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6.1 ‖ • ‖ n ,

‖x‖ ≥ 0, x = 0 ;

α, ‖αx‖ = |α|‖x‖;

x, y, ‖x + y‖ ≤ ‖x‖ + ‖y‖;

‖x‖ x �
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α, ‖αx‖ = |α|‖x‖;

x, y, ‖x + y‖ ≤ ‖x‖ + ‖y‖;

‖x‖ x �
‖x‖2 =

√

|x1|2 + |x2|2 + · · · + |xn|2
‖x‖1 = |x1| + |x2| + · · · + |xn|
‖x‖∞ = max{|x1|, |x2|, · · · , |xn|}
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6.2 n A, ‖A‖,

‖A‖ ≥ 0, A = 0 ;

α, ‖αA‖ = |α|‖A‖;

A, B, ‖A + B‖ ≤ ‖A‖ + ‖B‖;
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6.3 A n , ρ(A) = max
1≤i≤n

|λi| A

, λi A �



�

‖A‖1 = max
1≤j≤n

n
∑

i=1

|aij| ‖A‖∞ = max
1≤i≤n

n
∑

j=1

|aij|

‖A‖2 =
√

ρ(ATA) ‖A‖F =

√

√

√

√

n
∑

i=1

n
∑

j=1

|aij|2



�

‖A‖1 = max
1≤j≤n

n
∑

i=1

|aij| ‖A‖∞ = max
1≤i≤n

n
∑

j=1

|aij|

‖A‖2 =
√

ρ(ATA) ‖A‖F =

√

√

√

√

n
∑

i=1

n
∑

j=1

|aij|2

‖Ax‖ ≤ ‖A‖‖x‖



�

‖A‖1 = max
1≤j≤n

n
∑

i=1

|aij| ‖A‖∞ = max
1≤i≤n

n
∑

j=1

|aij|

‖A‖2 =
√

ρ(ATA) ‖A‖F =

√

√

√

√

n
∑

i=1

n
∑

j=1

|aij|2

‖Ax‖ ≤ ‖A‖‖x‖

‖Ax‖1 ≤ ‖A‖1‖x‖1 ‖Ax‖∞ ≤ ‖A‖∞‖x‖∞
‖Ax‖2 ≤ ‖A‖2‖x‖2 ‖Ax‖2 ≤ ‖A‖F‖x‖2



�

:

‖x − x̃‖∞
‖x‖∞

=
1

2

‖b − b̃‖∞
‖b‖∞

=
1

20000



�

:
[

2.0002 1.9998

1.9998 2.0002

] [

x1

x2

]

=

[

4

4

]

x = (1, 1)T

[

2.0002 1.9998

1.9998 2.0002

] [

x1

x2

]

=

[

4.0002

3.9998

]

x̃ = (1.5, 0.5)T

‖x − x̃‖∞
‖x‖∞

=
1

2

‖b − b̃‖∞
‖b‖∞

=
1

20000



�

:
[

2.0002 1.9998

1.9998 2.0002

] [

x1

x2

]

=

[

4

4

]

x = (1, 1)T

[

2.0002 1.9998

1.9998 2.0002

] [

x1

x2

]

=

[

4.0002

3.9998

]

x̃ = (1.5, 0.5)T

‖x − x̃‖∞
‖x‖∞

=
1

2

‖b − b̃‖∞
‖b‖∞

=
1

20000



�

:
[

2.0002 1.9998

1.9998 2.0002

] [

x1

x2

]

=

[

4

4

]

x = (1, 1)T

[

2.0002 1.9998

1.9998 2.0002

] [

x1

x2

]

=

[

4.0002

3.9998

]

x̃ = (1.5, 0.5)T

‖x − x̃‖∞
‖x‖∞

=
1

2

‖b − b̃‖∞
‖b‖∞

=
1

20000



�

:
[

2.0002 1.9998

1.9998 2.0002

] [

x1

x2

]

=

[

4

4

]

x = (1, 1)T

[

2.0002 1.9998

1.9998 2.0002

] [

x1

x2

]

=

[

4.0002

3.9998

]

x̃ = (1.5, 0.5)T

‖x − x̃‖∞
‖x‖∞

=
1

2

‖b − b̃‖∞
‖b‖∞

=
1

20000



�

:
[

2.0002 1.9998

1.9998 2.0002

] [

x1

x2

]

=

[

4

4

]

x = (1, 1)T

[

2.0002 1.9998

1.9998 2.0002

] [

x1

x2

]

=

[

4.0002

3.9998

]

x̃ = (1.5, 0.5)T

‖x − x̃‖∞
‖x‖∞

=
1

2

‖b − b̃‖∞
‖b‖∞

=
1

20000



�

:
[

2.0002 1.9998

1.9998 2.0002

] [

x1

x2

]

=

[

4

4

]

x = (1, 1)T

[

2.0002 1.9998

1.9998 2.0002

] [

x1

x2

]

=

[

4.0002

3.9998

]

x̃ = (1.5, 0.5)T

‖x − x̃‖∞
‖x‖∞

=
1

2

‖b − b̃‖∞
‖b‖∞

=
1

20000



�

A(x + δx) = b + δb
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6.4 A n , cond(A) = ‖A‖‖A−1‖
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cond(A) ≥ 1;
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(A )
cond(A) ≥ 1;

c 6= 0, cond(cA) = cond(A);
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(A )
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(A )
cond(A) ≥ 1;
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P ,
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(A )
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n

∑

i=1

aii|xi|2 > 0,

σ − 2α = xHDx − xHLx − xHUx = xHAx > 0.
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