>u BV 6u 4V $, 0[ $J $k 6/ 2= 3X =, %( !< %8 %’ %s %H 4V $N 3X =, 7k 2L $N EA C# >e ED E8 5W :4 F# BY 2p El 5~ 9) 6H Bg 3X M} 9) 3X 8& 5f 2J >p Js M} 9) 3X 8& 5f 2J EE 5$ EE ;R 9) 3X @l 96 7W ;; 9) 3X @l 96 e-mail: f ueda,sato g @cs.titech.ac.jp abstract T ransmitting learned results b et w een agen ts is a w a y to re- duce the time for learning. With this transmission, the closer what agen ts ha v e to learn are, the longer time it reduces. T o solv e co op erativ e problems for m ultiple agen ts, what one agen t has learned is exp ected to resem ble what the others ha v e to learn. On the other hand, in reinforcemen t learning, agen ts learn estimated v alues for their actions on their states. Their states generally consists of the observ ations of the other agen ts. One agen t observ e himself in a �xed place. But the others observ e him in an arbitrary place. Then their state-spaces m ust b e di�eren t to distinguish one agen t from the others. Ev en if they learn the same task, the estimated v alues on di�eren t state-spaces are di�eren t. Hence they cannot share directly learned results with the others. W e prop ose here a metho d to transmit one agen t’s learned estimated v alues to the others. W e assume that an y t w o agen ts ha v e at least one observ ation in common of the agen ts whic h constitutes their state-spaces. W e also sho w an exp erimen tal result of applying this metho d to a pursuit problem that m ultiple agen ts co op erate to capture a prey . 1 $O $8 $a $K 3F %( !< %8 %’ %s %H $, 3X =, 7k 2L $r 8_ $$ $K EA C# $9 $k $H , 8_ $$ $K 3X =, $7 $F $$ $J $$ It J, $r Jd $& . $= $N $H $- , $= $N 3X =, $9 $Y $- $b $N $, ;w $F $$ $k $[ $I , EA C# $K $h $j 3X =, ;~ 4V $, C; =L $G $- $k . $= $7 $F , J# ?t %( !< %8 %’ %s %H $K $h $k 6( D4 Ld Bj $N 2r $O , 3F %( !< %8 %’ %s %H $G ;w $F $$ $k 2D G= @- $, $" $k . Nc $H $7 $F , J# ?t $N %O %s %? !< $, 6( NO $7 $F , 3M J* $r Ja 3M $9 $k DI @W Ld Bj [1] $, 5s $2 $i $l $k . $= $N Ld Bj $G $O , 4 ?M $N %O %s %? !< $, 3M J* $K 6a IU $- , 6( NO $7 $F 3M J* $r Ja 3M $9 $k $3 $H $O $9 $Y $F $N %( !< %8 %’ %s %H $K 6& DL $7 $F $$ $k . 0l J} , 6/ 2= 3X =, $G $O , %( !< %8 %’ %s %H $O 3F >u BV $G $N 9T F0 $N I> 2A CM $r 3X =, $9 $k . $= $N >u BV 6u 4V $O 0l HL $K B> $N %( !