
S
oftw

are
D

esig
n,M

o
dellin

g
a

n
dA

n
alysis

in
U

M
L

L
e

cture
1

7:
R

efle
ctive

D
escriptio

n
ofB

eh
avio

ur,
L

ive
Seq

uence
C

h
arts

I

2
0

1
3-0

1-1
6

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
:

•
H
ierarch

ical
S
tate

M
ach

in
es

•
L
a
te
r:

R
em

ain
in
g
p
seu

d
o
-states,

su
ch

as
sh
allow

/
d
eep

h
istory;

active
vs.

p
assive;

b
eh
avio

u
ral

featu
re.

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
follow

in
g
tasks/q

u
estion

s.

•
W
h
at

d
o
es

th
is
L
S
C

m
ean

?

•
A
re

th
is
U
M
L
m
o
d
el’s

state
m
ach

in
es

co
n
sisten

t
w
ith

th
e
in
teractio

n
s?

•
P
lease

p
ro
vid

e
a
U
M
L
m
o
d
el

w
h
ich

is
co
n
sisten

t
w
ith

th
is
L
S
C
.

•
W
h
at

is:
activatio

n
,
h
o
t/
co
ld

co
n
d
itio

n
,
p
re-ch

art,
etc.?

•
C
o
n
te
n
t:

•
R
efl

ective
d
escrip

tio
n
o
f
b
eh
avio

u
r.

•
L
S
C

co
n
crete

an
d
ab

stract
syn

tax.

•
L
S
C

in
tu
itive

sem
an

tics.

•
S
ym

b
o
lic

B
ü
ch
i
A
u
to
m
ata

(T
B
A
)
an

d
its

(accep
ted

)
lan

g
u
ag

e.
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Yo
u

are
here.
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C
o

urse
M

a
p

U
M
L

ModelInstances

NS

W
E

C
D
,
S
M

S
=

(
T
,
C
,V

,a
tr
),
S
M

M
=

(Σ
DS
,A

S
,→

S
M
)

ϕ
∈

O
C
L

e
x
p
r

C
D
,
S
D

S
,S

D

B
=

(Q
S
D
,q

0 ,A
S
,→

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

O
D

U
M
L

✔
✔

✔
✔

✔

✘

✘

✘

✘
✔

✔

✔ ✔

✔
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M
otivatio

n:
R

efle
ctive,D

yn
am

ic
D

escriptio
ns

ofB
eh

avio
ur
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R
e

call:
C

o
nstructive

vs.R
efle

ctive
D

escriptio
ns

[H
arel,

1997]
prop

oses
to

d
istin

gu
ish

con
stru

ctive
an
d
refl

ective
d
escrip

tion
s:

•
“
A

la
n
g
u
a
g
e
is

co
n
stru

ctive
if
it
co
n
trib

u
tes

to
th
e
d
yn
a
m
ic

sem
a
n
tics

o
f
th
e
m
o
d
el.

T
h
a
t
is,

its
co
n
stru

cts
co
n
ta
in

in
fo
rm

a
tio

n
n
eed

ed
in

execu
tin

g
th
e
m
o
d
el

o
r
in

tra
n
sla

tin
g
it
in
to

execu
ta
b
le

co
d
e.”

A
con

stru
ctive

d
escrip

tion
tells

h
o
w

th
in
gs

are
com

p
u
ted

(w
h
ich

can
th
en

b
e
d
esired

or
u
n
d
esired

).

•
“
O
th
er

la
n
g
u
a
g
es

are
re
fl
e
ctive

o
r
a
sse

rtive
,
a
n
d
ca
n
b
e
u
sed

b
y
th
e

system
m
o
d
eler

to
ca
p
tu
re

p
arts

o
f
th
e
th
in
k
in
g
th
a
t
g
o
in
to

b
u
ild
in
g
th
e

m
o
d
el

–
b
eh
a
vio

r
in
clu

d
ed

–
,
to

d
erive

a
n
d
p
resen

t
view

s
o
f
th
e
m
o
d
el,

sta
tica

lly
o
r
d
u
rin

g
execu

tio
n
,
o
r
to

set
co
n
stra

in
ts

o
n
b
eh
a
vio

r
in

p
rep

ara
tio

n
fo
r
verifi

ca
tio

n
.”

