
S
oftw

are
D

esig
n,M

o
dellin

g
a

n
dA

n
alysis

in
U

M
L

L
e

cture
0

3:
O

bje
ctC

o
nstraintL

a
n

g
u

age
(O

C
L

)

2
0

1
3-1

0-2
8

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
ctu

re
:

•
B

asic
O

b
ject

S
ystem

S
ig

n
atu

reS

an
d

S
tru

ctu
reD

•
S
ystem

S
tate

σ
∈

Σ DS

(S
m

ells
like

th
ey’re

related
to

class/
o
b
ject

d
iag

ram
s,

o
ffi

cially
w
e

d
o
n
’t

k
n
ow

yet...)

T
h
is

L
e
ctu

re
:

•
E
d
u
ca

tio
n
a
l
O

b
je

ctive
s:

C
ap

ab
ilities

for
th

ese
tasks/q

u
estion

s:

•
P
lease

exp
lain

th
is

O
C
L

co
n
strain

t.

•
P
lease

form
alise

th
is

co
n
strain

t
in

O
C
L
.

•
D

o
es

th
is

O
C
L

co
n
strain

t
h
o
ld

in
th

is
system

state?

•
C
an

yo
u

th
in

k
o
f
a

system
state

satisfyin
g

th
is

co
n
strain

t?

•
P
lease

u
n
-ab

b
reviate

all
ab

b
reviatio

n
s

in
th

is
O

C
L

exp
ressio

n
.

•
In

w
h
at

sen
se

is
O

C
L

a
th

ree-valu
ed

lo
g
ic?

F
or

w
h
at

p
u
rp

o
se?

•
H

ow
areD

(C
)

an
d

τ
C

related
?

•
C
o
n
te

n
t:

•
O

C
L

S
yn

tax,
O

C
L

S
em

an
tics

o
ver

system
states
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W
h

atis
O

C
L

?
A

n
d

W
h

atis
ItG

o
o

d
For?
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W
h

atis
O

C
L

?
H

ow
D

oes
it

L
o

ok
L

ike?

•
O

C
L
:
O

b
ject

C
o
n
strain

t
L
o
g
ic.

O
C

L
/B

e
is

p
ie

l

T
ea

m
M

em
b

er

n
a

m
e : S

trin
g

a
g

e : In
teg

er

n
a

m
e : S

trin
g

L
o

ca
tio

n

p
a

rticip
a

n
ts

2
..*

m
eetin

g
s*

title : S
trin

g

n
u

m
P

a
rticip

a
n

ts : In
teg

er

sta
rt : D

a
te

d
u

ra
tio

n
: T

im
e

M
eetin

g

m
o

v
e(n

ew
S

ta
rt : D

a
te)

1

*

c
o
n
t
e
x
t
T
e
a
m
M
e
m
b
e
r
i
n
v
:
a
g
e
=
>

1
8

c
o
n
t
e
x
t
M
e
e
t
i
n
g
i
n
v
:
d
u
r
a
t
i
o
n
>

0

((C) Prof. Dr. P. Thiemann, http://proglang.informatik.uni-freiburg.de/teaching/swt/2008/)
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/
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W
h

at’s
ItG

o
o

d
For?

•
M

o
st

p
ro

m
in

e
n
t:

w
rite

d
ow

n
re

q
u
ire

m
e
n
ts

su
p
p
o
sed

to
b
e

satisfi
ed

b
y

all
system

states.

O
ften

targ
etin

g
all

alive
o
b
jects

o
f
a

certain
class.
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W
h

at’s
ItG

o
o

d
For?

•
M

o
st

p
ro

m
in

e
n
t:

w
rite

d
ow

n
re

q
u
ire

m
e
n
ts

su
p
p
o
sed

to
b
e

satisfi
ed

b
y

all
system

states.

O
ften

targ
etin

g
all

alive
o
b
jects

o
f
a

certain
class.

