M A TX ;HMQ$N<j0z$- (1999 G/ 9 7n 20 F| ) ( El5~9)6HBg3X @)8f%7%9%F%‘9)3X2J 8EED8&HG ) El5~9)6HBg3X 9)3XIt @)8f%7%9%F%‘9)3X2J @>B< =$ El5~9)6HBg3X >pJsM}9)3X8&5f2J >pJs4D6-3X@l96 8E2l 2m?- 1 $O$8$a$K K\ J8 $O!$ =i $a $F M A TX $r ;H $& ?M $K BP $7 $F!$ $= $N :G =i $N <j 0z $- $H $J $k $3 $H $r 4| BT $7 $F =q $+ $l $? $b $N $G $9!# 6q BN E* $K $O!$ El 5~ 9) 6H Bg 3X 9) 3X It @) 8f %7 %9 %F %‘ 9) 3X 2J 8E ED 8& 5f <<?7 ?M 65 0i $N:] $K @) 8f 7O $N%7%e %_ %l!< %7%g %s $G M A TX $rMQ $$$k ;~ $N %$%s %H %m $N0Y $N $b $N $G$9!# $? $@ $7!$ M A TX $K $O$- $A $s $H $7 $? %^ %K%e %" %k $, B8 :_ $7 $^ $9 $N $G!$ %^ %K%e %" %k $r ;2 >H $7!$ <B :] $K ;H $$ $J $, $i 3P $( $F $$ $/ J} $, NI $$ $G $7$g $&!# $J $*!$$3$NJ8=q$O$"$kDxEY$N C 8@8l$N CN<1!$ UNIX $NCN<1$r A0Ds$H$7$^$9!# 2 M A TX $K$D$$$F M A TX $O El 5~ 9) 6H Bg 3X >p Js M} 9) 3X 8& 5f 2J >p Js 4D 6- 3X @l 96 =u <j $N 8E 2l $5 $s $, :n $i $l $? $b $N $G $9!# C 8@ 8l $G =q $+ $l $F $* $j!$ 8E ED 8& <~ JU $N $[ $H $s $I $N %^ %7 %s $K 0\ ?" $5 $l $F $$ $^ $9!# M A TX $O @) 8f 9) 3X $r 3X $V ?M $K $O Bg JQ JX Mx $K =P Mh $F $$ $k %W %m %0 %i %‘ 8@ 8l $G $9!# @) 8f 7O @_ 7W $K 7g $+ $; $J $$ 9T Ns 7W ;; $O $b $A $m $s!$ %7 %_%e %l!< %7%g %s $N 0Y $N 4X ?t $b B? ?t MQ 0U $5 $l $F $$ $^ $9!# M A TX $O 1989 G/ 0J 9_!$ 8= :_ $K ;j $k $^ $G 8E ED 8& $N @) 8f 7O @_ 7W $N $? $a $N %W %m %0 %i %‘ 8@ 8l $H $7 $F <g $K ;H $o $l $F $- $^ $7$?!# ?t G/ A0 $+ $i!$ M A TX $r ;H$C $F %7 %_%e %l!< %7%g %s $r 9T $J $$!$ $= $l $r $b $H $K <B 83 $r 9T $J $& $H $$ $& %9 %? %$ %k $, <g N. $r @j $a!$ M} O@ $r 9T $J $& ?M $b %7 %_%e %l!< %7%g %s $K MQ $$ $k $h $& $K $J$C$F$-$F$$$^$9!# $J$*!$ M A TX $N%=!<%9%U%!%$%k$N%G%U%)%k%H3HD%;R$O .mm $G $9!# M A TX $N %=!< %9 %U%! %$ %k $N $3 $H $r MM- %U%! %$ %k $H 8F $S $^ $9!# $A $J $_ $K!$ @) 8f 7O 2r @O $G M- L> $J %= %U %H Mat- lab $N%=!<%9%U%!%$%k$O M- %U%!%$%k $H8F$S$^$9!# 3 5/F0J}K! M A TX $K $O %$ %s %? %W %j %? $H %3 %s %Q %$ %i $, $" $j!$ @) 8f 7O @_ 7W $J $I $N $= $l $[ $I %^ %7 %s %Q %o!< $r I, MW $H $7 $J $$ $b $N $K $O %$ %s %? %W %j %? $r!$ %7 %_%e %l!< %7%g %s $J $I $G Bg JQ $J ;~ 4V $r MW $9 $k ;~ $K $O %3 %s %Q %$ %i $r MQ $$ $k $3 $H $, =P Mh!$ xplot 1 , gnuplot $J $I $H AH $_ 9g $o $9 $3 $H $K $h$C $F 2w E, $J :n 6H 6u 4V $r 9= C[ $9 $k $3$H$,=PMh$^$9!# 1 X %&%#%s%I%&$G;HMQ$G$-$k GUI %W%m%C%H%D!<%k 3.1 %$%s%?%W%j%? matx %$%s%?%W%j%?$O % matx $H 5/ F0 $7 $^ $9!# $= $& $9 $k $H %*!< %W %K %s %0 %a%C %;!< %8 $N $" $H $G!$ MaTX(1) $, I= <( $5 $l $^ $9!# $3 $l $, M A TX $N %3 %^ %s %I %i %$ %s $H $J $j $^ $9!# %3%^ %s %I %i %$ %s $G$b Emacs %-!< %P %$ %s %I $G <+M3 $K %( %G%#%C%H=PMh$^$9!# $^$?!$=*N;$9$k$K$O!$ M A TX %3%^%s%I%i%$%s$G MaTX(2) exit $H$7$^$9!# 3.2 %3%s%Q%$%i matc M A TX $G%3%s%Q%$%k$r9T$&$K$O matc $rMQ$$$^$9!# M A TX $N%=!<%9$O .mm $H$$$&3HD%;R$r;}$C$F$$$^$9$,!$ matc $O!$ $3 $l $+ $i <B 9T 2D G= $J %W %m %0 %i %‘ (UNIX $N >l 9g $O 3H D% ;R $O $J $/!$ DOS/Windo ws $N $N >l 9g $O 3H D% ;R $O .exe ) $r @8 @. $7$^$9!#Nc$($P simu.mm $H$$$&%U%!%$%k$r :n$C$F$$$?$H$9 $l$P!$ % matc simu.mm $G simu (DOS/Windo ws $N >l 9g simu.exe ) $H $$ $& <B 9T 2D G=%W%m%0%i%‘$,=PMh>e$,$j$^$9!# 3.2.1 C 8@8l$N%=!<%9$N@8@. matc $r %* %W %7%g %s -mm IU $- $G <B 9T $9 $k $H M A TX $N %=!< %9 $r C 8@ 8l $N %=!< %9 $K K] Lu $7 $F!$ .c $H $$ $& %U%! %$ %k $K JQ 49$7$^$9!#Nc$( $P simu.mm $H$$$&%U%!%$%k $r:n$C$F$$$?$H $9$l$P!$ % matc -mm simu.mm $G simu.c $H $$ $& C 8@ 8l $N %=!< %9 $, =P Mh >e $, $j $^ $9!# 6q BN E* $K$O M A TX $GMQ $$ $k %i %$%V %i %j $J$I $N %X%C %@ %U%!%$ %k $, %$ %s %/ %k!< %I $5 $l!$ 9T Ns 4X ?t $J $I $,!$ C 8@ 8l $K =‘ 5r $7 $? $b $N$KK]Lu$5$l$^$9!# $^ $?!$ matc $r %* %W %7%g %s -c IU $- $G <B 9T $9 $k $H M A TX $N %=!< %9 $H C 8@ 8l $N %=!< %9 $+ $i %* %V %8%’ %/ %H %U%! %$ %k .o $KJQ49$7$^$9!# Nc$($P simu.mm $H$$$&%U%! %$%k$r:n$C$F$$ $?$H$9$l$P!$ % matc -c simu.mm 1

