89M}O@$N?t3XE*B&LL %l %/ %A%c!< %N!< %H J?@.#1#0G/#1#27n 1w!’4X@>%;%_%J!<%O%& %9 !X BJ1_6JLL $H Mordell !& W eil 3J;R !Y :XF# @/I’ ( ?@8MBg3X M}3XIt ) =R 9bLx 6) !" 5HED M:B@ ( ElBg1! M}3X7O8&5f2J ) 5-

L\ <! 1 BJ1_6J@~ 2 Introduction : : : : : : : : : : : : : : : : : : : : : : : : : : 2 BJ1_6J@~ : : : : : : : : : : : : : : : : : : : : : : : : : : : : 2 2 BJ1_6JLL$NNc 5 Nc#1 (Hesse p encil) : : : : : : : : : : : : : : : : : : : : : : 5 Nc#2 : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 9 3 0lHL$NBJ1_6JLL 11 BJ1_6JLL$NDj5A : : : : : : : : : : : : : : : : : : : : : : : : 11 Bh0l<oNc306J@~ : : : : : : : : : : : : : : : : : : : : : : : : 11 FC0[%U %! %$ %P!<$N >.J?J,N‘ : : : : : : : : : : : : : : : : : : 12 ;29M!’>.J?J,N‘$N divisor $N I=<0 : : : : : : : : : : : : : : 13 4 Mordell-W eil 72 15 Mordell-W eil 72$NDj5A : : : : : : : : : : : : : : : : : : : : 15 %* %$ %i!<?t : : : : : : : : : : : : : : : : : : : : : : : : : : 16 M-M}BJ1_6JLL : : : : : : : : : : : : : : : : : : : : : : : : : 16 Cup @Q : : : : : : : : : : : : : : : : : : : : : : : : : : : : 17 1vED$NDjM} : : : : : : : : : : : : : : : : : : : : : : : : : : 18 5 %+%& %s%F %# %s%0 20 %+%& %s %F %# %s%0 $N CN $i $l $F$$ $k7k2L : : : : : : : : : : : : : 20 %U!< %j%(8~0fJQ49 $H$N 4X78 : : : : : : : : : : : : : : : : : : 21 6 ;29MJ88%$K$D $$$F 22 1

1 BJ1_6J@~ In tro duction 4p K\ E*$J =j$+ $i $d $k $D $b $j $J $s $G $9$1 $I , $b $A $m$s sheaf $N Dj 5A$H$+ cohomology $N Dj 5A $H$+$d $C$F$k$H , $=$l$@$1$G H>G/J,$N 9V5A $K$J $C$F $7 $^ $&$N $G , $G $- $k $@$1 D>E*$JDj5A$K AJ$($F , J, $+ $C$?5$$K$J $C$F$b $i $* $& $H ;W$C $F$$$^$9 . !V BJ1_6JLL $H Mordell !& W eil 3J;R !W $H$$ $&BjL> $G$*OC $7 $r $5$;$F$$$?$@$-$^$9$1 $l $I $b , =i$a $O$f $C$/$j$d$j$?$$$H;W$$$^$9 . :G 6a J9$$$?$s$G $9$1$l $I $b , $I $&$bM- M}BJ 1_6J LL$N >l9g$K , 0JA0 genus $, 0 $N coun ting $r$d$C$? $s$G$9$1 $l $I $b , :# $G$O , genus $, g $N counting $^ $G $d$i $l $F$$ $k$h$& $G$9 1 . $3 $N$*OC $7 $H$$ $& $N $O , @hDx$N8~0f@h@8 $N$*OC $7 $H 4X78 $7 $F $^ $7 $F , M-M}BJ1_6J LL $N>e $K rank n $N v ector bundle $r 9M $( $F , BJ1_ 6J LL $G$9 $+ $iBJ 1_ 6J @~ $,JB $s$G$$ $k $o $1 $G$9 $, , $=$N3F %U %!%$ %P!< %o %$ %:$K$H $j$"$($: 0l2s transform $7 $^ $9$H , $3$s $I $O 3F �b er >e$G n E@ $N supp ort $r ;}$D$h $& $J sheaf $K $J $k . $=$N supp ort $r BJ1_6J@~ $K 1h$C$F F0 $+ $7 $F$_$^$9 $H , :#EY $OBJ1_6JLL $NCf $N , 2< $N P 1 $X$N n =E co v er $N 6J@~ $, F@ $i $l $^ $7 $F , $= $&$$$& $b$N$N mo duli 6u4V $H , rank n $N vector bundle $N mo duli 6u4V $, F17? $K$J$C $F$$$k $H$$$& $N $, J, $+$j$^$9 . $=$N rank n $N vector bundle $N mo duli $N Euler ?t $r ;H$C $FJl4X?t $r :n$C $?$b$N $H $, , <B $O genus 0 $N coun ting $N prep oten tial $, BP1~$9$k $H$$ $&OC $, $"$j $^ $7 $F , $=$l$O , V afa C#$N O@J8$K$" $k$N$G$9$, , $3$3$G$O , %" %$ %G %"$K $D$$$F$@ $$ $?$$$3$s$J 46 $8 $H $$ $& $N $r$*OC $7 $7 $?$$$H ;W$$$^$9 . genus $, 0lHL $G$b$$ $$$H$$ $& $3 $H$J$s$G , ESCf $G:YLn$5 $s$K Be $o $C $F$$$? $@$1$l $P $$$$$s $8 $c $J$$$G $7 $g $& $+ . ( >P ) BJ1_6J@~ $_ $J $5$s BJ 1_ 6J @~$H $$ $&$N$O NI $/ CN$C$F$$ $k$H ;W $& $s$G $9$1 $I , 0l 1~ notation $r =‘Hw $7 $? $j$9$k$?$a $K$d$j$?$$$H;W$$$^$9 . $^ $: , H $G >eH>J? 1 $3$N 9V5A$N8e$K [HST] $, $G $^ $7 $? 2

