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Abstract: The feature model has been widely adopted as a domain requirements capturing model by most of the
current domain engineering methods. But these methods lack a well formatted framework for the feature models
which they use. This has led to the redundancy and confusion in feature model representation between different
domain engineering methods, and has made domain analysts difficult to built feature models effectively in practice.
In this paper, a uniform framework of feature model is presented from the aspects of basic structure, variability
representation and constraint mechanism, and variability binding time. A concrete form of this abstract framework is
also given based on the different type of features existing in requirements (service, use case, function, and behavior
characteristic), and the relationship among them. Then, combining with a real software domain, the modeling
process of the feature model is discussed systematically. This approach will be beneficial to successful domain
modeling practices.

Key words:  feature model; domain analysis; domain engineering; software reuse

$ OE: AR A HIRAURE R 0 EBARR ARG L RATUR TAL R P AT AR K Sk Ty ik 2 SR AE
AL 20 AR B G m B R AL — E AR EF B T AFAEAEAE £ RILT K b6 TTA M A R AL, A AZAF AR IR AT
AR T B P ARER 2B ATATR AR TE ) MAFAEAE R 0 A ORZA LR 254 . AL 69 £ I X R s pud] . T b

* Supported by the Key Project of the National Natural Science Foundation of China under Grant No.60233010 ([E % H 28 Bl 2 F 4
52 H ); the National Grand Fundamental Research 973 Program of China under Grant No.2002CB312003 ([ 5% s JE R 57 2 30
%1(973)); the National Science Foundation for Distinguished Young Scholars of China under Grant No.60125206 ([F X 7% Hi 75 4 R} 2% 3
42); the Major Project of Science and Technology Research of Ministry of Education of China under Grant No.MAJOR0214 ([E X # & ¥
T KT H ); the National Research Foundation for the Doctoral Program of Higher Education of China under Grant No0.20010001001 (|5 %
B )

F—EBE N RAB(1978—), W, IT IR M T Az, 3= TR ST AN g 08 TR SR A A PR AR B 52

© hEE

AT hupy/ www. jos. org. cn



http://www.jos.org.cn/1000-9825/14/1345.htm

1346 Journal of Software #RAFFIR  2003,14(8)
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#5 T D RE A, [/ — A~ D B AU v] B8 53 % T AT M A3 o A58 1R P 58 2k (3 AR B R I ) S AT O
PR )RR 58 1k (7 — 5 I TB) P9, A0 RIS 23 2 28 il 4 1) A8 Ak D B0 2 RV B B4k T w55 (0 300 % 7= 0 0%
TE AT a6, A A3 5 U ) B 52 P AR 5 23R4 1 ).

5 5 A g8 7 g b Al AR 77 O 2L 3R B RS B A S B A N B v B O A
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P8 P A = 1) R TE B e A A A . AR T R U ST 3 AN B AU 40 B A A e i
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FODAM 5 i gl 51 N 245558 T8 (¥ 4F 50 R 552 2 o FODA A FH AR AE R A -2 1) 14 96 2R, BRI 8, A Oy 4035
A5 70 (¥ T L2 RS 4 AE I B U T AR FTE B b G FORM®, FeatuRSEB! PLAVA5 5 5% I 17 1HI i ¢
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AR SIS B 2 T AH LR Ji DU S
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FEARAVAFAE Y 22 3 — AN 22 1k 2 1) BT 2KF L. FORM. J5 ¥ 2k T AR 458 A0UAalo 4R A0 %S 28 1) 167 il M AN R 77— P 28 284 1)
G 58 I [A).— 2877 25 T 1 URHAIE () 75 B 7R RFAE TR 5 TN T — S50 1) 00 28 AR & P 5 VR 0 U A AP R AR AR B 1) 4
ZEUHE SR AT IR N (I 50, 6 R I A 28 mp 8 o sl A 50 22 10 5 AR A A W A8 40 0 P X e 3 B T AR A A 2T
TERITE X L TU AR PEFIR FELE N B T A, AR AR B 38 it 2> — AN G5 — 1) 21 ZUHE 22 68 TR AIF A B 1) A8 id
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A SCAE AT A0 A3 W 7 305 A8 (R R AE B AR 1 S it b AR AL 2 g 0« AR A 1) R R 7 =R R AL
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AU TR AORIE T AR 2 Bl 0 AL (0 52 SOFAN5E 4 AR [R] BRI KD FODA Wk A Ak 2 A R 48 b
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NEZ YIRS

M KAL) AL G54 A1 B R R AR S A6 T —ond 75 K 19 20 B AT ZL 2277 3, B LUK AR A 5 K 22 18] P9 )
B S A, ZR 8 AT IR AL S AR 26 A B T AR GE IR 7 K 22 ) ARG SR I R, — MR AR AR BL T R G HAT
(¥ 5l B 77 Ry A5, SR T SR BRI K 2 5 2 0t 2R e IR o 2R B A TG SR IR B3, AN AE T e —
b DI RENE ) 75 K, B 28 48 oL 1 1) 25K, B A A BEA 0T 28 48 (10 R AH 2 R A% 1T

AEATTISC TR B St R o, e U B T A Se Bl Bkt R AR (9 H B, AT 2205 (1 FODA) 4
L AR 2 B g™ JRE 1) 173K AN B B A ST i R T AT 0 A B B T AR AT AR DA — ol 5 SR PR R R £
1.2 $HEEB R T R A LEE A LR

