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S
upport  of G

eneralization and A
ggregation

c
l
a
s
s
 
S
t
u
d
e
n
t
 
:
 
p
u
b
l
i
c
 
P
e
r
s
o
n
 
{

p
r
i
v
a
t
e
:

i
n
t
 
s
–
i
d
;

c
h
a
r
*
 
d
e
g
r
e
e
;

}
;
 

c
l
a
s
s
 
E
n
r
o
l
 
{

p
r
i
v
a
t
e
:

S
t
u
d
e
n
t
*
 
s
t
u
d
e
n
t
;

U
n
i
t
*
 
u
n
i
t
;

}
;

•
Identification:

logical–Id vs through content(K
ey–A

ttributes).

•
U

niqueness:
in the system

 vs in a class hierarchy.

•
Inheritance:

O
bject–types vs R

elations.

•
M

aintenance:
W

ho m
anages it and H

ow
 m

anage it.

•
M

anipulation:
O

perations vs R
elational operations.
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O
bject–O

riented

F
unctional

E
xtended R

D
M

E
xtended R

D
B

M
S

O
O

D
B

M
S

D
ata M

odel

D
B

 P
rogram

m
ing S

ystem

D
B

 generator

O
bject–m

anager

D
B

 A
rchitecture
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D
atabase  P

rogram
m

ing Language
•

D
M

Ls are not com
putational com

plete.

•
Im

pedance M
ism

atch.

•
O

bject–oriented databases allow
 general purpose program

m
ing

languages to produce m
ethods

D
atabase Language (D

D
L, D

M
L)

+
P

rogram
m

ing Language

–––––––––––––––––––––––––––––––––––––––––

D
atabase P

rogram
m

ing Language (P
ersistence)
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O
bject Identity
•

Identity T
hrough C

ontents

–
 A

=
B

 alw
ays m

eans equality in term
s of contents. N

o
possibility to express equality in term

 of identity.

–
P

ossibility of changing the contents.

•
Identity T

hrough Location

–
M

oving of an object from
 one location to another invalidates

the identity.

–
D

eletion P
roblem

: reuse the m
em

ory w
hich has been

allocated for a deleted object.

•
Logical O

bject Identifiers in G
O

M
:

O
 =

 (id#, Type, Internal–S
tate)
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M
ore about O

bject: E
quality

#
i
d
–
1
0
 
:
 
<
n
a
m
e
:
 
”
M
r
.
R
i
g
h
t
”
,
 
a
g
e
:
 
2
0
>

#
i
d
–
1
1
 
:
 
<
n
a
m
e
:
 
”
M
r
.
R
i
g
h
t
”
,
 
a
g
e
:
 
2
0
>

#
i
d
–
1
2
 
:
 
<
n
a
m
e
:
 
”
M
r
.
R
i
g
h
t
”
,
 
a
g
e
:
 
4
0
>

#
i
d
–
1
3
 
:
 
<
n
a
m
e
:
 
”
M
r
.
R
i
g
h
t
”
,
 
a
g
e
:
 
2
0
>

#
i
d
–
1
0
 
=
 
#
i
d
–
1
0
;
 
 
 
 
 
 
 
!
!
 
e
q
u
a
l
 
a
t
 
d
e
p
t
h
 
0
,
 
i
d
–
e
q
u
a
l

#
i
d
–
1
0
 i

 
#
i
d
–
1
1
;

#
i
d
–
1
0
 
=
1
 
#
i
d
–
1
1
;
 
 
 
 
 
 
!
!
 
e
q
u
a
l
 
a
t
 
d
e
p
t
h
 
1

#
i
d
–
1
0
 i

1
 
#
i
d
–
1
2
;

#
i
d
–
2
1
 
:
 
{
#
i
d
–
1
0
,
 
#
i
d
–
1
1
}
;

#
i
d
–
2
2
 
:
 
{
#
i
d
–
1
0
,
 
#
i
d
–
1
3
}
;

#
i
d
–
2
1
 i

 
#
i
d
–
2
2
;

#
i
d
–
2
1
 i

1
 
#
i
d
–
2
2
;

#
i
d
–
2
1
 
=
2
 
#
i
d
–
2
2
;
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Im
plem

enting R
elationships

•
1:1 R

elationship Type

R
bin

T
left

Tright
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E
ntry P

oints:

c
l
a
s
s
 
T
l
e
f
t
 
{
 

p
r
i
v
a
t
e
:
 

