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¤�µÔð Ç��

üÎ¡ ��¢�ãõ ù�Úµ¨¢

Ax = b; (0.0.1)

üµ�õÂû Â�è ´±·õ ß�ãõ ø ï¤Ã� ¢�ã�� �� ×�e�e ÅþÂ��õ ×þ A 2 C
n�n ö� ¤¢ �î ÀþÂ�Ú� ÂÑ÷ ¤¢ �¤

.¢�ªüõ ù¢�Ôµ¨� �ûù�Úµ¨¢ �÷�ð ßþ� Û� ý�Â� ý¤�ÂØ� ý�û©ø¤ ¥� ù¥øÂõ� .x; b 2 C
n ø ´¨�

�µÆþ� ý¤�ÂØ� ©ø¤ ×þ .À÷�ªüõ Ý�ÆÖ� 2�µÆþ� Â�è ø 1 �µÆþ� ý�µ¨¢ ø¢ �� ý¤�ÂØ� ý�û©ø¤
�¤�¬ �� (0.0.1) ù�Úµ¨¢ Û� ý�Â�

x(k+1) = Gx(k) + f; (0.0.2)

�Ñ��õ �î ¤�Î÷�Þû .´¨� ù�Úµ¨¢ ���� ý�Â� ��óø� §À� ×þ x(0) ö� ¤¢ �î ¢�ªüõ �µª�÷
ö��î�� �î üþ�µÆþ� ©ø¤ ßþÂ� üÜî .´¨� ´��� �È�Þû ,G ü�ãþ ,©ø¤ ¤�ÂØ� ÅþÂ��õ ¢�ªüõ
©ø¤ ßþ� .´¨� ùÀª ���¤� 4§�ÞþÀ���� Í¨�� �î ´¨� ]10[ 3 AOR ©ø¤ ´¨� ùÀª ���¤�
�µ¡��ª ý�û©ø¤ ,©ø¤ ßþ� �ûÂµõ�¤�� ßþ� ¥� «�¡ Âþ¢�Öõ ý�¥� �� ´¨� �µÆ��ø Âµõ�¤�� ø¢ ��
�µÆþ� Â�è ý�û©ø¤ .]12, 13, 9[ Àû¢üõ �¹�µ÷ �¤ 7SOR ø 6 ñÀþ�¨-§�ð ,5 ü��î�¦ ýùÀª

stationary1

nonstationary2

Accelerated Overrelaxation3

Hadjidimos4

Jacobi5

Gauss-Seidel6

Successive Overrelation7



2 ¤�µÔð Ç��

¥� .À��îüõ Â��ç� ¤�ÂØ� Âû ¤¢ ø À�µÆ�÷ ´��� ©ø¤ ¤�ÂØ� ÅþÂ��õ ö� ¤¢ �î À�µÆû üþ�û©ø¤
�µê� þ Ý�Þã� ñ�Þ�� �õ ùÀ÷�õ ø 8 (CG) �ø¢Ãõ ö�þ¢�Âð ý�û©ø¤ ö�� �üõ �µÆþ�Â�è ý�û©ø¤

.]12[¢Â� ô�÷ �¤ 9 (GMRES)

ý�¿Æ÷ ø (HSS) 11 ¸î üµ�õÂû - üµ�õÂû ´ê�Øª ©ø¤ Ç÷�¤�ØÞû ø 10 ý�� ,]2[ ¤¢
IHSS ©ø¤ �õ� ,´¨� �µÆþ� ©ø¤ ×þ HSS ©ø¤ .À÷¢Âî ���¤� �¤ (IHSS) 12 ü�ãþ ö� ü±þÂÖ�
A °þ�Â® ÅþÂ��õ �Àµ�� �û©ø¤ ßþ� ¤¢ .´¨� �µÆþ� Â�è ©ø¤ ×þ ø �µÆþ� ©ø¤ ×þ ¥� üÖ�ÔÜ�

�¤�¬ ��
A = H + S;

ü�ãþ ,À�ª��üõ ö� ¸îüµ�õÂû Ç¿� S ø üµ�õÂû Ç¿� H �î ¢�ªüõ �þÃ¹�

H =
1

2
(A+ AH); S =

1

2
(A� AH):

