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Abstract  

This paper surveys current research and practice concerning 

abstraction in database systems. Classical and semantic 

database models are reviewed and emphasized, as fundamental 

database abstraction mechanisms. 

1. In t roduc t ion  

The purpose of this paper is to provide an overview of the 

goal~, 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 
systemr area, 

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

3. the purpose and nature of conceptual database 
modelling formalisms (semantic databa.qe models). 

To reach a consensus among the active researchers on these 

mailer.,., is obviously impossible. Our goal, then, is to summarize 

the main ideas and concepts, to provide a framework for further 

dincu,,~ion and explication. In particular, the emphasis here is on 

c~;lablishing a view of database research that might facilitate the 

exchanF, e of ideas among researchers who are specifically 
concerned with: 

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

- abstract datatypes and program speci[ieation 
teohniques, in the programming language domain, 

- knowledge representation, in the artificial 
intelligence community. 
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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 

that provides access interface(s) to databases. A DBMS is a 

~enerai-purpose facility, in the sense that it can be directly 

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 

~y.ntem (a database system) that is tailored to a specific 

application enuironment; however, it is important to under,.;tand 

thi~ domain-independent orientation of database systems 
research, as it has a strong impact on the nature of the 

techniques that have been developed. 

Dalaba.".e management systems represent a highly successful 

technology, which is rapidly advancing. Whi~e contemporary 

DBMSs can be indispensible components of overall information 

r,y~tem.'.., a DBMS is not a panacea for all lypes of information 

m,ma~ement problems. Specifically, contemporary database 

management ~.ystems impose restriction~ on the types of 

.databases they are suited to accommodate [Hammer+McLeod 

J979]. In a DBMS, databases are generally limited to 

%l rudurod"  or "formatted" data, i.e., the data is logically 

organized in the form of discrete records, each containing a 

specified number of atomic fields. Examples of collections of 

information that do not directly satisfy ti~is requirement are. 

te~t/document files, and aggregates of signal data; both of these 

are examples of "continuous" or "unstructured" data. It is also 

ar, c.umnd that a dalabase managed by a DBMS is considerably 

lar~',er than its description; it is intended that a dalabase contain 

a comparatively small number of different kinds of data, and 

many instances of each kind. In typical DI3MS terminology, this 

mean'; that the number of record types is mucl~ smaller than the 

number of record occurrences. This is in contradistinction to 

so-called "knowledge bases", which typically contain a great 

many " lypes" of information, and one or a few instances of each 

type. 
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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, 

conle~,,porary DBMSs do not provide adequate facilities for 

manipulating text/document files (e.g., for accomplishing full text 

.':.earch); current technology in "information etr eval must be 

called upon to address this problem. 

3. Abstraction in Database Systems 
A fundamental focus of much recent research in the database 

system~ area has concerned datczbc~se ctb$trect~or¢. As a working 

definition, abstr,,ctiort is a knowledge manipulation technique, the 
¢n.;ontial purpose of which is to substitute a description of the 

essence of a concept for the concept itself. As such, the 

process of abstraction maps a detailed, specific model of a 

concept into a higher-level, less detailed one. 

Ohtab<zse abstraction refers to abstraction applied in the 

database context. A fundamental concern of database 

al)r, tract~on focuses on representation indepelzdence. In the 

context of database systems, the desire to separate the meaning 

of data from its computer=oriented representation has given rise 

to the notion of (physical) data indepen¢Wnce. 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 detail associated 
with a database. 

The mechanism normally used to support data independence is 

(logical/conceptual) dateb,~se model A database model is a 

~ormaligm for expressing the logical structure of a database, and 

for providing a basis for manipulating such a databasel the 

• ~¢lual representation of the data is separately specified, at a 

lower level of abstraction. Specifically, a database model 

con~;i...ts of four logical components: 

J. a data space, which consists of a set of atomic 
elentents, and certain re~tionshi.ps among them, 

2. type definLtion aonstraints, which specify 
restrictions on the relationships in the data space, 

3. nz~nLpttlrttion operetiott$, which allow elements to 
be created and destroyed, and their relationships 
modified, 

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

The ANSI/X3/SPARC database system architecture 

[AhJSI/X3/SPARC 1975] is an attempt at generalizing the various 

approaches that have been taken to describing data in a DBMS. 

in thi,; architecture, a database is specified on three levels: 

1. The cotzcepttzc=L scheme 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 
phystcaL clesil~n, 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 erie or more 
c::ternal schentes, which define reort~,anizations or 
reformattings of data described in the conceptual 
schema. 

