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Letter from the Editor

The theme of this issue of Database Engineering is “Extensible Database Systems.” Now that rela

tional database technology is well understood, a number of database researchers have turned their attention to

applications that are not well served by relational systems. Applications such as computer-aided software

engineering, CAD/CAM, scientific/statistical data gathering, image processing, and data-intensive Al applica

tions all have requirements that exceed the capabilities of traditional relational database systems. One

approach to providing the new data types, operations, access methods, and other features needed for such

applications is through developing an extensible database system — a database system that can be customized

to fit the needs of a wide range of potential applications.

I asked eight research groups working on database system extensibility to contribute papers to this

issue, and to my delight, all eight of them agreed. In addition, a ninth group agreed to submit a short research

summary; because their paper was a “late entiy,” time and page count constraints made it impossible for their

contribution to be a full-length paper. I found all nine of these papers to be very informative, and I hope that

the Database Engineering readership will agree.

The first two papers are excellent lead-in papers for this issue. In CASE Requirements for Extensible

Database Systems, Phil Bernstein and David Lomet describe database requirements for computer-aided

software engineering, a challenging application area for extensible database systems. They also describe their

work in progress at Wang Institute. The second paper, Extensible Databases and RAD, is by Silvia Osbom of

the University of Western Ontario. This paper categorizes various approaches to supporting new applications

and then describes the author’s experiences with the RAD system, a relational DBMS extended with a facility

for defining new data types for domains.

The next three papers describe three extensible database system projects. Extendability in POSTGRES,

by Mike Stonebraker, Jeff Anton, and Michael Hirohama, discusses the POSTGRES project at UC Berkeley.

The paper describes the POSTGRES facilities for adding user-defined functions, data types, operators, aggre

gate functions, and access methods. In Extensibility in the PROBE Database System, David Goldhirsch and

Jack Orenstein present an overview of the PROBE project at CCA. They describe PROBE’s data model and

algebra, how new object classes can be added to PROBE, and PROBE’s support for spatial applications. John

McPherson and Hamid Pirahesh describe the Starburst project at IBM Almaden in An Overview ofExtensibil

ity in Starburst. They emphasize the overall Starburst architecture and how it supports extensions in the areas

of storage management, access methods, data types, and complex objects.

The next two papers also describe extensible database system projects; they differ from the previous

three in being oriented more towards supporting the production of customized database systems than towards

providing one particular DBMS which can then be extended. In Principles ofDatabase Management System

Extensibility, Don Batory describes the GENESIS project at UT-Austin. He describes how extensibility is

provided, from low-level storage structures up through user-level data types and operators, via standardized

interfaces and careful layering. In An Overview of the EXODUS Project, David DeWitt and I describe the

EXODUS extensible database system project at the University of Wisconsin. We describe the collection of

components and tools that EXODUS provides, explaining how they simplify application-specific DBMS

development and extensions.

In the next paper, An Extensible Framework for Multimedia Information Management, Darrell Woelk

and Won Kim describe an extensible component of the ORION object-oriented database system at MCC.

They explain how object-oriented concepts are used in ORION’s multimedia information manager, enabling

extensions to be added for handling new storage and I/O devices and new types of multimedia information.

The final paper, DASDBS: A Kernel DBMS and Application-Specific Layers is by Hans Schek (who is

currently on leave at IBM Almaden). He briefly summarizes how the DASDBS project at the Technical

University of Darmstadt is addressing extensibility via their DBMS kernel~approach.

I would like to thank each of the authors for agreeing to participate in this special issue of Database

Engineering. I hope that the readers will find the authors’ contributions to be as interesting as I did.

Michael J. Carey
May, 1987
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CASE Requirements for

Extensible Database Systems

Philip A. Bernstein

David B. Lomet

Wang Institute of Graduate Studies1

1. Introduction
A database system (DBMS) offers functions for

storage managment, type management,
associative access, and transaction management.
State-of-the-art relational DBMSs provide
storage management for small records, type

management for simple record structures,
associative access using relational algebraic
operators, and transaction management for

short-duration transactions. These facilities are

inadequate to support most engineering design
applications, such as mechanical design,
electronic design, and software design
10, 21, 22, 24, 31, 79).
In particular, these facilities are inadequate for

computer-aided software engineering (CASE). A

CASE environment consists of integrated tools

to assist the individual programmer (e.g., editors

and debuggers), to manage multi-component
product configurations (e.g., version control and

automated regression testers), and to plan and

track large projects (e.g., schedulers). Such tools

must store source and object versions of

programs, internal forms of programs (such as

syntax trees and flow graphs), documents, test

data, and project management information. The

absense of appropriately powerful and flexible

database facilities is a major problem for

developers of these tools. Many regard it as the

most serious impediment to qualitative
improvements in CASE environments.

