2001 G/EY>pJs=hM} I I Bh 10 2s ?t3X$N$?$a$N%3%s%T%e!<%?!< (1) J}Dx<0$N?tCM2rK! $+ $D $i $@ 7KED $^ $5 $7 M4;K 2001 G/ 6 7n 28 F| %3 %s %T%e!< %?!< $G ?t CM 7W ;; $r $7 $F ( M- 8B <! 85 $N ) J} Dx <0 $r 2r $/ J} K! $K $D $$ $F 3X $V 1 !# 87 L) 2r $r 5a $a$k $3 $H $K$9 $k $H!" @~ 7AJ} Dx <0 0J 30$O Nc 30 E* $J>u 67 $r $N $>$$ $F 2r $1$J $$ 2 !# $7 $+ $7!"M- 8B @:EY$N2r ( 6a;w2r ) $GK~B-$9$k$3$H$K$9$l$P!"$+$J$jB?$/$NJ}Dx<0$,2r$1$k$3$H$K$J$k!# $3 $3 $G $O Fs J, K! $H %K%e!< %H %s Newton K! $r <h $j >e $2 $k $,!" $3 $l $i $O 2r @O 3X $N 3X =, $H $b 4X 78 $, ?< $$!# Fs J, K! $O Cf 4V CM $N Dj M} $N 6h 4V =L >. K! $K $h $k >Z L@ ( Cf 4V CM $N Dj M} $O $$ $o $f $k !VB8 :_ Dj M}!W $G $" $k $,!" $3 $N >Z L@ $O !V9= @. E* $J!W >Z L@ $G $" $k $H 8@ $( $k ) $= $N $b $N $G $" $k $H 9M $( $i $l $h $&!# $^ $? Newton K! $O 1" 4X ?t $N Dj M} $d 5U 4X ?t $N Dj M} $N >Z L@ $K MQ $$ $k $3 $H $b $G $- $k $7!" <B :] $K 1" 4X ?t!& 5U4X?t$N7W;;$KMxMQ$G$-$k!# 1 $O$8$a$K :#2s$O<!$NNcBj$r9M$($k!# NcBj 1: FsJ,K!$K$h$C$F!"J}Dx<0 cos x � x = 0 $N2r$r7W;;$;$h!# NcBj 2: Newton K!$K$h$C$F!"J}Dx<0 cos x � x = 0 $N2r$r7W;;$;$h!# !VJ}Dx<0$r2r $1!W$H$$ $&LdBj $O$7$P $7$P8= $l$k!#4p K\E*$G Bg;v$J J}Dx<0 $O$=$N @-<A$r 3X$s$G $- $?$,!"$=$l0J 30$K$b ?’!9$JJ} Dx<0$, $"$k!#J} Dx<0$O 2r$,B8 :_$7$F $b!";f$H 1tI.$N 7W;;$G 6qBNE* $K 2r $/ $N $, Fq $7 $$ $3 $H $, $7 $P $7 $P $" $k 3 !# $3 $N Nc Bj $N J} Dx <0 $b $= $& $$ $& $b $N $N 0l $D $G!" 2r $, $? $@ 0l $D$"$k$3$H$O4JC1$KJ,$+$k$, ( 8e$NJdB-$r;2>H ) !"$=$N2r$r4JC1$J<0JQ7AEy$G5a$a$k$3$H$O=PMh$= $&$K$J$$!#$3$l$K7W;;5!$G%A%c%l%s%8$7$h$&!"$H$$$&$N$,:#=5$NNcBj$G$"$k!# 7W;; 5!$G J} Dx <0 $r07 $& >l 9g$K $O!" 7W ;; 5!$J $i $G $O$N $d $j J} $,$" $k!