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Abstract In the domain engineering of software product lines development,feature model is widely adopted to capture
and organize the reusable requirements. Currently, the construction of feature model relies on the modeler’s analysis.
With the increasing complexity of domain requirements, building a feature model that satisfies the requirements not only
increases the workload of the modeler.,but also reduces the accuracy of the feature model. A method for analyzing the
semantics and defining semantic terms was proposed to solve the problem of inconsistent modeling vocabulary between
different feature models in this paper. To refactor the feature model effectively,a semi-automated refactoring method
was defined by using Description Logic. The consistency of the model can be also inferred by this method. The proposed

method is verified based on two feature models,and the result shows that the method can refactor the feature model as

well as verify the consistence the refactored feature model.
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1.*

Semantic glossa
£ v 1 -chi -father

Refinement

B4 PR RAE TR
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I hasOr(fiy f) . Hm A3 e M4 CRWF ¢
4, B e. name= hasMandatory/hasOptioal/hasXor/hasOr;
A BT A f TR A S

EX ACH S MXF ) G E WA A M Dy
HI Dyroviae s B v Bl v, 43152 D pase T Dproviae T IAE BT 20, 24
HALY v, name = v,. name B, v, = v, ., & e, fle, 7 5 &
Do M1 D proiae FEIE M, HB Y ¢,. name=-c,. name HiIHY
AT A AR e, =e, .

B 1 A X R AR R 1k 56 R AT E A 1) 5
o BT AERRAE B R P AR AR AE (4 4 FR A5 2 A4 A 4% R A
() E PR b ey 20 B HE T A T AR P AR TS K oo, BT 0o, FE AT ST
Lo FUAR S PR 0] B 0 AR AR AE AR 25 B 5 Dyroviae 47T LUA Dy
PRAEF AL, ARG 3T 58 )5 i D7 i AR AR N A T g
D jrovide Fl Dy U B — 2 09735 50, 53 3 7F A nProvideNode
HlnBaseNode T, Horf n R M TFHE » 2. BUL » H
ME BT S A nProvideNode Fl nBaseNode s N nProvide-
Node RIS T & v, » FIWT nBaseNode W& 5 A7 16T A
v, 52 MG P AR AR 3 LA Rt T
YR v, WA RIS ey BT v 5o, M5, K EF
W v, GHAAW A ZH A W e, RIEER 4 1956 A
MY Dy AT 05 0, A M e, 7AW EE A
nProvideNode HWHLH N — 77 8 4k 22 5 nBaseNode Xf b, 4
D peoviae IR ST — 2 10 GO0 LL 58 52 I, 44 B) M 5 0 A 1) B
Dpe 5

=3 dlaHn
Table 3 Rules of merging

Provide
Base
Mandatory Optional Xor Or
Mandatory =~ Mandatory Optional Xor Or
Optional Optional Optional Optional Optional
Xor Or Optional Xor Or
Or Or Optional Or Or
F4 o HHAMRN
Table 4 Rule of inserting
Provide
Base
Mandatory Optional Xor Or
R Mandatory Optional Mandatory Optional
Mandatory/ . X
R Mandatory Optional Mandatory Optional
Optional
Xor/
Xor or Xor Xor Xor
Mandatory
Or Mandatory Or Mandatory Or
k1 BUXRFEHMHEE

A A : Diase F1 Dprovide

B AT A Do

1. IF V 001 NAME= Voo, NAmMe

2. FOR EACH nProvideNode and nBaseNode
3. FOR EACH v, and v,

4. IF v,. name=v,. name

5. find e »eps

6. according to The Rule of Merging,change the ¢, ;
7. ELSE

8. find e, ;

9. according to the Rule of Inserting insert v, e, into Dpase s
10. END IF

11.  END FOR

12. END FOR

13. ELSE

14. break;

15. END IF

FF Dproviae THIFTA 19 RS S Dy X Z )5 4% A I B9
D BTG4 il 8 32 4805 5 D B BE R WS R A A L OF
K HIMA R Ko PAREEH THAELREN K.
3.3 ARXREM

