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E
xtensions of R

elational D
B

M
S

s  (refer to  the readings)
–

To accurately m
odel data sem

antics and data relationships
that arise frequently in typical database applications.

–
N

o support for behavioural sem
antics.

R
eal W

orld E
ntities

S
em

antic data
m

odelling

D
atabase S

ystem
s

(R
D

B
, N

etw
ork B

D
,

H
ierarchial D

B
)
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structural–
behaviour

object–identity

O
perational

behaviour

N
on–norm

alised R
D

M

N
etw

ork D
M

H
ierarchial D

M

R
D

M

E
R

S
em

antic 
D

M

*******

*******

*******

*******

*******

***
***

*** O
bject O

riented
D

M
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6.1  M
odelling G

eneralization and A
ggregation in R

D
M

.
John M

iles S
m

ith and D
iane C

.P. S
m

ith, 1979

A
b

stractio
n

 is a m
o

d
el in

 w
h

ich
 d

etails are d
elib

erately o
m

itted
.

•
T

he objective is to allow
 users to heed details w

hich are relevant
to the application and ignore other details.

•
A

ggregation is an abstraction w
hich turns a relationship betw

een
objects into an aggregate object.

•
G

eneralisation is an abstraction w
hich turns a class of objects

into a generic object.
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A
 graphical notion for the g

en
eric stru

ctu
re.

aggregation

generalization

R
1

R
2

V
ehicle

M
otorized

air–vehicle
w

ater–vehicle

m
an–vehicle

key–dom
ains
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vehicle

w
ind

propelled
vehicle

m
otorised
vehicle

land
vehicle

w
ater

vehicle
air

vehicle

m
an

pow
ered

vehicle

rotary
vehicle

rocket
vehicle

jet
vehicle

helicopter
plane
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vehicle :
iden. num

.
M

anufacturer
P

rice
W

eight
M

edium
 category

P
ropulsion category

V
1

M
azda

65.4
10.5

land vehicle
m

otorised vehicle.

V
2

S
chw

in
3.5

0.1
land vehicle

m
an pow

ered vehicle

V
3

B
oeing

7,900
840

air vehicle
m

otorised vehicle

V
4

A
qua C

o.
12.2

1.9
w

ater vehicle
w

ind propelled vehicle

V
5

G
yro Inc.

650
150

air vehicle
m

otorised vehicle

m
otorised vehicle :

iden. num
.

M
anufacturer

P
rice

W
eight

H
ors pow

er
fuel capacity

M
otor category

V
1

M
azda

65.4
10.5

150
300

rotary vehicle

V
3

B
oeing

7,900
840

9600
2600

jet vehicle

V
5

G
yro Inc.

650
150

1500
2000

rotary vehicle

air vehicle :
iden. num

.
M

anufacturer
P

rice
W

eight
M

ax A
ltitude

Take-off distance
Lift category

V
3

B
oeing

7,900
840

30
1000

plane

V
5

G
yro Inc.

650
150

5.6
0

helicopter
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D
iscu

ssio
n

•
D

ifference betw
een D

atabase A
bstraction and N

orm
al F

orm
s

–
N

orm
al form

s capture som
e notion of ”basic aggregate object”

in term
 of the concept of functional dependency.

–
N

orm
al form

s do not address generalization.

–
N

orm
al form

s are not able to distinguish w
hat is, or is not, an

aggregate object.

•
R

eplication of data w
hen m

apped into the R
D

B
.

•
N

o behavioural object orientation.

•
T

he  sem
antics of the underlying object structure is not easily

seen.

•
C

ostly update operations to guarantee the consistency of the
replicated inform

ation.
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6.2 M
olecular O

bjects, B
atory and B

uchm
ann, 1984

•
E

xtend the w
ork on aggregation by S

m
ith and S

m
ith.

S
m

ith and S
m

ith’s aggregation is an abstraction of a single
relationship into a higher–level entity.

•
A

 m
olecular object is form

ed by m
olecular aggregation.

•
A

 m
olecular aggregation is an abstraction of a set of entities and

their relationships into a higher–level entity.

•
M

olecular object is to m
odel com

plex, heterogeneously
structured entities that are com

posed of a variety of subentities.

M
olecular O

bject

M
olecular A

ggregation

E
–R

 D
iagram
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E
xam

ple:  
C

onsider a catalog of data structure diagram
s. O

n each page of the
catalog is a data structure diagram

. E
ach diagram

 is identified by a
catalog num

ber and is explained by a catalog description.

C
atalog #: C

53

C
atalog–D

escription:
G

rade D
atabase

 S
tudent

C
ourse

G
rade

S
G

C
G

A
rrow

B
ox

D
iagram

D
ata S

tructure D
iagram
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E
–R

 D
iagram

:

P
arent–of

C
hild–of

B
N

am
e

A
N

am
e

B
ox

A
rrow

S
tudent

C
ourse

G
rade

S
G

LG

D
iagram

C
atolog

C
atolog#

C
atalog_des

???

T
here is no D

S
D

(D
ata S

tructure D
iagram

). T
he C

53 entity and its
relationship to the other tuples are not represented.
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P
arent–of

C
hild–of

B
N

am
e

A
N

am
e

B
ox

A
rrow

C
atalog–#

C
atalog–D

escrption
D

S
D

C
om

p–of

D
S

D
–P

art

IS
A

S
m

ith
 an

d
 S

m
ith

’s A
p

p
ro

ach

D
S

D
–part#

aggergation

generalizatoin
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M
olecular O

bject A
pproach

P
arent–of

C
hild–of

B
N

am
e

A
N

am
e

B
ox

A
rrow

C
atalo

g
–#

C
atalog–D

escrption
D

S
D

M
o

lecu
lar A

g
g

reg
atio

n

1 vs 1 co
rresp

o
n

d
en

ce

M
o

lecu
lar O

b
ject

F
o

r exam
p

le C
53

E
R

–diagram
S

hare the key in each relation.

