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Abstract. The paper starts with a short overview on areas of application for user
profiles. Subsequently a method to represent user profile in the field of document
retrieval by using query terms and weighted terms of retrieved documents is de-
fined. The method is based on evaluating the pertinence of retrieved documents
by the user. The created sub–profiles are used to express the translation between
terminology used by user and terminology accepted in some field of knowledge.
Finally, the preliminary experiments are discussed.

1 Introduction

In today’s Internet reality, the common facts are: increasingly growing num-
ber of documents in Internet, high frequency of their modifications and, as
consequence, the difficulty for users in finding important and valuable infor-
mation. These problems caused that much attention is paid to helping user
in finding important information in nowadays Internet information retrieval
systems. Individual characteristic and user’s needs are taken under considera-
tion, what leads to system personalization. System personalization is usually
achieved by introducing user model into the information system. User model
might include information about user’s preferences and interests, attitudes
and goals [3,10], knowledge and beliefs [6], personal characteristics [7], or
history of user’s interaction with system [13]. User model is also called user
profile in domain of information retrieval. Profile represents user information
needs, such as interests and preferences.

In literature, few types of application of the user profile in the process of
information retrieval can be distinguished, below.

• Profile can be used for ranking documents received from the information
retrieval system. Such ranking is usually created due to degree of the
similarity between the query and a document [8].

• In system of information filtering, profile can be used as a query in the
process of information filtering. Such profile represents user information
need, relatively stable in time [1].

• There are propositions in the literature to use user profile for query
expansion, base on explicit and implicit information obtained from the
user [5,16].
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The main issue, in the domain of user profile for information retrieval, is the
representation of user information needs and interests. Usually user interests
are represented as a set of keywords or n-dimentional vector of keywords,
where every keyword’s weight or position in vector represents importance
of keyword in representing user interests [8,11]. The approaches with more
sophisticated structures for representing knowledge about user’s preferences
are also applied:

• stereotypes — the set of characteristics of prototype user of some class
of users, sharing the same interests [4], or

• semantic net, which discriminates subject of user interests with underlin-
ing the main topic of interests [2].

The approaches to determine user profile can be also divided into few groups.
The first group includes the methods where user’s interests are stayed explic-
itly by the user in specially prepared forms or during answering standard
questions [4,8], or in the example piece of text, written by the user [12]. The
second group can be these approaches, where user profile is based on the
analysis of terms frequency in user queries directed to information retrieval
system [8]. There is an assumption for these methods that the interest of the
user, represented by a term, is higher as the term is more frequent in the
user query. Analysis of the queries with the use of genetic algorithms [14]
or semantic nets [2] are the extension to this approach. The third group of
approaches includes methods, where the user evaluates documents retrieved
by the system. From documents assessed as interesting (pertinent) by the
user, additional index terms, describing user interests, are added to the user
profile [4,8].

Most of the research in domain of user modelling for information retrieval
considers only user information needs stayed explicitly by the user using the
information retrieval system. The user difficulty in precise expressing the real
information need is frequently neglected. In other words, the fact is ignored
that the user usually does not know, which words he should use to formulate
his interests to receive valuable documents from information retrieval system.
We claim that user can express user’s preferences by valuation of relevance
of retrieved documents.

The purpose of this paper is to present the user profile, which represents
the translation between the terminology used by the user and the termi-
nology accepted in some field of knowledge. This translation is supposed to
describe the meaning of words used by the user in context fixed by pertinent
documents.

2 User profile

Information retrieval system is defined in this paper by four elements: set
of documents D, user profiles P , set of queries Q and set of terms in the
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dictionary T . There is retrieval function ω : Q → 2D, for each q ∈ Qω(q) ⊂
D. Retrieval function returns the set of documents, which is the answer for
the query q. The set T contains terms from documents, which have been
indexed in the retrieval system (for WWW — in search engine). Set T is
called dictionary, where terms are ordered by index i = 1, . . . , n. User profile
is an object p from set P , where P is set of all possible user’s profiles. Profile
p is described by function π, which maps: user’s query q, set of retrieved
documents and previous user profile, into a new user profile. Thus, the profile
is the following structure determined by function π : π(q, DqP er

, pn−1) = pn

. Function π is responsible for profile modifications. The function π is valid
for arguments (q, DqP er

, pn−1) and returns profile pn, where q is the question,
pn−1 and pn are profiles before and after modification respectively, DqP er

=
ω(q) is the set of the pertinent documents among the documents retrieved for
query q, DqP er

⊆ D. For user profile we define also the set of user subprofiles
SubP (see below).

