
S
oftw

are
D

esig
n,M

o
dellin

g
a

n
dA

n
alysis

in
U

M
L

L
e

cture
0

4:
O

C
L

C
o

nt’d,O
bje

ctD
iagram

s

2
0

1
3-1

1-0
4

P
rof.

D
r.

A
n
d
reas

P
o
d
elski,

D
r.

B
e
rn

d
W

e
stp

h
a
l

A
lb

ert-L
u
d
w

igs-U
n
iversität

F
reib

u
rg,

G
erm

an
y
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C
o

ntents
&

G
o

als

L
a
st

L
e
c
tu

re
:

•
O

C
L

S
yn

tax

T
h
is

L
e
c
tu

re
:

•
E
d
u
c
a
tio

n
a
l
O

b
je

c
tiv

e
s:

C
ap

ab
ilities

for
follow

in
g

tasks/q
u
estion

s.

•
W

h
at

is
an

o
b
ject

d
iag

ram
?

W
h
at

are
o
b
ject

d
iag

ram
s

g
o
o
d

for?

•
W

h
en

is
an

o
b
ject

d
iag

ram
called

p
artial?

W
h
at

are
p
artial

o
n
es

g
o
o
d

for?

•
W

h
en

is
an

o
b
ject

d
iag

ram
an

o
b
ject

d
iag

ram
(w

rt.
w

h
at)?

•
Is

th
is

an
o
b
ject

d
iag

ram
w

rt.
to

th
at

o
th

er
th

in
g
?

•
H

ow
are

system
states

an
d

o
b
ject

d
iag

ram
s

related
?

•
W

h
at

d
o
es

it
m

ean
th

at
an

O
C
L

exp
ressio

n
is

satisfi
ab

le?

•
W

h
en

is
a

set
o
f
O

C
L

co
n
strain

ts
said

to
b
e

co
n
sisten

t?

•
C
an

yo
u

th
in

k
o
f
an

o
b
ject

d
iag

ram
w

h
ich

vio
lates

th
is

O
C
L

co
n
strain

t?

•
C
o
n
te

n
t:

•
O

C
L

S
em

an
tics

•
O

b
ject

D
iag

ram
s

•
E
xam

p
le:

O
b
ject

D
iag

ram
s

for
D

o
cu

m
en

tatio
n

•
O

C
L
:
co

n
sisten

cy,
satisfi

ab
ility
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2
/
4
2

O
C

L
Sem

a
ntics

[O
M

G
,2

0
0

6]
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3
/
4
2

T
he

Task
O

C
L

Syntax
1/4:

E
xpressio

ns

e
x
p
r

::=

w
:
τ
(w

)

|
e
x
p
r
1 =

τ
e
x
p
r
2

:
τ
×

τ
→

B
o
o
l

|
o
clIsU

n
d
efi

n
ed

τ (e
x
p
r
1 )

:
τ
→

B
o
o
l

|
{
e
x
p
r
1 ,...,e

x
p
r

n
}

:
τ
×
···×

τ
→

S
e
t(τ

)

|
isE

m
p
ty(e

x
p
r
1 )

:
S
e
t(τ

)
→

B
o
o
l

|
size(e

x
p
r
1 )

:
S
e
t(τ

)
→

In
t

|
allIn

stan
ces

C
:
S
e
t(τ

C
)

|
v
(e

x
p
r
1 )

:
τ
C
→

τ
(v

)

|
r
1 (e

x
p
r
1 )

:
τ
C
→

τ
D

|
r
2 (e

x
p
r
1 )

:
τ
C
→

S
e
t(τ

D
)

W
h
ere,

givenS

=
(T

,C

,V
,a

tr
),

•
W

⊇
{
se

lf
}

is
a

set
o
f
typ

ed
lo

g
ical

variab
les,

w
h
as

typ
e

τ
(w

)

