d9B?MMBN $H NL;R %"%U%! %$ %s 4D CfEg 7< (HIRAKU NAKAJIMA) 5~ETBg3X!&Bg3X1!M}3X8&5f2J 1989 G/ $K Kronheimer $H I. <T $O , ALE 6u 4V $H 8F $P $l $k 4 <! 85$N B?MMBN >e$N H?<+8J APBP @\B3$N%b%8%e%i %$ 6u4V $r , d9 (quiver) 1 $N I= 8= $r ;H$C $F 5-=R $7 $? [26]. $b$H$b$H H?<+8JAPBP@\ B3 $O$" $kHs @~7?JPHyJ,J} Dx<0$N2r$H $7 $F Dj 5A $5 $l $k $, , quiv er $N 5-=R $G$O 9TNs $K 4X$9$k$"$kBe?tJ}Dx<0 $N2r $H$J $k ( ?^ 1). $7 $? $, $C $F , %b %8%e %i %$ 6u4V $r D4 $Y$k $3$H $O$d$5 $7 $/ $J$k $N $G $O$H4|BT $7 $F$$$? . $7 $+ $7 <B:] $K $O , %b %8%e %i %$ 6u4V $, 6u $+ H] $+$rH=Dj $9$k $3$H$5 $( $bFq $7 $/ , 2? $+ :,K\E*$J%" %$ %G %" $, 7g $1$F $$$k$h $& $K 46 $8 $i$l $? . $= $s$J @^$j , 1990 G/$N5~ET$N ICM $N Lusztig $N 9V1i [29] $G , H‘$N quiv er $r ;H$C$?NL ;RE83+4D$N 2<;03QIt J,4D U � q ( g ) $N I8=‘4p Dl (canonical basis) $N 9=@.$r J9$/5! 2q $, $" $C$? . $H$O 8@$C$F$b , $=$N$H$- H‘$N9V 1i $G M} 2r $G$-$? $N $O , quiver $, =P $FMh $F$$$k $H8@ $& $3$H $@ $1$G , I=8=O@ $NFbMF $dJP6~AX $J $I $N=EMW $JEP>l?MJ* $K$D$$ $F $O 2? $bCN $i $J$+ $C$? . $= $l$K $b $+$+$o$i$: , $3$l$r JY6/ $7 $J $/ $F$O$$$1$J$$ , $H 3N?. $7 $? . NL;R E8 3+ 4D $O , $b $H$b $H $O 2D2r 3J ;R LO7? $N8& 5f $+ $i Drinfeld- ?@J] $K$h$C $FF3F~ $5 $l$? Hs2D 49 4D $G$"$k . $^ $? , 6& 7A>lM}O@$N W ess-Zumino-Witten LO 7? $H 8F $P$l $k$b$N$H $b ?<$$ 4X 78 $, $" $k . $3$l$O Riemann LL >e$N %2 !<%8 M}O@ ( @\B3 $r <h$j07 $&M}O@ ) $G $" $k . 0l J} , ALE 6u4V $O 4 <!85$N B?MMBN $G $"$j , F1 $8 %2 !< %8 M}O@ $G$O $" $k$b$N$N N> <T$N 4V $K$O 2?$N4X78$b $J$$$h $& $K , Ev=i $O ;W$o $l $? .

B 3 ; 2 W 2 V 1 V 2 V 3 V 4 V 5 V 6 B 2 ; 3 B 1 ; 2 B 2 ; 1 i 2 j 2 8 > > > > < > > > > : B 2 ; 1 B 1 ; 2 + B 2 ; 3 B 3 ; 2 + i 2 j 2 = � � (2) C id V 2 B 2 ; 1 B y 2 ; 1 � B y 1 ; 2 B 1 ; 2 + B 2 ; 3 B y 2 ; 3 � B y 3 ; 2 B 3 ; 2 + i 2 i y 2 � j y 2 j 2 = � � (2) R id V 2 � � � � � � ( 3FD:E@ $K $D$- F1MM $N J}Dx<0 ) ?^ 1. quiver $K $h $k5-=R$NNc $= $7 $F 0ECf LO:w$N F| !9 , d~M>6J @^$N F;Dx$r 7P$F , 1992 G/ $4 $m$+$i$@$s$@ $s $H Lusztig $N ;E;v$H d9 B?MMBN (ALE 6u4V >e$N H?<+ 8J AP BP @\ B3$N %b%8%e %i %$ 6u4V$N JL L> ) $N 4V$N 4X 78 $, 8+$($F $-$? . $9$J $o $A , d9 B? MM BN$O Lusztig $, 07$C $?6u4V$NM>@\B+ $r mo dify $7 $?$b$N$G$" $j , $3$N mo di�cation $, I=8= O@ $G$O U � q ( g ) $r :8 %$ %G %"%k$G 3d$C $F :G 9b %& %’ %$ %H 2C72 $rF@$kA‘:n $K BP1~$9$k $H$$ $& 7k2L $G$"$k . $5 $i$K 1994 G/ $K $O , M}O@J*M} $K $* $1$k S - APBP@- $H$N4X O" $+$i ;d$N8&5f $, CeL\$5 $l$? . $3$N 4XO" $K ?(H/$5 $l$F , 0lHL $NBe?t6JLL>e $NE@$N Hilb ert 357?$N %3%[%b%m %8 !<72 $K Heisen b erg Lie 4D$NI=8= $, <B8=$5 $l $k$3$H$r <( $7 $? ([35] ;2>H ). 8=:_$G$O , ALE 6u4V$H$$ $&FC<l $J 4 <!85B?MMBN $@ $1$G$J $/ , $h$j 0lHLE* $J 4 <!85B?MMBN $N %2 !< %8 M}O@ , $" $k$$ $O , Calabi-Y au B?MMBN $N Gromov-Witten M}O@ $K $* $$ $F$b F1 $8 $h $& $K I=8=O@ $H$N4X78 $,$" $k$N $G$O$J$$ $+ , $H 4|BT $, 8+ $($F$-$F$$$k . 0lJ} $G:rG/ , 85 !9 $Nd9B?MMBN $K $D $$ $FNL;R %"%U %! %$ %s 4D $NM-8B <!85 I=8= $H$N4XO" $, J, $+$C $? . $3$NO@@b $NL\E* $O$3 $N7k2L 2 $r 2r@b $9$k $3 $H $G$"$k . <g 7k2L $O x 9, x 10 $G @bL@ $9$k . $=$N=‘Hw $H $7 $F , 9=@. $N4pK\ ;WA[ $G$"$k9g@. @Q $K$h$kBe?t $N9=@. $r x 3 $^ $G $G @bL@ $7 , $^ $? Ringel-Lusztig $K $h$kNL;RE83+ 4D $N4v2? 3XE* $J9=@. $r x 4, x 5 $G =R $Y$k . x 6 $G d9B?MM BN $NDj5A $rM? $( , x 7, x 8 $G ( %"%U %! %$ %s$G$J $$ ) NL;RE83+4D U q ( g ) $H $N 4XO" $r =R $Y$k . NL;R %"%U %! %$ %s 4D$NM-8B<!85I= 8= $K 4X$9$k7k2L $N$_ $K 6=L# $,$" $k>l9g $K$O , x 9 $N$_$r $4 Mw $K$J $l $P B-$j$k $H ;W $& . $^$? , I=8=O@$N7k2L $K 6=L#$N $J$$ J} $G$b x 6 $^$G $O 3Z $7 $a $k$N$G $O$J $$ $+$H ;W $& . Supp orted by the Grant-in-aid for Scienti�c Research (No.11740011), the Ministry of Education, Japan. 1 0JA0 , ElKLBg $GG/<!Js9p=q$r=q$$$? $H$-$K , ?t3XMQ8l $O$G$-$k $@$1 F|K\8lLu$r$D $1 $k$h $& $K;X<($5 $l$? . $=$3$G 1QOB<-E5 $r D4$Y $?$H$3$m , quiv er $N F|K\8lLu $O d9 $G$" $C$? . 2 86O@J8 [36] $N B> $K , g = sl 2 $N$H$-$K 8BDj $7 $?$H$-$N >\ $7 $$ @bL@ $, [37] $K $" $k . $3 $N$H$- , d9B?MMBN$OJ#AG %0 %i %9%^ %s$N M>@\B+ $K$J $k . 1

2 CfEg 7< (HIRAKU NAKAJIMA) 5~ETBg3X!&Bg3X1!M}3X8&5f2J 1. 9g@.@Q (convolution) 2f !9 $O , 4v 2?3XE*$J @_Dj $+$i Be?t$N I=8= $r :n $k$?$a $K 9g@.@Q$r MQ$$$k . $3$l$O , NL;R E83+4D$N 9=@. $@$1$G$J $/ , B> $K$b$h $/8= $l $k=EMW $J 5;=Q $G$" $k . R m � R n >e $G Dj5A$5 $l $? 4X?t K ( x; y ) $, M? $($i $l $?$H$- , R n >e$N4X?t f ( y ) $K BP $7 $F ( K � f )( x ) = Z R n K ( x; y ) f ( y ) dy $K$h$C $F R m >e$N4X?t K � f $r Dj5A $9$k . $3 $l$r K $H f $N 9g@.@Q $H$$ $& . ( @QJ, $, H/;6 $7 $J$$$?$a $K$O , K $b $7 $/ $O f $N Bf $K >r7o $r 2>Dj$9$kI,MW $, $" $k $, , <h$j4: $( $:$O$3$@$o$i$J$$$3$H $K $9$k .) f $r F0 $+ $9$H , R n >e $N 4X?t $N 6u 4V $+ $i R m >e $N4X?t $N6u4V $X$N:nMQ AG $, Dj $a $i $l$F$$$k $H9M $($k $3 $H $,$G$-$k . K ( x; y ) $r M? $($k $4 $H$K :nMQAG $, Dj$^$k $o$1$G$" $k . $?$H$( $P , m = n = 1 $G , K ( x; y ) = e ixy $H $7 $?$b$N $, F ourier JQ49 $G$" $k . >e $G$O , R m � R n $G 9M$($? $, , M , N $r M-8B =89g$H$9 $k$H , @Q J, $r OB$G CV$- 49 $( $k$3$H$K $h$j 9g @.@Q $, Dj 5A $G $-$k . ( K � f )( x ) = X y 2 N K ( x; y ) f ( y ) : Riemann B?MM BN M � N $G$bA4$/F1 MM $KDj5A $G$-$k . dy $r N >e $NBN@Q MW AG $GCV $-49 $( $l $P $h$$ . $^ $?B?MM BN >e $G $O , HyJ,7A<0 $K$D$$ $F$b9g@.@Q $, Dj5A $5 $l $k . K $r M � N >e$N k -form $H $7 $?$H$- , N >e $N p -form � $K BP $7 $F K � � = Z N K ^ p � N � $K$h $C $F , M >e$N ( k + p � dim N )-form $r Dj5A$9 $l $P $h$$ . $3$3$G , p N $O , <M1F M � N ! N $G $" $k . M , N $, %3 %s %Q %/ %H $G$J $$$H$-$O , K $N Bf $K 2>Dj $r CV$/I,MW $,$" $k $, , $3$3$G$O$3$@$o$i$J$$$3$H$K $9$k . $3$N@_Dj $G , $b $7 $b K $, closed form $G$"$C $? $H$9$k $H , K $O N >e$N closed form $r M >e $N closed form $K $& $D$9 . $^$? , exact form $O exact form $K $& $D$9 . $7 $? $, $C$F K $O de Rham %3%[%b%m %8 !<$N4V$N@~7?<LA| H p ( N ; R ) ! H k + p � dim N ( M ; R ) $r 0z $-5/ $3$9 . $5 $i $K , $3$N <LA| $O K $N%3%[%b%m %8!<N‘ $K $7 $+ 0MB8 $7 $J $$ . <B:] , 9g@.@Q $O%3%[%b%m %8!<72 $K BP $7 $F D>@\Dj5A $G$- $k : K � � = ( p M ) � ( K [ p � N � ) $? $@ $7 , [ $O %+%C %W @Q$G$"$j , p M $O <M 1F M � N ! M $G , ( p M ) � $O %[ %b%m %8 !< 72$N4V$N push-forward =‘ F17? $r P oincar � e APBP $G%3%[%b%m %8 !<72 $K 0\ $7 $?$b$N$G$" $k . $7$P $7$P , K $O M � N $N ItJ,B?MMBN K $N 4pK\N‘ $N Poincar � e APBP $H $7 $F M? $( $i $l $k . Nc $( $P , K $, M $+$i N $X$N C 1 <LA| f $N %0 %i%U$N >l9g $K$O , 9g@. @Q $O f $K $h $k 0z$-La $7 <LA| $K B>$J$i$J$$ . 0l HL $K$O , K $O%0 %i%U$H$O 8B $i$: , M $N E@ x $K BP $7 , p N ( K \ p � 1 M ( x )) $O , N $N J#?t$N E@ $K$J $k . <LA|$N0lHL2=$H$$ $&0UL# $G K $O , $7$P$7 $P BP1~ (corresp ondence) $H 8F $P$l $k . $^$? , 9g @. @Q$N 9g @. $O , $d$O $j 9g @. @Q$G I=$o $5$l $k . $9$J $o $A , K $r R m � R n $G Dj 5A$5$l $? 4X ?t$H $7 , L $r R n � R p $G Dj5A$5 $l$? 4X?t $H$9$k$H$- , R p >e $G Dj5A$5 $l $? 4X?t f ( z ) $K L $r 9g@.@Q $7 , $5 $i$K K $r 9g@.@Q $7 $?$b $N $r 9M $( $k . $9$J$o$A ( K � ( L � f ))( x ) = Z R n Z R p K ( x; y ) L ( y ; z ) f ( z ) dy dz $G$" $k . <0 $+$i J, $+ $k$H$*$j , 9g@.@Q$N9g@. $O R m � R p >e$N4X?t ( K � L )( x; z ) = Z R m K ( x; y ) L ( y ; z ) dy $K$h $k9g@.@Q $K B> $J$i$J$$ . %3%[ %b%m %8 !< 72 $K $D$$$F$b 9g@.@Q $N 9g@. $O F1MM $N I=<( $r ;}$D . 2. Hecke 4D , 9g@.@Q$N:n$k4D G $r M-8B72 , H $r $=$N ItJ,72$H $7 , 1&B&>jM>N‘ M = G=H $r 9M $( $k . $3$N$H$- , M � M $K G $N diagonal $J :n MQ $r 9M $( , G ITJQ $J 4X?t$NA4BN$N $J$9 6u4V $r H ( G; H ) $H $* $/ . $3$N$H$- , H ( G; H ) $K @Q$r ( f � g )( x; z ) = X y 2 G=H f ( x; y ) g ( y ; z ) $K$h $C $F Dj5A$9$k . $3$l$O , >e$N9g@.@Q$N9g@. $K B>$J $i$J $$ . $3$N @Q $K$h $C$F H ( G; H ) $O ( 0lHL $K$O Hs2D49 $J ) Be ?t $H$J $k . $3$l$r Hec k e 4D $H 8F $V . H = f e g $N$H$-$K$O , H ( G; f e g ) $O , G $N 724D $K B>$J $i$J$$ . G , H $, M-8B$H $O 8B $i$J$$ 0lHLE* $J @_Dj$G Dj5A$9$k$?$a$K$O , H ( G; H ) $N 85 $O <!$N@-<A$r$_$? $9$b$N $@$1$r 9M $( $k $3$H$K$9 $l $P $h$$ . � x (resp. y ) $r 8GDj $7 $?$H$- f ( x; y ) 6 = 0 $H$J $k y (resp. x ) $O , 9b !9M-8B8D $G$" $k .

