
– 2 – 2017-04-27 – main –

S
o
ftw

a
retech

n
ik

/
S
o
ftw

a
re-E

n
g
in

eerin
g

L
ectu

re
2
:

S
o
ftw

a
re

M
etrics

2
0
1
7
-0

4
-2

7

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

P
ro

ject
M

a
n

a
g
em

en
t:

C
o

n
ten

t

– 2 – 2017-04-27 – Sblockcontent –

2
/

4
2

•
V

L
2

S
o

ftw
are

M
e

trics

•
P

ro
p

e
rtie

s
o

f
M

e
trics

•
S

cale
s

•
E

xam
p

le
s

•
C

o
st

E
stim

atio
n

•
D

e
ad

lin
e

s
an

d
C

o
sts

•
E

xp
e

rt’s
E

stim
atio

n

•
A

lgo
rith

m
ic

E
stim

atio
n

•
P

ro
je

ct
M

an
age

m
e

n
t

•
P

ro
je

ct

•
P

ro
ce

ss
an

d
P

ro
ce

ss
M

o
d

e
llin

g

•
P

ro
ce

d
u

re
M

o
d

e
ls

•
P

ro
ce

ss
M

o
d

e
ls

•
...

P
ro

ce
ss

M
e

trics

•
C

M
M

I,S
p

ice

...

V
L

3

...

V
L

4

...

V
L

5

C
o

n
ten

t

– 2 – 2017-04-27 – Scontent –

3
/

4
2

•
S

u
rve

y
:E

xp
e

ctatio
n

s
o

n
th

e
C

o
u

rse

•
S

o
ftw

are
M

e
trics

•
M

o
tivatio

n

•
V

o
cab

u
lary

•
R

e
q

u
ire

m
e

n
ts

o
n

U
se

fu
lM

e
trics

•
E

xcu
rsio

n
:S

cale
s

•
E

xcu
rsio

n
E

xcu
rsio

n
:M

e
an

,M
e

d
ian

,Q
u

artile
s

•
E

xam
p

le
:LO

C

•
O

th
e

r
P

ro
p

e
rtie

s
o

f
M

e
trics

•
B

ase
M

e
asu

re
s

vs.D
e

rive
d

M
e

asu
re

s

•
S

u
b

je
ctive

an
d

P
se

u
d

o
M

e
trics

•
D

iscu
ssio

n

S
u

rvey:
P

revio
u

s
E

xp
erien

ce

– 2 – 2017-04-27 – Sexpectations –

4
/

4
2

10

2
0

3
0

0
1

2
3

4
5

6
7

8
9

10

P
ro

je
ct

M
an

age
m

e
n

t

10

2
0

3
0

0
1

2
3

4
5

6
7

8
9

10

R
e

q
u

ire
m

e
n

ts
E

n
gin

e
e

rin
g

10

2
0

3
0

0
1

2
3

4
5

6
7

8
9

10

P
ro

gram
m

in
g

10

2
0

3
0

0
1

2
3

4
5

6
7

8
9

10

D
e

sign
M

o
d

e
llin

g

10

2
0

3
0

0
1

2
3

4
5

6
7

8
9

10

S
o

ftw
are

Q
u

ality
A

ssu
ran

ce

E
xp

ecta
tio

n
s

– 2 – 2017-04-27 – Sexpectations –

5
/

4
2

•
ge

n
e

ral

✔
w

o
rk

w
ith

o
th

e
rs

in
a

large
so

ftw
are

d
e

ve
lo

p
m

e
n

t
te

am

✔
co

m
m

u
n

icate
re

su
lts

to
o

th
e

r
p

e
o

p
le

✔
le

arn
h

o
w

to
p

ro
p

e
rly

d
o

cu
m

e
n

t
th

e
w

o
rk

✔
kn

o
w

,h
o

w
to

acq
u

ire
kn

o
w

le
d

ge
o

n
asp

e
cts

o
f

S
W

E
n

g.o
n

o
u

r
o

w
n

✔
ge

t
to

kn
o

w
in

d
u

stry
stan

d
ard

s,in
ve

stigate
th

e
ir

stre
n

gth
s

/
w

e
akn

e
sse

s

✔
o

ve
rvie

w
,te

rm
in

o
lo

gy,an
d

re
fe

re
n

ce
s

fo
r

o
w

n
e

n
q

u
irie

s

✘
kn

o
w

ab
o

u
t

tru
stfu

lin
te

rn
e

t
so

u
rce

s
to

ge
t

su
ch

in
fo

rm
atio

n
w

h
ile

w
o

rkin
g

✔
u

n
d

e
rstan

d
in

g
th

e
p

ro
ce

d
u

re
o

f
so

ftw
are

p
ro

d
u

ctio
n

,in
clu

d
in

g
co

m
m

o
n

m
ish

ap
s

at
e

ach
ste

p

✔
sy

ste
m

atically
an

aly
se

th
e

ste
p

s
o

f
so

ftw
are

d
e

ve
lo

p
m

e
n

t
w

h
ich

are
d

o
n

e
“im

p
licitly”

in
sm

alle
r,se

lf-m
ad

e
p

ro
je

cts

✔
co

u
rse

is
b

alan
ce

d
w

ith
th

e
o

re
ticalas

w
e

llas
p

racticalsce
n

ario
s

✔
ge

ttin
g

to
o

ls
(ro

u
gh

ly
sp

e
cific

id
e

as)fo
r

attackin
g

p
ro

b
le

m
s

✔
h

ave
so

m
e

fu
n

,le
arn

a
lo

t
[...]

n
o

t
o

n
ly

fo
r

th
e

fu
rth

e
r

stu
d

y
in

g
o

r
w

o
rkin

g
b

u
t

also
fo

r
life

•
o

th
e

r
co

u
rse

s

(✘
)

V
o

ralle
m

h
o

ffe
ich

au
f

e
in

e
sin

n
vo

lle
V

e
rb

in
d

u
n

g
zu

m
S

o
ftw

are
p

raktiku
m

.

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

E
xp

ecta
tio

n
s

C
o

n
t’d

– 2 – 2017-04-27 – Sexpectations –

6
/

4
2

•
p

ro
je

ct
m

an
age

m
e

n
t

✔
m

in
im

ize
risks,e

stim
ate

p
ro

je
ct

d
u

ratio
n

,

( ✘
)

th
e

fin
an

cialp
art:h

o
w

m
u

ch
m

o
n

e
y

can
can

yo
u

d
e

m
an

d
fo

r
so

ftw
are?

(✔
)

h
o

w
to

e
stim

ate
co

st/
tim

e
,w

ith
o

u
t

re
so

rtin
g

to
ye

ars
o

f
e

xp
e

rie
n

ce

✔
d

iffe
re

n
t

life
stage

s
o

f
a

so
ftw

are

✔
b

e
co

m
e

acq
u

ain
te

d
w

ith
th

e
m

o
st

co
m

m
o

n
p

ro
ce

d
u

re
s

o
f

so
ftw

are
d

e
ve

lo
p

m
e

n
t

✔
se

le
ctio

n
o

f
righ

t
p

ro
ce

ss
fo

r
a

p
ro

je
ct.

( ✘
)

le
arn

h
o

w
th

in
gs

are
d

o
n

e
in

re
alco

m
p

an
ie

s

•
re

q
u

ire
m

e
n

ts

✔
H

o
w

to
co

m
m

u
n

icate
b

e
tw

e
e

n
cu

sto
m

e
r

an
d

so
ftw

are
te

am
e

ffe
ctive

ly

✔
fo

rm
alise

so
ftw

are
e

n
gin

e
e

rin
g

p
ro

b
le

m
s

✔
le

arn
h

o
w

to
sp

e
cify

th
e

re
q

u
ire

m
e

n
ts

( ✔
)

h
o

w
to

w
rite

so
m

e
th

in
g

b
ase

d
o

n
cu

sto
m

e
r’s

w
ish

e
s,w

h
ich

is
u

n
am

b
igu

o
u

s
(fo

r
th

e
p

ro
gram

m
e

rs),b
u

t
u

n
d

e
rstan

d
ab

le
fo

r
th

e
cu

sto
m

e
r,su

ch
th

at
th

e
cu

sto
m

e
rs

can
ch

e
ck

o
n

th
e

ir
o

w
n

w
h

at
is

m
e

an
t.