B E M TR AR 5C R MR A IR K5 R
K poviee TR R X K AT E A

X6 I Ky s Kpowae TRARARK R B A
Wi 5 Exclude(fy s f2) Fl Require( f1 s f2) A ConSety..
ConSet proviae P o

SR 2 R Ko REE AR R, W K. 58 E
BT ARKR K WAL, B8 ConSet e R UHL
F W F IS ) A G WS IR S £ R S 2SR O
¢, »TE ConSety. PERZBAFTE S FRAESLH £ A1 £ HE B
B ¢, o WURE ¢ 5 e, MBS N0 O Flr,
ASAR ) S D)0 A0 R PR AP TE vh 58 OB AR TR M SR P AN T
IS B A 0T P 5 3 UG T SR A A T B B A
Wi 5 %4 ChangeSet s MRS AEIEFT ¢, 5 e, MR, WK
K provide PR A AW E MA R Kiae o 24 ConSet povia. 1 HY
J A Wi #5 ConSety. T W HEAT HI W7 SR )5 HEAE A BUAR
P 7= b B SEPR A DL X ChangeSer ) 1 (0 W7 5 £ A 47T 4
Wi IR REREIETR A9 A E WS TR 2 Kl P &R 38 E
FJ5 ) K e
k2 ARXREMIHE
B Khase A1 Kprovide
Hiih EH T ARKERM K
1. FOR EACH ¢,
2. IF o,=c,
5. IF n#r,
4 put 1y (f, +£,) and 1y, (f, +,) into ChangeSet;
5. ELSE
6 put r,(f; ,f;) into ConSety,
7. ENDIF
8. END FOR
3.4 HEEBEMNKE

T8 AR 22 AR T R B SRR ) 2R S R R AR R Y S
[] Ao )R A 38 322 4 SCIY 6 R G R A SCHESELIN , AT L A
) ik B AT B A AR A AL 09 S A0 R AR IR B A RS I A
4 R AR A AL 1 — B

TEFRAE R by T AR R AR 20 2002 1 40 e R A IR L A T
A 8 4 AIF A 2 T 45 0 2 7 ARURRAE 19 48 52 RS 2 bound B9 A (1
W5 o AARRRAE AR B0 )T . 3. 1 1T A0 i B0 43 ) A
FEH A — N RRIE BRI AR R 2R S B0 RS B AL L R BR IE
TR ARIEARAS o (A I AN 53 X A7 A vh 28 IR S A AT 18
o A B BRI J R PR 1) e 4 S R AR AR B L 45 B A U 1
FRERIES
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Table 5 Rule of judging feature’s state
bound undecided removed

bound bound bound R
undecided bound undecided removed
removed L removed removed

4 LB

4.1 ZWEE

Protégé J& —FP & 7% AR Y T H 7T LU 52 30 0 SR 1y
S BAR A B R B HE LT R L AE AT LU B — S 4k S 4 i
ATH#EH ., SWRL (Semantic Web Rule Language) & — ff 45 &
OWL 1 RuleML, M F & CHL I 9 7. SWRL Tab J&
Protégé M —Z i 14, 32 HF SWRL 9 g 55 A e 8. A SCR A
Protégeé 3. 4. 8 A If (A SWAR Tab xJ 44 i 451 A5
B HEAT BRSO UE 3% 07 BT LU O3 AU LA 2P 3R

1)K Protégé W) OWLClasses & 37 45 F A& KU ¢ 455 Y
F1 2% Feature, FeatureSemantic fl State, R 43 AF 455 AU # 20 1k
J X L B 4 34 2 B R E TBox H A,

2) % Protégé 1 Y Properties 8t 37 45 fiF A5 Y S0 A% A4
YOG Z8 R Y Ja M BIVRR AR AR B 08 =X A IS % 7 A 4 348 22 4
WUE TBox iy ffy 4 (WL 2.1 99) ¥ 4 — A 1 4 % /F  Pro-
perties H fi¥) object properties,

3) K Protégé W11 Individuals # 37 457 1iF 18 X AR &, H)
FRIEARRIE AL 5 X0 0 09 4 34 2 8 AR ABox 1 1A &
=, 8 W, # 57 28 State H bound, removed, undecided 3 Ff

