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FUZZY HIERARCHICAL TOPSIS FOR SOFTWARE PROJECT SELECTION
3 %L 1 98-2221-E-343-002-
HiTHT:98#£08% 01p 1 99# 07" 31p

i A 3R R ESFTIFAEEE L
TR REAT 2 AP B T e
R Rl s B ET PP REE L
3 w3
5 pA-% (Multi-Criteria Decision Making, MCDM ) = 2 ¥ 4L * A BEE
THROARET AEBIEREAT e wv 72 REFAER DATNE S KL BRY
« #7008 B o MCDM 12 _Q;P‘rﬂhq.\]‘\“'”‘ N R PG FLEE - BE By e x5 B

)
y

I
FRI=racd REOT e Lo BRI TRl ZH 27 P53 0 B4 W & FRIFRL 0 2
,‘Eﬁi@ﬁ it d %4 B % e N/w\’”;ﬁd BEEBRIEL R3HE > kG ER| AT e ]
EEPEL > S (Yoon & Hwang, 1995) - & su? 3 2F $ MCDM e j# @
A A bldeYoonfrHwang(1995) & 1 cI® 18 fZ 58 i) & B B lﬁniza», (Technique for Order
Preference by Similarity to Ideal Solution , TOPSIS) 2 Saaty(1980)4% 1! e 47 & &A% 5 2
(Analytic hierarchy process, AHP) % 4p B 7 3 o

1965+ Zadehik I i B AR AL FE AP S 3 A MR % 0 5 4
T A F J HEZ 5 FB AT Fa iR &%y AR @ P AARIERY FE
HETF AP EENET ] R E AL AN c FINF AT e r R AW B sen
MCDM# d ez = 5% » 12 f243% & ¥ 3uavaR 32 (Chen & Tzeng 2001, Ross 2000, Cheng
& Mon 1992, Cheng 1997, Cheng et al. 1999) - f& #= & (2000) &tk chxe 4 31 » TOPSIS »
RAEEBRN ] FEAmIE CHERHEL > w > F F RIS RENEA o

ok 5 8R4 5 (Fuzzy Multi-Criteria Decision Making)# i & a2 4 2 AL
TR RanrR BERERL RS PR E S w%&iﬁT’ﬁﬁWﬁﬁr?w
(Fuzzy Aggregation of the Judgment) % -4 £t 5 (Fuzzy Ranking) » 2 <1 & KE R
PR R o O R B FH A R R g S0P R S AR BRhE AT A > +i£’-lp
ﬁm&%i’uﬁ%fgﬁéﬁiﬁ?ﬂﬁﬁ’u%ﬁmZk FERTEEEE
B R AL BRSBTS hE > AT RSBy ER A AN (FS
NOECEENT

% 3 B 7€ (software metrics) ™ & » 1 & F A&7 DR A T KR & oI R
HGHE RS A AFRAE T LR Z 5T (Boehm, 1987) « &~ 3 I * i ¢ #i 5t
(Intermediate COCOMO) ¥ = & F]+ chw B » 4 & 2 A & SRS EBEN - AR
BB % 25 15 B & %5 (Cost Driver) » e # = & F]3 4 B b2 2 2 > v

!
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TR SR DB R oy A ¢ 4] COCOMO H55¢ ik gh o Flpt A 47 3 1%

RN s o 1% ()R & (2000) 474k 2 ek TOPSIS % 4 0 i % 714 & 475~ 9 {58
i E Sl (QF D - AT KA HORE 0 URATREGERE L > R E LSS
LEEQ e fi A2 th WY IRER2ZF 2 2 BEREE { £ 621
BSE %3 A2AR%GE MEBEER - AFHE G > AL I* 63 % COCOMO #:#
FETHELR MHRE FERCAREIHE RS AT R g o

?\é%ﬁ%
2132 25 11 R E B 4% % (Techniquefor Order Preference by Similarity

to Ideal Solution, TOPSIS)