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



E
xp

ecta
tio

n
s

C
o

n
t’d

– 2 – 2017-04-27 – Sexpectations –

7
/

4
2

•
d

e
sig

n

✔
te

ch
n

iq
u

e
s

an
d

vo
cab

u
lary

to
e

xp
re

ss
d

e
sign

✔
le

arn
h

o
w

to
u

se
b

asic
an

d
m

ay
b

e
so

m
e

ad
van

ce
d

te
ch

n
iq

u
e

s,m
o

d
e

ls
an

d
p

atte
rn

s
in

so
ftw

are
d

e
ve

lo
p

m
e

n
t

✔
th

e
m

o
d

e
rn

te
ch

n
iq

u
e

s:[...]
Te

st
D

rive
n

D
e

sign
,B

e
h

avio
u

r
D

rive
n

D
e

sign

✔
acq

u
ire

kn
o

w
le

d
ge

in
U

M
L

✔
p

rin
cip

le
s

o
f

re
aso

n
ab

le
so

ftw
are

arch
ite

ctu
re

s

(✘
)

ve
rificatio

n
o

f
arch

ite
ctu

re
s

(✔
)

w
h

at
d

istin
gu

ish
e

d
w

e
ll-d

e
sign

e
d

S
W

fro
m

b
ad

-d
e

sign
e

d
o

n
e

s

✘
h

o
w

to
q

u
an

tify
an

d
ch

e
ck

th
in

gs
like

“go
o

d
u

sab
ility”

✘
fo

cu
s

o
n

so
ftw

are
arch

ite
ctu

re

•
Im

p
le

m
e

n
tatio

n

(✘
)

w
rite

re
u

sab
le

an
d

m
ain

tain
ab

le
co

d
e

( ✘
)

kn
o

w
in

g
th

e
ad

e
q

u
ate

co
d

e
s

fo
r

th
e

ce
rtain

so
ftw

are

•
Q

u
ality

A
ssu

ran
ce

(✔
)

W
h

ich
so

ftw
are

q
u

alitie
s

are
m

o
re

im
p

o
rtan

t
fo

r
d

iffe
re

n
t

ty
p

e
s

o
f

S
W

?

( ✘
)

te
st

co
d

e
in

a
re

u
sab

le
e

fficie
n

t
w

ay

(✔
)

e
xte

n
d

m
y

b
asic

kn
o

w
le

d
ge

o
n

ve
rificatio

n
m

e
th

o
d

s
(u

n
it

te
sts

e
tc.)

( ✘
)

co
n

d
u

ct
a

re
vie

w

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

C
o

n
ten

t

– 2 – 2017-04-27 – Scontent –

8
/

4
2

•
S

u
rve

y
:E

xp
e

ctatio
n

s
o

n
th

e
C

o
u

rse

•
S

o
ftw

are
M

e
trics

•
M

o
tivatio

n

•
V

o
cab

u
lary

•
R

e
q

u
ire

m
e

n
ts

o
n

U
se

fu
lM

e
trics

•
E

xcu
rsio

n
:S

cale
s

•
E

xcu
rsio

n
E

xcu
rsio

n
:M

e
an

,M
e

d
ian

,Q
u

artile
s

•
E

xam
p

le
:LO

C

•
O

th
e

r
P

ro
p

e
rtie

s
o

f
M

e
trics

•
B

ase
M

e
asu

re
s

vs.D
e

rive
d

M
e

asu
re

s

•
S

u
b

je
ctive

an
d

P
se

u
d

o
M

e
trics

•
D

iscu
ssio

n

S
o

ftw
a

re
M

etrics

– 2 – 2017-04-27 – main –

9
/

4
2

– 2 – 2017-04-27 – Smetricintro –

10
/

4
2

E
n

g
in

e
e
rin

g
v
s.

N
o

n
-E

n
g

in
e
e
rin

g

– 1 – 2016-04-18 – Sengineering –

6
/

3
6

w
o

rksh
o

p
(te

ch
n

ica
lp

ro
d

u
ct)

stu
d

io
(a

rtw
o

rk)

M
e

n
tal

p
re

re
q

u
isite

th
e

e
xistin

g
an

d
availab

le
te

ch
n

ical
kn

o
w

-h
o

w

artist’s
in

sp
iratio

n
,

am
o

n
g

o
th

e
rs

D
e

ad
lin

e
s

can
u

su
ally

b
e

p
lan

n
e

d
w

ith
su

fficie
n

t
p

re
cisio

n
can

n
o

t
b

e
p

lan
n

e
d

d
u

e
to

d
e

p
e

n
d

e
n

cy
o

n
artist’s

in
sp

iratio
n

P
rice

o
rie

n
te

d
o

n
co

st,
th

u
s

calcu
lab

le
d

e
te

rm
in

e
d

b
y

m
arke

t
valu

e
,n

o
t

b
y

co
st

N
o

rm
s

an
d

stan
d

ard
s

e
xist,are

kn
o

w
n

,an
d

are
u

su
ally

re
sp

e
cte

d
are

rare
an

d
,if

kn
o

w
n

,
n

o
t

re
sp

e
cte

d

E
valu

atio
n

an
d

co
m

p
ariso

n
can

b
e

co
n

d
u

cte
d

u
sin

g
o

b
je

ctive
,q

u
an

tifie
d

crite
ria

is
o

n
ly

p
o

ssib
le

su
b

je
ctive

ly,
re

su
lts

are
d

isp
u

te
d

A
u

th
o

r
re

m
ain

s
an

o
n

y
m

o
u

s,
o

fte
n

lacks
e

m
o

tio
n

al
tie

s
to

th
e

p
ro

d
u

ct

co
n

sid
e

rs
th

e
artw

o
rk

as
p

art
o

f
h

im
/

h
e

rse
lf

W
arran

ty
an

d
liab

ility
are

cle
arly

re
gu

late
d

,
can

n
o

t
b

e
e

xclu
d

e
d

are
n

o
t

d
e

fin
e

d
an

d
in

p
ractice

h
ard

ly
e

n
fo

rce
ab

le

(Lu
d

e
w

ig
an

d
Lich

te
r,2

0
13

)

V
o

ca
b
u

la
ry

– 2 – 2017-04-27 – Svocabulary –

11/
4

2

m
e

tric
—

A
q

u
an

titative
m

e
asu

re
o

f
th

e
d

e
gre

e
to

w
h

ich
a

syste
m

,co
m

p
o

n
e

n
t,o

r
p

ro
-

ce
ss

p
o

se
sse

s
a

give
n

attrib
u

te
.

S
e

e
:q

u
ality

m
e

tric.
IE

E
E

6
10

.12
(19

9
0

)

q
u

ality
m

e
tric

—

(1)
A

q
u

an
titative

m
e

asu
re

o
f

th
e

d
e

gre
e

to
w

h
ich

an
ite

m
p

o
sse

sse
s

a
give

n
q

u
ality

attrib
u

te
.

(2
)

A
fu

n
ctio

n
w

h
o

se
in

p
u

ts
are

so
ftw

are
d

ata
an

d
w

h
o

se
o

u
tp

u
t

is
a

sin
gle

n
u

m
e

rical
valu

e
th

at
can

b
e

in
te

rp
re

te
d

as
th

e
d

e
gre

e
to

w
h

ich
th

e
so

ftw
are

p
o

sse
sse

s
a

give
n

q
u

ality
attrib

u
te

.
IE

E
E

6
10

.12
( 19

9
0

)

S
o

ftw
a

re
M

etrics:
M

o
tiva

tio
n

a
n

d
G

o
a

ls

– 2 – 2017-04-27 – Sgoals –

12
/

4
2

Im
p

o
rtan

t
m

o
tivatio

n
s

an
d

go
als

fo
r

u
sin

g
so

ftw
are

m
e

trics:

•
sp

e
cify

q
u

ality
re

q
u

ire
m

e
n

ts

•
asse

ss
th

e
q

u
ality

o
f

p
ro

d
u

cts
an

d
p

ro
ce

sse
s

•
q

u
an

tify
e

xp
e

rie
n

ce
,p

ro
gre

ss,e
tc.

•
p

re
d

ict
co

st/e
ffo

rt,e
tc.

•
su

p
p

o
rt

d
e

cisio
n

s

S
o

ftw
are

m
e

trics
can

b
e

u
se

d
:

•
p

re
scrip

tive
,e

.g.,“allp
ro

d
e

cu
re

s
m

u
st

n
o

t
h

ave
m

o
re

th
e

n
N

p
aram

e
te

rs”,o
r

•
d

e
scrip

tive
,e

.g.,“p
ro

ce
d

u
re

P
h

as
N

p
aram

e
te

rs”.

A
d

e
scrip

tive
m

e
tric

can
b

e

•
d

iag
n

o
stic,e

.g.,“th
e

te
st

e
ffo

rt
w

as
N

h
o

u
rs”,o

r

•
p

ro
g

n
o

stic,e
.g.,“th

e
e

xp
e

cte
d

te
st

e
ffo

rt
is
N

h
o

u
rs”.

N
o

te
:p

re
scrip

tive
an

d
p

ro
g

n
o

stic
are

d
iffe

re
n

t
th

in
gs.

•
E

xam
p

le
s:su

p
p

o
rt

d
e

cisio
n

s
b

y
d

iag
n

o
stic

m
e

asu
re

m
e

n
ts:

(i)
M

e
asu

re
C

P
U

tim
e

sp
e

n
t

p
e

r
p

ro
ce

d
u

re
,th

e
n

“o
p

tim
ize”

m
o

st
tim

e
co

n
su

m
in

g
p

ro
ce

d
u

re
.

