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Abstract

An input to the conceptual database design phase
contains a description of the target database. This
description is usually given in some natural language,
for instance in English. Conceptual design aims
at transforming English sentences into a conceptual
database schema. A conceptual data model should
therefore possess modeling features that can repre-
sent English sentence structures.

Since Chen himself has argued that the basic ER
model has such constructs many extensions of this
basic ER model have been proposed. Based on these
new features we revise the several correspondences
between English sentence structures and concepts of
ER modeling. It turns out that EER modeling can
provide both a well-defined semantics and improved
modeling elements that naturally reflect English lan-
guage sentence structures.

1 Introduction

The Entity-Relationship (ER) model has evolved into
one of the most popular conceptual data models since
its introduction in the late 1970s (Chen 1976). It
provides an excellent communication tool between
systems analysts, database designers, managers and
potential database users during the crucial process
of identifying user information requirements. Since
these requirements are usually documented in a nat-
ural language, such as English, the database designer
faces the difficult task to decipher the documentation
and specification into a conceptual database schema,
e.g. an ER schema.

Some research has been devoted towards finding
guidelines that support the conversion of natural lan-
guage descriptions into ER schemata and diagrams
(Chen 1983). However, this research was mainly fo-
cused on the basic ER model. Since its proposal the
research community has put a lot of effort in find-
ing extensions of the ER model (EER)(Batini, Ceri
& Navathe 1992, Thalheim 1997, Thalheim 2000).

Contributions. The purpose of this paper is to
review the basic rules that state correspondences be-
tween English sentence structures and EER modeling
features (Chen 1983). In particular, we study the im-
pact of new ER features, such as specialisation, gen-
eralisation, higher-order relationship types and col-
lection types, on the heuristic guidelines. Our find-
ings suggest that these new features refine and very
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much improve the existing correspondences. More-
over, they help to clarify the reason for introducing
these additional modeling features and thus the rea-
soning process of ER modeling in general. The per-
haps most striking fact is that higher-order relation-
ship types allow the database designer to formally
represent the naturally complex structure of English
text, and in particular the interactions between dif-
ferent sentences. Therefore, the ER model is a con-
ceptual database model with a well-defined seman-
tics that does not only provide the starting point for
high-quality and safe database design but also pro-
vides modeling features which very much resemble
the structure of natural languages. This demonstrates
that EER modeling is very suitable for transforming
user requirements into a conceptual database schema.
We have summarised our guidelines in Table 1.

Related Work. Our article is based on Chen’s
original guidelines (Chen 1983). Since then a rea-
sonable number of proposals have been made to
use natural language processing in database design
(Buchholz, Cyriaks, Düsterhöft, Mehlan & Thalheim
1995, Eick & Lockemann 1985, Gomez, Segami &
Delaune 1999, Omar, Hanna & Mc Kevitt 2004, Tjoa
& Berger 1993, Tsen, Chen & Yang 1992). Mostly,
these proposals deal with semi-automatic tools that
support natural language processing, a detailed com-
parison of these proposals can be found in (Omar
et al. 2004). Unlike previous research we specifically
study the impact of EER features on the original
guidelines.

Organisation. The article is organised as fol-
lows. In Section 2 we re-define the basic concepts of
Entity-Relationship modeling, and summarise impor-
tant extensions including specialisation, cluster types,
collection types, nested attributes and higher-order
relationship types. We also give brief examples to il-
lustrate these concepts. The basic guidelines for con-
verting English sentence structures into ER schemata
and diagrams are reviewed in Section 3 strongly em-
phasising the impact of EER features. In Section
4 we apply our heuristics to some English text and
demonstrate how a conceptual database schema can
be derived gradually from a user requirements spec-
ification. We conclude in Section 5 and give a brief
outline of future work.

2 Entity-Relationship Modeling

We will summarise the basic concepts of the ER data
model, and then provide an overview of many of its
extensions based on (Thalheim 2000).

