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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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6Yo �`l NQT
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K�J�X�KUL%KMX�]�lO_�R©� KM�p�§T ��l`LONETS�ZN
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bdJ �QlORqN�oO¤�l� ������ "#�#. �  ·li��_M]�R'��RqTqP�ltTqNQ� 1 "�aOTS�ZN 0 N`RqT���KMJ�X�KUL%KMX�]�lO_MRCltP=N\XZNQTqNQP�� KMJ�KMRSTSKM�QlO_M_ 1���ZopRqN`Jß¤¥PSop��l�RSNQTEoO¤�� o �CRq��P=KMJ���lOJ�X�� ��ltPSN`J2TSR � % �ZN�RqN`_UN`�´TqN`X	� KMJ�X�KML�KMX�]�lO_MR��´PSN`ltTqN lJZN-�(RqNQT¨oO¤���o �vRq��P=KMJZ� � % �ZNQPSNQ¤¥oOPSNOa�TS�ZN
RSN`_UN`�´TqN`X�RSNQT¨oO¤
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� TS��ltT �\lOR.�OP�lOX�]�lO_M_ 1 0 ]�KM_MTkTS�ZPSop]��p�Glß��PSo%�´N`RSR�oO¤YKMJ2TqNQP=lO�´TSKUopJ �iKUTS� TS��NnN`J§L%KUPSopJ�� N`J§T��
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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`�$R�"2�  ·[xlOJ)�`��lt¤haÈ¡tsOsp¡ " �
���� ��� �?+ 	 �'��� ��	 ����� ��� � � � ���
��� 	 ���X+
% ��N#¦�N`_MX,oO¤!X�KMRqTqP�K 0 ]ZTqN`X P=o 0 oOTSK��QR$��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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Target direction
indicated by a light
emitting beacon
(300cm away)
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Discrimination Task: Move to Cuboid!

(boxes cover a period of 10 generations each)
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average (re−evaluated parents)
average (population)
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Discrimination Task: Move to Cylinder!

(boxes cover a period of 10 generations each)
number of generations
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average (re−evaluated parents)
average (population)
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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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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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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)
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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)
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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

index of evolutionary run

di
st

an
ce

 g
ai

n 
(5

00
 o

bs
er

va
tio

ns
 p

er
 b

ox
)

500 gram
625 gram
750 gram
875 gram
1000 gram

�	�%,'Q���T����"��%� �U�5(8�)���/�$� ,;����� �%�[���)���/(�.+�'�D� 0k���*FG��� �$���$�;� .���&7 13�'(�(��&(&� �/��� �&���)? � ���'�%QG���%�'����?�
���/FG�$�!��FQ/���cNP�%��?T��?�R
+�=(8� 1*�=FG�����T���)���/(�.+�'�D� �;Q/�����%�87 ?/�'(6
+�&�$��(D�&�%�=�<���&F 0k���'1 �	�%,'Q���R�/� �(�/�

*+,



���� ���2	0(��L���#(

>A3�57698 >?�RVJ�	�w5K8MDK57Di`�@	;G\n@	576�5bm?:g8MDG@	`�>A3Eh<>W=?>�hEBEI	VAD�I	3Eh�`�@	;UI	VAV�8%=	@CV�B957>W@C3EIJ;7mk;HBE3ED%xQz�698:n8%;7`�@	;[jqI	3EF�8wh98%=�>AIJ57>W@C3ED�N�>W576�;78MD7:g8MF�5�5K@�h<>��g8%;[8M3}5�jqI	D7DK8MD�@	`t:E;78%m�IJ;78d>AVAVAB<DK5K;[IJ5K8Mh�>A3
£ >W^CB9;[8 Q?xR>LV?x z�6E8Q8%=	@CVAB957>W@C3EIJ;[m&;[B<3ED�IJ;78X@	;[hE8%;78Mh�`�;7@Cj 57698XVW8%`�5q5K@v576E8X;[>W^C6]5�\]m�57698j�8Mh<>AI	3S:n8%;7`�@	;HjqI	3EF�8t@	\<DK8%;[=	8MhX`�@	;�57698t5bm?:n8"�{>A3<hE>W=�>AhEBEI	VADMx
243"F�@Cjq:<IJ;[>ADK@C3qNa>W576q576E8�:n8%;7`�@	;HjqI	3EF�8aVW8%=	8MV�DOIJ5K57I	>A398Mh�\?mi5Ym]:n8i�aI	3Eh"5bm?:g8 >{>A3Eh<>W=?>�hEB�eI	VADOF�@C3EF�8%;[3E>A3E^�576E8�8%=	@CVAB957>W@C3<IJ;7m#;[B<3ED�@	`p576E8�:E;78%=�>W@CBED�8���:g8%;H>Aj�8M3]57D� uDK8%8��?8MF�57>W@C3 Q?x ¤9xRQ?xA�R¡39@�>A3EhE>W=�>AhEB<I	V<I	F[6<>W8%=	8MhlI";78MjqIJ;7ZJIJ\<VW8t:n8%;7`�@	;[jqI	3<F�8,2<69@RNc8%=	8%;MLnIqVAIJ;7^	8%;�I	j�@CBE3]5�@	`r>A3EhE>We=�>AhEBEI	V�D�IJ5K57I	>A3E8Mh�I	3iI	F%F�8%:<57IJ\<VW8�VW8%=	8MV�@	`p:g8%;[`�@	;[j"I	3EF�8	��576981`�;[I	F�57>W@C3U@	`<5Ym]:n8t�1>A3EhE>A=?>Ah<BEI	VAD576EIJ5iIJ;78"IJ\<VA8q5K@lVW8%5GIQ^	;7@CB9:&@	`1DKef\g@	57DGj�@R=	8�57698":<;78%mw>�3 VJ�/g @	`�I	VAV�@	\<DK8%;7=JIJ57>W@C3EDt`�@	;

>LV�F%j 5K@RN1IJ;[hED�57698G\g8MI	F�@C3T u>�x 8	xWLgI"hE>AD757I	3EF�8#^CI	>A3_@	` VC¡1@	;�8%=	8M3ljq@	;78G>AD�5bNa>AF�8iI	Da\p>W^"I	D>A3S576E8{:E;78%=�>W@CBED�DK8%5a@	`�8���:n8%;[>Aj�8M3]57D%x
za698"\n8MDK5ij�8MhE>AI	3&:n8%;7`�@	;HjqI	3EF�8�>�D#I	F[6<>W8%=	8MhT\]mvIl5bm?:n8O>l>A3Eh<>W=?>�hEBEI	V�Ly57698�@C398�57IJZ	8M3`�;7@Cj 57698U8%=	@CVAB957>A@C3EIJ;7mX;[B<3 +?x#2�3w576E>AD�F%I	DK8	L 57698�j�8MhE>AI	3dhE>AD757I	3EF�8U^CI	>A3dF�@	;7;78MDK:n@C3EhED�5K@

Q,+�F%j_x
243X576E8#;78MjqI	>�3E>A39^q:pIJ;757D�@	`r576E>�DaF[6<IJ:E5K8%;MLgNP8i`�@�F%BEDa@C3_57698iI	3EI	VWm�D7>ADa@	`�D7>��X>A3EhE>A=?>Ah<BEI	VAD`�;7@Cj 57698S8%=	@CVAB957>A@C3EIJ;7mv;[B<3ED=V?L�,?L�*]L <?L +wI	3Eh+�%��xT��>A3<F�8�`�@	;�57698S8%=	@CVAB957>W@C3<IJ;7mv;[BE3 +57698t5Ym]:n8�>U>A3Eh<>W=?>�hEBEI	VE>AD1D7BE:g8%;H>W@	;P5K@�576E8t5bm?:g8��t>A3<hE>W=�>AhEBEI	V�Na>A576S;78MDK:n8MF�515K@�57698tj�8MhE>AI	3:n8%;7`�@	;[jqI	3EF�8�8���6<>W\<>W5K8Mh�>A3q57698�DK8MF�@C3Eh�:<6<I	DK8a@	`�:n@CDK54ef8%=JI	VABEIJ57>A@C3yL]Nc8�:E;78%`�8%;P5K@�DK8MVW8MF�5c576985Ym]:n8 >d>A3Eh<>W=?>�hEBEI	V�`�@	;�`uB9;757698%;qI	3EI	VAm?D7>�D%x&243�I	VAV1@	57698%;�F%I	DK8MD%Lc57698X5bm?:n8v�Q>A3EhE>A=?>Ah<BEI	V�>ADDK8MVA8MF�5K8Mhyx

