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This work presents a method for online generation of query related suggestions for a Web

sear
h engine. The method uses asso
iation rules to extra
t related queries from the log

of submitted queries to the sear
h engine. Experimental results were performed on a real

log 
ontaining more than 2.3 million queries submitted to a 
ommer
ial sear
h engine.

For the top 5 related terms our method presented 
orre
t suggestions in 90.5% of the time.

Using queries randomly sele
ted from a log we obtained 93.45% of 
orre
t suggestions.

A study of the user behavior showed that in 92.23% of the 
li
ks on suggestions, users

found useful information. The same approa
h 
an be used to provide terms to the 
lassi


problem of query expansion. For instan
e, the average pre
ision of the answers of the

Google sear
h engine was improved by 23.16% using our aproa
h as a query expansion

method.
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1 Introdu
tion

The Web has be
ome an essential sour
e of up-to-date information that 
overs almost all the

topi
s of human knowledge. However, the task of �nding relevant information related to a

given topi
 on the Web is diÆ
ult. The information available on the Web is not stru
tured

and the useful material related to any desired topi
 is always mixed with billions of Web

pages with little or no interest. In this s
enario, Web sear
h engines be
ame one of the most
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popular servi
es available on the Web.

Despite re
ent advan
es in the te
hnology of sear
h engines there are still many situations

where users are 
ontemplated with non-relevant answers. One of the great 
hallenges fa
ed

by sear
h engines is the diÆ
ulty in un
overing an exa
t des
ription of the users need, as they

usually submit very short and impre
ise queries [14, 22℄.

A popular solution to help users in the task of spe
ifying their information needs is to use

relevan
e feedba
k te
hniques [19, 4, 11℄. These te
hniques improve the intera
tivity of the

system by allowing users to inform about the relevan
e of the answers given to their initial

query and the feedba
k information is used to re�ne the initial query.

A form of relevan
e feedba
k that has re
ently be
ome popular in sear
h engines is to show

a list of related queries to the user initial query. For instan
e, if an user sear
hes for Madonna

in All the Web sear
h engine

a

the following related queries are presented: madonna lyri
s,

madonna musi
, madonna mp3 and madonna wedding. The presentation of a list of related

queries is an interesting feedba
k alternative be
ause users 
an expli
itly reformulate the query

by removing possible ambiguities, or turning the query more spe
i�
, or just redire
ting the

query to another topi
 related to the initial query. It is also known that users prefer expli
it

reformulation based on suggestions instead of an automati
 reformulations of queries [20℄.

Despite of its growing popularity, there is a la
k of related work in the literature on how to

get query related suggestions.

In this paper we present a method for online generation of related queries. The method uses

an algorithm for mining asso
iation rules from the log of past submitted queries to a sear
h

engine. We have mapped the problem of mining asso
iation rules in 
ustomer transa
tions

introdu
ed by Agrawal, Imielinski and Swami [1℄ to the problem of �nding related queries

in a Web sear
h engine. In our experiments we used a log 
ontaining more than 2.3 million

queries submitted to TodoBR

b

, a popular BrazilianWeb sear
h engine. Using the most popular

queries and a set of randomly sele
ted ones, experiments show that more than 90% of the

suggestions generated by our method are 
orre
t. We 
arried out experiments to evaluate the

users behavior when they are presented with query suggestions, and show that there is a high

probability that users who 
li
k on suggestions are su

essful.

The same approa
h 
an be used to provide terms to the 
lassi
 problem of query expansion.

Query expansion is 
onsidered a way to resolve the problems 
aused by short and impre
ise

queries. Query expansion with terms provided by our suggestion method improved the average

pre
ision of queries submitted to the Google sear
h engine




by 23.16%.

This paper is organized as follows. Se
tion 2 presents the related work. Se
tion 3 intro-

du
es our method for mining asso
iation rules from query logs and identifying related queries.

Se
tion 4 presents experimental results and a study of user behavior on a real sear
h engine

that uses our query suggestion method. Se
tion 5 presents 
on
lusions and future work.

2 Related Work

Terms suggestions methods are 
lassi�ed into two 
lasses: do
ument based and log based [12℄.

Do
ument based suggestions extra
t the 
orrelation between queries previously submitted by

a

http://www.alltheweb.
om

b

http://www.todobr.
om.br




http://www.google.
om
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users and the 
ontent of do
uments. Log based suggestions use only the 
orrelation between

queries previously submitted to a sear
h engine.

