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M� [%U V�T+S �� � ��� ��
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 V�T + S �

pTb S' Zn,m ≥M Q, a Zm P n [\W+� �n- P � Qc fa( a Ve VU [`0 Y

d(xm, xn) < ε
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m�W� Te VR� a � F ( a β P α Qc P z P y P x Qc fa( a Ve VU [`0 Y Ve n� Te �^� ^_ X Ve X ×X ( a M TO P

�
x+ y = y + x ��

�
(x+ y) + z = x+ (y + z) � 
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M�^e nc a^� VR�^W� X fTX g ( a x V� 1 S Qc fP l
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n→∞
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lim
n→∞ ‖yn‖ = �
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= lim
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VU [`0 Y Ve Zn� Te �^� ^_ �< γ <∞ � eT� / O pT, Qc �� a
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+ F�)′(x�) = F ′
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M�� [\] ^_ [OaQb `c� �� ��� ��
pn� nW �^j [�a^ R_ 	T + O Q 1 j pT, Qc n� O ^, aQb `c [\] ^_ l ^� Ve al flaQ� j kP l / O f �n- � W �T S' l �
� a^� Ve [gTU p( a nSa Ve VW �Pa � O Q 1 j V� W ST _( n� � T e aQ b ` c V� �T \ _ � a^� / O Ve ZkP l �' �� ^ j

Mn� Te / O �� S
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� ^ ` \ _ ij^ W S kP l h* _ [� � Q W� 	
 �T \ _ fT c �R0 W� flaQ� j fT c kP l �� '�� )
Mn�� Te [_ aQb `c [\] ^_

M�l a �Qe )QS� �� ��� ��
xi

Q� T � - ( a VR� ^ W � Z‖.‖ n� ST _ [\ eT j Zx l a �Q e )Q S Mn� � T e R
n l � fla �Q e x =
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



x 
...
xn
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



�W �U �Q g
M�(T� l aQYQ e al Q O ( �OaQ� VU fl ^� Ve Zn� Te [_

�‖x‖ > � ∀x 6= � ��
�‖x‖ = �⇐⇒ x = � � 

Localy convergence�
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�‖αx‖ = |α|‖x‖; α ∈ R �"
�‖x+ y‖ ≤ ‖x‖ + ‖y‖; ∀x, y �#

�‖ − x‖ = ‖x‖ �$
M‖x‖ − ‖y‖ ≤ ‖x− y‖ ��

Mn�� Te [_ l aQYQ e Tcl a �Qe )QS l � QO ( �eaP l �� '�� )
�‖x‖ 
 =

∑n
i= 
 |xi| ��

�‖x‖� = (
∑n

i= 
x�i ) � 
M‖x‖∞ = maxi |xi| �"

A �O Q jT_ )Q S Zl a �Q e )Q S � O Q \j Te VeT% _ pTb S' Mn� Te m× n � O Q jT_ / O A �W�U �Qg � � ��� ��
M�(T� [_ laQYQ e al Q O ( fTc [, �O P P �Wc �[_ �T% S ‖A‖ Te al

�‖A‖ ≥ � ��
�‖A‖ = �⇐⇒ A = � � 

�‖αA‖ = |α|‖A‖; α ∈ R �"
M‖A+B‖ ≤ ‖A‖ + ‖B‖ �#



�� ���� � ��� ��	 � 
�� �
� � �� � �� �

	l ^� iOa l � Mn� Te l a �Qe )QS ‖.‖ P �O QjT_ / O A �W�U �Qg � � '�� )
‖A‖p = max

x6= �
‖Ax‖p

‖x‖p

Mn�_TS [_ l a �Qe )QS Ve VR0 eaP �O QjT_ )QS al ZnOT` S [_ �n� �O QjT_ )QS fTc [, �O P V`c l �

Mn�� Te [_ l aQYQ e A �O QjT_ )QS �l ^_ l � QO ( �eaP l �� '�� )
�‖A‖ 
 = max 
≤j≤n

∑m
i= 
 |aij| ��

M‖A‖∞ = max 
≤i≤m

∑n
j= 
 |aij| � 

M���^W�We Qg )QS� �
 ��� ��
� O Q \ j Q O ( 	l ^� Ve A � O Q jT _ �^ W � W e Q g )Q S 	l ^� iOa l � Zm× n � O Q jT _ / O A �W �U �Q g

M��Q, [_

‖A‖f =
[

n
∑

j= 

m
∑

i= 
 |aij |�
] ��

M�[jT_ n1_ fQ� � "T`- a� �� ��� ��
Mn� Te [_ QO ( �l a^_ h_T� "T`- a iOa

� �^R� TO Q� � l � � O ^\j ��
Ferbinous norm�
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��^R� TO Q� � l � �n- / O �Q] � 
M�^R� TO Q� � P � �`� �"

