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bdJßTS��KMR��\oOPSm�lnR��\ltP=���»PSo 0 oOTSKM��R 1 RSTqN`�na?�QlO_M_UN`X µ�� Ät³����Sº��p¶·a©KMRYKMJ2TqPSo%X�]��´N`X � g R��xltP=���0 oOTYKMRYl£RqN`_U¤���lORSRqN`� 0 _MKMJ���lOJ�XÕRSN`_U¤��»oOP=�plOJ�K��`KMJZ�£ltPSTSKU¤·lO�´T!�´op�.�vopRqN`XßoO¤\l µ�� Ät³��*oO¤\RSKM�.��_MNlO]ZTqopJ�op�.op]�Rk� o 0 KM_UN�PSo 0 oOTSRQa®�QlO_M_UN`X µ��qº��O¶¥µ$TS��ltT ltPSN$l 0 _UN.Tqo#N`RqTSl 0 _MKMR=�! ·lOJ�XÕTqo�PSN`_UN`lORqN
"��� 1 RSKM�QlO_C�´opJ�JZN`�´TSKMopJ�R 0 NQT#�\NQN`J N`lO��� oOTS�ZNQPElOJ�X£Tqo$oOTS��NQPeo 0�$ N`�´TSR �
% �ZNnR��\ltP���� 0 oOT�lt����PSoplO�=�GN`�.����lORSK&�QN`R lORS�ÈN`�´TSR$_MKUmON£XZN`�´N`J§TqP�lO_MK��QN`X �´opJ2TqPSop_eltP=����KUTqN`���TS]ZP=N`RQa�RqN`_U¤���lORSRqN`� 0 _MKMJZ��l 0 KM_MKUTSKMN`RQa©_Uo%�QlO_MKUT 1 lOJ�X RSKM�.��_�KM�QKUT 1 oO¤eKMJ2TqNQP=lO�´TSKUopJ�R lO�.opJZ�ßR'� 0 oOTSRlOJ�X 0 NQT
�¨NQN`J#R'� 0 oOTSRelOJ�XnTS�ZNYN`J2L%KUPSopJ��.N`J2TQaZN`�.NQPS�ON`J��´N!oO¤©oOP�XZNQP`a)(�N´^ZK 0 KM_�KUT 1 lOJ�X PSo 0 ]�RqT'�JZN`R=R �
% ��KMR��¨oOPSm�lOX�XZPSN`RSRSN`R
TS��N ��PSo 0 _UN`� oO¤¨�´opJ2TqPSop_M_MKMJ���R��xltP=��� 0 oOTSREoOP!l£R��\ltP�� oO¤¨RSKM�.��_MNR'� 0 oOTSReK�J£��PSN 1 P=NQTqP=KUNQLtlO_ClOJ�X �´op_M_UN`�´TSKMLONYTqP=lOJ�Rq�voOPST�TSlORqm%R �+* Nk¤±o%�Q]�RxopJnTSlORqm%Ri�´opJ��´NQP=J�KMJZ�TS�ZN\TqP=lOJ�RS�ÈoOP=T©oO¤�l�RSK�JZ�p_UN9��P=N 1!021 li�OPSop]�� oO¤�R'� 0 oOTSR � % oYlO�Q�´op�.��_MK�RS�kTS��N¨TSlORqm%R�N-,$�QKUN`J2TS_ 1 aTS�ZN��´o2oO�vNQP=ltTSKUopJ oO¤®RqNQLONQP�lO_;�OPSop]Z���.N`� 0 NQP=RiKMRxPSN`ª�]�KUPSN`X ��#NQTS�Zo%X�RY¤¥PSop� TS��N.¦�N`_MXßoO¤/.9LOop_M]�TSKUopJ�ltP 1 u\op�.��]�TSltTSKUopJÕltPSN$lt����_MKUN`XÕlOJ�X¬RSTS]�X�KUN`X TqoXZN`R=KU�pJn�´opJ§TqP=op_;�vop_MKM�QKUN`RxRqop_ML�KMJ��.TS�ZN!]�J�XZNQP�_ 1 K�JZ�kTSlORqm%R �w PSN`RqN`J2TS_ 1 aON´^%�ÈNQP�KM�.N`J2TSR©ltPSNx�QltPSP=KMN`X�op]�T®]�R=KMJZ�
l�¢tf���� 1 RSKM�QR®RSKM� ]�_MltTqoOP � % �ZN\RSKM� ]�_MltTqN`XR'� 0 oOT\�.o�X�N`_�KMR\lOJ�lt����PSo`^ZKM� ltTSKMopJ oO¤?lkPSN`lO_�R�� 0 oOTQa%�Q]ZPSP=N`J§TS_ 1 �$lOJ2]Z¤·lO�´TS]ZPSN`X�KMJ$TS�ZN
RS�´oO�vNoO¤©TS�ZN � * gEc
�0��[21 % � ��P=o $ N`�´T � � �\ltP=�$R\lOJ�X�R��\ltP=��� 0 oOTSR��´op� �ÈopRSN`X£oO¤?PSN`lO_vR'� 0 oOTSR�ltPSN��_�lOJ�JZN`X£Tqo 0 NYRqTS]�X�KMN`XnlORiRqo�opJ lOR�TS�ZN 1 ltPSN�l`LtlOKM_Ml 0 _UN �
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y � y � . LOop_M]ZTSKUopJ�ltP 1 gE_U�OoOP=KUTS��� R �k�!�Y�!�!�!�Y�k�!�Y�!�!�Y�!�k�!�Y�!�!�Y�!�k�!�Y�!� yy � y � y � % �ZNQoOP 1 oO¤ . LOop_M]ZTSKUopJ �Y�!�!�!�Y�k�!�Y�!�!�Y�!�k�!�Y�!�!�Y�!�k�!�Y�!� yy � y � ¡ � [\lOR=KM� .9LOop_M]�TSKUopJ�ltP 1 g
_M�OoOP=KUTS��� �k�!�Y�!�!�Y�!�k�!�Y�!�!�Y�!�k�!�Y�!� ¢y � y � ¢ � .9LOop_M]ZTSKMopJ�ltP 1 � TqP=ltTqNQ�pKUN`R  . � " �k�!�Y�!�!�Y�!�k�!�Y�!�!�Y�!�k�!�Y�!� {y � y � { � .9LOop_M]ZTSKMopJ�ltP 1 cio 0 oOTSKM�QR �!�!�!�Y�k�!�Y�!�!�Y�!�k�!�Y�!�!�Y�!�k�!�Y�!� �y � ¡ � � N`_U¤��»oOP=�plOJ�K��`KMJZ� � 1 RqTqN`� R �k�!�Y�!�!�!�Y�k�!�Y�!�!�Y�!�k�!�Y�!�!�Y�!�k�!�Y�!� yQsy � ¢ � f�KMRSTqP=K 0 ]ZTqN`Xn�#o 0 KM_UNYcio 0 oOTSK��QR �Y�!�!�!�Y�k�!�Y�!�!�Y�!�k�!�Y�!�!�Y�!�k�!�Y�!� yOyy � ¢ � y � w©oOTqN`J2TSKMlO_©[¨N`J�NQ¦�TSR�oO¤��
l�L�K�JZ����]�_UTSKU��_MN��#o 0 KM_UNYcio 0 oOTSR �!�k�!�Y�!� y`¡y � ¢ � ¡ � u\op_M_UN`�´TSKULON!lOJ�X#u\o2oO�vNQP=ltTSKMLONk[\N`��l`L%KUoOP=R
lOJ�X % lORSm�R �!�Y�!�k�!�Y�!� y`¢y � ¢ � ¢ � � 1 RSTqN`� giP��=��KUTqN`�´TS]�PSN`R �Y�!�!�!�Y�k�!�Y�!�!�Y�!�k�!�Y�!�!�Y�!�k�!�Y�!� y´{y � ¢ � { � � �\ltP�� ceo 0 oOTSKM�QRelOJ�X � �\ltP���� 0 oOTSR �Y�!�!�Y�!�k�!�Y�!�!�Y�!�k�!�Y�!� y`ry � { � uxo2oO�vNQP=ltTSKULON!w PSN 1 ceNQTqP=KUNQLtlO_ �Y�!�!�!�Y�k�!�Y�!�!�Y�!�k�!�Y�!�!�Y�!�k�!�Y�!� y �y � { � y � u\o2oO�vNQP=ltTSKMLON!w9PSN 1 ceNQTqP=KMNQL|lO_;K�Jng
J2TSR �!�!�Y�!�k�!�Y�!�!�Y�!�k�!�Y�!� y �y � { � ¡ � u\o2oO�vNQP=ltTSKMLON % P=lOJ�Rq�voOPST 021 ceo 0 oOTSKM� � 1 RqTqN`�$R �!�Y�!�!�Y�!�k�!�Y�!� y��

 !��"$# �$% # � �'&)( ���$*�+ �
	 �,� # +.- �
	 � �,*����#�0/ �-�#	 �1+ & �2+ �435���6-879�;:<� � �>= 	?%�� ���6/�@��������  ��
¡ � y � � KM��]�_MltTSKUopJ£jZP=lO�.N-�\oOPSm �Y�k�!�Y�!�!�!�Y�k�!�Y�!�!�Y�!�k�!�Y�!�!�Y�!�k�!�Y�!� ¡O¡¡ � y � y � % �ZN . J2L�KMPSopJ��.N`J2T �k�!�Y�!�!�!�Y�k�!�Y�!�!�Y�!�k�!�Y�!�!�Y�!�k�!�Y�!� ¡O¢¡ � y � ¡ � % �ZN � � 0 oOT �!�!�!�Y�k�!�Y�!�!�!�Y�k�!�Y�!�!�Y�!�k�!�Y�!�!�Y�!�k�!�Y�!� ¡|{¡ � ¡ � % �ZN % lORqm �Y�k�!�Y�!�!�!�Y�k�!�Y�!�!�!�Y�k�!�Y�!�!�Y�!�k�!�Y�!�!�Y�!�k�!�Y�!� ¡ �¡ � ¢ � .9^��vNQP=K��.N`J§TSlO_ � NQTS]�� �!�Y�k�!�Y�!�!�!�Y�k�!�Y�!�!�Y�!�k�!�Y�!�!�Y�!�k�!�Y�!� ¡A�¡ � ¢ � y � % �ZNY�iN`]�P=lO_;�
NQT#�\oOPSm�u\opJ2TqPSop_M_UNQP �!�Y�!�!�Y�!�k�!�Y�!�!�Y�!�k�!�Y�!� ¡A�¡ � ¢ � ¡ � % �ZN .9LOop_M]�TSKUopJ�ltP 1 g
_M�OoOP=KUTS��� �k�!�Y�!�!�Y�!�k�!�Y�!�!�Y�!�k�!�Y�!� ¢ts¡ � ¢ � ¢ � % �ZNYj�KUTSJZN`RSR �!�!�Y�k�!�Y�!�!�!�Y�k�!�Y�!�!�Y�!�k�!�Y�!�!�Y�!�k�!�Y�!� ¢O¡¡ � { � ciN`RS]�_UTSR �!�!�Y�k�!�Y�!�!�!�Y�k�!�Y�!�!�!�Y�k�!�Y�!�!�Y�!�k�!�Y�!�!�Y�!�k�!�Y�!� ¢O¢¡ � { � y � w©NQP=¤±oOP=�$lOJ��´NklOJ�Xncio 0 ]�RqTSJZN`R=R �k�!�Y�!�!�Y�!�k�!�Y�!�!�Y�!�k�!�Y�!� ¢|{¡ � { � ¡ � [¨N`��l`L%KUoOP=lO_;gEJ�lO_ 1 RSKMR �Y�!�!�!�Y�k�!�Y�!�!�Y�!�k�!�Y�!�!�Y�!�k�!�Y�!� ¢A�¡ � { � ¢ � � �QlO_Ml 0 KM_�KUT 1 �!�!�!�Y�k�!�Y�!�!�!�Y�k�!�Y�!�!�Y�!�k�!�Y�!�!�Y�!�k�!�Y�!� ¢A�¡ � r � uxopJ��Q_M]�RSKMopJ�R �k�!�Y�!�!�!�Y�k�!�Y�!�!�!�Y�k�!�Y�!�!�Y�!�k�!�Y�!�!�Y�!�k�!�Y�!� ¢Oz
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!� "�# �$% # � � &<( ���$*$+��#	 ��� # + - �#	 � � *����#��/ ���
	 �1+ & ��+ � 3����9/ = 	 %>%�/!72	 � = � � �¢ � y � � KM� ]�_MltTSKMopJ�j�P=lO�.N-�\oOPSm �Y�!�!�k�Y�!�!�Y�!�!�k�Y�!�!�Y�!�!�Y�k�!�!�Y�!�!�Y�k� {§¡¢ � y � y � % ��N!w9PSN 1 �Y�!�!�Y�!�!�k�Y�!�!�Y�!�!�k�Y�!�!�Y�!�!�Y�k�!�!�Y�!�!�Y�k� {§¢¢ � y � ¡ � % ��N � � 0 oOT �Y�!�!�Y�!�!�k�Y�!�!�Y�!�!�k�Y�!�!�Y�!�!�Y�k�!�!�Y�!�!�Y�k� {§¢¢ � ¡ � % �ZN % lORqm �!�Y�!�k�Y�!�!�Y�!�!�k�Y�!�!�Y�!�!�k�Y�!�!�Y�!�!�Y�k�!�!�Y�!�!�Y�k� { �¢ � ¢ � .�^%�vNQP=KM�.N`J2TSlO_ � NQTS]Z� �!�Y�!�!�k�Y�!�!�Y�!�!�k�Y�!�!�Y�!�!�Y�k�!�!�Y�!�!�Y�k� { �¢ � ¢ � y � % ��N!�iN`]ZP�lO_C�iNQT
�¨oOPSm�uxopJ§TqPSop_�_UNQP �!�k�Y�!�!�Y�!�!�Y�k�!�!�Y�!�!�Y�k� { �¢ � ¢ � ¡ � % ��N .9LOop_M]ZTSKMopJ�ltP 1 gE_U�OoOP=KMTS��� �!�!�k�Y�!�!�Y�!�!�Y�k�!�!�Y�!�!�Y�k� r%y¢ � ¢ � ¢ � % ��N!j®KMTSJZN`RSR �!�!�Y�!�!�k�Y�!�!�Y�!�!�k�Y�!�!�Y�!�!�Y�k�!�!�Y�!�!�Y�k� r%y¢ � { � ceN`R=]�_UTSR �!�!�!�Y�!�k�Y�!�!�Y�!�!�k�Y�!�!�Y�!�!�k�Y�!�!�Y�!�!�Y�k�!�!�Y�!�!�Y�k� r|{¢ � { � y � g/f�KMRS�´P=KM�$KMJ�ltTSKUopJ % N`RqT �Y�!�!�Y�!�!�k�Y�!�!�Y�!�!�Y�k�!�!�Y�!�!�Y�k� rOr¢ � { � ¡ � % P=lOJ�Rq�voOPSTxoO¤�w9PSN 1 oO¤�l w�ltPSTSKM�Q]�_�ltP � ��lt�vN!lOJ�Xnf�K��vNQPSN`J§TE�#lORSRSN`R � r �¢ � { � ¡ � y � w©NQP=¤±oOP=�$lOJ��´NklOJ�X cio 0 ]�RqTSJ�N`RSR �!�Y�!�!�Y�k�!�!�Y�!�!�Y�k� rA�¢ � { � ¡ � ¡ � [¨N`��l`L%KUoOP=lO_?gEJ�lO_ 1 RSKMR �!�!�k�Y�!�!�Y�!�!�Y�k�!�!�Y�!�!�Y�k� ~|{¢ � { � ¡ � ¢ � j®_MN´^%K 0 KM_MKUT 1 �k�Y�!�!�Y�!�!�k�Y�!�!�Y�!�!�Y�k�!�!�Y�!�!�Y�k� ~A�¢ � { � ¡ � { � � �QlO_Ml 0 KM_�KUT 1 �k�Y�!�!�Y�!�!�k�Y�!�!�Y�!�!�Y�k�!�!�Y�!�!�Y�k� � s¢ � { � ¢ � % P=lOJ�Rq�voOPSTxoO¤�w9PSN 1 oO¤�f�K��ÈNQP=N`J§T � ��lt�vN`RQa � K��QN`RelOJ�X��#lORSRSN`R �!�Y�k� � ¢¢ � { � ¢ � y � w©NQP=¤±oOP=�$lOJ��´NklOJ�X cio 0 ]�RqTSJ�N`RSR �!�Y�!�!�Y�k�!�!�Y�!�!�Y�k� � {¢ � { � ¢ � ¡ � [¨N`��l`L%KUoOP=lO_?gEJ�lO_ 1 RSKMR �!�!�k�Y�!�!�Y�!�!�Y�k�!�!�Y�!�!�Y�k� �ts¢ � { � ¢ � ¢ � j®_MN´^%K 0 KM_MKUT 1 �k�Y�!�!�Y�!�!�k�Y�!�!�Y�!�!�Y�k�!�!�Y�!�!�Y�k� �O¢¢ � { � ¢ � { � � �QlO_Ml 0 KM_�KUT 1 �k�Y�!�!�Y�!�!�k�Y�!�!�Y�!�!�Y�k�!�!�Y�!�!�Y�k� �Or¢ � r � u\opJ��Q_�]�RSKUopJ�R �Y�!�k�Y�!�!�Y�!�!�k�Y�!�!�Y�!�!�k�Y�!�!�Y�!�!�Y�k�!�!�Y�!�!�Y�k� �A�¢ � ~ � j�]ZTS]�PSN * oOPSm �!�k�Y�!�!�Y�!�!�k�Y�!�!�Y�!�!�k�Y�!�!�Y�!�!�Y�k�!�!�Y�!�!�Y�k� �Oz
� � : �$=.+ � �4� 3 ��� + �#�,� 	 � �[xK 0 _�KUoO�OP=lt��� 1 �!�!�Y�!�k�Y�!�!�Y�!�!�k�Y�!�!�Y�!�!�k�Y�!�!�Y�!�!�Y�k�!�!�Y�!�!�Y�k� zO¢
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% ��KMR �¨oOP=m�KMReoOPS�plOJ�K��QN`X K�J§Tqo.TS�ZP=NQNk�=��lt��TqNQP=R �u���lt��TqNQP�y
��PSo�L%KMXZN`R\lk�ON`J�NQP=lO_vKMJ§TqP=o�X�]��´TSKUopJ Tqo PSN`_MltTqN`X�PSN`RqN`ltP��=�£¦�N`_MX�R � bhTxKMR¨RS��_MKUT K�J§Tqo¤¥op]ZPe��ltP=TSR � % �ZNY¦�P�RqTx��ltPSTe��P=o�L%KMXZN`R�lOJ KMJ2TqPSo%X�]��´TSKUopJ�Tqo . LOop_M]ZTSKUopJ�ltP 1 gE_U�OoOP=KMTS��� R �iKUTS�Rq�vN`�QKMlO_�¤±o%�Q]�R\opJ .9LOop_M]ZTSKMopJ�ltP 1 � TqP=ltTqNQ�pKMN`R\lOJ�X$TS�ZNE¦�N`_MX�oO¤ .9LOop_�]ZTSKUopJ�ltP 1 cio 0 oOTSKM�QR � % �ZNRqN`�´opJ�X���ltPST¨KMR\XZN`X�K��QltTqN`X$Tqo�l 0 P=KUNQ¤CKMJ2TqPSo�X�]��´TSKUopJ Tqo�µQ²QÁ �����t³��2Ät­�¯��´¯¥­�� µ��|µ¿¶�²-��µ � % �ZN
TS��KUP=X��ltP=T!XZN`lO_MR �iKMTS�ÕX�KMRqTqP=K 0 ]ZTqN`X �.o 0 KM_UN�PSo 0 oOTSKM�.R 1 RqTqN`�$R!KMJß�ON`JZNQP=lO_»a©lOJ�X �
KUTS�ßTS�ZN R��xltP=�PSo 0 oOTSKM�QR�lOJ�X TS�ZN.R��xltP=��� 0 oOTSR�lt����P=oplO�=�ÕKMJ ��ltPSTSK��Q]�_MltP � j�KMJ�lO_M_ 1 aÈ�´o�oO�vNQP=ltTSKULON�TqP=lOJ�Rq�voOPSTlOJ�X!PSNQTqP=KUNQLtlO_pRqTqP=ltTqNQ�pKMN`R©ltPSN¨X�KMRS�Q]�R=RqN`XYKMJ�TS�ZN R=�´oO�ÈN oO¤  ·J�ltTS]ZP=lO_�"ÈlOJ2T©lOJ�X!PSo 0 oOTSKM��R 1 RqTqN`� R �u���lt��TqNQP!¡�lOJ�Xßu���lt��TqNQP!¢�¤±o%�Q]�REopJ ��ltPSTSKM�Q]�_�ltP
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�OoOT��.oOPSN.PSo 0 ]�RqTYlOJ�XßTS�ZN.��PSo 0 _UN`��oO¤ 0 P�KUTqTS_UN`JZN`RSRYX�KMRSlt���vN`ltPSN`X
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��Ä|µ`²´a �`²=² ¼ oOP
²¿µ´Å�Ä�ÊZ² �
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�iJ�_UoplOXZN`X�KMJ2Tqo�PSN`lO_MKUT 1 ����l�LONeo%�Q�Q]ZPSPSN`Xlt¤¥TqNQP
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ciN`�´N`J§TS_ 1 aCNQLOop_ULON`XÕ�.oOPS����op_UoO�pKUN`RE��l`LON 0 NQN`J � lOJ2]�¤¥lO�´TS]ZP=N`XCaClOJ�X#TS��N��´opJ2TqPSop_®�vop_MKM�QKUN`R��l�LON 0 NQN`J RS]��Q�´N`RSRq¤·]�_M_ 1 LtlO_MKMX�ltTqN`XnopJnTS�ZN!P=N`lO_CPSo 0 oOTSR  ·W©KU��RqopJnlOJ�X#w©op_�_MlO�SmÈa�¡tsOsOs./ . J�XZoNQTilO_ � a�¡tsOsp¡ " �
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% �ZN�TS�ZNQoOP 1 oO¤vRqN`_U¤��»oOPS�plOJ�K��`ltTSKUopJ$��lOR 0 NQN`J.XZNQLON`_UoO�vN`X.KMJ�� lOJ 1 RS�QKMN`J§TSKU¦��¨¦�N`_MX�RQapKMJ��Q_M]�X�KMJ���=�ZN`�$KMRqTqP 1 a¨��� 1 RSKM�QR`a 0 KUop_UoO� 1 a\� 120 NQP=JZNQTSK��QR lOJ�X N`�´opJZop� KM�QR � bhJ �ON`J�NQP=lO_Ía9TS�ZNnTqNQP�� ÇÈ²´Á ���
�t³ �§Ät­�¯��´¯¥­�� Ç �|µ¿¶�²�� XZN`JZoOTqN`R¨R 1 RSTqN`� R+�iKMTS��TS�ZNil 0 KM_�KUT 1 Tqo��=��lOJZ�ONiTS�ZN`KMP9KMJ§TqNQP�J�lO_�RqTqP=]��´TS]ZPSNlOJ�XnTS�ZN`KMPe¤¥]�J��´TSKUopJnKMJ£PSN`RS�ÈopJ�RqN�Tqo N´^�TqNQP�J�lO_;�QKUP=�Q]�� RqTSlOJ��´N`R �
% �ZN .¨J�� 1 �Q_UoO�vN`X�KMl�oO¤®w¨� 1 RSKM�QlO_ � �QKMN`J��´N!lOJ�X % N`�=��JZop_MoO� 1 �pKMLON`Rel RS]��$� ltP 1 oO¤®TS�ZNYLtl �P=KUNQT 1 oO¤\¤±N`ltTS]�PSN`R!TS��ltT!��l`LON 0 NQN`J¬KMX�N`J§TSKU¦�N`X lOR 0 N`K�JZ��T 1 ��KM�QlO_�¤¥oOPk� lOJ 1 RqN`_M¤��»oOPS�plOJ�K��`KMJZ�R 1 RqTqN`� R  ·[xlOJ)�`��lt¤ a�¡tsOsp¡ " 9

