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1 ¯̄̄KKK���£££ããã

Á^±e�{¦�§:
x3 + 2x2 + 10x− 20 = 0 (1)

3x0 = 1NC��(O()�x∗ = 1.368808107 · · · ),�¦°Ý��10−7:

(1) xk+1 =
20−2x2

k−x
3
k

10 ;

(2) xk+1 = 3
√

20− 10xk − 2x2k;

(3) �{(1)¥�Steffensen\�{;

(4) �{(2)¥�Steffensen\�{;

(5) Newton{;

(6) �E�«n�Âñ��ª.

2 ������555���§§§���ØØØÄÄÄ:::SSS���{{{������'''���nnn

·�3¦)��5�§|��±^ØÄ:S���{?1¦). äN5`·��¦�§f(x) = 0��, ·
��±ò��§C/�x = ϕ(x), Ù¥x Ò��ϕ(x)�ØÄ:. l
·��±�EXeS��ª:

xk+1 = ϕ(xk) (2)

�,ÀJØÓ�ϕ(x), �U¬�)ØÓ�Âñ5ÚÂñ�Ý. ÏdXÛÀJS�¼ê´é­��.

3 ¯̄̄KKK(1)ÚÚÚ(2)¥¥¥���SSS������{{{

3.1 ¯̄̄KKK(1)¥¥¥���SSS���{{{

TS�{´ò�§(1)�dC/�

x =
20− 2x2 − x3

10
= ϕ1(x) (3)

·�P�§(1)3x0 = 1NC���α, dK8��, α = 1.368808107 · · · .
éuù�S��ª, ·�?�
iteration1.m ¼ê?1¦),·�kUì¯K(1)¥�S�úª?1S

�. XJc�ügS��)�Ø��u10−7 , ·�ÒÊ�S�L§. �´�
��ÑyØÂñ��¹, ·
�3¥mý�
��S�ÚêN = 1000, =�S��L1000 Ú�vk�Ñ(J�{, S�L§Ò¬òÑ.
(Juy, $11000 Ú��S�E,vkÂñ, Ïd�±`ù«�{´ØÂñ�. ·��±w�ec10 g
S��(J, XTable 1 ¤«, �±wÑ, ¯K(1)¥�Ñ�S�{ØÂñ.

Table 1: æ^¯K(1)¥�S��{�c10ÚS�(J

S�Úê k=0 k=1 k=2 k=3 k=4 k=5 k=6 k=7 k=8 k=9 k=10

x(k) 1 1.7 0.9307 1.746142036 0.857796794 1.789718928 0.786117464 1.827823327 0.721147915 1.858485529 0.667291268
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3.2 ¯̄̄KKK(2)¥¥¥���SSS���{{{

TS�{´ò�§(1)�dC/�

x =
3
√

20− 10x− 2x2 = ϕ2(x) (4)

�¯K(1)¥��{aq, ·�?�
iteration2.m ¼ê?1¦),·�kUì¯K(2)¥�S�úª?1S
�. XJc�ügS��)�Ø��u10−7 , ·�ÒÊ�S�L§. �´�
��ÑyØÂñ��¹, ·
��´3¥mý�
��S�ÚêN = 1000, =�S��L1000 Ú�vk�Ñ(J�{, S�L§Ò¬
òÑ. (Juy, $11000 Ú��S�E,vkÂñ, Ïd�±`ù«�{´ØÂñ�. ·��±w�e
c10gS��(J, XTable 2 ¤«, �±wÑ, ¯K(2)¥�Ñ�S��ªØÂñ.

Table 2: æ^¯K(2)¥�S��{�c10ÚS�(J

S�Úê k=0 k=1 k=2 k=3 k=4 k=5 k=6 k=7 k=8 k=9 k=10

x(k) 1 1.7 0.9307 1.746142036 0.857796794 1.789718928 0.786117464 1.827823327 0.721147915 1.858485529 0.667291268

4 Steffensen\\\���SSS���{{{

Steffensen�{´ØÄ:S�{xk+1 = ϕ(xk)��«\�Âñ�{, ÙO�úªXe:

xk+1 = ψ(xk) (5)

Ù¥k

ψ(x) = x− [ϕ(x)− x]2

ϕ(ϕ(x))− 2ϕ(x) + x
=

xϕ(ϕ(x))− [ϕ(x)]2

ϕ(ϕ(x))− 2ϕ(x) + x
(6)

nþ, ·��ÑSteffensen\�S�{�äN�ª:

xk+1 = xk −
[ϕ(xk)− xk]2

ϕ(ϕ(xk))− 2ϕ(xk) + xk
=

xkϕ(ϕ(xk))− [ϕ(xk)]2

ϕ(ϕ(xk))− 2ϕ(xk) + xk
(7)

éuSteffensen\�{5`, §kéÐ�Âñ5, �õê�¹ek�����Âñ5. XJϕ(x)3ÙØÄ
:α���S���êëY, 
�kϕ′(α) 6= 1, KSteffensen�{´��Âñ�.

