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11. Tom tat cac két qua méi cua luan an:

Luan 4n tap trung nghién ctru cac k¥ thuat biéu dién va chuyén d6i mo hinh cho thiét ké
huéng mién (DDD), v6i muyc tiéu thu hep khoang cach giita mé hinh mién ¢ mirc khai
niém va mo hinh mién c6 kha ning thuc thi. Péi twong nghién ctru cia luan 4n 1a mo
hinh mién trong DDD va céc k¥ thuat dua trén ngdn ngir chuyén biét mién (DSL) nham
biéu dién, tich hop va chuyén d6i mé hinh mién theo huong hd tro thue thi, kiém ching
hinh thtc va sinh ty dong phan mém.

Vé phuong phap nghién ctru, luan an ap dung cach tiép can mo hinh hoa dua trén DSL
két hop véi thiét ké ngon ngit, kiém chung hinh thirc va phat trién lip dwa trén mé hinh
mién. Céc giai phap dé xuit duoc hién thuc hoa thong qua coéng cu hd tro va duoc danh
gia bang thuc nghiém trén cac ca nghién ctru dién hinh, qua d6 kiém chimg tinh kha thi
va hiéu qua cua cac k¥ thuat dé xuét.

Cac dong gop chinh va két qua maéi ciia ludn dn bao gom:



- Dé xuét phuong phap va cong cu hd trg biéu dién mé hinh mién trong DDD, cho phép
dac ta mot cach tuong minh va nhét quan cac khia canh cAu trac, hanh vi va rang budc
nghiép vu. Phuong phap nay cho phép tang kha ning dién dat cia mé hinh mién, dam
bao sy thdng nhit cua cc bén lién quan vé yéu cau phan mém.

- Dé xuit k¥ thuat hop nhat cac DSL theo mbi quan tdm chuyén biét vao mot md hinh
mién hop nhét c¢6 kha nang thyc thi, dugc hién thyc hoa dudi dang ngon ngir mo hinh
mién hop nhat (UDML). Trén co sé d0, luan 4n xay dung nén tang ngir nghia phuc vu
kiém chimg hinh thirc, nhadm dam bao tinh nhit quan ngit nghia cia mo hinh.

- D& xuit k¥ thuét va cong cu hd trg chuyén d6i mé hinh dé thao tac trén mé hinh mién
hop nhét, cho phép sinh tir dong cac ban mau phan mém c6 kha nang thuc thi, dong
thoi bao toan ngit nghia mién va chéat luong chuyén doi, phit hop voi cac kich ban ca
st dung cu thé trong cac mién tmg dung chuyén biét.

Thong qua cac két qua dat duoc, ludn 4n da giai quyét cac van dé khoa hoc va k§y thuat
cot 161 gdm: (i) biéu dién thdng nhit cac mdi quan tdm trong thiét ké hudng mién, bao
gdm cau triic, hanh vi, rang budc nghiép vu va chinh sach bao mat; (ii) tich hop cac DSL
theo moi quan tim vao mdt mo hinh mién hop nhat c6 kha nang thuc thi; va (iii) xay
dung co ché chuyén d6i mo hinh nham sinh ty dong phan mém tr mo hinh mién, dong
thoi bao toan ngit nghia mién.

Vé ¥ nghia khoa hoc, luan an déng gop mot cach tiép can c6 hé thong cho viée két hop
giita mo hinh mién, DSL va ngit nghia hinh thirc trong DDD, qua d6 lam rd mdi lién hé
gitra dac ta mién va hién thuc hé théng. Vé y nghia thyc tién, cac k¥ thuat va cong cu dé
xuét cho phép gia ting mirc d6 tw dong hoa trong phét trién phan mém, hd tro sinh ma
ngudn, kiém tra tinh tuan tha gitta thiét ké va cai dit, dong thoi nang cao chit luong va
tinh nhat quan ctia hé théng phan mém.

Céc két qua cua luan an c6 kha nang (mg dung trong phat trién cic hé théng phan mém
yéu cau mo hinh héa mién phirc tap, dic biét trong cac bdi canh can tich hop nhiéu modi
quan tAm nhu hanh vi va bao mat. Pong thoi, cac giai phap dé xuit gop phan nang cao
hiéu qua phat trién, giam chi phi va thoi gian trién khai hé théng, qua d6 dap mg cac muc
tiéu kinh t& va k¥ thuat trong phat trién phan mém hién dai.

12. Kha ning tmg dung trong thuc tién:

Céc két qua ctia luan an c6 kha nang mg dung tryc tiép trong phat trién phan mém theo
DDD, dic biét dbi v6i cac hé thong c6 mién nghiép vu phirc tap. Cac k¥ thuat biéu dién
mo hinh mién cho phép dic ta day du, nhat quan cac khia canh cdu trac, hanh vi va bao
mat, hd tro hiéu qua qua trinh phan tich va thiét ké. Ngon ngit UDML va k¥ thuat hop
nhat DSL cho phép xay duyng mé hinh mién hop nhat c6 kha niang thyc thi, trong khi cac
k¥ thudt chuyén d6i mo hinh hd trg sinh ty dong phan mém, dam bao bao toan ngir nghia



va nang cao chit lugng hé thdng. Nho d6, cac két qua gop phan gia ting mirc do ty dong

hoéa, rat ngan thoi gian phat trién, giam chi phi va hd tro kiém tra tinh tudn thu giira thiét

ké va cai dat trong thyc tién.

