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Abstract. In our research work, we consider that access to stémctured
documents is carried out by a data-oriented qu¥th different users and a
same query, the returned results are always theesaithough users’
characteristics (interests, preferences, etc.) meydifferent. In order to solve
this problem and to offer a personalized accesseti-structured documents,
our objective is to improve this type of query ider to adapt the result to each
user according to his characteristics. On the oa@d) we suggest to reorder
the results according to user’s interests. On tleeohand, we also suggest to
establish user’s interests implicitly from his giest
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1 Introduction

In order to adapt the content of numeric documdifterent content adaptation
techniques have been defined for different adaphiypermedia systems such as
MetaDoc [1], Plan and User Sensitive Help (PUSH) [ypadapter [3], Personal
reader [4]. These techniques are based on rulesen@u a priori according to the
particular domain.

In our research works, we use semi-structured deatenwhich are stored in
centralized documentary repository. These semésired documents as well as the
returned results by the queries are representexdlagical structure in XML. This
structure comprises documentary units (elementhefXML structure). The semi-
structured documents can belong to any domainhis dase when different users
query this type of documents with a same queryréerned results are always the
same although users’ characteristics (interestdepnces, etc.) may be different.

On this fact, we aim to automate the content adiaptan generic case. In this
paper, we present an algorithm in order to impldamarother content adaptation
technique that is already published. This algorittattows to reordering the
documentary units.

In the suggested approach, in order to reducedfeitive overload [5] (selection
and automatic ordering of the results), the obyjecis to enrich the query with the
user interests determined implicitly [6]. In thiager, we present our research works



related to the enrichment of queries in the XQuanguage with the user profile in
order to adapt the returned results.

The paper is structures as follows. Section 2 ptes general idea of our research
works. Section 3 describes the suggested usetgwafich plays an important role in
the process of reordering the documentary unitsti®e4 describes the enrichment
algorithm of user query. We illustrate in sectioolr research works by an example
concerning cottage renting information system m'tMidi-Pyrénées" on the south of
France which exists in a platform called PRETI

2 Our proposal

Our context of research works concerns the adaptati results to the user when he
submits queries to semi-structured documents. W& w0 existing documents which
are stored in centralized documentary repositongsg semi-structured documents as
well as the returned results by the queries areesgmted in a logical structure in
XML. This structure comprises documentary units.

The problem tackled by our work is that documentsy mot be a priori for
adaptation. They are existing semi-structured desumin repository not designed
nor built for an adaptation. In such case, differesers submitting the same query
will get the same results and the same presentdiecause users may have different
characteristics, the idea is to present differetitty contents for each user when they
submit the same query. The objective is to autortaseadaptation in order to reduce
the cognitive overload of the user when he ques@msi-structured documents. We
propose an adaptation technique that consistsderdhe documentary units to be
presented to the user according to his own chaistits.

Generally, individual characteristics of users m@deled in user profiles [5], [7].
The characteristics correspond to several infolgnatelating to each individual, such
as personal information (name, age, etc), intergseferences, etc. Our objective is
to define the interests of each user implicithe.(ito determine automatically user
interests).

In order to acquire user’'s interests, we analysedberies made by the user. In
queries, conditions are asserted over elementswi-structured documents. We
consider that conditions may define some usererést, at a given moment, over the
document collection. So, conditions of a query he&dpto determine user’s interests:
conditions on elements may become a user’s intééstconsider that a condition in
a query at a given moment denotes a user’s intedfestexample, the condition of a
query "city=Narbonne" at a given moment denotes tiser's interest for that
condition. In the user profile, an interest is eg@anted as a condition of a query (an
XQuery expression for a condition).

Having such interests, we propose to enrich the gsery with some user’s
interests in order to order the documentary urgtsrned by the query in order to
adapt the result to the user.

