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E.. (weighing mean) = Z (ME,)
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1 : GFN-CBR 8332 Jo 75 R JH 28 30 UE 77 725 30 0F » 0 H A7 D0 3K 40 205 R0

®3 BT/ NEME CBRRE G H M CBR EE L EHEEX L 547

o 14 70 B A MMRE MdMRE Pred(0. 25)
H 2% UEN HERS WA LEES AR HERS WA
EUC-CBR 2 WM 0. 598 0.575 0.169
GFN-CBR 2 WM 0. 566 0. 488 0.182
PSO-EUC-CBR 3 Mean 0.548 0.538 0. 287 0. 469 0.435 0. 339
PSO-GFN-CBR 2 WM 0. 459 0.511 0.316 0.422 0. 429 0.343

[E:EUC-CBR 5 GFN-CBR 8 3 J0 7 % FH 3¢ UK AIE J7 23 B ik » 0 U M 4R 45 R B

22 RS R B A A S 50 A R Y
il B 45 5% i 388 K, GFN-CBR #2475 48 4 T H %8
2 BEMA A WM B AR B B A Al B 45
B X T PSO-GFN-CBR #5415, 1 /2 75 405 3
HECh 2 BUE LA 7 X0 WM i U i A Ak 5 445
Ao X Eb S R ) e PR A B 45 R W] DR B PSO-
GFN-CBR %7 MMRE il MAMRE #4455 I,
B F GEN-CBR %0, 78 Pred (0. 25) 4§ b7 I 0% i
T GFN-CBR &8, 25 LWk ] PSO Sk fb
JE PR AE— R R TR AL S . Ik
4b PSO-GFN-CBR R (14 fili 525 2 i, AN o) S 404R
Xif A 7R Ay BEORG B 9 52 % 5 GEN-CBR 45 7 o B
i, BT R A PSO B3 A Ak & PR A 1) 450 780 R [ 1%
AN TR 2 U 45 R 1 i B g

S T U AR SCHR M AR TR A R R R Y
GFN-CBR # PSO-GFN-CBR #i70 15 % F 1) 3% F BX
K HE BB CBR ## (EUC-CBR) F1 5 T R 2 B 25 1
JAY CBR 7 (PSO-EUC-CBR) 5t 1 2 25 5 i ks
JESEAT R L BRI 3,

3 BR T VUFD CBR AR 7648 500K B 1 i 22

SN 4E R R GFN-CBR B B Al 55 48 B il 8
BT EUC-CBR #5284, Ui W 5% T SCHE M 20 19
CBR B R e 4G %% 21 i & 1 =2 1) i R B AE , 38 T
BORY Al SRS B2 . kA, 3R 3 H A &5 A R A
K PSO SR AL I8 PE AR CBR #5278 (1% 45 S 2L W]
AT R FAACE 4k CBR BERL Al B 25 5L, 30
B PSO LAk Ja 1t A TE e A7 AL 1o 455 780 1) A 308G B
I Je X PSSR PSO SE 6 &8 AL E CBR A
BRI 25 5, PSO-GFN-CBR #5258 (1) 45 2 75 — & 72 B
FZ AT PSO-EUC-CBR £, iy 1 B 47 Hb (%) %F
LU AN [r) 455 7 1) =2 ) Ay B0 B2 1 22 S 61 1 U A
RULE I A TP AS R DA 4 o T A SR0RS B2 2R AT T )
I3 -

M T Ha DL B A . W MMRE #1 MAMRE
P PEM AR R A R T SCBOMI £ ) CBR #5570 %2
TR IR 25 19 CBR AL, SR ] PSO 446 AL
H Y CBR B A 2 T 8 A #F 47 ACE LAk i B 7Y
PSO-GFN-CBR # (% i 50 K5 BE & . M Pred
0. 25) PEM $8 45 2K & PSO-GFN-CBR # 74 1% i)
F PSO-EUC-CBR Hi %,



. 184 [ 4 TR

2013 4

zEUC-CBR WGFN-CBR =PSO-EUC-CBR SPSO-GFN-CBR

0.8
0.6 1
7 7
2 =N / —
gﬁ 0.4 R / =\
| E
MMRE MdMRE Pred(0.25)

P 1 S T 20 A A A R0 38 X L 15 O

iy LRy Mok A A SO K PSO-GFN-
CBR B — @ e E 4w 7B A R . |
SRR R AR BB & B PSO-GFN-CBR 42 7
RE A Ak BHC 1 I H 40 P v 6 R0H 45 5L L X X T e
BRI H 0 AT A R U, AR B, —
FEREJE E AN TE T R Al SRR Y ) 1 B B
TR ST S 52 A A OB . A TR
A S T R v iy T 2 A A 2 A5 A0 B 45 R
L E WA 225 o TR A b ke B ol A B
JEAS A S5 Y S b b ek A 22 AT A R8O8R
e ANEEE, RSP RS E AW
B TS A S BCR 22  Wh EAT A LR G
b g S OPE T R S BRAR A 2 SCHE