•
τ

is
an

y
typ

e
fro

mT

∪
T

B
∪

TC

∪
{
S
e
t(τ

0 )
|
τ
0
∈

T
B
∪

TC

}

•
T

B
is

a
set

o
f
b
asic

typ
es,

in
th

e
fo

llow
in

g
w
e

u
se

T
B

=
{
B
o
o
l,

In
t,

S
trin

g
}

•
TC

=
{
τ

C
|
C

∈C

}
is

th
e

set
o
f
o
b
ject

typ
es,

•
S
e
t(τ

0 )
d
en

o
tes

th
e

set-o
f-τ

0
typ

e
for

τ
0
∈

T
B
∪

TC

(su
ffi

cien
t

b
ecau

se
o
f

“
fl
atten

in
g
”

(cf.
stan

d
ard

))

•
v

:
τ
(v

)
∈

a
tr

(C
),

τ
(v

)
∈T

,

•
r
1

:
D

0
,
1
∈

a
tr

(C
),

•
r
2

:
D

∗
∈

a
tr

(C
),

•
C

,
D

∈C

.

– 03 – 2010-10-27 – Soclsyn –

7
/
3
0

•
G
iven

an
O

C
L

exp
ressio

n
e
x
p
r
,
a

system
state

σ
∈

Σ DS

,
an

d
a

valu
atio

n
o
f

lo
g
ical

variab
les

β
,
d
efi

n
e

I J

·K(
·
,
·)

:
O

C
L
E
x
p
re

ssio
n
s
(S

)
×

Σ DS

×
(W

→
I
(T

∪
T

B
∪

TC

))
→

I
(B

o
o
l)

su
ch

th
at

I Je
x
p
rK(σ

,
β
)
∈
{
tru

e
,fa

lse
,⊥

B
o
o
l }

.
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4
/
4
2

B
asically

businessas
usu

al...

(i)
E
q
u
ip

each
O

C
L

(!)
b
a
sic

ty
p
e

w
ith

a
reaso

n
ab

le
d
o
m

a
in

,
i.e.

d
efi

n
e

fu
n
ctio

n

I
w

ith
d
o
m

(I
)

=
T

B

(ii)
E
q
u
ip

each
o
b
je

c
t

ty
p
e

τ
C

w
ith

a
reaso

n
ab

le
d
o
m

a
in

,
i.e.

d
efi

n
e

fu
n
ctio

n

I
w

ith
d
o
m

(I
)
=

τ
C

(m
o
st

reaso
n
ab

le:D

(C
)

d
eterm

in
ed

b
y

stru
ctu

reD
o
fS

).

(iii)
E
q
u
ip

each
se

t
ty

p
e

S
e
t(τ

0 )
w

ith
reaso

n
ab

le
d
o
m

a
in

,
i.e.

d
efi

n
e

fu
n
ctio

n

I
w

ith
d
o
m

(I
)

=
{
S
e
t(τ

0 )
|
τ
0
∈

T
B
∪

TC
}

(iv)
E
q
u
ip

each
a
rith

m
e
tic

a
l
o
p
e
ra

tio
n

w
ith

a
reaso

n
ab

le
in

te
rp

re
ta

tio
n

(th
at

is,
w

ith
a

fu
n
c
tio

n
o
p
eratin

g
o
n

th
e

corresp
o
n
d
in

g
d
o
m

a
in

s).

