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Background and Motivation

New implementation techmques and new capabilities for data-
base systems are being developed and proposed at a rapid rate
Novel file structures and improved algorithms for query optimiza-
tion, buffer and recovery management, and transaction management
have the potential of reahizing sigmficant gains in DBMS perfor-
mance The proposed integraton of design objects, voice, text,
rules, vector graphics, and 1mages into databases promises exciung
new capabiliies for DBMSs To accommodate advances 1n database
technology and to support new classes of database applications,
DBMSs must be extensible (1 e , customtzable)

To achieve extensibility forces a fundamental rethinking about
how DBMSs are built, and how special-purpose features can be
integrated into a DBMS with little effort and expense Customizing
DBMSs imphes the availability of extensible data models, to allow
for the 1ntroduction of new object types and operations, and extensi-
ble storage structures, to take advantage of special properties of
stored data or operations to enhance performance

Although research on extensible DBMSs 1s stull 1n its infancy, a
fundamental concept underlyng their construction 1s now evident
Thus 1s the standardization of interfaces and the plug-compatibility of
modules An extensible DBMS will be a software bus’ whereby
new modules (and hence new DBMS capabilities) can be added,
exchanged, or removed by plugging or unplugging modules Exten-
sible DBMSs will thus rely on extensive software libranes, where
new modules can be added as needed Furthermore, changes to
DBMSs can be made 1n months rather than years, and the reinven-
tion of established technology 15 kept to a mmmmum because of the
reusability of modules

The perception of DBMSs as monolithic enuties that are
difficult to modify will change as extensible DBMS technology
becomes better understood The use of database systems will not
change, the ANSISPARC roles of database users, who wrnite and
execute transactions, and the database admimstrator (DBA), who
designs and wntes database schemas, will reman Extensible
DBMSs will require the introduction of an additional party, the data-
base architecture admimstrator (DAA), who 1s responsible for the
construction and customization of a DBMS

A growing number of researchers are developing extensible
DBMSs The purpose of this panel 1s to explain and glscguss some of
the approaches that are now being taken (and those that can be
taken), and to survey the problems that confront extensible database
technology Descriptions of the systems and research represented at
this panel are given 1n the following sections
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Untl recently, research and development efforts in the database
management systems area have focused on supporting traditional
business applications The design of database systems capable of
supporting non-traditional application areas, including engineenng
applications for CAD/CAM and VLSI data, scientific and statistical
applications, expert database systems, and 1mage/voice applications,
has emerged as an important new direction for database system
research These new applications differ from conventional applica-
tions such as transaction processing and from each other in a number
of important ways First, each requires a different set of data model-
ing tools The types of entities and relationships that must be
described for a VLSI circurt design are quite different from the data
modeling requirements of a banking application Second, each new
apphcation area has a specialized set of operations that must be sup-
ported by the database system It makes little sense to talk about
domng joins between satellite 1mages Efficient support for the spe-
cialized operations of each of these new application areas requires
new types of storage structures and access methods as well Access
and mampulation of VLSI databases 1s facilitated by new access
methods such as R-Trees [Gut84] Storage of image data 1s
simplified if the database system supports large multidimensional
arrays as a basic data type (a capability provided by no commercial
database system at this ume) Storing images as tuples 1n a rela-
tional database system 1s generally either impossible or termnbly
mefficient. Finally, a number of these new application areas need
support for multiple versions of entines [Day85, Kat86] To address
the needs of this emerging class of apphcations, we are working on
the design and implementation of an extensible database system
known as EXODUS 1 at the Umversity of Wisconsin [Car85]

