
– 7 – 2016-05-30 – main –

S
o
ftw

a
retech

n
ik

/
S
o
ftw

a
re-E

n
g
in

eerin
g

L
ectu

re
7
:

F
o
rm

a
l

M
eth

o
d
s

fo
r

R
eq

u
irem

en
ts

E
n
g
in

eerin
g

2
0
1
6
-0

5
-3

0

P
ro

f.D
r.A

n
d

re
as

P
o

d
e

lski,D
r.B

e
rn

d
W

e
stp

h
al

A
lb

e
rt-Lu

d
w

igs-U
n

ive
rsität

Fre
ib

u
rg,G

e
rm

an
y

T
o

p
ic

A
rea

R
eq

u
irem

en
ts

E
n

g
in

eerin
g

:
C

o
n

ten
t

– 7 – 2016-05-30 – Sblockcontent –

2
/

4
2

•
In

tro
d

u
ctio

n

•
R

e
q

u
ire

m
e

n
ts

S
p

e
cificatio

n

•
D

e
sire

d
P

ro
p

e
rtie

s

•
K

in
d

s
o

f
R

e
q

u
ire

m
e

n
ts

•
A

n
alysis

Te
ch

n
iq

u
e

s

•
D

o
cu

m
e

n
ts

•
D

ictio
n

ary,S
p

e
cificatio

n

•
S

p
e

cificatio
n

L
an

g
u

age
s

•
N

atu
ralL

an
gu

age

•
D

e
cisio

n
Tab

le
s

•
S

y
n

tax,S
e

m
an

tics

•
C

o
m

p
le

te
n

e
ss,C

o
n

siste
n

cy,...

•
S

ce
n

ario
s

•
U

se
r

S
to

rie
s,U

se
C

ase
s

•
W

o
rkin

g
D

e
fin

itio
n

:S
o

ftw
are

•
Live

S
e

q
u

e
n

ce
C

h
arts

•
S

y
n

tax,S
e

m
an

tics

•
D

iscu
ssio

n

V
L

6

...

V
L

7

...

V
L

8...

V
L

9

...

C
o

n
ten

t

– 7 – 2016-05-30 – Scontent –

3
/

4
2

•
(B

asic)
D

e
cisio

n
T

ab
le

s

•
S

y
n

tax,S
e

m
an

tics

•
...fo

r
R

e
q

u
ire

m
e

n
ts

S
p

e
cificatio

n

•
...fo

r
R

e
q

u
ire

m
e

n
ts

A
n

aly
sis

•
C

o
m

p
le

te
n

e
ss,

•
U

se
le

ss
R

u
le

s,

•
D

e
te

rm
in

ism

•
D

o
m

ain
M

o
d

e
llin

g

•
C

o
n

flict
A

xio
m

,

•
R

e
lative

C
o

m
p

le
te

n
e

ss,

•
V

acu
o

u
s

R
u

le
s,

•
C

o
n

flict
R

e
latio

n
,

•
C

o
lle

ctin
g

S
e

m
an

tics

•
D

iscu
ssio

n

Lo
gic

D
ecisio

n
T
a

b
les

– 7 – 2016-05-30 – main –

4
/

4
2

D
ecisio

n
T
a

b
les:

E
xa

m
p

le

– 7 – 2016-05-30 – Scoreet –

5
/

4
2

T
r
1

r
2

r
3

c
1

×
×

−

c
2

×
−

∗

c
3

−
×

∗

a
1

×
−

−

a
2

−
×

−

D
ecisio

n
T
a

b
le

S
yn

ta
x

– 7 – 2016-05-30 – Scoreet –

6
/

4
2

•
Le

t
C

b
e

a
se

t
o

f
co

n
d

itio
n

s
an

d
A

b
e

a
se

t
o

f
actio

n
s

s.t.C
∩
A

=
∅

.

•
A

d
e

cisio
n

tab
le

T
o

ve
r
C

an
d
A

is
a

lab
e

lle
d
(m

+
k
)
×

n
m

atrix

T
:d

e
cisio

n
tab

le
r
1

···
r
n

c
1

d
e

scrip
tio

n
o

f
co

n
d

itio
n
c
1

v
1
,1

···
v
1
,n

...
...

...
...

...

c
m

d
e

scrip
tio

n
o

f
co

n
d

itio
n
c
m

v
m

,1
···

v
m

,n

a
1

d
e

scrip
tio

n
o

f
actio

n
a
1

w
1
,1

···
w

1
,n

...
...

...
...

...

a
k

d
e

scrip
tio

n
o

f
actio

n
a
k

w
k
,1

···
w

k
,n

•
w

h
e

re
•

c
1
,
.
.
.
,
c
m

∈
C

,

•
a
1
,
.
.
.
,
a
k
∈

A
,

•
v
1
,1
,
.
.
.
,
v
m

,n
∈

{
−
,×

,∗
}

an
d

•
w

1
,1
,
.
.
.
,
w

k
,n

∈
{
−
,×

}
.

•
C

o
lu

m
n

s
(v

1
,i ,

.
.
.
,
v
m

,i ,
w

1
,i ,

.
.
.
,
w

k
,i ),1

≤
i
≤

n
,are

calle
d

ru
le

s,

•
r
1
,
.
.
.
,
r
n

are
ru

le
n

am
e

s.

•
(v

1
,i ,

.
.
.
,
v
m

,i )
is

calle
d

p
re

m
ise

o
f

ru
le
r
i ,

(w
1
,i ,

.
.
.
,
w

k
,i )

is
calle

d
e

ffe
ct

o
f
r
i .



D
ecisio

n
T
a

b
le

S
em

a
n

tics

– 7 – 2016-05-30 – Scoreet –

7
/

4
2

E
ach

ru
le
r
∈
{
r
1
,...,r

n
}

o
f

tab
le
T

T
:d

e
cisio

n
tab

le
r
1

···
r
n

c
1

d
e

scrip
tio

n
o

f
co

n
d

itio
n
c
1

v
1
,1

···
v
1
,n

...
...

...
...

...

c
m

d
e

scrip
tio

n
o

f
co

n
d

itio
n
c
m

v
m

,1
···

v
m

,n

a
1

d
e

scrip
tio

n
o

f
actio

n
a
1

w
1
,1

···
w

1
,n

...
...

...
...

...

a
k

d
e

scrip
tio

n
o

f
actio

n
a
k

w
k
,1

···
w

k
,n

is
assign

e
d

to
a

p
ro

p
o

sitio
n

al
lo

g
icalfo

rm
u

la
F
(r)

o
ve

r
sign

atu
re

C
∪̇
A

as
fo

llo
w

s:

•
Le

t
(v

1
,
.
.
.
,
v
m
)

an
d
(w

1
,
.
.
.
,
w

k
)

b
e

p
re

m
ise

an
d

e
ffe

ct
o

f
r

.

•
T

h
e

n
F
(r
)
:=

F
(v

1
,
c
1
)
∧
···

∧
F
(v

m
,
c
m
)

︸
︷
︷

︸

=
:F

p
re
(
r
)

∧
F
(w

1
,
a
1
)
∧
···

∧
F
(w

k
,
a
k
)

︸
︷
︷

︸

=
:F

e
ff
(
r
)

w
h

e
re

F
(v
,
x
)
=



x
,if

v
=

×

¬
x

,if
v
=

−

true
,if

v
=

∗

D
ecisio

n
T
a

b
le

S
em

a
n

tics:
E

xa
m

p
le

– 7 – 2016-05-30 – Scoreet –

8
/

4
2

F
(r
)
:=

F
(v

1
,
c
1
)
∧
···

∧
F
(v

m
,
c
m
)

∧
F
(v

1
,
a
1
)
∧
···

∧
F
(v

k
,
a
k
)

F
(
v
,
x
)
=



x
,if

v
=

×

¬
x

,if
v
=

−

true
,if

v
=

∗

T
r
1

r
2

r
3

c
1

×
×

−

c
2

×
−

∗

c
3

−
×

∗

a
1

×
−

−

a
2

−
×

−

•
F
(
r
1 )

=
c
1
∧
c
2
∧
¬
c
3
∧
a
1
∧
¬
a
2

•
F
(
r
2 )

=
c
1
∧
¬
c
2
∧
c
3
∧
¬
a
1
∧
a
2

•
F
(
r
3 )

=
¬
c
1
∧

true
∧

true
∧
¬
a
1
∧
¬
a
2

D
ecisio

n
T
a

b
les

a
s

R
eq

u
irem

en
ts

S
p

ecifi
ca

tio
n

– 7 – 2016-05-30 – main –

9
/

4
2

Y
es,

A
n

d
?

– 7 – 2016-05-30 – Setasspec –

10
/

4
2

W
e

can
u

se
d

e
cisio

n
tab

le
s

to
m

o
d

e
l(d

e
scrib

e
o

r
p

re
scrib

e)th
e

b
e

h
avio

u
r

o
f

so
ftw

are
!

E
xam

p
le

:
V

e
n

tilatio
n

syste
m

o
f

le
ctu

re
h

all10
1-0

-0
2

6
.

T
:ro

o
m

ve
n

tilatio
n

r
1

r
2

r
3

b
b

u
tto

n
p

re
sse

d
?

×
×

−

o
ff

ve
n

tilatio
n

o
ff?

×
−

∗

o
n

ve
n

tilatio
n

o
n

?
−

×
∗

g
o

start
ve

n
tilatio

n
×

−
−

sto
p

sto
p

ve
n

tilatio
n

−
×

−

•
W

e
can

o
b

se
rve

w
h

e
th

e
r

b
u

tto
n

is
p

re
sse

d
an

d
w

h
e

th
e

r
ro

o
m

ve
n

tilatio
n

is
o

n
o

r
o

ff,
an

d
w

h
e

th
e

r
(w

e
in

te
n

d
to

) start
ve

n
tilatio

n
o

f
sto

p
ve

n
tilatio

n
.

•
W

e
can

m
o

d
e

lo
u

r
o

b
se

rvatio
n

b
y

a
b

o
o

le
an

valu
atio

n
σ
:
C

∪
A

→
B

,e
.g.,se

t

σ
(
b)

:=
true,if

b
u

tto
n

p
re

sse
d

n
o

w
an

d
σ
(
b)

:=
fa

lse,if
b

u
tto

n
n

o
t

p
re

sse
d

n
o

w
.

σ
(g
o
)
:=

true,w
e

p
lan

to
start

ve
n

tilatio
n

an
d
σ
(g
o
)
:=

fa
lse,w

e
p

lan
to

sto
p

ve
n

tilatio
n
.

•
A

valu
atio

n
σ
:
C

∪
A

→
B

can
b

e
u

se
d

to
assign

a
tru

th
valu

e
to

a
p

ro
p

o
sitio

n
alfo

rm
u

la
ϕ

o
ve

r
C

∪
A

.

A
s

u
su

al,w
e

w
rite

σ
|=

ϕ
iff

ϕ
e

valu
ate

s
to

true
u

n
d

e
r
σ

(an
d
σ
6|=

ϕ
o

th
e

rw
ise).

•
R

u
le

fo
rm

u
lae

F
(r
)

are
p

ro
p

o
sitio

n
alfo

rm
u

lae
o

ve
r
C

∪
A

th
u

s,give
n
σ

,w
e

h
ave

e
ith

e
r
σ
|=

F
(r
)

o
r
σ
6|=

F
(r
).

•
Le

t
σ

b
e

a
m

o
d

e
lo

f
an

o
b

se
rvatio

n
o

f
C

an
d
A

.

W
e

say,σ
is

allo
w

e
d

b
y

d
e

cisio
n

tab
le
T

if
an

d
o

n
ly

if
th

e
re

e
xists

a
ru

le
r

in
T

su
ch

th
at

σ
|=

F
(r
).

E
xa

m
p

le

– 7 – 2016-05-30 – Setasspec –

11/
4

2

T
:ro

o
m

ve
n

tilatio
n

r
1

r
2

r
3

b
b

u
tto

n
p

re
sse

d
?

×
×

−

o
ff

ve
n

tilatio
n

o
ff?

×
−

∗

o
n

ve
n

tilatio
n

o
n

?
−

×
∗

g
o

start
ve

n
tilatio

n
×

−
−

sto
p

sto
p

ve
n

tilatio
n

−
×

−

F
(r

1
)
=

c
1
∧
c
2
∧
¬
c
3
∧
a
1
∧
¬
a
2

F
(r

2
)
=

c
1
∧
¬
c
2
∧
c
3
∧
¬
a
1
∧
a
2

F
(r

3
)
=

¬
c
1
∧

true
∧

true
∧
¬
a
1
∧
¬
a
2

(i)
A

ssu
m

e
:b

u
tto

n
p

re
sse

d
,ve

n
tilatio

n
o

ff,w
e

(o
n

ly)p
lan

to
start

th
e

ve
n

tilatio
n

.

E
xa

m
p

le

– 7 – 2016-05-30 – Setasspec –

11/
4

2

T
:ro

o
m

ve
n

tilatio
n

r
1

r
2

r
3

b
b

u
tto

n
p

re
sse

d
?

×
×

−

o
ff

ve
n

tilatio
n

o
ff?

×
−

∗

o
n

ve
n

tilatio
n

o
n

?
−

×
∗

g
o

start
ve

n
tilatio

n
×

−
−

sto
p

sto
p

ve
n

tilatio
n

−
×

−

F
(r

1
)
=

c
1
∧
c
2
∧
¬
c
3
∧
a
1
∧
¬
a
2

F
(r

2
)
=

c
1
∧
¬
c
2
∧
c
3
∧
¬
a
1
∧
a
2

F
(r

3
)
=

¬
c
1
∧

true
∧

true
∧
¬
a
1
∧
¬
a
2

(i)
A

ssu
m

e
:b

u
tto

n
p

re
sse

d
,ve

n
tilatio

n
o

ff,w
e

(o
n

ly)p
lan

to
start

th
e

ve
n

tilatio
n

.

•
C

o
rre

sp
o

n
d

in
g

valu
atio

n
:
σ
1
=

{
b
7→

true,
o
ff

7→
true,

o
n
7→

fa
lse

,
sta

rt
7→

true,
sto

p
7→

fa
lse}

.

•
Is

o
u

r
in

te
n

tio
n

(to
start

th
e

ve
n

tilatio
n

n
o

w
)allo

w
e

d
b

y
T

?
Y

e
s!

(B
e

cau
se

σ
1
|=

F
(r

1
))

(ii)
A

ssu
m

e
:b

u
tto

n
p

re
sse

d
,ve

n
tilatio

n
o

n
,w

e
(o

n
ly)p

lan
to

sto
p

th
e

ve
n

tilatio
n

.

•
C

o
rre

sp
o

n
d

in
g

valu
atio

n
:
σ
2
=

{
b
7→

true,
o
ff

7→
fa

lse,
o
n
7→

true,
sta

rt
7→

fa
lse

,
sto

p
7→

true}
.

•
Is

o
u

r
in

te
n

tio
n

(to
sto

p
th

e
ve

n
tilatio

n
n

o
w

)allo
w

e
d

b
y
T

?
Ye

s.(B
e

cau
se

σ
2
|=

F
(r

2
))

(iii)
A

ssu
m

e
:b

u
tto

n
n

o
t

p
re

sse
d

,ve
n

tilatio
n

o
n

,w
e

(o
n

ly)p
lan

to
sto

p
th

e
ve

n
tilatio

n
.

•
C

o
rre

sp
o

n
d

in
g

valu
atio

n
:

•
Is

o
u

r
in

te
n

tio
n

(to
sto

p
th

e
ve

n
tilatio

n
n

o
w

)allo
w

e
d

b
y
T

?



D
ecisio

n
T
a

b
les

fo
r

R
eq

u
irem

en
ts

A
n

a
lysis

– 7 – 2016-05-30 – main –

14
/

4
2



C
o

m
p

leten
ess

– 7 – 2016-05-30 – Setana –

16
/

4
2

D
e

fin
itio

n
.

[C
o

m
p

leten
ess]

A
d

e
cisio

n
tab

le
T

is
calle

d
co

m
p

le
te

if
an

d
o

n
ly

if
th

e
d

isju
n

ctio
n

o
f

allru
le

s’p
re

m
ise

s
is

a
tau

to
lo

gy
,i.e

.if

|=
∨

r
∈
T

F
p
re (r).

C
o

m
p

leten
ess:

E
xa

m
p

le

– 7 – 2016-05-30 – Setana –

17
/

4
2

T
:ro

o
m

ve
n

tilatio
n

r
1

r
2

r
3

b
b

u
tto

n
p

re
sse

d
?

×
×

−

o
ff

ve
n

tilatio
n

o
ff?

×
−

∗

o
n

ve
n

tilatio
n

o
n

?
−

×
∗

g
o

start
ve

n
tilatio

n
×

−
−

sto
p

sto
p

ve
n

tilatio
n

−
×

−

•
Is
T

co
m

p
le

te
?

N
o

.(B
e

cau
se

th
e

re
is

n
o

ru
le

fo
r,e

.g.,th
e

case
σ
(b)

=
true,σ

(o
n
)
=

fa
lse,σ

(o
ff
)
=

fa
lse).

R
e

call:

F
(r

1
)
=

c
1
∧
c
2
∧
¬
c
3
∧
a
1
∧
¬
a
2

F
(r

2
)
=

c
1
∧
¬
c
2
∧
c
3
∧
¬
a
1
∧
a
2

F
(r

3
)
=

¬
c
1
∧

true
∧

true
∧
¬
a
1
∧
¬
a
2

F
p
re (r

1 )
∨
F

p
re (r

2 )
∨
F

p
re (r

3 )

=
(c

1
∧
c
2
∧
¬
c
3 )

∨
(c

1
∧
¬
c
2
∧
c
3 )

∨
(¬

c
1
∧

true
∧

true)

is
n

o
t

a
tau

to
lo

g
y

.

F
o

r
C

o
n
ven

ien
ce:

T
h

e
‘else’

R
u

le

– 7 – 2016-05-30 – Setana –

19
/

4
2

•
S

y
n

tax:

T
:d

e
cisio

n
tab

le
r
1

···
r
n

e
lse

c
1

d
e

scrip
tio

n
o

f
co

n
d

itio
n
c
1

v
1
,1

···
v
1
,n

...
...

...
...

...

c
m

d
e

scrip
tio

n
o

f
co

n
d

itio
n
c
m

v
m

,1
···

v
m

,n

a
1

d
e

scrip
tio

n
o

f
actio

n
a
1

w
1
,1

···
w

1
,n

w
1
,e

...
...

...
...

...
...

a
k

d
e

scrip
tio

n
o

f
actio

n
a
k

w
k
,1

···
w

k
,n

w
k
,e

•
S

e
m

an
tics:F

(e
lse

)
:=

¬
(

∨

r
∈
T
\
{

e
lse

}
F

p
re (r)

)

∧
F
(w

1
,e ,a

1 )
∧
···∧

F
(w

k
,e ,a

k
)

P
ro

p
o

sitio
n

.If
d

e
cisio

n
tab

le
T

h
as

an
‘e

lse’-ru
le

,th
e

n
T

is
co

m
p

le
te

.

U
selessn

ess

– 7 – 2016-05-30 – Setana –

2
0

/
4

2

D
e

fin
itio

n
.

[U
selessn

ess]Le
t
T

b
e

a
d

e
cisio

n
tab

le
.

A
ru

le
r
∈
T

is
calle

d
u

se
le

ss
(o

r:re
d

u
n

d
an

t)
if

an
d

o
n

ly
if

th
e

re
is

an
o

th
e

r
(d

iffe
re

n
t)ru

le
r
′
∈
T

•
w

h
o

se
p

re
m

ise
is

im
p

lie
d

b
y

th
e

o
n

e
o

f
r

an
d

•
w

h
o

se
e

ffe
ct

is
th

e
sam

e
as

r
’s,

i.e
.if∃

r
′
6=

r
∈
T
•

|=
(F

p
re (r)

=
⇒

F
p
re (r

′))
∧
(F

e
ff
(r)

⇐
⇒

F
e
ff
(r

′)).

r
is

calle
d

su
b

su
m

e
d

b
y
r
′.

•
A

gain
:u

se
le

ssn
e

ss
is

d
e

cid
ab

le
;re

d
u

ce
s

to
S

A
T.

U
selessn

ess:
E

xa
m

p
le

– 7 – 2016-05-30 – Setana –

2
1/

4
2

T
:ro

o
m

ve
n

tilatio
n

r
1

r
2

r
3

r
4

b
b

u
tto

n
p

re
sse

d
?

×
×

−
−

o
ff

ve
n

tilatio
n

o
ff?

×
−

∗
−

o
n

ve
n

tilatio
n

o
n

?
−

×
∗

×

g
o

start
ve

n
tilatio

n
×

−
−

−

sto
p

sto
p

ve
n

tilatio
n

−
×

−
−

•
R

u
le
r
4

is
su

b
su

m
e

d
b

y
r
3 .

•
R

u
le
r
3

is
n

o
t

su
b

su
m

e
d

b
y
r
4 .

•
U

se
le

ss
ru

le
s

“d
o

n
o

t
h

u
rt”

as
su

ch
.

•
Ye

t
u

se
le

ss
ru

le
s

sh
o

u
ld

b
e

re
m

o
ve

d
to

m
ake

th
e

tab
le

m
o

re
re

ad
ab

le
,

y
ie

ld
in

g
an

e
asie

r
u

sab
le

sp
e

cificatio
n

.



D
eterm

in
ism

– 7 – 2016-05-30 – Setana –

2
2

/
4

2

D
e

fin
itio

n
.

[D
eterm

in
ism

]

A
d

e
cisio

n
tab

le
T

is
calle

d
d

e
te

rm
in

istic
if

an
d

o
n

ly
if

th
e

p
re

m
ise

s
o

f
allru

le
s

are
p

airw
ise

d
isjo

in
t,i.e

.if

∀
r
1
6=

r
2
∈
T
•
|=

¬
(F

p
re (r

1 )
∧
F

p
re (r

2 )).

O
th

e
rw

ise
,T

is
calle

d
n

o
n

-d
e

te
rm

in
istic.

•
A

n
d

again
:u

se
le

ssn
e

ss
is

d
e

cid
ab

le
;re

d
u

ce
s

to
S

A
T.

D
eterm

in
ism

:
E

xa
m

p
le

– 7 – 2016-05-30 – Setana –

2
3

/
4

2

T
:ro

o
m

ve
n

tilatio
n

r
1

r
2

r
3

b
b

u
tto

n
p

re
sse

d
?

×
×

−

o
ff

ve
n

tilatio
n

o
ff?

×
−

∗

o
n

ve
n

tilatio
n

o
n

?
−

×
∗

g
o

start
ve

n
tilatio

n
×

−
−

sto
p

sto
p

ve
n

tilatio
n

−
×

−

•
Is
T

d
e

te
rm

in
istic?

Y
e

s.

D
eterm

in
ism

:
A

n
o

th
er

E
xa

m
p

le

– 7 – 2016-05-30 – Setana –

2
4

/
4

2

T
a
b
s
tr

:ro
o

m
ve

n
tilatio

n
r
1

r
2

r
3

b
b

u
tto

n
p

re
sse

d
?

×
×

−

g
o

start
ve

n
tilatio

n
×

−
−

sto
p

sto
p

ve
n

tilatio
n

−
×

−

•
Is
T
a
b
s
tr

d
e

te
rm

istic?
N

o
.

B
y

th
e

w
ay

...

•
Is

n
o

n
-d

e
te

rm
in

ism
a

b
ad

th
in

g
in

ge
n

e
ral?

•
Ju

st
th

e
o

p
p

o
site

:n
o

n
-d

e
te

rm
in

ism
is

a
ve

ry,ve
ry

p
o

w
e

rfu
lm

o
d

e
llin

g
to

o
l.

•
R

e
ad

tab
le
T
a
b
s
tr

as:

•
th

e
b

u
tto

n
m

ay
sw

itch
th

e
ve

n
tilatio

n
o

n
u

n
d

e
r

ce
rtain

co
n

d
itio

n
s

(w
h

ich
Iw

illsp
e

cify
late

r),an
d

•
th

e
b

u
tto

n
m

ay
sw

itch
th

e
ve

n
tilatio

n
o

ff
u

n
d

e
r

ce
rtain

co
n

d
itio

n
s

(w
h

ich
Iw

illsp
e

cify
late

r).

W
e

in
p

articu
lar

state
th

at
w

e
d

o
n

o
t

(u
n

d
e

r
an

y
co

n
d

itio
n

)w
an

t
to

se
e
o
n

an
d
o
ff

e
xe

cu
te

d
to

ge
th

e
r,

an
d

th
at

w
e

d
o

n
o

t
(u

n
d

e
r

an
y

co
n

d
itio

n
)se

e
g
o

o
r
sto

p
w

ith
o

u
t

b
u

tto
n

p
re

sse
d

.

•
O

n
th

e
o

th
e

r
h

an
d

:n
o

n
-d

e
te

rm
in

ism
m

ay
n

o
t

b
e

in
te

n
d

e
d

b
y

th
e

cu
sto

m
e

r.

D
o

m
a

in
M

o
d

ellin
g

fo
r

D
ecisio

n
T
a

b
les

– 7 – 2016-05-30 – main –

2
5

/
4

2

D
o

m
a

in
M

o
d

ellin
g

– 7 – 2016-05-30 – Setconflax –

2
6

/
4

2

E
xam

p
le

:

T
:ro

o
m

ve
n

tilatio
n

r
1

r
2

r
3

b
b

u
tto

n
p

re
sse

d
?

×
×

−

o
ff

ve
n

tilatio
n

o
ff?

×
−

∗

o
n

ve
n

tilatio
n

o
n

?
−

×
∗

g
o

start
ve

n
tilatio

n
×

−
−

sto
p

sto
p

ve
n

tilatio
n

−
×

−

•
If
o
n

an
d
o
ff

m
o

d
e

lo
p

p
o

site
o

u
tp

u
t

valu
e

s
o

f
o

n
e

an
d

th
e

sam
e

se
n

so
r

fo
r

“ro
o

m
ve

n
tilatio

n
o

n
/o

ff”,

th
e

n
σ
|=

o
n
∧
o
ff

an
d
σ
|=

¬
o
n
∧
¬
o
ff

n
e

ve
r

h
ap

p
e

n
in

re
ality

fo
r

an
y

o
b

se
rvatio

n
σ

.

•
D

e
cisio

n
tab

le
T

is
in

co
m

p
le

te
fo

r
e

xactly
th

e
se

case
s.

(T
“d

o
e

s
n

o
t

kn
o

w
”

th
at

o
n

an
d
o
ff

can
b

e
o

p
p

o
site

s
in

th
e

re
al-w

o
rld

).

•
W

e
sh

o
u

ld
b

e
ab

le
to

“te
ll”

T
th

at
o
n

an
d
o
ff

are
o

p
p

o
site

s
(if

th
e

y
are).

T
h

e
n
T

w
o

u
ld

b
e

re
lative

co
m

p
le

te
(re

lative
to

th
e

d
o

m
ain

kn
o

w
le

d
ge

th
at

o
n

/
o
ff

are
o

p
p

o
site

s).

B
o

tto
m

-lin
e

:

•
C

o
n

d
itio

n
s

an
d

actio
n

s
are

ab
stract

e
n

titie
s

w
ith

o
u

t
in

h
e

re
n

t
co

n
n

e
ctio

n
to

th
e

re
alw

o
rld

.

•
W

h
e

n
m

o
d

e
llin

g
re

al-w
o

rld
asp

e
cts

b
y

co
n

d
itio

n
s

an
d

actio
n

s,
w

e
m

ay
also

w
an

t
to

re
p

re
se

n
t

re
latio

n
s

b
e

tw
e

e
n

actio
n

s/
co

n
d

itio
n

s
in

th
e

re
al-w

o
rld

(→
d

o
m

ain
m

o
d

e
l

(B
jø

rn
e

r,2
0

0
6

)).



C
o

n
fl

ict
A

xio
m

s
fo

r
D

o
m

a
in

M
o

d
ellin

g

– 7 – 2016-05-30 – Setconflax –

2
7

/
4

2

•
A

co
n

flict
axio

m
o

ve
r

co
n

d
itio

n
s
C

is
a

p
ro

p
o

sitio
n

alfo
rm

u
la
ϕ

c
o
n
fl

o
ve

r
C

.

In
tu

itio
n

:
a

co
n

flict
axio

m
ch

aracte
rise

s
allth

o
se

case
s,

i.e
.allth

o
se

co
m

b
in

atio
n

s
o

f
co

n
d

itio
n

valu
e

s
w

h
ich

‘can
n

o
t

h
ap

p
e

n’
—

acco
rd

in
g

to
o

u
r

u
n

d
e

rstan
d

in
g

o
f

th
e

d
o

m
ain

.

•
N

o
te

:th
e

d
e

cisio
n

tab
le

se
m

an
tics

re
m

ain
s

u
n

ch
an

ge
d

!

E
xam

p
le

:

•
Le

t
ϕ

c
o
n
fl
=

(o
n
∧
o
ff
)
∨
(¬

o
n
∧
¬
o
ff
).

“o
n

m
o

d
e

ls
an

o
p

p
o

site
o

f
o
ff

,n
e

ith
e

r
can

b
o

th
b

e
satisfie

d
n

o
r

b
o

th
n

o
n

-satisfie
d

at
a

tim
e”

•
N

o
tatio

n
:

T
:ro

o
m

ve
n

tilatio
n

r
1

r
2

r
3

b
b

u
tto

n
p

re
sse

d
?

×
×

−
o
ff

ve
n

tilatio
n

o
ff?

×
−

∗
o
n

ve
n

tilatio
n

o
n

?
−

×
∗

g
o

start
ve

n
tilatio

n
×

−
−

sto
p

sto
p

ve
n

tilatio
n

−
×

−

¬
[(o

n
∧
o
ff
)
∨
(¬

o
n
∧
¬
o
ff
)]

R
ela

tive
C

o
m

p
leten

ess

– 7 – 2016-05-30 – Setconflax –

2
8

/
4

2

D
e

fin
itio

n
.

[C
o

m
p

leten
ess

w
rt.C

o
n

flict
A

xio
m

]

A
d

e
cisio

n
tab

le
T

is
calle

d
co

m
p

le
te

w
rt.co

n
flict

axio
m

ϕ
c
o
n
fl

if
an

d
o

n
ly

if
th

e
d

isju
n

ctio
n

o
f

allru
le

s’p
re

m
ise

s
an

d
th

e
co

n
flict

axio
m

is
a

tau
to

lo
gy

,i.e
.if

|=
ϕ

c
o
n
fl
∨

∨

r
∈
T

F
p
re (r).

•
In

tu
itio

n
:a

re
lative

co
m

p
le

te
d

e
cisio

n
tab

le
e

xp
licitly

care
s

fo
r

allcase
s

w
h

ich
‘m

ay
h

ap
p

e
n’.

