4v2?3XE*#M#D#L$H$=$N%a%G%#%"1~MQ 6bC+ 7r0l � >>1J NO y � 72GOBg3X9)3XIt>pJs9)3X2J y ( 3t ) J~1I J|Aw%7%9%F%‘3+H/It !VE} 7W E* ?d B,!W $N %G!< %? ?t 1 $N 6K 8B $G $N !VA2 6a E*!W @- <A $, !V4v 2? 3X E* Ev $F $O $a!W $G $O 8m :9 0 $N !VL5 8B >. @] F0!W $N 6K 8B $G @. N) $9 $k $H $$ $& !VAP BP @-!W $K 4p $-!" !V Rissanen $N MDL !W $N AP BP $H $7 $F !V4v 2? 3X E* MDL !W $, F@ $i $l $k $3 $H $r =R $Y!" $= $N >p Js M} O@ E* 2r <a $r M? $( $k!# $= $7 $F J? LL >e $N E@ Ns $X $N BJ 1_ $H 1_ $H D> @~ $N Ev $F $O $a!" $* $h $S6u 4VCf $NE@ Ns$X$N D>@~ $HJ? LL$NEv $F$O $a$N %7%_%e%l!< %7%g%s $r9T $$!"4v2? 3XE* AIC $H 4v2? 3XE* MDL $NFC @- $, $I $N $h $& $K 0[ $J $k $+ $r 4Q ;! $9 $k!# :G 8e $K %7 %_%e %l!< %7%g %s <B 83 $* $h $S <B 2h A| $K $h $k 2> A[ %9 %? %8 %* $X $N 1~ MQ <B 83$r 9T$$!" 4v2? 3XE* AIC $N$[ $&$, %G!<%?$K $h$j Ci<B $G$"$j!" 4v2? 3XE* MDL $N$[ $&$, B‘2= $7$?%b %G%k $rA*$S $d $9$$$3$H$r<($9!# %-!<%o!<%I : E}7WE*?dB,!"4v2?3XE*Ev$F$O$a!"4v2?3XE* AIC !"4v2?3XE* MDL !"%b%G%kA*Br!"2>A[%9%?%8%* Geometric MDL and Its Media Applications Kenic hi Kanatani � and Chik ara Matsunaga y � Departmen t of Computer Science, Gunma Univ ersit y , Kiryu, Gunma 376-8515 Japan y Broadcast Division, F OR-A Co. Ltd., 2-3-3 Ohsaku, Sakura, Chiba 285-0802 Japan Based on the dualit y that the asymptotic prop erties of statistic al infer enc e in the limit of an in�nite n um b er of observ ations hold for ge ometric �tting in the limit of in�nitesimal p erturb ations , w e de�ne the ge ometric MDL as the dual to R issanen ’s MDL and giv e a rigorous information-theoretic in terpretation. W e then do sim ulations for �tting an ellipse, a circle, and aline to p oin ts in t w o dimensions and a line and a plane to p oin ts in three dimensions examples and observ e that the geometric AIC and the geometric MDL exhibit di�eren t p erformance c haracteristics. Finally , w e do virtual studio exp erimen ts using real images and observ e that the geometric AIC is more faithful to the data than the geometric MDL, whic h is more lik ely to c ho ose degenerate mo dels. Key w ords : statistical inference, geometric �tting, geometric AIC, geometric MDL, mo del selection, virtual studio <U <- : K\ 8& 5f $N 0l It $O J8 It >J 2J 3X 8& 5f Hq 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$N Stev e Ma ybank 65<x!"M}2=3X8&5f=j$N4EMx=S0lGn;N!"EE5$DL?.Bg3X$N4ZB@=X65<x!"72GOBg3X$N4XMG0l=u65<x$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 y 285-0802 @iMU8):4AR;TBg:n 2{3{3 ( 3t ) J~1I J|Aw%7%9%F%‘3+H/It T el: (043)498-1239, F ax: (043)498-2223, E-mail: matsunaga@for-a.co.jp 1

1. =xO@ A0 Js [15] $G $O !VE} 7W E* ?d B,!W $N %G!< %? ?t 1 $N 6K 8B $G $N !VA2 6a E*!W @- <A $, !V4v 2? 3X E* Ev $F $O $a!W $G $O 8m :9 0 $N !VL5 8B >. @] F0!W $N 6K 8B $G @. N) $9 $k $H $$ $& !VAP BP @-!W $r <( $7 $?!# $= $7 $F!" 3N N( 8= >] $N H/ @8 5! 9= $r @b L@ $9 $k !V3N N( %b %G %k!W $H %G!< %? 6u 4V Cf $N B? MM BN $H $7 $F $N !V4v 2? 3X E* %b %G %k!W $r BP Hf $9 $k $3 $H $K $h $j ( @V CS $N ) !V AIC !W$H !V4v2?3X E* AIC !W$NF3=P $d8m:9 $N?dDj J}<0 $,$I$N$h$&$K0[$J$k$+$r<($7$?!# E} 7W E* ?d B, $K $* $$ $F @V CS $N AIC $H $H $b $K $h $/ CN $i $l $F $$ $k $b $N $K (Rissanen $N ) !V MDL !W [28, 29] $, $" $k!# $= $7 $F!" %3 %s %T%e!< %? %S %8%g %s $d %m %\%C %H 9) 3X $N J, Ln $G $b => Mh $+ $i MDL $r MQ $$ $k $H >N $9 $k 8& 5f $b $"$C $?!# $7 $+ $7!" E} 7W E* ?d B, $N 7A $N Ld Bj $K Rissanen $N MDL $r $= $N $^ $^ E, MQ $7 $? $b $N $r JL $H $9 $l $P [23] !" E} 7W E* ?d B, $H 4v 2? 3X E* Ev $F $O $a $r 6h JL $7 $J $+$C $? $j [31] !" C1 $K 5- =R $N C; $$ 2r $r F@ $k $H $$ $& $b $N $, B? $+$C $? [4, 19, 25] !# K\ O@ J8 $G $O E} 7W E* ?d B, $H 4v 2? 3X E* Ev $F $O $a $N AP BP @- $r Mx MQ $7 $F Rissanen $N MDL $N AP BP $H $7 $F !V4v 2? 3X E* MDL !W $r Dj 5A $7!" $= $N >p Js M} O@ E* 2r <a $r M? $( $k!# $= $7 $F %7 %_%e %l!< %7%g %s <B 83 $K $h $j 4v 2? 3X E* AIC $H 4v 2? 3X E* MDL $N FC @- $r Hf 3S $9 $k $H $H $b $K!" 2> A[ %9 %? %8 %* $X $N 1~ MQ <B 83 $r 9T $$!" 4v 2? 