
������

1.000 000 000 10.095 266 145±0.643 500 904i
2.000 000 000 11.793 633 881±1.652 329 728i
3.000 000 000 13.992 358 137±2.518 830 070i
4.000 000 000 16.730 737 466±2.812 624 894i
4.999 999 928 19.502 439 400±1.940 330 347i
6.000 006 944
6.999 697 234
8.007 267 603
8.917 250 249

20.846 908 101
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min
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‖y−Ax‖2

5�� $�� �D ��������� �*��� (m,n)
<H �����

A
"� ��� �� (�� 8 ���&'� � $��

(n,n)
<H �����

M = ATA (8 ����55 � ��� � �������� <� �� ������
M = LLT

5�� ��� �� �������
(n,n)

<I ����&��5 �����
L 5�� D 3<

����2�� I ��� 3������5 ����� (! ��" �
x(0) = o

��$
k = 0(� + 8 ���&'� �

r(k) = y−Ax(k) ��$
g(k) = ATr(k) (�1 ��� � $�� I ����&�������5 �

Lw = g(k), LTh(k) = w.
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min
x∈R
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‖y−Ax‖2

5�� $�� �D ��������� �*��� (m,n)
<H �����

A
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ε > 0(�

QR
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k = 1 �� n ���8 ���&'� �� $�� .����C 3�5 ���3��5 �����

H (k)�

%k =
√

a2
kk +a2

k+1,k + · · ·+a2
mk��

%k
<
= ε �� 	
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akk = akk−%k
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j = k +1 �� n ��
β = 0���

i = k �� m ��
β = β +aik ·aij
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β = β/γk���

i = k �� m ��
aij = aij −β ·aik
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yk = yk−yi ·aki
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yk = yk/%k
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min
x∈R

n
‖y−Ax‖2

5�� $�� �D ��������� �*��� (m,n)
<H �����

A
"� ��� �� (�� 8 ���&'� � $��

QR
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A = Q

(

R

O

) 5�� ��<
� �� 3��' 3� 3�����

(m,m)
<H �����

Q
��$ ��� �� 3%����

(n,n)
<I ����&��5 �����

R (! ��" �
x(0) = o# r(0) = y

��$
k = 0(� + 8 ���&'� �

e = y−r(k)−Ax(k) ��$
f = −ATr(k) (8 ���&'� �

QTe =

(

µ
v

)

, µ ∈ R
n, v ∈ R

m−n.
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s = Q
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x(0) ∈ R
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k = 0(�� �, %%�� &'��������5 ���

f ′(x(k);p) >
= 0

C �� �� �� � �&'<
���� ��

p∈R
n # $��� ! ./00 �

x(k) ��� �����3�*�� ��<���� (� + �� �&' �����4 �' � )*' �� , %��������&' ����
p(k) 5��

f ′(x(k);p(k)) < 0.

�1 �! &'����4 ����� %����55��� 8 ����55 � ! &'����4 ����
αk # � 3 $���

f(x(k) +αkp
(k)) < f(x(k)).
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(k), k = k +1
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H0 ∈ R

n×n�" (8 ( H0 = I
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k = 0(� + �, %%�� &' %�$������ -�� ��
∇f(x(k)) = o# � 3 ! ./00 �

x(k) ��� �����3�*�� ������ (�1 �� �&' �����4 �' � 8 ���&'� � ��� � , %��������&' ����

p(k) = −Hk∇f(x(k)).
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x(k+1) = x(k) +αkp

(k),

s(k) = αkp
(k) = x(k+1)−x(k),

q(k) = ∇f(x(k+1))−∇f(x(k)).
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>
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Ψ(H,s,q;γ,Θ) = γH +

(

1+γΘ
qTHq

sTq

)

ssT

sTq

− γ
1−Θ
qTHq

Hq ·qTH
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γΘ
sTq

(s ·qTH +Hq ·sT ).
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B̄ = B +vvT
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B = LDLT
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L̄
��$ ��� � I ��<

� 3���5 �����
D̄
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B̄ = B +vvT = L̄D̄L̄
T
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�
v(1) = v���

j = 1 �� n ��
uj = v

(j)
j

tj = tj−1+u2
j/dj

d̄j = djtj/tj−1

βj = uj/(djtj)���
k = j +1 �� n ��
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B̄ = B−vvT = L̄D̄L̄
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δ > 0
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tn+1 = 1−uTD−1u��
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0< %1 < %2 < 1# 0< σ1 < 1< σ2��$
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x(0) ∈ R
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= ∆k

f
x(k)(p).
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f(x(k)) = f

x(k)(p∗)
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r =
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