Glan
e [10℄ proposes a do
ument based method that generates suggestions by analyzing

the relationship between the terms in the do
uments. The method retrieves the top 10 answers

given by a sear
h engine for ea
h query and uses this information to study the relationship

among query terms and do
ument terms. This relation is mapped in a graph that may be

navigated by users to re�ne their queries.

Cui, Wen, Nie and Ma [8℄ suggest a method for �nding relations between queries and

phrases of do
uments. They use the hypothesis that the 
li
k through information available

on sear
h engine logs represents an eviden
e of relation between queries and do
uments 
hosen

to be visited by users. This eviden
e is 
alled 
ross-referen
e of do
uments. Based on this

eviden
e, the authors establish relationships between queries and phrases that o

ur in the

do
uments 
hosen. These relationships are then used to expand the initial query or to give

query suggestions. This approa
h 
an also be used to 
luster queries extra
ted from log

�les [23℄. Cross-referen
e of do
uments are 
ombined with similarity fun
tions based on

query 
ontent, edit distan
e and do
ument hierar
hy to �nd better 
lusters. These 
lusters

are used in question answering systems to �nd similar queries.

The works presented above are based on the idea that there is a relationship between

the queries and the textual 
ontent of do
uments sele
ted for these queries. This assump-

tion, whi
h is the main assumption of do
ument based term suggestions, is not always true

when we are dealing with the Web. In the Web many do
uments may 
ontain noisy or non

textual information and sear
h engines are using alternative sour
es of information to rank

do
uments [6℄(su
h as link analysis) when the do
ument 
ontent may not be a good repre-

sentation of its topi
. In both 
ases, the information used to identify related queries depends

on the sear
h engine results, whi
h is 
ostly and makes the methods highly dependent on

the quality of the sear
h engine used in the experiments. An example of this problem is pre-

sented in [10℄, where experiments show that their method performs di�erently when applied

to distin
t sear
h engines.

Log based methods avoid this dependen
e be
ause the information on the relationship

between query terms that is extra
ted ex
lusively from query logs. These methods do not

depend on information from the sear
h engine or the do
uments 
ontent. Huang, Chien an

Oyang [12℄ present a method that is similar to ours by relying ex
lusively on sear
h engine

log �les to un
over query relationships. They show that log based methods generate better

results than do
ument based methods.

Our method innovates by using asso
iation rules to extra
t related queries from sear
h

engines log �les. Asso
iation rules are widely used to develop high quality re
ommendation

systems in e-
ommer
e appli
ations available in the Web [9, 15℄. These appli
ations take user

sessions stored at system logs to obtain information about the user behavior to re
ommend

servi
es and produ
ts. In our work the same idea is applied to �nd related queries and

provide suggestions to Web sear
h engine users. We �nd previous sear
h patterns that mat
h

the 
urrent query and use this information to suggest related queries that may be useful to

users.

Another way to guide users in the task of �nding relevant information is to develop query

expansion te
hniques [4, 13, 16, 5, 25℄. Some query expansion methods 
an be adapted to give
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suggestions of new queries. This strategy is di�erent from �nding related queries be
ause the

expansion methods 
onstru
t arti�
ial queries, while in our 
ase we give real related queries

formulated by other users that had the same information need in the past. On the other hand,

related queries 
an also be used like a query expansion method. In [8℄ the authors suggest a

method that uses the relationships extra
ted from sear
h engine log �les for query expansion.

We will present some experiments showing that our method is also useful to be used as a

query expansion.

3 Identifying Related Queries

Our method for identifying related queries is divided in three phases, as shown in Figure 1. In

phase 1, sear
h engine logs are analyzed and user sessions are extra
ted. In the se
ond phase,

asso
iation rules are mined from the set of user sessions and related queries are identi�ed. In

the third phase, unwanted suggestions are 
leaned from the list of related queries. We now

des
ribe ea
h phase in detail.

Related 
queries

Extracting
user sessions

Mining 
Association

rules

Suggestions
cleaning

Log files

1 2 3

Fig. 1. Identifying related queries

3.1 Extra
ting user sessions

We 
all an user session s the set of all queries made by an user within a pre-de�ned time

interval t

d

. The set of user sessions 
an be extra
ted dire
tly from sear
h engine Web server

logs. The server used in our experiments is the Squid Proxy. Figure 2 presents a typi
al log

format as generated by the Squid Proxy and Figure 3 presents a real example. Although this

format is spe
i�
 to Squid, all web servers generate similar log �les.

time elapsed remote-host 
ode/status bytes method URL rf
931 peerstatus/peerhost type

Fig. 2. Squid log format.