d9B?MMBN$HNL;R%"%U%! %$ %s 4D 3 Nc 2.1. G , B $r M-8B BN F q >eDj 5A $5 $l$? Chev alley 72 $H$= $N Borel ItJ, 72 $H$9$k $H$- , BP1~ $9$k Hec k e 4D H ( G; B ) $O , 4dKY [15] $K $h $C $F D4$Y $i $l $? . $3$N$H$- B = G=B $O F q >eDj5A$5 $l $? 4zB?MMBN ( ag v ariet y) $G $" $k . B � B $N G 50F; $O , B $N B 50F; $K 0lBP 0lBP 1~ $7 , $h $/ CN $i $l $F $$ $k$h $& $K , $3$l$O , W eyl 72 W $G %Q%i %a %H %i %$ %: $5 $l $k , $$$o$f $k Sch ub ert K&BN$? $A $+$i$J $k . $=$N FC@- 4X?t $, H ( G; B ) $N 4p Dl $r Dj$a $k . $3$l $r MQ$$$k$H , H ( G; B ) $O @8@.85 $H4X78<0 $K$h$kI=<( $r ;}$D . $^$? , $3$N$H$- q $O M-8BBN $N85$N8D?t $G$"$k $, , @8@.85 $H 4X78<0 $K$h $kDj5A $O , q $r ITDj85$H $7 $F Dj5A2DG= $G$" $k . $=$3$G , q = 1 $H CV$$$F$_$k$H , Heck e 4D $O , W eyl 72 W $N 724D $K FC<l2=$5 $l $k . $3$N 0UL# $G , Hec k e 4D $O W eyl 72$N q JQ7A $G$" $k $H 8@ $o $l $k . $3$NNc$d$"$H $K =P$F $/$k4X78$9$kNc $K $D$$$F $O , C+:j$NO@@b [42] $r ;2>H$9$k$H$h$jM}2r $, ?<$^$k$3$H$H;W $& . Nc 2.2. G = GL + 2 ( Q ) ( 9T Ns<0 $, @5$N M- M} ?t 78?t 2 � 2 9T Ns$N A4BN ), H = SL 2 ( Z ) $, $" $k . $3 $N$H $- , BP 1~$9 $k Hec k e 4D H ( G; H ) $O J]7?7A<0 $N6u4V $K :nMQ $9$k . $3 $l$r 8+$k $?$a $K$O , J]7?7A <0 $N6u4V $r>eH>J?LL H $r H $G 3d$C $?6u 4V H =H >e $N4X?t ( @53N $K $O$"$kD> @~ B+ $N@ZCG ) $H ;W$& $H$h$$ . $9$k $H , G=H � G=H $N G 50F; G ( eH ; �H ) $O , f ( � 1 ; � 2 ) 2 H =H � H =H j � 2 = � � � 1 g $H$$ $& H =H � H =H $N It J,B?MM BN $r Dj$a $k . $?$@ $7 � 2 G $O 0l<! J,?tJQ 49 $G >e H>J?LL $K :nMQ$9 $k . ( $3$N ItJ, B? MMBN $O � $N <h$jJ} $K$h$i$J$$ .) ( >\ $7 $/ $O [40] ;2>H .) 0J>e , Fs$D$NNc $G 8@$$$? $+ $C$? $3$H$O , <! $G$" $k . 9g@.@Q $G M-MQ $J Be?t $, 9=@. $G$- $k >e $NNc $@$1$G$O G<F@$5 $l$J $$ FI <T$bB?$$$G$" $m $& $, , %Z !< %8 ?t$b 8B $i $l $F $$ $k$N $G$3$l$@$1 $G 4*J[$5$;$F$$$?$@ $/ . $"$H$G =P $F $/$k , Hall algebra $b 9g@.@Q $K ;w $?$d$j J} $G Be?t $r 9=@.$9$k . 8@ $& $^ $G$b$J$$$3$H$G$" $k $, , Hec k e 4D $O G , H $N I=8=O@ $K ?<$/7k $S IU$$ $F$$$k . 72 $N%3%; %C %H $N >l9g $K 8B $i$: , 9g@. @Q $K$h $j Be?t $r :n$k$3$H $,$G $- $k . %3%[ %b%m%8 !< 4D $G F1MM$N 9=@. $r 9M$($h $& . M $r%3%s %Q %/ %H B?MMBN $H$9 $k . 0BD> $K H = H � ( M � M ; R ) $H $7 $F$_ $k$H , $3$l$O 3N $+$K � � � = p 13 � ( p � 12 � [ p � 23 � ) $H Dj5A $7 $F @Q $, Dj$^$C $F$$ $k . $?$@ $7 p ij $O M � M � M $+$i Bh i @. J, $H Bh j @.J,$N D>@Q$X$N <M1F $G$" $k . $7 $+ $7 , K � unneth F17? $H Poincar � e APBP $r$"$o$;$k$H , H � ( M � M ; R ) � = H � ( M ; R ) H � ( M ; R ) � = End ( H � ( M ; R )) $H9TNs 4D $HF1 7? $K $J$C $F $7 $^ $C $F , LLGr $$ Be ?t $O=P $F $3 $J$$ . $"$H $G=P $F$/$k $N $O , M $,%3 %s%Q%/ %H$H $O8B $i $: , 0J 2< $N>r7o $r$_ $?$9 Z � M � M $H $$ $& ( JD ) ItJ,B? MM BN $,$"$C $? $H$- $K , AjBP %3 %[%b %m %8 !< H = H � ( M � M ; M � M n Z; R ) $K 9g@.@Q $K$h $C $F Dj$a $i $l $? Be?t $G$" $k . � Bh0l@.J, , BhFs@.J, $X$N <M1F $N Z $X$N @)8B $, $= $l $>$l 8GM-<LA| $K$J $C$F$$$k . Nc $rM? $( $h $& . Nc 2.3. G $r J# AG C1 =c Lie 72$H $7 , B $r $= $N Borel It J, 72$H $9 $k . B $r 4z B? MM BN G=B $H $7 , M $r $= $N M> @\ B+ (cotangen t bundle) M = T � B = f ( g B ; x ) 2 B � g j x $O 6RNm $G , x 2 Ad( g ) b g $H $9$k . $?$@ $7 g , b $O G , B $N Lie 4D $G$" $k . $3$N$H $- Z $r B � B $N G 50F; ( A0$NNc 2.1 $G 8+$?$h $& $K K\<AE* $K Sc h ubert K&BN $G$" $k ) $N M> K!B+ (conormal bundle) $N OB $H $9 $k . Z $O Stein b erg B?MM BN $H 8F $P $l $k M � M $N %i %0 %i %s%8 %" %s ItJ,B?MMBN ( FC0[E@ $r ;}$D ) $G $" $k . 6qBNE* $K$O , N $r 6RNm85$NA4BN$H $7 $F , � : M ! N $r <+A3$J<M 1F $H$9 $k $H$- (Springer resolution), Z = M � N M = f ( x 1 ; x 2 ) 2 M � M j � ( x 1 ) = � ( x 2 ) g $H$J $k . FC $K , >e$N>r7o $r$_$?$9$3$H $, %A%’ %C%/ $G$- $k . $3 $N$H$- H dim Z ( M � M ; M � M n Z ; R ) � = H dim Z ( Z ; R ) $K 9g @. @Q$K $h $j 4D 9= B$$r F~$l $? $b $N $O , W eyl 72 W $N 72 4D R [ W ] $H F1 7?$K $J $k $3 $H $, CN$i$l $F $$ $k . $3 $3 $G , H dim Z ( Z; R ) $O Borel-Mo ore %[%b%m %8 !< $H 8F $P$l $k$b$N $G , 6I=jM-8B $J%A%’ %$ %s$N :n$k %[%b%m %8 !< 72 $G$" $k . $3$N Nc $G H dim Z ( Z ; R ) $, R [ W ] $G $" $k$3$H$r 8+$k$N $O , $= $l Dx<+ L@ $J$3$H$G$O$J $$ . Nc $( $P , A0$NNc 2.1 $G$O , Sc h ubert K&BN $NFC@-4X ?t $, R [ W ] $N85 $H $7 $F 6qBNE* $K J, $+$k$N $K BP $7 , $3$N Nc $G $O Sc h ubert K&BN $NM>K! B+ $N4pK\ N‘ $r 6qBNE* $K I= $o$9 8x<0 $O CN $i $l$F $$$J$$$N$G$" $k . $G$O , >e $N7k2L $O $I $N$h $& $K >ZL@ $5 $l $k $N $G$"$m $& $+ !) 8=:_$^ $G$N $H$3$m $$$/$D $+$N>ZL@ $, CN $i $l$F $$$k . ( $* $= $i $/ $O , $3 $l 0J30 $K$b$" $k $@ $m $& . $^$? , 0zMQ$N;EJ} $, @5 $7 $$$N $+ , ?45v $J$$ . 4X78<T $N J} , $9$$ $^$; $s .) (1) $h $/J, $+ $k B $X$N W $N :nMQ $X 5"Ce$5 $;$k . [23] $K $h$k J}K! . (2) Z $r JQ7A $7 , ‘ 0W $7 $$ ’ B?MMBN $K CV$-49 $($F%A%’ %C%/$9$k . [10] $K $h $k . ([8, 3.4] $K $b=q$$$F$"$k .)

4 CfEg 7< (HIRAKU NAKAJIMA) 5~ETBg3X!&Bg3X1!M}3X8&5f2J (3) B � B >e$N G - ITJQ $J D 2C72 $N $J$9 %"!< %Y %k 7w $N Grothendiec k 72 K ( D ( B � B ; G )) $K 9g@.@Q $G @Q $rF~ $l $k $H , Nc 2.1 $H $N N‘;w $K$h$j Z [ W ] $K F17? $H$J $k . $3$N$H $- , D 2C72 M $K BP $7 , $=$N FC@-%5 %$ %/ %k ( FC@-B?MM BN $r=EJ#EY9~ $_ $G 9M $($?$b$N ) $r BP1~$5 $;$k<LA| K ( D ( B � B ; G )) ! H dim Z ( Z ; Z ) $, Be?t $NF17? $G$"$k $3 $H$r <($9 . [21, 10, 41] (4) ( >\ :Y $O [11] $r;2 >H . $^ $? [4, 27, 14] $b8+ $h .) M >e $N Dj ?t AX C M $r � : M ! N $GMn $H $7$? $b $N $r � � ( C M )( N >e $N 9= @. 2D G= AX $N F3 Mh 7w D b ( N ) $N ob ject) $H $9 $k . $3 $N $H $- , F1 7? H dim Z ( Z ; C ) � = Hom D b ( N ) ( � � ( C M ) ; � � ( C M )) $, $" $k . ( $3$3 $G , � $, semismall $G$" $k $3 $H $, K\<AE* $G$"$k .) $5 $i $K � � ( C M ) $r F ourier JQ49 $9$k $H , 1&JU $, C [ W ] $K Ey $7 $$$3$H$O%A%’ %C%/ $G$- $k . (3) $+$i $b J, $+ $k $H$*$j , Nc 2.1 $H Nc 2.3 $N 4V $K$O , ?<$$4X78 $, $" $k . $3$N N><T$N4X78 $O$"$H$G$b =P$F $/$k . (4) $N$h $& $K , 9=@.2DG= AX $NF3Mh7w $rMQ$$$k $3$H $O 9g@.@Q $+$i :n $i $l $kBe?t $rD4$Y$k $NLr $K N)$D . $"$H $G MQ$$ $i $l $k1~MQ $r$3$3$G @bL@ $7 $F $* $3 $& . 0J2< $N 7k2L $O Ginzburg $K $h$k ([8, Chapter 8] ;2>H ). � : M ! N $r Be?tB?MMBN$N4V$N<M1FE* $J <LA| $H $7 , M $O HsFC0[ $H$9 $k . Z = M � N M $H $* $/ $H$- , H � ( Z ; C ) � = Ext � D b ( N ) ( � � ( C M ) ; � � ( C M )) (2.4) $H$$ $&Be?t $N F17? $, $" $k . $?$@ $7 , Ext k D b ( N ) ( A; B ) = Hom D b ( N ) ( A; B [ k ]) $G $" $C $F , >e$NF17?$O N>JU$N <+A3$J <! ?t $E$1$r J]$D$H $O 8B $i$J$$ . � $, (4) $N $h $& $K semismall $N >l9g $O , :8JU$N<!?t = dim Z $N It J, $, 1&JU$N <!?t = 0 $N ItJ, $K 0\$j , $= $l$, (4) $G =R$Y$?F17?$rF3 $/ . Beilinson-Bernstein-Deligne-Gabb er $N J,2rDjM} $K$h$j � � ( C M ) = M �;k L �;k P � [ k ] $H J,2r$9$k . $3$3$G , P � $O N $N 4{Lr $J JP6~AX , $9$J$o $A $"$k 6I=jJD $JItJ,B?MMBN$N4{Lr $J 6I=j7O $K 4X$9$k8r:5 %3 %[%b%m %8 !<$G$"$j , L �;k $O M-8B<!85%Y%/ %H %k 6u4V $G$" $k . F17? (2.4) $h$j H � ( Z ; C ) � = M �; ;i;j;k Hom ( L �;i ; L ;j ) Ext k D b ( N ) ( P � ; P ) $H$J $k $, , $5$i$K , 4{Lr$J JP 6~AX$N @-<A Ext k ( P � ; P ) = 0 ( k < 0), Ext 0 ( P � ; P ) = C � �; id $h$j , Ext $N <! ?t k $, @5$NItJ, $O$Y$- Nm85:,4p (nilradical) $H$J $j , L � def : = M k L �;k $, 4{ Lr $J H � ( Z ; C )- 2C 72 $G , 4{Lr$J H � ( Z ; C )- 2C 72 $O $9$Y$F$3$N 7A $G$" $k$3$H $, => $& . $A $J$_$K$3$l $r Nc 2.3 $N >l 9g $K E,MQ $9$k $H , W eyl 72 $N Springer I=8= $, F@ $i $l $k . $3 $l $, Borho-MacPherson [4] $K $h$k9=@. $G$"$j , Springer I=8= $X$NJP6~AX $r MQ$$$?%" %W %m!<%A$O Lusztig [27] $K ;O$^$k . $5 $i$K x 2 N $K BP $7 $F H � ( � � 1 ( x ) ; C ) $O H � ( Z ; C )- 2C72 $H$J $k $, , >e$N5-=R$h$j H � ( � � 1 ( x ) ; C ) = M � L � H � ( i ! x P � ) $, H � ( Z ; C )- 2C 72$N Grothendieck 72$K $*$1 $k Ey <0$H $7 $F @. N) $9 $k . $?$@ $7 , i x $O x $N N $X $N Kd$a 9~$_$G $" $j , H � ( Z; C ) $O H � ( i ! x P � ) $K <+L@ $K :nMQ$9$k . $3$N$h $& $K , L � $N H � ( � � 1 ( x ) ; C ) Fb $G$N =EJ#EY $, 8r:5 %3%[%b%m %8 !<$N 8@MU $G =q $1 $k . 3. AX$N Grothendieck 72>e$N9g@.@Q , $= $7 $F q JQ7A x 1 $N Dj5A $r 8+ $l $P J, $+ $k $H$*$j , 9g@.@Q $r 9M $( $k$?$a $K$O <!$N@_Dj $, $" $l $P ==J, $G$" $k . (1) ‘ 6u4V ’ $K BP $7 $F$" $kBe?tE*BP>] ( %Y %/ %H %k 6u4V , 2C72Ey ) $, Dj$^$k . (2) <M1F $K BP $7 $F , pull-bac k =‘F17?<LA| $, Dj5A$5 $l $k . (3) @Q $, Dj5A$5 $l $k . (4) <M1F $K BP $7 $F , push-forw ard =‘F17?<LA| $, Dj5A$5 $l $k . ‘ 6u4V ’ $H $7 $F $O Be?tB?MM BN $r9M $($k $3 $H $K $9$k $H , >e $N$h$& $J$b $N$NE57?E* $JNc $O , 9=@.2D G= $J%Y%/ %H %k 6u4V $N AX $NF3 Mh7w ( C >e $G$O , Riemann-Hilb ert BP1~ $K $h$j @5B’%[%m %N%_!< D X 2C72$N F3Mh7w$H$$ $C $F$b$h $$ ) $H , O" @\ O X AX$NF3Mh7w $G$" $k . $7 $+ $7 , 0J2< $G$O , $=$N Grothendieck 72 $7 $+ 9M $($J$$ . C1 $J $kAX $G$J $/$5 $i$K 9=B$ $r IU $1 2C $($?$b$N$r 9M $($? J} $, NI$$>l 9g $, B?$$ . 9=@.2DG= AX$N>l9g $K$O , <M1F B?MM BN X $O M- 8BBN F q >eDj5A$5 $l$F $$ $k$H $7 , $3$l$r $=$N Be?tJDJq F q $^$G 78?t3H Bg$9$k . $3 $N$H$- , X >e$N Q l - 9= @. 2DG= AX E $r F robenius <L A|$N lift IU$-$G 9M$( $k . $3 $N $h $& $J AX E $K BP $7 , F rob enius <L A|$N :n MQ$r Be $( $k T ate t wist $H 8F $P $l $kA‘:n $, $" $k . $3 $N A‘:n $r ITDj85 q $r 3] $1 $k$3$H $K BP1~$5 $;$k$H , >e$N$h $& $JAX$N$J$9%"!<%Y %k 7w $N Grothendieck 72 $O , Z [ q ; q � 1 ] 2C72 $K$J $k . F robenius <LA| $r F $H $7 $?$H$- , F n $N 8GDjE@ $OB?MMBN $N F q n - E@ $K B> $J $i$J$$ . $3 $l$O M-8B=89g $G$"$k . $=$NE@ $G$N E $N 7T $X$N F robenius <LA| $N:nMQ $N@W (trace) $r 9M $($k$3 $H $K$h$j , X ( F q n ) >e $N4X?t $rM? $($k . $3$N A‘:n $O , F rob enius <LA|$N :nMQ$D$- 9=@.2D G=AX$N Grothendieck 72 $+$i X ( F q n ) >e$N 4X?t$X$N 4X<j$r Dj$a $k . FC $K , AX$N 9g @.@Q $H M-8B=89g>e$N4X?t$N9g@.@Q$N4V $K <+A3 $J =‘F17?<LA| $, 9=@.$5 $l $k .

