E}7WE*?dB,$H4v2?3XE*Ev$F$O$a$K$*$1$k%b%G%kA*Br 6bC+ 7r0l 72GOBg3X9)3XIt>pJs9)3X2J J? LL>e $N E@ Ns $X $N D> @~Ev $F $O $a $r Nc $K $H $j!"!VE} 7W E* ?d B,!W $H !V4v 2?3X E* Ev $F $O $a!W $H $N K\<A E* $J 0c $$ $r =R $Y!" E} 7W E* ?d B, $, \ 7+ $j JV $7 %G!< %? " $+ $i $N ?d O@ $G $" $k $N $K BP $7 $F!" 4v 2? 3X E* Ev $F $O $a $O \1 2s $N 4Q B, ?^ 7A " $+ $i$N?dO@$G $"$j!"E}7WE*?dB,$N %G!<%??t 1 $N6K8B$G $N!VA26aE*!W@-<A$,4v 2?3XE*Ev$F$O$a$G $O8m:9 0 $N!VL58B >. @] F0!W $N 6K 8B$G @. N) $9 $k $H $$ $& !VAP BP@-!W $r <( $9!# $= $7 $F!" 3N N( 8=>] $N H/ @8 5! 9= $r @b L@ $9 $k!V3N N( %b %G %k!W $H %G!< %? 6u 4VCf $N B? MM BN $H $7 $F$N !V4v 2? 3X E* %b %G %k!W $rBP Hf $9 $k $3 $H $K $h$j !V3N N( E* %b %G %k A*Br!W $H !V4v 2? 3X E*%b %G%kA* Br!W$NAj0c $r=R$Y $k!#$3$l $K4p$$$F !V@VCS$N AIC !W$H !V4v2?3XE* AIC !W$N F3=P$d 8m:9$N ?dDjJ}<0 $, $I$N$h$&$K0[$J$k$+$r<($9!# %-!<%o!<%I : E}7WE*?dB,!"4v2?3XE*Ev$F$O$a!"3NN(%b%G%k!"4v2?3XE*%b%G%k!"4v2?3XE* AIC !"%b%G%kA*Br Mo del Selection in Statistical Inference and Geometric Fitting Kenic hi Kanatani Departmen t of Computer Science, Gunma Univ ersit y , Kiryu, Gunma 376-8515 Japan T aking line �tting to p oin ts in t w o dimensions as a t ypical example, we p oint out the fundamen tal di�erence b etw een statistic al infer enc e and ge ometric �tting : statistical inference is to reason from r ep e ate d data , while geometric �tting is to reason from a single observation . W e also p oint out their duality in the sense that the asymptotic prop erties of statistical inference in the limit of an in�nite n um ber of observ ations hold for geometric �tting in the limit of in�nitesimal p erturb ations . It follo ws that noise estimation for the sto chastic mo del , which describ es the mec hanism of random phenomena, is di�eren t from that for the ge ometric mo del , which describ es the constraint manifold in the data space. W e con trast sto chastic mo del sele ction with ge ometric mo del sele ction and describ e the di�erence b et w een A kaike’s AIC and the ge ometric AIC in their deriv ations. Key w ords : statistical inference, geometric �tting, sto chastic mo del, geometric mo del, geometric AIC, mo del selection <U <- : K\ 8& 5f $N 0l It$O J8 It >J 2J 3X 8& 5fHq 4p HW 8& 5f #C (2) (No. 11680377) $K$h$C $?!# K\ O@ J8 $N Fb MF$K 4X $7 $F M- 1W$J5DO@$rD:$$$?%*!<%9%H%i%j%"$N%b%J%7%eBg3X$N Da vid Suter 65<x!"1Q9q%l%G%#%s%0Bg3X$N Stev e Ma ybank 65<x!" M}2= 3X8& 5f=j $N4E Mx=S 0lGn ;N!"EE 5$DL?. Bg3X $N4Z B@=X 65<x!" 72GO Bg3X $N4X MG0l=u 65<x!" ( 3t ) J~1I $N>> 1J NO;a$K46<U$7$^$9!# � 376-8515 6M@8;TE7?@D. 1{5{1 72GOBg3X9)3XIt>pJs9)3X2J T el: (0277)30-1841, F ax: (0277)30-1801, E-mail: kanatani@cs.gunma-u.ac.jp 1

1. =xO@ I. <T$O %3 %s %T%e!< %? %S %8%g %s $d %m%\%C %H 9) 3X $K $* $$ $F 8m:9 $N $" $k2h A| $d %;%s %5 %G!< %?$+ $i 6u4V $N 4v 2?3X E* 9= B$$r ?d O@ $9$k Ld Bj $NM} O@ E* 8&5f $r ?J$a!" :G E, ?dDj $N 0lHL O@$r E83+ $9$k$H $H$b $K [11, 12, 13, 15, 19] !"!V4v 2? 3X E* AIC !W $K $h $k %b %G%k A* Br $r Ds >’$7 [14, 20] !" $5 $^ $6 $^$J 1~ MQ Nc $r <($7 $? [16, 17, 18, 22, 23, 26, 31, 39] !# $3 $l $O 9q Fb 9q 30 $N %3 %s %T%e!< %? %S %8%g %s 8& 5f <T $N 4X?4 $r =8 $a!"$$ $m $$ $m$J 7A $G <BA) E* $K1~ MQ $5 $l$F $$ $k [24, 36, 37, 38] !# $7$+ $7!" E} 7W 3X<T $N 4V $G$O $3 $l $,$h $/ CN $i $l$F $$ $k ( @V CS $N ) !V AIC !W [1, 32] $H $I $3 $, 0[ $J $k $N $+!" $J $< 0[ $J $k$N $+ $, ==J, M} 2r $5$l $F $$ $J $+$C$? $? $a!" $3$l $r 5? Ld ;k $9 $k ?M C# $b$$ $k $h $& $G $" $k [29] !# $= $N 86 0x$O E} 7W 3X $G $OG@ 6H!" 0e 3X!" @/ <#!" 7P:Q!" Ey $X $N 1~ MQ$N OH AH $_ ( !VE} 7W E* ?d B,!W ) $, 3N N) $7 $F $$ $k $? $a!" L5 0U <1 $K $= $NOH AH $_ $KB+ G{ $5$l $F $$$k $? $a $G$O $J $$$+ $H ;W$o $l $k!# $= $3$G K\ O@ J8 $G $O $^ $:!" %3 %s%T%e!< %? %S %8%g %s $d %m %\%C %H 9) 3X $G Ax 6x $9 $k B? $/ $N 1~ MQ $O => Mh $N E} 7W 3X $G 07 $o $l $? Ld Bj $H $O @- 3J $, 0[ $J $k $3 $H $r ;X E& $7!" $3 $l $i $r !V4v2? 3X E* Ev $F$O $a!W $H $7 $F Dj<0 2= $9 $k!# $3$N $h $& $J Ld Bj $, E} 7W 3X <T $K $h$C $F $^$C $? $/ 07 $o $l $F $$ $J $$ $o $1 $G $O $J $$ $,!" JQ B’ E* $J Ld Bj $H $7 $F !V Neyman- Scott Ld Bj!W [30] !" !VB, Dj 8m :9 %b %G %k!W [8] !" !V3I Mp Jl ?t!W $J$I $N FC 0[@- $r 6/ D4$9 $k L> >N$, MQ $$$i $l $k $H$H $b $K!"FH<+$KM}O@E*BN7O2=$,$5$l$F$$$k [3, 4] !# $7 $+$7!" 2h A| $d %; %s %5 %G!< %? $rMQ $$ $k %3 %s %T%e!< %? %S %8%g %s$d %m %\%C %H 9)3X $G $O K\ O@ J8$G $$ $& !V4v 2?3X E* Ev $F $O $a!W $, :G $b Ia JW E* $J Ld Bj @_ Dj $G $" $j!" E} 7W 3X $G $$ $&!VE} 7W E* ?dB,!W $O $I $A$i $+ $H $$ $&$H Nc 30 E*$J @_ Dj $G $"$k!# $3 $N 86 0x$O !V4Q B,!W $N 35 G0$N Aj 0c $K 5/0x $9 $k!# K\O@ J8 $G $O4v 2? 3X E*Ev $F $O$a $N :G $bC1 =c $J LdBj $H $7 $F J?LL >e $N E@Ns $X $N D>@~ Ev $F $O$a $r Nc$K $H $j!" E}7W E* ?d B, $H$N K\ <A E*$J 0c $$ $r=R $Y $k!# $= $7$F!" E} 7W E*?d B, $, \ 7+ $j JV $7 %G!< %? " $+ $i $N ?d O@ $G $" $k $N $K BP $7 $F!" 4v 2? 3X E* Ev $F $O $a $O \1 2s $N 4Q B, ?^ 7A " $+ $i $N ?d O@ $G $" $j!" E} 7W E* ?d B, $N %G!< %? ?t 1 $N 6K 8B $G $N A2 6a E* @- <A $,4v 2? 3XE* Ev $F$O $a $G$O 8m :9 0 $N L58B >. @]F0 $N 6K8B $G@.N)$9$k$H$$$&0UL#$NAPBP@-$r=R$Y$k!# $^$? 3N N( 8= >] $NH/ @8 5! 9= $r@b L@ $9 $k !V3NN( %b %G %k!W $H %G!< %?6u 4V Cf $N B?MM BN $H $7 $F $N!V4v 2? 3X E* %b%G %k!W $r BP Hf$9 $k $3 $H $K$h $j !V3N N( E* %b%G %k A* Br!W $H!V4v 2? 