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b
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b
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b
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cifi

ca
tio

n
o
f
M
o
d
u
le
s
–
M
o
st

so
ftw

are
system

s
are

n
o
t

m
o
n
o
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b
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o
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w
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n
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a
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ctu
re
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→
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p
o
n
en

t
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p
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b
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d
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ra
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o
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l
m
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o
d
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th
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n
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u
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C
o
d
in
g
a
n
d
M
o
d
u
le

T
e
st
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h
e
n
eed

ed
m
o
d
u
les
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im

p
lem

en
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u
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g
th
e
ch

o
sen

p
ro
g
ra
m
m
in
g

la
n
g
u
a
g
e(s).

W
h
en

rea
d
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a
s
n
eed

ed
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a
n
d
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d
y
fo
r
in
teg

ra
tio

n
.

F
o
rm

a
l
m
e
th
o
d
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th
a
t
co

d
e
im

p
lem

en
ts

d
esig

n
.

•
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te
g
ra
tio

n
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T
e
st,

A
p
p
ro
va

l
–

S
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is
co

n
-
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cted
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m

co
m
p
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co
m
p
o
n
en

ts,
in
terp
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is
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.
C
u
sto

m
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ch
eck
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a
n
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d
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a
p
p
ro
va

l
(o
r
n
o
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D
e
p
lo
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e
n
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O
p
e
ra
tio
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n
d

M
a
in
te
n
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n
ce
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in
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lled
u
p
to
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er

n
eed

s
a
n
d
b
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o
p
era

tio
n
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ccu

rrin
g
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u
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ro
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in
te
n
a
n
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p
ro
je
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n
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e
p
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so
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b
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o
b
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n
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b
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system

.
C
o
m
-

m
o
n

rea
so
n
s:

existin
g

system
n
o

lo
n
g
er

m
a
in
-

ta
in
a
b
le,

n
o
t
a
d
a
p
ta
b
le

to
n
ew

o
r
ch

a
n
g
ed

re-
q
u
irem

en
ts.

W
h

a
t

to
(P

la
n

a
n

d
)

M
a

n
a
g
e

(2
/3

)?
P

eo
p

le
a

n
d

(o
th

er)
R

eso
u

rces
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(P
la

n
a

n
d

)
M

a
n

a
g
e

(2
/3

)
—

P
eo

p
le

a
n

d
(o

th
er)

R
eso

u
rces
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C
u
sto

m
er

D
evelo

p
er

R
e
ca

ll:
ro
le
s
“
C
u
sto

m
er”

an
d
“
D
evelo

p
er”

are
assu

m
ed

b
y
le
g
a
l
p
e
rso

n
s,

w
h
ich

o
ften

rep
re-

sen
t
m
an

y
p
eo
p
le.

T
h
e
sam

e
leg

al
p
erso

n
m
ay

act
as

“
C
u
sto

m
er”

an
d
“
D
evelo

p
er”

in
th
e
sam

e
p
ro
ject.

·
·
·

·
·
·

C
lien

ts
S
o
ftw

are
p
eo
p
le

U
se
fu
l
a
n
d
co

m
m
o
n
ro
le
s

in
so
ftw

are
p
ro
je
cts:

•
cu

sto
m
e
r,

u
se
r

•
p
ro
je
ct

m
a
n
a
g
e
r

•
(sy

te
m
s)

a
n
a
ly
st

•
so
ftw

are
arch

ite
ct,

d
e
sig

n
e
r

•
(le

a
d
)
d
e
v
e
lo
p
e
r

p
ro
g
ra
m
m
e
r,
te
ste

r,
...

•
m
a
in
te
n
a
n
ce

e
n
g
in
e
e
r

•
sy
ste

m
s
a
d
m
in
istra

to
r

•
in
v
isib

le
clie

n
ts:

leg
islator,

n
orm

/
stan

d
ard

su
p
ervisory

co
m
m
ittee

E
xcu

rsio
n

:
T

h
e

C
o

n
cep

t
o

f
R

o
les
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In
a
softw

are
project,

at
each

p
oin

t
in

tim
e:

•
th
ere

is
a
set

P
of

p
eop

le,
e.g.

