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11. Tom tit cac két qua méi ca ludn an:

Muc tiéu va doi twong nghién ciru ciia luin an
Nghién ctru ctia luan an hudng dén mot sé muc tiéu sau day:

- Thir nhat, luan an phat trién va danh gia cac khung hoc lién tuc dya trén bd nhé
m&i tich hop cac k¥ thuat ting cudng nguyén mau, nhim dat duoc sy giam thiéu
dang ké hién tugng quén tham khdc trong khi duy tri hiéu qua tinh ton twong
duong voi cac phuong phap co sd.

- Thit hai, nghién ctru va trién khai cac co ché chuyén giao kién thuc tién tién, cu
thé 1a cac k¥ thuat hoc dbi chiéu va chung cat kién thirc, nham tang cuong kha
nang bao toan dac trung va tao thuan lgi cho viéc thich ing hi¢u qua qua cac tac
vu tudn tu, v6i nhitng cai thién c6 thé do luong duogc trong hiéu suit chuyén giao
tién.

- Thir ba, thiét ké va xac thuc cac bién ddi kién trac va chién lugc huin luyén dac
thu theo mién ung dung nham tao ra hiéu suét hoc lién tuc bén virng trén cac mién
ung dung da dang, vdi viée xac thuc thuc nghi¢ém trén cac tac vu xur ly ngdn ngil



tw nhién va cac b dir liéu chuan phan tich hinh nh y té, dat duoc hiéu suat canh
tranh so voi cac mo hinh dic thu cho ting tic vu dugc huan luyén doc 1ap.
Cac phuong phap nghién ctru da sir dung
Lu4n 4n st dung phuong phap nghién ciru két hop bao gébm: phuong phap nghién
ctru dinh tinh va phuong phap nghién ctru dinh luong. Luan 4n tién hanh viéc phan
tich dinh tinh cac khai niém va mo hinh tir hé théng tai li¢u lién quan va céc tai li¢u
nghién ctru chuyén siu phu hop voi cdc muc tidu nghién ctru cta luan an. Pong thoi,
luan 4n tién hanh cac nghién ciru dinh lugng thong qua viée trién khai cac hé thong
thue nghiém tuwong tng, tién hanh cac kich ban thuc nghiém dé danh gia hiéu ning
cta cac k¥ thuat va mo hinh dé xuat dé kiém chimg, danh gia két qua dbi véi cac dé
xuat cua ludn an.
Cic két qua chinh va két luan
Tham gia vao dong nghién ciru trén thé giGi vé hoc lién tuc, luan 4n di hoan thién
muc tiéu nghién ctru voi ba dong gop chinh sau day:

- Ddu tién, luan an nghién ciru cac phuong phap hoc dya trén b nhd thong qua viée
phat trién cac k¥ thuat co thé tin dung bo nhé ma khong can phai luu trix dir lidu
gbc. Cac phuong phap nay sé& udc luong phan phdi cua dit lidu va sinh ra nhimng
mau dit liéu gia mot cach ngdu nhién, qua d6 vira khic phuc duge han ché vé dung
lugng bo nhg, vira bao dam tinh riéng tu cua dir ligu.

- Tiép dé, vi cac phuong phap dya trén bo nhd khé ap dung trong thuc té, luan n
tap trung nghién ctru nhitng phuong phap chuyén giao kién thirc c¢6 thé van dung
k¥ thuat chung cét kién thic. Cu thé, nghién ctru s& khai thac kién thirc tir cac mo
hinh d3 hoc dé hd tro viéc hoc cac tic vu mdi, déng thoi duy tri kién thuc tur
nhirg mé hinh duoc huan luyén trudc dé tan dung téi da kha nang cua chung. Két
qua la cai thién hi¢u suat xur 1y trén c4 nhiing tdc vu mdi va nhiing tac vu da hoc
trude day.

- Cudi ciing, luan an nghién ciru dé xuat nhirng chién lugc phan bd tham sb cé tinh
dong dé quan 1y hiéu qua kha ning xir Iy ctia mo hinh trong qua trinh hoc lién tuc.
Céch tiép can nay két hop kién trac nhiu nhanh xir 1y voi cac co ché tao mau dai
dién c6 kha ning thich tng va cac ky thuat két hop tham sb. Ludn an cho thay
phuong phap nay cé thé cip nhat cac tham sé mot cach chon loc va giit gin kién
thirc da hoc, dong thoi van dam bao hiéu qua tinh toan khi xir Iy cac tac vu lién
tiép. Két qua cho thiy hiéu sudt vuot trdi hon so v6i nhitng phuong phap phan bd
tham s ¢d dinh trong vi¢c khic phuc hién tugng quén kién thire cil.

Véi cac mo hinh dé xuit mdi, luan an déu tién hanh cac thuc nghiém va dua ra so

sanh két qua v&i cac mo hinh hoc may lién tuc gbc. Bang cac két qua thyc nghiém,

luan 4n d3 chi ra tim 4anh huéng cta cic thanh phan cta mé hinh dé xuét so véi cac
mo hinh hoc may lién tuc gdc.