´¨� Âþ¥ �¤�¬ �� ý��Ü�Âõ ø¢ ý¤�ÂØ� À÷ø ¤ ×þ ,HSS ©ø¤
8<
:

(�I +H)x(k+
1

2
) = (�I � S)x(k) + b;

(�I + S)x(k+1) = (�I �H)x(k+
1

2
) + b;

k = 0;1;2; � � � (0.0.3)

.´¨� ù�Úµ¨¢ ���� ý�Â� ��óø� §À� ×þ x(0) ø ´±·õ Âµõ�¤�� ×þ � ö� ¤¢ �î
HSS ©ø¤ ù�Ú÷� ,Àª�� üµ�õÂûÂ�è ´±·õ ß�ãõ A ÅþÂ��õ Âð� �î Àª ù¢�¢ ö�È÷ ,]2[ ¤¢
üÜ¡�¢ ¤�ÂØ� ø¢ Ûõ�ª HSS ©ø¤ ¤�ÂØ� Âû �î À��î ���� .¢�� Àû��¡ �ÂÚÞû üÎþ�Âª º�û öøÀ�
Û·õ Ý�ÖµÆõ ý�û©ø¤ Í¨�� üÎ¡ ��¢�ãõ ù�Úµ¨¢ ×þ üµÆþ�� �ú÷� ¥� ô�Àî Âû ¤¢ �î ´¨�
ßþ� âê¤ ý�Â� .´¨� ��þÃû Â� ¤��Æ� ý¤�ÂØ� À÷ø ¤ ßþ� ¥� ù¢�Ôµ¨� ßþ�Â���� .¢�ª Û� LU ý�þÃ¹�
�¤�¬ ßþ� ¤¢ �î ¢Âî ù¢�Ôµ¨� ý¤�ÂØ� ý�û©ø¤ ¥� üÜ¡�¢ ù�Úµ¨¢ ø¢ Û� ¤¢ ö���üõ ÛØÈõ
�î Àþ¢ Ý�û��¡ ,Àª�� ´±·õ ß�ãõ A ÅþÂ��õ �î ü�¤�¬ ¤¢ .¢�ªüõ �µ¡�¨ IHSS Ýµþ¤�Úó�
�îßþ� �� ���� �� .Àª Àû��¡ �ÂÚÞû ù�Úµ¨¢ ���� �� üÔ�ã® Íþ�Âª ´½� IHSS ý¤�ÂØ� ©ø¤

Conjugate Gradient8

Generalized Minimal Residual9

Bai10

Hetmitian/skew-Hermitian Splitting11

Inexact Hetmitian/skew-Hermitian Splitting12



3 ¤�µÔð Ç��

���� ,´¨� �¤�î ¤��Æ� ´¨� ´±·õ ß�ãõ �ú÷� °þ�Â® ÅþÂ��õ �î üþ�ûù�Úµ¨¢ ý�Â� ©ø¤ ßþ�
.´¨� ù¢Âî °Ü� ¢�¡ �� �¤ ö�÷�À�®�þ¤

¤�î �� ü�þ¥ �ÎÖ÷ Û��Æõ Û� ý�Â� �¤ ©ø¤ ßþ� ]3[ ¤¢ Ç÷�¤�ØÞû ø ý�� ø ]5[ ¤¢ 13 ýÃ��
.Àû¢üõ ©ÂµÆð ß�ãõ �Þ�÷ üÎ¡ ý�ûù�Úµ¨¢ �� �¤ HSS ©ø¤ ¢Â�¤�î ù¥�� �î À�µêÂð

.À÷¢�¢ ���¤� �¤ 14 NSS ©ø¤ ]1[ ¤¢ Ç÷�¤�ØÞû ø ý�� ,©ø¤ ßþ� ÂµÈ�� ü¨¤Â� �� ß��� Ýû
´ê�Øª �Àµ�� ©ø¤ ßþ� ¤¢

A = N + S0;

.´¨� ¸î üµ�õÂû ÅþÂ��õ ×þ S0 ø ñ�õÂ÷ ÅþÂ��õ ×þ N ö� ¤¢ �î ¢�ªüõ �µª�÷ A ý�Â�
:¢¢Âðüõ ���¤� Âþ¥ üõ�ð ø¢ ý¤�ÂØ� ©ø¤ Å³¨

