
– 6 – 2017-05-22 – main –

S
o
ftw

a
retech

n
ik

/
S
o
ftw

a
re-E

n
g
in

eerin
g

L
ectu

re
6
:

R
eq

u
irem

en
ts

E
n
g
in

eerin
g

2
0
1
7
-0

5
-2

2

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.

– 6 – 2017-05-22 – main –

2
/

4
1

In
tro

d
u

ctio
n

L
1:

2
4

.4
.,M

o
n

S
cale

s,M
e

trics,
L

2
:

2
7.4

.,
T

h
u

-
1.5

.,M
o

n

T
1:

4
.5

.,
T

h
u

C
o

sts,
L

3
:

8
.5

.,M
o

n

D
e

ve
lo

p
m

e
n

t
L

4
:

11.5
.,

T
h

u

P
ro

ce
ss

L
5

:
15

.5
.,M

o
n

T
2

:
18

.5
.,

T
h

u

L
6

:
2

2
.5

.,M
o

n

-
2

5
.5

.,
T

h
u

L
7:

2
9

.5
.,M

o
n

R
e

q
u

ire
m

e
n

ts
E

n
gin

e
e

rin
g

L
8

:
1.6

.,
T

h
u

-
5

.6
.,M

o
n

-
8

.6
.,

T
h

u

T
3

:
12

.6
.,M

o
n

-
15

.6
.,

T
h

u

L
9

:
19

.6
.,M

o
n

L10
:

2
2

.6
.,

T
h

u

A
rch

.&
D

e
sign

L
11:

2
6

.6
.,M

o
n

T
4

:
2

9
.6

.,
T

h
u

L
12

:
3

.7.,M
o

n

L
13

:
6

.7.,
T

h
u

S
o

ftw
are

M
o

d
e

llin
g

L
14

:
10

.7.,M
o

n

T
5

:
13

.7.,
T

h
u

P
atte

rn
s

L
15

:
17.7.,M

o
n

L
16

:
2

0
.7.,

T
h

u
Q

A
(Te

stin
g,

Fo
rm

alV
e

rif.)
L

17:
2

4
.7.,M

o
n

W
rap

-U
p

L
18

:
2

7.7.,
T

h
u

T
o

p
ic

A
rea

R
eq

u
irem

en
ts

E
n

g
in

eerin
g

:
C

o
n

ten
t

– 6 – 2017-05-22 – Sblockcontent –

3
/

4
1

•
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

•
W

o
rkin

g
D

e
fin

itio
n

:S
o

ftw
are

•
D

e
cisio

n
Tab

le
s

•
S

y
n

tax,S
e

m
an

tics

•
C

o
n

siste
n

cy,C
o

m
p

le
te

n
e

ss,...

•
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

iscu
ssio

n

V
L

6

...

V
L

7

...

V
L

8...

V
L

9
...

R
eca

ll:
S

tru
ctu

re
o

f
T
o

p
ic

A
rea

s

– 6 – 2017-05-22 – Sblockstruct –

4
/

4
1

E
xam

p
le

:R
e

q
u

ire
m

e
n

ts
E

n
gin

e
e

rin
gV
o

cab
u

lary
e

.g.co
n

siste
n

t,
co

m
p

le
te

,tacit,e
tc.

Te
ch

n
iq

u
e

s

in
fo

rm
al

se
m

i-fo
rm

al

fo
rm

al

C
o

n
ten

t

– 6 – 2017-05-22 – Scontent –

5
/

4
1

•
In

tro
d

u
ctio

n

•
V

o
cab

u
lary

:R
e

q
u

ire
m

e
n

ts
(A

n
alysis)

•
U

sage
s

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

In
tro

d
u

ctio
n

– 6 – 2017-05-22 – main –

6
/

4
1



– 6 – 2017-05-22 – Sreintro –

9
/

4
1

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
)

C
o

n
ten

t

– 6 – 2017-05-22 – Scontent –

10
/

4
1

•
In

tro
d

u
ctio

n

•
V

o
cab

u
lary

:R
e

q
u

ire
m

e
n

ts
(A

n
alysis)

•
U

sage
s

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

– 6 – 2017-05-22 – main –

11/
4

1

R
eq

u
irem

en
ts

A
n

a
lysis...

– 6 – 2017-05-22 – Sre –

12
/

4
1

...
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

– 6 – 2017-05-22 – Sre –

13
/

4
1

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
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

stab
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

ad
.

→
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
ar

cu
sto

m
e

r,p
le

ase
te

llm
e

w
h

at
is

in
y

o
u

r
h

e
ad

!”
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.

R
eq

u
irem

en
ts

o
n

R
eq

u
irem

en
ts

S
p

ecifi
ca

tio
n

D
o

cu
m

en
ts

– 6 – 2017-05-22 – Sre –

14
/

4
1

T
h

e
re

p
re

se
n

tatio
n

an
d

fo
rm

o
f

a
re

q
u

ire
m

e
n

ts
sp

e
cificatio

n
sh

o
u

ld
b

e
:

•
e

asily
u

n
d

e
rstan

d
ab

le
,

n
o

t
u

n
n

e
ce

ssarily
co

m
p

licate
d

—
allaffe

cte
d

p
e

o
p

le
sh

o
u

ld
b

e
ab

le
to

u
n

d
e

rstan
d

th
e

re
q

u
ire

m
e

n
ts

sp
e

cificatio
n

,

•
p

re
cise

—
th

e
re

q
u

ire
m

e
n

ts
sp

e
cificatio

n
sh

o
u

ld
n

o
t

in
tro

d
u

ce
n

e
w

u
n

claritie
s

o
r

ro
o

m
s

fo
r

in
te

rp
re

tatio
n

(→
te

stab
le

,o
b

je
ctive),

•
e

asily
m

ain
tain

ab
le

—
cre

atin
g

an
d

m
ain

tain
in

g
th

e
re

q
u

ire
m

e
n

ts
sp

e
cificatio

n
sh

o
u

ld
b

e
e

asy
an

d
sh

o
u

ld
n

o
t

n
e

e
d

u
n

n
e

ce
ssary

e
ffo

rt,

•
e

asily
u

sab
le

—
sto

rage
o

f
an

d
acce

ss
to

th
e

re
q

u
ire

m
e

n
ts

sp
e

cificatio
n

sh
o

u
ld

n
o

t
n

e
e

d
sign

ifican
t

e
ffo

rt.

N
o

te
:O

n
ce

again
,it’s

ab
o

u
t

co
m

p
ro

m
ise

s.

•
A

ve
ry

p
re

cise
o

b
je

ctive
re

q
u

ire
m

e
n

ts
sp

e
cificatio

n
m

ay
n

o
t

b
e

e
asily

u
n

d
e

rstan
d

ab
le

b
y

e
ve

ry
affe

cte
d

p
e

rso
n

.

→
p

ro
vid

e
re

d
u

n
d

an
t

e
xp

lan
atio

n
s.

•
It

is
n

o
t

trivialto
h

ave
b

o
th

,lo
w

m
ain

te
n

an
ce

e
ffo

rt
an

d
lo

w
acce

ss
e

ffo
rt.

→
valu

e
lo

w
acce

ss
e

ffo
rt

h
ig

h
e

r,
a

re
q

u
ire

m
e

n
ts

sp
e

cificatio
n

d
o

cu
m

e
n

t
is

m
u

ch
m

o
re

o
fte

n
re

ad
th

an
ch

an
ge

d
o

r
w

ritte
n

(an
d

m
o

st
ch

an
ge

s
re

q
u

ire
re

ad
in

g
b

e
fo

re
h

an
d

).

P
itfa

ll:
V
a
g

u
en

ess
vs.

A
b

stra
ctio

n

– 6 – 2017-05-22 – Sre –

15
/

4
1

C
o

n
sid

e
r

th
e

fo
llo

w
in

g
e

xam
p

le
s:

•
V

ag
u

e
(n

o
t

p
re

cise):

“th
e

list
o

f
p

articip
an

ts
sh

o
u

ld
b

e
so

rte
d

co
n

ve
n

ie
n

tly”

•
P

re
cise

,ab
stract:

“th
e

list
o

f
p

articip
an

ts
sh

o
u

ld
b

e
so

rte
d

b
y

im
m

atricu
latio

n
n

u
m

b
e

r,lo
w

e
st

n
u

m
b

e
r

first”

•
P

re
cise

,n
o

n
-ab

stract:
“th

e
list

o
f

p
articip

an
ts

sh
o

u
ld

b
e

so
rte

d
b

y

p
u
b
l
i
c
s
t
a
t
i
c
<
T
>
v
o
i
d
C
o
l
l
e
c
t
i
o
n
s
:
:
s
o
r
t
(
L
i
s
t
<
T
>
l
i
s
t
,
C
o
m
p
a
r
a
t
o
r
c

)
;

w
h

e
re

T
is

th
e

ty
p

e
o

f
p

articip
an

t
re

co
rd

s,c
co

m
p

are
s

im
m

atricu
latio

n
n

u
m

b
e

r
n

u
m

e
rically.”

