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_ `�acb�dfehgji8glk1monhbqp-r s�t uhv�wxbzy|{|}~nhbTy|goe-r mo�#glr1uhv�n+i8gKu-r �f�qe-k �hbquhv���go�-k t ��t6v��
f(x) = x2 − 2x − 1 = 0 ��� uhv�nPt'}�nhmo�#glr b�nhb��6k nhglr��#eh��t6v�uhv��~wxgji8�|ph{|}�uhv��p-r �#{-uh�|w|v�t'v������ � �T��� �6r b�nhbPdfehgji8glk�v�e-k �hb�b�}�uh��wxg~��phgK�fb�p-r �fs��'v��8k b���p � � ���K�� mK�x{|��nhb�y|eh{|t6p-r {|e-r t uhglk#{Zb�e-r i8wx�|��uo��n gKy|b�nhb��x���'gK��n�uhv��c� � �T� �6r b�nhb dfehgji8glkfve-k �hbZwxg�¡Zp � � �¢.`�£¤b���� g¥dfe-r �f�~go�-k t ��t6v

x3 − 2x − 3 = 0
mo�#glr¦y|eh{|�'b�n¨§��Zw|r sqy|ehb�� wxb�u-r �f�e-k �hb����6r b�u-k�© �Kª nhb�dfehgji8glk.monhbqp-r s�t uhv�wxb�y|{|}qnhbTuhv�n+y|goe-r mo�#glr �+� uhv�n�t6}�nhmo�#glr bTnhby|eh{|t6p-r {|e-r t uhglk {Zb�e-r i8wx�|�cuo��nBgKy|b�nhb��x���'gK��n=uhv��=� � �T� �6r b�nhbBdfehgji8glk#v�e-k �hb�w|g�¡p � � � � mK�x{|� wxg=go�'b�ehwx{-� ��uhv��Bk p-r b�� wxgji8�|ph{|}Znhb�dfehgji8glk vZe-k �¨bZwxg ��p � � �«.`¬%r b�w|r sMgo�-k t ��t6v

f(x) = 0 ® | [a, b]
v�wxmji8{|ph{|�zuhv��zp-r �#{�uh�|wxv�t6v��Tw�y|{|ehglknhbqb��-r {xy|{fr v-i8glk¦go�'�|t6{�n

f(a) · f(b) < 0 ® {xy|��uhg�monhbTy|goe-r u¨uh�Hyx�x�-i8{|��e-r �¨§�n�go�hbh¯t6�'b��|k �hgKu°bxr6wxmot6bZt u°{
(a, b) � acb�}�y|{-uhgji8glk8�-u-r'y|ehs�� wxb�u-r'}�y|s�eh�#{|}�n�y|{�����mo��e-k �hgo�wxmot6b�t ul{

(a, b)
�fbxr#��u-r#go�'b�ehwx�|�h{|}�w|g@uhv�n � ® �T� �6r b�nhb ® y|eh{|t6p-r {|e-k t'{|}�w|gcw|k b�b�y|�b�}�uhmo� ��± {fr b+i8b�glk nhbxr6b�}�uh��y|{|}+v�� � �T� i8b+gKyfr �xmo�hglr ª²¦` � k nh{�n¨ulbxr#{fr t6}�n¨b�e¨uh��t6glr � f1(x) = 1

3x−1

�fbxr
f2(x) =

{

2 x ≥ 0.2
−2 x < 0.2

y|{|}
glk nhbxr³{|e-r t6wxmonhgo��t ul{�p-r s�t uhv�wxb

[0, 1] � acb�p-r b�yfr t ul��i8glkf��u-rf�fbxr³{fr#ph´�{+t6}�nhb�e¨uh��t6glr �b����xs��h{|}�n+y|eh�|t6v�wx{~t ulbzs��fehbzu°{|}zp-r b�t uh��wxb�u°{|� �B� uhv�nZt6}�nhmo�#glr bTn¨bz�6k nhglr1go�'b�el¯wx{�� �zuhv���� � �T� �fbxr.nhbZdfehgji8glk8ul{~t6v�wxglk {~t ul{~{xy|{fk {PnZwxmji8{|ph{|��t6}��#�|�|k nhglr ª glk nhbxrb�}�uh�ze-k �hb�ul��n�t6}�nhb�e¨uh��t6gK��nx©µ.` � k nhgKulbxr'n�go�-k t ��t6v (x − 1.333)3 = 0
y|{|}+y|eh{|�'b�n¨§�� n�e-k �hb+uhv��cdfe-k t �fgKulbxrt u°{Zp-r s�t uhv�wxb

