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Ã

b
e
a
trip

le
co
n
sistin

g
o
f
sy
ste

m
sta

te
,
co

n
su
m
e
se
t,

an
d
se
n
d
se
t.

•
L
et
β
:
X

→
D
(
C
)
b
e
a
valu

atio
n
o
f
th
e
lo
g
ical

variab
les.

T
h
en

•
(σ
,co

n
s
,S

n
d
)
|=

β
tru

e

•
(σ
,co

n
s
,S

n
d
)
|=

β
¬
ψ

if
an
d
o
n
ly

if
n
o
t
(σ
,co

n
s
,S

n
d
)
|=

β
ψ

•
(σ
,co

n
s
,S

n
d
)
|=

β
ψ
1
∨
ψ
2
if
an
d
o
n
ly

if
(σ
,co

n
s
,S

n
d
)
|=

β
ψ
1
or

(σ
,co

n
s
,S

n
d
)
|=

β
ψ
2

•
(σ
,co

n
s
,S

n
d
)
|=

β
e
x
p
r
if
an
d
o
n
ly

if
I
Je
x
p
r
K(σ

,β
)
=

1

•
(σ
,co

n
s
,S

n
d
)
|=

β
E

!x
,y

if
an
d
o
n
ly

if
∃
~d
•
(β

(x
),(E

,
~d),β

(y
))

∈
S
n
d

•
(σ
,co

n
s
,S

n
d
)
|=

β
E

?x
,y

if
an
d
o
n
ly

if
∃
~d
•
(β

(x
),(E

,
~d),β

(y
))

∈
co
n
s

O
b
se
rv
a
tio

n
:
sem

an
tics

o
f
m
o
d
els

ke
e
p
s
tra

ck
o
f
sen

d
er

an
d
receiver

at
sen

d
in
g
an
d
co
n
su
m
p
tio

n
tim

e.
W
e
d
isreg

ard
th
e
even

t
id
en
tity.

A
lte

rn
a
tiv

e
:
keep

track
o
f
even

t
id
en
tities.

T
B

A
o
ver

S
ig

n
a
tu

re

– 20 – 2015-02-03 – Smodellang –

3
7
/
5
1

D
e
fi
n
itio

n
.
A

T
B
A

B
=

(E
x
p
r
B
(X

),X
,Q
,q

in
i ,→

,Q
F
)

w
h
ere

E
x
p
r
B
(X

)
is

th
e
set

o
f
sig

n
a
l
a
n
d

a
ttrib

u
te

e
x
p
re
ssio

n
s

E
x
p
r

S
(
E
,X

)
o
ver

sig
n
atu

re
S

is
called

T
B
A

o
v
e
r

S
.

•
A
n
y
w
ord

o
ver

S
an
d

D
is
th
en

a
w
ord

for
B
.

(B
y
th
e
satisfactio

n
relatio

n
d
efi
n
ed

o
n
th
e
previo

u
s
slid

e;
D
(X

)
=

D
(
C
).)

•
T
h
u
s
a
T
B
A

o
ver

S
accep

ts
w
ord

s
o
f
m
o
d
els

w
ith

sig
n
atu

re
S

.
(B

y
th
e
previo

u
s
d
efi
n
itio

n
o
f
T
B
A
.)

T
B

A
o
ver

S
ig

n
a
tu

re
E

xa
m

p
le

– 20 – 2015-02-03 – Smodellang –

3
8
/
5
1

(σ
,co

n
s
,
S
n
d
)
|=

β
e
x
p
r
iff

I
Je
x
p
r
K(σ

,β
)
=

1
;

(σ
,co

n
s
,
S
n
d
)
|=

β
E

!x
,y

iff
(β

(x
),(E

,
~d),β

(y
))

∈
S
n
d

q
1

q
2

q
3

q
4

q
5

q
6

q
7 E

!x
,y

E
?x
,y

F
!y
,x

F
?y
,z
∧
¬
G

?
!

y
,x

G
?
!

