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Chuong 1

Gi6i thicu

1.1 Dat van de

Tai cau tric (Refactoring) “la tién trinh thay doi cau tric bén trong (internal struc-
ture) ctia hé thong phan meém ma khong lam dnh hudng dén hanh vi bén ngoai (external
behavior) ciia né. Thuc hien tai cau tric trén cdc hé thong phan mém cho phép ngudi
phat trién c6 mot kién tric chic chin, tit d6 dé dang bao tri hé théng. Tuy nhién, tién
trinh nay c6 thé tieu tén nhiéu thoi gian va dé& phat sinh 161 néu ngudi phét trién khong
tuan thit mot cach nghiém ngat cac quy trinh va tiéu chudn phét trién phan mém. Bai
toan kiém ching tinh nhat qudn gitta hé thong phan mém ban dau va phién bin tdi cdu
tric cia noé 1a diéu kién can, gitp danh gia do tin ciy clia tién trinh tai cau tric va la
co 56 cho cac hoat dong cai thién chat lugng phan mém sau nay.

Céc cong trinh nghién cttu vé kiém chitng tinh nhat quan ciia hé théng phan mém
trong tién trinh tai cau tric rat da dang véi nhiéu cach tiép can khac nhau. Trong pham
vi nghién citu, luan an chi tap trung dén hai van dé chinh dang thu hit duge nhiéu sy
quan tam la: (1) ddc td4 heé thong phan mém clung véi cac rang clia né bang phuong
phép hinh thiic; (2) kiém ching st bdo toan vé bat bién, hanh vi v& cong cu hd trg kiém
chitng trong cau trtc hé thong phan mém.

Mot s6 nghién citu chuyén sau khao sat vé linh vire tai cau tric hé thong phan mém,
dic biet 1a cac nghien citu thuc hién kiém ching tinh nhat quéan ctia cac hé thdng phan
mém trong tién trinh nay. C6 hai huéng tiép can nhan dude sy quan tam ctia nhiéu nha
nghién citu: (1) hudng tiép can sit dung cic khang dinh (assertion) dé biéu dién hanh vi
ctia hé thong (bao gom bat bién, tién/hau diéu kién); (2) huéng thit hai la st dung bién
ddi mo hinh (model transformation). Cu thé, cac nghién citu vé bai toan kiém chiing
tinh nhat quan trong tai cau tric duge chia thanh ba van dé chinh sau:

— Kiém tra su bdo toan vé bat bién ctia hé théng trong tién trinh tai ciu tric
(Invariants Preservation). Phuong phap dé xuat clia ho dya trén ki thuat bién ddi
do thi vé6i viec biéu dién mo6 hinh phan mém bing UML va ngon ngit OCL dé biéu
dién céc bat bién. Chua c6 nghién ctiu nao thyc sy di sau vao kiém tra st bao toan
vé bat bién tren biéu do 16p.

— Kiém tra su bao toan vé hanh vi ciia hé théng trong tién trinh tai ciu tric he
théng phan mém (Behaviors Preservation). Céc nghién citu chuyén sau vé kiém
tra su bdo toan hanh vi ciia he thong phan mém (trong céc giai doan thiét ké va
cai dit) thuong biéu dién hanh vi cia he thong bing cac khing dinh (assertions).
Cac nghién citu nay kiém chiing tinh nhat quan chii yéu & giai doan ma ngudn,
hoiic kiém tra su nhat quan gitta cac giai khac nhau clia tién trinh phét trién phan
mém (giai doan thiét ké véi giai doan cai dat ma nguon).

— Cong cu hd trg kiém tra tinh nhat quan ctia hé théng trong tién trinh tai cau tric
(Tool supports for Checking Consistency). Cac cong cu hd trg cho tién trinh téi
cau trac hé thong phan mém duge chia thanh hai loai chinh: (i) tim kiém vi tri
tai cau trac va (ii) thuc hien tai cau tric. Tuy nhién, hau hét cac cong cu nay déu
roi vao loai thit nhat va chua c6 su xem xét dén van dé bao toan hanh vi ctia hé
thong sau tién trinh tai ciu tric.



Céc cong trinh nghién cttu vé kiém chitng tinh nhat quan ciia hé théng phan mém
trong tién trinh tai cau tric c6 tinh chat da dang cd vé phuong phap va ky thuat dugc
st dung. Giai quyét bai toan nay 1 tim 18i gidi dap cho cau hoi “Hé thong trude va sau
khi tdi cau tric cé nhat qudn vdi nhau hay khong 2. Bai toan nay cé dit lieu dau vao
bao gom: (i) hé thong ban dau (initial system) cuing v6i phién bén tai cau tric ctia n6
(evolution system) va (ii) cdc rang budc vé bat bién cia l6p va hanh vi cia hé thong. Dt
lieu dau ra la cac két qua thong bao mic do nhat quan gitta cac hé thong trude va sau
khi tai cau truc.

1.2 Cac két qua chinh ctia luan an

Cac két qua nghién citu clia luan 4n gép phan bd sung va hoan thién céc phuong
phap kiém chitng tinh nhat quan trong tai cau tric hé théng phan mém. Cu thé, luan
an c6 boén déng gép chinh sau:

— Dé zuat phuong phap kiém chiing tinh bat bién trong tai cAu tric mo hinh phan
mem.

— Dé zudt phuong phdp kiém ching su bdo toan hanh vi trong tai cau tric hé théng
phan mém.

— Xay dung cong cu CVT hd trg kiém chiing st bio toan hanh vi trong tai cau tric
mo6 hinh phan mém.

— Minh hoa cic phuwong phdp dé xuat tren vi du vé Hé théng diéu khién giao thong
duong bo ARTC.

Vé géc nhin Ui thuyét, luan an dé xuat cac phuong phap kiém chitng tinh nhat quan
bao phti trén cac rang budc vé bat bién ciia ldp va hanh vi cia hé thong, xuyén sudt tit
giai doan thiét ké dén giai doan cai dait trong chu trinh phét trién phan mém. Vé géc
nhin thuc hanh, luan an ciing xay dung dude cong cu CVT hd trg kiém chiing tinh nhat
quan trong tai ciu tric mo6 hinh phan mém. Nhu vay, cac két qua nghién citu clia luan
an thé hien dugc tinh théng nhat vé mat 1y thuyét, dong thoi kha thi vé mat thyc hanh.
Muyc tiéu cudi cling ctia luan an 1a xay dyng gidi phap tuong doéi hoan chinh cho bai
toan kiém chitng tinh nhat quan trong tai cau tric hé thong phan mém.

1.3 B0 cuc cua luan an

Luan an “Mot s6 phuong phdp kiém chiing cdc hé thong hudng doi tuong” bao gdom
sau chuong. Trong d6, Chuong 1 trinh bay bai todn ma luan an sé nghién cttu, Chuong 2
trinh bay mot cach tém tat cac huéng nghién ctu chinh ctia bai toan kiém chitng tinh
nhét quan trong tai cau tric. Chuong 3 dé xuat phuong phéap kiém chiing cac rang buoc
vé bat bién trong tai cau tric biéu dd 16p. Chuong 4 dé xuat phuong phap kiém chiing
sut bao toan vé hanh vi trong tai cau tric hé théng phan mém. Cong cu hd trg kiém
chitng dugce trinh bay 6 Chuong 5. Cudi cuing, Chuong 6 13 két luan va cdc huéng nghién
cttu tiép theo ctia luan an.



Chuong 2

KIEN THUC CO SG

2.1 Tai ciu tric

Tai cau tric (refactoring) “la tién trinh thay doi hé thong phan mém theo cich khong
lam thay doi hanh vi bén ngoai (external behavior) ciia hé thong nhung lai cdi thién dugc
cau tric bén trong (internal structure) ciia no”. Y tudng chinh cta tai ciu tric 1a phan
bb lai cac 16p (classes), cac thuoc tinh (attributes) va cac phuong thiic (methods) thong
qua moi quan hé phan cap gitta cdc thanh phan ctia hé thong.

2.2 MaAau thiét ké

“Moi mau thiét ké mo ta mot van dé xdy ra nhiéu hon va nhiéu hon nita trong moi
truong ciia ching ta va sau dé né mo td cdc gidi phdp chinh dé zi ly van dé dé, theo
cdch ma ban c6 thé st dung lai gidi phdp nay cd triéu lan”. Cac mau thiét ké cung cap
mot khuon mau chung dé gidi quyét né cac van dé co tinh chat thusng xuyen (lap di
lap lai) trong qua trinh st dung phan mém. N6i cdch khac, mau thiét ké cung cap giai
phap cho cac van dé thiét ké phd bién thudng gip trong lap trinh, cu thé 1a cac van dé
vé ké thira va tuong tac néi chung. Mau thiét ké khong sit dung dé xit Iy cac van dé vé
kién tric tong thé trong quy mo 16n ciia toan bo moé hinh phan mém.

Mau Strategy “Dinh nghia mot tdp hop cdc thudt todn, dong géi ching thanh tiung
logi va ¢6 thé hodn doi cho nhau”. Mau Strategy thuc thi cac thuat toan mot cach linh
hoat, tity thuoc vio ngit canh cu thé. Y nghia thyc su clia Strategy 1a tdch roi phan xi
Iy mot chiic ning ra khéi déi tuong. Sau do tao ra mot tap hop cdc thuat todn dé xi
Iy chitc ning d6 va cho phép Iya chon thuat toan ding din nhat khi thyc thi chuong
trinh. Mau Strategy thuong dudc sit dung dé thay thé cho sy ké thira, khi mudn cham
dit viec theo dai va chinh stta mot chitc niang qua nhiéu 16p con.

