8= <B E* Hy @Q J, K! H, ?y K~ Mx ;R J? @. 10 G/ 6 7n 9 F| 1 $O $8 $a $K E. Bishop $, " 9= @. E* 2r @O 3X $N 4p AC " $r =P HG $7 $F $+ $i #3 #0 G/ 6a $/ 7P $C $? !# Bishop $O <+ J, $N ?t 3X E* $J ;W A[ $r <B 8= $9 $k $? $a $K !" 2r @O 3X $r " 9= @. " $H $$ $& N) >l $+ $i :F 9= C[ $7 $? !# !J [2] !" [3] !" [4] $r ;2 >H !# !K H‘ $, ?. $8 $? ?t 3X E* $J BP >] J* $O !" $" $k FC Dj $N 5, B’ $K $7 $? $, $C $F !" M- M} ?t $+ $i 9= @. $5 $l $k $b $N $K 8B $i $l $k !# <B ?t Ns $, Cauch y Ns $G $" $k >r 7o $b !" 87 L) $G $" $k !# $3 $l $i $N 87 L) @- $K $h $C $F !" Cauc h y Ns $N <} B+ $d %3 %s %Q %/ %H =8 9g >e $N O" B3 4X ?t $N >e 8B !" 2< 8B $N B8 :_ $J $I $, F3 $+ $l $k !# 9= @. E* ?t 3X $N $b $& $R $H $D $N FC D’ $O !" >Z L@ <j CJ $N 8B Dj $K $" $k !# $9 $J $o $A !" GS Cf N’ $r 0l HL E* $J 86 M} $H $7 $F G’ $a $J $$ !# $3 $N 5" 7k $H $7 $F !" B8 :_ L? Bj $N >Z L@ $O !" B8 :_ $9 $Y $- BP >] J* $r <B :] $K L@ <( $9 $k !# $3 $N @) 8B $, B> $N 7W ;; 2D G= 2r @O $J $I $H 0[ $J $k E@ $G $" $k !# ;d $O Bishop $N M} O@ $K $* $$ $F !" <B :] $N 9= @. $h $j $O $= $N 7k 2L $H $7 $F $N ?t 3X E* $J 9= B$ $K !" 6= L# $r $b $C $? !# $= $N $? $a $K !" 9= @. E* ?t 3X $r E8 3+ $9 $k $N $K == J, $J ;v <B $r 8x M} $H $7 $F :N MQ $7 !" $= $N >e $G !" $I $N $h $& $J O@ M} $r ;H $C $F ?t 3X $r <B 9T $G $- $k $+ $r D4 $Y $? $$ !" $H 9M $( $? !# !! $3 $N 9M $( J} $r !" $$ $o $f $k Hy J, @Q J, $N HO 0O $G <B 9T $7 $F $_ $? !# ;d $N H/ A[ $N 4p K\ $O !" <B ?t $K $D $$ $F 9= @. E* $K @. N) $9 $k Be ?t E* $J @- <A $r !" 8x M} $H $7 $F 2> Dj $9 $k $3 $H $K $" $k !# $? $@ $7 Be ?t E* $J @- <A $N $_ $+ $i $O !" 6K 8B $N 35 G0 $O F3 $+ $l $J $$ !# $7 $? $, $C $F !" ?t Ns $N 6K 8B CM $d 4X ?t CM $N >e 8B $J $I $r !" $= $N $^ $^ I= 8= $9 $k $3 $H $O $G $- $J $$ !# $3 $N OH AH $_ $G 2D G= $J $3 $H $O !" !I <} B+ $9 $k !I $H $+ !I >e 8B !" 2< 8B $, Dj 5A 2D G= $G $" $k !I $J $I $N $h $& $K !" 6K 8B $r BP >] J* $H $7 $F $G $O $J $/ 35 G0 $H $7 $F 07 $& $3 $H $G $" $k !# $7 $+ $b !" $3 $l $i $O $9 $Y $F M- M} ?t $G 5- =R $G $- $k !# $3 $N J} ?K $G 9= C[ $5 $l $? M} O@ $r R $H 8F $V !# 1

<B :] $K $O Dj 5A $b L? Bj $b !" M- M} ?t $G 7h Dj $5 $l $k 6h 4V $K $D $$ $F $N L? Bj $H $7 $F 8@ $$ BX $( $k $3 $H $, $G $- $k !# B> J} !" M- M} ?t $K 4X $9 $k 4p K\ E* $J 1i ;; !J !\ !" !& $J $I !K $d 4X 78 !J !a !" !c $J $I !K $O !" 7W ;; !J 7h Dj !K 2D G= $G $" $k !# $9 $J $o $A !" M- M} ?t $N F~ NO $K BP $7 $F !" $3 $l $i $r 7W ;; !& H= Dj $9 $k %" %k %4 %j %: %‘ $r :n $k $3 $H $, $G $- $k !# $7 $? $, $C $F !" 8E E5 E* ?t 3X $F $b 9= @. E* ?t 3X $G $b F1 $8 $G $" $k !# <o !9 $N !I 8B Dj $5 $l $? 86 M} $G <B 9T $9 $k ?t 3X !I $N <g Bj $, %" %k %4 %j %: %‘ $G $" $k $3 $H $r 9M $( $l $P !" >e 5- $N $h $& $K !" 6K 8B $N BP >] J* $N Be $o $j $K $= $N 35 G0 $r M- M} ?t $K $h $C $F I= 8= $9 $k $3 $H $O !" <B $j B? $$ $b $N $G $" $k $H M= A[ $5 $l $k !