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Multi-Objective Optimization Algorithm for Feature Selection in Software Product Lines

LIAN Xiao-Li, ZHANG Li

(School of Computer Science and Engineering, Beihang University, Beijing 100191, China)

Abstract: In software product lines, the core of product customization is to select appropriate features. Due to the various competing
and even conflicting non-functional requirements (NFRs), feature selection, in essential, is a multi-objective optimization process. What’s
more, the search space in optimization is constrained largely by the relationships between features and the definitive functional
requirements (FRs). Besides, some NFRs are with clear numerical limits, while others are not. These varied types of NFRs also present
challenges for feature selection. To solve these problems, a novel multi-objective optimization algorithm with a feature selection reviser is
proposed. Firstly, description language for the dependency and constraints relationships between features (DL-DCF) are designed to
format different types of relationships between features uniformly, which stipulates the coexistence of two or more features. Next, during
selection, all NFRs are transformed to optimization goals, and the quantified constraints on NFRs are used as filters to exclude invalid
solutions. Furthermore, a reviser is designed to repair the configuration which violates any relation between features or FRs. Finally, the
reviser is planted into the multi-objective optimization framework to form the proposed algorithm, MOOFs, to perform feature selection.
Comparing with four popular baselines running on four feature models with different scales, empirical results show notable performance
improvement of the algorithm on efficiency of valid solution generation and on the multiple NFRs balancing, especially when the feature

models are large and complex.
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Fig.1 An feature model of mobile product line
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FEM1000)3E1T 525 .4 BT ) BAAR S5 0% 1. CTCs 2B 2 IR AR # B, CTCRPYE B8 J2 Uk 29 3 v (4R AE
BH SHEME S B0 HAE.CTCs Al CTCR # R4S AERE TS 42 2% B P4 P 4.
Table 1 Parameters of the case feature models

R RHEE A E S

FRIERER  RpfEe % BIWEEL  CTCs  CTCR (%) Limits

WebPortal 43 51 6 2.6 COST<400
EShop 290 333 21 6.8 COST<2900
FM500 500 572 50 7.8 COST<4000
FM1000 1 000 1146 100 8.0 COST<9000

EHER 1 0] DL : A SO 5 1 R AAE AR 20 B 25 R AAE 20 1 38 m A 8 1) 52 2% B R 7E 386 K18 T LA SE A 16 07 s 4k
TE 3 B 7 VR AT VEAR.
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Fig.2 The number of violated rules in the initial configurations shown in box plot and the relevant numbers
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Table 2 The comparisons of the valid solutions generated by the six algorithms

26 PSR A RO I [A] X EE

A A A A Hik TR E S IBAT I [E] (BD) H RN ST RERT (FD)
NSGA-TI 25K 131.45 239 0.55
SPEA2 25K 531.72 9 59.08
IBEAup 25K 286.00 2523 0.11
WebPortal IBEA,. 25K 412.82 19 21.73
MOOFup 25K 241548 3000 0.80
MOOF,, 25K 390.00 3000 0.13
NSGA-TI 500K 5997.48 127 4722
SPEA2 500K 10 852.177 27 401.93
IBEAup 25K 384.303 27 14.22
EShop IBEA,. 500K 10 877.69 80 135.97
MOOFup 25K 5 457.69 3 000 1.82
MOOF,. 25K 414.31 2980 0.14
NSGA-IT 10M - - -
SPEA2 10M _ - _
IBEAup 500K 9321.16 814 11.45
FM500 IBEA,. 10M § - -
MOOFyp 25K 8010.11 3000 2.67
MOOF,, 25K 597.21 2520 0.24
NSGA-II T0M 3 Z _
SPEA2 10M r - -
1000 IBEAup 10M - - -
IBEA,. 10M - - -
MOOFup 25K 14233.49 3000 474
MOOF,, 25K 815.12 2 998 0.27
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25 B I AT 45 %R P B TG 05 VAP T 4R 280 Mann-Whitney ) U~ 56 5%F 1 H0808 4 75 BR AR, A
SCR B TTVEVEAL 6 b B30 A R A0 AR AR 2 B UST S  22 A 11
HIZR 2 20 1 F] K1,MOOF .7 25 — A3 B 1)1 325 FH I S50 R A1 F NSGA-II,SPEA2,IBEA ., IBEAyp 11

MOOFyp X 5 FhSVEXT T8 ML A 1 28 53 3 55 MOOF . ) BEAT X0 Ll A — VRN B2 % MOOF . %%
AN o0 BB, DR b AR e 96 g S ke o o AR B AR 30 P LA /K1 R 0.95, 2 3 KT oy 0.05. FLBHE T
P HAT P HZRA AR R SRR .2 P AEA/NT 0.05 I, 78 SB35 VK F o N 452 SR BGA BE MOOF R 1L
B A A ST IR, R T 3 S AR AL 1) 2 PR B R R T B 7 SR R AIE 128 4 75 SR AE SR Hh I 0 B S A SCHE X AR AL
SRR E L BR T AN IE® T 5, 0O & R S AR A RO R U B I G 3 T R T RERE P AR RO
1 % b VR (A0S Ll 25 SR, o BB AR VR K B 0 M R B MOOF . R IR (15 L. b G 47 15 51 43l e &%
MOOF AT 12 95 % BV I T

Table 3 The U-test results on HV, SPREAD, IGD and EPSILON of the selections made by the six algorithms