# M- 8B 2s$N 7W ;; $G?? $N 2r ( L5 8B@: EY$N 2r ) $r5a $a $k $3$H $r $" $- $i$a $F!" ?? $N2r $r 5a $a$k $K $O L58B 2s $N 1i ;;$, I, MW $@$,!" M- 8B 7e $NMW5a@:EY$r;}$D2r ( 6a;w2r ) $O$=$3$=$3$N2s?t $N4pK\E*$J1i;; ( ;M B’$d=iEy4X?t$N7W;; ) $G5a$^ $k$h $& $J J} K! | 6a ;w 2rK! | $r :N MQ $9 $k!" $H $$ $& $b $N $G $" $k!# =>$C $F %" %k %4 %j %: %‘ $O!" BgDq 7+ $jJV$7 $N$"$k$b$N$K$J$k!# 1 J}Dx<0$rFq$7$/$9$k!V860x!W$H$7$F!"Hs@~7?@-$HL58B<!85@-$,$"$k!#$3$3$G$OHs@~7?@-$r<h$j>e$2$k!# 2 !VNc30E*$J>u67!W$O=EMW$G$J$$$H4*0c$$$7$J$$$h$&$K!#2r$1$k$h$&$JNc30E*$JLdBj$K$O=EMW$J$b$N$bB?$$!# 3 J} Dx<0 $K$h$C $F$O!"?M 4V$N <j7W;; $G$O <B:] E*$J2r K!$, $J$$$b $N$b $"$k!" $H$$$& $+$= $&$$$& $b$N $NJ} $,B?$$ $o$1 $@ $,!"Bg3XFsG/<!$^$G$NCJ3,$G$O!"6qBNE*$K2r$1$kLdBj$r07$&$3$H$NJ}$,B?$$$N$G!"%T%s$HMh$J$$$+$b$7$l$J$$!# 1

$3$3$G2r@b $9$k6a ;w2rK! $O!"E,MQ $G$-$k HO0O$O $+$J$j 9-$/!"7W ;;5!$r ;H$C$F7W ;;$9$k $3$H$K $J $k?M$O!":#8e$b2?EY$b!V$*@$OC$K$J$k!W$O$:$G$"$k!# 2 J}Dx<0$NJ,N‘ J}Dx<0$H$$$C $F$b ?’!9$J$b $N$,$" $k$,!"$3 $3$G$O HyJ, $d@QJ, $r4^$^ $J$$!"M- 8B<! 85$N!"!VIa DL $N!W$b$N!"$D$^$j4{CN4X?t f : R n � � ! R m $rMQ$$$FI=$5$l$k!"L$CN?t x $K$D$$$F$NJ}Dx<0 f ( x ) = 0 $K$D$$$F9M$($k!# 2.1 @~7AJ}Dx<0 | Hf3SE*4JC1 f $, x $N 1 <! <0 $G $" $k >l 9g!" J} Dx <0 $r @~ 7? J} Dx <0 $H 8F $V!# $3 $l $O!" f $, E, Ev $J 9T Ns A 2 M ( m; n ; R ), %Y%/%H%k b 2 R m $rMQ$$$F f ( x ) = Ax � b $HI=$5$l$k$H$$$&$3$H$G!"$$$o$f$k ( O" N) ) 1 <! J}Dx<0 $K$J $k!#$3 $N>l 9g$O M-8B 2s$N;M B’1i ;;$G 2r$, 5a$^ $k!# ( NI$/ CN$C$F$$ $k$h $&$K ) A $, n <!@5B’9TNs$G$"$C$?>l9g$O x = A � 1 b . 4{$K2?$i$+$N2rK! 4 $r=,$C$?$3$H$,$"$k$O$:$G$"$k!# $3$NLdBj$O $_$+$1 $h$j$b 1|$,?<$/!" $^$?Hs >o$K1~ MQHO0O $,9-$$ $N$G!"<B$K @:NOE* $K8&5f $5$l$F $$ $F!"LLGr$$<jK!$b>/$J$/$J$$$,!"$3$N9V5A$G$O>R2p$r8+Aw$k!# 8&5f2]Bj 10-1 O"N) 1 <! J} Dx <0 $r 2r $/ $? $a $N $-$g$&$d$/$3$&$P$$$[$& 6& Lr 8{ G[ K! (CG metho d) $K $D $$ $F D4 $Y!" %W %m %0 %i %‘ $r =q $$ $F <B83$;$h!