;~JQ#P#A#R#C#O#R$rMQ$$$?;~JQ<!?t%Y%$%:%b%G%k 9-Eg;TN)Bg3X >pJs2J3XIt @86pE/0l 1 $O$8$a$K HsDj>oIT5,B’?6F0%G!<%?$r2r@O$7$F1~MQ$KMxMQ$9$k8&5f$K$*$$$F$O!$$?$H$($P;~JQ78?t#A#R%b%G%k [2],[6] Ey$N Hs Dj >o #A #R %b %G %k $K $h $j Hs Dj >o %9 %Z %/ %H %k $r ?d Dj $7 $F!$ ;~ 4V $H 6& $K JQ 2= $9 $k <~ GH ?t NN 0h $N @- <A $r B* $( $k$3$H$K$J$k!%$3 $N$H$-!$MQ $$$kHsDj >o#A#R%b %G%k$N<!?t $K$D$$$F $O!$;~4VE* $KJQ2=$7 $J$$$H2> Dj$9$k>l 9g $H!$M=$aJ,$+$C$F$$$k;v<B$K4p$E$$$FJQ2=$5$;$k>l9g$H$,$"$k!% A0 <T$NNc $H$7 $F$O!$CO ?LGH$N E~Ce ;~E@$G Ws0U E*$KBg $-$J J,;6$r 2>Dj$9 $k [11] !$$^ $?$O ?~$N=E $$Hs%, %&%9 J,I[$r2>Dj$9$kJ}K!$J$I [7] $,$"$k!%8e<T$NNc$H$7$F$O!$CO?LF0%G!<%?$N>l9g$K!$6I=jDj>o#A#R%b%G%k [8],[5] $d;~JQ 78?t #A #R%b %G%k $G $N%G!< %?$N J,3d 6h 4V$r #A#I #C $K4p $E$- 7h Dj$9 $kJ} K! [6] $,$" $k!% $3$l $i$N $I $N8& 5f $b!$<!?t$O0lDj$H 2>Dj$7$F %N%$%:$N J,I[$r9) IW$7$?$b$N $G$"$C$?$j!$ CO?LGHE~ Ce$N@-<A $K0MB8$7 $?2>Dj$r @_ $1$?$j$9$k$b$N$G!$<!?t$NJQ2=$r$I$A$i$+$H8@$($P>C6KE*$K07$C$?$b$N$G$"$k$H8@$($k!% K\ 8& 5f$G $O!$ <! ?t$N JQ 2= $r@Q 6K E* $K<h $j 9~ $s$@ %Y %$ %:%b %G %k $r9M $(!$ $= $N@- <A $K $D $$$F D4 $Y $k!%6q BN E* $K$O!$<!?t$r>uBV $H$7$F;} $D$h$&$J Hs@~7A%b %G%k$NDj<0 2=$r9T$J $$!$Hs@~7A Hs%,%&%9 7?%U%#%k%? %j%s%0$K $h $j>uBV?dDj$r9T $J$&J}K! $rDs0F$9$k!% %7%9%F%‘ J}Dx<0$H $7$F<!?t $NJQ2=$N3j $i$+$5$N ;vA0J,I[ $r2>Dj$9 $k!% $^$?4Q B, J} Dx<0 $H $7 $F$O HsDj >o #A #R%b %G %k $r9M $(!$ ;~JQ #A #R 78?t $O M= $aM? $( $i $l$k $b $N $H$9 $k!% $3 $N;~ JQ #A#R78 ?t$O!$ #P #A#R #C#O #R ;~JQ #A#R %b %G%k [7] $K $h$C$F M= $a?d Dj$5 $l $?;~ JQ$J #P #A#R #C #O#R !JJP<+ 8J Aj4X 78 ?t :P artial Auto-CORrelation co e�cien t !K$+$i;; =P$5 $l$k$b $N$r MQ$$$k!% $^$?!$ ?dDjBP >]$, #A#R<! ?t$G $" $k$3$H$K$h$k%P%$%"%9$N=$@5$K$D$$$F$b5DO@$9$k!% $3 $N $h $&$K Dj <0 2=$9 $k $3 $H$G!$ %b %G %k $,FC Dj $N %G!<%? $N @- <A$K $" $^ $j 0MB8 $7 $J $$$? $a!$ %G!< %?Cf $G <! ?t $,JQ2=$9$k$h$& $JIT5,B’?6 F00lHL$K $D$$$FE, MQ$,2DG=$G $O$J$$$+ $H9M$($i $l$k!%$3$N$h $&$J%b%G %k$N1~MQ BP >]$O!$Nc$($PCO?L F0$N4QB, $K$*$1$k#P GH$d#SGH $NE~Ce$d!