IT420: Database Management and
Organization

Database Design Process

Entity-Relationship Model to
Relational Model

(Chapter 6)

= Requirements analysis

= Conceptual design: Entity-Relationship
Model

= Logical design: transform ER model into
relational schema

= Schema refinement: Normalization
= Physical tuning

Goals

ER Model

= Transform ER model to relational model
= Write SQL statements to create tables

= Entities, attributes, identifiers
= Weak entities
= |D-dependent entities - identifying relationships
= HAS-A Relationships
= Degree: binary, ternary
= Maximum cardinality: 1:1, 1:N, N:M
= Minimum cardinality: O-O, O-M, M-O, M-M
= |S-A Relationships (Super-type / sub-type)
= Inclusive, Exclusive

VERY IMPORTANT to design a good model!

Relational Model

SQL - The Language of Databases

= Tables

= Integrity constraints
= Primary key
= Candidate key
= Foreign key

= Developed by IBM in the 1970s
= Create and process database data
= SQL programming is a critical skill !!!




ER to Relational

= Transform entities in tables

= Transform relationships using foreign keys

= Specify logic for enforcing minimum
cardinalities

Create a Table for Each Entity

= CREATE TABLE statement
is used for creating

EMELOVEE relations/tables
EmployeeNumber . X
Envloyeename = Each column is described
Tl with three parts:
ReviewDate - Column name

= data type

= optional constraints

Specify Data Types

EMPLOYEE

= Choose the most EmployeeNumber
specific data type Eraeo
possible!!! Phone

Email
HireDate
ReviewDate

= Generic Data Types:

= CHAR(n) CREATE TABLE EMPLOYEE (
= VARCHAR(n) EmployeeNumber integer,
* DATE EmployeeName char(50),
: EgEEY Phone char(15),

« INTEGER Email char(50),

HireDate date,

DECIMAL
ReviewDate date

Specify Null Status

= Null status: CREATE TABLE EMPLOYEE (
whether or not EmployeeNumber integer NOT
NULL,

the value of the
column can be
NULL

EmployeeName char (50) NOT
NULL,

Phone char (15) NULL,
Email char(50) NULL,

HireDate date NOT NULL,
ReviewDate date NULL

Specify Default Values

= Default value - value supplied by the DBMS, if
no value is specified when a row is inserted

CREATE TABLE EMPLOYEE ( Syntax/support
EmployeeNumber integer NOT NULL,
EmployeeName char (50) NOT NULL,

Phone char (15) NULL,
Email char(50) NULL,

HireDate date NOT NULL DEFAULT (getdate()),
ReviewDate date NULL

depends on DBMS

Specify Other Data Constraints

= Data constraints are limitations on data values

CREATE TABLE EMPLOYEE ( Name for
EmployeeNumber integer NOT NULL, constraint
EmployeeName char (50) NOT NULL,

Phone char (15) NULL,
Email char(50) NULL,

HireDate date NOT NULL '4 T (getdate()),
ReviewDate date NULL,

CONSTRAINT Check_Email CHECK (Email LIKE
‘Yo@gmail.com’)




Specify Primary Key

= Entity identifier > primary key (usually)

CREATE TABLE EMPLOYEE (
EmployeeNumber integer NOT NULL,
EmployeeName char (50) NOT NULL,
Phone char (15) NULL,
Email char(50) NULL,
HireDate date NOT NULL DEFAULT (getdate()),
ReviewDate date NULL,
CONSTRAINT Check_Email CHECK (Email LIKE ‘%@gmail.com’),
CONSTRAINT PK_Employee PRIMARY KEY (EmployeeNumber)

Specify Alternate Keys

= Alternate keys: alternate identifiers of unique rows in a table

CREATE TABLE EMPLOYEE (
EmployeeNumber integer NOT NULL,
EmployeeName char (50) NOT NULL,
Phone char (15) NULL,
Email char(50) NULL,
HireDate date NOT NULL DEFAULT (getdate()),
ReviewDate date NULL,
CONSTRAINT Check_Email CHECK (Email LIKE ‘%@gmail.com’),
CONSTRAINT PK_Employee PRIMARY KEY (EmployeeNumber),
CONSTRAINT AK_Email UNIQUE (Email),
gﬁ)NS;I’RAINT AK_ENamePhone UNIQUE (EmployeeName,
one

ER to Relational

= Transform entities in tables

= Transform relationships using foreign keys

= Specify logic for enforcing minimum
cardinalities

Create Relationships:

1:1 Strong Entity Relationships

= Place the key of one entity CLUB_MEMBER
in the other entity as a MemberNumber
foreign key: Momoerians
= Either design will work —no Ermall _
parent, no child ;
= Minimum cardinality i
considerations may be LOCKER:
important: LockerNumber
= O-M will require a different peckarioon
LockerSize

design that M-O

Create Relationships:

1S Entity Relationshi

CREATE TABLE CLUB_MEMBER(
MemberNumber integer PRIMARY KEY,
MemberName char(50),

Phone char(15),
Email char(50))