d9B?MMBN$HNL;R%"%U%! %$ %s 4D 5 F robenius <LA|$N:nMQ$D$-$N9=@.2DG=AX$NM}O@$N C >e $G$N BP1~J* $, :XF#@9I’$N:.9g Ho dge 2C72$NM}O@ $G$" $k . :.9g Ho dge 2C72$N$J$9%"!<%Y %k 7w$N Grothendieck 72$b>e $H F1MM $K Z [ q ; q � 1 ] 2C72$N9=B$ $r ;}$D . 0lJ} , O"@\ O X AX$N>l9g $K$O , Be?t72$N:nMQ $, $" $kBe?tB?MMBN>e $G F1JQ$JAX $r 9M $( $k . $"$H$G =P$F$/$k$N $O C � $N:nMQ $, $" $k >l9g $G , $3$N$H $- F1JQ $J O"@\ O X AX$N Grothendieck 72 $O C � $N I=8=4D R ( C � ) = Z [ q ; q � 1 ] $N 2C72 $H $J $k . $3$N$h$& $K 9=@.2DG=AX $G$bO"@\AX $G$b , %Q%i %a !< %? q $, F3F~$5 $l $k . $"$H $G , 9g@.@Q $rMQ$$ $F4D $r9=@.$9$k $H$- $K q JQ7A $N q $K BP1~$9$k$3 $H$K$J $k . $^$? Fs $D $N 9= @.$O L5 4X 78$G $J $$ . D 2C 72 M $K BP $7 , $= $N FC @- B? MM BN$r =E J# EY IU $- $G 9M$( $k$H , D 2C 72 $N Grothendiec k 72 $+$i%[%b%m %8 !<72$X$N=‘F17? $, F@ $i $l $k $3$H $r Nc 2.3 $N$"$H $K =R $Y$? $, , F1MM $K :.9g Ho dge 2C72 $N Grothendiec k 72 $+ $i M>@\B+>e $N C � - F1JQO"@\AX $N Grothendiec k 72 $X$N Z [ q ; q � 1 ]- 2C72 $N=‘F17? $, F@ $i $l , 9g@. @Q $N4V $K BP1~ $, =PMh$k . $3$l$r x 2 $N Nc $G$d $C$F$_$;$?$N $, , C+:j [41] $G $" $k . $3$l$r 0J2<@bL@$9$k . $^$: , Nc 2.1 $K $* $$ $F $O , M- 8B BN F q >e $N 4X ?t$N Be$o $j$K , $= $N Be ?t JD Jq F q >e$G Dj 5A $5$l $? B $K CV $- 49$( , F rob enius <L A| $N :n MQ$D $- $N Q l - 9= @. 2D G= AX $N Grothendiec k 72$r 9M$( $k . $3$l $O , q $r IT Dj 85$H $9 $k Hec k e 4D H q $H F1 7? $K $J $k [31]. ( @5 3N $K$O , F rob enius <LA|$N 8G DjE@$N 7T$X$N :n MQ$N 8G M- CM $, q $N $Y $-$K $J $C$F$$ $k$b$N $@$1 $r 9M$( $k I, MW $, $" $k .) $^$? , J# AG ?tBN C >e $G$O , B � B >e$N G IT JQ$J :. 9g Ho dge 2C72$N Grothendieck 72 K ( M H M ( B � B ; G )) $r 9M $( $l $P , F1MM$N9=@. $, 2DG= $G$" $k . ([43, Bh I I It , Bh 5 >O ] ;2>H ) $^ $? Nc 2.3 $K $*$$$F , %[%b%m%8 !< 72$N Be $o$j$K G � C � - F1JQ $J O" @\ O Z AX$N Grothendiec k 72 K G � C � ( Z ) $r 9M $( $k . $?$@ $7 , C � $O , M = T � B $N%U%! %$ %P!<$N %9%+%i!<G\ $G :nMQ$9$k . Nc 3.1. G � C � - F1JQ $J O"@\ O Z AX$N Grothendieck 72 K G � C � ( Z ) $O , a�ne W eyl 72 c W $N 724D Z [ c W ] $N q JQ7A $G $"$k a�ne Hec k e 4D b H q $H F17? $G$"$k . $h$j @:L) $K <!$N2D49?^<0 $, $" $k : K ( M H M ( B � B ; G )) gr � � � � ! K G � C � ( Z ) C � :nMQ$r � � � � � ! K: $l $k K G ( Z ) � � � � ! H dim Z ( Z ; R ) x ? ? x ? ? � = x ? ? � = Nc 2.3 x ? ? � = H q � � � � ! b H q � � � � ! Z [ c W ] � � � � ! R [ W ] $? $@ $7 , 2<$NLp 0u $O $9$Y$F <+A3$J =‘F1 7?<LA|$G$"$j , >e$N 0lHV:8$N Lp0u gr $O , (Ho dge 2C 72 $K BP$9 $k ) FC@-%5 %$ %/ %k <LA| $G$"$k . $^$? , >e$N0lHV1& $NLp0u $O , G $N :nMQ $r K: $l $F Chern ;XI8 $r <h $j , $= $7 $F <!?t $, dim Z $N ItJ, $r <h $k $b$N $G$" $k . :8 $+$i FsHVL\$N>e8~$-Lp0u $NF17? $O , $b$H$b$H$N Kazhdan-Lusztig [24] $H Ginzburg [8, Bh 7 >O ] $K $h$k>ZL@ $O @8@. 85 $N9T $-@h $r7h$a $F , 4X78<0 $r%A%’ %C%/ $9$k $b$N $G$"$j , 4X78<0 $N %A%’ %C%/ $K K 2C72 $N6I=j2= $rMQ$$$k . gr $r ;H $( $P , ItJ,4D H q $N 4X78<0$N%A%’ %C%/ $O <+F0E* $G , ;D$j$N 4X78<0 $O Hf3SE*MF0W $K%A %’ %C %/ $G$- $k . :8 $+$i ;0 HVL\ $N>e8~$-Lp0u$NF17? $O [8, 7.3] $N$h $& $K D>@\>ZL@$b=PMh$k $, , :8 $+$i FsHVL\ $N >e8~$-Lp0u $N F17? $+$i $b => $& . x 10 $G =R$Y$k7k2L $r 0l8@ $G 8@ $& $H , >e $N?^<0 $N $& $A0l HV:8 $NNs $r=|$$ $?$b$N $r , b H q $N Be $o$j $K NL;R %" %U %! %$ %s 4D ( @5 $7 $/ $O NL;R %k!< %W 4D ) $K BP $7 $F 9=@. $7 $? $H $J$k . $=$N $H$- M = T � B $NBe $o $j $Kd9B? MM BN $rMQ $$$k . 0lHV :8 $N>e 8~ $-Lp 0u $KBP1~ $9$k $b $N $O , Ringel-Lusztig $K$h$kNL;R E8 3+4D $N2<;0 3QIt J,4D U � q ( g ) $N 9=@. $G$"$j , $3 $l $, I.<T $N9=@. $NF05! IU $1$H$J$C $? . $7 $+ $7 , U q ( g ) A4 BN $G$J$$$H 8@ $&E@ $G 40A4$JN‘;w$H $O 8@ $($J$$ . U q ( g ) A4BN$N 4v2?3XE*$J9=@. $O , L$ 2r7hLdBj $G$" $k . $^$? , $"$H$G =R $Y $k$h $& $K Lusztig $N ;H$C $? 6u 4V$N M>@\ B+$r ‘mo dify’ $7 $J $$$H , d9 B?MM BN $K BP1~ $7 $J $$ . $&$^$$ mo di�cation $r <h$k $3$H $, K\<AE* $G$" $C$? $H$b 8@ $( $k . 4. d9 (quiver) $H$=$N F;Be?t (p a th algebra) <!@a $G =R$Y$k Ringel-Lusztig $K $h $kNL;RE83+ 4D$N2<;03QItJ, 4D U � q ( g ) $N 9=@.$*$h $S d9B?MMBN$N Dj5A$N$?$a $K I,MW $J quiver $N I=8=$N8@MU $K$D$$$F =‘Hw$9$k . quiv er Q $O , D: E@$N M- 8B=8 9g I $H ( 8~$-$N $D$$ $? ) JU$N =8 9g $G $" $C $F , JU$N ;O E@$H =* E@$r BP 1~ $5$; $k <L A| out : ! I , in : ! I $, M? $($i $l$F$$ $k$b $N$N$3 $H$G$"$k . $9$J$o$A , M-8B %0 %i%U$NJU $K 8~ $- $r F~ $l$?$b$N$K B> $J$i$J$$ . ( ?^ 2 ;2>H ) h in( h ) out( h ) ?^ 2. quiver $N Nc

6 CfEg 7< (HIRAKU NAKAJIMA) 5~ETBg3X!&Bg3X1!M}3X8&5f2J $3$N$H $- F; (path) $H$O , JU$N M-8B Ns ( h 1 ; h 2 ; : : : ; h N ) $G in( h 1 ) = out( h 2 ), : : : , in( h N � 1 ) = out( h N ) $, @.$j N) $D$b$N$N$3$H$r 8@ $& . N $r F;$ND9$5 $H$$ $& . $5 $i$K D9$5 N $, 0 $N F; , $9$J$o $A $R$H $D$N D:E@ k 2 I $@ $1$+$i $J $k $b$N$bF; $G$" $k $H LsB+$9$k . F $r BN $H $9$k$H$- , F;Be ?t (path algebra) F Q $r F;$r 4pDl$H$9 $k%Y %/ %H %k 6u 4V $K F;$N 9g@. $K $h $C $F @Q$r F~ $l $?$b$N $H$9$k . $b $7 $b Fs$D$NF; $, 9g@. $G$-$J$$$H$- , $9$J$o$A$= $l $>$l $N =*E@ $H ;OE@ $H $, 0lCW $7 $J $$$H$- $O , @Q $O 0 $H Dj$a$k . Nc $( $P 2<$N?^ 3 $N Dj $a $kF;Be?t $O , 0lJQ?tB?9‘<04D F [ x ] $K B>$J $i$J$$ . 0lHL $K$O , F; Be?t $O Hs2D49 $N Be?t $K$J $k .

