FCJL %;%C %7 %g %s !V %^ %k %A%( !< %8 %’ %s %H %7 %9 %F %‘ $K $* $1 $k3NN( %b %G %k !W 3NN(%M %C %H %o !<%/$K 4p$E$/2;6AG’<1 { 2;3ZG’<1 $+ $i 0lHL2;G’<1 $X$N E83+ { GpLn K.IW B<@% MN NTT 4pAC8&5f=j 1 $O $8 $a$K 2; $NG’ <1 $N8& 5f $G $O !$ => Mh!$ C1 0l <o N‘ $N2; $K CeL\ $7 !$ $= $l$@ $1 $rG’<1 $9 $k ;n $_ $,$[ $H $s $I $G$" $C $?!% Nc $( $P 2; @<G’ <1%7 %9%F %‘ $O !$?M4V$N 2; @< $@ $1 $r G’ <1$N BP >]$H $9 $k!% $b$A $m $s !$ 2; @< G’ <1 %7 %9 %F%‘ $NF~ NO $H $7 $F !$ ?’ !9 $J ;(2; $, :. :_ $7 $F $$ $k$3 $H $r 9M N8 $9 $k$3$H $b 9T $o$l $F $$ $k $, !$ $=$N >l 9g$b !$G’ <1$N BP >]$H $J $k$N$O 2; @< $@ $1 $G $"$k !% $3 $l$K BP $7 2f !9 $O !$ J#?t<o N‘ $N G’<1BP>] $, :.:_ $9$k >l 9g $N2; $NG’ <1 $K <h $jAH $s $G$$$k !% $3 $NLd Bj $O !$ %7 %0 %J %k !J G’<1 BP >] $N2; !K $H %N %$ %: !J G’<1 BP >] $G $O $J$$2; !K $, 0l 5A E* $K7h $^ $C $F $$$k $N $G $O$J$/ !$ F1 ;~ $K J# ?t $N2; $,%7 %0 %J %k $H $J$j F@ $k $N $, FC D’ $G$"$k !% $3 $N $h$& $JLd Bj $KBP $7 $F !$ $"$k 2; $r %7 %0 %J %k $HB* $(B> $N2; $r %N%$ %: $H $_ $J $9 $h $& $J=h M} %b %8 %e !< %k $rJ# ?t =‘ Hw $7 $F$* $-!$ $= $l $i $rJB Ns $K F0 :n $5 $;$k $3 $H $K$h $C $F8D !9 $N2; $NG’ <1 $r?^ $k $H$$ $& %" %W %m!< %A $O !$ $- $o$a $F<+ A3 $G$"$k !% $3 $l $O !$ $= $l $> $l$N=h M} %b %8 %e !< %k $O 3F !9 $, C4 Ev $9 $k 2; $@ $1 $r8!=P $9 $k $H$$$& Hf 3S E* C1 =c $J5! G= $r$b $A!$ $^ $?=h M} %b %8 %e !< %k $O A4 $/ FH N) $K $G $O $J $/ !$ Aj 8_ $K 1F 6A $r5Z $\ $7 $J $,$i F0 :n $9 $k $H$$ $& !$ $$ $o $f$k %^ %k%A %(!< %8 %’ %s %H %b %G%k$NH/A[ $K B> $J $i$J $$ !% 2f !9 $O$3 $N$h $& $J H/A[ $K N)$C $F !$ $3 $l $^ $G <g $K 2;3Z $N%"%s %5 %s %V %k 1i AU$N G’ <1 $r Nc Bj$H $7 $F 8& 5f $r ?J$a $F $- $?!% K\ 9F $G $O $^ $:!$ %^ %k%A %(!< %8%’ %s %H %b %G%k$K$h$C $F2; 3Z G’ <1 %7 %9 %F%‘ $r9= C[ $9 $k $K$" $? $C $F $NFs $D $N5; =Q E*2]Bj !$ $9$J$o $A (1) %( !< %8 %’ %s%H 4V$N D4 Dd $H (2) 3N N( E* >p Js $NE} 9g $H $r<h $j >e $2 $F 5D O@ $9 $k !% 0l J} !$ F1 ;~ $K J# ?t $NG’ <1 BP >] $, :. :_ $9 $k >l 9g $N2; $NG’ <1 $N Ld Bj $O !$ 2; 3Z G’ <1 %7 %9 %F%‘ $@ $1 $G $O $J$/ !$ 2; $K$h $C $F<~ 0O $N>u 67 $r M} 2r $9 $k %7 %9 %F%‘ $d!