A
refl

ective
d
escrip

tion
tells

w
h
a
t
sh
all

or
sh
all

n
ot

b
e
com

p
u
ted

.

N
o
te
:
N
o
sh
arp

b
ou

n
d
aries!
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R
e

call:
W

h
atis

a
R

eq
uirem

ent?

R
e
ca

ll:

•
T
h
e
se
m
a
n
tics

o
f
th
e
U
M
L
m
o
d
e
l
M

=
(
C

D
,
S

M
,
O

D
)
is
th
e
tra

n
sitio

n
syste

m
(S

,−→
,
S
0 )

co
n
stru

cted
accord

in
g
to

d
iscard

/
d
isp

atch
/
co
m
m
en
ce-ru

les.

•
T
h
e
co

m
p
u
ta
tio

n
s
o
f
M

,
d
en
o
ted

b
y

JM
K,

are
th
e
co
m
p
u
tatio

n
s
o
f
(S

,−→
,
S
0 ).

N
o
w
:A
refl

ective
d
escrip

tion
tells

w
h
a
t
sh
all

or
sh
all

n
ot

b
e
com

p
u
ted

.

M
o
re

fo
rm

a
lly:

a
req

u
irem

en
t
ϑ
is
a
prop

erty
of

com
p
u
tation

s,
sth

.
w
h
ich

is
eith

er
satisfi

ed
or

n
ot

satisfi
ed

by
a
com

p
u
tation

π
=

(σ
0 ,ε

0 )
(
c
o
n
s
0
,S

n
d
0
)

−−
−
−
−
−
−
−→

(σ
1 ,ε

1 )
(
c
o
n
s
1
,S

n
d
1
)

−−
−
−
−
−
−
−→

···
∈

JM
K,

d
en
oted

by
π
|=

ϑ
an
d
π
6|=

ϑ
,
resp

.
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O
C

L
as

R
efle

ctive
D

escriptio
n

ofC
ertain

P
ro

perties

•
in
varia

n
ts:

∀
π
∈

JM
K
∀
i
∈
N

:
π
i
|=

ϑ
,

•
n
o
n
-re

a
ch

a
b
ility

o
f
co

n
fi
g
u
ra
tio

n
s:

∄
π
∈

JM
K
∄
i
∈
N

:
π
i
|=

ϑ

⇐
⇒

∀
π
∈

JM
K
∀
i
∈
N

:
π
i
|=

¬
ϑ

•
re
a
ch

a
b
ility

o
f
co

n
fi
g
u
ra
tio

n
s:

∃
π
∈

JM
K
∃
i
∈
N

:
π
i
|=

ϑ

⇐
⇒

¬
(∀

π
∈

JM
K
∀
i
∈
N

:
π
i
|=

¬
ϑ
)

w
h
ere

•
ϑ
is
an

O
C
L
exp

ressio
n
or

an
o
b
ject

d
iag

ram
an

d

•
“
|=
”
is
th
e
corresp

o
n
d
in
g
O
C
L
satisfactio

n
or

th
e
“
is
rep

resen
ted

b
y
o
b
ject

d
iag

ram
”
relatio

n
.
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In
G

eneralN
otO

C
L

:
Tem

p
oralP

ro
perties

D
yn

a
m
ic

(by
exam

p
le)

•
re
a
ctive

b
e
h
a
vio

u
r

•
“
fo
r
e
a
ch

C
in
sta

n
ce

,
e
a
ch

re
ce

p
tio

n
o
f
E

is
fi
n
a
lly

a
n
sw

e
re
d
b
y
F
”

∀
π
∈

JM
K
:
π
|=

ϑ

•
n
o
n
-re

a
ch

a
b
ility

of
system

con
fi
gu

ration
se
q
u
e
n
ce
s

•
“
th
e
re

m
u
stn

’t
b
e
a
syste

m
ru
n
w
h
e
re

C
fi
rst

re
ce

ive
s
E

a
n
d
th
e
n
se
n
d
s
F
”

∄
π
∈

JM
K
:
π
|=

ϑ

•
re
a
ch

a
b
ility

of
system

con
fi
gu

ration
se
q
u
e
n
ce
s

•
“
th
e
re

m
u
st

b
e
a
syste

m
ru
n
w
h
e
re

C
fi
rst

re
ce

ive
s
E

a
n
d
th
e
n
se
n
d
s
F
”

∃
π
∈

JM
K
:
π
|=

ϑ

B
u
t:

w
h
at

is
“|=

”
an
d
w
h
at

is
“
ϑ
”?
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Interactio
ns:

P
ro

blem
a

n
d

P
la

n

In
g
e
n
e
ra
l:
∀
(∃
)
π
∈

JM
K
:
π
|=
(6|=

)
ϑ

P
ro
b
le
m
:
w
h
at

is
“
|=
”
an

d
w
h
at

is
“
ϑ
”
?