P
=

{

,
,

,
,

}

•
th
ere

is
a
set

R
of

(active)
roles,

e.g.
R

=
{

m
gr

,
prg

,
tst

,
an
a
}

•
th
ere

is
a
(m

an
y-to-m

an
y)

relation
b
etw

een
elem

en
ts

of
P

an
d
R

a
s
s
u
m
e
s
⊆

P
×
R

each
p
erson

h
as

a
role

(↓
1
a
s
s
u
m
e
s
=

P
),
each

role
a
p
erson

(↓
2
a
s
s
u
m
e
s
=

R
).

•
E
xa

m
p
le
:

m
gr

o
n
e
p
erso

n
,
o
n
e
ro
le

prg,
prg,

prg

m
u
ltip

le
p
erso

n
s,

o
n
e
ro
le

tst
an
a

o
n
e
p
erso

n
,
m
u
ltip

le
ro
les

a
s
s
u
m
e
s
=

{

(
,
m
g
r
),(

,
p
rg

),(
,
p
rg

),(
,
p
rg

),(
,
tst

),(
,
a
n
a
)
}

•
P
ossib

le
visu

alisation
:

P
R

a
s
s
u
m
e
s

1
.
.
∗

1
.
.
∗

E
xcu

rsio
n

:
T

h
e

C
o

n
cep

t
o

f
R

o
les

C
o

n
t’d
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m
g
r

o
n
e
p
erso

n
,
o
n
e
ro
le

prg,
prg,

prg

m
u
ltip

le
p
erso

n
s,

o
n
e
ro
le

tst
an
a

o
n
e
p
erso

n
,
m
u
ltip

le
ro
les

R
oles

typ
ically

com
e
w
ith

re
sp

o
n
sib

ilitie
s
an
d
rig

h
ts.

F
o
r
e
xa

m
p
le
,

•
tst

:
a
test

en
g
in
eer

•
is

resp
o
n
sib

le
fo
r
q
u
a
lity

co
n
tro

l

•
h
a
s
th
e
rig

h
t
to

ra
ise

issu
e
rep

o
rts

•
m
g
r
:
a
p
ro
ject

m
an

ag
er

•
h
a
s
th
e
rig

h
t
to

ra
ise

issu
e
rep

o
rts

•
is

resp
o
n
sib

le
fo
r
clo

sin
g
issu

e
rep

o
rts

•
p
rg

:
a
p
ro
g
ram

m
er

•
is

resp
o
n
sib

le
fo
r
rep

o
rtin

g
u
n
fo
reseen

p
ro
b
lem

s
to

th
e
p
ro
ject

m
a
n
a
g
er

•
is

resp
o
n
sib

le
fo
r
resp

ectin
g
co

d
in
g
co

n
ven

tio
n
s

•
is

resp
o
n
sib

le
fo
r
a
d
d
ressin

g
issu

e
rep

o
rts

(P
la

n
a

n
d

)
M

a
n

a
g
e

(2
/3

)
—

P
eo

p
le

a
n

d
(o

th
er)

R
eso

u
rces

– 02 – 2015-04-27 – Smgmt –

1
8
/
4
4

S
o
m
e
tru

ism
s
an
d
co
m
m
o
n
p
laces

to
keep

in
m
in
d
:

•
“
S
o
ftw

are
en
g
in
eerin

g
[...]

takes
p
lace

in
th
e
h
ead

s
o
f
h
u
m
an

s,
w
h
o
like

to
g
et

so
ftw

are
or

d
evelo

p
it.

H
u
m
a
n
s
are

ce
n
tra

l
[in

S
o
ftw

are
E
n
g
in
eerin

g
];
for

u
s,

th
at’s

n
o
t
an

em
p
ty

p
h
rase

(‘F
lo
skel’),

b
u
t
a
factu

al
statem

en
t.”