1 EXODUS A departure, 1n this case from the ways of the past Also an
EXtensible Object-oriented Database System.,

2 Ths research 1s partially supported by the Defense Advanced Research
Projects Agency under contract N00014-85-K-0788, by the Nauonal Sci-
ence Foundation under DCR-8402818, and by an IBM Faculty Develop-
ment Award.
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In contrast to some of the related work m this area, EXODUS
1s being designed as a modular (and modifiable) system rather than
as a “complete’ database system intended to handle all new applica-
tion areas  The EXODUS storage system [Car86] 1s the kernel of the
system Stnce 1t 15 to be the only fixed component of the EXODUS
system, its design 1§ intended to be flexible enough to support the
needs of a wide range of potential applications Application-specific
access methods, operations, and version management layers will be
constructed using the pnmitives provided by the storage system, and
higher levels of the system will 1n turn use the prmitives supplied by
these layers The EXODUS design includes a generic query optim-
1zer that optimizes a generalized algebraic query tree based on a col-
lecuon of cost and operator transformation rules that implementors
of application-specific DBMS’s will provide At the top level,
EXODUS will provide facilines for generating application-specific
high-level query language interfaces, but applications will also be
permitted to nteract with the system at lower levels when necessary
Thus, the EXODUS approach might be characterized as the 'DBMS
generator’ approach, with the overall goal of the project being to
umplement the storage system, the tools to support development of
appropniate abstract data types, access methods, operations, and ver-
sion support, the rule-based optimizer; and the flexible query inter-
face generator To aid apphcation-specific DBMS developers in
therr task, we also expect to provide libranes of useful routines (and
rules) for the extensible components of the system

STARBURST An Extensible Relational DBMS
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The STARBURST project’s goal 1s to produce a portable,
extensible, distnbuted database management system for the 1990’s,
building on our previous experiences to invent the required state-of-
the-art technology We will be re-examimng the approaches taken to
query optmization, access paths, transaction management, and other
areas 1n earlier database management systems, and desigmng an
’open database architecture’ that will allow knowledgeable users to
tarlor the DBMS to support their particular applications Such users
may, for example, define new data types, new operations, new
methods to access data stored inside or outside the DBMS, and new
strategies for concurrency control and recovery

The focus will be on the database capability needed for depart-
mental servers, 1n order to support a wide range of applications and
to couple effecuvely to mainframes, other servers, and private
workstations As far as distributed data management 1s concerned,
the focus will be on ’vertical distnibution’ - that 1s, the coupling
between host and server and server and workstation Compared to
R*, vertcal distribution 1s expected to impact differently 1ssues like
naming of different entities, distribution of query optimization work,
authorization, and recovery The changes are anticipated due to the
dispanties 1n processor and I/O capacities, the level of trustworthi-
ness of the protection environment, communication bandwidths, and
data shaning requirements

The immediate objective of the STARBURST project, which
was formed about a year ago, 1s to get a centralized base system run-
ming so that 1t will serve as the basis for the extensibility and distri-
bution work To facilitate portability, 1t 1s being implemented 1n C
Compared to System R, we are currently explonng different
approaches to record management, index management, long fields,
query compilation, and recovery We are also explonng alternative
approaches to finding the best strategy for query execution New
algonithms to provide record level locking with wnite-ahead logging
and recovery are being designed Some of these changes relate to
our objective of tmproving the state of the art. The major goal of
extensibihty 15 affecting many parts of the system In the area of
query optumzation, we are considenng ways to improve the
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optimizer’s cost models and to support user control of the extent of
query optimization, especially for ad hoc quenes In the query
language area, attention 1s being given to providing tree structured
responses, composition of new data types from already existing
types, and user-defined scalar and aggregate functions Query com-
pilaton 1s being restructured for better modulanty and extensibility
Mechanisms for supporting extension-managed access paths and data
are also being investigated

There are a number of open 1ssues 1n the areas we are currently
studying and in the ones we will be addressing later Many of them
relate to extensibihty and vertical distnbution Some of the 1ssues
have to do with questions like how to integrate concurrency control
and recovery of user-managed data with DBMS managed data, how
to himit the damage that could be caused by user extensions, how to
inform the query compilation component about user-managed data
and access paths, how to let the opumizer get to know the costs and
selectivities associated with user-managed data and access paths, and
user-defined operations The next phase of the project should pro-
vide at least partial answers to some of these questons
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In the last five years, theories of database system implementa-
tton were developed to explan the storage architectures of many
commercial DBMSs (1e, how these systems stored and retneved
data) These theones identified basic components of DBMS
software, required all components to have the same nterface, and
showed that component composition could be achieved 1n a simple
manner [Mar81, Bat82, Bat85b]

