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Abstract: At present, how to enable Search Engine to construct 
user personal interest model initially, master user’s personalized 
information timely and provide personalized services accurately 
have become the hotspot in the research of Search Engine area. 
Aiming at the problems of user model’s construction and combin-
ing techniques of manual customization modeling and automatic 
analytical modeling, a User Interest Model (UIM) is proposed in 
the paper. On the basis of it, the corresponding establishment and 
update algorithms of User Interest Profile (UIP) are presented 
subsequently. Simulation tests proved that the UIM proposed and 
corresponding algorithms could enhance the retrieval precision 
effectively and have superior adaptability. 
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0  Introduction 

The explosion of Internet results in searching infor-
mation as if finding a needle in sea and people have diffi-
cult to get the information fitting for their own intention 
rapidly. How to enable Search Engine to construct UIP 
initially, master user’s personalized information timely 
and provide personalized services accurately have become 
the hotspot in the research of Search Engine area. There-
fore, user Personal interest modeling has become the key 
point in the research of personalized information service. 

At present, there are mainly three sorts of user in-
terest modeling technology in the personalized informa-
tion service. ① Manual customization modeling. It is a 
modeling method by user’s self-input or selection, as in 
Refs.[1, 2], but it counts upon user totally and can not 
track user interest change timely. ②  Demonstration 
modeling. It is up to user to provide the demonstrations 
of relevant interest. However, the method requires user to 
mark webpage in order to obtain corresponding demon-
strations. Therefore, user’s normal browsing behaviour is 
disturbed, as described by Ref.[3]. ③ Automatic model-
ing. It is constructed model automatically according to 
user’s browsing behaviour, which belongs to the im-
proved demonstration modeling technology and would 
not interfere with user, as described by Ref.[4]. Among 
Personalized search engines, user interest modeling is in 
the incipient stage and has not formed an integral tech-
nology system up to now[5]. 

Combining of manual custom modeling and auto-
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matic modeling techniques, a user Personal interest 
model is built in the paper. Based on it, the correspond-
ing establishment and update algorithm of the UIP are 
presented accordingly. By mining user’s browsing be-
haviour and abstracting user’s interests, Simulation tests 
proved that such architecture and algorithms could rec-
ommend relevant information for user effectively and 
have superior adaptability. 

1  UIM Adjustment 

The UIM is a formalized representation of user’s 
interest, which has specialized data structure[6]. In order 
to Personalize search result, the UIM needs to be con-
structed firstly. 

Traditional search engine didn’t make good use of 
user’s interest or preference. So, a new type of user in-
terest model is presented and a Sub-System of Personal 
Interest Search Intelligent Agent (SSPISIA) is con-
structed accordingly, which is employed to gather, mine 
and exert user personal interest information. SSPISIA is 
a Multi-Agent system, including user IA (Intellectual 
Agent), mining IA, resource IA and decision IA (Fig.1). 

 
Fig.1  Organization of SSPISIA 

Each IA in SSPISIA regards as a relevant independ-
ent intellectual unit and acts as distinct role. At the same 
time, they communicate and collaborate for each other and 
constitute an organic integrity. Aside from analogous 
query interface similar to ordinary search engine, the front 
end of the system also compromises several important 
components, such as query optimizer, dictionary, UIM and 
machine self-learning part, which constitutes the key 
points of personalized search engine system. 

When user is employing search engine system, ac-
cording to his own UIP, in the coordination of resource IA, 
user IA is responsible for revising query vector, sending it 
to retriever and returning the intermediate result to user IA. 
Then, user IA reassembles the intermediate result accord-
ing to his UIP and recommends the information the user 
may be interested in. By means of this process, personal-
ized search service is provided. Furthermore, the system 

revises his UIP in term of user’s feedback and then pro-
vides higher quality service for next time. 

Generally, according to user’s registration, searcher 
engine system constructs user’s UIP in the form of key 
words (such user ID, key word ID, key word, weight of 
keyword, creation time, last access time, and so on). 
During user’s employing procedure, the system learns 
user’s UIP automatically from his browsing behaviour 
and adjusts it dynamically, so it can provide better query 
quality subsequently. There are three kinds of adjustment 
for User interest model, which are as follows: 

① If system learns new key words, it will calculate 
their corresponding weight and update user’s UIP ac-
cordingly. 

