Unit 2

Data Modeling Concepts




A model is a representation of real-
world objects and events, and their
associations.

A data model (Zif}=EAD) is a collection
of concepts that can be used to describe a
set of data and operations to manipulate the
data.

Purpose n—> To represent data.
To be understandable.
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Outline

3 Abstractions
7 Classification
7> Aggregation
7 Generation

3 Mapping among classes
7> Binary aggregation
7 N-ary aggregation
— Concept of cardinality
7> (Coverage properties
3 Model, Schema, and Data instance
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Abstractions (8=

3 Abstraction &%
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Figure 2.1 The bicycle abstraction
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Abstractions

3 Three types of abstractions:
7~ classification (472814 )

— 1s_member_of

& aggregation (EX&EM:)
— Is_part_of

& generalization (—f%4)
— IS a
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Classification (45X M: )

TR L B L ER MERY (4 (object)
Eﬂ?"‘ BAH@*E/%‘U (class).

Object : January, February, ...

Month
A AN Class: Month
o7 s nmqmber of .
iy Eon January IS_member_of Month
anuary February ... December — —_

ERER) A ---F5

Figure 2.2 An example of classification

TABLE  CHAIR _ BLACKFURNITURE  WHITE FURNITURE  Object Black table &% &2

&~ P 4
A B ! TABLE
t ,-—"""r\\ . T h - ZEE A
Black  White™ Blick Wi Object Black table 755 & 5A
table table chair chair BLACK FURNITURE

Figure 2.3 Multiple classifications for the same real-world objects
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Aggregati()n E%“é[\)réz >

S e IR P — B )
BICYCLE

B *E;%‘U BICYCLE ‘£ F{ WHEEL, PEDAL ¥/

HANDLEBAR —{[E}E FII4H & MRk AY °
/part

WHEEL  PEDAL  HANDLEBAR PEDAL Is_part_of BICYCLE
Figure 2.4 An example of aggregation (—&n) H —=>Fn
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(E&rE G THYER

O3 FHEGE G T B B LR o

PERSON ~ |
ZH 4 record type
/ “ -
+  Aggregation °
NAME SEX poSTON  J 7
T3 A% AN STV
/ : N ;N doN b Classification - o O TX attributes
/ \ \ / \ /s \
/ , \Y ! \ 7 Y \
John Mary Lucas Male Female Manager Employee-} .. . ’

Figure 2.5 Classification and aggregation as basic mechanisms for building
conventional data structures

B> FH1E_L Y (object) il /N
M (class) 24T ARE
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Generalization (—f&M:)

— A -~ EE A | FR Y SR (SR R T
i ﬂﬁ/)ﬂZ* I_J_IE}DJ[

generic class
PERSON or super class| = mAN, PERSON and WOMAN are

isla classes.
l ‘ | (> MAN is_a PERSON
MAN WOMAN WOMAN iS_a PERSON

Figure 2.6 An example|of generalization

subset class
or subclass
2003/2/24
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Generalization (—f&M:)

> fF generic class /1, FARIRE S ~ FFIEED&rdE K54G
subset class.

PERSON

i A of“ is a ® PERSON ] NAME, SEX, POSITION
' " ' R,

) = 1 ’ N\
NAME SEX POSITION MAN (> MAN & PERSON HY—1di » FTLL
u MANZ EL5 NAME, SEX, POSITION 72 —

- fEEE Rl &4, 7N DRAFT_STATUS.

DRAFT_STATUS
(UEAHIRRR )
Figure 2.7 Inheritance with generalization abstractions
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Exercise

Consider a type of object in your room (a table,
the bed, a chair), and show how it can be
represented by using each one of the abstraction
mechanisms discussed.
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Mapping Among Classes

o3 Binary Aggregation (— ¥ fERE %)
— R EEE R TAE—R#E - TR R (R

(relationship) o

USES OWNS

= PERSON #/1 BUILDING 7 USES {3
{% > USES ‘£ PERSON 7 BUILDING
R MRHT

PERSON BUILDING
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Binary Aggregation

USES

USES={(p1,b1),(p1,b2),(p2,b2),(p3,b3)}

pl {85 bl,b2
p2 {4 b2
3 b3
PERSON i L
| BUILDING
(a) Binary aggregation USES
USES

OWNS

- FEA—EREFETIE

- BEFET A —EEFAE
OWNS

» NEEHEAERES BT

= ==
. i e
evaon HEETF—EEZFEA
| BUILDING
(b} Binary aggregation OWNS
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Cardinality

Let A is the binary aggregation of classes C, and C,

7> Minimal cardinality
—min-card(C, ,A) = m {CFEC, A HEHE
TLER B AEAFAR T/ IME L

7> Maximal cardinality
—max-card(C, ,A) = n {UFRC A EHE
TLER B AEAFART T AL
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Minimal Cardinality

USES : 8 7% min_card(C,, A)=0 HI]

. o | T C, RS A
né%é b2 : (optional participation).
p3 b3
: @8 75 min_card(C,, A)>0 HI|
PERSON b4 P 1o N M
BUHDING : T Cy b 2B A
(a) Binary aggregation USES (mandat()ry parIICIpatIOI’l)

= min_card(PERSON, USES)=1
A —E BT FT1E

= min_card(BUILDING, USES)=0

B al PLZ AfE, Al 2ia A
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Maximal Cardinality

O e —El BT i % nl LA MiHE E, Al
max_card(BUILDING, OWNS)=2.

