IT O" B3 4X ?t $N 6K 8B 7W ;; 2D G= @- { 0U 5A $H Ld Bj E@ H, ?y K~ Mx ;R � J? @. 14 G/ 11 7n 27 F| 1 =x J8 K\ O@ $N %F !< %^ $O , O" B3 BN !J <B ?t !K >e $N 4X ?t $K $D $$ $F , $H $/ $K IT O" B3 4X ?t $K $D $$ $F , $N 7W ;; 2D G= @- $N Ld Bj $G $" $k . EA E} E* $K $O O" B3 4X ?t $N 7W ;; 2D G= @- $N M} O@ $, Ds 0F $5 $l , $= $N 1d D9 $H $7 $F , IT O" B3 4X ?t $N 7W ;; 2D G= @- $N M} O@ $, $$ $m $$ $m $H Ds 0F $5 $l $F $- $? . ?t 3X E* BP >] J* $N 7W ;; 2D G= @- $H $O K\ Mh , $" $k %" %k %4 %j %: %‘ !J %W %m %0 %i %‘ !K $, $" $C $F , $= $l $K $7 $? $, $( $P 7W ;; $, ?J $_ , M- 8B 8D $N %9 %F %C %W $G 7W ;; $, Dd ;_ $7 , @5 $7 $$ Ez $( $, =P $k , $H $$ $& $3 $H $r 0U L# $9 $k . 0l HL $K , O" B3 BN >e $N 7W ;; $O M- 8B 2s $G $O Dd ;_ $7 $J $$ . $7 $? $, $C $F , 2? $r $b $C $F 7W ;; 2D G= $H $$ $& $+ $H $$ $& $3 $H $K $D $$ $F , $" $k Dx EY 9g 0U $7 $J $1 $l $P $J $i $J $$ . $3 $N $h $& $J >l 9g $K !V 7W ;; 2D G= !W $H $O , L5 8B @: EY J] >Z IU $- $N M- 8B 6a ;w $N %" %k %4 %j %: %‘ $N B8 :_ , $H 9M $( $k $N $, <+ A3 $G $" $j , M- 1W $G $" $k . <B ?t $N M- M} ?t $K $h $k 6a ;w $O , $I $N J} K! $G $b $3 $N J} ?K $K $7 $? $, $C $F $$ $k . <B ?t >e $N 4X ?t $K $D $$ $F $O , O" B3 4X ?t $N 7W ;; $r 4p K\ $K $9 $k . O" B3 4X ?t $K $D $$ $F $O , $? $H $( $P M- M} E@ >e $N CM $G 4X ?t A4 BN $, 7h $^ $j , 3F E@ !J <B ?t !K $K $* $1 $k 4X ?t CM $r , $= $N E@ $N 6a K5 $K $* $1 $k M- M} E@ $G $N CM $G 6a ;w $G $- $k $+ $i $G $" $k . $3 $N ;v <B $K $h $C $F O" B3 4X ?t $N IA 2h $O Hf 3S E* MF 0W $K $G $- $k . $7 $+ $7 IT O" B3 4X ?t $K $D $$ $F $b , 2f !9 $O 7W ;; $7 $? $j IA 2h $r $7 $? $j $9 $k . $7 $? $, $C $F IT O" B3 4X ?t $K $D $$ $F $N 7W ;; 2D G= @- $H $$ $& 35 G0 $b 0U L# $r $b $D $O $: $G $" $k . $= $N $? $a $N M} O@ $, $$ $/ $D $+ $" $j , $= $l $> $l 4p K\ E* $J ;W A[ $N >e $K 9= C[ $5 $l $F $$ $k . 2f !9 $N N) >l $O , 2r @O 3X $N =t M} O@ $r %" %k %4 %j %: %‘ $H $$ $& 8+ CO $+ $i 8& 5f $9 $k , $H $$ $& $b $N $G $" $k . $9 $J $o $A , DL >o $N 2r @O 3X $N OH AH $_ $N Cf $G 9- $$ 0U L# $N 7W ;; %" %k %4 %j %: %‘ $r $b $D BP >] J* $^ $? $O 35 G0 $O 2? $+ , $r H= L@ $5 $; $F $$ $/ $N $, 8& 5f L\ E* $G $" $k . $= $N N) >l $+ $i $O , $? $H $( $P $$ $/ $D $+ $N E@ $r =| $$ $F $O O" B3 $J 4X ?t $J $i $P !V $[ $H $s $I !W 7W ;; 2D G= $H $_ $J $; $k . $= $N !V $[ $H $s $I !W $N <\ EY $r ,Pour-El !& Richards $O Banac h 6u 4V $N %N %k %‘ $K 5a $a $? !J [3] !K . OI 86 $O $= $l $r F r � ec het 6u 4V $K 3H D% $7 , $5 $i $K %G %k %? 4X ?t $r 4^ $‘ 6u 4V $K $b 3H D% $7 $? !J [5], [6] !K . H, ?y !& OI 86 !& Brattk a � 5~ ET ;: 6H Bg 3X !& M} 3X It . It J, E* $K 2J 3X 8& 5f Jd =u Hq 12440031 $N 1g =u $r <u $1 $F $$ $k . 1

$O $3 $l $i $r 4p AC $K $7 $F IT O" B3 4X ?t $N 7W ;; 2D G= @- Ld Bj $r <g $K F r � ec het 6u 4V $K $* $$ $F 07 $C $? !J [7], [9] !K . $7 $+ $7 4X ?t 6u 4V $K $* $1 $k 4X ?t $N 7W ;; 2D G= @- $H $O , $= $N 4X ?t $, 4X ?t 6u 4V $N 0l E@ $H $7 $F 7W ;; 2D G= $H $$ $& B0 @- $r M? $( $i $l $k $N $G $" $C $F , 4X ?t $N 0z ?t $X $N 3F F~ NO CM $K BP $7 $F 4X ?t CM $r $I $N $h $& $K 7W ;; $9 $k $+ , $H $$ $& $3 $H $K $D $$ $F $O IT Ld $G $" $k . 