(ii)
M

e
asu

re
attrib

u
te

s
w

h
ich

in
d

icate
arch

ite
ctu

re
p

ro
b

le
m

s,th
e

n
re

-facto
r

acco
rd

in
gly.



R
eca

ll:
S

o
ftw

a
re

Q
u

a
lity

(IS
O

/IE
C

9
1
2
6
-1

:2
0
0
0

(2
0
0
0
))

– 2 – 2017-04-27 – Sgoals –

13
/

4
2

so
ftw

are
re

late
d

q
u

ality

p
ro

ce
ss

q
u

ality
...

p
ro

d
u

ct
q

u
ality

fu
n

ctio
n

ality

su
itab

ility
accu

racy

in
te

ro
p

e
rab

ility

se
cu

rity

re
liab

ility

m
atu

rity

fau
lt

to
le

ran
ce

re
co

ve
rab

ility

u
sab

ility

u
n

d
e

rstan
d

ab
ility

le
arn

ab
ility

o
p

e
rab

ility

attractive
n

e
ss

e
fficie

n
cy

tim
e

b
e

h
avio

u
r

re
so

u
rce

u
tilisatio

n

m
ain

tain
ab

ility

an
aly

sab
ility

ch
an

ge
ab

ility

stab
ility

te
stab

ility

p
o

rtab
ility

ad
ap

tab
ility

in
stallab

ility

co
-e

xiste
n

ce

re
p

lace
ab

ility

U
sefu

l
M

etrics

– 2 – 2017-04-27 – Sgoals –

14
/

4
2

•
Fo

r
m

ate
rialgo

o
d

s,u
se

fu
lm

e
trics

are
o

fte
n

p
re

tty
o

b
vio

u
s:

Thorsten Hartmann, CC BY-SA 3.0, https://commons.wikimedia.org/w/index.php?curid=737312

Simon A. Eugster, CC BY-SA 3.0, commons.wikimedia.org/w/index.php?curid=7900245

•
N

o
t

so
o

b
vio

u
s

fo
r

im
m

ate
rial

go
o

d
s,like

so
ftw

are
.

C
o

n
ten

t

– 2 – 2017-04-27 – Scontent –

15
/

4
2

•
S

u
rve

y
:E

xp
e

ctatio
n

s
o

n
th

e
C

o
u

rse

•
S

o
ftw

are
M

e
trics

•
M

o
tivatio

n

•
V

o
cab

u
lary

•
R

e
q

u
ire

m
e

n
ts

o
n

U
se

fu
lM

e
trics

•
E

xcu
rsio

n
:S

cale
s

•
E

xcu
rsio

n
E

xcu
rsio

n
:M

e
an

,M
e

d
ian

,Q
u

artile
s

•
E

xam
p

le
:LO

C

•
O

th
e

r
P

ro
p

e
rtie

s
o

f
M

e
trics

•
B

ase
M

e
asu

re
s

vs.D
e

rive
d

M
e

asu
re

s

•
S

u
b

je
ctive

an
d

P
se

u
d

o
M

e
trics

•
D

iscu
ssio

n

R
eq

u
irem

en
ts

o
n

U
sefu

l
M

etrics

– 2 – 2017-04-27 – Sreqonmetrics –

16
/

4
2

D
e

fin
itio

n
.

A
so

ftw
are

m
e

tric
is

a
fu

n
ctio

n
m

:
P

→
S

w
h

ich
assign

s
to

e
ach

p
ro

b
an

d
p
∈

P
a

valu
atio

n
y

ie
ld

(“B
e

w
e

rtu
n

g”)m
(p
)
∈

S
.W

e
callS

th
e

scale
o

f
m

.

In
o

rd
e

r
to

b
e

u
se

fu
l,a

(so
ftw

are)m
e

tric
sh

o
u

ld
b

e
:

d
iffe

re
n

tiate
d

w
o

rst
case

:sam
e

valu
atio

n
y

ie
ld

fo
r

allp
ro

b
an

d
s

co
m

p
arab

le
o

rd
in

alscale
,b

e
tte

r:ratio
n

al(o
r

ab
so

lu
te)scale

(→
in

a
m

in
u

te)

re
p

ro
d

u
cib

le
m

u
ltip

le
ap

p
licatio

n
s

o
f

a
m

e
tric

to
th

e
sam

e
p

ro
b

an
d

sh
o

u
ld

y
ie

ld
th

e
sam

e
valu

atio
n

availab
le

valu
atio

n
y

ie
ld

s
n

e
e

d
to

b
e

in
p

lace
w

h
e

n
n

e
e

d
e

d

re
le

van
t

w
rt.o

ve
ralln

e
e

d
s

e
co

n
o

m
ical

w
o

rst
case

:d
o

in
g

th
e

p
ro

je
ct

give
s

a
p

e
rfe

ct
p

ro
gn

o
sis

o
f

p
ro

je
ct

d
u

ratio
n

—
at

a
h

igh
p

rice
;

irre
le

van
t

m
e

trics
are

n
o

t
e

co
n

o
m

ical(if
n

o
t

availab
le

fo
r

fre
e)

p
lau

sib
le

(→
p

se
u

d
o

-m
e

tric)

ro
b

u
st

d
e

ve
lo

p
e

rs
can

n
o

t
arb

itrarily
m

an
ip

u
late

th
e

y
ie

ld
;

an
to

n
y

m
: su

b
ve

rtib
le

E
xcu

rsio
n

:
S

ca
les

– 2 – 2017-04-27 – main –

17
/

4
2

S
ca

les
a

n
d

T
yp

es
o

f
S

ca
les

– 2 – 2017-04-27 – Sscales –

18
/

4
2

S
cale

s
S

are
d

istin
gu

ish
e

d
b

y
su

p
p

o
rte

d
o

p
e

ratio
n

s:

=
,6=

<
,>

(w
ith

tran
sitivity)

m
in

,
m
a
x

p
e

rce
n

-
tile

s,e
.g.

m
e

d
ian

∆
p

ro
p

o
r-

tio
n

n
atu

ral
0

(ze
ro

)

n
o

m
in

alscale
✔

✘
✘

✘
✘

✘
✘

o
rd

in
alscale

✔
✔

✔
✔

✘
✘

✘

in
te

rval
scale

(w
ith

u
n

its)
✔

✔
✔

✔
✔

✘
✘

ratio
n

alscale
(w

ith
u

n
its)

✔
✔

✔
✔

✔
✔

✔

ab
so

lu
te

scale
a

ratio
n

alscale
w

h
e

re
S

co
m

p
rise

s
th

e
ke

y
figu

re
s

itse
lf

E
xam

p
le

s:N
o

m
in

alS
cale

•
n

atio
n

ality,ge
n

d
e

r,car
m

an
u

factu
re

r,ge
o

grap
h

ic
d

ire
ctio

n
,train

n
u

m
b

e
r,...

•
S

o
ftw

are
e

n
g

in
e

e
rin

g
e

xam
p

le
:p

ro
gram

m
in

g
lan

gu
age

(S
=

{
J
a
v
a
,
C
,...}

)

→
T

h
e

re
is

n
o

(n
atu

ral)o
rd

e
r

b
e

tw
e

e
n

e
le

m
e

n
ts

o
f
S

;th
e

le
xico

grap
h

ic
o

rd
e

r
can

b
e

im
p

o
se

d
(“
C
<

J
a
v
a

”),b
u

t
is

n
o

t
re

late
d

to
th

e
m

e
asu

re
d

in
fo

rm
atio

n
(th

u
s

n
o

t
n

atu
ral).



S
ca

les
a

n
d

T
yp

es
o

f
S

ca
les

– 2 – 2017-04-27 – Sscales –

18
/

4
2

S
cale

s
S

are
d

istin
gu

ish
e

d
b

y
su

p
p

o
rte

d
o

p
e

ratio
n

s:

=
,6=

<
,>

(w
ith

tran
sitivity)

m
in

,
m
a
x

p
e

rce
n

-
tile

s,e
.g.

m
e

d
ian

∆
p

ro
p

o
r-

tio
n

n
atu

ral
0

(ze
ro

)

n
o

m
in

alscale
✔

✘
✘

✘
✘

✘
✘

o
rd

in
alscale

✔
✔

✔
✔

✘
✘

✘

in
te

rval
scale

(w
ith

u
n

its)
✔

✔
✔

✔
✔

✘
✘

ratio
n

alscale
(w

ith
u

n
its)

✔
✔

✔
✔

✔
✔

✔

ab
so

lu
te

scale
a

ratio
n

alscale
w

h
e

re
S

co
m

p
rise

s
th

e
ke

y
figu

re
s

itse
lf

E
xam

p
le

s:O
rd

in
alS

cale

•
stro

n
gly

agre
e
>

agre
e
>

d
isagre

e
>

stro
n

gly
d

isagre
e

;C
h

an
ce

llo
r
>

M
in

iste
r

(ad
m

in
istrative

ran
ks);

•
le

ad
e

rb
o

ard
(fin

ish
in

g
n

u
m

b
e

r
te

lls
u

s
th

at
1st

w
as

faste
r

th
an

2
n

d
,b

u
t

n
o

t
h

o
w

m
u

ch
faste

r)

•
ty

p
e

s
o

f
scale

s,...