BO G A& I A =/ FET, Hi
max_card(PERSON, OWNS) = 3.
O EHacEE T HEA—EELE, H2/0%E

H—EEE, A
PERSCN dInG max_card(BUILDING, OWNS)=1.
(b) Binary aggregation OWNS min_card(BUILDING, OWNS)=1.

H] 525 ky card(BUILDING, OWNS)=(1,1).

£ o T el
3 min_card & max_card 7] DIf& S & card(C, ,A)=(m,n).
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Cardinality Example

ELECTIO 3
SELECTION (7:%)
’ STUDENT COURSE
STUDENT COURSE

: _ Figure of conceptual structure
Figure of data instance

max_card(STUDENT, SELECTION)=6
max_card(COURSE, SELECTION)=70
mMin_card(STUDENT, SELECTION)=2

min_card(COURSE, SELECTION)=15
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Adggregation Between Two Classes

(a) one-to-one (b) one-to-many
A A
o
[
1 ) 1 2
max_card(C,,A)=1 max_card(C,,A)=n
max_card(C,,A)=1 max_card(C,,A)=1
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Adggregation Between Two Classes

(C) many-to-one (d) many-to-many

max_card(C,,A)=1 max_card(C,,A)=n
max_card(C,,A)=n max_card(C,,A)=n
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N-ary Aggregation (271 % fERE %)

o3 A Is a ternary (=7t) among classes O, P, Q
then A={(04,p1,d1), (01,P2,02);---}-

MEETS B SFeniE e i RS EPE] = AR
W \ > &4 —(F MEETS T

COURSE DAYS CLASSROOM
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Ternary

Aggregation .‘my. s
Example '\\.‘ ,‘,7 e
® PR B 3 5‘,‘" ;

® IR LR S E counee

o HEE PR ”.x
> card(COURSE,MEETS)=(1,3) \/
Fr R An ) E—GR, &% F3TGR ;

» card(DAY, MEETS)= (0,n)
—RZWA LI 28 TEREA IR, Hf 228 = \;WW
{EEE LT K8 EiR |

» card(CLASSROOM, MEETS)=(0,40)

BHEAE — B = 8 ) R0, 5% 5 40

(8X5) : DAYS
(b) Mappings in the MEETS aggregation
Figure 2.11 Representation of the ternary aggregation MEETS
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Mapping on Generalization

3 About the mapping from the generic class
to the subset classes

7 Coverage properties
— total or partial coverage (t/p)
— exclusive or overlapping coverage (e/o)

PERSON _
‘ Generic class
MALE FEMAL
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Mapping on Generalization

PERSON
(t.e)
MA‘LE FEI‘VIALE = MALE + FEMALE =] /&
FEFTA T PERSON (total
coverage).

= MALE F1 FEMALE 25
JRHY (exclusive coverage).

{a) Total, exclusive
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Mapping on Generalization

PERSON

(b) Partial, overlapping
PERSON
| (p. 0)

MALE EMPLOYEE

2003/2/24

VEHICLE

(c) Partial, exclusive

VEHICLE
(p, e)|

CAR BICYCLE

Unit 2 Data Modeling Concepts

. SOCCER
. PLAYER

{d) Total, overlapping

PLAYER
(t, 0) |

TENNIS
PLAYER
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Model v.s. Schema
©3 Model E=—FE T E. » FioRFS S 20—

> - 1

3 Schema FH.—

II:_IZ7I_\‘ % .

a>flal - SIbr

==

=]

~ FH4EEE « E-R model.
e iR = 0 F model 22

il
[

AN

VTP Ak

1|||ﬂ|

<~ E-R diagram.
o3 Instance ;EfR {5 schema ~ Z8fE MgV ERHE ©
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Model
ade Model IEHFE

l,_;r‘@%ﬂmﬁ%

ﬁfﬂ ﬁgﬂr «—> | Schema Schema 2 {it&
J2 | e

l+_5"'u@§Aﬁm
ESERHE Al

(PERFETE Y e | |nstance
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Example between Model,
Schema and Instance

@ Relation data model & —FfEE R} EFEA

-t,

@ H relation data model 4& H—E& i+ EZE R (schema)
{51 : PERSON(Name, Sex, Address, ID-no)

CAR(Plate, Make, Color)
OWNS(ID-no, Plate)

N == 8 e e 2258718 Maserall |White
® (RIEERIEAMSIERNCERING  [rima P o

CA CATA17 |Datsun |White

FL 171899 |Ford Red

PERSON
John Smith 11 West 12 St., Ft. Llauderdale|387-6713-362 OWNS
Mary Smith 11 West 12 St., Ft. Llauderdale|389-4816-381 387-6713-362 |FL 18MIAI
John Dole 1102 Ramona St., Palo Alto  [391-3873-132 387-6713-362 |FL 171899
391-3873-132 |CA 13718
391-3873-132 |CA CATAL7
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Exercises

1. Give some examples of generalization abstractions,
and show how the inheritance property applies to
you examples.

2. Discuss how coverage properties related to

cardinality constraints. (Hint: interpret
generalization hierarchies as special types of

mapping among classes.)
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