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ecked

arrays
w
ith

p
osition

s
0,...,N

,

•
set

typ
es,

th
en

w
e
cou

ld
sim

p
ly

re
strict

th
e
syn

tax
of

m
u
ltip

licities
to

µ
::=

1
|
0..N

|
∗

an
d
d
on

’t
th
in
k
ab

ou
t
con

strain
ts

(b
u
t
u
se

th
e
ob

viou
s
1-to-1

m
ap
p
in
g
to

typ
es)...

In
gen

eral,
u
n
fo
rtu

n
a
te
ly,

w
e
d
on

’t
kn

ow
.
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M
ultiplicities

as
C

onstraints
ofC

lass
D

iagram

R
e
ca

ll/
L
a
te
r:

C
D

=
{C

D
1 ,...,C

D
n
}

sign
atu

re
S

(
C

D
)

in
varian

ts
In
v(

C
D
)

b
asic

(classes
an
d

attrib
u
tes)

exten
d
ed

(visib
ility)

J
·K

d
istin

g
u
ish

F
ro
m

n
o
w

o
n
:
In
v(

C
D
)
=

{con
strain

ts
o
ccu

rrin
g
in

n
otes}

∪
{
µ
CO
C
L (ro

le
)
|

〈r
:
...,〈ro

le
:
D
,µ

,
,
,
,
〉,...,〈ro

le
′
:
C
,
,
,
,
,
〉,...〉

∈
V

or

〈r
:
...,〈ro

le
′
:
C
,
,
,
,
,
〉,...,〈ro

le
:
D
,µ

,
,
,
,
〉,...〉

∈
V
,

ro
le

6=
ro
le

′,µ
/∈
{0..1}

}
.
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P
roperties

W
e
d
on

’t
w
an
t
to

cover
asso

ciation
p
ro
p
e
rtie

s
in

d
etail,

on
ly

som
e
ob

servation
s
(assu

m
e
b
in
ary

asso
ciation

s):

P
rop

erty
In
tu
ition

S
em

an
tical

E
ff
ect

u
n
iq
u
e

on
e
ob

ject
h
as

a
t
m
o
st

o
n
e
r-lin

k
to

a
sin

gle
oth

er
ob

ject
cu

rre
n
t
se
ttin

g

b
a
g

on
e
ob

ject
m
ay

h
ave

m
u
ltip

le
r-lin

ks
to

a
sin

gle
oth

er
ob

ject
h
ave

λ
(r)

yield
m
u
lti-sets

o
rd
e
re
d
,

se
q
u
e
n
ce

an
r-lin

k
is
a
se
q
u
e
n
ce

of
ob

ject
id
en
ti-

ties
(p
ossib

ly
in
clu

d
in
g
d
u
p
licates)

h
ave

λ
(r)

yield
se-

q
u
en
ces
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P
roperties

W
e
d
on

’t
w
an
t
to

cover
asso

ciation
p
ro
p
e
rtie

s
in

d
etail,

on
ly

som
e
ob

servation
s
(assu

m
e
b
in
ary

asso
ciation

s):

P
rop

erty
In
tu
ition

S
em

an
tical

E
ff
ect

u
n
iq
u
e

on
e
ob

ject
h
as

a
t
m
o
st

o
n
e
r-lin

k
to

a
sin

gle
oth

er
ob

ject
cu

rre
n
t
se
ttin

g

b
a
g

on
e
ob

ject
m
ay

h
ave

m
u
ltip

le
r-lin

ks
to

a
sin

gle
oth

er
ob

ject
h
ave

λ
(r)

yield
m
u
lti-sets

o
rd
e
re
d
,

se
q
u
e
n
ce

an
r-lin

k
is
a
se
q
u
e
n
ce

of
ob

ject
id
en
ti-

ties
(p
ossib

ly
in
clu

d
in
g
d
u
p
licates)

h
ave

λ
(r)

yield
se-

q
u
en
ces

P
rop

erty
O
C
L
T
yp
in
g
of

expression
ro
le
(ex

p
r
)

u
n
iq
u
e

τ
D

→
S
et(τ

C
)

b
a
g

τ
D

→
B
a
g
(τ

C
)

o
rd
e
re
d
,
se
q
u
e
n
ce

τ
D

→
S
eq
(τ

C
)

F
or

su
b
se
ts,

re
d
e
fi
n
e
s,

u
n
io
n
,
etc.

see
[O

M
G
,
2007a,

127].
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O
w

nership

C
D

•
ro
le

r
×

In
tu
itively

it
says:

A
sso

ciatio
n
r
is
n
o
t
a
“
th
in
g
o
n
its

o
w
n
”
(i.e.

p
ro
vid

ed
b
y
λ
),

b
u
t
asso

ciatio
n
en
d
‘ro

le
’
is
o
w
n
e
d
b
y
C

(!).
(T

h
at

is,
it’s

stored
in
sid

e
C

o
b
ject

an
d
p
ro
vid

ed
b
y
σ
).
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O
w

nership

C
D

•
ro
le

r
×

In
tu
itively

it
says:

A
sso

ciatio
n
r
is
n
o
t
a
“
th
in
g
o
n
its

o
w
n
”
(i.e.

p
ro
vid

ed
b
y
λ
),

b
u
t
asso

ciatio
n
en
d
‘ro

le
’
is
o
w
n
e
d
b
y
C

(!).
(T

h
at

is,
it’s

stored
in
sid

e
C

o
b
ject

an
d
p
ro
vid

ed
b
y
σ
).

S
o
:
if
m
u
ltip

licity
of

ro
le

is
0..1

or
1,

th
en

th
e
p
ictu

re
ab

ove
is
very

close
to

con
cep

ts
of

p
oin

ters/referen
ces.

A
ctu

ally,
ow

n
ersh

ip
is
seld

om
seen

in
U
M
L
d
iagram

s.
A
gain

:
if
target

p
latform

is
clear,

on
e
m
ay

w
ell

live
w
ith

ou
t
(cf.

[O
M
G
,
2007b

,
42]

for
m
ore

d
etails).
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O
w

nership

C
D

•
ro
le

r
×

In
tu
itively

it
says:

A
sso

ciatio
n
r
is
n
o
t
a
“
th
in
g
o
n
its

o
w
n
”
(i.e.

p
ro
vid

ed
b
y
λ
),

b
u
t
asso

ciatio
n
en
d
‘ro

le
’
is
o
w
n
e
d
b
y
C

(!).
(T

h
at

is,
it’s

stored
in
sid

e
C

o
b
ject

an
d
p
ro
vid

ed
b
y
σ
).

S
o
:
if
m
u
ltip

licity
of

ro
le

is
0..1

or
1,

th
en

th
e
p
ictu

re
ab

ove
is
very

close
to

con
cep

ts
of

p
oin

ters/referen
ces.

A
ctu

ally,
ow

n
ersh

ip
is
seld

om
seen

in
U
M
L
d
iagram

s.
A
gain

:
if
target

p
latform

is
clear,

on
e
m
ay

w
ell

live
w
ith

ou
t
(cf.

[O
M
G
,
2007b

,
42]

for
m
ore

d
etails).

N
o
t
cle

ar
to

m
e
:

C
1

C
2

...C
n

ro
le•

⋄
r
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B
ack

to
the

M
ain

Track
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B
ack

to
the

m
ain

track:

R
e
ca

ll:
on

som
e
earlier

slid
es

w
e
said

,
th
e
exten

sion
of

th
e
sign

atu
re

is
o
n
ly

to
stu

d
y
asso

ciation
s
in

“fu
ll
b
eau

ty”.
F
or

th
e
rem

ain
d
er

of
th
e
cou

rse,
w
e
sh
ou

ld
lo
ok

for
som

eth
in
g
sim

p
ler...

P
ro
p
o
sa
l:

•
fro

m
n
o
w

o
n
,
w
e
on

ly
u
se

asso
ciation

s
of

th
e
form

(i)
C

D
•

0..1

ro
le

×

(ii)
C

D
•

∗

ro
le

×

(A
n
d
w
e
m
ay

o
m
it
th
e
n
o
n
-n
avig

ab
ility

an
d
ow

n
ersh

ip
sym

b
o
ls.)

•
F
orm

(i)
in
tro

d
u
ces

ro
le

:
C

0
,1 ,

an
d
form

(ii)
in
tro

d
u
ces

ro
le

:
C

∗
in

V
.

•
In

b
oth

cases,
ro
le

∈
a
tr
(C

).

•
W
e
d
rop

λ
an
d
go

b
ack

to
ou

r
n
ice

σ
w
ith

σ
(u
)(ro

le
)
⊆

D
(D

).
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O
C

L
C

onstraints
in

(C
lass)

D
iagram

s
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W
here

ShallW
e

P
utO

C
L

C
onstraints?

N
u
m
e
ro
u
s
o
p
tio

n
s:

(i)
A
d
d
ition

al
d
o
cu
m
en
ts.

(ii)
N
otes.

