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( )
Definitions e
e only systematigeusecanproducemeasurablebenefits
e asseteusabilityis the delicatebalanceof (atleast)threecrucialattributes:
1. functional reusability: thereuseassemustoffer the functionalityrequiredby
theproject
2. technicalreusability: thereuseasseshouldintegrateeasilyin the operating
environmentof the project
3. quality: thequality of thereuseassemustmeettherequirement®f the project
Morisio, M., Tully, C.,andEzran,M. (2000).Diversityin ReuseProcessedEEE
Softwae, 17(4):56—63.
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( )

e systematicreuseentailsplanning,executingandmonitoringchangesn the
processeatorganisationalevel

e opportunistic reuseis narrown (it arisesfrom the goodwill of individuals)and
shallov (doesnotimpactthe processes)
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Foundations

Definition
e —c0<e<1

costimpactof reuse(i.e., savingsor losse$
developmenbf code

Assertions

e two distinctfactorsjointly determines:

* —oo < 7 < 1: theextentof developmentreduction attainedby reuseat
product level

needs

e acustombaselinemay pre-existthereuseunderanalysis

\.

to afunctionally-equvalent

* (0 < v < 1:theeffectof reduction presewation warrantedoy theprocess

e reusecancausssizeinflation by way of verbosityand/ or importationof additional
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Moti vations

e focusonthird-party reuse
¢ lesscoarseparametesetthanclassicamodels
e lesscomplexthanprobabilisticmodels

¢ full recognitionof overhead (indir ect) costsof reuse
¢ in keepingwith mostfrequentlyuseddataitemsandoutputs

e centerecbndevelopmentphase

\.

— consumerperspectie

— tightercontrolof bounds

— lower entrybarrier inherentlyadaptve

— needsnhancemertb cover O&M phase
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e normaliseccostbasis: =1

e own baselinemay pre-«ist reuse: 0<e<1

e systemwithoutreuse: c+kr

e baselineeplacemenmayneedenhancingo meetsystenrequirements: k>1

e systemwith reuse: ¢(c+kr)

e reusemaycausesizeinflation: p>1

e reuseratiorelative to sizewith reuse: 0<s<1
Tullio Vardanga May 15,2002
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relative extentof baselingpreseration
st
kr
r e R i = ¢(c+kr)
c c P
relative extent
of development
pre-ecisting baseline systemwithoutreuse systemwith reuse
over preseredbaseline over preseredbaseline
Figurel: Modelnotions.
— whatever the nature of the referenceproduct <
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( ) ( )
Economic model e Challengeand Pedigree
 developmentreduction factor (i figure 1) | Yet another model! | | Why would we need itatall? |
definition : therelative proportionby which reusedecrease@esp.increasesjhe _ In what do we differ? 7

developmenteffort

R -9+ (k=D —14r Solid relationship to major models

kr kr @)

. . References
~ : reduction presewation factor (from the process)
[1] Gaffney, J.andDurek,T. (1989).SoftwareReuse Key to EnhancedProductvity:

definition : theextentto which the softwaredevelopmentprocesss ableto presere the o :
SomeQuantitatve Models.Informationand Softwae Technolagy, 31(5):258—-267.

proportionof developmentreductionattainableby reuse
[2] Lim, W. (1996).ReuseEconomics/A Comparisorof SeventeerModelsand

Y= MS\: where: M e;=1and 0 <e;y;, <1Vi (2 Directionsfor FutureResearchin Proceeding®f theInt’| Confeenceon Softwae
¢ : Reusepages41-50,0rlando,FL (USA). IEEE.

distinctshareof developmenteffort perphasg(e;) ) ) o ) )
[3] Poulin,J.(1997).MeasuringSoftwae Reuse:Principles,Practicesand Economic

distinctextentof reductionpreserationperphase(-y;) Models AddisonWesley. ISBN 0201634139.
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Economicmodel oo

moo:og_o BOQm_ productivity increaseratio (inferred)

definition : trivially, how muchmore(i.e., ¢, cf. figure1) in how muchless(i.e.,1 — €)

—xo2e=9n<1 = ¢
| | 2= 2 ®
e Thesaving potentialof reuseat productlevel, aspresered (or eroded)y the Observation
process Themodelallowsfor ¢ > 1 (i.e.,increaseof developmensizeonreusg andr — 0 (i.e.,
pre-existingbaselinecovers almostall requirement¥sothat@ cango deeplynegative
cf. egn.1
—co<7w<1
\. J \. J

Tullio Vardanga May 15,2002 Tullio Vardanga May 15,2002



ReuseEconomicsA SoftwareReuseMetric

\

Producerconsumerbreak-even condition

Qﬁ.ﬂ Qn.ED
Qﬁ,g VA Qn&Eﬂ - Qn,e.a. v

S\OHA

e Theconsumeis the sameasthe producer

QH
e Theterm c,

YW

reuseobjectives
— Thisvaluegenerallyis > 1, but shouldbe minimised(ideally to 1)

. .:66::00.%

c,wa—%e,ra

uponanew developmentn thefaceof areuseopportunity
— Thisvalueinherentlyis < 1, andshouldbe maximised(ideally to 1)

\.

