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m
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design
/
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en-
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en-
tation

quality
assurance
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assurance

acceptance
acceptance

docu-
m

entation
docu-
m

entation

re-use
re-use

custom
er

developer

negotiation
(w

ith
custom

er,
m

arketing
departm

ent,or
...)

design
and

im
plem

entation
,

�
w

ithoutspecification,
program

m
ers

m
ay

just�ask
around�w

hen
in

doubt,possibly
yielding

differentinterpretations
!

difficultintegration

docum
entation

,e.g.,theuser's
m

anual,

�
w

ithoutspecification,the
user's

m
anualauthorcan

only
describe

w
hatthe

system
does,notw

hatitshould
do

( �every
observation

is
a

feature�)

preparation
oftests,

�
w

ithouta
description

ofallow
ed

outcom
es,tests

are
random

ly
searching

forgeneric
errors

(like
crashes)

!
system

atic
testing

hardly
possible

acceptanceby
custom

er,
resolving

later
objections

orregress
claim

s,

�
w

ithoutspecification,it
is

unclearatdelivery
tim

e
w

hetherbehaviour
is

an
error(developer

needs
to

fix)orcorrect
(custom

erneeds
to

acceptand
pay)!

nasty
disputes,

additionaleffort

re-use,

�
w

ithoutspecification,re-use
needs

to
be

based
on

re-reading
the

code!
risk

ofunexpected
changes

�
laterre-im

plem
entations

.

�
the

new
softw

are
m

ay
need

to
adhere

to
requirem

ents
ofthe

old
softw

are;ifnotproperly
specified,

the
new

softw
are

needs
to

be
a

1:1
re-im

plem
entation

ofthe
old!

additionaleffort
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B
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and
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T
he

hardestsingle
partofbuilding

a
softw

are
system

is
deci

ding
precisely

w
hatto

build.

N
o

otherpartofthe
conceptualw

ork
is

as
difficultas

establ
ishing

the
detailed

technical
requirem

ents
...

N
o

otherpartofthe
w

ork
so

cripples
the

resulting
system

ifd
one

w
rong.

N
o

otherpartis
as

difficultto
rectify

later.
F.P

.B
rooks

(
B

rooks,1995)
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...
in

the
sense

of�finding
outw

hatthe
exactrequirem

ents
are�.

�A
nalysing

an
existing

requirem
ents/feature

specification�!
later.

In
the

follow
ing

w
e

shalldiscuss:

(i)
desiredproperties

of

�
requirem

ents
specifications,

�
requirem

ents
specification

docum
ents,

(ii)
kinds

ofrequirem
ents

�
hard

and
soft,

�
open

and
tacit,

�
functionaland

non-functional.

(iii)
(a

selection
of)analysis

techniques

(iv)
docum

ents
ofthe

requirem
ents

analysis:

�
dictionary,

�
requirem

ents
specification

(`Lastenheft'),

�
feature

specification
(`P

flichtenheft').

�
N

ote:In
the

follow
ing

(unless
otherw

ise
noted),w

e
discuss

thefeature
specification,

i.e.the
docum

enton
w

hich
the

softw
are

developm
entis

based.

To
m

axim
ise

confusion,w
e

m
ay

occasionally
(inconsistently)call

itrequirem
ents

specification
orjustspecification

�should
be

clearfrom
context...

�
R

ecall:one
and

the
sam

e
contentcan

serve
both

purposes;only
the

title
defines

the
purpose

then.

