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B ∈ C
m×r A*B

C ∈ C
r×n

r C�D >?:0EGF3H�I C�J�K�L @NMPO J�Q;L >R<�S�I BUT @WV,8=XZY L :=<W8;@�@ L=C A = BC J B r

CUD >?:0E�X A*B A+ = C+B+
M

[ �7\^]_ T @`Fa8;: D @=b(c=8;I�@=8 Q;d F	H�I CUJ�K?L @fehgjilk A*B C 8*] T @�H=m�I�ehgjilkonp8*mqV L >RIrH B H�I;s

A =

[

1 1
1 1

]

B = [ 4 −3 ] C =





i 0
0 1
0 i



 D =





1 0 0
0 1 −2
0 2 −4



 E =

[

2 −11
10 −5

]
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D z~} C _ T @7n!8*m D �,L mqH C�J B np8*mqV L >RIrH B H�I;sV,z�\^]_ T @fFa8;: D�Q Ex = 0

mq8;:*_ L V&V`@=b Q 8*mqS�I d Fa8;: L mq]&H B H�I D�Q 8;:=< BrA :=@=b C b0>�s� z�� D IrH CrL=Q;Q T @PF38;: A � B Q 8 T ] L0J >0c=8 CrQ A I;s]�z�\^]_ T @fFa8;: D D
koI|m�8;:(_ L V&V D >P@=b Q 8*mqS�I d 1 CUD >?:0EPF3H�I C�J�K�L I;s

� �7\^]_ T @�Fa8;: D�Q A =

[

5 −4
−4 5

]

�NL=Q*J IrS�c�]?8���> J I�F3H�I CUJ�K ehg�ilkon!8*m�V L >RIrH B H�I;X A*B 8*>&>?8;@ B 8;:0S�I B�A : A c=8*m D ]_ T >?@
Fa8;: L mq< D > �,L=Q*J IrS�c~]?8���> J I B

F3H�I CUJ�K?L I;X D Fa8*m�< C 8 B2 = A

���7O J�Q;L >0<?S�I BrT @PV,8=X�Y L :=<�Y D U
A*B

V
T > J I A C X D @�@ L=C ||UA|| = ||A|| = ||AV ||

X�n!8*m�I A c=8=XNY L :=< D�Q UA
A*B

AVB Q;L=CrQ*D I L @`m A I�8 Q >?8;@,M
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A ∈ C
m×n

M���: D�Q;L m _ T @NX�Y L :=<�F J >&]?8*> 1
Y L BrB Q E B H�:0E v ∈ R

n
c=8;@�I L=CrCUD σn ≤ |Av| ≤ σ1

X D Y L m
σ1 ≥ σ2 ≥ · · · D�Q A

B Q*J >?: T mqH CUJ B�A C I A @=8 J x!VN8*m�8 B Q H=F3S�I�c D3D 0
ko@ D I J B z�M
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A = M ′Σ′M∗ = U ′ΣU∗ D�Q A

ehgji|k A*B C 8*] T @�H=m�I�ehgjilkonp8*mqV L >RIrH B D M^6�H BrBrT @~VN8=X�Y L :=<
D z |A(Men)| = σn �V,z

||A − A(k)|| =
√

∑

n

i=k+1 σ2
i �� z

A+ = UΣ−1(U ′)∗
M
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B =

[

0 A

AT 0

] V#m L @h@?F3H�I CUJ�K X D Y L m A ∈ R
m×n
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