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Abstract

The current proliferation of proposals for database system
data models and the desire for database systems which support
several chfferent dara models raise many questions concerning
“equivalence properties” of different data models. To answer
these questions, one first needs clear definitions of the concepts
wneler discussion, This paper presents formal defioitions of the
terms dfatabase, operation, operation type, application model and
data moudel.

Using this formal framework, database state equivelence,
efcration squivelence, application model equivalence and data
macdel equivalence are distinguished. Three types of application
and data model equivalence are defined - tsomorphic, composed
eperation  and  jtate  dependenr. Possibllitles for  partlal
equinalenres are mentioned.  Implementation  implications of
thewe rifferent rquivalences are discussed.

Examplies are presented using two semantic data models, the
semantic relation data model and the semantic graph data model.
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1. Introduclion

The current proliferation of proposals for databate tystem
data madeis and the desire for database systems which support
several different data models raise many questions concerning
“equivalence properries” of different data medels. However, a
question such as "Are the relational and network data models
equivalent?” can be interpreted in many different ways.

This paper presents a formal framewark m which the
varous interpretations of such a question <an be understaod.
Formal cefimitions are given to such terms as danz model and
database. Several dilferent types of equivalence propertes are
defined and important  implications of each equivalence
property are discussed. The importance of 2 data medel being
temantic in mature 1s noted.

L.l 2ata Models

The structure of a dalabase as visible to the user of a
database system and the operations allowed to change the
database are defined in terms of a data medel. The mou aften
compared data models (I"vhjssen{‘)“G and Date and Codd'®) are
the relational data motel, as presented in Coxid® 78, ard the
DBTGY network model. We will assume the reader is famitiar
with these two data models. .

However, as Nijssenm points out, the chosen data model
provides a "mental model® of the database and "a menial
model has a close analogy with religion, which is hopefully
selected  in freedem.”  The samplings of data models
in Kerschberp et al’®  and Senke® mention over thirty
different data models, This makes one suspect that every man
will jn freedom choose his own unique religion.

1.2 Multiple Data Model Database System Architeciuce

The development of many different data models has both
motivaled and been motivared by the ANSI rr'purtl which
recommends a database system architecture based on the
concepr of several levels of database descriptions.  This
architecture allows for multiple users accessing a shared
database. The three database descriplion (evels, shown in
Figure 1, include the infernal scaema, the oncepranl scheme and
exterial schemas, :

The internal schema gpecifies the types of data structures,
devices and access methods which constitute the physical
storage aspects of the database system. The canceptual schema
specifies the contents of the database in terms of objects
significant to the application being modelled in the database.
There is much discussion over the exact form which this model
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should take. Many sugg_estlnns are found in Nljssenas. Other

appropriate data models will be mentioned In this paper,

The sweparatton of the conceptual schema from the internal
schema resalts i data independence (Date and Hupewell").
That is, the details of the physical storage representation can
be altored without alfecting the view of the dalabase presented
to the user. The centralized conceptual schema guarantees, so
lonrg, as only “appropriate” external schemas are allowed, that
overy nser sees the database and performs updares consistent
with the application being modelisd,

Finally, external richemas provide the database system user
with a view ol (he database appropriate to his specific needs
amdl desired data model, The schemas are to be compatible
with the particular programming or query language of the
user. The external schema may present to the user just a
subset of the information described in the conceptual schema.
While Lhis paper will be nost relevant to the case in which the
extetnal schema describes al of the data present in the
conceptial schema, the definitions to be presented can be
extended to handle the case where the external schema
describes a subset of the conceptual schema.

This architecture requires several mapping functions -
from the conceptual schema to the internal schemmz and lrom
the conceptual schema to each external schema. For example, a
query from z user pased bn lerms of an external schema must
be rranslated into a query in terms of the conceptual schema,
which muost in rarp be translated jnte a query which actually
accesses the stored data. Resulis of the query must Hkewise be
translated  from an internal representation te a  form
appropriate to the user and the external schema.

