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Towards a Framework for Comparing Data Models 

A.T.M. Aerts and K.M. van Hee 

Department of Mathematics and Computing Science 
Eindhoven University of Technology 

Eindhoven. The Netherlands 

ABSTRACT 

A framework for datamodeling is proposed which is both fonnal and con­

cise. It is constructed around the concepts of objects and their mutual functional 

relations. has a complete datalanguage based on first order logic and a diagram 

technique. Transfonnations to other frameworks for data modeling are discussed. 

1. Introduction 

A data model is a representation of the state space and transition behaviour of the system under 

consideration: the object system or Universe of Discourse (UoD). The Object system is that part 

of the real world that we are interested in. A data model is. on one hand. a description of the 

object system; on the other hand it is an abstract specification of a database system to be used to 

monitor or supply infonnation about the object system. 

There are many frameworks to represent state spaces for object systems. for instance: relational 

models [COD70]. network models [BAC69]. entity relationship models [CHE80], functional 

models [SHI81], binary models [ABR74]. [NIJ77]. IFO- [ABI87]. and NF2-models [SCH83] (for 

an overview of data models. see also [TSI82]). There are many variants of these models. therefore 

we use plural fonn. Note that the tenn models is used here in the sense of meta model: a model to 

describe models. We prefer the tenn framework for meta models. 

Given the large amount of frameworks for data modeling it is a legitimate question to ask what 

these frameworks have in common and where they differ from each other? Moreover. anyone 

proposing a new framework for data modeling has to make clear what problems the framework 

solves. and what new possibilities it brings. In other words. one will have to compare with the 

other frameworks. In this paper we propose a framework for data modeling which is "upward 

compatible" with a great number of data modeling frameworks. It is based on the mathematical 

notions of set and function. and has a very general data language. It allows one to fonnally 

represent the constructs of a number of other dat~ models. and then also to transfonn from one 

framework to another one. a feature which has wide applications in the context of distributed 

databases. where the various databases are based on different data models. 



- 2 -

All frameworks mentioned above only enable the designer of a database to consuuct a state space 

that is in general too large: the designer has to define some Boolean function over the state space 

to restrict the set of states to the feasible state space or database universe. The possibilities to 

define these constraints are in most frameworks rather poor. The relational model for instance 

considers only dependencies. Many frameworks have a query language and some of them a 

language for updates. 

The consuuction of a data model for an object system proceeds along the following lines: (I) 

establish the boundaries of the object system; (2) specify a so-called free state space; (3) specify 

constraints to restrict the free state space to the feasible state space; (4) specify a set of queries 

that covers the information needs; (5) specify events occurring in the object system that cause 

state changes and therefore updates in the database. The ordening of steps is not strict. 

Analysing the design process of a data model we find the following requirements for a data 

modeling framework: 

1. there should be a data language for formulating specifications I to 5 above, 

2. the framework should be formal: a data model is a formal specification, 

3. there should be a diagram technique for graphically representing essential parts of the design, 

in particular for the benefit of users who don't understand formal specifications, 

4. it should be rather easy to express real world aspects in a data model. 

Many of these requirements are rather vague; however, they provide a basis to compare frame­

works. First of all most frameworks do not satisfy 1 and 2. The relational model does not have a 

diagram technique and is poor with respect to point 4. Several modern frameworks, such as the 

IFO- and NF2 -models, emphasize facilities for expressing complex objects. Most frameworks 
support the view that the real world consists of objects belonging to different types that are 

related to each other. 

The framework we present is related to functional and binary data models as well as to entity 

relationship models. It has only a few basic concepts, a complete data language that is based on 

first order logic and a diagram technique. When we would have to classify our framework, we 

would call it an irreducible functional data model (see also section 6 for a more detailed discus­

sion). 

In section 2 we define schemes and the construction of a free state space from a scheme and give 

an example of a database scheme. In section 3 we present our data language: the syntax, in an 

informal way, and the semantics. In section 4 we consider a diagram technique. In section 5 we 

discuss representations and elaborate on the example. Finally, in section 6, we discuss the relation 

of our framework to the Entity-Relationship model and the Functional Data Model and give a 

transformation to a relational data model. We make some comments and mention some research 

topics. 
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2. Scheme and free state space 

In the world view of our framework there are objects, having properties. Objects are organised 

into categories. Objects having similar properties will belong to the same category. In each state a 

category consists of a finite number of different objects. In each state a property of a category is a 

function from that category to another or the same category. So properties are functional relations 

between categories. 