② If system learns old key words included user’s 
UIP already, the only thing is to adjust its corresponding 
weight. 

③ Because of limited UIP, each user has a maxi-
mum lexical capacity. When lexical quantity excesses its 
threshold, some low weight value lemmas will be deleted 
so as to make the lexical quantity maintain determinate 
extent. Of course, the capacity of UIP may change dy-
namically if there are enough space to be utilized. 

2  UIM Adjustment Algorithms 

2.1  Overview of UIM 
In order to describe UIM, UIP is presented neces-

sarily. At first, a hypothesis is given as follows: 
Definition 1  UIP is defined as Pi, which is an ag-

gregate that is composed of binary groups. 
,1 ,1 ,2 ,2 , ,{( , ), ( , ), ( , )}i i i i i i n i nP k k kθ θ θ=      (1) 

, 1 2, { , , , }i j mk T T t t t∈ = , which is an aggregate of lexi-
cal items (dictionary). , [0,1]i jθ ∈  is the weight of ,i jk  
in the UIP[7]. 

As a rule, when a user opens a webpage and finds it 
does meet his need, he will close this webpage promptly. 
The duration time of it will not exceed 5 s generally. 
Furthermore, the weight of UIP reflects the relevant de-
gree of user’s interest. According to user’s selection, 
search is performed from the root node to leaf node and 
corresponding UIP is built consequently. 
2.2  Algorithm of User Interest Profile Building 

Based on user’s selection about interest tree, user’s 
interest sub tree is obtained and then UIP, namely Pi, is 
formed accordingly. 

① Set each leaf node’s weight to 1sub b cθ = + . In 
this expression, b is user’s browsing time and its unit is 
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minute, 0 30.b≤ ≤ c is the count of user’s press, 
[0,255]c ∈ . Furthermore, user may also set the weight 

of leaf node manually. 
② Intermediate node’s weight is the sum of its sub 

nodes’ weight, namely
1

mid sub ,
m

j i
i

θ θ
=

=∑ mid [0,255]jθ ∈ , 

where m is the sub nodes count of the intermediate node. 
③ Sort all nodes according to their weight de-

scendingly and frontal n nodes is fetched, such as 
1 1( , )k v , 2 2( , )k v  , …, ( , )n nk v , where ik  is a lexical 

item and iv  is its corresponding weight. 
④ Set ,1 ,1 ,2 ,2 , ,{( , ),( , ), ,( , )},i i i i i i n i nP k k kθ θ θ= ,( ,i jk  

, )i jθ =
1

( , / )
n

j j k
k

k v v
=
∑ , [1, ]j n∈ . 

2.3  Update Algorithm of UIP 
Evidently, user’s interests and preferences are not 

eternal and easy to change, so UIP should change itself 
according to the change of user’s preference. Further-
more, the update of UIP is the key point to maintain the 
accuracy of UIM. As a rule, the retrieval information and 
browsing content are regard as the source to update 
UIP[8]. The update algorithm is described as follow: 

Step 1  Check the query lexical item K inputted or 
captured and register its browsing time synchronously; 

Step 2  If the lexical item K has existed in the set 
,1 ,2 ,{ , , , },i i i nk k k then go to step 3, or else go to step 4; 

Step 3 , , , ,( , ) ( , ),i p i p i p i pk r kθ θ± → , ,mid : midi p i pk k=  

c b+ + .
255
c br

n
+= , b is browsing time span, [0,30]b∈ . 

[0,255]c b+ ∈ . Then go to step 6; 
Step 4 , ,1 ,2 ,{ , , , }i q i i i nk k k k∈ , , ,min{ |1i q i jω θ= ≤  
}j n≤ , compare the value of r and ,i qω , if ,i qr ω∨ , 

the flow will jump to the step 5, or else go to step 6; 
Step 5  , ,( , ) ( , )i s i sK r l ω→ ; 
Step 6 If there has any lexical item unchecked, the 

aforementioned procedure will repeated and go to step 1. 

Step 7 Adjust ,i jθ by the formula , :i jθ = , ,
1

/
n

i j i t
t

θ θ
=
∑ . 