?^ 3. F [ x ] $K BP1~$9$k quiver $^ $? I $r F Q $N N> B& %$ %G %"%k$H $9$k$H$- , F;Be?t$r 4X78<0 I $G 3d$C$? Be?t F Q = I $b$h $/9M$($k . Nc $( $P , >e$N Nc $G m 2s$^ $o$k %k !< %W h m $r 0 $H $9$k 4X78<0 $r 9M $( $l $P , BP1~$9$kBe?t $O F [ x ] =x m $K B>$J $i$J$$ . quiv er $N I=8= $H$O , F;Be?t F Q $N :82C72$N$3$H$r8@ $& . 8@$$D>$; $P , 3FD:E@ k 2 I $K BP $7 $F F - %Y%/ %H %k 6u4V V k $, M? $($i $l , 3FJU h 2 $K BP $7 $F @~7?<LA| B h : V out( h ) ! V in( h ) $, M? $($i $l$F$$$k$b$N$N $3 $H$G$"$k . $^$? F Q = I $NI=8= $O , >e$N$h $& $J B h $K I $, Dj$a$k>r7o $r 2] $7 $?$b$N$K B> $J$i$J$$ . $7 $?$, $C $F , quiv er $N I= 8=$NF17? N‘ ( $? $@ $7 <! 85 $, F1 $8 $b$N$@$1$r 9M $( $k ) $N =89g ( $9$J$o $A , I=8=$N%b %8%e %i %$ 6u4V ) $O , M h 2 Hom( V out( h ) ; V in( h ) ) , Y k 2 I GL( V k ) (4.1) $K B> $J$i$J$$ . %Y %/ %H%k 6u4V $r E ( V ), Q k 2 I GL( V k ) $r G V $G I= $o $9 . I=8=$N%b%8%e %i %$6u4V (4.1) $O , Riemann LL>e$N @5 B’%Y %/ %H %k B+$N%b%8%e%i %$ 6u4V$H N‘ ;wE@ $, $" $k . <B :]8e <T $O , ( L58B<!85$N ) %"%U%! %$ %s 6u4V $r ( $d $O$j L58B<!85$N )Lie 72 $G 3d$C$?6u4V $K$J $C$F$$$k . relation $N Nc $G $"$H $N d9B? MMBN$H ?<$/ 4X78$9 $k$b$N$, $" $k$N$G @b L@$9 $k . Q # $r Q = ( I ; ) $N %@%V %k $H $9 $k . $9 $J$o $A , I $O JQ $($: , $N JU h $K $=$N 8~$- $r 5U $K $7 $?$b$N h $r IU $1 2C $($?$b$N$G$" $k . $3 $N$H$- , Q # $N JU h $K BP $7 , " ( h ) $r h 2 $N$H$-$K 1, h 2 $N$H$-$K � 1 $H Dj$a$k . $=$3$G , X in( h )= k " ( h ) h h = 0 ; ( k 2 I ) $G @8@. $5 $l $kN>B& %$ %G%"%k$r 9M $( I $H $*$/ . F Q # = I $, prepro jectiv e algebra $H 8F $P$l $k $b$N $G$" $k . $=$NI=8= $N F17?N‘ $O , 8 < : ( B h ) 2 E [ ( V ) � � � � � � X in( h )= k " ( h ) B h B h = 0 9 = ; , G V (4.2) $G M? $( $i $l $k . E [ ( V ) = E ( V ) � E ( V ) $O %7%s %W%l %/ %F %# %C%/ %Y %/ %H %k 6u4V $G , P " ( h ) B h B h $O G V $N :nMQ $K 4X$9 $k%b !< %a %s%H <LA|$G$" $k . $h $C $F >e$N 6u4V$O , $b $7 $b >&6u 4V $, B?MM BN$N9= B$$r ;}$F $P $$$o $f $k%7 %s %W%l %/ %F %# %C%/>& $HB* $( $k$3 $H $, =PMh$k . $^$? %7 %s %W%l %/%F %# %C%/>& $N0lHLO@ $K$h $l $P , (4.1) $N E ( V ) =G V $, B?MMBN $K $J $l $P , $=$N M>@\B+ T � ( E ( V ) =G V ) $H F17? $K$J $k . $H$3 $m $, , G V $N$h $& $JBe?t72 $K 4X$9$k>&6u4V $O , 0lHL $K$O 0L Aj6u4V$H $7 $F Hausdor� $K $J$i $J $$ . $3 $N :$ Fq $r 2r>C$9 $k$?$a$K$O 4v2? 3XE* ITJQ <0O@ $, I, MW $G , $N $A $K =R$Y $k d9 B?MM BN $b $=$NMM $K Dj5A $5 $l $k . $=$NMM $J5;=QE* $JAj0cE@ $, $"$k $K$;$h , prepro jective algebra $N4v2?3XE* $J0UL# $O ‘ M>@\B+ ’ $G $" $k . $^ $? , (4.1) $, Riemann LL$N >e$N@5 B’%Y %/ %H %k B+$N%b%8%e %i %$ 6u4V$NN‘ ;w $G$" $C$?$h $& $K , (4.2) $O , Riemann LL $N>e$N Higgs B+ $N%b %8%e %i %$ 6u4V ([13]) $N N‘;w $H ;W $& $3 $H $, =PMh$k . 2f !9 $K$H $C$FBg@Z$J$3$H $O <! $G$" $k . (relation $D$- )quiv er $N I=8= $H Be?tB?MMBN>e $N%Y %/ %H %k B+ $N 4V $K$O 4X78 $,$" $k <B:] , $"$H$G quiver $N I=8=$r MQ$$$F Dj5A$9 $k d9 B? MMBN$O , ALE 6u 4V>e$N%Y %/ %H %k B+$N %b%8%e%i %$6u4V ( >. NS - Hitc hin BP1~ $K $h $C $F H?<+8JAPBP@\B3$N%b %8%e %i %$ 6u4V $H F1 $8 $G$" $k ) $H F17? $K$J$j , $3 $l$, I.<T$N8&5f$N=PH/E@ $G$"$C $? . $^$? , $= $l 0J30 $K$b <M1F6u 4V , A n 7?$N4zB? MMBN , Hirzebruch 6JLL $N>e $NAX $NF3Mh7w $, , $"$k quiv er $NI= 8= $NF3Mh7w $HF1CM $G$"$k $3$H $, CN $i $l$F$$ $k . ([2, 3, 16, 25]) $7 $+ $7 , $3$l$O C1 $J$kF05!IU $1$H $7 $F >e $K =q$$ $F$* $/ $@$1$K N1$a , $3 $l 0J>e $O ?<F~$j $7 $J $$$3$H $K $7 $F , @h $K ?J$b $& .

d9B?MMBN$HNL;R%"%U%! %$ %s 4D 7 5. Hall algebra Ringel $N 9=@. $G$O , quiver $N I=8=$N$J$9%"!<%Y %k 7w $K 4X$9$k Hall algebra $H 8F $P$l $k$b$N $r 9M $( $k . $3$3$G$O [17] $K=> $$ , @_Dj $r0l HL 2= $7$?7A $G=R $Y $k . A $r%" !< %Y %k7w $H $7 , $5 $i $KG$ 0U $NBP >] A , B 2 A $K BP $7 $F Ext i A ( A; B ) $O M-8B=8 9g $G$" $C $F , ==J, Bg$-$$ i $K BP $7 $F$O 0 $K $J $C $F$$ $k$H$9$k . Nc$( $P , quiv er $N F q $X$N I=8=$r 9M $( $l $P $h$$ . $3$N$H$- , A , B , C 2 Ob( A ) $K BP $7 , C $N sub ob ject A 0 $G , A 0 � = A , C = A 0 � = B $H $J $k$b$N$O 9b !9 M-8B8D $7 $+ $J$$ . $=$N ?t $r g C AB $G I= $o$9 . A $N Hall algebra H ( A ) $H$O , A $N ob ject $N F17?N‘$r4pDl $K ;}$D$h $& $J C - %Y %/ %H %k 6u4V $K [ A ] � [ B ] = X [ C ] g C AB [ C ] $K$h $C $F @Q $r F~ $l $? Be?t $G$" $k . 0 $N F17?N‘ [0] $r C10L85 $H $7 $F ;}$D7k9gN’ $r K~ $?$9 Be?t $H$J$k . Nc 2.2 $H$N N‘;w $K Cm0U $7 $F M_ $7 $$ . H =H $r 2 <!853J ;R L $N%b %8%e%i %$ 6u4V ( $"$k$$ $O , J#AG %H !<%i %9 C =L $N%b %8 %e%i %$ 6u4V ) $H 9M $( $k$H , f ( L; L 0 ) 2 H =H � H =H j L � L 0 ; [ L : L 0 ] = n g $O , H =H � H =H $N BP1~$rDj$a$k . $^$? , >e$N 9=@.$O M-8B BN>e F q Dj 5A$5 $l $? B? MM BN X >e$N AX$N%" !<%Y%k 7w$K $b E, 1~ $G $- $k . $3 $N$H $- x 2 X $K BP $7 , 0 ! E ! E 0 ! i x � F q ! 0 ( $? $@ $7 i x $O f x g ! X $H$$ $& Kd $a9~$_ ) $O , BP1~ $NE57?E* $JNc $G$"$k . FC $K , X $, 6J@~ $N $H$- ( X $, 9b<!85 $N $H$- $O , E@ x $N Be$o$j$K 0x ;R $K $9$k ), E 0 $+$i E $r :n$kA‘ :n $O , =iEy JQ49 (elemen tary transform), $" $k$$$O >e$H$N N‘ ;w $+$i Heck e BP1~ $H 8F $P $l $k . DjM} 5.1 (Ringel[38]) . Q $r AD E 7? $N Dynkin %0 %i%U$K 8~$- ( >!<j $G$h$$ ) $r F~ $l$?$b$N$H$9$k . $3 $N$H$- , F $r M-8BBN $H $7 , F Q $N I=8=$N %"!<%Y%k 7w$N Hall algebra $N @Q $r [ A ] � [ B ] = s Y i � 0 # Ext i ( A; B ) ( � 1) i [ A ] � [ B ] $H mo dify $7 $?$b$N $r9M $($k . $3$N$H$- , mo di�ed Hall algebra $O , Drinfeld- ?@J] $NNL;R E83+ 4D U q ( g ) $N 2<;03Q It J,4D U � q ( g ) $H F17? $K$J $k . $?$@ $7 , g $O Dynkin %0 %i%U$K BP1~ $7 $? C1=c Lie 4D $G$" $j , %Q%i %a !< %? q $O p # F $K FC <l2= $5 $l $k . 3 Lusztig $O , $3$N 9=@. $r ‘ 4v2?3X2= ’ $7 $? [28]. 4 $^ $: , E ( V ) $N G V 50F; $r4pDl $H$9$k$h$& $J%Y%/ %H %k 6u4V , $9$J $o$A (4.1) >e $N G V ITJQ $J ( J#AG ?t CM ) 4X?t A4 BN $r9M $($kBe $o$j $K , Dj 5A BN $rM- 8B BN $NBe ?t JD Jq $K<h $j BX $( $F , E ( V ) >e $N F rob enius <LA| $N:nMQ $D$- Q l - 9=@.2DG= AX $G G V - F1JQ $J$b $N$N $J$97w $N Grothendiec k 72 $r9M $($k . <! $K>e$N @Q � $K BP1~$9$k op eration $r $=$N >e $K Dj5A$9$k . 9g@.@Q$r<c43 mo dify $9$k I,MW $, =P $F $/$k$N $G , $3$3$G$O >\ $7 $/ =R $Y $J$$ $, , 4pK\E* $K$O J?C3$J<LA| $K 4X$9$k0z$-La $7 5UA| , 8GM-<LA| $K 4X$9$k2! $7 =P $7 =gA| , $*$h $S %F %s %=%k @Q$r MQ $$ $F =q$-M? $($i $l $k . $3$N $H$- , E ( V ) $N G V 50F; $N>e $NDj?t AX $r 0 $G 30 $K 3HD% $7 $?$b$N $, , U � q ( g ) $N$$$o $f$k PBW 4pDl $K BP1~ $7 , 8r:5 %3%[%b%m %8 !<$K BP1~$9$k$b$N $, , I8=‘4pDl$rM?$($k . 0l8@Cm0U $7 $F $* $/ . A0 $K =R $Y$?N‘;w $G , Dynkin %0 %i%U $K 8~ $-$rF~ $l $? quiv er Q $N I=8=$N %"!<%Y %k 7w $O , Be?t6J @~ >e $N %Y%/ %H%k B+ ( $"$k$$ $OO"@\AX ) $N%"!< %Y %k 7w $K BP1~ $9$k . Ringel $N7k2L $r$"$k%j !<%^ %s LL ( $* $= $i $/ $O P 1 $N :? ?) $N O"@\AX$N%"!<%Y %k 7w ( $"$k$$ $O F3Mh7w ) $G :F9=@. $G$- $k $@ $m $& $+!) 6. d9B?MMBN (quiver v ariety) d9B?MMBN $NDj5A$r$9$k . $^ $: (4.1) $N E ( V ) $H $=$N APBP6u4V$ND>OB $r 9M $( $k : E ( V ) � E ( V ) � = M h 2 Hom( V out( h ) ; V in( h ) ) � Hom( V in( h ) ; V out( h ) ) $3 $l$O , E $N %@%V %k , $9$J $o $A E $N JU $K 5U8~$- $NJU$bIU $1 2C $($F$G$-$? quiv er ( $3 $l$r Q # $G I= $o$9 ) $K BP1~$9$k %Y%/ %H %k 6u4V $H ;W $( $k . E $N %@%V %k$r H $G I= $o $9 . $5$i$K , 3FD:E@ $4 $H$K%Y %/ %H %k 6u4V W k $r CV$$ $F , M h 2 H Hom( V out( h ) ; V in( h ) ) ! � M k 2 I Hom( W k ; V k ) � Hom( V k ; W k ) ! (6.1) $H$$$& %Y%/ %H%k6u4V $r9M $($k . $3$N %Y%/ %H%k6u4V $r M ( V ; W ) $H =q $3$& . M ( V ; W ) $K $O<+A3 $K G V = Q k 2 I GL( V k ) $, :nMQ$9$k . 3 # F $O DL>o q $G I=$o$5 $l $k . Lusztig $O , :.F1$rHr $1 $k$?$a $K NL;RE83+4D$N%Q%i %a !<%? $O v $H =q$$$F$$$k . 4 H‘$O , Dynkin %0 %i%U0J30$N %0 %i%U$K3HD%$9$k$3$H$K$b@.8y $7 $? $N$G$"$k $, , I,MW$J mo di�cation $K $D$$$F $O$3$3$G$O =R$Y$J$$ .