y
,x
∧
¬
F

?y
,z

G
?
!

y
,x

F
?y
,z

F
?y
,z
∧
G

?
!

y
,x ¬
E

!x
,y

¬
E

?x
,y

¬
F

!y
,x

¬
(F

?y
,z
∨
G

?
!

y
,x
)

¬
G

?
!

y
,x

¬
F

?y
,z

tru
e

A
ctiva

tio
n

,
C

h
a

rt
M

o
d

e

– 20 – 2015-02-03 – main –

3
9
/
5
1

A
ctiva

tio
n

C
o
n
d
itio

n

– 20 – 2015-02-03 – main –

4
0
/
5
1

x
:

y
:

z
:

E

F

G

U
n
iversa

l
vs.

E
xisten

tia
l

C
h
a
rts

– 20 – 2015-02-03 – main –

4
1
/
5
1

x
:

y
:

z
:

E

F

G



P
rech

a
rt

– 20 – 2015-02-03 – main –

4
2
/
5
1

x
:

y
:

z
:

E

F

G

C
o

n
d

itio
n

s

– 20 – 2015-02-03 – main –

4
3
/
5
1

C
o
n
d
itio

n
s

– 20 – 2015-02-03 – main –

4
4
/
5
1

q
1

q
2

q
3

q
4

q
5

q
6

q
7 E

!x
,y

E
?x
,y

F
!y
,x

F
?y
,z
∧
¬
G

?
!

y
,x

G
?
!

y
,x
∧
¬
F

?y
,z

G
?
!

y
,x

F
?y
,z

F
?y
,z
∧
G

?
!

y
,x ¬
E

!x
,y

¬
E

?x
,y

¬
F

!y
,x

¬
(F

?y
,z
∨
G

?
!

y
,x
)

¬
G

?
!

y
,x

¬
F

?y
,z

tru
e

B
a

ck
to

U
M

L
:

In
tera

ctio
n

s

– 20 – 2015-02-03 – main –

4
5
/
5
1

M
o
d
el

C
o
n
sisten

cy
w

rt.
In

tera
ctio

n

– 20 – 2015-02-03 – Sinteract –

4
6
/
5
1

•
W
e
assu

m
e
th
at

th
e
set

o
f
in
teractio

n
s

I
is
p
artitio

n
ed

in
to

tw
o
(p
o
ssib

ly
em

p
ty)

sets
o
f
u
n
iv
e
rsa

l
an
d
e
x
iste

n
tia

l
in
teractio

n
s,
i.e.

I
=

I
∀
∪̇

I
∃
.

D
e
fi
n
itio

n
.
A

m
o
d
elM

=
(
C

D
,
S

M
,
O

D
,
I

)

is
called

co
n
siste

n
t
(m

ore
precise:

th
e
co
n
stru

ctive
d
escrip

tio
n
o
f

b
eh
avio

u
r
is
co
n
sisten

t
w
ith

th
e
refl

ective
o
n
e)

if
an
d
o
n
ly

if

∀
I
∈

I
∀
:
L
(M

)
⊆

L
(I

)

an
d

∀
I
∈

I
∃
:
L
(M

)
∩
L
(I

)
6=

∅
.

In
tera

ctio
n
s

a
s

R
efl

ective
D

escrip
tio

n

– 20 – 2015-02-03 – Sinteract –

4
7
/
5
1

•
In

U
M
L
,
refl

ective
(tem

p
oral)

d
escrip

tio
n
s
are

su
b
su
m
ed

by
in
te
ra
ctio

n
s.

•
A

U
M
L
m
o
d
el

M
=

(
C

D
,
S

M
,
O

D
,
I

)
h
as

a
set

o
f
in
teractio

n
s

I
.

•
A
n
in
teractio

n
I
∈

I
can

b
e
(O

M
G
claim

:
eq
u
ivalen

tly)
d
ia
g
ra
m
m
e
d
as

•
se
q
u
e
n
ce

d
ia
g
ra
m
,

tim
in
g
d
ia
g
ra
m
,
or

•
co

m
m
u
n
ica

tio
n
d
ia
g
ra
m

(form
erly

kn
ow

n
as

co
llab

oratio
n
d
iag

ram
).

