our term selection method is a conventional one,
fect the search quality. Therefore, our findings must i.e., a method using Robertson’s selection value
provide a practical and informative guide in choosing (RSV) [6]. The selection weight of a tertris defined
parameter values appropriately to design an efficient as follows:

light-weight QE system.
RSV, = (ﬂ _ ﬁ)
R N
2 Information retrieval model N _rdf+£0.5
R—rdf+0.5
N—df —R+rdf+0.5

We adopt a probabilistic model and use a term
weighting formula as presented in [9], which is a vari-
ation of BM25 [8]. However, we modify the formula  where
as reported in [2]. That is, we replace the so-called
Robertson-Sparck Jones weight with the logarithm of
IDF appearing in a traditional term weighting formula, rdf: Number of relevant documents including
TF-IDF [1]. This replacement actually improves the
quality of our Web search. Futher, in our experiment, ) .
no terms appear more than once in the query. WhenHere too, we sefl = 0.5 to avoid overtuning. As for
we do not use free text queries, this is an ordinary case.ft» We test the following values: 5, 10, and 20. The
Therefore, we omit the factor of query term frequency t€rms appearing in the tofi documents of an initial
from our weighting formula. As a result, we use the retrieval are sorted by their selection weights. Then,

following as the term weight(¢) of a term¢ appear- top—rankeq terms are used for QE. [lebe the number
ing in a documend’: of expansion terms. In our experimefittakes either

of the following values: 5, 10, or 20. In addition, we
w(t) = 1o (ﬁ) . (k+1)-tf ) test .15 values fop: in Eq. 2, ranging from 0.005 to
=08 df ! k{(1—a)+ aagldl} +tf 0.2,i.e.,0.005, 0.01, 0.02, 0.03, 0.04, 0.05, 0.06, 0.07,
0.08, 0.10, 0.12, 0.14, 0.16, 0.18, and 0.2. As a result,
where we testd x 3 x 3 x 15 = 540 combinations of values
of four paremeters;, R, T', and.

©)

R: Number of relevant documents

0. Control parameter.

N: Number of documents in the collection

df: Document frequency of 4 Experiment settings

tf: Term frequency of in d We use a document set prepared for NTCIR-5 WEB
Query Term Expansion Subtask [11]. As all docu-

dl: Document length off ments are written in Japanese, we decompose each

avdl: Average document length document into a multiset of terms by using a morpho-
logical analyzer MeCdb We also use an open dic-
k, o: Control parameters. tionary ipadic-2.5.1 without any modification. Initial

) ) _ retrievals are executed with 35 queries prepared for the
To avoid overtuning control parameters, we simply set {5k Then, we regard the tdpdocuments as relevant
a 10 0.5, because this value can attain fairly good re- yocuments for each query. As mentioned above, we
trieval results. As fork, we test the following four  iast the values 5, 10, and 20 f& From theR rele-
values: 10, 20, 50, and 100. _ vant documents, we select the terms for QE by using
When we compute the score of a documéntith RSV (See Eq. 3) and expand each original query by the
respect to an initial query, i.e., a query before ex- g5 ranked terms. The number of terms used for QE,
pansion, we take a summation of the term weights of yenoted byT', is either 5, 10, or 20. The top 10 terms
all terms included both ig andd. On the other hgnd, are listed in Table 1 and 2 for each of the 35 queries
when we compute the score of a document with re- ang for all three settings of the paramefer In a re-
spect to an expanded queyy the weights of terms  tieval with an expanded query, document scores are

used for expansion are multiplied by a consfant 1. computed with Egs. 1 and 2. We evaluate all retrieval
In this paper, we call this constapt mixture ratia results by comparing them with the relevant document
Consequently, the score of a documéntith respect  set provided by the organizer. This paper presents the
to an expanded query is computed as follows: quality of each retrieval result with the average preci-

sion and the R-precision.