8<
:

(�I +N)x(k+
1

2
) = (�I � S0)x

(k) + b;

(�I + S0)x
(k+1) = (�I �N)x(k+

1

2
) + b;

k = 0;1;2; � � �

´ê�Øª×þ ý��±õÂ� �î ¢�¢ ��¤� �¤ 15 PSS ô�÷ �� ë�ê ©ø¤ ���Èõ üªø¤ ]4[ ¤¢ ý�� ß��»Þû
:´¨� Âþ¥ �¤�¬ �� ´±·õ ß�ãõ ø ¸î üµ�õÂû

A = P + S;

.´¨� ¸î üµ�õÂû ÅþÂ��õ ×þ S ø ´±·õ ß�ãõ ÅþÂ��õ ×þ P ö� ¤¢ �î
ö� ü±þÂÖ� ý�¿Æ÷ ø 17 LHSS ü�ãþ �êÂÏ×þ HSS ©ø¤ Ç÷�¤�ØÞû ø 16 üó ,]11[ ¤¢

:¢�ªüõ �µª�÷ Âþ¥ �¤�¬ �� LHSS ý¤�ÂØ� À÷ø ¤ .À÷¢�Þ÷ ���¤� �¤ ILHSS ü�ãþ
8<
:

Hx(k+
1

2
) = �Sx(k) + b;

(�I + S)x(k+1) = (�I �H)x(k+
1

2
) + b:

(0.0.4)

.¢Âî ÓþÂã� ö���üõ Ã�÷ �¤ ILHSS ø IPSS ,INSS ý�ûÝµþ¤�Úó� ,IHSS Ýµþ¤�Úó� ���Èõ
Benzi13

Normal/skew-Hermitian Splitting14

Positive-d�nite/skew-Hermitian Splitting15

Li16

Lopsided Hermitian/skew-Hermitioan Splitting17



4 ¤�µÔð Ç��

¥� ø Ý�û¢üõ ¤�Âì ü¨¤Â� ¢¤�õ Ûõ�î ����Ã� �� �¤ ILHSS ø LHSS ý�û©ø¤ �õ�÷ö�þ�� ßþ� ¤¢
.Ý��îüõ �Æþ�Öõ IHSS ø HSS ý�û©ø¤ �� °��Â� �� ý¢Àä ø ý¤�ÿ� à�½ó

:¢�ªüõ ýÀ��âÞ� Âþ¥ �¤�¬ �� �õ�÷ö�þ�� ßþ�
ý¤�ÂØ� ý�û©ø¤ ôø¢ ÛÊê ¤¢ .´¨� ùÀª ý¤ø� âÞ� ô¥� ��õÀÖõ ø Ý�û�Ôõ ñø� ÛÊê ¤¢
ü¨¤Â � �¬�¡ ¤�Ï �� �¤ (CG) �ø¢Ãõ ö� þ¢�Âð ø (GMRES) �µ ê� þ Ý�Þã � ñ�Þ� � � õ ýùÀ÷�õ
Å³¨ ø Ý��îüõ ¤øÂõ �¤ ö� ü±þÂÖ� �¿Æ÷ ø HSS ý¤�ÂØ� ©ø¤ �Àµ�� ô�¨ ÛÊê ¤¢ .Ý��îüõ
�û©ø¤ ßþ� üþ�ÂÚÞû ¶½� �� ø Ý��îüõ ü¨¤Â� Û�ÊÔ� �� �¤ ö� ü±þÂÖ� �¿Æ÷ ø LHSS ©ø¤

.¢¢Âðüõ ���¤� ý¢Àä ¸þ�µ÷ ô¤�ú� ÛÊê ¤¢ .Ýþ¥�¢Â�üõ



1 ÛÊê

��óø� Ý�û�Ôõ ø ��õÀÖõ
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6 ��óø� Ý�û�Ôõ ø ��õÀÖõ

�þ�Ìì ø Óþ¤�ã� 1.1

�¤ À÷Â�ðüõ ¤�Âì ù¢�Ôµ¨� ¢¤�õ ýÀã� ý�ûÛÊê ¤¢ �î üþ�þ�Ìì ø Óþ¤�ã� ¥� ü¡Â� Ç¿� ßþ� ¤¢
.Ý��îüõ ¤øÂõ

