
ÛÉ�©)

ÛÉ�©)�Ý
Cq

oNÌ¤©©Û

��Ì¤©©Û

111������ùùùÛÛÛÉÉÉ���©©©)))���ÌÌÌ¤¤¤©©©©©©ÛÛÛ{{{000

2025c5�

111������ùùùÛÛÛÉÉÉ���©©©)))���ÌÌÌ¤¤¤©©©©©©ÛÛÛ{{{000



ÛÉ�©)

ÛÉ�©)�Ý
Cq

oNÌ¤©©Û

��Ì¤©©Û

PART IÛÛÛÉÉÉ���©©©)))

PART IÛÛÛÉÉÉ���©©©)))



ÛÉ�©)

ÛÉ�©)�Ý
Cq
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lÌ©)�ÛÉ�©)

ÛÉ��ÛÉ�þ

VVV���

1 ÛÉ�©)

lÌ©)�ÛÉ�©)

ÛÉ��ÛÉ�þ
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oNÌ¤©©Û

��Ì¤©©Û

lÌ©)�ÛÉ�©)

ÛÉ��ÛÉ�þ

é�"Ý
 A ∈ Rm×n,Ù� rank(A) = r
r ≤ min{m,n}.
A�o�Ä�f�m

A���:

R(A) = {z ∈ Rm|∃x ∈ Rn, z = Ax} = A���m.

A�"�m:
N(A) = {x ∈ Rn|Ax = 0}.

AT���:

R(AT ) = {y ∈ Rn|∃x ∈ Rm, y = AT x} = A�1�m.

AT�"�m:

N(AT ) = {x ∈ Rm|AT x = 0}.
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lÌ©)�ÛÉ�©)

ÛÉ��ÛÉ�þ

é�"Ý
 A ∈ Rm×n, rank(A) = r .
A�o�Ä�f�m:

R(A),N(AT ) ⊆ Rm.
R(A)⊥ = N(AT ).
dim(R(A)) = rank(A) = r .
dim(N(AT )) = m − r .

R(AT ),N(A) ⊆ Rn.
R(AT )⊥ = N(A).
dim(R(AT )) = rank(A) = r .
dim(N(A)) = n − r .
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lÌ©)�ÛÉ�©)

ÛÉ��ÛÉ�þ

é�"Ý
 A ∈ Rm×n,Ù� rank(A) = r �Ø��m ≥ n,�Ä¢
é¡Ý
 AT An×nµ

Ø�� AT A�A��UüSü��λ1 ≥ λ2 ≥ · · · ≥ λn,
Kλn ≥ 0.
rank(AT A) = rank(A) = r .
AT A�é�zµ=

V T AT AV = Λ = diag(λ1, λ2, · · · , λn),

ùpV = [v1, v2, · · · , vn]���Ý
.
AT A = V ΛV T .
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ÛÉ��ÛÉ�þ

AT A = V ΛV T .

UÄ�EA�aqÏf¦È�L«/ª?
rank(Λ) = rank(AT A) = r ,K

λ1 ≥ λ2 ≥ · · · ≥ λr > 0,
λr+1 = · · · = λn = 0.

·�òV©¤üÜ©V = [V1,V2],Ù¥ V1 = [v1, · · · , vr ],
V2 = [vr+1, · · · , vn].

vr+1, · · · , vn�Ð�¤AT A�"�mN(AT A)(�´N(A))��|
IO��Ä.
AV2 = 0.
I = VV T = V1V T

1 + V2V T
2 .

A = AI = A(V1V T
1 + V2V T

2 ) = AV1V T
1 .
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ÛÉ��ÛÉ�þ

lV1 = [v1, v2, · · · , vr ]Ñu§�EU1 = [u1, · · · ,ur ]Xeµ

ui =
1√
λi

Avi , i = 1, · · · , r .

K

uT
i uj =

1√
λiλj

vT
i AT Avj =

1√
λiλj

vT
i λjvj = δij .