8 CfEg 7< (HIRAKU NAKAJIMA) 5~ETBg3X!&Bg3X1!M}3X8&5f2J $5 $F , (6.1) $NE@ $N0UL# $9$k $H $3$m $O 2? $G$"$m$& $+ !) Bh0l $N@.J, $O , quiver H $NI=8= $G$"$k $+ $i 0UL# $O L@ $i $+$G $"$m $& . 0lJ} , BhFs@.J, $O [26] $G 8= $l$? $b$N$N , quiv er $N I=8=O@ $G 07 $o $l $?$3$H$O$J $+ $C$?$h $& $G$" $k . <!@a0J9_ $G I=8=O@ $H$N4XO" $+ $i , BhFs@.J, $N:G9b %& %’ %$ %H %Y %/ %H%k$H $7 $F$N 0UL# $,$O $C$- $j $7 $F $/$k $N $G $O$" $k $, , $3$3$G [26] $G$N 0UL# $r@bL@ $7 $h $& . d9B? MM BN $r ALE 6u4V>e $N@5B’ %Y%/ %H%k B+ $N%b %8%e %i %$ 6u4V $H $7 $F 8+$k $H $- , ( W k ) k 2 I $O , framing, $9$J$o$A L58B1s $G$N%Y %/ %H %k B+$N<+L@2= $K BP1~$9$k . $3$l$r quiver $N 8@MU $K L5M}LpM} $K K]Lu$9$k $H <! $N$h$& $K$J$k . quiver Q # $+$i 0l@Z$NJU $r<h$j=| $$$? quiv er $r Q 0 $H $9$k . $3 $N$H$- , Q 0 $N I=8= $H $O , D:E@ $N>e $K%Y %/ %H%k 6u4V $rCV$$ $?$b $N , $= $7 $F%Y %/ %H%k 6u4V $N4V $N@~7?<LA| $O 0l@Z9M $($J$$$b $N $K B> $J $i$J$$ . Q # $N I=8= ( V k ) k 2 I , ( B h ) h 2 H $K BP $7 , B h $r K: $l $k $H , Q 0 $NI=8= $, M? $( $i $l $k . $3 $l$O , I=8= $N4V $N4X<j $G$"$k . ( $h$j0lHL $K , Q # $N ItJ, %0 %i%U$r 9M $( $l $P , F1MM$N4X<j $, Dj5A$5 $l $k .) $3$N 4X<j $r @)8B $H 8F $\ $& . $5$F , >e $N <0 $G , ( W k ) k 2 I $O , Q 0 $NI=8= $H 9M $( $k $3$H $,$G $- $k . $9$k$H M k 2 I Hom( W k ; V k ) $O , ( W k ) k 2 I $+$i ( V k ) k 2 i ; ( B h ) h 2 I $N @)8B$X$N quiv er Q 0 $G $N =‘F17?$NA4BN $G$" $k . M k 2 I Hom( V k ; W k ) $O$b $A$m $s , ( V k ) k 2 I ; ( B h ) h 2 H $N @)8B $+$i ( W k ) k 2 i $X$N quiver Q 0 $G$N =‘F17? $N A4BN $G$"$k . A0 $K =R$Y$?$h $& $J , quiv er $N I=8= $H%Y %/ %H %k B+ $N N‘;w $N$b$H$G $O , <!$NBP1~ $, $" $k $3$H$O G<F@ $, 9T$/ $G$" $m $& . (1) >e$N4X<j $O , %Y %/ %H%k B+ $r ItJ,B?MMBN $X @)8B$9$k $3$H $K BP1~$9$k . (2) (6.1) $N BhFs@.J, $O , ItJ,B?MMBN $K M? $($i $l $?%Y %/ %H %k B+ $H$N 4V$N=‘F17? $K BP1~$9$k . $5 $F , (6.1) $N 3F@.J, $r B h , i k , j k $H =q $3 $& . $3$N$H$- , <! $N <LA| $r 9M $($k . � : M ! M k 2 I End( V k ); ( B h ; i k ; j k ) h 2 H;k 2 I 7� ! 0 @ X h 2 H :in( h )= k " ( h ) B h B h + i k j k 1 A k 2 I : M ( V ; W ) $O , $=$N ‘ H>J, ’ M h 2 Hom( V out( h ) ; V in( h ) ) � M k 2 I Hom( W k ; V k ) (6.2) $NM> @\ B+ $H8+$k $3 $H $,$G$- , FC $K<+A3 $J %7 %s %W%l %/ %F%# %C %/ 7A <0 $r;} $D . >e $N %Y%/ %H%k 6u4V $r M ( V ; W ) $H =q $3$& . G V $N:n MQ $O , $3$N %7 %s %W%l %/ %F%# %C %/ 7A <0 $rJ] $D . >e $N<L A| � $O , 1?F0 NL <L A| $G $"$k . $3$N $" $? $j $O , prepro jectiv e algebra $N @bL@$r $7 $?$H$-$H F1MM $G$" $k . $5 $F , %7%s %W%l %/%F %# %C%/>& � � 1 (0) =G V $r 9M$($? $$ . $b $7 $b >&6u 4V M ( V ; W ) =G V $, B? MMBN$G$"$l $P , $3$l$O $=$N M>@\ B+$H F17?$G$" $k . $7 $+ $7 , =8 9gO@ E* $J >&6u4V $O 0lHL $K$O Be?t B?MMBN $K$J $k$3$H $, 4|BT $G $-$J$$ . 4v2?3X E*ITJQ <0O@ [32] $N 65$($O , >&6u 4V $r 9M$( $k Be $o$j $K >&6u4V>e $N4X?t $, 2? $+$r 9M $($h , $H 8@ $& $3$H$G$"$k . :# $N>l9g $O , Fs$D$N8uJd $, $"$k . $^ $: Bh0l $N$b$N $O , � � 1 (0) $r%"%U%! %$ %s Be?tB?MMBN $H;W$C $F , :BI84D$N G V ITJQ $J ItJ,4D $K BP1~$9$k %"%U%! %$ %s Be?tB?MMBN $r9M $( $k $b$N $G$" $k . $3$l$O � � 1 (0) = =G V $H =q $+ $l $k$b$N $G , $=$N E@ $O � � 1 (0) $N JD 50F; $K B>$J $i$J$$ . $b $&0l $D $O , � � 1 (0) >e $ND>@~B+ ( :# $N>l9g , <+L@ $J$b$N $r <h$k ) $K , G V $N :nMQ $r;}$A>e $2 , D>@~B+ $N %F %s%=%k @Q $N G V ITJQ$J@Z CG $N$J$9 <!?t$D$-4D $K BP1~$9$k =‘<M1FB?MMBN $r 9M $( $k$b$N$G$" $k . <+ L@ $J D>@~B+$X$N:nMQ$N;}$A >e $2 $r , GL( V k ) $N 9TNs<0$N@Q $H <h$k $H , 0J2<$N$h $& $K Dj5A$5 $l $k ‘ 0BDj (stable)’ $J E@$NA4BN$N>&6u4V $K$J $k . Dj5A 6.3. ( B h ; i k ; j k ) h 2 H;k 2 I $, 0B Dj $G$" $k$H$O , <!$N >r7o $, @.$j N)$D$H $-$r 8@ $& : V k $N @~ 7? It J, 6u4V$N =8 $^$j ( S k ) k 2 I $G $" $C$F , � S k � Ker j k $, $9$Y$F$N k $K $D$$$F @.$jN)$D � B h ( S out( h ) ) � S in( h ) $, $9$Y$F$N h $K $D$$$F@.$jN)$D $H$$ $&>r7o $r$_$?$9$b$N$O , $9$Y$F$N k $K $D$$$F S k = 0 $H$J $k$b$N $K 8B$k . 0BDj $JE@$NA4BN$r � � 1 (0) s $H =q$/ . $h$C$FFs$D$a$N>& $O , � � 1 (0) s =G V $G$" $k . $J$* , 85 !9 $N [26] $K $* $1$kH?<+8JAPBP @\B3 $N %b %8%e%i %$ 6u4V $O , h yp er-K� aher >& $H $7 $F =q $+ $l$F $*$j , >e $N@bL@ $H $O 0l8+0[ $J$k $, , Kempf-Ness, Kirwan $i$N 7k2L $K$h$j>e $N$b $N $H0lCW$9$k $3 $H $, , King [25] $N 5DO@ $r;H $& $H>Z L@ $5 $l $k . >e $N$h $& $K $7 $F 9=@.$5 $l $? Fs$D$N>&6u4V$r$= $l $>$l M 0 ( V ; W ) ; M ( V ; W ) $G I= $o$= $& . :n$jJ} $+$i � : M ( V ; W ) ! M 0 ( V ; W ) d9B?MMBN$HNL;R%"%U%! %$ %s 4D 9 $H$$ $& <M1FE* $J <LA| $, $" $k . 6qBNE* $K$O , M ( V ; W ) $N E@ , $9$J $o $A0BDj $J50F; $K BP $7 $F , $=$N JDJq $K 4^$^ $l $k$h $& $J$?$@ 0l$D$NJD50F; $r BP1~$5$;$k<LA| $G$" $k . $3 $3$G , $J$< � � 1 (0) $@$1$G$J $/ , M ( V ; W ) $N 4v2?3XE* ITJQ<0 O@ $K$h$k>& $b9M $($J$$$N $+ 5?Ld $K ;W $o$J$$ $@ $m $& $+!) <B $O , $=$N MM $J >& $r 9M $( $k $3$H$O 2DG= $G$" $k $, , � M ( V ; W ) $N JD50F; $O 0 $7 $+ $J $$ . $9 $J$o $A M ( V ; W ) = =G V $O 0lE@ $N$_ $+$i$J $k 6u4V $G$"$k . � B?$/$N>l9g , 0BDj $J 50F; $O B8:_ $7 $J $$ . $J $I $N8= >] $, $" $j , $" $^ $j <+ A3 $J $b $N $H $O 9M $( $i $l $J $$ $N $G $" $k . $7 $? $, $C $F , M ( V ; W ) $G $O>& 6u 4V M ( V ; W ) = =G V $r 9M $( $k$N $G$O$J $/ , G V - F1JQ $J M ( V ; W ) >e $N BP>] $r 9M $($k$N $, $$$$$h $& $G$"$k . $^ $? , <!$N$h $& $J 8=>]$b$"$k . quiver Q $O , %0 %i%U$N JU $K 8~$-$r F~ $l$? $b$N$G$" $C$? $, , 0[ $J $k8~$- $r F~ $l $k$3 $H$r 9M $( $k . $3$N$H $- quiver Q $O JQ$o $k $, , $=$N double Q # $O JQ $o$i$J $$ . $= $7 $F , M 0 ( V ; W ), M ( V ; W ) $O 8~ $- $N<h$jJ} $K$h$i$J$$ $, , M ( V ; W ) $N 8~$- $N<h $jJ} $K$h$C $F , 0BDj $JE@ $r;}$C $?$j;} $? $J $+$C $?$jJQ $o$C $F $7 $^ $& $N $G$" $k . $9 $J$o$A , <!$NE/3X $, @.$jN)$C $F$$ $k . >&6u4V M ( V ; W ) =G V $O 0UL# $r ;} $?$J$$ $, , $=$N M>@\B+ $O Dj5A2DG= $G$" $k . $7 $+ $7 , $= $b$= $b$J$< >& 6u4V$r 9M$( $k$3$H$, I, MW$J$N$+ , G V - F1JQ$J BP >] $G$O $$$1$J $$$N$+ $H $$ $&5?Ld$O$" $m $& . I.<T $N Ez $O , <!@a0J9_ $G 0BDj@- $, I=8=O@E* $J 0UL# $r ;}$D$N $r 8+$k $3$H$G M? $($i $l $k . d9B?MMBN$NNc$r M? $($h $& . %0 %i%U$O A 1 7? , $9$J$o $A D:E@ $, 0l8D $G JU $O$J$$$b$N$H $9 $k . $3 $N$H$- , V , W $O %Y %/ %H %k 6u4V $G , i : W ! V , j : V ! W $H$J $k . � = 0 $O , ij = 0 $G , 0BDj $G $" $k$3$H $O , j $, C1<M$G$" $k$3$H$H F1 CM $G$" $k . $=$3$G , M ( V ; W ) $+$i %0 %i %9%^ %s B?MMBN$NM>@\B+$X$N<LA|$r M ( V ; W ) 3 G V � ( i; j ) 7� ! (Image j; j i ) 2 T � Grass( v ; W ) $G Dj$a$k . $?$@ $7 , T � Grass( v ; W ) = f ( S; � ) j S $O W $N v <!85ItJ,6u4V $G , � : W =S ! S g $G$" $k . MF0W $K%A %’ %C%/ $G$-$k$h $& $K , $3 $l$O F17? $G$" $k . $^$? , M 0 ( V ; W ) $N J} $O , M 0 ( V ; W ) 3 G V � ( i; j ) 7! j i 2 f � 2 End W j � 2 = 0 ; rank � � dim V g $, F17?<LA| $r M? $( $k . 7. :G9b%&%’ %$ %H 2C72 $H 0BDj@- $3$N@a $G$O , %0 %i%U$O Dynkin ADE 7? $G$" $k $H 2>Dj$9$k . Ringel-Lusztig $N 9=@. $r 8+$k $H , V $r $$$m$$$m$H <h$jBX $($F =i$a$F NL;RE83+4D $, 8+ $($F $/$k $O$:$G$" $k . 0lJ} , W $N J} $O 8GDj $7 $F $*$/ . $G$O , A0@a $G ‘ ?M9)E* ’ $K F3F~$5 $l$?$+$N$h $& $K 8+ $( $k W $N 0UL# $O 2? $G$"$m $& $+!) <B $O , <! $N7k2L $, <($9 $H $*$jNL;RE83+4D$NI=8=O@ $H W , $= $7 $F 0BDj@- $, L)@\ $K 4X78 $7 $F $$$k$N $G$" $k . Dj5ABN $O C $H $9$k 5 . E ( V ) >e $N G V - ITJQ $J9=@.2DG=AX $NJ#BN A $r 9M $($k . Lusztig $N 9=@. $K$h$j U � q ( g ) $N 85 $H ;W $& $3$H$K $9 $k . A $N singular supp ort( $b $7 $/ $O FC@-B?MM BN ) S S ( A ) � T � E ( V ) = E ( V ) � E ( V ) � $r 9M $( $k . $3$N$H $- , S S ( A ) $O L ( V ) def : = f B 2 T � E ( V ) j � ( B ) = 0 ; B $O nilp otent g (7.1) $K 4^$^ $l$F $$ $k $3$H $, , Lusztig [30] $K $h$j 4Q;!$5 $l $F$$ $k . $h $C $F S S ( A ) � 0 � M k Hom( V k ; W k ) ! � M ( V ; W ) $O � � 1 (0) $K 4^$^ $l$F$$ $k . $3$N$H$- , >e$N=89g $NE@ $, $9$Y $F0BDj $G$J$$E@ $K$J$C $F$$$k$h$& $J A $+$i @8@.$5 $l $k U � q ( g ) $N Q ( q )- ItJ,6u4V $r I W $H $*$/ . ( W $O 8GDj $7 , V $r F0 $+ $9 .) DjM} 7.2 ([33, 11.7]) . I W $O , U � q ( g ) $N :8 %$ %G %"%k$G$" $j , >& U � q ( g ) =I W $O :G9b%&%’ %$ %H$, w = X k dim W k � k $G$" $k$h $& $J U q ( g ) $N M-8B<!854{Ls:G9b%&%’ %$ %H 2C72 $H F17? $G$" $k . $?$@ $7 , � k $O 4pK\%&%’ %$ %H$G $" $k . A0H> $N>ZL@ $O , singular supp ort $N I>2A<0 [20, Bh 5 >O ] $r MQ$$ $F $J$5 $l , 8eH> $N>ZL@ $O I W $, F dim W k +1 k $r 4^ $s $G $$ $k$3$H , $= $7 $F :G 9b%&%’ %$ %H %Y %/ %H %k $H :G Dc%&%’ %$ %H %Y %/ %H %k $r 4^ $s$G $$$J $$$3$H $r%A %’ %C%/ $7 $F >Z L@ $G $- $k . $9$Y$F 0BDj@- $N Dj5A $+$i MF0W $K => $& . ‘ U � q ( g ) =I W $K U + q ( g ) $N:nMQ $r4v2?3XE* $K 9=@. $;$h ’ $H$$ $& LdBj $O L$2r7h $G$"$k $3$H $r Cm0U $7 $F $* $3 $& . U q ( g ) A4BN $N4v2?3XE*9=@. $, L$2r7h $J$N$H F1MM $G$" $k . 5 Ho dge 2C72 $rMQ $$ $F=q $- D> $9 $+ , $b $7 $/ $O86 O@ J8 $N $h$& $KJ, 2r Dj M} $r;H $& $3 $H $K$h $C $F , H>C1 =c $JJ# BN $N7w $GOC $r$9 $k $+ , $K$h $C $F Lusztig $N9=@. $O C >e $G$b =PMh$k .