V ýø¤ ôÂ ÷ ×þ .Àª� � C ö�À � õ ýø¤ ý¤�¢Â � ý�Ìê ×þ V À � � î Âê : 1.1.1 ÓþÂã�
:À�î ëÀ¬ Âþ¥ Íþ�Âª ¤¢ �î ý¤�Ï �� R �� V ¥� jj: jj Û·õ ´¨� ý�â���

;x = 0 Âð� �ú�� ø Âð� jjxjj = 0 ùø�ã� .jjxjj � 0 ,x 2 V Âû ý�¥� �� (Óó�)

;jj�xjj = j�jjjxjj ,x 2 V ø � 2 C Âû ý�¥� �� (�)

.(¶Ü·õ ýø�Æõ�÷) jjx+ yjj � jjxjj+ jjyjj ,x; y 2 V Âû ý�¥� �� (�)

.Ý���ð üÆþÂ��õ ôÂ÷ �¤ ôÂ÷ ,V = C
n�n ü�¤�¬ ¤¢ ø ý¤�¢Â� ôÂ÷ �¤ ôÂ÷ ,V = C

n �î ü�¤�¬ ¤¢

p�ôÂ ÷ ,p � 1 Â û ý�¥� � � À þ¢ ö�� �üõ �¤�¬ ßþ�¤¢ .V = C
n Ý � � î Âê : 2.1.1 ñ�·õ

�¤�¬ �� �î x = (x1; x2; � � �xn)T 2 V ¤�¢Â�

jjxjjp = (
nX

i=1

jxijp)
1

p

ôÂ ÷ �¤ ë� ê ôÂ ÷ p = 2 ý�¥� � � .À � îüõ ëÀ¬ 1.1.1 ÓþÂ ã � Í þ�Âª ¤¢ ,¢�ª üõ ÓþÂ ã �
.À�õ�÷üõ ü¨À�Üì�

ý� û� þ�¤¢ � � n � n ý�ûÅþÂ �� õ � Þ û ý�ä�Þ¹õ) V = C
n�n À � � î Â ê : 3.1.1 ñ�·õ

Â þ¥ �¤�¬ �� A = (aij) 2 C
n�n ÅþÂ��õ p�ôÂ÷ ,p � 1 Âû ý�Â� �¤�¬ ßþ� ¤¢ .(ÍÜµ¿õ

:¢�ªüõ ÓþÂã�
jjAjj = (

nX
i=1

nX
j=1

jaijjp)
1

p :



7 ��óø� Ý�û�Ôõ ø ��õÀÖõ

.´¨� éøÂãõ 1 §����øÂê ôÂ÷ �� ë�ê ôÂ÷ p = 2 ý�¥� ��

ù�Ú÷� ,Àª�� A 2 C
n�n ø C n ýø¤ ý¤�¢Â� ôÂ÷ ×þ jj: jj Âð� : 4.1.1 ñ�·õ

jjAjj = max
jjxjj=1

jjAxjj

.À�þ�ð ý¤�¢Â� ôÂ÷ ßþ� �� ÂÒ��µõ üã�±Ï ôÂ÷ �¤ ôÂ÷ ßþ� .À�îüõ ÓþÂã� �¤ üÆþÂ��õ ôÂ÷ ×þ

jjj: jjjM �î Àþ¢ ö���üõ üð¢�¨ �� .Àª�� ¢ÂÔ�õ�÷ ÅþÂ��õ ×þ MÀ��î Âê : 5.1.1 ñ�·õ
ôÂ÷ ø ´¨� ý¤�¢Â� ôÂ÷ ×þ ¢�ªüõ ÓþÂã� jjjxjjjM = jjMxjj2 �¤�¬ �� x 2 C

n Âû ý�Â� �î
:´ª�¢ Ý�û��¡ Ã�÷ �¤ Âþ¥ üÆþÂ��õ

jjjXjjjM = jjMXM�1jj2; 8X 2 C
n�n :