$ %^ %k %A %a %G %# %" %G !< %? %Y !<%9 $N<+ F0 %$ %s %G %/ %7 %s %0 %7 %9 %F%‘ $J $I $K $*$$$F$b =EMW $G $" $k !% $= $3 $GK\9F $G $O !$ 2; 3Z MQ $N %7 %9 %F%‘ $r0l HL 2; $NG’ <1 %7 %9 %F%‘ $K 3HD%$9$k>l9g $N LdBjE@ $K $D$$$F$b 5DO@$9$k!% 2 %^ %k %A%( !< %8%’ %s %H %b %G%k$K $h $k 2; 6A G’ <1 ?^ 1 $K !$ 2f!9 $, Ds0F $7 $? 2;6A G’<1 %7 %9 %F%‘ $N=hM} %b %G%k !J %"!< %- %F%/ %A %c !K $r<( $9 [1] !% $3 $N %7 %9 %F%‘ $O !$ J# ?t<o N‘$N 2; $, :. :_ $7 $? 2; 6A ?. 9f$r F~ NO$H $9 $k !% $3$3 $G $O !$ F~ NO ?. 9f $H $7 $F 2; 3Z 1i AU $rA[Dj $7 $F$$$k!% =P NO $H $7 $F $O !$ 3Z Ih $K N‘ ;w $7 $?7A<0 $N5- 9f I= 8= !$ 3F 2; 8; $4 $H$N2; 6A?.9f!$ $* $h $S 2r<a $N ;D:9 $N 2;6A?.9f $r @8@.$9$k!% ?^ 1 $N%"!< %-%F %/ %A %c $O !$ =hM} $N$- $C $+ $1$r M? $( $k %$ %K %7 %( !< %? !J i nitiator !K !$ %( !< %8 %’ %s %H$N=h M} $r@h F3 $9 Computational Auditory Scene Analysis Based on Probabilis- tic Net w ork Kunio Kashino and Hiroshi Murase NTT Basic Researc h Lab oratories 3-1 Morinosato-W ak amiy a, A tsugi-shi, 243-01, Japan. ?^ 1: Ipanema %" !<%-%F %/ %A%c $k %W %m%b!< %? !J p romoter !K !$ 2; 8; J, N% !& F1 Dj =h M} $N<gBN $H $J$k %(!< %8 %’ %s %H %M %C %H %o !<%/ !J a gen t ne t w ork !K !$ $* $h $S %(!< %8 %’ %s %H $ND4 Dd $r9T$&%a %G %# %( !< %? !J m ediator of a gen ts !K $+ $i@. $C $F $$ $k !% $= $3 $G !$ ?^ 1 $N %" !< %- %F%/ %A %c $r !V Ipanema !W $H 8F $V !% $^ $?!$ >e 5- $N MW AG $N B> $K!$ 8e =h M} %b %8 %e !< %k $H $7 $F>p Js%$ %s%F %0 %l !< %? !J information in tegrator !K $, Hw $o $C $F$$ $k !% %$ %K %7%( !<%? $O !$F~NO ?.9f $r <u $1 <h$j !$ 2; $NN)>e$j $r 8!=P $9 $k !% N) >e $j $, 8! =P $5 $l $k $4 $H $K !$ F~ NO ?. 9f GH 7A $r @Z $j =P $7 $F=P NO $9 $k !% @Z $j=P $5 $l$?GH 7A $r %U %l !<%‘ $H $h $V!% %$ %K %7%(!< %? $K$h $C $F@8 @. $5 $l$? %U %l !<%‘ $O !$ %W %m%b !< %? $K EO $5 $l $k!% %W %m %b !< %? $O !$ %U %l !<%‘ $NGH 7A $K BP $7 $F <~GH ?t 2r @O $r9T $$!$ $= $N>p Js $r %(!< %8%’ %s %H %M %C %H %o !< %/ $K EO$9 !% %(!< %8 %’ %s %H %M %C %H %o !< %/ Cf $N %( !< %8 %’ %s %H$O !$ 8D !9 $N2;8; <o N‘ !J Nc $( $P %U %k!< %H !