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Message from the TC Chair

It gives me great pleasure to announce that Professor Sham Navathe of the University of Florida
has accepted to serve as our TC’s representative to the Standards Activities Board of the IEEE
Computer Society. We look to Dr. Navathe for leadership in helping our TC to participate in
standards activties related to Data Engineering. If you are interested in working with Sham, please
contact him at:

Professor Sham Navathe

Computer and Information Sciences
Weil Hall

University of Florida

Gainesville, FL 32611

Phone: (904) 335-8456

E-Mail: sham@bikini.cis.ufl.edu

By this time all of you should have received a letter from me requesting your Dues Payment for
membership in the TC on Data Engineering. The IEEE CS Board of Governors approved our
request to charge dues. We need your support on this matter to be able to bring you our Bulletin
and to continue to sponsor and co-sponsor the many conferences that push the state-of-the-art in
Data Engineering.

The Board of Governors has determined that in the future all TCs will have to be run in a more
business-like manner based on dues and the profits from conferences and other sponsored events.
So our Dues Policy is actually an experiment for all TCs to watch. Please take the time to make out
your check to help our efforts in building a financially strong TC.

If you haven’t paid yet, you will be receiving another letter from me in September. For our
non-USA colleagues, we now have a credit card payment system in place. It will be explained in the
next mailing.

Finally I have been receiving E-Mail and letters from many of you who want to get more involved in
TC activities. As opportunities arise I will be contacting you.

Best Regards,
Larry Kerschberg



Letter from the Editor

"Database Programming Languages" is the theme of this issue of Data Engineering. The database
programming language (DBPL) area is a broad and very active area of research; work in the area
addresses problems faced by those who must design, implement, and maintain large, data-intensive appli-
cations. The seven papers included in this issue are extended abstracts of full papers from the Second
International Workshop on Database Programming Languages, which was held on the Oregon coast this
past June. This set of seven papers was recommended by the workshop’s program committec as a good set
to give the Data Engineering readership a taste of the broad range of problems and solutions that were
addressed at the workshop. For readers who would like to learsn more about the DBPL area, the full
proceedings of the workshop will be available shortly as:

Proceedings of the Second International Workshop on Database Programming Languages, Hull, Stemple,
and Morrison, eds., Morgan-Kaufmann Publishers, Inc., San Mateo, CA (1989).

Since the co-chairs of the DBPL program committee kindly contributed a nice overview of both the
area and the workshop, I will turn things over to them at this point. However, before I do, I would like to
thank each of the authors for agreeing to write extended abstracts for this special issue of Data Engineer-
ing. I would also like to thank the three DBPL program committee co-chairs, particularly Rick Hull, for
helping to make the issue possible. Enjoy!

Michael J. Carey
August, 1989



Current Directions in Database Programming Languages

Work in database programming languages represents an approach to integrating the technologies and
paradigms of programming languages and database management in order to address the problems of modern
data-intensive applications. The applications that are driving these efforts tend to have combinations of the
following attributes:

o large amounts of complex, shared, concurrently accessed, persistent data
o reliability requirements
e distribution of data storage and processing over networks

e design orientation, e.g., computer-aided design of complex artifacts such as circuits, manufactured
goods and software

e complex behavior often involving inference or rule-based computation

o sophisticated graphical interfaces.

A number of successful approaches, each with its subculture of practitioners, have been advanced for relatively
narrow combinations of these concerns: Database Management Systems deal realiably with large amounts of
distributed persistent data; Computer- Aided Design uses special standalone software packages (e.g., software
engineering environments and VLSI design systems) written in standard programming languages with file
systems; Expert System Shells support certain kinds of inferencing; and Object-Oriented Systems facilitate
the development of systems with complex data or sophisticated graphical interfaces.

