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I  INTRODUCTION

The Knowledge Based Management Systems (KBMS) Project & addresses
the problems of intelligent processing 1in large databases. Many
research projects, commercial enterprises, and government agencies
maintain large databases. The existence of these databases is often due
to operational requirements 1ike the monitoring of project progress, the
management of inventories of the resources for the enterprise, and the
need for assessing the alternative ways that resources can be used in
the future. High levels of reliability of computers and communication,
adequate high level 1languages, and comprehensive operating systems have
made operational wuse of databases nearly routine. The use of the
knowledge contained within data as a high level resource in management
and planning has not yet been routinely achieved. In order to advance
the state of the art we are turning to techniques which have proven
themselves in artificial intelligence systems, and are developing these

techniques for very large databases.

% This research has been partially supported by the Defense Advanced
Research Projects Agency under MDA983-77-C-8322 and NBB8-39-88-G-8132.
The views and conclusions contained 1in this document are those of the
authors and should not be interpreted as representative of the offictal
policies, either expressed or implied, of the Defense Advanced Research
Projects Agency of the U.S. Government.
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Figure 1 presents the architecture of a candidate KBMS. The
various modules in this architecture correspond to the various research
topics that we are interested in. This system structure is hence not
intended as a modularization for a database implementation, but rather
as a framework to define the scope and interfaces of topics that show
promise for research and analysis. The next sections present those

ideas which have been or are currently being investigated.
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II  TASK MODELS

Certain entities 1in & database -- be they fields, attributes,
relations, or more compliicated constructs -- have certain a priori
probabilities of being required in &n interrogation of the database.
These probabilities are dependent on the particular task a user may be
performing, and his or her focus and interests. By incorporating a task
model into the KBMS, these characteristics can be used in a variety of
ways to improve the utility of the system. Four main wuses of task
models are being explored 1in a KBMS: (a) 1inclusion of relevant
information not explicitly requested ftn the response to a guery; (b)
organizing responses so that the more "interesting® items are presented
first; (c) checking for semantic irregularities in the performance of
the task; and (d) prefetching of items and fields that have not yet been

requested but‘are 1ikely to be in the near future.
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III  SEMARTIC QUERY OPTIKIZATION

A request for information can often be formulated in more than one
way, depending on knowledge about the subject area and fngenuity 1in
determining the best access path to the desired information. A question
about all ships currently carrying iron ore, for example, can be
answered by only looking at information about bulk ore carriers,

assuming that it is known that only bulk ore carriers carry iron ore,

Semantic query optimization 1is an approach tc query optimization
that uses such domain knowledge, often referred to as semantic integrity
constraints. The objective is to transform a query into a semantically
equivalent one, one that produces the same answer, but that can be

processed more efficiently.

A key 1issue in designing a query optimization system that uses
semantic query optimization 1s the control of the 1inference of
constraints based on semantic rules. There may well be many ways to
transform a query semantically, but it is essential that only the most
promising possibilities be tried. Otherwise, the 1inference process
itself may cause the entire optimization and retrieval activity to be
inefficient. Knowledge to guide the inference process 1includes the

description of the physical structure of the database and the factors
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that contribute to the cost of processing queries, as gieaned from the
study of conventional optimization techniques. The essential idea is
that soma changes in the set of query constraints bring about changes in
the set of processing operations that can or must be performed. It is
crucial to recognize the connhection between changes in the two sets,
particularly when there 1s a significant effect on processing costs,
without repeatedly resorting to detailed and expensive cost estimation

procedures.

Thus, semantic query optimization can be viewed as a8 search at two
Tevels of abstraction. At one level, there is a search 1ip a space of
semantically asquivalent nonprocedural queries. The search 1s guided by
a set of heuristics that represents a distillation or abstraction of the
query processing expertise and detailed cost models devaeloped 1in
conventional optimization research. The result of this search 1is a
group of candidate semantically eguivalent queries. For each candidate,
there is a search in a (lower leval) space of possible processing
methods and sequences using the detailed cost modals; 1n other words,

the conventional query optimization process.