The de�nition of an user session is based on the log information. Ea
h user is identi�ed by

the remote host �eld (its IP address) and the session is de�ned by the set of queries extra
ted

from the URL �eld. The set of queries is divided into t minutes intervals a

ording to the

time �eld. The use of the remote host �eld may lead to some in
orre
t sessions, mainly

due to users that share the same IP address (e.g., users behind a proxy, dynami
 IPs, et
).

Some of these in
orre
t sessions are easily identi�ed by dis
arting long sessions. In fa
t, in

our experiments, we used sessions with a maximum of 10 queries and longer sessions were

dis
arted. Further, our approa
h for mining related queries is robust enough to 
ope with

d

In our experiments, we used t = 10 minutes.
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1073095205.319 2212 218.70.88.132 TCP MISS/200 16690 GET http://www.todobr.
om.br/
gi-

bin/querybas.
gi?query=matrix - DIRECT/200.188.188.214 text/html

1073095272.298 731 200.155.127.37 TCP MISS/200 17069 GET http://www.todobr.
om.br/
gi-

bin/querybas.
gi?query=beatles - DIRECT/200.188.188.214 text/html

1073095380.629 2662 200.151.124.194 TCP MISS/200 17859 GET http://www.todobr.
om.br/
gi-

bin/querybas.
gi?query=mp3 - DIRECT/200.188.188.215 text/html

1073095276.930 2217 200.222.242.251 TCP MISS/200 15232 GET http://www.todobr.
om.br/
gi-

bin/querybas.
gi?query=oasis - DIRECT/200.188.188.213 text/html

Fig. 3. Example of entries in the query log.

some in
orre
t sessions while still maintaining a very high rate of a
urra
y, as shown by our

experiments. The proposal of a pre
ise user session extra
tion method is beyond the s
ope

of this work. Our aim is to use a method that is simple and runs fast. For more sophisti
ate

approa
hes we refer the reader to [7℄.

On
e the set of user sessions s is 
hara
terized, we start the phase 2 of our method, as

des
ribed in the next se
tion.

3.2 Mining asso
iation rules

The problem of mining asso
iation rules in 
ategori
al data presented in 
ustomer transa
tions

was introdu
ed by Agrawal, Imielinski and Swami [1℄. This seminal work gave birth to several

investigation e�orts [3, 2, 17, 21, 26, 18℄, resulting in des
riptions of how to extend the original


on
epts and how to in
rease the performan
e of the related algorithms.

The original problem of mining asso
iation rules was formulated as how to �nd rules of

the form set

1

! set

2

. This rule is supposed to denote aÆnity or 
orrelation among the two

sets 
ontaining nominal or ordinal data items. More spe
i�
ally, su
h an asso
iation rule

should translate the following meaning: 
ustomers that buy the produ
ts in set

1

also buy

the produ
ts in set

2

. Statisti
al basis is represented in the form of minimum support and


on�den
e measures of these rules with respe
t to the set of 
ustomer transa
tions.

Before introdu
ing our method to dis
over related queries we introdu
e the de�nition of

the mining asso
iation rules problem.

3.2.1 Mining asso
iation rules problem

Let I = fi

1

, i

2

, ..., i

m

g be the set of unique literals (
alled items) and D a database of

transa
tions. Ea
h transa
tion T 2 D is a non-empty set of items, i.e., T 6= ; and T � I .

There is a total ordering among the transa
tion items, whi
h is based on its lexi
ographi
al

order, so that i

j

< i

j+1

, for 1 � j � t�1. An n-itemset I

j

is an ordered set of n unique items,

su
h that I

j

� I . Noti
e that the order among items in I

j

follows the aforementioned total

ordering. The support 
ount of an itemset I

j

is de�ned as the number of transa
tions in D

that 
ontains I

j

.

