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- 7 distance sensors (d0-d6)

- 2 sensors (Rl, Rr) for detecting
   the resource.
- An omnidirectional distance
   sensor (Rd) and a contact
   sensor (Ro) for detecting the
   resource.
- A bumper sensor (bp) for
   detecting collisions.

   for detecting the opponent.

- Sensors for fighting ability (A) 
   and energy level (E). Arena boundary

Resource

Agent 1

Agent 2

d0

d3

d6

Rl Rr
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Z]ij`�X»vwW>Z�º)WrWYX½�TWYXfWr[hg�Z]ij`�XKp��bH�H��P]PH�HM�,E�H�H�H���ET�bH�HM�Gg�XKsJ����H�H�H��k���z��H�H.ijpo[]WYcM[]WYp\WYX=Z]W�s�º�i�Z]�»g
Z\[]i¹g�XK�TljWT�kg�p�[=ekg�[]W�g�XKs�g�qrij[]qrl¹W6[]WYp\cwWrqrZ]ijyzWYl�{=¼f�)�KW+[]WYljWYy�g�X=Z�cw`�i¹X=Z]p/^a`�[�[]eKX��YWr[]`dg�[]WR��`TijXfW�s
º�i�Z]�½g�l¹ijXfW_Z]`¿p\�K`�ºócf[]`���[]WYp\p�`�yzWr[�Z]ijbdWT¼
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Õ�NMCK<rR�Lh<rL¿Ý6AD<>Ðò:»×.AÀCBAÀ×u@B× N2Ø+ÓKAÀNMQÀR�CnÕ�RMÖ(:fL¿:2CBAÀ×½:2QaLdHwNEÛ(ê&AÀÚM@BÑrR�ïl¦QDR�Øè<��¿L>ÐBN=Ý�L8<>ÐER
ÔBÑ>NfÔnNfÑh<rADNfC½N2Ø�Õ�NMCK<>RTL]<YL�AÀC»Ý6ÐBAaÕYÐ�NMCER�:2ÚfR�CK<oNfÑ�<>ÐER�N2<rÐBR�Ño<>NkNB��ÔGNfLrL>R�LrLhAÀNMC.N2Ø²<rÐBR8Ñ>R�é
LhNf@BÑrÕ�RMÖzÔBQÀN2<><>R�H�:2ÚK:2AÀCELh<&×.R�:MCuåE<>CBRTL>L/LrÕ�NfÑ>RTL�ÛzêBNwÕ�@nLhAÀCBÚ¿NMC-<>ÐBR6L>A¹<r@E:=<rADNfC�:2Øè<>R�Ñ+í�*�ABA�A
ÚMR�CER�ÑY:=<>AÀNMCnL�®ÔGNMAÀCK<rL8×½:2Ñ+�MRTH�Ý6A¹<rÐäÕ�ADÑYÕ�QÀR�L��6Ý+R.Õ�:2CàLhR�Ru<rÐE:=<8<>ÐBR�ÔGNfLrLhRTL>L>ADNfC;ÑY:=<>R-AÀL
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NMÑ¿PnRTÕ�Nf×�AÀCBÚ�QÀNwÕ��MR�HÞADCò:JL]<Y:2QÀR�×½:=<rRMÛ(O�N2<>R�:MQÀL>N�<>ÐE:2<�ÔnNKL>L>R�LrLhAÀNMCÞÑr:2<>R�Ld:MCEHÞåB<>CBRTL>L
PnNM<>Ð�<rR�CEHò<>NÞAÀCEÕ�Ñ>RT:ML>R�N=ÓMR�Ñ�ÚMR�CBR�ÑY:=<rADNfCE:2Q/<rAD×.RfÛ)ê&AÀÚM@BÑrRJï�®ÑrADÚfÐf<���L>ÐBN=Ý�Ld<rÐE:=<�<>ÐER
ÔBÑ>R�Ó=:2QÀR�CEÕ�R�NMØ&L>R�ÑrADNf@EL�AÀC=ð]@BÑrÙ�AaL_CBR�ÚK:=<rADÓfR�QÀÙ�QÀAÀC��MRTH�<rN-åE<>CBRTL>L�ÖK<>ÐE:2<_AD<�HwRTÕ�ÑrR�:ML>R�LoN=ÓMR�Ñ
<>AÀ×�RfÖG:MCEHJ<>Ðn:=<�PkÙäí�*BA�A�A.ÚfR�CBR�Ñr:2<>AÀNMCEL_AD<�AaL8:ML6QÀN=Ý :ML�:MÑ>Nf@BCEH��^�ñAÀCÞL>NM×.RdÑ>@ECEL�ÛGÏ�Ø
<>ÐBR¿:2ÚfR�CK<rL��M×.R�<rÐBNwH½Ø®NfÑoÑrR�L>NMQÀÓkADCBÚ-Õ�NMCK<rR�Lh<rLoÝ+:fL/<>NuåEÚMÐK<_@BCK<>AÀQ�NMCBR�NMÑ�<rÐBR8N2<>ÐER�Ñ+Ý+:fL
LhR�Ñ>AÀNM@EL>QÀÙ�AÀC=ð]@BÑrR�H²ÖG<rÐBR.Ñr:2<>RuÝ+NM@EQÀH�PGRd��A^��¦NMÑ8R�ÓMR�C;ÐBAÀÚMÐBR�Ñ�ÚfADÓfR�C�<rÐE:=<dL>NM×.R�<rAD×.R�L
PnNM<>Ð ÝoNf@BQÀHóPnRAÀC=ð]@BÑrR�H LhAÀ×u@EQ¹<Y:2CBR�NM@EL>QDÙ���Û)ü_Ðk@EL�Ö)Ñr:2<>RTL-NMØc�� �í�A��!AÀCEHwAaÕ�:2<>RJ<>Ðn:=<½:
×�NfÑ>R¿ÔGR�:fÕ�R�Ø®@EQ�LhÙwLh<>R�×�ÐE:ML_R�ÓMNfQDÓfR�H²Û

