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Abstract

This paper surveys current research and praclice concerning

abstraction in database systems. Classical and semantic
database models are reviewed and emphasized, as fundamental

database abstraction mechanisms.

1. Introduction

The purpose of this paper is to provide an overview of the
goals, issues, and technical results of database systems research
concerning data abstraction and conceptual data modelling. This
paper specifically reviews the following:

1. the essential concepts and goals (as related to data

abstraction) used by researchers in the database
systems area,

2.the role of abstraction in database systems
research and database management techinology,

3. the purpose and nature of conceptual database
modelling formalisms (semantic database models).
To reach a consensus among the active researchers on these
matters is obviously impossible. Qur goal, then, is to summarize
the main ideas and concepts, to provide a framework for further
dincuasion and explication, In particular, the emphasis here Is on
establishing a view of database research that might facilitate the

exchange of ideas among researchers who are specifically
concerned with:

- conceptual (semantic)  database modelling
techniques, in the database systems research area,

- abstract datatypes and program specification
techniques, in the programming language domain,

~ knowledge  representation, in
intelligence community,

the  artificial
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2. The Scope of Database Technology

The vast majority of research in the database systems area
concerns techniques to support database management systems
(DBMSs). A DBMS is a general-purpose tool that accommodates
the logical structuring, physical storage, and control of data, and
A DBMS is a
general-purpose facility, in the sense that it can be directly

that provides access interface(s) to databases.

applied to a variety of application domains. Of course, most of
the techniques developed to support general-purpose DBMSs
can be directly applied to a database-intensive application
system (a database system) that is tailored to a specific
application environment; however, it is important to understand

this domain-independent orientation of database systems
retcarch, as it has a strong impact on the nature of the

techniques that have been developed.

Database management systems represent a highly successful
technology, which is rapidly advancing. Whiie contemporary
DBMSs can be indispensible components of overall information
systems, a DBMS is not a panacea for all lypes of information
management

problems,  Specifically, contemporary database

management systems impose restrictions on the types of

databases they are suited to accommodate [Hammer+MclLeod

1979]. In a DBMS, limited to
"structured” or "formatted" data, i.e, the data is logically
orponized in the form of discrete records, each containing a

databases are genarally

spocified number of atomic fields. Examples of collections of

information that do not directly satisfy this requirement are,

text/document files, and aggregates of signal data; both of these
are examples of "continuous” or "unstructured” data. It is also
assumed that a database managed by a DBMS is considerably
larger than its description; it is intended that a database contain
a comparatively small number of different kinds of data, and
many instances of each kind. in typical DI3MS terminology, this
means that the number of record types is much smaller than the
number of record occurrences. This is in contradistinction to
so-called "knowledge bases", which typically contain a great
many "types" of information, and one or a few instances of each

type.



By implicitly making these assumptions about the nature of'
databases, contemporary DBMSs typically have an important bul
limited applicability within an overall information system. The
presence or absence of specific kinds of features in a DBMS
further constrain its applicability and usefulness. For example,
conlemporary DBMSs do not provide adequate facilities for
manipulating text/document files (e.g., for accomplishing full text
search); current technology in "information retrieval must be

called upon to address this problem,

3. Abstraction in Database Systems
A fundamental focus of much recent research in the database
systems area has concerned database abstraction. As a working

definition, abstraction is a knowledge manipulation technique, the
essential purpose of which is to substitute a description of the

As such, the
process of abstraction maps a detailed, specific model of a

essence of a concept for the concept itself.

concept into a higher-level, less detailed one.

Database abstraction refers to abstraction applied in the
database
In the

context of database systems, the desire to separate the meaning

datahbase context. A fundamental concern of

abstraction focuses on representation independence.

of data from its computertoriented representation has given rise
to the notion of (physical) data independence. The principal
motivation for data independence is twofold:
1. to accommodate database evolution, viz., the ability
to change the physical organization of a database
without changing its logical structure,

2. to free the user from the burden of dealing with
the physical storage and access delail associated
with a database.

