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TOM TAT

K§ nghé huéng mo6 hinh (MDE) dang tré thanh mot phuong phap pho
bién dé phat trién cac tng dung phan mém quy mo 16n, phic tap, trong
d6 cac phép bién doi mo hinh dong vai tro then chét dé hien thuc héa céc
tac vu. Kiém thtt 1a ki thuat pho bién nhat duge st dung dé dam bao chat
lugng chuyén doi moé hinh, tuy nhién van dé nay chua duge giai quyét thau
déo trong MDE.

Cu thé, hau hét cac cach tiép can kiém thit chuyen doi mo hinh duge
dé xuét sinh dau vao kiém thit dya trén siéu mo hinh dau vao va cai dit
chuyén, trong khi dé cdc ham phén xét kiem thit duge dinh nghia st dung
cac truy van thuoc tinh mong dgi tréen moé hinh dau ra. Viéc sinh cac kiem
thit dua trén siéu mo hinh gip phai han ché do kich thuée bo ca kiém thi
16n, nhiéu ca kiém tht tring lip hodc khong c6 nhiéu y nghia, hon nita
ching doc lap vdéi viec dinh nghia cac ham phan xét dau ra. Trong khi do,
cac k¥ thuat kiém thit dua trén cai dat chuyén khong cé tinh pho quéat, do
c6 mot lugng 16n ngon ngit cai dit chuyen doi mo hinh duge thiét ké theo
cac dinh huéng rieng biet. Dé giai quyét cac han ché nay, cic cach tiép can
kiém thit chuyen doéi mo hinh huéng dic td duce dé xuat do c6 nhidu wu
diém nhu: dé hiéu déi v6i nhitng ngudi mo hinh hoéa, doc lap véi ngon ngit
cai dit, cho phép kiém tra nhiéu tinh chat ctia chuyén hon phan tich sieu
mo hinh. Théach thitc dat ra cho kiém thit chuyen huéng dic ta 1a can co
ngon ngit dic td c6 kha nang dién dat tryc quan, chinh xac tap yéu cau

chuyén, va hd trg cho viéc sinh ca kiém thit hieu qua.

Xuat phat tit thuc té nay, luan an dé xudt mot phat trién mot khung
hinh thic hd trg kiém thit huéng dac ta chuyén doi mo hinh. Cac déng gép
chinh ciia luan 4n nhu sau. Dau tién ching toi dé xuat mot ngon ngit dac
ta chinh xac va truc quan cho chuyén doi mo hinh dya trén cac mau chuyén
doi do thi. Tiép dé ching toi dé xuat cac ki thuat phan tich dic ta dé sinh
cac bo ca kiém thit danh gia cac tinh chat khac nhau ctia chuyén doi mo
hinh. Dé danh gia hiéu qua ctia phuong phép dé xuat ching toi tién hanh
danh gia chat lugng ctia bo ca kiém thit trén cac chuyen déi moé hinh dugc
cai dat bdi cac ngdn ngtt cai dat khac nhau.

Tt khéa: Chuyén doi mo hinh, K§ nghé huéng mo hinh, Kiém thit
chuyén doi mo hinh.
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Dat van dé

Ky nghé huéng mo hinh (MDE: Model-Driven Engineering) dang tré
thanh mot phuong phap k¥ thuat pho bién dé phat trién céc tng dung phan
mém quy mo lén, trong dé viec st dung cac mo hinh va phép bién doi mo

hinh lam nguyén tac ky nghé chinh.

Y tuéng chinh ctia ki nghe huéng mo hinh la st dung cac ché tac mo
hinh hién thyc héa cac yéu cau phan mém & cac miic do tritu tugng khac
nhau va tang kha nang tu dong héa cac nhiém vu phét trien st dung ki
thuat chuyén déi mo hinh. Trong nghién citu nay, luan an tap trung giai
quyét cac thach thic ctia bai toan kiém thit chuyén doi moé hinh cho muc

dich dam bao chat lugng chuyen doéi mo hinh.

CNhin chung, c6 ba van dé 16n con ton tai nhiéu thach thitc chua duge
giai quyét triet dé trong nghién citu hién c6 vé kiem thit chuyén doi mo
hinh.(1) Tht nhét, cac phuong phap tiép can kiém thit hién nay van rat
chuyén biét cho mot ngon ngit cai dit chuyén doi mo hinh cu the, diéu nay
han ché viéc ap dung cic két qua nghién citu trong linh vite nay néi chung.
Bén canh d6, cic phuong phap tiép can kiém thit hop den duwa co s kiem
thit 1a dic ta chuyén cho phép tao ra cac bo ca sit dung c6 kha nang kiem
thit trén nhiéu ngon ngit cai dat chuyén khac nhau, ciing nhu c6 tinh tai
stt dung cao. (2) Thit hai, kiém thit khong chiing minh duge cac thude tinh
chat lugng clia chuyén doi mo hinh nhung 14 mot phuong phap tiép can hieu
qué, dé tién hanh dé x4c minh thuoc tinh chat luong chuyén trén cac trusng
hop kiém thtt cu thé. Tuy nhién hau hét cac cach tiép can kiem thit hién
tai chi tap trung bao kiém tra tinh ding din vé mat ng phép va bao toan

thong tin tinh, trong khi d6 viéc kiém tra cac thuoc tinh chat luong khac
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ctia chuyén doi mo hinh chua duge xem xét mot cach thau dao. (3) Cudi
ciing, chuyén doi tit mo hinh sang mo hinh (Model-to-Model Transformation
- M2M) 1a kich ban st dung pho bién nhat trong ki nghé phan mém huéng
mo hinh, song hau hét cic cong cu hoé trg cai dat va danh gia chat lugng
chuyén trong cong nghiép hién nay mdi tap trung vao loai chuyén tit mo
hinh sang vin ban, loai chuyéen dugc ap dung cho muc dich sinh m& nguon
tit thiét ké. Do d6 can c6 nhitng nd lyc cao hon cho viée phat trién cac ky
thuat ho trg phét trien va dam bao chat luong loai chuyén M2M dé hien
thuc héa thanh cong ki nghé huéng mo hinh.