# 2.2 Hs@~7AJ}Dx<0 | $J$+$J$+Fq$7$$ $3$3$G$OHs@~7AJ}Dx<0$K$D$$$F9M$($h$&!#$b$C$H$b4JC1$JHs@~7AJ}Dx<0$O!" 2 <!0J>e$NBe?tJ} Dx<0 a n x n + a n � 1 x n � 1 + � � � + a 2 x 2 + a 1 x + a 0 = 0 ( a n 6 = 0) $G$" $m $&!# !V n <! Be ?t J} Dx <0 $O n 8D $N :, $r ;} $D !W $3 $H $O >o <1 $H $7 $F CN$C $F $$ $k $O $:!# $^ $?!" <! ?t n $, 2 $N>l 9g $O !V 2 <! J} Dx <0!W $G!" :, $N8x <0 $O Cf 3X 9; $G 3X $s$G $$ $k ( $b $&$9 $0 >C $( $k!) ) !# $5 $i$K n $, 3, 4 $G $" $k>l 9g $b!" (2 <! J}Dx <0 $[ $I %]%T%e %i!< $G $O $J$$ $, ) :, $N 8x<0 5 $, $" $k!# $H$3 $m$,!" !V n $, 5 0J >e $N >l 9g $O!" ;M B’ $H $Y $- :, $N $_ $r M- 8B 2s MQ $$ $? :, $N 8x <0 $O B8 :_ $7 $J $$ !W $3 $H $, %, %m %" Galois M}O@$rMQ$$$F>ZL@$5$l$F$$$k (3 G/$NBe?t3X$G=,$&$O$: ) !# Hf3SE*4JC1 $J$O$: $NBe?t J}Dx<0 $G$b$3 $s$JD4;R $J$N$@ $+$i!"$h $j0lHL $N Hs@~7A J}Dx<0 $r4JC1 $J <0JQ7A$N$_$G2r$/$3$H$O!"$h$[$I1?$,NI$/$J$$8B$jBLL\$@ !"$H$$$&$3$H$K$J$k!# 8&5f2]Bj 10-2 3 <!Be?tJ}Dx<0$r2r$/$?$a$N %+ %k %@ %N Cardano $NJ}K!$K$D$$$FD4$Y!"%W%m%0%i%‘$r=q$$$F<B83$;$h!# 4 Nc$($PA]$-=P$7K!!" Gauss $N>C5nK!$J$I!#M}O@E*$K$O Cramer $NJ}K! ( $3$l$O$"$^$j<BMQE*$G$J$$ ) !# 5 $b$C$H$b!"$H$F$bJ#;($G!";f$H1tI.$G7W;;$9$k$N$O ( >/$J$/$H$b;d$O ) $&$s$6$j$7$F$7$^$&!# 2

3 Hs@~7AJ}Dx<0$r7W;;5!$G2r$/ $3$3$G$ONcBj$NJ}Dx<0 cos x � x = 0 $K$D$$$F9M$($h$&!# f ( x ) = cos x � x $H$*$$$F!" f $r>/$7 D4$Y$F$_ $l$P ( $3 $N$9 $08e$K =R$Y $k ) !"$3 $NJ} Dx<0 $K$O $?$@ 0l$D $N2r $,$"$C $F!"$= $l$O6h 4V (0 ; 1) $K$"$k$3$H$,J,$+$k!#Bg;(GD$K8@$&$H!"%0%i%U$N357A$O y = � x $r%5%$%s!&%+!<%VIw$KGHBG$?$; $?$b$N$K$J$k!#$3$NM#0l$N2r$r5a$a$k$3$H$,L\I8$G$"$k!# J}Dx<0$,6h4V (0 ; 1) $K$?$@0l$D$N2r$r;}$D$3$H$N>ZL@ $^$: f 0 ( x ) = � sin x � 1 � 0 ( x 2 R ) $G!"FC$K x = � = 2 + 2 n� ( n 2 Z ) 0J30$N$H$3 $m$G$O f 0 ( x ) < 0 $G$"$k$+$i!" f $O69 5A$NC1D4 8:>/4X?t$G $"$k!