User profile is created on the base of information received from the user
after user verification of documents retrieved by the system. During verifica-
tion user points out these documents which he considers pertinent for him.

User query pattern sj we call a Boolean statement, the same as user query
q : sj = rj1 ∧ rj2 ∧ . . . ∧ rjn

, where rij
is a term tij

∈ T or negated term
(¬tij )

1, and for j = 1, 2, . . . , n ij < il if j < l. User query pattern sj indicates
subprofile and is connected with only one subprofile.

User subprofile sp ∈ SubP we call n-dimensional vector of weight of terms
from pertinent documents: sp = (w(ki)

j,1 , w
(ki)
j,2 , w

(ki)
j,3 , . . . , w

(ki)
j,n ), where SubP

is the set of subprofiles.
User profile p ∈ P we define as the following structure:

p = (s1 s2 . . . sl)


(w(k1)

1,1 , w
(k1)
1,2 , w

(k1)
1,3 , . . . , w

(k1)
1,n )

(w(k2)
2,1 , w

(k2)
2,2 , w

(k2)
2,3 , . . . , w

(k2)
2,n )

. . . . . . . . . . . . . . . . . . . . . . . .

(w(km)
l,1 , w

(km)
l,2 , w

(km)
l,3 , . . . , w

(km)
l,n )


where: n ∈ N — number of terms in dictionary T , w

(k)
j,i — weight of sig-

nificant term tzi in user profile (the weight is calculated according to the
frequency of term tzi in pertinent documents retrieved by the system in
k-th retrieval and the frequency of this term in all collection documents,
called cue validity) and the number of modifications made so far for the user
profile (k − 1 modifications) are also respected, sj — user query pattern,
(w(ki)

j,1 , w
(ki)
j,2 , w

(ki)
j,3 , . . . , w

(k1)
j,n ) — user subprofile (user query pattern indicates

one user subprofile univocally).

1 Further instead of designation tij we will use symbol ti. Double indexes were
used for underlining the order in the set T .
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Position of weight w
(k)
j,i in subprofile (its co–ordinate in vector of subpro-

file) indicates the significant term tzi ∈ T . There is an order introduced for
the set T . Terms from dictionary T are the indexing terms, that index doc-
uments retrieved for the query qi and those terms belong to those pertinent
documents.

Weight of term ti in profile is calculated according to the following for-
mula, proposed in [9]:

w
(k)
j,i =

1
n + 1

(n w
(k−1)
j,i + zi) (1)

where: n — number of retrieval of documents made so far for this subprofile
(n = k − 1), w

(k)
j,i — weight of significant term tzi in profile after k-th mod-

ification of subprofile, which is indicated by the pattern sj (i.e. after k-th
document retrieval with use of this subprofile), zi — weight of significant
term tzi in k-th selection of these terms.

3 Modification of user profile

User profile expresses the translation between terminology used by user and
terminology accepted in some field of knowledge. This translation describes
the meaning of word used by user in context fixed by pertinent documents
and it is described by assigning to the user’s query pattern sj a subprofile
(’translation’) created during the process of selection of significant terms
tzi from pertinent documents. We assume following designations: qi — i-th
user query, D

(i)
q — set of documents retrieved for user query qi, D

(i)
q ⊆ D,

D
(i)
qPer — set of documents pointed by the user as pertinent documents among

documents retrieved for user query qi, D
(i)
qPer ⊆ D

(i)
q .

As it was described above, user profile pn is the representation of user
query qi, set of pertinent documents D

(i)
qPer and previous (former) user pro-

file pn−1. After every retrieval and documents verification made by user, the
profile is modified. The modification is performed according to following pro-
cedure: p1 = π(q1, D

(1)
qPer, p0), pn = π(qn, D

(n)
qPer, pn−1), where p0 — initial

profile, in which weights of all significant terms tzi are set to value 0, p1 —
profile created after the first time query was asked and the analysis of perti-
nent documents was made, pn — profile after n-th time the same query was
asked and the analysis of pertinent documents was made.