•
S

o
ftw

are
e

n
g

in
e

e
rin

g
e

xam
p

le
:C

M
M

Iscale
(m

atu
rity

le
ve

ls
1

to
5

)(→
late

r)

→
T

h
e

re
is

a
(n

atu
ral)o

rd
e

r
b

e
tw

e
e

n
e

le
m

e
n

ts
o

f
M

,
b

u
t

n
o

(n
atu

ral)n
o

tio
n

o
f

d
istan

ce
o

r
ave

rage
.

S
ca

les
a

n
d

T
yp

es
o

f
S

ca
les

– 2 – 2017-04-27 – Sscales –

18
/

4
2

S
cale

s
S

are
d

istin
gu

ish
e

d
b

y
su

p
p

o
rte

d
o

p
e

ratio
n

s:

=
,6=

<
,>

(w
ith

tran
sitivity)

m
in

,
m
a
x

p
e

rce
n

-
tile

s,e
.g.

m
e

d
ian

∆
p

ro
p

o
r-

tio
n

n
atu

ral
0

(ze
ro

)

n
o

m
in

alscale
✔

✘
✘

✘
✘

✘
✘

o
rd

in
alscale

✔
✔

✔
✔

✘
✘

✘

in
te

rval
scale

(w
ith

u
n

its)
✔

✔
✔

✔
✔

✘
✘

ratio
n

alscale
(w

ith
u

n
its)

✔
✔

✔
✔

✔
✔

✔

ab
so

lu
te

scale
a

ratio
n

alscale
w

h
e

re
S

co
m

p
rise

s
th

e
ke

y
figu

re
s

itse
lf

E
xam

p
le

s:In
te

rval
S

cale

•
te

m
p

e
ratu

re
in

Fah
re

n
h

e
it

•
“to

d
ay

it
is

10
°F

w
arm

e
r

th
an

ye
ste

rd
ay”

(∆
(ϑ

to
d

ay ,ϑ
ye

ste
rd

ay )
=

10
°F

)

•
“10

0
°F

is
tw

ice
as

w
arm

as
5

0
°F

”:...?
N

o
.

N
o

te
:th

e
ze

ro
is

arb
itrarily

ch
o

se
n

.

•
S

o
ftw

are
e

n
g

in
e

e
rin

g
e

xam
p

le
:tim

e
o

f
ch

e
ck-in

in
re

visio
n

co
n

tro
lsyste

m

→
T

h
e

re
is

a
(n

atu
ral)n

o
tio

n
o

f
d

iffe
re

n
ce

∆
:
S
×

S
→
R

,b
u

t
n

o
(n

atu
ral)p

ro
p

o
rtio

n
an

d
0

.

S
ca

les
a

n
d

T
yp

es
o

f
S

ca
les

– 2 – 2017-04-27 – Sscales –

18
/

4
2

S
cale

s
S

are
d

istin
gu

ish
e

d
b

y
su

p
p

o
rte

d
o

p
e

ratio
n

s:

=
,6=

<
,>

(w
ith

tran
sitivity)

m
in

,
m
a
x

p
e

rce
n

-
tile

s,e
.g.

m
e

d
ian

∆
p

ro
p

o
r-

tio
n

n
atu

ral
0

(ze
ro

)

n
o

m
in

alscale
✔

✘
✘

✘
✘

✘
✘

o
rd

in
alscale

✔
✔

✔
✔

✘
✘

✘

in
te

rval
scale

(w
ith

u
n

its)
✔

✔
✔

✔
✔

✘
✘

ratio
n

alscale
(w

ith
u

n
its)

✔
✔

✔
✔

✔
✔

✔

ab
so

lu
te

scale
a

ratio
n

alscale
w

h
e

re
S

co
m

p
rise

s
th

e
ke

y
figu

re
s

itse
lf

E
xam

p
le

s:R
atio

n
alS

cale

•
age

(“tw
ice

as
o

ld
”);fin

ish
in

g
tim

e
;w

e
igh

t;p
re

ssu
re

;p
rice

;sp
e

e
d

;d
istan

ce
fro

m
Fre

ib
u

rg...

•
S

o
ftw

are
e

n
g

in
e

e
rin

g
e

xam
p

le
:ru

n
tim

e
o

f
a

p
ro

gram
fo

r
give

n
in

p
u

ts.

→
T

h
e

(n
atu

ral)ze
ro

in
d

u
ce

s
a

m
e

an
in

g
fo

r
p

ro
p

o
rtio

n
m

1 /
m

2 .

S
ca

les
a

n
d

T
yp

es
o

f
S

ca
les

– 2 – 2017-04-27 – Sscales –

18
/

4
2

S
cale

s
S

are
d

istin
gu

ish
e

d
b

y
su

p
p

o
rte

d
o

p
e

ratio
n

s:

=
,6=

<
,>

(w
ith

tran
sitivity)

m
in

,
m
a
x

p
e

rce
n

-
tile

s,e
.g.

m
e

d
ian

∆
p

ro
p

o
r-

tio
n

n
atu

ral
0

(ze
ro

)

n
o

m
in

alscale
✔

✘
✘

✘
✘

✘
✘

o
rd

in
alscale

✔
✔

✔
✔

✘
✘

✘

in
te

rval
scale

(w
ith

u
n

its)
✔

✔
✔

✔
✔

✘
✘

ratio
n

alscale
(w

ith
u

n
its)

✔
✔

✔
✔

✔
✔

✔

ab
so

lu
te

scale
a

ratio
n

alscale
w

h
e

re
S

co
m

p
rise

s
th

e
ke

y
figu

re
s

itse
lf

E
xam

p
le

s:A
b

so
lu

te
S

cale

•
se

ats
in

a
b

u
s,n

u
m

b
e

r
o

f
p

u
b

lic
h

o
lid

ays,n
u

m
b

e
r

o
f

in
h

ab
itan

ts
o

f
a

co
u

n
try,...

•
“ave

rage
n

u
m

b
e

r
o

f
ch

ild
re

n
p

e
r

fam
ily

:1.2
0

3
”

–
w

h
at

is
a

0
.2

0
3

-ch
ild

?
T

h
e

ab
so

lu
te

scale
h

as
b

e
e

n
u

se
d

as
a

ratio
n

alscale
(m

ake
s

se
n

se
fo

r
ce

rtain
p

u
rp

o
se

s
if

d
o

n
e

w
ith

care).

•
S

o
ftw

are
e

n
g

in
e

e
rin

g
e

xam
p

le
:n

u
m

b
e

r
o

f
kn

o
w

n
e

rro
rs.

→
A

n
ab

so
lu

te
scale

h
as

a
m

e
d

ian
,b

u
t

in
ge

n
e

raln
o

t
an

ave
rage

in
th

e
scale

.

S
o

m
eth

in
g

fo
r

th
e

M
a

th
em

a
ticia

n
s...

– 2 – 2017-04-27 – Sscales –

19
/

4
2

R
e

call:D
e

fin
itio

n
.[M

etric
S

p
a

ce
(m

a
th

.)]

Le
t
X

b
e

a
se

t.A
fu

n
ctio

n
d
:
X

×
X

→
R

is
calle

d
m

e
tric

o
n
X

if
an

d
o

n
ly

if,fo
r

e
ach

x
,y

,x
∈

X
,

(i)
d
(x

,y
)
≥

0
(n

o
n

-n
e

gative)

(ii)
d
(x

,y
)
=

0
⇐
⇒

x
=

y
(id

e
n

tity
o

f
in

d
isce

rn
ib

le
s)

(iii)
d
(x

,y
)
=

d
(y
,x

)
(sy

m
m

e
try)

(iv)
d
(x

,z
)
≤

d
(x

,y
)
+

d
(y
,z

)
(trian

gle
in

e
q

u
ality)

(X
,d

)
is

calle
d

m
e

tric
sp

ace
.

→
d

iffe
re

n
t

fro
m

allscale
s

d
iscu

sse
d

b
e

fo
re

;
a

m
e

tric
sp

ace
re

q
u

ire
s

m
o

re
th

an
a

ratio
n

alscale
.

→
d

e
fin

itio
n

s
o

f,e
.g.,IE

E
E

6
10

.12
,m

ay
u

se
stan

d
ard

(m
ath

.)
n

am
e

s
fo

r
d

iffe
re

n
t

th
in

gs

S
o

m
eth

in
g

fo
r

th
e

C
o

m
p

u
ter

S
cien

tists...