CREATE TABLE LOCKER(
LockerNumber integer PRIMARY KEY,
LockerRoom integer,
LockerSize integer,
MemberNumber integer NULL,

CONSTRAINT FK_Member FOREIGN KEY (MemberNumber)
REFERENCES CLUB_MEMBER(MemberNumber),

CONSTRAINT Unique_Member UNIQUE(MemberNumber))
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Create Relationships:

1S Entity Relationshi

CREATE TABLE CLUB_MEMBER(
MemberNumber integer PRIMARY KEY
MemberName char(50),
Phone char(15),
Email char(50),
LockerNumber integer NULL,
CONSTRAINT FK_Locker FOREIGN KEY (LockerNumber)
REFERENCES LOCKER(LockerNumber),
CONSTRAINT Unique_Locker UNIQUE(LockerNumber))

CREATE TABLE LOCKER(
LockerNumber integer PRIMARY KEY,
LockerRoom integer,
LockerSize integer)

22




Create Relationships:
1:N Relationships

= “Place the key of the parent in the child”
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Create Relationships:
1:N Strong Entity Relationshi

COMPANY DEPARTMENT
CompanyName DepartmentName
cty L BudgetCode
Gountry, u €£€ MailStop
Volume

(a) 1:N Strong Entity Relationship

CREATE TABLE COMPANY( CREATE TABLE DEPARTMENT(
CompanyName char(50) DepartmentName char(50) PRIMARY KEY,
PRIMARY KEY, BudgetCode char(5),

City char(50), MailStop integer,

Country char(50), CompanyName char(50) NOT NULL,
Volume decimal)

CONSTRAINT FK_Company FOREIGN KEY
(CompanyName) REFERENCES COMPANY
(CompanyName))
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Create Relationships:

CREATE TABLE BUILDING(

BUILDING BuildingName char(50) PRIMARY KEY,
BuildingName. Street varchar(50),

Street City char(50),

o State char(30),

Zip/PostalCode Z‘p integer)

CREATE TABLE APARTMENT(
ApartmentNumber integer NOT NULL,

AEAHTED BuildingName char(50) NOT NULL,

NumberBedrooms integer,

BuildingName NumberBaths integer,

NumberBodrooms MonthlyRent decimal,

MonthiyRent CONSTRAINT PK_Apartment PRIMARY KEY (BuildingName,
ApartmentNumber),

CONSTRAINT FK_Building FOREIGN KEY (BuildingName)
REFERENCES BUILDING (BuildingName))
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Create Relationships:
N:M S Entitv Relationshi

= In an N:M relationship there is no place for the
foreign key in either table:
= A COMPANY may supply many PARTs
= A PART may be supplied by many COMPANYs

COMPANY PART
C& CompanyName Q PartNumber
City PartName
Country SalesPrice
Volume ReOrderQuantity
FK?7? QuantityOnHand
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Create Relationships:
= Create an intersection table:

= The primary keys of each table - composite
primary key for intersection table

= Each table’s primary key becomes a
foreign key linking back to that table
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Create Relationships:

CREATE TABLE COMPANY( coveavy par
CompanyName char(50) PRIMARY KEY, \ CompanyName S Parthumber
City char(50), City PartName.
Country char(50), Country SalesPrice
Volume decimal) olume) FK227 gﬁn’:“'wg::';:z

PART(

PartNumber integer PRIMARY KEY,
PartName char(50),

SalesPrice decimal,
ReOrderQuantity integer,
QuantityOnHand integer)

COMPANY_PART(
CompanyName char(50) NOT NULL,
PartNumber integer NOT NULL,
CONSTRAINT PK_CompPart PRIMARY KEY (CompanyName, PartNumber),

CONSTRAINT FK_Company FOREIGN KEY (CompanyName) REFERENCES
COMPANY (CompanyName),

CONSTRAINT FK_Part FOREIGN KEY (PartNumber) REFERENCES PART
(PartNumber))
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Subtype Relationships

EMPLOYEE CREATE TABLE EMPLOYEE(

ErploTeetUnbar EmployeeNumber integer PRIMARY KEY,
EmployeeName -
Phone CREATE TABLE MANAGER(
ﬁz‘r‘:ga‘e EmployeeNumber integer PRIMARY KEY,
ReviewDate MgrTrainingDate date,
EmpCode ManagerLevel integer,
CONSTRAINT FK_Emp FOREIGN KEY
Erpoode (EmployeeNumber) REFERENCES

EMPLOYEE (EmployeeNumber)

MANAGER

MgrTrainingDate
ManagerLevel

CREATE TABLE DB_ADMIN(
EmployeeNumber integer PRIMARY KEY,
DB_Name char(50),

DBMS char(50),
CONSTRAINT FK_Emp FOREIGN KEY
(EmployeeNumber) REFERENCES

EMPLOYEE (EmployeeNumber)
) 29

ER to Relational

= Transform entities in tables

= Transform relationships using foreign keys

= Specify logic for enforcing minimum
cardinalities
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FOREIGN KEY Constraints