LL$rI=$9$3$H $K $7 $^$9 . H = f � 2 C j Im � > 0 g (1) E � $H $$ $& $N$r , E � = C = ( Z + Z � ) (2) $H $7 $^$9 . $b $A$m $s E � $O , %H !<%i %9 $K$J $k$o$1$G $9 . $3$3$G , } 4X?t $r F3 F~ $7 $^$9 . } ( u ) = 1 u 2 + X ! 2 Z + Z � ; ! 6 =0 " 1 ( u � ! ) 2 � 1 ! 2 # } 0 ( u ) = � 2 X ! 2 Z + Z � 1 ( u � ! ) 3 (3) $3$l$i$O 0lHL $K , } ( u + m + n� ) = } ( u ) (4) } 0 ( u + m + n� ) = } 0 ( u ) (5) $H $$ $&Fs=E<~4|@-$r;}$C$F$$$^$9$N$G , %H !<%i %9 E � $N >e$N M-M}7A4X?t $K $J$C$F$$$^$9 . $= $& $9$k $H , $3$N } $H } 0 $r ;H$C $F , E � $+$i P 2 $X <LA| $r:n $k$3$H $,$G$- $^$9 . ’ : E � � ! P 2 = f [ x : y : z ] g [ u ] � ! [ } ( u ) : } 0 ( u ) : 1] (6) P 2 $H $$ $& $N $O 0J8e$h$/=P$FMh$^$9 $, , f [ x : y : z ] g $H $$ $&J#AG?t $NO"Hf$N 6u4V $G $9 . $= $&$9$k $H , $h $/CN $i $l$F $$$k$h $& $K , } 0 ( u ) 2 $, } 0 2 = 4 } ( u ) 3 � g 2 ( � ) } ( u ) � g 3 ( � ) (7) $H =q $1 $^$9 . C" $7 , $3$3$G g 2 ( � ), g 3 ( � ) $O $=$l $>$l , g 2 ( � ) = 60 X ! 2 Z + Z � ;! 6 =0 1 ! 4 (8) 3 g 3 ( � ) = 140 X ! 2 Z + Z � ;! 6 =0 1 ! 6 (9) $G Dj 5A $5 $l$^ $9 . $3 $3 $G , 6 $N<L A| ’ $O E � $N86 E@ [0] $GDj5A $5 $l $F$$ $^ $; $s $, } ( u ) !$ } 0 ( u ) $, 86 E@ [0] $G$= $l $> $l 2 0L , 3 0L $N 6K $r ;} $D ;v $+ $i [0] $N ’ $K$h $kA| $O 1 = [0 : 1 : 0] $K $J $k;v $,$o$+ $j$^$9 . >e$N g 2 = g 2 ( � ) ; g 3 = g 3 ( � ) $H homogeneous co ordinate $r ;H$$ , C [ g 2 ;g 3 ] : y 2 z = 4 x 3 � g 2 xz 2 � g 3 z 3 (10) $H Dj5A $7 $^$9 . $3 $l$r , W eierstrass $N I8=‘7A $H 8@$$$^$9 . C [ g 2 ;g 3 ] $O P 2 $N Cf$N#3<!6J@~$H$J$j$^$9 . C [ g 2 ;g 3 ] � P 2 (11) $3$N curv e $O , E � $H >e$N map ’ $G F17? $K$J$k;v $, <( $;$^$9 . $3 $l$i$O , 19 @$5*$K D4$Y $i$l $? ;v$J $s$G $9$1$l $I $b , $3 $&$$$&Iw $K 2r@O E* $J I=<($H , Be ?tE*$JI=<( $,$" $k$H$$ $& $N $, Bg;v$J $s$G $9 . 0lHL $K , F ( x; y ; z ) $r x; y ; z $N F1<! 3 <!<0$H $7 $^$9 . C $r , C = f F ( x; y ; z ) = 0 g � P 2 (12) $G Dj 5A$9$k$H$- , $b $7 C $, HsFC 0[ $H $9$k$H J}Dx<0$rJQ 7A $7 $F W eierstrass $N I8=‘7A $K D>$9 $3$H $,$G$-$^$9 . $^$? , C $, BJ1_6J@~ $K$J $k $3$H $, CN $i$l $F$$$F , $" $k � 2 H $K $D$$$F E � $K F17? $K$J $C$F$$$k$3$H $, $o$+$j $^$9 . 0l J} , C $, FC 0[ E@$r ;}$C$F$$ $k >l9g$O , 0J2<$N $h $& $K $J $j $^ $9 . ( ?^#1 ;2>H ) a : y z 2 = x 2 ( x � �z ) � 6 = 0 (13) b : y z 2 = x 3 (14) c : z ( x 2 + y 2 + z 2 ) = 0 (15) d : z ( x 2 + z 2 � y ) = 0 (16) e : xy z = 0 (17) f : xy ( x + y ) = 0 (18) 4

?^ 1: FC0[BJ1_6J@~ 2 BJ1_6JLL$NNc Nc #1 (Hesse p encil) t 2 C $H $7 $F , P 2 � C t : x 3 + y 3 + z 3 � 3 txy z = 0 (19) $r 9M$( $^$9 . $3$l$O Hs>o $K M-L>$JBJ 1_6J@~$N B2 $G , Hesse p encil $H 8F $P$l $F $$ $^$9 . t 2 C $r F0 $+ $7 $F$d $k$H , $=$l$K 1~ $8 $F P 2 $N Cf$N ;0<!6J @~$r Dj$a$k $o $1$G$9 . $=$N;~ , t $r P 1 $N Hs@F<!:BI8 $@$H ;W$C $FL58BBg $rIU $1 2C $( $k$H P 1 = C [ f1g (20) t t = 1 (21) P 1 $, $G $- $^$9 $, , $=$N >e$G%Q%i %a !<%? t $N family $r 9M$($F$d$m $& $H$$ $& $o$1$G $9 . P 1 $N @F<!:BI8$r [ s 0 ; s 1 ] $H $7 $F , t = s 0 s 1 $H $7 $^$9 . 5

P 1 � P 2 $r 9M $($F , P 1 $N :BI8$r [ s 0 ; s 1 ] $H $7 $F , P 2 $N :BI8$r [ x : y : z ] $H $7 $? ;~ $K , S $r , P 1 � P 2 � S = f s 1 ( x 3 + y 3 + z 3 ) � 3 s 0 xy z = 0 g (22) $H CV $/ $H , $3$l$O s 0 ; s 1 $K 4X $7 $F$O#1 <!$N degree $r ;}$A , x; y ; z $K 4X $7 $F $O #3<! $N degree $r ;}$A$^ $9$N $G , degree $, (1,3) 7?$ND66JLL $K$J$C $F$$$^ $9 . P 1 � P 2 $+ $i P 1 ; P 2 $X <+A3$K Mn$H$9<M 1F f ; � $, $" $k $s$G $9$, , $=$l $r S $K @)8B $7 $F $_ $^$9 . � : S � ! P 2 (23) f : S � ! P 1 (24) $= $&$9$k $H$3 $l$G BJ1_ 6J@~ $,$G $-$F $$$k$o$1$G , t = s 0 =s 1 $r 8GDj$9$k$H , $J$K$+ C � $H $$ $&BJ1_6J@~ $,$G $-$F$$$k$o$1$G$9 . $?$@ $7 t $O , t 6 = f 1 ; ! ; ! 2 ; 1g ! = exp(2 � p � 1 = 3) (25) $N ;~ $K , C t $O HsFC0[BJ1_6J@~$K$J$k;v $,$o$+ $j$^$9 . Nc$( $P , t = 1 $N$H $- 2? $, 5/$3$C$F$$$k$+$r 8+$k$?$a$K , C 1 $O $I $& $$ $&<0 $G Dj5A$5 $l$F$$ $k $+$r 8+$F$_$k$H , x 3 + y 3 + z 3 � 3 xy z = ( x + y + z )( x 2 + y 2 + z 2 � xy � y z � z x ) = ( x + y + z )( x + ! y + ! 2 z ) � ( x + ! 2 y + ! z ) (26) $3 $& $$$&Iw $K#1<!<0 $K J,2r $7 $^$9$N $G , C 1 $H$$ $& $N $O , (17) <0$N e %? %$ %W $N$h $& $K$J $j$^$9 . $^$? , C 1 $K ;j$C$F$O , Hs >o $K 4J C1 $G , t $, 1 $H $$ $& $3$H$O , s 1 $, zero $G $9 $+$i , xy z = 0 $H$J $j$^$9 . ( $3$l $b (17) $N e %? %$ %W $K 0lCW ) C 0 $H $$ $& $N$r9M$($^$9$H , t = 0 $G $9$+$i , C 0 : x 3 + y 3 + z 3 = 0 ( %U%’ %k %^!<7? ) (27) 6