ù`²

u1, · · · ,ur

´A����mR(A)��|IO��Ä.
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ÛÉ��ÛÉ�þ

R(A)���Ö�m� N(AT ).
�ur+1, · · · ,um�N(AT )��|IO��8.
-U2 = [ur+1, · · · ,um],�E��Ý


U = [U1,U2].

-σi =
√
λi , i = 1,2, · · · , r .�Eé����üSü��é�

Ý


Σ1 = diag(σ1, · · · , σr ).

dc¡U1�E��U1Σ1 = AV1.
?�Ú�Em × nÝ/é�Ý


Σ =

[
Σ1 0
0 0

]
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lÌ©)�ÛÉ�©)

ÛÉ��ÛÉ�þ

½n1

A = UΣV T .

y²: ·�kO��ªm>

UΣV T = [U1,U2]

[
Σ1 0
0 0

] [
V T

1
V T

2

]
= U1Σ1V T

1

= AV1V T
1

= A. �
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ÛÉ��ÛÉ�þ

ÛÉ�©)

Ý
�ÛÉ�©)$�Ò´ò���"�m × n¢Ý

A ∈ Rm×n

§L«�÷vXeA5�n�¢Ý
¦È/ª�Ïf

©)$�µ

A = UΣV T ,

Ù¥

U ´m���Ý
§UT U = I;
V ´n���Ý
§V T V = I;
Σ´düSü���K�é����|¤�m × nÝ/é�
Ý
µ

Σ = diag(σ1, · · · , σp),

ùpσ1 ≥ · · · ≥ σp ≥ 0,�p = min(m,n).
UΣV T ¡�A�ÛÉ�©)§σi¡�A�ÛÉ�, UÚ V ���þ
©O¡�A��!mÛÉ�þ.
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ÛÉ��ÛÉ�þ

d½n1��§é?��"�m × n¢Ý
 A ∈ Rm×n
§ÙÛ

É�©)�3.
dA = UΣV T�íÑ

AT A = V (ΣT Σ)V T .
mÛÉ�þ�AT A�A��þ.
AAT = U(ΣΣT )UT .
�ÛÉ�þ�AAT�A��þ.
AV = UΣ.
AT U = V ΣT .

A�ÛÉ�σ1, · · · , σn´���§�UÚ V Ø��.
Ý
�ÛÉ�©)�±w�òÙéA��5C�©)�^=

C�(V T )! �C�(Σ)9^=C�(U)�|Ü.
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ÛÉ��ÛÉ�þ

;ÛÉ�©)��äÛÉ�©)

���"���r�m × n¢Ý
 A ∈ Rm×nÛÉ�©)�UΣV T ,
Ù¥

U = [u1,u2, · · · ,um] ;
V = [v1, v2, · · · , vn] ;
Σ = diag(σ1, · · · , σp), p = min(m,n).

KA = Ur Σr V T
r ¡�A�;ÛÉ�©)§Ù¥

Ur = [u1,u2, · · · ,ur ] ;
Vr = [v1, v2, · · · , vr ] ;
Σr = diag(σ1, · · · , σr ).
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ÛÉ��ÛÉ�þ

;ÛÉ�©)��äÛÉ�©)

é0 < k < r§ Uk ΣkV T
k ¡�A��äÛÉ�©)§Ù¥

Uk = [u1,u2, · · · ,uk ] ;
Vk = [v1, v2, · · · , vk ] ;
Σk = diag(σ1, · · · , σk ).

