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A,B ∈ Cn×n U

B = U−1AU = UHAU,

A B

A B A B
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Schur
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A n n U

U−1AU = UHAU

1
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A,B ∈ Rn×n Q

B = Q−1AQ = QTAQ,

A B
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A ∈ Rn×n A A
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Q1 =

(
cos θ − sin θ
sin θ cos θ

)
, Q2 =

(
cos θ sin θ
sin θ − cos θ

)
.

Q1 cos θ ± i sin θ Q2 ±1
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A λ = a+bi(b ̸= 0) A X = α+iβ
α, β ∈ Rn α ⊥ β |α| = |β|

|λ| = 1 a = cos θ, b = − sin θ a2 + b2 = 1,

Aα = aα− bβ = (α, β)

(
cos θ
sin θ

)
Aβ = bα+ aβ = (α, β)

(
− sin θ
cos θ

)

A(α, β) = (α, β)

(
cos θ − sin θ
sin θ cos θ

)
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A n n Q

Q−1AQ = QTAQ

= diag
(
Er,−Es,

(
cos θ1 − sin θ1
sin θ1 cos θ1

)
, · · · ,

(
cos θℓ − sin θℓ
sin θℓ cos θℓ

))
,

r + s+ 2ℓ = n
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φ n V
φ

diag
(
Er,−Es,

(
cos θ1 − sin θ1
sin θ1 cos θ1

)
, · · · ,

(
cos θℓ − sin θℓ
sin θℓ cos θℓ

))
.
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/Givens

Q n Q

diag
(
En−2,

(
cos θ − sin θ
sin θ cos θ

))
,

Q Givens /

θ = π
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/Householder

Q n Q

diag
(
En−2,

(
1 0
0 −1

))
,

Q Householder /
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Q
η

Q = En − 2ηηT .
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Q = En − 2ηηT ∥η∥ = 1

W = ⟨η⟩⊥ dimW = n− 1

∀α ∈ Rn

α−Qα = 2ηηTα = 2(α, η) · η ⊥ W,

α+Qα

2
= α− (α, η) · η = ProjW (α) ∈ W
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2θ

M1

M2

θ
α

X

X ′

α

θ − α
θ − α

X ′′

2θ
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(
cos θ − sin θ
sin θ cos θ

)
=

(
cos θ sin θ
sin θ − cos θ

)(
1 0
0 −1

)
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