#$=$7 $F f (0) = 1 > 0, f (1) = cos 1 � 1 < 0 $f$(!"J}Dx <0 f ( x ) = 0 $O6h4V (0 ; 1) Fb$K>/$J$/$H$b0l$D$N2r$r;}$D$, ( Cf4VCM$NDjM} ) !" f $NC1D4@-$+$i$=$l$O R A4BN $G$?$@0l$D$N2r$G$"$k$3$H$,J,$+$k!# 3.1 FsJ,K! (bisection metho d) Hy@QJ,$G4pK\E*$J Cf4VCM$NDjM} $rI|=,$7$h$&!# � � DjM} 3.1 ( Cf4VCM$NDjM} ) f : [ � ; � ] ! R $rO" B34X ?t!" f ( � ) f ( � ) < 0 $H$9 $k $H!" f ( c ) = 0 $H$J$k c 2 ( �; � ) $,B8:_$9$k!# � � ( $D$^$j f ( � ) f ( � ) < 0 $H$J$k � , � $,$"$l$P!"J}Dx<0 f ( x ) = 0 $N2r x = c $,6h4V ( � ; � ) Fb$KB8 :_$9$k$H$$$&$3$H!# ) $3$NDjM}$N >ZL@ $N;EJ} $O?’!9$" $k$,!"Be I=E*$J $b$N $K 6h4V=L >.K! $r;H$C $?$b$N $,$" $k!#$=$l $O 0J2<$N$h$&$J6Z=q$-$G?J$‘!# <!$N<j=g$G5"G<E*$K?tNs f a n g , f b n g $rDj$a$k!# � � (i) a 0 = � , b 0 = � $H$9$k!# (ii) Bh n 9‘ a n , b n $^$G Dj$^$C$? $H$7$F!" c n = ( a n + b n ) = 2 $H$* $-!" f ( a n ) f ( c n ) < 0 $J $i a n +1 = a n , b n +1 = c n , $=$&$G$J$$$J$i a n +1 = c n , b n +1 = b n $H$9$k!# � � $9$k$H!" a 0 � a 1 � a 2 � � � � � a n � a n +1 � � � � ; � � � � b n +1 � b n � � � � � b 2 � b 1 � b 0 a n < b n � b 0 ( n 2 N ) $5$i$K a 0 � a n < b n ( n 2 N ) ; b n � a n = ( � � � ) = 2 n ! 0 (as n ! 1 ) ; 3 f ( a n ) f ( b n ) � 0 ( n 2 N ) : $3$l$+$i lim n ! + 1 a n = lim n ! + 1 b n = c; � < c < � $H<}B+$7$F f ( c ) = 0 $,@.$jN)$D$3$H$,J,$+$k!# 0J>e$N>ZL@$N<jB3$-$+$i!" f ( � ) f ( � ) < 0 $H$J$k � , � $,J,$+$C$F$$$k>l9g$K!"J}Dx<0 f ( x ) = 0 $N6a;w2r$r5a$a$k%"%k%4%j%:%‘$,F@$i$l$^$9 ( 0J2<$G$O $OJQ?t$X$NBeF~$rI=$7$^$9 ) !# FsJ,K!$N%"%k%4%j%:%‘ � � (1) L\I8$H$9$k8m:9 " $r7h$a$k!# (2) a � , b � $H$9$k!# (3) c ( b + a ) = 2 $H$7$F f ( a ) f ( c ) < 0 $J$i$P b c !"$=$&$G$J$1$l$P a c $H$9$k (4) j b � a j � " $J$i$P (1) $KLa$k!#$=$&$G$J$1$l$P c $r2r$H$7$F=PNO$9$k!# � � Cm0U 3.1 ( H?I|$NDd;_$N$?