GENESIS 15 an extensible DBMS that 1s based on these
theories A prototype 15 now operational {Bat86] The software
Iibrary on which GENESIS relies contains modules that implement
the components of these theonies These components are simple files
(file structures), linksets (record hinking structures), and elementary
transformations (conceptual-to-internal mappings) The file manage-
ment system of GENESIS, called JUPITER, features a number of
single-key and multi-keyed file structures Among the structures
presently supported are indexed-sequential, indexed-aggregate, B+
tree, unordered, hash-based, heap, and multi-key hash structures
JUPITER can be reconfigured to handle any number of file struc-
tures, 1n addition to supporting recovery via shadowing, recovery via
database cache, or no recovery at all

Once a storage architecture has been designed, only the
modules that are not present in the Iibrary must be wntten As all
modules are reusable, we anticipate the need for adding new modules
will decrease as the library enlarges When all modules are present,
the tume 1t takes to wnte the specification (a short C program) and to
reconfigure GENESIS 1s a matter of hours, and can be done with
neghgible cost

The GENESIS prototype presently features a DDL and a pro-
cedural DML for non-first-normal-form relattons Tuples can have
long fields, vanable-length fields, muludimensional matnces, and
repeating and nested repeating fields (1 e, relation-valued attnbutes)
The future DDL/DML of GENESIS will be based on a functional
data model/data language, which will reference a library of data
types and operators The functional front-end to GENESIS should
be operational 1n 1987

3 Ths research 1s partially supported by the National
ondor M an 8P Yy nal Scitence Foundation



A primary goal of GENESIS 1s to help consolidate theoretical
results and practical achievements 1n database research by providing
a pragmanc and encompassing theory of DBMS implementation
Among the open problems that remain to be integrated nto the pro-
totype are concurrency control, query processing, and design objects
[Bat85a] The layered approach that 1s required to specify DBMS
storage architectures forces a novel interpretation and generalization
of existing results on these topics

PROBE A Research Project in Knowledge-Directed
Database Management
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Conventional record-based DBMSs will be inadequate for
many of the knowledge-intensive information processing applica-
tions (e g , business and industnal automation, CAD/CAM, and mili-
tary command and control) of the future These applications require
integrated access to a varnety of information types (e g, 1mages,
maps, signals, text) not currently supported by DBMSs Also, they
rely on specialized knowledge or expertise for processing the new
information types, for many of these types, specialized storage dev-
ices and processors (e g, workstations, image enhancers, solid
modellers), are or will be available Currently, DBMSs have no gen-
eral facilines for efficiently assimilating and utihzing this special
knowledge or for incorporating these spectalized processors 1nto
their own processing

The objective of the PROBE project 1s to develop an advanced
DBMS effective for these knowledge-intensive applicanons Our
approach 1s to enhance existing DBMSs with (a) user-defined object
classes as the basis for defining new information types and opera-
tions and for integratng specialized processors, (b) dimensional
(space and time) concepts, which are a common charactenstic of
many of the new information types, and (c) recursive predicates and
quenes, which provide intensional knowledge processing capabili-
ties essential for many of the applications In each case, 1t 1s neces-
sary to augment both the logical (data model, query language) com-
ponents and the physical (storage structures, access methods, query
processor) components of the DBMS Overviews of PROBE are con-
tained 1n [Day85a, Day85b] The PROBE approach to efficiently
processing recursive queries 1s described in [Ros86), and dimen-
stonal quenes 1n [Ore86]