2.1 Entity Types

An entity type E = (attr(E), id(E)) consists of a
name E, a finite and non-empty set of attributes
attr(E) such that each attribute A ∈ attr(E) has



Correspondences
English sentence concept EER feature

transitive verb relationship type
common noun component of relationship type

adjective attribute of component
adverb attribute of relationship type

numerical expression attribute of object type
preposition role name of component

gerund relationship type that is component of another relationship type
clause relationship type with components

complex sentence relationship type of order higher than 1
alternative phrase cluster type

plural collection type/nested attribute
“is a” sentence specialisation

Table 1: The correspondence between English language concepts and EER features

a domain dom(A), and a key id(E) ⊆ attr(E) whose
elements are called key attributes. An entity over E
is a mapping e : attr(E) →

⋃

A∈attr(E)

dom(A) such

that e(A) ∈ dom(A) holds for all A ∈ attr(E). An
entity set Et over E is a finite set of entities over E
that satisfy the unique key value property, i.e., for all
e1, e2 ∈ Et with e1(A) = e2(A) for all A ∈ id(E) we
must have e1 = e2. We use ent(E) to denote the set
of all entities of an entity type E.

Example 2.1. We can specify an entity
type Client as follows: its attribute set is
attr(Client) = {Name, Birthday, Address, Phone}
with domain assignment dom(Name)=STRING,
dom(Birthday)=DATE, dom(Address)=STRING,
and dom(PHONE)=NUMBER. The key attributes
of Client are id(Client) = {Name, Birthday}. An
entity set may consist of the following three clients:

(John Fox, 08/08/1980, 88 Main Street, 3508888),
(John Fox, 02/12/1967, 23 Te Awe Awe, 3539465),

and
(Lisa Hunter, 02/12/1967, 7 Park Ave, 356 1154).

Note that none of these clients has the same values
on all key attributes.

We visualise entity types by rectangles together
with its name inside. If desired, the attributes can
be attached to the rectangle, and the key attributes
can be underlined. We implicitly assume that we
know the domains of the attributes. The entity type
Client from Example 2.1 is visualised in Figure 1.

LIENTC
Name Birthday

Address Phone

Figure 1: Visualisation of the entity type Client

2.2 Relationship Types

A relationship type R = (comp(R), attr(R), id(R))
consists of a name R, a finite, non-empty set of com-
ponents comp(R), a finite set of attributes attr(R)
such that each attribute A ∈ attr(R) has a do-
main dom(A), and a key id(R) ⊆ comp(R) ∪ attr(R)
whose elements are called key components and key at-
tributes, respectively. A relationship over R is a map-
ping r : comp(R) ∪ attr(R) →

⋃

E∈comp(R)

ent(E) ∪

⋃

A∈attr(E)

dom(A) such that r(E) ∈ ent(E) for all

E ∈ comp(R) and r(A) ∈ dom(A) for all A ∈ attr(E).
A relationship set Rt over R is a finite set of relation-
ships over R that satisfy the unique key value prop-
erty, i.e., for all r1, r2 ∈ Rt with r1(X) = r2(X) for all
X ∈ id(R) we must have r1 = r2. We refer to entity
and relationship types jointly as object types. Note
that we use set semantics to describe relationships
(Thalheim 2000). At the moment, comp(R) consists
of entity types only. However, we will discuss other
options for components shortly.

Example 2.2. Consider the entity type DVD-
Copy=({Title,Director,Year,CopyNr},{Title,CopyNr})
in which we leave the domains implicit. We specify
the relationship type Rental=({Client,DVD},
{RentalDay,DueDay},{DVD,RentalDay}). The two
relationships

((John Fox,08/08/1980,88 Main Street,3508888),(The
Godfather,F.F.Coppola, 1972,1),04/01/2006,05/01/2006),
((John Fox,02/12/1967,23 Te Awe Awe,3539465),(The

Godfather,F.F.Coppola, 1972,1),05/01/2006,07/01/2006).

form a relationship set over Rental.

Relationship types are commonly visualised by a
diamond. It is linked by edges to the rectangles rep-
resenting its components. For key components, the
corresponding edge is marked by a dot. If desired,
the attributes are attached to the diamond. Key at-
tributes are again underlined. The object types from
Examples 2.1 and 2.2 are visualised in Figure 2.