<<Interface>>
Context

IStrate,
-strategy: [Strategy i

+someMethods(): type

+algorithm(): type

ConcreteStrategy1 ConcreteStrategy2| [ConcreteStrategy3
+algorithm(): type +algorithm(): type +algorithm(): type

Hinh 2.1: MAu thiét ké Strategy.

Mau Strategy bao gom cac thanh phan sau:

— IStrategy: Giao dién (Interface) dugc chia sé giita cac 16p con cu thé trong ho céc
thuat toan. Lop Context st dung giao dién dé goi dén cac thuat toan da duge dinh
nghia trong céc 16p con;

— ConcreteStrategy: Noi cac thuat toan dude cai dat cu thé;



— Contest: Lép ding dé tham chiéu dén kiéu ISstrategy. Trong mot sb trudng hap,
Context c6 thé cai dit cac phuong thitc, béi vay cac 16p ConcreteStrategy cé thé
truy cap dén cac dit lieu nay.

Su hop tac gitta cAc thanh phan trong mau Strategy:

— IStrategy va Context tuong tac dé thuc hién viec lya chon céc thuat toan. Mot
Context c6 thé truyén tat ca cac dit lieu can thiét bing cac thuat toan dén IStrategy.
Ngoai ra, Context c6 thé truyén chinh né nhu 1a mot déi s6 cho cac hoat dong clia
IStrategy. Diéu do6 cho phép IStrategy goi lai Contest khi can thiét;

— Mot Contert chuyén tiép yéu cau tit may khach (client) dén cac IStrategy ctia noé.
May khach thuong tao va truyén doi tugng ConcreteStrategy dén Context; sau do,
no tuong tac riéng véi Contexrt. Thuong ¢6 mot gia dinh cac 16p ConcreteStrategy
dé méay khach lya chon.

Uu diém ciia viec sit dung mau Strategy 13 déng goéi cac thuat toan trong céc 16p
riéng biét, diéu nay sé lam cho viéc st dung lai ma duge thuan tién hon nhiéu va do do,
hanh vi ctia 16p Context c6 thé thay déi mot cach linh hoat tai thoi diém chay chuong
trinh.



Chuong 3

Kiém chitng tinh bat bién trong tai cau tric mé
hinh

3.1 Giéi thicu

Tai cau tric thuc hién trén biéu dd 16p ciia UML ducng nhién sé c6 anh huéng triyc
tiép len ciu tric va céc rang buoc bat bién ciia né. Cac nha phat trién phan mém can
phéi kiém soat va tac dong dé cé duge sy thay doi nhu mong mudn . Chuong nay, luan
an dé xuat phuong phap kiém chiing tinh nhat quan trong tai cau tric biéu do 16p theo
cach bao toan cac bat bién clia no.

Bit bién ciia ldp (class invariants) duge dinh nghia nhu cac khang dinh (assertions),
biéu dién cho cac diéu kien rang buoc trén cac thudc tinh cia 16p. Céac diéu kién nay
phai dude théa man béi bat ky thé hien nao ctia 16p.

Y tudng chinh ctia phuong phép kiém ching tinh bat bién trong tai ciu tric biéu
dd 16p 1a (1) dac t& mot cach hinh thiic biéu do 16p cling v6i bat bién clia né, (2) dinh
nghia mau (template) dé mo ta cac phép toan tai ciu tric va (3) xay dung cac luat 4p
dung déi vdi ting phép toan tai sao cho phién ban tai cAu tric van thoéa cac rang budc
bat bién trén mo hinh ban dau. Déng gop chinh ciia chuong nay 1a dé xuat mau mo ta
phép toan va tich hop cac rang budc vé bat bién trong mo hinh phan mém.

3.2 Phuong phiap bao toan tinh bit bién trong tai ciu tric biéu do
16p cia UML

3.2.1 Mo hinh héa bidu db 16p trong UML

Dinh nghia 3.1 (Biéu do 16p trong UML). Mot biéu do ldp dugc biéu dién bdi mot bo
-2CD = (2¢,%4), trong dé ¢ la tap hop cac 16p va X4 la tap hop cdc lien két gitia
cac ldp.

Dinh nghia 3.2 (Lép). Mot Iép C € X¢ duge biéu dién bdi bo - 3 C = (N¢, Mo, Ac),
trong do N¢ la tén cia l0p, Mc la tap hop cdac phuong thic va Ac la tap hop cdc thuoc
tinh.

Dinh nghia 3.3 (Phuong thic). Mot phuong thic mi, € Mo duge biéu dién bdi bo -
3 m’c = <N1%40’ P}VIC, f\/[c>, trong do N]@O la tén cua phuong thic, P}% la danh sdch
tham s6 va R?\dc la kiéu ciia phuong thic.

Dinh nghia 3.4 (Thuoc tinh). Mot thuoc tinh al, € Ac dude bieu dién bdi bo - 3
aé = <lec, TjC,PilC>, trong do Njc la tén cia phuong thic, Tﬁli la kiéu cia thuoc
tinh va Pﬁlc la biéu thic logic vi tit biéu dién cho cdc rang budc trén thudc tinh nay.
Dinh nghia 3.5 (Bat bién ctia 16p). Bat bién cia I6p C, ky hiéu la INV ¢, duge zdc

dinh bdi su két hop cila cdc biéu thic logic vy tw biéu dién cho rang budc trén cdc thuodc
tinh ctia lop.



Gid s, Pﬁlc biéu thic logic vi tw biéu dién rang budc trén thudc tinh aév € A¢ (trong
truong hop thuoc tinh ay khong cé rang budc, gid tri cia biéu thic Pilc sé dugc gan la
diing (true)) va ki hieu | Ac |= n (luc lugng ciia tap hop Ac). Khi dé, bat bién cia lop
C dugc mo ta bdi cong thic sau day:

INVe = N, i

Dinh nghia 3.6 (Lién két). Lién két as € ¥4 dugc biéu dién bdi bo - 3 as = (Nus, Eus, s Fus, ),
trong dé Ny la tén cia lién két, Eosy s Bas, la mau lien két 1 va mau lién két 2.

Dinh nghia 3.7 (Su tuong duong vé ngit nghia ctia hai phuong thic). Cho cap phuong
thic mé va mﬁj, trong do m’o € Mg va m]D € Mp. Khz' do, _mio va m% duge goi la tuong
duong vé mat ng@ nghia va biéu thi bdi biéu thic M}, = M}, néu va chi néu:

NX/[C = NJJQD // trang tén
P =Py, //trung danh sdch tham sé
wac = Ri\/A,D //trung kiéu tra vé

Khi d6 McUMp dugce phan chia thanh cdc ldp tuong duong va biéu dién la Mep =
{ng}, g day:

o m; € Mc
m};,mgemg[)@ m%GMD
=] J

My = My,

Chiing toi ky hieu phuong thiic m?, trong tap M va khong thuoc bat ky tap mg D
nao bang biéu thic Mo \ M¢ p.

Dinh nghia 3.8 (Cip thuoc tinh c6 thé két hap). Cho cdp thudc tinh aév va a{), trong
do aé € Ao va a%) € Ap. aic va aﬁ) dugc goi la ¢6 thé két hop va biéu thi bing biéu thic
Aic ~ AJD néu va chi néu:

leD = NﬁlD //trung tén
Ty, =T, //tring kiéu thugc tinh
0 day Pﬁlc va PQD 6 thé tuong duong hodc khong tuong duong.

Khi d6 AcUAp dugc phan chia thanh cdc ldp cé thé két hop va biéu thi bdi Ac p = {ag Dt
trong do:

aéEAC

i i ]
ag, ap € ag p < aj, € Ap
P o~ AJ
AC'_AD

Ching toi ky higu a}, trong tap hop A nhung khong thuoc vé bat ky tap hop Algy’D
nao bdi biéu thic A¢ \ A¢ p.



Bang 3.1: Mau ctia phép toan tai cau tric

Dinh danh Dién giai

Tén M5 ta tén ctia phép toan tai cau tric

M5 t& tinh hudng phd bién nén ap dung phép toan tai

Tinh hudng 4p dung cAu trfic nay

M5 hinh khéi dau M5 ta thong tin vé mo hinh khdéi dau

M5 t4 théng tin vé mé hinh sau khi 4p dung phép toan

Mo hinh tién héa . p
tal cau truc

Biéu dién bing UML Biéu dién phép toan bing cac ky phap trong UML

c
- ai: type 1
- az: type 2
+ mi(): type 1°' E
+ ma2(): type 2"
- al: type 1
T [:j) - a2: type 2
- a3: type 3
D - ad: type 4
+ ml(): type 1°'
- a3: type 3 + m2(): type 2'
DAt type 4 +m3(): type 3'
+ m3(): type 3' + m4(): type 4'
+ md4(): type 4°'

Hinh 3.1: Phép toan téi ciu tric Folding.

3.2.2 Xay dung tap luat ap dung trong tai ciu tric biéu dé 16p ctia mo hinh
UML

Dinh nghia 3.9 (Tién trinh tai ciu trac). Mot tién trinh tdi cau tric R dudc biéu dién
nhu sau:

OPNamf: M/
trong dé M va M’ tuong ing la cac mo hinh khdi dau va mo hanh tién héa, OPnome la
dinh danh cia phép todn tdi cau tric dudc dp dung.

Dé tao diéu kién cho qué trinh thuc thi cac phép toan tai ciu trac, luan an dinh
nghia mau ctia mdi phép toan nhu trong Bang 3.1. Sau day, luan an trinh bay lan lugt
tung luat 4p dung ddi v6i mdi phép toan Folding, Abstraction, Composition, Factoring
va Unfolding trong qué trinh tai ciu tric trén biéu do 16p.

