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d
ev
el
op
m
en
t
of
ob
je
ct
-o
ri
en
te
d
sy
st
em
s

u
si
n
g
e.
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ra
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b
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u
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u
b
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.
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p
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c
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c
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;
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LateBindingCommonModel(2)

�overheadatthecaller'ssite:

{adjustmentofthis

�indirectfunctioncall

intfoobar(Foo*fp,Bar*bp)f
returnfp->foo()+bp->bar();

g;
.....

foobar__FP3FooP3Bar:

subl$20,%esp

pushl%esi

pushl%ebx

movl32(%esp),%edx

movl36(%esp),%ebx

addl$-12,%esp

movl(%edx),%ecx

movswl8(%ecx),%eax

addl%eax,%edx

pushl%edx

movl12(%ecx),%eax

call*%eax

movl%eax,%esi

addl$-12,%esp

movl(%ebx),%edx

movswl8(%edx),%eax

addl%eax,%ebx

pushl%ebx

movl12(%edx),%eax

call*%eax

addl%esi,%eax

addl$32,%esp

popl%ebx

popl%esi

addl$20,%esp

ret

�singleinheritancepath:

{anadjustmentby0
{avoidableoverhead
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c
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;
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.
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.
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.
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r
e
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;
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Inheritance Ambiguity

� rede�nition of a multiple inherited method

{ unproblematic using single inheritance

{ problematic using multiple inheritance

� the subclass needs to rename the methods

{ i.e., associate them with unique names

{ linguistic support would be nice to have

� as provides Ei�el, but not C++

� the con
ict can't be resolved automatically

Foo Bar

Fop Fop

fop

...

fop

...

fop

...

fop

...

Foobar

fop

...

? ?

okok

Operating-System Engineering | Object Orientation 24

Inheritance di�ers from Subtyping

subtyping

� a supertype de�nes the fundamental properties of an entity

� a subtype serves the re�nement of these properties

� supertype operations must be rede�ned by the subtype to be visible

� as a consequence, identical operations at both type levels lead to redundancy

inheritance

� at �rst sight, a fsuper,subgclass is very similar to a fsuper,subgtype

{ but superclass methods are not obliged to be rede�ned by the subclass

� superclass properties are \passed through" to subclasses and beyound

� this corresponds to hierarchical structuring of incremental machine design

Operating-System Engineering | Object Orientation 25

Varieties of Inheritance

implementation inheritance i.e. class inheritance

� is also known as subclassing and considered promoting software reuse

� is subjected to the risk of making derived classes more fragile [6]

{ the implementation becomes more likely to depend on base class details

{ the class hierarchy corresponds to the open/close principle [4]

� can be made \stable" by designing base classes to be \semi-abstract" !

interface inheritance

� corresponds to subtyping if a superclass was designed as abstract base class

{ methods need to be rede�ned in subclasses to enable object instantiation

� implies late binding, thus provides overhead-prone high 
exibility/dynamics

Operating-System Engineering | Object Orientation 26

Open/Close Principle

� inside the hierarchy of heredity is all access to attributes unrestricted

{ e.g. instance variables may be read/written by any subclass

{ the typical case of implementation inheritance

� from outside is all attribute access restricted, it must be enabled explicitly

{ e.g. by speci�cally providing access functions to instance variables

{ the \closed classes" together can be considered an ADT

� base classes are open to the derived classes but closed to the clients

Operating-System Engineering | Object Orientation 27
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b
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+
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b
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b
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b
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b
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r
e
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p
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b
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b
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b
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b
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b
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b
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b
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b
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b
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b
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b
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p
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b
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b
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b
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b
as
e
cl
as
s
m
ay
a�
ec
t
th
e
d
er
iv
ed
cl
as
s

�
a
w
ay
o
u
t
o
f
th
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at
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p
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b
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b
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n
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os
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re
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at
e

{
an
al
og
ou
s
to
d
er
iv
ed
cl
as
se
s
d
ef
er
ri
n
g
re
q
u
es
ts
to
b
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b
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p
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e
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at
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at
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b
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d
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at
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p
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at
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d
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at
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p
le
m
en
ta
ti
on
of
on
e
cl
as
s
in
te
rm
s
of
(a
n
)o
th
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p
le
m
en
ta
ti
on
or
cl
as
s
in
h
er
it
an
ce

�
re
fe
rs
to
vi
si
b
ili
ty
,
i.
e.
b
as
e
cl
as
s
in
te
rn
al
s
ar
e
vi
si
b
le
to
d
er
iv
ed
cl
as
se
s

b
la
c
k
-b
lo
x
re
u
se
i.
e.
,
re
u
se
by
co
m
p
os
it
io
n

�
n
ew
fu
n
ct
io
n
al
it
y
is
ob
ta
in
ed
by
as
se
m
b
lin
g
ob
je
ct
s
to
a
m
or
e
co
m
p
le
x
on
e

{
re
q
u
ir
es
w
el
l-
d
e�
n
ed
ob
je
ct
in
te
rf
ac
es

�
n
o
in
te
rn
al
d
et
ai
ls
of
ob
je
ct
s
ar
e
vi
si
b
le
to
th
e
ou
ts
id
e

O
p
er
a
ti
n
g
-S
ys
te
m
E
n
g
in
ee
ri
n
g
|

O
b
je
ct
O
ri
en
ta
ti
o
n

3
5



D
e
si
g
n
P
a
tt
e
rn
s

�
d
es
cr
ip
ti
on
o
f
an
\i
m
p
or
ta
n
t
an
d
re
cu
rr
in
g
d
es
ig
n
in
o
b
je
ct
-o
ri
en
te
d
sy
st
em
s"
[3
]

n
a
m
e
a
h
an
d
le
,
d
es
cr
ib
es
a
d
es
ig
n
pr
ob
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e
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p
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.
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at
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b
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{
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