Much of the current research in database

management is focused on repairing this

inadequacy for design environments in general.
Features being studied include: storage
structures for large objects and for multiple
versions of each object, multi-dimensional search

structures, rich data typing, type inheritance,
user-defined operators, more powerful set-

oriented operators (such as transitive closure),
long-duration transactions, nested transactions,
triggers, and semantic integrity constraints. To

support software engineering tools, a DBMS

needs many, perhaps most, of these features.

We recently summarized our view of current

research on these features, especially as they
relate to CASE requirements, in 10). An

abridged version of this paper and its

bibliography appears below, followed by a

summary of our project to respond to these

requirements.

2. Database Facilities for

CASE
This section lists facilities that should be

offered in a DBMS for CASE, but are not

available in the right form in current relational

DBMSs. For each facility, it briefly explains the

desired functionality and why it is useful.

2.1. Storage Management

Large Objects

A DBMS for CASE must be able to store large
variable-length objects, such as documents and

programs. Some large storage objects that are

today stored as a single unit should be

decomposed into smaller pieces, to take full

advantage of DBMS facilities. For example, one

could store each of a program’s procedures as a

separate object, rather than storing all of the

program’s procedures together in a single object,
as is typically done with file systems.

Nevertheless, the requirement to store large
objects is hard to circumvent in all cases.

Conventional relational DBMSs are designed to

store small objects, namely records, and sets of

small objects, namely files. Often the system
has a small maximum length for either records

or fields, which makes it impossible to store a

large object as a single record.

File systems can store each large object as a

file. However, opening a file is a rather

expensive operation, which is mostly oriented to

the needs of end users. A DBMS probably
should circumvent the open operation’s ordinary
access control and name service functions.

Versioning

A CASE environment needs to store many

‘Authors’ address: Wang Institute of Graduate Studies, 72 Tyng Road, Tyngsboro, MA 01879-2099

—2-



versions of documents, programs, and other

objects 1321. Tools for this purpose have been in

widespread use for many years (e.g., SCCS

63] and RCS 78]). The main technical

problem in designing such a tool is the tradeoff

between storage space and execution time; more

compact representations usually require more

execution time to store and retrieve data.

However, if versioning is implemented in the

DBMS’s storage subsystem, then it can be done

on fine granularity components, such as records

or blocks. When creating a new version, only
those components that have changed since the

previous version need to be stored. In the new

version, unchanged components can be

represented by pointers to their previous
versions. This is efficient in storage because

only the changed components are repeated in the

new version. It is also efficient in execution

time; since versions are not encoded, they can be

retrieved directly, instead of being reconstructed

using change logs, as in RCS and SCOS.

Versions may also be correlated to time. The

sequence of versions of an object may be thought
of as the object’s history. One may want to

retrieve versions based on the time they were

created (e.g., the versions of the dump utility
that were created while Jones was running the

utilities project).
Data Representation

The DBMS must cope with different

representations of atomic types. The differences

may be matters of machine architecture (e.g.,
byte-ordering or the representation of integers),
programming language (e.g., representation of

strings), or tools (e.g., representation of trees).
The DBMS must know the representation of

each type as it is stored and as it must be

presented to its users. This knowledge is

maintained by type management facilities,
described in the next section. After the DBMS

knows the source and destination representation
of an object, it must translate between those

representations. There are two issues here: when

to perform the translation and how to do it

efficiently. Experience has shown that the main

efficiency consideration here is reducing
memory-to-memory copying of data.

2.2. Type Management
Tools for a CASE environment need a full

range of atomic and composite data types. Since

tool developers want to share their data, they
must be able to express these data types to the

DBMS. Data types in current relational DBMSs

are usually limited to (non-recursive) record

types, each of which consists of a sequence of

atomic fields. Union types, arrays, and nested

structures are ordinarily not supported 45].
Some data is more conveniently represented in

procedural form 49]. For example, the “length”
attribute of a program could be calculated by a

procedure, rather than stored explicitly. Limited

forms of this facility have been available in

database view mechanisms for many years.

However, a view is a derived object, defined by a

data dictionary entry; it is not a “base-level”

object, physically stored in the database.

Performance improvements may be possible by
making procedural attributes base-level objects.

