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Abstract : Deductive databases provide a formal framework to study rule-based query languages that
are extensions of first-order logic. However, deductive database languages and their current
implementations do not seem appropriate for improving the development of real applications or even
sample of them. Our goal is to make deductive databases a practical technology. The design and
implementation of the RDL1 system, presented in this paper, constitute a step toward this goal. Our
approach is based on the integration of a production rule language within a relational database system,
the development of a rule-based programming environment and the support of system extensibility
using Abstract Data Types facility. We present important lessons learned during the implementation of
the system. Also, comparisons with related work such as LDL, STARBURST and POSTGRES are given.
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Résumé : Les recherches autour des bases de données déductives fournissent des outils théoriques
pour I'étude de langages de régles. Ces langages sont des extensions de la logique du premier ordre.
Cependant, ces langages et leur implantation dans des sytemes déductifs ne semblent pas appropriés
pour le développement d'applications. Notre objectif est de concevoir et de réaliser un systtme de bases
de données déductif qui puisse offrir les fonctionalités demandées par ces applications. Ce systeme se
caractérise par lintégration d'un langage de régles de production dans un SGBD relationnel extensible
et le support d'un environnement de programmation. Ce rapport présente l'architecture et les
principaux choix d'implantation du syst2me de bases de données déductif RDL1. Nous comparons
également notre approche avec celle de projets tcls que LDL (MCC), STARBURST (IBM San José) et
POSTGRES (Univesité de Berkeley).
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1. Introduction

Rule-based programming has been successful in at least two areas: expert systems
and active databases. Rule-based systems like KEE [Kee85] or OPS5 [Brownston85)
are shells to develop large expert system applications. An important problem lim-
iting their use in industrial applications is that they are disconnected from tradi-
tional application support, in particular database systems. Coupling an expert sys-
tem with a database system (e.g., KEE connection) does not relax this limitation for
two major reasons. First, an expert system does not match well with a database
system. The same data have a different structure in an expert system program and
in a database application program. Hence, consistency of the data shared between
the two systems is hard to manage. The database system is simply a storage sys-
tem with its interface restricted to "store", "load" and "call-sql" commands. Second,
loosely-coupled systems have severe performance limitations. Most often, the rule-
based language of the expert system shell is too general (it is a general purpose
programming language) and lacks a well-defined semantics, thereby making pro-
gram optimization a difficult problem.

Research on active databases [Dayal88, McCarthy89, Stonebraker88] have shown
the benefits of making a rule-based system a central component of an active
database system. Rules are useful to implement in a uniform way various database
functionalities such as alerters, triggers, integrity constraints, views, and proce-
dures as shown in [Dayal88b, McCarthy89, Stonebraker88]. However, rule-based
systems as designed for expert system shells are inadequate for active DBMSs
[Dayal88b], mainly because they rely solely on main memory structures (RETE-like
structures) and they cannot handle asynchronous updates. These reasons have
motivated the design of ad-hoc rule-based systems integrated with active database
systems.

Comparatively, research on deductive databases has resulted in a comprehensive
theoretical framework to study rule-based query languages. The Datalog query
language is a good representative of logic-based query languages. Much effort has
been devoted to the processing and optimization of Datalog programs (see
[Ullman89] for a survey). Recently, it has been shown that the expressive power
of Datalog, can be extended to provide forms of non-monotonic reasoning [Apt87,
Kannelakis88].

Deductive database languages and their implementations do not seem appropriate
for improving the development of real applications or even samples of them. Reg-



ularly, the question: "is there any real deductive database application?” is the basis
of a panel session [Bancilhon89]. Some see this kind of technology limited to solve
"the ancestors and cousins” problem. The area is often considered more paper-ori-
ented (theoretical) than system-oriented (practical). Two reasons can explain this.
First, the Datalog-like languages do not provide complete programming language
capabilities: control and meta-control structures (i.e., expressive power), main
memory variables (e.g., user environment variables), procedure calls or side-ef-
fects, input/output interaction with the user. They are also more query-oriented;
database updates are hard to support within rule programs. The second reason
stems from the way relational database system are architectured. In a relational
database system, abstract layers range from evaluating high-level relational cal-
culus queries to lower-level operations. All the operations are performed on the
data at the lowest levels and the final result is finally returned to the interface
process. In comparison, the architecture of expert system shells does not have this
division between higher and lower layers. In fact, many expert system shells are
built on LISP environments. For instance, KEE [Kee85] is built using Common Lisp.
Therefore, all the power of LISP is available to the rule programmer who can di-
rectly reference LISP functions within rules. These functions can perform arbitrary
operations which can involve complex windowing for displaying results or obtain-

ing inputs.

We believe in the challenge of "using deductive database technology to build effi-
cient systems that improve application programmer productivity”. The develop-
ment of the LDL system [Tsur86], at MCC provides a substantial contribution in this
direction. The LDL language [Naqvi89], 1is a Datalog-like language extended with
powerful constructs such as negation, updates, control structures (cut, choice oper-
ator), and a data modél including complex terms such as sets, functors and exter-
nals (e.g., C procedures) [Chimenti89]. The general approach is to define a declara-
tive semantics (actually, a fixpoint semantics) for a logic programming language in
the Prolog style. This language is compiled and optimized for execution on a War-
ren Abstract Machine-like system, which provides efficient LDL support.

Our approach is in the same spirit of the LDL system. However, it has some impor-
tant differences. First, our kernel language is a production rule language, called
RDL1, [Maindreville88a, Simon88]. RDL1 is formally defined as an extension of Dat-
alog with multiple literals in heads of rules and negative or positive literals in
bodies and heads of rules [Simon88, Abiteboul89b]. A negative literal in a head is
interpreted as deletion of facts. Second, the RDL1 system is integrated within a re-
lational database system in an unified architecture. One consequence is that all the



data manipulated in the rule language can also be queried or updated using an ex-
tended version of SQL. Another consequence is that all the standard database feg-
tures are supported by the RDLI1 system. A last difference with the LDL system i
that we have an extensible architecture with an Abstract Data Types (ADT) capa-
bility [Kiernan89b].

