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L.LOI CAM DOAN

Toi xin cam doan luan &an “Nghién ctu cac ky thuat biéu
dién va chuyén déi mé hinh cho thiét ké huéng mién” la cong trinh
nghién cttu clia rieng toi. Céc s6 lieu, két qua dude trinh bay trong luan an
14 hoan toan trung thuc va chua ting duge cong bd trong bat ky mot cong

trinh nao khéac.

» Toi da trich dan day du cac tai lieu tham khdo, cong trinh nghién ctu
lien quan & trong nude va quoc té. Ngoai trit cac tai lieu tham khéo

nay, ludn an hoan toan la cong viéc cta riéng toi.

s Trong cac cong trinh khoa hoc dugc cong bo trong luan an, toi da the
hién ro rang va chinh xac déng goép clia cac dong tac gid va nhiing gi

do toi da dong gop.

s Luan an dugc hoan thanh trong thoi gian t6i lam Nghién cttu sinh tai
Bo mon Cong nghé phan mém, Khoa Coéng nghé thong tin, Truong
Dai hoc Cong nghé, Dai hoc Qubc gia Ha Noi.

Tac gia:




L.OI CAM ON

Trude hét, toi mudn bay té sy biét on dén can bo huéng dan
PGS.TS. Dang Ditc Hanh, ngudi da huéng dan, khuyén khich, truyen cam
hing, chi bdo va tao cho to6i nhitng diéu kién tét nhat tir khi bat dau lam
nghién cttu sinh dén khi hoan thanh luan an nay.

Toi xin chan thanh cdm on cac thay co gido khoa Cong nghé thong
tin, Truong Dai hoc Cong nghe, Dai hoc Qubc gia Ha Noi, dic biet 1a cac
Thay Co trong Bo mon Cong nghé Phan mém da tan tinh ddo tao, cung
cap cho toi nhitng kién thic vo cing quy gia, da tao dicu kién t6t nhat cho
toi vé moi truong lam viéc trong sudt qua trinh hoc tap va nghién ciu.

To6i xin tran trong cam on Phong Dao tao, Phong Coéng tac sinh
vién va Ban giam hiéu truong Dai hoc Cong nghé da tao dieu kién thuan
lgi cho t6i trong sudt qué trinh thyc hién luan an.

Toi ciing bay t6 sy biét on dén Truong Dai hoc St pham K§ thuat
Vinh da tao diéu kién vé thoi gian va tai chinh cho toi thuce hién luan an
nay. Toi mudn cdm on dén tap thé, cac can bo giang vien Trusng Dai hoc
Su pham K¥ thuat Vinh da co vii, dong vién va tao dieu kién vé thoi gian
cho toi trong suét qua trinh nghién ctu.

T6i mudn cdm on dén tat cd nhitng ngudi ban, cdc anh chi em
nghién citu sinh va nhitng ngudi dong nghiép ciia toéi. Nhitng ngusi da luon
chia sé vé6i toi nhitng khé khan va dong vien gitip do toi bat cit khi nao toi
can va toi luon ghi nhé diéu dé.

Cubi cling, t6i xin bay té long biét on vo han téi gia dinh, dic
biét 1a vg va cac con, nhitng nguoi luoén ting ho va yéu thuong toi vo dieu
kien. Néu khong c6 su dong vien va hau thuén do, to6i khong thé hoan thanh
luan an nay.

NCS. Lé Van Vinh
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TOM TAT

Thiét ké huéng mién (Domain-Driven Design — DDD) da ndi lén nhu
mot phuong phap noi bat nham giai quyét cac thach thic lien quan dén su
gia tang vé do phiic tap, quy mo va tinh khong dong nhat clia cac hé thong
phan mém hién dai. Phuong phap DDD thuc hién phat trién lip lai dua
trén mot mo hinh mién giau ngtt nghia, trong d6 mo hinh héa lo-gic cot 161
va cac quy tac ctia mién van dé. DDD sit dung nhat quan ngon ngit chung,
qua d6 tang cudng giao tiép hiéu qua, sy hicu biét chung gitta chuyén gia
mién va lap trinh vién trong sudt vong doi phan mém. DA c6 nhiéu nghién
ctu vé cac k¥ thuat biéu dién moé hinh mién bing ngon ngit chuyen biét
mién (Domain-Specific Language — DSL). Céac nghién ctiu nay stt dung DSL
dé lien két chat ché mo hinh thiét ké v6i qua trinh trién khai, qua dé nang
cao tinh chinh xac, kha ning bao tri v md rong clia phan mém. Céac nghién
cttu gan day theo nguyén 1y ctia DDD tap trung vao viéc st dung cac ngon
ngtt chuyén biét mién dua trén chd thich, két hop véi cac ki thuat chuyén
do6i mé hinh nham sinh tu dong phan mém. Tuy nhién, cic nghién citu trude
day van chua mo ta mot cach roé rang va thong nhat cac khia canh hanh vi
trong mo hinh mién, dong thoi gap han ché trong viéc dac ta va tich hop
cac rang buoc phiic tap. Bén canh d6, cac mo hinh mién thie thi hién nay
con thiéu mot co s6 ngit nghia hinh thiic dé kiem chiing tinh ding dan cia
chiing, va chua c6 mot phuong phap hoan chinh cho bé chuyén déi mé hinh
tit diic ta yéu cau sang ma nguon co thé thuc thi.

Nham giai quyét cac thach thic vé ki thuat biéu dién va chuyén doi mo
hinh cho thiét ké huéng mién, qua dé thu hep khodng cach gitta mo hinh
mién v phan mém thuc thi, luan an nay dé xuat cac k¥ thuat biu dién va
chuyén déi mo hinh cho thiét ké huéng mién. Cac dong goép chinh clia luan

an nhu sau.

Thit nhat, luan 4n dé xuat cac k¥ thuat biéu dién mo6 hinh mién, huéng
t6i viec tich hop dic ta cau truc, cidc rang budc phitc tap, hanh vi va bao
mat trong ciing mot khuon kho biéu dién, lam co sé cho viec dic ta day
di cac thong tin can thiét phuc vu sinh tuy dong phan meém trong bdi canh
thiét ké huéng mien.

Thit hai, luan an dé xuat mot k§ thuat tich hop cac DSL theo cac moi
quan tam khong dong nhat vao mot mo hinh mién hop nhat, dude goi 1a
Unified Domain Model Language (UDML). Trong d6, UDML duge dac ta



v

day dii & ca ct phap va ngit nghia thuc thi hinh thic, dong thoi hd trg kiem
chiing hinh thic thong qua co ché 4nh xa ngit nghia sang cac dac ta hinh
thic tuong tng.

Tht ba, luan an dé xuat cac ki thuat chuyén doi mo hinh, cai tién mot
hoac mot s6 dic trung dude Ita chon, cho phép sinh tir dong cac ban mau
phan mém tit mo6 hinh mién dya trén cac ky thuat biéu dién trén mién da
xay dung, huéng téi cac chuyén doi mo hinh c6 chat lugng va phit hgp véi

cac kich ban st dung cu thé trong céc mién ting dung chuyén biét.

Cudi cling, luan an phét trién cong cu thuc nghiem va tién hanh danh

gia tinh kha thi cta viéc ap dung phuong phap dé xuat trong thyc té.

Céc déng gép nay ¢6 ¥ nghia trong viéc hd trg dic ta chinh xac cac mo
hinh mién, dong thai hien thyc héa cac thao tac tir dong trén mo hinh mién,
bao gom sinh tu dong ma ngudn va kiém tra tinh tuan thi giita thiét ké va
cai dat. Qua do, luan 4n gép phan gia tang mic do tu dong héa trong phat

trien phan meém.

T khoa: Thiét ké huéng mién, ki thuat biéu dién, chuyén doi moé hinh,
UDML, DSL, aDSL.
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Chuong 1

GIOI THIEU

1.1 Dat van de

Trong nghién cttu k¥ nghé phan mém hién dai, thiét ké phan mém dugce xem
12 mot qua trinh mang tinh sang tao va lip lai, trong d6 cac nguyén tic,
k¥ thuat va cong cu duge kham pha va a4p dung xuyén suét vong doi phat
trién phan mém [30, 34]. Chat lugng cia sdn pham phan mém vi vay phu
thuoc dang ké vao kinh nghiém, k¥ nang va cach tiép can clia cic nha phat
trien phan mém. Trong thuc tién phét trién phan mém, viéc xay dung cac
hé thong c6 quy mo 16n va do phiic tap cao bang cidc phuong phap mang
tinh tht cong van gap nhiéu thach thitc, bao gom khé khian trong quan ly
st phu thuoc, gia ting chi phi va kéo dai thoi gian trién khai. Do d6, nhu
cau rit ngan chu ky phét trién, giam thiéu chi phi, dong thsi ddm bao kha
nang thich tng véi cac yéu cau ngay cang da dang clia phan mém trong

nhiéu linh viic ing dung tré nén cap thiét.

Trong béi canh do6, phat trien phan mém dua trén moé hinh da noi len
nhu mot huéng tiép can c¢6 hé thong nham giam thiéu do phiic tap ctia phat
trien phan mém thong qua viéc stt dung cac mo hinh tritu tugng lam trung
tam [12, 34]. Dac biet, k¥ ngheé phan mém huéng mo hinh (Model-Driven
Software Engineering — MDSE) [12, 17, 34] dugc xem la mot trong nhiing
huéng phat trién 16 nét nhat ciia phat triéen phan mém dya trén mo hinh,
tap trung vao viéc khai thac cac mo hinh ¢ mic tritu tuong cao dé hd trg
va tu dong hoa qua trinh phét trién phan mém, tit thiét ké dén hien thuc
hoa [30, 34]. Song song véi MDSE, mot phuong phéap tiép can khac, khiem

1
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ton hon nhung tric tiép va thuyc tién hon, 1a phuong phap thiét ké huéng
mien (Domain-Driven Design — DDD) do Evans dé xuat [39, 121, 122].

DDD nhan manh vai tro trung tam ctia mo hinh mién (Domain Model -
DM) trong toan bo qua trinh phét trién phan mém. Theo Evans [39], DM
khong chi 1a mot biéu dién tritu tugng clia mién nghiép vu ma con dong
vai tro nhu mot ngon ngtt chung (Ubiquitous Language — UL) duge chia sé
gitta cac beén lien quan. Trén co s6 d6, DM tré thanh nén tang dé dinh hinh
cau tric, hanh vi va ngit nghia nghiép vu ctia hé thong phan mém, dong
thoi dinh huéng viéc xay dung va tién héa hé thong mot cach nhat quan.
DDD c6 moi lien hé chat ché véi cac ngon ngit 1ap trinh huéng déi tuong
(Object-Oriented Programming Languages — OOPL). Theo Evans [39], cac
khai niem cbt 161 cia DDD nhu thuc thé, déi tugng gia tri, tap hop va dich
vu mién c¢6 thé duge anh xa mot cach tu nhién sang cac cau tric ctia lap
trinh huéng déi tuong. Nho d6, DM vita ¢6 kha ning biéu dat cao, vira kha
thi vé mit k§ thuat khi dugc trién khai trong cac hé thong phan mém huéng
d6i tugng. Su phut hop nay da duge chi ra trong nghién citu [16] cho réng
doi tuong 1a phuong tién ty nhién dé biéu dién cac thuc thé ctia mién thé
gidi thuyc, dong thoi cau tric doi tuong ciing 1a nén tang clia cac ngon ngi
mo hinh héa phan tich va thiét ké ¢ mic cao. Quan diém nay tiép tuc dudc
ké thita vA md rong trong cac nghién ctiu gan day, trong dé 1ap trinh huéng
doi tuong dudge xem nhu mot ngon ngit khai niem, c6 thé két hop véi céc
yéu t6 ctia lap trinh ham nham tang cuong kha ning biéu dat trong viéc
mo ta cac khai niem mién va DM [110]. Tuy nhién, mac du OOPL tao diéu
kien thuan loi cho viéc biéu dién va trien khai DM, qué trinh chuyén tit DM
tritu tugng sang phan meém c6 kha nang thyc thi van chi yéu dya vao thao
tac thii cong ctia nha phat trién, tit d6 lam gia ting nguy co sai lech ngit

nghia gitta DM va hé thong dugce xay dung.

Trong bdi canh dé, cac OOPL khong chi dong vai tro 1 moi trusng trien
khai ma con c6 thé dudc xem nhu ngon ngit chit dé biéu dién va mé rong
DM. Thong qua cac co ché nhu chi thich, kiéu dit liu tritu tugng va cau tric
ngon ngit, OOPL cho phép nhiing tryc tiép cac dic t4 mién mdé rong—bao
gom hanh vi, rang budc va cac chinh sach bao mat—vao DM. Tuy nhién,
cac co ché nay thuong duge sit dung roi rac va thiéu mot nén tang ngit nghia
thong nhat, dan dén han ché trong viéc tich hop cdc mdi quan tam va hod
trg thuyc thi mot cach c6 hé théng theo DDD.
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Trong thuc tién phat trién phan mém, cac bén lien quan tiép can he
thong tit nhitng géc nhin khac nhau; chang han, ngusi ding chi yéu tuong
tac thong qua ngon ngit tu nhién va giao dién, trong khi nha phat trién lam
viéc v6i cac cau trac ky thuat va ngon ngit 1ap trinh duge trinh bay trong
Hinh 1.1. Theo triét 1y ctia DDD, sy khéac biét vé géc nhin nay can dude quy
chiéu vé mot ngon ngtt chung théng nhat, trong d6 DM doéng vai tro 1a 16i
ngt nghia, lién két tri thiic nghiép vu véi thiét ké va trien khai hé théng. Tuy
nhién, trong thuec tién, vAn ton tai mot khodng cach dang ké gitta mo6 hinh
mien va kha nang thyc thi. DM thuong duge dic td bing cac bicu do 16p
UML (Unified Modeling Language) két hop véi cac rang buoc OCL ( Object
Constraint Language) [91] nham mo t& cAu tric va cac rang buoc nghiep
vu tréen DM, trong khi viéc dua cac dic td nay dén trang thai c6 kha nang
thue thi phan 16n van dude thyc hién tht cong. Cach tiép can nay khién
DM chti yéu déng vai tro nhu mot dic td ¢ mic thiét ké, kho dat duge ngit
nghia cia mot DM ¢6 khd nang thuc thi. Mac du cac tiép can dya trén ngon
ngtt chuyéen biet mién (Domain-Specific Language — DSL) [43, 103, 132] va
MDSE [17] da duge dé xuat nham thu hep khoang cach nay, viec ap dung
va tich hop ching mot cach chit ché trong boi canh DDD van con nhiéu
han ché. Khoadng cidch nay lam suy gidm tinh nhat quan ngit nghia, dong
thoi gay kho khan cho viéc bdo tri, md rong va tién héa phan mém theo
dtng tinh than ctia DDD.

M 6 h‘l n h m ié n <<a>>RBACDomNode .
______________ () < !

<<a>>AGraph

Gdc nhin cta ky thuéat

o

Khac hang

Géc nhin ctia quan ly

Goc nhin
phia khach hang

Hinh 1.1: C4c géc nhin khac nhau trén ctiing mot mo hinh mién.
Mic dit DDD dat DM lam trung tam ctia qué trinh phat trién phan
mém, cac cach tiép can hieén hitu chua cung cap dugc mot co ché biéu dién
cho phép dic t4 mot cach day di va nhat quan cac khia canh cot 16i clia
mién—bao gom cau tric, hanh vi v& cac rang budc nghiép vu—ciing nhu

chua ho trg hieu qua viéc tich hgp céc dac ta nay thanh mot mo hinh mieén
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hop nhat. Hon nita, viec chuyén déi mo hinh dé thu duge mo hinh cé kha
nang thuyc thi, lam co sé cho sinh ty dong phan mém dung yéu cau va tuan
thit cac nguyen 1y ctia DDD, van con thiéu cac co ché mang tinh hé théng.

Cac van dé nay duge lam ré hon thong qua vi du thic day 6 phan tiép theo.

1.1.1 Vi du thic day: Hé théng CourseMan

Luan an st dung Heé théng quan 1y khoéa hoc (CourseMan) nhu mot vi du
thic ddy nham minh hoa céc van dé nghién cttu c6t 16i trong biéu dién va
chuyéen doi mo hinh mién. Day 1a mot hé théng thong tin dién hinh trong
mien quan 1y dao tao, bao quat nhiéu khia canh nghiép vu nhu quan 1y sinh

vien, hoc phan, t6 chtic giang day, diang k¥ hoc va theo doi két qua hoc tap.

CourseMaN dugce lwa chon do tinh dai dién va mic do phtic tap vita phai
clia mién ting dung: hé thong khong chi bao gom cac cau tric dit lieu phong
phit ma con lien quan dén nhiéu quy tic nghiép vu va quy trinh x Iy dac
trung. Nho do, vi du nay cho phép lam 16 céc van dé vé biéu dién mo hinh
mién mot cach cu thé, ddng thai tao co s dé dan dit va minh hoa céc thach

thitc nghién cttu duge xem xét trong luan an.

TermRecord AcademicTerm Instructor
id : String termRecord 1 id : String id : String
isExemptMinCredits : Boolean isCurTerm : Boolean name : String
scholarshipTotal : Real ¥ term |vear: Integer email : String
fgpa : Real Enrolinernt startDate : String availability : String
ftermCredits : Integer i String endDate : String workloadLimit : Integer
ftuitionTotal : Real status : EnrolStatus addDeadIlr?e 3 Strlrﬁg 1 | instructor —
fwithdrawals : Integer arade : String dropDeadline : String prerequisites
facademicStatus : AcademicStatug attempt : String 1| term R anIe
/studySemester : Integer withdrawDate : String offering | * ) code : String
JprevSemGpa : Real f offering
: fgradePoints : Real CourseOffering title : String
termRecord | * fisPassed : Boolean id : Integer *ff ) credits : Integer
1 | student enrolledat : String schedule : String erering | tuitionFee : Real
Student : tferi room : String * module |level: Courselevel ol
id : String student | OTeNNG | instudents : Integer type : CourseType module
name : String * « | maxStudents : Integer passingScore : Real
email : String ProgramEnrolment feurEnrollment : Integer requiredCredits : Integer
status : StudentStatus 18 Gl ) isCapstone : Boolean
aidCap : Real admissionTerm : String Program % 4l
balance - Real status : EnrolProStatus code : String 1 module
ItotaICre.ditsCompleted : Intege fisctivepiboclean programName : String
fcumulativeGPA : Real | 1 totalCredits : Integer program 5
¢ * \ ; . «enumerations
foverallStatus : AcademicStatus p ?':GP? Re;l I preE——r— EnrolStatus
T, - AcademicT: student program |tuitionCap : Real
funTermEIAes lermc om HelpRequest maxwithdrawals : Integer Studsnistatys CLALTIED
* |- -
requester | id : String minCoreCredits : Integer ENROLLED ACTIVE
helpRequests | content : String maxElectiveCredits : Integer GRADUATED COMPLETED
maxCreditsPerTerm : Intege PROBATION WITHDRAWN
-- The total number of credits a student can enroll in must not exceed minTotalCredits : Integer SUSPENDED ENROLLED

the maximum number of credits per term defined by the program

context Student

inv courseMan_inv07_CurTermCreditsLimit:
let v : Integer = self.enrolment
-> select(e | e.offering.term.isCurTerm = true
and e.status = EnrolStatus::ACTIVE)
-> collect(e | e.offering.module.credits) -> sum()
in v<=self.programEnrolment.program.maxCreditsPerTerm

context TermRecord

PR T U it
to enioll in a maximuim of 20 ciedits

-- The students with a GPA below 2.5 in the previous semester are allowed

2 T

inv courseMan_inv17 LowGPACreditRestriction:
self.prevSemGpa<2.5 implies

self.student.enrolment->select(e| e.offering.term=self.term)

->collect(e|e.offering.module.credits)->sum()<=20

Hinh 1.2: M6 hinh mién ctia Hé thong quan 1y khéa hoc.
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Hinh 1.2 trinh bay mo hinh mién ctia hé théng CourseMan, trong doé
cac khai niem mién chinh duge biéu dién thong qua cac 16p nhu Student,
CourseModule, CourseOffering, Instructor, AcademicTerm va Program. Quan
he dang ky hoc phan ciia sinh vien duge mo hinh héa thong qua 16p
Enrolment, trong khi két qua hoc tap theo titng hoc ky dugc thé hien bsi
TermRecord. Mo hinh nay phan anh cac thuc thé va quan hé cbt 16i ctia mién
ing dung. Bén canh cau tric, hé thong con bao gom cac rang buoc nghiép
vu va cac hanh vi mién co ban. Céac rang budc thé hién céc quy tic toan
ven, chang han diéu kién dang ky hoc phan hoac gisi han s6 lugng sinh vien
cia 16p hoc phan. Cac hanh vi mién lien quan dén cidc quy trinh nhu md
16p hoc phan, dang k¥ hoc va cap nhat két qua hoc tap. Cac yéu t6 nay cho
thay mo hinh mién can bao quat dong thoi cau tric, rang buoc va hanh vi
é mic tritu tugng phu hop.

Tuy nhién, tit vi du trén c6 thé nhan thay ring céc khia canh ctia mo
hinh mién, bao gom cau tric, rang budc va hanh vi, thuong duge biéu dién
bing cac ngon ngit va & cac mic tritu tuong khac nhau, va duge phat trién
tuong déi doc lap. Diéu nay dan dén sy khong dong nhat trong biéu dién va
gay khé khan trong viéc duy tri mot cach hiéu nhat quan vé mién. Hé qua
1a viéc thiét lap va duy tri cac lién két ngit nghia gitta cic mo hinh trd nén
kho khan, dic biét trong bdi canh hé théng tién héa va cac thay doi can
dudc phan anh nhat quan trén nhiéu khia canh. Bén canh dé, viéc thiéu cac
co ché tich hgp va chuyén doi moé hinh mot cach c¢6 hé théng lam han ché
kha nang bao toan ngit nghia, dong thoi gay khé khan cho viéc kiém chitng
va tu dong hoa cac hoat dong phat trién phan mém. Do do, bai toan dit ra
khong chi la xay dung cac mo hinh riéng 1é cho tirng khia canh, ma la lam
thé nao dé biéu dién, lien két va chuyén ddi cac mo hinh nay mot cach nhat
quéan, nham huéng t6i mot biéu dién mién hop nhat c6 kha niang bao toan

ngl nghia.

Mic dit CourseMan duge st dung nhu mot vi du thic day dé lam ré bai
toan nghién citu, luan an khong giéi han viéc danh gia cac ki thuat de xuat
trong mot mién tng dung duy nhat. Nham danh gia tinh tong quat va kha
ning 4p dung clia phuong phép, luan an con xem xét cac ca nghién citu bo
sung bao gom: He théng quan 1y dit hang (OrperMan), Hé théng quan ly
quy trinh nghiép vu (ProcrssMan) va Hé thong quan 1y tap chi md (0JS).
Cu thé, orperMan dudc st dung dé khao sat cac dic trung lien quan dén
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quy trinh nghiép vu va sy phdi hgp gitta cadc hanh vi mién; ProcessMan cho
phép danh gia kha nang biéu dién va xit 1§ cAc mo hinh quy trinh trong cac
bdi canh tng dung khac nhau; trong khi d6, 0Js 1a mot hé thong thuc té,
duge st dung dé minh hoa cac yéu cau ve kiem soat truy cap dua trén vai
tro va kha nang tich hgp cac chinh sach bao mat ¢ mitic moé hinh. Viéc xem
xét dong thoi cac hé théng nay cho phép danh gia phuong phap dé xuat
trén nhiéu mién tng dung véi cac dic trung khac nhau, tit d6 lam ro kha

ning mé rong va tinh tong quat ciia cach tiép can.

1.1.2 Cac thach thic nghién ctu trong DDD

Thit nhat, cac nghién ctu hién tai vé mo hinh héa trong DDD cho thay
van con han ché trong viéc biéu dién dong thsi va nhat quan cac khia canh
cau tric, hanh vi vi rang buoc ctia mién trong mot khuon kho hop nhat.
Phan 16n cac tiép can st dung cac biéu do UML va céc rang buoc OCL &
cac khong gian biéu dién tach biet, hosic chi khai thac ting lat cit rieng 1é
clia mo hinh mién (DM) thong qua cac DSL [43, 103]. Mot s6 nghién citu
dé xuat cac DSL noi sinh [132], diic biet 1a céc tiép can dua trén cha thich
(annotation-based Domain-Specific Language — aDSL), trong d6 DM duge
nhing tryc tiép vao ngon ngit chu [13, 31, 70, 95, 119]. Mic du cic tiép can
nay cho phép xay duyng cac DM c6 kha ning thiyc thi 6 mot mic do nhat
dinh, mo6i quan hé ngit nghia gitta cau tric, hanh vi va rang buodc van chua

dugce dac ta day du va nhat quan trong mot khuon kho DM hop nhat.

Thit hai, trong cac nghién citu hién c6, viéec mé hinh héa va tich hgp
nhicéu moéi quan tam trong béi cAnh DDD hién nay van thiéu mot nén tang
hop nhat c6 ngit nghia r6 rang va kha nang thyc thi. Cac mdi quan tam
nhu hanh vi nghiép vu, bdo mat va cac yéu cau phi chiic ning thuong duce
diic t4 bang cac DSL rieng biét theo ting goéc nhin [26, 37]. Mic du cach
tiép can nay lam tang tinh mo-dun va kha nang biéu dat cho ting méi quan
tam, viec thiéu mot DM hop nhat phan anh day di ngit nghia tong thé cla
hé théng khién DM khé déng vai tro 1a trung tam ngit nghia nhu yéu cau
cua DDD.

Thit ba, trong cac nghién citu vé chuyén doi mé hinh trong k nghé phan
mém huéng mo hinh (Model-Driven Engineering — MDE) [17, 29] chi yéu
tap trung vao cac phép chuyen doi rieng 18 va thuong dude thie hien ¢ miic
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cti phap. Céc bo chuyén dbi tit mo hinh yéu cau, bao gom cac bi¢u dé UML
va cac rang budoc OCL, sang DM va tiép tuc td6i cac hé thong c6 khé nang
thuc thi hien chua duge té chitc mot cach co hé thong, dic biét vé co ché
béo toan ngit nghia ctia hanh vi vA cac rang budoc mieén [17, 69]. Diéu nay
han ché kha nang kiém soat chat luong va tinh ding din trong qua trinh

sinh phan mém duya trén DM.

Tt nhitng han ché da dugc chi ra trong cac nghién cttu hién c6, luan an
tap trung nghién ctu cac ki thuat biéu dién va chuyén déi mo hinh nham
xay dung mot DM lam trung tam, vita déng vai tro la ngén ngtt chung cho
cac bén lién quan, vita cho phép tich hop cdc mdi quan tam nhu hanh vi,
rang budc va bao mat. Trén co s6 d6, luan an hudng t6i xay dung cac mo
hinh mién c¢6 kha nang thyc thi va hé trg sinh tu dong phan mém thong
qua cac co ché chuyen déi mo hinh, phit hop véi triét Iy ctia DDD.

1.1.3 Phat biéu bai toan nghién ciu

Luan an xac dinh cac bai toan nghién ctiu ¢t 16i can dude gidi quyét, duce

cu thé héa thanh cac van dé nghién citu sau.

Van dé 1: Ky thuat biéu dién mo hinh mién tich hdp, giau ngi
nghia va c¢6 kha nang thuc thi. Trong DDD, m6 hinh mién dugc xem
la trung tam ngtt nghia ctia hé thong phan mém [39]. Tuy nhién, cac tiép
can mo hinh héa hién nay chii yéu tap trung vao khia canh cau tric, trong
khi cac khia canh quan trong khac ctia mién—mnhu hanh vi va cac rang buoc
nghiép vu—thuong duge dic ta tach roi bang cac mo hinh hofic ngon ngit
khac nhau [17, 43].

Mic dit mot s6 tiép can dua trén DSL noi sinh va cha thich cho phép
gan két mo hinh mién v6i trién khai [132], chiing van chua cung cap dudc
mot co ché bieu dién hop nhat cho phép dic ta day du va nhat quan céc
khia canh ¢t 161 clia mién trong mot mo hinh mién c6 kha nang thuyc thi.
Do d6, viéc nghién cttu cac ki thuat biéu dién mo hinh mién tich hgp, giau
ngit nghia va huéng thyc thi dit ra nhu mot van dé nghién citu quan trong
trong boi canh DDD.

Van dé 2: Co ché hgp nhit cic mbi quan tam trong mot mo

hinh mién théng nhat. Trong thyc tién phat trién phan mém, cac moi
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quan tam khac nhau ctia mién—chéng han nhu cau trac, hanh vi va bao
mat—thuong duge dic ta thong qua cdc mo hinh hoac DSL riéng biét [17].
Cach tiép can nay gitp tang tinh mo-dun, nhung dong thoi lam suy giadm

vai tro trung tam ngtt nghia ctia mo hinh mién theo tinh than ctia DDD [39].

Cac nghién cttu hién nay chtt yéu ding & viéc tich hop cac moi quan tam
& miic ct phap ho#c cau tric mo hinh, trong khi thiéu mot co ché hgp nhat
dyta trén ngit nghia cho phép dién gidi thong nhat cdc méi quan tam nay
trong mot mo hinh mién duy nhét [120]. Do d6, viéc xay dung mot co ché
hop nhat cac moéi quan tam dya trén mot nén tang ngit nghia chung, cho
phép mo6 hinh mién duge xem nhu mot thuc thé théng nhat c6 kha nang
thuc thi va kiém ching, vAn 1a mot thach thic nghién citu mé.

VAn dé 3: Bo chuyén déi mo hinh. Mic dit nhiéu nghién citu trong
k¥ nghé phan mém huéng mo hinh da dé xuat cac ki thuat chuyén doi mo
hinh nhim tu dong héa qua trinh phét trién phan mém [17], phan 16n cac
tiép can nay mdéi chi tap trung vio cac phép chuyén doi rieng 1é va chua
hinh thanh duge mot khung chuyén déi moé hinh hoan chinh dat mé hinh
mién lam trung tam. Bén canh d6, van dé duy tri tinh nhat quan gitta cac
g6c nhin khac nhau trén ctiing mot mo hinh mién van chua dudge xem xét

mot cach day du va cé he thong.

Trong b6i cAnh DDD, mo6 hinh mién khong chi déng vai tro 1a cong cu
thiét ké, ma con 1a noi hoi tu va chia sé tri thic mién gitta nhiéu nhom lién
quan, bao gom nha phan tich nghiép vu, kién tric su, nha phat trién va céc
bén lién quan khac. Tuy nhién, viéc chuyén doi tit mé hinh mién sang cac
hién thuc phan mém c6 kha nang thyc thi hién nay van thiéu cac co ché
mang tinh hé thong nhiam bao toan ngit nghia nghiép vu va dam bao tinh
nhéat quan gitta cac biéu dién moé hinh & cac mic tritu tugng khac nhau, tit

ddc t4 yeéu cau, mo hinh thiét ké cho dén hien thyc phan mém [121].

Dé giai quyét van dé nay, luan an dit ra yéu cau can c6 mot tap cac bo
chuyén doi moé hinh c6 vai tro bo trg 1an nhau, nham duy tri tinh nhat quan
gitta cdc goc nhin clia cdc bén lién quan trén ciing mot mo hinh mién. Cu
thé, cac bo chuyén doi nay bao gom:(1) bo chuyén doi sinh tu dong cac ban
mau phan mém tit mo6 hinh mién nham cung cap géc nhin thye thi; (2) bo
chuyén doi tit cdc dic ta yéu cau miic cao (UML/OCL) sang mo hinh mién
nham gin két goc nhin phan tich véi mo hinh nghiép vy; (3) bo chuyén doi
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gitta ¢t phap tritu tuong va ci phap cu thé nhim dam bao tinh nhat quan
gitta cac biéu dién ctia ngon ngit mién; va (4) bo chuyén déi tit mo hinh
mien sang khong gian ngit nghia hinh thiic, ching han Event-B, nham hd

trg kiem chiing v x4c nhan cac thuoc tinh ngi nghia quan trong.

Do dé, nghién ctu céc b chuyén déi mo hinh c6 tinh hé théng, dit mo
hinh mién lam trung tam, bao toan ngit nghia va hd trg dong thoi nhicu goc
nhin khic nhau khong chi 1a mot yéu cau ky thuat, ma con 14 mot van de
nghién ctu quan trong nham thu hep khodng cach gitta dic ta nghiep v,

mo hinh va hién thuc phan mém trong phét trién phan mém huéng mién.

Téng hop céc phan tich trén cho thiy rang, vAn con ton tai nhitng van

dé quan trong chua dugc gidi quyét mot cach he théng, cu thé nhu sau.

1. Thiéu cac k¥ thuat biéu dién DM tich hop, gidu ngit nghia va c¢6 kha
nang thuyc thi, trong dé cac khia canh hanh vi, bao mat va rang budc
dude gan truc tiép vao DM, dong thoi van bao dam vai tro ctia DM

nhu mot ngdn ngit chung gitta cac bén lién quan.

2. Thiéu mot co ché hop nhat cidc mdi quan tam vao DM hgp nhat, cling
nhu co ché kiém chiing mot cach tong thé va c¢é hé théng, nhim dam
bédo tinh mo-dun, tinh nhat quén ngit nghia va kha ning sinh ma
tu dong.

3. Thiéu cac bo chuyén doi mo hinh hé trg thao tac tu dong trén cac mo
hinh mién hgp nhat, ching han nhu sinh cac ban mau phan mém ti
mo hinh yéu cau theo DDD.

1.2 Muc tiéu va pham vi nghién ctu

Luan an nghién citu va dé xuat cac ki thuat biéu dién va chuyén déi mo
hinh trong thiét ké huéng mieén (DDD), nham thu hep khoang cach gitta mo
hinh mién va hién thuc phan mém. Luan an huéng téi viec biéu dién day du
céc khia canh ctia mién nghiép vu, bao gom cau tric, hanh vi va cac chinh
sach bado mat, dong thoi nghién citu cac ky thuat sinh ty dong phan meém
ti mo hinh mién, qua dé6 dam bado ngit nghia clia cac cau tric, hanh vi va

rang budc nghiép vu duge duy tri nhat quan trong qua trinh chuyén doi tit
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mo6 hinh mién dén hién thuc phan mém. Dé dat duge muc tieu tong quat

nay, luan an tap trung vao cac muc tiéu nghién cttu cu the sau.

Muc tiéu 1. Nghién cttu va dé xuat cac ki thuat biéu dién mé rong cho DM,
bao gom: dic ta4 hanh vi bang ngon ngit do thi hoat dong (Activity Graph
Language - AGL); dac ta cac chinh sach bdo mat dya trén vai tro bang
DSL Ia RBACDom (Domain RBAC Specific Language); va dic ta cac rang
budc OCL bang cac mau chu thich rang buoc CAP (Constraint Annotation
Patterns). Qua d6, hinh thanh mot DM biéu dién day d va nhat quan céc
khia canh cau trac, hanh vi va rang budc nghiép vu clia mién, lam co s6

cho viéc phat trién phan mém dap ting cac yéu cau nghiép vu.

Muc tiéu 2. Dé xuat ngon ngit mo hinh mién hgp nhat UDML (Unified
Domain Model Language) trong b6i cAnh DDD, nham tich hgp cidc moi quan
tam ctia DM—cau triic, hanh vi vi bdo mat—a4 miic ngit nghia mién va hanh
vi. Trén co s6 do, luan an dé xuat co ché hgp nhat (Compose) dya trén chi
thich dé két hop cac DSL chuyén biét vao mot mo hinh mién théng nhat,
dong thoi xay dung nén tang ngit nghia phuc vu kiém chitng c6 hé théng va
ho trg sinh tir dong cdc mo hinh mién c¢6 kha niang thuc thi, gép phan thu
hep khodng céch giita dac ta mién va hién thuc trién khai theo tinh than
cua DDD.

Muc tiéu 3. Nghién citu va dé xuat bo chuyén doi mé hinh nhim gia tang
mitc do tu dong hoa trong phat trién phan mém, huéng téi viec sinh tu dong

cac ban mau phan meém c6 kha nang thyc thi.

Pham vi nghién citu ctia luan an tap trung vao céc ki thuat biéu dién,
hop nhét v chuyén doi mo hinh dua tren DSL trong béi canh DDD. Luan
an két hgp mo hinh héa bing DSL v6i cac ki thuat thiét ké va kiém chitng
hinh thiic, dong thai phat trién cdc ngoén ngt va bo chuyén déi mé hinh theo

quy trinh l3p lay mo hinh mién lam trung tam.

Dé kiém ching tinh kha thi va kha nang ap dung ctia phuong phap, cac
dé xuat duge danh gia thong qua thic nghiém trén mot tap cac ca nghién
cttu dién hinh (CourseMaN, ORDERMAN, ProcessMan va 0JS). Cac ca nghién

citu nay dugc trinh bay va phan tich trong Chuong 6 ctia luan an.
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1.3 NOi dung va phuong phap nghién ciu

Dé dat dugc cac muc tieu da néu, luan an tap trung nghién citu cac ki thuat
biéu dién, hgp nhét va chuyén doi DM trong boi canh DDD. Cu thé, luan
an xem xét viec dic td cac moi quan tam khac nhau clia mién—bao gom
cau tric, hanh vi va bdo mat—thong qua cac DSL, dong thoi nghién citu co
ché hop nhat cac dac ta nay vao mot ngon ngit mo hinh mién hgp nhat, goi
13 UDML. Trén co s6 do, luan an dé xuat cac co ché chuyén déi mo hinh vi
nén tang ngit nghia phuc vu kiém chitng hinh thic, huéng téi viec xay dung
cic mo hinh mién hop nhat c6 kha nang thuyc thi va hd tro sinh ty dong
cac ban mau phan mém. Cac thanh phan chinh ctia mo hinh mién hgp nhat
duge minh hoa trong Hinh 1.3 bao gom cac tdc vu chinh, dugc gan nhan
lan lugt tit 7 dén 11.

1 Dic ta yeu cau mién
|:{> vé cac moi quan tim DSL

Nguoi thiét ké Cac yeu cau 2a / \

Dinh nghia va téng hgp Eainh nghia cac mau rang budc

cac modi quan tdam DSL dwa vao chu thich (CAPs)

UML va OCL biéu d6 16p
va biéu d6 hoat dong 3a 3a

2 Ngén ngit UDML
ﬁ> preeieeosoooesesene Rt F S
i Chphdpcuthé,Ca i _ 1) Bochuyéndéi :
Nguoi g dung | phip trimtwgng |} 180 NI L (M2M & M2T) |

Ban miu phan mém
hoan chinh
A

\

11

[Ban mau dugc DAL, i it vl i En m6 hinh mién

chdp nhan]
i e O VAC
L..totedong. Mb hinh mién hop nhat
c6 kha nang thyc thi

Téng hop cdc méi quan tAm } [TiCh hgp cac CAP véo]

Ly {
[ Sinh va ra soat ban mau phan ] \ A
AAAAAAA V\K [ Kiém chitng hinh thic ] j

8

Hinh 1.3: Tong quan phuong phap dé xuat cho ki thuat bieu dién
va chuyén déi mo hinh.
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Trude hét, ngusi thiét ké ngon ngit tién hanh dic ta cac yéu cau mién
xuat phat tir nhiéu mién ting dung khac nhau, bao gom cac mdi quan tam
duge dac ta bang DSL va cdc nhém rang budoc OCL, nhu minh hoa trong
nhan 1. Bude nay nham xac dinh v khai quat héa cac moéi quan tam mién
lien quan dén cau tric, hanh vi, bdo mat, ciing nhu cac nhém rang buoc
OCL tuong tng. Trén co sé d6, cac mdi quan tam DSL duge dinh nghia va
hop nhat, nhu thé hién trong nhdan 2a, bao gdm céc thanh phan cd phap
tritu tuong va cac dang ci phap cu thé (van ban hodc do hoa) dé hé trg
xay duyng cdc mo hinh chi tiét cho titng mdi quan tam cu thé. Song song véi
d6, mot danh muc cdc mau chi thich rang buoc CAP duge xay dung bang
cach khai thac va khai quat héa cac rang buoc tit yéu cau mién, nhu minh
hoa trong nhdan 2b. M&i CAP dugc dinh nghia bao gom: (i) mot biéu do 16p
UML mo t4 cac khai niém mién va méi quan he gitta chiing; (ii) mot dac ta
OCL biéu dién cac luat nghiép vu va cac bat bién; va (iii) tap cac chi thich

duing dé gan cac rang buoc OCL vao DM.

Tiép d6, véi ngon ngtt UDML da duge thiét ké day du vé ca phap, ngit
nghia, ciing v6i cac bo chuyén doi M2M va M2T, ngudi ding tap trung ap
dung ngon ngit nay dé biéu dién moé hinh mién cho hé théng cu thé. Céc
diic td DSL theo mdi quan tam chuyéen biet (nhan 3a) va cdc mau CAP
(nhan 3b), duge xay dung trong giai doan thiét ké bdi chuyén gia mieén,
duge st dung két hop véi cac DM cu thé dudi dang biéu do 16p va biéu do
hoat dong UML/OCL, nhu minh hoa trong nhan 4. Trén co sé dé, cac mdi
quan tam DSL dudc tong hop va cac CAP duge tich hop vao DM, nhu theé
hién trong nhdn 5a va nhdn 5b, nham suy dan ra mot mo hinh mién hop
nhat lam nén tdng cho viéc sinh ban mau phan mém. UDML dugc thiét ké
v6i mot mo hinh 16i cho phép tich hop mot cach thong nhat cac moi quan
tam DSL vao DM, nhu minh hoa trong nhdn 6a va nhdin 6b. Két qua thu
duge 1a mot mo hinh mién hop nhat ¢6 kha nang thuce thi, lam co s6 cho
bude kiém chitng hinh thtic moé hinh mién hgp nhat trude khi sinh ban méau

phan mém, nhu thé hién trong nhéin 7.

Cubi ciing, mé hinh UDML da dugce tich hop day du dong vai tro lam
nén tang dé sinh ty dong ban mau phan mém, nhu thé hién trong nhdin 8.
Bén mau phan mém nay dugc tao dya trén khung JDA [71] va sau d6 dugc
cac chuyeén gia mien danh gia dé thu thap phan hoi, nhu minh hoa trong

nhan 9. Trén co s6 phan hoi thu duge, cd mo hinh UDML va cac dac ta
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mbi quan tam lién quan sé dugc cap nhat tuong tng, nhu thé hien trong
nhan 10. Quy trinh nay duge 1ap lai mot cach c6 hé thong, hé trg chu trinh
cai tién lien tuc cho dén khi hé thong phan mém dap tng day du cac yéu

cau da dat ra, nhu minh hoa trong nhdn 11.

1.4 Cac déng gop chinh caa luan an

Luan an dé xuat cac ki thuat biéu dién va chuyén déi mé hinh cho DDD,
tap trung vao viéc biéu dién va tich hgp cac moi quan tam vao mo hinh mién
hop nhat, hé trg kiém ching va huéng thue thi, dong thoi sinh tu dong céc

ban mau phan mém thong qua chuyén doi mo hinh, cu thé nhu sau.

1. Dé xuat cac ky thuat biéu dién moé hinh mién (DM) trong bdi canh
DDD, cho phép dac td mot cach tuong minh va nhat quan cac khia
canh cau tric, hanh vi va rang buoc nghiép vu clia cac mién nghiép
vi. Céc k¥ thuat nay mé rong kha ning bi¢u dat ctia DM, lam co sé
cho cac budc hop nhét, kiém chiing va chuyen doi mo hinh tiép theo.

2. Dé xuat mot ki thuat hgp nhat cadc DSL theo cdc méi quan tam chuyén
biét vao mot mo hinh mién hgp nhat c¢6 kha nang thuc thi. Trén co
s§ d6, luan an xay dung nén tang ngit nghia phuc vu kiem ching hinh
thiic, nham dam bao tinh nhat quan ngtt nghia ctia mo6 hinh mién hop

nhat § giai doan thiét ké.

3. Dé xuét cac k¥ thuat chuyén déi mo hinh dua trén DM, cho phép sinh
tu dong cac ban mau phan mém c6 kha nang thuc thi, dong thoi bao
toan ngit nghia mién va chat luong chuyén déi, phit hop véi cac kich

ban stt dung cu thé trong cac mién ing dung chuyén biét.

4. Phat trién mot cong cu thuc nghiém nhim hién thic héa cac ki thuat
biéu dién, hop nhat va chuyén doi mo hinh dude dé xuat, dong thoi
danh gia tinh kha thi va kha nang ap dung ctia cac ky thuat nay trong
cac boi canh ting dung thuc té.
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1.5 Cau trac luan an

Luan an “Nghién ciu cac ky thuat

bieu dién va chuyén doi mo hinh

Lz 2 . BN 2 Chuong 2:
cho thiét ke hudng mién” dugce to [ Kién thic co s& ]
. . ) B va hién trang nghién citu
chitc thanh bay chuong. Trong do, lr
Chuong 1 — Gidi thiéu trinh bay ly .= e
( N\
NN N s Chuong 3:
do chon de tai, muc tieu, noi dung, , K§ thugt biéu dién mé hinh mién
doi tuong nghién cttu va cac dong b g
p p 5 A P P \ 4
gép chinh cta luan an. Cau trac | Chuong 4: )
2 2 ~ . ; Phwong phap tich hgp cac méi quan tam
tong thé ctia luan an dugec minh hoa ! L Va0 mé hinh mién )
trong Hinh 1.4, v6i ndi dung céc v
B ( N\
chuong dugce to chitc nhu sau. | Chuong 5:
' Sinh ty dgng ban mau phin mém
H \ J
Chuong 2 trinh bay co sé ly
£, x 2  n e qea A\ 4
thuyet va tong quan nghién cttu lien | )
B R : Chuong 6:
quan den de tai. Chuong gi6i thiéu Thyc nghiém va danh gia )
v N
cac k¥ thuat bieu dién mo hinh mién .. Ngbn ngihop nhét mé hinh mién UDML
trong DDD dya trén DSL (néi sinh l
va ngoai sinh), dong thdi phan tich [ Chuong 7: ]
. . ” . z. R Két ludn va huéng phat trién
val tro cuia cac moi quan tam nhu

hanh vi, rang budc va bao mat trong Hinh 1.4: Cau tric luan an.

mo hinh mién. Bén canh d6, chuong

trinh bay cac k¥ thuat chuyén doi moé hinh va sinh tu dong phan mém trong
k¥ nghé phan mém huéng mo hinh. Trén co sd d6, chuong danh gia cic han
ché ciia cac tiép can hién tai, dic biet trong viéc tich hop cdc mdi quan
tam va bdo toan ngit nghia, qua dé xac dinh khodng trong nghién ciu cho

luan an.

Chuong 3 trinh bay nghién citu vé k§j thuat tich hgp khia canh hanh vi
vao DM nham hé trg sinh tu dong phan mém theo DDD. Chuong nay de
xuat mot co ché tich hop hanh vi thong qua DSL dya trén chd thich, goi
14 Activity Graph Language (AGL), dé biéu dién cac hanh vi mién. Dong
thoi, phuong phép tich hgp cac rang budce phitc tap vao DM thong qua mau
Constraint Annotation Pattern (CAP) cing dugce trinh bay va danh gié.

Chuong 4 trinh bay phuong phap tich hop cdc mdi quan tam vao mo
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hinh mién hgp nhat ¢6 kha nang thyc thi trong DDD. Chuong dé xuat co
ché hop nhat cac DSL theo méi quan tam thong qua tiép can duya trén cha
thich 6 muc cay ca phap truu tugng, cho phép tich hgp cac dic ta hanh
vi, rang budc va bdo mat vao mo hinh mién mot cach nhat quan. Trén co
sd do, chuong gidi thieu DSL bao mat RBACDom nhu mot méi quan tam
cu thé va trinh bay cach tich hgp véi mo hinh hanh vi. Dong thdi, chuong
dé xuat nén tang ngt nghia va phuong phap kiém ching hinh thitc cho mo
hinh mién hop nhat, nham dam bao tinh nhat quan ngit nghia gitta cac moi

quan tam.

Chuong 5 trinh bay k¥ thuat sinh ty dong ban mau phan mém dya trén
cac bo chuyén doi mo hinh. Chuong nay tap trung xay dung bo chuyén doi
tit mo hinh yeéu cau (Requirement Model — RM) sang mo hinh mién hop
nhat (Unified Domain Model — UDM), goi 1a RM2UDM, nham hd tr¢ tu

dong héa qua trinh tao ban mau phan mém.

Chuong 6 trinh bay cong cu hd trg va danh gia cac phuong phap dé xuat
thong qua cac ca nghién ctu dién hinh, bao gom CourSEMAN, ORDERMAN,
ProcessMan v 0JS. Cac két qua thyc nghiém va thio luan trong chuong
nay dudce st dung dé danh gia tinh kha thi va hiéu qua ctia phuong phép

dé xuat trong cac bdi canh ting dung thuc té.

Cudi ciing, Chuong 7 tong két cac dong gép chinh ctia luan an va thao

luan cac huéng nghién citu tiép theo duya trén cac két qua da dat duge.



Chuong 2

CO sG LY THUYET VA TONG
QUAN TINH HINH NGHIEN CUU

Trong chuong nay, luan an trinh bay cac kién thiic nén tang lién quan dén
biéu dién mo hinh mién, tich hgp cac mdi quan tam va chuyén doi moé hinh
trong thiét ké huéng mién. Noi dung chuong nham lam r6 hién trang nghién
ctu clia cac tiép can hieén c6 trong viec dac ta day du cac khia canh cau tric,
hanh vi va rang budc mieén, cling nhu trong viéc hop nhat cac mbi quan tam
mién va bdo toan ngit nghia khi sinh phan mém. Trén co s6 d6, chuong thiét
lap nén tang khai niém va ngit nghia cho viec dé xuat cac ky thuat biéu
dién mo hinh mién gidu ngtt nghia, hop nhat cac méi quan tam mién vao
mot mo hinh mién hop nhat ¢6 kha ning thuc thi, va hd trg chuyén doéi mo

hinh dé sinh tu dong cac ban mau phan mém trong céc chuong tiép theo.

2.1 Toéng quan vé thiét ké huéng mién

Trong muc nay, luan an trinh bay cac khai niém nén tang ciia thiét ké huéng
mién lam co sé 1y thuyét cho cac ki thuat biéu dién dugc dé xuat trong céc
chuong sau, bao gom AGL, CAP, RBACDom va UDML.

2.1.1 Neén tang thiét ké huéng miéen

Thiét ké huéng mién (Domain-Driven Design - DDD) [39] huéng t6i viéc

phat trién phan mém theo cach lip va tién héa, dua trén mo hinh mién

16



Chuong 2. Co sd lyj thuyét va tong quan tinh hinh nghién ciu 17

(Domain Model - DM) phan anh trung thyc mién tng dung; DM nay vita
phai nam bat day du cac yéu cau nghiép vy, vira phai kha thi vé mat k¥
thuat dé hién thiyc hoa trong trién khai. Theo Evans [39], cic ngon ngit 1ap
trinh huéng déi tugng (Object-Oriented Programming Language - OOPL)
c6 sit phit hop tir nhien khi 4p dung DDD. Trude d6, cac nghién citu gan
day vé DM da chi ra rang DM can dam bao ca tinh biéu dat va kha thi thuc
thi [15, 34]. Thit nhat, cdc d6i tugng trong ngon ngit huéng déi tugng phén
anh truc tiép céac thuc thé ton tai trong mién thyce té. Thit hai, cau tric doi
tugng cling la co sé cho cac ngoén ngt mo hinh héa triru tugng duge st dung
trong phan tich va thiét ké, qua d6 ho trg khai niem héa va hien thic hoéa
mién tng dung [32]. Trong bdi canh nay, DDD dugc xem nhu mot phuong
phap cu thé hoa viéc phat trien phan mém huéng doi tuong dua trén DM.

Trong phat trién phan mém hién

dai, dac biet v6i cac hé thong nghiep

vu phtic tap, ngusi ta ngay cang

198

nhan ra rang van dé chinh khong

ERTEI

nam & cong nghé, ma nam & chd

hiéu va ndm b#t ding mién nghiep
vu. Trong phuong phap DDD, DM

déng vai tro trung tam ctia phan

uoneonddy

mém — ndi chita dyng phan 16n do

phiic tap. Noi cac khai niém nghiép

vi1, hanh vi va quy tac duge mo hinh
héa thong nhat, va ding mot ngon /

ngit chung dé tat ca cac bén tham

gia cling trao doi. Evans nhan manh

rang DM khong chi 13 tai lieu phan

ainjanJiseljul

tich ma phai gan chit vé6i cai dat, chi
phfﬁi viéc phat tri(jén phan mém trong Hinh  2.1:  Kifn  tric
suot vong doi. Diéu nay bao ham hai phan ting chung cho DDD
yeu cau: (1) DM phéi giau ngit nghia (Nguon [39)]).

dé phan anh diang ban chat nghiep

vy, va (2) DM phai di cau tric dé dinh huéng ma ngudn trién khai.

Mo hinh mién (DM) 14 mo6 hinh mo t& cau tric cac khéai nieém, moi quan

hé gifta chiing trong mot mién van dé nao d6. Mdi mién nghiép vu déu co
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thé dugc bieu dién béi mot DM; vi du DM cho quéan 1y dao tao, giao hang,

ngan hang, v.v.

Hinh 2.1 mo6 t4 mo hinh kién tric chung cho DDD dang phan tang: DM
nam & tang mién (Domain), dong vai tro trung tam, duge trich tir sach cia
Evans, khang dinh vai tro trung tam ctia DM trong mot kién triic phan mém
tong quat dang phan tang. Mo hinh nay bao gdm bon tang, trong d6 DM
nam § tang mién. Tang trén cung la tang giao dieén (User Interface - UI),
noi dit cdc phan giao dién danh cho ngusi st dung tuong tac véi phan meém.
Tang tiép theo la tang ting dung (Application), noi dat cac thanh phan dinh
nghia cac dich vu ma phan mém cung cap cho ngudi stt dung hay cac hé
thong khéac. Dé thuc hien cac dich vu, cac thanh phan nay tim va diéu phoi
hoat dong clia cac thanh phan & tang mién. Tang mién 1a noi dit DM, biéu
dién lo-gic mién van dé chuyeén biét cia mdi phan mém. Dé thiét ké dugc
DM nay doi héi su hiéu biét can ké vé nghiép vu ctia mién dé. Tang dudi
cung 1a tang co s6 ha tang (Infrastructure), noi dat cdc thanh phan chiu
trach nhiem giao tiép véi nén tang cong nghé dude st dung dé chay phan
meém. Tang nay gitp cac tang trén hoat dong ma khong phu thudc vao nén
tang cong nghé, qua dé nang cao kha nang tai st dung phan mém cho nhiéu

nen tang khac nhau.

Trong DDD, hai dic trung quan trong dugc nhan manh gom: (1) tinh kha
thi, ttic DM phéi ¢6 khé niang trd thanh ma nguon va nguge lai; va (2) tinh
théa man, titc DM phai phan anh ding cac yéu cau nghiép vu thong qua
mot ngon ngit chung dude phét trién va tinh chinh trong qua trinh lam viéc
véi cac bén lien quan [39]. Ngon ngit nay cho phép cac yéu cau mién duge
dién dat chinh xac va nhat quan, dong thoi ddm bao mo hinh luén bam sat
nhu cau nghiép vu. Viéc dat dude hai dic trung cot 161 nay hien dang 13

mot trong nhitng trong tam ciia cac nghién ctiu vé DDD.

Bén canh d6, DDD con dua trén hai nguyén 1y nén tang gitp duy tri sy
tuong thich gitta moé hinh va hién thyc la ngt canh giéi han va ngon ngi
chung (UL). Ngit cAnh gi6i han xac dinh pham vi ma cac khai niém mién
duge dién gidi, ngan ngla sy pha tap ngit nghia gitta cadc ving nghiép vy,
dong thoi bao dam moi k§ thuat mo hinh héa duge trién khai trong mot
khong gian ngtt nghia thong nhat. Mit khac, UL déng vai tro 13 phuong tién
ngon ngit xuyen sudt gitta DM, ngon ngit chuyen biét mién (Domain-Specific

Language - DSL) [43] vaA ma nguon, gitp loai b6 sy chénh léch gitta tai lieu
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phan tich vA ma chuong trinh, von 13 nguyén nhan sau xa ctia khodng cich
gitta mo hinh—cai dat. DSL giup lién két chiit ché gitta mo hinh thiét ké va
hién thue, tit d6 cai thien tinh dang dan, kha ning bdo tri, va tinh md rong
ctia phan mém [22, 42, 94, 117].

Evans nhan manh rang DM can dudc hién thic héa tryc tiép trong ma
nguon, thay vi chi ton tai 6 dang tai lieu. Tuy nhién, trong thyc tién, DM
thuong chi duge mo ta bang UML/OCL [91], tai lieu van ban hodc thong
qua trao doi bang 15i néi, dan dén khodng cach dang ké giita mo hinh va
hién thyc trién khai. UL khong duge chuyén xuéng ma ngudn mot cach
he thong. Mac du, da chi ra UL phai duge dung trong cd mo hinh va ma
nguon, nhung trong phuong phap DDD chua dua ra co ché ki thuat dé UL
tré thanh mot ngon ngit hinh thitc thay vi chi 14 ngon ngit ty nhien. Két
qué 1a UL dé bi sai lech gitta phan tich — thiét ké — cai dat [59].

2.1.2 M5 hinh mién huéng thuc thi

Muc nay trinh bay cac tiép can bicu dién phd bién ctia DM, nhan manh wu
diém vé kha nang biéu dat va chuan héa, dong thai chi ra han ché vé tinh
hop nhat va kha nang hudéng thuc thi ctia cac biéu dién hien hanh trong boi
canh DDD.

Trong nhiéu hé thong phan mém hién nay, DM chii yéu déng vai tro mo
ta, chua c6 kh& nang thyc thi tryc tiép. Tuy nhién, nghién cttu [36] da nhan
manh rang DM can dudc kich hoat nhiam hé trg sinh ty dong ban mau
phan mém hosic tham chi ¢6 thé duge thuc thi truc tiép.

Céc huéng tiép can nghien citu lien quan dén bicu dién va thyc thi hanh

vi mién hién nay tap trung gidi quyét mot s6 thach thic chinh sau:

e Cac nghién citu vé DDD chii yéu tap trung vao khia canh cau tric ciia
DM-bao gdm thuc thé, tong hop, kho luu trit va cac khéi xay dung
tuong ti—trong khi hanh vi mién thuong bi tach ra khéi mo hinh. Trong
nhiéu cong trinh, hanh vi dugc hién thyc trong ma nguon thong qua
cac dich vy mién hodic cac co ché sy kién, hodc dudge mo ta bang cac
biéu d6 UML tach roi [59, 122, 134, 135].

e Mot s6 hudng nghién cttu trong kj nghe huéng mo hinh (Model-Driven
Engineering — MDE) cho phép gan cdc mo hinh hanh vi nhu may trang
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thai hoic biéu do hoat dong vao mo hinh, tuy nhién cac tiép can nay
thuong nam ngoai ngit canh ctia DDD va chua dong nhat héa hanh vi
v6i cau tric trong mot DM duy nhat [14, 17, 77, 120, 131].

e Nhiéu cong trinh trong nhém nay tap trung vao viéc dinh nghia céc
phép anh xa tit bieu dd hoat dong, trang thai hoic tuan tu ciia UML
sang ma thic thi, chil yéu duya trén cac quy tac ki thuat ¢ mic diéu
khién ludng [75, 124].

e Bai toan thu hep khodng cdach gitta yéu cau nghiép vu va mo hinh héa
hudng doi tugng luon duge xem 1 trong tam. Tuy nhién, phan 16n cac
tiép can hién nay méi ding lai 6 mitc khai niém nham hé tr¢g mo hinh
héa ding tu duy mién, trong khi viéc anh xa c¢6 hé thong hanh vi mién
sang ma nguon thuong dude giao cho cac khung lam viéc hoic cac quy
ude lap trinh, thiéu mot ngit nghia hinh thitc lam co s6 [135].

e Song song d6, mot s6 nghién citu trong MDE va linh vyc sinh ma
nguon tit mo hinh hanh vi da dé xuat cac bo chuyén doi tit mé hinh
hanh vi sang ma nguon [108]. Tuy nhién, cic tiép can nay thuong van
hanh doc lap véi kién tric huéng mién va chua duge tich hop véi mot
DM cu thé hay mot ngon ngit mién théng nhat.

e Nhiéu cong trinh khac tap trung vio sinh ma ty dong tit cAc mo6 hinh
hanh vi UML vé6i muc tiéu ddm bao tinh nhat quan gitta thiét ké hanh
vi vd ma nguon thong qua cac phép anh xa mang tinh co hoc. M4 sinh
ra chii yéu la ma diéu khién téng quét, chua dude c¢d két trong mot

khung lam viéc huéng mién ro rang [124].

e Ngoai ra, mot s6 nghién citu wu tién cac tiéu chi nhu an toan, do tin
cay hodc hieu nang. Mic du ¢ gia tri trong linh vire sinh ma nguon,
cac tiép can nay khong dit trong tam vao cac nguyeén 1y cot 161 clia
DDD, ching han nhu UL hay kha nang dé chuyén gia mién triec tiép

hieu va xac nhan mo hinh hanh vi.

Trong béi canh cac hé théng duge phét trién theo tinh than DDD, mot
s6 cong trinh thuc tién nhu Apache Isis [119] va OpenXava [95] da khai
thac cac ngon ngtt chuyen biet mién dya trén cha thich (annotation-based

Domain-Specific Languages — aDSL). Cach tiép can nay c6 thé duge xem
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la mot dang DSL noi sinh, duge nhing trong OOPL (nhu Java), tan dung
ci phap va ngit nghia sdn c6 clia ngon ngit chit dé biéu dat va hién thuc
héa DM. Tit cach bieu dién nay, c6 thé thu duge DM thuc thi theo hai
huéng tiép can chinh. Céch tiép can truc tiép, nhing thang phan hién thuc
va cdc moi quan tam cia chuong trinh vao chinh OOPL nhu Java [47] va
C# [55], gitp tao ra phan mém chay dugc nhung dé lam DM bi pha tap
va kho duy tri. Cach tiép can gidn tiép, duya trén phuong phap phét trién
huéng mo hinh, trong d6 DM dugc hop nhat véi cic mdi quan tam khac
(nhu cAu tric, hanh vi v bdo mat) thong qua cdc mo hinh triru tugng hon
bang UML/OCL hodc cac DSL bo trg. Chuong trinh cudi ciing c6 thé duge
tao ra bang cac chuyén déi mo hinh, bao gdm chuyén déi mo hinh sang mo
hinh (Model to Model - M2M ) hodc mo hinh sang van ban (Model to Text -
M2T). Trong dé dién hinh 1a ky thuat biéu dién DM gan tryc tiép vao cac
16p mién, cac rang buoc thiét yéu dudce biéu dién ngay trong ngit canh ciia
DM. Nho d6, DM van gitt dude tinh bicu dat cao trong UL ma khong tach
roi khéi cau tric va ngit nghia thyc thi [70, 71].

Do d6, viéc ké thita v md rong hudng tiép can nay bang mot phién
ban tinh chinh ctia phuong phap phét trien phan mém dua trén aDSL ciia
DDD [70], theo huéng mé rong biéu dién mo6 hinh mién cho hanh vi nghiep
vi1, bdo mat va cac rang budc nghiép vu ngoai nhitng nghiép vu thiét yéu 2.1,
nham ting cuong kha ning mo hinh héa va hd tr¢ sinh ma nhat quan, van

con 13 mot khodng trong trong nghién ctu.

2.1.3 Ngoén ngit chuyén biét mién DSL

Ngon ngit chuyén biét mién (Domain-Specific Language - DSL) [43] 1a mot
ngon ngit dude thiét ké dé mo ta va thao tic trong mot mién bai toan cu
thé, DSL dugc xay dung véi muc tiéu lam cho céc khai niem, quy tic va
thao tac clia mién trd nén tuw nhién va gan gdi nhat véi cach ma chuyén gia
nghiép vu suy nghi va trao déi, tit d6 ting kha nang biéu dat, giam khoang

cach gitta diac ta va hién thuec.

Trong DDD, DSL déng vai tro nhu mot ngén ngtt hinh thic, hé tr¢ mo

hinh héa mién, sinh ma tu dong va kiém soat su tién hoa ctia hé théng.

DSL ngoai sinh 1a cdc ngon ngit chuyén biét mién ton tai doc lap véi

ngon ngt lap trinh chi, c6 ¢t phap va ngit nghia duge xac dinh tuong minh
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cung hé sinh thai cong cu riéng. Nho d6, DSL ngoai sinh phu hgp cho phan
tich mo6 hinh & miic tritu tugng cao, chuyen doi moé hinh gitta nhiéu DSL va
kiém chiing ngit nghia mot cach c6 hé thong [17].

DSL noi sinh duge nhing trong ngdén ngtt 1ap trinh chi va khai thac
truc tiép ct phap, ngit nghia clia ngoén ngit nay dé bicu dat cac khai niem
mién. Cach tiép can nay gitp DSL noi sinh dé tich hgp véi ma nguon va
khong yéu cau xay dung mot ngt nghia hinh thie doc lap [13, 31, 132]. Céac
DSL noi sinh, ddc bigt 1a cac tiép can dya trén chia thich (aDSL), cho phép
nhing tryc tiép cac dic t4 mién vao ngon ngit 1ap trinh chti nhu Java hoac
C# [119, 132]. Trong bdi canh DDD, aDSL ¢6 vai trd quan trong nho céc

dac diem sau:

e Gan ngit nghia mién tryc tiép vao 16p mién, trong d6 mdi cha thich
vita thé hien ¥ nghia nghiép vu, vita cung cap thong tin cho céc cong

cu chuyén doi moé hinh va sinh ma.

e Thu hep khodng cach gitta mo hinh v ma ngudn, khi DM dugc thé
hién tryc tiép trong ma thay vi ton tai tach roi dusi dang UML/OCL,
phut hgp véi nguyeén 1y gan két mo hinh va hién thiyc ciia Evans.

e Ho6 trg sinh tu dong ban mau phan mém, cho phép cac cong cu nhu
JDA (Java Domain Application framework) [71] khai thac tryc tiép
chi thich dé tao cac thanh phan phan mém ma khong can 16p mo hinh

trung gian.

Cac tiép can nay gitp rat ngin khoang cach giita mo hinh va trién khai,
dong thoi ho trg xay dung cac DM c6 kha nang thiyc thi § mot miic do nhat
dinh. Tuy nhién, viéc tich hgp dong thoi hanh vi, rang budc va cic chinh

sach mién trong mot mo hinh théng nhat van con nhiéu han ché [70].

Trong DDD, UL khong chi 1a ngon ngit giao tiép ma con phéi duge nhing
tryc tiép vao mo hinh va ma nguon, va DSL chinh 1a phuong tién hién thuc
hoa yéu cau nay: tit vung ciia DSL—tén chu thich, thuoc tinh, hanh vi-dugc
thiét ké trung khép voi thuat ngit nghiép vu, trong khi siéu mo hinh va
cic quy tac DSL mo ta chinh xac cau tric va 16-gic ciia mien. Khi cac bo
chuyén doi va sinh mé nguon duge ap dung, moi tao tac phan mém sinh ra
déu tuan thi ciing mot UL, gitp chuyén gia nghiép vu c6 thé doc va xéc
nhan DM ngay trong DSL ma khong can phu thudce vao UML/OCL.
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Vi du. Mot aDSL cia DCSL duge sit dung cho 16p Student. Cha thich
@DAttr (id = true, auto = true) xéac dinh id la khéa dinh danh
clia thuc thé, véi gia tri duge tu dong sinh. Chid thich @DAttr (optional
= false, length = 50) quy dinh name la thuoc tinh bat buoc va ap
dat rang buoc do dai toi da ciia gia tri.
public class Student ({
@DAttr (id = true, auto = true)
private int id;

@DAttr (optional = false, length = 50)
private String name;

~ o U W N

2.1.4 DCSL va kién trac JDA

DCSL (Domain-Class Specification Language - DCSL) la mot ngon ngt
mién chuyén biét mién dya trén chu thich, duge gidi thiéu trong [70], dung
dé dic td DM. Ngon ngit DCSL nay cho phép mo ta ngan gon va dé doc céc
khai niém mién, rang budc va quy tic nghiép vu, v6i cit phap gan giong ct
phap ctia OOPL. DCSL hé trg biéu dién cic rang buoc OCL thiét yéu [90].
Cu thé, céc chi thich dugc st dung dé ghi nhan va mo ta cac rang budc cot

16i trong DM, nhut minh hoa ¢ Bang 2.1.