Score(d) = Z w(t)+u~ Z w(t) (2) Lhttp://chasen.org/ taku/software/mecab/
t€qnd te(a’"\g)nd 2http://chasen.naist.jp/stablefipadic/
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5 Results of Experiments 6 Analysis

In this section, we analyze how the average preci-
sions of 35 queries are improved by QE. In our anal-
ysis, we sekt = 20, R = 5, T = 10, andu = 0.14,
because this combination of parameter values gives the
best average precision among those obtained in our ex-
periments. We characterize the average precision im-
provement of each of 35 queries by the correlation of
tthe following two values:

Table 3 includes all average precisions as the ra-
tio to the baseline value 0.1620. The leftmost column
shows the experiment settings. stands for the con-
trol parameter appearing in Eq. B,for the number of
top-ranked documents from where we extract expan-
sion terms, and” for the number of expansion terms.
For example, the row with the leftmost entry “10/5/20”
includes the average precisions attained when we se
k =10, R = 5, andT" = 20. Each row includes « Difference between the maximum of expansion
15 average precisions obtained with 15 different val- term RSVs and that of query term RSVs, and
ues of mixture ratiq: ranging from 0.005 to 0.2. For
example, the column with the uppermost entry “0.08” e Difference between the standard deviation of ex-
includes the average precisions when we multiply 0.08 pansion term RSVs and that of query term RSVs.
to the weights of expansion terms as shown in Eq. 2. ) N )

On the other hand, Table 4 includes all R-precisions ~ YWhen the former value is positive, there is at least
as the ratio to the baseline value 0.2066. This table "€ €xpansion term whose RSV is larger than any of
has the same structure as Table 3. In both tables, eachn€ query term RSVs. Therefore, we can expect QE to
italicized number is the largest one for a fixedThe contribute to the improvement of Web s_earch quality.
largest number in each table is boldfaced. We can ob-For example, the query of ID 0098 consists of the fol-

tain the best average precision whier= 20, R = 5, lowing terms: ‘0 0 00 (world heritage)” and &1 [
T = 10, and the mixture ratigu is 0.14. We can also ~ (Japan).” After a morphological analysis, the term *
obtain the best R-precision whén= 10, R = 10, 000 "is decomposed into two terms‘0 (world)”

T = 5, andy = 0.10. The average precisions and the @nd ‘0 O (heritage).” Consequently, this query con-
R-precisions fork = 20, R = 5, andT = 10, are sists of three query terms. For this query, we have a
presented in Figure 2, Figure 3, and Figure 4, respec-{€M ‘0 0 00 (UNESCO)” as the expansion term
tively. The left panel shows the average precisions, aving the largest RSV. The RSV of "UNESCO” is
and the right panel shows the R-precisions. Although €dual to 8.7684 and is larger than 6.8757, which is the
the average precisions and the R-precisiongifer 5 RSV of “heritage”. The term “heritage” has the maxi-
show less dispersion than those for= 20 and those =~ MUM RSV among the three query terms. The RSV of
for T = 10, it can be concluded that a careful tuning of World” is 3.7056, and that of “Japan” is 2.9436. As
each parameter is required to obtain a large improve- for this query,'Q'Etechnlque substantially improves the
ment. Table 3 and Table 4 must provide a practical and 2Verage precision from 0.0729 to 0.1863.

informative guide in choosing parameter values appro- _ On the other hand, when the latter value, i.e., the
priately. difference between the standard deviation of expan-

sion term RSVs and that of query term RSVs, is small,
the query term RSVs show a larger divergence than
the expansion term RSVs. The query terms showing
a large divergence in their RSVs may not be able to
create a good topical unity in an initial retrieval re-
sult. Therefore, if the expansion terms extracted from
such a retrieval result show a small divergence in their
RSVs, these expansion terms may give a search result
focusing on a topic apart from that expressed in the
query terms. Consequently, it is desirable that the ex-
pansion term RSVs also show a fairly large divergence
when the query term RSVs show a large divergence.