4.1 ¯̄̄KKK(1)¥¥¥SSS���{{{���Steffensen\\\���SSS���{{{

éu¯K(1)¥�S�¼êϕ1(x) = 20−2x2−x3

10 , ·�?�
phi1.m¼ê, 3iteration3.m¥�Steffensen\
�S��{¥?1N^. ·��´±c�ügS��(J��´Ä�u10−7��S�¥��^�, Ó
�·�3Ì�¥\\
��Oêì, ^±ÚOS��gê. ,	, ·�òS��(J�\
Excel L
�(X§Siteration3.m ¤«), �ª�I4gS�Ò�±��°Ýpu10−7�), (JXTable 3 ¤«, �ý
)x∗ = 1.368808107 · · ·®²é�C, ��310−8êþ?.

Table 3: æ^¯K(1)¥�S��{æ^Steffensen\�{��S�(J

S�Úê k=0 k=1 k=2 k=3 k=4
xk 1 1.333492139 1.368415439 1.368808058 1.368808108

�±w�, �5¯K(1)¥�S��{´ØÂñ�, �´²LSteffensen\��{U?�, �IogS�,
Ò�±��10−7�°Ý, Âñ�Ý�~¯.

4.2 ¯̄̄KKK(2)¥¥¥SSS���{{{���Steffensen\\\���SSS���{{{

éu¯K(1)¥�S�¼êϕ2(x) = 3
√

20− 10x− 2x2,·�?�
phi2.m¼ê,3iteration4.m¥�Steffensen\
�S��{¥?1N^. ·��´±c�ügS��(J��´Ä�u10−7��S�¥��^�, Ó�
·�3Ì�¥\\
��Oêì, ^±ÚOS��gê. ,	, ·�òS��(J�\
Excel L�(X
§Siteration4.m ¤«), �ª�I8gS�Ò�±��°Ýpu10−7�), (JXTable 4 ¤«, �ý
)x∗ = 1.368808107 · · ·®²é�C, ��310−8êþ?.�±w�, �5¯K(2)¥�S��{´ØÂñ�,
�´²LSteffensen\��{U?�, I�8gS�, Ò�±��10−7�°Ý, Âñ�Ý�~¯.
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Table 4: æ^¯K(2)¥�S��{æ^Steffensen\�{��S�(J

S�Úê k=0 k=1 k=2 k=3 k=4 k=5 k=6 k=7 k=8
xk 1 1.285714286 1.495934157 1.347466215 1.399403509 1.365367836 1.368795737 1.368808142 1.368808108

5 NewtonSSS���{{{

NewtonS�{´�«AÏ�ØÄ:S�{, ��5`,NewtonS�{÷v�½^��äkÛÜ��Âñ
5.§�O�úª�:

xk+1 = xk −
xk

f ′(xk)
, k = 0, 1, 2, · · · (8)

§�AÛ)º´:f(x) = 0�)x∗´­�y = f(x)�x¶�:�î�I, 3­�þ�:(xk, f(xk))?�­�
���, ���x¶��:�î�I=�xk+1.
äN5`, S��ª�

xk+1 = xk −
x3k + 2x2k + 10xk − 20

3x2k + 4xk + 10
, k = 0, 1, 2, · · · (9)

�é¯K(5), ·?�
¼ênewton method.m?1¦), 3¼ê¥, |^
úª(8)¥�S��ª, ¿�
r�c�üg�S�(J��´Ä�u10−7��S�¥��^�. �c¡�aq, �òS��(J�3

ExcelL�¥, �ª�S�(JXTable 5 ¤«. l¥�±wÑ, NewtonS�{�IogS�Ò�±¦°
Ý��10−8.