•
A

re
q

u
ire

m
e

n
ts

sp
e

cificatio
n

sh
o

u
ld

alw
ays

b
e

as
p

re
cise

as
p

o
ssib

le
(→

te
stab

le
,o

b
je

ctive).

It
n

e
e

d
n

o
t

d
e

n
o

te
e

xactly
o

n
e

so
lu

tio
n

;
p

re
cise

ly
ch

aracte
risin

g
acce

p
tab

le
so

lu
tio

n
s

is
o

fte
n

m
o

re
ap

p
ro

p
riate

.

•
B

e
in

g
to

o
sp

e
cific,m

ay
lim

it
th

e
d

e
sign

d
e

cisio
n

s
o

f
th

e
d

e
ve

lo
p

e
rs,w

h
ich

m
ay

cau
se

u
n

n
e

ce
ssary

co
sts.

•
Id

e
alise

d
vie

w
s

ad
vo

cate
a

strict
se

p
aratio

n
b

e
tw

e
e

n
re

q
u

ire
m

e
n

ts
(“w

h
at

is
to

b
e

d
o

n
e?”)

an
d

d
e

sig
n

(“h
o

w
are

th
in

gs
to

b
e

d
o

n
e?”).

C
o

n
ten

t

– 6 – 2017-05-22 – Scontent –

16
/

4
1

•
In

tro
d

u
ctio

n

•
V

o
cab

u
lary

:R
e

q
u

ire
m

e
n

ts
(A

n
alysis)

•
U

sage
s

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

K
in

d
s

o
f

R
eq

u
irem

en
ts

– 6 – 2017-05-22 – main –

17
/

4
1



K
in

d
s

o
f

R
eq

u
irem

en
ts:

F
u

n
ctio

n
a

l
a

n
d

N
o

n
-F

u
n

ctio
n

a
l

– 6 – 2017-05-22 – Skinds –

18
/

4
1

•
P

ro
p

o
sal:V

ie
w

so
ftw

are
S

as
a

fu
n

ctio
n

S
:
i
1
,
i
2
,
i
3
,···

7→
o
0
,
o
1
,
o
2
,
.
.
.

w
h

ich
m

ap
s

se
q

u
e

n
ce

s
o

f
in

p
u

ts
to

se
q

u
e

n
ce

s
o

f
o

u
tp

u
ts.

E
xam

p
le

s:

•
S

o
ftw

are
“co

m
p

u
te

sh
ip

p
in

g
co

sts”:

•
o
0

:in
itialstate

,

•
i
1

:sh
ip

p
in

g
p

aram
e

te
rs

(w
e

igh
t,size

,d
e

stin
atio

n
,...),

•
o
1

:sh
ip

p
in

g
co

sts

A
n

d
n

o
m

o
re

in
p

u
ts,S

:
i
1
7→

o
1

.

•
S

o
ftw

are
“traffic

ligh
ts

co
n

tro
lle

r”:

•
o
0

:in
itialstate

,

•
i
1

:p
e

d
e

strian
p

re
sse

s
b

u
tto

n
,

•
o
1
,
o
2
,
.
.
.

:sto
p

traffic,give
gre

e
n

to
p

e
d

e
strian

s,

•
i
n

:b
u

tto
n

p
u

sh
e

d
again

•
...

•
E

ve
ry

co
n

strain
t

o
n

th
in

gs
w

h
ich

are
o

b
se

rvab
le

in
th

e
se

q
u

e
n

ce
s

is
a

fu
n

ctio
n

al
re

q
u

ire
m

e
n

t
(b

e
cau

se
it

re
q

u
ire

s
so

m
e

th
in

g
fo

r
th

e
fu

n
ctio

n
S

).

T
h

u
s

tim
in

g
,e

n
e

rg
y

co
n

su
m

p
tio

n
,e

tc.m
ay

b
e

su
b

je
ct

to
fu

n
ctio

n
alre

q
u

ire
m

e
n

ts.

•
C

le
arly

n
o

n
-fu

n
ctio

n
al

re
q

u
ire

m
e

n
ts:

p
ro

gram
m

in
g

lan
gu

age
,co

d
in

g
co

n
ve

n
tio

n
s,p

ro
ce

ss
m

o
d

e
lre

q
u

ire
m

e
n

ts,p
o

rtab
ility

...

K
in

d
s

o
f

R
eq

u
irem

en
ts:

H
a

rd
a

n
d

S
o

ft
R

eq
u

irem
en

ts

– 6 – 2017-05-22 – Skinds –

19
/

4
1

•
E

xam
p

le
o

f
a

h
ard

re
q

u
ire

m
e

n
t:

•
C

ash
in

g
a

ch
e

q
u

e
o

ve
r
N
e

m
u

st
re

su
lt

in
a

n
e

w
b

alan
ce

d
e

cre
ase

d
b

y
N

;
th

e
re

is
n

o
t

a
m

icro
-ce

n
t

o
f

to
le

ran
ce

.

•
E

xam
p

le
s

o
f

so
ft

re
q

u
ire

m
e

n
ts:

•
If

a
ve

n
d

in
g

m
ach

in
e

d
isp

e
n

se
s

th
e

se
le

cte
d

ite
m

w
ith

in
1

s,it’s
cle

arly
fin

e
;

if
it

take
s

5
m

in
.,it’s

cle
arly

w
ro

n
g

—
w

h
e

re’s
th

e
b

o
u

n
d

ary?

•
A

car
e

n
te

rtain
m

e
n

t
syste

m
w

h
ich

p
ro

d
u

ce
s

“n
o

ise”
(d

u
e

to
lim

ite
d

b
u

s
b

an
d

w
id

th
o

r
C

P
U

p
o

w
e

r)
in

ave
rage

o
n

ce
p

e
r

h
o

u
r

is
acce

p
tab

le
,o

n
ce

p
e

r
m

in
u

te
is

n
o

t
acce

p
tab

le
.

T
h

e
b

o
rd

e
r

b
e

tw
e

e
n

h
ard

/
so

ft
is

d
ifficu

lt
to

d
raw

,an
d

•
as

d
e

ve
lo

p
e

r,w
e

w
an

t
re

q
u

ire
m

e
n

ts
sp

e
cificatio

n
s

to
b

e
“as

h
ard

as
p

o
ssib

le
”,

i.e
.w

e
w

an
t

a
cle

ar
righ

t/
w

ro
n

g.

•
as

cu
sto

m
e

r,w
e

o
fte

n
can

n
o

t
p

ro
vid

e
th

is
clarity

;
w

e
kn

o
w

w
h

at
is

“cle
arly

w
ro

n
g

”
an

d
w

e
kn

o
w

w
h

at
is

“cle
arly

rig
h

t”,b
u

t
w

e
d

o
n’t

h
ave

a
sh

arp
b

o
u

n
d

ary.

→
in

te
rvals,rate

s,e
tc.can

se
rve

as
p

re
cise

sp
e

cificatio
n

s
o

f
so

ft
re

q
u

ire
m

e
n

ts.

K
in

d
s

o
f

R
eq

u
irem

en
ts:

O
p

en
a

n
d

T
a

cit

– 6 – 2017-05-22 – Skinds –

2
0

/
4

1

•
o

p
e

n
:cu

sto
m

e
r

is
aw

are
o

f
an

d
ab

le
to

e
xp

licitly
co

m
m

u
n

icate
th

e
re

q
u

ire
m

e
n

t,

•
(se

m
i-)tacit:

cu
sto

m
e

r
n

o
t

aw
are

o
f

so
m

e
th

in
g

b
e

in
g

a
re

q
u

ire
m

e
n

t
(o

b
vio

u
s

to
th

e
cu

sto
m

e
r

b
u

t
n

o
t

co
n

sid
e

re
d

re
le

van
t

b
y

th
e

cu
sto

m
e

r,n
o

t
kn

o
w

n
to

b
e

re
le

van
t).

E
xam

p
le

s:

•
b

u
tto

n
s

an
d

scre
e

n
o

f
a

m
o

b
ile

p
h

o
n

e
sh

o
u

ld
b

e
o

n
th

e
sam

e
sid

e
,

•
im

p
o

rtan
t

w
e

b
-sh

o
p

ite
m

s
sh

o
u

ld
b

e
o

n
th

e
righ

t
h

an
d

sid
e

b
e

cau
se

th
e

m
ain

u
se

rs
are

so
cialise

d
w

ith
righ

t-to
-le

ft
re

ad
in

g
d

ire
ctio

n
,

•
th

e
E

C
U

(e
m

b
e

d
d

e
d

co
n

tro
lu

n
it)m

ay
o

n
ly

b
e

allo
w

e
d

u
se

a
ce

rtain
am

o
u

n
t

o
f

b
u

s
cap

acity.