� N`_U¤��»oOP=�plOJ�K��`KMJZ�ßR 1 RqTqN`� R�ltPSN ¼ �t­�Ä ��¯ÍÅQa�­ �t­ � ¼ ²`¶�²´³�� ¯¥­�¯±µ¿¶·¯ÍÅQa ��ÊZ²Q­�a�N´^ZKMRqT �QÄt³
�¿³�� � ²SÌQ¾%¯¥Á ¯»º´³¿¯¥¾�� lOJ�X�Rqop� NQTSKM�.N`RßN`�.��_Mo 1 Ät¾Z¶ �`Å�ÄO¶»ÄtÁ �O¶·¯·Å(Ä �
Ê�ÁË¯ � Å=ÄO¶·¯ �t­ � �

 ¾�Å`¶·¾�ÄO¶·¯ �t­Zµ � 1�¤±TqN`JCatTS�ZN 1 ltP=N\����ltP=lO�´TqNQP=K��QN`X 0�1 ��¾�ÁÆ¶·¯ Ê�ÁU²i¶·¯ � ²-��µQÅ=ÄtÁM²¿µxoO¤ZTS�ZN`KUPK�J§TqNQP=J�lO_9lOJ�X�} oOP�N´^�TqNQP=J�lO_ KMJ2TqNQP=lO�´TSKUopJ�R`a?TS�ZN 1 �vopRSRqN`R=R!l �§¯»²´³qÄt³qÅ � � � � µ¿¶·³¿¾ZÅ �¶·¾%³qÄtÁCÄt­ ¼�� �O³ �¿¾%­�Å`¶·¯ �t­�ÄtÁÈÁM²´°t²QÁ µElOJ�X.TS�ZN 1 ltPSNEl 0 _UN�Tqo$³S²SÄ§Å`¶�Tqo�N´^�TqNQP=J�lO_�KMJZ��]ZTK�J,Ä�°|Ät³¿¯Í²`¶�� � � � Ä �|µ � ��lOJ 1 RqN`_U¤��»oOPS�plOJ�K��`KMJ��#R 1 RqTqN`� RkltP=N#­ �t­ �h¶�²QÁU²��tÁ � �O¯ÍÅ=ÄtÁËaK � N � a;TS�ZN 1 X�o JZoOT!��l`LON lnRS�ÈN`�QKM¦�� ��]ZPS�vopRqN N´^%�´NQ��TYTS�ZN`KUPYo �
JßN´^%KMRSTqN`J��´N � g
Rl��´opJ�RqN`ª�]ZN`J��´NOa\µQ²QÁ ��� �.ÄO¯±­�¶�²Q­�Ät­�Å¿²£KMR�lOJ KM� �ÈoOP=TSlOJ§T!¤·]�J��´TSKMopJÕoO¤e� lOJ 1 RqN`_U¤��oOP=�plOJ�K��`KMJZ��R 1 RSTqN`� R � �#opRqT oO¤�TS�ZN`RqN£R 1 RSTqN`� R�ltP=N Å�� �iÊÈÁU²=ÀGlOJ�X ]�RqN ³S² ¼ ¾�­ �¼ Ät­�Å
��Tqo$lO����KUNQLONkP=N`RSKM_MKUN`J��´NElt�plOKMJ�RqTeN´^%TqNQP=J�lO_C�vNQPSTS]ZP 0 ltTSKUopJ£TqN`J�XZN`J��QKUN`R �

�E]��.NQPSop]�RYltTqTqN`� ��TSR!Tqo XZNQ¦�JZN�TS�ZN JZoOTSKUopJßoO¤
µQ²QÁ ���'�O³��2Ät­�¯��`ÄO¶·¯ �t­G�QlOJ 0 N�¤±op]�J�XßKMJ TS�ZN_MKUTqNQP=ltTS]�PSN  ·g
RS� 0�1 a y`z|{ � /��EKM�´op_MK�RnlOJ�X'w9P=KM�OoO�pKMJZNOa�y`z �A� / �EltmON`JCa y`zA�A�0/$u\o LON`JZN 1 lOJ�X
�
KM�p�Z¦�N`_MXCaCy`zOzOr " � uxlO� l �`KMJ�NYNQTilO_ � XZNQ¦�J�N!RqN`_U¤��»oOPS�plOJ�K��`ltTSKUopJ#lOR
l$��PSo%�´N`RSRiK�J �i��KM���n��ltTqTqNQP=J ltTiTS��Nk�p_Uo 0 lO_©_UNQLON`_;oO¤9l�R 1 RqTqN`� N`� NQPS�ON`R
RSop_UN`_ 1¤¥PSop��J2]��.NQPSop]�REKMJ2TqNQP=lO�´TSKUopJ�RElO�.opJZ��TS�ZN�_Uo �\NQPY�´op�.�vopJZN`J§TSREoO¤9TS��N R 1 RqTqN`� ��#oOPSNQo LONQP`a¨TS��N�P�]�_UN`R Rq�vN`�QKU¤ 1 KMJZ��KMJ§TqNQP�lO�´TSKUopJ�R.lO�.opJZ�ßTS�ZNnR 1 RqTqN`� - R.�´op� �Èo �J�N`J§TSR�ltPSNYN´^%N`�Q]ZTqN`X ]�RSKMJZ� opJ�_ 1 _Mo��QlO_CKMJ�¤±oOP=�$ltTSKUopJCa��iKUTS�Zop]ZT\PSNQ¤¥NQPSN`J��´NYTqo.TS�ZN�p_Mo 0 lO_v��ltTqTqNQP=J �  »uxlO� l �`KMJZNkNQTilO_ � a�¡tsOsZy "

