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Database Design Process

= Requirements analysis

= Conceptual design: Entity-Relationship
Model

= Logical design: transform ER model into
relational schema

= Schema refinement: Normalization
= Physical tuning

Goals

= Transform ER model to relational model




ER Model - Entities

= Attributes IHITOMER Sy
= Identifiers: no two Custormertiame. |
. . Strowt
instances with the same cay
value for identifier e
. . . ContactMams
= Weak entity: its existence Eman
depends on another )
entlty Two CUSTOMER Instances
H |1 — | L ooaen 0|
= |D-Dependent entity: Nk Maratack g s BTt
weak + identifier contains i ot
another identifier e et
P_Schwartz Fritz Billingstay
P_S@Ajax.com Fritz@JB.com

ER Model - Relationships

= HAS-A
= Maximum cardinality
= Minimum cardinality
= [S-A (super-type/sub-type)

= Exclusive/inclusive

Relational Model

= Tables

= [ntegrity constraints
= Primary key
= Candidate key
= Foreign key




ER to Relational

= Transform entities in tables

= Transform relationships using foreign keys

= Specify logic for enforcing minimum
cardinalities

Create a Table for Each Entity

EMPLOYEE (EmployeeNumber, EmployeeName, Phone,
Email, HireDate, ReviewDate, EmpCode)

Primary key is
EMLOVEE S SUELOIER. designated by
| 'T'-\\. key symbol
Phone

PeviewDate RoviewDate
EmpCode EmpCode
= Note
[a) EMPLOYEE Entity ) EMPLOYEE Tabio shadowless

table

Select the Primary Key

EMPLOYEE

= The ideal primary key
is short, numeric and
fixed

= Surrogate keys meet
the ideal, but have no
meaning to users




Specify Candidate (Alternate) Keys

= candidate key = alternate key

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

= ERwin uses AKn.m notation, where n is
the number of the alternate key, and m is
the column number in that alternate key

Specify Candidate (Alternate) Keys

EMPLOYEE CUSTOMER

% EmployeeNumber % CustomerNumber
EmployeeName Name (AK1.1)
Phone City (AK1.2)
Email (AK1.1) Phone
HireDate Email (AK2.1)
ReviewDate
EmpCode

Specify Column Properties:

Data Type
EMPLOYEE
= Generic Data Types: &, Employsotiumber: it |
= CHAR(n) S i
= VARCHAR(n) il [t Bl
= DATE Eoar crantes
= TIME '
= MONEY
= INTEGER

= DECIMAL




Specify Column Properties:
SQL Server Data Types

[DsaType [Dwscription ]
Binary Binary, length 0 to 8,000 bytos.
Char Character, length 0 to 5,000 bytes. |
B-byte datetime. Range from January 1, 1753, through December
hundredths. m

Datotime
| Image | Variabla lengeh binary data. Maximumn lngth 2,147 483,647 bytes. |
Integer
Moy

d-biyte integer, Value range from

=2,147 483,641 theough 2,147,403,647.

B-tyte monay. Range from

822,337, mz.saa.an_‘.mnmm +822,337,200,685,477.5807,

| Numeric Decimal - ww‘wwwﬂu Rango -10°38 +1 through |
i 10438 -1,

X 1, 1900, through June &, 2079,

| Gmali 2-tryl integgor. Range froen 12,766 through 32,767,

| Smadmonoy | 4-byte monoy, Rango from 214,748.3648 through +214,748.3547,
INL

|Toxt wuﬁ'ﬁﬁmm'ﬁ?ﬂm BAT eharnctors.

L LT g g ron1l] P

| Varchar Varkablo-lergth character, length 0 10 8,000 tytes.

Specify Column Properties:
Oracle Data Types

|Data Type | Description ]
e ey
CHARIn} Fixed lorgth charactor fiold of length r. Maximum 2,000 characters. |
|DA'I'E T-bryte fiold comaining both date and teme, |
INTEGER | Wisola numiber of lengih 38 |
| NUMBERn.d) | Numeric field of length 1, o places to the right of the decimal. ]
Variabla longth fiokd up ta n ch Maximum |
or wvaluo of n = 4,000
\&W

Specify Column Properties:
Null Status

= Null status indicates e e
whether or not the EmployeeName: NOT NULL
value of the column :ﬁﬁ:‘?ﬂﬂ
can be NULL mmu