8@ $$ 49 $( $k $H , IT O" B3 E@ $, N% ;6 E* $G $" $k $? $a $K , 4X ?t 6u 4V $K $* $1 $k BP >] J* $H $7 $F $N 4X ?t $O , IT O" B3 E@ $G $N CM $O L5 ;k $5 $l $k $N $G $" $k . B> J} ?M 4V $O , $" $k <o $N 4X ?t $K $D $$ $F $O IT O" B3 E@ $K $* $1 $k CM $r 6l $b $J $/ 7W ;; $9 $k $3 $H $, $" $k . $7 $? $, $C $F Hf 3S E* C1 =c $J IT O" B3 4X ?t $K $D $$ $F $O , IT O" B3 E@ $K $* $$ $F $b $J $s $i $+ $N 0U L# $G 4X ?t CM $N 7W ;; 2D G= @- $H $$ $& 35 G0 $r M? $( $? $$ . $= $N ;n $_ $r H, ?y !& Brattk a !& OI 86 $O [9] $N #4 @a $K $* $$ $F 6K 8B 7W ;; $H $$ $& J} K! $G <B 9T $7 $? . K\ 9F $G $O , $3 $N 6K 8B 7W ;; $K E* $r $7 $\ $k . $3 $3 $G $O 6q BN E* $G C1 =c $J IT O" B3 4X ?t g ( x ) = 1 2 [ x ] !J [ x ] $O <B ?t x $N @0 ?t It J, $r CM $H $9 $k 4X ?t $G , %, %& %9 4X ?t $H $b 8F $P $l $k !K $r Nc $K $7 $F , $= $N 7W ;; 2a Dx $G @8 $8 $k 6K 8B 7W ;; $N 8= >] $r J, @O $7 , $= $N 0U 5A !& Ld Bj E@ $r 8! >Z $9 $k . [ x ] $G $J $/ 1 2 [ x ] $r 07 $& M} M3 $O ,[ x ] $O @0 ?t $G $" $j , @0 ?t $N @- <A $H <B ?t $H $7 $F $N [ x ] $N @- <A $H $, 6h JL $7 $K $/ $$ $+ $i $G $" $C $F , 1 2 $K FC JL $J 0U L# $O $J $$ . 1 2 [ x ] $O <B :] $K $O M- M} ?t $G $" $j , $? $H $( $P � [ x ] $H $G $b $9 $l $P M- M} ?t $G $J $$ <B ?t $K $J $k . 78 ?t $O K\ <A E* $G $O $J $$ . ?t 3X E* $J 5D O@ $N >\ :Y $O [9] $N #4 @a $K $" $k . K\ O@ $G $O $= $l $i $K 1h $C $F , 35 G0 $N J, @O $r 9T $C $F $f $/ . IT O" B3 4X ?t $r 4^ $a $F , <B ?t >e $N 4X ?t $N 7W ;; 2D G= @- $K 4X $9 $k J8 8% $H $7 $F $O >e 5- $N 4X ?t 6u 4V E* <j K! $N $b $N 0J 30 $K ,W eihrauc h $N T yp e 2 T uring Mac hine $K $h $k 4p AC IU $1 [8], 0l MM 6u 4V $K $h $k 4X ?t $N O" B3 2= $N <j K! [4] $N $_ $r 5s $2 $F $* $/ . $J $* , O" B3 BN >e $N 7W ;; 2D G= @- $K $D $$ $F $N F~ Lg $H $7 $F $O ,P our-El !& Richards $N [3] 0J 30 $K H, ?y !& OI 86 $N [11], [12] $, %/ %$ %C %/ !& %l %t %e !< $H $7 $F ET 9g $h $$ . <+ A3 ?t >e $N :F 5" E* !J 7W ;; 2D G= !K 4X ?t $* $h $S $= $N @0 ?t JB $S $K J, ?t Ns $X $N 3H D% $K $D $$ $F $N 4p K\ ;v 9‘ $N CN <1 $O 2> Dj $9 $k . K\ O@ $N 9= @. $O , <B ?t $H <B ?t >e $N 4X ?t $N 7W ;; 2D G= @- $N @b L@ !J #2 @a !K , >e 5- g ( x ) $N 7W ;; $N ;n $_ $N 2r @b !J #3 @a !K , 7W ;; <j B3 $- $K $D $$ $F $N 9M ;! !J #4 @a !K , 7W ;; <j B3 $- $N O@ M} E* J, @O !J #5 @a !K , 6K 8B 7W ;; $N F3 F~ !J #6 @a !K , 6K 8B 7W ;; $N 0U 5A $H Ld Bj E@ $N 8! F$ !J #7 @a !K $H $J $C $F $$ $k . 2 <B ?t $H O" B3 4X ?t $N 7W ;; 2D G= @- {Review 0J 8e !V 7W ;; $9 $k !W $H $$ $& $H $- $K $O <B :] $K 7W ;; $N %" %k %4 %j %: %‘ $, $" $k $3 $H $r $$ $$ , :F 5" E* 4X ?t $N B8 :_ $H $[ $H $s $I F1 5A 8l $G $" $k . !V H= Dj $9 $k !W $H $$ $& $H $- $K $O , %3 %s %F %/ %9 %H $K $h $j !J :F 5" E* $K !K 7h Dj $G $- $k >l 9g $H , $h $j 6/ $$ 86 M} $K 4p $E $$ $F H= Dj $9 $k >l 9g $H $" $k . M- M} ?t !J <+ A3 ?t $r 4^ $‘ !K $K 4X $9 $k 4p K\ E* $J 4X 78 !J <; = $J $I !K $O $9 $Y $F 7h Dj 2D G= $G $" $k . 2