STDEV(expansion term RSVs)
- STDEV(query term RSVs)
)

MAX(expansion term RSVs) - MAX(query term RSVs) Our latter value captures this intuition. For example,
the query of ID 0097 consists of two query terms: “
Figure 1. Web search improvements 00000 (eye makeup)” and™ O O (method).”
characterized by the correlations be- The RSVs of these two terms are 11.2245 and 0.9881,
tween query term RSVs and expansion respectively, and show a large divergence. The expan-
term RSVs (See also Table 5.) sion terms for this query includelr'0 (the expres-

sion of the eyes)”,['1 0 O (eyelid)”, and ‘0 (color)”.
Since any of these terms can appear in a context unre-
lated to the eye makeup, they may cause a topic drift.
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In fact, the average precision of this query decreasesthis techinique has no direct relation with QE tech-

from 0.1340 to 0.0552 by using QE. nigue. Therefore, we add the above result as an ad-
Figure 1 characterizes the Web search improve- ditional one with respect to QE task.

ments of all 35 queries by the correlations between the

two values shown above. The horizontal axis repre- 8 Conclusions

sents the former value, i.e, the difference between the

maximum of expansion term RSVs and that of query  As is well known, QE technique introduces a lot

term RSVs. The vertical axis represents the latter, of parameters to be tuned into an information retrieval

i.e., the difference between the standard deviation of system. Therefore, we conducted a long series of ex-

expansion term RSVs and that of query term RSVS. periments and presented all the results of our experi-

Each gray-filled circle stands for a query with respect ments in this paper. The results show that we can ob-

to which we can improve the average precision by QE. tain a fairly good improvement of Web search even

Each white-filled circle stands for a query with respect \ith a small number of expansion terms. However, a

to which QE makes the average precision decrease careful parameter tuning is required. Our comprehen-

The area of each circle shows the amount of increasesjye experimental results must provide a cue to effec-

(for a gray-filled circle) or decrease (for a white-filled  tjyely manage a search system using QE with a small

circle) in average precision. It should be noted that we nymber of terms.

have many gray-filled circles on the upper right side of

the figure. All data are presented in Table 5. References
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Correlation between average precision and mixture ratio Correlation between R—precision and mixture ratio

Figure 4. Evaluation results for 7 = 10.
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Table 1. Top 10 expansion terms (query IDs: from 0001 to 0076)

qd [ R ][ top10terms

0001 5 goo,00,o0o0o00o,o0o00,0o0o00O0,0Do000LoLO,00oLoDoo0O,0o0, 000000 LoDO,O0
0001 | 10 gooooo,o00,00,000,0000000D0O0,0000O0,000,0000,0000D0O0O00,000000O0
0001 | 20 go,o0oo,o0oo0,b0o0bobo,0o,0obo,0o0o0,0b0,00,0D00

0003 5 goooooo,000,0000,000,00,00,00,1473,15430000

0003 | 10 go,0oo0,0oogo,oooooog,oo,bobo,0obo,00oooo,bo,go
0003 | 20 goo,0o00o0,00bO0,00b0obob,00,0000,00,00,00,00

0004 5 goooo,oo,o0o0o,o0o0,00,00,00,00,00,00

0004 | 10 0o,00,000,00,00000,00000,00,JerusalempO0,d0d

0004 | 20 ooooo,00,00,00,000,00,00000 ,Jerusalemi] 00 israelwire

0006 5 Slew,00,000, 00,Gulch,00, 00O ,Nureyev,Quest] 0

0006 | 10 goo,00,00,00,000,00,00,00,CLICK,HERE

0006 | 20 go,0o00,00,00,00,0,00,00,000,Melancon

0019 5 go,o00,00,00,00,00000,0,000,00000,00000O

0019 | 10 go,o00,00,00,00000,00000D0,000O0,00,00000,00

0019 | 20 go,o0o0,0oooooo,bo,0bo,b0ooo,o0o0,0,00,00

0021 5 000, 000 ,mediatv,JUSTICE,justice,] O, 000, 00, OO ,portrait

0021 | 10 000 ,mediatv,JUSTICE,justice] 00 ,0,00,000,00,00

0021 | 20 mediatv,JUSTICE[J O O ,justice,portrait,jump,banner,Paft, ,Profile

0022 5 goo,0o00,00,000,0000,000DO0,0000O0,00000D00DO0,0D0D0D0O0DOD,D0O0O
0022 | 10 go,000,0000,000,00,000,000000,00000,000,000
0022 | 20 go,oo00,0000,00,000000,000,000,00,0000,000O