$H$J $jHsFC0[BJ1_6J@~ $K$J $j$^$9 . C 1 $H$$ $& $N $O , C 1 : xy z = 0 (28) ?^ 2: C 0 $H C 1 $N#9 8D$N6&DLE@ $@ $C$?$N$G , C 0 $H C 1 $N 6& DLE@$O#9 E@$" $j$^ $9 . ( ?^#2;2 >H ) $=$N #9 E@ $r p 1 ; : : : ; p 9 $H $*$-$^$9 . � : S � ! P 2 (29) $G $9 $, , � $N5UA| $, $I $& $J$C $F$$$k $+$rD4$Y $F$_$^$9 . s 0 $H s 1 $NHf$r8+ $F $_ $k$H , $3$l$O $^$5 $K , s 0 s 1 = x 3 + y 3 + z 3 3 xy z (30) $G $9$1$l $I $b , $b $7 $b$3 $N #2$D$N $I $A $i$+$, zero $G $J$1$l$P , s 0 , s 1 $O 7h $^$j$^$9$N $G , p i 0J30$N5UA| $O0lE@ $K$J$j $^$9 . $H$3$m $, , 8rE@ p i $N :BI8 $K $*$$$F >e$N <0$N 1&JU$r 8+$k$H ITDj $K$J $k$N$G , s 0 ; s 1 $O $J$s$G $b NI $/$J $k$o $1$G $9 . <B $O , p i $N � $N 5UA|$r E i $H $9 $k $H E i $O P 1 $K F17?$J$C$F$$ $^$9 . � : S � ! P 2 E i � ! p i (31) 7

$^$? >e$N9M ;! $+$i , S $+ $i #9 K\$N curve f E i g 9 i =1 $r =|$$$?$b$N ( S 0 = S � [ 9 i =1 E i ) $H , P 2 $+$i #9 E@ f p i g $r =|$$$?$b$N$H$, , #1 BP#1$K ( F17? ) $K BP 1~ $7 $F$$ $^$9 . � : S � f E i g i =1 ;::; 9 ’ P 2 � f P i g i =1 ;::; 9 (32) $3$l$i $N ;v $r , ?t3XMQ8l $G 8@$$$^$9$H , P 2 >e$N#9 E@ f p i g 9 i =1 $G %V %m !<%"%C %W$7 $F , S $, F@ $i $l $? ;v $K$J$j $^$9 . @5B’ <L A| � : P 1 ! S $G f $G S $+$i P 1 $X Mn$H $9$H , identit y $K $J $C $F$$ $k$h $& $J$b$N$r f $N%; %/ %7%g %s !J @ZCG !K $H 8F $S $^$9 . :# , $3$N %V %m !< %"%C %W $5 $l$F$G $-$? E i $K BP1~ $7 $F$= $l $>$l � i : P 1 ! S $H $$ $&@ZCG $, L^ O@#98D$"$k$o $1$G $9$M . f � � i = id P 1 (33) � i ( P 1 ) = E i (34) 1 � i � 9 (35) 0l HL $K , $3$l 0J30$K$b section $, $" $k$+$b CN $l $J $$$N$G , A4 It=8$a$F Mh$F , section A4BN$N=89g$r M W ( S= P 1 ) = f � : P 1 � ! S ; f $N section g (36) $H CV$-$^$9 . :#$N>l9g $O � 1 $r zero element $H ;W$& $H , M W ( S= P 1 ) $H$$ $& section $N =8 9g$NCf $K , Ab el 72$N9=B$ $, F~$C $F$$$^$9 . 72$N9=B$ $O , M W ( S = P 1 ) ’ Z = 3 Z � Z = 3 Z (37) $G $" $j , f � 1 = 0 ; � 2 ; :::; � 9 g (38) $K $h $C$F@8@.$5 $l $^$9 . elliptic curv e $N #3EyJ,E@$r p $H $9$k$H , E (3) = f p 2 E ( C ) j 3 p = 0 g ’ Z = 3 Z � Z = 3 Z (39) 8

S - S 0 ’ C � H = �(3) 1 Z 2 (40) f # # # (41) P 1 - P 1 � f 1 ; ! ; ! 2 ; 1g ’ H = �(3) (42) $K $J$j$^$9 . ( H>D>@Q $N5-9f $r 1 $G BeMQ $7 $^ $7 $? . ) P 1 � f 1 ; ! ; ! 2 ; 1g $K @)8B $7 $^$9 $H , >eH>J?LL $r �(3)(level 3 $N full mo dular) $G 3d $C $?$b$N $HF1 7? $G , family <+BN $b , C � H = �(3) 1 Z 2 $NMM $K C � H $N N%;672 �(3) � Z 2 $K $h $k>&6u4V $K$J $C$F$$$^$9 . 0lHL $K %l %Y %k n $N 9gF1ItJ,72 �( n ) $O <!$N$h $& $K Dj5A$5 $l $^$9 . �( n ) = (" a b c d # 2 S L 2 ( Z ) � � � � � " a b c d # � " 1 0 0 1 # mod n ) (43) Bg;v$J$N $O �(3) $N Cf $K , " � 1 0 0 � 1 # (44) $, F~$C$F$$$J$$$H $$ $& $3$H$G$9 . $3$N $h $& $K F@$i $l $kBJ 1_6JLL f : S � ! H = � $O elliptic mo dular surface $H 8@ $o $l $F$$ $^$9 . (37) $N$h $& $J @ZCG$N $J$972 $r Mordell-W eil 72 $H$$ $& $N $G$9 $1 $l $I Elliptic mo dular surface $N Mo dell-W eil 72$O I,$:M-8B72 $K $J $j $^$9 . :G=i$K$3 $&$$ $&$3$H$r <($5 $l $?$N$O 1vEDE0<#$5 $s$G $9 ([Sh0], [MHSa1] ;2>H ). Nc#2 $b $&0l $D $@$1 Nc $r$d $C$F$*$-$^$9 . ( x + y + z )( y z + z x + xy ) = ( t + 3) xy z (45) $r 9M $( $^$9 . @hDx$H F1 $8 $G , t = s 0 s 1 $H $7 $^$9 . $3 $N$H $- , FC0[%U%! %$ %P!< $O , ?^#3$N$h $& $K$J $j$^$9 . $3$3$G 5$ $, $D $$$F$[ $7 $$$N$O , 3+2+1+6=12( P 1 $N K\ ?t ) $G $" $k$H$$ $& $3$H$G $9 . Nc#1$N >l 9g $G $9$H , 3 � 4 = 12 $J$s $G $9$1$l $I $b , <B $O$3$l$i 9

?^ 3: FC0[%U%! %$ %P!< $O , %* %$ %i!<?t $, 12 $G$"$k$3 $H$K0M$C $F$$$k $s$G$9 $, , $= $l$K$D$$ $F$O8e $G OC $7 $?$$$H ;W$$$^$9 . $3$N Nc $G$O , P 1 � f� 3 ; � 2 ; ? ; 1g � = H = �(6) (46) $H$J $j$^$9 . $3 $&$$ $& FC 0[ �b er $H $$ $&$N$O , 3F E@$G %b %N %I %m %_ !<$, %f %K %] %F%s %H $K $J $C$F $$ $k$s $G $9 !J FC 0[ �b er $N 3F 4{ Ls @. J,$N =E J# EY$, #1 $+ $D @5 5, 8r :5 !J semistable) $H F1CM ) $1$l $I $b , FC0[ �b er $, semistable $K 8B$C $F , $7 $+ $b 2<$N P 1 Fb$N#4E@ $@$1$G FC0[ �b er $r $b$C$F$$ $k$b$N$NJ,N‘$H$$ $& $N$bCN $i$l $F$$ $^$9 ([Bea] ;2>H ) 2 . ( <ALd )S <+?H $O $I $& $$ $& surface $K $J $C$F$$$k $s$G$9$+!) ( Ez )S <+?H $O , P 2 $+$i%V %m!<%"%C %W$7 $F S $, $G $- $^$9$N $G , M-M}6JLL $K $J $C$F$$$^$9 . 2 FC 0[ �b er $, 0l $D 0J >e$" $j , A4$F semistable $H $J $k$h $&$J P 1 >e$N BJ 1_ 6J LL$N FC 0[ �b er $N 8D?t$O 4 8D0J>e$G$"$k;v $, <($5 $l $k . 10

