
– 10 – 2016-06-13 – main –

S
o
ftw

a
retech

n
ik

/
S
o
ftw

a
re-E

n
g
in

eerin
g

L
ectu

re
1
0
:

R
eq

u
irem

en
ts

E
n
g
in

eerin
g

W
ra

p
-U

p

2
0
1
6
-0

6
-1

3

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

– 10 – 2016-06-13 – Sblockcontent –

2
/

3
4

•
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

•
Live

S
e

q
u

e
n

ce
C

h
arts

•
S

y
n

tax,S
e

m
an

tics

•
D

e
fin

itio
n

:S
o

ftw
are

&
S

W
S

p
e

cificatio
n

•
W

rap
-U

p

V
L

6

...

V
L

7

...

V
L

8...

V
L

9
...

V
L

10
...

C
o

n
ten

t

– 10 – 2016-06-13 – Scontent –

3
/

3
4

•
P

re
-C

h
arts

•
S

e
m

an
tics,o

n
ce

again

•
R

e
q

u
ire

m
e

n
ts

E
n

gin
e

e
rin

g
w

ith
sce

n
ario

s

•
S

tre
n

gth
e

n
in

g
sce

n
ario

n
s

in
to

re
q

u
ire

m
e

n
ts

•
S

o
ftw

are
,fo

rm
ally

•
S

o
ftw

are
sp

e
cificatio

n

•
R

e
q

u
ire

m
e

n
ts

E
n

gin
e

e
rin

g,fo
rm

ally

•
S

o
ftw

are
im

p
le

m
e

n
ts

sp
e

cificatio
n

•
L

S
C

s
vs.S

o
ftw

are

•
S

o
ftw

are
im

p
le

m
e

n
ts

L
S

C
s

•
S

ce
n

ario
s

an
d

te
sts

•
P

lay
In

/
P

lay
O

u
t

•
R

e
q

u
ire

m
e

n
ts

E
n

g
in

e
e

rin
g

W
rap

-U
p

P
re-C

h
a

rts
(A

g
a

in
)

– 10 – 2016-06-13 – main –

4
/

3
4

E
xa

m
p

le:
V
en

d
in

g
M

a
ch

in
e

– 10 – 2016-06-13 – Srecallpc –

5
/

3
4

•
P

o
sitive

sce
n

ario
:B

u
y

a
S

o
ftd

rin
k

(i)
In

se
rt

o
n

e
1

e
u

ro
co

in
.

(ii)
P

re
ss

th
e

‘so
ftd

rin
k’b

u
tto

n
.

(iii)
G

e
t

a
so

ftd
rin

k.

•
P

o
sitive

sce
n

ario
:G

e
t

C
h

an
ge

(i)
In

se
rt

o
n

e
5

0
ce

n
t

an
d

o
n

e
1

e
u

ro
co

in
.

(ii)
P

re
ss

th
e

‘so
ftd

rin
k’b

u
tto

n
.

(iii)
G

e
t

a
so

ftd
rin

k.

(iv)
G

e
t

5
0

ce
n

t
ch

an
ge

.

•
N

e
g

ative
sce

n
ario

:A
D

rin
k

fo
r

Fre
e

(i)
In

se
rt

o
n

e
1

e
u

ro
co

in
.

(ii)
P

re
ss

th
e

‘so
ftd

rin
k’b

u
tto

n
.

(iii)
D

o
n

o
t

in
se

rt
an

y
m

o
re

m
o

n
e

y.

(iv)
G

e
t

tw
o

so
ftd

rin
ks.

L
S

C
:

b
u

y
so

ftd
rin

k
A

C
:

true
A

M
:

in
varian

t
I:

p
e

rm
issive

U
se

r
V

e
n

d
.M

a.

E
1

p
S
O
F
T

S
O
F
T

L
S

C
:

ge
t

ch
an

ge
A

C
:

true
A

M
:

in
varian

t
I:

p
e

rm
issive

U
se

r
V

e
n

d
.M

a.

C
5
0

E
1

p
S
O
F
T

S
O
F
T

c
h
g

-C
5
0

L
S

C
:

o
n

ly
o

n
e

d
rin

k
A

C
:

true
A

M
:

in
varian

t
I:

p
e

rm
issive

U
se

r
V

e
n

d
.M

a.

E
1

p
S
O
F
T

S
O
F
T

S
O
F
T

¬
C
5
0
!
∧
¬
E
1
!

fa
lse

P
re-C

h
a

rts

– 10 – 2016-06-13 – Srecallpc –

6
/

3
4

A
fu

llL
S

C
L

=
(P

C
,
M
C
,a
c
,a
m
,Θ

L
)

actu
ally

co
n

sists
o

f

•
p

re
-ch

art
P
C

=
((L

P
,
�

P
,
∼

P
),
I
P
,
M
sg

P
,
C
o
n
d
P
,
L
o
c
In
v
P
,
Θ

P
)

(p
o

ss.e
m

p
ty),

•
m

ain
-ch

art
M

C
=

((L
M
,
�

M
,
∼

M
),
I
M
,
M
sg

M
,
C
o
n
d
M
,
L
o
c
In
v
M
,
Θ

M
),

•
activatio

n
co

n
d

itio
n
a
c
∈

Φ
(C

),an
d

m
o

d
e

a
m

∈
{

in
itial,

in
varian

t}
,

•
strictn

e
ss

flag
s
tr
ic
t,ch

art
m

o
d

e
e

xiste
n

tial(Θ
L

=
c
o
ld

)o
r

u
n

ive
rsal(Θ

L
=

h
o
t).

C
o

n
cre

te
sy

n
tax:

L
S

C
:

o
n

ly
o

n
e

d
rin

k
A

C
:

true
A

M
:

in
varian

t
I:

p
e

rm
issive

U
se

r
V

e
n

d
.M

a.

