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Figure 1. We define an episode as containing k slots. Each slot 
is occupied by a policy (or an exploration strategy such as !-
greedy) that will dictate the actions to be taken in the steps of 
this slot. 
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3. APPLYING SPATIAL HINTS TO 
POLICY REUSE 
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!
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\5%&+5..(=! $&7)! 5! /#%+67! $),&.'! 7,2$6'#+! %)#! '6$%527#! -#%3##2!!!
%)#! 7&++#2%! $%5%#! ,0! %)#! 3,+.'! 52'! %)#! *,.67(p$! +#0#+#27#! *,62%8!
?62%$!%)5%!5+#!05+%)#+!535(!3,&.'!-#!.#$$!.61#.(!%,!-#!&$#0&.!%)52!
7.,$#+! )62%$8! L''6%6,25..(=! %)#! S&5.6%(! %)#! )62%$! /64)%! 2,%! -#!
&260,+/8!")6.#!$,/#!#96$%624!*,.676#$!/64)%!-#!/,+#! $&6%5-.#! %,!
-#!#9#7&%#'!62!/,+#!$%5%#$!,0!%)#!2#3!%5$1=!$,/#!,0!%)#/!/64)%!-#!
.#$$!&$#0&.=!52'! %)#+#0,+#!$),&.'!#9#+%! 5!3#51#+! 620.&#27#!,2! %)#!
.#5+2624!54#2%8!

P,+! %)6$! +#5$,2=!3#! 5$$,765%#! 36%)! #57)! )62%! )6! 5! ;5+65-.#! +#57)6!
3)67)! #$%6/5%#$! ),3! 4,,'! %)#! *,.67(! i6! 6$! 5+,&2'! 6%$! +#0#+#27#!
$%5%#! $68! @,.676#$! %)5%! *#+0,+/! 3#..! 5+,&2'! %)#6+! +#0#+#27#! $%5%#!
$),&.'!)5;#!%)#6+!+#$*#7%6;#!+#57)!627+#5$#'!%,!#9%+57%!$642606752%!
7,2%+6-&%6,2$!0+,/!4,,'!#96$%624!*,.676#$8!O61#36$#=!)62%$!%)5%!5+#!
2,%! 5$! 4,,'! B#848!3),$#!*,.67(! 6$! 2,%! 5! 4,,'! 5.%#+25%6;#! 0,+! %)5%!
+#0#+#27#! *,62%C! $),&.'! 2,%! -#! +#&$#'! 5$! ,0%#28! ! U)6$! )5$! 52!
525.,4(!%,!%)#!.53$!,0!5%%+57%6,2!0+,/!*)($67$8!U)#!+#57)!,0!5!)62%!
752! -#! 7,2$6'#+#'! 6%$! /5$$8! <,'6#$! 36%)! $%+,24#+! /5$$! #9#+%! 5!
$%+,24#+!0,+7#!,0!5%%+57%6,2=! e&$%!.61#!-,'6#$! %)5%!5+#!7.,$#+! %,! %)#!
+#$*#7%6;#!,-e#7%8!U)#+#0,+#=!3#!2##'!5!/#%+67!%)5%!6$!*+,*,+%6,25.!
%,! +#57)6=! 52'! 62;#+$#.(!*+,*,+%6,25.! %,! %)#!'6$%527#!-#%3##2! %)#!
7&++#2%! 52'! +#0#+#27#! $%5%#$8! U)5%p$! 3)(! 3#! 7),$#! %,! 5$$642!
*,.676#$!%,!$.,%$!36%)!*+,-5-6.6%(!*+,*,+%6,25.!%,!36J!78 % 9:;<=>& ? @ABC;D<:"4<E99:DC4BC;C:2 9:F:9:D<:4BC;C:>4$!
3)#+#!'6$%527#!752!-#!52(!/#%+67!'#062#'!,;#+!%)#!$%5%#!$*57#8!E2!
%)6$!*5*#+=!3#!&$#!%)#!Q52)5%%52!'6$%527#8!