13. Nhitng huéng nghién ctru tiép theo:

Hoan thién cong cu UDML dudi dang plugin, déng thdi xay dung cac ct phap biéu
dién dd hoa cho dic ta hanh vi, bao mat va cac mau cha thich rang budc (CAP), qua
d6 nang cao kha ning sir dung va hd tro nguoi dung.

Tiép tuc hoan thién k¥ thut biéu dién mé hinh mién bing cach mé rong CAP cho céac
mién Gmg dung thuc té, thong qua viéc xay dung thu vién cidc miu rang budc hd trg
biéu thitc OCL phirc tap, gop phan ning cao kha ning ap dung, tinh tich hop, hiéu
nang thuc thi va kha ning bao tri cia mo hinh mién.

Mo rong khung phuong phap cho cac DSL chuyén biét theo tirng mdi quan tam, dong
thoi hd tro cac co ché phan quyén dong va phu thude ngir canh da dang hon.

Tich hop cac k¥ thuat AI/LLM vao quy trinh mé hinh héa mién nham hd tro giai doan
khoi tao md hinh, dic biét trong viéc sinh nhap dic ta va goi y cic thanh phan tir md
ta nghiép vu; cac dic ta nay can dugc chuan hoa trong cac DSL va kiém ching bang
cac co ché hinh thirc dé dam bao tinh diing dan va nhat quéan.
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11. Summary of the new findings of the thesis:

The dissertation focuses on model representation and transformation techniques within
Domain-Driven Design (DDD), with the objective of narrowing the gap between
conceptual domain models and executable domain models. The research investigates
domain models in DDD and techniques based on Domain-Specific Languages (DSLs) for
representing, integrating, and transforming domain models to support executability,

formal verification, and automated software generation.



The dissertation adopts a DSL-based modeling approach combined with language
engineering, formal verification, and iterative development driven by domain models.
The solutions are implemented as supporting tools and evaluated experimentally using

representative case studies, thereby validating their feasibility and effectiveness.
The main contributions and novel results of the dissertation include:

- Proposing methods and tools for representing domain models in DDD, enabling the
explicit and consistent specification of structural, behavioral, and business constraint
aspects. This approach enhances the expressiveness of domain models and ensures a
shared understanding among stakeholders regarding software requirements.

- Proposing a technique for integrating DSLs according to specialized concerns into an
executable unified domain model, realized as the Unified Domain Modeling
Language (UDML). On this basis, the dissertation establishes a semantic foundation
to support formal verification, ensuring the semantic consistency of the unified
domain model.

- Proposing techniques and tools for model transformation on the unified domain
model, enabling the automated generation of executable software artifacts while
preserving domain semantics and ensuring transformation quality, aligned with
specific use-case scenarios in specialized application domains.

Based on these results, the dissertation addresses key scientific and technical challenges,
including: (i) unified representation of concerns in DDD, encompassing structure,
behavior, business constraints, and security policies; (ii) integration of concern-oriented
DSLs into an executable unified domain model; and (iii) development of model
transformation mechanisms for automated software generation from domain models

while preserving domain semantics.

In terms of scientific significance, the dissertation contributes a systematic approach to
integrating domain models, DSLs, and formal semantics in DDD, thereby clarifying the
relationship between domain specifications and system implementation. In terms of
practical significance, the proposed techniques and tools enhance automation in software
development, support code generation and conformance checking between design and

implementation, and improve the quality and consistency of software systems.

The results of the dissertation can be applied to software systems requiring complex

domain modeling, particularly in contexts involving multiple concerns such as behavior



and security. Furthermore, the proposed solutions contribute to improving development
efficiency, reducing costs and development time, and meeting both economic and

technical objectives in modern software engineering.

12. Practical applicability, if any:

The results of the dissertation can be directly applied to software development within
DDD, particularly for systems with complex business domains. Domain model
representation techniques enable the complete and consistent specification of structural,
behavioral, and security aspects, thereby effectively supporting the analysis and design
process. UDML and DSL integration techniques enable the construction of an executable
unified domain model, while model transformation techniques support automated
software generation, ensuring the preservation of domain semantics and improving
system quality. As a result, these contributions enhance automation, reduce development
time and costs, and support conformance checking between design and implementation in
practice.

13. Further research directions, if any:

- Enhance the UDML tool as a plugin, while developing graphical syntax for
representing behavioral specifications, security aspects, and CAP, thereby improving
usability and user support.

- Further advance domain model representation techniques by extending CAP to real-
world application domains through the construction of a library of constraint patterns
supporting complex OCL expressions, thereby improving applicability, integration
capability, execution performance, and maintainability of domain models.

- Extend the methodological framework to to support concern-specific DSLs, while
enabling more expressive, dynamic, and context-aware access control mechanisms.

- Integrate AI/LLM techniques into the domain modeling process to support the model
initialization phase, particularly in generating draft specifications and suggesting
model elements from business descriptions; these specifications should be formalized
within DSLs and validated using formal verification mechanisms to ensure
correctness and consistency.
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