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11. Tom tat cac két qua méi cia TUAN AN ....o.ovoveveeeeeceeeeeeeeeeeeeee e

Pé xudt phiong phdp bdo toan bdt bién trong tdi cau tric biéu do 16p cia UML.
Pau tién, luan an hinh thitc héa mé hinh phan mém cing véi rang budc bat bién bang ky
phap toan hoc. K& tiép, luan an dinh nghia khuén mau (femplate) mé ta cac phép toan tai
cAu tric. Tién trinh tai cAu trac trén biéu do 16p dugc thuc hién bang cach ap dung céc
phép toan lién quan dén quan hé phan cip trong ké thira, cu thé 1a Folding, Abstraction,
Composition, Factoring va Unfolding. Cubi cung, luan an xdy dwng cdc ludt tdi cdu triic
dbi voi timg phép toan va chimg minh sy ding dan cua cac luat nay. Sy khac biét cua
phuong phap dé xuat ddi véi cac nghién ciru trude day thé hién & viéc xem xét va tich
hop cdc ddc ta vé rang budc bat bién ciia I6p vao trong tién trinh tdi cdu triic.

Pé xudt phirong phdp kiém chieng sw bdo toan hanh vi trong tdi cdu triic hé thong
phdn mém, co st dung mau thiét ké Strategy, tai cac giai doan thiét ké va cai dit caa quy
trinh phat trién phan mém. Quy trinh kiém chung tinh nhat quan bao gom ba budc: (1)



Thuee thi tién trinh tdi cau tric, (2) Tinh toan tien/hdu diéu kién cua cac hé th(fng trudc
va sau khi tdi cdu triic, va (3) So sdanh, kiém tra sy twong dwong vé ngit nghia ciia cdc
biéu thirc mé ta rang bugc hanh vi cua hai hé thcfng. Tai giai doan thiét ké, mo hinh hé
thdng dugc biéu dién bang biéu dd 16p va biéu d6 tuin tu, cac rang budc vé hanh vi
(tién/hau diéu kién) dugc biéu dién bang ngdn ngit rang budc ddi twong OCL. Chu y
rang, d6i tuong dugc quan tdm dén s bdo toan vé hanh vi la cdc kich ban (scenarios)
tham gia vao tién trinh tdi cau tric. Day la diém khac biét trong dong gop cua luan an
v&i cac nghién ctu trudce. Tai giai doan cai dat, quy trinh kiém chung dugc thuc hién
mot cach tuong ty tuy nhién ché tac duoc thuc hién tai ciu tric 13 ban cai dat chuong
trinh phdn mém. Luén an cai dat chuong trinh bang ngdn ngit 1ap trinh Java va mé ta cac
rang budc hanh vi (bang ngdn ngir dic ta IML). Két qua cudi cung vé su bao toan hanh vi
cua hé théng s& 1a su két hop cac két qua kiém chung tai cac giai doan thiét ké va cai dat
chuong trinh phan mém.

Xay dung cong cu CVT ho tro kiém chirng su bdo toan hanh vi trong tai cau tric
mo hinh phan mém. Cong cu nay nhén céc tép dir liéu dau vao 1a mo hinh ban dau, mo
hinh sau téi cau tric, cung voi cac rang budc v€ hanh vi ctua chiing; dir li¢u dau ra la két

luan veé kha ndng nhat quén gitra cdc mo hinh nay.

12. Kha ning tmg dung trong thuc tién: Cac két qua da dat dugc cua luan an cé thé duoc
sir dung trong cac giai doan thiét ké, cai dat va bao tri ciia vong doi phat trién cia phan
mém nham dat dugc muc tiéu cai thién chat luong cua cac hé théng phﬁn mém.

13. Nhitng hudng nghién ctru tiép theo: Nghién ciru chuyén sau cac van dé vé bdo todan
bat bién va hanh vi trong tai cAu trac hé théng phﬁn mém. Cu thé, dbi v&i bai toan bao
toan bat bién luan an xem xét két hop céc tién trinh tai cdu tric dé tao thanh cac chién
lugc tai cau trac ¢6 ¥ nghia hon ddi véi nguoi dung. Doi voi bai toan bao toan hanh vi
nghién ctru cac kich ban ¢ chira dung cac yéu té phirc hop nhu cac phan doan két hop
(r€ nhanh, lya chon, va ldp). Ngoai ra, co thé mo rong bai toan kiém chung tinh nhét
quan ddi v6i cac hé thdng c6 cac yéu td chuyén biét mién (hé théng thoi gian thuc, hé
théng nhung, cac hé théng doi hoi do an toan cao, v.v.).
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11. Summary of the new findings of the dissertation:

Proposing an approach for preservation of class invariants in refactoring UML
models. To achieve this aim, we first formalize the elements of UML class diagram,
together with their invariants by making use of mathematical notations. We then
introduce five operations that involve the hierarchy relationship. Furthermore, we also
propose the refactoring rules in refactoring process and proving that these rules satisfy
the conditions of preservation of class invariants. The difference of our proposed method

from other studies is shown in the work of taking into account of class invariants in
refactoring UML models.



Proposing an approach for verifying behaviors in refactoring software system at
design and implementation phases of the software development life cycle. At the design
phase, software model is represented by class and sequence diagrams, behavioral
constraints including invariants, pre and post-conditions are expressed by Object
Constraint Language (OCL). Based on the proposed consistent rules, the behavioral
expressions of the evolution model are computed and used to compare with the behaviors
of the original model. Note that we are particularly interested in the behavior preserving
of the scenarios after refactoring process, this is a contribution of our research compared
to the other research. At the implementation phase, the process of checking consistency is
similar to the design phase excluding the difference of software artifact. The result of the
behavioral preservation of the system is the combination of verification results at the
design and implementation stages of the software system.

Developing the CVT tool support for checking consistency in model refactoring.
This tool gets input data file as the initial model and its evolution along with their
behavioral constraints and responses the conclusion about the potential consistency
between these models.

12. Practical applicability, if any: The achieved results of the dissertation can be applied
in the design, implementation and maintenance phases of the software development life
cycle in order to reach the aim of improving the software systems’ quality.

13. Further research directions, if any: Extensive study about the issues of invariants and
behaviors preserving in refactoring software systems. Specifically, for the issue of
preservation of invariants, we will consider the combination of five refactoring
operations for the sake of making more meaningful jobs for the users. For behavioral
preservation problem, we will study scenarios that contains complex aspects as combine
segments (alternatives, options, and loops). Furthermore, the consistency verification
approaches are possibility to extend for domain-specific systems (e.g., real-time
software, embedded software, safety-critical software, etc.).
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