$ %T %" %N $J $I !K $K BP1~ $7 $F $$$k!% 3F %(!< %8%’ %s %H$O%F %s %W%l !< %H %P %s %/ $r;} $C $F$* $j !$ %F %s %W %l !< %H %P %s %/ Cf $K $O !$ Nc $( $P H>2; $:$D4p K\ <~ GH ?t$N 0[$J $k C1 2;$N GH 7A $, C_ @Q $5 $l $F $$ $k !%4p K\ E* $K $O !$ 3F %F %s %W %l !< %H GH 7A $H$N<+ 8J Aj 4X $r7W ;; $9 $k $3 $H $K $h $C $F !$ $= $N %(!< %8 %’ %s %H$, C4 Ev $9 $k 2; $, F~ NO $K 4^ $^ $l $F $$ $k$+ $I $& $+ $r H= CG $9 $k$N$, %( !<%8 %’ %s%H $N Lr 3d $G $" $k !% %a %G %# %(!<%? $O !$ 3F %(!< %8 %’ %s %H $N =PNO $r D4@0$9$k Lr 3d $r Ii$& !% K\ O@ J8 $K $* $$ $F $O !$ 3F %(!< %8 %’ %s %H $N Ds 0F $9 $k%F%s %W %l !< %H $K BP $9 $k%U %# %k %? 78 ?t$r JV $9$3 $H $K $h $C $F =PNO $N D4@0 $, 9T $o $l $k !% >pJs %$ %s %F %0 %l !<%? $O !$3F %(!< %8 %’ %s %H $+$i !$ =PNO GH 7A $* $h $S 2;8; L> $J $I $N %i %Y %k $r<u $1<h $C $F %7 %9 %F%‘ $N =PNO $r @8@.$9$k %b %8%e !< %k$G $" $k !% 1

3 %(!< %8 %’ %s %H 4V $N D4Dd =>Mh!$ %^ %k%A%(!< %8 %’ %s %H %b %G %k$K 4p $E $/2;6A=hM} %7 %9 %F%‘ $G $O !$ %(!< %8 %’ %s %H 4V $ND4 Dd $O L@ 3N $K Dj <0 2= $5 $l$J$$ $3 $H $, B? $+$C $?!% $7 $+ $7 !$ Ld Bj $r8+ DL $7 NI $/ 9M ;! $9 $k >e $G $O !$ D4 Dd $KBP $7 $FDj NL E* $J5, HO $rM? $($k $3 $H $, K> $^ $7 $$ !% $= $3 $G Ipanema $G$O !$ %(!< %8 %’ %s %H 4V $ND4 Dd $r Fs>hJ?6Q8m:9 $N :G>.2= $H $7 $F DjNL2= $7 $F $$ $k !% F~NOGH7A $r 3F2;8;GH7A $K J,N% $9$kLdBj $K $*$$ $F !$ 3F 2;8;GH7A$N%F %s %W%l !< %H r n ( k ) $r !$ h n ( m ) $J $k %$ %s %Q %k %9 1~ Ez $r$b $D @~ 7A %U%# %k%? $GJQ7A $5 $; $F !$ $= $NOB $GF~ NO ?. 9f z ( k ) $r 6a ;w $9 $k $3 $H $r9M $($k!% $3 $3 $G n $O 3F2; 8; $K BP1~$9 $k E:;z !$ k $O %5 %s %W %k ;~9o $r I=$9 !% $9$k $H !$ LdBj $O !$ J = E 2 4 ( z ( k ) � N � 1 X n =0 M � 1 X m =0 h n ( m ) r n ( k � m ) ) 2 3 5 (1) $N:G >. 2= $H $7 $F Dj<0 2= $9$k $3 $H $,$G$-$k!% $3 $3 $G M $O %$ %s %Q %k %91~ Ez $ND9$5 !$ N $O %F %s %W%l !< %H $N ?t!$ E $O ;~ 4V J? 6Q $rI=$9 !% $3$N<0 $+ $i !$ h n ( m ) $K 4X$9 $k N � M 85O" N) 0l <! J} Dx <0 $, F3 $+$l $k !%K\%b %G %k $G $O !$ $3 $N J} Dx<0$N 5a 2r$r %a %G %# %( !< %?$K $* $$ $F 9T$$ !$5a $a$i$l $? h n ( m ) $r3F %( !