ü_ÐBAÀL+Qa:MLh<6ÔnNfADCK<6AÀL+ÑrR�AÀCwØ®NMÑYÕ�RTH�ADØ&Ý+R¿Õ�NMCnLhAaHwR�Ñ+<rÐBRdLhAÀ×.ÔBQDR8Ø¦:fÕ�<_<>ÐE:2<_åB<>CBRTL>L6LrÕ�NfÑ>RTL
:=Øè<>R�Ñ���ABA�A�ÚMR�CER�ÑY:=<>AÀNMCnL8:MÑ>R.:2QÀQ�ÔGNfL>A¹<rADÓfRMÛ²Ï\Cò:JÔnR�ÑhØ®RTÕ�<�Ý+NMÑrQÀH(Ö�:MÚMR�Cf<YL¿×.ADÚfÐf<¿<rNfLrLd:
Õ�NMAÀCù:MCEH :2QÀQDNwÕ�:2<>R»<>ÐBRÑrR�L>NM@BÑYÕ�RJ:MÕ�Õ�NMÑYHwAÀCBÚMQÀÙMÖ&Ý6A¹<rÐBNM@B<½:ÞåEÚfÐf<TÛ/õ�:MÕYÐ :2ÚfR�CK<�Õ�NM@BQaH
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Prop. peaceful possessions

SUT)V ·�¦E·§�J���¦³�� cM[]`Tcw`�[\Z]i¹`�Xà`�^_cw`�p\p\WYp\p\ij`TXäWryzWYX=Z]p8ijX;º��Kijq>�;Z]�KW-p�Z\[]`TXf�TWr[�g��TWYX=Z¿Zhg�ÃzWYp8Z]�fW
[]Wrp\`Tef[]qrWT�wcKlj`�Z\Z]W�s.g��Tg�ijXKp�Z+bdW�g�X-¾KZ]XKWrp\p+g�Z�Z]�M[]WYW�cw`TijX=Z]poijX�Z]ijbdW�g�qr[]`Tp\p�Z]WYX.[]eKXfpY¼�� T)V�� ³��
cM[]`Tcw`�[\Z]i¹`�X-`�^�cw`�p\p\WYp\p\ij`TX�WryzWYX=Z]p&ijX�º��Kijq>��Z]�KW�p�Z\[]`TXf�TWr[/g��TWrX2Z&Zhg�ÃzWYp~Z]�KW�[]WYp\`TeM[]qYWT�McKlj`�Z\Z]WYs
g��zg�i¹Xfp�Z�Z]�KW�cf[]`�cw`�[\Z]ij`TX�`�^KcwW�g�qYWr^ÀeKl=cw`Tp\p\Wrp\p\i¹`�XKp§_èiè¼ WT¼j��`TXKW~g���WYX=ZGZhg�ÃzWYpnZ]�fW�[]Wrp\`Tef[]qrW~º�i�Z]�K`�efZ
WrijZ]�fWr[og���WYX=ZovwWri¹Xf�dsKg�b�g���W�s�a>�Kg�Z�Z]�f[]WrW_cw`TijX=Z]p�i¹X-Z]i¹bdW_g�qr[]`�p\poZ]WYXu[]eKXKpY¼k}MWrW�¨�ij�Tef[]W���^À`�[
g�X.Wr�McKl¹g�Xkg�Z]ij`�X.`�^²p�{Mb�vw`Tljp/eKp\W�sB¼

ÜoNM@BQaH<>ÐER.:MÚMR�Cf<YL�PGR½LhAÀÚMCE:MQDQÀAÀCBÚ½<>ÐER�AÀÑ�ånÚMÐK<>AÀCBÚ:2PBAÀQDAD<]ÙJ<>NJR�:fÕYÐ;N2<rÐBR�ÑTÖnÝ6AD<>Ðà<>ÐER
ÝoRT:��MR�Ñ½HwR�Ø®R�Ñ>ÑrADCEÚà<rNä<>ÐBR;Lh<>ÑrNMCBÚfR�Ñ�ô�ê&ADÚf@BÑrRöæL>@BÚMÚfR�Lh<rL-<>Ðn:=<½<>ÐEAÀL½AaL½CBNM<½<>ÐBR;Õ�:ML>R
Ø®NMÑ8×�NKL]<¿Ñr@BCEL�ÛGÏ�Ø+Lh@EÕYÐà:�L>ADÚfCE:2QÀQÀADCBÚJLhÙwLh<>R�× Ðn:MH;R�ÓMNfQDÓfR�H²ÖE<>ÐBR½Lh<>ÑrNMCBÚfR�Ñ�NMØ�<>ÐERu<]Ý+N
:2ÚMR�CK<rLuL>ÐBNf@BQÀHæ@nLh@E:MQDQÀÙä<r:��MR½<rÐBR»ÑrR�L>NM@BÑYÕ�R½Ý6AD<>ÐENM@w<.:�åEÚfÐf<TÛ~ê&AÀÚM@BÑrR�ö�¦QDR�Øè<��-LhÐEN=Ý�L
<>ÐE:2<�Ö²R�:MÑ>QÀÙNMCäADCä:JÑ>@BC©®ÔGNMAÀCK<rL¿×½:2Ñ+�MRTH�Ý6A¹<rÐÞ<rÑ>Aa:2CEÚMQÀR�L��6<rÐBR½L]<rÑ>NfCBÚMR�Ñ�:2ÚfR�CK<¿Ý6ADCEL
:2PGNM@w<D� A��ßN2ØE<rÐBRo<>AÀ×�RfÛ�%+@w<�:ML&R�ÓfNMQÀ@w<>AÀNMC-ÔBÑ>NfÚMÑrR�LrLhRTL�Ö�<>ÐBAaL&åEÚM@EÑ>RoØ¦:2QÀQÀL�Ö=:2CEHuADC.:2PGNM@B<
ÐE:2QDØ�N2Ø)<>ÐER-Ñr@BCEL�A¹<�Ø¦:2QÀQÀL�Õ�QÀNfL>Rd<>N»<>ÐBR�ÕYÐE:2CEÕ�R�QÀR�ÓMR�Q�NMØG��A^�»ÛGêB@BÑ><>ÐBR�Ñ>×.NfÑ>RfÖEê&ADÚf@BÑ>R-ö
®ÑrADÚfÐf<��_LhÐEN=Ý�L+<>ÐE:2<�ÐBAÀÚMÐÑr:2<>RTL_N2Ø)ÔnNKL>L>R�LrLhAÀNMCJPkÙ�<rÐBR�L]<rÑ>NfCBÚMR�Ñ�:2ÚfR�CK<�:2ÑrR¿:fL>L>NwÕ�Aa:=<rR�H
Ý6A¹<rÐ�Ø®R�ÝoR�Ñ6ÔnRT:MÕ�R�Ø®@BQ²ÔGNfLrLhRTL>L>AÀNMCEL�ÖkA|Û RMÛÀÖw<>Ðn:=<6Ý6ÐBR�CÓkAaÕ�<>NfÑ>Ù½AaL_<rN-<rÐBR�Lh<>ÑrNMCBÚ�A¹<�AaL_CBNM<
Ý6A¹<rÐBNM@w<�:»åEÚMÐK<TÛ�ü_ÐER-ÚfR�CBR�Ñr:MQ~ÔBÑrN2ånQDRu<>ÐE:2<¿R�×.R�ÑrÚMR�L�Ø®ÑrNM×4Qa:=<>R�AÀC;<>ÐER�Ñr@BCELª¦ÔnNfADCK<rL
×.:MÑ��fR�HóÝ6A¹<rÐáÕ�ADÑYÕ�QÀR�L��-AÀL�NMCBRN2Ø8ÔnRT:MÕ�R�Ø®@BQ�:MQDQÀNwÕ�:2<>AÀNMC N2Ø�<rÐBR�ÑrR�L>NM@BÑYÕ�RfÖ&ÐEADÚfÐù×.R�:MC
åB<>CBRTL>L¿LrÕ�NfÑ>RTL�ÖG:2CEHånÚMÐK<>AÀCBÚ:2PBAÀQDAD<]ÙCBN2<¿PGR�AÀCBÚJ:MC;AÀ×�ÔGNMÑ><r:MCK<�ÔBÑrR�HwAaÕ�<rNMÑ8N2ØoL>@EÕ�Õ�R�LrL�Û
ü_ÐBR�Qa:=<h<rR�Ñ-ÔnNfADCK<-HwNkRTL�CBNM<u×½:=<rÕYÐòÝ6Ðn:=<uÝ+R�Ý+NM@BQaHæR�ãwÔGR�Õ�<-A¹Ø�:�L>ADÚfCE:2QÀQÀADCBÚ;L>ÙwL]<rR�×
Ý+:fL_ADCJÔBQa:MÕ�RfÛ