DEPARTMENTS DeparimeniName Phone Building Room
@ D char(18) Mathematics «—| 4102934573 Michelson Hall 308
Phone: char(18) History T aT0298-2255 ‘Sampson Hall 120
Building: char(18) Computer Sgience 410:293.6800 | —~—wicheison Hall 340
Room: integer
B
u-c [student] Student | Student Email PhoneNumber|__MajorDepartmentName
ber|LastName| FirstName M\
190 | smith | Jomn 410431-3456 \
Majors 673 | Doe Jane [doe@usna.edu Computel Science
. 312 | Doe Bob brod@usnacdu | 443-4517865 Watherlatics
uss|
TUDENTS CREATE TABLE Departments
@, StudentNumber: integer (DepanmemName char(18),
StudentLastName: char(18) Phone char(18) NOT NULL,
StudentFirstName: char(18) -
Email: varchar(50) Building char(18),
PhoneNumber: char(18) Room integer,
DepartmentName: char(18) (FK; |
i 8 1o PRIMARY KEY (DepartmentName)

)
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FOREIGN KEY Constraints

CREATE TABLE Students
(StudentNumber integer,

= 4 options on

StudentLastName char(18) NOT NULL,
deletes and StudentFirstName char(18) NOT NULL,
Email char(50),
u pd ateS PhoneNumber char(18),
= NO ACTION MajorDepartmentName char(18),

. PRIMARY KEY (StudentNumber),
(default option) UNIQUE(Email),
CONSTRAINT FK_Dept FOREIGN KEY
= CASCADE (MajorDepartmentName)
REFERENCES Departments (DepartmentName)
" SET NULL ON DELETE SET NULL

= SET DEFAULT  ON UPDATE CASCADE
)
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Enforcing Mandatory Parent

DEPARTMENT (DepartmentName, BudgetCode, ManagerName)

CREATE TABLE EMPLOYEE (

EmployeeNumber integer PRIMARY KEY,

EmployeeName char(50),

DepartmentName char(50) NOT NULL,

CONSTRAINT FK_Dept FOREIGN KEY(DepartmentName)
REFERENCES DEPARTMENT(DepartmentName)
ON DELETE NO ACTION
ON UPDATE CASCADE
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Enforcing Mandatory Child

= More difficult to enforce (write code —

“triggers”)
DEPARTMENT (DepartmentName, BudgetCode, ManagerName)

EMPLOYEE  (EmployeeNumber, EmployeeName,
DepartmentName)

= Tricky:
= A department must have some employee

= EMPLOYEE has DepartmentName as FK,
NOT NULL
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ER to Relational - Summary Class Exercise:
niversity ER D I
COLLEGE DEPARTMENT PROFESSOR
= Transform entities in tables Sotogans | \m | crarsaeyronan R
= Specify primary and alternate keys DeanLastName TotalMajors ; | | Buiding
X Ph9n§ Building T T OfficeNumber
= Specify column types, null status, default values, S e Lkl
constraints
= Transform relationships using foreign keys Major
= Place the key of the parent in the child r—
= Create intersection tables Studentumber |
Title il
= Specify logic for enforcing minimum cardinalities G|
= Actions for insert, delete, update e Adviosa] cltned By
Homezin
Phone
35 36
Class Exercise Class Exercise
COMPANY2 CLASS
CompanyName ClassName
City NumberHours
Country Description
Volume
PHONE_CONTACT
Contact SECTION
CompanyName
PhoneNumber
e Professor
ClassDays
Time
37 38
Class Exercise Class Exercise
s cronen
e Name SALESPERSON
NumberHours “c‘;:'m . _suup-m-mama
Descrption S 7
T Prone o 4
I SALES_ORDER
3 e
! Date
5 SECTION is weak, :l' ITEM
SECTION but not ID-dependent.
ReferenceNumber Uniit
s P
Time — |
gsc'tionNumuer Solecormemnber i
Quantity pn=smssay
39 40




Class Exercise

BOXCAR
BoxCarNumber

Gapacity -
Type

Boxcar Ahead

4

Class Exercise

EMPLOYEE

EmployeeName

Other Data...

Manages
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Class Exercise

The minimum cardinality
is optional to optional because
apart need ot be a component
part, nor does it need to have
any subordinate parts.
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Representing Ternary and Higher-

Order Relationships

= Transform them in binary relationship

= Apply the known procedure to transform in
relational model
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ER to Relational - Summary

= Transform entities in tables
= Specify primary and alternate keys

= Specify column types, null status, default values,
constraints

= Transform relationships using foreign keys
= Place the key of the parent in the child
= Create intersection tables

= Specify logic for enforcing minimum cardinalities
= Actions for insert, delete, update
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SQL.: Creating Tables

CREATE TABLE table_name(
column_name1 column_typet [constraints1],

[[CONSTRA INT constraint_name] table_constraint]
)

Table constraints:

= NULL/NOT NULL

PRIMARY KEY (columns)

UNIQUE (columns)

CHECK (conditions)

FOREIGN KEY (local_columns) REFERENCES foreign_table
(foreign_columns) [ON DELETE action_d ON UPDATE action_u]

Specify surrogate key in SQL Server:

column_name int_type IDENTITY (seed, increment) 49




