Annual "Humies" Awards
For Human-Competitive Results

Produced By Genetic And Evolutionary Computation

Multi-Objective Software
Effort Estimation

Federica Sarro

Senior Research Associate
Dept. of Computer Science, CREST
University College London

f.sarro@Qucl.ac.uk

@f sarro *UCL <~~~


mailto:f.sarro@ucl.ac.uk

Multi-Objective
Software Effort Estimation

F. Sarro*, A. Petrozziello™, M. Harman™

*CREST, Department of Computer Science, University College London, UK
** School of Computing, University of Portsmouth, UK

Uni ity Of
tUCL <221 o2® portomaith



Software Development Effort Estimation

Process of predicting the most realistic amount
of effort required to realise a software project

(effort usually quantified in person-hours/person-months)
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Would you ever
start producing
anything without
kKnowing the cost?




Why is it Important?

TIME

Project Scheduling /Staffing
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Why Is it Difficult?

YOU DON'T
KNOWJ
ANYTHING
ABOUT MY  pmAere
PROJECT.  TLJO OF

I NEED A BUDGET
ESTIMATE FOR MY
PROJECT, BUT I DONT
HAVE A SCOPE OR A
DESIGN FOR IT YET.

/

OKAY, MY
ESTIMATE
1S $3,583,729.
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Options for Estimation

fﬁﬁéﬁem mam Experts tend to under-estimate
y |

@iA a-A \Whatisthe margin of error?

Predictions of project effort lie within 30%-40% of the true value

K. Molkken and M. Jorgensen. A review of surveys on software effort estimation. ISESE’0S.
S. McConnell. Software Estimation: Demystifying the Black Art. Microsoft Press, 2006
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Options for Estimation

Experts tend to under-estimate
within 30%-40% of the true value

Expert m
Judgment

Data Driven
Methods

Regression-based

Analogy-based
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Search-based
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Options for Estimation

After ~30 years of research... Linear Regression
Stepwise Regression
Manual Stepwise
Regression

Support Vector Regression
Classification and
Regression Trees
Case-based Reasoning

O K-Nearest Neighbours
@\ﬁ, Genetic Algorithms
bl Genetic Programming
Tabu Search
Simulated Annealing

Data Driven
Methods
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... Still unable to par human-estimates!
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Confidence Guided Effort Estimation (CoGEE)

CoGEE is a multi-objective evolutionary approach

that seeks to build robust estimation models

EstimatedEffort=c, op, f, op,... op,, , ¢, 0p, _,f, op,, C
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Novelty of Our Approach

SB Software Project emmm= SB Project Scheduling esss= SB Software Development
Management and Staffing Effort Estimation

60

50

40

30

Number of Papers

20

10

1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013

F. Ferrucci, M. Harman, F. Sarro, "Search-Based Software Project Management” in Software Project Management in a Changing World, G.Ruhe and C. Wholin (Editors), Springer, 2014

All previous evolutionary approaches sought to improve only point estimates
none of them was clearly better than the state-of-the-art

none of them parred human-expert estimates



Empirical Evaluation

CoGEE realised as a Non-dominated Sorting Genetic Algorithm-
[ (NSGAII)

Compared VS.
3 baselines
3 state-of-the-art effort estimators

3 alternative single/multi-objective formulations

5 industrial datasets from the PROMISE repository (724 projects)

&4, Sarro et al.“Multi-Objective Software Effort Estimation”, ICSE’16 tUCL X~




RQ1. RQ2. State of the Art
Sanity Check Benchmark

RQ3. Benefits from Multi- RQ4. Comparison to
objective Formulation Industrial Practices




RQ4. Comparison to Industrial Practices

How does our approach, CoGEE, compare
to human-expert-based estimates?
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RQ4. Comparison to Industrial Practices

Human-expert-based predictions of project effort lie
within 30% and 40% of the true value

The evidence for these thresholds comes from a survey of
current industry practices by Molkken and Jargensen