< %8 %’ %s %H $N 4Q B, $+ $i 9= @. $5 $l $k . $3 $N $H $- , 3F %( !< %8 %’ %s %H $O <+ J, $N 4Q B, $O 0l Dj $G $" $k . $7 $+ $7 , $3 $N %( !< %8 %’ %s %H $N 4Q B, $O B> $N %( !< %8 %’ %s %H $K $H $C $F 0l Dj $G $O $J $$ . $= $N $? $a , 4Q B, $9 $k %( !< %8 %’ %s %H $r 6h JL $9 $k $H , >u BV 6u 4V $, 0[ $J $k . 2C $( $F , %( !< %8 %’ %s %H $, F1 $8 %? %9 %/ $r 3X =, $7 $F $$ $F $b , 0[ $J $k >u BV 6u 4V $G $N I> 2A CM $O 0[ $J $k . $h $C $F , $3 $N $h $& $J %( !< %8 %’ %s %H $O 3X =, 7k 2L $r D> @\ EA C# $G $- $J $$ . $= $3 $G K\ 9F $G $O , >u BV 6u 4V $N 0[ $J $k %( !< %8 %’ %s %H 4V $G $N 3X =, 7k 2L $N EA C# J} K! $r Ds 0F $9 $k . $^ $? , <B 83 $K $h $j 3X =, ;~ 4V $N C; =L $r 8! >Z $9 $k . 2 >u BV 6u 4V >u BV $N Nc $H $7 $F , DI @W Ld Bj $N 4 ?M $N %O %s %? !< %( !< %8 %’ %s %H $r 9M $( $k . 3F %( !< %8 %’ %s %H $N >u BV $O , <+ J, 0J 30 $N A4 %( !< %8 %’ %s %H $N 4Q B, $+ $i 9= @. $5 $l $k $H $9 $k . $3 $N $H $- , %( !< %8 %’ %s %H 4 0J 30 $N Am $F $N %( !< %8 %’ %s %H $, , %( !< %8 %’ %s %H 4 $N 4Q B, $r MQ $$ $F >u BV $r 9= @. $9 $k . $7 $+ $7 , %( !< %8 %’ %s %H 4 $N >u BV $K $O , %( !< %8 %’ %s %H 4 $N 4Q B, $O 4X 78 $J $$ . $3 $N $h $& $K , 3F %( !< %8 %’ %s %H $N >u BV 6u 4V $O 0[ $J $k >l 9g $, $" $k . $3 $l $O , 4Q B, $7 $F $$ $k %( !< %8 %’ %s %H $r 6h JL $7 $F $$ $k $3 $H $K $h $k . [2] $O , >u BV 6u 4V $r Ey $7 $/ $9 $k $? $a , B> $N %( !< %8 %’ %s %H $r 6h JL $; $: $K 8= :_ $N >u BV $r 7h $a $F $$ $k . $7 $+ $7 , 3F %( !< %8 %’ %s %H $r 6h JL $7 $? $3 $H $G >u BV 6u 4V $, 0[ $J $C $F $b , 3F %( !< %8 %’ %s %H $N >u BV 6u 4V $O 6& DL @- $r 4^ $‘ . >e $N Nc $G $b , %( !< %8 %’ %s %H 1,2 N> J} $N >u BV $O , %( !< %8 %’ %s %H 3,4 $d 3M J* $N 4Q B, $+ $i 9= @. $5 $l $k . $= $3 $G , %( !< %8 %’ %s %H 4V $G 6& DL $7 $F $$ $k It J, $N $_ $N >u BV 6u 4V $r 9M $( , $= $N >u BV $G $N I> 2A CM $r EA C# $9 $k . 3 EA C# $9 $k I> 2A CM 3X =, $7 $? I> 2A CM $r EA C# $9 $k Nc $H $7 $F , DI @W Ld Bj $G %O %s %? !< 1 $+ $i %O %s %? !< 2 $X I> 2A CM $r EA C# $9 $k >l 9g $r @b L@ $9 $k . @b L@ $N $? $a $K , >u BV $r 9= @. $9 $k CM $N %Y %/ %H %k $G >u BV $r I= $9 . 3F %O %s %? !< $r 6h JL $9 $k $? $a $K , 3M J* , %O %s %? !