(L
u
d
ew

ig
an

d
L
ich

ter,
2
0
1
3
)

•
B
e
in
g
d
isco

n
te
n
t
w
ith

th
e
team

situ
atio

n
,
d
o
esn

’t
m
ake

p
eo
p
le

b
etter

d
evelo

p
ers.

(O
th
er

w
ay

ro
u
n
d
,
in

m
o
st

cases.)

•
R
eco

g
n
isin

g
an

d
reso

lvin
g
ten

sio
n
s
in

yo
u
r
team

(or
at

least
tryin

g
to
)
is
an

activity
tow

ard
s
p
ro
ject

su
ccess,

th
u
s
a
re
sp

o
n
sib

ility
o
f
each

an
d
every

team
m
em

b
er.

“
E
veryb

o
d
y
is
resp

o
n
sib

le,
th
e
p
ro
je
ct

m
a
n
a
g
e
r
is
a
little

b
it
m
ore

resp
o
n
sib

le.”

•
“
If
so
m
eb

o
d
y
stro

n
ly

in
sists

o
n
a
claim

w
h
ich

feels
o
b
vio

u
sly

w
ro
n
g
to

yo
u
,
h
e/
sh
e
m
ay

b
e
tru

e
g
iven

h
er/

h
is
resp

ective
(im

p
licit)

te
rm

s
an

d
a
ssu

m
p
tio

n
s.”

(so
u
rce?)

T
ry

to
u
n
d
erstan

d
an

d
exp

licate
th
ese

term
s
an

d
assu

m
p
tio

n
s.

•
“
N
ever

attrib
u
te

to
m
alice

th
at

w
h
ich

can
b
e
ad

eq
u
ately

exp
lain

ed
b
y
stu

p
id
ity.”

(H
an

lo
n
’s

R
azor)



W
h

a
t

to
(P

la
n

a
n

d
)

M
a

n
a
g
e

(3
/3

)?
D

ea
d

lin
es

a
n

d
C

o
sts
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D
ea

d
lin

es
C

o
n

t’d
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•
W
h
eth

er
a
m
ilesto

n
e
is
re
a
ch

e
d
m
u
st

b
e
a
sse

ssa
b
le

by

•
clear,

•
ob

jective,
an
d

•
u
n
am

b
igu

ou
s

criteria.

•
T
h
e
d
e
fi
n
itio

n
o
f
a
m
ile

sto
n
e
o
ften

co
m
prises:

•
a
d
efi

n
itio

n
o
f
th
e
re
su
lts

w
h
ich

n
eed

to
b
e
ach

ieved
,

•
th
e
req

u
ired

q
u
a
lity

p
ro
p
erties

o
f
th
ese

resu
lts,

•
th
e
d
esired

tim
e
for

reach
in
g
th
e
m
ilesto

n
e,

an
d

•
th
e
in
stan

ce
(p
erso

n
or

co
m
m
ittee)

w
h
ich

d
e
cid

e
s
w
h
eth

er
th
e
m
ilesto

n
e
is
reach

ed
.

•
M
ilesto

n
es

can
b
e
p
art

o
f
th
e
d
e
v
e
lo
p
m
e
n
t
co

n
tra

ct;
n
o
t
reach

in
g
a
d
efi
n
ed

m
ilesto

n
e
as

p
lan

n
ed

can
lead

to
le
g
a
l
cla

im
s.

C
o

sts
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“
N
ext

to
‘S
o
ftw

are
’,
‘C
o
sts’

is
o
n
e
o
f
th
e
term

s
o
ccu

rrin
g
m
o
st

o
ften

in
th
is

b
o
o
k
.”

L
u
d
ew

ig
a
n
d
L
ich

ter
(2
0
1
3
)

A
fi
rst

ap
proxim

ation
:

•
co

st
(‘K

o
sten

’)
—

all
d
isad

van
tag

es
o
f
a
so
lu
tio

n
,
q
u
an

tifi
ab

le
in

term
s
o
f
m
o
n
ey

or
n
o
t.