TOPSISH_d Yoon and Hwang(1981) ¢ £ =74 B 41 k - f& 5 8 Pl [ 4] 2
(MCDM) > g+ =2 2 & £ f 2 it 12§ f%(Positive Ideal Solution, PIS)# § I“’t,ﬁ”(Negatlve
Ideal Solution, NIS) > #r3} X B2 E 2 F > 215 o BRlEdkh < K ﬂ R A G B E &
’J‘ﬁ?1;~ FRELI Y A e Sl I T B | nﬂﬁx] %\Jﬂ\\iiﬁ—ﬂ‘lf_’i&"‘ﬁhﬁﬁx
iﬁﬂ&ﬁfwmuﬁﬁ*‘Eﬂf'l’?‘&*&h;%_ﬂ’tﬁ’ ﬁx%,mﬁﬁﬁﬂﬁﬁi&@i%$§&
E3 ke APEFORRIGE  FEEEREB AV UELAY S FEIER
FHAT X FEE O REEIT 0 A JEL IR B EEGE 0 X R B REGR S S AT
Ad P e TE AT  PHTERHER AT IEFE Y AV bR HFEH
,?F—lir'—f rzl—rﬁ- °

HEL Ez AL TREL (D)

Xy e X @
D=[x ] =i " i=12,...m j=12..,n

Xml cee XITTI men

HFH2 DR RAARFAEL (R)
FEIARMOPAREL ) L EEI R iE ) RZ AR EL -

r. = xj i=1,2,...,m ’ j::LZ,...,n (2)

3)

n

R:[r.]mxn: : ::: : i=12...m> j=12..,n

A o



HI3  hfEr AL AERFREL (V)

B E W RE £ 0 A B A W= (W W W) 2 YW =10 e Sk

A FHEBEW S LRI RCEEELY o

(4)
... fy W .. MW
V=[v] =RxW=| i T Ix[ww] = :
rml rmn rmlwl rman

HAA FEE (V) § (V) ZEf#

V*z{maxvj}z{vl*,vg,...,v;} i=1,2,...m * j=12...,n (5)

V’:{minvj}:{vl’,v;,...,v;} i=1,2,....,m ° j=12,...,n (6)

H e 52 &2 1 EfEVREERER

HH5 FESHRLD (S)f (S) LpjaEk
FI* A LARFER SN > S IR L f R EREERE AR o

§=>2%-v%) i-12..m * j=12..n @
§ = i(\/ij—v;)z i=12....m > j=12..,n 8

BT LD R ERAP TR > Bh M LB RNERES 5 IR
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2.2 B 4P b L3

ks & &% (Fuzzy Set Theory) #1965 #d % ®4c M 4p s & * B orde I &
QﬂHﬂ%m’wmﬁ4$m&ﬁ LA FHFE T S ot B g ST ol
o B PES REF S BAATRAESEE 2 L B AN RDBANA LY SR
MERGAFFEDRF R 0 L7 s BB RFERR Y 27 /2 L (uncertainty ) £ R 12
(fuzziness) Tl » R MW ERLHTHARER - PRSP LB E LR F
&I 51~ §F S f(membership function) = 1) 7 i & &g # ,T,Jtﬂ]fs‘_#ﬂ &2 m{;&
L i R
[ =5 1] Crisp Set
FXEFE 2 AfxeX RPREELEB(BeX)T
& xeB -
[ = % 2] Fuzzy Set

s Z X2 R E PBixeB

ETNS

XX 53E B XY kT o 4 (0 X[01] 0 £ F T AHE
Lot ug(0) s @i
2. Mt g (05— SR o g (A + (L= 2)%) 2 min(ug (x,), g (%)) 27 47101] -

¥R Maxpuz (X)=1-

AP o Tk 2 H 7 EE?;'E’:E"??— HE P RIS Foibe ¥ 7
BRI S > RV REFOREN P N ] £ P ks
Gl Y R T SRR EVECE o N 0 ifr”—\i EHOE%k > WENMEOP E%E ¥
- BEAIERE kW ﬁ;ﬁ@%wﬁxz&ﬂ\ AR T m%m” R kS e
B R AriF b ol & e A AR 0 32 { Aol ORI S ior A SRt e B R

