CSCC43 Introduction to Databases

The Entity-Relationship Model

- o
£ 22

1 -
i =
| e

e e

‘ B B
N O
\| e T - - Lammeale

2 n----llllll




Data Semantics

> Semantics is about mapping the contents of a
database into entities and relationships in the world.

gueries/updates

2

%

database application
(the “real world™)



The Bad News ...

—->In the Relational Model, relations can be used to
represent entities, relationships, or combinations

thereof.
R1

R2

R3

R4

The mapping between the contents of a
database and the world is many-to-many




The Entity Relationship Model/

—> The Entity-Relationship (ER) model is a conceptual
("semantic”) data model, capable of describing the
meaning of the data in a database in an easy-to-
understand graphical notation.

—~ The meaning is described in terms of a conceptual
(or, ER) schema.

—> ER schemas are comparable to class diagrams in
UML.



Entities and Entities Sets

- An entity set represents a class of objects (things,
people,...) that have properties in common and an
autonomous existence, e.g., City, Department,
Employee, Purchase and Sale.

> An entity is an instance/member of an entity set,
e.g., Stockholm, Helsinki, are examples of
instances of the entity city; Peterson and
Johanson are examples of instances of the
Employee entity set.

- When meaning is unambiguous, we drop "set".



Examples of Entity Sets

EMPLOYEE

DEPARTMENT

City

SALE




Relationship Sets

— A relatonship set represents an association between
2 or more entity sets.

-~ Residence is a relationship set between entity sets
city and Employee; Exam is a relationship set
between the entity sets student and Course.

—~ An instance of an n-ary relationship set is an n-
tuple made up of entities, one for each of entity
sets involved.

> The pair (Johanssen,Stockholm), or the pair
(Peterson,0slo), are relationship instances of
Residence.

> Note: The collection of instances of a relationship is
by definition a set, not a bag. i.e., no duplicates!/



Examples of Relationship Sets

STUDENT COURSE

@

EMPLOYEE CiTY




Example of Instances for Exam

Note: A student can’'t take more than one exam for a
particular course!



What Does A Schema Really Mean?

Course Vieets Room

(COUTSENNSIaNGES VIEEISANSIANCES ROODMANSIaNGES



Recursive Relationships

-~ Recursive relationships relate
an entity to itself.

- Note in the second example

that the relationship is not
symmetric. In this case, it is EMPLOYEE
necessary to indicate the two
roles that the entity plays in
the relationship. ||
Predecessor SOVEREIGN Successor




Ternary Relationships

Supplier

SUPPLIER PRODUCT

DEPARTMENT

Department




Attributes

-~ Describe elementary properties of entities or
relationships.

~>For example, Surname, Salary and Age are
attributes of Employee, while Date and Mark are
attributes of relationship Exam between Student
and Course.

—-> An attribute associates with each instance of an
entity (or relationship) one or more values belonging
to its domain.

—~ Attributes may be single-valued, or multi-valued.



Attribute Examples

Mark Date
Number () () Name

O @ O
STUDENT COURSE
o ™0

EnrolmentDate

Year
Name
SurnameO\ /Q
Salary O——{ EMPLOYEE CITy
Age o
) NumberOf

DateOfBirth Inhabitants



Composite Attributes

- It is sometimes convenient to group attributes of the
same entity or relationship that have closely connected
meaning or uses. Such groupings are called composite
attributes.

__—OSurname
PersoN [ OAsge

Street
\(Address HouseNumber
PostCode




Code

Schema with Attributes

Salary

Surname CK
O\

EMPLOYEE

Ager

Name

PARTICIPATION

Budget

Oi

PROJECT

o

ReleaseDate

MANAGEMENT

//OPhc:ne

MEMBERSHIP

DEPARTMENT

\OName

StartDate
COMPOSITION
) StartDate

BRANCH

City
Number

A
0

Address —_
e Street

PostCode



cardinalities

—~ These are specified for each entity participating in a
relationship and describe the maximum and minimum
number of relationship instances that an entity
instance can participate in.