T
r
i
g
h
t
*
 
l
2
r
;

p
u
b
l
i
c
:

v
o
i
d

s
e
t
R
i
g
h
t
(
T
r
i
g
h
t
 
*
)
;

T
r
i
g
h
t
*
 
g
e
t
R
i
g
h
t
(
)
;

}
;

c
l
a
s
s
 
T
r
i
g
h
t
 
{
 

p
r
i
v
a
t
e
:
 

T
l
e
f
t
*
 
r
2
l
;

}
;

c
l
a
s
s
 
T
R
 
{

p
r
i
v
a
t
e
:

T
l
e
f
t
*
 
l
e
f
t
;
 

T
r
i
g
h
t
*
 
r
i
g
h
t
;

}
;
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A
llow

ing m
ultiple entry points  in the schem

a in order to increase the
perform

ance of the application program
s m

ight result consistency
problem

s.
c
l
a
s
s
 
T
l
e
f
t
 
{
 

p
r
i
v
a
t
e
:
 

T
r
i
g
h
t
*
 
l
2
r
;

p
u
b
l
i
c
:

v
o
i
d

s
e
t
R
i
g
h
t
(
T
r
i
g
h
t
 
*
r
)
 
{
 

l
2
r
 
=
 
r
;
 
r
–
>
s
e
t
L
e
f
t
(
t
h
i
s
)
;
}

}
;

c
l
a
s
s
 
T
r
i
g
h
t
 
{
 

p
r
i
v
a
t
e
:
 

T
l
e
f
t
*
 
r
2
l
;

p
u
b
l
i
c
:

v
o
i
d

s
e
t
L
e
f
t
(
T
l
e
f
t
 
*
l
)
 
{
 

r
2
l
 
=
 
l
;
 
l
–
>
s
e
t
R
i
g
h
t
(
t
h
i
s
)
;
}

}
;
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In som
e cases, it m

akes perfect sense to have an explicit type for the
relationship and additional attributes in either T

left, or Tright, or in
both.

R
bin

T
left

Tright
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•
1: N

 R
elationship Types: T

hree altenative representations.

R
bin

T
left

Tright
1

N

c
l
a
s
s
 
T
l
e
f
t
 
{
 

p
r
i
v
a
t
e
:
 
T
r
i
g
h
t
S
e
t
*
 
l
2
r
;

}
;
c
l
a
s
s
 
T
r
i
g
h
t
S
e
t
 
{

p
r
i
v
a
t
e
:
 
T
r
i
g
h
t
 
 
m
a
n
y
[
M
A
X
]
;

}
;
c
l
a
s
s
 
T
r
i
g
h
t
 
{
 

p
r
i
v
a
t
e
:
 
T
l
e
f
t
*
 
r
2
l
;

}
;
c
l
a
s
s
 
T
R
 
{

p
r
i
v
a
t
e
:

T
l
e
f
t
*
 
l
e
f
t
;
 

T
r
i
g
h
t
*
 
r
i
g
h
t
;

}
;

W
hich one is the correct representation?
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R
bin

T
1

T
2

T
3

attr–1
attr–k
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R
ecursive 1:N

 R
elationship

P
roducts

C
om

position

sub

super

N1

A
lternative R

epresentation of com
position.

c
l
a
s
s
 
P
r
o
d
u
c
t
S
e
t
 
{

p
r
i
v
a
t
e
:
 

P
r
o
d
u
c
t
 
m
a
n
y
[
M
A
X
]
;

}
;

c
l
a
s
s
 
P
r
o
d
u
c
t
 
{

 
 
 
 
c
l
a
s
s
 
P
r
o
d
u
c
t
 
{

p
r
i
v
a
t
e
:

 
 
 
 
p
r
i
v
a
t
e
:

P
r
o
d
u
c
t
 
*
s
u
p
e
r
;

 
 
 
 
P
r
o
d
u
c
t
S
e
t
 
*
s
u
b
;

p
u
b
l
i
c
:

 
 
 
 
p
u
b
l
i
c
:

 
P
r
o
d
u
c
t
S
e
t
*
 
P
a
r
t
L
i
s
t
(
)
;
 
 
 
 
 
 
 
 
 
P
r
o
d
u
c
t
S
e
t
*
 
P
a
r
t
L
i
s
t
(
)
;

 
B
o
o
l
e
a
n

i
s
P
a
r
t
o
f
(
P
r
o
d
u
c
t
*
)
;
 
 
 
B
o
o
l
e
a
n
 
i
s
P
a
r
t
o
f
(
P
r
o
d
u
c
t
*
)
;

}
;

 
 
 
 
 
 
 
}
;

(
a
)
s
u
p
e
r

 
 
(
b
)
s
u
b
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S
uppose that tw

o operations are needed.

•
partList, returns the set of product instances of w

hich the
P

roduct is com
posed.

•
isP

artO
f, a B

oolean function that determ
ines w

hether the
P

roduct is subpart of the ”higher–level” P
roduct passed as a

param
eter.
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F
or approach (a):

P
r
o
d
u
c
t
S
e
t
*
 
P
r
o
d
u
c
t
:
:
p
a
r
t
L
i
s
t
(
)
 
{

P
r
o
d
u
c
t
S
e
t
*
 
r
e
s
u
l
t
S
e
t
;

P
r
o
d
u
c
t
*
 

p
a
r
t
;

r
e
s
u
l
t
S
e
t
 
=
 
n
e
w
 
P
r
o
d
u
c
t
S
e
t
(
)
;

r
e
s
u
l
t
S
e
t
–
>
i
n
s
e
r
t
(
t
h
i
s
)
;

/
*
 
P
s
e
u
d
o
 
C
o
d
e
 
*
/

f
o
r
e
a
c
h
 
(
p
a
r
t
 
i
n
 
e
x
t
e
n
s
i
o
n
(
P
r
o
d
u
c
t
)
)

i
f
 
(
p
a
r
t
–
>
s
u
p
e
r
 
=
=
 
t
h
i
s
)

r
e
s
u
l
t
S
e
t
–
>
s
e
t
U
n
i
o
n
(
p
a
r
t
–
>
p
a
r
t
L
i
s
t
(
)
)
;

r
e
t
u
r
n
 
r
e
s
u
l
t
S
e
t
;

}
;

V
ery inefficient
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F
or approach (a):

B
o
o
l
e
a
n
 
P
r
o
d
u
c
t
:
:
i
s
P
a
r
t
O
f
(
P
r
o
d
u
c
t
*
 
S
u
p
e
r
P
a
r
t
)
 
{

P
r
o
d
u
c
t
*
 
p
a
r
t
;

p
a
r
t
 
=
 
t
h
i
s
;

w
h
i
l
e
 
(
p
a
r
t != N

U
L
L
)

i
f
 
(
p
a
r
t
 
=
=
 
S
u
p
e
r
P
a
r
t
)

r
e
t
u
r
n
 
t
r
u
e
;

e
l
s
e
 
p
a
r
t
 
=
 
p
a
r
t
–
>
s
u
p
e
r
;

r
e
t
u
r
n
 
f
a
l
s
e
;

}
;

V
ery efficient
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F
or approach (b)

P
r
o
d
u
c
t
S
e
t
*
 
P
r
o
d
u
c
t
:
:
p
a
r
t
L
i
s
t
(
)
 
{

P
r
o
d
u
c
t
S
e
t
*
 
r
e
s
u
l
t
S
e
t
;

P
r
o
d
u
c
t
*
 
p
a
r
t
;

r
e
s
u
l
t
S
e
t
 
=
 
n
e
w
 
P
r
o
d
u
c
t
S
e
t
(
)
;

r
e
s
u
l
t
S
e
t
–
>
i
n
s
e
r
t
(
t
h
i
s
)
;

/
*
 
P
s
e
u
d
o
 
C
o
d
e
 
*
/

f
o
r
e
a
c
h
 
(
p
a
r
t
 
i
n
 
t
h
i
s
–
>
s
u
b
)

r
e
s
u
l
t
S
e
t
–
>
s
e
t
U
n
i
o
n
(
p
a
r
t
–
>
p
a
r
t
L
i
s
t
(
)
)
;

r
e
t
u
r
n
 
r
e
s
u
l
t
S
e
t
;

