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9<;\N^]H[ ZHCH[�_
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x ∈ R
n
G�P�=>dfehg

Ax = b. i Ukj
lEm^npo*qrqrsutrv)w"x>y(z1{

A ∈ R
m×n |~}�� b ∈ R

m ���p}��-���%�h�<��������}�����}���|����<�r���<} i α j |1}�� i β j��� |~���R���B�<}"�*�
i α j>� �R���F��� i Ukj ���<�
�B�R�Y�@� {Y�
i β j ��|1� y ∈ R

m |~}�� y>A = o>
n

�Y����� � y>b = 0
�

� �<�
����� �+��Z�9<;@=T?FN^]HcH;@9<C DF7B;89<7BCH7B[�9hIK9<Sr9<7:b@cHC1ZHCH[�9<C¡9<7BC�¢

Ã := (A |b) ∈ R
m×(n+1) i 9<;TD�9<7B?@9<;T?@9¤£�M19�¥VSY7:9<C1?@9<CH¦§PR?T;T7O¨�j

,

WA := {y ∈ R
m | y>A = o>

n
} (on : © ZHABA:9<A:9<¦V9<C1?8L�M�C

R
n),

W
Ã

:= {y ∈ R
m | y>Ã = o>

n+1},

LA> : R
m → R

n, LA>(y) := A>y, y ∈ R
m.

(α) =⇒ (β)
¢"ª#=T?

y ∈ R
m

ZHC�G [ 7BAB?
y>A = o>

n « =@M¬N�M�AB[ ?
y>b = y>(Ax) = (y>A)x = 0.

(β) =⇒ (α)
¢+`57B;­Sr9<7B[�9<C

Rang(Ã) = Rang(A) ® Gu7:9Y=­7B¦°¯HAB7BSY7:9<;T?
(α

j8C"P�b@c²±~_BU�³Kc�9YM�;@9<¦´U _
µ
=F[ 7BAB?

y ∈ WA ⇐⇒ (y>A)> = on ⇐⇒ A>y = on ⇐⇒ y ∈ Kern(LA>).

687:9<;T¦°7B?>N^M�AB[ ?
dimWA = dimKern(LA>) = dim R

m − Rang (LA>)

= m − Rang (A>) = m − Rang (A);
i�¶ j

cH7:9<;Ta�9<7�9<;T[ 7BaH?§=T7:b@c�G�P�=VSYD
9<7B?@9·e­A:9<7:b@cHc�9<7B?@=TSr9<7:bQc�9<C�PRZ�=VGH9<;V¸¹7B¦V9<C�=T7:M�C�=TN^M�;T¦V9<AFN^]H;°AB7BC�9rPR;@9
º aHaH7BA:GuZHCH[�9<C i�» _ ¶ ³Kc�9YM�;@9<¦¼Ukj�_ º C"PRA:M�[§9<;Tc"½RAB?>¦§PRC

dimW
Ã

= m − Rang(Ã). i�¾ jg1?@9<?@=>[ 7BAB?
W

Ã
⊆ WA

_H`-9<[�9<C i β jK[ 7BAB?>C�ZHC¿PRZ�bQc
WA ⊆ W

Ã

_ º A:=@M�7:=T?
W

Ã
= WA « ZHC�G ¦°7B?

i�¾ j�ZHC�G i�¶ j(N�M�AB[ ? Rang (Ã) = Rang (A)
_
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