•
N

o
t

u
n
k
n
o
w

n
:

w
rite

d
ow

n
p
re

/
p
o
st-co

n
d
itio

n
s

o
f

m
eth

o
d
s

(B
eh

avio
u
ral

F
eatu

res).
T

h
en

evalu
ated

o
ver

tw
o

system
states.
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W
h

at’s
ItG

o
o

d
For?

•
M

o
st

p
ro

m
in

e
n
t:

w
rite

d
ow

n
re

q
u
ire

m
e
n
ts

su
p
p
o
sed

to
b
e

satisfi
ed

b
y

all
system

states.

O
ften

targ
etin

g
all

alive
o
b
jects

o
f
a

certain
class.

•
N

o
t

u
n
k
n
o
w

n
:

w
rite

d
ow

n
p
re

/
p
o
st-co

n
d
itio

n
s

o
f

m
eth

o
d
s

(B
eh

avio
u
ral

F
eatu

res).
T

h
en

evalu
ated

o
ver

tw
o

system
states.

•
C
o
m

m
o
n

w
ith

S
ta

te
M

a
ch

in
e
s:

g
u
ard

s
in

tran
sitio

n
s.
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W
h

at’s
ItG

o
o

d
For?

•
M

o
st

p
ro

m
in

e
n
t:

w
rite

d
ow

n
re

q
u
ire

m
e
n
ts

su
p
p
o
sed

to
b
e

satisfi
ed

b
y

all
system

states.

O
ften

targ
etin

g
all

alive
o
b
jects

o
f
a

certain
class.

•
N

o
t

u
n
k
n
o
w

n
:

w
rite

d
ow

n
p
re

/
p
o
st-co

n
d
itio

n
s

o
f

m
eth

o
d
s

(B
eh

avio
u
ral

F
eatu

res).
T

h
en

evalu
ated

o
ver

tw
o

system
states.

•
C
o
m

m
o
n

w
ith

S
ta

te
M

a
ch

in
e
s:

g
u
ard

s
in

tran
sitio

n
s.

•
L
e
sse

r
k
n
o
w

n
:

p
ro

vid
e

o
p
e
ra

tio
n

b
o
d
ie

s.

•
M

e
ta

m
o
d
e
lin

g
:

th
e

U
M

L
stan

d
ard

is
a

M
O

F
-M

o
d
el

o
f
U

M
L
.

O
C
L

exp
ressio

n
s

d
efi

n
e

w
ell-form

ed
n
ess

o
f

U
M

L
m

o
d
els

(cf.
L
ectu

re
∼

2
1
).
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P
la

n.

•
T
o
d
ay:

•
T

h
e

set
O

C
L
E
x
p
re

ssio
n
s(S

)
of

O
C
L

expression
s

overS

.

•
G

iven
an

O
C
L

expression
e
x
p
r
,
a

system
state

σ
∈

Σ DS

,
an

d
a

valu
ation

of
logical

variab
les

β
,
d
efi

n
eIJe

x
p
rK(σ

,β
)
∈
{
tru

e,fa
lse,⊥

}
.

•
L
a
te

r:
u
se

I
to

d
efi

n
e
|=

⊆
Σ DS

×
O

C
L
E
x
p
re

ssio
n
s(S

).

U
M

L

ModelInstances

NS

W
E

C
D

,
S
M

S

=
(T

,C

,V
,a

tr
),

S
M

M
=

(Σ DS

,AS

,→
S
M

)

ϕ
∈

O
C
L

e
x
p
r

C
D

,
S
D

S

,S
D

B
=

(Q
S
D

,q
0 ,AS

,→
S
D

,F
S
D

)

π
=

(σ
0 ,ε

0 )
(
c
o
n
s
0
,S

n
d

0
)

−−
−
−
−
−
−
−→

u
0

(σ
1 ,ε

1 )···
w

π
=

((σ
i ,co

n
s

i ,S
n
d

i ))
i
∈
N

G
=

(N
,E

,f
)

