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ABSTRACT 
In this paper, we show that most multiple term queries include 

more than one topic and users usually reformulate their queries by 

topics instead of terms. In order to provide empirical evidence on 

user’s reformulation behavior and to help search engines better 

handle the query reformulation problem, we focus on detecting 

internal topics in the original query and analyzing users’ 

reformulation to those topics. Particularly, we utilize the 

Interaction Information (II) to measure the degree of one 

sub-query being a topic based on the local search results. The 

experimental results on query log show that: most users 

reformulate query at the topical level; and our proposed II-based 

algorithm is a good method to detect topics from original queries. 

Categories and Subject Descriptors 
H.3.3 [Information Search and Retrieval]: Query formulation 

General Terms 
Algorithms, Experimentation 

Keywords 
Query reformulation, Topic, Interaction Information 

1. INTRODUCTION 
Query, which consists of a group of keywords, is playing a key 

role in the search procedure. Most of previous automatic 

algorithms were designed by analyzing the terms in queries. 

According to our observation in the query log, most users 

reformulate queries following a pattern: the sub-query they choose 

to delete, or replace, or preserve can be considered as a 

meaningful topic. Taking query “music video hip hop” as an 

example, it includes two obvious topics “music video” and “hip 

hop”. Most users change “hip hop” to other queries such as “r&b” 

or “folk” etc. And some users change the original query to “music 

video” or “music video hip hop download”. Few people change 

“hip hop” to “hip r&b” in the next step. A topic is usually included 

as a sub-query in a user’s query and it has strong impacts on the 

quality of search results. The intuition behind this is that search 

engines will retrieve more relevant results to meaningful topics 

than those to un-meaningful ones. As for most multiple term 

queries, they usually include more than one topic. Thus how to 

detect the topics of a user query and possible refine the query at 

the topic level will be very important for a search engine’s query 

reformulation success. 

2. PROBLEM FORMULATION 
Our motivation is to detect the possible topics contained in the 

original query and analyze the relation between user reformulating 

behaviors and those topics. To formulate our problem, some basic 

mathematical definitions are as following: 

1. Given a query 
1 2 nq t t t= L of n terms, where ( )1it i n≤ ≤ is 

the ith term of q;  

2. Any subsets of { }1 2, , , nt t tK , i.e. any combinations of 

1 2 nt t tL  are defined as sub-queries. The set of sub-queries is 

defined as { } 1,1 2 2n

k
SQ sq k

+
= ≤ ≤ − ; 

Our goal is to detect several sub-queries which could be possible 

topics from SQ . Then we analyze the user reformulating behaviors 

to those topics. 

3. QUERY TOPIC DETECTION 

3.1 Local Search Result 
A query typically contains only a few terms, which provide 

limited information. One straightforward method is to submit a 

query to a search engine to get the top ranked search pages. Those 

retrieved results provide some richer information about the query 

[1]. In other words, we call the retrieved results of query as the 

local information of this query. Meanwhile, a query has its global 

information, based on the whole corpus, to provide more 

information. However, the global based approach can cause high 

computational complexity and it was shown in [2] that a local 

based approach outperforms the global based approach. So in this 

paper, the top ranked search results are utilized to enrich the 

query.  

Given the search results for a query, we need to decide what 

features should be extracted from the search engine to construct 

the enrichment. Generally, three kinds of features are considered: 

the title of a page, the snippet generated by the search engine, and 

the full plain text of a page [3]. In this paper, we define the top N 

ranked snippet retrieved by search engine as the local search result 

of query. 

3.2 Interaction Information (II) 
For m events 1 2, , ,i j mlx x xK , we can get the interaction 

information (II) between them ( )1 2; ; ;i j mlI x x xK  by:  

 

( ) ( ) ( ) ( )( )
' '

1 2 1 2

, , , ' '

; ; ; , , , 1 log ' ,
v

i j ml i j ml

i j l v

I x x x p x x x p
τ

τ

τ
−

⊆

 
= −  

 
∑ ∑
K

K K  

where ( )1 2' , , ,i j mlx x xν = K , and 'τ  is any subsets of 'ν . 'ν  

means the number of elements in 'ν , and the same with 'τ  . In 

this way, the interaction information between ( )1 2; ; ;i j mlI x x xK  

is defined like this: 

         ( ) ( ) ( )( )
' '

1 2

' '

; ; ; 1 log '
v

i j ml

v

I x x x p
τ

τ

τ
−

⊆

= −∑K . 
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3.3 Topic Detection 
As for a sub-query generated by the original query, the Interaction 

Information between its terms can be used to measure the 

information bound up in those terms. The more information bound 

up one sub-query has, the higher possibility to be a topic it has. 

Before that, we should build a probability space. And in this space, 

each term has probability and joint probability with other terms. 

Because one sub-query is the joint of terms, the joint probability 

of several terms can be equal to the probability of the sub-query. 

