%= %j %H %s M} O@ !& 2D @Q J, 7O $N Hs 2D 49 6u 4V $X $N 3H D% L> 8E 20 Bg 3X Bg 3X 1! B? 85 ?t M} 2J 3X 8& 5f 2J IM Cf ?? ;V 1 35 MW %= %j %H %s M} O@ !& 2D @Q J, 7O $N Hs 2D 49 6u 4V $X $N 3H D% $, 8= :_ @9 $s $K 8& 5f $5 $l $D $D $" $k . $3 $l $^ $G , KP J} Dx <0 , KdV J} Dx <0 , Burgers J} Dx <0 $H $$ $C $? 8D !9 $N J} Dx <0 $N Hs 2D 49 2= $O , Lax 7A <0 , J] B8 NL , @~ 7A 2= $J $I $N 4Q E@ $+ $i >\ $7 $/ D4 $Y $i $l , 2? $i $+ $N Hs >o $K FC JL $J @- <A $, J] $? $l $F $$ $k $3 $H $, J, $+ $C $F $$ $k . $7 $+ $7 , $= $N FC JL $J @- <A $O $I $3 $+ $i @8 $8 $F $$ $k $N $+ , 2D @Q J, @- $r M? $( $k $N $K == J, $J $N $+ $J $I , $^ $@ $^ $@ D4 $Y $k $Y $- $3 $H $, ;D $C $F $$ $k . :# $3 $= , $h $j 0l HL E* $J OH AH $_ $r 9= C[ $7 , $= $l $i $N 5/ 8; $d GX 7J $r C5 $k $3 $H $, I, MW $H $5 $l $F $$ $k . $3 $N 5- ;v $G $O , %= %j %H %s M} O@ !& 2D @Q J, 7O $N BN 7O E* Hs 2D 49 2= %W %m %0 %i %‘ ( :4 F# M} O@ $* $h $S %D %$ %9 %? !< M} O@ $N Hs 2D 49 2= ) $H $= $N 8= >u $r >R 2p $9 $k . FC $K :G 6a $N @. 2L $H $7 $F , 5< Hy J, :n MQ AG $N OH AH $_ $+ $i F@ $i $l $k Lax J} Dx <0 $, A4 $F , L5 8B 8D $N J] B8 NL $* $h $S N %= %j %H %s 2r $r ;} $D $3 $H $r <( $9 . B8 :_ $@ $1 $G $J $/ 6q BN E* I= <0 $b M? $( , 2r $N ?6 $k Iq $$ $J $I $K $D $$ $F $b 5D O@ $9 $k . 1 In tro duction 1.1 Motiv ation Hs 2D 49 6u 4V $O :B I8 4X ?t F1 ;N $N @Q $N Hs 2D 49 @- $G FC D’ IU $1 $i $l $k !’ [ x i ; x j ] = i� ij : (1.1) $3 $3 $G , � ij $O H? BP >N $J <B Dj ?t $G $" $j , Hs 2D 49 %Q %i %a !< %? $H 8F $P $l $k . 2 $3 $N 4X 78 <0 $O , NL ;R NO 3X $N @5 =‘ 8r 49 4X 78 [ q ; p ] = i � h $K N‘ ;w $7 $F $* $j , !V 6u 4V $N IT 3N Dj @- 4X 78 !W $r F3 $/ . $3 $N $3 $H $+ $i Hs 2D 49 6u 4V >e $G $O , N3 ;R $N 0L CV $O 40 A4 $K 7h $a $k $3 $H $, $G $- $: , $" $k 9- $, $C $? J, I[ $r ;} $D . $= $N 7k 2L , 2D 49 $J 6u 4V >e $G $O B8 :_ $7 $? >l $N FC 0[ E@ $, , Hs 2D 49 6u 4V >e $G $O 2r >C $5 $l $k $H $$ $& $3 $H $, 5/ $3 $j $& $k . $3 $l $O AG KQ $J 9M ;! $K 2a $. $J $$ $, , Hs 2D 49 6u 4V >e $N (Non-Comm utativ e=NC) >l $N M} O@ $G $O FC 0[ E@ $N 2r >C $, <B :] 0l HL $K 5/ $3 $j , $= $N 7k 2L , Hs 2D 49 6u 4V FC M- $N ?7 $7 $$ J* M} E* BP >] $, 8= $l $k . J, I[ $N 9- $, $j $N I} $O Bg BN q j � ij j $K Hf Nc $7 , 2D 49 $J 6u 4V $X $N 6K 8B � ij ! 0 $G FC 0[ @- $, I| 3h $9 $k . FC 0[ $J >l $N G[ 0L $O Fb It 9= B$ $r ;} $? $: %7 %s %W %k $G $O $" $k $, , Ia DL $K $O <h $j 07 $( $J $$ $? $a 2D 49 6u 4V $G $O 2r @O $N BP >] $+ $i =| 30 $5 $l $k . $3 $l $, Hs 2D 49 6u 4V $G $O 2D G= $K $J $j , MF 0W $J <h $j 07 $$ $+ $i MM !9 $J 1~ MQ $, $b $? $i $5 $l $k . FC $K Hs 2D 49 6u 4V >e $N %2 !< %8 M} O@ $O <’ >l Cf $N %2 !< %8 M} O@ $H Ey 2A $G $" $j , NL ;R %[ !< %k 7O $d 89 M} O@ $N D %V %l %$ %s 7O $X $N 1~ MQ $K 0R NO $r H/ 4x $7 $? . $3 $3 $G $O Hs 2D 49 %= %j %H %s $, =E MW $J Lr 3d $r 2L $? $9 . ( %l %t %e !< $H $7 $F Nc $( $P [5, 6, 15, 16, 31] $J $I $, $" $k .) 1 E-mail: hamanak a@math.nago y a-u.ac.jp; Home P age: h ttp://www2.yuk a w a.ky oto-u.ac.jp/ ~ hamanak a 2 Hs 2D 49 %Q %i %a !< %? � ij $O GX 7J <’ >l $K 4X 78 $7 , <j $G M? $( $i $l $k . Hs 2D 49 %Q %i %a !< %? $O 0l HL $K $O :B I8 $K 0M B8 $7 $F $b $h $$ $, , $3 $3 $G $O Dj ?t $H $9 $k . 1