2.3 A8 A

1974 # Sugeno F#FE NHOPAE A 0 2 50 F 5 RA 0 ¥ Lihfi A ¢ 45 1 Weber
# ~ ~Choque f # 11 2 & B3| # f 4 & - 2 ¢ Choquet # 4 (Murofushi & Sugeno 1989)
A Z Al en F ot SR A A AT MRS RET LS AR AR R F
PR APLTERERFLZEL EEETL IS LAMEENE B E 4 > 2006) o HH
A LRt AL B BT R R A PR Y R AR AR R o B
4ot 44 FREE (Ishii & Sugeno 1985); 7t s i & M E, L= (Om&avvaetal 1986 ) ;
g TG (B3~ ¥ K2 2000) ; T AR E (+R3&+ ~ 45125 > 2001)
THEEE TR (MR ~ 8 > 2003) % o 11T A H AR A P
Bk 4 f 5 3 B (Universal Se)X 2 7 il & dn i FiX > [0,1] - &% 4 — dxldo pem
Xy XXy} 5= F PR & 0 BB (X)) 2f(X,) 2 ... 2 f(x,) » B Choquet 4% 4 (Chen

I on

# X =
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& Tzeng 2001 ; Ishii & Sugeno 1985 ; Sugeno 1974) #_& 4o~

[fdg="f(x,)g, (X,) +[[(X,1) -FX)]0, X,0) + 4 [f(x) - F(x,)9,(x)] £ ¢
:{Xl’ Xz,...Xi }, i = 1,2,..., n

m

(10)

gl(xi)=1i_lgx<{ DS ¥ g (), Doy, D+t 2, (5 ) g, (0 D0, (X, )

j,=Llip=ii+1

(11)

:%L];[l(ljt?»gk(xj))-l} for 1< i<

BREEY P XFARLD nBEAM)TESZEE f(X)E BF | BERL Y
AR A g (X)) B AHRRIA o S A BRI SEE E A S AR BT MR
o
2AFMERAAER

PRGBS ANF]Z Y il AR ERTFZ B S foikit? fv’ﬂf*}:ﬂa‘%%ﬂ
(1) #2375 7 #i<(Lines of codes, LOC) - (2)# i: B#(Function Points, FP) - - $ic %8 # &
L VI RS T NPA Y T g SR il -f]&lg M = & i3] (Constructive cost
model, COCOMO)#x 5 7 % - COCOMO ¢ Boehm(1981)ix 45 TRW = & 7B 3 i e 63
BE% ;f’ﬂﬂﬁﬁﬁ§§11%4ﬁ;lw9ﬁ R A LN FERT 0
(business application) ~ 7= #4747 4 #x %8 (process control) ~ A #% < 3 #ic #8 (human-machine
interaction) ~ £ 5 & * 4 (scientific application) ~ £ # 4t #8 (support software) ~ % & Lt
4 (system software) = + #g ;» BREHAE FEFRS 2R G T 2 kB g
B G A e E ﬁ'\ cH 27 WREFERFANT 2D RS AiEH P F B
BArim o et 4 o

COCOMO ik yp fic 88 chdf je B fe FIEp & » Rgr @ &~ = = %5 - (1) 7 # 21 (Organic
Mode) : Hcal % % d FiRPBH A f 20— BREDPERRY BF RS> 7 2 G kP
FE 0 RG] Al % % < (2)¢ @A) (Semi-Detached Mode) © #1848 32 & 4 % F #3128 ) 42
A LB FEHE LR %’%W@#wmg% DR LA AR Y S 8
AFeR ko (3) M 4 Al(Embedded Mode): F H7F M e § B SR gl & B T AR A
AWK DR REEMN Gy PEEHAAREBPE THE2F B EAR
UFFERIFFERY FEAEAFF R L7 2302 DS Sl g o
PR RE2LE %o