F
ig

u
re 14.26 - S

eq
u

en
ce D

iag
ram

 w
ith

 tim
e an

d
 tim

in
g

 co
n

cep
ts

sd
 U

serA
ccepted

:U
ser

:A
C

S
ystem

C
ode d=d

u
ratio

n

C
ardO

ut {0..13}

O
K

U
nlock

{d..3*d}

t=n
o

w

{t..t+
3}

D
urationC

onstraint

T
im

eO
bservation

T
im

eC
onstraint

D
urationO

bservation

[O
M
G
,
2
0
0
7
b
,
5
1
3
]

q
u

e
n

c
e
-te

rm
  ‘.’  . . .  ‘:’

[ in
te

g
e
r | n

a
m

e
 ] [ 

e
n

c
e
 ]

‘*’ ‘[’ 
se

 ‘]’a
n

 i

‘[’ g
u

 ‘]’a
 b

ra
n

F
ig

u
re 14.27 - C

o
m

m
u

n
icatio

n
 d

iag
ram

 

sd
 M

:r
s[k]:B

s[u]:B

1a:m
1

2:m
2

1b:m
3

1b.1:m
3

1b.1.1:m
3,

1b.1.1.1:m
2

Lifeline

M
essage

w
ith

S
equence

num
ber

M
essages

[O
M
G
,
2
0
0
7
b
,
5
1
5
]

F
ig

u
re 14.30 - C

o
m

pact L
ifelin

e w
ith

 S
tates

sd
 U

serA
cc_U

ser

Idle
W

aitC
ard

W
aitA

ccess
Idle

{d..3*d}

:U
ser

S
tate or condition

Lifeline
D

urationC
onstraint

[O
M
G
,
2
0
0
7
b
,
5
2
2
]

F
ig

u
re 14.31 - Tim

in
g

 D
iag

ram
 w

ith
 m

o
re th

an
 o

n
e L

ifelin
e an

d
 w

ith
 M

essag
es

sd
 U

serA
ccepted

Idle

W
aitC

ard

W
aitA

ccess

{t..t+
3}

{d..3*d}

:User

0
1

2
t

H
asC

ard

N
oC

ard

:ACSystem

C
ode

C
ardO

ut
{0..13}

O
K

U
nlock

d
t=

now

S
tate or condition

Lifelines

D
uration O

bservation

D
uration C

onstraints

T
im

e O
bservation

T
im

e C
onstraint

M
essage

[O
M
G
,
2
0
0
7
b
,
5
2
2
]

 F
ig

u
re 14.28 - In

teractio
n

 O
verview

 D
iag

ram
 rep

resen
tin

g
 a H

ig
h

 L
evel In

teractio
n

 d
iag

ram

sd
 O

verview
D

iagram
 lifelin

es :U
ser, :A

C
S

ystem

ref
E

stablishA
ccess("Illegal P

IN
")

sd

:U
ser

:A
C

S
ystem

C
ardO

utsd

:U
ser

:A
C

S
ystem

M
sg("P

lease E
nter")

ref
O

penD
oor

[pin ok]

{0..25}

{1..14}

InteractionU
se

(inline) Interaction

decision

interaction constraint

D
uration C

onstraint

[O
M
G
,
2
0
0
7
b
,
5
1
8
]



In
tera

ctio
n
s

a
s

R
efl

ective
D

escrip
tio

n

– 20 – 2015-02-03 – Sinteract –

4
7
/
5
1

•
In

U
M
L
,
refl

ective
(tem

p
oral)

d
escrip

tio
n
s
are

su
b
su
m
ed

by
in
te
ra
ctio

n
s.

•
A

U
M
L
m
o
d
el

M
=

(
C

D
,
S

M
,
O

D
,
I

)
h
as

a
set

o
f
in
teractio

n
s

I
.