Trong ngon ngit DCSL duge dinh nghia bdi cac siéu khai niém ciia nd
bao gom céic cau tric cot 161 cia OOPL cling cac thanh phan lién quan dén
rang budc. Cac siéu khai niém chinh bao gom: 16p mién (DClass), thuoc
tinh mién (DAttr), thuoc tinh lién két (DAssoc), vd phuong thitc mién
(DOpt). Céc sieu khai nigm con lai, cing v6i cdc thuoc tinh clia tat cd cac
khai niem, duge dinh nghia nhim hd trg biéu dién cac rang budoc OCL thiét
yéu dude tom tat trong Bang 2.1.

Viéc ap dung kién tric mo hinh (Model- View-Controller - MVC') trong
phat trién phan mém thuc tién la diéu phd bién, dic biet doi véi cac he
thong can giao dién ngudi dung do hoa dé hd trg nhém phat trien. Nguyén
nhan 13 béi ngudi ta tin rang qué trinh xay dung phan mém khong thé dugc
tu dong héa hoan toan do sy tham gia ctia yéu to6 con ngudi trong vong
doi phét trién [44]. Kién tric MVC bao gom ba thanh phan: model, view

va controller, trong d6 mdi thanh phan cé thiét ké noi tai doc lap va anh
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Bang 2.1: Cac rang buoc cau tric thiét yéu cho DM

Rang buodc Loai Mo ta
Tinh bat bién cia Déi tugng ctia mot 16p co thé thay doi
2. Boolean A
doi tugng hay khong [74].
. . Mo C 5 thé th 6i hay kho
Tinh bt bitn i o trumg 6 (hE thay d5i hay khone
. Boolean (tic la gida tri ctia n6 c6 the bi thay
truong 2.
doi) [57].
Mo C 6 tuy chon hay kho 1
Tinh tuy chon ciia . Qt. ‘/cru’(?ng? 0 t1/1y ¢ AQD Eiy Ong (tu’c
fruon Boolean la gia tri ciia n6 khong can dugc khai
& tao khi mot déi tugng duge tao) [57].
Tth sluy nhat Boolean Cac glaA tri ciia mot truong cé duy nhat
clia truong hay khong [57].
Mot truc 6 phai la truong dinh
Truong Id Boolean © r? ngj. co phat fa rA e din
danh ctia ddi tugng hay khong [57].
Gia tri ciia mot truong c6 duge tao tu
Trudng tu do Bool 2 P
FUCHE ti dong OO | dong bdi he théng hay khong [57).
Non Do dai t6i da (néu ¢6) clia mot trudng
Do dai cua truong (tic la cac gia tri cia trudng khong
Boolean L A An: s
duge vuot qua do dai nay) [57].
. . .. , ., . ¥ h g £ 2 2 ~
Gia tri toi thieéu | Non- Gla\ = t(,)l t\ 161,1 (n'e:u Cjo) ) cua rflot
\ . truong (tic la cic gia tri clia trudng
cua truong Boolean N P RN
khong duge thap hon gia tri nay) [57].
Gid tri t6i da clia | Non- Gl/a tr} toz da‘(/neu. 002 cla rflot tru’(Ajng
. (tic 1a cac gia tri cia trudng khong
truong Boolean e
dugce cao hon gia tri nay) [57].
S6 luong  doi Non S6 lugng d6i tuong t6i thidu ma méi
tugng lien két toi doi tuong ctia mot 16p c6 thé duge lien
2 Boolean )
thieu ket [91].
S6  luong  doi Non S6 luogng doi tuong t6i da ma moi doi
tuong lien két toi tuong ciia mot 16p c6 thé duge lien
Boolean P
da ket [91].

huéng t6i thicu dén hai thanh phan con lai. Tinh mo-dun c6 thé dude tang
cuong hon nita bang cach ap dung kién trtc ndy & cap mo-dun, hinh thanh
nén mot kién tric thiét ké phan cap trong dé6 phan mém dudc cau thanh tir

nhicéu mo-dun theo cau tric cay.

Dé xay dyng phan mém theo DDD tit DM, can mot mo hinh kién tric
tuan theo kién tric phan l6p tong quat [39, 121], trong d6 DM dugc dat
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6 16p 161 va tach biét véi giao dién ngusi dung ciing nhu cac 16p con lai,
kién triic JDA [71] duge dé xuat dé gidi quyét van dé nay. Ngoai ra, cac
khung lam viec DDD hién ¢6 [95, 119] ciing st dung kién triac MVC. Giao
dién ngusi dung déng vai tro quan trong trong viéc trinh bay DM cho cac
bén lién quan va ho trg ho xay dung moé hinh hiéu quéa. Do dé, cac cong
cu DDD tuan theo kién tric phan 16p thudng lua chon kién tric MVC nhu
mot khuén mau trién khai phit hgp, nham hé trg trinh bay va tuong téc
hiéu qua véi DM.

2.1.5 Phuong phap biéu dién bing siéu mo hinh héa

Trong mo hinh héa huéng mién, DSL déng vai tro 1a phuong tién cot 16i
dé biéu dién DM mot cach chinh x4c, nhat quan va cé thé thuc thi. Mai
DSL dugc xay dung dya trén mot sieu mo hinh (Metamodel) nham mo ta
o rang cac khia canh cau tric, rang buoc va ngit nghia clia ngon ngit. Viéec
Iya chon MOF/Ecore [29, 79] lam chuan khung siéu mo hinh héa bao dam
rang DSL c6 nén tang hinh thitc di manh dé kiém chitng, phan tich va tham
gia vao chuyén doi mo hinh theo chuan MDE [17]. Siéu mo6 hinh xéac dinh
cac phan tif ngon ngit, quan hé gitta ching va cac rang budc can tuan thi,
tit d6 cung cap mot cau tric théong nhat cho viéc dinh nghia, md rong va
tao nén tang théng nhat dé dinh nghia, mé rong va tich hop cac DSL trong

kién tric mo hinh.

Tu géc nhin ciia DDD, MOF /Ecore cung cap co ché cho phép cac khai
niém mien—doi tuong, quan he, hanh vi, rang buoc—dude dinh nghia mot

cach chit ché va anh xa triyc tiép vao DSL tuong ing, mang lai ba 1¢i ich sau:

e Thit nhat, hd tr¢ bao toan ngit nghia trong qua trinh chuyén doéi mo
hinh, vi moi chuyén déi mo hinh déu van hanh trén cau tric duge dac

ta ro rang, tranh sai léch khi anh xa tit mo hinh nay sang mo hinh khac.

e Thit hai, sieu mo6 hinh cho phép kiém tra tinh ding din va tinh nhat
quan cia DM & miic ct phap va ngit nghia

e Cudi cting, situ mo hinh chinh 1a cau néi gitp DM chuyén héa thanh
mo hinh thyc thi thong qua cac bd chuyén doi moé hinh va tré thanh
mot phan clia hé thong chay dugc.
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Vi vay, DSL va siéu moé hinh héa khong chi 1a ¢cong nghé hé tr¢g moé hinh héa
ma con la nén tang phuong phap luan dé bdo dam DM giit vai tro trung
tam, c6 thé dién dat chinh xac kién thitc mién v duge chuyén héa mot cach

tin cay thanh phan mém theo ding tinh than ctia DDD.

2.2 Céac hudng tiép can biéu dién mé hinh mién

Trong thyc tién, mo hinh mién (DM) c6 thé duge bicu dién bing cac ngon
ng{t mo6 hinh héa tong quat nhu UML/OCL, hodc bing cac DSL theo cac
mic do gan két khac nhau v6i ma nguon. Muc nay trinh bay cac tiép can
biéu dién pho bién, nhan manh wu diém vé kha nang biéu dat va chuan hoéa,
dong thoi chi ra han ché vé tinh hop nhat va kha nang huéng thuc thi ctia
cac biéu dién hién hanh trong bdi canh DDD.

2.2.1 Biéu dién cac rang budc trén mo hinh mién

UML va OCL la céc cong cu pho bién dé biéu dién cau tric va rang buoc
ctia DM trong DDD. UML cho phép mo ta cac khai niém mién va moi quan
hé gitta ching, trong khi OCL cung cap co ché dic ta chinh xac cac bat bién
va diéu kien nghiép vu [91]. Tuy nhién, cac ddc t& ndy thudng ton tai tach
roi khéi ma nguon va thiéu kha nang ho trg tryc tiép cho viec thie thi DM.

Trong bdi canh DDD, biéu do 16p UML thuong duge dimg dé phac thao
DM & mtic khai niém, gitp cac bén lien quan thao luan va théng nhat vé
cac thiyc thé mién, thudc tinh, lien két va cac cau tric tong hop. Tuy nhién,
UML chti yéu manh & vieéc mo ta cau tric; cac quy tiac nghiép vu va cac
diéu kién hop lé ctia mién thuong khong thé hien day du chi bing quan he
va boi s6.

Dé b6 sung kha nang diic ta chinh xac cac quy tic va rang buoc nghiep
vy, OCL thudng duge st dung kem theo UML [90]. OCL cho phép mo ta
mot cach tuong minh céc bat bién, diéu kién trudc/sau ctia trang thai, va
cac rang budc dan xudt dya trén ngit nghia clia mo hinh UML [91]. Nho
dic tinh khai bao va c6 cit phap hinh thice, OCL gitp gidm tinh mo ho so
v6i moé td bang ngon nglt tu nhién, dong thsi hd trg phan tich tinh, kiem

tra tinh nhat quan va phat hién vi pham rang buoc 6 giai doan thiét ké.
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Mic dit UML/OCL cung caAp mot nén tang chuan héa va giau kha nang
mo t4 cho DM, cach tiép can nay boc 160 mot s6 han ché khi dat trong yéu
cau "mo hinh mién huéng thuyc thi" ciia DDD. Thit nhat, UML phan tach
cau tric, hanh vi va rang buoc thanh cac khong gian biéu dién khac nhau
(biéu do 16p, biéu dd hanh vi va dac ta OCL), khién tri thitc mién bi phan
manh va khé duy tri tinh nhat quan khi mo hinh tién héa. Thit hai, cic dic
ta UML/OCL thuong ton tai tach roi khéi ma nguon; do do, viec hien thuc
hoa DM tit UML/OCL van chi yéu phu thudc vao thao tac thi cong cia
nha phat trién, lam gia tang nguy co sai léch ngit nghia giita dic ta va he
thong trién khai. Thit ba, mac dit OCL ¢6 thé duge dimng dé kiém tra rang
budc ¢ mitc mo hinh, nhung ban than UML/OCL khong cung cap mot co
ché thong nhat dé dua DM dén trang thai c6 kha nang thuc thi hodc phuc
vu sinh ma mot cach tryce tiép trong quy trinh DDD. Cac cong cu MDE
c6 thé ho trg sinh ma tit UML va dich mot phan rang buoc OCL sang céc
doan kiém tra, tuy nhién viéc chuyén héa nay thusng phu thuoc vao cong
cu, quy udc trién khai vi pham vi rang budc dude hd trg; dong thoi kho
dam bao rang ngit nghia nghiép vu duge bdo toan xuyén sudt tit DM dén
hé théng chay duge. Vi vay, UML/OCL la tiép can nén tang dé biéu dién
cau tric va rang buoc ctia DM nhg tinh chuan héa va kha nang dic ta hinh
thitc. Tuy nhién, trong boi canh DDD, viéc biéu dién phan tach va tach roi
khéi ma nguon khién UML/OCL chua déap ting day du yéu cau vé mot DM
hop nhat, huéng thuyc thi va c¢6 kha nang lam trung tam cho ti dong hoa

phat trién phan mém.

Nhiéu nghién citu da tap trung vao viéc chuyén doi cac biéu do 16p va
cac rang buoc nghiép vu duge dac td bang OCL thanh ma thyc thi hoac
céac cau tric tuong ting trong OOPL. Cong trinh ctia Cabot va Teniente [24]
dé xuat sinh ma Java tit cac rang budoc OCL bang cach dich ching thanh
cac truy van SQL; cach tiép can nay chi yéu huéng dén viec kiem tra tinh
hop 1é 6 mitc co s6 dit lieu, thay vi tich hop cac rang buoc tric tiép vao
DM trong bo nhé. Tuong tu, Rackov va cong su [96] khéo sat viec sinh ma
Java dua trén cac quy tac OCL, trong d6 cac rang budce dude hién thuc hoa
thanh cac phuong thic kiém tra doc lap, dan dén su tach roi gitta 16-gic

rang buoc va cau tric DM.

Mot s6 cong trinh khac [27, 52] dé xuat cac khung lam viéc dich OCL

sang cac cht thich Java nham ho trg tich hop rang budc vao ma nguon. Tuy
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nhién, cac giai phap nay thuong yéu cau su can thiép thi cong dang ké khi
xu 1y céc rang budc phic tap. Cong cu OCL2Java, mac du hd trg ban tu
dong, chti yéu chi xit Iy dudc cac mau OCL don gidn va thiéu hd trg cho cac
cau tric nhu exists, forAll va cac phép toan trén tap hgp. Gan day hon,
mot s6 nghien ctu [7, 18, 31, 87] da két hgp OCL véi co ché chi thich dé
biéu dién DM theo tinh than DDD. Ngoai ra, phuong phap OCL2MSFOL [33]
chuyén céc rang buoc OCL sang 16-gic vi tit bac nhat nhim phuc vu kiem
chiing hinh thitc, nhung khong xem xét viéc hién thuc va tich hop cac rang
budc nay trong DM thuyc thi.

Tong hgp cac cong trinh trén cho thiy cac giai phap chuyén doi va hien
thue héa rang buoc OCL van con nhiéu thach thic. Nhiéu phuong phap
mdi chi dat mic ban ty dong va thuong phai can thiép tha cong khi gap
cac rang buoc phitc tap. Bén canh d6, pham vi hd trg OCL trong thuc té
con han ché, dac biet véi cac rang budc nghiép vu gidu ngit nghia trén 16p,
thuoc tinh, quan hé va phuong thitc [27]. Ngoai ra, nhiéu giai phap chi yéu
tap trung vao co ché kiém tra rang budc, trong khi it xem xét dan xuat gia
tri hay co ché lan truyén thay doi theo sy tién héa trang thai ctia mo hinh,
lam suy gidm mic do gan két gitta 16-gic rang buoc va thyc thi mién. Cudi
cung, viéc phu thudc vao cac cong cu va bude sinh ma chuyén biét lam tang
do phiic tap clia quy trinh, dong thoi gay kho khan cho bao tri khi mo hinh

tiép tuc tién hoa.

Trén co s6 cac han ché dé, k¥ thuat biéu dién rang buodc dua vao méu chi
thich (goi 1a CAP) trong luan an duge dé xuat nhu mot cach tiép can dya
trén cht thich nham diic ta ciu tric va ngit nghia clia cac rang buoc OCL
tryc tiép trong ngtt canh ctia DM thuyc thi dude trinh bay trong Muc 3.2.
Cach tiép can nay huéng dén viéc tang cuong tinh ré rang va kha niang hiéu
theo ngtt canh ciia cac rang buoc, dong thoi cai thien kha nang cong tac,
truy vét v mitc do gan két gitta cac rang buoc nghiép vu va DM trong cac

hé thong phan mém phitc tap.

2.2.2 Biéu dién khia canh hanh vi mién

Hanh vi mién 1 thanh phan c6t 16i phan anh cach cac khai niém mién tuong
tac, tién hoa trang thai va hién thyc hoa cac quy trinh nghiep vu [15]. Trong

DDD, hanh vi khong chi la cac thao tac ky thuat ma con mang y nghia
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nghiép vu ro rang, gan chit véi ngon ngit chung va tri thitc mién [39, 121].
Do d6, viec biéu dién va tich hgp hanh vi vaio DM la diéu kién can dé DM

c6 thé déng vai tro trung tam ngit nghia va huéng thuc thi.

(i) Biéu dién hanh vi bing UML tdch roi cau triic. Cach tiép can pho bién
nhat hién nay 1a sit dung céc biéu do hanh vi ctia UML, ching han bic¢u do
hoat dong, biéu do trang thai hodc biéu do tuan tu, dé mo ta hanh vi nghiép
vu [91, p. 373]. Cac bié¢u dd nay cho phép thé hién ludng diéu khién, sy thay
ddi trang thai va tuong tac gitta cac d6i tugng & miic tryc quan [102]. Tuy
nhién, trong thuc tién, céc biéu dé hanh vi thuong ton tai nhu cac tao téc
tach roi khéi bieu do 16p mo ta cau trac mién. Hanh vi vi vay khong dugc
gin két truc tiép v6i cac thuc thé mién cu thé, ma chi yéu déng vai tro tai
lieu thiét ké hoac hd trg trao doi. Su tach rsi nay dan dén kho khan trong
viéc duy tri tinh nhat quan gitta cau tric va hanh vi, dac biet khi mo hinh
tién hoa, dong thoi han ché kha niang st dung truc tiép céc biu do hanh vi
nhu mot phan ciia DM ¢6 kha niang thuyc thi.

(ii) Biéu dién hanh vi bing DSL. Mot huéng tiép can khac 1a dinh nghia
cac DSL cho hanh vi mién, cho phép mo ta cac quy trinh nghiép vy, luong
hoat dong hoic may trang thai bang ci phap va thuat ngit gan véi ngon
ngit nghiép vu. Cac DSL nay gitp tang kha ning biéu dat va tao diéu kien
cho chuyén gia mién tham gia truc tiép vao viéc ddc ta hanh vi [83]. Trong
b6i canh MDE, hanh vi duge dic ta bing DSL c¢6 thé duge chuyén ddi sang
ma, thiye thi thong qua cac bo chuyén doi M2M hoac M2T. Tuy nhién, céc
DSL hanh vi thuong duge thiét ké doc lap véi DSL cau tric hodic mo hinh
16p UML, d&n dén viéc hanh vi va cau tric duge biéu dién trong céc khong
gian ngit nghia khac nhau. Viéc hgp nhat cac DSL nay doi héi cac co ché
anh xa va phoi hop phiic tap, va trong nhicu trudng hgp chua c6 mot nén
tang ngtt nghia théng nhat dé dam bao ring hanh vi duge dién giai ding

trén cau tric mién tuong tng.

(iii) Tich hgp hanh vi thong qua DSL noi sinh. Gan hon véi tinh than cia
DDD, mat s6 tiép can dua trén DSL noi sinh, dic biét 1a cac DSL dua trén
cht thich (aDSL), cho phép gén hanh vi tryc tiép vao cac 16p mién trong
ngon ngit 1ap trinh cha [43, 89]. Theo hudéng nay, hanh vi duge bic¢u dién
ngay trong ngit canh clia thuc thé mién, gitp rat ngin khoang cach giita
mo hinh va hién thue, dong thoi tao ra cic DM ¢6 kha nang thuc thi ¢ mot
mic do nhat dinh. Tuy nhién, phan 16n cac tiép can aDSL hién nay méi
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chi ho tr¢ hanh vi § mtc thao tac cuc bo ho#c cac quy uée lap trinh, chua
cung cap mot co ché hinh thitc dé mo ta hanh vi nghiép vu phic hop, c6
ngit nghia ré rang va c6 thé kiém ching, ciing nhu chua giai quyét triet dé
viéc hgp nhat hanh vi v6i cac mdi quan tam khac nhu rang budc hay bao
mat trong mot DM hop nhat.

Van dé ngit nghia chung khi hgp nhat hanh vi va cdu tric. Tt cac tiép can
trén c6 thé thay rang thach thic cbt 16i khong chi ndm & viec biéu dién
hanh vi, ma & chd thiéu mot nén tang ngit nghia chung dé hgp nhat hanh
vi v6i cau tric mieén. Khi hanh vi duge mo ta tach roi hodac bang cac ngon
ngt khac nhau, viéc dién giai hanh vi trén trang thai cia DM trd nén khong
6 rang va kho kiem ching. Diéu nay khién DM khé duge xem nhu mot he
thong chuyéen trang thai théng nhat, trong d6 cau tric xac dinh khong gian

trang thai va hanh vi xac dinh céc phép chuyén trang thai hop le.

Do do, trong boi canh DDD, can cé cac ki thuat biéu dién va hop nhét
hanh vi cho phép: (i) gan hanh vi tryc tiép vé6i cac khai niém mién; (ii) dién
gidi hanh vi trén ciing mot khong gian ngit nghia véi cau tric va cac moi
quan tam khéc; va (iii) tao nén tang cho viéc kiém chitng va chuyén ddi mo

hinh huéng t6i cac DM c6 kha nang thyc thi.

Trong linh vic k§ nghe DSL, nhiéu nghién cttu da dé xuat cac cach phan
loai DSL theo pham vi 4p dung va mdi quan hé v6i ngon ngit chu [8, 43, 126].
Trén co s6 d6, ky thuat tich hgp hanh vi vao mo hinh mién (goi 1a AGL)
ma luan an dé xuat, duge trinh bay trong Muc 3.3 ¢6 dinh vi nhu mot DSL
noi sinh va ngang, tap trung vao mot mién con cu thé 1a cac do thi hoat
dong. Diém khac biét ciia AGL khong nim & viéc md rong hay tinh chinh
cac tieu chi phan loai DSL néi chung, ma & cach khai thac triyec tiép cac dac
trung hinh thanh nén mién do6 thi hoat dong dé phuc vu cho viéc mo6 hinh

héa hanh vi mién trong bdi canh DDD.

Y tudng két hop DDD v6i DSL nhim nang cao mic tritu tuong clia mo
hinh phan mém da dugce goi mé trong [43]. Tuy nhién, cong trinh nay khong
dé xuat mot co ché cu thé dé tich hop hanh vi mién nhu mot phan ctia DM
thuc thi. Trong luan 4n nay, AGL dugc dé xuat nham 1ap day khodng trong
d6 bang cach két hop mo hinh 16p hop nhat v6i mo hinh do thi hoat dong
trong cting mot DM théng nhéat, trong d6 cau tric va hanh vi duge bicu
dién bing hai aDSL b6 tr¢ cho nhau 1a DCSL [70] va AGL.
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Mac du Evans [39] khong dé cap tuong minh viéc mo hinh héa hanh vi
nhu mot thanh phan doc lap ctia phuong phap DDD, tac gid nhan manh vai
tro thiét yéu ctia hanh vi déi tuong trong DM va st dung céc biéu do tuong
tac UML lam vi du minh hoa. Trong cac hién thuc cu thé cia DDD nhu
Apache Isis [119], mot ngon ngit hanh dong don gian dude st dung dé dac
t& hanh vi ctia d6i tuong thong qua cac chi thich trong ngon ngit lap trinh
huéng doéi tuong. Cach tiép can nay cé thé duge xem la mot hien thuc cu
thé clia ngon ngit con hanh dong trong bicu dd hoat dong UML [91, p. 441],
nhung khong cung cap mot phuong phap mo hinh héa hanh vi c6 cau tric
& mitc mo hinh. Trai lai, AGL cung cap mot biéu dién hanh vi mién ¢ miic
mo6 hinh, cho phép tich hop truc tiép cac dic ta hanh vi vio mo hinh mién

hop nhat.

Trong thiét ké huéng d6i tugng truyen thoéng, cdc khia canh hanh vi
thuong duge xit Iy thong qua cac mau thiét ké hanh vi [16], von chu yéu
hoat dong & miic gidi phap va hién thuc nham t6 chiic su tuong tac gitta
cac dbi tuong. Do d6, hanh vi mién thuong bi phan tan trong cac 16p va
khong duge xem nhu mot thyc thé mo hinh héa hang nhat. Mot s6 nghién
citu gan day da nhan manh nhu cau vé cic tritu tugng hanh vi c6 kha nang
thue thi va duge tich hop truc tiép v6i DM; tuy nhién, cac ngdon ngi tiép
can theo huéng nay, chang han nhu ReMoDeL [110], c6 xu huéng téch rdi
hanh vi khéi cau trac mién huéng déi tuong. AGL khéc biet 6 chd dinh vi
hanh vi nhu mot moéi quan tam mién hang nhat, duge biéu dién dudi dang
do thi hoat dong c6 kha nang thuc thi va duge tich hop tryc tiép véi cac
khia canh ciu tric dugc dic ta bang DCSL.

Vé mit ngit nghia, mot s6 cong trinh da nghién citu viée két hop cac bicu
do cau tric va hanh vi cia UML nham xay dung mo hinh hé thong hoan
chinh, ching han thong qua su két hop gitta biéu do 16p va biéu do may
trang thai [6, 85]. AGL c6 diém tuong dong vdi cac tiép can nay ¢ muc tiéu
hop nhat cau trtac va hanh vi, nhung khac biét ¢ cach tiép can: thay vi dua
tréen may trang thai, AGL st dung céc do thi hoat dong dé nhan manh khia
canh hanh vi thyc thi, trong d6 trang thai dudc xem xét thong qua moi
quan hé trudc—sau cua cdc mo-dun hoat dong [91, p. 305]. Ngoai ra, luan
an ciing khai thac cach tiép can MVC & mitc vi mo dé to chiic cac mo-dun
phan mém, sau do6 két hop cac mo-dun nay thong qua cac do thi hoat dong,

qua do6 tao ra mot co ché tich hgp hanh vi phit hop véi DM hop nhat.
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Cubi cung, trong khi nhiéu cong trinh trong linh virc k§ nghé phan mém
huéng mo hinh st dung nhiéu DSL khac nhau dé xay duyng cac mo hinh
phan mém hoan chinh [17, 66], cac DSL nay thuong khong phan dinh ro
vai tro ctia DM so v6i cac mo hinh khac trong hé thong. Khac véi cac tiép
can d6, AGL trong luan an nay dudc thiét ké nhu mot aDSL noi sinh, gan
chit véi ranh gi6i cia DM theo tinh than DDD va chi duge st dung cling
véi DCSL dé xay dung DM hop nhat, thay vi mé rong sang cac DSL phuc

Vil cac MmOl quan tam ngoai mien.

2.2.3 Bidu dién khia canh bao mat véi RBAC

Kiém soat truy cap duta trén vai tro (Role-Based Access Control - RBAC) [9,
58] gan cic quyén véi cac vai trd phan anh trach nhiém trong t6 chiic, va
ngusi dung duge gan vao cac vai tro nay. Cach phan tach nay don gian hoa
quan tri, hd trg nguyen 1y diic quyen tdi thiéu va cai thien kha ning bao
tri. Trong bdi canh cac hé thong cé yéu cau phan quyen phic tap, dic biét
1 cac hé thong véi vai tro nguoi diing dong, kiém soat truy cap tré thanh
mot van dé trung tam [82]. Viéc tach roi cac chinh sdch bdo mat khoi 16-gic
nghiép vu 16i dan dén sy khong nhat quan, khién cac chinh sach nay kho
bao tri v khé kiém chiing [91, 93]. Trong bdi canh DDD, RBAC khong chi
duge xem 13 mot moi quan tam bao mat doc lap, ma con anh hudng truc
tiép dén hanh vi ctia cac thuc thé mién; do d6, RBAC can dugc dic ta tudsng
minh trong DM [46, 73]. Theo d6, viéc tich hgp RBAC vao DM tré thanh
mot yéu cau thiét yéu doi v6i cac hé thong DDD.

Theo tiéu chuan RBAC [9], mo hinh RBAC 16i dugc dinh nghia dita trén

cac khai niém co ban sau:

e Ngudi dung. Biéu dién mot thuc thé hoat dong (con ngudi hodc he
thong) tuong tac v6i he thong va yéu cau truy cap t6i cdc tai nguyen
dugc bao ve.

e Vai tro. Biéu dién mot chiic ning cong viéc hodc trach nhiem trong
to chitc (vi du: Author, Reviewer, Editor, Subscriber). Vai trd 1a mot

16p tritu tuong trung gian gitta nguodi dung va quyen.
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e Quyeén. Biéu dién mot su cho phép thuc hien mot thao tac cu thé tren
mot tai nguyen dude bao ve. Phit hop v6i mé hinh RBAC, Quyén duge
dinh nghia dué6i dang cac cap (Hanh dong, Tar nguyén dugc bao vé).

e Phién. Biéu dién mot ngit cdnh thsi gian chay trong dé mot ngusi
dung kich hoat mot tap con cac vai tro da duge gan cho ngusi dung
d6. Mot nguoi diing ¢6 thé ¢6 nhiéu phien dong thoi, méi phién c6 thé

c6 mot tap vai tro dang hoat dong khac nhau.

e Rang budc phan tach nhiém vu. Cac rang budc phan tach nhiém
vu (Separation of Duty - SoD) nay duge sit dung dé ngan ngita xung
dot lgi ich va cudng ché cac chinh sach dudc to chiic:

— Phan tdch nhiém vu tinh (Static Separation of Duty - SSD). Han
ché cac gan vai tro xung dot bang cach ngan nguoi dung dude gan

vao cac val tro loai trur 1an nhau.

— Phan tach nhiém vu dong (Dynamic Separation of Duty - DSD).
Han ché viéc kich hoat cac vai tro xung dot bang cach ngin céc

vai tro loai trit 1an nhau duge kich hoat trong cting mot phién.

e Quy tic truy cap. Xac dinh diéu kien chap nhan mot yéu cau truy
cap, theo d6 yéu cau duge chap nhan néu ton tai mot vai tro dang hoat
dong trong phién hién tai cung cap quyén can thiét, dong thoi tat ca

cac dieu kién ngit canh hoac chinh sach lien quan déu dude thoa man.

Mot van dé thuong gap 1a RBAC thuong duge tich hop vao cac DM theo
cach khong chinh thiic hogc thii cong. Li et al. [73] chi ra sy thiéu hut hd trg
hinh thitc cho viéc tich hop RBAC trong cac hé thong da mién, dong thoi
cho rang cac cach tiép can thii cong thuong dan dén sy khong nhat quan.
Tuong tw, Oruc et al. [93] nghién ctu viéc tich hgp RBAC thi cong trong
cac hé thong phiic tap nhu hé da tac ti két hop vé6i chudi khoi, va de xuat
mot giai phap dua trén DSL.

Viéc bicu dién cac chinh sach nhu SoD [4] hodc céc trang thai truy cap
dong thuong chi giéi han trong ma nguon hodc cac ghi chi tai lieu, thiéu co
ché kiém chiing hinh thitc. Didu nay c6 thé dan dén cac vi pham chinh sach

khong dugc phat hién trong cac giai doan thiét ké hoac kiém thi.
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Do dé, viéc ting cuong kha nang biéu dat ctia DM nhim tu dong tich
hgp RBAC ciing v6i mot co ché kiem chiing day da va cé thé chiing minh

dugce c¢6 thé duge xem la mot trong tam nghién citu quan trong hién nay.

2.2.4 M6 ta ngt nghia thuc thi cia DM véi Event-B

Event-B la mot phuong phap moé hinh héa hinh thic dya trén trang thai,
duge phat trién tit phuong phap B [2, 80], dua trén 1o-gic bac nhat va Iy
thuyét tap co6 kiéu dé dic ta va kiém chiing cac hé théng roi rac. Phuong
phap nay tach biét ro rang cac khia canh tinh trong ngtt canh va cac khia
canh dong trong may trang thai, noi hanh vi hé thong duge mo hinh hoéa
thong qua cac su kién c6 dieu kién bao vé va duge rang buoc bdi cac bat
bién. Tinh ding din ctia mo hinh dude ddm bao chat ché thong qua co ché
tinh chinh va tap cac nghia vu chiing minh (Proof Obligations - POs) [123].

Trén co sé Event-B, UML-B két hgp UML véi Event-B nham hd trg
kiém ching hinh thic cac mé hinh phan mém bang céch anh xa cac mo
hinh UML sang Event-B [111]. Tuy nhién, UML-B chii yéu tap trung vao
tinh ding dan & miic hé thong va chua dat DM lam trung tam ngit nghia
theo tinh than ctia DDD, ciing nhu chua ho trg tich hop cac méi quan tam
mién nhu hanh vi va bdo mat trong mot DM hgp nhét.

Trong boi canh dé, cac chinh sach kiém soét truy cap nhu SSD, DSD va
cac rang budc dong c6 thé duge bieu dién mot cach tu nhién trong Event-B
duéi dang cac bat bién hosic cac dicu kién bao vé trén cac quan hé phan
quyen. Vi du, quan hé gan vai tro cho ngusi dung (UA) duge rang budc
dé chi cho phép cac cip hgp lé gitta ngudi ding (USR) va vai tro (R):
invt : UA C USR x R; Gia st r,7» € R 1a hai vai tro xung dot tinh.
inv2 :Yu € USR-—((u,m) € UAA (u, ) € UA)

Kha nang ty dong sinh va kiém chitng cac PO bing cong cu Rodin [3]
gitip phéat hién cac 161 16-gic hodc xung dot trong DM ngay tit giai doan thiét
ké, ma khong can chs t6i hien thue. Hon nita, Event-B c¢6 thé chiing minh
rang cac chinh sach phan quyen dong duge duy tri trong suét qué trinh tinh
chinh, tir dic ta tritu tuong dén hien thue.

Trong boi canh tich hgp véi DDD va cac DSL, Event-B dam nhiém vai
tro kiém chtng hinh thic 6 tang xt Iy phia sau bing cach chuyén céc khai
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niém chinh sach tit DSL thanh cac bién va cac diéu kién bat bién tuong
tng [5, 65, 78, 98, 123]. Lién két nay cho phép phan tich va kiém tra tu
dong cac mau thuan trong chinh sdch RBAC da dugc dinh nghia. Quan
trong hon, n6 ddm bdo rang ma nguon duge sinh ra tit DSL luon tuan thi
cac quy tac bao mat da duge ching minh, dong thoi duy tri syt dong bo chit
ché gitta DM va cac ban mau phan mém dugce kiém ching hinh thic.

2.3 Cac huéng tiép can tich hop méi quan tam

trong mo hinh mién

Mot méi quan tam duge hiéu 1a mot khia canh tuong déi doc lap clia mién,
biéu dién mot tap yéu cau hoidc thuoc tinh can duge mo hinh héa rieng biét
v6i ngtt nghia day di. Theo d6, méi mdi quan tam thuong duge dic ta bang
mot DSL rieng-duge thiét ké véi cit phap va ngit nghia pht hgp cho khia
canh dé6. Cac DSL nay, ching han cho cau tric hosic cho hanh vi, can dudc
hgp nhat mot cach c6 hé théng dé hinh thanh mot mo hinh mién (DM) hgp
nhat c¢6 kha nang thyc thi, bdo ddm tinh mo-dun, kha nang tich hop va ho
trg tién hoa hé thong.

Trong ki nghé phan mém, viéc diac td va tich hop cac moi quan tam
nham quan Iy cac khia canh xuyén suét ctia hé thong nhu cau tric, hanh vi,
bao mat hay hiéu nang. Mac du phan tach moi quan tam 13 mot nguyen tac
thiét ké quan trong, thach thitc c6t 16i nam & viec hgp nhat cdc moi quan
tam tré lai thanh mot DM théng nhat, c6 kha nang thie thi va bao toan
ngit nghia nghiép vu. Nhiéu nghién citu da dé xuat cac ki thuat hop nhat
DSL va siéu mo hinh [89, 99, 125]; tuy nhién, phan 16n céc tiép can nay tap
trung vao ci phap hoic cau tric ngon ngit, chua giai quyét triet dé bai toan

hop nhat moi quan tam trong pham vi mot DM c6 kha nang thuyc thi.

Viéc hién thiuc héa cac DM hgp nhat thanh cac tao tdc phan mém c6
khéa nang thuc thi trong thuc tién c6 thé duge thuc hién theo nhiéu cach
tiép can kién tric khac nhau, phu thudc vao muc tiéu phat trién cling nhu
gbc nhin cia cac bén lién quan. Trong luan an nay, cac DM dugce hién thuc
hoa dya trén kién trac khung phan mém duya trén mo-dun (Module-Based
Software Architecture — MOSA) [72], mot kién tric tuan theo phong cach
MVC. MOSA cung cap mot khung kién tric thuc tién cho viéc t6 chiic,
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hién thite va thue thi cdc DM trong cac hé théng phan mém phat trién theo
phuong phap DDD, qua dé thu hep khoang cach giita DM va hién thuec trién
khai. Tuy nhién, MOSA chti yéu tap trung vao khia canh hién thuyc va thuc
thi DM, mé chua cung cap mot co ché hinh thiic dé kiém ching viéc cac moi
quan tam bao mat, chang han nhu RBAC, c6 théa man day du cac rang

budc an toan da dugc dac ta hay khong.

2.3.1 Tich hgp cac mbi quan tam trong mo hinh mién

Trong cac hé thong phan mém thyc té, DM khong chi mo ta 1o-gic nghiép
vl ma con phai bao quat nhieu méi quan tam khac nhu hanh vi, bdo mat,
ghi nhat ky hay hiéu nang. DM vi vay thuong dugc lam giau va chinh xac
hoa thong qua cac DSL [43, 63], bao gom DSL ngoai sinh véi ci phap triru
tugng [8, 17] v DSL noi sinh v6i ctt phap cu thé dang dd hoa hodc vin
ban [13, 31, 132].

Viéc dinh nghia va tich hop nhiéu DSL chuyén biét theo méi quan tam-—
nhu DSL cho 16-gic nghiép vu, bao mat, giao dién ngusi dung hoac hiéu
nang-la thiét yéu dé ndm bat day di cac yeu cau da dang ctia céc hé théng
phan mém phiic tap [17, 51, 81]. Tuy nhién, cic nghién cttu hién c¢6 thuong
tap trung vao: (i) dinh nghia DSL dé mé t& chinh x4c DM nhung vAn phai
dich ngit nghia hoat dong sang ngon ngit lap trinh; (ii) st dung DSL noi
sinh, dac biét 1a céc co ché dua trén chi thich, dé biéu dién DM c6é kha
nang thyc thi; hodc (iii) nghién cttu viec phoi hgp nhiéu DSL theo mbi quan
tam. Cac tiép can nay hoac thién vé kha nang thyc thi, hoac tap trung vao
tach/ghép moi quan tam, nhung chua gidi quyét triet dé bai toan hgp nhat
cac quan diém moi quan tam vao mot DM hop nhat thuc thi theo ding
nguyén ly DDD [120].

Cac mdi quan tam xuyén suét nhu bado mat va hiéu ning thuong lan toa
qua nhiéu thanh phan ctia DM va khong thé duge biéu dién cuc bo trong
mot cau tric don 1é. Day 1a cdc mbi quan tam phi chitc nang hoiic bd trg,
khong thudc 16-gic c¢ot 16i ctia mién nhung c6 anh hudéng dang ké dén nhiéu
phan ctia mo hinh. Do d6, ching can duge mo hinh héa va tich hop nhat
quan thong qua céc co ché hop thanh phit hop nham dam bao tinh kha thi,
tinh nhat quan ngtt nghia va kha ning thyc thi cia DM hop nhét.
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Céc nd lyc gan day dua trén phuong phap siéu mo hinh dé tdng hop céc
DSL chuyén biét theo moi quan tam da gitp hinh thanh cic siéu mo hinh
c6 két vd d4nh xa mot-mot sang cdc aDSL noi sinh nhing trong OOPL [6].
Tuy nhién, cac tiép can nay van gap nhiéu han ché nhu qua trinh tich hop
mang tinh ban ty dong, dé phat sinh 16i, phu thuoc manh vao chat luong
anh xa va chua hd tr¢ hieu qui cdc mdi quan tam xuyén subt trong cac hé

thong phic tap.

Mot huéng tiép can khac 1a tong hop cac DSL chuyeén biét theo mébi quan
tam duya trén cay ca phap tritu tugng (Abstract Syntaz Tree - AST) [19],
khai thac tinh linh hoat va kha& nang thao tac tric tiép trén cau tric ngon
ngtt dé hgp nhat nhiéu géc nhin mién. Tuy nhién, viéc dinh nghia day du
ct phap, ngit nghia cho ting DSL va xay dung co ché hgp thanh dia trén
chi thich 6 mitc AST nham tao ra mot DM hop nhat c6 kha nang thuyc thi

van 1a mot thach thitc nghién cttu md.

2.3.2 Tich hop hanh vi mién

Trong DDD, hanh vi nghiép vu 13 mot thanh phan ¢t 16i phan anh dong
lc va sy tién hoa trang thai cia DM [39, 127]. Cac hanh vi nay thuong
gan lién véi cac quy trinh nghiép vy, cac quy tac mieén va cac dicu kién ngit
canh, dong thoi chi phoi cach cac thie thé mién tuong tac va thay doi theo
thoi gian. Do d6, viéc biéu dién va tich hop hanh vi mién mot cach nhat
quan vao DM la yéu cau thiét yéu dé dam bao rang mo hinh khong chi mo

ta cau tric tinh ma con phan anh day du lo-gic nghiép vu ctia hé thong.

Tuy nhién, trong nhiéu tiép can DDD hién nay [49, 59, 107, 122, 135],
DM chti yéu tap trung vao khia canh cau tric, trong khi hanh vi mién
thuosng duge xit 1y theo cac cach tach roi. Mot huéng tiép can pho bién la
mo ta hanh vi bang cac bieu do UML nhu biéu do hoat dong, trang thai
hodc tuan ti [8, 116, 124]. Cac bicu dd nay cung cap cai nhin tryc quan vé
luong x1t 1y, nhung thuong ton tai nhu cic tao tac doc lap, khong duge tich
hop chiit ché v6i cau tric mién va thiéu mot ngit nghia théng nhat dé hd
tro kha nang thuc thi hoac kiém ching.

Mot huéng khac 1a st dung cac DSL cho hanh vi nham mo ta cac quy
trinh hoac luong nghiép vu ¢ mic tritu tugng cao [106]. Miac du cac DSL
nay gitp ting kha nang bic¢u dat hanh vi va hd trg tu dong héa ¢ mot miic
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do nhat dinh, ching thuong dugc thiét ké va van hanh nhu cdc ngon ngit
doc lap. Viéc hop nhat ngit nghia hanh vi véi cau tric mién vi vay phai dua
vao cac cd ché anh xa hodc chuyén doi bé sung, lam gia ting do phic tap

va nguy cd sai léch ngit nghia.

Trong cac tiép can dua trén DSL noi sinh 1a aDSL, hanh vi mién c6 thé
duge gan trie tiép vao cac 16p mién thong qua cac cau tric ngon ngit clia
ngon ngt lap trinh chi. Céach tiép can nay gitp rat ngan khodng cach gitta
mo hinh v hién thye, dong thoi hé trg khd nang thuyc thi [95, 119]. Tuy
nhién, hanh vi mién trong truong hop nay thuong bi pha tron véi chi tiét ky
thuat hoac bi phan tan trong ma nguon, khién DM khoé gitt vai tro 14 mot

dic ta nghiép vu ro rang va nhat quan.

Nhin chung, cic tiép can hién c6 cho thiy mot van dé chung: hanh vi
mien chua dude tich hop mot cach hé thong vao DM véi mot nén tang ngit
nghia thong nhat. Sy thiéu ving mot co ché hop nhat hanh vi v6i cau tric
mién khién mo hinh khé duge xem nhu mot thye thé ngtt nghia hoan chinh,
vita c6 kha nang dién dat nghiép vu, vita c6 kha ning thuc thi va kiem
chitng. Khoang tréng nay dat ra nhu cau nghien ctu cac k¥ thuat biéu dién
hanh vi mién gan chat v6i DM, dong thoi hd trg hgp nhat ngtt nghia hanh
vi va cau trac trong mot DM huéng thue thi theo tinh than ctia DDD.

2.3.3 Tich hgp rang budc va chinh sach bao mat

UML/OCL [90, 91] manh vé mo t4, nhung ching chua dap tng yéu cau
ciia DM ¢6 thé thuc thi. Cac DM thuong duge bieu dién bang biéu do 16p
UML/OCL [91] nham mo ta cac khai niem mién va moi quan he gitta ching.
Nhiéu nghién cttu vé kha nang stt dung OCL cho thay ct phap va cich dién
dat clia ngdn ngit nay gay khé khan dang ké déi véi nhitng ngudi khong
chuyén mo hinh héa, ngay ca khi ho am hiéu nghiép vu. Nhiéu cong trinh
nghién cttu da de xuat cac cai tién cho OCL, cac nd lyc nay chu yéu tap
trung vao viéc nang cap moi truong thao tidc—bao gom trinh soan thio
chuyén dung, lam ndéi bat ci phap, huéng dan tai cau tric, hay cac tién
ich hd trg khac. Tuy nhién, nhitng cai tién dé vAn duy tri quan diém xem
OCL nhu mot ngon ngtt hinh thie doc lap, dude gan kém vao mo hinh
UML/Ecore [21, 79, 129] va tach rdi kh6i ngdn ngt nghiép vu ma chuyén
gia mién sit dung. Do d6, khodng cich ngit nghia gitta mo hinh ky thuat
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va cach biéu dat tri thic mién vAn con ton tai, thay vi nhing OCL vao
moOt ngon ngit mién nhiam tang khi nang dién dat tryc tiép cic khai niém

nghiép vu.

Mot s6 thu vien hién dai nhu OCL. js hodc cac huéng tiép can nhu Jj0M
dwa OCL vao hé sinh thai JavaScript va tng dung web, song cach dung
van xoay quanh viéc viét va quan 1y cac biéu thitc OCL 1di rac, budc chuyén
gia mién phai hoc ctt phap OCL thay vi tuong tac v6i mot co ché rang budc
duge thiét ké theo ngon ngit mién [20]. Nhicu nd lyc céi thien cong cu va
trai nghiém thao tac gan két tryc tiép v6i ma nguon [20, 25, 28, 35, 115].
Cac nghién cttu trong MDE cho phép gan OCL vao siéu mo hinh (nhu Ecore
hodc UML biéu do 16p) nham tao ra cac rang budc tich hgp, tuy nhién cach
tich hgp nay van dé rang budc ton tai duéi dang OCL doc lap, khong dong
nhat v6i ci phap ctia 16p mién va khong than thién véi chuyén gia mién.
Tuong ty, mot s6 khung lam viéc dya trén chi thich cho phép mo ta céc
rang budc mic ¢o ban nhu pham vi gia tri, tinh tuy chon hodc quan hé,
nhung hoan toan khéng hé trg rang budc phiic tap tuong duong OCL. Vi
vay, dit c6 kha nang gan sieu dit lieu lén 16p mién, cac khung lam viéc nay
chua thé hién thuc hoéa viec gin céc rang budc nghiép vu nhu forAll,
exists mot cach tu nhién, dé doc, va tich hgp lien mach vao DM nhu mot
phan ciia DSL dic t4 mién. Cac nghién ctu lien quan dén OCL va DSL
cho cau hinh san pham, ciing nhu cac nghién cttu vé sinh kiém thit tit OCL
hoac suy luan dya trén rang budc ciing coi OCL nhu mot tap rang budc
tong quat ma khong t6 chic cac rang buoc nay thanh cidc nhém mién cé
ngit nghia on dinh va tén goi dé& nhé. Tit d6, c6 thé thay ring cic cong trinh
hién tai mé6i chi cham t6i van dé phan loai rang budc ¢ miic 16-gic, chua
phat trién thanh mot danh muc rang buoc theo mién nghiép vu véi cti phap
va ngit nghia duge chuan héa dé chuyéen gia mién c6 thé nhan dien va st

dung tryc tiép.

Trong cac cong trinh sinh ma tit OCL, viéc truy vét thusng duge hiéu
nhu mot hé qua tu nhién cia luat chuyén doi, chit khong phai mot co ché
duge thiét ké c6 chu dich. Cac khung nhu OCL2Java [130], USE Tool [56]
hay nhiing bo sinh ma nguon xac thic trong EMF cung cap kha nang dich
rang buoc OCL thanh ma kiém tra. Cac moi trudng chay nhu Eclipse OCL
c6 thé Iuu trit rang budc nhu mot phan clia mo hinh, nhung ciing khong

dua ra hé thong truy vét hai chiéu mang tinh hé théng, noi mdi rang budc
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c6 thé duge theo déi xuyen sudt qua mo hinh, chuyén déi va ma thuec thi.
Trong khi d6, cac nd lyc st dung aDSL nhu DCSL [70] da cho phép biéu
dién v chay mo hinh mién hiéu qua, nhung lai chi hé tr¢ mot tap rang buoc
co ban, khong du kha nang mo ta va tich hop cac rang budoc OCL phtc tap,
da 16p va phu thuoc ngit canh. Su tach roi gitta nang luc biéu dat manh cia
OCL va kha nang thuc thi cia aDSL da tré thanh nat thit ngin can viéc
phat trién mot DM thyce thi théng nhat.

Trong phan tich va thiét ké huéng déi tugng, DM thudng dugce biéu dién
bing cac bicu do 16p UML két hgp véi OCL [68, 91] nhim diic ta cau tric
va cac rang buoc nghiép vu. Trong DDD, Evans [39] md rong vai trd ctlia
DM, coi day vira 1a trung tam ctia tri thitc va luat 1é mién, vita 1a phuong
tien giao tiép gifta chuyén gia mién va lap trinh vien.

Céc nghién cttu trong MDE [8, 17] tiép tuc hudng tiép can nay bang cach
phat trién cac DSL dé mo td DM mot cach chinh xac hon, dua trén sieu
mo hinh va ct phap chuyén biét. Tuy nhién, cac mo hinh theo huéng mo ta
nay chi yéu tap trung vao tinh biéu dat ct phap, trong khi chua triyc tiép
dap tng yéu cau ve kha nang thuyc thi va ngit nghia hanh vi trong bdi canh
DDD. Phuong phap tich hop cac méi quan tam vao mo hinh mién hgp nhat
(goi 1a, UDML) dugc dé xuat nham khic phuc han ché nay bang céch dac
t4 mot DM hgp nhat c6 kha nang thuec thi.

Trong cac hé théng cé yéu cau phan quyén phic tap, kiém soat truy
cap tré thanh mot moi quan tam trung tam thay vi thi yéu [112]. Nhicu
nghién cttu cho thay viéc tach roi chinh sach bdo mat khéi 16-gic nghiep vu
16i c6 thé dan dén su khong nhat quan gitta hanh vi mién v céc quy téc
phan quyén [11, 91, 93]. Duéi goc nhin DDD, cac chinh sach RBAC vi thé
can dugce biéu dién tuong minh nhu mot phan ctia hanh vi mién [46, 73].
Tuy nhién, phan 16n cac cach tiép can hién nay tich hgp RBAC theo cach
thil cong hofic phi hinh thic, thiéu mot nén tang ngit nghia hgp nhat cho
toan bo DM.

Cac nghién cttu vé DSL noi sinh [43, 132] cho thay day 1a mot hudng
tiép can hieu qua dé xay dung cac DM c6 kha nang thuc thi, nhs tan dung
ct phap v ngit nghia ctia ngon ngit chti. Nhicu cong trinh da st dung cha
thich dé mé hinh héa rang buoc mién va xay dung cac DSL nhiing trong
OOPL [31, 95, 119], ho#ic duy tri 4nh xa gitta DM ¢ miic ma nguon va
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UML [13]. Tiéu biéu trong s6 d6 1a DCSL [70], cho phép dic ta cau tric

mién c6 kha nang thyc thi.

Tuy nhién, cac tiép can nay chi yéu nhan manh tinh thyc thi ¢ mic
hién thuc héa, trong khi chua gidi quyét thoa dang bai toan hop nhat nhicu
mébi quan tam va kiém chiing hinh thitc céc rang budc dong, dic biét 1a céc
rang buoc phan quyeén. OCL hodc ma dya trén chd thich chi yéu hd tro
phan tich tinh, chua cung cap céc bido dam hinh thic vé tinh an toan va
khong xung dot. Phuong phap ctia luan an huéng dén xay dyng mot DM
hop nhat vita c6 thé thuc thi vita duge kiém chitng hinh thiic, trong dé céc
chinh saich RBAC dugc dam béo an toan va nhat quan trong toan bo vong
doi phan meém.

Téch biet va hgp nhat mdi quan tam la nguyén tac cot 16i trong quan 1y
do phiic tap he théng [120, 128]. Nhiéu nghién citu da st dung DSL dé mo
t4 cadc moi quan tam riéng biet va chi ra kho khan trong viéc két hop ching
thanh mot mo hinh théng nhat [89, 99, 126]. Cac co ché hgp nhat phd bién
bao gom tham chiéu, mé rong, nhing va tai st dung, hoac dieu phdi 6 miic
sieu mo6 hinh [105].

Khéc v6i cac cach tiép can tap trung vao hgp nhat ca phap hodc cau
tric, luan an dé xuat co ché hop nhat moi quan tam trong mot DM hop
nhat c6 kha nang thyc thi, diya trén chd thich va hop nhat ¢ mic cay ci
phép tritu tugng (AST). Cach tiép can nay cho phép hgp nhat dong thoi ci
phép, ngit nghia va kha nang thuc thi clia cac moi quan tam, dong thoi duy
tri sy gan két v6i DM theo tinh than DDD.

Cac phuong phap hinh thic, dic biet 1a Event-B, da dugce sit dung rong
rdi dé kiem chiing cic hé thong an toan va ddm bdo vé bdo mat [65, 76).
Nhieu nghién cttu da ma héa RBAC duédi dang bat bién va diéu kien bao ve
dé kiém chiing cac thudc tinh bao mat [5, 78]. Mot s6 cong trinh ciing khéo
sét viec két néi DSL véi Event-B nhim cung cap kiém tra tinh ding dan

dit liéu va 16-gic nghiép vu & phia may chu [98, 123].

Tuy nhién, cac cach tiép can nay thuong xem phan quyén nhu mot bai
toan chinh sach doc lap, tach roi khoéi hanh vi mién. Nguogc lai, phuong phap
duge dé xuat trong luan an st dung Event-B nhu mot nén ting ngit nghia
hinh thitc cho DM hop nhat dude dac td bang UDML dudgce trinh bay chi
tiét trong Chuong 4 ctia luan an, trong dé cac rang buoc RBAC triyec tiép
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gi6i han cac chuyén tiép hanh vi. Céch tiép can nay cho phép kiém ching
dong thoi tinh ding dan mién va cac thuodc tinh bdo mat trong mot khuon
khoé hinh thic théng nhét.

2.4 Céc thao tac chuyén déi mé hinh mién

Phan nay trinh bay cac thao tac chuyén doi mo hinh mién trong khuon khd
k¥ nghé phan mém huéng moé hinh, v6i muc tieu lam ré vai tro ctia chuyén
do6i mo hinh trong viec lien két cac miic tritu tugng khac nhau ctia mé hinh
mién, dong thdi tao co sd cho qua trinh sinh cic ché tac phan mém tit mo
hinh mién trong boi cadnh thiét ké huéng mieén. Trong cach tiép can nay, mo
hinh mién khong chi duge xem nhu moét bieu dién khai niém cta tri thic
nghiép vu, ma con la dau vao trung tam cho cac bo chuyén déi phuc vu sinh

cac ché tdc phan mém.

2.4.1 K% thuat chuyén doi mo hinh

Trong k§ nghé phan mém huéng mo hinh [17], chuyén d6i mo hinh 1a co ché
trung tam dé tu dong héa qué trinh phat trién phan mém. Mot bo chuyén
doi dién hinh tham gia vao céc giai doan phat trién tit mo hinh yeéu cau,
mo hinh phan tich, mo6 hinh thiét ké dén ma nguon, trong dé moéi giai doan
déu can duy tri tinh nhat quan gitta mo hinh nguon v mo hinh dich. Xét
vé ban chat, mot chuyén ddi mo hinh khong chi duge thire hién gitta hai mo
hinh cu thé, ma dude xac lap & cap do siéu mo hinh, véi diéu kién cac mo
hinh nguon va mo hinh dich phai tuan thi cic sieu mo hinh tuong tng. Day
ciing 14 quan diém chung ctia ki nghé huéng mo hinh (MDE) va kién trtic
huéng mo hinh (MDA), trong dé cac phép chuyén doi duge sit dung dé lien
két cadc mo hinh & cac mic tritu tugng khac nhau, tit mo hinh doc lap tinh
toan (CIM), mo hinh doc 1ap nén tang (PIM) dén mo hinh chuyén biét nén
tang (PSM).

Hinh 2.2 mo ta khung cong viéc chung ctia mot bo chuyen doi mo hinh
dién hinh [17]. Theo khung nay, bo chuyén doi duge xac dinh bédi cap siéu
mo hinh ngudn va siéu mo hinh dich, cting v6i dinh nghia chuyén doi va méi
truong thuc thi tuong tng. Viéc phat biéu chuyén doi ¢ mic siéu mo hinh

cho phép tach biét giita dic ta chuyén doi va cdc mo hinh thé hién cu thé,
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Hinh 2.2: Kién triic chung ctia bé chuyén déi moé hinh.

dong thoi tao dieu kien cho viéc tai sit dung, kiém ching va hién thuc héa

cac phép chuyén doi trén cac cong cu khac nhau.

Xét theo cach tiép can cai dit, cac bo chuyen déi moé hinh thuong dudc
phan thanh bén nhém chinh, bao gom: cach tiép can khai bédo/quan he,
cach tiép can meénh leénh /thie thi, cach tiép can dya trén chuyen doi do thi,
va cach tiép can lai. Cach tiép can khai bao tap trung mo ta quan hé giita
cac phan tit clia mo hinh nguén va mo hinh dich; cach tiép can ménh lénh
tap trung mo ta trinh tu thuc hién céc bude chuyén déi; cach tiép can dua
trén chuyen doi do thi biéu dién mo6 hinh bang do thi dinh kiéu va dic ta
chuyen doéi bang cac luat viét lai do thi; trong khi cach tiép can lai ¢6 ging
két hop uu diém ctia cac huéng trén. Trong thuyec tién, cac ngon ngit va cong
cu nhu ATL [50], QVT [88] va Acceleo [17] thudng dugc sit dung dé hien

thuc cac bo chuyen doéi moé hinh va sinh ma nguon.

Trong bo6i canh mo hinh mién gidu thong tin, dic biet khi mo hinh mién
dong thoi chita cau tric, hanh vi v cac rang buoc nghiép vu, thach thic
cot 161 ctia chuyén doéi mo hinh khong chi ndm & viéc anh xa cau tric, ma
con § viec bao toan ngit nghia ctia moé hinh trong toan bo qué trinh chuyén
doi. Theo quan diém chat luong ciia cac bo chuyen doéi moé hinh, cac thuoc
tinh can dugc quan tam bao gom: tinh ding dan vé ngit phap clia mo6 hinh
dich, tinh dang dan vé ngit nghia, tinh day da, va cac thuoc tinh hanh vi
chitc nang nhu két thac hay hoi tu. D6i véi mo hinh mién trong DDD, yéu
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cau nay cang trd nén quan trong vi mo hinh dich khong chi can hop 1é vé
cti phap, ma con phai phan 4nh nhat quan tri thic mién va logic nghiép vu
ctia moé hinh ngudn. Do dé, cac phép chuyén ddi can dua trén mot biéu dién
trung gian cé ngit nghia ré rang va nhat quan, chang han nhu trong khung
JDA [71].

Trén phuong dién thao téc, chuyén doi mo hinh thudng dude thuc hien
dudi hai dang chinh. Thtt nhat 14 chuyén doi mo hinh-sang-mao hinh (M2M),
trong d6 mo hinh nguon dude anh xa sang mot mo hinh trung gian hoac
mo hinh dich & ciing hay khéc mic tritu tugng. Thi hai 14 chuyén déi mo
hinh-sang-van ban (M2T), trong d6 mo hinh duge chuyén thanh cac biéu
dién van ban nhu ma ngudn, tép cau hinh hoic cac dang diic ta co thé thuc
thi. Trong nhiéu truong hop, dac biet déi véi sinh phan mém dya trén mo
hinh, M2M va M2T khong ton tai tach biet ma dudce t6 chitc thanh mot
bo chuyén doi: trudc hét mo hinh ngudn duge chuyén thanh mot biéu dién
trung gian c6 ngit nghia ro rang, sau dé mdi tiép tuc sinh ra cac tao tac vin
ban hodc ma nguon tuong ting. Cach to chitc nay gitp giam do phu thuoc
tryc tiép gitta mo hinh yéu cau va ma nguon, dong thai tao diéu kién thuan

loi cho viéc kiém soat, kiem chting va tién héa mo hinh.

Mot huéng tiép can phit hgp cho muc tiéu dé 1a k§ thuat sinh ma nguon
dya trén sieu mo hinh va khuon mau van ban [127]. Thay vi chuyén tric
tiép tit mo hinh sang ma nguon, mo hinh dau vao trude hét duge anh xa
sang mot mo hinh trung gian tuan thi mot sieu moé hinh xéc dinh, tu dé6
cac thong tin can thiét duge trich xuat va két hop vé6i cac khuén mau deé
sinh ra ma ngudn hodc cac biéu dién thuc thi tuong ting. Trong boi canh
luan an nay, cach tiép can nhu vay dac biet phut hop véi yéu cau chuyén déi
mo hinh mién gidu hanh vi v rang budc, vi né cho phép xac lap mot biéu

dién trung gian c6 ngit nghia ro rang trude khi sinh cac ché tdc phan mém.

2.4.2 Sinh ché tac phan mém ti* mo hinh mién

Trén co s cac ki thuat chuyén déi mo hinh néu trén, mot huéng ting dung
quan trong la sinh cac ché tac phan mém tit mo6 hinh mién. Trong ki nghé
phan mém huéng moé hinh, cac ché téc sinh ra c6 thé bao gom mo hinh
trung gian, mo hinh thyc thi, ma nguon, giao dién ngusi dung, cic mo-dun

cau hinh, hodc ban mau phan mém. Déi véi DDD, muc tiéu ciia cac thao
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tac nay khong chi 1a tu dong héa phét trién phan mém, ma con la duy tri
moi lien két chat ché gitta tri thiic mién, mo hinh mién va hién thyc phan

mem.

Mot 16p thao tac quan trong la sinh ban mau phan mém tit mé hinh
mien. Nhieu nghién ctu da dé xuat cac phuong phap sinh tu dong cac tao
tac phan mém tu dic td yéu cau, chi yéu tap trung vao cac thanh phan
giao dién va cac chitc niang co ban. Chang han, IFML dudc st dung dé mo
hinh héa ludng tuong tac va sinh tuy dong giao dién [101]; cic nghién citu
khéc khai thac mo hinh ca st dung hoiic cac bieu do UML nhu biéu do 16p,
biéu do hoat dong va biéu do tuan tu dé sinh giao dién phuc vu phat trién
nhanh ting dung [10, 14, 67, 84, 131]. Tuy nhién, phan 16n cac tiép can nay
méi ding & viec sinh giao dién hodc mot phan cau tric chic ning, trong
khi chua thiét lap duge mot chudi chuyén ddi du chat ché tit dac ta yeu cau

dén mo hinh mién c6 kha nang thiyc thi va ban mau phan mém hoan chinh.

Sinh giao dién ngusi ding 1a mot truong hgp tieu biéu ctia sinh ché tac
phan mém tr mo hinh. Day 14 huéng dude quan tam nhiéu vi giao dién 13
tao tac truc quan, dé danh gia va co gia tri cao trong viéc xac minh yéu
cau v6i nguoi dung cudi. Tuy vay, néu chi ditng & sinh giao dién thi khoang
cach gitta mo hinh yéu cau va logic nghiép vu bén trong hé théng van chua
duge gidi quyét triet dé. Do6i véi cac hé théong phat trien theo DDD, giao
dieén nguoi dung chi 13 mot phan ctia ban mau phan mém; diéu quan trong
hon 1a phai bdo dam rang giao dién, hanh vi vd cau tric dit lieu deu duce
dan xuat nhat quan tit cing mot mo hinh mién hodc tit cling mot dac ta

yéu cau huéng mién.

Viéc dic tad yeéu cau chic ning phan mém nham xac dinh 16 cac chic
ning can trien khai vi céc yéu cau ma hé théng phai dap tng, bao gdom
mo ta chitc nang, giao dién ngudi dung, cac yéu cau kj thuat va cac rang
buoc hoat dong [40]. Trong thyc tién, nhiéu phuong phép va cong cu da
dugce dé xuat dé dac ta yeu cau chiic nang, sit dung cac hinh thitc nhu ngon
ngt tu nhién, UML hodc cac DSL [48]. Trong d6, UML/OCL la cac cong
cu dudce chuan héa va st dung rong rai, trong khi DSL mang lai lgi thé vé
tinh chuyén biét, kha nang don gidn héa va ho trg tu dong hoa [17, 43, 60].

Mot 16p thao tac khac c6 ¥ nghia nén tang 1a sinh mo hinh mién tit mo

hinh yéu cau. Nhiéu nghién citu da tap trung vao cac phuong phap chuyén
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ddi mo hinh hanh vi sang ma trién khai [116], tieu biéu 1a cac kj thuat sinh
ma tit bieu do hoat dong va biéu dd tuan ty UML [124]. Mot hudng tiép
can khéc dé xuat tu dong héa chuyén doi tit mo hinh doc lap tinh toan dua
trén nghieép vu sang mo hinh doc lap nén tang cho céc ting dung web [133].
Trong nghién citu [72], tac gid dé xuat phuong phap phét trién phan mém
sinh theo DDD duya trén kién tric phan mém huéng mo-dun va ki thuat

sinh cau hinh mo-dun.

Tt khéo sat trén c6 thé thay nhu cau cap thiét vé cac bo chuyén doi
gitp sinh nhanh céc tao tac phan mém tit mo hinh mién, dong thoi cung
cap nhiéu géc nhin pht hop cho cac bén lien quan. Cac bo chuyén doi nay
déng vai tro then chot trong viec thu hep khodng trong gitta cdc mo hinh
mién ¢ mic tritu tuong cao va cac hién thiic phan mém c6 kha nang thuc
thi, qua d6 duy tri tinh nhat quan ngit nghia gitta cac dic t4, mo hinh va

céc tao tac phan mém sinh ra.

Phuong phap thiét ké huéng mién mang lai nhiéu 1¢i ich trong phat trién
cac he thong phan mém phitc tap [59]. Tuy nhién, khi yéu cau nghiep vu
thay doi, mo hinh mién can dudc cap nhat tuong tng, doi hoi tinh linh hoat
cao trong thiét ké va hien thue, diéu nay c6 thé gay khé khan cho ca nha
thiét ké va nha phat trién. Trong nghién cttu vé DSL [43], mo hinh dugc
xem nhu mot dic ta trong ngon ngit chuyén biét mién, va qué trinh sinh ma
nguodn thuong trai qua nhiéu buée chuyén doi mé hinh-sang-mo hinh trudce
khi sinh ma v& thyc thi. CAc nghién citu gan day da dé xuat DCSL [70] va
MCCL [72] nham hd trg phat trién phan mém theo DDD thong qua cac
ngon ngit chuyén biét mién dya trén cha thich (aDSL) dugc nhting trong
OOPL.

Bén canh d6, nhiéu cong trinh da dé xuat cac k§ thuat sinh ty dong
giao dién ngusi diing va ban mau phan mém tit cac bitu do UML va cac
dic ta ca st dung [67, 84, 101], tap trung vao phat trien cong cu chuyén
doi va dam bao tinh nhat quan ctia ma nguodn sinh ra. Tuy nhién, van chua
c¢6 mot phuong phap hoan chinh nao thu hep hiéu qua khoang cach ngit
nghia gitta dic td yéu cau ¢ dang ngon ngit ti nhién hosic ban hinh thiic
nhu UML/OCL [42, 91] vA ma nguon cai dgt ban mau phan mém.

