
– 4 – 2015-11-03 – 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
4
:

O
C

L
S
em

a
n
tics

2
0

1
5

-1
1

-0
3

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

– 4 – 2015-11-03 – Sprelim –

2
/
3
6

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
th
ese

tasks/
q
u
estio

n
s:

•
P
lease

u
n
-ab

breviate
all

ab
breviation

s
in

th
is
O
C
L
expression

.

•
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?

•
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
em

an
tics

•
O
C
L
C
on

sisten
cy

an
d
S
atisfi

ab
ility

R
eca

ll

– 4 – 2015-11-03 – Sthetask –

3
/
3
6

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
lo
gical

variab
les,

w
h
as

typ
e
τ
(w

)

•
τ
is
an
y
typ

e
fro

m
T

∪
T
B
∪
T

C

∪
{
S
e
t(τ

0 )
|
τ
0
∈

T
∪
T
B
∪
T

C
}

•
T
B

is
a
set

o
f
(O

C
L
)
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
}

•
T

C
=

{
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
∪
T

C

(su
ffi
cien

t
b
ecau

se
o
f

“
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
.

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
∈
{
+
,−

,...}

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.

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

)

...

)

O
C

L
S

em
a

n
tics:

T
h

e
T
a

sk

– 4 – 2015-11-03 – Sthetask –

4
/
3
6

•
G
iven

an
O
C
L
expression

e
x
p
r
(over

sign
atu

re
S

),
e.g.

e
x
p
r
1
=

co
n
text

D
D

in
v
:
w
e
n
im

p
lies

w
in

>
0

•
an
d
a
system

state
σ
∈
Σ

DS
,
e.g.

σ
1
=

{
7
V
M

7→
{
d
d
7→

{
1
D
D
}
,
c
p
7→

{
3
D
D
,5

D
D
}
}
,

1
D
D
7→

{
w
in

7→
1
3
,
w
e
n
7→

tru
e}
,

3
C
P
7→

{
w
e
n
7→

tru
e}
,

5
C
P
7→

{
w
e
n
7→

fa
lse}

}

•
an
d
a
valu

ation
of

logical
variab

les
β
:
W

→
I
(
T

∪
T
B
∪
T

C
),

•
d
e
fi
n
e
th
e
in
te
rp
re
ta
tio

n
o
f
e
x
p
r
in

σ
u
n
d
e
r
β

I
J
·K(

·,
·)

:
O
C
L
E
x
p
re
ssio

n
s(

S
)
×

Σ
DS

×
(W

→
I
(
T

∪
T
B
∪
T

C
))

→
I
(B

o
o
l)

i.e.

I
Je
x
p
r
K(σ

,β
)
∈
{
t
ru
e,
fa
ls
e,⊥

B
o
o
l }
.

O
C

L
S

em
a

n
tics

O
M

G
(2

0
0

6
)

– 4 – 2015-11-03 – main –

5
/
3
6

B
a

sica
lly

b
u

sin
ess

a
s

u
su

a
l...

– 4 – 2015-11-03 – Soclsem –

6
/
3
6

(i)
E
q
u
ip

each
O
C
L
(!)

ty
p
e
w
ith

a
reason

ab
le

d
o
m
a
in
,
i.e.

d
efi
n
e
fu
n
ction

I
w
ith

d
om

(I
)
=

T
∪
T
B
∪
T

C

(ii)
E
q
u
ip

each
se
t
ty
p
e
S
e
t(τ

0 )
w
ith

reason
ab
le

d
o
m
a
in
,
i.e.

d
efi
n
e
fu
n
ction

I
w
ith

d
om

(I
)
=

{
S
e
t(τ

0 )
|
τ
0
∈

T
∪
T
B
∪
T

C
}

(iii)
E
q
u
ip

each
a
rith

m
e
tic

a
l
o
p
e
ra
tio

n
w
ith

a
reason

ab
le

in
te
rp
re
ta
tio

n

(th
at

is,
w
ith

a
fu
n
c
tio

n
op

eratin
g
on

th
e
corresp

on
d
in
g
d
o
m
a
in
s).

