
– 03 – 2014-10-29 – main –

S
o
ftw

a
re

D
esig

n
,

M
o
d
ellin

g
a
n
d

A
n
a
lysis

in
U

M
L

L
ectu

re
0
3
:

O
b
ject

C
o
n
stra

in
t

L
a
n
g
u
a
g
e

2
0

1
4

-1
0

-2
9

P
ro
f.
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

C
o
n
ten

ts
&

G
o
a
ls

– 03 – 2014-10-29 – Sprelim –

2
/
3
5

L
a
st

L
e
c
tu
re
:

•
B
asic

O
b
ject

S
ystem

S
ign

atu
re

S
an
d
S
tru

ctu
re

D
,
S
ystem

S
tate

σ
∈
Σ

DS

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
th
ese

tasks/
q
u
estio

n
s:

•
P
lease

exp
lain

th
is
O
C
L
con

strain
t.

•
P
lease

form
alise

th
is
con

strain
t
in

O
C
L
.

•
D
o
es

th
is
O
C
L
con

strain
t
h
old

in
th
is
system

state?

•
G
ive

a
system

state
satisfyin

g
th
is
con

strain
t?

•
P
lease

u
n
-ab

breviate
all

ab
breviation

s
in

th
is
O
C
L
expression

.

•
In

w
h
at

sen
se

is
O
C
L
a
th
ree-valu

ed
logic?

F
or

w
h
at

p
u
rp
ose?

•
H
ow

are
D
(C

)
an
d
T
C

related
?

•
C
o
n
te
n
t:

•
O
C
L
S
yn
tax

•
O
C
L
S
em

an
tics

(over
system

states)

R
eca

ll...

– 03 – 2014-10-29 – main –

3
/
3
5

– 03 – 2014-10-29 – Srunningexa –

4
/
3
5

A
C

o
m

p
lete

E
xa

m
p
le:

V
en

d
in

g
M

a
ch

in
e

– 2 – 2015-10-22 – Ssemdom –

1
5
/
3
4

co
n
text

D
D

in
v
:
w
e
n
im

p
lies

w
in

>
0

(C
o

re)
O

C
L

S
yn

ta
x

O
M

G
(2

0
0

6
)

– 03 – 2014-10-29 – main –

5
/
3
5

O
C

L
S
yn

ta
x

1
/4

:
E

xp
ressio

n
s

– 03 – 2014-10-29 – Soclsyn –

6
/
3
5

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,

g
iven

S
=

(
T
,
C
,V

,a
tr
),

•
W

⊇
{
se
lf

C
:
τ
C
|
C

∈
C
}

is
a
set

of
typ

ed
logical

variab
les,

w
h
as

typ
e
τ
(w

)

•
τ
is
an
y
typ

e
from

T
∪
T
B
∪
T

C

∪
{
S
e
t(τ

0 )
|
τ
0
∈

T
∪
T
B
∪
T

C
}

•
T
B

is
a
set

of
(O

C
L
)
b
asic

typ
es,

in
th
e
follow

in
g
w
e
u
se

T
B
=

{
B
o
o
l,In

t,S
trin

g
}

•
T

C
=

{
τ
C
|
C

∈
C
}
is
th
e
set

of
ob

ject
typ

es,

•
S
e
t(τ

0 )
d
en
otes

th
e
set-of-τ

0

typ
e
for

τ
0
∈
T
B
∪
T

C

(su
ffi
cien

t
b
ecau

se
of

“fl
atten

in
g”

(cf.
stan

d
ard

))

•
v
:
T
(v
)
∈
a
tr
(C

),
T
(v
)
∈

T
,

•
r
1
:
D

0
,1
∈
a
tr
(C

),

•
r
2
:
D

∗
∈
a
tr
(C

),

•
C
,D

∈
C
.