L0%#+!%)#!5$$642/#2%!,0!5!*,.67(!i6!%,!5!$.,%=!%)#!#9#7&%6,2!,0!%)6$!
$.,%!$%5+%$8!U)#!$#.#7%6,2!,0!57%6,2$!62!%)6$!$.,%!36..!-#!'#%#+/62#'!
-(!%3,!$,&+7#$J!%)#!#96$%624!*,.67(!i6!52'!52!G H4+##'(!*+,7#'&+#!
-5$#'!,2!%)#![T;5.&#$!,0!%)#!7&++#2%!%5$1J!G H I9::@J"KLMN$4O P:BC4;<CAQD2 RAC=4S9QP;PATACJ4G9;D@QU4;<CAQD2 RAC=4S9QP;PATACJ4& H GV!
U)#! 57%6,2! $#.#7%6,2! 6$! 626%65..(! '#%#+/62#'! -(! i68! E2! $&-$#S&#2%!
$%#*$=! %)#+#! 6$! 5! *+,-5-6.6$%67! -5.527#! -#%3##2! 57%6,2$! -(! i6! 52'!G H4+##'(=! &2%6.! %)#! #2'! 3)#2! G H4+##'(! ',/625%#$! %)#! 57%6,2!
$#.#7%6,2!*+,7#$$!BP64&+#!FC8!

!
Figure 2. Action selection process in a slot combining an 
existing policy "i and an W Hgreedy procedure. 
!

U5-.#!G!'#$7+6-#$! %)#!5.4,+6%)/!#9#7&%#'!'&+624!#57)!$.,%8!L0%#+!
%)#!*,.67(!0,+!%)5%!$.,%!i6!)5$!-##2!'#%#+/62#'=!6%!6$!*5$$#'!%,4#%)#+!
36%)! %)#! 626%65.! $%5%#! ,0! %)#! $.,%! %,! %)#! 5.4,+6%)/8! U)#! -5$67!
6%#+5%6,2!6$!+#*#5%#'!0,+!%)#!/596/&/!2&/-#+!,0!$%#*$!U=!,+!&2%6.!
%)#! 4,5.! $%5%#! 6$! +#57)#'8! U)#! G H4+##'(! $%+5%#4(! $%5+%$! 5%! 5!
$*#76067! .#;#.! ,0! +52',/2#$$4G-=! 52'! -#7,/#$! 4+##'6#+! 62! #;#+(!
$%#*!-(!5! 057%,+!,0!XG8!U)#!&*'5%#!,0! %)#!*,.67(! 6$!*#+0,+/#'!2,!
/5%%#+!3)#+#! %)#! 57%6,2!75/#! 0+,/8!U)#+#0,+#=! #;#2! 60! 52!57%6,2!
%)5%!35$!'67%5%#'!-(! 52! #96$%624! *,.67(! 6$! 2,%! 5**+,*+65%#! 62! %)6$!
2#3!%5$1=!%)#+#!6$!$%6..!&$#0&.!620,+/5%6,2!%)5%!6$!7,..#7%#'!%)+,&4)!
%)6$!&*'5%#!,0!%)#![!%5-.#8!
U5-.#!F!7,2%562$!%)#!'#0626%6,2!,0!52!#*6$,'#8!\5%&+5..(=!6%!7,2$6$%$!
,0! 5! $#S&#27#! ,0! 75..$! %,! %)#! $.,%! 5.4,+6%)/8! "#! $%5+%! -(!
7,2$6'#+624! %)#! 626%65.!$%5%#=!52'!-5$#'!,2! %)6$!$%5%#=!7,/*&%624!5!
*+,-5-6.6%(!'6$%+6-&%6,2!,;#+!%)#!#96$%624!*,.676#$!B62!%)#!.6-+5+(!,0!
)62%$C8!
U)6$! '6$%+6-&%6,2! 6$! *+,*,+%6,25.! %,! %)#!*5$%! *#+0,+/527#!,0! #57)!
0&27%6,2!B+#57)6C!52'!62;#+$#.(!*+,*,+%6,25.!%,!),3!05+!%)5%!*,.67(!
35$! +#0#+#27#'! -(! %)#! &$#+! BGq'6$%C8! L0%#+! %)#! 7),$#2! *,.67(!
4&6'#$! %)#! 54#2%! 62! ,2#! $.,%=! %)#! 7&++#2%! $%5%#! $7&++! 7)524#$=!
(6#.'624!5!'600#+#2%!'6$%+6-&%6,2!,;#+!*,.676#$8!
!
L.4,+6%)/!$.,%BK>=!B>L>Y>Z[C!
!!!!!S \% 4&]^^!
!!!!!B_`aa \% B>L>Y>Z[!
!!!!!G4 \% 4G-!
!!!!!A#*#5%!Τ!%6/#$!,+!&2%6.!B_`aa % BbcZ[!
!!!!!!!!!!;<CAQD4 \%4O K>"B_`aa$2RAC=4S9QP;PATACJ4SG H d1eefg"hi3j"B_`aa$$27klm4n1op4& H nV!
!!!!!!!!!!D9#7&%#!57%6,2=!7,..#7%624!BLMqY!52'!+#35+'!+!
!!!!!!!!!!!rstuv"B_`aa2 ;<CAQD$ \%4"& H w$4rstuv"B_`aa2 ;<CAQD$ ?!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!w4x49 ? 4y z{|Z rstuv"BLMqY2 ;$4}!
!!!!!!!!!!S \% 4S H4& ~� !