< 1,2,3,4 $N Aj BP 0L CV z p ; z 1 ; z 2 ; z 3 ; z 4 $+ $i >u BV $r 9= @. $9 $k . $3 $N >u BV $r <! $N $h $& $K I= $9 . s = [ z p ; z 1 ; z 2 ; z 3 ; z 4 ] : %O %s %? !< i $, 4Q B, $G $- $J $$ $3 $H $r , z i $N Be $o $j $K � $G I= $9 . %O %s %? !< 1 $N >u BV [ z p ; � ; z 2 ; z 3 ; z 4 ] $O , <+ J, 0J 30 $N %( !< %8 %’ %s %H $N 4Q B, $+ $i @. $k . $= $7 $F , $= $N >u BV $G $N 9T F0 a $K BP $9 $k I> 2A CM Q 1 ([ z p ; � ; z 2 ; z 3 ; z 4 ] ; a ) $r 3X =, $9 $k . %O %s %? !< 2 $b F1 MM $K I> 2A CM Q 2 ([ z p ; z 1 ; � ; z 3 ; z 4 ] ; a ) $r 3X =, $9 $k . $3 $N $H $- , %O %s %? !< 1 $H %O %s %? !< 2 $N >u BV $G 6& DL $J $N $O , 3M J* $H %O %s %? !< 3,4 $N 4Q B, $+ $i >u BV $, 9= @. $5 $l $F $$ $k E@ $G $" $k . $= $3 $G , 3M J* $H %O %s %? !< 3,4 $N 4Q B, $+ $i @. $k >u BV 6u 4V $N I> 2A CM Q 1 ([ z p ; � ; � ; z 3 ; z 4 ] ; a ) $r <! $N 6a ;w <0 $G 7W ;; $9 $k . 0J 2< $G $O , $3 $N CM $r EA C# I> 2A CM $H 8F $V . $3 $N 6a ;w <0 $G $O , 3X =, $7 $? I> 2A CM $H 3X =, Cf $K K, $l $? >u BV $N Mz Nr e 1 $r MQ $$ $k . $= $7 $F , 7W ;; $5 $l $? EA C# I> 2A CM $r %O %s %? !< 2 $X EA C# $9 $k . Q 1 ([ z p ; � ; � ; z 3 ; z 4 ] ; a ) def = E z 2 [ Q 1 ([ z p ; � ; z 2 ; z 3 ; z 4 ] ; a ) j e 1 ] = X z 2 P ([ z p ; � ; z 2 ; z 3 ; z 4 ] j e 1 ) Q 1 ([ z p ; � ; z 2 ; z 3 ; z 4 ] ; a ) ’ X z 2 N 1 ([ z p ; � ; z 2 ; z 3 ; z 4 ] ; e 1 ) P z 0 2 N 1 ([ z p ; � ; z 0 2 ; z 3 ; z 4 ] ; e 1 ) � Q 1 ([ z p ; � ; z 2 ; z 3 ; z 4 ] ; a ) : $? $@ $7 , N 1 ( s; e 1 ) $O %O %s %? !< 1 $, e 1 $G >u BV s $r K, $l $? 2s ?t $r <( $9 . 1

$= $7 $F , %O %s %? !< 2 $O , EA C# $5 $l $? CM $r 4p $K <! $N <0 $G I> 2A CM $r =q $- 49 $( $k . Q 2 ([ z p ; z 1 ; � ; z 3 ; z 4 ] ; a ) := (1 � R ) � Q 2 ([ z p ; z 1 ; � ; z 3 ; z 4 ] ; a ) + R � Q 1 ([ z p ; � ; � ; z 3 ; z 4 ] ; a ) : $? $@ $7 , R $O EA C# $5 $l $? CM $r <h $j 9~ $‘ N( (0 � R � 1) $H $9 $k . $= $7 $F $3 $N EA C# $O , I> 2A CM $N JQ 2= $, og CM $r <( $9 G$ 0U $N Dj ?t C $r 1[ $( $? $H $- $K 9T $J $& $H $9 $k . $3 $l $O , 3F %O %s %? !< $, 3X =, $K $h $j , :# $^ $G $N 3X =, 7k 2L $H 0[ $J $k 7k 2L $r F@ $? $H $- $K EA C# $r 9T $J $& $? $a $G $" $k . 3X =, $r 9T $J $C $F $$ $k $H $- $N N. $l $O <! $N $h $& $K $J $k . 0. og CM C $r @_ Dj . 3F %O %s %? !< $N >u BV $N 9= @. MW AG $r GD 0. . 1. 3F %O %s %? !< i $, t %9 %F %C %W L\ $G $N , 8= :_ $N >u BV s i $K CV $1 $k 9T F0 a i $N I> 2A CM Q t i ( s i ; a i ) $r 3X =, . 2. if [ j Q t i ( s i ; a i ) � Q t � 1 i ( s i ; a i ) j > C ] then 3F %O %s %? !< $X $N EA C# I> 2A CM $r 7W ;; , Aw ?. 3. if 6& DL I> 2A CM $, B> %O %s %? !< $+ $i EA C# then EA C# I> 2A CM $r 4p $K I> 2A CM $r =q $- 49 $( 4. 1. $X La $k . 4 FC D’ K\ J} K! $G $O , >u BV $r $D $/ $k 4Q B, $, 6& DL $7 $F $$ $k $J $i $P , 0[ $J $k >u BV 6u 4V $N %( !< %8 %’ %s %H $X 3X =, 7k 2L $r EA C# $G $- $k . $7 $+ $7 , 6& DL $N >u BV 6u 4V $r 9M $( , 3X =, $7 $? CM $N J? 6Q $r EA C# I> 2A CM $H $7 $F $$ $k . $3 $N $? $a , @5 3N $J I> 2A CM $r EA $( $k $3 $H $O =P Mh $J $$ . $= $7 $F , 3X =, $H $O JL $K EA C# I> 2A CM $N 7W ;; $K ;~ 4V $, I, MW $K $J $k . >u BV $N ?t m , >u BV $r 9= @. $9 $k MW AG ?t n $K BP $7 $F , O ( mn ) $N ;~ 4V $, 3] $+ $k . >u BV $N 9= @. >e , n $K BP $7 $F m $O 0l HL $K ;X ?t G\ $K $J $k . $h $C $F , EA C# $K $O n $H $" $k Dj ?t c $K BP $7 $F , :G 0- O ( c n ) $N ;~ 4V $, I, MW $K $J $k . $3 $N $? $a , 7W ;; 5! <B 83 $N $h $& $J 7W ;; ;~ 4V $H C5 :w ;~ 4V $K :9 $, $J $$ >l 9g $G $O , K\ <j K! $K $h $k 3X =, ;~ 4V $N C; =L $r EA C# I> 2A CM $N 7W ;; ;~ 4V $, BG $A >C $9 . $7 $+ $7 , <B %m %\ %C %H $N $h $& $J , 7W ;; ;~ 4V $h $j %( !< %8 %’ %s %H $N C5 :w ;~ 4V $, Hs >o $K $+ $+ $k >l 9g $K $O M- 8z $G $" $k . $^ $? , K\ <j K! $O 0l J} 8~ $N EA C# $N $_ $G $" $k . $h $C $F , B> $N %( !< %8 %’ %s %H $, 4Q B, $7 $F $$ $k %( !< %8 %’ %s %H $, ;v A0 $K $o $+ $C $F $$ $l $P , EA C# I> 2A CM $r 7W ;; $G $- $k . Aj 8_ $K %3 %_ %e %K %1 !< %7 %g %s $r <h $k I, MW $O $J $$ . 5 <B 83 7k 2L DI @W Ld Bj $r <! $N $h $& $K 2~ JQ $7 $? Ld Bj $K K\ J} K! $r E, MQ $9 $k . $= $7 $F , 0[ $J $k 2 DL $j $N Ja 3M >r 7o $G <B 83 $9 $k . 3M J* $H 3 ?M $N %O %s %? !< $, , 10 � 10 $N %H !< %i %9 9= B$ $N 3J ;R J? LL $K $$ $k . 1 %9 %F %C %W $G , 3M J* $O A0 8e :8 1& $K 1 Kq , %i %s %@ %‘ $K 0\ F0 $9 $k . 1 %9 %F %C %W $K , 3F %O %s %? !< $O 3J ;R J? LL >e $r A0 8e :8 1& $K 0\ F0 $9 $k $+ , $= $N Kq $K N1 $^ $k . 3F %O %s %? !< $O <+ J, $N <~ 0O 5 � 5 $N HO 0O $r 4Q B, $7 $F , 3M J* $H <+ J, 0J 30 $N %O %s %? !< $N Aj BP 0L CV $+ $i >u BV $r 9= @. $9 $k . $= $7 $F , 4Q B, $7 $? >u BV $G $N 9T F0 $N I> 2A CM $r 3X =, $7 , $= $N CM $r 4p $K 9T F0 $r 7h Dj $9 $k . $= $7 $F , 3M J* $N Ja 3M $, %O %s %? !< $N L\ I8 $G $" $k . 3M J* $r Ja 3M $7 $? %9 %F %C %W $K , Ja 3M $7 $? %O %s %? !< $X Js =7 CM 1 $r M? $( $k . Ja 3M $N >r 7o $r <B 83 1 $G $O 3 ?M $N %O %s %? !< , <B 83 2 $G $O 2 ?M $N %O %s %? !< $, 3M J* $K NY @\ $9 $k $3 $H $H $9 $k . $= $l 0J 30 $N %9 %F %C %W $G $O >o $K %O %s %? !< $O Js =7 CM � 0 : 01 $r F@ $k . 3F %( !< %8 %’ %s %H $O , t %9 %F %C %W $G >u BV s $G 9T F0 a $r <h $j , Js =7 r $r F@ $F >u BV s 0 $X $N A+ 0\ $9 $k . $= $N $H $- , <! $N Q 3X =, $N 99 ?7 <0 $K $h $j >u BV s $G $N 9T F0 a $N I> 2A CM $r 3X =, $9 $k . Q t +1 ( s; a ) := (1 � � ) Q t ( s; a ) + � ( r + max a 0 Q t ( s 0 ; a 0 )) : $= $7 $F , 1 ;n 9T $r %O %s %? !< $r %i %s %@ %‘ $K G[ CV $7 $F $+ $i , 3M J* $r Ja 3M $9 $k $+ , 2000 %9 %F %C %W 7P 2a $9 $k $^ $G $H $9 $k . $? $@ $7 <B 83 $G $O , u $r ;n 9T $N 2s ?t $H $7 $F , 8: ?j N( = 0 : 9, 3X =, N( � = 0 : 5 � (0 : 997) u , , EA C# $N og CM C = 0 : 72 � � , EA C# $r <h $j 9~ $‘ N( R = 0 : 1 $H $9 $k . $^ $? , %( !< %8 %’ %s %H $N 9T F0 $O , 3N N( 0.9 $G Q t ( s; a ) $, :G Bg $H $9 $k 9T F0 a $r <h $j , 3N N( 0.1 $G %i %s %@ %‘ $J 9T F0 A* Br $r 9T $J $& . 7W ;; 5! $K $h $k 10 2s $N <B 83 7k 2L $N %0 %i %U $r 0J 2< $K <( $9 . ?^ 1, ?^ 2 $N 2# <4 $O ;n 9T 2s ?t $r <( $9 . ?^ 1 $N =D <4 $O , 3X =, $K 3] $+ $C $? Am %9 %F %C %W ?t $N :G Bg CM , :G >. CM , J? 6Q $r I= $9 . ?^ 2 $N =D <4 $O , 3F ;n 9T $K CV $1 $k 3M J* $N Ja 3M $^ $G $N %9 %F %C %W ?t $N J? 6Q $r <( $9 . <B 83 2 $K BP $9 $k F1 MM $N %0 %i %U $, ?^ 3 $H ?^ 4 $G $" $k . ?^ 1: <B 83 1 $G $N Am %9 %F %C %W ?t <B 83 1 $G $O , ?^ 1 $+ $i Am %9 %F %C %W ?t $K $D $$ $F , EA C# $r 9T $J $& $3 $H $G , J? 6Q ;~ 4V $, <c 43 C; $/ $J $k . 800 ;n 9T $^ $G $K 3] $+ $C $? Am %9 %F %C %W ?t $N J? 6Q $r Hf 3S $9 $k $H , EA C# $K $h $j Ls 9 %Q !< %; %s %H C; =L $5 $l $F $$ $k . $7 $+ $7 , EA C# $r 9T $J $C $? J} $N Am %9 %F %C %W ?t $N :G Bg CM $O EA C# $r 9T $J $o $J $$ J} $N :G >. CM $r >e 2s $C $F $$ $k . $h $C $F , I, $: $7 $b 3X =, ;~ 4V $N C; =L $, 4| BT $G $- $k $o $1 $G $O $J $$ . $^ $? , ?^ 2 $r 8+ $k $H , 3F ;n 9T $N %9 %F %C %W ?t $G $O :9 $O 8+ $i $l $J $$ . 2

?^ 2: <B 83 1 $G $N 3F ;n 9T $N %9 %F %C %W ?t ?^ 3: <B 83 2 $G $N Am %9 %F %C %W ?t ?^ 4: <B 83 2 $G $N 3F ;n 9T $N %9 %F %C %W ?t <B 83 2 $G $O , EA C# $r 9T $J $C $? J} $, 9T $J $o $J $$ J} $K BP $7 $F , Am %9 %F %C %W ?t $G 82 Cx $J :9 $, =P $F $$ $k . 400 ;n 9T $r =* $( $k $^ $G $N Am %9 %F %C %W ?t $N J? 6Q $r Hf 3S $9 $k $H , EA C# $K $h $j Ls 37 %Q !< %; %s %H C; =L $5 $l $F $$ $k . $= $7 $F , EA C# $r 9T $J $C $? J} $N Am %9 %F %C %W ?t $N :G Bg CM $O EA C# $r 9T $J $o $J $$ J} $N Am %9 %F %C %W ?t $N :G >. CM $r 2< 2s $C $F $$ $k . $D $^ $j , >o $K 3X =, ;~ 4V $, C; =L $5 $l $F $$ $k . $7 $+ $7 , 3F ;n 9T $N %9 %F %C %W ?t $G $O Bg $- $J :9 $O 8+ $i $l $J $$ . <B 83 1 $G $O , 3 ?M $N %O %s %? !< $, 6( NO $7 $F 3M J* $r Ja 3M $9 $k $? $a , $I $N %O %s %? !< $b 6Q Ey $K Js =7 $r F@ $k . $= $N 6Q Ey $K 3X =, $7 $? 7k 2L $r $* 8_ $$ $K EA C# $9 $k $N $G , $" $^ $j Bg $- $J 8z 2L $, 8= $l $F $$ $J $$ , $H 9M $( $i $l $k . <B 83 2 $G $O , 3 ?M $N %O %s %? !< $N $& $A 2 ?M $G Ja 3M $G $- $k $3 $H $+ $i , KX $s $I $N ;n 9T $G Js =7 $r F@ $i $l $J $$ %O %s %? !< $, =P $F $/ $k . $= $N $? $a , 3X =, $N ?J $s $G $$ $k %O %s %? !< $H $= $& $G $J $$ %O %s %? !< $, 8= $l $k . $= $N 3X =, $N ?J $s $G $$ $J $$ %O %s %? !< $K BP $7 $F , 3X =, 7k 2L $, EA C# $5 $l $k $3 $H $G 3X =, $N ?J $s $G $$ $J $$ It J, $, Jd $o $l $F $$ $k , $H 9M $( $i $l $k . 6 $^ $H $a >u BV 6u 4V $N 0[ $J $k %( !< %8 %’ %s %H 4V $G 3X =, 7k 2L $r 6& DL $J >u BV 6u 4V $G $N I> 2A CM $K JQ 49 $9 $k $3 $H $G EA C# $9 $k J} K! $r Ds 0F $7 $? . $= $7 $F , <B 83 $K $h $j , 3X =, $K 3] $+ $k Am %9 %F %C %W ?t $, J? 6Q E* $K >/ $J $/ $J $k $3 $H , 3F %( !< %8 %’ %s %H $N 3X =, $N ?J $_ J} $K JP $j $, $" $k $H $- $K $O 3X =, $K 3] $+ $k Am %9 %F %C %W ?t $, Bg I} $K >/ $J $/ $J $k $3 $H $r 3N G’ $7 $? . ;2 9M J8 8% [1] Bg Bt 1Q 0l , >B 2, @i N$ , @P ED 5| . J, ;6 ?M 9) CN G= $K $* $1 $k I8 =‘ E* >. Ld Bj . %3 %s %T %e !< %? %= %U %H %& %’ %" , V ol.10, No.3, pp.3-19. 1993. [2] Ming T an. Multi-Agen t Reinforcemen t Learning: Indep enden t vs. Co op erativ e Agen ts. In Pr o c e e d- ings of the 10th International Confer enc e on Ma- chine L e arning. pp.330-337. 1993. [3] Christopher J. C. H. W atkins and P eter Da y an. Q - learning. Machine L e arning , V ol.8 No. 3, pp.279- 292. 1992. 3