RentalDay

RENTAL

DueDay

Birthday

CLIENT
Name

Phone

Address
VDD

Title

Year

Director

CopyNr

Figure 2: Visualisation of Relationship type Rental
and its components

2.3 Relationship Types with Role Names

It may well occur that a relationship type must be
used to model relationships between objects of the
same component. In order to avoid confusion we asso-
ciate distinct role names with the components. Role
names can also be utilised to improve the readability
of the ER diagram.



As an example, we may specify the re-
lationship type Descendant with components
comp(Descendant) = {Child : Client, Parent :
Client}, attributes attr(Descendant) = ∅ and key
id(Descendant) = comp(Descendant). When we
visualise the relationship type Descendant we sim-
ply draw two edges to the entity type Client and label
them by the corresponding role names Child and Par-
ent. The example is visualised in Figure 3.

LIENTC
Name

Birthday
ESCENDANTD

Address Phone

Child

Parent

Figure 3: Visualisation of Role Names

2.4 Specialisation and Generalisation

Sometimes, objects in the target of the database can
be represented by more than just a single abstract
concept. For instance, animals are living creatures,
mammals are animals, and therefore also living crea-
tures. Consequently, it would be good to derive ab-
stract concepts from other abstract concepts, such as
the more specific concept Mammal from the more
general concept Animal. This idea is known as spe-
cialisation. The derived object type is a subtype of
the more general supertype. A subtype inherits all
features of its supertype, but often adds some new
properties.

The subtype U may be modelled as a unary re-
lationship type whose single component is just its
supertype C. Clearly, U may have some additional
attributes, and we may use C as the key for U , i.e.
U = ({C}, attr(U), {C}). Note that every object of
type C gives rise to at most one object of type U .

Occasionally, it is desirable to model alternatives,
e.g., having a relationship to various kinds of objects.
For example, a department may employ lecturers or
tutors or general staff. For this it would be good to
have an abstract concept that models all of them, that
is, we would like to comprise several object types to a
single new type. This idea is known as generalisation
since the new abstract concept is more general than
each of the individual ones.

A cluster type U consists of a finite, non-empty set
comp(U) of components C1, . . . , Cn, normally n ≥ 2.
We denote this cluster type by C1⊕· · ·⊕Cn. In order
to use role names, we also allow components of the
form pi : Ci rather than simply Ci. Clusters model
disjoint unions, i.e., an object set I(U) associated
with a cluster type U is the disjoint union of it’s com-

ponent’s object sets I(U) =
n⋃

i=1

{(i, o) | o ∈ I(Ci)}.

We visualise cluster types by the symbol ⊕ attaching
the name of the cluster type to it, and drawing (la-
beled) edges from ⊕ to the components of the cluster
type. An example of specialisation and generalisation
can be found in Figure 4.

2.5 Collection Types

It becomes sometimes necessary to model collections
of objects. For example, a course might be taught by
more than a single lecturer and the readings of this
course may consist of a ranking of articles or book
chapters. In such cases it is advantageous to have an
abstract concept modeling a finite collection of ob-
jects of the same type. That is, we would like to
derive a new object type from a given one by apply-

ERSONPName Address

GENERAL LECTURER TUTOR

EMPLOYEE

DEPARTMENT

Name Location

CONTRACT

NoSalaryH IRES

Time

Position Office Subject

Office

Phone

Figure 4: Specialisation and Generalisation

ing some kind of collection constructor. Usually, we
can distinguish between four kinds of collections:

1. lists in which duplicates are allowed and order
matters,

2. sets in which duplicates are not allowed and order
does not matter,

3. bags in which duplicates are allowed and order
does not matter, and

4. rankings in which duplicates are not allowed and
order does matter.

