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Abstract

This paper describes MELISA - MEdicd Literature
Seach Agent — a prototype of an ontology-based
information retrieval agent. We have designed a
modular system that can be eaily adapted to another
medicd literature sources or other professonal
domains. The magjor issies are the design of an
architedure with threelevels of abstradion, the use of
separated ontologies and query models, and the
definition of some aggregation operators to combine
results from different queries.
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Introduction and motivation

In Internet, there ae a lot of general-purpose
seach engines, witch goal is to retrieve web pages
matching some aiteria. In addition, there ae dso
some professional engines which results are literature
references: MedLine is a good example of this. It isa
large database with biomedicd bibliographic
references, so we think it is a good starting point to
develop an information retrieval agent for professonal
purpases. looking for literature references. In order to
achieve this goal, we have caried aut a process of
knowledge analysis with a professional in medicine,
and we have developed a prototype based on the
resulting medicd ontology.

Without detailed knowledge of the lledion
make-up nor of the retrieval environment, most users
find it difficult to formulate well-designed queries for
retrieval purposes. In fact, as observed with Web
seach engines, the users might need to spend large
amounts of time reformulating their queries to
acomplish effedive retrieval. The user usually make a
first query, sees if the information is retrieved and
examine how useful it is for his need. Most of the
times he has a large list of documents, intradable for
him, other times he had restricted so much the query
that the result is not sufficient. At this point he has to
reformulate his query.

The purpose of this projed is to solve this typicd
problem within a professonal domain, in our case
medicd literature retrieval. To make this we
implement different modules to generate queries,
evaluate the results, reformulate the queries, if it is
necessary, and show the results to the user.

In this first approach we work with the MedLine
database to make the seach, but keeping a structure
that will allow us to work, in the future, with different

databases or other search engines. Furthermore, to get
a more pradicd redisation, we have adopted a well-
known medicd paradigm: “Evidence Based
Medicine”.

In sedion 1 we describe the system overview.
Sedion 2 explains which type of information retrieval
is neagded to work with MedLine database, and
MedLineitself. Sedion 3 describes the mnstruction of
a medicd ontology. Next sedion addresses the design
of the query models. Sedion 5 6 and give a
description of the generation and evaluation of the
gueries. Sedion 7 shows an example. Finaly we
present some @nclusions and future work.

1 Overview

Here we present a general scheme of the prototype
that we have designed to acomplish our objedives.

We cd it MELISA - MEdicd Llterature Seach
Agent.
1 Input Interface
6 Query 2. Query Generation 7 Medical
Models Ontology

S
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Figure 1 General structure of MELISA

1. Input interface Allows the user to spedfy the
main topics to perform the search, some typicd
medicd caegories and ather seach modifiers as
date of publicaion or evidence quality. All this
data constitutes a Consultation. We can consider
a mnsultation as a very abstrad - independent of
the database-, conceptual, high level query.

2. Query Generation & Reformulation: A
consultation bewmmes the input for the Query
Generation module. This module is the re of
the etire system. It takes a Consultation, the
Medicd Ontology and the Query Models; so it
can transform a Consultation into a olledion of



low-level, database dependent queries. We cdl
them Spedfic Queries. As we ae going to see
later, there is another information level between
Consultation and Spedfic Query; it is based in a
domain knowledge model that we cdl
Conceptual Query, asit ads as alink between the
Consultation and the Spedfic Query levels. In
addition, this module @n reformulate the
Spedfic Queries when the results are insufficient.

3. Query Evaluation: The results of the Spedfic
Queries - basicdly a olledion of literature
references - are then moved to the Query
Evaluation module. The function of this module
is to assgn some score to these references,
acording to some aiteria, as the degree they
fulfil the user spedficaions or the evidence
quality of the studies referred by the literature.
Furthermore, the results for the Spedfic Queries
are joined within a different group for ead
Conceptual Query.

4. Filter & Combination: The literature references
must be filtered and combined to reah a
definitive score. This processis necessary due to
the nature of the queries, which make posshle
repeaed references. First, we neal to eliminate
different apparitions of the same reference
seoond, it is recmmendable to delete references
that do not fulfl a minimum constraint-
satisfadion criterion.

5. Output Interface Last, the results are
interadively recombined to be shown to the user
in an appropriate manner.

6. Query Model: It refers to information schemes
that represent queries at various abstradion
levels. We have mentioned two o these levels
before Consultation —the higher -, and Spedfic
Query, - the lowest -. It alows us to make the
agent the more independent from the ntext,
being the mntext a mncrete seach engine like
PubMed.

7. Medical Ontology. It contains me medicd
knowledge used to generate the queries. It was
designed as a hierarchicd treg with a frame-
based representation approach.  This ontology
must be & some degree ontext freg but it has to
point elements of the seach engines used by the
Query Generation module.