0023 5 00010411,00001541,00022390,0, 0 0000, 000,Darlin, 00, 00,00

0023 | 10 00010411,00001541,00022390,0, 00,000 ,Darlin, 00000, 00,00

0023 | 20 [0 0,00010411,00001541,00022390,0, 000 ,Darlin, 00000, 00,0

0028 5 O0O,mygate,000,00,00,00,00,00,0,000

0028 | 10 g,o0o0,o0o0,00,00,000,0,000,00,0

0028 | 20 go,o00,0,0,00,000,00,00,00,00

0029 5 QR,VAIO,SR,505,0 O O ,PCG,sony,RXd O O ,MX

0029 | 10 RX,VAIO,LX,PCVMX,XP, 00 OOOO,000,000,sony

0029 | 20 VAIO,Hundycam,0 O OO O0,000000,000,000,pcv,RXtrv,000000

0034 5 goo,0,000,0000,0000O0,00,00,000,0000,000

0034 | 10 go,oo0o,o0o0,000,0,00000,0000,000,00,0000

0034 | 20 go,o0,0,00,000,000,00,000,00,00

0044 5 go,00000,0000,00,000WISH,0,00,00000,000

0044 | 10 go,0o0oo0000,000o0o0,0000,00,000,0,00,00,WISH

0044 | 20 gooooo,ooooo,boo,0bob,b00,0,000,00,000,00

0045 5 goo,0ooo0,0o00o,b0ooo,0booboo, 000,000, 000O0,00,000D00DO
0045 | 10 gooo,o0o0o0,000,0000,00000O0,000,0000,00D00,000D00D,D0D
0045 | 20 gooo,o00do0,000,0000,000000,0000,000,000,00,0D0DO
0055 5 goo,0o0o0o,b0o0b0,0o0bobo, 00,0000, oDobD,0o0b0,b00D00,0
0055 | 10 goo,0o00o0,00,0000,00,0,000,00000,000,00

0055 | 20 goo,0000,00,0000,00,0,00,00,00,000000

0058 5 go,oo,o0,o0o0,00,00,00,00,00,00

0058 | 10 go,o0,00,0000,00,00,0,00000D0,0,00

0058 | 20 go,o00,0,00,0000,00,00,00,00,0

0061 5 go,o00,00,000,00,00,00000,00,00,0

0061 | 10 go,o0,00,00,000,00,00,0000,00,00

0061 | 20 go,00,0,000,00,00D00D,0000O0,00,00,00

0062 5 go,0oogoo,o0go,0o0gogo,0o,b00oDO,00,000,0000,00

0062 | 10 goooo,oo0,00,00000,00,00,00,000,00,0

0062 | 20 goooo,0o0,00,00,0,00,00,0,000,0000

0063 5 go,o0,o00,00,0,00,0,00,0,00

0063 | 10 go,oo0,0,00,00,00,0,0,00,00000

0063 | 20 go,o00,00,0,00,00000,00,0,0,00

0065 5 go,oo0o0,o0o0,00,00,00,00,00,00,0

0065 | 10 go,o0o0,00,00,00,00,00,000,0,00

0065 | 20 go,o00,00,00,00,00,00,00,00,00

0068 5 go,o0o0,0,00,0,0000,00,000,000,00

0068 | 10 go,o0o0,0,0,00,00,00,000,00,00

0068 | 20 go,0,0,00,000,00,00,00,000,00

0070 5 00,00,maedadJ 00,000,000, 00 tachibanad 00 0O O ,Claims

0070 | 10 00,0000,00,00,00,00,maedad00,00,00

0070 | 20 go,oo000,o0o0,00,00,0,00,00,00,000

0071 5 Population0 00,00, 00000000,ProjectionsJ0,00,00000,0000,00
0071 | 10 Populationd O,00,00,000,00,1998,00,00,00

0071 | 20 Population0 0O, 00,000,00,00,000,Social,00,00

0073 5 000,MJRetirement NBAO OOOO,00,000,00,00,0000,000

0073 | 10 O0OO0,NBA, OO0O00OO,MIRetirementJ 0, 00,000,00,00,00

0073 | 20 NBA, O0O0O,000,00000,Basketball00,00,00,00,00

0074 5 go,00,000,00,0000,0,00,0000000O0,00,00

0074 | 10 go,00,0,00,000,00,00,00,00,00

0074 | 20 go,oo,00,00,00,00,0000,000,000,0

0076 5 go,0000,00000,000,00000O0,0000,000,00D00DO0,0D0,00DO
0076 | 10 00,0000,00000,000,ctakasi,000,000,komaba,d, 00