AU LA TR THT 1) R I PR 40030 75 SRS 2R 30 e it 3 U R A F) — LR R R R R AIE DA SR AIE 22 (18]
() 5 2R Joc IR A AR PR 1 T SR K LA 20 T PR 2R R 3 e i A 2 A A e i e A7 A T SR A 11
BEAS 0L R G0 AR PR LA T S0 P 1 R 8 R 8 4 L R R A 1 2 AT P YRR, 1T AR A
LE P 90 Bl AT P s T A5 S P 2R 08 1 2 7 A U AU 1 Y TR s T SR A Al ek 2 T (1) P 4 6 R

e G (1 A T SR AL — MR T S5 H AR 1) 18 BRI 55 480348 5 3, 7 A Pl JE2 A 2R 8 i S+ SR F) B Ak o 78 3R
(R AL 2R T 2 SR TS« SR AT o T2 A SCA bR 2845 D ) ik e D v i A i — Ao 7 SR 1 iy o 20
B A BAT i CHA 3L 75 5K 2 T A7AE (K G54 50 R AN LR AR

AR A J5t bt 52— SR (K AL G5 3 5 A G T SR (K AL 2 A A L e A AR L AT DU

(a) AT PR T 5 I T R AR A P 10 3 B BL S, AR5 AR A 2R vy DA 3R — 8 HAT L 5 RO ) i) R B —
ARG (10 NP AR 4. 3 T b, — LR T A AT PR A L A 7R A A 7, D 2% AT P ol D3 AR 8 ) ot SR AT LT I X 4 A
IR R BT AT 21, A TTTE B0 75 5K 1 2.

(b) Sk RAF AR IR T A AR J 37 A0 5 152 1) 75 SR P 0 AR AR A R o W AIE 2 R AR TR KR,
FEAAS F R RFAE A SR AT B B AR SR R LA TR R ol 17 6 e SR 22 ) 18— ol (R 4 2 R AL 2. T A A% ¢
() it SR LI o, — AN AT RE AT N 27 T B 70 BICPE 76 SR R4 m () 307 R AIE 22 R A7 5 1Y) 5 28t 04T 4 1
HhBEHl.

(¢) 5 T A&t [ Ak — AN e U B RS B — A A4 Bk — RS R SR IE B R T 7 — AR L 5 SO T
PR A FVRFALE 4 FRAL T U N — S FERORTE 2 8] (e 1t T AT RS 55 3 22 8] A AT 3

(d) 5 T B AR AL ARG 3R 1 A0 AT PR 1 LA AL 22 18] A A (10 9% 23R 3 Tl S AAR- 5 AR RS Al
TR AL A2 5 T BB 0 5 3R B Hh ok i L3 3o A 2 ¢ T EL SR, BE W 318 ey e AL s At A 0%

AHE ST AR AR R P 05 1A 5 B2 AN B S 1) SRR AR S I T A ) P AU F) S5 B o R ke ) 2 ol 1)
ST AT (1 85 R 2 1K) A T BOMU5 325, 2 U T R — T T 2 e M SR DU AIE 7 ZE3EAT 1060 A U 1) 7 A7 3%
By A AU TR R 8 QU 7 AT £ 7 S0098 58 Al 20 o 80 U000 22 R sl v T T BN I AR ST KD 7 SR AR
I Bl AT AR S B i TR LB AT RE R IO H PRI AN RE 2 1.

IV % A ), AU AL ASE 2R T AN 00 A 8 7 SR AR 16 5 4 5 XA DA AU T 1) 1R D R PR 17 P R 4
TR By AU T AR TR D 2% 2R G 1A T sRAR I 17— AN S P AR HE 2 B S sk, 1 TR T 473 48 5 0T AUt
ALAETRY B i () 45 2RAT H— 2 97 i DA AL 2% A 8 (R R 7 R AR IR 7 e el i v e 0 7 SR A B AN AL
BRI R T — ol EL AR 1 5%
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2 EEFFER IR R A (FODM)

AU T SR A B 52 P v i L 6 1A T A T A OGS R R AL S UHE SRR R R B TR ) R AT
S I i) R AL PR U SRS IR AE SR, O A e Al bt T AR SR AR R AR AR R ) AR 3R R R X A
T3 R A T ) R A ) AT AT VA (FODM).

2.1 TH @ $FE R FUBARBUAE SR

N AU AR A FEA AL GG AU R BN AR AR E I Ta) L AR AR PR R BRBIAL] . 5
SR R AL 25 3CA5 T LA 5 TR 18 38 AT AL A 8 ) 2 SR 2.

(a) HEAAL L

T ANRFAE R IR T A AR S0 ST R SRS AR R A AR A O v AR AL 1 TR It R IRARR AIE 2 TR A L
W SCR AR AR R IEAR A GG R S T — FHE S IOT (KRR AL 23E i ) 5

DU U TR 7 5 TP B R AR BT R A AR T T2 IR
A 77 Ak 1 SRR AE . 4 J2 45 AR 2 ] LU A - 37 5% &R Graph'lManipmate
(whole-part association, & ¢ WPA)%E%EQEEE@Xﬂ'% |Graph—Add| | Graph-Select | |Graph—Move|
Ti T WPA T K ik o B 2 T ) 3 A4 -0 43 58 R B
£ OOA F1 00D W BLR BN G 2 M7 AE Ity F i i X UL1E
FRAEBE R A WPA 32 BEHIR R B Al SR L ) 3@ H 4K |C°“tem'M°Vi“g| |0“ﬂi“e'M°Ving|

\J
| Moving-Mode | |M0Ving—Constraint|

A 8 S TR R B 1 T15@) B P 0 3 4045 Fig.| DFM fragement of graph editor
AR 1 AT 1 S PR TE R IR 2 3 L1 P R KR b