8. PubMed & MedLine: At this moment, we ae
working only with one database — MedLine - and
its associated web-based seach engine — PubMed
-. But it isimportant to remark that our goa isto
develop a general framework that allows us to
reuse modules of this agent with other medicd
databases and also ather professonal domains.

9. MeSH Browser: It is the acces doa to the
MeSH Ontology, it allows to test the terms used
as keywords and give the user some alditional
information about them.

2 Medline

In this sdion we e&plan the structure of
MedLine's documents, and how PubMed works. We

need this knowledge becaise the entire projed has
been developed using the idea of working with
metadata mlledions, more useful for professonal
purposes.

Metadata mlledions are sets of documents with
additional information about the document, cdled
metadata. Metadata is information on the organisation
of the data, the various data domains, and the relations
between them. Summarising, metadata is ‘data aout
the data’. Common forms of metadata associated with
text include the aithor, the date of publicaion, the
source of publication, the length, and the document
genre. This kind o metadata is usually cdled
descriptive metadata. Another type of metadata
charaderises the subjed matter that can be found
within the document’s contents. We refer this as
semantic metadata.

MedLine Database is a metadata lledion referred
to biomedicd articles. The aticles gored in MedLine
have both Descriptive and Semantic Metadata. We will
seelater the structure of MedLine' s documents.

To standardise semantic terms, many aress use
spedfic ontologies, colledion of concepts, terms and
relations between them, used to describe the
knowledge domain. In MedLine, this ontology is
cdled MeSH (Medicd Subjed Headings).

2.1 MedLine's documents

As we have said, MedLine' s documents have more
information than the simple aticle reference. We work
with these fields to make aquery. The most important
differencein MedLineisthe MH field that gives us the
meaning (Semantic Data) of an article.

PMID PubMed Identifier
uiD Unigue Identifier

TI The article’s tittle
AU: The article’s authors
LA Language of publication
MH MeSH Term related
PT Publication type

DA Date of acceptance
DP Date of publication
AB Abstract

SO Source of publication

2.2 MeSH Ontology

MeSH (Medicd Subjed Healings) is a medicd
ontology made with 18000caegories. The structure of
MeSH is a padytreg a hierarchical structure where a
term can appea in different branches. MeSH objeds
can be described with these properties:

Name: Name of the term

Definition: Medical definition.

Related Terms: Another terms related with this term.
Subheadings: Allowed subheadings to modify and
complement the meaning of this term.

Position on the polytree: Fathers and son on all the
locations for the term.

MedLine has a set of subheadings, but ead term
has only a subset of all owed subheadings.

The MH field of adocument contains a MeSH term
and optionally some of the dlowed subhealings. This
field represents one of the topics of the medicd




reference. In addition, one MeSH term can be flagged
asaMajor Topic — the most representative -.

2.3 Search Modifiers

PubMed allows performing different types of
seaches for a keyword by using some mnstraints that
we cdl search modifiers. Different search modifiers
impose different constraints on the search, restricting
the set of data fields used to carry out the seach.

MAJR, MH:NOEXP and MH can be gplied to

MAJR: Searches documents having this MeSH term as
a Major Topic.

MH:NOEXP: Searches documents with this MeSH term,
without expanding the search through the descendants
of that MeSH term in the polytree.

MH: Like the previous modifier, but expanding the
search through its descendants.

TI: Searches for documents having this term in the tittle
TW: The same, plus looking for the term in the abstract
PT: Searches documents with this term as Publication

Type

MeSH terms. Tl and TW can be gplied to any word
or expresson. PT can only be gplied to a set of
alowed values.

As we will see later, our system uses these
modifiers to perform multiple queries for a term,
looking at the medicd ontology to determine which
type of modifiers are dlowed. The evaluation
procedure assgns <ores to articles acording to the
seach modifier used in the asciated query.

3 Medical Ontology

Our goal is to develop a system able to work with
diverse information sources. We think that ontologies
are the best approach for information retrieval tasks in
so heterogeneous environments, supparting both
structured and unstructured data.

We have caried out a knowledge analysis process
working along with an expert. The result of this
process consists of a mlledion of medicd concepts
that the expert considers relevant in medicd pradice,
and some seach terms for these mncepts. Then the
system trandlates them into a cnceptual caegory-
based structure. The cdegories were iteratively refined
and the seach terms systematicdly tested to oltain
goodresults.

There ae two main desirable properties to have in
mind when designing the medicd ontology: It should
be a appropriate knowledge representation of the
world, and it must point to a good set of terms in the
seach environment. Another asped of interest, is the
role the ontology can play as a user guide to spedfy
useful queries.

We use aframe-based approach. From this point of
view, we represent the knowledge into a hierarchica
treg with classes, subclasses and instances of these
classs. Each objed has some dots or properties that
we @n define @& a data type. The descendants of a
classinheritsits dots and values

We distinguish three dstradion levels.