$^ $: <B ?t $N 7W ;; 2D G= @- $* $h $S O" B3 4X ?t $N 7W ;; 2D G= @- $N Dj 5A $r =R $Y $k . <B ?t x $, 7W ;; 2D G= $H $O , x $, <! $N Fs $D $N >r 7o $r K~ $? $7 $F $$ $k J, ?t Ns f r m g $K $h $C $F 6a ;w $5 $l $k $3 $H $r $$ $& . !J #1 !K f r m g $O :F 5" E* $J M- M} ?t Ns $G $" $k . !J #2 !K f r m g $N x $X $N 6a ;w N( � $H $7 $F , :F 5" E* 4X ?t $, $H $l $k . $9 $J $o $A , 3F <+ A3 ?t p $K BP $7 $F , m � � ( p ) $J $i $P j x � r m j � 1 2 p $, @. N) $9 $k . !J #2 !K $, @. $j N) $C $F $$ $k $H $- $K , x $O f r m g $K $h $C $F <B 8z E* $K 6a ;w $5 $l $k , $H $$ $& . 0l HL $K $3 $l $K ;w $? >r 7o $, @. $j N) $D $H $- $K , !V <B 8z E* !W $H $$ $& I= 8= $r ;H $& . <B ?t x $, !J #1 !K , !J #2 !K $N $h $& $J f r m g $H � $G 6a ;w $5 $l $k $H $- $K >J N, E* $K x ’ h r m ; � i $H I= $9 . !V 7W ;; 2D G= !W $N Dj 5A $O , M- M} ?t $N :F 5" E* #2 =E Ns $K $h $C $F , <B ?t Ns $K 3H D% $G $- $k . @0 ?t , M- M} ?t $O $9 $Y $F 7W ;; 2D G= $J <B ?t $N FC JL $J Nc $G $" $j , $^ $? , $h $/ CN $i $l $F $$ $k <B ?t e; � $J $I $O M- M} ?t $G $J $$ 7W ;; 2D G= <B ?t $G $" $k . <! $K , <B ?t $+ $i <B ?t $X $N O" B3 4X ?t f $, 7W ;; 2D G= $G $" $k , $H $O , 0J 2< $N >r 7o (i) $H (ii) $, @. $j N) $C $F $$ $k $3 $H $r $$ $& . (i) !! <B ?t Ns $N 7W ;; 2D G= @- $r J] B8 $9 $k . $9 $J $o $A , f x n g $, 7W ;; 2D G= $J <B ?t Ns $J $i $P f f ( x n ) g $, 7W ;; 2D G= $J <B ?t Ns $G $" $k . (ii) !! f ( x ) $O <B 8z E* $K O" B3 $G $" $k . $9 $J $o $A , :F 5" E* 4X ?t � $, B8 :_ $7 $F 3F p = 1 ; 2 ; 3 ; � � � $H x; y 2 [ � n; n ] $K $D $$ $F , j x � y j � 1 � ( n; p ) $J $i $P j f ( x ) � f ( y ) j � 1 2 p $, @. $j N) $D . � $r , 4X ?t f $N O" B3 N( $H $h $V . !V 7W ;; 2D G= @- !W $N Dj 5A $O 4X ?t Ns $K $b 3H D% $G $- $k . $^ $? , $3 $N Dj 5A $K $h $l $P , 7W ;; 2D G= $J 4X ?t $O %3 %s %Q %/ %H 6h 4V $G $O 0l MM O" B3 $G $" $j , $= $N 0l MM @- $, <B 8z E* $K J] >Z $5 $l $k . >e $N Dj 5A $K $h $l $P , 2C 8: >h =| $d $U $D $& Hy J, @Q J, $G 07 $& <B ?t >e $N O" B3 4X ?t $O 7W ;; 2D G= $G $" $k . $3 $l $O 7W ;; 2D G= @- $N $I $N M} O@ $G $b F1 $8 $G $" $k . ?t 3X $G $O D6 8B E* $J 35 G0 $, B? $$ $, , 6q BN E* $K 9M $( $i $l $k $b $N $O 7W ;; 2D G= $J $N $G $" $k !# 3 IT O" B3 4X ?t $N 7W ;; { Nc $K F3 $+ $l $F %, %& %9 4X ?t [ x ] $^ $? $O 4X ?t g ( x ) = 1 2 [ x ] $O , Hs >o $K 4J C1 $J 1& O" B3 :8 6K 8B 3, CJ 4X ?t $G $" $k . IT O" B3 $G $" $k $+ $i , #2 @a $N 0U L# $G $O 7W ;; 2D G= $G $O $J $$ . $7 $+ $7 2f !9 $O 5$ 3Z $K $3 $N 4X ?t $r 7W ;; $7 , %0 %i %U $r IA $/ . ?t <0 =h M} 8@ 8l Mathematica $G $O %, %& %9 4X ?t $O Flo or $H $$ $& 4X ?t $G I= $5 $l , 4J C1 $K IA 2h $G $- $k . $3 $l $O Fb It $G 6a ;w 7W ;; $r $7 , IT O" B3 E@ $G $N =h M} $r $7 $F $$ $k $N $G $" $k . $D $^ $j $= $l $, 2D G= $J $N $G $" $k . $7 $+ $7 Ev A3 $" $^ $j J# ;( $J 5s F0 $r $9 $k 4X ?t $O , 6a ;w 7W ;; $b IA 2h $b Fq $7 $$ $@ $m $& . 3 g ( x ) $O @0 ?t $K $* $$ $F %8 %c %s %W $7 !J IT O" B3 $G $" $k !K , @0 ?t 4V $N 3+ 6h 4V $G $N 5s F0 $, C1 =c $J 4X ?t $G $" $k . $3 $N $h $& $J 4X ?t $K $D $$ $F $N 7W ;; $N ;n $_ $r , g ( x ) $r %, %$ %I $H $7 $F D4 $Y $F $_ $k . $^ $: 1 2 [ x ] $N 7W ;; $r ;n $_ $h $& . x $, 7W ;; 2D G= <B ?t $G , :F 5" E* M- M} ?t Ns f r m g $H :F 5" E* 6a ;w N( � $G 6a ;w $5 $l $F $$ $k , $9 $J $o $A x ’ h r m ; � i $H $9 $k . 