5 #iE

YA ) A SRR A AR X T AR 0 H R 1 G R
BB RRA A Ak B3 S BB v TG 3k ) i e SR R
AIE (9 1R R, 2R SORE T SCREBIECR CBR BB R 174 3%
R R A ) SOBERIEIOR DL RE B2 b o A4
TR SOBORI R B A CBR BAL, IR
FCM J7 1 % J5 A i HEA T RO A Ad 31, i — 20 ok
PSO B3 Sk Ak Jg 1 i A EE L B BUSE T SCBOMI %L
(R MAY CBR REAL, Ry 1 56 i F4 AR (1A 5otk . R
JH Desharnais $ 4 1E 4 A 52 #E 47 SEUE 73 #fr . 52
RS SR WoR . 5% U B CBR M B 5 0 X
RO %L CBR #5081 B 6% A5 5800 30 ) A= 2080 Hh i
BOBIRRAE , — 2 B2 1 68 0% OIS o8 o 9 A 0K B
I Ah | SEESE SRk R B, R ] PSO Ak J&8 A 2
— B RO TR ORI %L CBR A5 A i W B 5
CBR BRI rh R GE 15 21 07 = (0 A6 B B . A U4 i
14 RIE % 2 ) 94 00 K0 4 A5 A 5 10 Al SR AR AL, X
FAEFAETE R AT A BUA AN SR YA %

S E 3k

[1] Lackman M. Controlling the project development cycle
[J]. IEEE Engineering Management Review, 1987, 15
(3): 56—78.

[2] Molokken-Ostvold K, Haugen N C, Benestad H C. U-
sing planning poker for combining expert estimates in
software projects [J]. Journal of Systems and Software,
2008, 81(12): 2106—2117.

[3] Koch S, Mitlshner J. Software project effort estimation
with voting rules [J]. Decision Support Systems, 2009,
46(4) . 895—901.

[4] Boehm B W, Valerdi R. Achievements and challenges in
cocomo-based software resource estimation [J]. IEEE
Software, 2008, 25(5) . 74—83.

[5] Mittas N, Athanasiades M, Angelis L. Improving anal-
ogy-based software cost estimation by a resampling
method [ J]. Information and Software Technology,
2008, 50(3): 221—230.

[6] Vinay Kumar K, Ravi V, Carr M, et al. Software de-
velopment cost estimation using wavelet neural networks
[J]. Journal of Systems and Software, 2008, 81(11):
1853 —1867.

[7] Oliveira A L 1. Estimation of software project effort
with support vector regression [ J]. Neurocomputing,
2006, 69(13—15): 1749—1753.

[8] Sentas P, Angelis L, Stamelos I, et al. Software pro-
ductivity and effort prediction with ordinal regression
[J]. Information and Software Technology, 2005, 47
(1. 17—29.

[9] Elish M O. Improved estimation of software project ef-
fort using multiple additive regression trees [J]. Expert
Systems with Applications, 2009, 36 (7). 10774 —
10778.

[10] Cheikhi, L, Abran, A, Desharnais, LM. Analysis of
the ISBSG software repository from the ISO 9126 view
of software product quality [C]. 38th Annual Confer-
ence on IEEE-Industrial-Electronics-Society, Montre-
al,Oct,25—28,2012.

[11] Maxwell K D. Applied statistics for software managers
[M]. New Jersey: Prentice Hall, 2002.

[12] Wu Dengsheng, Li Jianping, Liang Yong. Linear com-
bination of multiple case-based reasoning with opti-
mized weight for software effort estimation [J]. Jour-
nal of Supercomputing, 2013, 64(3). 898—918.

[13] Nassif A B, Ho D, Capretza L. F. Towards an early
software estimation using log-linear regression and a

multilayer perceptron model [J]. Journal of Systems



%Al

FBE T ORI B BT IR AS AL CBR Al 88T 5 . 185 -

and Software, 2013, 86(1): 44—160.

[14] Azzeh M, Neagu D, Cowling P I. Analogy-based soft-
ware effort estimation using fuzzy numbers [J]. The
Journal of Systems and Software, 2011, 84 (2).: 270—
284,

[15] Heemstra F J. Software cost estimation [ J]. Informa-
tion and Software Technology, 1992, 34(10); 627 —
639.