The problem of how to define the mappings berween
schemma levels 3o that all users see “equivalent” madels of the
application for both retrieval and update is extremely difficuk
far any case other thar letting the external schema be a simple
subser of the conceptual schema. Klug and Tsichritzis20
provide an example of the complexities involved.

L3 Goals of (his paper

Some questions which can be raised In Jight of the
|rreeding discussion are:

- ltow does one krow if an external schema and a
canceptual schema are “equivalent™ '

- How can operations (n terms of the external schema be
mapped (o “equivalent” operations in lerms of the conceptual
schema?

- How does one kpow 1f twe data mogels are “equivalent”
in expressive power so that the set of "expressibke external
schemas is equivalent to the set of expressible conceptual
schemas?

Ta answer these questions, one first necds clear definttions
of the concepts uneder discussion.  Scction 2 of this paper
provides formal definilions of 1he lerms detebase, operation,
aperation fype, ahplication model and data madel,

Scction 3 wses this formal [ramework to  distinguith
between  database siafs cquuivalence, operation rquivalence,
application wmodel equivalence and dafe model equivalence.
Three types of application and data model equivalence will be
defined - isomorphic, composed operation and state dependent.
Porsibiliries far gmrrial eguivalences are mentioned.

It ks claimed in Section 3 that the key definition of database
tate equivalence can be dohe most coavincingly when both
data models of concern are semantic data models. An example
is presented.

Section 4 presents canclusions.

2. Fornal Definition o Data Mede]

A basic premise of what lallows is that the database syster
is used to maoiel some portion of the "real warld™ which s of
interest to the system user. We will call this portion of the real
world the application.  The application Jlare represents a
“snajrzhot” of the application at a given time.

The database state may cansist of vhjects which are in a |-
correspondence  with  the application state (a  common
interpretation of the network approach) or it reay consist of
“statements” about the application state {an interpretation of
the relational approach). Other approaches are possible. Tn
any case, we assume that the database models some application
which £an be thought of as having a séafe and certain allowed
ftansitions between states. In defining equivalences in this
paper we will be concerned about different data models'
capabilitier in expressing these application mondels, their states
and their trapsitions.

A data madel is then defined ai a {finite or infinite} get of

applicaupy models.
data model - {applicatian model;. application modely,
. application model,}

Each ol the application models 5peclf1es'j:me application or
view of an application to the database systeh.

2.1 Definition of Application Maodcl

An application is represented in the database tystem by an
applicarion model. To specify the aliowed states and transitions

application modei = (schema, foperation tyje,operation type,,
: . operation type,})

The schema corresponds to the asal notion of database
schema.  For the relational daia model it wouid specify the
name of cach relation, the comains of allowed values {or each
column of a relation and the integrity  constralnts to be
satisfied fry the tuples in the relations. Coad® calls this the
"Imtension” of the relations. In the DBTG data model the
schema would speeify the various record and set types. The



schema can be considered to be the “declarative” portion of the
application model;
Each oprration {ype is a function

operation lype : (schema = arguments x database stats)
~+ database state.

Given a scheam, a database slate and tome arpuments whose
types depend on the specific operation type, an operation type
defines o aww database state. One such passible new state is
the creee wtate. We will not be concerned here with retrieval
aprrations which tan be thought of a3 simply displaying some
snhset of the database state. :

Operation types correspond in the refational model to
insert-tuples and delete-tuples. DBTG operation types would
b store, delete, remove and modify. The operation types are
the “procedural” portion of the application model. Note that
we consider the application model itself to be static. Clearly, at
same "higher level” there must be some means of declaring and
modifying the application model.