$ 8N>c?GCG $K$*$1$kGK 2uEy$,86 0x$N?6F0 <+M3EY$N A} 2C$J$I$,5s$2$i$l$k!% K\J8$G$O!$$^$:;~JQ#P#A#R#C#O#R$N@-<A$H$=$N?dDjK!$r35@b$7!$<!$K;~JQ<!?t%Y%$%:%b%G%k$rDs0F$9$k!% %b%G%k$N ?dDjK! $K$O Hs@~ 7AHs%, %&%9 7?%U%#%k %?%j %s%0 [3] $r MQ$$!$ ?dDj $,<!?t $r$= $NBP>] $H$7 $F$$ $k$3$H $K $h$k%P%$%"%9$N=$@5Ey$K$D$$$F5DO@$9$k!% 2 ;~JQ#P#A#R#C#O#R$H$=$N?dDj ;~JQ#P #A#R#C#O#R$N!$NY@\$9$k <!?t$K4X$9$kC‘<!E* @-<A$H!$#P#A#R#C#O#R ;~JQ#A#R%b%G%k [7] $K$h$k?dDj K!$r4JC1$K=R$Y$k!% 2.1 HsDj>o#A#R%b%G%k$H;~JQ#P#A#R#C#O#R Hs Dj >o #A #R %b %G %k $H ;~ JQ #P #A #R #C #O #R $K $D $$ $F =R $Y $k!% ;~ 9o n $K $D $$ $F #A #R 78 ?t $N CM $, JQ 2= $9 $k $h $& $J!$ m <!$NHsDj>o#A#R%b%G%k y n = m X j =1 � ( m ) j;n y n � j + " n ; " n � N (0 ; � 2 f ) (1) 9-Eg;TN)Bg3X >pJs2J3XIt >pJs5!3#%7%9%F%‘9)3X2J ") 731-31 9-Eg;T0B:4Fn6hBgDMEl#3!]#4!]#1 TEL : 082-830-1764, F AX : 082-830-1792 E-mail : ikoma@im.hiroshima-cu.ac.jp 1

$r$3$3$G$O07$&!J m = 1 ; 2 ; � � � ; M !K!%#P#A#R#C#O#R$K$D$$$F5DO@$9$k>l9g$K$O!$8e$m8~$-#A#R%b%G%k y n = m X j =1 ( m ) j;n y n + j + e n ; e n � N (0 ; � 2 b ) (2) $bF1;~$K9M$($k!% Dj>o #A#R%b%G%k$N>l 9g$K$O!$>e5-Fs $D$N%b%G%k$+ $i Levinson-Durbin $NC‘<! <0$,F3=P$G$- $k$,!$HsDj>o #A#R%b %G%k $N >l9g $K $O!$A0 8~ $-#A #R78 ?t � ( m ) j;n $*$h $S 8e$m 8~ $-#A #R78 ?t ( m ) j;n $N 4V $N<! $N$h $& $J4X 78 $,F@ $i $l$k!% � ( m ) j;n = � ( m � 1) j;n � � ( m ) m;n ( m � 1) m � j;n ( m ) j;n = ( m � 1) j;n � ( m ) m;n � ( m ) m � j;n (3) $h$C$F$3$l$i$r?dDj $9$k$H$-$K$O<!$N$h$&$JC‘<!E*$JJ}K!$,2DG=$G$"$k!%<!?t$r m = 1 $+$i;O $a$F!$3F m $K$*$$$F;~JQ#P#A #R#C#O#R � ( m ) m;n , ( m ) m;n $r?dDj$7!$ j < m $N3F#A#R 78?t � ( m ) j;n , ( m ) j;n $O<!?t m � 1 $N$H $-$N?dDj7k2L$rMQ$$$FC‘<!5a$a$k$3$H$,$G$-$k!% 2.2 #P#A#R#C#O#R;~JQ#A#R%b%G%k ;~JQ#P#A#R#C#O#R$r?dDj$9$kJ}K!$H$7$F!$#P#A#R#C#O#R;~JQ#A#R%b%G%k [7] $K$D$$$F@bL@$9$k!% ;~9o $r n $GI=$9 $H$-!$;~ JQ#P#A#R #C#O#R $NNY$j9g $&;~9o $N4V$K!$ 0J2<$N$h $&$J3N N(E*$J3j $i$5$r 2>Dj$9 $k [4] !J � $O0l3,:9J,1i;;;R!K ; ( � � ( m ) m;n = v ( m ) n ; � ( m ) m;n = u ( m ) n : (4) $" $k<!?t m $K $D$$ $F!