
– 5 – 2019-05-13 – main –

S
o
ftw

a
retech

n
ik

/
S
o
ftw

a
re-E

n
g
in

eerin
g

L
ectu

re
5
:

R
eq

u
irem

en
ts

E
n
g
in

eerin
g

2
0
1
9
-0

5
-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

Y
o

u
A

re
H

ere.

– 5 – 2019-05-13 – main –

2
/

4
9

-
2

2
.4

.,M
o

n

In
tro

d
u

ctio
n

L
1:

2
5

.4
.,

T
h

u

M
e

trics,C
o

sts,
L

2
:

2
9

.4
.,M

o
n

L
3

:
2

.5
.,

T
h

u
D

e
ve

lo
p

m
e

n
t

P
ro

ce
ss

L
4

:
6

.5
.,M

o
n

T
1:

9
.5

.,
T

h
u

L
5

:
13

.5
.,M

o
n

R
e

q
u

ire
m

e
n

ts
L

6
:

16
.5

.,
T

h
u

E
n

gin
e

e
rin

g
L

7:
2

0
.5

.,M
o

n

T
2

:
2

3
.5

.,
T

h
u

L
8

:
2

7.5
.,M

o
n

-
3

0
.5

.,
T

h
u

L
9

:
3

.6
.,M

o
n

T
3

:
6

.6
.,

T
h

u

-
10

.6
.,M

o
n

-
13

.6
.,

T
h

u

A
rch

.&
D

e
sign

,
L10

:
17.6

.,M
o

n

-
2

0
.6

.,
T

h
u

S
o

ftw
are

-
L

11:
2

4
.6

.,M
o

n

T
4

:
2

7.6
.,

T
h

u

M
o

d
e

llin
g,

L
12

:
1.7.,M

o
n

P
atte

rn
s

L
13

:
4

.6
.,

T
h

u

Q
A

L
14

:
8

.7.,M
o

n

T
5

:
11.7.,

T
h

u

L
15

:
15

.7.,M
o

n
(Te

stin
g,Fo

rm
al

V
e

rificatio
n

)
L

16
:

18
.7.,

T
h

u
W

rap
-U

p
L

17:
2

2
.7.,M

o
n

T
6

:
2

5
.7.,

T
h

u

In
tro

d
u

ctio
n

– 5 – 2019-05-13 – main –

3
/

4
9



– 5 – 2019-05-13 – Sreintro –

7
/

4
9

S
o

ftw
a

re,
fo

rm
a

lly

– 5 – 2019-05-13 – Sreintro –

8
/

4
9

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
xam

p
le

s:

•
‘H

allo
’(fro

m
Le

ct.2
):C

an
b

e
se

e
n

as
h

avin
g

o
n

e
co

m
p

u
tatio

n
p

ath
.

•
a

Q
u

ickso
rt

im
p

le
m

e
n

tatio
n

:C
an

b
e

se
e

n
as

h
avin

g
as

m
an

y
co

m
p

u
tatio

n
p

ath
s

as
p

o
ssib

le
in

p
u

ts.

•
P

e
d

e
stratio

n
s

C
ro

ssin
g

co
n

tro
lle

r:U
su

ally
h

as
in

fin
ite

ly
m

an
y

co
m

p
u

tatio
n

p
ath

s
(e

ach
se

q
u

e
n

ce
o

f
p

e
d

e
strian

s
p

re
ssin

g
b

u
tto

n
at

p
articu

lar
tim

e
s

d
e

fin
e

s
a

d
iffe

re
n

t
co

m
p

u
tatio

n
p

ath
).

•
e

tc.

•
N

o
te

:o
n

e
so

ftw
are

S
m

ay
h

ave
d

iffe
re

n
t

in
te

rp
re

tatio
n

s,ran
gin

g
fro

m
‘o

n
ly

fin
alre

su
lt’(co

arse
;if

w
e

ll-d
e

fin
e

d
)to

‘re
giste

r
tran

sfe
r

le
ve

l’(fin
e),w

ith
o

r
w

ith
o

u
t

tim
e

-stam
p

s,e
tc..

S
o

ftw
a

re
S

p
ecifi

ca
tio

n
:

A
n

Id
ea

l
P

a
rtitio

n
in

g

– 5 – 2019-05-13 – Sreintro –

9
/

4
9

a
llim

a
gin

a
b

le
so

ftw
a

res

S
o

ftw
a

re
S

p
ecifi

ca
tio

n
:

P
erceived

P
ra

ctice

– 5 – 2019-05-13 – Sreintro –

10
/

4
9

a
llim

a
gin

a
b

le
so

ftw
a

res



R
isks

Im
p

lied
b

y
B

a
d

R
eq

u
irem

en
ts

S
p

ecifi
ca

tio
n

s

– 5 – 2019-05-13 – Sreintro –

12
/

4
9

n
e

go
tiatio

n
n

e
go

tiatio
n

re
q

u
ire

-
m

e
n

ts
sp

e
ci-

ficatio
n

d
e

sign
/

im
p

le
m

e
n

-
tatio

n

d
e

sign
/

im
p

le
m

e
n

-
tatio

n

q
u

ality
assu

ran
ce

q
u

ality
assu

ran
ce

acce
p

tan
ce

acce
p

tan
ce

d
o

cu
-

m
e

n
tatio

n
d

o
cu

-
m

e
n

tatio
n

re
-u

se
re

-u
se

cu
sto

m
e

r
d

e
ve

lo
p

e
r

n
e

go
tiatio

n
(w

ith
cu

sto
m

e
r,

m
arke

tin
g

d
e

p
artm

e
n

t,o
r

...)