# <B ?t >e $N 4X ?t $O $9 $Y $F $N <B ?t !J 9= @. E* $G $" $k !" $J $7 $K 4X 78 $J $/ !K $G Dj 5A $5 $l $F $$ $k $Y $- $b $N $G $" $k $, !" 9= @. E* ?t 3X $G B8 :_ $r G’ $a $i $l $k $N $O !" M- M} ?t >e $N CM $G A4 BN $N =t @- <A $, 7h $^ $k $h $& $J 3j $i $+ $J 4X ?t $N $_ $G $" $k !# M} O@ R $G $O !" 3F E@ $K $* $1 $k CM $r Ld Bj $K $9 $k $N $G $J $/ !" M- M} 6h 4V $G 5- =R $G $- $k @- <A $@ $1 $K 8@ 5Z $9 $k !# $= $N 0U L# $G $b !" 9= @. E* $J ;W A[ $K $= $& $b $N $G $" $k !# $^ $? !" 6K 8B $r !" !I 8B $j $J $/ 6a $E $/ !I $H $$ $& L5 8B $N F0 :n $N =* E@ $H $7 $F $H $i $( $k $N $G $O $J $/ !" !I G$ 0U $K !J 6h 4V $G !K 6a ;w $G $- $k !I $H $9 $k $3 $N M} O@ $O !" !I 8= <B E* !I $G $" $k $H $$ $( $k !# $= $N $? $a $K !" R $r !I 8= <B E* !I Hy @Q J, $N M} O@ $H 8F $V !# K\ 9F $G $O !" J8 8% [6] $K $= $C $F !" $3 $N !I 8= <B E* !I Hy @Q J, K! $N 35 @b $r $7 $D $D !" ;d $, $b $C $F $$ $k $" $k <o $N ?t 3X $N 8+ J} $r !" EA $( $F 9T $/ !# $J $* !" 35 G0 $N 2r @b $r <g Bj $K $9 $k $N $G !" L? Bj $N >Z L@ $O $D $1 $J $$ !# 0z MQ J8 8% $r ;2 9M $K $7 $F $[ $7 $$ !# $^ $: !I <B ?t !I $N 8x M} $r @_ Dj $7 !J #2 @a !K !" $= $l $i $+ $i D> @\ F3 $+ $l $k ;v <B $r 5s $2 $k !J #3 @a !K !# $5 $i $K O" B3 4X ?t $H !" $= $N Hy J, !J #4 @a !K $K $D $$ $F !" M} O@ R $G FC D’ E* $J ;v JA $r 2r @b $9 $k !# !J @Q J, $O >J N, $9 $k !# !K $= $N :] @^ $K $U $l $F !" Bishop $N 7k 2L $H $N BP Hf $r @b L@ $9 $k !# A4 BN $H $7 $F !" 9= @. E* O@ M} $* $h $S %" %k %4 %j %: %‘ $J $I $K $D $$ $F $N 4p K\ E* $J CN <1 $O !" 2> Dj $9 $k !# :G 8e $K !" M} O@ A4 BN $r !I M- M} 6h 4V 2r @O !I $H $7 $F :F 9= C[ $9 $k $? $a $N ;n $_ $r !" Ds 0F $9 $k !J #5 @a !K !# $3 $N Ce A[ $O #8 G/ Dx A0 $K $5 $+ $N $\ $k !# $= $N $H $- $K !" 0& I2 Bg 3X $N ;3 K\ E/ O/ ;a $K $$ $m $$ $m 65 $( $F $$ $? $@ $$ $? !# Bg JQ CY $/ $J $C $? $, !" $3 $3 $G <U <- $r Aw $k !# 9= @. E* ?t 3X $K $D $$ $F $O !" JAIST $N @P 86 :H !" W aik ato Bg 3X $N Douglas Bridges $N N> ;a $+ $i 65 <( $r <u $1 $k $3 $H $, B? $+ $C $? !# $^ $? !" 5~ ET ;: 6H Bg 3X $N OI 86 2m ;R $5 $s $+ $i $O !" [6] $K 4X $7 $F $$ $/ $D $+ $N =u 8@ $r $$ $? $@ $$ $? !# $" $o $; $F !" 46 <U $N 0U $r I= $7 $? $$ !# 2

2 <B ?t $N 8x M} M- M} ?t !J @0 ?t $r It J, 9= B$ $H $7 $F 4^ $‘ !K $N 1i ;; + !" � !" � !" = $O !" $h $/ CN $i $l $F $$ $k $h $& $K !" 7W ;; $N %" %k %4 %j %: %‘ $r $b $D !# $^ $? !" M- M} ?t $K 4X $9 $k 4X 78 <0 = !" < $J $I $O !" $= $N ?? 56 $r H= Dj $9 $k %" %k %4 %j %: %‘ $r $b $D !# $7 $? $, $C $F $? $H $( $P !" #3 J, K! !! r < s _ r = s _ r > s !! $, 9= @. E* $K @. N) $9 $k !# $= $N $? $a $K !" M- M} ?t $K $D $$ $F $N 4p K\ E* $J 4X 78 <0 $K BP $7 $F $O !" GS Cf N’ $r ;H $& $3 $H $, $G $- $k !# @5 3N $K $$ $( $P !" 