A list-,set-,bag- or ranking-type U has a single
component C, i.e. comp(U) = {C}. We denote a
list type by U [[C]], a set type by U{C}, a bag type
by U〈C〉 and a ranking type by U [C]. The object
set I(U) associated with a collection type U is just a
set of finite lists (finite sets, finite bags, finite rank-
ings, respectively) of object in I(C). Collection types
are visualised using a circle together with the corre-
sponding symbol of the collection type inside, and
drawing a (labeled) edge to its component. As an ex-
ample we may consider entity types Article, Book
and Lecturer as illustrated in Figure 5. The object
Reading is a cluster type with components Article
and Book. We then specify a set-type Lecturers
with component Lecturer that models finite sets of
lecturers. Intuitively, every such set models a group
of lecturers who deliver a course together. Moreover,
we specify a ranking-type Readings with component
Reading. This ranking-type models a list of recom-
mended readings for each course. The relationship
type Course models information about course offer-
ings where each course is described by its course id,
course name and the semester the course is held to-
gether with a ranking of recommended readings and
a set of lecturers that deliver this course. The ER
diagram can be found in Figure 5.

2.6 Higher-Order Relationship Types.

So far, we have only allowed entity types to occur as
components of relationship types. However, the ex-
amples above and best practice suggest to allow also
relationship types, cluster types and collection types
to occur as components of another relationship type.
For convenience, we call these four kinds of types
jointly object types. Entity types are object types
without components while all other object types have
at least one component. We need to ensure that the
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Figure 5: Collection Types

components of an object type are well-defined. For
that we assign an order to each object type. Let U
be an object type with component set comp(U). The
order of U is

• 0, if U is an entity type,

• k, if all components of U have order less than
k and at least one of its components has order
k − 1.

It is a simple exercise to extend the definitions
of relationship and relationship set, correspondingly
(Thalheim 2000).

An Entity-Relationship schema (ER schema) is a
finite set S of object types such that for each object
type U in S and each of its components C or p : C in
comp(U) we have that the object type C belongs to
S as well. An instance I of an ER schema S assigns
each object type U in S an object set I(U) such that

• for each relationship type or cluster type U in
S, for each of its components C or p : C, and
for each object o ∈ I(U) we have that o(C) or
o(p : C) belongs to I(C), and

• for each collection type U in S, and for its single
component C or p : C, for each collection O ∈
I(U) we have that every o ∈ O belongs to I(C).

An Entity-Relationship diagram (ER diagram) of an
ER schema S is a directed graph with the elements of
S as nodes , and with edges from a node U to a node
C for all components C ∈ comp(U), and edges from
node U to node C labelled with p for all components
p : C ∈ comp(U).

2.7 Nested attributes

So far, we have only used flat attributes to de-
scribe the properties of entity or relationship types.
However, such properties might also be rather com-
plex. For this purpose, nested attributes have
been introduced that arise from flat attributes by
applications of some type constructors (Thalheim
2000). Examples of such nested attributes are Ad-
dress(City,Zip,Street(Name,No)) resembling the for-
mat of an address on letters using the record
constructor, or Readings[[Article(Title,Citation) ⊕
Book(Title,ISBN,Chapter)]] modeling a list of read-
ings consisting of articles or book chapters. We will
not repeat the formal definition of nested attributes
(Thalheim 2000) and their associated domains since
their use and value should be intuitive from this sim-
ple examples. We assume from now on that attributes
of entity and relationship types may also be nested.

DRIVEERSONP
DESTINATION

VEHICLE

Figure 6: Illustration of Heuristic 1

3 Heuristics for English Sentence Structures

We will now revise the basic guidelines for converting
English language structures into ER schemata and
diagrams (Chen 1983).

Heuristic 1 (Common Nouns and Transitive
Verbs). Transitive verbs relate common nouns to
one another. In this case the transitive verb cor-
responds to a relationship type and the common
nouns correspond to components of this relationship
type.

Comparison to Chen’s proposal. Heuristic 1
summarises Rule 1 and 2 (Chen 1983). The heuristic
provides more flexibility than the original heuristics in
which common nouns correspond to entity types. De-
scriptions in natural language usually consist of more
than one sentence, and the meaning of the sentences
are coupled rather than independent. Common nouns
may therefore refer to abstract concepts which do not
necessarily refer to entity types but to relationship
types of higher order. The feature of allowing higher
order relationship types soundly reflects the complex
nesting of natural language text. It is also very nat-
ural in supporting the relationships between different
sentences. Note that the order of the relationship type
in Heuristic 1 is not constrained, and the number of
its components can be any arbitrary positive integer
to allow maximum flexibility.