D@ gidi quyét nhitng van dé nhu vay, luan an dé xuit mot ngon ngit dac
ta khai bao, truc quan va hinh thitc cho chuyén doi mo hinh. Ngon ngit dac
ta nay cho phép nha thiét ké mo ta cac yéu cau chuyén doi moé hinh nhu tién
diéu kien, hau diéu kién, bat bién chuyén, quy tac chuyén (luat chuyén) mot
cach truc quan st dung cac mau do thi dé dé hiéu va dé tham dinh. Trong
do, tap luat chuyén duge dic td dua trén cau tric ctia cac luat chuyen doi
do thi ctia van pham do thi ba ( Triple Graph Grammars) [? ], cach tiép can
nay cho phép sit dung ngit nghia hinh thic ctia chuyén doi do thi st dung
tap luat ba dé dinh nghia chinh xac céc yéu cau vé hanh vi ctia b chuyén
d6i mo hinh. Tt d6, dic ta hinh thic tao diéu kien cho viéc phan tich quan
hé giita cac yéu cau chuyén 6 mic dic ta khai bao dé chi dinh cac trudng
hop kiém thit kiém tra cac thuoc tinh chat lugng khac nhau vé khia canh
chiic nang ctia bo chuyen déi mé hinh. Bén canh dé, luan an ciing xac dinh
mot tap hop céc tieu chi kiem thit hop den dinh huéng kiem thit vien kiem
thit bo chuyén doi mo hinh dam bao bao pht céc khia canh yéu cau khac
nhau bén trong dic ta chuyen. Luan an ciing dua ra mot s6 huéng dan ve
cach thic dinh nghia ham phan xét kiém thit tuong ting dé kiém tra tinh
ding dan ngit phap, tinh day du, tinh bdo toan ngit nghia tinh, tinh bo
toan ngit nghia dong, tinh két thic va tinh hoi tu ctia cac bo chuyén doi mo
hinh.

D6i tugng nghién citu ctia luan an tap trung vao dic td va kiém thu
huéng diic td cac chuyén doi mo hinh sang mo hinh, loai chuyén doéi phd
bién nhat trong MDE. Trong d6 diic ta chuyén dugc dinh nghia dudéi dang
mot DSL duta trén vian pham do thi ba. Dé sinh ca kiém thit tit diic ta, luan
an dé xuat mot phuong phap phan tich quan hé phu thuoc luat & mic khai

bao dé chi dinh cac diéu kien kiém thit cho muc dich sinh mo hinh kiém
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thit va cdc ham phan xét kiém thit mot cach nhat quan tit dic ta. Nghien

cttu duge thuc nghiem trén mot s6 vi du chuyén pho bién trén céc ngon ngit

chuyén khac nhau dé chi ra tinh hiéu qua ctia phuong phap dé xuét.

Muc tiéu nghién ciu va déng gép chinh caa luan

e

an

Dé kiém thtt cac chuyén déi mo hinh sang mo hinh, luan an trinh bay
mot khung tién trinh kiém tra chuyén huéng diic td nhu trinh bay trong

hinh 1.

Nhan vién
thiét ké

Nhan vién
cai dat

Nhan vién
kiém thur

Pic ta chuyén ‘
(Ngon ngir TC4MT) ‘

Cai dit chuyén
(QVTH,ETLATL,..)

@

Lua chon tiéu chi bao
pha kiém thir va thudc
tinh kiém tra

Bao cao

&

Phan tich dac ta

Tiéu chi Thudc tinh
bao phl] \Qkié’m tra

Pac ta dau
mo hinh dau vao

Sy

Pac ta phan
xét dau ra

)

Cac mo hinh
kiém thir dau vao

Cac phan
xét dau ra

- @

Cac mo

ki€m thir

Hinh 1: Ngit canh nghién cttu

hinh dau ra

-«

Khung kiém thir
hudng dac ta
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Cau trac luan an

Luan an “Khung hinh thic ho tro dam bdo chat luong chuyén doi mo hinh
” bao gom sau chuong. Trong d6 MdJ dau trinh bay vé 1y do chon dé tai,
muc dich, noi dung nghién citu, déng gop cia luan an. Cac chuong con lai

dugc t6 chiic nhu trong Hinh 2, cu thé nhu sau:

Chuong 1:
Kién thikc co sd

s Chuong 2: )
Ngon ngir dac ta bo chuyen
d6i mé hinh TC4MT

/\

Chuong 3:
Kiém thir dé xdac minh cic thude
tinh tiy chinh cia bé chuyén doi
mo hinh

—

i

. _ Chuong 4:
Kiem thir de xac minh cac thugc tinh
chung ciia bg chuven doi mo hinh

Chuong 5:
Thiec nghiém va danh gia

o

Kiém thi hurdng dac ta b -:huyén dd1 mé hinh

Két ludn va hwéng phat triéu]

Hinh 2: Ciu tric luan an.