´¨� ý�â��� ,V (ÍÜµ¿õ �þ) üÖ�Ö� ý¤�¢Â� ý�Ìê ýø¤ üÜ¡�¢ �Â® ×þ : 6.1.1 ÓþÂã�
ù¢�¢ ´±Æ÷ (x; y) (ÍÜµ¿õ �þ) üÖ�Ö� Âó�Ø¨� ,V ¤¢ y ø x ý�û¤�¢Â� ¥� °�Âõ �ø¥ Âû �� �î

:À�î ëÀ¬ Âþ¥ Íþ�Âª ¤¢ �î ý¤�Ï �� ¢�ªüõ

;x = 0 Âð� �ú��ø Âð� (x; x) = 0 ùø�ã� .(x; x) � 0 ø Àª�� üÖ�Ö� (x; x) (Óó�)

;(x; �y) = �(x; y) ,�Âó�Ø¨� Âû ý�Â� (�)

;(x; y + z) = (x; y) + (x; z) ,z 2 V Âû ý�Â� (�)

.(x; y) = (y; x) (¢)

ý�Ìê ×þ Àª�� ùÀª ÓþÂã� ö� ¤¢ üÜ¡�¢ �Â® ×þ �î üÖ�Ö� �þ ÍÜµ¿õ ý¤�¢Â� ý�Ìê Âû
ý�Ìê ×þ V Âð� �î Àþ¢ ö�� �üõ üð¢�¨ �� ß��»Þû .¢�ªüõ ùÀ�õ� ÷ üÜ¡�¢ �ÂÌÜ¬��

Frobenius1



8 ��óø� Ý�û�Ôõ ø ��õÀÖõ

ÓþÂã� V ýø¤ ôÂ÷ ×þ k : k =
q
(: ; : ) ù�Ú÷� ,Àª�� (x; y) üÜ¡�¢ �Â® �� üÜ¡�¢ �ÂÌÜ¬��

.À�îüõ

ÓþÂã� Âþ¥ �¤�¬ �� �ú÷� ¢¤�À÷�µ¨� üÜ¡�¢ �Â® ,C n ¤¢ y ø x ¤�¢Â� ø¢ Âû ý�Â� : 7.1.1 ñ�·õ
¢�ªüõ

(x; y) =
nX

i=1

xiyi:

ÅþÂ��õ : 8.1.1 ÓþÂã�

T =

0
BBBBBBB@

a1 b1

c2 a2
. . .

. . . . . . bn�1

cn an

1
CCCCCCCA
;

.Ý�û¢üõ ö�È÷ T = tridiag(ci; ai; bi) �� ø Ý�õ�÷ ýÂÎì �¨ ÅþÂ��õ ×þ �¤

ù��¿ ó¢ ÅþÂ �� õ ø¢ B 2 R
r�s ø A 2 R

p�q �î À� � î Âê :ÂØ ÷øÂî �Â® : 9.1.1 ÓþÂã�
¢�Þ÷ �� �¤ B ÅþÂ��õ ¤¢ A ÅþÂ��õ 2ÂØ÷øÂî �Â® ,C 2 R

pr�qs ÅþÂ��õ ,�¤�¬ ßþ� ¤¢ .À�ª��
¢�ªüõ ÓþÂã� Âþ¥ �¤�¬ �� ø À�û¢üõ Çþ�Þ÷ ANB

A
O

B =

0
BBBBBBBBB@

Ab11 Ab12 � � � Ab1s

Ab21 Ab22
... . . . . . . ...

Abr1 � � � Abrs

1
CCCCCCCCCA

:

Kronecker product2



9 ��óø� Ý�û�Ôõ ø ��õÀÖõ

i > j + 1 ý�¥� �� ù�ðÂû Ý�þ�ð 3üðÂ±�Æû��� �¤ A = (aij) 2 C
n�n ÅþÂ��õ : 10.1.1 ÓþÂã�

ý�¥� �� ù�ðÂû Ý�þ�ð 4 üðÂ±�Æû ß�þ� � �¤ A = (aij) üã�Âõ ÅþÂ��õ .aij = 0 Ý�ª�� �µª�¢
.aij = 0 Ý�ª�� �µª�¢ j > i + 1

Âþ¥ �¤�¬ �� A ý�Ê¿Èõ ý��ÜÞ�À�� ,Àª�� üã�Âõ ÅþÂ��õ ×þ A Âð� : 11.1.1 ÓþÂã�
¢�ªüõ ÓþÂã�

p(�) = det(�I � A):