I
w

ith
d
o
m

(I
)

=
{
+

,−
,≤

,
.
.
.}

,
e.g

.,
I
(+

)
∈

I
(In

t)
×

I
(In

t)
→

I
(In

t)

(v)
S
e
t

o
p
e
ra

tio
n
s

sim
ilar:

I
w

ith
d
o
m

(I
)

=
{
isE

m
p
ty

,
.
.
.}

(vi)
E
q
u
ip

each
e
x
p
re

ssio
n

w
ith

a
reaso

n
ab

le
in

te
rp

re
ta

tio
n
,
i.e.

d
efi

n
e

fu
n
ctio

n

I
:
E
x
p
r
×

Σ DS

×
(W

→
I
(T

∪
T

B
∪

TC

))
→

I
(B

o
o
l)

...excep
t

for
O

C
L

b
ein

g
a

th
re

e
-v

a
lu

e
d

lo
g
ic,

an
d

th
e

“
iterate”

exp
ressio

n
.
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5
/
4
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(i)
D

om
ains

ofB
asic

Types

R
e
c
a
ll:

•
T

B
=

{
B
o
o
l,In

t,S
trin

g
}

W
e

se
t:

•
I
(B

o
o
l)

:=
{
tru

e
,fa

lse
}
∪
{⊥

B
o
o
l }

•
I
(In

t)
:=

Z
∪
{⊥

I
n
t }

•
I
(S

trin
g
)

:=
...∪

{⊥
S
tr

in
g }

W
e

m
ay

om
it

in
d
ex

τ
of

⊥
τ

if
it

is
clear

from
con

text.
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6
/
4
2



(ii)
D

om
ains

ofO
bje

cta
n

d
(iii)

SetTypes

•
N

ow
w
e

n
eed

a
stru

ctu
reD

of
ou

r
sign

atu
reS

=
(T

,C

,V
,a

tr
).

•
R
e
c
a
ll:D

assign
s

an
(in

fi
n
ite)

d
om

ainD
(C

)
to

each
class

C
∈C

.

•
L
et

τ
C

b
e

an
(O

C
L
)
o
b
je

c
t

ty
p
e

for
a

class
C

∈C
.

•
W

e
set

I
(τ

C
)

:= D
(C

)
∪̇
{⊥

τ
C
}

•
L
et

τ
b
e

a
typ

e
from

T
B
∪

TC

.

•
W

e
set

I
(S

e
t(τ

))
:=

2
I
(
τ
)
∪̇
{⊥

S
e
t(

τ
) }

N
o
te

:
in

th
e

O
C
L

stan
d
ard

,
o
n
ly

fi
n
ite

su
b
sets

o
f
I
(τ

).

B
u
t

in
fi
n
ity

d
o
esn

’t
scare

u
s,

so
w
e

sim
p
ly

allow
it.
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/
4
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(iv)
Interpretatio

n
ofA

rithm
etic

O
peratio

ns

•
L
ite

ra
ls

m
ap

to
fi
xed

valu
es:

I
(tru

e)
:=

tru
e
,

I
(false)

:=
fa

lse
,

I
(0

)
:=

0
,

I
(1

)
:=

1
,
.
.
.

I
(O

clU
n
d
efi

n
ed

τ
)

:=
⊥

τ

•
B

o
o
le

a
n

o
p
e
ra

tio
n
s

(d
efi

n
ed

p
o
in

t-w
ise

for
x

1
,
x

2
∈

I
(τ

)):

I
(=

τ
)(x

1
,
x

2 )
:=



tru
e

,
if

x
1
6=

⊥
τ
6=

x
2

an
d

x
1

=
x

2

fa
lse

,
if

x
1
6=

⊥
τ
6=

x
2

an
d

x
1
6=

x
2

⊥
B
o
o
l

,
o
th

erw
ise

•
In

te
g
e
r

o
p
e
ra

tio
n
s

(d
efi

n
ed

p
o
in

t-w
ise

for
x

1
,
x

2
∈

I
(In

t)):

I
(+

)(x
1
,
x

2 )
:=

{

x
1

+
x

2
,
if

x
1
6=

⊥
6=

x
2

⊥
,
o
th

erw
ise

N
o
te

:
T

h
ere

is
a

c
o
m

m
o
n

p
rin

c
ip

le
.