– 2 – 2017-04-27 – Sscales –

2
0

/
4

2

•
A

fu
n

ctio
n

w
h

ich

•
assign

s
to

e
ach

algo
rith

m
(o

r
p

ro
b

le
m

,o
r

p
ro

gram
)

•
a

co
m

p
le

xity
class

(w
o

rst-,ave
rage

-,b
e

st-case
;d

e
te

rm
in

istic,n
o

n
-d

e
te

rm
in

istic;sp
ace

,tim
e

;...),

can
b

e
se

e
n

as
a

m
e

tric
(acco

rd
in

g
to

o
u

r
e

arlie
r

d
e

fin
itio

n
):

•
p

ro
b

an
d

s
P

:se
t

o
f

algo
rith

m
s

(o
r

p
ro

b
le

m
s,o

r
p

ro
gram

s)

•
scale

S
:p

ro
b

le
m

classe
s

like
O
(N

).

E
xam

p
le

:

•
P

ro
b

le
m

p
:“d

o
e

s
e

le
m

e
n

t
E

o
ccu

r
in

u
n

so
rte

d
,fin

ite
list

L
”?

•
C

o
m

p
le

xity
m

e
tric

(w
o

rst-case
;d

e
te

rm
in

istic;tim
e):

•
p

is
in
O
(N

),N
=

|L
|

(le
n

gth
o

f
list).

→
th

e
M

cC
ab

e
m

e
tric

(in
a

m
in

u
te)is

so
m

e
tim

e
s

calle
d

co
m

p
le

xity
m

e
tric

(in
th

e
ro

u
gh

se
n

se
o

f
“co

m
p

licate
d

n
e

ss”).

→
d

e
scrip

tio
n

s
o

f
so

ftw
are

m
e

trics
m

ay
u

se
stan

d
ard

(co
m

p
.sc.)

n
am

e
s

fo
r

d
iffe

re
n

t
th

in
gs.



E
xcu

rsio
n

E
xcu

rsio
n

:
C

o
m

m
u

n
ica

tin
g

F
ig

u
res

– 2 – 2017-04-27 – main –

2
1/

4
2

P
ro

ject
M

a
n

a
g
em

en
t:

M
etrics

o
n

P
eo

p
le

– 2 – 2017-04-27 – Smedian –

2
2

/
4

2

D
e

fin
itio

n
.

A
so

ftw
are

m
e

tric
is

a
fu

n
ctio

n
m

:
P

→
S

w
h

ich
assign

s
to

e
ach

p
ro

b
an

d
p
∈

P
a

valu
atio

n
y

ie
ld

(“B
e

w
e

rtu
n

g”)m
(p
)
∈

S
.W

e
callS

th
e

scale
o

f
m

.

10

2
0

3
0

0
1

2
3

4
5

6
7

8
9

10

R
e

q
u

ire
m

e
n

ts
E

n
gin

e
e

rin
g

•
H

e
re

:P
is

th
e

se
t

o
f

p
articip

an
ts

in
th

e
su

rve
y

o
f

th
e

co
u

rse
“S

o
ftw

are
E

n
gin

e
e

rin
g”.

•
S

cale
:S

=
{
0
,...,1

0
}

(o
rd

in
alscale

;h
as

=
an

d
6=

,<
an

d
>

,m
in

an
d
m
a
x

).

•
M

e
asu

re
m

e
n

t
p

ro
ce

d
u

re
:se

lf-asse
ssm

e
n

t
(→

su
b

je
ctive

m
e

asu
re).

R
ed

u
ce

In
fo

rm
a

tio
n

F
u

rth
er

– 2 – 2017-04-27 – Smedian –

2
3

/
4

2

10

2
0

3
0

0
1

2
3

4
5

6
7

8
9

10

R
e

q
u

ire
m

e
n

ts
E

n
gin

e
e

rin
g

•
A

rith
m

e
tic

m
e

an
:2

.2
8

4
(n

o
t

in
th

e
scale

!)

•
M

in
im

u
m

an
d

m
axim

u
m

:0
an

d
10

•
M

e
d

ian
:1

(th
e

valu
e

su
ch

th
at

5
0

%
o

f
th

e
p

ro
b

an
d

s
h

ave
y

ie
ld

s
b

e
lo

w
an

d
ab

o
ve)

R
ed

u
ce

In
fo

rm
a

tio
n

F
u

rth
er

– 2 – 2017-04-27 – Smedian –

2
3

/
4

2

10

2
0

3
0

0
1

2
3

4
5

6
7

8
9

10

R
e

q
u

ire
m

e
n

ts
E

n
gin

e
e

rin
g

•
A

rith
m

e
tic

m
e

an
:2

.2
8

4
(n

o
t

in
th

e
scale

!)

•
M

in
im

u
m

an
d

m
axim

u
m

:0
an

d
10

•
M

e
d

ian
:1

(th
e

valu
e

su
ch

th
at

5
0

%
o

f
th

e
p

ro
b

an
d

s
h

ave
y

ie
ld

s
b

e
lo

w
an

d
ab

o
ve)

•
1st

an
d

3
rd

Q
u

artile
:1

an
d

4
(2

5
%

,5
0

%
)

•
a

b
o

xp
lo

t
visu

alise
s

5
asp

e
cts

o
f

d
ata

at
o

n
ce

(w
h

iske
rs

so
m

e
tim

e
s

d
e

fin
e

d
d

iffe
re

n
tly):

10
0

%
(m

axim
u

m
)

75
%

(3
rd

q
u

artile)

5
0

%
(m

e
d

ian
)

2
5

%
(1st

q
u

artile)

0
%

(m
in

im
u

m
)

m
e

d
ian

:1

ave
rage

:2
.2

8
4

R
E

E
xp

e
rie

n
ce

2
0

17

m
e

d
ian

:1

avg:2
.0

9
1

R
E

E
xp

e
rie

n
ce

2
0

16

2
0

1
7

vs.
2

0
1

6

– 2 – 2017-04-27 – Smedian –

2
4

/
4

2

m
e

d
ian

:1

ave
rage

:2
.2

0
6

9

M
an

age
m

e
n

t
2

0
17

M
an

age
m

e
n

t
2

0
16

m
e

d
ian

:1

ave
rage

:2
.2

8
4

R
E

E
xp

e
rie

n
ce

2
0

17

m
e

d
ian

:1

avg:2
.0

9
0

9

R
E

E
xp

e
rie

n
ce

2
0

16

m
e

d
ian

:3

ave
rage

:3
.9

4
3

2

P
ro

gram
m

in
g

2
0

17

m
e

d
ian

:3
avg:3

.79
2

2

P
ro

gram
m

in
g

2
0

16

m
e

d
ian

:1

ave
rage

:2
.19

3
2

M
o

d
e

llin
g

2
0

17

m
e

d
ian

:1
avg:1.4

4
5

9

M
o

d
e

llin
g

2
0

16

m
e

d
ian

:1

ave
rage

:2
.5

6
8

2

Q
A

2
0

17

m
e

d
ian

:2
avg:2

.3
76

6

Q
A

2
0

16

B
a

ck
F

ro
m

E
xcu

rsio
n

:
S

ca
les

– 2 – 2017-04-27 – main –

2
5

/
4

2



C
o

n
ten

t

– 2 – 2017-04-27 – Scontent –

2
6

/
4

2

•
S

u
rve

y
:E

xp
e

ctatio
n

s
o

n
th

e
C

o
u

rse

•
S

o
ftw

are
M

e
trics

•
M

o
tivatio

n

•
V

o
cab

u
lary

•
R

e
q

u
ire

m
e

n
ts

o
n

U
se

fu
lM

e
trics

•
E

xcu
rsio

n
:S

cale
s

•
E

xcu
rsio

n
E

xcu
rsio

n
:M

e
an

,M
e

d
ian

,Q
u

artile
s

•
E

xam
p

le
:LO

C

•
O

th
e

r
P

ro
p

e
rtie

s
o

f
M

e
trics

•
B

ase
M

e
asu

re
s

vs.D
e

rive
d

M
e

asu
re

s

•
S

u
b

je
ctive

an
d

P
se

u
d

o
M

e
trics

•
D

iscu
ssio

n

R
eq

u
irem

en
ts

o
n

U
sefu

l
M

etrics

– 2 – 2017-04-27 – Smetrics2 –

2
7

/
4

2

In
o

rd
e

r
to

b
e

u
se

fu
l,a

(so
ftw

are)m
e

tric
sh

o
u

ld
b

e
:

d
iffe

re
n

tiate
d

w
o

rst
case

:sam
e

valu
atio

n
y

ie
ld

fo
r

allp
ro

b
an

d
s

co
m

p
arab

le
o

rd
in

alscale
,b

e
tte

r:ratio
n

al(o
r

ab
so

lu
te)scale

re
p

ro
d

u
cib

le
m

u
ltip

le
ap

p
licatio

n
s

o
f

a
m

e
tric

to
th

e
sam

e
p

ro
b

an
d

sh
o

u
ld

y
ie

ld
th

e
sam

e
valu

atio
n

availab
le

valu
atio

n
y

ie
ld

s
n

e
e

d
to

b
e

in
p

lace
w

h
e

n
n

e
e

d
e

d

re
le

van
t

w
rt.o

ve
ralln

e
e

d
s

e
co

n
o

m
ical

w
o

rst
case

:d
o

in
g

th
e

p
ro

je
ct

give
s

a
p

e
rfe

ct
p

ro
gn

o
sis

o
f

p
ro

je
ct

d
u

ratio
n

—
at

a
h

igh
p

rice
;

irre
le

van
t

m
e

trics
are

n
o

t
e

co
n

o
m

ical(if
n

o
t

availab
le

fo
r

fre
e)

p
lau

sib
le

(→
p

se
u

d
o

-m
e

tric)

ro
b

u
st

d
e

ve
lo

p
e

rs
can

n
o

t
arb

itrarily
m

an
ip

u
late

th
e

y
ie

ld
;

an
to

n
y

m
: su

b
ve

rtib
le

E
xa

m
p

le:
L

in
es

o
f

C
o

d
e

(L
O

C
)