0076 | 20 go,o0000,000,000,00000,00,0000,00,00,0000
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Table 2. Expansion terms (query IDs: from 0080 to 0099)

[ aid | R ][ top10terms
0080 5 oo,o,00,0,00,0,00000,00,000,00
0080 | 10 oo,o,00,00,00,000,0,00,00,00
0080 | 20 go,oo,o0o0,00,0,000,0,0,0000,00
0082 5 goooo,0o0,o00,00,00,00,00,00,00,000
0082 | 10 goooo,0o0,00,00,00,00,00,00,000,00
0082 | 20 0oo,00,00,00,00,00,00000,00,00,00
0084 | 5 |[ aimjal, 00 0,2273,270140 0000, O,13022,13115,13086,13102
0084 | 10 aimjal, 0 0 0,2273,0, 00 ,aim,588,0 00, O O,PUD
0084 | 20 aimjal, 0 0 0,2273,00,aim,588,0 0000, 00,00,00
0086 5 oo,oo000,0000,0000000,00,00,000000,000000,00,0000000O0
0086 | 10 oo,oo0,0o000,00,0000000,0000000O0,00,0000,00,00
0086 | 20 oo0,o0o000000,00,00,0000,00000000,00,0000,00000,00000
0088 5 oo,oo0o0,o0o00,00,000,00,00,00,000,00
0088 | 10 goo,oo0,00,00,00,00,000,000,00,00
0088 | 20 0oo,00,00,00,00,00,00,00,000,00
0091 5 0O0,ETS,00,990,00,00,Chauncey] D000, 000000,00
0091 | 10 0oo,00,00ETS,00000,000000,000,00,00,0
0091 | 20 ooooo,00,000000,00,ETS,000,00,TOEFL, 00,00
0095 5 ooo,o00,00,00,00,00,00,00,00,00
0095 | 10 go,oo,00,00,00,00,000,00,00,000
0095 | 20 oo,o00,00,00,00,00,00,00,00,00
0097 5 goo,oo0o0,o0o00,0,00000,00000,000000,00,000,000
0097 | 10 ooo,000000,00,00000,00000,0,addd,00,000,00
0097 | 20 goo,0o0oooo,0o0oooo,00,0,00o000,000,0,00000D0,00
0098 5 gooo,00,0o00,00,00,000,000,0000,00,000
0098 | 10 oooo,o0o00,00,0000,00,000,00,000,000,000
0098 | 20 oooo,00,0000,000,000,00,000,000,00,00
0099 5 oo,o0,00000,000,000,000,0000000O0000O0,000,0,00
0099 | 10 oo,oo0,000,0,00,000,00,000,00,000
0099 | 20 o,o0o0,000,00000,00,00,00,000,00,00
Table 3. Comparision of average precisions
kIRIT 0.005 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.10 0.12 0.14 0.16 0.18
10/5/5 1.005 1.017 1.027 1.041 1.039 1.045 1.043 1.047 1.051 1.055 1.056 1.053 1.052 1.039
10/5/10 | 1.007 1.009 1.023 1031 1033 1038 1045 1051 1053 1062 101075 1.071 1068 1.060
10/5/20 1.006 1.013 1.018 1.023 1.031 1.036 1.039 1.038 1.042 1.048 1.047 1.049 1.047 1.049
10/10/5 | 1.008 1.017 1.029 1.034 1.038 1046 1054 1060 1.061 1061 1027 1018 1005 0.986
10/10/0 1.007 1.014 1.019 1.027 1.030 1.032 1.035 1.038 1.037 1.026 1.014 1.008 0.975 0.962
10/10/20 | 1.005 1.012 1.014  1.002 1.005 1.013 1.014 1.014 1.006 0.994 0976 0956 0.937 0.919
10/20/5 | 1.008 1.017 1.029 1035 1038 1045 1043 1047 1018 1011 0996 0985 0971 0.948
10/20/10 | 1.011 1016 1.028 1.037 1043 1050 1056 1052 1053 1.048 1019 0972 0949 0.935