Tt khédo sat trén c6 thé thay rang bai toan sinh ché tdc phan mém tit mo

hinh mién thuc chat bao gdm mot chudi cac thao tac chuyén doi lien tiép: tit
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dic ta yéu cau sang mo hinh mieén, tit mo6 hinh mién sang mo hinh thic thi,
va tit d6 sang ma nguon hoic ban mau phan mém. Trong chudi nay, vai tro
ctia biéu dién trung gian la diic biét quan trong, vi né gitip thu hep khoang
cach gitta mo hinh khai niém va hién thic phan mém, dong thoi tao dicu
kien bao toan ngit nghia ctia mién nghiép vu trong sudt qua trinh chuyén
do6i. Trén co s6 do, luan an tap trung nghien ctiu cac thao tac chuyén doi
mo6 hinh mién theo huéng tich hgp dong thoi khia canh cau tric va hanh
vi, tit d6 tao nén tang cho viéc sinh ty dong ban mau phan mém dugc trinh

bay trong Chuong 5.

2.5 Huéng tiép can sit dung AI/LLM

Sy phat trién ctia cAc mo hinh ngon ngit 16n (Large Language Models -
LLMs) nhu GPT-4 da thic day viéc ting dung trf tué nhan tao (Artificial
Intelligence - AI) trong phan tich va thiét ké phan mém. Céac nghién ctu
gan day cho thay LLMs c6 kha nang xit Iy dac ta ngon ngtt tu nhién va hod
trg sinh cac bicéu dién mé hinh nhu UML hoi#ic dic ta c6 ciu tric tit mo ta
nghiep vu [61, 86, 92]. Mot s6 cong trinh tiéu biéu nhu Ferrari et al. [41] v&
Giannouris et al. [45] cho thay LLMs c6 thé trich xuat cic khai niém mién
va quan hé dé sinh biéu do UML tit tai liéu yéu cau, trong khi Eisenreich et
al. [38] budc dau ap dung LLMs trong boéi canh DDD.

Trong biéu dién mo hinh mién, céc tiép can dua tréen LLMs chit yéu hd
trg suy dién cau trac mo hinh tit cac dic td khong hinh thitc, thong qua
viéc nhan dién cac thuc the, thuodc tinh va quan he. Céch tiép can nay gitp
tu dong hoéa bude hinh thanh mo hinh ban dau va hd trg khai pha tri thic
mien. Tuy nhién, cac biéu dién duge sinh ra mang tinh xac suat va khong
dua tréen mot khuon kho ngtt nghia hinh thiic, do d6é chua dam bao tinh
nhat quan, kha nang tich hgp nhiéu méi quan tam va vai tro lay mot mo

hinh mién lam trung tam theo tinh than ctia DDD.

Trong chuyén dbi moé hinh, cac tiép can AI/LLM chii yéu thyc hién sinh
truc tiép cac tao tac dich, chdng han méa nguon hodc mo6 hinh ¢ miic thép,
tt mo t& dau vao [86, 92]. Mot s6 nghién citu ciing dé cap dén kha nang sinh
anh xa gitta cac biéu dién khac nhau [61]. Tuy nhién, caAc phép chuyén doi

nay khong duge dic ta tuong minh ma phu thudc vao qua trinh suy dién
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ctia mo6 hinh, do d6 thiéu co ché kiém soat, truy vét va khong dam bao bao

toan ngtt nghia gitta mo hinh nguon va mo hinh dich.

Nhin chung, cac tiép can AI/LLM hién nay chi yéu hd trg ¢ giai doan
sinh va kham pha mo hinh ban dau, nhung con han ché trong viéc dac ta
ngit nghia, tich hgp nhiéu méi quan tam va ddm bao tinh ding din trong
chuyén doi mo hinh. Diéu nay cho thay vAn con khoang tréng nghién citu
ddi véi cac phuong phap biéu dién va chuyén doi mo hinh cé ngit nghia 16
rang, hd trg tich hop va kiém ching mot cach c6 hé thong, trong boéi canh
thiét ké huéng mien.

2.6 Tong két chuong

Chuong nay da trinh bay co sé Iy thuyét va tong quan tinh hinh nghién ctu
lam co sé 1y luan cho luan an, tap trung vao DDD va vai tro trung tam cua
DM trong toan bo qua trinh phat trién phan mém. Céac khai niem cot 16i
ctia DDD, bao gom DM, UL va yéu cau gan két chat ché gitta mo hinh va
hién thuc trién khai, da duge phan tich nham lam 16 béi canh phuong phap

luan ctia nghién ciu.

Trén co sd d6, chuong da khao sat va phan tich cic tiép can hién c6 trong
viec biéu dién DM, tich hgp cau tric, hanh vi, rang buoc va bao mat thong
qua UML/OCL va céc DSL, cling nhu céc ky thuat hgp nhat méi quan tam
va chuyén doi moé hinh trong k§ nghé phan mém huéng moé hinh. Phan tich
nay cho thay rang mac dut da ton tai nhiéu tiép can nham hé tr¢ mo hinh
héa, thuc thi va kiem ching DM, cac giai phap hién nay van con phan téan,
thiéu mot khuon kho théng nhat dat DM lam trung tam ngit nghia, cho
phép tich hgp dong thoi cac mdi quan tam cau tric, hanh vi v bdo mat,
dong thoi hé tro kha nang thuc thi va chuyén doi mo hinh theo ding tinh
than ctia DDD.

Khoang trong nghién ctu nay cho thay nhu cau can c6 cac ki thuat biéu
dién v hgp nhat DM giau ngit nghia hon, cling vé6i cac co ché kiem chiing
va chuyén déi mo hinh béo toan ngit nghia, nham thu hep khoang cach giita
dic t4 mién va hién thiyc phan mém. Day chinh 13 dong Iyc va nén tang cho
cac ki thuat va phuong phap dude dé xuat trong cac chuong tiép theo clia

luan an.



Chuong 3

KY THUAT BIEU DIEN
MO HINH MIEN

Trong chuong nay, luan an dé xuat cac ki thuat mé rong va tich hgp mo
hinh mién (DM) nhdm dua céc khia canh hanh vi va rang buoc nghiép vu
vao mot moé hinh mién hop nhat c¢6 kha nang thie thi. Cu the, chuong gisi
thiéu ngon ngtt do thi hoat dong Activity Graph Language (AGL) nhu mot
DSL dua trén cha thich dé biéu dién va gin két truc tiép hanh vi nghiep
v v6i cac khai niem mién, dong thoi trinh bay mau cha thich rang buoc
Constraint Annotation Pattern (CAP) nham biéu dién va tich hgp cac rang
buoc OCL vao DM thuyc thi. Thong qua do, cac ki thuat deé xuat gép phan
thu hep khodng cach gitta mién nghiép vu va khong gian ki thuat, dong thoi
nang cao kha ning bi¢u dat, thyc thi va kiém chitng ciia DM trong DDD.

3.1 Giéi thigu

Trong cac tiép can DDD hién nay, cac DSL dya trén cha thich (aDSL)
duge nhing trong OOPL da duge dé xuat nham hé trg xay dung DM thuc
thi [95, 119]. Céc tiép can nay cho phép ma hoéa tryc tiép cdc khai niém
mién trong ma nguon cla hé thong, hoac két hop DM véi cac dic ta ¢ miic
tritu tuong cao hon thong qua UML va cac DSL, lam co sé cho cac phép
bién déi mo hinh va sinh tao tdc phan meém.

Tuy nhién, cdc aDSL hién c6 [8, 31, 43, 126] chli yéu tap trung vao biéu
dién cau tric ctia DM. Trong khi d6, cic khia canh hanh vi, thuong dude mo

49
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ta bang biéu dd hoat dong hodc bicu do may trang thai UML, cling véi cac
rang buéc OCL nghiép vu phitic tap, nhu cac rang budc st dung foraAll,
exists hoadc cac phép toan trén tap hop, van chua duge tich hgp mot cach
tuong minh, c6 cau tric va hop nhat trong DM thuc thi. Han ché nay lam
suy giam kha nang biéu dat day du cac quy tac nghiép vu, dong thoi gay
khé khan cho viéc hop nhat cac khia canh mién trong mot mo hinh hop
nhat nhat.

Luan an huéng dén viec md rong DM theo huéng tich hop cac khia canh
hanh vi, tit d6 hinh thanh mot DM hgp nhat c¢6 kha nang biéu dat va hd
trg t6t hon cho qua trinh xay dyng phan mém.

Trong boéi canh d6, luan an dé xuat mot ngon ngit hd trg chuyén biét
cho viéc tich hgp hanh vi mién nham thu hep khoang cich gitta DM va hién
thue ctia n6, dong thoi tao dicu kién thuan loi cho viéc xay dung phan mém
thong qua cac phép bién doi mo hinh tit DM c6 tich hgp céc diic ta hanh vi
dugc biéu dat bang UML va DSL. Ngon ngit nay duge goi 1a AGL (Activity
Graph Language), duge thiét ké nhu mot aDSL tap trung vao viéc biéu dién
cac khia canh hanh vi mién duéi dang do thi hoat dong, cling nhu tich hop
tryc tiép cac dac ta hanh vi nay vho DM hop nhat. AGL dudc giéi han
trong mot mién con clia bieu dd hoat dong cia UML, dua trén cac mau mo
hinh héa hoat dong c6t 161 [91, p. 373]. Cach tiép can huéng mo hinh cho
DSL [66] dugc ap dung, véi UML/OCL [90, 91] diing dé dic t4 mo hinh ci
phap tritu tugng va cd phap cu thé cia AGL.

Dé tich hop AGL vao DM hgp nhat, aDSL da dude phat trién trude do
13 DCSL [70] dugc st dung nham biéu didn mo hinh 16p hgp nhat. Mo hinh
16p hgp nhat nay duge xem nhu mot DM mé rong kién tric phan mém dang
mo-dun (MOSA) [72], trong d6 cac 16p mién, bao gom céc 16p hoat dong
gan v6i do thi AGL, duge anh xa truc tiép sang hién thuc ki thuat thuc thi
bang JDA [72].

Maic dit DCSL cung cap mot bicu dién ngin gon va gan chit véi hien
thuc trién khai cho cac khéi niém céu tric ctia mién, cac aDSL dang nay
van gip han ché trong viéc biéu dién va tich hgp cac rang buoec OCL nghiép
vu phiic tap, von la thanh phan thiét yéu dé dac ta chinh xac cac quy tac
nghiép vu 2.1 trong DDD [39, 90].

Céc DSL gan day nhu B-OCL [53] hd tr¢ mo hinh héa ciu tric va mot
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phan cac rang budc nghiép vu; tuy nhién, cac tiép can nay van gip nhiéu
thach thiic trong viéc chuyén doi UML/OCL sang ma thue thi, tich hgp co
ché kiém tra OCL tai giai doan chuong trinh thuc thi, cing nhu bao toan
tinh ding dan ctia mo6 hinh xuyén sudt vong doi phat trién. Song song do,
cac DSL noi sinh [7, 18, 59, 87, 135] nhung tryc tiép 16-gic mién vao ngon
ngit chit nhu Java [114], qua d6 hd tr¢ sinh kiém thit tu dong va xay dung
cac hién thuyc cé thé kiem chitng. Tuy nhién, cac tiép can nay thuong chi xit
Iy duge mot tap con nhé ctia OCL, chua gidi quyét day du viec biéu dién
cac rang budc OCL nghiép vu phtc tap, cing nhu chua hd trg sinh ma tuy
dong & miic toan dien. Han ché c6t 16i nam & tinh théa man ctia cach tiép
can, do ci phap cta ngén ngit lap trinh chi thuong la OOPL ¢6 gi6i han

trong viéc biéu dién ty nhién céc khai niem mién phtec tap.

Truée nhitng han ché d6, luan an dé xudt mot mé rong aDSL nham biéu
dién va tich hgp cac rang budoc OCL nghiép vu phic tap truc tiép trong
DM thyc thi. Theo d6, moi rang budoc OCL duge anh xa sang mot mau
cht thich, goi 1a CAP (Constraint Annotation Pattern), cho phép bicu dién
ngit nghia rang buoc bang cic cau tric chi thich gin vé6i cac phan tit mién
tuong ding.

CAP cung cap mot co ché to chitc rang buoc c6 tinh hé théng, gitp tich
hop chit ché cac rang budc vao DM théng nhat thuc thi, qua dé tao nén
tang cho viéc hgp thanh cac khia canh cau tric, hanh vi va rang buoc trong
ciing mot DM. Céch tiép can nay hd trg cho céc bude kiém ching va sinh

tao tdc phan mém.

Cac muc con lai clia chuong nay duge cau trac nhu sau. Muc 3.2 trinh
bay ki thuat bicu dién va tich hop cac rang buoc OCL dua vao mau chi
thich (CAP) trinh bay trong . Muc 3.3 trinh bay ki thuat biéu dién, tich
hgp hanh vi vao md hinh mién (AGL). Cudi cling, tong két cac két qua dat
dugce trinh bay trong Muc 3.4 ciia luan an.

3.2 Ky thuat tich hop rang budéc OCL vao mo

hinh mién

Phan nay trinh bay mot ki thuat tich hop cac rang buoc OCL nghiép vu
phiic tap vao DM, goi 1a CAP, nham thu hep khodng cach gitta khong gian
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bai toan va khong gian ki thuat, dong thoi vAn bao toan kha nang bicu dat
cia DDD. K¥ thuat nay hd trg tu dong hoa viec kiém soat rang budc va
sinh ma trong qua trinh phét trién phan mém.

3.2.1 Tong quan vé phuong phap dé xuat

Dé xuat ky thuat tich hop rang budc phiic tap vao DM theo DDD dugc mo
ta trong Hinh 3.1, gom hai giai doan chinh:

Céac yéu cau
mién

1. Pinh nghia mau rang budc ]

dya vao chu thich (CAPs) Khia canh cau tric

(Biéu d6 16p UML)

<<bao gom>>
_ 'y
Danh muc
Céc y8u cau mién cac mau CAP - -
¥. [Cécran va

Nguoi mé hinh mién

<<bao goms>>

n Iy mé hinh mién \ R RREEEEEE Ty
' Chu thich

2N
2
g

Ban mau phan

Hanh dong !
[Ban mau '
dwoc chap
nhan]

[Cap nhat khi
c6 yéu cau) p

)
s s
Cac méi quan tam DCSL : ﬁ Da ché tac -:

Dit liéu

va trong cac aDSLs khac

Ban mau
phan mém . B
duoc sinh ra 3. Tong hgp cac moi quan tam

. N - .z 5 A I / -----------------------
4. Sinh va danh gia ban
m&u phan mém (_/ |M6 hinh mién hop nhéat |

Hinh 3.1: Ky thuat tich hgp rang budc phic tap vao DM theo DDD.

Giai doan 1 tap trung vao viéc xac dinh mot tap hop cac mau dya trén
chtt thich rang budc (Constraint Annotation Patterns — viét tat 1a CAPs)
thong qua viéc trich xuat va khai quat héa ching tit cac yéu cau mien hién
c6 (Bu6e 1 trong Hinh 3.1). Giai doan 2, bao gom ba buéc con lai trong
Hinh 3.1, nh&m muc tiéu tao ra mot ban mau phan mém cudi cing thoa
man cac yéu cau dau vao ciia hé thong dich. Cac bude chinh ctia phuong

phap dugc tom luge nhu sau.

Buéc 1 — Xac dinh CAP: Duya trén tap hop cac yéu cau mién thu thap
tit nhiéu linh viic khac nhau, budc nay nham nhan dién cdc nhém rang
budc OCL, khai quat hoa ting nhém va xay dung mot mau chung — goi
12 CAP — dé biéu dién céac rang buoc OCL thudc nhém do. Méi CAP bao
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gom: (i) mot bicu dd 16p UML dé dac ta cac khai niém mién v quan hé
gitta ching, (i) mot dic t& OCL mo ta cac quy tdc nghiép vu va bat bién,

va (iii) cac cht thich biéu dién cac rang buoec OCL.

Buéc 2 — Tich hop CAPs vao DM: Dau vao ctia bude nay gom tap cac
rang budc mién OCL va danh muc CAPs da c6. Muc tiéu la biéu dién cac
rang budéc OCL duéi dang cac CAP, qua d6 rang buéc DM. Méi rang buoc
dua tren CAP dugc thé hién thong qua phan mé rong ctia DCSL.

Buéc 3 — Hop thanh cic mbi quan tam dé tao DM hgp nhét: Tat
cd cac mdi quan tam lien quan dén cau tric va hanh vi cia DM — dugdce biéu
dién béi cac aDSL nhu DCSL, AGL — sé duge hgp thanh dé tao nén mot
DM hop nhét.

Buéc 4 — Sinh va danh gia ban mau phan mém: DM hgp nhat dong
vai tro lam ban thiét ké cho qua trinh sinh tu dong cac bdn mau phan mém.
Khung phan mém JDA c¢6 thé dugc sit dung dé thuc hién viéc sinh méa nay.
Ban mau thu duge sé duge ban giao cho cac bén lien quan dé danh gia. Néu
c6 phan hoi, DM dugc quan 1y sé dude cap nhat tuong tng. Quy trinh sau
d6 dudce lap lai, hd tro chu trinh cai tién lién tuc cho dén khi ban mau phan

mem dap tng day di cac yéu cau da chi dinh.

3.2.2 Tich hop mau CAP vio mé hinh mién

Phan nay trinh bay phuong phap cho viéc dic td va quan ly cac CAP. La
phuong phap mé rong DCSL nham hé trg biéu dién céc rang buoc dua trén
CAP. Ngoai ra, thiyc hién xay dyng mot danh muc CAP ban dau, cho phép
biéu dién va tich hop cac rang buoc OCL vao DM, tit d6 tao ra DM hop
nhat va kha thi dé thuc thi.

3.2.2.1 Khia canh ca phap

Y tudng cbt 16i ciia mot CAP 1a st dung mot mau dé biéu dién céc rang
budoc OCL trong DM. Vé ban chat, mot CAP 1a mot mau dude "tham so
héa". Méi lan ap dung CAP nham bicu dién mot rang budc OCL cu thé

tuong tng véi viec gan gia tri cu thé cho cac tham sé clia mau.
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Cac tham s6 dau vao ctia mdi mau duge dinh nghia thong qua mot co
ché chi thich. Thyc hién mé rong DCSL dé bieu dién CAP, cho phép dic
ta va quan 1y chinh quy cac CAP trong cung mot khung moé hinh hoa.

Xét trén phuong dién ct phap, moi mau CAP duge mo ta véi cac thanh

phan chinh sau:

Tén mau: Mdi CAP duge gan mot dinh danh duy nhat dé hd tr¢ quan ly

va truy xuat trong danh muc CAP hién co.

Mo ta: Cung cap giai thich ngan gon vé muc dich vA ngit nghia clia nhém
rang buoc OCL ma CAP bicu dién.

Mau tham sé héa: Mo ta biéu thitc OCL mang tinh tham sd, tuan thi
¢t phap OCL va tuong ting v6i mot nhém rang buoc OCL ¢6 cling cau

tric. Cu thé, mau bao gom:

e Cau tric biéu do ldp — mo ta phan lien quan ctia biéu do 16p
diing dé xac lap ngit canh OCL. Cau tric nay cé cac tham s bicu

dién tén 16p, thuoc tinh va quan he.
e Mau OCL — biéu dién dang tham s héa ciia biéu thiic OCL.

e Dic td chii thich — dinh nghia cic tham s6 thong qua co ché chu
thich c6 cau tric, duge sit dung trong biéu thitc OCL clia mau.

Vi du: Cung cip minh hoa cu thé vé cach mot CAP dudc 4p dung trong
thuc té.

Tém lai, CAP cung cap mot co ché tai st dung va c¢6 tham s6 hoa dé
biéu dién cac rang budoc OCL lap lai trong cdc mé hinh mién. Theo dé, Dinh
nghia 1 tom tat khai niem CAP.

Dinh nghia 1 (Mau cha thich rang budc). Mot Mau chi thich rang budc —
CAP duge dinh nghia la mot khuon mau cé tham so, dung dé ndm bdt cdu
tric ci phap va ngt nghia chung cia maot ldp cac rang buoc OCL. Mot cach
hanh thite, CAP dugc biéu dién nhu mot bo: CAP = (N, D, T) trong do:

- N la tén cta mau;

- D la mo td bang van ban nham gidi thich muc dich va ng@ nghia cta

cdc rang buoc OCL duogc biéu dién bdi mau;
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- T la mot tap cdc bo (P, T), trong dé: P la tap cdic tham s6 biéu dién
cac thanh phan bién doi cia khuon mau (vi du: thuoc tinh, lien két
hodc gid tri), dugc dac ta thong qua cdc chi thich; T la mot biéu thic

OCL c6 tham s6 mo td cau tric cia rang buoc OCL.

Mot thé hien cia CAP dugc tao ra bang cdach thay thé cic tham s6 P bang
cdc phan ti cu thé ciia mo hinh mién, tit dé sinh ra mot rang buoc OCL hop

lé trong ngd canh tuong ing.O

3.2.2.2 Vi du va danh muc CAP dau tién

Trong phan nay, gi6i thieu mot mau CAP c6 tén SUMCONSTRAINT nham
minh hoa cho phuong phap dé xuat. Sau d6, mo ta danh muc CAP dau tién

duge thu thap va dic ta tit nhiéu nguon yéu cau mién khic nhau.

Class Diagram Structure

__ClassD__
_ filterattr : _ AttrType2_
|
_ClassA_ __rolel_! * __ClassB__
_ wvalueAttrl_ : _ AttrTypel !
__thresholdAttr :  MumType_ | * _role2_ .
_role3__ (1
@ _ ClassC__
_sumAttr__ : _ NumType__
OCL Template
context ClassA inv __sumContraint®l1_invID__ : B
let v:__ NumType__=self.__ClassD__ @
-> select(e | e.__filterAttr__ =_ value2_ )
-> collect(o | o.__role2_ ._role3_ ._ sumAttr_)
-> sum() in (self.__valueAttri__=_ valuel_
implies v<=self.__thresholdAttr__)
Annotation Specification
@SumConstraint( @
name=__sumConstraint®1_invID__,
assocCls=@AssocCls(assoc={__ClassD__}),
rolePath=@RolePath(role={__role2_ ,_ role3__}),
collect={@AttrCond(attr=__filterAttr__,matchval=__value2_ )},
sumAttr=__sumAttr__,
fixAttr={ @AttrRef(maxLim=__thresholdAttr__)},
ifPart={@AttrCond(attr=__valueAttr1i_,matchval=__valuel )}
)

Hinh 3.2: Dac t4 cho mau CAP SuMCONSTRAINT.
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Tén mau: SUMCONSTRAINT

M6 ta: Mau nay dinh nghia cic rang buoc OCL nhim kiém soat va quan
Iy sb6 luong, gia tri hodic tai nguyén thong qua cac phép tong hop. Cu
the, mau nay dam bao ring gia tri tong hop dudc luu trit trong mot
thuc thé luon bing téng cac thanh phan lien quan ctia n6. Mau duge
st dung dé ngan chin sy sai lech gitta dit lieu dan xuat va dit lieu

nguon, tit do hd trg déi soat va kiém toan.

Mau tham sb héa: Biéu thic OCL tham s6 héa ctia mau nay duge dinh

nghia dya trén cac thanh phan chinh sau.

e Cdu tric biéu do I6p: Hinh 3.2 (nhan I) minh hoa biéu do 16p chita
ba 16p, cac thuoc tinh va cac lien két gitta ching. Biéu dd nay xéc
lap ngtt canh cho mau rang budoc OCL tuong ting.

e Mau OCL: Hinh 3.2 (nhan II) mo t& mau OCL dung dé sinh
cac rang buoc thé hien han ché sau: Tong gia tri ctia thudc tinh
_sumAttr_ trén tat cid cac ddi tugng o trong mot tap con
duge loc tit tap cac dbi tuong __ClassD__ lien két véi thé hien
_ClassA__ hién tai (self) dugc tinh toan dya trén tiéu chi
loc dugc xac dinh béi bién __filterAttr_. Gia tri tong duge
tinh nay sau dé dugc kiém tra déi vé6i __thresholdAttr__ dé
dam bao diéu kién ngudng ducc théa man, va dé bao dam rang
cac doi tuong khong vuot qua giéi han cho phép. Luu ¥ rang
tén cac bién trong mau bat dau va két thac bang “_”. Ten bién
_sumConstraint01l_invID__ cho biét day la mau OCL loai 01
thuoc mau SUMCONSTRAINT.

e Dac ta chi thich: Mé rong DCSL véi cac cha thich méi nhu minh
hoa trong Hinh 3.2 (nhan III), nhdm biéu dién cdc tham sb clia
mau OCL. Dac ta cha thich nay cho phép sinh ra rang buoc OCL

khi cac tham s6 dugc gan gia tri cu theé.

Vi du: Trén mo6 hinh CourseMan, nhu thé hién trong Hinh 1.2, dé minh
hoa mau nay. Rang buoc lien quan ddm bao rang sb tin chi t6i da mot
sinh vién dugc phép dang ky 1a mot ngudng c6 gié tri xac dinh (12 tin
chi) tin chi moi hoc ky khi sinh vién dang trong dién canh bao hoc vu.
Diéu nay gitip sinh vién tap trung cai thién diém trung binh (GPA).
Rang budc duge biéu dién bing OCL nhu sau:
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1 context Student

2 inv courseMan_inv06_ProbationRules:

3 let v:Integer=self.enrolment

4 —>select (e|e.status=EnrolStatus::ACTIVE)

5 —>collect (e|e.offering.module.credits)—>sum/()

6 in self.overallStatus=AcademicStatus: :PROBATION
7

implies v<=12

Thuc hién dinh nghia dic ta trong DCSL dé sinh ra rang budc nhu sau:

1 @SumConstraint (

2 name=' courseMan_1inv06_ProbationRules’,

3 assocCls=@AssocCls (assoc={’'Enrolment’}),

4 rolePath=@RolePath (role={’offering’, "module’ }),

5 collect={Q@AttrCond(attr="status’,

6 matchVal=’'EnrolStatus::ACTIVE’) },

7 sumAttr='credits’,

8 fixAttr={QAttrRef (maxLim = 12) },

9 ifPart={@AttrCond (attr=’'overallStatus’,
10 matchVal=’AcademicStatus: :PROBATION’) }
11 )

12 class Student {...}

Mot mau CAP biéu dién mot ho ngit nghia ciia cac rang budc OCL c6
cau tric lien quan v6i nhau. Méi CAP ¢6 thé bao gom nhicu bién thé khuon
mau OCL c6 tham sb, tuong ting véi cac dang ci phap khac nhau ctia cac

rang budc trong cung mot 16p ngt nghia.

Vi du, mau SumConstraiNt bao gdm mot s6 bién thé khuon mau OCL
tuong tng véi cac nhém rang budc dua trén phép tong hgp khéac nhau.
Khuon mau OCL duge minh hoa trong Hinh 3.2 14 mot trong cac bién thé
nhu vay. Cac bién thé khac c6 thé biéu dién cac rang buoc tuong tit nhung

c6 bo sung cac dieu kién loc hodc céc vi tit ngit canh.

Mac dit cac bién thé nay ciing chia sé mot tén mau, ching khac nhau vé
cau tric biéu dién. Trong qué trinh mo hinh héa, bién thé khuén mau phit
hop sé duge Iya chon va cac tham s6 clia né duge khdi tao thong qua cha
thich DCSL. Ngudi diing xay dung cac rang budc bang cach khéi tao chu
thich CAP tuong ting véi cic gia tri tham s6 phit hgp. T d6, rang budc
OCL cu thé sé dugc sinh tur dong tir bién thé khuon mau da chon. Mau
SumConsTRAINT bao gdom nhiéu bién thé mau OCL tuong tng véi cac nhém
rang buoc OCL khac nhau. Mau OCL minh hoa trong Hinh 3.2 14 mét trong
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nhitng bién thé d6. Chang han, hay xét mot rang buoc OCL khéc trong DM
dugc thé hien ¢ Hinh 1.2, nhu mo ta dudi day. Rang budc nay dam bao rang
sinh vién c6 GPA dudi 2.5 trong hoc ky trude chi dude phép dang ky t6i da
20 tin chi.

context TermRecord
inv courseMan_inv1l7_LowGPACreditRestriction:
self.prevSemGpa<2.5 implies
self.student.enrolment
—>select (e| e.offering.term=self.term)

—>collect (e|e.offering.module.credits)—->sum()<=20

Mau OCL tuong ting ciia SumConstraint dé sinh ra rang buoc nay duge dinh

nghia nhu sau:

@SumConstraint (
name='courseMan_inv1l7_LowGPACreditRestriction’,
assocCls=Q@AssocCls (assoc={’'Enrollments’}),
rolePath=@RolePath (role={’student’,’offering’, "module’ }),
rolePath2=@RolePath (role={’term’,’'termRecord’}),
collect={Q@AttrCond (attr='"curTerm’ ,matchVal='true’) },
sumAttr=’'credits’,
fixAttr={@AttrRef (maxLim=20) },
ifPart={@AttrCond (attr='"prevSemGpa’,maxLim=2.5) }

class TermRecord { ... }

Tiép can nay da xac dinh mot danh muc CAP gom mudi mau, mdi mau
duge dac ta chinh quy va dude quan 1y trong mot khung mo hinh héa thong
nhat. M&i CAP biéu dién mot ho rang buoc, trong dé cac rang budc cb ciing
muc dich ngit nghia dugc gom nhém va khai quat héa thanh mot cau tric
mau chung. M&i CAP bao gom mot tap hop cac kiéu nham phan biét gitta
cac bién thé mau OCL khac nhau ciia cing mot mau CAP. Hai bat bién
OCL dudc trinh bay trong phan nay dudge sinh bdi hai mau OCL tuong tng

clla mAau SUMCONSTRAINT.

3.2.2.3 Khia canh ngit nghia

Ngit nghia ctia CAP tuong @ng truc tiép véi ngit nghia ciia OCL, béi mbi thé
hién CAP c¢6 quan hé mot-mot véi mot bat bién OCL trong DM. Su tuong

ting tryc tiép nay bdo dam rang viec danh gia bat ky rang buoc CAP nao
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ciing cho két qua 1o-gic giong héet véi viec danh gia bat bién OCL tuong ting,
qua dé6 duy tri ngit nghia OCL trong DCSL.

DPinh nghia 2 (Ung dung CAP). Cho CD la mot biéu do Idp biéu dién mo
hinh mién; Cho OCLcp la tap tat cd cac bat bién OCL hop 1@ ¢é thé biéu
dién trén CD; Cho CAP; la mot mau CAP dugc dinh nghia bdi mauv OCL
tham s6 héa T; vdi khong gian tham s6 D;. Mot ing dung CAP trén CD la
qud trinh gdn mot by tham so6 d; € D; cho T; sao cho mau OCL ciia CAP
tré thanh mot bat bién OCL hop lé trén CD. Mot cach hinh thic, qud trinh
nay dugc biéu dién bing dnh xa sinh: G (CAP;,d;) — ocllnv € OCL¢p,
trong do G(CAP;, d;) biéu dién bat bién OCL cu thé dugc sinh bing cich thé
hien mav CAP la T; vdi tap tham so d;0

Vi du: Xét rang budéc courseMan_inv06_ProbationRules. Rang
budc nay dugde sinh bang cach a4p dung miu SumConstraint, nhu da gii

thich trong Muc 3.2.2.2. Anh xa sinh tuong tng duge xac dinh nhu sau:

- CD 1a m6 hinh mién CourseMan, dugc mo ta trong Hinh 1.2.

- CAP; la mau SumConstraint, trong do:

+ T; 13 mau OCL cua CAP duge minh hoa trong Hinh 3.2.
+ D; 1a khong gian tham s6 dude xac dinh trén CD;

+ d; € D; 1a bo tham s6 tuong tng v6i dac ta cha thich cia bat
bién courseMan_inv06_ProbationRules, nhu mo ta trong
Muc 3.2.2.2.

Dinh nghia 3 (Tinh day du cia danh muc CAP). Cho Coap la tap cdc
CAP. Danh muc Coap dudc goi la day di doi vdi mo hinh mién CD néu,
vdi moi bat bién oclInv € OCLcp, ton tai mot CAP; € Coap va mot bo tham
s6 d; € D; sao cho: G(CAP;,d;) = oclInvD

Hinh 3.3 minh hoa phan md rong ciia sieu mo6 hinh bcsL, nhu duge trinh
bay trong Hinh 4.4, nham bic¢u dién CAPs. M&i CAP dugc mo hinh hoa bai
mot siéu 16p (Meta-class) tuong ting, chang han nhu SumConstraint va
PrerequisiteConstraint. Siéu l6p nay ké thita tit AnnotationDcs1,
déng vai tro 1a diem mé rong ctia DCSL danh cho CAPs. Mbi siéu 16p CAP

bao gdm mot tap cac siéu 16p biéu dién cac mau CAP tuong ting. Mdi mau
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G+ target: Annotable G target: Annotable

1..*] sumConstraintTemplate e ' concern:Concern G* concern: Concern

] SumConstraintTemplate |
.

SumConstraint -> Class

= name : String ‘
SumConstraintTemplate01 | . ) 1
'} T3 ) [0..1] ifPart B B | PrerequisiteConstraint -> Class
0..1 Cl: 6
[0-1]assoccls E sumConstraintTemplate02
PR 1.1 Cl:
B AssocCls |« [.1]assocCls g
B IfPart - " |
o] + Stril
3 3ssoc: String [0.1]ifPart
- [1..*] attrCond 4
[1..*] collect “ AssocType
[1..1] FixAttr (6,2 attrCond £l RangeLimit — One20ne
[ = One2Many
q =1 maxLim : String
B FixAttr PUNELISREE AttrRef] | El AttrCond | e max o - Many2Many
T J ! I attr: String ! | =1 minLim : String I = g
| = neg: Boolean = false | | =1 min: String | = AssocEnalype

[0..1] rolePath2

[1..1] rolePath R
El RolePath [0.1] rolePath = matchVal: String .
&, role :EString [1.#] rangeLimit (1.7 rangeLimit - Many

Hinh 3.3: Mé rong siéu mo hinh DCSL dé biéu dién cac CAP.

CAP gom céc tham so duge diac td bang cac siéu 16p lien quan. Vi du,
CAP SumConstraint bao gom hai mau: SumConstraintTemplate0l
va SumConstraintTemplate02, ci hai cing ké thita mot 16i chung dugc
dinh nghia bdi SumConstraintTemplate. Cac tham s6 ctia mdi mau
anh xa mot-mot v6i cac thudce tinh ctia cht thich SumConstraint trong
Hinh 3.2.

3.2.3 Ap dung miu CAP va sinh ban miu phin mém

Muc nay trinh bay quy trinh phuong phap ap dung cac mau cha thich rang
bugc (CAP) trong qua trinh mo hinh hoéa huéng mién, ciing nhu viéc sinh
cac ban mau phan mém thye thi tit mo hinh mién hgp nhat (UDM). Hinh 3.4
minh hoa tong quan quy trinh dya trén CAP tit dinh nghia mau rang budc
dén sinh ban mau phan mém, két hop cac giai doan thii cong, ban tir dong
va tu dong.

Quy trinh gom boén bude c6 lien két 16-gic, trong d6 cac rang buodc mién
duge chuyen doi dan thanh cac ban mau phan mém cé thé thuc thi. Tuy

theo titng budc, cac hoat dong c6 thé bao gom cac thao tdc moé hinh héa
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1. Binh nghia CAP . [4. Sinh ban mau i
vaxay dung danh muc  ga & £¥ ™ vadanh gia -
(i) Khai canh cau trac UML . é !
= . =
(ii) Dac ta OCL 58y /fgﬁj @ @
, ~ - P
(ii) Nhting ngi nghia OCL Mé rong aDSL/DCSL —— M6 hinh mién —= )
théng qua chu thich e Er=p hop nhat (UDM) Ban mau phan mém
= ? CAP
CE=r, T o |
- ~ 2.
& Hoat dong tht céng Lhu giai
Céo you cau ..'0 Hoat dong c6 sy ho trg ctia cong cu
| ‘ Coéng cu: CAP/UDML ‘ ¥ Hoatdong tw dong hoan toan

Hinh 3.4: Quy trinh sinh ban mau phan mém duya trén CAP.

tht cong, cau hinh ban tu dong ho#ic chuyén doi hoan toan tu dong, nhu
duge téom tat trong Hinh 3.4.

Buéc 1 — Dinh nghia CAP va xay dung danh muc. Giai doan dau
tap trung vao viec xac dinh cac cau tric rang budc co thé tai sit dung va to
chtic ching thanh mot danh muc CAP. Day chu yéu 13 hoat dong mo hinh
héa thit cong do cac chuyén gia mién hoac nguoi thiét ké ngon ngit thuc
hien. Cac CAP dugc xay dung bang cach phan tich cac rang buoc OCL lap
lai trong nhiéu mo6 hinh mién khac nhau va khai quat héa chiing thanh cac
ho rang buoc c6 thé tai stt dung. Mdi CAP duge diic ta hinh thic thong qua
ba thanh phan bo tro:

e mot khia canh cau tric UML mo t& ngit canh mo hinh lién quan;

e mot khuon mau OCL c¢6 tham s6 dic td cau tric ngi nghia cia

rang budc;

e mot dinh nghia cht thich x4c dinh khong gian tham s6 cho viéc khéi

tao mau.

Sau khi dugce dinh nghia, cac khuon mau CAP c6 thé duge kiém tra dua
trén ngit canh cau tric dé dam bao tinh nhit quan ngit nghia. Danh muc
CAP thu duge dong vai tro nhu mot kho mau rang buoc cé theé téi sit dung

cho nhiéu moé hinh mién khéc nhau.

Buéc 2 — Khéi tao CAP trong mé hinh mién. o) giai doan thit hai,
cac CAP dugc khéi tao trong mo hinh mién duge biéu dién bang ngon ngit
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ddc t4 mién dya trén chi thich. Day 1a mot hoat dong ban tu dong, két hop
gitta viec dic ta thi cong clia ngusi mo hinh hoa va viéc dién giai tu dong
clla moi truong mo hinh héa. Thay vi dic ta tric tiép cac rang buoc OCL,
ngudi mo hinh héa biéu dién cac rang budc mién dudi dang cac chu thich
CAP (vi du: @SumConstraint). M6i cha thich tuong tng véi mot phép
gan tham s cu thé d; € D; cho khuon mau CAP Tj, theo anh xa ap dung
CAP dugc dinh nghia trong Dinh nghia 2.

Cac khia canh cau tric ctia mién duge biéu dién thong qua cac 16p UML,
trong khi ngtt nghia rang buoc duge dac ta thong qua cac chu thich CAP,
lien két cac phan tit mién véi cac tham s6 ctia khuon mau tuong tng. Cach
tiép can nay cho phép biéu dién rang buoc ¢ mic khai bao ma khong can
thao tac truc tiép véi ci phap OCL.

Buéc 3 — Tai tao OCL va tich hgp vao UDM. Sau khi cac cha
thich CAP dugc dac ta, cac rang budc OCL tuong tng dudge tai tao tu
dong thong qua anh xa sinh (dugc trinh bay trong Dinh nghia 3). Day la
mot buée hoan toan ty dong. D61 véi moi khéi tao CAP (CAP;, d;), khuon
mau OCL c6 tham s6 T; dudc khéi tao dé tao ra mot rang buoc cu theé:
G(CAP;, d;) — ocllnv.

Cac rang buoc sinh ra duge tich hop vio mo hinh mién cling vé6i cac dac
ta cau tric, tao thanh UDM. Do d6, UDM két hop hai thanh phan bd sung:

e dic ta cau tric ciia cac thie thé va quan hé mién;

e cic rang buoc OCL hinh thic duge tai tao tit cac khuon mau CAP.

Budc tai tao tu dong nay bao toan ngit nghia hinh thic cia OCL, dong
thaoi cho phép dac ta rang budc thong qua céac triru tugng mic cao hon. Mo
hinh két qua c6 thé duge kiem chitng bang cac co ché kiem tra OCL chuan

nham dam bao tinh dang din ct phap va sy nhat quan véi cau tric mien.

Buéc 4 — Sinh ban mau va danh gia. UDM sau khi dugc kiém chiing
déng vai tro dau vao cho qué trinh sinh ban mau phan mém theo huéng mo
hinh. Tt mo hinh nay, mot khung sinh mé cé thé tu dong tao ra cac ban
mAau phan mém thuec thi, bao gdm 16p mién, 16-gic kiém tra rang budc, cau

hinh Iuu trit va cidc thanh phan giao dién ngudi diing.
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Ban mau sinh ra cung cap mot biéu dién van hanh ctia mé hinh mién,
cho phép danh gid s6m cac quy tdc mién va hanh vi hé thong. Viec danh
gia ban mau thusng duge thuc hién ¢ hai mic bo trg. Thit nhat, tinh ding
din & mtc cau tric va rang budc duge kiem tra thong qua cac co ché kiem
chiing tit dong. Thit hai, cdc chuyén gia mién va cac bén lien quan danh gia
ban mau dé xac nhan ring hanh vi he théng phit hap véi cac quy tic nghiep
vu mong muén. Phan hdi tit qua trinh danh gia c6 thé dan dén viec diéu
chinh m6 hinh mién hoac cac khdi tao CAP. Quy trinh lip nay hé tro viec
dong bo lien tuc gitta tri thitc mién, dic ta rang buoc va cac ban mau phan
meém thuc thi.

3.3 Ky thuat tich hop hanh vi vio m6 hinh mién

Trong muc nay, trinh bay nghién cttu vé k§ thuat tich hgp khia canh hanh
vi vdo DM nham hd tro sinh tu dong cac ban mau phan meém theo tiép can
DDD. Cu thé, noi dung tap trung vao ba van dé chinh: (1) dé xuat mot co
ché tich hop hanh vi mién vho DM hgp nhat thong qua mot aDSL, ducc
dinh nghia dé biéu dién hanh vi mién phuc vu qua trinh tich hop; (2) trinh
bay phuong phap moé hinh héa hgp nhat cho phat trien phan mém theo
DDD, trong d6 hanh vi dugc gan két tryc tiép véi DM; va (3) lam rd vai tro
ctia k¥ thuat tich hgp hanh vi trong viéc nang cao kha nang biéu dat cia

mo hinh mién.

3.3.1 Tong quan vé phuong phap dé xuat

Dé xuét cia luan an vé k¥ thuat biéu dién tich hop hanh vi vhio DM theo
DDD dude mo ta trong hinh 3.5, bao gom ba budc lap lai:

Truée hét, qua trinh bt dau tit cac yéu cau mién, duge biéu dién bdi mot
DM thiét yéu, mo ta goc nhin cau tric thong qua cic khai niém mién, va
cac biéu do hoat dong UML, mo ta hanh vi mién. Muc tiéu la két hop céc
yéu cau mien dau vao nay thanh mot DM hop nhat, duge cau thanh tit mot
mo hinh DCSL va mot mo hinh AGL. M6 hinh DCSL md rong DM thiét
yéu nham lién két géc nhin cau tric v6i goc nhin hanh vi. Mo hinh AGL

biéu dién céc hanh vi mién. Dinh nghia chi tiét hon ctia m6é hinh DCSL
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duge trinh bay 6 Muc 3.3.1.2. Cac Muc 3.3.1.1 va 3.3.2 giai thich chi tiét
cach dinh nghia mo hinh AGL.

Thit hai, DM hop nhat
dude st dung lam dau S

” . N ; M6 hinh MOSA
vao dé tu dong sinh phan Céc yéu cau mién II e ‘

N . . 0 () i mohinhhopnnat | °® F D :
meém dya trén giao dién —y ey m— — i

N . )\cdrhékgmméhinh Tao || | e | i .
do hoa va mo-dun. Phan N mmeso R R . ¥

v Nguoi m6 NG B Cs |1 b

N . 5 hinh mién : ): : Cn | : b
mem sinh ra sé dudc P o 1
trinh bay cho chuyéen 3 | il

A

Cap nhat : 4n thi
ap nha <<tuén thi>> @

gia mién dé thu thap

phan hoi.

Sinh

Thit ba, néu c6 phan hoi,
mo hinh dau vao sé dudc Hinh 3.5: K§ thuat biéu dién tich hop
cap nhat vd chu trinh hanh vi vao DM theo DDD.

dugc 1ap lai. Néu chuyén

gia mién hai long vdi

cac mo hinh, chu trinh

két thuc.

3.3.1.1 Tich hop hanh vi mién

Co ché duge dé xuat dé tich hop hanh vi mién vao DM dua trén cau tric
va ngit nghia hanh vi tai hai diém. Thi nhat, xac dinh mot tap hanh dong
thiét yéu cho mdi 16p mo-dun sd hitu mot 16p mién tuong tng. Cac hanh
dong thiét yéu nay 14 hanh dong nguyen ti (trinh bay chi tiét hon trong
Muc 3.3.2), cho phép thao téc trén cic thé hién clia 16p mién. Thit hai, hanh
vi mién duge xem nhu sy hgp tac gitta cac mo-dun trong MOSA [72]. M6i
su hop tac mo-dun duge dicu phdi béi mot mo-dun hop thanh va dudge mo
ta béi mot mo hinh hoat dong tuong tng. Mdi mo hinh hoat dong duge dnh
xa dén mot 16p mién mdi, goi 1a 16p hoat dong, 16p nay tric thuoc mo-dun

hoat dong tuong tng.

Co ché trén cho phép st dung biéu dd hoat dong UML dé biéu dién hanh
vi mién, nhung c6 nhing giéi han nhiam dam bao ring cac biéu do nay phit
hop v6i ngit nghia hanh vi cia mo-dun hop thanh diéu phéi sy hop tac gitta
cac mo-dun. Dé dat duge diéu nay, ap dung phuong phap dua trén méau,
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trong d6 hanh vi mién duge dic ta bang biéu do hoat dong UML st dung
cac cau tric co ban tuong ting v6i ndm mau mo hinh hoat dong thiét yéu
duge trinh bay trong [70]. Cac mau nay duge dat tén theo nam luong hoat
dong co ban: tuan ty, ré nhanh quyét dinh, phan nhanh song song, hop nhat
song song va gop nhanh. Mo ta chi tiét hon duge trinh bay trong Muc 3.3.3.

3.3.1.2 M5 hinh 16p hop nhét

Mo hinh 16p hop nhat 1a phan md rong cia DM nham cho phép tich hop
cac hanh vi mién. Trong cach tiép can nay, hanh vi mién dudge mo ta bang

cac mo hinh hoat dong st dung céc biéu do hoat dong UML.

Cac 16p hoat dong—chang han 16p C, trong Hinh 3.5—dugc them vao dé
biéu dién timg hoat dong trong hanh vi mién. Céc 16p hoat dong nay lién
két v6i mo hinh hoat dong tuong ting, dong vai tro nhu do thi hoat dong va
dong bo hoa 16-gic hanh vi ctia hoat dong véi trang thai hién tai ctia DM.
Mab hinh 16p hop nhéat thu dude cé thé hién thuc bang DCSL, va duge goi
14 mo6 hinh hop nhat DCSL.

Dinh nghia 4. (M6 hinh 16p hgp nhat) Cho trudc mot mo hinh hoat
dong dugc dac td bang biéu do hoat dong UML dé biéu dién hanh vi mién.
Mot mé hinh ldp hop nhat lien quan dén mo hinh hoat dong la DM dugc

md rong vdi cac thanh phan sau:

I6p hoat déng: mot lop mién dai dién cho hoat dong.

I6p thanh phan di liéu (hay goi tat la 16p dit liéu): mot l6p
mién dai dién cho madi kho di liéu.

I6p thanh phan diéu khién (hodc I6p diéu khién): ndm bdt trang
thai mién cu thé cia niut dieu khién. Mot l6p dieu khién dai dien (khong
dai dién) mot nait dieu khién dugc dat tén theo (phi dinh) vi du, 16p
quyét dinh (khong quyét dinh), 16p tham gia (khong tham gia), v.v.

lien két danh riéng cho hoat dong: lien két gitta moi cap ldp sau:

+ 16p hoat dong va lop hop nhat.

+ [dp hoat dong va Idp ré nhanh.

+ mot I6p hgp nhat (ré nhdnh) va mot I6p di lieu dai dién cho kho
lvu trit d@ lieu ctia mot nit hanh dong dudc két noi vdi nit hop
nhat (ré nhdanh).
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+ 1dp hoat dong va mot lop di liéu khong dav dién cho kho di liéu cua
nit hanh dong duge két noi vdi niut hop nhat hodc nit ré nhanh.

Goi chung cdc 1p du liew va diéu khién cia mo hinh 16p hoat dong la cdc
l6p thanh phan. O

Luu ¥ rang biéu do biéu dién trong dinh nghia trén khong bao gom tat
cd cac moi lien két co thé co giita cac 16p thanh phan. N6 chi tap trung vao
cac hoat dong cu thé, tic 1a noéi chung, trong pham vi ctia luan an chi tap

trung vao mién ngi nghia han ché ciia biéu do hoat dong UML cho AGL.

Cac lien két dong hai vai tro quan trong: Dau tién, mo hinh hoéa ro rang
cac lien két giita cac trang thai theo mién cu thé clia cac nit hanh dong.
Thtt hai, ching dugc st dung dé két hop cédc mo-dun clia céc 16p dit lieu va
diéu khién vao cay chita mo-dun hoat dong, do dé thic day mo-dun nay trd

thanh mo-dun chinh dé quan 1y toan bo hoat dong.

Diéu kién ap dat cho cip lién két danh riéng cho hoat dong ctia 16p thi
tu xuat phat tit thuc té 1a khong can xac dinh ré rang mdi lién két gitta mot
16p hoat dong va mot 16p dit lieu dai dién cho kho luu trit dit lieu cia mot
nit hanh dong duge két noéi v6i hgp nhat hodc nat ré nhanh. Mot 16p di
lieu nhu vay dudc lien két “gian tiép” vé6i 16p hoat dong, thong qua hai lien
két: mot 1a gitta n6 va 16p hop nhat hosic ré nhanh (cap 16p thit ba), va 16p
khac 1a giita 16p hoat dong va 16p diéu khién nay (cap 16p dau tién hoic cip
6p thit hai).

Dinh nghia 5. (Md hinh hgp nhat DCSL) M6 hinh hgp nhat DCSL
la mot moé hinh DCSL hién thuc héa mo hinh l16p hop nhat nhu sau:

- mot I6p mién C, (dugc goi la ldp mién hoat dong) dé hién thac héa I6p
hoat dong.

- cde lop miéen C, ..., C, dé hién thuc héa cdc lop thanh phan.

- dé Ci,...,Cy € {Cy,...,Cp} hién thuc héa cic I6p thanh phan khong
quyét dinh va khong tham gia, sau dé C,, Ci, ..., Cy chita cdc truong
két hop nhan ra cic dau lien két tuong ng cia cdac lién két danh riéng

cho hoat dong co lién quan. O

Dé don gian ky phép, 16p hoat dong ducc diung dé chi 16p mién C, va
16p thanh phan dé chi cac 16p Ci, ..., C,,.
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Vi du: Hinh 3.6 (A) mo ta biéu do hoat dong va biéu do 16p UML ctia
quan ly viéc ding ky (tén 1a CourseMan), trong khi Hinh 3.6(B) minh hoa
mo hinh 16p hop nhat két qua clia hoat dong. Bieu do 16p hop nhat bao
gom nam 16p mieén va viéc hién thiyc héa nam mdi lien két danh rieng cho
hoat dong. Lép EnrolmentMgmt dong vai tro 16p hoat dong; DHelpOrSClass
14 16p quyét dinh ghi nhan 16-gic quyét dinh mién chuyén biét. Ba 16p con
lai 1a cac 16p dit lieu tuong tng v6i ba kho dit liéu, dong thai ciing 1a cac 16p
mién trong biéu do 16p UML. Ba l6p con lai 1a cac 16p dit lieu tuong ting
v6i ba kho dit lieu va chiing ciing tuong ting véi ba 16p mién trong biéu do
16p UML. Mo hinh 16p hgp nhéat bé qua cac lien két theo mién cu thé.

Bi€u d6 hoat d6ng UML: Enrolment management Mé hinh I6p hop nhat:
Enrolment management

Register a student ’ Register student into classes]e@ <<activityclass>>

[theStudent.helpRequestt>any() < >OclUndefined] EnrolmentMgmt

«datastore»
SClassRegistration

<<datastore>>
Student

«datastore»
Student

[Handle help request]

«datastore»
HelpRequest

<<controlclass>>

Bi€u dé6 I6p UML: Enrolment management DHelpOrSClass
{ EnrolmentMgmt [ Student 1l £ HelpRequest
= id: Integer [1.#] manages -> | = id: Integer = id: Integer
o finalGrade : Char < name : String = content: String

— | @getld():Integer | """ " L
* @ getName() : String
<<datastore>> <<datastore>>

SClass SClassRegistration HelpRequest
© id: Integer * context Student inv nameNotOption:
© name : String <-registers to not(name.ocllsUndefined()) and name.size() <=30

Hinh 3.6: (A: Bén trai) biéu do hoat dong va biéu do 16p UML ctia
CourseMaN x1i 1y viéc hoat dong dang ky; (B: Phai) Két qua 1a mo
hinh 16p hop nhat.

Ba trong s6 cac lien két nay lien két 16p hoat dong EnrolmentMgmt véi
cac 16p dit lieu, lien két cadc mo-dun clia ching véi cay chita mo-dun hoat
dong ModuleEnrolmentMgmt. Hai lien két con lai lien két 16p quyét dinh
DHelpOrSClass vGi hai 16p dit liéu SClassRegistration va HelpRequest, tuong
ing vdi cac kho dit lieu duge két ndi v6i hai niat hanh dong phan nhanh tir
nit quyét dinh. Cac lien két nay dudc coi 1a lien két phu thuoc yéu va duce
dua vao truong hop nay dé cho phép lo-gic quyét dinh ducc gbi gon béi
DHelpOrSClass dé tham chiéu hai 16p dit licu.
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3.3.2 Ngit nghia hanh dong mo6-dun

Trong muc nay trinh bay dinh nghia hinh thitc ctia hanh dong mao-dun dua
trén biéu do hoat dong ctia UML [91]. Dinh nghia nay tap trung mé ta cau

tric ciia hanh dong mo-dun cling céc tién va hau trang thai ciia no.

Hanh dong mo-dun duge dinh nghia dé quy, bat dau tit kiéu hanh dong
nguyén thiy nhat goi Id hanh dong nguyén ti. Cac hanh dong nguyén ti
nay sau d6 dudce két hop dé tao thanh chudi hanh dong nguyén ti va rong
hon 14 hanh dong nguyén tit c6 cau tric, dan dén mot dic ta chinh xic vé

ngi nghia hanh vi ctia cac mo-dun trong MOSA.

3.3.2.1 Hanh dong nguyén tu

Mic dit méi mo-dun c6 thé khac nhau, ¢6 thé quan sat rang ton tai mot
tap cac hanh vi nguyén thiy lam nén tang cho moi mo-dun. Céc hanh vi

nguyén thiy nay dugce khai quat héa thanh hanh dong nguyén ti.

Dinh nghia 6. (Hanh dong nguyén ti&) Mot hanh dong nguyén tui
la hanh vi mo-dun nhé nhdt nhung cé 4 nghia, dude cung cap cho mot tdc
nhan (con nguoi hodgc mo-dun/hé thong khdc) thong qua khung nhin nhdam
thao tac trén cic doi tugng mién cia l6p mién tuong ing. Hanh dong nguyén

tr duoc ddac trung bdi:

- name: tén cua hanh dong.

preStates (tuong ung localPrecondition [91]): tap cdc trang thdi ma
mo-dun hién tai phdi dang ¢ dé hanh dong nay co thé dugc thic hién.

postStates (tuong tung localPostcondition [91]): tap cdc trang thdi
ma hanh dong dat toi khi hoan tat qud trinh thuc thi trén mo-dun hién
tas.

fieldValSet (tuong ting input [91)): biu dién dit liéu dav vao ciia hanh

dong. Pay la mot tap cac cap (f,v), trong do f la tén cia mot truong
mien (domain field) cia ldp mién, va v la gid tri duge hanh dong gdan
cho truong do.

output: ldp mién dugc st dung cho cic hanh dong thao tdc trén doi

tuong, va rong doi vdi tat cd cde hanh dong con lai.
Mdc du thuoc tinh name la duy nhat, dé thuan tién trinh bay, thuong

liet ké thém postStates va fieldValSet cung vdi name. Vi vdy, mot
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hanh dong nguyeén ti a dugc ky hieu a = (o0, s,1) c¢6 thé duge ky hiéu,
trong dé o la name, s la postStates, va i la fieldValSet. Ddu cham

dugce dung dé truy cap thanh phan, vi du: a.postStates = sO

Cac luu y vé dinh nghia trén: Thi nhat, cac trang thai mo-dun dugc
dung dé tritu tuong hoéa céac tien dicu kien-trang thai va hau-trang thai cia
moi hanh dong, gitip tao ra sy linh hoat trong viéc két hop cac hanh dong
dua trén trang thai dé hinh thanh hanh vi phitc tap hon. Mot trang thai
mo-dun bicu dién trang thai cia MVC clia mo-dun khi xtt 1y mot hanh dong
mo-dun. Mot s6 trang thai co thé dién ra dong thoi, dude goi 1 trang thai
dong thoi va dude biéu dién bang toan ti “+”. Hanh dong nguyén ti co
ding mot hau trang théai postStates; cac hanh dong phiic tap hon c6 thé c6
nhiéu hau trang thai postStates. Thit hai, mot khia canh quan trong ctia
hanh dong 1a gia tri dau vao. Do cac hanh dong thao tac trén cac truong
mién, dau vao duge dinh nghia nhu mot tap cac cip truong gia tri (c6 thé
rong), trong do gia tri ¢6 thé dude cung cap bdi ngusi dimg hodc dude sinh
ra tit cdc hanh dong trudc dé trong hanh vi hgp thanh. Thi ba, mdi hanh
dong c6 t6i da mot kiéu dau ra, tuong ting véi 16p mién clia mo-dun hién
tai. Chi cdc hanh dong thao tac d6i tugng méi sinh ra dau ra nay; cadc hanh

dong khac khong tao ra gia tri két qua.

Bang 3.1 liet ké cac hanh dong nguyeén tit cot 16i. Nghién ctiu nay
chia cac hanh dong thanh hai nhém. Nhém thit nhat bao gom cac hanh
dong lien quan dén ngit canh hoat dong tong thé ctia mo-dun. Cac hanh
dong trong nhém nay gom: open, newObject, setDataFieldValues, reset,
va, cancel. Cac postStates clla cac hanh dong nay bao gom cac trang thai:
Opened, NewObject, Editing, Reset, vi Cancelled (tuong ting). Nhém thi hai
bao gom ba hanh dong thao tac déi tuong mieén thiét yéu: createObject,
updateObject, va deleteObject. Cac postStates clia nhitng hanh dong nay
bao gom céc trang thai: Created, Updated, va Deleted (tuong ting).

Luu ¥ tit Bang 3.1 rang chi ¢6 hanh dong setDataFieldValues yéu cau
fieldValSet dugc chi dinh lam dau vao. Cac hanh dong khac khong yéu cau
dau vao, do d6 tap nay la réng déi véi chung. Cing luu ¥ réng hai trang
thai clia mo-dun ObjIsPresent vi ObjIsNotPresent c6 thé xay ra dong thoi
v6i bat ky mot trong céc trang thai sau: Editing, Reset, va Cancelled. Vi

du, trang thai dong thoi Editing + ObjIsPresent c6 nghia 14 mo-dun hién
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Bang 3.1: C4c hanh dong nguyén ti cot 161

name preStates postStates (Mo ta

M¢ giao dién ctia mo-dun dé hien

open {Init} {Opened} thi 16p mién,
{Opened, Created, Xo6a khéi giao dién bat ki ddi tuong
newObject Updated, Reset, {NewObject}{nao dang dugc hién thi va chuan bi
Cancelled} giao dién dé tao mot doi tugng méi.

{NewObject, Editing,

tDataField— a i4 tri ch ot ta 3
setbatarie Created, Updated, Reset,| {Editing} Gal\l gta ol (i 0 IPQ ap ({?n cac
Values truong dit liéu cta giao dién.
Cancelled}
Tao mot déi tuong méi tir dit lieu
. {NewObject, Editing + duge nhap trén giao dién. Déi
telb t C ted .2 .
createtbjec ObjIsNotPresent} {Created} tugng vira tao sé duge hién thi trén
giao dién.
Cap nhat déi tuong hien tai tu dit
) {Editing + lieu duge nhap trén giao dién. Dbi
dateOb t Updated j i j <
upaatetbjec ObjIsPresent} {Updated} tugng da duge cap nhat van duge
hién thi trén giao dién.
{Created, Updated,
deleteObject Reset + ObjIsPresent, {Deleted] X6a dbi tugng hién tai. D6i tugng

Cancelled +
ObjIsPresent}

bi x6a sé dugc loai khoi giao dién.

Khéi tao lai giao dién dé hién thi
reset {Editing} {Reset} |lai ddi tugng hién tai (hity bé toan
bo dit lieu ngudi ding da nhap).

Hiuy thao tac tao déi tugng mdéi
{Cancelled}|(hiy bd toan bo dit lieu ngudi diing
da nhap, néu co).

{NewObject, Editing +

1
cance ObjIsNotPresent}

dang hién thi mot déi tuong trén giao dien va déi tuong nay dang dudc
ngudi dung chinh sita. Nguge lai, Editing + ObjIsNotPresent c6 nghia la
mo-dun hién dang yéu cau ngudi diing nhap dit liéu cho mot doi tugng méi;

déi tuong nay van chua duge tao ra.

3.3.2.2 Chudi hanh dong nguyén ti&

Trong thuec té, cac hanh dong nguyéen tit cot 16i dude két hop theo trinh tu
dé tao thanh nhitng hanh vi hitu ich hon. Hanh vi nay, dude goi la chudi
hanh dong nguyen tit (Atomic Action Sequence - ASE), tuong tng v6i mot
kich ban tuong tac. M6 hinh héa chudi nay bang cac hanh dong c6 cau tric
trong bicu do hoat dong UML [91]. Ky hicu first va last 13 hai ham tra

vé phan tit dau tién va phan tit cudi cung (tuong ing) trong mot chudi.

Dinh nghia 7. (Chudi hanh déng nguyén ti va trang thai cé thé
dat t&i) Mot chuédi hanh déong nguyén ti S = (ai,...,a,) duge goi la
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mot hanh dong cia mo-dun khi va chi khi a;.postStates C a;y1.preStates

(VY ai, ai11 €5). Chuoi S c6 cdc thudc tinh sau:

- S.preStates = first(S).preStates

- §.postStates = last(S5).postStates

- S.fieldValSet = first(S).fieldValSet
- S.output = last(S).output

Mot trang thdi ciia mo-dun s’ dugc goi la co thé dat tor tu mot hanh
dong nguyén ti a néu ton tai mot chudi hanh dong nguyén ti S sao cho
a = first(S) va S.postStates = s’. Khi dé, a dugc goi la hanh dong nguon

cua §'. O

Ro6 rang, mot hanh dong nguyén ti luén c6 thé dat dén hau trang thai
ctia chinh né. Viéc xéac dinh cac trang thai ¢6 thé dat t6i cho cac hanh dong
nguyén tii duge trinh bay trong Bang 3.1. Trudc hét, cac trang thai c6 thé
dat t6i ctia hanh dong open bao gom Opened, NewObject, Editing, Created,
Updated, Deleted, Reset, v Cancelled. Thit hai, cac trang thai co thé dat t6i
clia newObject bao gém NewObject, Editing, Created, Reset, va Cancelled.
Ngoai ra, newObject khong thé dat t6i Updated va Deleted vi hanh dong
nay duge danh rieng cho viéc tao mot déi tugng méi va khong thé dan dén
viec cap nhat hodc x6a mot déi tuong da ton tai. Thit ba, cac trang thai c6
thé dat t6i clia setDataFieldValues bao gom Editing, Created, Updated, va
Reset. Hanh dong nay khong thé dat t6i NewObject, Deleted va Cancelled
vi n6 chi lien quan dén dit lieu nhap vao va khong thé khéi tao hoac hiy
viéc tao doéi tuong, cling nhu khong thé dan dén viec x6a déi tugng. Cudi
cting, ndm hanh dong con lai méi hanh dong chi c6 mot trang thai co thé
dat t6i, do chinh la trang thai ctia riéng hanh dong d6. Cac hanh dong nay
13 “stubs” theo nghia ching két thic moi chudi ASE dan dén ching.

3.3.2.3 Hanh dong nguyén tit c6 ciu triic

O mic tong quat hon, trong phan nay trinh bay xac dinh mot tap cac ASE
lien quan c6 thé hinh thanh mot hanh dong nguyén ti ¢6 cau tric. Vé ban
chat, hanh dong nay dinh nghia mot hanh vi tong quat bao gom nhiéu kich
ban tuong tac thay thé nhau (méi kich ban duge dic ta bdi mot ASE trong
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tap), va nhing kich ban nay thudng dugc ngusi ding thyc hieén (c6 thé
dong thot).

Dinh nghia 8. (Hanh dong nguyén tit c6 cau tric) Mot hanh dong
nguyén ti cé cau tric - SAA, doi vdi mot hanh dong nguyén ti nguon
a va mot tap cac hau trang thai E = {si,...,sp} co thé dat tdi tic a, la tap
A={S:ASE | first(S)= a, S.postStates C F}, trong do:

- A.preStates = a.preStates

- A.postStates = F

- A.fieldValSet = a.fieldValSet
- A.output = [ Jg,(S. output)

0 dang truu tugng, viet A = (a,{s1,...,s,},4) vdii = a.fieldValSet.
Néu i = @ thi duge hige bé thanh phan nay va chi viet A = (a,{s1,...,s,}).0

Ro rang, SAA khéi quat hoa ca hanh dong nguyén tit lan ASE: mot ASE
12 mot SAA chi c6 mot phan ti, trong khi mot hanh dong nguyén ti a
chinh 1& SAA (a, {a.postState}). Hon nita, SAA ngin gon hon dang ké so
v6i viec xay dung mot tap ASE: tat ca nhiing gi can lam 1a chi dinh hanh

dong nguyen tit khdéi dau va cac hau trang thai mong muodn.

3.3.3 CAc mau hanh vi mién

Phan nay trinh bay cach tiép can dya trén mau nhiam tich hop cac hanh vi
mien vao DM. M6i hanh vi mién, dugec mo t4 & mic tritu tuong cao bang
biéu do hoat dong UML va cac cau lenh dua tréen DM, dudc chuyen doi
thanh mot ddc t4 gom hai thanh phan: (1) mot phan ctia mo6 hinh 16p hop
nhat, trong d6 bo sung cac 16p hoat dong mdéi; va (2) 16-gic do thi hoat dong
tuong tng véi hanh vi dau vao, cting véi cac anh xa két ndi do thi nay véi
mo hinh 16p hop nhat. Qua trinh chuyen déi duge thue hién thong qua viéc
ap dung cac mau hanh vi mién, duge dinh nghia tuong ting véi nim mau
mo hinh héa hoat dong UML thiét yéu [70], dong vai trdo nhu cac rang budc
nham tinh chinh mién ngit nghia ciia AGL.
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3.3.3.1 Daic ta caAc mau hanh vi mién

Nghién cttu nay dic biét quan tam dén thiét ké cdc dang mau [54, 64]. Dé
bao dam tinh tdng quat clia cadc mau, véi mdi dang mau, luan an trinh bay
mot biéu do hoat dong UML va mot mo hinh 16p hop nhat cau hinh, hién
thiic héa mau tuwong tng. Mo hinh mau nay 14 mot mo hinh DCSL hgp nhat
da dugc "tham so héa", trong do6 cac phan ti clia cac siéu khéi niém (khong
phéi chu thich) duge dit tén theo vai tro tong quat ma ching dam nhiém

trong mau.