I
w
ith

d
om

(I
)
=

{+
,−

,≤
,...},

e.g.,
I
(+

)
∈
I
(In

t)
×
I
(In

t)
→

I
(In

t)

(iv)
S
e
t
o
p
e
ra
tio

n
s
sim

ilar:
I
w
ith

d
om

(I
)
=

{isE
m
p
ty
,...}

(v)
E
q
u
ip

each
e
x
p
re
ssio

n
w
ith

a
reason

ab
le

in
te
rp
re
ta
tio

n
,
i.e.

d
efi
n
e
fu
n
ction

I
:
E
x
p
r
×
Σ

DS
×
(W

→
I
(
T

∪
T
B
∪
T

C
))

→
I
(B

o
o
l)



B
a

sica
lly

b
u

sin
ess

a
s

u
su

a
l...

– 4 – 2015-11-03 – Soclsem –

6
/
3
6

(i)
E
q
u
ip

each
O
C
L
(!)

ty
p
e
w
ith

a
reason

ab
le

d
o
m
a
in
,
i.e.

d
efi
n
e
fu
n
ction

I
w
ith

d
om

(I
)
=

T
∪
T
B
∪
T

C

(ii)
E
q
u
ip

each
se
t
ty
p
e
S
e
t(τ

0 )
w
ith

reason
ab
le

d
o
m
a
in
,
i.e.

d
efi
n
e
fu
n
ction

I
w
ith

d
om

(I
)
=

{
S
e
t(τ

0 )
|
τ
0
∈

T
∪
T
B
∪
T

C
}

(iii)
E
q
u
ip

each
a
rith

m
e
tic

a
l
o
p
e
ra
tio

n
w
ith

a
reason

ab
le

in
te
rp
re
ta
tio

n

(th
at

is,
w
ith

a
fu
n
c
tio

n
op

eratin
g
on

th
e
corresp

on
d
in
g
d
o
m
a
in
s).

I
w
ith

d
om

(I
)
=

{+
,−

,≤
,...},

e.g.,
I
(+

)
∈
I
(In

t)
×
I
(In

t)
→

I
(In

t)

(iv)
S
e
t
o
p
e
ra
tio

n
s
sim

ilar:
I
w
ith

d
om

(I
)
=

{isE
m
p
ty
,...}

(v)
E
q
u
ip

each
e
x
p
re
ssio

n
w
ith

a
reason

ab
le

in
te
rp
re
ta
tio

n
,
i.e.

d
efi
n
e
fu
n
ction

I
:
E
x
p
r
×
Σ

DS
×
(W

→
I
(
T

∪
T
B
∪
T

C
))

→
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”

expression
.

(i)
D

o
m

a
in

s
o

f
O

C
L

a
n

d
(!)

M
o

d
el

B
a

sic
T
yp

es

– 4 – 2015-11-03 – Soclsem –

7
/
3
6

R
e
c
a
ll:

O
C
L
b
a
sic

ty
p
e
s

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.

G
iven

sign
atu

re
S

w
ith

m
o
d
e
l
b
a
sic

ty
p
e
s

T
an
d
d
om

ain
D
,
set

I
(T

)
:=

D
(T

)
∪
{⊥

T
}

for
each

m
o
d
el

b
asic

typ
e
T

∈
T

.

O
C

L
a

n
d

M
o

d
el

T
yp

es?
!

A
n

E
xa

m
p

le.

– 4 – 2015-11-03 – Soclsem –

8
/
3
6

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
})

(i)
D

o
m

a
in

s
o

f
O

b
ject

a
n

d
(ii)

S
et

T
yp

es

– 4 – 2015-11-03 – Soclsem –

9
/
3
6

•
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
∪
T
B
∪
T

C
.

•
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

,
on

ly
fi
n
ite

su
b
sets

of
I
(τ
).