1 www.irit.fr/PRETI



To carry out the exploitation of the user’s intéseshe enrichment of the query
and the update of the profile, we have defined lgoraghm [6]. In this paper, we
present an improvement of this previously propadgdrithm.

3 User profile

The user profile which we proposed comprises twaratteristics (see figure 1.a):

- permanent characteristics which are introducechbyuser and which remain
fixed in time, such as name, first name, etc.

- changing characteristics which evolve over timeisTipe of characteristic
introduces the user’s interests and user's prefesernhat are determined
implicitly without the user intervention. In thisper, we are interested in the
user’s interests described in XML Schérimathe figurel.b.

userProfile [
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Fig. 1.a. The user profile in XML Schema

interestList = : var_UP_Interest
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Fig. 1.b. The user’s interests in XML Schema

We present below an example of a user profile winggresents the instantiation of
the XML schema for the PRETI platform (see sectrfor more details). For
example, the user is interested in the distandbdmsea-distance (var_UP_Interest =
sea-distance) which is < (op_UP = “<”) to 2 (val_BP2) with a frequency of 3
(frg_opVal_Var_UP = 3).

2 http://iwww.w3.0rg/TR/xmlschema-0/
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Fig. 2. An example of usermteress

The figure 1 shows the elements that appear ingihgrcharacteristics of the user
profile. Each element of interest variable "var_Uferest" (for example "city",
"babyBed" in the figure 2) is associated with anitatte "frequency” that defines “the
number of times the interest is used” in the caodipart of queries. This attribute
"frequency” is incremented each time the elememtr "WP_Interest” is used in a
query. For example, in the state of the profiléha figure 2, the condition of a new
query: ‘"sea-distance<2" will increment the frequenattribute of the
"var_UP_Interest" (i.e. sea-distance). Accordinghiese frequencies, we proposed to
calculate the user’s interest degree by the folgvéquation:

frequencyi_nterestVda]-

=n
> frequencyi_nterestvaj (1)
j=1

degree_irﬂrestVa]l = j

In order to standardize the values of interestekegn the interval [0..1], we proposed
the following equation:

degree_imrestVaq

degree_imrestVa]l_finaI =

maxdegree_imrestVai (2)
=1

In the equations 1 and 2, "n" represents the taotambers of element
"var_UP_Interest" that exist in the user profile.



4 Algorithm for query enrichment

4.1 Principles of the algorithm

For adaptation purpose, the objective of our reseanrk consists in the adaptation
of the results during semi-structured documentsrygog process. For that, we
suggest to order (or sort) the documentary unithefresults in priority according to
user’s interests. To carry out this objective, wggest to enrich the initial query, that
is the user’'s query, with user’s interests. Ourdilgpsis consists in calculating the
same returned results in content and length as &michment was made; that is the
set returned by the initial query. Only the ordgrof the results is modified before
presentation to the user. The process should bleingmted only after the query has
been evaluated by the document repository. Howeveyery in Xquery language
may only return some documentary units of the damis) typically XML elements,
meanwhile our process could need to access otleeneels, typically the entire
document. For this reason, we implement an enrichimieuser’s query which goal is
only to order the result, not to change the resuitself. This allows to access any
part of the documents when necessary.

We have first proposed an algorithm for query dnrient based on two generic
functions in [8]. It takes into account the usanterests correctly if only one interest
is given. The two functions suggested have beearitbesl in XQuery language [8].
So, we propose to improve this first version inesrtb take into account "n" interests.
As described in section 3, a user’s interest isaggnted as an XQuery condition; for
example city="Narbonne”, sea-distance<2, ...

For taking into account only one user’s interestairgiven query, the solution
consists in ordering results in the following way:those results relevant to the query
and to the user’s interest, 2) those relevant ¢oqliery andhot to the user’s interest.
For example, if the user’s interest is sea-distaBc¢he ordering of the results for a
query "Q" (with no conditions on sea-distance) vatinsist in giving: firstly the
cottage having a “sea-distance<2” ("Q and seaquista?2"), and then the other ones
(that is "Q and sea-distance>= 2", or written défely "Q and not(sea-distance<2)").
Without this ordering, the same results would bespnted to the user but in some
"random" order, regardless of sea-distance value.