[l, 2] � �Hg=�#eh��t6v�uhv��=wxgji8�|ph{|}�uhv��=¶�t6�'b��xwxmonhv��=·=mot6v��+��¶ � · ��� nhbdfehgji8glk6v+e-k �hbZb�}�uh��wxgc¸�p � � � ¶�k nhbxr6b�}�uh��ph}�nhb�uh� ª6± §�� go�hv�� glk ulbxr ul{z�'bxr nh�|wxgonh{ ª¹.` ± eh{|t6p-r {|e-k t uhg�ul{�yx�x�-i8{|�=�fbxr ul{zglk ph{|� uo��n�e-r �¨§�n�uhv��=go�-k t ��t6v��-º
xex − 2 = 0,

�fbxr%t uhv�n�t6}�nhmo�#glr bqp¨§�t uhg�monhb~gKy|b�nhb��xv�yxu-r �f�Pt6�#��wxbT�6r bquhv�n�b�e-r i8wxv�u-r �f�qgKyfk �x}h¯t6vPuhv�� � � mK�x{|�qp-r goehgo}�nh��t uhgZuhv�n~t6´��#�|�|r t6vPu°{|}MgKy|b�nhb��xv�yxu-r �f{|´�t6�#��wxb�u°{|��y|{|}gKyfr �xmo�hb�uhg �» `f¬%r b�u-r �
go�-r t §�t6glr �-º
2xe2x−1 = 0 ® 2sinx+x−1 = 0 ® 1

2
e

1

2
x+cosx−1 = 0 ®nhb=y|eh{|t6p-r {|e-r t uhglkxu°{Byx�x�-i8{|��fbxrxul{�glk ph{|�?uo��nce-r �¨§�n�ul{|}��
�fbxr ® nhb=ph{�i8glk��fb�uhs����xvh¯

¼



�xv�b�e-r i8wxv�u-r �f��p-r b�p-r �fb�t'k b��6r b�ul{�n�y|eh{|t6p-r {|e-r t6wx�+uhv���b�y|{-�x´�uo���cw|r �feh�-uhgoehv���e-k �hb��u°{|}�� �½.` � uhv�nzy|e¨§�uhv~go�-k t ��t6vquhv���y|eh{|v�� {|´�wxgonhv���s�t �fv�t6v���nhbTdfehgji8glk1ul{Pyx�x�-i8{|�ul��nTgKy|b�nhb��x���'gK��nzuhv���� � �T� y|{|}Pb�y|bxr ul{|´�n¨u°bxr¦�6r bHuhv�nTgK�|u-k wxv�t6vPw|r b��Ze-k �hb��zwxgt6�'s��xwxb=��� r|wxgK� b��x´�uhgoeh{Bul{|} 1
2
·10−4 � � mK�x{|� ® nhb=� ehb��'glk�y|eh�-� ehb�wxwxb FORTRANy|{|}Znhb+�fb-�xglk uhv�n

S/R BISECT
�6r b�uhv�n�}��x{xy|{fk v�t6v�uhv�� e-k �hb�� b�}�uh��� �¾.` � uhv�n uhgK�xgo}�ulbxk b�go�-k t ��t6v�uhv���s�t �fv�t6v���¿�nhb��6k n¨glr �#eh��t6v�uhv���wxgji8�|ph{|}�uhv��¶ � · � �6r b)nhb�dfehgji8glkw#À gonhb�y|eh�-� ehb�wxwxb

FORTRAN
�fbxruhv�nHdf{|�-i8glr b�uhv��

S/R
MODRF

w|k bMy|eh{|t6mK�#�6r t6vMuhv��Te-k �hb��TmKuht'r�§�t uhg�nhb�r t6�#´�glr�º ∣
∣

1
2
e2xn + sinxn

∣

∣ <
1
2
10−5_|Á1`6acb=dfehgji8glk|ul{�yx�x�-i8{|�@�fbxrful{�glk ph{|�cuo��n=e-r �¨§�n=uhv���}�y|goeldfb�u-r �f����go�-k t ��t6v��

ex + 10x − l = 0 ��� uhv�n~t6}�nhmo�#glr bH�6r bPu°{�n~b�e-r i8wxv�u-r �f��}-yf{-�x{-�6r t6wx��uhv���e-k �hb��uhv��Bnhb+�6k nhglr8�#eh��t6v+uo��n�wxgji8�|p¨��n+� � �T��® ¶ � · ��® Â {|ehph���z� Â����K® Newton-Raphsona � Ã?���K® ¬¦gon-r �f����¶�y|b�nhb��xv�yxu-r �f������¬ � ¶ ��� wxg=b��fe-k dfglr bTÄZp � � � � mK�x{|��wxg �#eh��t6v+ul��n}�y|{|eh{|}�u-r n¨§�nBy|{|}Zp-k nh{�n¨ulbxr6t ul{+yfe¨{|v�� {|´�wxgonh{��fgo�'s��xbxr {�nhbBdfehgji8glk v�e-k �hb+w³Åx���xgo�u-r �qy|b�ehb�y|s�n¨�Æwxgji8�|ph{|}��~�fbxrwxgTuhv�nMb��fe-k dfglr b�u°{|}�}�y|{-�x{��6r t u-r �f{|´)t6}�t uh��wxb-ul{|���Ç � ¬ ��� y|{|}Zp-r b-i8mKuhgKuhg �_6_ `'�Hg��#eh��t6vBuhv���wxgji8�|ph{|}�a � Ã?� w�y|{|eh{|´�wxg�nhb=dfeh{|´�wxg?u°{�n b�n¨u-k t uheh{|�'{+gonh�|�b�e-r i8wx{|´4ÈÉ�³��e-k ��uhv�n��#eh��t6v4p-r bxk ehgot6v�� � ¬%r b4u°{Êt �f{xy|�Ëb�}�uh��y|bxk ehnh{|}�wxgPuhv�ngo�-k t ��t6v
A − 1

x
= 0 ® y|{|}q{~b�n¨u-k t uheh{|�'{|��glk nhbxr1vze-k �hbTuhv�� ® �fbxr1go�'b�ehwx�|�h{|}�wxg�t.Åb�}�uh��uhv�n�wxmji8{|ph{�a � Ã?� acb�dfehgji8glk�u°{BgKy|b�nhb��xv�yxu-r �f��t6�#��wxb�y|{|} phv�w|r {|}�e¨� glk ulbxrx�fbxrnhbZp-r goehgo}�nhv-i8glk v+t6´��#�|�|r t6v�ul{|} �_f¢.`?¬%r bquhv�nzgo´�ehgot6vTuhv���uhgKuhehb��#��n-r �f���+e-k �hb��Zgonh�|��i8gKu-r �f{|´~b�e-r i8wx{|´TÈ ® b�el¯�fglk%nhbTi8gK��eh��t6{|}�wxgBuhv�nzb�n¨u-k t ul{fr �#vqgo�-k t ��t6v

x2 − A = 0
�fbxr¦nhb~go�'b�ehwx�|t6{|}�wxgt.Å6b�}�uh�Tuhv�n�¬ � ¶ � wxmji8{|ph{Hw|g��fs�y|{fr b~b�nhb�p-r s�ulb��hvTuhv���go�-k t ��t6v�� ��Ì ¶�uht'r¦w�y|{|eh{|´h¯wxg�nhbM}�y|{�i8mot6{|}�wxgZuhv�n~gKy|b�nhb��xv�yxu-r �f�Mt6�#mot6v³º

xn+1 = A

xn

® n = 0, 1, 2, . . .
�fbxr

x0
b�}-i8bxk ehgKul{|��i8gKu-r �f�|�+b�e-r i8wx�|� �+� glk �¨uhg���u-r1vTy|b�ehb�y|s�n¨��gKy|b�nhb��xv�yxu-r �f�qt6�#mot6vphgonzphv�w|r {|}�e¨� glk¦t6}��#�|�|k nh{|}�t6bqb��f{-�x{|}-i.k b � ¶�yfr yx�xmo{�nTphglk �¨uhg���u-r¦vqgo�'b�ehwx{-� �quhv��p-r b�p-r �fb�t'k b��

Aitken
t.Å|b�}�uh��uhv�nB�fb-i.r t uhs+t6}��#�|�|k nh{|}�t6b � � r6y|b�ehb�uhv�ehglk uhgh©_f«.`%¬%r bZuhv�n+go´�ehgot6vZuhv��BuhgKuhehb��#��n-r �f����e-k �hb���gonh�|��b�e-r i8wx{|´

A > 0
�#ehv�t'r wx{�¯

y|{fr {|´�wxg�ul{ t6�#��wxb
N.R.