B
u
t
in
fi
n
ity

d
o
esn

’t
scare

u
s,

so
w
e
sim

p
ly

allow
it.

(iii)
In

terp
reta

tio
n

o
f

A
rith

m
etic

O
p

era
tio

n
s

– 4 – 2015-11-03 – Soclsem –

1
0
/
3
6

•
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

(iii)
In

terp
reta

tio
n

o
f

A
rith

m
etic

O
p

era
tio

n
s

– 4 – 2015-11-03 – Soclsem –

1
0
/
3
6

•
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
oin

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
oin

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
.

T
h
e
in
te
rp
re
ta
tio

n
o
f
an

o
p
eratio

n
(sym

b
o
l)
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
tical

d
o
m
ain

(s).



(iii)
In

terp
reta

tio
n

o
f

O
clIsU

n
d

efi
n

ed

– 4 – 2015-11-03 – Soclsem –

1
1
/
3
6

•
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

,
o
th
erw

ise

N
o
te
:
I
(o
clIsU

n
d
efi

n
ed

τ
)
is
d
e
fi
n
ite

,
i.e.,

it
n
ever

yield
s
⊥
.

(iv)
In

terp
reta

tio
n

o
f

S
et

O
p

era
tio

n
s

– 4 – 2015-11-03 – Soclsem –

1
2
/
3
6

B
asically

th
e
sam

e
prin

cip
le

as
w
ith

arith
m
etic

op
eration

s...

L
et

τ
∈

T
∪
T
B
∪
T

C
.

•
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

,
o
th
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
)

⊥
In

t
,
o
th
erw

ise

(v)
P

u
ttin

g
It

A
ll

T
o
g
eth

er

– 4 – 2015-11-03 – Soclsem –

1
3
/
3
6

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
lo
gical

variab
les,

w
h
as

typ
e
τ
(w

)

•
τ
is
an
y
typ

e
fro

m
T

∪
T
B
∪
T

C

∪
{
S
e
t(τ

0 )
|
τ
0
∈

T
∪
T
B
∪
T

C
}

•
T
B

is
a
set

o
f
(O

C
L
)
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
}

•
T

C
=

{
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
∪
T

C

(su
ffi
cien

t
b
ecau

se
o
f

“
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
.

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
∈
{
+
,−

,...}

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.

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

)

...

)

V
a

lu
a

tio
n

s
o

f
L

o
g

ica
l

V
a

ria
b

les

– 4 – 2015-11-03 – Soclsem –

1
4
/
3
6

•
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

)).

(v)
P

u
ttin

g
It

A
ll

T
o
g
eth

er...

– 4 – 2015-11-03 – Soclsem –

1
5
/
3
6

e
x
p
r
::=

w
|
ω
(e
x
p
r
1
,...,e

x
p
r
n
)
|
allIn

stan
ces

C
|
v
(e
x
p
r
1 )

|
r
1 (e

x
p
r
1 )

|
r
2 (e

x
p
r
1 )

|
e
x
p
r
1
-
>
iterate(v

1
:
τ
1
;
v
2
:
τ
2
=

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

•
I
Jw

K(σ
,β

)
:=

β
(w

)

•
I
Jω

(e
x
p
r
1
,...,e

x
p
r
n
)K(σ

,β
)
:=

I
(ω

)(I
Je
x
p
r
1 K(σ

,β
),...I

Je
x
p
r
n
K(σ

,β
))

•
I
JallIn

stan
ces

C
K(σ

,β
)
:=

d
om

(σ
)
∩

D
(C

)

N
o
te
:
in

th
e
O
C
L
stan

d
ard

,
d
om

(σ
)
is
assu

m
ed

to
b
e
fi
n
ite

.
A
gain

:
d
o
esn

’t
scare

u
s.