3X E* %b%G %k A* Br!W$N Aj 0c $r=R $Y $k!# $3 $l$K 4p $$ $F@V CS $N AIC $H 4v 2? 3X E* AIC $N F3 =P $d 8m :9 $N ?d Dj J} <0 $, $I $N$h$&$K0[$J$k$+$r<($9!# 2. D>@~$NEv$F$O$a J?LL>e$N N E@ ( x � ; y � ), � = 1, ..., N $KD>@~ Ax + B y + C = 0 $rEv $F$O $a$k Ld Bj$r 9M$( $k ( ?^ 1) !# 3FE@ ?^ 1: D>@~$N:GE,Ev$F$O$a!# $O $3 $N D> @~ >e $N ?? $N 0LCV ( � x � ; � y � ) $+ $i 4| BT CM 0 !" L$ CN $N J, ;6 � 2 $N FH N) $J @5 5, J, I[ $K => $& 8m :9 $@ $1 $: $l $F $$ $k $H $9 $k!#$3 $N 3N N(%b %G %k $N$b $H $G $N:G L‘ ?dDj 2r $O <! $N$h$&$KI=$5$l$kL‘EY$r:GBg$K$9$k$b$N$G$"$k!# P = N Y � =1 e � ( x � � � x � ) 2 = 2 � 2 � ( y � � � y � ) 2 = 2 � 2 2 � � 2 = e � J = 2 � 2 (2 � � 2 ) N (1) $?$@$7<!$N$h$&$KCV$$$?!# J = N X � =1 � ( x � � � x � ) 2 + ( y � � � y � ) 2 � (2) L$ CN ?t $O ( � x � ; � y � ), A , B , C , � 2 $G $" $j!"$3 $l $i $N 4V $K$O<!$N@)Ls$,$"$k!# A � x � + B � y � + C = 0 (3) <0 (1) $r:GBg$K$9$k$K$O$=$NBP?tL‘EY$NId9f$r49$($? � log P = J 2 � 2 + N log 2 � � 2 (4) $r @) Ls >r 7o (3) $N $b $H $G :G >. 2= $9 $l $P $h $$!# � 2 $H ;D $j $N JQ ?t $O JL!9 $K :G >. 2= $G $- $k $N $G!" $^ $: � 2 $G Hy J, $7$F 0 $HCV$/$H<!$N$h$&$K$J$k!# � J 2 � 4 + N � 2 = 0 (5) $3$l$+$i<!$N:GL‘?dDj2r$rF@$k!# ^ � 2 = ^ J 2 N (6) $? $@ $7 J $N :G >. CM ( ;D :9 ) $r ^ J $H CV $$ $?!# $3 $l $r 5a $a $k $? $a $K @) Ls >r 7o (3) $K BP $9 $k %i %0 %i %s %8%e >h ?t � � $rF3F~$7!" J = 2 + P � � � ( A � x � + B � y � + C ) $r � x � , � y � $G$=$l$>$lHyJ,$7$F 0 $HCV$/$H<!<0$rF@$k!# x � � � x � = � � A; y � � � y � = � � B (7) $3$l$O 2 E@ ( x � ; y � ), ( � x � ; � y � ) $r7k$V@~J,$,D>@~ Ax + B y + C = 0 $KD>8r$9$k $3$H$r0UL#$9$k!# ( � x � ; � y � ) $, $=$ND>@~>e$K$"$k$3$H$+$i � � $,<!$N$h$&$KDj$^$k!# � � = Ax � + B y � + C A 2 + B 2 (8) 2

$f $( $K <0 (7) $+ $i ( � x � ; � y � ) $N :G L‘ ?d Dj 2r ( ^ x � ; ^ y � ) $O <!<0$H$J$k!# ^ x � = x � � ( Ax � + B y � + C ) A A 2 + B 2 ^ y � = y � � ( Ax � + B y � + C ) B A 2 + B 2 (9) $3$l$OE@ ( x � ; y � ) $+$iD>@~ Ax + B y + C = 0 $K2<$m$7 $? ?b @~ $N B- $G $" $k ( ?^ 1) !# $3 $l $i $r <0 (2) $N ( � x � ; � y � ) $KBeF~$9$k$H!" J $O<!$N$h$&$K=q$1$k!# J = N X � =1 ( Ax � + B y � + C ) 2 A 2 + B 2 (10) A , B , C $r 0 $G $J $$ G$ 0U $N Dj ?t G\ $7 $F $b D> @~ Ax + B y + C = 0 $OJQ$o$i$J$$$3$H$rH?1G$7$F>e<0$O A , B , C $N 0 <! F1 <! <0 $H $J$C $F $$ $k!# $7 $+ $7!" Nc $( $P A 2 + B 2 = 1 $H @5 5, 2= $9 $l$P 2r $, Id 9f $r =| $$ $F 0l0U E* $K Dj $^$k!# <0 (10) $r C $K $D $$ $F Hy J, $7 $F 0 $H CV $1 $P!" D> @~ $O E@ =8 9g $N \ =E ?4 " $r DL $k $3 $H $, $o $+ $k!# =E ?4 $r 86 E@ $H $9$k :BI8 7O$K 0\$; $P J $O A , B $N #2<! 7A<0 $H$J $j!"D> @~ $N J} 8~ $O E@ =8 9g $N \( 47 @- ) %b!< %a %s %H 9T Ns " $N :G Bg 8G M-CM $K BP $9$k 8G M-%Y %/ %H%k J} 8~ $G$" $k $3$H $, $o$+ $k ( >\:Y>JN, [10, 11]) !# 3. :GL‘?dDj$N%Q%i%I%C%/%9 A0@a $N 5D O@ $O5? $$ $N M>CO $, $J $$$h $& $K 8+ $($k $,!" E} 7W3X $N>o<1$+ $i$O4qL/ $G$"$k!# ^ J $O Ev$F$O$a $?D>@~$+ $i 3FE@ $^ $G$N ?b D> 5wN% $N 2 >h OB $G$" $j!" ?bD> 5w N%$O 4| BT CM 0 !" J, ;6 � 2 $N @5 5, J, I[ $K => $& $+ $i ^ J =� 2 $O � 2 J, I[ $K => $&!# N E@ $" $k $+ $i!" $= $N <+ M3 EY $O ?? $N D> @~ $+ $i B, $k $H N $G $" $k $,!" ;D :9 $r :G >. $K $9 $k $h $& $K D> @~ $r Ev$F $O $a$F $$ $k $N$G D> @~$, $b $D 2 <+ M3EY $@ $18: $j!" N � 2 $H $J $k!# � 2 JQ ?t $N 4| BT CM $O $= $N <+ M3 EY $K Ey $7 $$$+$i ^ J $O<!$N4|BTCM$r;}$D!# E [ ^ J ] = ( N � 2) � 2 (11) ( E [ � ] $O 4| BT CM $r I= $9 ) !# $f $( $K <0 (6) $N :G L‘ ?d Dj NL ^ � 2 $N4|BTCM$O<!$N$h$&$K$J$k!# E [ ^ � 2 ] = N � 2 2 N � 2 (12) $3 $l $O E@ ?t N $, B? $$ 6K 8B $G E [ ^ � 2 ] ! � 2 = 2 $H $J $k!# $7$+$7E}7W3X$N652J =q ( Nc$($P [35]) $K$h$l$P!":GL‘?d Dj NL $O $4 $/ 0l HL E* $J >r 7o $N $b $H $K ( M} A[ E* $K $O @5 5, J, I[$K=>$& 8m:9$N>l9g$K ) %G!<%??t 1 $N6K8B$G??$NCM $K <} B+$9 $k ( 0l CW @- ) !#$3 $N%Q %i %I%C%/ %9$O $I$& 2r <a$9 $l $P$h$$$N$G$"$m$&$+!# 4. 3NN(%b%G%k$HA26a2r@O $h $/ D4 $Y $k $H $3 $N IT 0l CW $N 86 0x $O <0 (9) $N :G L‘ ?d Dj NL ( ^ x � ; ^ y � ) $, N ! 1 $G ?? $N 0L CV ( � x � ; � y � ) $K <} B+ $7 $J $$ $3 $H $K $" $k 1 !# $b $7 <} B+ $9 $l $P ^ J $O ?? $N 0L CV $+ $i %G!< %? $^ $G $N 5w N% $N 2 >h OB $K 6a $E $/!# $= $N 4| BT CM $O 2 N � 2 $G $"$k $+ $i!" <0 (6) $N ^ � 2 $O @5$7 $/ ?? $N CM � 2 $K <}B+$9$k!# :G L‘ ?d Dj NL ( ^ x � ; ^ y � ) $, ?? $N 0L CV ( � x � ; � y � ) $K <} B+ $7 $J $$ M} M3 $O L@ $i $+ $G $" $k!# $$ $/ $i E@ ?t N $r A} $d $7 $F $b!" A} $( $? E@$O $= $l $^$G $N E@ $rD> @~ $K 1h$C $FJd @5 $9 $k $?$a$N>pJs$r;}$C$F$$$J$$$+$i$G$"$k!# $= $l$G$O !V:GL‘ ?dDj NL$O n ! 1 $N6K 8B$G ??$N CM$K <} B+ $9 $k!W $H$$ $& L? Bj$O 8m $j $J$N $G $" $m $&$+!# ;R :Y $K 8! F$ $9 $k $H <! $N $3 $H $, $o $+ $k!# 65 2J =q $G $$ $& \ %G!< %? ?t " n $O@5$7$/$O!V4QB,2s?t!W$G$"$k!# %i %s %@%‘ 8= >] $K $R$= $‘ 9= B$$r 4Q B, $N7+ $j JV $7 $K$h$C $F 8! >Z $9 $k$3 $H $, E}7W 3X $N 4pK\ M} G0 $G $"$k!# $7 $? $,$C $F E} 7W 3X $G $O !V%G!< %? $r B? ?t 2s 4Q B, $9 $l $P $= $N 9= B$ $r 5- =R $9 $k%Q %i %a!< %?$, ?d Dj $G$- $k!W $H $$ $&N) >l $r $H $k!# $3 $N $? $a!" 3F 4QB, %G!< %? $O F1 0l $N%Q %i %a!< %? $r $b $D 3N N( J, I[ ( 3N N( %b %G %k ) $+ $i H/ @8 $5 $l $k $H 2> Dj $5 $l $k!# $3$N $H$- 4QB,2s ?t n $r A}$d$; $P:G L‘?dDj NL$, ??$N CM$K<}B+$9$k$3$H$OD>4QE*$K$bM}2r$G$-$k!# 0l J}!" D> @~ Ev $F $O $a $K $* $1 $k L$ CN %Q %i %a!