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D
efinitions

�
system

aticreuseentailsplanning,executingand
m

onitoring
changesin

the

processesatorganisationallevel

�
opportunistic

reuseis
narrow

(it
arisesfrom

the
goodw

illofindividuals)and

shallow
(doesnotim

pactthe
processes)
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D
efinitions

(cont’d)

�

only
system

aticreusecan
producem

easurablebenefits

�

assetreusabilityis
the

delicatebalanceof(atleast)threecrucialattributes:

1.
functionalreusability:

the
reuseassetm

ustofferthe
functionality

requiredby

the
project

2.
technicalreusability:

the
reuseassetshouldintegrateeasilyin

the
operating

environm
entofthe

project

3.
quality

:
the

quality
ofthe

reuseassetm
ustm

eetthe
requirem

entsofthe
project

M
orisio,M

.,T
ully,C

.,and
E

zran,M
.(2000).D

iversity
in

R
euseP

rocesses.IE
E

E

S
o

ftw
a

re,17(4):56–63.
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M
otivations

�

focuson
third-party

unm
odified

reuse

�

consum
erperspective

�

lesscoarseparam
etersetthan

classicalm
odels

�

tightercontrolofbounds

�

lesscom
plex

than
probabilisticm

odels�

low
erentry

barrier,inherentlyadaptive

�

full
recognitionofoverhead

(indirect)costsofreuse

�

in
keepingw

ith
m

ostfrequentlyuseddataitem
sand

outputs

�

centeredon
developm

entphase

�

needsenhancem
entto

coverO
&

M
phase
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F
oundations

D
efinition

� �
�� �
� �

costim
pactofreuse(i.e.,sa

vin
g

sorlo
sse

s)relative
to

a
functionally-equivalent

developm
entofall-new

code

A
ssertions

�

tw
o

distinctfactorsjo
in

tly
determ

ine

�
:

* �
�� �
� �

:
the

extentofdevelopm
entreduction

attainedby
reuseat

productlevel

*��	 � �

:
the

effectofreduction
preservation

w
arrantedby

the
process

�

reusecan
causesize

inflation
by

w
ay

ofverbosityand
/orim

portationofadditional

needs

�

a
custom

baselinem
ay

pre-existthe
reuseunderanalysis
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M
odelrepresentation
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��















 � relative

extentofbaselinepreservation

� � � �
� � � �
� � � �
� � � �
� � � �
� � � � � �

� � � �
� � � �
� � �

relative
extent

ofdevelopm
ent

�

system
w

ith
o

u
treuse

overpreserved
baseline

��

1

system
w

ith
reuse

overpreserved
baseline

� ��

�=�

( 


+

��)

pre-existing
baseline

F
igure

1:M
odelnotions.

�
w

hateverthe
nature

ofthe
referenceproduct�

T
ullio

V
ardanega

M
ay

15,2002

R
euseE

conom
ics:A

S
oftw

are
R

euseM
etric

8

M
odeldefinitions

�

norm
alisedcostbasis:

�� �
��

�

ow
n

baselinem
ay

pre-existreuse:

�� �� �

�

system
w

ith
o

u
treuse:

�� ��

�

baselinereplacem
entm

ay
needenhancingto

m
eetsystem

requirem
ents:�

� �

�

system
w

ith
reuse:

 ! �� ��"

�

reusem
ay

causesize
inflation:

 � �

�

reuseratio
relative

to
size

w
ith

reuse:

�� #
� �
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E
conom

ic
m

odel

�
�� �
�	 �
� �

�

T
he

saving
potentialofreuseatp

ro
d

u
ctlevel,aspreserved

(oreroded)by
the

p
ro

ce
ss
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E
conom

ic
m

odel
(cont’d)

$

:developm
entreduction

factor
(cf.

figure
1)

definition
:

the
relative

proportionby
w

hich
reusedecreases(resp.increases)the

developm
enteffort

�
�� �
%��
�� �
 ! � �#"! ��! � ��" �" ��
� �

��

(1)

&

:reduction
preservation

factor
(from

the
process)

definition
:

the
extentto

w
hich

the
softw

are
developm

entprocessis
able

to
preserve

the

proportionofdevelopm
entreductionattainableby

reuse

	 �'(*)(	(

w
here:'(*)( ��

and�� )(+	( � �
,-

(2)

distinctshareofdevelopm
enteffortperphase(

)( )
distinctextentofreductionpreservation

perphase(	( )
T

ullio
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E
conom

ic
m

odel
(cont’d)

productivity
increaseratio

(inferred)

definition
:

trivially,how
m

uch
m

ore
(i.e., 

,cf.
figure

1)in
how

m
uch

less(i.e.,

� ��

)

