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o I?Xbp*]?[\fNX�ZJjD[\WrqsKTPutv[\ZYS4[\]_dTI_lTSxw?t�y{z!| o�o w?}%]?dNMhlT]_~
�b� FLMhKTS
lQ]���G^j � � I_lTS � lNG � V?��w InWDWYU����T�{����� � G�j � � I_lQS � lTG � V?�_�H�^l��?j
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i�K � [h]ÃÝ�[\Mh]?X�ZÞG�MhlT[\S
jcßàÝ&[hMh]?X�Z�y�áTáTânã;WYI_l�WÞSºV»GJI¥KTP
WYI?X�KNZkX�Wk[¹G�lTM¢G`KNS!U_VHWkX^ZBjkG�[\X^]_G`XäPåKNM\MhK���jæWkI_XçM\X�lT~�KTP
X^]?dT[h]?X^X�ZY[\]?dè[\]nWYV?[eWY[\KN]_j;lQ]_~éWkZY[\X�j¶WkKèPåKTZYS4lTM\[¹jkXêWkI_X�S �
FH[\]_G�X�WkI?X8[h]NWYV?[\Wk[hKT]_j�lTZkX�KQPëWYX�]xfTX�ZYqsjkV � WkMhXglQ]_~xG`KNS4U?M\X��
WYI?XxU?ZkKHG�X^jYjºKTP�PåKTZYS
lQMh[hjYl�WY[\KN]ìG�lT]´MhlTd6fNX�ZYq·PàlTZ � X^I?[\]»~ �
o I_[hj�[hj�írV»jrW-lT]?KQWYI?X�Z�X`�?lQS4U?MhX�KQP�WkI_X�U?ZYK � MhX�S¢PåZkX�îNV_X�]nWkMhq
X^]_G`KNV?]nWkX^ZkX�~4[\] ��ï �NPåKTZYS4lTM\[¹jYl�Wk[hKT]slT]_~
S4X^GJI»lQ]?[¹jklQWk[hKT]
KTP
U�K��vX�ZkPåV?MOILV?S
lQ]mG�lQU»l � [hM\[\Wk[hX^j�G^lQ] � XgfTX�ZYqs~H[\ðsG`V?M\W �
o I?[¹j�U»lQU�X�ZvU?VHWYj�PåKTZY��lQZJ~!lºZkX^MhlQWkX�~4[h~HX�l?wL]_lTS!X^M\q�WkI»l�W
WYI?XËU?ZYKLG�X^jYjDX�jxKQP � [\KNM\KNdT[¹G�lQM�X�fNKTMhVHWk[hKT]ñI_l{fTXË~HX^fTX�MhKTU�X^~
��I»l�WbG�lT] � X�WYI?KTV_dTInW�KTPvlNj�lxG`KNM\MhX^G`Wk[hKT]·KQP-X^]?dT[h]?X^X�ZY[\]?d
jk�L[\MhM¹j�w%S4X�WkI?KH~?j^w-ZYX^jkKTV_ZYG�X^j^w=lT]_~¶ZkX�ò®V_jYl � M\Xx~HX^jk[\dN]_j4lQ]_~
~?X^jk[\dN]éWkX�GJI?]?[¹înV?X^j � o I?X^jkXñWkKLK1G^lQ] � X½WkI_X½jkV � írX�G¾W
KTP4lQWDWYX�S4UHWYj&WkKÊlQVHWYKTS
l�WYX´lQ]_~ÉPåKTZYS
lQMh[hjkXTwglT]_~É[h]_~HX^X^~
WYI?[¹j�[¹j!KT]?XxfL[\X^�éKQP���I_l�W4[hj!dNKT[h]?d6KN]ì[h]¶lQZkWk[\ó»G�[hlTM-Mh[ePåXNw
WYI?X�KNZkX�Wk[¹G�lTM � [hKTMhKTdTqÒlQ]_~ÊWkI?X6G�V?ZYZkX^]NWxjDV?ZYdTX&KTPblTG¾WY[\fL[\Wrq
[h]�G�KT]?]_X^G¾WY[\KN]b��[\WkIºX^fTKNM\VHWY[\KN]_lQZYq8G`KTS4U?V?WYl�WY[\KN]b[h]_G`MhV_~H[h]?d
dNX�]?X�Wk[¹G¢lTM\dNKTZY[eWYI?S
j�w±dTX^]?X`WY[hGÞU_ZkKNdTZJlQS4S4[\]?d»w±G�MhlNjkjk[\ó_X�Z
jkqHjrWYX�S
j=lQ]_~�]?Kg~HKNV � W�KQWYI?X�ZJju]?KQW��L]?K���]bWYK�WkI?[¹j�lQVHWYI?KTZ �
o I?Xæ]?KQWY[\KN]çWYI_l�WcX�fNKTMhVHWk[hKT]+[hjcjkKTS4X`WYI?[\]_dBMh[\�NXæl
~?X^jk[\dN]?X�Z�[hjº]?KQW!]?X��gw�lQ]»~�]?X�[\WkI_X�Zº[¹jºWkI?X�[h~HX�lmWkI»l�WºWYI?X
� [\KnjDU?I_X�ZYX�[¹jÎ[\WYjkX�M\P�l�jDKNZDWuKQP_KNZkdnlQ]?[¹jDS½��I?[¹GJIb[¹jujDWkZYV?dNdTMh[\]?d

