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a[\OP}E�\$Xxa�ô|F|PÀX]N-E�F-E¤Ó=X�K¤_}K�y{Eiì ?$ADF->-M}X
Z0hpyDM-E4Þ¤LTê$N|E�K¤aiM-\x?]E¼apb�h[K¤X]ADZuA{X`_¾a0Z[E�\TXxA{C�E�ADFea[F-E�M|F-A^X
Ø§ADy{y[X]N-EJ\]E�b�a[\xEëb�aiy{yDa0ØÒX]N-E�Xx\xhLK`EJK¤X]a[\x_�?]N-a0Ø§F¼Ñu_�X]N-ER?`XOhpAD\
?BX]E�>@?�~dh[?¼yDa[F-geh[?¼E�Ó=X]E�\xF|h[y�A{F->|M}X�X]a¾XxN-Ev>@a=aiy�AD?�N-E�yfP
K¤aiF|?BXxhpFuX4L�Ý2ceai\]EWhiK�K¤M|\xhpX]E�yD_[~ë?BADF|K¤EWhiK¥XxA{Z0h0XxA{aiFÒADFÛX]N|E
C�a}P}E�yRAD?(P}E¤XxE�\xC�ADF-E4PÛÑu_ÛhpF;h[>->-\xa�Ó}A{Cvh0XxE�yD_�K¤aiFuX]ADFuM-Ï
a[M@?�P}A{ÐHEJ\]EJFiXxADh[y7EJøuM|hpX]ADa[F7~|F-E¤X�ADF->-M-X�X]aWh�M|F-A^XIa[F
X]N|E
F-E�ÓuX§K¤_}K�y{E¦Ø§A{yDyADF|K¤\xEJhi?BE�ai\§P}EJK�\]E4h[?]E�a[F-yD_W?]y{ADg[NuX]yD_v\xE�y{Ï
h0XxA{ZiE�Xxa(A{Xx?$>|\]EJZuADa[M@?RZ0h[y{M-E¦ADF�XxN-E�P}A{\xEJK¤X]ADa[FÀA{F|P-ADKJh0X]E4P
Ñ=_�XxN-EIK�a[Ñ=ØTE�ÑvP}Afhpg[\OhpC
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E�ZiE�\4ßëP}E4K�h�_�h0XRh¼\Oh0XxE�K¤aiFiXx\]aiy{yDEJP�Ñ=_M:ÀhpF@PvK¤a[F|F-EJK¤X]ADa[F
?BX]\xE�F-g[X]N7L¡Þ
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Q Ó=X]EJ\]F|h[y&A{F->|M}X§X]avh�C�E�C�a[\x_W>Hauaiy7K¤aiC�E4?Tb�\]aiCþX]N|E
K¤ai\]\xEJ?]>Ha[F|P}ADF-gÔ>|hpXBX]EJ\]F aiF}Ï�?BE�X�A{F XxN-E;g[auhpy�C�a}P}M-yDE[LU ADF|K¤E(g[auhpy7C�a}P}M-yDE�aiF}Ï®?]E¤XO?�?]>@EJF|PeC�ai?BX�a[b�X]N-EJA{\IX]ADC�E
E�A{X]N|E�\�Cvh0Ó}ADCvhpyDy{_Wai\§C�A{F-ADCvhpyDy{_¾h[K¤X]ADZ[E[~}ADFuX]EJ\]C�EJP-ADhpX]E[~
X]\OhpF@?BADE�FuXëyDE�ZiE�yf?dapb@hiK¥X]ADZ=A^X`_�KJhpF�ÑHE$A{giF-a[\xEJP7L�ê$N-E$E¤Ð&EJK¤X
apb�hpF
aiF}Ï®?]E¤X§ÑHE�ADF-g�b�M-yDy{_
h[K¤X]ADZ[E¼Af?$X]N|hpX§X]N-E(h[K¥XxA{Z0hpX]ADa[F
K¤M|\]ZiEWb�a[\�C�E�C�a[\x_Û>@a=aiyTM|F-A^XO?�AD?�?]N-A^b°XxEJP;X]aÒX]N-E¾y{E�b°XJL
ê$N-Af?§Af?�ÑHEJK�h[M|?]E�A{F->|M}X�X]aWh�M|F-A^XIAD?�F-a0ØñÑ@h[?]EJP¾a[F¾X]N|E
?]M-C a[bRADF->-M}XO?¼b�\]aiC�apXxN-E�\�C�EJC�ai\]_eM|F-A^XO?�>-yDM|?�h¾\xE�y{Ï
h0XxA{ZiE�yD_àK�a[F|?BXxh[FuX�y{EJZ[E�yRapb�giaihpysC�a}P}M|y{EÀA{F->|M}XJ~�?]aeX]N|E