. �
 

� ��

(3)

O
bservation

T
he

m
odelallow

s
for / �

(i.e.,in
cre

a
seo

fd
eve

lo
p

m
e

n
tsizeo

n
re

u
se)

and���

(i.e.,

p
re

-existin
g

b
a

se
lin

ecove
rs

a
lm

o
sta

llre
q

u
ire

m
e

n
ts)so

that

�

can
go

deeply
negative

cf.
eqn.1

�
�� �
� �
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C
hallenge

and
P

edigree
Yetanother

m
odel!

W
hy

w
ould

w
e

need
itatall?

In
w

hatdo
w

e
differ?

S
olid

relationship
to

m
ajor

m
odels

R
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M
ostcom

m
on

type
ofm

odeloutput

�

savings
from

reuse

0 �1

M
ostcom

m
on

type
ofdata

item
s

P
roducerperspective

�

cost-to-producerto
createassetfor

reuse

�2
34 5

�

(projected)num
berofreuses

�6

�

costto
createassetw

ithoutreuse

�2
34 7

C
onsum

erperspective

�

costto
createsystem

w
ithoutreuse

�2
84 73

�

cost-to-consum
erto

reuseasset

�2
84 59

�

cost-to-consum
erto

createnon-reusableasset

�2
84 79
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P
roducer-consum

erbreak-even
condition

6
: �! 2
34 5

2
34 7
"! 2
84 79

2
84 79 �2
84 59
"

(4)

�

T
he

consum
eris

th
e

sa
m

easthe
producer

�

T
he

term 2
34 5

2
34 7

denotesthe
costincrease,atthe

producerend,arising
from

setting

reuseobjectives

–
T

his
value

generallyis�

1,butshouldbe
m

inim
ised(ideally

to
1)

�

T
he

term 2
84 79

2
84 79
;284 59

denotesthe
differentialcostincrease,atthe

consum
erend,

upon
a

n
ew

developm
entin

the
faceofa

reuseopportunity

–
T

his
value

inherentlyis�

1,and
shouldbe

m
axim

ised(ideally
to

1)
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T
he

G
affney-and-D

urekeconom
icanalysis[1]

show
s

the
im

pactofthe6<=

reuse
relative

to
thatobtainedon

a
projectdevelopedfrom

all-new
code,w

herethe
costbasis

equals1:

2
��
� >
! ?�A@6 ��" �� �>
! � �
? � @6
"

(5)

w
here:

>
�

reusedsourcestatem
ents

totaldeliveredsourcestatem
ents

0 #1

�� ?� �

relative
costofintegrating

reuse0 284 59
2
84 79
1

@
� �

relative
costofdeveloping

for
reuse0 234 5

2
34 7
1

w
hich,for� ��

(allnew
)

and @
��

(third-partyreuseasset),ourm
odelexpressesas:

2
�� ��
�� �
	! � �
 ! � �#""

(6)
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B
ehaviour

atboundary
conditions

�

no
reuse

2
! > ��" ��

2
! # ��" �� �
	!  B# CD ��" �� �
	! � ��" ��

�

only
reuse

2
! > ��" �?

2
! # ��" �� �
	

�
? �� �
	

�

no
costofreuseintegration

(reuseassetand
reuseprocessw

ork
extrem

elyw
ell)

2
! ? ��" �� �>
�� �#

2
! 	 ��" � ! � �#"

�

m
ore

conservative!

�

m
ax

costofreuseintegration
(reuseassetand

reuseprocessw
ork

extrem
elybad)

2
! ? ��" ��

2
! 	 ��" ��
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P
oulin

[3]
usesthe

previous
m

odelto
determ

inethe
totalprojectcostw

ith
reuse:

EF25 ��G H! � �#
! � �
?""

(7)

w
here:

�G �

unitary
costofdevelopm

ent(persourcestatem
ent)

H
�

totalsize
ofdevelopm

entw
ith

reuse

�

size
w

ith
o

u
treuse � H 

w
hich

ourm
odelexpressesas:

EF25 ��G H ! � ��" ��G H � �� 

(8)

from
w

hich,stillfor� ��

,w
e

obtain
a

refineddefinition
of?