E
ach relation m

ust have ”C
atalog–#” as a part of its key.
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•
M

olecular objects are classified into four categories.

–
D

isjoint, nonrecursive;   the exam
ple above.

–
N

ondisjoint, nonrecursive; the exam
ple above +

 sharing.

–
D

isjoint, recursive;  binary trees.

–
N

ondisjoint,  recursive;  Tw
o lists share a sublist.

D
iscussion of M

olecular O
bjects

•
A

s a m
ethodology to classify object types of an application.

•
N

o R
D

B
M

S
 extension achieves an adequate support of all four

classes of m
olecular objects.
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6.3 A
 G

eneral R
eference M

echanism
E
M
P
(
n
a
m
e
,
 
s
a
l
a
r
y
–
h
i
s
t
o
r
y
,
 
h
o
b
b
i
e
s
,
 

d
e
p
t
,
 
a
g
e
,
 
b
o
n
u
s
)

D
E
P
T
(
d
n
a
m
e
,
 
f
l
o
o
r
)

S
A
L
A
R
Y
(
n
a
m
e
,
 
d
a
t
e
,
 
p
a
y
–
r
a
t
e
)

S
O
F
T
B
A
L
L
(
n
a
m
e
,
 
p
o
s
i
t
i
o
n
,
 
a
v
e
r
a
g
e
)

M
U
S
I
C
(
n
a
m
e
,
 
i
n
s
t
r
u
c
m
e
n
t
,
 
l
e
v
e
l
)

R
A
C
I
N
G
(
n
a
m
e
,
 
a
u
t
o
,
 
c
i
r
c
u
i
t
)
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E
M

P

nam
e

salary–history
hobbies

dept
age

bonus

F
red

range of s is S
A

LA
R

Y

retrieve(s.all)

w
here s.nam

e =

          ”F
red”‘

range of m
 is M

U
S

IC
retrieve(m

.all)
w

here m
.nam

e
          =

”F
red”

range of r is R
A

C
IN

G
retrieve(r.all)
w

here r.nam
e =

          ”F
red”

range of d is D
E

P
T

retrieve(d.dnam
e)

w
here d.nam

e =

”toy”

25
10

M
U

S
IC

nam
e

instrum
ent

level

F
red

piano
novice

R
A

C
IN

G

nam
e

auto
circuit

F
red

form
ula F

ord
S

C
C

A
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r
a
n
g
e
 
o
f
 
e
 
i
s
 
E
M
P

r
e
t
r
i
e
v
e
(
e
.
h
o
b
b
i
e
s
.
i
n
s
t
r
u
m
e
n
t
)

w
h
e
r
e
 
e
.
n
a
m
e
 
=
 
”
F
r
e
d
”
 
a
n
d

e
.
h
o
b
b
i
e
s
.
l
e
v
e
l
 
=
 
”
n
o
v
i
c
e
”

”Q
U

E
L as a D

atatype” provides an extrem
ely general referencing

m
echanism

 w
ithin the context of the relational m

odel.  H
ow

ever, the
generality has to be paid for in term

s of lack of type safety.
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6.4 A
bstract D

ata Types in R
D

M
•

D
efine A

D
T

d
e
f
i
n
e
 
A
D
T
 
(

t
y
p
e
n
a
m
e
 
=
 
”
g
r
a
p
h
”
,

b
y
t
e
i
n
 
=
 
1
2
8
,

b
y
t
e
o
u
t
 
=
 
1
2
8
,

i
n
p
u
t
f
u
n
c
 
=
 
”
t
o
_
i
n
t
e
r
n
a
l
_
g
r
a
p
h
”
,

o
u
t
p
u
t
f
u
n
c
 
=
 
”
t
o
_
e
x
t
e
r
n
a
l
_
g
r
a
p
h
”
,

f
i
l
e
n
a
m
e
 
=
 
”
/
u
s
r
/
i
n
g
r
e
s
/
.
.
.
/
g
r
a
p
h
”
)

•
D

efine A
D

T
 operations

d
e
f
i
n
e
 
a
d
t
o
p
 
(

o
p
n
a
m
e
 
=
 
”
e
q
”
,

f
u
n
c
n
a
m
e
 
=
 
”
g
r
a
p
h
_
e
q
”
,

f
i
l
e
n
a
m
e
 
=
 
”
/
u
s
r
/
i
n
g
r
e
s
/
.
.
.
/
g
r
a
p
h
_
e
q
”
,

r
e
s
u
l
t
 
=
 
b
o
o
l
e
a
n
,

a
r
g
1
 
=
 
A
D
T
:
g
r
a
p
h
,

a
r
g
2
 
=
 
A
D
T
:
g
r
a
p
h
)
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6.5 H
ierarchical O

bject S
upport in X

S
Q

L
•

A
 com

plex object constitutes an entity that is com
posed

hierarchically of several subentities that them
selves m

ay be
com

posed of subentities.

•
T

hree system
 dom

ains: S
urrogates, C

om
pom

ent–O
f, R

eference.

6.6 N
ested R

elational M
odel

S
–ID

N
am

e
U

nits
S

–ID
N

am
e

U
nit–ID

N
am

e
1234567

W
illiam

 S
m

ith
c43

U
ser Interface

1234567
W

illiam
 S

m
ith

c18
S

oftw
are E

ng.


