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Abstract

In this paper, the structured backward error of a class of generalized saddle-point

systems in complex number field is studied, and two special cases are extended, and

the calculation formula of backward error is derived. Numerical examples show that

our results can easily test the stability of the actual algorithm, and the new structured

backward error is more suitable and effective than the common one.
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1. Úó

�ÄEê�þ�2@2¬�5XÚHz = d�(�z��Ø�©Û,Ù¥H = A+ iB, z = x+ iy,

d = u+ iv. Ù¥A,B ´n× n �¢Ý
, x, y, f, g ´n× 1 �¢�þ, i =
√
−1 ´Jêü . Hz = d

�±L«�

Hz =

[
A −B
B A

][
x

y

]
=

[
u

v

]
= d, (1.1)

A �Eé¡Ý
, (1.1) ù�XÚ�¡�2ÂQ:XÚ§·��Äx 6= 0, y 6= 0 �A 6= A>, B 6= B>

��(�z��Ø�, ¿�Ä�x = 0 ½y = 0 ��±e(�µ(i) A 6= A>, B 6= B>; (ii)

A = A>, B = B>; (iii) B = B>; (iv) A = A>. ��Ø�3ê�©Û¥�~�, §�±£�¢S

)û�¯K�·���)û�¯Kkõ�C, ¿�«
ê��{�½5. Cc5, Nõ�öé¢

ê�þ�2ÂQ:¯K�(�z��Ø��uÐ�Ñ
�z, ùa¯K3Nõ�ÆÚó§+�¥

Ñké��A^ [1–7]. �©3c<�Ä:þ, ?1O�Eê�þ�2ÂQ:¯K�(�z��

Ø�. b�z̃ = (x̃>, ỹ>)> ´�5XÚ(1.1)�O�), du6Ä∆H Ú∆d ¦�z̃ ¤�
6Ä�5X

ÚH+ ∆H = d+ ∆d �O(). �
ÿþ6ÄXÚÚ�©XÚ�m��Cål, ��Ø�nØ�u

y¿�2�A^ [8], §�±^5ÿÁ�{�½5. 3�©¥, éu�(�z�5XÚ(1.1), ��

Ø��½Â�

η(z̃) = min
∆H,∆d

{∥∥∥∥(
‖∆H‖F
‖H‖F

,
‖∆d‖2
‖d‖2

)

∥∥∥∥
2

}
.

½

η(z̃) =
‖Hz̃ − d‖2√

‖H‖2F‖z̃‖22 + ‖d‖22
,

Ù¥‖.‖F , ‖.‖2 ©OL«F−�ê, 2−�ê. XJη(z̃) é�, ·�Ò`�{´��½�. ,, ��

5¿�´, XJXêÝ
H kAÏ(�, 6ÄXêÝ
H+ ∆H �¬�±Ó��(�. Ïd, ·�I

�O�(�z��Ø�. éu(�z��Ø�, c<®²�
�þ�ïÄ¿��
äN�L�ª, �

[� [9–15].
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4� 

�z̃ = (x̃>, ỹ>)> �ÏL,��{¦��2ÂQ:XÚ(1.1) �O�), ½ÂÙ(���Ø��

η(θ1,θ2,λ,µ)
s1

(x̃, ỹ) = min
(∆A, ∆B, ∆u, ∆v)∈F1

∥∥∥∥∥
[
θ1‖∆A‖F θ2‖∆B‖F
λ|∆u‖F µ|∆v‖F

]∥∥∥∥∥
F

, (1.2)

Ù¥

F1 =

{(
∆A, ∆B
∆u, ∆v

)
:

[
A + ∆A −(B + ∆B)

B + ∆B A + ∆A

][
x̃

ỹ

]
=

[
u + ∆v

v + ∆v

]}
, (1.3)

Ù¥θ1, θ2, λ, µ L«�ëê. ���ÀJ´, �A, B, u, v ÑØ�u"�,

θ̃1 =
1

‖A‖F
, θ̃2 =

1

‖B‖F
, λ =

1

‖u‖2
, µ =

1

‖v‖2
,

l�Ñ�é�(�z��Ø�

ηs1(x̃, ỹ) = η(θ̃1,θ̃2,λ̃,µ̃)
s1

(x̃, ỹ). (1.4)

2. ý��£

Ún 2.1 [1] �u ∈ Rm Úv ∈ Rn ®�. ½Â

Y = {Y ∈ Rn×m : Y u = v}.

