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We present a knowledge-based browser that helps users access a statistical database
containing data about the Brazilian social security system. The main problem in access-
ing this data base is the difficulty for casual users (and even expert users) to correctly
identify the names of the data items of interest, in this case, historical time series. The
browser helps the user through a semantic model of the domain. allowing the reference
to familiar concepts, and avoiding the need to know any information about the data base
itself.

1 INTRODUCTION

The Brazilian social welfare system is vast and complex. and thus difficult to manage.
In order to assist administrators in the ministry to manage it, a statistical database of
historical time series, named SINTESE, was built.

SINTESE contains statistical data related to the whole social welfare system, such
as number of benefits granted, total amount disbursed in sick pay, etc. Every item in
the database is a two dimensional time series, where the first dimension is always time,
and the second dimension is usually a geographical specification, but may represent other
concepts such as age, occupation, etc.

In addition to data items specific to the social welfare system, SINTESE also contains
several general purpose items, such as economy indices. general population statistics, etc.

Data contained in SINTESE is meant to be used in preparing policy studies conducted
by the ministry, as well as to observe and assess the effectiveness of measures being taken
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at certain times. An example of such studies is the evaluation of the impacts on the
Social Welfare system caused by the receni changes in the constitution.

The current size of the database is of the order of 16000 different time series. As can
be expected, the major obstacle facing users is the identification (naming) of the relevant
time series for the task at hand. In other words, the user knows what information s/he
wants, but does not know what are the names of the time series (if they exist) that
contain that information.

To overcome this problem, a knowledge based browser was built to help users find the
relevant time series for their tasks. It is knowledge based because it contains a semantic
description of the task domain (the Social Welfare system) in the form of a semantic
network, as well as heuristics associated with the typical types of access users make to
SINTESE.

The system described here has points in common with other information retrieval
assistants, notably CoalSORT (3], EP-X [1], Rabbit [4] and Backbord [6], although none
of these systems has the same functionality as the SINTESE ASSISTANT.

2 The SINTESE ASSISTANT

2.1 Overview

The SINTESE ASSISTANT (SA) facilitates the access to the database by presenting a
semantic model of the task domain to the user, in the form of a semantic network [5].
Thus, users are able to refer to familiar concepts and their relationships, “ravigating”
through the network in order to find their topic(s) of interest. As-can be expected, users
may also direct]ly name concepts, or use synonims from an extensive list. In this process,
users will mark all of the concepts of interest. Once this has been done, the SA collects
these concepts and formulates the meaningfull queries involving them. presenting the
queries to the user for selection.

Once the user has chosen a query, the SA uses the semantic network as an inder to
retrieve associated names of series, presenting this information back to the user. Unfor-
tunately, a fairly common result of this operation is that there are no series satisfving
the query, as we have found that typical users expect a level of detail bevond what is
available in the database. At this point, the SA will try to formulate alternative queries,
as simplifications of the original one. These alternative queries may, nevertheless. result
in relevant information to the task. The user is then free to accept these alternatives or
to try to reformulate the query using other criteria.

Once the user has obtained a set of series names, s/he may get further detailed
information about each series, such as a short textual description of its contents, the
time of last update, periodicity, etc.

2.2 The semantic description of the domain

To allow users to refer to familiar concepts of the task domain, the Social Welfare system
was modeled using a semantic network. Nodes represent concepts, and arcs represent
relations between concepts. The usual “a-kind-of” (AKO) relation is used: nodes related
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Figure 1: Example of a semantic network

through this relation form a hierarchical sub-network. Some nodes represent concepts
that can be seen as properties of another concept or as an attribute of some relation. For
example, the concept form of payment can be considered as a property of the concept
benefit; and date an attribute of the relation makes payment to between benefitiary
and bank.

A concept and its properties may be regarded as forming a frame [2]. where the name
of the frame is the concept, the slot names are the relations, and the slot values are the
concepts to which the given concept is linked through the relations. The AKO relation
is used to allow factoring of properties along paths of the corresponding hierarchy. Thus,
concepts at lower levels inherit properties from concepts further up in the hierarchy.
Figure 1 shows an example of a part of the semantic network used.

