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d
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⊳
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⊳
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p
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p
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b
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.
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.
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rem
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︸
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c
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⊳
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⊳
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b
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=
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p
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b
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=
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b
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con
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c
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d
iffi

c
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→
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=
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=
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b
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.
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c
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∈
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p
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c
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p
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p
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p
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p
l
i
n
k
D
;

...



D
o
m

a
in

In
clu

sio
n

vs.
U

p
lin

k:
D

ifferen
ces

– 21 – 2015-02-05 – Sdiff –

3
1
/
4
8

•
N
o
te
:
T
h
e
u
p
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con
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c
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p
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b
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b
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p
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of

“early
b
in
d
in
g”

E
x
e
rc
ise

:
W
h
at

co
u
ld

b
e
th
e
ratio

n
ale

o
f
th
e
d
esig

n
ers

o
f
C
+
+
?

N
o
te
:
late

b
in
d
in
g
typ

ically
ap
p
lies

o
n
ly

to
m
e
th
o
d
s,

n
o
t
to

a
ttrib

u
te
s.

(B
u
t:

getter/setter
m
eth

o
d
s
h
ave

b
een

in
ven

ted
recen

tly.)

B
a

ck
to

th
e

M
a

in
T

ra
ck:

“
...tell

th
e

d
ifferen

ce...”
fo

r
U

M
L
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W
ith

O
n
ly

E
a
rly

B
in

d
in

g
...
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•
...w

e’re
d
o
n
e
(if

w
e
realise

it
correctly

in
th
e
fram

ew
ork).

•
T
h
en

•
if
w
e’re

callin
g
m
eth

o
d
f
of

an
ob

ject
u
,

•
w
h
ich

is
an

in
stan

ce
of

D
w
ith

C
�

D

•
via

a
C
-lin

k,

•
th
en

w
e
(by

d
efi
n
ition

)
on

ly
see

an
d
ch
an
ge

th
e
C
-p
art.

•
W
e
can

n
ot

tell
w
h
eth

er
u
is
a
C

or
an

D
in
stan

ce.

S
o
w
e
im

m
ed
iately

also
h
ave

b
eh
avio

u
ral/

d
yn
am

ic
su
b
typ

in
g
.

D
iffi

cu
lt:

D
yn

a
m

ic
S
u
b
typ

in
g
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C

f
(In

t)
:
In
t

D

f
(In

t)
:
In
t

•
C
::f

an
d
D
::f

are
ty
p
e
c
o
m
p
a
tib

le
,

b
u
t
D

is
n
o
t
n
e
c
e
ssa

rily
a
su
b
-ty

p
e
o
f
C
.

•
E
x
a
m
p
le
s:

(C
+
+
)

i
n
t

C
:
:
f
(
i
n
t
)

{
r
e
t
u
r
n

0
;

}
;

vs.
i
n
t

D
:
:
f
(
i
n
t
)

{
r
e
t
u
r
n

1
;

}
;

i
n
t

C
:
:
f
(
i
n
t
)

{
r
e
t
u
r
n

(
r
a
n
d
(
)

%

2
)
;

}
;

vs.
i
n
t

D
:
:
f
(
i
n
t

x
)

{
r
e
t
u
r
n

(
x

%
2
)
;

}
;

S
u
b
-T

yp
in

g
P

rin
cip

les
C

o
n
t’d

– 21 – 2015-02-05 – Ssubtyping –

4
5
/
4
8

•
In

th
e
stan

d
ard

,
S
ectio

n
7
.3
.3
6
,
“
O
p
e
ra
tio

n
”
:

“
S
e
m
a
n
tic

V
a
ria

tio
n
P
o
in
ts

[...]
W
h
en

o
p
eratio

n
s
are

red
efi

n
ed

in
a
sp
ecializatio

n
,
ru
les

reg
ard

in
g

in
v
a
ria

n
c
e
,
c
o
v
a
ria

n
c
e
,
or

c
o
n
tra

v
a
ria

n
c
e
o
f
typ

es
an

d
p
reco

n
d
itio

n
s

d
eterm

in
e
w
h
eth

er
th
e
sp
ecialized

classifi
er

is
su
b
stitu

tab
le

for
its

m
ore

g
en
eral

p
aren

t.
S
u
ch

ru
les

co
n
stitu

te
sem

an
tic

variatio
n
p
o
in
ts

w
ith

resp
ect

to
red

efi
n
itio

n
o
f
o
p
eratio

n
s.”

[O
M
G
,
2
0
0
7
a,

1
0
6
]

•
S
o
,
b
etter:

call
a
m
eth

o
d
su
b
-ty

p
e
p
re
se
rv
in
g
,
if
an
d
o
n
ly

if
it

(i)
accep

ts
m
o
re

in
p
u
t
v
a
lu
e
s

(c
o
n
tra

v
a
ria

n
t),

(ii)
on

th
e
o
ld

v
a
lu
e
s,

h
as

fe
w
e
r
b
e
h
a
v
io
u
r

(c
o
v
a
ria

n
t).

N
o
te
:
T
h
is
(ii)

is
n
o
lo
n
g
er

a
m
atter

o
f
sim

p
le

typ
e-ch

eckin
g
!