Dé don gian hoa viec trinh bay, cac trusng két hgp va cac phuong thic
mién co ban duge luge bé khoi bicu do ctia mo hinh mau. Gan v6i mdi mo
hinh mau 13 mot dic td do thi hoat dong trong AGL (dugc trinh bay chi
tiét trong Muc 3.3.4), nham mo ta 16-gic ctia do thi hoat dong tuong ting
v6i hanh vi dau vao, dong thoi duy tri sy dong bo gitta trang thai thuyc thi

ctia hoat dong va trang thai hién tai ctia mién trong mo hinh 16p hgp nhét.

Phuong phap dic td cac mau hanh vi mién duge xay dung dua trén
nim mau moé hinh hoéa hoat dong UML thiét yéu, bao gom: Sequential,
Decisional, Forked, Joined va Merged. Mdi mau tuong tng v6i mot bién thé
ctia DM hop nhat danh cho cac hoat dong trong hé théng CourseMan. Doi
v6i mdi mau, luan an cung cap mot vi du minh hoa bao gom DM hop nhéat
da dugc cau hinh tuong tng va mot hoac nhiéu giao dién ngudsi dung, duge
trinh bay trong Muc 6.2.2. Tuy nhién, dé lam 16 co ché diic ta va tich hop
hanh vi mién, luan an tap trung phan tich chi tiét phuong phap dic ta mau
hanh vi mién cho mau quyét dinh (Decisional pattern) nhu mot truong hop

dai dién.
Mau quyét dinh (Decisional pattern)

Phan trén bén trai cia Hinh 3.7 minh hoa biéu dd hoat dong UML, trong
khi phan trén bén phai thé hién mo hinh 16p hop nhat dude cau hinh mau.
Ngoai 16p hoat dong C,, mo6 hinh nay bao gom nam 16p mién khéac: Cq, D, C1,
Cn, Va Cy, tuong ting véi nam nat hanh dong. Dic biét, 16p Cx 1a mot 16p dieu
khién dugc tham chiéu béi nat didu khién ¢, ctia biéu do hoat dong. Lép D
14 16p quyét dinh trién khai giao dién Decision. Vi 16-gic quyét dinh c6 thé
can biét vé cac 16p mién lién quan (cu thé 1a Cy, Cq, VA Cy), nén ton tai cac

lien két phu thuoc yéu tity chon gita D va cac 16p nay. Ty thuoc vao yéu
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AGraph { nodes=[
ANode { refCls=Cd,serviceCls=DataController
outClses=[D]
actSeq=[
MAct{actName=newObject,pstStates=[Created]} ]
init=true}
ANode { refCls=D, nodeType=Decision
outClses=[C1,Cn,Ck]}
ANode { refCls=C1,serviceCls=DataController
actSeq=[
MAct{actName=newObject,pstStates=[NewObject]},
MAct{actName=setDataFieldValues,fieldNames=["ad"]
pstStates=[Created]} 1}
ANode { refCls=Cn,serviceCls=DataController
actSeq=[
MAct{actName=newObject,pstStates=[NewObject]},
MAct{actName=setDataFieldValues,fieldNames=["ad"]
pstStates=[Created]} 1}
ANode { refCls=Ck, nodeType=%, outClses=%, }

decisional pattern
(if ¢, is present then n > 1
elsen>2)

,,,,,,,,,,,,,,,,,, i s
<<divitydass>> [T T
EnrolmentMgnt  [~""TTTT o { AGraph { nodes=[
___ ANode { refCls=Student,serviceCls=DataController
Register a student <ddtostores> ’- LelCls outClses=[DHelpOrSClass]
Student actSeq=[

MAct{actName=newObject,pstStates=[Created]} ]
> init=true}
" ANode { refCls=DHelpOrSClass, nodeType=Decision

[theStudent helpRequest @
~>any(<>OclUndefined] Student

3 <<controldass> | Decision 1 outClses=[He1pljequest, SCIassRegistraﬁion]}
DHelpOrSClass i ANode { refCls=HelpRequest,serviceCls=DataController
oo actSeq=[
«datastore» ' MAct{actName=setDataFieldValues
HelpRequest [ e s st ] i fieldNames=["student"]
: pstStates=[Created]} 1}
«datastores ot . ANode {
O P | " refCls=SClassRegistration,serviceCls=DataController

actSeqg=[
MAct{actName=newObject,pstStates=[NewObject]},
MAct{actName=setDataFieldValues
fieldNames=["student"]
pstStates=[Created]} 1} 1}

<<datastore>> <<datestore>>
SClassRegistration HelpRequest refCls

|

|

|

|

|

|

|

|

|
| MAct{actName=newObject,pstStates=[NewObject]},
|
|

|

|

|

|

|

|

|

Hinh 3.7: Dic t4 mau hanh vi mién cho mau quyét dinh.

cau mien, mot so lien két nay c6 thé can hoac khong can dude st dung. Lép
Ca dugc lien két v6i bon 16p mién con lai theo mdi quan hé mot—nhiéu. Ciing
can luu ¥ ring lien két v6i 16p Cx c¢6 thé déng vai tro nhu mot cau noéi dén
cac khéi luong hoat dong khac trong mot biéu do hoat dong 16n hon. Tuy
nhién, néu ¢, 14 mot nut quyét dinh, thi ¢ khong c6 lien két nao, va lien
két dén Cy sé dugc thay thé hodc “md rong” thanh mot tap cac lién két noi
tryc tiép C, véi cac 16p mién ctia mo6 hinh c6 chia Ck. Trong mo hinh mau,
hai lien két gitta Cq va Cy, Cy cho thay rang ca C; va C, déu biét dén ¢4 do

viéc truyen cac thé déi tuong tit e; sang e; va e, thong qua nut quyét dinh.

Dic t4 AGL cho mau nay bao gom nam ANode. ANode dau tién tao mot
dé6i tuong Cq mdi, trong khi ANode thit hai thue thi 16-gic quyét dinh. ANode
thit ba va tht tu biéu dién hai trusng hop quyét dinh: trusng hop thi nhat
tao mot doi tugng C; mdi cho déi tugng Cq da cho, va truong hop thit hai
(dugc lap lai cho tat cd n) tao mot ddi tugng C, mdi cho cing mot C4. ANode
thtt nam dugce st dung khi ¢ dude chi dinh va bao gom hai bién, k& va kous,
c hai déu phu thuoc vao Cx. Bién k dic ta kiéu ctia ntt diéu khién, trong

khi bién k,,; dic t4 mang cac 16p mién dau ra clia Cy.
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3.3.3.2 Ap dung cdc miu hanh vi mién

Dé thu duge mot dac td AGL cu thé khi 4p dung mot mau hanh vi mién,
vé cd ban thuc hién theo ba buéc chinh:

1. Biéu dién biéu dd hoat dong UML dau vao va mé hinh 16p hop nhat
dude cau hinh mau dudi dang cac do thi hoat dong;

2. X4c dinh viéc ghép nodi gitta mo hinh mau va hoat dong nhim xéc
dinh cic ANode, thit tif clia ching, va cac 16p mién dude tham chiéu
bdi chiing. Viéc tham chiéu tit cAc ANode dén cac 16p mién (dugc thé
hién bang céac tit khoa refCls va outCls) cung caAp mot anh xa gitta

activity va mo hinh 16p hop nhat;

3. Biéu dién hanh vi tong quat clia mo-dun mién déi véi 16p mien duge
tham chiéu bdi mdi ANode thong qua mot SAA bang tir khoa actSeq.
Diéu nay dam bao rang trang thai thyc thi ciia hoat dong dugc dong
bo v6i trang thai hién tai ctia mo hinh 16p hop nhat.

Dinh nghia 9. (DM hop nhat dua trén AGL) Cho mgt mo hinh I6p
hop nhat chita mot tap khong rong cdc ldp hoat dong, moi lop trong so do
duoc gan vdi mot dic tdé AGL mo td l6-gic do thi hoat dong ciia mot hoat
dong mién. Mot DM hop nhat D la su két hop gigta mo hinh 16p hop nhat
va cac dic ta AGL. Mot phan mém duge sinh ra trong MOSA doi vdi D
bao gom mot tap cic mo-dun, moi mo-dun sJ hitu mot ldp mién trong D,
va hanh vi cia hanh dong newObject ctia moi mo-dun sd hitu mot Idp hoat
dong sé bao gom lo-gic dugc mo td bdi do thi hoat dong duoc cau hinh bdi
ddc ta AGL gan vdi ldp dé. O

3.3.4 Ngon ng hanh vi mién dua trén mé-dun

Phan nay cung cap mot tong quan ngin gon vée AGL nhu mot aDSL diing
dé tich hop cac hanh vi mién vao DM. Ngon ngit nay cho phép tao cac do
thi hoat dong bang cach cau hinh ching triyc tiép tréen DM thong qua cac
chtt thich. Theo céch tiép can siéu mo6 hinh héa cho DSLs [66], mot siéu mo
hinh cd phéap tritu tugng (Abstract Syntax Meta-Model - ASM) va mot siéu

mo hinh ¢t phap cu thé dang van ban dua trén chi thich (Concrete Syntazx
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Meta-Model - CSM) cho AGL duge dinh nghia. Chi céc khia canh cta phép
cia AGL dugc trinh bay 6 day, vi nglt nghia hanh vi ctia ngén ngit duge mo
ta trong cac Muc 3.3.2 va 3.3.3.

3.3.4.1 Cu phap trttu tuong

Thuc hién dinh nghia cac yéu cau mién ctia AGL bang cach 4p dung céc
diéu khoan bao gom (1), loai trur (X), va rang buoc (R) lén cac yéu cau cia
biéu do hoat dong trong UML nhu duge mo ta chi tiét trong [91, p. 373].
Cu thé, cac diéu khoan sau dugc ap dung:

e (I1) mot hanh dong clia mo-dun, nhu da théo luan trong Muc 3.3.2,
14 mot dang dac biét ctia hanh dong [91, p. 441];

e (R1) moi nat thuc thi [91, p. 403] thyc hién mot chudi cac hanh dong

cua mo-dun;
e (X1) khong stt dung bién trong hoat dong [91, p. 377);

e (X2) khong sit dung cac hanh dong thay doi [91, p. 469)].

I1 va R1 1a can thiét dé tich hop do thi hoat dong vao MOSA. X1 va
X2 loai bé viéc sit dung bién, von 1a mot Iya chon thay thé cho luong
doi tugng—phuong tién chinh dé truyén dit lieu trong cac hoat dong cia
UML [91, p. 377]. M6 hinh hoat dong ciia AGL ndm bat trang thai hien tai
ctia hé thong bang cach tham chiéu tryc tiép dén mo hinh 16p hgp nhat,
thay vi stt dung luong doi tuong.

Hinh 3.8 m6 t& mot mo hinh siéu don gian héa cho cta phap tritu tugng
ctia AGL. Cu thé, sieu mo hinh ctia AGL bao gom cac siéu khai niem dugc
diéu chinh tit siéu mo6 hinh UML danh cho mo6 hinh do thi hoat dong:
ActivityGraph, Node, ControlNode, va Edge. Mot s6 rang buoc dude dinh
nghia trén Node dé hinh thanh mién dd thi hoat dong cia AGL, von hep
hon (nhu mot tap con ctia) mién do thi hoat dong ctia UML.

Sieu khai niém Node biéu dién cac ntat hanh dong va c6 bén thude tinh.
Thuoc tinh thit nhat 1a label, biéu dién nhan ctia nit. Thuodc tinh tht hai
14 out, dugc dan xuat tir lien két hasSrqEdge, Node) va ghi nhan cac canh di

ra ti mot Node. Hai thudc tinh tiép theo dac td4 mo-dun dude tham chiéu va
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gan vdi nat nay. Thuoc tinh refCls tham chiéu dén 16p mién clia mo-dun
duge tham chiéu, trong khi thuoc tinh serviceCls dic ta 16p ModuleService
thuc té cia mo-dun. Thuoc tinh serviceCls tuong ng véi vai tro dich clia
lien két tit Node dén ModuleMAct va cho phép Node hién tai thuc thi cac
ModuleMAct dugc chi dinh bdéi thudc tinh actSegq.

Sieu khai niém CoordinatorNode dudc ding dé biéu dién mot nhém tac
vu va khong truyen dit lieu clia né ra cac canh di ra. Thay vao d6, né truyen
dit lieu dau vao ban dau ra ngoai, va cac tic vu thanh vién tuong tac véi
nhau dé thyc hien 16-gic ctia nhom. Giao dién ngusi ding ciia diéu phdi
déng vai tro la vung chita giao dién ngusi dung ctia cac tac vy thanh vién,

cho phép ngudi ding quan sat tong thé nhém.

Sieu khai niém ModuleMAct biéu dién céc hanh dong mo-dun kiéu SAA.
Luu ¥ ring viée sit dung mot kiéu liet ké goi 14 ActName va mot kiéu liet ke
goi 14 State dé biéu dién tén hanh dong va hop clia cac tién va hau trang
thai (tuong ting). Dic biét, State bicu dién ca cic trang thai binh thuong
va trang thai dong thai (xem Muc 3.3.2.1).

3.3.4.2 Ci phap cu thé dang van ban duya trén chi thich

Ct phap cu thé cia AGL dugc dé xuat theo céch tiép can xay dung mot

sieu mo6 hinh ci phap cu thé thong qua viéc bién déi tit sieu moé hinh ci

«context»
p

context ActivityGraph inv : g
not(nodes.oclisUndefined())
1

and nodes - > size () >=2

" nodes | N0
1 edges 5 % 1 E JoinNode
# hasSrc nl
Eledge E] Node =] controinode

E ActivityGraph E MergeMode E ForkNode E CoordinatorNode

E DecisionNode

1 q -
* n2 label: String [1] <]— «Entﬂneratlon»
1 E o [&] State
; _10-1 actseq . ModuleAct Init
P preStates: State [1..%] Opened
«contexts poststates: State [1.*] | | Created
‘ refCls E] Module N NewObject
mACt Updated
context Node inv : 0.1 ’ Reset
’ i ; Cancelled
not (refCls.ocllsUndefined ()} E DomainClass : ? R ’ .y E ModuleService Editing
impli i i mService
implies refCls.isDomainClass(} : Deletod

Hinh 3.8: Mot sieu mo hinh gian luge cho ca phap tritu tugng
cua AGL.
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phéap triru tugng. Hinh 3.9 minh hoa siéu mo hinh CSM duya trén chu thich,
phit hop dé nhing truc tiép vao OOPL.

<«annotation» .
«annotation»

«an:gtat;on» ANode MAct
rap! 1 “| 1abel: String ("") actSeq | actlame: ActName
nodes | refCls: Class preStates: State[] ([1)
serviceCls: Class<ModuleService> (Null)|l {ordered} * pstStates: Statell ([1)
«enumeration» outClses: Class[] ([1) fieldNames: Stringl[] ([1)
NodeType nodeType: NodeType (Action) fieldVals: Stringll ([1)

hotion init: Boolean (false) output: String ("")

Decision

Hinh 3.9: Cia phap vin ban duya trén cha thich cia AGL, duge hién
thuic bang Java.

Ngoai ra, nghién cttu huéng dén viéc bicu dién mot CSM stc tich, st
dung mot tap nhoé cac chi thich. T géc do thiye tién, mot mo hinh nhu vay
la mong mudn vi né tao ra ci phap cu thé gon nhe, doi héi it nd luc hon ti

ngon ngitt 1ap trinh duge st dung dé xay dung DM hgp nhat.

Dé thuc hien viéc chuyén doi tit sieu mo hinh ASM sang mot siéu mo
hinh phit hop cho biéu dién dua trén chi thich, qua trinh duge thuc hién
qua hai buée. O bude thi nhat, ASM duge chuyén déi thanh sieu moé hinh
trung gian CSM ¢, 13 mot mo6 hinh gon nhe va thich hgp cho biéu dién dua
trén chi thich. CSM ¢ bao gom ba siéu khai niém chinh: do thi hoat dong
(AGraph), nat hanh dong (ANode) va hanh dong mo-dun (MAct).

O bude thi hai, CSM 7 dudc chuyén déi thanh siéu mo hinh ci phap cu
thé dua trén chi thich, duge "nhing” truc tiép vao OOPL. Siéu mé hinh
nay dudc xay dung duya trén ba siéu khai niém cot 16i cia OOPL: class,
annotation va property. Do dudc nhing trie tiép vao OOPL, cau tric cla

CSM xéac dinh ciu tric 16i ciia ¢t phap vin ban AGL.

Vi du. Phan phia dué6i bén phai ctia Hinh 3.7 minh hoa mo hinh 16p hop
nhat ctia hoat dong quan 1y dang ky hoc trong hé thong CourseMan. Dic ta
AGL cho hoat dong nay duge biéu dién bdi mot phan tit AGraph, dugce viét
bén trong mot hop ghi cht va gan véi 16p hoat dong EnrolmentMgmt trong
mo6 hinh 16p hop nhat.
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3.4 Tong két chuong

Trong chuong nay, luan an da dé xuat cac kj thuat tich hgp hanh vi va rang
budc OCL vao DM nhim mé rong mo hinh DCSL, cho phép biéu dién DM
day du thong tin bao gom cau tric, hanh vi va cic rang budc nghiép vu
phiic tap, qua dé nang cao kha nang biéu dat theo phuong phap DDD. Céac
k¥ thuat duge dé xuat dua trén aDSL dé xay dung DM hop nhét, tao nén
tang cho viéc thiét ké v phat trién phan mém trong cac béi canh ng dung
thuc té.

K¥ thuat tich hgp hanh vi vao DM dugc gidi thieu lan dau trong bai
béo dang trén tap chi Information and Software Technology [V1]. Ngon ngt
AGL dugc xay dyng nham biéu dién céc hanh vi mién thong qua hé théng
cac mau diéu khién tuong Gng véi cac cau tric cot 16i ctia biéu dd hoat dong
UML. AGL cho phép gan tryc tiép hanh vi vio DM thong qua co ché aDSL
va dugc hién thuc trong khung lam viec JDA, qua dé ddm béo ca tinh biéu
dat va kha nang thyc thi cia DM trong qué trinh sinh phan mém.

K¥ thuat tich hgp rang buoc OCL vao DM dudc gidi thiéu lan dau trong
bai béo diang trén tap chi e-Informatica Software Engineering Journal [V6].
Phuong phap CAP mé rong nang lyc biéu dién ctia DCSL bing cach cung
cap cac mau rang buoc OCL duge tham sb6 hoa, cho phép khai quat hoa va
tai stt dung cac rang buodc mién cé cau truc tuong tu. Cac CAP duge anh
xa mot-mot sang cac bat bien OCL va duge tich hop truc tiép vao DM hgp
nhat, hd tr¢ sinh ban mau phan mém c6 kha ning kiém tra tinh ding din
tren dit lieu thuce, qua d6 bdo dam ca tinh biéu dat va tinh kha thi trong
thiét ké phan mém theo DDD.



Chuong 4

PHUGONG PHAP TICH HOP
CcAc MOI QUAN TAM
VAO MO HINH MIEN

Trong chuong nay, luan an trinh bay phuong phap tich hop cdc moéi quan
tam vao mo hinh mién c6 kha ning thyc thi theo tiép can thiét ké huéng
mién, hinh thanh mot mo hinh hop nhat. Phuong phap nham gidi quyét
bai toan phan manh mo hinh khi cac mdi quan tam (cau trac, hanh vi, bao
mat) dugce dic td bang nhiéu DSL chuyén biét theo mdi quan tam, dong
thoi bdo dam kha ning thic thi va kiém ching ctia mé hinh mién. Luan
an dé xuat hai co ché tich hgp: (i) tich hgp dua trén siéu mo hinh va (ii)
tich hop dya trén cay ci phap tritu tugng. Trén co sé d6, mo hinh mién hop
nhat duge dua vao khung kiém chitng ngit nghia hinh thitc, nang mo hinh
tit dac ta mo ta len mot tao tac c6 thé thuc thi va duge bdo dam ding din

bang 1ap luan toan hoc.

4.1 Giéi thiu

Thiét ké huéng mién (DDD) [39] nhan manh viéc dit mo hinh mién vao vi
trf trung tam ctia qua trinh phat trién phan mém, véi k¥ vong ring cac mo
hinh nay c6 thé phan anh chinh xac tri thic mién va dinh huéng cho viéc
trien khai he théng. Trong thuc té, cdc mé hinh mién hiém khi chi tap trung

vao mot khia canh duy nhat. Thay vao d6, ching thuong bao ham nhiéu

80
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moi quan tam khéac nhau, bao gom khia canh cau tric, 16-gic hanh vi, cling

nhu cdc moi quan tam xuyen sudt nhu bao mat [97, 100].

Trong boi canh d6, DM khong chi 13 mot dic ta cau tric, ma con 1a mot
tao tac ngt nghia nam bat cac rang budc va quy tac chi phoi cac trang thai
va hanh vi hgp Ié ciia hé thong. Khi DM dong thoi bao ham nhiéu mdi quan
tam, thach thic dat ra la xay dung cac DM vita ¢6 kha nang thuc thi vira
nhat quan vé mit ngit nghia. Mic dil cac moi quan tam cau tric va hanh vi
thuong dugc mo hinh héa tach roi, ngit nghia thiic thi clia ching von phu
thuoc 1an nhau; sy hién dién ciia cac mdi quan tam bo sung nhu kiém soat
truy cap cang rang buoc khi nao va bang cich nao hanh vi mién duge phép
thue thi. Khi thiéu mot nén tang ngit nghia hgp nhat, viéc tich hop nhicu
moi quan tam c6 nguy co tao ra bat nhat, mo ho hodc cac hanh vi khong

mong muon tai thai gian chay.

Céc biéu dién truyen théng ciia DM, chang han s6 do 16p UML két hop
voi OCL [91], cho phép déc ta cau tric va cac rang budc tinh nhung khong
cung cap mot ngit nghia chuyén trang thai tuong minh dé dién giai sy tuong
tac gitta cac mdi quan tam khac nhau. Tuong ti, cac DSL—dac biet 1a DSL
ngoai sinh—c6 thé nang cao kha ning biéu dat ¢ mic ci phap, song van
thiéu mot nén tang ngit nghia théng nhat cho phép phan tich hanh vi va

kiém chitng khi nhiéu mdi quan tam ciing ton tai trong moé hinh.

Mot s6 huéng nghien cttu gan day [43, 132] dé xuit st dung DSL noi
sinh va cdc aDSL nhing trong OOPL [13, 31, 70, 95, 119] nham xay dung
cac DM c6 kha nang thuc thi. Mic dit cac tiép can nay thu hep khodng cach
gitta mo hinh va hién thic, ngtt nghia thyc thi chti yéu van dugce suy dién tit
ngon ngit 1ap trinh chii, dan dén kho khan trong viec dién giai va hop thanh
ngit nghia khi nhiéu méi quan tam dugc tich hop dong thoi thong qua co
ché chu thich.

Bai toan tich hop nhiéu moéi quan tam da dude thio luan trong nhiéu
cong trinh vé két hop DSL va siéu mo hinh [89, 99, 120, 126, 128]. Tuy
nhién, cac tiép can nay chua cung cap dude mot nén tang ngtt nghia thong
nhét cho phép biéu dién moé hinh mién, va ciing chua xac lap mot nén tang
ngit nghia hinh thic cho cac méi quan tam khéac nhau tuong tac trong qua
trinh thuc thi. Dac biét, ngit nghia ctia hanh vi mién duéi tac dong clia

cac rang budc bo sung—chéng han nhu cac chinh sdch bdo mat hosic phan
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quyén—van con mang tinh ngam dinh va phu thudc vao cong cu.

Trong céc hé thong huéng mién, cac co ché RBAC [9, 58] khong chi gidi
han quyén truy cap ma con rang budc truc tiép cac chuyen trang thai hop
lé ctia DM; do d6, bado mat trd thanh mot phan clia ngit nghia hanh vi. Tuy
nhién, cac phuong phép kiém ching hién nay cht yéu dua trén kiem thit
hodc cudng ché tai thoi gian chay, chua cung cap dugde cac ddm bdo hinh
thiic vé tinh ding dan ctia DM tich hgp bdo mat.

Mac du cac ky thuat hinh thitc nhu Alloy, Petri nets hay ngt nghia hoat
dong dya vao cau triic [65, 109, 113] cho phép kiém chiing manh, ching
hiém khi duge tich hop mot cach c6 hé thong vao quy trinh mo hinh hoéa
theo DDD ho#c DSL, dic biét 1a trong bdi canh tich hop moéi quan tam dia
trén chu thich.

Xuat phat tit cdc han ché trén, luan an dé xuat phuong phap tich hop
cac mdi quan tam vao mo hinh mién thong qua ngon ngtt UDML ( Unified
Domain Model Language). Thiic hién dinh nghia mot nén tang ngit nghia
hinh thitc thong nhat cho UDML, cho phép tich hgp mot cach c6 hé thong
cac moi quan tam mién dya trén DSL dang chi thich. Event-B [2; 3, 80, 98]
dudc lya chon lam nén tang ngit nghia cho UDML, cung cap mot khung ngit
nghia cho cdc mo6 hinh mién hgp nhat trong UDML. Céc khia canh hanh vi
duge dic t4 bang AGL (trinh bay trong Muc 3.3) xac dinh cac chuyén trang
thai hop lé ctia mién va déng vai tro 1a tru cot ngit nghia ciia mo hinh mién
hop nhat. Trén co s6 d6, luan an dinh nghia RBACDom, mot mdi quan tam
bao mat duge biéu dién dusi dang DSL dya trén chd thich cho mé hinh
phan quyén theo vai tro (RBAC), trong do6 céc quy tac iy quyen duge dién
giai nhu cac diéu kién bao vé rang buoc cac chuyén trang thai da duge xac
dinh vé m#t hanh vi. Nhu vay, cac mdi quan tam vé cau tric, hanh vi va bao
mat—tuong ing dude dac td béi DCSL, AGL va RBACDom—dugc dong
bo héa trén mot trang thai hé thong moéi quan tam chung, tao thanh mot

hé chuyén trang thai hgp nhét.

Luan an biéu dién UDML theo hai phuong phéap: phuong phéap siéu mo
hinh, trong dé6 méi mdi quan tam duge dac ta bang mot DSL tuong tng va
dude hop nhat thong qua co ché cha thich; va phuong phap cay ci phap
triru tugng (AST), nham xay dung mot DM hgp nhat c6 khd niang thuc
thi. Cu thé, chuong gidi thicu (i) mot khung ngit nghia cho phép giai thich
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ngit nghia thao tac ctia mo hinh mién hgp nhéat; (ii) mot DSL mang tén
RBACDom dé biéu dién phan quyeén theo vai tro nhu mot méi quan tam
dudc tich hgp vio mo hinh mién hgp nhat; va (iii) mot phép chuyén doi tit
cac mo6 hinh UDML sang Event-B, cho phép kiém chiing dya trén chitng
minh hinh thiic bang nén tdng Rodin [2, 3, 80, 98], nham phuc vu cho muc

dich mo6 phéng va kiém chitng cac mé hinh mién hop nhat.

Cac muc con lai ctia chuong nay duge cau tric nhu sau. Muc 4.2 trinh
bay phuong phap tich hop cac mdi quan tam vao UDML dua trén siéu mo
hinh va khung ngit nghia va hé trg cong cu cho cdc mo hinh mién hgp nhat
c6 thé thuc thi trong UDML. Phuong phap tich hop cac mébi quan tam vao
UDML dua trén AST dudc trinh bay trong Muc 4.3. Cudi cling, tong két
cac két qua dat duoge duge trinh bay trong Muc 4.5 ctia luan an.

4.2 Phuong phap biéu dién mé hinh mién hdp

nhat dya vao siéu moé hinh

Muc nay, luan 4n giéi thieu mot khung ngit nghia cho mo hinh mién, trong
d6 nhiéu méi quan tam khac nhau, bao gom moi quan tam vé cau tric,

hanh vi va bao mat, ¢6 thé dugc tich hop.

4.2.1 Téng quan vé phuong phap dé xuat

Hinh 4.1 minh hoa phuong phap duge dé xuat, mang tén UDMM (Unified
Domain Modeling Method), duge t6 chitc nhut mot quy trinh gom ba budc.
Phuong phap nay nhan dau vao la cac dic ta clia cac mién moi quan tam
va tao ra dau ra 1a cdc mo6 hinh mién hop nhat c6 kha nang thuc thi va da
dugc kiém chiing, dude biéu dién bang UDML.

Buéc 1: Siéu md hinh héa va hgp thanh méi quan tam. Véi méi
moi quan tam, nha thiét ké dinh nghia mot DSL chuyén biét theo méi quan
tam (concern-specific DSL — DSL,), dé biéu dién mién ctia méi quan tam
d6. Qua trinh nay bao gom viéc dinh nghia cic siéu khéi niém trong mién
dira trén mo ta cta no, tu dé tao ra mot siéu moé hinh cho DSL. sau dé
duge hgp nhat vao UDML (Unified Domain Modeling Language) thong qua
co ché chu thich.
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4 Phuong phap mé hinh héa mién hop nhat (UDMM) gDauvaO/Ra """" \
UDML dugc hop Ngtt nghfa thyc thi hop ’ [: Hoat déng :
UDML o N a thixc :
nhéat véi DSL nhat cho cac moi quan tam |:| '
\ / Dilieu Chugiai !

M6 ta moi
quan tam

hién tai

Dinh nghia mot DSL Dacld mol quan i ”‘2”9 Anh Xa sang Event-B M6 hinh mién
UDML va tich hop ngir .
cho mién P 5 2 phuc vu kiém chiing hop nhat
maoi quan tam ETE I G B ey hinh thic ¢6 thé thue thi
a trang thai dong bd ;

Hinh 4.1: Téng quan phuong phap dé xuat nhdm mo hinh héa mién
hop nhét.

Budc 2: Pinh nghia ngit nghia théng qua chuyén déi hinh thiic.
Buéc nay xac lap ngit nghia hinh thitc cho mo6 hinh mién hop nhat. Mot
phép chuyén doi duge dinh nghia tit mé hinh UDML dugce lam giau béi cac
DSL, (bao gom DCSL, AGL va RBACDom) sang Event-B, qua d6 cung cap

mot dién gidi toan hoc chinh x4c cho mo hinh hop nhat.

Trong phép chuyén doi nay, ngit nghia hinh thiic ctia titng DSL, dugc xac
dinh duya trén mo hinh hé chuyén trang thai. Cac dac ta hanh vi duge biéu
dién bang AGL quyét dinh cac chuyén trang thai hop lé, trong khi cac rang
buoc cau tric tit DCSL va cic rang buoc iy quyen tit RBACDom dugc dién
giai dusi dang cac bat bién va diéu kien bao vé nhim giéi han cac chuyén
trang thai do.

Buédce 3: Kiém chitng hinh thic. Buée nay thuc hien kiém ching hinh
thitc bang nén tang Rodin [3]. Rodin ty dong sinh ra cac nghia vu chiing
minh tuong tng véi ngit nghia thyc thi hop nhat duge lam giau bdi cac
moi quan tam da duge hop thanh. Viéc gidi quyét thanh cong cac nghia vu
chting minh nay xac lap tinh ding din ctia mo6 hinh mién hgp thanh, bao
gom tinh nhat quan xuyén moi quan tam va viéc bdo toan cac thuoc tinh

an toan va bao mat quan trong.

Luan an da dinh nghia siéu mo hinh cua UDML 16i dya trén cac siéu
khéi niem ctia UML [91], nhu duge minh hoa trong Hinh 4.2. Bon siéu khai
niém moi—DomainModel, Concern, Annotation vi Annotable—dugc bo sung
nham hoé trg viec hgp thanh cdc mdi quan tam v6i DM va hop nhat DSL,
trong UDML.

Cu thé, mot DomainModel bao gom céc phan ti Annotable va cac Concern

la cac the hién ctia siéu 16p Concern. Mot Concern bao gom cac Annotation.
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] ] Annotable [0-7] element ] DomainModel ]
] = name: EString [1.L] target [0 sunetation L 3 name : EString J
| | [O..*]Loncern
{ ] Generalization [0..*]speC|aI|zat|ongQ Classifier =| Package] { | Concemn
[1.1lgeneral J L = name: EString
* (4 ' §
[0..*] generalization [0..4] classiFier 1 1boncem
[1..1] specific
[1..1] type [0..*] package [0.*] anhotation
[1..1] type /|\ &5 Annotation
I (
] Parameter | | !
{ = direction : ParameterDirectionKindI { ] DataType
[0..*] ownedParametef]
e I
[} Operation F] Class I 1
[0..¥] ownedOperation {Q Enumeration] {Q PrimitiveType]
J J

) [0..¥] ownedAttribute —_— |
B Property [2..*] memberEnd [0..1] association | [5] Association

Hinh 4.2: Siéu mo hinh UDML 16i cho mo6 hinh mién hdp nhat.

MBbi phan tit Annotable la mot thé hien ciia mot siéu 16p trong sieu mo hinh
UML danh cho biéu dd 16p, bao gdm Package, Class, Property, Association

va Operation.

4.2.2 Biéu dién mo hinh mién hdp nhét

Hinh 4.3 trinh bay siéu mo hinh rat gon ciia UDML dung dé bieu dién céc
mo hinh mién hgp nhat. Siéu mo hinh nay dugce thiét ké c6 chit dich nham
hd trg mot cach dién giai chinh xdc va duge xdc dinh ré rang cho cac mo
hinh mién hgp nhat, trong d6 cdc moéi quan tam vé cau triic, hanh vi va bao
mat c6 thé duge tich hap.

Sieu mo hinh rat gon ciia UDML cung cap mot 161 t6i gidn nhung giau
kha nang biéu dat ciia siéu khai niem ctia UDML 16i déng vai tro nhu mot
16p hop thanh trung gian cho nhi¢u méi quan tam khac. Cach biéu dién nay
hé trg tuong minh viéc hop thanh c6 hé thong cac méi quan tam mién vao

mot mo hinh mién hgp nhat.
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CAP Concern-Specific UDML (core)
— SumConstraint DomainModel
0..1 0.* Concern
»| name: String —>
name: String
PrerequisiteConstraint element: Annotable Annotable
Concern-Specific DCSL RootModule 0.
] A
RootNode i i
DomainModelDcsl |g ModuleService Annotation
1 target: Annotable
A | ResProtect Scope
1

Concern-Specific RbacDom AnnotationDcsl| | AnnotationAgl

Concern-Specific AGL

1 +—DomainModelRbacDom
< * AnnotationRbacDom

RbacDomNode
ActivityGraph

user: String

Hinh 4.3: Siéu mo6 hinh rat gon cia UDML.

Trong cach tiép can hop thanh duya trén ngoén ngit nay, mdi DSL,, chang
han nhu DCSL [70] cho cac rang buoc cau tric, hay AGL trinh bay trong
Muc 3.3 cho mo hinh héa hanh vi, déu duge dinh nghia bdi sieu mo6 hinh
riéng clia né va van gitt tinh doc 1ap vé mat khai niem. UDML ap dung cich
tiép can hgp thanh dan dat bdi siéu mo hinh, trong dé cdc mdi quan tam
duge tich hgp thong qua cac tuong tng tuong minh, duge trung gian hoa
bdi 161 UDML. Céch tiép can nay lam cho cac tuong tdc nhiéu mdi quan
tam trd nén tuong minh, c6 thé phan tich va phit hop cho viéc dién giai ngit
nghia hinh thic. Cu thé, cac mo hinh mién chuyén biét theo méi quan tam
(vi du DomainModelDcsl, DomainModelAgl va DomainModelRbacDom) dugc lién
két v6i mot thuc thé DomainModel chung, qua d6 bdo dam mot ngit canh mo
hinh héa théng nhat.

4.2.2.1 Tich hdp céac rang budc cau tric

Dé biéu dién cac rang buoc cau tric va tich hop ching vao mo hinh mién
hgp nhét, luan 4n dya trén sieu mo hinh ctia DCSL trong [70], dé x4c dinh
ngit nghia hinh thic clia ngon ngit ndy nham cho phép viéc tich hop DCSL

vao mo6 hinh mién hgp nhat.
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Ca phap trutu tugng. Hinh 4.4 trinh bay siéu moé hinh cuia DCSL, duge
gi6i thieu trong cong trinh [70], dong thoi minh hoa mdi quan he anh xa
gitta DCSL va UDML.

| [ bomainModelDcsl J | bomainModel

| ;

[0..¥] concern [ concern | || concernDcsl |

= name : EString " = name : EString <

5 element : Annotable

5] Annotation

[1.1] concern [0..¥] annotation

&3 specialization : Generalization

K ey generalization : Generalization
[ AnnotationDcsl = %
['= annotation : Annotation
s :Annotatio
&% specialization : Generalization Q DALtr
L=+ generalization : Generalization

= id : EBoolean = false

‘ ’ ‘ 1 type:EString

= auto: CBoolean = false

B popt | | [ Dclass | | [ DAssoc | = autolncrement : EBoolean = false
I requires: EString = serialisable : EBoolean = false = ascType : AssocType = One20ne = unique: EBoolean = false
= effects : EString = mutable : EBoolean = false = endType : AssocEndType = One = mutable : EBoolean = false
= type: EString = singleton : EBoolean = false = dependsOn : EBoolean = false = optional: EBoolean = false
&3 annotation : Annotation £ annotation : Annotation = derivedFrom : EBoolean = false = le-ngth :Eint
= specialization : Generalization = specialization : Generalization = annotation : Annotation = min: EDouble = 0.0
&2 generalization : Generalization &2 generalization : Generalization & specialization : Generalization = max: EDouble =0.0

&% generalization : Generalization SljserializabletEBocleaniiabe

[} ,JC; annotation : Annotation
&3 specialization : Generalization
[0..#] associate

DOpt -> Operation

DClass -> Class DAssoc -> Property &3 generalization : Generalization
[0.1]filter §
“ AssocType | E Associate | DAttr -> Property
> AssocEndType
= One20ne nd = carMin: EInt E Select
— One2Many = One = cardMax : Elnt
= Many2Many = Many = updateLink : EBoolean = false = clazz: EString

Hinh 4.4: Siéu mo hinh DCSL cho m6 hinh mién hdp nhat.

Sieu mo hinh DCSL giéi thiéu cac siéu khai niém 16i DomainModelDcsl,
ConcernDcsl va AnnotationDcsl, cho phép cic rang budc cau tric duge dac
ta va hop thanh cling vé6i 161 UDML. Cac rang budc cau tric cu thé duge
bicu dién thong qua céc kiéu chi thich DClass, DAttr, DAssoc va DOpt, tuong
ting dugc anh xa t6i cac khai niém Class, Property, Property va Operation.
Dé bao dam tinh ding dan ctia cac anh xa nay, cac quy tac hop lé hinh thiic
duogce dic ta dudi dang cac rang buoec OCL gan vé6i sicu mo hinh DCSL:

1 context DClass inv mapToCls:
self.target.oclIsKindOf (Class)

Cac khai niem khac, ctiing v6i thudc tinh ctia tat cd cac khai niem dudc
dinh nghia dé biéu dién cac rang budc OCL thiét yéu, dugc tom tit trong
Bang 2.1.

Ngit nghia. DCSL dugce xem nhu mot DSL chuyén biét theo méi quan tam,
dua trén cha thich, nham nim bat khia canh cau tric ctia mo6 hinh mién.

Thay vi gidi thiéu mot sieu mo hinh cau tric doc lap, DCSL déng gép mot
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tap cac chi thich cau tric cling véi cdc quy tac hgp lé hinh thic, duge gan
két tryc tiép véi cac phan tit 161 cia UDML.

Thue hién xac dinh ngt nghia hinh thic cho DCSL nhu sau.

o Lién két tw chi thich dén UDML loi: Gia st cac tap mang dudc cho
nhu sau.
ANy.q C AN; DCL, DAT, DAS, DOP C AN, trong d6 DCL biéu
thi cac thé hién ctia DClass; DAT biéu thi cac thé hién clia DAttr; DAS
bieu thi cac thé hién ctia DAssoc; DOP biéu thi cac thé hién ctia DOpt.
Cac chi thich clia moéi quan tam vé cau tric duge lien két v6i cac phan
tt 161 cia UDML thong qua ham UDML target : AN — AFE, v6i cac
rang budc kiéu sau day:
(D1) Va € DCL - target(a) € Class;
(D2) Va € DAT - target(a) € Property;
(D3) Va € DAS - target(a) € Property;
(D4) Va € DOP - target(a) € Operation.
Cac rang budc nay hinh thic hoéa anh xa duy dinh gitta cac siéu khai
niém ctia DCSL va céc siéu khai niém 16i cia UDML, dam bao rang
thong tin vé mdi quan tam cau trac duge gan vao dang cic phan ti

cau tric tuong ing.

e Cdc rang budc tinh ding din cia cau tric: Cac rang budc tinh dang
dan cau tric duge dinh nghia nham dam bao tinh nhat quan ciia mién
cau tric.

Goi Ryeq 12 tap cac rang buodc cau tric do DCSL déng gop (vi du: cac
rang buoc khong gian trang thai trén cic truong mien va cic dau mit
lien két).

Mo hinh méi quan tam cau tric duge xem 1a dang dan khi va chi khi
tat ca cac rang buoc trong Rg.q déu thoa man déi véi cic muc tieu
tuong tng trong mo hinh UDML: /\@eRdCSZ p.

Cac rang budc nay tao thanh céc diéu kien ding dan vé mat cau tric,
nhiing dieu kién phai dugc bdo toan trong qua trinh thyc thi ciia mo
hinh hop nhét.
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4.2.2.2 Tich hgp hanh vi mién

Dé biéu dién cac hanh vi mién va tich hop ching vio mo hinh mién hop
nhat, phan nay tiép tuc tinh chinh AGL bang cach xay dyng siéu mo hinh
cua n6 va dinh nghia ngit nghia hinh thic tuong tng.

Cu phap tritu tugng. Hinh 4.5 minh hoa siéu mo hinh AGL, mo hinh nay
nam bat hanh vi mién c6 kha ning thuyc thi bang cach dic ta viec thuc thi
hanh vi duéi dang cac do thi hoat dong, cac nat va cac quan hé luong dicu
khién. Dinh nghia siéu mo6 hinh AGL dugc trinh bay trong Muc 3.3 trong
bdi canh cidc mo6 hinh mién hgp nhat c6 kha ning thyc thi; mot dinh nghia
tuong minh nhu vay 1a can thiét nham hé trg viec tich hop ngit nghia mot

cach chinh xac v6i cac moi quan tam ve cau trac va bao mat.

[ [F] DomainModel H Concern 5 Annotation ]
[0..*] annotation

= name : EString 3 annotation : Annotation

0.%

=1 name : EString |
> - specialization : Generalization

55 element: Annotable

[0..*] concefn [1..1] concern & generalization : Generalization
G target: Annotable

E 7

(=~ o [ = o)
| [ ConcernAgt | | (] ConcernDest |
[F] DomainModelDcsl C ] | | [ ] AnnotationAgl l | [ AnnotationDcsl |
= annotation : &3 annotation : Annotation
0.-% Apnotation o= SPecialization :
- - - specialization : 0.% Generalization
[ DomainModelAgl [ [ ActivityClass | 0.% Generalization = generalization :
= generalization : 0.% Generalization
{ I 0-% Generalization
[1..1] refCls I T
H Node [0..*] moduleact [0..*] actSeq
g [ ModuleAct [1A..*] poststate
= nodeType : NodeType = Decision [ Poststate
o init : Boolean = false = aActName : ESt”"'g post : State =
= label : String [1.*] nodes = fieldName : EString Update
= target : Annotable = mAct_id: Int

[
[1..1] target
[1..1] source [ Prestate
[1..*] prestate
[1.4] incoming [0..*] outClses Data
— Update
| ActivityGraph
| (] Edge
= jon : i
= [0.] edges &3 annotation : Annotation
= name : EString §3 specialization : Generalization

&3 generalization : Generalization

Hinh 4.5: Siéu mo6 hinh AGL diing dé ndm bat hanh vi mién c¢6 kha
nang thyc thi.

Céc siéu khai niem 16i ciia AGL bao gom: ActivityGraph biéu dién mot
don vi hanh vi mién c6 kha nang thuc thi va to6 chiic hanh vi duéi dang
mot do thi c6 hudng. Mdi ActivityGraph dudc lien két véi mot RootNode,
xac dinh diém vao diing dé kich hoat ludng hanh vi tuong tng tai thoi diém
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thuc thi. Node biéu dién mot don vi hanh vi nguyen ti va xac dinh mot ranh
giéi thyc thi tuong minh. M6éi nit tham chiéu dén mot 16p mién thong qua
thuoc tinh refCls, qua dé lien két viec thuyc thi hanh vi v6i mo hinh cau
triic mién. Edge xac dinh cac quan hé ludng dic¢u khién hop lé gitta cac nit
va rang budc su tién trién co thé ctia qué trinh thuc thi. ModuleAct dic ta
cac hanh dong cu thé duge thuc thi tai mot ndt. M&i ModuleAct dudc lién
két v6i mot ModuleService tuong ting, duge dinh nghia trong RootModule,
nhim dam bao rang cdc hanh dong hanh vi dugce hién thiyc mot cach nhat
quan trong kién tric thyc thi theo mo-dun. PreState va PostState lan lugt
dic trung cho trang thai mién mong dgi truée va sau khi thie thi mot hanh

dong mo-dun.

Trong siéu mé hinh nay, méi ActivityGraph sd hitu cac nut va cac canh
cua no, hinh thanh mot ngit canh thiyce thi hanh vi ¢6 pham vi xac dinh r6
rang. Viéc thuc thi hanh vi duoce khéi tao tai RootNode, tién trién theo cac
canh hop 1é va goi cac dich vu mo-dun thong qua cac phan ti ModuleAct.
Bang cach tham chiéu t6i cac 16p mién & mic nut, AGL cung cap mot lién
két tuong minh gitta hanh vi v mo hinh cau tric mién, tao nén tang cho
ngt nghia thiye thi trong UDML.

Ngit nghia. Khia canh hanh vi ctia cac mé hinh UDML duge dinh nghia
trong AGL thong qua cac do thi hoat dong duge tich hgp v6i mo hinh cau
triac mién. Tién hanh dinh nghia ngit nghia hinh thitc cia AGL nhu sau.

Goi: AG, ND, ED, MA, AC lan luogt 1a cac tap do thi hoat dong, cac

nut hoat dong, cac canh, cac hanh dong moé-dun va cac 16p hoat dong.

e Do thi hoat dong: Mot do thi hoat dong g € AG duge dinh nghia 1a
mot bo:
g = (Ng, Eg, srcy, tgty, inity, actSeq, refActCls), trong d6 Ny C ND
la tap hitu han cac nat hoat dong; E, C ED la tap hitu han cac canh;
sreg, tgty © E; — N, xac dinh nat nguodn va nat dich ctia mdi canh;
init, € Ny 1a nut khéi dau ctia do thi hoat dong; actSeq : ND — P(MA)
anh xa mdi nit t6i mot tap (c6 thé réng) cac hanh dong mo-dun dugc
thuc thi tai nat do; refActCls : ND — AC anh xa moi nat t6i 16p hoat

dong ma né tham chiéu.

e Cdc l6p hoat dong: Céac 16p hoat dong dong vai tro 1a phan md rong

hanh vi clia cdc 16p mién, cung cap ngit canh cau tric trong dé cic do
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thi hoat dong dugc dién gidi. Mdi do thi hoat dong dudce gan véi ding
mot 16p hoat dong, va cac nut hoat dong tham chiéu t6i 16p nay khi
thyc thi cac hanh dong mo-dun.

o Cdc niit c6 thé gin chi thich: Mot quyét dinh thiét ké then chét trong
UDML la céc nit hoat dong la céc phan ti ¢6 thé dugce gin chi thich.
ND C AE. Diéu nay cho phép cac ngit nghia dic thit theo mdi quan
tam, bao gom céic rang buoc bao mat duge dic ta trong RBACDom
(sé trinh bay trong phan tiép theo), duge gan tric tiép vao cac ranh
gi6i thiyce thi hanh vi.

o Cdc rang buoc tinh ding dan cia AGL: Cac rang budc tinh ding din
sau day phai dugc théa man déi véi moi do thi hoat dong g € AG:
(A1) Ny # &;

(A2) Ve e B, - sreg(e) € Ny A tgty(e) € Ny;
(A3) inity € Ng;
(A4) Vn e N, - refActCls(n) duge xac dinh.

Trong Muc 3.3 trinh bay mot phép thuc thi cia mo hinh AGL duge dinh
nghia 14 mot chudi hop 1é cac hanh dong nguyén tit duge kich hoat, chudi
nay gay ra mot day tuong uing cac trang thai he théng co the dat duoc,
tuan theo ludng diéu khién ctia do thi hoat dong va ton trong cac diéu kien

trang thai trudc va sau cia moéi hanh dong.

Dinh nghia 10 (Thuc thi cia moét mé hinh AGL). Cho G = (N, E) la
mot do thi hoat dong AGL, trong dé méi nit n € N duge gan vdi mot
hanh dong nguyén i cé cau tric SAA(n), biéu dién mot tap cac chudi hanh
dong nguyén ti cho phép (ASEs). Mot phép thuc thi cia G la mot chuoi
(hitw han hodc vo han) cic nit © = (ng, na,...,ny) sao cho: (i) vdi moi
i <k, (ni,niy1) € E; va (i) ton tai mot day cac chudi hanh dong nguyén ti
So, S1,..., Sk, vdi S; € SAA(n;), ma cac phép bién doi trang thdi do ching
gay ra la tuong thich, tic la trang thadi hau cia S; thoa man trang thai
tien cia Siy1. Tuwong duong, mot phép thuc thi tuong wng vdi mot chudi
hanh dong nguyén ti hop 1é tao ra mot day cdc trang thdi hé thong cé thé
dat duogc.O
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4.2.2.3 Tich hgp mbi quan tam bao mat

Dé hd trg viec mo hinh héa tudng minh co ché kiém soat truy cap, luan 4n
gidéi thieu RBACDom nhu mot DSL chuyén biét theo mdi quan tam, chuyén
biét cho RBAC trong cac mo hinh mién hgp nhat. RBACDom dudc thiét ké
phit hop véi cac nguyén ly huéng moéi quan tam ctia UDML, cho phép céc
chinh sach bédo mat duge dac td mot cach doc lap trong khi van c¢6 kha nang
két hop v6i cadc modi quan tam vé cau trac va hanh vi. Phu hgp vé6i dinh
huéng thiét ké ngon ngit cia UDML, RBACDom duge dinh nghia thong
qua ct phap tritu tuong, ci phap cu thé va ngit nghia hinh thic, qua dé cho
phép cac rang budc iy quyen duge tich hop mot cach c6 hé thdng vao cac

mo hinh mién hgp nhat.

Cu phap trtru tugng. Hinh 4.6 minh hoa ca phap triru tugng ciia RBAC-
Dom diing dé nidm bat méi quan tam bao mat. RBACDom dudgc dinh nghia
bdi mot siéu mo hinh chuyén biét dya trén céc siéu khai niem UML [91].
Siéu mo hinh nay nam bat cac khai niém 16i cia RBAC va cic quan hé cau
trac gitta ching, dong thoi diic td cach thitc thong tin kiém soat truy cap
duge biéu dién va lien két v6i cac mo hinh UDML.

RBACDom dudc dic t4 nhu mot DSL doc lap theo mdéi quan tam,
trong d6 mo hinh mién ctia nd, DomainModelRbacDom, dugc két hop véi cac
mo hinh mién theo méi quan tam khéac thong qua 16i UDML. Cu thé,
DomainModelRbacDom dudc lien két vdi DomainModelAgl & mitc UDML, qua
dé6 duy tri sy phan tach ré rang gitta mo hinh héa hanh vi va dac ta kiem

soat truy cap.

Siéu khai niém DomainModelRbacDom dinh nghia moét thudc tinh com-
biningAlg nham xac dinh chién luge két hop luat gan véi mo hinh RBAC-
Dom. Thuoc tinh nay quy dinh cach thic danh gia nhiéu chu thich 4p dung
dong thoi trén cing mot nat hanh vi (vi du: denyOverrides, permitOverrides,
firstApplicable). Viéc tich hgp ¢ mtc nit duge thye hién thong qua siéu khéi
niém RbacDomNode. Mot thé hién ciia RbacDomNode biéu dién mot dic ta chinh
sach RBAC va dugc khai bao trong mot ActivityGraph nhu mot phan clia
DomainModelRbacDom. Mdi RbacDomNode thiét 1ap mot 4nh xa tuong minh t6i
mot nat hanh vi duge dinh nghia trong AGL thong qua mot thudc tinh

tham chiéu (vi du: aglNode), diing dé x4c dinh nit dich theo nhan ctia né.
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|| DomainModel [ concern [ Annotation |
= name : EString [0.+] concern = name : EString [1..1] concern &2 annotation : Annotation
&3 element : Annotable 0.7 annotation &3 specialization : Generalizati

/—D— &3 generalization : Generalization
= anotable

$* target:Annotable |

| [ ConcernRBACDOM | | [ AnnotationRbacDom
|| DomainModelRBACDOm ‘ ’ & annotation : Annotation

& specialization : Generalization

combiningAlg : CombiningAlgKind
= denyOverrides | 13 generalization : Generalization
[0..*] sod
[5| RBACDomNode 1
< CombiningAlgKind o effect : Effect = ALLOW | [ ProtectedResource | | [ soDConstraintAnn

= policy : Policy = ALL_OF

- denyOverrides | )
= aglNode: EString

= permitOverrides
=~ firstApplicable

= type: ResourceType = CLASS
= state: ResourceState = CREATED

= ord:Int [0..#] requiredPermissions .
I namespace : String

| = name: Estring I |

= annotation : Annotation

&% specialization : Generalization

[ RoieAssignment & generalization : Generalization
1 asignedAt : DateTime ..1] roleassign 8 ..1] resource ..1] protectedRes
a [1..1] roleassi =+ targetNode : Node [1.1] [0..1] protectedR
o expiresAt : DateTime [1.1]s0d
[0..*] requiredRoles [0 1] referencedBy

g PermissionAssignment

[0.¥] assignments [ Permission | [ soDConstraint

[0..¥] permassigns

= grantedAt: DateTime = cardinality : EInt

[1..1] user

[ user

= status: EString
*
= name : EString [o. [0.. ]accessrute [1..1] action zr

0..1] roleHierarchy
‘ ’ (1.1 role (11 rote B osp
| [ AccessRule | | [ Action
[ Role
[1..1] uger = creattionDate : DateTime = name : EString
= isActive : EBooleanObject
[ ssp

= name : EString
*] generalizations

= expiresAt : DateTime = scope : SoDScope = GLOBAL

[1..1] permission

] permasigns.

[0.#] activeRol = expiresDate : DateTime
] activeRoles

[0..¥] sesdions T [1..1] conflictingRoles

[ session
= loginTime : DateTime [0.*] activates [ condition
= logoutTime : DateTime — = [0..#] cons
N = expiressionCon : EString
I createAt: DateTime

Hinh 4.6: Siéu mo hinh RBACDom nam bat méi quan tam bao mat.

Anh xa nay mang tinh ciu tric va khong 1am thay déi ct phap tritu tuong
cua AGL :: Node.

Siéu khai niém RbacDomNode dic ta cic thudc tinh dac thu cia RBAC,
bao gom cac vai tro va/hodc quyen yéu cau, ché do danh gia chinh sach
(ALL_OF ho#c ANY_OF), hiéu luc (ALLOW hodc DENY), va cac rang budc
phan tach nhiém vu (separation-of-duty) tuy chon. Mot vi tit pham vi tiy
chon c6 thé duge st dung dé giéi han pham vi 4p dung ctia chinh sach doi
v6i mot tap con cac doi tuong mién, qua dé hd trg kiém soat truy cap theo
nglt canh ¢ mic mo hinh.

Ngoai ra, RbacDomNode dinh nghia mot thuoc tinh tiy chon ord, biéu dién
tht ty danh gia cta cac chi thich. Thudc tinh nay chi duge sit dung khi
chién luge két hgp la firstApplicable, trong d6 cac cht thich duge danh gia
theo thi tu da gan.

Cdc tham so két hop ludt c6 thé cau hinh. Trong céc hé thong kiém soat truy
cap thuc té, nhiéu luat phan quyen cé6 thé dong thsi 4p dung cho ciing mot
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thao tac dugc bao vé. Do d6, cac hé thong chinh sach khac nhau st dung
cac chién luge két hop luat khac nhau dé xac dinh quyét dinh phan quyén
cudi cting. Dé phan &dnh tinh linh hoat nay 6 mitc mo6 hinh, RBACDom cung
cap mot tham s6 tuong minh nham xac dinh cach két hop cac chu thich ap

dung dong thoi.

Ky hieu CA = {denyOverrides, permitOverrides, firstApplicable} 1a tap cac
chién luge két hgp luat hop le.
Thuoc tinh combiningAlg : DomainModelRbacDom — CA gan mot chién
luge két hop cho méi moé hinh RBACDom. Néu khong dugde chi dinh tuong

minh, chién luge mic dinh 14 denyOverrides.

Goi R € DomainModelRbacDom 13 mot mo hinh RBACDom. Déi véi viéc
danh giad phu thuoc thi tu theo chién lude firstApplicable, ta xét thém mot
ham rieng phan: ord : RbacDomNode — N, trong dé ord(rna) bicu dién thi

tu danh gia cua cha thich ra.

Goi Ann(n) C RbacDomNode la tap cac cht thich RBACDom gén vdi
nit n € ND. Diéu kién well-formedness sau ddm bao tinh xac dinh trong
viéc danh gia cac chinh sach cuc bo tai nut: (RC1) combiningAlg(R) =
firstApplicable = Vn € ND -V rnay, rnag € Ann(n)- (ord(rna;) = ord(rnag) =

Tna; = rnag).

RBACDom con dinh nghia céc khai niem RBAC chuan User, Role,
Permission va Session mot cach doc lap véi cac phan tit mién ctia UDML.
Cac quan hé gan ngudi diingvai tro va vai tro-quyeén dugc biéu dién tuong
minh dudi dang cidc quan hé, trong khi cic quyen duge mo hinh héa nhu cac
cap (hanh dong, tai nguyén dudc bao vé). Cac tai nguyén dugce bao vé ¢6
theé tiy chon dugc lien két vé6i cac phan tit co thé gan chi thich cia UDML

nham hd trg viéc tich hop vdi cdc mo hinh mieén.

Dé biéu dién cac rang budc cho RBACDom, mé hinh nay gi6i thiéu sieu
khai niém tritu tugng rang budc phan tach nhiém vu SoDConstraint, véGi
cac chuyén biét hoa cho phan tach nhiém vu tinh SSD va phan tach nhiém
vu dong DSD. Viéc md hinh hoéa tuong minh cac rang budoc SoD gitp cai
thién tinh mo-dun va kha nang phan tich cau tric ciia cac dic ta kiém soat

truy cap.

Sieu mo6 hinh RBACDom dudc trang bi mot tap ciac quy tac tinh dang

dan cau trac, dude tém tat trong Bang 4.1. Cac quy tac nay dam bio tinh
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nhat quan noi tai ctia cic diac td& RBAC va tinh hop lé ciia viéc gan ching
vao cdc md hinh UDML truée khi tién hanh dién gidi ngit nghia hoac kiém
chiing hinh thic.

Bang 4.1: Cac quy tac hop 1é cau tric clia situ moé hinh RBACDom

Rang budc Mo ta
WF-S1: Dinh danh
RBAC duy nhéit

Moi thyc thé RBAC (ngusi dimng, vai tro, quyén, hanh dong va tai nguyén dugc
bdo vé) phai c6 dinh danh duy nhét trong mét mé hinh RBACDom.

WF-S2: Gan két vai tro

hop 16 Mbi gan két ngudi diing—vai trd phai tham chiéu dén mot ngusi ding va mot vai

tro ton tai. Khong cho phép cac gan két vai tro khong xac dinh hoac bi treo.

WF-S3: Gan két quyén

hop 16 Mbi gan két vai tro—quyeén phai tham chiéu dén mot vai tro ton tai va mot quyén

hgp lé duge dinh nghia trong mo hinh.

WEF-S4: Dinh nghia

quyén hop 16 Mbi quyén phai duge dinh nghia chinh x4c bdi mét hanh dong ap dung lén ding

mot tai nguyén dudc bao ve, theo dién gidi RBAC coi quyén nhu céac cap (thao
tac, déi tugng).

WF-S5: B doi quyén

duy nhét Khong ¢6 hai quyen nao duge phép dinh nghia cting mot cap hanh dong—tai

nguyen.

WF-S6: Gan két tai

nguyén tity chon Mot tai nguyén dugce béo vé ¢6 the duge gian hodc khong gan v6i mot phan ti

mién cu thé cia UDML. Viéc khong gdn dugce cho phép nhim hd trg gin két
mudn.

WEF-S7: Tuong thich

e R Y Néu mot tai nguyen duge bdo vé dude gin véi mot phan tit mién, kidu clia tai
kiéu tai nguyén-mién

nguyén phai tuong thich véi loai phan t& UDML ma né dugdc gin vao.

WF-S8: Rang budc
phan tach nhiém vu hgp | M&i rang budc SoD phéai tham chiéu dén it nhat hai vai tro khac nhau va xac

le dinh mot lyc lugng hop le (n > 2).

WF-S9: Nhat quan

phan tach nhiém vu Céac rang budc SoD tinh khong dugc bi vi pham bdi cac gan két ngusi dung—vai
tinh tro.

WF-S10: Gan két cha

h N . Moi chi thich RBAC phai duge gan vao cac phan tit UDML dugc xac dinh rd
thich va pham vi

rang.

C1 phap cu thé. Dé hd trg hien thuc héa thuc tién va tich hop cong cu,
phan nay dinh nghia mot ¢t phap cu thé dang van ban dua trén cha thich
cho RBACDom, phit hop véi cac nguyeén 1y két hop huéng moéi quan tam
va diéu khién béi sieu mo hinh ctia UDML. Ct phép cu thé nay dude dan
xuat tit situ mo6 hinh ct phéap tritu tugng cia RBACDom béang cach dinh
nghia mot sieu moé hinh ¢t phép cu thé tuong ting, thich hop dé nhing vao
mot ngon ngt 1ap trinh huéng doi tugng chu (vi du: Java).

Phu hgp véi phong cach tich hop dua trén cha thich cia UDML, RBAC-
Dom duge hién thyc nhu mot DSL bén ngoai dya trén cha thich. Cac chinh
sach RBAC dugce dac ta dudi dang van ban thong qua cac chu thich, cac cha
thich nay khéi tao cAc phan tit RbacDomNode clia siéu mo6 hinh RBACDom,
trong khi méi lién két ngtt nghia ctia ching véi hanh vi c¢6 kha ning thyc thi
dugc thiét lap thong qua su tuong tng tudng minh ¢ mic nat véi cac niat

AGL. Thiét ké nay bao toan syt phan tach gitta cac mdi quan tam vé hanh
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vi va bdo mat, dong thai cho phép két hop ching mot cach c¢6 hé thong &

muc mo hinh hoa.

Ct phép cu thé duge xay dung xoay quanh chd thich @RBACDomNode,
chii thich nay biéu dién mot dic t4 RBACDom & mtc ntat. Mai thé hién
clla @RBACDomNode tuong ting v6i mot phan tit clia cii phap tritu tugng
RbacDomNode va xac dinh cac rang buodc iy quyen duge gan véi mot ranh
giéi thyc thi hanh vi. Phan than ctia cha thich ma héa cac thuoc tinh dac
thit cia RBAC nhu cac vai tro hodac quyen yéu cau, ché do danh gia chinh

sach, hiéu luc, va cac rang budc SoD tuy chon.

Doan liét ké sau minh hoa ct phap van ban diyra trén cha thich duge st
dung dé dic ta cac chinh sich RBACDom:

1 @RBACDomNode (

2 id = "U.ID",

3 roles = {<RoleName>},

4 perms = {(<0p>, <Res>), (<...>)},
5 policy = ALL_OF | ANY_OF,

6 effect = ALLOW | DENY,

7 scope = {<ScopePredicate>,<...>},
8 sod = { SSD | DSD | ... },

9 ord = <Integer>

0 )

Ky phap nay nam bat cac yéu cau ity quyén 6 mitc hanh vi ¢6 kha nang
thuc thi. Cac yéu cau vé vai tro va quyen xac dinh ai duge phép thuc thi
mot ntat hanh vi, cac toan tit chinh sach xac dinh cach két hgp nhiéu yeu
cau, va thuoc tinh hieéu lyc quyét dinh viéc cho phép hay tit chdi thuyc thi.
Cac vi tit pham vi va cac rang buoc SoD tity chon tiép tuc gi6i han pham

vi 4p dung ma khong duwa thém céc cau tric hanh vi méi.

Vi du. Vi du sau minh hoa moét dac t& RBACDom cho vai tro Author
trong mién OJS:

@RBACDomNode (

id = "Ul.Author",
roles = {"Author"},
perms = {

("CreateSubmission", "Submission"),
("UploadManuscriptFile", "ManuscriptFile")
}o
policy = ANY_OF,
effect = ALLOW,

O 00 3 o U > W N -
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10
11
12

{DSD}1,
1

sod

ord

)

Chi thich nay duge khai bao nhu mot phan cia mo hinh RBACDom va
dugc lien két v6i mot nat hanh vi thong qua mot sy tuong ing tuong minh
t6i nhan nat duge dinh nghia trong do thi hoat dong AGL.

4.2.2.4 Anh xa gitta AGL va RBACDom

Cac mdi quan tam vé bao mat duge nim bat mot cach doc 1ap trong RBAC-
Dom thong qua siéu khéi niém RbacDomNode, siéu khai niém nay dac ta cac
rang buoc Uy quyén, yéu cau vé vai tro va cac thuodc tinh bdo mat lién
quan. Thay vi nhting triyc tiép bdo mat vao cac nut hanh vi, cac nut RBAC-
Dom dugc két hop véi cac nat AGL thong qua mot quan hé tuong tng
tuong minh—thuong duge hien thyc bang mot tham chiéu hodac nhan (vi du:

aglNode)—nham xac dinh nat hanh vi ma viéc thyc thi clia né bi rang buoc.

Cach anh xa nay bao toan tinh mo-dun ctia cac DSL chuyén biét theo
mbi quan tam, dong thoi can chinh ngit nghia ctia ching trong khuon khd
UDML. AGL x4c dinh céc chuyén tiép hanh vi hop lé, trong khi RBACDom
rang budc kha nang thuc thi bang cach han ché viéc kich hoat cac chuyén
tiép dudi cac dieu kién iy quyen. Cdc moi quan tam ndy dude hop nhat
thong qua 161 UDML trén mot dién giadi hanh vi chung, ma khoéng tron
lan cac ca phap tritu tugng cia chung. Viéc hién thyc kha thi duge ho
trg bdi RootModule, thanh phan nay déng géi cac dic ta DCSL, AGL va
RBACDom da dugc két hop thanh mot don vi nhat quan. Duge diéu phoi
bdi ModuleService va trung gian bdi ResProtect cung cac dinh nghia pham
vi, cAu tric nay dam bao viéc thuc thi nhat quan cd hanh vi 1an kiém soat
truy cap, tit dé tao ra mot ci phap tritu tuong hop nhat lam nén tang cho
ngtt nghia thic thi v kiém chiing hinh thiec.

