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Abstract
Model transformation program is the core activity of Model Driven Architecture (MDA), and its
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quality directly affects the quality of software products based on MDA. Therefore, testing, error
location and defect repair based on model transformation are critical for MDA based software de-
velopment. However, due to the characteristics of the model converter itself (such as Oracle prob-
lem), some methods applied to traditional software can not be directly applied. This paper pro-
poses a random search based defect repair method for ATL (ATLAS Transformation Language)
model transformation program, which mainly includes: 1) Use transformation testing and spec-
trum error location methods to obtain suspicious ATL rules to deal with the Oracle problem faced
by ATL program testing; 2) Design and implement 9 mutation operators according to ATL program;
3) Based on a random search, patch generation and verification are driven. Furthermore, a proto-
type tool AMTRepair is implemented based on this method, and preliminary experiments are car-
ried out based on AMTRepair. The experimental results show that the defect repair rate of AM-
TRepair is about 51% and the correct patch generation rate is 30% for the target program.
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1. 818

L & 4 (Model Transformation) & #5784 3K 5y #2442 #4 (Model Driven Architecture, MDA) 4% 0 5 R 58 .
VER—MR AT 20, MDA [1] 5K AEBEAN AT i A= i J R e B e T, DA A At 3R
Gl S5 Y 5 FAR IR SCIAH T 73 B9 o AHECAL SR A TF RO R, MDA RE BE i B 2 AR [ 7 oKk AN
WRORGEME, LR HSEE RN RGNS, FEReMAS I R B B & 58 0 i v] =5 R It AT RS A
XEARFEIFIET MDA BT R AE Z AU (I ARG, FESURN A, WZERH, EiS
WURIH, ToZeAk IR a8 N 48 55 ) 15 381 )7z N ANE 2] [3].

HT MDA WA AOE R 1 B . MDA R AN 2 Ik P8 WAS[R] A SR IR A R 4t i
I A=Y (Computation Independent Model, CIM)J&iE: RGNS ThiEd A, “F & LI (Platform In-
dependent Model, PIM)M AT 5 Gt SR A FE SR iR R Ge k55 Dhfg s ~F & AH G AL (Platform  Specific
Model, PSM)#tiid Fl 4 I RN RGE IS . T MDA AR IF A R s i At 2 SE B CIM 2
PIM, M PIM 2| PSM, i A PSM ZIACHD (R LG o AN [FIASE 8 2 1] 0 e S DRI Je e A 2R A 46k |1 B S

7E MDA 1, AN AR 2 8] e e S 7o il FEAR A B P & s AT AR AL B i 1 R B Bl S B .
WA, B R R PTG R P i f2 . AR, 7E MDA AR B R B de 2 R A (1 i &=
VAR G5 JEAE T G A R B 4SS B e 2 11 0 o

P T B 46 ) 5 FRVRE R [4] [5], B FH AR G ik b 1o i R B R R0 70 EAS e L 2 B T A B
e, DRI GRS AR A AT TS A R R T B R RR o A A AR A R TR AR 2 e 4 o )
Y, IF BAEFEATH OB F0 R R, F 2 B AT 0 98 LA 2 2 50vE T8t M [6] [7] [8] [9] LA Atk
Ba e AL[10] [11] [12] [13] [14]. EEXMEALEEHRAR P B S sk FaE A, a0 TAR R A T S (35 Ll # 1
EER . (HR, TR AL R BT IR ¥ Oracle [#[9], MU AR RN L XA s8E O fF
7R - far K475 Oracle (A €5, TEN B — @ 15 PR [15] [16] [17].
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Figure 1. MDA based software development
B 1. &F MDA W HF LI

BFXMEN, BAILE T HMB %P, ATL (ATLAS Transformation Language)fZi
(18] EEXSH IR MESRIG, ASCHRHIESEIL—Fh B S B IAIE E U7, BIESHRIL TG R Oracle
. AR EETTER T -

1) I FH AR O ZR SRR AR L B 0 R A YRR B R FXT B B ASE R Bir  E IR R P, 7R Rt B
FAWEAS AR TN T IGIE, DAZEME ATL 725 E sh ik Biia & 2 4 i Oracle [ 7

2) EXF ATL F2F BT IESEIl 9 PR Sk LISCRF B AL AN T AR, I B FH B LA 2 Bk Ik 3
H Zh IR B 1 0 7

3) SEElALRT ATL F2RE R H a8 T B AMTRepair, JFEASEEHRSE T RS2, S2ib
SRR BN BARRET, AMTRepair FISRIE1E E 22078 51%, HIERHh T A REE N 30%.

