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2. Néi dung ban trich yéu
2.1. Muc dich nghién curu
Luan an nghién ciru dé xuét cac k¥ thuat biéu dién va chuyén doi mé hinh cho thiét ké
huéng mién, nham thu hep khoang cach giita mé hinh mién & mirc khai niém va mé hinh
mién c6 kha ning thyuc thi. Luan an huéng dén viéc biéu dién day du cac khia canh cua
mién, bao gém cac khia canh nhu céu trac, hanh vi va chinh sich bao mat; Déng thot
nghién ciru cac k¥ thuat sinh ty dong phan mém dung yéu cau, dam bao chit luong va tuan
thi nguyén 1y thiét ké huéng mién (DDD). Cac ndi dung chinh ciia luan an bao gom:
- Mo rong mod hinh mién d¢é tich hop hanh vi, bdo mat mién va cac rang buoc OCL, tao
ra md hinh mién giau thong tin va c6 kha ning thuc thi.
- Xay dung ngoén ngit moé hinh mién hop nhat (UDML) nham tich hop c6 hé thong cac
ngodn ngit chuyén biét mién (DSL) theo mdi quan tdm vao mdt mo hinh mién hop nhat.
- Nghién ctru bd chuyén d6i mé hinh nham gia ting tu dong hoa phat trién phan mém tir
mo hinh mién trong bbi canh DDD.
2.2. Déi twong nghién ciru
Déi tugng nghién ctru cta luan 4n 1a md hinh mién trong DDD, cuing véi cac k¥ thuat dua
trén DSL dé biéu dién, tich hop va chuyén d6i mo hinh mién, nham hd trg kha nang thuc
thi, kiém chimng hinh thirc va sinh phin mém ty dong.
2.3. Phwong phap nghién ciru
Luan 4n dé xuat ap dung phuong phap mé hinh hoéa ngén ngit chuyén biét mién, thiét ké,
kiém chung hinh thtrc, phat trién 1ap lai dua trén mdt mo hinh mién dé xay dung ngdn nglr
va chuyén d6i mé hinh, két hop thuc nghiém va danh gia trén cac ca nghién ctru dién hinh.
Tiép d6, Luan an tap trung giai quyét bai toan nghién ciru cac ky thuat biéu dién va chuyén

d6i mo hinh cho thiét ké huéng mién.



2.4. Cdc két qud chinh va két luin

Luan an dat dugc cac két qua nghién ctru sau:

Dé xuét phuong phap va cong cu hd trg biéu dién mo hinh mién trong thiét ké hudng
mién, cho phép dic td mot cach tudng minh va nhat quan cac khia canh cu tric, hanh
vi va rang budc nghiép vu. Phuong phéap nay cho phép tang kha ning dién dat ciia mo
hinh mién, ddm bao sy thong nhét cta cac bén lién quan vé yéu ciu phan mém.

Dé xuat k¥ thuat hop nhat cic ngdn ngit chuyén biét mién theo cdc mobi quan tim chuyén
biét vao mdt md hinh mién hop nhét c¢6 kha nang thyc thi. Trén co s¢ do, luan an xay
dung nén tang ngit nghia phuc vu kiém chtng hinh thirc, nhim dam bao tinh nhét quan
ngit nghia ctia md hinh mién hop nhat.

Pé xuit k¥ thudt va cong cu hd trg chuyén doi mo hinh dé thao tac trén mo hinh mién
hop nhét, cho phép sinh tu dong cic ban mau phan mém c6 kha ning thuc thi, dong
thoi bao toan ngit nghia mién va chét lugng chuyén doi, phut hop véi cac kich ban ca
st dung cu thé trong cac mién Gng dung chuyén biét.

Céc két qua nay c6 y nghia hd trg ddc ta chinh xac cac mo hinh mién, dong thoi hién thuc

hoa céc thao tac ty dong trén mo hinh mién, bao gém, sinh ty dong ma nguon, kiém tra

tinh tuan tha véi thiét ké va cai dat. Két qua nay c6 ¥ nghia gia ting tu dong hoa trong phat

trién phan mém va da dugc cong bd trong ky yéu hdi nghi va cac bai bao tap chi duoc lap
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1. General information about the thesis
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2. Abstract content
2.1. Research Purpose

Proposing techniques for representing domain models in the context of Domain-Driven
Design (DDD), enabling the explicit and consistent specification of structural, behavioral,
and business-constraint aspects of the business domain. These techniques extend the
expressive power of domain models and provide a foundation for subsequent model
integration, formal verification, and model transformation.