3 0lHL$NBJ1_6JLL BJ1_6JLL$NDj5A Dj5A 1 S $H C $r$=$l $>$l , S : %3%s%Q %/ %H ( %1!<%i!< ) J#AGB?MMBN dim C S = 2 (47) C : %3%s %Q %/ %H %j!<%^ %s LL dim C C = 1 (48) $H $7 $^$9 . 3 $3$N$H$- , A4<M@5B’<LA| f : S � ! C (49) $, B8:_ $7 $F , t 2 C $N M-8B8D$NE@ $r =|$$$? $[$H$s $I $9$Y$F$N E@ $G , f � 1 ( t ) = S t (50) $, BJ1_6J@~$H$J$C$F$$$k$H$- , S $r , BJ1_6JLL (el liptic surfac e) $H 8@ $& . Bh0l<oNc306J@~ f $H $$ $&$N $O FC $K HyJ,2D G=<LA| $G $9 $+$i , f $N%d%3 %S %"%s $N%i %s %/ $, Mn $A $F$$$k=j $H$$$& $N $O , C $N$J $+$G==J, measure $, >. $5$/ $=$& $$$& $H$3$m $O M-8B8D$G , $=$l 0J30 $O $9$Y$F BJ1_6J@~ $K$J $C$F$$$k$o $1$G $9 . 2?8D $+$N f $N %d%3 %S %"%s $N rank $, Mn $A$F$$ $k$H$3 $m$N A|$N E@ !J NW3& CM !K $G , FC 0[ %U%! %$ %P!< $, B8:_ $7 $^$9 . E $H $$ $& S >e$N curve $G E � = P 1 ; E 2 = deg N E =S = � 1 (51) $J $k$b$N$r Bh0l <oNc 306J @~ $H$$ $$ $^$9 . Hs FC0[ 6JLL S >e$N Bh0l <oNc 306J @~ E $O 1 E@ $K $D$V $7 $F (blow-do wn $7 $F ), JL$NHsFC0[6JLL S 0 $r$( $k;v $, $G $- $^ $9 . 5U$K 8@ $& $H HsFC 0[ 6JLL S 0 $+ $i 1 E@$r blo w-up $9 $k$H , 1 E@$N 5UA|$H $7 $F Bh0l <oNc306J @~ E $r F@ $k;v $,$G $- $^$9 . Nc$( $P f : S � ! P 1 3 S $, %1!<%i!<$G$O$J$$>l9g$b$"$k$N$G$9 $, , $3$3$G$O 5$$K $7 $J$$ . 11

$, 8e$G =R$Y$k M-M}BJ1_6J LL $H $9$k$H$=$N 3F@Z CG$NA| E $O Bh0l <oNc306J@~ $H$J $j$^$9 $, , $3$N >l9g E $N f $K $h$kA|$ODl6u4V P 1 A4BN $K$J $k . $3$N >l 9g @ZCG E $O f $N 3F%U%! %$ %P !<$H $A$g $& $I 0lEY$E $D 8r$o$k$N$G , E $r 1 E@ $K blow-do wn $7 $? S 0 $O BJ1_6JLL$N9=B$$r;}$?$J$$;v $K$J$j $^$9 . $7 $+ $7 %U %! %$ %P!<J}8~ $KF~$C $F$$$k Bh0l <o Nc30 6J @~ E $O , blow-do wn $7 $F$bBJ1_ 6JLL$N<M $O J]$A$^$9 . $3$N 0UL#$G0J2< , M?$($i $l$? BJ1_6JLL f : S ! C $K BP $7 $F f ( E )= 0lE@ $H$J $kBh 1 <oNc306J@~ E $, B8:_ $7 $J$$ (52) ;v $r 2>Dj $7 $^$9 . $I $& $$$& $3 $H $+$H$$ $& $H , Bh 1 <oNc306J@~ E $, f $G Mn$A $F 0lE@ $K$J $k$b $N $K$D$$$F $O !" E $r 0lE@ $K$D$V $7 $F , $D$V $7 $?$d$D $, FC0[ E@ $r;}$? $: $+$DBJ1_6JLL $N9=B$ $rJ]$D $H$$$&>u 67 $K$G$-$k $o $1$G$9 $M . $b $7 $3 $& $$$&Bh 1 <oNc306J@~ $,$" $C $?$i , $I $s $I $s $D$V $7 $F$$ $/ $3$H $, =PMh $k$N $G , :G=*E* $K%U%! %$ %P!<J}8~ $KF~$C $F$$$kBh0l<oNc306J@~ $r4^$^$J$$ $H$$$&=j $+ $i$*OC $7$r$O $8 $a$F$$ $$ $o $1$G$9 . $3 $& $$$& 2> Dj $r$D $1 $J$$ $H , 100 2s %V %m!<%"%C %W$7 $F$b$$$$ $o$1$G , $" $s $^$j$$ $$%b %G%k$K$J$j$^$; $s . FC0[ %U%! %$ %P!<$N>.J?J,N‘ f � 1 ( t ) = S t (53) $, HsFC0[BJ1_6J@~ $G$J$$$b$N$r FC0[%U%! %$ %P!<$H8F $S $^$9 . $3$3$G , f : S � ! C (54) $, , BJ1_6JLL$G , >e$N 2>Dj $r K~$? $7 $F $$$k$H$9$k$H , f � 1 ( t ) = S t : FC0[%U%! %$ %P!< (55) $, , >.J?J,N‘ $H $7 $F 0J2< $N$h$& $KJ,N‘$5 $l$F$$$^$9 . ( $3$NJ,N‘ $K$D$$ $F $O [Ko d1], [Ko d2] $r ;2>H$N;v .) 12

7? S t ( ?^ #7 ;2>H ) e ( S t )= 0LAjE*%* %$ %i!<I8?t I n ~ A n � 1 ( n � 1) (1) n I � n ~ D n +4 ( n � 0) (2) n+6 I I (3) 2 I I I (4) 3 IV (5) 4 I I � ~ E 8 (6) 10 I I I � ~ E 7 (7) 9 I V � ~ E 6 (8) 8 $? $@ $7 , I n ; I � n ; I I � ; I I I � ; I V � $O , curve $K$O!{$rBP1~ $5 $; , curv e F1;N $N8r $o $j$K$O !{ F1 ;N$r$D$J $0 $3$H$G , 3HBg Dynkin ?^$K$r F@ $i$l $k$N$G , $= $l $> $l , ~ A n � 1 ; ~ D n +4 ; ~ E 8 ; ~ E 7 ; ~ E 6 $H$b 8F $P $l $F$$ $^$9 . ( ?^#8;2>H ) ;29M!’>.J?J,N‘$N divisor $N I=<0 BJ1_6JLL f : S ! C $N FC0[ %U%! %$ %P!< S t $O , S >e$N divisor( !J 0x;R !K S >e$N curve $N M- 8BOB ) $r E $H $7 $F , <!$N$$$:$l$+ $H F1 7? $K$J $k . $^$? , 3F divisor $N 78?t $O =EJ#EY$rI=$9 . 1. m I 0 7? S t = mE $3$3$G E $O 3j $i$+$J BJ1_6J@~ 2. m I 1 7? S t = mE $3$3$G E $O 7k@aE@ $r ;}$DM-M}6J@~ 3. m I b 7? ( b � 2) S t = m ( E 1 + � � � E b ) $3 $3 $G , E i $O , 3j$i $+ $J M- M} 6J @~$G , 8r$o $j J}$O , ( E i � E j ) = 1 ( i = 1 ; � � � ; b ) $G M? $($i $l , 8e $O 8r$o $i$J$$ . $?$@ $7 , E b +1 = E 1 4. I I 7? S t = E 13