K, Y 6= ∅ ��=�vu†u = v, �3d�¹e, ?¿Y ∈ Y �L«�

Y = vu† + T (Im − uu†), T ∈ Rn×m.

Ún 2.2 [8, 16] �a, b ∈ Rn ®�. ½Â

F = F ∈ Rn×n : Fa = b, F> = F .

K, F 6= ∅ ��=�ba†b = a, �3d�¹e, ?¿F ∈ F �L«�

F = ba† + (a†)>b>(In − aa†) + (In − aa†)Z(In − aa†).

Ù¥Z ∈ SRn×n.

3. Ì�(J

3ùÜ©, ·�òO�þã�¹¥�(�z��Ø�η
(θ1,θ2,λ,µ)
s1 . 3d�c, ·�I�k�ÄÜ
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©(���Ø�η
(θ1,θ2)(x̃,ỹ)
s1 , =

η(θ1,θ2)
s1

(x̃, ỹ) = min
(∆A,∆B)∈F0

1

∥∥(θ1‖∆A‖F , θ2‖∆B‖F )>
∥∥

2
, (3.1)

Ù¥

F0
1 =

{
(∆A,∆B) :

[
θ1∆A θ2∆B

] [ 1
θ1

(x̃+ ỹ)

θ2(x̃− ỹ)

]
= ru + rv

}
. (3.2)

½n 3.1 �(x̃, ỹ)> ´�5XÚ(1.1) ���O�), �x̃ 6= 0, ỹ 6= 0. ·�k

[η(θ1,θ2)
s1

(x̃, ỹ)]2 =
1

α1

‖ru + rv‖22,

Ù¥

α1 =
1

θ2
1

‖x̃+ ỹ‖22 +
1

θ2
2

‖x̃− ỹ‖22,

ru = u−Ax̃+Bỹ, rv = v −Bx̃−Aỹ.

y²: dª(3.2) �, (4A,4B) ∈ F0
1 ��=�∆A,∆B ÷v

∆Ax̃ = ru + ∆Bỹ,∆Bx̃ = rv −∆Aỹ. (3.3)

òÚn2.1 A^u(3.4), Kéu?¿�∆B ∈ Rn×n, ��

[
θ1∆A θ2∆B

]
=
[

(ru + rv)
] [ 1

θ1
(x̃+ ỹ)

1
θ2

(x̃− ỹ)

]†
+ Z

In − [ 1
θ1

(x̃+ ỹ)
1
θ2

(x̃− ỹ)

][
1
θ1

(x̃+ ỹ)
1
θ2

(x̃− ỹ)

]† ,(3.4)

Ù¥Z ∈ Rn×n. ²O�[
1
θ1

(x̃+ ỹ)
1
θ2

(x̃− ỹ)

]†
=

([
1
θ1

(x̃+ ỹ)> 1
θ2

(x̃− ỹ)>
] [ 1

θ1
(x̃+ ỹ)

1
θ2

(x̃− ỹ)

])−1 [
1
θ1

(x̃+ ỹ)> 1
θ2

(x̃− ỹ)>
]

=
1

1
θ21
‖x̃+ ỹ‖22 + 1

θ22
‖x̃− ỹ‖22

[
1
θ1

(x̃+ ỹ)> 1
θ2

(x̃− ỹ)>
]
, (3.5)

ò(3.5) �\(3.4) �[
θ1∆A θ2∆B

]
=

1
1
θ21
‖x̃+ ỹ‖22 + 1

θ22
‖x̃− ỹ‖22

[
(ru + rv)

] [
1
θ1

(x̃+ ỹ)> 1
θ2

(x̃− ỹ)>
]

+ Z

(
In −

1
1
θ21
‖x̃+ ỹ‖22 + 1

θ22
‖x̃− ỹ‖22

[
1
θ1

(x̃+ ỹ)
1
θ2

(x̃− ỹ)

] [
1
θ1

(x̃+ ỹ)> 1
θ2

(x̃− ỹ)>
])

.