To each category belongs a set that is called the domain of that category. It contains the represen­

tations of all objects that can possibly be a member of that category. 

The scheme of a data model describes the structure of the free state space, not what contents the 

database will have at some point in time. In other words, we consider a database as a variable and 

the free state space as its type. The first step in the construction of a data model is the 

specification of a scheme. 

Definition 1. Scheme 

A scheme is a 5-tuple <C, P, D, R, V>, where 

C is a finite set; 

o 

P is a finite set; 

PnC=0; 

DE P~C; 

RE P~C; 

V is a set-valued function; dom(V)=C 

An element c E C is called a category; an element pEP is called a property. D is called the 

domain category function; D(p) is the domain category of property p. R is the range category 

function; R(P) is the range category of property p. V is called the domain function. For c E C, 

V(c) is called the domain of category c. 

Every object is unique although the domains of two different categories may overlap. This means 

that objects of different categories may have the same representation, however, they are uniquely 

identified by the combination of their category name and representation. 

At this point, and also in the first steps of the design process, one should not worry about the way 

objects in a category are represented. One could use integers, strings, tuples or whatever for 

representing these objects as long as the representation of each object within a category is unique. 

A database scheme may be represented by a semantic network, i.e. a directed graph with labeled 

edges and nodes [see, e.g., BAC691, which represents our knowledge about the structure of the 

object system. For every category c E C there is exactly one node in the graph with label c. For 

every pair of nodes in the graph for categories c and c', such that there is a property p with 

D(P)=c and R(p)=c', there is an edge in the graph directed from node c to node c'. This edge is 

labeled with property p. All labels are unique, since PnC=0. 
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In a database scheme we express two things: 

the classification of the objects of the Universe of Discourse into categories. 

the functional relationships of objects in one category to objects from other categories (or 

the same category), indicated by the properties. 

Example of a Scheme 

As an example of a database scheme represented by a directed graph we give the semantic net­

wolk for a fragment of a University database. This database contains facts about students and 

their progress through college. Central objects in the following model are therefore the objects 

"student" and "exam". Students have a name, an address, and a date of birth, and they join in the 

course of their stay at the University a certain department. As a preparation for their degree they 

follow courses and take exams. Courses have, apart from their own unique code, a name. The 

University gives students several times a year the opportunity to take an exam for a given course. 

Since the University offers many courses, numerous courses have to be examined on the same 

day in parallel. "Exam" therefore represents a many-to-many relationship between the objects 

"course" and "date". Students have to register for a particular exam (again a many-to-many rela­

tionship, represented by the object "regist"), before they are allowed to complete the test for that 

exam. Since students normally will take a number of exams (on various occasions) and an exam 

usually is taken by many students the relationship between "student" and "exam"is n to m. It is 

represented by the object "test". Tests get graded. When the grade for a test is sufficiently high, 

the student has passed the corresponding exam. A network corresponding to this short descrip­

tion is given below. Nodes are represented by boxes, edges by arcs. 

course cname 
112 

h 116 
117 

110 

dept stud 
h 

test 
18 

exam 

19 
h III 

street address 118 date 
113 

year 

'15 
16 115 fl4 

Fig.1 : Semantic Network for a University Database 

We see from the graph that addresses are being specified in terms of a street, a (building)number, 
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and a town and dates are being specified in tenns of a year, a month, and a day. 

A question raised frequently is why properties should be modeled by functions and not by binary 

relations? Our answer is that it suffices to have sets and functions to model object systems, 

whereas binary relationships are not primitive enough. When we want to model a relationship 

between two or more categories we define a new category that has one property for each of the 

related categories. 

The second step in the construction is the definition of the free state space, also called the free 

universe of a database. A state will be defined as a set valued function with CuP as domain. 

Definition 2. Free State Space 

Let < C, P, D, R, V > be a database scheme. The free state space is the set of functions Sf with 

domain CuP such that for s E Sf: 

i) 'if c E C : s(c);;; V(c) and s(c) is finite 

ii) 'if PEP: s(P) E s(D(p» -1-+ s(R(p» 

o 
Here A -1-+ B stands for the set of all partial functions from A into B. 

For a given state s of the database and aCE C, s(c) will be called the state of category E. Simi­

larly, for apE P, s(P) will be called the state of property p. Requirement i) then says that in each 

state only objects from the domain may belong to the state of the category. Furthennore, the 

number of objects in any state of category c is finite. ii) says that the state of a property is a par­

tial function from the domain category to the range category. We see that dom(s(p» ;;; s(D(P» ;;; 

V(D(p» and mg(s(p»;;; s(R(p»;;; V(R(p». 