A
n

aly
st

kn
o

w
s

d
o

m
ain

n
e

w
to

d
o

m
ain

Customer/Client
explicit

re
q

u
ire

m
e

n
ts

d
isco

ve
re

d
re

q
u

ire
m

e
n

ts
d

isco
ve

rab
le

semi-tacit

re
q

u
ire

m
e

n
ts

d
isco

ve
rab

le

re
q

u
ire

m
e

n
ts

d
isco

ve
rab

le
w

ith
d

ifficu
ltie

s

tacit

h
ard

/
im

p
o

ssib
le

to
d

isco
ve

r

(G
acitu

a
e

t
al.,2

0
0

9
)

•
d

istin
gu

ish
d

o
n

’t
care

:

in
te

n
tio

n
ally

le
ft

o
p

e
n

to
b

e
d

e
cid

e
d

b
y

d
e

ve
lo

p
e

r.

C
o

n
ten

t

– 6 – 2017-05-22 – Scontent –

2
1/

4
1

•
In

tro
d

u
ctio

n

•
V

o
cab

u
lary

:R
e

q
u

ire
m

e
n

ts
(A

n
alysis)

•
U

sage
s

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

A
n

a
lysis

T
ech

n
iq

u
es

– 6 – 2017-05-22 – main –

2
2

/
4

1

(A
S

electio
n

o
f)

A
n

a
lysis

T
ech

n
iq

u
es

– 6 – 2017-05-22 – Sreana –

2
3

/
4

1

Fo
cu

s
cu

rre
n

t
d

e
sire

d
in

n
o

vatio
n

A
n

aly
sis

Te
ch

n
iq

u
e

situ
atio

n
situ

atio
n

co
n

se
q

u
e

n
ce

s

A
n

alysis
o

f
e

xistin
g

d
ata

an
d

d
o

cu
m

e
n

ts

O
b

se
rvatio

n

Q
u

e
stio

n
n

in
g

w
ith

(

clo
se

d
stru

ctu
re

d
o

p
e

n

)

q
u

e
stio

n
s

In
te

rvie
w

M
o

d
e

llin
g

E
xp

e
rim

e
n

ts

P
ro

to
ty

p
in

g

P
articip

ative
d

e
ve

lo
p

m
e

n
t

(Lu
d

e
w

ig
an

d
Lich

te
r,2

0
13

)



R
eq

u
irem

en
ts

E
licita

tio
n

– 6 – 2017-05-22 – Sreana –

2
4

/
4

1

•
O

b
se

rvatio
n

:

C
u

sto
m

e
rs

can
n

o
t

b
e

assu
m

e
d

to
b

e
train

e
d

in
statin

g
/co

m
m

u
n

icatin
g

re
q

u
ire

m
e

n
ts.

•
It

is
th

e
task

o
f

th
e

an
aly

st
to

:

•
ask

w
h

at
is

w
an

te
d

,
ask

w
h

at
is

n
o

t
w

an
te

d
,

•
e

stab
lish

p
re

cisio
n

,
lo

o
k

o
u

t
fo

r
co

n
trad

ictio
n

s,

•
an

ticip
ate

e
xce

p
tio

n
s,d

ifficu
ltie

s,
co

rn
e

r-case
s,

•
h

ave
te

ch
n

icalb
ackgro

u
n

d
to

kn
o

w
te

ch
n

icald
ifficu

ltie
s,

•
co

m
m

u
n

icate
(fo

rm
al)sp

e
cificatio

n
to

cu
sto

m
e

r,

•
“te

st”
o

w
n

u
n

d
e

rstan
d

in
g

b
y

askin
g

m
o

re
q

u
e

stio
n

s.

→
i.e

.to
e

licit
th

e
re

q
u

ire
m

e
n

ts.

G
o

al:
au

to
m

ate
o

p
e

n
in

g
/clo

sin
g

o
f

a
m

ain
d

o
o

r
w

ith
a

n
e

w
so

ftw
are

.

A
m

ad
e

u
p

d
ialo

gu
e

...

A
n

a
ly

st:
S

o
in

th
e

m
o

rn
in

g,
yo

u
o

p
en

th
e

d
o

o
r

a
t

th
e

m
a

in
en

tra
n

ce?

C
u

sto
m

er:Yes,a
s

Ito
ld

yo
u.

A
:E

very
m

o
rn

in
g?

C
:O

f
co

urse.

A
:A

lso
o

n
th

e
w

eeken
d

s?

C
:N

o
,o

n
w

eeken
d

s,th
e

en
tra

n
ce

sta
ys

clo
sed

.

A
:A

n
d

d
urin

g
co

m
p

a
n

y
h

o
lid

a
ys?

C
:T

h
en

it
a

lso
rem

a
in

s
clo

sed
o

f
co

urse.

A
:A

n
d

if
yo

u
a

re
illo

r
o

n
va

ca
tio

n?

C
:T

h
en

M
r.M

o
p

en
s

th
e

d
o

o
r.

A
:A

n
d

if
M

r.M
is

n
o

t
a

va
ila

b
le,to

o?

C
:T

h
en

th
e

first
clien

t
w

illkn
o

ck
o

n
th

e
w

in
d

o
w

.

A
:O

ka
y.N

o
w

w
h

a
t

exa
ctly

d
o

es
“m

o
rn

in
g”

m
ea

n?

...
( Lud

ew
ig

a
n

d
Lichter,20

13)

H
o

w
C

a
n

R
eq

u
irem

en
ts

E
n

g
in

eerin
g

L
o

o
k

In
P

ra
ctice?

– 6 – 2017-05-22 – Sreana –

2
5

/
4

1

•
S

e
t

u
p

a
co

re
te

am
fo

r
an

alysis
(3

to
4

p
e

o
p

le),
in

clu
d

e
e

xp
e

rts
fro

m
th

e
d

o
m

ain
an

d
d

e
ve

lo
p

e
rs.A

n
alysis

b
e

n
e

fits
fro

m
h

ig
h

e
st

skills
an

d
stro

n
g

e
xp

e
rie

n
ce

.

•
D

u
rin

g
an

alysis,talk
to

d
e

cisio
n

m
ake

rs
(m

an
age

rs),d
o

m
ain

e
xp

e
rts,an

d
u

se
rs.

U
se

rs
can

b
e

in
te

rvie
w

e
d

b
y

a
te

am
o

f
2

an
alysts,ca.9

0
m

in
.

•
T

h
e

re
su

ltin
g

“raw
m

ate
rial”

is
so

rte
d

an
d

asse
sse

d
in

h
alf-

o
r

fu
ll-d

ay
w

o
rksh

o
p

s
in

a
te

am
o

f
6

-10
p

e
o

p
le

.

S
e

arch
fo

r,e
.g., co

n
trad

ictio
n

s
b

e
tw

e
e

n
cu

sto
m

e
r

w
ish

e
s,an

d
fo

r
p

rio
risatio

n
.

N
o

te
:T

h
e

cu
sto

m
e

r
d

e
cid

e
s.A

n
alysts

m
ay

m
ake

p
ro

p
o

sals
(d

iffe
re

n
t

o
p

tio
n

s
to

ch
o

o
se

fro
m

),b
u

t
th

e
cu

sto
m

e
r

ch
o

o
se

s.(A
n

d
th

e
ch

o
ice

is
d

o
cu

m
e

n
te

d
.)

•
T

h
e

“raw
m

ate
rial”

is
b

asis
o

f
a

p
re

lim
in

ary
re

q
u

ire
m

e
n

ts
sp

e
cificatio

n
(au

d
ie

n
ce

:th
e

d
e

ve
lo

p
e

rs)w
ith

o
p

e
n

q
u

e
stio

n
s.

A
n

alysts
n

e
e

d
to

co
m

m
u

n
icate

th
e

re
q

u
ire

m
e

n
ts

sp
e

cificatio
n

ap
p

ro
p

riate
ly

(e
xp

lain
,give

e
xam

p
le

s,p
o

in
t

o
u

t
p

articu
lar

co
rn

e
r-case

s).

C
u

sto
m

e
rs

w
ith

o
u

t
stro

n
g

m
ath

s/co
m

p
u

te
r

scie
n

ce
b

ackgro
u

n
d

are
o

fte
n

o
ve

rstrain
e

d
w

h
e

n
“le

ft
alo

n
e”

w
ith

a
fo

rm
alre

q
u

ire
m

e
n

ts
sp

e
cificatio

n
.

•
R

e
su

lt:d
ictio

n
ary

,sp
e

cifie
d

re
q

u
ire

m
e

n
ts.

•
M

an
y

cu
sto

m
e

rs
d

o
n

o
t

w
an

t
(rad

ical)
ch

an
ge

,b
u

t
im

p
ro

ve
m

e
n

t.