2. BERHEA
2.1. ATL $ERIEHIZFF

AL B 11 B 1 SEIUAS R 2 o) 1) Bh A AR $ o T RS 7R e B A e 2 PR LA IR P 0 5 SR SE LAY
HAj, C2A 2 MR EAE S 05 Henshin [19], AGG [20], Maude [21], AToM3 [22], QVT [23]#1
ATL [24])% . Hd, ATL (ATLAS Transformation Language) & — ik T AR (R A T B i 5, e $ it
A A IE S S, RATTERRHE SR RE U B BT KT 6 o IXEEf3i45 ATL 724 R
AT REAGR) T Z N ASCHRET ATL BAEGRE T, 3L B ahbsas e ik,

BERVEEH A FR A 1] 2 Fom e — A ATL BB RR 7 (A AN — AN RAR AL, oA b Do) R H s
. YR(E AR RE AN IR (H bR) O R E Lo —A ATL B2 EZEH— R %) rule A1 helper 41/
For rule #5538 T dn ] JRE 58 B ZY J0 2 AR B H AR AL X R G 3R, T helper SEBIL T 3R LL4H Bh D) BE .

Vb € -1 L EH‘/%?E
w [Tiew a4 | B
1

T R -
Y i —>‘ o

Figure 2. Procedure of model transformation

B 2. 2R RERTIE
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K3 R T —A ATL MR HLR 15 Class2Relational , ‘& 523 1 M Class #%) (J5 so A4 40 1] 3(a) fTR)
% Relational 57 (H Ax e 4 ] 3(b) BT R) 6. — A Class B! i — ANk & 4 Class MRk, 41 Class
£ —4 Attribute, Attributes 73y SLEFIZAH . —/ Relational 8¢ f— A~ £ 1 Table #5, &4~ Table
5 —4H Columns, FFXTHABIIGIH; 25 Column A —4XF Type 151 H.

—A~ ATL BFHEELZ rule. @l 3(c)fizr, Class2Relational F2F B ERT 2 A rule:
DataType2Type, SingleValuedDataTypeAttribute2Column. — rule B LB 41, 4% 1) AR
P T E inElement, (1 from BT 51S, FBIAEX rule DLRCAVEREAL TG R 2) JRAAL K ST 3 Rt 2%
1+ SM Filter condition, #1&1% rule BITET X AR 784 70 28 it 7 22905 2 2515 3)  H AR AL G 2 outElement,
FHFTAERIHFR R 4) 5 outElment #H2¢ 1 — £ %1 bingdings, ik HARERL G RAE KRG . PA
4 3(c)H# i rule SingleValuedDataTypeAttribute2Column 2441(9~19 47). F inElement >y Class!Attribute, B
Class #&7 d1ff) Attribute JTGZ& (11 17), SM Filter condition /2 ¥{E & PE(12 47). 1% rule /) outElement A
Relational # A H ] Column JG (15 17), HAHM I bindings 7B T Column Jt 24/ @ AR ISR 4
(16~17 47).