3. Data language 

The free state space is in general too large, i.e., it contains states that will or may not occur in the 

Universe of Discourse. In order to fonnulate restrictions on the state space and to express queries 

and updates, we define, in the third step of our construction, a first order language. Note that each 

database has its own language, which differs from the language of other databases only in the 

constants of the language. Our definition proceeds in the standard way [LEW81, LL084]. 

Details of the construction can be found in [AER89]. The first order language LF is defined for a 

database scheme F = < C, P, D, R, V>. It contains three elements: an alphabet, terms and predi­

cates. The alphabet consists of a scheme-specific and a general part. The fonner contains the con­

stants from the language: the category names, such as "test", "date" and "grade" and property 

names such as "11 ", and the elements of all domains: UJ = u (V(c) ICE C}, such as dates, cour­

senames, grades, and studentnames. The latter contains all symbols for constructing first order 

expressions on the basis of atomic tenns such as the predicate X=3, which is constructed from the 

variable X and the constant 3, both atomic terms, and the comparison symbol =, set tenns such as 

grade\{ 1,2,3} which is constructed from the set tenn grade (a category in the example) and the 

enumerated set {1,2,3} and the set symbol \ and predicates involving function terms such as 
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f9 -X <: 6. where a function tenn f9 is applied. using the function symbol '. to a variable X and 

the result thereof is compared. using the comparison symbol <:. to the a-tenn 6. 

A more elaborate example of an element of LF. based on the database scheme of Fig. I. expresses 

the statement: "Every exam has a course and a date associated with it" in the following way: 

A[ e: exam I ~[c: course IfIO·e= c] A~[ d.: date If we =d]] 

Given the alphabet the tenns and predicates are being defined inductively. In LF • a quantor binds 

a variable to an s-tenn (the domain of the variable). We employ the usual rules [LL084] for the 

scope of such a binding to be able to distinguish between bound and free occurrences of a vari­

able. 

The interpretation of elements of LF also proceeds in the usual fashion [LL084]. Elements of /D 

are interpreted as constants; elements of C and P as states of the corresponding categories and 

properties. i.e .• as sets and functions. respectively. More complex expressions are decomposed 

into simpler ones. i.e. the interpretation proceeds from the outside inwards. The interpretation of 

the symbols and quantors of the language yields the corresponding mathematical operations. 

The data language LF does not recognize any structure in the elements of /D. All constants are 

regarded as indivisible. as not having any components. 

Now we are able to define our datalanguage. It is an extension of the first order language. We first 

extend the alphabet with the quantor symbol "?". for defining queries. the operator symbols "i" 

and "J.," which denote insertion and deletion. respectively. and a connective symbol ";" to indicate 

composition of two updates. We first give the syntax and discuss the interpretation afterwords. 

Definition 3. Data language 

Let F = <C. p. D. R. v> be a scheme and let LF be the first order language. with alphabet 

extended with the symbols ? i. J., and;. The data language Lv = Lc U LQ U Lu where the latter 

three sublanguages are defined in the following: 

(i) constraints 

Every predicate in LF • without free variables is a constraint. Lc denotes the sublanguage of 

LF containing only constraints. 

(ii) queries 

Let Xl •...• Xn be distinct variables and let CI •••.• en be elements of C and q a predicate with 

at most X I •...• Xn as free variables then 

?[ XI:CI •.••• Xn:en I q] 

is a query. LQ is the sublanguage of Lv containing only queries. 

(iii) updates 

Let c E C. f E p. and let a. cr' be s-tenns and CP. cp' be f-tenns without free variables. such 

that a and cp are both enumerated. then: 

cia. cJ.,cr'. ficp. f4' 

are updates. If UI and U2 are updates then UI ;U2 is also an update. Lu is the sublanguage 

containing only update expressions of the fonn above. 
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o 
Note that in 3 iii) 0" and cf represent different kinds of information. 0" represents, in general, infor­

mation not yet present in the database state and thus (this is a restriction!) can only be specified 

by explicit enumeration. cf on the other hand represents information to be removed and therefore 

can be specified by an expression from LF. A similar restriction holds for <I> with respect to <1>'. 

The interpretation of constraints is intuitively clear [AER89]. The interpretation of a query is also 

straightforward: it is a subset of a Cartesian product. If a query contains only one variable the 

interpretation I in a given state s of the query has the same result as that of a set-term: 

1,(?[X:clq])=I,([ X:clq)). 