% �ZNßTqNQP=� ÊZÄO¶Í¶�²´³¿­/�QlOJ(P=NQ¤±NQPnTqoGl � Rq��ltTSKMo �»TqN`�.�voOP=lO_���� 1 RSK��QlO_
RqTqP�]��´TS]ZPSN oOP 0 N`��l`L �KUoOPF�  ·gEJ�XZNQP=RqopJ;aZ¡tsOsp¡ " � w�ltTqTqNQP=J�R�²-� ²Q³���² 0�1 J�]��.NQPSop]�R\K�J§TqNQP=lO�´TSKMopJ�R�lO�.opJZ�._Uo
�¨NQP���_MNQLON`_�´op�.�vopJZN`J2TSR oOP$�vopRSR=K 0 _ 1 NQLON`J 021 � lOJ 1 PSNQ�vN`ltTqN`XGKMJ2TqNQP=lO�´TSKUopJ�R 0 N`_MopJZ�pKMJZ�ßTqo�l¬R=KMJZ�p_UNKMJ�X�KML�KMX�]�lO_  ·gEJ�XZNQP=RSopJCa�¡tsOsp¡ " �bdJ��ON`J�NQP=lO_ÍavTS�ZN TqNQP=� ²��$²´³ �2²Q­�Å�² XZN`JZoOTqN`R�TS�ZN�lt���vN`ltP=lOJ��´N oO¤ ª�]�lO_MKUTSltTSKULON`_ 1 JZN-�����ZN��JZop�.N`J�l£opJ���KU�p�ZNQPY_UNQLON`_MR�oO¤xln��KUNQP�ltP=�=��K��QlO_�R 1 RSTqN`� � % �ZN�N`�.NQPS�ON`J��´N$oO¤\l£��ltTqTqNQP�J¬KMJßlRqN`_U¤��»oOPS�plOJ�K��QN`X.R 1 RqTqN`�5K�R©�QlO]�RSN`X��iKUTS��KMJkTS�ZN�R 1 RqTqN`�5lOJ�X�KMR � JZoOT��ON`JZNQP=ltTqN`X ¤±PSop��KMJ2TqNQPS¤¥NQP��N`J��´NEoOP oOTS�ZNQP\N´^�TqNQP�J�lO_��p]�KMX�KMJZ�Y¤¥oOP=�´N`RQa%RS]����$lOR¨TqN`�.��_MltTqN`RF�  ·gEJ�XZNQP=RSopJCa�¡tsOsp¡0/�uxlO�$l �`KMJZNNQT®lO_ � aO¡tsOsZy " � �
NQLONQPSTS�ZN`_MN`RSRQapRqN`_U¤��»oOPS�plOJ�K&�QN`XkR 1 RqTqN`� R®�QlOJ 0 N\l��ÈN`�´TqN`X 0�1 TS�ZN¨N`J2L%KUPSopJ��.N`J2T �
* KMTS�Zop]ZT9lOJ 1 ����lOJZ�ONeoO¤ÈTS�ZNe�=��ltP=lO�´TqNQP=KMRqTSK��QR9oO¤v]�J�XZNQP=_ 1 KMJ��
_Uo
�¨NQP���_MNQLON`_��´op�.�vopJZN`J2TSRQapTS�ZN 1
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� l 1 R��iKUTS��� 0 NQT#�\NQN`J�X�K��vNQPSN`J§T¨RqN`� K ��RqTSl 0 _UNiRqTSltTqN`R  ·� ]�_UTSK ��RqTSl 0 KM_MKUT 1 "©X�]ZNiTqo$¯¥­�¶·³�¯¥­Zµ¿¯·Å �´ÄpÅ �¶ �t³�µ�RS]��=�nlOR�P=lOJ�XZop� (�]��´TS]�ltTSKMopJ�R �iKUTS��K�J$TS�ZN!R 1 RqTqN`� 0 ]ZT�lO_MRqo X�]�NETqoß²SÀp¶·³¿¯¥­Zµ�¯ÍÅ��´ÄpÅ�¶ �t³�µRS]��=� lORiN`J§L%KUPSopJ�� N`J§TSlO_C����lOJZ�ON`R� ·f
N`J�N`] 0 op]ZPS�.NQTilO_ � a;y`zA�Oz0/vgEJ�XZNQP=RqopJ;aZ¡tsOsp¡ " �� KMJ��´N$TS��N�P�]�_UN`R Rq�vN`�QKU¤ 1 KMJZ��KMJ§TqNQP�lO�´TSKUopJ�R�lO�.opJZ�ßTS�ZN�P=ltTS�ZNQP.RSKM� ��_UN�_Mo �\NQP���_UNQLON`_x�´op����vopJZN`J2TSR.oO¤ETS�ZN R 1 RqTqN`� ]�RSNnopJ�_ 1 _Mo��QlO_�KMJ�¤±oOP=�$ltTSKUopJCa �´op�.��ltP=ltTSKULON`_ 1 _MKM�$KUTqN`X �´oO�pJ�KUTSKULONl 0 K�_MKUTSKUN`RxlOJ�Xnm%JZo
�i_UN`XZ�ONYoO¤�TS�ZNYN`J2L�KMPSopJ��.N`J2T  ·KU¤�lOJ 1 "xltPSN!P=N`ª2]�KMPSN`X£ltTiKMJ�X�KML�KMX�]�lO_�_UNQLON`_ �� N`_U¤��»oOP=�plOJ�K��QN`X R 1 RqTqN`� R¨ltPSN
]�RS]�lO_M_ 1 PSNQ�p]�_MltTqN`X 021 Ê��tµ�¯·¶·¯±°O²�lOJ�Xn­È² �§ÄO¶·¯¥°t²��Q²�² ¼ º=ÄpÅ��.TS��ltT�Zop_�X�R 0 NQT
�¨NQN`JG_Mo �/��_UNQLON`_x�´op�.�vopJZN`J2TSR�oO¤iTS��N£R 1 RqTqN`� � % �ZN`RqN£�´op�.�vopJZN`J2TSR.l��ÈN`�´T.N`lO���oOTS�ZNQPEKMJn� ]ZTS]�lO_ �xl 1 R � % ��]�RQa��QKMP=�Q]�_MltPe�QlO]�RSN���lOJ�X��»N �vN`�´T
PSN`_�ltTSKUopJ�R�ltPSN!��PSN`RqN`J2T � w®opRSKUTSKULON¤¥NQN`X 0 lO�=m��´oOPSPSN`Rq�vopJ�X�RYTqo�l#PSN`�Q]ZPSPSN`J2T�K�J)(�]ZN`J��´N.TS��ltT�lO�.��_�KU¦�N`R�TS�ZN�KMJ�KUTSKMlO_�RSTSltTqN � % ��KMRPSN`R=]�_UTSR$K�J �OPSo �
KMJZ� X�NQL�KMltTSKMopJ�R$KMJ,l¬P=]�J�l �xl 1 aeN´^%��_UopRSKMLON#� lOJ�JZNQP � �iNQ�pltTSKULON ¤¥NQN`X 0 lO�SmRqTSl 0 KM_MK��QN`R�TS�ZN
R 1 RSTqN`�na 0�1�0 P=KMJZ�pKMJ��EXZNQL%KMltTSKUopJ�R 0 lO�Sm�Tqo�TS�ZN`KUP�oOP=KU�pK�J�lO_ZRqTSltTqNOa�¤±oOP K�J�RqTSlOJ��´NOaKU¤®l`LtlOKM_Ml 0 _MNYPSN`Rqop]ZP=�´N`R
ltPSNYN´^Z��lO]�RqTqN`X  �iN 1 _MKU�p�ZN`J;a�¡tsOsp¡ " �w®opRSKMTSKULON!¤¥NQN`X 0 lO�Sm K�ReRqNQN`J#lORElOJ#K��.�voOPSTSlOJ§T � mON 1 K�JZ�OPSN`X�KUN`J2T���oO¤9� lOJ 1 RqN`_U¤��»oOPS�plOJ�K��QN`XR 1 RqTqN`� R � bdJ�RSop�.N\RSN`_U¤��»oOP=�plOJ�K��QN`X R 1 RSTqN`� R©R=]��=� lOR � TS�ZNQP=�.oOPSNQ�p]�_MltTSKUopJ KMJk�ZopJ�N 120 NQN� »ÉxÊ�¯±µ
�$²´Á¥ÁË¯ �`²´³qÄ�"2���vopRSKUTSKULONk¤±NQN`X 0 lO�Sm RqNQN`� REJZoOTeTqo 0 NY��PSN`RqN`J2TioOP
TS�ZNk��PSN`RqN`J��´N KMReJZoOT
o 0 L%KUop]�R
 ·gEJ�XZNQP=RSopJCa�¡tsOsp¡ " �bdJ.J�ltTS]ZP=NOa§RqN`_U¤��»oOPS�plOJ�K��`K�JZ�YR 1 RSTqN`� R9��l�LON 0 NQN`J.KMXZN`J2TSKU¦�N`X�KMJ._MKUL%KMJZ�ER 1 RqTqN`� R  ·�´N`_M_�RQa§JZN`]��P=lO_©JZNQT#�\oOPSm%RQa (�o��=m�R
oO¤ 0 KUP=X�R`a%R=�=�Zo�op_MReoO¤�¦�RS�Ca�R��xltP=� RioO¤ 0 NQN`R�"xlOJ�X#J�opJ���_MKUL%KMJZ��R 1 RqTqN`� R
 ·RSlOJ�X'X�]�JZN`RQai�plO_Ml|^%KMN`RQaERSTSltP=R�" � gEX�X�KMTSKUopJ�lO_M_ 1 a�RqN`_M¤��»oOPS�plOJ�K��`ltTSKUopJ'��lOR 0 NQN`J(X�KMRS�´o LONQPSN`X
� KMJn�$lOJ���� lOXZN!R 1 RqTqN`� R  ·RSo��QKUNQTSKMN`RQaZN`�´opJZop� KM�QR�"2� lOJ�X£TS�ZN � �\oOP=_MX£oO¤�KMXZN`lOR  �\oOP=_MX£L%KUN-�iRQaRS�QKMN`J§TSKU¦�� 0 N`_�KUNQLON`RQaZJZoOP=� R 1 RqTqN`�$R�"2�  ·[xlOJ)�`��lt¤haÈ¡tsOsp¡ " �
����
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��� 	 ���X+
% ��N#¦�N`_MX,oO¤!X�KMRqTqP�K 0 ]ZTqN`X P=o 0 oOTSK��QR$��lOR�PSN`�´N`KULON`X��OPSo
�iKMJZ� ltTqTqN`J§TSKUopJ 0�1 PSN`RqN`ltP��=�ZNQP=R£KMJPSN`�´N`J2T 1 N`ltP=R � � 1 RqTqN`� Rn�´op�.��P=KMRqN`X�oO¤ � ]�_UTSKM��_UN#�.o 0 KM_UN PSo 0 oOTSRn��l`LON 0 N`�´op�.NÕRS] 0)$ N`�´TTqo£¦�P=RST
RqTS]�X�KUN`R
K�J#TS�ZN�_MltTqNny`zA�ts.- R � .¨ltP=_ 1 KMJ2LON`RqTSKU�pltTSKMopJ�R�KMJ��Q_M]�X�N �¨oOP=m�REopJß�´N`_M_M]�_�ltP� ¥oOPPSN`�´opJ�¦��p]ZP=l 0 _MN
";P=o 0 oOT�R 1 RqTqN`� R2 ·j�]Zm|lOX�l!lOJ�X��
ltmtlt�pl �xl%aCy`zA� � /�[\N`J�K»a�y`zA�A� "�a�� ]�_UTSK��»PSo 0 oOT�´o�oO�vNQP=ltTSKUopJ  ·g
R=lO� l NQT lO_ � aey`zA�Oz " lOJ�X � ]�_UTSK��»PSo 0 oOTk�.oOTSKUopJ ��_MlOJ�J�KMJZ�  ·w PSN`�kL%]ZTSKxlOJ�X
� ]ZTSl%a®y`zOzts " ���]�_UTSK��»PSo 0 oOT9R 1 RSTqN`� R¨��l`LON 0 NQN`J�RqTS]�X�KUN`X.K�J.L|ltP�KUop]�R � ��P=KMJ��QKU��_UN¨TqoO��KM�eltPSN`lOR��  Í��ltTSltP=KM�tay`zOzOr0/9w�ltPSmONQP`a�¡tsOsOs "!lOX�XZPSN`RSRSK�JZ� 0 KUop_UoO�pKM�QlO_�KMJ�Rq��KUP=ltTSKMopJCaC�´op� ��]�J�KM�QltTSKUopJCa©ltP=�=��KMTqN`�´TS]ZPSN`RlOJ�X _UN`ltP=J�KMJZ�Za�lOR �\N`_M_\lOR�KMJ�X�K �ÈNQPSN`J2T�lt����_MKM�QltTSKMopJ�XZop� lOK�J�RQa®N � � � a9N´^���_UoOP=ltTSKUopJ  ·[xKM_M_MltP=XNQT$lO_ � a
y`zOzOz0/ �El 1 N`R�NQT$lO_ � ax¡tsOsOs "�a�o 0�$ N`�´T$� lOJ�KU��]�_MltTSKUopJ  % ]�JZ�¬lOJ�X$6!_UN`K�JZPSo%�SmÈaiy`zOzO¢0/w�ltPSmONQP`a®y`zOz|{ /ÈfEopJ�lO_�XnNQTilO_ � a?y`zOz|{ / � N`JnNQT
lO_ � a?y`zOz|{ /C�#ltPSTSK�JZop_MKClOJ�X0.¨lORqTqopJCa�¡tsOsp¢ "ilOJ�X¤¥oOP=lt�pKMJZ�  1EopRSR lOJ�X$fEN`JZN`] 0 op]ZPS�Za�y`zOzO¡0/%fEPSoO�Oop]�_�lOJ�X j�NQP 0 NQP`a�y`zOzO¢0/Z[\N`�SmONQPxNQT lO_ � aÈy`zOz|{ /1Eop_�X 0 NQPS�.lOJ�X#��ltTSltP=K�V�ta®y`zOzOz " �ciN`_MltTqN`X'PSN`RSN`ltP=�=�'��PSNQL�KMop]�R$TqoGK�J§LON`RqTSKM�pltTSKUopJ�Rn�´opJ��´NQP=J�KMJZ� ��]�_UTSK �»PSo 0 oOT£R 1 RSTqN`� Rn��lOR¤¥o��Q]�RqN`X opJ�TS��Nx�´opJ2TqPSop_%oO¤ÈlER=KMJZ�p_UN¨PSo 0 oOTQaOoOP�lOX�XZPSN`RSRqN`X TS�ZNx¦�N`_�XkoO¤ÈfEK�RqTqP=K 0 ]�TqN`Xkg
PSTSKU¦��QKMlO_
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bhJ2TqN`_M_MKM�ON`J��´N�� �bdJ�TS��N\JZN´^%T�RqN`�´TSKUopJ �voOTqN`J§TSKMlO_%lOXZLtlOJ2TSlt�ON`R�oO¤�� ]�_UTSKU��_MN �.o 0 KM_MN PSo 0 oOTSKM�¨R 1 RSTqN`� R�ltPSNx��PSN��RqN`J2TqN`X � bdJ � N`�´TSKMopJ y � ¢ � ¡.TS�ZN
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Group Transport to an Arbitrary Direction
2 s−bots; prey: 500 g mass, cylinder of radius 12 cm
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Transport Quality of Parent Individuals of Generation 150
 2 s−bots; prey: 500 g mass, cylinder of radius 12 cm
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2 s−bots; prey: 500 g mass, cylinder of radius 12 cm
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Scalability Test (type 1 individuals)
5 s−bots; prey: 1,250 g, cylinder of radius 30 cm
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Discrimination Task: Move to Cuboid!

(boxes cover a period of 10 generations each)
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Discrimination Task: Move to Cylinder!