8+ $+ $1 >e GS Cf N’ A _ : A $G $" $C $F $b !" <B :] $K $O A $H : A $N $I $A $i $, @5 $7 $$ $+ $r H= Dj $G $- $k !# $3 $N $h $& $J ;v >p $+ $i !" M- M} ?t $N 4p K\ E* $J ;; =Q $K $* $$ $F $O !" 8E E5 E* $J ;v <B $H 9= @. E* $J ;v <B $N 6h JL $O $J $$ !# Bishop $N @$ 3& $N <B ?t $H $O !" 8 m � 1 8 n � 1( j r m � r n j� m � 1 + n � 1 ) $r K~ $? $9 M- M} ?t Ns ( r k ) $G $" $k !# M- M} ?t r $O ( r !" r !" r !" � � � ) $H F1 0l ;k $5 $l $k $N $G !" M- M} ?t A4 BN Q $O !" <B ?t A4 BN R $K Kd $a 9~ $^ $l $k !# 4p K\ 1i ;; $K 4X $9 $k Bishop $N Dj 5A $O [3] $K $" $k !# x = ( r n ) !" y = ( s n ) $H $* $/ $H !" $? $H $( $P x = y ( ) 8 n � 1( j r n � s n j� 2 n � 1 ) x + y � ( r 2 n + s 2 n ); � x � ( � r n ); x � y = x + ( � y ) x � y � ( r 2 k n � s 2 k n ) $? $@ $7 k = max ( K x ; K y ) $G !" K x = the least in teger K ( K > j r 1 j + 2) x > 0 ( ) 9 n � 1( r n > n � 1 ); x � 0 ( ) 8 n � 1( r n > � n � 1 ) x 6 = y ( ) x > y or y > x x 6 = 0 $H $9 $k $H !" 8 n � � ( j r n j� � � 1 ) $H $J $k $h $& $J @5 @0 ?t � $r 7W ;; $G $- $k !# � n � !! 1 =x � 3 ( n < � ); � 1 =x n� 2 ( n � � ) $H $* $$ $F !" x � 1 � ( � n ) 0J >e $N Dj 5A $+ $i !" <B ?t $N 1i ;; $d 4X 78 $K $D $$ $F !" 8E E5 E* $K @. N) $9 $k B? $/ $N @- <A $, F3 $+ $l $k !# $3 $3 $G $O !" $= $l $i $r 8x M} $H $9 $k M} O@ R $r @_ Dj $9 $k !# >\ :Y $O [6] $N De�nition 1.1 $H De�nition 1.2 $K $" $k !# Dj 5A 2.1 %7 %s %? %C %/ %9 !! 1) %= !< %H : N !" Q !" R $3 $l $i $O $= $l $> $l <+ A3 ?t !" M- M} ?t !" <B ?t $N =8 9g !J %= !< %H !K $r I= $o $9 !# 2) 7? !’ %= !< %H $O 86 ;R 7? $G $" $j !" $= $l $i $r %Y !< %9 $K $7 $F !" =R 8l $d 4X ?t $N 7? $r Dj 5A $G $- $k !# $? $H $( $P !" N ! R $O !" <B ?t Ns $N 7? $G $" $k !# 3) 3F <o $N Dj 5- 9f $O !" DL >o $N ?t 3X $G $N ;H $$ J} $K $7 $? $, $& !# $^ $? !" N $N Q $X $N Kd $a 9~ $_ 4X ?t $K BP 1~ $9 $k 5- 9f $b 2> Dj $9 $k !# 4) 3F 7? $N 9‘ $O !" JQ ?t $d Dj 5- 9f $+ $i Dj 5A $5 $l $k !# $= $N $J $+ $K $O !" <B ?t $N 1i ;; !" ?t Ns $N M- 8B OB !" %i %‘ %@ Cj >] $K $h $k 4X ?t $N Dj 5A !" $J $I $, 4^ $^ $l $k !# 3

5) O@ M} <0 $O !" =R 8l 5- 9f $H 9‘ $G :n $i $l $k 86 ;R <0 $+ $i !" O@ M} 7k 9g ;R !’ ^ !" _ !" : !" � !" 8 !" 9 $r ;H $C $F Dj 5A $5 $l $k !# $^ $? !" A 1 !" � � � !" A m ) B $O A 1 ^ � � � ^ A m � B $N >J N, 7A !" A , B $O ( A � B ) ^ ( B � A ) $N >J N, 7A $H $9 $k !# A ) $O !! A $+ $i L7 =b $, F3 $+ $l $k $H $3 $r I= $o $9 !# 8B NL 5- 9f 8 !" 9 $O !" 86 ;R 7? $r $b $D JQ ?t $K $N $_ E, MQ $5 $l $k !# JQ ?t $^ $? $O Dj ?t $r I= $o $9 J8 ;z $N 47 MQ $O !" 0J 2< $N $H $* $j $G $" $k !# k ; l ; m; n; ::: : %= !< %H N ; p; q ; r ; s; "; �; ::: : %= !< %H Q a; b; c; x; y ; z ; ::: : %= !< %H R ; f ; g ; h; ::: : 4X ?t 7? !J R ! R $J $I !K Dj 5A 2.2 ?t 3X E* 8x M} !! 4p K\ E* 8x M} $H $7 $F !" <! $N $h $& $J $b $N $, $" $k !# 3F %= !< %H $K 4X $9 $k Ey <0 $N 8x M} !" s = t; A ( s ) ) A ( t ) !