However, since we want the datalanguage for our model to be as expressive as tuple calculus or 

relational algebra are for the relational models, we also allow the formation of pairs or, more gen­

eral, n-tuples of objects. 

The interpretation of the updates is more complicated. The choice of the elementary updates is 

motivated by the fact that they allow for deletions from and insertions into categories and proper­

ties such that the result will be part of the free state space. Other constraints are not taken into 

account. They have to be dealt with in a layer above the datalanguage. 

Objects can be inserted into a category subject only to the restriction that their representation is 

an element of the domain of the category. Removal of an object from a category is only possible 

when the object is not in the range of an incoming property. When the object may be removed, 

the corresponding ordered pair is deleted from all outgoing properties (if present). Inserting an 

ordered pair (x,y) into a property p may require the insertion ofx into the domain category ofp or 

of y into the range category of p, in order to stay inside the free state space. When the state of the 

property p already contains a pair (x, z), then this pair will be replaced by the pair (x,y). Deleting 

a pair from a property does not pose any special problems. 

The updates define transitions on the free state space. They belong to events in the Universe of 

Discourse. Next we will restrict the free state space by imposing constraints. 

Definition 4. Feasible state space 

Let F = <C, P, D, R, v> a schema and SoC be a set of constraints then the feasible state space S 

is: S = [ S E Sf I A[ q : SoC II, (q) = true]}, where lis the interpretation induced by F 

o 
It is required that updates keep the constraints invariant. At the level of data modeling it is 

sufficient to require this. At the implementation level the update programs should be verified 

against these constraints. The following property is obvious. We will use it in section 5. 

Lemma I 

Let c E C, alo ... , an E !D, s E Sf and k E [ I, ... , n-I }, then 
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1,( ci (al •...• an)) = 1,( ci(al' .... ad; ci (ak+l ..... a.)) 

o 

4. Diagram technique and Constraints 

As stated before. a database scheme may be represented by a directed graph with labeled edges. 

Although this graph gives a complete representation of the basic structure of the database. it does 

not allow one to express any semantic information that may be available. In this section we will 

introduce a diagram technique [see BAC69] which will give us an overview of the most impor­

tant aspects of the data model. starting from the graphic representation of the database scheme. 

Diagrams 

As a first step we will introduce symbols for categories and properties. We start from the scheme 

and replace every node with a rectangle. It will contain the category name. Secondly. every edge 

stands for a property and will be represented by a continuous line with an arrow in the direction 

of the corresponding edge. All lines will be labeled with the corresponding property name. The 

result of this step is a diagram such as Fig. I. 

Standard Constraints 

Secondly. we will include special symbols and we'll give the translation of these diagram con­

ventions into elements of LF . In the following. we will use 'category a' or 'a' to denote the state 

sea) of the category with name a. given a database state s. Similarly. we will use 'property p' or 

'p' to denote the state s(P) of a property with name p. We distinguish the following cases: 

Completeness Constraint 

Often a property PEP with domain category a and range category b is required to be complete. 

i.e .• it is required to satisfy: 

dom(p) = a. 

A property satisfying this constraint is drawn in the diagram with a solid dot at the base of the 

property line. 

Onto Constraint 

A property pEP with D(P) = a and R(p) = b is said to be from a onto b or sUIjective when: 

mg(p) = b. 

A property p satisfying this constraint has a solid dot at the tip of the property arrow. 

One-to-one Constraint 

When a property PEP with R(p) = band D(p) = a is one-to-one from a to b it satisfies: 

A[ x: a I A[ Y : a I (x E dom(p) /\ y E dom(p» ~ (p.x=p.y ~ x=y) II 
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A property p satisfying a one_to_one constraint appears in the diagram with a cross bar on the 
property line. 

Key Constraint 

Consider a set A of properties with the same domain category a : A ~ 0-1 a. For instance, let A = 

{f, g) with f E a~b and g E a~c. We call these properties key properties of a when the follow­

ing key constraint is satisfied: 

A[ x: a I A[ Y : a I (x E dom(f) /\ XE dom(g) /\ y E dom(f) /\ y E dom(g» ~ « f·x = f·y /\ 
g·x = g.y) ~ x=y)]] 

A key constraint is denoted by an arc between the participating properties. Since these properties 

do not have to correspond to adjacent lines in the diagram, the arc has a symbol "0" on the 

appropriate property lines. A single category may have more than one set of key properties. The 

example above is expressed in a diagram as : 

Please note, that every element in a category has a unique identification. An important difference 

between this intrinsic identification and identification through a set of key properties is that the 

intrinsic identification has to be present, otherwise the object does not exist. Key properties only 

provide unique identification for an object in their domain category, when the complete set of 

objects in the range categories for the object is known. We'll return to identification issue in more 
detail when we discuss representations. 

