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Introduction

Most tasks performed by users of complex information

systems involve interaction with multiple knowledge-

and data- bases. Examples can be found in the areas

of analysis, resource planning and briefing applications.

Retrieval of desired information dispersed in multiple

sources requires general familiarity with their contents

and structure, with their query languages, with their lo-

cation on existing networks, and more. The user must

break down a given retrieval task into a sequence of ac-

tual queries to databases and/or knowledge bases, and

must handle the temporary storing and possible trans-

formation of intermediate results — all this while satis-

fying constraints on reliability of the results and the cost

of the retrieval process.

With a large number of information sources, it is diffi-
cult to find individuals who possess the required knowl-

edge, and automation becomes a necessity.

There is an elegant solution to the problem described

above: the creation of a knowledge server that will form

the interface between information sources and applica-

tions in need of that information. A user, or an ap-

plication, will query the knowledge server in a manner

that is independent of the distribution of information

over various sources, independent of the various query
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languages, the location of data- and knowledge- bases,

etc. It will be the task of the knowledge server to deter-

mine how to obtain the desired information, which data

sources to use, how and where to temporarily store and

manipulate intermediate data, and how to maintain a

satisfactory level of efficiency in performing its task.

SIMSl is such a server.

The SIMS Knowledge Server

The SIMS project has set itself the aim of solving

research issues involved in creating such a knowledge

server, and constructing a prototype dealing specifically

with queries in the transporation planning domain — or-

ganizing the movement of personnel and materiel from

one geographic location to another using available trans-

portation facilities and vehicles.

SIMS accepts queries in the form of a description of

a class of objects about which information is desired.

This description is composed of statements in the Loom

knowledge representation language. The user is not pre-

sumed to know how information is distributed over the

data- and knowledge bases to which SIMS has access —

but he/she is assumed to be familiar with the application

domain, and to use standard terminology to compose the

Loom query. SIMS’ interface enables the user to inspect

the domain model as an aid to composing queries.

SIMS proceeds to reformulate the user’s query as a

collection of more elementary statements that refer to

data stored in available information sources. SIMS then

creates a plan for retrieving the desired information,

establishing the order and content of the various plan

steps/subqueries. Using modeled knowledge about the

contents and structure of information sources, SIMS re-

formulates the plan to minimize its expected execution

time.

The resulting plan is then executed by performing lo-

cal data manipulation and/or passing subqueries to the
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LIM system (developed by Paramax Corp.) which gen-

erates the final translation into database queries in the

appropriate language(s). A graphical user interface en-

ables the user to inspect the plan in its various stages

and to supervise its execution.

While there haa been some work on this problem in the

database community (for example, [1, 2]), our approach

differs in that a complete semantic model of the appli-

cation domain is created and used in order to provide a

collection of terms with which to describe the contents

of (i.e., to create a semantic model of) available infor-

mation sources. In contrast to previous work, the model

is not specific to a particular set of information sources

and there is not necessarily a direct mapping from the

concepts in the model to the objects in the information

source. This approach supports a much more flexible

and easily extensible interface to a collection of informa-

tion sources.

SIMS applies and extends a variety of AI techniques

and systems to build an intelligent interface to informa-

tion sources. SIMS builds on the following research:

First, the Loom knowledge representation language is

used to describe the domain about which information

is stored in the information sources, as well the struc-

ture and contents of the information sources themselves.

The domain model is a declarative description of the ob-

jects and activities possible in the application domain

as seen by a typical user. The model of each informa-

tion source should indicates the data-model used, query

language, network location, size estimates, update fre-

quency, etc., and describe the contents of its fields in

terms of the domain model. The user formulates queries

using terms from the application domain, without need-

ing to know anything about specific information sources.

SIMS’ models of different information sources are com-
pletely independent, greatly easing the processes of en-

larging the system.

Second, the Prodigy planning system is used to con-

struct a sequence of queries to individual information

sources that will satisfy the user’s query. A planner is

used in an initial reformulation step that selects the in-

formation sources to be used in answering a query. It

is also used to order the queries to the individual in-

formation sources, select the location for processing the

intermediate data, and determine which queries can be

executed in parallel.

Third, the Loom Interface Manager (LIM) is used to
provide direct access to Oracle databases. LIM trans-

lates a Loom query that SIMS has determined accesses

only a single database into the appropriate set of SQL

statements for retrieving the data. After retrieving the

data, it builds an appropriate set of Loom objects, which

SIMS can then manipulate and combine with data from
other sources.

Current Status

An initial prototype knowledge server has been built and

applied to the domain of transportation planning. The

system currently has access to nine Oracle databases and

a Loom knowledge base with information about ships,

ports, locations, relevant activities, etc. SIMS provides a

graphical user interface for monitoring the planning and

execution of queries and for constructing queries and

models. It is written in Common Lisp and uses CLIM

for its graphics.

The SIMS system provides an elegant and extensible

solution to the problem of accessing data that is being

stored and maintained at distributed remote sites. It

provides an efficient and flexible interface for accessing

this data by both users and application programs.
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