Boehm (1981) 4" $F $c 8 B 3 & A G 32 & Reh7 o o 3 7 = fAbRE N s B 550



(1) & # #- 5 (Basic COCOMO) ; (2)if ¥ #5¢ (Intermediate COCOMO) ; (3)2%-im 5
(Detailed COCOMO) » # ¢ 114§ ¢ H#/h % @ * » if ¥ H5 (Intermediate COCOMO)
SR R EE A G RS  ASBE P EBBE R BE- 23R 156 3 4
#]+ (Cost Driver) » * m1# B & A B3 8 » AW FRA L 1o f2if ¥ 5% (Intermediate
COCOMOQ)Ez k4 x» 7 15 B AF|F > F T FEHLEZHFFRE > LH 8 AF)3 8
T R R R B RO IR & ST

% 1COCOMO f5¢ & 4 #]3

Bk & F3 Y ERSR )

THAEE K RELY : Required Software Reliability
TR A DATA : Database size
WA AR e R CPLX : Product Complexity
T ad TR L) TIME : Execution Time Constraint
AR £ STOR : Main Storage Constraint

B E T{&%ﬁv e VIRT : Virtua Machine Volatility
TRw BRER TURN : Computer Turnaround Time
VAR S T ACAP : Anayst Capability
N e L AEXP : Applications Experience
wEE Y 5% PCAP : Programmer Capability
Az TE ki 5%  VEXP: Virtua Machine Experience
RN TFEL L% LEXP : Programming Language Experience
E I e - - MODP : Modern Programming Practices
ﬂh iR TOOL : Use of Software Tools

B PFAR SCED : Required Development Schedule
ﬂiﬂj‘é’ RS R E LOC : Line Of Code

%~ B re & A TOPSIS

A5 9% COCOMO 48 :%:% TR % 6] » COCOMO 5% #74% i TRW 2 7 63
e B R TR 0 iE 63 *ﬁ% HLAE 4 A AT AR A AT P
#5¢ (Intermediate COCOMOQ) ® = & F]F e BHed > A B 5 A F B -+ X R -
LRBM S BXRM 0 £4 15 B2 A~ F)F (Cost Driver)# 4e » LOC #2515 & & » i
ok Mg R o

LEL RIS E L AFTERQ)EY BRHE SR ATRE RS
o gHRFET B ARRRIET L o RT3 o (2 ERF 5 F 4T 2010
#3245 4~ fe (Collaborative Product Development Associates ©+ CPDA ) *» ] #-
AR ARFET TR AR Rk EE ] ®4 45 S % AL8 (11400)
#2 % A30(59) > #%® X 5 1807.086 HxR ik it aufAe? > < F R ERT &
MR EEPR B FTRENARRES  BRY FRGEES AN L T 2%
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B d|gh QA AT o BRI NLFTHEdp B2 85154 HQ R
PTE AT
k 12
Qk:nxa k=1273,...,q (12)
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311 K, A ks i bl

B - X BHEFAH $ & X ={10,30,50,20,40,80,60,70,100,90}

AP RS REE LA LTIRFETE BFEHRT
HAL X FES ]I ARER -

Rk X 8 BT AL

# & 5 X ={10,30,50, 20,40,80,60, 70,100, 90}
A X R8T & X ={10,20,30,40,50, 60, 70,80,90,100}

HAR2 X BEFTEEE7HLIAGFT EH NS HBQ -

XREF B D 10 S FRES 2 RSN P HET BiFT L e
tb?frﬁz‘j’ x TI;A\%]%L (Ql ’ Qz ’ Qs ’ Q4> v Ard 2477 L BT BEZ S B A

e VL (224 ) ~L(M) ~M (P %) ~H(B) ~VH(EFB) > ik
3.2 9751 o
%2 FEHEQE
Q QHEE ot Q&
1 20+30
10x==25
Ql ><4 2 25
Q, 10><%:5 50
3 70+80
10x>=75 =75
R 2 2
Q, 10><%=10 100

HEEI BN (L) v+ (L) » gk

5% 24r 2 (12~14) 7 A u @ P L ~ L2 = e Hok i 2 2 Fh ok
BAudcdk 3H@27 o

32k rk K s TOPSISiw & ff 4 # 2
Woks b R 3¢ TOPSIS i (7 4 2
H - KRR
HF= A1 FlE AT B RO 8 A 14 (SSC)

