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Abstract

The information seeking process which includes
several phases is a dynamic, iterative, and inter-
active process where the user plays an important
role. Because the first query given by the user
normally may be vaguely stated or ill-defined, it
often must be reformulated. For avoiding the gen-
eration of a new plan when the user modifies the
query we propose the use of a planning architec-
ture that combines partial-order planning with de-
pendence maintenance.

The Problem of Information Seeking

Today, information, usually in form of text, is highly
distributed and managed by a variety of systems with
different retrieval functionalities. Thus, seeking for in-
formation in this dynamic heterogeneous space becomes
a complex activity. Usually information seekers are con-
fronted with the following problems: first, they cannot
specify exactly their information needs. The known in-
formation changes as a result of the interaction with
the world and so does their understanding of the infor-
mation problem. Their first requests may be vaguely
stated or ill-defined and often must be reformulated.
Second, the user have difficulties with the different
query languages. The search for information is not a
one-step process, it is a dynamic, iterative and interac-
tive process (Belkin 1996).

Traditional information retrieval systems (IRS) -
among other things- search for information in un-
structured text-based documents. These systems are
normally concerned with access to a single informa-
tion source with a fixed retrieval technique such as
vector-based retrieval (Salton & McGill 1983) and
probabilistic-based retrieval (Fuhr 1992). These re-
trieval techniques are very efficient but the gquality of
the results often does not satisfy the user needs. An im-
portant reason for this is that they lack of background
knowledge that can supply semantic matching between
the search terms and the index terms and that they
have a fixed problem solving process.

In addition, satisfying the information needs of the
user cannot be answered by just accessing one informa-
tion source but by the combining partial results from

different information sources. Moreover, user’s experi-
ence and knowledge also affects the interaction with the
IRS. Traditional IR systems don’t consider these issues
because they are not adaptive.Due to the diversity of
information services and sources needed to solve an in-
formation problem, the incorporation of an information
mediator is needed.

Examples of applications domains are the search
for information in heterogeneous bibliography-related
sources of mathematical logic (Lenski & Wette-Roch
1996) or another example on the Web could be the
search for public-domain PC-Software. In the first ap-
plication a mediator with additional background knowl-
edge structures for entities inside the documents in the
domain of mathematical logic can be developed and in
the second a mediator with technical background on
public-domain software and the components of PC is
required. In recent projects, we have started to investi-
gate the information seeking process in both domains.

Process for Information Seeking

The information seeking process is composed of the fol-
lowing subphases (Carranza & Lenski 1996; Carranza
& Lenski 1997):

e Query Formulation Phase. The user expresses the
query in the language offered by the information me-
diator.

o Query Interpretation Phase. The query is analyzed
and transformed to the mediator’s internal represen-
tation based on a domain ontology. Modifications
based on this ontology are offered, thus the search
terms finally found may not necessarily be identical
to the terms given by the user.

o Information Service/Source Selection Phase and the
Retrieval Phase. In these two phases the internal
representation of the query is analyzed to capture
aspects which permit the selection of the suitable in-
formation services and sources. A procedural repre-
sentation of the query equation is obtained, including
the abstract data manipulation operators and its ex-
ecution order by the underlying information services.
This so-called retrieval plan is dynamically executed.
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Figure 1: Knowledge-based Information Seeking Process

e Evaluation Phase. The results are combined and
ranked according to application-oriented criteria.

o User Relevance Judgment Phase. The user analyse
the results according to his information need.

o Query Reformulation Phase. The query is reformu-
lated if the results do not satisfy his information need.

In this context, information gathering could be seen
as a subpart of the information seeking process (see Fig-
ure 1). It begins at Query Formulation, and finishes at
the Retrieval Phase. Information gathering considers
the interaction between these phases; a plan is dynam-
ically generated in which the information gained from
accessing information sources is used to plan further.
Information gathering excludes the phases of Evalua-
tion, User Relevance Judgment and Query Reformula-
tion based on user interactions.

As suggested by other authors, the use of planning
techniques for the development of such mediators play
an important role and is a focus of research of the plan-
ning community as reflected in the different approaches
for planning for information gathering (Golden, Etzioni,

& Weld 1996; Knoblock 1996; Kwok & Weld 1996).