MeSHTems
Subheadings

Publicaton Types

Groups of
categories

Medial —»
categories

The first level refers to main aress of medicd issues.
These groups rve us as an organisation scheme, an
aso, it alow us to apply different treagments to
different category groups. For example, we ca use
different weights to score aticles, acwrding to the
relative importance of the cdegoriesthey belong to.

The medium level is constituted by a mlledion of
medical categories. They are probably the most
important concepts, as they have been chosen to
cgpture issues of interest for the medicine
professonals when looking for literature referencesin
genera, and from an EBM pradicd approach in
particular. The data structures at this level have to
point elements of the third level.

MeSH terms are our particular representation of
terms existing in the MeSH Ontology (the ontology
used by Mediine its associated seach engine,
PubMed). We have developed a modue to capture
and represent these termsin our ontology.

Next, we present the first two levels of the
ontology and a @mplete description of one medicd
caegory and its related MeSH terms in order to
understand this knowledge representation

r--- GOODBMDENEQUAITY
BVDENCE -~ MEDUMBMDENCEQUAITY
Qar L--- FOCREMDENCEQLALITY
r--- DANOSS
|
OJOMN@LES +r FROGNOSYS
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aAS ---- ASKFACICRS
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-=t--- FOUCYMKING
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INERAION S~~~ BVODENCEBASDMEDONE
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Figure 2. Classes and instances of the medical ontology

We have defined a dassat the top o the tree cdled
Medicd Class and four subclasses to represent groups
of caegories: Evidence quality, clinicd categories,
analysis and evidence integration, each one with a
littte number of instances, one for ead medicd
category.

MEDICAL_CLASS is-a-class
Name: String
ClassName: String
Description: String
MeSH_Terms: List-of MESH_TERM
Subheadings: List-of SUBHEADING
Related subheadings: List-of SUBHEADING
Related_MeSH_Terms: List-of MESH_TERM
Alternative_Terms: List-of String
Publication Types: List-of PUBLICATION TYPE

Some dlots are single data types, but there ae
another ones that are references to other objeds of the
ontology.



Every subclass of the Medicd Class gedfies a
class name; the rest of the slots are inherited without
value, so we do not represent these dots.

CLINICAL_CATEGORY is-a-subclass-of
MEDICAL_CLASS
ClassName: “Clinical categories”

EVIDENCE_INTEGRATIONis-a-subclass-of
MEDICAL_CLASS
ClassName: “Integration of the evidence”

EVIDENCE_QUALITY is-a-subclass-of
MEDICAL_CLASS
ClassName: “Evidence quality”

ANALYSIS is-a-subclass-of MEDICAL_CLASS
ClassName: Analysis

Each Medicd Category was represented as an
instance of one of the four groups of caegories; for
example, we define a céegory for medicd guidelines,
belonging to the group cdl ed Evidence- Integration.

GUIDELINES is-an-instance-of
EVIDENCE_INTEGRATION

Name: Guidelines

Description:

MeSH_Terms: Guidelines, “Practice Guidelines”,
“Clinical Protocol”

Publication_Type: guideline, “practice guideline”

At the lowest abstradion level, we define a
structure cdled MESH_TERM, to represent the MeSH
terms, but only those terms used by our particular
medicd ontology. Note that this gructure is very
similar to the one described in the MeSH ontology.
MESH_TERM is-a-class
Name: String
MeSH_Description: String
Fathers: List-of MESH_TERM

Sons: List-of MESH_TERM
Subheadings: List-of SUBHEADING

We define two olbjeds as sngle data types —
strings- to represent subheadings and publication
types. But it is important to remember that these
strings can be only allowed PubMed publication types
and subheadings.

As other seach engines may need some different
data, we can adapt this ontology to suit new concepts,
by modifying or adding rew concepts.

4  Query model

To urderstand the following sedions we give now
some definitions of data structures that we cdl query
models, because they represent information about
queries. First of al, we mnsider threelevels, asin the
mesh ontology.

Consulfo‘riora—k Conceptud querigsPr

The first level — Consultation - groups al the
information needed to perform a seach.

The onceptua queries are diredly asociated with
the medica caegories in the ontology, one conceptual
query is neaeded for eath medicd caegory included in
aseach.

Spedfic queries

Last, spedfic queries are suited to define and
cgpture the results of the red, physicd queries. Each
one is the result of combining some keywords with a
seach term given by the ontology, plus me seach
modifier.

These models drive the cnstruction of queries, as
well as their evaluation. For this reason, eah level
contains a olledion of structures of the level below. It
allows the query generation module to go down during
the generation of the queries, and reverse when
evaluating and combining the results of the queries.