yDE¤b°X`Ø$hp\OPó?BN-A{b°X
AD?ÀEJøuM|h[y�X]a#X]N-EàADF->-M}XÀb�\]aiC XxN-E�giaih[y
C�a}P}M-yDE[L ÷ FWXxN|h0X�KJh[?]E[~uX]N-E¼K¤aiÑ=ØREJÑ�P}Afhpg[\OhpC ADF|P}AfK�hpX]EJ?
X]N@h0X�XxN-E�C�EJC�ai\]_ò>Hauaiy�Ø§ADy{y¦ÑHEJK¤aiC�E�\]E�b�\]E4?BN|EJPòX]a�h
N-ADg[NóyDE�ZiE�y�a[b¼hiK¥X]ADZ=A^X`_iL Ú N|E�FÔX]N|E�g[auhpy�C�a}P}M-yDE�a[F-Ï
?]E¤X�AD?dC�A{F|A{CvhpyDyD_�h[K¤X]ADZ[E[~�XxN-ETC�EJC�a[\x_�M-F-A{Xx?Jìph[K¥XxA{Z0hpX]ADa[F
K¤M|\]ZiEJ?Thp\xEIÑ|hi?BE4PWaiF�ADFiXxE�\xF|hpy&>Ha=a[yh[K¤X]ADZuA{X`_�h[y{aiF-EIh[F|P
hp\xE�?]N-A^b°XxEJP�Ñ@h[KOzIX]a§XxN-Es\xA{giNuXJL ÷ F�XxN-Af?�K�hi?BEi~�XxN-ERK�a[Ñ=ØTE�Ñ
P}Afhpgi\xh[CþA{F|P-ADKJh0X]E4?§hv?ByDa0Ø�~}?`XxEJhiP}_W\Oh0X]E¼a[b�P}E4K�h�_iLÚ E�KON-au?BEC:e?]a�X]N|hpX � ì ?§P-E�\xA{Z0h0XxA{ZiE�h0XH�������! R" 1 �4365Af?�F-E4hp\xy{_¦EJøuM|h[ypXxa�X]N|ER?]y{ai>@ERapb}X]N|Es\xE¤b�E�\xE�F@K¤EsyDADF-E[Ldê$N-AD?
\xEJ?]M-y^XO?�ADF�h�?BX]E4h[P}_�\Oh0X]E�apb�P}E4K�h�_�a0Z[E�\Rh�yDh[\]giE�>Ha[\]X]ADa[F
apb�h�M-F|A^X4ì ?Ih[K¥XxA{Z0hpX]ADa[F
\xh[F-g[Ei~-\Oh0X]N|E�\§XxN|hpF�h�\Oh0XxE¼X]N|hpX
Z0hp\xA{E4?�a0ZiE�\�XxA{C�EiL¦ê$N-Af?¦KON-a[AfK¤E�Ø$h[?�C�apX]ADZ0h0XxEJP�Ñ=_¾X]N|E
F-EJEJP¾X]a�z[E�EJ>eC�E�C�a[\x_ÀhiK¥X]ADZ=A^X`_Àapb�?]M|K�K�EJ?x?BADZ[EJy{_¾h[K¥XxA{ZiE
g[auhpyf?Wh[?�M-F-A{b�a[\xC�y{_ó?]>-\]E4h[Pòa[M-X¾h[?�>@au?]?]ADÑ-y{EiL V EJK�h�_
X]N@h0X�Af?TX]a=a�b2h[?BX§Ø§A{yDy7\xEJ?]M-y^X§ADF¾X]N-E¼b�ai\]giE¤XBXxA{F|g�a[bdgiaih[yD?JLV EJK�h�_
XxN|h0X¼Af?�Xxa=a¾?]y{a0Ø Ø§A{yDy�\]E4?BM-y{X¼A{Fàg[auhpydC�EJC�a[\xA{E4?
Ø§N-AfKONóhp\xE�Xxaua;K�y{au?BE¾XxaàE4h[KONòapXxN-E�\�XxaÜE�F|?]M-\xE
ù ÷ �dÖ
\xE¤X]\xADE�Z0hpyºL