(3.6)
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�Ä�η
(θ1,θ2)
s1 (x̃, ỹ) �½Â(3.1), (Ü(3.5), (3.6), ·���

[η(θ,θ1)
s1

(x̃, ỹ)]2 = min(
Z∈Rn×n

∆A,∆B∈Rn×n

) (θ2
1‖∆A‖2F + θ2

2‖∆B‖2F
)

= min
∆A,∆B∈Rn×n

p(∆A,∆B),

Ù¥

P (∆A,∆B) =

∥∥∥[ (ru + rv)
] [

1
θ
(x̃+ ỹ)> 1

θ1
(x̃− ỹ)>

]∥∥∥2

F
1
θ21
‖x̃+ ỹ‖22 + 1

θ22
‖x̃− ỹ‖22

+

∥∥∥∥∥Z
(
I − 1

1
θ21
‖x̃+ ỹ‖22 + 1

θ22
‖x̃− ỹ‖22

[
1
θ1

(x̃+ ỹ)
1
θ2

(x̃− ỹ)

] [
1
θ1

(x̃+ ỹ)> 1
θ2

(x̃− ỹ)>
])∥∥∥∥∥

2

F

=
1

1
θ21
‖x̃+ ỹ‖22 + 1

θ22
‖x̃− ỹ‖22

‖ru + rv‖22.

=�½n3.1�L�ª.

½n 3.2 b�½n3.1 ¥�^�¤á. d(1.2), (1.4), �

[η(θ1,θ2,λ,µ)
s1

(x̃, ỹ)]2 = (
1

α1

− α2)‖ru‖22 + (
1

α1

− α2)‖rv‖22 − (
2

α1

+ 2α2)r>u rv, (3.7)

Ù¥

α2 =
1

λ2
+

1

µ2
− 1

λ4µ2
.

y²: d½Â(1.2) Ú½n3.1 �L�ª, ��

[η(θ1,θ2,λ,µ)
s1

(x̃, ỹ)]2 = min
∆f∈Rm,∆g∈Rn

X̂ (∆u,∆v), (3.8)

Ù¥

X̂ (∆u,∆v) =
1

α1

‖(ru + ∆u) + (rv + ∆v)‖22 + λ2‖∆u‖22 + µ2‖∆v‖22

= [η(θ1,θ2)
s1

(x̃, ỹ)]2 +
1

α1

[
∆u> ∆v>

] [ λ2In In

In µ2In

][
∆u

∆v

]

+
2

α1

[
∆u> ∆v>

] [ ru + rv

ru + rv

]
. (3.9)

N´y²

[
λ2In In

In µ2In

]
´¢é¡�½Ý
. K�

[
∆u

∆v

]
= −

[
λ2In In

In µ2In

]−1 [
ru + rv

ru + rv

]

�, (3.9) �����.
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�A/, ²L�X�E,�O�, ·�íÑ

[η(θ1,θ2,λ,µ)
s1

(x̃, ỹ)]2 = (
1

α1

− α2)‖ru‖22 + (
1

α1

− α2)‖rv‖22 − (
2

α1

+ 2α2)r>u rv,

½n�y²�¤.

4. x̃ 6= 0, ỹ = 0 �1�«�¹

�e5�Ü©·�ò?Ø�x̃ 6= 0, ỹ = 0 �1�«�¹e��(�z��Ø�η
(θ1,θ2,λ,µ)
s1 . Ó�

�, ·�I�kO�Ü©(���Ø�η
(θ1,θ2)(x̃,ỹ)
s1 , =

η(θ1,θ2)
s1

(x̃, ỹ) = min
(∆A,∆B)∈F1

1

∥∥(θ1‖∆A‖F , θ2‖∆B‖F )>
∥∥

2
, (4.1)

Ù¥

F1
1 =

{
(∆A,∆B) :

[
A+ ∆A −(B + ∆B)

B + ∆B A+ ∆A

][
x̃

ỹ

]
=

[
u

v

]}
. (4.2)