We use an application madel rather than a schema and
wil ok al applcation maodel equivalence rather than schema
equvalenee to emphasize the importance of aliewed operations
in defiving a dala model. Also note that the formal view here
allows different application models in the same data model to
have different sets of operation types. This would be necessary
for data roodels based on the notion of abstract data types
(Liskov et. a2l and Smith and Smith™),

We will distinguish between oferation typpet and operations.
An pperatien 15 a {unction which maps each possible database
state inlo another dalabase state. ‘

operation : dalabase state » database state

Given a schema and the tet of passible other arpumentz far
each operation type, we can generate an application model's sof
of allfowable operations. For example, given a relational schema,
there would be an operation corresponding to the insertioh or
detetion of each possible set of wples. '

2.2 Dielinition of Database and Dalabase Stale

Thus far we have used the term darabase rare without any -

furtlher explnation, The wpecific form of the dacabase state
deponds an the data model under discussion. in the relational
muodel, the statc wouwld be a mapping from relation names to
sets of tuptes. In Codd's® terminology, (his is the extension of
the relations. A DBTG state would consist of sels of records
and indicators of set membership links.

Since the oniy database states af concern are those which
can be reached by the set of allowed operations, we define the
1et of vodid darabase stares as consisting of iame initial state,

most likely the “empty state”, and those states gonsisting of the .

closure of the application model’s set of allowable pperations

dara madel = japphcanon model, applicition modely, . . . applieation model}
appliation widel = (echema, [operaton type), operalion type, . operatin type, |}

] mate) = databas wake

T e sehena W nrg

fjwriation ilatalakk Male o databisye ueie

flataluawe = Layeinanon model, datsbase statet

Flgure 2 - Summary ol Terms

apphed to this jnitial slate. Each af these states is meant o
represent some posslble application state or 2ise the srror state.
Finally, we can define a garabate as specifying for an

transitions,
database = {application model, database state)

Thal 15, in the context of a database system there is a static
component, the application model, and a dynamic component,
the database state. The applicativn model determines the set of
valid operations while the database state is the database
system’s reprresentation of the application state.

The definitions wsed te define derc model are summarized
in Figure 2.

5. Formal Equiralence Definitions

Now that the tomponents of a dala model have been
defined, we can examine the various equivalences of interest.
The notion of data model equivalence 15 based on application
model equivelence which 15 jn turn based on darabsse nare
equivalence. We will examine these in a "bottom-up” manner.

3.1 Database State Lquivalence

We would lke to say thal two database stales expressed in
terms of two different data models are equivalent If they
tepresent identical application states. However, the precise
specification of state equivalence depends on the nature of the
two data models. That (5, what Is the interpretetion of the
database state in terms of the application?

The ease with which such interpretations can be given
varies widely hetween data models.  Such problems of
interpretation Jed Codd? ta the development of normael forms
for the relationat model. Tha sighificance and the limitalions
of these notmal forms are explined by Schmid and Swenson™?
in terms of a dala model with more clearly delined sernantica.
We will call such data models semaniic dats models, A
semantlc data mode!, rather than allowing In the database state
arblteary  syntactic structures such as tress, netwarks or
relations, atterpts to provide users of the data model with n
clear imterpretation of the database In terms of the relevant
application. Some data models which we would classify a3
semantie data models are Chen5. Dehenaffe et 31,12, Hall &1
al!® and Schmid and Swenson?’.

Mast of the proposals for the ANSI concepiual Ichima are
based on similar notions of semantics (NijssenS). We will call
other data muodels, including Codd's relational model and the
DBTG modei, syntactic deta models. Bachman and Da)'a2
have recently proposed an extension of the DRTG mudel
which contains notians of modelling semantics, Note that we
do not claim that there is a perfectly well-defined boundary
between syntactic and semantic data models. In one sense, all
formally defined data models are syntactic slnce formal systema
are in the end pure syntax. In the seme we wish Io vse Lhe
term, we regard @ semantic data model a1 one which s
conducive lo the user having a direct interpretation of the
databzse in termy of the application.