(iii)
P
articu

lar
d
ed
icated

p
laces.
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W
here

ShallW
e

P
utO

C
L

C
onstraints?

N
u
m
e
ro
u
s
o
p
tio

n
s:

(i)
A
d
d
ition

al
d
o
cu
m
en
ts.

(ii)
N
otes.

(iii)
P
articu

lar
d
ed
icated

p
laces.

(i)
N
o
te
s:

A
U
M
L
n
o
te

is
a
p
ictu

re
of

th
e
formtex

t

tex
t
can

prin
cip

ally
b
e
e
ve

ryth
in
g
,
in

p
articu

lar
co

m
m
e
n
ts

an
d
co

n
stra

in
ts.

S
o
m
e
tim

e
s,

con
ten

t
is
e
xp

licitly
cla

ssifi
e
d
for

clarity:

O
C
L
:ex
p
r
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O
C

L
in

N
otes:

C
onventions

C

...

...

ex
p
r

sta
n
d
s
fo
r

C

...

...

con
text

C
in
v
:
ex
p
r
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W
here

ShallW
e

P
utO

C
L

C
onstraints?

(ii)
P
articu

lar
d
e
d
ica

te
d
p
la
ce
s
in

class
d
iagram

s:
(b
eh
av.

featu
re:

later)

C

ξ
v
:
τ
{
p
1 ,...,p

n
}
{
e
x
p
r
}

ξ
f
(v

1
:
τ
,...,v

n
:
τ
n
)
:
τ
{
p
1
,...,p

n
}
{
p
re

:
e
x
p
r
1

p
o
st

:
e
x
p
r
2 }
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W
here

ShallW
e

P
utO

C
L

C
onstraints?

(ii)
P
articu

lar
d
e
d
ica

te
d
p
la
ce
s
in

class
d
iagram

s:
(b
eh
av.

featu
re:

later)

C

ξ
v
:
τ
{
p
1 ,...,p

n
}
{
e
x
p
r
}

ξ
f
(v

1
:
τ
,...,v

n
:
τ
n
)
:
τ
{
p
1
,...,p

n
}
{
p
re

:
e
x
p
r
1

p
o
st

:
e
x
p
r
2 }

F
or

sim
p
licity,

w
e
view

th
e
ab

ove
as

an
ab
breviation

for

C

ξ
v
:
τ
{
p
1
,...,p

n
}

ex
p
r

con
text

f
pre

:
ex
p
r
1
p
ost

:
ex
p
r
2
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Invariants
ofa

C
lass

D
iagram

•
L
et

C
D

b
e
a
class

d
iagram

.

•
A
s
w
e
(n
ow

)
are

ab
le

to
recogn

ise
O
C
L
con

strain
ts

w
h
en

w
e
see

th
em

,
w
e
can

d
efi
n
e

In
v(C

D
)

as
th
e
set

{ϕ
1 ,...,ϕ

n
}
of

O
C
L
con

strain
ts

o
ccu

rrin
g
in

n
otes

in
C
D

—
after

u
n
fo
ld
in
g
all

ab
breviation

s
(cf.

n
ext

slid
es).
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Invariants
ofa

C
lass

D
iagram

•
L
et

C
D

b
e
a
class

d
iagram

.

•
A
s
w
e
(n
ow

)
are

ab
le

to
recogn

ise
O
C
L
con

strain
ts

w
h
en

w
e
see

th
em

,
w
e
can

d
efi
n
e

In
v(C

D
)

as
th
e
set

{ϕ
1 ,...,ϕ

n
}
of

O
C
L
con

strain
ts

o
ccu

rrin
g
in

n
otes

in
C
D

—
after

u
n
fo
ld
in
g
all

ab
breviation

s
(cf.

n
ext

slid
es).

•
A
s
u
su
al:

In
v(

C
D
)
:=

⋃

C
D
∈

C
D
In
v(C

D
).

•
P
rin

cip
a
lly

cle
ar:

In
v(

·)
for

an
y
kin

d
of

d
iagram

.
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Invariantin
C

lass
D

iagram
E

xam
ple

C

v
:
τ
{
v
>

3
}

If
C

D
con

sists
of

on
ly

C
D

w
ith

th
e
sin

gle
class

C
,
th
en

•
In
v(

C
D
)
=

In
v(C

D
)
=
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Sem
antics

ofa
C

lass
D

iagram

D
e
fi
n
itio

n
.

L
et

C
D

b
e
a
set

o
f
class

d
iag

ram
s.

