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Chapterl: Introduction

Chapters2-3: ER

Chapter 4: EER

Chapter 5: Logical Database design and mapping steps.

Chapter 6: Normalisation.

Chapter 7: SQL.

Translate the conceptual design into a logical database design (relational data model) that can be implemented
on a chosen DBMS.

Input: ER or EER (conceptual model)

Output: relational schema, normalized relations.

Result: database must meet user need for: data sharing, ease of access and flexibility.

1. Objectives

e Define terms for the relational data model



e Transform EE-R diagrams to relations

* Create tables with entity and relational integrity constraints

2.Steps in Database Problem Solving:

Steps in Database Problem Solving

Study and Analyze _—
wiTeam 5.‘___Bu5iness th]em___,;

Interviews & _ _ _ _ _ _ _. ,,l
Integrated Model

Conceptual Model

(EE-R)
Transformation - .- -._. »

(Six Cases)

Logical Model

(Relations)

Normalization - -.-.-.-.-.-. ¥
(Three Steps)

Logical Model

| (3NF Relations) |

_IMPLEMENTATION >

3.Schemas

Different Schemas are based on different concepts:
e Conceptual schema (high level) schema or ER concepts: Entities, attributes and relationships.
e Logical schema concepts: Tables or relations, columns name and row and tuples.
e Physical schema (Low level): File organization (Files types- Index structures).

Note: relation # relationship

Note 2: Mapping conceptual models to relational schema is straight-forward



Straight forward means (Correspondence with ER Model) : Each entity become a table; Each many-to-many
relationship become a table; Each attribute become a column in that table and each relationship become a
foreign key .

4. Logical Model or Relational data Model advantages:

e Can represent all kinds of information
e Based on Math (relations)

e Natural to people

 Relatively simple

* We know how to implement it fast
5. Components of Relational data model:

e Data structure : Tables (relations), rows, columns (Data organized into tables)

e Data manipulation : Powerful SQL operations for retrieving and modifying data (add, delete,modify and
retrieve data using SQL)

e Data integrity : Mechanisms for implementing business rules that maintain integrity of manipulated data

(maintained using business rules)



Recall.

1. Formal Definition Schema
. The Schema (or description) of a Relation
o Denoted by R(A4, A,, ..., An)
o Ris the name of the relation
o The attributes of the relation are Ay, A, ..., An

Example:

Customer (Cust_id, Cust_name, Address)
« Customer is the relation name
. Defined over the 3 attributes:

o Cust_id, Cust_name, Address

. Each Attribute has a domain or a set of valid values (g 7sowa// @i/l de gazeo 3io)
For example, the domain of Cust_id is number

. The domain is defined by a type
o Atype is the class of atomic values:
integers, reals, strings
integers between 15 and 80
string of (up to) 50 characters.
2. Formalizing: Relations
o Definition: A relation is a named table of data (Table is made up of rows (records or tuples), and columns
(attributes or fields))
o Requirements for a table to be a relation:
o 1. Has a unique name.
o 2. Every attribute value is atomic (not multivalued or composite)



3. Every row is unique
4. Attributes (columns) in tables have unique names
5. The order of the columns is irrelevant
6. The order of the rows is irrelevant
By definition, all relations are in 1st Normal Form (1NF)

3. Keys :Formalizing Key Fields
¢ Primary key (PK) — Minimal set of attributes that uniquely identifies a row, chosen for referencing — This is how we
can guarantee that all rows are unique
¢ Foreign key (FK) — Set of attributes in a table that serves as a reference to the primary key of another table
¢ Keys can be simple or composite
¢ Used as indexes to speed up queries

Figure 4-3 Schema for four relations (Pine Valley Furniture Company)
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4. Constraints
A. Domain constraints

Allowable values for an attribute as defined in the domain
B. Entity integrity constraints

No primary key attribute may be null



C. Operational constraints
Business rules
D. Referential integrity constraints
* Maintains consistency among rows of two entities
matching of primary and foreign keys.
For a FK, either all attributes are null, or the values appear in the PK of a row of the referred table.

