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External view 1

External view 2

Sno | FName

LName

Age

Salary

Staff No

LName | Bno

Conceptual level

Internal level
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Staff No

FName

LName

DOB

Salary

Branch_No

struct STAFF {
int Staff_No;
int Branch_No;
char FName[15];
char LName[15];
struct date Date_of_Birth;
float Salary;
struct STAFF*next;

X

index Staff No; index Branch_No;
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- Car has color
- Person has name
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Symbols

e Rectangle - Entity

e Ellipses - Attribute @ @ @
primary key - underlined

e Double ellipses - multi-

valued attribute -

#

e Dashed ellipses- '
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Person

Age |
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- one-to-one (1:1)
- one-to-many (1:M)
- many-to-one(M:1)
- many-to-many (M:N)
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Example
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e Binary Relationships
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WORKS_ON Name

Name Code

Salary

e Ternary Relationships

Course Meets Classroom

Day
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e Single-valued vs Multi-valued
e Simple vs Composite

e Derived vs Stored

e Null
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Relation/Table
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STUDENT Name HomePhone Address OfficePhone  [Age| GPA

Benjamin Bayer 305-61-2435 3731616 | 2918 Bluebonnet Lane null 19 | 321

Kathering Ashly 381-62-1245 375-4409 | 125Kirby Road nul 18 | 289

Dick Davidson 422-11-2320 nul 3452 Elgin Road 7491253 |25 | 353

Tuples Z-—r Charles Cooper 489-22-1100 376-9821 | 265Lark Lane 7496492 | 28 | 393
\i Barbara Benson 53369-1238 839-8461 | 7384 Fontanalane nul 19 | 325
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Entity Transformation
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e 1:1 Relationship
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Contract

|- Method
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Staff(emp_no, name, cont_no, start, end, position, salary)

lI-Method

Staff(emp_no, name, contract_no)
Contract(cont_no, start, end, position, salary)

IlI-Method

Staff(emp_no, name)
Contract(cont_no, start, end, position, salary, emp_no)



Entity Transformation
-

e 1:M Relationship
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Course(course_no, c_name)
Student(matric_no, st _ name, dob)

‘I matriculate |'
[ Coutse J L Student ]
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Course(course _no, c_name)
Student(matric_no, st name, dob, course_no)




Entity Transformation
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e M:N Relationship
— IO DEO 8D WD CBEHBe B 8 CODEBH®B ®OY
Student(matric_no, st name, dob)
Module(module _no, m_name, level, credits)

studies on |'

[Smdent ] = ]
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Student(matric_no, st name, dob)

Module(module no, m_name, level, credits)
Studies(matric no,module no)
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EmployeeNumber | FirstName |LastName Department Email Phone
100 Jerry Johnson Accounting |JJ@somewhere.com |236-9987
200 Mary Abernathy Finance MA @somewhere.com | 444-8898
300 Liz Smathers Finance LS @ somewhere.com |777-0098
400 Tom Caruthers Accounting | TC@somewhere.com |236-9987
500 Tom Jackson Production TJ@somewhere.com |444-9980
600 Eleanore Caldera Legal EC@somewhere.com | 767-0900
700 Richard Bandalone Legal RB@somewhere.com | 767-0900

EmployeeNumber =» FirstName




Functional Dependencies
-

Object Color

Weight

Shape

Red

Ball

Blus

Cube

Yeallow

Cube

Weight = ObjectColor [FD? Yes or NO]
Shape > ObjectColor [FD? Yes or NOJ
(Weight, Shape) = ObjectColor [FD? Yes or NOJ



83D soedmmd(Functional
Dependencies)

Object Color

Weight

Shape

Red

Ball

Blue

Cube

Yellow

Cube

ObjectColor = Weight
ObjectColor = Shape
ObjectColor = (Weight, Shape)
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EmployeelD

EmpLastName
EmpPhone

e EmployeelD = EmplLastName,EmpPhone
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SKU = (SKU_Description, Department, Buyer)
SKU_Description = (SKU, Department, Buyer)
Buyer - Department

Skl Sk _Description D epartmenk Byt

100100 Std. Scuba Tank, Yellos Water Sporks Pete Hansen
100200 Std. Scuba Tank, Magenta Water Sporks Pete Hansen
101100 Dive Mask, Small Clear \Water Sports Mancy Mevyers
101200 Cive Mask, Med Clear Water Sports Mancy Mevers
Z01000 Half-dame Tent i amping Cindy Lo
202000 HalF-dome Tent Fookprink Camping Cindwy Lo
301000 Light Fly Climbing Harness limbing Jerry Markin
302000 Lacking carabiner, Oval Clirnbing Jerryw Markin