THRFALIT WPA SCZR A S T AR (IR 148 23 1 (1 42 76
AU A L Qe — O TR A b L S S A PR G AT T TS Bl R SR T HR IR 55 1 5 1A T 1T Do e
FE AR AT T K 1 G, B AT AR 10 B I 2 800 T I GRS Bl R, B 0 5 9 55 T L 4 41 P DG
TP E TR B (KIAAT, I FAE 1 2 2 IR A% 3 A5 SR (P ph R AT ), AT 58 s IR SR B 1 R e sh 3t 7
FFAEZ IR) (¥ WPA SR 28 U S e T A A0 948 23 M2 4L 1) 358 4 45 B R B A SC AN &S Bl 4) O B e 3
PAT LR P ARBIL L R AT Dk kL P AN RE T 25 1 T RS Bl i A AR AR R BT RS Bl K AT (FE — 2 &R
o SR ELABUE 1T HRAL. 111 WPA TR J5 ) R (A5 35 7 45 ) (45 (L0 A5 2R EL AT 5T 1) B o P A 8 41 948 20 5 i T
LA {5 i AR AR S, 1 £ 358 2465 0Lt g A5 S e i N B8 B AR AR o

R A AE AR GETT R RE BB B A ] — SR M 2 RE W 9D IX B B BUZ TR A7 AE 1894110 WPA 2
OOA Fil OOD B B A7 £E 19— AN DR b, BT A B AE AU 7 W B BES TN WPA BE 6 0] AU s v AN s B Bk
—RERR AR

(b) AL PERIRILHLH]

RFE RS AR At T P A R s U AL P AL FFAEF W IEVE @ RFAE F 5 1A AR A5 AIE 1A v 326 1 44K B
T WPA I R I F 0 AEAR X T BEARRRAE (0 ] 6 L™ I 1 RS B QAR T - e B s sl AR BLHE T I Rl r AR
(K) P E P A AIE 1 B AR A AR AN T 2B T AN [ £ 401 1T AL b P AT AN TR AT DAk s (R R L. A S
K J1] 4 & (dimension) Fl i (value) (¥ A8 28 SR i i F AIE S H BAT (0 AR AR M 48— AN B 5 B AT ARG PEI R AE
PRk — AN B A (R 3 T AN ) 05 R AR AR RFAE R R i 2 B B0 —AMEL D 1 R B s B A YRR
ik JKANE S T AT R RS B AT R HEAS B A M

Y 2 -(E MU T AR AL PR B S L Pl B AN d e B 1 17 AR 1 SO A BE R L DT B 0 — I B X R il 5 B
T AR T AR 53 R S g AR 2R AN [ AR AR A R I, 24 3 R AR A ™ A I AT DU E AR D — M

s R P A B 29 SO R B 0 AS Bl A T TR E B DT, B SRS B BT B 2 AR B 52 20 RO X P R TR IS AR b
513 10 10082 SR O P8 T8 31 WU 58 42 A W 3 0 B0 A g R (<< 58 A R i PR L 1) 3 TR 40 PP R A R
s APAE PR IR AT D0: A d5 0 S FRRF A2 W3 1R, T B 06 AN I8 T AN AR IR A
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IS0 B0 v NTE 2 T — 2 19 T 1.

Y P AW 0T ) — 4 B AN () 2 T 1Y) 96 2R A 3 o ) A8 . T FeatuR SEB J7 25 Hh (1 A8 44, s AR S L
il DU B2 R[] — AR Ak A A [R) AR 2 ) TR (muatex) (9.3 e P 38 2 I 1 32 AN () ol 448 58 - (i WL 1) R0 A8 £
FELTRIAL I L T () R 2H 5 A e 0% R TR 5 A8 A0 -7 S Ll [ P 3 S

(c) ZAGVERIZEE I [A]

AR EL A AR A T A A AR TR B B B AR G 2 i B SEAS B B A R SRR O AR I 48 58
I i) e TR (20 S I 1) 53 ) I (reuse-time)« 4 I (compile-time) %% %% (load-time). 384T I (run-time) 25461,
G 5 W] ] 1 5 N ASE A AR 20 A 20 AN AN R 0% 48 Jh 4003 Bl D 28 8 2 D 1 22 e (i ok B9 38 52 FH el 49 o PR R E ), T L
REf A — AN R G AL BAA AR (B % 5 — NS AT I 95 58 IR,

B 5 I [R] 250 28 48 28 5 TR I — PP SR I HL<x R0 R G0 A 3R 45 W IR T 85 I TR BRAE 5, R AR T 1) RV
P A 8 v ] W B SRR N ) A 3R 5 4 SR S F X P A A B b SR A w6 B (1 2% 3 M A AN AT I 1), R St X
Tl 2R 5 P o 80Aml, TR PR 48 T 7 A 5 W) EF A ST o PR SRR RV Bl I 2 AR R W 4 1 A R A O el TR S
FFIRZE 58 I 18] B2 A, TR AR A PR AREAIE PR 46 5 IR TR HE 1 2 AR B .