The diflicully of defining equivalent database atates far
syntactic dala maodels can be aren by examining previous work
on equivalence problems for the relatonal and DBTG {or
similar) models. Zimmerman™ and Fieck!! both require that



there e a relationa) tuple for each DBTG record plus a binary
refational tuple for cach DBTG set ownership-membership
tink. These restrictions on the form of the relational state, and
hence schema, severcly linul the types of information which a
user might desire to appear together in a single relation.

I(ay'a allows more general relations, but allows vpdates to
b petfonmed anly on those relations whose tuples are tn a
coiespondencs witl the RTG recards and links. The earlier
witks of Neahold™ and McGes?2 allaw much more general
“ripavalenes” mapings, but ighore the probiems of performing
copnivalend opedatee. Klug and Trichritzts®® and Paokini and
F'rlngnlti"'ﬂ" who alo allow general mappings paint out the
difticuitios of performning equivalemt wpdates for arbitrary
conceptual (o external database state mappings.

Navathe and Schainick?® define a data model to facilitate
“virw integration”.  View integration B the process of
devreloping a single model of the application consistent with
each user's view of the application. This is similar o the
problem of ensuring that sach ANSI extermal schema is
compatible with the conceptual schema. Navathe and
Scholnick properly emphasize the importance of stating and
taking into account the effects of operations akering the
database siate.

3.2 Au Example of Fquivalent Semantic Database States

The use of semantic data models can ease the task of
defining eqivalent database states. This section will show
what it means for two database states, based on semantic data
madels substantizlly different in their means of representing
information, to be equivalent. Borkin® uses the framework
presenictd in this paper to examine the equivalence properties
of twn dara models, the semantic relation date model and the
semantic graph data moedel, which can be thought of as
“sermantle versions” of Cedd’s reiational and the DBTG dafa
models, respectively.

We are not atiempting to present in this paper complete
descriptions of these data models. Rather, we are presenting
just enough details to allew the ilustration of our notions of
equivalence.  Furthermore, it is (et that the concepts
demonsirated by examining  the equivalence aof these data
mnelels are generally applicabie to all of the ather data modely
mrittianed in this paper.

The designs of both of these semantic data models are
influenced by the notion of case grammars (Fillmore®® and
Bruce®). This claims that the "wnderlying™ meaning of natural
language sentences tan be expressed as a verb phrase, a
Jrredicate, plus several noun phrases - one for each case
vequired by the predicate. Case grammars have formed the
hasis for knowiedge representation for use in inferential
artificial intelligence  systems (Hawkinsun”. Simmons™® and
Mylopoulos &t al?), we propose the use of case grammars to
allow the easier organization and understandability of
non-inferential database systems.

%21 The Semantic Relation Data Model.  Figure 3
shows a semantic relation database state describing a machine
shop. The ttate consists of three relations which are sets of
starements (fupies). Fach relation contains the set of all true
statements fitting a certain form. For example, each row in the
Oyrerate relation repmesents a statement af the form:

"There is a machine of type ___ with number and this

machine is operated by an employes named S/

Each row in the Emplayees relation represents a statemen! of
the lorm: '

"T here is an employer named whose age is _"
T he fivst row of the Jabs relation states:

"An employee named C.Gershag is supervised by. an employee
named G Wayshum and operates a machine numbered
JoLier”

A nui{l vafue it allowed 30 thal the second row of Jon
aMates

"An employes named T.Manhart has no supervisor and
operates a machine numbered NZ745.7

The relation Jobs contains statements specifying the agent and
abjsct cates of the predicates supervise and operate.”

The first row in a relation’s heading specifies sets of
predicate . case palrs. The second row specifies caze fypes.
The third row specifies cheracteristics while the fourth raw
specifies domains. The schema must contain a specification of
the values comprising each domam. This data model is
similar in some respects to Chen?. '

The aperations allowed in the semantic relation data model
are the Insertion and deletion of sets of statements. In addition,
the database staie resulting from every successiul application of
one of these operations is guaranteed to satisfy a set of
consiraints specified as part of the schama.

be = loyseiobjack
pre— Empioyues
name e
Ll Yrbre
T. Hamhart az
C.Garshag ab
8. Wayshum sb
ba maching :object
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g loyae machine
nams nuBbar typa
namas serinl-nusbars | sbchine-typas
T.Manhar b RZ745 Tathe
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oharate; st STt 0D ke
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Fipure 3 - Bamandlc Reislions



We will sl show the copstralnia far this example, but they
eranrbd de heele e b il e %y

i Lbr names i the {irs column ol Cperate must
lir a wbsel of the mames in the first column of
Emysoyees.