0J 8e $N A‘ :n $G 4p K\ $K $J $k $N $O , [3] $N Prop osition 0,Chapter 0, $G $" $k . $9 $J $o $A , 7W ;; 2D G= $J <B ?t x; y $K $D $$ $F , <B :] $K x > y $G $" $k $H $- $K $O $3 $N ;v <B $r :F 5" E* $K H= Dj $G $- $k . $3 $l $h $j , x ’ h r m ; � i $G $" $k $H $- $K , x < k !J k < x !K $O $" $k p $K $D $$ $F r � ( p ) < k � 1 2 p !J r � ( p ) > k + 1 2 p !K $H $J $k $3 $H $H F1 CM $G $" $k . $3 $l $r ;H $C $F , g ( x ) = 1 2 [ x ] $N 7W ;; $r $9 $k $? $a $K , <! $N $h $& $J A‘ :n $r 9T $& . 1 n < x < n + 2 $H $J $k @0 ?t n $r 7W ;; $9 $k !’ k = 1 ; 2 ; � � � $K $D $$ $F , r � ( p ) < n � 1 2 p $, $" $k p � k $H n � k $K $D $$ $F @. N) $9 $k $+ $I $& $+ %A %’ %C %/ $9 $k . F1 MM $K , n + 1 2 p < r � ( p ) $r %A %’ %C %/ $9 $k . k $r A} 2C $5 $; $k $3 $H $K $h $C $F , $d $, $F n < x < n + 2 $H $J $k n $r 3N Dj $9 $k $3 $H $, $G $- $k . 2 1 $G 5a $a $? @0 ?t n $K 4X $7 $F , x < n + 1 $+ , x � n + 1 0J >e $G $" $k $+ , $N 6a ;w E* ?d B, $r I= 8= $9 $k :F 5" E* @0 ?t Ns f N p g $r 7W ;; $9 $k . $9 $J $o $A , p = 1 ; 2 ; � � � $K $* $$ $F N p = n + 1 $J $i $P n + 1 � x $H ?d B, $5 $l , N p = n $J $i $P x < n + 1 $, 3N Dj $9 $k !’ r � ( p ) < ( n + 1) � 1 2 p , p = 1 ; 2 ; � � � $, @. N) $9 $k $+ $I $& $+ H= Dj $7 , Ez $( $, No $G $" $l $P , N p = n + 1, Ez $( $, Y es $G $" $l $P , N p = n $H $* $/ . !J p $K $* $$ $F Y es $H $J $l $P , $9 $Y $F $N q � p $K BP $7 $F N q = n $K $J $k . !K 3 2 $G 5a $a $? f N p g $+ $i , g ( x ) $N M- M} ?t $K $h $k :F 5" E* $J 6a ;w Ns f s p g $r 9= @. $9 $k !’ s p = N p 2 $H $* $1 $P $h $$ . 1 , 2 , 3 $K $h $j , x $N 6a ;w h r m ; � i $+ $i :F 5" E* 4X ?t !J ?t Ns !K f N p g $H f s p g $, F@ $i $l $? . Cm n < x < n + 1 $, :F 5" E* $K H= Dj $G $- $l $P , $? $@ $A $K g ( x ) $N CM n 2 $, 7W ;; $G $- $k . Ld Bj $O x = n + 1 $N $H $- $3 $N ;v <B $O :F 5" E* $K H= Dj $G $- $J $$ . $= $N $? $a $K g ( x ) $N CM $r n < x < n + 2 $G $" $k x $K $D $$ $F 0l MM $K 5a $a $J $1 $l $P $J $i $J $$ . 2 $K $* $$ $F , $9 $Y $F $N p $K $D $$ $F N p = n + 1 $G $" $k !J Case 1 !K $+ $^ $? $O , $" $k p $K $D $$ $F q < p $J $i $P N q = n + 1 $G $" $j , q � p $J $i $P N q = n $G $" $k (Case 2) $+ , $I $A $i $+ $G $" $k $3 $H $r Cm 0U $7 $F $* $3 $& . M- M} ?t Ns f s p g $O Hs 8: >/ $G $" $j , n +1 2 (Case 1) $^ $? $O n 2 (Case 2) $K <} B+ $9 $k . $3 $N 6K 8B $r � $H 8F $\ $& . $I $A $i $K $7 $F $b L@ $i $+ $K � = 1 2 [ x ] $G $" $k . Case 1 $H Case 2 $N >l 9g J, $1 $K $7 $? $, $C $F , f s p g $N 6K 8B $r D4 $Y $h $& . Case 1 $9 $Y $F $N p $K $D $$ $F N p = n + 1. $3 $l $O r � ( p ) < ( n + 1) � 1 2 p $, 7h $7 $F @8 $8 $J $$ , $H $$ $& $3 $H $G $" $k . $f $( $K x � n + 1. x < n + 2 $G $+ $D x � n + 1 $G $" $k $+ $i , [ x ] = n + 1. $7 $? $, $C $F , f s p g = f n +1 2 g $O 1 2 [ x ] $K <} B+ $9 $k . Case 2 $" $k p $K $D $$ $F N p = n !J $7 $? $, $C $F q � p $K $D $$ $F N q = n ). $3 $l $O r � ( p ) < ( n + 1) � 1 2 p $H $$ $& $3 $H $G $" $j , $7 $? $, $C $F x < n + 1. n < x $G 4