Because the PROBE DBMS 1s object-based, 1t 1s extensible
new object classes can be easily defined However, unlike the propo-
sals to add abstract data types to DBMSs as ’black boxes’ that hide
all implementation detail, the PROBE approach 1s to reveal some
information about the properties and costs of the class’s operations to
the global query optimizer to enable 1t to construct efficient global
execution plans The design of an extensible, description-driven
query optimuzer is an important open research problem The success-
ful solution of this problem will mean that extensibility can be
attained without sacnficing performance
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Despite all the research on query optimization 1n the last ten
years, constructing an opumzer even for an established language
such as SQL 1s stll a formidable engineenng task The reasons for
this difficulty are the large, complex nature of a query optimizer and
the research focus over the last ten years Most of the research
involves larger and more complex domains such as distnibuted sys-
tems, recursive quernies, and multiple query optimuzation The
engineenng difficulties 1n constructing a query optimizer have been

largely 1gnored

Research in extensible query optimuzation seeks to address
these engineering concerns Two major objectives of extensible
query optimization are 1) to understand the building blocks of query
optimizers, and 2) to reduce the time and effort to construct, main-
tan, and extend an optimizer One way to approach the first objec-
tive 18 to decompose the problem 1nto a collection of expert modules
and to explicitly define the rules, data structures, interface and nfer-
ence procedure employed 1 each module The emphasis n defining
the expert modules 1s to simphify and generalize the knowledge used
1n the optimization process This requires representation schemes
that serve a wide vaniety of languages, access methods, and optimi-
zation strategies

The second objective 1s related to the first Certanly, 1f our
understanding of the process improves, we will be able to construct,
mantan, and extend opumzers more efficiently However, to
achieve significant reductions, the manner of desigming and imple-
menting optmizers must change Two approaches seem promusing
In the knowledge-dniven approach, the cost formulas, selectrvity esti-
mation techmques, matching rules, levels of opmization, and search
strategies are encoded outside of the optimizer’s source code The
task of extending the optmizer with new access methods, data types,
comparison operators, join algonthms, and search strategies can be
accomphished by altering the external descriptions rather than the
optimizer’s source code

In the tool approach, an opumizer 15 constructed by using tools
such as general purpose libranies and specification driven tools The
libranies permit an optimizer to be built by combining the procedures
m new ways The procedures must be general to support many
optimization environments A specification dnven tool produces a
customized program from a precise specification Such tools are
analogous to traditonal parsing and lexical analysis tools As an
example, a selectivity estimation tool would use a data type descrip-
tion including the types’s internal representation, comparison opera-
tors, and selectivity estimation rules to produce a program to
estimate the selectivity of a relational expression involving the data
type

Most of the early work on extensible query opumization
addresses the knowledge-dniven approach because 1t 1s the easiest to
cost justify for an established database vendor The research on the
tool approach 1s easier to jusufy for a group that does not have
vested interest in a database product In the future, both approaches
will be important to reduce the cost and effort of building, maintain-
ing, and extending query optimizers
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POSTGRES 1s a new database management system that 1s
being developed at Berkeley as a successor to the INGRES relational
database system The design goals for the system are to

. support for complex objects,
. make the system extensible,

. support active databases (1e, alerters and tnggers) and
inferencing,

. simplify the DBMS code for crash recovery,

. and to design the system to take advantage of optical disks,
workstations composed of multtple ughtly-coupled processors,
and custom designed VLSI chips

The system will use a conventional relational data model
However, the program interface will be based on ’portals’, rather
than ’cursors’, which will make the development of interactive
browsing style apphcations easier More details on the design and
proposed implementation are given 1n another paper 1n the proceed-
ngs [Sto86]
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POSTGRES will allow users to extend the system by defiming
new data types, operators, built-n functions (including aggregates),
and access methods  All data types and operators will be defined by
using the data type and operator extensibility features of the system
Scalar functions can be called 1n a query or they may be dynamically
linked 1nto a front-end program so that user applications will be able

to mampulate the data using the same abstraction supported by the

DBMS Finally, new access methods can be defined and used either
for storning pnimary data or secondary indexes The specification of
an access method includes informanon about the operators 1n quenes
that can be optimized by using 1t

The POSTGRES implementation 1s currently being designed
and coding has begun The first working prototype will be com-
pleted during the middle of 1987
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