•
A
n
d
n
o
t
n
ecessarily

th
e
en
d
o
f
th
e
story:

•
O
n
e
cou

ld
,
e.g.

w
an
t
to

con
sid

er
execu

tion
tim

e.

•
O
r,
like

[F
isch

er
an
d
W
eh
rh
eim

,
2000],

relax
to

“few
er

ob
servab

le
b
eh
aviou

r”,
th
u
s
ad
m
ittin

g
th
e
su
b
-typ

e
to

d
o
m
ore

w
ork

on
in
p
u
ts.

N
o
te
:
“
testin

g
”
d
iff
eren

ces
d
ep
en
d
s
o
n
th
e
g
ra
n
u
la
rity

o
f
th
e
sem

an
tics.

•
R
e
la
te
d
:
“
h
as

a
w
eaker

pre-co
n
d
itio

n
,”

(c
o
n
tra

v
a
ria

n
t),

“
h
as

a
stro

n
g
er

p
o
st-co

n
d
itio

n
.”

( c
o
v
a
ria

n
t).

E
n
su

rin
g

S
u
b
-T

yp
in

g
fo

r
S
ta

te
M

a
ch

in
es
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CD

•
In

th
e
C
A
S
E
to
o
l
w
e
co
n
sid

er,
m
u
ltip

le
classes

in
an

in
h
eritan

ce
h
ierarch

y
can

h
ave

state
m
ach

in
es.

•
B
u
t
th
e
state

m
ach

in
e
o
f
a
su
b
-class

c
a
n
n
o
t
b
e
d
raw

n
fro

m
scratch

.

•
In
stead

,
th
e
state

m
ach

in
e
o
f
a
su
b
-class

can
o
n
ly

b
e
o
b
tain

ed
by

ap
p
lyin

g
actio

n
s
fro

m
a
re
stric

te
d
set

to
a
co
py

o
f
th
e
orig

in
al

o
n
e.

R
o
u
g
h
ly

(cf.
U
ser

G
u
id
e,

p
.
7
6
0
,
for

d
etails),

•
ad
d
th
in
gs

in
to

(h
ierarch

ical)
states,

•
ad
d
m
ore

states,

•
attach

a
tran

sition
to

a
d
iff
eren

t
target

(lim
ited

).

•
T
h
ey

e
n
su
re
,
th
at

th
e
su
b
-class

is
a
b
e
h
a
v
io
u
ra
l
su
b
-ty

p
e
o
f
th
e
su
p
er

class.
(B

u
t
m
eth

o
d
im

p
lem

en
tatio

n
s
can

still
d
estroy

th
at

pro
p
erty.)

•
T
ech

n
ically,

th
e
id
ea

is
th
at

(b
y
late

b
in
d
in
g
)
o
n
ly

th
e
state

m
ach

in
e
o
f
th
e
m
o
st

sp
ecialised

classes
are

ru
n
n
in
g
.

B
y
k
n
ow

led
g
e
o
f
th
e
fram

ew
ork

,
th
e
(co

d
e
for)

state
m
ach

in
es

o
f
su
p
er-classes

is
still

accessib
le

—
b
u
t
u
sin

g
it
is
h
ard

ly
a
g
o
o
d
id
ea...

R
eferen

ces
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[F
isch

er
an

d
W
eh
rh
eim

,
2
0
0
0
]
F
isch

er,
C
.
an

d
W
eh
rh
eim

,
H
.
(2
0
0
0
).

B
eh
avio

u
ral

su
b
typ

in
g

relatio
n
s
for

o
b
ject-orien

ted
form

alism
s.

In
R
u
s,

T
.,
ed
itor,

A
M
A
S
T
,
n
u
m
b
er

1
8
1
6
in

L
ectu

re
N
o
tes

in
C
o
m
p
u
ter

S
cien

ce.
S
p
rin

g
er-V

erlag
.

[L
isko

v,
1
9
8
8
]
L
isko

v,
B
.
(1
9
8
8
).

D
ata

ab
stractio

n
an

d
h
ierarch

y.
S
IG
P
L
A
N

N
o
t.,

2
3
(5
):1

7
–
3
4
.

[L
isko

v
an

d
W
in
g
,
1
9
9
4
]
L
isko

v,
B
.
H
.
an

d
W
in
g
,
J.

M
.
(1
9
9
4
).

A
b
eh
avioral

n
o
tio

n
o
f

su
b
typ

in
g
.
A
C
M

T
ran

sactio
n
s
o
n
P
ro
g
ram

m
in
g
L
an

g
u
ag

es
an

d
S
ystem

s
(T

O
P
L
A
S
),

1
6
(6
):1

8
1
1
–
1
8
4
1
.

[O
M
G
,
2
0
0
7
a]

O
M
G

(2
0
0
7
a).

U
n
ifi
ed

m
o
d
elin

g
lan

g
u
ag

e:
In
frastru

ctu
re,

versio
n
2
.1
.2
.

T
ech

n
ical

R
ep

ort
form

al/
0
7
-1
1
-0
4
.

[O
M
G
,
2
0
0
7
b
]
O
M
G

(2
0
0
7
b
).

U
n
ifi
ed

m
o
d
elin

g
lan

g
u
ag

e:
S
u
p
erstru

ctu
re,

versio
n
2
.1
.2
.

T
ech

n
ical

R
ep

ort
form

al/
0
7
-1
1
-0
2
.