Referential integrity constraints (Pine Valley Furniture)

CUSTOMER

CustomerlD | CustomerMame| CustomerAddress | CustomerCity | CustormerState | CustomerPostalCode

ORDER
OrderlD | OrderDate | CustomerlD

Referential
integrity
constraints are
drawn via arrows
from dependent
to parent table

ORDER LINE ) )
OrdarlD | ProductlD | OrdaredCluantity

y PRODUCT

ProductiD | ProductDescrption [ProductFinish | ProductStandardPrice| ProductLinelD

» Enforcement options for deleting instances

o Restrict: don’t allow delete of “parent” side if related rows exist in “dependent” side.

o Cascade: This ensures that whenever a record from the parent table of a referential integrity
constraint is deleted, all dependent records in the child table that have matching primary key values
in their foreign key are deleted as well (Automatically delete “dependent” side rows that correspond
with the parent side row deleted set).

o Set-to-Null: This ensures that whenever a record from the parent table of a referential integrity
constraint is deleted, all the dependent records in the child table that have matching primary key
values in their foreign key are set to NULL - not allowed for weak entities.0



6. From ER Diagrams To Relations (Tables).

e Use a rectangle for each entity (table), with attributes inside rectangles, too
— Can be vertical or horizontal
— Primary key is underlined

e Use arrows from Foreign key to Primary key

Student Student Email

| ID | Name | Phone | ID N StudentID
[ MName Email

Emal Phone

[StudentiD | Email |

e Entities are represented by tables
— But tables may also represent relationships, or multivalued attributes
* Foreign Keys used to relate table rows
— Similar to relationships in E-R, but lower level
e Relational model is more concrete, lower level
— Usually many more tables than entities — Harder to understand by non-technical people — Directly

implementable



7. Six Cases of Transforming E-R Diagrams into Relations (Mapping

7.1. Map Binary Relationships EMPLOYEE
SSN
i Mame (First, Middle, Las
Create a new table for each entity rmo (Fit, Midl, Las)
Date of Birth
e Remember to underline the identifier [Age]
* For composite attributes, map only the basic pieces Employee

SSN | First | Middte | Last | DoB |
e Derived attributes disappear

SN | Email |
¢ For multivalued attributes we need a new table Email

* We may need to create several tables for independent multivalued attributes

7.2.  Map Binary Relationships
*One-to-Many

— Primary key on the one side becomes a foreign key on the many side

(a) Relationship between customers and orders

CUSTOMER ORDER
Customer ID Submits ORDER 1D
Gustomer Name 1 SURANE . Order Date
Custorner Address
Customer Postal Code Note the mandatory one
Fig. 4-12: (b) Mapping the relationship |]’r|mnr}'.ke_v on the one side hfcomes a
foreign key on the many side]
CUSTOMER
CustomerlD CustomarMame CustomerAddrass CustomerPostalCode

Again, no null value in
the foreign key. . this is
CustomedD ‘ because of the mandatory
_______ minimum cardinality

ORDER

OrderlD

OrderDate

Foreign key



e One-to-One

— Primary key on the mandatory side becomes a foreign key on the optional

Often in 1:1 relationships,

| Daefssaned | gne direction is optional.
NURSE CARE CENTER

Murse |0 Center ID
Murse Mame In charge Center Locaton
Murse Birth Date

MURSE

‘ MurselD MurseMame MurseBirthDate
Y
CARE CENTER
CenterlD CanterLocation MurselnCharge DateAssigned

Foreign key goes in the relation on the optional side,

matching the primary key on the mandatory side

e Many-to-Many

4

— Create a new relation with the primary keys of the two entities as its primary key

STUDENT Majors in
ID
MName

Student

ID | Name |

Majorsin

PROGRAM
1D

Name

Program

| Name |

—‘ Student | Program +—




e For a many-to-many, we need a new table representing the relationship.

* This table has Foreign Keys to both entities.

a) Completes relationship (M:N)

Date Complated
EMPLOYEE COURSE
Employee ID Course D
Employes Mame Completes ' Course Trile
Employea Birth Data

The Completes relationship will need to become a separate relation

b) Three resulting relations

EMPLOYEE

» EmployeelD EmployeeName EmployeeBirthDate

Composite primary key (CPK)
A

=

EERTIFICATE

EmployeelD CourselD DateCompleted

Foreign key Foreign key

COURSE .~

CourselD CourseTitle

7.3. Map Weak Entities

» A weak entity becomes a separate relation with a foreign key taken from the strong



entity
e Primary key composed of:
— Partial identifier of weak entity

— Primary key of identifying relation (strong entity)

EMPLOYEE Has DEPENDENT
SSN H 81 Name
MName Date of Birth
Employee Dependent
| 55N | Name | | Emnlm-‘ee] Name I DoB I
Y

e Transform the strong entity normally
* For the weak entity, the PK becomes the identifier, plus the PK of the identifying
entity
7.4. Map Associative Entities
* |dentifier Not Assigned
— Default primary key for the association relation is composed of the primary keys of
the two entities (as in M:N relationship)

* |dentifier Assigned

11



— It is natural and familiar to end-users

— Default identifier may not be unique

|Default primary Key

Figure 4-15: Mapping an associative entity  for the association
(a) Associative entity (ORDER LINE) relation s NOT