:

? �! � �
	"! � �
 ��# "

(9)

w
hich

is
definitely

m
ore

sophisticatedthan
the

equivalencew
e

inferred
from

the
G

affney

and
D

urek’s
m

odel(w
hich

assum
es ��

)
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M
odelequivalencecriteria

�
no

size
inflation

on
reuse

 ��
� ? �� �
	

canonicalform

�

only
reuse

#
��
� ? �! � �
	"JI 

costdecreasesas
size

increases

�

reuseexceedsinflation

 / �

a
n

d#/
 ;I 

�
�K ?K � �
	

generalcase

(ourm
odelis

m
ore

sensitive
to

the
attrition

ofreuseon
the

process!)

�

reuseequalsinflation

 / �

a
n

d# �  ;I 

� ? ��

�

inflation
exceedsreuse

 / �

a
n

d#K  ;I 

� ?K �
productivity

increase!
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R
eferencevalues

O
therm

odelsgenerallyregard?

asa
constantin

the
range0 � LM+ � LN1

�

w
e

treatit
asa

derived
param

eter

w
ith

valuesovera
potentiallyw

iderrange

T
he

problem
w

ith
equations5

and
7

is
thatO

is
too

coarse
and

hard
to

determ
ine

T
he

hourly
costoflabour(�P )

and
the

typicalproductivity
(Q

)
determ

ine�G

:

� �G � �PQ � R
S

E
ur/hr

ITS

S
LO

C
/hr �U�

E
ur/S

LO
C
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K
ey

param
eters

Table
1:Influenceof#

and 

on�

.

case#

case 

rationale

 ��
 / �

#
K  ;I 

N
/A

�
K �

inflation
exceedsreuse

# �  ;I 

no
reuse�

��

reuseequalsinflation

#/
 ;I 
�/
� �/
�

reuseexceedsinflation
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E
xam

ple
1

(V W
X)

YZ
[\

[\
[\ [\

]
Z

^`_]
a ] _bc ^

b^
a ] _bc ^`_Z

Yda ] _bc ^ _Z

F
igure

2:R
euseexceedsinflation

(

#/
 ;I 

).
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C
onsistencycriteria

��

hasupperboundat

�
(for# ��

and� ��

)
and

low
erboundat ��

(for� ��

and

 / �
)

�

Im
posinga

notionallow
erboundfor�

at ��

for#�  ;I 

determ
inesa

low
erbound

for�

on
the

n
eg

a
tive

planeof�

�

Im
posingthatthe

reusecom
ponent(

#e
)

should
notoverlap

the
pre-existing

baseline(� )
for#�  ;I 

determ
inesthe

correspondinglow
erboundfor�

on
the

p
o

sitiveplaneof�

Table
2:Low

erboundsfor�
.

casef

g
range

hi fikjml
n

j

go
jp
n lfq ln

p
r lnqp n ljp
n lfqq s r o h

jml
n

j
i fi t u

n lg
jp
nsp r lnq gq
go
n ljp
n lfq

nsjp
n lfqp r lnq o h
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E
xam

ple
2

($v w

)

�
��+ � xy + # � II: K  ;I 
� Ix + �

m
in � ! � �#" ��

� Iy:

D
evelopm

entw
ith

reusefor� ��

m
in

(from
fig.

2):

% �! � �#"  �
� �! � �#"  �
! � ��

m
in" � Iz:

T
w

ice
as

m
uch

as
w

ithout
reuse!

�

H
ence:

�
�� �
{�m

in � ��

E
xam

ple
3

($| w

)
�
��+ � xy + # � IS /
 ;I 
� Ix + �

m
in �� �

 ! � �#" � II:

D
evelopm

entw
ith

reusefor� ��

m
in

(from
fig.

2):

% �! � �#"  �
� �! � �#"  �
! � ��

m
in" ��

N
o

developm
entatall!

�

H
ence:

�
�� �
{�m

in ��

T
he

notion
of�

m
in im

plies
that

�
cannotpossiblygetany

sm
alleraslong

as#

and 

(and

�

)
staythe

sam
e
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E
ffectof}

on$

(1
of2)

For#K  ;I 

,w
herein

fla
tio

n
exce

e
d

sre
u

se,w
e

have:

�
B� C�

m
in � ��

� �
B� C~ �� �
 ! � �#" K �

(10)

w
here�

increasesw
ith�

butit
alw

ayslays
w

ithin
the

negative
plane(

�
B� C~

denotes
the

casew
ith

no
baselinepreservation)