E
1

p
S
O
F
T

S
O
F
T

S
O
F
T

¬
C
5
0
!
∧
¬
E
1
!

fa
lse



P
re-C

h
a

rts

– 10 – 2016-06-13 – Srecallpc –

6
/

3
4

A
fu

llL
S

C
L

=
(P

C
,
M
C
,a
c
,a
m
,Θ

L
)

actu
ally

co
n

sists
o

f

•
p

re
-ch

art
P
C

=
((L

P
,
�

P
,
∼

P
),
I
P
,
M
sg

P
,
C
o
n
d
P
,
L
o
c
In
v
P
,
Θ

P
)

(p
o

ss.e
m

p
ty),

•
m

ain
-ch

art
M

C
=

((L
M
,
�

M
,
∼

M
),
I
M
,
M
sg

M
,
C
o
n
d
M
,
L
o
c
In
v
M
,
Θ

M
),

•
activatio

n
co

n
d

itio
n
a
c
∈

Φ
(C

),an
d

m
o

d
e

a
m

∈
{

in
itial,

in
varian

t}
,

•
strictn

e
ss

flag
s
tr
ic
t,ch

art
m

o
d

e
e

xiste
n

tial(Θ
L

=
c
o
ld

)o
r

u
n

ive
rsal(Θ

L
=

h
o
t).

A
se

t
o

f
w

o
rd

s
W

⊆
(C

→
B
)
ω

is
acce

p
te

d
b

y
L

,d
e

n
o

te
d

b
y
W

|=
L

,if
an

d
o

n
ly

if

L
S

C
:

o
n

ly
o

n
e

d
rin

k
A

C
:

true
A

M
:

in
varian

t
I:

p
e

rm
issive

U
se

r
V

e
n

d
.M

a.

E
1

p
S
O
F
T

S
O
F
T

S
O
F
T

¬
C
5
0
!
∧
¬
E
1
!

fa
lse

a
m

=
in

itial
a
m

=
in

varian
t

ΘL = cold

∃
w

∈
W

∃
m

∈
N

0
•

∧
w

0
|=

a
c
∧
¬
ψ

e
x
it (C

P0
)
∧
ψ

p
ro
g
(∅
,
C

P0
)

∧
w
/
1
,
.
.
.
,
w
/
m

∈
L
a
n
g
(B

(P
C
))

∧
w

m
+

1
|=

¬
ψ

e
x
it (C

M0
)

∧
w

m
+

1
|=
ψ

p
ro
g
(∅
,
C

M0
)

∧
w
/
m

+
2
∈

L
a
n
g
(B

(M
C
))

∃
w

∈
W

∃
k
<
m

∈
N

0
•

∧
w

k
|=

a
c
∧
¬
ψ

e
x
it (C

P0
)
∧
ψ

p
ro
g
(∅
,
C

P0
)

∧
w
/
k
+

1
,
.
.
.
,
w
/
m

∈
L
a
n
g
(B

(P
C
))

∧
w

m
+

1
|=

¬
ψ

e
x
it (C

M0
)

∧
w

m
+

1
|=
ψ

p
ro
g
(∅
,
C

M0
)

∧
w
/
m

+
2
∈

L
a
n
g
(B

(M
C
))

ΘL = hot

∀
w

∈
W

∀
m

∈
N

0
•

∧
w

0
|=

a
c
∧
¬
ψ

e
x
it (C

P0
)
∧
ψ

p
ro
g
(∅
,
C

P0
)

∧
w
/
1
,
.
.
.
,
w
/
m

∈
L
a
n
g
(B

(P
C
))

∧
w

m
+

1
|=

¬
ψ

e
x
it (C

M0
)

=
⇒

w
m

+
1
|=
ψ

p
ro
g
(∅
,
C

M0
)

∧
w
/
m

+
2
∈

L
a
n
g
(B

(M
C
))

∀
w

∈
W

∀
k
≤
m

∈
N

0
•

∧
w

k
|=

a
c
∧
¬
ψ

e
x
it (C

P0
)
∧
ψ

p
ro
g
(∅
,
C

P0
)

∧
w
/
k
+

1
,
.
.
.
,
w
/
m

∈
L
a
n
g
(B

(P
C
))

∧
w

m
+

1
|=

¬
ψ

e
x
it (C

M0
)

=
⇒

w
m

+
1
|=
ψ

p
ro
g
(∅
,
C

M0
)

∧
w
/
m

+
2
∈

L
a
n
g
(B

(M
C
))

w
h

e
re
C

P0
an

d
C

M0
are

th
e

m
in

im
al(o

r
in

stan
ce

h
e

ad
s)cu

ts
o

f
p

re
-

an
d

m
ain

-ch
art.

U
n

iversa
l

L
S

C
:

E
xa

m
p

le

– 10 – 2016-06-13 – Srecallpc –

7
/

3
4

L
S

C
:

b
u

y
w

ate
r

A
C

:
true

A
M

:
in

varian
t

I:
strict

U
se

r
C

o
in

V
alid

ato
r

C
h

o
ice

P
an

e
l

D
isp

e
n

se
r

C
5
0

p
W
A
T
E
R

w
a
te
r

_
in

_
sto

c
k

d
W
A
T
E
R

O
K

U
n

iversa
l

L
S

C
:

E
xa

m
p

le

– 10 – 2016-06-13 – Srecallpc –

7
/

3
4

L
S

C
:

b
u

y
w

ate
r

A
C

:
true

A
M

:
in

varian
t

I:
strict

U
se

r
C

o
in

V
alid

ato
r

C
h

o
ice

P
an

e
l

D
isp

e
n

se
r

C
5
0

p
W
A
T
E
R

¬
(C

5
0
!
∨
E
1
!
∨
p
S
O
F
T
!

∨
p
T
E
A
!
∨
p
F
IL

L
U
P
!)

w
a
te
r

_
in

_
sto

c
k

d
W
A
T
E
R

O
K

¬
(d
S
o
ft!

∨
d
T
E
A
!)