3.2.2.1 Phép toan: Folding

e Teén goi: Folding
e Tinh huéng 4p dung:
— Thanh phan: 2 16p C va D c6 mbi quan hé ké thita truc tiép;
— Muc dich: gidm mtc do phan cap trong mo hinh;
— Thuyec thi: két hop 2 16p C' va D dé thanh 16p méi E, 16p nay chita dyng hanh
vi va thuoc tinh ciia ca hai 16p ban dau.
e Mo hinh khéi dau M bao gom hai 16p C va D nhu sau:
—16p cosé C = <N0,M07A0>;



E
c - al: type 1
- a2: type 2
- al: type 1 + ml(): type 1°'
- a2: type 2 + m2(): type 2°'
- a3: type 3
- ad: type 4 |:> T
+ ml(): type 1° cr
+ m2(): type 2"
+ m3(): type 3' - a3: type 3
+mi(: type 4° .2t type 4
+ m3(): type 3
+ md4(): type 4'

Hinh 3.2: Phép toan tai cau tric Abstraction.

x* Mo = {mlc,m%, e mg},
x Ao = {a}), QQC, ey agf};
x INVo = /\;”Zlelc, trong do P}AC la biéu thiic logic vi tit biéu dién rang budc
trén thuodc tinh aé.
— 16p dan xuat D = (Np, Mp, Ap) dugc ké thita tric tiép ti l6p C;
x Mp = {mp,m3, ..., mh};
x Ap = {a}), al%, e aj%};
x INVp = g=lpfilp’ trong doé PilD 14 biéu thiic logic vi tit biéu dién cho céc
rang budc trén thudc tinh ag.
- Dit Mg p={md p}va|Mgpl|=k (0<k<min (n,p))
- Dit Ag,p ={ag p}va | Acp|=h (0<h<min (m, q))
— Diéu kién ban dau dé thyc hién phép toan nay la cac tap hop Mo p = @ va
.AQD = .
e Mo hinh tién héa M’ chi bao gom mot 16p E nhu sau:
— 16p E = (Ng, Mg, Ag).
x* Mp = McUMp
x Ag = AcUAp
x INVg = /\?:ngle, trong do P,ZE biéu thtic logic vi tit biéu dién rang buodc
trén thuoc tinh a}é, va:

i PR
Pil :{PAC neu ay € Ao
E 7 A 7
PAD neu ay € Ap

e Biéu dién bing UML: Phép toan Folding dugc minh hoa nhu trong Hinh 3.1.

3.2.2.2 Phép toan: Abstraction

e Tén goi: Abstraction
e Tinh huéng ap dung:

— Thanh phan: 16p C bao gom danh sich dai cidc thugce tinh va phuong thic, dieu
nay gay kho khan cho cac hoat dong st dung lai;

— Muc dich: tao lap mot quan hé phan cip mdi trong mo hinh;

— Thuyec thi: tao 1ap mdt 16p co sé méi F ¢6 hanh vi tritu tugng héa hon so véi 16p
ban dau, sau d6 xac dinh 16p C’ l1a cac thanh phan con lai ctia 16p C sau khi
da trich loc cac thudc tinh va phuong thiic sang 16p E, kién tao moi quan hé ké
thita tric tiép gitta 16p co sé E va 16p dan xuat C'.

e Mo hinh khéi dau M bao gom mot 16p C:
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(]
- al: type 1
- aZ: type 2
- a3: type 3
+ ml(): type 1°' E
+ m2(): type 2°' - al: type 1
+ m3(): type 37 - aZ: type 2
[:i> - a3: type 3
- ad4: type 4
b + ml(): type 1°'
- al: type 1 + m2(): type 27
- a2: type 2 + m3(): type 3'
- ad: type 4 + md(): type 4°'
+ ml(): type 1°'
+ m2(): type 2°'
+ md4(): type 4'

Hinh 3.3: Phép toan téi cau tric Composition.

~1l6p C = (N¢,Mc, Ac);

« Mg ={m{,m,..,mb,...m&} (1< p<n). Gidsitring My = {m{, mf, ..., m¥
va M3 = {m’éﬂ, mp+2 m¢;}

x Ao ={a},d%,....al, ..., ac} (1< g<m).
Gia st rang A1 = {aé, a%, . GC} va A = {aq+1 q+27 ag'}

* INVe = NI- 1PA , trong dé PA la rang budc trén thudc tlnh ac
e M5 hinh tién héa M’: khong mat tinh tong quat, gia sit ring tit c cac thudc tinh

va phuong thitc duge dua lén 16p E, duge sap thit tu tuong tng tit 1 dén p, va tit
1 dén k.
L6p co sé E 1a cha ctia 16p €’ va duge xay dyng nhu sau:
—16p E = <NE,ME,AE> trong do:

x Mg = MC = {mc, m%, oy mb}

x Ag —A}J—{ac,ac,...,ag}_ . _

x INVg = /\lePqu, 6 day Py, = P’l“lc la rang buodc trén thudc tinh ay,.
— 16p C' = <NC’7MC”7AC’>7 trong do:

* A4ty‘_'ﬂfé ::{7n +J,.“,ng}

« Aor = A2, = {a‘I“, . al}

* INVor = N[5, "P) _,, sao0 cho Py = P;Cq la rang budc trén thuoc tinh a’,

e Biéu dién bing UML: Phép toan Abstraction dugc minh hoa nhu trong Hinh 3.2.

3.2.2.3 Phép toan: Composition

e Tén goi: Composition
e Tinh huéng ap dung:
— Thanh phan: hai 16p C va D khong c6 moi quan hé ké thita v6i nhau;
— Muc dich: nhém gop cac hanh vi dé loai bé quan hé da thita ké trong mo hinh;
— Thuyec thi: xay dung 16p £ nhém gdp cac thudc tinh ciing nhuv hanh vi cta ca 2
16p C va D.
e M6 hinh khéi dau M:
— 16p C = (N¢, Mg, Ac) bao gom cac dac tinh nhu sau:
x* Mo = {mé,m%, ey mg}
x Ao = {aé, a%, s ag?}
x INVo = AﬁlPﬁc, trong do Pﬁlc biéu dién rang buoc trén thuoc tinh af,
— 16p D = (Np, Mp, Ap) dugc xac dinh nhu sau:
x* Mp = {mb, m%, e mg}



E
- al: type 1
c D - a2: type 2 ,
+ ml(): type 1°'
— al: type 1 - al: type 1 + mZ2(): type 2'
- aZ: type 2 — aZ: type 2
— a3: type 3 - ad4: type 4 [::} T
+ ml(): type 1° + ml(): type 1°
+ m2(): type 27 + m2(): type 2°' o D'
+ m3(): type 3°' + m4(): type 4°'
- a3: type 3 — ad: type 4
+ m3(): type 3' + m4(): type 4°'

Hinh 3.4: Phép toan tai ciu tric Factoring.

x Ap = {all), a%, e a%}
* INVp = _3:1P1’4D, trong do PAD biéu dién rang buoc trén thudc tinh a]ij
- Me,p={mép}va|Mcp|=k0<k<min (n,p))
- Acp = {ag’D} va|Acp|=h (0<h <min (m,q))
-~ Mcgp#09
-~ Acp #9
e Mo hinh tién hoa M’
~16p E = (Ng, Mg, Ag) duge xac dinh nhu sau:
* Mg ={mp: mp € Mc ptU(Mc \ Mc,p)U(Mp \ Mc,p)
* Ap ={ap :ap € Acp}U(Ac \ Ac,p)U(Ap \ Ac,p)
x INVg = /\T;;q_thlE, trong do6 leE biéu dién rang buoc trén thudc tinh af,

va:
, i .
' P;lc \Y PAD n(?u a’ZAE € Acp
Py, = P;lc neu a;lE € (Ac\ Ac.p)
Py neu ay € (Ap \ Ac,p)

e Biéu dién bing UML: Phép toan Composition duge minh hoa nhu trong Hinh 3.3.

3.2.2.4 Phép toan: Factoring

e Tén goi: Factoring
e Tinh huéng 4p dung:

— Thanh phan: 2 16p C va D khong c6 mbi quan hé ké thita véi nhau nhung c6
mot chung mot sé thudc tinh cé thé két hop va phuong thic tuong duong veé
nglt nghia;

— Muc dich: loai bé cac thuoc tinh va phuong thite giong nhau;

— Thue thi: xay dung mot 16p méi E bang céch trich loc cac thudce tinh c6 thé két
hop va cac phuong thitc tuong duong vé mat ngit nghia tit cac 16p C va D, cac
16p C’ va D’ tuong ting 1a phan con lai clia cac 16p C v D sau khi trich chon
cac thuoc tinh va cac phuong thite. Cac 16p C’ va D’ ¢6 mdi quan hé ké thira
tryc tiép tir 16p E.