The ideaof decompaosing the query model in three
abstradion levels is to fadlitate reusability: working
with other seach engines and ather domains. Only the
lowest level depends on the spedfic seach engine.
The higher level is absolutely independent, and the
medium level is dependent only because their
asciation with the medicd categories defined in the
ontology.

4.1 Consultation

A consultation is the representation of the user's
need. The user gives these dementsin the mnsultation
window. Let us sewhich are these dements and their
meaning.

CONSULTATION
Keywords : List-of String
Medical_Categories: List-of MEDICAL_CATEGORY
From_Year: Integer
To_Year: Integer
Abstract: Boolean

Conceptual Queries: List-of CONCEPTUAL_QUERY

The medicd caegories are seleded from those
caegories defined in the medicd ontology. The list of
conceptual queries is made by the Agent, during the
guery generation procedure. The other fields are given
by the user.

41.1 Keywords

The keywords are the are of the seach process
They are words or expressions representing the main
topics to drive the seach. Any string is allowed as a
keyword, but it is very remmmendable to use valid
MeSH terms as keywords, so the seach may obtain
better results, and the user should apply some
subheadings to restrict the search. These keywords are
represented in a similar manner as the MeSH Terms,
plus ©me aditional information:

KEYWORD
<Fields sharedwithMeSH Tem objects>
Name String Theword or expression’
Description: String ‘It is the definition ofthe MeSH Tem’
Fathers: Listof MESH_TERM Fathers of this tem in the
MeSH ontology’
Sons: Listof MESH_TERM ‘Sons of this term in the MeSH
ontology’
Subh List-of SUBHEADING ‘Allowed subheadings for this
term’
ReKW: List-of MESH_TERM ‘Related MeSH tems’
<Additionalfields>
Subhsel List-of SUBHEADING ‘Selected by the user from
Subh field’
NoMeSH Boolean 'lt is true if the tem is a validMeSH tem’




Note that Description, Fathers, Sons, Subh,
Subhsel and RelKW are only available if the keyword
isavalid MeSH term. All thisinformation is used |ater
to generate and reformulate the queries.

4.1.2 Medical Categories

The user can sdled some cdegories from the
Medicd Categories described at the previous edion,
which all ows the user to focus the search to their main
interest areas. All this categories may be seleded with
independence of the others, but those caegories about
the quality of the evidence In the last case, the user
should only choose the minimum quality degreeof the
evidence

4.1.3 Special Filters

This is not medicd information, but descriptive
information. There aethreefilters:
- Yea_From: This filter take out of the seach
documents published before thisyea
- Yea _To: Take out documents published after this
yeqa.
- Abstrad: When true, the seach process retrieves
only documents with abstract.

4.2 Conceptual Queries

A conceptual query is a structure between
consultation and spedfic queries. It not depends on the
seach engine. A conceptual query hasthese dements:

CONCEPTUAL_QUERY

Medical_Category: MEDICAL_CATEGORY ‘A
conceptual query is associated with only one Medical
Category’

Specific_queries: List-of SPECIFIC_QUERY
‘Stores all the specific queries generated for this
conceptual query, resulting of combining the keywords
and filters with all the terms of the medical category
associated to this Conceptual Query. This list is made
during the query generation procedure (decomposition
level 1)’

Scored_documents: List-of SCORED_DOCUMENT
‘Documents resulting of evaluating and combining the
documents retrieved in the specific queries. This list is
created durina the auerv evaluation nrocedure’

4.3 Specific Queries

SPECIFIC_QUERY

Search_Term: one of the terms described in the
Medical Category for the Conceptual Query in the upper
level

Search_Concept: belongs-to {MeSH_Term,
Subheading, Related_MeSH_Term, Related_subheading,
Alternatve_Term, Publication Type} ‘Refers to the type
of term in the Medical Ontology’

Search_Modifier: belongs-to {MAJR, MH:NOEXP,
MH, TI, TW}

Query_String: String ‘Is the string that will be send to
the search engine. It results of combining the search
_term with the keywords and the filters specfified in the
consultation’

Retrieved_Documents: List-of DOCUMENT ‘List of
documents retrieved by this query. We store only the UID
because it expends less memory and it is easier to work
with. The rest of the information of an article will be taken
in the moment of the visualisation of the document’

This is the low-level structure. It is redly the one that

works with a seach engine, so it depends on the
seach engine.

5 Generation and reformulation of

qgueries

Here we describe the process of transforming a
consultation into a olledion of spedfic queries, and
how these queries are sent to the search engine. Before
explaining this process in detail, let us discuss
different approaches to the query generation task.

As we have said before, a cnsultation implies
some nceptual queries, one for each seleded
medicd caegory. Furthermore, we know that a
medicd caegory links to a olledion of MeSH and
norn-MeSH terms, plus other concepts like publication
types. In addition, ead term can be gpended with
some seach modifiers. Thus, our system has to
addressa large amount of information. Therefore, we
must design a method to minimise time st and
maximise information quality.