•
A
n
in
teractio

n
I
∈

I
can

b
e
(O

M
G
claim

:
eq
u
ivalen

tly)
d
ia
g
ra
m
m
e
d
as

•
se
q
u
e
n
ce

d
ia
g
ra
m
,

tim
in
g
d
ia
g
ra
m
,
or

•
co

m
m
u
n
ica

tio
n
d
ia
g
ra
m

(form
erly

kn
ow

n
as

co
llab

oratio
n
d
iag

ram
).

F
ig

u
re 14.26 - S

eq
u

en
ce D

iag
ram

 w
ith

 tim
e an

d
 tim

in
g

 co
n

cep
ts

sd
 U

serA
ccepted

:U
ser

:A
C

S
ystem

C
ode d=d

u
ratio

n

C
ardO

ut {0..13}

O
K

U
nlock

{d..3*d}

t=n
o

w

{t..t+
3}

D
urationC

onstraint

T
im

eO
bservation

T
im

eC
onstraint

D
urationO

bservation

[O
M
G
,
2
0
0
7
b
,
5
1
3
]

q
u

e
n

c
e
-te

rm
  ‘.’  . . .  ‘:’

[ in
te

g
e
r | n

a
m

e
 ] [ 

e
n

c
e
 ]

‘*’ ‘[’ 
se

 ‘]’a
n

 i

‘[’ g
u

 ‘]’a
 b

ra
n

F
ig

u
re 14.27 - C

o
m

m
u

n
icatio

n
 d

iag
ram

 

sd
 M

:r
s[k]:B

s[u]:B

1a:m
1

2:m
2

1b:m
3

1b.1:m
3

1b.1.1:m
3,

1b.1.1.1:m
2

Lifeline

M
essage

w
ith

S
equence

num
ber

M
essages

[O
M
G
,
2
0
0
7
b
,
5
1
5
]

F
ig

u
re 14.30 - C

o
m

pact L
ifelin

e w
ith

 S
tates

sd
 U

serA
cc_U

ser

Idle
W

aitC
ard

W
aitA

ccess
Idle

{d..3*d}

:U
ser

S
tate or condition

Lifeline
D

urationC
onstraint

[O
M
G
,
2
0
0
7
b
,
5
2
2
]

F
ig

u
re 14.31 - Tim

in
g

 D
iag

ram
 w

ith
 m

o
re th

an
 o

n
e L

ifelin
e an

d
 w

ith
 M

essag
es

sd
 U

serA
ccepted

Idle

W
aitC

ard

W
aitA

ccess

{t..t+
3}

{d..3*d}
:User

0
1

2
t

H
asC

ard

N
oC

ard

:ACSystem

C
ode

C
ardO

ut
{0..13}

O
K

U
nlock

d
t=

now

S
tate or condition

Lifelines

D
uration O

bservation

D
uration C

onstraints

T
im

e O
bservation

T
im

e C
onstraint

M
essage

[O
M
G
,
2
0
0
7
b
,
5
2
2
]

 F
ig

u
re 14.28 - In

teractio
n

 O
verview

 D
iag

ram
 rep

resen
tin

g
 a H

ig
h

 L
evel In

teractio
n

 d
iag

ram

sd
 O

verview
D

iagram
 lifelin

es :U
ser, :A

C
S

ystem

ref
E

stablishA
ccess("Illegal P

IN
")

sd

:U
ser

:A
C

S
ystem

C
ardO

utsd

:U
ser

:A
C

S
ystem

M
sg("P

lease E
nter")

ref
O

penD
oor

[pin ok]

{0..25}

{1..14}

InteractionU
se

(inline) Interaction

decision

interaction constraint

D
uration C

onstraint

[O
M
G
,
2
0
0
7
b
,
5
1
8
]

F
ig

u
re 9.11 - T

h
e in

tern
al stru

ctu
re o

f th
e O

b
server co

llab
o

ratio
n

 sh
o

w
n

 in
sid

e th
e co

llab
o

ratio
n

 ico
n

 (a co
n

n
ectio

n
 is 

sh
o

w
n

 b
etw

een
 th

e S
u

b
ject an

d
 th

e O
b

server ro
le).