B o R 2 S R AE AN [R) AT ) S AR g, Lo B I AR B 2 560 AR, R kAT i 89T
il SY4E4r TG 2Pk, oz —wiiE Oracle ()@, RIAR e PE ST 4 360 A5 3 i HH PR AR A% [9]

2.2. MR

i A8 It (Metamorphic Testing, MT) [25] 2.4 s Th M 21K & B8 R 58 AA ROt 22 /% Oracle [l .,
o 2 0 % 4 K% o M 2 2 15 4% 5% 22 (Mletamorphic Relations, MRs), 18548 ¢ 2 2 5% H AR R R AH S A IR )
a2 18] 56 BRI — PR, AT I 0 S o AR IR A% O SR AR AR B AR 5 R MATEE S
FEATAE SN, BRI I S TR SCA AT AT A i Y TR S R S AR OC R OR HITAR T R B R I . 18
W, FI i AR MR 2 (Metamorphic Test Group, MTG) Sk %7k 5 45 5 1648 5% R A e 11— AT dh i N AN fiT A=
N

PL—FEF P (S8l 1 IETZER % sin (T80 N0 . SFTARBUG—A x (&, 1RMERE POORIIERETE, B
I P Thi i Oracle 17 8o MISEAZ A F2, 7T LAZE S sin bR BUYTIHG A2 1O —LERFE, B dn sin(x) = sin(n—X)
EBIREE, PR — M SC R P(X)=P(r—x), #Eifn PR, Biltn, 45— AIiai
N 37, MR AR SC R ILATAE RN 143, AR)5 HL# P(37)5 P(143), W EAIAMES, il 5 Rk
i, RPULEHTRT P ORHIRM.

St LT FERR AL, WA D)2 R T A2 Ak, ARG A I, R g
FIPLEE S 2155

3. ATL ER#ERERF B IMLEFEIES
3.1. BiEkihiA

ST ATL BB 4 FR 5 BT I ¥ Oracle 1018, AT 45 & AR MNABA K ZRIEE ATL 127
R BTG (1) Oracle [l o A SCHE H — ik T AR I E R (B IA 2 52 757 AMTRepair, SAHES 40 <]
4 Firn. FETEAERE R ATL 127 P —ZHBIAE KR MRs, LUK —2E41aa il 1 tcs. AMTRepair
1 Je3ET MRs i MTG 54 So fEARCH—A MTG A— A HILETRBL AL A S XN AT AE AL, 285,
AMTRepair N MT BLJ S SKXF P AT W AR A R ) 75 45 B, 7ELEAl [, AMTRepair B H T
ATV )5 17 72 437 (spectrum-based fault localization, SBFL)J5 [ 2613K%F P rf IR0 i) v S8 B 34T 11550, AT
PAF—AATEE SR . 55, AMTRepair N BENIIE R G L, BEALGE R AR 5 45 A o vl e 1 )
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HFEE %

AR HEAT AB T A eI #h T, HETIRA MT XS 4h TREATIRIE, EEAEM ML S PHTH MTGs i)

#h T

3.2. TR RIEE

NamedElt

+name:String

Classifier ttype

Attribute

+multivalued:Boolean

T +attr| *
l l {ordered}
DataType | Class
+isAbstract:Boolean
(a) Class Jois A
Named
+name:String
3
table
A
+col | *
{ordered}
Column * type Type

(b) Relational JCAE Y

rule DataType2Type {

from

dt : Class!DataType

to

name <- dt.name

))
}

1
2
3
4
5 out : Relational!Type (
6
7
8
9

rule SingleValuedDataTypeAttribute2Column {

10 from

11 a : Class!Attribute (
12 a.type.ocllIsKindOf(Class!DataType) and not a.multivValued

13 )
14 to

15 out : Relational!Column (
16 name <- a.name,
17 type <- a.type

18 )
19 ¥

(c) BRFHAE P (Fr BY)

Figure 3. lllustrative example: Class2Relational
[l 3. #tARAYRHI: Class2Relational

ARG R e MT BI04, R MT R BB R #6360 b ) SCHE S 76 T MR FIRisE . FRATRTIIMG
TAECE MT SR ATL F2 7R A S SR 2 AL [27] [28]. AL SRR, AT DL =R AR R & .
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Figure 4. Overall framework of AMTRepair
4. AMTRepair S {FHES

1) MR-M: i S IR IR ) — L8 ST 3R R B R MG TR PSR, D gty by AT 2t A
%miﬁﬁﬁﬁﬁ

2) MR-A: I TG IR AR B H s — AN JC R R A IE AT A YRR T, JUIAT AR B o eI e e B S 2
JLE

3) MR-D: Ji i M BR AT 4G IEA Y v (1) — AN e 2 R A AT AR JRAE Y, WA LI da g, A sk g rh ey
ﬁ&%%mﬁo

X —/NHAx ATL #2757, AMTRepair N Z MR R R, BIESRSERERANT .