A database programming language (DBPL) is meant to be a facility addressing all the aspects of
performing sophisticated computations over large amounts of complexly structured, distributed, shared,
reliable, persistent data. One of the first forums for studying the problems of integrating these technologies
was provided by the First International Workshop on Persistence and Data Types, held in Appin, Scotland
in August 1985, and organized by Malcolm Atkinson, Peter Buneman and Ron Morrison. This workshop
spawned four others, including the First and Second International Workshops on Database Programming
Languages; another two are scheduled for 1990 and 1991.

At present there is no consensus that all aspects of the DBPL problem can or should be addressed in
one language. The research presented at the 2nd DBPL workshop focused largely on particular aspects of
the problem, for example developing the felicitous addition of one paradigm’s features to those of another,
or exploring ways to extend the capabilities of modelling tools such as type systems and storage managers.
The abstracts included in this issue of Data Engineering provide a small but representative sample of the

papers presented at the workshop, and indicate some of the leading research efforts currently being pursued
in the DBPL area.

A major issue in the workshop concerns type systems for DBPLs. Two of the abstracts included here
indicate the current breadth of the study in this area. The abstract by Ohori, Buneman and Breazu-Tannen
proposes Machiavelli, a polymorphic langiage with static type inference which encompasses several of the
features of object-oriented database systems. (Actually, the more complete version of this paper appears in
SIGMOD 89 rather than the workshop; a companion piece in the workshop provides a philosophic discussion
of the difficulties of extending static type checking to other object-oriented and DBPL features.) The abstract
by Jacobs presents a type system for logic programming langauges, and can be used as the basis for typing
algebraic database programming languages. Another group of papers included in the workshop attempts to
provide a framework for comparing database programming language type systems, and then characterizes
four such systems.

Another major topic of the workshop was persistence in relation to other programming langauge and
database capabilities. Included here is an abstract by Agrawal and Gehani, which indicates some of the



issues involved in adding persistence to a programming language, and presents the solutions proposed in the
language O-++, an extension of C++. Another paper of the workshop offers an alternative approach for
adding persistence, in that case for ADA; and another illustrates how object-orientation can be built on top
of a persistent language. A paper proposing a novel implementation strategy for handling large quantities
of persistent objects was also presented.

Several papers of the workshop addressed the mismatch between set-oriented and item-at-a-time
modes of database languages and programming languages (respectively). Three papers of the workshop
propose query languages for object-oriented database systems, the abstract of Shaw and Zdonik included here
indicates one of the approaches taken. All three use “complex objects” (closely related to nested relations),
but differ on issues of the creation of new types and the breaking of object-oriented encapsulation. Another
workshop paper addressed the issue of extending compiler technology to the set-oriented operators of DBPLs.
Various other combinations of object-orientation, deductive databases, and functional programming in the
context of DBPLs were also explored at the workshop.

The issue of generalizing logic databases received significant attention at the workshop. The abstract
by Chen, Kifer and Warren included here presents an approach for extending the syntax of a deductive
language to higher order while leaving the semantics essentially first order. A second proposal in the same
vein was included in the workshop, and also a proposal which supports a higher-order semantics. The
abstract by Naqvi here argues that “stratification” can serve as a design principle for dealing with a variety
of extensions to basic Horn clause logic.

Another issue addressed in the workshop is that of providing tools for layered database system de-
velopment. The abstract by Borgida et. al. included here stems from the DAIDA project, whose goal is
to build an environment for constructing data-intensive software. As described here, the system will use
three languages: an “assertional knowledge representation languages”, an intermediate design language, a/nd
an underlying DBPL. A second paper of the workshop describes the PROQUEL language, an integrated
specification, data manipulation and programming langauge also intended for use in a layered development
enviroment.

A final group of papers of the workshop, not represented here, attempts to expand and refine our
understanding of DBPL issues by providing taxonomies and/or new perspectives. In addition to the papers
mentioned above which provide a framework for comparing type systems, this includes papers which: raise
global issues such as type evolution arising in the context of persistent types; categorize different kinds of
inheritance; contrast object identity vs. reference; compare the use of objects vs. structured values; and
which formally analyze the expressive power and complexity of various DBPL primitives.