The mechanism normally used to support data independence is,
a (logical/conceplual) database model A database model is a
farmalism for expressing the logical structure of a database, and
for providing a basis for manipulating such a database; the
actual representation of the data is separately specified, at a
Specifically, a database modsl
consists of four logical components:

lower level of abstraction.

1. a data space, which consists of a set of atomic
elements, and certain relationships among them,

2. type  definition  constraints, which  specify
restrictions on the relationships in the data space,

3. manipulation operations, which allow elements to
be created and destroyed, and their relationships
modified,

4. a predicate language, which allows individual
elements to be identified by their logical properties
(and selected from the database).

The ANSI/X3/SPARC database systerm architecture
[ANSI/X3/SPARC 1975] is an attempt at generalizing the various
approaches that have been taken to describing data in a DBMS.
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in this architecture, a database is specified on three levels:

). The conceptual schema is the central level of
specification, and is intended to specity the meaning
of the data; it is constructed using a (logical)
database model.

2. Beneath the conceptual schema sits the database’s
physical design, which includes the storage
structures and access methods used to represent
and access data within a computer system.

3. Finally, atop the conceptual schema are one or more
crternal schemas, which define reorganizations or
reformattings of data described in the conceptual
schema.

These three levels represent levels of data abstraction in a
database system. While the issues associated with defining each
of these levels and the mappings between such levels can be
uselully examined in considerable detail, the remainder of this
paper focuses on the nature of the database model used to
define a conceptual schema; in our view this is the most
fundamental concern with regard to database abstraction.

Much recent database system research has focused on the
development and use of semantic database models. The issue
here is that even though all representation detail has been
abstracted away, there remains sufficient complexity in the
logical structure as to require further abstraction; it is a point of
controversy as to whether the same abstraction mechanisms are
suited to both physical and logical abstraction. The purpose of
a semantic database model is to provide user-understandable
‘necifications of data, and to capture a substantial portion of the
- raning of the data (in order to convey it to users).

4, Classical Database Models

To appreciate the significance of semantic database models, it
is helpful to briefly review the development of their precursors
- the "classical” database models. These models can be divided
into three groups: the hierarchic group [Tsichritzis+Lochovsky
1976], the 1976], and the

relational group [Chamberlin 1976] The development of these

network group [Taylor+Frank

models has been largely driven by a single problem: to
represent in an acceptably efficient manner the activities of a
business enterprise.  The models contain, to varying extents,
(which implementation

etficiency), and a logical aspect (which relates to modelling

both a physical aspect relates to

semantics).  As noted above, this paper focuses on the logical

aspect; the physical aspect is not further considered here.

The data space components (consisting of a set of atomic
clements, and certain relationships among them) of the classical

database models are identical. The "intended” interpretation of

a data space is that each individual thing in the application

environment maps onto one and only one element in the data
space; morcover, all classical models partition the data space

into two classes of elements: types and instances. An unlimited



number of named relationships is allowed between instances.
that types
in a single relationship,

However, elements are are only allowed to

participate viz,, the "member-of"

relationship between an instance and a type.

The type definition constraints supported by the various
classical models are similar in a number of ways, but there are
al=o some important differences among the models. All classical
models allow only one~to-many (i.e., functional) relationships to
be expressed. The expression of many-to-many relationships
requires a nonstandard interpretation where multiple elements
represent a single individual. Such nonstandard interpretations
require the user/programmer to assume certain responsibilities
for correctness otherwise born by the database system. The
restriction to functional relationships applies particularly to the
"member-of” relationship; this means that elements can only
to one

beiong type (and thus precludes the creation of

subtypes).

The differences among the type definition constraints of the
clansical limitations on the
Consider a directed graph in which

types are nodes and there is an edge from type Tl to type T2

database models relate to the
topology of relationships.

if there is a functional relationship from the elements of Tl to
the elements of T2, The hierarchic models reguire that each
node has at most one out-going edge and that no cycles occur.
Neither the network models nor the relational models make any
restriction,  The primary motivation for the restriction in the
hicrarchic model is to allow an efficient implementation scheme
to be utilized; this is an example of the strong impact that

implementation  conecidgratians« have had on the nature of
classical database models.