•
b
e
n
e
fi
t
(‘N

u
tzen

’)
(or:

n
eg
ative

co
sts)

—
all

b
en
efi

ts
o
f
a
so
lu
tio

n
.

N
o
te
:
costs

an
d
b
en
efi
ts

can
b
e
very

su
b
jective

—
an
d
are

n
ot

n
ecessarily

q
u
an
tifi

ab
le...

S
u
p
er-ord

in
ate

goal
of

m
an
y
projects:

•
M
in
im

ize
o
ve

ra
ll
co

sts,
i.e.

m
a
xim

ise
d
iff
e
re
n
ce

b
etw

een
b
e
n
e
fi
ts

an
d
co

sts.

(E
q
u
ivalen

t:
m
in
im

ize
su
m

of
p
ositive

an
d
n
egative

costs.)

C
o

sts
vs.

B
en

efi
ts:

A
C

lo
ser

L
o

o
k
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T
h
e
b
en
efi
t
of

a
softw

are
is
d
eterm

in
ed

by
th
e
ad
van

tages
ach

ievab
le

u
sin

g
th
e

softw
are;

it
is
in
fl
u
en
ced

by:

•
th
e
d
eg
ree

o
f
co
in
cid

en
ce

b
etw

een
p
ro
d
u
ct

an
d
re
q
u
ire

m
e
n
ts,

•
ad

d
itio

n
al

services,
co
m
fort,

fl
exib

ility
etc.

S
om

e
exam

p
les

of
cost/b

en
efi
t
p
airs:

Jon
es

(1990
)

C
o
sts

B
e
n
e
fi
ts

L
a
b
o
r
d
u
rin

g
d
evelo

p
m
en

t
U
se

o
f
existin

g
la
b
o
r

L
a
b
o
r
d
u
rin

g
o
p
era

tio
n

R
ed

u
ced

o
p
era

tio
n
a
l

la
b
o
r

N
ew

eq
u
ip
m
en

t?
(p
u
rch

a
se,

m
a
in
ten

a
n
ce,

d
ep
recia

tio
n
)

R
ep

la
cem

en
t
o
f

eq
u
ip
m
en

t
m
a
in
ten

a
n
ce?

(sa
le,

m
a
in
ten

a
n
ce)

N
ew

so
ftw

are
p
u
rch

a
ses

(O
th
er)

u
se

o
f
n
ew

so
ftw

are

C
o
sts

B
e
n
e
fi
ts

C
o
n
versio

n
fro

m
o
ld

system
to

n
ew

Im
p
ro
vem

en
t
o
f

system

In
crea

sed
d
a
ta

g
a
th
erin

g
In
crea

sed
co

n
tro

l

E
m
p
lo
yee

d
isco

n
ten

t
E
m
p
lo
yee

sa
tisfa

ctio
n

T
ra
in
in
g
fo
r

em
p
lo
yees

In
crea

sed
p
ro
d
u
ctivity

L
o
st

o
p
p
o
rtu

n
ities

B
etter

m
arket

sta
n
ce,

b
a
sis

fo
r

fu
rth

er
g
ro
w
th

C
o

sts:
E

co
n

o
m

ics
in

a
N

u
tsh

ell
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D
istin

gu
ish

cu
rre

n
t
co

st
(‘lau

fen
d
e
K
osten

’),
e.g.

•
w
ages

•
m
an
agem

en
t,
m
arketin

g

•
ro
om

s

•
com

p
u
ters,

n
etw

orks,
softw

are
as

p
art

of
in
frastru

ctu
re

•
...

an
d
p
ro
je
ct-re

la
te
d
co

st
(‘projektb

ezogen
e
K
osten

’),
e.g.

•
ad
d
ition

al
tem

p
orary

p
erson

n
el

•
con

tract
costs

•
exp

en
ses

•
h
ard

w
are

an
d
softw

are
as

p
art

of
pro

d
u
ct

or
system

•
...



