
Reminders from Lecture 5



Outer Product Form of an SVD

Reduced SVD for an A ∈ Cm×n

A =
[

u1 u2 . . . un
]

σ1

σ2
. . .

σn




v∗1
v∗2
...

v∗n



Outer product form

A = σ1u1v∗1 + σ2u2v∗2 + · · ·+ σnunv∗n

Suppose σ1, . . . , σr � σr+1, . . . , σn, then

A ≈ σ1u1v∗1 + · · ·+ σr ur v∗r .
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Full SVD
Reduced SVD for an A ∈ Cm×n (with m ≥ n)

A =
[

u1 u2 . . . un
]︸ ︷︷ ︸

Ũ∈Cm×n


σ1

σ2
. . .

σn


︸ ︷︷ ︸

Σ̃∈Rn×n


v∗1
v∗2
...

v∗n


︸ ︷︷ ︸
Ṽ∗∈Cn×n

Full singular value decomposition

A =
[

Ũ Û
]

︸ ︷︷ ︸
U∈Cm×m

[
Σ̃
0

]
︸ ︷︷ ︸
Σ∈Rm×n

Ṽ ∗︸︷︷︸
V∗

U,V - unitary
Σ - diagonal with nonnegative real entries
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Matrix 2-Norm

For an A ∈ Cm×n

‖A‖2 := max
v∈Cn, ‖v‖2=1

‖Av‖2

‖A‖2 = σ1

e.g.,  11 9
10 10
9 11

 σ1 = 10
√

6, σ2 = 2

‖A‖2 = 10
√

6
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