Iz A u R E R B T Xk 2 5 7 () B TOPSIS & (QHo# 4
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ABAEE AR ERF L F o R AL B LR AR DR AL LR
PRRARERS > HET UG EI AR EF L R o
A2 %% A4
Foho AR E )Y FF A B iR A i & £ 37818 4747 COCOMO
2 Fg R A BAeT 2 5
%5 FRIEEE L G
e ssc || ek ssC
Fl |7 HRAL R 0.35295 | %] | $¢ B g8 12 0.22396
i% BoRBAE fe B 0.17887 % FAR (T% kit % 5% | 0.38249
T gt 17 PR L 0.32313 R E T 5% 0.31138
izelael g 2 0.35467 | F1 | A4 7 ¢ i 4 0.27700
F | BT Sk 0.26648 j A2 3K GHEF a4 0.52416
7,% B AR HTT | 0.36141 B pEAE 0.43738
AL R 0.21889 | 7 | TR RHE 0.48529
T R 0.27538 f g R 2 0.59272

EANE S
i Adb B3

AT S TOPSIS B ff 4 2 it (738
T[0A2 B o s T K, A s 2w e

LB ERAT £

B F A R
f"ﬁ—‘}’q'L ’ ﬁ’»xvg"?g

306w s ETIA R L
4 1

2 (a)

A0l
A02
AO03

AG3

(0.5552,
(0.6291,
(0.6109,

(0.6952,

0.8347,
0.9826,
1.0000,

1.0444,

1.0301)
1.0353)
1.0439)

1.1089)

(0.9830,
(0.5610,
(0.4548,

(0.9096,

1.1195)
0.9890)
0.9548)

1.0391)
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307 Hop e B F12 5 £ B (D)

F1% 3 F1 % 4 F1% 5

AO01 | (1.0322, 1.2333, 1.2470) | (1.0000, 1.2539, 1.2803) | (33.4579, 632.8243, 632.8243)
A02 | (0.8692, 1.0690, 1.1414) | (0.7159, 1.0000, 1.0514) | (33.4579, 632.8243, 632.8243)
AO03 | (0.5597, 0.9378, 0.9523) | (0.4463, 0.8925, 0.9306) | (33.4579, 632.8243, 632.8243)

A63 | (0.4529, 0.9059, 0.9363) | (0.4463, 0.8925, 0.9306) | (2.2872, 4.5744, 9.3851)

BT TOSISE o f~» 288 » B %40d 8824 9 A7 BT Gup
£ TOPSIS = /% » #1509 TOPSIS * 2 S o ff A B 7y > Wi B Z B BT H 8 5% > &
—:’t-y‘z)» FEEM d £ 104 v )™ 'Fl: o AR B g s gz TOPSIS #7118 2% % 1

) ARy TR BRI 2 3% 4 SSCHEE 31~ ok TOPSIS & fiohs 4 & 18
HE%4nd paEeed > a Bk ? FIG o ok TOPSIS & i fk A chis & £ B &
7??'9?‘3? °

% 8 9 TOPSIS s & t=2|2_ & ¥ 5
% B

BRGE Y REFE s S ATYE
% b e 19 5 1 25 76%
| bR 4 7 4 15 46.67%
i 2 3 18 23 78.26%
e 25 15 23 63
bog R 69.84%
1O WRREAEEEN L Y F
e BRGHE P RRE ML%RE LHk rué&Y
% b & 20 4 1 25 80%
| bR 3 7 5 15 46.67%
i 2 4 17 23 73.91%
o3 PR RN 69.84%

% 104 ¢ & FLL iR

IQ ..-/LJFIQ ) 3= )1 AN
Topsis 1 TOPSIS 0 i 4

BhEE 68% 76% 80%

g 55.55% 69.84% 69.84%
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AR ERL AT

AP E AR YL A BB mA Y WREAHELETY F A ERAT
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Abstract