½n 4.1 �(x̃, ỹ)> ´�5XÚ(1.1) ���O�), �x̃ 6= 0, ỹ = 0. ·�k

[η(θ1,θ2)
s1

(x̃, ỹ)]2 =
θ2

1‖ru1
‖22

‖x̃‖22
+
θ2

2‖rv1‖22
‖x̃‖22

,

Ù¥

ru1
= u−Ax̃, rv1 = v −Bx̃. (4.3)

y²: d(4.2) �

∆Ax̃ = ru1
,∆Bx̃ = rv1 ,

òÚn2.1 ^u(4.3) ��

∆A = ru1
x̃† + Z1(In − x̃x̃†),∆B = rv1 x̃

† + Z2(In − x̃x̃†).

Ù¥Z1, Z2 ∈ Rn×n. ·��±�Ñ

‖∆A‖2F =
‖ru1
‖22

‖x̃‖22
+ ‖Z1(I − x̃x̃†)‖2F , (4.4)

‖∆B‖2F =
‖rv1‖22
‖x̃‖22

+ ‖Z2(I − x̃x̃†)‖2F . (4.5)
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4� 

�Ä�η
(θ1,θ2)
s1 (x̃, ỹ) �½Â(4.1), (Ü(4.4), (4.5), ��

[η(θ,θ1)
s1

(x̃, ỹ)]2 = minZ1∈Rn×n, Z2∈Rn×n

∆A,∆B∈Rn×n


(
θ2

1‖∆A‖2F + θ2
2‖∆B‖2F

)

=
θ2

1‖ru1
‖22

‖x̃‖22
+
θ2

2‖rv1‖22
‖x̃‖22

, (4.6)

=½n�y²�¤.

½n 4.2 b�½n4.1 ¥�^�¤á, d(1.2), (1.4), �

[η(θ1,θ2,λ,µ)
s1

(x̃, ỹ)]2 =
λ2θ2

1

β1

‖ru1
‖22 +

µ2θ2
2

β2

‖rv1‖22, (4.7)

Ù¥

β1 = λ2‖x̃‖22 + θ2
1, β2 = µ2‖x̃‖22 + θ2

2.

y²:d½Â(1.2) Ú½n4.1 �L�ª, ��

[η(θ1,θ2,λ,µ)
s1

(x̃, ỹ)]2 = min
∆u∈Rn,∆v∈Rn

X̂ (∆u1,∆v1), (4.8)

Ù¥

X̂ (∆u1,∆v1) =
θ2

1

‖x̃‖22
‖ru1

+ ∆u1‖22 +
θ2

2

‖x̃‖22
‖rv1 + ∆v1‖22

= [η(θ1,θ2)
s1

(x̃, ỹ)]2 + ∆u>1 (
θ2

1

‖x̃‖22
In + λ2In)∆u1 + 2∆u>1

θ2
1ru1

‖x̃‖22

+∆v>1 (
θ2

2

‖x̃‖22
In + µ2In)∆v1 + 2∆v>1

θ2
2rv1
‖x̃‖22

.

N´y² θ21
‖x̃‖22

In + λ2In, θ22
‖x̃‖22

In + µ2In ´¢é¡�½Ý
, K�

∆u = −(
θ2

1

‖x̃‖22
In + λ2In)−1 θ

2
1ru1

‖x̃‖22
,

∆v = −(
θ2

2

‖x̃‖22
In + µ2In)−1 θ

2
2rv1
‖x̃‖22

�, þª�����. �A/, ²L�X�E,�O�, ·�íÑ

[η(θ1,θ2,λ,µ)
s1

(x̃, ỹ)]2 =
λ2θ2

1

β1

‖ru1
‖22 +

µ2θ2
2

β2

‖rv1‖22,

K½n�y²�¤.
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5. x̃ 6= 0, ỹ = 0 �1�«�¹

�e5�Ü©·�ò?Ø�x̃ 6= 0, ỹ = 0 �1�«�¹e�(�z��Ø�η
(θ1,θ2,λ,µ)
s1 . Ó��§

·�I�kO�Ü©(���Ø�η
(θ1,θ2)(x̃,ỹ)
s1 , =

η(θ1,θ2)
s1

(x̃, ỹ) = min
(∆A,∆B)∈F2

1

∥∥(θ1‖∆A‖F , θ2‖∆B‖F )>
∥∥

2
, (5.1)