•
N

o
te

:w
ith

ϕ
c
o
n
fl
=

fa
lse,w

e
o

b
tain

th
e

p
re

vio
u

s
d

e
fin

itio
n

s
as

a
sp

e
cialcase

.

F
its

in
tu

itio
n

:
ϕ
c
o
n
fl
=

fa
lse

m
e

an
s

w
e

d
o

n’t
e

xclu
d

e
an

y
state

s
fro

m
co

n
sid

e
ratio

n
.

E
xa

m
p

le

– 7 – 2016-05-30 – Setconflax –

2
9

/
4

2

T
:ro

o
m

ve
n

tilatio
n

r
1

r
2

r
3

b
b

u
tto

n
p

re
sse

d
?

×
×

−
o
ff

ve
n

tilatio
n

o
ff?

×
−

∗
o
n

ve
n

tilatio
n

o
n

?
−

×
∗

g
o

start
ve

n
tilatio

n
×

−
−

sto
p

sto
p

ve
n

tilatio
n

−
×

−

¬
[(o

n
∧
o
ff
)
∨
(¬

o
n
∧
¬
o
ff
)]

•
T

is
co

m
p

le
te

w
rt.its

co
n

flict
axio

m
.

•
P

itfall:if
o
n

an
d
o
ff

are
o

u
tp

u
ts

o
f

tw
o

d
iffe

re
n

t,in
d

e
p

e
n

d
e

n
t

se
n

so
rs,

th
e

n
σ
|=

o
n
∧
o
ff

is
p

o
ssib

le
in

re
ality

(e
.g.d

u
e

to
se

n
so

r
failu

re
s).

D
e

cisio
n

tab
le
T

d
o

e
s

n
o

t
te

llu
s

w
h

at
to

d
o

in
th

at
case

!

M
o

re
P

itfa
lls

in
D

o
m

a
in

M
o

d
ellin

g
(W

ikip
ed

ia
,
2
0
1
5
)

– 7 – 2016-05-30 – Setconflax –

3
0

/
4

2

“A
irb

u
s

A
3

2
0

-2
0

0
o

ve
rran

ru
n

w
ay

at
W

arsaw
O

ke
cie

In
tl.A

irp
o

rt
o

n
14

S
e

p
.19

9
3

.”

•
To

sto
p

a
p

lan
e

afte
r

to
u

ch
d

o
w

n
,th

e
re

are
sp

o
ile

rs
an

d
th

ru
st-re

ve
rse

sy
ste

m
s.

•
E

n
ab

lin
g

o
n

e
o

f
th

o
se

w
h

ile
in

th
e

air,can
h

ave
fatalco

n
se

q
u

e
n

ce
s.

•
D

e
sign

d
e

cisio
n

:th
e

so
ftw

are
sh

o
u

ld
b

lo
ck

activatio
n

o
f

sp
o

ile
rs

o
r

th
ru

st-re
ve

rs
w

h
ile

in
th

e
air.

•
S

im
p

lifie
d

d
e

cisio
n

tab
le

o
f

b
lo

ckin
g

p
ro

ce
d

u
re

:

T
r
1

r
2

r
3

e
lse

sp
lq

sp
o

ile
rs

re
q

u
e

ste
d

×
×

−

th
rq

th
ru

st-re
ve

rse
re

q
u

e
ste

d
−

−
×

lg
sw

at
le

ast
6

.3
to

n
s

w
e

igh
t

o
n

e
ach

lan
d

in
g

ge
ar

stru
t

×
∗

×

sp
d

w
h

e
e

ls
tu

rn
in

g
faste

r
th

an
13

3
km

/
h

∗
×

∗

sp
l

e
n

ab
le

sp
o

ile
rs

×
×

−
−

th
r

e
n

ab
le

th
ru

st-re
ve

rse
−

−
×

−

Id
e

a:if
co

n
d

itio
n

s
lg
s
w

an
d
s
p
d

n
o

t
satisfie

d
,th

e
n

aircraft
is

in
th

e
air.

14
S

e
p

.19
9

3
:

•
w

in
d

co
n

d
itio

n
s

n
o

t
as

an
n

o
u

n
ce

d
fro

m
to

w
e

r,tail-
an

d
cro

ssw
in

d
s,

•
an

ti-cro
ssw

in
d

m
an

o
e

u
vre

p
u

ts
to

o
little

w
e

igh
t

o
n

lan
d

in
g

ge
ar

•
w

h
e

e
ls

d
id

n’t
tu

rn
fast

d
u

e
to

h
y

d
ro

p
lan

in
g.

"F
ligh

t
2

9
0

4
112

9
"

b
y

A
n

y
n

o
b

o
d

y
-

O
w

n
w

o
rk.L

ice
n

se
d

u
n

d
e

r
C

C
B

Y
-S

A
3

.0
via

W
ikim

e
d

ia
C

o
m

m
o

n
s

-
h

ttp
://

co
m

m
o

n
s.w

ikim
e

d
ia.o

rg
/

w
iki/

F
ile

:F
ligh

t_
2

9
0

4
112

9
.p

n
g#

/
m

e
d

ia/
F

ile
:F

ligh
t_

2
9

0
4

112
9

.p
n

g

"Lufthansa Flight 2904 crash site Siecinski" by Mariusz Siecinski -
http://www.airliners.net/photo/Lufthansa/Airbus-A320-211/0265541/L/.
Licensed under GFDL via Wikimedia Commons -
http://commons.wikimedia.org/wiki/File:Lufthansa_Flight_2904_crash_site_Siecinski.jpg

V
a

cu
ity

w
rt.

C
o

n
fl

ict
A

xio
m

– 7 – 2016-05-30 – Setconflax –

3
1/

4
2

D
e

fin
itio

n
.

[V
a

cuitiy
w

rt.C
o

n
flict

A
xio

m
]

A
ru

le
r
∈
T

is
calle

d
vacu

o
u

s
w

rt.co
n

flict
axio

m
ϕ

c
o
n
fl

if
an

d
o

n
ly

if
th

e
p

re
m

ise
o

f
r

im
p

lie
s

th
e

co
n

flict
axio

m
,i.e

.if
|=

F
p
re (r)

→
ϕ

c
o
n
fl

.

•
In

tu
itio

n
:a

vacu
o

u
s

ru
le

w
o

u
ld

o
n

ly
b

e
e

n
ab

le
d

in
state

s
w

h
ich

‘can
n

o
t

h
ap

p
e

n’.

E
xam

p
le

:
T

:ro
o

m
ve

n
tilatio

n
r
1

r
2

r
3

b
b

u
tto

n
p

re
sse

d
?

×
×

−
o
ff

ve
n

tilatio
n

o
ff?

×
−

∗
o
n

ve
n

tilatio
n

o
n

?
−

×
∗

g
o

start
ve

n
tilatio

n
×

−
−

sto
p

sto
p

ve
n

tilatio
n

−
×

−

¬
[(o

n
∧
o
ff
)
∨
(¬

o
n
∧
¬
o
ff
)]

•
V

acu
ity

w
rt.ϕ

c
o
n
fl

:L
ike

u
se

le
ssn

e
ss,vacu

ity
d

o
e

sn
’t

h
u

rt
as

su
ch

b
u

t

•
M

ay
h

in
t

o
n

in
co

n
siste

n
cie

s
o

n
cu

sto
m

e
r’s

sid
e

.(M
isu

n
d

e
rstan

d
in

gs
w

ith
co

n
flict

axio
m

?)

•
M

ake
s

u
sin

g
th

e
tab

le
le

ss
e

asy
!

(D
u

e
to

m
o

re
ru

le
s.)

•
Im

p
le

m
e

n
tin

g
vacu

o
u

s
ru

le
s

is
a

w
aste

o
f

e
ffo

rt!

C
o

n
fl

ictin
g

A
ctio

n
s

– 7 – 2016-05-30 – main –

3
2

/
4

2



C
o

n
fl

ictin
g

A
ctio

n
s

– 7 – 2016-05-30 – Setconflrel –

3
3

/
4

2

D
e

fin
itio

n
.

[C
o

n
flictR

ela
tio

n
]A

co
n

flict
re

latio
n

o
n

actio
n

s
A

is
a

tran
sitive

an
d

sy
m

-
m

e
tric

re
latio

n
 
⊆

(A
×

A
).

D
e

fin
itio

n
.

[C
o

n
sisten

cy]
Le

t
r

b
e

a
ru

le
o

f
d

e
cisio

n
tab

le
T

o
ve

r
C

an
d
A

.

(i)
R

u
le
r

is
calle

d
co

n
siste

n
t

w
ith

co
n

flict
re

latio
n
 

if
an

d
o

n
ly

if
th

e
re

are
n

o
co

n
flictin

g
actio

n
s

in
its

e
ffe

ct,i.e
.if

|=
F

e
ff
(r)

→
∧

(
a
1
,a

2
)∈
 
¬
(a

1
∧
a
2 ).

(ii)
T

is
calle

d
co

n
siste

n
t

w
ith

 
iff

allru
le

s
r
∈
T

are
co

n
siste

n
t

w
ith

 
.

•
A

gain
:co

n
siste

n
cy

is
d

e
cid

ab
le

;re
d

u
ce

s
to

S
A

T.

E
xa

m
p

le:
C

o
n

fl
ictin

g
A

ctio
n

s

– 7 – 2016-05-30 – Setconflrel –

3
4

/
4

2

T
:ro

o
m

ve
n

tilatio
n

r
1

r
2

r
3

b
b

u
tto

n
p

re
sse

d
?

×
×

−
o
ff

ve
n

tilatio
n

o
ff?

×
−

∗
o
n

ve
n

tilatio
n

o
n

?
−

×
∗

g
o

start
ve

n
tilatio

n
×

−
−

sto
p

sto
p

ve
n

tilatio
n

×
×

−

¬
[(o

n
∧
o
ff
)
∨
(¬

o
n
∧
¬
o
ff
)]

•
Le

t
 

b
e

th
e

tran
sitive

,sy
m

m
e

tric
clo

su
re

o
f
{
(sto

p
,
g
o
)}

.

“actio
n

s
sto

p
an

d
g
o

are
n

o
t

su
p

p
o

se
d

to
b

e
e

xe
cu

te
d

at
th

e
sam

e
tim

e”

•
T

h
e

n
ru

le
r
1

is
in

co
n

siste
n

t
w

ith
 

.

•
A

d
e

cisio
n

tab
le

w
ith

in
co

n
siste

n
t

ru
le

s
m

ay
d

o
h

arm
in

o
p

e
ratio

n
!

•
D

e
te

ctin
g

an
in

co
n

siste
n

cy
o

n
ly

late
d

u
rin

g
a

p
ro

je
ct

can
in

cu
r

sign
ifican

t
co

st!

•
In

co
n

siste
n

cie
s

—
in

p
articu

lar
in

(m
u

ltip
le)d

e
cisio

n
tab

le
s,cre

ate
d

an
d

e
d

ite
d

b
y

m
u

ltip
le

p
e

o
p

le
,

as
w

e
llas

in
re

q
u

ire
m

e
n

ts
in

ge
n

e
ral—

are
n

o
t

alw
ay

s
as

o
b

vio
u

s
as

in
th

e
to

y
e

xam
p

le
s

give
n

h
e

re
!

(w
o

u
ld

b
e

to
o

e
asy...)

•
A

n
d

is
e

ve
n

le
ss

o
b

vio
u

s
w

ith
th

e
co

lle
ctin

g
se

m
an

tics
(→

in
a

m
in

u
te).

A
C

o
llectin

g
S

em
a

n
tics

fo
r

D
ecisio

n
T
a

b
les

– 7 – 2016-05-30 – main –

3
5

/
4

2

C
o

llectin
g

S
em

a
n

tics

– 7 – 2016-05-30 – Setcoll –

3
6

/
4

2

•
Le

t
T

b
e

a
d

e
cisio

n
tab

le
o

ve
r
C

an
d
A

an
d
σ

b
e

a
m

o
d

e
lo

f
an

o
b

se
rvatio

n
o

f
C

an
d
A

.

T
h

e
n

F
c
o
ll (T

)
:=

∧

a
∈
A

a
↔

∨

r
∈
T
,r
(
a
)=

×
F

p
re (r)

is
calle

d
th

e
co

lle
ctin

g
se

m
an

tics
o

f
T

.

•
W

e
say,σ

is
allo

w
e

d
b

y
T

in
th

e
co

lle
ctin

g
se

m
an

tics
if

an
d

o
n

ly
if
σ
|=

F
c
o
ll (T

).