$G simu.o (DOS/Windo ws $N >l 9g simu.obj ) $H $$ $& %* %V %8%’%/%H%U%!%$%k$,=PMh>e$,$j$^$9!# C 8@ 8l $N %=!< %9 $d %* %V %8%’ %/ %H %U%! %$ %k $+ $i <B 9T 2D G= %W %m %0 %i %‘ $r @8 @. $9 $k $3 $H $b $G $- $^ $9!# Nc $( $P simu.c $H $$ $& C 8@8l$N%=!<%9$r:n$C$F$$$?$H$9$l$P!$ % matc simu.c $H $9 $l $P simu $H $$ $& <B 9T %U%! %$ %k (DOS/Windo ws $N >l 9g!$ simu.exe ) $, =P Mh>e $, $j$^ $9!# 35;; $G %$%s %? %W%j %? $h $j $b %3 %s %Q %$ %i $N J} $, 4, 5 G\ %9 %T!< %I $, B. $/ $J$C $F $$ $^ $9!# $7 $? $,$C $F!$ %7 %_%e %l!< %7%g %s $N %P %0 $r %$ %s %? %W %j %? $G $H $j!$ $= $N 8e $K <B :] $K %7 %_%e %l!< %7%g %s $9 $k ;~ $K $O %3 %s %Q%$%i$rMQ$$$^$9!# 3.2.2 Mak e�le $NMxMQ C 8@ 8l $N1i =, $G Mak e�le $N=q $- J}$r CN$C $?$H ;W $$ $^$9!# Mak e�le $r MQ$$ $k;~ $K $O .o $H$$ $&%U%! %$%k $r gcc -c %3%^ %s%I $G :n $j$^ $7 $?!# -c $, .o $r :n $k %9%$%C %A $@$C $? $o $1$G $9!# M A TX $G J, 3d %3 %s %Q %$ %k $r 9T $& >l 9g!$ .o $H $$ $& %U%! %$%k$r:n$k%3%^%s%I$, matc -c $G$9!#6qBNE*$K$O!$ % matc -c simu.mm $G simu.o $H$$$&%U%!%$%k$,=PMh$^$9!#$"$H$O:G8e$K % matc simu.o otherfiles.o $H $9 $Y $F $N .o %U%! %$ %k $r matc $G %j %s %/ $9 $l $P $$ $$ $G $9!# <B9T %U%! %$ %k $N L> A0 $O :G =i $K =q $+ $l $? .o %U%! %$ %k $N L> A0 $K $J$j$^$9!# 3.3 9TNs%(%G%#%? mated ?’!9 $J 9T Ns $r :n $k 0Y $N %( %G%# %? $, MQ 0U $5 $l $F $$ $^ $9!# $3 $l$O%3%^%s%I%i%$%s$G % mated A.mat $J $I $H $9 $k $H!$ A.mat $H $$ $& L> A0 $N %U%! %$ %k $K 9T Ns $r %( %G%#%C%H $9 $k $3 $H $, =P Mh $^ $9!# 9T Ns %( %G%# %? $O Emacs %-!< %P %$ %s %I $G =q $/ $3 $H $, =P Mh $^ $9!# 9T Ns %( %G%# %? $N =* N; $O q $G$9!# 4 M A TX %W%m%0%i%‘$N=q$-J} :# $^ $G!$ %3 %^ %s %I $r ?t!9 JB $Y $F $- $^ $7 $?!# $G $O <B :] $K $I $& $$ $& %W %m %0 %i %‘ $r =q $1 $P $h $$ $N $+ $r $3 $l $+ $i @b L@ $7 $^ $9!# 4.1 C 8@8l$H$NN‘;w@- M A TX $O 4p K\ E* $K $O C 8@ 8l $H $[ $H $s $I F1 $8 $G $9!# C 8@ 8l $H >/ $7 0c $& $H $3 $m $O!$ JQ ?t $N 7?!$ G[ Ns!$ %U%! %$ %k F~ =P NO $J $I $G $9!# $? $@ $7 M A TX $K %] %$ %s %? $O B8 :_ $7 $^ $; $s!# 4X ?t $K J# ?t $N JV $j CM $r ;} $? $; $? $$ >l 9g $O JV $j CM $K List $r ;H $& $H NI $$ $G $7$g $&!# $= $N >\ :Y $O %^ %K%e %" %k $r ;2 >H $7 $F 2< $5 $$!# 4.1.1 JQ?t$N7? JQ ?t $N 7? $O 0J 2< $N 10 <o N‘ $G $9!# pascal $K 6a $$ $H $$ $( $k $G$7$g$&!# int $, Integer !$ double , float $, Real $H$$ $& 46 $8 $G $9!# $3 $N J8 =q $G $O J8 ;z Ns!$ ;X ?t!$ %j %9 %H $K $D $$ $F $O<h$j07$$$^$;$s!# Integer @0?t Real <B?t Complex J#AG?t String J8;zNs Polynomial B?9‘<0 Rational M-M}4X?t Matrix 9TNs Array G[Ns Index ;X?t List %j%9%H JQ ?t $N $& $A!$ 4X ?t 0z ?t $H $7 $F <h $k >l 9g $K!$ 9T Ns!$ B? 9‘ <0!$ M- M} 4X ?t!$ %j %9 %H $, ;2 >H EO $7 $5 $l $^ $9!# $D $^ $j %] %$ %s %? $G EO $5 $l $k $N $H F1 $8 $G $9!# $= $N $[ $+ $N JQ ?t $O CM EO $7 $5 $l $^$9!#$3$N6hJL$O=EMW$G$9!# $^ $?!$ Cm 0U $9 $k $3 $H $O!$ <B ?t $O $9 $Y $F >. ?t E@ $r $D $1 $k $3 $H $G $9!# $^ $? JQ ?t $N 7? $O C 8@ 8l $H F1 MM!$ 7? JQ 49 $9 $k $3 $H $, $G $- $^ $9!# 9T Ns $I $& $7 $N 7W ;; $G 7k 2L $, 1 � 1 $H $J$C $F $b $= $l $O $" $/ $^ $G 9T Ns $G $" $j %9 %+ %i $K $9 $k $K $O 7? JQ 49 $, I, MW $G $9!# 4.1.2 @)8f9=B$ if , for , while , do , switch $J $I $O A4 $/ F1 MM $K ;H $( $^ $9!#$?$@$7!$ f g $N>JN,$O=PMh$^$;$s!# 4.1.3 G[Ns M A TX $N G[ Ns $O 9T Ns $H $O 6h JL $5 $l $F $$ $^ $9 $,!$ $H $j $" $( $: $O G[ Ns $r ;H $& >l LL $G $O $9 $Y $F 9T Ns $r ;H$C $F 9= $$ $^ $; $s!# $? $@ $7!$ C 8@ 8l $H I= 8= $, 0c$C $F $$ $^ $9!# 9T Ns $N ;H $$ J} $O <! @a$K>y$j$^$9!# 4.1.4 4X?tDj5A 4X?tDj5A$NJ}K!$O C 8@8l$H>/$70c$$$^$9!#4X?t$NDj5A$O Func void main() { } $H $$ $& $h $& $K :G =i $K Func $r ;H $$ $^ $9!# 4X ?t $N Cf $G MQ $$ $k $[ $+ $N 4X ?t $O!$ C 8@ 8l F1 MM $K Ia DL $K =q $- $^ $9!# $3 $l $O 8e $N %7%_%e%l!<%7%g%s$NNc$GJ,$+$k$G$7$g$&!# 2

4.1.5 9TNs M A TX $G 0l HV MQ $$ $k $3 $H $N B? $$ 7? $, $3 $l $G $9!# M A TX $O $[ $H $s $I $N 9T Ns $N 7W ;; $r %5 %]!< %H $7 $^ $9!# $^ $?!$ Ia DL $N ?t<0$GI=8==PMh$k0Y!$%=!<%9$,Hs>o$K8+$d$9$/$J$j$^$9!# 9TNs$O<!$N$h$&$K=q$-$^$9!# A = [[ 1 2 3 ] [ 4 5 6 ] [ 7 8 9 ]]; C 8@ 8l $H F1 MM $K 6u Gr $d 2~ 9T $O 0U L# $r $b $? $J $$ $N $G!$ 5M $a $F =q$$$F $b9= $$$^ $;$s!# ;M3Q %V%i%1%C %H \ [ ", \ ] " $G9T$N ;O$a $H =* $j $r <( $7!$ 99 $K 30 B& $G 9T Ns $N ;O $a $H =* $j $r <( $7 $^ $9!# @.J,$O \ ( ", \ ) " $G;2>H$7$^$9!# A(1,1) = 1; A(1,2) = 2; A(1,3) = 3; A(2,1) = 4; A(2,2) = 5; A(2,3) = 6; A(3,1) = 7; A(3,2) = 8; A(3,3) = 9; $G $b F1 $8 $3 $H $G $9!# C 8@ 8l $G $O \ [ ", \ ] " $G G[ Ns $N Cf ?H $r ;2 >H $7 $^ $9 $,!$ M A TX $G $O \ ( ", \ ) " $G $9 $N $G!$ Cm 0U $7 $F 2< $5 $$!# $^ $? $= $N HV 9f $b C 8@ 8l $G $O 0 $+ $i ;O $^ $j $^ $9 $,!$ M A TX $G $O 1 $+ $i ;O $^ $j $^ $9!# $3 $l $i $N 9T Ns $O 9T Ns %( %G%# %? mated $G$b=q$1$^$9$7!$ matx $N%3%^%s%I%i%$%s$G MaTX(2) read A $H $9 $l $P =q $1 $^ $9!# Matrix @k 8@ $5 $l $F $$ $k JQ ?t $O %9 %+ %i $H F1 MM $K <0 $K =q $1 $^ $9!