When multiple interests are to be taken into actotlme ordering problem is to
present to the user the same result set in coatehiength as would give the initial
query. Any given result may match no user’s intexeg all, only ne of them, 2 of
them, n of them, all of them. The idea is thenrank" each result according to its
matching to interests in order to get its rangéhmresult presented to the user. That
will be a relative range, that is subsets of resahiatching "n" interests. Finally,
results matching all interests will be presentedtfithen those matching "less"
interests, and so on.

For that purpose, we suggest to combine the seaitefests and enrich the user
query with those combinations. The enriched queity mgturn the results in the
correct order. Each interest admits a boolean valbhen evaluated for a given
document. For example, the interest city="Narbonwdl' be evaluated to true or
false for each cottage renting document (see examnpkection 5). So, combining



interests is a boolean combination of interests @intheir negations. For example,
combining interests sea-distance<2 and city="Nambbreads to 4 expressions: i)
sea-distance<2 AND city="Narbonne", i) sea-dises AND NOT
city="Narbonne", iii) NOT sea-distance<2 AND citysdrbonne", iv) NOT sea-
distance<2 AND NOT city="Narbonne".

The order of the boolean combination is importamtes right elements are negated
before left ones. So, we use frequencies of inteliasthe user profile in order to get
the right combination that leads to satisfy the fenomportant” interests first (those
having the highest degrees or frequencies), thenldiver one, and so on. In the
example above, the interest sea-distance<?2 is demesl as more important than
city="Narbonne". We suppose that the user will tpegfer cottages that satisfy a sea-
distance<2 but not located in "Narbonne" than thosated in “"Narbonne" but not
having a sea-distance<2. Obviously we supposehthditst prefer cottages having a
sea-distance<2 and located in "Narbonne", andylakibse corresponding to no
interests. The order or stages of the combinati@ikices these interests.

Another issue in this approach is to select the'sigaterests to take into account
for enriching a given query. Using all intereststloé user profile regardless of the
guery may lead to inconsistent conditions and 'musense" query. So, we try a
heuristic solution that is to take into accounteiests: i) not used in the query
condition, ii) having some "sense" in the contekittee query. To define a sense
relationship between a user’s interest and quengliions, distances measurements
inside the document structure between query camditand user’s interests are used.
Heuristic threshold can decide if interests areas#inally closed to query conditions,
and therefore can be used to adaptation.

Supposing that "n" is the number of the user’sradts that will be extracted from
the user profile (and added to the query), the'pmegation of the algorithm leads t& 2
stages. Each stage leads to a new "partial” qtlesywe can consider as a part of the
enriched query to be evaluated. At each stage,parts are inserted in the query
being built: a static part and an evolutionary p@te static part is the conditions of
the initial query. The evolutionary part is made ap the users’s interests. Its
evolution depends on boolean combinations of istsrethat is the change of
operators (e.g. =, >, <, etc.) by their negatiodescribed above.

In the first stage, we keep the initial operatotsolr are extracted from the profile.
That corresponds to find all documents existinghia collection that both match the
query and all user’s interests. Afterwards, in eatdge, a boolean combination of
interests is used. The combination of the interisstaade in the decreasing order of
frequency existing in the user profile. That copa®ds to find documents from the
collection that match the query and match the d&gbless the user’s interests: these
documents first match all user’s interests butthetlower frequent, and so on. In the
last stage, all operators for user’s intereststlagenegation in comparison with the
first stage. That corresponds to find documents migtch the query but that do not
match user’s interests.