R
eq

u
irem

en
ts

E
n

g
in

eerin
g

w
ith

S
cen

a
rio

s

– 10 – 2016-06-13 – main –

8
/

3
4



A
n

a
lysin

g
L

S
C

R
eq

u
irem

n
ts

– 10 – 2016-06-13 – Sstrengthen –

11/
3

4

R
eq

u
irem

en
ts

o
n

R
eq

u
irem

en
ts

S
p

ecifi
ca

tio
n

s

– 6 – 2016-05-12 – Sre –

12
/

3
7

A
re

q
u

ire
m

e
n

ts
sp

e
cificatio

n
sh

o
u

ld
b

e

•
co

rre
ct

—
it

co
rre

ctly
re

p
re

se
n

ts
th

e
w

ish
e

s/
n

e
e

d
s

o
f

th
e

cu
sto

m
e

r,

•
co

m
p

le
te

—
allre

q
u

ire
m

e
n

ts
(e

xistin
g

in
so

m
e

b
o

d
y’s

h
e

ad
,o

r
a

d
o

cu
m

e
n

t,o
r

...)
sh

o
u

ld
b

e
p

re
se

n
t,

•
re

le
va

n
t

—
th

in
gs

w
h

ich
are

n
o

t
re

le
van

t
to

th
e

p
ro

je
ct

sh
o

u
ld

n
o

t
b

e
co

n
strain

e
d

,

•
co

n
siste

n
t,fre

e
o

f
co

n
tra

d
ictio

n
s

—
e

ach
re

q
u

ire
m

e
n

t
is

co
m

p
atib

le
w

ith
allo

th
e

r
re

q
u

ire
m

e
n

ts;o
th

e
rw

ise
th

e
re

q
u

ire
m

e
n

ts
are

n
o

t
re

a
lisa

b
le

,

•
n

e
u

tra
l,a

b
stra

ct
—

a
re

q
u

ire
m

e
n

ts
sp

e
cificatio

n
d

o
e

s
n

o
t

co
n

strain
th

e
re

alisatio
n

m
o

re
th

an
n

e
ce

ssary,

•
tra

ce
a
b

le
,co

m
p

re
h

e
n

sib
le

—
th

e
so

u
rce

s
o

f
re

q
u

ire
m

e
n

ts
are

d
o

cu
m

e
n

te
d

,
re

q
u

ire
m

e
n

ts
are

u
n

iq
u

e
ly

id
e

n
tifiab

le
,

•
te

sta
b

le
,o

b
je

ctive
—

th
e

fin
alp

ro
d

u
ct

can
o

b
je

ctive
ly

b
e

ch
e

cke
d

fo
r

satisfy
in

g
a

re
q

u
ire

m
e

n
t.

•
C

o
rre

ctn
e

ss
an

d
co

m
p

le
te

n
e

ss
are

d
e

fin
e

d
re

lative
to

so
m

e
th

in
g

w
h

ich
is

u
su

ally
o

n
ly

in
th

e
cu

sto
m

e
r’s

h
e

a
d

.

→
is

is
d

ifficu
lt

to
b

e
su

re
o

f
co

rre
ctn

e
ss

an
d

co
m

p
le

te
n

e
ss.

•
“D

e
a
r

cu
sto

m
e

r,p
le

a
se

te
llm

e
w

h
at

is
in

y
o

u
r

h
e

a
d

!”
is

in
alm

o
st

allcase
s

n
o

t
a

so
lu

tio
n

!

It’s
n

o
t

u
n

u
su

alth
at

e
ve

n
th

e
cu

sto
m

e
r

d
o

e
s

n
o

t
p

re
cise

ly
kn

o
w

...!

Fo
r

e
xam

p
le

,th
e

cu
sto

m
e

r
m

ay
n

o
t

b
e

aw
are

o
f

co
n

trad
ictio

n
s

d
u

e
to

te
ch

n
icallim

itatio
n

s.

D
e

fin
itio

n
.[LS

C
C

o
n

sisten
cy]

A
se

t
o

f
L

S
C

s
{
L

1
,...,

L
n
}

is
calle

d
co

n
siste

n
t

if
an

d
o

n
ly

if
th

e
re

e
xists

a
se

t
o

f
w

o
rd

s
W

su
ch

th
at

∧
ni
=
1
W

|=
L
a
n
g
(
L

i ).

C
o

n
ten

t

– 10 – 2016-06-13 – Scontent –

12
/

3
4

•
P

re
-C

h
arts

•
S

e
m

an
tics,o

n
ce

again

•
R

e
q

u
ire

m
e

n
ts

E
n

gin
e

e
rin

g
w

ith
sce

n
ario

s

•
S

tre
n

gth
e

n
in

g
sce

n
ario

n
s

in
to

re
q

u
ire

m
e

n
ts

•
S

o
ftw

are
,fo

rm
ally

•
S

o
ftw

are
sp

e
cificatio

n

•
R

e
q

u
ire

m
e

n
ts

E
n

gin
e

e
rin

g,fo
rm

ally

•
S

o
ftw

are
im

p
le

m
e

n
ts

sp
e

cificatio
n

•
L

S
C

s
vs.S

o
ftw

are

•
S

o
ftw

are
im

p
le

m
e

n
ts

L
S

C
s

•
S

ce
n

ario
s

an
d

te
sts

•
P

lay
In

/
P

lay
O

u
t

•
R

e
q

u
ire

m
e

n
ts

E
n

g
in

e
e

rin
g

W
rap

-U
p

S
o

ftw
a

re
a

n
d

S
o

ftw
a

re
S

p
ecifi

ca
tio

n
,
fo

rm
a

lly

– 10 – 2016-06-13 – main –

13
/

3
4

S
o

ftw
a

re,
fo

rm
a

lly

– 10 – 2016-06-13 – Sswlsc –

14
/

3
4

D
e

fin
itio

n
.S

o
ftw

are
is

a
fin

ite
d

e
scrip

tio
n
S

o
f

a
(p

o
ssib

ly
in

fin
ite)

se
t
JS

K
o

f
(fin

ite
o

r
in

fin
ite) co

m
p

u
tatio

n
p

ath
s

o
f

th
e

fo
rm

σ
0

α
1

−−→
σ
1

α
2

−−→
σ
2
···

w
h

e
re

•
σ
i
∈
Σ

,i
∈
N

0 ,is
calle

d
state

(o
r

co
n

fig
u

ratio
n

),an
d

•
α
i
∈
A

,i
∈
N

0 ,is
calle

d
actio

n
(o

r
e

ve
n

t).