Other related work is in [Delcambre88, Widom89, Stonebraker88b, Stonebraker89].
In [Delcambre88], the use of database technology to efficiently support OPS-like
languages is investigated. As a result, their proposed language, RPL, is very similar
to our language. The Starburst project [Widom89] emphasizes the extension of a
database system with a production rule-based facility. The rule language proposed
in {[Widom@&9] is also very close to our language. Their main contribution is to pro-
pose the use of rules for expressing triggers in a way similar to [Dayal88]. This
work is therefore complementary to ours. Finally, the POSTGRES proiect,
[Stonebraker88b], proposes the extension of a relational database system with
rules. These are defined as tagged POSTQUEL commands (retrieve, replace, ...). One
possible tag is "always", expressing that the command should logically appear to
run forever. This enables to capture alerters ("always retrieve"), or triggers
("always delete”, ...). The limitations of this rule language are analyzed in
[Stonebraker89]: no support for view processing, problems for controlling rule acti-
~vation, etc. A new language, called PRSII, is proposed to alleviate these limitations.
This language is very close to the one described in [Widom89].

This paper presents the design and implementation of the RDL1 system with em-
phasis on practical aspects. The system includes many programming features usu-
ally found in expert system shells for which we have provided a formal semantics
and an efficient implementation. The paper is organized as follows. Section 2 pre-
sents the data model and the languages supported by the RDL1 system. Section 3
deals with the programming environment in which rule programs can be run, de-
bugged and traced. This section also stresses the extensibility of the inference en-
gine. Section 4 presents the overall system architecture. This architecture is an
extension of the SABRINA relational system [Valduriez89]. Section 5 describes the
implementation of the system and the techniques that implement expert system -
shells features in the database framework. Also, lessons learned from the imple-
mentation of the system are given. Section 6 concludes the paper and points out
our future research directions.



2. Data Model and Languages

The two input languages of the system are RDL1, and an extended version of SQL.
The latter one is described in [Kiernan89). First, we briefly describe the un-
derlying data model of these two languages, an extension of the relational data
model with ADTs, in the spirit of [Stonebraker83, Stonebraker8s, Osborn84,
Wilms88]. Then, the rule language is presented.

2.1. Abstract Data Types

The support of ADTs provides a rich typing capability for relational database Sys-
tems. An ADT is a type described by its operational semantics [Guttag77], i.e., by a
set of operations which can be performed on the instances of that type. For exam-
ple, the type Stack is described by the push, pop and top operations and not by the
data structure that implements a stack. Types in languages like Pascal and C are
desqribed structurally.

The ADT capability is supported by User-Defined Data Types (UDT) and User-De-
fined Functions (UDF). UDTs generalize the notion of domain in the relational mod-
el. Thus, a domain is defined either as a basic data type (real, integer, boolean,
string) or as a user-defined data type built from basic data types and type
constructors that depend on the UDT implementation language. Previously defined
UDTs can be used in turn to build new data types. From the input languages
(extended SQL and RDL1), an ADT is viewed as a set of (user-defined) functions,
the UDF, that operate on instances of the defined type.

The UDT/UDF implementation language supported by the system is LISP. From the
user point of view, LISP creates and manipulates complex hierarchical structures
required by applications. An interpreted environment protects the DBMS from ab-
normal termination in case of programming errors. LISP as a general support for
extensible programming is discussed in Section 5.

2.1.1. User-defined Data Types

A UDT is specified using a functional notation. The name of the data type is also the
name of a Boolean function that evaluates to True if its parameter qualifies as an
instance of the defined type. UDTs can be recursively defined using basic data
types and existing UDT. Furthermore, UDT are described in a ISA hierarchy cap-
turing the usual notion of type inheritance. Thus, UDT operators can be inherited



along the hierarchy. The extension of the set of basic types together with the UDTs
form the set of domains from which tuples and relations can be built.

The specification of a new type requires the use of the CREATE DOMAIN primitive.
It specifies the name of a super-type if it is a specialization of another type. The
type specification is the code used to check whether a datum is an instance of the
- type. A UDT type specification is a LISP function that returns either a True or a Nil
value. Its syntax is:

CREATE DOMAIN <super-type name>:<type name>
AS <type specification>

For instance, one could define a new "polygon" domain as a specialization of "list of
points":

CREATE DOMAIN list—of-points:polygon
AS <type specification>

Then, a new relation called "map" can be created with a reference to this domain:

CREATE TABLE map (mapid integer, contour polygon, ...)

2.1.2. User-defined functions

User-defined functions (UDF) are built from a library of primitive functions. These
include standard LISP functions and window management functions (a C package)
which allow the user to implement graphics and user interaction. The specification
of a new function over UDT requires the use of the CREATE FUNCTION primitive. It
specifies the name of the function, the type of its arguments, and the type of its re-
sult. The syntax of the command is:

CREATE FUNCTION <function-name> (parj: T1l, ...parp: Tn)
OF TYPE <type-name> AS <function-body>

where T1, ..., Tn are the respective types of the parameters pary, .., par, The func-
tions are inherited from a type to its subtypes. A UDF can also be redefined on a
subtype (overloading). For instance, the surface function defined on polygon can be
redefined for triangle. The selection of the code corresponding to a function name
is done according to the type of all the arguments of the function.

For example, the surface operator for polygons can be defined and stored as fol-
lows. It accepts one argument of type polygon (or a specialization of this type) and
returns a real number as result.





































