( N $K $D $$ $F $N 8x M} !" $? $H $( $P !! + $N 7k 9g N’ !" < $, A4 =g =x 4X 78 $G $" $k $3 $H $J $I !( Q $K $D $$ $F $N 8x M} !" $? $H $( $P 8 r ; s ( r < s ) 9 t ( r < t < s )) !( N $H Q !! $N 4X 78 !" $? $H $( $P !" G$ 0U $N M- M} ?t $r D6 $( $k <+ A3 ?t $N B8 :_ $d M- M} ?t $, @0 ?t $N J, ?t $G =q $1 $k $3 $H $J $I ( %0 %k !< %W R ) <B ?t $N ;; =Q $K 4X $9 $k 8x M} !! 0J 2< $N 8x M} ( R � 1) � ( R � 3) $O !" [3] $N (2. 6) !" (2. 11) !" (2. 13) $G >Z L@ $5 $l $? ;v <B $G $" $k !# ( R -1) + !" � $K $* $1 $k 8r 49 N’ !" 7k 9g N’ !" J, G[ N’ !( 0 !" 1 ; � $K $D $$ $F $N ;; =Q ( R -2) < !" � !! $N @- <A !" !! $? $H $( $P x < x ) !! x � z !" y � u ) x + y � z + u ; x < y ) � x > � y ; max f x; y g � x x � y !" y � x ) x = y ; j x j = max f x; � x g x � y ) max f x; y g = y ; j x j > y ) x > y _ � x > y $3 $3 $G x < y _ x = y _ x > y $d max ( x; y ) = x _ max ( x; y ) = y $J $I $O !" 2> Dj $G $- $J $$ $3 $H $K Cm 0U !# ( R -3) x 6 = 0 ) xx � 1 = 1; xu = 1 ) u = x � 1 x > 0 ) x � 1 > 0; x < 0 ) x � 1 < 0 ( %0 %k !< %W Q - R ) Q $H R $N 4X 78 ( Q - R -1) Q $N R $X $N Kd $a 9~ $_ $K 4X $9 $k @- <A !’ 8 x 9 p 9 q ( p < x < q ) $J $I ( Q - R -2) a � 0 ) 8 n ( a > � 1 =n ); a = 0 ) 8 n ( j a j < 1 =n ) ( %0 %k !< %W � ) 4X ?t F ( k ; x ) $K $D $$ $F $N � n k =0 F ( k !" x ) $N @- <A !# ( %0 %k !< %W � ) ( �X f )( g ) = f [ g =X ] Dj 5A 2.3 BN 7O R !! !! $o $l $o $l $N !I 8= <B E* Hy @Q J, !I $r <B 9T $9 $k $Y $- BN 7O R $O !" #3 <o N‘ $N %= !< %H $r $b $D 9= @. E* =R 8l O@ M} $r 4p AC $H $7 !" 8x M} $O Dj 5A #2 . #2 4

$N $b $N $G $" $k !# $? $@ $7 !" M- M} ?t $K $N $_ 8@ 5Z $7 8B NL 5- 9f $N $J $$ L? Bj $K 4X $7 $F $O !" 8E E5 O@ M} $r E, MQ $G $- $k !# >e 5- 8x M} 72 ( Q � R � 2) $G $O !" $? $H $( $P <B :] $K a = 0 $G $" $k $H $- $K 1 =n $G 6a ;w $G $- $k $3 $H $r $$ $C $F $$ $k $@ $1 $G $" $k !# ( Q � R � 2) $N 5U !" $9 $J $o $A 8 n ( a > � 1 =n ) ) a � 0 $H 8 n ( j a j < 1 =n ) ) a = 0 $O 2> Dj $7 $F $$ $J $$ !# $3 $l $, !I 8= <B E* Hy @Q J, !I $N %] %$ %s %H $G $" $k !# $3 $l $i $N 7g G! $N $? $a $K <} B+ Ns $N <} B+ @h $O I, $: $7 $b $o $l $o $l $N @$ 3& $N <B BN $H $7 $F $O B8 :_ $7 $J $$ !# M- M} ?t $K $h $k 6a ;w $N M} O@ $r E8 3+ $9 $k $h $& $J $H $- $K $O !" $3 $l $O $‘ $7 $m <+ A3 $G $" $k !# 0J 2< $N 7k 2L $O $9 $Y $F BN 7O R $G E8 3+ $G $- $k !# $3 $N ;v <B $N =E MW $5 $O !" $= $3 $G B8 :_ L? Bj $r >Z L@ $9 $l $P !" $= $N BP >] J* $, !I 9= @. E* !I $G $" $k $3 $H $O !" >Z L@ $N $J $+ $K AH $_ 9~ $^ $l $F $$ $k $3 $H $K $" $k !# $7 $? $, $C $F !" !I 9= @. $9 $k !I $H $$ $& I= 8= $r 7+ $j JV $9 $o $: $i $o $7 $5 $, $J $$ !# <B ?t $K 4X $9 $k $$ $/ $D $+ $N ;v <B $r !" [6] $N #2 @a $H #3 @a $r ;2 9M $K @b L@ $9 $k !# $J $* !" [6] $G $O [3] $N #2 >O $K $7 $? $, $C $F $$ $k !# >e =R $7 $? $h $& $K !" <B ?t Ns $N 6K 8B $N B8 :_ !" $^ $? $O Bg >. 