}
;

V
ery efficient
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F
or approach (b)

B
o
o
l
e
a
n
 
P
r
o
d
u
c
t
:
:
i
s
P
a
r
t
O
f
(
P
r
o
d
u
c
t
*
 
S
u
p
e
r
P
a
r
t
)
 
{

P
r
o
d
u
c
t
*
 
p
a
r
t
;

B
o
o
l
e
a
n
 
i
s
U
s
e
d
 
=
 
f
a
l
s
e
;

/
*
 
P
s
e
u
d
o
 
C
o
d
e
 
*
/

f
o
r
e
a
c
h
 
(
p
a
r
t
 
i
n
 
S
u
p
e
r
P
a
r
t
–
>
p
a
r
t
L
i
s
t
(
)
)

i
f
 
(
p
a
r
t
 
=
=
 
t
h
i
s
)

r
e
t
u
r
n
 
t
r
u
e
;

r
e
t
u
r
n
 
f
a
l
s
e
;

e
n
d

}
;

N
ot efficient.
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In sum
m

ary,

c
l
a
s
s
 
P
r
o
d
u
c
t
 
{

p
r
i
v
a
t
e
:

P
r
o
d
u
c
t
 
*
s
u
p
e
r
;

P
r
o
d
u
c
t
S
e
t
 
*
s
u
b
;

}
;

c
l
a
s
s
 
P
r
o
d
u
c
t
S
e
t
 
{

p
r
i
v
a
t
e
:
 

P
r
o
d
u
c
t
 
m
a
n
y
[
M
A
X
]
;

}
;
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Inheritance and Inform
ation H

iding
P
e
r
s
o
n
(
n
a
m
e
,
 
a
g
e
,
 
s
p
o
u
s
e
)
;

E
m
p
l
o
y
e
e
(
n
a
m
e
,
 
a
g
e
,
 
s
p
o
u
s
e
,
 
s
s
#
,
 
s
a
l
a
r
y
,
 
b
o
s
s
)
;

R
elational D

ata M
odel:

•
R

eusability:

P
e
r
s
o
n
(
n
a
m
e
,
 
a
g
e
,
 
s
p
o
u
s
e
)
;

E
m
p
l
o
y
e
e
(
n
a
m
e
,
 
s
s
#
,
 
s
a
l
a
r
y
,
 
b
o
s
s
)
;

•
F

lexibility: N
o Type.

s
e
l
e
c
t
 
P
2
.
n
a
m
e

f
r
o
m
 
P
e
r
s
o
n
 
P
1
,
 
P
e
r
s
o
n
 
P
2

w
h
e
r
e
 
P
1
.
s
p
o
u
s
e
 
=
 
P
2
.
n
a
m
e

s
e
l
e
c
t
 
P
2
.
n
a
m
e

f
r
o
m
 
P
e
r
s
o
n
 
P
1
,
 
E
m
p
l
o
y
e
e
 
P
2

w
h
e
r
e
 
P
2
.
s
p
o
u
s
e
 
=
 
P
1
.
n
a
m
e
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O
O

D
B

M
S

: reusability and flexibility are good. B
ut H

ow
 to access

private m
em

bers in a query language?

c
l
a
s
s
 
P
e
r
s
o
n
 
:
 
O
b
j
e
c
t
 
{

p
r
i
v
a
t
e
:

c
h
a
r
 
n
a
m
e
[
6
4
]
;

n
i
t
 
a
g
e
;

D
o
g
 
*
d
o
g
;

p
u
b
l
i
c
:

i
n
t
 
g
e
t
a
g
e
(
)
;

v
o
i
d
 
s
e
t
a
g
e
(
)
;

}
;

s
e
l
e
c
t
 
P
e
r
s
o
n
.
a
g
e

f
r
o
m
 
P
e
r
s
o
n

w
h
e
r
e
 
P
e
r
s
o
n
.
a
g
e
 
>
 
2
0
;

s
e
l
e
c
t
 
P
e
r
s
o
n
.
g
e
t
a
g
e
(
)

o
r

f
r
o
m
 
P
e
r
s
o
n

w
h
e
r
e
 
P
e
r
s
o
n
.
g
e
t
a
g
e
(
)
 
>
 
2
0