# Nc $( $P >u BV J} Dx <0 $O <! $N 1 9T $G =q $1$F$7$^$$$^$9!# A * x + B * u $3$l$i$NNc$O%7%_%e%l!<%7%g%s$N@a$G=R$Y$^$9!# 5 B?9‘<04X?t M A TX $O @) 8f 7O 2r @O $G MQ $$ $i $l $k M- M} 4X ?t $N <h $j 07 $$ $r 4J C1 $K $9 $k $? $a $K!$ B? 9‘ <0 4X ?t $, MQ 0U $5 $l $F $$ $^ $9!# M A TX $N Cf$G $O!$B?9‘ <0$N JQ?t$O Polynomial() $G Dj5A$7 $^$9!#EAC#4X?t$rI=$9$N$K$O<!$N$h$&$K$7$^$9!# Polynomial s; Rational G; Matrix A, B, C, D; s = Polynomial("s"); G = 1/(s^2 + 2 * s + 1); {A,B,C,D} = tfm2ss([G]); $3$NNc$OEAC#4X?t$r>uBV6u4VI=8=$9$kNc$G$9!# 5.0.6 %U%!%$%kF~=PNO C 8@ 8l $G $O %U%! %$ %k $N F~ =P NO $J $I $O $+ $J $j Bg JQ $G $7 $?!# printf J8 $J $I $b $= $N I= <( 7A <0 $r ;X Dj $9 $k I, MW $, $" $j Hs >o $K LL E] $G $7 $?!# $7 $+ $7!$ M A TX $O $= $N $[ $H $s $I $r print $H read $G :Q $^ $9 $3 $H $, =P Mh $^ $9!# 9T Ns A $J $I $r %U%! %$ %k $KMn$7$?$$;~$K$O!$ print A >> "A.mat" $H $9 $k $@ $1 $G A.mat $H $$ $& %U%! %$ %k $K $= $N %G!< %? $r =P NO $G $-$^$9!#$^$?!$ read A << "A.mat" $H $9 $k $@ $1 $G!$ A.mat $H $$ $& %U%! %$ %k $N Cf ?H $r 9T Ns A $K BeF~$9$k$3$H$,=PMh$^$9!# 5.1 9TNs7W;;$N4pK\ 9T Ns $O Ia DL $K 7W ;; $9 $k $3 $H $, =P Mh $^ $9!# M A TX $O 6/ NO $J ;z 6g 2r @O!$ 9= J8 2r @O 5! G= $r M- $7!$ $[ $H $s $I I, MW $J 9T Ns 7W ;; $r %9 %+ %i $H F1 $8 46 3P $G 9T $J $& $3 $H $, =P Mh $^ $9!# $7 $? $,$C $F!$ 9T Ns $N @. J, $N 7W ;; $N $? $a $N for %k!< %W $r 0l @Z MQ $$ $k I, MW$,$J$$$h$&$K:n$i$l$F$$$^$9!# Matrix a, b, x, dx, u; a = [[ 1 2 3 ] [ 4 5 6 ] [ 7 8 9 ]]; b = [ 1 2 3 ]’; x = [1 1 1]’; u = [1]; dx = a * x + b * u; $3 $N Nc $N $h $& $K!$ Real $d Integer $J $I $N JQ ?t $H F1 $8 MM $K Ia DL $K 7W ;; $9 $k $3 $H $, =P Mh $^ $9!# Nc $( $P 4p K\ E* $J 1i ;; $O 0J 2<$NDL$j$G$9!# Matrix A $H$7$?$H$-!$ E>CV A’ 5U9TNs A e C10L9TNs I(3,3) Nm9TNs Z(3,3) BP3Q9TNs diag(1.0, 2.0, 3.0) %i%s%/ rank(A) 8GM-CM eigval(A) 6 MM- %U%!%$%k$N<B9TJ}K! %f!< %6!< $, :n$C $? MM- %U%! %$ %k $r %$ %s %? %W %j %? matx $G<B9T$9$kJ}K!$O<!$N 2 <oN‘$G$9!# 1. M A TX $N%3%^%s%I%i%$%s$G MaTX(1) load "file.mm" $H%m!<%I%3%^%s%I$GFI$_9~$_!$$=$l$r<B9T$9$k$K$O MaTX(2) main() $H 4X ?tL> $rBG $F $P<B 9T$G $-$^ $9!# void 7? $N4X ?t$G 0z ?t$,L5$$$H$-$O MaTX(2) main $N$h$&$K3g8L$r>JN,$G$-$^$9!# 2. :G =i $+ $i FI $_ 9~ $‘!# UNIX $N %3 %^ %s %I %i %$ %s $G!$ matx $r<B9T$9$k$H$-$K!$ % matx file.mm - $H $7 $^ $9!# - $r IU $1 $k $H!$ matx $, file.mm $r FI $_ 9~ $s $@ 8e!$ M A TX %3 %^ %s %I %i %$ %s $K $J$C $F $/ $l $k $N $G!$ $= $3 $G main() $H <B 9T $9 $l $P NI $$ $G $7$g $&!# $3 $l $, LL E] $/ $5 $1 $l $P!$ %U%! %$ %k $N :G 8e $K <B 9T $7 $F $b $i $$ $? $$ 4X ?t L> $r =q $- $^ $9!# Nc $( $P 8e $K <( $9 %7 %_%e %l!< %7%g %s $G $O :G 8e $K main(); $H $7 $F $* $1 $P <B 9T $7 $F$/$l$^$9!# 3

%3 %s %Q %$ %i $N ;H $$ J} $O @h $K =R $Y $? $h $& $K!$ C 8@ 8l $H A4 $/ F1 MM$G$9!# 7 I8=‘Ds6!4X?t M A TX $, I8 =‘ $G Ds 6! $9 $k 4X ?t $K $O!# M A TX Fb It $K AH $_ 9~ $^ $l $F $$ $k AH $_ 9~ $_ 4X ?t $H 5! G= 3H D% $N $? $a %f!< %6 $, Dj 5A $9$k %f!<%6Dj5A4X?t $,$"$j$^$9!# 7.1 AH$_9~$_4X?t AH$_ 9~ $_4X ?t $H $O M A TX $K:G =i $+ $iAH $_ 9~ $^$l $F $$ $k4X ?t$G$9!# M A TX $N%3%^%s%I%i%$%s$G MaTX(1) what $H BG $D $H :G =i $K =P $F $/ $k $N $, $= $N 4X ?t $G $9!# $= $l $> $l $K 4X ?t$NF/$-$O!$ MaTX(1) help 4X?tL> $G8+$k$3$H$,=PMh$^$9!# 7.2 %f!<%6Dj5A4X?t %f!<%6Dj5A4X?t$H$O M A TX $N MaTX/inputs $NCf$N MM- %U%! %$ %k $N $3 $H $G $9!# $3 $l $i $O @) 8f 7O 2r @O $K I, MW $J Lr $K N) $D 4X ?t 72 $, F~$C $F $$ $^ $9!# Nc $( $P!$ 2D @) 8f 9T Ns V $r 5a $a $k 4X ?t CoAbleMat() $J $I $r Be I= $H $7!$ $3 $N $[ $+ Ev A3 $N $4 $H $/ %j %+%C %A J} Dx <0 $r 2r $/ 4X ?t Ric() $d!$ %* %V %6!< %P $r <B 8= $9 $k 4X ?t Gopinath() $J $I $b $" $j $^ $9 $7!$ 8e $K @b L@ $9 $k H 1 Ld Bj $r 2r $$ $F $/ $l $k 4X ?t Hinf() $J $I $b $" $j $^ $9!# $3 $l $i $N @b L@ $b AH $_ 9~ $_ 4X ?t $H F1 MM $K help $G 8+ $k $3 $H $, =P Mh $^ $9!# $3 $l $i $N MM- %U%! %$ %k $O %F %- %9 %H %U%! %$ %k $G $9 $N $G!$ $3 $N %G%# %l %/ %H %j $K $$ $1 $P!$ $= $N Cf ?H $r 8+ $k $3 $H $, =PMh$^$9!# <B :] $K %f!< %6 $, ?’!9 $J 4X ?t $r :n$C $F $$ $/ >e $G!$ $3 $N %G%# %l %/ %H %j $K <} $^$C $F $$ $k 4X ?t $r 8+ K\ $K $9 $k $H $$ $$ $G $7$g $&!# 8 %7%_%e%l!<%7%g%s$N4pAC $3 $N @a $G $O %7 %_%e %l!< %7%g %s $N 4p AC $N ;E AH $_ $K $D $$ $F @b L@ $7 $^ $9!# :G 6a $G $O!$ 8E ED 8& $G %7 %_%e %l!< %7%g %s $r $9 $k >l 9g $O M A TX $r MQ $$ $k $3 $H $, B? $/ $J$C $F $- $^ $7 $?!