!!!!!!!!!!B_`aa \% BLMqY!
!!!!!!!!!!G4 \% 4zk�4"4&2 G ?4XG4$!

Table 1. Slot exploration strategy 
!
L.4,+6%)/!#*6$,'#BB>L>Y>Z[=!O6-+5+(!C!
!!!!!B_`aa 4 \%4B>L>Y>Z[!
!!!!!A#*#5%!^!%6/#$!,+!&2%6.!B_`aa % 4 B>L>Y>Z[!
!!!!!!!!!!O#%!R> % 4 aMZ_��+0�>�YZL_M"�����2��$ 4�A � �AP9;9J!
!!!!!!!!!!>#.#7%!i!577,+'624!%,!'6$%+6-&%6,2!S"h8$ % 4 j�� j�� !

!!!!!!!!!!D9#7&%#!$.,%Bi=!B_`aaC!
!!!!!!!!!!A#%+6#;#!2#3!B_`aa!0+,/!$.,%!

Table 2. Episode definition strategy 
!
!
!
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.6-+5+(!,0!)62%$!&$#'!62!#57)!#*6$,'#!6$!7,/*,$#'!,0!%),$#!#96$%624!
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U)#+#0,+#=! $6/*.(! +#&$624! %)#! $5/#!$#%!,0!)62%$! 62!#;#+(! #*6$,'#!
/64)%!-#!%,,!62#00676#2%!52!5**+,57)8!
\5%&+5..(=! ,2#! $,.&%6,2! %,! ,;#+7,/#! %)#! 625'#S&57(! ,0! #96$%624!
*,.676#$!3,&.'!-#! %,!&$#! 5! %+5'6%6,25.! #9*.,+5%6,2r#9*.,6%5%6,2!,0!
%)#!#2;6+,2/#2%8!"#!5.+#5'(!',!%)6$!-(!$36%7)624!0+,/!%)#!&$#!,0!
%)#! #96$%624! *,.67(! 52'! G H4+##'(! 62! #57)! $.,%! BP64&+#! FC8!
?,3#;#+=!6%!/64)%!$%6..!-#!%)#!75$#!%)5%!%)#!5+#5!5+,&2'!%)#!626%65.!
$%5%#! ,0! 52! #*6$,'#!/64)%! 2,%! -#! 5'#S&5%#.(! 7,;#+#'!-(! #96$%624!
*,.676#$8!U)#+#0,+#=!-#0,+#!%)#!$%5+%!,0!#57)!#*6$,'#=!3#!5+%606765..(!
62%+,'&7#! 52! #9%+5! #2%+(! 62! %)#! .6-+5+(! ,0! )62%$! 7,2%562624! %)#!�H4+##'(!*,.67(!)5;624! %)#! 626%65.! $%5%#! $626%65.! 5$! +#0#+#27#!*,62%=!
36%)! '600#+#2%! ;5.&#$! ,0! +#57)�Hd1eefg8! U)6$! 7,2$%6%&%#$! 52!
#9*#+6/#2%=!3)67)!%+6#$!%,!6'#2%60(!3)67)!6$!;5.&#!,0!+#57)�Hd1eefg!
62! $626%65.! 36..! -#%%#+! 7,/-62#!36%)! %)#! #96$%624! *,.676#$! %,! .#5'! %,!
)64)#+!+#35+'$8!!
s6;#2! %)5%! @ABC;D<:�B>L>Y>Z[2 9:F:9:D<:�*baMM��� % 4^=! 3#! 752!
;5+(! +#57)�Hd1eefg! 0+,/! 5! .,3! %,! 5! )64)! ;5.&#! %,! #$%6/5%#! /,+#!
*+#76$#.(! ),3! %)#! #*6$,'#! *#+0,+/$! 3)#2! G H4+##'(! )5$! 5! .,3!