Overrun

DESHARNAIS FINNISH MAXWELL MIYAZAKI
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RQ4. Comparison to Industrial Practices

The median error of CoGEE lies within both thresholds
for all the datasets

Overrun

O(p 09 0& 0@
DESHARNAIS FINNISH MAXWELL MIYAZAKI
f\\/; Sarro et al.“Multi-Objective Software Effort Estimation”, ICSE’16 tUCL Sest,

LN ]



RQ4. Comparison to Industrial Practices

This is not always true for the state-of-the-art approaches

Overrun
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RQ4. Comparison to Industrial Practices

CoGEE provides human-competitive results!
CoGEE outperforms the state-of-the-art techniques!

Overrun
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Empirical Results

Our proposed bi-objective evolutionary algorithm

Creates a new state-of-the-art that pars currently claimed
human-expert estimates (RQ4)

Qutperforms scientific approaches previous published

(significantly and with medium and large effect size for all the datasets considered)

3 baselines (RQ1)
3 state-of-the-art methods (RQ2)

3 alternative single/multi-objective formulations (RQ3)

&4, Sarro et al.“Multi-Objective Software Effort Estimation”, ICSE’16 tUCL X~




Criteria Satisfied by Our Work

\/ (G) The result solves a problem of indisputable difficulty in its field

(E) The result is equal to or better than the most recent human-created
solution to a long-standing problem for which there has been a
succession of increasingly better human-created solutions

(D) The result is publishable in its own right as a new scientific result
independent of the fact that the result was mechanically created

(B) The result is better than a result that was accepted as a new
scientific result at the time when it was published in a peer-reviewed
scientific journal

N N N

(F) The result is equal to or better than a result that was considered an
achievement in its field at the time it was first discovered

&4, Sarro et al.“Multi-Objective Software Effort Estimation”, ICSE’16 tUCL =88




Why our entry is the “best”

Human-competitive results to
a long-standing and difficult problem

Advances the
state of the art

Estimakion
Uhcer&aih&v 4

Estimation Error

Novelty Thorough empirical study

(724 real-word projects)

Breakthrough results
published in ICSE’'16
top tier SE conference
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ABSTRACT

We istroduce o beobjective offont estimatoon algoeiihen the
cordines Conlidernce Taterval Asalysis and asmesmoment of
Mean Absclete Frror. We ovaluate our proposed aldgorithes
oz thowo differvnt alterzative Sormmlstions, bteselne com-
paratoes sod currest sistoof-Lheart offort eslanaloes ags
plied 10 five realworkd datascts from the PROMISE reponis
bory, imvolvisg T3 different soflware projects in total The
powalis rovend that owr algorithes outperformas the Daseline,
state-of-the-art and all throe akemative formelations, «a
thtically sigrificastly (p < 0.000) and with bage offect sioo
(A2 > 0.9) over all fve datasets, We also provide evidence
that our algeeithm cromies & new stato-of-tho-ant, which
lies within cursestly claimed ndatrial buman-expert-tased
thoesbiodds, therelry dessonstrnting that our fadngs have ace
Chomadde oo lumina for practicng sl ware coginers

Categories and Subject Descriptors
D.29 [Software Engincering: Masagement

Keywords

Software offort estamation; masdtbob jective evoliatlonary ab
porithes; confidmor mtoral. ostlmates unoertality

L. INTRODUCTION

Effort estionation b & critiond sctivity foe plaaning and
mositoring software project dovelopment in onder to dellver
the product on time and within badget 1, 51, 8. The
compettivesess (and oocadonally the survival) of software
orpaniatioes depetds on their aldility to sccurately peadict
the effort required foe developing soflware systens; both
overs of sider-ostimates can sogatively afect the cwtoome
of software projects 530, G0, 84, 88, Several algorithanic ag-
prosches bave bovn proposed i Stersture 10 seppont soft.
ware enginoess in inproving (he sccurscy of their estima
tioss. These methods ofien produce & poist estinate of the
offort requined 1o develop & pew project