3X E* AIC $N $[ $& $, %G!< %? $K $h $j Ci <B $G $" $j!" 4v 2? 3X E* MDL $N $[ $& $, B‘ 2=$7$?%b%G%k$rA*$S$d$9$$$3$H$r<($9!# 2. 4v2?3XE*Ev$F$O$a A0Js [15] $G 4v2? 3XE* Ev$F $O$a $r<! $N$h $&$K Dj<0 2=$7 $?!# N 8D $N m <! 85 %G!< %? f x � g $, 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 $@ $1 $: $l $F $$ $k $H $9 $k!# $= $7 $F!" $= $l $i $N ?? $N0L CV � x � $O p <! 85 %Y %/ %H %k u $G %Q %i %a!< %? 2= $5 $l $? <! $N 7A $N r 8D $N 94 B+ >r 7o $r K~ $? $9 $H $9 $k!# F ( k ) ( � x � ; u ) = 0 ; k = 1 ; :::; r (1) %G!< %? $N 6& J, ;6 9T Ns V [ x � ] $O Dj ?t G\ $r =| $$ $F 4{ CN $H $7!"<!$N$h$&$K=q$1$k$H$9$k!# V [ x � ] = � 2 V 0 [ x � ] (2) %Q %i %a!< %? $N u $N :G L‘ ?d Dj $O V 0 [ x � ] $K 4X $9 $k %^ %O %i %N%S%95wN%$N 2 >hOB J = N X � =1 ( x � � � x � ; V 0 [ x � ] � 1 ( x � � � x � )) (3) $r 94 B+ >r 7o (1) $N $b $H $G :G >. 2= $9 $l $P $h $$!# $? $@ $7!" %Y%/%H%k a , b $NFb@Q$r ( a ; b ) $H5-$9!# 3. Rissanen $N MDL Rissanen $N MDL $O >p Js M} O@ E* $J Id 9f D9 $r %b %G %k $N $h $5 $N <\ EY $H $9 $k $b $N $G $" $j!" %G!< %? D9 1 $N 3N N( L) EY $N A2 6a 2r @O $+ $i F3 =P $5 $l $k!# $7 $? $,$C $F!" A2 6a 2r @O $, 0U L# $r ;} $? $:!" 3N N( 9= B$ $H $O L5 4X 78 $N 4v 2? 3X E* %b %G %k $K $O E> MQ $G $- $J $$!# @V CS $N AIC $, K\ <A E* $K 4| BT CM I> 2A $G $" $j!" $7 $? $,$C $F 4v 2? 3X E* %b %G %k A* Br $K $b MF 0W$KE>MQ$G$-$k$N$HCx$7$$BP>H$G$"$k!# $3 $N $3 $H $O Rissanen $N MDL $, BP ?t L‘ EY $N 9‘ $H k log n $N 9‘ $+ $i @.$C $F $$ $k $3 $H $K 8= $l $F $$ $k!# k $O %b %G %k $N %Q %i %a!< %? ?t!" n $O !V%G!< %? D9!W $H $5 $l $F $$ $k $,!" %G!< %? D9 $H $O 2? $+ $K $D $$ $F 2r @b =q ( Nc $( $P [2, 33]) $K $O 2? $b =q $+ $l $F $$ $J $$!# Nc $( $P J? LL >e $K 10 E@ ( x 1 ; y 1 ), ..., ( x 10 ; y 10 ) $,M? $($i$l $?$H $-!" n = 10 $J $N $+!" $= $l $H $b <B ?t %G!< %? $H $7 $F n = 20 $J $N $+!# $" $k $$ $O 20 <! 85 D> @Q 6u 4V $K H/ @8 $7 $? 1 8D $N %G!< %? $H $_$J$7$F n = 1 $G$"$m$&$+!# 2r @b =q$N F3 =P $r$h $/ 8! F$$9 $k $H!" n $H$O !VA4 %G!< %? $N%U%#%C%7%c!<>pJs9TNs$N 1 =n $, n ! 1 $GDj?t9TNs $K <} B+ $9 $k $h $& $J ?t!W $G $" $k $3 $H $, $o $+ $k!# $= $N $h $& $J ?t $J $i 2? $G $b $h $$!# J? LL >e $N E@ $N Nc $G $O n = 10 $G $b n = 5 $G $b $h $$!# $J $< $J $i Rissanen $N MDL $O A2 6a I> 2A <0 $G $" $j!" n ! 1 $N $H $- O (log n ) 0J 2< $G A} 2C$9$kNL$OL5;k$5$l$k$+$i$G$"$k [2, 33] !#Nc$($P n $H 2 n $H$G$O log 2 n = log n + log 2 � log n $G$"$k!# $9 $J $o $A Rissanen $N MDL $r Dj 5A $9 $k !V%G!< %? D9!W $, $= $b $= $b A2 6a E* $J 35 G0 $G $" $k!# FH N) $J 4Q B, $N >l 9g $O n $r 4Q B, ?t $H $b 2r <a $G $- $k $,!" 4Q B, ?t $N G$ 0U $N ( 8G Dj $7 $? ) Dj ?t G\ $G $b $h $$!# $= $7 $F Rissanen $N MDL $ODj?t c $KBP$7$F log cn = log n + log c � log n $G$"$k$h$&$J n $KBP$7$FE,MQ$5$l$k!# $h $/ 9M $( $k $H $3 $l $O Ev A3 $G $" $k!# <B ?t $r 07 $& Ld Bj $G $O <B ?t $r 40 A4 $K Id 9f 2= $9 $k $N $K L5 8B Bg $N Id 9f D9 $r MW $9 $k!# $7 $+ $7!" <B ?t $O 40 A4 $K $O ?d Dj $G $- $J $$ $H 9M $( $l $P E, Ev $J NL ;R 2= $K $h$C $F M- 8B D9 $G 5- =R $G $- $k!# $= $N NL ;R 2= I} $O ?d Dj @: EY $, >e $, $k $K $D $l $F >. $5 $/ $9 $l $P $h $$!# E} 7W E* ?d Dj $G $O %G!< %? $, B? $$ $[ $I ?d Dj @: EY $, >e $, $k $N $G!" \ %G!<%?D9 " n $K1~ $8$?:G E,$JNL ;R2=I} $rMQ$$ $l $P $h $$!# %G!< %? D9 n $r L5 8B $K A} $d $9 $H 5- =R D9 $, 1 $K $J $k $N $G!" A2 6a I> 2A $, I, MW $H $J $k!# MW $9 $k $K MDL $O :G C; \ 5- =RD9 " $H $$$& $h $j:G C; \ 5- =RD9 A} BgB. EY " $G$" $k!# 4. 4v2?3XE* MDL A0 Js [15] $K=R $Y$? $h$& $K!"4v 2?3X E*Ev $F$O $a$G $O4Q B, ?t $O >o $K 1 $G $" $j!" $7 $? $,$C $F 4Q B, ?t 1 $G $N $_ 0U L# $r $b $D Rissanen $N MDL $O E, 9g $7 $J $$!# $7 $+ $7!" n ! 1 $N E}7WE* ?dB,$H � ! 0 $N 4v2?3X E*Ev$F $O$a$H $N AP BP @- $K Ce L\ $9 $k $H!" \ ;~ 4V " � $N � ! 0 $K BP $9 $k \ 5-=RD9A}BgB.EY " $rI>2A$9$l$P$h$$!# A0 Js [15] $G 9M $( $? 2> A[ E* $J A2 6a 2r @O $K $h $k $H!" 2> 2