< %8 %’ %s %H$K JV $9 $3 $H $K$h $C $F !$ %( !< %8 %’ %s %H $N D4Dd $r <B8= $7 $F $$ $k !% 4 3NN(%M %C %H %o !<%/$K $h $k >pJsE}9g A0 @a$N J} K!$G %F%s%W %l !< %H $r JQ 7A $9 $k$3 $H $K $h $j !$ <B@$ 3& $K $" $k 2;$N JQ F0 $K BP $7 $F$O BP =h $9 $k$3$H$, $G $- $k !% $7 $+ $7 !$ $3 $N J} K! $G $O 6h J,$5$l $? C;$$ ;~ 4V Fb$N 2; 6A?.9f $N >pJs $@$1 $r MxMQ $7 $F $$ $k $N $G !$ $= $l$@$1$G$O !$ <B MQ $KBQ $($k 2; 8; F1 Dj $N@: EY $rF@ $k $3 $H $OFq $7 $$ !% $= $3 $G Ipanema $G$O !$ >pJs %$ %s %F %0 %l !<%? $K $*$$ $F !V 2; $N $D $J $, $j !W !J C12;O"7R !K $K 4p $E $$ $F 3NN( %M%C %H %o!< %/ $r :n@. $7 !$@:EY $r 8~>e $5$; $F$$ $k !% C12;O"7R $NCj=P $G $O !$ $"$kFs$D $NC12; $N A+0\ $, !$ <B :] $N @{N’ $r J,@O $7 $? Cf $G !V $I $l$@$1 $" $j $, $A $J A+0\ $+ !W $K$h $C $F !V 2; $NN. $l$d$9 $5 !W $NI>2A <\ EY $rDj5A $9 $k!% $9 $J $o $A !$ Fs $D $N C1 2; n k � 1 ; n k !J $? $@ $7 k � 1 ; k $O H/ 2; 3+ ;O ;~ 9o $N=g =x $rI= $9E: ;z !K $, M? $( $i $l$? $H$-!$ $3$NFs $D $NC12; $N4V $K !$ <0 (2) $K $h$C $F Dj5A $5 $l $k Z ( n k � 1 ; n k ) $r 9M $( $k !% Z ( n k � 1 ; n k ) = W X i n � w i log P i ( n k � 1 ; n k ) o (2) $? $@ $7 !$ i $O Z $K $*$$ $F 9MN8$9$kMW0x $r ?t $( $kE:;z $G $"$j !$ P i $O !$Fs$D $N C1 2; $N 4V $, F1 $8 @{N’>e $K B8:_$9$k $H 2> Dj $7 $? $H $- !$C1 2;$N A+ 0\ A4 BN$N Cf $G $= $N A+ 0\ $, H/ @8 $9$k3NN( $r i HVL\ $N MW0x $K $D$$ $F I>2A $7 $? CM $G$" $k !% w i ( > 0) $O 3FMW 0x $K BP$9$k =E $_$r I=$9 !% Z $O !$ $=$N Fs $D $NC1 2; $NA+ 0\ $N8= $o $l$K $/ $5 $rI= $9 !% $= $3 $G !$ 6I =j E* $K Z $, :G >.$H $J $k J} 8~ $K =g <! C1 2;$r $D$J $$$@ $b $N $r !$ C1 2; O" 7R !J m usic stream !K $H Dj5A $9 $k!% $J$* W $O ;~4V Ak $G$"$k !% 8= :_!$ C1 2;O" 7R 7A@. $NMW0x $H $7 $F !$ (1) 2;9b A+ 0\ @-!$ (2) 2;?’ N‘ ;w @-!$ $* $h $S (3) Lr 3d F1 0l @- $N 3 $D $r9M N8 $7 $F$$$k !% $3 $N $h$& $K $7 $F :n @. $7 $?C1 2; O" 7R $r %Y ?^ 2: %F %9 %H 6J $K BP$9$k2;8;F1Dj<B83 $N 7k2L %$ %8%" %s %M%C %H %o!<%/ [2] $H$_ $J $7 !$ 3F 2; 8; $K BP $9$k 3N ?. EY $rC‘ <! 99 ?7 $9 $k $3 $H $K$h $C $F!$ 2; 8; F1 Dj @: EY $N8~ >e $r ?^$C $F$$ $k !% C12; O" 7R $NF3F~ $K$h$k2; 8; F1 Dj @: EY $N8~ >e $r?