P
la
n
:

•
D
efi
n
e
th
e
la
n
g
u
a
g
e
L
(I

)
of

an
in
te
ra
ctio

n
I
—

via
B
ü
ch
i
au
tom

ata.

•
D
efi
n
e
th
e
la
n
g
u
a
g
e
L
(M

)
of

a
m
o
d
e
l
M

—
b
asically

its
com

p
u
tation

s.
E
ach

com
p
u
tation

π
∈

JM
K
corresp

on
d
s
to

a
w
o
rd

w
π
.

•
T
h
en

(con
cep

tu
ally)

π
|=

ϑ
if
an
d
on

ly
if
w

π
∈
L
(I

).

ModelInstances

C
D
,
S
M

S
=

(
T
,
C
,V

,a
tr
),
S
M

M
=

(Σ
DS
,A

S
,→

S
M
)

ϕ
∈
O
C
L

e
x
p
r

C
D
,
S
D

S
,S

D

B
=

(Q
S
D
,q

0 ,A
S
,→

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

✘

✘

✘

✘

– 17 – 2013-01-16 – Sreflective –

1
0
/
7
4

Interactio
ns:

P
la

n

•
In

th
e
follow

in
g,

w
e
con

sid
er

S
e
q
u
e
n
ce

D
ia
g
ra
m
s
as

in
te
ra
ctio

n
I
,

•
m
ore

precisely:
L
ive

S
e
q
u
e
n
ce

C
h
arts

[D
am

m
an
d
H
arel,

2001
].

•
W
e
d
efi
n
e
th
e
la
n
g
u
a
g
e
L
(I

)
of

an
L
S
C
—

via
B
ü
ch
i
au
tom

ata.

•
T
h
en

(con
cep

tu
ally)

π
|=

ϑ
if
an
d
on

ly
if
w

π
∈
L
(I

).

W
h
y
L
S
C
,
relation

L
S
C
s/U

M
L
S
D
s,
oth

er
kin

d
s
of

in
teraction

s:
la
te
r.

ModelInstances

C
D
,
S
M

S
=

(
T
,
C
,V

,a
tr
),
S
M

M
=

(Σ
DS
,A

S
,→

S
M
)

ϕ
∈
O
C
L

e
x
p
r

C
D
,
S
D

S
,S

D

B
=

(Q
S
D
,q

0 ,A
S
,→

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

✘

✘

✘

✘
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L
ive

Seq
uence

C
h

arts
—

C
o

ncrete
Syntax
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E
xam

ple

L
S
C
:

L

A
C
:

a
c
tco

n
d

A
M
:

in
varian

t
I:

strict

E
n
viron

m
en
t

:
L
igh

tsC
trl

O
p
era

tio
n
a
l

[1
,3]

:
C
rossin

gC
trl

t(10)

t

:
B
arrierC

trl

[1
,5]

secreq

lig
h
ts

o
n

b
arrier

d
o
w
n

lig
h
ts

o
k

b
arrier

o
k

¬
M
vU

p

d
o
n
e

C
rossin

gC
trl

L
igh

tsC
trl

B
arrierC

trl

1
1

1
1
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E
xam

ple:
W

h
atIs

R
eq

uired
?