WkKô~HX�fNX�MhKTU¢[\WYjkX�M\PxlTdNlT[\]_jDW6WYI?X;U»KTWkX^]NWY[hlTM\Mhq¢~HX�jrWYZkV»G¾Wk[hfTX
lQ]_~Ò~H[¹jDZYV?UHWY[\fNX�PåKNZYG�X^j!KQP8]_l�WYV?ZYX±ßÖlQ]_~ÒU�X�ZYI_lQU_j!ILV?S
lQ]
lTG¾WY[\fL[\Wk[hX^jJã � o I?X�jDXÒ[h~?X^lTj·S
l{qÞjDX^X�S�PàlQZ·PåX`WJGJI?X^~èlQ]_~
WkKQWJlQMhM\qmV?]L�vKTZkWkILqxKQP-jYG`[hX�]nWk[\ó»G�G`KT]»jD[¹~HX�ZJl�WY[\KN] �8õ K��vX�fTX^Z^w
ï jkV?dTdNX^jDW�WYI_l�W8WYI?X�q·S4l{q6U?ZkK�fL[¹~HX4l�PåZJlQS4X^�-KNZk�mPåKNZg[\S!ò
U»KNZDWJlQ]nW-]?X^�êSºV_MeWY[eò�~H[¹jkG�[\U?Mh[h]_lQZYq
jkG�[\X^]NWY[eó�G*[h]LfTX^jDWk[hdNlQWk[hKT]_j
[eP=I_lQ]»~HM\X�~�G�KTZYZkX�G¾WYM\q �
o I?X^ZkX
lTZkXslx]LV?S � X�ZºKQP��TX^q�[h~?X^lTjb��I?[hGJIË]?X^X^~±WYK � X
G`KTS � [h]?X^~·[\]�U_ZkX�jDX^]NWY[\]_d�WYI?[¹jgfL[\X^��U»KN[\]nW �mö ]?X
��I?[¹GJI±[¹j
PàlQS4[\Mh[¹lQZ=WkKgG�KTS4U?VHWYX�Z�jYG`[hX�]nWk[¹jDWYj�lQ]»~!jkKQPëWr��lQZYXvX�]?dN[\]?X^X�ZJjJ÷
[hj·WkI_XÒ[¹~HX�lÉKTPxlèø^ùëú¾û®ü_ý�þ!ÿ4ý����Hù�����w�jkV_GJIèlNj6WYI?X	��[¹jDU
fn[hZkWkV_lTM�S
lTGJI?[h]?X�KNZ�l�
%ZYKTMhKTd±fL[\ZkWkV»lQM*S
lNGJI?[\]_XTw�KTZ�WkI?X
fn[hZkWkV_lTM�S
lTGJI?[h]?Xb[h]6l
S�V?MeWY[eò®PåV?]_G`Wk[hKT]��vKTZJ~xU?ZYKLG�X^jYjDKNZ�KTZ
KTU�X�ZJl�Wk[h]?d&jkqLjDWkX^SBKNZbX�fNX�]±WkI?X�[\]nWkX^Zk]_X`W � o I?X^jkXsfL[hZDWYV_lQM
S4lNGJI?[h]?X^j�I»l{fTXÊPåV?]»G¾Wk[hKT]»lQM�lTZYGJI_[eWYX^G¾WYV?ZYX^j
�6X�fNX�]nWYj¶lQ]_~
U?ZkKHG�X^jYjDX�j���[eWYI�G�lQV»jklTM�U»K��vX�ZJj�KHG�G�V?Z�[h]mWkI?X^S���lT]_~xWkI?X^q
G�lQ]º[\]��»V?X�]_G�X�lQ]_~ � X�[h]��_V?X^]_G`X�~ � qgX�fNX�]nWYju[h]�KTWkI?X^ZujkKTZkWYj
KQP%S
lTGJI?[h]?X�j�w�[\]»G`MhV_~H[h]?d � KQWYI�WYI?X�U_InqHjk[hG^lQM X�]LfL[\ZYKT]?S4X^]NW
lQ]_~�WYI?X%V?]_~?X�ZYM\qL[h]?d�U?ILqHjD[¹G�lTMTS
lTGJI_[\]?X�j�[h]g��I?[¹GJI8WkI?X^q8lTZkX
[\S4U?MhX�S4X�]nWYX^~ � o I?XgZkX^MhlQWk[hKT] � X�Wr�-X^X�]&l4fL[\ZkWkV»lQM�S
lTGJI_[\]?X
lQ]_~;[\WYj�V?]_~HX^ZkMhqL[\]_dì[hS!U_M\X^S!X^]nWYl�WY[\KN]ê[¹j�]?KTW�V?]_M\[h�TX6WkI?X
U?I?[hM\KnjDKNU?I?X�ZJj
�N]?KTWk[hKT]�KQP��YjDV?U�X�ZYfTX^]?[hX�]_G�X
�b��I_[hGJI�[hj�KTPëWkX�]
V_jDX�~ [h] ~H[hjYG`V»jkjk[\]_d¢WYI?XÞZkX^MhlQWk[hKT] � X�Wr�-X^X�]æS![h]_~ælQ]_~
� ZYlT[\]1X � d � [h] ß®R-I_lTM\S4X^ZYj;y�áTáTânã ��� XÊU?ZkKNU»KnjDXÒWYI_l�W
fn[hZkWkV_lTM�S
lTGJI?[h]?X^j�G�lQ] � X�PåKNV?]_~;X�fNX�ZYqL��I?X�ZYXTwv[\]êjkKHG`[¹lQM
jDqHjDWkX�S
j·ßåX � d � WYI?X·Mh[h]?� � X�Wr�-X^X�]ÉU�K�fTX^ZDWrq;lQ]»~êG`ZY[\S4X{ã¾w
KTZYdNlQ]_[hjYl�WY[\KN]_j�w�X^G�KNjkqHjrWYX�S
j�w�lQ]_~ÞlT]?[\S
lTM�� j�[h]HPåKTZYS
l�WY[\KN]
U?ZkKHG�X^jYjD[h]?d4lQZJGJI?[eWYX^G`WkV?ZYX �
o I?X�jDX�G`KT]»~m�TX�qx[¹~HX^l
[¹j*lsdTX�]_X�ZJlQMh[hjYl�WY[\KN]xKTP=WkI?X�S4lT[\]
WkI?X^S!XgKTP WYI?XgU?ZYX^jk[h~?X�]nWk[¹lQM�lN~?~HZYX^jYj � q�i�lQ]_~_lQMhM���l{fL[¹j�l�W
�*�*�*ï áTâ�ß���l{fn[¹j�y^áNá��Nã%��I?[¹GJIsU?ZYX^jkX�]nWkX�~�l�fn[hX��ÊKTP ��ï lTj
X`�HU?MhKTZJl�Wk[hKT]gKTP��Y~HX^jk[\dN]ºjkU_lTG�X^j���KQP�[\]nWYX�MhM\[hdTX^]_G`X � ßÖFHX�X�lQM¹jDK
ßÖFLMhKTS
lQ]Éy^áTánzTã � ã o I?[¹j�[¹j � lTjkX^~´KT]´WYI?X�PàlQ[hZkMhqËPàlQS4[hM\[¹lQZ
jDU_lNG`X�KQPOU�KNjYjD[ � MhX�~HX^jk[hdT]_j�ßà��I?X�ZYX�WkI_X�]?KQWY[\KN]4KQP��k~HX�jD[hdT]��
~HKLX^j�]?KQWgU?ZYX^jkV?U?U�KNjkX
lQ]Lq�~HX�jD[hdT]?X^Z^�8lx~HX^jk[\dN]·[¹jgjk[\S4U?Mhq
lQ]�l � jrWYZYlNG¾W�jkU»X�G`[\ó»G�lQWk[hKT]���I_[hGJI6G^lQ] � Xº[h]_jDWYlT]NWY[hlQWkX�~&[\]
�-KNZk�L[h]?d�jkqHjrWYX�S
jvWkI_lQW�ó?W�WkI_Xb~HX^jk[\dN]»ã �
o I?XvdTX^]?X�ZJlQMh[¹jklQWk[hKT]bKTP?WkI?[¹j=[¹~HX^l�I_lNjÎWr�vK�PåX^l�WYV?ZYX^j � o I?X
ó_ZYjDWº[¹jbWYI_l�W�WkI?X^ZkXxlQZYX�û! #"
Mh[\]?�NX^~´jkU_lNG`X^jº[\]_I_l � [\WkX�~ � q
� X^I_l{fL[\]?d8jkqLjDWkX^S
j�wQ~HX�jD[hdT]4jkU_lTG�XvlT]_~bWYI?X�jDU»lTG`XvKQP�jDX�WYj=KTP
ZkX�îNV_[\ZYX�S4X�]nWJj�w{��I?[¹GJIºG�lT] � Xv]»lQS4X^~$�k]?[¹GJI?X-jkU_lTG�X
�_w{jk[h]_G`X
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[\W%[¹j�U»Knjkjk[ � M\XvWYKgfn[hX��ìWkI?X � [\KNM\KNdT[¹jrW � ju]?KTWk[hKT]4KQP�l8]?[¹GJI?X�lTj
G�M\KnjDXbWkKsWYI?XºX^]?dT[h]?X^X�Z � j*]?KQWY[\KN]�KQP%l�jkX`W�KQP%ZYX^înV?[hZkX^S4X�]nWYj
lT]_~ËG`KN]_jrWYZYlT[\]nWJj � t-KTWkI�lQZYXsl � jrWYZYlNG¾WbjDU»lTG`X�j � } � d � Wr�-K
[h]_jkX^G`WYj�KNZ&Wr�vKÊU?MhlT]nWYj�[h]ôWkI_X¶jYlQS4X�U?ILqHjD[¹G�lTMbM\KHG^l�Wk[hKT]
G^lQ] � XË[h]êWkKTWYlTM\Mhqê~H[���X^ZkX^]NW&]?[¹GJI?X�j�w�jDKÒ]?[¹GJI?X^jmlQZYX±]?KQW
~?X`WkX^ZkS4[h]?X^~ � qÞU?ILqLjk[¹G�lQM4MhKHG�l�WY[\KN] ��� X^[eWYI?X�Z�lTZkXìWkI?X^q
jk[hS!U_M\q;[h]êWkI_X6X�qNX6KTPºl � X�I?KNMh~HX^Z^��]_[hGJI?X�ò®U_ZkX�jkjkV?ZYX�G�lQ]
[h]��_V_X�]_G�X¶X^fTKTMhVHWY[\KN]ÞKQP�~HX�jD[hdT] WkZJlQ[\WYj6WkI?ZYKTV?dNIÞ]_l�WYV?ZJlQM
jkX�MhX^G`Wk[hKT] ��ï ]_jDWYlT]_G`X�jËKQPx]?[hGJI_X^j�lQ]»~è~HX�jD[hdT]»jË[\]nWkX^ZYlNG¾W
�JýQü��`ýQþëþ�� �
� [¹GJI?X�j�G�lT]�[h]nWkX�ZJlTG`W���[eWYI&KT]?XglQ]_KQWkI_X�Z � qs[h]��_V?X^]_G`[h]?d
lN~?lQU?Wk[hfTXb~HX�jD[hdT]_j*jklQWk[¹jrPåqL[h]?d4WkI?KnjDXº]?[hGJI_X^j^w_X � d � lTj�[\]�G�KQò
X^fTKNM\VHWY[\KN]�KTPuKNZkdnlQ]?[¹jDS
j � o ILV_jvWYI?X�ZYXblQZYX�S
lT]nqs~?[	��X�ZYX�]nW
jkKTZkWYj KQPêG�lTV_jklTM�ZkX^MhlQWk[hKT]_j^�0��[\WkI_[\]çlT]çlQZJGJI?[eWYX^G`WkV?ZYXTw
� X`Wr�vX�X^]0lQZJGJI?[\WkX�G¾WkV_ZkX�j�w � X`Wr�vX�X^]0lQZJGJI?[\WkX�G¾WkV_ZkX�jÄlQ]_~
]_[hGJI?X�j�w � X`Wr�vX�X^]Ã]_[hGJI?X�j � � ]?[¹GJI?X�WYI_l�W¢[h]��_V_X�]_G�X^j
l�~?X^jk[\dN] G^lQ] � XÞWkI?KNV?dTInWÉKTPËlNjêlQ] lQWDWkZJlTG`WkKNZÊ[\]Äl
U_I_lTjkX6jkU_lTG�X � o I_lQW
� j�l´jkU�X^G`[¹lQM8G�lNjDX&[h]_jkKQPàlTZ�lTj�U?I_lNjDX
jkU_lNG`X^j
WrqnU_[hG^lQMhM\q¶I_l{fTX&l�V?]_[ePåKNZkS�WkKTU�KTMhKTdNqTw�X � d � ó?�HX^~
~?[\S4X�]»jD[hKT]_lTM\[\Wrq �

 V_jrWÊlTj;~HX�jD[hdT]»jÒ~?KT] � WÒU_ZkX�jDV?U_U»KnjDXôlè~?X^jk[\dN]?X�Z�w&jDK
[h]ËU?ZY[\]_G�[\U_M\X4ZYX^înV?[hZkX^S!X^]nWYj
ßå]_[hGJI?X�jYã�~HKN] � WbU?ZkX�jDV_U?U»KnjDX
l
ZYX^înV?[hZYX�Z � o I?X^ZkX8lQZYX�~?[	��X�ZYX�]nW��vl{qHjvlTG¾WYV_lQM�ZYX^înV?[hZkX^S4X�]nWYj
G^lQ] � X!dTX�]_X�ZJl�WkX�~O��X � d � X^]?dT[h]?X�X^Zk[h]?d�dTKNlTMhj*fHj � [hKTMhKTdN[hG^lQM
]_X�X^~_j�lQ]_~xU?ZYX^jYjDV_ZkX�j �

�
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FH[\]_G�X ]?[¹GJI?X^jñlQ]_~ ~HX�jD[hdT]»jê[h]NWYX�ZJlTG`WÉ~HqL]_lQS4[¹G�lQMhMhqTw±�-X
G^lQ]½ZkX^dNlTZY~;WYI?X^jkX´jkU_lTG�X^jmlTj&G�KTZYZkX�jDU�KT]_~?[\]?dìWkK;fL[\ZkWkV»lQM
S
lNGJI?[\]_X^j;[h] WYI?X � [hKNjkU?I?X�ZYXÞG`KN]_jD[¹jDWk[h]?dèKTPËlèI?KnjrWêKTP
G�KT]nWkZYKTM�S!X�GJI_lQ]_[hjkS
j�wuPåX�X�~ � lNGJ�6MhKnKNU_j^w=lT]_~Ë[h]HPåKTZYS
l�Wk[hKT]
jDWkZYV_G`WkV?ZYX^jÄßà[\]»G`MhV_~H[h]?d�dNX�]?XÄU�KLKTM¹jYã � � MhMÉKTPÞWkI?X�jDX
lTZkX6V?MeWY[\S
lQWkX�Mhq;[\S4U?MhX�S4X^]NWYX^~É[\]�w�lQ]_~ÊjkV?U�X�ZYfTX^]?[\X^]nW�KT]
U_InqHjk[hG^j�lQ]_~xGJI?X^S![¹jDWkZYqTw � VHW�ZkX�lQM�X�]?KNV?dTIx[h]�WYI?X�[hZ*G^lQV_jYlQM
[h]nWkX^ZYlNG¾Wk[hKT]»j �
o I?[¹jËjDV?dNdTX�jrWJj±lñfL[\X^�çKQP�WkI?X � [hKNjkU?I?X^ZkX;lTjËlñfTX�ZYq
G�KTS4U?MhX`�¢l � jrWYZYlNG¾W�~HqL]_lQS4[¹G�lTM4jkqHjrWYX�Smw
��I?[¹GJI¢[\WYjkX�M\Px[¹j
G�KTS4U�KNjkX^~�KQPHS
lQ]Lq�jkS
lQMhM\X^ZÎ~HqL]_lTS![¹G�lTMTjkqLjDWkX^S
j � FLKTS4X%KTP
WYI?X
jDV � òÀjkqHjrWYX�S
j8lQZYX�X^f�lQ]?X�jkG�X�]nWsßåX � d � WkKNZk]_lN~HKNjJã¾w�jkKTS4X
X^]_~HV?ZY[h]?d � VHWmGJI_lQ]_dT[h]?dËK�fTX�Z�~H[\fNX�ZJjDXmWY[\S4X±jkG^lQMhX^j�ßàX � d �
PåZYV?[\W �_[hX^j^w*KnlQ�ìWkZYX�X^j^w*jkU»X�G`[hX^j^w�X^G�KNjkqHjrWYX�S
jYã � Ý�lT]nq;KTP
WYI?X6jkV � jkqHjrWYX�S
j4[\S4U�KNjkX6G`KN]_jDWkZJlQ[h]NWJj
lQ]_~ÒZYX^înV?[hZkX^S4X�]nWYj
WYK � XËS4X`WmKTZxK�fTX�ZJG`KNS4X � qÊKQWkI_X�Z&jDV � jDqHjDWkX^S4j � o ILV_j
KN]?X�G`KTS4U�KT]?X^]nW
� j�~HX^jk[\dN]º[¹juU_lQZkW�KQP»lT]?KQWYI?X�Z�G`KNS4U»KN]?X�]nW
� j
]_[hGJI?X � o I?ZYKTV?dNIÃlæI?KnjrW KTPÒU_ZkX�jkjkV?ZYX^j^w´PåKTZJG`X�jÞlQ]_~
S4KNZkX±l � jDWkZJlTG`WmG^lQV_jYlQM�ZkX^MhlQWk[hKT]_j^w�[h]_G`MhV_~H[h]?d¶WkZJlQ]_jDPåX�ZmKTP
PàlNG¾WYV_lQMv[\]?PåKTZYS4lQWk[hKT]ìlT]_~ìG�KT]nWkZYKTM-[\]?PåKTZYS4lQWk[hKT]�w%jkqHjrWYX�S
j
lQWsf�lQZY[\KNV_j!M\X^fTX�M¹j
lQZYX&G`KN]_jrWJlQ]nWkMhqìlN~{írV_jDWk[h]?dËWkI?X^S
jDX^M\fNX^j
KNZ � X^[\]_d´lT~{írV_jDWkX�~ÒKTZ
S4KH~H[eó»X^~ � � XmWkI_X�ZYX`PåKTZYXmI_l{fTX&l
]_X`Wr�vKTZY��KTPO~?X^jk[\dN]_j-lT]_~4]?[¹GJI?X^j-[h]NWYX�ZJlTG`Wk[h]?dºG`KN]_G`V_ZkZYX�]nWkMhq
lQWÉf�lQZY[\KNV_j;MhX�fTX^MhjêKQP´l � jDWkZJlTG`Wk[hKT]�w6U?ZkKH~HV»G`[h]?d lcI?KnjrW
KTPËGJI»lQ]?dNX^jÒKQPËS
lQ]Lq jkKTZkWYj^w6jDKNS4XôG�KT]nWk[h]LV?KTV»j�w6jkKTS4X
~?[hjYG`KN]NWY[\]LV?KNV_j �
FLKNS!X�KQPOWYI?X8GJI_lQ]?dNX^j-S
l{q � X�I?[\dNI?MhqsG`ZYX^l�WY[\fNXTwN[\]_G�M\V»~Lò
[h]?d4X�fNKTMhVHWk[hKT]�KQPu]?X��ñPåKTZYS
j-KTP X^fTKTMhVHWY[\KN]�w?lQ]_~x~H[¹jkG�K�fTX^Zkq
KTP&U»K��vX�ZkPåV?M�ZYX�V»jkl � M\XÊS4KH~HV?MhX^j^wmlQ]_~cS4X^GJI»lQ]?[¹jDS
j´PåKTZ
G�KTULqL[\]_d1lT]_~ M¹l�WYX�ZÊS4KH~H[\Påqn[h]?dcS4KH~HV?MhX^jÒWkK�X��LWkX�]»~ l
~?X^jk[\dN] � ï W±[¹jËG`KN]�írX^G`WkV?ZYX^~ � X^M\K���WYI_l�W±WkI_[hj�lNG�G`KNV?]nWYj

MAPPINGS BETWEEN DESIGN SPACE AND NICHE SPACE

NICHE SPACE

DESIGN SPACE

� [\dNV?ZkX4yN� �*X�jD[hdT]mjDU»lTG`XglT]_~x]?[hGJI_X8jkU_lNG`X

PåKTZ¶WkI?X½X�fNKTMhVHWk[hKT]éKTP6ILV?S
lQ]é[h]HPåKNZkS
l�WY[\KN] U?ZYKHG`X�jkjk[\]_d
lQZJGJI?[eWYX^G`WkV?ZYX^j �
o I?X�jDX�S
l{qsjDX^X�ScWkK � X�KNVHWkZJlQdNX�KTV»jDMhq���[hM¹~s[¹~HX^lNj � o I?X
G`M¹lQ[hSB[¹jgWkI»l�W � q±X`�HU?MhKTZY[\]?dmWYI?X�SÃ�vXsS
l{q·G`KNS4X
WkK�jkX�X
WkI?X^SÃlNjb]_lQWkV?ZJlQM%X��LWkX�]»jD[hKT]_jºKQP�[¹~HX^lNjºlQMhZYX^lT~?q6lTG^G`X�U?WkX^~
� q1S
lQ]LqcjkG�[\X^]NWY[hjDWYj¶lQ]_~cX^]?dT[h]?X^X�ZJj�w�X � d � ßÀR-KTI?X^]éa
FnWkX^�vlTZDW4y^áNá��nã`wO~HX`ó_]_[\]?d&lxf�lTjDWg]?X��1~HKTS
lQ[h]�PåKNZgSºV?M\Wk[\ò
~H[hjYG`[hU?Mh[\]»lQZYq
X`�HU?MhKTZJl�Wk[hKT] �
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t-KTWkI&~HX�jD[hdT]&jkU_lTG�XblQ]_~m]?[¹GJI?XbjkU_lTG�XgI_l{fTXgfNX�ZYq�G�KTS4U?MhX`�
WkKTU�KTMhKTdN[\X�j�wn[h]_G`MhV_~H[h]?d4S
lQ]Lqs~H[¹jkG�KT]nWk[h]LV?[eWY[\X�j�wHjkKTS4X8jDS
lQMhM
ßåX � d � lN~?~H[h]?d6l � [\W�S4KNZkX
S4X�S4KNZkq·WkK6l6~HX^jk[\dN]�w�lT~?~?[\]?d
l ]?X^�ÂjrWYX�U [\] l U?M¹lQ]�ãìjkKTS4X½MhlTZkdNXèßàlN~?~H[h]?dèlè]?X^�
lQZJGJI?[eWYX^G`WkV?ZJlQM�M¹l{qTX�Z�wnKTZ�l!]?X��ñPåKTZYS
lQMh[hjkSsã �
} � d � ï jDV_jkU�X^G¾WÞl S4lQírKTZô~H[¹jkG�KT]nWk[h]LV?[eWrq [h]B]?[¹GJI?X
jDU_lNG`X�KHG�G�V?ZYj�jkKTS4X^��I?X�ZYX � X`Wr�vX�X^]
jDqHjDWkX�S
juWYI_l�W-lTZkX�l � M\X
S!X^ZkX^M\q�WkKºU»X^ZDPåKNZkScG`X^ZDWJlQ[h]4WYlTjk�Hj�wnlQ]_~sKQWkI_X�ZJj%��I?[¹GJIslQM¹jDK
I_l{fTX
lQ]»~�G�lQ]ËV_jkXs[h]HPåKTZYS
l�WY[\KN]±KN]�I?K��èWkI?X^q±~H[¹~Ë[\W^w=KTZ
��Inq�WkI_X�qm~H[h~�[eW�w�KNZ*��ILq�WkI?X^q�V_jkX^~�KT]?XbS4X�WkI?KH~&ZJl�WYI?X�Z
WkI_lT] lQ]_KQWkI_X�Z � o I_XñILq � ZY[h~ lQZJGJI?[eWYX^G`WkV?ZYX^j¶~HX^jYG`ZY[ � X^~
� X^M\K�� S4[hdTInWxG�KTS � [\]?XËjkV_GJIÉG�lTU_l � [\Mh[eWY[\X�j � � I_lQWmjkKTZkWYj
KQP�]?[¹GJI?X!U?ZYX^jYjDV?ZYX^j*S4[\dNINWgMhX^lN~&WkK�WkI_X^jkX!~HX�jD[hdT]6PåX^lQWkV?ZYX^j
[\]4]_lQWkV?ZYX�[hj�lQ]4[\]nWYX�ZYX^jDWk[h]?d � [\KNM\KNdT[¹G�lTM?îNV_X^jDWk[hKT]�wnjDX^U_lQZJl�WYX
PåZkKNSÞI?K��ËWkI?X�jkqHjrWYX�S
j PåV?]_G¾WY[\KN]!lQPëWkX^Z WYI?X�qgI»l{fTX�X^fTKNM\fNX^~ �
tvKQWYIélQZYXêU?ZYKQPåKNV?]_~HMhqè[h]?I?KNS4KTdTX^]?X�KNV_j´jkU_lTG�X^j^�æWkI?X
M\KHG�lTM
WkKNU»KNM\KNdTq f�lTZk[hX^j´~?X�U�X�]_~H[h]?d KN]1WkI?XêMhKHG�lQWk[hKT]c[\]
WkI?XcjDU»lTG`XNw¶jk[\]»G`XèWkI?XcS4[\]_[\S
lQM´GJI»lQ]?dNX^jñU»Knjkjk[ � M\Xcl�W
f{lTZk[hKTV»jñMhKHG�lQWk[hKT]_j½[h]¥WYI?X�jklTS4XcjkU_lNG`X�G�lT] � XcfTX�ZYq
~H[	��X�ZYX�]nWô[\]¥WrqLU»X�lT]_~B]LV?S � X^Z � o I?[¹jô[hj½U_lTZDWYM\qÄl
PåV?]_G¾WY[\KN]ñKTP�G`KNS4U?M\X��H[eWrq � }%fNX�]ñ[eP4~HX^jk[\dN]_jxKQP4~H[	��X�ZYX�]nW
G`KTS4U?MhX`�H[\Wrq6lQZYX4[\]±WYI?X�jYlQS4X
jDU_lNG`XNw�WkI_X�ZYXslQZYX�WrqLU?[¹G�lTM\Mhq
S!KNZkXñ�vl{qHj¶lQ]_~ S!KNZkX½G`KNS!U_M\X��c��l{qHj�wmKTP·lQM\WkX^Zk[h]?d¢l
G`KTS4U?MhX`�Ò~HX^jk[\dN]ÒWkI_lT]êl�jD[hS4U?M\X�~?X^jk[\dN] � FLKËWYI?X�q¶I_l{fTX|