	 ��� � � ! 
� � �#� �� 
� � � � � �  
 � � � � � � � � ��� � � � �� � � 
 � ! � � 
� � � � � z�698 >?�RVJ�	��5K8MDK57D�5K@8%=JI	VABEIJ5K8�57698�:n8%;7`�@	;[jqI	3EF�8�@	`�57698�\n8MDK51>A3EhE>W=�>AhEB<I	VAD�@	`�8MI	F[6X8%=	@CVAB957>W@C3EIJ;[mq;[BE3�hEB9;[>�39^{57698:n@CDK54ef8%=JI	VABEIJ57>W@C3lIJ;78#\pI	DK8Mh_@C3_:E;78%mS@	\�~K8MF�57D�@	`�h<>��g8%;[8M3}5�D76EIJ:n8MD�I	3EhljqI	D7DK8MD%x £ @	;�8%=	8%;7m5K8MDK5157698�:E;[8%mq>ADPjq@?h98MVA8Mh�I	D�IiF%B9\n@C>Ah�@	;1I	D1IUF�m�VA>A3Eh98%;"2}8MI	F[6S@	`�57698MDK8�D76EIJ:n8MDc>AD1DK8MVW8MF�5K8MhNa>A576l8?;?BEI	V�:E;[@	\<IJ\<>AVA>A5bm	x{z�698UD7>Ws%8U@	`P57698�:E;78%m_>�D�FH69@CDK8M3k;HI	3Eh9@CjqVWmlI	3Ehd>A3Eh98%:n8M3Eh98M3]57VWm`�;7@Cj�>W57DajqI	D7D# uDK8%8#57698{\n8%^C>A3E3E>�39^G@	`��?8MF�57>W@C3UQ?x ¤9xRQ�`�@	;�h98%57I	>AV�DH¡Hx
: VW5769@CBE^C6{57698P^	8%@Cj�8%5K;[>AF%I	V]:E;7@	:n8%;757>W8MD @	`957698�:E;[8%m{6EIM=	8139@a>A3 ¢ B98M3EF�8r@C3G57698Pj"IJ^C3E>W57BEh98@	`c57698�`�;[>AF�57>W@C3EI	V�`�@	;[F�8MD{576<IJ5{IJ;[>ADK8qhEBE;[>A39^�5K;[I	3EDK:n@	;75%L�576E8�^	;7@CB9:���D�:n8%;7`�@	;[jqI	3EF�8qF%I	3v\g8I,�n8MF�5K8MhTD7>W^C3E>WopF%I	3}57VWmw\?mdD[6EIJ:n8"I	3Eh�D[>Ws%8q@	`�57698q:<;78%m	x £ @	;U8���I	j�:pVW8	L�V�IJ;7^	8%;#:E;[8%mw@J�n8%;j�@	;[8t:g@	5K8M3]57>AI	VyDK:pI	F�8�IJ;[@CBE3EhS57698�:n8%;[>Aj�8%5K8%;�5K@�\n8�^	;[I	DK:n8MhQhE>W;[8MF�57VWmq576EI	3QD7j"I	VAVW8%;1:E;78%m	x