e Mo hinh khéi dau M:
~16p C = (No, Mo, Ac);
x* Mo = {mlc,m%,...,mg
x Ao = {aé, azc, e ag}
x INVo = /\;.n:lelC, trong do Pilc biéu dién rang budc trén thuoc tinh al,
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—16p D = (Np, Mp, Ap);
* Mp = {mp,m},..,mh}
x Ap = {a}j, a%, e a]q)}
x INVp = gzlPﬁD, trong do leD biéu dién rang buoc trén thudc tinh a};)
- Mcp= {ng} va | Mepl=k (E<nAk<p)
-~ Acp= {agD} va|Acpl|=h (R<mAh<gq)
-~ Mcep#DvaAcp#O.
e Mo hinh tién hoa M':
— 16p C" = (N¢r, M1, Acr) duge xac dinh nhu sau:
* Mor ={m¢ i me € (Mo \ Me,p)}
* AC’ = {azc, : aZC, € (AC \AC,D)}
x INVor = /\521_h)PZC,7 Pﬁlcf biéu dién rang budc trén thuoc tinh a’,
— 16p D' = (Npr, Mp/, Apr) duge xac dinh nhu sau:
* Mpr = {mp, : mp, € (Mp \ Mc,p)}
x Apr = {ab, : a”D, € (AD \.AC7D)}
x* INVp = /\Eq:_lh)leD,, PﬁlD/ biéu dién rang buoc trén thudc tinh a}':,,
~16p E = (Ng, Mg, Ag) duge xac dinh nhu sau:
* Mg ={mp:mp € Mcp}
* Ap ={ah:ak € Acp}
x INVg = /\?ZlPﬁlE7 trong do PﬁlE biéu dién rang buoc trén thuoc tinh ak, va:

i _ pi J PR

e Biéu dién bing UML: Phép toan Factoring dugc minh hoa nhu trong Hinh 3.4

3.2.2.5 Phép toan: Unfolding

e Teén goi: Unfolding
e Tinh hudng ap dung:

— Thanh phan: 16p C v6i mot danh sach dai cac phuong thitc, cac phuong thic
nay khong tham chiéu mot cach dong bo dén cac thuoc tinh ciia no;

— Muc dich: t6i wu héa kha ning thyc thi cia ma nguon;

— Thuec thi: nhém cac phuong thiic va cac thude tinh ma né tham chiéu thanh cac
16p con bt nguon tit 16p C, cac thude tinh sé duge phan chia thanh céc tap
hop rdi rac. Tao mdi quan hé ké thita tit phan con lai ctia 16p C t6i cic 16p con
vita dudc tao ra.

e M6 hinh khéi dau M:
- 16p C = <NC,MC’,AC>;
x* Mo ={m,m%,...,mt}
x Ac ={ag, a2, ..., b, agH, ey a9, agﬂﬂ, oy alprg+m) ol
Gid st Ap, = {al, a2, ..., al,}, A% = {agH, ag“, - agfrq
and A3C — {az(aj-i-q-l—l’ a](aj-i-q—l—Z"”?a]é-i-q—i-m}
x INVg = /\fiqurijlC, trong do lec biéu dién rang buoc trén thuoc tinh af,
— Khong mat tinh tong quat gia st rang:
* doan ma nguodn Sj, Se thude vé phuong thite m/}, tham chiéu dén cac thuoe
tinh af, ..., al va agﬂ, oy a7 Mot cach tuong ting;
x phuong thic mé chi dugce tao thanh tir doan ma 57 va Ss;
x ¢ day chung ta chi thyc hién v6i phuong thic mé, cac phuong thiic khac (néu
c6 xay ra) sé dugc thyc hién mot céch tuong tu.
e M6 hinh tién hoa M':
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c E

- an: type 1 - a3: type 3

- a2 type 2 - ad: type 4

- as: type 3 + m2(): type 2°'

- as: type 4 + m3(): type 3'

+ ma(): type 1'{ :> + md(): type 4'

51 // refer to attribute a: T T

S2 // refer to attribute a:z

}

+ Mz(): Cype 2°' c D'

+ ms(): type 3: - al: type 1 - aZ: type 2

rms(): type 4 + ml'(): type 3" + m2'(): type &'
{s1 { 52
} }

Hinh 3.5: Phép toan téi cau tric Unfolding.

lép C" = (Nev, Mer, Acr) duge dinh nghia nhu sau:

*x Mo = {mc, :mg, dugdce tao thanh tit doan ma S}

*AC’: C—{aC.OSiSp}

* INVer = NP P};l , trong d6 P} o = P} ., la rang buoc trén thuoc tinh af,

~16p D' = (ND/ Mpr, AD/) dugc xac dlnh nhu sau:

x* Mp = {mD, : mp, dudce tao thanh tit doan ma S}

x Apr = C—{ac (p+1) < i< q}
x* INVp = /\Z p+1 1 ,» trong do PAD’ = lec, la rang budc trén thudc tinh
ab,

16p E = (Ng, Mg, Ag) duge xac dinh nhu sau:

* Mp = {mc me € (Mo me)}

« Ap = A} = {ag : ap € (Ao \ (AcUAp))}

x INVg = /\fi;_tﬁlPiE, trong do leE = lec, 13 rang buoc trén thuoc tinh

ag, va:
— cac 16p C’ va D’ c6 mdi quan hé ké thita tryc tiép tu 16p E va AcNAp = @.
e Biéu dién biang UML: Phép toan Unfolding duge minh hoa nhu trong Hinh 3.5

3.3 Két chuong

Chuong nay luan an dé xuit phuong phap kiém ching tinh bat bién trong tai cau
trac biéu do 16p cia UML. Dé dat dude muc tiéu nay, dau tién luan an tién hanh hinh
thiic hoa biéu do 16p cling v6i bat bién ctia né. Ké tiép, nhd vao viéc xac dinh cac rang
budc dbi véi titng phép toan, qua trinh tai cAu tric trén biéu do 16p dugc tién hanh
theo cach bao toan cac bat bién clia n6. Déng gép chinh ciia luan an trong chuong nay
13 dinh nghia tap mau dé mo ta phép toan va tich hgp bat bién ciia l6p vao trong tién
trinh tai cau tric.

Cac rang budc trén mo6 hinh phan mém duge phan thanh hai loai co ban: (1) Bat
bién va (2) Tién/hau diéu kien. Trong chuong nay, ching toi da dé xuat phuong phap
tai cau tric trén biéu do 16p theo cach bao toan cic bat bién ctia n6. Trong chuong tiép
theo, luan an sé tiép tuc gidi quyét bai toan tai cau tric trén hé thong phan mém ma
van dam bao sy duy tri cdc hanh vi (tién/hau diéu kién) ctia hé thong.
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Chuong 4

Kiém chitng su bao toan hanh vi trong tai ciu
tric

Chuong nay luan an trinh bay phuong phap kiém chiing sy béo toan hanh vi trong
tai cau tric. Déi tugng chinh ma luan an quan tam dén st bdo toan hanh vi 1a cac kich
ban (scenarios) bi tac dong trong tién trinh tai cAu tric. Y tuéng chinh dé giai quyét
bai toan nay 1a (1) dic t4 bang phuong phap hinh thic he théng phan mém; (2) dinh
nghia tap luat dé quan ly sy bién ddi hanh vi va (3) xay dung céac luat ap dung trong
kiém chitng bao toan hanh vi. Déng gép chinh ctia luan 4n trong chuong nay la dé xuét
khai niem kich ban va kiém ching su nhat quan vé mit hanh vi trong tai cau tric.

4.1 Gi6i thisu

Tai cau trac 1d mot ki thuat manh mé dude st dung dé cai thién cau tric bén trong
ctia hé théng phan mém. Mau thiét ké cung cip cac giai phap chung, tin cay cho céac
van dé thuong x4y ra trong lap trinh. Sy két hop gitta tai cAu tric vd mau thiét 1a kha
tu nhien dé tién t6i muc tieu c6 duge kién tric phan mém chic chin. Trong chuong
nay, luan an de xuét phuong phap_ kiém chiing sy bdo toan hanh vi trong tai cau tric
hé théng phan mém, c6 st dung mau thiét ké. Phu’ong phap de xuat ap dung trong céc
giai doan thiét ké va cai dit clia quy trinh phat trién phan mém.

4.2 Kiém ching tinh nhit quan vé mat hanh vi trong tai ciu tric hé
théng phan mém

4.2.1 Tbéng quan vé quy trinh kiém chiing su bao toan hanh vi trong tai ciu
tric hé théng phan mém

Hinh 4.1 m6 t4 quy trinh véi ba tién trinh chinh: (1) tdi cau tric, (2) tinh todan tién
va hau diéu kién ciia cdc kich ban va (3) thuc hién kiém chiing.

Tai giai doan thiét ké, luan an st dung cac bi¢u dé 16p va biéu do tuan tu (con goi
14 kich ban) trong UML dé mo hinh héa hé théng phan mém, ngon ngit rang buoc ddi
tugng OCL dé biéu dién cac hanh vi (bao gdm bat bién, tién va hau diéu kién). Mo hinh
sau tai cau tric duge tinh toan lai cac rang buoc vé hanh vi. Cudi cting, dya trén tap
luat da xay dung, tién trinh kiém ching dugc thuc hién. Qua trinh kiém ching & giai
doan cai dit duge thite hien mot cach tuong ti, chi khac biét vé ché tac phan mém dudgc
tai cau tric 1a chuong trinh phan mém. Trong luan an nay, ching to6i cai dit he théng
bang ngon ngit 1ap trinh Java va dac t4 hanh vi bang JML. Nho vao sit ho trg clia cong
cu OpenJML tich hgp vio méi trusng Eclipse, qua trinh kiém chitng duge thite thi mot
cach tu dong.