We have mnsidered three a&peds to design the
guery generation strategy:

- To send dl queries in paralel, so we aoid
waiting for one query to send another.

- To use a short retrieval format, during the
generation and the evaluation procedure we retrieve
only the document references (UID’s) to ecnomise
time and spaceresources

- To perform short queries — with a few number of
seach terms- rather than long queries. This allows
working only with UID’s, as the evaluation procedure
can score documents acording to the queries they

appea in.

5.1 Decomposition process

We can see the process as an iterative
decompasition process from the most abstrad level —
consultation - until the lowest level - spedfic queries.
As we will seelater, the evaluation and combination
process can be mnsidered the inverse, as the systems
procedls by integrating results from different queries
into more general objeds.

CONSULT ATION
DECOVPCSITION LEVEL 1

CONCEPTUAL
QUERY 1
DECOM POSITIONLEVEL 2 |

Figure 3 Query generation process

The first step consists on the generation of the
conceptual queries, one for every medicd category



seleded by the user, and another extra cnceptual
query to perform searches with only the keywords and
no medicd caegory. Ead conceptual query takes
three parameters as inputs: the list of keywords, a
medicd caegory, and the speaal filters.

In the second step, the query generator exeautes a
demmposition of ead conceptual query into a set of
spedfic queries. Each spedfic query is constructed by
combining the keywords and speda filters of one
conceptual query with the items that represents the
medicd caegory for that conceptual query and its
alowed seach modifiers. Every conceptual query can
result in a very different number and type of spedfic
queries, acording to the structure of the medicd
caegory associated with that conceptual query.

Keywords, spedal filters and terms related to the
medicd caegory are combined with the AND operator
- the most restrictive one. After the evaluation process
if the results are not sufficiently good the generation
process produces a new colledion of spedfic queries,
but now using the OR operator. At the moment we use
only aquantitative aiterion, in short, reformulate if the
number of retrieved dacuments is less than a fixed
threshold.

6 Combination and evaluation of

queries results

As we have seen in the previous sdion, we
generate a olledion of spedfic queries for ead
conceptual query. The spedfic query interads with the
seach engine — or engines — and retrieves a list of
documents. In this £dion we explain how to join all
the documents corresponding to a conceptual query,
plus the functions used to score documents.

Scoring documents inside a ©nceptual query can
be seen as assigning documents with a membership
value, referred to the medicd caegory associated with
that conceptual query. So, the key is to understand the
meaning of the seach concepts defined in the
ontology, as well as the sense of the seach modifiers
that can be gplied to these @ncepts. Thus, we
distinguish some order relations that can be used with
a membership meaning.

a) Seach concepts (spedfic query’s Type):

Mesh Terms>Related Mesh Terms>NoMesh _Terms
Subhealing > Subheading2

Publicaion Type

b) Seach modifiers (spedfic query’s Subtype):
MAJR> MH:NOEXP > MH > Tl > TW > no-modifier

To score documents, we define a data structure
with a numeric field for ead seach concept
(Mesh_Score, Mesh2_Score, NoMesh Score,
Subh_Score, Subh2_Score, PubType Score), and a
field to store the overall score (Globa Score) of a
document in the cnceptua query.

This oring process has two steps: First, MELISA
has to score the documents inside a onceptual query.
Sewmnd, MELISA has to combine the results of
different conceptual queries, acording to the user's
seledion.

6.1 Scoring documents inside a Conceptual
Query
After retrieving, MELISA has the following

information: lists of articles — only UID — retrieved in
the different spedfic queries. Now the agent nedals to
join al these lists into one list with some order. To
adhieve this goal the system uses an aggregation
function that enables us to join the information of all
the spedfic queries inside a onceptua query.
MELISA uses an aggregation function to sort the
resultant list.

6.1.1 Aggregation function

At this point we need to cdculate the importance of
a document (a) inside the mnceptua query j. This
importance depends on the occurrences of the
document in the different spedfic queries results. The
aggregation function is defined as follows for a
conceptual query j:

©,(@)=) ¢6;(@) 1

Where a is the retrieved dacument, ¢; is the weight
coefficient for a seach modifier i. These wefficients
have the foll owing restrictions:

gci =1; Ui:c =0
I

And 6; is a membership function of documents
obtained with the seach modifier i in the mnceptua

query j.

6.1.2 Membership function

Z b, Mk (a)
6.(a)=*_
@ =
Where nj(a) is the number of occurrences of the
document a in spedfic queries with search modifier i

and seach concept k, in the onceptual query j. Njjisa
normalisation coefficient defined as follows:

N; = ;kaijk [3]

Nij is the number of spedfic queries with seach
modifier i and seach concept k, generated for the
conceptual query j. It represents the theoretic
maximum for niy .