$<!?t m � 1 $N $H$- $N?dDj 7k2L $,M?$( $i$l $F$$ $k$H$9 $k!%<! ?t m $K$D$$ $F!$<0 (1), (2) $r4QB,J}Dx<0!$<0 (4) $r%7%9%F%‘J}Dx<0 $H$9$k>uBV6u4V%b %G%k$r9=@.$9$k!%>u BV?dDj$K$h$j;~JQ #P #A#R#C#O#R � ( m ) m;n , ( m ) m;n $r4Q B, f y n j n = 1 ; 2 ; � � � ; N g $+$i 5a$a$k$3$H$,$G$- $k!%$h$C$F<!?t m $r!$#1$+$i =g$KBg$-$/$7$F$f$/$3$H$G!$C‘<!E*$K;~JQ#P#A#R#C#O#R$r?dDj$9$k$3$H$,$G$-$k!% $3 $3$G$O 4QB,J} Dx<0 (1), (2) $N%N %$%:9‘ $NJ,;6 � 2 f , � 2 b $O!$%G!< %?$rM= $aJ, ;6I8=‘ 2=$7$F $*$/Ey $K$h$j!$ 4{CN$G$"$k$H2>Dj$9$k!%$^$?%7%9%F%‘J}Dx<0 (4) $N%N%$%:9‘ v ( m ) n , u ( m ) n $O!$Nc$($P@55,J,I[ v ( m ) n � N (0 ; � 2 m ) ; u ( m ) n � N (0 ; � 2 m ) ; $K=>$&$H$7$?$j!$FMA3$NBg$-$JJQ2=$N$"$k>l9g$K$O Cauc h y J,I[Ey$rDj5A$7$?$j$9$k!%>uBV?dDj$NJ}K!$O!$ $3$l$i%N%$%:$N J,I[$N2> Dj$K0MB8 $7$F!$@55, J,I[$J$i$Q %+%k%^%s %U%#%k%?!$Hs %,%&%9J, I[$J$i$P Hs%,%&%9 7? %U%#%k%?$rMQ$$$k!%$3$N$H$-D6%Q%i%a!<%? � 2 m , � 2 m Ey$NCM$O!$L‘EY$r:GBg$K$9$k$h$&$K5a$a$k$b$N$H$9$k!% 3 ;~JQ<!?t%Y%$%:%b%G%k A0 @a $NJ} K! $K $h$j M= $a?d Dj $5 $l$? ;~ JQ#P #A #R #C#O #R $rMQ $$ $F!$ <!?t $, ;~JQ $H $J $k%Y %$ %:%b %G %k $H$= $N ?d DjK!$rDs0F$9$k!% 3.1 %b%G%k ;~JQ<!?t%Y%$%:%b%G%k$H$7$F!$<!$N4QB,J}Dx<0$H%7%9%F%‘J}Dx<0$NAH$+$i@.$k%b%G%k$rDs0F$9$k!% 8 > > < > > : y n = p n X j =1 � ( p n ) j;n y n � j + " n ; " n � N (0 ; � 2 ) � p n = w n ; w n � q ( �j � ) (5) 2

$3$3$G!$;~JQ#A#R78?t � ( p ) j;n $O!$A0@a$NJ}K!$K$h$jM=$a?dDj$7$F$*$$$?$b$N$rMQ$$$k!% %b%G%k (5) $N>uBV p n $O#A#R<!?t!$$9$J$o$A p n 2 f 0 ; 1 ; 2 ; � � � ; M g $G$"$j!$$3$N$h$&$K p n $,N%;6E*$JCM$r$H$k$3$H$+$i!$J,I[ q ( �j � ) $O>uBVA+0\9TNs � = 2 6 4 � ij 3 7 5 ; i = 0 ; 1 ; 2 ; � � � ; M j = 0 ; 1 ; 2 ; � � � ; M $GI=$9$3$H$,$G$-$k!%$3$3$G � ij � 0 $O!$ p n � 1 = i $+$i p n = j $X$NA+0\3NN($H$9$k!%$9$J$o$A M X j =0 � ij = 1 ; i = 0 ; 1 ; 2 ; � � � ; M : >uBVA+0\9TNs$K$D$$$F!$A+0\3NN($O!$A+0\85$N>uBV$K$h$i$:!$A+0\85$N<!?t p n � 1 $HA+0\@h$N<!?t p n $H $N:9$N$_$K$h$j7h$^$k$H2>Dj$7$FNI$$>l9g$K$O!