10 CfEg 7< (HIRAKU NAKAJIMA) 5~ETBg3X!&Bg3X1!M}3X8&5f2J $J$* , <!@a$N1U>=4pDl $N4v2?3XE* $J<B8= $rMQ$$ $l $P , >e $N7k2L $O $h$j0lHL $NBP>N $J Kac-Mo o dy Lie 4D g $K BP1~ $9$k U q ( g ) $K $D$$$F$b @.N)$9$k $3$H$r Cm0U $7 $F $* $/ . 8. 7k>=4pDl (cr yst al base) $N 4v2?3XE*$J<B8= $3$N @a $G $O , %0 %i%U $O ;OE@ $H =*E@ $, 0lCW$9$kJU $, $J $$$b$N$H $@$1 2>Dj $7 , ADE 7? $H $O 8B $i$J$$ . 7k >=4pDl $K $D $$ $F$O , [18] $r ;2>H$N $3$H . L ( V ) $N V $r F0 $+ $7 $F Hs8r OB $r<h $j , L $G I= $o$= $& . L $N4{Ls@. J, $K$O , Lusztig [30] $K$h$j<! $N$h$& $J ‘ 5"G<E* ’ 5-=R $, $" $k . 3FD:E@ k 2 I $K BP $7 , @~7?<LA| � k = X h :in( h )= k B h : M h :in( h )= k V out( h ) ! V k $r 9M $( $k . L ( V ) k ; n = f B 2 L ( V ) j co dim V k Im � k = n g ; $H $*$/ . $3 $l$O , L ( V ) $N 6I=jJD $J ItJ,B?MM BN $G$" $k . $3 $N$H$- , V k $r Im � k $G CV$-49 $( , B>$N V l $O JQ $($J $$$b$N $r V 0 $H $*$/ . B $O T � E ( V 0 ) $N 85 $r <+A3 $K Dj$a , $= $l$O L ( V 0 ) k ;0 $K B0 $7 $F $$ $k . $5$i$K L ( V ) k ; n ! L ( V 0 ) k ;0 $O %U %! %$ %P!< B+ $K$J $C $F$$ $k . $5 $F , L ( V ) $N 4{ Ls@.J, Y $, M? $($i$l $?$H $- , Y $N generic $J 85 $O $" $k k 2 I , n > 0 $K 4X $7 $F L ( V ) k ; n $K B0 $7 $F$$$k $H $7 $h $& . ( L ( V ) $N 85 $, nilp oten t $G$" $k $3$H $+ $i , V = 0 $G$J$1 $l $P L ( V ) $O S k 2 I ;n> 0 L ( V ) k ; n $H union $K$J$C $F$$$k . $h$C $F$=$NMM $J k , n $O B8:_$9$k .) $3 $l$r >e $N<LA| $G L ( V 0 ) k ;0 $K <L $7 , $=$NJDJq $r<h$k $3$H $K$h$j L ( V 0 ) $N 4{Ls@.J, Y 0 $, F@ $i $l $k . $3$N A‘:n $r7+$jJV$9 $3$H $K$h$j , L $N$9$Y$F$N4{Ls@.J, $O , V = 0 $N >l9g ( $3$N $H$- L ( V ) = f 0 g $G$" $k ) $+$i =PH/ $7 $F 5"G<E* $K 9=@.$9$k $3$H $, =PMh$k . $5 $i $K , Gp86 - :X F# [19] $K $h$j , $3$N 5"G<E* $J5-=R $r MQ $$ $F L $N4{Ls@. J, $K ‘ 7k>= ’ 9=B$ $, F~ $l$i $l $k . ( 7k>=9=B$ $O , 7k>=4p Dl$N@- <A $r Cj>] 2= $7 $? $b$N$G$" $k .) <B:] , V 00 $r V l ( l 6 = k ) $O JQ$($:$K V k $r 0l<!85 8: $i $7 $? $b$N , V 000 $r 0l<!85A} $d $7 $?$b$N$H$9$k $H$- , L ( V 00 ) k ; n � 1 ! L ( V 0 ) k ;0 , $H L ( V 000 ) k ; n +1 ! L ( V 0 ) k ;0 $r MQ$$ $F , >e$NA‘:n $H 5U 8~ $- $NF1MM $NA‘:n $K$h$C $F Y 0 $+$i L ( V 00 ) $H L ( V 000 ) $N 4{Ls@. J, Y 00 , Y 000 $r :n$k . $=$3 $G , L $N 4{Ls@. J, $N=89g $r B $H $7 , <LA| B ! B t f 0 g $r e e k [ Y ] = [ Y 00 ] ; e f k [ Y ] = [ Y 000 ] $H Dj$a $k . $?$@ $7 n = 0 $N$H $-$O , e e k [ Y ] = 0 $H $9$k . $3$N <LA| $K $h$j , B $O 1U>= $K$J $k . $5$i$K , Gp 86 - :XF# $K $h $j U � q ( g ) $N 7k>=4pDl $H F17? $K$J $C$F$$$k . $3$N 9= @. $O d9B?MM BN$N$H$-$K $b M- 8z $G$" $k . <LA| � : M ( V ; W ) ! M 0 ( V ; W ) $N 86 E@ 0 2 M 0 ( V ; W ) $N 5UA|$r L ( V ; W ) $G I=$o$= $& . 6qBNE* $K$O , L ( V ; W ) = f ( B ; i; j ) 2 � � 1 (0) s j i = 0 $G B $O nilp otent g $HI= $o$5 $l $k . $3 $l$O , M ( V ; W ) $N%i %0 %i %s%8%" %s ItJ,B? MMBN $H $J$k . ([33, 5.8]) $K $h $k4v2? 3XE* >ZL@ $H [30] $K%" %J%& %s %9 $5 $l$F$$$k5"G< K! $K$h$k>ZL@ $,$"$k .) >e $N5- =R $h $j L ( V ; W ) $N<M1F � � 1 (0) s ! M ( V ; W ) $K$h$k5UA| $O , L ( V ) � 0 � M k Hom( V k ; W k ) ! $K 4^$^ $l$F $$ $k . L ( V ; W ) $NHs8r OB $r L ( W ) $G I= $o $=$& . L ( W ) $N4{Ls @. J, $N=8 9g $r B ( W ) $H$9$k $H , L $N>l9g $H$^ $C $?$/ F1 MM $K $7 $F , <LA| e e k ; e f k : B ( W ) ! B ( W ) t f 0 g $, Dj5A $5 $l $k . $? $@ $7 , >e $N Y 000 $K$"$?$k $b $N $, 0BDj @- $N>r 7o $N $? $a $K6u =89g $K$J $k$3 $H $,$" $k$N $G , $=$N >l9g $O e f k [ Y ] = 0 $H $*$/ . $3$N$H$- B ( W ) $O :G9b %&%’ %$ %H$, w = P dim W k � k $N4{Ls:G9b%&%’ %$ %H U q ( g )- 2C72$N1U>=4pDl $H F17? $K$J $k . 9. NL;R%"%U %! %$ %s 4D (quantum affine algebra) $H $=$N M-8B<!85I=8= %"%U%! %$ %s Lie 4D b g $O , Kac-Mo o dy Lie 4D$N Nc$G$" $j , 0l HL2=$5 $l $? Cartan 9TNs$K BP $7 $F , @8@. 85$H 4X 78<0 $G Dj5A$5 $l $k . 2D@QJ,I=8= $r D4 $Y$k$H$- $K$O , $3$N Dj5A $r ;H $& $N $, JXMx $G$" $k $, , 0lJ} $G b g $O M-8B<!85 Lie 4D g $N %k !< %W Lie 4D L g = g C [ z ; z � 1 ] $r Cf ?43HBg $7 $F , $5$i$K <!?t:nMQAG$rIU $1 2C $($?$b$N$H $$ $&5-=R $b2DG= $G$" $k . $9 $J$o $A , b g = g C [ z ; z � 1 ] � C c � C d $G$" $C $F , Lie 4D$N9=B$ $r [ b g ; c ] = 0 ; [ X z r ; Y z s ] = [ X ; Y ] z r + s + r � r + s; 0 ( X ; Y ) c; [ d; X z r ] = r X z r d9B?MMBN$HNL;R%"%U%! %$ %s 4D 11 $G F~ $l $?$b$N$G$" $k . $?$@ $7 , ( X ; Y ) $O g >e$N$"$k adjoint ITJQ $J Fb@Q $G$" $k . %k !< %W Lie 4D L g = g C [ z ; z � 1 ] $N M-8B<!85I=8=$r9M $( $h $& . %"%U%! %$ %s Lie 4D $N d 0J30$N 85 $G @8@.$5 $l $kIt J, Lie 4D ( $3 $l$r %"%U%! %$ %s Lie 4D $H 8F $V$3$H$b$"$k ) $N I=8= $G , c $, 0 $K $h$C$F:nMQ$9$k$b$N $G$"$k . 0 $G$J $$ J# AG?t a $K BP $7 , Lie 4D$N=‘F17? L g ! g ; X z k 7! a k X $r ev aluation <LA| $H$$ $$ , ev a $G I= $o$9 . g $NI=8= V $r , ev a $r DL $8 $F L g $N I=8= $H;W $C $?$b $N $r ev � a V $G I= $o$9 . L g $N M-8B<!85I=8= $O , <!$N$h $& $K $7 $F 40A4 $K M}2r$5 $l $k . DjM} 9.1 (Chari-Pressley [5]) . (1) a 1 ; : : : ; a n $r Aj0[$J$k 0 $G $J$$ J#AG?t$H $7 , V 1 ; : : : ; V n $r g $N M-8B<!854{LsI= 8= $H$9 $k . $3$N$H $- ev � a 1 V 1 � � � ev � a n V n $O L g $N M-8B<!854{LsI=8= $G$"$k . (2) L g $N M-8B<!854{LsI=8= $O >e$N$d$jJ} $G I, $: F@ $i $l $k . g $N M- 8B<!854{Ls I=8= $O , ;YG[E*%&%’ %$ %H P w k � k ( w k 2 Z � 0 , � k $O 4pK\%&%’ %$ %H ) $H 0lBP0l $K BP 1~ $7 $F$$$? $3$H$r ;W$$=P$= $& . >e$N g $N M-8B<!854{LsI=8= V i $K BP1~$9$k;YG[E* %&%’ %$ %H $r P w k ( V i )� k $H $9$k$H$- , 3F k $K BP $7 P k ( u ) = Y i (1 � a i u ) w k ( V i ) $O , <!?t P i w k ( V i ) $N u $N B?9‘<0$G P k (0) = 1 $H$J $k . >e$N7k2L $K $h $j , L g $N M-8B<! 854{Ls I=8= $O , B? 9‘<0 $r 78 ?t $H$9 $k%&%’ %$ %H P ( u ) = X k P k ( u )� k $H 0lBP0l $K BP1~$9$k . $5 $F , 0J>e $N q N‘;w $r 9M $($?$$ . IaJWE83+4D U ( b g ) $N ‘ q N‘;w ’ U q ( b g ) $O , %"%U%! %$ %s NL;RE83+4D $H 8F $P $l $F$$ $k $, , b g $K FsDL$j$N5-=R $, $" $C$?$N$HF1MM $K , FsDL$j$N5-=R $, 2DG= $G$" $k . 0l $D $O , b g $N Kac-Mo o dy Lie 4D $H $7 $F$N5-=R $N ‘ q N‘;w ’ $G$"$j , Drinfeld- ?@J] $K$h$kBP>N 2=2D G= $J Kac-Mo o dy Lie 4D $K BP$9$k NL;RE8 3+4D $NDj5A $r;H $& $b $N $G$"$k . $b $&0l $D $O , Drinfeld new realization $H 8F $P$l $F$$ $k$b $N $G $"$j , b g $N%k !< %W Lie 4D$N3HBg$H $7 $F$N 5-=R$N ‘ q N‘;w ’ $G $" $k . Fs$D$N5-=R $, F17? $G $" $k$3$H$O , Drinfeld[9] $K $h $C $F%"%J %& %s %9$5 $l $F$$$?$, , >\ $7 $$ >Z L@ $O , Bec k[1] $K $h$C $F M? $($i $l $? . $3$3$G$O , Drinfeld new realization $r :NMQ$9$k$3$H$H $7 , $^$? M-8B<! 85I=8=$r 9M;!$9 $k$N $G , Cf?43H Bg$; $: , d $r 2C $($F$$$J$$ L g $N NL;R2= $G$"$k NL;R %k !< %W 4D U q ( L g ) $r <h$j07 $& $3$H$K $9$k . 4JC1$N$?$a g = sl 2 $N$H $-$N Dj5A$N$_$r M?$($k . U q ( L g ) $O , e r , f r ( r 2 Z ), q � h , h m ( m 2 Z n f 0 g ) $r @8@.85 $H $7 , <!$N4X78<0 $G Dj5A$5 $l $k Q ( q )- Be?t $G$" $k : q h q � h = q � h q h = 1 ; [ q h ; h m ] = 0 ; � + ( z ) ; + ( w ) � = � � ( z ) ; � ( w ) � = � + ( z ) ; � ( w ) � = 0 ; ( z � q � 2 w ) s ( z ) x � ( w ) = ( q � 2 z � w ) x � ( w ) s ( z ) ; � x + ( z ) ; x � ( w ) � = 1 q � q � 1 n � � w z � + ( w ) � � � z w � � ( z ) o ; ( z � q � 2 w ) x � ( z ) x � ( w ) = ( q � 2 z � w ) x � ( w ) x � ( z ) ; $? $@ $7 , s = � $G $" $k . ( F1 $8 <0 $K =P$F$/$k � $H$O F1Id9f $G$J $/ $F$b$h$$ .) $^$? , <!$NJl4X?t $r MQ$$ $? : � ( z ) def : = 1 X r = �1 z r ; x + ( z ) def : = 1 X r = �1 e r z � r ; x � ( z ) def : = 1 X r = �1 f r z � r ; � ( z ) def : = q � h exp � ( q � q � 1 ) 1 X m =1 h � m z � m ! : $^ $? , <!$NJl4X?t$b$"$H $G ;H $& . p � ( z ) def : = exp � 1 X m =1 h � m [ m ] q z � m ! : [ m ] q = ( q m � q � m ) = ( q � q � 1 ) $G $" $k . e = � 0 1 0 0 � , f = � 0 0 1 0 � , h = � 1 0 0 � 1 � $r sl 2 $N @8 @.85 $H $7 $F <h $l $P , L g $N e z r , f z r , h z m $, $= $l $>$l e r , f r , h m $K BP1~ $7 , h z 0 $@$1$O q $N 8* $K >h$C $1$F q h $H $7 $?$H 9M $( $k$3$H $, =PMh$k .