When the set A of properties is a singleton, we recover, as a special case of the key constraint, the 

one-to-one constraint! 

Primary Keys 

A set of key properties is called identifying a category c when the set forms a minimal key for c 

and all properties in the set are complete. In this case we can associate with every object in 

category c a unique set of objects in other categories, which can be used to identify the object in 

c. When a set of properties is identifying, we draw the properties in the diagram with dashed 

lines: 

This is shorthand for: 

~E~--d~--~ __ -.~ ___ ~----i---> 
I :e 
V 
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c b E .. 
d 

fe 
f 

This convention allows us to indicate only one set of identifying properties. These properties (e 

and t) form the so-called primary key of the category (c). 

S. Representations 

At this point we have seen two different ways of identifying an object in a category. First of all, 

every object is unique and therefore can be uniquely identified. But then also, some categories are 

required to satisfy a primary key constraint. Consequently, the objects in such a category can be 

identified by means of a set of objects in other categories. In addition to their intrinsic 

identification, they also have an external identification. 

We therefore sometimes have a choice between two options. We can base the representation of 

the objects in a category on the intrinsic identification of the objects. Categories with such a 

representation are called basic categories. The, subset of C containing the names of these 

categories is called CB. This option typically is the (only) one for categories without outgoing 

properties. 

Or, in case of a category satisfying a primary key constraint, one has the alternative of composing 

the representation of such a category from the key properties and the representations of the range 

categories of these key properties. Categories with such a representation are called derived 

categories. We denote the subset of C containing the names of these categories with CD. Obvi­

ously C = CBuCD and CBnCD = 0. 

We introduce the concept of an extended scheme. Such a scheme can be used to construct an 

ordinary scheme and some primary key constraints. Hence on the one hand it provides us with a 

more compact way to describe data models possibly using diagrams, on the other hand it gives us 

the flexibility to derive representations for categories where no natural representation of objects is 

available (we have already encountered such object in the example database scheme, viz. "test", 

"examll
, "datell and lIaddress") 

Definition 5. Extended scheme 

An extended scheme is a 7-tuple <CB, CD, P, D, R, B, G> where 

CB, CD, P are mutually disjoint, finite sets, 

DE P ~ (CBuCD), 

REP ~ (CBuCD), 

B is a set-valued function with dom(B) = CB 

G E CD ~ IP(p) sueh that for all c E dom(G) : G(c) ~ D-1c. 
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o 
The elements of CBuCD are categories, P, D and R have the same meaning as in definition I and 

B full fils the role of domain function V for the basic categories. The function G determines the 

properties of a derived category that form the primary key. For a category c E CD we will use 

the categories in R(G(c» = (y E CDuCB I 3 f E G(c) : y = R(f)} for the representation of objects 

of c. It is clear that we can't use a category d to represent c when the representation of d depends 

on c. Hence the derivation may not contain a cycle. In the next definition we formalise this con­

cept. 

Definition 6. Derivation relation 

Let E = <CB, CD, P, D, R, B, G> be an extended scheme, then the derivation relation T satisfies: 

T>;;CDxCD 

(x; y) E T ~G(x) nR-1y '" 0 

o 
The requirement that the derivation does not contain a cycle is equivalent with the requirement 

that the transitive closure T* of Tis irreflexive. We call this the finite derivation property. Under 

this condition we can construct a scheme from an extended scheme. Before we do so, we first 

introduce the generalised product operator IT. Let P be a set-valued function, then 

IT(P) = ( pip is a function with domain dom(p) and \;tx E dom(p): p(x) E P(x) }. 

Lemma 2 

Let E = <CB, CD, P, D, R, B, G> be an extended scheme with the finite derivation property. 

Then the 5-tuple <C, P, D, R, V> where 

C=CBuCD, 

for c E CB : V(c) = B(c), 

for c E CD: V(c) = ITO .. x E G(c) : V (R(x») 

forms a scheme. 

Proof: It is easy to verify by induction that the recursive definition of V is sound due to the 

irreflexivity ofT* . The rest is trivial. 

o 
We require that for each category c E CD the properties G(c) satisfy the primary key constraint. 