Doan trich sau minh hoa cach cac dic t4 RBACDom cung ton tai véi
cac dinh nghia hanh vi trong moét ngon ngtt chii dya trén cha thich. Céc
nat hanh vi duge dinh nghia bang cac cha thich cia AGL, trong khi céc
nit RBACDom dudgc khai bao doc lap va dudc lien két v6i cac nat hanh
vi thong qua céc quan hé tuong tng thay vi nhtng ct phap truc tiép. Khi
chién Iuge két hop 1a firstApplicable, cac chi thich duge danh gia theo
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thuoc tinh ord. Trong vi du nay, luat dau tién théa man sé quyét dinh két
qué cudi cung. Néu nguoi dung théa man luat thi nhat (vi du: ¢6 vai tro
Guest), quyén truy cap vao hoat dong Submission sé bi tit chdi. Nguge lai,
luat thit hai sé duge danh gia, cho phép thyc thi d6i véi nhitng ngudi ding

c6 vai tro Author va théa méan cac quyen yéu cau.

1 @AGraph (nodes = {
2 @ANode (label = "Submission",
3 nodeType = NodeType.Action,
4 init = true,
5 refCls = Submission.class,
6 outNodes = {"SubmissionQueue"},
7 moduleact = {@MAct (
8 actName = ActNames.newObject,
9 poststate = {State.Created}) }
10 )
11 Q@RBACDomNode (
12 id = "Ul.GuestDeny",
13 aglNode = "Submission",
14 effect = Effect.DENY,
15 roles = {Role.Guest},
16 ord =1
17 )
18 @RBACDomNode (
19 id = "Ul.AuthorAllow",
20 aglNode = "Submission",
21 effect = Effect.ALLOW,
22 roles = {Role.Author},
23 perms = {
24 ("CreateSubmission", "Submission"),
25 ("UploadManuscriptFile", "ManuscriptFile")
26 }o
27 policy = Policy.ANY_OF,
28 sod = {DSD},
29 ord = 2
30 ),
31 1}
32 )
33 public class SubmissionMng{
34
35 }

Ngit nghia cho RBACDom. Cac khia canh bdo mat dudc nadm bat béi
RBACDom, mot DSL chuyén biét theo moéi quan tam duya trén chi thich,
hinh thitc héa RBAC cling v6i cac rang budce SoD va lien két ching véi cic
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phan tit UDML c6 thé gin chi thich, dic biét 1a cac nat hoat dong AGL.
Thuyc hién dinh nghia ngit nghia hinh thitc cho RBACDom nhu sau.

Gia sit cac tap mang sau day dugce cho:
USR, R, P, SES, ACT, RES, SC, RbacDomNode lan lugt biéu dién ngusi
dung, vai tro, quyen, phién, hanh dong, tai nguyén dudc bao vé, cac rang
budc SoD va cac chu thich RBAC 6 miic nut.

e Gdn wvai tro va quyén: RBACDom nam bat ciac phép gan dudi dang
cac quan he. UA C USR x R; PA C R x P, trong d6 (u,r) € UA cb
nghia la ngusi dung v dudce gén vai tro r, va (r,p) € PA c¢6 nghia la
vai tro r dugde cap quyen p.

e Phién va cdc vai tro dang kich hoat: Cac phién dugc lien két véi
ngudi dung va cac vai tro dang kich hoat béi: userOf : SES — USR;
activeRoles C SES x R, trong do6 (s,r) € activeRoles c6 nghia la vai
tro r dang hoat dong trong phién s.

o Quyén va tai nguyén duge bdo vé: Mdi quyen duge dic trung béi mot
hanh dong va mot tai nguyén duge bao vé. permAction : P — ACT,
permRes : P — RES. Céc tai nguyen dudc bao vé c¢6 thé dugce lien két
v6i cac phan tit UDML c6 thé gin chii thich nhim hé trg tham chiéu
& mic mién: bindsTo : RES — AE.

e Phan tdach nhiém vu (SoD): Mot rang budoc SoD ¢ € SC' duge dinh
nghia la mot bo:
c = (conflictSet(c), card(c), kind(c), scope(c)),
trong do conflictSet(c) C R, card(c) € N, kind(c) € {SSD, DSD}, va
scope(c) biéu thi pham vi ctia rang buoc (vi du: GLOBAL).

e Cac chi thich RBACDom gan vdi niit: Cac chinh sich RBACDom dudc
gan v6i cac ranh gi6i thue thi hanh vi thong qua cac chi thich ¢ mic
ntat. Goi ND C AF la tap cac ntt hoat dong c6 thé gin chi thich dugc
dinh nghia b6i AGL. Méi cht thich RBACDom rna € RbacDomNode
dude gan véi ding mot nit hoat dong thong qua ham:
targetNode : RbacDomNode — ND. Mbi chi thich cung cap cic thanh
phan ca phap tritu tuong sau:
policy : RbacDomNode — {ALL_OF  ANY _OF};
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effect : RbacDomNode — {ALLOW  DENY };
ReqRoles : RbacDomNode — P(R);
ReqPerms : RbacDomNode — P(P);

SoD : RbacDomNode — P(SC).

Anh xa cho RBACDom. Trong UDML, RBACDom dudc dién gidi nhu
mot moi quan tam vé bao mat, c6 vai tro rang buoc kha nang thiie thi hanh
vi thong qua cac tuong ng ¢ mic nit véi cac nat hoat dong trong AGL.
Mbi RbacDomNode tao ra mot diéu kién phan quyén trén nat dich ctia né,
qua do6 giéi han viec kich hoat nat ma khong lam thay déi cau tric hanh
vi hay ludng diéu khién. Do d6, mot nit hoat dong chi cé thé thuc thi khi
n6 dugc kich hoat theo AGL va dong thoi théa man tat ci cac rang buoc
RBACDom lién quan trong ngit cdnh phan quyén hién tai.

N6i chung, nhiéu chii thich RBACDom c6 thé dudce gan véi ciing mot nit
hanh vi. Vi vay, quyét dinh phan quyén cudi cting phu thuoc vao chién luge
két hop luat dude lya chon trong mo hinh RBACDom. Ham combiningAlg :
DomainModelRbacDom — CA xac dinh cach danh gia cac cha thich ap
dung dong thoi. Do d6, ngit nghia dudi day dugc tham sé héa theo chién
luge két hop luat nay. Trong ngit nghia nay, AGL xac dinh tién hoa hanh
vi, trong khi RBACDom loai bd cac chuyén trang thai khong hop le, qua
dé cung cap co sé hgp thanh cho chuyén doi bao toan ngit nghia va kiem
chiing hinh thic.

Dinh nghia 11 (Tuong ting nit RBACDom). Gid st G = (N, E) la mot do
thi hoat dong AGL vdi N C ND. Viéc tich hop RBACDom ¢ mic niut vao G
duoc dinh nghia thong qua dnh za toan phan targetNode : RbacDomNode —
ND dnh za moi mna € RbacDomNode tdi mot nit dich duy nhat. Mot nait
n € N dugc kich hoat trong mot ng@ canh thauc thi khi va chi khi tat cd cdc
rang buoc RBAC va rang budc phan tach nhiém vu duoc dac ta boi moi rma

sao cho targetNode(rna) = n deéu duge théa mdn.o

Ngit nghia kich hoat nat cho cac do thi dugc gan RBACDom. Phan
nay dinh nghia ngit nghia hinh thiic ctia viéc kich hoat nat déi véi cac do
thi hoat dong ducc gan RBACDom. Viéc iy quyen dude dién giadi nhu mot
rang buoc ngit nghia trén thuc thi hanh vi: mot nat hoat dong chi c¢6 thé
dugc kich hoat va thyc thi trong mot phién cho trude néu cac chinh sach
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RBAC lien két v6i n6 duge thdéa man. Ngit nghia nay duge dinh nghia &
miic cac nut ciia do thi hoat dong, von déng vai tro 1a cac ranh gidi thuec
thi ctia hanh vi mién.

Mot nit n dude kich hoat trong mot hinh chup trang thai hé thong o € &
khi va chi khi n6 dudc kich hoat béi ngit nghia luéng diéu khién ciia AGL va
tat ca cac rang buoc RBACDom duge théa man doi véi ngit canh iy quyen
chita trong Spgsr. (o).

Cac ham phu trg va kiéu. Céc ham va vi tit phu tro duge sit dung trong
ngit nghia kich hoat dugc dinh nghia va gan kiéu nhu sau:

Ann : ND — P(RbacDomNode)

anh xa moi nut hoat dong téi tap cac chia thich RBACDom ctia né.

V6i moi cha thich rna € RbacDomNode, cac ham anh xa nat RbacDom

duge dinh nghia nhu sau:

policy : RbacDomNode — {ALL_OF ,ANY _OF'}
effect . RbacDomNode — {ALLOW DENY }
ReqRoles : RbacDomNode — P(R)

ReqPerms : RbacDomNode — P(P)

SoD : RbacDomNode — P(SC)

Cac quyen dudc kich hoat bdi mot tap vai tro dude suy ra béi:
Perms : P(R) — P(P), trong d6 Perms(R')={p € P|3r e R -(r,p) € PA}.

Vi tu Violates : SC x SES — B chi ra liéu mot rang budc phan tach

nhiém vy ¢6 bi vi pham trong mét phién cho trude hay khong.

Mot cht thich RBACDom gin vé6i ntut rna € Ann(n) dude xem 1a dp
dung trong mot phién s € SES khi va chi khi tat cd cac diéu kien vé vai
tro, quyen va SoD ctia né déu duge thoa man: Applies(rna,s) s e SES £
RolesSat(rna, s) A PermsSat(rna,s) A SoDSat(rna, s).

Cac vi tit thanh phan dugc dinh nghia nhu sau:
RolesSat(rna, s) = (policy(rna) = ALL_OF = ReqRoles(rna) C activeRoles(s))
A (policy(rna) = ANY_OF = ReqRoles(rna) N activeRoles(s) # @)
PermsSat(rna, s) 2 ReqPerms(rna) C Perms(activeRoles(s))
SoDSat(rna, s) £V ¢ € SoD(rna) - - Violates(c, s)
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Ngit nghia két hop luat. Goi s € SES 1a mot trang thai phien, trong d6
SES 1a tap cac trang thai phién. Déi v6i mot nat hanh vi n € ND, mot cha
thich RBACDom rna € RbacDomNode duge goi la ap dung trong trang théai
s néu cac rang buoc veé vai tro, quyen va ngit canh ctia n6 duge thda man. Ta
ky hiéu vi tit nay 1la Applies(rna, s). Tap cac chi thich RBACDom ap dung
cho niit n trong trang thai s duge dinh nghia nhu sau: App(n,s) = {rna €
Ann(n) | Applies(rna, s) }. Goi effect : RbacDomNode — {ALLOW , DENY }
Ja ham biéu dién hiéu luc phan quyén gin v6i mot chi thich RBACDom.
Quyét dinh phan quyén cho ntt n trong trang thai s duge xac dinh béi mot
ham quyét dinh phu thuoc chién luge

Dec : ND x SES — {ALLOW ,DENY }. Dinh nghia ctia Dec(n, s) phu thudc
vao chién luge két hop luat duge chon bdi combiningAlg(R).

Deny-Owverrides. Néu combiningAlg(R) = denyOverrides, quyét dinh dugc

xac dinh nhu sau:
DENY  néu drna € App(n,s) - effect(rna) = DENY
Dec(n,s) = ¢ ALLOW néu Irna € App(n, s) - effect(rna) = ALLOW
DENY trong cac truong hgp con lai.

Permit-Overrides. Néu combiningAlg(R) = permitOverrides, quyét dinh dugc

xac dinh nhu sau:
ALLOW néu Jrna € App(n,s) - effect(rna) = ALLOW

DENY  néu —Jrna € App(n,s) - effect(rna) = ALLOW
A Jrna € App(n,s) - effect(rna) = DENY

Dec(n, s) =

DENY trong cac truong hgp con lai.

First-Applicable. Néu combiningAlg(R) = firstApplicable, cic luat duge danh
gia theo thi ty duge xac dinh béi quan hé ord.

first(n, s) = arg min .. 4, (n.5) 07d(100)

Khi d6, quyét dinh dugc xac dinh nhu sau:

effect(first(n,s)) néu App(n,s) # @
Dec(n, s) =
DENY trong cac truong hgp con lai.
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Cudi cing, mot ntat hanh vi duge xem 1a dude cap quyen thuc thi néu
Enablegpac(n,s) = Dec(n,s) = ALLOW .

Do d6, thanh phan RBACDom trong viéc kich hoat nit duge biéu dién
bdi Enablegpac(n,s). Mot nit hanh vi n chi c6 thé thyc thi khi né duge
kich hoat theo ngtt nghia hanh vi ciia AGL va dong thoi diéu kién phan
quyen Enablegpac(n,s) duge théa man.

4.3 Phuong phap biéu dién mé hinh mién hop

nhat dua vao cay ci phap

Phan nay trinh bay mot cach tiép can khac dé hgp nhat cac DSL dudc thiét
ké chuyen biét cho tiing moéi quan tam vao mot mo hinh mién hop nhét,
thong qua co ché tich hgp dya trén cay ca phap tritu tuong (AST). Céach
tiép can nay hudng t6i viec xay dyng mot mién ki thuat c6 kha niang thuc
thi, trong d6 cdc mdi quan tam duge két hop tryc tiép ¢ miic ct phap tritu
tuong va duge gan véi ngit nghia hinh thic.

4.3.1 Téng quan vé phuong phap dé xuat

Phuong phap tong hgp cac DSL theo méi quan tam vao mot DM hop nhat,
nhut minh hoa trong Hinh 4.7, dudc to chitc thanh mot quy trinh lip gom
bén bude, nham tich hop va tinh chinh cdc DSL huéng tdi viéc sinh ti dong

ban mau phan mém.

o ' (& )
Dac ta DSL theo tung
ma&i quan tam (DSL¢) / ! 7 © Méhinhlgi i MOtamai [Yéu cau
H i . an H AAR nhAH
Nguoi thiét ké 1 {ing dung ' UDML i1 Quantam if o \CP nhat]
ngon ngu S Bietsleietsiuietuinistietstintiiieluisisluisisiuisisiuisiinis [Pugc chap
Dinh nahia va tana hon 1 I
Dinh nghia va téng hop
[ cac DSL¢ } 1
1
DSL, .
! Cuphap Clphdpcuthédangdo ~ Ngir ;iP0 chuyen doi
itrirtwong  hoa hodc vin ban nghia 1 imau phan;
""""""""""""""""""""""""""""""""""""" 1 L..mém |
Chu giai: - N G
5 Dau vao/ Ra Hoat dong

Hinh 4.7: Tong quan phuong phap dé xuat, dudc t6 chic thanh hai
giai doan: (A) thiét ké ngon ngit va (B) ting dung ngon ngit.
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Thit nhat, & giai doan thiét ké ngon ngit (nhan A), nha thiét ké dic ta
mieén mdi quan tam bang mot DSL chuyén biét cho mdi quan tam (DSL,).
D&i v6i mdi DSL,, cii phap tritu tugng (AS), ct phap cu the (CS), va ngit
nghia duge dinh nghia mot cach hinh thic, tao thanh mot DSL. mo ta chinh
xac moi quan tam muc tieu. Thi hai, 6 giai doan ting dung (nhan B), nha
thiét ké sit dung dau ra ctia budc mot ciing v6i mo hinh 168 UDML hién c6.
Két hop v6i mo ta vé cac yéu cau méi hodc thay doi clia méi quan tam, céc
dau vao nay cho phép tong hgp cac DSL, vao mo hinh UDML theo cach
thong nhat va nhat quan. Cd phap cu thé dang vin ban hoac do hoa cé
the dugc st dung dé xay dung mo hinh chi tiét bicu dién thé hién cu thé
ctia moi quan tam. Két qua dau ra ctia bude nay 1a mot mo hinh UDML da
dugce tich hop day du véi méi quan tam tuong tng. Thi ba, mé hinh UDML
da tich hop déng vai tro lam nén tdng cho viéc sinh phan mém. Tao tac
phan mém thu dude sau dé duge nha thiét ké danh gia dé thu thap phan
hoi. Cudi cung, néu c6 phan hoi, moé hinh UDML va dic t4 mdi quan tam
tuong ting sé duge cap nhat. Quy trinh sau dé duge lap lai, hé trg chu trinh
cai tién lien tuc cho dén khi hé thong phan mém thdéa man day du cac yéu

cau da de ra.

4.3.2 Biéu dién va tich hdp cic mbi quan tam

Phan nay dinh nghia cti phap va ngit nghia ctia UDML va gidi thiéu thuat
toan tong hgp cac DSL vao mot DM hop nhat.

Cay cua phap trtru tuong caia UDML

Phuong phap dugce trinh bay trong muc nay, thuc hién dinh nghia UDML
tuan theo mot khuon kho ba 16p ¢ cau triic, bao gom cit phap tritu tugng,

ci phap cu thé va ngit nghia hinh thiic, ciing v6i mot chién luge tich hop.

Ngon ngit mo hinh mién hgp nhat (UDML) duge xay dung tit mot 161
chung (UDML core) va mot tap cac DSL theo tiing mdi quan tam DSL!" ,,
trong d6 mdi DSL; dic t4 mot khia canh riéng biét ctia hé thong. Moéi DSL
duge dac trung bdi ba thanh phan: ca phap tritu tugng (AS;), ci phap cu
thé (CS;) va ngit nghia (Sem;), qua dé cho phép biéu dién va tich hop céc

moi quan tam khong dong nhat vio mot mo hinh mién hgp nhét.
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Trén cay ct phap tritu tugng ctia UDML duge xac dinh day du vé AS,
CS va ngit nghia. AS ciia UDML dugc hinh thitc héa dudi dang mot cau
trac cay phan cip, trong d6 méi nit bieu dién mot thé hién ciia khai niem
ngon ngit; cac canh mo ta quan hé tong hop hodic tham chiéu; va cac thuoc
tinh ghi nhan dic diém cuc bo ctia timg niat. Cac concern DSL mé rong cay
nay mot cach tang dan bing cach bo sung cac khai niém vd quan hé méi

ma van duy tri khung xuong chung duge xac dinh trong UDML 16i.

Dinh nghia 12 (Cay ci phap tritu tugng cia UDML). Cho Cypyy la tap
hop cdc siéu khai niém cia UDML va Aypyr la tap thuoc tinh tuong ing.
Vi moi khai niém ¢ € Cypyr, A(c) C Aypur la tap thuoe tinh cia c. Ci
phap truu tuong AS cua UDML duge dinh nghia boi bo

ASypmr = (N, root, child, refCons, label, attr, Pyparr), trong do:

N: tap hitu han cdc nait.
- root € N: nit goc biéu dién DM hop nhat, duge thé hién trong UDML
dudi dang DomainModel.

- child € N x N: quan hé cay xdc dinh cdc nut con cé thi tu.

- refCons C N x N: tap cdc canh tham chiéu lién két cac nit gitia cdc
concern.

- label : N — Cypyr: ham gan nhan zdc dinh siéu khdi niém cia moi
naut.

- attr : N — (A(label(n)) — V): ham gan gia tri thudc tinh cho tung nit.

- Pypumr: tap cde quy tdc va rang budc bao ddm tinh ding ddn cia cdy.O

CS dugc dinh nghia nhu mot phép chiéu tit cay AST sang céac ky hiéu huéng
ngudi dimng. Mbi goc nhin ¢t phap cung cap cach bieu dién phit hop véi mién,
trong khi tat cd cidc goc nhin déu thao tac trén cing mot AST nham bao

dam tinh nhat quan va dong bo.

Dinh nghia 13 (Ct phéap cu thé cia UDML). Ctu phdp cu thé CS ciia
UDML duogc dinh nghia boi bo CSypyr = (V, M, r, H, Pog), trong do:

V:tap cac ky hiéu truc quan (hop, mii tén, bing, nhan...).

M: tap quy tdc dnh za lién két dén nut AST hodc canh dugc biéu dién

truc quan.
7: NU(N xN)— V:ham chiéu dnh xa nit/canh sang kij hiéu cu theé.
H: tap cdc bo xit ly thao tdc (tao, chinh sia, kéo/thd, gan chi thich,. .. ).



Chuwong 4. Phuong phdp tich hop cic moi quan tam vao mo hinh mién 106

- Ppg: tap rang budc bdo dam tinh hop lé cia phép biéu dién.o

Ngoai ra, ham chiéu c6 thé duge chi s6 héa theo ting goéc nhin, 7, :
NU(N x N) = V,v6i v € Views, cho phép nhiéu ky phap khac nhau mo
ta cung mot AST.

Ngit nghia ctia UDML duge xac dinh bang cach gan ¥ nghia tric tiép cho
ting nat va canh trong AST. M6i concern DSL déng gép mot anh xa ngi
nghia doc lap, v cac 4nh xa nay dugde tong hop dua theo cau tric AST.

Dinh nghia 14 (Ngit nghia cia UDML). Ng@ nghia Sem cia UDML dugc
dinh nghia boi ham (Sem)ypyr : N U (N x N) — D, trong do:

- N: tap cic nut AST.
- N x N: tap cdc canh (cdy hodc tham chiéu,).
- D: mién ngit nghia, la tich ctia cic mién moi quan tam:
D = Djegi % Dagi X DrbacDom
- (Sem(n)): ng@ nghia tai niut n, do concern DSL tuong ing xdc dinh.
- (Sem(ni,n;)): ng@ nghia cia canh, cho biét cich ngi nghia dugc lan

truyén theo quan hé cha—con hodc tham chiéu.o

Ba dinh nghia (Dinh nghia 12, Dinh nghia 13 v& Dinh nghia 14) thiét
1ap co s hinh thic cho ngon ngit UDML, bao gom ct phap tritu tugng, ci
phap cu thé va ngit nghia. Cu thé, ci phap tritu tuong xéc dinh cau tric
ctia mo hinh mién hgp nhét, cd phép cu thé hd trg bidu dién va thao téc
mo hinh, trong khi ngit nghia quy dinh cich dién gidi cAc phan tit mo hinh
trong mién ngit nghia. Trén co s6 d6, cac dinh nghia nay déng vai tro nén
tang cho viec xay dung biéu dién mién hop nhat, thiét lap cac lien két ngit
nghia giita cdc DSL theo mdi quan tam, cling nhu hd trg cac phép chuyén

doi mo hinh va kiém ching hinh thiic trong cac phan tiép theo ctia luan an.

Ngit nghia toan cuc cia UDML duge xac dinh thong qua viéc téng hop
ngtt nghia dia phuong ctia cac nat va canh trong mo hinh. M6i DSL bao
toan quy tac dién gidi rieng trong cau trac hop nhat, dong thoi bdo dam
tinh nhat quan ngtt nghia xuyén moi quan tam. Qué trinh hop nhat duge
thyc hién theo cach tiép can tang dan thong qua thuat toan hgp cay (Thuat
toan 4.1), trong d6 cac khai niem duge tich hgp dya trén co ché ké thira va
lien két ngit nghia.
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Co ché tich hop cac DSL theo méi quan tam vao UDML

Thuat toan 4.1 Thuat toan hgp nhit cay tich hgp cac DSL theo mdi quan tam vio
UDML

Dau vao: D = {DSL,,DSL,,...,DSL,}: Tap cac concern DSLs, méi DSL dugc dic ta béi bo
ba (ASL, CS“ Seml)

Dau ra : UDM Lyyifica: UDML hop nhit bao gom cti phap tritu tugng AS, ct phép cu thé
CS va ngit nghia Sem

ASupmr <+ AScore, CSupmL  CScores Semyparr < SeMeore

foreach méi DSL; = (AS;,CS;, Sem;) € D do

// X 1y cdc khai niém trong AS

foreach modi khdi niém c € AS; sao cho ¢ ¢ ASypnr do

if ¢ md rong mot khai niém 167 then

‘ Tich hop quan hé ké thita vdo ASypmrL

end if

Theém céc thudc tinh, quan hé va rang budc cua ¢ vao ASyparr

nd foreach

o

foreach moi canh (n;,n;) € child; U refCons; do
if (ni, nj) g (Ch’ildUDML @] ’I‘efCOHSUDML) then
‘ Thém canh (n;, n;) vao ASypwmr
end if
else
| Gidi quyét xung dot béng cach ap dung quy tac anh xa hodc quy téc wu tien
end if
end foreach
// X& 1y cu phdp cu thé

foreach moi khdi niém mdi hodc khdi niém dugc md rong ¢ do
Thém céc ky hiéu dé hoa hosic vin ban tuong tng vao CSyparr, M6 rong cac bo xit 1y
UI (vi du: kéo-thé, cha thich, thao tac chinh stta)
end foreach
// Tich hop ngl nghia
Tich hop Sem; vao Semyparr theo kidu mo-dun hop nhit céc rang budc méi vao Pyparr

Kiém tra tinh nhit quan giita cAc ngit nghia xuyén mdi quan tam ciia Sem; va Semy parr,
end foreach

return UDM Luypifiea = (ASupmr, CSupmr, Semupar)

Mot AST hop nhat duge xay dung tit nhiéu DSL theo mdi quan tam dia
tren UDML 16i va cac phan md rong ctia né6 (nhu DCSL, AGL, CAP). M6i
ntt bieu didn mot thé hién siéu khai niem (vi du: Student:DClass) va
cac canh biéu dién quan hé tong hop hodc tham chiéu (vi du: AGraph —
DClass).

Thuat toan 4.1 mo ta quy trinh hop nhat tang dan cac DSL theo moi
quan tam vao UDML. Thuat toan khéi tao UDML véi céac thanh phan 16i
(dong 1), sau d6 lan lugt hgp nhat timg DSL trong tap dau vao (dong 2).
Dau tién, ct phap tritu tuong duge tich hgp bang cach them cac khai niem
méi v quan hé mdéi (dong 3-16). Tiép theo 1a hgp nhat ct phap cu thé
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(dong 17-19), r6i hgp nhat ngit nghia gii tir ting DSL theo ting mdi quan
tam vao ngit nghia tong thé cia UDML (dong 20-21). Sau khi tat ci cac
DSL duge xtt ly, thuat toan tra vé UDML hgp nhéat (dong 22), tao thanh
mo hinh thyc thi thong nhat, bdo ton tinh mo-dun va truy vét xuyen sudt
cac mo6i quan tam.NguNghiaHinhThucUDML

4.4 Ngit nghia cia m6 hinh mién hdp nhat

Muc nay trinh bay khung ngit nghia hinh thitc cho cdc mo hinh mién hop
nhat trong UDML. Mot mo hinh UDML duge xem nhu sy tich hgp c¢6 hé
thong gitta mo hinh mién 16i va cAc DSL chuyén biét theo méi quan tam,
trong d6 mdi moéi quan tam doéng gop cac khia canh ngit nghia rieng nhung
c6 lien két chiit ché. Ngit nghia ctia mo hinh duge diic trung theo quan diém
thuc thi, dya trén cidc diay hinh chup trang thai phan anh sy tién hoa clia
hé théng theo thoi gian. M6i hinh chup biéu dién mot trang thai hop nhét,
bao gom trang thai ctia mo hinh 16i va cac trang thai do cac DSL theo moi
quan tam dong gop (Score; Spsr, ), qua do thiét 1lap mot ngit nghia thao téc
chung ma khong phu thudc vao cach hién thuc cu thé cta timg DSL. Trén
co s6 d6, muc nay xay dung cac dinh nghia hinh thic cho mé hinh UDML,
diéu kien hgp lé clia trang thai, va ngtt nghia thuyc thi, lam nén tang cho

viéc phan tich, kiém chitng va chuyéen déi mo hinh bao toan ngit nghia.

4.4.1 Dinh nghia hinh thic cac moé hinh UDML.

Dinh nghia hinh thic cdc mo6 hinh UDML nhu cdc mo hinh mién c¢6 kha
nang thyc thi hgp nhat, thu duge bang cach két hop nhiéu moéi quan tam

truc giao nhung c6 lién hé ngit nghia v6i nhau.

Dinh nghia 15 (M6 hinh UDML). Mot mo hinh UDML duge dinh nghia
la mot bo: M ={U, S, B, R, C) trong do:

o U la siéu mo hinh két hop 161 ciia UDML, cung cap cac tri tugng cho
mo-dun héa moi quan tam va lién két chi thich, dong thoi doc lap vdi

ngt nghia thao tac,
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e S la mo hinh moi quan tam cau tric DCOSL, bao gom cdc chi thich va
cdc rang buoc cia DCSL dugc gan vdi cdc phan ti cau tric cia mo
hinh mién;

e B la mo hinh moi quan tam hanh vi AGL, bao gom cdc do thi hoat
dong ma cdc nit va canh cia ching ddac trung cho su tién héa hanh vi

cho phép va cdc ranh gidi thuc thi cho cdac hanh dong mién;

e R la mo hinh moi quan tam bdo mat RBACDom, ddc td cdc rang buoc
iy quyén va SoD nham han ché khd nang thic thi cia cdac phan ti
hanh vi (dac biet la viec thuc thi nit);

e C la tap cac rang budc toan cuc, bao gom cac dieu kién hop lé va cac
rang budc nhat quan ruyén moi quan tam phdi duge bao toan bdr moi

phép thuc thi mo hinh.O

St phan rd nay lam rd vai tro cia tiing moi quan tam mo hinh hoéa,
dong thai cho phép tich hop ching mot cach c¢6 hé thong trong mot mo hinh
mien c6 kha ning thuc thi duy nhat. Cu thé, moé hinh hanh vi B quyét dinh
khong gian cac chuyén tiép trang thai cho phép, mo hinh bado mat R rang
budc nhitng chuyén tiép nao co thé thuc thi dusi cac didu kien ty quyen
cho truée, va tap rang buoc C xac dinh cic thuodc tinh ding dan toan cuc

phai dude duy tri trong suét qua trinh thyc thi.

Hinh thitc héa 16i UDML. Léi UDML cung cap cac tritu tuong nén tang
dé két hop nhiéu DSL chuyén biét theo méi quan tam theo cach théng nhéat
va khong xam 1an. Loi nay dinh nghia “két dinh” cau tric cho phép tich hop
cac moéi quan tam cau tric, hanh vi va bdo mat ma ban than né khong ap
dat ngt nghia thyce thi. Viéc dinh nghia ngtt nghia hinh thitc cia UDML

nhu sau.

e Cdc phan ti mien l6i: Loi UDML dude hinh thitc héa nhu mot bo:

U= (DM, CN, AN, AE, elements, concerns, annotations, target).
Gia sit cac tap mang doi mot roi nhau sau day dugce cho:
DM, CN, AN, AE, trong d6 DM 1a tap caAc mo hinh mién; CN 1a tap
cic mdi quan tam dude gin v6i cac mo hinh mién; AN 13 tap cac chu
thich dugc ding dé bicu dién thong tin diic thit theo méi quan tam;
AF la tap cac phan tit c6 thé gin chi thich, tic la cac phan ti cla
mo hinh mién c6 thé dude mé rong béi chi thich.
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Cho céac phan tit mién 16i sau day:

Class, Property, Operation, Association C AE

Cac phan tt nay cau thanh ca phap trttu tuong ciia mo hinh mién
trong UDML. Chiing biéu dién cac khéi niém m6 hinh héa cau tric co
ban—tuong t cac 16p, thuoc tinh, thao tac va lién két trong UML—ma
trén d6 hanh vi mién va cac ngit nghia dac thit theo méi quan tam duge
dinh nghia.

Vi vay, cac phan tit c¢6 thé gin chi thich tao thanh mot khong gian
dich chung cho viéc tich hgp méi quan tam: moi DSL chuyén biét theo
moi quan tam nhu DCSL, AGL va RBACDom déng gép ngit nghia
bang cach gan chi thich lén cidc phan tit trong AE thay vi tai dinh

nghia chinh cau tric mo hinh mién.

o Cdc quan heé loi: Cac quan hé 16i cia U duge dinh nghia nhu sau:
elements C DM x AE lién két mdi mo hinh mién véi cac phan ti c6
thé gin cha thich ctia né; concerns € DM x CN lién két méi mo hinh
mién v6i cdc mdi quan tam dude khai bdo; annotations C CN x AN
lien két moéi mdi quan tam véi cac chi thich ctia né; target : AN — AE

anh xa mdi chi thich t6i phan tit c6 thé gin chd thich dich.

e Cdc rang buoc hop lé: Cac rang budc sau day phai duge thod man.
(Ul) Va € AN - target(a) € AE;
(U2) Va e AN -3lc € CN : (¢, a) € annotations;
(U3)Vee CN-3ld € DM : (d, ¢) € concerns.
(U4) Va € AN -3d € DM : (d,target(a)) € elements A 3¢ € CN :
(d, c) € concerns A (c, a) € annotations.
Cac rang buoc nay dam bao cau tric sé hitu va gan két clia cac moi

quan tam va chi thich trong mot mo hinh mién duge xac dinh r6 rang.

Dinh nghia 16 (Hinh chup hé théng (snapshot)). Cho M la mot moé hinh
UDML. Ky hiéu ¥ la tap cdac hinh chup do M sinh ra. Moi hinh chup o € ¥
duge dinh nghia nhu mot trang thdi cé cau tric: o =S (Score(d), Spsr.(0)),
trong do Secore(0) bieu dién trang thdi ciia mo hinh mién 16i, con Spsr. (o)
biéu dién trang thdi cia cic DSL theo moi quan tam (vi du: hanh vi tu AGL
va ngt cdnh 1ty quyén tu RBACDom). Su tuong thich gitia cdc thanh phan
nay dude zdc dinh thong qua cdc lién két ngtt nghia trong l6i UDML.O
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Dura trén khai niém hinh chyup heé thong, ta xac dinh dieu kién hop lé clia
mot hinh chup nhu sau.

Dinh nghia 17 (Hinh chup hop 1&). Cho M la mot mo hinh UDML va
o € 3. Hinh chup o dugc goi la hop 18, ky hiéu (o), khi va chi khi o théa
man dong thoi: (i) cdac rang budc cau tric suy ra t DCSL; (ii) cdc bat bién
bao mat suy ra tt RBACDom; (iii) cdc bat bién do ciac DSL theo moi quan
tam khdc déng gop; va (iv) cac diéu kién lien két ngit nghia trong 16i UDML

nham ddm bdo sy nhat qudn giga Seore(c) va Spsr, (0).0

Diéu kien hop lé nay xéac dinh cac trang thai ¢6 ¥ nghia vé ngit nghia, va sé

duge st dung dé rang budc qua trinh thuc thi ctia mo hinh.

Dinh nghia 18 (Ngit nghia thuc thi). Ng@ nghia cia mot moé hinh UDML
M dugc dinh nghia nhu mot hé chuyén: M = (¥, X9, —), trong do ¥ la tap
cac hinh chup, Yo C X la tap cac hinh chup khot tao, va —C X x ND x X la
quan hé chuyén trang thdai. Mot phép thuc thi (hay mot duong di) cia M la
mot day (hitu han hodc vo han) oy, 01, ... sao cho oy € Xy, (09), va vFi Moi

. g 4 ¢
1 >0, 0, — 0441 VO (O'H_l).lj

Mot phép thuc thi biéu dién mot lan chay kha di ctia mé hinh M, bét
dau tit mot hinh chup khéi tao va tién hoa qua cac lan thue thi nit lién tiép.
M&i chuyén trang thai tuong tng véi viec thuc thi mot nat lam bién doi
trang thai he théng tit hinh chup nay sang hinh chup ké tiép. O mdi budc,
diéu kién kich hoat nut Enable(n;, s) dugc danh gia trén hinh chup hién tai
o;, st dung thanh phan phién s € SES chita trong Spgy,. Viec chuyén sang
oi+1 chi duge phép néu né bao toan tat ca cac rang buoc cau tric do DCSL
suy ra va tat cd cac bat bién do cac DSL. da dudgc két hgp dong gop trong
hinh chup két qua.

Trong phan tiép theo, luan an lam 16 mot cach tudong minh phép anh xa
tir cac phép thue thi cia AGL sang ngit nghia thuc thi cia mo hinh UDML
thong qua cac hinh chup trang thai hé thong.

4.4.2 Anh xa thuc thi trong AGL sang UDML

DPinh nghia 19 (Anh xa cac hinh chup). Cho M la mot mo hinh UDML
va X aqr la tap cac hinh chup do dac ta AGL cia né sinh ra. Mot hinh chup
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cua AGL q € Yyqr tuong dng vdi mot hinh chup cia UDML o € X, ky
hiéu q ~ o, khi va chi khi: ¢ = maqr(0), trong do waqr : X — S aqr la phép
chiéu trich zudt thanh phan hanh vi AGL tit Spgy, (o). Anh za nay cho phép
lien két ngit nghia gitia trang thdi hanh vi cia AGL va trang thdi hop nhat
cua UDML.O

Vi du. Vi du sau minh hoa mot phép thue thi ctia hé thong OJS nhu

mot day cac hinh chup do dac td& AGL ctia n6 sinh ra. ¢ submit, ¢ approve

submit approve

tuong tng véi phép thuc thi UDML og > 01 > 09. Ta c6 cac anh

xa hinh chup ¢; ~ oy, (i=0,2). Néu RBACDom yéu cau vai tro Manager
cho thao tac approve, thi bude thit hai chi duge kich hoat khi dieu kién uy
quyen dugc théa man; néu khong, phép thuyc thi sé ding tai 0. Trong ca
hai truong hop, sy tuong ting vé hanh vi van duge bao toan.

Theorem 4.1 (Dong thuc thi tren UDML va AGL). Cho M la mot mo
hinh UDML két hop AGL vdi mot tap cic DSL chuyén biét theo moi quan
tam. Gid s rang moi DSL moi quan tam duogc két hop chi rang budc hanh
vi bang cdch han ché viéc kich hoat nit (tic la bing cdch bo sung cdc dieu
kién bdo vé va/hodc cdc bat bién trang thdi), va khong lam thay doi hinh
chup AGL. Khi dé: (i) moi phép thuc thi UDML khi dugc chiéu qua Tagr
s€ cho ra mot phép thuc thi AGL hop lé; va (ii) moi phép thuc thi AGL
théa man cdc rang buoc kich hoat va cdc bat bién do cac moi quan tam dugc
két hop sinh ra deu co thé duge "nang" lén thanh mot phép thuc thi UDML
twong 1ng.0

Chitng minh (Anh ra mot-mot).

Cho M 1a mot mo hinh UDML dam béo tinh hgp lé.

Theo cau tric xay dung, moi hinh chup ctia UDML ¢ € ¥ chita mot
thanh phan hanh vi AGL, va phép chiéu 7 4¢;, thiét 1ap mot anh xa tit
cac hinh chup ctia UDML sang cac hinh chup ctia AGL.

Tinh ding. M&i buéc UDML o; — ;41 thuc thi mot nat hanh vi n; duge
dinh nghia béi AGL. Vi cac DSL mdi quan tam dugc két hop khong lam
thay ddi trang thai hanh vi AGL va chi han ché khi ndo mot ntt duge kich
hoat (thong qua cac diéu kién bao vé) va nhiing trang thai nao la cho phép

(thong qua cac bat bién), moéi buéc UDML tuong ting v6i mot buée AGL
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cho phép trén cac trang thai da duge chiéu. Do d6, chiéu mot phép thuc thi
UDML qua 74¢y, sé thu duge mot phép thye thi AGL hgp le.

Tinh day du. Nguoc lai, xét mot phép thyc thi AGL théa méan tat ca cac
han ché kich hoat v céc bat bién do cdc moi quan tam dude két hop sinh
ra. Bat dau tit mot hinh chup UDML khéi tao ¢ v6i maar(00) = qo, mdi
budc AGL c6 thé duge hien thuc nhu mot chuyén tiép UDML vi cling mot
nit duge kich hoat va hinh chup két qua van 1a cho phép. Lap lai lap luan
nay theo ting budc sé xay dung dugc mot phép thue thi UDML ma phép
chiéu ctia n6 khép vé6i phép thie thi AGL da cho.

Vi vay, doc theo cac phép thuc thi, cac hinh chup cia UDML va cac hinh
chup ctia AGL tuong ting mot-mot theo ting bude thong qua w4y

4.4.3 Anh xa dinh nghia ngit nghia sang Event-B

Muc nay tap trung vao viec chuyen déi mo hinh UDML sang moi trudng
Event-B nhim phuc vu cho muc dich mé phéng va kiém ching cac mo hinh
mieén hop nhat. Cong viéc tiép theo 1a dinh nghia mot phép bién ddi bao
toan ngit nghia, trong d6 cac mo hinh UDML da dudc tich hop duge chuyén
dich thanh cac "ngit canh" va "may trang thai" ciua Event-B. Trén co s6
cac Dinh nghia 16, Dinh nghia 17, Dinh nghia 18 va Dinh nghia 19, khong
gian trang thai cia UDML duge dac trung béi tap cac hinh chup X, trong
d6 moi trang thai ctia may Event-B tuong tng v6i mot hinh chup hop 1é
ctia mo hinh UDML. Thong qua phép chiéu 74¢r, moi hinh chup o € ¥ xac
dinh mo6t hinh chup hanh vi ¢ € ¥ 47, qua dé bao toan ngit nghia thuc thi
clia cac phép chuyen trang thai duge dic ta trong AGL. Ngudc lai, mbi su
kien Event-B biéu dién mot chuyén trang théai kha di trong quan hé —, dong
thai phan anh su tién héa ctia thanh phan hanh vi duge dnh xa tit AGL. Do
do6, anh xa tit UDML sang Event-B khong chi bdo toan cau tric trang thai
va cac dieu kién bat bién, ma con bdo toan lién két ngit nghia giita hanh vi
AGL va trang thai hop nhat cia UDML, qua dé tao co sé cho kiém chitng
hinh thtc va chuyén doi bao toan ngit nghia.

Thuat toan chuyén déi mo hinh UDML2Event-B 4.2 vé co ban dugc xéc
dinh béi 4nh xa, cdc phan ti cau tric vi cac rang buoc toan cuc dude chuyén
dich thanh cac "ngit canh" trong Event-B, trong khi hanh vi ¢6 kha nang
thuc thi va co ché cudng ché bao mat duge chuyén dich thanh cac "may
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trang thai" ctia Event-B. Sy phan tach nay phu hgp véi ky thuat mé hinh
héa ctia Event-B va ho tr¢ suy luan mo-dun vé ciu tric mién, hanh vi va

kiém soat truy cap.

Anh xa cac phan t& ciu tric. Cac thanh phan ciu trac duge dic ta
bang DCSL—bao gom cac 16p mién, thuoc tinh, lien két va cac bat bién cau
trac—dudce anh xa sang cac ngi cinh - Context cia Event-B. Cac 16p mién
duge biéu dién dudi dang cac tap mang, cac thudc tinh va lien két duge biéu
dién duéi dang cac bién hodc hing véi cac bat bién kiéu tuong tng, va céc
rang buoc cau tric dudge chuyen dich thanh céc bat bién clia Event-B. Phép
anh xa nay xac lap khong gian trang thai mién tinh, trén dé hanh vi ducgc
thuc thi.

Anh xa cac m6 hinh hanh vi. Hanh vi dugce dic ta bang AGL dudc dnh
Xa sang cac may trang thdi - machine ctia Event-B. Mdi do thi hoat dong
ducc chuyén thanh mot mdy trang thdi, trong d6 cac bién trang thai ma
héa trang thai diéu khién hien tai ctia do thi. Cac nit ctia do thi hoat dong
duge anh xa thanh cac su kién cia Event-B, con cac canh xac dinh quan
hé ludng dieu khién giita céc su kien. Viec kich hoat mot su kién tuong tng
v6i viec thue thi nat hoat dong lien quan, dan dén mot chuyéen trang thai
phan anh ca su tién trién ctia luong diéu khién va céc cap nhat trang thai

mién do cdc hanh dong mo-dun tuong ting gay ra.

Anh xa cac rang buoc RBACDom. Cac mbi quan tam bao mat dic ta
bang RBACDom dugc tich hgp tryc tiép vao ngit nghia hanh vi thong qua
cac diéu kién bdo vé ctia su kién va cac bat bién. Mdi RbacDomNode tuong
ting véi mot nit AGL (thong qua thudc tinh aglNode) duge chuyén dich
thanh cac vi tir gac trén su kién Event-B tuong ting. Cac vi tit gdc nay ma
héa cac diéu kien kich hoat nit, dude suy ra tit yéu cau vé vai tro, kiem
tra quyén va cdc rang buoc phan tach nhiegm vu (SoD). Theo cach nay, iy
quyen duge cudng ché nhu mot diéu kién tien quyét cho viec thue thi sy

kién, thay vi 1a mot kiém tra bén ngoai 4p dit sau ciing.

Céc rang budc SoD trai rong trén nhiéu nit hosic nhiéu phién duge chuyén
dich thanh cac bat bién ctia Event-B, bdo dam ring moi trang thai co the
dat dugc ctia machine déu théa man cac thuoc tinh bado mat da duge dic
ta. Diéu nay bado dam réng cac rang buoc RBACDom dugc bdo toan trong

toan bo cac lan thyec thi v cac bude tinh chinh ctia mo hinh. Bang 4.2 tém
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tat cac quy tac anh xa gitta cac cau tric cia UDML va cac tao tac Event-B

tuong ting. Tt goc nhin nay, ngtt nghia thyc thi cia mdt mo hinh UDML

Bang 4.2: UDML2Event-B: Anh xa tit UDML sang Event-B

CAu triac UDML

Hién vat Event-B

Mo ta

Mob hinh mién

(DomainModel) Ngit canh D}nh .r;ghla mien tl/nh c\vua hei th(?ng, bao gom cac
tap kieu co sé va cac hang s6 toan cuc.
Mbi quan tam (Concern) | Ngii cAnh Diing dé t6 chiic cac hing, tién dé va bat bién lién

quan dén mot mdi quan tam mo hinh héa cu thé.

Lép mién (DClass)

Tap mang / Hang

Mbi 16p mién dugc 4nh xa thanh mot tap mang
hodc mot tap tritu tugng biéu dién cac thé hién cia
no.

Thuoc tinh (DAttr)

Bién / Ham

Thudc tinh duge 4nh xa thanh cac bién trang thai
hodc cac ham, trong dé mién xac dinh va mién gia
tri dugc rang buodc béi cac bat bién.

Lién két (DAssoc)

Quan hé / Bat bién

Lien két dugc anh xa thanh cac quan hé giita cac
tap mang, v6i cac rang budc cd ché thuc thi dugi
dang bat bién.

Db thi hoat dong
(AGraph)

May trang thai

M&bi dd thi hoat dong dugc anh xa thanh mot
machine Event-B nim bat ngit nghia thuyc thi cta
no.

Nuat khdi tao

Khdéi tao sy kién

Nt khdi tao ctia dd thi hoat dong xac dinh gia tri
ban dau clia bién trang thai didu khién.

Nut (ANode)

Su kién

Mai niit duge anh xa thanh mot sy kién Event-B
biéu dién mot bude thuc thi nguyen ti.

Canh

Diéu kién bao vé

Céc canh dugc anh xa thanh cac didu kién rang
buodc bao vé sy kien-nit nao c6 thé bin dua trén
trang thai diéu khién hién tai.

Trang thai diéu khién
(nat hien tai)

Bién

Nut dang hoat dong dudc biéu dién bsi mot bién
trang thai trong may trang thai.

Mo-dun hoat dong
(ModuleAct)

Hanh dong su kién

Céc hanh dong mo-dun dude chuyén dich thanh
cac phép thay thé Event-B cap nhat trang thai ciia
may trang thai.

Nt bao mat
(RbacDomNode)

Diéu kién bdo vé sy kién

Cac rang budéc RBAC dugce dac ta bi RbacDomNode
(tuong ung véi cac nut AGL) duge 4nh xa thanh
cac diéu kién bao vé nhim cudng ché cac yéu cau
vé vai tro va quyén han.

Céc vai tro yéu cau

Vi tit bdo ve

Yéu cau vai tro dugc ma héa dusi dang céc vi tir
trén tap vai tro dang kich hoat ctia phién hién tai.

Cac quyén yéu cau

Vi tur bao vé

Yéu cau quyén han dugc ma héa dusi dang cac vi
tit suy ra titr cAc quan hé gan vai tro—quyén han.

Phién Bién Ngit canh thyc thi hién tai dugc biéu dién nhu mot
bién phieén.
Rang buoc SoD B4t bién Céac rang budc SoD dugc ma héa thanh cac bat

bién han ché viéc gan vai trd hoac kich hoat vai tro.

Chinh sach (ALL_OF /
ANY_OF)

Lo-gic béo vé

Ngit nghia ctia chinh sach chi phéi cach két hgp céac
diéu kien bado vé RBAC theo phép AND hoac OR.

Tac dong (ALLOW /
DENY)

Ngit nghia bao vé

Hieu luc xac dinh lieu diéu kién bao vé cho phép
hay chan viéc thuc thi sy kién.

Chién lugc két hgp cac
quy tac
(DENY_OVERRIDES)

Xay duyng diéu kién béo
ve

Céc diéu kien bao vé phan quyén dudc xay dung
dudi dang Allow Applies N = DenyApplies, ddm béo
réing cac chinh sach tit chdi c6 thé 4p dung sé chan
thyc thi sy kién ngay ca khi ton tai cac chinh sach
cho phép c6 thé ap dung.

Céc quy tac hgp 1&

Bat bién / Tien dé

Céc rang budc hgp 1é duge chuyén dich thanh cac
bat bién hoic tien dé dé dam bao tinh nhét quan
ctia mo hinh.
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duge xac dinh bdéi hanh vi cia cac ngi@t canh va may trang thd: Event-B

dugc sinh ra, cing nhu bdéi cac nghia vu chiing minh ma ching tao ra.

Thuat toan 4.2 hién thuc héa phép chuyén bao toan ciia UDML dudc
dinh nghia hinh thic & trén, dong thoi xem UDML nhu mot tang tich hop
thong nhat cho cadc mdi quan tam cau tric, hanh vi va bdo mat. Qua trinh
bién dich duge to chiic thanh cac pha lien tiép, mdi pha tuong tng véi mot
khdi dong duge xac dinh 16 trong thuat toan.

Bién dich ciu tric (Dong 1-4). Dong 1-4 kiém tra tinh hop 1é ctia mo
hinh dau vao va khdéi tao ngit cdnh va méy trang thai Event-B. Sau d6, dac
ta cau tric duge biéu dién trong DCSL dude chuyén doi.

Bién dich hanh vi (Dong 5-6). Dong 56 chuyén dich dic td hanh vi
trong AGL. Cac tap mang va cac hing duge dua vao dé biéu dién cac nit,
canh va cac quan hé luong diéu khién ctia do thi hoat dong. Mot bién trang

thai diéu khién pe duge thém vao dé ghi nhan niut dang hoat dong.

Bién dich bdo mat (Dong 7-8). Dong 7-8 bién dich dac td bdo mat
RBACDom. Céc khai niem RBAC cot 16i, bao gom ngudi dung, vai tro,
quyén han va phién, duge chuyén dich thanh cac tap mang va cac hing. Céc
quan hé gan va kich hoat vai tro dugc bién dich thanh cac bién clia may
trang thai, trong khi cac rang buéc phan tach nhiém vu va cac rang budc
RBAC khac duge chuyén dich thanh céc bat bién phai duge bao toan bdi

moi su kién.

Tich hgp lién-méi quan tam (Dong 9). Dong 9 tich hop céc moi quan
tam hanh vi va bdo mat. V6i mdi sy kien Event-B tuong ting véi mot nat
do thi hoat dong duge bdo ve, diéu kién bao vé cia sy kien dude ting cuong
bang mot vi tit phan quyén dugc suy ra tit RbacDomNode lién két.

Tinh ap dung cta luat (Dong 10-16). Dong 10-16 dinh nghia tinh ap
dung cuia cac luat phan quyén va viéc xay dung cac diéu kién bdo vé phan
quyén cho cac chinh sach tit chéi. Dé ma héa dung ngit nghia két hop luat,
ching to6i ap dung chién lige DENY_OVERRIDES, theo d6 viéc thie thi mot
nit chi duge cho phép khi ton tai it nhat mot chinh sach cho phép c6 theé

ap dung va khong c6 chinh sach tit chdi co thé ap dung nao.

Khéi tao va kiém ching (Dong 17-18). Dong 17-18 sinh sit kién khéi

tao, thiét lap mot trang thai ban dau nhat quan cho moi bién clia may trang
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Thuat toan 4.2 UDML2Event-B: Chuyén déi UDML sang Event-B va kiém chiing.

Dau vao: Mot mo hinh UDML hgp le M = (U, S, B, R,C).

Dau ra : Mot phét trién Event-B D(M) = (C, Mach) va théng ké chitng minh.

Tp — cac ham chuyén cho cau triic ; T4 — cac ham chuyén cho hanh vi ; Tg — céc ham chuyén
cho bdo mat ; WF(-) — bo kiém tra hgp lé¢ DM hgp nhat ; AnnRbac(n) — RbacDomNode (tity
chon) gin véi nut n

assert WF(M) // Khéi tao phat trién Event-B

Khéi tao mot context Event-B rong C < (SETS, CONSTS, AXMS)

Khéi tao mot machine Event-B rong Mach + (VARS, INVS, EVTS)
Lién két Mach véi C (titc 1a Mach sees C)
// Dich phan cu truc
(SETSp, CONSTSp, AXMSp) « T5%(M.S)
C.SETS <~ C.SETSUSETSp
C.CONSTS «+ C.CONSTS U CONSTSp
C.AXMS « C.AXMS U AXMSp
Mach.INVS « Mach.INVS U T2 (M.S)

// Dich phdn hanh vi

C.SETS « C.SETS U {NODES,EDGES, GRAPHS}

C.CONSTS + C.CONSTS U {sre, tgt, nodesOf , edgesOf , initOf }
C.AXMS + C.AXMS U T£* (M .B)

Thém céc bién may trang thai cho thyc thi: Mach.VARS < Mach.VARS U {curG, pc} ; Theém cac
bat bién hanh vi: Mach.INVS < Mach.INVS U T;" (M .B, curG, pc) ; Sinh cac su kien hanh vi:
Mach.EVTS + Mach.EVTS U T2V (M .B, curG, pc)

// Dich phadn bdo mat (RBAC/SoD)

(SETSg, CONSTSs, AXMSg) « T&(M.R)

C.SETS + C.SETSUSETSg
C.CONSTS «+ C.CONSTS U CONSTSg
C.AXMS + C.AXMS UAXMSg

Thém céac hing permAction € PERMISSIONS — ACTIONS vi permRes € PERMISSIONS —
RESOURCES ; Thém céc tién dé gan kiéu cho permAction, permRes ; Thém cac bién trang thai
RBAC: Mach.VARS + Mach.VARS U 72*"$(M.R) ; Thém céac bat bién RBAC (bao gom SoD):
Mach.INVS <« Mach.INVSUTZ™ (M .R) ; Thém héng (ho#c bién) mapRes € RESOURCES — AE ;
Theém tién dé/bat bién Typing(mapRes)

// Vi tu suy dién dung trong guard

EnabledRoles(sess) £ active(sess)

EnabledPerms(sess) = {p | 3r € active(sess) - (r,p) € pa}
foreach event thuc thi nit ev,, € Mach.EVTS tuong dng vdi nit n € ND do
bat Allow + @ va Deny < @ foreach ra € Ann(n) do
Tinh Applies(rna, sess) = RolesSat(rna, sess) A PermsSat(rna, sess) A
SoDSat(rna, sess) if effect(rna) = ~ALLOW then Allow <+ Allow U
{Applies(rna, sess)};
else Deny < Deny U {Applies(rna, sess) };
end foreach
Dinh nghia AllowApplies(n, sess) = \/ Allow ; Dinh nghia DenyApplies(n, sess) =

\/ Deny ; Tang cudng guard(ev, ) véi AllowApplies(n, sess) A =DenyApplies(n, sess)

end foreach

Sinh INITIALISATION dé khéi tao nhit quan moi bién may theo cac bat bién: dit curG
bing thé hién dd thi dugc chon (hosic do thi mic dinh) ; dit pc « nitOf (curG) ; khéi tao
ua, pa, sess, active (v moi bién trang thai mién) sao cho moi bat bién déu thoa

// Sinh va gidi nghia vu ching minh

Sinh cac nghia vu ching minh PO(D(M)) ; Giai PO(D(M)) bang cic bo chitng minh Rodin va
ghi nhan théng ké ching minh

return (D(M), PO-statistics)
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thai. Cudi cung, cac nghia vu chiing minh dugc sinh ra va duge gidi bang

nén tang Rodin.

Dé cho phép cac DM c¢6 kha nang thuc thi vi hd trg sinh tu dong cac
tao tac phan mém, cac moéi quan tam bao mat can dugc duge anh xa 1-1 tir
DSL ngoai sinh sang DSL nai sinh nhing vao ngon ngit lap trinh. Cu the,
RBACDom doi héi mot ct phép cu thé cho phép cac chinh sach kiém soat
truy cap duge bicu dién mot cach tudng minh, tich hop lién mach véi cac
DM va hanh vi, ddng thoi c6 thé duge xit Iy béi cac chudi cong cu hudng

mo hinh.

4.5 Téng két chuong

Trong chuong nay, luan an da trinh bay phuong phép tong hop céc ngon
ngit chuyén biét mién theo méi quan tam vao mot DM hgp nhat c6 kha
nang thuc thi theo DDD, cliing véi mot khung kiém ching ngit nghia hinh
thitc cho UDML. Phuong phap dé xuat cho phép tich hop c6 hé théng cac
moi quan tam cau tric, hanh vi va bdo mat trong mot DM théng nhat.
Trén co s6 do, chuong da xay dung va tich hgp DSL bao mat RBACDom
vao UDML, dong thai thiyc hién kiém ching hinh thitic DM hgp nhét & giai
doan thiét ké nham dam bdo tinh nhat quan va tinh dang din ngit nghia
clia cac dac ta bao mat dong truée khi sinh ban mau phan meém.

Cac két qua nghién cttu ot 16i ciia chuong nay da duge cong bo trong bai
bo hoi thao qudce té RIVF 2024 [V3], duge md rong trong SOICT 2025 [V5),
va tiép tuc phat trién theo huéng tich hgp khia canh bdo mat va kiém chitng
hinh thitc cho UDML trong bai béo tap chi JCSCE 2026 [V7].



Chuong 5

SINH TU PONG BAN MAU PHAN
MEM DUA VAO MO HINH MIEN
HOP NHAT

Chuong nay trinh bay cac thao tac va ki thuat sinh tiu dong ban mau phan
mém duta vio mo hinh mién hgp nhéat trong khuon kho thiét ké huéng mien.
Trong tam ctia chuong la xay dung céc phép chuyen doi c6 hé théng nhim
thu hep khodng cach gitta dac ta yéu cau va hién thuc phan mém, dong thoi
bao dam tinh nhat quan ngit nghia trong sudt qué trinh chuyen doi. Cu the,
chuong dé xuat phuong phap RM2UDM dé chuyén déi mo hinh yéu cau,
dugc biéu dién bing cac biéu do 16p va biéu dd hoat dong UML/OCL, sang
mo hinh mién hgp nhat tuan thi situ moé hinh UDML. Trén co s6 d6, cic
k¥ thuat chuyén doi tiép theo duge phat trién nhim sinh dic td mo hinh
mién thyce thi AGLT va ma ngudn tuong ting thong qua tiép can chuyén doi
mo hinh—sang-van ban. Bén canh do, chuong ciing trinh bay cac thuat toan
va luat chuyén doi tieu biéu, nhu AD2AGL, cho phép tich hop hanh vi vao
mo hinh mién vd hd trg sinh ty dong ban mau phan mém. Cac ki thuat
nay dude to chic trong mot quy trinh lip, cho phép cap nhat va tinh chinh
mo hinh trén co sé phan hoi ciia chuyén gia mién. Thong qua do, chuong
lam 6 bo chuyén ddi tit mé hinh yéu cau dén ban mau phan mém trong
bdi canh thiét ké huéng mién, dong thoi xac 1ap co s6 phuong phap cho viéec
hién thire, thie nghiem va danh gia & cac chuong tiép theo.

119
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5.1 Giéi thigu

Trong qua trinh phat trién phan mém, viéc xay dung ban mau phan mém
déng vai tro quan trong trong viéc dién dat ¥ tudng, xdc minh yéu cau va
cAi thién giao tiép gitta cac bén lien quan. Ban miu phan mém cho phép
kiém tra va tinh chinh cac tinh nang trudc khi trién khai, tit d6 gidm thiéu
rtii ro, toi wu héa quy trinh phét trién va gép phan bao dam san pham cudi
cung dap ting ding nhu cau nguoi dung véi chat lugng mong muon [117]. Vi
vay, viec tao nhanh ban mau phan mém tit dac td yéu cau c6 ¥ nghia thiét
thuc do6i v6i phat trién nhanh va kiém soat chat lugng. Tuy nhién, viéc tu
dong hoa hoat dong nay van la mot thach thic do khoang cach ngt nghia
gitta cac dac ta yéu cau bang ngon ngit tu nhién hodc ngon ngtt ban hinh
thitc nhu UML/OCL [91] v& ma nguon ding dé hién thiyc ban mau.

Nhiéu nghién citu da tap trung vao cac phuong phap va cong cu sinh tu
dong ban mau phan meém tir dic ta yéu cau. Trong [101], nhom tac gia deé
xuat st dung IFML dé biéu dién mo hinh ludng tuong téc, tit do sinh tu
dong giao dién ngusi dung ( Graphical User Interface - GUI). Trong [10], ky
thuat sinh tuy dong GUI tit mo hinh ca st dung duge de xuat. Cac nghién
cttu [14, 131] st dung tiép can theo mo6 hinh dé sinh GUI phuc vu phat
trién nhanh céc ng dung Internet va cac hé théng dicu khién. Mot s
cong trinh khac dé xuat sinh GUI tit mo hinh mién (Apache Isis [119] va
OpenXava [95]), hodic tit cdc bieu d6 UML nhu biéu do 16p, biéu dod hoat
dong, biéu do tuan tur va cac dic ta ca st dung [67, 84]. Gan day, thiét ké
huéng mién [39, 121] da gép phan thu hep khodng céch ngit nghia gitta mo
hinh yéu cau va hién thyc bdn mau phan mém. Tuy nhién, dé huéng téi
sinh ty dong ban mau phan mém van con hai thach thic chinh: (1) dic ta
chinh xac mo hinh yéu cau huéng mién; va (2) xay dung cic bo chuyén doi

dé sinh tu dong méa nguon cai dat ban mau tit mo hinh yéu cau.

Trong nghién citu trinh bay tai Muc 3.3, hanh vi mién da dugc tich hgp
vao mo hinh mién nhim hop nhat cac khia canh ciu tric va hanh vi. Tuy
nhién, viéc xac dinh diic ta ¢ mic tritu tuong cao dua vao biéu do 16p va
biéu dd hoat dong UML, rdi chuyén doi dic ta nay sang DCSL [70] va dic
td AGL (goi chung 1a dic td AGLT) dé st dung trong DDD nham sinh cac

ban mau phan mém, vAn ld mot thach thic dang ke.
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Dic ta mic cao dua vao biéu dd 16p va biéu do hoat dong UML c6 thé
dugc xem nhu mot mo hinh mo ta hanh vi tong thé ciia hée théng, bao gdm
ludng dit lieu va ludng diéu khién. Trong k§ thuat siéu mo hinh héa cho
DSL [66], m6 hinh khai niém ctia mién thuong duge xay dung dudi dang
biéu do 16p UML/OCL, tuong ting v6i mé hinh ci phéap tritu tugng va co
thé duge nhing vao OOPL. UML [91] hd trg xay dyng mo hinh huéng dbi
tuong cho ct phéap tritu tugng, ciing nhu ky phap cu thé va ngit nghia clia
ngon nglt muc tieu [28]. Trong boi canh d6, muc tieu tric tiép ciia chuong
nay 1a hd trg sinh ty dong dic td AGLT va ban miu phan mém ti dic ta

yéu cau mic cao.

Trong chuong nay, luan an trinh bay hai noi dung chinh. Thit nhat,
phuong phép sinh tu dong ban mau phan mém dua vao bo chuyén doi mo
hinh RM2UDM, trong dé mo hinh yéu cau dau vao duge chuyén thanh mo
hinh mién hop nhat UDM nham hd trg tu dong héa qua trinh tao ban mau
phan meém. Thit hai, k¥ thuat sinh dac t4 mo hinh mién thirc thi dira vao bo
chuyén doi AD2AGL két hop véi chuyen doi mo hinh-sang-—van ban (M2T),
st dung mo hinh mitc cao gom biéu dd 16p va biéu dd hoat dong UML dé
sinh ma nguon chia dic t4 AGLT, phuc vu hién thuc theo DDD trong ngon
ngit lap trinh chu nhu Java.

Cac muc con lai clia chuong nay duge cau tric nhu sau. Muc 5.3 trinh
bay phuong phap sinh ty dong ban mau phan mém tit mo hinh yéu cau
theo huéng RM2UDM. Muc 5.2 trinh bay tong quan phuong phap. Muc 5.4
trinh bay k¥ thuat chuyén déi tit dac ta yéu cau sang mo hinh mién thuc
thi theo huéng AD2AGL/M2T. Cudi ciing, tong két chuong duge trinh bay
trong Muc 5.5.

5.2 Téng quan phuong phap

Phan nay trinh bay tong quan phuong phép sinh ty dong ban miu phan
mém tit mo hinh yéu cau dua vao céc ki thuat chuyén doi mo hinh trong
bdi canh thiét ké huéng mien. Nhu minh hoa trong Hinh 5.1, phuong phéap
duge to chitc thanh ba giai doan chinh va van hanh theo quy trinh lap, bao

gom: xay dyung mo hinh mién hop nhat tit mo hinh yéu cau, sinh mo hinh
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mién thyc thi v ma nguon tit cac dic td mic cao, va sinh ban mau phan

mém dé tiép nhan phan hoi tit chuyéen gia mien.

Pac ta AGL*
Siéu mé hinh (AGL, DCSL)
L . @AGraph, @DClass/ |2 A
UML va OGL Biéu dé I6p A cconformTos> | M@ hinh mién ey
AN A H P A an mém
va bidu d6 hoat dong \ (tuan th) hop nhat p!
Xay dung N Sinh tw dong —
/ m6 hinh hop nhat E] i ban mau
Nguoi thiét ke Nguoi phat trién

Hinh 5.1: Tdng quan phuong phap sinh tu dong ban mau phan
meém dua vao mo hinh mién hop nhéat.

Giai doan 1 - Chuyen doi mo hinh yéu cau dau vao, gom biéu do 16p va biéu
dd hoat dong UML/OCL, thanh thé hien mo hinh mién hgp nhat UDM theo
UDML. Két qua ctia giai doan nay la mot biéu dién trung gian hgp nhat,
trong d6 khia canh cau tric duge dic ta bang DCSL, khia canh hanh vi
duge dic ta bang AGL, dong thai tich hop cac cau hinh mo-dun can thiét

phuc vu cac buée sinh ban mau phan mém tiép theo.

Giai doan 2 - Sinh mo hinh mién thyc thi tit dic td mic cao thong qua bo
chuyén ddi AD2AGL két hop véi ki thuat chuyén déi mo hinh-sang-vin
ban. Véi ciing dau vao 1a biéu do 16p va biéu do hoat dong UML/OCL, giai
doan nay dan xuat dac td AGL™T, trong d6 AGL biéu dién khia canh hanh
vi, con DCSL biéu dién khia canh ciu tric ctia mo hinh mién. Trén co sé
diic ta AGLT thu duge, ki thuat chuyén doi mo hinh-sang-van ban tiép tuc
duge ap dung dé sinh ma nguon va hién thuc cac tao tac phan mém & céc
buée tiép theo.