(boxes cover a period of 10 generations each)
number of generations

fit
ne

ss
 (

10
 r

un
s)

best
average (re−evaluated parents)
average (population)

�	�%,'Q
��� �
� � ���9�M�$� �"�'����QG�������/(U?/����� 
+�&�$� .9�$��0k����1*�&F���� �'��F
�$� ��� (����$��� ��?
�*(D7!1*1*�������5�L.
����
/�%�&1 A
�����%�$�L��?/�#(8AY
+��� ��.
./���;���)?]��?
�#��7!���%�+FG�$�L���/(D���=��F-��0O��?
�#�$Q

9���5FJ� �6?
�
#/���
�=(�(R��06������.G���%13���
(�����QG���%�'�#��(-�G� !
�r�
�'�I�L(�����QG�������*��?/�4�O��(I�
���I��

��� ��� FG�5(8���%�/,�Q
�5(D?#��?
�2��Q

9���5F*0k����1 ��?
�2��7!�%���/FG�&� �
��?
�#�$S!.9�&�����=F #/���
�=(�(L(����'���*�5(R�4�L1*�'(D� �G� �G�#�6?/��(R
9��Q/�/F-��(R13��� #'�&F 
;7 ��?
�3?/�������&���;�����	�����
���
�f(D���)�4���$,�7 ��?/�4�R����N6� 7!( �����K��?
�3(DA 
9���K1*� ���*�����'(�� ��� ��?
�/#/�)(8�K.
���$7 ��?+�4�R��(R(��$���
�
�=F]
!7 ��?
�
�$���;���������5��

��� ./���&7#.
��� S!��1*� �87 (D�&�/(D�'� �!?/�'(P���T��SG.9�&�<���&F #
���
�&(�( (��������2��0��G� �G�

`�@	;HjqI	3EF�8	L�57698�@	\E57I	>A398Mh�\n8M6EIM=�>W@	;[DML]57698 ¢ 8��9>W\<>AV�>W5bm	L?I	3Eh"576E8�IJ\<>�VA>W5bm�5K@�D7F%I	VA8�BED[>A39^GV�IJ;7^	8%;^	;7@CB9:wD7>Ws%8MDaIJ;[8GI	3EI	VWm?s%8Mhyx1243l�?8MF�57>W@C3 Q?x ¤9xR>?xA�JLn57698{:n8%;7`�@	;[jqI	3EF�8MDa@	`r8%=	@CVW=	8MhlF�@C3]5K;7@CVAVA8%;[DIJ;78�I	3EI	VWm?s%8Mhw`�@	;t8%=	8%;7ml8%=	@CVAB957>W@C3<IJ;7mX;[BE3�x £ @�F%BEDt>AD�^C>W=	8M3d@C3dISj�8MI	D7B9;[8G;78 ¢ 8MF�57>A39^�57698hE>ADK57I	3<F�8�576E8�:<;78%m"6EI	Dc^CI	>A398Mh�Na>A576�;[8MDK:n8MF�5P5K@�57698�57IJ;7^	8%5%x )k8MVAVn:n8%;7`�@	;Hjq>A39^#>�3EhE>W=�>AhEBEI	V�DIJ;78QDK8MVW8MF�5K8Mh�5K@d\n8SI	3EI	VWm?s%8Mh�>A3�576E8SD[B9\<DK8?;?B98M3]5iDK8MF�57>A@C3ED%xv243TI	hEhE>W57>W@C3�L�;[@	\<BEDK57398MD[D#@	`57698�DKef\g@	5#^	;7@CB9:<D#Na>W576k;78MD7:g8MF�5#5K@lI_h<>��g8%;[8M3}5#>�3E>W57>AI	V�:n@CD7>W57>W@C3<>A39^Qj�8%5769@�h�>AD#I	3EI	VWm?s%8Mhyx2�3v�?8MF�57>A@C3nQ?x ¤9xR>?xR>?L 57698U\n8M6EIM=�>W@	;[D�@	\E57I	>�398MhdIJ5�576E8UVA8%=	8MV�@	`cI	3kD4ef\n@	5tI	3EhdIJ5�576E8i^	;[@CB9:VW8%=	8MVOIJ;[8�h98MD7F�;H>W\n8Mhyxqz�698"IJ\p>AVA>W5Ym_@	`157698"^	;[@CB9:v5K@lI	h<IJ:E5{5K@_8M3]=�>W;7@C3Ej�8M3]57I	V�FH6EI	39^	8MDi>AD8%=,I	V�BEIJ5K8MhT>A3&�?8MF�57>W@C3 Q?x ¤9xR>?xRQ?xdz�698"^	;[@CB9:�8M39^CIJ^	8MhT>A3�57698"5K;HI	3EDK:n@	;75{57I	DKZ&D76EI	VAV�I	h<IJ:E557698�h<>W;78MF�57>W@C3k@	`�j�@�=	8Mj�8M3]5iI	F%F�@	;[h<>A39^_5K@wIX398%N 57IJ;7^	8%5S u>�3EhE>AF%IJ5K8Mhk\?mkIX\n8MI	F�@C3p¡t576EIJ5IJ:E:n8MIJ;[D�h9m?3<I	jq>AF%I	VAVWm	x £ >A3EI	VAVAm	Lp>A3l��8MF�57>W@C3�Q?x ¤9xR>?x ¤9Ly576E8iIJ\<>�VA>W5bm�@	`r57698i8%=	@CVW=	8Mhw>A3EhE>W=�>AhEB9eI	VAD15K@qF�@C3]5K;7@CVn^	;7@CB9:<Dc@	`�>A3EF�;78MI	DK8MhQD[>Ws%8t>A3"@	;Hh98%;�5K@�5K;[I	3EDK:n@	;75c:E;78%m"@	\�~48MF�57D�@	`�>A3EF�;[8MI	DK8MhjqI	D7D�>AD�I	D7DK8MD7D78Mhyx
�����������	�
��� � ��
 
�� � � � � � � ����� 
 � ��� � ��� � �

: jq@C39^X57698�5K8M3k8%=	@CV�B957>W@C3EIJ;7mw;[BE3<D�576E8�oE57398MD7D{VA8%=	8MV�L IJ5K57I	>A398Mhv\]mw57698 7�E0M0D�8%=	@CVW=	8Mh�>A3�ehE>W=�>AhEBEI	V�DP>A3S8MI	FH6_;HBE3yL9>AD�=JIJ;7m�>A39^�F�@C3ED7>AhE8%;[IJ\<VWm�;[I	39^C>A39^U`�;7@Cj =	8%;7mS:n@?@	;�5K@";78MjqIJ;[Z,IJ\<VAm6E>W^C6woE57398MD[D�=,I	VABE8MD%x{243l576<>AD�DK8MF�57>W@C3yLy`�@	;t8%=	8%;7mw8%=	@CVAB957>W@C3EIJ;[m_;[BE3wDK@Cj�8q>�3EhE>W=�>AhEBEI	V�D�IJ;78

VL<




���� ���2	0(��L���#(

50 100 150 200 250 300 350 400 450 500 550 600 650 700 750
−2

0

2

4

6

8

10

12

Group Transport Towards a Target (4 s−bots)
prey: different masses, cylindrical shape (8 cm radius, 12 cm height)
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Group Transport Towards a Target (4 s−bots)
prey: different masses, cylindrical shape (8 cm radius, 12 cm height)
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Distance Gain in Transport (type 1 and type 2 individuals)
4 s−bots; prey: different masses, cylindrical shape (8 cm radius, 12 cm height)
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Distance Gain in Transport (type 1 individuals)
4 s−bots; prey: cylindrical shape (8 cm radius, 12 cm height)
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500 gram
625 gram
750 gram
875 gram
1000 gram
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Target direction
indicated by a light
emitting beacon
(300cm away)
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Robustness with Respect to Initial Positioning Strategy
prey: different masses, cylindrical shape (8 cm radius, 12 cm height)
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semi−circle, 40−50 cm away from prey; period: 20 seconds
full−circle, 25−50 cm away from prey; period: 20 seconds
full−circle, 25−50 cm away from prey; period: 30 seconds
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Scalability Test (group sizes: 4,8,12 and 16)
prey: 500−2000 g mass, cylindrical shape (8 cm radius, 12 cm height)

index of evolutionary run

di
st

an
ce

 g
ai

n 
(2

50
 o

bs
er

va
tio

ns
 p

er
 b

ox
)

4 s−bots, 500 gram
8 s−bots, 1000 gram
12 s−bots, 1500 gram
16 s−bots, 2000 gram
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Distance Gain with Respect to Structure Size (group size: 16)
prey: 2,000 g mass, cylindrical shape (8 cm radius, 12 cm height)

(only those that occured at least 5 times)
structure size

di
st

an
ce

 g
ai

n

�	�%,'Q
��� �
���G�����"� ��(D�����/���U,'�����*0k���IFG��� �$���$�;�6(8����Q/����Q
��� (����&�&(&�r�/��� ����!2���&(D��(���0J��?
� �87;.9� �P���/FG�$�!��F
Q/���
��0O��Q
� �6! �$���;���������%���
,��T,�����Q
.-��0K� � (DA 
9���)(R���-�'��F
�$�K��� �������/(�.+�'�D�L�T.
���$7 ��0O13�'(�( � � !�!"! ,)�
��?
�]FG�5(8�)���/�$� ,'�����>��(*.
���������=F>��,'���%�/(D� ��?
�](����&� ��02��?
�]�$�������=(D.9���/F
�%�
,-��(�(D�&1 

���&F[���)���+(D.9�����
(D����Q/����Q
���R��
/(��$� ���=F ���O��?
� #/�/��� ����1*� (8���$.T��0r�&�'�)? ���&(D�&�

*'>




���� ���2	0(��L���#(

>A3<F�;78MI	DK8Mhyx
)k8QF�@C3EF%V�BEh98"576<IJ5i576E8�:n8%;7`�@	;[jqI	3EF�8MDG@	`aI	VAVPF�@C3}5K;[@CVAVW8%;�>A3EhE>A=?>Ah<BEI	VAD�h98MF�;78MI	DK8Q>A3&F%I	DK8\n@	576�^	;7@CB9:�D[>Ws%8�I	3Eh�jqI	D7DP@	`y57698�:E;78%m�IJ;78�>A3EF�;78MI	D78Mh"VA>A3E8MIJ;[VWm	x��a@�NP8%=	8%;MLED7@Cj�8�D7@CVAB957>W@C3EDIJ5K57I	>A3�DK57>AVAV�I{VA8%=	8MV9@	`n:g8%;[`�@	;[j"I	3EF�8�576EIJ5O>ADOI	F%F�8%:E57IJ\<VW8�`�@	;�^	;7@CBE:"D7>Ws%8MDO@	`gB9:"5K@"�-,tD4ef\n@	57D%x