Table 5: æ^NewtonS��{��S�(J

S�Úê k=0 k=1 k=2 k=3 k=4
xk 1 1.411764706 1.369336471 1.368808189 1.368808108

6 nnn���ÂÂÂñññ���SSS������ªªª

�âþ�ùÇ��E�{, ·�En�Âñ�ªXe:

xk+1 = xk −
f(xk)

f ′(xk)
− f ′′(xk)f2(x)

2[f ′(xk)]3
, k = 0, 1, 2, · · · (10)

äN5`,S��ª�:

xk+1 = xk −
x3k + 2x2k + 10xk − 20

3x2k + 4xk + 10
− (6xk + 4)(x3k + 2x2k + 10xk − 20)2

2(3x2k + 4xk + 10)3
(11)

,�·?�
¼êthree order converge.m5?1O�,�c¡aq,r�c�üg�S�(J��´Ä�
u10−7��S�¥��^�.�c¡�aq,�òS��(J�3
ExcelL�¥,�ª�S�(JXTable
6 ¤«. l¥�±wÑ, n�Âñ�S�{�I3gS�Ò�±¦°Ý��10−8.

Table 6: æ^n�ÂñS��{��S�(J

S�Úê k=0 k=1 k=2 k=3
xk 1 1.361897008 1.368808068 1.368808108

7 ¢¢¢������(((

ùgþÅ¢�Ì�´öS��5�§�){, ùp·�­:?Ø
ØÄ:S�{. éu���S�/ª,
�UÑyØÂñ½öÂñ�Ýéú��¹, éuù«�¹, ·��±æ^Steffensen\���{éS�¼
ê\±U?. Ó�, ·��±æ^��äk��°Ý�NewtonS�{, �±w�NewtonS�{�Âñ�
Ýé¯. �,, ·���±æ^P�þ�0��'uXÛ�E?¿�°Ý�S�¼ê��{?1�E, �
�·�ýÏ�Âñ�Ý.
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8 Matlab


§§§SSS

(1) iteration1.m

% æ^1�«S��{?1S�
% Author : Qun LIU
% Email : l i u−q14@mails . t s inghua . edu . cn
% Time : 2014−11−02
clear ;
clc ;
% Ð�
x0 = 1 ;
% °Ý�¦
e r r = 1 ;
% S�gêÐ�
i = 0 ;
% S�gê����
N = 1000 ;
while ( e r r > 1e−7)

i f i > N
break ;

end
x1 = (20 − 2∗x0ˆ2 − x0 ˆ3) /10 ;
e r r = abs ( x1 − x0 ) ;
x0 = x1 ;
i = i + 1 ;

end
i f ( e r r < 1e−7)

disp ( [ ’1�«�{S�gê� : ’ num2str( i ) ’ g ’ ] )
disp ( [ ’(J�x= ’ num2str( x0 , 15) ] )

else
disp ( [ ’S� ’ num2str(N) ’ g�ØÂñ . ’ ] )
x0 = 1 ;
% w«c�S�(Jn
n = 10 ;
x = zeros (1 , n ) ;
for i = 1 : n

x ( i ) =(20 − 2∗x0ˆ2 − x0 ˆ3) /10 ;
x0 = x ( i ) ;

end
disp ( [ ’c ’ num2str(n) ’ ÚS�(J� : ’ ] )
x
x l s w r i t e ( ’ i t e r a t i o n 1 . x l sx ’ , x )

end

(2) iteration2.m

% æ^1�«S�{
% Author : Qun LIU
% Email : l i u−q14@mails . t s inghua . edu . cn
% Time : 2014−11−02

clear ;
clc ;
%Ð�
x0 = 1 ;
% °Ý�¦
e r r = 1 ;
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% S�gêÐ�
i = 0 ;
% S�gê����
N = 1000 ;
while ( e r r > 1e−7)

i f i > N
break ;

end
x1 = (20 − 10∗x0 − 2∗x0 ˆ2) ˆ(1/3) ;
e r r = abs ( x1 − x0 ) ;
x0 = x1 ;
i = i + 1 ;

end
i f ( e r r < 1e−7)

disp ( [ ’1�«�{S�gê� : ’ num2str( i ) ’ g ’ ] )
disp ( [ ’(J�x= ’ num2str( x0 , 15) ] )

else
disp ( [ ’S� ’ num2str(N) ’ g�ØÂñ . ’ ] )
x0 = 1 ;
% w«c�S�(Jn
n = 10 ;
x = zeros (1 , n ) ;
for i = 1 : n

x ( i ) =(20 − 2∗x0ˆ2 − x0 ˆ3) /10 ;
x0 = x ( i ) ;

end
disp ( [ ’c ’ num2str(n) ’ ÚS�(J� : ’ ] )
x
x l s w r i t e ( ’ i t e r a t i o n 2 . x l sx ’ , x )

end

(3) phi1.m

function y = phi1 ( x )
% (1)�S�¼ê
% Qun LIU
% Time : 2014−11−02
y=(20 − 2∗xˆ2 − x ˆ3) /10 ;
end