10/20/20 | 1.006 1011 1012 1015 1019 1016 1019 1016 1010 0988 0.963 0937 0912 0.890
20/5/5 | 1.005 1.018 1.034 1042 1041 1041 1046 1049 1053 1.060 1059 1066 1049 1.023
20/5/10 | 1.007 1010 1025 1031 1036 1042 1050 1051 1058 1068 1014078 1070 1066 1.060
20/5/20 1.006 1.013 1.020 1.028 1.032 1.036 1.041 1.045 1.045 1.051 1.048 1.045 1.041 1.044
20/10/5 | 1.008 1.019 1030 1.037 1.043 1053 1060 1.063 1063 1036 1.028 1015 0.996 0.965
20/10/10 | 1.007 1.014 1020 1030 1033 1034 1038 1037 1034 1018 1004 0973 0959 00942
20/10/20 | 1.005 1.013 1015 1003 1010 1014 1013 1013 1006 0.983 0956 0928 0914 0.895
20/20/5 | 1.008 1018 1029 1037 1042 1039 1044 1014 1011 1002 0996 0981 0954 0918
20/20/10 | 1.012 1.017 1.029 1.040 1.047 1.054 1.055 1.052 1.052 1.032 0.974 0951 0.935 0.921
20/20/20 | 1.006 1.012 1.013 1.015 1.019 1.021 1.016 1.012 1.003 0.972 0.949 0914 0.889 0.862
50/5/5 1.010 1.019 1.035 1.044 1.038 1.043 1.048 1.056 1.061 1.060 1.064 1.047 1.017 0.972
50/5/10 | 1.007 1.016 1030 1.031 1.039 1046 1053 1.057 1060 1.065 1.06D70 1.065 1.064 1053
50/5/20 | 1.007 1013 1020 1029 1031 1039 1043 1048 1053 1058 1.045 1.037 1.038 1.031
50/10/5 | 1.013 1020 1033 1043 1049 1056 1059 1061 1043 1029 1019 0998 0965 0.933
50/10/10 | 1.007 1.014 1.026 1.033 1.037 1.035 1.036 1.033 1.021 1.003 0.973 0963 0.941 0.916
50/10/20 | 1.009 1.013 1.014  1.005 1.012 1.010 1.010 1.000 0.991 0.961 0.933 0.910 0.890 0.874
50/20/5 | 1.013 1.023 1031 1.037 1037 1038 1016 1.008 1003 0998 0982 0957 0915 0.868
50/20/10 | 1.012 1.018 1.031 1.044 1050 1056 1.057 1.054 1041 0.980 0951 0933 0913 0.894
50/20/20 | 1.011  1.013 1.014 1016 1.019 1020 1.017 1.009 0.993 0.960 0921 0.890 0.861  0.843
100/5/5 | 1.011 1.020 1.036 1.043 1.039 1.043 1.049 1058 1.061 1.060 1055 1030 0999 0935
100/5/10 | 1.007 1.016 1.031 1.034 1.040 1.047 1.052 1.060 1.061 1.066067 1.066 1.059 1.054 1.039
100/5/20 | 1.006 1.013 1.021 1.029 1.034 1.039 1.044 1.049 1.054 1.054 1.044 1.038 1.026 1.027
100/10/5 | 1.014 1021 1033 1.045 1049 1054 1058 1058 1.036 1027 1008 0981 0954  0.907
100/10/10 | 1.011 1.015 1026 1.034 1039 1040 1032 1026 1016 0994 0968 0953 0936 0.902
100/10/20 | 1.009 1.013 1015 1.003 1012 1008 1004 0992 0979 0945 0922 0897 0878 0.842
100/20/5 | 1.014  1.023 1.032 1.035 1.036 1.039 1.009 1.005 1.003  0.992 0.967 0.934 0.894 0.831
100/20/10 | 1.013 1.022 1.034 1.044 1.051 1.057 1.053 1.046 1.027  0.970 0.941 0919 0.899 0.875
100/20/20 | 1.011 1012 1012 1016 1019 1020 1017 1007 0987 00946 0907 0878 0851 0.838