A itemset I

j

is a frequent itemset if its support �(I

j

) is greater than or equal to a given

threshold, whi
h is known as minimum support. As presented in the original Apriori algo-

rithm [3℄, an n-itemset is frequent if and only if all of its (n � 1)-itemsets are also frequent.
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An asso
iation rule is an expression A! B, where A and B are itemsets. The support of the

rule is given as �(A[B), and the 
on�den
e as

�(A[B)

�(A)

(i.e., the 
onditional probability that

a transa
tion 
ontains B, given that it 
ontains A).

For a given pair of minimum 
on�den
e and support thresholds and a set of transa
tions,

the problem of mining asso
iation rules is to �nd out all the rules that have 
on�den
e and

support greater than the 
orresponding thresholds. For the sake of this presentation, the

solution of the asso
iation rule generation problem is divided into two steps: the �rst step


onsists of �nding all the frequent itemsets and the se
ond step 
onsists of generating the

asso
iation rules derived from the frequent sets found in the �rst step.

3.2.2 Mining related queries

The intuition behind our approa
h is as follows. During a session, the user de�nes his in-

formation needs submitting a set of queries. If distin
t queries 
oo

ur in many sessions for

distin
t users, this may be an indi
ation that these queries are related.

The mining related queries problem 
an be mapped to the mining asso
iation rules problem

in a straightforward way. We map a query into an item and an user session into a transa
tion.

Our approa
h is based on an eÆ
ient algorithm for asso
iation rule mining 
alled 
harm [27℄,

whi
h has been adapted to handle queries and sessions instead of items and transa
tions,

respe
tively. We only determine asso
iation rules for the 2-itemsets, i.e., we are interested in


orrelations between pairs of queries. This simple de�nition allows our approa
h to 
ompute

the relation between queries in an extremely fast way, whi
h means that new asso
iation

rules 
an be updated periodi
ally to identify new groups of related queries. This feature is

important sin
e the topi
s sear
hed on the Web are dynami
 and new relations may arise

every day.

On
e the asso
iation rules were determined, we build an inverted �le [4, 24℄ for the dis
ov-

ered rules. An inverted �le is typi
ally 
omposed of a vo
abulary and a set of inverted lists.

The vo
abulary 
ontains all distin
t queries found in the query logs. For ea
h query I

k

in the

vo
abulary, there is an inverted list 
ontaining all queries I

l

related to I

k

, and its respe
tive


on�den
e values 


k;l

. Thus, inverted lists 
onsists of pairs of < I

l

; 


k;l

> values, sorted by


on�den
e. This means that the queries for whi
h the 
on�den
e values are the greatest 
an

be found qui
kly.

3.3 Cleaning unwanted suggestions

The main idea of a suggestion system is to remove ambiguities, turn queries more spe
i�
 or

redire
t users to another topi
 that is related to the initial query. The output of the previous

phase may result in some related queries that do not ful�ll any of these desired 
hara
teristi
s.

Thus, this third phase of our method identify this kind of suggestion (we 
all then unwanted

suggestions) using two simple heuristi
s:

� Suggestions that are plural forms of the original query. For instan
e, the suggestion

\games" for the query \game".

� Suggestions that are substrings of the original query. For instan
e, the suggestion

\games" for the query \free games".
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To in
rease the pre
ision of the suggestions and remove some ambiguities, we also remove

stop words

e

during all phases of our method.

4 Experimental Results

In this se
tion we present the experiments 
arried out to assess the e�e
tiveness of our query

suggestion method. First, we manually inspe
ted the quality of the generated suggestions

for the top 95 most popular queries of the TodoBR sear
h engine and also for 100 randomly

sele
ted queries. We presented a study of the user behavior in the TodoBR sear
h engine

and evaluated our suggestion method. Finally, we performed experiments to evaluate the

e�e
tiveness of our method as a query expansion te
hnique.

4.1 Quality of suggestions

In this se
tion we show how we have evaluated the suggestions returned by our method.

This experiments were performed using a log with 2,312,586 queries from the TodoBR sear
h

engine. For these experiments we evaluated our method using minimum support equivalent

to three sessions.

Table 1 shows related queries found by our method for the top 5 most popular queries at

TodoBR. The translation of non English words are presented in parenthesis to make results


learer. For instan
e, \jogos" means \games", \jogos gratis" means \free games", and so

on. The results for the top 5 queries where quite good, despite of the wrong suggestions of

\sexo" related to the query \games". This o

urred be
ause \sexo" is a very 
ommon query

submitted by users that also sear
hed for \games".

Table 1. Examples of related queries.