T
h

e
(p

o
ssib

ly
p

artial)fu
n

ctio
n

J
·K

:
S
7→

JS
K

is
calle

d
in

te
rp

re
tatio

n
o

f
S

.



E
xa

m
p

le:
S

o
ftw

a
re,

fo
rm

a
lly

– 10 – 2016-06-13 – Sswlsc –

15
/

3
4

S
o

ftw
are

is
a

fin
ite

d
e

scrip
tio

n
S

o
f

a
(p

o
ssib

ly
in

fin
ite)se

t
JS

K
o

f
(fin

ite
o

r
in

fin
ite)co

m
p

u
tatio

n
p

ath
s

o
f

th
e

fo
rm

σ
0

α
1

−−→
σ
1

α
2

−−→
σ
2
···.σ

i :state
/

co
n

fig
u

ratio
n

;α
i :actio

n
/

e
ve

n
t.

•
Java

P
ro

g
ram

s.

1:p
u
b
l
i
c
i
n
t
f
(
i
n
t
x
,
i
n
t
y

)
{

2
:

x
=
x

+
y
;

3
:

y
=
x
/
2
;

4
:

r
e
t
u
r
n
y
;

5
:}

E
xa

m
p

le:
S

o
ftw

a
re,

fo
rm

a
lly

– 10 – 2016-06-13 – Sswlsc –

15
/

3
4

S
o

ftw
are

is
a

fin
ite

d
e

scrip
tio

n
S

o
f

a
(p

o
ssib

ly
in

fin
ite)se

t
JS

K
o

f
(fin

ite
o

r
in

fin
ite)co

m
p

u
tatio

n
p

ath
s

o
f

th
e

fo
rm

σ
0

α
1

−−→
σ
1

α
2

−−→
σ
2
···.σ

i :state
/

co
n

fig
u

ratio
n

;α
i :actio

n
/

e
ve

n
t.

•
Java

P
ro

g
ram

s.

•
H

T
M

L
.1:<

h
t
m
l
>

2
:<

h
e
a
d
>

3
:<

t
i
t
l
e
>
S
W
T

2
0
1
6
<
/
t
i
t
l
e
>

4
:<

/
h
e
a
d
>

5
:<

b
o
d
y
/
>

6
:<

/
h
t
m
l
>

E
xa

m
p

le:
S

o
ftw

a
re,

fo
rm

a
lly

– 10 – 2016-06-13 – Sswlsc –

15
/

3
4

S
o

ftw
are

is
a

fin
ite

d
e

scrip
tio

n
S

o
f

a
(p

o
ssib

ly
in

fin
ite)se

t
JS

K
o

f
(fin

ite
o

r
in

fin
ite)co

m
p

u
tatio

n
p

ath
s

o
f

th
e

fo
rm

σ
0

α
1

−−→
σ
1

α
2

−−→
σ
2
···.σ

i :state
/

co
n

fig
u

ratio
n

;α
i :actio

n
/

e
ve

n
t.

•
Java

P
ro

g
ram

s.

•
H

T
M

L
.

•
U

se
r’s

M
an

u
al.

•
e

tc.e
tc.

E
xa

m
p

le:
S

o
ftw

a
re

S
p

ecifi
ca

tio
n

– 10 – 2016-06-13 – Sswlsc –

17
/

3
4

http://commons.wikimedia.org (CC-by-sa 4.0, Dirk Ingo Franke)

A
lp

h
ab

e
t:

•
M

–
d

isp
e

n
se

cash
o

n
ly,

•
C

–
re

tu
rn

card
o

n
ly,

•
MC

–
d

isp
e

n
se

cash
an

d
re

tu
rn

card
.

•
C

u
sto

m
e

r
1:“d

o
n’t

care”

S
1
=

(

M
.C

∣∣∣ C
.M

∣∣∣

MC

)

ω

•
C

u
sto

m
e

r
2

:“yo
u

ch
o

o
se

,b
u

t
b

e
co

n
siste

n
t”

S
2
=

(M
.C

)
ω

o
r
(C

.M
)
ω

•
C

u
sto

m
e

r
3

:“co
n

sid
e

r
h

u
m

an
e

rro
rs”

S
3
=

(C
.M

)
ω

M
o

re
E

xa
m

p
les:

S
o

ftw
a

re
S

p
ecifi

ca
tio

n
,
fo

rm
a

lly

– 10 – 2016-06-13 – Sswlsc –

18
/

3
4

A
so

ftw
are

sp
e

cificatio
n

is
a

fin
ite

d
e

scrip
tio

n
S

o
f

a
se

t
J
S

K
o

f
so

ftw
are

s
{
(S

1
,J

·K
1
),...}

.

•
D

e
cisio

n
T

ab
le

s.

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

−
×

−



M
o

re
E

xa
m

p
les:

S
o

ftw
a

re
S

p
ecifi

ca
tio

n
,
fo

rm
a

lly

– 10 – 2016-06-13 – Sswlsc –

18
/

3
4

A
so

ftw
are

sp
e

cificatio
n

is
a

fin
ite

d
e

scrip
tio

n
S

o
f

a
se

t
J
S

K
o

f
so

ftw
are

s
{
(S

1
,J

·K
1
),...}

.

•
D

e
cisio

n
T

ab
le

s.

•
L

S
C

s.
L

S
C

:
ge

t
ch

an
ge

A
C

:
true

A
M

:
in

varian
t

I:
p

e
rm

issive

U
se

r
V

e
n

d
.M

a.

C
5
0

E
1

p
S
O
F
T

S
O
F
T

c
h
g

-C
5
0

L
S

C
:

o
n

ly
o

n
e

d
rin

k
A

C
:

true
A

M
:

in
varian

t
I:

p
e

rm
issive

U
se

r
V

e
n

d
.M

a.

E
1

p
S
O
F
T

S
O
F
T

S
O
F
T

¬
C
5
0
!
∧
¬
E
1
!

fa
lse

M
o

re
E

xa
m

p
les:

S
o

ftw
a

re
S

p
ecifi

ca
tio

n
,
fo

rm
a

lly

– 10 – 2016-06-13 – Sswlsc –

18
/

3
4

A
so

ftw
are

sp
e

cificatio
n

is
a

fin
ite

d
e

scrip
tio

n
S

o
f

a
se

t
J
S

K
o

f
so

ftw
are

s
{
(S

1
,J

·K
1
),...}

.