4) i+ FeatureSemantic FY % —~F5AF 52 61 AR 4% 544 19
FEAEASE R 72 X8 07 9 Ja8 1 TR R A AR S 451, B A S AR S 48] 2
[ A 0 R R (FEEEM S T Xor KRR 1 3RKR CHRFHE
5P RER KR B R8T HAE Z [ Y B RF ORI R
TR P A2 7E Xor &R MIBR T 76 K& P hasXor R I 4§
fiF A1 [ S 78 F 4R AF 8 P hasExclude W in 55 40 F £ 14F LA
TR FRAEZ B EFEFR) . BAFAE RS BIAH bound,
) 7 FR AR AE SE B B4 J& P hasState R ITRZS bound,

5) i i ff SWAR Tab, #% 1 SWRL ik ik 2. 1
H 6 AN BLIN L A5 2 R SWRL 3 A B0 I 2 4T [ 3 #E
B, AT A B B — S RRAE Y 98 2 IR A

SRWL JE X By #LI 1

FeatureSemantic (?x) N\ FeatureSemantic (7y) N has-

hasMandatoryRule:

Mandatory(?x,7y) A hasState (7x, bound) — hasState (?y,
bound)
SRWL JERX MBI 2 hasOptionalRule:
FeatureSemantic(7x) N\ FeatureSemantic (7y) N\ hasOp-
tional (7x,7y) hasState \ (?x, bound) = hasState (?y, undeci-
ded)
SRWL JECHIHLI 3
FeatureSemantic(?7x) N\ FeatureSemantic(?y) N Feature-
Semantic(?7z) N hasOr(7x,7y) A\ hasOr(?x,72) —>hasState(?y,

undecided) N\ hasState(?7z,undecided)

hasOrRule:

SRWL JE A HLI 4

FeatureSemantic(7x) N\ FeatureSemantic(?7y) N\ Feature-

hasXorRule:

Semantic(?2) N hasXor(2x,?y) N\ hasXor(?x,72) —>hasState
(?ysundecided) N\ hasState(?7z,undecided)
SRWL JE AR HLI 5

FeatureSemantic (?x) N\ FeatureSemantic (?7y) N has-

hasRequiresRule:

Requires(?7x,7y) N hasState (7x, bound ) — hasState (7 y,
bound)

SRWL JE A #LN 6  hasExcludesRule:

FeatureSemantic(7x) N\ FeatureSemantic(?y) N hasEx-
cludes(?x,7y) N hasState (7 x, bound ) —> hasState (?y, re-
moved)

4.2 EWFHEHEREZEG)

BT 3 P ™ 2k 4 A A AL R SR P R T Y A AR R
JRUEOTA0T TR g AR S BB A T BIL R AIE R B S ) % 4 Y
I E AT IAE . 45 WA THLRRAE ALY L 28 5 R AE 1Y 1 X
SYHTIE o A0 SOR BB 3 IS R AR 44 L 19 3015 52 09 R i A
B FMI A FM2, W05 Bz . KR AEBE R FML ARy 15 4
PR AL REAE AL AL FM2 AE S o FMI S (8 40 241 (R i A AL, 24
PN 45 AEAS D 5 45 Oy i 3 22 58 JIR R IRF, FMIL 5 FM2 i
Xof oz A 8 22 AR R K e N K proviae o

TEL

.//I\n
+

| Call | | Screen l | ‘ Media ‘

v

BasicResolution

| HighResolution

(a)FM1

‘ Call | | Screen ‘

| HighResolution || BasicResolution Camera ‘ MP3 |

(b)FM2

&5 RS2 Y P R AE AR T
Fig.5 Two feature models to be reused
W Koase T K proviae TR A6 5 R 43 53 6 40 9 A 1048 Dyese
H Dproviae » IR FLHE 13BN EM TR IC R A BB D a0
& 6 fi7R .