0.2
1.016

1.031
0.960
0.942
0.907
0.926
0.922
0.868
0.987

1.024
0.937
0.917
0.867
0.870
0.906
0.846
0.927

1.010
0.907
0.892
0.831
0.814
0.876
0.809
0.903

1.005
0.879
0.881
0.813
0.793
0.854
0.795
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Table 4. Comparision of R-precisions

K/RIT | 0005 001 002 003 004 005 006 007 008 010 012 014 016 018 0.2
10/5/5 | 0.994 0994 1.012 1.016 1.021 1.040 1.047 1.051 1.050 1.05/ 1.05/ 1.037 1.030 1.024 |0.989
10/5/10 | 1.002 1.008 1.010 1.022 1.026 1.027 1033 1046 1050 1052 1042 1039 1024 1039 |1.030
10/5/20 | 1.002 1.001 0999 1.008 1.017 1021 1031 1039 1041 1035 1039 1.037 1038 1036 |[1.051
10/10/5 | 0995 1.002 1.016 1.022 1037 1.037 1048 1048 1054073 1017 0996 0970 0974 0.95
10/10/10 | 1.001 1.001 1.001 1017 1025 1020 1030 1030 1032 1040 1022 1013 0.964 0.941 |[0.924
10/10/20 | 1.001 0.994 0.992 1.004 1021 1025 1018 1022 1021 1016 1015 1006 1002 00991 |0.967
10/20/5 | 0.994 1003 1017 1.025 1.036 1034 1027 1031 1003 1003 1.002 0973 0954 0945 |[0.930
10/20/10 | 0.995 0995 1019 1031 1.042 1.040 1042 1056 1.056 1051 1034 0.974 0954 0941 |0.926
10/20/20 | 1.001 0.993 0.999 1023 1022 1021 1022 1030 1028 1013 1003 0.966 0.949 0.944 |0.934
20/5/5 | 0.993 00996 1014 1017 1.023 1.045 1.049 1.050 1.059 1.059 1.050 1.054 1.046 1.019 |0.963
20/5/10 | 1.001 1.008 1.007 1.023 1.026 1.029 1.033 1049 1.051 1.035 1.040 1.038 1.037 1.035 |1.024
20/5/20 | 1.002 1.001 0.999 1.014 1.018 1.022 1.025 1.039 1.042 1.039 1039 1.042 1018 1.031 |1.026
20/10/5 | 0.993 1.008 1.020 1.024 1.034 1046 1049 1.057.062 1.033 1004 0982 0969 0963 0936
20/10/10 | 0.994 0999 1007 1015 1.016 1020 1020 1.030 1037 1020 1.004 0.960 0953 0.904 |0.894
20/10/20 | 1.001 0994 1.000 1.016 1.023 1.018 1022 1019 1015 1010 1011 1007 0982 0967 |0.963
20/20/5 | 0.992 1.008 1.014 1.025 1.035 1.020 1.023 0996 0.992 1.000 0.976 0.958 0.953 0.931 |0.923
20/20/10 | 0.994 1.003 1.020 1.032 1.034 1.040 1048 1055 1054 1045 0979 0958 0927 0919 |0.891
20/20/20 | 1.002 0993 1.000 1.022 1.024 1.019 1018 1025 1020 1015 0977 0960 0945 00930 |0.892
50/5/5 | 0.993 1005 1015 1018 1036 1.046 1046 1.053 1.063 1.08B064 1.050 0.992 0.964 0.931
50/5/10 | 1.001 1008 1.008 1.017 1025 1.028 1.029 1028 1048 1.046 1.041 1048 1.038 1.026 |1.015
50/5/20 | 1.002 1.001 1.004 1.014 1.018 1.023 1.024 1043 1040 1.038 1035 1.027 1028 1019 |1.010
50/10/5 | 1.000 1.008 1.018 1.032 1.040 1.044 1.040 1050 1.047 1.002 0.978 0.977 0.965 0.948 |0.904
50/10/10 | 0.994 1.000 1.009 1.010 1017 1.019 1024 1025 1026 1009 0982 0935 0896 0875 |0.852
50/10/20 | 1.002 0994 1.004 1.015 1011 1015 1010 1013 1013 1002 0997 0992 0965 00945 |0.905
50/20/5 | 0.994 1008 1.016 1.029 1034 1020 1.022 0999 0998 0.968 0.960 00961 0.936 0.909 |0.870
50/20/10 | 0.995 1.003 1.021 1.025 1.025 1.043 1051 1056 1039 1024 0979 0928 0934 0897 |0.876
50/20/20 | 1.001 0992 1.000 1.023 1017 1016 1021 1032 1018 1003 0957 0956 0922 0.896 |0.849
100/5/5 | 0.993 1.006 1.015 1.026 1.038 1.042 1041 1060.062 1056 1057 1016 0965 0936 0.893
100/5/10 | 1.001 1.008 1.008 1019 1026 1024 1029 1039 1045 1047 1060 1.044 1.033 1.025 |1.024
100/5/20 | 1.002 1.001 1.004 1016 1020 1023 1026 1043 1036 1038 1023 1032 1018 1010 |1.000
100/10/5 | 1.000 1.009 1.018 1038 1.041 1.041 1044 1049 1053 0997 0970 0.968 0948 0909 |0.868