ý�� Ü Þ �À � � ¤¢ A üã �Â õ Å þÂ �� õ Â û (5ö� µ Ü � Þ û -ü Ü � î ý� �Ì ì ) : 12.1.1 ��Ìì
ù�Ú÷� ,Àª�� A ý�Ê¿Èõ ý��ÜÞ�À�� p (x) Âð� ü�ãþ .À�îüõ ëÀ¬ ¢�¡ ý�Ê¿Èõ

p (A) = 0:

2 .¢�ª �ã��Âõ ]12[ �� :��±��

n� n ÅþÂ��õ ×þ A ø nø m ���¤¢ ¥� °��Â� �� ý��ÜÞ�À�� ø¢ q ø p Âð� : 13.1.1 ��Ìì
ù�Ú÷� ,Àª��

p(A)q(A) = q(A)p(A):

2 .¢�ªüõ ÂÑ÷éÂ¬ ö� ���¤� ¥� ø ´¨� ù¢�¨ ��Ìì ßþ� ��±�� :��±��

upper Hessenberg matrix3

lower Hessenberg matrix4

Cayley - Hamilton5



10 ��óø� Ý�û�Ôõ ø ��õÀÖõ

�ø¢Ã õ .Àª� � ÍÜ µ¿õ ý�û� þ�¤¢ � � üÆ þÂ �� õ A = (aij) � î À � � î Âê : 14.1.1 ÓþÂã�
.¢�ªüõ ÓþÂã� AH = A

T �¤�¬ �� ö� 6�ø¢Ãõ ù¢�ú÷�Â� ø A = (aij) �¤�¬ �� AÅþÂ��õ

Ý�þ�ð 8¸îüµ�õÂû �¤ ö� ø AH = A ù�ð Âû Ý�þ�ð 7üµ�õÂû �¤ A ÅþÂ��õ : 15.1.1 ÓþÂã�
.AH = �A ù�ðÂû

,xTi xj = 0 ù�ðÂû À�þ�ð Àõ�ãµõ ø¢ �� ø¢ R
n ¤¢ �¤ xn,: : : ,x2,x1 ý�û¤�¢Â� : 16.1.1 ÓþÂã�

´ª�¢ Ý�û��¡ ù�Ú÷� X = (x1; � � � ; xn) Ý�û¢ ¤�Âì Âð� �¤�¬ ßþ� ¤¢ .i 6= j

XTX = D;

ø �Øþ Àõ�ãµõ �¤ �û¤�¢Â� D = I Âð� ùø�ã� .Àª��üõ n � n ýÂÎì ÅþÂ��õ ×þ D ö� ¤¢ �î
.À�õ�÷ 9Àõ�ãµõ �¤ X ÅþÂ��õ

�¤�±ä �� ) QHQ = I ù�ðÂû Ý�þ�ð 10ü÷�Øþ �¤ Q ÎÜµ¿õ üã�Âõ ÅþÂ��õ : 17.1.1 ÓþÂã�
jjQjj2 = 1 ù�Ú÷� ,Àª�� ü÷�Øþ Q Âð� .(À�ª�� �Øþ Àõ�ãµõ Ýû Â� C n¤¢ Q ÅþÂ��õ ý�ûö�µ¨ ÂÚþ¢

.jjAQjj2 = jjQAjj2 = jjAjj2 ,A 2 C
n�n Âû ý�Â� ø

:ù�ðÂû Ý�þ�ð ´±·õ ß�ãõ �¤ A 2 C
n�n ÅþÂ��õ : 18.1.1 ÓþÂã�

8x 2 C
n ; x 6= 0 : xHAx > 0:

conjugate transpose6

Hermitian 7

Skew-Hermition8

Orthogonal9

Unitary10



11 ��óø� Ý�û�Ôõ ø ��õÀÖõ

.Ý � þ� ð (HPD) 11üµ� õÂû ´± · õ ß�ã õ �¤ A ÅþÂ �� õ Àª� � ´± · õ ß�ã õ ø üµ � õÂû A Â ð�
Âû ý�Â � ø ù¢� � üµ � õÂû A ù� ðÂû À � þ� ð üµ � õÂû ´± · õ ß�ã õ �Þ � ÷�¤ A ÅþÂ �� õ ß� �»Þû