¯K: A ≈ Uk ΣkV T
k �§ÝXÛÝþ?
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¤Û�Z¿d�ê

Ý
��`Cq

Ý
�	ÈÐm

VVV���

1 ÛÉ�©)

lÌ©)�ÛÉ�©)

ÛÉ��ÛÉ�þ

2 ÛÉ�©)�Ý
Cq

¤Û�Z¿d�ê

Ý
��`Cq

Ý
�	ÈÐm
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¤Û�Z¿d�ê

Ý
��`Cq

Ý
�	ÈÐm

¤Û�Z¿d�ê

�A ∈ Rm×n�A = [aij ]m×n, A�¤Û�Z¿d�ê (Frobenius
norm) ‖ A ‖F½ÂXe:

‖ A ‖F =

 m∑
i=1

n∑
j=1

a2
ij

 1
2

eQ´ m���Ý
,K‖ QA ‖F =‖ A ‖F .
eP´ n���Ý
,K‖ AP ‖F =‖ A ‖F .
eQ´ m���Ý
, P´ n���Ý
,K

‖ QAP ‖F =‖ A ‖F .
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¤Û�Z¿d�ê

Ý
��`Cq

Ý
�	ÈÐm

eQ´ m���Ý
,K‖ QA ‖F =‖ A ‖F .
y²: Ø��A = [a1, · · · ,an],KQA = [Qa1, · · · ,Qan]. �

‖ QA ‖2F =‖ [Qa1, · · · ,Qan] ‖2F

=
n∑

i=1

‖ Qai ‖22

=
n∑

i=1

(Qai)
T Qai =

n∑
i=1

aT
i QT Qai

=
n∑

i=1

‖ ai ‖22=‖ A ‖2F . �
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Ý
�	ÈÐm

Ún1

� A ∈ Rm×n�ÛÉ�©)�UΣV T ,Ù¥Σ = diag(σ1, · · · , σn),

‖ A ‖F =

√√√√ n∑
i=1

σ2
i

y²µ‖ A ‖F =‖ UΣV T ‖F =‖ Σ ‖F =

√
n∑

i=1
σ2

i . �
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¤Û�Z¿d�ê

Ý
��`Cq

Ý
�	ÈÐm

Ún2
� A ∈ Rm×n � rank(A) = r ,¿�M�Rm×n¥¤k�Ø�Lk�
Ý
8Ü,0 < k < r ,K�3����k�Ý
X ,¦�

‖ A− X ‖F = min
S∈M

‖ A− S ‖F .

¡Ý
X�Ý
A3¤Û�Z¿d�ê¿Âe��`Cq.
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Ý
��`Cq

Ý
�	ÈÐm

½n2

� A ∈ Rm×n � rank(A) = r ,ÙÛÉ�©)�UΣV T ,¿
�M�Rm×n¥¤k�Ø�Lk�Ý
8Ü,0 < k < r ,

e��k�Ý
X ∈M÷v ‖ A− X ‖F = min
S∈M

‖ A− S ‖F ,

K ‖ A− X ‖F =

√
n∑

l=k+1
σ2

l .

AO/§eA′ = UΣ′V T ,Ù¥Σ′m×n =

[
Σk 0
0 0

]
,ù

pΣk = diag(σ1, · · · , σk ),K

‖ A− A′ ‖F =

√√√√ n∑
l=k+1

σ2
l = min

S∈M
‖ A− S ‖F .
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Ý
�	ÈÐm

y²µ�X�A��`Cq§K

‖ A− X ‖F≤‖ A− A′ ‖F =

√√√√ n∑
l=k+1

σ2
l .

e¡y²

‖ A− X ‖F≥

√√√√ n∑
l=k+1

σ2
l .

�X�ÛÉ�©)�QΩPT
§Ù¥

Ω =

[
Ω1 0
0 0

]
,

ùp Ω1 = diag(ω1, · · · , ωk ).
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-B = QT AP,KA = QBPT . UìΩ�©¬�{éB?1©¬

B =

[
B11 B12
B21 B22

]
,

K

‖ A− X ‖2F =‖ Q(B − Ω)PT ‖2F =‖ B − Ω ‖2F
=‖ B11 − Ω1 ‖2F + ‖ B12 ‖2F + ‖ B21 ‖2F + ‖ B22 ‖2F .

e¡·�y²B12 = 0! B21 = 0!B11 = Ωk .

eB12 6= 0,K�E Y = Q
[

B11 B12
0 0

]
PT
§KY ∈M,�

‖ A− Y ‖2F =‖ B21 ‖2F + ‖ B22 ‖2F<‖ A− X ‖2F .