R
equirem

ents
on

R
equirem

ents
S

peci�cations
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A
requirem

ents
specification

should
be

�
correct
�itcorrectly

represents
the

w
ishes/needs

of
the

custom
er,

�
com

plete
�allrequirem

ents
(existing

in
som

ebody's
head,ora

docum
ent,or...)

should
be

present,

�
relevant
�things

w
hich

are
notrelevantto

the
project

should
notbe

constrained,

�
consistent,free

ofcontradictions
�each

requirem
entis

com
patible

w
ith

allother
requirem

ents;otherw
ise

the
requirem

ents
are

notrealisable,

�
neutral,abstract
�a

requirem
ents

specification
does

not
constrain

the
realisation

m
ore

than
necessary,

�
traceable,com

prehensible
�the

sources
ofrequirem

ents
are

docum
ented,

requirem
ents

are
uniquely

identifiable,

�
testable,objective
�the

finalproductcan
objectively

be
checked

forsatisfying
a

requirem
ent.

�
C

orrectnessand
com

pletenessare
defined

relative
to

som
ething

w
hich

is
usually

only in
the

custom
er's

head.

!
is

is difficult
to

be
sure

ofcorrectnessand
com

pleteness.

�
�D

earcustom
er,please

tellm
e

w
hatis

in
yourhead!�is

in
alm

ostallcasesnota
solution

!

It's
notunusualthateven

the
custom

erdoes
notprecisely

know
...!

Forexam
ple,the

custom
erm

ay
notbe

aw
are

ofcontradictions
due

to
technicallim

itations.

R
equirem

ents
on

R
equirem

ents
S

peci�cation
D

ocum
ents
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T
he

representation
and

form
ofa

requirem
ents

specification
should

be:

�
easily

understandable,
notunnecessarily

com
plicated

�
allaffected

people
should

be
able

to
understand

the
requirem

ents
specification,

�
precise

�
the

requirem
ents

specification
should

not
introduce

new
unclarities

orroom
s

for
interpretation

(!
testable,objective),

�
easily

m
aintainable

�
creating

and
m

aintaining
the

requirem
ents

specification
should

be
easy

and
should

not
need

unnecessary
effort,

�
easily

usable
�

storage
ofand

access
to

the
requirem

ents
specification

should
notneed

significanteffort.

N
ote:O

nce
again,it's

aboutcom
prom

ises.

�
A

very
preciseobjective

requirem
ents

specification
m

ay
notbe

easily
understandable

by
every

affected
person.

!
provide

redundantexplanations.

�
Itis

nottrivialto
have

both,low
m

aintenance
effortand

low
accesseffort.

!
value

low
access

efforthigher,
a

requirem
ents

specification
docum

entis
m

uch
m

ore
oftenread

than
changed

orw
ritten

(and
m

ostchanges
require

reading
beforehand).

P
itfall:

Vagueness
vs.A

bstraction
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C
onsiderthe

follow
ing

exam
ples:

�
V

ague
(notprecise):

�the
listofparticipants

should
be

sorted
conveniently�

�
P

recise,abstract:

�the
listofparticipants

should
be

sorted
by

im
m

atriculationnum
ber,low

estnum
berfirst�

�
P

recise,non-abstract:
�the

listofparticipants
should

be
sorted

by

public
static

<
T

>
void

C
ollections::sort(

List<
T

>
list,

C
o

m
parator

c
);

w
here

T
is

the
type

ofparticipantrecords,c
com

pares
im

m
atriculation

num
bernum

erically.�

�
A

requirem
ents

specification
should

alw
ays

be
asprecise

as
possible

(!
testable,objective).

Itneed
notdenote

exactly
one

solution;
precisely

characterising
acceptable

solutionsis
often

m
ore

appropriate.

�
B

eing
too

specific,m
ay

lim
itthe

design
decisions

ofthe
developers,w

hich
m

a
y

cause
unnecessary

costs.

�
Idealised

view
s

advocate
a

strictseparation
betw

een
requirem

ents
(�w

hatis
to

be
done?�)

anddesign
(�how

are
things

to
be

done?�).

C
ontent
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�
P

roposal:V
iew

softw
areS
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afunction

S
:i1 ;i2 ;i3 ;:::

7!
o

0 ;o
1 ;o

2 ;:::

w
hich

m
aps sequences

ofinputsto
sequences

ofoutputs.