# $= $l $O M A TX $K Hy J, J} Dx <0 $r @Q J, 7W ;; $7 $F $/ $l $k ?t!9 $N 4X ?t $, MQ 0U$5$l$F$$$k$+$i$G$9!# $G$O!$$^$:%7%_%e%l!<%7%g%s$N?w7?$+$i@bL@$7$^$9!# 8.1 diff eqs(), link eqs() M A TX $K $O ?t!9 $N @Q J, 7W ;; 4X ?t $, MQ 0U $5 $l $F $$ $^ $9 $,!$ 4p K\ E* $K $O <! $N %W %m %0 %i %‘ $N $h $& $K ;H $$ $^ $9!# %W %m %0 %i %‘ $N main() 4X?t$N 9 9TL\$N Ode $H$$$&$N$,$=$N7A$G$9!# Func void main() { Real dt; Matrix x0; Array TC, XC, UC; Matrix diff_eqs(), link_eqs(); dt = 0.01; x0 = [1 1 1]’; // =i4|>uBV {TC, XC, UC} = Ode(0.0, 5.0, x0, diff_eqs, link_eqs); print [[TC][XC][UC]] >> "cont.mat" } Func Matrix diff_eqs(t, x, u) Real t; Matrix x, u; { Matrix dx, A, b; A = [[ 0, 1, 0] [ 0, 0, 1] [-2, -3, -4]]; b = [0 0 1]’; dx = A * x + b * u; return dx; } Func Matrix link_eqs(t, x) Real t; Matrix x; { Matrix u, f; f = [ -1, -1, -1]; u = f * x; return u; } 4X O" $9 $k JQ ?t $H $7 $F $O!$ >u BV x !$ F~ NO u !$ ;~ 4V t !$ >u BV $N Hy J, dx $H $, I, MW $G $9!# $3 $l $i $O 4X O" 4X ?t $N link eqs() , diff eqs() $KI,MW$G$9!# @Q J, 4X ?t ( Ode() $J $I ) $O >/ $J $/ $H $b 5 8D 0z ?t $r $H $j $^ $9!# :G =i $+ $i 3+ ;O ;~ 4V!$ =* N; ;~ 4V!$ =i 4| >u BV , diff eqs !$ link eqs $H$J$j$^$9!# $3 $N diff eqs() $O %7 %9 %F %‘ $N >u BV $N Hy J, CM $r JV $9 4X ?t $G $9!# 8@ $$ JQ $( $l $P!$ ;~ 4V t $H >u BV x $H F~ NO u $+ $i!$ >u BV $N Hy J, dx $r JV $9 4X ?t $N $3 $H $G $9!# $= $l $> $l $N JQ ?t $O diff eqs() $N 0z ?t $N Ms $r =q $- 49 $( $k $H!$ JQ $( $k $3 $H $, =P Mh $^ $9!# Nc $( $P Ode(0.0, 5.0, x0, diff, link) $H =q $/$J$i$P!$ diff , link $H$$$&$N$,$=$l$>$l$N4X?t$H$J$j$^ $9!# diff eqs() $N 7? $, Matrix $G $" $k $3 $H $K Cm 0U $7 $F 2< $5 $$!# diff eqs() $N 0z ?t $N 3 $D $, =E MW $G $9!# $= $l $> $l $N JQ ?t$O Ode() $,EO$7$F$$$k$H;W$C$F2<$5$$!# link eqs() $O %7 %9 %F %‘ $X $N F~ NO $r JV $9 4X ?t $G $9!# 8@ $$ JQ $( $l $P!$ ;~ 4V t $H >u BV x $+ $i %7 %9 %F %‘ $X $N F~ NO u $r 7h $a 4

$k 4X ?t $N $3 $H $G $9!# link eqs() $N 7? $b Matrix $G $9!# $3 $N link eqs() $N 2 $D $N 0z ?t $b Ode() $, EO $7 $F $$ $k $H ;W$C $F9=$$$^$;$s!# Ode() $N JV $9 CM $O Nc $r $_ $k $H f TC, XC, UC g $H $J$C $F $$ $^ $9!# $3 $l $O Array $G @k 8@ $5 $l $F $$ $^ $9 $,!$ $= $l $> $l!$ ;~ 4V!$ >u BV!$ F~ NO $N ;~ 7O Ns %G!< %? $H $J$C $F $$ $^ $9!# $7 $? $,$C $F!$:G8e$NJ8$N print [[TC][XC][UC]] >> "cont.mat" $G $O 3 8D $N >u BV $H 1 8D $N F~ NO $r ;} $D %7 %9 %F %‘ $J $N $G!$ 1 9T L\ $K ;~ 4V $,!$ 2 9T L\ $+ $i 5 9T L\ $^ $G $K >u BV $,!$ 6 9T L\ $K F~ NO $, $" $k %G!< %? $, 9T Ns $H $7 $F cont.mat $H $$ $& %U%! %$ %k $K =q $- =P $5 $l $^ $9!# %U%! %$ %k $N =P NO 7A <0 $O E> CV $7 $F $+ $i =P NO $5 $l $^ $9 $N $G!$ %U%! %$ %k $N Cf $G $O Ns Kh $K 3F @. J, $, JB $S $^ $9!# 8.2 F0E*Jd=~4o $3 $l $G Bg BN $N 4p K\ $O J, $+$C $? $H ;W $$ $^ $9!# $3 $N Nc $G $O >u BV %U%#!< %I %P%C %/ $J $N $G static $J %3 %s %H %m!< %i $G $7 $?!# $3 $l $, F0 E* $J %3 %s %H %m!< %i $@$C $? $j!$ %* %V %6!< %P $, F~$C $F $$ $? $j!$ Adaptiv e $N %Q %i %a!< %? 99 ?7 B’ $b F~$C $F $$ $? $i $I $& $J$k$G$7$g$&$+!) Ez$($O!$$9$Y$F diff eqs() $G$9!#A0$NNc$G$O diff eqs() $K$O %W %i%s %H $N <0$7 $+ $" $j$^ $; $s $,!$$" $/ $^ $G M A TX $N@Q J, 4X ?t $O diff eqs() $N JV $9 Hy J, CM $H link eqs() $N JV $9 F~ NO $+ $i @Q J, $7 $F $$ $k $K 2a $. $J $$ $N $G!$ Hy J, J} Dx <0 $G I= $5 $l$k$b$N$O$9$Y$F@QJ,$7$F$7$^$($PNI$$$3$H$K$J$j$^$9!# Nc $( $P!$ @h $N %7 %9 %F %‘ $K $* $$ $F!$ @) 8f $N 0Y $K I, MW $J %Q %i %a!<%?$,<!$NHyJ,J}Dx<0$GI=$5$l$F$$$k$H$7$^$9!# _ p = � G � ( x � a ) $3 $N <0 $O Hy J, J} Dx <0 $G $9 $+ $i diff eqs() $K =q $$ $F $7 $^ $( $P$h$/$F!$ Func Matrix diff_eqs(t, x, u) Real t; Matrix x, u; { Matrix A, b; Matrix dx, dp; A = [[ 0, 1, 0] [ 0, 0, 1] [-2, -3, -4]]; b = [0 0 1]’; G = I(3); a = [[ -1, 0, 1] [ 0, 1, 0] [ 0, 0, 1]]; dx = A * x + b * u; dp = -G * (x - a); return [[dx][dp]]; } $H$J$j $^$9!# 18 9TL\$K CmL\$7$F 2<$5$$!#99 ?7B’$r4^ $a$?$9 $Y $F $N >u BV [[dx][dp]] $r JV $9 $o $1 $G!$ $3 $l $K $H $b $J$C $F EvA3 link eqs() $N$[$&$b=q$-49$($kI,MW$,$"$j$^$9!# :#$^$G$O Ode() $G$9$Y$F$NOC$7$r$7$F$-$^$7$?$,!$ M A TX $O $= $N L\ E* $K 1~ $8 $F B? $/ $N @Q J, 4X ?t $r ;}$C $F $$ $^ $9!# 0J 2< $K$=$l$>$l$N4JC1$J%"%k%4%j%:%‘$H0l=o$K@bL@$7$^$9!# 8.3 rngkut4 4 <! $N %k %s %2 %/%C %? K! $r 9T $J $& 4X ?t $G $9!# =q <0 $O 0J 2< $N DL$j$G$9!