%Q%o!<%9%Z%/%H%k$N%T!<%/<~GH?t$KCeL\$7$?CO?LF0$N;~7ONs2r@O @86p E/0l!J9-Eg;TN)Bg3X!K #1 . $O$8$a$K %Q%o!<%9 %Z%/ %H %k$N %T!< %/<~ GH ?t$, ;~4V E* $KJQ 2= $9$k %b %G%k !J TVPP %b %G %k!K$r , CO ?L F0$N %G!< %?$K E,MQ $7 $?7k 2L $K $D$$$F Js9p $9$k . %b %G%k $O#A #RFC @- :,$N ;X?t It$, ;~ 4VE* $K$J $a $i$+ $KJQ 2=$9 $k @)Ls $r%7 %9%F %‘ J}Dx <0$H $7 $F;} $A , 4Q B, J}Dx<0 $O %7%9 %F%‘ $N >uBV %Q %i%a!< %? $KBP $7 $FHs @~ 7A$K Dj<0 2= $5$l $F $$$k . $^$? , %G!< %?$X $N %U%#%C%F%# %s %0$r NI$/ $9 $k $?$a$K , Dj>o #A#R%b%G %k$H$N >hK!%b%G %k$r9= @.$7$F$$ $k . %b%G%k $N;~4VIT JQ%Q%i %a!<%?$,M? $($i$l $?2<$G$N >uBV?dDj $K $O , Hs @~7A Hs%, %&%9 >uBV 6u4V %b%G%j %s%0 [2] $r MQ$$ $k . %b %G%k $N;~ 4VIT JQ%Q%i %a!<%? $N?d Dj$K $O , L‘ EY$r 5,=‘ $H$7$? ?tCM E*:GE,2=$r MQ$$$k . CO?L F0%G!<%? $X$NE, MQ$G$O , ;~JQ%T!< %/<~ GH?t%b %G%k$* $h$S;~ JQ78?t #A#R%b %G%k!J TV AR %b %G%k!K [1] $rMQ$$ , $=$N7k2L$rHf3S$7$? . #2 . ;~JQ%T!<%/<~GH?t%b%G%k!J TVPP %b%G%k!K ;~9o t $K$*$1 $k;~JQ %T!<%/ $N<~GH ?t$N%Y %/%H%k $r � t = [ � 1 ( t ) ; � 2 ( t ) ; : : : ; � m ( t )] T , 3F%T!< %/$N6/ EY$K4X $9$k %Q%i%a!< %?$O;~4VE*$K ITJQ$G $"$j , R = [ r 1 ; r 2 ; : : : ; r m ] T $HI= $9$3$H $K$9$k . ;~JQ%T!< %/<~GH ?t$r?d Dj$9$k$? $a$N%b %G%k$r , <! $N$h$&$KDj5A$9$k . � t = � t � 1 + w t ; v t = P 2 m j =1 a j ( � t ; R ) v t � j + " t ; " t � N (0 ; � 2 ) y t = P n j =1 c j y t � j + v t (1) $3$3$G , %7%9%F%‘%N%$%: w t = [ w 1 ( t ) ; w 2 ( t ) ; : : : ; w m ( t )] T $OJ?6Q 0, J,;66&J,;69TNs Q $N@55,J,I[$K=>$$ , Q = diag � � 2 1 ; � 2 2 ; : : : ; � 2 m � $G$"$k$H$9$k . 78?t a j ( � t ; R ) $O , <!$NJ}Dx<0$r2r$$$F5a$a$i$l$k . 1 � 2 m X j =1 a j ( � t ; R ) B j = m � k =1 (1 � r k e i� k ( t ) B )(1 � r k e � i� k ( t ) B ) : (2) � 2 , � 2 1 , � 2 2 , : : : , � 2 m , r 1 , r 2 , : : : , r n , c 1 , c 2 , : : : , c n $N , %b%G%k$K4^$^$l$k;~4VITJQ%Q%i%a!<%?$O , L‘EY$r:GBg2=$9$k$h$& , ?tCME* :GE,2= $K$h $j5a $a$k . ?t CME* :G E,2= $NJ} K!$H $7$F $O=‘ %K%e!<%H %sK! $r MQ$$ , %X%C %;9T Ns$N 99 ?7$K $O BFGS 8x <0 $rMQ $$ $? . %b%G %k$N >u BV?d Dj$K $O , Hs@~ 7AHs %, %&%9 7? >uBV 6u4V %b %G%j %s%0 [2] $r MQ $$$? . $3$N J} K!$O , %U%#%k %? %j%s %0 $H#1 4|@h M=B,$r8r8_$KE,MQ$9$kA08~$-=hM} , $*$h$S8e8~$-$K9T$J$& %9%‘!<%8%s%0$N , Fs$D$N=hM}$KBg$-$/J,$1$i $l$k . A0=R$N?tCM :GE,2=$K$*$1$kL‘EY$NCM$O , A08~$-=hM}$K$*$$$F5a$a$i$l$k . :GE,$J;~4VITJQ%Q%i%a!<%?