A[ E* 4Q B, ?t n $, A} $( $l $P %N %$ %: %l %Y %k � $, <B <A E* $K O (1 = p n ) $K $J $k!# $7$? $,$C $F n = O (1 =� 2 ) $G $" $k!# Rissanen $N MDL $O Ii $N BP ?t L‘ EY $K ( k = 2) log n $, 2C $o$C $? $b $N $G $" $j!" 8m :9 $, @5 5, J, I[ $N >l 9g $N Ii $N BP ?t L‘ EY $O J = 2 � 2 $H =q $1 $k $+ $i!" $= $N \ AP BP " $, <! $N $h $& $KM=A[$5$l$k!# G-MDL = ^ J � ( N d + p ) � 2 log � 2 (4) $3 $l $r 4v 2? 3X E* MDL $H 8F $\ $& 1 !# $b $A $m $s 4v 2? 3X E* Ev $F $O $a $K $* $$ $F $O � 2 $O %b %G %k %Q %i %a!< %? $G $O $J $$ $+$i!"0lHL%b%G%k$+$i<!$N$h$&$K?dDj$9$k [15] !# ^ � 2 = ^ J r N � p (5) 5. >pJsM}O@E*2r<a <0 (4) $N 4v 2? 3X E* MDL $, <B :] $K � $K 4X $9 $k :G C; 5- =R D9 A} Bg B. EY $H 2r <a $G $- $k $3 $H $r <( $= $&!# 4v 2? 3X E* Ev $F$O$aLd Bj$O (i) %G!<%? f x � g !" (ii) $=$l$i$N ??$N0LCV f � x � g !" (iii) %Q %i %a!< %? u $H $G ;X Dj $5 $l $k $N $G!" $3 $l $i$rId9f2=$9$l$P$h$$!# (i) %G!< %? f x � g $N Id 9f 2=!# %G!< %? $N L) EY 4X ?t $O <! $N $h$&$K=q$1$k!# P = N Y � =1 e � ( x � � � x � ;V 0 [ x � ] � 1 ( x � � � x � )) = 2 � 2 (2 � � 2 ) m det V 0 [ x � ] = e � J = 2 � 2 (2 � � 2 m ) N Q N � =1 det V 0 [ x � ] (6) <0 (6) $N L) EY 4X ?t $K $h$C $F %G!< %? f x � g $r :G C; 8l F, Id 9f2=$9$k$K$O$[$\<!$ND9$5$,I,MW$H$J$k 2 [2, 33] !# � log P = J 2 � 2 + N log (2 � � 2 m ) + N X � =1 log det V 0 [ x � ] (7) 1& JU $N :G 8e $N 2 9‘ $O ( 4v 2? 3X E* ) %b %G %k $K 0M B8 $7 $J $$ Dj?t$G$"$k!# (ii) ?? $N 0L CV f � x � g $N Id 9f 2=!# ?? $N 0L CV $O %G!< %? $K 8m :9 $, $" $k $+ $. $j 87 L) $K $O 5a $^ $i $J $$ $N $G $= $N :G L‘ ?d Dj NL ^ x � $r Id 9f 2= $9 $k [2, 33] !# ^ x � $O %G!< %? x � $r $= $N 6& J, ;6 9T Ns V 0 [ x � ] $N Dj 5A $9 $k %^ %O %i %N %S %9 5w N% $, :G >. $K $J $k $h $& $K!" 94 B+ >r 7o$N Dj 5A $9 $k d <! 85 %b %G %k B? MM BN S $X<M 1F$7 $?E@ $G$" $k [11] !# $=$N E@$N 6&J, ;69T Ns V [ ^ x � ] $O<!$N$h$&$K$J$k 3 [9, 11] !# V [ ^ x � ] = � 2 V 0 [ ^ x � ] + O ( � 4 ) (8) 1 AIC $N >l 9g $H F1 MM $K!" 4v 2? 3X E* Ev $F $O $a $K MDL $H G-MDL $N 2 <o N‘ $, Dj 5A $5 $l $k $o $1 $G $O $J $$ $N $G!" C1 $K MDL $H =q $$ $F $b $h $$!# 2 >p Js M} O@ E* $K $O log $N Dl $O 2 $G $" $k $,!" Id 9f D9 $r B, $k $N $K log 2 e %S%C%H$r 1 $H$9$kC10L$rMQ$$$l$P<+A3BP?t$H$_$J$7$F$h$$!# 3 :G 8e $N O ( � 4 ) $r=| $$ $? $b $N $,E} 7W E* ?d B,$K $* $1 $k %/%i %a %k!& %i %* $N 2< 3& $K Aj Ev $9 $k 6& J, ;6 9T Ns $N 2< 3& $G $" $j!" 8m :9 $, @5 5, J, I[ $K => $&:GL‘?dDj$G$O O ( � 4 ) $r=|$$$F$3$l$,C#@.$5$l$k [11] !# V 0 [ ^ x � ] $O <!$N %i%s %/ d $N m � m FC 0[H> @5CM BP >N9T Ns $G$"$k!# V 0 [ ^ x � ] = V 0 [ x � ] � r X k ;l =1 W ( k l ) � ( V [ x � ] r x F ( k ) � )( V [ x � ] r x F ( k ) � ) > (9) $? $@ $7 W ( k l ) � $O ( r x F ( k ) ; V [ x � ] r x F ( l ) ) $r ( k l ) MW AG $H$9$k r � r 9TNs$N5U9TNs$N ( k l ) MWAG$G$"$k [15] !# ^ x � $N @: EY $O $[ $\ � $K Hf Nc $9 $k $N $G!" � x � $N Dj 5A 0h $N d <! 85 %b %G %k B? MM BN S $r I} c� $G 9o $_!" $= $N 3J ;R E@ $r ;X Dj $9$l$P$h$$!#$=$NId9fD9$O<!$N$h$&$K$J$k!# ( Dj?t ) � log ( c� ) d = ( Dj?t ) � d log � (10) N 8D%G!<%?$,$"$k$+$i!"9g7W$O<!$N$h$&$K$J$k!# ( Dj?t ) � N d log � (11) (iii) %Q %i%a!<%? u $NId 9f2=!#$3 $l$b?? $NCM$O %G!<%?$K 8m :9 $, $" $k $+ $. $j 87 L) $K $O 5a $^ $i $J $$ $N $G!" $= $N :G L‘ ?d Dj NL ^ u $r Id 9f 2= $9 $k!# $= $N 6& J, ;6 9T Ns V [ ^ u ] $O <! $N $h$&$K$J$k 4 [8, 11] !# V [ ^ u ] = � 2 V 0 [ ^ u ] + O ( � 4 ) (12) V 0 [ ^ u ] = � N X � =1 r X k ;l =1 W ( k l ) � ( r u F ( k ) � )( r u F ( l ) � ) > � � 1 (13) � x � $N >l 9g $H F1 MM $K!" u $N p <! 85 %Q %i %a!< %? 6u 4V $r I} C � $G 9o $a $P!" 3J ;R E@ $r ;X Dj $9 $k Id 9f D9 $O <! $N $h $& $K $J$k!# ( Dj?t ) � log ( C � ) p = ( Dj?t ) � p log � (14) <0 (7) $G %b %G %k $K 0M B8 $7 $J $$ Dj ?t $r L5 ;k $7!" 4X ?t J $r ^ J $K CV $-49 $( $F$b :9$O � $N 9b <!$N 9‘ $G$" $k $3$H $r 9M N8$9$k$H!"A4BN$NId9fD9$O<!$N$h$&$K$_$J$;$k!# ^ J 2 � 2 � ( N d + p ) log � (15) $3$l$r 2 � 2 G\$9$k$H<0 (4) $,F@$i$l$k 5 !# 6.. :GE,NL;R2= A0 @a $N 2r @O $O $* $* $6$C $Q $J I> 2A $G $" $k $,!" Rissa- nen [2, 29, 33] $K $J $i$C $F!" ^ x � $N J, 3d I} c� $N 78 ?t c 4 :G 8e $N O ( � 4 ) $r =| $$$? $b $N $, E}7W E* ?d B, $K$* $1 $k %/ %i%a %k!& %i %* $N 2< 3& $K Aj Ev $9 $k 6& J, ;6 9T Ns $N 2< 3& $G $" $j!" 8m :9 $, @5 5, J, I[ $K => $&:GL‘?dDj$G$O O ( � 4 ) $r=|$$$F$3$l$,C#@.$5$l$k [11, 13] !# 5 @V CS $N AIC $d Rissanen $N MDL $K %G!< %? ?t n $N <0 $r 3] $1 $? $j B- $7 $? $j $7 $F $b!" n $O 3F %b %G %k $K 6& DL $G $" $k $+ $i Aj BP E* $J Hf 3S $K 1F 6A $7 $J $$!# F1 MM $K!" 4v 2? 3X E* AIC $d 4v 2? 3X E* MDL $K %N %$ %: %l %Y %k � $N <0 $r 3] $1 $? $j B- $7 $? $j $7 $F $b!" � $O 3F %b %G %k $K 6& DL $G $" $k $+$iAjBPE*$JHf3S$K1F6A$7$J$$!# 3