After above process, the fresh UIP ,1 ,1{( , ),i il ω  
,2 ,2 , ,( , ), , ( , )}i i i n i nl lω ω  is obtained, which will super-

vise the information search for next time. 
2.4  Process of Keywords Long Time Unvisited 
in UIP 

As note above, in the limit of UIP capacity, the 
weight of long time unvisited keyword ,i jK will be recal-
culated by formula (2). 

, now created

, now visited
,

now created

,               15

(1 ),      else

i j

i j
i j

K D D
K D D

K
D D

−⎧
⎪= −⎨ × −⎪ −⎩

≤

     (2) 

Dnow is the current system date; Dvisited is the last 
accessed date of ,i jK ; Dcreated is the original creation date 
of ,i jK ; Dnow − Dcreated is the days between now and last 
access date of ,i jK . 

Owing to the limit of lexical items in UIP, etyma 
abstraction is provided accordingly. As we know, verb in 
English has present tense, present perfect, past tense, 
pluperfect, and so on. For example, verb of do has the 
form of does, did, doing and done. Similarly, the noun, 
adverb and adjective also have several kinds of form. For 
instance, the noun wonder has the form of wonder, won-
derful, wonderfully, etc. Obviously, each group lexical 
items above has same etyma, so they are identified as 
same lexical item. According to above-mentioned analy-
sis, the system provides a primary lexicon, a thesaurus 
and a latent lexicon. When check the lexical item input-
ted, besides looking up the primary lexicon, the thesau-
rus and the latent lexicon are also examined synchro-
nously[9]. 

3  Experiment Results and Analysis 

According to above Algorithms, an experimental 
search engine prototype is built. Based on it, a simulation 
experiment is performed consequently. Firstly, key lexi-
cal items registered by user are added to his UIP, whose 
weight is set to 5 originally. For example, the lexical 
items selected by the user are computer network, Internet, 
software engineering, database, pattern recognition, news, 
harmonious society, tour, computer graphics, grid com-
puting, data mining, and so on. 

Comparison experiments are performed among the 
personalized search engine, Google and user automation 
algorithm based on TF-IDF[10]. We select 10 different 
kind search words (shown in Table 1) and carry through 
15 times. Every time, the frontal 20 pages are fetched 
and the precision is calculated synchronously. The com-
parison results are shown in Table 1. 

From the experimental results, it can be seen that 
the effect of foregoing algorithms excels Google in pre-
cision. In the case of user having preferences, its search 
effect is also better than search engine based on TF-IDF. 
Furthermore, with the increase of user’s preferences de-
gree, the difference between them becomes larger and  
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Table 1  Precision comparison among three systems 

Sequence 
number 

Lexical item Precision  
of foregoing 
algorithms 

Precision  
of based  
on TF-IDF  

Precision  
of based 
on Google

1 Computer 
Net-work  
Internet 

1.00 0.95 0.91 

2 Computer 
Net-work 0.93 0.85 0.88 

3 Internet 0.87 0.80 0.80 
4 Software  

Engineering 0.59 0.51 0.46 

5 Data Mining 0.81 0.68 0.72 
6 Tour 0.72 0.51 0.67 
7 Pattern  

Recognition 0.55 0.41 0.43 

8 Harmonious 
Society 0.83 0.71 0.73 

9 Grid  
Computing 0.58 0.49 0.46 

10 Computer 
Graphics 0.66 0.49 0.52 

larger. Namely, the stronger in user’s preferences, the 
more obvious in superiority of search engine system 
adopted foregoing algorithm. 

Moreover, the system permits user to maintain his 
or her profile. For instance, the user can update, add or 
delete his or her personalized information. The future 
information search service will be incorporated with 
other industry such as news, amusement, communication, 
and so on. The unique aim is to offer user a more com-
prehensive, initial and personalized information service 
space. 

4  Conclusion 

Aiming at the problems of UIM construction and 
combining of manual custom modeling and automatic 
analytical techniques, a UIM is provided in the paper. 
Based on it, the corresponding establishment and update 
algorithms of the user personal interest are presented 
accordingly. Simulation tests proved that such model and 
algorithms could enhance the precision of search results  

and have superior adaptability. The next step is to re-
search the formation and application of user profile from 
the point of syntax and semantic.  
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