K
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�
P

roposal:V
iew

softw
areS

as
afunction

S
:i1 ;i2 ;i3 ;:::

7!
o

0 ;o
1 ;o

2 ;:::

w
hich

m
aps sequences

ofinputsto
sequences

ofoutputs.

E
xam

ples:
�

S
oftw

are
�com

pute
shipping

costs�:

�
o

0 :initialstate,

�
i1 :shipping

param
eters

(w
eight,size,destination,...),

�
o

1 :shipping
costs

A
nd

no
m

ore
inputs,S

:
i1

7!
o

1 .

�
S

oftw
are

�traffic
lights

controller�:

�
o

0 :initialstate,

�
i1 :pedestrian

presses
button,

�
o

1 ;o
2 ;:::

:stop
traffic,give

green
to

pedestrians,

�
in

:button
pushed

again

�
...

�
E

very
constrainton

things
w

hich
areobservable

in
the

sequences
is

a
functionalrequirem

ent
(because

itrequires
som

ething
forthe

functionS
).

T
hus tim

ing
,energy

consum
ption,etc.m

ay
be

subjectto
functionalrequirem

ents.

�
C

learlynon-functional
requirem

ents:

program
m

ing
language,coding

conventions,process
m

odelrequirem
ents,po

rtability...

K
inds

ofR
equirem

ents:
H

ard
and

S
oftR

equirem
ents
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�
E

xam
ple

ofa
hard

requirem
ent:

�
C

ashing
a

cheque
overN

e
m

ustresultin
a

new
balance

decreased
byN

;
there

is
nota

m
icro-centoftolerance.

�
E

xam
plesofsoftrequirem

ents:

�
Ifa

vending
m

achine
dispenses

the
selected

item
w

ithin
1

s,it's
clearly

fine;
ifittakes

5
m

in.,it's
clearly

w
rong

�w
here's

the
boundary?

�
A

carentertainm
entsystem

w
hich

produces
�noise�(due

to
lim

ited
bus

bandw
idth

orC
P

U
pow

er)
in

average
once

perhouris
acceptable,once

perm
inute

is
notacceptabl

e.

T
he

borderbetw
een

hard/soft
is

difficultto
draw

,and

�
asdeveloper,w

e
w

antrequirem
ents

specifications
to

be
�as

hard
as

possible�,
i.e.w

e
w

anta
clearright/w

rong.

�
ascustom

er,w
e

often
cannotprovide

this
clarity;

w
e

know
w

hatis
� clearly

w
rong�and

w
e

know
w

hatis
�clearly

right�,butw
e

don'thave
a

sharp
boundary.

!
intervals,rates,etc.can

serve
asprecise

specificationsofsoftrequirem
ents.

K
inds

ofR
equirem

ents:
O

pen
and

Tacit
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�
open:custom

eris
aw

are
ofand

able
to

explicitly
com

m
unicate

the
requirem

ent,

�
(sem

i-)tacit:
custom

ernotaw
are

ofsom
ething being

a
requirem

ent(obvious
to

the
custom

er
butnotconsidered

relevantby
the

custom
er,notknow

n
to

be
relevant).

E
xam

ples:

�
buttons

and
screen

ofa
m

obile
phone

should
be

on
the

sam
e

side,

�
im

portantw
eb-shop

item
s

should
be

on
the

righthand
side

because
the

m
ain

users
are

socialised
w

ith
right-to-left

reading
direction,

�
the

E
C

U
(em

bedded
controlunit)m

ay
only

be
allow

ed
use

a
certain

am
ountof

bus
capacity.

