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V *+ W ,-./ -01/02-+/ , 34 ,5+(..6) 7 %&'()

V =
{v1, . . . ,vn} ,-./ ./4+.(00 89.5. V *+ W = {w1, . . . ,wm} ./4+.(00 89.5. W

7 : 5'()

T (vj) = a1jw1 + a2jw2 + · · ·+ amjwm,

; 7- 7/ 7< 7 T (vj)W = (a1j , a2j , . . . , amj)
7 =>52+.-50() <,* m × n 89 2>54 A = [aij ] ? ; 7- 7/ 7< 7

A =





| | |
T (v1)W T (v2)W · · · T (vn)W

| | |



 ,

;/. <-) T (v1)W , T (v2)W , . . . , T (vn)W -.( @05'/, 5+./. ) -4 '5225'5 '52 W 7
A8 v = x1v1 + · · ·+xnvn *+ T (v) = y1w1 + · · ·+ymwm

;& -. y = T (v)W = Ax =
AvV

7 B9 2>54 A
>/22/<' 89 2> 5 T

)-4 '5225'5 '52 +.(00/00/ V *+ W
7

�� �C D!EF$GH IJ � K-+/. ,54 @L8() ,L.M(0 T : V → V *+ ./4+.(00 B =
{v1, . . . ,vn} 89 .5. V

;& 'L2() ,54 () 892>54

A =





| | |
T (v1)B T (v2)B · · · T (vn)B

| | |



 ,

<-) 892>5 T
)-4 '5225'5 '52 +.(00<50< B 7
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En

'&>0/ ,-0R (2-+/ +.(00500 89.5. Rn ? ; 7- 7/ 7< 7 En =
{e1, e2, . . . , en}

7
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Bold = {e1, e2, . . . , en} *+ Bnew = {v1,v2, . . . ,vn} ,-./ ',*
./4+.(00/ 89.5. , 5+(..6) V

7 =>52+.-50() 89 2>5 P
;/005+ /4

P =





| | |
(v1)Bold

(v2)Bold
· · · (vn)Bold

| | |



 .

B9.5. <T.@,-.0 ,5+(. v 3 V +521 5. /4
vBold

= PvBnew
*+ vBnew

= P−1vBold
.
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Bold = {e1, e2, . . . , en} *+ Bnew = {v1,v2, . . . ,vn} ,-./ ',*

./4+.(00/ 89.5. , 5+(..6) V
7 %&'()

T : V → V ,-./ 230(2-+/ ,L.M(0 7 %&'()
Aold,-./ 89 2> 5 T

)-4 '5225'5 '52 +.(00<50< Bold *+ Anew ,-./ 89 2> 5 T
)-4 '5225'5 '52 +.(00<50<

Bnew

7 %&'()
P ,-./ -50< *+ 3 =-'050+( VW 7X 7 K& -.

Anew = P−1AoldP.
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B = {v1,v2, . . . ,vn} ,-./ ./4+.(00 89.5. Rn 7 =>52+.-50()

892>54
MB =





| | |
v1 v2 · · · vn

| | |



 ,

;/. <-) ,5+./.05. v1,v2, . . . ,vn -.( .5'/45. ) -4 ,-0R (2-+() @05'() �@05'() )-4'5225'5 '52 +.(00<50< En� 7 B9 2>54 MB -. @05'/<>5M'/ 89 2>54 8.& ./4+.(00500() B
'52

./4+.(00<50< En ? *+ M−1

B
-. @05'/<>5M'/89 2>54 8.& En

'52 B ? ; 7- 7/ 7< 7

vEn
= MBvB *+ vB = M−1

B
vEn

.

�� �� � !"#"$ � %&'()
Bold = {v1,v2, . . . ,vn} *+ Bnew = {w1,w2, . . . ,wn} ,-./',* ./4+.(00/ 89.5. Rn 7 =>52+.-50() 892> 54 CBold,Bnew

= (MBnew
)−1MBold

7 K& +521 5.() <T.@,-.0 ,5+(. v 3 Rn /4
vBnew

= CBold,Bnew
vBold

.
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A *+ B ,-./ n × n 89 2> 5 7 =-+R () /4 B <T �� ��	�- 7 <5) 52/.� A -8 '52 -. /01@,-.8/02-+' 89 2>5 P

;/005+ /4 B = P−1AP
7
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#� %&'()
V ,-./ -01/02-+/ ,3'' , 5+(..6) 7 =-+R () /4

,L.M(0 T : V → V <T � 
��	����� ��	���� �- 7 1 5/+*0/25�/� 2-� -8 '52 -. ./4+.(00(. B
89.5. V

;/005+ /4 89 2>5 T
)-4 '5225'5 '52 ;-<</ ./4+.(00< <T @*.0/230(89 2>5 7
##� =-+R () /4 n×n 89 2>5 <T � 
��	����� ��	���� � -8 ;/4 -. &) �'/ -50@,-.R ( @*.0/230(�

89 2>5 7

�W 7 *>'�� -. ���� :L+0,/21(. � 7 � L22-.