' denoteghe costincreaseat the producerend,arisingfrom setting

denoteghedifferentialcostincreaseat theconsumeend,

Tullio Vardanga
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\
Most commontype of model output

e saszingsfromreuse

Most commontype of data items

Producer perspectve
e cost-to-produceto createassefor reuse
¢ (projected)numberof reuses

e costto createassetwithoutreuse

Consumerperspective
e costto createsystemwithoutreuse
e cost-to-consumeo reuseasset

e Ccost-to-consumebo createnon-reusablasset

\.
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) ( )
Behaviour at boundary conditions
e noreuse
C(R=0)=1
) ( )
Cls=0)=1-7(¢g_,—1)=1-7(1-1)=1
e only reuse
C(R=1)=b
C(s=1)=1—4« - b=1-%
e no costof reuseintegration  (reuseassetindreuseprocessvork extremelywell)
Cb=0)=1-R=1-s
Cly=1)=¢(1-29) — more consewative!
e max costof reuseintegration (reuseassetandreuseprocessvork extremelybad)
Clb=1)=1
Cly=0)=1
J \. J
May 15,2002 Tullio Vardanga May 15,2002
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) ( )
The Gaffney-and-Durekeconomicanalysig1] shavs theimpact of the n,;, reuse
€] relative to thatobtainedon a projectdevelopedfrom all-new code wherethe costbasis
equalsl:
E E
C=1+Rb+—-1)=1-R(1-b- —) (5)
n n
where:
_ reusedsourcestatements ~ .w_
4SC - total deliveredsourcestatements
—n 0<b<1 relative costof integrating Scmm_g_
c,wa
- C ) .
ik E>0 relative costof developing for ﬂmcmm_%@,i ]
w
= Ceywp which, for » = 1 (all new) andE = 0 (third-partyreuseasset)pur modelexpressess:
7 Cera C=l-e=1-+(1—(1-3)) 6)
— Qn,gn
J \. J
May 15,2002 Tullio Vardanga May 15,2002
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\

Model equivalencecriteria
e no sizeinflation onreuse

¢p=1 = b=1—+ canonicalform

e only reuse

s=1 - b=(1- i% costdecreasesassizeincreases
e reuseexceedsnflation

&vﬂmsgmvﬁ — 0<b<1—~ generalcase

(our modelis moresensitve to theattrition of reuseon the process!)

e reuseequalsinflation

evﬂmsgmnﬁ - b=0
e inflation exceedgeuse
ﬁvﬂm:QmAﬁ - b<0
\. J
Tullio Vardanga May 15,2002
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( )
Poulin[3] usesthepreviousmodelto determinethetotal project costwith reuse
TPC, =cyo(1 —s(1-0b)) (7)
where:
¢, = unitarycostof development(persourcestatement)
o = total sizeof developmentwith reuse — sizewithoutreuse= %
which our modelexpressess:
o 1—¢
TPC, = nzmﬁ —€) =¢Cyuo ? (8)
from which, still for » = 1, we obtainarefineddefinitionof b:
¢o-1
b=01-9)(1- 9
(=m0 -=2) ©)
whichis definitelymoresophisticatedhanthe equivalencewe inferredfrom the Gaffney
andDurek’s model(which assumegh = 1)
\. J
Tullio Vardanga May 15,2002
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Key parameters

Tablel: Influenceof s and¢ on .

case¢p )
cases ——M——————— rationale
=1 o¢>1
mAﬁ N/A  w <0 inflation reuse

mﬂﬁ noreuse w =0 reuse=qualsinflation

mvﬁ w>0 >0 reuseexceedsnflation

J
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)

Referencevalues

Othermodelsgenerallyregard b asa constanin therange[0.2, 0.4]
— wetreatit asaderived parameter

with valuesover a potentiallywiderrange

The problemwith equations5 and 7 is that b is too coarse
and hard to determine

Thehourly costof labour(cy) andthetypical productvity (p) determinec,,:

_Ch __ _75Euwn __
— Cqy = D T~ 1.5s00m 50 euristoc
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( . . N r )
Consistencycriteria Effect of 7 on« (Lo2)

