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1. TOM TAT NOQI DUNG LUAN AN:

Dir liéu thuc té ngdy cang da dang va c6 cdu trac da chiéu. Trong khi cac phuong phép phan tich dit
lidu truyén théng nhu PCA hay LDA chu yéu lam viéc véi dit liéu ma tran hay vector thi viéc chuyén
do6i dit liéu da chiéu sang dang vector hay ma tran thudng 1am mét thong tin cdu triic quan trong.
Tensor, véi kha nang biéu dién dir liéu da chidu mot cach ty nhién, da trd thanh cong cu phi hop cho
nhiéu bai toan phan tich dir liéu. Cac phuong phap phén ré tensor nhu CP, Tucker, Tensor-Train (TT)
cho phép biéu dlen dir liéu da chiéu hiéu qua, hd tro manh mé& cho cac tac vu nhu phuc hdi anh, video,
va giam tham s6 mé hinh hoc sau.

Luan an "Nghién ctru phan i tensor va cac tng dung cho bai toan phuc hdi va nén dit liéu" ttap trung
vao hai hudng chinh. Thir nhat, d6i v6i bai toan phuc hoi dit liéu, luan 4n gidi thiéu k¥ thuat ting
cudng tensor, biéu dién tensor bac thap thanh tensor bac cao dé khai thac twong quan da chiéu tbt
hon, tdng hi¢u qua phuc hoi khi két hop voi thuat toan hoan tat tensor, déng thoi gidm chi phi luu trir.
Ngoai ra, luén an dé xuét cai tién thuat toan hoan tat tensor bang chuan 1q dé giai quyét tinh thua va
tinh mat can bang trong bai toan hoan tat ma tran va phuong phap khong dung SVD nham giam chi
phi tinh toan nhung van dam bao do chinh xac. Thir hai, ddi v0i bai toan giam tham s mang hoc sau,
ludn an 4p dung phan ra Tucker va TT dé biéu dién lai tham sé cia mé hinh thanh céc tensor thanh
phan véi kich thude nho hon, tir 46 giam s6 tham sb huan luyén ma van duy tri hiéu qua ctia mé hinh.

2. NHUNG KET QUA MOI CUA LUAN AN:
Nhitng déng gop chinh cta luan an:

e DG xuit k¥ thuit ting cuong tensor linh hoat (TA) biéu dién tensor bac thap sang bac
cao nham tan dung t6t hon mdi quan hé da chiéu, giam chi phi luwu trir va cai thién chat
lugng phuc hoi dit liéu.

e Cac thuat toan hoan tit tensor cai tién dya trén chuan $\ell_q$ dé giai quyét tinh thua
va tinh mat cin bang trong bai toan hoan tit ma trin va thuat toan khong str dung SVD
gitp giam chi phi tinh toén.

e Xay dung mé hinh TT-ViT, tng dung phan ra TT dé giam tham s6 hoc mang Vision
Transformer thong qua viéc thay thé ma tran trong sb bang cac nhan TT nhé gon.

e D¢ xuit LoRAT, mé rong phuong phap LoRA sang mién tensor bang phan ra Tucker
va TT dé giam tham s6 tinh chinh trong cac 16p tich chip ma van bao toan hi¢u ning
mo hinh.

3. CAC UNG DUNG/ KHA NANG UNG DUNG TRONG THUC TIEN HAY NHUNG VAN
PE CON BO NGO CAN TIEP TUC NGHIEN CUU

Céc két qua dat dugc trong luan an khong chi mang ¥ nghia 1y thuyét ma con c6 tiém ning ng dung
cao trong nhiéu linh vyc. Trong xtr Iy anh va video, cac phuwong phap tang cuong va hoan tat tensor
c6 thé hd trg phuc hoi dit lidu trong cac hé thong camera giam sat, chan doan y khoa hinh anh, ciing



nhu cac dich vy truyén phat da phuong tién c6 dit liéu bi suy giam. D6i v6i hé thdng goi ¥, ki thuat
hoan tat tensor cho ma tran diém gitp cai thién chat luong du doan xu hudng nguoi dung. Trong linh
vuc mo hinh hoc sdu, cac phuwong phap giam tham s6 nhu TT-ViT va LoRAT mé ra kha ning trién
khai md hinh trén cac thiét bi tai nguyén han ché nhu thiét bi di dong, IoT hodc hé théng nhung ma
van dam bao hiéu ning.