Ï�Ø�<>ÐER¿:MÚMR�Cf<YL�Ðn:zÓMR8R�ÓMNfQDÓfR�H�:-Ý_:zÙ�NMØ&:MQDQÀNwÕ�:=<rADCEÚu<rÐBR¿Ñ>RTLhNf@BÑrÕ�R�Ý6AD<>ÐBNf@w<6ÓkADNfQDR�CEÕ�RfÖ
:2CEH½ADØ²åEÚfÐf<rADCEÚu:2PBAÀQÀA¹<]Ù.ÐE:fL�PGR�Õ�Nf×.R�@BCBAÀ×.ÔnNfÑh<Y:2CK<�Öf<>ÐBR�C�Ý6ÐE:2<o×.ADÚfÐK<oPGR�ÐE:MÔBÔnR�CBAÀCBÚKô
!àRdR�ãK<rR�CEHBR�HJÑ>@ECJ÷�R�ÑrNu<rN«��*BA�A�AuÚMR�CBR�ÑY:=<rADNfCEL_:2CEH�QDNkNB�MR�HJ:=<6<rÐBRdÑrR�L>@BQ¹<YL_ADCÚfÑ>RT:=<>R�Ñ
� � X.^ag�qrZoZ]�KW6Z\[]eKW6Z]�KWr`�[]WrZ]ijq�g�l²`TcfZ]ijb�eKb ijX½`TeM[+p\ijb8efl¹g�Z]ij`TX�ijp'¬T�2¼ EusMeKW_Z]`dZ]�KW�vw`�XMefp�^À`�[
W�g�[]l�{uÄkWYWri¹Xf�dg�XKsuZ]�fW�E�Z\[]i¹g�ljpo`�efZ�`�^JY�H8qY`�XksMeKqrZ]W�s�º�i�Z]�.XK`�`TcKcw`�XKWYX=Z�¼
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HwR�<Y:2AÀQBADC½NfÑrHBR�Ñ)<>N¿ånCEH.NM@w<�� ê&AÀÚM@BÑrR�L�ï¿:MCEH.ödLhÐEN=Ýó<rÐE:=<TÖM:=<�í�*�ABA�A�ÚMR�CER�ÑY:=<>AÀNMCnL�ÖzÑr@BC
÷�R�ÑrN.AÀL_ÑrR�:fLhNfCE:2PEQDÙ½ÑrR�ÔBÑrR�L>R�CK<Y:=<>AÀÓMR�N2Ø&<>ÐBR¿<rR�CÑr@BCEL�Û
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SUT)V ·�®G·��J���|³�� cf[]`�cw`�[\Z]ij`TX�`�^nqY`�X2Z]Wrp�Z]p)WYXksMijXK�6ijX�cw`Tp\p\WYp\p\ij`TX-`�^EZ]�KW/[]WYp\`�ef[]qYWT�McM[]`Tcw`�[\Z]ij`�Xu`�^
cwWYg�qYWr^ÀeKl²cw`�p\p\WYp\p\ij`TXKpY�ng�Xks�[hg�Z]W�`�^�p\Wr[]ij`Tefp_ijX���ef[\{=�kcflj`�Z\Z]W�s½`�yzWr[o�TWYXfWr[hg�Z]ij`�XKp+^À`�[_[]efXd�YWr[]`f¼
� T)V�� ³�� cf[]`�cw`�[\Z]ij`TX�`�^(cw`Tp\p\Wrp\p\i¹`�XKpov2{up�Z\[]`�XK�TW>[_g��TWYX=Z��wg�Xks�[hg�Z]W�g�Z�º��Kijqh�½g���WYX=Z]p�ÄKW�suZ]�fW
g�[]WYXkg2�kcfl¹`�Z\Z]W�s-`�yzW>[o��WYXKW>[hg�Z]ij`TXfp�^À`�[�[]eKX¯�YWr[]`f¼Km+`�Z]W+Z]�kg�Z�Z]�fW+Z]ijbdW6g��MWYp�g�[]W6l¹`���Á¦p\q�g�l¹WYsE¼