$+ $D x < n + 1 $G $" $k $+ $i , [ x ] = n $G $" $j , f s p g = f n +1 2 ; n +1 2 ; � � � ; n 2 ; n 2 ; � � �g . $f $( $K , f s p g $O 1 2 [ x ] $K <} B+ $9 $k . $$ $: $l $K $7 $F $b :F 5" E* $J M- M} ?t $N C1 D4 <} B+ Ns f s p g $r F@ , $= $l $, 7W ;; 2D G= $J <B ?t !J <B :] $K $O M- M} ?t !K 1 2 [ x ] $K <} B+ $9 $k . 6K 8B CM $, 7W ;; 2D G= $J <B ?t $G $" $k $3 $H $K $h $j , <} B+ $O <B 8z E* $G $" $k !J Prop osition 2,Chapter 0, [3] $K $h $k !K . 4 7W ;; 2a Dx $K $D $$ $F $N 9M ;! #3 @a $N 7W ;; <j B3 $- $G Ld Bj $K $J $k $N $O , g ( x ) $N 6a ;w Ns $N 5a $a J} $H $= $N 6a ;w N( $, ,Case 1 $H Case 2 $K $* $$ $F $I $N $h $& $K 0[ $J $k $+ , $H $$ $& $3 $H $G $" $k . g ( x ) $K FC 2= $7 $? 7W ;; $K $D $$ $F $$ $( $P , @0 ?t Ns f N p g $* $h $S M- M} ?t $N 6a ;w Ns f s p g $N 5a $a J} $O >l 9g J, $1 $K 0M B8 $; $: , 3F p $K $* $1 $k CM $O :F 5" E* $K 7W ;; $G $- $k . $? $@ $7 CM $O >l 9g J, $1 $K $7 $? $, $C $F 0[ $J $j , >l 9g J, $1 $N $I $A $i $, <B :] $K 5/ $3 $k $+ $O , $" $i $+ $8 $a H= Dj $G $- $J $$ !J #5 @a $K 2r @b !K . B> J} ,Case 1 $H Case 2 $N $I $A $i $+ $G 7W ;; $O ?J $s $G $$ $F , 3N <B $K @5 $7 $$ CM g ( x ) $K 6a $E $$ $F $$ $k $N $G $" $k . $3 $N $H $- :F 5" E* $J <} B+ N( $H $7 $F , Case 1 $N >l 9g $K $O � 1 ( p ) � 1 !$ Case 2 $N >l 9g $K $O � 2 ( p ) � �q ( r � ( q ) < ( n + 1) � 1 2 q ) $r :N MQ $9 $l $P $h $$ !J �q $O :G >. CM :n MQ AG !K . $9 $J $o $A 0l J} $N Fb It $G $O 7W ;; $, ?J $_ , 6a ;w N( $b 7W ;; $G $- $F $$ $k . $G $O , 2? $, Ld Bj $+ !) >e =R $N $h $& $K , :G =* E* $K $I $A $i $N %1 !< %9 $K $J $k $+ $r , 7W ;; $N 30 $K $$ $k 2f !9 $K $O H= Dj $G $- $J $$ , $H $$ $& ;v BV $G $" $k . $9 $J $o $A , N p $, $$ $D $^ $G $b n + 1 $G $" $k $N $+ !J Case 1 !K , $" $k ;~ E@ $G n $K $J $k $N $+ !J Case 2 !K , $= $l $K $7 $? $, $C $F s p $N CM $, IT JQ $J $N $+ JQ 2= $9 $k $N $+ , $H $$ $& $3 $H $, 0l HL $K $O M- 8B %9 %F %C %W $G $O H= L@ $7 $J $$ $3 $H $G $" $k . $7 $? $, $C $F 6a ;w N( $, $I $l $J $N $+ , G’ <1 $G $- $J $$ $N $G $" $k . 5 7W ;; $N O@ M} E* J, @O A0 @a $N Ld Bj E@ $r 9M N8 $7 $F , #3 @a $N 7W ;; <j B3 $- $N O@ M} E* $J J, @O $r $7 $h $& . O@ M} E* 9= B$ #3 @a $N <j B3 $- $N O@ M} E* $J 9= B$ $O <! $N $h $& $K $J $C $F $$ $k . R ( p ) � r � ( p ) < n � 1 2 p $H $* $/ $H , R ( p ) $O :F 5" E* $J 4X 78 $G $" $k . Case 1 $O 8 p : R ( p ), Case 2 $O 9 pR ( p ) $H I= $5 $l $k . 8E E5 E* $K $O 8 p : R ( p ) _ 9 pR ( p ) $, @. $j N) $D $, , 8 p : R ( p ) $H 9 pR ( p ) $N $I $A $i $, @. $j N) $D $+ $O , 0l HL $K :F 5" E* $K H= Dj $G $- $J $$ . R $, :F 5" E* $J $H $- $K 8 p : R ( p ) _ 9 pR ( p ) $N 7A $N O@ M} <0 $O � 0 1 - GS Cf N’ $H 8F $P $l $k . #4 @a $N 9M ;! $r $3 $N GS Cf N’ $r ;H $C $F I= 8= $9 $k $J $i $P , #3 @a $N 4X ?t g ( x ) = 1 2 [ x ] $N 7W ;; 2a Dx $O , � 0 1 - GS Cf N’ $K Aj BP E* $K :F 5" E* $G $" $k , $H $$ $( $k . F~ NO !] =P NO $N 4X 78 !! >e 5- $N <j B3 $- $O $^ $? F~ NO , =P NO $, 0[ $J $C $? 7? $N $b $N $G $" $k , $H $$ $& $3 $H $, $G $- $k . $9 $J $o $A , F~ NO $O h r m ; � i $N 7A $G , f r m g $b � $b :F 5" E* 5