Example 3.1. Consider the English statement A
person drives a vehicle to a destination. Here, the
transitive verb drive relates the three nouns person,
vehicle and destination to one another. According
to Heuristic 1 we obtain a ternary relationship type
Drive together with three components Person, Ve-
hicle and Destination. The statement by itself
suggests that Person, Vehicle and Destination
correspond to entity types. However, the context of
the statement may suggest otherwise. For instance,
Person may already be some subtype. In that case,
Person corresponds to a relationship type of higher
order.

The next two heuristics are new and do not have
an analogue in Chen’s proposal.

Heuristic 2 (Specialisation). The phrase “is (a)”
can relate two common nouns X and Y to one an-
other, say “X is a Y”. In this case X corresponds to
a subtype with a supertype that corresponds to Y.

Example 3.2. Let us consider the sentence A cus-
tomer is a person who buys products at a store. This
statement can be divided into the two statements A
customer is a person and A customer buys products
at a store. The first of these sentences suggests to
have a unary relationship type Customer with com-
ponent Person. Applying Heuristic 1 to the sec-
ond sentence suggests to have a relationship type Buy
with components Customer, Product and Store.
As before, the context of the sentence will decide the
order of these object types. Figure 7 shows the sim-
plest case in which Person, Product and Store
represent entity types, Customer a unary relation-
ship type of order 1 and Buy a ternary relationship
type of order 2.



The last example illustrates the candidacy of
prepositions as role names of components.

Heuristic 3 (Prepositions). Prepositions within
prepositional verbs refer to an object of the sen-
tence. In this case the preposition corresponds to the
role name of the component corresponding to the ob-
ject.

CUSTOMER

ERSONP

UYB PRODUCT

TORES

at

Figure 7: Illustration of Heuristics 1, 2 and 3

Note that the ER diagram in Figure 7 also illus-
trates Heuristic 1. In particular, the component Cus-
tomer of Buy is a relationship type itself.

So far, there are no attributes in the ER diagrams
of our examples. This is natural since we have looked
at statements without considering their context. Usu-
ally, the context contains further information that is
important to characterise object types, and such in-
formation can occur in form of adjectives and adverbs.

Heuristic 4 (Adjectives and Adverbs). An ad-
jectives corresponds to an attribute of a component,
and an adverb corresponds to an attribute of a rela-
tionship type.

Comparison to Chen’s proposal. Heuristic 4 gen-
eralises Rule 3 and 4 of Chen’s original proposal.
Again, it provides more flexibility since the order of
the relationship type and components are not con-
strained.

Example 3.3. Let us consider the statement

A 25-year old customer buys a 200 dollar watch
paying with her credit card.

together with the sentence of the previous example.
The adjective phrase 25-year-old is modifying the
noun customer suggesting that age becomes an at-
tribute of Customer. Similarly, the phrase 200 dol-
lar watch indicates to use price and name as an at-
tribute of product. Finally, the adverbial phrase
paying with her credit card modifies the verb buy,
i.e., we may use the attribute method of payment as
attribute of the relationship type Buy.

ERSONP

CUSTOMER

Age

UYB

TORES

PRODUCT

Method of Payment

at

Name

Price

Figure 8: Illustration of Heuristic 4

Since we are mainly interested in the semantics of
sentences we may use equivalent forms of sentences in
order to apply our guidelines.

Heuristic 5 (Sentence Conversion). If a sentence
has the form: “There are . . .X in Y”, we can convert
it into the equivalent form “Y has . . .X”. Heuristic 1
can be applied to the latter sentence in case X is con-
sidered to be an abstract concept or X may correspond
to a (nested) attribute of the object type that corre-
sponds to Y. Alternatively, X can also correspond to
a collection type that is component of the object type
corresponding to Y.

Comparison to Chen’s proposal. Heuristic 5 cor-
responds to Chen’s Rule 5. The heuristic adds the
possibility of using nested attributes or also collec-
tion types as components. The preference for these
alternatives will be dependent on the context of the
sentence and the modeling objectives.