# Matrix rngkut4(Real t, Matrix x, Matrix dx(), Matrix u, Real dt) t: ;~4V x: >uBV dx(): dx $rJV$94X?t u: F~NO dt: $-$6$_;~4V dt $, >J N, $5 $l $? ;~ $K $O dt = 1.0E-7 $, ;H $o $l!$ u $, >J N, $5$l$?;~$K$O!$ u = Z(0) $,;H$o$l$^$9!# $3 $l $O for %k!< %W $J $I $K MQ $$ $k $3 $H $, =P Mh $^ $9!# 0J 2< $K Nc$r<($7$^$9!# Func void main() { Integer i, ii; Real dt, t, t1, t2; Matrix x, u; Array X, U; Matrix plant(), controller(); t1 = 0.0; // =i4|;~4V t2 = 5.0; // =*C<;~4V dt = 0.01; // 9o$_;~4V ii = Integer((t2 - t1) / dt); x = [1 1 1]’; // =i4|>uBV u = [0]; X = Z(1, ii, x); U = Z(1, ii, u); t = t1; X(1, 1, x) = x; for (i = 1; i < ii; i++) { u = controller(t, x); x = rngkut4(t, x, plant, u, dt); U(1, i, u) = u; X(1, i+i, x) = x; t = t + dt; } print [[X][U]] >> "cont.mat"; } Func Matrix plant(t, x, u) Real t; Matrix x, u; { Matrix dx, A, b; 5

A = [[ 0, 1, 0] [ 0, 0, 1] [-2, -3, -4]]; b = [0 0 1]’; dx = A * x + b * u; return dx; } Func Matrix controller(t, x) Real t; Matrix x; { Matrix f, u; f = [ -1, -1, -1]; u = f * x; return u; } $3 $N %W %m %0 %i %‘ $O %7 %_%e %l!< %7%g %s $N 4p AC $H $J $k %W %m %0 %i %‘$G $9!# Ode() $H $O $+ $J $j 7A <0 $, 0[ $J $k $N $G Cm 0U $7 $F 2< $5 $$!# Ode() $O dx $r JV $9 4X ?t $H!$ u $r JV $9 4X ?t $r :n$C $F!$ $= $l $r Ode() $N 0z ?t $K =q $1 $P!$ @Q J, $r $d$C $F $= $N 7k 2L $b =q $-=P$7$F$/$l$^$9$,!$$3$N rngkut4() $O=c?h$K%k%s%2%/%C %? K! $r $d$C $F $/ $l $k $@ $1 $J $N $G!$ $3 $N $h $& $K for $G =q $/ I, MW $, $" $j $^ $9!# %k %s %2 %/%C %? K! $N 6q BN E* $J %" %k %4 %j %: %‘ $O <!$N$h$&$K$J$j$^$9!# y 0 = f ( x; y ) $H $$ $& 4X ?t $, B8 :_ $7!$ ( x i ; y i ) $+ $i y i +1 $r 5a $a $k %9 %F%C %W $, <! $N $h $& $J %" %k %4 %j %: %‘ $G <( $5 $l $F $$ $k $H$-!$ p + 1 <!$N%k%s%2%/%C%?K!$G$"$k$H8@$$$^$9!# y i +1 = y i + �y (i = 0 ; 1 ; 2 ; : : : ) �y = � 0 k 0 + � 1 k 1 + � � � + � p k p k 0 = hf ( x i ; y i ) k 1 = hf ( x i + � 1 h; y i + � 1 k 0 ) k 2 = hf ( x i + � 2 h; y i + � 2 k 0 + 2 k 1 ) � � � = � � � k p = hf ( x i + � p h; y i + � p k 0 + p k 1 + � � � ) 0l HL $K $h $/ MQ $$ $i $l $k 4 <! $N %k %s %2 %/%C %? K! $O $3 $N 78 ?t $r 5a$a$k$H!$<!$N$h$&$K$J$j$^$9!# y i +1 = y i + 1 6 ( k 0 + 2 k 1 + 2 k 2 + k 3 ) k 0 = hf ( x i ; y i ) k 1 = hf � x i + h 2 ; y i + k 0 2 � k 2 = hf � x i + h 2 ; y i + k 1 2 � k 3 = hf ( x i + h; y i + k 2 ) 8.4 Ode() $3 $N 4X ?t $, M A TX $N %7 %_%e %l!<%7%g %s $N 4p K\ $G $9!# :G =i $N Nc $G 2r @b $7 $^ $7 $? $N $G!$ $3 $3 $G $O =q <0 $K $D $$ $F @b L@ $7 $^ $9!# Ode(Real t0, Real t1, Matrix x, Matrix diff_eqs(), Matrix link_eqs(), Real h, real dtsav); t0 : =i4|;~4V t1 : =*N;;~4V x : >uBV diff_eqs : dx $rJV$94X?t link_eqs : u $rJV$94X?t h : @QJ,$N$-$6$_I} dtsav : >uBVJ]B84V3V dtsav $H $$$& $N $O Ode() $, JV$7 $F $/ $k7k 2L $O @h$K =R $Y $?$h $& $K f TC, XC, UC g $H $J$C $F $$ $^ $9!# dtsav $O $3 $l $i $N @Q J, $N 7k 2L $r %;!< %V $9 $k ;~ 4V $r <( $7 $^ $9!# $- $6 $_ $, >. $5 $/ $F$b!$ sa v e $O$=$l$[$I>.$5$$I,MW$O$"$j$^$;$s!# link eqs() $r >J N, $7 $? >l 9g $K $O F~ NO $, 0 $H $J $j!$ h $, >J N, $5 $l $? ;~ $K$O!$ h = 4.0E-2 $H $J$j!$ dtsav $, >JN, $5$l$? ;~$K $O!$ dtsav = 1.0E-3 $H$J$j$^$9!# ;H $o $l $F $$ $k %" %k %4 %j %: %‘ $O 4 <! $N %k %s %2 %/%C %? K! $G $9!# for $J$I$r;H$o$J$/$F$b!$ diff eqs() $H link eqs() $5 $( :n $l $P $" $H $O A4 $F $d$C $F $/ $l $k $N $G $3 $N 4X ?t $, A4 $F $N 4pK\ $H$$$C$F$b$$$$$G$7$g$&!# $? $@ $7!$ $- $6 $_ I} $K $O == J, 5$ $r IU $1 $^ $7$g $&!# %W %i %s %H $K $h$C $F $O $- $6 $_ I} $, Bg $- $$ $H 0B Dj $J 1~ Ez $r <( $9 $,!$ $- $6 $_ I} $r >. $5 $/ $9 $k $H IT 0B Dj $J 1~ Ez $r <( $9 $h $& $J >l 9g $, $" $j $^$9!# ?t CM @Q J, $K $* $$ $F $- $6 $_ I} $H $$ $& $N $O Hs >o $K =E MW $J %U%! %/ %? $H $J $j $^ $9!# %W %i %s %H $, $f$C $/ $j JQ 2= $7 $F $$ $k $H $- $K $O $- $6 $_ I} $O Bg $- $/ $F $b NI $$ $o $1 $G $9 $7!$ 5^ 7c $K JQ 2= $7 $F $$ $k ;~ $K $O $- $6 $_ I} $O >. $5 $/ $9 $k I, MW $, M- $j $^ $9!# $3 $l $i $NOC$7$O!$ 8.6 @a$K>y$j$^$9!# Ode() $K $O ?t!9 $N %P %j %(!< %7%g %s $, $" $j $^ $9!# 0J 2< $K $R $H $D $E $D @b L@ $7 $^ $9!# <B :] $K MQ $$ $k ;~ $K $O $3 $N 4, Kv $N I= $K =>$C$F2<$5$$!# 8.5 Hybrid Hybrid $, $D $/ $H!$ N% ;6 7O $N %3 %s %H %m!< %i $H 9M $( $F 7W ;; $,9T$o$l$^$9!#=q<0$O OdeHybrid(Real t0, Real t1, Real dt, Matrix x, Matrix diff_eqs(), Matrix link_eqs(), Real h, Real dtsav) dt $, %5 %s %W %j %s %0 %? %$ %‘ $r <( $7 $^ $9!# 6q BN E* $K $O >u BV x $H ;~ 4V t $+ $i F~ NO u $r JV $9 4X ?t link eqs() $r %5 %s %W %j %s %0 %? %$ %‘ Kh $K 1 2s $: $D 8F $S!$ %5 %s %W %j %s %0 %? %$ %‘ $N 4V $O $= $N F~ NO $r 0l Dj $K J] $A $^ $9 !# %5 %s %W %j %s %0 %? %$ %‘ $N ;~ $K $7 $+ link eqs() $r 8F $P $J $$ $H $$ $& $N $, FC D’ $G $9!# N% ;6 7O $N %3 6

