
Konferensi Nasional Sistern dm 20f l; Bali, Novemb er 12,20lI KNS&III

COMPARISON ANALYSIS OF REQUIREMENT PRIORITIZATION
METHODS BETWEEN CASE BASED RANKING AND CUMULATIVE

VOTING

tlamnur Rosyid, Eko prasetyo, An_dy Hidayat Jaunik4 dan Daniel o. siahaan
Program Studi Telailk Informatikn, Uniiersitas Muhammadiyah Gresilc

Falaitas Teknologi Informasi , Institut Tetorclogi Seputuh Nopember Surabaya.
harun'ac@gmail.com, ekol979@tahoorcom, marH-aidy@yahoo.com, dan daniel@if its.ac.id

1. Introduction

process while also minirnizing err#21, while NA method uses oraina s.a"ot.
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Rgquirements are one mat0er of several activities tlnt mrut be done.-in software development phase. Requiappearing in software development can be many. There are rnany deliberations/constraintJ that must be consirdetermining requirements priorities, before making decisions. slt.irr constraints that must be considered irimryrtance; penalty; cost; financiat benefit; stratefrc benefitA. n quit *"nt, method used to determine reo'iranking will be o'"d lute, as reference for d;io?;.T':*r"tfiii"li'j|r#fiTd::H: ;::Hffir[:
l."tHT:l :flf,l*:::"11!1q iTf fg,* .:19i,:.:^yiq*:, h. $"dt by N;i;, ,.q***ents phases

5M
Ei
qU

sr
b

up to 15% of all resources in fte projectils], while cocoMod?.portr around sx i, u#'t ffi|fi]iffirequirements phase .

Many researches have produced methods for requiremenrs piorttizatio4 glch as: Analytjc Hierarchy process (

Ii*g:l :$ ffi *:f ": Iy9{l *,"jdt' Laber Ranki"s c;6'L a;ffiil ;#;?Cri,;i ;; ilurg (L v.r' -, ano Nurrf,Assignment (Na;ttt' Each method'uses technique to suppoJ aZ )l*tri*tion of requirements rank AHp admethod use ratio scale_in 
.finding B$'i',.cP-T *r it"oiion ft;irank.with an optimal calculation in the lea lt

From the work process, the AHP method shows an accu?te ranking result in grving evaluated requirements prefen

:#"]:jY-*:n :::jjffiff:,rytce in giving result in euety"tquir"-ent- rhe similadty characterisfics u;;;,s";i;;;p..
Because of the important of re4uirements to be prioritized, it is necessary to conduct a comparison study of requirank' Error in fulfilling requirements of a developed software .rn hiu4onr.qo*6 irt"t trr. software ca-naccepted by user' even the software is finistred on ti*". It is a big cost if roquirernents i*pt"*"nt.a in the softnnot in line with those expected by user.

This paper is divided in to 6 sections, section I elaborates upon the identification of requirements, requirements n
:::::i Tt$*-}:TITt:$.tv, secaion2 elaborates upon.*"or articles rerated'to kernel presented in thisrlr l,ruwutgu [l usection 3 elaborates upon the work of rank methods that is mainly investigated in this paper, section 4p#T^"::T,T:T:11d,* 

:"TpT"g methods, section 5 elaborates upon tte anafsis of each metrrod with rhe pmentioned in section 4, section 6 contairs conclusion tak;il;Jfi;"fiJ;*;i,,
2. Related Work
Articles discussing the comparison of several methods, such as Patrik Berandeltl article show that the methodsrequirements in terms of scale, granularity, and sophistication. anna p.*tii,r^*.ai"Jil"tl"ds comparisonAHP and cBR' which focuses on time-consumptions, easiness r*4, *o result quality. Each article presents toand defects of each method discussed.

This paper discusses method comparison of analysis requirements rank which focuses on the case Based Rankine

3:3f#i :,H*T"^"u^*:r. 19 ?-yr,'q 6oth methods o. rl" *-" in using,"to ;;;ffi il;;;ffionlv differ in the steps of counting ranking Although anna periniti;"il;il; adR ffi"d ffi;;;
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nkr n compared to AHP, cBR can be said to have little time consumptiorq while cV, following patrik Berandertlltn&' is a complex method but resutting abefter result when.ornp"r"Jto the Numerical Assign method.

i' Prioritization Method
fts section will explain the methods of prioritization analysed in this paper.

i: C^.* Based Rangking
E Lase-Based Ranking (cBRank) *.1to6lt's'rr) exploits machine lgarning techniques to guide user preferences'n":nxion in the prioritization process. The framewort rests * *lt.*ti* pric"., tl#; handle singre and m'rtipleEson makers (stakeholders) and different criteria luotrr uusiness goals and technical parameters).