< %? $O f ( � x � ; � y � ) g , A , B , C , � 2 $G$"$k$,!"<0 (3) $N@)Ls$,$" $j!" $+ $D A , B , C $K $O Dj ?t G\ $N IT Dj @- $, $" $k $+ $i <B <A E* $K N + 3 8D $G $" $k!# $3 $N N + 3 8D $N %Q %i %a!< %? $r $b$D 8= >]$+ $i 1 %5%s %W%k f ( x � ; y � ) g N � =1 $, 4QB, $5$l $k!# %G!< %? E@ $r 0l $D A} $d $; $P ?7 $7 $$ %Q %i %a!< %? ( � x N +1 ; � y N +1 ) $, DI 2C $5 $l!" N + 4 8D $N %Q %i %a!< %? $r$b$D?7$?$J8=>]$+$i 1 %5%s%W%k f ( x � ; y � ) g N +1 � =1 $, 4Q B, $5 $l $k!# $9$J $o $A!" $I $s$J $K %G!< %? E@$r A} $d $7 $F $b A} $d $7 $?$@ $1 %Q %i%a!< %? $b A}$(!" 4Q B, $5 $l$k $N $O >o $K?7$?$J8=>]$+$i$N 1 %5%s%W%k$G$"$k!# 8@ $$ 49 $($k $H!" $I $s $J$K J# ;( $J 9=B$ $r ;}$C $F $$ $F$b 4Q B, $9 $k $N $O \1 8D $N ?^ 7A " $G $" $k!# $9 $J $o $A!" E} 7W E* ?d B, $OJ# ?t $N 4QB, $+ $i $N?d O@ $G $"$k $N $KBP $7 $F!" 4v 2?3XE*Ev$F$O$a$O0l$D$N?^7A$+$i$N?dO@$G$"$k !# 4QB,2s?t$O>o $K n = 1 $G$"$k$+$i!"652J=q$K$"$k:G L‘ ?d Dj $N A26a E* @- <A$O 7h $7 $F<B 8= $7 $J $$!#$7 $? $,$C $F D> @~ Ev $F$O $a!" $* $h$S $= $l $r0l HL 2= $7$? 4v 2?3X E* Ev $F $O$a$G$O%G!<%?E@ N ! 1 $NA26aE*@-<A$rO@$8$k$3$H $O0UL#$,$J$$!# 5. L58B>.@]F02r@O $3 $N LdBj $r => Mh$N E} 7W 3X$N OH AH$_ $K 9g $o$; $k JX K!$N 0l $D $O!" %G!< %? E@ $H 6& $K A} $( $k L$ CN ?t f ( � x � ; � y � ) g $r \ L$ CN $N 3N N( J, I[ $+ $i F@ $i $l $k %5 %s %W %k " $H $_ $J $9 $3 $H $G $" $k!# $= $7 $F f ( � x � ; � y � ) g $= $N $b $N $G $O $J $/!" $= $N J, I[ $r FC D’$E $1 $k %Q %i%a!< %? $r !V1# $lJQ ?t!W $H $7 $F ?d Dj $9 $l $P $h $$!# $3 $l $J $i !V%G!< %? ?t!W N $r !V4Q B, 1 E} 7W E* ?d B, $G $O $3 $N $h $& $J JQ B’ E* $J %Q %i %a!< %? $r 3I Mp Jl ?t !" 6I 30Jl?t $J$I$H8F$V [6] !# 3

2s ?t!W n $H F1 0l ;k $G $- $k $+ $i N ! 1 $N A2 6a 5s F0 $, => Mh$N OH AH $_$G 5D O@ $G$- $k!# E} 7WE* ?d B,$K $* $$ $F$3 $N 9M $($r 0l HL 2=$7 $? $b $N$O %; %_ %Q%i %a %H%j%C %/ %b %G%k $H 8F$P$l$F$$$k [3, 4] !# $3$l $O ?t 3XE* $K $O JXMx $+ $b$7 $l $J $$$, <B :] E*$G $O $J $$!# ?? $N 0L CV f ( � x � ; � y � ) g $O 8= :_ 4Q B, $7 $F $$ $k %7!< %s $d BP >] J* BN $N @- <A $+ $i Dj $^ $k $b $N $G $" $j!" ;v A0 >p Js $r F@ $k $3 $H $O :$ Fq $G $" $k!# \ N‘ ;w $N Ld Bj $+ $i 79 8~ $r $D $+ $s $G $= $N J, I[ $r Dj 5A $9 $k " $3 $H $O <B :] Ld Bj $H $7 $F IT 2D G= $G$" $k!# $^ $?!" $3$l $O %G!< %? $, B?$$ 6K 8B $N 5sF0 $r Ld Bj $H $9 $k$b $N $G $" $k!# $7 $+ $7!" %3 %s%T%e!< %? %S %8%g %s $d %m%\%C %H 9) 3X $G$O %G!< %? ?t $, >/$J $$ $3 $H $,B? $/!" !V1# $l JQ?t!W $d %; %_ %Q%i %a %H %j%C %/ %b%G %k $r MQ $$$J $$ M}O@BN7O$,K>$^$l$k!#$3$l$O2DG=$G$"$k!# <!$N $h $& $J 2>A[ E* >u 67$r 9M $( $h$&!# D> @~ $r Ev$F $O $a $k $Y $- N E@ $r n 2s 7+ $j JV $7 $F 4Q B, $7 $? $H $9 $k!# <B :] $K $O F1 0l $N Au CV ( %; %s %5 $d 2h A| =h M} ) $r MQ $$ $k 8B $j!" 2? EY4Q B, $7 $F$b F1 $8 7k2L $7 $+ F@$i $l $J$$ $,!" 2> $KKh 2s F1 $8 FC @- $r ;} $D JL!9 $N Au CV $r MQ $$ $k $H $9 $k!# Bh � E@ $N a 2s L\ $N 4Q B, 0L CV $r ( x ( a ) � ; y ( a ) � ) $H $7!" n 2s $N 4Q B, CM$NJ?6Q$r<!$N$h$&$KCV$/!# x � = 1 n n X a =1 x ( a ) � ; y � = 1 n n X a =1 y ( a ) � (13) 4Q B, 2s ?t n $r A} $9 $H ( x � ; y � ) $O ?? $N 0L CV ( � x � ; � y � ) $K <} B+$9 $k $+ $i!":G L‘ ?d Dj$N A2 6a E*@- <A $,<B 8= $9 $k$O $: $G$"$k!# $3 $N $H $-!" 3F 4Q B, Au CV $N 8m :9 $N J, ;6 $, � 2 $J $i!" <0 (13) $K $h $k ( x � ; y � ) $N J, ;6 $O � 2 =n $K $J $k!# $9 $J $o $A!" 2> A[E* $K 4Q B,2s ?t $r A}$9 $3 $H $O <B<A E* $K %G!<%? $N 8m :9$r 8:>/ $5$; $k$3 $H ( 9b 5i$J 4Q B,Au CV$r MQ$$ $k$3 $H ) $K Ey 2A$G $" $k!# 8@ $$49 $( $l $P !V4Q B,2s ?t $, B? $$!W6K 8B $G <B 8=$9 $k A2 6aE* @- <A $O!V8m :9 $, >. $5$$!W 6K 8B $G$b @. N) $9 $k!# $3 $l $, A2 6a 2r @O $H @] F0 2r @O $N AP BP @- $G $" $k [11, 15] !# E} 7W E* ?d B, $G $O %i %s %@ %‘ JQ F0 $r \ 7+ $j JV $7 4Q B, " $G 9n I~$9 $k $N $G!"4Q B, 2s ?t$r A} $d $9$H @: EY$, Cx $7 $/8~ >e $9 $k ( F1 $8 @: EY $r F@ $k $N $K 4Q B, 2s ?t $, >/ $J $/ $F $h $$ ) ?d DjJ} <0 $, K>$^ $7 $$!# $=$l $K BP $7$F 4v 2?3X E* Ev $F$O $a $G $O @: L) 5! 4o $r MQ $$ $? \1 2s $N 4Q B, " $r 9T $& $N $G!" Au CV $N @- G= $, >e $, $k $H @: EY $, Cx $7 $/ 8~ >e $9 $k ( F1 $8 @: EY $r F@ $k $N $K Au CV $N @- G= $, Dc $/ $F $h $$ ) ?d Dj J} <0 $, K> $^ $7 $$ [11, 15] !# $3 $l $, E} 7W E* ?d B, $H 4v 2? 3X E* Ev $F $O $a $K $* $1$k !V4Q B,!W $H$$ $& 35 G0$r $a $0 $k 4pK\ E* $J Aj0c $G $"$k!# 6. 8m:9$N3NN(%b%G%k D> @~ Ev $F $O $a $N Nc $G $O 3F E@ $O ?? $N 0L CV $+ $i @5 5, J, I[ $K => $& 8m :9 $@ $1 $: $l $F $$ $k $H 2> Dj $7 $?!# $3 $N $h $& $J \ 3N N( %b %G %k " $O $I $& $7 $F @5 Ev 2= $5 $l $k $N $G $" $m $& $+!# E} 7W E* ?d B, $G $O \ 7+ $j JV $7 " $r A0 Ds $H $9 $k $N $G!" %G!< %? $N 3N N( J, I[ $H $O F1 0l $N NL $r FH N) $K 2? 2s $b 4Q B, $7 $? $H $- $N CM $N $P $i $D $- $H Dj 5A $5 $l $k!# $h $j 6q BN E* $K $O!" 40 A4 $K F1 0l $N >u 67 $r :F 8= $9 $k $N $O IT 2D G= $J $N $G!" \ =E MW $H ;W $o $l $k %Q %i %a!< %? " ( @) 8f JQ ?t ) $r F1 0l $K $7 $F 2? EY $b 4Q B, $7 $? $H $- $N \ $= $N B> $N MW 0x " $N 1F 6A $r !V8m :9!W ( %b %G%k 2= 8m:9 ) $H Dj5A $9$k!# \ $= $NB> $NMW 0x " $, ?t B? $/!" $+ $D FH N) $G $" $l $P Cf ?4 6K 8B Dj M} $K $h $j @5 5, J, I[$K => $& $3$H $, 4| BT$5 $l $k!# $3$N $h $&$J 5- =R $O $= $l $r 2r @O $9 $k E} 7W 3X <T $N <g 4Q $K 0M B8 $9 $k $N $G!" ( 3N N( ) %b %G %k $H 8F $V!# $= $N $h $& $J %b %G %k 2= $, BE Ev $+ $I $& $+ $r %G!< %?$+ $i 8! >Z$9 $k $3 $H$, E} 7W E*?d B, $NL\ E* $G $" $k!