O
b

server

O
b

server : S
lid

in
g

B
arIco

n
S

u
b

ject : C
allQ

u
eu

e

[O
M
G
,
2
0
0
7
b
,
1
7
0
]

F
ig

u
re 9.12 - In

 th
e O

b
server co

llab
o

ratio
n

 tw
o

 ro
les, a S

u
b

ject an
d

 an
 O

b
server, co

llab
o

rate to
 p

ro
d

u
ce th

e d
esired

 
b

eh
avio

r. A
n

y in
stan

ce p
layin

g
 th

e S
u

b
ject ro

le m
u

st p
o

ssess th
e p

ro
p

erties sp
ecified

 b
y C

allQ
u

eu
e, an

d
 sim

ilarly fo
r 

th
e O

b
server ro

le.

O
b

server

S
lid

in
g

B
arIco

n
O

bserver
C

allQ
u

eu
e

S
ubject

queue: List of C
all

source: O
bject

w
aitA

larm
: A

larm

reading: R
eal

color: C
olor

range: Interval

O
bserver.reading =

 length (S
ubject.queue)

capacity: Integer

O
bserver.range =

 (0 .. S
ubject.capacity)

[O
M
G
,
2
0
0
7
b
,
1
7
0
]

W
h
y

S
eq

u
en

ce
D

ia
g
ra

m
s?

– 20 – 2015-02-03 – Sinteract –

4
8
/
5
1

M
o
st

P
ro
m
in
e
n
t:

S
eq
u
en
ce

D
iag

ram
s
—

w
ith

lo
n
g
h
isto

ry
:

•
M
e
ssa

g
e
S
e
q
u
e
n
ce

C
h
arts,

stan
d
ard

ized
by

th
e
IT
U

in
d
iff
eren

t
versio

n
s,

o
ften

accu
sed

to
lack

a
form

al
sem

an
tics.

•
S
e
q
u
e
n
ce

D
ia
g
ra
m
s
o
f
U
M
L
1
.x

M
o
st

severe
d
raw

b
a
ck

s
o
f
th
ese

form
alism

s:

•
u
n
clear

in
te
rp
re
ta
tio

n
:

exam
p
le

scen
ario

or
in
varian

t?

•
u
n
clear

a
ctiva

tio
n
:

w
h
at

triggers
th
e
req

u
irem

en
t?

•
u
n
clear

p
ro
g
re
ss

req
u
irem

en
t:

m
u
st

all
m
essages

b
e
ob

served
?

•
co

n
d
itio

n
s
m
erely

com
m
en
ts

•
n
o
m
ean

s
to

express
fo
rb
id
d
e
n
sce

n
ario

s

L
S
C
:

L
A
C
:

a
c
tco

n
d

A
M
:

in
varian

t
I:

strict

E
n
viro

n
m
en
t

:
L
ig
h
tsC

trl

O
p
eratio

n
al

[1
,3
]

:
C
ro
ssin

g
C
trl

t(1
0
)

t

:
B
arrierC

trl

[1
,5
]

secreq

lig
h
ts

o
n

b
arrier

d
ow

n

lig
h
ts

o
k

b
arrier

ok

¬
M
vU

p

d
on

e

T
h
u
s:

L
ive

S
eq

u
en

ce
C

h
a
rts

– 20 – 2015-02-03 – Sinteract –

4
9
/
5
1

•
S
D
s
o
f
U
M
L
2
.x

ad
d
ress

so
m
e
issu

es,
yet

th
e
stan

d
ard

exh
ib
its

u
n
clarities

an
d
even

co
n
trad

ictio
n
s
[H

arel
an
d
M
ao
z,

2
0
0
7
,
S
tö
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