#F3 6 FMH LT HV,SPREAD,IGD,EPSILON ff) U-K 365 L 45

FRAERE Y ik WAEAE HV (p-value) SPREAD (p-value) IGD (p-value) EPSILON (p-value)  XfHL4Eit
NSGAII 25K 1.0 1.0 1.0 1.0 4
SPEA2 25K 1.0 1.0 1.0 1.0 4
WebPortal | IBEAgp 25K <2.2¢-16 1.0 <2.2e-16 1.0 22!
IBEA,. 25K 1.0 1.0 1.0 1.36e—06 3T
MOOFyp 25K 5.5e-06 1.0 1.06-04 0.12 22
NSGAII 500K 1 1 1 1.0 4
SPEA2 500K 1 1 1 1.0 4
EShop IBEAup 25K 0.98 0.99 1 0.87 4
IBEA,. 500K 1 1 1 1.0 4
MOOFp 25K 0.03 1 3.0e-03 1.0 2120
FMS500 IBEAup 500K 6.1e—09 1 0.62 4.02e-06 2T
MOOFyp 25K 0.74 1 0.20 1.0 4
FM1000 | MOOF;p 25K 0.01 0.33 0.92 1.0 3Tl
W4t | MOOF,. - 815 137 1073 1120 427104

MF 3 LA H:
1) 5 NSGA-IT Al SPEA2 LL i MOOF . £ 4 Fi i br £ R I FAL, Bl MOOF . 77 A4 [ L AL fif 58 23 Pareto
BT, 3 HOX o040 I REAEEC & 7 2 BOA S 45 1 2 8P T 5 IBEA A IBEAyp 76 3 MRV IZ /T 45
1920 IR B35 R BILMOOF B 15 KA 5 IRk 5. [RI Bk mT LAAS i 458 38 4k 1,6 Fh 7% H MOOF . i3 £
2)  HEAF 2 WALIBEA FRAE— AN RUE RN T NSGA-TT T SPEA2.JA L IBEA {ETH 71 2 A E W) 68
J T R AR R AT 3R B 1) B A SE A T NSGA-IT AT SPEA2, 45 18 5 ST HR[8]— 2
3) 5 MOOFyp K 16 K ELE H MOOF AL 11 ¥K,%5 5 k. B FE 2 H135 51, MOOF , LA 55 B 3 i = A
R, R S 4 AN AE AR R S 35 MOOF , B4R
254k E fE 5 NSGA-TI,SPEA2,IBEA, IBEAy, L& MOOFy, iX 5 P VLSS 4 MFAER AL IRTE 4
TR B e kR B 52 YR ELE H MOOF A 42 AR T3 EL 803,10 10 ¥R 45 T % b 480925 R 7T BL 336, MOOF . 7£ T
] 22 A~ AR T RE JE PR AR AL 1 AR A e 45 (1) R 1 AN BB B8 Betth ™= A 20, B L AR A B8 e R WA Sl % 22 R 1
T3 4 T B B 192, MOOFs Re s fs 4 PR fE AL BT ANl 2 COST BUE LR IR E 1B 4 7 RHEIR.
4.4 BYMEST
SEUG 4 K 2 ANBENLAE R AR Th REJE M SR B E MOOFs 45 32 MOOF ., ZER5AE 4k 358 35 75 18 (B - 2 35
SRR 20 3R e e 8 SR AT R B8 22 AR Dh g 8 1 ok Se B F £ A6 S ) A 28k LS00 B AR R AE S 1tk
TEM R AEZR I 5 A SCAR B 0 R A1E T 14 AL PR 40 A B AN — 350, 1T B 236 il 5 AR ST sz 3 45 ARG AN Al AR B T AL
B 4 BB SE A R B AN T 6 Bl vk, T DAHERRBE L= A= R4 A T 1 R s 56 45 S5 A -1 (i R .
SRR BENLIE AT B8 & 5 SRR E S B 45 SR RO BRI R T 0B BE ML 5 B R SR G AN R A ) A4 i
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FELIIALIZAT 30 UGEEMER P AE 3000 A7 585 T 1 BB 0 B B IS AT I TR) S BE K2 G v Aer 36 20 #r AR AL 4R
SRR B 0 — 2 g 1 AL X ST 45 2R A P PR S

6 Tl BE AL ST AT AR A e 22 D BEATL 7 25 AT Pl 10 o 8 mT RE = S i LA I AR S B b BRATTX 6 FhALIk
PRI 4 BRI AR A 5 AL B RRME S B T U-RR S GE v o0 B, 4 R R R, 6 R RAREHL ™ A4
IR AR A £ 77 S0 0 B i Z2 B ot T W P B, X SN R A i B e e R R

5 HXIIERSH

HT AT BT R R R R R R BRI AR, A TR X Ry VR AT R G I AR, T 7R i 2R R IE i 4 Ak
(75 SR 5 PR, A SO T S E R HE (1) B EEUE L R 2 N AEThRE TR R (2) A s b B BB 2
WAE T BE 5K 5(3) AB 68 AL 22 B A ¥ T B 75 3K (4) DR A0 & P AIE 18] IR AR 20 SR OC &R 5(5) IC B AR B 3)
1h;(6) BEWERIEFH P MR LT;(7) IR0 (8) AR bt R R wT BE A .

BATE AL 5.1 W55 WA AT 1R, SR G 7058 5.2 19 55T LA b R 8% TAE AT 2 #f BE VPA.

5.1 MEEIE

HERFAE 326 % ] R A R 20 SR A2 1) CSP 2 H i L A (08, B SCR[S,7,9]. Benavides 26 AP 54
A 38 455 10 ROUEE A R 2 BRI A2 1 1) RO 8% U5 36 T 7 T AG CSP i A 3 Ak T 440 R ) e AR o 240 S8 336  # il EEAT
He# Siegmund & AR H —FAEEThEE B I L. & R T — R 45 & MR E 3R % 775 SPL
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