4X 78 $d Ey 9f $J $I $N H= Dj $r I, MW $H $9 $k @- <A $O !" 0l HL $K $O @. N) $7 $J $$ !# B> J} !" Be ?t E* $J =t @- <A $O F3 $+ $l $k !# $? $H $( $P j x + y j � j x j + j y j ; x > y _ � x > y ) j x j > y !# $^ $? !" 3F n $K $D $$ $F x 1 + � � � + x n > 0 ) 9 i (1 � i � n ^ x i > 0) $, !" ( Q - R -1) $+ $i F3 $+ $l $k !# $3 $N 7O $H $7 $F !" y < z ) x < z _ x > y $r F@ $k !# $3 $l $O 8+ $+ $1 0J >e $K !" Bg JQ M- MQ $J @- <A $G $" $k !# Dj 5A 2.4 f $O <B ?t Ns !" $9 $J $o $A N ! R $N 7? $r $b $D BP >] J* $H $9 $k !# f $O !I <} B+ $9 $k !I !’ 8 " > 0 9 r 1 9 r 2 (0 < r 2 � r 1 < " ^ 9 m 8 n � m ( r 1 < f ( n ) < r 2 )) f $O %3 !< %7 !< Ns : 8 " > 0 9 l 8 m !" n � l ( j f ( m ) � f ( n ) j < " ) Bishop $K $h $l $P !" f $, %3 !< %7 !< Ns $H $O !" k $K BP $7 $F <+ A3 ?t M k $, 7W ;; $G $- $F !" m; n � M k $J $i $P j r m � r n j � k � 1 $H $J $k $3 $H $G $" $k !# !I <} B+ $9 $k !I $H $$ $& 7A MF ;l $G I= 8= $5 $l $k @- <A !J 35 G0 !K $O !" $o $l $o $l $N M} O@ $N FC @- $G $" $k !# !V !D $X <} B+ $9 $k !W $H $$ $& F0 ;l $G 4J 7i $9 $k !" 6K 8B $N B8 :_ $G $O $J $$ !# $= $N 0U 5A $O !" <! $N $U $? $D $N 5" 7k $K $h $C $F @b L@ $5 $l $k !# $9 $J $o $A !" !J #1 !K ?t Ns f $, !I <} B+ $9 $k !I $J $i $P $= $N B8 :_ HO 0O $, <! Bh $K $" $k >l =j $K 8B $i $l $F $/ $k !J [6]-Prop osition 2.3 !K !( !J #2 !K f $, !I <} B+ $9 $k !I $3 $H $H f $, %3 !< %7 !< $G $" $k $3 $H $O !" F1 Ey $G $" $k !J [6]-Prop osition 2.4 !K !# $D $. $K !" <B ?t $N =8 9g $, $I $N $h $& $K 8+ $( $k $+ $r D4 $Y $k !# 5

Dj 5A 2.5 A ( x ) $O x $K $D $$ $F $N @- <A !J O@ M} <0 !K !" A $O !" A ( x ) $r K~ $? $9 !! x $N =8 9g $H $9 $k !# !! =8 9g A $, >e $K M- 3& $G $" $k $3 $H $J $I $O 9 r 8 x 2 A x � r $N $h $& $K !" Ia DL $N $H $* $j $K Dj 5A $G $- $k !# A $N !I >e 8B $, Dj 5A 2D G= !I !J !I 2< 8B $, Dj 5A 2D G= !I $b F1 MM !K !’ 8 " > 0 9 r 1 9 r 2 (0 < r 2 � r 1 < " ^ 8 a 2 A ( a < r 2 ) ^ 9 a 2 A ( r 1 < a )) !! !I >e 8B !J 2< 8B !K $, Dj 5A 2D G= !I $H $$ $& 35 G0 $O !" 6K 8B $N B8 :_ $, J] >Z $5 $l $J $$ $o $l $o $l $N M} O@ $G $O !" =E MW $J FC ?’ $G $" $k !# 8= <B E* M} O@ $K $* $1 $k 35 G0 $H DL >o $N 35 G0 $N 4X 78 $G !" BN 7O R $G >Z L@ $5 $l $k $b $N $r $$ $/ $D $+ 5s $2 $k !# f $, !I <} B+ $9 $k !I $J $i $P !" f !J $N CM 0h !K $O M- 3& !( A $N >e 8B $, B8 :_ $9 $k $J $i $P !" A $N !I >e 8B $, Dj 5A 2D G= !I !( A4 M- 3& $J =8 9g $O M- 3& !( A4 M- 3& $J =8 9g $G $O !" !I >e 8B $* $h $S 2< 8B $, Dj 5A $5 $l $k !I !( >e >: %3 !< %7 !< Ns !J $7 $? $, $C $F !I <} B+ $9 $k !I !K $K $D $$ $F $O !" !I >e 8B $, Dj 5A $5 $l $k !I !# $3 $3 $G !" C1 $K %3 !< %7 !< $@ $1 $G $b !" >e >: $+ $D M- 3& $@ $1 $G $b !" !I >e 8B $, Dj 5A $G $- $k !I $H $O 8B $i $J $$ !# f $, %3 !< %7 !< Ns $G $" $k $, >e >: Ns $G $J $$ $H $- $K $O !" f ( k ) !J k < m !K $r r 2 $H Hf 3S $7 $J $1 $l $P $J $i $J $$ !