*+,-5-6.6%(!52'!3)#2!6%!)5$!5!)64)!*+,-5-6.6%(!,0!-#624!5$$642#'!%,!
,2#! ,0! %)#! $.,%$! ,0! %)#! #*6$,'#8! \5%&+5..(=! %)6$! 6$! 2,%! 5! *#+0#7%!
#9*#+6/#2%! -#75&$#! 0&%&+#! %#$%$! $#%%624! 5! )64)#+! ;5.&#! ,0!
+#57)�Hd1eefg!36..!)5;#!-#2#06%%#'!0+,/!%)#!12,3.#'4#!57S&6+#'!62!
*5$%! %#$%$8! U)6$! 36..! 7+#5%#! 5! -65$! %,35+'$! )64)#+! ;5.&#$! ,0!
+#57)�Hd1eefg8!?,3#;#+=!%)6$!6$!2,%!2#7#$$5+6.(!5!-5'!%)6248!:2#!,0!
%)#! *&+*,$#$! ,0! 62%+,'&7624! �H4+##'(! 62! %)#! 06+$%! *.57#! 6$! %,!
$.,3.(!4#%! +6'!,0!#96$%624!*,.676#$=!52'!36%)!#57)!#*6$,'#! %,!+#.(!
627+#5$624.(!/,+#!,2!7,27+#%#!12,3.#'4#!5-,&%! %)#!7&++#2%! %5$18!
U)#! #9*.,+5%6,2! '67%5%#'! -(! �H4+##'(! +#.6#$! ,2! %)6$! 7,27+#%#!
12,3.#'4#=!52'!6$!%)#+#0,+#!-#2#06765.!%,!%)#!.#5+2624!54#2%!62!52!
5';527#'! $%54#! ,0! %)#! *+,7#$$8! L2! 5-$%+57%! ;#+$6,2! ,0! ,&+!
5.4,+6%)/!6$!*+#$#2%#'!62!U5-.#!X8!
!
L-$%+57%!;#+$6,2!,0!>?@A!
!!!A#*#5%!
!!!!!@671!5!$%5%#!0+,/!%)#!$%5%#!$*57#!
!!!!!A#*#5%!%)#!S&#$%6,2!
          For this state, are the existing policies enough? If not,   
h     how strong should the �Hgreedy policy be to jumpstart the    
c        collection of good rewards? 
!!!!!!!!!!K#$642!52!#9*#+6/#2%!%,!52$3#+!%)6$!S&#$%6,2=!52'l!
!!!!!!!!!!A#7,+'!52!�H4+##'(!#2%+(!62!%)#!.6-+5+(!,0!#96$%624!*,.676#$!!!
%!!!!!!!!!%)5%p$!5$!$%+,24!5$!2#7#$$5+(8!

Table 3. Abstract definition of SHPR 
!
P625..(=!U5-.#!a!*+#$#2%$!%)#!7,/*.#%#!;#+$6,2!,0!,&+!5.4,+6%)/8!E%!
6$!75..#'!>?@A=!3)67)!$%52'$!0,+!>*5%65.!?62%$! 0,+!@,.67(!A#&$#8!
"#!$%5+%!-(!+#*#5%624!5!2&/-#+!,0! %6/#$!BD=!52! 62*&%!*5+5/#%#+C!
%)#!*+,7#'&+#! #S&6;5.#2%! %,! %)#! 06+$%!A#*#5%! 0+,/!U5-.#!X8!\#9%=!
%)#! 5.4,+6%)/! 2##'$! %,! '#%#+/62#! ),3!/52(! %6/#$! %)#! S&#$%6,2!
0+,/!%)#!$#7,2'!A#*#5%!0+,/!%)#!5-$%+57%!'#0626%6,2!6$!4,624!%,!-#!
5$1#'! BAD@DUEUE:\>t@DAtD@E>:KD! 6$! 52,%)#+! 62*&%!