– 2 – 2017-04-27 – Smetrics2 –

2
8

/
4

2

1
/

*
h

ttp
s

:/
/

d
e

.
w

ik
ip

e
d

ia
.

o
rg

/
w

ik
i/

2
*

L
is

te
_

v
o

n
_

H
a

llo
−

W
e

lt−
P

ro
g

ra
m

m
e

n
/

3
*

H
%

C
3%

B
6

h
e

re
_

P
ro

g
ra

m
m

ie
rs

p
ra

c
h

e
n

#
Ja

v
a

*
/

45
c
la

s
s

H
a

llo
{

67
p
u
b
li

c
s
t
a
t
i
c

v
o
id

8
m

a
in

(
S

trin
g

[
]

a
rg

s
)

{
9

S
y

ste
m

.o
u

t
.

p
rin

t
(

10
"

H
a

llo
W

e
lt

!
"

);
/

/
n

o
n

e
w

lin
e

11
}

12
}

d
im

e
n

sio
n

u
n

it
m

e
asu

re
m

e
n

t
p

ro
ce

d
u

re

p
ro

gram
size

LO
C
to
t

n
u

m
b

e
r

o
f

lin
e

s
in

to
tal

n
e

t
p

ro
gram

size
LO

C
n
e

n
u

m
b

e
r

o
f

n
o

n
-e

m
p

ty
lin

e
s

co
d

e
size

LO
C
p
a
rs

n
u

m
b

e
r

o
f

lin
e

s
w

ith
n

o
t

o
n

ly
co

m
m

e
n

ts
an

d
n

o
n

-p
rin

tab
le

d
e

live
re

d
p

ro
gram

size
D

LO
C
to
t ,

D
LO

C
n
e ,

D
LO

C
p
a
rs

like
LO

C
,o

n
ly

co
d

e
(as

so
u

rce
o

r
co

m
p

ile
d

)
give

n
to

cu
sto

m
e

r

(Lu
d

e
w

ig
an

d
Lich

te
r,2

0
13

)

d
iffe

re
n

tiate
d

co
m

p
arab

le

re
p

ro
d

u
cib

le

availab
le

re
le

van
t

e
co

n
o

m
ical

p
lau

sib
le

ro
b

u
st

M
o

re
E

xa
m

p
les

– 2 – 2017-04-27 – Smetrics2 –

2
9

/
4

2

ch
aracte

ristic
(‘M

e
rkm

al’)
p

o
sitive

e
xam

p
le

n
e

g
ative

e
xam

p
le

d
iffe

re
n

tiate
d

p
ro

gram
le

n
gth

in
LO

C
C

M
M

/
C

M
M

Ile
ve

lb
e

lo
w

2

co
m

p
arab

le
cyclo

m
atic

co
m

p
le

xity
re

vie
w

(te
xt)

re
p

ro
d

u
cib

le
m

e
m

o
ry

co
n

su
m

p
tio

n
grad

e
assign

e
d

b
y

in
sp

e
cto

r

availab
le

n
u

m
b

e
r

o
f

d
e

ve
lo

p
e

rs
n

u
m

b
e

r
o

f
e

rro
rs

in
th

e
co

d
e

(n
o

t
o

n
ly

kn
o

w
n

o
n

e
s)

re
le

van
t

e
xp

e
cte

d
d

e
ve

lo
p

m
e

n
t

co
st;n

u
m

b
e

r
o

f
e

rro
rs

n
u

m
b

e
r

o
f

su
b

classe
s

(N
O

C
)

e
co

n
o

m
ical

n
u

m
b

e
r

o
f

d
isco

ve
re

d
e

rro
rs

in
co

d
e

h
igh

ly
d

e
taile

d
tim

e
ke

e
p

in
g

p
lau

sib
le

co
st

e
stim

atio
n

fo
llo

w
in

g
C

O
C

O
M

O
(to

a
ce

rtain
am

o
u

n
t)

cyclo
m

atic
co

m
p

le
xity

o
f

a
p

ro
gram

w
ith

p
o

in
te

r
o

p
e

ratio
n

s

ro
b

u
st

grad
in

g
b

y
e

xp
e

rts
alm

o
st

allp
se

u
d

o
-m

e
trics

(Lu
d

e
w

ig
an

d
Lich

te
r,2

0
13

)

O
th

er
P

ro
p

erties
o

f
M

etrics

– 2 – 2017-04-27 – main –

3
0

/
4

2

K
in

d
s

o
f

M
etrics:

IS
O

/IE
C

1
5

9
3

9
:2

0
1

1

– 2 – 2017-04-27 – Smetrickinds –

3
1/

4
2

b
ase

m
e

asu
re

—
m

e
asu

re
d

e
fin

e
d

in
te

rm
s

o
f

an
attrib

u
te

an
d

th
e

m
e

th
o

d
fo

r
q

u
an

ti-
fy

in
g

it.
IS

O
/

IE
C

15
9

3
9

(2
0

11)

E
xam

p
le

s:

•
lin

e
s

o
f

co
d

e
,h

o
u

rs
sp

e
n

t
o

n
te

stin
g,...

•

d
e

rive
d

m
e

asu
re

—
m

e
asu

re
th

at
is

d
e

fin
e

d
as

a
fu

n
ctio

n
o

f
tw

o
o

r
m

o
re

valu
e

s
o

f
b

ase
m

e
asu

re
s.

IS
O

/
IE

C
15

9
3

9
( 2

0
11)

E
xam

p
le

s:

•
ave

rage
/

m
e

d
ian

lin
e

s
o

f
co

d
e

,p
ro

d
u

ctivity
(lin

e
s

p
e

r
h

o
u

r),...

•



K
in

d
s

o
f

M
etrics:

b
y

M
ea

su
rem

en
t

P
ro

ced
u

re

– 2 – 2017-04-27 – Smetrickinds –

3
2

/
4

2

o
b

je
ctive

m
e

tric
p

se
u

d
o

m
e

tric
su

b
je

ctive
m

e
tric

P
ro

ce
d

u
re

m
e

asu
re

m
e

n
t,co

u
n

tin
g,

p
o

ssib
ly

stan
d

ard
ise

d
co

m
p

u
tatio

n
(b

ase
d

o
n

m
e

asu
re

m
e

n
ts

o
r

asse
ssm

e
n

t)

re
vie

w
b

y
in

sp
e

cto
r,

ve
rb

alo
r

b
y

give
n

scale

A
d

van
tage

s
e

xact,re
p

ro
d

u
cib

le
,

can
b

e
o

b
tain

e
d

au
to

m
atically

y
ie

ld
s

re
le

van
t,d

ire
ctly

u
sab

le
state

m
e

n
t

o
n

n
o

t
d

ire
ctly

visib
le

ch
aracte

ristics

n
o

t
su

b
ve

rtab
le

,
p

lau
sib

le
re

su
lts,

ap
p

licab
le

to
co

m
p

le
x

ch
aracte

ristics

D
isad

van
tage

s
n

o
t

alw
ay

s
re

le
van

t,
o

fte
n

su
b

ve
rtab

le
,

n
o

in
te

rp
re

tatio
n

h
ard

to
co

m
p

re
h

e
n

d
,

p
se

u
d

o
-o

b
je

ctive
asse

ssm
e

n
t

co
stly,

q
u

ality
o

f
re

su
lts

d
e

p
e

n
d

s
o

n
in

sp
e

cto
r

E
xam

p
le

,
ge

n
e

ral
b

o
d

y
h

e
igh

t,air
p

re
ssu

re
b

o
d

y
m

ass
in

d
e

x
(B

M
I),

w
e

ath
e

r
fo

re
cast

fo
r

th
e

n
e

xt
d

ay

h
e

alth
co

n
d

itio
n

,
w

e
ath

e
r

co
n

d
itio

n
(“b

ad
w

e
ath

e
r”)