•
G

o
o

d
q

u
e

stio
n

s:H
o

w
are

th
in

gs
d

o
n

e
to

d
ay?

W
h

at
sh

o
u

ld
b

e
im

p
ro

ve
d

?

C
o

n
ten

t

– 6 – 2017-05-22 – Scontent –

2
6

/
4

1

•
In

tro
d

u
ctio

n

•
V

o
cab

u
lary

:R
e

q
u

ire
m

e
n

ts
(A

n
alysis)

•
U

sage
s

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

D
o

cu
m

en
ts

– 6 – 2017-05-22 – main –

2
7

/
4

1

D
ictio

n
a

ry

– 6 – 2017-05-22 – Sredocs –

2
8

/
4

1

•
R

e
q

u
ire

m
e

n
ts

an
alysis

sh
o

u
ld

b
e

b
ase

d
o

n
a

d
ictio

n
ary

.

•
A

d
ictio

n
ary

co
m

p
rise

s
d

e
fin

itio
n

s
an

d
clarificatio

n
s

o
f

te
rm

s
th

at
are

re
le

van
t

to
th

e
p

ro
je

ct
an

d
o

f
w

h
ich

d
iffe

re
n

t
p

e
o

p
le

(in
p

articu
lar

cu
sto

m
e

r
an

d
d

e
ve

lo
p

e
r)m

ay
h

ave
d

iffe
re

n
t

u
n

d
e

rstan
d

in
gs

b
e

fo
re

agre
e

in
g

o
n

th
e

d
ictio

n
ary.

•
E

ach
e

n
try

in
th

e
d

ictio
n

ary
sh

o
u

ld
p

ro
vid

e
th

e
fo

llo
w

in
g

in
fo

rm
atio

n
:

•
te

rm
an

d
sy

n
o

n
y

m
s

(in
th

e
se

n
se

o
f

th
e

re
q

u
ire

m
e

n
ts

sp
e

cificatio
n

),

•
m

e
an

in
g

(d
e

fin
itio

n
,e

xp
lan

atio
n

),

•
d

e
lim

in
atio

n
s

(w
h

e
re

n
o

t
to

u
se

th
is

te
rm

s),

•
valid

n
e

ss
(in

tim
e

,in
sp

ace
,...),

•
d

e
n

o
tatio

n
,u

n
iq

u
e

id
e

n
tifie

rs,...,

•
o

p
e

n
q

u
e

stio
n

s
n

o
t

ye
t

re
so

lve
d

,

•
re

late
d

te
rm

s,cro
ss

re
fe

re
n

ce
s.

N
o

te
:e

n
trie

s
fo

r
te

rm
s

th
at

se
e

m
e

d
“crystalcle

ar”
at

first
sigh

t
are

n
o

t
u

n
co

m
m

o
n

.

•
A

llw
o

rk
o

n
re

q
u

ire
m

e
n

ts
sh

o
u

ld
,as

far
as

p
o

ssib
le

,
b

e
d

o
n

e
u

sin
g

te
rm

s
fro

m
th

e
d

ictio
n

ary
co

n
siste

n
tly

an
d

co
n

se
q

u
e

n
tly.

T
h

e
d

ictio
n

ary
sh

o
u

ld
in

p
articu

lar
b

e
n

e
go

tiate
d

w
ith

th
e

cu
sto

m
e

r
an

d
u

se
d

in
co

m
m

u
n

icatio
n

(if
n

o
t

p
o

ssib
le

,at
le

ast
d

e
ve

lo
p

e
rs

sh
o

u
ld

stick
to

d
ictio

n
ary

te
rm

s).

•
N

o
te

:d
o

n
o

t
m

ix
u

p
re

al-w
o

rld
/

d
o

m
ain

te
rm

s
w

ith
o

n
e

s
o

n
ly

“livin
g”

in
th

e
so

ftw
are

.

D
ictio

n
a

ry
E

xa
m

p
le

– 6 – 2017-05-22 – Sredocs –

2
9

/
4

1

(A
re

n
is

e
t

al.,2
0

14
)

E
xam

p
le

:W
ire

le
ss

F
ire

A
larm

S
y

ste
m

•
D

u
rin

g
a

p
ro

je
ct

o
n

d
e

sign
in

g
a

h
igh

ly
re

liab
le

,E
N

-5
4

-2
5

co
n

fo
rm

in
g

w
ire

le
ss

co
m

m
u

n
icatio

n
p

ro
to

co
l,w

e
h

ad
to

le
arn

th
at

th
e

re
le

van
t

co
m

p
o

n
e

n
ts

o
f

a
fire

alarm
syste

m
are

•
te

rm
in

alp
articip

an
ts

(h
e

at/sm
o

ke
se

n
so

rs
an

d
m

an
u

alin
d

icato
rs),

•
re

p
e

ate
rs

(a
n

o
n

-te
rm

in
alp

articip
an

t),

•
an

d
a

ce
n

tralu
n

it
(n

o
t

a
p

articip
an

t).

•
R

e
p

e
ate

rs
an

d
ce

n
tralu

n
it

are
te

ch
n

ically
ve

ry
sim

ilar,b
u

t
n

e
e

d
to

b
e

d
istin

gu
ish

e
d

to
u

n
d

e
rstan

d
re

q
u

ire
m

e
n

ts.
T

h
e

d
ictio

n
ary

e
xp

lain
s

th
e

se
te

rm
s.

E
xce

rp
t

fro
m

th
e

d
ictio

n
ary

(ca.5
0

e
n

trie
s

in
to

tal):

P
art

A
p

art
o

f
a

fire
alarm

sy
ste

m
is

e
ith

e
r

a
p

articip
an

t
o

r
a

ce
n

tralu
n

it.

R
e

p
e

ate
r

A
re

p
e

ate
ris

a
p

articip
an

t
w

h
ich

acce
p

ts
m

e
ssage

s
fo

r
th

e
ce

n
tralu

n
it

fro
m

o
th

e
rp

articip
an

ts,
o

r
m

e
ssage

s
fro

m
th

e
ce

n
tralu

n
it

to
o

th
e

r
p

articip
an

ts.

C
e

n
tralU

n
it

A
ce

n
tral

u
n

it
is

a
p

art
w

h
ich

re
ce

ive
s

m
e

ssage
s

fro
m

d
iffe

re
n

t
assign

e
d

p
articip

an
ts,

as-
se

sse
s

th
e

m
e

ssage
s,an

d
re

acts,e
.g.b

y
fo

rw
ard

in
g

to
p

e
rso

n
s

o
r

o
p

tical/acu
stic

sign
allin

g
d

e
vice

s.

Te
rm

in
alP

articip
an

t
A

te
rm

in
alp

articip
an

t
is

a
p

articip
an

t
w

h
ich

is
n

o
t

a
re

p
e

ate
r.E

ach
te

rm
in

alp
artic-

ip
an

t
co

n
sists

o
f

e
xactly

o
n

e
w

ire
le

ss
co

m
m

u
n

icatio
n

m
o

d
u

le
an

d
d

e
vice

s
w

h
ich

p
ro

vid
e

se
n

so
r

an
d

/o
r

sign
allin

g
fu

n
ctio

n
ality.



R
eq

u
irem

en
ts

S
p

ecifi
ca

tio
n

– 6 – 2017-05-22 – Sredocs –

3
0

/
4

1

sp
e

cificatio
n

—
A

d
o

cu
m

e
n

t
th

at
sp

e
cifie

s,

•
in

a
co

m
p

le
te

,p
re

cise
,ve

rifiab
le

m
an

n
e

r,

th
e

•
re

q
u

ire
m

e
n

ts,d
e

sign
,b

e
h

avio
r,o

r
o

th
e

r
ch

aracte
ristics

o
f

a
syste

m
o

r
co

m
p

o
n

e
n

t,

an
d

,o
fte

n
,th

e
p

ro
ce

d
u

re
s

fo
r

d
e

te
rm

in
in

g
w

h
e

th
e

r
th

e
se

p
ro

visio
n

s
h

ave
b

e
e

n
satis-

fie
d

.
IE

E
E

6
10

.12
( 19

9
0

)

so
ftw

are
re

q
u

ire
m

e
n

ts
sp

e
cificatio

n
(S

R
S

)—
D

o
cu

m
e

n
tatio

n
o

f
th

e
e

sse
n

tialre
q

u
ire

-
m

e
n

ts
(fu

n
ctio

n
s,p

e
rfo

rm
an

ce
,d

e
sign

co
n

strain
ts,an

d
attrib

u
te

s)o
f

th
e

so
ftw

are
an

d
its

e
xte

rn
alin

te
rface

s.
IE

E
E

6
10

.12
(19

9
0

)

– 6 – 2017-05-22 – Sredocs –

3
1/

4
1

 

T
h
e
 In

s
titu

te
 o

f E
le

c
tric

a
l a

n
d
 E

le
c
tro

n
ic

s
 E

n
g
in

e
e
rs

, In
c
.