Example 3.4. Consider the statement There are
over 500 players participating in this event. An equiv-
alent statement may say that The event has over 500
players. According to Heuristic 1 this may result in
a relationship type Has with components Event and
Player. In such a database schema collection types
are completely avoided. Alternatively, we may have a
relationship type Event with a set-valued type Play-
ers={Player} as its component. This provides the
database user with three different object types about
which information is stored in the database. Finally,
we may have an object type Event with a nested at-
tribute Participating{Player}. In this case there is
only one object type. While this scenario represents
a very compact ER diagram there will not be any
separate tables in which information about players is
stored. The three alternatives are illustrated in Figure
9. The database designer will base the choice on the
context in which the English statement appears.

HAS PLAYERVENTE

PLAYERs

PLAYEREVENT { }

VENTE

Participating{Player}

Figure 9: Illustration of three Alternatives for Heuris-
tic 5

Chen’s rules 6,7 and 8 deal with sentence restruc-
turing and algebraic operations, and mainly indicate
those concepts in English language that help to iden-
tify attributes of object types in an ER schema. Since
the additional ER features do not have a major im-
pact on these rules, and also due to lack of space, we
will not go into further details of these heuristics.

Recall that transitive verbs correspond to relation-
ship types. A gerund is a noun that has been con-
verted from a verb. It can therefore represent an ob-
ject on which further relationships may be defined on
within another clause.

Heuristic 9 (Gerunds). A gerund corresponds to a
relationship type which is the component of a further
relationship type.



Comparison to Chen’s proposal. Heuristic 9
generalises Rule 9 of Chen’s proposal. There are
no longer restrictions on the order of the object
types. Moreover, the somehow unnatural concept of
relationship-converted entity type that is used in Rule
9 becomes unnecessary in the framework of higher-
order object types. Heuristic 9 is therefore also more
natural than the original Rule 9.

Example 3.5. Consider the sentence Agassi plays
Sampras, and playing is supervised by Lars Graf.
Here, Agassi and Sampras represent object of the ob-
ject type Player, and Lars Graf represents an object
of the object type Referee. The transitive verb play
corresponds to a binary relationship type Match with
two components first:Player and second:Player.
Moreover, Supervise is a relationship type with com-
ponents Match and by:Referee.

PLAYER

SUPERVISE

REFEREE

MATCH

first second

Name Name

by

Figure 10: Illustration of Heuristic 9

Clauses are major building blocks of English sen-
tences. They are used to build another clause or
are decomposed further into subclauses. The appli-
cation of the next correspondence will usually result
in higher order relationship types.

Heuristic 10 (Clauses). A clause refers to a rela-
tionship type with its components.

Comparison to Chen’s proposal. This is similar
to the previous comparison. Heuristic 10 appears to
be more natural than Rule 10, simply because of the
concept of higher-order object types.

Example 3.6. We analyse the statement Managers
decide which machine is assigned to which em-
ployee. The main clause which machine is assigned to
which employee results in a binary relationship type
Assignment with components Machine and Em-
ployee. The decision on the assignment results in a
further binary relationship type Decide with compo-
nents Manager and Assignment applying Heuris-
tic 1.

ASSIGNMENT

MACHINEEMPLOYEE

MANAGER

DECIDE

Figure 11: Illustration of Heuristic 10

Complex sentences contain at least one main and
one dependent clause. The clauses themselves may
be divided into further subclauses.

Heuristic 11 (Sentences). A complex sentence cor-
responds to a relationship type which has at least an-
other relationship type as its component.

Comparison to Chen’s proposal. As seen before,
the framework of higher-order object types makes
Heuristic 11 appear more natural than Rule 11 of the
original proposal.

Example 3.7. Consider the English statement A
tour is organised by a travel agency into day trips
on which tourists visit various sights and are led by
a tour guide. The statement is divided into a main
and a relative clause. First, we obtain a ternary rela-
tionship type DayTrip with components Tourist,
sight and Guide. Moreover, we derive another
ternary relationship type Organise with components
Tour, Agency and DayTrip.

TOUR

AGENCY

DAYTRIP GUIDEORGANISE

TOURIST

SIGHT

Figure 12: Illustration of Heuristic 11

The remaining two heuristics do not have counter-
parts in Chen’s original proposal since they refer to
new ER features not present in the basic ER model.