1.2 T o w ards Noncomm utativ e In tegrable Systems Hs 2D 49 %= %j %H %s $N Cf $G $b FC $K , Hs 2D 49 %$ %s %9 %? %s %H %s 2r ( !a H? <+ 8J AP BP (An ti-Self-Dual=ASD) Y ang-Mills (YM) J} Dx <0 $N 2r ) $O ADHM 9= @. K! $K $h $C $F 87 L) $K 9= @. $5 $l , BP 1~ $9 $k D %V %l %$ %s $N @- <A $K $D $$ $F $b M} 2r $, ?J $s $@ . $3 $l $O ASD YM J} Dx <0 $, Hs 2D 49 6u 4V $G $b !V 2r $1 $k !W $9 $J $o $A !V 2D @Q J, $G $" $k !W $3 $H $r 0U L# $9 $k . ( %l %t %e !< $H $7 $F Nc $( $P [7, 8, 23, 36] $J $I $, $" $k .) 0l J} , $h $j Dc <! 85 $N %= %j %H %s J} Dx <0 , 2D @Q J, J} Dx <0 $H $7 $F , KdV J} Dx <0 , KP J} Dx <0 $H $$ $C $? $b $N $, B? ?t CN $i $l $F $$ $k . $3 $l $i $N Hs 2D 49 2= $K $D $$ $F $b , ?7 $7 $$ J* M} E* BP >] $d $5 $^ $6 $^ $J 1~ MQ $, == J, 4| BT $5 $l $k $, , $= $N BN 7O E* 8& 5f $O $3 $l $^ $G $[ $\ 3’ L5 $G $" $C $? . Hs 2D 49 6u 4V >e $N >l $N J} Dx <0 $H $$ $& $N $O L5 8B 2s Hy J, J} Dx <0 $G 5- =R $5 $l , $= $l $, 2r $1 $k $H $$ $& >u 67 $O $‘ $7 $m 4q @W $K 6a $$ $N $G $" $k . $H $3 $m $, $3 $l $i $N %= %j %H %s J} Dx <0 , 2D @Q J, J} Dx <0 $O <B $O 4 <! 85 $N ASD YM J} Dx <0 $N ( <! 85 ) 4T 85 $K $h $C $F ( $[ $H $s $I A4 $F ) F@ $i $l $k $3 $H $, CN $i $l $F $$ $k (W ard M= A[ [35]). $3 $l $H ASD YM J} Dx <0 $N Hs 2D 49 2= $N @. 8y $r 9g $o $; $k $H , KdV J} Dx <0 , KP J} Dx <0 $H $$ $C $? J} Dx <0 $N Hs 2D 49 2= $b Hs >o $K LL Gr $$ $b $N $H 4| BT $5 $l $k . $3 $l $^ $G $9 $G $K , KP J} Dx <0 , KdV J} Dx <0 , Burgers J} Dx <0 $H $$ $C $? 8D !9 $N J} Dx <0 $N Hs 2D 49 2= $O , Lax 7A <0 , J] B8 NL , @~ 7A 2= $J $I $N 4Q E@ $+ $i >\ $7 $/ D4 $Y $i $l , 2? $i $+ $N Hs >o $K FC JL $J @- <A $, J] $? $l $F $$ $k $3 $H $, Js 9p $5 $l $F $$ $? . $7 $+ $7 , $= $N FC JL $J @- <A $O $I $3 $+ $i @8 $8 $F $$ $k $N $+ , 2D @Q J, @- $r M? $( $k $N $K == J, $J $N $+ , $H $$ $C $? K\ <A E* $J Ld $$ $K BP $9 $k Ez $( $r $^ $@ <j $K $7 $F $O $$ $J $$ . :# $3 $= , $h $j 0l HL E* $J OH AH $_ $r 9= C[ $7 , $= $l $i $N 5/ 8; $d GX 7J $r C5 $k $3 $H $, I, MW $H $5 $l $F $$ $k . $3 $N $h $& $J >u 67 $r <u $1 $F , ;d C# $O <! $N 8& 5f J} 8~ $r Ds <( $7 $? !’ � Hs 2D 49 %D %$ %9 %? !< M} O@ $N 9= C[ $H Hs 2D 49 W ard M= A[ [11] $N 8! >Z � Hs 2D 49 :4 F# M} O@ $N 9= C[ $H 2r 6u 4V $N 9= B$ 2r L@ %D %$ %9 %? !< M} O@ $O ASD YM J} Dx <0 $N 2D @Q J, @- $r 5- =R $9 $k :G $b K\ <A E* $J OH AH $_ $G $" $j , W ard M= A[ $N 8! >Z $K $b IT 2D 7g $G $" $k [21]. %D %$ %9 %? !< M} O@ $N Hs 2D 49 2= $O $9 $G $K 5D O@ $5 $l $F $* $j ( Nc $( $P [17, 14, 32]), Hs 2D 49 W ard M= A[ $b $$ $/ $D $+ $N J} Dx <0 $K $D $$ $F 9N Dj E* $K 8! >Z $5 $l $F $$ $k [12, 19, 24]. ASD YM J} Dx <0 $K $O BP 1~ $9 $k J* M} E* >u 67 $, B8 :_ $9 $k $N $G , ( <! 85 ) 4T 85 $G F@ $i $l $? J} Dx <0 $b $" $k J* M} 7O $r 5- =R $7 , 87 L) 2r $N 2r @O $+ $i , $5 $^ $6 $^ $J 1~ MQ $, 4| BT $5 $l $k . :4 F# M} O@ $O , ( Dc <! 85 $N ) %= %j %H %s J} Dx <0 $N :G $b Jq 3g E* $+ $D AT Bg $J M} O@ $H $7 $F CN $i $l $F $* $j , B? =E %= %j %H %s $N 87 L) 2r $N 9= @. $d L5 8B 8D $N J] B8 NL $N F3 =P $@ $1 $G $J $/ , 2r 6u 4V $N 9= B$ $d , GX 8e $K $" $k L5 8B <! 