$r %G!< %? $4 $H $* $h $S J} 8~ $4 $H $K JQ $(!" ^ u $N J, 3d I} C � $N 78 ?t C $b :B I8 $4 $H $K JQ $(!" $= $l $i $r A4 Id 9f D9 $, :G >.$K$J$k$h$&$K:GE,$KNL;R2=$9$k$3$H$r9M$($k!# 4pAC$H$J$k$N$O!"<0 (8), (12) $+$i<0 (3) $,<!$N$h$& $K=q$1$k$H$$$&;v<B$G$"$k [8, 11] !# J = ^ J + N X � =1 ( x � � ^ x � ; V 0 [ ^ x � ] � ( x � � ^ x � )) +( u � ^ u ; V 0 [ ^ u ] � 1 ( u � ^ u )) + O ( � 3 ) (16) $? $@$7 ^ J $O J $K x � = ^ x � , u = ^ u $r BeF~ $7 $?CM $G $" $j!" V 0 [ ^ x � ] � $O ( %‘!< %"!& %Z %s %m!< %: $N ) 0l HL 5U 9T Ns $G$"$k!# $^ $: u $K $D $$ $F 9M $( $k!# u $N p <! 85 %Q %i %a!< %? 6u 4V R p $r 3F :B I8 <4 J} 8~ $K I} � u i , i = 1, ..., p $G J, 3d $9 $l $P!" $= $N D: E@ $r ;X Dj $9 $k Id 9f D9 $O Dj ?t 9‘ $r =| $$ $F � P p i =1 log � u i $H $J $k [2, 33] !# $7 $? $,$C $F <0 (16) $+ $i <0 (7) $N Id9f D9 $N u $K 4X78 $9 $k ItJ, $, <! $N$h $& $K 8+ @Q$b$l$k!# ( � u ; V 0 [ ^ u ] � 1 � u ) 2 � 2 � p X i =1 log � u i (17) $? $@ $7 � u = ( � u i ) $G $" $k!# � u i $G Hy J, $7 $F 0 $H CV $/ $H<!<0$rF@$k!# 1 � 2 � V 0 [ ^ u ] � 1 � u � i = 1 � u i (18) %Q %i %a!< %? 6u 4V R p $N :B I8 7O $r V 0 [ ^ u ] $, BP 3Q 9T Ns $K $J $k $h $& $K $H $l $P 2r � u i = � p � i $r F@ $k!# $? $@ $7 � i $O V 0 [ ^ u ] $N Bh i 8G M- CM $G $" $k!# $3 $l $r Be F~ $7!" Q p i =1 � i = det V 0 [ ^ u ] $KCm0U$9$k$H<0 (17) $O<!$N$h$&$K$J$k!# p 2 � p 2 log � 2 � 1 2 log det V 0 [ ^ u ] (19) � $, >. $5 $$ $H $- � log � � 1 $G $" $j!" <g MW 9‘ $N $_ ;D $7 $F 2 � 2 G\ $9 $k $H <0 (4) Cf $N 9‘ � p� 2 log � 2 $, F@ $i $l $k!# F1 MM $K 3F x � $N Dj 5A 0h $N d <! 85 %b %G %k B? MM BN S $r N% ;6 2= $7!" <0 (16) $N Bh 2 9‘ $H 9g $o $; $F :G E, Id 9f 2= $r 9T$C $F 2 � 2 G\ $9 $l $P <0 (4) Cf $N 9‘ � N d� 2 log � 2 $, F@ $i$l$k!# 7k 2L $H $7 $F!" $3 $N $h $& $J 87 L) $J 2r @O 6 $r $7 $F $b 4v 2? 3X E* MDL $K $O H? 1G $5 $l $:!" <B <A E* $K MQ $$ $? $N $O \ ?d Dj NL $N 8m :9 $, $[ $\ � $K Hf Nc $9 $k " $H $$ $& ;v <B $N $_ $G $" $k 7 !# $= $7 $F!" 4v 2? 3X E* MDL $O Dj ?t c $K BP $7 $F � log c� = � log � � log c � � log � $G$"$k$h$&$J>.$5 $$%N%$%:%l%Y%k � $KBP$7$FE,MQ$5$l$k$3$H$b$o$+$k!# 6 E} 7W E* ?d Dj $G $O $3 $N $h $& $J 2r @O $O 3N N( E* J# ;( EY $H 8F $P $l!" <o!9 $N 3X =, Ld Bj $N I> 2A $H $7 $F MQ $$ $i $l $F $$ $k $= $& $G $" $k [32] !# K\ @a $N 2r @O $O 4v 2? 3X E* Ev $F $O $a $K BP $9 $k \ AP BP " 3N N( E* J# ;( EY $H $b 2r <a $G $- $k!# 7 7k 2L E* $K $O @V CS [1] $N ;X E& $9 $k $h $& $K!" Rissanen $N :G E, NL ;R 2=$O log $N9‘$r=P$9$?$a$N8@$$Lu$G$"$k$H;W$($J$/$b$J$$!# ?^ 1: BJ1_$H1_$HD>@~$NEv$F$O$a!# 7. J?LL>e$ND>@~$H1_$N8!=P x <4$K86 E@$G@\$7$F y <4J}8~$N H>7B$, 50 !"N%?4N($, 1 =� $N BJ 1_ >e $K x :B I8 $, Ey 4V 3V $N 11 8D $N E@ $r $H $j!" x , y :B I8$K 4| BT CM 0 !"I8 =‘ JP :9 � $N @5 5, Mp?t 8m :9 $r2C $( $F!" D> @~!" 1_!" BJ 1_ $r :G E, $K Ev $F $O $a $k!# $3 $N Ev $F $O $a $O !V$/ $j $3 $_ K!!W $H 8F $V <j K! $K $h $j 8z N( E* $K 7W ;; $G$-$k [6, 11, 16, 17] !#?^ 1 $O � = 2.5 !" � = 0.1 $N>l 9g$N0lNc$G$"$k!# D> @~!" 1_!" BJ 1_ $O $I $l $b 1 <! 85 $G $" $j!" <+ M3 EY $O $= $l $> $l 2, 3, 5 $G $" $k $+ $i!" N E@ $K BP $9 $k 4v 2? 3X E* AIC $H4v2?3XE* MDL $O$=$l$>$l<!$N$h$&$K$J$k!# G-AIC l = ^ J l + 2( N + 2) � 2 G-AIC c = ^ J c + 2( N + 3) � 2 G-AIC e = ^ J e + 2( N + 5) � 2 G-MDL l = ^ J l � ( N + 2) � 2 log � 2 G-MDL c = ^ J c � ( N + 3) � 2 log � 2 G-MDL e = ^ J e � ( N + 5) � 2 log � 2 (20) E: ;z $N l , c , e $O $= $l $> $l D> @~!" 1_!" BJ 1_ $r 0U L# $9 $k!# $3$l $r � $r $$$m $$ $mJQ $($J $, $i7W ;;$7!" 4v2? 3X E* AIC $*$h$S4v2?3X MDL $,>.$5$$%b%G%k$rA*$V!# ?