ù�X´�`Cq�gñ.
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Ý
�	ÈÐm

Ón�yB21 = 0.

eB11 6= Ω1,K�E Z = Q
[

B11 0
0 0

]
PT
§KZ ∈M,�

‖ A− Z ‖2F =‖ B22 ‖2F<‖ B11 − Ω1 ‖2F + ‖ B22 ‖2F =‖ A− X ‖2F .

ù�X´�`Cq�gñ,�B11 = Ωk .
Äuþ¡®²y²�(Ø§K

‖ A− X ‖F =‖ B22 ‖F .

�B22�ÛÉ�©)�U1ΛV T
1 ,K

‖ A− X ‖F =‖ B22 ‖F =‖ Λ ‖F .
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�	ÈÐm

-U2 =

[
Ik 0
0 U1

]
, V2 =

[
Ik 0
0 V1

]
,K

UT
2 QT APV2 =

[
Ω1 0
0 Λ

]
,

=

A = QU2

[
Ω1 0
0 Λ

]
(PV2)T .
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ù¿�XΛ�é�����A�ÛÉ�§�k

‖ A− X ‖F =‖ Λ ‖F≥

√√√√ n∑
l=k+1

σ2
l .

Ïd ‖ A− X ‖F =

√
n∑

l=k+1
σ2

l =‖ A− A′ ‖F . �

PART IÛÛÛÉÉÉ���©©©)))



ÛÉ�©)

ÛÉ�©)�Ý
Cq

oNÌ¤©©Û

��Ì¤©©Û

¤Û�Z¿d�ê

Ý
��`Cq

Ý
�	ÈÐm

½n2`²3�Ø�Lk�m × nÝ
8Ü¥§�3Ý
A�
�`CqÝ
X ; A′ = UΣ′V TÒ´ù���`CqÝ
.
A�;ÛÉ�©)´3¤Û�Z¿d�ê¿ÂeA�Ã�Ø
 .
A���k��äÛÉ�©)´A�k�Ø ,Ï~k��
ur§Ïd´d$�Ý
¢y
éA�Ø "
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�A ∈ Rm×n �ÙÛÉ�©)�UΣV T ,K

A = UΣV T

= [σ1u1, · · · , σnun]

 vT
1

...
vT

n


= σ1u1vT

1 + · · ·+ σnunvT
n .

¡A = σ1u1vT
1 + · · ·+ σnunvT

n�A�	ÈÐmª.

A�	ÈÐmª��±w�Ý
�kS\�Ú
n∑

k=1
σkukvT

k .
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eA���n§K

A = σ1u1vT
1 + · · ·+ σnunvT

n .

-

Ak =
k∑

i=1

σiuivT
i ,

KAk���k§´A��äÛÉ�©).
Ak´��k�Ý
¥3¤Û�Z¿d�ê¿ÂeA��`C
qÝ
.
duÏ~ÛÉ�σi4~é¯§¤±ké��§ AkéA��k
éÐ�Cq.
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�	ÈÐm

ÛÉ�©)�(

Ý
�Ä�f�m

Ý
�ÛÉ�©)

;ÛÉ�©)��äÛÉ�©)

Ý
�¤Û�Z¿d�ê

�äÛÉ�©)��`CqÝ


Ý
�	ÈL«

ÛÉ�©)�Ì©)
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VVV���

3 oNÌ¤©©Û

IOz�ÅCþ

���zÇ

ÏfKÖþ
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Ì¤©©Û

XJêâ��
A��m�3�'5,?nå5Ø��B;
XJêâ�êLp,K��{5U.