# $3 $l $O I, $: $7 $b 7h Dj 2D G= $G $O $J $$ !# 3 4X ?t Dj 5A 3.1 <B ?t >e $N 4X ?t !J R ! R $N 7? $r $b $D !K f $, JD 6h 4V I $G O" B3 !’ 8 " > 0 9 � > 0 8 x !" y 2 I ( j x � y j < � ) j f ( x ) � f ( y ) j < " ) $3 $N Dj 5A $O $U $D $& $N 0l MM O" B3 $H F1 $8 $G $" $k !# 3F E@ O" B3 $+ $i 0l MM O" B3 @- $O 9= @. E* $K $O F3 $+ $l $J $$ !# L? Bj 3.1 !J [6]-Pr op osition 4.1 !K f $, JD 6h 4V I $G O" B3 $J $i $P !" f $N I >e $G $N !J CM $N =8 9g $N !K !I >e 8B $* $h $S 2< 8B $O Dj 5A 2D G= !I $G $" $k !# Bishop N. $G $b P our-El N. $G $b !" $3 $N $H $- f $N >e 8B !" 2< 8B $O <B ?t $H $7 $F B8 :_ $9 $k !# Cf 4V CM Dj M} $O !" O" B3 4X ?t $K 4X $9 $k :G =i $N FC <A $G $" $j !" <o !9 $J 9= @. E* $^ $? $O 7W ;; 2D G= $J Hy @Q J, $G B? MM $J 7k 2L $, @. $j N) $D !# $? $H $( $P [1] $H [5] $G $O !" $R $H $D $N 4X ?t $G $O !" 8E E5 E* $J Dj M} $, @. N) $9 $k $, !" 4X ?t Ns $K $D $$ $F $O !" H? 6

Nc $, $" $k !# $3 $l $i $G $O !" 5D O@ $O 8E E5 O@ M} $G 9T $o $l $k $N $G !" !I 7W ;; 2D G= $J Cf 4V CM $, B8 :_ $9 $k $O $: $G $" $k !I $H $$ $& >Z L@ $, G’ $a $i $l $k !# $7 $+ $7 !" $= $N CM $r M? $( $i $l $? 4X ?t $+ $i !I 9= @. !I $9 $k $3 $H $O I, $: $7 $b $G $- $J $$ !# $7 $? $, $C $F !" 4X ?t Ns $K $D $$ $F $O Cf 4V CM $N Ns $r !I 9= @. !I $9 $k 0l HL E* $J J} K! $O $J $$ !# Bishop N. $G $O !" !I 2C ;; 8D !I $N CM 0J 30 $K BP $7 $F $O !" Cf 4V CM $N B8 :_ $, $$ $( $k !# [4] $N #3 >O !" #3 . #3 $K >\ :Y $, $" $k !# $o $l $o $l $N >l 9g $K $O !" $3 $l $i $N 5D O@ $N $& $A !" 6K 8B $N B8 :_ $K 0M B8 $9 $k It J, $r =| $+ $J $1 $l $P $J $i $J $$ !# $= $N $? $a $K !" !J M- M} !K 6h 4V $N 4V $N 4X 78 $H $7 $F $H $i $( $k !# L? Bj 3.2 ( Cf 4V CM Dj M} !’ [6]-Pr op osition 4.2) a < b !" f $O I � [ a !" b ] >e $N O" B3 4X ?t !" f ( a ) < f ( b ) $H $9 $k !# $3 $N $H $- 8 y 2 ( f ( a ) !" f ( b )) 8 " > 0 9 p 2 ( a !" b ) j f ( p ) � y j < " $3 $l $O !" <! $N $h $& $K $b I= 8= $5 $l $k !# 8 y 2 ( f ( a ) !" f ( b )) 8 " > 0 9 ( r 1 !" r 2 ) � ( a !" b ) 8 x 2 ( r 1 !" r 2 ) j f ( x ) � y j < " O" B3 4X ?t $N F3 4X ?t $N Dj 5A $O Bishop N. $G $" $k $, !" 0c $$ $O " $K BP $7 $F � $r 5a $a $k 4X ?t $N 9= @. $r L@ <( $7 $J $$ $3 $H $K $" $k !# Dj 5A 3.2 ([3]-(5.1)) f !" g $, M- 3& JD 6h 4V I >e $G O" B3 $H $9 $k !# g $, f $N I >e $G $N F3 4X ?t $G $" $k $H $O 8 " > 0 9 � > 0 8 x !" y 2 I ( j x � y j < � ) j f ( y ) � f ( x ) � g ( x )( y � x ) j � " j y � x j ) g $O f 0 $J $I $H =q $+ $l $k !# $3 $N $h $& $J g $, B8 :_ $9 $k $H $- !" f $O I >e $G Hy J, 2D G= $H $$ $& !# M} O@ R $N Bh #2 $N FC ?’ $O !" %m !< %k $N Dj M} !" $* $h $S $= $N 7O $G $" $k J? 6Q CM Dj M} $K $_ $i $l $k !# Bishop N. $G $b P our-El !< Ric hards N. $G $b !" $3 $l $i $K $D $$ $F $O 8E E5 E* $J Dj M} $H F1 $8 7A $N 7k 2L $, @. N) $9 $k !# !J [3] $N (5.5) !" [5] $N #0 >O !" #6 !