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. TOM TAT NOI DUNG LUAN AN

Luan an tap trung nghién cttu mot ham khoang cach lugng tit méi dang Hellinger, khao

sat cac tinh chat lien quan nhu tinh chat diém gitta, bat déng thic xi 1y dit lieu va bai

toan tong binh phuong bé nhat. Ngoai ra, luan 4n md rong hai phuong trinh ma tran phi

tuyén tit trung binh nhan c6 trong s6 sang trung binh c6 trong s6 tuong tng véi trung binh

Kubo-Ando déi xiing bat ky. Dong thoi, bing cach biéu dién trung binh Wasserstein thong

qua trung binh nhan c6 trong sd 2, luan an chiing minh syt ton tai nghiém ctia mot s6 hée

phuong trinh ma tran phi tuyén lien quan dén trung binh Wasserstein, mot trung binh khong

thuoc 16p trung binh ma tran Kubo-Ando.

. NHUNG KET QUA MOGI CUA LUAN AN
Luan an da dat dugc nhitng két qua sau:

a. Xay dung mot ham khoang cach lugng ti méi.

2 7z 2 1
Cu the, v6i h(z) 1a ham d6i xiing ctia ham /z qua duong thang y = x;_ va g(x) =
1 s
h(z) — ’ ;_ , luén an chi ra rang

(A, B) = Tr (Ag (A-2BAY2))
la mot ham khoang cach lugng tit, goi la ham khoang cach dang Hellinger lugng tit.
. Chitng minh moét s tinh chét lién quan téi ham khoang cach dang Hellinger
lugng tid.
Cu thé, luan an chi ra rang ham khodng cach dang Hellinger lugng t1t néu trén thoa
méan tinh chat diém gitta, bat dédng thic xit 1y dit lieu va ton tai nghiém cho bai toan
tong binh phuong bé nhét ting v6i ham khoang cach luong tit méi nay.
. Chiing minh su ton tai nghiém ctia 2 dang phuong trinh ma tran phi tuyén
dudc mé rong tir cac két qua trude doé.

Cu thé, luan an chi ra sy ton tai nghiém ciia céc phuong trinh



XP=A+Y M (XoB) M,
i=1

va

J m

XP=A+Y M;(Xo,B)M; + Y M; (X 'o,B)M,,

i=1 i=j+1
trong d6 A, B € P,, My, M>, ..., M,, € M, 1a cic ma tran kha nghich, p,m 1a cac sd
nguyén duong véi p > 2, va o, 1a trung binh c6 trong s6 tuong tng véi trung binh
Kubo-Ando déi xiing o.

d. Chitng minh sy ton tai nghiém ctia mot sé6 hé phuong trinh ma tran phi
tuyén chita trung binh Wasserstein.

Cu thé, luan an st dung bidu dién trung binh Wasserstein dudi dang

AoB =A%, [IV (AB)]

va mbi lien hé giita trung binh Wasserstein va trung binh cong dé thiét lap mot s6 he

phuong trinh ma tran phi tuyén va chi ra sy ton tai nghiém.

3. CAC UNG DUNG/KHA NANG UNG DUNG TRONG THUC TIEN HAY
NHUNG VAN DE CON BO NGO CAN TIEP TUC NGHIEN CUU
Duya vao biéu dién clia mot s6 trung binh, ching han nhu trung binh Wasserstein va trung
binh nhan dang phd, qua trung binh nhan cé trong sé 2, chiing t6i huéng dén viec thiét lap
moi lien hé méi gifta cac trung binh, xay dung cac ham khodng cich luong ti méi dya trén
cdc moi quan hé dé va tap trung vao bai toin mo td ham don diéu toan tit. Day ciing chinh

14 cac huéng nghién cttu tiép theo ctia deé tai.
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1. SUMMARY
This thesis investigates a new quantum Hellinger-type divergence and examines its related
properties, such as the In-betweenness Property, the Data Processing Inequality, and the
Least Squares Problem. It also extends two nonlinear matrix equations from the weighted
geometric mean to a weighted matrix mean corresponding to an arbitrary symmetric Kubo-
Ando mean. Additionally, by representing the Wasserstein mean via the 2-geometric mean,
the thesis establishes the existence of solutions for some systems of nonlinear matrix equa-
tions involving the Wasserstein mean, a type of mean that does not belong to the class of

Kubo-Ando matrix means.

2. NOVELTY OF THESIS

The main results are listed as follows:

a. A new quantum divergence function has been constructed.
Specifically, if h(z) be the function that is symmetric to \/x with respect to the line
r+1

— then

®(A,B) =Tr (Ag (A—l/QBA—1/2))

is a quantum divergence, called the quantum Hellinger-type divergence.

b. Proving several properties related to the quantum Hellinger-type diver-
gence. Specifically, the thesis shows that the above-mentioned quantum Hellinger-
type divergence satisfies the In-betweenness property, the Data processing Inequality,
and the existence of solutions for the Least squares problem for this new quantum

divergence.

c. Proving the existence of solutions for two forms of nonlinear matrix equa-
tions extended from previous results.

Specifically, the thesis shows the existence of solutions for the equations



XP=A+Y M (XoB) M,

=1

and
J m
XP=A+Y M;(Xo,B)M; + > M; (X 'o,B)M,,
i=1 i=j+1
where A, B € P,, My, M,, ..., M,, € M, are nonsingular matrices, p, m are positive

integers with p > 2, and o, is a weighted mean corresponding to an arbitrary symmetric

Kubo-Ando mean o.

d. Proving the existence of solutions for some systems of nonlinear matrix
equations involving the Wasserstein means.

Specifically, the thesis uses the representation of Wasserstein mean as

AoB=A"[IV (AB)]

and the relationship between the Wasserstein mean and the arithmetic mean to establish

some systems of nonlinear matrix equations and demonstrate the existence of solutions.

3. APPLICATIONS/ APPLICABILITY/ PERSPECTIVE

By representing certain types of means, such as the Wasserstein mean and the spectral
geometric mean, via the 2-geometric mean, the goals are to establish new relationships
between means, construct new quantum divergence functions based on these relationships,
and focus on the problem of characterizing operator monotone functions. These directions

also constitute the subsequent research objectives of the thesis.

SUPERVISORS PhD STUDENT
Dinh Trung Hoa Nguyen Anh Thi Nguyen Duy Ai Nhan
CERTIFICATION

UNIVERSITY OF SCIENCE
VICE PRESIDENT

Nguyen Trung Nhan



	Trang thông tin luận án tiếng Việt
	Trang thông tin luận án tiếng Anh