Giai doan 3 - Sinh ban mau phan mém tit cAc mo hinh trung gian va dic ta
thue thi da thu dude § cac giai doan trude. Trén co sd mo hinh mién thuye
thi, cac cau hinh mo-dun va cac dic ta lien quan, hé thong tién hanh sinh
tu dong ban mau phan mém. Ban mau sinh ra dugce chuyén cho chuyén gia
mién dé danh gi&; néu c6 phan hdi, mo hinh sé duge cap nhat va quy trinh

dugce 1ap lai, nguge lai, khi ban mau dap tng yéu cau, qua trinh két thic.
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5.3 Phuong phap sinh tu déng ban mau phan

mém t mo hinh yéu cau

Phan nay trinh bay phuong phap RM2UDM nham sinh ty dong ban mau
phan mém tit mo hinh yeu cau. Y tudng cdt 16i ctia phuong phap 1a chuyén
do6i mot cach co hé théng mé hinh yéu cau dau vao sang mot moé hinh mién
hop nhét, tit d6 tao co sé dé sinh mo6 hinh mién thuc thi tuong tng. Cach
tiép can nay goép phan thu hep khodng cach ngit nghia gitta dic ta yéu cau
va hién thyc phan mém trong bdi canh thiét ké huéng mien. UDML dugc
hiéu 14 ngon ngit/sieu mo6 hinh ding dé biéu dién mé hinh mién hgp nhat,
trong khi UDM (Unified Domain Model) duge ding dé chi mot mo hinh
mién hop nhat cu thé duce xay dung tit moé hinh yéu cau va duge biéu dién
theo UDML. Theo d6, phuong phap RM2UDM nhan dau vao 14 mo hinh
yeéu cau RM = (CD, AD), trong d6 CD la bic¢u dd 16p UML/OCL dic ta
khia canh cau tric va AD la biéu do hoat dong UML dic ta khia canh hanh
vi; dau ra 1a mo hinh mién hgp nhat UDM = (DM, AG, MC), tuan thu sieu
mo hinh UDML, trong d6 DM 13 phan mo hinh mién cau tric, AG 14 phan
do thi hoat dong biéu dién hanh vi mién, va MC' la phan cau hinh mo-dun

phuc vu sinh ban mau phan mém.

5.3.1 Xay dung mé hinh mién hgp nhét tir mé hinh yéu cau

Viéc xay dung thé hien UDM tit mo hinh yéu cau theo UDML gom hai
thanh phan: (1) Biéu dién khia canh cau tric, tuong tng véi DCSL; (2)
Biéu dién khia canh hanh vi, tuong ting véi AGL.

Biéu dién khia canh ciu tric. Khia canh ciu tric cia UDM duge xay dung
tit bieu do 16p dau vao va duge biéu dién duéi dang mo hinh DCSL két hop
v6i cau hinh mo-dun. Thanh phan nay bdo toan cic 16p mieén, cic thuoc
tinh, cac quan hé két hop va cac rang budc cau tric duge dac ta trong mo

hinh yéu cau. Cu thé:

e Mot 16p mién hoat dong ¢, dugc xac dinh tuong ting v6i moi bieu do

hoat dong dau vio nham biéu dién ngit canh thuc thi ctia hanh vi mién.

e Céac 16p mién ¢, ..., ¢, dudc xac dinh tuong tng véi cac 16p trong biéu

do 16p dau vao.



Chuong 5. Sinh tu dong ban mav phan mem dua vao mo hinh UDML 124

e V6i mdi tap 16p thanh phan ¢;1,...,cy € {c1,...,c,} tham gia thuc
hién cac hanh dong mién, cac lien két tuong tng dude bo sung vao 16p
hoat dong va cac 16p lien quan dé phan anh cac quan hé cau tric can
thiét cho qua trinh thuc thi.

e Modi 16p mién sau khi duge anh xa vao mo hinh DCSL tiép tuc dudc
gan véi mot mo-dun cau hinh tuong tng nhim hé trg to chic phan

meém va sinh ma ban mau.

Biéu dién khia canh hanh vi. Khia canh hanh vi cia UDM duge xay dung
bang cach anh xa bi¢u do hoat dong dau vao sang do thi hoat dong AGL.
Trong d6, hanh vi dugc tich hop vao mo hinh mién thong qua 16p hoat dong
(ActivityClass), dong vai tro trung tam dé lien két cac 16p dit lieu, 16p didu
khién va cac quan hé thuc thi. Cac thanh phan chinh bao gom:

e L6p hoat dong: 1a 16p mién dai dién cho mot hoat dong nghiép vu.

e Lép dit lieu: 1a 16p mién dai dien cho cac kho dit lieu hozc thuc thé dit

lieu tham gia vao hoat dong.

e L6p diéu khién: 1a 16p ndm bt trang thai mién gin véi cac nit diéu
khién ctia biéu do hoat dong, ching han nhu nit quyét dinh, ndt ré

nhanh, nit hop nhat hoac nit dong bo.

e L6p diéu phoi: 1a 16p dai dién cho mot nhém nhiém vy diéu phdi trong

luong thyec thi.

e Cac lien két danh rieng cho hoat dong: 1a cac lien két dugc bo sung
gitta 16p hoat dong va céac 16p dit lieu, 16p dieu khién hoac cac 16p lien
quan khac nham phan anh diang ludng diéu khién va ludng dit lieu ctia

bieéu dd hoat dong dau vao.

Nhu vay, UDM thu dudce 13 mot mo hinh mién hgp nhat cu thé, trong
d6 cau trac va hanh vi duge tich hop trong cting mot biéu dién tuan thi
UDML. Day la co s truc tiép dé thuc hién bo chuyén doi RM2UDM.

5.3.2 Dic ta bd chuyén doi mé hinh RM2UDM

Bo chuyén doi RM2UDM dugce xay dung nham tu dong chuyén mo hinh yeu
cau RM sang mo6 hinh mién hgp nhat UDM. Vé ban chat, day 1a mot phép
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chuyén d6i mo hinh-sang-mo hinh (M2M), trong dé moé hinh ngudn 1la RM
va mo hinh dich 13 mot thé hien UDM tuan tha siéu mo hinh UDML.

Thuat toan 5.1 Thuat toan RM2UDM: Sinh UDM tit RM

Dau vao:
e CD: Biéu do 16p UML/OCL dac ta khia canh cau tric ciia mo hinh yéu cau;
e AD: Biéu do hoat dong UML diic ta khia canh hanh vi ciia mo hinh yéu cau.
Dau ra : UDM = (DM, AG,MC): md hinh mién hgp nhat tuan thit UDML.

Khéi tao mo hinh hgp nhét réng UDM
Khéi tao ba thanh phan DM, AG, MC ctia UDM

// Pha 1: Anh xa khia canh ciu trac tit CD sang DM va MC
foreach class € CD do
| genDCSL(class, DM) ; genModule(class, MC)

end foreach

// Pha 2: Anh xa khia canh hanh vi tir AD sang AG
genActivityClass(AD, DM); initActivityGraph(AD, AG)

¢ foreach node € AD do

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

25

26

27
28

29

if node la nut hanh dong then
genActionNode(node, AG)
bindRefCls(node, DM) bindOutCls(node, DM)

else if node la nat diéu khién kiéu Decision then

| genDecisionNode(node, AG)
else if node la niut dieu khién kiéu Sequential then

‘ genSequentialNode(node, AG)
else if node la nat diéu khién kiéu Fork then

| genForkNode(node, AG)
else if node la nit diéu khién kiéu Merge then

| genMergeNode(node, AG)
else if node la nat diéu khién kiéu Join then

| genJoinNode(node, AG)
else

| genCoordinateNode(node, AG)
end foreach
foreach edge € AD do

‘ genEdge(edge, AG) ; // Sinh cac canh ctia db thi hoat dbéng
end foreach

// Pha 3: Tich hgp hanh vi véi mé hinh mién
foreach node li nit hanh dong trong AG do
| bindActSeqg(node, DM)

end foreach

genActivityLinks(DM, AG)

Kiém tra tinh phit hop cia UDM véi siéu mo hinh UDML
return UDM

Thuat toan 5.1 dudce t6 chiic theo ba pha. Pha thit nhat xay dyng phan
cau tric ctia mo hinh dich tit biéu do 16p dau vao, bao gdm céc 16p mién,
thuoc tinh, quan hé, rang budc va cdc mo-dun cau hinh tuong tng. Pha thu

hai xay duyng phan hanh vi tit biéu do hoat dong, trong dé cac nit hanh
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dong va nit diéu khién duge anh xa sang cac thanh phan tuong tng ctia do
thi hoat dong AGL. Pha thit ba tich hgp hai phan nay thong qua cac tham
chiéu nhu refCls, outCls v actSeq, dong thdi bo sung céac lien két
hoat dong can thiét dé thu dugc mot mé hinh mién hop nhat hoan chinh.
Trén co s6 ba pha néu trén, RM2UDM dudc dic t4 bang mot tap cic luat

chuyén doéi chinh nhu sau.

Luat 1. Mai biéu do hoat dong trong mo hinh yéu cau duge anh xa sang
mot 16p hoat dong (ActivityClass) trong UDM. Lép nay la phan ti
trung tam dé biéu dién do thi hoat dong tuong tng.

Luat 2. Méi nat hanh dong trong biéu do hoat dong dude 4nh xa sang mot
thé hien Node trong UDM. Cac tham chiéu refCls va outCls dugc Xac
dinh trén co sé 16p mién tuong tng trong biéu do 16p.

Luat 3. M6i nat diéu khién trong mo hinh yéu cau dudc dnh xa sang
mot mau mién (DomainPattern) tuong tng trong UDM, chang han nhu

Decision, Fork, Merge, Join, Sequential hoidc Coordinate.

Luat 4. V6i mdi Node duge tao tit mot nat hanh dong, chudi hanh dong
thuc thi duge bieu dién thong qua thudc tinh actSeq va dude gan véi 16p

mién tuong ing nhiam dong bo trang thai hanh vi véi trang thai mién.

Luat 5. Mbi 16p, thuoc tinh va rang buoc OCL trong biéu dd 16p dugc anh
xa sang cac thanh phan DCSL tuong ting trong UDM, qua d6 bao toan khia

canh cau tric cia mo hinh dau vao.

Luat 6. Mo6i 16p mién trong mo hinh yéu cau duge anh xa sang mot mo-dun
cau hinh tuong tng trong UDM nham hd trg t6 chitc phan mém va sinh ban

mau.

Nhu vay, céc luat chuyén doi trén la co sé hinh thitc cho thuat toan
RM2UDM. Trén phuong dién phuong phéap, chiing xac dinh moi tuong tng
gitta cac phan tit cia mo hinh nguon vad mo hinh dich; trén phuong dién
hién thuc, ching lam nén tang cho viéc xay dung bo chuyén doi va cong cu
ho tr¢ 6 Chuong 6.2.4.
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5.4 Chuyén déi tir dac ta yéu cau sang mo hinh

mién hop nhat

Phan nay trinh bay mot ki thuat chuyen doi tit ddc ta yéu cau mic cao
sang mo hinh mién thyc thi trong boi cadnh thiét ké huéng mién. Khac vdi
Muc 5.3, von tap trung vao chuyén doi mé hinh yéu cau sang thé hien UDM
theo UDML, muc nay xem xét mot huéng chuyén dbi chuyén biét nhim
sinh dac t4 AGL* clia mo hinh mién. Céch tiép can nay hién thiyc héa mo
hinh mién theo mot dang biéu dién c6 thé thuc thi, trong do6 khia canh hanh
vi duge biéu dién bang AGL, con khia canh cau tric dude biéu dién bang
DCSL. Muc nay tap trung vao viéc xay dung mot phép chuyen doi cé he
thong dé dan xuat dong thoi cau hinh hanh vi mién va cau tric mién tit dac
ta yeu cau dau vao, sau do6 tich hop ching trong ciing mot biéu dién thuc
thi. Két qua ctia phép chuyén doi nay déng vai tro 1a buée trung gian giita

mo hinh yéu cau va cac ban mau phan mém dugc sinh ra.

5.4.1 B6 chuyén déi AD2AGL

Bo chuyén doi AD2AGL ké thira cing mo6 hinh dau vao da duge xac dinh
& Muc 5.3, titc md hinh yéu cau RM = (CD, AD), trong d6 AD la biéu
do hoat dong UML diing dé nim béat hanh vi mién, con CD la biéu dd 16p
UML/OCL dimng dé nim bt cic 16p mién, thuoc tinh, quan hé va cac rang
buoc cau trac. Tt dac td miic cao nay, AD2AGL sinh ra dic ta4 mo hinh
mién thuc thi DM = AGL*, trong d6 phan AGL biéu dién cau hinh do thi
hoat dong ctia hanh vi mién, con phan DCSL biéu dién khia canh cau tric
ctia mo hinh mién. Theo d6, AD2AGL c6 thé dude xem 1a mot phép chuyén
doi chuyen biet, st dung ciing dau vao nhu RM2UDM nhung huéng t6i mot
biéu dién thiyc thi cia mé hinh mién. Trong bdi canh nay, AGL dugc diing
dé biéu dién hanh vi mién thong qua cac do thi hoat dong, cac nit hoat dong
va cidc hanh dong mo-dun, trong khi AGL™ 1a dic ta hoan chinh hinh thanh
tit viec két hop phan AGL v6i phan DCSL tuong tng. Két qua chuyén doi
nay dong vai tro 1a cau ndi giita mo hinh yéu cau va biéu dién thuc thi cia
phan mém, dong thoi ¢6 thé duge chi thich va hién thuc trong Java thong
qua cac phan tit nhu @RAGraph, @ANode, @MAct, @DClass, @DAttr, V.v.
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Thuat toan 5.2 mo td quy trinh tong quat dé sinh dic td4 AGL™T tir dic
ta mic cao. Thuat toan dudc to chitc theo hai pha chinh. Pha thi nhéat
duyét bieu do hoat dong dé sinh phan AGL ctia mo hinh mién. Pha thi hai
duyét biéu do 16p UML/OCL dé sinh phan DCSL v& hgp nhat vao ciing mo
hinh dich. Thuat toan dugc thyc hién theo chiéu sau (DFS) trén do thi hoat

dong, nham tham toan bo cac nat va sinh ra cac phan tit AGL tuong tng.

Thuat toan 5.2 Thuit toan AD2AGL: Sinh dic t4 AGLT tur dic td mic cao

Dau vao:
e AD: Biéu dd hoat dong UML mo ta hanh vi hé théng;
e CD: Biéu d6 l6p UML/OCL dic t& mo hinh mién.
Pau ra : DM: Dic t& AGLT ctia mo hinh mién thuec thi.
Khéi tao DM rdng. AG < dd thi hoat dong dugc suy ra tit AD

// Pha 1: Sinh phan AGL tit AD bang duyét DFS
foreach node € AG theo thit tu duyét DFS do
if node la nut Decision then
| genDecisionNode(node, DM)
else if node la nut Sequential then
| genSequentialNode(node, DM)
else if node la nut Fork then
| genForkNode(node, DM)
else if node la nut Merge then
| genMergeNode(node, DM)
else if node la nut Join then
| genJoinNode(node, DM)
else
| genActionNode(node, DM)
end if
end foreach

// Pha 2: Sinh phan DCSL ti CD
foreach class € CD do
| genDCSL(class, DM)

end foreach

return DM

Trudc hét, thuc hien khéi tao mot DM rong dé chita dic td AGL* ctia mo
hinh mién va tré tdéi nat khéi dau ctia AD.

Thit hai, thuat toan st dung phuong phap duyét theo chiéu sau trén AD dé
tham tat ca cac nat trong do thi hoat dong. Mot dic td AGL sé dude bo
sung mdi khi mot nit hanh dong mdi duge tham. Theo chuan UML [91],
bieéu do hoat dong c6 thé duge xem nhu mot do thi. Cu thé, do thi hoat
dong AG [124] dugc biéu dién hinh thiic dusi dang mot bo sau phan ti
AG = (N, E, eve, gua, var, obj), trong d6 N la tap cac nut, F la tap cac canh,
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eve 1a tap cac sy kien, gua 1a tap cac dieu kién gac, var 1a tap cac bién cuc bo,
va obj 1a tap cac dbi tugng. Mot nit c6 thé thuoc hai loai: Act ionNode (bao
gom céc nit: action, acceptEvent va sendSignal) va ControlNode
(bao gom céc nut: initial, final, sequential, decision, merge,

fork va join).

Thit ba, thuat toan kiém tra ting ntt trong AD, bao gom toan bo céc nit
hanh dong va nut diéu khién, va goi cac ham con tuong tng dé sinh dic ta
AGL. Khi duyét dén mot nat hién tai va xac dinh nat ké tiép ctia n6, thuat
toan kiém tra loai nit ké tiép va goi ham sinh AGL tuong ting v6i tham s
dau vao 1a nat hién tai (curNode), dong thoi cap nhat dic td AGL clia mo
hinh mién. M&i ham nay bo sung mot dac t& AGL theo mo hinh ct phép
cu thé dang van ban rén chi thich danh cho AGL dugc dinh nghia trong

Muc 3.3. Cac ham dugc sit dung bao gom: genDecisionNode(curNode, DM),

genForkNode(curNode, DM), genMergeNode(curNode, DM),
genJoinNode(curNode, DM), genSequentialNode(curNode, DM).

Thit tu, thuat toan tiép tuc duyét td6i nit ké tiép va lap lai bude thit ba cho
dén khi tat ca cac nut duge tham (tiic 1a dat t6i finalNode).

Thit ndam, thuat toan sinh dac td DCSL tit CD bang cach duyét toan bo
16p trong biéu do 16p va cap nhat phan dic ta DCSL tuong tng ctia mo

hinh mién.

Dé lam 16 co s6 hinh thiic ciia thuat toan AD2AGL, Bang 5.1 trinh bay
anh xa gitta cac phan ti hinh thic héa ciia do thi hoat dong va cac thanh
phan trong siéu moé hinh biéu dién tuong ting. Bang nay lam ré moi lien he
gitta mo hinh hanh vi hinh thitc va dic t4 AGL*. Bang 5.1 cho thay phép
chuyen déi AD2AGL khong chi 1a mot anh xa ct phap don thuan, ma dua
vao viéc chuyén cac thanh phan ctia do thi hoat dong hinh thiic sang cac
phan ti tuong ing cila mo6 hinh mién thire thi, gitp bdo ddm cau hinh AGL

thu duge van phan anh ding cau tric hanh vi ctia mo hinh dau vao.

Vi du ham zi ly niut quyét dinh. Trong ham genDecisionNode(curNode, DM),
dau vao 1a e,—nut hién tai, c6 mot nut quyét dinh ké tiép 1a e, trong AD,
nhu duge minh hoa trong Hinh 5.2. Ham genDCSL(class,DM) sinh ra déac ta
DCSL tut CD (d#c td DCSL theo céach tiép can dya vao cha thich duge dinh
nghia trong [70]) bang cach duyet tat ca cac 16p trong CD va cap nhat dic
ta DCSL vao DM.
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Bang 5.1: Anh xa cdc phan tit hinh thitc hoa sang sieu mo hinh

Phan ti trong siéu mé hinh

Thanh phan trong dic ta hinh thiic

activity graph AG
activityNode N
activityEdge E
events eve
guard condition gua
variable var
objects obj

nat hién tai curNode
duyét nat ké tiép curNode. Next
mo6 hinh mién ndm bat AGL DM

nat thuc thi

genDecisionNode(curNode, DM)
genSequentialNode(curNode, DM)
genForkNode(curNode, DM)
genMergeNode(curNode, DM)
genJoinNode(curNode, DM)

Dic ta mau quyét dinh
trong AD

Mau quyét dinh
(Néu egy xuat hién thi n>1

ngugc lai n>2) 98“

9

ge

pM
LcurNOde(em
AG

M)
gdlew
oAV

aGLEdiesP)
g

nAGLEdk(edk,DM)

Cap nhat vao DM mot dac
ta AGL

) '@Anode{refCIs= ey leal, ...}

@ANode{refCls=ey, nodeType =
Decision, outClses = [ ey , e, €a |,

(R

@ANode{refCls = ey, , fieldNames
= [ad’l; <3

" @ANode{refCls = e, , ...}

@ANode{refCls = eq, nodeType =
» k- specifies

the control node type, outClses =Ko,
- specifies

the array of output ey }

Hinh 5.2: Dac ta nat quyét dinh trong AD va ky hiéu ctia né trong
thuat toan.

5.4.2 Sinh dic tA md hinh mién thyc thi (AGL™)

Sau khi x4c lap phép chuyén déi AD2AGL 6 mic khai niem, budc tiép theo
la sinh biéu dién AGLt dudi dang c6 thé thuc thi thong qua cach tiép can
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chuyén d6i mo hinh-sang-vian ban (M2T). Trong bbéi canh nay, M2T c6 vai
tro chuyen cac phan tit cia mo hinh dau vao thanh cac dic td vin ban
tuong ting ciia AGLT, qua dé tao co s cho viéc sinh ma va tich hop vao
moi truong thire thi phan mém. Ve dau vao, phép sinh M2T tiép nhan dac
ta mitc cao gom AD va CD, hodc mo hinh trung gian thu duge sau budc
AD2AGL, trong dé da xac dinh céc nit hoat dong, cac nat diéu khién, céc
canh, cic 16p mién va cac rang budc lien quan. Vé dau ra, phép sinh tao ra

dic td& AGLT 6 dang van ban, bao gom:

e phan AGL biéu dién cau hinh do thi hoat déng thong qua cac phan ti
nhu @AGraph, @ANode, @MAcCt;

e phan DCSL biéu dién m6 hinh 16p mién thong qua cac phan tit nhu
@DClass, @DAttr, @DOpt, @DAssocC.

Trén co sé d6, cac quy tic chuyén déi c6 thé duge to chic thanh ba

nhém chinh:

e Nhom quy téc sinh AGL tit biéu dd hoat dong: nhém nay anh xa
cac nit hoat dong va nit diéu khién trong AD sang cac phan tt AGL
tuong ting. Cac quy tac trong nhém nay hién thyc tric tiép cac thi tuc
nhu genDecisionNode, genSequentialNode, genForkNode, genMergeNode

va genJoinNode.

e Nhom quy téc sinh DCSL tit bieu do 16p UML/OCL: nhém nay &dnh
xa cac 16p, thuodc tinh, phuong thic, quan hé va rang budc trong CD
sang cac thanh phan DCSL tuong tng, thic hién vai tro bd sung phan
cau tric cho AGL™.

e Nhém quy téc hgp nhat thanh AGLT: nhém nay két hop phan AGL
va phan DCSL vao ctiing mot mo hinh mién thyc thi, bdo dam rang
cac hanh dong nghiép vu dude gan véi cac 16p mieén tuong ing va co

thé tiép tuc duge anh xa sang céc tao tac thuc thi.

Nhu vay, M2T déng vai tro la budc hién thuc héa ctia bo chuyén doi
AD2AGL, bién cac két qua chuyén doi 6 mic mo hinh thanh dac td AGLt
& dang van ban c6 thé dude sit dung trong chudi sinh tao tdc phan mém.

Chi tiét hieén thiyc cac mau bang cong cu dude trinh bay 6 Chuong 6.2.4.
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5.5 Tong két chuong

Chuong nay da trinh bay cac k¥ thuat chuyén doi mo hinh phuc vu sinh tu
dong ban mau phan mém trong boi canh thiét ké huéng mién. Cu thé, luan
an dé xuat phuong phap RM2UDM dé chuyén mo hinh yéu cau UML/OCL
sang mo hinh mién hgp nhat UDM tuan thi UDML, dong thoi trinh bay
k¥ thuat AD2AGL két hop vé6i dic td AGLT nham sinh mo6 hinh mién thyec
thi va cac tao tac phan mém tuong ting. Cac két qua nay thiét 1ap mot bo
chuyéen doi tit mo hinh yéu cau dén ban mau phan mém, qua dé tang cusng

sy lien két gitta yeéu cau nghiép vy, mo hinh mién va hién thiyc phan meém.

Cach tiép can chuyén déi dac td mic cao sang mo hinh mién thuc thi
trong DDD ciia luan an dudc cong bd lan dau trong bai bao hoi thao
quoc t& KSE 2023 [V2]; phuong phap sinh ty dong ban mau phan mém
tit mo hinh yéu cau dude cong bd lan dau trong bai bao hoi thdo qubc gia
FAIR 2024 [V4].



Chuong 6

THUC NGHIEM VA DANH GIA

Chuong nay trinh bay viéc ap dung va danh gia cac phuong phap dé xuat
ctia luan 4n thong qua cac ca nghién citu dién hinh, bao gom CourseMan,
ORDERMAN, ProcessMan va hé thong 0JS. Cac hé thong nay dai dién cho céc
mién ng dung khic nhau véi sy da dang vé cau tric, hanh vi v cdc moi
quan tam lien quan. Muc tiéu ctia chuong la kiém ching tinh kha thi va
hiéu qua clia cach tiép can thong qua viéc xay dung bieu dién mién hop
nhat, thiét lap lién két ngit nghia va thuc hién cac chuyén doi mo hinh phuc

vu kiém ching va tu dong héa phat trién phan mém.

Cac ca nghién cttu duge st dung véi vai tro khac nhau tuy theo noi dung
danh gia. Cu thé, CourseMaN, ORDERMAN V& ProcessMax dugce ding dé danh
gia cac ki thuat bicu dién va chuyen doi mo hinh, trong khi 0Js dudc st
dung dé minh hoa va danh gi4 tich hgp bao mat dua trén vai tro va kiem
chiing hinh thic. Trén co s6 do, cac két qua thyc nghiém duge phan tich
nham lam r6 tinh kha thi, tinh nhat quan ngit nghia va kha nang ap dung

clia phuong phap de xuat.

6.1 Gidi thigu

Luan an st dung hé thong quéan 1 khéa hoc (CourseMan) lam ca nghién citu
xuyén sudt cho thire nghiem va danh gia. Mién van dé clia hé théng dugc thé
hién thong qua moé hinh mién trong Hinh 1.2. Biéu d6 16p UML trong hinh
nay mo ta khia canh cau tric ctia mé hinh mién CourseMan. Dé dac ta céc

quy téc nghiép vu ma UML khong thé biéu dat day da, cac rang budoc OCL
133
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duoc st dung; rang budc minh hoa trong hinh dam béo ring tong sb tin chi

sinh vien dang ky khong vugt qua mic t6i da theo chuong trinh dao tao.

Muc tiéu ctia luan an 1a tich hgp mo hinh mién UML/OCL nay vao boi
canh DDD. Tuy nhién, diéu nay dit ra thach thiic vi DDD khong chi yéu cau
mo hinh héa cau tric ma con doi héi mo hinh mién phai ¢6 ngit nghia van
hanh ro rang, tic 1a ¢6 khd nang thyc thi hoac dién gidi nhu mot chuong
trinh. Nhu da phan tich trong Muc 3.3 va Muc 3.2, mo hinh mién trong
DDD can cung cap cac géc nhin phit hgp cho cac bén lien quan, tit chuyén
gia mién dén lap trinh vien, thong qua cac hién vat c¢6 thé kiém ching va

khai thac truc tiép.

Hinh 6.1 trinh bay bi¢u do hoat dong UML cho quy trinh quan 1y dang
ky, bao gom dang ky sinh vién, ddng ky hoc phan (CourseOffering) va xi

Iy cac yéu cau ho trg trong qua trinh dang ky.

O—{ Dang ky mét sinh vién I > >

[Student.helpRequest|-> any() <> OclUndefined]

DPana kv sinh vién
Dang Ky sinh vien

vao 16p hoc hoc phan

\ 4
<<datastore>> A s A <<datastore>> <<datastore>>
X ly yéu cau ho trg

Student HelpRequest CourseOfferingRegistration

Hinh 6.1: Biéu do hoat dong UML mo t& hoat dong quan ly dang
ky 16p hoc phan.

D@ tao ra mot phién ban cé thé thuc thi ctia hé thong, cdc hanh vi mién
can dugc tich hop chat ché v6i mo hinh mién cau tric trong Hinh 1.2. Trong
cach tiép can truyen thong, hanh vi dude mo ta bang UML va tinh nhat
quan gitta mo hinh hanh vi v& mo6 hinh mién thuong chi duge dam bao &
tang cai dat. Nhu mot huéng tiép can thay thé, luan an dé xuat xem hanh
vi mién nhu mot phan md rong cia moé hinh mién thiét yéu, tit d6 hinh
thanh mot mo hinh mién hop nhat. Cach tiép can nay tuan theo phuong
phap DDD dugc dé xuat trong [70], trong d6 mo hinh mién hgp nhat phai
dap tng cac yeu cau vé tinh kha thi ki thuat, hieu nang va kha nang hiéu

duge béi chuyén gia mién.

Cong cu dudce trinh bay trong chuong nay nham minh hoa cach ap dung
cac ky thuat AGL va CAP trong thyc tién, dong thoi khdo sat kha niang
st dung ctia phuong phap dé xut trong viéc phat trién phan mém cho céc

mién van dé thyc té. Bén canh d6, chuong nay ciing mo ta cong cu ho trg
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da dugc xay dung, lam r6 cac quyét dinh thiét ké chinh va cic cong nghée
dugce st dung.

Muc tiéu ctia thyc nghiém 1a chi ra rang AGL va CAP vita c6 kha nang
biéu dat can thiét, vita ¢6 tinh kha dung trong thuc tién. Viec danh gia
dudc tién hanh theo cac huéng dan nghién cttu tinh hudng duge dé xuat
trong [104] nhdam dam bao tinh chit ché vé phuong phap luan. Ngoai ra,
cac tieu chi danh gia DSL dugce dé xuat trong [118] ciing duge sit dung dé

phan tich AGL va CAP, tap trung vao cac cau hoi nghién cttu sau:

e RQ1. Lam thé nio c6 thé dinh nghia ngit nghia van hanh hinh thic
cho cdc mo6 hinh mién hop nhat trong UDML?

e RQ2. Lam thé ndo cac moi quan tam xuyén sudt dong, tieu biéu la
RBAC, c6 thé duge dic td dudi dang cac DSL dya trén chd thich va
dugc tich hop vao cdc mo hinh mién hgp nhat?

e RQ3. Miic do biéu dat clia CAPs trong viec mo hinh héa céc khai niem

mién so véi cac phuong phap DDD hién c6 1a nhu thé nao?

e RQ4 CAP c6 thé dugce ap dung 6 miic do nao trong thuc tién phat trién

phan meém?

e RQ5. Phuong phép tich hop khia canh hanh vi vio mo6 hinh mién hiéu
qua nhu thé ndo so vé6i cac phuong phap DDD hién c6?

e RQ6. Mitc do nd luc can thiét dé dinh nghia mot mo hinh mién hop
nhat bang aDSL (bao gom DCSL va AGL) nham sinh phan mém theo
DDD la bao nhiéu?

e RQ7. Lam thé nao c6 thé tich hgp mot mdi quan tam nén tang vao
mo hinh mién?

e RQS8. Lam thé nio c6 thé bicu dién mién ctia méi quan tam, von cé
thé dugce xem nhu mot ngon ngit chuyen biét mién dya trén chd thich
(aDSL)?

e RQY. Lam thé nao cac DSL theo mbi quan tam cé thé duge hop nhéat
mot cach c6 he thong vao mot cay ct phap tritu tugng hgp nhat?
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e RQ10. Nhitng co ché hgp thanh ngon ngit va ciac phuong phap c6 sy hd
trg clia cong cu nao la phit hgp dé tao diéu kien cho viéc tich hop va
tién hoéa cac moéi quan tam khong dong nhat trong cdc mo hinh mién

mo-dun va ¢6 kha nang md rong?

Phan tiép theo trinh bay cau tric ctia cong cu hd trg trong Muc 6.2. Céc
két qua thue nghiem va thao luan danh gia hiéu qua ctia cadc phuong phap
dé xuat dugc trinh bay trong Muc 6.3.

6.2 Cong cu ho trg

Xay dyng cong cu hd trg cho ky thuat tich hop rang budc va hanh vi vao

mo hinh mieén.

6.2.1 Cong cu hé trg ky thuat tich hdp rang budc vao mo

hinh mién
Kién tric cong cu: Mé rong CAP/UDML ctia USE

Trong ti¢u muc nay, luan an trinh bay phuong phap xay dyng cong cu hd
trg, ducc goi 1a cAP/UDML. Cong cu nay dudge hién thyc nhu mot phan mé
rong ctia moi truong dac ta dya tréen UML USE (UML-based Specification
Environment) [23], md rong kha nang ho trg sdn c6 ctia USE vé mo hinh
héa cau triic UML va kiém chiing rang buoc OCL bang cach bo sung co ché
ddc td CAP dya trén cha thich va tai tao tuy dong cac bat bién.

Dé hd trg viéc tich hgp cac CAPs vao mo hinh mién hgp nhat (UDM),
CAP/UDML md rong ngtt phap va pipeline xit Iy ciia USE nham: (i) nhan
dién céc chi thich CAP, (ii) lien két ching véi cac khuon mau CAP trong
danh muc, va (iii) ty dong sinh cac bat bién OCL tuong ting theo anh xa
sinh hinh thic duge dinh nghia trong Muc 3.2.2.3. Cac bat bién dudc sinh
ra sau d6 dudc kiém chiing bing bo may OCL ctia USE nhim dam béo tinh

ding dan ct phap va tinh nhat quan cau tric véi mo hinh mieén.

Cai dat cia cong cu dudge cong bd dudi dang ma nguon mé trén GitHub!.

"https://github.com/vinhskv/Tool-ThesisVinh/tree/main/CAP_
UDML-main/CAP_UDML


https://github.com/vinhskv/Tool-ThesisVinh/tree/main/CAP_UDML-main/CAP_UDML
https://github.com/vinhskv/Tool-ThesisVinh/tree/main/CAP_UDML-main/CAP_UDML
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|£] USE: courseManFinalV1.use
Fie £dt State View [Piigns]

QS ala| v} B[] ] [e].]ofafu]>5 e [«[o]z] [=[a]

A CourseMan
@ (] Datatypes

@ B[ cap annotation to oct converter 77/ /1

B 3 Classes
% St : @ | OCL Metadata Result
® Courselodule |1 Context [Student ||| SumcC: int: TYPE1
® CourseOffering |1 0 (=
® Program : Name:  [invariant Generated OCL.
® AcadenicTer (£ Manage CAP context Student
® TermRecord Create CAP Sow, ST Annotation Input i Tioas
® ; iew, edit, delete and open - % '
b4 E":r';‘,i‘;; Create a new CAP specification e i @AtcrCond (ater = et & : Tateger=
® ProgramEnroime{” offering.semester, self.enrolments
® HepRequest | pachibos.= ->select(e |
B 3 Associations @ currentSemester) |e.offering.semester =
: gr':;’:mms : te self.currentSemester)
P sumAttr = credits,
® Corequistes | = L ->collect (e |
® RequiredPrevioull [} fixheer = |e.course.credits)
® Excusins | ) Parse CAP from File |self.totalCredits S
® CourseProgram | Convert Annotation to OCL ) i
® StudenfTerm (& Parse CAP specification

® Temoffering | Convert from Annotation to OCL

® TermRecordTern:
# Teaching ;
# RequestStudent [

1 Invariants 2

B 3P :

® preDatezpret |

® pre Date:pre2 |
® pre Time:pre3 |
® pre Time:pred |
# preTime:preS |4

B 3 Query Operations [
® AcademicTerm: (-
® CourseOffering: i
# Enroiment:.grade’
® Enrolment:isPas|’
® Enrolment:modul?
® Enrolment:term [
# ProgramEnroimet
® Student:complet
®

from file

........... NN -

CAP Name: [sumConstraint

et e FT E P v B
J 4 utput File

36 constraints

~Input File
59 @SumConstraint(
60 assocCls =

CAP {.use) 1

inv cm01_CoreCreditsRequirement: =l

self.status = StudentStatus::GRADUATED implies \

self.enrolment ->select(e | e.grade >='C' ll
and e.offering.module.type = CourseType::CORE 62 collect = {|H 11 let v : Integer =

42 self.enrolmentg

3 —->select(q

43
[« [z o] |
® Student-enroimg_| ol &2 S | | [ vaisstewse | | pownbaaFie

# Student-enroimaw| = [z vl | | |

[ 2
[Ciomamee | [ awiowe | o

38 context ContextClas.
39 inv ConstraintName: [*
40 self.status = Stug

->collect (e | e.offering.module.credits)->sum() 63 @attrCond|
>= self.programEnrolment.program.minCoreCredits ~| 64 %

g ] I 65 sumAttr = ¢

Hinh 6.2: Cong cu CAP/UDML hd tr¢ quén 1y CAP va
tai tao OCL

Hinh 6.2 cung cap cai nhin tong quan vé kién tric ctia cong cu CAP/UDML,
minh hoa cac 16p mé rong dude xay dyng trén nén USE ciing nhu quy trinh
tit phan tich chi thich dén tai tao OCL va tich hop vao UDM.

O phia trén bén trai (nhan (1)) ciia Hinh 6.2, giao dién hién thi bén chic
nang chinh ctia cong cu CAP/UDML, bao gom: (i) Tao CAP, (ii) Chuyén doi
chi thich doc 1ap thanh CAP, (iii) Phan tich céc cha thich tit tép cia USE
(.use), va (iv) Quan ly CAP: mdi CAP c6 thé bao gom nhiéu kié¢u khac
nhau; chiic niang nay cho phép ngusi ding dinh nghia va quan 1y cac kiéu
nay trong mot CAP da duge xac dinh.

O phia tren ben phai (nhan (2)) ctia Hinh 6.2, giao dién hién thi chiic
nang Chuyén déi chi thich doc lap thanh CAP. Chic niang nay tap
trung vao viéc phan tich cac chu thich doc lap, tic la cac cha thich khong
gan véi mot ngit canh mo hinh cu thé. Dé chuyén déi cac chi thich nay
thanh rang buoc OCL, ngudi diing can xac dinh thi cong ngit canh (vi du:
16p 4p dung nhu Student hofic CourseModule) va cung cap tén bat bién,
dong vai tro 1a dinh danh cho rang budoc OCL dugce sinh ra.

O phia duéi ben trai (nhan (3)) ctia Hinh 6.2, giao dien hién thi chic nang
Tao CAP. Chtic nang nay cho phép ngudi diing dinh nghia mot kiéu CAP
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mdi. Khi tao CAP, ngudi dung can chi dinh tén CAP (vi du: SumConsTRAINT)
va cung cap mot tép " .use" tuong ttng mo ta cau tric so do 16p lien quan
dén CAP d6. Hé théng cho phép kiém tra tép " .use" nhiam dam bao ngit
phap va ct phap tuan thua dac ta cia USE.

O phia dudi ben phai (nhan (4)) ctia Hinh 6.2, giao dién hién thi chiic
nang Phan tich cac cha thich tir tép ".use" File. Chiic ning nay xit
Iy cac chu thich da ton tai trong mot tép mo hinh " .use". Khi tép dudc
nap, plugin sé phan tich cac chi thich cing véi ngit canh moé hinh tuong
ting, tai tao cac rang budéc OCL va sinh ra mot tép " .use" mdi, trong do
cac chi thich duge ty dong chuyén thanh cac rang buoc nay. Cac rang budc
dudc tai tao sau d6 dudc tich hop vao UDM. Sau khi sinh, tép " .use" két
qua c6 thé dugc kiem ching dé ddm bao tinh ding din vé ngit phap va
ci phap.

Sinh ban mau phan mém

Sinh ban mau phan mém dugc minh hoa trong Hinh 6.3, thong qua viéc
xay dung bang Spring Boot va khung JDA [71]. Khung nay dugc phat hanh
duéi dang ma nguon mdé trén GitHub? Duya tréen UDM, JDA tu dong sinh
cac phan mém thyc thi, bao gom cac 16p mién, 16-gic kiém tra rang budc
dugc suy ra tit cac bat bién OCL da ducc tai tao, cau hinh luu trit dit lieu,

va cac thanh phan giao dién ngudsi dung.

{5 Project Explorer X = B8 [ SumConstraint.java X = B [J TermRecord.java X

B & 7 A 12 GTarget (ElementType TYPE)A 4 import org.vnu.sme.ocl2annos.annotation.AssocCls;
= = U L 8 eengs o = |3 % .
< g8 srfmainfjava 13 public @interface SumConstraint { 5 }mport org4vnu45me.oclzannas.annotat}on.RolePath,
s 14 String name(); 6 import org.vnu.sme.ocl2annos.annotation.AttrCond;
~ ## org.vnu.sme.ocl2annos.anr 15 AssocCls assocCls(); import org.vnu.sme.ocl2annos.annotation.AttrRef;
> [ AccessControl.java e RolePath rolePath(); @sumConstraint( ) )
> [ AssocCls.java 17 Attrcond[] collect() default {}; name = "cml‘V/?LowGPACredltRestr1ct10n".
> [B AssociationPatternjava  1g String sumAttr(); assocCls = @AssocCls(asl = “Enrolment”),
> [ AttrCond.java 19 AttrRef[] fixAttr() default {}; rolePath = @RolePath(rl = "offering", r2 = "module", r3
> [ AttrRefjava 20 attrcond[] ifPart() default {}; gollects= |

< L 21 } @AttrCond(attr = "isCurTerm", matchStr = "true"),
> [ AverageConstraintjava| °~ @Attrcond(attr = "status”, matchStr = "ACTIVE")
> [# EligibilityConstraint.java “°

> [ Filterjava [3) AssocCls.java x = (o]

}
sumAttr = "credits",
fixAttr = { @AttrRef(maxLim = "20") },
ifPart = {
@AttrCond(
path = @olePath(rl = "student", r2 = "termReco
varFilterAttr = "prevSemester-1",
attr = "studySemester”,
matchAttr = “varFilterAttr",
varAttr = "gpa",
fixAttr = { @AttrRef(maxLim = "2.5") }

> [# Invariant.java

> [} OperationContract.java
> [H PrerequisiteConstraint.
> [} RetakeConstraint.java
> [ RolePath.java

> [# scheduleConstraint.java [2) *AttrCond.java X

> [/ sizeConstraint.java public @interface AttrCond {
> [# StatusConstraint.java RolePath path() default @RolePath();

> [ structuralConstraint.jav Str%ng attr() default "*;

> [ sum.java Str}ng matchAttr() default "";

> [§ SumConstraint_v_cu.jav: Str}ng BochsTrudcrauLe =5
Wn String varAttr() default "";

> [ sumConstraint.java String varFilterAttr() default "";

g
9 public @interface AssocCls {
String asl();

String as2() default "";

= B8

}
)
public class TermRecord {
//_domain attributes and loaic...

Hinh 6.3: Hién thuc cong cu va kha nang st dung ctia
khung lam viéc CAP.

’https://github.com/vinhskv/Tool-ThesisVinh/tree/main/CAP_
UDML-main/frameWorkGenCode
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Giao dién ben trai ctia Hinh 6.3 hién thi danh sach cac 16p mo-dun
va cac 16p mién tuong tng trong mo hinh cau tric, mdi 16p duge gan véi
@SumConstraint va @PrerequisiteConstraint theo dic ta cuia CAP

(nhu minh hoa 6 ving giao dién gita).

Ung dung CourseMan duge sinh tu dong véi giao dien d6 hoa (GUI) dugc
trinh bay trong Hinh 6.4. Vi du nay minh hoa co ché kiém tra rang buoc tai
thoi gian chay nhim dam béo quy tic gisi han tin chi: tong s6 tin chi ma
mot sinh vién dang ky khong duge vugt qua 15. 0 phan trén clia hinh, muc
(1) cho thay mot truong hgp hop 1¢, trong d6 sinh vien “Tran Van Anh” da
dang ky 14 tin chi; trong khi muc (2) minh hoa 16i kiém tra rang buoc khi
hé thong phat hien viec dang ky vugt qua gisi han cho phép. Khi thuc hién
thao téc luu dé ghi nhan dang k¥ mon hoc méi, hé théng sé tu dong kich
hoat co ché kiém tra rang budc theo phuong phap ma da dé xuat.

CourseMan

Student Details @ Edit Add Enrolment

Tran Van Anh

ID 13 Total Credits 14.0 (automatically calculated)

Name Tran Van Anh Average Grade 0.00 (automatically calculated)

Enrolments
Course Credits Internal Mark Exam Mark Final Grade Actions
Technical Writing (ENG101) 2.0 N/A -
Al Agent (ai) 6.0 N/A ]
SQL-Server (sql) 6.0 N/A -

CourseMan

Add New Enrolment

Error when enrolment: Error saving enrolment: Error processing class annotations: Total credits must not exceed 15.

Student * @

13 -TranVan Anh

Course Module *

J1-Java (3.0 credits)

Hinh 6.4: GUI ctia phan mém CourseMan dugc
sinh ty dong bdi cong cu.
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6.2.2 Cong cu ho trg ky thuat tich hgp khia canh hanh vi

vao moO hinh mién

Trong phan nay, trinh bay minh hoa phuong phap biang mau quyét dinh
(Decisional). Mau la mot bién thé cia mo hinh hgp nhat danh cho hoat
dong quan 1y ghi danh clia CourseMan. Mot vi du vé mau bao gom mo hinh

hgp nhat da duge cau hinh vA mot ho#c nhiéu giao dién phan mém (GUI).

Mau quyét dinh

Phan dudi ctia Hinh 3.7 minh hoa cadch mau nay duge 4p dung cho hoat dong
quan 1y ghi danh ctia CourseMan. Thuc hién cai dit cu thé nhu sau: C, =
EnrolmentMgmt, C4 = Student, D = DHelpOrSClass, n = 2, C; = HelpRequest,
va Cy = CourseOffering. Nt diéu khién ¢;, khong duge chi dinh.

Hinh 6.5 trinh bay ba dnh chup GUI cua vi du: GUI thit nhat danh cho
viéc dang ky sinh vien; GUI thit hai va thi ba lan lugt danh cho hai truong
hop sinh vién c6 yéu cau hd trg va khong c6 yéu cau hd trg. Giao dién clia
hoat dong chita giao dién ctia ca ba hanh dong trong cac "thé" riéng biét.

O c4 hai nhanh quyét dinh, déi tuong Student dudc tao tit hanh dong

dau tien dugc truyeén sang hanh dong ké tiép va dude hién thi trong trusng

dit lieu cia thuoc tinh student ctia 16p mién tuong ing.

Manage Enrolment Management (Decisional) 88 « Manage Enrolment Management (Decisional) B8 [« Manage Enrolment Management (Decisional) 88
i Iy
Enrolment Management Enrolment Management 0 Enrolment Management I\

“ Student Registration ] Student Registration Student Registration

2 % 2

Help Request Class Registration Class Registration Help Request |~ Class Registration|
1d 1 a 7y 1d 14
Full name Nguyen van Anh tudent [nguyen van Anh Student |guyen Van Anh
> -
Necaaiheloz| .3 Content | 1w many course modules = tatemoon: il
Enrols 10 [ 1o do 1 need to pass?
PPL ()
SEG L L
< e < 7>
W create | D Reset | @ Cancel M create 9 Reset @ Cancel Bcreate D Reset @ Cancel

Hinh 6.5: Biéu dién theo mau quyét dinh ctia hoat dong
quan 1y ghi danh.

Mot nghién citu tinh huéng phic tap khac cling dugc trinh bay—micn
quéan ly don hang (OrberMan)—duge diéu chinh tit ddc ta OMG/UML [91,
p. 396]. Muc dich 14 minh hoa khé& nang ap dung AGL trong thuc tién va
khéo sat cach phuong phap da dé xuat c6 thé duge st dung dé phét trién
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phan mém cho cac mién van dé trong thé gidi thirc. Ngoai ra, phan nay con

trinh bay cong cu hd tro dude st dung, tap trung giai thich cic quyét dinh

RS

thiét ké chinh va cong nghé duge ap dung.

[order
rejected]
[order

Receive
Order
accepted
Send
Invoice

Invoice

L=

Make Accept
Payment Payment

Hinh 6.6: Bic¢u do hoat dong UML cho quy trinh xi 1y don hang,
duge trich tu [91, p. 369].

Hinh 6.6 minh hoa biéu do hoat dong UML mo t& quy trinh xit 1y don
hang trong OrperMan. Dé tao ra mo hinh mién hgp nhéat cho OrperMan, nhut
dugc trinh bay trong Hinh 6.7, thiyc hién ap dung toan bo cac mau hanh vi
mién. Hinh 6.7(A) trinh bay mot do thi hoat dong, trong dé6 cac nat dugc
gan s6 thit tu tuong ting vdi hoat dong HandleOrder. Hinh cling mo t4 mot
phan ctia mo6 hinh 16p hgp nhat, bao gom mot 16p hoat dong (HandleOrder),
boén 16p dit ligu chinh (CustOrder, Invoice, Shipment, Payment), bon 16p dieu
khién (AcceptOrNot, Delivery, CompleteOrder, EndOrder), v bon 16p con lai
lien quan dén céac coordinator nodes (FillOrder, CollectPayment, ShipOrder,

AcceptPayment).

Cac nat diéu phéi duge st dung dé cung cap mot cai nhin day da vé
mot nhom nhiém vu. Chang han, FillOrder (nit 3) diéu phdi hai nhiem vu:
UpdateOrder (nit 5) va DeliveryOrder (nut 6). FillOrder chi lam nhiém vu
diéu phéi dé ddm bao rang UpdateOrder dudc thic hién truéc DeliveryOrder.
N6 khong dong gép dit lieu vao luong xit 1y, nhung cho phép ngudi ding
quan sat va thic thi luong nhiém vu trén giao dién ngudi dung.

Hinh 6.7(B) minh hoa cidch méi nit trong do thi hoat dong duge anh xa

dén mot mo-dun tuong ting (so véi 16p mién duge tham chiéu bdi refCls),

cac nit két qua (ciing dua trén refCls), va cdc doi tugng ModuleAct dic ta
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<<Activity>> 1:AG (HandleOrder)
HandleOrder -
Tid Ineger Node label nodeType refCls serviceCls  outNodes actSeq
@ <<decision>> 1 MOrder - CustOrder default [2:Node] [1:MAct]
AcceptOrNot
~id: Integer 2 | MAcceptOrNot | Decision | AcceptOrNot - [3:Node, 4:Node]
/ 3 MFillorder  [Coordinator|  Fillorder default 151 2,3, 4]
4 MEndOrder Merge EndOrder - 7
(@ [_custorder Filorder| (3) @ [ <<merge ® o o
~id: Integer - id: Integer EndOrder CustOrder 5 MoOrder - CustOrder default G (5]
- status: Received - id: Integer - id: Integer
/ \ - status: Closed 6 MDelivery Fork Delivery default [8:91] [2:4]
7 Morder - Custorder default 16,71
(®) [ custorder ®f <storo>
id: Integer Delivery 8 | MC: y Coordi y default [o] 2,3, 4]
- status: Filling -id: Integer
9 MshipOrder  |Coordinator| ~ ShipOrder default (121 2.3]
10 Minvoice - Invoice default (] [2,3]
CollectPayment ShipOrder MAccept - 4: 8]
ym ®| stiro 7 oo ptPay default na] 2, 4,8]
- id: Integer -id: Integer
12 Mshipment - Shipment default 131 2.3]
MComplete , ,
/ Y 13 raer Join | CompleteOrder {41
@ Shipment
Invoice 14 MPayment - Payment default 51 28]
-id: Integer B
id: Integer KL @
9 CompleteOrd 15 Morder - CustOrder default (31 19,51
- id: Integer
@ N:ceptPaymam/
- id: Integer
MAct
/ \ Id actName postStates filterType fieldNames
Payment @ CustOrder 1 newObject {Created)
-id: Integer - id: Integer
- status: Doine - status: Paid 2 newObject {NewObject}
3 | setbataFieldValues {Created) {order’}
4 createObject {Created)
5 showObject {Updated}
6 showObject
7 updateObject {Updated}
8 | setDataFieldValues {Created) {linvoice}
FilterCustOrder
° filterinput FromPayment

Hinh 6.7: (A: Trai) Do thi hoat dong véi cac nut duge gan nhan

bang céac 16p hoat dong va 16p thanh phan; (B: Trén—phai) Céc dbi

tugng Node; (C: Dudi-—phai) Cac doi tugng ModuleAct dugc tham
chiéu béi cac Node.

cac SAA cho hanh vi ctia mo-dun. Cac doi tuong ModuleAct nay, ciing véi
cac SAA tuong tng, dugce liet ké trong Hinh 6.7(C).

Dé phét trien phan mém OrperMan véi giao dien GUI, nhu thé hién trong
Hinh 6.8, mo hinh 16p hgp nhat — tich hop dic t4 AGL cho mo hinh hoat
dong — can dugc hién thiyc héa bang ma Java. Viéc hién thiuc cho OrRpERMAN
c6 thé duge tim thay trong kho ma nguon®. Viéec hién thuc phuong phap
dugc minh hoa trong Hinh 6.9, sit dung mot cong cu hd trg dudge xay dung
tren JDA, mot khung phan mém Java ma da trinh bay trong [70]. Cong cu

nay cé6 thé truy cap tai kho ma nguon?

Dé sinh phan mém tit mo6 hinh mién hgp nhat dau vao, lap trinh vien
can ma héa mo hinh mién hop nhat bing DCSL va AGL, tao ra mot chuong
trinh Java bao gom hai thanh phan chinh: (1) M6 hinh hgp nhat DCSL,
bao gom cac 16p thanh phan va 16p hoat dong; (2) Dac t4 AGL cho cac do
thi hoat dong gan véi cac 16p hoat dong.

3https://github.com/vinhskv/Tool-ThesisVinh/tree/main/examples/
orderman
‘https://github.com/vinhskv/Tool-ThesisVinh
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File Tools Window

= Handle customer orders Handle customer orders EE
= — T
£ o
Order Handling 2 ELfEL |

| — Fulfill arder [1p

: [ L 1
| i Collec[plm] __ Ship order‘ ey | Close Order
__ FMOrder \am - — -
Order date |5 |w &
ol Wi 7 e —— [ Accptpoyment
Customer [1 L
Status {i{ecewed = Collect Payment Td
Total
—— | Update order
_ Order lines
Id
Customer
| b -
v/ Invoice |5 v
|ERS AN | | |E1S Frl |
T create [ @ Reset I 0 Cancel 1 *H create J @ Reset J | 0 Cancel

Hinh 6.8: Giao dién ngusi dung ciia OrberMan dugc tao ra bdi cong
cl.

Can luu y rang ca dic t& DCSL va AGL déu dugc ma hoéa trong Java,
nhu duge minh hoa 6 hai khung gitta va phai ciia Hinh 6.9.

Cong cu bao gom ba thanh phan chinh: bo quan 1§ mo hinh, bo quin
Iy giao dién vd bo quan ly déi tuong. Quan 1y mo hinh chiu trach nhiem
dang ky va cung cap mo hinh 16p hgp nhat cho céc thanh phan khac. Ciia
so6 bén trai ctia Hinh 6.9 hién thi danh sach céc 16p mo-dun va cac 16p mién
tuong tng, duge gin chi thich AGraph nhim biéu dién dac t4 AGL, nhu
dugce trinh bay trong ciia s6 ¢ giita. Quan 1y giao dién tu dong sinh giao
dién nguoi diing ctia phan mém va xi 1y tuong tac clia nguoi ding dya trén
mo t& cau hinh clia cdc mo-dun duge dac ta trong MOSA [72]. Vi du, 16p
mo-dun ModuleHandleOrder chtta 16p hoat dong HandleOrder dugc dac ta
bang moé ta mo-dun trong MCCL, nhu thé hién trong ctta so bén phai clia
hinh. Cudi cting, quan 1y bo ddi tugng thoi gian chay cho méi 16p mién va
cung cap mot thanh phan luu trit déi tugng tong quét ho trg ca luu trit dya
trén tép va co sé dit litu quan hé. Mo hinh di liéu quan hé dugce sinh tu
dong tit mo6 hinh 16p hop nhat khi phan mém chay lan dau tién.

Xét tinh hudng cu thé véi mo-dun ModuleHandleOrder vi 16p hoat dong
HandleOrder, dudc hién thiyc nhu trong Listing 6.1. Khi phan mém chay,

mot thé hién ctia mo-dun ModuleHandleOrder dudc goi.
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workspace.jda - orderman/src/ /java/org/jda/s 1 /i java - Eclipse IDE = o
File Edit Source Refactor Navigate Search Project Run Window Help
wiggy PARE T $vO0O v QY H#OVIiB &S IV FviveD ey Juf Q g G
Package Explorer [ Project Explorer x = = P
i e E e Elo 2 HandleOrder java % ModuleHandleOrd X [ SCCOrderManjav ™2
BS Y (8 z package org.jda.example.orderman.modules. handleo 1 package org.jda.example.orderman.modules.handleorder
2

v iz% > jdomainapp [jdomainapp main]
> [ jda-common (in common) [jdomainapp main]
& jda-desl (in dcsl) [[domainapp main]
[ jda-examples-root (in examples) [jdomainapp main]
=4 jda-main (in main) [[domainapp main]
12 > jda-module-root (in modules) [[domainapp main]
[ jda-dcsltool (in desltool) [[domainapp main]
i3 jda-dompattern (in dompattern) [[domainapp main]
&4 >jda-mbsl (in mbsl) [[domainapp main]
{8 >jda-mccl (in mecl) [jdomainapp main]

3®import static jda.modules.mbsl.model.graph.NodeT
48

+ @overvie(]
56 /**Activity graph configuration */

57 @AGraph(nodes={

58 j/x 3%/

59 @ANode(label="1:CustOrder", zone="top",init=true
60 FCl storder.class, serviceCls=DataCon
{"2:AcceptOrNot"},

vV

62 actSeq={
63 // create new and wait until a new objec
64 @MAct (actName=newObject, endStates={Crea

&4 jda-mccltool (in mecltool) [j[domainapp main] b,
bl g 2 i B 2: decisional */

66 /

{% jda-mdsa (in mdsa) [jdomainapp main] 67 :AcceptorNot*,

i jda-mosar (in mosar) [jdomainapp main] 68 ceptOrNot.class, nodeType=Decisio
69 outNodes= {"3:FillOrder", "4:EndOrder"}),

i#$ > jda-msacommon (in msacommon) [jdomainapp main]
{3 jda-sccl (in sccl) [jdomainapp main]
i3 jda-sccltool (in sccltool) [jdomainapp main]
i jda-swtool (in swtool) [jdomainapp main]
[ >>pom.xml
[#) ReadMe.md
> % local-maven-repo
[ >>pom.xml
[#) ReadMe.md
~ i > src/main/java
> f# org.jda.example.orderman.modules.customer
> # org.jda.example.orderman.modules.customer.model
> i org.jda.example.orderman.modules.delivery
> f# org.jda.example.orderman.modules.delivery.model
> # org.jda.example.orderman.modules.fillorder

Fillorder", zone="top", refCls=F
5:CustOrder”},

74 actSeq = {
75 @Act (actName=newObject, endStates={NewObj
76 @MAct (actName=setDataFieldValues, attribNa
77 @MAct (actName=createObject, endStates={Cre
78 b,

b Bk

80 @ANode(label="4:EndOrder", refCls=EndOrder.class
81 nodeType=Merge, outNodes= {"7:CustOrder"})
B2 |/%'5:%/

83 @ANode(label=
84 outNodes
85 actSeq = {

86 @Act (actName=showObject, endStates =

"5:CustOrder”, zone="3:FillOrder",r
{"6:Delivery"},

{Upd

88 /*
89 @

:Delivery", zone="3:FillOrder",re

90 nodeType=Fork, outNodes= {"8:CollectPaymen

> # org,jda.example.orderman.modules.fillorder.model 91 actSeq = {
& < 92 @MAct (actName=newObject, endStates={New0Obj
# > org.jda.example.orderman.modules.handleorder & @UACt (actName=createobject, endStates={Cre

> [3 > ModuleHandleOrder.java
> # org.jda.example.orderman.modules.handleorder.control
> i org.jda.example.orderman.modules.handleorder.control.
~ # org.jda.example.orderman.modules.handleorder.model
> [3 HandleOrder.java

9% }
95 ),

-1
97 @ANode(label="
98 actseq={
99 @MAct (actName=activateView),
a0 @MACT (actName=showdhiect) .

:CustOrder”,zone="6:Delivery", re

3®import static jda.modules.mccl.conceptmodel.view.Reg
50

1 @ModuleDescriptor(

2 name="ModuleHandleOrder",

3 modelDesc=@ModelDesc( model = HandleOrder.class
4 viewDesc=@ViewDesc(

5 formTitle="Handle customer orders",

6 domainClassLabel="0rder Handling", imageIcon:
7 view=View.class, viewType=RegionType.Data,

8 layoutBuilderType=DecisionalLayoutBuilder.cli
9 topX=0.5, topY=0.0,widthRatio = 0.5f, heightRi
0 excludeComponents={/*general actions*/Export
1 Open, Update, Delete, /*New,*/ First, Prev.
2 }

3
4

),
controllerDesc=gControllerDesc(
controller=Controller.class
/*customise createNew command to execute the
,props= {
@PropertyDesc(name=PropertyName.controller,
}

,containmentTree=@CTree(
root=HandleOrder.class
,edges = {
@CEdge (parent=FillOrder.class, child=Cus

5 scopeDesc = @ScopeDesc(stateScope =
6 @CEdge (parent=CollectPayment.class, ch
7 scopeDesc = @ScopeDesc(stateScope =
8 ,@CEdge (paren ceptPayment.class, chili
9 scopeDesc = @ScopeDesc(stateScope =
0 ,@CEdge(parent=Delivery.class, child=Cus
1 scopeDesc = @ScopeDesc(stateScope =
2 }

3

4 ,isPrimary=true, childModules={ModuleCustOrder.c’

)
public class ModuleHandleOrder {
© @AttributeDesc(label="0Order Handling")
private String title;
@AttributeDesc(label="Receive order", type=Defaultl
layoutBuilderType=TwoColumnLayoutBuilder.class
,styleField=StyleName.DefaultOnLightYellow
,controllerDesc=@ControllerDesc( openPolicy=0p:
private Collection<CustOrder> orders;
@AttributeDesc(label="Fill Order", type=DefaultPan
private Collection<FillOrder> fillOrders;

BUNES88I3G
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Hinh 6.9: Minh hoa viéc hién thuc va kha nang st dung AGL dua

trén nén tang JDA.

/**Activity graph configuration in AGL /

@AGraph (nodes={. ..
/ 14 */
@ANode (label="14:Payment",
refCls=Payment.class,
outNodes={"15:CustOrder"},
actSeqg={
@MAct (actName=newObject,

invoice"},
endStates={Created})
1o coc
})

zone="11:AcceptPayment",
serviceCls=DataController.class,

endStates={NewObject}),
@MAct (actName=setDataFieldValues,

attribNames={"

/**END: activity graph configuration */

public class HandleOrder {...}

Dac ta 6.1: Ldép hoat dong HandleOrder trong Java

Dita trén mo ta cau hinh ctia mo-dun (trinh bay trong cita sd bén phai clia
Hinh 6.9), mot déi tugng ActivityModel dudc tao dusi dang to hop gitta d6i
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tuong HandleOrder va do thi hoat dong dugc mo tad bang AGL tuong ting
v6i 16p hoat dong nay.

Nho co ché chi thich trong Java, déi tugng HandleOrder c6 thé dugce xi
Iy nhu mot d6i tugng AGraph, cho phép no6 biéu dién va quan 1y do thi hoat
dong. D6i tugng AGraph nay cho phép mo-dun ModuleHandleOrder xt 1y ting
ANode clia n6 — chéng han ANode tuong tng véi nit 14 trong doan ma 6.1
— ciing nhu 16p mién dugce tham chiéu bdi ANode d6, trong vi du nay 1a 16p

Payment.

Cach AGL va cac chu thich di kem duge hién thyc trong Java. Dac ta
AGL ctia mot 16p hoat dong duge biéu dién dusi dang chi thich ngay trén
16p d6 trong ma Java. Vi dy, doan ma 6.1 minh hoa cach cha thich AGraph
duge st dung dé biéu dién diac td4 AGL ctia 16p hoat dong HandleOrder.
Tat c& cac chi thich ciia AGL, nhu tém tat trong Hinh 3.9, déu phai dudgc
dinh nghia trong Java. Doan ma 6.2 cung cap vi du vé dinh nghia cha thich
AGraph, va cac chu thich khac trong AGL cling duge dinh nghia tuong tu.

package jda.modules.mbsl.model.graph.meta;
import java.lang.annotation.?*;
import jda.modules.mbsl.model.graph.ActivityGraph;
@Retention (RetentionPolicy.RUNTIME)
@Target (value=java.lang.annotation.ElementType.TYPE)
@Documented
public @interface AGraph {
ANode [] nodes () ;

O 0 3 o U W NP

Dac ta 6.2: Hién thuc Java ctia cha thich AGraph

6.2.3 Coéng cu hd trg phuong phap tich hdp ciac mdi quan
tam vao mo hinh mién

Trong phan nay trinh bay cong cu hd trg c6 téen UDMM va danh gia két qua

thuc nghiem phuong phép dé xuét trén nghién cttu dién hinh CourseMax

Coéng cu ho trg tich hgp theo phuong phap siéu mé hinh

Cong cu hd trg UDMM bao gom ba hoat dong chinh: (1) dinh nghia va
két hop cac DSL theo mdi quan tam dé tich hgp vao mo hinh UDML; (2)
sinh ma nguon; va (3) tao phan mém hodc ban mau, theo phuong phap dugc
dé xuat trong Hinh 4.1.
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Viee xay dung cong cu . |@ platform:/resource/Prj1/courseman.dcslcs|

tap trung vao xac dinh cac v 4 Domain Model CS

thanh phan DSL can bicu v 4 Class CS SClassRegistration
dién do hoa (16p, thuoc tinh, 4 Field CS id

quan hé), dinh nghia siéu 4 Field CS student

mo hinh UDML bang EMF 4 Field CS sClass

nham dam béo tinh chit ché v 4 Class CS Enrolment

< Field CS id

<4 Field CS student

< Field CS module

<4 Field CS internalMark

< Field CS examMark

<4 Field CS finalMark

< Field CS finalGrade
4 Class CS Student

va khad nang md rong, va
thiét ké giao dien kéo-tha
tryc quan bang Sirius. Trén
co s6 do, cay ct phap do hoa
duge xay dung dé to chiic
va biéu dién truc quan cac
thanh phan ctia DSL.

Tich hgp véi quy trinh 4+ DAssoc CS classRegist
phat trién phan meém: > 4 Class CS SClass
Mo hinh dd hoa do Sirius » 4 Class CS Authorisation

4 Class CS Payment
» 4 Class CS CourseModule
4 Class CS HelpRequest

tao ra c6 thé ducc chuyen
d6i thanh ma thuc thi, hd
tro truc tiép qua trinh phat

trien ng dung. Hinh 6.10: Tao giao dién kéo tha
< trinh 4k A tuan thu ca phap tritu tugng cua
Qua trinh anh xa tut mo UDML.

hinh sang ma nguon Java

duge dinh nghia thong qua

cac luat chuyén doi trong cac tép .mtl thuoc Acceleo. Cac luat nay quy
dinh céch céc thanh phan trong mé hinh desles duge chuyén thanh ma nguon
Java tuong ting. Lép (ClassCS) trong mo hinh duge anh xa thanh cac 16p
Java v6i khai bao thudc tinh, phuong thitc va cic méi quan hé. Thudc tinh
(FieldCS) dugc anh xa thanh céc bién thanh vién trong 16p Java véi cac
phuong thic getter va setter tuong ting. Phuwong thic (MethodCS) duge
anh xa thanh cdc phuong thitc, ham tuong ting. Lién két (DAssocCS)
duge chuyen doi thanh quan hé giita cac doi tugng, sit dung kiéu dit lieu phit
hop nhu danh séch (List) hodc tham chiéu (Reference). Cac kiéu dit lidu
(PrimitiveType, ReferenceTypeCS) dugc anh xa sang céac kiéu dit liéu
tuong ing trong Java
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Sau khi xay dung, nha thiét ké c6 thé thuc hieén viec kéo tha dé tao mo
hinh. Cong cu tién hanh thyc nghiém trén CourseMax Hinh 1.2, duge biéu
dién bang biéu do 16p UML cling v6i cac rang budoc OCL. St dung giao dién
kéo tha tao moé hinh va thuc hién chuyén doi mo hinh sang mé hinh mé hinh
mién hgp nhat dang cu thé (gan v6i ngon ngit OOPL) c6 thé tao méa bing
cong cu ATL Hinh 6.10. Gitp nang cao kha ning st dung va hiéu biét ve he
thong 1a ct phéap cu thé dang do hoa. Gitp cac bén lien quan, bao gdm nha
phat trién, kién trac su phan mém va chuyén gia mién, dé dang tiép can va
phan tich mo hinh, ho trg tric quan héa cac thanh phan ciia hé thong mot

cach ro rang.