EMPLOYEE ("5)(0’50) TASK




Cardinalities (cont'd)

- In principle, a cardinality is any pair of non-negative
integers (n,m) such that n<m. or a pair of the form
(n,N) where N means “"any number”.

- If minimum cardinality is O, entity participation in a
relationship is optional. If minimum cardinality is 1,
entity participation in a relationship is mandatory.

> If maximum cardinality is 1, each instance of the
entity is associated at most with a single instance of
the relationship: if maximum cardinality is N, then
each instance of the entity is associated with an
arbitrary number of instances of the relationship.



Cardinality Examples

ORDER

PERSON

TOURIST

(o,l)(u)
(u)(o,N)

INVOICE

City

RESERVATION

(I,N)/\(o,w)

VOYAGE




Cardinality Example

“A course
meets Threen
times a week

|Course

(3.3) Meets 0.40)
ﬁ room can
- ave up to
’}‘S\ZY acn"“ 40 meegings
unlimited | (O,N) per week
number of
meetings”

Doy




Instantiating ER schemas

> An ER schema specifies what states are possible
in the world being modelled

Course (2:2) Meets (0.40) Room




Illegal Instantiations

! (2,2) Meety (0,40) !/




Cardinalities of Attributes

- Describe min/max number of values an attribute

can have.

- When the cardinality of an attribute is (1,1), it
can be omitted (single-valued attributes)

—~ The value of an attribute, may also be null, or
have several values (mu/ti-valued attributes)

PERSON

%CarRegistration
——(O Surname

o, LicenceNumber



Cardinalities (contd)

- Multi-valued attributes often represent situations
that can be modelled with additional entities.

-~ For example, the ER schema of the previous slide
can be revised into ( .. AND looks better as):

Surname ()— (O,N)
. Person ’ Owns
License# ()—

(1,1)

Car —( ) Registration#




Keys

—~ Keys consist of minimal sets of attributes which
identify uniquely instances of an entity set.

—~ For example, socialInsurance# may be a key for
Person. Alternatively, firstName, middleName,
lastName, address may be a key.

> In most cases, a key is formed by one or more
attributes of the entity itself (/nfernal keys).

- Sometimes, other entities are involved in the
identification (external keys, weak entities).

> A key for a relationship consists of keys of
entities it relates.



Examples of Keys

Internal, single-attribute

AUTOMOBILE

/. Registration

—(O Model

\OColour

external, multi-attribute

Registration

Year ()

STUDENT

Surname O/

w
~

Weak entity

Internal,

DateOf Birth
Surname
PERSON
FirstName
\O Address
multi-attribute

UNIVERSITY

@ Name
—{( ) City

\O Address




General Observations on Keys

> A key may consist of one or more attributes,
provided that each of them has (1,1) cardinality.

— A external key can involve one or more entities,
provided that each of them is member of a
relationship to which the entity to be identified
participates with cardinality equal to (1,1).

- A external key may involve an entity that has
itself a external key, as long as cycles are not
generated.

— Each entity must have at least one (internal or
external ) key. If there is more than one key, one
of them is labelled as primary.



Code

Surname

Schema with Keys

1)

(L1)

MANAGEMENT

Salaryo\.\
Qi

EMPLOYEE

Age O/

(O.N)

Name (I,N)
Budget.\
O— PROJECT
i,

ReleaseDate

(N0 Phone

DEPARTMENT

(L.1)

COMPOSITIO

(LLN)

_Name

BRANCH

) Number
) Street
JPostCode



Modelling an Application with Keys

Keys constitute a powerful mechanism for modelling an
application. Assume we want a database storing
information about course lectures for a semester,

e.g., 2008F.

—~> Suppose first that we use the key coursename,
day,hour for the Lecture entity. What does this
say about the application?

- Suppose now we use only coursename as identifier
for Lecture. What does this say about the
application??