85 $N BP >N @- $J $I $, A4 $F L@ $i $+ $K $5 $l $k . $3 $N M} O@ $N Hs 2D 49 6u 4V $X $N 3H D% $K $h $j , 2D @Q J, @- $N 5/ 8; $d 4v 2? 3X E* GX 7J $, L@ $i $+ $K $5 $l $k $H 4| BT $5 $l $k . $3 $N 5- ;v $G $O , >e 5- $N %= %j %H %s M} O@ !& 2D @Q J, 7O $N Hs 2D 49 2= %W %m %0 %i %‘ $H $= $N 8= >u $r >R 2p $9 $k . FC $K :G 6a $N @. 2L $H $7 $F , Hs 2D 49 3, AX $N OH AH $_ $+ $i F@ $i $l $k Lax J} Dx <0 $, A4 $F , L5 8B 8D $N J] B8 NL [9] $* $h $S N %= %j %H %s 2r $r ;} $D $3 $H $r <( $9 . B8 :_ $@ $1 $G $J $/ 6q BN E* I= <0 $b M? $( , 2r $N ?6 $k Iq $$ $J $I $K $D $$ $F $b %3 %a %s %H $9 $k . $3 $l $O $^ $@ $^ $@ H/ E8 ES >e $G $" $j , 8= ;~ E@ $G $O <B 83 ;v <B $N Js 9p $K 2a $. $J $$ $, , <B 83 %G !< %? $O , 2D @Q J, @- $, Hs 2D 49 6u 4V >e $G $b J] $? $l $F $$ $k $3 $H $r 6/ $/ <( :6 $7 $F $* $j , 2D @Q J, 7O 8& 5f $N ?7 $7 $$ CO J? $, M= 46 $5 $l $k . 2

2 Noncomm utativ e Sato’s Theory :4 F# M} O@ [29] $O , KP J} Dx <0 7O $r ?F 6L $H $9 $k , %= %j %H %s M} O@ $N :G $b H~ $7 $$ M} O@ $H $7 $F CN $i $l , 5< Hy J, :n MQ AG $r MQ $$ $F Dj <0 2= $5 $l $k . M} O@ $N MW $O , 3, AX J} Dx <0 ( L5 8B 8D $N Lax J} Dx <0 $N 7O Ns ) $N B8 :_ $H � 4X ?t $N B8 :_ $G $" $k . $3 $3 $G $O , :4 F# M} O@ $N Hs 2D 49 2= $N 8= >u $r 4J C1 $K Js 9p $9 $k . FC $K $4 $/ :G 6a F@ $i $l $? , L5 8B 8D $N J] B8 NL [9] $K $D $$ $F 5D O@ $9 $k . 2.1 Brief In tro duction to NC Field Theories 2D 49 6u 4V >e $N M} O@ $+ $i =P H/ $7 $F Hs 2D 49 6u 4V >e $N M} O@ $r F@ $k $K $O , $b $H $N 2D 49 6u 4V >e $N M} O@ $K 8= $l $k >l F1 ;N $N @Q $r A4 $F %9 %? !< @Q $H $$ $& $b $N $K CV $- 49 $( $l $P $h $$ . %f !< %/ %j %C %I 6u 4V $r 07 $& >l 9g $O , %9 %? !< @Q $H $7 $F Mo y al @Q $r $H $l $P $h $$ . Mo y al @Q $O Ia DL $N 2D 49 $J 4X ?t ( >l ) $K BP $7 $F Dj 5A $5 $l $k @Q $N 0l $D $G $" $k [22] !’ f ? g ( x ) := exp � i 2 � ij @ ( x 0 ) i @ ( x 00 ) j � f ( x 0 ) g ( x 00 ) � � � x 0 = x 00 = x = f ( x ) g ( x ) + i 2 � ij @ i f ( x ) @ j g ( x ) + O ( � 2 ) (2.1) Mo y al @Q $O <! $N =E MW $J @- <A $r ;} $D ( $h $j >\ $7 $$ 5D O@ $O Nc $( $P [15, 20, 26, 25] $J $I ;2 >H .) !’ � 7k 9g B’ $, @. $j N) $D !’ f ? ( g ? h ) = ( f ? g ) ? h � :B I8 4X ?t F1 ;N $N Hs 2D 49 @- (1.1) $r :F 8= !’ [ x i ; x j ] ? := x i ? x j � x j ? x i = i� ij � 2D 49 6K 8B � ij ! 0 $G Ia DL $N @Q $K La $k . 2 HV L\ $N @- <A $+ $i , $3 $N @Q $N CV $- 49 $( $, Hs 2D 49 6u 4V >e $N M} O@ $r M? $( $F $$ $k $3 $H $, J, $+ $k . 3 HV L\ $N @- <A $r 9M N8 $9 $k $H , Hs 2D 49 6u 4V >e $N M} O@ $O , $b $H $N 2D 49 6u 4V >e $N M} O@ $N 0l $D $N JQ 7A M} O@ $K B> $J $i $J $$ . >l $d :B I8 <+ ?H $O Ia DL $N c ?t $N 4X ?t $G $" $k $, , $= $l $i $N @Q $@ $1 $, JQ 7A $5 $l $F , Hs 2D 49 6u 4V $r <B 8= $7 $F $$ $k $N $G $" $k . $7 $? $, $C $F 2D @Q J, 7O $N Hs 2D 49 6u 4V $X $N 3H D% $O , FC JL $J 2D @Q J, JQ 7A $H M} 2r $9 $k $3 $H $b $G $- $k . Mo y al @Q $O Hs 2D 49 $J @Q ( f ? g 6 = g ? f ) $G $" $j , Hs @~ 7? 9‘ $, $I $N $h $& $J =g =x $G JQ 7A $5 $l $k $N $+ $, =E MW $J %] %$ %s %H $H $J $k $, , :4 F# M} O@ $N OH AH $_ $G $O Lax 7A <0 (2.11) $r =P H/ E@ $H $9 $k $3 $H $G 3N Dj $9 $k . 2.2 NC Gelfand-Dic k ey’s Hierarc hies $3 $3 $G $O , 5< Hy J, :n MQ AG $r MQ $$ $F 3, AX J} Dx <0 ( L5 8B 8D $N Lax J} Dx <0 $N 7O Ns ) $N B8 :_ $r 6q BN E* $K <( $9 . $^ $: 5< Hy J, :n MQ AG $r Dj 5A $9 $k . N 3, $N ( %b %K %C %/ $J ) 5< Hy J, :n MQ AG A $O Ii 6R $N Hy J, :n MQ AG $r 4^ $‘ , <! $N $h $& $J :n MQ AG $G $" $k !’ A = @ N x + a N � 1 @ N � 1 x + � � � + a 0 + a � 1 @ � 1 x + a � 2 @ � 2 x + � � � : (2.2) 3