Query Suggestions

jogos (games) 
iperama (a Brazilian website about games), games jogos (games), sexo (sex),

gratis jogos (free games), game

papel de parede (wall-

paper)

\papel de parede" (\wall paper"), prote
ao tela (s
reen prote
tors), baixaki (a

Brazilian website that people 
an download wallpapers), wallpaper, 
omputa-

dor papel parede (
omputer's wallpaper)

musi
as (musi
s) letras musi
as (musi
 lyri
s), mp3, radio (radio), mp3 musi
as (musi
s in mp3),

sexo (sex)


on
ursos (
ontest) dirigida folha (a famous Brazilian website about publi
 
ontest), 
on
ursos pub-

li
os (publi
 
ontest), 
on
urso inss (
ontest at inss), inss, \
on
ursos publi
os"

(\publi
 
ontests")

re
eita federal imposto de renda (in
ome tax), \re
eita federal"(Brazilian government agen
y

responsible for tax 
olle
tion), re
eitafederal, de
lara
ao imposto renda (in
ome

tax de
laration), fazenda ministerio (Department of Treasury)

Table 2 shows the results for an experiment using the top 95 most popular queries. For

ea
h query we evaluated the �rst 5, 10, 15 and 20 suggestions given by our system. Considering

the �rst 5 suggestions, more than 90% of the results suggested by our system where 
orre
t.

The judgment about the quality of the relationship between queries was performed manually

by 
omputer s
ien
e undergraduate students. They were presented with the question: \Given

that you sear
hed for these keywords, would the following queries be suitable suggestions for

re�ning your query? ".

e

Stop words are words that are very 
ommon in a given language, su
h as arti
les and prepositions. Examples

in english are the words "the" and "and".
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We also performed experiments with queries randomly sele
ted from logs. This experi-

ment was performed to 
he
k the overall performan
e of our method against the 
omplete

set of queries, and not only over 
ommon queries. Using the randomly sele
ted queries, fewer

suggestions are identi�ed (2.14 on average) sin
e these less popular queries have fewer re-

lationships with support above the minsup threshold of 3 sessions. However, the quality of

the suggestions presented indi
ates that our method is still useful even for the general 
ase,

obtaining 93.45% of su

esful suggestions.

4.2 Evaluation of user behavior

We analyzed the a

ess and 
li
k-through logs of the TodoBR sear
h engine to evaluate the

e�e
tiveness in a real use sear
h experien
e. The system setup is very simple. After the user

submits his query to the sear
h engine, we present the top 3 queries (if available) before the

query results. Figure 4 illustrates the results for the query \mp3". Noti
e that the suggestions

given were \musi
a" (musi
), \mp3 gratis" (free mp3), and \kazaa". The user has the 
hoi
e

to 
li
k on an answer presented from the sear
h engine, to 
li
k on a suggestion if he did not

�nd a good answer, or to submit a new query.

For analyzing the user behavior, we on
e again generated ea
h user session, a

ording to

the same 
riteria as before (t=10min). We 
lassi�ed ea
h log entry into �ve valid a
tions, as

follows:

� New Query: user initial query in the session.

� Suggestion Cli
k: user 
li
ked on a query suggestion.

� Answer Cli
k: user 
li
ked on one of the answers for the query.

� Query Rede�nition: user reformulated his query by entering new terms.

� Give up: user gave up and left the sear
h engine.

Figure 5 illustrates the user valid a
tions. We say that a user session is su

essful if the

user rea
hes the \Answer Cli
k" state, that is, the user �nds some page that interested him.

Figure 6 presents an analysis of the users behavior a

ording to the user valid a
tions. We

analyzed only the queries that had one or more suggestions (31.73% of the total). From those,

43.8% resulted dire
tly in a answer 
li
k (e.g., the session was su

essful) and 56.17% of the

users were not satis�ed with the initial set of presented answers. The unsatis�ed users had

then 3 
hoi
es: 32.9% gave up, 21.67% 
li
ked on a suggestion and 45.40% manually rede�ned

the query. By further analyzing the user behavior, we 
an rea
h some interesting 
on
lusions:

� Users that 
li
k on suggestions are very likely to be su

essful (93.23%).

Table 2. Top 95 query suggestions.

Suggestions per query Corre
t suggestions Wrong suggestions

5 90.5% 9.5%

10 89.5% 10.5%

15 86.9% 16.1%

20 81.4% 18.6%
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Fig. 4. The results for query \mp3" at TodoBR sear
h engine.