These tl lree 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 

u~.,efully examined in considerable detail, the remainder of this 

pnper focuses on the nature of the database model used to 

define a conceptual schema; in our view this is the most 

fundan~ental concern with regard to database abstraction. 

Much recent database system research has focused on the 

de~,elopment and use of semantic database models. The issue 

Ilere is that even though all representation detail has been 

ab.':.tracted 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 

su,led to both physical and logical abstraction. The purpose of 

a semantic database model is to provide user-understandable 

"r,r.cificati6ns of data, and to capture a subslanbal portion of the 

:.~in 8 of the data (in order to convey it to us~.~rs). 

4. Classical  Database Models 

To appreci.~te 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 tl~ree groups: the hierarchic group rTsichritzis+Lochovsky 

]976], the network group [Taylor+Frank i976], and the 

rcL~ztcon<zl group [Chamberlin 1976]. The development of these 

models has been largely driven by a single problem: to 

repre.",ont in an acceptably efficient manner the activities of e 

bu:;iness enterprise. The models contain, to varying extents, 

both a physical aspect (which relates to implementation 

t:lficiency), and a logical aspect (which relates to modelling 

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

a~.poct; the physical aspect is not further considered here. 

The data space components (consisting of a set of atomic 

ele~ents, and certain relationships among them) of the classical 

database n~odols are identical. The "intend¢.=d" interpretation of 

a data space is that each individual thinly; in the application 

environment maps onto one and only one element in the data 

spnce; moreover, all classical models p,~rtitiort the data space 

into two classes of elements: types and btst.cLnces. An unlimited 
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number of named relationships is allowed between instances. 

14owever, elements that are types are only allowed to 

participate in a single relationship, viz., the "member-of" 

relationship between an instance and a type. 

The type definition constraints supported by the variou,. 

classical models are similar in a number of ways, but there are 

al~.o .,:.ome important differences among the models. All classical 

moo|eta allow only one-to-many (i.e., functional) relationships to 

be expressed. The expression of many-to-many relatiof~ships 

requires a nonstandard interpretation where multiple elements 

represent a single individual. Such nonstandard interpretations 

req~iro the user/programmer to assume certain responsibilities 

for correctness otherwise born by the database system. The 

reslriction to functional relationships applies particularly to the 

"member-of" relationship; this means that elements can only 

belon£, to one type (and thus precludes the creation of 

subtypes). 

The differences among the type definition constraints of the 

cla~,sical database models relate to the limitations on the 

topology of relationships. Consider a directed graph in which 

types are nodes and there is an edge from type T]. to type T2 

~f there is a functional relationship from the elements of TI to 

the elements of T2. THe hierarchic models require that each 

node has at most one out-going edge and that no cycles occur. 

Neilher the network models nor the relational models make any 

reslriction. The primary motivation for the restriction in the 

hierarchic model is to allow an efficient implementation scheme 

to be utilized; this is an example of tl~e strong impact that 

implen'~ontatlnn con¢id.eratiQn~.~ have had on the nature of 
classical database models. 