$ � ij = # j i � j j = M X j =0 # j i � j j $H$7!$ # k ; k = 0 ; 1 ; 2 ; � � � ; M $K $D $$$F $N$_ $r9M $($l $PNI $$ $3$H $K$J $k!%$3 $N>l 9g $K$O!$ # $N J,I[ $H $7$F $O!$Nc$($P %]%" %=%s J,I[ # k = � k k ! e � � $d!$>. $5$J 3NN( $GB> $N<! ?t$K A+0\ $9$k $h$&$J J,I[ !J # 0 = � 1 ; # k = � 2 ; for k > 0 ; � 1 > � 2 !KEy$,9M$($i$l$k!% 3.2 ?dDjK!$H%P%$%"%9=$@5 %b %G %k (5) $OHs @~ 7A$G $" $k$N $G!$Hs %, %&%9 7? %U%#%k %? %j%s %0 [3] $r MQ$$ $k!% $3$N $H $-!$>u BV $,<! ?t$N $h $&$K N% ;6 E* $J CM $G $" $k $3 $H $+ $i!$ ?d Dj J} K! $O 1# $l %^ %k %3 %U %b %G %k $K $* $1 $k $$ $/ $D $+ $N %" %k %4 %j %: %‘ [12] $H ?<$$ 4X O" $, $" $k!% Nc $( $P L‘ EY $N 7W ;; $O!$ A0 8~ $- %Q %9 %" %k %4 %j %: %‘ $H F1 $8 $G $" $j!$ $^ $? %U%# %k %? %j %s %0 $O :G E,>uBVNs ?dDj %"%k %4 %j%: %‘!J Viterbi %"%k %4%j %:%‘!K $H4X O"$, $"$k!% $=$7 $F%9 %‘!<%8 %s%0 !J8GDj 6h4V!K $O!$ F orw ard-Bac kw ard %"%k%4%j%:%‘$HEy2A$G$"$k!% >u BV ?d Dj$K $* $$ $F!$%b %G %k $N<! ?t $r >u BV$H $7 $F $$$k $3 $H $+$i!$ 0J 2< $N E@$r N1 0U $9$k I, MW $,$" $k!% %7 %_%e %l!<%7%g %s <B 83 $N $h $& $J!$ ?? $N %b %G %k $, #A #R %b %G %k $G $" $k >l 9g $K!$ #A #R %b %G %k $N <! ?t 7h Dj $r #A #I #C [1] $K $h$j 9T $J $& $H!$ ?? $N <! ?t $h $j $b Bg $- $J <! ?t $r A* Br $9 $k 79 8~ $, $" $k [9] !% 0l J}!$ <! ?t $N 0l CW $9 $k 4p =‘ $H $7 $F Sc h w arz $N#B#I#C [10] Ey$,$"$k!% 6qBNE*$K$O!$%G!<%?$r Y N = ( y 1 ; y 2 ; � � � ; y N ) $HI=$9$H$-!$Hs%,%&%97?%U%#%k%?%j%s%0$K$*$1$k%U%#%k%? %j%s%0$N<0 p ( p n j Y n ) = p ( y n j p n ) p ( p n j Y n � 1 ) p ( y n j Y n � 1 ) p ( y n j Y n � 1 ) = M X j =0 p ( y n j j ) p ( j j Y n � 1 ) (6) $K$*$1$k p ( y n j p n ) $,%P %$%" %9$r ;}$D $H9M $($i $l$k $N$G!$ $=$l $r=$ @5$7 $?$b $N$rMQ $$$k!% #A#I #C$d #B#I #C$K 4p$E$/=$@5$H$7$F$O!$<!?t p n $,;~4VE*$KJQ2=$7$J$$>l9g!J p n = p !K$K$O #A#I#C = � 2 N X n =1 log p ( y n j ^ p ) + 2 ^ p #B#I#C = � 2 N X n =1 log p ( y n j ^ p ) + ^ p N log N (7) 3