Mo hinh mién hop nhat dang cu thé dude tao ra chuyén sang buéc tiép
theo 1a sinh ma nguon tu dong, st dung Acceleo dé anh xa cac thanh phan
trong mo hinh thanh ma ngudn. Mot phan clia céc luat chuyéen thé hien
trong Hinh 6.11, gitip dam bao ring mo hinh c6 thé dude st dung tryce tiép
trong moi trucng lap trinh.

[template public generateElement(aDomainModelCS : DomainModelCS)]
[comment @main/]
[for (element : ClassCS | aDomainModelCS.element->filter(ClassCS))]
generateClass(element)/]

[/for]
[/template]

[template public generateClass(c : ClassCS)]
[file (c.name + '.java', false, 'UTF-8")]

public class [c.name/] {
[for (field : FieldCS | c.fieldcs)]
generateFieldAnnotations(field)/]

[field.visibility/] [generateFieldType(field)/] [field.name/];
[/for]

public [c.name/]1() {
// Constructor body
}

[for (field : FieldCS | c.fieldcs)]

public void set[field.name.toUpperFirst()/]([generateFieldType(field)/] [field.name/]) {
this.[field.name/] = [field.name/];

}
[/for]
[for (field : FieldCS | c.fieldcs)]
public [generateFieldType(field)/] get[field.name.toUpperFirst()/1() {
return this.[field.name/];

}
[/for]

Hinh 6.11: Giao dién cong cu Acceleo dinh nghia cac luat chuyén
dé sinh ma nguon.
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Céng cu hd trd phuong phap tich hop mbi quan tam dua

vao cay cu phap

Cong cu dugc duge xay dung bang MPS [19, 125] ¢6 cau tricsau bao gom
bon 16p nhu sau:

Lép 161 (core layer): Dinh nghia ct phap ciia DSL 161 (UDML. core), tao
nen tang cho viéc tich hop cac méi quan tam khac vao UDML. Lép nay
bao gom cac khai niém co ban nhu Annotable, Annotation, Class va

Association.

L6ép mdi quan tam (concern layer): Dinh nghia ct phap tritu tugng
cho timg moi quan tam tily theo muc tiéu phat trién. Vi du: UDM. rbac,

UDM.gui, UDM.dcs1, va UDM. conc cho cac khéi niém tong quat khac.

Lép hop nhéat (composition layer): Hd trg viec hop nhéat cac DSL theo
moi quan tam vao mo hinh UDML thong qua co ché hgp nhat duge mé rong,
tao thanh mot cay ct phap tritu tugng (AST) thong nhat va nhat quén.

Lép dich vu (services layer): Cung cap cac dich vu giao dién do hoa cho
phép nha thiét ké thuc hien cac tac vu nhu chinh sta trinh bay, kiém tra
rang buoc, sinh phan mém/nguyén mau, ciing véi céc dich vu hd trg nhu

kiém tra bdo mat.

Phuong phap duge hieén thyc bang JetBrains MPS [19, 125], mot nén
tang linh hoat cho viéc dinh nghia v& hop nhat DSL dya trén AST. Mo6i
DSL theo mdi quan tam dinh nghia mot tap cac khéi niem (tuong tng voéi
cac kiéu nit trong AST) c6 thé duge tai sit dung va két hop trong mo hinh.
Cac trinh chinh stta dang chiéu (projectional editors) cho phép méi DSL c6
giao dién chuyén biét riéng, trong khi tat ci cing déng gép vao mot mo
hinh théng nhat. MPS ciing ho trg tich hop vao quy trinh phét trién thong
qua sinh mé va cong cu build bén ngoai, dut thuong yéu cau diéu chinh thay

vi tich hgp hoan toan tuy dong.

Madi concern DSL dugc dinh nghia dya trén boén thanh phan chinh: (1)
Cu phap tritu tugng (AS): Xac dinh ciu tric ngon ngit thong qua cac
Concept—tuong ting v6i cic nit trong AST. (2) Ci phép cu thé (Editor):
Xac dinh cach bicu dién cic khéi niem (dang bang, van ban, ky hiéu...).
(3) Hé théng kiéu va rang budc: Dam béo tinh ding din ctia mé hinh qua

kiém tra va rang budc ngit nghia. (4) Bo sinh ma (Generators): Chuyén doi
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mo hinh DSL thanh ma dich, thuong nhing vao moét ngoén ngit 1ap trinh
huéng d6i tuong (OOPL).

Cong cu ho trg viec thiét ké, md rong va tich hop cac concern DSL, dong

thoi kiém chitng tinh biéu dat, kha thi va miic do thoa méan ctia phuong phap.

12 o o - — Diagram Palette
ok BaseLanguageCopy@ : FIREE -] B B @
(3 ASolution (generation requil ———= R — 8 o
2 SClass 1..*% student Student | 1..* courseMoudle |4
5] ExtendBaselanguage.sa |+ id : Integer + id : Integer 5 4 ¥ Concern
[ ExtendBaselLanguage i* name : String| O..* sclass |+ setName ( S‘trj_ng nm(;f 0..* student : ool
<< g n
“usandbox (generat L L vDeCsL
(N) CourseMan . - @ DAssoc
(%) Couse L Test01 @ DAttr
= = @ DClass
- 4 (N) i met —
[5] UDML.dcsl.runtime (gen Preview Generated Text Ctrl+Alt+Shift+F9 Lz G DTS tose ® DOtp
[5] UDML.diagram id = false ‘singuton = false d |ascTy *RBAC
[ Core unique = false | endTy ®Eeraon
; |auto = false depen @) Role
DiagramBaseLanguage |sitanie ctiayan <<meta-attribute>> g ‘
= @0operation ‘ @ Session
ExtendBaselLanguage }optiona'l. = false et ASSOC (i) User
5 DSLs %ungtn =30 o typ
\min = 0 3 €ar v Node
UDML.AGL nax = 30 ML car
: ey } © Class
UDML.DCSL @ Data type
UDML.GUI
UDML.RBAC |nspector
("2 structure
¢ editor ExtendBaselanguage.structure.Class
(2 constraints
('3 behavior Class Student Annotation @ DClass ( )
> typesystem Attribute + id : Integer

@ aeneratar/LIDMI_RRA Operation + setName ( String name )

Hinh 6.12: Hién thuyc hoa duya trén MPS va tich hgp thuc tién cac
DSL theo méi quan tam trong UDML.

Tinh kha thi ctia phuong phap duge minh hoa trong Hinh 6.12, va ma
ngudn duge cong bo tai GitHub® Trong Hinh 6.12, phia bén trai thé hien ba
thanh phan 16i: (i) Instructor mo t& cac siéu khéi niém (metaconcepts) cho
UDML va cac concern DSL; (ii) Editor cung cap giao dién ct phap cu thé
v6i hd trg kéo-tha; (iii) Generator bién doi AST thanh ma thyc thi dua trén
framework JDA [72]. Ngon ngtt UDML dugc thiét ké thanh cac géi mo-dun:
UDML. core déng vai tro nén tang tich hop; UDML.dcs1, UDML.agl, va
UDML. rbac lan lugt mo ta cic mdi quan tam vé cau tric, hanh vi va bdo
mat. Khu vie trung tam cung cap giao dién mo hinh héa mién vé6i hod trg

dyng mo6 hinh trye quan.

Luan an ap dung cong cu vao nghién cttu tinh hudng CourseMan. Trong
Hinh 6.12, nhan (2) minh hoa biéu dd 16p UML cuing cac DSL theo méi

Shttps://github.com/vinhskv/Tool-ThesisVinh/tree/main/AST-UDML-main
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quan tam dugce tich hop: DCSL, AGL va RBAC. Coéng cu sau dé sinh ma
nguon va tao ra nguyén mau phan mém bang khung lam viec JDA, véi cac
chi tiét k§ thuat trinh bay trong Hinh 6.13.

} Student.java
_Editor DAttr_Editor ©) DClass_Editor D
age ExtendBaselanguage.sandbox;

<default> editor for concept DClass @ @
goc sable = false n = false )
u

node cell layout:
L/

cell model_ diagram node {

editor :
[/ public Integer getId() {
[> <<meta-attribute>> <] s return this.myId;
[> @eclass <] )
[ horizontal-line ] private void _setId(Integer value) {
[> serialisable = { serialisable } <] SRR T
[> mutable = { mutable } <] )
[> singleton = { singleton } <] private Integer setId(Integer value) {
/1 _setId(value);
box ID : PR

this node expression
¥ @notp(requires = , effect = , type = Setter)
public void setName() {

/1

inspected cell layout:

<choose cell model>

Hinh 6.13: Hién thuyc héa dya trén MPS va sinh méa thong qua
khuon khé JDA.

Trong Hinh 6.13, phia trai (nhan (1)) cho thay dinh nghia template file
trong MPS, trong khi phia phai (nhan (2)) thé hién mo hinh mién Student
ctia hé thong quan 1y khéa hoc. Mo hinh nay sau dé duge nhing vao JDA

deé sinh cac tao tac phan meém.

6.2.4 Cong cu hd trg chuyén déi mé hinh

RM2UDM: Chuyén d6i mé hinh yéu cau sang mo hinh mién hgp
nhét

Cong cu duge hién thyc trong nén tdng JDA nham hé tr¢ qua trinh
chuyén d6i mo hinh tit RM sang UDM. Dé minh hoa cach thiic hoat dong
clia cong cy, luan an st dung hé théng CourseMan nhu mot vi du dién hinh.
Két qua thuc nghiem cho thay cong cu hd trg hieu qua viec xay dung biéu
dién mién hop nhat va thuc hién cac phép chuyén déi mo hinh. Trén co sé
do, cac két qua dudce phan tich trong béi canh céc ca nghién cttu ciia chuong,
dong thoi lam 16 cac yéu to anh hudng dén tinh ding dan va hiéu qua clia

phuong phap.

Dé hien thuc cac chuyén doi mo hinh, cac luat chuyén duge dac ta bang
ngon ngit chuyén doi mo hinh-sang-moé hinh (M2M), trong dé ATL [62]
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dugc sit dung dé xay dung bo chuyén déi RM2UDM nhu da trinh bay trong
Muc 5.3. Hinh 6.14 (A) minh hoa mot phan céac luat chuyén duge cai dat
bang ATL, trong khi Hinh 6.14 (B) thé hien két qua anh xa tit mo hinh yéu
cau sang mo6 hinh mién hgp nhat UDM.

€ RM2UDM.atl X : version= encoding=
prototype version= xmi=
2 Luat 2: MOi hoat déng trong DRM duoc anh xa t t trong UDM ' xsi=
' = =
137 rule Activity2Node { ' agl= desl=
L mosa=
' appName= >
src : DRM!Activity ! <activtygraph rootnode= endNode=
to >
tgt : UDM!Node ( ' <nodes type= label= nodeType=
outgoing=
DAME:<-2iSIC:NONE; ,  refCls= activtygraph=
edges <- src.edges->collect(e | thisModule.Edge2DomainClass(e)) ' activityclass= />
2 ) : <nodes label= Node_id= actSeq=
1) g serviceCls= nodeType=
ke el . (E fiE N incoming= refCls= /
] =0 < <nodes type= label= Node_id=
237 rule Edge2DomainClass { | nodeType= outgoing=
from ' refCls= />
src : DRMIEdge ' <nodes label= Node_id="3" actseq=
serviceCls= nodeType=
incoming= refCls= />
tgt : UDM!Edge ( Iy <nodes label= Node_id= actSeq=
label <- src.label, ' serviceCls=
source <- src.source, ! nodeType= incoming= refCls=

to

target-<-src.1arget: <edge source= target=

) 1 name= /
2 ) . <edge source= target=

® : ®

Hinh 6.14: Céc luat chuyén doi ctia ATL va két qua mo hinh UDM.

Thuc nghiém. Cong cu hd trg phuong phap dé xuat duge phét trién nhim
sinh ty dong ban mau phan mém tit mo hinh yéu cau. Nguoi thiét ké st
dung céc cong cu mo hinh héa truc quan dé xay dung céc biéu do 16p va
biéu dd6 hoat dong UML/OCL. Bo chuyén déi RM2UDM duge hién thyc
bang ATL trén nén tang Eclipse dé chuyén doi mo hinh yéu cau sang mo
hinh mién hop nhat UDM. Sau d6, mo6 hinh UDM dugc anh xa sang ma
nguon Java thong qua Acceleo nham sinh tu dong ban mau phan mém theo
thiét ké huéng mién va thuyc thi véi khung phan mém JDA.

Hinh 6.15 (A) hién thi mot phan UDM dang XMI la két qui ctia bo
chuyén déi RM2UDM, Hinh 6.15 (B) hién thi mot phan ma nguon Java 1a
két qua clia anh xa mo hinh UDM béng Acceleo trén Eclipse va Hinh 6.15

(C) biéu dién két qua GUI ban mau phan mém cho CoursEMAN.

Dé danh gia hiéu qua clia cong cu trén hé thong CourseMan, cac két qua
thuc nghiem cho thay: déi véi bo chuyén déi RM2UDM, mo hinh mién hop
nhat UDM dat mtc do bao phti va kha ning dién dat trén 95% so véi mo

hinh yéu cau dau vao.

D6i v6i bude anh xa tu dong tit mé hinh UDM sang ma nguon Java
nham cai dat ban mau phan mém, toan bo cic 16p mién trong mo hinh yéu
cau déu dugc chuyen doi tuong tng thanh cac 16p trong ma ngudn va céc

mo-dun phan mém. Cuy the, dé xay dyng ban mau phan mém ciia CourseMAN
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Mb hinh hop nhat: Quan Iy sinh vién dang ky (Ung dung bd chuyén RM2UDM)

<?xml version="1.0" encoding="UTF-8"?>
<udm:Prototype xmi:version="2.0" xmins:xmi="http://www.omg.org/XMI"
appName="CourseMan">
<activtygraph rootnode="//@activtygraph.0/@nodes.0">

<nodes xsi:type="agl:RootNode" label="EnrolmentMgmt" nodeType="Null" Ban mau: Quan Iy sinh vién dang ky (CourseMan)
outgoing="//@activtygraph.0/@edge.0"/> -
Manage [ nrolment Management (Decsional

<edge source="//@activiygraph.0/@nodes.0" target="//@activtygraph.0/@nodes.1"
name="EnroimentMgmt2Student’/>

<poststate post="Created"/>

Enrolment Management

Student Registration

</moduleact=

<moduleact actName="newObject” mAct_ld="2">
<poststate post="NewObject"/>

</moduleact>

</u&rﬁ Prototype>
Ma ngudn: Quan Iy sinh vién dang ky ('ng dung bd chuyén UDM2Java)

/**Activity graph AGL */
@AGraph(nodes={
@ANode(refCls=Student.class, serviceCls=DataController.class, outClses=
{DHelpOrSCiass.class}, init=true
actSeq={ @MAct(actName=MethodName.newObject, endStates=
{AppState.Created})

N
/** Domain Class DCSL **/
public class EnrolmentMgmt {
@DAttr(name = "id", id = true, auto = true, type = Type.Integer, length = 5)
private intid; ...
/** Module Class MCCL **/
public class ModuleEnrolmentMgmt {
@AttributeDesc(label = "EnroimentMgmt”)
private String title

(B)

Hinh 6.15: Cong cu hd trg sinh tu dong mo hinh mién hgp nhat cé
thé thuc thi tit diic ta yéu cau.

theo cach thii cong can 549 dong ma lenh chinh, trong khi phuong phap de
xuat sinh tir dong duge 477 dong ma. Ty 1é ma nguon dude sinh ty dong
dat khoang 87%, trong khi phan chinh sita va bo sung thii cong chiém dudi
13%. Nguyén nhan ciia cac chinh stta nay duge phan tich trong phan théo

luan tiép theo.

Thao luan. Phuong phap dé xuat da dude ap dung thanh cong cho he
théng CourseMan, cho thdy tiém nang ting dung ciia phuong phap trong
thue tién. Tuy nhién, van ton tai mot s6 moi de doa déi véi tinh hop lé clia

phuong phap.

Thit nhat, phuong phap tiép nhan dic td yéu cau dau vao duéi dang cac
biéu do UML/OCL, do d6 tinh ding din ctia két qua phu thudc vao kha

nang dién dat va mtc do chinh x4c ctia ngon ngit mo hinh hoa nay.

Thit hai, phuong phéap hién tai chua ddm bao rang moi moé hinh UML/OCL
dau vao déu c6 thé duge chuyén doi ty dong sang mot mo hinh hgp nhat
UDM. Bén canh dé, cac rang buoc OCL trong mo hinh yéu cau can dugc
dién dat tuong ttng bang DCSL trong mo6 hinh UDM thong qua cac thao tac
thit cong. Nhitng han ché nay liéen quan triyc tiép dén pham vi 4p dung va
tinh ding din ctia bo chuyén déi RM2UDM. Trong pham vi phuong phap
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dé xuat, tinh dang din & khia canh nay dudc ddm bdo thong qua viéc ra

soat cac luat chuyén doi va thuc hien kiém thit cho bo chuyén ddi.

Thit ba, ban mau thyc thi sinh ra trong Java c6 thé chua hoan toan tuong
thich v6i dac ta yéu cau dau vao néu ton tai sai s6t trong cac anh xa tir dong
tit mé hinh UDM sang ma nguodn. Tuong tu nhu bo chuyén doi RM2UDM,
do chinh xac ctia bude sinh ma duge ddm bao bang cach kiém tra, ra soat

cic luat anh xa va tién hanh kiém thi déi véi bo Chuyén déi nay.
Chuyén ddi dic ta miic cao sang moé hinh mién thuc thi

Trong phan nay, luan an trinh bay mot nghién cttu tinh hudng dya trén
Heé thong quan ly don hang ORDerMan, nham minh hoa viéc 4p dung ki
thuat chuyén doi dac ta mic cao dudi dang biéu dd hoat dong sang dic ta
AGL. Thong qua ca nghién citu nay, qua trinh chuyén doi tit mo hinh hanh
vi sang biéu dién mién c6 kha niang thuc thi duge lam ré trong boi canh

cu thé.

&1 generateAD2AGL.mtl x

1 [module generateAD2AGL('http://www.eclipse.org/uml2/5.8.6/UML")]

2 [comment]-------- be-ﬂerate AGL ------mmmmmmm e [/comment]

3 [template public generateElementAGL(aModel : Model)]

4 [file (aModel.name.concat('.java'), false, 'UTF-8')]

5 /**Activity graph configuration#/

6 @AGraph(nodes={

7 [let nodeElements : Sequence({ActivityNode) =

8 packagedElement->select{e | e.oclIsKindOf (Activity))

9 -=collect{e | e.oclAsType(Activity).node)

18 ->sortedBy(n | n.name)]

11 [for (aActivityNode : ActivityNode | nodeElements)]

12 [let nextNode: ActivityNode=aActivityNode.outgoing-=>

13 any (true) .target]

14 ’ [if (nextNode.oclIskKindOf (OpagueAction))] Updates to DM an AGL
15 [callSequentialAGL (aActivityNode)/] with Sequential pattern
16 [/if]

17 [if (nextNode.oclIsKindOf(DecisionNode))] Updates to DM an AGL
18 callDecisionAGL (aActivityNode) with Decision pattern
19 [/if]

20 l [if (nextNode.oclIsKind0f(ForkNode))] > Updates to DM an AGL
21 [callForkAGL (aActivityNode)/] with Fork pattern

22 [/if]

23 I [if (nextNode.oclIsKind0f(MergeNode))] > Updates to DM an AGL
24 [callMergeAGL (aActivityNode) /] with Merge pattern
25 [/if]

26 ’ [if {nextNode.oclIsKindOf(JoinNode))] > Updates to DM an AGL
27 [callloinAGL (aActivityNode)/] with Join pattern

28 [/if]

29 [/let]

30 [/for]

31 [/let]

Hinh 6.16: Céc luat (mAu trong Acceleo) dé chuyén doi tir dic ta
miic cao AD sang AGL.

Hinh 6.16 minh hoa quy trinh chuyén déi M2T tit bieu doé hoat dong
(AD) sang dac t& AGL™ sit dung Acceleo. Qua trinh nay dya trén cac mau

chuyéen doéi duge dinh nghia trén siéu mé hinh, trong dé cac nat hanh vi
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trong AD dugc duyet, phan loai theo kiéu va anh xa tuong tng sang cac cau
tric trong AGL, qua d6 hinh thanh bic¢u dién mién c6 kha nang thiyc thi.

Mau trong Acceleo dé chuyén déi mot ntat Decisional trong AD, v6i ham

genDecisionNode(curNode), bao gom céac budc sau:

Budc 1, bidu dién cau hinh mau ctia d6 thi hoat dong (Activity Graph)

cho mau quyét dinh (decision pattern) ctia dic t& AGL™T;

Bué6c 2, doc tat ca céc canh di ra tit DecisionNode, anh xa ching vao
template & budc thit nhat va sinh ra cac ANode tuong ting véi cau tric clia
dic ta decision trong AD. Dua trén diéu kién canh bao, méi ANode dugc lién
két dén nat ké tiép thich hop;

Buée 3, st dung cadc mau truy van dé trich xuat thong tin tit mé hinh
mot cach thuan tien nham anh xa MAct va cap nhat dic td AGL clia mo

hinh mién.

Mau trong Acceleo dé chuyén doi tit biéu do 16p UML/OCL sang dac
td DCSL dugce thyc hién thong qua ham genDCSL(model:Model). M6 hinh
dau vao bao gom cac 16p, thudc tinh, quan hé két hop va cac biéu thic OCL
trong CD. Ham nay thuec thi cac budc sau: Bude 1, biéu dién mau DCSL
ctia dic td AGLT; Buée 2, doc tat ca cic Class trong dic ta CD va anh xa
ching vao mau tuong tng v6i phuong thiic cuia Class. Duya trén cac rang
budc vé 16p, thude tinh va phuong thic trong biéu do 16p, tién hanh anh
xa sang mau DCSL cta dac t& AGLT; Bude 3, stt dung cdc mau truy van
dé trich xuat thong tin tit mo hinh nhim anh xa DClass, DAttr, DOpt va

DAssoc dé cap nhat diic td AGL™T ctia mo hinh mién.

/**actName=newOb ject, pstStates=\ {Created\ }*/

[query public

genMActcreateObject () :

Set (String)=' @MAct (actName=newObject, pstStates=[Created])’
/1]

/** @DClass (serialisable=true, singleton = true)*/

[query public

genDClass (serialisable: String,singleton: String):
Set (String)='@DClass (serialisable

=’ .concat (serialisable) .concat (', singleton=")
.concat (singleton) .concat (’)’) /]

Dac ta 6.3: The template generate the @MAct and @DClass.
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Doan ma 6.3 minh hoa cdc mau truy van mau danh cho @MAct va

@DClass. Ma dugc sinh ra dya trén cidc mau truy van nay.

Hinh 6.17 minh hoa biéu dd hoat dong ctia OrperMan & phia trén, déng
vai tro 1& mo hinh dau vao ctia phuong phap dé xuat. Phan bén trai phia
duéi hién thi khuén méau bang méa Acceleo thite hién phép chuyén doi sang
ma HandleOrder, trong khi két qua dau ra ctia phuong phap—dac ta
AGL—dugc trinh bay & phia duéi bén phai.

[OrderRejected]

AcceptOrder Fillorder
[OrderAccepted]
. .

Start
HandleOrder

EndOrder

CustOrder

>

Delivery

gl
* e

Il generateAD2AGL.mEl X [ HandleOrder.java x
1 [module generateADZAGL('http://www.eclipse.org/uml2/5.0.0/UML")] 56 /**Activity graph configuration */
2 [comment]-------- 1. Generate AGL -=--=-==--==-=ce=esones [/comment] 57 @AGraph(nodes={
3 [template public generateElementAGL(aModel : Model)] 58 /* 1%/
4 [file (aModel.name.concat('.java'), false, 'UTF-8')}] 59 @ANode(label="1:CustOrder", zone="top",init=true,
5 /**Activity graph configuration*/ 6 refCls=CustOrder.class, serviceCls=DataController.class,
6 @AGraph(nodes={ outNodes= {"2:AcceptOriot"},
7 [let nodeElements : Sequence(ActivityNode) = actSeq={
8 packagedElement->select(e | e.oclIsKindOf(Activity)) // create new and wait until a new object is created

9 ->collect(e | e.oclAsType(Activity).node) @MAct (actName=newobject, endStates={Created})
10 ->sortedBy(n | n.name)] .

11 [for (aActivityNode : ActivityNede | nodeElements)] 5 /* 2: decisional */

12 [let nextNode: ActivityNode=aActivityNode.outgoing-> 7 @ANode(label="2:AcceptOrNot”,

13 any(true).target] refCls=AcceptOrNot.class, nodeType=Decision,
14 [if (nextNode.oclIsKindof(OpaqueAction))] outNodes= {"3:Fillorder", "4:End0 rder"}),

15 [callsequentialAGL(aActivityNode) /] 70 /*3 %/

16 [/if] 71 @ANode(label="3:FillOrder", zone="top", refCls=FillOrder.class,
17 [if (nextNode.oclIsKindOf(DecisionNode))] serviceCls=DataController.class,

18 [callDecisienAGL (aActivityNode)/] {"5:Custorder"},

19 [/if] nodeType=Coordinator,

Hinh 6.17: St dung Acceleo dé chuyén doi biéu do hoat dong
cua OrderMan sang AGL, 16p HandleOrder ducgc hién thuc
trong Java.

Ngoai ra, Acceleo ciing duge sit dung dé chuyén doi biéu do 16p UM-
L/OCL & mic tritu tugng cao sang dac td& DCSL. Trong Hinh 6.18, khuon
mau bang ma Acceleo ding dé sinh dac t& DCSL dudc trinh bay & bén trai,
trong khi két qua dic t& DCSL thu dudc duge hién thi ¢ bén phai.

I generateAD2AGL.mtl X [@ HandleOrder.java x

245 [template public genDCSL(model : Model)] 166 }"DCSL specification */

246 public class Handleorder{ 167 @Class(serialisable=false, singleton=true)

247 [for ( e: PackageableElement| packagedElement)] 168 public class Handleorder {

248 [1f(e_a[UsKlj fCL 1 169= @DAttr(mame = "id", id = true, auto = true, type = Type.Integer, length = 5,

e.oclAsType(Class)]
256 [comment]---------- s HandleOrder-----------=-=--- [/conment]
251 [if aClass.name='Handle0rder']
2 public class [aClass.name.toUpperFirst()/] {
[genDClass( ' false', 'true*)/]
[for (aAtribute : Property | aClass.ownedAttribute)]
[if (aAtribute.name='id')]

optional = false, mutable = false)
private int id;
private static int idCounter = 0;
@Attr(name="orders", type=Type.Collection,filter=gSelect(clazz=CustOrder.class),
serialisable=false)
@Assoc(ascName="create-order”,role="ngnt",

[genDAttrID('id", 'true’, 'true’, *Type.Integer||176 ascType=AssocType. One2Many , endType=AssocEndType .One,
5, 'false’, 'false')/1||177 associate=@Associate(
private int id; 178 type=CustOrder.class,cardMin=0, cardMax=DCSLConstants.CARD_MORE,
private static int idCounter=0; 179 updateLink=false
[/1f] 180 1
[/for] 181  private Collection<CustOrder> orders;

Hinh 6.18: St dung Acceleo dé chuyen doi bieu do lép cua
OrderMan sang dac ta DCSL.
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Tiép theo, dic td& AGL dugc hop thanh véi DCSL dé tao thanh dic ta
day dit AGL™T. Dic td AGL* sau dé duge sit dung lam dau vao dé ty dong
tao va hién thuc hée théng theo phuong phap dé xuat, v6i st hd trg clia cong
cu duge xay duyng trén khung phan mém JDA.

Thao luan. Nghién ctiu tinh hudng véi hé thong OrperMan cho thay ki
thuat chuyén doi dac ta mic cao sang mo hinh mién thuc thi trong thiét ké
huéng mién 13 kha thi va c¢6 tinh tng dung thyc tién. Viéc stt dung Acceleo
dé hien thuc héa cac luat chuyén doi tit biéu do hoat dong UML sang dac ta
AGL, ciing nhu tit biéu do 16p UML/OCL sang dic td DCSL, chiing minh
rang cac dic td mic cao c6 thé dude tu dong hoa chuyén hoéa thanh mot

mo hinh mién mé rong c6 kha nang thyc thi trong bdi cAnh DDD.

Tuy nhién, phuong phap dé xuat ciing chiu 4nh hudng bdi chat hugng va
mitc do chinh xac ctia dic td dau vao. Céac biéu do hoat dong UML chua
dugc chuan héa hogc thiéu thong tin ngit nghia (ching han dicu kién gac
hodc lien két dit lieu) c6 thé dan dén cic dic td AGL chua day di va can
dudce hiéu chinh thi cong. Diéu nay phan anh han ché chung clia cac tiép
can sinh ma dyra trén mo hinh khi mo6 hinh nguon khong mang di thong tin
can thiét cho thuc thi.

Viéc hop thanh dic td AGL va DCSL thanh AGL*T khing dinh vai tro
trung tam ctia mo hinh mién trong quéa trinh sinh phan mém theo thiét ké
huéng mién. Thay vi sinh mé tryc tiép tt UML, phuong phap dé xuat st
dung mo6 hinh mién hop nhat nhu mot 16p trung gian mang ngit nghia mien,
phit hop véi triét Iy DDD khi mo hinh mién git vai tro xuyén sudt vong doi

phat trién phan mém.

Cong cu hé trg va danh gia cho UDML-to-Event-B

Phan nay trinh bay quy trinh lam viéc c6 sy ho trg clia cong cu nham hién
thie hoa va danh gia khung ngit nghia duge dé xuat cho UDML. Rodin dugc
stt dung nhu mot hau-end kiém ching dé giai quyét cac nghia vu chitng minh
(POs) ctia cadc mo hinh Event-B dugce sinh ra, qua dé xac nhan tinh ding
dan ctia ngtt nghia hinh thitc ddi v6i cac moé hinh UDML dude hop thanh
cung RBACDom.
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Cau hinh thuc nghiém. Tién hanh mo ta cau hinh thuc nghiem dugc sit
dung trong qua trinh danh gia. Tinh kha thi va hiéu qua ctia phuong phap
duge danh gia thong qua mot nghién ctu tinh hudng dya trén mién Open
Journal Systems (OJS). Hinh 6.19 minh hoa quy trinh quan ly bai nop cta
0JS, duge mo hinh héa nhu mot do thi hoat dong AGL trong UDML va
duge hop thanh véi cac chinh saich RBACDom thong qua cac tuong tng 6

mitc nit. Viéc thyc nghiem xem xét mot tap ¢6 dinh gom bay vai tro:

Submission Submission Queue Submission Review
(Author uploads manuscript) (Assign Editor) (Editorial check)

j)

Select Reviewers J

Author Revision Editorial Decision (Reviewe?:‘l’:gr‘:]vigorgggﬁ:rendendation) }
Copyediting Layout Editing }—){ Proofreading }—)@

Hinh 6.19: Quy trinh quan 1y bai noép ctia OJS.

Roles={Author, Reviewer, JournalManager, Editor, Copyeditor, LayoutE-
ditor, Proofreader}.

Téng cong, chin chinh sich RBACDom & miic nit (Pyy, ..., Pyg) duge
diic td dudi dang cac thé hién clia RbacDomNode trong mo hinh RBACDom
va dugc lien két v6i cac bude ciia quy trinh quan 1y bai nop OJS thong qua
su tuong ting véi cadc nhan nit AGL (thong qua thudc tinh aglNode).

Anh xa cac chinh sich RBAC sang AGL. Mbi chinh sach Py; dugc
diic ta4 nhu mot quy tic kiém soét truy cap ¢ miic nit trong RBACDom v
dugc biéu dién bdi mot RbacDomNode. Mot chinh sach rang budc viéc thuc thi
clia mot bude cu thé trong quy trinh quan 1y bai nop bang cach ap dat mot
diéu kién 1ty quyéen lén nat AGL tuong ting, duge xac dinh bdi aglNode.
Cu thé, mot chinh sich xac dinh: (i) cic vai tro duge phép, (ii) cac vi tit
pham vi gan vé6i ddi tugng mien, (iii) ché do va hieéu luc ciia chinh sach, va
(iv) cac rang budce SoD va tuan thi tuy chon. Cac chinh séch thu duge cho

quy trinh quan 1y bai nop OJS duge tong hop trong Bang 6.1.
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Bang 6.1: Chinh saich RBACDom dua trén tuong tng nat cho OJS

Nut hoat dong

Chinh sach

Rang budéc RBACDom (vai trdo, pham vi, SoD, tuan thu)

SubmitPaper

«rbac:

P_N1»

{roles={Author}, policy=ALL_OF, effect=ALLOW,
scope=owns(u, sub) theo xay dung (trudng tic gid dugc gan bing
u), SoD=SSD/DSD(Author#Reviewer trén sub, Author#£Editor
trén sub), compliance=log(createSubmission),
hideReviewerIdentities}

AssignEditor

«rbac:

P_N2»

{roles={JournalManager}, policy=ALL_OF, effect=ALLOW,
scope=state(sub) = SUBMITTED,
SoD=DSD(JournalManager7#Author trén sub) [ty chon],
compliance=log(assignEditor)}

Editorial Check

«rbac:

P_N3»

{roles={Editor}, policy=ALL_OF, effect=ALLOW,
scope=assignedEditor(u, sub) A state(sub) = SUBMITTED,
SoD=DSD(Editor#Author trén sub),
compliance=log(editorialCheck)}

SelectReviewer

«rbac:

P_N4»

{roles={Editor}, policy=ALL_OF, effect=ALLOW,
scope=assignedEditor(u, sub) A state(sub) €
{EDITORIAL_CHECKED, UNDER_REVIEW},
SoD=DSD(Editor#Author trén sub)ADSD(Editor#Reviewer trén
sub), compliance=log(assignReviewer), enforceBlindReview }

DoReview

«rbac:

P_N5»

{roles={Reviewer}, policy=ALL_OF, effect=ALLOW,
scope=assignedReviewer(u, sub) A state(sub) = UNDER_REVIEW A
—coi(u, sub), SoD=DSD(Reviewer#Author trén

sub) ADSD (Reviewer#Editor trén sub),
compliance=log(submitReview), deadlineLogged}

EditorialDecision
(N1t quyét dinh)

«rbac:

P_N6»

{roles={Editor}, policy=ALL_OF, effect=ALLOW,
scope=assignedEditor(u, sub) A state(sub) = UNDER_REVIEW A
allReviewsSubmitted(sub), SoD=DSD(Editor#Author trén

sub) ADSD (Editor#Reviewer trén sub),
compliance=log(editorDecision), rationaleRequired [tuy chon]}

CopyEditing

«rbac:

P_N7»

{roles={Copyeditor}, policy=ALL_OF, effect=ALLOW,
scope=assignedCopyeditor(u, sub) A state(sub) = ACCEPTED,
SoD=DSD(Copyeditor#Author trén sub) [tuy chon],
compliance=log(copyedit), noAccessToReviewData}

LayoutEditing

«rbac:

P_N8»

{roles={LayoutEditor}, policy=ALL_OF, effect=ALLOW,
scope=assignedLayoutEditor(u, sub) A state(sub) = COPYEDITED,
SoD=DSD(LayoutEditor#Copyeditor trén sub) [tlty chon],
compliance=log(layout), checksumVersioning [tuy chon]}

Proofreading

«rbac:

P_N9»

{roles={Proofreader}, policy=ALL_OF, effect=ALLOW,
scope=assignedProofreader(u, sub) A state(sub) = LAYOUT_DONE,
SoD=DSD(Proofreader#LayoutEditor trén sub) [tly chon],
compliance=log(proofApproval), readOnlyContent }

Dic ta ¢ mitc nit nay cho phép cuc bo héa kiém soat truy cap tai cac

ranh gidi thue thi hanh vi, dong thai van bao toan su tach biet gitta DCSL,

AGL va RBACDom.

Két qua thuc nghiém. Dé ngin chin céc trang thai khong hop lé, he

thong xac dinh mot tap cac bat bién dong vai tro nhu mot “ludi an toan”

toan hoc, bao trum tit cac rang budc kidu dit lidu co ban dén cac chinh sach

DSD. Nhu mot vi du tieu biéu, quy tic nghiep vu “Tac giad khong duge dam

nhan vai tro phan bién cho chinh bai ndp ctia minh” dugc hinh thiic héa

bang vi tit bat budc sau:

Vu,s-(u+ (s+— r_Author)) € assignment

(6.1)

= (u +— (s — r_Reviewer)) & assignment
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Tinh ding din ctia mo hinh Event-B thu duge duge kiém chiing bing bo
kiém tra mo hinh ProB trong moi trudng Rodin; két qua kiem chitng dugc
minh hoa trong Hinh 6.20.

O Events X = B @DSMLctx X @ DSMLmachine = B Ostate x ¥ % 3¢/= B OHistory X [ Event Error View =6
Checks ~ &+ b v % v & v b v CONTEXT Bl Name Valoe] Previousva| DSMLmachine
v Step6(SUBMISSIONST,USERS?)
Event Parameter(s)  DSH_ctx DSML ctx PG 2
©User_Register SETS grant_map {(r_Author-p_Subm... {(r_ Authorp_Sub| StepS(SUBMISSIONST,USERS3)
stept B v DSML machine Step4(USERS3,SUBMISSIONS1,USERS2)
e g
asxesz foisd active_submissions  (SUBMISSIONS1,5U... {SUBMISSIONS1§ = Step3(USERS2SUBMISSIONST,USERS2)
= « - 7(SUBMISSIONS1,USERS 1
P Step3 (x4)  USERS2, SUBMISSIONS2, USERS2 SUBHISSIONS = [LSER ST (CUBMIS. (SRS (S Step7GUBMISSIONSTUSERS1)
ostept pragiead registered.L {USERST,USERS2,US... (USERS1USERS2.|  Step6(SUBMISSIONS1,USERS2)
ostens CONSTA sub_state tepS(SUBMISSIONST USER:
Osteps ~  Formulas Stepd(USERS3,SUBMISSIONST,USERS2)
: variables Step3(USERS2,SUBMISSIONS1,USERS2)
» Step7 SUBMISSIONST, USERS1 5
»Steps ORLESIONS 1o Step2(USERS2 SUBMISSIONS2.USERS2)
OStepd ' > Step1(USERS2USERS2.USERS2 SUBMISSIONS2USERST.USERS2)
o5 pm v Step2(USERS2SUBMISSIONST,USERS2)
e
QDO"Z Step1(USERS2USERS2USERS2,SUBMISSIONS1,USERS1,USERS2)
User_Register(USERST,USERS2USERS3,USERS4,USERSS)
INITIALISATION
SETUP_CONTEXT
(uninitialised state)
r_adnin
r_Editor
r_sectioneditor
r_Reviever
. = r_Copyeditor
£ Event-B Explorer X BOEEE =0 rLayeutEditor
o r_Proofreader
& DSML n_start
@ DSML_ctx
>|@ DSMLmachine]
> B S es
> B S
partition (NODES,
{n_submission}, {n_submissionQueu
{n_selectRevievers}, {n_ReviewCon
{n_AuthorRevision}, {n_Copyeditin
{n_Proofreading}, {n_Done}, {n_st
) v

‘ nartitinn(oni e s e 5
Pretty Print  Edit| Synthesis| Dependencies|

Hinh 6.20: Kiém chitng thiyc nghiém bing Rodin/ProB sit dung hé
thong OJS lam ca nghién ctiu.

Nhu thé hién trong Hinh 6.20, qua trinh kiém ching dugc truc quan hoa
thong qua ba ving giao dién. Bang diéu khién beén trai trinh bay méi quan
hé cau truc gitta ngit canh va may Event-B, trong khi bang bén phai ghi lai
mot vét thuce thi cu thé clia mot bai bao tit khéi tao dén hoan tat, cho thay
quy trinh khong roi vao bé tic. Bang trung tam cung cap biang ching rd
rang veé tinh an toan: cac chi bao “T” (True) mau xanh x4c nhan rang, trong
su6t kich ban thuc thi, tit cd cac rang budc bdo mat — bao gom ca quy
tdc DSD trong Cong thic (6.1) — déu duge béo toan. Mo hinh Event-B
dudc sinh ra, bao gom cac thanh phan ngit canh va may, duge nhap vao
Rodin, noi cac nghia vu chiing minh dude tu dong sinh va gidi quyét nham
xac nhan tinh kha thi thyc thi, cic rang budc bdo mat va tinh nhat quan
xuyén moi quan tam.

RQ1: Lam thé nao co thé dinh nghia ngi@ nghia van hanh hinh thic cho cdc
mo hinh mién hop nhat trong UDML?

Két qua cho thay ngit nghia van hanh ctia UDML c6 thé duge xac dinh
hinh thic bang cach dién gidi mo hinh mién hop nhat nhu mot hé chuyén

trang thdi thong nhat, trong d6 cac mdi quan tam chia sé trang thai hé théng
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chung nhung déng gop cac rang budc ngit nghia rieng. AGL xac dinh céc
chuyén trang thai hanh vi, trong khi DCSL va RBACDom dugc dién giai

nhu cac bat bién va diéu kién kich hoat.

Bang 6.2: Suy dién théng ké kiém chitng tit céc tao tac hinh thiic
cua OJS va RBACDom

s 2 P 2 Nghia
’Iihanh phan md Co s8 hinh thic #.:Bat #isu \q?&u c}%{rng
hinh bién kién ",

; minh
Mob hinh RBAC 15i Cac rang budc nhat quan vai tro-quyén | 14 8 96
han, loai trit lan nhau va hgp dang
RBAC dudgc suy ra tit RBACDom, doc
lap véi ludng cong viec OJS.
Gafl vai tr0 & rang Céac rang budc phan tach nhiém vu 11 6 78
budc SoD - o IO,
tinh va dong dugc suy ra tit dac ta
RBACDom cho cac vai tro Tac gia,
Phéan bién, Bién tap vién va cac vai tro
s&n xuat.
Uy quyerl.Athdl glan Ngit nghia phién va kich hoat vai tro, 9 5 64
chay (Phién) bao dam chi céc vai tro da diudc gan va
dang hoat dong méi c6 thé thyc thi cac
thao tac dugce bao ve.
Lién két xuyén moi
quan tam (RBAC x Cac bat bién lien két cac rang budc Gy 12 7 102
0JS) quyén RBAC véi cac budc trong ludng
cong viec OJS va cac trang thai mién
thong qua cac chi thich RBACDom.
iiig ;)Ef;n;hf}?é?gu Cac rang buoc vé thit tu ludng cong 6 4 41
g viéc va tién héa trang thai, giéi han céac
chuyén trang thai mién hop lé trong
vong dai OJS.
Tdng cong — 52 30 381

Anh xa UDML sang Event-B hién thuc héa ngit nghia nay: cac nit AGL
dudc bien dich thanh cac su kien Event-B, con céc rang budc cau tric va
bao mat thanh bat bién va diéu kién cdnh bio. Do d6, mdi phép thuc thi
UDML tuong ting véi mot chudi s kien Event-B bao toan cac bat bién. Cac
thong ke trong Bang 6.2 cung cap bang chiing rang ngit nghia van hanh nay
duge xac dinh 16 rang va c6 thé kiem ching bang cac co ché hinh thiic tieu

chuan.

Dé danh gia mic do nd luc kiém chitng, luan an phan tich phan bé cac
nghia vu chiing minh theo trang thai hoan thanh. Bang 6.3 tom tat cac két
qua dudc sinh ra bdi nén tang Rodin.

Mrtc do tu dong héa kiém chitng. Toéng cong c¢é 381 nghia vu ching
minh dugc sinh ra, trong dé 369 nghia vu (96,8%) dugc tu dong hoan tat
bdi cac bo ching minh tich hgp trong Rodin, trong khi 12 nghia vu con lai
(3,2%) yéu cau mot s6 bude chiitng minh tuong tac don gian.
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Bang 6.3: Phan b6 cac nghia vy chiing minh va trang thai hoan
thanh

Loai PO Téng Tu dong Tha cong

WD 120 120 0
INV 140 132 8
GRD 80 78 2
THM 41 39 2
Tong 381 369 12

Luu v rang khong phai tat ca cic loai nghia vu chitng minh trong Event-B
déu xuat hién trong ca nghién cttu nay. Cu thé, cic nghia vu lien quan dén
tinh chinh (FIS, SIM, WIT) va cic nghia vu dia trén bién thé (VAR, NAT)
khong dugc sinh ra, do mo hinh hién tai khong bao gom cac budc tinh chinh
hoac cac s kién hoi tu. Do d6, Bang 6.3 chi béo cao cac loai nghia vu chiing
minh thyc st duge sinh ra béi nén tang Rodin.

RQ2: Lam thé nao cic méi quan tam zuyeén suot dong, tiéu biéu la RBAC,
6 thé dugce dac td dudi dang cic DSL dua trén chi thich va dudc tich hop

vao cic mo hinh mién hop nhat?

Trong d6 cac chinh sach iy quyén, phan tach nhiém vu va ngit nghia
phién dugc gan lén cac bién thiic thi hanh vi thay vi ma hoa tric tiép trong
mo hinh hanh vi. RBACDom duge dinh nghia doc 1ap v6i AGL nhung dugc
tich hop thong qua cac lien két hinh thic ¢ mic ct phap tritu tuong, qua

d6 bdo toan tinh mo-dun ciia cic modi quan tam.

Cac bat bién va sy kién lien quan dén lien két xuyén moi quan tam
(RBAC x 0OJS) trong Bang 6.2 cho thay phan 16n nd lyc kiém chitng phat
sinh tit viéc rang budc ngit nghia iy quyen v6i hanh vi va trang thai mieén,
phan anh ban chat dong ciia RBAC trong cac hé thong huéng quy trinh.
Viéc dién gidi RBACDom nhu cac diéu kién bao vé trén sy kién Event-B
cho phép ap dung nhat quan va kiém chitng dude cac rang buoc bio mat

ma khong lam thay doi cau tric hanh vi.

Dé danh gia mtc do nd luc kiém ching, luan an phan tich phan bo cac
nghia vu chiing minh theo trang thai hoan thanh. Bang 6.3 tom tat cac két
qua dudc sinh ra bdi nén tang Rodin.

Mic d6 tu dong héa kiém ching. Téng cong c6 381 nghia vu chimg
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minh duge sinh ra, trong d6 369 nghia vu (96,8%) dugc tu dong chiing minh
bdi cac bo ching minh tich hgp trong Rodin, trong khi 12 nghia vu con lai
(3,2%) yéu cau cac bude chitng minh tuong tdc ¢ mitc don gian.

Phan 16n cac nghia vu duge chitng minh ti dong tuong tng véi cac dicu
kien xac dinh t6t (WD) va tang cuong diéu kién béo vé (GRD), von duge
cac bo chiing minh ty dong xit Iy hieu qua. Cac nghia vu can ching minh
tuong tac chil yéu lien quan dén viéc bao toan bat bién va chi yéu cau céac
buéc suy luan don gian, ching han nhu lya chon gia thuyét phu hop hoic
khdi tao cac bién lugng hoa. Khong can st dung cic chién luge chitng minh
phtic tap hay thay déi cau tric mo hinh; tat cd cac nghia vu con lai déu
duge hoan tat bang bo ching minh ménh dé tich hop.

Luu y rang khong phai tat ci cac loai nghia vu chiing minh trong Event-B
duge liet ke déu xuat hién trong ca nghién cttu nay. Cu thé, cac nghia vu
lien quan dén tinh chinh (FIS, SIM, WIT) va cac nghia vu dya trén bién
thé (VAR, NAT) khong dugc sinh ra, do mo hinh hién tai khong bao gom
cac budce tinh chinh hoac cac sy kién hoi tu. Do do, Bang 6.3 chi bao cao

cac loai nghia vu chitng minh thuc st duge sinh ra béi nén tang Rodin.

Cac két qua tréen OJS xac nhan rang UDML, khi hop thanh véi AGL va
RBACDom, hé trg dic td cac mo hinh mién hop nhat c6 kha nang thic thi
va ngtt nghia hinh thitc 16 rang, trong d6 AGL x4c dinh sy tién héa hanh
vi con RBACDom giéi han kha nang thiue thi thong qua cac dieu kien ty
quyen duya trén tuong tng nit. Khoi lugng nghia vu chitng minh tuan theo
cac dang chuan ctia Event-B, cho thay phuong phap dé xuat c6 thé tai si
dung truc tiép cac co ché kiem chiing hién c6 ma khong can mé rong dic
thil, qua d6 khang dinh UDML nhu mot nén tang ngit nghia hinh thitc cho

cac mo6 hinh mién hop nhét c¢6 thé phan tich va kiém chiing.

Théo luan. Rodin dugc st dung trong bai bao nay nham xac nhan khung
ngtt nghia dé xuat, thay vi dé danh gia hiéu nang ctia cong cu. Co ché sinh
va chiing minh tu dong cac nghia vu chiing minh (PO) cho phép phéat hién
sém cac bat nhat ngit nghia va cac vi pham chinh sach, nhitng van dé von
c6 thé bi an trong cac moé hinh mién c6 kha nang thuc thi.

Két qua trén hé thong OJS cho thay cac mo hinh UDML dugc hgp thanh

v6i RBACDom c6 thé duge dién giai nhu cac hé chuyén trang thai hop nhat
v6i kha nang thuc thi v cac thude tinh bao mat c6 thé phan tich hinh thiic.
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Trong ngit cdnh nay, AGL x4c dinh sy tién héa hanh vi ctia mo hinh mién
biang cach dac ta khi nao mot nit ¢6 thé duge thuc thi theo ngit nghia ludng
diéu khién, trong khi RBACDom quyét dinh liu nit dé c6 duge phép thuc
thi hay khong. Céc thong ké kiém chiing cho thay nd lirc kiém chiing phan
16n duge xit 1§ béi cac co ché chuan ctia Event-B, dat dude mic do tu dong

héa cao ma khong can cac mé rong kiém chitng dic thit.

Mot khia canh thiét ké quan trong khac 1a chién luge két hop luat duge
stt dung dé danh gia nhiéu chia thich RBACDom gin véi cling mot nit
hanh vi. Trong khung dugc md rong, viec két hop luat dude mo hinh hoa
nhu mot tham sé cau hinh ¢ mitc mo6 hinh thong qua ham combiningAlg :
DomainModelRbacDom — CA. Diéu nay cho phép dic ta truc tiép cic ngit
nghia phan quyén khac nhau, bao gom denyOverrides, permitOverrides va
firstApplicable, ngay trong mo hinh RBACDom, dong thoi van bao toan co
ché chuyén doi UDML sang Event-B. Md rong nay nang cao tinh tong quat
ctia khung phuong phap ma khong anh huéng dén ngit nghia cau tric clia
DCSL hay ngtt nghia hanh vi cia AGL.

Han ché va khd nang s dung. Danh gia hién tai tap trung vao mot quy
trinh c6 tinh thuyc té nhung quy mo trung binh véi tap vai tro ¢ dinh; viéc
khai quat rong hon doi hoéi thém céc ca nghién cttu bo sung. Bén canh do,
cac lua chon mo6 hinh héa nhu mitc do phan ra ctia cac nat va do biéu dat
clia cac vi tit pham vi ¢6 &nh hudng triyc tiép dén kich thuéc ctia mo hinh

Event-B dudc sinh ra cfing nhu s6 lugng nghia vu ching minh.

Hon nita, ty 1é cao cac nghia vu chitng minh dudc ti dong hoan tat trong
ca nghién cttu OJS (96,8%) cho thay phan 16n cic nghia vu tuong ting vdi
cac dang nghia vu chuan ciia Event-B, von dude cac bo chitng minh Rodin
xtt Iy hiéu qua. Diéu nay cung cap bang chitng ban dau cho thay phuong
phéap c6 kha nang mé rong ma khong lam tang tuong ting nd Iuc kiém chitng
thi cong. Tuy nhién, viec danh gia toan dieén trén cac hé thong cong nghiep

quy mo 16n van la huéng nghién ctiu trong tuong lai.

Nguyén mau hién tai st dung céc dic td dua trén cha thich dé lien két
cac chinh sach RBACDom véi cac nit hanh vi. Mic dit cach bicu dién nay
cho phép tich hop truc tiép vdi co sd ma hién c6, viec viét cha thich thu
cong c6 the trd nén dé sai sét dbi véi cac quy trinh 16n nhu OJS. Do dé, céc

nghién cttu tiép theo sé tap trung phat trién cac cong cu hd trg theo huéng
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do6 hoa va huéng mo hinh cho RBACDom, cho phép dic ta cac chinh sach
bao mat tryc tiép ¢ miic mo hinh mién va tu dong chuyen doéi sang cac chi
thich va hién vat hinh thitc tuong tng. Cac cong cu nay sé giip giam cong
stc dac ta thi cong va nang cao kha nang st dung cho cac hé thong quy

mo l6n.

6.3 Thuc nghiém va danh gia

Phan nay trinh bay, thiyc nghiem va danh gia vé cac ky thuat biéu dién va

chuyén déi mo hinh cho thiét ké huéng mién.

6.3.1 Ky thuat biéu dién mé6 hinh mién tich hgp rang budc

Trong phan nay, luan an tién hanh danh gia hai khia canh chinh: (i) mtc do
biéu dat ciia CAP trong viec mo hinh héa cac khai niem mién, va (ii) kha
nang ap dung CAP trong thuc tién phét trién phan meém. Dé ddm bao tinh
khach quan v do tin cay ctia két qua, luan an trinh bay chi tiét phuong
phép danh gia cuing v6i cac ca nghién citu duge sit dung trong qua trinh
thuc nghiém.

Phuong phdp ddanh gid. Dé cling c6 cac két qua va han ché tinh chi quan
trong dién giai, luan an tién hanh cac thuc nghiem tai xay dung c6 kiém soat
nhdm so sdnh CAP v6i bon nén tang: DCSL [70], Apache Causeway [119],
OpenXava [95], va Actifsource [1].

Cdc ca nghién cttu. D61 v6i moi nén tang, luan an tai xay dung cdc mo hinh
mién tuong duong vé chiic nang cho ba hé théng nghién citu— CourseMan,
PrOCESSMAN, va OrperMan—dugce Iita chon nham dam béo tinh da dang vé
mién, sy phong pht clia cac rang buoc, ciing nhu mic do trudng thanh khac
nhau ctia mo6 hinh héa. CourseMan 14 mot mién hoc thuét chuan, c6 nhiéu
rang buoc cau trac va hanh vi phong pht. ProcessMax cho phép so sanh
c6 kiém soat v6i cac mo hinh dua tréen DCSL trude dé nham danh gia loi
ich gia tdng clia CAP. OrberMaN, dugc xay dung dua trén cac kich ban quy
trinh nghiép vu trong doanh nghiép, dai dién cho mot mién khong dong
nhat, giau luéng cong viéc, nham danh gia kha ning mé rong va tinh tong

quat cua phuong phap.
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Bang 6.4: Tong hgp cac ca nghién citu: CoursEMAN, PROCESSMAN, VA

ORDERMAN
Ca nghién | Loai mién Sb lugng | Loai rang | Vai tro trong danh
cdu rang budc | budc OCL | gia
OCL theo ngw
nghia
CourseMan Hoc thuat 184 14 Méc chudn vé kha
ning biéu dat

ProcessMan Quén 1y quy | 140 12 So sanh c6 kiém soat

trinh véi DCSL
OrderMan Quy trinh | 76 11 Kha nang mé rong va

nghiép vu tdng quat

Bang 6.4 tom tit cac dic trung dinh luong ciia ba hé théng, bao gom s6

lugng rang budc va cac loai rang budoc OCL theo ngit nghia duge st dung

trong danh gia.

Quy trinh tdi xay dung cé kiém sodt. Doi v6i moi ca nghién cttu va moi nen

tang, luan an thuc hién cac bude sau:

1. Tai xay dyng mo hinh mién (biéu do 16p) bang cac co ché dic ta goc

clia tiing nén tang;

2. Dic ta cac rang buoc sao cho phit hop nhat véi dac ta tham chiéu;

3. Ghi nhan cac chi s6 c¢6 thé do ludng: s6 luong rang budc duge hd tro

truyc tiép bdi chu thich hoac cac cau tric dung san; s6 lugng rang buoc
can hién thyc thi cong; kich thuéec ma kiém tra thi cong (LOC) cho

moi rang buoc; thoi gian hién thuc; va miic do ho trg sinh ty dong

(sinh ma tit mo hinh va sinh 16-gic kiém tra).

4. Kiém chiing doc lap két qua tai xay dung béi hai nha nghién citu; cac

sai khac dude xtt Iy thong qua viéc ra soat lai cAc ban mau phan mém

va dat dugc sy dong thuan.

RQ3: Miic do biéu dat clia CAPs trong viéc mo hinh héa céc khéai niem

mién so véi cac phuong phap DDD hién c6 1a nhu thé nao?

Tinh biéu dat. Phan tich khd nang st dung cha thich dé dic ta va

kiem tra cac khia canh ctia mo hinh mién, tit d6 xac dinh cac cau tric ngon

ngl va lugng hoa mitc do tuong tng. Mudi hai tiéu chi danh gia duge rit ra

tit kha nang bicu dat ctia hé théng chid thich va duge ap dung dé danh gia
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stt dung ba mitc: (i) H6 trg day du, (i) hd tr¢g mot phan hodic gian tiép, (iii)
Khong ho trg. Két qua tong hop thé hién trong Bang 6.5. Két qua cho théy:
CAP dat miic hai long 100%, titc toan bo 12/12 tieu chi déu duge hd trg day
du hoi#ic gian tiép. Diéu nay chitng minh rang cdAc mo hinh mién xay dung
bing CAP c6 kha nang biéu dat toan bo cic rang buoc nghiép vu trong
ubiquitous language. Ngugce lai, DCSL, OpenXAVA va Apache Causeway
con 25% tiéu chi khong duge ho trg (3/12). Trong khi d6, Actifsource, do
dugc thiét ké chlt yéu cho mo hinh héa cau tric va sinh ma, ciing dat miic
100% hd trg (day du hosic gian tiép) ddi véi cac tiéu chi lien quan dén mo

hinh mién.

Bang 6.5: So sanh cic cong cu dua trén miic do biéu dat

Mitic do tinh biéu dat\ | H6 trg | HS tr¢ mot phan | Khong
Cac tieu chi so sanh | day du | ho#c gian tiép | ho trg
CAP 10/12 2/12 0
DCSL 4/12 5/12 3/12
OPenXAVA 2/12 7/12 3/12
Apache Causeway 2/12 7/12 3/12
Actifsource 9/12 3/12 0

M do ma héa thi cong. Cac tiéu chi nay danh gia mitc do 1ap trinh thu
cong can thiét dé hien thuc va kiém tra cac quy tic trong mo hinh mién,
d#ic bigt d6i véi cac rang buoc phiic tap trén nam tiéu chi nhu sau: (1) Tu
dong héa sinh ma: Mtc do ma cong cu cé thé tir dong sinh ma, tit d6 giam
thiéu nd luc 1ap trinh thi cong. (2) Ho trg rang budc phic tap: Kha niang
xtt Iy céc rang budc nang cao (vi du: biéu thitc OCL) ma khong can viét ma
tuy chinh. (3) Tich hgp mo hinh: Mic do dé dang khi tich hgp rang buodc
vao mo hinh mién véi it diéu chinh thi cong nhat. (4) Do khé hoc: Nb luc
can thiét dé sit dung cong cu hiéu qua; duong cong hoc tap cang cao thi nhu
cau lap trinh thu cong cang tang. (5) Tinh linh hogt: Kha nang tuy bién
ho#ic md rong 16-gic mién ma khong can nhiéu ma bo sung. Stt dung ba miic
danh gia la:

Mic déo ma héa thu cong. Danh gia nay tap trung vao cac rang
buoc OCL cau tric thiét yéu dugce dinh nghia trong Bang 2.1 (Muc 2.1.4,
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trang 24), trong dé téng hgp tap céc rang budc mién cot 16i duge xem xét
trong nghién ctu. Muc tiéu la dinh lugng mitc do cong sic hién thyc tha
cong can thiét dé thuc thi cac rang buodc nay khi st dung DCSL mé rong

v6i CAP so v6i cac nén tang khéac.

Pham vi danh gia. D61 véi mdi trong ba ca nghién citu (CourseMaN, PROCESs-
MAN, V& ORDERMAN), ludn &n tai xay dyng cac mo hinh mién tuong duong
va hién thyc cing mot tap cac loai rang buoec OCL thiét yéu, bao gom: (i)
cac rang budc gia tri thudce tinh; (i) cdc rang budc boi sé va lyc lugng; (iii)
cac rang buoc phu thuoc; (iv) cac rang buoc dua trén phép tong hop (vi du:

tong, dém); va (v) cac bat bién cau tric lién két chéo.

Chi cac rang buoc thiét yéu duge dua vao do luong, vi chiung dai dién
cho cac quy tic toan ven cot 16i clia mien mad CAP huéng t6i. Cac rang
budc phu trg va ¢ mic khung lam viéc dugce loai trit do thuong duge xi
Iy tu dong va khong phan anh chinh xac mitc gidm cong sttc mo hinh hoéa

thi cong.

Quy trinh do luong. D6i v6i mdi nén tang va mdi thé hien rang buoc thiét
yéu, luan an ghi nhan: (i) lieu rang buoc c¢6 thé duge thiyc thi theo cach
khai bdo ma khong can méa kiém tra thi cong hay khong; (ii) s6 lugng
phuong thiic kiém tra thi cong can thiét; (iii) s6 dong méa kiém tra thu
cong (LOC), khong bao gom chu thich va dong trong; va (iv) s6 lugng 16p

validator /service b6 sung dudc tao ra chi dé thuc thi rang buoc.

Luu ¥ ring cac khai bao 16p cau tric khong duge tinh 1a ma kiém tra, vi
ching thuoc dac td4 mo hinh mién chit khong phai 16-gic kiém tra rang buoc

— la trong tam ctia CAP.

Bang 6.6: Miic do ma hoda thil cong cac rang buoc OCL thiét yéu

Nén tang

LOC tha céng | %

trung binh/rang
budc

rang budc
thiét yéu dugc
tw dong thuc thi

Sb6 16p validator
b sung

CAP-extended DCSL 6.2 92% 0
Apache Causeway 54.3 22% 6
OpenXava 37.5 45% 4
Actifsource 31.8 52% 3

Bang 6.6 tom tit cac két qua tong hop trung binh trén ba ca nghién ctu.
DCSL md rong véi CAP dat ty 1& tu dong hoa cao nhat (92%) d6i véi cac

rang buoc OCL thiét yéu va yéu cau sé6 dong ma kiém tra thi cong trung
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binh thap nhat (6.2 LOC trén méi rang budc), dong thsi khong can bd sung
cac 16p kiém tra rang buoc. Két qua nay cho thay cac bat bién thiét yéu
dugce dac ta theo cach khai bao thong qua cha thich CAP va dugce tai tao tu
dong thanh 16-gic kiém tra OCL c6 thé thuyc thi. DCSL gdc cung cap ho trg
mot phan cho cic rang budc thiét yéu nhung van yéu cau cac phuong thiic
thit cong déi véi cac rang buoc dua trén tong hop va phu thuoc, dan dén
gia tang LOC. Trong Apache Causeway va OpenXava, cac rang budc cau
tric phitc tap thuong dude hién thuc theo kiéu meénh lenh, dan dén s6 LOC
tht cong cao hon dang ké va can thém cac 16p kiém tra rang buoc /dich vu.
Actifsource hd trg cau hinh luat 6 mic mo hinh; tuy nhién, cac rang buoc
lien két chéo va dua trén tong hop thuong doi hoéi them céc tio tac phan

mém hodc cau hinh bo sung.

Dién gidgi. Cac két qua cho thay viéc tich hop CAP vao DCSL giup gidm
dang ké cong stic lap trinh thi cong trong viéc thue thi cac rang budoec OCL
thiét yéu ¢ mic mo hinh mién. Mic gidm nay phan dnh cong stic thuc thi
tréen moi rang budc, thay vi viec dich chuyén l6-gic tuong duong, do ngit
nghia OCL dugc dinh nghia mot lan trong cac khuon mau CAP c6 thé tai
stt dung, thay vi phai hién thuc lai cho ting trudng hop cu the. Tat ca céc
phép do duge thuc hién dua tren cac thuc nghiem tai xay dung c6 kiem

soat, sit dung cling mot tap rang buoc thiét yéu trén cac nén tang.

RQ4: CAP ¢6 thé dugc ap dung ¢ mic do nao trong thuc tién phat trién

phan mém?

Dé danh gia kha nang ap dung ctia CAP trong thuec té, thyc hién trién
khai va kiém thit cac mau rang budc trén ba hé théng CourseMan, PROCESSMAN
va OrperMan. Két qua dugce tong hop trong Bang 6.7, bao gom mudi bén
nhom rang buoc OCL. Duge dé xuat mot danh muc CAPs, bao gom nhiéu
mau cung cap mot khuon kho cit phap va ngit nghia hinh thic dé diic ta céc
rang buoc nghiép vu trong OCL, bao gom: tinh hop lé cau tric, gidi han
dinh lugng, quan hé phu thuoc, v.v.

Tuy nhién, ba nhém rang budoc mang tinh hanh vi sau day dugc loai khoi
danh muyc CAPs: (1) tién diéu kién va hau dieéu kieén, von doi hoi ngt nghia
tdc vu va suy luan trén cac trang théi trudc-sau; (2) kiém soat truy cap,
phu thudc vai tro va chinh sach nén tang; (3) phan tng ty dong, lien quan
dén rang buoc sy kién—tac vu va thit ty thuye thi.
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Bang 6.7: Cac nhém rang budc va cac mau CAP

Nhém rang budc Danh muc CAP Kha ning dp dung CAP
CourseMan| OrderMan | ProcessMan

Rang budc tinh hgp lé DCSL trong Bang 2.1 11/11 11/11 11/11
(well-formedness)
Gidi han dinh lugng SumConstraint 19/19 4/4 77
Rang budc phu thudc va | PrerequisiteConstraint 10/10 12/12 13/13
tién quyét
Rang budc lap lich va ScheduleConstraint 17/17 6/6 10/10
xung dot
Rang buoc diéu kien du EligibilityConstraint 20/20 5/5 12/12
ctia thyc the
Quy tic thi lai / thyc RetakeConstraint 8/8 2/2 8/8
hién lai
Rang budc stc chita SizeConstraint 17/17 3/3 15/15
Rang buodc thoi gian va TimeConstraint 10/10 6/6 13/13
han choét
Quy téc tinh toan va dan | SumProduct 15/15 8/8 8/8
xuat
Rang budc dya trén StatusConstraint 12/12 6/6 15/15
trang thai
Rang budc cau tric t6 StructuralConstraint 29/29 6/6 16/16
chic
Rang buoc tién diéu kien | x 0/4 0/4 0/4
/ hau diéu kien
Rang buoc kiém soat X 0/4 0/2 0/4
truy cap
Rang budc phéan ung tu X 0/4 0/2 0/4
dong

Téng | 172/184 66/76 128/140

Ba nhém nay mang tinh rang buoc theo ngit canh hon 1a cac bat bién
cau tric, it c¢6 kha nang tai st dung nhu cdc mau bat bién va phu thuoc
manh vao kién tric trien khai; vi vay ching dugc loai bé dé gitt cho danh

muc CAPs sic tich va mang tinh dai dién.

Cac thi nghiém trén ba mién bai todn CourseMAN, ORDERMAN VA PROCESS-
Man cho thiy ring cac CAPs duge dé xuat c6 thé duge biéu dién bang DSL
dura trén cht thich nhu DCSL v dudgc tich hop vao mo hinh mién thong nhat

nham hd trg sinh tir dong va tao nguyén mau phan meém.