Consider. . .

—() name

—() title
Course O dept

year
sem
B Suppose all attributes are single-valued, and we want information
on course offerings over the years. What does each of the following
identifiers say about the application?
v name;
v' name, sem, year;
v’ sem, year;

v name, dept;
v' dept, year.




Entity (Class) Hierarchies

- Entity hierarchies organize a group of entity sets
according to their generality/specificity, e.g.,
Person is more general than Man, (Also called
generalization hierarchies)

TH}(C{}dE.\ TaxCode .\
Surname(—— PERSON Address PROFESSIONAL
A O A
Age O/ |
/SA\ /SA\
MAN WoMAN LAWYER ENGINEER DocToRr

MaternityStatusb Specializatior})



Overlap Constraints

> Sometimes we want to specify that the children of
an entity do/don't overlap.

—~> For example in the previous slide, Man/Woman don't
overlap, neither do Lawyer/Engineer/Doctor.

- To indicate possible overlap, we use separate isA
links. E.qg.,

Tach::de
Address Oﬁ PROFESSIONAL

A b

LAWYER ENGINEER DocCcTOR

Specializatiﬂrb



Covering Constraints

> Now we want to be able to say that instances of
the children of an entity include all instances of
their parent (I.e., cover it). We use a dark triangle
notation for this.

TaxCode .\

Surname{_——

PERSON

AgeCr a

MAN

WoMAN

Mate rnityStatu&]

TaxCode .\
Address (—— PROFES;?IONAL
/isA\
LAWYER ENGINEER DocTor

Specialization\Q



Properties of Generalization

-~ Every instance of a child is also an instance of the
parent.

—~ Every property of the parent entity (attribute, key,
relationship) is also a property of a child entity.
This property of generalizations is known as
inheritance.



TaxCade.\
Surname( ——

An Entity Hierarchy

Person

WOMAN MAN EMPLOYEE STUDENT
VAN
C§%4aterrﬁty //1;;§§g
Status

MANAGER PROGRAMMER ANALYST

/\

C{ /ISA\
Language

PROJECT

MANAGER




Aggregation

—~Used when we have to model a relationship
involving (entity sets and) a relationship set.

—Aggregation allows us to treat a relationship set
as an entity set  for purposes of participation in
other relationships.



An Example

Employees

Projects| Departments

Instances of Monitors have
the form (el,(pl,d1))

dname




Conceptual Design with the ER Model/

—~ Design choices: Should a concept be modeled as an
entity, an attribute, or a relationship?

- Constraints on the ER Model: A lot of data
semantics can (and should) be captured; but some
constraints cannot be captured by ER diagrams.



Some Rules of Thumb

- If a concept has significant properties and/or describes
classes of objects with an autonomous existence, it is
appropriate to represent it as an entity.

- If a concept has a simple structure, and no relevant
properties associated with it, it can be represented
with attributes of other concepts to which it refers.

—> If a concept provides a logical link between 2+ entities,
it is convenient to represent it with a relationship.

- If 1+ concepts are particular cases of another concept,
it is convenient to represent them in terms of a
generalization relationship.



Entity vs. Attribute

-
Q\ @ | oo

/
Employee @ Department
WorksIn does not allow an

employee to work in a
department for two or more

periods.

"

Q == @

®_ Duration 0




Entity vs. Relationship

-.@
@\ @y | Qo

WorksIn can also be T~ e
turned into an entity Employee @ Department

to avoid the problem

mentioned earlier ‘

@ @

\ N\
Employee WorkPeriod>—{ WorksIn3 WorkDept>—— Department




Database Design -- Early Phases

> To design a database, we need to identify
requirements, generate a conceptual design, using an
ER schema, and from it generate a logical design
using a relational schema.

- In the following we discuss how can one go from an
informal description of requirements to a conceptual
design.