When presenting a concept to the user, the SA forms the corresponding frame from
the concept, the associated properties (including inherited ones), and the corresponding
values as present in the semantic net. In addition, it may also present slots corresponding
to properties of descendant nodes in the AKO hierarchy; this is controled by the value of
a system parameter which can be set according to the level of user expertise. This last
feature is included to allow users to refer to concepts indirectly via their properties; in



cases in which this reference is not unique, the system will enter a dialogue with the user
in order to disambiguate the reference. ’

The actual modelling of the Social Welfare was done by experts from the Ministry,
based on a preliminary model done at the data processing company of the Ministry,
Dataprev. The model thus generated was then validated by another group of experts.

2.3 The semantic model as an index

Once the modelling phase was concluded, a team of experts {rom Dataprev, who are very
knowledgeable about the series contents, took each concept in the semantic model and
associated to it each series deemed relevant to that concept. A series was, in general,
associated with more than one concept, and vice-versa.

This indexing step is crucial to the success of the system: improper indexing will most
likely cause relevant series to be missed. The greater the number of concepts a series is
associated with, the bigger the probability of it being found during a search.

Our experience with this process has been that indexers find it quite natural to
associate series and concepts; for the vast majority of series, the relevant concepts were
immediately identified. Although we have not done a systematic study vet, an experiment
with a small subset of the series showed that two different experts associated these series
with exactly the same concepts in the model.

3 The Implemented System

The functioning of the system can be regarded as being composed of several distinct
phases: Browsing, query formulation, query refinement, presentation of results. The user
may move {rom one phase to the other at will.

3.1 Browsing Phase

In the browsing phase. the user is presented with three panelis: inspection, query. path.
In the inspection panel, the concept currenily being examined is displayed, in the form of
a frame as discussed previously. Whenever a concept present in this frame (as the value
of a slot) has series associated with it (i.e., can be used as an index), it is marked with
a "™’ character next to it. If the cursor is piaced over a concept. and the ’enter’ key is
pressed, the system °traverses’ the corresponding link in the semantic net, and presents
the frame corresponding to that concept.

Alternatively, the user may choose to name a concept directly. If the named concept
is known to the system. its corresponding frame is displayed, as above. The svstem
also contains a large dictionary of synonims for the names of concepts. VWhenever an
ambiguous name is given, the system enters a disambiguating mode. in which the possible
interpretations of the name are shown to the user, using the AKO hierarchy and the
relations of the concept. The user is then prompted for specifyving which of the possible
interpretations s/he intends.

During the browsing phase. the user will usually run across one or more concepts
of interest. Whenever this happens. s/he may signal to the system that this concept



should be remembered (selected) for later use in retrieving the series of interest. All of
the selected concepts are shown in the query panel.

The path panel contains a record of all concepts previously examined. By moving the
cursor to this panel, and placing it over any of the concepts it contains, the user may go
back to a previous stage of the browsing phase.

3.2 Query Formulation Phase

Once the user is satisfied that all of the relevant concepts have been identified to the
system (by “remembering” them), the query formulation phase may be entered by moving
the cursor to the query panel and hitting the ’enter’ key.

In the query formulation phase, the system examines the concepts the were selected
(“remembered”), and forms all possible meaningful queries out of these concepts. In
general, more than one query will result, normally due to the fact that concepts that
are in different sub-trees of the AKO hierarchy must be in separate queries. The reason
for this is that, by construction, there are no series that refer at the same time to two
concepts that are (directly or indirectly) related via the AKO hierarchy. For example,
there are no series that refer to both pension and sick leave, which are AKO benefit.

Another reason for generating multiple queries is due to the distinction drawn between
basic concepts and properties. Properties do not have any meaning on their own; rather,
they must be associated to some basic concept. Therefore, if a user selects concepts that
are possible values of a property, then two queries are generated, each combining the
basic concept and a value of the property.

For example, suppose pension has the relation benefits with benefitiary, which
in turn has property sex, whose values are male, female, unknown. If the user selects
pension, male,and female, then the queries pension, male and pension, female will
be generated.

Again, the reason for this is due to the way the series are constructed. To select more
than one value for a property is equivalent to ask for aggregated information; but, by
construction, there are no series that directly contain this information. There are series
containing aggregated information, but they will always be indexed by the basic concept
only. In the example above, series relating to aggregated information about pensions
will be associated only to this concept, and not to either male or female.