$NCM$,5a$^$C $?8e$K , %9%‘!<%8 %s%0$N=hM}$r9T$J$$ , >uBV$N?dDjCM$rF@$k . #3 . CO?LF0%G!<%?$N2r@O 2r@OBP>]$H$J$k%G!<%?$r ?^ 3 $K<($9 . KL3$F;$G 4QB,$5$l$?CO ?LF0$NEl@>@.J, $r , %5%s%W %j%s%0%?%$%‘ Ls 0.02 IC$G7WB,$7 $?$b $N$G $" $k . =i 4| Hy F0 ,P GH $N E~ Ce ,S GH $N E~ Ce$* $h $S $=$N 8: ?j $r %G!<%? $O 4^ $s $G$* $j , $=$N D9 $5 $O 2500 $G $"$k . %G!< %?$O;~ 4VE* $KJQ 2= $9$k J,;6 $r ;}$D $N$G , ;~ JQ%T!< %/<~ GH?t %b %G%k $*$h $S ;~JQ 78?t #A #R%b %G%k $r E,MQ $9$k A0$K , J, ;6$N I8 =‘2=$r9T$J$&I,MW$, $"$k [1]. J,;6I8=‘2= 8e$N%G!<%?$r ?^ 6 $K<($9 . ;~ JQ%T!<%/<~GH?t %b%G%k$*$h $S;~JQ78?t#A #R%b%G%k $rE,MQ$7$F F@$i$l $?#A#I #C$NCM $rI= 1 $K <($9 . #A#I#C E*$K$O , ;~JQ78 ?t#A#R %b%G%k $NJ}$, NI$$$H H=CG$5 $l$? . ;~ JQ%T!<%/ <~GH?t%b%G%k $K$h$j ?dDj$5 $l$?%T!<%/ <~GH?t $*$h$S ;~4VE*$K ITJQ$J %Q%o!<%9 %Z%/%H%k @.J,$r , ?^ 5 $*$h $S 1 $K <($9 . ;~ JQ78?t#A#R%b%G%k$K$h$j?dDj$5$l$?;~JQ%Q%o!<%9%Z%/%H%k$r?^ 2 $K<($9!#$^$? $=$N%T!<%/<~GH?t$r?tCME*$K5a$a$?$b$N $r , ?^ 6 $K<($9!# ;~JQ%T!< %/<~ GH?t %b%G%k $K$h $k?d Dj7k2L $r8+ $k$H , =i4|Hy F0 , #P GH , #S GH , $G $N%T!< %/<~GH ?t$, 0[$J $k$3$H $,J, $+$k . $^$?#SGH$N8:?j$H6&$K , %T!<%/<~GH?t$,=i4|HyF0$N;~$N$b$N$X$f$C$/$j$HLa$C$F$f$/MM;R$,J,$+$k . References [1] G.Kitagaw a and W.Gersch: A Smo othness Priors Time-V arying AR Co e�cient Mo deling of Nonstationary Cov ariance Time Series, IEEE T rans AC-30, 1 , 48-56(1985). [2] G.Kitagaw a: Non-Gaussian State-Space Mo deling of Nonstationary Time Series (with discussion), Journal of the American Statistical Asso ciation 82 ,No.400,1032-1063(1987).

T able 1: CO?LF0%G!<%?$KBP$9$k AIC $NCM TVPP %b%G%k TV AR %b%G%k n or p ( m = 1) ( m = 2) ( k = 1) ( k = 2) 0 5532.13 4920.54 . 1 5389.31 4896.59 6231.14 6249.99 2 5216.65 4893.50 5275.58 5382.85 3 4877.33 4737.70 4845.18 4890.47 4 4872.92 4729.95 4598.60 4608.77 5 4811.62 4731.02 4628.58 4634.89 6 5034.67 4671.28 4621.63 4616.72 7 4766.36 4636.29 4626.05 4618.25 8 4724.06 4614.22 4601.88 4604.13 9 4724.26 4612.76 4600.42 4618.90 10 4724.99 4629.40 4605.10 4644.37 Figure 1: TVPP %b%G %k$K$h$j?d Dj$5$l$?;~4V ITJQ %Q%o!<%9%Z%/%H%k Figure 2: TV AR %b %G %k $K $h $j ?d Dj $5 $l $? ;~ JQ %Q %o!<%9%Z%/%H%k Figure 3: CO?LF0%G!<%? Figure 4: J,;6I8=‘2=$7$?CO?LF0%G!<%? Figure 5: TVPP %b%G%k$K $h$j?dDj$5$l $?;~JQ%T!< %/<~GH?t!J 50%,68%,95%,99% !K Figure 6: TV AR %b %G%k$K$h$j?d Dj$5$l$?;~JQ %T!< %/<~GH?t