(d) A4 1) BRI B 1

o AR A A PR B S A4 T 40455 AR A A A 2 /T 2 S I S A TR 2 RS A AR SE ) A1 FE R SRR AR AR H
A iy I P9 A7 AE P RCRES G0 e IRAS RSR 48 2 RS TR b, AT T /T DA R R 5 4 90 e K& F i — A —(H &
B A5 5 58 AR SC IR 48 BR 48 12 A ) o AR T, WK A AT @, SCAF R T B N
TRUE, afbT48Eikas
FALSE, aft T AR4EEIRE

NI 5 1 1 R, T DAAEARR AR (A7 7E 198 L2 R 6 R 3R L D b ARRAIE 42 Pk e ok 38 8 0 S0 AR5 ) ol 1) iy s
i X X R R FODAM v FR S AL 2 [ (¥ Require 1 Mutex 5% 2 (9" J Require 1 Mutex 5 Z& 1] L)
@8 H AR RN W R TE a,b:

T(a)=

a Require b=a—b;
a Mutex b=a—>—-b=b——a.

[Fi] I}, 12 4532 57455 LU Require Fl Mutex H A H v 9 KRR HE ). Require Il Mutex j& HEANRFE 2 [8] 5%
R TORF S AT S > MR S T LA W o5, W LR IBIE W avb—c,anb—c FHZ H LR
KFRIX LS R AT I 24 Require I Mutex 58 R aUA e R K AT & TR L 1.

% % — (SingleSelection) fl £ 1 £ (MultipleSelection) & ¢ fiF 2 [A]1 £ # H I HI B Fh 22 0 29 R 0% 22,405 31 2 [

A S5 (AN TR 2 TR). 2 T B % 150 325 1 7 AR 0 ASE 28 v S 3O HH 3V o O 28, A xS0l b 2 1 T Ak i e A
SingleSelection(fi.fa,....f,)SINKi<n(A i< jei ) Afis
MultipleSelection(f, fo,....[) Vet ifi-

T b3k T 2, — AN SRR AE AL PR AIE TR (K 2 ROR R R — A8 R A S AR X R I il ok 1 53 4k —
A i) 5L QAT DRI X 2H 32 oy AR I IR 2 OG22 G R D 2 2 22 T 2 A A7 A0 1 5 A3 745 e 40UAsl 5 A1 A8
AT AT 0 72 25 A 2 X — A A 2T — AN Ak AR IE 7K AN T e e 90 0 5 02 17— MR AR R AE 7K
T AN W] RE B O 0 . T AT TR X — ] AT 1 3

7 SRR AT L AR A S Y L0 e RS I AR A 15 B0, T LR B, U AE AR N (MR AE 40 B TIN5 — AN 2R
P IRVRFAIEAE G2 i J 0] P SR 28 b T 0 5 RS, 53— AN P IR AE B s IR A W2 5 5 (K. FSer1 F FSer2 43
IR IR IX PN IR £ feFSet1, M f48ACI 6y S TC IR 1E ) TRUE; 4 fe FSer2, W) fU5RFE A —AME K
5E I i LA TG

U AR B N AR TR AR A Y RO R I — A 2 (R, R, R, 3 UK ZH 23 206 25008 2 T 1T 3 AN
T A BEORAIE LRI IR 29 OG22 4 BRI

/R 1. — &% (consistency).

AFAERS FSer2 W FITAT fin AR UK — Fi il R A4S T(R\ AR A...AR,)=TRUE.
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% 2. JEIUAR P (nonredundancy).

VfeFSet2,% T(f)=TRUEI7AEX} FSet2—f P fiv 1% JG (K — Ff gt B¢ Al 13
T(RiARyA...AR,)=TRUE.

14T 3. WhEE A (necessity).

VfeFSet2,% T(f)=FALSE,ff{EXF FSet2—f Wi 8AE TG 1K — P i B, 145
T(RiARyA...AR,)=TRUE.

SFLA B3 AT I RS A0 1, 0 SR AN AL — B, T o AR AR A (AT A B R s R AN S A 1A
A 3RS BT %2 28 2UAR 5 gl AN T 9 A R TS T A P SR AT AT — A5 48 52 L 4 1 48 58 O AT fig, 75 D 2
HIEAE AU FIEASE 2R A TG A% 140, AT P LA JEC M) I (5 380 R B R 155 100 174 B W i 1 Jim DR A 24 ARG 2R HH R 17 %,
WS FSetl WAELE T —/MEYRE IHRFAE, 1A 1A Ak 38 7 2 MK P A T THI 4 Jit DA, g AN 2 3 i B b g
TSR Y. 0 S A 0 2 SRAT AT — A R 5 SRR AE AT AN o 10 1T 6, 45 U R A N % 8 T4 & FSet1, 1M AN & FSet2.

TR T T o A TR AIE 1) 240 9K OG R IR X 4 2 s AT P RS A, vl Ay P T A A 21 11 45 T 45 B 1) 0
TR IX 3 AN SRR T 4 B 6 1 A 1R RS A 1 A T B okt LU AR P 47 TR AR R G0 A R
AT DA X AR I AR (14 BY AT B 4 2R G (W R AR AR UG A S BRI I A Pk A 45 B ORI TR AT B R, A
HERL(R 5 4k V5 B A R IRA 3R AT

(e) X RFFIEMHR

O U A 2 AT T S (1 0 S A R . S0F B R R AU (10 AN [] SR 2 hF Ak 2R 5 A D PR A T B R ) )
J5C R R X A W Y R 00 AN [R] Bl 10 5 R E 40 29 4 SR T SRR AE R0 S 3 R R A P PR 2R A A R T R R AE
S W) 2 A AT A3K (R952 T TSI L, S R 30 86 1T o 288 2047 20 P A R 45 ) T 3508 2 R F1F 5 e 48k P 5 A 52 /N (K19
FEL, 5 Ja 30 A 2R 46 0 1 BB 8 7= A AR .