# !K $o $l $o $l $N >l 9g $O !" M- M} 6h 4V $N L? Bj $H $7 $F =R $Y $i $l $k !# L? Bj 3.3 !J %m !< %k $N Dj M} !’ [6]-Pr op osition 5.2 !K f $O [ a !" b ] >e $G Hy J, 2D G= !" f ( a ) = f ( b ) $H $9 $k $H $- 8 " > 0 9 p 2 [ a !" b ]( j f 0 ( p ) j < " ) $3 $l $h $j FC $K 8 " > 0 9 ( r 1 !" r 2 ) 8 x 2 ( r 1 !" r 2 )( j f 0 ( x ) j < " ) $r F@ $k !# J? 6Q CM Dj M} $O !" >e $N Dj M} $+ $i $? $@ $A $K F3 $+ $l $k !J [6]-Prop osition 5.3 !K !# 7

4 6a K5 $K $h $k Hy @Q J, K! $N Ds 0F @h 9T $9 $k @a $N Fb MF $+ $i !" <B ?t $r $= $N M- M} ?t 6a K5 $G I= 8= $9 $k $3 $H $K $h $C $F !" Hy @Q J, K! $+ $i <B ?t $r =| 5n $7 $F !" !I 6a K5 Hy @Q J, K! !I $r 9= C[ $G $- $k $3 $H $, M= A[ $5 $l $k !# $3 $3 $G $O $= $N %" %$ %G %# %" $N C< =o $r F3 F~ $9 $k !# $5 $i $J $k H/ E8 $O $^ $@ :# 8e $N 2] Bj $G $" $k !# 0J 2< $N 5D O@ $O $9 $Y $F 9= @. E* O@ M} $N HO 0O $G 9T $& $3 $H $, $G $- $k !# Dj 5A 4.1 r ; s; � � � $O M- M} ?t $r !" ( r 1 ; r 2 ) $O M- M} C< E@ $r $b $D 3+ 6h 4V $r !" I= $o $9 $b $N $H $9 $k !# A � ( r 1 ; r 2 ) ; B � ( s 1 ; s 2 ) $H $* $/ !# !J A; B 6 = � !! $H $9 $k !# !K #1 !K A � B : s 1 � r 1 � r 2 � s 2 #2 !K !! 6h 4V $N ;; =Q A + B = ( r 1 + s 1 ; r 2 + s 2 ); � B = ( � s 2 ; � s 1 ) A � B = ( min f r 1 s 1 ; r 1 s 2 ; r 2 s 1 ; r 2 s 2 g ; max f r 1 s 1 ; r 1 s 2 ; r 2 s 1 ; r 2 s 2 g ); 1 =B = (1 =s 2 ; 1 =s 1 ) $? $@ $7 !" s 1 = 0 $J $i $P 1 =s 1 = 1 $H $7 !" s 2 = 0 $J $i $P 1 =s 2 = �1 !# $b $7 0 2 B $J $i $P 1 =B $O Dj 5A $5 $l $J $$ !# max ( A; B ) = ( t 1 ; t 2 ) $? $@ $7 !" t 2 = max ( r 2 ; s 2 ) !# !! t 2 = r 2 > s 2 $J $i $P t 1 = r 1 !( t 2 = s 2 > r 2 $J $i $P t 1 = s 1 !( !! r 2 = s 2 $J $i $P t 1 = max ( r 1 ; s 1 ) !# j A j = max ( A; � A ) #3 !K !! A = B ( ) r 1 = s 1 $+ $D r 2 = s 2 6h 4V $N H> =g =x $K $D $$ $F $O !" $$ $/ $D $+ $N 8u Jd $, $" $k !# A; B $O 6u $G $J $$ $H $9 $k !# Dj 5A 4.2 A � B : r 2 � s 1 A v B : r 2 � s 2 A < B : r 1 < s 1 $+ $D r 2 < s 2 8

7O 1 #1 !K 6h 4V $N ;; =Q $O !" 2D 49 $G $" $j !" $^ $? 7k 9g N’ $J $I $r $_ $? $9 !# $? $H $( $P A + B = B + A ; A + ( B + C ) = ( A + B ) + C A � ( B + C ) = A � B + A � C #2 ) !J H> !K =g =x $K 4X $7 $F $O !" $$ $/ $D $+ $N It J, E* 7k 2L $, F@ $i $l $k !# A v B ) A + C v B + C ; A < B ) A + C < B + C #3 !K A < B _ A = B ) A v B $, @. N) $9 $k $, !" 5U $O I, $: $7 $b ?? $G $J $$ !# #4 !K max ( A; B ) = A $^ $? $O max ( A; B ) = B #5 !K 0 2 A � A #4 !K $O !" 6h 4V $N 1i ;; $G $O max $, 8E E5 E* $J @- <A $r $b $D $3 $H $r 0U L# $9 $k !# L? Bj 4.1 !! !J %a %? - Dj M} !K #1 !K !! � $O + ; � ; � ; = $N $R $H $D !" a; b $O !J BN 7O R $K $* $1 $k !K <B ?t $H $9 $k !# $3 $N $H $- a 2 A; b 2 B ) a � b 2 A � B #2 !K !! 6h 4V $N 4V $N 1i ;; $d 4X 78 $O !" 7W ;; !J 7h Dj !K 2D G= $G $" $k !# #3 !K !! A T B = �; A T B 6 = � $J $I $N 4X 78 $O !" 