For s< ﬁ whereinflation exceedseusewe have:

Ty =—1<7,_ =1-0¢(1-5)<0 (10)
o 7 hasupperboundt1 (for s = 1 andr = 1) andlowerboundat —oo (for » = 0 and o -
wherer increaseswith r butit alwayslayswithin the plane(rw denotes
ﬁ > Hv . i X :‘.HH
the casewith no baselinepreseration)
e Imposinga lowerboundfor  at—1 for s ML.WL determines lowerbound g1 Do
for r onthe negativeplaneof =
¢ Imposingthatthereusecomponen{sz) should not overlap the pre-&isting .
baselingc) for s N@&MH determineghe correspondindgowerboundfor » onthe
positiveplaneof
Table2: Lowerbounddor .
cases 7 range e 8 el i
0<s< &t P> QU815 . b1
= = ¢ = k-1(-0(1-8)+k = Figure3: Cases< with ry, = 0.12 and, =-0.12
¢-1 <sg<1-— 1-7 > 1-¢p(1-8) >0 o r=1
¢ =" = ¢(+(k-1)T) = 1+¢(1-8)(k-1) =
Notethatw,._ = —ry, for k =1 (negative plane)

\. J \. J
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( ) ( )

Example 2 (7w < 0)
_ _9 o _ 1 -1 _1 _ _ 1
k=1¢=58=15< @@ =5Tm=0¢(1-—8)-1=g
_mxm._ﬁ_u_m 1 Qa = 5 Developmentwith reusefor » = r_,, (fromfig. 2):
H R=(1-s)p—c=(1-8)p—(1-ru) = 3
-1
“““““ ¢ | [r>0-s¢-c Twice asmuch aswithout reuse! — Hencerr =1— & = 1
r | min
(1—s)p—c
1 (- 9 Example 3 (= > 0)
c c
— _9 _ 1 -1 _1 _ _ 1
k=1¢=5s5=5> ﬁﬂlwuﬂ%lﬁl%ﬁlmvla
““““““““““““““““““ Developmentwith reusefor r =, (fromfig. 2):
R=(1-8)p—c=1-8)¢p—(1-7r,,) =0
Figure2: Reuseexceedsnflation (s> %@“v.
No developmentat all! — Hencerm =1- 7% =1
Thenotionof r,,, impliesthatr cannotpossiblygetany smalleraslongass and¢ (and
k) staythesame

\. J . J
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4 ) 4 )
Effect of k on & (10f2) Effect of ¢ on ¥ (10f2)
For s< ﬁ whereinflation exceedseusewe have: Forr < 1, in theeventof baselinepreservationwe have:
1 T
— — v =——- and ¥ = — 14
g, n%ma:@ =1-¢(1-5)<0 (12) =1 1-12 P (1 — ) (14
=1 —+ o0
wherer increaseswith k but it alwayslayswithin the plane.Notethatthe whered as¢ increasesaslongasr < 7.
casem, _correspondsor = 1, i.e.,nobaselinepreseration For0 <r =+~ < 1,wehaed = ;15 for ary valueof ¢, whilefor 1 > r > v > 0,9
—+oc

increasewith ¢. Notethats alwayslaysabove 1 aslongasl —s < T

Development Rectuction on Inreasing Extentof Replacement as Infiaion Exceeds Reuse Yy
014

Development Reduction
Producviy ncrease Ratio

1 15 a5 s

2 25 3 35 4
Relative Ratio of Augmentation of Baseline Replacement

b1 Figure 7. Caser < v = 0.6 with k = 1 ands = 0.4, whered, = 2.5 and
Figure5: OmmmwA% with T, = -0.3 m:ga.:a =—-0.12 $=1
=1 —+oo

9 =1.1
. y, o y,
Tullio Vardanga May 15,2002 Tullio Vardanga May 15,2002
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Effect of » on 7 20 2) Effect of k on 7 (201 2)
For s> ﬁs\:mﬂm_‘mcwmmxommau:zmﬂ_o:_ we have: For s> ﬁ wherereuseexceedsnflation, we have:
=1- — = 1-o¢(1-
O<my_ =1-¢(1—8) <mp_. =1 a1) O<m<m, - o(1 - 5) (13)
=1 r
wherem asr increasedutit awayslayswithin the positive plane wherer ask increasedut it alwayslayswithin the positive plane.Notethat
Ok Retcton on st f e e i, is a genuineupperboundo r
09 =1
Figure4: ommmmvﬁ with r,,, = 0.16 andm|,,_ = 0.16 S R TN IS RE O T
3 Figure6: Cases> %=1 with 7w, = 0.4 and, =0.16
Notethatr |, = r,, for k = 1 (positve plane) ¢ k= koo