[16] Mittas N, Angelis L.. Ranking and clustering software
cost estimation models through a multiple comparisons
algorithm [J]. IEEE Transactions on Software Engi-
neering, 2013, 39(4): 537—551.

[17] Dejaeger K, Verbeke W, Martens D, Baesens B. Data
Mining techniques for software effort estimation: A
comparative study [ J]. IEEE Transactions on Software
Engineering, 2012, 38(2). 375—397.

[18] Shepperd M, Schofield C. Estimating software project
effort using analogies [J]. IEEE Transactions on Soft-
ware Engineering, 1997, 23 (12). 736 —743.

[19] Li Y F, Xie M, Goh T N. A study of project selection
and feature weighting for analogy based software cost
estimation [ J]. Journal of Systems and Software,
2009, 82(2). 241—252.

[20] Chiu N H, Huang S J. The adjusted analogy-based
software effort estimation based on similarity distances
[J]. Journal of Systems and Software, 2007, 80(4):
628 —640.

[21] Huang S J, Chiu N H, Chen L. W. Integration of the
grey relational analysis with genetic algorithm for soft-
ware effort estimation [ J]. European Journal of Opera-
tional Research, 2008, 188(3): 898—909.

[227] Azzeh M, Neagu D, Cowling P I. Fuzzy grey relational

analysis for software effort estimation [ J]. Empirical
Software Engineering, 2010, 15(1);: 60—90.

(23] RARAE 2 (7 2R SRR AR Al 3 b 0 5 1 28
LAY Je [ Bk fE L], 4 BB 4%, 2010,23(3) : 113
—120.

[24] BB 53, JBUA G . JL T, B SC 2B, T 1) AS ) 7 2 )8 1k e O
Jia) 50 ) 9 A R S WF S L 1. b [ 8 B} 2%, 2009, 17
(1):131—137.

[25] B = RBL G IR PCFI. 2 TR BB AR MM 48
R STRPBE AL BT ], b [ 4 BB 2, 2005, 13(2) . 81
—87.

[26] Chen SJ, Chen S M. Fuzzy risk analysis based on sim-
ilarity measures of generalized fuzzy numbers [ ]].
IEEE Transactions on Fuzzy Systems, 2003, 11(1):
45—756.

(277 SCRUM, 4 2R e . — i (10 1 SCHE I B0 B30 AR 1
PERE Tk e iz Wb g i LT, B F 4R
2011,39(3A) :1—6.

[28] Wei S H, Chen S M. A new approach for fuzzy risk a-
nalysis based on similarity measures of generalized
fuzzy numbers [J]. Expert Systems with Applications,
2009, 36(1): 589—598.

(297 T3 R, 540 10 5k . 2 gk 5. 55 F 7 SO SO L B2 X
ot k)] A5 TR 5 9. 2010,30(4)
738—743.

[30] Xie X L, Beni G. A validity measure for fuzzy cluste-
ring [J]. IEEE Transactions on Pattern Analysis and
Machine Intelligence, 1991, 13(8): 841—847.

(317 FRMBG A5 05 07 - 4 WL ik T 38 KA 25 A oE 19 3R 1 3 H
AR &S BT L], o B A2, 2013, 21(2)
161—167.

Case-based Reasoning with Optimized Weight for Software Cost

Estimation Based on Generalized Fuzzy Number

Wu Deng-sheng
(Institute of Policy and Management, Chinese Academy of Sciences, Beijing 100190, China)

Abstract: In the software development process, accurate estimation of software effort is of great signifi-
cance for software project and the enterprise. In order to overcome the difficulties that there isn’t an accu-
rate number for new software project at early stages according to the attributes of history project dataset
and the existing software effort estimation models can’t deal with the fuzzy number effectively, case-based
reasoning and generalized fuzzy number are integrated, and a case-based reasoning (CBR) model based on
generalized fuzzy number is proposed for software effort estimation in this paper. The traditional similarity
measure such as Euclidean distance is replaced by a new similarity measure based on generalized fuzzy num-
ber in CBR model. Furthermore, the fuzzy c-means clustering is applied to fuzz the accurate number in his-

tory project dataset. Moreover, particle swarm optimization (PSO) is employed to further optimize attrib-
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ute weights of the model. Finally Desharnais data is adopted to examine the validity of the model. It is
shown that the proposed generalized fuzzy numbers CBR model can improve the estimation accuracy in
comparison with the commonly used Euclidean distance CBR. In addition, it is also shown that the model
with optimized weight from PSO can improve the estimation accuracy.

Key words: software effort estimation; case based reasoning; generalized fuzzy number; weight optimiza-

tion