;$re lA sketches the basic steps of the prioritizatior process, where manual elicitation interleaves with machinemm'ned steps' The main input to the proceis is the collection of'requirements that nuu"io be ranked. The final ou*utc :e process is an approxirnation of the target ranking, The pair sampling_activity is an automatic procedure whichr.'E?s a pair (or a sample of pairs) of requirements on the basis of a piedeifined ,ei""ti* poticy which may take intoEElr information on the currently available rankings.

.h 
:ser performs the evaluation o-f the requirements pairs, by tteratilsthe following steps till all the pairs in the sample@t!re- ..€en evaluated: select a pair from the sample; evaluaie irr" t"irtiro" rmportance?i-ttrequirements in the pair. Thatut l:'en a pair of requhements A and B, the u^ser is asked ," qpa.tfy ;at is the;;-"rii*p"rt*t,, requirements among Am 3 nith respect to the given criterion' Differently fi'"- Afi,lilere is no range of values, and the preference is strict.h :uput of this step is iset of ordered pairs.

-l --rrkrng leaming actiyity takes in input the stakeholder preferences acquired in the previous step, and computes anrurnmation of the ranking finction. The leamngproceoure ir t;; -. up u*fti"g ,ppr*"r, described inter and -aynr.r-rr'-:alll'exploit also available knowledge on theiequirements rankings induced by u:trrJrip.roritiration criteria (e.g. the'ucn :'rr the realization of the requirementi, the estimaied utilityi a"n""a o" the initial ;;irq**ments in order to bestllmurnate the final ranking.

1 ue naking produced by th: learning activity can be considered a good approximation (e.g. the elror measuresr""0r-nd in the method are minimizea), it wittle gi"en in 
"rrprr, 

;i-t""rise it may become the input to :r further iterationil "n€ :trolcess r wrrv rL rrl4y ut'UUlItC Ull

eu ltsRank method.is sup-ported by a web-based tool named scoRE (supporting case-based oriented Rankfumso1:'''l which allows rit u o#uutJ'*. of the framework, to support the pair-wise priority elicitation byremntrned stakeholders. Figure 2 shows u r*pJot 
"f 

,fiCoRE irini""r user interface.

llt ;*"r:m supports the.whole gv-atuation pro:9sg. In particular, scoRE presents the user an agenda of comparisons.
.lh 

rser an znnlyzeeach one olme pals fii5log trre prerJea"reqoirements in thepairs, by indicating which one of@ rEquuements is "the most important" (see irre syst"in u* int"itu" showed in Figure 2). Finally, once all themqrulmons have been performed, the system computes the rank -q * the case or a rutie, iteratio4 it presents to theus fu -r of new pairs of requirementi to be evaluated

,i,.j C,ouletive Voting

i

I

-'rt'r.T€ that produces ratio-scale results is the,cumulativ^e Voting technique (also known as the Hundred-Dollar Test),rilunG oo denoted as cv6l' This technioue t1 ueen use4 for;-l;;t y* other fields, such as politicat etections'@ serrons for company boardstrrl. In the softwat .rgi;.idJ"?-', cv has not been reported in as many cases rs'iau"w =.:n though the number of reported .*g;,rtu goin ir A;;;iy""*, for example in requirements prioritiza66lrr2J'uu u noritization of process impiovementstr3l. criir 
"o*iJ.tJur'uffi" -a,ilrigii;-o technique where themrstu:iders are given 100 imaginary units (money, q"*rr,;i;J? ai.oibur" among the objects to prioritizer6l. In@E[rr:E€ms prioritization' the nrunber of units utttgn"o to 

" 
r"qli"*ent represents re{uirement,s relative priority (e.g.iiliqmrnlnc' cost' risk) in relation to the other requirunents sin.e tre iiq*,.*flr ;;;igr;; numbers in this way, it isrrilr€ for a stakeholder to give a requirements znro npriority- rrrir lioot possible in-effi-sirrc" au requirements takemr u :a'-sise comparisons, meaning that a requirem.irt rr*ivr g"is sgm: amornt of importance. Fig,re 1B sketchesh E* steps of the prioritization ptd"sr for this merrroo, *rreie fi*ra eficitation i"a;;;;, with machine supported@r