# 0l J}!" 2h A| %G!< %? $N $h $& $K 86 M} E* $K \1 8D $N ?^ 7A " $7 $+ F@ $i$l $J $$ >l9g $O $3 $N$h $& $J Dj5A $, $G$- $J $$!# 2h A| $K <L$C $?$" $k E@ $N0L CV $O $=$l $r 2h A|=h M} $G8! =P $9 $l $P 0l 0U E*$K Dj $^ $j!"2h A| $d =hM} $, F1 0l$G $" $k8B $j 2? EY 7+ $j JV $7 $F$b F1 $8 7k2L $7 $+ F@$i $l $J $$!# $7$+ $7!" 2h A| =h M} $G 8!=P $7 $?E@ $N 0L CV$O 2h A|$N N% ;62= $d %+ %a%i $N ;# A| $N 46 EY$K :8 1& $5$l!" 2h A| =hM} $b 6a ;wE* $J <jB3 $- $G $" $k $N $G!" F@$i $l $? 0LCV $O ?? $N0L CV $+ $iB? >/ $O$: $l $F $$ $k!# $3 $N $:$l $O 87 L)$J B, Dj $,IT 2D G= $G$" $k $3$H $K 5/ 0x $9$k!V8m:9!W ( B,Dj8m:9 ) $G$"$k!# $7 $+ $7!" 2? EY 4Q B, $7 $F $b F1 $8 CM $7 $+ F@ $i $l $J $$ $+ $i!" $= $N $: $l $N Dx EY $O 7P 83 E* $K I> 2A $9 $k $7 $+ $J $$ 2 !# $= $3 $GNc $( $P7P 83 E*$K 2 2hAG Dx EY$N $: $l$G $" $m$& $H ;W $o $l $k $H $- $K $O!" 8m :9 $O 4| BT CM 0 !" I8 =‘ JP :9 2 2h AG $N @5 5, J, I[$K => $$!"8= :_ 4QB, $5 $l$F $$ $k $N$O $= $N 1 %5 %s %W %k $G $"$k $H $_ $J$9!# $3 $N 0UL# $G J, I[$N @5 5,@- $N 8! >Z $O86M}E*$KIT2DG=$G$"$k 3 !# $7 $+ $7!" 7P 83 E* $H $O $$$C $F $b 8m :9 $N 6& J, ;6 9T Ns $r \ B, Dj " $9 $k <j CJ $O B8 :_ $9 $k!# Nc $( $P Gr $$ NN 0h Cf $N Gr E@ $N $h $& $K $= $N E@ $H $= $N 6a K5 $H $, 6h JL $7 $K $/ $$ $H $- $O 6& J, ;6 9T Ns $, Bg $- $$ $H $_ $J $; $k!# $= $N Bg $- $5 $O %F %s %W %l!< %H %^%C %A %s %0 $N ;D :9 $N I> 2A $+ $i F@ $i $l $k [7, 27, 33, 34] !# $3 $l $r MQ $$ $k $H J* BN $H GX 7J $N 6- 3& ( %(%C %8 ) >e $N E@ $G $O $= $N 6- 3& $K 1h$C $? :Y D9 $$ J, I[ $, F@ $i $l $k!# $? $@ $7 \ 6& J, ;6 9T Ns " $H $$$C $F $b!" $= $b $= $b 3N N( %b %G %k $, 5u 9= $G $" $k $+ $i!" 87 L) $K $O \ <1 JL $7 $d $9 $5 $N Dx EY " $H $$ $& 0U L# $7 $+ $J $$!# $7 $+ $7!" 2h A| =h M} $d %3 %s %T%e!< %? %S %8%g %s $G $O $3 $N $h $& $J 7A <0 E* $J \ 3N N( %b %G %k " $K 4p $$ $? :G E, ?d Dj $K $h$C $F M- 8z $J 7k 2L $, F@ $i $l $k!# $3 $l $O <B <AE* $K $" $$ $^$$ $J %G!< %? $r=| 5n $7!" <1 JL $7 $d $9 $$FC D’ $N$_ $r A* Br$9 $k $3$H $K AjEv $9 $k $+$i $G $" $k!# 7. %b%G%k$H$O2?$+ 2 4Q B, IT 2D G= $H $$ $& $N $O \ 5! 4o $d 7W ;; =h M} $G $O ?? $N CM $, F@ $i $l $J $$ " $H $$ $& 0U L# $G $" $j!" ?M 4V $, 8+ $k $H ?? $N 0L CV $, H= CG $G $- $k $3 $H $, B? $$!#$3$N0U L#$G \ ??$N " 0LCV$O ?M4V$NG’<1 $K4X$o$k LdBj$G$"$j!" M} O@2=$,Fq$7$$!# 3 $3 $N $h $& $J 8! >Z IT 2D G= $J J, I[ $r F3 F~ $9 $k $3 $H $O E} 7W E* ?d B, $G $$ $& %Y%$%8%"%s $H8F$P$l$kN)>l$KAjEv$9$k!# 4

E} 7W E* ?d B, $G $$ $& \ %b %G %k " $H $O A0 =R $N $h $& $K 8= >] $N %b %G %k 2= $G $" $j!" 8m :9 $O 40 A4 5- =R $N IT 2D G= @- $r 0U L# $9 $k!# $3 $N \ 3N N( %b %G %k " $N 8! >Z $d A* Br $, 2] Bj $G $" $k!# 0l J}!" 2h A| $K $* $$ $F $O 8m :9 $O 40 A4 B, Dj $N IT 2D G= @- $r 0U L# $9 $k!# $= $7 $F $= $N \ 3N N( %b %G %k " $, Dj 5A $G $- $k $,!" $3$l $O Nc $(5u 9= $G $"$C$F $b 2h A| $NF~ =P NO AuCV $d G; C8 J, I[ $K 0M B8 $7!" 2h A| =h M} $N J} K! $K $b $h $k \ J* M} 8= >] " $G $" $k!# Au CV $d 2h A| $, M? $( $i $l $l $P 8G Dj $5 $l!" 8! >Z$dA*Br$NBP>]$G$O$J$$!# %3 %s %T%e!< %? %S %8%g %s $, !V2h A| G’ <1!W!" !V2h A| M} 2r!W $H $b 8F $P $l $k $N $O!" $= $N L\ E* $, \ 2h A| $N 0U L# Fb MF " $r CN $k $3 $H $K $" $k $+ $i $G $" $k!# $= $7 $F!" $= $N 2D G= @- $H $7$F $$ $m $$ $m$J !V%b %G %k!W $, N)$F $i $l $k!# D>@~ Ev $F $O $a $G $O \ 4Q B, $7 $? %G!< %? E@ $N ?? $N 0L CV $O F1 0l D> @~ >e $K $" $k " $H $$ $& %b %G %k $r N) $F $?!# $3 $N $h $& $J 0U L# Fb MF $r 5-=R $9 $k %b %G%k $r !V4v 2? 3X E*%b %G %k!W $H 8F$V!# %3 %s %T%e!< %? %S %8%g%s $d %m %\%C %H 9) 3X $G $N 2]Bj $O!" $3 $N $h $& $J4v 2? 3X E*%b %G %k $r%G!< %? $+ $i 8!>Z $7 $? $j!"$= $l $r MQ$$ $F 2h A|$K <L$C $F $$$k BP >] J*$N @- <A$r 7W ;; $9$k $3 $H $G $" $k!# F1 $8 \ %b %G %k " $H $$ $& MQ 8l $r MQ $$ $F $b 3N N( %b%G%k$H4v2?3XE*%b%G%k$H$O0[$J$k0UL#$r;}$D!# 8. 4v2?3XE*Ev$F$O$a D>@~ Ev $F $O$a $r 0l HL2= $9 $k$H <! $N $h$& $K Dj <02= $G $- $k [12, 15] !# N 8D$N m <!85%G!< %? x 1 , ..., x N $,M?$( $i $l!" 3F x � $O ?? $N 0L CV � x � $+ $i 4| BT CM 0 !" 6& J, ;6 9T Ns V [ x � ] $N FH N)$J @5 5, J, I[$K => $& 8m :9 � x � $@ $1 $:$l $F $$ $k $H $9 $k!# $= $7 $F!" $= $l $i $N ?? $N 0L CV � x � $O p <! 85%Y%/%H%k u $G%Q%i%a!<%?2=$5$l$? r 8D$N94B+>r7o F ( k ) ( � x � ; u ) = 0 ; k = 1 ; :::; r (14) $r K~ $? $9 $H $9 $k!# %G!< %? f x � g $N Dj 5A 0h $r %G!< %? 6u 4V !" L$ CN %Y %/ %H %k u $N Dj 5A 0h $r %Q %i %a!< %? 6u 4V !" r $r 94 B+ >r 7o $N %i %s %/ $H 8F $V 4 !# $3 $N $H $- r 8D $N J} Dx <0 F ( k ) ( x ; u ) = 0 $O%G!< %?6u 4VFb $K<! 85 d = m � r ( M> <! 85 5 r ) $N B? MM BN 6 S $r Dj 5A $9 $k!#94 B+ >r 7o (14) $O ?? $NCM f � x � g $, S >e $K$" $k$3 $H$rMW 5a$7 $F$$ $k!#Ld Bj$O 4QB, %G!<%? f x � g $+$i %Q%i %a!<%? u $r ?dDj $9$k $3$H $G $"$k!# %G!< %? $N 6& J, ;6 9T Ns V [ x � ] $O Dj ?t G\ $r =| $$ $F 4{ CN $H$7!"<!$N$h$&$K=q$1$k$H$9$k!# V [ x � ] = � 2 V 0 [ x � ] (15) L$ CN $N Dj ?t � $r %N %$ %: %l %Y %k !" Dj @- E* $J 5s F0 $rI= $9 4{ CN$N V 0 [ x � ] $r @55,2=6&J,;69TNs $H8F$V!# 4 %G!< %? $, m <! 85 6u 4V $N $" $k m 0 <! 85 B? MM BN $K 94 B+ $5 $l $F $$ $? $j!" %Q %i %a!< %? u $, p <! 85 6u 4V $N $" $k p 0 <! 85 B? MM BN $K 94 B+ $5 $l $F $$$F $b$h$$ [12, 15] !#$^$? <0 (14) $N r 8D$N<0 $K$O=> B04X78$, $"$C$F $b$h$$!#$=$N>l9g$N%i%s%/$OFHN)$J<0$N8D?t r 0 $G$"$k [15] !# 5 0lHL<!856u4V$N \ 6JLL " $KD>8r$9$kJ}8~$N<!85!# 6 0lHL<!856u4V$N \ 6JLL " !