\. J . J
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( ) ( )

m m 3 m _._”,\_ ._“V\ m.: m._V\m _ m Table5 lists theresultsof the sensitvity analysiscomputedunderthe samehypotheses
asusedfor scenariadl in the eventof no baselinepreseration.
Table3: Sensitvity of costmodelto parametewariations.
Table5: Sensitvity of € to relative errorsin parameteralues.
variation incrementeffect
parameter relativeerror A value Ae
Am = ID&% decreasesalue
4 s = 0.40 +5% +0.020  40.016
A — Ag@U+(k—1)T) .
Mg = Dm{ raisesvalue
ey ¢ =1.40 +5% +0.070  F0.024
for s< =
Am, = Ari=sm1 e v =058 +5% +0.029  £0.005
T1T2 decreases/alue for s> ﬁ
for s< 271 . . .
Am) , = Dw@ﬁ&@% ore<Tg ¢ confirmsasthe modelparametewith the mostimpact one.
ak 12T decreasewalue for .@Vﬁ . . . . . -
¢ A relative errorof +5% in ¢ in scenarid resultsin anabsolutevariationof about
Dm,»% = A~y raisesvalue —24%ine.
Table5 alsosuggestshatthe modeltolerateswell afair amountof approximatiorin the
evaluationof ~.

\. J \. J
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( ) ( ] )

Effect of ¢ on 9 (20f2) Scenariol Aﬁ < Hv
Forr = 1, in theeventof no baselinepreseration, we have: Table4 lists theresultsof the sensitiity analysiscomputedallowing in the
1 1 determinatiorof parametewalues,n theeventof baselinepresewation. (The
9 =_—— and ¥ =— (15) . ) .
¢$-1 1-—1~s Psre y(1—8) calculationcould easilybe extendedo allow the occurrencef multiple errors.)
whered _:Qmmmmwa_:._.e andnever fallsbelov 1 (whichis quite obvious, for this Tabled: Sensitiity of ¢ to relative errorsin parametevalues.
representshe productvity onanall-new development)
2g (L RO parameter relativeerror Avalue  Ae
* r=0.20 +5% +0.010 F0.007
. k=250 +5% +0.125  F0.006
s =040 +5% +0.020 +0.033
P ¢ = 1.40 +5% £0.070  F0.050
B ~ =0.46 +5% +0.023 +£0.001
¢ appearso bethe parametewith themostimpact one.
Figure8: Caser = 1with s = 0.4 andy = 0.6, whered| ,  =13andd, =28 A relative errorof +5% in ¢ in the scenariaesultsin anabsolutevariationof about
—5% ine.

\. J \. J
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( )
3-componenproject-level ROI ( ):
AQPSﬁ - Qn,q_ﬁv + AQGLSS - QP::.V - AQF*_ - Q?Ev
consumes# producer — (Cp,r —Cpw) =0
O&M costimpactof reuseremainsto be determined =0
ROl = Ceyuwp € +6 = Emm +6
Example
€= O.m: Qv = H.me“ o =30 kSLOC, Cqy = 50 Eunistoc
— ROI = n:%m + 0 = 400 wew + 6
\. J
Tullio Vardanga May 15,2002
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( )
¢ we have amethodfor determiningb
— notanindependentonstant!
¢ we have amethodfor determinings
— reuseratio growswith systensize
¢ we have amethodfor determininge
— showsinherentoverheadof reuseproduct
How canwe bestincreases?
e by decreasingp furtherusedecreaesp’’!
e by increasingy via process-supportiveeuseassets
e by increasings enlagemenbr incorporation of fit baseline
In essence:
by reducingb at andprocesdevel!
\. J
Tullio Vardanga May 15,2002
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( )
Table6: Model notations.

symbol denotes ranges
T baselinaeplacementatio 0<r<i1
c baselingpreserationratio c+r=1
k functionalgrowth factor k>1
s unmodifiedreuseratio 0<s<1
o) cumulative expansiorfactor ¢ = WM\\\ >1 0< ¢, 9")
i normalisedsystemsize i=¢(c+kr)
T developmentreductionfactor #« <1
~ reductionpreserationfactor 0<~y <1
€ effort saving =T
9 productvity increaseatio Y= w+| ,w\ >0
b relative costof reuse b=1- .ﬁm%ﬁ\o
o systemsize(sourcestatements)
(E:mqmﬁm basesizeinflation (generality/specificityand¢’’: reuseoverhead COCOMOS A A andSU) \
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