100/10/10 | 0.994 1.000 1.009 1011 1.021 1.020 1024 1.024 1007 0987 0941 0932 0.88L 0.860 |0.833

100/10/20 | 1.002 0.994 1.004 1.015 1010 1015 1009 1012 1019 1001 0994 0971 0947 0927 |0.889
100/20/5 | 1.001 1.009 1.016 1.029 1028 1027 1001 0997 1003 0970 0956 00942 0935 0.883 |0.825

100/20/10 | 0.995 1.005 1.021 1.022 1.034 1039 1050 1044 1034 0987 0966 0921 0896 0.885 |0.871

100/20/20| 1.001 0.992 1012 1023 1017 1.014 1017 1021 1021 0993 0949 0.943 0.908 0.858 |0.839
Table 5. Web search improvements characterized by the correlations between query term
RSVs and expansion term RSVs (See also Figure 1.)

query ID 0001 0003 0004 0006 0019
(average precision after QE) (baseline average precision)) 0.0402 0.0196 0.0002 0.0043 -0.0066
MAX(expansion term RSVs) MAX(query term RSVSs) -0.1558 -2.3770 -0.9446  3.0651 -3.1196
STDEV(expansion term RSVs) STDEV(query term RSVs)| 0.5141 -3.3720 -0.2685 -0.6734 -0.5968
0021 0022 0023 0028 0029 0034 0044 0045 0055 0058 Qo061
0.1958 0.0235 0.0000 0.0064 0.0106 0.0263 -0.0176 0.0435 -0.0097 -0.0042 -0.0101
0.4644 -3.1396 1.0490 -5.0153 0.1731 -0.6875 -0.0916 -2.6462 -2.4513 -2.1042 -0.4227
0.4119 -3.6928 -0.0317 -1.1549 -0.4196 -1.5490 -0.0990 -0.8502 -1.9339 -0.4612 -0.1777
0062 0063 0065 0068 0070 0071 0073 0074 0076 0080 0082
0.0107 0.0059 -0.0014 0.0033 0.0199 -0.0020 -0.0004 -0.0154 -0.0056 0.0279 0.0146
0.4745 0.1828 -1.8797 -2.3629 0.2741 3.0469 -1.1962 -1.5094 -5.3382 -0.3633 1.9622
-1.0617 -0.7537 -1.1954 -1.4337 1.1591 -0.8196 0.4171 -1.4308 -4.4108 -0.7170 (.3942
0084 0086 0088 0091 0095 0097 0098 0099
-0.0002 -0.0013 0.0155 -0.0060 0.0049 -0.0788 0.1134 0.0128
3.3783 0.3146 1.3507 -2.1818 -1.9612 -1.3420 1.8927 -1.7562
-0.5581 -0.0492 -0.1243 -2.9149 -0.7062 -5.1956 -0.9571 -2.0401