2. The first calumn of Qperate may have no nuall
values since every machine must have an aperator.

3. A specific serial aumber may occur anly once in
the second column of  Operate since each machine
may have ho mote thah ohe operator.

4. The matching of operators and machines
oceurring in Operate mwst be the same as that in
Jatbre,

The constraints, as fully described in Burkin?’, are kenantic
courtterparts of functional dependencies, subset constraints and
other such constraints as used in the syntactic relational model
{Coddb, Stonebraker™ and Hammer and MCLEDdls). Some of
the canstraints are expressed in (erms of semantic counterparts
af tyntactic relational algebra operations such as profection and
Join.

For example, to reflect the semantics of the relations, three
distinet aperations, case-join, predicate-join and confuncrion,
replace tihe syntactic jein. Case-join combines twa relations
describing different characteristics of the same predicatecase
pair inlo 2 single relation.  Predicate-join  combines twa
refations descnlring diffcrent cases of the same predicate inte a
single relation. Conjunction combines two refations containing
difirrent redirales into a single relation.

322 The Semamtic Graph Data Model  While the
senantic Telation dalabase state contains statements about the
application state, e semantic graph state is meant la contist of
ahjects in |-} correspondence with the application state. This
data model 15 simikar 1o those of Schmid and Swenson®® and
Drehenelle et. all? Figure 4 shows a database state in the
semantic graph mddel which is equivakent to the semantic
refation state of Figure 1.

The database state consists of emfifies, assoctarions and
characteristics  joined by role and  charactaristic  edges.
Associations correspond to the "events” in an application state
which are described by some predicate. Roles correspond to
the case grammar notion of cases. In Figure 4 there are two
lypes of entities, employecs and machines, and two typer of
assaciatmns, apeyation and supervision.

The operations in this data modet are meant to directly
runlel the kines of tansiions which can take place In the
application.  “The operations allowed are the Insertion or
deletion of an (wde pendent entity, an independent asioctation or
A sementic urit. A semantic unit 13 a group of entities and
associations which must be inserted or deleted as a single unit
due to restrictions stated in the schema,

The schema corresponding to Figure 4 it shown in Flgure
5. This schema states, via the distinetion between selid and
dotted edges, that every machine must be part of an operation
arsociation but not every emplayee need be in an aperation
association.  The arrowheads in  the schema sperily
Tunctionality constraints.  For gxample, the arrowheads state
that employees are uniquely identified by their name while the
identity af both the agent and object roles are nevessary ta
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uniquely Identify a supervision assccialion. They alo state
that a machine may belong to enly one operstion assaciation.
Therefore, a semantic unit is formed from a machine and i
assoclated operation association.  Whenever & machine I3

inserted or deleted, an operalion association must ako be
inserted or deleted.

823 Defining Database State Equivalence. We have
stated that Figuzes 3 and 4 represent equivalent states.. We
could show this by translating each relational statement into a
formal logic statement and then showing that the semantic
graph state is a model, in the formal logic tense, for the set of
logical statements. A prerequisite to this would be "agreement”
between the semantics of the two data models. Far example, a
mapping between asseiation types and the predicate used to
expiess information concerning each associntion type would be
required  (supervision”  and  “mipervise”, “operation” and
"operate™). Thal is, there must be a translation botween the
natural language case grammars on which the two data models
are based. Hapefully, the natural language meaning of the
words mowld help confivm tAat the mappings are done correctly.