E
xp

ressio
n

E
xa

m
p
les

– 03 – 2014-10-29 – Soclsyn –

7
/
3
5

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
)

S
0
=

({
In
t}
,{
C
,D

}
,{
x
:
In
t,p

:
C

0
,1
,n

:
C

∗ }
,{
C

7→
{
p
,n

}
,D

7→
{
x
}})

E
xp

ressio
n

E
xa

m
p
les

– 03 – 2014-10-29 – Soclsyn –

7
/
3
5

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
)

S
0
=

({
In
t}
,{
C
,D

}
,{
x
:
In
t,p

:
C

0
,1
,n

:
C

∗ }
,{
C

7→
{
p
,n

}
,D

7→
{
x
}})

con
text

D
D

in
v
:
w
e
n
im

p
lies

w
in

>
0

N
o
ta

tio
n
a
l

C
o
n
ven

tio
n
s

fo
r

E
xp

ressio
n
s

– 03 – 2014-10-29 – Soclsyn –

8
/
3
5

•
E
ach

expressio
nω
(e
x
p
r
1 ,e

x
p
r
2 ,...,e

x
p
r
n
)
:
τ
1
×

···
×

τ
n
→

τ

m
ay

altern
atively

b
e
w
ritten

(“
ab
breviated

as”
)

•
e
x
p
r
1
.
ω
(e
x
p
r
2 ,...,e

x
p
r
n
)

if
τ
1
is
an

o
b
je
c
t
ty
p
e
,
i.e.

if
τ
1
∈
T

C
.

•
e
x
p
r
1
-
>

ω
(e
x
p
r
2 ,...,e

x
p
r
n
)

if
τ
1
is
a
c
o
lle

c
tio

n
ty
p
e

(h
ere:

o
n
ly

sets),
i.e.

if
τ
1
=

S
e
t(τ

0 )
for

so
m
e
τ
0
∈
T
B
∪
T

C
.

N
o
ta

tio
n
a
l

C
o
n
ven

tio
n
s

fo
r

E
xp

ressio
n
s

– 03 – 2014-10-29 – Soclsyn –

8
/
3
5

•
E
ach

expressio
nω
(e
x
p
r
1 ,e

x
p
r
2 ,...,e

x
p
r
n
)
:
τ
1
×

···
×

τ
n
→

τ

m
ay

altern
atively

b
e
w
ritten

(“
ab
breviated

as”
)

•
e
x
p
r
1
.
ω
(e
x
p
r
2 ,...,e

x
p
r
n
)

if
τ
1
is
an

o
b
je
c
t
ty
p
e
,
i.e.

if
τ
1
∈
T

C
.

•
e
x
p
r
1
-
>

ω
(e
x
p
r
2 ,...,e

x
p
r
n
)

if
τ
1
is
a
c
o
lle

c
tio

n
ty
p
e

(h
ere:

o
n
ly

sets),
i.e.

if
τ
1
=

S
e
t(τ

0 )
for

so
m
e
τ
0
∈
T
B
∪
T

C
.

•
E
x
a
m
p
le
s:

(se
lf

:
τ
C
∈
W

;
v
,w

:
In
t
∈
V
;

r
1
:
D

0
,1
,r

2
:
D

∗
∈
V
)

•
se
lf
.
v

•
se
lf
.
r
1
.
w

•
se
lf
.
r
2
-
>
isE

m
p
ty

O
C

L
S
yn

ta
x

2
/4

:
C

o
n
sta

n
ts

&
A

rith
m

etics

– 03 – 2014-10-29 – Soclsyn –

9
/
3
5

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
→

B
o
o
l

|
n
o
t
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
:
τ

|
e
x
p
r
1
{
+
,−

,...}
e
x
p
r
2

:
In
t
×

In
t
→

In
t

|
e
x
p
r
1
{
<
,≤

,...}
e
x
p
r
2

:
In
t
×

In
t
→

B
o
o
l

G
en
eralised

n
o
tatio

n
:

e
x
p
r
::=

ω
(e
x
p
r
1 ,...,e

x
p
r
n
)