2.2 FGUBHFIEER A BT

AU AE A AR 1) — A T B A P A A N 3T 2R G 1 TR R B 4L T 5 ) A2 0 SRR 4 0 o o 4 A A5
R BT H AN e 13 20 1A T R GRG0 T SR L4, 2 S I 75 SR ST 8 — i 19 4R 7 AR S R R e A1 A5 28 A 4 )
XA BT R TSR T IR I SR OILEE 2.1 ). AR R B SRR PR I I RRAEZ TR I AR OE R IX
PHAN B 1 2R (1 7 THT, 8 R Ko A sl e A 289 JE AT BY 3 e 0 B 3 485 SR 10 45 BUPE AT 4G 5 (0 7R

—ANRRHE B i A BAT (R B2 4% 1 2 L e 0 52 T Ak T8 AT I NI A £ B K, AR SC G RIS AT I LA 1 4%
AGI 3 I8 ) B Ay T A B (E X S 6 s W) (1) Py AR IE 2 AN AT B8 8 il BAAT (). THI RV 1 50 2 S 0 1L 2 P B P
EAR ) BY 3% B (0 S A A

78 T B B DA AR AT ART — N0 5 8] P 0 R A ABE 20 ) B 8 77 8 PRI AN [ R 3 50

(1) GB5E — 53 A2 A MR AE (X LEARFAE (19 96 1 I 5] J8 1 00 295048 24 iy 1 1))

(2) 0o — 38 9 730 A e R I 3 26 5 ) 53k (340 4R i 0 25 AN 8 4, — 30 40 2 200 o o I Jog P 5 T 2 T T ) A R
B0 3 1) BB LCRFAE, 5y — 3 43 D) 20 o B TV 24305 IR 70 22 5 4 S 2 0 R0 2 1 IO I P40 A A0 i 3 1 o i
B, 70 E B B IR AT R — AN g6 e B IR g R SRR E R B N AR AE A B T 3 AR RS
FSetl,FSet2,FSet3,5y MARK O 88 & WFFIE S A Frgh e MARER & T M BR R IEER & FSet] ,FSet2 P FF
TEPE T3 2.1 5 ik FSer3 P RFAE R iy A T IH (LI Ji5 15 24 FALSE.

55 2.1 TR 3 AN T A IRE R AR Sy A 7 A B PA) AN G s I ] 2 R AR AR A B 1 T B B
PRAE T bR s 1 1] PR 89 9 5 2 JE 0 I 09, — A3 IR C U AR PE R R 0 s R A mT AR R 2y B4E A FSer3 H,— A
i Wb L (9 A 6 5 R AE U AT LA RN 43 BIEE G FSet] .

TEIBATRE W AR A FSer2 WIFRHIE ML E 510 BB BT 10 25 (AN [F) L IX SR AE W] LA I8 AT B 4 = 52 4% 5 R
T4, H 2 A T 40 2 R A ] B8 I AT B B Ak A AT I 2l A VAT A TG TU AR PR RSB AT I 2 2k 25 1 SO, R
fiE a,b FIGR 5 B R A IBAT I, BAFEE AR KR a—b XA AR K R E I8 LT B ARHFFAE a STHRFAE b I8 47 I 7=
A I R RN B IR M Y b AE 23 T RS AT B U 8 bR 7R A I B 7 AR T BB AT AR 1,
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W a IR E 2 AT T S R B W] AAE S 3.2 575 B, 401 11 70 20 58 4 P (00 A P o 2 45 40 / AR 131 o
A AT A L1 DU A AL U7 AT IR AL 2 i E B 19 D0 BEAE A6 7 1 ZE A SR AR Z I B A R AR A g
HEAT S8 — A AR R0 FSer2 WRFAL ABC B P REAN T L M M HLAL S 5, R K 5E W B R 7 124 A 3))
AT

2.3 GUEFEREARAER

ok TR AR F R0 3 AARFZERE S F R H#R g d kUYL % F ok ik T 4121454
SO R G JE U H AR R P /SR TR AR G AS LR R D BE R A IR TN SEBUS E I
b 55 5 3R AT R G R IR D BE.

X3 AR USR] BEAFAE BT b 55 T SRARBL T A R G B A LS5 RE ) I BERE T R R ST
AU AR B 1 S i SR b 0 R R A EL R R T R AL 2 QIS P 3 i S A b 55 R A A R g AT
A TP 31 D) RE 5 5K P D 3K R D BE W2 R0 s AR e IR B A T 3%, S B 55 7 SN P 8 SR R 2804

BEAN AE A D REIISRAT I R rp R DL (0 FEAEAT DAtk e, A B[R] — D BEAE AN 7] 1 520 38 8 v AR B 1)
AT DR Rt 2 A IR ST AL 10 T T T A A% 8 R B B I T 2R 08 AR R A 5SROI 24 o D R IR AT A R 2
I 30T Ty BE PR P 20 ST 1A AR BIL H OR PR T o ST 0 3 A REAS 7R THL A 3 ) BE K S AR A P A 55 TR 1 1%
FEIXFHAT 0 sl A D AL A A0 SRAE ATUAR ME AR P, DA T BE G-t il R B A0 () S AN AR AL

AN S5 K R D RE i SR B BAT (KR AR 273 30 B O il 55 (service)« I #9l (use case). Zhfig
(function). JXFE, —NFAF R GE AT (K4 BlRp i T LR R W Wl 2 Fros 454 55« DIRE A7 4% midi i WPA
LSRRG A DS KBV BIA LR A B AR R GERIA S b R 5 I 5 R 488 A AL
L, AT 58 R 52 PRSI 55 i 3R