E
xa

m
p

le

– 4 – 2015-11-03 – Soclsem –

1
6
/
3
6

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
})

σ
1
=

{
7
V
M

7→
{
d
d
7→

{
1
D
D
}
,
c
p
7→

{
3
D
D
,5

D
D
}
}
,

1
D
D
7→

{
w
in

7→
1
3
,w

e
n
7→

tru
e}
,

3
C
P
7→

{
w
e
n
7→

tru
e}
,

5
C
P
7→

{
w
e
n
7→

fa
lse}

}

•
I
Jw

K(σ
,
β
)
:=

β
(w

)
•
I
Ja
llIn

sta
n
ces

C
K(σ

,
β
)
:=

d
o
m
(σ

)
∩

D
(C

)

•
I
Jω

(
e
x
p
r
1
,
.
.
.
,
e
x
p
r
n
)K(σ

,
β
)
:=

I
(ω

)(I
J
e
x
p
r
1
K(σ

,
β
),
.
.
.
I
J
e
x
p
r
n
K(σ

,
β
))



(v)
P

u
ttin

g
It

A
ll

T
o
g
eth

er...

– 4 – 2015-11-03 – Soclsem –

1
7
/
3
6

e
x
p
r
::=

w
|
ω
(e
x
p
r
1
,...,e

x
p
r
n
)
|
allIn

stan
ces

C
|
v
(e
x
p
r
1 )

|
r
1 (e

x
p
r
1 )

|
r
2 (e

x
p
r
1 )

|
e
x
p
r
1
-
>
iterate(v

1
:
τ
1
;
v
2
:
τ
2
=

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

A
ssu

m
e
e
x
p
r
1
:
τ
C

for
som

e
C

∈
C
.
S
et

u
1
:=

I
Je
x
p
r
1 K(σ

,β
)
∈

D
(τ

C
).

•
I
Jv
(e
x
p
r
1 )K(σ

,β
)
:=

{

σ
(u

1 )(v
)

,
if
u
1
∈
d
om

(σ
)

⊥
,
oth

erw
ise

E
xa

m
p

le

– 4 – 2015-11-03 – Soclsem –

1
8
/
3
6

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
}
)

σ
1
=

{
7
V
M

7→
{
d
d
7→

{
1
D
D
}
,
c
p
7→

{
3
D
D
,5

D
D
}
}
,

1
D
D
7→

{
w
in

7→
1
3
,w

e
n
7→

tru
e}
,

3
C
P
7→

{
w
e
n
7→

tru
e}
,

5
C
P
7→

{
w
e
n
7→

fa
lse}

}

A
ssu

m
e
e
x
p
r
1
:
τ
C

fo
r
so
m
e
C

∈
C
.
S
et

u
1
:=

I
J
e
x
p
r
1
K(σ

,
β
)
∈

D
(τ

C
).

•
I
Jv
(
e
x
p
r
1
)K(σ

,
β
)
:=

{

σ
(u

1
)(v

)
,
if
u
1
∈

d
o
m
(σ

)

⊥
,
o
th
erw

ise

(v)
P

u
ttin

g
It

A
ll

T
o
g
eth

er...

– 4 – 2015-11-03 – Soclsem –

1
9
/
3
6

e
x
p
r
::=

w
|
ω
(e
x
p
r
1
,...,e

x
p
r
n
)
|
allIn

stan
ces

C
|
v
(e
x
p
r
1 )

|
r
1 (e

x
p
r
1 )

|
r
2 (e

x
p
r
1 )

|
e
x
p
r
1
-
>
iterate(v

1
:
τ
1
;
v
2
:
τ
2
=

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

A
ssu

m
e
e
x
p
r
1
:
τ
C

for
som

e
C

∈
C
.
S
et

u
1
:=

I
Je
x
p
r
1 K(σ

,β
)
∈

D
(τ

C
).