Két qua cudi cling vé sy bdo toan hanh vi trong tai cau tric hé théng 1a sy két hop
cac két qua ciia hai qua trinh kiem ching trong cac giai doan thiét ké va cai dat noi
trén.
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System Design System Design
UML & OCL UML & OCL
>
SysItIem (1) Refactoring Sysltlem
Implementation Implementation
Java & JML Java & JML
Original System Evolution System

Consistent I
Rules

(2b) Pre/Post-conditions
Computation

(2a) Pre/Post-conditions
Computation

(3) Checking
Consistency

Hinh 4.1: Téng quan vé quy trinh kiém chiing

4.2.2 Phuong phap kiém chiing tinh nhit quan trong tai cAu tric mé hinh
phan meéem

4.2.2.1 Mb hinh héa hé théng phan mém bing UML

Céac thanh phan ctia hé thong duge mo hinh héa mot cach tuan ty dita trén cac dinh
nghia sau day:
Dinh nghia 4.1 (M6 hinh). Mot mo hinh M la mot bo-2 (Cyr, Sn), trong do Cur la
tap hop cdc ldp va Sy la tap hop hanh vi cta cdc kich ban cé trong mo hinh.
Dinh nghia 4.2 (Lép). Mot lop Ciy € Cyr duoe biéu dién bdi bo-3 Cliyy = <0PCiM; ACiM) ]CiM>;
¢ day OPg¢im la tap hop cac phuong thic cong khai, Aciy la tap hop cac thudc tinh cong
khai, va Iciy la tap trang thdi cac bat bién cia lop.
Dinh nghia 4.3 (Tién diéu kién clia phuong thic tritu tuong). Tién diéu kién PRE,,,,,
cta phuong thic op.;, dugc hién thuc héa bdi N phuong thic ope; trong cac lop con Cksiyy,
trong lop triu tuwong Ciyr duge tinh bang hop tién dieu kién cia tdat cd cdac phuong thic
0pe; trong cdc ldp con Cksipy.

Gia stt Pi(ope;) biéu dién tién diéu kien ctia phuong thitc ope; trong céc 16p con, khi

d6 ching ta tinh tién diéu kién theo cong thic PRE,y,, = \/ Pi(ope;) cho phuong thic
0pe; trong 16p tritu tugng Cips, 6 day ope; € Cksipy 1a cac phuong thic hién thyc hoa,
va P 13 ménh de.
Dinh nghia 4.4 (Hau diéu kién ctia phuong thic tritu tugng). Hau diéu kien POST,,,,,
ctia phuong thic ope;, dude hién thuc héa bdi N phuong thic ope; trong cac ldp con Cksiyy,
trong 16p truu tuong Ciy duge tinh bang hop hau diéu kién cia tat cd cdac phuwong thic
0pe; trong cdc 1dp con Cksiyy.

Tuong tit nhu cach tinh tién diéu kién ctia phuong thic trong 16p tritu tugng, dé
thdy POST,p,,, =\ Pi(ope;), 6 day ope; € Cksip 1a cac phuong thite hien thyc hoa, va
P la cac ménh dé biéu dién hau diéu kién ciia cdc phuong thitc op.; trong céc 16p con.

Trong chuong nay, mdi mot kich ban ciia hé théng tuong tng véi mot biéu do tuan
tu trong UML.
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Dinh nghia 4.5 (Kich ban). Mot kich bin Siy dugc biéu dién bdi bo-4

Sing = (Clsiar, PREsing, Esin, POSTsing), trong dé Clgiyy C Ciyr biéu dién cho tap hop
cac lép tham gia vao kich bin, PREg;y la tien diéu kién cia kich ban, Eg la tap co
thit tw cdc phuong thic trong cac lop duogc thuc thi trong kich ban, va POSTs; la hau
diéu kién cia kich ban do.

Dinh nghia 4.6 (Phuong thitc ctia kich ban). Mot phuong thic cia kich ban la mot
bo-4

Eksin = (PREgyg,,, OPgkg,y,» POSTEpg,, - k), trong d6 PREgy,,,, la tién diéu kién cia
phuong thic, OPgyy,,, la cic phuong thite cong khai thuc thi trong kich bin, POSTEyg,,,
la hdu dieu kién cia cdc phuong thic, va k la thi tu thuc hién cia phuong thitc trong
kich ban.

Trong luan an nay, ching ta xem xét trudng hop ma ca tién va hau diéu kieén cia
mot phuong thitc 14 sy két hgp clia cac vi tit trén cac thuoc tinh cia cic 16p tham
gia vao kich ban, vi du, PREEkSiM = /\ P(ACijM)y G day ACijM € Acgiym 1a thuoce tinh,
CiM C Clg;y va P 1a vi tit. Mot kich ban bao gom mot chudi cac hoat dong, do dé tién
va hau diéu kién ctia mot phuong thiic duge hinh thanh béi biéu thiic tién va hau diéu
kién ctia phuong thitc thic hién ngay trude d6. Luu ¥ rang, mot phuong thiic cong khai
clia mot 16p trong cac kich ban khac nhau c6 thé cé tién va hau diéu kién khac nhau.
Tién va hau diéu kién ctia mot kich ban dugc xéc dinh dua trén tien va hau diéu kien
clia tat ci cac phuong thitc c6 tham gia va kich ban. Va duge dinh nghia nhut sau:

Dinh nghia 4.7 (Tién diéu kién ctia kich ban). Tién dieu kién ciia mot kich ban PREs;
duge zdc dinh bdi tién dieu kién cia phuong thite dau tién thuc thi trong kich ban dé.

Tién diéu kién ctia phuong thitc dau tién trong kich ban dugce dic bdi cac rang budc
trén tat cd cac thuoc tinh cong khai ctia kich ban.

Dinh nghia 4.8 (Hau diéu kién ctia kich ban). Hau diéu kién cia mot kich bin
POSTs;y duge zac dinh bdi hop ciia cdc rang budc trén cac thudc tinh cong khai Acijn
ctia hau diéu kién cia phuong thiic POSTgyg,,, dién ra sau cung trong Egiy .

Cho mot kich ban S = (e, eg,..€,), trong d6 e;, i = 1..n, 1& phuong thitc thi ¢
thuc thi trong kich ban. Theo dinh nghia 4.6, ching ta c6 e; = (pree;, 0pei, POSte;, 1) VA
postcei) = \ Py(AxC), 6 day Py la cac logic vi tit A;C, bieu dién cho thuoc tinh cta
cac 16p C c6 lien quan dén kich ban nay. Gia st rang kich ban S chi ¢6 duy nhat mot
thuoc tinh cong khai A¢ cting xuét hign trong biéu thiic hau didu kien ciia ¢; va e; sao
cho 1 <4 < j < n. Nhu vay, ching ta sé c6 post,; = P;(A¢) va poste; = Pj(Ac). Néu
e; thuc thi trude e;, Pj(A¢) can phai duge duy tri cho dén khi phuong thitc thit j duge
thuc thi.

Dinh nghia 4.9 (TAi cau tric). Mot tién trinh tdi ciu tric R st dung mau thiét ké D
. ix D(SUB .
duoc biéu dién nhu sau: R : M M M’, trong dé6 M va M’ theo thit tu biéu thi
cho cdc mo hinh trudc va sau khi thuc hién tdi cau tric, D la tén clda mau thiét ké duoc
itng dung, va SUBys C Sy la tap cdc kich ban tham gia vao tién trinh tdi cau tric nay.

V6i muc tieu gidam do phtic tap cho qua trinh kiém chiing, cac thudc tinh can kiém
ching sé duge phan thanh hai loai (i) Cdc thudc tinh tinh (static), va (ii) cdc thudc tinh
dong (dynamic). D6i v6i loai thuoc tinh thit nhat, phuong phap kiém chitng dya tren
cac bat bién ctia 16p, véi loai thudc tinh thit hai, qua trinh kiém chiing sé thao téc trén
tien/hau diéu kién ctia cac kich ban. Cha y rang, trong Chuong 3 luan an da giai quyét
bai toan kiém chitng su bdo toan bat bién trong tai cau tric biéu do 16p ctia UML.
Chuong nay, khai niém vé bat bién duge hiéu mot cach tuong tu (cic rang buoc trén
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cac thugc tinh clia 16p), tuy nhién tién trinh téi cau tric lai duge thye hién thong qua
viéc st dung mau thiét ké Strategy. N6i cach khac, qua trinh tai cau tric thyc hién &
Chuong 3 va Chuong 4 13 hoan toan khic nhau. Do d6, luan an van tiép tuc thyc hién
kiém ching sy bao toan vé bat bién trong tién trinh tai ciu tric ¢ chuong nay.

Qua trinh kiém chitng sé dugc thuc hien mot cach lan lugt, dua trén sy tuan thi cac
Meénh dé chi tiét sau day.

4.2.2.2 Kiém ching cac thudc tinh tinh

Meénh dé 4.1 (Béo toan cac tinh chat tinh). Qua trinh tai cAu tric mot mo hinh phan
mém dudc coi 1a bao toan cic thuoc tinh tinh néu cic bat bién ctia cac 16p trén mo hinh
hién tai tuong duong logic v6i cac bat bién ctia cac 16p trén moé hinh ban dau.
. 21 P P 2 D(SUBums)
Chung ta c6 thé hinh thitc héa ménh dé trén cu the nhu sau. Cho R : M ————25 M/’
1a mo6 hinh dugdc tai cau tric, R dugce coi 1a bdo toan céc tinh chat tinh néu V Ciyy |
Ciy € CyNCiy € CJIM = Ioivn = Lo

4.2.2.3 Kiém ching cac thudc tinh dong

Céc thuoc tinh dong duge hiéu la cac rang budc vé hanh vi ctia mo hinh phan mém,

trong luan 4n nay, ching t6i quan tam dén sy bao toan hanh vi clia cic kich ban tham
gia vAo qué trinh tai cau tric.
Ménh dé 4.2. (Nhit quan toan phan trén céc thudc tinh dong) Mot tién trinh tai cau
tric tréen mo hinh phan mém dugce goi 1a nhat quan toan phan trén cac thuodc tinh dong
(v6i mo hinh ban dau), néu véi mdi kich ban trén mo hinh hién tai, tién va hau diéu
kién clia n6 déu tuong duong logic véi tién va hau diéu kién ciia kich ban tuong tng
trén mo hinh ban dau.