$G $" $k . =P NO $O :F 5" E* M- M} ?t Ns f s p g $N $_ $G $" $k . #4 @a $G F@ $? � 1 $H � 2 $O $I $A $i $b :F 5" E* $G $" $k $, , $= $N $& $A $N $I $A $i $G $" $k $+ $r 7h Dj $G $- $J $$ $N $G =P NO $O $G $- $J $$ . $" $( $F =P NO $7 $? $1 $l $P , 7W ;; 5! 9= $H $7 $F � 1 $+ � 2 $N $I $A $i $+ $r H= Dj $9 $k Hs 7h Dj E* $J %" %k %4 %j %: %‘ $r G’ $a $J $1 $l $P $J $i $J $$ . $= $N >e $G $J $i $P h s p ; � i $H $$ $& =P NO $r F@ $k $3 $H $, $G $- $k . $3 $N $H $- � $O 0l HL $K :F 5" E* $G $O $J $$ . $G $O $I $N $h $& $J HO aF $K F~ $k $N $G $" $m $& $+ !) $= $N 0l $D $N 2r $, 0J 2< $K =R $Y $k 6K 8B :F 5" E* HF 4X ?t $N Mx MQ $G $" $k . $H $/ $K !" g ( x ) $K BP $9 $k >e =R $N � $, :F 5" E* $G $O $" $j $( $J $$ $3 $H $O , %, %& %9 4X ?t $, Ns 7W ;; 2D G= $G $J $$ $3 $H $r <( $; $P $h $$ . $9 $J $o $A f x n g $, 7W ;; 2D G= $J <B ?t Ns $G , f [ x n ] g $, $= $& $G $J $$ Nc $r M? $( $k $3 $H $, $G $- $k . $3 $N $3 $H $+ $i � $, <B :] $K :F 5" E* $K $O $H $l $J $$ $3 $H $, MF 0W $K <( $5 $l $k . H? Nc $O Section 1,[9] $K $" $j , E5 7? E* $J J} K! $G $" $k $N $G , $3 $3 $G $O >J N, $9 $k . 6 6K 8B 7W ;; [1] $K $* $$ $F Gold $O <+ A3 ?t >e $N 4X ?t $K $D $$ $F 6K 8B :F 5" @- !J limiting r e cursion !K $H $$ $& 35 G0 $r Dj 5A $7 $? . $9 $J $o $A :F 5" E* 4X ?t h ( p; n ) $, n $K 4X $7 $F $" $k $H $3 $m $+ $i @h Dj ?t $K $J $k $H $- $K , $= $N Dj ?t CM $r $H $k !J It J, E* !K 4X ?t � ( p ) = lim n h ( p; n ) $r 6K 8B :F 5" E* $H $h $V . !J lim n h ( p; n ) = � ( p ) $O 9 n 8 m � n ( h ( p; m ) = � ( p )) $r I= $9 . !K Gold $O $5 $i $K $3 $N 35 G0 $r 6K 8B :F 5" E* HF 4X ?t $K 3H D% $7 $? . Dj 5A 6.1 ([1]:Gold) (1) ?t O@ E* 4X ?t $H <+ A3 ?t $r 0z ?t $K $H $j , <+ A3 ?t $r CM $H $7 $F JV $9 !J It J, E* !K <L A| $r !J It J, E* !K HF 4X ?t $H $h $V . 4J C1 $N $? $a $K HF 4X ?t F $O 0z ?t $H $7 $F 4X ?t � $H <+ A3 ?t p $r $b $D $b $N $H $9 $k . $^ $? , :F 5" E* 4X ?t $N $_ $r 0z ?t � $H $7 $F $H $k $3 $H $K $9 $k . HF 4X ?t F ( �; p ) $, 6K 8B :F 5" E* HF 4X ?t $G $" $k $H $O , $" $k :F 5" E* 4X ?t h ( z ; p; n ) $K $D $$ $F , <! $N $3 $H $, @. $j N) $D $H $- $G $" $k !’ � $H p 2 N $K $D $$ $F , F ( �; p ) = lim n h ( ~ � ( n ) ; p; n ) : !J ~ � ( n ) $O M- 8B Ns h � (0 ; p ) ; � (1 ; p ) ; � � � ; � ( n; p ) i $N %3 !< %I $r $" $i $o $9 . !K >e 5- $N Ey <0 $G Dj 5A $5 $l $k F $, 6K 8B :F 5" E* $H $O , � $N M- 8B >p Js $K $h $C $F h $N CM $r 7W ;; $7 B3 $1 $k $H $- $K , $" $k ;~ E@ $+ $i CM $, Dj >o E* $K $J $l $P , $= $l $r 6K 8B CM $H $_ $J $9 , $H $$ $& $3 $H $G $" $k . $3 $3 $G $O <B :] $K ;H $& 6K 8B :F 5" E* HF 4X ?t $H $7 $F Lim $N $_ $r Nc $K $" $2 $k . Nc (Section 4,[9]) Lim ( �; p ) = lim n � ( n; p ) � $r :F 5" E* 4X ?t $K 8B Dj $7 $? $H $- Lim $O 6K 8B :F 5" E* HF 4X ?t $G $" $k . 6

Lim $r ;H $C $F , <B ?t >e $N 4X ?t g ( x ) $N 7W ;; $r B3 $1 $h $& . !J Section 4,[9] $K $* $1 $k [ x ] $N 7W ;; $K =, $& . !K :G =i $N $h $& $K h r m ; � i $, x $r 6a ;w $9 $k $b $N $H $9 $k . #3 @a $N 7W ;; <j B3 $- 1,2,3 $K $h $j , x ’ h r m ; � i $K BP $7 $F , n; f N p g ; f s p g $r F@ $? $H $9 $k . 4. f N p g $N 6K 8B CM $K $h $C $F ,Case 1 $G $" $k $+ Case 2 $G $" $k $+ $r H= Dj $9 $k !’ l = Lim ( f N p g ) = n + 1 $G $" $l $P Case 1, $7 $? $, $C $F � ( p ) � 1, l = Lim ( f N p g ) = n $G $" $l $P Case 2, $7 $? $, $C $F � ( p ) � � q ( r � ( q ) < n + 1 � 1 2 q ), $K $h $C $F 4X ?t � $r 5a $a $k . � $O Lim ( f N p g ) $K 0M B8 $7 $F 7W ;; $5 $l $k . 