Ù¥

F2
1 =

{
(∆A,∆B) :

[
A+ ∆A −(B + ∆B)

B + ∆B A+ ∆A

][
x̃

ỹ

]
=

[
u

v

]
: ∆A = ∆A>,∆B = ∆B>

}
. (5.2)

½n 5.1 �(x̃, ỹ)> ´�5XÚ(1.1) ���O�), �x̃ 6= 0, ỹ = 0, A = A>, B = B>. ·�k

[η(θ1,θ2)
s1

(x̃, ỹ)]2 =
2θ2

1‖ru1
‖22

‖x̃‖22
+

2θ2
2‖rv1‖22
‖x̃‖22

−
θ2

1(r>u1
x̃)2

‖x̃‖42
−
θ2

2(r>v1 x̃)2

‖x̃‖42
.

y²: d(5.2) �

∆Ax̃ = ru1
,∆Bx̃ = rv1 . (5.3)

òÚn2.2 ^u(5.3) ��

∆A = ru1
x̃† + (x̃†)>r>u1

(In − x̃x̃†) + (In − x̃x̃†)Z3(In − x̃x̃†),

∆B = rv1 x̃
† + (x̃†)>r>v1(In − x̃x̃†) + (In − x̃x̃†)Z4(In − x̃x̃†).

Ù¥Z3, Z4 ∈ SRn×n, ·��±��

‖∆A‖2F =
‖ru‖22
‖x̃‖22

+ ‖(x̃†)>r>u1
(In − x̃x̃†)‖2F + ‖(In − x̃x̃†)Z3(In − x̃x̃†)‖2F , (5.4)

‖∆B‖2F =
‖rv‖22
‖x̃‖22

+ ‖(x̃†)>r>v1(In − x̃x̃†)‖2F + ‖(In − x̃x̃†)Z4(In − x̃x̃†)‖2F . (5.5)

�Ä�η
(θ1,θ2)
s1 (x̃, ỹ) �½Â(5.1), (Ü(5.4), (5.5), ��

[η(θ1,θ2)
s1

(x̃, ỹ)]2 = min(
Z3∈SRn×n, Z4∈Rn×n

∆A,∆B∈Rn×n

) (θ2
1‖∆A‖2F + θ2

2‖∆B‖2F
)

= min
∆A,∆B∈Rn×n

p(∆A,∆B),

Ù¥

P (∆A,∆B) =
2θ2

1‖ru1
‖22

‖x̃‖22
−
θ2

1(r>u1
x̃)2

‖x̃‖42
+

2θ2
2‖rv1‖22
‖x̃‖22

−
θ2

2(r>v1 x̃)2

‖x̃‖42
,
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4� 

=�½n4.3�L�ª.

½n 5.2 b�½n5.1 ¥�^�¤á. d(1.2), (1.4), ��

[η(θ1,θ2,λ,µ)
s1

(x̃, ỹ)]2 =
2θ2

1β11 + 4θ2
1

β11‖x̃‖22
‖ru1
‖22 −

θ2
1β1β11 + 3θ4

1β1 − θ6
1

‖x̃‖42β1β11

(r>u1
x̃)2

+
2θ2

2β22 + 4θ2
2

β22‖x̃‖22
‖rv1‖22 −

θ2
2β2β22 + 3θ4

2β2 − θ6
2

‖x̃‖42β2β22

(r>v1 x̃)2,

Ù¥

β11 = 2θ2
1 + λ2‖x̃‖22, β22 = 2θ2

2 + µ2‖x̃‖22.