·�F"U�E�|#��pØ�'�A�5L«êâ:
Ï~^�5A���5|Ü5�E#A�.
F"A�C��L§¥���&E¦�U�.
�EÑ�#A��ê'�5�A�ê�éõ,��ü��8
�.
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IO�5|Ü

�x = (x1, x2, · · · , xm)T´m��Å�þ, α ∈ Rm �αTα = 1,K
¡

y = αT x

�IO�5|Ü.

�ùÌ��ÄIO�5|Ü.
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�x = (x1, x2, · · · , xm)T´m��Å�þ,Ùþ��µ,���Ý


Σ = E [(x− µ)(x− µ)T ] = [σij ]m×m,

K

E [(x− µ)] = 0.

trace(Σ) =
m∑

i=1
Var(xi) =

m∑
i=1

σii .

Σ´��½�.
Ø��Σ�A��UìüSü��

λ1 ≥ λ2 · · · ≥ λm ≥ 0

PART IIÌÌÌ¤¤¤©©©©©©ÛÛÛ



ÛÉ�©)

ÛÉ�©)�Ý
Cq

oNÌ¤©©Û

��Ì¤©©Û

IOz�ÅCþ
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Σ�é�z: =

AT ΣA = Λ = diag(λ1, λ2, · · · , λm),

ùpA = [α1, α2, · · · , αm]���Ý
§
αi = (α1i , α2i , · · · , αmi)

T �αi´Σ�áuλi�A��þ.
α1, α2, · · · , αm�Ð�¤
Rm��|IO��Ä,=

é∀α ∈ Rm, ∃c1, c2, · · · , cm ∈ R s.t. α =
m∑

i=1
ciαi .
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Ì¤©C�

�x = (x1, x2, · · · , xm)T´þ��µ,���Ý
�Σ�m��Å�
þ,KXe�5C��¡�Ì¤©C�µ

y = AT (x− µ).

¿¡y�1i�©þ
yi = αT

i (x− µ)

�x�1iÌ¤©,ùpαi�A�1i���þ.
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�Äx = (x1, x2)T ,Ù¥
E [x1] = E [x2] = 0,
Var(x1) = Var(x2) = 1,
Cov(x1, x2) = ρ > 0,

���Ý
�

Σ =

[
1 ρ
ρ 1

]
ÙA���

λ1 = 1 + ρ, λ2 = 1− ρ

�A�A��þ�

α1 = (
1√
2
,

1√
2

)T , α2 = (
1√
2
,− 1√

2
)T
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dd��x�1�!1�Ì¤©©O�

y1 =
1√
2

(x1 + x2);

y2 =
1√
2

(x1 − x2)

�A����

Var(y1) = 1 + ρ = λ1;

Var(y2) = 1− ρ = λ2.

Var(y1) + Var(y2) = Var(x1) + Var(x2) = 2.
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Ì¤©�5�

TH1. �x ∼ (µ,Σ)§Ky = AT (x− µ)÷v

(1) E [y] = 0.
(2) Var(yi) = λi , i = 1,2, · · · ,m.
(3) Cov(yi , yj) = 0, i 6= j , i , j = 1,2, · · · ,m..
(4) Var(y1) ≥ Var(y2) ≥ · · · ≥ Var(ym) ≥ 0.

(5)
m∑

i=1
Var(yi) = trace(Σ) =

m∑
i=1

Var(xi).

(6)
m∏

i=1
Var(yi) = |Σ|.
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(1)�y²µ E [y] = E [AT (x− µ)] = AT E [(x− µ)] = 0.
(2)�y²µ

Var(yi) = Var(αT
i (x− µ)) = αT

i E [(x− µ)(x− µ)T ]αi

= αT
i Σαi = λiα

T
i αi = λi

(3)�y²µXJi 6= j ,

Cov(yi , yj) = Cov(αT
i (x− µ), αT

j (x− µ))

= αT
i E [(x− µ)(x− µ)T ]αj

= αT
i Σαj = λjα

T
i αj = 0.

d(2)��§ (4), (5),(6)Ñ¤á. �
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TH2. Ø�3��'λ1���IO�5|Üy = αT x.

y²µ�ÄIO�5|Üy = αT x,Ù¥α ∈ Rm �αTα = 1. d
uα1, α2, · · · , αm�Ð�¤
Rm��|IO��Ä,K

∃c1, c2, · · · , cm ∈ R s.t . α =
m∑

i=1

ciαi .