Fig. 5. User's valid a
tions.
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Fig. 6. Analysis of the users behavior.

� Users that 
li
k on suggestions have a higher probability of being su

essful than those

who rede�nes the queries (93.23% versus 88.88%).

� There is a real need for tools that help users rede�ning their queries sin
e there is a

high probability that they are not happy with the initial set of answers (56.17%).

4.3 Query expansion

In this se
tion we show how to use our suggestion system to perform query expansion based

on query logs. Query expansion has long been 
onsidered as an e�e
tive way to resolve the

short query and word mismat
hing problems. A number of query expansion methods have

been proposed in traditional information retrieval [4, 13, 16, 5, 25℄. However, these previous

methods do not take into a

ount the spe
i�
 
hara
teristi
s of web sear
hing; in parti
ular,

of the availability of large amount of user intera
tion information re
orded in the Web query

logs. In our method, the new query is obtained by 
ombining the original query and its

suggestions in a disjun
tive way, i.e., with the 
onne
tive "OR".

Now we show the retrieval performan
e of the log-based query expansion with the baseline

(without query expansion). Interpolated 11-point average pre
ision is employed as the main

metri
 of retrieval performan
e. The results of our query expansion approa
h for a range of

suggestions from 1 to 5 
an be seen in Table 3 and Figure 7. We submitted all queries to

the sear
h engine Google. We see that our log-based query expansion performs well on the

experiments. It brings an improvement ranging from 5.47% to 23.16% in average pre
ision

over the baseline method. It indi
ates that query expansion is extremely important for short

queries. The best results were found when we expand the original query with three suggestions.

We 
hose only the top-10 answers to validate our approa
h. These small number of sele
ted

answers leads to a range of empty values in the re
all x pre
ision 
urve.

Generally, log-based query expansion sele
ts expansion terms from a relatively narrower

but more 
on
entrated area. In 
ontrast, do
ument-based query expansion te
hniques, whi
h

sele
ts terms in the top-ranked retrieved do
uments, is more likely to add some irrelevant



Bruno M. Fonse
a, Paulo B. Golgher, Edleno S. de Moura, Bruno Pôssas, Nivio Ziviani 11

Table 3. Re
all x Pre
ision for Query Expansion

Re
all (%)

Pre
ision(%)

Orig. 1 2 3 4 5

0 87.69 90.03 95.04 97.24 99.34 94.36

10 78.02 75.19 87.36 91.66 84.18 84.71

20 61.17 60.35 74.01 83.16 74.70 72.87

30 22.63 36.14 32.28 39.88 38.94 50.41

40 7.37 8.25 7.89 4.74 4.73 0.00

50 0.00 0.00 0.00 0.00 0.00 0.00

60 0.00 0.00 0.00 0.00 0.00 0.00

70 0.00 0.00 0.00 0.00 0.00 0.00

80 0.00 0.00 0.00 0.00 0.00 0.00

90 0.00 0.00 0.00 0.00 0.00 0.00

100 0.00 0.00 0.00 0.00 0.00 0.00

Average 23.18 24.45 26.82 28.55 27.18 27.27

Improvement 5.47 15.70 23.16 17.25 17.64
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Fig. 7. Re
all x Pre
ision for Expanded Queries

terms into the original query, thus introdu
ing undesirable side e�e
ts on retrieval perfor-

man
e.

5 Con
lusions and Future Work

We have shown a method for proposing related queries based on the appli
ation of asso
iation

rules over sear
h engine query logs. The method proposed is simple, has low 
omputational


ost and presents good results. The experiments presented show the pra
ti
al usefulness of

the approa
h. There is a high probability that users who 
li
k on suggestions �nd relevant

do
uments.

We have also experimented our method as input to a query expansion te
hnique. This
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iation Rules

initial experiment has shown that using an OR operator between the original and some related

queries, we obtained an improvement in the average pre
ision of the answers of the Google

sear
h engine.

As future work we are planning to expand our method by studying the possibility of

new 
ombinations among original and related queries. We will 
ompare our query expan-

sion approa
h with other approa
hes based on do
ument 
ontent. We are also studying the

possibility of 
ombining the information extra
ted from the logs with information extra
ted

from the Web do
uments to derive a new suggestion method. Finally, we plan to extend our

method for mining asso
iation rules to use itemsets with more elements.
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