Further we will require that an extended scheme will satisfy the finite derivation property. 

We see that a database scheme can be represented in very many ways, depending on the choice of 

B and G. Each choice of representation has its own emphasis and implications. Note, that we 

have not required that every category satisfying a primary key constraint is an element of 

dom(G). However, unless there is a good reason not to do so, it is better to avoid the redundance 

introduced by keeping the domain of a category satisfying a primary key constraint basic. At this 

point we can, on the basis of their properties, distinguish three types of categories. Similar dis­

tinctions have been made in the entity relationship model of Chen [CHE76] which has found a 
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widespread usage (see, e.g., [CHE80], [CHE83] and [DAV83]). The similarities with this model 

are discussed at the end of this section. The first type is defined on the basis of scheme properties 

Definition 7. Attributes 

Let E = < CB, CD, P, D, R, B, G > be an extended database scheme. A category c E C is called 

an attribute category if and only if c flO mg(D). 0 

Hence attribute categories correspond in the graphical representation of the database scheme to 

nodes without outgoing edges. Therefore, these categories don't have properties of their own. 

Their role is to give further detail of the categories they are associated with through a property. 

In the example above, categories such as "year", "month", "day" and "cnarne" are attribute 

categories. Note, that artribute categories can already be identified at the level of a database 

schemeF= < C,P, D,R, V >. 

The other two types of categories are defined on the basis of their representations : 

Definition 8. Entities and Relationships 

Let E = < CB, CD, P, D, R, B, G > be an extended scheme. 

ACE C is called an entity category if and only if 

c is not an attribute category and 

c flO dom(G) v 'if E G(c) : R(f) is an attribute category. 

ACE C is called a relationship category if and only if c is neither an attribute nor an entity 
category. 

o 
Relationship categories typically have a derived domain as have some entity categories such as 

"date" in Fig.!. An entity category will be represented by a box, a relationship category be a dia­

mond. 

When we take the scheme of the University database, depicted in Fig.1, and extend it by impos­

ing a number of constraints and by choosing some representations, the diagrarn of Fig.2 may 

result: 
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Fig.2 : Extended Scheme for a University Database 

1I2 

We immediately can identify which categories are attribute categories, and which ones are entity 

or relationship categories. All properties with an attribute category as range category moreover 

are subject of a suIjectivity constraint. Inspection of Fig.2 further tells us that the categories 

"address", "regist", "test", "exam" and "date" have a derived domain whereas the other categories 

have a basic domain. Fig.2 expresses that to every test there corresponds a student and an exam, 

and that to every exam corresponds a course and a date. We also see that the name and address of 

every student is known. Students are represented by a unique'registration number. We will not 

spell out the complete scheme but only point to a few illustrative features: 

the derived category regist has 1I6 and 117 as primary key functions, therefore: 

(regist; (f16,f17 }) E G and 

V(regist) = TI({((16; V(stud», ((17; V(exam»))) 

where V(course) and V(stud) are basic domains, which are sets of suitable strings or 

integers, 

since we have denoted properties in Figs. I and 2 for reasons of clarity by simple labels 

such as 110, an informal deSCription of the meaning of the property may be useful, such as: 

110: the subject of the exam. 

Since an extended scheme induces an ordinary scheme we don't need a new data language for 

extended schemes. Only the constants in the domains of categories in CD have a complex struc­

ture. Consider the next example: 
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Fig_3 : Example of derived categorie~ 
An object a in A is represented as 

a = { (f; { (h; Cl). (k; d l ). (1; d2) } ). (g; { (h; C2). (k; d3). (1; d4) } ) } 

Note that a itself is a function so that at the mathematical level the following. intuitively strange 

equation 

f·a = a·f. 

holds. Only the lefthandside is an expression in LF • 

In principle the semantics of the data language for the extended scheme is the same as for the 

induced ordinary scheme. Indeed. insertion and deletion operations on categories c E CB will 

have the same interpretation as before. and so do deletion operations on a derived category. 

However we will change the semantics of updates involving a derived category. The reason is 

that if. e.g .. we add an element to category A in Fig.3 then we want to update simultaneously the 

functions f and g and the category B. For B the same holds: we want to update the functions h. k 

and I and the categories C and O. The interpretation of an insertion or deletion operation on a 

property p E umg(G) is that its state does not change. The state of these properties gets changed 

implicitely when the state of their domain gets changed. A deletion operation on a property p E 

P\umg(G) is interpreted as before: it has only a local effect. The insertion operation on a pro­

perty p E P\(R-ICD U D-ICD ) has the same interpretation as before. but the semantics of an 

insertion operation on a property p E (R-l CO U 0-1 CO )\umg(G) is changed in an obvious 

way. when it entails an insertion into a derived category. 