éd�5|Ü5`§

Var(y) = αT Σα =

[
m∑

i=1

ciα
T
i

]
Σ

[
m∑

i=1

ciαi

]

=
m∑

i=1

c2
i λiα

T
i αi =

m∑
i=1

c2
i λi .
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,��¡αTα = 1¿�X
m∑

i=1
c2

i = 1.

�ÄXe�`z¯Kµ

max
c1,··· ,cm

m∑
i=1

c2
i λi

s.t .
m∑

i=1

c2
i = 1.

Kd¯K��`)�

c1 = 1, c2 = · · · = cm = 0
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d�

λ1 = max
c1,··· ,cm

m∑
i=1

c2
i λi

éA�IO�5|Ü

y1 = αT
1 x

�Ð´�1�Ì¤©. �
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TH3. XJIO�5|Üy = αT x�x�ck�Ì¤©ÑØ�'§
Ky����y´1k + 1Ì¤©�����.

y²µ�y = αT x,Ù¥αTα = 1�α =
m∑

i=1
ciαi . éd�5|Ü5

`§

Var(y) =
m∑

i=1

c2
i λi .

é1 ≤ j < k5`§

Cov(y , yj) = Cov(αT x, αT
j x) =

[
m∑

i=1

ciα
T
i

]
Σαj

= cjλjα
T
j αj = cjλj = 0.
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ù¿�Xé1 ≤ j < k5`§c2
j λj = 0. �

Var(y) =
m∑

i=k+1

c2
i λi .

Úc¡y²aq§·���

max
c1,··· ,cm

Var(y) = λk+1.

éA�IO�5|Ü

y = αT
k+1x

�Ð´�1k + 1Ì¤©. �
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�x = (x1, x2, · · · , xm)T´þ��µ,���Ý
�Σ�m��Å�
þ,éz�xi½Â

x ′i =
xi − µi√

σii
,

K

E [x ′i ] = 0, Var(x ′i) = 1.

éx′ = (x ′1, x ′2, · · · , x ′m)T5`,

Cov(x ′i , x ′j ) = E

[
(
xi − µi√

σii
)(

xj − µj√
σjj

)

]

=
E [(xi − µi)(xj − µj)]

√
σiiσjj

= ρij

=x′����Ý
Σ′�x��'Ý
: Σ′ = [ρij ]m×m. d�
trace(Σ′) = m.
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x�1 kÌ¤© yk����zÇ ηk½Â� ηk = λk
m∑

i=0
λi

.

x�ck�Ì¤© y1, · · · , yk�\O���zÇ η1→k½Â�

η1→k =
k∑

i=1

ηi =

k∑
i=1

λi

m∑
j=0

λj

.

\O���zÇ η1→k�N
x�ck�Ì¤©�3�kCþ��
&E�'~,�±��k�ÀJIO§'XÀJk¦� η1→k��

5½�z©'(X80%)±þ.
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Ì¤©C�y = AT x�_C�� x = Ay.

xi =
m∑

j=1
αijyj , i = 1,2, · · · ,m.

ÏfKÖþ: 1kÌ¤©�Cþxi��'Xê,=ykéxi��

z§Ý:

ρ(yk , xi) =

Cov(
m∑

j=1
αijyj , yk )

√
λkσii

=
αik Var(yk )√

λkσii
=

√
λkαik√
σii

ÏfKÖþ÷vXe5�:
1

m∑
i=1

σiiρ
2(yk , xi ) = λk (

m∑
i=1

α2
ik ) = λk .