Once the user has chosen to proceed with one of the generated queries (s/he may
work on the other ones at a later time), the system will ask for further detailment. Since
SINTESE contains two dimensional time series, the user may specify a particular time
and space detailment (for example, “per month” and “per city”).

Another dimension, which has been encoded in the names of series by convention,
indicates whether the series contains monetary values or contingents; names of series
containing monetary values always begin with the character “§”. The user may also
indicate her/his preference in this case. In any of the detailments above. the user always
has the optional value “don’t care”.



3.3 Query Refinement Phase

Once the user has finished {formulating the query, the system will try to find the relevant
series by taking the intersection of the sets of series associated with each of the concepts
in the query. In many cases, however, there this intersection may be empty; this means
that the level of detail the user has chosen is too great.

Precisely because SINTESE contains statistical data, it may still be meaningful to
look at series that contain more aggregated data than was requested. Based on this
observation, the system generates possible simplifications to the generated queries using
a number of heuristics, and suggests them to the user.

For example, suppose the user has chosen the query pension, male, age. Depend-
ing on the detailment chosen, this query could be interpreted as Find all series containing
total amount of pensions paid to persons of the male sex, per age bracket, per month,
per city. If there are no series satisfving this query, then the queries pension, male and
pension, age will be suggested.

At this point, the user may accept one of the suggestions, or go back to the previous
phase and reformulate the query.

3.4 Presentation of Results Phase

Once the system has found the relevant series, their names are shown to the user. The
user may ask for further details about a given series. such as periodicity, time of last
update, etc.

Another type of informatin shown to the user at this phase is a summary of series
that are relevant to the chosen query, but were not included in the answer due to the
detailment chosen. For instance, the user may have chosen a time detailment of “per
week”™, but there are some series that are detailed “per month”. In this case. the system
will indicate to the user the total number of series that ‘were discarded because of this
time detailment. The same will be done for the other detailments.

4 An Example

In this example, the user intends to get information about the amount of money disbursed
on benefits granted to rural benefitiaries, detailed by sex, age and week. At first sight,
the telated concepts would be benefit, rural benefitiaries, sex and age; “week”
shouid be the time dimension detailment.

The user starts browsing by selecting the concept benefit to be visited and chosen
as an indexer (see figure 2).

Next, the user browses its neighbourhood and discovers that this concept has a rela-
tionship called benefits with the concept benefitiary . The user decides to further
investigate this concept. See figure 3.

The user will find the concept rural benefitiary, age and sex in the neighbour-
hood of benefitiary . See figure 4.

The concept rural benefitiary , male and female were found and selected as
indexers. See figure 3.
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Figure 5: The user has selected the concepts of interest, and is now requesting the system
to generated the possible queries.
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to continue. He/she has chosen query number 1.

Once the user has selected the concepts of interest, the system analyses and generates
the meaningful queries. Notice that the concepts female and male were not put in the
same generated query as they belong to the same AKO tree. See figure 6.

Next, the user may restrict the results to the series in which the-time detail is week
and contents are monetary value, by pointing out in the refinement panel on the right
side. See figure 7.

The system determines that there are no series for this set of indexing concepts, and
suggesis as an alternative query, formed as a subset of the concepts shown in figure 8,
from which the concept benefit has been excluded, according to heuristic rules.

The user accepts this alternative query and the system presents the results (see figure
9): there were some series associated with the concepts in the query. However, the series
thus retri eved were not presented because their time detailment is not compatible to the
chosen one (week). This is indicated in the message in the ALERT panel.

The user. once aware of this situation, exits the screen back to the query refinement
phase, and decides to choose a month time detailment, instead of week. At this point,
the system presents the relevant series. See figure 10.

To obtain more information, the user may request the description of some of the
resulting series. The information presented is an excerpt of the main database dictionary.
See figure 11.
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Figure 9: Some series were retrieved, but none presented, due 10 incompatible time
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Figure 11: The description of a series.

5 Conclusions

The system has been implemented in Prolog, on an IBM PC compatible machine. and
occupies 184k bytes. It has been in experimental use within Dataprev, and will soon be
released to the whole ministry.

We are currently designing and implementing the maintenance component, which will
include both semantic model updating functior and indexing support functions. Another
extension being incorporated is an online connection with the database. in such a way
that the assistant will be seen as an “intelligent help” function of the dbms.
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