L
S
C
:

L

A
C
:

a
c
tco

n
d

A
M
:

in
varian

t
I:

strict

E
n
viron

m
en
t

:
L
igh

tsC
trl

O
p
era

tio
n
a
l

[1
,3]

:
C
rossin

gC
trl

t(10)

t

:
B
arrierC

trl

[1
,5]

secreq

lig
h
ts

o
n

b
arrier

d
o
w
n

lig
h
ts

o
k

b
arrier

o
k

¬
M
vU

p

d
o
n
e

C
rossin

gC
trl

L
igh

tsC
trl

B
arrierC

trl

1
1

1
1

•
W

h
e
n
e
v
e
r
th
e
C
ro
ssin

g
C
trl

h
a
s
co

n
su
m
ed

a
‘secreq

’
even

t

•
th
e
n
it
sh
a
ll
fi
n
a
lly

sen
d
‘lig

h
ts

o
n
’
a
n
d
‘b
arrier

d
o
w
n
’
to

L
ig
h
tsC

trl
a
n
d
B
arrierC

trl,

•
if
L
ig
h
tsC

trl
is

n
o
t
‘o
p
era

tio
n
a
l’
w
h
en

receivin
g
th
a
t
even

t,
th
e
rest

o
f
th
is

scen
ario

d
o
esn

’t
a
p
p
ly;

m
ayb

e
th
ere’s

a
n
o
th
er

L
S
C

fo
r
th
a
t
ca
se.

•
if
L
ig
h
tsC

trl
is

‘o
p
era

tio
n
a
l’
w
h
en

receivin
g
th
a
t
even

t,
it
sh
a
ll
rep

ly
w
ith

‘lig
h
ts

o
k
’
w
ith

in
1
–
3
tim

e
u
n
its,

•
th
e
B
arrierC

trl
sh
a
ll
rep

ly
w
ith

‘b
arrier

o
k
’
w
ith

in
1
–
5
tim

e
u
n
its,

d
u
rin

g
th
is

tim
e

(d
isp

a
tch

tim
e
n
o
t
in
clu

d
ed

)
it
sh
a
ll
n
o
t
b
e
in

sta
te

‘M
vU

p
’,

•
‘lig

h
ts

o
k
’
a
n
d
‘b
arrier

o
k
’
m
ay

o
ccu

r
in

a
n
y
o
rd
er.

•
A
fter

h
a
vin

g
co

n
su
m
ed

b
o
th
,
C
ro
ssin

g
C
trl

m
ay

rep
ly

w
ith

‘d
o
n
e’

to
th
e
en

viro
n
m
en

t.
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B
uildin

g
B

locks

L
S
C
:

L

A
C
:

a
c
tco

n
d

A
M
:

in
varian

t
I:

strict

E
n
viron

m
en
t

:
L
igh

tsC
trl

O
p
era

tio
n
a
l

[1
,3]

:
C
rossin

gC
trl

t(10)

t

:
B
arrierC

trl

[1
,5]

secreq

lig
h
ts

o
n

b
arrier

d
o
w
n

lig
h
ts

o
k

b
arrier

o
k

¬
M
vU

p

d
o
n
e

C
rossin

gC
trl

L
igh

tsC
trl

B
arrierC

trl

1
1

1
1

•
In
sta

n
ce

L
in
e
s:

E
n
viron

m
en
t

:
C
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B
uildin

g
B

locks

L
S
C
:

L

A
C
:

a
c
tco

n
d

A
M
:

in
varian

t
I:

strict

E
n
viron

m
en
t

:
L
igh

tsC
trl

O
p
era

tio
n
a
l

[1
,3]

:
C
rossin

gC
trl

t(10)

t

:
B
arrierC

trl

[1
,5]

secreq

lig
h
ts

o
n

b
arrier

d
o
w
n

lig
h
ts

o
k

b
arrier

o
k

¬
M
vU

p

d
o
n
e

C
rossin

gC
trl

L
igh

tsC
trl

B
arrierC

trl

1
1

1
1

•
M
e
ssa

g
e
s:

(asyn
ch
ron

ou
s
or

syn
ch
ron

ou
s/in

stan
tan

eou
s)

a
b
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B
uildin

g
B

locks

L
S
C
:

L

A
C
:

a
c
tco

n
d

A
M
:

in
varian

t
I:

strict

E
n
viron

m
en
t

:
L
igh

tsC
trl

O
p
era

tio
n
a
l

[1
,3]

:
C
rossin

gC
trl

t(10)

t

:
B
arrierC

trl

[1
,5]

secreq

lig
h
ts

o
n

b
arrier

d
o
w
n

lig
h
ts

o
k

b
arrier

o
k

¬
M
vU

p

d
o
n
e
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