Chuong 1

KIEN THUC CO SO

1.1 Phat trién bo chuyén doi mo hinh

1.1.1 Cac phép chuyén d6i moé hinh

K§ nghé huéng mo hinh (MDE: Model Driven Engineering) dé xuat viec
stt dung chtt dong cac mo hinh dé tién hanh céc giai doan khéac nhau ciia
phéat trién phan mém. Nhom Quan 1y Déi tugng (OMG: Object Management
Group) da tiéu chuan héa cac khai niem vé MDE trong sang kién Kién tric
huéng ho hinh (MDA). Trong béi canh MDE, chuyén déi moé hinh duge yéu
cau dé thuc hién viéc chuyén doi gitta cac ngon ngit va cac mic do triu
tugng khac nhau.

1.1.2 Vi du chuyén do6i tit sé dd 16p UML sang ludc dé co
sG dwr liéu quan hé
Dé minh hoa chi tiét cho ki thuat chuyén doi mo hinh, luan an st dung
vi du chuyén tit s6 do 16p UML sang ludce do co sé dit lieu quan hé lam vi
du minh hoa.

1.1.3 Cai dit bo chuyén déi mo hinh

Cac huéng tiép can cai dit dong co chuyén doi mo hinh M2M c6 thé duge

phan ra thanh cac nhém chinh: cach tiép can dya trén quan he/khai béo,

5
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. - Cam k&t thure thi chuyén Sidw mi hinh dich
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- Cam quan hé ty k& thira - C3m mit kip dnh 3 sang hai bang || - C3m mdt bang co hai cot khoa
S khac nhau chimh
Biic td bd chuyén d6i md hink -
Mgt thue thi chuyén cu the
Mb hink nguin hyp I8 MG hinh dich hop 18
Mé hink W Mo hinh dich
names="ciD' name="cIl*
nama="ciC"
ettty pe="Ineper type=integer type=trieger
b5 _primary=true
_L .
glClass reference
| tiToble |
name="Company’
srf
g name="Company’
| sl Azsocistion | | {oTekle |
name='empioyes’ | dest
nBme="amployes’ thas
| ciCless |
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Ll | co2.Cohann | S
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Hinh 1.1: Vi du chuyén tit s6 do 16p UML sang m6 hinh luge do co
sG dit lieu quan hé

cach tiép can dya trén ménh lénh/thuec thi, cach tiép can dya trén chuyén
d6i dd thi va cach tiép can lai.
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1.1.4 DAam bao chit lugng bo chuyén déi mo hinh

Chat lugng chuyén déi mo hinh dnh hudéng truc tiép téi chat luong cla
san pham phan mém lam ra: Diing dan vé kiéu (Type-correctness); Bao ton
ngtt nghia tinh (Preservation of static semantics of models); Bao ton ngit
nghia dong (Preservation of dynamic semantics of models); Tinh ding d&n
tuong tng (Correspondence correctness); Ding dan vé ngit nghia chuyén doi

mo hinh (Semantics of model transformation).

Kiém thtt (Testing) 1a thuc hién chay cac ca kiém thit trén chuong trinh
chuyén doi dé phat hién ra cac 16i ciia chuong trinh chuyen, danh gia hieu

qua cua chuong trinh.

1.2 Kiém thit boé chuyén doi mé hinh

Hai phuong phép tiép can chinh: Kiém thit hop den; kiém thit hop trang.
Ba giai doan chinh: Phan tich diéu kién kiém thtt va sinh ca kiem thit; Thuc
thi kiém tht; Danh gia két qua kiém th.

1.3 Van pham d6 thi ba

Van pham ba do thi (TGGs) 134 mot khéi niem da dugc thiét lap tot deé
dic tad va thuc thi chuyén doi mo hinh hai chiéu trong MDE. TGGs dudc
dinh nghia dya trén khai niém vé van pham do thi (graph grammar) va céc
do thi ba (triple graph).

Definition 1. (D6 thi ba va ciu xa do thi)

Definition 2. (Luat TGGs khai béo)

1.4 Tong két chuong

Trong chuong nay, luan an da trinh bay tém tat cac kién thic duge st
dung trong cac chuong tiép theo.



Chuong 2

NGON NGU DAC TA BO CHUYEN
POI MO HINH TCAMT

2.1 Giéi thigu

Nhitng thanh phan ctia mot dic td chuyén cé thé duge quan sat nhu &
hinh 2.1.

(Luat chuyén, bat bién)

Tap tat ca cac mé hinh Tap tat ca cac md hinh
d&u vao cé thé daura cé thé

Hinh 2.1: Cac thanh phan ctia dic ta bo chuyén doi mo hinh
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2.2 Cac nghién ctu lién quan

2.3 Ngén ngit dic tA bo chuyén doi mo hinh
TC4A4MT

2.3.1 Cu phap trttu tuong cua dac ta TC4MT

Definition 3. (Dac ta chuyén.) Mot dac td chugen TS = (Ppg, Ppo, Pr, TR)
bao gom mot Ppp tien diéu kién, mot tap Ppo hdu dieu kién, mot tap P;

bat bién va TR luat chuyén.

Definition 4. (Cau triic phing ctia d6 thi ba) Cho mot do thi ba
G =(GSE G° 8 GT). Ciu tric lam phing (flattening construction) ciia
FG cia G bao gom mot do thi tron vdi cdc tap phan ti tach biét nhu sau:
FG = G%+ G+ GT + LinkS(G) + LinkT(G) nhu sau:

— G, GT, va G la ba do thi thanh phan biéu dién ciu tric mo hinh
nguon, dich va tuong tng. Cac do thi G5, G%, va GT la cde do thi tron
bao gom cdc phan ti nit doi tuong va lien két canh, rieng G¢ khong
chiia cdac lién két canh.