(4) iteration3.m

% æ^1�«S��{�\�{?1S�S t e f f en s en
% Author : Qun LIU
% Email : l i u−q14@mails . t s inghua . edu . cn
% Time : 2014−11−02

clear ;
clc ;
% Ð�
x0 = 1 ;
% °Ý�¦
e r r = 1 ;
% S�gê
i = 0 ;
while ( e r r > 1e−7)

x ( i +1) = ( x0∗phi1 ( phi1 ( x0 ) )−(phi1 ( x0 ) ) ˆ2) /( phi1 ( phi1 ( x0 ) ) − 2∗ phi1 ( x0
) + x0 ) ;

e r r = abs ( x ( i +1) − x0 ) ;
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x0 = x ( i +1) ;
i = i + 1 ;

end
disp ( [ ’1�«�{²\��S�gê�S t e f f e n s e n : ’ num2str( i ) ’ g ’ ] )
disp ( [ ’(J�x= ’ num2str( x0 , 15) ] )
x l s w r i t e ( ’ i t e r a t i o n 3 . x l sx ’ , x )

(5) phi2.m

function y = phi2 ( x )
% (1)�S�¼ê
% Qun LIU
% Time : 2014−11−02
y=(20 − 10∗x − 2∗x ˆ2) ˆ(1/3) ;
end

(6) iteration4.m

% æ^1�«S�{�\�{S t e f f en s en
% Author : Qun LIU
% Email : l i u−q14@mails . t s inghua . edu . cn
% Time : 2014−11−02

clear ;
clc ;
%Ð�
x0 = 1 ;
% °Ý�¦
e r r = 1 ;
% S�gê
i = 0 ;
while ( e r r > 1e−7)

x ( i +1) = ( x0∗phi2 ( phi2 ( x0 ) )−(phi2 ( x0 ) ) ˆ2) /( phi2 ( phi2 ( x0 ) ) − 2∗ phi2 ( x0
) + x0 ) ;

e r r = abs ( x ( i +1) − x0 ) ;
x0 = x ( i +1) ;
i = i + 1 ;

end
disp ( [ ’1�«�{²\��S�gê�S t e f f e n s e n : ’ num2str( i ) ’ g ’ ] )
disp ( [ ’(J�x= ’ num2str( x0 , 15) ] )
x l s w r i t e ( ’ i t e r a t i o n 4 . x l sx ’ , x )

(7) newton method.m

% æ^S��{?1S�Newton
% Author : Qun LIU
% Email : l i u−q14@mails . t s inghua . edu . cn
% Time : 2014−11−02

clear ;
clc ;
% Ð�
x0 = 1 ;
% °Ý�¦
e r r = 1 ;
% S�gê
i = 0 ;
while ( e r r > 1e−7)

x ( i +1) = x0 − ( x0ˆ3+2∗x0ˆ2+10∗x0−20) /(3∗ x0ˆ2+4∗x0+10) ;
e r r = abs ( x ( i +1) − x0 ) ;
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x0 = x ( i +1) ;
i = i + 1 ;

end
disp ( [ ’S�{S�gê�Newton : ’ num2str( i ) ’ g ’ ] )
disp ( [ ’(J�x= ’ num2str( x0 , 15) ] )
x l s w r i t e ( ’ Newton . x l sx ’ , x )

(8) three order converge.m

% Three order convergence
% x = x − f ( x ) / f ’ ( x ) − f ”( x ) f ( x ) /(2 f ’ ( x ) ˆ3)
% Author : Qun LIU
% Email : l i u−q14@mails . t s inghua . edu . cn

clear ;
clc ;
% Ð�
x0 = 1 ;
% °Ý�¦
e r r = 1 ;
% S�gê
i = 0 ;
while ( e r r > 1e−7)

x ( i +1) = x0 − ( x0ˆ3+2∗x0ˆ2+10∗x0−20) /(3∗ x0ˆ2+4∗x0+10) − (6∗ x0+4)∗( x0
ˆ3+2∗x0ˆ2+10∗x0−20) ˆ2/2/(3∗ x0ˆ2+4∗x0+10) ˆ3 ;

e r r = abs ( x ( i +1) − x0 ) ;
x0 = x ( i +1) ;
i = i + 1 ;

end
disp ( [ ’n�Âñ�S�{S�gê� : ’ num2str( i ) ’ g ’ ] )
disp ( [ ’(J�x= ’ num2str( x0 , 15) ] )
x l s w r i t e ( ’ t h r e e o r d e r . x l sx ’ , x )
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