3
4
5
 E

a
s
t 4

7
th

 S
tre

e
t, N

e
w

 Y
o
rk

, N
Y

 1
0
0
1
7
-2

3
9
4
, U

S
A

C
o
p
y
rig

h
t ©

 1
9
9
8
 b

y
 th

e
 In

s
titu

te
 o

f E
le

c
tric

a
l a

n
d
 E

le
c
tro

n
ic

s
 E

n
g
in

e
e
rs

, In
c
.

A
ll rig

h
ts

 re
s
e
rve

d
. P

u
b
lis

h
e
d
 1

9
9
8
. P

rin
te

d
 in

 th
e
 U

n
ite

d
 S

ta
te

s
 o

f A
m

e
ric

a
.

IS
B

N
 0

-7
3
8
1
-0

3
3
2
-2

 

N
o
 p

a
rt o

f th
is

 p
u
b
lic

a
tio

n
 m

a
y
 b

e
 re

p
ro

d
u
c
e
d
 in

 a
n
y
 fo

rm
, in

 a
n
 e

le
c
tro

n
ic

 re
trie

v
a
l s

y
s
te

m
 o

r o
th

e
rw

is
e
, w

ith
o
u
t th

e
 p

rio
r 

w
ritte

n
 p

e
rm

is
s
io

n
 o

f th
e
 p

u
b
lis

h
e
r.

 

IE
E

E
 S

td
 8

3
0
-1

9
9
8

 

(R
e
v
is

io
n
 o

f

IE
E

E
 S

td
 8

3
0
-1

9
9
3
)

 

IE
E

E
 R

e
c
o

m
m

e
n

d
e
d

 P
ra

c
tic

e
 fo

r 
S

o
ftw

a
re

 R
e
q

u
ire

m
e
n

ts
 

S
p

e
c
iÞ

c
a
tio

n
s

 

S
p
o
n
s
o
r

 

S
o

ftw
a
re

 E
n

g
in

e
e
rin

g
 S

ta
n

d
a
rd

s
 C

o
m

m
itte

e
o

f th
e

IE
E

E
 C

o
m

p
u

te
r S

o
c
ie

ty

 

A
p
p
ro

ve
d
 2

5
 J

u
n
e
 1

9
9
8

 

IE
E

E
-S

A
 S

ta
n

d
a
rd

s
 B

o
a
rd

 

A
b

s
tra

c
t:

 

 T
h

e
 c

o
n

te
n

t a
n

d
 q

u
a

litie
s
 o

f a
 g

o
o

d
 s

o
ftw

a
re

 re
q

u
ire

m
e

n
ts

 s
p

e
c
ific

a
tio

n
 (S

R
S

) a
re

 d
e

-

s
c
rib

e
d

 a
n

d
 s

e
v
e

ra
l s

a
m

p
le

 S
R

S
 o

u
tlin

e
s
 a

re
 p

re
s
e

n
te

d
. T

h
is

 re
c
o

m
m

e
n

d
e

d
 p

ra
c
tic

e
 is

 a
im

e
d

 a
t

s
p

e
c
ify

in
g

 re
q

u
ire

m
e

n
ts

 o
f s

o
ftw

a
re

 to
 b

e
 d

e
v
e

lo
p

e
d

 b
u

t a
ls

o
 c

a
n

 b
e

 a
p

p
lie

d
 to

 a
s
s
is

t in
 th

e
 s

e
le

c
-

tio
n

 
o

f 
in

-h
o

u
s
e

 
a

n
d

 
c
o

m
m

e
rc

ia
l 

s
o

ftw
a

re
 
p

ro
d

u
c
ts

. 
G

u
id

e
lin

e
s
 
fo

r 
c
o

m
p

lia
n

c
e

 
w

ith
 
IE

E
E

/E
IA

1
2

2
0

7
.1

-1
9

9
7

 a
re

 a
ls

o
 p

ro
v
id

e
d

.

 

K
e

y
w

o
rd

s
:

 

 c
o

n
tra

c
t, c

u
s
to

m
e

r, p
ro

to
ty

p
in

g
, s

o
ftw

a
re

 re
q

u
ire

m
e

n
ts

 s
p

e
c
ific

a
tio

n
, s

u
p

p
lie

r, s
y
s
te

m

re
q

u
ire

m
e

n
ts

 s
p

e
c
ific

a
tio

n
s

S
tru

ctu
re

o
f

a
R

eq
u

irem
en

ts
D

o
cu

m
en

t:
E

xa
m

p
le

– 6 – 2017-05-22 – Sredocs –

3
2

/
4

1

1
IN

T
R

O
D

U
C

T
IO

N

1.1
P

u
rp

o
se

1.2
A

cro
n

y
m

s
an

d
D

e
fin

itio
n

s
1.3

R
e

fe
re

n
ce

s
1.4

U
se

r
C

h
aracte

ristics

2
F

U
N

C
T

IO
N

A
L

R
E

Q
U

IR
E

M
E

N
T

S

2
.1

Fu
n

ctio
n

S
e

t
1

2
.2

e
tc.

3
R

E
Q

U
IR

E
M

E
N

T
S

T
O

E
X

T
E

R
N

A
L

IN
T

E
R

FA
C

E
S

3
.1

U
se

r
In

te
rface

s
3

.2
In

te
rface

s
to

H
ard

w
are

3
.3

In
te

rface
s

to
S

o
ftw

are
P

ro
d

u
cts

/
S

o
ftw

are
/

F
irm

w
are

3
.4

C
o

m
m

u
n

icatio
n

In
te

rface
s

4
R

E
Q

U
IR

E
M

E
N

T
S

R
E

G
A

R
D

IN
G

T
E

C
H

N
IC

A
L

D
A

TA

4
.1

V
o

lu
m

e
R

e
q

u
ire

m
e

n
ts

4
.2

P
e

rfo
rm

an
ce

4
.3

e
tc.

5
G

E
N

E
R

A
L

C
O

N
S

T
R

A
IN

T
S

A
N

D
R

E
Q

U
IR

E
M

E
N

T
S

5
.1

S
tan

d
ard

s
an

d
R

e
gu

latio
n

s
5

.2
S

trate
gic

C
o

n
strain

ts
5

.3
H

ard
w

are
5

.4
S

o
ftw

are
5

.5
C

o
m

p
atib

ility
5

.6
C

o
st

C
o

n
strain

ts
5

.7
T

im
e

C
o

n
strain

ts
5

.8
e

tc.

6
P

R
O

D
U

C
T

Q
U

A
L

IT
Y

R
E

Q
U

IR
E

M
E

N
T

S

6
.1

A
vailab

ility,R
e

liab
ility,R

o
b

u
stn

e
ss

6
.2

S
e

cu
rity

6
.3

M
ain

tain
ab

ility
6

.4
P

o
rtab

ility
6

.5
e

tc.

7
F

U
R

T
H

E
R

R
E

Q
U

IR
E

M
E

N
T

S

7.1
S

yste
m

O
p

e
ratio

n
7.2

C
u

sto
m

isatio
n

7.3
R

e
q

u
ire

m
e

n
ts

o
f

In
te

rn
alU

se
rs

( Lu
d

e
w

ig
an

d
L

ich
te

r,2
0

13
)b

ase
d

o
n

(IE
E

E
,19

9
8

)

C
o

n
ten

t

– 6 – 2017-05-22 – Scontent –

3
3

/
4

1

•
In

tro
d

u
ctio

n

•
V

o
cab

u
lary

:R
e

q
u

ire
m

e
n

ts
(A

n
alysis)

•
U

sage
s

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

L
a

n
g

u
a
g
es

– 6 – 2017-05-22 – main –

3
4

/
4

1

R
eq

u
irem

en
ts

S
p

ecifi
ca

tio
n

L
a

n
g

u
a
g
e

– 6 – 2017-05-22 – Sspeclang –

3
5

/
4

1

sp
e

cificatio
n

lan
g

u
age

—
A

lan
gu

age
,o

fte
n

a
m

ach
in

e
-p

ro
ce

ssib
le

co
m

b
in

atio
n

o
f

n
at-

u
ralan

d
fo

rm
allan

gu
age

,u
se

d
to

e
xp

re
ss

th
e

re
q

u
ire

m
e

n
ts,d

e
sign

,b
e

h
avio

r,o
r

o
th

e
r

ch
aracte

ristics
o

f
a

syste
m

o
r

co
m

p
o

n
e

n
t.

Fo
r

e
xam

p
le

,a
d

e
sign

lan
gu

age
o

r
re

q
u

ire
m

e
n

ts
sp

e
cificatio

n
lan

gu
age

.C
o

n
trast

w
ith

:
p

ro
gram

m
in

g
lan

gu
age

;q
u

e
ry

lan
gu

age
.