Traditionally user profile is represented by one n — dimension vector of
terms describing user interests. User interests change, and so should the pro-
file. Usually changes of profile are achieved by modifications of weights of
terms in vector. After appearance of queries from various domains, modifica-
tions made for this profile can lead to unpredictable state of the profile. By
unpredictable state we mean disproportional increase in vector representing
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the profile the weights of some terms, what could not be connected with in-
crease of user interests in domain represented by these terms. The weights of
terms can grow, because of high frequency of these terms in whole collection
of documents, regardless of domain of actual retrieval.

Representation of user profile as one vector could also cause ambiguity
during the use of this profile for query modification. At certain moment user
query refers only to one domain of user’s interests. To use user profile men-
tioned above for current query modification we need a mechanism of choos-
ing from vector of terms representing various user’ interests only these terms
that are connected with domain of current query. To obtain this information,
usually knowledge about relationship between terms from query and profile,
and between terms in profile is needed. In literature, this information is ob-
tained from co–occurrence matrix created for collection of documents [15] or
from semantic net [11]. One of disadvantages of the presented approaches is
that the two structures, namely user profile and structure representing term
dependencies, should be maintain and manage for each user. The other is
that creating the structure representing term relationships is difficult for so
diverging and frequently changing environment as Internet.

There are no such problems for user profile p created in this paper. Af-
ter each retrieval, only weighs of terms from user subprofile identified by
pattern sj (identical as user’s query) are modified, not weighs of all terms
from user profile. Similarly, when profile is used to modify user’s query, direct
translation between current user query qi and significant terms from domain
connected with the query is used. In user profile p, existing mapping between
one user query pattern sj and one subprofile represents this translation.

In information retrieval system user profile is created during a period of
time — during sequence of retrievals. There could appear a problem how
many subprofiles should be kept in user profile. We have decided that only
subprofiles that are frequently used for query modifications should not be
deleted. If subprofile is frequently used, it is important for representing user’s
interests.

Modification of user subprofile sp is made always when from the set of
pertinent documents pointed out from retrieved documents by the user the
significant terms tzi are determined. In the appropriate subprofile modifica-
tions of weights are made only for these terms. Modification of user subprofile
equals to actualisation of weight w

(k)
j,i of term tzi in subprofile identified by

user query pattern sj . Weight of term tzi is calculated according to formula
(1). After each process of retrieval modification takes place in one subprofile
for all significant terms tzi obtain during k-th selection of these significant
terms from pertinent documents retrieved for query qj , which was asked k-th
time. If the modification took place for significant terms tzi in whole user pro-
file, it would cause disfigurement of importance of significant term for single
question.
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4 Application of user profile

User profile contains terms selected from pertinent documents. These terms
are good discriminators distinguishing pertinent documents among other doc-
uments of collection and these terms represent whole set of pertinent docu-
ments.

Application of user profile p is performed during each retrieval for user
query q. One of the main problems is selection of significant terms tzi for query
modification. Not all significant terms in subprofile will be appropriate to
modify next user’s query (in this paper, understood as ”to replace”), because
the query becomes to long.

If user asked new query qj to the retrieval system, new pattern sj and
subprofile identified by this pattern are added to the profile. Subprofile is
determined after analysis of pertinent documents. If user asks the next query
and this query is the same as the previous query qj the given query is mod-
ified basing on user profile. Modified query is asked to information retrieval
system, retrieved documents are verified by user and subprofile in user profile
is brought up to date. After each next use of the same query as query qj ,
subprofile identified by pattern sj better represents user’s interests described
at beginning by the query qj . Each next retrieval, with use of subprofile iden-
tified by pattern sj , leads to query narrowing, decrease in the number of
retrieved documents, increase in the number of pertinent documents.

User profile can be used for query modification if pattern sj existing in
profile is identical to current query qi or similar to current query qi. For
example for queries: qa = t1 ∧ t2 ∧ t3 ∧ t4 , qb = t1 ∧ ¬t2, patterns: s1 =
t1 ∧ t2 ∧ t3 ∧ t4, s2 = t1 ∧¬t2 are identical to queries qa, qb, respectively, and
patterns: s2 = t2 ∧ t4, s4 = t1 ∧ t2, s5 = t1 ∧ t3, s6 = t2 are similar to query
qa.