S
o

ftw
a

re
C

o
sts

in
a

N
a

rro
w

er
S

en
se

– 02 – 2015-04-27 – Smgmt –

2
5
/
4
4

so
ftw

are
co

sts

n
et

p
ro
d
u
ctio

n
q
u
a
lity

co
sts

error
p
reven

tio
n

co
sts

an
alyse-an

d
-fi
x

co
sts

e
rro

r
co

sts

error
lo
calisatio

n
co
sts

error
rem

o
val

co
sts

e
rro

r
ca

u
se
d
co

sts
(in

o
p
eratio

n
)

d
ecreased

b
en
efi

t

m
ain

ten
an

ce
(w

ith
o
u
t
q
u
ality)

q
u
a
lity

a
ssu

ra
n
ced
u
rin

g
a
n
d
a
fte

r
d
e
ve

lo
p
m
e
n
t

L
u
d
ew

ig
a
n
d
L
ich

ter
(2
0
1
3
)

D
isco

verin
g

E
rro

rs
L

a
te

C
a

n
B

e
E

xp
en

sive
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2 5

1
0

2
0

5
0

1
0
0

2
0
0

relative
co
st

o
f
an

error

A
n
alysis

D
esig

n
C
o
d
in
g

T
est

&
In
teg

ratio
n

A
ccep

tan
ce

&
O
p
eratio

n

p
h
ase

o
f
error

d
etectio

n

larg
er

pro
jects

sm
aller

pro
jects

R
ela

tive
erro

r
co

sts
o
ver

la
ten

cy
a
cco

rd
in
g
to

in
vestig

a
tio

n
s
a
t
IB

M
,
etc.

b
y
(B

o
eh

m
,
1
9
7
9
).

V
isu

a
lisa

tio
n
:
L
u
d
ew

ig
a
n
d
L
ich

ter
(2
0
1
3
)

S
o

ftw
a

re
P

ro
ject

M
a

n
a
g
em

en
t

B
o

tto
m

-L
in

e
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“
M
a
n
a
g
e
m
e
n
t,

m
a
n
a
g
e
m
e
n
t...

C
a
n
’t

w
e
ju
st

sit
d
o
w
n
a
n
d
w
rite

so
m
e
so
ftw

are
?
”

•
Q
u
a
n
tity

a
s
Q
u
a
lity

(L
u
d
ew

ig
an
d
L
ich

ter,
2013

)
—

th
e
large

is
in

gen
eral

n
ot

ju
st

a
m
u
ltip

le
of

th
e
sm

all;
solu

tion
s
for

sm
all

prob
lem

s
d
on

’t
scale

in
gen

eral.

E
xa

m
p
le
:
reliab

ility.
C
on

sid
er

a
softw

are
system

w
ith

N
m
o
d
u
les,

each
m
o
d
u
le

b
ein

g
co

rre
ct

w
ith

prob
ab
ility

p
.

N
m
o
d
u
les

are
correct

w
ith

prob
ab
ility

p
N
.
E
xam

p
le

N
=

100:

p
0.9

0.95
0.99

0.999
p
1
0
0

0.0000267
0.006

0.37
0.90

•
S
oftw

are
E
n
gin

eerin
g
as

d
e
fe
n
sive

d
iscip

lin
e

A
n
a
lo
g
y:

h
ygien

e
in

h
o
sp
ita

l.
“D

ear
p
atien

t,
w
e’re

w
orkin

g
h
ard

to
protect

you
from

an
in
fection

.”
—

“W
ell,

d
o
ctor,

I
th
ou

gh
t
you

w
ere

w
orkin

g
to

g
e
t
m
e
w
e
ll
again

.”

“S
oftw

are
E
n
gin

eerin
g
is
b
o
rin

g
an
d
fru

stra
tin

g
for

p
eop

le
w
h
o
d
on

’t
valu

e
th
e

d
efen

se
of

failu
res

as
a
p
ositive

ach
ievem

en
t.”

(L
u
d
ew

ig
an
d
L
ich

ter,
2013)

P
ro

ject
P

la
n

n
in

g
a

n
d

C
o

st
E

stim
a

tio
n
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T
h

e
“

E
stim

a
tio

n
F

u
n

n
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