*5+5/#%#+C8!U)#!#9*#+6/#2%!6$!#S&6;5.#2%!%,!%)#!3)6.#!.,,*=!3)#+#!
#57)!6%#+5%6,2!6$!5!%#$%!36%)!5!'600#+#2%!)(*,%)#$6$8!
!
L.4,+6%)/!>?@AB!O6-+5+(!C!
!!!!!P,+!#57)!K> 4� �AP9;9J4!
!!!!!!!!!!9:;<=> \% 4���~�����#���!
!!!!!A#*#5%!D!%6/#$!
!!!!!!!!!!B>L>Y>Z[ \% 4B:T:<C�DACA;T�C;C:"4$!
!!!!!!!!!!9:;<=�*��33�� 4 \% 4&!!!!
!!!!!!!!!!U; �:;<=4 \% 4z{|s��¡>¢aZa� 9:;<=>!
!!!!!!!!!!X9:;<=4 \% £¤Zq¥MZ_�4*4aMZ_�¦§¨©55ª«£¥¬¬®¯®¯°±²�¬¥�¬¯²°³¬4!
!!!!!!!!!!;<<�:R;9@B4 \% ^!
!!!!!!!!!!577"A#57)!\% ^!
!!!!!!!!!!")6.#!9:;<=�*��33�� ´ U; �:;<=!
!!!!!!!!!!!!!!!leznµkp1{1g4 \% 4µkp1{1g4¶ 4·4� H d1eefg"hi3j$44!4444444444444444444444444444444444444444444444444444444444444444444444444447klm41e¸e1e�¹e4{l4º8i8(8»¼24!444444444444444444444444444444444444444444444444444444444444444444444441e{¹m % 1e{¹m�*��33��½!
!!!!!!!!!!!!!!!D9#7&%#!#*6$,'#BB>L>Y>Z[2 C:US�AP9;9J4$!
!!!!!!!!!!!!!!!A#%+6#;#!%,%5.!'6$7,&2%#'!+#35+'!A!0+,/!#*6$,'#!
!!!!!!!!!!!!!!!P,+!#57)!K> 4� �AP9;9J4!
!!!!!!!!!!!!!!!!!!!!9:;<=> \% 49:;<=> ? 4S;9CA<AS;CAQD> ¾ �2!
!!!!!!!!!!!!!!!!!!!!!!!!!where p;9CA<AS;CAQD> % ¿4BTQCB4F9QU4T;BC4:SABQ@:4EBADI4KA¿BTQCB4F9QU4T;BC4:SABQ@:
!!!!!!!!!!!!!!!577"A#57)!\%!577"A#57)!q!9:;<=�*��33�� ¾ �!
!!!!!!!!!!!!!!!577A#35+'$!\% 4;<<�:R;9@B ? �!
!!!!!!!!!!!!!!!9:;<=�*��33�� 4 \%49:;<=�*��33�� ?4X9:;<=4!
!!!!!!!!!!9:;<=�*��33�� 4 \%4;<<!�:;<= ;<<�:R;9@B� !

!!!!!!!!!!O6-+5+(!\%4O6-+5+(!¶ 4· � H d1eefg"hi3j$!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!447klm41e¸e1e�¹e4{l4º8i8(8»¼2!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!1e{¹m % 1e{¹m�*��33��½!

Table 4. The Spatial Hints for Policy Reuse algorithm 
!
U)#+#!5+#!%3,!*,62%$!3)#+#!%)#!+#57)!%5-.#!6$!&*'5%#'8!U)#!06+$%!6$!
6//#'65%#.(!50%#+!52!#*6$,'#=!3)#+#!%)#!/#%),'!752!#$%6/5%#!#57)!
*,.67(p$!7,2%+6-&%6,2!%,!%)#!+#7#2%!+#35+'=!52'!&*'5%#!%)#6+!0&%&+#!
620.&#27#! 577,+'624.(8! L2'! 0625..(=! 50%#+! %)#! #9*#+6/#2%! 6%! 6$!
*,$$6-.#! %,! #;5.&5%#! %)#! 5;#+54#! ,0! %)#! +#57)�Hd1eefg! ,;#+! %)#!
'600#+#2%!+#35+'$!B;<<!�:;<= ;<<�:R;9@B� $8!
!