All classical for

relationship

models support manipulation operations

instance creation and destruction, and for

modification. Facilities for manipulating the types are separate,
and are usually provided in the form of commands for the

database designer and administrator (e.g.,, "create type", "

delete
type", ete.); in general, specifications and operations on the data
(instances) are separate from those regarding the schema
(types, constraints. etc.).1 One specific way in which the
clagsical models differ with regard to manipulation operations is
due to the presence or absence of requirements for functional
relationships to be total Hierarchic models require all functions
lo be total; this means that the creation/destruction of one
mnstance

the simultaneous

creation/destruction of another. Network models allow functions

may be coupled to
to be explicitly declared as either "necessarily total” or "allowed
to be partial™.  The relational models treat all functions as
"allowed 1o be partial"; in this case, totality must be imposed as

an external constraint when necessary.

IXn fact, {his woparalion is somelimes reflocted in tho architecture of the DBMS;
a dola dictionary, eeparate from the databave iteeif, is sometimes used to vecord
information on the schama.
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The predicate language of a classical database model supports
the identification of individuals (in a database) by their logical
properties; this provides a capability for retrieving selected
individuals from the database. Significantly, there are major

differences between the classical models with regard to

predicate language. The hierarchic and network models only
allow boolean predicates to be formed, while the relational
models allow any first-order predicate. In the first-order
predicate language, variables are only allowed to range over
instances, nol over types. This implies, among other things, that

types cannot be output as the result of a query.

5. Semantic Database Models

Semantic database models attempt to remove many of the
restrictions imposed by the classical models, and also attempt 1o
dovelop ingher-level primitives suitable for special application
environments,  In this section, the main concepts underlying
recent developments in semantic database models are reviewed.
in the discussion, a number of specific semantic database models
and rescarch efforts are referenced; this discussion is not
exhaustive, but is rather intended to highlight and exemplify the

concepls.

The data space component of a semantic database model
diffors in several ways from that associated with ciassical
database models. Neutrality and relativism are dominant themes
semantic  models  [Hammer+McLeod 1979,
Hammer+Mcleod 1980, McLeod+King 1979, Smith+Smith 1978,
Smith+Smith 1979]. The point is that there is no rigid distinction
between a type and an instance, or between an individual and a
For

in recent

set of individuals; interpretation depends upon use.

example, a "ship-type" may be viewed as an individual or as a
|ypc.2 Three main types of relationships have been identified
as basic in semantic models [Codd 1979, Hammer+McLeod 1978,
Hammer+Mcleod 1980, Lee+Gerritsen 1978, Mylopoulos et. al
1978, Palmer 1979, Smith+Smith 1977a, Smith+Smith 1977b,
Smith+Smith 1979}

1. The "has-subtype" relationship associates an
clement (viewed as a type) with anolher (a subtype
of the former element); for example, the type
"tankers" is a subtype of the type "ships". Another
way of looking at this same relationship type is as
the "is-a" relationship among elements (viewed as
instances), e.g., a "tanker” is a "ship"”,

2. The "has-attribute" relationship associates an
clement (viewed as an instance) with another, e.g., a
"married person” has a "spouse". A relationship
defined in this way can also be viewed as an
clement itself, e.g.,, "marriage"”.

3. The "has-instance" relationship logically connects an
element (viewed as a type) with another element
(viewed as an instance); the latter is an instance of
the former, e.g., a particular individual is an instance
of the type "person”. When viewing a type as a set

?Mnroovnv, it may even be roasonable to also view a type an a set of instances
{the get of eloments that are inatences of the type).



of instances, the "has-instance™ relationship type is
"has-member”.