^ 2(a) $O � = 0 : 01 $N >l 9g $K � = 0 $N 6a K5 $G FH N) $K 8m :9 $r JQ $( $F 1000 2s ;n 9T $7!" D> @~ $H H= Dj $5 $l $? 3d 9g (%) $G$"$k!#8m:9$,$J$1$l$P � 6 = 0 $G 0% !" � = 0 $G 100% $H $J $k!# 8m :9 $, $" $k $H $-!" 4v 2? 3X E* AIC $O D> @~ $N >l 9g $K %T!< %/ $r ;} $A!" D> @~ $r BJ 1_ $H 6h JL $9 $k G= NO $, 9b $$ $,!" D> @~ $N >l 9g $G $b 0l Dj $N 3d 9g $G BJ 1_ $H G’ <1 $9 $k!# $= $l $K BP $7 $F 4v 2? 3X E* MDL $O D> @~ $r D> @~ $H H= Dj $9 $k 3d 9g $, 8m :9 $, >. $5 $$ $H 100% $K 6a $$ $,!" D> @~ $G $J$$>l9g$b9-$/D>@~$HG’<1$9$k!# ?^ 2(a) $G $O 8m :9 $N I8 =‘ JP :9 � $K ?? $N CM $r MQ $$ $? $,!" $3 $l $r 0l HL %b %G %k $G $" $k BJ 1_ $N Ev $F $O $a $N ;D :9 $+ $i ?d Dj $7 $? $b $N $, ?^ 2(b) $G $" $k!# $P $i $D $- $, A} Bg $7 $F$$$k$,!"$d$O$jF1$8798~$,8+$i$l$k!# ?^ 3 $O F1 MM $K � = 0 : 01 $N >l 9g $K � = 1 $N 6a K5 $G 1_ 4

(a) (b) ?^ 2: 4v2?3XE* AIC( <B @~ ) $H4v2?3XE* MDL( GK@~ ) $K$h $kD>@~$N8!=PN( (%) !# (a) 4{ CN$N%N%$%:%l %Y%k!# (b) ?dDj$7$?%N%$ %:%l%Y%k!# (a) (b) ?^ 3: 4v2?3XE* AIC( <B @~ ) $H4v2?3XE* MDL( GK@~ ) $K$h $k1_$N8!=PN( (%) !# (a) 4{CN $N%N%$%:%l%Y %k!# (b) ?dDj$7$?%N%$%: %l%Y%k!# $HH=Dj$5$l$?3d9g (%) $G$"$k!#8m:9$,$J$1$l$P � 6 = 1 $G 0% !" � = 1 $G 100% $H$J $k!#8m :9$, $"$k $H � < 1 $N C; $$ 8L $O BJ 1_ 8L $+ 1_ 8L $+ $N 6h JL $, Fq $7 $$ $,!" 4v 2? 3X E* AIC $O L@ 3N $K 1_ $r BJ 1_ $H 6h JL $9 $k!# $? $@ $7 1_ $G $b 0l Dj $N 3d 9g $G BJ 1_ $H G’ <1 $9 $k!# $3 $l $K BP $7 $F 4v 2? 3X E* MDL $O � < 1.1 $G $O $I $s $J BJ 1_ $b $[ $H $s $I >o $K 1_ $H G’<1$9$k!# 8. 6u4VD>@~$N8!=P 4v 2? 3X E* Ev $F $O $a $K $* $1 $k !V4v 2? 3X E* %b %G %k!W $O E} 7W E* ?d B, $K $* $1 $k 3N N( L) EY $H $7 $F $N !V3N N( %b %G %k!W $H $O 0[ $J $j!" 94 B+ >r 7o $G M? $( $i $l $k %G!< %? 6u 4V Fb $N B? MM BN $G $" $k!#$3 $N $? $a %b %G %k $N<+ M3 EY ( %Q %i %a!< %? ?t ) $@ $1 $G $J $/!" $= $N \ <! 85 " $, =E MW $J Lr 3d $r 2L $? $9 [10, 11, 14] !#A0 @a$N Nc$G$O BJ1_$b 1_$bD> @~$b 1 <!85 %b%G %k $G <! 85 $K :9 $O $J $/!" :9 $O <+ M3 EY $N $_ $K 8= $l $?!# $= $3 $G <! 85 $N :9 $, $" $k %b %G %k $H $7 $F!" 6u 4V $K J, I[ $7 $? E@ $K D> @~$*$h$SJ?LL$rEv$F$O$a$k!# xy z 6u 4V $N xy LL Fb $N D9 J} 7A NN 0h [0 ; 10] � [ � 1 ; 1] $K 11 E@ $r %i %s %@ %‘ $K $H $j!" y <4 J} 8~ $K A G\ $K 3H Bg $9 $k!#$=$7$F!"3FE@$N x , y , z :BI8$K4|BTCM 0 !"I8=‘JP:9 � $N @5 5, Mp ?t 8m :9 $r 2C $( $F!" J? LL $* $h $S D> @~ $r :G E, $K Ev $F $O $a $k ( 7W ;; <j =g $O [7, 11] ;2 >H ) !# $3 $l $r A $r $$ $m $$ $m $K JQ $( $J $, $i 3F A $K BP $7 $F 4v 2? 3X E* AIC $H 4v 2? 3X E* MDL $r 7W ;; $7!" J? LL $, D> @~ $K B‘ 2= $7 $F $$ $k $H $_$J$;$k$+$I$&$+$rH=Dj$9$k!# 6u 4V D> @~ $O 1 <! 85!" J? LL $O 2 <! 85 $G $" $j!" <+ M3 EY $O $= $l $> $l 4, 3 $G $" $k $+ $i N E@ $K BP $9 $k 4v 2? 3X E* AIC $H4v2?3XE* MDL $O$=$l$>$l<!$N$h$&$K$J$k!# G-AIC l = ^ J l + 2( N + 4) � 2 G-AIC p = ^ J p + 2(2 N + 3) � 2 G-MDL l = ^ J l � ( N + 4) � 2 log � 2 G-MDL p = ^ J p � (2 N + 3) � 2 log � 2 (21) E: ;z $N l , p $O $= $l $> $l 6u 4V D> @~ $* $h $S J? LL $r 0U L# $9 $k!# ?^ 4(a) $O � = 0 : 01 $N>l9g$K A = 0 $N6aK5$GFHN)$K 8m :9 $r JQ $( $F 1000 2s ;n 9T $7!" D> @~ $G $" $k $H H= Dj $5 $l $?3d9g (%) $G$"$k!#8m:9$,$J$1$l$P A 6 = 0 $G 0% !" A = 0 $G 100% $H$J$k!#8m:9$,$"$k$H$-!"4v2?3XE* AIC $O D> @~ $r J? LL $H 6h JL $9 $k G= NO $, 9b $$ $,!" D> @~ $N >l 9g $G $b 0l Dj $N 3d 9g $G J? LL $H G’ <1 $9 $k!# $= $l $K BP $7 $F 4v 2? 3X E* MDL $O D> @~ $r D> @~ $H H= Dj $9 $k 3d 9g $, 8m :9 $, >. $5 $$ $H 100% $K 6a $$ $,!" D> @~ $G $J $$ >l 9g $b 9- $/ D> @~ $H G’ <1 $9 $k!# ?^ 4(a) $G $O 8m :9 $N I8 =‘ JP :9 � $K ?? $N CM $r MQ $$ $F $$ $k $,!" $3 $l $r 0l HL %b %G %k $G $" $k J? LL $N Ev $F $O $a $N ;D :9 $+ $i ?d Dj $7 $? $b $N $, ?^ 4(b) $G $" $k!# $P $i $D $- $, A}Bg$7$F$$$k$,!"$d$O$jF1$8$h$&$J798~$,8+$i$l$k!# 9. 4v2?3XE* AIC vs. 4v2?3XE* MDL 5