One important type that appears in many
CASE applications is directed graphs 17]. For

example, tools store parse trees, flow graphs,
dependency graphs, and PERT charts. In

today’s DBMSs, one stores graphs by storing
their edges in relations, and manipulates graphs
using standard relational operators. This is

unfortunate, because many fast algorithms for

manipulating directed graphs are not easily
expressed using relational data structures and

operations.

The DBMS should check the integrity of

objects relative to their type definition.

However, when and where should this integrity
be checked? It could be checked in the

application’s workspace, every time an object is

updated. However, this could be quite slow.

Alternatively, integrity could be checked

whenever an updated object is passed back to

the DBMS. This is more efficient, but allows

users to manipulate invalid objects for some

time before the integrity violation is caught.

Database objects may have integrity
constraints that are more complex than can be

expressed in the type definition language. For

example, one may have a style checking program
that determines whether a document is

consistent with an organization’s standards. To

assist with this process, a DBMS may offer a

trigger mechanism,. For example, one could

define a trigger on document objects, which is

activated by invoking the “check-in” operation,
and causes the style-checker to be invoked.

Triggers can also be used for alerting. For

example, a user U can check-out an object from

the database for reading, and leave a trigger
there in case someone else wants to check-out

the same object for writing. The action part of

the trigger simply sends a message to U.

2.3. Associative Access

A popular and important feature of virtually
all DBMSs is the ability to retrieve data objects
based on their contents. Content-based retrieval

is valuable for many CASE tools: a debugger
may want to find programs that modify variable
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x; a configuration management tool may want

to find modules that are checked out by a

programmer who is on vacation; a project
management tool may want to find unfinished

modules that are blocking the completion of

release 3.2. In today’s record-oriented DBMSs

(i.e., relational, network, and many inverted file

systems), there are four main considerations in

implementing content-based access.

Indexing and Clustering

The changing nature of hardware has changed
performance tradeoffs Much work has been done

in recent years on efficient access structures.

There are now linear hashing algorithms that

cope gracefully with file growth 27, 37, 39, 41].
There are variations of B-trees that use large
and variable-sized nodes to exploit fast

sequential disk access 40, 43]. And there are

multi-attribute index structures that cluster data

based on combinations of fields, so that data

that is frequently retrieved by such combinations

can be retrieved in fewer disk accesses

8, 9, 56, 57, 62, 67]. All of these mechanisms

are potentially valuable for improving
associative access to data in a CASE

environment, but few of them have been

incorporated in commercial DBMS products.

There have been so many new and useful

indexing techniques developed in recent years

that it may be too expensive for a DBMS vendor

to supply a wide enough variety to suit most

users. Therefore, researchers are considering
DBMS architectures in which users can add their

own. In this approach, the DBMS defines an

access method interface. A user may implement
an access method that conforms to this interface

and register it with the DBMS.

Set-at-a-time Operators

A major innovation of relational DBMSs over

their predecessors is support for set—at-a-time

operators: project, select, join, and aggregation.
The operators abstract iteration over all

elements of a set (i.e., all tuples of a relation);
the user provides a property over individual

objects, and the operator retrieves all objects in

the set that satisfy the property. One may want

to encapsulate iteration over other structured

collections of objects, such as graphs or two-

dimensional objects in a plane. Relational

operators are often inconvenient for this

purpose. Like index structures, the range of

possible operators may be too great for the

vendor to build into the DBMS. Thus, it would

be desirable if new operators could be added to a

DBMS without the vendor’s assistance. This

entails giving (sophisticated) users the ability to

program their own operators.

2.4. Transaction Management for CASE

It is inappropriate to regard each activity of an

engineer in a CASE environment to be a

transaction in the usual DBMS sense. Here, an

engineer reads data into a workspace, and may

operate on the contents of that workspace for

many days. If the system fails during that

period, it is unacceptable for all work on that

workspace to be lost. Moreover, the work of

two design engineers may not be serializable.

They may work on shared objects that they pass
back and forth in a way that is not equivalent to

performing their work serially.

There are several ways to modify the notion of

a transaction to suit the needs of CASE. One

way is to ensure that every transaction is short

-- so short that aborting a transaction is only a

minor inconvenience. For example, checking-in
or checking-out objects from a database satisfies

this notion of transaction. Longer activities,
such as fixing a bug, may consist of many

transactions.

Higher level transaction notions may also be

valuable 35]. A transaction to fix a bug may

involve running transactions to check out certain

programs, modify them, test them, and check

them back into the database. The fix-a-bug
transaction is therefore a long transaction within

which smaller transactions are nested. Should

one of the subtransactions fail (e.g., a certain

modification to a program is found to be

infeasible), one may want to abort the fix-a-bug
transaction; or, one might want to push ahead

by trying different subtransactions (i.e., a

different approach to fixing the bug).