•
D

e
cisio

n
T

ab
le

s.

•
L

S
C

s.

•
G

lo
b

alIn
varian

ts.

x
≥

0

M
o

re
E

xa
m

p
les:

S
o

ftw
a

re
S

p
ecifi

ca
tio

n
,
fo

rm
a

lly

– 10 – 2016-06-13 – Sswlsc –

18
/

3
4

A
so

ftw
are

sp
e

cificatio
n

is
a

fin
ite

d
e

scrip
tio

n
S

o
f

a
se

t
J
S

K
o

f
so

ftw
are

s
{
(S

1
,J

·K
1
),...}

.

•
D

e
cisio

n
T

ab
le

s.

•
L

S
C

s.

•
G

lo
b

alIn
varian

ts.

•
S

tate
M

ach
in

e
s.

→
late

r

M
o

re
E

xa
m

p
les:

S
o

ftw
a

re
S

p
ecifi

ca
tio

n
,
fo

rm
a

lly

– 10 – 2016-06-13 – Sswlsc –

18
/

3
4

A
so

ftw
are

sp
e

cificatio
n

is
a

fin
ite

d
e

scrip
tio

n
S

o
f

a
se

t
J
S

K
o

f
so

ftw
are

s
{
(S

1
,J

·K
1
),...}

.

•
D

e
cisio

n
T

ab
le

s.

•
L

S
C

s.

•
G

lo
b

alIn
varian

ts.

•
S

tate
M

ach
in

e
s.

•
Java

P
ro

g
ram

s.

1:p
u
b
l
i
c
i
n
t
f
(
i
n
t
x
,
i
n
t
y

)
{

2
:

x
=
x

+
y
;

3
:

y
=
x
/
2
;

4
:

r
e
t
u
r
n
y
;

5
:}

M
o

re
E

xa
m

p
les:

S
o

ftw
a

re
S

p
ecifi

ca
tio

n
,
fo

rm
a

lly

– 10 – 2016-06-13 – Sswlsc –

18
/

3
4

A
so

ftw
are

sp
e

cificatio
n

is
a

fin
ite

d
e

scrip
tio

n
S

o
f

a
se

t
J
S

K
o

f
so

ftw
are

s
{
(S

1
,J

·K
1
),...}

.

•
D

e
cisio

n
T

ab
le

s.

•
L

S
C

s.

•
G

lo
b

alIn
varian

ts.

•
S

tate
M

ach
in

e
s.

•
Java

P
ro

g
ram

s.

•
U

se
r’s

M
an

u
al.

•
e

tc.e
tc.

T
h

e
R

eq
u

irem
en

ts
E

n
g

in
eerin

g
P

ro
b

lem
F

o
rm

a
lly

– 10 – 2016-06-13 – Sswlsc –

19
/

3
4

(Σ
×

A
)
ω

allco
m

p
u

tatio
n

p
ath

s
o

ve
r
Σ

an
d
A

,
aka.ch

ao
s

re
q

u
ire

m
e

n
ts,all

th
e

se
co

m
p

u
tatio

n
p

ath
s

are
allo

w
e

d
(m

ay
b

e
in

clu
d

in
g

re
fin

e
m

e
n

ts)

o
n

e
so

ftw
are

(=
se

t
o

f
co

m
p

u
tatio

n
p

ath
s)w

h
ich

satisfie
s

th
e

re
q

u
ire

m
e

n
ts

o
n

e
so

ftw
are

w
h

ich
d

o
e

s
n

o
t

satisfy
th

e
re

q
u

ire
m

e
n

ts

•
R

e
q

u
ire

m
e

n
ts

e
n

g
in

e
e

rin
g

:

D
e

scrib
e

/sp
e

cify
th

e
se

t
o

f
th

e
allo

w
e

d
so

ftw
are

s
as

S
.

N
o

te
:w

h
at

is
n

o
t

co
n

strain
e

d
is

allo
w

e
d

,u
su

ally
!

•
S

o
ftw

are
d

e
ve

lo
p

m
e

n
t:

C
re

ate
o

n
e

so
ftw

are
S

w
h

o
se

co
m

p
u

tatio
n

p
ath

s
JS

K
are

allallo
w

e
d

,i.e
.JS

K
∈

S
.

•
N

o
te

:d
iffe

re
n

t
p

ro
gram

s
in

d
iffe

re
n

t
p

ro
gram

m
in

g
lan

gu
age

s
m

ay
d

e
scrib

e
th

e
sam

e
JS

K.

•
O

fte
n

allo
w

e
d

:an
y

re
fin

e
m

e
n

t
o

f
(→

in
a

m
in

u
te

;e
.g.allo

w
in

te
rm

e
d

iate
tran

sitio
n

s).



S
o

ftw
a

re
S

p
ecifi

ca
tio

n
vs.

S
o

ftw
a

re

– 10 – 2016-06-13 – Sswlsc –

2
0

/
3

4

σ
00

α
01

−−→
σ
01

α
02

−−→
σ
02
···

S
=

{
(S

0
,J

·K
0 )}

σ
10

α
11

−−→
σ
11

α
12

−−→
σ
12
···

(S
1
,J

·K
1 )}

σ
20

α
21

−−→
σ
21

α
22

−−→
σ
22
···

(S
2
,J

·K
2 )}

I

M

S
1

im
p

le
m

e
n

ts
S

via
I

an
d
M

I
′

M
′

S
2

im
p

le
m

e
n

ts
S

via
I

an
d
M

L
S

C
s

vs.
S

o
ftw

a
re

– 10 – 2016-06-13 – main –

2
1/

3
4

L
S

C
s

a
s

S
o

ftw
a

re
S

p
ecifi

ca
tio

n

– 10 – 2016-06-13 – Stestplay –

2
2

/
3

4

A
so

ftw
are

S
is

calle
d

co
m

p
atib

le
w

ith
L

S
C

L
o

ve
r
C

an
d
E

is
if

an
d

o
n

ly
if

•
Σ

=
(C

→
B
),i.e

.th
e

state
s

are
valu

atio
n

s
o

f
th

e
co

n
d

itio
n

s
in

C
,

•
A

⊆
E
!?