D(SUBuys ) )
Mot cach hinh thic héa, cho R : M DEUBus) pr gy, mot tién trinh tai cau tric,

Sim € SUBjs goi 1a nhat quan toan phan trén cac thudc tinh dong, néu PREgy =
PREg;, ANPOSTs;yr = POSTg; . Trong phan 4.2.2.1, chiing ta da chi ra tién va hau
diéu kién ctia cac kich ban dugc suy dan bédi cac phuong thitc tham gia vao kich ban,
béi vay néu PREs;y; = PREgiy APOSTs;y = POSTsin, tat ca cac rang budc trén cic
thuoc tinh cong khai ctia cac kich ban sau tai cau tric sé dudge bdo toan.

Ménh dé 4.3 (Nhit quan bo phan trén cic thudc tinh dong). Mot tién trinh tai cau
triac mo hinh phan mém dugdc goi 1a nhat quan bo phan trén cac thudce tinh dong (so véi
mo hinh ban dau) néu tién diéu kién clia cac kich ban trén mo hinh hién tai (mo hinh
sau khi da tai cau tric) khong hé thay d6i, hau diéu kién ctia cac kich ban chi théa man
mot phan so véi tien/hau diéu kién ciia cac kich ban tuong tng trong mo hinh goc.

Tuong tu nhu trén, chiing ta c6 thé hinh thiic héa tién trinh nhat quan bo phan trén

cac thuoc tinh dong nhu sau. Cho R : M DPEUBMS) i1, mot tién trinh tai cau tric,
Simr € SUBys dude goi la nhat quan mot phan néu nhu PREg;); = PREgiy APOST sy =
POSTg;. Trong truong hgp nay, néu POSTs;n; = POSTs;, nhu vay gia tri clia cac
rang buoc trén cac kich ban ctia cac thuoc tinh cong khai vin nam trong pham vi mong
muon.

Ménh dé 4.4 (Khong nhat quan). Mot tién trinh tai cau tric mo hinh phan mém dudc
goi 1a khong nhat quan néu né dong thoi khong théa man cid nhat quan toan phan va
nhat quan bo phan trén cac thuoc tinh dong.

D(SUBMS) N ~ < 4 N s £ 2 N ~
Cho R : M ——— M’ la mot tién trinh tai cau tric, S;; € SUByg 1a khong
nhat quan néu S;; khong théa man nhat quan mot phan (duong nhién né ciing khong
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thé thoa man nhat quan toan phan). Trong trudng hop nay, gia tri cia cdc rang budc
trén cac thuoc tinh cong khai ctia kich ban bi vi pham sau tién trinh tai cau truc.

4.2.3 Kiém chitng tinh nhit quan trong tai cidu tric chuong trinh phan
meéem

Ménh dé 4.5 (Bao toan sy thyc thi cia chuong trinh nguén). Mot chuong trinh P dugc
goi 1a bado toan thyc thi néu v6i mdi kich ban, truéc va sau khi thiyc thi chuong trinh
tien va hau diéu kien ctia né déu duge bao toan .

Chiing ta c6 thé biéu dién mot cach hinh thitc héa ménh dé nay nhu sau,
PREg,[Sp|POSTs,.

Ménh dé 4.6 (Su bao toan thyc thi clia chuong trinh tai cAu tric). Mot chuong trinh
tai cau trac P’ dude goi 1a bao toan thuyc thi v6i chuong trinh nguén P néu véi cling
mot kich ban, tién va hau diéu kién ctia n6 déu duge bao toan sau khi thuc hién tai cau
tric.

Chiing ta biéu dién ménh dé nay bing cong thiic hinh thitc nhu sau,
PREs, |Sp/|POSTs,..

4.2.4 Kiém chitng su bao toan hanh vi trong tai ciu tric moé hinh hé théng
ARTC

Hé théng diéu khién giao thong duong bo (Adaptive Road Traffic Control - ARTC)
cho phép phdi hop hoat dong ciia cac tin hiéu dén trong mot khu vite va phan ng mot
cach thong minh véi sy dao dong ctia luu luong giao thong tai mot thoi diém bat ky.
Heé thong ARTC hién thoi ¢6 mot s6 han ché vé kha nang thiyc thi cling nhu sy hé trg
cho cac tién trinh st dung lai. Bdi vay, ching toi da tién hanh tai cau tric hé thong nay
bang cach st dung mau Strategy. Khong mét tinh tdng quat, gia s tai mot huéng nao
do6 ctia giao 16i, luan an xac dinh mot s6 hanh vi can bao toan ciia hé théng nhu sau:

— Khi giao thong dang & trang thai bi ach tac (heavyTraffic), tin higu den xanh can
dugc bat 1én (néu né dang & trang thai do).

— Khi giao thong dang & trang théi bi ach tdc (heavyTraffic), tin hi¢u den xanh da
duge bat len, thi thoi gian (time) danh cho tin hiéu nay can dugc gia tang.

— Tai mot huéng giao 16 nao do, khi giao thong dang & trang thai véi luu lugng cao
(highTraffic), tin higu den xanh dang dugc bat, thi phuong tién giao thong nén
lita chon theo huéng di nay.

Theo Ménh dé 4.1, dé thy, cic thudc tinh tinh (bat bién) ctia mo hinh trude va sau

khi 4p dung mau thiét ké Strategy khong hé thay déi. Nhu vay, qua trinh tai cau tric
hoan toan bdo toan cac thudc tinh tinh.

Qua trinh kiém chiing sy béo toan hanh vi thyc hién trén céc rang budc vé tién/hau
ctia kich ban analyze Traffic(). Cac rang budc nay trong mo hinh khéi dau duge mo ta
nhu trong Dac ta 4.1:

PRE_SiM = trafficFlow -> isEmpty ()
POST_SiM = if (state = heavyTraffic) then ((signal = green) AND (
greenTime > 60))
else if (state = lowTraffic) then ((signal = red) AND (
greenTime <= 60))
else if (state = highTraffic) then (direction = CHOOSE
)
else (direction = NO_CHOOSE)
endif
endif
endif
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Dic ta 4.1: Cac rang budc trén kich ban optimize Traffic() trude khi tai chu tric

Mot cach tuong ti, ching ta ciing chi ra dudce tién va hau dicu kién ctia kich ban
optimize Traffic() trong mo hinh tién héa nhu trong Dac t4 4.2:

PRE_S’iM = trafficFlow -> isEmpty ()
POST_S’iM = if (state = heavyTraffic) then ((signal = green) AND (
greenTime > 60))
else if (state = lowTraffic) then ((signal = red) AND
(greenTime <= 60))
else if (state = highTraffic) then (direction =
CHOOSE)
else (direction = NO_CHOOSE)
endif
endif
endif

Dac ta 4.2: Cac rang buoc trén kich ban optimize Traffic() sau khi tai cau tric

Tit cac gia tri vé tien va hau diéu kién tinh toan dugc clia cac kich ban trén. Theo
Meénh dé 4.2, qua trinh tai cau tric sit dung mau thiét ké Strategy trong hé thong ARTC
cac thuoc tinh dong ctia moé hinh ban dau. Néi cach khac, hanh vi ctia mo6 hinh hé thong
ARTC trudc va sau khi tai cau tric 1d nhat quan toan phan véi nhau. Qué trinh kiém
chitng sy bdo toan hanh vi ctia hé thong ARTC tai giai doan cai dat duge thiyc hién mot
cach tuong tu.

4.3 Két chuong

Trong chuong nay, luan an da dé xuat phuong phép kiém ching tinh nhat quan vé
mat hanh vi trong tai cau tric hé théng phan mém bang cich 4p dung mau thiét ké,
tai cac giai doan thiét ké va cai dit phan mém. Dé kiém chiing tai giai doan thiét ké,
ching toi st dung UML dé mo hinh héa hé théng; dung OCL dé biéu dién cac hanh
vi can béo toan. Dé kiém ching tai giai doan cai dat, ching to6i ma héa hé théng bing
ngon ngit 1ap trinh Java, biéu dién hanh vi bing JML va thuc hién kiém ching mot cach
tuy dong bing phan mém OpenJML tich hgp vao moi truong Eclipse. Cha ¥ rang, doi
tugng chinh ma ching t6i quan tam dén syt bdo toan hanh vi 1a cdc kich ban tham gia
vao qud trinh tdi cdu tric. Tai giai doan thiét ké qua trinh kiém ching van dang dudc
thuc hien mot cach thii cong, trong chuong tiép theo ching toi sé phét trién cong cu dé
hd trg cho qua trinh nay.

Két qua nghién cttu néu trén dudge cong bd tai ky yéu c6 phan bieén ctia Hoi nghi
quéc té lan thi 5 veé EAI International Conference on Context-Aware Systems and
Applications 2016 (ICCASA) (cong trinh khoa hoc s6 1) va Tap chiMobile Networks

and Applications journal (MONET) (SCIE-indexed) Vol.22.2 (cong trinh khoa hoc s6
2).
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Chuong 5

Cong cu kiém ching

Trong céc chudng trude, luan an da dé xuat cac phuong phap kiém chiing sut nhat
quan vé bat bién va hanh vi trong tai cau trac hé thong phan mém. Trong chuong nay,
luan an tiép tuc xay du’ng cong cu CVT hd trg cho qua trinh kiém chiing trong tai cau
tric mo hinh phan mém.