# $3 $N $h$& $K 2> Dj $9$k $N $, <B:] E* $G $"$k M} M3 $O!" $^$: B? $/ $N >l9g $K %G!< %?$N 8m :9 $N@d BP E* NL$r ?d Dj$9 $k $N $O :$ Fq $G $"$k $N $K BP$7 $F!" $= $NDj @- E* 5sF0 $r 4QB, $9 $k $3 $H $O Hf 3SE* MF 0W$@ $+ $i$G $" $k!#Nc $( $P 6 @a $K =R$Y $? %F %s %W %l!< %H %^%C%A %s %0 $N;D :9 $+ $iF@ $i $l $k $N$O Dj ?t G\ $r=|$$$?6&J,;69TNs$NI>2A$G$"$k!# $b $& 0l $D $N M} M3 $O :G L‘ ?d Dj $K $* $$ $F 6& J, ;6 9T Ns $N Dj ?t G\ $O 2r $K 1F 6A $7 $J $$ $N $G!" @5 5, 2= 6& J, ;6 9T Ns V 0 [ x � ] $N $_ $r CN $l $P == J, $@ $+ $i $G $" $k!# <B :]!" V 0 [ x � ] $K4X$9$k %^%O%i%N%S%95wN% $N 2 >hOB J = N X � =1 ( x � � � x � ; V 0 [ x � ] � 1 ( x � � � x � )) (16) $r @) Ls >r 7o (14) $N $b $H $G :G >. 2= $9 $l $P $h $$ 7 !# $? $@ $7!"%Y%/%H%k a , b $NFb@Q$r ( a ; b ) $H5-$9!# 8m :9 $, >. $5 $$ $H 2> Dj $7 $F <0 (14) $r @~ 7A 2= $7 8 !" %i %0 %i %s%8%e>h ?t$rF3 F~$7$F @)Ls>r 7o$r=| 5n$9$k $H<0 (16) $O<!$N$h$&$K=q$1$k [15] !# J = N X � =1 r X k ;l =1 W ( k l ) � F ( k ) ( x � ; u ) F ( l ) ( x � ; u ) (17) $? $@ $7 W ( kl ) � $O ( r x F ( k ) ; V [ x � ] r x F ( l ) ) $r ( k l ) MW AG $H$9$k r � r 9TNs$N5U9TNs 9 $N ( k l ) MWAG$G$"$k!# 2r ^ u $O %N%$%: %l%Y %k � $K$h $i$J$$ $,!"$= $N6&J, ;69T Ns V [ ^ u ] $O � $K0M B8 $9$k!# L5 8B>. @] F0 � ! 0 $N 6K8B $G V [ ^ u ] ! O $G $" $k $3 $H $O Ev A3 $G $" $k $,!" O ( � 4 ) $N 9‘ $r =| $$ $F@: EY $NM} O@ 8B 3&$r C# @.$9 $k $3$H $, >Z L@$G $- $k [12, 15, 19] !# $3 $l $i $O @5 $K!" E} 7W E* ?d B, $K $* $$ $F 4Q B, ?t $r n $H $9 $k $H $-!" :G L‘ ?d Dj NL $N 6& J, ;6 9T Ns $, n ! 1 $N A2 6a E* 6K 8B $G O $K <} B+ $9 $k ( 0l CW @- ) $N $_ $i $J $i $:!" O (1 =n 2 ) $N9‘$r =|$$$F %/%i%a %k!&%i%* $N2<3& $rC#@. $9 $k $3 $H ( A2 6a M- 8z @- ) $N AP BP L? Bj $G $" $k!# $3 $N $h $& $K E} 7WE* ?dB, $N n ! 1 $N A26aE* 6K8B $G$N@- <A$, 4v2?3X E*Ev $F$O$a$G$OAPBPE*$K � ! 0 $N L58B>.@]F0$N6K8B $G @.N)$9$k!# 9. %b%G%k$H%b%G%kA*Br E} 7W 3X$G $O %G!< %? $,@8 @. $5 $l$k %i %s %@%‘ 8= >] $N 2rL@ $r L\E*$H $9$k!#%G!<%? x $O%Q%i %a!<%?$rMQ $$$F3N DjE* $J <0 $H %i %s %@%‘ 8m :9 $K $h$C$F I= 8= $5 $l!"$= $N %Q %i %a!< %? $r ?d Dj $9 $k $3 $H $, E} 7W E* ?d B, $G $" $k!# Cj >] 2= $9 $k $H!" %Q %i %a!< %? � $r $b $D 3N N( L) EY p ( x j � ) $+ $i H/ @8 $7 $? %G!<%? Ns$+ $i � $r?d Dj$9 $k$3 $H$G $"$k!# %Q%i %a!<%? 7 %G!< %? $, m <! 85 6u 4V $N $" $k m 0 <! 85 B? MM BN $K 94 B+ $5 $l $F $$ $k $H $- $O V 0 [ x � ] $O %i %s %/ m 0 $N FC 0[ 9T Ns $H $J $k $N $G!" V 0 [ x � ] � 1 $O ( %‘!<%"!&%Z%s%m!<%:$N ) 0lHL5U9TNs V 0 [ x � ] � $KCV$-$+$($k [15] !# 8 L58B>.@]F0$N6K8B$r2r@O$7$F$$$k$3$H$KCm0U!# 9 94 B+ >r 7o (14) $K => B0 4X 78 $, $" $j!" FH N) $J <0 $N 8D ?t ( %i %s %/ ) $, r 0 $N $H$- $O!" Bg $- $$ r 0 8D 0J 30$N 8G M- CM$r 0 $K CV $- JQ $($F $+ $i ( %‘!< %"!&%Z%s%m!<%:$N ) 0lHL5U9TNs ( %i%s%/ r 0 ) $r7W;;$9$k [15] !# 5

� $O 3N Dj E* $J MW 0x $r 5- =R $9 $k J} Dx <0 $N 78 ?t!" $* $h $T 8m :9 $N4| BT CM $dJ, ;6 $N$h $& $J %i %s %@ %‘8m :9 $NFC @- $r5- =R $9 $k %Q%i %a!< %? $r4^ $s $G $$$k !# $3 $N 3N N(L) EY $K J#?t $N 2DG= @- p 1 ( x j � 1 ), p 2 ( x j � 2 ), ... $,$"$k>l 9g$K!"3F!9$r ( 3N N( ) %b %G %k $H 8F $V!# $= $l $> $l $O \ 4X ?t 6u 4V $N 1 E@ " $G$" $k [2, 28] !#$= $7$F!"$I$l $,BEEv $+$rH= Dj$9$k $N$, ( 3NN( ) %b%G%kA*Br $G$"$k!# $3 $l $K BP $7 $F!" %G!< %? x $N K~ $? $9 $Y $- \ 1" 4X ?t " F ( x ; u ) = 0 $N %Q %i %a!<%? u $r ?d Dj$9 $k $N $, 4v 2? 3X E*Ev $F $O $a $G $" $j!" D>@~ Ev $F $O$a $, E57? E* $J Nc$G $" $k!# u $O 4v 2? 3X E* 9= B$ $r 5- =R $9 $k J} Dx <0 $N 78 ?t $+ $i @. $j!" %i%s %@ %‘ 8m:9 $N FC @-$r 5- =R $9 $k%Q %i %a!< %?$r 4^ $s $G $$ $J $$ !# $= $7 $F!" %G!< %? x $r %Q %i %a!< %? u $N <0 $K $h$C $FM[ $K I= $9$3 $H $, $G$- $J $$ !# $3 $NFs $D $, E}7W E* ?d B,$H $N :, K\E* $J Aj 0c$G $" $k!# $=$N 94 B+>r 7o $K J#?t $N 2D G= @- F 1 ( x ; u 1 ) = 0 , F 2 ( x ; u 2 ) = 0 , ... $, $" $k >l 9g $K!" 3F!9 $r ( 4v 2? 3X E* ) %b %G %k $H 8F $V!# $= $l $> $l $O %G!< %? 6u 4V Cf $N \ B? MM BN " $G $" $k!# $= $7 $F!" $I $l $, BE Ev $+ $r H= Dj $9 $k $N $, ( 4v 2? 3X E* ) %b %G %k A* Br $G $" $k [14, 15, 20] !# F1 $8 \ %b %G %k " $H $$$C $F $b 4v 2? 3X E* %b %G %k F ( x ; u ) = 0 $O8= >]$N 3NN( E*5!9= $K$O L54X 78$G$" $k!#8= >]$N 3N N( E* 5! 9= $O 4{ CN $N @5 5, 2= 6& J, ;6 9T Ns V 0 [ x � ] $r $b $D @5 5, J, I[$H 2> Dj $5$l!" $b $O $dA* Br $N M> CO$, $J $$ !# A*Br $9 $Y$-$O%G!<%?$N=>B04X78$G$"$k!# 10. @VCS$N AIC E} 7W E* ?d B, $K $* $1 $k ( 3N N( ) %b %G %k A* Br $K $* $$ $F AG KQ $J 9M$( J} $O!" 3F!9$N %b %G %k$r :G E, $K Ev$F $O $a $F$= $N ;D :9 $,:G >. $K $J$k $b $N $rA* $V $3 $H $G$" $k!# $7 $+$7!" %b %G %k $O %G!< %? $K :G $b E, 9g $9 $k $h $& $K ?d Dj $7 $F $$ $k $N $G!" <+ M3 EY $, :G $b B? $$ %b %G %k $N ;D :9 $, >o $K :G >. $H $J $k!# $= $3$G %G!< %? $H F1$8 E} 7W E* $J @-<A $r ;} $A!" $+$D %b %G %k $KE, 9g $5 $;$? %G!< %? $H$O FH N) $J 2>A[ E* $J %G!<%? $K BP $9 $k ;D :9 $N 4| BT CM $r I> 2A $7 $h $& $H $$ $& $N $, @V CS $N AIC[1] $NCeA[$G$"$k 10 !# $3$l $O 4| BT CM$r I> 2A $9$k $N $G!" K\<A E* $K $O A26a I> 2A $O IT MW $G $" $k $,!" A2 6a I> 2A $r MQ $$ $k $H AIC $, 4J C1 $J 7A $G I=$5 $l $k!# @V CS$O <! $N Fs $D $N!VA2 6a 6a ;w!W $rMQ $$ $?!# � 4Q B, ?t $, A} 2C $9 $k $H :G L‘ ?d Dj NL $O ?? $N CM $K <} B+ $9$k ( Bg?t$NK!B’ ) !# � 4Q B, ?t $, A} 2C $9 $k $H :G L‘ ?d Dj NL $O A2 6a E* $K @5 5, J,I[$K=>$& ( Cf?46K8BDjM} ) !