A
nalyst

know
s

dom
ain

new
to

dom
ain

Customer/Client
explicit

requirem
ents

discovered
requirem

ents
discoverable

semi-tacit

requirem
ents

discoverable

requirem
ents

discoverable
w

ith
difficulties

tacit

hard/im
possible

to
discover

( G
acitua

etal.,2009
)

�
distinguishdon'tcare:

intentionally
leftopen

to
be

decided
by

developer.
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(A
S

election
of)

A
nalysis

Techniques
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Focus
current

desired
innovation

A
nalysis

Technique
situation

situation
consequences

A
nalysis

ofexisting
data

and
docum

ents

O
bservation

Q
uestionning

w
ith

�
closed

structured
open

�
questions

Interview

M
odelling

E
xperim

ents

P
rototyping

P
articipative

developm
ent

(Ludew
ig

and
Lichter,2013)

R
equirem

ents
E

licitation
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�
O

bservation:

C
ustom

ers
can

notbe
assum

ed
to

be
trained

in
stating/com

m
unicating

requirem
ents.

�
Itis

the
task

ofthe
analystto:

�
askw

hatis
w

anted,
askw

hatis
notw

anted,

�
establishprecision,
look

outforcontradictions,

�
anticipate

exceptions,difficulties,
corner-cases,

�
have

technicalbackground
toknow

technicaldifficulties,

�
com

m
unicate

(form
al)specification

to
custom

er,

�
�test�ow

n
understanding

by
asking

m
ore

questions.

!
i.e.to

elicitthe
requirem

ents.

G
oal:

autom
ate

opening/closing
ofa

m
ain

doorw
ith

a
new

softw
are.

A
m

ade
up

dialogue...

A
nalyst:

S
o

in
the

m
orning,

you
open

the
door

at
the

m
ain

entrance?
C

ustom
er:Y

es,as
Itold

you.
A

:E
very

m
orning?

C
:O

fcourse.
A

:A
lso

on
the

w
eekends?

C
:N

o,on
w

eekends,the
entrance

stays
closed.

A
:A

nd
during

com
pany

holidays?
C

:T
hen

italso
rem

ains
closed

ofcourse.
A

:A
nd

ifyou
are

illoron
vacation?

C
:T

hen
M

r.M
opens

the
door.

A
:A

nd
ifM

r.M
is

notavailable,too?
C

:T
hen

the
firstclientw

illknock
on

the
w

indow
.

A
:O

kay.N
ow

w
hatexactly

does
�m

orning�m
ean?

...
(Ludew

ig
and

Lichter,2013)

H
ow

C
an

R
equirem

ents
E

ngineering
Look

In
P

ractice?
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�
S

etup
a

core
team

foranalysis
(3

to
4

people),
include

experts
from

the
dom

ain
and

developers.A
nalysis

benefits
from

highest
skills

and
strong

experience.

�
D

uring
analysis,talk

todecision
m

akers
(m

anagers),dom
ainexperts,and

users.

U
sers

can
be

interview
ed

by
a

team
of2

analysts,ca.90
m

in.

�
T

he
resulting

�raw
m

aterial�is
sorted

and
assessed

in
half-orfull-day

w
orkshops

in
a

team
of6-10

people.

S
earch

for,e.g., contradictions
betw

een
custom

erw
ishes,and

for priorisation
.

N
ote:T

he
custom

erdecides.A
nalysts

m
ay

m
ake

proposals
(differentoptions

to
choose

from
),butthe

custom
erchooses.(A

nd
the

choice
is

docum
ented.)

�
T

he
�raw

m
aterial�is

basis
ofaprelim

inary
requirem

ents
specification

(audience:the
developers)w

ith
open

questions.

A
nalysts

need
to com

m
unicate

the
requirem

ents
specification appropriately

(explain,give
exam

ples,pointoutparticular
corner-cases).

C
ustom

ers
w

ithoutstrong
m

aths/com
puter

science
background

are
often overstrained

w
hen

�leftalone�w
ith

a
form

alrequirem
ents

specification.

�
R

esult:dictionary,specified
requirem

ents.