d
e

sig
n

an
d

im
p

le
m

e
n

tatio
n

,

•
w

ith
o

u
t

sp
e

cificatio
n

,
p

ro
gram

m
e

rs
m

ay
ju

st
“ask

aro
u

n
d

”
w

h
e

n
in

d
o

u
b

t,p
o

ssib
ly

y
ie

ld
in

g
d

iffe
re

n
t

in
te

rp
re

tatio
n

s
→

d
ifficu

lt
in

te
gratio

n

d
o

cu
m

e
n

tatio
n

,e
.g.,th

e
u

se
r’s

m
an

u
al,

•
w

ith
o

u
t

sp
e

cificatio
n

,th
e

u
se

r’s
m

an
u

alau
th

o
r

can
o

n
ly

d
e

scrib
e

w
h

at
th

e
sy

ste
m

d
o

e
s,n

o
t

w
h

at
it

sh
o

u
ld

d
o

( “e
ve

ry
o

b
se

rvatio
n

is
a

fe
atu

re”)

p
re

p
aratio

n
o

f
te

sts,

•
w

ith
o

u
t

a
d

e
scrip

tio
n

o
f

allo
w

e
d

o
u

tco
m

e
s,te

sts
are

ran
d

o
m

ly
se

arch
in

g
fo

r
ge

n
e

ric
e

rro
rs

(like
crash

e
s)

→
sy

ste
m

atic
te

stin
g

h
ard

ly
p

o
ssib

le

acce
p

tan
ce

b
y

cu
sto

m
e

r,
re

so
lvin

g
late

r
o

b
je

ctio
n

s
o

r
re

gre
ss

claim
s,

•
w

ith
o

u
t

sp
e

cificatio
n

,it
is

u
n

cle
ar

at
d

e
live

ry
tim

e
w

h
e

th
e

r
b

e
h

avio
u

r
is

an
e

rro
r

(d
e

ve
lo

p
e

r
n

e
e

d
s

to
fix)o

r
co

rre
ct

(cu
sto

m
e

r
n

e
e

d
s

to
acce

p
t

an
d

p
ay)

→

n
asty

d
isp

u
te

s,
ad

d
itio

n
ale

ffo
rt

re
-u

se
,

•
w

ith
o

u
t

sp
e

cificatio
n

,re
-u

se
n

e
e

d
s

to
b

e
b

ase
d

o
n

re
-re

ad
in

g
th

e
co

d
e
→

risk
o

f
u

n
e

xp
e

cte
d

ch
an

ge
s

•
late

r
re

-im
p

le
m

e
n

tatio
n

s.

•
th

e
n

e
w

so
ftw

are
m

ay
n

e
e

d
to

ad
h

e
re

to
re

q
u

ire
m

e
n

ts
o

f
th

e
o

ld
so

ftw
are

;if
n

o
t

p
ro

p
e

rly
sp

e
cifie

d
,

th
e

n
e

w
so

ftw
are

n
e

e
d

s
to

b
e

a
1:1

re
-im

p
le

m
e

n
tatio

n
o

f
th

e
o

ld
→

ad
d

itio
n

ale
ffo

rt

D
isco

verin
g

F
u

n
d

a
m

en
ta

l
E

rro
rs

L
a

te
C

a
n

B
e

E
xp

en
sive

– 5 – 2019-05-13 – Sreintro –

13
/

4
9

1 2 5

10

2
0

5
0

10
0

2
0

0

re
lative

co
st

o
f

an
e

rro
r

A
n

alysis
D

e
sign

C
o

d
in

g
Te

st
&

In
te

gratio
n

A
cce

p
tan

ce
&

O
p

e
ratio

n

p
h

ase
o

f
e

rro
r

d
e

te
ctio

n

large
r

p
ro

je
cts

sm
alle

r
p

ro
je

cts

R
e

lative
e

rro
r

co
sts

o
ve

r
late

n
cy

acco
rd

in
g

to
in

ve
stigatio

n
s

at
IB

M
,e

tc.

B
y

(B
o

e
h

m
,19

7
9

);V
isu

alisatio
n

:Lu
d

e
w

ig
an

d
L

ich
te

r
(2

0
13

).



– 5 – 2019-05-13 – Sreintro –

15
/

4
9

T
h

e
h

a
rd

est
sin

gle
p

a
rt

o
f

b
uild

in
g

a
so

ftw
a

re
system

is
d

ecid
in

g
p

recisely
w

h
a

t
to

b
uild

.