Multi-criteria decision-making (MCDM) methods are notable approaches for structuring
information and evaluating decisions for problems with multiple, conflicting goals. This
study proposes a hybrid technique for solving aternative selection problems. It has 3
advantages: (1) it uses the beta coefficient to obtain the value of the attribute weights; (2) it
uses the Kth quantiles method to fuzzify; and (3) it uses fuzzy technique of order preference
by smilarity to ideal solution (FTOPSIS) to determine the critica aternatives. In
experiments and comparisons, Boehm's COCOMO dataset is adopted. Finally, our
comparison shows that the proposed approach performs better than other methods.
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1. Introduction

MCDM methods have been used widely in many research fields (Chen & Hwang, 1992,
Hwang & Yoon, 1981, Stelios, 1998, Zimmermann, 1987). In decision-making,
decision-makers must address certain problems, including multiple assessment criteria, the
use of a single criterion to evaluate an object, and results that do not correspond to actual
situations. Therefore, MCDM methods, based on the various attributes of each object, select
the best object based on the pros and cons (Stelios 1998). Decision-makers usually evaluate
aternatives by performing a cost-benefit analysis as evaluation criteria for each object to
determine the minimum cost and maximum benefit.

Feature selection has been an active research area in the pattern recognition, statistics,
and data mining fields (Liu, Motoda, & Yu, 2004). There are problems with regard to high
complexity and dimensionality in data mining, because much data or information is stored in
a database. Attribute selection influences the effect of clustering, and reductions in
dimensionality can improve the problem of complexity.

Jain and Chandrasekaran (1982) noted that feature selection is performed as follows:
given aset of candidate features, select a subset that performs optimally under a classification
system. This process has been very effective in reducing dimensionality, removing irrelevant
data, increasing learning accuracy, and improving result comprehensibility (Liu, Motoda, &
Yu, 2004).

In multiattribute decision-making assessment methods, attribute weight val ues impact the
assessment—ie, different attribute weight values lead to disparate results of the evauation
(Zadeh, 1965). Decision-makers typically are more confident in making linguistic judgments
versus crisp vaue judgments. This phenomenon results from the inability to state their
preferences explicitly, due to the fuzzy nature of the comparison process.

Hence, this study proposes a fuzzy TOPSIS method, based on the Kth quantiles method.
It has the following advantages: (1) it uses stepwise regression to reduce the multiattribute
complex; (2) it proposes the Kth quantiles method to fuzzify; and (3) it uses fuzzy technique
of order preference by similarity to ideal solution (FTOPSIS) to determine the highest cost of
software project. To verify the model, the COCOMO dataset is adopted. The paper is
organized as follows. Section 2 comprises a literature review. In Section 3, we introduce the
proposed algorithm. In Section 4, the proposed method is illustrated with the COCOMO
model. Finally, conclusions are made.

2. Literature Review
In this section, the related literature, covering multiple-criteria decision-making, fuzzy
theory, technique of order preference by similarity to ideal solution (TOPSIS), and the beta
coefficient, are briefly reviewed.
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2.1 Multiplecriteria decision making

The development of MCDM models is often dictated by real-life problems. Although
most problems are easy to solve, more complex problems and greater criteria are often
encountered. Multiple-criteria decisions involve alternatives that typically are evaluated on
the basis of a hierarchical system of criteria. The primary goal of MCDMs is to provide a set
of criteria aggregation methods to determine the preferential system and judgments of
decision-makers.

For example to buy a car, we usualy consider a number of factors. These assessment
criteria are often conflicting, such as price and security. Such difficult tasks require the
implementation of complex processes. Therefore, MCDM methods, based on the various
attributes of each object, select the best object by sorting the advantages and disadvantages.
Decision-makers often perform a cost-benefit analysis for each object as evaluation criteriato
differentiate the minimum cost and maximum benefit.