All of the formalisms presented in thiz paper are alwo
relevant for maintaining equivalence between the conceptual
and internal levels. However, here it is difficult to use only
temantics ta define database equivalence since the Internal
schema presumahly contains much implementation information
which has no equivalent at the conceptual level. The
corresponding state and operatien mappingt may be very
complex,




3.3 Dala Medel and Application Model Equivalence

Now we will return to the problem of defining data model
equivalence for any two data models. Recall that a data model
ts a sel of application models. We will consider two data
models

M = (mmodely, . . . m-model,}
anid

N~ [n‘mmmf, L. n-mnde!ni.
Crur paad as then i specily under what condiuons we can say
that &1 1 equpvalent [0 N '

23.1 Application Modet Equivaience, MNext we want to
define @ pplication model cquivalence. That is, how to ldentify
when application models from different data models represent
the same application  For the AMNST architecture, we would
want ta show that the internal applicatioh model, the
concepital application model and each external application
model are equivalent.

We wil) consider defining application model equivalence
fer two application models m-modele M and n-modeltN. We
wilt assume that M-ops and N-pps. and M-slates and N-stares
deline the sets of allowable operations and the sets of valid
states far these two application madels.  We will refer to
datalrase states and operations from these sefs as as m-op and
neap, and wegtate and nstate, respectively.

We will assunwe that the state equivalence correspondence
has bren defined between M-stater and N-stares, That is,
piven states m-atate and n-state, we can tell whether or not they
represent the same application state. We require that Lhe state
cquivalence  correspondence  be onto hoth  M-states  and
N-statas.  That s, the Texpressive power” of the state
representation schernes are equal in bath application models. 1t
also scems reasomable to assume that for both application
models, some specific application state is represented by a
nrique state.  Hence, we require state equivalence to be a |-}
onto corespandence. This does nof require Lhat there be a -}
mapping between components of equivalent stales as required,
for example, by the mapping of each relatiomal tuple to either

a DBTG record or a set membership link in Zimmerman®”,
The specific manner of defining the state equivalence relation
is dependent upon the data model being considered.

A stratghr-forward approach to defining apphication modet
equivalrnee is to reqidire a -] onto correspondence, operation
egiinalence, between the sets of operations M-ops and N-ops
such that stale equivalence and operation equivalence ferm an
isormo prhusin. We make the assumption that the drror states of
all application models are equivalent,

First we define speration equivalence,

Definitmon [+ A function
: w oz M-states » M-states
is opcration equivalent to a function
n: N-atatey + N-states
if and only if for any two equivalent states wm-statec M-atales
and m-statec N-states, mim-stale) is stale gquivalenl to n{n-stare).

Ther clefine isomor phic application model equivalence.

Defmition 20 Two application models m-medel and n-model are
Liomter phicaity equivalent if and only if:

i). For every operation m-opc M-ops, there exists exactly one
A-ope N-nps which (s operation equivalent to m-sp.

and ik For every operation n-opt N-ops, there exists exactly
one m-ofrc M-op1 which is operation equivalent to n-op.

This s the "most strict” form of application model
equivalence we will define.  However, it may in fact be too
strict. Some appHeation models which we would like 10 call
equivalent de ot satisly the deflinltion. In particular, consider
the remantic relation and semantic graph data  model.
Suppose that in the xemantic relation data mocdel we consider
an operation which Inserts tuples corresponding to the
insertion in the graph model of several independent entities.
That is, the relational operation is equivalent to the comfrosition
of several graph operations.

To account for this form of equivalence, we allow the
definitton of operabion equivalence to be applied 10 the gets
M-op” and N-ap” which represent the set of all composicians of
aperations in the two application models. This allaws the
definition of compesed operation appitcation mode! equivalence.

Definition 3: Two application models m-model and n-model are
contposed operation eguivalent if and only if:

1. For every operation wm-opcM-nps, there exists an
operation nc N-aps” which Is aperation equivalent to meop.

ancd ii). For every operation n-of«N-pps, there existi an
operation me M-ops™ which is operation equivalent to n-ap.