]_X�[hdTI � KNV?ZYI?KLKL~_j KTP�~H[���X�ZYX�]nW�jrWYZkV»G¾WkV_ZkX�j � t-q�G`KT]nWYZYlNjrW�w�[\]
S4KnjrW%S�V?MeWY[eò�~H[hS4X�]_jk[\KN]_lQM»jDU_lNG`X�j�G`KT]»jD[¹~HX�ZYX^~ � q�jYG`[hX�]nWk[¹jDWYj
lT]_~�X^]?dT[h]?X^X�ZJj�ßàX � d � U?I»lTjkX�jkU_lTG�X^jJã¾wOX^lNGJI�U�KT[h]NWgI_lNj�WYI?X
jYlQS4X�]LV?S � X^Z�KTPO~?[\S4X�]»jD[hKT]_j^wn[ � X � WkI_X�jYlQS4X�]LV?S � X�ZvlQ]_~
WYI?XmjklTS!X�WrqLU»X�j!KQP�GJI_lT]?dTX�jºlTZkX�U»Knjkjk[ � M\Xml�W
lQMhM�U»KN[\]nWYj �
ßÖ}�înV_lQWk[hKT]_jx~HX`ó»]?[\]_dìU�X�ZYS![\WDWYX^~ÉWkZJl�írX�G¾WkKNZk[hX^j�[\]ñlìI?[hdTI
~?[\S4X�]»jD[hKT]_lTMLU?I_lTjkX�jDU_lNG`X-S4l{qNw�I?K��vX�fTX^Z^w{S
lQ�NX�WYI?X�jDU_lNG`X
[h]?I?KNS4KTdTX^]?X�KNV_j � ã
tvKQWYI ~HX^jk[\dN]¢jkU_lTG�XìlQ]_~ô]_[hGJI?XÒjDU»lTG`X¶lQZYX �DM¹l{qTX�ZYX^~ �
[h]äWkI»l�W¢ZYX�dN[\KN]_jô��[eWYI?[h]äWkI?X^]çG�lQ] � X ~HX�jkG�Zk[ � X�~�l�W
~?[	��X�ZYX�]nW�M\X^fTX^Mhj�KTPul � jrWYZYlNG¾Wk[hKT]xlQ]_~�PåKNZvX�lTGJImjDV»GJI�ZYX�dN[\KN]
jk[hdT]?[\ó»G�lT]nWkMhqé~H[	��X�ZYX�]nW;M\X�jkj;l � jrWYZYlNG¾W �kjkU»X�G`[¹lQMh[hjYl�WY[\KN]_j��
X��H[hjDW � FLKNS4X�jDU�X^G�[hlTM\[¹jklQWk[hKT]_j4KTP�~HX�jD[hdT]»j
lQZYXmG^lQMhM\X�~Ò[\S!ò
U_M\X^S!X^]nWYl�WY[\KN]_j �b� j8jDV_dTdTX�jrWYX^~�l � K�fNXTw»WkI?X4U?I_[\MhKNjkKTU?I_X�Z � j
]_KQWk[hKT]�KQP �kjkV?U�X�ZYfTX^]?[\X^]_G`X �glQ]_~
WkI?X�X�]?dN[\]_X�X�Z � j%]?KTWk[hKT]sKTP
�k[\S4U?MhX�S4X^]NWJl�WY[\KN] �;ßåKTZ
ZYX^lTM\[¹jYl�Wk[hKT]�ãºjkX�X^SçWkK � X6G`MhKNjkX�Mhq
Mh[h]?�TX�~Ow%[\P*]?KQW4[¹~HX�]nWk[¹G�lTMgßàlTj4lTZkdNV?X^~Ë[h]ñß®FLM\KNS
lQ]Éy�áTá��Q[h]
U_ZkX^U_lQZJl�WY[\KN]»ãDã �
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o �vKÊßåKNZsS4KTZYX�ã�]?[¹GJI?X^j
[h]Ê~H[���X^ZkX^]NW�jkV � ò�jkU_lTG�X^j
G�lT] � X
G�KTS � [\]_X^~ìWkKËqL[\X^Mh~Òl±]?[hGJI_X&[\];l±S!KNZkXmG`KNS4U?M\X��¶jkU_lTG�XT�
ZYX^înV?[hZYX�S4X�]nWYj�PåKTZmX�~H[eWY[\]_dÒU_ZkKNdTZJlQS
j�lT]_~êZYX^înV?[hZkX^S4X�]nWYj
PåKNZ6X�~H[eWY[\]_dêMhlQWkX��ôjkKTV?ZJG`XËó»M\X�j6G�lT] � X¶G`KTS � [h]?X^~ô��[\WkI
X�lTGJI�KTWkI?X^Z¶lQ]»~���[eWYIéZYX^înV?[hZkX^S!X^]nWYj�PåKNZìZYX^lN~H[\]_d¢lQ]_~
U�KNjDWk[h]?d¶X�S
lQ[hM�lT]_~Ê]?X�W�]?X^��j � FLKTS4X±~HX^jk[\dN]_j�PåKTZsWYX`�LW
X�~H[\WkKTZJj�ßàX^jkU»X�G`[¹lQMhM\qËU?ZYKTdNZYlTS4S4l � MhX
X^~H[\WkKNZYj�M\[h�TX�}%S
lTG^jYã
G^lQ]mjklQWk[¹jrPåqsWkI?XbG�KTS4U»KnjD[\WkXg]_[hGJI?XNwHKQWYI?X�ZJj�]?KQW �
ï WÎ[¹j�]?KTWÎ[h]gdTX�]_X�ZJlQMQ]?X�G`X�jkjYlQZYq�WkK�G�KTS � [\]_X�Wr�-K�jkX�U»lQZJl�WkX
~?X^jk[\dN]_jvWkK4dTX�W�lº]?X^�½~?X^jk[\dN]�WYI_l�W�jYl�Wk[¹jDó_X^jvWr�vK!jkX�U»lQZJl�WkX
]_[hGJI?X�j ��ö PëWkX^]b~HX^jk[\dN]_jOI_l{fNX�[\]nWYZk[h]_jk[hG=dNX�]?X^ZYlTM\[\Wrq�KTZÎSºV?M\Wk[\ò
PåV_]_G¾WY[\KN]_lQMh[eWrq��ul�U�K��-X^ZDPåV?MLX��HlTS4U?M\X-[hj WYI?X�lQZJGJI?[eWYX^G`WkV?ZYX�KTP
l�WrqLU?[¹G�lTMOS!KH~HX^Zk]6R 
-pbwHKTZ�l!U?ZYKTdNZYlTS4S![h]?d�MhlT]?dTV_lTdTX �
ï W�jkKTS4XxG^lTjkX^j4[\W
S4l{qì]?KQW � X�G`MhX^lQZ4��I?X�WkI?X^Zs�vXmlTZkX
~?X^lQMh[h]?d·��[\WkIÒKT]_X�]?[¹GJI?X�òÀjkU_lTG�X���[\WkIÒX�]_KTZYS!KNV_j�[\]nWkX^Zk]»lQM
G�KTS4U?MhX`�H[\WrqÊKTZmjD[hS4U?M\qñl¶G�KTMhM\X�G¾Wk[hKT]ÉKQP!~?[	��X�ZYX�]nWm]?[hGJI_X`ò
jkU_lNG`X^j^w&jDKNS4XÉKQP���I_[hGJIælQZYXñG`KNS4U»KnjD[\Wk[hKT]_j¶KQP�KTWkI?X^ZYj �
ï WË[¹j·fNX�ZYqôM\[h�TX^M\qôWYI_l�WËILV?S
lQ]_j^w!PåKTZ±[\]_jDWYlT]_G`XNw
G�lQ]_]?KQW
� XmWkI_KTV?dNINW
KTP�lTj![h]_jDWYlQ]nWY[hlQWk[h]?d�l±jk[h]?dTMhXx~?X^jk[\dN]ìó?WkWk[h]?d
l¢jD[h]?dTMhXê]?[¹GJI?XNw � V?WÒZJl�WYI?X�Z´S�V?M\Wk[hU?M\X½~HX^jk[hdT]_jìZkX^MhlQWkX^~
WYKèS�V?M\Wk[hU?M\Xéßà[\]nWYX�ZY]_lQM&lQ]»~éX`�LWYX�ZY]_lQMëã´]_[hGJI?X�jôßàl1fL[\X^�
G�KT]_jk[¹jrWYX�]nW·��[\WkIæßàÝ&[h]_jk�nqcy�á����TãDã � tvKQWYI¢~HX^jk[hdT]_j±lQ]_~
]_[hGJI?X�j&GJI_lQ]_dTXËK�fTX^Z�WYI?X�M\[\PåX`WY[\S4X´KTP!lT]½[h]_~H[hfL[h~?V_lQM®wglTj
X��HU?MhlT[\]_X^~ � X^M\K��gw»lQ]_~mS
l{qsf�lQZYq�G�KT]_jk[¹~HX�ZJl � Mhq
PåZYKTS KT]?X
G�V?M\WkV?ZYX8WkK
lQ]_KQWkI_X�Z �
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i�X�M¹l�Wk[hKT]»jDI?[hU_j � X�Wr�-X^X�]ºl�~HX^jk[hdT]ºjkU_lTG�X�lQ]»~bl�]?[¹GJI?XvjDU_lNG`X
lTMhjkKËI_l{fTX�lËfNX�ZYqìG`KNS4U?M\X��ìPåKNZkSm��X � d � Wr�vK�ZkX^dT[hKT]_j4KTP
~?X^jk[\dN]êjDU_lNG`X�S
l{q � X6S4lTU?U�X^~;WYK´WkI_X·jYlQS4X&ZkX^dT[hKT]ÊKTP
]_[hGJI?X-jDU_lNG`XNw�fL[¹l�l �YjklQWk[¹jrPàlNG¾Wk[hKT]���S4lTU?U?[h]?d���[\WkIº~?[	��X�ZYX�]nW
~?[\S4X�]»jD[hKT]_j^w�lT]_~c~H[���X^ZkX^]NWÒ~HX�dNZkX^X^jËKQP�jYl�WY[hjDPàlTG`Wk[hKT]1[\]
WYI?KNjkX4~H[\S4X^]_jD[hKT]»j � [ � X � WYZYlN~HX`òÀK��Oj � o I_X4~?[	��X�ZYX�]nWgjrWrqLMhX^j
KTP=lTZkZYK���j-[\] � [\dNV?ZYX!yglTZkX�[\]nWYX�]_~HX�~�WkK
[h]_~H[¹G�l�WYX�WkI?[¹j �
FL[hS4[\M¹lQZYM\qìWr�-K�~H[���X�ZYX�]nW�]?[¹GJI?X^j4S
l{q � X6jYl�WY[hjDó_X�~ñßåWkK
jkKTS4X�X��nWYX�]nWJã � q�WkI_X�jklTS4X%~HX^jk[\dN]�w^PåKTZ�[h]_jDWYlQ]»G`X%U?ZYK�fL[h~?[\]?d
jkI?X^MeWYX�Z�PåZYKTSÞG�KTM¹~glQ]_~8U?ZYKQWYX^G`Wk[hKT]8PåZYKTS½U?ZkX�~?l�WYKTZJj ��� I?X�]