The weight coefficients by for a search concept k,
must accomplish the following constraint:

Ok:0<h <1

(2]

6.1.3 Weight coefficients

We have two sets of weight coefficients for the
seach modifiers, depending on whether or not the
conceptual query has a publication type (PT).



Ci Conceptua query Conceptua query
without PT with PT

MAJR 0.3 0.15

MH:NOEXP 0.25 0.125

MH 0.2 0.1

Tl 0.13 0.065

TW 0.08 0.04

PT 0.5

Without Search 0.04 0.02

Modifier

Furthermore we have awother set of weight
coefficient for the search concepts:

bx

Mesh terms 1
Related Mesh terms 07
Non-Mesh terms 05
Subheading 1
Related Subheading 07
Publication type 1

These values have been estimated empiricdly. In
the aurrent implementation of MELISA, the weight
coefficients are static values, but in the future we plan
the aent to lean these wefficients by interading with
the user.

6.2

Combination of documents from

different conceptual queries

At this paint, the system has a list of scored
documents for eat conceptual query. MELISA alows
the user to combine the results of different conceptual
queries. For this purpose, we neal to compare and
combine the score of articles in different conceptual
queries.

This is not an easy task, becaise the mnceptual
queries are asciated with a medicd caegory, and
these medicd caegories have not the same structure.
This gructure depends on the number of terms, used to
define a medicd caegory, the spedficity of these
terms and their type. A consequence of thisis that not
al the documents can easily get high scores, it depends
on the nceptua query where they have been
retrieved. It is not the same a best document for a
conceptual query with score 0.8 than a best document
with score 0.2

We want a function that applies different
corredions in the document scores acarding to the
empiricd maximum reached. For the cdegories
obtaining a maximum score of one, no modificaion is
needed, for the cdegories with a lower maximum; we
apply a greaer corredion to the score. For example,
let us sippose we have adocument with the foll owing
SCores.

Score Maximum | Desired Increment
Categary 1] 0.3 0.5 Medium
Categoy 2 0.1 0.1 Large
Categary 3] 0.8 1 Small

To achieve our goal, we
function:

define the following

8@
C@syy  9@=e@)" i

Where N is the number of conceptual queries we
want to combine and K; is the maximum of ©;(a).

With these new scores of the documents, MELISA
sorts the resultant list of documents that will be shown
to the user.

7 Example

Here we present an example extraded from the red
medicd pradice
Let us suppose that the user looks for information
on current Levofloxacin treaments of the pneumonia.
In addition he wantsto know if there is ssme evidence
concerning this (EBM), thus he should creae the next
consultation:
Keywords:
‘Levofloxadn’
‘Pneumoni&
Medical_categories:
‘Goodevidence quality’
‘Therapy’
‘Recommendations based on the evidence',
‘Guidelines
‘Cost Analysis'
Foecial filters:
- Documents accepted from 1960to 2000
- Only retrieve aticles with abstradt
Figure 4 shows the Consultation window for this
example. At this window the user can add or delete
keywords, seled medicd caegories and set speda
filters.

Figure 4 Consultation window

Each new keyword is automaticdly checked
against the MeSH ontology and the list of alowed
subhealings is $own if they are valid mesh terms.
Information about keywords is iown in the MeSH
Window. Figure 5 shows the MeSH window that
corresponds to the term ‘Levofloxadn’. It is not an
exad MeSH term, but is assciated with the MeSH
term ‘Ofloxadn’. At this point the user has two



options, to accet the MeSH term given by the MeSH
Browser or refuse thisterm and try with another one.

Figure 5 MeSH window

At this window, the user can also spedfy some
subheadings for the keyword.

If the user puts a term that is not a valid MeSH
term, the system advises him of this condition, and
shows a list of similar valid MeSH terms. Then the
user can choose one of these suggested terms,
nevertheless he @n use his own, not Mesh term.

Figure 6 shows an example of this case. We have
simulated a human mistake, i.e. the user writes
‘Levoflaxin’ in place of ‘Levofloxadn’. The system
shows a list of terms, starting with ‘Levofloxadn’, so
the user can choose the @rred one.

Figure 6 Mesh window 2

After the first decomposition task, we obtain 6
conceptual queries, one for ead seleded medicd
caegory, and an additi onal conceptual query with only
the keywords.