E $O , @mE@ $r ;}$DM-M}6J@~ 0J2< , $9$Y$F E i $O 3j $i$+$J M-M}6J@~ $G , E 2 i = � 2 $H $9$k . 5. I I I 7? S t = E 1 + E 2 $3$3$G , E i $O , 0lE@ $G @\$9$k 6. IV 7? S t = E 1 + E 2 + E 3 $3$3$G , E i $O , 0lE@ $G 8r $o$k . 7. I � 0 7? S t = E 1 + E 2 + E 3 + E 4 + 2 E 5 ( E i � E 5 ) = 1 ( i = 1 ; � � � ; 4) 8. I � b 7? S t = E 1 + E 2 + E 3 + E 4 + 2( E 5 + � � � + E b +5 ) ( E 1 � E 5 = E 2 � E 5 = E 5 � E 6 = � � � = E b +4 � E b +5 = E b +5 � E 3 = E b +5 � E 4 = 1) 9. I I � 7? S t = E 1 + 2 E 2 + 3 E 3 + 4 E 4 + 5 E 5 + 6 E 6 + 3 E 7 + 4 E 8 + 2 E 9 ( E 1 � E 2 = E 2 � E 3 = E 3 � E 4 = E 4 � E 5 = E 5 � E 6 = E 6 � E 7 = E 6 � E 8 = E 8 � E 9 = 1) 10. I I I � 7? S t = E 1 + 2 E 2 + 3 E 3 + 4 E 4 + 2 E 5 + 3 E 6 + 2 E 7 + E 8 ( E 1 � E 2 = E 2 � E 3 = E 3 � E 4 = E 4 � E 5 = E 4 � E 6 = E 6 � E 7 = E 7 � E 8 = 1) 11. I V � 7? S t = E 1 + 2 E 2 + 3 E 3 + 2 E 4 + E 5 + 2 E 6 + E 7 14

( E 1 � E 2 = E 2 � E 3 = E 3 � E 4 = E 4 � E 5 = E 3 � E 6 = E 6 � E 7 = 1) 4 Mordell-W eil 72 Mordell-W eil 72$NDj5A Dj5A 2 C :Riemann surfac e $H $7 f : S ! C $r BJ1_6J LL $G2>Dj $rK~$?$9 $b $N$H $9$k . $5$i$K , 9 � 0 : C ! S $H $$ $&@ZCG $r >/ $J $/ $H$b 0l$D $O$H$l $k$b $N$H $9 $k . $=$N ;~ , M W ( S=C ) = f � : C ! S ; � $O , f $N @Z CG g $H Dj5A $9$k $H � 0 $r Nm85 $H$9$k729= B$ $, M W ( S=C ) $K Dj$^$k . $3 $l$r f : S ! C $N Mor del l-Weil 72$H$$ $& . Cm0U 1 � 0 $N$H$j$+$? $K$h $C $FCj>]72 $H $7 $F$N 9=B$ $OJQ$o $i$J$$ . 72$N1i ;; $O ?^#1$N$h $& $J %$%a !< %8$H$J $k . Cm0U 2 MW 72 $rHsFC0[ %U %! %$ %P!< $K @)8B $9$k $H$d $O$jBJ1_6J@~ $N72$N9= B$ $HN>N) $7 $F$$$k $, , FC0[ %U %! %$ %P!< $N=j $G$bE,Ev $J729= B$ $, F~ $j MW 72 $N 9=B$$H c omp atible $K$J $C$F$$$k . ?^ 4: section $N 721i;; 15

%* %$ %i!< ?t Dj5A 3 0J8eJXMx $K MQ$$$k $3$H$N$G$-$k0LAjITJQNL $G$"$k%* %$ %i!<?t$r<! $N$h $& $K Dj5A$9$k . S : c omplex c omp act manifold ; dim C S = 2 H i D R ( S ) = H i D R ( S; R ) C e ( S ) = P 4 i =0 ( � 1) i dim H i D R ( S; C ) : %* %$ %i!<?t $3$N ;~ , <!$N$h $& $JDjM} $, @.$jN)$D . L?Bj 1 f : S ! C $r 2>Dj $r K~$?$9BJ1_6J LL $H $7 S t $, $=$N%U%! %$ %P!<$H$9 $k;~ e ( S ) = X t 2 C e ( S t ) = X S t = FC0[%U%! %$ %P!< e ( S t ) (56) $, @.$jN)$D . Cm0U 3 0l8+ , >e $N:G =i $NDj 5A $G $O t 2 C $NOB $OH/;6 $7 $= $& $@ $,%U %!%$ %P!< $O FC0[$G$J$$$H$- %H !<%i %9 $J$N$G e ( S t ) = 0 $H $J $k . $h $C$FM-8B8D$NFC0[ %U%! %$ %P!<$N4sM?$N$_$H$J$j , $3$N OB$O wel l de�ne d $G $"$k . M-M}BJ1_6JLL Dj5A 4 f : S ! C $, M-M}BJ1_ 6JLL$H $O , S $+ $i P 2 $X$N APM- M}<LA| $, B8:_ $9$k$3$H$r $$ $& . APM- M}<LA| $, B8:_$9$k$H$O , !J Fq $7 $$ DjM}$r MQ$$$F !K S $r 2?2s $+ blow up $7 $F$5$i $K 2?EY $+ blow down $9$k $H P 2 $K$J $k $H$$$C $F $b $$$$ . $J $* APM-M}$N$b$H$b$H$N 0UL# $O , S >e$NM-M}4X ?t $H P 2 >e$N M-M} 4X?t $, 0lBP0l $K BP1~$9$k$H$$ $& $3$H $G$" $k . $3$N ;~ , <!$N$h $& $JDjM} $, @.$jN)$D . DjM} 1 f : S ! C $, 2>Dj $rK~ $?$9 !J 0J2< $3 $l$ON,$9 !K M- M}BJ 1_ 6JLL $G$"$k $H $9$k$H , C � = P 1 ; e ( S ) = 12 , � 1 ( S ) = e $H$J $k . $D $^$j , P 1 $N el liptic �br ation $H$J $C$F$$$F , C1O"7k$G%* %$ %i!<?t $, 12 $G$" $k . 16

>Z L@ C1O" 7k@-$d C $, P 1 $O , S $, M- M}6J LL$G$" $k$3$H$+ $i MF 0W $K $7 $? $, $& !# $^ $?M-M} BJ1_6JLL$H8@ $& $3$H$+$i K S = � F , F $O %U%! %$ %P!<$N %/ %i %9 $G$" $k $, FC $K <+8J8r E@?t ( K S ) 2 = ( � F ) 2 = 0 $H$J $k . $^$? S M-M}6J LL$h$j � ( S; O S ) = dim H 0 ( S; O S ) � dim H 1 ( S; O S ) + dim H 2 ( S; O S ) = 1 � 0 + 0 = 1. 0lJ} No ether $N 8x<0 $+$i � ( S; O S ) = 1 12 (( K S ) 2 + e ( S )) (57) $G $" $k $+$i 7k6I e ( S ) = 12 � ( S; O S ) = 12 � 1 = 12 $H$J $k . Cup @Q Dj5A 5 H 2 ( S; Z ) H 2 ( S; Z ) ! H 4 ( S; Z ) � = Z $r ( � 1 ; � 2 ) ! R S � 1 ^ � 2 $G Dj 5A$9$k . !J $3$l$r Cup @Q $H$$ $& . !K $3$N;~ , <!$N$h$& $JM-M}BJ1_6JLL $N#2<!$N %3%[%b%m %8 !< $K 4X$9$kDjM} $, @.$jN)$D . DjM} 2 f : S ! P 1 $r M-M}BJ1_6JLL$H$9$k$H , ( H 2 ( S; Z ) ; ( ; )) � = ( Z 10 ; (1 ; � 1 ; � 1 ; � 1 ; � 1 ; � 1 ; � 1 ; � 1 ; � 1 ; � 1)) $D$^ $jFs <! $N %3%[ %b%m %8!< $O A0 $N %* %$ %i !<?t $NDjM} $+$iJ, $+$k$h$& $K#1#0 <!85 $G , $=$l$i$N%+%C %W @Q $K$h$kFb@Q $rI=$9BP>N9TNs $O@0?t>e $GBP3Q2=2D G= $G BP3Q@~ $K 1 $, 1 8D$H , � 1 $, 9 8DJB $s$@ $b$N$H$J$k . $5$F$b $& >/ $7 #2<!$N %3%[ %b%m %8!<$r>\:Y $K 8+ $F9T$/ . %3%[%b%m %8 !< $H%[ %b%m %8!<$NEy2A @- !J %]%" %s %+ %l APBP @- !K $OIQHK $K;H $& $N $GCG $i$J$$ $3$H $K $9$k . $^ $:M-M}BJ1_6JLL f : S ! P 1 $r 9M $( , section � 0 : P 1 ! S $r $b$D$H$9$k . $3 $l$r zero section $H $_$J$9 . $= $l$K BP1~ $9$k #2<! $N %3 %[%b%m %8!<$N85 $r , 17