From Text to an ER Schema

We wish to create a database for a company that runs training courses. For
this, we must store data about trainees and instructors. For each course
participant (about 5,000 in all), identified by a code, we want to store her
social security number, surname, age, sex, place of birth, employer's name,
address and telephone number, previous employers (and periods employed), the
courses attended (there are about 200 courses) and the final assessment for
each course. We need also to represent the seminars that each participant is
ﬂf’lrjnding at present and, for each day, the places and times the classes are
eld.

Each course has a code and a title and any course can be given any number of
times. Each time a particular course is given, we will call it an ‘edition’ of the
course. For each edition, we represent the start date, the end date, and the
number of participants. If a trainee is self-employed, we need to know her
area of expertise, and, if appropriate, her title. For somebody who works for a
company, we store the level and position held. For each instructor (about 300),
we will show the surname, age, place of birth, the edition of the course taught,
those taught in the past and the courses that the tutor is qualified to teach.
All the instructors’ telephone numbers are also stored. An instructor can be
permanently employed by the training company or freelance.



Example, Annotated

We wish to create a database for a company that runs training courses. For
this, we must store data about the #rainees and the /nstructors. For each
course participant (about 5,000), identified by a code, we want to store her
social security number, surname, age, sex, place of birth, employer's name,
address and telephone number, previous employers (and periods employed), the
courses attended (there are about 200 courses) and the final assessment for
each course. We need also to represent the seminars that each participant is

attending at present and, for each day, the places and times the classes are
held.

Each course has a code and a title and any course can be given any number of
times. Each time a particular course is given, we will call it an ‘edition’ of the
course. For each edition, we represent the start date, the end date, and the
number of participants. If a trainee is self-employed, we need to know her
area of expertise, and, if appropriate, her title. For somebody who works for a
company, we store the level and position held. For each /nstructor (about 300),
we will show the surname, age, place of birth, the edition of the course taught,
those taught in the past and the courses that the fufor is qualified to teach.
All the instructors’ telephone numbers are also stored. An instructor can be
permanently employed by the training company or freelance.



Example, Annotated

We wish to create a database for a company that runs training courses. For
this, we must store data : pe 1rainees~and the /nstructors. For each

< tified by _a code, we want to store her
ocial security number, surname, age, sex, place of birth, employer's name,
address and telephone number, previous employers (and periods employed), the
courses attended (there are about 200 courses) and the final assessment for

each course. We need also to represent 1' at each participant is
attending at present and P re—pla ard times the classes are

held.
Eac a code and a title and any course can be given any number of
time e/a particular course is given, we will call it an ‘edition’ of the

course. gach edition, we represent the start date, the end date, and the
number of participants. If a trainee is self-employed, we need to know her
area of expertise, and, if appropriate, her title. Fo 2 warks for a
company, we store the level and position held. For e ,

we will show the surname, age, place of birth, the ed z—course taught,
those taught in the past and the courses that the ified to teach.

permanently employed by the training company or freelance.



Glossary

Term Description Synonym | Links

Trainee Participant in a course. Can [Participant |[Course,
be an employee or self- Company
employed.

Instructor | Course tutor. Can be Tutor Course
freelance.

Course Course offered. Can have Seminar Instructor,
various editions. Trainee

Company [Company by which a trainee Trainee

Is employed or has been
employed.




Structuring of Requirements (I)

Phrases of a general nature
We wish to create a databas e for a company that runs training
courses. We wish to maintain data for the trainees and the
instructors.

Phrases relating to trainees
For each trainee (about 5000), identified by a code, the database
will hold the social security number, surname, age, sex, to wn of
birth, current employer, previous employers (along with the start
date and the end date of the pe riod employed), the editions of the
courses the trainee is attending at present and those he o r she has
attended in the past, with the final marks out of ten.

Phrases relating to the employers of trainees
For each employer of a trainee the database will store name,
address and telephone number.