5.1 Gidi thiéu

Tai cAu trac hé thong phan mém mang lai mot s6 wu diém nhu dé dang cho viéc bao
tri, cai thién chéat lugng ciia hé thong. Tuy nhién, tién trinh nay tiéu tén kha nhiéu thoi
gian va dé phat sinh 16i, dac biét khi thyc hién mot cach thii cong. Trong chuong nay,
luan 4n phat trién cong cu CVT, nhan dau vao la cac mo6 hinh phan mém truée va sau
khi t4i cAu tric ciing v6i cac biéu thitc OCL biéu dién hanh vi clia hé théng va tra lai
két qua la kha nang nhat quan gitta cdc mo hinh nay.

5.2 Xay dung coéng cu kiém chiing CVT

5.2.1 Kién tric ctia cong cu CVT

Tt géc nhin clia nguoi thiét ké he théng, kién trac ctia CVT bao gom hai phan chinh,
cu thé 1a moi truong dinh nghia v moi truong thuc thi duge mo ta nhu trong Hinh 5.1.
Initial models

_________ )
Class & Sequence diagrams | | checking

; 1 ek ocL
Lo Constraints
XML -1
! Refaclormg
OCL
Constraints /

format - —1— —-=
\

Evolution models
Class & Sequence diagrams

OCL2FOL Translator

Checking
OCL | 3 [LEEN 5 | FOL Consistency
Using Z3 Prover

Hinh 5.1: Kién tric ctia cong cu CVT

Moi truong dinh nghia chiu trach nhiém vé cac tac vu tao ldp ciAc mo hinh trude va
sau khi tai cAu tric, soan thdo cac tép XML biéu dién rang budc vé hanh vi clia cac mo
hinh trén va kiém tra su tuong thich vé kiéu gitta mo hinh véi rang buoc ctia né.

Moi truong thuc thi 1a khéi bén dudi ctia Hinh 5.1, khéi nay bao gom hai phan chinh
13 OCL2FOL Translator va Checking Consistency. Phan OCL2FOL Translator & phia
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bén trai thyc thi nhiem vu chuyén déi biéu thitc OCL sang céc cong thiic FOL. Con
G phia bén phai, chic ning Checking Consistency chi don gidn 1a nhan vao cong thric
FOL (14 san pham dau ra ctia chiic nang OCL2FOL Translator) va so sanh sy tuong
duong gitta hai cong thiic nay. Cha y rang, hai cong thitc FOL nay van tuong ing véi
céc biéu thic OCL ctia hai mo6 hinh trude va sau khi tai cu trac. Dé thuc thi chic
nang Checking Consistency, luan an sit dung lai mot cong cu néi tiéng duge cung cap
bdi nhém nghién citu ctia Microsoft 14 Z3. Két qua cudi cting vé tinh nhat quan giita cac
hé théng phan mém ciing duge thong bdo bdi chitc ning nay. Néu hai cong thitc FOL
14 tuong duong nhau, diéu nay dong nghia véi viéc hai mo hinh truée va sau khi tai cau
trac 1a nhit quan toan phan véi nhau, trong cac truong hop con lai, hai mé hinh c6 thé
nhat quin mot phan, hodc khong nhat quan véi nhau.

5.2.2 Chuyén déi biéu thic OCL sang cong thic FOL

Céc bude chuyén déi tit OCL sang FOL duge mo ta nhu sau:

— Dinh nghia vin pham phi chinh quy G sin xuat cac biéu thiic OCL.

— Dinh nghia tap luat chuyén doéi két hop véi cac luat san xuat ctia G.

— St dung thuat toan LL(1) dé san sinh cay phan tich cti phap P tit C € L(G) va
G;

— Duya trén tap luat ctia G va P da c6, dé xuat thuat toan xay dung cay AST.

— St dung thuat toan tim kiém theo chiéu sau (DFS) cho cay AST, va anh xa mdi
nut cia cay AST sang cac cong thic fi, fo, ..., f, trong FOL.

— Két hop cac cong thitc thanh phan fi, f», ..., f, sé thu duge cong thiic F tuong iing
véi biéu thitc C ban dau.

5.3 Cai dat va thuc nghiém

Cong cu CVT ! duge phat trién dé hd trg cho qua trinh kiém ching tinh nhat quan
vé mit hanh vi trong tai cau tric mo6 hinh phan mém. Cong cu CVT sé nhan dau vao
14 (i) cac mo hinh (bi¢u do 16p va biéu dd tuan ty) va (ii) hanh vi (biéu dién bang cac
biéu thitc OCL) ctia céc hé théng trude va sau khi tai cAu; sau qué trinh kiém tra, két
qué tra vé 1a mot trong ba kha ning sau: (1) hai h¢ thong nhat quan toan phan, (2) hai
he thong nhat quan mot phan ho#c (3) hai hé théng khong nhat quan. Sau khi nhap
cac tép trén vao, cong cu CVT sé bat dau véi chiic nang well-formedness checking dé
kiém tra sy tuong thich vé kiéu giita cac biéu thitc OCL va cac dic ta thanh phan ctia
mod hinh UML. Trong truong hop biéu thitc OCL khong tuong thich véi cac thanh phan
ctia mo hinh UML, CVT sé c6 thong bao lan vét va yéu cau nhap lai cac tép dit lieu dau
vao. Hinh 5.2 minh hoa hai cong thitc FOL dang tién t6 tuong tng véi hai biéu thitc
OCL biéu dién hanh vi clia cac hé thong ARTC trudce va sau khi téi cau triic.

CVT c6 mot s6 nit chitc nang co ban bao gom Check Invariants, Check Pre-conditions,
Check Post-conditions va Total Consistency. Cac ntt chiic nang nay bat nguon tir viec
cac biéu thitc OCL c6 ba thanh phan chinh (bat bién, tién diéu kién va hau diéu kien).
Néu mo hinh tai cau tric bdo toan ddi vé6i tat ca cic rang buoc trén thi né dudge coi la
nhat quan toan phan (Total Consistency), néu mo hinh tai cau tric vi pham mot trong
ba loai rang budc thi né 1a nhat quan bo phan (Partial Consistency), trong cac truong
hgp con lai cAc md hinh phan mém dugce coi 14 khong nhéat quan (Inconsistency). Trong
qué trinh thyc thi, CVT cho phép ngusi diing lira chon mot chiic ning con dé kiém tra
nhat quan bo phan hoic thuyc hién dong bo tat ci cac chic nang cing lic bang nit
Total Check Consistency dé c6 dudc két qua kiém tra cudi cing gitta hai mo hinh

1. Our code is open-source and available at: https://github.com/huongdt1901/ARTC
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Problems @ Javadoc |G Declaration [ Console 22 Properties = 8

X% BEREE rB -3~
Main_Window [Java Application] C\Program Files'Java\jre8\bin\javaw.exe (17 May 2017, 15:36:40)

)
(Iet ((al!l (=> (= state lowTraffic)
(and (= signal red) (or (= sreenTime 6@8) (< sreenTime 68))))))
(and (=> (= state heavyTraffic) (and (= signal green) (> sreenTime 60)))
(=> (net (= state heawyTraffic)) all)
(=> (not (= state heavyTraffic))
(=> (= state highTraffic) (= direction CHOOSE)))
(=> (not (= state heavyTraffic)) (= direction NOCH))))
(let ({a'1 (=> (= state lowTraffic)
(and (= signal red) (or (= sreenTime 60) (< sreenTime 60))))))
(and (=> (= state heavyTraffic) (and (= signal green) (> sreenTime 68)))
(=> (not (= state heavyTraffic)) a!1)
(=> (not (= state heavyTraffic))
(=> (= state highTraffic) (= direction CHOOSE)))
(=> (not (= state heavyTraffic)) (= direction NOCH))))
v

Hinh 5.2: Cong thiic FOL dang tién td tuong ting véi biéu thitc OCL

phan mém. Cac két qua thitc nghiém trén hé thong ARTC dudc mo ta nhu trong Hinh
5.3.

File Help About
Open UML | Open OCL | OCL2FOL | Save FOL

Function Initial Model Evolution Model

self.amberTime =5 self.amberTime =3

Check Invariants

tranfficFlq Result X LnfficFlow = isEmpty

The ARTC system is total consistency

dizgr bR with the origiral one after refactoring

if (state = E OK l (state = heavyTraffic) then ((signal = A

green) Al een) AND (sreenTime > 60))
. else if (state = lowTraffic) then ((signal = else if (state = lowTraffic) then ((signal
HregtbasEnini e red) AND (sreenTime <= 60)) = red) AND (sreenTime <= 60))
else if (state = highTraffic) then else if (state = highTraffic) then
(direction = CHOOSE) (direction = CHOOSE)
else [direction = NOCH) endif endif else [direction = NOCH) endif endif
Total Check Cons o endif v endif v

Hinh 5.3: Két qua kiém chiing sy bao toan hanh vi trong tai cau tric hé théng ARTC

5.4 Két chuong

Cong cu CVT thé hien tinh ngit cdnh, tng dung vio mot tién trinh cu thé trong giai
doan cai tién chat lugng phan mém. CVT bao gom céc chiic ning: Kiém tra tinh hgp 1é
ve dit lieu, Kiém tra tinh nhat quan vé mit hanh vi vi chuyén déi cac biéu thic OCL
phitc hop sang céac cong thiic FOL. Dya vao cong cu hd trg Z3 c6 sin, qua trinh kiém
tra thuce hién va tra lai két qud vé sy nhat quan gitta cac mo hinh trude va sau tai cau
tric.