N
am

ely,
th

e
in

te
rp

re
ta

tio
n

o
f
an

o
p
eratio

n
ω

:
τ
1
×

.
.
.
τ

n
→

τ

is
a

fu
n
ctio

n
I
(ω

)
:
I
(τ

1 )×
···×

I
(τ

n
)
→

I
(τ

)
o
n

corresp
o
n
d
in

g
sem

an
ticald

o
m

ain
(s).
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(iv)
Interpretatio

n
ofO

clIsU
n

defined

•
T

h
e

is-u
n
d
e
fi
n
e
d

pred
icate

(d
efi

n
ed

p
oin

t-w
ise

for
x
∈

I
(τ

)):

I
(o

clIsU
n
d
efi

n
ed

τ )(x
)

:=

{

tru
e

,
if

x
=

⊥
τ

fa
lse

,
oth

erw
ise
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9
/
4
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(v)
Interpretatio

n
ofSetO

peratio
ns

B
asically

th
e

sam
e

prin
cip

le
as

w
ith

arith
m

etic
op

eration
s...

L
et

τ
∈

T
B
∪

TC

.

•
S
e
t

c
o
m

p
re

h
e
n
sio

n
(x

1
,...,x

n
∈

I
(τ

)):

I
({}

τn
)(x

1
,...,x

n
)
:=

{
x

1
,...,x

n
}

for
all

n
∈
N

0

•
E
m

p
ty

-n
e
ss

c
h
e
c
k

(x
∈

I
(S

e
t(τ

))):

I
(isE

m
p
ty

τ)(x
)

:=



tru
e

,
if

x
=

∅

⊥
B
o
o
l

,
if

x
=

⊥
S
e
t(

τ
)

fa
lse

,
oth

erw
ise

•
C
o
u
n
tin

g
(x

∈
I
(S

e
t(τ

))):

I
(size

τ)(x
)

:=
|x
|
if

x
6=

⊥
S
e
t(

τ
)

an
d
⊥

I
n
t

oth
erw

ise
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(vi)
P

uttin
g

ItA
ll

Together

O
C

L
Syntax

1/4:
E

xpressio
ns

e
x
p
r

::=

w
:
τ
(w

)

|
e
x
p
r
1 =

τ
e
x
p
r
2

:
τ
×

τ
→

B
o
o
l

|
o
clIsU

n
d
efi

n
ed

τ (e
x
p
r
1 )

:
τ
→

B
o
o
l

|
{
e
x
p
r
1 ,...,e

x
p
r

n
}

:
τ
×
···×

τ
→

S
e
t(τ

)

|
isE

m
p
ty(e

x
p
r
1 )

:
S
e
t(τ

)
→

B
o
o
l

|
size(e

x
p
r
1 )

:
S
e
t(τ

)
→

In
t

|
allIn

stan
ces

C
:
S
e
t(τ

C
)

|
v
(e

x
p
r
1 )

:
τ
C
→

τ
(v

)

|
r
1 (e

x
p
r
1 )

:
τ
C
→

τ
D

|
r
2 (e

x
p
r
1 )

:
τ
C
→

S
e
t(τ

D
)

W
h
ere,

givenS
=

(T
,C

,V
,a

tr
),

•
W

⊇
{
se

lf
}

is
a

set
o
f
typ

ed
lo

g
ical

variab
les,

w
h
as

typ
e

τ
(w

)

•
τ

is
an

y
typ

e
fro

mT
∪

T
B
∪

TC
∪
{
S
e
t(τ

0 )
|
τ
0
∈

T
B
∪

TC
}

•
T

B
is

a
set

o
f
b
asic

typ
es,

in
th

e
fo

llow
in

g
w
e

u
se

T
B

=
{
B
o
o
l,

In
t,

S
trin

g
}

•
TC

=
{
τ

C
|
C

∈C
}

is
th

e
set

o
f
o
b
ject

typ
es,

•
S
e
t(τ

0 )
d
en

o
tes

th
e

set-o
f-τ

0
typ

e
for

τ
0
∈

T
B
∪

TC

(su
ffi

cien
t

b
ecau

se
o
f

“
fl
atten

in
g
”