,i.e
.th

e
e

ve
n

ts
are

o
f

th
e

fo
rm

E
!,E

?
(vie

w
e

d
as

a
valu

atio
n

o
f
E
!,E

?
).

A
co

m
p

u
tatio

n
p

ath
π
=
σ
0

α
1

−−→
σ
1

α
2

−−→
σ
2
···

∈
JS

K
o

f
so

ftw
are

S
in

d
u

ce
s

th
e

w
o

rd

w
(π

)
=

(σ
0
∪
α
1
),(σ

1
∪
α
2
),(σ

2
∪
α
3
),...,

w
e

u
se
W

S
to

d
e

n
o

te
th

e
se

t
o

f
w

o
rd

s
in

d
u

ce
d

b
y

JS
K.

W
e

say
so

ftw
are

S
satisfie

s
L

S
C

L
(w

ith
o

u
t

p
re

-ch
art),d

e
n

o
te

d
b

y
S
|=

L
,if

an
d

o
n

ly
if

Θ
L

a
m

=
in

itial
a
m

=
in

varian
t

cold

∃
w

∈
W

S
•
w

0
|=

a
c
∧
¬
ψ
e
x
it (C

0
)

∧
w

0
|=
ψ
p
ro
g
(∅
,C

0
)
∧
w
/
1
∈

L
a
n
g
(B

(
L

))

∃
w

∈
W

S
∃
k
∈

N
0
•
w

k
|=

a
c
∧
¬
ψ
e
x
it (C

0
)

∧
w

k
|=
ψ
p
ro
g
(∅
,C

0
)
∧
w
/
k
+

1
∈

L
a
n
g
(B

(
L

))

hot

∀
w

∈
W

S
•
w

0
|=

a
c
∧
¬
ψ
e
x
it (C

0
)

=
⇒

w
0
|=
ψ
p
ro
g
(∅
,C

0
)
∧
w
/
1
∈

L
a
n
g
(B

(
L

))

∀
w

∈
W

S
∀
k
∈

N
0
•
w

k
|=

a
c
∧
¬
ψ
e
x
it (C

0
)

=
⇒

w
k
|=
ψ
C
o
n
d

h
o
t

(∅
,C

0
)∧
w
/
k
+
1
∈

L
a
n
g
(B

(
L

))

S
o

ftw
are

S
satisfie

s
a

se
t

o
f

L
S

C
s
L

1
,
.
.
.
,
L

n
if

an
d

o
n

ly
if
S
|=

L
i

fo
r

all1
≤

i
≤

n
.

H
o

w
to

P
ro

ve
th

a
t

a
S

o
ftw

a
re

S
a

tisfi
es

a
n

L
S

C
?

– 10 – 2016-06-13 – Stestplay –

2
3

/
3

4

L
S

C
:

b
u

y
so

ftd
rin

k
A

C
:

true
A

M
:

in
varian

t
I:

p
e

rm
issive

U
se

r
V

e
n

d
.M

a.

E
1

p
S
O
F
T

S
O
F
T

L
S

C
:

ge
t

ch
an

ge
A

C
:

true
A

M
:

in
varian

t
I:

p
e

rm
issive

U
se

r
V

e
n

d
.M

a.

C
5
0

E
1

p
S
O
F
T

S
O
F
T

c
h
g

-C
5
0

•
S

o
ftw

are
S

satisfie
s

e
xiste

n
tialL

S
C

L
if

th
e

re
e

xists
π
∈

JS
K

su
ch

th
at

L
acce

p
ts
w
(π

).P
ro

ve
S
|=

L
b

y
d

e
m

o
n

stratin
g
π

.

•
N

o
te

:E
xiste

n
tialL

S
C

s
∗

m
ay

h
in

t
at

te
st-case

s
fo

r
th

e
acce

p
tan

ce
te

st!
(∗

:as
w

e
llas

(p
o

sitive)sce
n

ario
s

in
ge

n
e

ral,like
u

se
-case

s)

re
q

u
ire

m
e

n
ts

fixe
d

re
q

u
ire

m
e

n
ts

fixe
d

acce
p

tan
ce

acce
p

tan
ce

syste
m

sp
e

cifie
d

syste
m

sp
e

cifie
d

syste
m

d
e

live
re

d
syste

m
d

e
live

re
d

arch
ite

ctu
re

d
e

sign
e

d
arch

ite
ctu

re
d

e
sign

e
d

syste
m

in
te

grate
d

syste
m

in
te

grate
d

m
o

d
u

le
s

d
e

sign
e

d
m

o
d

u
le

s
d

e
sign

e
d

syste
m

re
alise

d
syste

m
re

alise
d

ve
rificatio

n
&

valid
atio

n

H
o

w
to

P
ro

ve
th

a
t

a
S

o
ftw

a
re

S
a

tisfi
es

a
n

L
S

C
?

– 10 – 2016-06-13 – Stestplay –

2
3

/
3

4

L
S

C
:

b
u

y
so

ftd
rin

k
A

C
:

true
A

M
:

in
varian

t
I:

p
e

rm
issive

U
se

r
V

e
n

d
.M

a.

E
1

p
S
O
F
T

S
O
F
T

L
S

C
:

ge
t

ch
an

ge
A

C
:

true
A

M
:

in
varian

t
I:

p
e

rm
issive

U
se

r
V

e
n

d
.M

a.

C
5
0

E
1

p
S
O
F
T

S
O
F
T

c
h
g

-C
5
0

•
S

o
ftw

are
S

satisfie
s

e
xiste

n
tialL

S
C

L
if

th
e

re
e

xists
π
∈

JS
K

su
ch

th
at

L
acce

p
ts
w
(π

).P
ro

ve
S
|=

L
b

y
d

e
m

o
n

stratin
g
π

.