2.2 Thefuzzy theroy

The fuzzy sets theory was first proposed by Zadeh (1965). According to the
characteristics of fuzzy sets, the fuzzy sets theory can be used to manage both vague and
imprecise data (Zadeh, 1965, Zimmermann, 1987), allowing a degree of membership to be
associated with avalue in a set. In conventional crisp sets, an element can belong to a set, or
not, and the degree of an element that belongs to a set is 1 or 0. To handle uncertain and
imprecise data, Zadeh (1965) proposed the fuzzy sets theory. The following section will
review the basic definitions of fuzzy sets.

Definition 1. Fuzzy sets (Zadeh, 1965)
Let X be auniverse of discourse and x be a generic element of X. A fuzzy set A inX is
defined as a set of ordered pairs:

A={(x 13 ()] xe X} (@)

where 1;(x): X —[0,1] is the membership function (MF) for the fuzzy set A The

membership function maps each element of X to a membership value (or membership grade)
between 0 and 1.

Definition 2: Fuzzy numbers (Zadeh, 1965)
A fuzzy number is a fuzzy subset in the universe of discourse X that is both convex and
normal, satisfying the following conditions:

15 (X) isacontinuous interval.
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15 (X) isaconvex.

15 (X) isanormalized fuzzy setand p;(m)=1, wheremisareal number.

The fuzzy number A isafuzzy set, and its membership functionis u,(X):U —[0,1]

2.3 Techniquefor order preference by similarity to ideal solution (TOPSIYS)

The TOPSIS method can handle the ratings of both quantitative and qualitative criteria
and select the suitable case effectively (Chen and Hwang, 1992). It is based on the principle
that the alternative solution that is selected should have the shortest distance to the ideal
solution dternative and be the farthest from the negative-ideal solution of all available
alternatives.

procedure is summarized as follows (Chen & Hwang, 1992):
STEP1: The matrix format is as follows:

D% ] i-tz..m j-12.0 (Y

Every decision-maker respectively compares these criteria and the sum of the square
values.

m
/iglx”2 i=12..,m j=12..n (2

STEP2: Apply the modified TOPSIS approach that has been developed; the decision matrix
that is contained needs to be normalized.

V:[VJ]Mi:Lz ..... m j=12...n (4)

and

V= )
SW -1

Furthermore 1=
STEP4: The algorithm computes the so-called positive ideal solution (PIS) and negative
ideal solution (NIS) of each weight.
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Positive Ideal Solution (PIS)
A" =Max{V;,V; ...,V | ()
Negative Ideal Solution (NIS)
A =Min{v ;...\, ) (7)
STEP5: We caculate the Euclidean distance for each alternative—ie, the two distances

(S) and (S ) of Xifrom(A') (A)

c-_ (10)

G)

STEPY: The dternatives are ranked for the index; the closeness coefficient ( islarger than

the higher priority for the evaluation value of the alternative.

2.3 The beta coefficient

The standardized coefficients are known as beta coefficients; the steps of generating beta
coefficients are (Draper and Smith, 1998):

(1) Standardize al of the variables % =(Y-¥)/S,, where Y, denotes the standardized

valueof they, y representsthemeany, and S, isthe standard deviation of y.

(2) Assume Z is the standardized vaue of X, and Z is the standardized value of

X,.
(3) The regression model can then be obtained asfollows: y, = 5, xz + 8, x Z,.

The advantage of beta coefficients (compared with regression coefficients, which are not
standardized) is that their magnitudes alow one to compare the relative contribution of each
independent variable in predicting the dependent variable.
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3. Afuzzy TOPSIS method based on Kth Q-uantiles method
This study proposes a fuzzy approach for solving the alternative selection problem. It has
certain advantages: (1) it uses stepwise regression and beta coefficients to obtain the value of
the attribute weights; (2) it proposes the Kth quantiles fuzzification method to fuzzify the
attributes; and (3) it uses FTOPSIS to identify the critical aternative. In experiments and
comparisons, the COCOMO model is adopted. In Section 3.1, the Kth quantiles method is
introduced; Section 3.2 presents the algorithm for the fuzzy TOPSIS method.

3.1 Computing member ship functions using the Kth Q-uaniles method

The study proposes the kth quantiles fuzzification method to compute membership
functions.