5. h s p ; � i $r =P NO $9 $k . $3 $l $, g ( x ) = 1 2 [ x ] $r 6a ;w $9 $k . g ( x ) $N $h $& $J 4X ?t $r 6K 8B 7W ;; 2D G= $J 4X ?t $H 8F $V $3 $H $K $9 $k . Cm >e $N 7W ;; <j B3 $- $O <B ?t Ns $K $b F1 $8 $h $& $K E, MQ $G $- $k . >\ :Y $O N, $9 $, , $3 $N ;v <B $, @. $j N) $C $F =i $a $F g ( x ) $N 7W ;; $, !J Lim $K Aj BP E* $K !K 2D G= $G $" $k $3 $H $, J] >c $5 $l $k . #1 8D $N CM $G $O $b $H $b $H g ( x ) $N CM $, M- M} ?t $J $N $G , $= $l $, 7W ;; 2D G= <B ?t $G $" $k $3 $H $O Ev A3 $J $N $G $" $k . 7W ;; 2D G= $H $O , x $+ $i x $K $* $1 $k 4X ?t CM g ( x ) $r 5a $a $k 0l HL E* $J <j B3 $- $, $" $k $3 $H $G $" $k . !J $3 $N E@ $, 8m 2r $5 $l $d $9 $$ $, , =E MW $J ;v 9‘ $G $" $k . !K F~ NO $N Ns f x i g $K BP $7 $F f g ( x i ) g $N 7W ;; <j B3 $- $, $" $l $P , F~ NO $K BP $7 $F 0l MM $J 7W ;; J} K! $, $" $k $3 $H $K $J $k !# 6K 8B 7W ;; $K $h $k 7W ;; $N B> $N Nc $O Section 4,[9] $K $" $k . 7 6K 8B 7W ;; $N 0U 5A $H Ld Bj E@ 6K 8B 7W ;; $K $h $k !J IT O" B3 E@ $K $* $1 $k !K 4X ?t CM $N 7W ;; $O , AG KQ $J 7W ;; <j B3 $- $K $* $1 $k !J � 0 1 - GS Cf N’ $K $h $k >l 9g J, $1 $H $$ $& O@ M} E* $J 8= >] $N $? $a $K !K :F 5" @- $r D6 $( $k It J, $K , 6K 8B $K $* $1 $k 4X ?t !J @0 ?t Ns !K $N 5s F0 $N 7W ;; $K $h $k 2r <a $r M? $( $? , $H $$ $C $F $h $$ . 6K 8B 7W ;; $H $O , ?t O@ E* 4X ?t $, $" $k ;~ E@ $+ $i Dj ?t CM $K $J $k >l 9g $K $= $N Dj ?t CM $r =P NO $9 $k $3 $H $G $" $k . <B :] $K $$ $D $+ $O Dj ?t $K $J $k 4X ?t $G $" $l $P =P NO $O $" $k $, , $$ $D $= $N CM $K E~ C# $9 $k $+ M= B, $G $- $J $$ $@ $1 $G $J $/ , :# $N CM $, $= $N 6K 8B CM $G $" $k $+ $I $& $+ $H $$ $& $3 $H $b , 0l HL $K $O $o $+ $i $J $$ . $7 $+ $7 $3 $N $h $& $J >l 9g $K $O , 2f !9 $O CN $i $: $K $$ $F $b , @5 $7 $$ CM $K E~ C# $7 $F $$ $k $N $G $" $k . ?t 3X E* $K $O , 6K 8B 7W ;; $r <B 8= $9 $k 4X ?t B2 $N M} O@ [2] $J $I $, $" $j , 6K 8B 7W ;; $N M} O@ E* 0U 5A $K Ld Bj $O $J $$ . $^ $? , 8E E5 E* $J N) >l $G $O !" f N p g $N 6K 8B $O I, $: B8 :_ $9 $k $N $G $" $C $F , $= $N >p Js $K 4p $E $/ 7W ;; $r @5 Ev 2= $9 $k $3 $H $K $b Ld Bj $O $J $$ . 6K 8B 7W ;; $K $h $j , J, 4t $9 $k Fs $D $N F; !J >l 9g J, $1 !K $N $I $A $i $+ $G 7W ;; $, ?J $_ , @5 $7 $$ Ez $( $K E~ C# $9 $k , $H $$ $& 8= >] $r , 7W ;; $H $$ $& 35 G0 $G E} 0l E* $K I= 8= $G $- $k $3 $H $K $O , Bg $- $J 0U 5A $, $" $k . K\ O@ $G $O %8 %c %s %W E@ $, @0 ?t $G , 4X ?t CM $, @0 ?t $N H> J, $H $$ $& 4J C1 $J Nc $r 07 $C $F $$ $k $N $G $= $N 0U 5A $, B? >/ 8+ $( $K $/ $$ $+ $b $7 $l $J $$ . 0l HL $K $O %8 %c %s %W E@ $, 7W ;; 2D G= $J <B ?t Ns $G $" $j , %8 %c %s %W E@ $N 4V $N 6h 4V $G 4X ?t CM $, JQ F0 $9 $k >l 9g $K $b , 7

6K 8B 7W ;; $N <j K! $r ;H $C $F >e 5- $H F1 MM $K 7W ;; $r ?J $a $k $3 $H $, $G $- $k . $? $H $( $P 2 n +1 2 � < x < 2 n +3 2 � $N $H $- � ( x ) = tan x !$ � ( 2 n +3 2 ) = 0 $K $h $C $F Dj 5A $5 $l $k 4X ?t � $O , Lim $K $h $C $F 6K 8B 7W ;; $, $G $- $k !J Example 7,Section 4,[9] !K . #3 @a $H #6 @a $K $* $1 $k 7W ;; 2a Dx $N Ld Bj E@ $O , $? $H $( $P g ( x ) $N $h $& $K %8 %c %s %W E@ k $G $N CM !J g ( k ) = k 2 !K $r , ?M $O D> @\ 7W ;; $G $- $k , $H $$ $& 8= >] $r I= 8= $G $- $F $$ $J $$ . $9 $J $o $A , G$ 0U $N 0z ?t x $K $D $$ $F 0l MM $K 7W ;; <j B3 $- $r M? $( $h $& $H $9 $k >l 9g $K , x $, <B :] $K $O @0 ?t k $G $" $C $F $b , $= $N $3 $H $r 7h Dj $G $- $J $$ . !J x = k $O 0l HL $K :F 5" E* $K H= Dj $G $- $J $$ . !K $3 $N 8= >] $N 5- =R $N $? $a $K , <B ?t 6u 4V $N 0L Aj $r JQ $( $F 0l MM 6u 4V $H $_ $J $9 <j K! $, $" $k . $9 $J $o $A , @0 ?t $H @0 ?t 4V $N 3+ 6h 4V $r J, N% $7 $? 