S ÉUTV��È#É#WYX�ÉsÆIÊ�ÉsÆZ�'É§ÊN���
Ú EsN|h�ZiE�A{F@K¤a[\x>Ha[\Oh0X]E4PIX]N-Af?�giaih[yi?BXxh[KOz¦C�EJKON|h[F-Af?BCÕA{F(h
?]>@E4K¤A{ô@KsC�a}P}EJy}apb-XxN-E§ê�a0ØTE�\ëapbHù�a[F|P-a[F�XOh[?]zWÝ U N|h[y{yDAfK¤E[~
û8B\[iüiÞ¥Lëê$N|AD?sXxhi?Bz�N|h[?RÑHE�E�F�M|?BE4PvE¤Ó=XxE�F|?]A{ZiE�yD_�Xxa(hi?]?]EJ?x?
>-yfhpF-F|A{F-g�ADC�>|hpAD\xC�EJFuXx?�hpF@P�Af?�X]N|a[M-giNiX�Xxa�P}E�>HE�F|PvK�\]M-Ï
K¤AfhpyDyD_va[F�giaih[y@CvhpF@hpg[EJC�E�FuX¼Ý Ú h[\xP^] Î y{yD>@ai\BX4~û8B\B`_pÞ¤L
ê$N-E�Xxh[?]z�AD?Th�Z0h[\]AfhpFuXsa[bX]N-E¦ê�a0ØTE�\Rapb � h[F-a[AH>-\xa[Ñ-yDE�C
hpF@PÒADF=Z[aiy{ZiEJ?¦C�a0ZuADF-geK¤aiy{ai\]E4P�Ñ@hpyDyD?�aiFÛ>@EJgi?¼b�\xa[C h[F
ADF-A^XxADh[ydK�a[F}ô@g[M-\Oh0XxA{aiF¾M|FiXxA{yëX]N|E�_¾C�hpXxKON�hWg[aih[y�K¤aiF}ô|g[Ï
M-\Oh0XxA{aiFÒÝ2�dADg|L;O=Þ¥L�ê$N-EJ\]E¼hp\xE¼F-avK¤a[F@?`Xx\xh[A{FuXx?Ra[F¾Ø§N-AfKON
Ñ|h[y{yf?�K�hpFòg[aÒa[FòØ§N-AfKON#apXxN-E�\O?
Ý�M-F|y{ADz[E¾X]N|E
êëa0ØTE�\�apb
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Ñ|h[y{yf?(X]N-EJ_#K�h[F#N-aiyDP�h0Xva[F-EÀX]ADC�EÜÝ°X]N|EÀô@\x?BX�>HE�gÛK�h[F
N-aiyDPÀa[F-E¼Ñ|h[y{yº~=X]N|E¼?]EJK�a[F|PÀ>HE�gvK�h[F�N-aiyDP�X`ØRa@~-hpF|P�X]N|E
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X]N|EWC�A{F-ADC�M|C�F=M-C(Ñ@EJ\�apb$C�a0Z[E4?�hpF|PÜh[\]Ev?]a[C�E¤XxA{C�EJ?
h[?]z[E4P¦X]aI>-yDh[F�a[M-X�X]N|EsE�FuXxA{\xEs?]EJøuM-E�F@K¤Esa[b-C�a0Z[EJ?7Ñ@E�b�a[\xE
X]N|E�_�ÑHE�giA{F�L
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K¤A{ô@K¾yDa=KJh0XxA{aiF|?eÝ�EiL g@L{~Tg[E�XBX]ADF-gàX]N|E¾Ñ|y{M-EeÑ@hpyDy§a[FuX]aàX]N|E
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Ton wer on f London ao lgorithm:
1. G
p