(1) Array the datafrom lowest to highest.

(2) Determine the Kth quantiles by the equation:

Q:N(—l;,i:12,3...k (1)

where n isthe number of data, g isthe quantiles, and k is kth quantiles.

(3) Set the spread to obtain the linguistics value (L, ~ L, .,).

From Figure 1, we see that the linguistics value L is(a, 40.5, b), A is (0+40.5)/2, and b
is (40.5+98)/2.

#(cost)
) Q, Q Q,
1
05+
LY L F H VH
o a5 b 98 c 238 d 11400 cost

Figure 1 the membership function of COST

Table 1: Calculations for selection of partition point

Lower Mid Upper
VL 0 20.25 40.5
L 20.25 40.5 69.25
F 40.5 98 268
H 98 438 5919
VH 438 11400 11400

* Q1:40_5 ; Qz =08 ; Q3 =438 ; Q4:]_]_4OO
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3.2 Thealgorithm for the fuzzy TOPSIS method, based on the Kth quantiles method
The agorithm is shown as follows:
STEP 1: Select attributes based on stepwise regression and obtain the beta coefficient.
STEP 2: Fuzzify the attribute based on the kth g-uantiles method by equation (11).
STEP 3: From equations (1) ~ (3), the normalized performance rating can be cal cul ated.
STEP 4: Construct the weighted normalized decision matrix based on the beta

coefficient.

STEP5: Calculate the PIS and NIS by equations (6) ~ (7).
STEP 6: The normalized Euclidean distance can be calculated by equations (8) ~ (9).
STEP 7: Calculate the separation index by equation (10).
STEP 8: Rank the aternatives.

4. Verification and comparison
Software project measurement is an important research topic. Barry Boehm (1981) proposed
a software cost estimation model, called the constructive cost model (COCOMO). Software
project measurement is a major source of cost and schedule estimations, and it aso provides
decision-making information. The COCOMO software cost drivers are shown in Table 1.

Table 2. Software cost drivers

RELY Required Software Reliability
DATA Data base size

CPLX Product Complexity

TIME Execution Time Constraint
STOR Main Storage Constraint

TURN Computer Turnaround Time
ACAP Analyst Capability

VIRT Virtual Machine Volatility
AEXP Applications Experience

PCAP Programmer Capability

LEXP Programming Language Experience
VEXP Virtual Machine Experience
MODP Modern Programming Practices
TOOL Use of Software Tools

SCED Required Development Schedule
LOC Line Of Code
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This study uses the COCOMO model dataset to verify the proposed method. The dataset
has 63 projects and 16 main attributes. We can obtain 4 attributes by stepwise regression.
Table 3 lists the beta coefficients of the attributes.

Table 3: Beta coefficient
TIME TOOL PCAP LOC
0.247 0.217 0.262 0.551

The project's costs are ranked from highest to lowest. From the algorithm, the top 5 of project
costs and final results are shown in Table 4.

Table 4: The results of TOP5

TOP5  Actua Traditional TOPSIS The proposed method
1 Al18 Al19 Al8
2 A19 A48 Al19
3 A20 A32 A20
4 A2l Al8 A2l
5 Al A20 Al
Hit ratio 60% 100%

From Table 5, we see the results of the hit ratio. From Table 5, we can see that our results
outperform the traditional TOPSIS method.

Table 5: Theresults of Hit ratio
Hitratio  Traditional TOPSIS method  The proposed method
(with 16 criteria)

Top5 60% 100%
Top 10 70% 70%

5. Conclusions

Software project measurement is amajor source of cost estimations. This study applies a
fuzzy TOPSIS method to determine the project that has high cost. It has certain advantages:
(1) attribute selection based on stepwise regression—it uses the beta coefficient to obtain the
value of the attribute weights; (2) it proposes the Kth g-uantiles method to fuzzify; and (3) it
uses FTOPSIS to determine the critical aternative. We used Boehm's COCOMO dataset to
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verify our method. Finally, the comparison results demonstrate that the proposed method
performs better than other methods.
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