A Model for Information Seeking

Our model for information seeking consists of three
levels: the strategic level, the conceptual level and
the operational level (Carranza & Lenski 1997). At
the conceptual level for each given query, a plan is
dynamically generated at the operational level. The
results obtained after executing the generated plan
may not satisfy the information needs of the user. As a
result, he may decide to reformulate the query, which
requires the generation of a new plan at the operational
level (whether the query reformulation is done by the
user alone or with the support of the mediator are not
exclusive choices.). The user is the only who knows
if the mediator’s interpretation/reformulation of the
query corresponds to his information needs. Notice

that the query modification does not necessarily implies
the generation of a new plan but only the modification
of parts of the original plan that are affected by the
changes in the query at the conceptual level.

Clearly, planning concepts such as handling incom-
plete information and integration of planning and exe-
cution are required for the development of a planner for
information seeking, but in this paper we concentrate
on dynamic replanning due to query reformulation.

Dependency Maintenance for
Replanning due to Query Reformulation

To avoid planning all over again after the query is refor-
mulated a kind of dependency maintenance is required.
Dependency maintenance allows to perform replanning
without having to plan from the scratch. In CA-
PLAN, an architecture combining partial-order planning
with mechanisms for explicit representation and main-
tenance of dependencies between planning decisions has
been implemented (Weberskirch 1995; Weberskirch &
Paulokat 1995). This architecture allows the user to
guide the planning process and change conditions of
the problem during the planning process. It has been
used also to developed an adaptation paradigm, com-
plete decision replay, that exploits the advantages for
replanning of the architecture (Muifioz-Avila & Weber-
skirch 1996).

For representing knowledge about plans and contin-
gencies that occur during planning, CAPLAN is built
on the generic REDUX architecture (Petrie 1992). Key
concepts of REDUX are goals, constraints, and contin-
gencies. Planning proceeds by applying operators to
goals, which may result in subgoals and in assignments
(see Figure 2).

Applying an operator is called a decision and repre-
sents a backtracking point as different operators might
be applicable to a goal. Assignments originally are
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Figure 2: The subgoal graph

thought to assign values to variables, more generally,
they stand for modifications made in the plan (addi-
tion of steps/orderings/constraints). Goals and sub-
goals build the subgoal graph. It represents basic depen-
dencies between goals and subgoals as well as between
subgoals and decisions. Basically, REDUX represents
validity and local optimality of decisions and dependen-
cies among them (Petrie 1992). In the case of rejecting
a decision, this structure is traversed to reject depen-
dent decisions also.

A restriction of CAPLAN is that it considers only
classical Al planning concepts. That is, basic concepts
for planning for information gathering like run-time
variables or functional predicates (Knoblock 1996) have
not been represented yet. Currently, we are extending
CAPLAN to incorporate these capabilitites and to rep-
resent them in CAPLAN and more concretelly in the
subgoal graph. From the point of view of the architec-
ture, the following functionality is required:

o the removal of facts, and
e the addition of new facts.

CAPLAN can handle the first one. That is, when re-
planning has to be done because conditions taken into
account to build a plan are declared as invalid. In
these situations, by traversing the subgoal graph, de-
cisions made that depend on the invalid conditions are
identified and the corresponding parts of the plan are
removed. CAPLAN is capable of completing the re-
maining parts of the plan. The second one is matter of
current research.

Discussion

Information gathering is usually concerned with the
search for information in structured sources such as
databases. We consider search for information in
a wider environment, particularly in semi-structured
sources containing text. As the user is usually not aware
of all the facts necessary to obtain the required infor-
mation, the information seeking process is a dynamic,
iterative and interactive process in which the queries are
reformulated. Our proposal is to add dependency main-
tenance capabilities to the planner so that the plans at
the operational level that solve previous queries can be
modified without having to plan from the scratch.

The SIMS project studied query access planning and
query reformulation for dynamic information integra-
tion (Arens, Knoblock, & Shen 1996). In the SIMS
project the user’s query expressed in domain terms is
automatically refined into queries to specific informa-
tion sources following the mapping between global and
local schemes. In information seeking, however, the
user changes the information request (i.e., the query)
based on the results of the previous queries.
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