WkI_lQWìI_lQU_U»X^]_j´WYI?Xñ~?X^jk[\dN]élQM¹jDK¢jYl�WY[hjDó_X�j´l G`KNS4U»KnjD[\WkX
]?[hGJI_XTw?lTj�S4X^]NWY[\KN]?X^~ml � K�fNX �
FHlQWk[¹jrPàlNG¾WY[\KN];WkILV_jx~HX^jYG`ZY[ � X^~ê[hj�S4KTZYX6Mh[\�NX6l´ZYX�M¹l�WY[\KN]
WkI_lT]xl�PåV?]_G`Wk[hKT] �
o I?Xñ]?KQWY[\KN]éKQP6l¢ZkX^MhlQWk[hKT]�[¹jì]_KQW;dTX�]_X�ZJlQM�X^]?KTV_dTI�w
I?K��-X^fTX^Z^w PåKTZ4l�ZYX�M¹l�WY[\KN]�X�[\WkI?X^Z�I?KNMh~_jºKNZ!~HKLX�jº]?KTW�I?KNMh~
� X�Wr�-X^X�]êWr�vK¶WkI?[h]?dNj �æï Wm�vKTV_Mh~ � X�S4KTZYXËlTG�G�V?ZJl�WkX6WkK
ZkX^dNlQZJ~ jYl�WY[hjDPàlTG`Wk[hKT]clTj�l½PåV?]_G`Wk[hKT]1PåZYKTS0lôG`KNS4U»KnjD[\WkX
~HX^jk[\dN]ÊlQ]_~Êl´G�KTS4U�KNjk[eWYX�]?[¹GJI?X&WkK¶l�U_lQZkWk[¹lQMhMhqìKTZJ~HX^ZkX�~
jDX�W-KQPÎ~?X^jYG`ZY[\UHWY[\KN]_j-KQPOWkI_X�WrqLU»X8lQ]»~
�L[\]_~�KQPÎjYl�WY[hjDPàlTG`Wk[hKT]��
�DdTKLKH~mU?ZYKQWYX^G¾WY[\KN]&PåZYKTS U?ZYX^~?lQWkKNZYj � VHW8S!X�~H[hKLG�ZkX���[\]nWYX�Z
jDI?X^MeWYX�Z � �
�Î[\�NX¥~HX�jD[hdT]_jælQ]»~ ]?[¹GJI?X^j^w1WkI?X�jDXä~HX�jkG�Zk[hUHWk[hKT]»j KTP

�ró?WY]?X^jYj �ôG^lQ]cf�lQZYq [\]éG�KTS4U?MhX`�H[\WrqTw�lT]_~1WkI?X^[\ZìU_lQZkWk[¹lQM
KTZJ~HX�ZY[\]_d6��[hM\M�G�KTZYZkX�jDU�KT]_~´WkK±WkI_X&]?KQWY[\KN]¶KTP�KT]_Xm~?X^jk[\dN]
� X^[\]?d � � X`WkWkX^Z�� WkI_lT] lQ]_KQWkI_X�Z�wx��I_[hGJI [hjÒdTX^]?X�ZJlQMhMhq1l
U_lQZkWk[¹lQMLKTZJ~HX^Zk[h]?d�ß®FLMhKTS
lQ]xy^áNâTá � ��KNdNlT]�añFHM\KNS4lT]�y�áTá
�Qã �
tvq6G�KT]nWkZJlTjDW^wOdNX�]?X�Wk[¹G
lQMhdTKTZY[\WkI?S
j8lQ]_~·KQWYI?X�Z8PåKNZkS
j8KTP
X�fTKNM\V?Wk[hKT]_lTZkqÊG`KNS4U?VHWYlQWk[hKT]ñ]?KTZYS
lQMhM\qêlNjkjkV?S4X±WkI?X �ró_WDò
]?X^jYj!PåV?]_G`Wk[hKT] ��U_ZkKH~HV_G�X^j
l�jk[\S4U?MhX�]LV?S4X�ZY[¹G�lQM�S4X�lTjkV?ZkX
KQP�dTKLKH~H]?X�jkj^w [ � X � lmWYKQWYlTM�KNZY~HX^Zk[h]?dm��[\WkIìl&S4X�WkZY[hG �$� X
G�lQ]x]?K��½jDX^X�WYI_l�W*lNj�l4jDU�X^G�[hlTM�G�lTjkX �
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�*X�jD[hdT]&jkU_lTG�XblQ]_~m]?[¹GJI?XºjkU_lNG`XbjkX�X�S WkK �D[h]_G`MhV_~HX �4U_lQZkWYj
KQP?X^lNGJIºKTWkI?X^Z [h]_jkKQPàlQZ=lTjul�~HX^jk[\dN]bS
l{qg[\]»G`MhV_~HX�l�G�KTS4U?MhX`�
lQZJGJI?[eWYX^G`WkV?ZYX���I_X�ZYXxU»lQZkW4KTP*WYI?X�lQZJGJI?[\WkX^G`WkV?ZYXx[hj
lËjkV � ò
lQZJGJI?[eWYX^G`WkV?ZYX&��I?[¹GJI �D[h]?I_l � [eWJj �¶l�]?[¹GJI?X·~?X`WkX^ZkS4[h]?X^~É[\]
U_lQZkW � q&WYI?X
ZYX^înV?[hZkX^S!X^]nW�WYKmó?Wg[\]Ë��[\WkI±WkI?X
ZYX^jDW8KQPvWkI?X
lQZJGJI?[eWYX^G`WkV?ZYXTwHlQ]»~�jkX�ZYfTX8[\WYj�]?X^X^~?j �
�Î[\�NX���[¹jDXÒlÉG`KNS4U?M\X�� ]?[¹GJI?X¶S
l{qô[h]_G`MhV_~HXÊlTj·KT]_X¶KTP
[eWJj!jkV � òÀZYX^înV?[hZkX^S!X^]nWYj^w%l6ZYX^înV?[hZkX^S4X�]nW�WYK±lNG�G�KTS4S4KL~_l�WkX
jDKNS!X�WkI?[h]?d
��[\WkI�l
U»lQZkWk[¹G`V?M¹lQZ�lTZYGJI?[\WkX�G¾WYV?ZkXNw?X � d � U?ZYK�fL[h~HX
S4lT[\]nWYX�]_lT]_G`X1PåKTZ¢[eW � FLKÄl ]?[¹GJI?XNw¶[ � X � l jkX`W KTP
ZkX�îNV_[\ZYX�S4X�]nWJjvG^lQ]x[\]»G`MhV_~HXgZYX`PåX�ZYX�]»G`X�WkK
l4~HX^jk[hdT] �
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o I?X�ZYXô[hjêl�~?qn]»lQS4[hG^jÊKQPË]?[¹GJI?X^jÉlQ]_~ ~HX�jD[hdT]_j^w·jk[h]_G`X
U?ZkKHG�X^jYjDX�jÉG�lT]ÄKHG�G�V?Zñ[h]LfTKNM\fL[h]?d�WkZJl�írX�G¾WYKTZY[\X�jê[h] � KQWkI
jDU_lNG`X�j � } � d �ô� X^jk[h~HX�j
WYI?X � X�I_l{fL[hKTV?ZJj4KQPºlËU»lQZkWk[¹G`V?M¹lQZ
~HX^jk[\dN]ê[h]_jrWJlQ]_G�X·��I_X�]½[eW�~HKLX^j�[\WYj!írK � w*WYI?X�ZYX±lTZkX±lQM¹jDK
jDX^MePëòÀS4KL~?[ePåqL[h]?d � X^I_l{fL[\KNV?ZYj·��I?[¹GJIc[\]LfTKNM\fNX´PåKNM\MhK���[\]_d½l
WkZJl�írX^G`WkKNZkqs[h]6~HX�jD[hdT]�jkU_lNG`XTw»X�]_l � Mh[\]?d
]_X��ôWrqLU»X�j�KTP�írK � j
WkK � XgU�X�ZkPåKTZYS4X^~ �
� jkqLjDWkX^S ��I?[¹GJI·~HX^fTX�MhKTU»j�wOMhX^lTZk]_j�KNZ�lN~?lQUHWJj8GJI_lQ]?dNX^j
[eWJjÄ~HX^jk[hdT] � o I?X�S4KNjDWÄPàlQS4[hM\[¹lQZ+ßàlQ]»~ ~HZYlTS
l�Wk[¹G^ã
X`�?lQS4U?MhX^jÄlTZkX � [\KNM\KNdT[¹G�lQM®� X � d � lÈPåX^ZDWY[\Mh[¹jDX�~�X�dTd
WkZJlQ]_jDPåKTZYS4[\]?d�[\WYjkX�M\P�[h]nWkKblT]
X�S � ZkqNK�lT]_~!WkI?X^]sl8]?X�KN]_l�WYX �
ö WkI?X^Z�X��HlTS4U?M\X�jº[h]_G�M\V_~?XmjkX�M\Pëò�lT~?lTUHWk[h]?d·G�KTS4SºV_]?[hG^l�WY[\KN]
]?X`Wr�vKTZY�Hj�wÎlN~?lQU?Wk[hfTX
[h]NWYX�ZkPàlTG�X^j^w �*ï �kM\X�lQZY]?[h]?d��mjkqLjDWkX^S
j�w
lQ]_~xjDKHG�[\KTò®X�G`KT]_KTS4[hG�jDqHjDWkX^S4j �
ï ]�S4lT]LqblQ]?[hS
lQM¹j�w{[h]_G`MhV_~H[h]?d8ILV?S
lQ]_j^w{WkI?X�[h]HPåKTZYS
l�WY[\KN]
U?ZkKHG�X^jYjD[h]?d lQZJGJI?[\WkX�G¾WkV_ZkX jkX�X^S4jçWkK G`KT]nWY[\]LV?X � X�[h]?d
WkZJlQ]_jDPåKTZYS4X^~ MhKT]?dæl�PëWYX�Z � [hZDWYI�w¶lT]_~BlQPëWkX�Z½WYI?XcS4lT[\]
U?ILqLjk[hKTMhKTdT[¹G�lTMgjrWYZkV_G`WkV?ZYX^jmI»l{fTX � X^X�]ÞX�jrWJl � Mh[hjkI?X�~O�ê]?X^�
PåKTZYS4jèKQPÉG�KT]nWkZYKTMÒKQP½l�WDWYX�]nWk[hKT]ÎwÉMhX^lQZY]?[h]?d_wêWkI?[h]?�L[\]_d_w
~HX�Mh[ � X�ZJl�WY[\]_d_w�~HX�fNX�MhKTUblQPëWkX�Z � [hZDWYI �uõ V?S
lQ]_jÎPåKTMhMhK��Ël�fTX�ZYq
G`KTS4U?MhX`�¶WkZJl�írX�G¾WkKNZkq¶[\]ê~?X^jk[\dN]êjDU_lNG`X&WYI?ZYKTV?dNI?KTVHW
WYI?X�[hZ�



Mh[hfTX^j � � dNKLKL~;X�~HV_G^l�Wk[hKT]»lQM�jkqHjrWYX�S G�lT] � X·fL[\X^�-X�~ÊlTj
U_ZkK�fL[¹~H[\]_d�l4WkZJl�írX�G¾WYKTZYq�WYI?ZkKNV?dTI&]_[hGJI?X!jDU»lTG`Xº��I?[hGJI6��[\MhM
[h]_~HV»G`X&l�WYZYlQírX^G`WkKTZYqË[\];~HX�jD[hdT]ÒjDU_lNG`Xx[\];jkX�M\Pëò®S4KH~H[\Påqn[h]?d
� ZYlT[\]_j � � G`V?M\WkV?ZYXÒU?ZkK�fL[¹~HX^j±lÉjkX`W�KTP�~HX�fNX�MhKTU?S4X^]NWJlQM
WYZYlQírX^G`WkKTZY[hX^j �
ï ]ôdTX^]?X�ZJlQM®w�PåKTMhM\K���[h]?dÊl¶WkZJl�írX^G`WkKNZkqê[h]Þ~HX^jk[hdT]ôjDU_lNG`X
lTMhjkKË[\]LfNKTMhfTX^j
l±WYZYlQírX^G`WkKTZYq´[h];]?[hGJI_X�jDU_lNG`XN�&WkI?X6]?[hGJI_X^j
PåKNZælT]ÂV?] � KTZY] PåKLX`WYV_j�w1PåKNZæl�]?X�� � KTZY] [h]HPàlQ]nW^w�l
jYGJI?KLKTM¹GJI?[hMh~�wñlÄU»lQZYX�]nW^w½lBU?ZYKQPåX�jkjkKTZ�wêX�WYG � lQZYX lQMhM
~?[	��X�ZYX�]nW � Ý�KTZYX�K�fTX^Z^w�lQ]6[\]_jDWYlT]_G`X4G�lT]6[h]_jDWYlQ]nWY[hlQWkXºS4KNZkX
WYI_lQ]±KT]_X4~?X^jk[\dN]�wÎjYl�Wk[¹jDPåqn[h]?dmS4KTZYXºWYI_lQ]±KT]_X!]_[hGJI?XN�8X � d �
U_ZkKTWkX^G`WkKNZ�lT]_~�U?ZkK�fL[¹~HX�Z�wLKTZ�U_lTZkX^]nW�lT]_~�U?ZkKTPåX^jYjDKNZ � o ILV_j
~?X�fTX^M\KNU?S4X�]nW6KTP4S�V?M\Wk[\òÖPåV?]»G¾Wk[hKT]»lQM4~HX^jk[\dN]_j6G^lQ]Þ[h]LfTKTMhfTX
S�V?M\Wk[hU?M\XËG`KN]_G`V_ZkZYX�]nW�WYZYlQírX^G`WkKTZY[hX^js[h]ñ~?X^jk[\dN]ÉjDU»lTG`X±lQ]_~
]_[hGJI?X!jDU»lTG`X � o I_XºX�fNKTMhVHWk[hKT]6KQP�jkV_GJI6jkqLjDWkX^S
j*S
l{qmI_l{fTX
PàlNG`[hM\[\WYlQWkX�~ÞU?ZYKL~?V_G¾WY[\KN]ÞKQP�lQ]_[\S
lQM¹j6l � MhX�WkK½G`KTU�X´��[\WkI
f�lTZk[hX^~¶X�]LfL[\ZYKT]_S!X^]nWYj
lQ]»~¶U_ZkK � M\X^S
j4��[eWYI?KTVHWsZYX^înV?[hZY[\]?d
lTM\M�WkI?XbZYX^înV?[hZYX^~�[\]HPåKNZkS
lQWk[hKT]�WkK � XgU?ZYX`ò�jrWYKTZYX^~�[\]mdTX^]?X^j �
R-KNS4U_lQZYX�WkI?XgdNX�]?X�Wk[¹G8[\]HPåKNZkS
lQWk[hKT]mM\KnlT~�KQP�lQ]?[hS
lQM¹j�w_M\[h�TX
~?X�X�Z�wH��I?[¹GJI�]_X�X^~�WYK � Xgl � MhX�WkK
ZYV?]x��[eWYI�WYI?X8I?X�ZJ~xjDKLKT]
lQPëWkX^Z � [hZkWkI�lT]_~slQ]_[\S
lQM¹j^wTMh[\�NX*U?ZY[\S
lQWkX^j^wn��I?[hGJI�G�lQ]
MhX^lTZk]
WYK½jkX�XNw�S
lT]?[\U_V?MhlQWkX¶WkI?[h]?dnj�w4lQ]_~¢S4K�fTX¶l � KNVHW^w!��I?[hMhjDW
V_]_~HX�Z�U_lTZkX^]NWJlQMuG�lQZYX � R-KTS4U_lQZYXbdNX�]?X�Wk[¹G�lQMhMhqx~HX�WkX^ZkS4[h]?X^~
PåKNZkS
j�KQP%ZYX�U?ZYX^jkX�]nWJl�Wk[hKT]&��[\WkI�WkI?KnjDX!~HX�fNX�MhKTU�X^~mWYI?ZkKNV?dTI
[h]nWkX^ZYlNG¾Wk[hKT]x��[\WkI&lQ]xX�]LfL[\ZYKT]_S!X^]nW^wH[h]_G`MhV_~H[h]?d4U»X^X�ZJj �
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FHKTS4X�ZkX^dT[hKT]_j=KTP�~HX�jD[hdT]
jkU_lTG�X�lTZkXv]?KTW%M\[h]?�TX�~ � qºU»Knjkjk[ � M\X
WYZYlQírX^G`WkKTZY[hX^jvPåKTZ�[h]_~H[hfL[h~?V_lQMu~HX�fNX�MhKTU?S4X�]nW ��� ]�lNG`KTZY]mG�lQ]
WYZYlT]_jDPåKTZYS¢[\WYjkX�M\P�[\]nWkK!lQ]
KnlQ�bWYZkX^XTwLlQ]_~ � q4G`KN]NWYZkKNM\Mh[h]?dg[eWJj
X^]Lfn[hZYKT]?S4X�]nW�qNKTVmG�lQ]�jkMh[\dNINWYM\q�S4KL~?[ePåqx��I_l�W*jkKTZkW�KQP�KnlQ�
WYZkX^X�ßåX � d � I?K�� � [\dLã � t-V?Ws]?KËS4lQWDWYX�Z4I?K�� qNKTVìWkZYq�WkK
WYZYlT[\]&KNZ�G�KNl��m[\W � qmS!KH~H[\PåqL[\]_dsWkI_XºX�]LfL[hZkKN]?S4X�]nW^w»[eW���[\MhM
]_X�fTX^Z�dTZYK��Ê[\]nWYKsl�dN[\ZJl ��X �
o ZYlQírX^G¾WYKTZY[\X�j�WYI_l�W�G^lQ] � X�PåKNM\MhK��-X�~ � qºl8jkX�M\Pëò®S4KH~H[\Påqn[h]?d
[h]_~H[hfL[h~?V_lQMÎG^lQ] � XbG^lQMhM\X�~6ù���û®úký
	 ����û "�ú¾ù�� � �
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TOWARDS DELIBERATIVE AGENTS