Structuring of Reguirements (II)

Phrases relating to courses

For each course (about 200), we will hold the name and code. Each
time a particular course is given, we will call it an @ditionCof the
course. For each edition, we will hold the start date, the end date,
and the number of participants. For the editions currently in
progress, we will hold the dates, the classrooms and the times in
which the classes are held.

Phrases relating to specific types of trainee
For a trainee who is a self-employed professional, we will hold the
area of expertise and, if appropriate, the professional title. For a
trainee who is an employee, we will hold the level and position held.

Phrases relating to instructors
For each instructor (about 300), we will hold surname, age, town of
birth, all telephone numbers, the edition of courses taught, those
taught in the past and the courses the instructor is qualified to
teach. The instructors can be permanently employed by the training
company or can be freelance.




Design Decisions

—~ Consider address of a trainee. Is it an entity, an
attribute or relationship?

—~ Consider address for a telephone company
database, which has to keep track of how many and
what type of phones are available in any one
household, who lives there (there may be several
phone bills going to the same address) etc.

- How do we represent employment of a trainee by a
particular employer?

- How do we represent a course edition?
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Documentation of an E-R Schema -
- The Data Dictionary

> An ER schema is rarely sufficient by itself to
represent all aspects of an application in detail.

- It is therefore important to complement every ER
schema with support documentation, that
facilitates the interpretation of the schema and
describes properties of the data that cannot be
expressed directly by the constructs of the model.

> A  widely-used documentation concept for
conceptual schemas is the business rule.



Business Rules

- Business rules are used to describe the properties of an
application, e.g., the fact that an employee cannot earn
more than his or her manager.

- A business rule can be:

v the description of a concept relevant to the application
(also known as a business object),

v'an integrity constraint on the data of the application,

vor, a derivation rule whereby information can be
derived from other information within a schema.



The Data Dictionary

- Descriptive business rules can be organized as a
data dictionary. This is made up of three tables:
the first describes the entities of the schema, the
second describes the relationships.

- Business rules are included in the third table;
v constraints can be expressed as follows:
<concept> must/must not <expression on concepts>
v derivations can be expressed as follows:
<concept> is obtained by <operations on concepts>



Example of a Data Dictionary

Entity Description Attributes Identifier
EMPLOYEE Employee working in the Code, Surname, Code
company. Salary, Age
PROJECT Company project on which | Name, Budget, Name
employees are working. ReleaseDate
Relationship Description Entities involved Attributes
MANAGEMENT | Associate a manager with | Employee (0,1),
a department. Department (1,1)
MEMBERSHIP | Associate an employee Employee (0,1)
with a department. Department (1,N) StartDate




Examples of Business Rules

Constraints

(BR1) The manager of a department must belong to that department.

(BR2) An employee must not have a salary greater than that of the manager

of the department to which he or she belongs.

(BR3) A department of the Rome branch must be managed by an employee

with more than 10 years’ employment with the company.

(BR4) An employee who does not belong to a particular department must not
participate in any project.

Derivations

(BR5) The budget for a project is obtained by multiplying the sum of the
salaries of the employees who are working on it by 3.




Designing a Database Schema

(1.1)
- ﬂ

- \\‘
Hierarchical

Relational

Network

I -

Supplier



(Relational) Database Design

- Given a conceptual schema (ER, but could also be UML),
generate a logical (relational) schema.

- This is not just a simple translation from one model to
another for two main reasons:
v'not all the constructs of the ER model can be
translated naturally into the relational model:;
v'the schema must be restructured in such a way as to
make the execution of the projected operations as
efficient as possible.



Removing Generalizations

-~ The relational model does not allow direct representation
of generalizations that may be present in an ER diagram.

—~ For example, here is an ER schema with generalizations:
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General Rules For Removing Generalization

- Option 1 is convenient when the operations involve the
occurrences and the attributes of E,, E; and E, more or
less in the same way.

—> Option 2 is possible only if the generalization satisfies the
coverage constraint (i.e., every instance of E, is either an
instance of E; or E,) and is useful when there are
operations that apply only to occurrences of E; or E..