Specify Column Properties:
Default Value

= A default value is the value supplied by the
DBMS when a new row is created

[ Tabto [ cotumn | Detault value
|_ITEM | Itembumber | Surrogate key
| MEM | Category | None
ITEM IeeriPrefic W Categary = ‘Perishable’ then ‘P°

H Gategory = ‘Imgarted” then T
W Gategory = ‘One-oif’ then 0"
Otherwise = ‘N
ITEM ApprovingDept H tomProfix = 1" then
“SHIPPING/PURCHASING'
Otherwise = PURCHASING'

ITEM ShippingMethod | If ItemPrefix = ‘P then Next Day’
Otherwise = ‘Ground’

Specify Column Properties:
Data Constraints

= Data constraints are limitations on data values:

= Domain constraint - Column values must be in a
given set of specific values

= Range constraint - Column values must be within a
given range of values

= Intra-relation constraint — Column values are limited
by comparison to values in other columns in the same
table

= Inter-relation constraint - Column values are limited
by comparison to values in other columns in other
tables

Create Relationships:
= Place the key of one entity in the other
entity as a foreign key:

= Either design will work — no parent, no child

= Minimum cardinality considerations may be
important:
= O-M will require a different design that M-O




Create Relationships:

1 S Entity Relationshi

CLUB_ MEMBER LOCKER

Sl MembarNumber €, LockerNumbar
Mombarbiame | | o LockerAoam
Phone g LockerSize

Email MemberNumber (FK) (AK1.1)

(&) With Fereign Key in LOCKER

CLU8_MEMBER LOCKER

L, MombarNumbor Cl, LockerNumbar
Membaerhame I 4 LockerRoom:
Phone LockerSize
Email
LockerNurnbar [FK) (AK1.1)

(b) With Foreign Key in CLUB_MEMBER

Create Relationships:
1:N Strong Entity Relationshi

= “Place the key of the parent in the child”
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Create Relationships:

N S Entity Relationshi

COMPANY DEPARTMENT
CompanyName Departmentiame
City I, e BudgetCode
Country MailStop
Volume -—

{a) 1:N Strong Entity Relationship

COMPANY DEPARTMENT

C, CompanyName €4, Departmentiame
Gity a4 BudgeCods
Country N M MaiStop
Volume ‘Companyhame (FK)

(b} Placing the Key of the Parent in the Child

21




Create Relationships:

= In an N:M strong entity 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
€}, GompanyName €, PartNumber
City PartName
Country SalesPrice
Volume s ReOrderQuantity
FK?7? QuantityOnHand
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Create Relationships:
N:M Strong Entity Relationshi

= 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

23

Create Relationships:

M S Entity Relationshi

COMPANY_PART_INT (CompanyName, PartNumber)

COMPANY PART
|% CompanyMame | L, Parthumitsor
City PartNan
Country SalesPrice
Voluma ReCrderCGuantity
T ’ CuantityOnHand

"
COMPANY_PART_INT
Q,Co.npa--yﬂm FR)
S Parthumbar (FK}

\:
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Relationships Using ID-Dependent Entities:
Four Uses for ID-Dependent Entities

= Representing N:M Relationships
= We just discussed this

= Association Relationships

= Multivalued Attributes

= Archtype/Instance Relationships

25

Relationships Using ID-Dependent Entities:
Association Relationships

= An intersection table:
= Holds the relationships between two strong entities in
an N:M relationship
= Contains only the primary keys of the two entities:
= As a composite primary key
= As foreign keys
= An association table:
= Has all the characteristics of an intersection table

= PLUS it has one or more columns of attributes
specific to the associations of the other two entities

26

Relationships Using ID-Dependent Entities:
Association Relationships

QUOTATION (CompanyName, PartNumber, Price)

PART COMPANY
y, PrriNumber | |Qunm.-yum-
PartName | ey
BalesPrice Counlry
ReOrderQuantity Volume
CuantityOnHand z I
4 &
QUOTATION
(5% Parthumber FK) |
|5 Companyhama (FK) |

Price
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Relationships Using ID-Dependent Entities:

Multivalued Attributes
COMPANY2
ER CompanyName |
model City.
Country
Volume

A
PHONE_CONTACT
Contact
‘ComparyName

| Propetumber
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Relationships Using ID-Dependent Entities:

Multivalued Attributes
ER [ companytiame | [ 5§ companmtiams As a set
model ity J City of tables
Country Country
| Volumo : Vm

= :
PHONE_CONTACT PHONE_CONTACT

= =

L = ’

| PhoneNumber
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Relationships Using ID-Dependent Entities:
Archetype/lnstance Pattern

CLASS

Asa [cusarame ]
data NumberHours
model | D“““’I'“"_‘

30
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Relationships Using ID-Dependent Entities:
Archetype/lnstance Pattern

CLASS

CLASS
Asa

[Bomie ]
‘NumberHours
Description

ClassName
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Relationships Using Weak Entities:
Archetype/Instance Pattern

.CJ.ASS
Asa i

Description

4 SECTION is woak,
. but not ID-dependent.
SECTION

ClassDays
Time
Profossor
Secticrlumber
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Relationships Using Weak Entities:
Archetype/lnstance Pattern

cLass
Glasetiams %—I"“‘“"““‘ As a set
NurmibarHours RuumberHours of tables
Duscription Deseription
L SECTION is weak, &

seemon O - SECTION

Referonceumber €4, RetorencoNumber

CGlassDays Sectionhumber

Time: Professor

Profossor ClassDays

SectioeNumber Tiw

ClassMame (FK)
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Mixed Entity Relationships:
The Line-ltem Pattern

cusTomen
i saLESPER: son
As a Ackeons Salesparriiame
data =, [m——
model 70
Fnane

068
Saleatrdsrtiumber
Date
Susintal
Tax
Tow _—,
T Bombumcer
st
Description
ORDER LINE (TE) ™ T
Uinatiumicar
Baeslrmrtntss
Cusmay

Mixed Entity Relationships:
The Line-ltem Pattern

cusTomn

ra
FERE|
s

As a set
of tables
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Subtype Relationships

As a
data
EMPLOYEE
model | Employsehumber |
Phona
Emal
HersDate
Tavowhiste
ferace )
EmpCode
MANAGER DB_ADMIN
| )
M TrairangDate |

{08 Mame |
ManagorLavel |

36
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Subtype Relationships

Asa

As a set
data EMPLOYEE EMPLOYEE Of tables
model [ Employwetiumer | £, Employosbiumber
Phone
Emall Emad
HereDate HireDate
Revawiiste ReviowCian
w. EmpCode
- EmpCods
MANAGER T DE_ADMIN MANAGER D8_ADMIN
| | [ | |f 7
Mr TraimngDuate - | D8_Hama Mgr TrairsngDate. 08 _Hama
ManagordLovel | oaMs ManagerLevel DOAES
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Recursive Relationships:
1:1 Recursive Relationships

BOXCAR BOXCAR

BoxCarhumber €4 BoxGarkumber |

Capacity - Capacity o

Type [ Type

T BoxcarNumberAhead FK (AK1.1)
Boxcar Ahead Bewaas Aaad
Asa Asa
data table
model
38

Recursive Relationships:
1R ve Relationshi

39
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Recursive Relationships:
INR ive Relationshi

EMPLOYEE EMPLOYEE
OerData. [~ Other_Data .. PP
T i Employeehamehgs_FK i
W — 3 |
" Manages i Ty
Asa Asa
data table
model
40
Recursive Relationships:
N:M Recursive Relationships
han
ii.‘ﬂlnl
Omar
The miramums candnality
12 cpbonal 1o cpbondl becasse
@ part need 78 bar & COMEONEnt
AL POT D0 I e 10 have
any e parie
Asa
data
model
M

Recursive Relationships:
N:M R ve Relationshi

Other Dana Other_Datn ...
e | L
Tha miremius cardnsity
o optional 1 cptional bicemse Contang, Pat 15 Containgd_In_Part
a part e rot be & component
B, 10r d08S 1 Need 10 have
any pabordnate parte.

As a
data
model
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Minimum cardinality:
Parent Required

DEPARTMENT (DepartmentName, BudgetCode, ManagerName)
EMPLOYEE  (EmployeeNumber, EmployeeName,

DepartmentName)

= On Insert: child OK
= On Delete:
= delete child (cascade) or prohibit

= On Update:
= update child (cascade) or prohibit
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Minimum cardinality:
Child Required

= More difficult to enforce (write code)
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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