M
a
th

e
m

a
tic

s

D
ia

g
ra

m

S
tru

c
tu

re
D

ia
g

ra
m

In
te

ra
c

tio
D

ia
g

ra
m

A
c

tiv
ity

D
ia

g
ra

m

C
o

m
p

o
s

ite
S

tru
c

tu
re

 D
ia

g
ra

m

C
la

s
s

 D
ia

g
ra

m
C

o
m

p
o

n
e

n
t

D
ia

g
ra

m

D
e

p
lo

ym
e

n
t

D
ia

g
ra

m

S
e

q
u

e
n

c
e

D
ia

g
ra

m

O
b

je
c

t
D

ia
g

ra
m

P
a

c
k

a
g

e
D

ia
g

ra
m

C
o

m
m

u
n

ic
a

O
C
L
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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,

given S

=
(T

,C

,V
,a

tr
),

•
W

⊇
{
se

lf
C
|
C

∈C

}
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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O
C

L
Syntax:

N
otatio

n
alC

o
nventio

ns
for

E
xpressio

ns

•
E
ach

expression

ω
(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

ct
typ

e
,
i.e.

if
τ
1
∈

TC

.

•
e
x
p
r
1
-
>

ω
(e

x
p
r
2 ,...,e

x
p
r

n
)

if
τ
1

is
a

co
lle

ctio
n

typ
e

(h
ere:

on
ly

sets),
i.e.

if
τ
1

=
S
e
t(τ

0 )
for

som
e

τ
0
∈

T
B
∪

TC

.

•
E
xa

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
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O
C

L
Syntax

2/4:
C

o
nsta

nts,A
rithm

eticalO
perators

F
o
r

e
xa

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
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
t

|
e
x
p
r
1
{
<

,≤
,...}

e
x
p
r
2

:
In

t
×

In
t
→

B
o
o
l

G
en

eralised
n
otation

:

e
x
p
r

::=
ω
(e

x
p
r
1 ,...,e

x
p
r

n
)

:
τ
1
×
···×

τ
n
→

τ

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 )

w
h
ere

•
e
x
p
r
1

is
of

a
co

lle
ctio

n
typ

e
(h

ere:
a

set
S
e
t(τ

0 )
for

som
e

τ
0 ),

•
ite

r
∈

W
is

called
ite

ra
to

r,
gets

typ
e

τ
1

(if
τ
1

is
om

itted
,
τ
0

is
assu

m
ed

as
typ

e
of

ite
r
)

•
re

su
lt
∈

W
is

called
re

su
lt

varia
b
le

,
gets

typ
e

τ
2 ,

•
e
x
p
r
2

in
an

expression
of

typ
e

τ
2

givin
g

th
e

in
itia

l
va

lu
e

for
re

su
lt,

(‘O
clU

n
d
efi

n
ed

’
if

om
itted

)

•
e
x
p
r
3

is
an

expression
of

typ
e

τ
2

in
w

h
ich

in
p
articu

lar
ite

r
an

d
re

su
lt

m
ay

ap
p
ear.
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Iterate:
Intuitive

Sem
a

ntics
(Form

ally:
later)

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

ou
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
of

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
con

sisten
t.
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A
b

breviatio
ns

o
n

To
p

ofIterate

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
:
τ
1
|
e
x
p
r
3 )

is
an

ab
breviation

for

e
x
p
r
1 -
>
iterate(w

:
τ
1 ;

w
1

:
B
o
o
l

=
tru

e
|
w

1 a
n
d
e
x
p
r
3 ).

(T
o

en
su

re
co

n
fu

sio
n
,
w
e

m
ay

ag
ain

o
m

it
all

k
in

d
s

o
f
th

in
g
s,

cf.
[O

M
G
,
2
0
0
6
]).

•
S
im

ilar:
e
x
p
r
1 -
>
E
xists(w

:
τ
1
|
e
x
p
r
3 )
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O
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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.

con
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((C) Prof. Dr. P. Thiemann, http://proglang.informatik.uni-fr
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((C) Prof. Dr. P. Thiemann, http://proglang.informatik.uni-freiburg.de/teaching/swt/2008/)
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