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Basi
 Con
epts in ER ModelingJanuary 14, 2004Database design pro
ess is typi
ally done in di�erent stages [2℄. First, during 
on
eptual designphase, the database designer represents the appli
ation requirements as a s
hema in a 
on
eptual model.Examples of 
on
eptual models in
lude ER [3℄, UML [8℄, and ORM [7℄. Then in the logi
al design phase,the 
on
eptual s
hema is represented as a s
hema in a logi
al model su
h as relational model [4℄, obje
t-relational model or XML. There is a third phase where the logi
al s
hema is translated to a physi
als
hema. In this work, we will examine the basi
 features in ER 
on
eptual model.1 ER Con
eptual ModelEntity Relationship (ER) model de�ned by Chen in the 1970s has been widely used as a 
on
eptualmodel ever sin
e [3℄. A s
hema is represented in the ER model using a diagrammati
 notation 
alled ERdiagram. In this se
tion, we examine the features of ER model.1.1 Basi
 Features of ERIn the ER model, we spe
ify stru
tures su
h as entity types, relationship types, and attributes. We denotean entity type by Ei, an entity instan
e (also 
alled entity, for short) of an entity type Ei as eij , and theset of entities of an entity type in a database instan
e as I(Ei). Figure 1 shows an entity type Student;I(Student) = fs1; s2; s3g. A relationship type is denoted as Ri, and it represents an asso
iation betweenentity types. We denote a relationship instan
e (also 
alled relationship) of relationship type Ri as rij ,and the set of relationships in a database instan
e as I(Ri). Consider a relationship type Ri betweenentity types E1, E2, : : :, En. I(Ri) de�nes a n-ary relation between the sets I(E1), I(E2), : : :, I(En). Arelationship r 2 I(Ri) that asso
iates entities e1 2 I(E1), e2 2 I(E2), : : :, en 2 I(En) is also representedas (e1; e2; : : : ; en). Figure 1 shows a binary relationship type AdvisedBy between entity types Studentand Professor. Figure 1 (
) shows I(AdvisedBy) = fr1; r2g. See that r1 = (s1; p1), and r2 = (s2; p1).An entity type or a relationship type may also de�ne attributes. Consider an attribute A of an entitytype E (or relationship type R). A maps values of I(E) (or I(R)) to \values" of A. In Figure 1, entitytype Student de�nes two attributes snumber and sname; snumber maps s1 ! 1, s2 ! 2, s3 ! 3;attribute sname maps s1! Dave, and s3! Greg; note that sname does not map s2 to any value. Alsorelationship type AdvisedBy de�nes an attribute proje
t.We fo
us on two kinds of 
onstraints that 
an be spe
i�ed in the ER model: key 
onstraints and
ardinality 
onstraints. Key 
onstraints are spe
i�ed for an entity type; we say the key for an entity typeEi is its attribute Aij , if for any database instan
e, Aij is a one-to-one fun
tion from I(Ei) to values ofAij . The key for an entity type may be 
omposite (that is, multiple attributes). The key for an entitytype Ek is the attributes (Ak1 ; Ak2 ; : : : ; Akm), if for any database instan
e, we have a one-to-one fun
tionfrom I(Ek) to the values in Ak1 � Ak2 � : : : � Akm . In Figure 1 (a), we de�ne the key for Student is(snumber), and the key for Professor is (pname; dept).Cardinality 
onstraints are spe
i�ed for ea
h entity type in a relationship type. We say that the
ardinality 
onstraints for an entity type E in a relationship type R is (min;max), if for any databaseinstan
e, any e 2 I(E) must appear in at least min instan
es of I(R), and no e 2 I(E) appears in1



(0,1) (0,*)

project

Student ProfessorAdvisedBy

pname

office

deptsnamesnum

advisee advisor(a) Example ER s
hema
I (AdvisedBy) I (Professor)I (Student)

p1s1

s2

s3 p2

r1=(s1,p1)

r2=(s2,p1)(
) Showing I(AdvisedBy)
I (Student)

sname

snumber

s1

s2

s3

1

2

3

Dave

Greg(b) Showing I(Student) and the attributesFigure 1: Example ER s
hema and a 
orresponding database instan
e fragment.more than max instan
es of I(R). We denote unbounded 
ardinality by �. Based on the 
ardinality
onstraints, binary relationship types 
an be 
alled 1 : 1, 1 : n, or m : n [2℄.ER also has the notion of roles. An entity type E in a relationship type R 
an be said to play a role,denoted l. For a database instan
e, we de�ne I(l) � I(E) as the set of entities that appear in R in therole l. In Figure 1, Student plays the role of advisee, and Professor the role of advisor in AdvisedBy;I(advisee) = fs1; s2g, and I(advisor) = fp1g.Figure 2 shows some typi
al ER relationship types. Note the re
ursive relationship type Containsin Figure 2 (d). A re
ursive relationship type R between entity types E1; E2; : : : ; En has Ei = Ej forsome 1 � i; j � n. Contains is a relationship type between Part playing the role of superPart and Partplaying the role of subPart.
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ursive relationship typeFigure 2: Example Relationship Types.A simple translation algorithm to translate an ER s
hema [6℄ to a relational s
hema works as follows:
reate a separate relation for every entity type E, and every relationship type R. The relation for E
ontains attributes de�ned for E in the ER s
hema; the key for E in the ER s
hema is the key for thisrelation. The relation for R, where R is a relationship type between entity types E1; E2; : : : ; En 
ontains2