4. EXPERIMENTS 
U)#!*&+*,$#!,0!,&+!#9*#+6/#2%! 6$! %,!#;5.&5%#! %)#!*#+0,+/527#!,0!
,&+!5.4,+6%)/!54562$%!%3,!-5$#.62#$J!%)#!@A[O!5.4,+6%)/!HGI!52'!
%)#! [TO#5+2624! 5.4,+6%)/! HF=N=GFI8! "#! $#.#7%#'! %)#$#! $*#76067!
7,2%+6-&%6,2$! -#75&$#! 3#! 352%! %,! #;5.&5%#! %)#! +#.5%6;#!
*#+0,+/527#! ,0! ,&+! /#%),'! 54562$%! 5**+,57)#$! %)5%! +#S&6+#! .#$$!
)&/52!62*&%8!U)#!@A[O!5.4,+6%)/!6$!%)#!/#%),'!3#!5+#!%+(624!%,!
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#9%#2'=! 52'! [TO#5+2624! 6$! 5! $%52'5+'! -5$#.62#=! 54562$%! 3)67)!
@A[O!35$!06+$%!7,/*5+#'8!
"#! %#$%#'! #57)! 5.4,+6%)/! 36%)! %3,! #9*.,+5%6,2! $%+5%#46#$J! %)#!�H4+##'(!'#062#'!5-,;#!52'!%)#!<,.%V/522!$%+5%#4(=!3)#+#!#57)!
57%6,2! 6$! 7),$#2! 577,+'624! %,! À";>$ % MÁÂ"Ã2Ä�$� MÁÂ"Ã2ÄÅ$Å c! 3)#+#! u! 6$! 5!

*5+5/#%#+! 3),$#! 626%65.! ;5.&#! u`! 6$! 627+#5$#'! -(! vu! 50%#+! #57)!
#*6$,'#8!
L..!%)+##!5.4,+6%)/$!)5;#!-##2!6/*.#/#2%#'!52'!5+#!5;56.5-.#!,2!
%)#!"#-!%,4#%)#+!36%)!%)#!$&**,+%624!'5%58!G!

4.1 Domain 
"#!$#.#7%#'! %)#!A,-,%!\5;645%6,2!',/5628!"#!/5'#! %)6$!7),67#!
62!,+'#+!%,!)5;#!5!*+,*#+!7,/*5+6$,2!36%)!#96$%624!7,2%+6-&%6,2$8!
U)6$! 6$! 5! $%52'5+'! #;5.&5%6,2! ',/562! 62! %)#! %+52$0#+! .#5+2624!
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Figure 3. The tasks within the domain studied. Figures 3a-d 
represent the existing policies (past tasks) used by our agent. 
Figure 3e represents the current task we want to learn. In all 
of them, the red dot represents the goal state, and the green 
dot is the reference state (when applicable). 
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4.2 Parameter configuration 
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4.3 Results 
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4.3.1 Library = {!1, !2, !4} 
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Figure 4. Comparison using existing policies "1, "2, and "4. 
This library contains only favourable entries for both SHPR 
and PRQL. The legend displays the entries in order of final 
accumulated reward, from highest to lowest. 

4.3.2 Library = {!1, !2, !3, !4} 
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Figure 5. Comparison using existing policies "1, "2, "3, and "4. 
This library contains entry 3 which should be detrimental to 
SHPR and PRQL. The legend displays the entries in order of 
final accumulated reward, from highest to lowest. 
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Figure 6. A new library of bad policies used in the experiment 
described in 4.3.3. In this experiment, we removed all the good 
entries from the library and create three extra copies of the 
bad policy, with reference states covering different areas of 
the world. 
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Figure 7. Comparison using existing policies "3, "3a, "3b, "3c. 
This library contains only entries that should not help SHPR 
or PRQL. These hints reuse the dissimilar task #3 with 
different reference points. The legend displays the entries in 
order of final accumulated reward, from highest to lowest. 

5. GENERAL DISCUSSION 
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