0L Aj $r Dj 5A $9 $k $H , g ( x ) $N $h $& $J 4X ?t $, O" B3 4X ?t $K $J $k . $7 $? $, $C $F g ( x ) $N 7W ;; $O $" $k <o $N 0l MM 6u 4V $K $* $1 $k O" B3 4X ?t $N 7W ;; Ld Bj $K $J $k !J [4] ;2 >H !K . @0 ?t $H @0 ?t $G $J $$ <B ?t $N 0L Aj E* J, N% $O $A $g $& $I @0 ?t 7? $H <B ?t 7? $N J, N% $K BP 1~ $7 , ?M $N AG KQ $J G’ <1 $K $b 9g CW $9 $k . $? $@ $7 $= $N $? $a $K $O , <B 8z E* 0l MM 6u 4V , $= $3 $K $* $1 $k 7W ;; 2D G= $J MW AG , $* $h $S O" B3 4X ?t $N 7W ;; 2D G= @- , $H $$ $& ?7 $7 $$ M} O@ $r E8 3+ $7 $J $1 $l $P $J $i $J $$ . 6K 8B 7W ;; $O AG KQ $J 7W ;; <j B3 $- $G E} 0l $G $- $k , $H $$ $& Mx E@ $, $" $k . :G =* %3 %a %s %H $H $7 $F , <B ?t >e $N !J IT O" B3 !K 4X ?t $K $D $$ $F , $" $k !J <+ A3 $J !K @) 8B $N $b $H $G $O , 6K 8B 7W ;; $K $h $C $F E@ Ns 7W ;; 2D G= !J 7W ;; 2D G= $J <B ?t Ns $N 4X ?t CM $O 7W ;; 2D G= $J <B ?t Ns $K $J $k !K $G $" $k $3 $H $H , BP 1~ $9 $k 0l MM 6u 4V $K $* $1 $k 4X ?t $H $_ $? $H $- $K E@ Ns 7W ;; 2D G= $K $J $k $3 $H $H $O F1 CM $K $J $k !J [10] !K . $7 $? $, $C $F $I $A $i $r :N MQ $9 $k $+ , $O , IT O" B3 4X ?t $N 7W ;; $r $I $N 4Q E@ $+ $i 8+ $? $$ $+ , $H $$ $& L\ E* $K $h $k . <U <- !! O" B3 BN >e $N 7W ;; 2D G= @- Ld Bj $K $D $$ $F , 6& F1 8& 5f $* $h $S %; %_ %J !< Ey $r DL $7 $F Cx <T $r 7< H/ $7 $F $/ $@ $5 $C $? !" 4p HW 8& 5f !J B) $N 8& 5f J, C4 <T $* $h $S Computable- Analysis %; %_ %J !< $N 3’ MM $K <U 0U $r I= $7 $^ $9 . ;2 9M J8 8% [1] E.M. Gold, Limiting r e cursion , JSL, 30-1(1965), 28-48. [2] M. Nak ata and S. Hay ashi, A limiting �rst or der r e alizability interpr e- tation , SCMJ Online, vol.5(2001), 421-434. [3] Marian B. P our-El and J. Ian Ric hards, Computability in Analysis and Physics , Springer-V erlag(1989). [4] Y oshiki Tsujii, Marik o Y asugi and T ak ak azu Mori, Some pr op erties of the e�e ctive uniform top olo gic al sp ac e , Computabilit y and Complexit y in Analysis, LNCS 2064, (2001), Springer, 336-356. 8

[5] M. W ashihara, Computability and F r � echetsp ac e , Mathematica Jap on- ica, 42 (1995), 1-13. [6] M. W ashihara, Computability and temp er e d distributions , ibid., 50, 1 (1999), 1-7. [7] M. W ashihara and M. Y asugi, Computability and metrics in a F r � echet sp ac e , ibid., 43 (1996), 1-13 [8] K. W eihrauc h, Computable Analysis , Springer, 2000. [9] M. Y asugi, V. Brattk a and M. W ashihara, Computability asp e cts of some disc ontinuous functions , SCMJ Online, 5(2001),405-419. [10] M. Y asugi and Y. Tsujii, Two notions of se quential c omputabil- ity of a function with jumps , ENTCS 66,No.1(2002), 11 pages: h ttp://www.elsevier.nl/lo cate/ entcs/v olume66.h tml. [11] H, ?y K~ Mx ;R !& OI 86 2m ;R 2r @O 3X $K $* $1 $k 7W ;; 2D G= @- 9= B$ , ?t 3X !! 1998. [12] M.Y asugi and M.W ashihara, Computability structur es in analysis , Sug- aku Exp ositions (AMS), 13(2000), 215-235. 9