— LinkS(G)={(z,y) |z € GY,y € G}, sq(x) =y} chia tap cac lien két
lien mo hinh tuong ¥ng va nguon, dai dién cho cau za do thi tw mo
hinh tuong ing sang mo hinh nguon. Moi lien két ddc trung bdi cdp
nait doi tugng thudc moé hinh tuong wng va doi tugng mo hinh nguon.

— LimkT(G) = {(m, y) |z e GY ye GL tg(zx) = y} chita tap cac lien két
lien mo hinh tuong wng va dich, dai dién cho cau za do thi t mo hinh
tuong ing sang mo hinh dich. Moi lien két ddc trung bdi cap niut doi
tuong thuoc mo hinh tuong wng va doi tuong mo hinh dich.

— Vo | ((z,y) € LinkS) V ((z,y) € LinkT) & 3y, 32) | (1 € G{) A (12 €
GJ) A (sq(x) = y1) A (ta(z) = ).

2.3.2 Ca phap cu thé cia TC4MT

Ngon ngit TCAMT dong géi cau triic bicu dién ctia mdi don vi yéu cau

ctia dinh nghia chuyén bdi mot moé hinh dinh kiéu duy nhat. Cac mo hinh
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(A) | (D)
fromPre
Testinput
1

derivedFrom

Precondition

Metamodel

fromPost

Postcondition

Azzerfion

Invariant «

sourcePattern

targatPattern

isBidirectional: Boolean generic courcePattern
’ 0.7 Postcondition Pattern argetFatiern
source L ap{TestCaseDescriptionfge——
targetC 1
targethIM 1 i
sourceMM " Metamodel - TestSuite fromRuleAnalyst
— >
1 0.1 domain
TransformationRule
____________________________________________________________________________________________________ Pmmmmmmmoeemmmmmoeeeeeooooos
(B)i(C
LHS ! Metamodel
TransformationRuls 1 ) [ Onia ' -
g =] TripleGraph i name: String
name: Strin [-»-— | !
: s LinkT : 4
isDeleting: Boolean sourceG 5 argetG modellingElements|
oIT |
level: Integer 1 1 . * i
! EClass
Pattern CorrLink | o
T NACs * pConstraint | name: String .
type:integer id: String b & Jopposite
I type: String i type 0. 0.1
references ! Property
objects * | i
* ! name : String
domainObj !
Reference > Object < | type: String
1 |
id: Strin » id: Strin < H Wer:
a a T v 1~ ; lower:Integer
na- - corrOb i 0.1
type: EReference type: EClass ' upper:Integer
PatternConstraint !
' roles 2
affributes i
' 0.1
i ) | EReference
ElementAction Aftribute AttributeConstraint ; name: String
isTranslate: Boolean <]— id: String l i
status: Integer type: String E
attConstraints !
value: String i

Hinh 2.2: Siéu mo6 hinh (Metamodel) ctia ngon ngit TC4AMT

nay duge bieu dién duéi dang so do 16p UML va cé thé dude bo sung céc
biéu thitc rang budc OCL.

— status = 0 néu phan tit thuoc vé LHS va dugc gitt nguyén (khong thay

ddi) béi ap dung luat.

— status = 1 néu phan ti thuoc vé RHS va mdi dude tao bdi ap dung

luat.

— status = 2 néu phan t1it thuoc vé LHS va bi x6a bdéi ap dung luat.
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Sb Objectdiagram 7 o‘er
N
4 GS G¢ GT
sl cLcoT | dTabe | 0 ___ A
TS name="name1" C2T_Class - C2T_Table [pame=namet’ - ,-—NACTL )
: NAC | isTranslated=true status=0 I >
attrs2atis S SR isTranslated=true | | |__pkey2pkey |
l' N I status=-2
i status=-2 K \ ~| isTranslated=true
| |isTranslated=true | 7 \ pkey1:pkey E
! ; atistattrs status=1 ! ! >—m
1 = isTranslated=false
s3:Attribute I status=1 I - ‘
n | nderreg |attes! | | isTranslated=false ~{. | [ |
T _< - name=\ allrs, NE | name=Undefined | |
datatype=Undefined I 9 2= ! =Undefined 1
o \ |is_primary=true ! colsticols  [eols pkey tsyt:teus=.2 ,
4 status=1 [ i
| | status=-2 ) it ol \ isTranslated=true | ,
\ |isTranslated=true | # sTranslated=false i i
e T X
I T gy (PR I ———— N o A |
: 12:Column
name='name2’ 2-A2C
datatype=type1® | A2C_Altribule = A2C_Column | name="name2'
is_primary=true i type="typet'
SEie isTranslated=false status=1
isTran;lated=faIse isTranslated=false
k <

Hinh 2.3: Luat PriAttribute2Column khai bao trong dac ta TCAMT

— status = 3 néu cac phan ti thuoc vé LHS nhung c6 thuoc tinh dudc
cap nhat (thay d6i) trong RHS do 4p dung luat.

— status = —1 néu phan tit xuat hién trong cac mau tich cyc (postitive
pattern) trén tién diéu kién, hau diéu kién va bat bién chuyén.