6. Comparison with other data models 

Now that we have introduced the concepts of entity. relationship and attribute. it is easy to see 

that our framework can handle all concepts introduced by Chen in [CHE76]. Chen builds his data 

modeling framework starting from entities (the "things" that exist. concrete or abstract. in the 

object system) and relationships. i.e. associations among entities. Entities are classified into entity 

sets and relationships into relationship sets. The content of an entity set (or a relationship set) 

may change in the course of time by adding or removing a particular entity. The entity set there­

fore is a state dependent concept. The relation between entity and relationship sets is given by 

roles. which are named functions from a relationship set to an entity set. A relationship set is 

regarded as a mathematical relation. i.e. a subset of the Cartesian product of the n (not necessarily 

all different) entity sets involved. Alternately. it can be regarded as a subset of the generalized 

product. based on a set function which has as domain the set of roles. that have the relationship 

set as their domain. and assigns to each role the corresponding entity set. A relationship therefore 

can take the form of an ordered n-tuple (row) of entities. or of a set of n role-entity pairs. that is a 
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function over the set of roles. Infonuation about entities and relationships is recorded by means 

of values, which are classified into value sets. The relations between the value sets and the entity 

and relationship sets are given by attributes, which are named functions from an entity or rela­

tionship set to a value set or a Cartesian product of value sets. The state of a category in our 

framework corresponds to a (relationship, entity or value) set in the E-R-model, the state of a pro­

perty corresponds to an attribute or a role. Furthenuore, a value set in the E-R-model 

corresponds to an attribute category in our framework, and an attribute in the E-R-model 

corresponds to a property with an attribute category for its range. 

At the next level of modeling the representations for the entities, relationships and values are 

chosen. Values are represented directly. In our framework this amounts to specifying the domain 

V(c) for an attribute category c. Entity sets in the E-R-model are identified by a set of attributes, 

called the primary key. Every entity is represented by a set of attribute-value pairs. This kind of 

representation is equivalent to that of the objects in an entity category with a derived domain in 

our model. The E-R-model does not discern entities which can be represented directly. In our 

framework we can give an entity category e with a basic domain V(e) a derived domain by 

removing e from CB and including e in CD, introducing an extra property p and an extra attribute 

category a with representation V(e), such that D(p)=e and R(p)=a and {pI is a primary key of e. 

Relationships in the E-R-model are identified by the entities involved. The primary key of a rela­

tionship set therefore can be represented by the primary keys of the involved entity sets. The last 

two fonus of representation are not powerful enough and Chen therefore introduces the notions of 

weak entity and weak relationship. A weak entity is an entity which for its identification depends 

on another entity. The primary key of a weak entity set consist of attributes and of the primary 

key of at least one other entity set. A weak relationship set is a relationship set which is identified 

by a set of entities, containing at least one weak entity. With the representations described above 

the (regular) relationship set, the weak relationship set and the weak entity sets all are special 

fonus of the relationship category in our framework. The implications which the introduction of 

weak entities and relationships has with respect to updates are similar to those introduced by the 

concepts of derived domains. The only difference is that Chen allows updates (an in particular 

deletes) of entities to propagate to all dependent relationships or entities (recursively). This would 

be a simple extension of our model. 

The model we have presented here can be classified as a functional data model. Functional data 

models have been studied before in the literature, most notably by David Shipman [SHI81]. In his 

1981 paper Shipman builds his model around the basic concepts of entities and functions (rela­

tions between entities). The essential difference between Shipman's data model and ours is that 

Shipman's functions are multivalued in the sense that when applied to an entity in its domain a 

function always will yield a set of entities. In our case single entities will be returned. Another 

difference is that Shipman also treats datatypes such as strings and integers, needed for represent­

ing names and numbers, as entities. In our model such objects do not appear at the data model 

level (except perhaps in some very special cases such as the modeling of a programming 

language), but only occur when we discuss representational issues. 
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Our data model is a very general and flexible model. Models such as the Entity-Relationship­

model and the functional data model can be regarded as special cases, satisfying their own set of 

constraints. In the course of the construction of a data model there are at every stage alternatives 

among which one has to choose. For instance, there is a lot of freedom in deciding what domain 

to choose for a category. Should the domain of a category be base or do the objects in this 

category derive their identity from their relationship to other categories, and should the domain 

therefore be derived? In fact, one could, given a database scheme, construct an equivalent data­

base scheme from it with a domain specification in which only the attribute categories have a 

base domain (such as is the case in entity relationship models). If one would then arrange the 

model such that only attribute categories would occur as range category of a property, a data 

model would result with the structure of a relational data model [COD70j. In fact, a relational 

data model is specified by the following constraints: 

. every category occurring as the domain category of a property has a primary key, 

the range category of every property is an attribute category. 