TEL

’ Call H Screen || GPS | | Media ‘

N N

|HighResoluti0n Camera I | MP3 ‘

BasicResolution

B 6 WA AL OGRS B BAT A Die
Fig. 6 Directed tree Di,e obtained by

refactoring refinement relationships

B Do 395 1 5 4 Ay 5 38 2 B0 00 ME A BT R AR 6
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FORFINA Ky A5 2 5 AR 16 06 3R 19 4 8 2 48 1R R
Khue o HHRE K. B9 ABox 4 :

{Feature(Tel) , Feature(Call) , Feature(Screen) , Feature
(HighResolution) , Feature(BasicResolution) , Feature (GPS) ,
Feature(Media) , Feature (Camera) , Feature (MP3) s Manda-
tory(Tel,Call) . Optional (Tel, Screen) » Xor (Screen, HighRe-
solution) , Xor (Screen, BasicResolution), Mandatory ( Tel,
Media), Mandatory ( Media, Camera), Optional ( Media,
MP3) , Excludes(GPS,BasicResolution) }

HRAE S 2, 1) AR 338 6 34 32 48 R Ko I 20 3R
KB Ko TR R AT EN B EHEMN Ko H
FAREFAE Y 45 2 IR BRI K bound , B 6 AR 37 45 hasState
(TEL,bound) WA K. 7, e 445 5 T 15 A 30 #E 349 17

PE K retocrorinng o FNRIE K retactorinne 1] ABox 4+

{Feature(Tel) , Feature(Call) , Feature(Screen) , Feature
(HighResolution) , Feature(BasicResolution) s Feature (GPS) ,
Feature(Media) s Feature (Camera) , Feature (MP3) s Manda-
tory(Tel,Call) , Optional ('Tel, Screen) , Xor (Screen, HighRe-
solution) » Xor ( Screen, BasicResolution) . Mandatory ( Tel,
Media) , Mandatory ( Media, Camera), Optional ( Media,
MP3), Excludes ( GPS, BasicResolution) , Requires ( Camera,
HighResolution) ,hasState(TEL, bound) }

G 3.1 51 5 A2 88, 7 Protége @ . I H &
K tuciorinng 11 TBox 1 ABox, Jf-fifi i {F SWRL Tab 1 iy #fi: 3
FWHATHERE, b TEMEMZ AT &4 @ T AR AR/ 46 5 Ik
UL AE Z A B DG FR , Rt il 453 21 (8] 7 B 7 #9 4E BHL4%

= SWRLlessBridge | — Rues | — Classes | — Individuals | — Axioms | = inferred Axioms

Inferred Axioms

It ihwww owl-ontologies comiOntology1 517554021 owl#hasState(http: fiwww.owl-ontologies. com/O 1517554021 3
horww owl-ontologies. com/Of 7554021 , removed)

It hwww owl-ontologies comOx 7554021

Ity ihwrerwr. owi-ontologies comiOy 7554021 IAwww owl-ontologies comfO 7554021 .

Ity fharerer owi-ontologies comiOy 1517554021 Iwrww owl-ontologies comiO 7554021 owi#Camera, bound)

Ity fhwrerer owl-ontologies comiOx 1517554021 .owl#hasState(hitp: wvww. owl-ontologies com/Ontology1517554021 owl#MP3, undecided)

Ihttp: i owil-ontologies comiOntology1517554021 v owl-ontologies comioy 1517554021 g i

It ihwww owl-ontologies comiOntology1 517554021 owlhas State(http: iiwww.owl-ortologies com/Ortology1517554021 owl#HighResolution, bound)
It ihwww owl-ontologies comiOntology1 517554021 Iiwww.owl-ontologies comfO 1517554021 ¢ . bound)

Ihttp: iherwrw owl-ontolo comiO 1517554021

Ihorww owl-ontologies com/Of

7554021 owl#GPS, undecided)

ity ihwwrwr owi-ontologies. comiOntology1 517554021

itwww.owl-ontologies com/Ontology1517554021 owl#Cal, bound)