(a) (b) ?^ 4: 4v2?3XE* AIC( <B @~ ) $H4v2?3XE* MDL( GK@~ ) $K$h $k6u4VD>@~$N8! =PN( (%) !# (a) 4{CN$N%N%$ %:%l%Y%k!# (b) ?dDj$7$? %N%$%:%l%Y%k!# 0J >e $N <B 83 $+ $i $o $+ $k $h $& $K!" 4v 2? 3X E* AIC $O B‘ 2= %b %G %k $r Hs B‘ 2= %b %G %k $H 6h JL $9 $k G= NO $, 9b $$ $,!" B‘ 2= $N >l 9g $b 0l Dj $N 3d 9g $G Hs B‘ 2= %b %G %k $r A* $V!# $= $l $K BP $7 $F 4v 2? 3X E* MDL $O B‘ 2= $r B‘ 2= $H H= Dj $9 $k 3d 9g $, 8m :9 0 $N L5 8B >. @] F0 $N 6K 8B $G 100% $K 6a $E $/!# $3 $l $, E} 7W E* ?d B, $K $* $$ $F MDL $N 0l CW @- !" $9 $J $o $A Ris- sanen $N MDL $,??$N %b%G%k$rA*$V 3d9g$,%G!<%??t 1 $N 6K 8B $G 100% $K <} B+ $9 $k $3 $H $N 4v 2? 3X E* Ev $F $O $a $K $*$1$kAPBPL?Bj$G$"$k!# 0l CW @- $N Be =~ $H $7 $F!" 4v 2? 3X E* MDL $O B‘ 2= $G $J $$ >l 9g $b I} 9- $/ B‘ 2= $H H= Dj $7!" 4v 2? 3X E* AIC $H Hf $Y $F $h $j 0B A4 B& $K JP$C $F $$ $k!# $3 $l $O 4v 2? 3X E* MDL $N %b %G %k <+ M3 EY $K BP $9 $k %Z %J %k %F%# $, 4v 2? 3X E* AIC $h $j Bg $- $$ $3 $H $+ $i Ev A3 $G $" $k!# $3 $N $? $a 4v 2? 3X E* AIC $N $[ $& $, %G!< %? $K $h $j Ci <B $G $" $j!" 4v 2? 3X E* MDL $N $[$&$,B‘2=%b%G%k$rA*$S$d$9$$!# 10. 2>A[%9%?%8%*$X$N1~MQ 2> A[ %9 %? %8 %* $H $O ?M J* $r ;# 1F $7 $? %S %G %* 2h A| $+ $i ?M J* A| $r @Z $j =P $7!" %0 %i %U%# %/ %9 $G @8 @. $7 $? GX 7J $H 9g @. $9 $k 5; =Q $G $" $k [3, 24, 27, 30] !# %S %G %* %+ %a %i $r G$ 0U $K 0\ F0 $7 $J $, $i %:!< %‘ $r G$ 0U $K JQ $( $F ;# 1F $9 $k $N $G!" E, 9g $7 $? GX 7J $r @8 @. $9 $k $K $O %U %l!< %‘ $4 $H $K %+ %a %i $N 8~$-$d0LCV$d%:!<%‘$rCN$i$J$1$l$P$J$i$J$$!# $3 $l $r CN $k 0l $D $N J} K! $O G; :0 $H C8 @D $K EI $j J, $1 $? 3J ;R %Q %? %s $r GX 7J $K CV $-!" %/ %m %^ %-!< <j K! $K $h$C $F ?M J* A| $N GX 7J $+ $i %Q %? %s $r Cj =P $7!" $= $l $+ $i %+ %a %i $N 8~ $- $d 0L CV $d %:!< %‘ $r 7W ;; $9 $k $3 $H $G $" $k!# 86 %Q %? %s $N 7A >u $d 0L CV $O 4{ CN $G $" $k $+ $i!" 86 M} E* $K $O 4 8D 0J >e $N 3J ;R E@ $, 86 %Q %? %s $H BP 1~ $E $1 $i $l $l $P $3 $l $, 2D G= $H $J $k [18, 20, 21] !#$7$+$7!"<!$NFs$D$NLdBj$,@8$8$k!# 0l $D $O %+ %a %i $, %Q %? %s $K @5 BP $9 $k 0L CV $K Mh $k $H!" %+ %a %i $N A0 ?J $H %:!< %‘ $H $, 6h JL $G $- $:!" 7W ;; $, GK C> $9 $k $3 $H $G $" $k!# $b $& 0l $D $O!" ?M J* $, 0\ F0 $9 $k $H GX 8e $K 8+ $( $k It J, $, 0[ $J $j!" Nc $( %+ %a %i $, @E ;_ $7 $F $$ $F $b %U %l!< %‘ $4 $H $K 2r $, B? >/ 0[ $J $j!" 7W ;; >e %+ %a %i $, ?6 F0 $7 $F$$$k$H$$$&2r<a$,F@$i$l$k$3$H$G$"$k!# $3 $l $K BP $7 $F => Mh $O H/ 8+ E* $J BP =h $, $J $5 $l $F $- $? $,!" $3 $l $O 4v 2? 3X E* %b %G %k A* Br $K $h$C $F 2r 7h $G $- $k!# 6q BN E* $K $O!" DL >o $N ;# 1F $G @8 $8 $d $9 $$ %+ %a %i $N 0\ F0 $d %:!< %‘ $N ;E J} $r %b %G %k 2= $7 $F $* $-!" 3F %U %l!< %‘ $4 $H $K :G$bBEEv$J%b%G%k$rA*Br$9$l$P$h$$ [22] !# ?^ 5(a) $O 3 � 3 3J;R%Q%?%s$H?bD>$JJ?LL>e$G%+%a%i $r!" 3J ;R $N Cf ?4 $r Cm ;k $5 $; $J $, $i >G E@ 5w N% $r =y!9 $K JQ $( $F 0\ F0 $5 $; $? %7 %_%e %l!< %7%g %s $G $" $k!# 0L CV 13 $G %+%a %i$,%Q%?%s$K@5 BP$7!"0LCV 20 � 24 $GDd ;_$7!"0L CV 25 � 30 $G8e B‘ $9$k!# 3J ;R2h A| $ND: E@ $KI8 =‘ JP:9 1 2h AG $N @5 5, J, I[ $K => $& 8m :9 $r Kh 2s FH N) $K 2C $( $F >G E@ 5w N% $H %+ %a %i $N 7P O) $r 7W ;; $7 $?!# $3 $3 $G $O <! $N $h $& $J %b %G%k$rMQ$$$? ( 7W;;$N>\:Y$O [22] ;2>H ) !# � %+%a%i$O@E;_$7!"%:!<%‘$O8GDj!# � %:!<%‘8GDj$G%+%a%i$,2sE>!# � %:!<%‘8GDj$G%+%a%i$OD>?J1?F0!# � %:!<%‘8GDj$G%+%a%i$OG$0U1?F0!# � %:!<%‘$O@~7A$KJQ2=$7!"%+%a%i$OG$0U1?F0!# � $9$Y$F$,JQ2=!# ?^ 5(b), (c) $O >G E@ 5w N% $* $h $S %+ %a %i $N 7P O) $r <( $7 $? $b $N $G $" $k!# 0L CV 13, 14 $G B‘ 2= $, @8 $8!" %b %G %k A* Br $r MQ $$ $J $$ J} K! $G $O 7W ;; $, GK C> $7 $F $$ $k!# GK C> $7 $? $3 $H $r 8+ $d $9 $/ $9 $k $? $a $K ?^ 5(b) $G $O f $r 1 !" ?^ 5(c) $G$O%+%a%i0LCV$r%Q%?%s$NCf?4$H$7$FI=<($7$F$$$k!# ?^ 5(d) $O 0L CV 20 � 24 IU 6a $N 3H Bg ?^ $G $" $k!# $3 $N $h $& $K %U %l!< %‘ Kh $K FH N) $K 7W ;; $9 $k $H!" <B :] $K $O %+ %a %i $, @E ;_ $7 $F $$ $F $b 7W ;; CM $O IT 5, B’ $K $f $i $$ $G $$ $k $,!"%b%G%kA*Br$K$h$k$H$f$i$.$,=|5n$5$l$F$$$k!# ?^ 6 $O <B 2h A| Ns $G $" $k ( Be I= E* $J 5 2h A| $N $_ $r I= <( ) !# ?^ 7(a), (b) $O $3 $l $+ $i 7W ;; $7 $? >G E@ 5w N% $H %+ %a %i $N 50 @W $G $" $k!# %U %l!< %‘ $4 $H $N FH N) $J ?d Dj $O 15 %U %l!< %‘ L\ $G GK C> $7 $F $$ $k!# $= $7 $F!" 4v 2? 3X E* AIC $N 2r $O %G!< %? $K $h $j Ci <B $G $" $k $H $$ $& 0U L# $N \ =@ Fp $5 " $, $" $j!" 4v 2? 3X E* MDL $N 2r $O B? >/ %G!< %? $r L5 ;k $7 $F $b C1 =c $J %b %G %k $r A* $V $H $$ $& \ 9d D> $5 " $, $" $k $3 $H $, $o$+$k!# $3 $N >l 9g $O 4v 2? 3X E* MDL $N $[ $& $, $h $j <B :] $N %+ %a %i $N 1? F0 $K 6a $$ 2r $r M? $( $F $$ $k $,!" $3 $l $O %:!< %‘ $r 8G 6