•
N

o
te

:E
xiste

n
tialL

S
C

s
∗

m
ay

h
in

t
at

te
st-case

s
fo

r
th

e
acce

p
tan

ce
te

st!
(∗

:as
w

e
llas

(p
o

sitive)sce
n

ario
s

in
ge

n
e

ral,like
u

se
-case

s)

re
q

u
ire

m
e

n
ts

fixe
d

re
q

u
ire

m
e

n
ts

fixe
d

acce
p

tan
ce

acce
p

tan
ce

syste
m

sp
e

cifie
d

syste
m

sp
e

cifie
d

syste
m

d
e

live
re

d
syste

m
d

e
live

re
d

arch
ite

ctu
re

d
e

sign
e

d
arch

ite
ctu

re
d

e
sign

e
d

syste
m

in
te

grate
d

syste
m

in
te

grate
d

m
o

d
u

le
s

d
e

sign
e

d
m

o
d

u
le

s
d

e
sign

e
d

syste
m

re
alise

d
syste

m
re

alise
d

ve
rificatio

n
&

valid
atio

n

L
S

C
:

o
n

ly
o

n
e

d
rin

k
A

C
:

true
A

M
:

in
varian

t
I:

p
e

rm
issive

U
se

r
V

e
n

d
.M

a.

E
1

p
S
O
F
T

S
O
F
T

S
O
F
T

¬
C
5
0
!
∧
¬
E
1
!

fa
lse

L
S

C
:

b
u

y
w

ate
r

A
C

:
true

A
M

:
in

varian
t

I:
strict

U
se

r
C

o
in

V
alid

ato
r

C
h

o
ice

P
an

e
l

D
isp

e
n

se
r

C
5
0

p
W
A
T
E
R

¬
(C

5
0
!
∨
E
1
!
∨
p
S
O
F
T
!

∨
p
T
E
A
!
∨
p
F
IL

L
U
P
!)

w
a
te
r

_
in

_
sto

c
k

d
W
A
T
E
R

O
K

¬
(d
S
o
ft!

∨
d
T
E
A
!)

•
U

n
ive

rsalL
S

C
s

(an
d

n
e

gative
/an

ti-sce
n

ario
s!)

in
ge

n
e

raln
e

e
d

an
e

xh
au

stive
an

aly
sis!

(B
e

cau
se

th
e

y
re

q
u

ire
th

at
th

e
so

ftw
are

n
e

ve
r

e
ve

r
e

xh
ib

its
th

e
u

n
w

an
te

d
b

e
h

avio
u

r.)

P
ro

ve
S

6|=
L

b
y

d
e

m
o

n
stratin

g
o

n
e
π

su
ch

th
at
w
(π

)
is

n
o

t
acce

p
te

d
b

y
L

.

P
u

sh
in

g
It

E
ven

F
u

rth
er

– 10 – 2016-06-13 – Stestplay –

2
4

/
3

4

(H
are

lan
d

M
are

lly
,2

0
0

3
)



T
ell

T
h

em
W

h
a

t
Y
o

u
’ve

T
o

ld
T

h
em

...

– 10 – 2016-06-13 – Sttwytt –

2
5

/
3

4

•
L

ive
S

e
q

u
e

n
ce

C
h

arts
(if

w
e

ll-fo
rm

e
d

)

•
h

ave
an

ab
stract

sy
n

tax:in
stan

ce
lin

e
s,m

e
ssage

s,co
n

d
itio

n
s,

lo
calin

varian
ts;m

o
d

e
:h

o
t

o
r

co
ld

.

•
Fro

m
an

ab
stract

sy
n

tax,m
e

ch
an

ically
co

n
stru

ct
its

T
B

A
.

•
P

re
-ch

arts
allo

w
u

s
to

•
sp

e
cify

an
ti-sce

n
ario

s
(“th

is
m

u
st

n
o

t
h

ap
p

e
n”),

•
co

n
train

activatio
n

.

•
A

n
L

S
C

is
satisfie

d
b

y
a

so
ftw

are
S

if
an

d
o

n
ly

if

•
e

xiste
n

tial
(co

ld
):

•
th

e
re

is
a

w
o

rd
in

d
u

ce
d

b
y

a
co

m
p

u
tatio

n
p

ath
o

f
S

•
w

h
ich

is
acce

p
te

d
b

y
th

e
LS

C
’s

p
re

/
m

ain
-ch

art
T

B
A

.

•
u

n
ive

rsal(h
o

t):

•
allw

o
rd

s
in

d
u

ce
d

b
y

th
e

co
m

p
u

tatio
n

p
ath

s
o

f
S

•
are

acce
p

te
d

b
y

th
e

LS
C

’s
p

re
/

m
ain

-ch
art

T
B

A
.

•
M

e
th

o
d

:

•
d

iscu
ss

(an
ti-)sce

n
ario

s
w

ith
cu

sto
m

e
r,

•
ge

n
e

ralise
in

to
u

n
ive

rsalL
S

C
s

an
d

re
-valid

ate
.

R
eq

u
irem

en
ts

E
n

g
in

eerin
g

W
ra

p
-U

p

– 10 – 2016-06-13 – main –

2
6

/
3

4

T
o

p
ic

A
rea

R
eq

u
irem

en
ts

E
n

g
in

eerin
g

:
C

o
n

ten
t

– 10 – 2016-06-13 – Sblockcontent –

2
7

/
3

4

•
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

•
Live

S
e

q
u

e
n

ce
C

h
arts

•
S

y
n

tax,S
e

m
an

tics

•
D

e
fin

itio
n

:S
o

ftw
are

&
S

W
S

p
e

cificatio
n

•
W

rap
-U

p

V
L

6

...

V
L

7

...

V
L

8...

V
L

9
...

V
L

10
...

E
xa

m
p

le:
S

o
ftw

a
re

S
p

ecifi
ca

tio
n

– 10 – 2016-06-13 – Swrapup –

2
8

/
3

4

http://commons.wikimedia.org (CC-by-sa 4.0, Dirk Ingo Franke)

A
lp

h
ab

e
t:

•
M

–
d

isp
e

n
se

cash
o

n
ly,

•
C

–
re

tu
rn

card
o

n
ly,

•
MC

–
d

isp
e

n
se

cash
an

d
re

tu
rn

card
.