Definition 3 docs not restrict the operation equivalence
correspondence to be il [l dovs require that there be an
operation equivalent tc gach of the stimple {ie. non-composed}
operations of M-ops and N-aps. By composition of simple
operations, the correspondence 1s onfe M-ops™ and N-ops®.

In practical terms, we would hope that the operation
equivalence mappings can be expressed as an algorithm rather
than an explicit enumeration of an extremely large number of
equivalent pairs. It I1s such an algorithm which would actually
aliow the implementation of a database system which provides
itsers of two different data models with arcess to the "same”
data.

Mote that based on the types of operation eguivalence
introduced so far, the transiation of operations from one
apphecation model to an eqinvalent application model can be
done independently of the database state, Thal ts, operations
are equivalent for all possible states. Consequently, such a
transiation coukd he done at “campile-time”.

This is not necessarily always the case. The mappings of
equivalent operations may be depeadent upan the database
state, Consider the case of adding ta the graph database state
of Figure 4 a supervision association between G.Wayshum and
T.Manhart vesulting in Figure B, The equivalent semantic
relation database state has the same Employees and Operate
refations shown in Figure 3 with the new Jobs relation shown
in Figure T

The semantic relatian operation equivalent (o the stated
graph operatlon consists of the insertion of the second twple in
the Jobs relation of Figure 7. There are two important things
lo notice about this operation,
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Firstly, we did not explicktly detele the second tuple of the
Figure 2 Johs relation.  This Iy because the semantic relation
frseri-dirfles operation type 15 defined to automatically delete
all tupies w a relation “less than" those inserted. The partial
ardeting of lwples is based on all por-null domain values
being greater than null {*—--7) and incomparable with any
values other than nuli and jtseif.

Meore importantly, the values in the added tuple are
dependent vpon the database state of Figure 3. Suppose that
the semandic graph state of Figure 4+ had no operation
associatian mvolving T.Manhart. This would not change the
graph aperation necded to insert the supervision association
Retween T Manhart and G Wayshum.

In the cate of the relational model, the lck of an operation
assuepation for T Manhart would change which wple needed 1o
be arldrd to peflrct the new supervision. The tuple to be
aclrieed wonld be the second Luple in Figure 8 rather than the
secomel tuple i Fipure 7. Klug and Tsichritzis20 have aho
pointrd out the possibllity of the state affecting the definition
af empiivalent operations.

We aeflecd the possibility of state dependence in the
follewing  cdefinitions  of  state  dependent operatlon and
applicatron model equivalences:

Definition 4: A function

m: M-rintes = M-stares
and a function )

n . N-sates + N-jlales
ave state dependent pperation egiivelent for a plven pair of
equivalent stales m-statec Mesiates and n-stetec M-stales, if and
only if m{m-szare) Is state equivalent ta n{n-sfate).

Defuition 5 Two application models m-mode! and n-mode! are
strre dependenr eqrinalent if and only if for every pair of
raquivalent states mestater M-states and n-statec N-1tates,:

iy, kor every uprration wm-opc M-opl, there exitls sn
pperatien neN-afs” which 45 state dependent  operation
pauivalent to vop for m-stete and r-sinte.
and ji). For every operatlon' n-opcN-ops, there exists an

operation mcM-ops” which is stale dependent operztion
equivalent te n-of for m-jtate and n-stafe.
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The types of application model equivalence defined are
decreasingly strict.  That is, lsomorphic equivalsnce implies
composed  opelation equivalence, and composed operation
equivalence implies state dependent equivalence. There are
other possibilities - we could define stale dependent
equivalence which does not allow composed operations. The
intuition guiding the definitions presented hvere is that as data
madels become more dissimilar, they do so in several ways
simultaneously. This seem: justified by the examples
considered

332 Data Mndel fquivaleace.  Finally we reach the goal
af delining cdata model equivalence.

Definition B: Two data models M and N are {lsomorphically,
composed pperaiion, stale dependent} equingient if and only
if lisomorphic, composed  operation, state  dependent)
applicalion model equivalence definez a corréspondence onto
both M and V. .