(a) (b) (c) (d) ?^ 5: (a) %+%a%i$N7PO)!# (b) ?dDj$7$?>GE@5wN%!# (c) ?dDj$7$?%+%a%i$N7PO)!# (d) 7BO)$N3HBg?^!# (b){(d) $G<B@~$O4v2?3X E* AIC !"GK@~$O4v2?3XE* MDL !"E@@~$O%b%G%kA*Br$rMQ$$$J$$$b$N!# Dj $7 $F %+ %a %i $r 3j $i $+ $K F0 $+ $7 $? $? $a $G $" $k!# %:!< %‘ $d %+ %a %i 0L CV $r JQ F0 $5 $; $J $, $i ;# 1F $7 $F $b 4v 2? 3X E* MDL $O $d $O $j 3j $i $+ $J 2r $r A* $V $+ $i!" $= $N >l 9g $K $O <B :] $N %+ %a %i 1? F0 $H $O 0[ $J $k 2r $, F@ $i $l $k!# $7 $? $,$C $F!" 4v 2? 3X E* AIC $H 4v 2? 3X E* MDL $N $I $A $i $, @5 2r $K 6a $$ $+ $r O@ $8 $k $3 $H $O $" $^ $j 0U L# $, $J $/!" H= CG $N 4p =‘ $O \ $= $N 1~ MQ $G $O $I $N $h $& $J 2r $, K> $^ $7 $$ $H 4| BT $9 $k$+ " $K$h$k!# 11. $^$H$a K\ O@ J8 $G $O E} 7W E* ?d B, $H 4v 2? 3X E* Ev $F $O $a $N AP BP @- $r Mx MQ $7 $F Rissanen $N MDL $N AP BP $H $7 $F !V4v 2? 3X E* MDL !W $r Dj 5A $7!" $= $N >p Js M} O@ E* 2r <a $r M? $( $?!# $= $7 $F %7 %_%e %l!< %7%g %s <B 83 $r 9T$C $F 4v 2? 3X E* AIC $H 4v 2? 3X E* MDL $N FC @- $r Hf 3S $9 $k $H $H $b $K!" 2> A[ %9 %? %8 %* $X $N 1~ MQ <B 83 $r 9T $$!" 4v 2? 3X E* AIC $N $[ $& $, %G!< %? $K $h $j Ci <B $G $" $j!" 4v 2? 3X E* MDL $N $[ $& $, B‘ 2= $7 $? %b %G %k $r A* $S $d $9 $$ $3 $H $r <( $7 $?!# 7k O@ $H $7 $F!" 4v 2? 3X E* AIC $H 4v 2? 3X E* MDL $N $I $A $i $, $h $$ $+$O$=$N1~MQL\E*$K$h$k$3$H$,$o$+$C$?!# :G 6a!" D9 Hx $i [26] $b !V4v 2? 3X E* AIC !W!" !V4v 2? 3X E* MDL !W $H 8F $V 4p =‘ $r Dj 5A $7 $F $$ $k $,!" $3 $l $i $O 1# $lJQ?t$NF3F~$K$h$j N ! 1 $NE}7WE*?dB,$H$7$FDj<0 2= $7 $? $b $N $G $" $k!# $7 $? $,$C $F H‘ $i $N MDL $, log N $N 9‘$r 4^$s $G$$ $k ( K\O@ J8$N MDL $O log � $N 9‘$r 4^$s $G $$ $k ) !# $^ $?!" 4| BT CM $d J, ;6 $N $h $& $J 8m :9 $N FC @- $b %b %G %k %Q %i %a!< %? $H $7 $F 4^ $s $G $$ $k $? $a $K!" $= $l $i $r %b%G%k$4$H$KFHN)$K?dDj$7$J$1$l$P$J$i$J$$!# K\ O@ J8 $G $O Nc $H $7 $F D> @~!" 1_!" BJ 1_ $N Ev $F $O $a $r <B 83 $7 $? $,!" D9 Hx $i $N 4p =‘ $r E, MQ $7 $h $& $H $9 $l $P!" 6J @~ >e $K 2? $i $+ $N J, I[ $r 2> Dj $7 $F $= $N %Q %i %a!< %? $^ $G :G E, $K 7W ;; $7 $J $1 $l $P $J $i $J $$!# 1_ $d BJ 1_ $N $h $& $J M- 8B $N 6J @~ >e $K $O @5 5, J, I[ $O Dj 5A $G $- $:!" $I $& Dj 5A $9 $k $+ Fq $7 $$!# $5 $i $K $= $N %Q %i %a!< %? $N ?d Dj $O D> @~ >e $N @5 5, J, I[ $N >l 9g $G $9 $i J# ;( $G!" 6J @~ $d 0l HL $N >l 9g $K 7W ;; %" %k %4%j%:%‘$rM?$($k$3$H$O6K$a$F:$Fq$G$"$k!# $= $l $K BP $7 $F K\ O@ J8 $N 4p =‘ $O 8m :9 $N FC @- $r %b %G %k %Q %i %a!< %? $H $7 $F $$ $J $$ $? $a!" ?d Dj $O =c ?h $J 4v 2? 3X E* Ld Bj $G $" $j!" !V$/ $j $3 $_ K!!W [6] Ey!" $5 $^ $6 $^ $J %D!< %k $, Mx MQ $G $- $k!# Nc $( $P F0 2h A| 2r @O $G $O !V%( %T 6K @~ 94 B+ >r 7o!W $N Dj 5A $9 $k 4 <! 85 6u 4V Cf $N #3 <! 85 Be ?t B? MM BN $r :G E, $K Ev $F $O $a $J $1 $l $P $J $i $J $$ $, [5, 7, 11] !" $= $N >l 9g $K $b 4J C1 $K E, MQ $G $- $k [12] !# $3 $N $h $& $J 1~ MQ $G $O %G!< %? E@ ?t $O B? $/ $J $$ $N $G D9 Hx $i $N 4p =‘ $N A0 Ds $O K~ $? $5$l$:!"6qBNE*$J7W;;K!$rM?$($k$3$H$b:$Fq$G$"$k!# ;29MJ88% [1] @V CS 90 <! , AIC $H MDL $H BIC, %* %Z %l!< %7%g %s %:!& %j %5!< %A , 41 -7 (1996), 375{378. [2] 4ZB@=X , >.NS6U8c , !V>pJs$HId9f2=$N?tM}!W , G]Iw4[ , 1999. 7