M��%b OT� �O QjT_� �� ��� ��
Q W � Q# � - T � � j �^ R � T O Q� � Q c l � Q , a pT , Q c n � O ^ , �% b OT � � O Q jT _ al p Q ! � Q W � � O Q jT _
pTb S' Zn� T e ( �, �, · · · , n) ( a �% b OT� / O (α 
, α�, · · · , αn) Q , a � W jQ j iOa Ve Mn� T e � �' Q !�
Tc Q� � ZA �O QjT_ l � p ��QU �Q] �W� Te Mn� Te [_ n
 aP �^R� iW_a i Zei �' l � VU Zp =
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



eTα �...
eTαn


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

� O Q jT_ l � p ��QU �Q] � � T e VeT% _ l ^� Ve P nS �Q, [_ � O ^\ j (α 
, α�, · · · , αn) �%b OT� �+�

MnS �Q, [_ � O ^\j Tc �^R� ZA

M��' �a^Sa P � [eTO l ^� _� �� ��� ��
)T� Sa 	l ^� P � Ve VU Mn � O ^ , [eT O l ^� _ al �PT , [g �
 kP l l � T c Q� � [OT� eT � ( a l ^� � _

m�QO �� [_

� 
� [.�� [eTO l ^� _ �� �a
M

 [oU [eTO l ^� _ ��

l � �o� _ l nY Q� S ( a l a n1 _ iO Q R% W e fal a � VU fQ� � T e l ^� _ Q� � [OT� eT� m [.�� [eTO l ^� _ �� �a
m��Q, [_ VO �� j Q O ( h�� Ve A �O QjT_ ��T
 iOa l � Mn� Te [_ l ^� _ �^R�

U = MA

Pivoting�
Partial pivoting ��

Complete pivoting ��



�� ���� � ��� ��	 � 
�� �
� � �� � �� �

M��Q, [_ �TWe Q O ( 	l ^� Ve P �� a pn� T� VeT� [*o*_ iWOT� �O QjT_ M VU

M = Mn− 
Pn− 
Mn−�Pn−� · · ·M 
P 

Mn� Te [_ �%b OT� �O QjT_ / O P P

( a l a n1 _ iO Q R% W e fal a � VU [0 O Q jT _ ( a fQ# �- T e fl ^� _ Q# �- [OT� eT� m [oU [eT O l ^� _ ��
m ��Q, [_ VO �� j Q O ( 	l ^� Ve A �O QjT_ Z� O Q\j Ve V� ^j Te a�� Mn� Te [_ �o� _ l nY �T� �

A(k) = MkPkA
k− 
Qk

�' l � VU
Mnc �[_ )T� Sa fQ� � �%b OT� VU �� a [0 O QjT_ mPk

Mnc �[_ )T� Sa [S^R� �%b OT� VU �� a [0 O QjT_ mQk

U = A(n− 
) = Mn− 
Pn− 
A(n−�)Qn− 

= Mn− 
Pn− 
Mn−�Pn−�Mn−� · · ·M 
P 
AQ 
Q� · · ·Qn− 


m�W�U �Qg

M = Mn− 
Pn− 
 · · ·M 
P 

Q = Q 
Q� · · ·Qn− 


M�� ^S �a^j [_ V� WRS l �

U = MAQ

m�� a � �Wc a^� a�� ZL = PM− 
 �WOT` S �Qg Q, a "T


LU = PM− 
MAQ = PAQ

Mn� Te [_ A [S^R� P fQ� � pn� �%b OT� �O QjT_ VO �� j Q W� a V� eal �Y aP l �



� 	 ���� � ��� ��	 � 
�� �
� � �� � �� �

M��^, [g �
 kP l fla nOT�� �� ��� ��
fTc � O Q jT_ �� a i� `_ �c (T e a_� a Mn� T e [_ / O ( a Q R� $ ^U T� e QX _ �o� _ l nY V$Q, [eTO l ^� _ l �
p( a nSa T e nSa^ j [_ �^, [g �
 kP l fla nOT � Mn�� T e VR� a � [% Oa� ga nSP l pa^� � � l ^� Ve VR gT O hO n\ j
Ve n�l Q R_alT � �a^ �- �� j al fQ R_alT � a nR ea Mn� T e �l � heTY fQ R� e ^� S Ve A(k) Q� T �- n�l fQ W,

m�O l a �[_ �TWe Q O ( h��

m�W� Te VR� a � P n� Te �^, [g �
 kP l ( a pn_' �� ne �O QjT_ A(k) Q, a �� ��� ��
A = [aij ] i = �, · · · , n, j = �, · · · , n A(k) = [a

(k)
ij ]

M��Q, [_ � O Q\j Q O ( 	l ^� Ve fla nOT� QR_ alT� pTb S'

γ =
max{α,α 
, α�, · · · , αn− 
}

α

�' l � VU

α = max|aij|, αk = max|a(k)
ij |, k = �, �, �, · · · , n− �

� nO l P' �� ne QO ( �O QjT_ faQe al n�l QR_alT� �� � ��(
A =

( ��−� �
� �

)