Porteson 30 mule Sgad or hand oopion of par on ol of B work Sor povnsl o
L arrnn v a granad o s lev ey el e s ww s el o Ser el
S e on commemencon atvammpt wnd e cogees e s woion el e T commen
. O e g Loy S Dl pary coamprennon of Dun e al bl el
Pt il O i, ol B e
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Very fow provious stadies have acoousted for the nher
et ancertainty of the estinates produced |4, 6, T8, &3 &S,
5. Some poevious work b instend rvestigaiod the over-
conlidenoe and 'or under-conddonce of the pradiction gven
by oxpert judgomens 35, 36, 37, 3K 8, 41, 67 Exet
g serveys on estination peactioe [I7, 67 sugpest that he
man effort owtimzates are ower-optiszistic aad there = & srosg
ower-confidence iz thelr sccuracy.

Woe intrond e & moaltiob joctive evodut booary appeoach that
sovks 10 baild & robast estionation model by simaltanoously
manirising Uhe extionatbon accuracy and mimimisiog the un
cortaloty secciated with the estimation model nalf. Wo
sacnod this approach Coafidence Cuded Effort Estimateor
{COGEE). We use the farsiling sum of aleclune ersor, abniseal
effoet - emtimated effort ), as one ob joctive 10 Puide our algo
tithes, comsbining this with the (s widely knows and o
widoly-wsd ) coalidence terval The conldence lntorval s
an ostimated range of wdees that we Mody (sccordng to
the choson Isterwval range) 10 nclude the otimated offornt

We report the roselis of four sets of experizsents on fve
publicly svaileble datasets Lo cotrpare mad evalaale our ap-
proach agalmst candidate competitons  basclise estimatons
K1 stacecol-theart ostlnatons |39, 50, 90, alersative sin
e aad mudtvobpctive Sormalations, and cumently clalmed
bost industrial practice besed on buman judgment 67 In
ow evaluation we fullow recest best peactice o seoss pro-
diction systerms 52, 90 and evolutionary apgrosches 3, 31

Ow wew biobjective effon estimation algoeithm outper
forvie Yaseline ostimatonrs (a saniy check), stateodthean
tochnguos (case-basod ressozing, lisesr regrosdon, regros
sdon troos ) sad abo thooe allornatives that we lplonontod
1 order 10 assens The degree to which mvalticoh joctivity plas
a role in the performance of our algorthm. These clains
have boea testen] wsing & oo parsenetrc (Wikooson) test
for stathtiond significasce which revends that the rowsits are
sgnificazs (p < 0.000), after applyizsg the Bonfermosd cormec-
thon for masltiple statintical tosting (the most comsorvatively
caalions of all corrections). Funthermore, in all cass, our
bi-oh joctive algorithes ot perfori these candidate cvenpets
tors with & lasge efloct slae, as mensurod wing the Vanghe
Delaney nos-parametric offect sl mossape (Ay; > 09

We also compare both the ostimation ermor rodeced bty
ouwr algoeithe (and the corrert sate-of-the-art) and the bad-
Bt overrums that woukd accrue froe misg themn against two
cladivend thoosdodds Sor industrial Dot estimation practioe
The resulis are very snooursging, sugemsting that ColGEE
moves median expected stateof thean perfornmasce within
al loast coe, and sometizmes both theobolds
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Software Effort Estimation (SEE) Confidence Guided Effort Estimation (CoGEE)

CoGEE is a multi-objective evolutionary approach
Process of predicting the most realistic amount

: : . that seeks to build robust estimation models
of effort required to realise a software project
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TIME

TASK]! Tl :
TASK 2 L2/} 1
TASK 3 LA/

TASK 4
Project Scheduling /Staffing

Estimation
Uncgrtaintj

Estimation

Project Bidding %i

Error

Criteria Satisfied by Our Work Why our entry is the “best”
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a long-standing and diMcult problem state of the art

(D) The result is publishable in ts own right as a new scientific result
indopendent of the fact ha! the result was mochanically croated
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