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Abstract: Model transformations are heavily used in model evolution, refinement and refactorings. Model
transformations are carried out against certain constraints to preserve certain properties of the models. During model
evolution, model transformations should preserve system interfaces; during model refactoring, model
transformations should preserve system behaviors. In order to prove that a software transformation satisfies
transformation constraints, constraints should be formalized first. And in order to automate the proof, the process of
the proof should be universal to be supported by algorithms. This paper proposes an approach for formalizing
transformation constraints with graph productions. With the formalized constraints and software transformation
rules, an algorithm is also proposed based on critical pair analyzing technologies to automatically prove whether a
transformation rule satisfies a transformation constraint or not. The proposed approach is validated with a
motivating example used throughout the paper.
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Fig.2 Graph description of the multimedia mobile class diagram
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Fig.5 Rule 1: Remove multi-inheritance
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Fig.8 Constrain 1: Class preservation
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ity : Gl s H, G SRty (R HRAT 25 3 BU Mt TOVE AT, B 4 et I AT 43 B BUE et TR AT I 4 3%
ATk 0 5 ety Mt AT PSS ABE P L —2 Ry, Pyt b —2 Ry A 2 HAL Mimy (Ly—Ry)nmy(L o) =Bty (K14
T4 PG TCEPAT AR UL, 2 HAC Kt M B T 5 LL D0 Flm, BT 75 B TG 28 AT 4 & S 30 03T 34118
A ES AT 5 8O p N po & 2E b 52 (95 1) (source graph)G L& UG Bt my Filmy, BB A IX A f 4 3 7T fig 245 0
FEZ

TEX LR, KX & X RMEHt  G—2D s H, Mt :G—2T s H, HH TLHEIm, Fm, K B
% (jointly surjective morphisms).

SRR Hh 1)U P Gt 5 U 45 0 T p o A g A i 5 ) s /N U L L SR BEAS YR I G 2 BUM U py Rl pp i AR 1P 5,
WA —EAFAEG [ — A7 E GG (£ B my(Ly) (L) 8 4, A #8 H Bir ), A8 7 K0 00 p o T p,o 7 P G ) e 488 1 4y
— AN OB A Al 2 U, B 8 K D] g R p o AN A AR AT A DSBS, TS 4 e i U py o 35 AN W R i A i 58 DK Dy 7
BN o, DT my BT g2 JDEE5 Tl 0, 9T LA 0T T 45 5 (R T A A R T, T i 3 BOC B e )R I G IV 0 H 2 PR
T LI 3k 3 7 T A T A £ 958 P GRS 00 7 A e R U 2 5 A 5 8L LAV 2 PR T L S R GRS b L
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Uy E N oL, — R ORIt :G—L0 s H (B 13 e fB T ), 7 BRI A et 2 75 0ok A A
AH e L — R, T EARAFAEIT M s Lo—> G, B 75 5 ] G AN A7 £ 455 2L o 1) S 081), DU 1 36 240 SR o0 4 ket
TCRK (e A2 U A 4t I ANIE R A1 R e). i RAFAE VL PE me:Le—> G R AE 46 486 2 fm (L) BE AT #5 H odk th 8 #1812
(BImg(Le)mm (L —R)=D), A, e et A WA 1 ] 2 SR e 3 et 3 I 24 SR e 1) ME — T R 1 50 J2 A7 7R L D
Me:Le—G,me(Lo)nm (L—R,)=@, 1 H.4 345 2] () B HARTFAE 7 H =m (R,) M 13 FioniA . 4w
(pushout) B 573X Ff it i 2 WG 3L et A5 R T LoAE I G HP R S 481, 0 LA #4325 HH AR Y (R R S 31

me Me
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Fig.13 Transformation and property preservation constraint
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5Bt IO AT (e e vh 52). ST LA RS 0 262 480 0 D 2 5 o 58 1 T B (O B 0T 32 ) A AT LA A 00 7 8k 0 ) 5 9
LR 2 ) R DG BRI B2 n R B