1. Ofloxadn + Pneumonia +

GOOD EVIDENCE_QUALITY
2. Ofloxadn + Pneumonia + THERAPY
3. Ofloxadn + Pneumonia + EBM
4. Ofloxadn + Pneumonia + GUIDELINES
5. Ofloxadn + Pneumonia+ COST_ANALYSIS
6. Ofloxadn + Pneumonia

Now, we will seein detail the conceptual query
generated for the medicad caegory ‘Good Evidence
Quality’. First, we show the structure of thisinstance

The seacond decompaosition procedure generates 6
spedfic queries for every MeSH term in the

GOOD_EVIDENCE_QUALITY
EVIDENCE_QUALITY

Name: Good evidence quality

MeSH_Terms: Meta-Analysis, Randomized Controlled
Trials", Clinical Trials, Phase III", Clinical Trials, Phase
v

Publication_Type: Meta-Analysis, Randomized
Controlled Trial", Clinical Trial, Phase III", Clinical Trial,
Phase V"

is-an-instance-of

conceptual query associated with ‘Good Evidence
Quality’, i.e. with theterm ‘Meta-Analysis
1. Ofloxadn * Pneumonia AND Meta-

AnalysgMAJR]

2. Ofloxadn * Pneumonia AND Meta -

AnalysfMH:NOEXP]

3. Ofloxadn * Pneumonia AND Meta -AnalysigMH]
4. Ofloxadn * Pneumonia AND Meta-AnalysigTI]
5. Ofloxadn * Pneumonia AND Meta-Analysig TW]
6. Ofloxadn * Pneumonia AND Meta-Analysis

Asthese medicd caegory has four MeSH terms, it
produces 6 * 4 = 24 queries.

One spedfic query
publication type

1. Ofloxacin * Pneumonia AND Meta-AnaysigPT]

2. Ofloxacin * Pneumonia AND "Randomised
Controlled Trial"[PT]

3. Ofloxacin * Pneumonia AND “Clinicd Tridl,
Phase Il " [PT]

4. Ofloxacin * Pneumonia AND “Clinicd Trial,
Phase V" [PT]

In total, 28 spedfic queries are generated for the
first conceptua query. Note that the results of each
spedfic query must be combined later into a single
colledion of documents, evaluated and sorted by
means of an aggregation function.

The process is repeaed for the remaining
conceptual queries. There is a speda case, the
conceptual query with no medicd category. In this
case, the system has to combine only the keywords
with their allowed modifiers and any search term from
the medicd caegories.

1. OfloxacinfMAJR] * Pneumonial MAJR]

2. OfloxacinfMH:NOEXP] *

Pneumonial MH:NOEXP]

OfloxacinfMH] * Pneumonial MH]

Ofloxacin[TI] * Pneumonia[Tl]

Ofloxacin[ TW] * Pneumonia[ TW]

Ofloxacin * Pneumonia
Where * represents an operator for combining
keywords { AND, OR}.
After scoring al the documents in all the queries, the
system shows the documents better fulfilling the user
requirements. The Results window (Figure 7) consists
basicdly of alist of the documents retrieved, ordered
acording to the mmbined score. The user can seledt
some of the cdegories used to perform the seach in
order to combine dl their documents in only one list.
Note that only the basic information about the
documents is $own at this window: authors, title,
publication data and source of publicaion. We use a
hypertext format to easily focus on any document. The
authors' information is a link to the extended
information about an article, showed in the Document
viewer (Figure 8). Furthermore, we insert two spedal

is generated for every

o gk ®w



links: one to append a document to a list of the
documents he wants to order; another to show related
articles suggested by MedLine. Figure 7 shows
documents corresponding to the default set up; these
are the best documents resulting of combining all the
caegories sleded in the nsultation window.
Article.

Remember that MELISA only works with
document’s UID (unique identifier), thus the system
has to retrieve the acmplete information about the
articles before to display them. Sincethisis a very cost
expensive process the system shows only twenty
documents by page

Figure 7 Result window

The Document viewer extends the information
offered in the Results window, including the astrad,
the mesh terms and the major topics for an article, plus
the scores for al the cdegories and the combined
scored. Figure 8 shows the Document viewer when the
first document in the Results window is slected.

Figure 8 Document viewer

8 Conclusions and future work

Before aldressng evaluation of performance and
future work, let us discuss the reasons to adopt this
approximation to the evaluation procedure instead of
those typically used in IR

Typicd IR functions compare documents to
gueries based on term frequencies. They are best
suited to work with unstructured data, but can also be
used to ded with structured data, as in MedLine. The
problem is that the system needs to retrieve, store and
analyse abig amount of information, so it may be
unpradicd or too much resource ®nsuming. We
present a method to avoid this problem: instead of
retrieve a document only one time with a cmplete
description to score it, our system generates a big
quantity of different queries for ead concept,
retrieving only the identificaion number of the
documents in the database. Our scoring procedure is
based in the quantity and characderistics of the queries
where documents appea. We think this approac take
benefit of the Internet properties, since it is amenable
to parallelizethe exeaution of the information retrieval
task.