Heuristic 12 (Alternatives). In a sentence of the
form “. . . Z is (either) X or Y . . . ” Z corresponds to
a cluster type whose components are the object types
that refer to X and Y.

Example 3.8. The sentence Academics are ei-
ther lecturer or tutors, and employees are either
academics or general staff results in the cluster
types Academic=Lecturer ⊕ Tutor and Em-
ployee=General-Staff ⊕ Academic.

UTORT

MPLOYEEE

ACADEMICGENERAL
TAFFS

ECTURERL

Figure 13: Illustration of Heuristic 12

Heuristic 13 (Collections). In a sentence of the
form “. . .X is a collection of Y . . . ” X corresponds
to a collection type whose single component is the ob-
ject type that Y refers to. It depends on the semantics
of the sentence if list, bag, set or ranking type is used.
Furthermore, the usage of plural in an English sen-
tence may indicate the presence of a collection type
or a nested attribute.



Example 3.9. We analyse the sentence A customer
purchases a bag of products. Heuristic 1 tells us to
define a relationship type Purchase with a compo-
nent Customer and a further component. This fur-
ther component should represent a bag of products,
i.e., we obtain a bag type Products〈Product〉.
Moreover, the sentence A lecturer has several phone
numbers. may indicate to use a relationship type
Lecturer with the collection type PhoneNum-
bers{Phone} as its component. Based on this choice
the database users can access three different tables to
find information about lecturers, collections of phone
numbers, and individual phone numbers, respectively.
Alternatively, we may have an object type Lecturer
with the nested attribute Numbers{Phone}. In this
case a database user can access only one table to find
information about lecturers. The database designer
will base his choice on the context in which the En-
glish statement appears.

PHONENUMBERS

LECTURER { } PHONE

LECTURER

Numbers{Phone}

Figure 14: Illustration of Heuristic 13 and use of
nested attributes

4 A Step-by-Step Example

In this section, we will apply our heuristics not to sin-
gle English sentences but a (small) English text. We
believe that the additional features of ER modelling,
in particular the higher-order types, naturally repre-
sent the interactions between different sentences.

Suppose the following English language specifica-
tion is the output of the requirements analysis: The
database stores information about a university. Each
person should have a name, and an address that per-
son lives at. Students, general staff, lecturers and pro-
fessors are all persons. Every student has a student
ID and a majoring subject. For the general staff we
keep track of their position. Lecturers have a depart-
ment where they work and a certain teaching area.
Professors are also associated with a department, and
have several areas of research expertise. Graduate
students are students with a degree and study a spe-
cific topic. They are supervised by either lecturers or
professors within a semester. Courses have a course
number and a title, and are taught by a number of lec-
turers and professors within a certain semester. The
course co-ordinators teach courses on the basis of a
list of recommended textbooks each of which comes
with a title and an ISBN.

We will now apply our heuristics to convert this
specification into an ER diagram. The first sentence
gives an indication about the application domain but
does not identify any relevant object types that we
need to model.

The next two sentences identify Person as an ab-
stract concept. Having read the entire specification
one may decide to specify Person as an entity type.
The second sentence can be broken into the sentences:
Each person has a name and Each person has an ad-
dress that person lives at. Since name and address
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Department TeachingArea

PERSONName Address
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Figure 15: ER-diagram after analysing Sentences 1-7

are not abstract concepts, but properties of the en-
tity type Person we apply Heuristic 5 to identify
name and address as attributes of Person.

The next sentence is equivalent to the following
sentences: A student is a person; Each general staff
is a person; A lecturer is a person; and A profes-
sor is a person. Using Heuristic 2 for these sentences
we can identify several subtypes of Person, namely
the unary relationship types Student, Staff, Lec-
turer and Professor all having the single compo-
nent Person.

Applying Heuristic 5 to the sentence Every stu-
dent has a student ID and a majoring subject we
identify ID and Subject as attributes of the subtype
Student. In the same way we identify Position as
an attribute of the subtype Staff, Department and
TeachingArea as attributes of Lecturer, and De-
parment as an attribute of Professor. Moreover,
the sentence Professors have several areas of research
expertise points us to applying Heuristic 13 and iden-
tifying Expertise[Area] as a ranking-valued attribute
of Professor, too. Here, we choose a ranking of
areas since each area of research will be mentioned
precisely once and in the order of relevance for the
professor. This results in the ER diagram in Figure
15.