In our approach, the probability space of one query is built based 

on the local results of all sub-queries. Given a query
1 2 nq t t t= L , 

where ( )1it i n≤ ≤ is the ith term of q, the main steps of our 

approach are as following: 

Step1. Get the set of all sub-queries, { },1 2 2n

kSQ sq k= ≤ ≤ − , 

where 1 2 2nk≤ ≤ −  is the number of all sub-queries and  
1 2 12 2n n

n n n
C C C −

− = + + +L . 

Step2. Enrich each sub-query by submitting it into search engine 

and get the top N ranked snippets. In this way, we can get 

( ) *2 2n
N− ⋅ snippets for query q. The snippet set is defined 

as ( ) { } ( ) *,1 2 2n

iC q sn i N= ≤ ≤ − ⋅ , where 
isn is the ith snippet. 

( )* min , 'N N N= , where 'N is the actually number of retrieved 

snippets by search engine for each query. 

Step3. The probability of sub-query in ( )C q  is defined as: 

( )
( )

( )

( )

*2 2

1

*
2 2

n N

k i

i
k n

sq can be found in sn

p sq
N

− ⋅

==
− ⋅

∑
, where 

ksq is the 

probability of occurrence of
ksq  in collection.  

Step4. As for 
ksq , we get its sub-query set, which is defined as: 

{ }1 2 2 2
, , , kk k k k

SQ sq sq sq
−

= K . According to the theory of 

Interaction Information we mentioned in Section 4.1.2, the II 

value of 
ksq is: 

( ) ( ) ( )( )1 logk kj

kj k

sq sq

k kj

sq sq

I sq p sq
−

⊆

= −∑ . 

Step5. Order all sub-queries in a descendant value of Interaction 

Information and split it into two parts by the threshold of zero. In 

other words, the first part includes the sub-queries with positive II 

and the last part includes the sub-queries with negative II. 

Step6. Finally, the list of topic list we detected from SQ is defined 

as: { }1 2, , , ,i Mtopic list T T T T= K K , where
i

T is one sub-query which 

has positive Interaction Information and M is the total number, and 

( ) ( ) ( )10, ,i i iI T I T I T
−

>= >=  1 i M≤ ≤ . 

4. EXPERIMENTS 
Our whole data set, including 9,621,160 query pairs, comes from 

the query log of a common used commercial search engine.  

Each query pair contains two queries, where the first one is the 

original query and the other one is the query reformulated by a 

user in a session. Corresponding to three categories of 

reformulations, three data sets are extracted, where Set A contains 

query term deletion, Set B contains query term substitution, and 

Set C contains query term expansion. According to the statistical 

data, the proportions of three categories (A, B and C) are 22%, 

31% and 47%. As for each query pair (q, p) in data Set A and Set 

B, q is used to detect topics and p is used to analyze the relation 

between topics and user behaviors. As for each query pair (q, p) in 

data Set C, p is used to detect topics and q is used to analyze the 

relation between topics and user behaviors. 

After detecting topics, three precisions related to the query 

reformulation are defined as following: 

( )
#

,
user delete topic or preserve topic in the original query

P A
A

=
 

where ( )P A measures the precision of Set A. Similarly, we can 

measure the precision of Set B, C, and overall. The results of the 

three Sets and the overall precision are shown in Table 1. 

Table 1. Results. 

 Set A Set B Set C Overall 

Precision 0.78 0.82 0.89 0.84 

A short summary about the analysis of topics are as following: 

1.  78% users choose to preserve topic or delete topic when 

implement query term deletion. Such as “msn messenger 7.5” to 

“msn messenger”, where “msn messenger” is detected as a topic 

by our approach; 

2.  82% users choose to preserve topic or replace topic when 

implement query term substitution. Such as “britney spears baby 

picture” to “cute baby picture”, where “britney spears” and “baby 

picture” are detected as two topics by our approach; 

3.  During 89% users’ reformulated queries, the original queries 

are still topics. In other word, users still focus on the original 

query though some other information added; 

4.  Averagely 84% users reformulate queries at the topic level. 

5. CONCLUSIONS 

In this paper, we study the query topic detection problem and 

analyze user query reformulation behaviors based on query log. 

For topic detection, a probability space is built based on the local 

search results of its all sub-queries from each original query, and 

the sub-query’s degree of being a topic is measured by utilizing 

Interaction Information (II). Two contributions in this paper are:  

(1) Interaction Information is utilized to measure the degree of a 

sub-query being a topic and a topic detection algorithm is 

proposed and validated based on the local search results; (2) we 

analyze user reformulation behavior at the topic level. Our 

experimental results show that averagely 84% users reformulate 

queries at the topic level, where the topic is detected by our 

approach. Meanwhile, it also indicates that our II-based approach 

is a good method to detect topics from the original query.  
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