Variable
threshold
attention
filter

Motive
activation

Long
term
memory

perception action

THE ENVIRONMENT

REACTIVE PROCESSES

DELIBERATIVE PROCESSES

(Planning, deciding,
scheduling, etc.)
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jDWkZYV_G`WkV?ZYX^jcZYX�U?ZYX^jkX�]nWY[\]?d�lTMeWYX�ZY]_l�WY[\fNX U�KNjYjD[ � [hM\[\Wk[hX^j�PåKTZ
G�KTS4U?MhX`�gPåVHWYV?ZYX�lTG¾WY[\KN]_j^w���I?[hGJI![\W�G^lQ]�WkI?X^]!G�KTS4U_lTZkX�lQ]_~
X^f�lQMhV_l�WYXTw=V_jk[\]?d6PåV?ZkWkI?X^ZºWYX�S4U»KNZYlTZkq±jrWYZkV»G¾WkV_ZkX�jº~HX�jkG�Zk[ � ò
[h]?dbjk[\S4[hMhlTZk[\Wk[hX^j�lQ]_~4~H[���X^ZkX^]_G`X�j � o I?[¹j�U?M¹lQ]Hò�G`KN]_jDWkZYV_G¾WY[\KN]
ZYX^înV?[hZYX^jml;M\KN]?dÒWkX^ZkS S4X^S!KNZkqñlTjYjDKHG`[¹l�WY[\]_dÒlNG¾Wk[hKT]»jm[\]
G�KT]nWkX��LWYjg��[\WkI´G�KT]_jkX^înV?X^]_G`X�j � o I_X�~HX�Mh[ � X^ZYlQWk[hfTXsjkqLjDWkX^S
S
l{q1GJI?KLKNjkXÒKN]?XÊKQPxWkI_XÉjrWYZkV»G¾WkV_ZkX�j�w
X��LX�G`VHWYXê[\WìlTj´l
U_MhlT]�wºlQ]»~ÉWYI?X�] ~?[hjYG�lTZY~½[\W^wbKNZ�U»Knjkjk[ � M\qñS4KL~?[ePåq½[eWJjDX^MeP
U�X�ZYS
lQ]?X^]nWkMhq � qÉjkl{fL[h]?d;jDKNS!XËKNZmlTM\MgKTPºWYI?X´jrWYZkV»G¾WkV_ZkX

REACTIVE AND DELIBERATIVE MECHANISMS
with alarms

Variable
threshold
attention
filter

Motive
activation

Long
term
memory

perception action

THE ENVIRONMENT

DELIBERATIVE PROCESSES

(Planning, deciding,
scheduling, etc.)

ALARMS

REACTIVE PROCESSES

� [hdTV_ZkX � � � ILq � ZY[h~xlQZJGJI?[\WkX^G`WkV?ZYX8��[eWYImdTMhK � lTM�lTMhlTZkS
j