IE
E

E
6

10
.12

( 19
9

0
)

re
q

u
ire

m
e

n
ts

sp
e

cificatio
n

lan
g

u
age

—
A

sp
e

cificatio
n

lan
gu

age
w

ith
sp

e
cialco

n
stru

cts
an

d
,so

m
e

tim
e

s,ve
rificatio

n
p

ro
to

co
ls,u

se
d

to
d

e
ve

lo
p

,an
aly

ze
,an

d
d

o
cu

m
e

n
t

h
ard

-
w

are
o

r
so

ftw
are

re
q

u
ire

m
e

n
ts.

IE
E

E
6

10
.12

(19
9

0
)



N
a

tu
ra

l
L

a
n

g
u

a
g
e

S
p

ecifi
ca

tio
n

(L
u
d
ew

ig
a
n
d

L
ich

te
r,

2
0
1
3
)

b
a
se

d

o
n

(R
u
p
p

a
n
d

d
ie

S
O

P
H

IS
T
e
n
,
2
0
0
9

)

– 6 – 2017-05-22 – Sspeclang –

3
6

/
4

1

ru
le

e
xp

lan
atio

n
,e

xam
p

le

R
1

S
tate

e
ach

re
q

u
ire

m
e

n
t

in
active

vo
ice

.
N

am
e

th
e

acto
rs,in

d
icate

w
h

e
th

e
r

th
e

u
se

r
o

r
th

e
syste

m
d

o
e

s
so

m
e

th
in

g.N
o

t
“th

e
ite

m
is

d
e

le
te

d
”.

R
2

E
xp

re
ss

p
ro

ce
sse

s
b

y
fu

llve
rb

s.
N

o
t

“is”,“h
as”,b

u
t

“re
ad

s”,“cre
ate

s”;fu
llve

rb
s

re
q

u
ire

in
fo

rm
atio

n
w

h
ich

d
e

scrib
e

th
e

p
ro

ce
ss

m
o

re
p

re
cise

ly.N
o

t
“w

h
e

n
d

ata
is

co
n

siste
n

t”
b

u
t

“afte
r

p
ro

gram
P

h
as

ch
e

cke
d

co
n

siste
n

cy
o

f
th

e
d

ata”.

R
3

D
isco

ve
r

in
co

m
p

le
te

ly
d

e
fin

e
d

ve
rb

s .
In

“th
e

co
m

p
o

n
e

n
t

raise
s

an
e

rro
r”,

ask
w

h
o

m
th

e
m

e
ssage

is
ad

d
re

sse
d

to
.

R
4

D
isco

ve
r

in
co

m
p

le
te

co
n

d
itio

n
s .

C
o

n
d

itio
n

s
o

f
th

e
fo

rm
“if-e

lse”
n

e
e

d
d

e
scrip

tio
n

s
o

f
th

e
if-

an
d

th
e

th
e

n
-case

.

R
5

D
isco

ve
r

u
n

ive
rsal

q
u

an
tifie

rs .
A

re
se

n
te

n
ce

s
w

ith
“n

e
ve

r”,“alw
ays”,“e

ach”,“an
y”,“all”

re
ally

u
n

ive
rsally

valid
?

A
re

“all”
re

ally
allo

r
are

th
e

re
e

xce
p

tio
n

s.

R
6

C
h

e
ck

n
o

m
in

alisatio
n

s.
N

o
u

n
s

like
“re

gistratio
n”

o
fte

n
h

id
e

co
m

p
le

x
p

ro
ce

sse
s

th
at

n
e

e
d

m
o

re
d

e
taile

d
d

e
scrip

tio
n

s;th
e

ve
rb

“re
giste

r”
raise

s
ap

p
ro

p
riate

q
u

e
stio

n
s:w

h
o

,w
h

e
re

,fo
r

w
h

at?

R
7

R
e

co
gn

ise
an

d
re

fin
e

u
n

cle
ar

su
b

stan
tive

s.
Is

th
e

su
b

stan
tive

u
se

d
as

a
ge

n
e

ric
te

rm
o

r
d

o
e

s
it

d
e

n
o

te
so

m
e

th
in

g
sp

e
cific?

Is
“u

se
r”

ge
n

e
ric

o
r

is
a

m
e

m
b

e
r

o
f

a
sp

e
cific

classe
s

m
e

an
t?

R
8

C
larify

re
sp

o
n

sib
ilitie

s.
If

th
e

sp
e

cificatio
n

says
th

at
so

m
e

th
in

g
is

“p
o

ssib
le”,“im

p
o

ssib
le”,o

r
“m

ay”,“sh
o

u
ld

”,“m
u

st”
h

ap
p

e
n

,
clarify

w
h

o
is

e
n

fo
rcin

g
o

r
p

ro
h

ib
itin

g
th

e
b

e
h

avio
u

r.

R
9

Id
e

n
tify

im
p

licit
assu

m
p

tio
n

s .
Te

rm
s

(“th
e

fire
w

all”)th
at

are
n

o
t

e
xp

lain
e

d
fu

rth
e

r
o

fte
n

h
in

t
to

im
p

licit
assu

m
p

tio
n

s
(h

e
re

:th
e

re
se

e
m

s
to

b
e

a
fire

w
all).

N
a

tu
ra

l
L

a
n

g
u

a
g
e

P
a

ttern
s

– 6 – 2017-05-22 – Sspeclang –

3
7

/
4

1

N
atu

rallan
gu

age
re

q
u

ire
m

e
n

ts
can

b
e

(trie
d

to
b

e)w
ritte

n
as

an
in

stan
ce

o
f

th
e

p
atte

rn
“〈A

〉
〈B

〉
〈C

〉
〈D

〉
〈E

〉
〈F

〉.”
(G

e
rm

an
gram

m
ar)w

h
e

re

A
clarifie

s
w

h
e

n
an

d
u

n
d

e
r

w
h

at
co

n
d

itio
n

s
th

e
activity

take
s

p
lace

B
is

M
U

S
T

(o
b

ligatio
n

),S
H

O
U

L
D

(w
ish

),o
r

W
IL

L
(in

te
n

tio
n

);
also

:M
U

S
T

N
O

T
(fo

rb
id

d
e

n
)

C
is

e
ith

e
r

“th
e

syste
m

”
o

r
th

e
co

n
cre

te
n

am
e

o
f

a
(su

b
-)syste

m

D
o

n
e

o
f

th
re

e
p

o
ssib

ilitie
s:

•
“d

o
e

s”,d
e

scrip
tio

n
o

f
a

syste
m

activity,
•

“o
ffe

rs”,d
e

scrip
tio

n
o

f
a

fu
n

ctio
n

o
ffe

re
d

b
y

th
e

syste
m

to
so

m
e

b
o

d
y,

•
“is

ab
le

if”,
u

sage
o

f
a

fu
n

ctio
n

o
ffe

re
d

b
y

a
th

ird
p

arty,u
n

d
e

r
ce

rtain
co

n
d

itio
n

s

E
e

xte
n

sio
n

s,in
p

articu
lar

an
o

b
je

ct

F
th

e
actu

alp
ro

ce
ss

w
o

rd
(w

h
at

h
ap

p
e

n
s)

(R
u

p
p

an
d

d
ie

S
O

P
H

IS
Te

n
,2

0
0

9
)

E
xam

p
le

:

A
fte

r
o

ffice
h

o
u

rs
(=

A
),th

e
syste

m
(=

C
)sh

o
u

ld
(=

B
)

o
ffe

r
to

th
e

o
p

e
rato

r
(=

D
)

a
b

acku
p

(=
F

)o
f

alln
e

w
re

gistratio
n

s
to

an
e

xte
rn

alm
e

d
iu

m
(=

E
).

O
th

er
P

a
ttern

E
xa

m
p

le:
R

F
C

2
1

1
9

– 6 – 2017-05-22 – Sspeclang –

3
8

/
4

1

N
e
t
w
o
r
k
 
W
o
r
k
i
n
g
 
G
r
o
u
p
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
S
.
 