BT LA M ASSTAE I B 3 7 (R R A 2R (0 BT SRR AR B B T L SR R SR AT IR S5 ThfiE
A7 R RV AERFAE BLAR 38 A 7s 10 53 T AR G0 AT ¥ R RFAE DA SRS AIE 2 R AE I AT ARG R IR S5 D
AT N 5L 3 FRFAEIE S WPA T 182 R S G T 81 8 7 B4 5 AU 30 e 5 A ) ) O O% 3R L I 55« Bh RE AT
RVRFAE R LI TR 40 o R R SRR IS i sk T IE T RESE R B AR S5 . D REEAT A At

ﬂ Use case set; ﬁ Use case set;
[erveer{--=no- .
’ ‘% Service layer
- ~

~
N

L N\

L]

[

Use case Quality

Function layer

Funct, | Funct, | Functs \|

\ AN SN / BC layer
N Sepxice,
s BC, BC

~ 2 E . .
DB =Y ﬂ Constraints section

section section

il

System boundary Use case set,
Fig.2 Functional features and their relation in a system Fig.3 A concrete form of the DFM
K2 RGDREMFHEHFS KRR K3 AR ) B ARG 5C

24 fFEEEIRE

0 745 P R R AR AR 20 B A T 2T Rl b, A1 45t ) R A A 10 A T 7R 2 H A R 25 Thife
AT 9 5 S5 AE, LR 5 FLAR S R 9] 5 5 SRS AL, 537 38020 W A0 1) 6 4 R 4 e e [0 W 30 AT A B 1 A
B B R A B T 0 P 4 TS R A A A Sk RS T A 4 L R v R B AR L A P 2

TR 5553 B3 20 1) 2 2 T A 2 R o A s LA 11 IR 25 4R AT 3 B SR A 3 AT N D T 5 AR % (1) AL PR
MBI . B THIAAY B A D AT % 5% 0 A0 I, I T 2% 400 L A (00 45 75 3, hy A — ol s 28 (0 55 6 )
AT P B — [ 44 BRI I, 3R 0 AR SRR MR AR R IR 45 J2 PO B RR AE L AE M TS B R 0T 2 o R AT SR T 4y
By FEHEARPE AT . AZ B FR AT R T SR b A B BB A AR 1K T, R IS AR I IR %5
S3 M IS5 AR AE 0 S R AR A TR MR 95 2 DA A R 20 SR % 28 A — A I 45 43 W7 5 S0 AE 9% 19 R 491 L% P 461
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Terminology
analysis

\}
1
55 4% R B PR, 43 7 28 5 5 B S 1 IR 45 = j— :
unction 1
St Gam |
1
1
IR 46 25 T 10 38 4 43 6 R TR 7 ML T 3 P :

(K9 SEAE AN AR AL 73 W e 25 FL AT 1) i s 11 [ start

B 43 BT E 2 10 e B R 4% L e pmmmmm e ~
T N L 5)
WL IREAT KD RE, N RS DI BE A2 AR Y — B
PR B, JEH A D D BE SR A A, L 1] ! Selca?e
PR B R AT SUHATE T BT« IEPEAR A7 B %ﬁ‘\ —————— jnily_sf -

S ). 2 AT 5 B S K R 26 S J
FAY AT 05 352 A 24, T A [ 3900 80 45 7 37 9 e Fig.4 Feature modeling process
AL 4 SR B4 BT AR

AT 5 5543 W45 300 ) 38 AR 2 R T i LA FRAT R 1 LA L3 43 7 T R AT 1Y B 04 Sk R 2E, 3
REIAT (K0 2 40 F o 0 SUIVRE 4% AR 25 20 T S B AT A B 50, R L LA £ 0 3 0 T B 1R A A 49 T
THRE I 5 WIAT h R S A D REAT (05 B A E . 35 ALBE AR . ThBEIAT 5% B 5 (0 1 AU A 45 1 — A AT
Ay ST AT — B 44 BRI BT, 0 BTN U R [ AT e 52 S 75 D R SR A T R B 2 S R
G0 7 IR 25 43 7 AT Bl 53T — BE EAT R ST S 80 P B A7 A — R 9 () O S 3 30 1 B AT 3K 6 5% )y I 475 4% 7T LA
[ 90 50 i T £ 5% 0y LS X T P T A AS 224 880 L 1 s 8 5.

AT A T AT 3 0 19 3 T A S R TR AT A VA A . SRR ¥ S i T SRR e A 4 ke sk g 2
1 2 AR A AR P — o TV B AU A, AT T L ek 4T A Ty M e ik 1 ) SR O AR A AR
ARE 44 B TT AR S R AU £ 10 5 4% R T I, AT A T 43 Tt 2 e R A T A A B — A i L B S 7 — AN AR K
PR AELE ) Sy 3 SUAR A (1 45Uk py .

S Al 3 7 8 0 10 2 AR S RS AR P S kRS (43 TR E 2 ) T A7 M 240 3K O B N
(1 R AE 2 6] 1 240 SR B A S AE T [ J2 R AOE 2 00, AR T J2 0K S [ 3 43 BV A0E 2 1)t ) A 1 A 1) 2 A
76 b RRAE 2 IR IR 56 R, BT T 2 A0 3ot b2 R AT K AS W 40 1, 1T 6 2 A PR S 2 P 240 TR e R e 4
FAL A R AT 2 W 2R A5 AN BRI G S I 45« TG AT MRS 2 S 2 Il AP AR 2.