12 CfEg 7< (HIRAKU NAKAJIMA) 5~ETBg3X!&Bg3X1!M}3X8&5f2J 0lHL $N g $K BP$9$k Dj5A 4X78 <0 $O$3 $3 $K$O =q $+$J$$ $, , @8@.85 $H $7 $F e k;r , f k ;r ( k $O Dynkin ?^<0 $ND:E@ , r 2 Z ), q h ( h $O %&%’ %$ %H 3J;R $N85 ), h k ;m ( m 2 Z n f 0 g ) $r ;}$D . >e $H F1MM $NJl4X?t x � k ( z ), � k ( z ), p � k ( z ) $, Dynkin ?^<0 $N3FD:E@ k $K BP1~ $7 $F Dj5A$5 $l $k . g $K BP1~$9$k Drinfeld- ?@J] $NNL;RE83+4D U q ( g ) $O , e k ; 0 , f k ; 0 , q h $G @8@.$5 $l $kItJ,Be?t $H $7 $F U q ( L g ) $K 4^$^ $l $F $$ $k . e k ;r $G @8 @.$5 $l $k U q ( L g ) $N ItJ, Be?t$r U q ( L g ) + , f r $G @8@.$5 $l $k U q ( L g ) $N It J,Be ?t $r U q ( L g ) � , q h $H h m $G @8@.$5 $l $k U q ( L g ) $N ItJ,Be?t $r U q ( L g ) 0 $G I= $o$9 . <!$N<e$$7A$N;03QJ,2r $, @.$jN)$D . U q ( L g ) = U q ( L g ) + � U q ( L g ) 0 � U q ( L g ) � : $5 $i$K ITDj85 q $r " 2 C � $K FC<l2= $7 $? NL;R %k !< %W 4D U " ( L g ) $r 9M $( $k . $=$N Dj5A$N$?$a$K$O , U q ( L g ) $N$" $k Z [ q ; q � 1 ]- ItJ,Be?t U Z q ( L g ) $r Dj5A $7 , U " ( L g ) = U Z q ( L g ) Z [ q ;q � 1 ] C $H Dj5A$9$k . $? $@ $7 , Z [ q ; q � 1 ] ! C $O q $r " $K Aw$k=‘F1 7? $G$"$k . U Z q ( L g ) $NDj5A $r$3$3 $G $O =R$Y $J$$ $, , " $, D61[?t $N $H$- $K$O , >e$N U q ( L g ) $N Dj5A $G q $r " $G CV$-49 $($?$b$N$H$9 $l $P $h$$ . 4{ Ls M- 8B <! 85 U " ( L g )- 2C 72 $N 9= @. , J, N‘ $r Ld Bj $K $7$?$$ . <B $O , 0l HL $N g $K$? $$ $7$F $O ev aluation <L A| U " ( L g ) ! U " ( g ) $, B8:_ $7 $J$$$3 $H $, CN $i $l$F $*$j , $3$N$?$a $K L g $NM-8B<!85 $N9=@. ( DjM} 9.1) $N N‘;w $, $=$N$^$^ $G $O @.N) $7 $J $$ . $7 $+ $7 <! $N 7k2L $, CN $i$l$F $$$k : DjM} 9.2 (Chari-Pressley [7]) . " $O 1 $N$Y $- :, $G$J $$$H $9 $k . 4{Ls M-8B <!85 U " ( L g ) - 2C72 M $G q � h $, " $N$Y $- >h $r 8GM-CM $H$9 $kH>C1=c $J 85 $H $7 $F :nMQ$9$k$b$N $O , B?9‘<0 $r 78?t $H$9 $k%&%’ %$ %H P ( u ) = X k P k ( u )� k $H 0lBP0l $K BP1~$9$k . >e $N$h $& $J U " ( L g )- 2C72 $O , <!$N@-<A $r ;}$D%Y%/ %H %k m 0 $r ;}$D $3$H $, CN $i $l$F $$ $k . e k ;r � m 0 = 0 ; U " ( L g ) � � m 0 = M (9.3) $r$_$? $7 , m 0 $O q h , h k ;m $N F1;~8GM- %Y%/ %H%k$G$" $k . $3$N $H$->e $NB?9‘<0 P k ( u ) $O 8GM- CM $NJl4X ?t $H $7 $F FCD’ $E $1$i $l $k . � k ( z ) � m 0 = " deg P k k � P k ( " � 1 k =z ) P k ( " k =z ) � � m 0 (9.4) $r K~$?$9 . $?$@ $7 , " k = " ( � k ;� k ) = 2 $G $"$j ( � k $O D:E@ k $K BP1~$9$kC1=c %k !< %H ), $^$? ( ) � 2 C [[ z � ]] $O , M-M}4X?t $N z = 1 $H 0 $G$N E83+ $rI= $o$9 . 0lHL $K m 0 2 M $, (9.3) $r K~ $? $7 , q h , h k ;m $NF1;~8G M- %Y%/ %H%k$G$"$k $H$- , m 0 $r l - :G9b %&%’%$ %H %Y%/ %H %k $H 8F $S , $3$N$h $& $J m 0 $r ;}$D U " ( L g ) 2C72 $r l - :G9b %&%’ %$ %H 2C72 $H8F$V . ;03QJ,2r $r MQ $$ $l $P , G$0U$N7A<0E*$Y$-5i?t � k ( z ) $K BP $7 $F , � k ( z ) � m 0 = � k ( z ) m 0 $r K~$?$9 l - :G9b%&%’ %$ %H %Y %/ %H %k$r ;}$D4{Ls $J l - :G9b%&%’ %$ %H 2C72 $, $?$@ 0l$DB8:_$9$k $3$H $, >ZL@$5 $l $k . U q ( L g ) $N Dj5A$h$j q h , h k ;m $O 8_$$ $K 2D49 $G$"$k $+$i , M-8B<!85 U " ( L g ) 2C72 M $O , $3$l$i $N 85 $NF1;~0lHL8G M-6u4V $ND>OB $K J,2r$9$k . Jl4X?t � k ( z ) $r MQ$$$F M � def : = f m 2 M j 3F k $K $D$$$F , ==J,Bg$- $J N $K BP $7 ( � k ( z ) � � k ( z ) Id) N � m = 0 $, @.$jN)$D g : $H $*$/ . M � $, 0 $K $J$i$J $$$h $& $J � k ( z ) $N$3$H$r l - %&%’ %$ %H $H 8F $S , M � $r l - %&%’ %$ %H 6u4V $H 8F $\ $& . $5 $i $K , l - %&%’ %$ %H$, l - ;YG[E* $G$" $k $H$O , � k ( z ) = " deg P k k � P k ( " � 1 k =z ) P k ( " k =z ) � � $r K~$?$9$h $& $J B?9‘<0 P k ( u ) $, 3F k $K $D$$$FB8:_$9$k$b$N$HLsB+$9$k . >e $K =R $Y$?DjM} $O , 4{Ls l - :G9b%& %’ %$ %H 2C72 $, M-8B<!85 $K$J$k$? $a$NI,MW==J,>r7o $O , l - :G9b %&%’ %$ %H � k $, l - ;YG[E* $G$" $k $3$H$G$"$k $H <gD% $7 $F $$$k $o$1$G$"$k . $3$l$O , Lie 4D $N:G9b%&%’ %$ %H 2C72 $, M-8B<!85 $H$J $k $?$a$N I,MW==J,>r7o $O , :G9b%&%’ %$ %H$, ;YG[E* $G$" $k$H8@ $& 7k2L $NN‘;w $G$" $k . $3$N $h $& $KM-8B<! 854{ Ls U " ( L g ) 2C72 $NJ, N‘ $OCN $i $l$F$$$k$b $N $N , $=$N9=@. $O Cj>] E* $J$b $N $G$"$j , 6qBNE* $J @-<A $O$h $/CN $i $l$F $$ $J $+ $C $? . Nc $( $P , 3FM-8B<!85 4{Ls U " ( L g ) 2C72 $K $D$$ $F l - %& %’ %$ %H 6u4V $N<!85 $r7W;;$9$k $3$H$O , W eyl $N ;XI88x<0$N U " ( L g )- HG $K Ev$?$k $, , $= $l$O 7W;;$5 $l $F$$$J$$ . I. <T $O , :G 6a d9 B? MM BN$H 8F $P $l $k 6u 4V$N F1 JQ K 72$r Mx MQ $7 $F , M- 8B <! 85 I= 8=$r 9= @. $7 $? . 1~ MQ$H $7 $F , ;X I8 $r d9 B? MM BN$N 8r :5%3 %[ %b %m%8 !<$N <! 85$r MQ$$$F =q$- I= $9$3$H$, =P Mh $k$N$G $" $k . $?$@$7 , g $O ADE 7? ( 0l HL$N Kac-Mo o dy Lie 4D $KBP $7 $F BP1~ $9$k M}O@ $r9M $($k $H$- $O , 0lHL2= Cartan 9TNs $, BP>N $J$b$N ) $N$_ $r9M $($k $3 $H $, =PMh$k .

d9B?MMBN$HNL;R%"%U%! %$ %s 4D 13 $b $&>/ $7 >\ $7 $/=R$Y$h $& . $^ $: , ;YG[ E*%&%’ %$ %H w = P k w k � k $r 8G Dj$9$k . $3 $N$H $- G w = Q k GL( w k ; C ) $H $* $/ . R ( G w ) $r $=$N I=8= 4D $H $9 $k . $5$i$K R ( G w � C � ) = R ( G w ) Z Z [ q ; q � 1 ] $r G w � C � $N I= 8=4D$H $9$k . $3$N$H$- , $" $k U Z q ( L g ) Z [ q ;q � 1 ] R ( G w � C � )- 2C72 M ( w ) $G$" $C$F , R ( G w � C � ) >e<+M3 $G M-8B3,?t $G$"$j , e k ;r � m 0 = 0 ; ( U q ( L g ) � Z [ q ;q � 1 ] R ( G w � C � )) � m 0 = M ( w ) ; q h � m 0 = " h h; w i m 0 ; p + k ( z ) � m 0 = � V � 1 =z q � 1 W k � � m 0 ; p � k ( z ) � m 0 = ( � z ) dim W k � V � 1 =z q � 1 W k det( q � 1 W k ) � � � m 0 $r K~$?$9 m 0 2 M ( w ) $r ;}$D$b$N$r 9=@.$9$k$3$H $, =PMh$k . $?$@ $7 , W k $O GL( w k ; C ) $N%Y %/ %H %k I=8= $G q � 1 W k $O , $5 $i$K t 2 C � $, , t � 1 id W k $G :nMQ$9$k$b$N $G$" $k . $= $7 $F V u V = P i u i V i V $G$" $k . M ( w ) $O , <! $N $h$& $K ‘ IaJW E* ’ $J l - :G9b %& %’%$ %H 2C72 $H;W $($k . G w $NH>C1 =c $J85 s $H " 2 C � $r<h$j , a = ( s; " ) $H $* $/ . a $G $N ;X I8 $N CM$r <h $k$3 $H $K $h $j =‘ F1 7? R ( G w � C � ) ! C $, Dj 5A $5$l $k . $3 $N =‘ F1 7?$K $h $j C $r R ( G w � C � )- 2C72 $H;W $$ , C a $H I= $o$9 . $9$k $H , M ( w ) R ( G w � C � ) C a $O , M-8B <!85 $N l - :G9b %& %’%$ %H 2C72 $G , (9.4) $K $h$C$F Dj$a$i $l $k P k ( u ) $O V � u q � 1 W k $r =‘ F17? R ( G w � C � ) ! C $K $h $C $F B? 9‘<0 $K <L $7 $? $b$N$K B>$J$i$J $$ . $^$? P k ( u ) $O , s $N GL( w k ; C )- @.J,$NFC@- B?9‘<0 $G$" $k $+$i , P ( u ) = P P k ( u )� k $r Dj $a $k $3$H$H , H>C1=c$J 85 s 2 G w $r 6& LrN‘ $r =|$$$FDj$a$k$3$H$H$O F1 $8 $G $" $k . $=$3$G , >e $G :n $i$l $k U " ( L g )- 2C72$r M ( P ) $G I=$o$9 . M ( P ) $r I8=‘2C72 (standard mo dule) $H 8F $V . M ( w ) $O , d9B?MMBN$N$" $k Lagrangian ItJ,B? MMBN>e$N G w � C � F1JQ$JO" @\AX$N Grothendiec k 72$r MQ$$$F9= @. $5 $l $k . $? $@ $7 d9B?MM BN $O w $K 0MB8 $7 $F Dj $a $i $l $k . $"$H $G$3 $l$r @bL@ $9$k . $*$= $i $/ $O , Be?tE* $K 9=@.$9$k $3 $H$b 2DG= $G$" $k $H ;W $o $l $k . DjM} 9.2 $G M? $( $i $l $k4{Ls U " ( L g ) 2C72 $r L ( P ) $G I= $o$= $& . L ( P ) $O , M ( P ) $N>& $G$"$k . $3$N$H$- , M-8B<!85 U " ( L g ) 2C72$N Grothendieck 72$NCf $G , M ( P ) $O , <!$N7A $K =q $1 $k : [ M ( P )] = X Q a P Q [ L ( Q )] M ( P ) $O Hf3S E*D4$Y$d$9$$$H 9M $($i$l $k$N$G ( <B:] , ‘ 4p K\I=8= ’ $N%F%s %=%k @Q $G$" $k $H M= A[$5 $l $k ), 78?t a P Q $r 5a $a$k $3 $H $, LdBj $H $J$k . M ( P ) $r Lie 4D $N V erma 2C72 , L ( P ) $r 4{Ls:G9b %& %’ %$ %H 2C72 $KCV$-49 $($?$b$N $, $$$o $f$k Kazhdan-Lusztig M=A[ $G$" $k . $=$N$H$- , a P Q $O Kazhdan-Lusztig B?9‘<0$N 1 $G $N CM , 4zB?MMBN $N Sch ub ert K&BN $N8r:5%[%b%m %8 !<$G =q $1 $k ([22] $r ;2>H ). :#$N>l9g , (1) >e$NOB$N Q $O , M ( P ) $N l - ;YG[E*%&%’ %$ %H A4BN $r Av$k (2) a P Q $O , d9B?MMBN $N$"$k J,3d $N 8r:5 %[%b%m %8 !<$G =q $1 $k $, >ZL@ $G$- $k . $J $* , g = sl n $N >l 9g$O , d9 B? MM BN$O n -step It J, 4z B? MM BN$N M> @\ B+$G $" $j , F1 MM$N 9= @. $, I. <T $h $j $b 0J A0$K Ginzburg-V asserot[12, 45] $K $h $C$F$J$5 $l $F$$ $k . I.<T$bH‘ $i$N 7k2L $K F05! $E$1 $5 $l$F $$ $k . 10. d9B?MMBN $H NL;R%"%U %! %$ %s 4D 0J >e $N=‘ Hw $N $b $H $K , $$ $h $$ $hd9 B? MM BN $rMQ $$ $?NL ;R %" %U %!%$ %s 4D $N4v 2? 3X E* $J9= @. $r=R $Y$k . %0 %i%U $O Dynkin ADE 7? $G$" $k$H2>Dj$9$k . V $, V 0 $N ItJ,6u4V ( $9$J $o $A3FD:E@ k $4 $H$K V k $, V 0 k $N ItJ,6u4V ) $G $" $k $H$9 $k $H , M ( V ; W ) $N Cf$N � � 1 (0) $O , M ( V 0 ; W ) $N Cf$N � � 1 (0) $N ItJ,B?MMBN $H ;W $& $3$H $, =PMh$k . $9$k$H M 0 ( V ; W ) ! M 0 ( V 0 ; W ) $H$$ $&<LA| $, <+A3 $K Dj5A$5 $l $k . $3$N <LA| $, closed immersion $G$" $k$3$H $O MF0W $K J, $+ $k . ;Y G[E* %& %’%$ %H w $r P dim W k � k $G Dj $a$k . x 7, x 8 $N$h$& $K , W $r 8GDj $7 $F V $rF0 $+$9 $3 $H $r9M $($k . %0 %i%U $, Dynkin ADE 7? $G$" $k $H$$ $&2>Dj $r MQ$$ $k $H , ==J,Bg$-$J V $G M 0 ( V ; W ) $, stabilize $9 $k $3$H $, J, $+ $k . $3 $l$r M 0 ( 1 ; W ) $G I=$o $9$3$H$K $9 $k . $^$? , M ( V ; W ) $N J}$O , 9b !9M-8B8D$N V $r =|$- 6u =89g$H$J $k . $=$3$G , $9$Y$F $N Hs8r OB $r <h $j M ( W ) $G I= $o$9 . <LA| � $O , M ( W ) ! M 0 ( 1 ; W ) $r Dj$a$k . $3$l $b � $G I= $o $9 . $=$3$G Steinberg B?MMBN$NN‘;w$H $7 $F Z ( W ) = M ( W ) � M 0 ( 1 ;W ) M ( W ) = f ( x 1 ; x 2 ) 2 M ( W ) � M ( W ) j � ( x 1 ) = � ( x 2 ) g $r F3F~$9$k .