$3 $3 $G <! $N $h $& $J 5- 9f $r F3 F~ $7 $F $* $/ $H JX Mx $G $" $k !’ A � r := @ N x + a N � 1 @ N � 1 x + � � � + a r @ r x ; (2.3) A � r := A � A � r +1 = a r @ r x + a r � 1 @ r � 1 x + � � � ; (2.4) res r A := a r : (2.5) FC $K res � 1 A $O 5< Hy J, :n MQ AG A $N N1 ?t $H 8F $P $l $k . Ii 6R $N Hy J, @ n x $N 3] $1 ;; :n MQ AG f $X $N :n MQ $O , Leibniz B’ $N 0l HL 2= $H $7 $F M? $( $i $l $k !’ @ n x � f := X i � 0 n i ! ( @ i x f ) @ n � i x ; (2.6) $3 $3 $G Fs 9‘ 78 ?t $O <! $N $h $& $K Dj 5A $5 $l $k !’ n i ! := n ( n � 1) � � � ( n � i + 1) i ( i � 1) � � � 1 : (2.7) $3 $N Fs 9‘ 78 ?t $N Dj 5A (2.7) $O , Ii $N n $G $b Dj 5A $5 $l $k $? $a , <0 (2.6) $O Ii 6R $N Hy J, :n MQ AG $N :n MQ $r Dj $a $F $$ $k . Nc $( $P , @ � 1 x � f = f @ � 1 x � f 0 @ � 2 x + f 00 @ � 3 x � � � � ; @ � 2 x � f = f @ � 2 x � 2 f 0 @ � 3 x + 3 f 00 @ � 4 x � � � � ; @ � 3 x � f = f @ � 3 x � 3 f 0 @ � 4 x + 6 f 00 @ � 5 x � � � � ; (2.8) $? $@ $7 f 0 := @ f =@ x; f 00 := @ 2 f =@ x 2 . 1& JU $N @ � 1 x $O 4X ?t $K BP $7 $F @Q J, :n MQ AG R x dx $H $7 $F :n MQ $9 $k . 5< Hy J, :n MQ AG $N 9g @. $O , >e 5- $N :n MQ $+ $i @5 $7 $/ Dj 5A $5 $l , 5< Hy J, :n MQ AG A4 BN $O :n MQ AG $N Be ?t $r @. $9 . ( >\ $7 $/ $O Nc $( $P [1] Ey $r ;2 >H .) <! $K 5< Hy J, :n MQ AG $r MQ $$ $? Hs 2D 49 3, AX ( J} Dx <0 ) $N Dj 5A $r $9 $k . $^ $: 1 3, $N 5< Hy J, :n MQ AG L $r F3 F~ $7 $h $& !’ L = @ x + u 2 @ � 1 x + u 3 @ � 2 x + u 4 @ � 3 x + � � � : (2.9) 3F 78 ?t u k ( k = 2 ; 3 ; : : : ) $O L5 8B 8D $N !V ;~ 4V JQ ?t !W ( x 1 ; x 2 ; : : : ) $K 0M B8 $9 $k 4X ?t $G $" $k . ( $? $@ $7 x 1 � x . cf. (2.16).) u k = u k ( x 1 ; x 2 ; : : : ) : (2.10) $3 $N L5 8B 8D $N JQ ?t $N 0l It $, , ;~ 4V , 6u 4V $N :B I8 $K BP 1~ $9 $k . $7 $? $, $C $F Hs 2D 49 @- $O $3 $N L5 8B 8D $N !V ;~ 4V JQ ?t !W ( x 1 ; x 2 ; : : : ) $K BP $7 $F F3 F~ $5 $l $k . Hs 2D 49 @- $O $3 $N CJ 3, $G $O G$ 0U $K M? $( $i $l $k . Hs 2D 49 3, AX $O , 2 $D $N @~ 7? J} Dx <0 7O L ? = � ; @ m = B m ? , ( $? $@ $7 � $O Dj ?t ) $N N> N) >r 7o $H $7 $F F@ $i $l , $7 $? $, $C $F 9- $$ 0U L# $G $N Lax 7A <0 $G $" $k : @ m L = [ B m ; L ] ? ; m = 1 ; 2 ; : : : ; (2.11) 4

$3 $3 $G Hy J, @ m $N L $K BP $9 $k :n MQ $O , @ m L := [ @ m ; L ] $" $k $$ $O @ m @ k x = 0 $N $h $& $K @ k x $N 78 ?t $X $N :n MQ $H $7 $F Dj 5A $5 $l $k . $^ $? :n MQ AG B m $O , Hy J, :n MQ AG $G $" $j , B m := ( L ? � � � ? L | {z } m 8D ) � 0 =: ( L m ) � 0 ; (2.12) $G Dj 5A $5 $l $k . 6q BN Nc $O 0J 2< $N DL $j !’ B 1 = @ x ; B 2 = @ 2 x + 2 u 2 ; B 3 = @ 3 x + 3 u 2 @ x + 3( u 3 + u 0 2 ) : (2.13) Hs 2D 49 3, AX (2.11) $O 3F m $K $D $$ $F , @ 1 � k x $N 3F 78 ?t $+ $i @8 $8 $k L5 8B 8D $N Hy J, J} Dx <0 $r 4^ $s $G $$ $k . $7 $? $, $C $F , m $r F0 $+ $9 $H , KD Bg $J ?t $N Hy J, J} Dx <0 $, F@ $i $l $k . $3 $l $r Hs 2D 49 3, AX J} Dx <0 $H 8F $V . Hs 2D 49 3, AX J} Dx <0 $N :8 JU $O , (2.11) $h $j @ m u k $N 7A $K $J $k $N $G , x m J} 8~ $N !V Hs 2D 49 H/ E8 J} Dx <0 !W $H $b 8F $P $l $k . $5 $i $K $3 $N Hs 2D 49 (KP) 3, AX (2.11) $K E, Ev $J Jd =u >r 7o $r 2C $( $k $H , MM !9 $J Hs 2D 49 3, AX $, F3 $+ $l $k . FC $K Jd =u >r 7o L l = B l (2.14) $O Hs 2D 49 KP 3, AX $N l %j %@ %/ %7 %g %s $H 8F $P $l , Hs 2D 49 KdV 3, AX ( l = 2), Hs 2D 49 Boussinesq 3, AX ( l = 3) $H $$ $C $? L5 8B 8D $N Hs 2D 49 3, AX $N 7O Ns $r @8 $_ =P $9 . $3 $N $H $- , A4 $F $N N ; k $K BP $7 $F @ u k @ x N l = 0 ; (2.15) $9 $J $o $A , x N l J} 8~ $X $N <! 85 4T 85 $r M? $( $F $$ $k $3 $H $, J, $+ $k . ( $J $< $J $i , dL l =dx N l = [ B N l ; L l ] ? = [( L l ) N ; L l ] ? = 0.) $3 $N >l 9g , Jd =u >r 7o L l = B l $, , L5 8B <o N‘ $N >l F1 ;N $K 4J L@ $J 4X 78 <0 $r M? $( , L5 8B <o N‘ $N >l u l +1 ; u l +2 ; u l +3 ; : : : $, ( l � 1) <o N‘ $N >l u 2 ; u 3 ; : : : ; u l $G I= $5 $l $k . 6q BN Nc $r >R 2p $9 $k !’ � Hs 2D 49 KP 3, AX $^ $: , 2? $b Jd =u >r 7o $r 2C $( $J $$ Hs 2D 49 3, AX (2.11) $, Hs 2D 49 KP J} Dx <0 $r 4^ $s $G $$ $k $3 $H $r <( $9 . Hs 2D 49 3, AX (2.11) $K $* $1 $k 5< Hy J, :n MQ AG $N 3F $Y $- $N 78 ?t $, , L5 8B 8D $N Hs 2D 49 !V H/ E8 J} Dx <0 !W $r M? $( $k . $9 $J $o $A , m = 1 $K BP $7 $F , @ 1 � k x ) @ 1 u k = u 0 k ; k = 2 ; 3 ; : : : ) x 1 � x; (2.16) m = 2 $K BP $7 $F , @ � 1 x ) @ 2 u 2 = u 00 2 + 2 u 0 3 ; @ � 2 x ) @ 2 u 3 = u 00 3 + 2 u 0 4 + 2 u 2 ? u 0 2 + 2[ u 2 ; u 3 ] ? ; @ � 3 x ) @ 2 u 4 = u 00 4 + 2 u 0 5 + 4 u 3 ? u 0 2 � 2 u 2 ? u 00 2 + 2[ u 2 ; u 4 ] ? : (2.17) 5 m = 3 $K BP $7 $F , @ � 1 x ) @ 3 u 2 = u 000 2 + 3 u 00 3 + 3 u 0 4 + 3 u 0 2 ? u 2 + 3 u 2 ? u 0 2 ; @ � 2 x ) @ 3 u 3 = u 000 3 + 3 u 00 4 + 3 u 0 5 + 6 u 2 ? u 0 3 + 3 u 0 2 ? u 3 + 3 u 3 ? u 0 2 + 3[ u 2 ; u 4 ] ? : (2.18) =E MW $J $3 $H $O , x 2 J} 8~ $N !V ;~ 4V H/ E8 !W $N <0 (2.17) $+ $i , L5 8B <o N‘ $N >l u 3 ; u 4 ; u 5 ; : : : $, #1 <o N‘ $N >l 2 u 2 � u $G I= $5 $l $F $7 $^ $& $3 $H $G $" $k . $3 $l $, 3, AX $N B8 :_ >r 7o $G $" $j , Hs 2D 49 6u 4V $G $b K~ $? $5 $l $F $$ $k $3 $H $, J, $+ $k [13]. $3 $N $h $& $K $7 $F Hs @~ 7? 9‘ $N =g =x $b 3N Dj $9 $k . <0 (2.17) $N :G =i $N #2 $D $N <0 $r MQ $$ $F , <0 (2.18) $N :G =i $N <0 $+ $i , u 3 ; u 4 $r >C 5n $9 $k $H , (2 + 1) <! 85 $N Hs 2D 49 KP J} Dx <0 [27, 18] $, F@ $i $l $k ( $? $@ $7 2 u 2 � u; x 2 � y ; x 3 � t ): @ u @ t = 1 4 @ 3 u @ x 3 + 3 4 @ ( u ? u ) @ x + 3 4 Z x dx 0 @ 2 u @ y 2 � 3 4 " u; Z x dx 0 @ u @ y # ? : (2.19) $7 $? $, $C $F Hs 2D 49 3, AX (2.11) $N $3 $H $r Hs 2D 49 KP 3, AX $H 8F $V . J} Dx <0 (2 : 19) $O , x; y ; t $K $D $$ $F $N Hy J, $N $_ $r 4^ $_ , (2 + 1) <! 85 ;~ 6u >e $N J} Dx <0 $H 9M $( $k $3 $H $, $G $- $k . $3 $N J} Dx <0 $N $_ $K Ce L\ $9 $k >l 9g , B> $N :B I8 ( x 4 ; x 5 ; � � � ) $O $$ $o $P \Extra Dimension" $K B0 $7 , K\ <A E* $G $O $J $$ . $h $C $F $3 $N $H $- Hs 2D 49 @- $O ;~ 4V !