$G$"$k$3$H$+$i!$$3$l$i$r 1 = N $7$?CM$rMQ$$$k!%$9$J$o$A p ( y n j p n ) $NBe$o$j$K!$ #A#I#C!’ exp � log p ( y n j p n ) � p n N � #B#I#C!’ exp � log p ( y n j p n ) � p n 2 N log N � (8) $r$=$l$>$lMQ$$$k!% 4 2r@ONc %7%_%e%l!<%7%g%s$*$h$S<B%G!<%?$N2r@ONc$H!$Ds0FJ}K!$NFCD’$dLdBjE@Ey$O!$8}F,H/I=$K$FJs9p$9$k!% <U<- K\8&5f$O!$J8It>J2J3X8&5fHqJd=u6b>)Ne8&5f!J#A!K$NJd=u$r<u$1$F$$$^$9!% ;29MJ88% [1] Ak aik e, H. (1974). A new lo ok at the statistical mo del identi�cation, IEEE T rans. A.C. , 19 , No.6, 716-723. [2] Kitaga w a, G. (1983). Changing sp ectrum estimation, Journal of Sound and Vibration , 89 ,No.3, 433-445. [3] Kitaga w a, G. (1987). Non-Gaussian State-Space Mo deling of Nonstationary Time Series(with dis- cussion), Journal of the A meric an Statistic al Asso ciation , 82 ,No.400, 1032-1063. [4] Kitaga w a, G. (1988). Numerical approac h to non-Gaussian smo othing and its applications, 20th In terface Symp osium Computer Science and Statistics, 379-388. [5] Kitaga w a, G. and Ak aik e, H. (1978). A pro cedure for the mo deling of non-stationary time series, Annals of the Institute of Statistical Mathematics 30 ,P art B,351-363. [6] Kitaga w a, G. and Gersch, W. (1985). A Smo othness Priors Time-V arying AR Co e�cient Mo deling of Nonstationary Cov ariance Time Series, IEEE T r ans. AC-30 , No.1, 48-56. [7] Kitaga w a, G. and Gersch, W. (1996). Smo othness Priors Analysis of Time Series, Lecture Notes in Statistcs, Springer-V erlag, New Y ork, Chapter 11, 147-160. [8] Ozaki, T. and T ong, H. (1975). On the �tting of non-stationary autoregressive mo dels in time series analysis, Pro ceeding of the 8th Ha w aii International Conference on System Sciences , 224-226. [9] Shibata, R. (1976). Selection of the order of an autoregressive mo del by Ak aik e’s information criterion, Biometrika , 63 , No.1, 117-126. [10] Sc h w arz, G. (1978). Estimating the dimension of a mo del, The Annals of Statistics , 6 , No.2, 461-464. [11] KL@n8;;MO: (1986). ;~JQ78?t<+8J 2s5"%b%G%k { %W%m%0%i%‘ #T#V#C#A#R$N >R2p {, E}7W ?tM}!$Bh#3#44,!$ Bh#29f!$ 273-283 . [12] EE;R>pJsDL?.3X2qJT (1988). 3NN(%b%G%k$K$h$k2;@<G’<1 , %3%m%J<R , 29-67. 4