-1

-0.9

-0.8

-0.7

-0.6

-0.5

-0.4

-0.3

-0.2

-0.1

0.2
0.3

0.4
0.5

0.6
0.7

0.8
0.9

1

Development Reduction�

R
elative R

atio of B
aseline R

eplacem
ent

D
evelopm

ent R
eduction on Increasing E

xtent of R
eplacem

ent as Inflation E
xceeds R

euse

F
igure

3:C
ase

#
K  ;I 

w
ith�

m
in �� L�M

and�B� C~ � �
� L�M

N
ote

that

�
B� C~ � ��

m
in for� ��

(negative
plane)
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E
ffectof}

on$

(2
of2)

For#/
 ;I 

w
herere

u
seexce

e
d

sin
fla

tio
n,w

e
have:

�K �
B� C~ �� �
 ! � �#" � �
B� C�

m
in ��

(11)

w
here�

decreasesas�

increasesbutit
alw

ayslays
w

ithin
the

positive
plane

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9 1

0.2
0.3

0.4
0.5

0.6
0.7

0.8
0.9

1

Development Reduction�

R
elative R

atio of B
aseline R

eplacem
ent

D
evelopm

ent R
eduction on Increasing E

xtent of R
eplacem

ent as R
euse E

xceeds Inflation

F
igure

4:C
ase

#/
 ;I 

w
ith�

m
in �� L��

and�B� C~ �� L��

N
ote

that

�
B� C~ ��

m
in for� ��

(positive
plane)
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E
ffectofV

on$

(1
of2)

For#K  ;I 
,w

herein
fla

tio
n

exce
e

d
sre

u
se,w

e
have:

�
B� C~ � � �
 ! � �#"

�

� �
B��� � �� �
 ! � �#" K �

(12)

w
here�

increasesw
ith�

butit
alw

ayslays
w

ithin
the

negative
plane.N

ote
thatthe

case�B��� �

correspondsto�
��

,i.e.,no
baselinepreservation
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Development Reduction�

R
elative R

atio of A
ugm

entation of B
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D
evelopm

ent R
eduction on Increasing E

xtent of R
eplacem

ent as Inflation E
xceeds R

euse

F
igure

5:C
ase

#
K  ;I 

w
ith�

B� C~ � �
� L�

and�B��� � � �
� L�M
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E
ffectofV

on$

(2
of2)

For#/
 ;I 

,w
herere

u
seexce

e
d

sin
fla

tio
n,w

e
have:

�K �
� �
B� C~ � � �
 ! � �#"

�

(13)

w
here�

decreasesas�

increasesbutit
alw

ayslays
w

ithin
the

positive
plane.N

ote
that

�
B� C~

is
a

genuineupperboundto�
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ent as R
euse E
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E
ffectof�

on�

(1
of2)

For�K �

,in
the

eventofb
a

se
lin

ep
re

se
rva

tio
n,w

e
have:

.B C~ � �� �
	 #�

and.B �� � �
�	! � �#"

(14)

w
here.

decreasesas 

increases,aslong
as�K	

.

For�� �
�	 � �

,w
e

have. � II ;#

for
any

value
of 

,w
hile

for�� �/
	 � � ,.

increasesw
ith 

.
N

ote
that.

alw
ayslays

above�

aslong
as� �#

K �	
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P
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ffect w
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igure
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C
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E
ffectof�

on�

(2
of2)

For� ��

,in
the

eventofn
o

baselinepreservation,w
e

have:

.B C~ � �� �
	 #

and.B �� � �
�	! � �#"

(15)

w
here.

increasesw
ith 

and
never

falls
below �

(w
hich

is
quite

obvious,for
this

representsthe
productivity

on
an

all-new
developm

ent)
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S
ensitivity

analysis
Table

3:S
ensitivity

ofcostm
odelto

param
etervariations.

variation
increm

enteffect

��
B� � �
� �� I ;#�� I�� � ;I� ��

��
decreasesvalue

��
B�# ��#  � I�� � ;I� ��
��

raisesvalue

��
B�� ���  � I ;#� ;I
��~ ��

decreaseslossforf� jml
n

j

decreasesvalue
forf� jml

n
j

��
B�� ��� � � I ;#� ;I�� I ;��

�
~ �� �

decreaseslossforf� jml
n

j

decreasesvalue
forf� jml

n
j

��B�	 ��	 �

raisesvalue

T
ullio

V
ardanega

M
ay

15,2002

R
euseE

conom
ics:A

S
oftw

are
R

euseM
etric

31

S
cenario

1
(�

�
� )

Table
4

lists
the

resultsofthe
sensitivity

analysiscom
putedallow

ing
single

errors
in

the
determ

inationofparam
etervalues,in

the
eventofbaselinepreservation

.(T
he

calculationcould
easilybe

extendedto
allow

the
occurrenceofm

ultiple
errors.)