^ 2 $K <($9 !% $3 $l $O !$ 4 6J$N 3 %Q !< %H $N %" %s %5 %s %V %k <B 1i AU $K BP $9 $k 2; 8; F1 Dj @: EY $NJ? 6Q CM $r<( $7 $?$b $N $G $"$k !% $3 $l$K $h $l $P !$ 3 $D $NMW 0x A4 $F $rMQ $$ $?>l9g $K $O !$ >p Js %$ %s %F %0 %l !< %? $rMQ $$ $J$$ >l 9g $K Hf $Y $F !$ 8m $j $rH> J, 0J 2< $K 8:>/ $5$;$k $3$H $, $G $- $k $3$H $, J, $+ $k !% 5 0lHL2;G’<1 $X$N 3HD% ?^ 1 $N %7 %9 %F%‘ $N $& $A!$ %(!< %8%’ %s %H %M%C %H %o!<%/ $K $* $1 $kE, 1~ :. 9g 7? %F %s %W%l !< %H K! $K$h$k 2; $N8! =P !& F1 Dj =h M} $O !$ FC $K 2;3Z $K FC 2= $7 $?$b $N $G $O$J $$ $, !$ >p Js%$ %s %F %0%l !< %?$K $* $1 $k 3N N(%M %C %H %o !< %/$N =h M} $O 2; 3Z FC M- $N $b $N $G$"$k !% $7 $+ $7 !$ 0l HL :. 9g 2; $NG’ <1 $K$* $$ $F $b !$ Ld Bj $NK\ <A E* [# Kf @- $N $? $a $K !$ ?t B? $/ $N4K $$ @) Ls $r E} 9g $7 $F :G =* E* $JG’ <1 7k 2L $rF@ $k %" %W %m!< %A $, IT 2D 7g $G $" $j !$3NN( %M%C %H %o !< %/ $N MxMQ $O 7g $+ $;$J$$$G$" $m $& !% 3NN(E*>pJs $O !$ $=$NA0Ds>r7o $, K~ $?$5 $l $J $1 $l $P 0U L# $r$J $5$J $$ !%?^ 1 $N%7 %9 %F %‘ $r 0l HL2; G’ <1 $K 3HD%$9 $k $?$a $K$O !$ %(!< %8 %’ %s %H %M%C %H %o!< %/ $N =PNO !J ;v>] !K $+ $i !$ $I $N <o N‘$N 3N N( E* >p Js $, E, MQ$5 $l $k$Y $-$+ !J >u 67 !K $r H= CG $9 $k 2a Dx$H !$>u 67 $, M? $($i $l $? $H $-$K :G$b $b $C $H $b $i $7 $$;v >] $r5a $a$k 2a Dx $NAP J} $K$* $$ $F8! F$ $, I, MW $G $"$k!% $3 $l$i$N2a Dx $O !$ $I $A $i$b3N N( %M %C %H %o!< %/ $G <B 8= $G$-$k !% $= $3 $G !$ 3H D% %7 %9 %F%‘ $H $7 $F !$ J# ?t $N 3N N( %M %C %H %o!< %/ $, %a %? $J3N N( %M %C %H %o!< %/ $G7k9g $5 $l $? 7ABV $r Ds0F$9$k!% <U <- F|:"1g =u $rD:$/ #N #T #T4pAC 8& 5f =j $NElAR MN0l=j D9 $H !$ F1 8& 5f =j >p Js 2J 3X 8& 5f It$N @P 0f 7r 0l O: It D9 $K 46 <U $9 $k !%$^ $? !$5DO@ $7 $F D:$$$? F18&5f=j$N 1|G5 Gn <g44 8&5f0w !$@nC< 9k <g448&5f0w!$CfC+ CR9- 8&5f<gG$ $K 46<U$9$k!% ;29MJ88% [1] Kashino K. and Murase H.: A Music Stream Segregation System Based on Adaptiv e Multi-Agen ts. Pr o c. of the 15th IJCAI , 2, 1126{1131, 1997. [2] P earl J. : \ Pr ob abilistic R e asoning in Intel ligent Systems ", revised second prin ting, Morgan Kaufmann (1988). 2