If pattern sj is identical to current user query qi, current user query
qi is replaced by r1 best significant terms tzi from subprofile identified by
pattern sj . If in user profile there are few patterns that are similar to cur-
rent user query qi, all significant terms tzi from all subprofiles identified by
these patterns are taking under consideration. The weights of all significant
terms tzi from subprofiles identified by similar patterns are summing. The n-
dimensional vector of R = (r1, r2, . . . , rn) is created. Coordinates of vector R
are ordered by weight, not by order of dictionary T . The ranking of all these
significant terms is made and r2 best significant terms, which weights are over
τprofile threshold, replace current user query qi. Parameter r1, r2 and other
parameters for choose best significant terms have been set experimentally.

Second situation with replacement of query in case of similar patterns
has a name retrieval hypothesis. We formulate here a hypothesis that if user
query patterns are similar to query, the significant terms tzi from subprofiles
identified by these patterns have the same sense as terms used by user in
current query and thereby could be appropriate terms to replace current user
query.
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5 Experiments

User profile was implemented as part of Web search engine. The user profile is
used as the mechanism for personalisation of retrieval process. Personalisation
is performed by the query modifications, which appear during information
retrieval. Modification of user query takes place as a result of the analysis
of user interaction with search engine (i.e. documents verification). During
interaction with the user, system automatically asks the modified query to
the search engine and presents the answer.

The experiments are forked into two directions. In the first, preliminary
case, the aim is to prove the usefulness of proposed profile in a test envi-
ronment, where the simulation of retrieval process is arranged. In the second
case — to verify the usefulness during retrievals evaluated by users.

The first case should show that for any field of knowledge the profile con-
verges. It means that starting from any random query, the proposed analyse
of set of pertinent (for the user) documents, the selection method of impor-
tant terms, and the methods of profile creation and query modification will
lead to the set of pertinent documents. In the test environment the sets of
pertinent documents and the set of random queries were established. For ev-
ery random query one experiment was made. The query was asked to the
search engine. The retrieval process was run. If in the answer there were per-
tinent documents, the random query was modified — the significant terms
(from pertinent documents that were found) replaced the random query. The
modified query was automatically asked to the search engine and next per-
tinent documents were found. Each stage of the described cyclic process is
called iteration. The iterations were repeated until all pertinent documents
from the set were found.

The main problem in experiment was to determine the values for parame-
ters described in the preceding chapter. These parameters decide whether or
not all pertinent documents will be found. Initially for every random query,
the values of parameters were constant during whole experiment. But in some
cases it was observed that there is no improvement of retrieval for some ran-
dom queries, in the same iteration number. We noticed that the parameters
should change according to several factors. There are for instance: number of
pertinent documents in the answer (one, two or more), number of iteration
(the number of repetition for the given pertinent document in earlier re-
trievals), length of the pertinent document (number of terms). The heuristics
H were proposed to solve this problem.

The percent of pertinent documents retrieved at every iteration is the
measure of improvement of proposed method. The experiments without and
with heuristics were considered. The results are presented in Table 1.
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Table 1. Average percent (%) of retrieved pertinent documents in the subsequent
iterations.

Iteration 1 2 3 4 . . . 11 . . . 50

without H 15,63 25,53 49,26 44,40 . . . 52,73 . . . 52,73

with H 27,76 50,00 100,00 100,00 . . . 100,00 . . . 100,00

6 Discussion

User profile presented in this paper is a new approach to representation of
user’s interests and preferences. By introducing structure of user query pat-
terns and user subprofiles the translation between terminology used by the
user and terminology accepted in some field of knowledge is described. The
preliminary experiments are encouraging. User of WWW search engine re-
ceives support during query formulation, even in the cost of ’hidden itera-
tions’ of searching process. The query is modified in such a way that, for
more cases of retrievals, in next retrievals user will receive set of retrieved
documents which is smaller and consists of better documents. In order to
verify finally the usefulness of presented user profile, more in–depth experi-
ments need to be done and, especially, the experiments from the second case
in which real users will take part in retrieving and assessing the documents.
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