B
r
a
d
n
e
r

R
e
q
u
e
s
t
 
f
o
r
 
C
o
m
m
e
n
t
s
:
 
2
1
1
9
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
H
a
r
v
a
r
d
 
U
n
i
v
e
r
s
i
t
y

B
C
P
:
 
1
4
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
M
a
r
c
h
 
1
9
9
7

C
a
t
e
g
o
r
y
:
 
B
e
s
t
 
C
u
r
r
e
n
t
 
P
r
a
c
t
i
c
e

 
 
 
 
 
 
 
 
K
e
y
 
w
o
r
d
s
 
f
o
r
 
u
s
e
 
i
n
 
R
F
C
s
 
t
o
 
I
n
d
i
c
a
t
e
 
R
e
q
u
i
r
e
m
e
n
t
 
L
e
v
e
l
s

S
t
a
t
u
s
 
o
f
 
t
h
i
s
 
M
e
m
o

 
 
 
T
h
i
s
 
d
o
c
u
m
e
n
t
 
s
p
e
c
i
f
i
e
s
 
a
n
 
I
n
t
e
r
n
e
t
 
B
e
s
t
 
C
u
r
r
e
n
t
 
P
r
a
c
t
i
c
e
s
 
f
o
r
 
t
h
e

 
 
 
I
n
t
e
r
n
e
t
 
C
o
m
m
u
n
i
t
y
,
 
a
n
d
 
r
e
q
u
e
s
t
s
 
d
i
s
c
u
s
s
i
o
n
 
a
n
d
 
s
u
g
g
e
s
t
i
o
n
s
 
f
o
r

 
 
 
i
m
p
r
o
v
e
m
e
n
t
s
.
 
 
D
i
s
t
r
i
b
u
t
i
o
n
 
o
f
 
t
h
i
s
 
m
e
m
o
 
i
s
 
u
n
l
i
m
i
t
e
d
.

A
b
s
t
r
a
c
t

 
 
 
I
n
 
m
a
n
y
 
s
t
a
n
d
a
r
d
s
 
t
r
a
c
k
 
d
o
c
u
m
e
n
t
s
 
s
e
v
e
r
a
l
 
w
o
r
d
s
 
a
r
e
 
u
s
e
d
 
t
o
 
s
i
g
n
i
f
y

 
 
 
t
h
e
 
r
e
q
u
i
r
e
m
e
n
t
s
 
i
n
 
t
h
e
 
s
p
e
c
i
f
i
c
a
t
i
o
n
.
 
 
T
h
e
s
e
 
w
o
r
d
s
 
a
r
e
 
o
f
t
e
n

 
 
 
c
a
p
i
t
a
l
i
z
e
d
.
 
 
T
h
i
s
 
d
o
c
u
m
e
n
t
 
d
e
f
i
n
e
s
 
t
h
e
s
e
 
w
o
r
d
s
 
a
s
 
t
h
e
y
 
s
h
o
u
l
d
 
b
e

 
 
 
i
n
t
e
r
p
r
e
t
e
d
 
i
n
 
I
E
T
F
 
d
o
c
u
m
e
n
t
s
.
 
 
A
u
t
h
o
r
s
 
w
h
o
 
f
o
l
l
o
w
 
t
h
e
s
e
 
g
u
i
d
e
l
i
n
e
s

 
 
 
s
h
o
u
l
d
 
i
n
c
o
r
p
o
r
a
t
e
 
t
h
i
s
 
p
h
r
a
s
e
 
n
e
a
r
 
t
h
e
 
b
e
g
i
n
n
i
n
g
 
o
f
 
t
h
e
i
r
 
d
o
c
u
m
e
n
t
:

 
 
 
 
 
 
T
h
e
 
k
e
y
 
w
o
r
d
s
 
"
M
U
S
T
"
,
 
"
M
U
S
T
 
N
O
T
"
,
 
"
R
E
Q
U
I
R
E
D
"
,
 
"
S
H
A
L
L
"
,
 
"
S
H
A
L
L

 
 
 
 
 
 
N
O
T
"
,
 
"
S
H
O
U
L
D
"
,
 
"
S
H
O
U
L
D
 
N
O
T
"
,
 
"
R
E
C
O
M
M
E
N
D
E
D
"
,
 
 
"
M
A
Y
"
,
 
a
n
d

 
 
 
 
 
 
"
O
P
T
I
O
N
A
L
"
 
i
n
 
t
h
i
s
 
d
o
c
u
m
e
n
t
 
a
r
e
 
t
o
 
b
e
 
i
n
t
e
r
p
r
e
t
e
d
 
a
s
 
d
e
s
c
r
i
b
e
d
 
i
n

 
 
 
 
 
 
R
F
C
 
2
1
1
9
.

 
 
 
N
o
t
e
 
t
h
a
t
 
t
h
e
 
f
o
r
c
e
 
o
f
 
t
h
e
s
e
 
w
o
r
d
s
 
i
s
 
m
o
d
i
f
i
e
d
 
b
y
 
t
h
e
 
r
e
q
u
i
r
e
m
e
n
t

 
 
 
l
e
v
e
l
 
o
f
 
t
h
e
 
d
o
c
u
m
e
n
t
 
i
n
 
w
h
i
c
h
 
t
h
e
y
 
a
r
e
 
u
s
e
d
.

1
.
 
M
U
S
T
 
 
 
T
h
i
s
 
w
o
r
d
,
 
o
r
 
t
h
e
 
t
e
r
m
s
 
"
R
E
Q
U
I
R
E
D
"
 
o
r
 
"
S
H
A
L
L
"
,
 
m
e
a
n
 
t
h
a
t
 
t
h
e

 
 
 
d
e
f
i
n
i
t
i
o
n
 
i
s
 
a
n
 
a
b
s
o
l
u
t
e
 
r
e
q
u
i
r
e
m
e
n
t
 
o
f
 
t
h
e
 
s
p
e
c
i
f
i
c
a
t
i
o
n
.

2
.
 
M
U
S
T
 
N
O
T
 
 
 
T
h
i
s
 
p
h
r
a
s
e
,
 
o
r
 
t
h
e
 
p
h
r
a
s
e
 
"
S
H
A
L
L
 
N
O
T
"
,
 
m
e
a
n
 
t
h
a
t
 
t
h
e

 
 
 
d
e
f
i
n
i
t
i
o
n
 
i
s
 
a
n
 
a
b
s
o
l
u
t
e
 
p
r
o
h
i
b
i
t
i
o
n
 
o
f
 
t
h
e
 
s
p
e
c
i
f
i
c
a
t
i
o
n
.

3
.
 
S
H
O
U
L
D
 
 
 
T
h
i
s
 
w
o
r
d
,
 
o
r
 
t
h
e
 
a
d
j
e
c
t
i
v
e
 
"
R
E
C
O
M
M
E
N
D
E
D
"
,
 
m
e
a
n
 
t
h
a
t
 
t
h
e
r
e

 
 
 
m
a
y
 
e
x
i
s
t
 
v
a
l
i
d
 
r
e
a
s
o
n
s
 
i
n
 
p
a
r
t
i
c
u
l
a
r
 
c
i
r
c
u
m
s
t
a
n
c
e
s
 
t
o
 
i
g
n
o
r
e
 
a

 
 
 
p
a
r
t
i
c
u
l
a
r
 
i
t
e
m
,
 
b
u
t
 
t
h
e
 
f
u
l
l
 
i
m
p
l
i
c
a
t
i
o
n
s
 
m
u
s
t
 
b
e
 
u
n
d
e
r
s
t
o
o
d
 
a
n
d

 
 
 
c
a
r
e
f
u
l
l
y
 
w
e
i
g
h
e
d
 
b
e
f
o
r
e
 
c
h
o
o
s
i
n
g
 
a
 
d
i
f
f
e
r
e
n
t
 
c
o
u
r
s
e
.

4
.
 
S
H
O
U
L
D
 
N
O
T
 
 
 
T
h
i
s
 
p
h
r
a
s
e
,
 
o
r
 
t
h
e
 
p
h
r
a
s
e
 
"
N
O
T
 
R
E
C
O
M
M
E
N
D
E
D
"
 
m
e
a
n
 
t
h
a
t

 
 
 
t
h
e
r
e
 
m
a
y
 
e
x
i
s
t
 
v
a
l
i
d
 
r
e
a
s
o
n
s
 
i
n
 
p
a
r
t
i
c
u
l
a
r
 
c
i
r
c
u
m
s
t
a
n
c
e
s
 
w
h
e
n
 
t
h
e

 
 
 
p
a
r
t
i
c
u
l
a
r
 
b
e
h
a
v
i
o
r
 
i
s
 
a
c
c
e
p
t
a
b
l
e
 
o
r
 
e
v
e
n
 
u
s
e
f
u
l
,
 
b
u
t
 
t
h
e
 
f
u
l
l

 
 
 
i
m
p
l
i
c
a
t
i
o
n
s
 
s
h
o
u
l
d
 
b
e
 
u
n
d
e
r
s
t
o
o
d
 
a
n
d
 
t
h
e
 
c
a
s
e
 
c
a
r
e
f
u
l
l
y
 
w
e
i
g
h
e
d

 
 
 
b
e
f
o
r
e
 
i
m
p
l
e
m
e
n
t
i
n
g
 
a
n
y
 
b
e
h
a
v
i
o
r
 
d
e
s
c
r
i
b
e
d
 
w
i
t
h
 
t
h
i
s
 
l
a
b
e
l
.