12. Kha ning tmg dung trong thuc tién: (néu co)



Céac mo hinh va k¥ thuat hoc lién tuc dugc dé xuét trong luan an c6 kha nang ting dung
trong nhiéu hé théng tri tué nhan tao thuc té can lién tuc cap nhat kién thire tir dit lidu
m&i ma khéng quén cac kién thire da hoc trude do, ching han nhu cac hé théng tro 1y 4o,
hé thdng trich xuét thong tin/quan hé trong xir Iy ngdn ngir ty nhién, va cac hé thong
phan tich, chan doan hinh anh y té can bo sung thém cac 16p bénh méi theo thoi gian.
Viéc khong yéu cau luu trit toan bo dit liéu gdc va giam chi phi huan luyén lai gitip cac
phuong phap nay phu hop dé trién khai trén cac hé thdng c6 tai nguyén tinh toan va b
nhé han ché.

13. Nhitng hudng nghién ctru tiép theo: (néu c6)

Trong thoi gian t&i, luan an dinh huéng mé rong nghién ctru theo mot sd hudng sau: (i)
phat trién cac phuong phap hoc lién tuc da phuong thirc, két hop dit liéu van ban, hinh
anh va cac loai dir liu khac; (i1) nghién ctru cac k¥ thuat hoc lién tuc tryc myén, co kha
nang thich tmg voi sy thay doi phan phéi dit liéu theo thoi gian thyc; (iii) két hop céac
phuong phap dé xuat v6i cac md hinh nén tang quy mé 16n nham phat trién cac ky thuat
hoc lién tuc hiéu qua hon vé tham sb va tai nguyén tinh toan.
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March 2026 of the Rector of VNU University of Engineering and Technology,
Vietnam National University, Hanoi.

7. Official thesis title: Mitigating Catastrophic Forgetting in Continual Learning via

Memory Replay, Knowledge Transfer, and Adaptive Architecture Optimization
8. Major: Information Systems 9. Code: 9480104

10. Supervisors: Assoc. Prof. Dr. Tri-Thanh Nguyen; Dr. Duc-Trong Le

(Full name, academic title and degree)

11. Summary of the new findings of the thesis:

Research objectives and subjects of the thesis
The thesis targets the following objectives:

- First, the thesis develops and evaluates novel memory-based continual learning
frameworks that integrate prototype augmentation techniques, aiming to
significantly mitigate catastrophic forgetting while maintaining computational
efficiency comparable to baseline methods.

- Second, the thesis studies and implements advanced knowledge transfer
mechanisms, specifically contrastive learning and knowledge distillation
techniques, to enhance feature preservation capability and facilitate efficient
adaptation across sequential tasks, with measurable improvements in
forward-transfer performance.



- Third, the thesis designs and validates architectural modifications and
domain-specific training strategies to achieve sustainable continual learning
performance across diverse application domains, with empirical validation on
natural language processing tasks and medical image analysis benchmark datasets,
achieving performance competitive with independently trained task-specific
models.

Research methods used

The thesis employs a combined research methodology comprising qualitative and
quantitative research methods. The thesis conducts qualitative analysis of concepts and
models drawn from the relevant literature and in-depth research documents consistent
with its research objectives. At the same time, the thesis carries out quantitative research
through the implementation of corresponding experimental systems and experimental
scenarios to evaluate the performance of the proposed techniques and models, thereby
verifying and assessing the results of the thesis's proposals.

Main results and conclusions

Contributing to the global research trend on continual learning, the thesis has fulfilled its
research objectives through the following three main contributions:

- First, the thesis studies memory-based learning methods by developing techniques
that can leverage memory without needing to store the original data. These
methods estimate the data distribution and randomly generate pseudo-samples,
thereby overcoming memory-capacity limitations while also preserving data
privacy.

- Next, since memory-based methods are difficult to apply in practice, the thesis
focuses on knowledge transfer methods that leverage knowledge distillation
techniques. Specifically, the research exploits knowledge from previously learned
models to support the learning of new tasks, while retaining the knowledge of
pre-trained models to make full use of their capabilities. As a result, processing
performance is improved on both new tasks and previously learned tasks.

- Finally, the thesis proposes dynamic parameter-allocation strategies to effectively
manage the model's processing capacity during continual learning. This approach
combines a  multi-branch  processing  architecture = with  adaptive
representative-prototype generation mechanisms and parameter-combination
techniques. The thesis shows that this method can selectively update parameters
and preserve previously learned knowledge while still ensuring computational
efficiency when processing sequential tasks. The results show superior
performance compared with fixed parameter-allocation methods in overcoming
the forgetting of previously learned knowledge.

For each newly proposed model, the thesis conducts experiments and compares the
results with the original continual learning models. Through these experimental results,



the thesis demonstrates the contribution of each component of the proposed models
relative to the original continual learning models.

12. Practical applicability, if any: The continual learning models and techniques proposed
in the thesis can be applied to a wide range of real-world artificial intelligence systems
that need to continuously acquire knowledge from new data without forgetting previously
learned knowledge, such as virtual assistant systems, information/relation extraction
systems in natural language processing, and medical image analysis and diagnosis
systems that need to incorporate new disease categories over time. Because these
methods do not require storing the entire original dataset and reduce retraining costs, they
are well suited for deployment on systems with limited computational and memory
resources.

13. Further research directions, if any: In the coming period, the thesis aims to extend its
research in the following directions: (i) developing multi-modal continual learning
methods that combine text, image, and other data modalities; (ii) studying online
continual learning techniques capable of adapting to real-time changes in data
distribution; (ii1) combining the proposed methods with large-scale foundation models to
develop more parameter- and resource-efficient continual learning techniques.
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