Bén canh nhing két qua dat duoc, van con nhiéu van dé can nghién ctru sdu hon. Mot huéng quan
trong 1a m& rong céc thuat toan phuc hdi dix liéu tensor cho nhitng bd dir liéu kich thudc 16n va phue
tap hon, déng thoi két hop vdi cac mo hinh hoc sau nham tan dung kha nang hoc biéu dién manh mé.
D6i v6i giam tham s mo hinh, viéc phat trién co ché phan ra tensor thich tmg theo ciu trac timg 16p
mang, cling nhu nghién ctru cach tich hop cac k¥ thuat nén véi chién luge huin luyén hién dai dé
giam thoi gian suy ludn va giam tiéu thu bo nhd, 13 nhimg hudng nghién ciru tiém ning. Ngoai ra,
viéc mé rong tmg dung cua cac phuwong phap trén trong cac hé thdng thi giic may tinh, xir Iy ngon
ngit ty nhién, y sinh va phan tich tin hiéu s& gop phan khang dinh vai trd ctia phan ra tensor trong cac
bai toan thuc tién.
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1. SUMMARY:

Real-world data has become increasingly diverse and multi-dimensional in structure, extending
beyond traditional vector or matrix formats. While traditional methods such as PCA and LDA
primarily work on matrix data, converting multi-dimensional data into vectors or matrices often
results in loss of structural information. Tensors, with their ability to represent multidimensional data
naturally, have become a suitable tool for many multidimensional data analysis problems. Tensor
decomposition methods such as CP, Tucker, and Tensor-Train (TT) allow for efficient representation
of multidimensional data, providing strong support for tasks such as image and video recovery, as
well as parameter reduction in deep learning models.

The thesis titled "Tensor Decomposition and Its Applications to Data Recovery and Compression"
focuses on two main directions. First, regarding the data recovery problem, the dissertation introduces
tensor augmentation techniques—representing low-order tensors as high-order tensors—to better
exploit multidimensional correlations, increasing recovery efficiency when combined with tensor
completion algorithms while simultaneously reducing storage costs. Additionally, the dissertation
proposes improvements to tensor completion algorithms using the lq to address sparsity and
imbalance in matrix completion problems, alongside SF-LRTC methods to reduce computational
costs while maintaining accuracy. Second, regarding deep learning parameter reduction, the
dissertation applies Tucker and TT decompositions to represent model parameters into smaller
component tensors, thereby reducing the number of trainable parameters while maintaining model
effectiveness.

2. NOVELTY OF THESIS:

The main contributions of the thesis:
. Proposes a flexible tensor augmentation (TA) technique to convert low-order
tensors into higher-order forms, improving storage efficiency and data recovery
performance.
. Improves tensor completion algorithms based on 1q norm for handling sparsity
and imbalance in matrix completion, and introduces SF-LRTC algorithms without
SVD for optimizing computational complexity
. Develops the TT-ViT, applying TT decomposition to reduce Vision Transformer
parameters by replacing weight matrices with compact TT-cores
. Proposes LoRAT, extending LoRA to the tensor domain using Tucker and TT
decompositions to reduce fine-tuning parameters in CNNs while preserving model
performance.

3. APPLICATIONS/ APPLICABILITY/ PERSPECTIVE



The results achieved in this dissertation offer both theoretical significance and high potential for
practical application on various fields. In image and video processing, tensor augmentation
techniques and tensor completion algorithms can recover data in surveillance systems, medical
imaging diagnostics, and multimedia streaming services where data may be degraded. For
recommendation systems, tensor completion techniques for rating matrices improve prediction
quality in e-commerce and entertainment platforms. For deep learning model, parameter reduction
methods like TT-ViT and LoRAT enable the deployment of models on resource-constrained devices
such as mobile devices, 10T, or embedded systems without compromising performance.

Despite the promising results, several challenges and research directions remain. One important
direction is extending tensor data recovery algorithms to larger and more complex datasets while
integrating them with deep learning models to leverage powerful representation learning capabilities.
Regarding model parameter reduction, developing adaptive tensor decomposition mechanisms based
on the structure of each network layer, as well as combining compression techniques with modern
training strategies to reduce inference time and memory consumption. Furthermore, expanding the
application of these methods in computer vision, natural language processing, biomedicine, and signal
analysis will further demonstrate the importance of tensor decomposition in real-world problems.