W
e
say,

th
e
sem

an
tics

o
f

C
D

is
th
e
sig

n
atu

re
it
in
d
u
ces

an
d
th
e
set

o
f

O
C
L
co
n
strain

ts
o
ccu

rrin
g
in

C
D
,
d
en
o
ted

J
C

D
K
:=

〈
S

(
C

D
),
In
v(

C
D
)〉.

G
iven

a
stru

ctu
re

D
o
f
S

(an
d
th
u
s
o
f
C

D
),
th
e
class

d
iag

ram
s
d
escrib

e

th
e
system

states
Σ

DS
.
O
f
th
o
se,

so
m
e
satisfy

In
v(

C
D
)
an

d
so
m
e
d
o
n
’t.

W
e
call

a
system

state
σ
∈
Σ

DS
co
n
sisten

t
if
an

d
o
n
ly

if
σ
|=

In
v(

C
D
).

In
p
ictu

re
s:

C
D

=
{C

D
1 ,...,C

D
n
}

sign
atu

re
S

(
C

D
)

in
varian

ts
In
v(

C
D
)

b
asic

(classes
an
d
attrib

u
tes)

exten
d
ed

(visib
ility)

(σ
∈
)
Σ

DS

J
·K

d
istin

g
u
ish

in
d
u
ce
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P
ragm

atics

R
e
ca

ll:
a
U
M
L
m
o
d
e
l
is
an

im
age

or
pre-im

age
of

a
softw

are
system

.

A
set

of
class

d
iagram

s
C

D
w
ith

in
varian

ts
In
v(

C
D
)
d
escrib

es
th
e
stru

ctu
re

of
system

states.

T
ogeth

er
w
ith

th
e
in
varian

ts
it
can

b
e
u
sed

to
state:

•
P
re
-im

a
g
e
:
D
ear

program
m
er,

p
lease

provid
e
an

im
p
lem

en
tation

w
h
ich

u
ses

on
ly

system
states

th
at

satisfy
In
v(

C
D
).

•
P
o
st-im

a
g
e
:
D
ear

u
ser/m

ain
tain

er,
in

th
e
existin

g
system

,
on

ly
system

states
w
h
ich

satisfy
In
v(

C
D
)
are

u
sed

.

(T
h
e
exact

m
ean

in
g
of

“u
se”

w
ill
b
ecom

e
clear

w
h
en

w
e
stu

d
y
b
eh
aviou

r
—

in
tu
itively:

th
e
system

states
th
at

are
reach

ab
le

from
th
e
in
itial

system
state(s)

by
callin

g
m
eth

o
d
s
or

fi
rin

g
tran

sition
s
in

state-m
ach

in
es.)
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P
ragm

atics

R
e
ca

ll:
a
U
M
L
m
o
d
e
l
is
an

im
age

or
pre-im

age
of

a
softw

are
system

.

A
set

of
class

d
iagram

s
C

D
w
ith

in
varian

ts
In
v(

C
D
)
d
escrib

es
th
e
stru

ctu
re

of
system

states.

T
ogeth

er
w
ith

th
e
in
varian

ts
it
can

b
e
u
sed

to
state:

•
P
re
-im

a
g
e
:
D
ear

program
m
er,

p
lease

provid
e
an

im
p
lem

en
tation

w
h
ich

u
ses

on
ly

system
states

th
at

satisfy
In
v(

C
D
).

•
P
o
st-im

a
g
e
:
D
ear

u
ser/m

ain
tain

er,
in

th
e
existin

g
system

,
on

ly
system

states
w
h
ich

satisfy
In
v(

C
D
)
are

u
sed

.

(T
h
e
exact

m
ean

in
g
of

“u
se”

w
ill
b
ecom

e
clear

w
h
en

w
e
stu

d
y
b
eh
aviou

r
—

in
tu
itively:

th
e
system

states
th
at

are
reach

ab
le

from
th
e
in
itial

system
state(s)

by
callin

g
m
eth

o
d
s
or

fi
rin

g
tran

sition
s
in

state-m
ach

in
es.)

E
xa

m
p
le
:
h
igh

ly
ab
stract

m
o
d
el

of
traffi

c
ligh

ts
con

troller.

T
L
C
trl

red
:
B
o
o
l

g
ree

n
:
B
o
o
l

n
ot(red

an
d
green

)
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C
onstraints

vs.Types

F
in
d
th
e
1
0
d
iff
e
re
n
ce
s:

C

x
:
In
t
{
x
=

3
∨
x
>

1
7
}

C

x
:
T

D
(T

)
=

{
3
}

∪
{
n
∈
N

|
n
>

1
7
}

•
x
=

4
is
w
ell-typ
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