Table
4:S

ensitivity
of�

to
relative

errorsin
param

etervalues.

param
eter

relative
error

�

value

��

�
�� LM�
�U�

�� L� ��
� � L���

�
�MLU�
�U�

�� L�MU
� � L���

#
�� LN�
�U�

�� L� M�
�� L���

 ��LN�
�U�

�� L���
� � L�U�

	 �� LN�
�U�

�� L� M�
�� L�� �

 

appearsto
be

the
param

eterw
ith

the
m

ostim
pacton�

.

A
relative

errorof� U�
in 

in
the

scenarioresultsin
an

absolutevariation
ofabout

�
U�

in�

.
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S
cenario

2
(�

�
�)

Table
5

lists
the

resultsofthe
sensitivity

analysiscom
putedunderthe

sam
ehypotheses

asusedfor
scenario1

in
the

eventofno
baselinepreservation.

Table
5:S

ensitivity
of�

to
relative

errorsin
param

etervalues.

param
eter

relative
error

�

value

��

#
�� LN�
�U�

�� L� M�
�� L� ��

 ��LN�
�U�

�� L���
� � L� MN

	 �� LU�
�U�

�� L� M�
�� L��U

 

confirm
sasthe

m
odelparam

eterw
ith

the
m

ostim
pacton�

.

A
relative

errorof� U�

in 

in
scenario2

resultsin
an

absolutevariation
ofabout

�MLN�

in�

.

Table
5

also
suggeststhatthe

m
odeltoleratesw

ella
fairam

ountofapproxim
ationin

the

evaluationof	

.
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C
onclusions

W
ith

respectto
other

m
odels:

�

w
e

have
a

m
ethodfor

determ
ining?

�

n
o

ta
n

in
d

e
p

e
n

d
e

n
tco

n
sta

n
t!

�

w
e

have
a

m
ethodfor

determ
ining

#

�

re
u

sera
tio

g
ro

w
sw

ith
syste

m
size

�

w
e

have
a

m
ethodfor

determ
ining 

�

sh
o

w
sin

h
e

re
n

tove
rh

e
a

do
fre

u
sep

ro
d

u
ct

H
ow

can
w

e
bestincrease� ?

�

by
decreasing 

fu
rth

e
ru

sed
e

cre
a

e
s ���

!

�

by
increasing	

via
p

ro
ce

ss-su
p

p
o

rtivere
u

sea
sse

ts

�

by
increasing

#

e
n

la
rge

m
e

n
to

r
in

co
rp

o
ra

tio
n

o
ffitb

a
se

lin
e

In
essence:

by
reducing?

atproductand
processlevel!
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R
O

I
3-com

ponentproject-levelR
O

I(sim
plified

):

! 284 73 �2
84 53 " �! 284 �7 �2
84 �5" �
! 234 5 �2
34 7"

consum
er� �

producer

�! 234 5 �2
34 7" ��

O
&

M
costim

pactofreuserem
ainsto

be
determ

ined

� 

R
O

I �2
84 73 �
�  
��G H �
�  

E
xam

ple

�
�� L�+ ��L�MU+ H ���

kS
LO

C+ �G �U�

E
ur/S
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C

�
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O
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kE
ur�  
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Table
6:M

odelnotations.

sym
bol

denotes
ranges

�

baselinereplacem
entratio

�� �
� �

�

baselinepreservation
ratio

�� �
��

�

functionalgrow
th

factor

�
� �

#

unm
odifiedreuseratio

�� #
� �

 

cum
ulative

expansionfactor

 � I� �
I ; ��� � �

(�� ��+ ���

)

e
norm

alisedsystem
size

e
� ! �� ��"

�
developm

entreductionfactor�
� �

	
reductionpreservation

factor��	 � �

�
effortsaving

�
�	 �

.
productivity

increaseratio

. � I� ��I ;�
� �

?

relative
costofreuse

? �� �
�� ��

#� I� ��

H

system
size

(sourcestatem
ents)

w
here¡�¢

:
basesize

inflation
(generality/specificity)and¡�¢¢

:
reuseoverhead(C

O
C

O
M

O
’s ££

and¤¥

)
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