In sum, semantic knowledge about the database can be used in 8 new
way to achieve efficient data retrieval. The method supplements
conventional query optimization methods. It draws on semantic,
structural, and processing knowledge, and makes use of the heuristics of
query processing developed 1in prior research. A system has been

implemented to explore this approach. Improvements have been
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demonstrated in a range of query types, by means of transformations that
add or delete constraints on attributes or even entire files, as
warranted by the database and gquery structure. In other cases, the
system detects unsatisfiabie query conditions without 1inspecting the
database, or aborts inference when it determines that no improvement can

be expected. Apalysis overhaad is low in all cases.
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IV A METHGDOLOGY FOR THE DESIGN OF INTEGRATED USER MODELS

This area concerns research to improve the techniques of database
design and modelling. The Structural Model, formally deiined within the
KBMS project, captures those semantics that are of importance in the
design of the physical structure of the database. In addition to
relations and tuples, 1inter-relation ownarship, reference, and subset
connections are modelled. In this sense the structural modal can be
considered as a formalization cf an 1important aspect of the semantic
models, for insiance the Entity-Relationship models, that are used to

capture the reguirements of the users.

In order to generate 8 comprehensive database model many data
models of individual applications may have to he¢ integrated, since thea
problem of designing a large database involves many potential users,
each having his own perception of what the database should leok like.
The model supports tne integration of many such views 1nto a database
model to support all users. Included in the model 1s a formalism for
the clear expression of structural integrity constraints in each user's
view of the application area and rules for resolving these constraiats

relative to all users.
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V  THE DESIGN OF HIGH PERFORMANCE DATABASES FROM INTEGRATED USER MODELS

The 1integrated database also has to satisfy the performance
constraints of the individual users and make efficient aggregate use of
the computer system resources. This latter area is now baing addressed.
We recognize that the mapping from model relations to effective physical
files is much more complex than generally presented in simple analyses.
Tuples from several conceptually distinct, but related relations may be
placed into the same file space, 8nd, especially in distributed systems,
the converse may need to occur. A methodology to guide this mapping,

while preserving semantic integrity, is the goal of this research.

For the 1inftial specification of an operational database we
envisage the collection of usage estimates applied to database
submodels, the transformations of these estimates onto the integrated
database, and the application of this information to make successive
physical design choices. At the highest level we evaluate whether the
physical binding of relational, hierarchical, or network database
management systems 1is appropriate. At the next level we will make
decisions in regard to clustering and 1linkage 1implementation,

corresponding to the connections which have been defined 1in the

structural model.
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VI  ACCESS PATH ORGANIZATION

The KBHMS access path organization module will examine the current
physical representation of the database, to determine how to process

each (ad hoc) user reques! in a way that is l1ikely to be efficient.

A responsive database should be self-organizing; that is, the
decision as to which auxiliary files and access paths should exist, and
how they should be represented, should be made by a database management
systom, with the user 1interface remaining invariant. The structural
model provides a basis for a consistent interface, while permitting many
alternative physica1_ implementations., Use of dynamically changing
statistical knowledge of the activity applied to the file structures can
then improve the systemwide performance. Hence certain of the database
administrator's traditional functions in database tuning (that is,
establishing bindings between relations and files based on estimates of

access frequencies) may be partially assumed by the system.

Reuse of previocus responses and intermediate results can reduce
access time. We have written a program that recognizes when a stored
temporary 1s & subexpression of a new query. This will be used for
improving processing of querfes submitted 1in an ad hoc 1interactive
environment. W¥e are also studying how transactions can be optimized

using this tool.
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VII  NATURAL LANGUAGE DATABASE UPDATE

Although considerable research has studied the problem of
processing querjes expressed 1{n natural language, the possibilities for
performing natural 1language database updates have not been explored.
The primary difficulty is that the casual user of & natural language
system does not understand the details of the underlying database, and
so may make requests that either {a) are reasonable given their view of
the domain but are not possible in the underlying database; (b) are
ambiguous with respect to the underlying database; {c) have
unanticipated side effects on the responses to earlfer questions or on
alternative views of the databasa. A theory detecting the particular
user's view of the database and determining the legality, ambiguity, and
potential side effects of updates expressed in natural language 1s being’
developed. A formal analysis of the problems associated with updates
expressed on views (cata sub-models) is central to this work. The
expected result is a system that will process natural language updates,
explaining problems or options to the user 1in terms that s/he can
understand, and affecting the changes to the underlying database with

the minimal disruption of other views.
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VIII  DESCRIPTIVE RESPONSES TO DATABASE QUERIES