:
τ
1
×
···

×
τ
n
→

τ

w
ith

ω
∈
{
+
,−

,...}

C
o
n
sta

n
ts

&
A

rith
m

etics
E

xa
m

p
les

– 03 – 2014-10-29 – Soclsyn –

1
0
/
3
5

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
→

B
o
o
l

|
n
o
t
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
:
τ

|
e
x
p
r
1
{
+
,−

,...}
e
x
p
r
2

:
In
t
×

In
t
→

In
t

|
e
x
p
r
1
{
<
,≤

,...}
e
x
p
r
2

:
In
t
×

In
t
→

B
o
o
l

S
0
=

({
In
t}
,{
C
,D

}
,{
x
:
In
t,p

:
C

0
,1
,n

:
C

∗ }
,{
C

7→
{
p
,n

}
,D

7→
{
x
}})

con
text

D
D

in
v
:
w
e
n
im

p
lies

w
in

>
0



O
C

L
S
yn

ta
x

3
/4

:
Itera

te

– 03 – 2014-10-29 – Soclsyn –

1
1
/
3
5

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 )

w
h
ere

•
e
x
p
r
1
is
o
f
a
c
o
lle

c
tio

n
ty
p
e
(h
ere:

a
set

S
e
t(
τ
0 )

for
so
m
e
τ
0 ),

•
ite

r
∈
W

is
called

ite
ra
to
r,

g
ets

typ
e
τ
1

(if
τ
1
is
o
m
itted

,
τ
0
is
assu

m
ed

as
typ

e
o
f
ite

r
)

•
re
su
lt
∈
W

is
called

re
su
lt

v
a
ria

b
le
,
g
ets

typ
e
τ
2 ,

•
e
x
p
r
2
in

an
exp

ressio
n
o
f
typ

e
τ
2
g
ivin

g
th
e
in
itia

l
v
a
lu
e
for

re
su
lt,

(O
clU

n
d
efi

n
ed

τ
2 ,

if
o
m
itted

)

•
e
x
p
r
3
is
an

exp
ressio

n
o
f
typ

e
τ
2

in
w
h
ich

in
p
articu

lar
ite

r
an

d
re
su
lt

m
ay

ap
p
ear.

Itera
te:

In
tu

itive
S
em

a
n
tics

(F
o
rm

a
lly:

la
ter)

– 03 – 2014-10-29 – Soclsyn –

1
2
/
3
5

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 )

S
e
t(τ

0 )
h
lp

=
e
x
p
r
1 ;

τ
1
ite

r
;

τ
2
re
su
lt
=

e
x
p
r
2 ;

w
h
ile

(!h
lp
.e
m
p
ty
())

d
o

ite
r
=

h
lp
.p
o
p
();

re
su
lt
=

e
x
p
r
3 ;

o
d

N
o
te
:
In

o
u
r
(sim

p
lifi

ed
)
settin

g
,
w
e
alw

ays
h
ave

e
x
p
r
1
:
S
e
t(
τ
1 )

an
d
τ
0
=

τ
1 .

In
th
e
typ

e
h
ierarch

y
o
f
fu
ll
O
C
L
w
ith

in
h
eritan

ce
an

d
o
c
l
A
n
y
,

th
ey

m
ay

b
e
d
iff
eren

t
an

d
still

typ
e
co
n
sisten

t.

A
b
b
revia

tio
n
s

o
n

T
o
p

o
f

Itera
te

– 03 – 2014-10-29 – Soclsyn –

1
3
/
3
5

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 )

•
e
x
p
r
1
-
>
forA

ll(w
1
:
τ
1
|
e
x
p
r
3 )

A
b
b
revia

tio
n
s

o
n

T
o
p

o
f

Itera
te

– 03 – 2014-10-29 – Soclsyn –

1
3
/
3
5

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 )

•
e
x
p
r
1
-
>
forA

ll(w
1
:
τ
1
|
e
x
p
r
3 )

is
an

ab
b
reviatio

n
for

e
x
p
r
1
-
>
iterate(

w
1 :

τ
1 ;

w
2
:
B
o
o
l
=

tru
e
|
w

2
an

d
e
x
p
r
3 )
.

•
e
x
p
r
1
-
>
E
xists(w

:
τ
1
|
e
x
p
r
3 )

is
an

ab
b
reviatio

n
for

T
o
en
su
re

con
fu
sion

,
w
e
m
ay

again
om

it
all

kin
d
s
of

th
in
gs,

cf.
O
M
G
(2006).