— status = —2 néu phan ti dugc biéu dién trong cdc mau pht dinh
(negative pattern) trén tién dicu kien, hau diéu kién va bat bién chuyén,

hosic diéu kieén 4p dung phu dinh ciia luat (NAC).
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2.3.3 Phan tich dic ta chuyén

2.4 Thuec thi cic cam két ctia diac ta chuyén TC4MT

2.4.1 Bién dich mau tién diéu kién va hau diéu kién

2.4.2 Bién dich cac bat bién phu dinh

2.4.3 Bién dich cac luat chuyén

2.5 Kiém thi¥ huéng dic ti cac bd chuyén déi

mo hinh

Hinh 2.4 tong hop cac cach tiép can duge sit dung dé sinh mo hinh kiém
thit va cau tric cac ham phan xét kiém thit chuyén doi mo hinh trong cac
nghién citu lién quan.

Cau triic phan xét

Sinh m@ hinh kigm kiém thir

thir

———

Phan xét day di Phan xét bd phin

Kigm thi¥ hip tring

Kiém thir hdp den

I_I_I

S0 sanh md hinh
dufa trén ngil phap

Kigm tra cac tinh
chat chung

Kiém tra céc tinh
chat tiy chinh

Dura trén cam k&t . . . - — m—mmmmm e
“ngubn- dich Cam ket nguan Cam két dich S0 sanh md hinh Tinh ket thi | 1 Tinh ding dén vé
dura trén ngit nghia fnih ket thuc ngit phap
| === —_—————— T LTt
1 1 1 1 r 1 . a Tinh bac toan thong!
o 1 L 1! P 1 Tinh hdi ty m tin
Bat bién \ Sigu mé hinh \ Hiu diéu kign 1
' ____ | ____ I [
Tinh bae todn hanh
[ [ [ vi
. 1 1
Luét chuyén : Tién digu kign :
! ! 1
———————————————— . Tinh day do

Hinh 2.4: Phan loai céc cach tiép can kiém thit chuyén déi mo hinh
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2.5.1 Sinh mo hinh kiém th& huéng dic ta
2.5.2 Du doan dau ra kiém thi dua trén dac ta

Kiém thit 1a phuong phap tiép can hieu qua va dé thuc hien dé xac minh
cac thuoc tinh chat lugng chuyén doi mo hinh. Dé xac minh céac thuoc tinh
chat luong chuyén st dung phuong phap kiém thit, luan an dé xuat viec
phan tich diéu kién dam bao cac thuoc tinh chat lugng ciia chuyén 6 miic
do dac ta, tit d6 chi dinh co sé cho viéc cau tric cac ham phat xét kiem thi
danh gia cac thuoc tinh chat luong chuyén. Tity thudc vao thude tinh chét
lugng duge danh giad cac phan xét dau ra ctia kiém thit can dudc lien két
v6i cac bo mo hinh kiém thit dau vao phit hop.

Tinh ding dan vé ngi phap

Definition 5. (Tinh diing din vé ngi phap ciia chuong trinh chuyén
dbi tién). Mot chuyén doi mo hinh MT : L(TG®) = L(TGT) dua trén cic
luat chuyén tién trf la ding ddin vé ci phdp néu: vdi moéi chudi ap dung
chuyén doi tién trf" tw mot mo hinh nguon hop le G (GS e L(TGS),
G® = Ppr) sang mot mo hinh dich GT, thy GT phdi la mo hinh dich hop
le vé ci phap (GT € L(TGT), GT |= Ppo).

Tinh ding din vé ngi nghia

Definition 6. (Tinh ding din vé ngit nghia ciia chuong trinh chuyén
déi tién). Moi chuyén doi mo hinh MT : L(TGS) = L(TGT) dua trén cic
luat chuyén tién la ding din vé ngi nghia néu: vdi moi mo hinh nguon
hop lé G5 € L(TGS) c6 thé chuyén sang mot mo hanh dich GT thong qua
chudi dp dung chuyén doi tién trf™ thi méi thuoc tinh o cia G zdc dinh
trén mién ngit nghia cia ngon ngi L(TGS) cing duge dich sang thudc tinh
§ tuong ting ciia mo hinh dich GT dugc xdc dinh trén mién ngi nghia cia
ngon ngit L(TGT).

Tinh day du

Definition 7. (Tinh day di citia chuong trinh chuyén doi tién). Mot
chuyén doi mo hinh MT : L(TGS) = L(TGT) dua trén cic ludt chuyén tién
trf la day di (completeness) néu vdi moi mo hinh nguon hop le G déu ton

tai mot chuyén doi tién trén G° két thic va tao ra mé hinh dich GT tuong
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wng. Tinh day di manh mé cia chuyén doi tién yéu cau vdi moi mo hinh
dich hop lé GT) deéu ton tai mot mo hinh nguon hop lé G° va chudi dp dung

chuyén tién tr'™ tréen mo G° dé tao ra GT.

Pam bao hanh vi chitc ning chuong trinh chuyén d6i mé hinh

Definition 8. (Tinh két thiic ctia chuong trinh chuyén dai tién) Mot
chuyén doi mo hinh MT : L(TGS) = L(TGT) dua trén cic ludt chuyén tién
trf" la két thic (termination) néu vdi moi mo hinh nguon hop lé G°, mot
chudi luat chuyén doi tién tr¥ cé khd nang dp dung trén G5 thi viéc dp dung
chuyén phdi dat tdi trang thdi hé thong ma ¢ dé khong luat nao cé khd nang
ap dung thém.