•
I
Jv
(e
x
p
r
1 )K(σ

,β
)
:=

{

σ
(u

1 )(v
)

,
if
u
1
∈
d
om

(σ
)

⊥
,
oth

erw
ise

•
I
Jr

1 (e
x
p
r
1 )K(σ

,β
)
:=

{

u
,
if
u
1
∈
d
om

(σ
)
an
d
σ
(u

1 )(r
1 )

=
{
u
}

⊥
,
oth

erw
ise

•
I
Jr

2 (e
x
p
r
1 )K(σ

,β
)
:=

{

σ
(u

1 )(r
2 )

,
if
u
1
∈
d
om

(σ
)

⊥
,
oth

erw
ise

R
ecall:

σ
evalu

ates
r
2
of

typ
e
C

∗
to

a
set.

(v)
P

u
ttin

g
It

A
ll

T
o
g
eth

er...

– 4 – 2015-11-03 – Soclsem –

2
0
/
3
6

e
x
p
r
::=

w
|
ω
(e
x
p
r
1
,...,e

x
p
r
n
)
|
allIn

stan
ces

C
|
v
(e
x
p
r
1 )

|
r
1 (e

x
p
r
1 )

|
r
2 (e

x
p
r
1 )

|
e
x
p
r
1
-
>
iterate(v

1
:
τ
1
;
v
2
:
τ
2
=

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

•
I
Je
x
p
r
1
-
>
iterate(v

1
:
τ
1
;
v
2
:
τ
2
=

e
x
p
r
2
|
e
x
p
r
3 )K(σ

,β
)

:=

{

I
Je
x
p
r
2 K(σ

,
β
)

,
if
I
Je
x
p
r
1 K(σ

,β
)
=

∅

ite
ra
te
(h
lp
,
v
1
,
v
2
,
e
x
p
r
3
,
σ
,
β
′)

,
o
th
erw

ise

w
h
ere

β
′
=

β
[h
lp

7→
I
Je
x
p
r
1 K(σ

,
β
),v

2
7→

I
Je
x
p
r
2 K(σ

,
β
)]

an
d

•
ite

ra
te
(h
lp
,
v
1
,
v
2
,
e
x
p
r
3
,
σ
,
β
′)

:=

{

I
Je
x
p
r
3 K(σ

,β
′[v

1
7→

x
])

,
if
β
′(h

lp
)
=

{
x
}

I
Je
x
p
r
3 K(σ

,β
′
′)

,
if
β
′(h

lp
)
=

X
∪̇
{
x
}
an

d
X

6=
∅

w
h
ere

β
′
′
=

β
′[v

1
7→

x
,
v
2
7→

ite
ra
te
(h
lp
,
v
1
,
v
2
,
e
x
p
r
3
,
σ
,β

′[h
lp

7→
X
])]

Q
u
iz:

Is
(ou

r)
I
a
fu
n
ction

?

E
xa

m
p

le

– 4 – 2015-11-03 – Soclsem –

2
1
/
3
6

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
}
)

σ
1
=

{
7
V
M

7→
{
d
d
7→

{
1
D
D
}
,
c
p
7→

{
3
D
D
,5

D
D
}
}
,

1
D
D
7→

{
w
in

7→
1
3
,w

e
n
7→

tru
e}
,

3
C
P
7→

{
w
e
n
7→

tru
e}
,

5
C
P
7→

{
w
e
n
7→

fa
lse}

}

co
n
text

D
D

in
v
:
w
e
n
im

p
lies

w
in

>
0

A
n

o
th

er
E

xa
m

p
le

– 4 – 2015-11-03 – Soclsem –

2
2
/
3
6

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
}
)

σ
1
=

{
7
V
M

7→
{
d
d
7→

{
1
D
D
}
,
c
p
7→

{
3
D
D
,5

D
D
}
}
,

1
D
D
7→

{
w
in

7→
1
3
,w

e
n
7→

tru
e}
,

3
C
P
7→

{
w
e
n
7→

tru
e}
,

5
C
P
7→

{
w
e
n
7→

fa
lse}

}



R
eferen

ces

– 4 – 2015-11-03 – main –

3
5
/
3
6

R
eferen

ces

– 4 – 2015-11-03 – main –

3
6
/
3
6

C
ab

o
t,

J.
an

d
C
larisó
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