Many popular transaction recovery algorithms
use a form of logging. The log keeps track of

the operations that have executed so far. The

recovery algorithm uses the log to obliterate the

effects of aborted transactions, and to redo the

effects of committed transactions whose updates
are lost in a failure.

Today, the DBMS’s logging mechanism is

rarely offered directly to the DBMS user.

However, it could be quite useful this way, e.g.,

so that an interactive tool could create a private
log of its actions. It could use generic DBMS

functions to append log entries, and could

subsequently interpret them in a tool-specific
way.

3. Our Project
We are currently building a DBMS to support

the development and use of CASE tools. We

intend to implement the DBMS to an industrial

standard of reliability and documentation that

will make it easily usable outside Wang
Institute. Working with CASE researchers at
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Wang Insitute, we will evaluate the effectiveness

of the DBMS in satisfying the needs of CASE

tool developers.

There are many projects to build new DBMSs

in support of engineering design applications.
However, the main goal of most of these projects
is to produce a testhed for research into DBMS

implementation. Such testbeds are needed if the

field is to move forward. However, when

building such a testbed, it is difficult to meet

research goals and users’ needs at the same time.

We chose to reverse these priorities, focusing
first on meeting users’ needs, and secondarily on

advancing the state-of-the-art.

In the user’s view, the most important
property of a DBMS is that it works. It must

reliably perform its advertised functions and

must not, under any circumstances, corrupt
data. (Even commercial products have had bugs
that irreparably corrupted user data.) To avoid

such disasters, we decided to focus especially
hard on system quality, devoting much attention

to coding standards, testing, and documentation.

Simplicity

The major theme of our DBMS development is

design simplicity: Wherever possible, we will

strive to use a small number of abstractions and

simple mechanisms to support those

abstractions. To meet a given set of DBMS

requirements, it is often more difficult to find

simple system designs than complex ones.

However, once found, a simple design has many

benefits.

First, a simple design is easier to validate and

implement, and the resulting implementation is

easier to test. Given our focus on quality, this is

an especially important advantage. This

improves the productivity of our development
group, and helps shorten the development time

to produce a DBMS with a given level of

functionality.

Second, the goals of modularity and

information hiding are easier to reach in a

simple design. Using information hiding, we can

isolate data representations and algorithms used

in each module. This enhances our ability to

maintain and improve the implementation.

Third, by using relatively few mechanisms, and

mechanisms that are relatively simple, we are

better able to predict the performance of the

system. This also helps us tune the system;
bottlenecks are easier to locate (due to

modularity), and once found, they are easier to

repair (due to information hiding).

Overall, a simple design breeds reliability.
Users will not entrust their data to a DBMS

unless it is extremely reliable. The simpler the

design, the more quickly we will be able to reach

a high level of reliability.

This theme of simplicity of mechanism is

analogous to that of reduced instruction set

computers (RISC). We intend to use general-
purpose low-level mechanisms that can be

implemented with good and predictable
performance. Tailoring the mechanisms to

particular applications is left as a higher-level
function. This gives a builder of an application
(in our case, software engineering tool) the

flexibility to tailor the mechanisms for the

particular higher-level functions needed.

The Design

Borrowing a good idea from Exodus, we intend

to use B-trees to store large objects, to identify
sets of objects, to define an index on a set of

objects, and to define versions of objects 15].
Using a single B-tree structure for all of these

purposes is a good illustration of how we intend

to reach our primary goal of design simplicity.

To support versioning of objects, we will use a

modification of Easton’s write-once B-trees 261.
Initially, we will use a relatively standard B-tree,
modified using Easton’s scheme. Later, we hope
to modify the basic B-tree structure for better

performance 40, 42, 43].
Status

We have implemented a B-Tree manager, a

basic data dictionary facility, a lock manager2,
and a logging-based recovery manager. The B-

Tree manager and data dictionary facility have

been integrated, and thoroughly tested. We

hope to release them this summer, along with

our tool for regression testing and the test

scripts themselves (so that others may

conveniently modify and re-test the system).
This summer, we intend to implement write-once

B-trees, and to integrate the lock and recovery

managers with the current (non-versioned) B-

tree manager.

Due to the recent merger of Wang Institute

with Boston University, the status of our

research group is in doubt. We therefore do not

have firm development plans for the system

beyond the summer.
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