)k8t6EIR=	8�@	\<D78%;7=	8Mh"576<IJ5P57698�8%=	@CVW=	8MhS>A3Eh<>W=?>�hEBEI	VAD�F�@C3EF�8%;[3E>�39^#57698�8��?:n8%;[>�j�8M3}57DPh98MD7F�;[>A\g8Mh>A3 q 6EIJ:E5K8%;�>�8��96E>W\<>W5yI	3GI	F%F�8%:E57IJ\<VW81VW8%=	8MVC@	`�5K;[I	3<DK:n@	;75�:n8%;7`�@	;[jqI	3EF�8r@C3EVAm�>A`]57698P:E;78%mt>W5K8Mj>ADO\<>W^G8M39@CB9^C6 2�>A3q576<>ADOF%I	DK8�8MI	FH6�jq8Mj#\n8%;c@	`�I#^	;7@CBE:"@	`�5YNP@i5K@Go<=	8�D4ef\n@	57DP576EIJ51>AD�5K;7m�>A39^5K@S:<BED[6X57698U:E;78%mX>�D�IJ\<VA8G5K@S^	8%5t>A3whE>W;78MF�5�F�@C3}57I	F�5{N�>W576_576E8G:E;[8%mQ@C3l576E8i:<;78%`�8%;[8M3}57>AI	V � �D7>�h98q uDK8%8U�?8MF�57>A@C3 >?x ¤9xRQC¡Hxz�@{8%=JI	VABEIJ5K8�57698�;7@	\<B<DK57398MD7Dr@	`n8%=	@CVW=	8Mh�F�@C3]5K;7@CVAVW8%;[D�Na>W576�;78MD7:g8MF�5O5K@{57698�D[6EIJ:n8�I	3Eh�57698D7>As%8�@	`p:<;78%m	L}57698�hEIJ57I{F�@C3EF�8%;[3<>A39^t57698[>?�RVJ�	�#5K8MDK57D�`�@	;O576E8�8%=,I	VAB<IJ57>W@C3�@	`n57698�:n8%;7`�@	;[jqI	3EF�8@	`�57698�\g8MD75c>A3<hE>W=�>AhEBEI	VAD�`�@	;18MI	F[6Q8%=	@CV�B957>W@C3EIJ;7m";[BE3�>ADc:<IJ;757>W57>W@C3E8Mh�I	F%F�@	;[h<>A39^i5K@qhE>��n8%;78M3}5
� �)( �?� %?������ ���> .A����8+D�7�9��A" 1�7�"�6+.%?�>A�* �� ���"�0#��+.� .A ;