O = � 0 ( P 1 ) $H$9 $k . $^ $? %U %! %$ %P !< $KBP 1~ $9 $k $b $N $r F $H$9 $k . $3 $N $H $- , %+ %C %W@Q $K4X $7$F , O 2 = ( O ; O ) = � 1 ; F 2 = ( F ; F ) = 0 ; O F = ( O ; F ) = 1 $, @.$jN)$D . $3$N$3$H$J $I $r MQ$$$F<!$NDjM} $, <($5 $l $k . DjM} 3 T 0 = Z � O + Z � F , T ? 0 = f M 2 H 2 ( S; Z ) j ( M ; T 0 ) = 0 g $H $*$/ $H , T ? 0 � = E 8 ( � 1) � !J Z 8 ; E 8 $N Cartan 9TNs$N !J !]#1 !K G\ $N7WNL !K ( $3$NDjM}$N>ZL@$N35N, !K T 0 $r 9TNs$G=q$$$F , T 0 = � 1 1 1 0 ! ! det j T 0 = � 1 T 0 $N 8G M- CM $, ( � 1 ; 1) $J $N$G , Dj M} 2 $h $j T ? 0 $O negative de�nite $+ $D unimo dular (self-dual $H $b 8@$( $k ) $G $" $k . $"$H$O even lattice !J $D $^$j Fb @Q $, $9$Y $F 6v ?t !K $G$" $k$3$H $r $$$( $P E 8 lattice $G $" $k$3$H$, CN$i$l $F $$ $k 4 . K S = � F $H 6J @~$K 4X$9 $k E: 2C 8x <0$r MQ$$ $F , C 2 � C � F = 2( g ( C ) � 1) 2 2 Z $G $" $k$3 $H$, $o $+ $k$N $G , :#$N >l 9g$O C 2 T ? 0 $h $j C � F = 0 $G $" $C$F C 2 2 2 Z $, <($;$k . Q:E :D 1vED$NDjM} $3 $3 $G$^ $? Mordell-W eil 72 $N OC $KLa $k . M- M} BJ 1_ 6J LL $N Mordell-W eil 72 $K$D $$ $F <! $N $h$& $JDj M} $,CN $i $l$F $$ $k . !J K3 6JLL S $K$D $$ $F $O H 2 ( S; Z ) $r N S ( S ) = H 2 ( S; Z ) \ H 1 ; 1 ( S ) $K JQ $( $l $P F1MM $J7k2L $, F@ $i $l $k $,$3$3 $G$O 4JC1$N0Y $K M-M}BJ1_6JLL $K 8BDj$9$k . !K DjM} 4 ( 1vED$NDjM} #1 ) ([Sh1], [Sh2].) f : S ! P 1 $r M- M} BJ 1_ 6J LL T : !V O,F, FC0[ %U %! %$ %P!<$N4{Ls@. J, !W $G@8@.$5 $l $k H 2 ( S; Z ) $N ItJ, Ab el 72 $H $9$k;~ , M W ( S= P 1 ) � = H 2 ( S; Z ) =T $, @.$jN)$D . 4 Nc$( $P Serre [ ?tO@9V5A ] $r$_$h 18

Nc 1 generic $J M-M}BJ1_6JLL$r9M$($k . ( ?^#2;2>H ) $3$N >l9g$O , e ( I 1 ) = 1 ; e ( S ) = 12 $h$j I 1 7?FC0[%U%! %$ %P!< $, 12 K\$"$k . !J M>CL $G$" $k $, , M-M}BJ1_6J LL$N%b %8%e%i %$ ?t $O 12 $h$j >.$5$$$N$G , FC0[ %U%! %$ %P!<$N0LCV $O >!<j $K$O$H$l$J$$ . !K ?^ 5: generic $J M-M}BJ1_6JLL $9$Y$F$N%U%! %$ %P!<$O F $H%[ %b%m %8 !<F1CM$J$N $G , T = T 0 = < O ; F > $G $" $j , M W ( S= P 1 ) � = H 2 ( S; Z ) =T 0 � = Z 8 $H$J $k . $3$N ;~ , F17?$r 6qBNE* $K =q$/$H , � $ � ( P 1 ) � � 0 ( P 1 ) � F + b � � 0 ( P 1 ) $H$J $k . !J a; b $O G$0U !K $5$i$K , A0 $K Dj5A $7 $? %+%C %W @Q$b9MN8 $7 $?$h$j >\:Y $J<!$NDjM} $, CN $i $l $F$$ $k . DjM} 5 ( 1vED$NDjM}#2 ) f : S ! P 1 $rM- M} BJ 1_ 6J LL $H $7 � : M W ( S = P 1 ) ! H 2 ( S; Z ) Z Q s:t � ( M W ) ? T $H $$$& homomor phism� $r $H $k . $= $N ;~ , < � 1 ; � 2 > = 19

� ( � ( � 1 ) ; � ( � 2 )) $H %+%C %W @Q $r MQ$$$F MW 72$NFs<!7A <0 !J N� er on-T ate %O %$ %H ) $r Dj5A$9$k$H ( M W ( S= P 1 ) =tor sion; < ; > ) $O , Z 78 ?t$N @5 Dj CM$N Fs <! 7A <0$r $b$C$? <+ M3%" !< %Y%k 72$H $J $k . $3$l $r Mordell !& W eil 3J;R $H$h$V . Nc 2 A0$H F1MM$K M- M}BJ1_ 6JLL f : S ! P 1 $, generic $J >l9g$r 9M$( $k . $9 $k$HD>$A $K$3$N DjM} $+$i E 8 3J;R$N9=B$ $, #M#W72$KF~$k$3$H $, J,$+$k . ( M W ( S= P 1 ) ; < ; > ) ’ E 8 (58) 5 %+ %& %s %F %# %s%0 %+%& %s %F %# %s%0 $N CN $i$l$F$$ $k7k2L $3$3$G $O , M-M}BJ1_6JLL $N $J $+$K M-M}6J@~ $, $I $l$@$1 F~$C $F$$$k$N $+?t 4* Dj$9$k$3$H$r 9M$( , $= $l$K $D$$$F $N 7k2L$r >R 2p$9$k . $=$N$? $a$K , !V $= $N #1 !W $G =P$F $-$? , � : S ! P 2 $r ;W$$ =P $7 , P 2 >e$N , hyper plane bundle H 1 $r MQ$$$F � � ( H 1 ) = H $H $9$k . $= $7 $F <!$N$h $& $K , M-M}BJ1_6J LL S $N $J$+$K 4^$^ $l $kM-M}6J@~$N?t$rDj5A$9$k . Dj5A 6 M d;k = f C � S j C � F = k ; C � H = d $H$J $k C $G HsFC0[2= $O M-M}6J@~ g N k ( d ) = ]M d;k = M d;k $N 8D?t Z k ( q ) = 1 X d =0 N k ( d ) q d $3$N ;~<!$N$h $& $K Z 1 ( q ) $, CN $i$l$F $$$k ([HSS], [Z] $r ;2>H$N;v ). DjM} 6 ( :YLn , :XF# ,Stienstra,Zagier) Z 1 ( q ) = 9 q 1 = 6 � ( q ) 4 (59) 20