y²: d½Â(1.2) Ú½n5.1 �L�ª, ��

[η(θ1,θ2,λ,µ)
s1

(x̃, ỹ)]2 = min
∆u∈Rn,∆v∈Rn

X̂ (∆u1,∆v1),

Ù¥

X̂ (∆u1,∆v1) =
2θ2

1‖ru1
+ ∆u1‖22
‖x̃‖22

− θ2
1((ru1

+ ∆u1)>x̃)2

‖x̃‖42
+ λ2‖∆u1‖22

+
2θ2

2‖rv1 + ∆v1‖22
‖x̃‖22

− θ2
2((rv1 + ∆v1)>x̃)2

‖x̃‖42
+ µ2‖∆v1‖22

= [η(θ1,θ2)
s1

(x̃, ỹ)]2 + ∆u>(
2θ2

1

‖x̃‖22
In + λ2In −

θ2
1x̃x̃

>

‖x̃‖42
)∆u+ 2∆u>(

2θ2
1ru
‖x̃‖22

− θ2
1(x̃>ru)x̃

‖x̃‖42
)

+ ∆v>(
2θ2

2

‖x̃‖22
In + µ2In −

θ2
2x̃x̃

>

‖x̃‖42
)∆v + 2∆v>(

2θ2
2ru
‖x̃‖22

− θ2
2(x̃>rv)x̃

‖x̃‖42
). (5.6)

N´y² 2θ21
‖x̃‖22

In + λ2In − θ21 x̃x̃
>

‖x̃‖42
, 2θ22
‖x̃‖22

In + µ2In − θ22 x̃x̃
>

‖x̃‖42
´¢é¡�½Ý
, K�

∆u = −(
2θ2

1

‖x̃‖22
In + λ2In −

θ2
1x̃x̃

>

‖x̃‖42
)−1(

2θ2
1ru
‖x̃‖22

− θ2
1(x̃>ru)x̃

‖x̃‖42
),

∆v = −(
2θ2

2

‖x̃‖22
In + µ2In −

θ2
2x̃x̃

>

‖x̃‖42
)−1(

2θ2
2ru
‖x̃‖22

− θ2
2(x̃>rv)x̃

‖x̃‖42
)

�, (5.6) �����, ²L�X�E,�O�, ·�íÑ

[η(θ1,θ2,λ,µ)
s1

(x̃, ỹ)]2 =
2θ2

1β11 + 4θ2
1

β11‖x̃‖22
‖ru1
‖22 −

θ2
1β1β11 + 3θ4

1β1 − θ6
1

‖x̃‖42β1β11

(r>u1
x̃)2

+
2θ2

2β22 + 4θ2
2

β22‖x̃‖22
‖rv1‖22 −

θ2
2β2β22 + 3θ4

2β2 − θ6
2

‖x̃‖42β2β22

(r>v1 x̃)2.

=½n�y.

�e5ü«�¹�y²�þ¡��q, ��Ñ.
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íØ 1 �(x̃, ỹ)> ´�5XÚ(1.1) ���O�), �x̃ 6= 0, ỹ = 0, B = B>, ·�k

[η(θ1,θ2,λ,µ)
s1

(x̃, ỹ)]2 =
λ2θ2

1

β1

‖ru1
‖22 +

2θ2
2β22 + 4θ2

2

β22‖x̃‖22
‖rv1‖22 −

θ2
2β2β22 + 3θ4

2β2 − θ6
2

‖x̃‖42β2β22

(r>v1 x̃)2.

íØ 2 �(x̃, ỹ)> ´�5XÚ(1.1) ���O�), �x̃ 6= 0, ỹ = 0, A = A>, ·�k

[η(θ1,θ2,λ,µ)
s1

(x̃, ỹ)]2 =
2θ2

1β11 + 4θ2
1

β11‖x̃‖22
‖ru1
‖22 −

θ2
1β1β11 + 3θ4

1β1 − θ6
1

‖x̃‖42β1β11

(r>u1
x̃)2 +

µ2θ2
2

β2

‖rv1‖22.

6. x̃ = 0, ỹ 6= 0 ��¹

�e5?Øx̃ = 0, ỹ 6= 0 ��¹, y²�þ¡��q, ��Ñ. ½n 6.1 �(x̃, ỹ)> ´�5X

Ú(1.1) ���O�), �x̃ = 0, ỹ 6= 0. ·�k

[η(θ1,θ2,λ,µ)
s1

(x̃, ỹ)]2 =
λ2θ2

1

ω1

‖rv2‖22 +
µ2θ2

2

ω2

‖ru2
‖22,

Ù¥

ru2
= u+Bỹ, rv2 = v −Aỹ,

ω1 = θ2
1 + λ2‖ỹ‖22, ω2 = θ2

2 + µ2‖ỹ‖22.