O
C

L
S
yn

ta
x

4
/4

:
C

o
n
text

– 03 – 2014-10-29 – Soclsyn –

1
4
/
3
5

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
i
∈
W

an
d
τ
i
∈
T

C
for

all
1
≤

i
≤

n
,
n
≥

0.

con
text

w
1
:
C

1 ,...,w
n
:
C

n
in
v
:
e
x
p
r

is
an

a
b
b
re
v
ia
tio

n
for

allIn
stan

ces
C

1
-
>
forA

ll(w
1
:
τ
C

1
|

...allIn
stan

ces
C

n
-
>
forA

ll(w
n
:
τ
C

n
|

e
x
p
r

)

...

)

C
o
n
text:

M
o
re

N
o
ta

tio
n
a
l

C
o
n
ven

tio
n
s

– 03 – 2014-10-29 – Soclsyn –

1
5
/
3
5

•
F
or

co
n
text

se
lf

:
τ
C

in
v
:
e
x
p
r

w
e
m
ay

altern
atively

w
rite

(“
ab
breviate

as”
)

co
n
text

τ
C

in
v
:
e
x
p
r

•
W

ith
in

th
e
latter

ab
breviatio

n
,
w
e
m
ay

o
m
it
th
e
“
se
lf
”
in

e
x
p
r
,
i.e.

for

se
lf
.v

an
d

se
lf
.r

w
e
m
ay

altern
atively

w
rite

(“
ab
breviate

as”
)

v
an
d

r



E
xa

m
p
le

– 03 – 2014-10-29 – Soclsyn –

1
6
/
3
5

co
n
text

D
D

in
v
:
w
e
n
im

p
lies

w
in

>
0

E
xa

m
p
le

– 03 – 2014-10-29 – Soclsyn –

1
7
/
3
5

S
=

({
B
o
o
l,N

a
t}
,{
V
M

,C
P
,D

D
}
,

{
c
p
:
C
P

∗
,d
d
:
D
D

0
,1
,w

e
n
:
B
o
o
l,w

in
:
N
a
t}
,

{
V
M

7→
{
c
p
,d
d
}
,C

P
7→

{
w
e
n
}
,D

D
7→

{
w
in
,w

e
n
})

“
N

o
t

In
terestin

g
”

– 03 – 2014-10-29 – Soclsyn –

1
8
/
3
5

A
m
o
n
g
o
th
e
rs:

•
E
n
u
m
eration

typ
es

•
T
yp

e
h
ierarch

y

•
C
om

p
lete

list
of

arith
m
etical

op
erators

•
T
h
e
tw
o
oth

er
collection

typ
es

B
ag

an
d
S
eq
u
en
ce

•
C
astin

g

•
R
u
n
tim

e
typ

e
in
form

ation

•
P
re/p

ost
con

d
ition

s
(m

ayb
e
later,

w
h
en

w
e
offi

cially
kn

ow
w
h
at

an
op

eration
is)

•
...

R
eferen

ces

– 03 – 2014-10-29 – main –

3
4
/
3
5

R
eferen

ces

– 03 – 2014-10-29 – main –

3
5
/
3
5

O
M
G

(2
0
0
6
).

O
b
ject

C
o
n
strain

t
L
an

g
u
ag

e,
versio

n
2
.0
.
T
ech

n
ical

R
ep

ort
form

al/
0
6
-0
5
-0
1
.

O
M
G

(2
0
1
1
a).

U
n
ifi
ed

m
o
d
elin

g
lan

g
u
ag

e:
In
frastru

ctu
re,

versio
n
2
.4
.1
.
T
ech

n
ical

R
ep

ort
form

al/
2
0
1
1
-0
8
-0
5
.

O
M
G

(2
0
1
1
b
).

U
n
ifi
ed

m
o
d
elin

g
lan

g
u
ag

e:
S
u
p
erstru

ctu
re,

versio
n
2
.4
.1
.
T
ech

n
ical

R
ep

ort
form

al/
2
0
1
1
-0
8
-0
6
.

W
arm

er,
J.

an
d
K
lep

p
e,

A
.
(1
9
9
9
).

T
h
e
O
b
ject

C
o
n
stra

in
t
L
a
n
g
u
a
g
e.

A
d
d
iso

n
-W

esley.