A great deal of research is still needed in the field of DBPLs. In addition to the topics mentioned above,
active research is being pursued in the areas of so-called “long transactions” and collaborative working, query
optimization, and integrity constraint maintenance. In the coming years experimentation with the various
paradigms for DBPLs will continue; it is difficult to predict what approaches will ultimately predominate.

Richard Hull
Ron Morrison
David Stemple



Static Type-checking in Object-Oriented Databases*

Val Breazu-Tannen Peter Buneman Atsushi Ohori

Department of Computer and Information Science
University of Pennsylvania
200 South 33rd Street
Philadelphia, PA 19104-6389

1 Introduction

If a precise definition of object-oriented programming languages is elusive, the confusion surrounding object-
oriented databases is even greater. Rather than attempt to give a comprehensive definition of the subject we
shall concentrate on a few properties of object-oriented databases that we believe to be of central importance.
We want to show that these properties can be concisely captured in a language that has a more-or-less
conventional type system for the representation of data, and that achieves its “object-orientedness” by
exploiting type inference. The advantage of this approach is that programs are statically checked for type
correctness without the programmer having to declare types. By doing this we believe we can eliminate a
major source of errors in programming on databases — type errors, which proliferate as the complexity of the
database increases. In some object-oriented database systems, type errors are not caught until something
goes wrong at run-time, often with disastrous consequences. To the best of our knowledge, none of the

systems or research prototypes developed in the past exploits the flexibility offered by type inference.

Let us briefly discuss three properties of object oriented languages and databases that will figure in our
presentation. There are of course other features, but we shall defer a discussion of these until the end of this
paper.

Method inheritance. This features in all object-oriented languages and describes the use of a programmer-
defined hierachy to specify code-sharing. Code defined for some class is applicable to objects in any subclass
of that class. For example, a programmer could define a class POINT with an associated method Move(z,y)
that displaces a point by co-ordinates z and y. Subsequently, a subclass CIRCLE of point may be defined,
which means that the method Move is also applicable to objects of class CIRCLE.

Object identity. In the precursors to object-oriented languages [DN66], which were used for simulation, an
object could represent a “real-world” object. Since real world objects can change state, the correspondence

between a program object and a real-world object was maintained by endowing the program object with

*This research was supported in part by grants NSF IRI86-10617, ARO DA A6-29-84-k-0061 and ONR NOQO-14-88-K-0634.
The third author was also supported in part by OKI Electric Industry Co., Japan.



“identity” - a property that remained invariant over time and served to distinguish it from all other objects.
Since the purpose of object-oriented databases is also, presumably, to represent the real world, we would

expect it to figure in our discussion.

Ertents. In any database one needs to maintain large collections — lists or sets, for example — of objects with
certain common properties. Typically, a database might contain EMPLOYEES and DEPARTMENTS, each
describing a collection of values with some common properties. For example, we would expect SALARY
information to be available for each member of of EMPLOYFEES. The need to deal efficiently with extents
is one of the distinguishing features of object-oriented databases; and the connection between extents and

classes will be one of the main foci of our discussion.

On initial examination of these properties, it is tempting to tie extents to classes, but this immediately
creates problems. In the case of POINT and CIRCLE there is no obvious relationship between the objects of
these two classes, and even if there is such a relationship — we might implement a circle using an instance of
POINT to describe the cénter — there could be many circles with the same center. On the other hand, when
we say (in the jargon of semantic networks and data models [HK87)) that EMPLOYEE isa PERSON, we
mean that, in a given database, the set of EMPLOYEF instances is a subset of the set of PERSON instances.

There is an immediate contradiction if we think of EMPLOYEES as the set of all objects of class EMPLOYEE
and similarly for PERSON. For if an object is in class EMPLOYEE, it cannot be in class PERSON. Therefore
EMPLOYEES cannot be a subset of the set of instances of PERSON. We probably want to consider the set
of persons to be the union of the PERSON and EMPLOYEE objects, but this does not bode well for static

type-checking because this set is now heterogeneous, and it is not clear what type to give it.