- Option 3 is useful when the generalization is not coverage-
compliant and the operations refer to either occurrences
and attributes of E; (E,) or of E,, and therefore make
distinctions between child and parent entities.

— Available options can be combined (see option 4)



Elimination of Multi-Valued Attributes

/.Name

") Address
(O Town

(I,N)

Number
Name
®. (1,1) (1,N) -
TELEPHONE AGENCY —(_) Addresss
\OTc::wn

AGENCY

Telephone




Selecting a Primary Key

—~ Every relation must have a unique primary key.

- The criteria for this decision are as follows:
v Attributes with null values cannot form primary keys:
v One/few attributes is preferable to many attributes;

v Internal keys preferable to external ones (weak
entities depend for their existence on other entities);

v'A key that is used by many operations to access
instances of an entity is preferable to others.

—~> At this stage, if none of the candidate keys satisfies
the above requirements, it may be best to introduce a
new attribute (e.g., social insurance #, student #,..)



Translation into a Logical Schema

—> Starting from an E-R schema, an equivalent
relational schema is constructed. By “equivalent”, we
mean a schema capable of representing the same
information.

~>We will deal with the translation problem

systematically, beginning with the fundamental case,
that of entities linked by many-to-many
relationships.



Many-to-Many Relationships

Surname K,C)Name
O~ (O.N) (O.N)
Salary(3— EMPLOYEE PARTICIPATION PROJECT [ Budget
Number.’// @ Code

StartDate

Employee(Number, Surname, Salary)
Project(Code, Name, Budget)
Participation(Number, Code, StartDate)




Many-to-Many Recursive Relationships

Quantitﬁ/\
(ON) COMPOSITION (O.N)

\/

Part PRODUCT Subpart

o | ot

Name

Product(Code, Name, Cost)
Composition(Part, SubPart, Quantity)




Ternary Relationships

Quantity
]

@ Code

SupplierlD.\
SupplierNameO“/

SUPPLIER PrODUCT

\OType

DEPARTMENT

Name ./ E Telephone

Supplier(SupplierID, SupplierName)
Product(Code, Type)
Department(Name, Telephone)
Supply(Supplier, Product, Department, Quantity)




One-to-Many Relationships

DateOfBirth - Name
Surname( i PLAYER TEAM  —O Town
PositiDnO/ " TeamColours

Salary(_)

Player(Surname, DateOfBirth, Position)
Team(Name, Town, TeamColours)
Contract(PlayerSurname, PlayerDateOfBirth, Team, Salary)

Or

Player(Surname, DateOfBirth, Position, TeamName, Salary)
Team(Name, Town, TeamColours)




Weak Entities

@ Name

UNIVERSITY

—_) Town

RegistrationNumber{")
(1.1) (IN)
EnrolmentYear(—— STUDENT
SurnamEO//

\OAdd ress

Student(RegistrationNumber, University, Surname,

EnrolmentYear)

University(Name, Town, Address)



One-to-One Relationships

Salary(j\ @ Name
1 [, |
Name(3—  HEAD (1) (L) DEPARTMENT —O Telephone
Number@™ " Branch

StartDate{ )

Head(Number, Name, Salary, Department, StartDate)
Department(Name, Telephone, Branch)
Or
Head(Number, Name, Salary, StartDate)
Department(Name, Telephone, HeadNumber, Branch)




Optional One-to-One Relationships

Salar}fQ\

Name{ ——

Number.//

0, N
EMPLOYEE ( )

StartDate(

@ Name

DEPARTMENT

—( Telephone

\O Branch

Employee(Number, Name, Salary)
Department(Name, Telephone, Branch, Head,
StartDate)

Or, if both entities are optional
Employee(Number, Name, Salary)

Department(Name, Telephone, Branch)

Management(Head, Department, StartDate)



A Sample ER Schem
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Entities with Internal Identifiers

igﬁaél
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1-1 and Optional 1-1 Relationships

Al2
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(1LN)