All classical models support manipulalion operations for 

inslance creation and destruction, and to, relationship 

modification. Facilities for manipulating the types are separate, 

and are usually provided in the form of commands for the 

d,Habase designer and administrator (e.g., "create type", "delete 

type", etc.); in general, specifications and operalions on the data 

(instances) are separate from those regarding the schema 

(type,;, constraints, etc.). ]. One specific way in which the 

cla,:,,,ical models differ with regard to manipulation operations is 

due 1o lhe presence or absence of requirements for functional 

relalionr, hips to be tot,~L Hierarchic models require all functions 

Io be total; this means that the creation/de.,;truction of one 

m.,:,t ante rnay be coupled to the simultaneous 

creation/destruction of another. Network models allow functions 

to be explicitly declared as either "necessarily total" or "allowed 

Io be partial". The relational models treat all functions as 

",allowed to be partial"; in this case, totality must be imposed as 

an exlernal constraint when necessary. 

l In f~ct, Ihia .eparabon ie aometimea reflected im th,, architecture of the DBMS; 
,Y,,f,z d~ctzon,Try, separate from the ¢lalabaae itoelf, ill llometimee uaed to re¢ol'd 

mtorma|~ort On the tlcheme 

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 retrievin 8 selected 

inclividuals from the database. Significantly, there are major 

differences between the classical models with regard to 

predicate lan£,,ua~e. The hierarchic and network models only 

allow boolean predicates to be formed, while the relational 

n~odel,-, allow any first-order predicate. In the first-order 

predicate language , variables are only allowed to range over 

in'-.tances, not over types. This implies, among other things, that 

typec, cannot be output as the result of a query. 

5, Semantic Database Models 

Semantic database models attempt to remove many of the 

re-~.trictions imposed by the classical models, and also attempt to 

c|evr,lop hp~her-level primitives suitable for Sl:,ecial application 
r_,nv=ronments. In this section, the main concepts underlying 

rece~d developments in semantic database mod(;Is are reviewed. 

In the discussion, a number of specific semantic database models 

and research efforts are referenced; thi~; discussion is not 

exh,4ustive, but is rather intended to highlight and exemplify the 

con( c, pl s. 

The data space component of a semantic database model 

differs in several ways from that associated with classical 

dM,~ba~e models. Neutrality and relativism are dominant themes 

in recent semantic models [Hammer+McLeod ].979, 

H.mm~er*McLeod 1980, McLeod+King 1979, Smith+Smith 1978, 

Smilh*Smith 1979]. The point is that there is no rigid distinction 

belween a type and an instance, or between an individual and a 

.,..el of individuals; interpretation depends; upon use. For 

example, a "ship-type" may be viewed as an individual or as a 

type. 2 Three main types of relationships haw, been identified 

as ha.sic in semantic models [Codd 1979, Hamm(,r+McLeod 1978, 

I~.,mmer+McLeod 1980, Lee*Gerritsen 1978, Mylopoulos et. al 

1978, Palmer 1979, Smith+Smith 1977a, Smith+Smith 1977bj 

Smdh*Smith 1979]: 

]. The "has-subtype" relationship associates an 
element (viewed as a type) with anolher <a subtype 
of the former element); for example, the type 
"tankers" is a subtype of the type "st'~ips". 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 
element (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 
element 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 ~n instance 
of the type "person". When viewin~ a type as a set 

~M~reover,  it may even be reallonabte to alslo view n type Iltl a set of inatencea 
(the set of elements that are ins tencn of the type). 
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of instances, the "has-instance" relationship type is 
"has-member". 

Those three kinds of relationships among elements model the 
ba,;ic ways in which types and instances can be inters'elated" 

"ha~-~ubtype" relates a type with a type~ "has-attribute" relate.= 

and instance with other instances; "has-instanc(," relates a type 
wilh mstances. 

In order to provide structure on the data ,.;pace, semantic 

dalababe models provide facilities for imposin:~ constraints on 

the relationships, in the data space. The key goal of this 

slructuring is abstraction: in this case, abstracling relationships 

into c.eneric kinds. For example, generic kinds c,f "has-attribute" 

relations, hips are associated with specific types; e.g., type 

"married person" may have a relationship kind "married-to", 

which associates each "married person" instance with another 

"married person" instance. Note that relation.,~hip occurrences 

c,'~n themselves be viewed as elements (instances); this is an 

ex,~mple of the trend in semantic database models towards the 

unification of schema and data (in conh'adi.stinction to the 

classical database models and the DBMSs that support them)° 

A~, a further specific point of departure from classical 

dalaba.,:,e models, semantic models have recognized the 

fundamental importanc'e of supportin 8 many-to-many 

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

relalion.,:.hips are viewed as special cases of many-to-many, and 

a ~,oneric kind of relationship can be constrained to be 

one -to-many or one-to-one. Clearly, .~;ome mechanism is 

required to support the specification of these (and other) kirids 

of important constraints; two main alternative approaches have 

been proposed for handling constraint specitication: 