º
xn+1 = 1

2

(

xn + A

xn

) ��� glk �¨uhg���u-r�{fr��|eh{fr�ul{|}cy|b�ehb�y|s�n¨�t6�#��wxb�u°{|��yx�xv�eh{|´�nBuhv�n�t6�#mot6v³º
(

xn −
√

A

xn + sqrtA

)

=

(

x0 −
√

A

x0 + sqrtA

)2n

y|{|} ® �fb�uhs+t6}�nhmKy|glr b ® go�hb�t6�'b��|k �hglr³uhv�nBt6´��#�|�|r t6v�ul{|}+t6�#��wxb�ul{|�c�6r b��fs-i8gcb�eh� r �f�gK�|�³k nhv�t6v
x0 > 0 �_x²¦` � { ¼ ����Ä�{

Fibonacci
dfeh���fgcuhv�n y|ehb�� wxb�u-r �f��e-k �hb�uhv���{|w�§�n¨}�wxv��=go�-k t �X¯t6v��

x3 + 2x2 + 10x − 20 = 0
wxg=ÍZp � � � �³��e-k �Bnhb+� n¨��e-k �hglr6�fb�nhmonhb��=u°{�n�uheh�xy|{ �

�



acbHd|ehgji8glk�monhbMp-r s�t uhv�wxbHyf{|}MnhbPy|goe-r mo�#glr�uhv�nqe-k �hb�b�}�uh�H�fbxr�t uhvPt6}�nhmo�#glr bMwxg�#eh��t6v=uhv��@wxgji8�|ph{|}
MULLER

�fbxr ® uhv��@{|w�§�nh}�wxv��?}�y|{|eh{|}�u-k nhb��@nhb�dfehgji8{|´�nc�-�xg¥¯��{fr1e-k �hgo��uhv���go�-k t ��t6v���wxg�b��fe-k dfglr bTÍzp � � � £Îy|ehb�� wxb�u-r �f�ze-k �hbzy|ehmKy|glr1nhbzglk nhbxrk t6v+wxg�b�}�uh��y|{|}+p-k nhgKulbxr6t uhv+t6gK�|k phbZ��¡ �_fµ.`6acb dfehgji8{|´�n=�-�xgo��{fr³e-k �hgo��uhv��cgo�-k t ��t6v��
x3 − 3.23x2 +1.2x− 3.876 = 0wxg Ä�p � � � �fbxr'�#eh��t6v�uhv�� wxgji8�|ph{|} N.R._f¹.`1acb�ph{�i8{|´�n��-�xbZulbZgKy|b�nhb��xv�yxu-r �fs�t6�#��wxb�ulb��6r bZuhv�n�b�e-r i8w|v-u-r �f��gKyfk �x}�t6vuhv��@go�-k t ��t6v��

x3 +2x2−10x−10 ��± {fr {��fb�uhs uhv�nc� n¨§�wxvBt6b��?glk nhbxr|ul{�gonhphgophglr �f¯wxmonh{B�6r b=uhv�n�go´�ehgot6v=�-����n�uo��nce-r �¨§�n�uhv��
go�-k t6��t6v�� ® y|{|} nhb�dfehgji8{|´�n�wxg
b��fe-k dfglr bÄ+p � � �_ » ` � ul{qy|{-�x}�§�nh}�wx{
6x4 − 53x3 + 18x2 − 2x + 3

nhb+dfehgji8{|´�nZ{fr8u-r wxmo��ul{|}�6r b
x = 3, 5, 1 + 2i, 1 − 2i �_f½.` � uhv�n § ¼ ��u°{|}4Ï go�'b��xb�k {|})ÈÐph��i8v��fgP{�uh´�y|{|�

P (k)(x1) = k!Pk(x1)y|{|}Êr t6�#´�glr@wxgKu°b��h´)ul��n�u-r w�§�n�gonh�|��y|{-�x}�§�nh}�wx{|}
P (x)

�fbxr@uo��n
P (k)(x) ® �6r by|ehb�� wxb�u-r �fmo��u-r wxmo�Bul{|}

x � acb�dfehgji8glk'y|b�eh�|wx{fr {|��uh´�y|{|���6r bzw|r � b�p-r �fmo��u-r wxmo�Bul{|}
x � _f¾.` � ul{zy|{-�x}�§�nh}�wx{

x5 − 3x3 + 2x2 − x + 5
nhb�dfe¨gji.{|´�n�{fr6u-r wxmo�=u°{|} ® wxb��-kwxg@uhv�n=y|e¨§�uhv��fbxr³phgo´�uhgoehv�y|b�ehs��#��� ��u°{|}B�6r b

x = 2− i, 2 + i,−3 + 2i,−3− 2i �¢ Á1` � k nhgKulbxr ® v�t6}�nhs�e¨uhv�t6v
f(x)

y|{|})}�y|{�u-k i8gKu°bxrb�nhb��x}�u-r �f��t ul{4p-r s�t uhv�wxb{|e-r t6wx{|´+uhv��
[a, b] � acb�dfehgji8glk �6r b+uhv�n�b�n¨u-k t ul{fr �#vZgo�-k t ��t6v f(x) = 0