Ré6

(1.1)

E2

NAP&
R3
ASI?A%Z (I.1) (0,1)
cAL A6
(@.1) (O.N) ig
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E3

. AR3, A61R4 A62R4 '\[
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~AR22
@ E4 [N relationships can
—OA42
o lead to_messy

(ON) transformations




Weak Entities

Al2 A51 A52 (1.1) (0,1)
7 OAL @ I 0,1) @ (O.N) ﬁigé
— (1,1) (O,N) ES E6 MVE
) 0.1) (IN)
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Many-to-Many Relationships
/R§£AR3

Al2 A51 A52 (1L1) (0,1
oAl ? ? o.1) ON) igAél
iR e <R B o
(L) (0.1) RS (I,N)
RG WARS
A2l | (1) R2(A21, A11, A1, A31, A41, AR2?21,
et AR22)
E2 1 AR2I

~0AR22 | @ A4l
@ (O,N) E4 —OA42

A320— E3 (0,N)




Result of the Translation

E1(A11, A51, A12)
E2(A21, Al1l, AB1, A22)
E3(A31, A32)
E4(A41,A42)

E5(AB1, AB2, A61R3, A62R3, AR3, A61R4, A62R4,
A61R5, A62R5, ARD)

E6(A61, A62, A63)
R2(A21, A11, A51, A31, A41, AR21, AR22)




Summary of Transformation Rules

e Initial schema Possible translation
p
E, % Ag
A
Binary XNy Ei(Agi Ae2)
many-to-many Ag E2(Agy »AE22)
relationship (X,N)
E. [®An R(Ag 1 AgzpAR)
L O Am
E, :.Gii:é Ei(Ag »AE2)
'E-:rnar‘y (XN 2N EE(AEEI'A EZE)
many-to-many E; Ar =
relationship ‘ &) {K-NJ_. A E3(Ag3 AEn)
E21
As Aem | E2 | 5 Agn | ROAAE 1 Agp AggpAR)
E, —@ Ag
One-to-many X —OAgy
relationship with ¢ A E\(Ag - AeinAR AR
R L
mandatory N Eo(Agy »AE22)
participation £ @ Ap —
2 FOAm,




...More Rules. ..

Type

Initial schema

Possible translation

One-to-many
relationship with
optional
participation

E, [®Ae
—J Agpz
o.1)
AR
<Ny
E, @A
—O A

Ei(Ag 1 AED)
Ex(Agy Aen)
R(Ag 1 Agy AR
Alternatively:
El[ﬁ‘ﬂﬁah AL AR)
Ex(Agy A )

Relationship with
external identifiers

E|{AL|1- FE'A E11-AR)
EE(EJB\EH}




..Even More Rules. ..

Type Initial schema Possible translation
One-to-one £, @A EI[M’AE'E'{JK_E?'_ Ar)
e L_FOAg, E+(Apy »AE)
relationship with (10 2V ED2
Ij:::r.]:a:: 0 T AR Alternatively:
participat ' E A A
for both entities E, 3 Agzi ﬂ@’ E22, "_ﬂ“_El_l_’ R)
Aen Ei(Ag; AE)
A
One-to-one = 3 AE”
. N El2
relationship with (1,1) EI(AEWAEI: AEzl Ap)
optional AR — e
participation {D-l}_. A EE(AEM AE22)
for one entity E E2I
2 O Ay,




..and the Last One. ..

Type Initial schema Possible translation
Ei(Ag»Ae21)
E2(Agy A2 AEI I AE}
Alternatively:
A
One-to-one E, :-OAE“ E(Ar Apo AE . A¥)
relationship with 0.1) Fiz IVREIPTREIZ ME2p TR
DptiDnaI AR EE( AEZ | ,A EH}
participation (0.1) T
for both entities £, @A Alternatively:
2 0 Am

Ei(Ag, /AER)

E2(Agy |/ AEn)
R(Ag) > Agy AR
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