In the following sections, we shall outline an approach to this problem that relies heavily on type inference
for record types. The ideas are embodied in the experimental language Machiavelli [OBB89] that has been

implemented at the University of Pennsylvania. Moreover, this paper summarizes some of the issues discussed
in more detail in [BBO89).

2 Type Inference and Inheritance

To see how we can derive methods through type inference, consider a function which takes a set of records
(i.e. a relation) with Name and Salary information and returns the set of all Name values for which the

corresponding Salary values are over 100K. For example, applied to the relation

{[Name = "Joe", Salary = 22340],
[Name = "Fred", Salary = 123466],
{Name = "Helen", Salary = 132000]}

this function should yield the set {"Fred", "Helen"}. Such a function is written in Machiavelli (whose
syntax mostly follows that of ML [HMT88]) as follows

fun Wealthy(S) = select x.Name
where x <- S
with x.Salary > 100000;

Although no data types are mentioned in the code, Machiavelli infers the type information



Wealthy: {[(“a) Name:"b,Salary:int]l} -> {"b}

by which it means that Wealthy is a function that takes a homogeneous set of records, each of type [("a)
Bame : "b, Salary : int], and returns a homogeneous set of values of type "b, where ("a) and "b are
type variables. "b represents an arbitrary type on which equality is defined. ("a) represents an arbitrary
extension to the record structure that does not contain Name and Salary fields; this is superficially similar to
the “row variables” in [Wan87]. "b and ("a) can be instantiated by any type and record extension satisfying
the above conditions. Consequently, Machiavelli will allow Wealthy to be applied, for example, to relations

of type
{[Name: string, Age:int, Salary: int]}
and also to relations of type

{[Name: [First: string, Last: string],
Weight: int, Salary:int]}.

The function Wealthy is polymorphic with respect to the type "b of the values in the Name field (as in ML)
but is also polymorphic with respect to extensions ("a) to the record type [(Name:"b ,Salary: int]. In’
this second form of polymorphism, Wealthy can be thought of as a “method” in the sense of object-oriented
programming languages where methods associated with a class may be inherited by a subclass, and thus
applied to objects of that subclass. In other words, we can think of {[Name:"b ,Salary: int]} as the
description of an inferred “class” for which Wealthy is an applicable method.

For the purposes of finding a typed approach to object-oriented programming, Machiavelli’s type system has
similar goals to the systems proposed by Cardelli and Wegner [Car84, CW85]. However, there are important
technical differences, the most important of which is that database values have unique types in Machiavelli
while they can have multiple types in [Car84). Based on the idea suggested in [Wan87], Machiavelli achieves
the same goals of representing objects and inheritance (see also [JM88] for a related study). These differences
allow Machiavelli to overcome certain anomalies (see [OB88], which also gives details of the underlying type

inference system).

3 Representing Objects and Extents

The example we have just presented is intented to illustrate how Machiavelli can infer types in a function
defined over a set of records (a relation). In fact, the select ... where ... with ... is a simple
syntactic sugaring of a combination of a small number of basic polymorphic operation on sets and records,
which provide a type inference system for an extended relational algebra. The reader is referred to [OBB89]
for details, for space does not allow us to describe them here. Instead we turn to the problem that we posed
in the introduction of combining the two views of an inheritance hierarchy: as a structure that describes the

inheritance of methods and as a structure that describes containment between sets of extents.

Suppose we have two sets, E' a set of objects of type Employee and S a set of objects of typeStudent and we
wish to take the intersection. We would expect objects in E NS to inherit the methods of both Student and
Employee. But note that our intersection is rather strange because it operates on sets of different types. We

want its type to be something like {r} x {72} — {7 U7}, such that when 7, and 7, are record types which
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