# $3 $l$i $r MQ $$$F BP ?t L‘EY $N 4| BTCM $r 6a;w E* $K I>2A $7!" @5 5, J, I[ $K => $& JQ ?t $N #2 <! 7A <0 $O � 2 J, I[ $K => $& $3 $H!" $* $h $S � 2 J, I[ $N 4| BT CM $O $= $N <+ M3 EY $K Ey $7 $$ $H $$ $& @- <A $+ $i @V CS $N AIC $, F3 $+ $l $k [32] !# $3 $l $O E} 7W 3X $G9- $/ MQ $$ $i$l $F $$ $k $@ $1$G $J $/!" %3 %s%T%e!< %? 10 $3$l$O Aj8_8!>ZK! $H8F$P$l $k<B83E*<jK!$d %V!<%H%9%H%i%C%W [9] $H8F$P$l$k%7%_%e%l!<%7%g%s$HN‘;w$N9M$(J}$G$"$k %S %8%g %s $d %m%\%C %H 9) 3X$K $* $$ $F$b E} 7W E* ?dB, $N 7A $N LdBj$K$$$m$$$mMxMQ$5$l$F$$$k [5] !# 11. 4v2?3XE* AIC @V CS $N AIC $O K\ <A E* $K 4| BT CM $N I> 2A $G $"$C $F A2 6a 2r @O $K 0M B8 $7 $J $$ $+ $i!" A2 6a 2r @O $, 0U L# $r ;} $? $J $$ 4v 2? 3X E* Ev $F $O $a $K $b E, MQ $G $- $k 11 !# 6b C+ $O4v 2? 3X E* Ev $F $O $a $K !V%G!<%? $H F1 $8 E}7W E* $J @- <A$r ;} $A!" %b %G %k $K E, 9g $5 $; $? %G!< %? $H $O FH N) $J %G!< %? $K BP $9 $k ;D :9 $N 4| BT CM $r I> 2A $9 $k!W $H $$ $& @V CS $N 9M $( $r E, MQ $7 $?!# %G!< %? f x � g $+ $i ?d Dj $7 $? f � x � g $N :G L‘ ?d Dj NL $r f ^ x � g $H$9$k$H!"$=$N;D:9$O<!$N$h$&$K=q$1$k!# ^ J = N X � =1 ( x � � ^ x � ; V 0 [ x � ] � 1 ( x � � ^ x � )) (18) %G!< %? f x � g $H FH N) $G F1 $8 E} 7W E* @- <A $r ;} $D 2> A[ E* $J %G!< %? $r f x � � g $H $9 $k $H!" %b %G %k $N $h $5 $O <! $N ;D :9 $G B,$i$l$k!# ^ J � = N X � =1 ( x � � � ^ x � ; V 0 [ x � ] � 1 ( x � � � ^ x � )) (19) f x � g $* $h $S f x � � g $K 4X $9 $k 4| BT CM $r $= $l $> $l E [ � ] !" E � [ � ] $H$9$k$H<!$N$h$&$K$J$k [15, 20] !# E � [ E [ ^ J � ]] = E [ ^ J ] + 2( N d + p ) � 2 + O ( � 4 ) (20) $3 $3 $K d = m � r $O 94 B+ >r 7o (14) $, %G!< %? 6u 4V $K Dj 5A$9$k %b%G%k B?MMBN S $N<!85 $G$"$k!# >e<0$O;D :9 ^ J $O %G!< %? $K E,9g $5 $; $?$? $a FH N)$J %G!< %? $K 4X$9 $k ;D :9 ^ J � $K $/ $i $Y $F J? 6Q E* $K $[ $\ 2( N d + p ) � 2 $@ $1 8: >/ $9 $k $3 $H $r 0U L# $7 $F $$ $k!# $= $3 $G 4v 2? 3X E* AIC $r <! $N $h$&$KDj5A$9$k 12 !# G-AIC = ^ J + 2( N d + p ) � 2 (21) <0 (20) $N I> 2A $O %N %$ %: %l %Y %k $, >. $5 $$ @] F0 2r @O $K 4p $E $$ $F $* $j!" A26a I> 2A $O 9T$C$F $$ $J $$ !# $=$l $G $b A2 6a I> 2A $K 4p $$ $F F3 $$ $? @V CS $N AIC $H $[ $H $s $I F1 $8 7A $, F@ $i $l $k $N$O <! $N Fs$D $N !V@] F06a ;w!W $r MQ $$$? $+ $i $G $"$k!# � %N %$ %: %l %Y %k $, 8: >/ $9 $k $H :G L‘ ?d Dj NL $O ?? $N CM $K<}B+$9$k!# � 8m :9 $O @5 5, J, I[ $H 2> Dj $7 $F $$ $k $+ $i!" @~ 7A $J 94 B+ >r 7o $N $b $H $G $O :G L‘ ?d Dj NL $O @5 5, J, I[ $K => $&!# 94 B+ >r 7o $, Hs @~ 7A $G $b %N %$ %: %l %Y %k $, >. $5 $$ 6K 8B $G $O 2r $N 6a K5 $G $N @~ 7A 6a ;w $, @5 Ev 2= $5 $l $k!# 11 AIC $O %b %G %k $H $7 $F $N 3N N( L) EY $H ?? $N 3N N( L) EY $H $N Kullback-Leibler 5w N% ( >p Js NL )[25] $N A2 6a E* :G >. 2= $H $$ $& 2r<a$b$J$5$l$k!#$3$N2r<a$O4v2?3XE*%b%G%k$K$OEv$F$O$^$i$J$$!# 12 K\O@J8 $G$O@VCS$N AIC $HBPHf $5$;$F G-AIC $HI=5-$9$k $,!"4v 2? 3X E* Ev $F $O $a $K Dj 5A $5 $l $k $N $O <0 (21) $N $_ $G $" $j!" AIC $H G- AIC $N 2 <o N‘$,$"$k $o$1$G$O $J$$!#$3$N $?$aJ88% [14, 15, 20] $G $O C1$K AIC $HI=5-$7$F$$$k!# 6

$= $7 $F!" @5 5, J, I[ $K => $& JQ ?t $N #2 <! 7A <0 $O � 2 J, I[ $K => $& $3 $H!" $* $h $S � 2 J, I[ $N 4| BT CM $O $= $N <+ M3 EY $K Ey $7 $$$H $$$& ;v<B $+ $i<0 (20) $, F@ $i$l $k ( $? $@ $77W ;;$O $+$J$jJ#;($K$J$k [15, 20]) !# $3 $N $h $& $K!" <0 (21) $O <0 (20) $+ $i F@ $i $l $k $N $G $"$C $F!" @V CS $N AIC $N %b %G %k <+ M3 EY $N It J, $K L$ CN ?t $N ?t$r Be F~ $7$F F@ $i $l$k $N $G $O$J $$ !# E}7W E* ?d B,$H 4v 2? 3XE* Ev $F $O$a $O $= $N4p HW $, 8_$$ $K APBP $G $" $j!"A2 6a I> 2A $K $h $k @V CS $N AIC $N F3 =P $H @] F0 2r @O $K $h $k 4v 2? 3X E* AIC $N F3 =P $O 4p K\ E* $K 0[ $J $k!# $= $l $K $b $+ $+ $o $i $: F1 $8 $h $& $J 7A $, F@ $i $l $k $N $O!" AIC $N ;W A[ $, K\ <A E*$K 4| BT CMI> 2A $G $"$j!" A2 6a I>2A $d @]F0 2r @O $OC1 $J $k6a;w$N5;=Q$K2a$.$J$$$+$i$G$"$k!# 12. %N%$%:%l%Y%k$N?dDj @V CS $N AIC $H 4v 2? 3X E* AIC $N K\ <A E* $J Aj 0c $, 8= $l $k $N $O <0 (21) Cf $N � 2 $N ?d Dj $G $" $k!# $3 $l $, 4{ CN $G $" $l $PLd Bj $J $$$,!" L$ CN $N>l 9g $K $O$I $& ?dDj $9 $l $P$h $$ $N$G$"$m$&$+!# E}7W E* ?d B,$K $* $1 $k3N N( %b%G %k $O 2?$, 3N Dj E*9= B$ $G 2? $, %i %s %@ %‘ $J MW 0x ( 8m :9 ) $+ $r 5- =R $9 $k $b $N $G $" $k $+ $i 8m:9 $b %b %G%k $N @- <A$G $" $k!# $7 $?$,$C $F $= $NJ, ;6 $b %b %G%k %Q %i %a!< %?$G $" $j!" :G L‘ ?dDj $G ?d Dj $5$l $k!# $= $l$K BP $7 $FA0 =R $N$h $& $K4v 2? 3X E*Ev $F $O$a $G $O8m :9 $NJ,;6$O %b%G%k%Q%i%a!<%?$G$O$J$$ !# 4v2? 3X E* Ev $F $O$a $G $O!" D> @~Ev $F $O $a $rNc $K $H$C $F 8m :9 $N J, ;6 � 2 $N :G L‘ ?d Dj NL (6) $, 8m$C $? ?d Dj CM $r M? $( $k $3$H!" $* $h $S$= $N M} M3$O 4{ $K =R $Y$?!# @5 $7 $$?d Dj $O<!$NDL$j$G$"$k!# ^ � 2 = ^ J N � 2 (22) $3 $l $O ;D :9 ^ J $N 4| BT CM $, <0 (11) $G M? $( $i $l $k $3 $H $+ $i F@ $i $l!" � 2 $N IT JP ?d Dj NL $G $" $k!# 0l HL 2= $9 $k $H!" <0 (16) $N;D:9 ^ J $rMQ$$$F<!$N$h$&$K$9$l$P$h$$!# ^ � 2 = ^ J r N � p (23) 4v 2? 3X E* $K $O ^ J $O %G!< %? E@ $+ $i <0 (14) $N Dj 5A $9 $k %b %G %k B? MM BN S $X $N ( %^ %O %i %N %S %9 ) 5w N% $N 2 >h OB $G $" $k!# $3 $N B? MM BN $K D> 8r $9 $k J} 8~ $N <! 85 ( M> <! 85 ) $, r $G$" $k$+ $i!";D :9 ^ J $N4| BTCM $O r N � 2 $H$J $k$O $:$G$" $k $,!" 6JLL $r %G!< %? $K:G E, $K Ev $F $O$a $F $$ $k $N$G!" $= $N<+M3EY$@$18:$C$F ( r N � p ) � 2 $H$J$k!# $7$+ $7!" $3 $l $O%b %G %k $,@5 $7 $$ >l9g $K $N $_ @5$7 $$ ?d Dj CM$r M? $( $k!