Studentsnumber sname1 Dave2 null3 Greg Professorpname dept oÆ
eJohn CS 140 FLDave Math 230 FL AdvisedBysnumber pname dept proje
t1 John CS DB12 John CS DB2Table 1: Relational Instan
e 
orresponding to ER in Figure 1the key attribute(s) for every Ei, 1 � i � n, and any attributes de�ned for R. If there is an Ei whosemax 
ardinality in R is 1, the key for this relation is the same as the key for Ei; if there is no su
h Ei, thekey for this relation is all the key attributes of every Ei. Also \appropriate" foreign keys are de�ned, butwe omit their dis
ussion here. This algorithm applied to Figure 1 gives the relations shown in Table 1.Also, there are te
hniques for de
reasing the number of relations obtained [6℄.1.2 ER model as the basis for studying appli
ation requirementsThere are several good reasons for studying stru
tural and 
onstraint spe
i�
ations requirements for adatabase appli
ation based on the ER model. First, ER model has always been 
onsidered a representativeof real world database appli
ations. Be
ause of this, algorithms to translate an ER s
hema to s
hemasin di�erent logi
al models have been studied extensively. A simple algorithm to translate an ER s
hemato relational s
hema as given in [6℄ gives the relations shown in Table 1.The above relational instan
e also shows that ER model gives a 
lear interpretation of some basi

on
epts in database design su
h as nulls, 
ompared to other models su
h as relational model. Anotherimportant 
on
ept in database design is normalization. Normalization 
an also be explained using ERmodel [3℄ as: if we assume any fun
tional dependen
y A ! B implies that there is an entity type withA as the key and attribute(s) B, then a \
orre
t" ER s
hema and a \
orre
t" translation algorithm willgenerate a relational s
hema guaranteed to have no redundan
y (or a

ording to [1℄ the entropy of anyposition in any instan
e is non-zero). In short, the resulting relational s
hema is in BCNF.1.3 Extensions to the ER ModelER model was originally in
uen
ed by relational model, and la
ks features ne
essary for appli
ations.We therefore extend the ER model, and 
all the extended model the ERex model. The extensions are:(a) stru
tural spe
i�
ation 
alled 
ategories, (b) 
onstraint spe
i�
ations 
alled 
overage 
onstraints, and(
) order 
onstraints.1.3.1 CategoriesCategories is a kind of relationship type similar to ISA relationship types. Given entity types E;E1; E2,: : : En, we 
an spe
ify E1; E2; : : : En as 
ategories of E, if in any database instan
e, I(Ei) � I(E), forevery 1 � i � n. We represent this in an ERex s
hema with arrows from the Ei's to E. This is di�erentfrom ISA relationship type, as well as from the ECR model [5℄: (a) ISA requires that a key 
onstraint bespe
i�ed for E (b) ECR [5℄ requires I(E) � I(E1) [ I(E2) [ : : : [ I(En), and allows I(Ei) * I(E). Twoexamples of 
ategories are shown in Figure 3.1.3.2 Coverage ConstraintsCoverage 
onstraints are spe
i�ed on entity types or roles. There are two kinds of 
overage 
onstraints(a) total 
overage: Given entity types E;E1; E2; : : : ; En, where every Ei, 1 � i � n is a 
ategory of E, wespe
ify that E1 [E2 [ : : : En = E if for any database instan
e, I(E1)[ I(E2)[ : : : I(En) = I(E). We 
anspe
ify total 
overage on roles as: given entity type E, and roles l1; l2; : : : ; ln, where every li, 1 � i � n isa role played by E in some relationship type, we spe
ify l1 [ l2 [ : : : ln = E, if for any database instan
e,3
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lusive 
overage: Given entity types E;E1; E2, where E1; E2 are
ategories of E, we spe
ify E1 \E2 = �, if for any database instan
e, I(E1)\ I(E2) = �. Similarly givenentity type E, and roles l1; l2, where l1; l2 are roles played by E, we spe
ify l1\ l2 = �, if for any databaseinstan
e, I(l1) \ I(l2) = �. Examples of 
overage 
onstraints are shown in Figure 4.
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) show 
overage 
onstraints on roles; (b) shows 
overage 
onstraints on entity types; (d)shows order 
onstraints.1.3.3 Order ConstraintsOrder 
onstraints are spe
i�ed for entity types in a relationship type. Consider relationship type Rbetween entity types E1; E2; : : : En. We spe
ify that Ei, 1 � i � n is ordered in R, if in any databaseinstan
e the relationship instan
es in I(R) where any ei 2 I(Ei) appear is ordered. We represent this
onstraint in an ERex s
hema with a thi
k line between Ei and R. See �gure 4 (d).4
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