&l 7 7F Protége " BEAS 2 1Y 45 1

Fig. 7 Result of reasoning in Protégeé

RN BRI SR 5 R A AR B AL X R RRAE AR B —
AR S DT A5 3 AL 385 A9 R AE R S 4R G B { (BasicResolu-
tion, removed) , (Screen, undecided) , (Camera,bound) , (MP3,
undecided) , (HighResolution, bound) , (Media, bound) , (GPS,
undecided) , (Call, bound) } o PR by A< 8 1] TG 4R 2% 1) 2, BT LA
A B w5 2 R B R AR IR S A S A E R R
K etaciorinns TV s FEAF IR 2 1) S 48 Sy e AR AL AL, AT A5 31 T
AL YRR AR A

5 MXTIIE

B 7= 2 T R T 9 3 R 2 — 2 T 1) R AU 1 1 52 T
PR TEZBOR b B A AR S — b R B L R BB
SCHRES A28 T T 1) 450 AT B0 450 S T A9 A A8 A L A0 SR AL
PARARG B ORI Z R . i TRMES R C 28 2
N T 2 A G0, B U H £ 5 A BB P AL B B R E A
P 22 1) B 56 28 38 B MG T b O B HUARE A A S A SR A 4
AEAE YR — TS R 1 T AR, DR R 7™ i e T 2 A B9 R AE
A5 AU of HE HEAT A B4 IF S0 BOR M EE B SCHRC3 AR 4R Bk
AR AR T SR A A I T 10 R REAE AR B A A 9 1L
LB BT5 8 AR T T B AR A R AR 2 L R T A
7 it 55 R AR AR R TR AT LR A B A W 2 A A AR B R T R R
g PRIk b vk 2 R B R YN Ty o EL VR AR R 22 B 7 Y
WZMTHE, SCERL1408E 0 T —Fh A RRIERCEL B Shf&
— AR AE AR AL PR 5 A5 30 AT AR R R AT N S A Y T ik
TRJT W B AR AR DT S i S BT AR R 7 o B A S B A
AR A [0] 1, {ELA7- 75 TG 125 UG T A A8 20w R ) SR 00455 iE Y
()RR, A SO T e B A B AR L S AR AT R A f il N
BAT DU AR 2R B AT A R 5 e S 0 R S B o DA A )
AIE A T SO o8 TR SCHLSE AR TR B O 125 3l 3 0 SCOR T8 51 X

PR RRAIE  fif R T SCRR (14 ] vp JE v 42 DG e i A A A o A )
ARAVRRAE (9 R . S T A 8 2 Fr R AR AR B i) — B, SCik (4]
B TR R B A e AR R Y Rk IR A I T AR
RTE E ORI . 2R ORI AS PR 18 5 v 1 4 34 3% 8 1
T KR AR AR AT IR AR IR 1 A 0 R AR AR B AR A v iy
AT 38 — A A AL Sy B A Y 8 L il 4SS A0 8 R Ay Sy ik ik A A
FR AL F A P AR N 56 R A AR M 4R T B AR R Mk R
HE AR R AL R E TR B MRS BT i
LRI U] AR 2 0 U T A R ) R AR v B
SRR B AT DA S 6 SRS A T A A R A AR TR ) — O

BETRAE A SCHE H — I T S 4 el A A A R A
o FERASHTRRIE A9 52 G, 3 T e 5 00 K8 AR 40 AF B S
) S A v LAAS BRRAE (4 15 SO X i ORI E R i,
SUARTERI AR AE 0 7 ¥, i e T T @B IE AR —BU 30
A 22 1] TC 3 B 0 L 1 ] R, () sl ) A 3 B o ) o
S X B U R TR A R M A B, O AR B 4 SR 6 i A
B — 30k (R R A7 9 B a3 AR, iy T AR AR AR Y Xor
RARME HE S FRAE  FHRES FRAET O R iE X,
M A SCRE SCIY 26T Xor M9 HEHEHL I K 7R F 4R AE 5 FHRREZ
6] £ 75 B B3 S, BRI TE Protége H g s7 4% 1 5 4% 1F =2 (8]
M2 R B W — A Xor XAM FRER R — M ES EES
o B — AN RAE 1 R P hasExclude T N & A & DL
AN A RRAE L LUAD 75 B R0 b Bl e B3R L, X — B TR S
AR A BB TR LR — 2B 1 T ARG 4k S BT 5 e
V8 LI L O A A 1 R AT R N 5
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