#%b %G %k $,@5 $7 $$ $+$I $& $+IT L@ $J >l9g $O $I $& $9$l $P $h $$$N $G $" $m$& $+!# 6b C+ [14, 20] $O%b %G %k A* Br$r B‘ 2= $N8! =P $KE, MQ $9$k $3 $H $rA[ Dj $7$F $3 $N:$ Fq $r2r7h$7$?!# 2hA| $d %; %s %5 %G!<%? $N 2r @O $K$* $$ $F $O %7!<%s $K 4X $7 $F @. N) $9 $k CN <1 ( J* BN $O 9d BN 1? F0 $r $9 $k!" Ey ) $r Mx MQ $9 $k!# $3 $l $, 94 B+ >r 7o (14) $K BP 1~ $9 $k!# $7 $+ $7!" $= $l $, Nc 30 E* $K B‘ 2= $7 $? >l 9g ( Nc $( $P 1? F0 $, 0 $G $" $k!" Ey ) $G $O 0l HL E* $J >r 7o $r A0 Ds $K $7 $? 7W ;; $, GK C> $9 $k!# 87 L) $J B‘2= $G $J$/ $F $b B‘2= $K 6a$$ $H 7W;; $, IT 0BDj $K $J $k!# $3 $N $h $&$J >l 9g $K!"%b %G %k A*Br $K $h $j B‘2= $r <+ F0 E* $K 8! =P$7!" B‘ 2= $r5- =R $9 $k%b %G %k $K@Z $j 49$( $l $P 7W ;;$,0BDj2=$5$l$k [16, 17, 18, 22, 23, 26, 31, 39] !# B‘ 2= $, @8 $8 $k $H $$ $& $3 $H $O 94 B+ >r 7o (14) $K ?7 $? $J <0 ( $" $k NL $, 0 $G $" $k!" Ey ) $, 2C $o $k $3 $H $r 0U L# $9 $k!# $7 $+ $7 94 B+ >r 7o (14) $= $N $b $N $O @. N) $7 $F $$ $k!# $= $N $h $& $J !V0l HL%b %G %k!W $O !VB‘ 2= %b%G %k!W $, @. N) $7 $h $& $, $7 $^ $$ $, @. N) $9 $k $+ $i!" � 2 $O 0l HL %b %G %k $N ;D :9 ^ J $+$i<0 (23) $K$h$C$F?dDj$9$l$P$h$$!# $3 $l $O E}7W E* ?d B, $H$N :] N)$C $? Aj0c $G $" $k!# E} 7WE* ?d B, $G $O8m :9 $O 5-=R $N IT 40A4 @- $K 5/0x $7!" $=$N J, ;6 $O ( 3N N( ) %b %G%k$N%Q%i %a!<%? � $K4^$^ $l$F$$$k!#$3 $l$O 0l HL $K %b%G %k $4 $H$K 0[ $J $k$N $G!" 8u Jd%b %G %k$4 $H $K FH N) $K ?d Dj $5 $l $k!# $3 $l $K BP $7 $F 4v 2? 3X E* Ev $F $O $a $G $O!" 8m :9 $O B, Dj$N IT 40 A4 @-$K 5/ 0x $9 $k$N $G!" %G!< %? $N 0U L# Fb MF $r I= $9 ( 4v 2? 3X E* ) %b %G %k $N %Q %i %a!< %? u $K $O 4^ $^ $l $F$$ $J $$!# $7$? $,$C $F $I$N 8u Jd %b %G%k $K $b 6& DL $G $J $1$l $P $J $i$J $$ $+ $i!">o $K ?? $H2> Dj $5$l $k 0l HL %b%G%k$+$i?dDj$9$k$N$,BEEv$G$"$k!# \ %G!< %? ?t $N B? $$ " 6K 8B $N E} 7W E* ?d B, $H \ %N %$ %: %l %Y %k $N >. $5 $$ " 6K 8B $N 4v 2? 3X E* Ev $F $O $a $N AP BP 4X 78 $+ $i!" E}7WE*?d B,$N \ %G!< %??t " n $H4v2?3XE* Ev$F$O$a$N \ %N %$ %: %l %Y %k " � $H $, 8_ $$ $K AP BP $G $" $k $H $b 2r <a $G $- $k!# <B:]!"6b C+$N E}7WE* :GE,2= M}O@ [15] $N B?$/$N ItJ, $O � $r 1 = p n $K CV $-$+ $( $k$H DL >o$N E} 7WE* ?dB, M} O@$K 5" Ce $9 $k!# $7 $?$,$C $F!" 4v 2? 3XE* Ev $F $O $a$K $* $1 $k %N %$ %: %l %Y %k $N ?d Dj $O E} 7W E* ?d B, $K $* $1 $k \ %G!< %? ?t $N ?dDj " $HF1$8Lr3d$r2L$7$F$$$k!# E} 7W E* ?d Dj $K $* $$ $F ( <B :] $K $O $" $j F@ $J $$ $, 2> $K ) %G!< %? ?t $, L$ CN$H $9 $k!# ;D :9$N 4| BT CM $O%G!< %? ?t $H 8m :9 $N J, ;6$K 0M B8 $9$k $+ $i!" 8m:9 $N J, ;6$, 4{ CN$J $i ;D :9 $+ $i ?d Dj $G$- $k!# Ev A3!"$3 $l $r %b%G %k $4 $H $K:G L‘ ?d Dj $9 $k $3 $H $O$G $- $J $$!#$J $< $J $i%G!< %? ?t $O 4QB, 2a Dx $G Dj $^ $k $b $N $G $" $j!" ( 3N N( ) %b %G %k $4 $H $K 0[ $J$C $F $O $J $i $J $$$+ $i $G $"$k!# $3 $l $O?? $H 2> Dj$5 $l $k%b %G %k $+ $i6&DL$K?dDj$7$J$1$l$P$J$i$J$$!# F1 MM $K4v 2? 3X E*Ev $F $O $a$G $O %N%$ %: %l %Y%k $O 4Q B,2a Dx $G Dj $^ $k $b $N $G $" $j!" ( 4v 2? 3X E* ) %b %G %k $4 $H $K 0[ $J$C $F $O $J $i$:!" ?? $H 2>Dj $5 $l $k%b %G %k $+ $i6& DL $K ?d Dj$7$J$1$l$P$J$i$J$$ 13 !# 13. $^$H$a K\ O@ J8$G $O J? LL>e $N E@ Ns$X $N D>@~ Ev $F $O$a $r Nc $K$H $j!" !V4v 2? 3X E* Ev $F $O $a!W $H!VE} 7W E* ?d B,!W $H $N 0c $$ 13 @V CS $N AIC $K %G!< %? ?t n $N <0 $r 3] $1 $? $j B- $7 $? $j $7 $F $b!" n $O 3F %b %G %k $K 6& DL $G $" $k $+ $i Aj BP E* $J Hf 3S $K 1F 6A $7 $J $$!# F1 MM $K!" 4v 2? 3X E* AIC $K %N %$%: %l %Y %k � $N <0$r 3] $1 $? $j B-$7 $? $j $7 $F$b!" � $O3F%b%G%k$K6&DL$G$"$k$+$iAjBPE*$JHf3S$K1F6A$7$J$$!# 7

$r =R $Y $?!# E}7W 3X $O G@ 6H!" 0e 3X!" @/ <#!" 7P:Q!" Ey $X $N 1~ MQ $r;X 8~ $7 $FH/ E8 $7 $?$? $a!" $= $l $KE, $7 $? !VE}7W E* ?d B,!W $NOH AH $_ $, 3NN) $7 $? $,!" 2h A|$d %; %s %5 %G!<%? $r MQ $$ $k %3%s %T%e!< %? %S %8%g %s $d%m %\%C %H 9) 3X $G$O K\ O@ J8 $G $$$& !V4v 2? 3XE* Ev $F $O$a!W $, :G $b IaJW E* $J LdBj @_ Dj$G$"$k!# K\ O@ J8 $G $O!" E} 7W E* ?d B, $, \ 7+ $j JV $7 %G!< %? " $+ $i $N ?d O@ $G $" $k $N $K BP $7 $F!" 4v 2? 3X E* Ev $F $O $a $O \1 2s $N 4Q B, ?^ 7A " $+ $i $N ?d O@ $G $" $j!" E} 7W E* ?d B, $N ?t 3X E* 4p HW $H $J $k %G!< %? ?t 1 $N 6K 8B $N !VA2 6a E* 2r @O!W $, 4v 2? 3XE* Ev $F $O$a $G $O 8m:9 0 $N!VL5 8B >. @]F0!W $N 6K8B $G @.N)$9$k$H$$$&!VAPBP@-!W$r=R$Y$?!# E}7W E* ?dB, $K$* $1 $k!V ( 3N N( ) %b%G %k!W$O 3N N(8= >]$N H/ @8 5! 9= $r @b L@ $9 $k \ 3N N( L) EY " $G $" $j!" ?t 3X E* $K $O \ 4X ?t 6u 4V $N 1 E@ " $G $" $k!# $3 $l $K BP $7 $F 4v 2? 3X E* Ev $F $O$a $K$* $1 $k!V ( 4v 2? 3XE* ) %b%G %k!W $O%G!< %? $N0M B8 4X 78 $r 1" $K ;X Dj $9 $k \ 94 B+ >r 7o " $G $" $j!" ?t 3X E* $K $O %G!< %? 6u 4V Cf $N \ B? MM BN " $G $" $k!# $3 $N $? $a!" 8m :9 $N J, ;6 $O3N N( %b %G%k $N %Q %i%a!< %? $G $" $k$,!" 4v 2? 3XE* %b %G %k $N%Q %i %a!< %?$G $O $J $/!"$= $N ?d Dj $NJ} K! $, E}7W E* ?dB,$H4v2?3XE*Ev$F$O$a$G$O:,K\E*$K0[$J$k!# :G 8e$K !V3N N( E* %b %G%k A* Br!W $H !V4v 2? 3XE* %b %G %k A* Br!W $r BP Hf $7!" !V@V CS $N AIC !W $H !V4v 2? 3X E* AIC !W $NF3 =P$NAj 0c$r =R$Y$?!# :G6a!"D9 Hx$i [29] $b !V4v2?3X E* AIC !W $d !V4v 2? 3X E* MDL !W $H 8F $V 4p =‘ $r Dj 5A $7 $F $$$k$,!"$3$l$K$D$$$F$O<!Js [21] $G=R$Y$k!# ;29MJ88% [1] H. Ak aik e, A new lo ok at the statistical mo del identi- �cation, IEEE T r ans. A utomatic Contr ol , 16 -6 (1974), 716{723. [2] S. Amari, Di�er ential-Ge ometric Metho ds in Statistics , Springer, Berlin, 1985. [3] 4EMx=S0l , @nFi85L@ , @~7A4X78$N?dDj | :G>. 