�
M

any
custom

ers
do

notw
ant(radical)change,butim

provem
ent.

�
G

ood
questions:H

ow
are

things
done

today?
W

hatshould
be

im
proved?

C
ontent
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�
Introduction

�
V

ocabulary:R
equirem

ents
(A

nalysis)

�
Im

portance
ofR

equirem
ents

S
pecifications

�
R

equirem
ents

S
pecification

�
R

equirem
ents

A
nalysis

�
D

esired
P

roperties

�
K

inds
ofR

equirem
ents

�
A

nalysis
Techniques

�
D

ocum
ents

�
D

ictionary

�
S

pecification

�
R

equirem
ents

S
pecification

Languages

�
N

aturalLanguage



TellT
hem

W
hatYou've

Told
T

hem
...
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�
R

equirem
ents

D
ocum

entsare
im

portant
�e.g.,for

�
negotiation,design

&
im

plem
entation,docum

entation,
testing,delivery,re-use,re-im

plem
entation.

�
A

R
equirem

ents
S

pecificationshould
be

�
correct,com

plete,relevant,consistent,neutral,traceable,objectiv
e.

N
ote:vague

vs.abstract.

�
R

equirem
ents

R
epresentationsshould

be

�
easily

understandable,precise,easily
m

aintainable,easily
usable

�
D

istinguish

�
hard

/soft,

�
functional/non-functional,

�
open

/tacit.

�
Itis

the
task

ofthe
analystto

elicitrequirem
ents.

�
N

aturallanguage
is

inherently
im

precise,counter-m
easures:

�
naturallanguage

patterns.

�
D

o
notunderestim

ate
the

value
ofa

gooddictionary.

R
eferences

� 6 � 2018-05-07 � main �

41/42

R
eferences

� 6 � 2018-05-07 � main �

42
/42

A
renis,S

.F.,W
estphal,B

.,D
ietsch,D

.,M
uñiz,M

.,and
A

ndisha,A
.S

.(20
14).

T
he

w
ireless

fire
alarm

system
:

E
nsuring

conform
ance

to
industrialstandards

through
form

alver
ification.

In
Jones,C

.B
.,P

ihlajasaari,P
.,and

S
un,

J.,editors,FM
2014:F

orm
alM

ethods
-19th

InternationalS
ym

posium
,S

in
gapore,M

ay
12-16,2014.P

roceedings
,

volum
e

8442
ofLN

C
S,pages

658�672.S
pringer.

B
oehm

,B
.W

.(1979).
G

uidelines
forverifying

and
validating

softw
are

requirem
ents

and
design

specifications.
In

E
U

R
O

IF
IP

79,pages
711�719.E

lsevierN
orth-H

olland.

B
rooks,F.P

.(1995).The
M

ythicalM
an-M

onth:E
ssays

on
S

oftw
are

E
ngineering,A

n
niversary

E
dition.A

ddison-W
esley.

G
acitua,R

.,M
a,L.,N

useibeh,B
.,P

iw
ek,P

.,de
R

oeck,A
.,R

ouncefiel
d,M

.,S
aw

yer,P
.,W

illis,A
.,and

Y
ang,H

.
(2009).

M
aking

tacitrequirem
ents

explicit.
talk.

IE
E

E
(1990).IE

E
E

S
tandard

G
lossary

ofS
oftw

are
E

ngineering
Term

inolog
y.

S
td

610.12-1990.

IE
E

E
(1998).IE

E
E

R
ecom

m
ended

P
ractice

forS
oftw

are
R

equirem
ents

S
peci

fications.
S

td
830-1998.

Ludew
ig,J.and

Lichter,H
.(2013).

S
oftw

are
E

ngineering.dpunkt.verlag,3.edition.

R
upp,C

.and
die

S
O

P
H

IS
Ten

(2009).Requirem
ents-E

ngineering
und

-M
anagem

ent
.

H
anser,5th

edition.