Trong nghién citu tinh huéng CourseMax, 184 rang buoc duge khio sat
va phan loai vao 14 nhém. CAPs biéu dién thanh cong 172 rang buoc thuoc
11 nhém; 12 rang buodc con lai ndm ngoai pham vi hién tai do phu thuoc

vao trang thai tai thoi gian chay, su kién hoi#ic diéu kién kich hoat theo ngit
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canh. Cac rang budc nay chii yéu thuoc nhém tién dieu kién/hau diéu kién,

kiém soat truy cap va phan tng tu dong. Tong ty 1é hd trg dat 93.5%.

D6i v6i OrberMaN, 76 rang budc duge phan tich, trai rong tit rang buoc
cau trac dén cac quy tac nghiép vu va hanh vi phtc tap. Trong s6 nay, 66
rang buodc dugc hd trg bdi CAPs; cac rang buoc con lai c6 dac diéem dong
tuong tir CourseMan, dan dén ty lé 4p dung 86.8%.

Danh gia trén ProcessMan ciing cho két qua tuong dong: trong s6 140
rang buoc dugc khao sat, 128 duge biéu dién hiéu qua biang CAPs, s6 con
lai lien quan t6i hanh vi dong ho#ic co ché kich hoat theo sy kién von nam

ngoai kha nang hien tai ctia khuon kho, dat ty le 4p dung 91.4%.

Bén canh tinh biéu dat va kha ning 4p dung, tinh kha thi ctia phuong
phap dugc khing dinh thong qua viéc sinh va thye thi cac nguyén mau phan
meém triic tiép tit mo hinh mién théng nhat c6 tich hop CAPs. Diéu nay
ching minh rang phuong phap duge dé xuat c6 thé duge hien thuc mot cach

tron tru duéi dang cic hién vat phan mém van hanh thyc té.

Thao luan. Cac moi de doa ddi v6i tinh hop lé clia phuong phap dé xuat

va qué trinh danh gia, theo phan loai ctia Runeson et al. [104].

Nghién cttu gid dinh rang cdc yéu cau mién dude thu thap va dién giai
day di, chinh x4c. Nguy co dién giai sai dugc giam thiéu thong qua viéc
biéu dién tuong minh mo hinh 16p mién, cac rang budc OCL va céc chi
thich tham s6 hoa, sau d6 dong géi chiing trong cdc mau CAP dé hgp nhéat
vao mo hinh mién hop nhat ¢6 kha nang thyc thi theo DDD.

Céc mbi de doa chinh xuat phat tit viec chuyén déi dic ta UML/OCL
sang cac mau CAP va tit kha nang bao phti chua day du ciia cac rang budc
OCL. Luan an gidm thiéu cac rii ro nay bang cach cung cap huéng dan
ap dung CAP, danh gia trén nhiéu hé théng c6 do phic tap khac nhau
(CoursEMAN, ORDERMAN, ProcEssMAN), V& kiém thit, ra soat ki ludng cong cu

hién thyc trong khung phan mém JDA.

6.3.2 Ky thuat biéu dién mé hinh mién tich hop hanh vi

Luan an st dung ba tng dung phan anh yéu cau thuc té: CourseMan, Pro-
cEssMAN VA OrperMan dé danh gid tinh biéu dat v kha niang ap dung ctia

k¥ thuat biéu dién mo hinh mién tich hgp hanh vi.
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Tinh biéu dat dudge danh gia bang cach doéi chiéu AGL tich hgp DCSL
v6i cac mau DDD [39] goi la AGL™ va so sanh véi céac khung lam viéc DDD
dya trén chu thich: AL [119] va XL [95]. Viéc xem xét mo hinh hoéa cau tric
(DomainClass, DomainField, AssociativeField, DomainMethod), mo hinh hoa
hanh vi, va mic do ma hoa can thiét (RCL).

RQ5: Hiéu qud biéu dién mo hinh mién so vdi DDD hién c6?

Bang 6.8: (A-trai) Tiéu chi 1: Cac tieu chi vé tinh biéu dat duya
tréen cdc mau DDD; (B-phai) Tiéu chi 2: Céc tiéu chi vé tinh biéu
dat dua trén céc siéu khéi niém ciia mién

Tiéu chi 1 Tiéu chi 2

AGL+ AL XL AD AGL+ AL XL AD
DomainClass (DC) v Vv Vv X DC 1/1 1/1 0/1 X
DomainField (DF) v v v x  DF 8/8 4/8 5/8  x
AssociativeField (AF) vV vV v X AF 7/7  0/7 1/7 X
DomainMethod (DM) vV Vv v X DM v X X X
ActivityDomainClass
(ADC) 0 X X Vv ADC Vv X X Vv

Béng 6.8(A) cho thay AGL* va cac phuong phap DDD khéac déu hien
thic mot phan cac mau DDD. Bang 6.8(B) cho thay AGL™ c¢6 tinh bicu dat
cao nhat trong ca cau trac 1an hanh vi. AL va XL chi hé trg mot phan cau
triac va khong hoé tro hanh vi. AD mo ta hanh vi tot nhung thiéu gan két
v6i mo6 hinh cau tric.

RQ6: No luc can thiét dé dinh nghia mo hinh mién thong nhat?

Tu Figure 3.8 va 3.9, ta co: Bang 6.9: Théng ke céc

Bang 6.9 trinh bay s6 luong cic mau mau hanh vi va mo-dun cho
hanh vi mién duge st dung (duge CourseMan, ProcessMan va
dinh nghia) dé xay dung cic tng OrderMan

dung CourseMAN, PR(?CESSMAN va OR- M Moodun
perMaN. Trong do6, so lugng mo-dun

phan anh mitc do phiic tap ctia phan COURSEMAN 3 6

mém, con sb lugng cdc mau hanh vi  ProcmssMan 5 37

mién thé hien mic do 4p dung cia bd  OrprrMAN 5 13

mau dau tién cling nhu lugng cong
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stic duge gidm bdét cho lap trinh vién trong viéc hién thyc phan meém

thi cong.

Théo luan. Két qui danh gia cho thay phuong phap dua tréen AGLDCSL
c6 kha nang tich hgp hiéu qua vao cac quy trinh phat trién lip va linh hoat,
trong d6 chuyén gia mién va lap trinh vién c6 thé cong tac xay dung mo
hinh mién hop nhat va sinh phan mém tryc tiép tit mo hinh. Viec két hop
véi cac ki thuat ki nghé phan mém huéng mo hinh, dic biet 14 4nh xa mo
hinh yéu cau va mo hinh mién triru tuong sang mo hinh mién hop nhat phu
thuoc nén tang (AGL*T/DCSL tren Java), qua d6 thu hep khoéng cach tir
mo hinh dén hién thuc thuc thi.

Tinh kha dung ctia phuong phap chiu anh huéng dang ké béi giao dien
GUI, von dugc thiét ké don gidn va nhat quan, phan anh truc tiép cau tric
mo hinh mién va hd tr¢ hiéu qua tuong tac véi chuyén gia mién. Bén canh
do6, viec AGL dugc nhing trong ngon ngit lap trinh huéng ddi tugng cho
phép tan dung cac co ché kiém tra tinh, tai cau tric va hd trg IDE, qua d6

nang cao kha nang xay dung va bao tri dac ta.

Cubi cuing, dya trén cdc mau hanh vi mién va kién tric mo-dun doc lap
ngon ngitt, phuong phap c6 tinh tong quét cao va cé thé dugce trien khai trén
cac nén tang khac ngoai Java hodc thong qua cac DSL ngoai sinh sit dung
cac khung ngon ngit hién c6. Diéu nay cho thay tiéem ning md rong va kha
nang 4p dung ctia phuong phap trong cac bdi canh phét trién phan meém

da dang.

6.3.3 Ky thuat tich hgp cac DSL theo mdi quan tam vao

mo hinh miéen

Trong phan nay, thyc hién danh gia hiéu qué ctia phuong phap tich hop cac
moi quan tam vao mo hinh mién hgp nhat UDML thong qua cac ca nghién
cttu da dugc cai diat va thue nghiém thanh cong. Viéc danh gia lan lugt tra
161 cac cau hoi nghién citu RQ7-RQ10.

RQT7: Lam thé nao c6 thé tich hop mot moi quan tam nén ting vao mo
hinh mién?
UDML tra 101 cau hoi nghién citu RQ7 bang co ché tich hop duya trén sieu

mo hinh, trong d6 mdi mbi quan tam dugc mo hinh héa nhu mot concern
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hang nhat va dude gan vao mo hinh mieén thong qua bon siéu khai niém
mad rong: DomainModel, Concern, Annotation va Annotable. Cach
t6 chitc nay cho phép (i) gom nhém cac chii thich ctia mot mdi quan tam
trong mot Concern riéng; (i) gan cac chu thich dé lén cac phan tit mién
161 (go1, 16p, thudce tinh, két hop, thao tac) thong qua Annotable; va (iii)
duy tri ranh giéi 16 rang gitta mién 16i va mién mdi quan tam nhung van
dam bao kha nang tich hop mdi quan tam vao mo hinh mién 6 dang vi tr
can thiét. Qua céc ca nghién ctu da trién khai, viéc tich hgp méi quan tam
theo co ché nay cho thay mo hinh UDML sau hop nhat van gitt duge cau
trac mién, dong thoi b sung dude thong tin theo méi quan tam dudi dang

chi thich ma khong lam bién dang mo hinh mién 16i.

RQ8. Lam thé nio c6 thé biéu dién mién ciia mbi quan tam nhu
mot aDSL?

Dé biéu dién mién ctia mbi quan tam nhu mot aDSL bang céch cach thiét
ké mién moi quan tam theo hai mic: (i) mot DSL ngoai sinh DSL,. c6 siéu
mo hinh riéng dé biéu dién ctd phéap tritu tuong va rang budc mién ctia moi
quan tam; va (ii) mot aDSL tuong tng (DSL noi sinh dua trén cha thich)
duge xay dyng bang anh xa mot-mot tit DSL.. Cach tiép can nay bio ddm
dong thai hai yeu cau: tinh hinh thic & mic siéu mo hinh (dé kiém tra hgp
dang, dé phan tich va chuyén dbi trong MDE) va tinh khd thi & mic hién
thuc (aDSL nhiing tryc tiép trong OOPL dé tham gia sinh ma/thi hanh).
Cac ca thic nghiem cho thay co ché anh xa song anh giita mo6 hinh DSL
ngoai sinh va mo6 hinh aDSL cho phép duy tri nhat quan gitta mo hinh hoéa
va hién thuc, dong thsi tao tuyén chuyen déi M2M/M2T 16 rang dé dua

moi quan tam vao chudi sinh phan mém.

RQ9: Lam thé nao cic DSL theo méi quan tam cé thé duge hop nhat cé hé
thong vao mot AST hop nhat?

Bing co ché hop nhat dya trén AST, trong d6 mdi DSL theo moi quan
tam duge chuan héa dudi bo ba (AS, CS, Sem) va duge tong hop tang dan
vio UDML 16i bing thuat todn hop nhit cay. O mtc ct phap tritu tuong,
viec hgp nhat duge thyc hien bang cach (i) bd sung cac khai niem mdi hozc
md rong khai niem 16i bang quan he ké thira; (ii) them cac thuoc tinh va
rang buoc hop dang; va (iii) gin céac lien két xuyeén mdi quan tam thong

qua cac canh tham chiéu (refCons). O miic ct phap cu thé, cac ky phap
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va thao tac chinh sitta dugc 4nh xa vé cting mot AST dé bao dam dong bo
da go6c nhin. O mic ngtt nghia, moéi DSL dong gép mdt anh xa ngt nghia
mo-dun va duge tong hop theo cau tric AST hop nhat. Thuc nghiém cho
thay cach to chitc "mot AST — nhidu géc nhin" gitp gidm riai ro léch mo
hinh giita cdc DSL, dong thdi tao nén tang théng nhat cho kiém tra nhat

quan va sinh ma.

R10: Nhiing co ché hop thanh ngon ngi@ va phuong phdp cé hé trg cong cu
nao phu hop dé tich hop va tién héa cic moi quan tam khong dong nhat

trong mo hinh mién mo-dun, md rong?

Két qua thuc nghiem cho thay hai huéng tiép can bo trg 1an nhau 1a phit
hop cho UDML. Thit nhat, hop thanh dya trén sieu mo hinh va chuyén doi
mo hinh (MDE) phut hop cho viéc dinh nghia chinh x4c mién moi quan tam,
kiéem tra hop dang va xay dyng bo chuyén doi M2M/M2T nham dua mo
hinh vé dang thic thi; cic cong cu nhu ATL va Acceleo hd trg hieu qua viéc
duy tri 4nh xa gitta DSL ngoai sinh va aDSL, cfing nhu tién héa mo hinh
thong qua cap nhat luat chuyen doi. Thit hai, hop thanh dya trén AST va
chii thich phu hgp khi can tich hgp cdc DSL khong dong nhat va mé rong
theo vong doi, trong d6 AST dong vai tro cau truc trung tam ctia mo hinh
hop nhét.

D6i v6i cadc moi quan tam nhay cam nhu bdo mat, viéc stt dung Event-B
nht mot hau-end kiém ching cung cap co ché kiém ching hinh thitc cho mo
hinh UDML hgp nhéat, cho phép phat hién xung dot va sai léch chinh sach
4 mic ngit nghia.

Thao luan. Viéc 4p dung phuong phap dé xuat trong Muc 4.2 cho cac mién
bai toan thuc té cho thay tinh kha thi va hiéu qua, song van ton tai mot s6
moi de doa dén tinh hop le.

Tht nhat, phuong phap phu thudc vao nang luc biéu dat ciia cdc mién
moi quan tam va kha nang tich hop ching vAo mot mo hinh mién hgp nhat
c6 thé thue thi; do d6, UDMM can tiép tuc duge mé rong dé bao quat them

cic mdi quan tam khac.

Thit hai, tinh ding din ctia moé hinh UDM phu thuoc vao do chinh xac
clia cac phép chuyén doi tit cii phéap tritu tugng sang ci phap cu thé, hien
dugc dam bao thong qua ra soat va kiém thit cac luat chuyén déi ATL va

Acceleo.
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Cudi cling, ma ngudn sinh tir dong bang Java c6 thé chiu anh hudng tit
sai s6t trong khung sinh ma; vi vay, viéc ra soat va kiém thit ma nguon tiép

tuc dude thuyc hien nham nang cao do tin cay ciia két qua sinh tu dong.

Bén canh céac két qua dat dude, mot huéng md rong tiem nang dude goi
md t phan tich & Muc 2.5 1a khai thac cac ky thuat AI/LLM nham hé trg
giai doan khdi tao mo hinh mién, dac biét trong viéc sinh nhap dac ta hoac
dé xuat cac thanh phan mo hinh tit mé ta nghiép vu. Cach tiép can nay co
thé gop phan gia ting mitc do tu dong hoa & bude dau ctia qua trinh mo
hinh héa va gidm chi phi xay dyng mo hinh ban dau. Tuy nhién, khac véi
cac phép biéu dién va chuyén ddi cé dic ta tuong minh duge dé xuat trong
luan &n, cac két qua do AI/LLM sinh ra mang tinh suy dién va chua dugc
bao dam vé ngit nghia. Vi vay, cac dic ta dude sinh ra can duge chuan héa
va biéu dién lai trong cac DSL clia luan an, sau dé tich hgp vao mo hinh
mién hop nhat va kiém chiing thong qua cac co ché hinh thic da dé xuét,
nham bao dam tinh nhat quan va dang dan ciia mo hinh. Huéng nghién ctiu

nay sé dugce tiép tuc thao luan trong Chuong 7.

6.4 Tong két chuong

Trong chuong nay, luan an da xay dung va trién khai céc cong cu hd trg
cho céc phuong phap dé xuat, bao gom ki thuat biéu dién moé hinh mién
¢6 kha nang thuc thi, k§ thuat tich hgp hanh vi va rang budc vao mo hinh
mién hop nhat, ciing nhu ki thuat sinh tir dong ban mau phan mém theo
thiét ké huéng mién. Cac cong cu nay hién thiiec héa chudi xit Iy hoan chinh
tit dac td mo hinh dau vao dén cac tao tdc phan mém dau ra, qua d6 minh
ching tinh kha thi clia cac phuong phap dé xuat. Toan bo qui trinh mo
hinh héa, chuyén déi va sinh ma dude danh gia thong qua cac ca nghién ctu
va thiyc nghiem nhiam dam bao tinh ding dan, tinh nhat quan va kha nang

tmg dung trong thuc tién phét trién phan meém.



Chuong 7

KET LUAN VA HUGNG PHAT
TRIEN

K7 thuat biéu dién va chuyén déi mo hinh cho thiét ké huéng mién. Mac dit
da ton tai mot s6 cach tiép can nhim biéu dién mo hinh mién c6 kha nang
thue thi, cac cach tiép can nay thuong chi tap trung vao ting khia canh
rieng 1é. Luan an dé xuat mot k¥ thuat biéu dién mo6 hinh mién hgp nhat,
trong d6 tich hop dong thoi khia canh hanh vi va cac rang buoc OCL. Trong
UDML, céac khia canh nay dugc xem nhu cdc DSL theo mdi quan tam va
dugce hop nhat ¢6 he thong thanh mot mo hinh mién c6 kha nang thyc thi
va duge kiem chitng hinh thte. Dé hién thuc héa mo hinh mién thuec thi,
luan an trinh bay cac ki thuat chuyen ddi tit dic td mic cao sang cac DSL
theo mdi quan tam va tiép tuc chuyén doi sang ma nguon, duge nhing truc

tiép vao ngon ngi lap trinh chi.

7.1 Cac két qua dat dudc

Sau qua trinh nghién ctu va gidi quyét bai todn nay, luan an da gép phan
nang cao dang ké trang thai hien tai ctia thiét ké huéng mién bang cach
thu hep khoang cach gitta mo hinh va ma nguon, dong thoi xay dung dugc
mot mo hinh mién thong nhat. Trén co sé do, luan an dat duge cac két qua

chinh sau day.

1. Thit nhat, luan an dé xuédt phuong phap va cong cu hd trg biéu dién
mo hinh mién trong thiét ké huéng mién, cho phép dic td mot cach

176
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tuong minh va nhat quan cac khia canh cau tric, hanh vi va rang buoc
nghiép vu. Phuong phap nay cho phép tang kha nang dién dat ctia mo
hinh mién, ddm bao syt thong nhat clia cac bén lien quan vé yéu cau

phan mém;

2. Thtt hai, luan an dé xuat ky thuat hop nhat cac ngon ngit chuyén biet
mién theo cdc mdi quan tam chuyén biét vao mot mo hinh mién hop
nhat c6 kha nang thuyc thi. Trén co sé do, luan an xay dyng nén tang
ngtt nghia phuc vu kiém chitng hinh thitc, nhdm dam bao tinh nhét

quan ngit nghia ctia mo6 hinh mién hgp nhat;

3. Thtt ba, luan an dé xuét k§j thuat va cong cu hd trg chuyén doi mo
hinh dé thao tac trén mo6 hinh mién hgp nhét, cho phép sinh tu dong
cidc ban mau phan mém c6 kha nang thyc thi, dong thoi bao toan ngit
nghia mién va chat lugng chuyén doi, phit hop véi cac kich ban ca st

dung cu thé trong cac mién ting dung chuyén biét.

Cac ky thuat biéu diéfn mo6 hinh mién va hgp nhat biang phuong phap
mo hinh héa hop nhat duge ky vong sinh tir dong phan meém, qua dé gitp
tao nhanh ban mau phan mém lam giam dang ké chi phi sdn xuat va gia
thanh phan mém. Thyc nghiém va tién hanh danh gia tinh kha thi cia ting
dung phuong phap trong thuc té bing cac cong cu duge phét trién. Ngoai
ra, luan an st dung cac cong cu chuyéen doi mo hinh va khung phan mém
JDA thiic day tai st dung, nang cao chat lugng phan mém lam ra va gitp

gidm mic do st dung tai nguyén, nguon lyc ciia x4 hoi néi chung.

Cac két qua ctia luan an da dugce cong bo trong cac cong trinh khoa hoc
dang tai tai cac ky yéu hoi thdo qubc té. C6 ¥ nghia hd trg dic ta chinh
xac cac mo hinh mién, dong thoi hien thuc héa cac thao tac tur dong trén
mo hinh mién, bao gom, sinh tu dong ma ngudn, kiém tra tinh tuan thi véi
thiét ké va cai dat. Két qua nay c6 v nghia gia tang tu dong hoa trong phéat

trien phan mem.

7.2 Huéng phat trién tiép theo

Trong muc nay, luan an thao luan mot sd han ché ctia nghién ctu va dinh
huéng phat trién trong tuong lai.
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- Hoan thién cong cu UDML duéi dang plugin, dong thoi xay dung céic
¢t phap biéu dién do hoa cho dic ta hanh vi, bdo mat va cac méu chi
thich rang buoc (CAP), qua dé nang cao kha nang sit dung va ho trg
ngudi dung.

- Tiép tuc hoan thién k§ thuat biéu dién mo hinh mién bing cach mé
rong CAP cho cac mién tng dung thuc té, thong qua viéc xay dung
thu vien cac mau rang budc hd trg bieu thitc OCL phiic tap, gép phan
nang cao kha nang ap dung, tinh tich hgp, hiéu nang thuyc thi va kha

nang bao tri clia mo hinh mién.

- M4 rong khung phuong phap cho cac DSL chuyén biét theo timg moi
quan tam, dong thoi hd trg cac co ché phan quyen dong va phu thuoc
ngit canh da dang hon.

- Tich hgp céac ky thuat AI/LLM vao quy trinh mo hinh héa mién nham
ho trg giai doan khdéi tao mo hinh, ddc biét trong viéc sinh nhap dic
td va goi ¥ cac thanh phan titr mo ta nghiép vy; cac dic td nay can
dugc chuan héa trong cac DSL va kiém chiing bang cac co ché hinh
thitc dé dam bao tinh ding din va nhat quan.



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

1. [V1] Duc-Hanh Dang, Duc Minh Le, Van-Vinh Le. AGL: Incorporating
behavioral aspects into domain-driven design. Information and Soft-
ware Technology, 163, 107284, 2023.

DOI: 10.1016/j.infsof.2023.107284. (WoS/Scopus, Q1)

2. [V2] Van-Vinh Le, Nghia-Trong Be, Duc-Hanh Dang. On Automatic
Generation of Executable Domain Models for Domain-Driven Design.
Proc. 15th Int. Conf. Knowledge and Systems Engineering (KSE),
IEEE, 2023. DOI: 10.1109/KSE59128.2023.10299453. (WoS/Scopus)

3. [V3] Van-Vinh Le, Duc-Hanh Dang. An Approach to Composing Con-
cerns for an Executable Unified Domain Model. Proc. 18th Int. Conf.
Research, Innovation and Vision for the Future (RIVF), IEEE, pp.
415-419, 2024. DOI: 10.1109/RIVF64335.2024.11009109.
(WoS/Scopus)

4. [V4] Le Van Vinh, Dang Duc Hanh. RM2UDM: A method for auto-
matically generating functional prototypes from requirement models.
Proc. 17th National Conf. Fundamental and Applied Information Tech-
nology Research (FAIR), pp. 734-741, 2024.

ISBN: 978-604-357-304-6, DOI: 10.15625/vap.2024.0271.

5. [V5] Van-Vinh Le, Nhat-Hoang Nguyen, Duc-Quyen Nguyen, Duc-Hanh
Dang. A Method for Composing Concerns into a Unified Domain Model
in Domain-Driven Design. Proc. 14th Int. Symposium on Information
and Communication Technology (SOICT), Springer, 2025. (WoS/Sco-
pus, accepted)

6. [V6] Van-Vinh Le, Duc-Hanh Dang. Constraint Annotation Patterns
for Prototype Generation within Domain-Driven Design.
e-Informatica Software Engineering Journal, 2025. ISSN: 2084-4840.
(WoS/Scopus, Q3, submitted)

7. [V7] Van-Vinh Le, Nhat-Hoang Nguyen, Duc-Quyen Nguyen, Duc-Hanh
Dang. A Semantic Framework and Tool Support for Unified Executable

179



Danh muc cac cong trinh khoa hoc 180

Domain Models in UDML: A Case Study on the RBAC Concern.
VNU Journal of Science: Computer Science and Communication En-

gineering. Vol 42 No 1, pages 79-114, 2026. ISSN: 2615-9260, DOI:
10.25073/2588-1086 /vnucsce.6743.



TAI LIEU THAM KHAO

1]

Actifsource.  Actifsource AG, Switzerland - all rights reserved.,
2017. URL https://www.actifsource.com/_downloads/
ActifsourceManual_ActifsourceUserManual .pdf.

Jean-Raymond Abrial. Modeling in Event-B: System and Software
Engineering. Cambridge University Press, Cambridge, 2010. ISBN
978-0-521-89556-9.

Jean-Raymond Abrial, Michael Butler, Stefan Hallerstede, Thai Son
Hoang, Farhad Mehta, and Laurent Voisin. Rodin: an open toolset for
modelling and reasoning in Event-B. International Journal on Soft-
ware Tools for Technology Transfer, 12(6):447-466, November 2010.
ISSN 1433-2779, 1433-2787. doi: 10.1007/s10009-010-0145-y.

Muhammad Umar Aftab, Zhiguang Qin, Negalign Wake Hundera,
Oluwasanmi Ariyo, Zakria, Ngo Tung Son, and Tran Van Dinh.
Permission-based separation of duty in dynamic role-based access con-
trol model. Symmetry, 11(5):669, 2019.

Fatimah Akeel, Asieh Salehi Fathabadi, Federica Paci, Andrew Grav-
ell, and Gary Wills. Formal Modelling of Data Integration Systems Se-
curity Policies. Data Science and Engineering, 1(3):139-148, Septem-
ber 2016. ISSN 2364-1541. doi: 10.1007/s41019-016-0016-y.

Hessa Ali Alhamad and Mohammad Mahdi Hassan. Aspect-Oriented
Models-Based Framework to Secure Intelligent Systems. In Proc. 2022
8th Int. Conf. Computer Technology Applications, ICCTA 22, pages
249-262, New York, NY, USA, September 2022. Association for Com-
puting Machinery. ISBN 978-1-4503-9622-6. doi: 10.1145/3543712.
3543726.

Shaukat Ali, Muhammad Zohaib Igbal, Andrea Arcuri, and Lionel C.
Briand. Generating Test Data from OCL Constraints with Search
Techniques. [EEE Transactions on Software Engineering, 39(10):
1376-1402, October 2013. ISSN 1939-3520. doi: 10.1109/TSE.2013.17.
Conference Name: IEEE Transactions on Software Engineering.

Andrzej Wasowski and Thorsten Berger. Domain-Specific Languages
Effective Modeling, Automation, and Reuse. Springer Cham, 2023.
ISBN 978-3-031-23668-6.

181


https://www.actifsource.com/_downloads/ActifsourceManual_ActifsourceUserManual.pdf
https://www.actifsource.com/_downloads/ActifsourceManual_ActifsourceUserManual.pdf

Tai liew tham khao 182

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

ANSI/INCITS. Information technology — role-based access control.
Technical Report INCITS 359-2012, American National Standards
Institute (ANSI), May 2012. URL https://webstore.ansi.
org/standards/incits/incits3592012. Reaffirmed as IN-
CITS 359-2012 (R2022).

I. Antovié, S. Vlaji¢, M. Mili¢, D. Savi¢, and V. Stanojevi¢. Model and
software tool for automatic generation of user interface based on use
case and data model. Institution of Engineering and Technology, 6(6):
559 — 573, 2012. ISSN Print ISSN 1751-8806. Online ISSN 1751-8814.
doi: 10.1049 /iet-sen.2011.0060.

David Basin, Jurgen Doser, and Torsten Lodderstedt. Model driven
security: From UML models to access control infrastructures. ACM
Trans. Softw. Eng. Methodol., 15(1):39-91, January 2006. ISSN 1049-
331X. doi: 10.1145/1125808.1125810.

Nelly Bencomo, Jordi Cabot, et al. Abstraction engineering. arXiv
preprint arXiv:2408.1407/, August 2024.

Alexander Bergmayr, Michael Grossniklaus, Manuel Wimmer, and
Gerti Kappel. Leveraging annotation-based modeling with Jump.
Software & Systems Modeling, 17(1):65-89, February 2018. ISSN 1619-
1366, 1619-1374.

Mario Luca Bernardi, Giuseppe Antonio Di Lucca, and Damiano Dis-
tante. Model-driven fast prototyping of RIAs: From conceptual models
to running applications. In Proc. 2014 Int. Conf. Advances in Com-
puting, Communications and Informatics (ICACCI), pages 250-258,
2014. doi: 10.1109/ICACCI.2014.6968522.

Dines Bjgrner. Domain modelling: A foundation for software devel-
opment. In Theories of Programming and Formal Methods: Essays
Dedicated to He Jifeng on the Occasion of His 80th Birthday, pages
165-210. Springer, 2023. doi: 10.1007/978-3-031-40436-8 7.

Grady Booch, Robert A. Maksimchuk, Michael W. Engle, Bobbi J.
Young, Jim Connallen, and Kelli A. Houston. Object-oriented analysis
and design with applications, third edition. ACM SIGSOFT Software
Engineering Notes, 33(5):29-29, August 2008. ISSN 0163-5948. doi:
10.1145/1402521.1413138.

Marco Brambilla, Jordi Cabot, and Manuel Wimmer. Model-Driven
Software Engineering in Practice. Morgan&Claypool, 2nd edition,
2017. ISBN 978-1-62705-708-0.

Achim D. Brucker, Matthias P. Krieger, Delphine Longuet, and
Burkhart Wolff. A Specification-Based Test Case Generation Method
for UML/OCL. In Models in Software Engineering, pages 334-348.
Springer, Berlin, Heidelberg, 2011. ISBN 978-3-642-21210-9. doi:
10.1007/978-3-642-21210-9 33. ISSN: 1611-3349.


https://webstore.ansi.org/standards/incits/incits3592012
https://webstore.ansi.org/standards/incits/incits3592012

Tai liew tham khao 183

[19] Antonio Bucchiarone, Antonio Cicchetti, Federico Ciccozzi, and Al-

fonso Pierantonio. Domain-specific languages in practice: with Jet-
Brains MPS. Springer Nature, 2021.

[20] Antonio Bucchiarone, Juri Di Rocco, Damiano Di Vincenzo, and Al-
fonso Pierantonio. From OCL to JSX: declarative constraint modeling
in modern SaaS tools, September 2025.

[21] Frank Budinsky. FEclipse Modeling Framework: A Developer’s Guide.
Addison-Wesley, 2004. ISBN 978-0-13-142542-2.

[22] Dennis M. Buede and William D. Miller. The Engineering Design of
Systems: Models and Methods. Wiley, 4th edition, 2024. ISBN 978-1-
119-98401-6.

(23] Fabian Biittner and Martin Gogolla. On ocl-based imperative model
transformation. Flectronic Communications of the EASST, 29, 2010.

[24] J. Cabot and E. Teniente. Transformation techniques for OCL con-
straints. Science of Computer Programming, 68(3):179-195, October
2007. ISSN 0167-6423. doi: 10.1016/j.scico.2007.05.001.

[25] Jordi Cabot and Martin Gogolla. Object Constraint Language (OCL):
A Definitive Guide. In Formal Methods for Model-Driven Engineering,

volume 7320, pages 58-90. Springer Berlin Heidelberg, Berlin, Heidel-
berg, 2012. ISBN 978-3-642-30981-6 978-3-642-30982-3.

[26] Edmilson Campos, Uird Kulesza, Marilia Freire, and Eduardo Aranha.
A Generative Development Method with Multiple Domain-Specific
Languages. In M. (eds) Product-Focused Software Process Improve-
ment. PROFES 201}. Lecture Notes in Computer Science, volume
8892, pages 178-193. Springer, Cham, 2014. ISBN 978-3-319-13834-3.

[27] Joanna Chimiak-Opoka, Birgit Demuth, Andreas Awenius, Dan
Chiorean, Sebastien Gabel, Lars Hamann, and Edward Willink. OCL
tools report based on the ide4dOCL feature model. FElectronic Commu-
nications of the EASST, 44, 2011.

[28] Tony Clark and Jos B. Warmer, editors. Object modeling with the
OCL: the rationale behind the Object Constraint Language. Number

2263 in Lecture notes in computer science. Springer, Berlin ; New
York, 2002. ISBN 978-3-540-43169-5.

[29] Benoit Combemale, Robert France, Jean-Marc Jézéquel, Bernhard
Rumpe, James Steel, and Didier Vojtisek. Engineering Modeling Lan-
guages: Turning Domain Knowledge into Tools. CRC Press, November
2016. ISBN 978-1-315-38793-2.

[30] Krzysztof Czarnecki. Overview of Generative Software Develop-
ment. In Jean-Pierre Banatre, Pascal Fradet, Jean-Louis Giavitto,
and Olivier Michel, editors, Unconventional Programming Paradigms,



Tai liew tham khao 184

[31]

[32]

[33]

[34]

[35]

[36]

[38]

pages 326341, Berlin, Heidelberg, 2005. Springer. ISBN 978-3-540-
31482-0. doi: 10.1007/11527800 25.

Irene Cordoba-Sanchez and Juan De Lara. Ann: A domain-specific
language for the effective design and validation of Java annotations.
Computer Languages, Systems € Structures, 45:164-190, April 2016.
ISSN 14778424.

Alberto Rodrigues da Silva. Model-driven engineering: A survey sup-
ported by the unified conceptual model. Computer Languages, Sys-
tems & Structures, 43:139-155, October 2015. doi: 10.1016/j.c1.2015.
06.001.

Carolina Dania and Manuel Clavel. OCL2MSFOL: a mapping to
many-sorted first-order logic for efficiently checking the satisfiability
of OCL constraints. In Proceedings of the ACM/IEEE 19th Interna-
tional Conference on Model Driven Engineering Languages and Sys-
tems, pages 65—75, Saint-malo France, October 2016. ACM. ISBN
978-1-4503-4321-3. doi: 10.1145/2976767.2976774.

Istvan David, Kousar Aslam, Ivano Malavolta, and Patricia Lago. Col-
laborative Model-Driven Software Engineering — A systematic sur-
vey of practices and needs in industry. Journal of Systems and Soft-
ware, 199:111626, May 2023. ISSN 0164-1212. doi: 10.1016/j.jss.2023.
111626.

Dr Birgit Demuth. OCL (Object Constraint Language) by Example.
page 60, 2009.

Qing Duan, Junhui Liu, Zhihong Liang, Hongwei Kang, and Xingping
Sun. An Analysis of the Keys to the Executable Domain-Specific
Model. In Srikanta Patnaik and Xiaolong Li, editors, Proc. Int. Conf.
Soft Computing Techniques and Engineering Application, pages 567—
574, New Delhi, 2014. Springer India. ISBN 978-81-322-1695-7. doi:
10.1007/978-81-322-1695-7 _67.

Edmilson Campos, Neto, Marilia Aranha, Freire, Uira, Kulesza, Ado-
rilson, Bezerra, and Eduardo, Aranha. Composition of Domain Spe-
cific Modeling Languages-An Exploratory Study.. In Proc. 1st Int.
Conf. Model-Driven Engineering, pages 149-156, 2013.

Tobias Eisenreich, Husein Jusic, and Stefan Wagner. Automating
domain-driven design: Experience with a prompting framework. In
Proceedings of the IEEE/ACM International Conference on Software
Engineering Workshops (ICSE Workshops). IEEE, 2023.

Eric Evans. Domain-Driven Design: Tackling Complexity in the Heart
of Software. Addison-Wesley Professional, 2004.



Tai liew tham khao 185

[40]

[42]

[43]

[44]

[40]

[47]

[48]

Agung Fatwanto and Clive Boughton. Analysis, Specification and
Modeling of Functional Requirements for Translative Model-Driven
Development. In Proc. 2008 Int. Symposium Conf. Knowledge Ac-
quisition and Modeling, pages 859-863. IEEE, October 2008. ISBN
978-0-7695-3488-6. doi: 10.1109/KAM.2008.185.

Alessio Ferrari, Sallam Abualhaija, and Chetan Arora. Model Gen-
eration with LLMs: From Requirements to UML Sequence Diagrams.
In 2024 IEEE 32nd International Requirements Engineering Confer-
ence Workshops (REW), pages 291-300, June 2024. doi: 10.1109/
REW61692.2024.00044. URL https://ieeexplore.ieee.org/
document /10628665. ISSN: 2770-6834.

Elvis Foster and Bradford Towle Jr. Software Engineering: A Method-
1cal Approach, 2nd Edition. Auerbach Publications, New York, 2 edi-
tion, July 2021. ISBN 978-0-367-74602-5. doi: 10.1201/9780367746025.

Martin Fowler. Domain-Specific Languages. Addison-Wesley Profes-
sional, 1st edition, September 2010. ISBN 978-0-13-139280-9.

Alfonso Fuggetta and Elisabetta Di Nitto. Software process. In Future
of Software Engineering Proceedings, FOSE 2014, pages 1-12, New
York, NY, USA, May 2014. Association for Computing Machinery.
ISBN 978-1-4503-2865-4. doi: 10.1145/2593882.2593883.

Polydoros Giannouris and Sophia Ananiadou. NOMAD: A Multi-
Agent LLM System for UML Class Diagram Generation from Natural
Language Requirements, November 2025. URL https://arxiv.
org/abs/2511.22409v1.

Fernanda Gonzalez-Lopez, Guillermo Bustos, Jorge Munoz-Gama, and
Marcos Sepulveda. Domain model based design of business process
architectures. Applied Sciences, 12(5):2563, 2022.

James Gosling, Bill Joy, Guy L. Steele, Gilad Bracha, and Alex Buck-
ley. The Java Language Specification, Java SE 8 Edition. Addison-
Wesley Professional, 1st edition, April 2014. ISBN 978-0-13-390069-9.

Olga Goubali, Patrick Girard, Laurent Guittet, Alain Bignon, Dja-
mal Kesraoui, Pascal Berruet, and Jean-Frédéric Bouillon. Design-
ing Functional Specifications for Complex Systems. In Human-
Computer Interaction. Theory, Design, Development and Practice
. HCI 2016. Lecture Notes in Computer Science(), volume 9731,
pages 166—-177. Springer, Cham, 2016. ISBN 978-3-319-39509-8. doi:
10.1007/978-3-319-39510-4  16.

Jesse Griffin. Domain-Driven Laravel, Learn to Implement Domain-
Driven Design Using Laravel. January 2021. ISSN 978-1-4842-6022-7.
doi: 10.1007/978-1-4842-6023-4.


https://ieeexplore.ieee.org/document/10628665
https://ieeexplore.ieee.org/document/10628665
https://arxiv.org/abs/2511.22409v1
https://arxiv.org/abs/2511.22409v1

Tai liew tham khao 186

[50]

[51]

[52]

[59]

Raffaela Groner, Peter Bellmann, Stefan Hoppner, Patrick Thiam,
Friedhelm Schwenker, Hans A. Kestler, and Matthias Tichy. Enhanced
performance prediction of ATL model transformations. Performance
Fvaluation, 164:102413, May 2024. ISSN 0166-5316. doi: 10.1016/
j.peva.2024.102413. URL https://www.sciencedirect.com/
science/article/pii/S016653162400018X.

Arne Haber, Markus Look, Antonio Navarro Perez, Pedram Mir Seyed
Nazari, Bernhard Rumpe, Steven Volkel, and Andreas Wortmann. In-
tegration of heterogeneous modeling languages via extensible and com-
posable language components. In 2015 3rd Int. Conf. on Model-Driven
Engineering and Software Development (MODELSWARD), pages 19—
31. IEEE, 2015.

Lars Hamann, Oliver Hofrichter, and Martin Gogolla. OCL-Based
Runtime Monitoring of Applications with Protocol State Machines.
In Modelling Foundations and Applications, volume 7349, pages 384—
399. Springer Berlin Heidelberg, Berlin, Heidelberg, 2012. ISBN 978-
3-642-31490-2 978-3-642-31491-9. doi: 10.1007/978-3-642-31491-9 29.
Series Title: Lecture Notes in Computer Science.

Fitash Ul Haq and Jordi Cabot. B-OCL: An Object Constraint Lan-
guage Interpreter in Python, March 2025. arXiv:2503.00944 [cs].

Lukas Heiland, Marius Hauser, and Justus Bogner. Design Patterns
for Al-based Systems: A Multivocal Literature Review and Pattern
Repository. In 2023 IEEE/ACM 2nd Int. Conf. AI Engineering —
Software Engineering for AI (CAIN), pages 184-196, May 2023. doi:
10.1109/CAIN58948.2023.00035.

Anders Hejlsberg, Mads Torgersen, Scott Wiltamuth, and Peter Golde.
The C# Programming Language (Covering C# 4.0). Addison-Wesley
Professional, October 2010. ISBN 978-0-13-248172-4.

Frank Hilken and Lars Hamann. History of the USE Tool 20 Years
of UML/OCL Modeling Made in Germany. The Journal of Object
Technology, 19(3):3:1, 2020. ISSN 1660-1769. doi: 10.5381/jot.2020.
19.3.a20.

Jeffrey A. Hoffer, Joey George, and Joseph A. Valacich. Modern Sys-
tems Analysis and Design. Pearson, 7a edition, 2013. ISBN 978-0-13-
299130-8.

Vincent C Hu, Rick Kuhn, and Dylan Yaga. Verification and test
methods for access control policiesmodels. Technical Report NIST SP
800-192, National Institute of Standards and Technology, Gaithers-
burg, MD, June 2017.

Sandeep Kumar Jaiswal and Rohit Agrawal. Domain-Driven De-
sign (DDD)- Bridging the Gap between Business Requirements and


https://www.sciencedirect.com/science/article/pii/S016653162400018X
https://www.sciencedirect.com/science/article/pii/S016653162400018X

Tai liew tham khao 187

[60]

[61]

[62]

[63]

Object-Oriented Modeling. Int. Innovative Research in Engineering
and Management, 11(2):79-83, 2024. ISSN 2350-0557.

Manfred Jeusfeld, Matthias Jarke, and John Mylopoulos. Metamodel-
ing for Method Engineering. MIT Press, 2009. ISBN 978-0-262-10108-
0. Google-Books-1D: i1kRtAEACAAJ.

Zihan et al. Jiang. A survey on large language models for software
engineering. arXw preprint arXiw:2308.10620, 2023.

Frédéric Jouault, Freddy Allilaire, Jean Bézivin, and Ivan Kurtev.
ATL: A model transformation tool. Science of computer programming,

72(1-2):31-39, 2008.

Stefan Kapferer and Olaf Zimmermann. Domain-Driven Service De-
sign. In Schahram Dustdar, editor, Service-Oriented Computing, Com-
munications in Computer and Information Science, pages 189-208,
Cham, 2020. Springer International Publishing. ISBN 978-3-030-
64846-6. doi: 10.1007/978-3-030-64846-6 11.

Elavarasi Kesavan. The Evolution of Software Design Patterns: An
In-Depth Review. International Journal of Innovations in Science,
Engineering And Management, pages 163-167, 2025.

Meriem Kherbouche and Balint Molnar. Formal Model Checking and
Transformations of Models Represented in UML with Alloy. In Mod-
elling to Program, pages 127-136, Cham, 2021. Springer International
Publishing. ISBN 978-3-030-72696-6.

Anneke Kleppe. Software Language Engineering: Creating Domain-
Specific Languages Using Metamodels. Addison-Wesley Professional,
1 edition, December 2008. ISBN 978-0-321-55345-4.

Preyanoot Kluisritrakul and Yachai Limpiyakorn. Generation of Java
Code from UML Sequence and Class Diagrams. In Proc. 7th Int.
Conf. Information Science and Applications (ICISA 2016), volume
376, pages 1117-1125. Springer. K.J. Kim and N. Joukov (eds.), 2016.
doi: DOI:10.1007/978-981-10-0557-2_ 106.

Craig Larman. Applying UML and Patterns: An Introduction to
Object-Oriented Analysis and Design and Iterative Development. Pear-
son, Upper Saddle River, NJ, 2010. ISBN 978-0-13-148906-6.

Michael Lawley and Jim Steel. Practical declarative model transfor-
mation with tefkat. In Proc. int. conf. Satellite FEvents at the MoD-
ELS, MoDELS’05, pages 139-150, Berlin, Heidelberg, October 2005.
Springer-Verlag. ISBN 978-3-540-31780-7. doi: 10.1007/11663430 _15.

Duc Minh Le, Duc-Hanh Dang, and Viet-Ha Nguyen. On design us-
ing annotation-based domain specific language. Computer Languages,
Systems € Structures, 54:199-235, December 2018. ISSN 14778424.



Tai liew tham khao 188

[71]

[75]

[76]

(78]

Duc Minh Le, Duc-Hanh Dang, and Ha Thanh Vu. jDomainApp: A
Module-Based Domain-Driven Software Framework. In Proc. 10th Int.

Symposium on Information and Commaunication Technology (SoICT),
pages 399-406, December 2019. ISBN 978-1-4503-7245-9.

Duc Minh Le, Duc-Hanh Dang, and Viet-Ha Nguyen. Generative soft-
ware module development for domain-driven design with annotation-

based domain specific language. Information and Software Technology,
120:106—-239, 2020.

Yunliang Li, Zhigiang Du, Yanfang Fu, and Liangxin Liu. Role-based
access control model for inter-system cross-domain in multi-domain
environment. Applied Sciences, 12(24):13036, 2022.

Barbara Liskov and John Guttag. Program development in Java: ab-

straction, specification, and object-oriented design. Addison-Wesley
Professional, 2000. ISBN 978-0-201-65768-5.

Shugang Liu, Jinfeng Chen, Yifei Liu, and Pengrui Lv. Mapping of
UML Diagrams to Executable Code. pages 9-16. Atlantis Press, April
2017. ISBN 978-94-6252-327-2. doi: 10.2991 /icmse-17.2017.2.

Wissam Mallouli, Jean-Marie Orset, Ana Cavalli, Nora Cuppens, and
Frederic Cuppens. A formal approach for testing security rules. In
Proc. 12th ACM symposium on Access control models and technologies
- SACMAT ’07, page 127, Sophia Antipolis, France, 2007. ACM Press.
ISBN 978-1-59593-745-2. doi: 10.1145/1266840.1266860.

Neel Mani, Markus Helfert, and Claus Pahl. A Domain-specific Rule
Generation Using Model-Driven Architecture in Controlled Variability
Model. Procedia Computer Science, 112:2354-2362, 2017. ISSN 1877-
0509. doi: https://doi.org/10.1016/j.procs.2017.08.206.

Ismail Mendil, Yamine Ait-Ameur, Neeraj Kumar Singh, Guillaume
Dupont, Dominique Mery, and Philippe Palanque. Formal domain-
driven system development in Event-B: Application to interactive crit-
ical systems. Journal of Systems Architecture, 135:102798, February
2023. ISSN 1383-7621. doi: 10.1016/j.sysarc.2022.102798.

Marcelo Paternostro Ed Dave Steinberg Merks, Frank Budinsky. EFMF*
Eclipse Modeling Framework Second Edition. ISBN 978-0-321-33188-5.

Dominique Mery. The Event B Modelling Method. FErasmus, 2011.

Judith  Michael, Loek Cleophas, and et al. Zschaler.
Model-Driven  Engineering for Digital Twins: Opportuni-
ties and Challenges. Systems  Engineering, 28(5):659-670,
2025. ISSN  1520-6858. doi: 10.1002/sys.21815. _eprint:
https://incose.onlinelibrary.wiley.com/doi/pdf/10.1002/sys.21815.



Tai liew tham khao 189

[82]

[84]

[85]

[90]
[91]

[92]

[93]

[94]

Aya Khaled Youssef Sayed Mohamed, Dagmar Auer, Daniel Hofer,
and Josef Kiing. A systematic literature review for authorization and
access control: definitions, strategies and models. International Jour-
nal of Web Information Systems, 18(2-3):156-180, August 2022. ISSN
1744-0084. doi: 10.1108 /TJWIS-04-2022-0077.

Lionel Montrieux, Yijun Yu, Michel Wermelinger, and Zhenjiang Hu.
Issues in representing domain-specific concerns in model-driven engi-
neering. In 2013 5th International Workshop on Modeling in Software
Engineering (MiSE), pages 1-6. IEEE, 2013.

Maryam I. Mukhtar and Bashir S. Galadanci. Automatic code genera-
tion from UML diagrams: the state-of-the-art. Science World Journal,
13(4):47-60, 2019. ISSN 1597-6343.

Iftikhar Azim Niaz and Jiro Tanaka. An Object-Oriented Approach
to Generate Java Code from UML Statecharts. International Journal
of Computer & Information Science, 6(2):83-98, 2005.

Erik et al. Nijkamp. Codegen: An open large language model for code
generation. arXiv preprint arXiv:2203.1347/, 2022.

Carlos Noguera and Laurence Duchien. Annotation Framework Vali-
dation Using Domain Models. In Model Driven Architecture — Foun-
dations and Applications, pages 48-62. Springer, Berlin, Heidelberg,
2008. ISBN 978-3-540-69100-6. doi: 10.1007/978-3-540-69100-6 4.
ISSN: 1611-3349.

Siegfried Nolte. QVT-Relations Language. Springer Science & Busi-
ness Media, 2009.

Milan Nosal’, Matts Sulir, and Jan Juhar. Language composition
using source code annotations. Computer Science and Information
Systems, 13(3):707-729, 2016. ISSN 1820-0214, 2406-1018.

OMG. Object Constraint Language 4. 2014.

OMG. Unified Modeling Language 2.5.1. Object Management Group,
2017.

OpenAl. Gpt-4 technical report. arXiv preprint arXiv:2303.08774,
2023.

Orcun Oruc. Role-based embedded domain-specific language for col-
laborative multi-agent systems through blockchain technology. In 9th
Int. Conf. Security, Privacy and Trust Management (SPTM), 2021.

Samir Ouchani and Mourad Debbabi. Specification, verification,
and quantification of security in model-based systems. Comput-
ing, 97(7):691-711, July 2015. ISSN 0010-485X, 1436-5057. doi:
10.1007/s00607-015-0445-x.



Tai liew tham khao 190

[95]

[96]

[100]

[101]

[102]

103]

Javier Paniza. Openxava: Automatic frontend engine for java. https:
//openxava.org/, 2021. URL https://openxava.org/.

Marijana Rackov, Sebastijan Kaplar, Milorad Filipovi¢, and Gordana
Milosavljevi¢. Java code generation based on ocl rules. In 6th In-

ternational Conference on Information Society and Technology, pages
191-196, 2016.

Qusai Ramadan, Mattia Salnitriy, Daniel Struber, Jan Jurjens, and
Paolo Giorgini. From Secure Business Process Modeling to Design-
Level Security Verification. In 2017 ACM/IEEE 20th Int. Conf. Model
Driven Engineering Languages and Systems (MODELS), pages 123—
133, Austin, TX, September 2017. IEEE. ISBN 978-1-5386-3492-9.
doi: 10.1109/MODELS.2017.10.

Abhishek Rawat, Raghuraj Singh Suryavanshi, Vishal Nagar, and Di-
wakar Yadav. Formal Development of Blockchain Enabled E Health-
care System Using Event-B. Available at SSRN 5167558, 2025.

Carlos Rodriguez, Mario Sanchez, and Jorge Villalobos. Executable
model composition: a multilevel approach. In Proc. 2011 ACM Sym-
posium on Applied Computing (SAC), 11, pages 877-884. Association
for Computing Machinery, March 2011. ISBN 978-1-4503-0113-8.

Markus Roggenbach, Antonio Cerone, Bernd-Holger Schlingloff, Ger-
ardo Schneider, and Siraj Ahmed Shaikh. Correction to: For-
mal Methods for Software Engineering. In Markus Roggenbach,
Antonio Cerone, Bernd-Holger Schlingloff, Gerardo Schneider, and
Siraj Ahmed Shaikh, editors, Formal Methods for Software Engi-
neering: Languages, Methods, Application Domains, pages C1-Cl.
Springer International Publishing, Cham, 2022. ISBN 978-3-030-
38800-3.

Anténio Miguel Rosado da Cruz and Jodo Faria. Automatic Genera-
tion of User Interface Models and Prototypes from Domain and Use
Case Models. Intech, user interfaces, rita matrai (ed.) edition, 2010.
ISBN 978-953-307-084-1. doi: 10.5772/9498.

Djaber Rouabhia and Ismail Hadjadj. Behavioral Augmentation of
UML Class Diagrams: An Empirical Study of Large Language Models
for Method Generation, June 2025.

Subhrojyoti Roy Chaudhuri, Swaminathan Natarajan, Amar Baner-
jee, and Venkatesh Choppella. Methodology to develop domain specific
modeling languages. In Proc. 17th ACM SIGPLAN Int. Workshop on
Domain-Specific Modeling, DSM 2019, pages 1-10, New York, NY,
USA, October 2019. Association for Computing Machinery. ISBN
978-1-4503-6984-8. doi: 10.1145/3358501.3361235.


https://openxava.org/
https://openxava.org/
https://openxava.org/

Tai liew tham khao 191

[104]

[105)

[106]

107]

[108]

[109]

[110]

[111]

Per Runeson and Martin Host. Guidelines for conducting and re-
porting case study research in software engineering. Empirical Soft-
ware Engineering, 14(2):131-164, April 2009. ISSN 1573-7616. doi:
10.1007/s10664-008-9102-8.

Mark Sagar. Creating Models for Simulating the Face. In Jon Whit-
tle, Tony Clark, and Thomas Kiihne, editors, Model Driven Engineer-
ing Languages and Systems, pages 394-394, Berlin, Heidelberg, 2011.
Springer. ISBN 978-3-642-24485-8. doi: 10.1007/978-3-642-24485-8
28.

Rubén Salado-Cid, Antonio Vallecillo, Kamram Munir, and José Raul
Romero. SWEL: A Domain-Specific Language for Modeling Data-
Intensive Workflows.  Business & Information Systems Engineer-
ing, 66(2):137-160, April 2024. ISSN 1867-0202. doi: 10.1007/
$12599-023-00826-7.

Josue Sangabriel-Alarcon, Jorge Octavio Ocharan-Hernandez, Karen
Cortés-Verdin, and Xavier Limén. Domain-Driven Design for Mi-
croservices Architecture Systems Development: A Systematic Map-
ping Study. pages 25-34. IEEE Computer Society, November 2023.
ISBN 979-8-3503-2883-7. doi: 10.1109/CONISOFT58849.2023.00014.

Shane Sendall and Wojtek Kozaczynski. Model Transformation: The
Heart and Soul of Model-Driven Software Development. IEEE Soft-
ware, 20(05):42-45, September 2003. ISSN 0740-7459. doi: 10.1109/
MS.2003.1231150.

B. Shafiq, A. Masood, J. Joshi, and A. Ghafoor. A Role-Based Access
Control Policy Verification Framework for Real-Time Systems. In
10th IEEE Inte. Work. Object-Oriented Real-Time Dependable Sys-
tems, pages 1320, Sedona, AZ, USA, 2005. IEEE. ISBN 978-0-7695-
2347-7. doi: 10.1109/WORDS.2005.11.

Anthony Simons. ReMoDeL: A Pure Functional Object-Oriented
Concept Language for Models, Metamodels and Model Transforma-
tion:. In Proc. 13th Int. Conf. Model-Based Software and Systems
Engineering, pages 242-249, Porto, Portugal, 2025. SCITEPRESS -
Science and Technology Publications. ISBN 978-989-758-729-0. doi:
10.5220,/0013184700003896.

Colin Snook, Michael Butler, Thai Son Hoang, Asieh Salehi Fathabadi,
and Dana Dghaym. Developing the UML-B Modelling Tools. In Paolo
Masci, Cinzia Bernardeschi, Pierluigi Graziani, Mario Koddenbrock,
and Maurizio Palmieri, editors, Software FEngineering and Formal
Methods. SEFM 2022 Collocated Workshops, pages 181-188, Cham,
2023. Springer International Publishing. ISBN 978-3-031-26236-4. doi:
10.1007/978-3-031-26236-4 _16.



Tai liew tham khao 192

[112]

113]

[114]

[115]

[116]

[117]

[118]

[119]

[120]

[121]

[122]

123]

K. Sohr, M. Drouineaud, G.-J. Ahn, and M. Gogolla. Analyzing and
Managing Role-Based Access Control Policies. IEEE Transactions on
Knowledge and Data Engineering, 20(7):924-939, July 2008. ISSN
1041-4347. doi: 10.1109/TKDE.2008.28.

Frank P. M. Stappers, Michel A. Reniers, and Sven Weber. Trans-
forming SOS Specifications to Linear Processes. In Formal Methods
for Industrial Critical Systems, volume 6959, pages 196—211. Springer
Berlin Heidelberg, Berlin, Heidelberg, 2011. ISBN 978-3-642-24430-8
978-3-642-24431-5.

James Gosling Bill Joy Guy Steele and Gilad Bracha Alex Buckley.
The Java language Specificition. Bhaskarjyoti Saikia, 2020.

Harald Storrle. Improving the Usability of OCL as an Ad-hoc Model
Querying Language: 13th International Workshop on OCL, Model
Constraint and Query Languages (OCL 2013). Proc. MODELS 2013
OCL Workshop, pages 83-92, 2013.

E. V. Sunitha and Philip Samuel. Object constraint language for
code generation from activity models. Information and Software
Technology, 103:92-111, November 2018. ISSN 0950-5849. doi:
10.1016/j.infsof.2018.06.010.

Witold Suryn. Software Quality Engineering: A Practitioner’s Ap-
proach. John Wiley & Sons, December 2013. ISBN 978-1-118-83018-5.

Thakur and U.S. Pandey. The Role of Model-View Controller in
Object Oriented Software Development. Nepal Journal of Multidis-
ciplinary Research, 2:1-6, November 2019. doi: 10.3126/njmr.v2i2,
26279.

The Apache Software Foundation. Apache Causeway: Framework
for rapidly developing domain-driven apps in Java. https://
causeway.apache.org/, 2023.

Arie Van Deursen, Eelco Visser, and Jos Warmer. Model-driven soft-
ware evolution: A research agenda. In Proc. 1st int.l workshop on
model-driven software evolution, pages 41-49. MoDSE Nantes, France,
2007.

Vaughn Vernon. Implementing domain-driven design. Addison-Wesley
Professional, 1 er edition, 2013. ISBN 978-0-321-83457-7.

Vaughn Vernon. Domain-Driven Design Distilled. Addison-Wesley
Professional, 1st edition edition, May 2016. ISBN 978-0-13-443442-1.

Inna Vistbakka and Elena Troubitsyna. Towards Integrated Mod-
elling of Dynamic Access Control with UML and Event-B. FElectronic
Proceedings in Theoretical Computer Science, 271:105-116, May 2018.
ISSN 2075-2180. doi: 10.4204/EPTCS.271.8.


https://causeway.apache.org/
https://causeway.apache.org/

Tai liew tham khao 193

[124]

[125]

[126]

[127]

[128]

[129]

[130]

[131]

[132]

[133]

Sunitha Edacheril Viswanathan and Philip Samuel. Automatic code
generation using unified modeling language activity and sequence
models. [ET Software, 10(6):164-172, 2016. ISSN 1751-8814. doi:
10.1049/iet-sen.2015.0138.

Markus Voelter. Language and IDE Modularization and Composi-
tion with MPS. volume 7680 of Lecture Notes in Computer Science
(LNPSE), pages 383-430. Springer, Berlin, Heidelberg, 2013. ISBN
978-3-642-35992-7.

M. Volter, S Benz, C Dietrich, B Engelmann, M Helander, LCL Kats,
E Visser, and GH Wachsmuth. DSL FEngineering - Designing, im-
plementing and using domain-specific languages. M Volter / DSL-
Book.org, Stuttgart, Germany, 2013.

Markus Volter, Thomas Stahl, Jorn Bettin, Arno Haase, and Simon
Helsen. Model-driven software development: technology, engineering,
management. John Wiley & Sons, 2013.

J. B. Warmer and A. G. Kleppe. Building a Flexible Software Factory
Using Partial Domain Specific Models. In 6th OOPSLA Workshop

on Domain-Specific Modeling, DSM, pages 15-22. University of Jy-
vaskyla, 2006. ISBN 951-39-2631-1.

E. D. Willink. An extensible OCL virtual machine and code generator.
In Proceedings of the 12th Workshop on OCL and Textual Modelling,
OCL ’12, pages 13-18, New York, NY, USA, September 2012. As-
sociation for Computing Machinery. ISBN 978-1-4503-1799-3. doi:
10.1145/2428516.2428519.

Edward D. Willink. Challenges for code generated OCL execution.
In Proc. 25th Int. Conf. Model Driven Engineering Languages and
Systems: Companion Proceedings, MODELS ’22, pages 872-881, New
York, NY, USA, November 2022. Association for Computing Machin-
ery. ISBN 978-1-4503-9467-3. doi: 10.1145/3550356.3561537.

Willow. Model-Driven Rapid Prototyping for Control Algorithms with
the GIPS Framework. In Proc. 14th. Int. Workshop Graph Computa-
tion Models (GCM). STAFF/GCM Session 1, 2023.

Andrzej Wasowski and Thorsten Berger. Internal Domain-Specific
Languages. In Domain-Specific Languages: Effective Modeling, Au-
tomation, and Reuse, pages 357-394. Springer, Cham, 2023. ISBN
978-3-031-23669-3.

Idriss Chana Mohammed Lahmer and Abdallah Rhattoy Yas-
sine Rhazali, Youssef Hadi. A model transformation in model driven
architecture from business model to web model. 2018.



Tai liew tham khao 194

134]

[135]

Chenxing Zhong, Shanshan Li, Huang Huang, Xiaodong Liu, Zhikun
Chen, Yi Zhang, and He Zhang. Domain-Driven Design for Microser-
vices: An Evidence-Based Investigation. IEFE Transactions on Soft-
ware Engineering, 50(6):1425-1449, June 2024. ISSN 1939-3520.

Ozan Ozkan, Onder Babur, and Mark van den Brand. Domain-Driven
Design in software development: A systematic literature review on
implementation, challenges, and effectiveness. Journal of Systems and
Software, 230:112537, 2025. ISSN 0164-1212. doi: https://doi.org/10.
1016/j.jss.2025.112537.



	Lời cam đoan
	Lời cảm ơn
	Tóm tắt
	Mục lục
	Danh mục các từ viết tắt
	Danh mục các bảng
	Danh mục các hình vẽ
	1 Giới thiệu
	1.1 Đặt vấn đề
	1.1.1 Ví dụ thúc đẩy: Hệ thống CourseMan
	1.1.2 Các thách thức nghiên cứu trong DDD
	1.1.3 Phát biểu bài toán nghiên cứu

	1.2 Mục tiêu và phạm vi nghiên cứu
	1.3 Nội dung và phương pháp nghiên cứu
	1.4 Các đóng góp chính của luận án
	1.5 Cấu trúc luận án

	2 Cơ sở lý thuyết và tổng quan tình hình nghiên cứu
	2.1 Tổng quan về thiết kế hướng miền
	2.1.1 Nền tảng thiết kế hướng miền
	2.1.2 Mô hình miền hướng thực thi
	2.1.3 Ngôn ngữ chuyên biệt miền DSL
	2.1.4 DCSL và kiến trúc JDA
	2.1.5 Phương pháp biểu diễn bằng siêu mô hình hóa

	2.2 Các hướng tiếp cận biểu diễn mô hình miền
	2.2.1 Biểu diễn các ràng buộc trên mô hình miền
	2.2.2 Biểu diễn khía cạnh hành vi miền
	2.2.3 Biểu diễn khía cạnh bảo mật với RBAC
	2.2.4 Mô tả ngữ nghĩa thực thi của DM với Event-B

	2.3 Các hướng tiếp cận tích hợp mối quan tâm trong mô hình miền
	2.3.1 Tích hợp các mối quan tâm trong mô hình miền
	2.3.2 Tích hợp hành vi miền
	2.3.3 Tích hợp ràng buộc và chính sách bảo mật

	2.4 Các thao tác chuyển đổi mô hình miền
	2.4.1 Kỹ thuật chuyển đổi mô hình
	2.4.2 Sinh chế tác phần mềm từ mô hình miền

	2.5 Hướng tiếp cận sử dụng AI/LLM
	2.6 Tổng kết chương

	3 Kỹ thuật biểu diễn mô hình miền
	3.1 Giới thiệu
	3.2 Kỹ thuật tích hợp ràng buộc OCL vào mô hình miền
	3.2.1 Tổng quan về phương pháp đề xuất
	3.2.2 Tích hợp mẫu CAP vào mô hình miền
	3.2.3 Áp dụng mẫu CAP và sinh bản mẫu phần mềm

	3.3 Kỹ thuật tích hợp hành vi vào mô hình miền
	3.3.1 Tổng quan về phương pháp đề xuất
	3.3.2 Ngữ nghĩa hành động mô-đun
	3.3.3 Các mẫu hành vi miền
	3.3.4 Ngôn ngữ hành vi miền dựa trên mô-đun

	3.4 Tổng kết chương

	4 Phương pháp tích hợp các mối quan tâm vào mô hình miền
	4.1 Giới thiệu
	4.2 Phương pháp biểu diễn mô hình miền hợp nhất dựa vào siêu mô hình
	4.2.1 Tổng quan về phương pháp đề xuất
	4.2.2 Biểu diễn mô hình miền hợp nhất

	4.3 Phương pháp biểu diễn mô hình miền hợp nhất dựa vào cây cú pháp
	4.3.1 Tổng quan về phương pháp đề xuất
	4.3.2 Biểu diễn và tích hợp các mối quan tâm

	4.4 Ngữ nghĩa của mô hình miền hợp nhất
	4.4.1 Định nghĩa hình thức các mô hình UDML.
	4.4.2 Ánh xạ thực thi trong AGL sang UDML
	4.4.3 Ánh xạ định nghĩa ngữ nghĩa sang Event-B

	4.5 Tổng kết chương

	5 Sinh tự động bản mẫu phần mềm vào mô hình miền hợp nhất
	5.1 Giới thiệu
	5.2 Tổng quan phương pháp
	5.3 Phương pháp sinh tự động bản mẫu phần mềm từ mô hình yêu cầu
	5.3.1 Xây dựng mô hình miền hợp nhất từ mô hình yêu cầu
	5.3.2 Đặc tả bộ chuyển đổi mô hình RM2UDM

	5.4 Chuyển đổi từ đặc tả yêu cầu sang mô hình miền hợp nhất
	5.4.1 Bộ chuyển đổi AD2AGL
	5.4.2 Sinh đặc tả mô hình miền thực thi (AGL+)

	5.5 Tổng kết chương

	6 Thực nghiệm và đánh giá
	6.1 Giới thiệu
	6.2 Công cụ hỗ trợ
	6.2.1 Công cụ hỗ trợ kỹ thuật tích hợp ràng buộc vào mô hình miền
	6.2.2 Công cụ hỗ trợ kỹ thuật tích hợp khía cạnh hành vi vào mô hình miền
	6.2.3 Công cụ hỗ trợ phương pháp tích hợp các mối quan tâm vào mô hình miền
	6.2.4 Công cụ hỗ trợ chuyển đổi mô hình

	6.3 Thực nghiệm và đánh giá
	6.3.1 Kỹ thuật biểu diễn mô hình miền tích hợp ràng buộc
	6.3.2 Kỹ thuật biểu diễn mô hình miền tích hợp hành vi
	6.3.3 Kỹ thuật tích hợp các DSL theo mối quan tâm vào mô hình miền

	6.4 Tổng kết chương

	7 Kết luận
	7.1 Các kết quả đạt được
	7.2 Hướng phát triển tiếp theo

	DANH MỤC CÁC CÔNG TRÌNH KHOA HỌC
	TÀI LIỆU THAM KHẢO