)k8aD[B9:E:n@CDK8c576EIJ5r57698MDK8�DK@CV�B957>W@C3ED�F%I	3E39@	5O\g8�IJ:E:pVA>W8MhiD7BEF%F�8MD7DK`uBEVAVAm{5K@t^	;7@CB9:<DrjiBEFH6qVAIJ;7^	8%;576EI	3U>J�qD4ef\n@	57D%x
V6W��PWkV6W[Z a0/ 9 ��� p�a�q p�� _Ea)^cb p�� � ���R^ra�^ 9 q l2\ /���^����2l ���+^�� / 9
	 
�/ ����^��

243�576E>AD1DK8MF�57>W@C3yL�57698�;78MD[BEVW57DcF�@C3EF�8%;[3E>A3E^G57698�8%=	@CVABE57>W@C3SI	3EhSI	3EI	VWm�D7>ADc@	`�5K;[I	3ED7:g@	;[5P\n8M6EIR=}e>W@	;HDP@	`�^	;7@CB9:pDP@	`�D4ef\n@	57D�j�@R=�>A39^U:E;[8%mq@	\�~K8MF�57D�@	`�hE>W�g8%;78M3]5�D76EIJ:n8MD%L�D7>Ws%8MD�I	3EhQj"I	D7DK8MD�IJ;78:E;[8MDK8M3}5K8Mh�xz�8M3Q>A3EhE8%:g8M3<h98M3}5O8%=	@CVAB957>W@C3EIJ;[m";[BE3<DP6EIR=	8t\n8%8M3�:n8%;7`�@	;[j�8Mh�`�@	;�<LVJ�U^	8M398%;[IJ57>W@C3ED18MI	FH6yx
e�3E8{D7>A39^CVW8�;[B<3QVAI	DK5K8MhQ`�@CB9;�Nc8%8%Z?Da@	`�F�@Cjq:<B957IJ57>W@C3EI	V�57>Aj�8	x � 4za698vD7I	j�:<VA8MDS576EIJ5X6EIM=	8�\g8%8M3 BEDK8Mh+5K@�8%=JI	VABEIJ5K8v>A3<hE>W=�>AhEBEI	VAD�hEB9;[>�39^�8%=	@CVABE57>W@C3 IJ;78F�@Cj�:n@CDK8Mhw@	`�o<=	8G5K8MDK57D�8MI	FH6yx £ @	;t8%=	8%;7m_D[I	j�:<VW8	Lg57698UjqI	D7DK8MD�@	`�:E;[8%m_F�@	;7;78MDK:n@C3Eh<>A39^�5K@57698�o<=	8q5K8MDK57D#IJ;[85VJ�	��L�,L>LV?L�*'VJ��L�<�*'VXI	3Eh��J���	�	��^d;78MDK:n8MF�57>W=	8MVWm	x�243d8MI	F[6&5K8MDK5{57698�:<;78%m@	\�~K8MF�5�>ADcj�@�h98MVW8Mh�8M>W57698%;�I	D�IUF�m?VA>�3Eh98%;O@	;�I	D�IUF%B9\n@C>Ahw uDK8%8G�?8MF�57>W@C3 Q?xA�JxA�R¡HLE\n@	576SD76EIJ:n8MDIJ;78qD78MVW8MF�5K8MhkNa>W576w8?;?BEI	V�:E;7@	\pIJ\<>AVA>W5Ym	x{243kI	hEhE>W57>W@C3�Lg576E8�:E;78%mg��DtD7>Ws%8�>ADtF[6E@CDK8M3k;[I	3EhE@CjqVWm uI	3Eh_>A3Eh98%:n8M3Eh98M3]5c`�;7@Cj�57698#jqI	D7D ¡P`�@	;�8MI	F[6X5K8MD75%�

� z�698#698M>A^C6}5�@	`�57698{:<;78%m�>�3S8MI	F[6l5K8MDK5a>AD�D78%5�;[I	3Eh9@Cj"VWm"5K@�8M>W57698%;#�?>U@	;2>J�rF%jXLE8MI	FH6F[69@C>AF�8SNa>A576v8?;?BEI	VO:<;7@	\<IJ\<>AV�>W5bm	xX2�`�Il57I	VAVO:<;78%mv>ADiVW@?F%IJ5K8Mh&\n8%5bNc8%8M3�I	3&DKef\g@	5UI	3Eh57698#VA>W^C6]5�8Mjq>W5K57>�39^�\n8MI	F�@C3X576EIJ5a>�3EhE>AF%IJ5K8MD�576E8#h98MD7>W;[8MhQhE>W;78MF�57>W@C3X@	`�5K;[I	3<DK:n@	;75�576E>ADD4ef\n@	5a>AD�39@	5aIJ\pVW8t5K@q:n8%;[F�8M>W=	8t57698#57IJ;7^	8%5%x
: DX>�3+57698k:E;78%=�>W@CBED�8���:g8%;H>Aj�8M3]57DQI	3 D4ef\n@	5Q576EIJ5X>ADQVW@�F%IJ5K8Mh >A3+`�;7@C3]5Q@	`iIT:<;78%m@	\�~48MF�5�F%I	3E39@	5�:n8%;[F�8M>A=	8t@	57698%;a5K8MI	jqj"IJ5K8MDa576EIJ5�IJ;78{@C3X576E8{@	:E:n@CD7>W5K8tD7>AhE8	x e�3Q57698@	57698%;�6EI	3EhyL9I	3SD4ef\n@	5�F%I	3QDK57>AVAVgh98%5K8MF�5�57698�:E;[8%m">A3�F%I	DK8{I	39@	57698%;�D4ef\n@	5�>ADP:<VAI	F�8MhQ>A3\g8%5YNP8%8M3�x �	�

� 2Y`�576E8�:E;[8%mq>ADPjq@?h98MVA8Mh�I	D1IiF�m?VA>�3Eh98%;O576E8�;[I	h<>ABEDO>�DPFH69@CDK8M3�;[I	3Eh9@Cj"VWmqI	F%F�@	;[hE>A3E^#5K@IqBE3E>W`�@	;[jqVAm"hE>ADK5K;H>W\<B95K8Mh�=,IJ;H>AIJ\<VW8�Na>W576<>A3�57698{\n@CBE3EhEDc@	` ,�I	3Ehv�?V�F%j_x
� 2Y`c57698�:E;78%mw>ADtj�@�h98MVW8MhdI	D{IQF%B9\n@C>Ah�Ly57698�VW8M39^	576��P@	`P@C3E8q69@	;[>Ws%@C3]57I	V�D7>AhE8i>ADtFH69@JeDK8M3�I	F%F�@	;[h<>A39^X5K@_I_BE3E>W`�@	;[jqVWmlhE>ADK5K;[>A\<B95K8Mhw;[I	3Eh9@Cj�=,IJ;[>�IJ\<VW8�;[I	39^C>�39^Q`�;[@Cj
�?>S5K@¤C�rF%j_x�z�698P@	57698%;�6E@	;[>Ws%@C3]57I	V]D7>�h98PVW8M3E^	576G>AD�DK8%5�5K@�I�BE3E>W`�@	;[jqVAm�hE>�DK5K;[>W\<BE5K8Mh�;[I	3Eh9@Cj=,IJ;[>�IJ\<VW8tNa>W576S576E8#VW@RNc8%;a\n@CBE3<h�@	`��?>�F%j-I	3EhQ57698#BE:E:n8%;�\g@CB<3Eh�@	`�j">A3y ��Y�.>J�}¡aF%jQxz�698%;78%`�@	;78	LE57698{F%BE\g@C>�hQF%I	3Q@C3EVWmS6EIM=	8G@C398t8Mh9^	8#VA@C39^	8%;�576EI	3 >J�rF%jlx

� 8 .B+1���?�>A"�
� ��� >?�>�"���6% @7������� 7�8 .��  1("-/� -/ .��' +.A8% + 7�� �16���.���� ���� C�
�
���� .� 2�� .� !� ����:> =A#"%$ &�( 7�)�*+*�, 9
+1���#>?��� :>�-�
�6% ;

� ' ( �?� ��34#� 1�65 ���6+.-/� �,+ ��'������
- �6+.A %?�����
� � +1A" 1���"� ����3 #� 1� +.��:> =A�* +.���>��� �� .���� �9�50��>���># :>�=;�I A ���"� ���
�=<���� ���>-/�
AC���
:&���"�0����� ') =#�;��
� ��� +1���$�>A +1AC' �
+.���$�,+6: :>� �7���"�
A)���"�$��34#� .���
5��� .���� .�
;

*'Q



���������
	���
�������������������� �!�"��	������#����	%$&���'�&()���*�*��+,�-�����
	.���/	0(�1#�*�2+435�'���6+87����.39(

�	�%,'Q
��� �
��� �G���'�6?/� .
���$7 ��
.�8�=�<�H��?/�4�O?/��(����L
9� �������/(�.+�'�D���&F*��� �R,��$���&�#FG�����=�<�������#�&���3
9� �L�$Q