Proposing a technique for unifying domain-specific languages (DSLs) associated with
heterogeneous concerns into a unified, executable domain model. On this basis, the
dissertation establishes a semantic foundation for formal verification, aiming to ensure the
semantic consistency of the unified domain model at the design stage.

Proposing model transformation techniques based on the unified domain model, enabling
the automatic generation of executable software prototypes while preserving domain
semantics and transformation quality, and supporting domain-specific usage scenarios in
specialized application domains.

2.2. Research Object

The research object of this dissertation is the domain model in DDD, together with DSL-
based techniques for representing, integrating, and transforming domain models, with the
aim of supporting executability, formal verification, and automatic software generation.

2.3. Research methods

For achieving the research purpose, methods for domain modeling, DSL design, semantic
integration of heterogeneous concerns, model transformation, and formal verification are
employed. In addition, a design-and-implementation—based research methodology is



adopted, including the development of supporting tools and empirical evaluation through
representative case studies.

2.4. Major Results and Conclusions

This thesis presents a model-driven approach to narrowing the gap between domain
modeling and executable software development in the context of DDD. The research
focuses on three core problems: (i) expressive and executable representation of domain
models, (ii) semantic integration of heterogeneous domain concerns, and (iii) semantics-
preserving model transformation for automated software generation. The major results and
conclusions of the dissertation are summarized as follows.

First, the dissertation proposes a set of techniques for rich and executable domain model
representation in DDD. We identified that existing DDD-based modeling approaches
mainly emphasize structural aspects and provide limited support for explicitly capturing
domain behavior, business constraints, and security policies in a unified manner. To
address this limitation, we proposed: (1) Activity Graph Language (AGL) for representing
domain behavior, (2) Constraint Annotation Patterns (CAP) for integrating complex
business constraints derived from OCL, and (3) RBACDom for modeling role-based access
control policies at the domain level. These techniques extend annotation-based domain-
specific languages (aDSLs) to allow domain models to capture structural, behavioral, and
policy-related semantics consistently. As a result, domain models become richer in
semantics while remaining closely aligned with the ubiquitous language and feasible for
execution-oriented development.

Second, the dissertation proposes UDML (Unified Domain Model Language) as a unified
domain modeling language that integrates multiple domain concerns into a single
executable domain model. We formulated the problem of concern integration in DDD as
a semantic unification problem, where heterogeneous DSLs—each addressing a specific
concern such as structure, behavior, or security—must be composed without semantic
conflicts. To solve this problem, we introduced an annotation-based composition
mechanism that merges concern-specific DSLs at the abstract syntax and semantic levels.
On this basis, we defined a unified semantic foundation for UDML, enabling formal
reasoning and consistency checking over the integrated domain model. This result
establishes domain models as the semantic core of the development process, rather than as
disconnected design artifacts.

Finally, the dissertation proposes a semantics-preserving model transformation framework
that enables automated generation of executable software prototypes from unified domain
models. We designed a systematic transformation chain from requirement models to
unified domain models and further to executable software artifacts. The proposed
transformations preserve domain semantics, including behavioral logic, constraints, and
security rules, across different abstraction levels.



The framework supports both model-to-model (M2M) and model-to-text (M2T)
transformations and is implemented on top of a modular software architecture.
Experimental results from multiple case studies—including CourseMan, OrderMan,
ProcessMan, and OJS—demonstrate that the proposed transformations can automatically
generate executable software prototypes that conform to domain requirements and DDD
principles.

The dissertation implements a prototype toolchain to validate the feasibility and
applicability of the proposed approaches. Through empirical evaluation on representative
domain scenarios, the results show that the proposed techniques effectively support
executable domain modeling, semantic integration, and automated software generation.
The findings confirm that the approach significantly reduces manual effort, improves
semantic consistency between models and implementations, and enhances the
maintainability and evolvability of DDD-based software systems.

In conclusion, this dissertation contributes a coherent and systematic framework for
domain modeling, semantic integration, and model transformation in DDD. By placing the
domain model at the center of both semantics and execution, the proposed approach bridges
the long-standing gap between domain specification and software realization, and provides
a solid foundation for future research on executable domain models and model-driven
DDD.

These results have been published in conference proceedings and ISI/Scopus-indexed
journal papers.
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