.xHAx � 0,x 2 C
n

:´ª�¢ Ý�û��¡ ù�Ú÷� ,Àª�� üµ�õÂû ´±·õ ß�ãõ A üã�Âõ ÅþÂ��õ Âð� : 19.1.1 ��Ìì

.´¨� üµ�õÂû ´±·õ ß�ãõ ø ¢���õ A�1 (Óó�)

.´¨� ´±·õ AÅþÂ��õ ö���õÂ�¢ (�)

.À�µÆû ´±·õ A ÅþÂ��õ üÜ¬� ÂÎì ýø¤ ý�û�þ�¤¢ (�)

2 .¢�ª �ã��Âõ ]12[ �� :��±��

¤�¢Â � � � ÂÒ� � µõ 12ùÄ þø ¤�ÀÖõ ×þ � 2 C Ý� þ�ð .A 2 C
n�n À��î Âê : 20.1.1 ÓþÂã�
ù�ðÂû ,´¨� A ÅþÂ��õ ý�Â� x 13ùÄþø

Ax = �x; x 6= 0;

.À�þ�ð A ýùÄþø �ø¥ ×þ �¤ (�; x) �¤�¬ ßþ� ¤¢

.À�µÆû üÖ�Ö� ö� ýùÄþø Âþ¢�Öõ ù�Ú÷� ,Àª�� üµ�õÂû ÅþÂ��õ ×þ A Âð� : 21.1.1 ��Ìì
.À�ª�� ´±·õ ö� ýùÄþø Âþ¢�Öõ Âð� �ú�� ø Âð� ´¨� ´±·õ ß�ãõ A ùø�ã�

2 .¢�ª �ã��Âõ ]12[ �� :��±��
Hermition Positive De�nite11

eigenvalue12

eigenvector13
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x ôÂ÷-A ù�Ú÷� ,Àª�� C n ¤¢ ý¤�¢Â� x ø üµ�õÂû ´±·õ ß�ãõ A ÅþÂ��õ Âð� : 22.1.1 ÓþÂã�
¢�ªüõ ÓþÂã� Âþ¥ �¤�¬ ��

jjxjjA = (Ax; x)1=2:

ö�È÷ �(A) �� ø À�õ�÷ A 14Ó�Ï �¤ A ÅþÂ��õ ùÄþø Âþ¢�Öõ ô�Þ� ý�ä�Þ¹õ : 23.1.1 ÓþÂã�
�(A) �� ø �µÔð A 15üÔ�Ï á�ãª �¤ ÕÜÎõ ¤Àì ¶�� ¥� A ùÄþø ¤�ÀÖõ ßþÂµð¤Ã� ùø�ã� .À�û¢üõ

ü�ãþ ,Ý�û¢üõ ö�È÷
�(A) = max

�2�(A)
j�j:

ôÂ÷ Âû ý�Â� �¤�¬ ßþ�¤¢ .Àª�� A 2 C
n�n ùÄ þø ¤�ÀÖõ ×þ � Ý��î Âê : 24.1.1 ��Ìì

.j�j � kAk Ýþ¤�¢ k: k üã�±Ï
2 .¢�ª �ã��Âõ ]12[ �� :��±��

.�(A) � kAk Ýþ¤�¢ k: k üã�±Ï ôÂ÷ Âû ø A 2 C
n�n ÅþÂ��õÂû ý�Â� ,�¹�µ÷ ×þ ö���ä ��

Ýþ¤�¢ B ø A üã�Âõ ÅþÂ��õ ø¢ Âû ý�Â� : 25.1.1 ��Ìì

�(AB) = �(BA):

,Àª�� ö� ÂÒ��µõ ùÄþø ¤�¢Â� x 6= 0ø Àª�� AB ÂÔ¬Â�è ýùÄþø ¤�ÀÖõ ×þ � Ý��îüõ Âê :��±��
Ýþ¤�¢ �¤�¬ ßþ� ¤¢

ABx = �x =) B(ABx) = B(�x) = �Bx

Ý�Æþ��� Ý�÷���üõ y 6= 0 �Ø�þ� �� ���� �� ø Bx = y Âê ��

BAy = �y;

spectrum14

spectral radius15


