2013/6/14

Unit 10

Logical Design for
the Relational Model

Unit 10



BT H 1Y

&2 model independent design 4552V E
R SR A Syl B B CHER B B 240t
a] DA 7 feel Hof st e

BN
L=

2013/6/14 Unit 10




Outlines

% An Introduction to the Relational Model

* Schema Mapping from the ER model to the
Relational Model
— Elimination of external identifier
— Elimination of composite and multi-value attributes
— Translation of entities
— Translation of relationships
— Mapping the operations to SQL
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The Relational Model

* Schema: STUDENT(NAME, AGE, SEX)
P

{ attribute E>NAM\I& AGE| SEX Primary }
" fohnsmith | 19 | Male key
/Sally Boycé 23 | Female
Data instances< [from Hagen | 25 | Male }JM
{4 BillBallucdi | 20 | Mak |-
column L__{ 'Nna Gra)/e 19 | Female

|

/\/

» Degree of a relation means the number of columns.

 Cardinality of a relation means the number of tuples.
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Mathematical definition for a relation

* A domain is a collection of values.
D,={a,b} attribute A, valued from D,
D,={c,d,e} attribute A, valued from D,

R(A, A) =D, <D,
={(a,c).(a,d).(a,e),(b,c),(b,c),(b,d),(b,e)}

Al | A2

Relation R

O QO O D Q9 O
-
ﬂ

O O O 2 292
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R1 R2
Integrity rules PK FK

* Entity integrity
— No attribute participate in the primary key (PK) of a
base relation is allowed to accept null values.

* Referential integrity
— If base relation R2 includes a foreign key (FK)
matching the PK of some base relation R1, then every
values of FK in R2 must either
* be equal to the value of PK in some tuple of R1 or
* be wholly null

— R1 and R2 are not necessarily distinct.
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Example of a relational data base

STUDENT

- @ NAME
= OAGE
—OSEX

STUDENT
NAME |AGE| SEX
John Smith | 19 Male
Sally Boyce | 23 | Female
TomHagen | 25 Male
Bill Ballucci | 20 Male

EXAM
COURSE_NUMBEHR STUCENT_NAME [GRADE
CS347 John sSmith A+
CS347 Sally Boyce B-
CS311 Tom Hagen A
CS144 John Smith B+
CS144 Sally Boyce A-
COURSE

CODE [INSTRUCTOR

CS347 Ceri

CS311 Batini

CS144 Navathe

CODE f1 COURSE_NUMBER
{5 —1[& domain H{zl
STUDENT_NAME F1 NA
[&]—{[& domain 7k

@ OGRADE

COURSE

— @CODE
—OINSTRUC

EXAM(COURSE NUMBER, STUDENT_NAME, GRADE)

STUDENT(NAME, AGE, SEX)
COURSE(CODE, INSTRUCTOR)
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Schema Mapping from the ER model to the
Relational Model

Steps:
1. Elimination of external identifier

2. Elimination of composite and multi-value
attributes

3. Translation of entities
4. Translation of relationships
5. Mapping the operations to SQL
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Elimination of external identifier

* E2 A internal identifier

* E1 Yy primary key & FH—{E/&
E1 By attribute fj1_E E2 #2 1k

identifier, & & external identifier.

> 0 E2f) primary key i A E1

> £ R EE, AR RHEERE
£ EL RN T

&bl il
—O b2 —O
b4 o& SIS b3 ‘ b4 Oi £1 0 b2
I al o —O b3
|
|
| al
| | E2 °
| Oa2
_g@al :
B2 L oa I
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Elimination of external identifier

UNIVERSITY

—@ UNIVERSITY_CODE
—O NAME

—O CITY

Lo

—

STUDENT

0O STUDENT_NO
—0O LAST_NAME
~—0O AGE

(a) Initial schema

< K external id FYFI{EZE strong entity BT, {EHKHIAEZ

strong entity 1y weak entity iz A 5% strong entity #Y primary.
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UNIVERSITY

—® UNIVERSITY_CODE
—O NAME
—O CITY

(

STUDENT

UNIVERSITY_CORE
STUDENT_NO

—O AGE

(b) Final schema
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Elimination of composite attribute

(e E)

LAST_NAM
[ PERSON Egn o

ELESE
e R AT

ADDRESS CITY O
ST,
l;c)ﬂgﬁ 1 =¥t
-—Q LAST_NAME —0 LAST_MAME
PERSON | SEX PERSON  [5 £5¢

STREET G :
_-u' GlT? | 3
STATE =
B
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Elimination of multi-value attributes

| 1,n
PRODUCT — DESCRIPTION
—0 PRICE

HE FE %
RS R

~—& PRODUCT_CODE
PRODUCT |—O DESCRIPTION
—O PRICE

0B JFARAY
primary key
= [
entit

PRODUCT_CODE
PRODUCT_MATERIAL MATERIAL_CODE
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Elimination of multi-value attribute from a
relationship by creating a separate entity

El

c2

E2

—e@al

—Oa2
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1.

If the relationship is one-to-
one, NE includes the primary
key of either E1 or E2.

If the relationship between E1
and E2 is one-to-many, NE
includes the primary key of
E2 (assuming E2 is on the
"many" side).

If the relationship between E1.
and E2, is many-to-many, NE
Includes the primary keys of

both E1 and E2.
=
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Example of multi-value attribute on a relationship

—& INSTRUCTOR_SSN

INSTRUCTOR —O DEPARTMENT
—0 PHONE_NUMBER

——@ COURSE_NO
COURSE

@ #1 INSTRUCTOR 4 primary key I

COURSE {15 primary key fi1_ JE 2k {F
Relationship 125 & (| attribute fZi%

55 —1[& entity.
2013/6/14 Unit 10
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Translation of an entity

—8 S5SSN

FIRST_MNAME
EMPLOYEE LAST NAME
SALARY

EMPLOYEE (SSN, FIRST_NAME, LAST_NAME, SALARY)
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Translation of one-to-one relationships

Case 1: ‘& relationship FyiZfycardinality #55& (1,1)8F, H&6F
Fs—{[ relation.

1 1) (1. 1)
CUSTOMER * @/ SHIPPING_INFO
l CUSTOMER_NO 0 CUST_NAME lcusmuen_m::-\a SHIP_ADDRESS

CUST_SHIPPING {CUSTOMER_NO, CUST_MNAME, SHIP_ADDRESS)

Case 2: ‘& cardinality Z -~ — entity{Erelationship 254V 1E
SLAE partial B, RI'E J&17. 55— relation.

(0, 1) (1. 1)
CUSTOMER —@ CREDIT_CARD CRECATLNAT

P | 1
I CUSTOMER_NO O CUST_NAME O CARD.TYPE O CARD_NO

CUSTOMER (CUSTOMER_NO, CUST_NAME)
CREDIT_CARD (CARD_TYPE, CARD_NO, CREDIT_LIMIT)
POSSESS_CARD (CARD_TYPE, CARD_NO, CUSTOMER_NO),
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Translation of one-to-one relationships

Case 3: ‘= Wi cardinality 284 V15 2 B partial B, HI'E &
17 55— relation, FHRA#E4H%E entities 2 primary key attribute
TR AR & fEHT R I AY relation primary key.

mwmmn
MALE (0, 1) w (0, 1) FEMALE

MALE_SSN $ NAME L FEMALE_SSN &NAME

MALE ( MALE_SSN, NAME)
FEMALE (FEMALE_SSN, NAME)
MARRIAGE ( MALE_SSN, FEMALE _SSN, DATE, DURATION )

o

[ ey
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Translation of one-to-many relationships

Case 1: Total participation

@ NAME = I one #[SImHY primary key
CITY —0O POPULATION DDA many ﬁlgi[ﬁ‘ﬁlé[/j entlty e

rnevnd ator
Y a—

—@ NAME

STATE  |—O GOVERNOR
—O POPULATION

CITY(CITY_NAME, STATE_NAME, POPULATION)
STATE(STATE NAME, GOVERNOR, POPULATION)

=

[ ey
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Translation of one-to-many relationships

Case 2: Partial participation

@ NAME = [AFy ORDERHYEILZEH] SALEMANA
SALESMAN |—0O PHONE_NO e > HIa[75 DISCOUNT RATE, JRHE[&E
(1, m) %D SALESMAN?/I\E\:%%@ °©

O DISCOUNT_RATE
Alternative 1;
Pmt“::s\_i

g SALESMAN(NAME, PHONE_NO)

ORDER |—ODATE ORDER(ORDER_NO, DATE,
SALESMAN_NAME,
DISCOUNT_RATE)

Alternative 2:
SALESMAN(NAME, PHONE_NO)
ORDER(ORDER NO, DATE)

SALES ORDER(ORDER_NO, SALESMAN_NAME, DISCOUNT_RAT
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Translation of many-to-many
relationships

' L@ STUDENT_NUMEE
J STUDENT  [—0 LAST.NAuE = USTUDENTHY primary key
fn_E COURSE®Y primary key
| A1 ENROLLED _IN ff attributes
O SEMESTER 5 53— (i entity

3 GRADE

—& COURSE_NUMBER
COURSE |—O COURSE_MNAME

STUDENT(STUDENT NUMBER, LAST_NAME, GPA)
COURSE(COURSE_NUMBER, COURSE_NAME)
ENROLLED_IN(STUDENT NUMBER, COURSE NUMBER,

=

SEMESTER, GRADE)

h—-r
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Translation of ternary relationships
(=7tkaf%)

& L —={[& entity Ay primary key fj_I= relationship Fy attributes
TERSS—1E entity

' —@ PRODUCT_CODE
PRODUCT [—O NAME
DESCRIPTION

(1.nm)

PART_CODE @— (1, n) TY
DESCRIPTION O—  PART SUPPLY QUANT

(1, n)

—e SUPPLIER_CODE
—O NAME
SUPPLIER [ ADDRESS

TELEPHONE

PRODUCT (PRODUCT_CODE, NAME, DESCRIPTION)