Functional Dependencies
o]

(OrderNumber, SKU) = (Quantity, Price, ExtendedPrice)
(Quantity, Price) - (ExtendedPrice)

CrderMumber Skl Ciuankity Price ExtendedPrice
3000 100200 1 300 300
2000 1071100 4 =l =0
2000 101100 i =l 100
2000 101200 & &0 1010
a000 101200 1 S0 =0
1000 2071 000 L 00 Enln
1000 02 000 1 130 130
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Project Employee | Employee | Department | Department | Hourly
_ Manager | Budget | No. Name No. Name Rate
PCDI0 | Pensions M Phillips | 24500 510001 A Smith LO04 T 22.00
System = =
PCOI0 | Persiors M Philips | 24500 | 510030 L Jores Lo23 Pernsions 1850
Systam et e » G
PCO10 | Persions M Phillips | 24500 S21010 P Lews LO04 m 2100
L I— System . L _
PCD4S | Salanes H Martin | 17400 510010 B Jones LO0% M 2175
- N System N N _ . ~
PCO4! Salanes H Martin 17400 S10001 A Smith LOO4 IT 18.00
f— - System 2 g
PCD45 | Salanes H Martin | 17400 531002 T Gilbert Lo2s Database 2550
System
PC Salanes H Martin_ | 17400 S13210 W Richards LO0S Salary 17.00
System
[PC064 | HR System | K Lews | 12250 | 531002 T Gilbert L0238 Database 2325
[PC064 | HR System | K Lewss 12250 521010 P Lewis LOD4 T 17 .50
PCO64 | HR System | K Lewss 12250 S10034 B James L009 HR 16.50
PCO10 | Pensions M Philips | 24500 S10001 A Smith Lo0% T 22.00
System _ N
510030 L Jores Lo23 Pensions 18.50
- 521010 P Lews LO0% M 21.00
PCO45 | Salanes H Martin | 17900 $10010 8 Jones (s i 21.75
System -
510001 A Smith LO04 T 18.00
531002 T Gilbert Lo28 Database | 2550 |
513210 W Richards L008 _5# ala 17 .00
[PCO64__ | HR System | K Lewss | 12250 | 531002 T Gilbert Lo28 Datab: 2325
521010 P Lews LOO4 T 17 50
m 9 HR 16.50
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Project | Project Title Project Project

Code Manager | Budget

PCO10 Pensions System M Phillips 24500

PC045 Salaries System H Martin 17400

PC0O64 HR System K Lewis 12250

Project | Employee | Employee Name | Department | Department | Hourly
Code No. No. Name Rate
PCO10 S$10001 A Smith LO04 1T 22.00
PCO10 $10030 L Jones LO23 Pensions 18.50
PCO10 $21010 P Lewis LOO4 IT 21.00
PC045 S10010 B Jones LO04 1T 21.75
PC045 S10001 A Smith LO04 1T 18.00
PC0O45 $31002 T Gilbert LO28 Database 25.50
PC045 $13210 W Richards L0038 Salary 17.00
PCO64 $31002 T Gilbert LO28 Database 23.25
PCO64 $21010 P Lewis LO04 IT 17.50
PCO64 S10034 B James LO09 HR 16.50
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Figure 14.8 Normalization into INF. (a) Relation schema that i1s not in

(@

(b)

(©

INF. (b) Example relation instance. (¢) INF relation with redundancy.

DEPARTMENT
DNAME DNUMBER DMGRSSN DLOCATIONS
DEPARTMENT
DNAME DNUMBER DMGRSSN DLOCATIONS
Research 5 333445555 {Bellaire, Sugarand, Houston}
Administration 4 987654321 {Stafford}
Headquarters 1 888665555 {Houston}
DEPARTMENT
DNAME DNUMBER DMGRSSN DLOCATION
Research 5 333445555 Bellaire
Research 5 333445555 Sugarland
Research 5 333445555 Houston
Administration 4 987654321 Stafford
Headquarters 1 888665555 Houston

@ Addison Wesley Longman, Inc. 2000, EImasrifNavathe, Fundamentals of Database Systems, Third Edition
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Figure 14.9 Normalizing nested relations into INF. (a) Schema of the EMP_PROJ
relation with a “nested relation™ PROJS. (b) Example extension of the EMP_PROJ relation
showing nested relations within cach tuple. (¢) Decomposing EMP_PROJ into INF

relations EMP_PROJ1 and EMP_PROJ2 by propagating the primary key.
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@ Addison Wesley Longman, Inc. 2000, Elmasri/Navathe, Fundamentals of Database Systems, Third Edition