$a$N " ) L\I8$H$9$k8m:9$H$7$F$O!" C 8@8l$GG\@:EYIbF0>.?tE@?t double ( <B=, $G Mx MQ $7 $F $$ $k C %3 %s %Q %$ %i!< $G $O Aj BP @: EY $, 16 7e <e ) $r MQ $$ $k >l 9g $O 2r $N @d BP CM $N ?d DjCM ( K\Ev $K Bg;( GD $J!"7e ?t $NL\ 0B $,$D $/ 0L$N $b $N$G 9= $o$J $$ ) $NBg $- $5$K 10 � 15 $r $+$1 $? ?tDx EY $K $9 $k $N $, E, Ev $G $9 6 !# $= $l 0J >e >. $5 $/ <h$C $F $b!" ;H MQ $7 $F $$ $k Ib F0 >. ?t E@ ?t $N BN 7O $N G= NO $r 1[$($F$7$^$&$3$H$K$J$k$N $G0UL#$,$J$$!#$3$N LdBj$N>l9g$O2r$O 6h4V (0 ; 1) $N??$sCf 0L$K$"$k$N $G!"$6$C $H 1 Dx EY $H $$ $& $3 $H $G!" " = 10 � 15 0L $, NI $$ $@ $m $& ( $3 $N ?t $r I= $9 $N $K!" C 8@ 8l $G $O \ 1.0e-15 " $H=q$/ ) !# 3.2 Newton K! Hs@~7AJ}Dx<0$r2r$/$?$a$N$b$&0l$D$NBeI=E*$JJ}K!$, Newton K! $G$"$k!# $3$l$O f $,HyJ,2DG=$J4X?t$G!"J}Dx<0 f ( x ) = 0 $N6a;w2r x 0 $,F@$i$l$F$$$k;~!"A22=<0 x n +1 = x n � f ( x n ) f 0 ( x n ) ( n = 0 ; 1 ; 2 ; � � � ) $G?tNs f x n g n =0 ; 1 ; 2 ; � $rDj$a$k$H!"E,Ev$J>r7o 7 $N2<$G lim n ! + 1 x n = x � $H<}B+$7!"6K8B x � $OJ}Dx<0$N2r$K$J$C$F$$$k : f ( x � ) = 0 6 C1@:EY$N>l9g$K$O 10 � 7 DxEY$K$9$Y$-$G$"$m$&!# 7 Newton K! $,<}B+ $9$k$? $a$N== J,>r7o $O?’!9CN $i$l$F $$$k$,!" $3$3$G $O@bL@ $7$J$$!# 4JC1 $J$b$N $OHyJ, @QJ,3X $N %F%-%9%H$K:\$C$F$$$k$3$H$bB?$$!# 4

$H$$$&$3$H$rMxMQ$7$?$b$N$G!"<B:]$N%"%k%4%j%:%‘$O<!$N$h$&$K$J$k!# Newton K!$N%"%k%4%j%:%‘ � � (1) E,Ev$J=i4|CM x 0 $rA*$V!# (2) x x 0 (3) x x � f ( x ) =f 0 ( x ) $H$9$k!# (4) $^ $@6a ;w$N DxEY $,== J,$G $J$$ $HH= CG$5 $l$? $i (3) $K La$k!# $=$& $G$J $1$l $P x $r 2r$H $7 $F=PNO$9$k!# � � 3.3 FsJ,K! vs. Newton K! $3$3$G>R2p $7$?Fs $D$NJ} K!$O$I $A$i$, M%$l$F$$ $k$@$m $&$+!)$= $l$>$l $ND9=j!& C;=j$r $"$2$F Hf 3S$7$F$_$h$&!# FsJ,K! | f $, Hy J, 2D G= $G $J $/ $H $b O" B3 $G $" $j $5 $( $9 $l $P E, MQ $G $- $k!# $7 $+ $7 f $O 1 JQ ?t <B ?t CM 4X ?t $G $J $$ >l 9g $O E, MQ $, Fq $7 $$ ( FC $K <B ?t CM $G $" $k $3 $H $O $[ $H $s $I I, MW $G $" $k $H 8@$C $F $h $$ ) !