A A 43 W 475 30 10 5 AT 55 2 2 LR P P R 2R G 10 A8 T o A 16 FR R 7 M 25 2 BT 30 o il o 1) 5
I 5% T F b 45 b B R, B U5 I A5k 44 L A € 0 P 461 B 2 T R AT o AT R 20 50 3 v
AT 58 LI FR AN AT 23 68 T 20 V) 010 FEABI 380 A S 0T 140 0 £ I 4% TR 6 1 28 A M 30 5 3 L ek R 3 A9 T £ PR 461 4
3 AR S AP 2R e A1 A 0 6y 0 A TR 0 3 3 S Xy Ak e LA e £ LA € 1 A8 T S A
F2 G0 I R A TR F 5 et e, T LUK I8 R G 0 AT JRE R kb 8 AT T Bl et 12 2% 495 F 49 A 7

R 5 SR 3 AT 5 0 R AR T A R e R R B E ARSS L ThAE AT A A A R e R
SRt 5 SR AT 338 AN SEI HeEE AT i LA (TR e, LA 3K SR A T il 7 2 S 1 T R e
3 EHIAR

AR B T 145 A0 £ A5 g 5 77 2 (FODM) 75 [ 7 40 48 4 A9UI5R w110 17 11 P8 7 G 8 T AV T 0 T 40
43 T 52 R TR A o bR R £ — AN T A AT e — AN TRT R B T AR £ AR, AR 5 K i R
S5t TFVIRF 2 A A 8 AR, 7 7 K 1 L ) 2 8 A HE R 10 57 ) 28 . TR 0, A 32k P V) e 4 2 400
kR FODM J5 3 10 % f.

3.1 ErHiERMmE

V] 7 2 4 I A ST ML B B (CAMY) . TS HLAH Bh B H(CAD) F P S il WEAL 4 A2 L 3 i
TR ARG AN A SR T A BE SR T PR T G 6 — b ARV T AR VT ML R b B A v
e TR S IR I A o (VR ) (R 5 2 2 491 4, 76 32 B UMIL (g T Hob A TR IR e de s — A ek
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20, A G B AT 0 26 T2 B 0 m 5 BBz 11 2 (R AFTE 1R 9% &R AN 7E FiL B 1 TF Ask v, — S84 R T AR 1 81
] i e 7N R S (9 B T, T 28 T B 0 AR 38 B T 2 T ) R B 0 e T P T L B e L T A R ST R AT A
VT B T BE A T KT T G 4 4 A AR T I AT B — AN AU, L T S P SR A R
P TR TR 2 A B E . Rk S A8 St SR s T AR R bR v LT A AT ) A B T
TAR (802 AR AE AN TR) IR I AT B TG 3R 7R 1R 98 LA R P16 2 RIAEAE B R O 2 A AR K IR AN [l 18 e 4 4
A RARAT g b2 PRI 2 10 25 S 2 1 o T e s AT K AR A M AT B B . B s A e (3 mh BTk
ARy BAAF ) — A~ A AR s 1 Th 8 X 3, RIY P e g 48 245 45145k

TG VLRI AL R E I B o iR 48 1 3 vk F S EAT T A DG I F R AR, R C & AETE T 1R 2 O 7
FE 7% ity A S v PR G G i AT A R 2 B gt ST AR A BT ST Unidraw!™, Hotdraw! " L K BAN T A 4
£ THotDraw M GEFU i sk 34T 20 07 (R 25 Rk L.
3.2 fFEREE

T 4, BATT 4T B C g i s ek P SR A T IR S5 R D) BE N

TR G IR 2572 B 0 20 4 9 B A T 00 IR 55 1 G 5 0 I 45 3 4% 1 R0 B TR T R e D R IR AT, 58 1
F R P T4 G sk 2 458 T P o) B o 1) S 2 4 T DR B, B e R M IR 25 1 — 2D s n . Btk e, B
JoM B BoeEE. BItA G J22 K7 RIS RGO fe o 3R i, ATE B T & EERRP
TR HEAE S AN AT B 1) R e T R B O A8 LI R 43 A BRATTHR B HH 0] 1 e 1 6 R 1 T B8 B A A 1 LA 8 2 g 5 4
75 3B TR T SR A A, AT R Bk B O RS B Ty e, AT REAE A5 e B IERE . B Bl I AR e B R RE AL R 1
DA R S5 7 T PR AR Dh e PR R SR

R 1 4453 T2 1 e i 2 e B A 1) — ol T 32 1) R 55 bt S s B 5 0 B RS g R skt e 4 1Y g SR
] BE 75 T4 /N BRSO A P LU BE % W0 5% 1040 1] 7 8 4 AT Jm B0 3 4

P G 4 56 25 4 (AL 119 53 A7 — Tl T o R 45 A AR / AR 25 RURY /B AR 45 T i SR R GRS I AR b DL R AR
A B AT AG L A TP B A A 1) R R A [ 38 R I8 I 45 R RS /T AR 25 AT E— AP i Ak, T LR I
T B B TUA R 55 BT 8 2 1) 3R 45 T e T . B4R/ 2 A o 56 o L kAR A 20, BT LUR IO T AT I R S )
S HLtF I (AR /AN B A R R R I 2 SRR A5 L o R T AL s B AR 55 . B LA R T A, X
22 N AEAE XA I 2 SRR (B O 2 A AR/ T A IR 55 ) o B T 4L A R /TR A

TE RS54 B R T R4 BT I 6 Al b, FeATT3E— 2D X AN R Th B AT A s AT T 0 A X F B o 48 3k %
PR B 0 — AN B35 HUAT O 4 R, LA A 9 T e 28 g 20 e A5 X 98 5 30 8 R I 38 2 0B 3 O ok 1k AR A 1 4 BT
BT I MG AT SR B e B A 2 — 1 T 7 X 2 R AT AR LR L0 ROC & LRI RE, BT DUR IR
TR AF MBI BENAWRET AR & ILAR .