?^ 6: <B2hA|Ns$N0lIt!# (a) (b) ?^ 7: (a) ?d Dj $7 $? >G E@ 5w N%!# (b) ?d Dj $7 $? %+ %a %i $N 7P O)!# (a), (b) $K $* $$ $F <B @~ $O 4v 2? 3X E* AIC !" GK @~ $O 4v 2? 3X E* MDL !"E@@~$O%b%G%kA*Br$rMQ$$$J$$$b$N!# [3] S. Gibbs, C. Arapis, C. Breiteneder, V. Lalioti, S. Mostafa wy and J. Sp eier, Virtual studios: An o v erview, IEEE Multime dia , 5 -1 (1998), 24{35. [4] 8\ 3$ >> , @u ED L- , Gr 0f NI L@ , F0 $- >p Js $K 4p $E $/ %(%C %8 %; %0 %a %s %H $N :G E, J, 3d , EE ;R >p Js DL ?. 3X 2q O@ J8 ;o D-I I, J76-D-I I -8 (1993), 1544{1553. [5] K. Kanatani, Ge ometric Computation for Machine Vi- sion , Oxford Univ ersit y Press, Oxford, U.K., 1993. [6] 6bC+7r0l , %3%s%T%e!<%?%S%8%g%s$N$?$a$N$/$j$3$_K! , >pJs=hM} 3X2qO@J8;o , 35 -2 (1994), 201{209. [7] 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. [8] 6bC+7r0l , Ev$F$O$aLdBj$N:GE,?dDj$H@:EY$NM}O@8B3& , >pJs=hM} 3X2qO@J8;o , 36 -8 (1995), 1865{1873. [9] 6bC+7r0l , 4v2?3XE*Jd@5LdBj$N:GE,7W;;$H@:EY$NM}O@8B3& , >pJs =hM}3X2qO@J8;o , 37 -3 (1996), 363{370. [10] 6bC+7r0l , >pJsNL4p=‘$K$h$k4v2?3XE*%b%G%kA*Br , >pJs=hM}3X2q O@J8;o , 37 -6 (1996), 1073{1080. [11] K. Kanatani, Statistic al Optimization for Ge ometric Computation: The ory and Pr actic e , Elsevier Science, Amsterdam, The Netherlands, 1996. [12] 6bC+7r0l , <+8JI>2A$rH<$&%"%/%F%#%V%S%8%g%s , F|K\%m%\%C%H3X 2q;o , 15 -2 (1997), 268{274. [13] K. Kanatani, Cramer-Rao lo w er b ounds for curv e �t- ting, Gr aphic al Mo dels Image Pr o c essing , 60 -2 (1998), 93{99. [14] K. Kanatani, Geometric information criterion for mo del selection, Int. J. Comput. Vision , 26 -3 (1998), 171{189. [15] 6b C+ 7r 0l , E} 7W E* ?d B, $H 4v 2? 3X E* Ev $F $O $a $K $* $1 $k %b %G %k A* Br , >p Js =h M} 3X 2q %3 %s %T%e!< %? %S %8%g %s $H %$ %a!< %8 %a %G%# %" 8& 5f2q , 2000-CVIM-122 (2000-5). [16] Y. Kanaza w a and K. Kanatani, Optimal line �tting and reliabilit y ev aluation, IEICE T r ans. Inf. & Syst. , E79- D -9 (1996), 1317{1322. [17] Y. Kanaza w a and K. Kanatani, Optimal conic �tting and reliabilit y ev aluation, IEICE T r ans. Inf. & Syst. , E79-D -9 (1996), 1323{1328. [18] 6b _7 Lw , >> 1J NO , 6b C+ 7r 0l , J# Hf $K $h $k <1 JL $N $? $a $N :G NI %^!< %+!< %Q %? %s $N @_ 7W : M} O@ 2r @O , >p Js =h M} 3X 2q %3 %s %T%e!< %? %S %8%g %s $H %$ %a!< %8 %a %G%# %" 8& 5f 2q , 99-CVIM-115-13 (1999- 3), 97{104. [19] Y. G. Leclerc, Constructing simple stable descriptions for image partitioning. Int. J. Comput. Vision 3 -1 (1989), 73{102. [20] >>1JNO , ?7EgOB9’ , 6b C+7r0l , J#Hf$K$h$k <1JL$N$?$a$N :GNI%^!< %+!< %Q %? %s $N @_ 7W : 1~ MQ <B 83 , >p Js =h M} 3X 2q %3 %s %T%e!< %? %S %8%g %s$H %$ %a!< %8 %a %G%# %" 8& 5f 2q , 99-CVIM-115-14 (1999- 3), 105{110. [21] >> 1J NO , 6b C+ 7r 0l , J? LL %Q %? %s $r MQ $$ $k 0\ F0 %+ %a %i $N %-%c %j %V %l!< %7%g %s , >p Js =h M} 3X 2q %3 %s %T%e!< %? %S %8%g %s $H %$ %a!< %8 %a %G%#%"8&5f2q , 99-CVIM-116-1 (1999-5), 1{8. [22] >>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$k0BDj2= , EE;R>p JsDL?.3X2qO@J8;o A, J83-A -6 (2000), to app ear. [23] B. A. Maxw ell, Segmen tation and in terpretation of m ul- ticolored ob jects with highligh ts, Comput. Vision Im- age Understand. , 77 -1 (2000), 1{24. [24] 5\@n0l>h , 9u@n2m ?M , 9-ED8;B@O: , 2hA|$H#C#G$NM;9g , >p Js=hM} , 38 -3 (1997), 189{194. [25] 5\Eg 9L <# , Ip @n D> <y , 2, ED <i , MDL 86 M} $K4p $E $/@5 B’ 2= | IT O"B3@-$K BP$9$k@5 B’2=%Q%i %a!<%?$N?d Dj |, EE ;R>pJs DL?.3X2q O@J8;o D-I I, J80-D-I I -9 (1997), 2369{2378. [26] D9 Hx =_ J? , 4Z B@ =X , $+ $/ Mp Jl ?t $r 4^ $‘ >l 9g $N MDL 4p =‘ $N 9= C[ $H 6u 4V ?^ 7A %b %G %k ?d Dj Ld Bj $X $N 1~ MQ , EE ;R >p Js DL ?. 3X 2q O@ J8 ;o A, J83-A -1 (2000), 83{95. [27] CfEh@5G7 , %G%#%8%?%k1G A|=hM}$N4p AC$H1~MQ (I I)| Fs<! 85%G%# %8 %? %k 1G A| =h M} F~ Lg |, EE ;R >p Js DL ?. 3X 2q ;o , 18 -1 (1998), 68{75. [28] J. Rissanen, Univ ersal co ding, information, prediction and estimation, IEEE T r ans. Inform. The ory , 30 -4 (1984), 629{636. [29] J. Rissanen, Sto chastic Complexity in Statistic al In- quiry , W orld Scienti�c, Singap ore, 1989. [30] :d B< 7r , %G %8 %? %k %_%e!< %8 %" %‘ | %3 %s %T%e!< %? $r 6n ;H $7 $? ?7 $7$$GnJ*4[$N9=C[ |, >pJs=hM} , 39 -5 (1998), 385{392. [31] P . H. S. T orr, An assessmen t of information criteria for motion mo del selection, Pr o c. IEEE Conf. Comput. Vi- sion Patt. R e c o gn. , June 1997, Puerto Rico, pp. 47{53. [32] ;3@>7r;J , 3NN(E*%3%s%W%l%-%7%F%#$H3X=,M}O@ , %*%Z%l!<%7%g%s %:!&%j%5!<%A , 41 -7 (1996), 379{386. [33] ;3@>7r ;J , 4Z B@=X , MDL F~ Lg : >pJsM} O@$NN) >l$+$i , ?M9)CN G= 3X2q;o , 7 -3 (1992), 427{434. 8