Definition 9. (Tinh hdi tu citia chuong trinh chuyén déi tién) Mot
chuyén doi mo hinh MT : L(TGS) = L(TGT) dua trén cic ludt chuyén tién
trf la hoi tu néu vdi moi mo hinh nguon hop lé G5 néu ton tai hai chudi
luat chuyén két thic khdc nhau cé khd ndang dp dung trén né va tao ra hai
mo hinh dich GT va G thi hai mo hinh dich nay phdi tuong dong vdi nhau

(vé cau tric, ngi nghia).

2.6 Danh gia ngén ngit TC4MT

Tuong tu nhu dic td phan mém dién hinh, mot ngon ngit diic ta chuyén
ddi mo hinh dé xudt can gidi quyét ba thach thitc chinh sau: (1) Phuong
tien dién dat tric quan dé hiéu; (2) Kha nang dic ta day du, chinh xac tap
yeu cau; (3) Kha nang tham dinh dugc.

2.7 Tong két chuong

Kiém thit huéng dac td 1a mot cach tiép can kiém thi chuyén doi mo
hinh day htta hen, gitp kiém tht chuyén mot cach c6 hé théng va c6 tinh
dung dung pho quat cao do doc lap véi nén tang cai dit.
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Bang 2.1: So sanh hinh thiic dién dat cic ngon ngit dic ta chuyén
doi mo hinh

thg tién TC4MT Pamomo DSLTrans Deltra TL OCL Tract

.z : (2021) (2011) (2014) (2014) | (2020) | Contract | (2012)
dién dat (2010)
Dy trén chuin MOF x x x x x x x
Duya trén mau thiét k& X x x = X X X
C¢o ngir nghia hinh tnyc X X X X X X
Cé dinh dang vin ban X x x X X
C6 dinh dang 35 thi X x x x

Bang 2.2: So sanh kha nang dién dat cac dic trung ctia chuyén doi

mo hinh
Kha ning dién dat TC4MT Pamomo DSLTrans Deltra TL OCL Tract
(2021) (2011) (2014) (2014) | (2020) | Contract | (2012)
(2010)

Cam két nguén X X X X X X X
Cam két dich x X X x x x X
Cam két quan hé ngudn- x x x x be b4
dich
DBic ta hanh déng thue X X X X X
thi ciia lujt chuyén
Dic ta chuyén hai chiéu X X X X X
Dic ta quan hé ludt X X X




Chuong 3

Kiem th® dé xac minh cac thudc
tinh tuy chinh dva trén dac ta

3.1 Gi6i thigu

Dé sinh tap moé hinh kiém thit cho kiém thit chuyén déi mo hinh, hau
hét cac phuong phap dé xuat diéu chinh k¥ thuat thiét ké ca kiém thit cho

phan mém dé ap dung cho kiém thit chuyén doi mo hinh.
3.2 Cac nghién cttu lién quan

Dé xuét clia luan an vé kiém thit dya trén cac cam tinh ctia dic ta chuyen
(tién diéu kieén, hau diéu kién, bat bién chuyén) lién quan t6i mot sé cach
tiép can dé xuat cho viéc sinh mé hinh kiém thit tu dong, dé xuat cac tieu

chi bao phti kiem thit dé dinh huéng qua trinh lya chon ca kiém thi va cau
trac ham phan xét kiém thit tuong tng.

3.3 Sinh mé hinh kiém thi& dua trén dic ta

3.3.1 Phan tich phan vung tuy dong trén siéu mo6 hinh

Dé phan ving tuong duong khong gian mo hinh héa dinh nghia béi sieu

mo6 hinh, cach tiép can chung 1a phan tich cau tric clia siéu mo hinh de tim

16
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Bang 3.1: Gia tri dai dién cho cac dau lien két

Multiplicity property | Representative values
0 0

1 1

0..1 0,1

0.* 0,1,[>1]

1.* 1,2,[>2]

N..* N, N+1, [> (N+1)]

N..M N, N+1, M-1, M

cac phan tit phan vung va chi dinh cac gia tri dai dién phan vung.

Definition 10. Phan vung (Partition) Mot phan ving cia tap phan ti
la mot tap hop gom n gidi gid tri Ay, As, ... A, sao cho Ay, As, ... A, la khong
giao nhawu va hop cia cdc gidi gid tri nay ta duge tap ban dau. Nhiing tap
con nay dugc goi la ddi (Range).

3.3.2 Két hop phan ving véi cic cam két chuyén doi mo
hinh

Nhu da trinh bay trong Chuong 2, cac cam két trong dic ta chuyéen co
thé dugc bien dich sang cac biéu thitc OCL nhi phan. Do dé c6 thé st dung
cac biéu thiic nay nhu cac biéu thitc phan ving dé lya chon moé hinh kiém
thit tren tap mo hinh dau vao ctia chuyén doi mo hinh. Viec biéu dién nhat
quéan céc biéu thic phan ving thu duge tit dic ta va cau tric sieu mo hinh
cho phép tim kiém pham vi sinh mo hinh kiém thtt tu dong véi kich thudc
hop 1§ nhu ¢ hinh minh hoa sau.

(@) {b)

|c1 (Clazs | | cl:Class |

parertClass

childClass| parertClass]

childClass childClass childClass

f \
cZClass
i h ~, childClass
eh "dc'as?’ chid®ass
parentClass - . ;
childClazd c2Class | |E3:Class | |cdClass
c2.Class

Hinh 3.1: Cac mé hinh dau vao hop 1é ctia bo chuyén doi mo hinh
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3.3.3 Cac tiéu chi kiém thit bao pht dua trén siéu mo hinh

hiéu qua

C6 hai chién luge kiém thit cho phan mém néi chung va cho cac b chuyen
ddi mo6 hinh néi rieng 1a: kiém thit tich cyc (positive testing) va kiém thit
tieu cuc (negative testing). Trong khi cac bo ca kiém thtt tich ciic thudng
dudc stt dung dé kiém tra cac khia canh khac nhau ctia tinh ding dan (ding
dan veé ngit phap, dung dan vé ngit nghia bao gom bdo toan thong tin tinh
va bao toan hanh vi) thi cic bo ca kiém thit tieu cyc thusng dude st dung

dé kiém tra céc ngoai 1¢ clia chuong trinh.