7h Dj 2D G= $G $" $k !# Dj 5A 4.3 #1 !K !! N $O M- M} 6h 4V A4 BN $N B2 !" F $O N $N G$ 0U $N It J, B2 $H $9 $k !# F $, !I Jq 4^ $K 4X $7 $F JD $8 $F $$ $k !I $H $O !" !I B � A 2 F $J $i $P B 2 F $G $" $k $3 $H !I $H $9 $k !# #2 !K F $+ $i N $X $N <L A| F $O !I 6a K5 JQ 49 !I $H 8F $V !# #3 !K F $, !I !J Jq 4^ !K C1 D4 !I $H $O B � A ) F ( B ) � F ( A ) !# Dj 5A 4.4 !J %a %? - Dj 5A !K f $O <B ?t >e $N 4X ?t $H $9 $k !# !I !J Jq 4^ !K C1 D4 !I $J 6a K5 JQ 49 F $, f $N !I <B 8= !I $G $" $k $H $O !" 3F A $K BP $7 $F f ( A ) � F ( A ) $, @. $j N) $D $3 $H $G $" $k !# $3 $N $H $- f ( c ) 2 \ f F ( A ); c 2 A g L? Bj 4.2 #1 !K !! + ; � $J $I $O !I C1 D4 !I $G $" $k !# #2 !K !! F $, !I C1 D4 !I $G $" $k $H $- !" F ( A \ B ) � F ( A ) \ F ( B ) 9

Dj 5A 4.5 #1 !K A = ( r 1 ; r 2 ) $N $H $- !" � ( A ) = r 2 � r 1 !J A $N %5 %$ %: !K #2 !K 6a K5 JQ 49 F $, O" B3 $G $" $k $H $O !" A [ B $, 6h 4V $G $" $k $H $- $K !" F ( A [ B ) = F ( A ) [ F ( B ) !J OB $N J] B8 !K $, @. $j N) $A !" $5 $i $K � � � 4X 78 $, @. $j $? $D !# $9 $J $o $A 8 � > 0 9 � > 0 8 B ( � ( B ) < � ) � ( F ( B )) < � ) #3 !K 6h 4V Ns ( A n ) $, !I <} B+ $9 $k !I !J %3 !< %7 !< $G $" $k !K $H $O 9 l 8 n; m � l ( A n \ A m 6 = � ) #4 !K F � N $, !I Jq 4^ 4X 78 $K 4X $7 $F JD $8 $F $$ $k !I $H $- $K !" F $K $D $$ $F !I A $K $h $C $F >e 8B $, Dj 5A 2D G= !I $H $O 8 B 2 F ( B v A ) ^ 9 B 2 F ( A \ B 6 = � ) #5 !K F $O !" $" $k M- M} 6h 4V $K 4^ $^ $l $k $9 $Y $F $N !J M- M} !K 6h 4V $N B2 $H $9 $k !# F $G U 1 < U 2 $H $9 $k !# !! $3 $N $H $- [ U 1 ; U 2 ] � f U j U 1 v U v U 2 g !# #6 !K F ; G $O I � [ U 1 ; U 2 ] >e $G O" B3 $H $9 $k !# !! G $, F $N F3 4X ?t $G $" $k $H $O 0 2 B ) 9 C (0 2 C ^ 8 U; V 2 I ( V � U � C ) ( F ( V ) � F ( U ) � G ( U ) � ( V � U )) � B � ( V � U ))) F $N F3 4X ?t $O F 0 $H =q $/ !# !I OB $r J] B8 $9 $k !I JQ 49 $O !I C1 D4 !I $G $" $k !# Hy @Q J, $N Dj M} $N !" 6a K5 $K $h $k 2r <a $r $U $? $D $@ $1 5s $2 $F $* $/ !# L? Bj 4.3 !J Cf 4V CM Dj M} !K F $, I � [ U 1 ; U 2 ] $G O" B3 $H $9 $k $H $- F ( U 1 ) < 0 < F ( U 2 ) ^ � > 0 ) 9 U 2 I ( F ( U ) � ( � �; � )) L? Bj 4.4 !J %m !< %k $N Dj M} !K F 0 $, F $N F3 4X ?t $G $" $k $H $- !" F ( U 1 ) = F ( U 2 ) ^ 0 2 B ) 9 U 2 I ( F 0 ( U ) \ B 6 = � ) 10

;2 9M J8 8% [1] Oliv er Ab erth, Computable Analysis , McGra w-Hill(1980) [2] Errett Bishop, F oundations of Constructive A nalysis , McGraw- Hill(1967) [3] Erret Bishop and Douglas S. Bridges, Constructive Analysis , Springer-V erlag(1985) [4] Douglas S. Bridges, Constructive F unctional A nalysis , RNM 28, Pit- man(1979) [5] Marian B. P our-El and J. Ian Richards, Computability in Analysis and Physics , Springer-V erlag(1989) [6] Marik o Y asugi, A formal system of fe asible c onstructive c alculus , Acta Hum. et Sci. Univ. Sangio. Kyot., v ol.25(1995),30-57 11