2 >hK!$O :GNI$G$" $k$N$+ ?, 1~MQ?tM} , 6 -2 (1996), 96{109. [4] P .J. Bick el, C. A. J. Klassen, Y. Rito v and J. A. W ell- ner, E�cient and A daptive Estimation for Semip ar a- metric Mo dels , Johns Hopking Univ ersit y Press, Balti- more, MD, 1994. [5] K. K. Bo y er, J. Mirza and G. Ganguly , The robust se- quential estimator: A general approach and its applica- tion to surface organization in range data, IEEE T r ans. Patt. Anal. Mach. Intel l. , 16 -10 (1994), 987{1001. [6] A. J. Dobson, An Intr o duction to Gener alize d Line ar Mo dels , Chapman-Hall, 1990; EDCf K- , ?9 @nIRI’ , 7*86 9M<! ( Lu ), !VE}7W%b%G%kF~Lg | 2s5"%b%G%k$+$i0lHL@~7A%b%G%k$^$G | !W , 6&N)=PHG , 1993. [7] W. F� orstner, Reliabilit y analysis of parameter estima- tion in linear mo dels with applications to mensuration problems in computer vision, Comput. Vision Gr aphics Image Pr o c ess. , 40 (1987), 273{310. [8] W. A. F uller, Me asur ement Err or Mo dels , Wiley , New Y ork, 1987. [9] B. Efron and R. J. Tibshirani, An Intr o duction to Bo ot- str ap , Chapman-Hall, New Y ork, 1993. [10] K. Kanatani, Ge ometric Computation for Machine Vi- sion , Oxford Universit y Press, Oxford, U.K., 1993. [11] 6b C+ 7r 0l , !V6u 4V %G!< %? $N ?t M} | #3 <! 85 %3 %s %T%e!< %F%# %s %0 $K8~$1$F | !W , D+AR=qE9 , 1995. [12] 6bC+7r0l , Ev$F$O$aLdBj$N:GE,?dDj$H@:EY$NM}O@8B3& , >pJs=hM} 3X2qO@J8;o , 36 -8 (1995), 1865{1873. [13] 6bC+7r0l , 4v2?3XE*Jd@5LdBj$N:GE,7W;;$H@:EY$NM}O@8B3& , >pJs =hM}3X2qO@J8;o , 37 -3 (1996), 363{370. [14] 6bC+7r0l , >pJsNL4p=‘$K$h$k4v2?3XE*%b%G%kA*Br , >pJs=hM}3X2q O@J8;o , 37 -6 (1996), 1073{1080. [15] K. Kanatani, Statistic al Optimization for Ge ometric Computation: The ory and Pr actic e , Elsevier Science, Amsterdam, The Netherlands, 1996. [16] 6bC+7r0l , <+8JI>2A$rH<$&%"%/%F%#%V%S%8%g%s , F|K\%m%\%C%H3X 2q;o , 15 -2 (1997), 268{274. [17] K. Kanatani, Commen ts on \Symmetry as a Con tin uous F eature", IEEE T r ans. Patt. Anal. Mach. Intel l. , 19 -3 (1997), 246{247. [18] K. Kanatani, Commen ts on \Nonparametric Segmen- tation of Curves into V arious Representations", IEEE T r ans. Patt. Anal. Mach. Intel l. , 19 -12 (1997), 1391{ 1392. [19] K. Kanatani, Cramer-Rao low er b ounds for curve �t- ting, Gr aphic al Mo dels Image Pr o c essing , 60 -2 (1998), 93{99. [20] K. Kanatani, Geometric information criterion for mo del selection, Int. J. Comput. Vision , 26 -3 (1998), 171{189. [21] 6b C+ 7r 0l , >> 1J NO , 4v 2? 3X E* #M #D #L $H $= $N %a %G%# %" 1~ MQ , >p Js =h M} 3X 2q %3 %s %T%e!< %? %S %8%g %s $H %$ %a!< %8 %a %G%# %" 8& 5f 2q , 2000-CVIM-122 (2000-5). [22] Y. Kanazaw a and K. Kanatani, In�nity and planarity test for stereo vision, IEICE T r ans. Inf. & Syst. , E80- D -8 (1997), 774{779. [23] 6b_7 Lw , 6bC+7r 0l , 4v2? 3XE* AIC $K$h$k2h A|%b%6%$%/ @8@.$N0B Dj 2= , EE ;R>p JsDL ?. 3X2q O@J8 ;o A, J83-A -6 (2000), to ap- p ear. [24] LZ2<7I2p , M. Linden baum, 4v2?3XE* AIC $K$h$k%+%a%i%b%G %k A* Br , >pJs =h M} 3X2q %3 %s %T%e!< %?%S %8%g %s $H%$ %a!< %8 %a %G%# %"8&5f2q , 99-CVIM-114-8 (1999-1), 57{64. [25] S. Kullback, Information The ory and Statistics , Wiley & Sons, New Y ork, 1951. [26] >>1JNO , 6bC+7r0l , J?LL%Q%?%s$rMQ$$$k0\F0%+%a%i$N9;@5!’:GE, 7W;;!$?.Mj@-I>2A!$$*$h$S4v2?3XE* AIC $K$h$k0BDj2= , EE;R>p JsDL?.3X2qO@J8;o A, J83-A -6 (2000), to app ear. [27] D. D. Morris and T. Kanade, A uni�ed factorization algorithm for p oin ts, line segments and planes with un- certaint y mo dels, Pr o c. 6th Int. Conf. Comput. Vision , January 1998, Bomba y , India, pp. 696{702, [28] M. K. Murray and J. W. Rice, Di�er ential Ge ometry and Statistics , Chapman-Hall, London, 1993. [29] D9 Hx =_J? , 4Z B@=X , $+ $/ MpJl ?t $r4^ $‘ >l9g $N MDL 4p =‘ $N9= C[ $H 6u 4V?^ 7A %b%G %k ?dDj Ld Bj$X $N 1~MQ , EE ;R>p Js DL?. 3X 2qO@ J8 ;o A, J83-A -1 (2000), 83{95. [30] J. Neyman and E. L. Scott, Consisten t estimates based on partially consistent observ ations, Ec onometric a , 16 - 1 (1948), 1{32. [31] N. Ohta and K. Kanatani, Mo ving ob ject detection from optical ow without empirical thresholds, IEICE T r ans. Inf. & Syst. , E81-D -2 (1998), 243{245. [32] :dK\ 7D9T , @P 9u??LZ IW , KL@n 8;;MO: , !V>pJsNL E}7W3X!W , 6&N)=P HG , 1983. [33] J. Shi and C. T omasi, Go o d features to trac k, Pr o c. IEEE Conf. Comput. Vision Patt. R e c o gn. , June 1994, Seattle, W A, pp. 593{600. [34] A. Singh, An estimation-theoretic framework for image- ow computation, Pr o c. 3r d Int. Conf. Comput. Vision , December 1990, Osak a, Japan, pp.168{177. [35] C]Fb7< , !V?tM}E}7W3X!W , ElMN7P:Q?7Js<R , 1963. [36] P . H. S. T orr, An assessment of information criteria for motion mo del selection, Pr o c. IEEE Conf. Comput. Vi- sion Patt. R e c o gn. , June 1997, Puerto Rico, pp. 47{53. [37] P . H. S. T orr, Geometric motion segmen tation and mo del selection, Phil. T r ans. R oy. So c. , A- 356 -1740 (1998), 1321{1340. [38] P . H. S. T orr, A. W. Fitzgibb on and A. Zisserman, The problem of degeneracy in structure and motion reco v- ery from uncalibrated image sequences, Int. J. Comput. Vision , 32 -1 (1999), 27{44. [39] Iman T riono, N. Ohta and K. Kanatani, Automatic recognition of regular �gures by geometric AIC, IEICE T r ans. Inf. & Syst. , E81-D -2 (1998), 246{248. 8