Finally, in order to adapt the results to the ueg, system should evaluate all of
these queries, in the order they have been gederBitat ensures a correct ordering
of the documentary units according to user’s irgexe



4.2 Algorithm implementation

The proposed algorithm is divided into three parts:

1) The first part consists in the selection of issanterests to use for query
enrichment. This part extracts user’s interestmftbe user profile. A user’s interest
is selected if: 1) it is not used in the queryjta¥ similar to at least one condition of
the query, that is, “it has some common sense iakdri the context of the query”.
Similarity measures are presented hereafter.

2) The second part of the algorithm consists, endihe hand, in sorting the selected
user’s interests in the decreasing order of fregesn(degrees) and in combining
them into a boolean combination as described pusiyo On the other hand, it
generates the enriched query.

To set up these combinations, we use a matrix MgLiColumn] which has a
number of columns (Column) equals to the user'sra@dt number (n) and has a
number of lines (Line) equals td.2This matrix is filled by values 1 to indicate a
user’s interest such as stated in the user prafitk 0 to indicate the negation of the
user’s interest. To produce this matrix, we usartion based on classical binary
combinations of "n" elements.

We have defined a function called "enrichQuery" nibination_Matrix,
initialQuery, interestList). This function takes aparameter the matrix
"combination_Matrix", the condition part of the usequery “initialQuery”, and
user’s interests “interestList”. This function reta a list named "list_EnrQuery"
which contains all the possible combinations of tiser interests with the condition
part of the user’s query.

We have also defined an algorithm using the lifinde above ("list_EnrQuery")
and able to generate a new query which combingkialsub-queries in a single one
to produce the expected results. We use as maeypeessions of XQuery language
as necessary sub-queries, each one evaluated icothect order. This generated
query is the enriched query evaluated by the dootemg repository.

3) The third part of the algorithm makes it possitd update the user profile from
the query. This update consists in adding new éster (conditions of the initial
query) to the profile or increasing frequenciesdgristing ones. The execution of the
enriched query is carried out via an execution @seor SAXON. The JAVA
implementation of this algorithm generates only angery in XQuery language
submitted to the execution processor.

The first and the third parts of the algorithm dsased on the similarity
measurements in order to compute the distance batife documentary units and
the interests that are in the user profile. Theilanty measurements used in our
algorithm are inspired by the work of Yi, Huang abian [9].

The similarity measurement between the user prafiterests and the query
conditions is determined on the basis of their elet® properties. These elements
properties (XML elements properties) are founchie dlocuments themselves. In this
paper, we are interested in the similarity measerdgnfor the names of elements
taken from [8], that is determined by the name imatg of the two elements "a" and
"b" as follows:

3 http://saxon.sourceforge.net/



Nn(a)mn(b)
Nin@nng) + (@ 0)Np@)/nw) + €= a(@0)) Ny /n@

Shame(@,0) =

Where Nywne = [namea) n nameb)| returns 1 if the two names have a common

string, else 0. Noay/niyy =[name@)/nameb)| reryrns 1 if "a" has a string name
difference with "b" string name, else 0. For examghe two names "depart” and
"department” have a common string "depart" andsttedifference of two names is

the string "ment". Therefor N department depart = 1' N department depart = 1, N gepart department = 0 _

Supposed that weigl? =0.5 (the relative importance Nn@n) and Nnw/n@ is the
same), the similarity of the two names is equ: s, (departmentdepart) = 066.

This similarity measurement is used in the firstt pd the enrichment algorithm, in
order to verify if a user interest is used or mothie query conditions. It is also used in
the third part of the algorithm to decide for nemesisting user’s interests.

In our context, we have defined the similarity afgnts for "a" and "b" as follows:

_|1if S,ame(parent(a), parentb)) >0
Sparent(av b) - . _
0 if S,.me(parenta), parentb)) =0
This similarity of parents of two elements is usedhe first part of the algorithm. It
allows to select a user’s interest if it has a Kty of parent with at least one
condition of the query greater than a threshold. the moment, this threshold is
determined manually and depends on the documentsiste.