The typical response to a database query is to list the set of
items from the database that satify the conditions presented in the
query. This 1ist can be excessively long, and consequently may be
inappropriate for a conversational system. Often, a more appropriate
response to such queries 1s a description of the set, rather than a
listing of 1its elements. For example, the response “All corporate
officers” may be more concise and informative in rasponse to “Which
employees profit share?" than a list of 1,808 names. Practical
techniques for producing a significant class of such responses from
existing database systems without a using a separate world model or

knowledge base have been bean implemented.
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IX  NATURAL LANGUAGE

A natural language interface to the KBMS project database has been
implemented wusing software developed at SRI International. The
interface consists of a LIFER grammar, and database access comomponents
borrowed from the LADDER natural language system, This facility is

supporting research in other areas of the KBMS project.
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X  LEXICON MANAGEMENT

For natural language systems to provide practical access for
database users, they must be capable of handling realistic databases.
Such databases are often quite large, and may be subject to frequent
updates. Both of these characteristics render impractical the encoding
and maintenance of a fixed, in-core lexicon. We have developed and
impliemented a technique for reducing the number of lexical ambiguities
for unknown terms by deferring lexical decistions as long as possible,
and using a simple cost model to select an appropriate method for

resolving remaining ambiguities.
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XI  FILE ACCESS SYSTEM

A f1le access system that uses symbolic keys to access variable
length records based in PASCAL and supporting several host languages,
including PASCAL, INTERLISP, and FORTRAN has been developed and is now
being tested. The services that this system, named FLASH, expects from
the underlying operating system are limited to directory management for
named segments of secondary storage, and access to fixed size blocks or
pages of these segments. In a multi-user environment some Tlocking
facilities are also needed. Since this subproject may become the basis
for lcng-range database system development, reliabilty and efficiency
have been major desi&n and 1implementation obJjectives. It is
specifically designed to providé strong and symmetric support facflities
for databases, so that powerful database systems can become easier to
implement than they are using conventional files, designed with only
programmer's needs 1n mind. The underlying structure uses B+ tress for
storage of both primary and secondary keys. This system will be used to
study various dynamic storage and retrieval strategpies. The experience
of implementing FLASH is already being used to better define the Input-

Output package for the ADA language.
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XII  MAINTENANCE OF A LARGE CODASYL BASED DATABASE OF SHIPS AND PORTS

A substantial database of ship, cargoes, ports, etc, is being
maintained as a support activity to allow testing on problems of a
realistic scale. This database was designed using the Structural Model,
and 1s implemented using DBMS-28 on the SRI International DEC KL-18. A
conventional database system provides a realistic basis for comparision

for advanced techniques.

Data 1included are merchant ships, ports, cargoes, shipping lanes,

and voyages.
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XIII  EXPERIMENTS WITH DATABASE TECHNOLOGY TO SUPPORT VLSI DESIGK

The complexity of large VLSI or device designs impacts the design
cycle. 3Single designer approches take long or utilize chip or card area
poorly, and muilti-designer teams require much communication and task
scheduling. <Current design automation aids wuse task specific files
without automatic feedback of analysis results or decisions made by the
designers. We consider databases a potential communication tool whare
multiple designers work on different aspects of the same device or
system. Logic and circuit design 1information of two devices, a ALU and
a DEC-11 CPU, and the component I1ibrary required to build them, have
been placed into a CODASYL (DBMS-28) database. The 1lower laevel data
elements can be automatically generated using an existing design
avtomation program, Initial performance measurements 1{ndicate only a
factor 2 performance degradation versus use of specialized desipn files.
Modification of lower 1level elements during the design process is
signalled automatically, using a hetght-first algorithm, to the related
parent levals, so that this detailed knowledpe can be {incorporated in
the higher level abstraction, Qhen these are accessed during succesive
design {terations. Current work in progress 1is developing access
techniques to design data that are partially stored, and if not stored,

generated from higher level circuit or logic specifications. The volume
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of lower level elements 1in a VLSI design can be greater than is
managable by the largest storage devices now avatlable, so that
automatic methods for VLSI dasign automation will need access to a mix
of generatable, regular elements and instantiated, irregular elements if

they &are to handle large circuits that are not totally regular.
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XIV  DATABASE MACHINES