14 CfEg 7< (HIRAKU NAKAJIMA) 5~ETBg3X!&Bg3X1!M}3X8&5f2J M 0 ( 1 ; W ), M ( W ) $K$O , G w = Q k 2 I GL( W k ) $H C � $N :nMQ $, $" $k . G w $N J} $O , (6.1) $X $N <+A3 $J :nMQ $, M6F3 $9$k:nMQ $G$"$j , C � $N J} $O , B h ; i k ; j k $r 0l@F $K %9%+ %i!<G\$9$k$H$$ $& :nMQ $G$" $k . DjM} 10.1 ([34, 36]) . <! $N 2D49?^<0 $, $" $k . K G w � C � ( Z ( W )) = torsion � � � � ! H dim Z ( W ) ( Z ( W ) ; R ) x ? ? x ? ? U Z q ( L g ) � � � � ! U ( g ) $? $@ $7 , g $O Dynkin %0 %i%U$K BP1~ $7 $? C1=c Lie 4D $G$"$j , U ( g ) $O $=$N IaJWE83+4D , $= $7 $F U Z q ( L g ) $O U q ( L g ) $N $"$k Z [ q ; q � 1 ]- ItJ,4D $G$" $k . 2<$NLp0u $O , q = 1 $H $7 $F%k !< %W Lie 4D$NIaJWE83+4D $X<LA| $7 , $5 $i$K z = 1 $H $* $/ $3$H$K$h$j , g $N IaJWE83+4D $X <LA|$9$k$b$N $G$" $k . $3 $l$O , Nc 3.1 $N N‘;w $G$"$k . $7 $+ $7 , $=$NNc $H0[ $J$C $F >e8~ $-Lp0u $O F17? $G$O$J$$ $3$H $r Cm0U $7 $F $*$/ . ( A4<M $G$b C1<M $G$b$J$$ .) >ZL@ $O , U ( g ), U Z q ( L g ) $N @8@.85$N 9T$-@h$rDj$a , 4X78<0$r%A%’ %C%/$9$k$3$H$G M? $($i $l $k . @8@.85$N 9T$-@h$N Dj $aJ} $O , <c43$N um biguit y $r =|$$ $F canonical $J$b$N $G$" $k . 1&B&$N $H$- $O , %A%’ %C%/ $OHf3SE*MF0W $G , [34] $G$J $5 $l$? . :8B& $G $O , 4X78<0 $O 0l$D $r =|$-D>@\ %A%’ %C%/$9$k $3$H $, =PMh$k . ;D$C $?0l$D$N4X78<0 ( sl 2 $G 8@ $& $H$3$m$N [ e; f ] = h ) $O , $9$G$K [12, 45] $K $h$C$F 7W;; $, $5 $l $F $$ $k g = sl 2 $N >l9g $K 5"Ce$5$; $k . $3 $N 5" Ce $K$O , 9g@. @Q $r ItJ, B?MMBN $K @)8B$9$k $H $I $& $J$k $+ , G <gB+ $K lift $9$k$H $I $& $J$k $+ , $H $$ $& 4X<jE* $J@-<A $rD4$Y$k $3$H $G$J$5 $l $k . Lusztig $N U � q ( g ) $N 9=@. $r D>@\MQ$$$k $o $1$G$O$J$$$H$$ $&0UL# $G , [41] $N >ZL@$h$j $O , [24, 8] $K $h $k>ZL@ $K 6a $$ $H$b8@ $($k $, , >e $K =R $Y$?4X<j E* $J@-<A $O , D 2C72 $K$* $1$kBP1~ $9$k7k 2L $, <+L@ $K@.$jN) $D $3 $H $K F05! $E$1$5 $l $F$$ $k . DjM} 10.1 $r MQ$$ $F , 0J 2<$N $h $& $K U " ( L g )- 2C 72$r D4$Y $k$3$H$, =P Mh $k . $3$l $O , %" %U%! %$ %s Hec k e 4D$N$H $- ([8, 11] $r ;2>H $;$h ) $H$[ $\ F1MM$N5DO@ $G$" $k . Dj M} 10.1 $h$j , K G w � C � ( L ( W )) $O U Z q ( L g )- 2C72 $H $J$k . $5 $i $K , F1JQ K 72 $G$"$k $3 $H $+ $iI=8= 4D R ( G w � C � ) $N2C72 $K$b$J $C$F$$ $k . $3$l$, , :G=i $K =R$Y$? I8=‘2C72 M ( w ) $G $" $k . ;YG[ E*%&%’ %$ %H w $O P k dim W k � k $G M? $( $i $l $k . :G=i $K =R $Y$?$h $& $K , I8=‘2C72 $O$O <+M3 $J R ( G w � C � )- 2C72 $G$"$k $, , $= $l$O L ( W ) $, a�ne 6u4V $X$N J,3d $r ;}$D $3$H$+$i >ZL@$5 $l $k . I8=‘2C72 M ( w ) $r FC<l2= $7 $?$b$N M ( w ) R ( G w � C � ) C a $r 9M $($? . $3$l$O , K G w � C � ( L ( W )) R ( G w � C � ) C a $K B> $J $i$J$$ . A $r a $N G w � C � $K $* $1 $k Zariski JDJq $H$9$k . $3 $l$O , 2D49 $J 4JLs72 $G$"$k . C a $O , R ( A )- 2C72 $H ;W $( , >e $O K A ( L ( W )) R ( A ) C a $H F17? $K$J $k . $^$? , R ( A ) a $r a $G ;XI8 $, >C $( $kI=8= $+$i$J$kAG %$ %G %"%k$G R ( A ) $r 6I=j2= $7 $?$b$N$H$9$k $H , $3 $l$O K A ( L ( W )) R ( A ) R ( A ) a R ( A ) a C a $H =q $1 $k . Thomason $K $h $k K 72$N6I=j2=DjM} [44] $K $h$j , >e $O K A ( L ( W ) A ) R ( A ) R ( A ) a R ( A ) a C a $H F17? $H$J$k . $? $@ $7 , L ( W ) A $O , A $N :nMQ $G 8GDj $5 $l $kE@ $NA4BN $N=89g $G$"$k . $9$k $H , F1JQ K 72 $O , DL>o $N K 72 $r MQ$$ $F K A ( L ( W ) A ) � = K ( L ( W )) Z R ( A ) $H I= $o$5 $l $k $+$i , >e $O K ( L ( W ) A ) Z C $H F17? $G$" $k . $5 $i$K ( M ( W ) $K $*$1 $k6I=j )Chern ;XI8 c h : K ( L ( W ) A ) Z C ! H � ( L ( W ) A ; C ) $, $" $k $, , :#$N>l9g $O$3 $l$, F17? $K$J $k . Dj5A $+$i L ( W ) A $O <LA| � : M ( W ) ! M 0 ( 1 ; W ) $N @)8B � A : M ( W ) A ! M 0 ( 1 ; W ) A $N 0 $N 5UA| $G$"$k . M 0 ( 1 ; W ) A $O M 0 ( 1 ; W ) A = G Q M A ( Q ) $H $$$& M ( w ) $N l - ;Y G[ E* $J l - %& %’ %$ %H Q $G%Q %i%a %H%i%$ %: $5 $l$k J, 3d $r ;} $D . $" $H $O , Z ( W ) A def : = M ( W ) A � M 0 ( 1 ;W ) A M ( W ) A $K x 2 $N :G8e $K @bL@ $7 $? 7k2L $r E,MQ $7 , d9B?MMBN$HNL;R%"%U%! %$ %s 4D 15 (1) � A � � C M ( W ) A � $NJ, 2r $K 8= $l$k 4{ Lr $J JP 6~ AX $O M A ( Q ) $N 8r :5 %3 %[ %b %m %8!< I C ( M A ( Q )) $G $" $k $3 $H ( M A ( Q ) >e$NHs<+L@ $J 6I=j7O$N8r:5 %3%[%b%m %8 !< $, 8= $l$J $$$3$H ) (2) I C ( M A ( Q )) $K BP1~ $9 $k 4{ Lr $J H � ( Z ( W ) A ; C )- 2C72 $, U " ( L g )- 2C72 $H $7 $F$b4{Lr $G$" $j , l - ;YG[ E* $J l - %& %’ %$ %H Q $K BP1~$9$k4{Ls U " ( L g ) 2C72 L ( Q ) $K Ey $7 $$$3$H $r >ZL@$9$k $3$H$K$h $C $F , A0@a $G =R$Y$? a P Q $, dim H � ( i ! 0 I C ( M A ( Q ))) $K Ey $7 $$$3$H $, F3 $+ $l $k . DjM} 10.1 $N >e 8~$- Lp 0u $, F1 7?$G$J $$$3 $H$+ $i $3$l $i $O <+ L@$G$J $$$, , l - :G9b%&%’ %$ %H %Y %/ %H %k $r ;H $& $3$H$K $h$C $F 2sHr $G$- $k . 4v2?3XE* $K$O , x 8 $K $*$$$F;H$o $l$? %i %0 %i %s%8 %"%s ItJ,B?MMBN L ( W ) $N 5"G<E*$J 5-=R $, MQ$$ $i $l $k . References [1] J. Bec k, Br aid gr oup action and quantum a�ne algebr as , Comm. Math. Phys. 165 (1994), 555{568. [2] A. Beilinson, Coher ent she aves on P n and pr oblems in line ar algebr a , F unc. Anal. and its Appl., 12 (1979), 214{216. [3] I.N. Bernsh tein, I.M. Gel’fand, and S.I. Gel’fand, Algebr aic bund les over P n and pr oblems of line ar algebr a , F unc. Anal. and its Appl., 12 (1979), 212{214. [4] W. Borho and R. MacPherson Partial r esolutions of nilp otent varieties , Ast� erisque 101 { 102 (1983), 23{74. [5] V. Chari and A. Pressley , New unitary r epr esentations of lo op gr oups , Math. Ann. 275 (1986), 87{104. [6] , A guide to quantum gr oups , Cambridge Universit y Press, Cambridge, 1994. [7] , Quantum a�ne algebr as and their r epr esentations in \Represen tation of Groups", CMS Conf. Pro c., 16 , AMS, 1995, 59{78. [8] N. Chriss and V. Ginzburg, R epr esentation the ory and c omplex ge ometry , Progress in Math. Birkh� auser, 1997. [9] V.G. Drinfel’d, A new r e alization of Y angians and quantize d a�ne algebr as , So viet math. Dokl. 32 (1988), 212{216. [10] V. Ginzburg, g -mo dules, Springer’s r epr esentations and bivariant Chern classes , Adv. in Math. 63 (1986), 1{48. [11] , Ge ometric metho ds in r epr esentation the ory of He cke algebr as and quantum gr oups , in \Representation theories and algebraic geometry (Montreal, PQ, 1997)", Klu w er Acad. Publ., Dordrech t, 1998. [12] V. Ginzburg and E. V asserot, L anglands r e cipr o city for a�ne quantum gr oups of typ e A n , International Math. Research Notices (1993) No.3, 67{85. [13] N.J. Hitchin, The self-duality e quations on a Riemann surfac e , Pro c. London Math. 55 (1987), 59{126. [14] R. Hotta and M. Kashiwara, The invariant holonomic system on a semisimple Lie algebr a , In v en t. Math., 75 (1984), 327{358. [15] N. Iwahori, On the structur e of the He cke ring of a Cheval ley gr oup over a �nite �eld , J. F ac. Sci. Univ. T oky o Sec 1A, 10 (1964), 215{236. [16] M. Kapranov, On the derive d c ate gories of c oher ent she aves on some homo gene ous sp ac es , In v en t. Math. 92 (1988), 479{508. [17] , Eisenstein series and quantum a�ne algebr as , J. Math. Sci. 84 (1997), 1311{1360. [18] Gp86@5<y , NL;R72$N7k>=2= , ?t3X 44 (1992), 330{342. [19] M. Kashiwara and Y. Saito, Ge ometric c onstruction of crystal b ases , Duke Math. 89 (1997), 9{36. [20] M. Kashiwara and P . Schapira, She aves on Manifolds , Springer-V erlag, 1990. [21] M. Kashiw ara and T. T anisaki, The char acteristic cycles of holonomic systems on a ag manifold Inv en t. Math., 77 (1984), 185{198. [22] Gp86@5<y - C+:j=SG7 , Kazhdan-Lusztig M=A[$r$a $0 $C$F , ?t3X 47 (1995), 61{77. [23] D. Kazhdan and G. Lusztig, A top olo gic al appr o ach to Springer’s r epr esentations , Adv. in Math. 38 (1980), 222{228. [24] , Pr o of of the Deligne-L anglands c onje ctur e for He cke algebr as , Inv en t. Math. 87 (1987), 153{215. [25] A. King, Mo duli of r epr esentations of �nite dimensional algebr as , Quarterly J. of Math. 45 (1994), 515{530. [26] P .B. Kronheimer and H. Nak a jima, Y ang-Mil ls instantons on ALE gr avitational instantons , Math. Ann. 288 (1990), 263{307. [27] G. Lusztig, Gr e en p olynomials and singularities of unip otent classes , Adv. in Math. 42 (1981), 169{178. [28] , Canonic al b ases arising fr om quantize d enveloping algebr as , J. Amer. Math. So c. 3 (1990), 447{498. [29] , Interse ction c ohomolo gy metho ds in r epr esentation the ory , Pro c. of the International Congress of Mathematicians (Ky oto 1990), 155{174. [30] , Quivers, pr everse she aves, and quantize d enveloping algebr as , J. Amer. Math. So c. 4 (1991), 365{421. [31] G. Lusztig and D.A. V ogan, Singularities of closur es of K -orbits on ag manifolds , Inv en t. Math. 71 (1983), 365{379. [32] D. Mumford, J. F ogart y and F. Kirwan, Ge ometric invariant the ory , Third Enlarged Edition, Springer-V erlag, 1994. [33] H. Nak a jima, Instantons on ALE sp ac es, quiver varieties, and Kac-Mo o dy algebr as , Duke Math. 76 (1994), 365{416. [34] , Quiver varieties and Kac-Mo o dy algebr as , Duk e Math. 91 (1998), 515{560. [35] , L e ctur es on Hilb ert schemes of p oints on surfac es , Univ. Lect. Ser. 18 , AMS, 1999. [36] , Quiver varieties and �nite dimensional r epr esentations of quantum a�ne algebr as , preprin t, math.QA/9912158. [37] , Quiver varieties and �nite dimensional r epr esentations of quantum a�ne algebr as ( F| K\ 8l 2r @b ), preprint, http://www.kusm.kyoto-u.ac.jp/~nakajima/TeX-j.html [38] C.M. Ringel, Hal l algebr as and quantum gr oups , Inv en t. Math. 101 (1990), 583{592. [39] , The pr epr oje ctive algebr a of a quiver , CMS conf. Pro c. 24 , AMS, 1998, 467{480. [40] G. Shimura, Intr o duction to the A rithmetic The ory of Automorphic FUnctions , Princeton Univ. Press, 1971. [41] T. T anisaki, Ho dge mo dules, e quivariant K -the ory and He cke algebr as , Publ. RIMS 23 (1987), 841{879. [42] C+:j =SG7 , H>C1=c%j!<72$NI=8= $H D 2C72 , ?t3X 41 (1989), 126{139. [43] C+:j =SG7 - KYED NIG7 , D 2C72$HBe?t72 , %7 %e %W %j %s %, !<!&%U%’%"%i!< %/El5~ , 1995. [44] R. Thomason, Une formule de L efschetz en K -th � eorie � equivariante alg� ebrique , Duke Math. 68 (1992), 447{462. [45] E. V asserot, A�ne quantum gr oups and e quivariant K -the ory , T ransformation Groups 3 (1998), 269{299. E-mail addr ess : nakajima@kusm.kyoto-u.ac.jp