Két qua nghién cttu trén da dude cong bo tai Ky yéu c6 phan bién ciia Hoi nghi qudc
té lan thi 9 vé Knowledge and Systems Engineering - KSE 2017 (cong trinh khoa hoc
s6 3).
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Chuong 6

KET LUAN VA HUGNG PHAT TRIEN

6.1 Cac dong gop cua luan an

Tai cAu tric gitp ngudi phat trién c6 duge kién tric phan mém chic chin, la nén
tang quan trong cho cac giai doan phat trién tiép theo ctia chinh phan mém dé. Y tudng
chinh ctia tai cau tric 14 phan bd lai cac 16p, cac thudc tinh va cac phuong thic xung
quanh méi quan hé phan cap gitta cAc thanh phan ctia hé thong.

Kiém ching nhat quan trong tai ciu tric hé théng phan mém la mot bai toan md
va mang tinh chuyén biét mién. Gidi quyét bai toan nay can gan lién véi cac yéu t6 dic
trung vé mién ting dung hosic mbi quan tam cu thé clia cdc nha phat trién phan mém.
Sau mot thoi gian nghién citu, luan an da dat dude mot sé6 déng gép chinh nhu sau:

— Dé zuat phuong phdp kiém chimg tinh bat bién ciia lp trong tdi cdu tric mo hinh
phan mém. Dé giai quyét bai toan nay, luan an hinh thitc héa biéu do 16p ciing
v6i cac rang budc vé bat bién bing cac ky phap toan hoc. Ké tiép, luan an dinh
nghia mau (template) mo ta cac phép toan. Cudi cuing, bang viec xay dung cac
luat chuyén déi 4p dung cho ting phép toan, qua trinh tai ciu trdc trén biéu do
16p duge tién hanh theo cach bdo toan cac bat bién.

— Dé zuat phuo’ng phdp kiém chtmg su bdo toan hanh vi trong tdi cdu tric hé thong
phan mem c6 st dung mau thiét ké. Quy trinh tong quan dé giai quyet bai toan
nay bao gom: (i) ddc td cdc hé thong thong cung vdi cac rang budc vé hanh vi (bat
bién, tien/hdu diéu kién) bang phuong phdp hinh thic; (ii)tién hanh tai cau tric
bing mau Strategy; (iii) tinh todn cdc rang budc vé hanh vi ciia phién ban tién héa
sau tdi cau tric va (iv) Xay dung tap ludt nhat qudn la co sé Iy thuyét cho qud
trinh kiém chimg. Quy trinh trén duge trién khai xuyén sudt tir giai doan thiét ké
t6i giai doan cai dit phan mém. Cha ¥ ring, trong dong gép nay, chung t6i da de
Xuat va tap trung dé xuat cac dinh nghia va kiém ching tinh nhat quan vé mat
hanh vi v6i d6i tugng la cac kich ban (scenarios) tham gia vao tién trinh tai cau
tric. He théng phan mém duge coi 1a nhat quan v6i phién ban tai cau tric ciia noé
néu cac kich ban nay bdo toan cac rang budc vé bat bién, tién va hau diéu kién.

— Xay dung cong cu CVT hé trg kiém ching su bdo toan hanh vi trong tdi ciu tric
mo hinh phan mém. CVT nhan dau vao 14 mo hinh cac hé thong trude va sau tai
cau tric cung véi cac rang budc vé hanh vi (bat bién, tién va hau diéu kien). Két
qua 13 két luan vé kha nang nhat quan giita cac mo hinh nay. CVT bao gom ba
chitc nang chinh: (i) Kiém tra tinh hop l¢ vé rang bugc OCL trén mo hinh, (ii)
Chuyén doi biéu thiic OCL sang cong thiic FOL va (iii) Thuc hién kiém tra.

— Minh hoa cdc phuong phdp dé zudt thong qua mo hinh Hé thong dieu khién giao
thong duong bo ARTC. Céc rang budc vé hanh vi da duge kiém ching dua trén co
sd 1y thuyét 6 Chuong 4 va thyc nghiém & Chuong 5.

Luan an gidi quyét bai toan kiém ching tinh nhat quan trong tai cAu tric bao phil
trén cac rang budc vé bat bién clia 16p va hanh vi ctia hé thdng phan mém. Mot cach
tuan ti, & Chuong 3, luan 4n dé xuit phuong phép kiém chiing tinh bat bién, Chuong
4 luan an tiép tuc giai quyét bai todn kiém chiing vé su béo toan hanh vi. Va dé hoan
thién hon nita co s6 1y thuyét da dé xuat, Chuong 5 luan an xay dyng cong cu ho tro
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kiém chiing mot cach tu dong. Nhu vay, luan 4n da xem xét bai toan kiém chitng tinh
nhat quéan trong tai cau tric mot cach tuong doi tron ven, tit cac déng gép vé ly thuyét
dén cac minh chiing bang thiyc nghiém va xuyén sudt tir giai doan thiét ké dén cai dit
trong vong doi phat trién phan mém. C6 thé néi, cac dong gép ciia luan &4n c6 ¥y nghia
trong viec bo sung va hoan thien céc k¥ thuat sit dung trong linh vuc cai tién chat lugng
phan mém.

Cac két qua ciia luan an da cong bd trong cac cong trinh khoa hoc duge dang tai
trén céc tap chi, hoi nghi chuyén nganh trong nuée va quoc té c6 phan bién.

6.2

Huéng phat trién

Mot s6 huéng nghién ctiu tiép theo ctia luan an cé thé duge thiye hien la:

Nghién ctiu bai toan kiém ching tinh bat bién ctia 16p trong tai cau tric hé théng
phan mém déi v6i nhiéu tién trinh tai cau tric da dang hon, xem xét két hgp cac
tién trinh tai cau tric dé tao thanh chién lugc tai cau tric c6 y nghia hon véi
ngudi ding. Xay dung cong cu hd trg kiém chiing tinh bat bién trong téi cau tric.
Nghién cttu bai toan kiém chiing sit bdo toan hanh vi véi nhiéu mé hinh hon (bicu
dd ca stt dung, biéu do trang thai, biéu dd hoat dong v.v.). Thyc nghiém phuong
phap dé xuat v6i nhiéu phan 16p bai toan da dang. Tt d6, c6 duge nhitng két qua
thuc nghiém tin cay.

Hoan thién v& bd sung cac chiic nang déi véi cong cu CVT nhu san sinh cac biéu
thitc OCL mot cach ty dong tit mo hinh.

Xay dyng mot bo cong cu tich hgp kiém ching day dii cac bai toan vé bao toan
bat bién va béo toan hanh vi trong tai cau truc.

23



DANH MUC CAC CONG TRINH KHOA HOC CUA TAC GIA LIEN
QUAN DEN LUAN AN

1. Thi Huong Dao, Hong Anh Le, and Ninh Thuan Truong. An approach to analyzing
execution preservation in Java program refactoring. International Conference on
Context-Aware Systems and Applications, pp.101-110, Springer, 2016 (Scopus).

2. Hong Anh Le, Thi Huong Dao, and Ninh Thuan Truong. A Formal Approach to
Checking Consistency in Software Refactoring. Mobile Networks and Application,
Vol.22.2, pp.356-366, Springer, 2017. (SCIE IF 3.259)

3. Thi Huong Dao, Thanh Binh Trinh, and Ninh Thuan Truong. A Tool Support
for Checking Consistency in Model Refactoring. In Proc. of the 9th International
Conf. on Knowledge and Systems Engineering, pp. 108-113, Springer LNCS, 2017
(Scopus).

4. Thi Huong Dao, Xuan Truong Nguyen, and Ninh Thuan Truong. Preservation of
Class Invariants in Refactoring UML Models. (Submitted).

24



	1 Giới thiệu
	1.1 Đặt vấn đề
	1.2 Các kết quả chính của luận án
	1.3 Bố cục của luận án

	2 KIẾN THỨC CƠ SỞ
	2.1 Tái cấu trúc
	2.2 Mẫu thiết kế

	3 Kiểm chứng tính bất biến trong tái cấu trúc mô hình
	3.1 Giới thiệu
	3.2 Phương pháp bảo toàn tính bất biến trong tái cấu trúc biểu đồ lớp của UML 
	3.2.1 Mô hình hóa biểu đồ lớp trong UML
	3.2.2 Xây dựng tập luật áp dụng trong tái cấu trúc biểu đồ lớp của mô hình UML

	3.3 Kết chương

	4 Kiểm chứng sự bảo toàn hành vi trong tái cấu trúc
	4.1 Giới thiệu
	4.2 Kiểm chứng tính nhất quán về mặt hành vi trong tái cấu trúc hệ thống phần mềm
	4.2.1 Tổng quan về quy trình kiểm chứng sự bảo toàn hành vi trong tái cấu trúc hệ thống phần mềm
	4.2.2 Phương pháp kiểm chứng tính nhất quán trong tái cấu trúc mô hình phần mềm
	4.2.3 Kiểm chứng tính nhất quán trong tái cấu trúc chương trình phần mềm
	4.2.4 Kiểm chứng sự bảo toàn hành vi trong tái cấu trúc mô hình hệ thống ARTC

	4.3 Kết chương

	5 Công cụ kiểm chứng
	5.1 Giới thiệu
	5.2 Xây dựng công cụ kiểm chứng CVT
	5.2.1 Kiến trúc của công cụ CVT
	5.2.2 Chuyển đổi biểu thức OCL sang công thức FOL

	5.3 Cài đặt và thực nghiệm
	5.4 Kết chương

	6 KẾT LUẬN VÀ HƯỚNG PHÁT TRIỂN
	6.1 Các đóng góp của luận án
	6.2 Hướng phát triển

	Danh mục các công trình khoa học