TRRIE

AMTRepair K TP T IR RAE AN T o FATET ATL FRFIHRES, %ot T 3 B e, 4

SIYER T ATL rule fIPUASEZ B4y, inElement, OutElement, SM filter condition, LA bindings.
1) MIER#EAE (deletion, D): kR — %G A e Rk
2) E#AE(Modification, M): ESGER)HIH72RIA. KT inElement (% outElement, &%
TR “V JEHE) AT, Mt T bindings, BHdElEH FIREZHR “<-” AiLmEiER.
3) HENEEME(Insertion, 1): i\ —4&iE A E# FIAN.

rule Article Title Journal (

m— ccon

: inelement

BibTeX!TitledEntry.allInstances ()->iterate(e; ret :

if ret->collect(e |
e.title
Yot

[o>

SM Filter
condition

D/M

$ e.journ:
6 )->sortedBy(e |

)->includes (e. journal
e.journal ) ->includes(e)

outElement

A—

bindings

+ e.publisher else
else

-0c1TsKindOf (BibTeX!Book) then
ock) then ' ' + e.chapter.toStrin

Figure 5. Mutation operations against ATL programs

Bl 5. §t3t ATL I2FHERHRIE

5 NBA TS 56 A AR P (4 BL

57

HABATARIC 7R PP AT (A2 SR 4R A BIons 2 (K7 B e 22
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HFEE %

3.4. ETHEHIERAH TR

AMTRepair N BEALAE ZRRIRBN AN T A2 oA ge e A% « BEATLAE 2R AXED B9 F T A2 BRI 0% 1 s .
ZEENA AN AR ATL REF P, MTG &4 S LRI R SEEES ISR Lo T2 2L BARDAR Y o] BE I 51 2%
PR TR R R Py ) L FH AR S R AR T AR BRI A T, EMIAI MT i sbh T BEATSRIE . ARz Ah T idid
BOAIE MR [EHZ AN T, 75 WAk SE A e HAR 4 T

Algorithm 1. Random search-based defect repair

Bk L BTN ZRERREE

Input: faulty program P;
Input: MTG set S;

Input: suspicious rule list L;
Output: a plausible repair

begin

1forruleinL

2do

3 m_candidates = mutate (P, rule);
4 for ¢ in m_candidates do

5 If validate (c, S) == true then

6 return c;

7 end if

8 do

9 for c1, c2 in m_candidates do

10 ¢ = crossover (c1, c2)
11 c_candidates = c_candidates \U {c}
12 done

13 for c in ¢_candidates do

14 If validate (c, S) == true then

15 return c;

16 end if

17 do

18 end while

19 end

FE—IRBENE B RE , R TR ERRT P AT R E fL4n KT PT BE rule $113% L SRAEBURIEHN T
B P ERAE rule (AT 5ERBE R 1Y rule 478 FIL S %) BLAR B I A . — 710D, AR SR ATL
FE Hhoet AL B AT B ER A rule ) —2%1E ), LRI R IR R EOR I 0T 2L B R (5
34T). Ji—Jrifl, crossover BAEREAS & FT AL R IE AN T #EAT AL, DUERGH AN T (36 10 17). HHTIX
PIOCGEFERIBENLIE, 45 RGN T candidate 1, FIRERL S — AN EiE 2 MBS B — M T AR,
MTG £E S # HI AT HBEAT VAl DL 5E & 5 2 SR AN T (5 AT A1 14 47) o FATIIPPAGbRAER : T2 S T
AH MTG BIFNT A DERANT o B DERANT HCER, BT AR RS A B, P EidRE
—HERHEEIA A RRIE RN T B RIF PR E .