(cf.
stan

d
ard

))

•
v

:
τ
(v

)
∈

a
tr

(C
),

τ
(v

)
∈T

,

•
r
1

:
D

0
,
1
∈

a
tr

(C
),

•
r
2

:
D

∗
∈

a
tr

(C
),

•
C

,
D

∈C

.
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7
/
3
0

O
C

L
Syntax

2/4:
C

o
nsta

nts,A
rithm

eticalO
perato

F
o
r

e
x
a
m

p
le

:

e
x
p
r

::=
...

|
tru

e,false
:
B
o
o
l

|
e
x
p
r
1
{an

d
,or,im

p
lies}

e
x
p
r
2

:
B
o
o
l
×

B
o
o
l
→

|
n
ot

e
x
p
r
1

:
B
o
o
l
→

B
o
o
l

|
0
,−

1
,1

,−
2
,2

,...
:
In

t

|
O

clU
n
d
efi

n
ed

:
τ

|
e
x
p
r
1
{+

,−
,...}

e
x
p
r
2

:
In

t
×

In
t
→

In

|
e
x
p
r
1
{
<

,≤
,...}

e
x
p
r
2

:
In

t
×

In
t
→

B

G
en

eralised
n
otation

:

e
x
p
r

::=
ω
(e

x
p
r
1
,...,e

x
p
r

n
)

:
τ
1
×
···×

τ
n
→

w
ith

ω
∈
{+

,−
,...}
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O
C

L
Syntax

3/4:
Iterate

e
x
p
r

::=
···

|
e
x
p
r
1 -
>
iterate(w

1
:
τ
1

;
w

2
:
τ
2

=
e
x
p
r
2
|
e
x
p
r
3 )

or,
w

ith
a

little
ren

am
in

g
,

e
x
p
r

::=
···

|
e
x
p
r
1 -
>
iterate(ite

r
:
τ
1 ;

re
su

lt
:
τ
2

=
e
x
p
r
2
|
e
x
p
r
3 )

O
C

L
Syntax

4/4:
C

o
ntext

co
n
te

x
t

::=
con

text
w

1
:
τ
1
,...,w

n
:
τ
n

in
v

:
e
x
p
r

w
h
ere

w
∈

W
an

d
τ
i
∈

TC

,
1
≤

i
≤

n
,
n
≥

0.
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Valu
atio

ns
ofL

ogicalVaria
bles

•
R
e
c
a
ll:

w
e

h
ave

typ
ed

logical
variab

les
(w

∈
)

W
,
τ
(w

)
is

th
e

typ
e

of
w

.

•
B

y
β
,
w
e

d
en

ote
a

valu
ation

of
th

e
logical

variab
les,

i.e.
for

each
w

∈
W

,

β
(w

)
∈

I
(τ

(w
)).
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,
R
.
(2

0
0
8
).

U
M

L
-O

C
L

verifi
catio

n
in

p
ractice.

In
C
h
au

d
ro

n
,
M

.
R
.
V

.,
ed

itor,
M

o
D

E
L
S

W
o
rk

sh
o
p
s,

vo
lu

m
e

5
4
2
1

o
f
L
ectu

re

N
o
tes

in
C
o
m

p
u
ter

S
cien

ce.
S
p
rin

g
er.

[C
en

g
arle

an
d

K
n
ap

p
,
2
0
0
1
]

C
en

g
arle,

M
.
V

.
an

d
K

n
ap

p
,
A

.
(2

0
0
1
).

O
n

th
e

exp
ressive

p
ow

er
o
f
p
u
re

O
C
L
.

T
ech

n
ical

R
ep

ort
0
1
0
1
,
In

stitu
t

fü
r

In
form

atik
,

L
u
d
w

ig
-M

axim
ilian

s-U
n
iversität

M
ü
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