*.*



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

A1 A2 A3 A4 A5 A6

type 1 individual of run 5

di
st

an
ce

 g
ai

n

−5
−4
−3
−2
−1

0
1
2
3
4
5
6
7
8
9

10

A1 A2 A3 A4 A5 A6

type 1 individual of run 6

−5
−4
−3
−2
−1

0
1
2
3
4
5
6
7
8
9

10

A1 A2 A3 A4 A5 A6

type 1 individual of run 7

−5
−4
−3
−2
−1

0
1
2
3
4
5
6
7
8
9

10

A1 A2 A3 A4 A5 A6

type 1 individual of run 8

di
st

an
ce

 g
ai

n

−5
−4
−3
−2
−1

0
1
2
3
4
5
6
7
8
9

10

A1 A2 A3 A4 A5 A6

type 2 individual of run 9

−5
−4
−3
−2
−1

0
1
2
3
4
5
6
7
8
9

10

A1 A2 A3 A4 A5 A6

type 1 individual of run 10

−5
−4
−3
−2
−1

0
1
2
3
4
5
6
7
8
9

10

���������
	�������������������������	 �!���"�#�%$����%	&�
���"���'�(�(�)���
*+$��,��$)-.�%/10"����2��
�����)03*��(	�/4$�576�	&�%�(�8-9$��:2��<;=	��(	��!�>���7?
�(	��(@A��0���$)-.�(��27�"�3�(	%-9	&�
�(	&2B51/BCED�F
C:�7F�G&G�G%F(C��IHJ�(K�	L���)2��������+�%�(	&�)�
	M-9�($)NO�(K�	L0"	%-J�:�
$P�
K�	L�(����K!��QR
C�0�0S��/10��"��27	&�(��K��T@)	��U���)27�"���V5+	���WX	&	��Y�P����2ZD\[]��NPM��$����(K�	^�,��_#�,	&0�	\�R�(	&2B�"��27�"@1�"27�+��0��V$)-]�
K�	
	&@)$�0��7�(��$�����[�`+��`ba1`�c�`+d'�)��2eD&f�`��(K�	 27������������	M���)���g��$)����	��(�������L�(	&�,�(�h-9$)�h�(K�	 27��;=	��(	��!�V�
	%�(���"�
�"0"0����,�
���A�(	&2i51/j�^��$)�(��K�	\2j5�$T_1?k�)��21?kW8K��"�
l)	&�X*�0�$)�&Smk-��
K�	M��$��(��K�	&�n$�-���Wo$�*�0�$)�(�827$'��$)�h$A@)	&�
0���*
�(K�	��i�(K�	MN^	&27�������8�)�
	>�
�������<p������!�(0�/j2��<;=	��(	��!�h�A�n�
K�	>p�@)	>*�	����%	��!�80"	�@)	&0q]rX�)��Kj5�$T_j�(	�*��(	&�
	��!���
�)f�[ �
$U����dL$)5��
	��(@A�A�
�"$)�+��

sAt9u7v%vRw�v x7yXz|{%wA}3~

��� � w�v%wA�%vM�P�1�%�^�=�A�A�A�)�%�^�isTx��Bz�{���vRwL� � w^�|u1�%uisTx��|sTwA{����9�b�4sT}=t9�9���b{&�9sAu7tbz�{%wA}#x7�=��w�sT�%v��
�L� sTx7{%{%w�vRz�x�����vU�Rx��Rw�vR�%vi�9��� � �9s � � � wYsT}=t9�9�|�bwA{�vA�]{�u7�|�9�n{%w�v%�9��w#�9��� � w#{�u7�b�7w����U�
�1�<�b  �n¡ �)¢&��� �£�1�<� � ¢&�

��� � wEvRwA�%v:¤����%¤>�b�A�A�A�)�%¤M�UsTx��Bz|{��9vRwE� � wL��u1�%uPsTx���sTwA{����9���'z�{%wA}4x7�=�Rw�sT�%v�� �9� � sA¥b��x��9�
v � u1z�w7�I¤^�7�%¤M�=�A�A�A���%¤>�Z{%wAy¦wA{j�Rx§�Rw�vR�%vP���¨� � �9s � � � wItJx��b�7wA{Pv��9�bw#tJw����7� � �9vU�L�J� � �9�
� � wi{&u7�b�7w�vg������������¢&©>���������1ª�¢&©M���1ª=���7��¢&©:���7����«1ª�¢&©M��«1ª=��«7��¢'u7�|����«7���R¬�ª�¢&� � � wit9w��b�7� �
x7yo� � wjv � x7{%�RwA{ v%���bw'�9vEu7tJ�>u�}=vE�9�� � w'{�u7�b�7wUx7y>���B�RxY�1ª8sA�®�

��� � wPvRwA�%v^¯i�4u7����¯^�Y{%wAy¦wA{%{��9�b�#�RxI� � wi��u1�%uesTx���sTwA{&���9�b�Y�Rw�vR�%v^� �J� � z�{%wA}x7y ���nsA�
u7�|�Z�1ª8sA� � w��9� � �A�

° x���sTwA{&���9�b�4� � wjv%wA�%vE¯P�ju7���Z¯^�4� � wU�Bw�����u7�ez�wA{�yqx7{��#u7��sTw'x7�|vRwA{%±7w��Zyqx7{E� � wj�9�����9±��9�b²
¥�u7t9vPx7yE� � wewA±7x�t9¥b�%�9x���vi�®�Rx³�Aª�u1{%wIu7t��Bx�vR�B�9�bw��+�%�9sAu7thy¦x7{4� � wev � x7{%�iz�{%wA}¨x7�=�Rw�sT�%vZ k¯i��¢
u7���Z� � wU�%u7t9t]x��bw�vi k¯��+¢&~�� � wU{�w�t9u1�%�J±7wj�bwA±=�9u1�%�Jx����vEu1�L�Bx�v%�L��´I�Vµ^¥bwP�Rxg� � wUz�x�v%�9�%�Jx����9�b�
�BwA� � x=�¶¥�vRw��S©�� � w®vR²���x7�%v#u1{%w®�9���9�%�9u7t9tJ}¨z|t�u7sTw��³� �J� � ���·u�v%w��g��²,sA�J{�sAt9weu1{�x�¥����³� � wz|{%wA}7�
¸ �9��sTw � � �9v�v%w��g��²,sA�J{�sAt9wE�9vhx7{��9w����Rw��#�Rx)�>u1{���v:� � wE��w�u7sTx��Y� � wLv�²���x7�%v:sAu7�#�9�|�J�%�9u7t9tJ}ivRw���vRw � � w