35 FEHRTASH

AT — AR T H AMTRepair. AMTRepair 3= 25T Java 1 &, Bl & 7 ATL BB EE il $04T
B EEENLH] . AMTRepair £ 2 DU 57 .

1) BENLBARNNRAESE . BT 4 e AR R RAE T, BaISEEsiAe M. —J7m, S 3.2 &
Frisevh BMiAR OC &, SEBATAR AL B R, ARG AT BARERN M B sk f . i — D7, 2k
F ATL engine Al ATL core APl SZHIM java B #2217 ATL 2.
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2) E TG AR A HESE . — 5 TH, JEEIESEI Tarantula 23 2291 R H3EAT HUN AT 58 B A5 . B
—J7 1, R ATL #8546 Trace mechanism [30]44E ATL 127 ia AT I I8 #5515 5., AT SEIRES 4R € A7 .

3) ATL iEH) H ML AR T30 . FIFT parser SCBL ATL F2 7 SCPER) ATL AR [, 76 URIERE B Seal
F R TR

D:\User _BibTeX2DocBook/ select project path

Figure 6. Mutation operations against ATL programs
B 6. §t3f ATL BFMESHRE

AMTRepair [J#EAEFE WA 6 Fros. il RoRskia e e p i) E 2GS, AL STk
PR THEN SR EEE . TS A M AR R R E, BN MR W30, i
FH B 451 ) 5 DL R B AR P I 9 5 X S5 . il start JEiZ L RIFIRISAT IFAE L M R 15 B
BRI IEEB R R AR . 2SR MR B ECE LA 1R € 7 T i A€ I A2 7 U
WP BEPESIRAEFIAG L . AL, RHE 2 Ros MATHAT A R AR AL B, BTG mR S R U 2 AT A 5 45
P8, BARAR IR AN T R S e S il i (R AN T B ORA7 A BAEVEA (R R, i (A Sem T iie Rid
FEFF BB BO AR RS 2

4. SRR

AT S5 K 1l AMTRepair 18 R EHR AL ) AT TRATILIREE R, IR T 3T 505
ZRAATHE D .

4.1. IWETERE

41.1. BHEF

SEUS R 3 NATFHI ATL 1 H 1F 78X} 4 - Class2Relational [9], Class2Table [31], BibTex2DocBook
[14] . Class2Relational F1 Class2Table ¥J52¥l T M Class f&% % %] Relational Table % %Y [ % i .
BibTex2DocBook SEH T M BibTeXML 4% £ DocBook 4R SCAY A4, o, BibTeXML /& BibTeX
T HTEM—MET xml 4%, 7 DocBook J&—F3& T xml SR A G, 3 MIH B A&E B
F1PR. T 3ANIE, WAT—ILEHXT 70 MR ATL B 7T R IEE

4.1.2. ATMRepair fip &

ATMRepair A EHME RIS . TR IR L MTG. 11 MTG R E A 7 3.3 F5H K
WiAE K KA . ATMRepair F AL SRR A BURIERN T o 7E 3.4 Fh AN A T = KREE R,
BAVERA 71X = KRB F e IL 9 PR (e, BARWER 2 s, X T&—EAEF, RAITESH
MU B A i 772 9 FErE 2% 100 MWIAAVEAR AL, F— AN FHRT R A 9565 56 22 K 4 1 A B, R A7 A= AR R

DOI: 10.12677/5€a.2022.116133 1304 B TR R


https://doi.org/10.12677/sea.2022.116133

HFEE %

Table 1. Information of target programs
%=1 BRERER

object programs mutants helpers rules
BibTex2DocBook 40 3 9
Class2Relational 15 1 6
Class2Table 15 2 8
Total 70 6 23

Table 2. Information of mutation operator
=2 BREFERER

el 2 A HRAE
Binding deletion
Deletion out-pattern element deletion

filter deletion
binding addition
Addition out-pattern element addition
in-pattern element addition

binding value change

Modification in-pattern element class change
out-pattern element class change

4.1.3. #THEMGE

TV AMTRepair FIER0F, ATS AL TAEG S AT A B Hh T 20 K ER#h T 2 [16]
[17]c FESSAEAN T B FRATTBEE 12 AR BN T Re add B oA 8, anSRadadd, WA ey 26 b
T o RMTEXLAN T NIRRT, e BT A WA BB SR A EE R S . A T
BN T SRR MR, BRATS P AT — P A S, N T2 b A W i J5 72 7 2 5 0 s 12
2, LU it AMTRepair (94 20t