# f ( � ) f ( � ) < 0 $J $k � , � $, 8+ $D$+$C $F $$$l $P!" 3N<B $K 2r$, 5a $^ $k$,!" <} B+$O $" $^ $jB.$/$J$$!# 1 2s$NH?I|$G 2 ?JK!$K$7$F 1 7e$:$D@:EY$,2~A1$5$l$F$$$/DxEY$G$"$k!# Newton K! | E, MQ$9 $k$K $O >/$J $/$H $b f $, Hy J,2D G=$G $"$k I,MW $,$" $k!# HyJ, 2DG= $G$"$C $F$b f $N<B:] $N7W;;$, Fq$7$$>l 9g$b$"$k $N$G!"$=$& $$$&>l9g $bE,MQ:$ Fq$K$J$k!# 0lJ} f $OB?JQ ?t %Y%/ %H %kCM 4X ?t$G $b 9=$o $J $$ ( $= $l $I$3 $m $+L5 8B <!85 $N J}Dx <0 $K$b ;H $&$3 $H $,=P Mh $k ) !# E, @Z $J =i 4| CM $r C5 $9 $3 $H $O!" >l 9g $K $h$C $F $O $+ $J $j Fq $7 $$!# 5a $a $k 2r $, =E 2r $G $J $$ >l 9g $K $O!" == J, ?? $N 2r $K 6a $$ =i 4| CM $+ $i =P H/ $9 $l $P 2 <! $N <} B+ $H $J $j ( 9g$C $F $$ $k 7e ?t $, H? I| $, 0lCJ?J$‘$4$H$K 2 G\$K$J$k ) !"Hs>o$KB.$$!# Am 9g E* $K 8+ $F !V$^ $: $O Newton K! $r ;H $& $3 $H $r 9M $( $h!" $= $l $, :$ Fq $J $i $P Fs J, K! $b 9M $( $F $_ $h!#!W$H$$$&$H$3$m$G$7$g$&$+!# 4 %l%]!<%H2]Bj 6 0J2<$+$iFs$D0J>e ( 9%$-$J$@$1 ) 2r$$$F!"Ds=P$7$F2<$5$$!#!:@Z$O 7 7n 11 F|!# 2]Bj 6-1 ?’!9$JJ}Dx<0$rFsJ,K!!" Newton K!$G2r$$$F$_$h!#=i4|CM$NA* $SJ}$rJQ$($F!"<}B+$9 $k$+$7$J$$ $+!";n$7 $J$5$$!# <}B+$N H=Dj>r 7o$K$O Cm0U$r J’$&$3 $H!#:G=* E*$KF@ $i$l$k @:EY$d!" I, MW$JH?I|$N2s?t$O$I$NDxEY$K$J$k$+!# Newton K!$N<}B+$N$?$a$N==J,>r7o$rK\$J$I$GC5$9$3$H$, $G$-$?$i!"$=$l$b@bL@$9$k$3$H!# $3$3$G$O2r @b$7$J $$$,!"=i Ey4X?t $J$I$b 7W;;5!$N Cf$G$O!" ;MB’1i ;;$J$I $N4JC1 $J1i;; $NAH9g $; $G7W;;$5$l$F$$$k$3$H$,B?$$!# 5

2] Bj 6-2 J? J} :, p a $d N) K! :, a 1 = 3 $r J} Dx <0 $N 2r $N 7A $K Dj <0 2= $7 $F!" Newton K! $G 2r $$ $F 8+ $h!#$=$N7k2L$r C 8@8l$N%i%$%V%i%j%#4X?t sqrt() $d pow() 8 $G7W;;$7$?CM$HHf3S$7$F$_$h!# FC$K5U 4X?t $N7W ;;$K $b;H $( $k ( y $, M?$( $i$l $F $$$k $H$7 $FJ} Dx<0 f ( x ) = y $r x $K $D$$ $F2r $1 $P!" x = f � 1 ( y ) $,F@$i$l$k$O$: ) !