Thus there are no relationship categories in the relational data model, only entity categories. 

Sometimes an extra constraint is imposed: all properties (also the non-identifying ones) are com­

plete. If this constraint is imposed as in Codd's original proposal [C070j, no incomplete infonna­

tion can be represented. Such a requirement may tum out quite inconvenient in practical situa­

tions, where infonnation often becomes available in portions. In the our data model, where, in 

general, partial functions are allowed, no such problems arise. 

It is easy to construct an algorithm which, given a scheme, generates a relational representation 

for it, satisfying the constaints above, because of the following. When constructing complex 

representations, we have seen the beginning of a relational or tabular representation of our data 
model. Let's recall the definition ofV(c) for c E dom(G): 

V(c) = I1(AX E G(c): V(R(x))) 

This would be precisely the definition of a relation in a relational model which has attributes x E 

G(c). Thus, apart from the use of property labels as attribute names, objects from a category c 

with c E dom(G) are represented as tuples. lt is not very hard to extend dom(G) in a systematic 

way to include not only all relationship, but also all entity categories. The construction of a rela­

tional representation proceeds along the following lines: 

Algorithm 

I) For every category, but those attribute categories which are the range of a set of properties 

satisfying a combined sUljectivity constraint, introduce a relation with as name the name of 

the category. 

2) Include in every relation one attribute, when the category with the same name has a base 

domain. 

3) Include in every relation one attribute for every property whose range category has a base 

domain. 
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4) Include in every relation for every property, whose range category has a derived domain, as 

many attributes as the representation of that category requires. 

5) Give every attribute a suitable name. 

Step 4 really is an iterative step. When the range category of a property has a derived domain, we 

introduce in the first step as many attributes as the category has primary key properties. However, 

when any of these key properties has a range category with a derived domain, its attribute is 

replaced by as many attributes as that range category has primary key properties. And so on, until 

we arrive at a set of attributes corresponding to range categories with a base domain. 

As an illustration of the algorithm we will construct a relational representation for the example of 

Fig.2. We will use the following notation: 

relationname (attributename I, .. , attributename k) 

to represent the heading of a representation with name 'relationname' and k attributes. We get 

the following 7 relations: 

stud (stud, sname, dept, street, number, town) 

address (street, number, town) 

test (stud, grade, course, year, month, day) 

exam (course, year, month, day) 

regist (stud, course, year, month, day) 

date (year, month, day) 

course (course, cname) 

We see, that a lot of information is duplicated in this simple version of the algorithm. The attri­

butes corresponding to "address" and "date" are also included in the relations for "stud" and 

"exam" and "test" respectively. (In this simple example a straightforward refinement of the algo­

rithm based on surjectivity constraints on hand 111 would allow one to do away with the rela­

tions for "date" and "address"". This shows that there is no such thing as the relational representa­

tion.) By including the key attributes of a category with a derived domain in the representation 

all (hierarchical) structure is flattened out completely. This is a basic feature of the relational 

model, viz the use of flat ('normalized ') relations. In fact, the representation produced by the 

algorithm above is in Boyce-Codd Normal Form for a database scheme subject to only standard 

constraints. In the relational model the association between attributes in different relations is 

made exclusively through the data language. In our data model this association is provided at the 

scheme level through the sharing of the same range category by several properties. 

In the previous sections we have presented a formal framework for data modeling. The frame­

work has been used for several years in courses and in practice. We are investigating an extension 

of the datalanguage for defining and manipulating complex data objects, consisting, for example, 

of connected subgraphs of the diagram for the database scheme. With such language capabilities 

one would be able to treat, e.g., a student with his name and address or a course and all its exams 

as one object. This kind of structuring of objects is rather appealing from the point of view of 
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both updating and querying the database. Another subject of study is the extension of the 

datalanguage with constructions for handling recursion. This would. together with capabilities for 

handling complex objects. extend the expressive power of the datalanguage to include semantical 

constructions such as specialisation and association. 
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