E
xam

p
le

in
S

o
ftw

are
E

n
gin

e
e

rin
g

size
in

LO
C

o
r

N
C

S
I;

n
u

m
b

e
r

o
f

(kn
o

w
n

)b
u

gs
p

ro
d

u
ctivity

;
co

st
e

stim
atio

n
b

y
C

O
C

O
M

O

u
sab

ility
;

se
ve

re
n

e
ss

o
f

an
e

rro
r

U
su

ally
u

se
d

fo
r

co
lle

ctio
n

o
f

sim
p

le
b

ase
m

e
asu

re
s

p
re

d
ictio

n
s

(co
st

e
stim

atio
n

);
o

ve
rallasse

ssm
e

n
ts

q
u

ality
asse

ssm
e

n
t;

e
rro

r
w

e
igh

tin
g

(Lu
d

e
w

ig
an

d
Lich

te
r,2

0
13

)

P
seu

d
o

-M
etrics

– 2 – 2017-04-27 – main –

3
3

/
4

2

P
seu

d
o

-M
etrics

– 2 – 2017-04-27 – Spseudo –

3
4

/
4

2

S
o

m
e

o
f

th
e

m
o

st
in

te
re

stin
g

asp
e

cts
o

f
so

ftw
are

d
e

ve
lo

p
m

e
n

t
p

ro
je

cts
are

(to
d

ay) h
ard

o
r

im
p

o
ssib

le
to

m
e

asu
re

d
ire

ctly,e
.g.:

•
h

o
w

m
ain

tain
ab

le
is

th
e

so
ftw

are?

•
h

o
w

m
u

ch
e

ffo
rt

is
n

e
e

d
e

d
u

n
tilco

m
p

le
tio

n
?

•
h

o
w

is
th

e
p

ro
d

u
ctivity

o
f

m
y

so
ftw

are
p

e
o

p
le?

•
d

o
allm

o
d

u
le

s
d

o
ap

p
ro

p
riate

e
rro

r
h

an
d

lin
g

?

•
is

th
e

d
o

cu
m

e
n

tatio
n

su
fficie

n
t

an
d

w
e

ll
u

sab
le?

D
u

e
to

h
ig

h
re

le
van

ce
,p

e
o

p
le

w
an

t
to

m
e

asu
re

d
e

sp
ite

th
e

d
ifficu

lty
in

m
e

asu
rin

g.Tw
o

m
ain

ap
p

ro
ach

e
s:

differentiated
com

parablereproducibleavailable
relevant
econom

icalplausiblerobust

E
xp

e
rt

re
vie

w
,

grad
in

g
(✔

)
(✔

)
(✘

)
(✔

)
✔

!
(✘

)
✔

✔

P
se

u
d

o
-m

e
trics,

d
e

rive
d

m
e

asu
re

s
✔

✔
✔

✔
✔

!
✔

✘
✘

N
o

te
:n

o
t

e
ve

ry
d

e
rive

d
m

e
asu

re
is

a
p

se
u

d
o

-m
e

tric:

•
ave

rage
LO

C
p

e
r

m
o

d
u

le
:d

e
rive

d
,n

o
t

p
se

u
d

o
→

w
e

re
ally

m
e

asu
re

ave
rage

LO
C

p
e

r
m

o
d

u
le

.

•
m

e
asu

re
m

ain
tain

ab
ility

in
ave

rage
LO

C
p

e
r

m
o

d
u

le
:d

e
rive

d
,p

se
u

d
o

→
w

e
d

o
n’t

re
ally

m
e

asu
re

m
ain

tain
ab

ility
;ave

rage
-LO

C
is

o
n

ly
in

te
rp

re
te

d
as

m
ain

tain
ab

ility.

N
o

t
ro

b
u

st
if

e
asily

su
b

ve
rtib

le
(se

e
e

xe
rcise

s).

P
seu

d
o

-M
etrics

E
xa

m
p

le

– 2 – 2017-04-27 – Spseudo –

3
5

/
4

2

E
xam

p
le

:p
ro

d
u

ctivity
(d

e
rive

d
).

•
Te

am
T

d
e

ve
lo

p
s

so
ftw

are
S

w
ith

LO
C
N

=
8
1
7

in
t
=

3
1
0

h
.

•
D

e
fin

e
p

ro
d

u
ctivity

as
p
=

N
/
t,h

e
re

:ca.2
.6
4

LO
C

/
h

.

•
P

se
u

d
o

-m
e

tric:m
e

asu
re

p
e

rfo
rm

an
ce

,e
fficie

n
cy

,q
u

ality
,...

o
f

te
am

s
b

y
p

ro
d

u
ctivity

(as
d

e
fin

e
d

ab
o

ve).

•
te

am
m

ay
w

rite

x:
=y+z
;

in
ste

ad
o

f
x
:
=
y
+
z
;

→
5

-tim
e

p
ro

d
u

ctivity
in

cre
ase

,b
u

t
re

ale
fficie

n
cy

actu
ally

d
e

cre
ase

d
.

→
n

o
t

(at
all)p

lau
sib

le
.

→
cle

arly
p

se
u

d
o

.

C
a

n
P

seu
d

o
-M

etrics
b

e
U

sefu
l?

– 2 – 2017-04-27 – Spseudo –

3
6

/
4

2

•
P

se
u

d
o

-m
e

trics
can

b
e

u
se

fu
lif

th
e

re
is

a
(go

o
d

)co
rre

latio
n

(w
ith

fe
w

false
p

o
sitive

s
an

d
fe

w
false

n
e

gative
s)b

e
tw

e
e

n
valu

atio
n

yie
ld

s
an

d
th

e
p

ro
p

e
rty

to
b

e
m

e
asu

re
d

:

valu
atio

n
y

ie
ld

lo
w

h
igh

quality

h
igh

false
p

o
sitive

×

tru
e

p
o

sitive

×
×

×
×

×

×
×

lo
w

tru
e

n
e

gative

×
×

×

×
×

false
n

e
gative

×

×
×

•
T

h
is

m
ay

stro
n

gly
d

e
p

e
n

d
o

n
co

n
te

xt
in

fo
rm

atio
n

:

•
If

LO
C

w
as

(o
r

co
u

ld
b

e
m

ad
e

n
o

n
-su

b
ve

rtib
le

(→
tu

to
rials)),

th
e

n
p

ro
d

u
ctivity

co
u

ld
b

e
u

se
fu

lm
e

asu
re

fo
r,e

.g.,te
am

p
e

rfo
rm

an
ce

.

M
cC

a
b

e
C

o
m

p
lexity

– 2 – 2017-04-27 – Smccabe –

3
7

/
4

2

co
m

p
le

xity
—

(1)
T

h
e

d
e

gre
e

to
w

h
ich

a
syste

m
o

r
co

m
p

o
n

e
n

t
h

as
a

d
e

sign
o

r
im

p
le

m
e

n
tatio

n
th

at
is

d
ifficu

lt
to

u
n

d
e

rstan
d

an
d

ve
rify.C

o
n

trast
w

ith
:sim

p
licity.

(2
)

P
e

rtain
in

g
to

an
y

o
f

a
se

t
o

f
stru

ctu
re

-b
ase

d
m

e
trics

th
at

m
e

asu
re

th
e

attrib
u

te
in

(1).

IE
E

E
6

10
.12

( 19
9

0
)

D
e

fin
itio

n
.

[C
yclo

m
a

tic
N

um
b

er
[gra

p
h

th
eo

ry]]

Le
t
G

=
(V

,E
)

b
e

a
grap

h
co

m
p

risin
g

ve
rtice

s
V

an
d

e
d

ge
s
E

.

T
h

e
cy

clo
m

atic
n

u
m

b
e

r
o

f
G

is
d

e
fin

e
d

as

v
(G

)
=

|E
|
−

|V
|
+

1
.

In
tu

itio
n

:m
in

im
u

m
n

u
m

b
e

r
o

f
e

d
ge

s
to

b
e

re
m

o
ve

d
to

m
ake

G
cycle

fre
e

.



M
cC

a
b

e
C

o
m

p
lexity

C
o

n
t’d

– 2 – 2017-04-27 – Smccabe –

3
8

/
4

2

D
e

fin
itio

n
.[C

yclo
m

a
tic

C
o

m
p

lexity
[M

cC
a

b
e,19

76
]]

Le
t
G

=
(V

,E
)

b
e

th
e

C
o

n
tro

lF
lo

w
G

rap
h

o
f

p
ro

gram
P

.

T
h

e
n

th
e

cy
clo

m
atic

co
m

p
le

xity
o

f
P

is
d

e
fin

e
d

as
v
(P

)
=

|E
|
−

|V
|
+

p
w

h
e

re
p

is
th

e
n

u
m

b
e

r
o

f
e

n
try

o
r

e
xit

p
o

in
ts.