# 2] Bj 6-3 C 8@ 8l $N %i %$ %V %i %j%# 4X ?t asin() , acos() , atan() $O ;H $o $: $K!" arcsin, arccos, arctan $r7W;;$9$k%W%m%0%i%‘$r:n$j!"<B83$;$h!# Newton K!$N0UL# Newton K! $N <0 $N 0U L# $r 4J C1 $K @b L@ $7 $h $&!# Hy J, $N Dj 5A $K $h $k $H!" x $, a $K == J, 6a $$ $H $3 $m $G$O!" f $O!V@\@~$N<0!W$G6a;w$5$l$k$3$H$,4|BT$5$l$k : f ( x ) ; f 0 ( a )( x � a ) + f ( a ) : :# a $, f ( x ) = 0 $N2r$K==J,6a$$$H$9$k$H!" f ( x ) = 0 $NBe$o$j$K f 0 ( a )( x � a ) + f ( a ) = 0 $r2r$/$3$H$K$h$j!" a $h$j$b@:EY$N9b$$6a;w2r$,F@$i$l$k$H9M$($k$N$O<+A3$G$"$m$&!#<B:]$K<B 9T$9$k$H!"$^$:0\9‘$7$F f 0 ( a )( x � a ) = � f ( a ) : N>JU$K [ f 0 ( a )] � 1 $r$+$1$F x � a = � [ f 0 ( a )] � 1 f ( a ) ; $f$($K x = a � [ f 0 ( a )] � 1 f ( a ) = a � f ( a ) : f 0 ( a ) : B?JQ ?t $N >l 9g $b!" [ f 0 ( a )] � 1 $r Jacobi 9T Ns $N 5U 9T Ns $H 9M $( $l $P!" $^$C $? $/ F1 MM $K Newton K! $, ;H$($k!# 2]Bj 6-4 O"N)J}Dx<0 x 2 � y 2 + x + 1 = 0 2 xy + y = 0 $r Newton K!$rMQ$$$F2r$/%W%m%0%i%‘$r:n$l!#%R%s%H : ~ x = x y ! ; f ( ~ x ) = x 2 � y 2 + x + 1 2 xy + y ! $H $* $/ $H!" J} Dx <0 $O f ( ~ x ) = 0 $H =q $1 $k!# f $N ~ x $K $* $1 $k Jacobi 9T Ns $r f 0 ( ~ x ) $H $9 $k $H!" Newton K!$N<0$O ~ x n +1 = ~ x n � [ f 0 ( ~ x n )] � 1 f ( ~ x n ) $H$J$k!#=i4|CM ~ x 0 $r 1 1 ! , 1 � 1 ! $H$7$F<B83$;$h!# 8 pow(a,b) $G a $N b >h$,7W;;$G$-$k!#Nc$($P pow(1.0, 1.0/3.0) $G a $NN)K!:,$,7W;;$G$-$k!# 6

5 NcBj$r2r$/%W%m%0%i%‘Nc Fs J, K! $N %W %m %0 %i %‘ bisection.c , newton.c $O >p Js =h M} I I $N WWW %Z!< %8 $+ $i F~ <j $G $- $k!# netscap e $N!V%U%!%$%k!&%a%K%e!<!W$N!VL>A0$r$D$1$FJ]B8!W$rMQ$$$F%;!<%V$9$k!# 5.1 Newton K!$N>l9g 1 $r=i4|CM$H$7$F!"5vMF@:EY 10 � 15 $r;X<($7$F Newton K!$G2r$+$;$?$N$, 0J2<$N7k2L ( F~NO$O 1 1e-15 ) !