½n 6.2 �(x̃, ỹ)> ´�5XÚ(1.1) ���O�), �x̃ = 0, ỹ 6= 0, A = A>, B = B>. ·�k

[η(θ1,θ2,λ,µ)
s1

(x̃, ỹ)]2 =
2θ2

1ω11 + 4θ2
1

ω11‖ỹ‖22
‖rv2‖22 −

θ2
1ω1ω11 + 3θ4

1ω1 − θ6
1

‖ỹ‖42ω1ω11

(r>v2 ỹ)2 (6.1)

+
2θ2

2ω22 + 4θ2
2

ω22‖ỹ‖22
‖ru2
‖22 −

θ2
2ω2ω22 + 3θ4

2ω2 − θ6
2

‖ỹ‖42ω2ω22

(r>u2
ỹ)2, (6.2)

Ù¥

ω11 = 2θ2
1 + λ2‖ỹ‖22, ω22 = 2θ2

2 + µ2‖ỹ‖22.

½n 6.3 �(x̃, ỹ)> ´�5XÚ(1.1) ���O�), �x̃ = 0, ỹ 6= 0, B = B>. ·�k

[η(θ1,θ2,λ,µ)
s1

(x̃, ỹ)]2 =
λ2θ2

1

ω1

‖rv2‖22 +
2θ2

2ω22 + 4θ2
2

ω22‖ỹ‖22
‖ru2
‖22 −

θ2
2ω2ω22 + 3θ4

2ω2 − θ6
2

‖ỹ‖42ω2ω22

(r>u2
ỹ)2.

½n 6.4 �(x̃, ỹ)> ´�5XÚ(1.1) ���O�), �x̃ = 0, ỹ 6= 0, A = A>. ·�k

[η(θ1,θ2,λ,µ)
s1

(x̃, ỹ)]2 =
2θ2

1ω11 + 4θ2
1

ω11‖ỹ‖22
‖rv2‖22 −

θ2
1ω1ω11 + 3θ4

1ω1 − θ6
1

‖ỹ‖42ω1ω11

(r>v2 ỹ)2 +
µ2θ2

2

ω2

‖ru2
‖22.
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7. A^

3ùÜ©, ·�ò^�[�ê�~f�y²½n3.1, 3.2, ¿�O�Ñ�[�êâ. Ù{½n�

�yaq, ��Ñ. ¤kê�O�Ñ3MATLAB R2016a ¥±Åì°Ý2.2204× 10−16 ?1.

·��Ä�5XÚ(1.1) [
A −B
B A

][
x

y

]
=

[
u

v

]
.

Ù¥

A =


2 −8 0 1

−5 0 −4 5

4 −3 −1 −2

3 6 −7 1

 , B =


2 1 0 3

1 4 0 1

0 7 5 1

10−3 0 2 1

 ,

u =


106

5

0

0

 , v =


10−6

0

0

1

 .
¦^Ü©ÀÌ��Gauss��{, ·���
��O�)z̃ = (x̃>, ỹ>)>, Ù¥

x̃ =


−2.550948811691706× 104

−8.103528926046949× 104

−5.127357916480393× 104

7.085379024155514

 , ỹ =


1.111396285339100× 105

1.416787831660810× 104

2.818042030869885× 104

−1.894433357643171× 105

 .

òþã(J�\½n3.1, 3.2, ·��±��

η(z̃) = 2.767658843372967× 10−17,

η(θ1,θ2)
s1

(x̃, ỹ) = 1.207459273255117× 10−33,

η(θ1,θ2,λ,µ)
s1

(x̃, ỹ) = 1.185846126215313× 104.

lþ¡�(J¥�±wÑ, Ü©ÀÌ��Gauss��{´��½�, �Ø´r½�. (JL²,

T(J�Ñ�(�5��Ø��L�ªéuu�¢S2ÂQ:¯K��{½5´k^�. Ù¦½

n��y�þ¡�q, 3ùp·�Ø2�y.
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