* toor€m *ith cv arises when there are too many 
f4uire3ents to prioritize- 

{or^exa1qle, if you have 25 requirements,thc m on average four points to distribute rot rict, t q"ire.*i{rg"[ et al. faced this probtem when there were 17F-( Jf requirements to priodtizett2l. In the study, they *"d ;;6us amount of $100,000 to have more freedom in;lt& m:nDzauons' The zubjects in the study were positive about the iecrygo", indicating the possibility to use amountsr& rtqr 100'nits (e'g. 1'000; 10,000; orioopotil, A""th;;;;fie-prourim'with ctG;;ialy when there are many
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requiremeds; is.tlnt ths person perfonnmg the prioritization miscalculates rrxt the $m do ml add rp to the
amomt of poin6L''t. This cm be pn'ented b1' using a tool that informs about how mary poins rha are left to r

Automatsd Automated

AB
Figure l. The CBR (A) and CV (B) Prioritization Process's Steps. The Steps Depicted in the Left Part of the Scheme

Automated in Their Respective Tools.
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Figure 2. GUI Snapshot. A Snapstrot of the Graphical User Interface Showing the Pair of Requirements (R7 and Rli

Under Evaluation in SCOF.E.

One should only perform the prioritization once on the same set of requirements, since the stakeholders might bias
waluation the second time around if they do not get one of their favorite requirements as a top priority. In
situation, stakeholders could put all their money on one requirement, which might influence the result heavily.
some clever stakeholders might put all their money on a favorite requirements that others do not prioritize as highly 1

Mac compatibility) while not glving money to requirements that rdl g.t much money any$'ay (e.g. response time).
solution is to limit the amount spent on individual requirementstoJ. However, the risk with such an approach is
stakeholders may be forced to not prioritize according to their actual priorities.
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( lleasuring Method Properties
ir b effective comparison analysis, it is necessary to determine parameters that will be evaluated during the analysis.heters used in this comparison analysis are time-consumptiorq second panrmeter is also very essential which ii the
lMirrss result of quality rank. Complex process that must be nrn in the process of prioritization also can be influential
uma-ls the long prioritization process.

lttri T'rme'Consumption*t '.rmerconsumptioil2l of a prioritization process is defined as the time interval between the time to get the final
mcrg (end time of the prioritization task) and the time the user starts prioritizing (start time of the prioritization task).*bs :lme measure results from the sum of the times spent in each step of the prioritization process sketched in Figure l.
s rrtice the most time-consuming step is the give preference step, which is repeatedly performed by a method;s user
;rc CBR method. At CV method, user must decide to distribute among all requirements. Time-consumption can be
@s:red by asking the subjects to annotate the start and end times of prioritization tasks (we call it declaredtime). In therc of tool-supported methods, the start and end times can be recorded by the tool and the difference is computed
rcmadcally (actual time).

r.I Re$lt Quality
*mr accuracl2l can be defined as the measure of how much the ranking is computed, while using a given prioritization
;iur-cacll it is close to the ideal target ranking. In the case of requirements, the ideal target ranking is usua1y not known
iir. r,t1o. We may define it as (definition l) the ranking the decision maker has in mind based upor ro*e implicit
:ms'derattons, or as (definition 2) the result of a negotiation process among several decision makers.

+i Complexity
-molexitv is difficulty level in rururing a melhod. Evaluation about complexity very subjective, depending on who runs
[E ]rocess. A method can be assumed complex by one who not yet absolutely know or newly knows thJmethods, butfu :everal times running the method, it will turn to be easy because they are accustomed to ihe rnnning. In this paper,
'c- fq1 complexity will estirnate all possibility of objective concepted during running the method.

I {nalysis of Method
-us section explain CBR ard CV methods analysed in each parameters with a consideration of all possibility to happen
Er::s process prioritization in each method. In CBR method, possibility that can happen during prioritizationpto..ri'

Stakeholder must do election one of the pair on tfte preferential to be prioritized,.' At fhe tirne of electicrl
stakeholder can give different answer for the same question that is repeaied asked. Tbat can be corrected by
srakeholder.

i {lthough number of pair reqrirements that must be evaluated by stakeholder not as much as AHp, but human
nanral inclination can be bored, when it has to be done repeatedly.' The existence of preference acquisition policft?l that gives mte trits pair must be evaluated beforehand in everv
eir-en step preferential. This matter can cause several pairs requirements that will be asked repeatedly.

u l''- method, possibility that can happen during prioritization process:
' Because model kernel that is used in this method is a voice distribution to every requirement, it is possible that

requirements will not get voices.