The sentence Graduate students are students with
a degree and study a specific topic can be broken into
the two sentences: A graduate student is a student
and A graduate student has a degree and studies a
specific topic. We can apply Heuristic 2 to the first
of these two sentences and identify Graduate as a
subtype of Student. Subsequently, we can apply
Heuristic 5 to identify Degree and Topic as attributes
of Graduate.

The sentence Graduates are supervised by either
lecturers or professors within a semester is divided
into the following two sentences: (i) A supervisor
is either a lecturer or a professor, and (ii) Gradu-
ate students are supervised by a supervisor within a
semester. Applying Heuristic 12 yields a cluster type
Supervisor with components Lecturer and Pro-
fessor. Applying Heuristics 1, 3 and 4 to the second
sentence yields a binary relationship type Supervise
with components Graduate and by :Supervisor,
and attribute Semester. The refined ER diagram is
illustrated in Figure 16.

We will now analyse the sentence Courses have a
course number and a title, and are taught by a number
of lecturers and professors within a certain semester.
This sentence may be broken into the following sen-
tences: (i) Courses have a course number and a ti-
tle, (ii) Courses are taught by a number of teachers
within a certain semester, and (iii) A teacher is ei-
ther a lecturer or a professor. The first of these sen-
tences identifies Course as an entity type, and ap-
plying Heuristic 5 CourseNo and Title as attributes
of Course. Applying Heuristic 12 to the third sen-
tence yields a cluster type Teacher with components
Lecturer and Professor. Notice the importance
of having two distinct cluster types Supervisor and
Teacher with the same components. A supervisor
does not necessarily teach any courses and neither
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Figure 16: ER-diagram after analysing Sentences 1-9

does a teacher necessarily supervise any graduates.
Finally, the second sentence points to a relationship
type Teach with components Course and a set type
Teachers with single component Teacher. These
object types are motivated by Heuristics 1 and 13.
Moreover, Heuristic 4 indicates to use Semester as an
attribute of Teach.

It remains to analyse the sentence The course co-
ordinators teach courses on the basis of a list of rec-
ommended textbooks each of which comes with a title
and an ISBN. We divide this sentence into the fol-
lowing parts: (i) A textbook has a title and an ISBN,
and (ii) Teachers teach courses on the basis of a list
of recommended textbooks. The first part identifies
Textbook as an entity type with attributes Title
and ISBN (Heuristic 5). The second part introduces a
ranking type Readings with component Textbook
based on Heuristic 13, and suggests to use Readings
as a component of Teach (Heuristics 1 and 13). The
final ER diagram is illustrated in Figure 17.

5 Conclusion and Future Work

We have reviewed the basic guidelines that link to-
gether English sentence constructs and ER modeling
elements (Chen 1983). We feel that this review is ben-
eficial since many new and useful ER features have
been added since the introduction of the basic ER
model (Chen 1976, Batini et al. 1992, Thalheim 2000).
Indeed, the usefulness of these additional modeling
features is confirmed by our analysis. The extended
ER model can offer not only a well-defined modeling
framework but also a highly practical modeling lan-
guage in which all of its features correspond to natural
language elements.

We would like to stress that the use of higher-order
object types not only guarantees sound semantics but
also reflects the naturally complex structure of En-
glish text. Sentences appear together in a context in
such a way that they represent the intended mean-
ing. Therefore, the sentences are coupled accord-
ingly and structured hierarchically. Such a hierarchy
can be represented naturally by higher-order object
types. Another advantage of higher-order types is
that additional information can be easily embedded
in an existing schema. This appears to be particu-
larly valuable in component-based development and
design (Thalheim 2005).

A challenging problem is that of integrity con-
straint aquisition using natural language processing
(Albrecht, Buchholz, Düsterhöft & Thalheim 1995).
Candidates for key constraints may be indicated by
“key” words such as distinct or unique, but there
are plenty of other classes of integrity constraints
(Thalheim 2000).
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