Bl 5 2 AR H FODM Jy vk #1102 5 o AT 4 i 485 7.

T BRI, BRI A TE IR S5« TIRE . AT NHF X 3 AN T2 IR R g A Rl R A A A 2
— AN PR BT I AR AT REAE B TR H AR AR I BT A REAE IR 1 B0 Rt S X AR AEE N BN — R W 4
Wi 2l v 25 DR, S o 1R AR I AR AR X 3 AN 2 RN N B BT G B 2 I AS Wk AR . R SZHEAT B, 70 B — 2 IR )
S MG IR S R B RE M AT SRR T TR R SR BT S I RS B

4 HRIE

ATSCA AR T Pl e A AT A 7Y e L 7 L (FODM). AE IR AN 53 T AT AU 53 A J5 12 i A P ) e
AR () Bt 0T USRS TE AR TR F) 2 SUHE S M IEAC A 25 5K AR PR R BT 5K R AR MR R I TR . A2 4k
() R AL 48 7 T EAT 1 48— Pl G (0 o A ot i (0 Y 4 A8 23 55 R (WPA)/E N AL SURS AL A A T 5 SRl
3 RET AR T 38 P e 4k B2 AME AL R BLRR AL AR AR AR A P ol J2 8 i il A B2 R s AT A i 2 3 =%
AL RAFAE R LR G R AEFTOR TREP ARG 3 A2 R R IRSS S ThAe)Z AT %5 slZ AR WAL
A 20 18 2 A IS 23, PR 461 8 20 AR 6 SR 0 DAy o (1 R 78 38 2, I X R AL S AT R 9 B 1 2% el i B S LA
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HRRWAT T R0k,

AR ST H B R A S TR HE S A % e X B 1 LR B0 ATk T2 5 72 (FODA™, FORMP) FeatuRSEBL),
PLAUY) i 45 FH 07 HEASE 25, LA 25 e 0 465 Mg AR S8 S 10y LA o 5032 68 Oy Rt 1002 Ak PR AL Al 38 i T 4% 4%
Require-Mutex HLHIIZRILEE ), HO IS0 A2 B FH 28 408 90 Re AR A 200 (1) TE A MR AT 38 342 00 T A7 0 1 Sk AR S 42
H PR AR A TR ) B A A S A 7 SR TR R BUER 2 1L 5 TR AR R 5 Sk 0 B N 5 #5652 {2 FODM . /7218
FAAEUTR — S5 55 £ 56 45087 0 B % (domain  scooping) = A Y S 5 5 6o A0 4 A 284 o LA 455 70 3% 4 M AN [
HSE TR ) FR) 28 B 1) R % B AN AL s B 2 AR AIE AR () ) 2548 FLOG R )k — 28 43 AT

HE— 2 TAE S TEF 50 52 B o6 FODM  J5 VR B AN BT 56 35 « Gt (] AR 41 S0 si AR 0 A% 280 1 AT 40 3 ) A1 A 20
PIBETE AT 78 T T B B AR R R 40038 AR A M P B 2 AN s 22 55 5 T 6 FODM. J5 VA 32 4% T B W T R B AE AT .

O O
S graph-manipulation
— L 3

\1 graph-select-un/; re—d0|

F|graph—select |graph—delete| graph—add| graph—move||graph—compose| graph—layer—adjust|

graph-add-un/re-do

|entity»add | |c0rmector—add | |up—1ayer| |d0wn—layer |

\ graph—delete—un/re—do|

v
B moving-mode moving-constraint
1graph-move-un/re-do |

|increment-se1ecti0n| |out1ine-m0ving| |content-moving| |h0ri-c0nstraint| |Verti-constraint| %graph—compose—un/re—do
| non-increment-selection | +graph-1ayer-adjust-un/re-do|
Legend
U use-case-of-graph-select use-case-of-graph-move meene
T T feature
- — WPA
mouse-press | mouse-area || navigator-key mouse-drag||mouse-adhere | | direction-key dimension-value

optional

single selection
multiple selection
white filling: reuse-time binding
black filling: run-time binding

Dr>o_|"/|:|

0 feedback-speed view-update-policy manee

| no—ﬂicker| | allow-flicker |

|high—speed low-speed in-time-update |delay—update |

Constraints
(graph-composevgraph-layer-adjustvun/re-dovzoom-in/out)— graph-manipulation,
(graph-compose-un/re-dovgraph-layer-adjust-un/re-do) — un/re-do,
(graph-composeAun/re-do) <>graph-compose-un/re-do, (graph-layer-adjustaun/re-do) <> graph-layer-adjust-un/re-do,
selection-mode<>SingleSelection(increment-selection, non-increment-selection),
moving-mode«>SingleSelection(outline-moving, content-moving),
moving-constraint«>SingleSelection(hori-constraint, verti-constraint), increment-selection——navigator-key,
use-case-of-graph-select<>SingleSelection(mouse-press, mouse-area, navigator-key),
use-case-of-graph-move<«>SingleSelection(mouse-drag, mouse-adhere, direction-key),
feedback-speed<>SingleSelection(high-speed, low-speed), view-flicker<>SingleSelection(no-flicker, allow-flicker),
view-update-policy<>SingleSelection(in-time-update, delay-update)

Fig.5 Domain feature model of Graph Editor
Bl s B o i as S Ry e AL Y
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