I. A general-purpose constraint specification language 
can be provided [Eswaran+Chamberlin 1975, 
Hammer+McLeod 1975, Stonebraker 1(.)741]. 

2. The most important types of constrainls can be 
identified, 3 and built into the database mode. This 
approach is the one that has been mostl/ followed 
for semantic database models. Exz.mples of the 
types of constraints that are built inlo semantic 
database models are: functionality (con.,;training a 
relationship to be one-to-many), totalily, etc. 

Most ~emantic database models have an a.,~sociated set of 

manipulation operations, which support the creation, deletion, 

and modification of elements. One of the most important issues 

hero concerns the level of specification and implicitness of 

modification dependencies. Suppose for instan,:e, that "married 

pert.on" is defined as a subtype of "person", and that a new 

married person is added to the database; is a new person 

in~-.t,~nce automatically created, or must an explicit operation 

~nvocation be supplied? The central notion here is that of 

"onener,.~" [Kent 1978, Kent 1979]; is the thing in the database 

simultaneously a person and a married per;;on, or are there two 

~'~Thnro =e certmnly no ¢oneonsue et the preeon| tim. as to which ¢one~rllin~e 
are moB! ~mportant end fundamental. 

thin~s that are related? While specific approaches on this 

melter vary, lhe consensus seems to be that the user ought to 

.".ee a sinp_,le individual as an instance of several types; this is in 

di~,linction to the classical database model approach, where the 

inlencJed interpretation is that a single thing in the application 

environment maps onto a single instance of a given type in the 

:Jar abase. 

To support the identification and selection (retrieval) of 

,"lement.~ from a database, the recent trend ,n semantic database 

models is to provide a unified treatment of instances and types. 

That is, a general-purpose predicate language and/or a .'~et ot 

primitive operations is provided to support the selection el 

elcment~,. This is another example of the trend toward the 

unification of schema and data, and represents a significant point 

ot departure from classical database models. 

One of the most important ways in which ,:urrent semantic 

d.~laba.,.o models are lacking is in their supporf of specification 

of operations specific to an application environment: facilities 

for combining the data selection and manipulation primitives are 

limited in mo.'.,t semantic models. This is a consequence of the 

e,,pha.~Js in database semantic modelling re;earch on data, 

rather than process. 

A critical issue in extending semantic models to accommodate 

the ~.pecific,~tion of procedures is the careful meshing of the 

operations with the schema; this means that the operation 

':.pec~fication languap~e must be integrated into the semantic 

model'.,., specification language, and that the_oJ~ratLoos must be 

organized in some way that relates them to the data. 4 A 

particular approach that has been taken to accommodating 

,~pplication environment specific retrieval operations is to view 

th(~m as derived data, e.g., as relationships whose values ere 

calculated using some declarative derivation specification 

[t t;tmm(~r* McLeod 1980] or function definition [Buneman+Frankel 

1979, Shipman 1980"L While it is clear that the abstract 

d,~l~lype approach is of considerable relevance here, lhere 

remmn a number of essential problems that are topics of current 

ror.~-..,~rch [Hammer 1976]; for example, abstract datatypes 

r,r, quire an operation to be associated with a single type, but 

".(~m,tntic database models seem to require operations involving 

multiple t:lements (instances of different types) to be logically 

,~;~.oci;~ted with several types. In sum, the integration of 

op(,r~hons with data in the context of semantic database models 

i~, ;m important area for further research. 

4One curren! approach |o |his meahinll i= provided in [Hammer+Berkowitz iggo]. 
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