Cho muc dich sinh cac bo ca kiém thit kiém tra ngoai 1é ctia bo chuyen
d6i mo hinh, luan an dé xudt phan tich cac cam két tién diéu kieén pht dinh
nhu 1a co s6 kiém thit. Luan 4n dé xuat cac tiéu chi bao pht kiém thit tap
phan ving khong hgp 1é ctia dau vao bo chuyén ddi mo hinh nhu sau: (1)
Phu tién dieéu kien don; (2) Phu cip tien dieu kién.

Cho muc dich sinh cac bo ca kiém thit kiém tra tinh ding dan ctia bo
chuyén déi mo hinh, luan 4n dé xuét phan tich cac mau phan ving trén sieu
mo6 hinh, mau ngudn trong cam két nguon-dich lam co sé kiém thtt. Luan
4n dé xuat cic tiéu chi bao phi kiém thit sau: (3) Phtt viing; (4) Phii phan
vung; (5) Phu thuoc tinh 16p; (6) Phit bat bién.

3.4 CAu tric ham phan xét kiém thi

Kiém tra tinh dang din vé ngit phap cta bd chuyén doi mé
hinh Dé kiém tra tinh ding din vé ngit phap luan an dé xuat st dung tap
mo hinh kiém thit dugc thiét ké theo chién luge kiem thit khang dinh va

dau ra mong doi dudc cau tric nhu ham phan xét kiém thit sau.
O1(mtout, Ppp): Boolean is
do
result:=mtout.satisfies(V p | p € Ppo A p.type = negative )

end
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Kiém tra tinh day da ctia bd chuyén doi mé hinh
Dé kiém tra tinh day du luan 4n dé xuét st dung tap mo hinh kiém thi
dugc thiets ké theo chién luge kiém thit phit dinh va ham phan xét kiem thi
tuong tir nhu danh gia tinh dang dan vé ngit phap.

Kiém tra tinh dam bao toan théng tin ctia bo chuyén déi mé

hinh

Tinh bdo toan thong tin tinh lien quan tdéi cam két nguon - dich, luan
an de xuat sit dung tap mo hinh kiém thtt bao phti bat bién va luat chuyén

va ham phan xét kiém thtt dugc cau tric nhu sau.
O2(mtout, mt, pr): Boolean is
do
result:=mt.satisfies(p® ) and mtout.satisfies(p™)
end

Cho mot bat bién tich cyc, mau nguon va mau dich ctia n6é duge dich
sang biéu thitc phan loai nhi phan tuong tng la p°, pT, ta c6 ham phan xét
kiém tht O2 v6i tham s6 1a mo hinh kiém thit dau vao mt, dau ra thuc su

mtout va bat bién p; chita mau nguon p°, mau dich p’.

3.5 Tong két chuong

Phan tich cac mau do thi trén mo hinh nguon dua trén phan tich dic ta
chuyén va siéu mo hinh cé thé gitp cau tric bo ca kiém thit kiém tra mot

s6 thuoc tinh chat lugng ctia chuyén doi mo hinh.



Chuong 4

Kiem thit dua trén phan tich tap

luat chuyéen doi mo hinh

4.1 Gid6i thiéu
4.2 Phan tich quan hé phu thudc luat

Definition 11. (Produce-Use (PU))
Definition 12. (Delete-Use (DU))
Definition 13. (Produce-Forbid (PF))
Definition 14. (Delete-Forbid (DF))
Definition 15. (DPoc lap song song)
Definition 16. (Phu thudc tuan ty)

Definition 17. (D6c lap tuan ty gitta hai cip chuyén doi truc tiép)

20
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Thuéat toan 4.1 Tim kiém chudi luat tiém ning c6 kha ning ap dung

Dau vao: TR = (trf, trf', ..., trI') tap cac luat chuyén tién
t(t > 2) bién s6 nguyén chi dinh chidu dai chudi luat
SI tap cac chudi luat théa man bao phi (¢ — 1), mdi chudi luat si € SI bao gom
(t — 1) luat c6 thu tu.
PI: mot tap cac cap luat doc lap song song
SD: tap cac cip luat phu thude tuan ty
Dau ra : SO: tap chudi 4p dung luat tiém ning c6 kha niang 4p dung, mdi chudi luat bao gdm
t luat c6 tha ty
Khéi tao: SO =@ ;

2 while SI /= @ do

© ® I o

11

12
13

si < lay ra mot si tit SI;
foreach cdp phu thuoc tuan ty sd = (triF , tryF ) € SD do
if tr" € si and NA Cirr = @ then
50 <+ tao mot chudi luat mdéi so,
so = si.add(tr]")
SO = SO U{so}
end if
end foreach
end while
foreach rule sequence so € SO do
if so.including(tr] — trf,,) and (tr}",trf |) € PI then
s < tao mot chudi luat mdi s,
s = so.replace(tr] — trfy trf, — tr]) SO = SO U {s}
end if
end foreach

4.3 Sinh mé hinh kiém th& dua trén quan hé phu

thudc luat

4.4 CéAu tric ham phan xét kiem thi kiem dua
trén phan tich tap luat

Kiém tra tinh ding din vé ngit phap va tinh day du.
Kiém tra tinh bao toan thong tin.
Kiém tra tinh hoi tu va tinh két thic.