%s %H %m!< %i $r MQ $$ $k $H $- $K $O >o $K $3 $l $r MQ $$ $k I, MW $, M- $j $^$9!# 8.6 Auto =q<0$O0J2<$N$H$*$j$G$9!# OdeAuto(Real t0, Real t1, Matrix x, Matrix dx(), Matrix input(), Real eps, Real dtsav) eps $O 5v MF 8m :9 $r <( $7 $^ $9!# >J N, $9 $k $H eps = 1.0E-6 $H $J $j $^ $9!# Auto $, $D $/ $H!$ %k %s %2 %/%C %? K! $N $- $6 $_ I} $r <+F0 D4 @a $7 $F $/ $l $^ $9!# Ode() $N @b L@ $G @Q J, $N $- $6 $_ I} $N =E MW @- $K $D $$ $F =R $Y $^ $7 $?!# $- $6 $_ I} h $N CM $r >. $5 $/ $9 $l $P!$ 2r $N @: EY $O >e $, $j $^ $9!# 5U $K!$ h $r Bg $- $/ $9 $l $P 35 $7 $F @: EY $O 2< $, $j $^ $9 $,!$ 4X ?t $, 5^ 7c $K JQ 2= $7 $J $$ $H $3 $m $G $O h $r Bg $- $a $K <h$C $F $b 2r $N @: EY $, Mn $A $k $3 $H $O M- $j $^ $; $s!# $= $3 $G!$ 9g M} E* $K @Q J, $N $- $6 $_ I} $r A* $V $? $a $K $O!$ 1 %9 %F%C %W $r @Q J, $7 $? ;~ $K @8 $: $k 8m :9 $N I> 2A $r 9T $J $& $3 $H $G $9!# $- $6 $_ I} $N <+ F0 D4 @a $G $O!$ x $r h ?J $a $k A0 $K!$ <! $N 1, 2 $r9T$J$C$F h $NCM$r7hDj$7$^$9!# 1. x $r h= 2 $@$1 2 2s?J$a$?$H$-$N y $NCM$r y A i $H$7$F!$ x $r h $@$1 1 2s?J$a$?$H$-$N y $NCM$r y B i $H$9$k$H!$ y A i � y B i y A i � � ( i = 0 ; 1 ; 2 ; � � � ) $N H= Dj $r $7 $^ $9!# � $O @) 8f Dj ?t $G @5 $N >. $5 $J CM $G $" $j DL >o 5v MF 8m :9 $r <( $7 $^ $9!# $3 $N >r 7o $, K~ $? $5 $l $k $^$G h $r 1 = 2 $:$D>.$5$/$7$F$$$-$^$9!# 2. x $r h $@ $1 2 2s ?J $a $? $H$- $N y $N CM $r y C i $H$7 $F!$ x $r 2 h $@$1 1 2s?J$a$?$H$-$N y $NCM$r y D i $H$9$k$H!$ y C i � y D i y C i � � ( i = 0 ; 1 ; 2 ; � � � ) $N H= Dj $r $7 $^ $9!# � $O @) 8f Dj ?t $G @5 $N >. $5 $J CM $G $" $j DL >o 5v MF 8m :9 $r <( $7 $^ $9!# $3 $N >r 7o $, K~ $? $5 $l $k $^$G h $r 2 G\$:$DBg$-$/$7$F$$$-$^$9!# $D $^ $j $- $6 $_ I} $r 7h Dj $9 $k $? $a $K $O @Q J, 1 %9 %F%C %W $N 4V $K $- $6 $_ I} h $N 7W ;; $H $= $N H> J, $: $D $N 7W ;; $N :G Dc $G 3 2s $N 7W ;;$r$9$k$3$H$K$J$j$^$9!# @Q J, 7k 2L $, 8m :9 0J Fb $G $J $+$C $? >l 9g $O $= $N $- $6 $_ $r H> J, $: $D >. $5 $/ $9 $k $? $a ;~ 4V $, $+ $+ $j $^ $9 $,!$ 5U $K 4X ?t $N JQ 2= $, $f $k $d $+ $J >l 9g $O!$ $- $6 $_ $r Bg $- $/ $9 $k $N $G!$ A4 BN $N 7W ;; ;~ 4V $O C; $/ $J $j $^ $9!# $^ $?!$ @Q J, $N 8m :9 $r 40 A4 $K K~ $? $7 $F$$$k$?$a?.MjEY$O>e$,$j$^$9!# 8.7 RKF45 =q<0$O0J2<$NDL$j$G$9!# rkf45(Real t, Matrix x, Matrix dx(), Matrix u, Real dt) dt $O >J N, $9 $k $H dt=1.0E-7 $H $J $j $^ $9!# :# $^ $G =R $Y $F $- $? @Q J, 7W ;; $G %k %s %2 %/%C %? K! $N 5 <! $N 8x <0 $b F3 $/ $3 $H $, =P Mh $^ $9!# $7 $+ $7 $3 $N >l 9g $O 1 %9 %F%C %W $" $? $j 4X ?t 7W ;; $r 1 2s 9T $J $& I, MW $, M- $j $^ $9!# $7 $+ $7 F ehlb erg $K $h$C $F $3 $l $, 6 2s $G $9 $‘ $3 $H $, ;n $_ $i $l $^ $7 $?!# $3 $N J} K! $r RKF45 $H 8F $S $^ $9!# 5 <! HG $N %" %k %4 %j %: %‘ $O 0J 2< $N $h $& $K $J $j $^ $9!# k 1 = hf ( x i ; y i ) k 2 = hf ( x i + h 4 ; y i + k 1 4 ) k 3 = hf � x i + 3 h 8 ; y i + � 3 k 1 32 + 9 k 2 32 � k 4 = hf � x i + 12 h 13 ; y i + � 1932 k 1 2197 � 7200 k 2 2197 + 7296 k 3 2197 � k 5 = hf � x i + h; y i + � 429 k 1 216 � 8 k 2 + 3680 k 3 513 � 845 k 4 4104 � k 6 = hf � x i + h 2 ; y i + � � 8 k 1 27 + 2 k 2 � 3544 k 3 2565 + 1859 k 4 4104 � 11 k 5 40 � � y i = 16 135 k 1 + 6656 12825 k 3 + 28561 56430 k 4 � 9 50 k 5 + 2 55 k 6 y i +1 = y i + � y i $3 $3 $G 99 $K 6 8D $N k i $N $& $A 4 8D MQ $$ $F y i +1 $, 4 <! $^ $G @5 3N $K $J $k $h $& $K 78 ?t $r A* $V $3 $H $, =P Mh!$ 4 <! HG $N %" %k %4 %j %:%‘$O!$ � y i = 25 216 k 1 + 1408 2565 k 3 + 2197 4104 k 4 � 1 5 k 5 $3 $N J} K! $O Hs >o $K 7W ;; 2s ?t $r @a Ls $9 $k $3 $H $, =P Mh!$ $7 $+ $b 8m :9 $O 5 <! $N %k %s %2 %/%C %? $J $N $G 99 $K >. $5 $/ $9 $k $3 $H $, =P Mh $^ $9!# M A TX $G $O rkf45 $H $$ $& 4X ?t $, $3 $N %" %k %4 %j %: %‘$r<B8=$7$F$$$^$9!# 8.8 45Auto Ode45Auto $H $$ $& $N $O A0 @a $N RKF45 $r MQ $$ $F $- $6 $_ I}$r<+F0D4@a$9$k4X?t$N$3$H$G$9!#$3$N7W;;$G$O$3$N RKF45 $N 4 <! HG $H 5 <! HG $r 7W ;; $7 $= $N Fs $D $N 8m :9 $+ $i $- $6 $_ I} $r 7h Dj $7 $^ $9!# $7 $? $,$C $F 8m :9 $O 5 >h :, $G 8z $$ $F $/ $k $N $G @: EY $N $h $$ @Q J, 7W ;; $r F@ $k $3 $H $, =P Mh $^ $9!# 45Auto $O :G Dc $G 1 %9 %F%C %W $" $? $j 2 2s $N 7W ;; $r 9T $J $& $N $G!$ 1 %9 %F%C %W $" $? $j 3 2s 7W ;; $9 $k I, MW $, $" $k Auto $h $j $O 7W ;; $O $+ $J $j B.$$ $H8@$($^$9!# 7