5 Application

We present, on figure 3, the document structurthefPRETI applicatichin XML
schema.

cottageRentingList -]
1.0

i
i
L-1 distanceSport E_l—@}—'

Fig. 3. Example of XML documents of cottage renting
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We suppose that a user wants to find rented cattargéaude” department accepting
animals (department = "aude" and animal = "yeshisTuery is written in XQuery
language as follows:

for $a in doc ("cottageRenting.xm")
wher e depart nent =" aude” and ani mal ="yes"
return $a

The result returned by this query contains ordefethents according to the structure
of XML document of cottage renting (figure 4).

In figure 4, we suppose that a given user proSilgiesented on the figure 2 (see
section 3) and that the current conditions expoessof query are presented on the
figure 4.

nfhal guery
kS
A
e conditions
conditi conddition
; | Ar_GLIeL l\ |
var_crp_cyery al_guery 0_iuery wal_query
AN T
department = aue animal = ¥

Fig. 4. Example of query conditions

We have applied the algorithm proposed in the gecdi. At the beginning, the
algorithm determines that:

- the "city" element with value "narbonne" thattexn the user profile has a parent
similarity with "department" that exits in the qyer

- the "babybed" element that exits in the userifgrdfas a parent similarity with
"animal" that exits in the query.

Once these elements are given, the algorithm siwen according to the
decreasing order of their frequencies. In the exantpat’s give babyBed/city.

On the other hand, the algorithm enriches the qbgrgenerating 4 queries?(2
where the power 2 represents the number of usedsuséerests). The generated
stages in the described example are:

- First stage

department = "aude" and animal = "yes" and babyb&dnd city = "narbonne"
- Second stage

department = "aude" and animal = "yes" and babybg&dnd city != "narbonne"
- Third stage

department = "aude" and animal = "yes" and babybddand city = "narbonne"
- Fourth stage

department = "aude" and animal = "yes" and babybedand city != "narbonne"



So the enrichment of the user query with his irgerenables to offer to the user a
reordering of documentary units of cottage renting.

We have evaluated the results returned by thealnifiery and by the enriched
qguery with some users of our laboratory. This eatiun is carried out on the corpus
of the database PRETI which includes a collectibry@ documents of cottage
renting. The result of the evaluation is presefbedhe first ten documentary units in
the following figure:
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Fig. 5. Evaluation curves with user’s judgments

The result of enriched query is presented by timeecaf adapted result. The result of
initial query is presented by the curve of initiekult. The evaluation of these both
results in figure 5 shows that the enriched quesmeaers better to user’s interests than
initial query.

6 Conclusion and prospects

In this paper, we have proposed an improvementoélgorithm for adaptation of
results of queries when querying corpus of senuiestired documents. The overall
goal is to reduce the problem of cognitive overlodtiis algorithm consists in
selecting the user’s interests that are to be takenaccount. It also consists in
enriching the initial user’'s query to reorder thresults according to the selected
interests. A first evaluation with users shows thatfirst results presented to the user
better fits their needs for the enriched query thamthe initial users’ one. An
originality of this work is that this adaptation ynbe applied to many documents
belonging to different domains, especially existimges where adaptation was not
planned when documents were created.

We are now implementing the proposed algorithmhie PRETI platform. This
implementation will then enable us to carry out enadvanced evaluations. These
evaluations must lead to validate our approach fuser’s point of view. One issue is
the number of the stages of our solution in thenfaf 2", n being the number of
selected user’s interests. One solution could baddify the enriched query and use
the "order by" expressions of XQuery language. Aapbne could be to give the user
a list of subsets of results corresponding lesslassl to his interests. In that case,



only n subsets (n queries) should be evaluateds pbssible solutions need to be
more deeply studied. Another issue is the seleationser’s interests that are to be
taken into account. For that point, we investigatestudy other methods from the
literature.
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