4.2, SEWEER

HATHI A AMTRepair X —MERIRAHAITIEE, BESERGTER 3 . BAVERATEIR v
KRR T AN B RAWAS S A BB E RIS E AR AN o, BB SN EER R A )
AT Refg @ A I G TS R R A BTN TR, R NRET R e ISR R
PN, NG A ERIEE AL WL 3 ITUUEH, X HFSFET BibTeX2DocBook, 155 % (#
BEAFUHRRAE) N 50%, IEMIEE R IEFBERE MU RIRAE) N 20%, HHIEFEE AN
&5 AN 40%; FE5 Class2Relational 1858 A IE #1152 R 4108 60%A1 47%, HAIE#EE A4 5
1BEEA K] 78%; Class2Table FEE /ML) 5 B 47%, IEFEE 2N 40%, EfEEHRA SR
B 86%. SAANRTE, AMTRepair if LMEE K4 51%F4AERA, Hb IEMBE RN T H RN 30%,
B E A4 58%.

7 WEIR T — MR AR I E R0, HahE 7@ NIRRT, AT DG BNZRE T 1 1%
RAAE “"name <-a.name"” iEH], ‘B[ IEFIRARA N 1Z &2 “name <- a.name +'Id"” . & EATH TREE,
RINAE R TAEEAN T, Wil 7(0) iR 124N T IEZIE AT E R rule N T 15 5) “name <- a.name +'ld"”,
X R 7 FrA A B, RECVEE A, B 4.1 FEEHEIIEE, AR —SBsEH
HRIEMBEB, X — B2 A KIE SIS EE T e, (Hsebre B2 A E T gER
Effy, BEEFRITAMER, FBAITHEMEE S RIT AN TRIE.
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Table 3. Experimental result
3. LWEER

HbstE T BRI BAETIE R4
BibTex2DocBook 20 8
Class2Relational 9 7
Class2Table 7 6

R 5 B0 SLIR 45 RHBAT BE— 0 Wit BATRIUER 1 AL LA B ZSREERE K4 T4k, AR T 45
SE I B(E R 5 S AR AR e (Ui b T FFAE R TER 00, AHRARATTAT LA TF RN SIFEIE R P
BRI SR AL e A By IR BRATBEAIL, e FrBkRa A2 5 00 LA 26 7] 52 2R P A SRS 152
—J7 I KON AR AR IR AN BE 5 42 7 e A2 5 T OB R 2 . PRI TR AR BB AN T 5 S5 —J7 1
YU R R PP A B B 5 # B A R e RS R 5 SO I ) TR R B A IR BB R TCiR IR BT B . I
SRR AR IR, BRSO RAERR IR R R TR PP AE AR .

rule ClassAttribute2Column {
from
a : Class!Attribute (
a.type.ocllsKindOf(Class!Class) and not a.multiValued
)

to
foreignKey : Relational!Column (
name <- a.name, --mutation: bing value change+ 'Id’,
type <- thisModule.objectldType
)

@)

rule ClassAttribute2Column {

from
a : Class!Attribute
(
a.type.ocllsKindOf(Class!Class) and not a4mul|tiVaIued
)

to
foreignKey : Relational!Column (
name <- a.name,
--mutation: bing value change+ 'Id’,
type <- thisModule.objectldType,
name <- a.name + 'ld’

)

}

(b)

Figure 7. Patch repair in Class2Table
7. Class2Table #h T1& &8

5 #XIIE

A RS RE S, ISR MR IR TR A 5 OB AR I el e 30 A e S5 TR Y, 54K
P o M A JBE s o X SRR T RE 2 T BUEAEBAT VB A R R EL 5, AT R ™ B AR K o BRI
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