These three kinds of relationships among elements model the
basic ways in which types and instances can be interrelated:
"has-subtype” relates a type with a type; "has-attribute" relates
and instance with other instances; "has-instance” relates a type

with instances.

In order to provide structure on the dala space, semantic
dalabase models provide facilities for imposing constraints on
the relationships in the data space. The key goal of this
structuring is abstraction: in this case, abstracling relationships
into peneric kinds. For example, generic kinds ¢f "has-attribute”
relationships  are associated with specific tvpes; eg. type
“married person” may have a relationship kind "married-io",
which associates each "married person” instance with another
"married person” instance. Note that relationship occurrences
can themselves be viewed as elements (instances); this is an
cxample of the trend in semantic database modeis towards the
unification of schema and data (in contradistinction to the

classical database models and the DBMSs that support them).

As a further specific point of departure from classical
database models, semantic models have recognized the
fundamental importance  of  supporting many -to-many

relationships among elements.  One-to-many and one-to-one

relationships are viewed as special cases of many-to-many, and

a generic kind of relationship can be constrained to be

onc-to-many or one-to-one. Clearly, some mechanism is

required to support the specification of these (and other) kinds
of important constraints; two main alternative approaches have
been proposed for handling constraint specification:

1. A general-purpose constraint specification language

can be provided [Eswaran+Chamberiin 1975,
Hammer+Mcleod 1975, Stonebraker 1974}

2. The most important types of constraints can be
identified,” and built into the database moded. This
approach is the one that has been mostly followed
for semantic database models. Examples of the
types of constraints that are built inte semantic
database models are: functionality (consiraining a
relationship to be one-to-many), totalily, ete.

Most semantic database models have an associated set of
manipulation operations, which support the creation, deletion,
One of the most important issues

here concerns the level of specification and implicitness of

and modification of elements.
modification dependencies. Suppose for instance, that "married
person” is defined as a subtype of "person”, and that a new
married person is added to the database; is a new person
instance automatically created, or must an explicit operation
invocation be supplied? The central notion here is that of
"oncness” [Kent 1978, Kent 1979); is the thing in the database

simultancously a person and a married person, or are there two

gihnu 18 cartanly no consensus at the present time as to which constraints
are most important and fundamental.
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things that are related? While specific approaches on this
malter vary, the consensus seems to be that the user ought to
scc a single individual as an instance of several types; this is in
distinction to the classical database model approach, where the
intended interpretation is that a single thing in the application
cnvironment maps onto a single instance of a given type in the

database.

the
rlements from a database, the recent trend in sumantic database

To support identification and selection (retrieval) of
modcls is to provide a unified treatment of instances and typas.
That is, a general-purpose predicate language and/or a set of
primitive operations is provided to support the selection of
clements,  This is another example of the trend toward the
unification of schema and data, and represents a significant point

of departure from classical database models.

One of the most important ways in which current semantic
database models are lacking is in their support of specification
of operations specific to an application environment: facilities
for combining the data selection and manipulation primitives are
limited in most semantic models. This is a consequence of the
emphasis in database semantic modelling research on data,

rather than process.

A critical issue in extending semantic models to accommodate
the «pecification of procedures is the careful meshing of the
operations with the schema; this means that the operation
specification language must be integrated into the semantic
model's specification language, and that the_onsrations must be
organized in some way that relates them to the data.a A
particular approach that has been taken to accommodating
application environment specific retrieval operations is to view
them as derived data, e.g, as relationships whose values are
calculated  using some declarative derivation specification
{Hammer+McLeod 1980] or function definition [Buneman+Frankel
1979, Shipman 1980). While it

datatype approach is of considerable relevance here, {here

is clear that the abstract

remain a number of essential problems that are topics of current
1976}; abetract datatypes
require an operation to be associated with a single type, but

research  [Hammer for example,
semantic database models seem to require operations involving
multiple elements (instances of different types).to be logically
associated with several types. In sum, the integration of
operations with data in the context of semantic database models

i an important area for further research.

a
One current approach to this meshing is provided in {HammersBerkowitz 1980}
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