8.9 Hs@~7A%W%i%s%H :# $^ $G =R $Y $F $- $? %W %m %0 %i %‘ Nc $O A4 $F @~ 7A %W %i %s %H $G!$ diff eqs() $N Cf $N dx $O 9T Ns 7W ;;$G 5a $^$C $F $$ $^ $7 $? $,!$ %W %i %s %H $, Hs @~ 7A $G $"$C $? $j!$ %3 %s %H %m!< %i $K Hs @~ 7A @- $, F~$C $F $$ $? $H $7 $F $b A4 $/ 9= $$ $^ $; $s!# %7 %_%e %l!< %7%g %s $N 4p K\ $r ;W $$ =P $7 $F 2< $5 $$!# diff eqs() $O dx $r JV $; $P $h $$ $N $G $9 $+ $i!$ 3F @. J, Kh $K $R $H $D $R $H $D Hy J, J} Dx <0 $r =q $$ $F$*$1$PNI$$$o$1$G$9!#Nc$($P!$ d dt " x 1 x 2 # = " cos( x 2 ) sin( x 1 ) # $H$$$&<0$r@QJ,$7$?$1$l$P!$$=$N$^$^ dx(1,1) = cos(x(2,1)) dx(2,1) = sin(x(1,1)) $H=q$/$@$1$G$9!# 8.10 @QJ,$N$^$H$a 0J2< $K M A TX $K B8:_ $9 $k A4$F $N @Q J,4X ?t $N =q<0 $r :\ $;$^ $9!# List rngkut4(Real t, Matrix x, Matrix dx(), Matrix u, Real dt) List Ode(Real t0, Real t1, Matrix x, Matrix dx(), Matrix input(), real h, Real dtsav) List OdeAuto(Real t0, Real t1, Matrix x, Matrix dx(), Matrix input(), Real eps, Real dtsav) List OdeHybrid(Real t0, Real t1, Real dt, Matrix x, Matrix dx(), Matrix input(), Real h, Real dtsav) List OdeHybridAuto(Real t0, Real t1, Real dt, Matrix x, Matrix dx(), Matrix input(), Real eps, Real dtsav); List rkf45(Real t, Matrix x, Matrix dx(), Matrix u, Real dt) List Ode45(Real t0, Real t1, Matrix x, Matrix dx(), Matrix input(), Real h, Real dtsav) List Ode45Auto(Real t0, Real t1, Matrix x, Matrix dx(), Matrix input(), Real eps, Real dtsav) List Ode45Hybrid(Real t0, Real t1, Real dt, Matrix x, Matrix dx(), Matrix input(), Real h, Real dtsav) List Ode45HybridAuto(Real t0, Real t1, Real dt, Matrix x, Matrix dx(), Matrix input(), Real eps, Real dtsav) $G$O$I$N4X?t$r;H$&$Y$-$G$7$g$&$+!) Bg$-$/J,$1$F<!$N 2 <oN‘$KJ,$1$k$3$H$,=PMh$^$9!# � <B 83 $N A0 $N <B %7 %9 %F %‘ $N %7 %_%e %l!< %7%g %s $N >l 9g <B 83 $N A0 CJ 3, $H $7 $F!$ <B :] $N %W %i %s %H $r %b %G %j %s %0 $7 $F!$ %7 %_%e %l!< %7%g %s $r 9T $J $& $J $i $P!$ <B 83 $9 $k ;~ $H $J $k $Y $/ F1 $8 $h $& $J >u 67 @_ Dj $, I, MW $G $9!# $7 $? $,$C$F %5 %s %W %j %s %0 4V 3V $G F~ NO $, 0l Dj $H $J $k Hybrid $OI,?\$G$9!# � M} O@ $N 3N G’ $N 0Y $N ?t CM Nc $H $7 $F $N %7 %_%e %l!< %7%g %s $N >l 9g M} O@ $N 3N G’ $G O" B3 7O $N M} O@ $J $i $P F~ NO $r 0l Dj $K $9 $k I, MW $O $J $$ $N $G!$ Hybrid $r ;H $& I, MW $O $" $j $^$;$s!# Hybrid $r ;H $& :] $K F~ NO $J $I $N 7W ;; $N $? $a $K diff eqs() $N Cf $K <0 $r =q $/ $3 $H $, @5 $7 $$ $+ $H $$ $& E@ $K $D $$ $F $O!$ <! $N $h$&$K9M$($k$3$H$,=PMh$^$9!# link eqs() $N Cf $G %* %$ %i!< @Q J,!$ $" $k $$ $O %k %s %2 %/%C %? K! 4X ?t $r ;H $& @Q J, $r =q $/ ;v $H!$ diff eqs() $K $= $N Hy J, J} Dx <0 $r =q $$ $F $7 $^ $& ;v $N K\ <A E* $J 0c $$ $O!$ @Q J, 8m :9 $r $I $3 $^ $G @5 3N $K 8+ @Q $b$C $F $$ $k $+ $I $& $+ $H $$ $& E@ $@ $1 $G $9!# $I $A $i $K =q $$ $F $$ $F $b!$ Hybrid $r ;H $& $3 $H $G F~ NO $, 0l Dj $H$$$&$3$H$K$D$$$F$O%7%_%e%l!<%7%g%s=PMh$k$o$1$G$9!# $7$?$,$C$F!$B.EYE*$JLL$+$i$b0lHVNI$$$b$N$O Ode45HybridAuto() $G $7$g $&!# $? $@ $7!$ 0l 35 $K CG Dj $G $- $k $b $N $G $b $J $/!$ A4 $F $N @Q J, 4X ?t $N %" %k %4 %j %: %‘ $r M} 2r $7 $F <+ J, $N %7 %_%e %l!< %7%g %s $K E, @Z $J $b $N $r A* $V $3 $H $, =E MW $J $N $O 8@ $& $^ $G $b $" $j$^$;$s!#6qBNE*$JNc$K$D$$$F$O 11 @a$G=R$Y$^$9!# 9 7W;;7k2L$N;k3P2= %7 %_%e %l!< %7%g %s $, =*$C $? $i $= $N 7k 2L $r 8+ $k I, MW $, $" $j $^$9!# print [[TC][XC][UC]] >> "cont.mat" $G %U%! %$ %k $K =P NO $7 $? 7k 2L $O gnuplot $G $= $N $^ $^ 8+ $k $3 $H $,$G$-$^$9!# gnuplot $N;H$$J}$O%^%K%e%"%k$K>y$j$^$9!# $^ $?!$ M A TX $+ $i gnuplot $r 8F $S =P $9 $3 $H $b =P Mh $^ $9!# print $N$+$o$j$K!$ mgplot(1,TC,XC(1,:)) $G>uBV x1 $r8+$k$3$H$,=PMh$^ $9!#J#?t$N%&%#%s%I%&$K%0%i %U $r I= <( $7 $? $j!$ 1 8D $N %&%# %s %I %& $K J# ?t $N %0 %i %U $r I= <( $G$-$^$9$,!$>\$7$/$O%^%K%e%"%k$K>y$j$^$9!# $^ $?!$ xplot ( 8E 2l $K $h$C $F :n $i $l $? )X-Windo w $G F0 $/ %W%m%C%H%D!<%k$b$"$j!$ % xplot cont.mat $H$$ $&7A$G FI$_9~ $‘$3$H $,=PMh $^$9!# GUI %D!<%k $J$N $G@b L@$O>J$-$^$9!# 10 H 1 $N0Y$N@_7W H 1 $N @_ 7W $r M A TX $G 9T $J $& $K $O!$ $I $& $9 $l $P $$ $$ $G $7$g$&$+!) M A TX $N H 1 @_ 7W 4X ?t Hinf() $O El 5~ 9) 6H Bg 3X @) 8f %7 %9%F%‘9) 3X2J 4sIm9V:B $N=u<j$N W.Manop $5$s $,:n$i$l$? $b $N $G $9!# %" %k %4 %j %: %‘ $O W.Manop $5 $s $N O@ J8 $K $h$C $F $$ $^ $9!# $b $A $m $s <+ J, $G H 1 Ld Bj $r 2r $/ 4X ?t $r :n$C $F $b $+ 8