2
m∑

k=1
ρ2(yk , xi ) = 1.
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x�ck�Ì¤© y1, · · · , yk�é�kCþxi��zÇ ν1→k (i)½Â
�

ν1→k (i) =
k∑

j=1

ρ2(yj , xi) =
k∑

j=1

λjα
2
ij

σii
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3 oNÌ¤©©Û
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4 ��Ì¤©©Û
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�x1,x2, · · · ,xn´ém��Å�þx = (x1, x2, · · · , xm)T?

1ngÕá*ÿ���,Ù¥xj = (x1j , x2j , · · · , xmj)
TL«

1j�*ÿ��,K*ÿêâÝ


X = [x1,x2, · · · ,xn] =

 x11 · · · x1n
...

...
...

xm1 · · · xmn


��þ��þ�x̄ = 1

n

n∑
j=1

xj = (x̄1, · · · , x̄m)T .

�����Ý
�S = [sij ]m×m,Ù

¥sij = 1
n−1

n∑
k=1

(xik − x̄i)(xjk − x̄j), i , j = 1,2, · · · ,m.

���'Ý
� R = [rij ]m×m,Ù¥ rij =
sij√sii sjj

.
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½Âm��Å�þx = (x1, x2, · · · , xm)T �

y = (y1, y2, · · · , ym)T ��5C�

y = AT x,

Ù¥ A = [α1, α2, · · · , αm] =

 α11 · · · α1m
...

...
...

αm1 · · · αmm

.

éz�©þ5`, yi = αT
i x.

éz�*ÿêâxj5`, yj = AT xj .

yiéAuX���þ�ȳi = 1
n

n∑
j=1

αT
i xj = αT

i x̄.
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yiéAuX�����Var(yi) = αT
i Sαi .

yi , yjéAuX������Cov(yi , yj) = αT
i Sαj .
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·�Äkéêâ?15�z:

x ′ik =
xik − x̄i√

sii
, i = 1,2, · · · ,m; k = 1,2, · · · ,n.

·�E±xikL«5�z�x ′ik ,¿ò5����Ý
E,P
�X,d������Ý


S = R =
1

n − 1
XXT

·��R�A���λ1 ≥ λ2 ≥ · · · ≥ λm, αi �R�áuλi�

ü A��þ,K��Ì¤©C��

y = AT x,

ùpA = [α1, α2, · · · , αm].
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n���x1,x2, · · · ,xn�1jÌ¤©�1�þ�

(yj1, · · · , yjn) = αT
j X

��ckÌ¤©Ý
�

Yk×n = [α1, · · · , αk ]T X
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Äu±þ�©Û§·��±

¦ÑR�A���λ1 ≥ λ2 ≥ · · · ≥ λm¶

(½¦�\O���zÇ��ý½��Ì¤©�êk¶
¦Ñck�A�� λiéA�ü A��þ αi¶

¦k���Ì¤©
yi = αT

i x

O�ρ(yj , xi)±9 ν1→k (i)¶
O���ckÌ¤©Ý
.
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½Â��#�êâÝ


X′ =
1√

n − 1
XT

K (
X′
)T X′ =

1
n − 1

XXT = R = S

X′�mÛÉ�þÒ´S = (X′)T X′�ü A��þ.
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Ì¤©©Û�{

ÑÑÑ\\\: 5�z���Ý
Xm×n
ÑÑÑÑÑÑ: ��Ì¤©Ý
Yk×n
ëëëêêê: Ì¤©�êk
(1) �E

X′ =
1√

n − 1
XT

(2) ¦X′�k��äÛÉ�©)

UΣV T

(3) ��ckÌ¤©Ý
�

Yk×n = V T X
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oNÌ¤©C�

oNÌ¤©5�
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5�zêâ

��Ì¤©©Û
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