Iry
':ii r:i::li. l;iI: - The worst case in this method is that it is still possible that a stakeholder will

requirement.
glve all the voices to one

: Subjective elements still greatly inlluence stakeholder when distributing voices, because stakeholder deals with all
requir€ments at the same time. This matt€r is in contnast with cB& because in'cgn shkeholder deals only with 2
requirements at the same time.

1 l Tme-Consumption Analysis
-r!xE :onsumption used in CBR meth0d changes at the time of preference process. Analysis by Anna penrnit2l thatl,"rrFares AHP to CBR for 20 requirernents, results in an average time of :d.os secord to AHp"and 10.7g second to

=F- lf this number is raised 3 fold times to become 60 r{uirements, time aiference-uetween AHp and CBRur"enrnately I 9 second.

-*' conzumption required in CV method is used by stakeholder when conducting deliberation of voices for the@ements' While Pafiik Berand#tl concludes th,at Cv is easier and quic,ker in the priess, and look more scalable andtK in a number of criteria. The number of requirements investigated in the articli are sd requirements. It has ,t o*n!e .{HP consumes far more times compared to CV.

qlRrsis result shows that, if the number of requirements are 58 up to 60, AHp is taking longer than CBR. It can be
rmndered that for CB& time consumption is more tlun CV.

:7 and Rl3)

25
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5.2 Result 9+atity Analysis
Anna Perinit'r concludes that th€ accuracy problem between AHP and CBR is not suitable, since it results in 0.tx.r -the result of 0.09 experted. This matter is very influential in the preference process, where CBR is only evaluat: I
of requirements in every iteration preferency, while in AHP, stakeholder must evaluate every pair of 2- requi
concluded that AHP is more accurate than CBR.
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Thesis of Patrik Perandertrl explains that for CV, in the case of 58 requirements, stakeholder only distributes tbe
an average of 34o/o from all requirements, while for 1? requirements, stakeholder distributes the voice of 5jor
requirements. This matter PS*teg that it is-possible that there are requirernents which will not get any voices
for total requirements, Bigttzl can help to enlarge points/voices total held by stakeholder. But this matter cau-s.,
result requirements given by limited partnership is still less accurate Other problem is when there are 2 requ
which have not get voices and that happens at all of contributed stakeholders io th, process of prioritization sc
2 methods occupied the same ranking in the position.

It can be seen from the analysis, in terms of result quality of prioritization problem, CBR method can not be ;I
compared to CV and vice versa. This matter is very clear because in CV there are possibility of requiremerns
looked by stakeholder. While in CB& stakeholder will come to each requirement at liast once. Other existing
in.CBR is that it only gives results from single stakeholder, while CV can come from multi stakeholder. For tlrs
it is necessary to do firrther shrdy to make a comparison conclusion in terms of resllt quality side rank for CE.i
methods.

5.3 Complexity Analysis
Method complexity can be rye1 from this steps of methods, specifically the number of existing iterations. Th r
number and manner counts is also influenced by the number of requirements. The togic is if the number is *a
and total steps ever $eater, for polynomial quanti$ing it is also more complex whJn the number of requr

In CV method there is only one iteration which waits all stakeholders to put in the voice distribution result
acumulates all stakeholder voices to each requirement. From the complexity side, it can be declared that CBR"
more complex than CV. Table I shows comparison result of collection of 2 methods.

Table l. Method Analysis Result Summary of CBR and CV
Characteristics Case Based Ranking Cumulative Voting
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Time-Consumption

Result Quatity

Complexity

more

can not be decided yet

more complex

less

can not be decided yet

simpler

6. Conclusion
This paper described an analysis study aimed at comparing two tool-supported requirements prioritization
and CV.

Parameters evaluated in this comparison are.3 parameters. These are: time consumgion, result quality, anr
Based on several principat referencesll' 2' al erraluation can be done in terms of where is the method r
prioritization to be used. This matter helps decision makers to give suggestion and opinion based on ru ,=*;
this paper. Result obtain€d 

-frorn 
this comparison analysis study is tlat Cgn is longer in the process of ;6a

compared to CV. In terms of result quatity problem it still can not be decided yet whicl one is better because r
further study, while in the case of complexity, CV is simplerthat in CBR

CBR method is the only method that uses learning process in the ranking calculation It is still necessar'' 1o q
by comparing it to other methods like Valuecrie,*ed prioritization (vop)t4l, Numerical Assign.*
Quantitative Win Win orothers.
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