ê~AÀÚM@EÑ>R°�óL>ÐBN=Ý�L½Ó=:MÑ>AÀNM@EL½Lh<r:2<>AaL]<rAÀÕ�L½Ø®NfÑ»Ñr@BC ÷�R�Ñ>NnÛ�û�CEL>@BÑrÔBÑrAÀL>ADCEÚMQÀÙMÖ�ÚfADÓfR�C <>ÐBR�ADÑ
Ñr:MCEHwNM×.QÀÙ�Õ�NMCBCER�Õ�<rR�H»CBR�<]Ý+NMÑ+�wL�ÖK:2ÚMR�CK<rL�AÀC�<rÐBR�AÀCBAD<>Aa:2Q�ÚMR�CBR�ÑY:=<rADNfC½ÝoR�Ñ>R�CBN2<+QDA)�MR�QDÙ�<rN
Úf:2AÀCJÔnNKL>L>R�LrLhAÀNMC»N2Ø&<>ÐBR¿ÑrR�L>NM@BÑYÕ�RB"f<rÐBR�Ù�<>R�CnHwR�H�<>N.×.N=ÓMR¿AÀCJ:�ÑY:2CEHBNM×�HwAÀÑ>RTÕ�<rADNfCJ:MCEH
<>Ðk@EL¿âER�R�<>ÐBR�:MÑ>R�CE:»Ý6AD<>ÐENM@w<dåEÚfÐK<>AÀCBÚEÛ�ç�N=ÝoR�ÓMR�Ñ�ÖGÝoR½L>R�R.<rÐE:=<¿<>ÐER�:2PBAÀQDAD<]Ù;<rN×�N=ÓfR
ADCkÝ_:2ÑYHBL�:MCEH½Úf:MADC»ÔnNKL>L>R�LrLhAÀNMC½NMØ²<>ÐBR8ÑrR�L>NM@BÑYÕ�R�HBR�ÓMR�QDNfÔEL�ÓfR�ÑrÙ½Òf@EAÀÕ��kQÀÙMÖk:2CEH½PkÙ½:2PGNM@B<
ÚMR�CER�ÑY:=<>AÀNMCw*æÝ+RL>R�R<rÐBR;ÐBAÀÚMÐER�Lh<�QDR�ÓMR�QaL.N2Ø�L>R�ÑrADNf@EL.AÀC=ð]@BÑrÙù:2CnHó<rÐBR;QÀN=ÝoRTL]<½QÀR�ÓfR�QaL
N2Ø6ÔnRT:MÕ�R�Ø®@BQ+ÔnNKL>L>R�LrL>ADNfCæ:fL�PGN2<rÐó:2ÚfR�CK<rL¿<rÑ>Ùà<>NÞ×�N=ÓfR�NMCK<rN<>ÐBR�Ñ>RTLhNf@BÑrÕ�RMÛJ%+R�<]ÝoR�R�C
ÚMR�CER�ÑY:=<>AÀNMC½í�A�:2CnHdÚMR�CBR�ÑY:=<rADNfC¯���wÖTÕ�NfCf<rR�Lh<rL�PnRTÕ�NM×.Ro×�NfÑ>RoÔnRT:MÕ�R�Ø®@BQk:2CEHd<>ÐBR_L]<rÑ>NfCBÚMR�Ñ
:2ÚMR�CK<uPnRTÕ�Nf×�RTL�×.NMÑrR�QÀA&�fR�QÀÙÞ<rNÞÝ6AÀC(Û)ü_ÐBAÀL-AaL�PGR�Õ�:M@EL>R�<>ÐER�:2ÚfR�CK<rL�ÐE:zÓMR»Lh<r:MÑh<rR�Hä<rN
@ELhR.<rÐBR�AÀÑdåEÚfÐK<>AÀCBÚ�:2PBAÀQDAD<]ÙàL>R�CnLhNfÑ�Ö(:MCEHäÝ6ADQÀQ�×.N=ÓMR.AÀCä×.NfÑ>R½Õ�NfCwånHwR�CK<>QÀÙÞADØ+<rÐBR�Ùä:2ÑrR
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