:G 6a$G $O $b $C$H 0l HL $N k $K $D $$ $F $b M= A[$, $" $C$F , V afa $? $A $N 7k 2L [MNVW] $K $h $k$H Z k = P 2 k +2 ( E 2 ; E 4 ; E 6 ) Z k 1 (60) $N 7A $G I=$5 $l , !J C" $7 E 2 ; E 4 ; E 6 $O Eisenstein 5i?t $G$"$k !K . @5B’%"%N!< %^ %jJ}Dx<0 @ Z k @ E 2 = 1 72 k � 1 X s =1 ( k � s ) sZ k � s Z s (61) $H$" $k Gap >r7o ( $"$kDc$$<!?t$NM-M}6J @~ $, B8:_ $7 $J$$ ;v $+$i $/$k>r7o ) $K $h$j Z k $, 7h$^$k $HM=A[$5 $l $F$$$k . 0J>e $O genus $, #0 $D$^$j P 1 $K $D $$$F$N %+ %& %s%F %# %s%0$G$" $C $? $, , @5B’ %" %N!<%^%j J}Dx<0 $r 0lHL2= $7 $? M= A[ $rDj<02= $7 $$$/$D $+$N$b $C $H9b$$ genus $K $D$$ $F $N%+ %& %s%F %# %s %0 $D$$ $F$N 7k2L$bCN $i$l$F$$ $k ( >\ $7 $/ $O [HST] $r ;2>H ). Cm0U 4 rank 2 $N vector bundle $N?t $(>e $2 (v ector bundle $N%b %8%e %i %$ 6u4V$N%* %$ %i!<I8 ?t$N7W ;; ) $O ?@8MBg$N 5H2,$5$s ([Y os]) $K $h$C$F 2r $+$l $F$$$F V afa $? $A $NJ*M} $+ $i$N7k2L ([MNVW]) $H 9gCW $7 $F$$$k $, , rank 3 0J>e$N7W;; $O ?t3XE* $K 5a$a$k$N $, Fq $7 $$$3$H$, CN $i$l$F$$ $k . %U !<%j%( 8~0fJQ49 $H$N 4X78 0J>e=R $Y$F$- $?M-M} 6JLL $N%+ %& %s%F %# %s %0$O S U ( k ) bundle (or S U ( k )- instanton) $N %b%8%e%i %$ $H%U !< %j%(8~ 0fJQ 49$G 4X78$E$1 $k$3$H$, $G $- $k . $=$N 4X78$r<($935N,$r@bL@$9$k$H<!$N$h $& $K$J $k . ( ?^#6;2>H ) M-M} BJ 1_6J LL f : S ! P 1 $r 9M$( , $=$N%U%! %$ %P!<$r F $H $9 $k . S >e$N S U ( k )-bundle E $r9M $($k . $= $7$F !J Dl6u 4V $NE@ $O8GDj $7 $F !K 3F %U %!%$ %P !< >e$G$= $N bundle $r AX$H$_$J $7 $F , %U !< %j%(8~ 0fJQ 49$9 $k . $= $&$9$k$H 3F %U%! %$ %P!<>e$G bundle $O k 8D$NE@ $r I=$9 %G%k %? 4X?t !J skyscrap er sheaf ) $N$h $& $J$b$N $K JQ49$5 $l $k . $$ $^$^ $G 8GDj $7 $F$$$? Dl6u4V!a P 1 >e$NE@ $r JQ498e $K F0 $+$9 $H S Fb $N6J@~ C ( 0lHL $K $O 4{Ls $H $O8B $i$J$$ ) $, F@ $i $l $k . $3$N6J@~ $O3F%U %! %$ %P!< $H k 2s8r $o$k . $3$N6J@~ $r%Y%/ %H%k B+ $N %9%Z %/ %H 21

%k 6J@~ $H8F$V . $3$N %9 %Z%/ %H%k 6J@~ C $N>e $K rank 1 $NAX F $, >h$C $F$$$k $, $3$l$,%U !< %j %(!&8~0fJQ49 $G$" $k . $3$N%U !< %j %(!&8~0fJQ49 $K $h$j E : S >e$N rank k $N AX ( ) ( C; F ) $J $kBP1~$rF@$k . $3$N BP1~$h$j%Y %/ %H %k 6u4V$N%b %8%e %i %$6u4V c M $+$i 6J @~$N%b %8%e%i %$ 6u4V M $X$N � : c M � ! M (62) E = ( C ; F ) 7! C (63) <LA| $, F@$i $l $k . C 2 M >e$N%U%! %$ %P!< � � 1 ( C ) $O C $, Hs FC0[4{Ls6J@~ $N ;~ $K$O C $N%d%3 %S B?MMBN J ( C ) $G$" $k $3 $H $,$o$+$k . C $N <o?t $, g $N;~ $K$O J ( C ) $O J#AG g <!85 , <B 2 g <!85$N %H !<%i %9 T 2 g $G $" $k . $3$3$G , C $N @55,2= !J HsFC0[2= !K ~ C $, <o?t %<%m !J $9$J$o $A ~ C $, M-M}6J@~ !K $G$J$1$l $P � � 1 ( C ) $N 0LAjE* %* %$ %i!<?t $O 0 $G $" $k;v $, <($5 $l $k . $^$? C $NHsFC0[2= $, M-M}6J @~$N;~$K$O , � � 1 ( C ) $N 0LAjE*%* %$ %i!<?t$O E,Ev$J%&%’ %$ %H $r $D $1 $F 7W;;$9$k;v $K$h $j e ( c M ) = X C 2M ; M-M}6J@~ e ( � � 1 ( C )) !a M $K B0$9$kM-M}6J@~ C $N ?t $3 $N $h $& $K $7 $F S U ( k )-bundle $N %b%8 %e %i %$6u 4V$N 0L Aj E* %* %$%i !< ?t$H M-M} 6J@~$N %+%& %s%F %# %s%0$, 4X 78IU$/$3$H $, J,$+ $k . $5$i$K (62) $N <LA| $r MQ$$$^$?AjBP %l %U%7%’ %C %DJ,2r$NM}O@ $r MQ$$$k $H c M $N%3%[%b%m %8 !<4D H � ( c M ; Q ) $N S L 2 � S L 2 $NI=8= $X$NJ, 2r $, F@ $i $l $k . $3$l$rMQ $$ $F , 9b$$ <o?t $N Gromo v-Witten ITJQNL $N7W;; $N2D G=@- $b<(:6 $5 $l$F$$$k . ([GV1], [GV2], [HST] $r ;2>H $7 $F $/ $@ $5$$ .) 6 ;29MJ88%$K$D $$$F 1. Gromov-Witten ITJQ NL $N?t3X E* $JDj5A $O , [B], [B{F], [B{M], [F{O] Ey $K$" $k $, , J*M}$N?M $K$O$" $^$j4X?4 $, $J$$$+$b $7$l $J$$ . 22

