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A~x = ~0

&
A
&
m × n '�(*) 0 +�, R

m : ,-,.+�/0/1)$2�354�67+�8*9;:<'
= �>��	@?

[

1 10
2 20

] [

x1

x2

]

=

[

0
0

]

A �B�DC������.���E�F�G#$HG�.���FIJ?

x = ~0 =

[

0
0

]

K +�LM+�NO3!35,�9�P735/0/1)QP7R�P*673!35LS90/0/1T Ax = 0 +�,@UFVXWYU-678*902�91)Z)B/0908[)B6*4Z)B9�P*\ x = 0 :^]�909�P_P[3`+�,a)B90,)
4�+�,.P*9�P*6735,�6*6*9;:b ,�4�+ ��c�dG#$�B�DC������.���5e!� 8[)B6*4�)B9�P*\�(7)Of

[

1 10 0
2 20 0

]

∼

[

1 10 0
0 0 0

]

g +�,.P79�P*6735,�6*6*9GP*RGP*673!35LS9;h7(*+�/0/1)i+�,j2Z)Bk)Z)lLj\�\�6*6*\�(7) & x2 'mhFP*909�P & TZTB87356*67n�LoTB,pk)B/ (*+�,�'"8[)B6*4�)B9�P*\Z(*)G:q T�P[P[T_6[)Bk)B\�4GP73!P7P[)_8r)B6*4�)B9�P*\�(*+�\�4�4O+S+�, ~0 : ,-4Z)B\�6*6[)p4�\�/04O352Z)pP*\.+�8[)Gs x1 + 10 x2 = 0.

t �������$���!#>�uc�dG#$���.? K +�LM+�NO3!35,�90R�v�6[TB/�n�/0/1T Ax = 0 +�,w35kTB6*8*902�91)Z)B/�3x(7)S8[)B6*4�)B9�P7\�(*)
(*+ZPy(*)_2Z)B90,p(*+ZPlP*RGP*673!35LS90/0/1Tp+�, C���c��.�D#$�%	zI�I�#!#>IGe$�D�
]�35\�8r)B\�4�P735,)S6[TB8*4�3$TGs{ �.I��$�}|�~ 90, K +�Lp� b /04O+�+�, A

&
m × n 'm:��O+ZP n > m

& 35,.35LSLoTB,aP[)B8[)B4�4O35906[)-4�\�90,%8*902�3�(7TO'mh",�9090,
v.+�LM+�NO3!35,�90R�v�6[TB/�n�/0/DT A~x = ~0 +�,�35kTB6*8*902�91)Z)B/�3x(*)S8[)B6*4Z)B9�P*\�(7)G:q +���s K +�LM+�NO3!35,�90,.35,Q+�,Q)B90,)p4�+�,.P*9�P*6735,�6*6*9;h.6*\�4�9�P[)B8[)B4�4�359���35,w/04�L ≤ m < n, (�+�6735,Q)B90,)B4�90,
R�4�P79�2�)Bk)Z)pLj\�\�6*6*\�(7)Gh ⇒ TZTB87356*6[n�LoTB,wLM+�,�6[)p8r)B6*4�)B9�P*\)G:= �>��	%���BH�H���? ]�35/02�906[TGh�+�,�4�+�P735\�8[)Z)$2Z)B/0/1)�v.+�LM+�NO3!35,�9�P735/0/1)-P7R�P*6[3535LS90/0/1T�35kTB6*8*902�91)Z)B/�3x(7)�8[)B6��
4Z)B9�P*\�(*)�(7)_4�\.2�)Z)_8[)B6*4Z)B9�P*\�(*+�\�4�4�+�:

2x1 + 4x2 − 6x3 = 0
4x1 + 8x2 − 10x3 = 0

�l�Z�������1�m���
� /0Lo)B,�)B90,�\�6*6[)B4Z)Z)B,w8*902�9�+�kY358[)Z)B6*9�+�6[)M6*9�3!�.TBLSLM3Zh356*6[TSP*RGP*673!35LS90/0/1TS+�,�)B90,)B4�90,�R�4�P79�2�)Bk)Z)

Lj\�\�6*6*\�(7)G: & LS904GP*9DfB'
[

2 4 −6 0
4 8 −10 0

]

∼

[

1 2 −3 0
4 8 −10 0

]

∼

[

1 2 0 0
0 0 1 0

]

x3 = 0, x2 = t( 2Z)Bk)Z) ), x3 = 0.

]�909�P
~x =





−2t
t

0



 = t





−2
1
0





g R�P73!3!P[P[T_+�, ~0 : ,�4�)B\�6*6[)p4�\�/04O352Z)GhG2�3m4�67+�8*90, ~v = [−2, 1, 0]T P7\�\�,�6[)B90,.35,wP7\.+�8[) R
3 : P7P[)G:

�



= �>��	��
A
&
3 × 1 'mh�6[T�P7P[TpP*909�P 2Z)B90,-R�4�P79�R�v�6[TB/�n & 35904ZT_8*902�9�+�kY358[)Z)B6*9�+�906[)M6[)B8*2�906[)O'm:

10x1 − 3x2 − 2x3 = 0.
� )Bk)Z)B6lLj\�\�6*6*\�(7)B6 x2 = s, x3 = t. � )B6*4�)B9�P*\�s











x1 = 0.3s + 0.2t

x2 = s + 0t

x3 = 0s + tt
� 354�67+�8*90Lj\.+���+ZP7P[)Gs

~x =









x1

x2

x3









=









0.3 s + 0.2 t

s + 0t

0s + t









=









0.3 s

s

0









+









0.2 t

0

t









= s









0.3

1

0









+ t









0.2

0

1









� )B6*4�)B9�P7\�(�+�\�4�4O+S+�, R
3 : ,�6[)�P7+ T h�(�+�,�4Z)_2�908*906*6rT$2�TB6l2�354�67+�8*906$s

~v1 = [0.3, 1, 0]T , ~v2 = [0.2, 0, 1]T

q P>:
T =

���
{~v1, ~v2}

�


