6( D4 9T F0 $N 3X =, $K $* $1 $k 9g 0U $N 0B Dj 2= <j K! B@ ED @5 9, El 5~ 9) 6H Bg 3X >p Js M} 9) 3X 8& 5f 2J ?t M} !& 7W ;; 2J 3X @l 96 m-o ota@is.titec h.ac.jp Abstract Because of the complexity of multi-agen t systems, machine learning tec hniques are indisp ensable. When the agents co op erate with eac h other, they ha v e to mak e agreement ab out next b eha viors. But, if some go o d co op erative strategies hav e almost the same e�ectiveness, agreemen t could b e unstable, and e�ciency of learning will reduce. In this pap er, we show that agent can av oid this problem with incremental learning. W e ev aluate the e�ectiveness using a case study of learning pass pla y on the So ccer Serv er. 1 $O $8 $a $K 6a G/ !" J# ?t $N %( !< %8 %’ %s %H $, 6( D4 E* $K F0 :n $9 $k $3 $H $K $h $j !" C1 0l $N %( !< %8 %’ %s %H $G $O C# @. $9 $k $3 $H $N =P Mh $J $$ ;E ;v $r 9T $C $? $j !" AH ?% E* $K 9T F0 $9 $k $3 $H $G 8z N( $r 9b $a $k $H $$ $C $? %W %m %0 %i %_ %s %0 <j K! $N =E MW @- $, G’ <1 $5 $l $D $D $" $k [5][6] !# $7 $+ $7 !" ?M 4V $, 3F Ld Bj $K BP 1~ $7 $? 6( D4 9T F0 $r 40 A4 $K 5- =R $9 $k $3 $H $O :$ Fq $G $" $k $3 $H $, B? $/ !" <j 4V $N $+ $+ $k :n 6H $G $b $" $k $? $a !" F0 :n $N >\ :Y $O 5! 3# 3X =, $K $h $j 3M F@ $9 $k $3 $H $, K> $^ $l $k !# J# ?t $N %( !< %8 %’ %s %H $, 6( D4 9T F0 $r 3X =, $9 $k >l 9g !" $" $k >u 67 $K BP $7 F1 Dx EY $K 8z 2L E* $J J# ?t $N @o N, $, B8 :_ $9 $k $3 $H $, $" $k $? $a !" 6( D4 $9 $k 3F %( !< %8 %’ %s %H 4V $G $N 9g 0U $, IT 0B Dj $K $J $j !" 3X =, $N 8z N( $, 2< $, $k $3 $H $, $" $k !# K\ 9F $G $O !" %^ %k %A %( !< %8 %’ %s %H 4D 6- $K $* $$ $F 6/ 2= 3X =, $r 9T $& :] !" 3F %( !< %8 %’ %s %H $, CJ 3, E* $K 3X =, 7k 2L $r E, MQ $7 $J $, $i 3X =, $r 9T $& $3 $H $G $3 $N Ld Bj $r 2r 7h $9 $k $3 $H $, =P Mh $k $3 $H $r <( $7 !" 6a G/ !" %^ %k %A %( !< %8 %’ %s %H 4D 6- $K $* $1 $k 3X =, $r 07 $& $? $a $N I8 =‘ Ld Bj $H $J $j $D $D $" $k !" %3 %s %T %e !< %? >e $G %5 %C %+ !< $N ;n 9g $r %7 %_ %e %l !< %H $9 $k Nc [2] $r $b $H $K !" $3 $N J} K! $, M- 8z $G $" $k $3 $H $r 8! >Z $9 $k !# 2 6( D4 9T F0 $r 3X =, $9 $k :] $N Ld Bj E@ 2.1 BP >] $H $9 $k Ld Bj J# ?t $N %( !< %8 %’ %s %H $, !" <! $N $h $& $J 4D 6- $K $* $$ $F 6( D4 9T F0 $r 3X =, $9 $k $3 $H $r 9M $( $k !# � %( !< %8 %’ %s %H $I $& $7 $, D> @\ DL ?. $9 $k $3 $H $O =P Mh $J $$ !# � 3F %( !< %8 %’ %s %H $O !" %0 %m !< %P %k $J ;k E@ $+ $i $N >p Js $r ;} $? $: $K !" FH <+ $N ;k E@ $+ $i F@ $i $l $k >p Js $@ $1 $r $b $H $K 9T F0 $9 $k !# � 3F %( !< %8 %’ %s %H $N CN 3P >p Js $K $O %N %$ %: $, F~ $k !# %3 %s %T %e !< %? >e $G %5 %C %+ !< $N ;n 9g $r %7 %_ %e %l !< %H $9 $k Nc Bj $O !" %^ %k %A %( !< %8 %’ %s %H 4D 6- $K $* $1 $k I8 =‘ Ld Bj $N #1 $D $K $J $j $D $D $" $k $, !" Cf $G $b So ccerServer[4] $O !" >e 5- $N $h $& $J 4D 6- $r 07 $$ $d $9 $$ 7A $G <B 8= $7 $F $$ $k !# K\ 8& 5f $G $O !" So ccerServ er $r MQ $$ $F !" ?^ 1 $K <( $9 $h $& $K !" !V 96 7b B& $H KI 8f B& $= $l $> $l #2 ?M $: $D $K J, $+ $l !" 96 1

7b B& $N %( !< %8 %’ %s %H A 1 $, KI 8f B& $N %( !< %8 %’ %s %H O 1 ; O 2 $r $+ $o $7 $F $b $& JR J} $N 96 7b B& $N %( !< %8 %’ %s %H A 2 $K %Q %9 $r =P $7 !" A 2 $, %4 !< %k $K %7 %e !< %H $9 $k !W $H $$ $& %5 %C %+ !< $N N} =, $N #1 >l LL $r %7 %_ %e %l !< %H $9 $k Nc $r $b $H $K !" 96 7b B& $N #2 $D $N %( !< %8 %’ %s %H $K 6( D4 9T F0 $r 3X =, $5 $; $k $H $$ $& Nc Bj $r MQ $$ $k !# $3 $N >u 67 $K $O !" � S 1 ( %9 %k !< %Q %9 ) !’ A 1 $, O 1 ; O 2 $N 4V $r DL $7 $F %Q %9 $r =P $7 !" F1 ;~ $K A 2 $O E@ #P $^ $G Av $C $F %\ !< %k $r <u $1 <h $j !" %7 %e !< %H $9 $k !# � S 2 ( JI %Q %9 ) !’ A 1 $, A 2 $N 8= :_ CO $K 8~ $1 $F %Q %9 $r =P $7 !" A 2 $O $= $N >l $G %Q %9 $r <u $1 <h $j !" %7 %e !< %H $9 $k !# $H $$ $& #2 $D $N F1 Dx EY $K 8z 2L E* $J @o N, $, $" $j !" A 1 ; A 2 $, FH <+ $N ;k E@ $+ $i $N E( >p Js $r $b $H $K !" $I $A $i $N @o N, $r A* $V $Y $- $+ $r F1 ;~ $K 3X =, $5 $; $k :] $N Ld Bj $r 07 $& !# ?^ 1: Ld Bj $H $7 $F 07 $& >l LL 2.2 J# ?t $N %( !< %8 %’ %s %H $, F1 ;~ $K 3X =, $r 9T $J $& >l 9g $N N1 0U E@ $" $k 4D 6- $K $* $$ $F !" C1 0l $N %( !< %8 %’ %s %H $, 3X =, $r 9T $J $& >l 9g $H !" J# ?t $N %( !< %8 %’ %s %H $, F1 ;~ $K 3X =, $r 9T $J $& >l 9g $H $G $O !" <! $N $h $& $J 0c $$ $, $" $k !# � C1 0l $N %( !< %8 %’ %s %H $, 3X =, $r 9T $J $& >l 9g $" $k >u 67 $K BP $7 !" #2 $D $N @o N, $, M- 8z $G $" $k $H 3X =, $7 $? $H $- !" F1 $8 >u 67 $G $" $l $P #2 $D $N @o N, $O $I $A $i $b @. 8y $9 $k 2D G= @- $, 9b $$ !# => $C $F !" $I $A $i $N @o N, $r A* Br $7 $F $b @o N, $N @. 8y N( $O JQ $o $i $J $$ !# $^ $? !" E( $b F1 ;~ $K 3X =, $9 $k >l 9g $r A[ Dj $7 $F !" 0U ?^ E* $K $= $N #2 $D $N @o N, $r %i %s %@ %‘ $K A* Br $9 $k $3 $H $b $" $k !# � J# ?t $N %( !< %8 %’ %s %H $, F1 ;~ $K 3X =, $r 9T $J $& >l 9g ?^ 1 $N $h $& $J >u 67 $K $* $$ $F !" A 1 $O !" >e 5- $H F1 MM $K !" S 1 ; S 2 $H $$ $& #2 $D $N @o N, $, M- 8z $G $" $k $H CN $C $F $* $j !" F1 ;~ $K A 2 $b S 1 ; S 2 $H $$ $& #2 $D $N @o N, $, M- 8z $G $" $k $3 $H $r 3X =, :Q $_ $G $" $k $H $9 $k !# $3 $N $H $- !" $I $A $i $N @o N, $b 2a 5n $K M- 8z $@ $C $? $+ $i $H $$ $C $F !" A 1 $, S 2 !" A 2 $, S 1 $r A* Br $7 $F $7 $^ $& $H !" %\ !< %k $O E( O 2 $K <h $i $l $F $7 $^ $$ !" @o N, $O <: GT $9 $k !# $3 $l $O !" :# $^ $G $K @. 8y $7 $? :n @o $G $" $C $F $b !" <! $K !" 6( D4 $9 2

$k Aj <j $, <h $k :n @o $H F1 $8 :n @o $r <h $i $J $$ 8B $j !" <: GT $9 $k 2D G= @- $, 9b $$ $3 $H $r 0U L# $9 $k !# $^ $? !" 3X =, $N :G Cf $K $b !" 6( D4 $9 $k Aj <j $N 9T F0 <! Bh $G !" @5 $7 $$ @o N, $r A* $s $G $$ $? $H $7 $F $b 6( D4 9T F0 $O <: GT $K =* $o $k $3 $H $, $" $k $3 $H $r <( $7 $F $$ $k !# Ev A3 !" E( $, F1 ;~ $K 3X =, $r $9 $k >l 9g $r A[ Dj $7 $F !" @o N, $N A* Br $K %i %s %@ %‘ $J MW AG $r F~ $l $k $H !" 6( D4 $N 8z N( $O Cx $7 $/ Dc 2< $9 $k !# => $C $F !" J# ?t $N %( !< %8 %’ %s %H $, F1 ;~ $K 3X =, $r 9T $& >l 9g $K $O !" 0J 2< $N $h $& $J E@ $K N1 0U $9 $k I, MW $, $" $k !# � $" $k >u 67 $K BP $7 $F !" 6( D4 9T F0 $r $9 $k A4 $F $N %( !< %8 %’ %s %H $, F1 0l $N @o N, $r $H $k !J 9g 0U $r 7A @. $9 $k !K $h $& $K !" 3X =, $r $7 $J $1 $l $P @. $i $J $$ !# � $" $k >u 67 $K BP $7 $F <h $C $? 9T F0 $, <: GT $7 $F $b !" @o N, $N A* Br $r 8m $C $? $+ $I $& $+ $O $o $+ $i $J $$ $? $a !" %i %s %@ %‘ $K 9T F0 $7 $F $_ $F !" $& $^ $/ 9T $C $? $H $- $K Js =7 $r M? $( $k 6/ 2= 3X =, $, K> $^ $7 $$ !# � %( !< %8 %’ %s %H 4V $G D> @\ DL ?. $, =P Mh $k $h $& $J >l 9g $r =| $- !" E( $, F1 ;~ $K 3X =, $r $9 $k >l 9g $J $I $r A[ Dj $7 $F @o N, $N A* Br $K %i %s %@ %‘ $J MW AG $r F~ $l $J $$ !# 2.3 9g 0U 7A @. $N :] $N Ld Bj E@ ?^ 1 $N >u 67 $G !" A 1 ; A 2 $, %i %s %@ %‘ $J @o N, $r <B 9T $7 !" $& $^ $/ 9T $C $? $H $- $N CN 3P >p Js $K BP $9 $k @o N, $r 65 ;U ?. 9f $H $7 $F 3X =, $r ?J $a $k $H !" ?^ 2 $K <( $9 $h $& $K !" F1 $8 >u 67 $K BP $7 $F !" 0[ $J $k #2 $D $N @o N, $r 3X =, $7 $F $7 $^ $& $3 $H $, $" $k !# A0 =R $N DL $j !" J# ?t $N %( !< %8 %’ %s %H $, F1 ;~ $K 3X =, $r 9T $& >l 9g $K $O $= $N %( !< %8 %’ %s %H 4V $K F1 0l $N @o N, $r <h $k $? $a $N 9g 0U $, $J $5 $l $F $$ $k I, MW $, $" $k !# $7 $+ $7 !" %( !< %8 %’ %s %H $I $& $7 $, D> @\ DL ?. $9 $k $3 $H $, =P Mh $J $$ 4D 6- $G $O !" 2a 5n $N 3X =, 7k 2L $+ $i 9g 0U $r F3 $- =P $9 $3 $H $K $J $k !# 0l HL E* $K $O 3F >u 67 $K BP $7 $F @. 8y $7 $? 3X =, 2s ?t $, B? $$ @o N, $r A* $V $, !" $3 $N 2s ?t $K JP $j $, >/ $J $$ >u 67 $K BP $7 $F $O !" 3X =, $r =* $( $? CJ 3, $G 3F %( !< %8 %’ %s %H $, $I $A $i $N @o N, $r <h $k $h $& $K $J $C $F $$ $k $+ J, $+ $i $: !" 9g 0U $, 0B Dj $7 $J $$ $? $a !" 6( D4 9T F0 $N @. 8y N( $, Dc 2< $9 $k $H $$ $& Ld Bj $, @8 $8 $k $3 $H $, $" $k !# ?^ 2: 9g 0U 7A @. $r K8 $2 $k 3X =, Nc FC $K !" $" $k >u 67 $K BP $7 !" S 1 ; S 2 $, F1 Dx EY $K 8z 2L E* $J @o N, $G $" $k >l 9g $K $O !" $3 $N $h $& $K 0[ $J $k #2 $D $N @o N, $O D9 $$ 4V 3X =, $r B3 $1 $F $b !" 3X =, 2s ?t $K $" $^ $j JP $j $, @8 $8 $J $$ $? $a !" $3 $N >u 67 $K BP $7 $F A 1 ; A 2 $, A* $V @o N, $, Dj $^ $i $: !" F1 0l $N @o N, $r <h $k $h $& $K 3X =, $9 $k $3 $H $O Fq $7 $$ !# $5 $i $K !" A 1 ; A 2 $, $= $l $> $l 0[ $J $k FH <+ $N ;k E@ $+ $i $N >p Js $r 85 $K !" @o N, $r A* $V >l 9g $K $O !" A 1 ; A 2 $N >u BV 6u 4V $N @Z $j J, $1 $, 0[ $J $j !" 9g 0U 7A @. $, 99 $K :$ Fq $K $J $k !# 3

3 CJ 3, E* $J 3X =, 7k 2L $N E, MQ >e 5- $N $h $& $J Ld Bj $, @8 $8 $k $N $O !" 3X =, $r B3 $1 $F $b $3 $N #2 $D $N @o N, 4V $K 3X =, 2s ?t $N JP $j $, @8 $8 $J $$ $? $a $G $" $k !# => $C $F !" 3X =, $, ?J $‘ $K $D $l $F @. 8y $7 $? 3X =, Nc $N ?t $, JP $k $h $& $K !" 0U ?^ E* $K 3X =, Nc $r :n $j =P $7 $F $d $l $P $h $$ !# $H $3 $m $G !" 3X =, 2s ?t $N JP $j $, $" $^ $j @8 $8 $J $$ $h $& $J >u 67 $K $* $$ $F $b !" 3X =, $N =i 4| CJ 3, $G $O Hf 3S E* 3X =, Nc $K Bg $- $J JP $j $, @8 $8 $d $9 $$ !# Nc $( $P !" $" $k >u 67 $K BP $7 !" S 1 $r #2 2s S 2 $r #1 2s 3X =, $7 $? CJ 3, $G $O !" A 1 ; A 2 $O S 1 $K 9g 0U $9 $k $3 $H $, Hf 3S E* MF 0W $G $" $k !# => $C $F !" 3X =, $N =i 4| $K @8 $8 $? 3X =, Nc $N JP $j $r A} I} $9 $k $h $& $K 3X =, $r B3 $1 $l $P !" $" $k >u 67 $K BP $7 !" 6( D4 9T F0 $r $9 $k 3F %( !< %8 %’ %s %H $, !" <B :] $K $& $^ $/ 9T $C $? 3X =, Nc $K JP $C $? F1 0l $N @o N, $r :G =* E* $K $O <h $k $h $& $K 3X =, $5 $; $k $3 $H $, 2D G= $G $" $k !# $3 $N 9M $( $K 4p $E $- !" %i %s %@ %‘ $K 9T F0 $7 $F 3X =, Nc $r C_ $( $F $$ $/ $@ $1 $G $J $/ !" %( !< %8 %’ %s %H <+ ?H $N H= CG $r :. $< !" CJ 3, E* $K 3X =, 7k 2L $r E, MQ $7 $J $, $i :F 3X =, $r 9T $& $H !" :# $^ $G $K $& $^ $/ 9T $C $? 3X =, Nc $r :F $S 3X =, $9 $k 2s ?t $, Aj BP E* $K A} $( !" 3X =, Nc $N JP $j $r A} I} $9 $k $3 $H $K $J $k $? $a !" @h $K =R $Y $? %^ %k %A %( !< %8 %’ %s %H 4D 6- FC M- $N Ld Bj $r 2r 7h $9 $k $3 $H $, =P Mh $k $H 9M $( $i $l $k !# 4 <B 83 ?^ 1 $G <( $7 $? >u 67 $K $* $$ $F !" A 1 ; A 2 $= $l $> $l $, !" FH <+ $N ;k E@ $+ $i $N >p Js $r $b $H $K !" 6( D4 9T F0 $r 3X =, $5 $; $k <B 83 $r <! $N <j =g $G 9T $J $C $? !# � %W %l %$ %d !< $H %\ !< %k $r FC Dj $N 0L CV $K G[ CV $9 $k !# � 3F %( !< %8 %’ %s %H $O <+ J, $N <h $k @o N, $r 7h Dj $7 !" $= $N @o N, $K 1h $C $F #3 IC 4V $@ $1 %7 %_ %e %l !< %7 %g %s $r 9T $J $& !# � #3 IC 0J Fb $K %7 %e !< %H $, =P Mh $? !J %7 %e !< %H $N 4X ?t $r <B 9T $7 $? !K >l 9g !" 6( D4 $, @. 8y $7 $? $H $_ $J $7 $F !" :G =i $N >u 67 $K BP $7 $F A* $s $@ @o N, $r 3X =, $9 $k !# 0J >e $r !" E( $N 0L CV $r Kh 2s JQ 2= $5 $; $J $, $i 7+ $j JV $7 9T $J $C $? !# $= $N $H $- $N >u 67 $r ?^ 3 $K <( $9 !# ?^ 3: <B 83 $N >l LL 3F %( !< %8 %’ %s %H A 1 ; A 2 $O !" NY $I $& $7 $N La y er $K 4^ $^ $l $k %N !< %I $, A4 $F L) $K 7k 9g $7 $F $$ $k #4 AX $N Neural Net w ork $r 8D JL $K ;} $C $F $* $j !" F1 ;~ $K 3X =, $r 9T $J $o $; $? !# $3 $N Neural Net w ork $O !" E( O 1 ; O 2 $N Aj BP E* $J 4

J} 8~ $H 5w N% $H $$ $& #4 $D $N CM $r F~ NO $H $7 !" @o N, S 1 ; S 2 $N $I $A $i $r A* Br $9 $k $Y $- $+ $r 7h Dj $9 $k $? $a $K #0 $+ $i #1 $^ $G $N <B ?t $r #1 $D =P NO $9 $k !# $= $7 $F !" S 1 $G $& $^ $/ 9T $C $? >l 9g $K $O #1 !" S 2 $G $& $^ $/ 9T $C $? >l 9g $K $O #0 $H $$ $& 65 ;U ?. 9f $r M? $( !" bac k propagation $K $h $j 3X =, $r 9T $C $? !# $^ $? !" 3F Cf 4V AX $N %N !< %I ?t $O $$ $: $l $b #3 #0 8D $G $" $k !# KI 8f B& $N %( !< %8 %’ %s %H O 1 ; O 2 $K $O !" Rob oCup[2] $N =‘ M% >! %A !< %‘ $G $" $k Andhill[1] $r MQ $$ $? !# $3 $N 3X =, $r 0J 2< $N #3 DL $j $N J} K! $G 9T $$ !" Hf 3S $7 $? !# � A 1 ; A 2 $H $b !" S 1 ; S 2 $r $= $l $> $l 50% $: $D $N 3N N( $G 9T $$ !" #3 IC 0J Fb $K A 2 $, %7 %e !< %H $r 9T $& $3 $H $, $G $- $? !J %7 %e !< %H $, F~ $C $? ;~ $H $$ $& J, $1 $G $O $J $$ !K >l 9g $K !" $= $N $H $- $N F~ NO $H @o N, $N AH $_ $r J] B8 $7 $F $* $/ !# $3 $N :n 6H $r 2500 2s 7+ $j JV $7 !" 8e $G Neural Netw ork $K 20000 2s bac k propagation $G 7+ $j JV $7 3X =, $5 $; $k !# $3 $N :n 6H $r #5 2s 7+ $j JV $9 !# � A 1 ; A 2 $, $= $l $> $l 50% $N 3N N( $G !" <+ J, $N Neural Net w ork $+ $i $N =P NO $G 9T F0 $7 !" $= $l 0J 30 $N >l 9g $O #1 $D L\ $N J} K! $H F1 MM !" %i %s %@ %‘ $K 9T F0 $9 $k !# $3 $N J} K! $G %G !< %? $r <h $j !" >e 5- $H F1 MM $N 2s ?t $@ $1 3X =, $r 9T $& !# � #2 $D L\ $N J} K! $H F1 MM $@ $, !" <+ J, $N Neural Net w ork $+ $i $N =P NO $N DL $j $K 9T F0 $9 $k 3N N( $r !" 20000 2s $N back propagation Kh $K !" 0%,20%,40%,60%,80% $H A} $d $7 $F $$ $/ !# E( O 1 ; O 2 $N 0L CV $r $= $l $> $l #2 #5 DL $j $: $D $K JQ 2= $5 $; $? !" 9g 7W #6 #2 #5 DL $j $N >u 67 $K $D $$ $F <B 83 $7 $? 7k 2L !" A 2 $, %7 %e !< %H $r 9T $& $3 $H $, =P Mh $? 3N N( $, I= 1 !" $J $i $S $K ?^ 4 $N $h $& $K >e >: $7 !" :G =* E* $K !" %i %s %@ %‘ $K 3X =, $r ?J $a $F $$ $C $? $@ $1 $N >l 9g $K BP $7 $F 14.7% Dx EY 8z N( $, >e $, $k $3 $H $, 3N G’ $5 $l $? !# $J $* !" $3 $N <B 83 $G $O 3X =, %G !< %? $N $& $A Ls 9.64% $N >u 67 $K BP $7 !" #2 DL $j $N @o N, $, 3X =, $5 $l $F $$ $? !# I= 1: <B 83 7k 2L 3X =, $N 2s ?t ( 2s ) 0 20000 40000 60000 80000 100000 %i %s %@ %‘ $K 3X =, (%) 23.4 40.8 49.0 51.2 50.8 51.6 50% 3X =, 7k 2L $r E, MQ (%) 23.4 38.6 52.2 56.4 55.8 55.4 CJ 3, E* $K 3X =, 7k 2L $r E, MQ (%) 23.4 40.8 48.6 53.0 58.0 59.2 5 $* $o $j $K $" $k >u 67 $K BP $7 !" J# ?t $N @o N, $N Cf $+ $i <h $k $Y $- 6( D4 @o N, $r 6/ 2= 3X =, $5 $; $k >l 9g !" @. 8y $7 $? 3X =, Nc $N 2s ?t $K Bg $- $J JP $j $, $" $l $P !" J# ?t $N %( !< %8 %’ %s %H $, 6( D4 F0 :n $r 3X =, $9 $k $3 $H $, $G $- $k !# $7 $+ $7 !" F1 Dx EY $K 8z 2L E* $J @o N, $, B8 :_ $7 !" @. 8y $7 $? 3X =, Nc $N 2s ?t $K JP $j $, >/ $J $$ $H !" 3X =, J} K! $K $h $C $F $O J# ?t $N %( !< %8 %’ %s %H 4V $N 9g 0U $, IT 0B Dj $K $J $j !" 3X =, $N 8z N( $, 2< $, $k $3 $H $, $" $k !# $3 $N Ld Bj $r 2r 7h $9 $k $? $a $K $O !" 3X =, $N @. 8y Nc $N JP $j $r A} I} $9 $k $h $& $K 3X =, $r ?J $a $k 5! G= $r %( !< %8 %’ %s %H $K ;} $? $; $l $P $h $/ !" CJ 3, E* $K 3X =, 7k 2L $r E, MQ $7 $J $, $i 3X =, $r 9T $& $3 $H $G <B 8= $9 $k $3 $H $, =P Mh $k !# So ccer Server >e $G 0J >e $N $3 $H $r 3N $+ $a $k $? $a $N <B 83 $r 9T $C $? 7k 2L !" CJ 3, E* $K 3X =, 7k 2L $r E, MQ $7 $J $, $i 3X =, $r 9T $& $H !" %i %s %@ %‘ $K 3X =, $r B3 $1 $F $$ $C $? >l 9g $K Hf $Y $F 14.7% Dx EY $N 8z N( 2= $, 8+ $i $l $? !# 5

?^ 4: <B 83 7k 2L ;2 9M J8 8% [1] T omohito Andou. \Re�nemen t of So ccer Agents’ P ositions Using Reinforcemen t Learning" pro ceed- ings of Rob oCup-97 (to app ear) [2] H.Kitano, M.Asada, Y.Kuniy oshi, I.No da and E.Osaw a \Rob o cup: The rob ot w orld cup initiativ e" IJCAI-95 W orkshop on En tertainmen t and AI/Alife pages 19-24 August 1995. [3] Hitoshi Matsubara, Itsuki No da, and Kazuo Hiraki. \Learning of co op erative actions in m ultiagen t systems: a case study of pass play in so ccer" AAAI. Adaptation, Co evolution and Learning in Multiagen t Systems: Papers from the 1996 AAAI Spring Symp osium, AAAI T ec hnical Rep ort SS-96-01, pages 63-67. Menlo P ark, CA, Marc h 1996, AAAI Press. [4] Itsuki No da. \So ccer server: a sim ulator of rob o cup" In Pro ceedings of AI symp osium ’95, pages 29-34 Japanese So ciety for Arti�cial In telligence Decem b er 1995. [5] Peter Stone and Man uela V eloso. \Multiagent systems: A survey from a mac hine learning p ersp ec- tiv e" IEEE T ransactions on Knowledge and Data Engineering, June 1996. [6] Ming T an \Multi-Agen t Reinforcemen t Learning: Indep endent Vs. Co op erativ e Agen ts" Pro ceed- ings of the T en th International Conference on Machine Learning pages 330-337 June 1993. 6