B
r
a
d
n
e
r
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
B
e
s
t
 
C
u
r
r
e
n
t
 
P
r
a
c
t
i
c
e
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
[
P
a
g
e
 
1
]

R
F
C
 
2
1
1
9
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
R
F
C
 
K
e
y
 
W
o
r
d
s
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
M
a
r
c
h
 
1
9
9
7

5
.
 
M
A
Y
 
 
 
T
h
i
s
 
w
o
r
d
,
 
o
r
 
t
h
e
 
a
d
j
e
c
t
i
v
e
 
"
O
P
T
I
O
N
A
L
"
,
 
m
e
a
n
 
t
h
a
t
 
a
n
 
i
t
e
m
 
i
s

 
 
 
t
r
u
l
y
 
o
p
t
i
o
n
a
l
.
 
 
O
n
e
 
v
e
n
d
o
r
 
m
a
y
 
c
h
o
o
s
e
 
t
o
 
i
n
c
l
u
d
e
 
t
h
e
 
i
t
e
m
 
b
e
c
a
u
s
e
 
a

 
 
 
p
a
r
t
i
c
u
l
a
r
 
m
a
r
k
e
t
p
l
a
c
e
 
r
e
q
u
i
r
e
s
 
i
t
 
o
r
 
b
e
c
a
u
s
e
 
t
h
e
 
v
e
n
d
o
r
 
f
e
e
l
s
 
t
h
a
t

 
 
 
i
t
 
e
n
h
a
n
c
e
s
 
t
h
e
 
p
r
o
d
u
c
t
 
w
h
i
l
e
 
a
n
o
t
h
e
r
 
v
e
n
d
o
r
 
m
a
y
 
o
m
i
t
 
t
h
e
 
s
a
m
e
 
i
t
e
m
.

 
 
 
A
n
 
i
m
p
l
e
m
e
n
t
a
t
i
o
n
 
w
h
i
c
h
 
d
o
e
s
 
n
o
t
 
i
n
c
l
u
d
e
 
a
 
p
a
r
t
i
c
u
l
a
r
 
o
p
t
i
o
n
 
M
U
S
T
 
b
e

 
 
 
p
r
e
p
a
r
e
d
 
t
o
 
i
n
t
e
r
o
p
e
r
a
t
e
 
w
i
t
h
 
a
n
o
t
h
e
r
 
i
m
p
l
e
m
e
n
t
a
t
i
o
n
 
w
h
i
c
h
 
d
o
e
s

 
 
 
i
n
c
l
u
d
e
 
t
h
e
 
o
p
t
i
o
n
,
 
t
h
o
u
g
h
 
p
e
r
h
a
p
s
 
w
i
t
h
 
r
e
d
u
c
e
d
 
f
u
n
c
t
i
o
n
a
l
i
t
y
.
 
I
n
 
t
h
e

 
 
 
s
a
m
e
 
v
e
i
n
 
a
n
 
i
m
p
l
e
m
e
n
t
a
t
i
o
n
 
w
h
i
c
h
 
d
o
e
s
 
i
n
c
l
u
d
e
 
a
 
p
a
r
t
i
c
u
l
a
r
 
o
p
t
i
o
n

 
 
 
M
U
S
T
 
b
e
 
p
r
e
p
a
r
e
d
 
t
o
 
i
n
t
e
r
o
p
e
r
a
t
e
 
w
i
t
h
 
a
n
o
t
h
e
r
 
i
m
p
l
e
m
e
n
t
a
t
i
o
n
 
w
h
i
c
h

 
 
 
d
o
e
s
 
n
o
t
 
i
n
c
l
u
d
e
 
t
h
e
 
o
p
t
i
o
n
 
(
e
x
c
e
p
t
,
 
o
f
 
c
o
u
r
s
e
,
 
f
o
r
 
t
h
e
 
f
e
a
t
u
r
e
 
t
h
e

 
 
 
o
p
t
i
o
n
 
p
r
o
v
i
d
e
s
.
)

6
.
 
G
u
i
d
a
n
c
e
 
i
n
 
t
h
e
 
u
s
e
 
o
f
 
t
h
e
s
e
 
I
m
p
e
r
a
t
i
v
e
s

 
 
 
I
m
p
e
r
a
t
i
v
e
s
 
o
f
 
t
h
e
 
t
y
p
e
 
d
e
f
i
n
e
d
 
i
n
 
t
h
i
s
 
m
e
m
o
 
m
u
s
t
 
b
e
 
u
s
e
d
 
w
i
t
h
 
c
a
r
e

 
 
 
a
n
d
 
s
p
a
r
i
n
g
l
y
.
 
 
I
n
 
p
a
r
t
i
c
u
l
a
r
,
 
t
h
e
y
 
M
U
S
T
 
o
n
l
y
 
b
e
 
u
s
e
d
 
w
h
e
r
e
 
i
t
 
i
s

 
 
 
a
c
t
u
a
l
l
y
 
r
e
q
u
i
r
e
d
 
f
o
r
 
i
n
t
e
r
o
p
e
r
a
t
i
o
n
 
o
r
 
t
o
 
l
i
m
i
t
 
b
e
h
a
v
i
o
r
 
w
h
i
c
h
 
h
a
s

 
 
 
p
o
t
e
n
t
i
a
l
 
f
o
r
 
c
a
u
s
i
n
g
 
h
a
r
m
 
(
e
.
g
.
,
 
l
i
m
i
t
i
n
g
 
r
e
t
r
a
n
s
m
i
s
s
s
i
o
n
s
)
 
 
F
o
r

 
 
 
e
x
a
m
p
l
e
,
 
t
h
e
y
 
m
u
s
t
 
n
o
t
 
b
e
 
u
s
e
d
 
t
o
 
t
r
y
 
t
o
 
i
m
p
o
s
e
 
a
 
p
a
r
t
i
c
u
l
a
r
 
m
e
t
h
o
d

 
 
 
o
n
 
i
m
p
l
e
m
e
n
t
o
r
s
 
w
h
e
r
e
 
t
h
e
 
m
e
t
h
o
d
 
i
s
 
n
o
t
 
r
e
q
u
i
r
e
d
 
f
o
r

 
 
 
i
n
t
e
r
o
p
e
r
a
b
i
l
i
t
y
.

7
.
 
S
e
c
u
r
i
t
y
 
C
o
n
s
i
d
e
r
a
t
i
o
n
s

 
 
 
T
h
e
s
e
 
t
e
r
m
s
 
a
r
e
 
f
r
e
q
u
e
n
t
l
y
 
u
s
e
d
 
t
o
 
s
p
e
c
i
f
y
 
b
e
h
a
v
i
o
r
 
w
i
t
h
 
s
e
c
u
r
i
t
y

 
 
 
i
m
p
l
i
c
a
t
i
o
n
s
.
 
 
T
h
e
 
e
f
f
e
c
t
s
 
o
n
 
s
e
c
u
r
i
t
y
 
o
f
 
n
o
t
 
i
m
p
l
e
m
e
n
t
i
n
g
 
a
 
M
U
S
T
 
o
r

 
 
 
S
H
O
U
L
D
,
 
o
r
 
d
o
i
n
g
 
s
o
m
e
t
h
i
n
g
 
t
h
e
 
s
p
e
c
i
f
i
c
a
t
i
o
n
 
s
a
y
s
 
M
U
S
T
 
N
O
T
 
o
r
 
S
H
O
U
L
D

 
 
 
N
O
T
 
b
e
 
d
o
n
e
 
m
a
y
 
b
e
 
v
e
r
y
 
s
u
b
t
l
e
.
 
D
o
c
u
m
e
n
t
 
a
u
t
h
o
r
s
 
s
h
o
u
l
d
 
t
a
k
e
 
t
h
e
 
t
i
m
e

 
 
 
t
o
 
e
l
a
b
o
r
a
t
e
 
t
h
e
 
s
e
c
u
r
i
t
y
 
i
m
p
l
i
c
a
t
i
o
n
s
 
o
f
 
n
o
t
 
f
o
l
l
o
w
i
n
g

 
 
 
r
e
c
o
m
m
e
n
d
a
t
i
o
n
s
 
o
r
 
r
e
q
u
i
r
e
m
e
n
t
s
 
a
s
 
m
o
s
t
 
i
m
p
l
e
m
e
n
t
o
r
s
 
w
i
l
l
 
n
o
t
 
h
a
v
e

 
 
 
h
a
d
 
t
h
e
 
b
e
n
e
f
i
t
 
o
f
 
t
h
e
 
e
x
p
e
r
i
e
n
c
e
 
a
n
d
 
d
i
s
c
u
s
s
i
o
n
 
t
h
a
t
 
p
r
o
d
u
c
e
d
 
t
h
e

 
 
 
s
p
e
c
i
f
i
c
a
t
i
o
n
.

8
.
 
A
c
k
n
o
w
l
e
d
g
m
e
n
t
s

 
 
 
T
h
e
 
d
e
f
i
n
i
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b
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b
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b
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b
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