Currently we ae evauating the system
performance by means of comparing the results
offered by our system against the results obtained by
humans using the MedLine web-based seacher:
PubMed. An expert has proposed us a mlledion of
red medicd cases. Then we have trandated these
cases into MELISA’s consultations. We have tested
two dfferent evaluation functions:

1. Multi-valued logic using t-norm operators".

2. Aggregation operators

An expert has evaluated the results offered by our
system applying a dassification of the documents
retrieved by MELISA. He @n assign a document to
one of these three céegories:

. The document do not
reguirements
II. The document is related with the requirements
but do not satisfies them enough
lll. The document satisfies enough
reguirements

We ompare the frequencies of each goup to
determine the relative performance of the evaluation
functions. We will present a systematic analysis of the
results in future papers, nevertheless we present some
conclusions about the comparison of both methods.

The goproach based on multi-valued logic seems to
be better to combine documents between conceptual
gueries. The problem is on the loss of information
when cdculating scores within a mnceptual query.

The finadly adopted approach - aggregation
operators - is very acarate when evaluating
documents within a conceptual query. Its weak point
lies on combining documents from different
categories, because every caegory has a different
statisticd distribution of the scores. The evaluation
procedure cnfirms our analysis, we deted a loss of
predsion when incrementing the number of caegories
combined to oktain the overall resullt.

satisfies the user

the user

1 A continuous multivalued logic based on the
Minimun t-norm and t-conorm. The OR operator -
defined as the maximum —is used to combine scored
documents within a onceptual query, and AND
operator - defined as the minum - to combine
documents between different conceptual queries.



MELISA is able of processng, scoring and
combining a large amount of medicd literature in an
accetable way, avoiding the user of a tedious and
impredse work. However, we plan to dosome work to
improve and extend the caabiliti es of our information
agent in the future.

First, we will develop wser profiles, in order to
develop a system able to adapt to dfferent users.
Seoond, we will add some caabilities to alow the
system to work with other medicd databases avail able
on-line. Third, we should add cgpabiliti es to handle
different evaluation functions, as fuzzy measures and
WOWA operators. Fourth, we must study more
complex criteria to determine when reformulating the
spedfic queries. Five, we will compare the different
evaluation functions and combination of these
functions. As we @n distinguish evaluation within a
caegory from evaluation between caegories, we can
apply different methods to bah separated functions.
Finaly, we think that it is very interesting to
incorporate methods to learn the weight coefficients
and the user profile.

Acknowledgements

The aithors would like to thank the Spanish
Scientific Reseach Council for their suppat. This
work has been developed under the SMASH projed
(TIC96-1038C04-01) and the IBROW projed (IST-
1999190005).

Spedal thanks to Enric Plazafor their suggestions
and Albert Verdaguer for his assistance in the analysis
of the medicd domain.

9 References

[1]  Arens, Y., Knoblock, C.A. & Shen, W.M.
Query  Reformulation  for Distributed
Information Gathering

[2] BaezaYates, R. & Ribeiro-Netop, B. Modern
Information Retrieval

[3] Boyan, J, Freitag, D. & Joachims, T. A
Maadine Leaning Architedure for Optimising
Web Seach Engines

[4] Carddli, L. & Davies, R. Service Combinators
for Web Computing. SRC Research Report,
June 1, 1997

[5] Chen, C. Structuring and Visualising the
WWW by Generalised Similarity Analysis

[6] Chen, C. & Czewinski, M. From Latent
Semantics to Spatial Hypertext —An Integrated
Approach

[7] Edwards, P., Bayer, D., Green, C.L. & Payne,
T.R. Experience with Leaning Agents which
Manage I nternet-Based Information

[8] Feinstein, A.R. & Horwitz, R.l. Problemsin the
“Evidence” of “Evidence-based Medicine”

[9] Lawrence S. & Giles, C.L. Context and Page

Analysisfor Improved Web Seach

Mahalingam, K. & Huhns, M.N. An Ontology

Tool for Query Formulation in an Agent-Based

Context

[10]

(11

[12]

[13]

[14]

[15]

Montbriand, J. Extending and Controlling
Sherlock and the Find by Content Libraries.
Apple Developers Technote 1141

Oates, T., Nagendra Prasad, M.V., Lessr, V.R.
& Dedker, K. A Distributed Problem Solving

Approach to  Cooperative  Information
Gathering
Payne, T.R. & Edwards, P. Leaning

Medhanisms for Information Filtering Agents
Pratt, W. Dynamic Organization of Seach
Results Using the UMLS. Proceedings of the
American Medical Informatics (AMIA) Fall
Symposium (Formerly SCAMC), 1997

Pratt, W. Physician's Information Customizer
(PIC): Using a Shareale User Moddl to Filter
the Medicd Literature. Proceedings of the
International  Conference on  Medical
Informatics (MEDINFO95), July 1995