$^ $$ $^ $; $s!# 4p K\ E* $K $O 2 $D $N %j %+%C %A J} Dx <0 $, 2r $1 $l $P NI $$ $o $1 $G $9 $N $G!$ %" %k %4 %j %: %‘ E* $K $O $= $l $[ $I Fq $7 $/ $O $J $$ $H $$ $( $^ $9!# Hinf() $O %f!< %6 Dj 5A 4X ?t $G $9 $N $G!$ ;H $$ J} $O help $G 8+ $k $3 $H $, =P Mh $^ $9!# Hinf() $N 0Y $N =E $_ 4X?t$N@_7W$J$I$O BodePlot() $r;H$&$HNI$$$G$7$g$&!# 11 2 <4%m%\%C%H Adaptiv e %W%m%0%i%‘Nc 0J 2< $K 2 <4 %9 %+ %i %m %\%C %H $N Adaptiv e $N Nc $N %W %m %0 %i %‘ $r :\ $; $^ $9!# %" %k %4 %j %: %‘ $O Slotine & Li(1986) $K $h $j $^ $9!# Cm 0U $7 $F $[ $7 $$ $N $G $9 $,!$ $3 $N %W %m %0 %i %‘ $O $3 $N $^ $^ $G $O Av $j $^ $; $s!# 7W ;; $N %A%’%C %/ $b A4 $/ $7 $F $$ $J $$ $N $G ;2 9M $K $9 $k >l 9g $O 7W ;; $, @5 $7 $$ $+ $I $& $+ <+ J, $G 7W ;; $7 $F $+ $i ;H $& $h $& $K $7 $F 2< $5 $$!# Nc $( $P!$ 33, 34 9T L\ $N lambda $r ;O $a $H $9 $k =t Dj ?t $O $b $A $m $s!$ 35 9T L\ $N 2s 5" 9T Ns Y $r 5a $a $k 4X ?t $b!$ L\ I8 CM qD , dqD , ddqD $b $" $j $^ $; $s $N $G!$ <+ J, $G :n $k I, MW $, $" $j $^ $9!# $3 $3 $G $O Adaptiv e $N %Q %i %a!< %? 99 ?7 B’ $N @Q J, $O diff eqs() $N Cf $G 9T $J$C $F $* $j!$ diff eqs() $N JV $9 dx $O <B %W %i %s %H $N >u BV $H ?d Dj %Q %i%a!<%?$H$G9=@.$5$l$F$$$^$9!# Func Matrix diff_eqs(t, x, u) Real t; Matrix x, u; { Matrix M, C, tau; Matrix dx, q, dq; Real th1, th2, dth1, dth2; Matrix makeYcMatrix(); M = Z(2,2); C = Z(2,2); tau = Z(2,1); q = Z(2,1); dq = Z(2,1); qr = Z(2,1); dqr = Z(2,1); th1 = x(1,1); th2 = x(2,1); dth1 = x(3,1); dth2 = x(4,1); tau = u; q = [[th1][th2]]; dq = [[dth1][dth2]]; M(1,1) = a1 + a2 + 2 * a3 * cos(th2); M(1,2) = a2 + a3 * cos(th2); M(2,1) = a2 + a3 * cos(th2); M(2,2) = a2; C(1,1) = -a3 * sin(th2) * dth2 + a4; C(1,2) = -a3 * sin(th2) * (dth1 + dth2); C(2,1) = a3 * sin(th2) * dth1; C(2,2) = a5; ddq = D \ (tau - C * dq); ddth1 = ddq(1,1); ddth2 = ddq(2,1); dx = Z(9,1); dx(1,1) = dth1; dx(2,1) = dth2; dx(3,1) = ddth1; dx(4,1) = ddth2; // %W%i%s%H dqr = dqD - lambda * (q - qD); ddqr= ddqD - lambda * (dq - dqD); Yc = makeYcMatrix(dqr, ddqr, q, dq); s = dq - dqr; da_hat = - gamma * Yc’ * s; dx(5:9,1) = da_hat; return dx; } Func Matrix link_eqs(t, x) Real t; Matrix x; { Matrix a_hat; Matrix u, q, dq, qr, dqr; Real th1, th2, dth1, dth2; q = Z(2,1); dq = Z(2,1); qr = Z(2,1); dqr = Z(2,1); th1 = x(1,1); th2 = x(2,1); dth1 = x(3,1); dth2 = x(4,1); q = [[th1][th2]]; dq = [[dth1][dth2]]; a_hat = x(5:9,1); u = Z(2,1); dqr = dqD - lambda * (q - qD); ddqr= ddqD - lambda * (dq - dqD); Yc = makeYcMatrix(dqr, ddqr, q, dq); s = dq - dqr; u = Yc * a_hat - Kd * s; return u; } $3$3$G8-L@$J?M$O!$$I$&$7$F%Q%i%a!<%?$N99?7B’$, diff eqs() $N Cf $K =q $$ $F $" $k $N $@ $m $&!) $3 $l $G $O <B :] $N %$ %s %W %j %a %s %H $N ;~ $K <B 8= $G $- $J $$ $N $G $O $J $$ $+!) $H $$ $& 5? Ld $r ;} $? $l $k $G $7$g $&!# $3 $N 5? Ld $O @5 $7 $$ $H $$ $( $^ $9!# <B :] $K 7W ;; 5! $G @) 8f %W %m %0 %i %‘ $r :n $k ;~ $K $O %3 %s %H %m!< %i $O N% ;6 7O $G $9 $+ $i!$ $3 $N $h $& $J @Q J, $O =P Mh $J $$ $H 8@$C $F $b NI $$ $G $7$g $&!# $" $k 0U L# $G $O!$ @) 8f B’ $O A4 $F link eqs() $K =q $/ $Y $- $@ $H $b 8@ $( $^ $9!# <B :] $N %$ %s %W %j %a %s %H $N ;~ $K $O!$ %5 %s %W %j %s %0 ;~ 4V $, C; $$ $H $$ $& $3 $H $G!$ Bg Dq!$ %Q %i %a!< %? 99 ?7 B’ $N @Q J, $J $I $r %* %$ %i!< @Q J, $G $9 $^ $; $k $3 $H $, B? $$ $h $& $G $9 ( $b $A $m $s %k %s %2 %/%C %? K! 4X ?t rngkut4() $r F~ $l $k $h $& $K $9 $l $P $J $* NI $$ $N $G $9 $, ) !# $? $@ $7 A0 =R $7 $? $h $& $K!$ $= $N >l 9g 7k 6I $O diff eqs() $K =q $$ $? ;v $H K\ <A E* $J 0c $$ $O $J $/ $J$C$F$7$^$$$^$9!# $7 $? $,$C $F!$ %7 %_%e %l!< %7%g %s $N >l 9g $O @Q J, $r I, MW $H $9 $k $b $N $O diff eqs() $N Cf $K =q $/ J} $, 4J C1 $K $J $k $H ;W $o $l $^ $9!# $3 $N $h $& $J M} M3 $G!$ $3 $N Nc %W %m %0 %i %‘ $O %Q %i %a!< %? 9

99?7B’$r diff eqs() $NCf$K=q$$$F$$$^$9!# 12 $*$o$j$K !VO@ J8 $r M} 2r $9 $k $K $O!$ $h $/ FI $s $G ?t <0 $r DI$C $F >Z L@ $r M} 2r $9 $k $N $O $b $A $m $s $G $9 $,!$ <B :] $K O@ J8 $G Ds 0F $5 $l $F $$ $k J} K! $r %7 %_%e %l!< %7%g %s $7 $F $_ $F =i $a $F <B 46 $G $- $k $N $G $O$J $$ $G $7$g $&$+!#!W M A TX $r ;H $& $3 $H $O$= $N 0U L# $G Hs>o $KM-8z$@$H;W$o$l$^$9!# ;29MJ88% %7 %_%e %l!< %7%g %s $N 7W ;; K! $K $D $$ $F $O 0J 2< $N K\ $r ;2 9M $K $7$F$$$^$9!# [1] C]K\@k90 , 9S <B , \C $K$h$k?tCM7W;; ", D+AR=qE9 [2] 1|B<$[$+4F=$ , \Numerical Recipie in C", 5;=QI>O@<R 10