# � � waltz21% cc -o newton newton.c -lm waltz21% ./newton =i4|CM x0, 5vMF@:EY&E =1 1e-15 f( 0.7503638678402439)=-1.89e-02 f( 0.7391128909113617)=-4.65e-05 f( 0.7390851333852840)=-2.85e-10 f( 0.7390851332151607)= 0.00e+00 f( 0.7390851332151607)= 0.00e+00 waltz21% � � Cm0U 5.1 Newton K! $N 7+ $j JV $7 $r Dd ;_ $5 $; $k $? $a $N NI $$ %k!< %k $r FH NO $G H/ 8+ $9 $k $N $O $+ $J $j Fq $7$$!#>e$NNc Bj%W%m %0%i%‘ $N:NMQ $7$?%k!< %k$O!"B?$/ $N%W%m %0%i%‘ $G:NMQ $5$l$F $$$k$d $jJ}$G $O $"$k$,!"$$$D $G$b$& $^$/9T $/J}K! $H$O8@ $($J$$!# 8=;~E@ $G!V$3$l $,NI$$ J}K!!W$H 8+$J$5 $l$F$$ $k J}K!$O0l1~$"$k$,!"7k9=J#;($J$N$G$3$3$G$O@bL@$7$J$$!# 5.2 FsJ,K!$N>l9g 6h4V (0 ; 1) Fb$K2r$,$"$k$3$H$,$o$+$k$+$i!"FsJ,K!$G5vMF@:EY 10 � 15 $r;X<($7$F2r$+$;$?$N$, 0J2< $N 7k 2L ( F~ NO $O 0 1 1e-15 ) !# 4X ?t CM $,!" 6h 4V $N :8 C< $G $O @5!" 1& C< $G $O Ii $K $J$C $? $^ $^ 6h 4V $,=L>.$7$F9T$/$N$rM}2r$7$h$&!# � � waltz21% cc -o bisection bisection.c -lm waltz21% ./bisection C5$96h4V$N:8C<&A , 1&C<&B , 5vMF@:EY&E =0 1 1e-15 f( 0.5000000000000000)= 3.78e-01, f( 1.0000000000000000)=-4.60e-01 f( 0.5000000000000000)= 3.78e-01, f( 0.7500000000000000)=-1.83e-02 f( 0.6250000000000000)= 1.86e-01, f( 0.7500000000000000)=-1.83e-02 f( 0.6875000000000000)= 8.53e-02, f( 0.7500000000000000)=-1.83e-02 f( 0.7187500000000000)= 3.39e-02, f( 0.7500000000000000)=-1.83e-02 f( 0.7343750000000000)= 7.87e-03, f( 0.7500000000000000)=-1.83e-02 f( 0.7343750000000000)= 7.87e-03, f( 0.7421875000000000)=-5.20e-03 f( 0.7382812500000000)= 1.35e-03, f( 0.7421875000000000)=-5.20e-03 CfN, f( 0.7390851332151556)= 8.55e-15, f( 0.7390851332151627)=-3.44e-15 f( 0.7390851332151591)= 2.55e-15, f( 0.7390851332151627)=-3.44e-15 f( 0.7390851332151591)= 2.55e-15, f( 0.7390851332151609)=-4.44e-16 f( 0.7390851332151600)= 1.11e-15, f( 0.7390851332151609)=-4.44e-16 f( 0.7390851332151600)= 1.11e-15 waltz21% � � 7