Kiém tra tinh bao toan hanh vi.
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4.5 Cac nghién citu lién quan

Dé xuat ctia luan an vé viéc phan tich tap luat chuyén cho muc dich
kiém thit chuyén lien quan t6i mot s6 huéng nghien citu chinh nhu: phan
tich quan hé gitta cac luat chuyén, kiém thit chuyén doéi mo hinh dya trén
dac tad TGG.

4.6 Toéng két chuong

Phan tich dac ta luat TGGs 1a mot cach tiép can day dita hen cho viéc
sinh cac truong hop kiém thit chuyén déi mo hinh.



Chuong 5

Thuc nghiém va danh gia thuc nghiém

5.1 Gi6i thidu

5.2 Coéng cu hé trg

el B ! poommsmmommooooon :
i Transformation | Source and target | | g e .
: contracts 11 metamodels | i Test report :<:: | Confieuration files
--------- Sl e B [T, (IIT) Test bench ontiguration 955
prommmemesemeeee ; (SUT + SAT Solver) | | (mappingfile,
| Quality report | property file) |

(I) TCAMT Specification Tool @
(USE editor) | el L .

Oracle Specification

SourceCTs | | i : TargetCTs i

(II) Test Generator
(Static analyze + EMF Acceleo project)

f i

Transformation
Quality

Test criterion

; | Predefined W
i ! Input/output flow
' ____1 Input/output data requirement l:" = P P '

G_\Iulli—docwnent I:I Component ___,,  Referto

Hinh 5.1: Cac thanh phan ctia khung cong viec TC4MT
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Bang 5.1: Kich thuéc cac vi du chuyén

Ciu hinh cai dat | PRE POST | INV Rule Rule+helper
chuyén S 0 | O | ®RIL) (ATL)
CD2IRDEM 5 3 2 7 7
BibTeX2DocBook 4 3 2 6 4]
Families2Person 2 2 0 4 3
EBPMNIPetrinet 2 2 0 12 12

5.3 Két qua thuc nghiém

Tinh hgp ly cia cac bo thit nghiém da tao

Cac tiéu chi bao phii kiem thtt dya trén phan tich tap luat dat t6i mic

do bao pht cao.

Phan tich dot bién va tinh day du

Bang 5.2: S6 lugng dot bién ctia hai vi du chuyén

Sd dot bién Navigation lf;];f;: ;:I;Eﬁn Creation ggtnl%igi
CDIRDEM_RTL 9 28 21 58
CD2ZRDEM_ATL 9 32 21 62
BibTeX2DocBook RTL & 12 7 23
BibTeX2DocBook ATL 6 12 7 25
Families2Person RTL 12 16 4 32
Families2Person ATL 12 20 4 36
BPMN2Petrinet RTL 13 36 20 69
BPMNIPetrinet ATL 13 32 24 69
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Bang 5.3: Két qua phan tich diém dot bién cho tap mé hinh kiém
thit kiém tra céc tinh chat tuy chinh

Téng s6 | allNP | 2-way | allR(%) | allP allC alll

dgtbien | o5y | (%) (%) (%) (%)
CD2ZRDEM _RTL 58 0.90 090 0.0 090 090 090
BibTeX2DocBook RTL 23 0.24 0.54 0.72 0.80 0.80 072
Families2Person RTL 32 0.81 0.81 073 075 075 075
BPMN2Petrinet RTL a9 0.62 0.62 0.63 0.70 0.70 0.65

Bang 5.4: Két qua phan tich diéem dot bién cho tap mo hinh kiém
thit kiem tra céc tinh chat chung

Tong s6 | alINP | 2-way | allR(%) | allP allC alll

dgtbien | (o) | (%) (%) (%) (%)
CDZRDEM_RTL 58 0.90 0.20 0.90 0.90 0.20 0.90
BibTeX2DwocBook RTL 25 0.84 0.84 072 0.80 080 072
Families2Person_RTL 32 0.81 0.81 073 075 075 075
BPMN2Petrinet RTL a9 0.62 0.62 0.63 0.70 0.70 0.65

5.4 Tong két chuong



KET LUAN VA HUGNG PHAT
TRIEN

Cac dong goép cua luan an

Cac dong gop chinh clia luan an duge té6m tat nhu sau;

1. Dé xuat mot ngon ngit dic ta chuyén doi moé hinh

2. Phat trién ki thuat vi cong cu hd trg sinh tu dong cac moé hinh dich

va nguon dira vao dac ta

3. Dé xuat phuong phép phan tich dac ta hinh thic cia chuyen ddi mo
hinh, mét cach doc lap v6i ngon ngit cai dat.

4. Luan an dé xuat st dung phuong phap phan tich dot bién dé danh gia
chat luong bo ca kiém thit duge sinh theo céc khia canh vé tinh kha
dung v vé tinh hiéu qua trong viéc phat hién sai sot.

Hudéng phat trién

Trong muc nay, luan an thio luan vé mot s6 han ché va nhitng dé xuat

céi tién nghién cttu md rong trong tuong lai duge xem xét.
M@ rong dac ta TC4MT.
Phat trién chuyén huéng dac ta.
Kiém tra tinh chit bao toan hanh vi déng.

Cai tién kha niang tu dong héa ctia framework.
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