9���5F
�'�U�#�$7;�����/FG�$�U��0�FG�$�9�&���&�'�2(D�$�$� ���/F 13��(�($� �C� ��?/��( ����.
A �!���$N �/./���&7 ��0r��?
�L1*�'(D�U��S!�����&1 �L(��$�$�&(
�������!�5(DQ/���%�$�$�=F�
 
!7L��?/�P

���'��#R��
.�8�=�<�)( �M���2,'���'�P��� ��FG�=�K��
9��QG� ��?
� �4��������������� ��0+��?
� (����&�&( ��1*�'�
,
./���&7L��
.�8�=�<�)(	�'(	NI�&�%�G��(M��?
�6.
���'.+�'�D���%�'�/(MNP� ��?E���&(�.+�=�<�r��� ��?/�6(��$�$�6��0
��?
�P(8AY
9����( 
 ,��)� 7K��
.�8�=�<��(��<�
�6?/� 13�'(�( ��0I��?
� .
���$7]FG�!�&(2�
���KF
�$.9�$�/F ��� � �)(R(D?/��.+� ��� ��?/�*(��$�$���L�6?/�$����0k����� �9��?
�3(D13�������&(D�
./���&7 �$���T
9�R��0M��?
�R
/�%,',��&(D�P13��(�($�

£ >W^CB9;78 Q?xR>L>i>AVAVAB<DK5K;[IJ5K8MD�576E8�:E;[@	:g@	;[57>W@C3ED�@	`�hE>��n8%;78M3}5c:E;78%m�@	\9~48MF�57D1Na>A576";78MD7:g8MF�5c5K@i57698D4ef\n@	5%��DaD7>As%8	x
s_@CDK5�@	`r576E8#`�@CVAVW@RN�>A39^qI	3EI	VWm�DK8MD�57IJZ	8G:pVAI	F�8G>A3X57698iD[I	j�8#N1IMm_I	D�57698%mX6EIR=	8G\n8%8M3lF%IJ;Ke;[>W8MhS@CB95�>A3_��8MF�57>W@C3 Q?x ¤9xR>?x : ^CI	>A3yL957698t5K;HI	3EDK:n@	;75c:g8%;[`�@	;[j"I	3EF�8	L957698�@	\E57I	>A398MhS\n8M6EIR=?>A@	;[D%L57698 ¢ 8���>A\<>AVA>W5Ym	L�I	3Eh 57698wIJ\p>AVA>W5Ym�5K@�D7F%I	VA8wBED[>A39^&V�IJ;7^	8%;�^	;[@CB9:�D7>Ws%8MD�IJ;78khE>AD7F%BED[DK8Mhyx 243�?8MF�57>W@C3 Q?x ¤9xRQ?xA�S57698�:n8%;7`�@	;HjqI	3EF�8MDG@	`�8%=	@CVW=	8Mh�F�@C3]5K;7@CVAVW8%;[DUIJ;78SI	3EI	VWm?s%8Mh�`�@	;i8%=	8%;7m&8%=	@JeVAB957>W@C3<IJ;7mX;[BE3�x{2Y5{>�D�8%=JI	VABEIJ5K8Mhv5K@QNa6EIJ5�8��?5K8M3<hd57698�:n8%;7`�@	;HjqI	3EF�8U@	`O57698qDKef\g@	57DM�g^	;[@CB9:>AD{I,�n8MF�5K8Mh�\?mkhE>��n8%;78M3]5{D76EIJ:n8MD%L D7>As%8MD{I	3Eh�j"I	D7DK8MDt@	`1:E;78%m	x-d�;7@Cj">AD7>A39^S>A3Eh<>W=?>�hEBEI	VAD�IJ;78DK8MVW8MF�5K8Mh�`�@	;P`uB9;757698%;PI	3EI	VWm�D7>AD%x�243"I	hEhE>A57>W@C3yLC;7@	\pBEDK57398MD7DO@	`y57698�DKef\g@	5P^	;7@CB9:<DPNa>W576q;78MDK:n8MF�55K@�Iih<>��g8%;[8M3}51>A3E>W57>�I	VE:n@CD7>W57>W@C3<>A39^{j�8%5769@�hS>ADcI	3EI	VWm?s%8Mhyxr2�3X�?8MF�57>A@C3OQ?x ¤9xRQ?xR>�57698�\n8M6EIR=?>A@	;[D@	\E57I	>A398MhlIJ5�^	;7@CB9:wVW8%=	8MV IJ;[8#h98MD7F�;[>A\g8Mh�xOz�698{IJ\<>�VA>W5bm�@	`r57698{^	;7@CBE:X5K@�I	hEIJ:<5�5K@"8M3]=?>A;7@C3�ej�8M3]57I	V�FH6EI	39^	8MD�>AD�8%=,I	V�BEIJ5K8Mhd>A3w�?8MF�57>A@C3�Q?x ¤9xRQ?xRQ?x{z�6E8#^	;7@CB9:w8M39^CIJ^	8Mhd>A3l57698#5K;HI	3EDK:n@	;7557I	DKZ_D76<I	VAV I	hEIJ:<5a57698UhE>W;78MF�57>A@C3X@	`�j�@�=	8Mj�8M3}5{I	F%F�@	;HhE>A39^�5K@�I�398%N 57IJ;[^	8%5� u>�3EhE>AF%IJ5K8Mhl\]mIk\n8MI	F�@C3p¡i576EIJ5�IJ:E:n8MIJ;[Dqh9m�3EI	jq>AF%I	V�VWm	x £ >�3EI	VAVWm	Lc>A3 �?8MF�57>W@C3 Q?x ¤9xRQ?x ¤�57698_IJ\p>AVA>W5Ym�@	`�576988%=	@CVW=	8Mh+>A3EhE>A=?>Ah<BEI	VADi5K@�F�@C3]5K;7@CV�^	;7@CB9:<D�@	`{>A3EF�;[8MI	DK8Mh D7>As%8l>A3 @	;[h98%;�5K@&5K;[I	3<DK:n@	;75q:E;78%m@	\�~K8MF�57D�@	`r>A3EF�;78MI	D78MhXjqI	D7D�>�D�I	D7DK8MD7DK8Mh�x

�����������	�
��� � ��
 
�� � � � � � � ����� 
 � ��� � ��� � �

2�3S576<>AD1DK8MF�57>W@C3yL9`�@	;�8%=	8%;7m�8%=	@CVAB957>W@C3EIJ;[m";[BE3SDK@Cjq8{>A3EhE>W=�>AhEB<I	VAD�IJ;78{DK8MVA8MF�5K8MhS`�@	;aIi:n8%;7`�@	;KejqI	3EF�8�I	3EI	VWm�D7>ADMx £ @	;�D7>��{:pIJ;757>AF%BEVAIJ;�8%=	@CVAB957>W@C3<D%LJNP8MVAV}:n8%;7`�@	;Hjq>A39^a>�3EhE>W=�>AhEBEI	V�DgIJ;[8cDK8MVA8MF�5K8Mh`�@	;a`�B9;[57698%;aI	3EI	VWm�D7>ADMx
£ >W^CB9;78%Q?xR>LQSD769@�NaD�57698�h98%=	8MVW@	:<jq8M3}5�@	`�57698U\n8MDK5�oE57398MD7DU uhEIJ;7Zl^	;[IMml\n@M��8MDH¡HL�IM=	8%;[IJ^	8oE57398MD7Dw �Na6E>W5K8Q\n@R�?8MDH¡HL�I	3Eh IM=	8%;[IJ^	8woE57398MD7D"@	`�;78�ef8%=,I	V�BEIJ5K8Mh�:<IJ;[8M3}5">�3EhE>W=�>AhEBEI	V�D� uVA>W^C6]5^	;[IMmw\n@M��8MDH¡Hxt2�5�F%I	3d\n8GD78%8M3d576EIJ5t>A3lIR=	8%;[IJ^	8q57698%;[8i>AD�I�F�@C3}57>�3]B9@CB<D�>�3EF�;78MI	DK8U@	`�oE573E8MD7D=,I	V�B98MDr`�@	;r57698�8M3}57>A;78�;[I	39^	8�@	`,<LVJ�t^	8M398%;HIJ57>W@C3ED%x )k8aD7BE:E:n@CDK81576EIJ5r57698aIR=	8%;[IJ^	8[;?BEI	VA>W5Ym#@	`

*�¤




���� ���2	0(��L���#(

50 100 150 200 250 300 350 400 450 500 550 600 650 700 750 800 850
0

2

4

6

8

10

12

Group Transport Towards a Target (4 s−bots)
prey: cuboid or cylindrical shapes, different masses and sizes
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Distance Gain in Transport (type 1 and type 2 individuals)
4 s−bots; prey: different masses, shapes and sizes
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Distance Gain in Transport
4 s−bots; prey: different masses, shapes and sizes
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Robustness with Respect to Initial Positioning Strategy
prey: different masses, shapes and sizes

index of evolutionary run

di
st

an
ce

 g
ai

n 
(1

,2
50

 o
bs

er
va

tio
ns

 p
er

 b
ox

)

semi−circle, 40−50 cm away from prey; period: 20 seconds
full−circle, 25−50 cm away from prey; period: 20 seconds
full−circle, 25−50 cm away from prey; period: 30 seconds
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Distance Gain with Respect to Structure Size
group size: 16; prey: 2,000 g mass, different shapes and sizes

(only those that occured at least 5 times)
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