{TgKy|gK�|uhg¥¯u°b�wxmonh{|��uh´�y|{|�
Newton-Raphson

wxg+b�y|{x�f{xy|�~ul{|}Hb�nhb�yxuh´�� wxb�ul{|� � b��6�x{|ezuhv��
f(x)

wxgKuhs�u°{�n��|eh{�n�uhe-k uhv���uhs��hv�� �

¬ Ã È=�P�~ÑÒÏ=È � Ç � � £��~È � È
_ ` � k ph{�n¨ulbxr'{fr uhgKuhehb��#��n-r �f{fk6yfk nhb��fgo�-º

A =





2 3 1
1 −1 1
0 2 2



 , B =





1 2 1
−1 2 −1
2 0 2





�fbxr
Γ =





1 0 1
0 1 1
1 0 2



 .

� glk �¨uhgz�-u-r�r t6�#´�{|}�n~{fr�t6�#mot6glr �
AB 6= BA ® A(BC) = (AB)C

�fbxr
(AB)> =

B>A> �
¢.` � glk �¨uhg=��u-r6{�yfk nhb��fb��-º





1 2 1
2 −1 −1
6 2 0





phgon�mo�#glr6b�n¨u-k t uheh{|�'{ �
«.`%£Ób�y|{�uhgK�xgot6wxb�u-r �f��uhv�ulb�w|r b���wxgji8�|ph{|}zw�y|{|ehglk.nhb�gK�|u-r wxv-i8glk8wxg=u°{Tyx�x�-i8{|�ul��n=y|ehs��hgK��n y|{|}�b-yfb�r uhglk³�6r b�nhbBdfehgji8glkful{Zb�y|{�uhmK�xgot6wxb ��� glk �¨uhgc�-u-r v�b�y|b��x{fr �'�

Gauss
�6r bMuhv�nHgKyfk �x}�t6vMgonh�|�z� ehb�wxw|r �f{|´�t6}�t uh��wxb�ul{|�

n
go�-r t §�t6gK��n~wxgzr t6s�e-r i ¯

wx{|}��=s�� n¨��t ul{|}���b�y|bxr uhglk n(n−1)
2

p-r bxr ehmot6glr � ® (n3
−n)
3

y|{-���xb�yx�xb�t'r b�t6wx{|´����fbxr n3
−n)
3

Ô



y|eh{|t#i8mot6glr � � � mK�x{|�zphglk �¨uhgZ��u-rXvH{xyfk t#i.r bPb�n¨u-r �fb�uhs�t u°b�t6vqb�y|bxr uhglk
n
p-r bxr ehmot6glr � ®

n(n−1)
2

y|{-���xb�yx�xb�t'r b�t6wx{|´��c�fbxr n(n−1)
2

y|eh{|t#i8mot6glr � �²¦` � gzwxgoe-r �f{|´��q£��xgK�|uheh{�n-r �f{|´��HÇ�y|{��x{-�6r t uhmo����£ � Ç ��� {fr�p-r bxr ehmot6glr �zi8mK�x{|}�ny|goe-r t6t6��uhgoeh{��#eh��nh{�b-yf�Mul{�nqy|{-���xb�yx�xb�t'r b�t6wx� �M� uhv�nTy|goe-k yxul��t6vPb�}�uh�~yx§��Zi8buheh{xy|{xy|{fr {|´�t6b�uhg�uhv�n�b�y|b��x{fr �'�
Gauss

�6r bZw|r b+ulb��#´�uhgoehv�gKyfgo�¨goe¨� b�t'k b �µ.`facb?dfehgji8glk-ul{=yx�x�-i8{|��ul��n
y|eh{|t#i8mot6gK��n ® y|{-���xb�yx�xb�t'r b�t6w�§�n�fbxr�p-r bxr ehmot6gK��ny|{|}�b�y|bxr ul{|´�n¨u°bxr6t uhv�n�p-r b�p-r �fb�t'k bZuhv�� b�y|b��x{fr �'���
Gauss

�6r b+uhv�n�y|b�ehb��#��� �+ul{|}s�n¨��uhe-r �#��n-r �f{|´Zyfk nhb��fb
U �

¸