& 6u 4V :B I8 x; y ; t $K BP $7 $F $N $_ F3 F~ $5 $l $k $Y $- $G $" $k . � Hs 2D 49 KdV 3, AX ( Hs 2D 49 KP 3, AX $N #2 %j %@ %/ %7 %g %s ) Jd =u >r 7o L 2 = B 2 =: @ 2 x + u $r Hs 2D 49 KP 3, AX $K 2] $9 $H , Hs 2D 49 KdV 3, AX $, F@ $i $l $k . $3 $N >l 9g , Hs 2D 49 3, AX @ u @ x m = h B m ; L 2 i ? ; (2.20) $, D> @\ m <! Hs 2D 49 KdV J} Dx <0 $r @8 $_ =P $9 . $9 $J $o $A , (2.20) $O 5< Hy J, :n MQ AG $N @5 6R , Ii 6R $H $b $K 4^ $^ $J $$ . Nc $( $P , m = 3 $N $H $- , x 3 � t $H $9 $k $H (1 + 1) <! 85 Hs 2D 49 (3 <! ) KdV J} Dx <0 [3] _ u = 1 4 u 000 + 3 4 ( u ? u ) 0 ; (2.21) $, F@ $i $l , m = 5 $N $H $- , x 5 � t $H $9 $k $H , (1 + 1) <! 85 Hs 2D 49 5 <! KdV J} Dx <0 [33] _ u = 1 16 u 00000 + 5 16 ( u ? u 000 + u 000 ? u ) + 5 8 ( u 0 ? u 0 + u ? u ? u ) 0 ; (2.22) $, F@ $i $l $k . $? $@ $7 _ u := @ u=@ t . Hs 2D 49 3 <! KdV J} Dx <0 $H Hs 2D 49 5 <! KdV J} Dx <0 $O 6& $K (1 + 1) <! 85 ;~ 6u >e $N J} Dx <0 $G $" $k $, , ;~ 4V :B I8 $, 0[ $J $k $3 $H $K Cm 0U $5 $l $? $$ . J] B8 NL $r 5D O@ $9 $k :] $O , $I $N J} Dx <0 $K Ce L\ $7 $I $N :B I8 $r ;~ 4V !& 6u 4V $H $_ $J $9 $N $+ $r L@ 8@ $7 $J $1 $l $P $J $i $J $$ . F1 MM $K $7 $F , Hs 2D 49 Boussinesq 3, AX , Hs 2D 49 Coupled KdV 3, AX , Hs 2D 49 Sa w ada-Kotera 3, AX , Hs 2D 49 JQ 7A KdV 3, AX , Hs 2D 49 Burgers 3, AX $J $I 9- $$ %/ %i %9 $N Hs 2D 49 3, AX $, F@ $i $l $k . ( $3 $l $i $r Hs 2D 49 Gelfand-Dic k ey 3, AX $H 8F $V .) AKNS 3, AX $H $$ $C $? 9T Ns 7? $N $b $N $N 3H D% (NLS 3, AX $b 4^ $^ $l $k ) $d Bogo y a vlenskii-Calogero-Sc hi� (BCS) 3, AX $N 3H D% $b F1 MM $K 2D G= $G $" $k . 6

2.3 In�nite Conserv ed Quan tities $3 $3 $G $O , $3 $N $h $& $K $7 $F Hs 2D 49 3, AX $+ $i F@ $i $l $? J} Dx <0 $, A4 $F , L5 8B 8D $N J] B8 NL $r ;} $D $3 $H $r <( $9 . J] B8 NL $N B8 :_ $O BP >N @- $N B8 :_ $H L) @\ $J 4X 78 $K $" $j , L5 8B 8D $N J] B8 NL $N B8 :_ $O GX 8e $K $" $k L5 8B <! 85 $N BP >N @- $N B8 :_ $r <( :6 $7 $F $$ $k $H 9M $( $i $l $k . $^ $: , J] B8 B’ $H J] B8 NL $N 4X 78 $r ;W $$ $@ $= $& . J] B8 B’ $H $$ $& $N $O , <! $N $h $& $J 4X 78 <0 $N $3 $H $G @ � ( t; x i ) @ t = @ i J i ( t; x i ) : (2.23) $? $@ $7 t , x i $O $= $l $> $l ;~ 4V :B I8 , 6u 4V :B I8 $G $" $j , � ( t; x i ) $O J] B8 L) EY , J i ( t; x i ) $O $= $l $K IU ?o $7 $? N. B+ $H 8F $P $l $k . $3 $N $H $- J] B8 L) EY $N 6u 4V @Q J, Q ( t ) = Z space d D x� ( t; x i ) ; (2.24) $, J] B8 NL $r M? $( $k . $9 $J $o $A dQ dt = @ @ t Z space d D x� ( t; x i ) = Z space d D x@ i J i ( t; x i ) = Z spatial in�nit y dS i J i ( t; x i ) = 0 ; (2.25) $? $@ $7 , J i ( t; x i ) $N I= LL @Q J, $O >C $( $k $b $N $H $9 $k . 2.1 @a $N 5D O@ $K $h $j , $3 $N 5D O@ $O Hs 2D 49 6u 4V $G $b A4 $/ F1 MM $K @. $j N) $D $3 $H $, J, $+ $k . $? $@ $7 , $I $N :B I8 $, ;~ 4V :B I8 $G , $I $N :B I8 $, 6u 4V :B I8 $J $N $+ $r L@ <( $7 $J $1 $l $P $J $i $J $$ . $3 $3 $G Hs 2D 49 3, AX $N Cf $N $" $k J} Dx <0 $K Ce L\ $7 , $= $N J] B8 B’ , J] B8 L) EY $K $D $$ $F 5D O@ $7 $h $& . $3 $N $H $- Hs 2D 49 @- $O , ;~ 4V !& 6u 4V J} 8~ $K $N $_ F3 F~ $5 $l $F $$ $k . (cf. <0 (2.19) $N 2< $N %3 %a %s %H .) E7 2< $j $G $" $k $, , :B I8 x m $, ;~ 4V :B I8 t $G $" $k $H $- , ( L5 8B 8D $N ) J] B8 L) EY $O <! <0 $N $h $& $K $J $k ( n = 1 ; 2 ; : : : ) [9] !’ � n = res � 1 L n + X i � im m � 1 X k =0 k X l =0 k l ! @ k � l x res � ( l +1) L n � @ i res k L m ; (2.26) $3 $3 $G , \ � " $O Strac han @Q [30] $H 8F $P $l $k @Q $G <! $N $h $& $K Dj 5A $5 $l $k !’ f ( x ) � g ( x ) := 1 X s =0 ( � 1) s (2 s + 1)! � 1 2 � ij @ ( x 0 ) i @ ( x 00 ) j � 2 s f ( x 0 ) g ( x 00 ) � � � x 0 = x 00 = x : (2.27) Strac han @Q $O 2D 49 $G $" $k $, 7k 9g B’ $r K~ $? $5 $J $$ $H $$ $& @- <A $r ;} $D . $$ $^ Hs 2D 49 @- $O ;~ 4V !& 6u 4V J} 8~ $K $N $_ F3 F~ $5 $l $F $$ $k $N $G , i $O $= $N J} 8~ $N @. J, $N $_ $r Av $k . 6u 4V (! 6u 4V Hs 2D 49 @- $N $H $- $K $O , � im = 0 $h $j , J] B8 L) EY $O L n $N N1 ?t res � 1 L n $K Ey $7 $$ . 0l J} , ;~ 4V (! 6u 4V Hs 2D 49 @- $N $H $- $K $O , (2.26) $N Bh 2 9‘ $N 4s M? $, $" $k $? $a , J] B8 L) EY $, Bg I} $K JQ 7A $5 $l $k $3 $H $, J, $+ $k . (res � r L n $N 6q BN E* I= <0 $O [9] $N App endix A $+ $i 8+ $F <h $l $k .) Nc $( $P , Hs 2D 49 KP J} Dx <0 ([ t; x ] = i� ) $* $h $S Hs 2D 49 KdV J} Dx <0 $N J] B8 L) EY $O <! $N $h $& $K $J $k !’ � n = res � 1 L n � 3 � ((res � 1 L n ) � u 0 3 + (res � 2 L n ) � u 0 2 ) : (2.28) l %j %@ %/ %7 %g %s $7 $? 3, AX $K BP $7 $F $O , J] B8 L) EY (2.26) $O n = N l ( N = 1 ; 2 ; : : : ) $K BP $7 $F <+ L@ $J $b $N $K $J $k . 7

2.4 Commen ts on Exact Soliton Solutions $^ $: 1 %= %j %H %s 2r $K $D $$ $F %3 %a %s %H $9 $k . ?7 $7 $$ JQ ?t z := x + v t; � z := x � v t $G <0 (2.1) $r =q $- 49 $( $k $H f ( z ; � z ) ? g ( z ; � z ) = exp f iv � ( @ � z 0 @ z 00 � @ z 0 @ � z 00 ) g f ( z 0 ; � z 0 ) g ( z 00 ; � z 00 ) � � � z 0 = z 00 = z � z 0 = � z 00 = � z (2.29) $H $J $k . $7 $? $, $C $F , f ( z ) ? g ( z ) = f ( z ) g ( z ) ; f ( � z ) ? g ( � z ) = f ( � z ) g ( � z ) : (2.30) $9 $J $o $A (1 + 1) <! 85 Hs 2D 49 ;~ 6u >e $N #1 %= %j %H %s 2r ( $" $k $$ $O >W FM 2a Dx $r 4^ $^ $J $$ B? =E %= %j %H %s 2r ) $O 2D 49 6u 4V $N $b $N $H A4 $/ F1 $8 $b $N $H $J $k [2, 11]. N %= %j %H %s 2r $N B8 :_ $r <( $9 $N $O , 2D @Q J, @- $N 5D O@ $K $* $$ $F Hs >o $K =E MW $G $" $k $, , :G 6a $N 8& 5f $K $h $j , >e 5- $N Hs 2D 49 3, AX J} Dx <0 $O A4 $F N %= %j %H %s 2r $r ;} $D $3 $H $, L@ $i $+ $K $J $C $? . $9 $J $o $A , >W FM 2a Dx $G %= %j %H %s $O Jx 2u $; $: , 0L Aj $N $: $l $@ $1 $r @8 $8 $F $b $H $N 7A $r J] $C $? $^ $^ 0l Dj $N B. EY $G ?J 9T $9 $k . $? $@ $7 0L Aj $N $: $l $, Hs 2D 49 @- $K $h $C $F >/ $7 $@ $1 1F 6A $r <u $1 $k . $9 $G $K ;f ?t $b ?T $- $? $N $G , >\ $7 $$ Js 9p $O [10] $K $f $: $k . :4 F# M} O@ $N Hs 2D 49 2= $K $D $$ $F $O , [4, 28, 34] $G $b 5D O@ $, $J $5 $l $F $$ $k . Ac kno wledgemen ts $3 $N 8& 5f $O Bg 9, :b CD $+ $i 7P :Q 1g =u $r <u $1 $F $$ $^ $9 . ;2 9M J8 8% [1] L. A. Dic k ey , Soliton Equations and Hamiltonian Systems (2nd Ed.) (W orld Sci., 2003) [ISBN/9812381732]. [2] A. Dimakis and F. M � uller-Hoissen, hep-th/0007015 3 ; Czec h. J. Ph ys. 51 (2001) 1285. [3] A. Dimakis and F. M � uller-Hoissen, Ph ys. Lett. A 278 (2000) 139 [hep-th/0007074]. [4] A. Dimakis and F. M � uller-Hoissen, J. Ph ys. A 37 (2004) 4069 [hep-th/0401142]; J. Ph ys. A 37 (2004) 10899 [hep-th/0406112]; [nlin.si/0408023]. [5] M. R. Douglas and N. A. Nekraso v, Rev. Mo d. Ph ys. 73 (2002) 977 [hep-th/0106048]. [6] IM Cf ?? ;V , AG N3 ;R O@ 8& 5f 104-5 (2002-2) E27-E44. 