One focus of research activity within the KBKS project has involved
the design and analysis of a2lternative hardware machine architectures
oriented toward the very rapid execution of the relational operations
which arise frequently 1in large-scale database management applications.
During the past year, this research has yilelded certain surprising and
potentially important results which may ultimately prove useful 1in

designing cost-effective, extremely high-performance database machines.

These results are manifested in a "high~level®' desipn for a
specialized non-von Neumann machine, portions of which would QQ
impliemented 1ngVLSI, which would support the highly efficient evaluation
of the most computationally complex operators of a relational algebra,
specifically projection with elimination of duplicate tuples and the
equi-join. Based on & hierarchy of associative storage devices, this
architecture permits an 0(log n) improvement in time complexity over the
best known evaluation methods for these operators on a conventfional
computer system, without the use of redundant storage, and wusing
currently available and potentially competitive technology. In many
cases of practical import, the proposed archftectura should also permit
a very significant improvement (by a factor roughly proportional to the

size of the primary associative storage device) over thes performance of
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previously implemented or proposed database machine architectures based

on associative secondary storage devices,
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XV DISTRIBUTED DATABASES

We expect that future databases will often be distributed. In
widely distributed systems we cannot expect that each node will have a
complete directory, and we beljeve that the contract-net paradigm,
developed for control of distributed computing in artificial inteligence

networks can provide a method for inter-node knowledge passing.

The management of redundant, distributed data can seriously affect
system performance. We have analyzed and developed algorithms for
integrity maintenance, The use of "hole-lists', to inform nodes of
update status of transaction while passing a minimal amount of
information, has been shown to be effective. The analyses has also
shown that it is difficult to better the performance of centraiized
control methods, {f sufficfent backup can be provided in the responsible

nodes,

The separation of read-transactions into three classes, namely
those that require no or minimal consistency, Suthabla consistency, and
time-critical consistency, can 1improve aggregate system performance.
The problems arising from serving transactions that support planning
functions, which require access to large granuies of the database, can

be greatly reduced by lowering their consistency demands.
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XVI  CONCLUSION

At the current time, the project is about two years old, and work
is continuing in most of the areas listed above, both at the theoretical

and impiementational levals. Some highlights of the implementation work

to date are:

A query processing program that selects appropriate fields and
orders response tuples in accordance with a simple model of
the users needs, so that information most Jikely to be of
interast is presented first.

A program (QUIST) that uses simple rules about the semantics
of the domain of an underlying database and a cost model of
query processing to perform semantic query optimization.

A program (SDDL) that facilitates the design of databases by
interactively soliciting and crosschecking records, fields,

and connecttons.
A program (BESCRIBE) that provides descriptive responses to

database queries. The responses are formulated by
inspecting likely fields for relevant generalizations.

FLASH, a "portable™ file access system that uses symbolic keys
to access variable length records based in PASCAL and
supporting several host languages.

A lexical processing technique that allows natural language
front ends to remain current on databases subject to
updates.

In addition to continuing many of the existing efforts, several new

praojects are envisioned for the near future:
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A natural language system that will perform updates to the
underlying database.

A program for the automatic selection of physical storage
structures given a  Structural Model definition of a
database, and & model of expected access paths and
frequencies.

The KBMS project is providing us with the opportunity to research
various ideas in the combined use of artificial 1ntelligence and more
traditional DBMS techniques for facilitating the interactive use of
databases. This short paper has presented the main directions of the

project. More detailed information may be found in the various articles

and reports mentioned in the bibliography.
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Figure 1: Conceptual Interactions of KBMS Components
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