. g 1A g PO Z |Default primary key
assigned] Figure 4-16: Mapping an associative entity " " o
. P (a) Associative entity (SHIPMENT) relation is assigned|
ORDER ORDER LINE PRODUCT
Order ID Product ID ]
Order Date Ordered Clusniity Product Description CUSTOMER SHIPMENT VENDOR
| Product Finsh ) Customer ID Shlgment ID oA Vendor ID
Product Standard Frice Customer Name Shipment Date | Vendor Address
Product Ling I Shipment Amount
ORDER
(b) Three resulting relations
* QrderlD OrderDate ) . =
Composite primary key formed CUSTOMER
f_\ from the two foreign keys/ ntament) \ Sdomsame 1
ORDER LINE %
OrderlD | ProductiD OrderedCusntity _SHIPMENT Primary key differs from foreign keys
ShipmentiD CustomeriD VendorlD \ ShipmentDate ShipmentAmount
FRODUCT,
_VENDOR y
Praductl Producilescrptian ProducsFinish ProductStandardPrice ProductLinelD | | VendorlD VendorAddress ‘

7.5.  Map Unary Relationships
e Same as other relationships, except that the FK may go to the same table.
e For one-to-many, the table has a reference to other rows of the same table.

e For many-to-many, an extra table has two FKs, both to the same table

12



Figure 4-17 Mapping a unary 1:N relationship
{a) EMPLOYEE entity with unary relationship

EMPLOYEE

Employee ID —
Employee Name o
Employee Date of Birth

Is Managed By

A recursive
FK isa FK in
a relation that
references
the PK values
of that same

relation.
Manages
(b} EMPLOYEE relation with recursive foreign key
EMPLOYEE
EmployeelD EmployesName EmployeeDateOfBirth ManagerlD

A

7.6.  Map Ternary (and n-ary) Relationships

Figure 4-18: Mapping a unary M:N relationship

{a) Bill-of-
materials {
relationships /M Contains
(M:N) ITEM
Iterm Mo

Quantity One table for the

ltem Description

Item Unit Cost entity type.
ITEM One table for an
b) ITEM and o ] associative
:_'(J)MP()NL-'N'[' B et ItemDescription ltemUnitCost | relation in which
relations A the primary key

has two
attributes, both
taken from the
primary key of
the entity. 54

GOMPONENT

Itemio Componentio Quantity

e One relation for each entity and one for the associative entity.

 Associative entity has foreign keys to each entity in the relationship

a) PATIENT TREATMENT Ternary relationship with
associative entity

PHYSICIAN
Physician ID
Phyzician Mame
PATIENT PATIENT TREATMENT TREATMENT
[Patient ID | | Treatmant Code
Pabant Hama t < Plraatment Date = reatment Dascnption
| PTreatment Tima
PTrestment Resuks

b) Mapping the ternary relationship PATIENT TREATMENT

PATIENT PHYSICIAM TREATMENT

PatiantiDl PatientMame |Physir.i=n|l'.l Prysicianblame ‘ |Trn=lnanlf‘.n:‘h |I’-e<s.1merdjuwup‘.un

[

PATIENT TREATMENT

PatigntiD PhysicianlD TreatmentCode PTreatmentDiate PTreatmantTima Plraatment Results ‘

Remember  This is why But this makes It would be

that the  treatment date avery better to create
primary key and time are cumbersome a surrogate key
MUST be  included in the kev... like
unigque. composite ’ Treatment#.

primary key.

(A patient may receive a treatment once in the morning, then
the same treatment in the afternoon.) &
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8. EE-R to Relations.
e Mapping Supertype/Subtype Relationships
* One relation for supertype and for each subtype
e Supertype attributes (including identifier and subtype discriminator) go into supertype
relation
e Subtype attributes go into each subtype; primary key of supertype relation also becomes
primary key of subtype relation
e 1:1 relationship established between supertype and each subtype, with supertype as primary

table

Figure 4-21

Figure 4-20 Supertype/subtype reiationship Mapping supertype/subtype relationships to relations

EMPLOYEE
Employee Number R . . :
f:f":vié :‘;’"E Fn'rﬂri-aah Tk EmployasaMams: Ermplayeedddness ErmplopeeDaleHined EmployesType
ployee Addross L | | | | 3
Employoe Dateblired v
Employee Type
COMNSULTANT ) )
NVEmplovee Type = | CEmployssMumbar ContractMumber BilingFiate
d ) HOURLY_EMPLOYEE
“He ot HEmgioyeehiumber HourtyRase
g SALARIED_EMPLOYEE
HOUREY AT CONS'ULTANT SEmployesbumber ArmualSalary StockOiplion
EMPLOYEE EMPLOYEE
Hourly Rate Annual Salary Contract Number .
| Stock Option Biling Rate , These are implemented as one-to-one
relationships.

Next Chapter: Normalization