1
v
o
id

in
s

e
rtio

n
S

o
rt

(
i
n
t

[
]

a
rra

y
)

{
2

fo
r

(
i
n
t

i
=

2
;

i
<

a
rra

y
.

le
n

g
th

;
i

+
+

)
{

3
tm

p
=

a
rra

y
[

i
]

;
4

a
rra

y
[0

]
=

tm
p

;
5

i
n
t

j
=

i
;

6
w

h
ile

(
j

>
0

&
&

tm
p

<
a

rra
y

[
j
−

1])
{

7
a

rra
y

[
j

]
=

a
rra

y
[

j
−

1];
8

j−
−

;
9

}
10

a
rra

y
[

j
]

=
tm

p
;

11
}

12
}

N
u

m
b

e
r

o
f

e
d

ge
s:

|E
|
=

1
1

N
u

m
b

e
r

o
f

n
o

d
e

s:
|V

|
=

6
+

2
+

2
=

1
0

E
xte

rn
alco

n
n

e
ctio

n
s:

p
=

2

→
v
(P

)
=

1
1
−

1
0
+

2
=

3

12345

87

61
0

E
n
try

E
x
it

M
cC

a
b

e
C

o
m

p
lexity

C
o

n
t’d

– 2 – 2017-04-27 – Smccabe –

3
8

/
4

2

D
e

fin
itio

n
.[C

yclo
m

a
tic

C
o

m
p

lexity
[M

cC
a

b
e,19

76
]]

Le
t
G

=
(V

,E
)

b
e

th
e

C
o

n
tro

lF
lo

w
G

rap
h

o
f

p
ro

gram
P

.

T
h

e
n

th
e

cy
clo

m
atic

co
m

p
le

xity
o

f
P

is
d

e
fin

e
d

as
v
(P

)
=

|E
|
−

|V
|
+

p
w

h
e

re
p

is
th

e
n

u
m

b
e

r
o

f
e

n
try

o
r

e
xit

p
o

in
ts.

•
In

tu
itio

n
:n

u
m

b
e

r
o

f
p

ath
s,n

u
m

b
e

r
o

f
d

e
cisio

n
p

o
in

ts.

•
In

te
rval

scale
(n

o
t

ab
so

lu
te

,n
o

ze
ro

d
u

e
to

p
>

0
);

e
asy

to
co

m
p

u
te

•
S

o
m

e
w

h
at

in
d

e
p

e
n

d
e

n
t

fro
m

p
ro

gram
m

in
g

lan
gu

age
.

•
P

lau
sib

ility
:

+
lo

o
p

s
an

d
co

n
d

itio
n

s
are

h
ard

e
r

to
u

n
d

e
rstan

d
th

an
se

q
u

e
n

cin
g.

−
d

o
e

sn’t
co

n
sid

e
r

d
ata.

•
P

re
scrip

tive
u

se
:

“Fo
r

e
ach

p
ro

ce
d

u
re

,e
ith

e
r

lim
it

cyclo
m

atic
co

m
p

le
xity

to
[ag

re
e

d
-u

p
o

n
lim

it]
o

r
p

ro
vid

e
w

ritte
n

e
xp

lan
atio

n
o

f
w

h
y

lim
it

e
xce

e
d

e
d

.”

12345

87

61
0

E
n
try

E
x
it

C
o

d
e

M
etrics

fo
r

O
O

P
ro

g
ra

m
s

(C
h

id
a

m
b

er
a

n
d

K
em

erer,
1

9
9

4
)

– 2 – 2017-04-27 – Smccabe –

3
9

/
4

2

m
e

tric
co

m
p

u
tatio

n

w
e

igh
te

d
m

e
th

o
d

s
p

e
r

class
(W

M
C

)

n
∑i
=
1

c
i ,n

=
n

u
m

b
e

r
o

f
m

e
th

o
d

s,c
i
=

co
m

p
le

xity
o

f
m

e
th

o
d
i

d
e

p
th

o
f

in
h

e
ritan

ce
tre

e
(D

IT
)

grap
h

d
istan

ce
in

in
h

e
ritan

ce
tre

e
(m

u
ltip

le
in

h
e

ritan
ce

?)

n
u

m
b

e
r

o
f

ch
ild

re
n

o
f

a
class

(N
O

C
)

n
u

m
b

e
r

o
f

d
ire

ct
su

b
classe

s
o

f
th

e
class

co
u

p
lin

g
b

e
tw

e
e

n
o

b
je

ct
classe

s
(C

B
O

)
C
B
O
(C

)
=

|K
o
∪
K

i |,
K

o
=

se
t

o
f

classe
s

u
se

d
b

y
C

,K
i
=

se
t

o
f

classe
s

u
sin

g
C

re
sp

o
n

se
fo

r
a

class
(R

F
C

)
R
F
C

=
|M

∪
⋃

i
R

i |,M
se

t
o

f
m

e
th

o
d

s
o

f
C

,
R

i
se

t
o

f
allm

e
th

o
d

s
callin

g
m

e
th

o
d
i

lack
o

f
co

h
e

sio
n

in
m

e
th

o
d

s
(LC

O
M

)
m
a
x
(|P

|
−

|Q
|,0

),P
=

m
e

th
o

d
s

u
sin

g
n

o
co

m
m

o
n

attrib
u

te
,

Q
=

m
e

th
o

d
s

u
sin

g
at

le
ast

o
n

e
co

m
m

o
n

attrib
u

te

•
o

b
je

ctive
m

e
trics:D

IT,N
O

C
,C

B
O

;
p

se
u

d
o

-m
e

trics:W
M

C
,R

F
C

,LC
O

M

...
th

ere
seem

s
to

b
e

a
greem

en
t

th
a

t
it

is
fa

r
m

o
re

im
p

o
rta

n
t

to
fo

cus
o

n
em

p
irica

lva
lid

a
tio

n
(o

r
refuta

tio
n)o

f
th

e
p

ro
p

o
sed

m
etrics

th
a

n
to

p
ro

p
o

se
n

ew
o

n
es,...

( K
a

n
,20

0
3

)

C
o

n
ten

t

– 2 – 2017-04-27 – Scontent –

4
0

/
4

2

•
S

u
rve

y
:E

xp
e

ctatio
n

s
o

n
th

e
C

o
u

rse

•
S

o
ftw

are
M

e
trics

•
M

o
tivatio

n

•
V

o
cab

u
lary

•
R

e
q

u
ire

m
e

n
ts

o
n

U
se

fu
lM

e
trics

•
E

xcu
rsio

n
:S

cale
s

•
E

xcu
rsio

n
E

xcu
rsio

n
:M

e
an

,M
e

d
ian

,Q
u

artile
s

•
E

xam
p

le
:LO

C

•
O

th
e

r
P

ro
p

e
rtie

s
o

f
M

e
trics

•
B

ase
M

e
asu

re
s

vs.D
e

rive
d

M
e

asu
re

s

•
S

u
b

je
ctive

an
d

P
se

u
d

o
M

e
trics

•
D

iscu
ssio

n

R
eferen

ces

– 2 – 2017-04-27 – main –

4
1/

4
2

R
eferen

ces

– 2 – 2017-04-27 – main –

4
2

/
4

2

C
h

id
am

b
e

r,S
.R

.an
d

K
e

m
e

re
r,C

.F.(19
9

4
).

A
m

e
trics

su
ite

fo
r

o
b

je
ct

o
rie

n
te

d
d

e
sign

.
IE

E
E

Tra
n

sa
ctio

n
s

o
n

S
o

ftw
a

re
E

n
gin

eerin
g,2

0
(6

):4
76

–
4

9
3

.

IE
E

E
(19

9
0

).
IE

E
E

S
ta

n
d

a
rd

G
lo

ssa
ry

o
f

S
o

ftw
a

re
E

n
gin

eerin
g

Term
in

o
lo

gy.
S

td
6

10
.12

-19
9

0
.

IS
O

/
IE

C
(2

0
11).

In
fo

rm
a

tio
n

tech
n

o
lo

gy
–

S
o

ftw
a

re
en

gin
eerin

g
–

S
o

ftw
a

re
m

ea
surem

en
t

p
ro

cess.
15

9
3

9
:2

0
11.

IS
O

/
IE

C
F

D
IS

(2
0

0
0

).
In

fo
rm

a
tio

n
tech

n
o

lo
gy

–
S

o
ftw

a
re

p
ro

d
uct

q
ua

lity
–

P
a

rt
1:Q

ua
lity

m
o

d
el.

9
12

6
-1:2

0
0

0
(E

).

K
an

,S
.H

.(2
0

0
3

).
M

etrics
a

n
d

m
o

d
els

in
S

o
ftw

a
re

Q
ua

lity
E

n
gin

eerin
g.

A
d

d
iso

n
-W

e
sle

y,2
n

d
e

d
itio

n
.

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

.