2. BJ1_ 6J LL $N M} O@ $K $D $$ $F $O , >. J? K. I’ ;a $N A4 =8 $N Bh 3 4, $N Cf $N [Ko d1], [Ko d2] $, 4pK\J88%Cf$N4pK\J88% $G$" $k . 3. Mordell !& W eil 3J;R $NM}O@ $OAO;O<T $G$"$k 1v ED;a $NO@J8 [Sh1] $dElBg ?tM}2J3X%;%_%J%j!<%N!< %H [Sh2] $r ;2>H $7 $F M_ $7 $$ . ?^ 6: %U!< %j%(8~0fJQ49 $r 9T$C $F F@ $i $l $kM-M}6J@~ 23

;29MJ88% [B] K. Behrend, Gr omov{Witten invariants in algebr aic ge ometry , In- ven t. Math. 127 , (1997), 601{617. [B{F] K. Behrend, & B. F an tec hi, The intrinsic normal c one , In v en t. Math. 128 , (1997), 45{88. [B{M] K. Behrend, Y u. Manin, Stacks of stable maps and Gr omov{ Witten invariants , Duk e Math. J., 85 , (1996), 1{60. [Bea] A. Beauville, L es famil les stables de c ourb es el liptiques sur P 1 admettant quatr e �br es singulier es. C. R. Acad. Sci. Paris Ser. I Math. 294 (1982), no. 19, 657{660. [Br-Le] J. Bryan, & N. C. Leung, The enumer ative ge ometry of K 3 surfac es and mo dular forms , alg-geom 9711031 [C-S] J.H. Conw a y & N.J.A. Sloane, Spher e Packings, L attic es and Gr oups , Springer, Second Edition (1992). [D-G-W] R. Donagi, A. Grassi, &, E. Witten, A nonp erturb ative sup er- p otential with E 8 -symmetry. Mo dern Ph ys. Lett. A 11 (1996), no. 27, 2199{2211, hep-th/9607091 . [F{O] K. F uk a y a & K. Ono, Arnold c onje ctur e and Gr omov{Witten in- variants for Gener al Symple ctic Manifolds , preprint Ky oto-Math. 96- 04. [G-P] L. G� ottsc he & R. Pandharipande, The quantum c ohomolo gy of blowing-ups of P 2 and enumer ative ge ometry , J. Di�erential Geom. 48 (1998), no. 1, 61{90. alg-geom/9611012 . [GV1] R. Gopakummar and C. V afa, M-The ory and T op olo gic al Strings- I , hep-th/9809187 . 24

[GV2] R. Gopakummar and C. V afa, M-The ory and T op olo gic al Strings- II , hep-th/9812127 . [HKTY] S. Hosono, A. Klemm, S.Theisen and S. T. Y au, Mirr or Sym- metry, Mirr or Map and Applic ation to Complete Interse ction Calabi- Y au Sp ac es , Mirror symmetry , I I, 545{606, AMS/IP Stud. Adv. Math., 1, A.M.S., Providence, RI, 1997.//Nuclear Phys. B 433 (1995), no. 3, 501{552. [HSS] S. Hosono, M.-H. Saito, & J. Stienstra On Mirr or Symmetry Conje ctur e for Scho en ’s Calabi{Y au 3-folds , Pro ceedings of T aniguc hi Symp osium 1997, \Inte gr able Systems and Algebr aic Ge ometry" , Kob e/Kyoto, (ed. M.-H. Saito, Y. Shimizu & K. Ueno), W orld Scien- ti�c, 1998, 194{235. [HST] S. Hosono, M.-H. Saito, A. T ak ahashi, Holomorphic Anomaly Equation and BPS state c ounting of R ational El liptic Surfac e , Adv. Theor. Math. Phys. 3 (1999). 177{208. hep-th/9901162 [Ko d1] K. Ko daira, On c omp act analytic surfac es, II , Annals of Math., 77 , (1963), 563-625. (Collected W orks, V ol. I I I). [Ko d2] K. Ko daira, On c omp act analytic surfac es, III , Annals of Math., 78 , (1963), 1{40. (Collected W orks, V ol. I I I). [Kon] M. Kontsevic h, Enumer ation of r ational curves via toric actions. The mo duli sp ac e of curves, ed. by R. Dijkgraaf, C. F ab er, v an der Geer. Progr. in Math. 129 , Birkh� auser, Boston, 1995, 335{368. [KM] M. Kontsevic h and Y u. Manin, Gr omov-Witten classes, quantum c ohomolo gy and enumer ative ge ometry , Commun. Math. Phys. 164 , (1994), pp. 525{562. 25

[Man1] Y u. I. Manin, The T ate height of Points on an ab elian variety, Its variants and applic ations. Izv. Ak ad. Nauk SSSR Ser. Mat. 28 (1964), AMS T ransl. (2) 59 (1966) pp. 82{110. [MNVW] J. A. Minahan , D. Nemeschansky , C. V afa , N. P . W arner E-Strings and N=4 T op olo gic al Y ang-Mil ls The ories , Nucl.Phys. B527 (1998) 581-623. hep-th/9802168 . [Mo-1] D. R. Morrison, Mathematic al Asp e cts of Mirr or Symmetry , Complex Algebraic Geometry (J. Koll� ar ed.), IAS/Park City Mathe- matical Series, vol. 3, 1997, pp. 265{340, alg-geom/ 9609021 . [Mo-2] D. R. Morrison, Making enumer ative pr e dictions by me ans of mirr or symmetry , Mirror symmetry , I I, 457{482, AMS/IP Stud. Adv. Math., 1, Amer. Math. So c., Providence, RI, 1997. [Sa-Sak] M.-H. Saito and K.-I. Sak akibara, On Mor del l-Weil lattic es of higher genus �br ations on r ational surfac es , Jour. of Math., Kyoto Universit y , 34 , No. 4, (1994), 859{871, [MHSa1] M. -H. Saito, Finiteness of Mor del l-Weil gr oups of Kuga �b er sp ac es of ab elian varieties, Publ. RIMS. 29 , No. 1 (1993), 29{62. [MHSa2] M. -H. Saito, Pr ep otentials of Y ukawa c ouplings of c ertain Calabi-Y au 3-folds and Mirr or Symmetry, to app ear in the Pro ceed- ings of Nato Adv anced Study Institute, CRM Summer School, Ban�, June 7-19, 1998 [Sch] C. Sc ho en, On �b er pr o ducts of r ational el liptic surfac es with se c- tion , Math. Z. 197 , (1988), 177{199. [Sh0] T. Shio da, On el liptic mo dular surfac es , Jour. Math. So c. Japan 24, no. 1 , 20-59 (1972). 26

[Sh1] T. Shio da, On the Mor del l-Weil lattic es, Comment. Math. Univ. St. Pauli 39 , 211{240, 1990. [Sh2] 1vED E0<# , Mordell-W eil Lattice $N M} O@$H$=$N 1~MQ , El 5~ Bg3X ?tM} 2J3X%;%_%J %j!<%N!< %H 1 !$ 1993 !% [Y-Z] S.-T. Y au & E. Zaslo w, BPS states, String Duality, and No dal Curves on K 3, Nuclear Phys. B 471 , (1996), 503 { 512. [Y os] K. Y oshiok a, Euler characteristics of SU(2) instanton mo duli spaces on rational elliptic surfaces, to app ear in CMP . math/9805003 [Z] D. Zagier, A Mo dular Identity Arising F r om Mirr or Symmetry , Pro- ceedings of T aniguc hi Symp osium 1997, \Inte gr able Systems and Al- gebr aic Ge ometry" , Kob e/Kyoto, (ed. M.-H. Saito, Y. Shimizu & K. Ueno), W orld Scien ti�c, 1998, 477{480. 27

?^ 7: >.J?J,N‘$N%U %! %$ %P!<%? %$ %W 28

?^ 8: 3HBg Dynkin ?^ 29