N
o

o
th

er
p

a
rt

o
f

th
e

co
n

cep
tua

lw
o

rk
is

a
s

d
ifficult

a
s

esta
b

lish
in

g
th

e
d

eta
iled

tech
n

ica
l

req
uirem

en
ts

...

N
o

o
th

er
p

a
rt

o
f

th
e

w
o

rk
so

crip
p

les
th

e
resultin

g
system

if
d

o
n

e
w

ro
n

g.

N
o

o
th

er
p

a
rt

is
a

s
d

ifficult
to

rectify
la

ter.
F.P.B

ro
o

ks
(B

ro
o

ks,19
9

5
)

T
o

p
ic

A
rea

R
eq

u
irem

en
ts

E
n

g
in

eerin
g

:
C

o
n

ten
t

– 5 – 2019-05-13 – Sblockcontent –

16
/

4
9

•
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,...

V
o

cab
u

lary

Te
ch

n
iq

u
e

s

in
fo

rm
al

se
m

i-fo
rm

al

fo
rm

al

•
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

5

...

V
L

6

...

V
L

7
...

V
L

8...

V
L

9
...

C
o

n
ten

t

– 5 – 2019-05-13 – Scontent –

17
/

4
9

•
In

tro
d

u
ctio

n

•
V

o
cab

u
lary

:R
e

q
u

ire
m

e
n

ts
(A

n
alysis)

•
Im

p
o

rtan
ce

o
f

R
e

q
u

ire
m

e
n

ts
S

p
e

cificatio
n

s

•
R

e
q

u
ire

m
e

n
ts

S
p

e
cificatio

n

•
R

e
q

u
ire

m
e

n
ts

A
n

alysis

•
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

•
R

e
q

u
ire

m
e

n
ts

S
p

e
cificatio

n
L

an
g

u
age

s

•
N

atu
ralL

an
gu

age

R
eq

u
irem

en
ts

S
p

ecifi
ca

tio
n

s

– 5 – 2019-05-13 – main –

18
/

4
9

R
eq

u
irem

en
ts

A
n

a
lysis...

– 5 – 2019-05-13 – Sre –

19
/

4
9

...
in

th
e

se
n

se
o

f
“fin

d
in

g
o

u
t

w
h

at
th

e
e

xact
re

q
u

ire
m

e
n

ts
are”.

“A
n

alysin
g

an
e

xistin
g

re
q

u
ire

m
e

n
ts/

fe
atu

re
sp

e
cificatio

n”
→

late
r.

In
th

e
fo

llo
w

in
g

w
e

sh
alld

iscu
ss:

(i)
d

e
sire

d
p

ro
p

e
rtie

s
o

f

•
re

q
u

ire
m

e
n

ts
sp

e
cificatio

n
s,

•
re

q
u

ire
m

e
n

ts
sp

e
cificatio

n
d

o
cu

m
e

n
ts,

(ii)
kin

d
s

o
f

re
q

u
ire

m
e

n
ts

•
h

ard
an

d
so

ft,

•
o

p
e

n
an

d
tacit,

•
fu

n
ctio

n
alan

d
n

o
n

-fu
n

ctio
n

al.

(iii)
(a

se
le

ctio
n

o
f)an

aly
sis

te
ch

n
iq

u
e

s

(iv)
d

o
cu

m
e

n
ts

o
f

th
e

re
q

u
ire

m
e

n
ts

an
alysis:

•
d

ictio
n

ary,

•
re

q
u

ire
m

e
n

ts
sp

e
cificatio

n
(‘L

aste
n

h
e

ft’),

•
fe

atu
re

sp
e

cificatio
n

(‘P
flich

te
n

h
e

ft’).

•
N

o
te

:In
th

e
fo

llo
w

in
g

(u
n

le
ss

o
th

e
rw

ise
n

o
te

d
),w

e
d

iscu
ss

th
e

fe
atu

re
sp

e
cificatio

n
,

i.e
.th

e
d

o
cu

m
e

n
t

o
n

w
h

ich
th

e
so

ftw
are

d
e

ve
lo

p
m

e
n

t
is

b
ase

d
.

To
m

axim
ise

co
n

fu
sio

n
,w

e
m

ay
o

ccasio
n

ally
(in

co
n

siste
n

tly)callit
re

q
u

ire
m

e
n

ts
sp

e
cificatio

n
o

r
ju

st
sp

e
cificatio

n
—

sh
o

u
ld

b
e

cle
ar

fro
m

co
n

te
xt...

•
R

e
call:o

n
e

an
d

th
e

sam
e

co
n

te
n

t
can

se
rve

b
o

th
p

u
rp

o
se

s;o
n

ly
th

e
title

d
e

fin
e

s
th

e
p

u
rp

o
se

th
e

n
.

R
eq

u
irem

en
ts

o
n

R
eq

u
irem

en
ts

S
p

ecifi
ca

tio
n

s

– 5 – 2019-05-13 – Sre –

2
0

/
4

9

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
van

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
trad

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
alisab

le
,

•
n

e
u

tral,ab
stract

—
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,

•
trace

ab
le

,co
m

p
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n
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n
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