PåKTZ�PåV?WkV?ZYXºZYX`òÀV_jkX ��ï ]�ILV?S
lQ]»j�WkI_XºZYX^lTG`Wk[hfTXblTZYGJI?[\WkX�G¾WYV?ZkX
jDX^X�S
jgWYK � X�X`�LWYX�]_~?l � MhX�[h]�WkI?[¹jºPàlTjkI?[\KN]�w=X � d � MhX^lTZk]_[\]?d
G�lQZ�~HZY[hfn[h]?d4KTZ�M¹lQ]_dTV_lTdTX8G`KTS4U?ZYX�I_X�]_jk[\KN] �
}�fn[¹~HX^]_G`X�jDV_dTdTX�jrWJj�WYI_l�W=WYI?X�ZYX-[¹j�lQM¹jkK�l�dTMhK � lTM �YlQM¹lQZYS �
S!X�GJI_lQ]_[hjkS�[\S4U?MhX�S4X^]NWYX^~¥[\]¥WkI_X�M\[hS � [¹GcjDqHjDWkX^SxwÒlTj
[\]_~?[hG^l�WkX�~c[\] � [hdTV_ZkX � wxG^lQU_l � M\XÊKTP�[\]nWYX�ZYZkV?U?Wk[h]?d lQ]_~
ZkX�~H[\ZYX^G`Wk[h]?d;KQWYI?X�Z6jkV � jkqHjrWYX�S
jìßàX � d � PåZkX^X��^[\]?d»w �_X�X^[\]_d_w
l�WDWJlTGJ�L[h]?d_wHl�WkWkX^]_~H[h]?dnã �
� KTZéZYX^lNjDKN]_j�~H[¹jkG�V_jkjkX^~ÈX^MhjkX���I_X�ZYXTw lç~HX^M\[ � X�ZJl�Wk[hfTX
S!X�GJI_lQ]_[hjkS ��[hMhMËßà]?KTZYS
lQMhM\q?ã � Xô~H[¹jkG�ZkX�WkXTwmjkX�ZY[hlTMÖwmlQ]_~
WkI?X^ZkX�PåKTZYX�ZkX^MhlQWk[hfTX�Mhq�jkMhK��gw^��I?X^ZkX�lTj�l�ZkX�lTG¾WY[\fNX�S4X^GJI_lT]?[hjkS
G�lQ] � XìI_[\dNI?M\q½U_lTZYlTM\MhX�MºlT]_~ôWYI?X�ZYX`PåKNZkX�fNX�ZYqêPàlTjDW^w!lQ]_~
S4l{q½[h]_G`MhV_~HX;jDKNS4XìG`KN]NWY[\]LV?KNV_jÒßàlQ]»lQMhKTdnã&S!X�GJI_lQ]_[hjkS
j�w
U»Knjkjk[ � M\q V_jk[\]_d0WYI?ZkX�jDI_KTM¹~?j � i�X^jkKTV?ZJG`X M\[hS4[eWJjÈ[\]
~HX�Mh[ � X�ZJl�WY[\fNX�S4X^GJI»lQ]?[¹jDS
j!S
l{qËdTX�]_X�ZJl�WkXxl6]_X�X^~ìPåKTZ4lQ]
l�WDWYX�]nWk[hKT]Éó_M\WkX�ZmKTP!jkKTS4X·�L[h]_~Ow�M\[hS4[eWY[\]_d¶WYI?X�l � [hMh[eWrqÊKTP
ZkX�lTG¾WY[\fNX�lT]_~�lTMhlTZkS�S4X^GJI»lQ]?[¹jDS
j-WkK4[h]nWkX�ZYZYV?UHW�I?[\dNI�MhX�fNX�M
U?ZkKHG�X^jYjD[h]?d � �
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tvq&lQ]»lQMhqLjk[h]?dsWYZYlN~HX�K ��j*�-X!S
l{q � X4l � MhXbWYK�V?]»~HX�ZJjrWJlQ]_~
I_K�� ]?[¹GJI?X`òÀU?ZYX^jYjDV_ZkX�j G^lQ] M\X�lT~ÂWkK ~HX�fNX�MhKTU?S4X^]NW KTP
G�KTS � [\]_X^~4G`KN]_G`V?ZYZYX�]nWkMhqblTG`Wk[hfTX�~HX�Mh[ � X^ZYlQWk[hfTX�lQ]_~!ZYX^lNG¾Wk[hfTX
lTZYGJI_[eWYX^G¾WYV?ZYX^j [\] KTZYdNlQ]_[hjkS
j�w¢lT]_~ÂlTMhjkK���ILq dNM\K � lQM
�YlQM¹lQZYS �bS4X^GJI_lT]?[¹jDS
j�lQZYX8]?X�X�~HX^~ �
}%fNX�ZYqnWkI?[h]?dvWkI_lQW G�lT] � X%~HKN]?X � q�l�ILq � ZY[h~8lTZYGJI?[\WkX�G¾WYV?ZkX
G�KTV?M¹~é[h]æU?Zk[h]_G�[\U?MhX � XÞ~HKN]?X � q l1jkV?[eWJl � MhqéG`KNS4U?M\X��
ZYX^lNG¾WY[\fNX8lTZYGJI_[eWYX^G¾WYV?ZYX�X � d � l4ILV?dTXNw?U?ZYX`ò�G`KTS4U?[hMhX^~�M\KLKT�LV?U
WJl � MhX�S
l�WYGJI_[\]?d8X^fTX�ZYqbU�KNjYjD[ � MhX�I?[hjDWkKNZkqºKQP�jkX�]»jDKNZkqg[h]?U?VHWJj
��[\WkI lÞU_lQZkWk[¹G`V_MhlTZìG`KNS � [h]_l�WY[\KN]cKQP&KTVHWYU?VHWJjñßàU»X^ZkI_lTU_j
l½U?ZYK � l � [hM\[¹jDWk[¹G�lQMhMhqÞ�-X^[\dNINWYX^~1jDX^M\X�G¾WY[\KN]¢PåZYKTS0lôjkX`W´KTP
U�KNjYjk[ � [hMh[eWY[\X�jYã �
õ K��vX�fNX�Z�w�jkKTS4XêKTP&WkI?XñU?ZkX�ò®ZYX^înV?[¹jk[eWYX^jËPåKNZ¶jkV_GJI lQ]
[hS4U?MhX�S4X�]nWYlQWk[hKT]mS
l{q � XgU?ZYKTI?[ � [\Wk[hfTXT��SºV_GJImMhKT]?dNX�Z�X�fNKQò
MhVHWY[\KN]�w���[\WkIñS4KTZYX6f�lQZY[\X�~êX^fTKTMhVHWY[\KN]_lQZYq¶X^]Lfn[hZYKT]?S4X�]nWJj�w
WYKÊU?ZYX`òÀU?ZkKNdTZJlQS lTM\MgWYI?X�ZYX^lTG`Wk[hfTX � X�I_l{fL[hKTV?ZJj�wglT]_~ñPàlQZ
S4KNZkXbjDWkKNZYlTdTX8WkK�G`KT]nWJlQ[h]�WYI?X�Smw�X`WJG � � KNZ*G`X^ZDWJlQ[h]�lQdNX�]nWYj
WYI?XËV?]?[hfTX^ZYjkX·S
l{q � X�]?X�[\WkI_X�Z&KTM¹~ÉlT]_~ñf{lTZk[hX^~ÉX�]?KNV?dTI
PåKNZêjDV»GJIæ~HX^fTX^M\KNU?S4X�]nWÊ]?KTZ � [hdcX�]?KNV?dTI WkK�jDWkKNZkXÞlQMhM
WYI?XÞG`KNS � [h]_l�WY[\KN]_j¶ZkX�îNV_[\ZYX^~cWYKèS
lQWYGJI l1~HX^M\[ � X^ZYlQWk[hfTX
X�înV?[\f�lTM\X^]NW���[\WkImdTX^]?X�ZJl�WY[\fNX�U�K��vX�Z �
� XsG`KT]QírX^G¾WYV?ZYX4WkI_lQWgWkI?XsZYX^înV?[hZYX�S4X�]nWYj8KTP�lm~HX^M\[ � X�ZJl�ò
WY[\fNX�S4X�GJI_lQ]?[¹jkScGJI»lQ]?dNX�WkI_X �k]?[hGJI_X
�gPåKNZ-U�X�ZJG`X^UHWkV»lQMOlQ]_~
S4KTWkKTZ4S4X^GJI»lQ]?[¹jDS
j^w%dTX^]?X�ZJl�WY[\]_d6U?ZYX^jYjDV_ZkX�jbPåKNZ�WYI?X�S�WkK
~?X�fTX^M\KNU6]?X^� M¹l{qTX�ZJj�KTPvl � jrWYZYlNG¾WY[\KN]�w�lNj�[\]_~?[hG^l�WkX�~6[h]�WYI?X
ó»dTV?ZYX^j � ��[h�TX���[¹jkXTw�~HX�fNX�MhKTU?S4X^]NW�KQPg]?X��gw�I_[\dNI?X�Z�M\X^fTX�M®w
l � jDWkZJlTG¾WY[\KN]_j�[\]±U�X�ZJG`X�U?WkV_lTM%lQ]_~·S4KQWkKNZgjDqHjDWkX�S
jgGJI_lT]?dTX
WYI?X�]?[¹GJI?X�j=PåKTZ%S4KNZkX�G�X�]nWkZJlQMHS4X^GJI»lQ]?[¹jDS
j^wTX � d � U?ZYK�fL[h~?[\]?d
]_X��ÊKTU_U»KNZDWYV?]?[\Wk[hX^j�PåKTZ�MhX^lTZk]_[\]?d�lQ]_~sjk[hS!U_M\[\ó_X^~�U?M¹lQ]?]?[h]?d
lT]_~x~HX^G�[hjk[\KN]mS4lT�L[\]?d �
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i�X �_X�G¾Wk[hKT]ÒKT]ÒlQ]_~¶ZYX`WkZYKNjkU�X^G¾WY[\fNX�X^f{lTM\V»l�Wk[hKT]ÒKQP�lTG¾WY[\KN]_j
G^lQ]8KQPëWYX�]gMhX^lN~*WYK�PåVHWkV_ZkX%[hS4U?ZYK�fTX�S4X^]NWJj � o I?[hj�[hj�lTMhjkK�WkZYV?X
KTP�ù��»û ��ú ��ýQþ�lNG¾WY[\KN]_j � o ILV_j � X^jk[h~HX�jgl � [hMh[eWY[\X�j�WkKmU»X^ZYG�X�[hfTX
WYI?X X^]nfL[hZkKN]?S4X�]nWÉlQ]»~ I_K�� X��nWYX�ZY]_lQM·lTG¾WY[\KN]_jêGJI_lT]?dTX
[\W^w�WkI_X�ZYXê[hjÒlÞV_jkXÉlTMhjkKôPåKTZ¶[\]nWkX^Zk]»lQM�jkX�M\PëòÀS!KN]?[\WkKTZY[h]?d_w
jkX�M\PëòÀX�f�lQMhV_l�WY[\KN]�wÎjkX�M\Pëò®S4KH~H[\ó»G�lQWk[hKT]ÊßàjkX�M\Pëò�G`KT]nWYZkKNM¹ã�lQU_U?M\[hX^~
WYKçù��_û ��ú ��ý�þ·jrWJl�WkX�j¢lT]_~�U?ZYKHG`X^jYjkX^j � ��X�U�X�]»~H[\]_dBKT]
WYI?X¶WkZJlT~HX^K��Oj�w�WkI?[¹jËS
l{qôM\X�lT~ÞWYK½jkU�X^G`[¹lQM!S4X^GJI_lT]?[¹jDS
j
jkV?U?U�KTZkWk[h]?dxlsWYI?[\ZJ~6lTZYGJI_[eWYX^G¾WYV?ZJlQMÎM¹l{qTX^Z^w�lTj�[h]_~H[¹G�l�WYX^~6[\]
� [hdTV?ZYX � �
� � lTjk[hjÈPåKNZ jkX�]_jkKTZYq �YînV_lQMh[hl��$G�lT] � X PåKNV?]_~
[h] jkX�M\Pëò®S4KT]_[eWYKTZY[\]?d S4X�GJI_lQ]?[¹jkS4jB��I?[¹GJI dT[hfTXçlTG^G`X�jkj
WYKc[\]nWkX^ZkS4X�~H[hlQWkXÞjkX�]_jkKTZYq�[\]?PåKTZYS4lQWk[hKT] jrWYZkV»G¾WkV_ZkX�j;]?KQW
]_KTZYS4lTM\Mhq lQWDWkX^]_~HX�~æWkK � �*[���X�ZYX�]nWÉ�L[\]»~?jêKTPËjkX�]_jkKTZYq
înV_lTM\[¹l;�vKTV?M¹~Þ~HX�U�X�]»~ÞKT] ~H[���X�ZYX�]nW±l � jrWYZYlNG¾WY[\KN]½M¹l{qTX^ZYj
��[\WkI_[\]cU�X�ZJG`X�U?WkV_lTM
S!X�GJI_lQ]_[hjkS
j � o I?[¹jËU?ZYK�fn[¹~HX�j±jkX�M\Pëò
�L]?K���MhX^~?dTX�[h] lÂS
lQ]?]?X^Zä��I?[hGJI [hjÃ~H[¹jrWY[\]»G¾WäPåZkKNS
]_KTZYS4lTMËU»X^ZYG�X�UHWY[\KN]¥U?ZYK�fL[h~?[\]?dæ�L]?K���MhX^~HdNXèl � KTV?W½WYI?X
X^]Lfn[hZYKT]?S4X�]nW � FHV_GJI �kS!X�WYlQò®S
lQ]»lQdTX^S4X�]nW���G^lQU_l � [\Mh[\Wk[hX^j
G^lQ]ÒU?ZYK�fn[¹~HX�KQWkI_X�ZsjkKTZkWYj�KQP�înV_lTM\[¹l·ZkX^MhlQWkX^~ìWkK·WkI_[\]?�L[h]?d
U_ZkKHG`X�jkjkX^j^wH~HX�Mh[ � X^ZYlQWk[hKT]�w?~HX�jD[hZYX^j^wHX`WYG �
o I?X¶PåVHWkV_ZkX;]?X^X^~ÞWYK½jkV?U?U�KTZkW�jD[hS4[\M¹lQZ±]?KT]?ò®[h]nWkZYV_jD[hfTX
K � jkX�ZYf{lQWk[hKT]±KQP�U_lTZDWbKTP�l&jkqHjrWYX�S � qËlQ]?KTWkI?X^ZgU_lQZkWbS
l{q
ZYX^înV?[hZYX!]_X��è~?X�fTX^M\KNU?S4X�]nWYj8[h]ËI_lQZJ~H��lQZYX!lT]_~±KTU�X�ZJl�WY[\]?d
jkqHjrWYX�S�PåX�l�WYV?ZkX�j �

TOWARDS AN ARCHITECTURE FOR MOTIVATED AGENTS

Variable
threshold
attention
filter

perception action

Motive
activation

Long
term
memory

DELIBERATIVE PROCESSES

(Planning, deciding,
scheduling, etc.)

META-MANAGEMENT

processes
(reflective)

THE ENVIRONMENT

REACTIVE PROCESSES

� [hdTV_ZkX �»� � ~?~H[h]?dìl�S4X�WYl�òÀS
lQ]_lTdTX^S!X^]nWsMhl{qNX�Z
PåKNZ�jkX�M\P
S!KN]?[\WkKTZY[h]?d_w%jkX�M\Pëò®X^f�lQMhV_l�WY[\KN]�w�X`WJG � ß � MhlTZkS
j!]?KTW4jkI?K���]�w
WkK
jkl{fNX�G�M\V?WDWkX^Z � ã

i�K � KTWYj � V?[hMeWx��[eWYIêWkI_[hjxjDKNZDW�KQP8PåV?]_G`Wk[hKT]_lTM\[\Wrq;S![hdTInW
� X^dT[h]�WkKÃ�-KN]_~HX^Zèl � KTV?WèWYI?X ]»l�WkV_ZkX KQPêWYI?X�[hZcK���]
S!X^]nWYlQMgU_ZkKHG`X�jkjkX^jxlQ]»~ñI_K�� WkI?X^qñlTZkX±ZkX^MhlQWkX�~êWYK¶WYI?X�[hZ
U?ILqLjk[¹G�lQM�[\S4U?MhX�S4X�]nWJl�Wk[hKT]Îw�írV_jrW4lTjºInV_S4lT]�U?I?[hM\KnjDKNU?I?X^ZYj
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