PART (PART_CODE, DESCRIPTION)

SUPPLIER (SUPPLIER_CODE, NAME, ADDRESS, TELEPHONE)
PRODUCT_CODE,PART_CODE, SUPPLIER_CODE, QUANTITY)
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Translation of quaternary relationships

(P9TTEE %)
—@ CAR_NO
CAR
O CAR_PRICE

O LOAN_AMOUNT

CUST_NAME —@® DEALER_NAME
CUSTOMER DEALER

O INTEREST_RATE
—Q BANK_NAME

FINANCING_
BANK

CAR_SALE(CAR _NO, CUST NAME, DEALER_NAME, BANK NAME, CAR_PRICE,
LOAN_AMOUNT, INTEREST_RATE)

& Ry relation ZEEHY minimal primary key set
#l40: % CAR_NO —»CUST_NAME HI] CUST _NAME ®]LJ-R{E primary key set H
[ ey
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Translation of recursive relationships

IS_.SUBORD

(AR %)

T NAME l:i) DATE_OF_BIRTH

EMPLOYEE

MANAGER.
OF

Many-to-many relationship:
EMPLOYEE(NAME, DATE_OF BIRTH)
MANAGER_OF(NAME_OF MANAGER, NAME _OF SUBORDIINATE)

IS_MANAGER_OF

One-to many relationship:
EMPLOYEE(NAME, DATE_OF BIRTH)

MANAGER_OF(NAME_OF SUBORDINATE, NAME_OF_MANAGER

EMPLOYEE(NAME, DATE_OF BIRTH, NAME_OF MANAGER)
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Mapping the operations to SQL

a oM * B —entity &R,
FROM EE—entity _name
) ! * %5 — entity A%, &35
Y entity name HIRAE

— Ay O— join FROM 1£[H
I condltlon * (kI IE WHERET-4)

* GROUP BY and

e T HAVING 47
{ BEF 1 navigation schema &,
attributes BE SQL A

ey }
SELECT A4, A5, AG%[ entity

FROM E1, E2, E3 =)
WHERE jc1 and jc2 and COND(AL A2 A3)= ff&ft: oS5
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Example of translating navigation schema to SQL

ER schema : P QL HHAE#ES /N 30 Y instructors
INSTRUCTOR —0 NAME : Navigational specification in ER:
—O AGE
——i@ S5N
: INSTRUCTOR —O NAME =~ ——p
O SEMESTER : —O AGE ~ -—
O MAX_NO_STUD :
: SQL specification:
COURSE | —O DEPARTENT - SELECT NAME
' FROM INSTRUCTOR
WHERE AGE < 30

Relation schema:

INSTRUCTOR(SSN, NAME, AGE)
OFFERS(SSN, COURSE_NAME, SEMESTER, MAX_NO_STUD)

COURSE(COURSE_NAME, DEPARTMENT)
=
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Example of translating navigation schema to SQL

Q2: 45 -z hMHY SSN, #k i AT HERIE AT & HY department.

Navigational specification:

@ SSN -
INSTRUCTOR [0 NAME
_ O AGE

Alternative 1:

SELECT DEPARTMENT
FROM COURSE
@ WHERE COURSE_NAME IN
SELECT COURSE_NAME
e COURSE NAME FROM OFFERS
COURSE |—OC OEPARTMENT  arecie WHERE SSN=$X

Alternative 2:
SELECT DEPARTMENT
FROM COURSE, OFFERS

WHERE COURSE, COURSE_NAME =OFFERS.COURSE_NAME AND SSN=%$X
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Exercises

1. Consider the following ER diagram of a database for a city's traffic and parks departments.
Draw navigational schemas in ER form for the following queries:

(1) List all street names in a given city.

(2) List all intersections on Main street in the city of Gainesville, Georgia.

(3) List all parks in the city of Gainesville, Florida.

(4) List all parks located on Huron Street in Ann Arbor, Michigan.

Proceed as follows:

a. First convert the ER model to a relational database.

b. Convert the above navigation schemas into SQL.

CITY_NAME 8£ . (0, m)
STATE_NAME CITY CONTAINS

(1, n)

HAS
(1. 1)

(1. 1)

STREET_NAME ,
LENGTH O  STREET o PARK
zwconeso—-—)- (1, m) '
{1, n

l NAME (l.) AREA

&> =
[ ey
O TRAFFIC_LIGHT (YM)
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2. Consider the following ER schema of the airport and flights database. Convert it into a
set of relations. Point out all referential constraints among the relations.

O DEP_TIME
CODE OCITY OEP START_CITY
TQNAME psatE * )
- 0,1
AIRPORT FLIGHT_LEG (0
(.m R (1. 1)
(0. m) AIRPORT
w . ARR_TIME
(0, n)
@ TYPE_NAME
A'“%'-PAE“E- O MAX_SEATS FLIGHT

(o,1) o NUMBER 3 ARLINE YO WEEKDAYS

DAILY_FLIGHT_LEG

—
cL AVAIL_SEATS O DATE

Er schema of an airport and flights database
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