That is, if two data models are equivalent, then for any
application model in one data model there is an equivalent
application modei in the other data model. The exprestive
power of the data madels are equivalent. The definition i
dependent upon the type of appilcation model equivalence
required. .

For the ANSI architecture, equivalence of the tonceptual
and external data models wouid mean that any conceptual
application model (schema) coukd be viewed through the
external data model, and any external application model wounid
have a correspunding conceptual modet. )

The greneral semantic relation and the semantic graph data
models are not equivalent. This is due to the great fresdom in
the relational model, as in some syntactic relational modets,
aliowed a0 specifying constraints. As pointed out in Borkin3,
there are relational application models which da nel have an
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eeiiivakonl graph application madel. A relational application
arecdel tnay  have ritlier too many or too few constraints to be
equivalent (0 a graph model. We can then say that these data
madels are perziafly equivaient. By restricling the allowed
constraints, tatal state dependent equivalence can be deflined for
the semantic refation and graph data models.

Nate that the definitions do not require that application
madel equivalence be i, In the case of the semantic relation
and graph data models, there may be several relational
application models state dependent equivakent to each graph
madel.  This corresponds to the many different ways of
groupmyg o relations the statements correspanding to a single
grapth ctate.  For example, Figure 9 (with appropriate
conzirainis) thows a single semantic relation which is
apphcation modet equivalent and state equivalent to the three
semaniic telations In Figure 3. Sich a property poakes the
seananie telation model a gnod candidate for the ANSI
extriial dala inodel allowing, many chfferent relational views of
A v e emantic praph oneeplval application model.

4. Conclusions

A tormal framewoik for defining data models has been
presented.  Using this framework. several different types of
data modecl equivalence were defined.  This framework and
these equivalence definttions should be wused to evaluate the
suitabifity of data models for the dilferent ANST schema levels.
Insight can be gatned into both the data modeit themselves
and into the type of implementation needed.

The tonsiderationt volved in actually impiementing an
ANSI-like architecture must inchede an examination of the
equivalrnce 1ssues discussed in this paper.  Whether the
delincd equivalences are state dependent ar not wouki have a
large cffcet v the Lypes of implementations allowable. The
aperation equivalence mappings from the external to nternal
Tovels shonilet he analyzed as a puide for implementation
eificimcy  consederatians. The same types of equivalkence
oappings must be invelved in the iransportation of & database
and assoriated progiams (rom ane database system to another.

Nute that the framework is applicable to syntactic data
moclels s well ar semantic data models. We have simply
pointed out that the task of comparing data models is easier
when the data models of concern attempt to provide a clear
interprotation of law they represent that pertion of the real
wan | which is of inlerest to the user,

For example, the studies in Borin? defining  the
equivalence of the semantic relation and graph data models

_shed hght on the syntactic relation vi. DBTG network

"controversy”.  As in the syntactic case, the semantic relation
model presents much simpler structures and operations than
the graph {network) model, However, when delining a
relational application model equivalent to some given graph
model, it is necessary 1o define a large number of posibly
complex constraints making updating difficult to understand.

One way or another, the complexity of the application must
be represented in the application model. The choice of dara
models can sigmificantly alter where the complesity is ta reside.
However, the ability to suppart equivalent relational and
graph application models accessing a shared database would
allow the best of both worlds - a simple relational view for
retrieval and a graph model for updating.

There should be more development of semantic data
models such as the semantic relation madel for the external
schemna level. While it may be necessary to support existing
syntactic data models at the external level, all users should not
be deprived ol important semantic information which helps
him better wnderstand how the appiication is modelled. User
interfaces amd lamguages should be develeped for such
Purposes. )
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