•
C

u
sto

m
e

r
1:“d

o
n’t

care”

S
1
=

(

M
.C

∣∣∣ C
.M

∣∣∣

MC

)

ω

•
C

u
sto

m
e

r
2

:“yo
u

ch
o

o
se

,b
u

t
b

e
co

n
siste

n
t”

S
2
=

(M
.C

)
ω

o
r
(C

.M
)
ω

•
C

u
sto

m
e

r
3

:“co
n

sid
e

r
h

u
m

an
e

rro
rs”

S
3
=

(C
.M

)
ω

T
ell

T
h

em
W

h
a

t
Y
o

u
’ve

T
o

ld
T

h
em

...

– 10 – 2016-06-13 – Swrapup –

3
0

/
3

4

•
A

R
e

q
u

ire
m

e
n

ts
S

p
e

cificatio
n

sh
o

u
ld

b
e

•
co

rre
ct,co

m
p

le
te

,re
le

van
t,co

n
siste

n
t,

n
e

u
tral,trace

ab
le

,o
b

je
ctive

.

•
R

e
q

u
ire

m
e

n
ts

R
e

p
re

se
n

tatio
n

s
sh

o
u

ld
b

e

•
e

asily
u

n
d

e
rstan

d
ab

le
,p

re
cise

,
e

asily
m

ain
tain

ab
le

,e
asily

u
sab

le
.

•
L

an
g

u
age

s
/

N
o

tatio
n

s
fo

r
R

e
q

u
ire

m
e

n
ts

R
e

p
re

se
n

tatio
n

s:

•
N

atu
ralL

an
gu

age
P

atte
rn

s

•
D

e
cisio

n
T

ab
le

s

•
U

se
r

S
to

rie
s

•
U

se
C

ase
s

•
Live

S
e

q
u

e
n

ce
C

h
arts

•
Fo

rm
alre

p
re

se
n

tatio
n

s

•
can

b
e

ve
ry

p
re

cise
,o

b
je

ctive
,te

stab
le

,

•
can

b
e

an
aly

se
d

fo
r,e

.g.,co
m

p
le

te
n

e
ss,co

n
siste

n
cy

•
can

b
e

ve
rifie

d
again

st
a

fo
rm

ald
e

sign
d

e
scrip

tio
n

.

(Fo
rm

al)in
co

n
siste

n
cy

o
f,e

.g.,a
d

e
cisio

n
tab

le

h
in

ts
at

in
co

n
siste

n
cie

s
in

th
e

re
q

u
ire

m
e

n
ts.



R
eq

u
irem

en
ts

A
n

a
lysis

in
a

N
u

tsh
ell

– 10 – 2016-06-13 – Swrapup –

3
1/

3
4

•
C

u
sto

m
e

rs
m

ay
n

o
t

kn
o

w
w

h
at

th
e

y
w

an
t.

•
T

h
at’s

in
ge

n
e

raln
o

t
th

e
ir

“fau
lt”!

•
C

are
fo

r
tacit

re
q

u
ire

m
e

n
ts.

•
C

are
fo

r
n

o
n

-fu
n

ctio
n

alre
q

u
ire

m
e

n
ts

/
co

n
strain

ts.

•
Fo

r
re

q
u

ire
m

e
n

ts
e

licitatio
n

,co
n

sid
e

r
startin

g
w

ith

•
sce

n
ario

s
(“p

o
sitive

u
se

case”)an
d

an
ti-sce

n
ario

s
(“n

e
gative

u
se

case”)

an
d

e
lab

o
rate

co
rn

e
r

case
s.

T
h

u
s,u

se
case

s
can

b
e

ve
ry

u
se

fu
l—

u
se

case
d

iag
ram

s
n

o
t

so
m

u
ch

.

•
M

ain
tain

a
d

ictio
n

ary
an

d
h

igh
-q

u
ality

d
e

scrip
tio

n
s.

•
C

are
fo

r
o

b
je

ctive
n

e
ss

/
te

stab
ility

e
arly

o
n

.

A
sk

fo
r

e
ach

re
q

u
ire

m
e

n
ts:w

h
at

is
th

e
acce

p
tan

ce
te

st?

•
U

se
fo

rm
aln

o
tatio

n
s

•
to

fu
lly

u
n

d
e

rstan
d

re
q

u
ire

m
e

n
ts

(p
re

cisio
n

),

•
fo

r
re

q
u

ire
m

e
n

ts
an

aly
sis

(co
m

p
le

te
n

e
ss,e

tc.),

•
to

co
m

m
u

n
icate

w
ith

yo
u

r
d

e
ve

lo
p

e
rs.

•
If

in
d

o
u

b
t,co

m
p

le
m

e
n

t
(fo

rm
al)d

iag
ram

s
w

ith
te

xt
(as

safe
ty

p
re

cau
tio

n
,e

.g.,in
law

su
its).

L
itera

tu
re

R
eco

m
m

en
d

a
tio

n

– 10 – 2016-06-13 – Swrapup –

3
2

/
3

4

(R
u

p
p

an
d

d
ie

S
O

P
H

IS
Te

n
,2

0
14

)

R
eferen

ces

– 10 – 2016-06-13 – main –

3
3

/
3

4

R
eferen

ces

– 10 – 2016-06-13 – main –

3
4

/
3

4

H
are

l,D
.an

d
M

are
lly,R

.(2
0

0
3

).
C

o
m

e,Let’s
P

la
y:S

cen
a

rio
-B

a
sed

P
ro

gra
m

m
in

g
U

sin
g

LS
C

s
a

n
d

th
e

P
la

y-E
n

gin
e.

S
p

rin
ge

r-V
e

rlag.

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

.

R
u

p
p

,C
.an

d
d

ie
S

O
P

H
IS

Te
n

(2
0

14
).

R
eq

uirem
en

ts-E
n

gin
eerin

g
un

d
-M

a
n

a
gem

en
t.

H
an

se
r,6

th
e

d
itio

n
.