4 [7] IM Cf ?? ;V , \ADHM/Nahm 9= @. K! $H $= $N AP BP @- ," AG N3 ;R O@ 8& 5f 106-1 (2002-10) 1-60. [8] M. Hamanak a, \Noncomm utativ e solitons and D-branes," Ph. D thesis [hep-th/0303256]. [9] M. Hamanak a, J. Math. Ph ys. 46 (2005) 052701 [hep-th/0311206]. [10] M. Hamanak a, \Noncomm utativ e solitons and in tegrable systems," Pro ceedings of the COE w orkshop on Noncomm utativ e Geometry and Ph ysics 2004, Keio, hep-th/0504001. 3 hep-th/ !A $H $" $k $N $O O@ J8 $N %W %l %W %j %s %H HV 9f $G $" $j , [http://xxx.lanl.gov/a rchive/hep-th] $+ $i F~ <j $G $- $k . 4 ;d $, =q $$ $? 5- ;v $K $D $$ $F $O , ;d $N HP [http://www2.yuk a w a.ky oto-u.ac.jp/ ~ hamanak a] $K $b CV $+ $l $F $* $j $^ $9 . 8

[11] M. Hamanak a and K. T o da, Ph ys. Lett. A 316 (2003) 77 [hep-th/0211148]. [12] M. Hamanak a and K. T o da, J. Ph ys. A 36 (2003) 11981 [hep-th/0301213]. [13] M. Hamanak a and K. T o da, [hep-th/0309265]. [14] K. C. Hannabuss, Lett. Math. Ph ys. 58 (2001) 153 [hep-th/0108228]. [15] J. A. Harv ey , [hep-th/0102076]. [16] 0K F# 9n ;J , \ Hs 2D 49 ;~ 6u >e $N >l $N M} O@ $H D6 89 M} O@ ," F| K\ J* M} 3X 2q ;o 59 (2004-12) 856-861. [17] A. Kapustin, A. Kuznetso v and D. Orlo v, Comm un. Math. Ph ys. 221 (2001) 385 [hep- th/0002193]. [18] B. Kup ershmidt, KP or mKP : nonc ommutative mathematics of L agr angian, Hamiltonian, and inte gr able systems (AMS, 2000) [ISBN/0821814001]. [19] M. Legare, hep-th/0012077; J. Ph ys. A 35 (2002) 5489. [20] A0 ED 5H >< , 3a 1: 9( @. ( 9b B< N< 5- ), \ JQ 7A NL ;R 2= F~ Lg ," El 5~ Bg 3X ?t M} 2J 3X %; %_ %J %j !< %N !< %H 20 (2002) [ISSN/0919-8180]. [21] L. J. Mason and N. M. W o o dhouse, Inte gr ability, self-duality, and twister the ory (Oxford, 1996) [ISBN/0-19-853498-1]. [22] J. E. Mo y al, Pro c. Cam bridge Phil. So c. 45 (1949) 99; H. J. Gro enew old, Ph ysica 12 (1946) 405. [23] N. A. Nekraso v, [hep-th/0011095]. [24] H. Nishino and S. Ra jp o ot, Ph ys. Lett. B 572 (2003) 91 [hep-th/0306290]. [25] Bg ?9 1Q <y , \ ?t 3X $N $J $+ $N J* M} 3X " (2004, El Bg =P HG ) [ISBN/4-13-061304-9]. [26] Bg ?9 1Q <y , A0 ED 5H >< , \ NL ;R E* $J Hy J, !& @Q J, " (2004, %7 %e %W %j %s %, !< El 5~ ) [ISBN/4-431- 71090-6]. [27] L. D. P aniak, [hep-th/0105185]. [28] M. Sak akibara, J. Ph ys. A 37 (2004) L599 [nlin.si/0408002]. [29] M. Sato, RIMS Kokyuroku 439 (1981) 30; M. Sato and Y. Sato, Lect. Notes Num. Appl. Anal. 5 (1982) 259. [30] I. Strac han, J. Geom. Ph ys. 21 (1997) 255 [hep-th/9604142]. [31] R. J. Szab o, Ph ys. Rept. 378 (2003) 207 [hep-th/0109162] [32] K. T ak asaki, J. Geom. Ph ys. 37 (2001) 291 [hep-th/0005194]. [33] K. T o da, JHEP Pro ceedings of w orkshop on in tegrable theories, solitons and dualit y , Sao P aulo, Brazil, 1-6 July 2002 [JHEP PRHEP-unesp2002/038]. [34] N. W ang and M. W adati, J. Ph ys. So c. Jap. 73 (2004) 1689. [35] R. S. W ard, Phil. T rans. Ro y . So c. Lond. A 315 (1985) 451. [36] LJ B< E/ , \ Hs 2D 49 6u 4V >e $N %2 !< %8 M} O@ ," Summer Sc ho ol !V ?t M} J* M} 2002 !W M= 9F =8 (2002) 35-98. 9