T
h

at
is,if

e
xactly

allactio
n

s
o

f
alle

n
ab

le
d

ru
le

s
are

p
lan

n
e

d
/e

xe
xcu

te
d

.

E
xam

p
le

:

T
:ro

o
m

ve
n

tilatio
n

r
1

r
2

r
3

r
4

b
b

u
tto

n
p

re
sse

d
?

×
×

−
×

o
ff

ve
n

tilatio
n

o
ff?

×
−

∗
∗

o
n

ve
n

tilatio
n

o
n

?
−

×
∗

∗

g
o

start
ve

n
tilatio

n
×

−
−

−
sto

p
sto

p
ve

n
tilatio

n
−

×
−

−
b
ln
k

b
lin

k
b

u
tto

n
−

−
−

×

¬
[(o

n
∧
o
ff
)
∨
(¬

o
n
∧
¬
o
ff
)]

•
“W

h
e

n
e

ve
r

th
e

b
u

tto
n

is
p

re
sse

d
,le

t
it

b
lin

k
(in

ad
d

itio
n

to
go

/sto
p

actio
n

.”

C
o

n
sisten

cy
in

T
h

e
C

o
llectin

g
S

em
a

n
tics

– 7 – 2016-05-30 – Setcoll –

3
7

/
4

2

D
e

fin
itio

n
.

[C
o

n
sisten

cy
in

th
e

C
o

llectin
g

S
em

a
n

tics]

D
e

cisio
n

tab
le
T

is
calle

d
co

n
siste

n
t

w
ith

co
n

flict
re

latio
n
 

in
th

e
co

lle
ctin

g
se

-
m

an
tics

(u
n

d
e

r
co

n
flict

axio
m

ϕ
c
o
n
fl

)if
an

d
o

n
ly

if
th

e
re

are
n

o
co

n
flictin

g
actio

n
s

in
th

e
e

ffe
ct

o
f

jo
in

tly
e

n
ab

le
d

tran
sitio

n
s,i.e

.if

|=
F

c
o
ll (T

)
∧
ϕ

c
o
n
fl
→

∧

(
a
1
,a

2
)∈
 
¬
(a

1
∧
a
2 ).

D
iscu

ssio
n

– 7 – 2016-05-30 – main –

3
8

/
4

2



T
ell

T
h

em
W

h
a

t
Y
o

u
’ve

T
o

ld
T

h
em

...

– 7 – 2016-05-30 – Sttwytt –

4
0

/
4

2

•
D

e
cisio

n
T

ab
le

s:an
e

xam
p

le
fo

r
a

fo
rm

al
re

q
u

ire
m

e
n

ts
sp

e
cificatio

n
lan

g
u

age
w

ith

•
fo

rm
alsy

n
tax,

•
fo

rm
alse

m
an

tics.

•
A

n
alysts

can
u

se
D

T
s

to

•
fo

rm
ally

(o
b

je
ctive

ly,p
re

cise
ly)

d
e

scrib
e

th
e

ir
u

n
d

e
rstan

d
in

g
o

f
re

q
u

ire
m

e
n

ts.
C

u
sto

m
e

rs
m

ay
n

e
e

d
tran

slatio
n

s/e
xp

lan
atio

n
!

•
D

T
p

ro
p

e
rtie

s
like

•
(re

lative)co
m

p
le

te
n

e
ss,d

e
te

rm
in

ism
,

•
u

se
le

ssn
e

ss,

can
b

e
u

se
d

to
an

aly
se

re
q

u
ire

m
e

n
ts.

T
h

e
d

iscu
sse

d
D

T
p

ro
p

e
rtie

s
are

d
e

cid
ab

le
,

th
e

re
can

b
e

au
to

m
atic

an
alysis

to
o

ls.

•
D

o
m

ain
m

o
d

e
llin

g
fo

rm
alise

s
assu

m
p

tio
n

s
o

n
th

e
co

n
te

xt
o

f
so

ftw
are

;fo
r

D
Ts:

•
co

n
flict

axio
m

s,co
n

flict
re

latio
n

,

N
o

te
:w

ro
n

g
assu

m
p

tio
n

s
can

h
ave

se
rio

u
s

co
n

se
q

u
e

n
ce

s.

R
eferen

ces

– 7 – 2016-05-30 – main –

4
1/

4
2

R
eferen

ces

– 7 – 2016-05-30 – main –

4
2

/
4

2

B
alze

rt,H
.(2

0
0

9
).

Leh
rb

uch
d

er
S

o
ftw

a
retech

n
ik:B

a
sisko

n
zep

te
un

d
R

eq
uirem

en
ts

E
n

gin
eerin

g.
S

p
e

ktru
m

,3
rd

e
d

itio
n

.

B
jø

rn
e

r,D
.(2

0
0

6
).

S
o

ftw
a

re
E

n
gin

eerin
g,V

o
l.3

:D
o

m
a

in
s,R

eq
uirem

en
ts

a
n

d
S

o
ftw

a
re

D
esign

.
S

p
rin

ge
r-V

e
rlag.

K
o

p
e

tz,H
.(2

0
11).

W
h

at
Ile

arn
e

d
fro

m
B

rian
.

In
Jo

n
e

s,C
.B

.e
t

al.,e
d

ito
rs,D

ep
en

d
a

b
le

a
n

d
H

isto
ric

C
o

m
p

utin
g,

vo
lu

m
e

6
8

7
5

o
f

LN
C

S
.S

p
rin

ge
r.

Lo
vin

s,A
.B

.an
d

Lo
vin

s,L
.H

.(2
0

0
1).

B
rittle

P
o

w
er

-
E

n
ergy

S
tra

tegy
fo

r
N

a
tio

n
a

lS
ecurity.

R
o

cky
M

o
u

n
tain

In
stitu

te
.

Lu
d

e
w

ig,J.an
d

L
ich

te
r,H

.(2
0

13
).

S
o

ftw
a

re
E

n
gin

eerin
g.

d
p

u
n

kt.ve
rlag,3

.e
d

itio
n

.

W
ikip

e
d

ia
(2

0
15

).
Lu

fth
an

sa
fligh

t
2

9
0

4
.

id
6

4
6

10
5

4
8

6
,Fe

b
.,7

th
,2

0
15

.