LN L, R R ORIFAI R ¢ L, —= R,

2:1f (L—R,)=Q

3: Return False /I 5e

4:End If

5:For Each Critical Pair (t, :G—"" > H,,t :G—" »H,)

6:  HFmUL—R)AM(L)=D NS HIme (L) AL Wik

7. Continue

8: End If

9:  If 3m:R——H,et,(m (L, AR))=m (L, "R,)
10: LG SEBIMe(Le) BRI SEH] m?(R,) HUAR
11: Continue

12: End If

13: Return True /iP5

14:End For

15:Return False /IG5

N CA 2 AR T LR 14 8 R REAT T I AE 2 SR T WL B 1 3 SRR R 4 4o PE 4
FEL I TR RS I 5 45 8 450 0 I 75 35 2 3K 4 SRR P AR FE 2R

(1) BB 1GH R 2 45 7K):L—R={Generalization,Gen}(J: iF',Gen il id i 12 TilAb B H Bhs N i),
TR CRFE L SO 1, 29 SO 3 R SO 4 #R % A7 H #| Generalizationz Genidy, [t LA, KT A ¢
BT me(Le—Ry)nme(Le) =D 8L BT LA S5 BAT 21 55 347 45 o132 0] False. A1 5 158, % # AR 1 AN T
REFREPE AR FE I 1. A0S0 3 B4 LN 4 A ph 5 RN AR 2 M5 1 40Ut % 21
GeneralizationZ.Genis, AT LA # ) 1 WA SFIZY R 2 (28 1 40 )R AR b 58 205K 2 (158 2 4500

T FH 31— 45 Genils, i LA, M — ] e S B S R K G an 18] 14 Fr o, e B, mi(L—R,)nme(Lc)=Gen,

BB H AR E H @ 15 Fros. BAREAEILRE m) : R, ——H B2t (m (L, A R)) = m (L, AR,) Bl 5k
PAT BN 9 AT JUWT 23 S 4 AR, R HE NS 13 47 e B4 N 1 AN R 200K 2 (1958 2 4 ).

Class:1 | | Class:2 | Class:1 | | Class:2 |
g— eneralization | g— Agdregation |
Generalization, Generalizatiol
Fig.14 Source diagram G of rule 1 Fig.15 Target diagram H of rule 1
K14 #1IEE G 15 A1 M EARE H

(2) I 20 T #EAE):L—R,={(Visibility,~)}, 7 4 TE ff £F L RN 1~ F M0 4 #3%H H 5
(Visibility, =) (T s, 3T LA KA JCHET 245 m(L—R)m(Le) =@ L T LA EE B 1 AN 23 Ry ok
PREFFFLIN 1~ZI o) 4 J Az phr g

(3)  HHrAM 3( R HRAE):L—R,={Operation}, M F P RFFLI UM 1. L9 3. LRl 4 #&Aa
JH1 El| Operationils, BT LAXHTAT SCHE T 3547 m(L—R,)nmg(Le) =@ T LA FE S BRI 1 AN 22 FIRE ) 1.
ZYdHRIN 3. LRI 4 % AR o F B OperationiZl [f 2 o R AT 29 0K 2.7 S K W A% o 0 ) 2 75 0
I 2 05 1 4R R L,—R,={Operation}, M3 2 (55 1 4N LA H A — 4534 4 Operation
FAL Loy FBm (LR nme(Le)= D I B AT & 16 702 B R (K5 B GLR I G IE 4F &
L, Tl FERMEH=R, (WK 16 HEFIR). KN A HFEHEILE m :R,—>H , 1 H
t (M, (L, NR)) =mo(L, M R.) JIT LU MU 3 FIL B 2 (155 1 4% 2 s B B0 AT & A b 58 ) B2, ] LAAIE
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Fig.16 Source diagram G and target diagram H of the critical pair
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