oal is initialized t
q
o ‘Tor wer or f London’ .

2. IF as ll gt oals as re as chieved (
u
i.e., t
q
he cv urrent b

w
oard cv onfiguration represented in

V
x

isual matches t
q
he gt oal cv onfiguration), sy imulation ez nds.

3
{

. ELSE G
p

oalVisual is cv lamped t
q
o represent t

q
he most important, u| nachieved

b
w
ase-level gt oal t

q
o w} ork or n, as nd ez xcites t

q
hat gt oal’ sy  or n-set in G

p
oal.

4. IF t
q
he move t

q
hat w} ould as chieve t

q
he cv urrent gt oal is legal, G

p
oal cv auses Move

t
q
o make t

q
hat move.  Then V

x
isual as nd BallStatus as re cv lamped t

q
o v~ alues b

w
ased

or n t
q
he u| pdated ez nvironment, as nd t

q
he gt oal-push modules as re cv lamped t

q
o 0
�
.

The new V
x

isual cv onfiguration t
q
hen w} ipes or ut t

q
he cv urrent gt oal representation

as nd memory p� ool w} ith sy trong inhibition (
u
it b
w
egins t

q
o p� op t

q
he sy tack).

4.1. IF as ll gt oals as re as chieved, sy imulation ez nds.
4.2. ELSE IF it w} as as ctive recently ez nough, t

q
he most recent u| nachieved

gt oal is retrieved (
u
completing t

q
he p� op as nd b

w
ringing t

q
he retrieved ez le-

ment t
q
o t
q
he t
q
op or f tq he sy tack).  (

u
4) is repeated.

4.3. ELSE IF multiple gt oals ez mergt e, G
p

oal as nd G
p

oal memory p� ools as re
cv lamped t

q
o zero, as nd (

u
1) is repeated (

u
this sy ituation or ccurs v~ ery infre-

q� uently).
4
�

.4. E
�

LSE t
q
he T
�

or wer or f L� ondon gt oal i
�
s r� etrieved.  (

u
2) i
�
s r� epeated.

5
�

. E
�

LSE F
�

reeposition, A
�

bovesource as nd I
�
ntargt et as re sy et as ppropriately i

�
n or rder

t
q
o p� ush as  n� ew sy ubgoal.
5
�

.1. I
�
F F
�

reeposition i
�
s sy et t
q
o ‘no gt oal (

u
ng)’ , w} hich cv an h

�
appen sy ometimes,

n� o i
�
nformation i

�
s as vailable (

u
according t

q
o t
q
his as lgorithm) t

q
o gt uide

sy ubgoal sy election.  T
�

he ‘ng’  p� attern i
�
n F
�

reeposition i
�
nhibits t

q
he G
p

oal
n� et sy trongly i

�
n t
q
hat cv ase, as nd t

q
he M
�

ove m� odule i
�
s n� ow f

�
ree t
q
o sy elect

as ny l
�
egal m� ove, i

�
n or rder t

q
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