¹1º



���� ���2	0(��L���#(

B1 B2 B3 B4 B5 B6

type 1 individual of run 5

di
st

an
ce

 g
ai

n

−5
−4
−3
−2
−1

0
1
2
3
4
5
6
7
8
9

10

B1 B2 B3 B4 B5 B6

type 1 individual of run 6

−5
−4
−3
−2
−1

0
1
2
3
4
5
6
7
8
9

10

B1 B2 B3 B4 B5 B6

type 1 individual of run 7

−5
−4
−3
−2
−1

0
1
2
3
4
5
6
7
8
9

10

B1 B2 B3 B4 B5 B6

type 1 individual of run 8

di
st

an
ce

 g
ai

n

−5
−4
−3
−2
−1

0
1
2
3
4
5
6
7
8
9

10

B1 B2 B3 B4 B5 B6

type 2 individual of run 9

−5
−4
−3
−2
−1

0
1
2
3
4
5
6
7
8
9

10

B1 B2 B3 B4 B5 B6

type 1 individual of run 10

−5
−4
−3
−2
−1

0
1
2
3
4
5
6
7
8
9

10

�	��,�Q��� ���� �G�%� �U�5(8�)���/�$� ,;����� �����+���$������,����)���+(D.9�����#��0 �$Q
+�'��F .���&7 �'
.�8�&����( ��0LFG�$�9�&���&�'� (D�$�$�'�
�2� � � � ������� � � �]����0k�&� ��� (��%S[(D�$��(E��0 ���&(D��( �%� NP?�5�)? ��Q/
+�'��F(E?/���'�#���-
9� �������/(D.9�������=FJ���6?�
�%�'�,��&� (���F� ��0 � �&�'�)? ��Q
9���5F �5( �������6� !���1 �%�'�,/�`��'� ��?�-(��%S:(��$���&�����=F:�%�+FG���!�5FGQ/����( ��0
��?�T�"�'����QG�������+( �.� ��� �.� � � � ���/F:� !��	��?�TFG�5(8�)���/�$� ,'���%� �$���/�$�$������, ���=(8�)(L0k�'� ��?� FG�$� �$���$�;�
(D�$��( �5(E�����%Q/(D���)�4���&F 
!7 � ����)�)?�&F[
+� S!AC���/F!AYNP?�5( #'�$�L./�%���&���H�'�)? 
9� S����$./���=(D�&�'�)( � � � ������ �
��
/(��$� �4�4���%�'�/($�

57IJ;7^	8%5{h<>W;78MF�57>W@C3yx�z�698UBEDK8i@	`O57I	V�V :E;[8%mX@	\�~K8MF�57Dtjq>W^C6]5�VW8MI	hw5K@QI�:n8%;7`�@	;HjqI	3EF�8GhE8MF�;78MI	DK8>A3QF%I	D78#@	57698%;�:n@CD7>A57>W@C3E>A39^Uj�8%5769@�hED�IJ;[8{BEDK8Mhyx
£ >W^CBE;78 Q?xR>.,SD[69@RNaD�57698i@	\<DK8%;[=	8MhkhE>ADK57I	3EF�8i^CI	>A3dF�@C3EF�8%;[3<>A39^"576E8UD78%57D : �J� : >�� ' ' 'R� : ,�L>�x 8	xWL?`�@	;chE>W�g8%;78M3]5�;[I	3E^	8MDO@	`�;HI	hE>A>�@	`�57698�F�m?V�>A3Eh9;[>�F%I	V�:E;78%m	x�2Y5cF%I	3"\n8�DK8%8M3"576<IJ5Pj�@CDK5c>A3EhE>We=�>AhEBEI	V�DO:n8%;7`�@	;[j ;?BE>W5K8�;7@	\<BED75PNa>A576S;78MDK:n8MF�515K@q57698tD7>Ws%8t@	`�57698tF�m?V�>A3Eh98%;Mx : VAVn>A3EhE>A=?>Ah<BEI	VAD8��96E>W\<>A51IU:n8%;7`�@	;[jqI	3<F�8{h98MF�;78MI	DK8#>�3QF%I	DK8#@	`�57698#DK8%57D : �tI	3<h : >qF�@	;7;78MDK:n@C3EhE>�39^G5K@"5K8MDK57D>A3SN�6E>AF[6S576E8#F�m?V�>A3Eh98%;[DM�];[I	h<>A>yIJ;78{D7jqI	V�VW8%;�576EI	3 +�F%j_x
£ >W^CBE;789Q?xR>�*SD769@�NaD�57698�@	\<DK8%;[=	8MhkhE>ADK57I	3EF�8�^CI	>�3kF�@C3EF�8%;[3E>A3E^�576E8UD78%57D/���	���o>�� ' ' 'R��� ,�L>�x 8	xWLg`�@	;�hE>W�g8%;78M3]5�VA8M39^	576ED�@	`O57698GVW@C3E^	8%;�D7>�h98{@	`OF%B9\n@C>AhX:E;78%m	x�2�5�F%I	3l\n8GDK8%8M3l576EIJ5�j�@CDK5>A3<hE>W=�>AhEBEI	VADa:n8%;7`�@	;Hj `�I	>W;HVWm_;7@	\pBEDK5tNa>W576d;[8MDK:n8MF�5{5K@X57698"VA8M39^	576k@	`157698"VW@C3E^	8%;#D7>Ah98	x : VAV\<BE5O@C398t>A3Eh<>W=?>�hEBEI	V?8���6<>W\<>W5OIi:n8%;7`�@	;[jqI	3EF�8�h98MF�;78MI	DK8t>A3�F%I	DK8�@	` DK8%5@����F�@	;7;78MDK:n@C3EhE>�39^{5K@5K8MDK57D�>A3SNa6E>�F[6S57698#VA8M39^	576Q@	`�8MI	F[6wF%B9\n@C>Ahy��D1D7>Ah98{>�D�>A3S57698{;[I	3E^	8{@	`c�?>�5K@_�-,�F%j_x

	 ��� � � ! 
� � � � � �
� � � � � �  
 � � � � � � ��� � ��� � � � �	� ��� � ��� � � # � 
 � � ��� 
 � � ��� : DO`�@	;O57698�:E;78�e=�>W@CBED18���:n8%;[>Aj�8M3]57DcNP8t8%=JI	VABEIJ5K8t57698�;7@	\pBEDK57398MD7D1@	`�57698t8%=	@CVW=	8MhXF�@C3]5K;7@CVAVA8%;[D1Na>W576�;78MDK:n8MF�55K@t576981`uBEVAV�ebF%>A;[F%VW8O:n@CD7>A57>W@C3E>A39^�j�8%5769@�hU576EIJ5r>AD�B957>AVA>Ws%8Mhi>A3i57698�D7F%I	VAIJ\p>AVA>W5Ym#I	3EI	VWm�D7>AD�5K@t:<VAI	F�8VAIJ;[^	8%;c^	;[@CB9:<Dc@	` D4ef\n@	57D1>A3�57698�=�>AF%>A3<>W5bm�@	`�576E8�:E;[8%ml uDK8%8#�?8MF�57>W@C3 Q?x ¤9xRQ?x ¤]¡Hx q 6EI	39^C>A3E^#57698DK5K;HIJ5K8%^	m#@	`<>A3<>W57>AI	V	:<V�I	F�8Mj�8M3}5�@	`ED4ef\n@	57D�398MIJ;�57698c:E;78%m{6EI	D�D769@�Na3i5K@�h<>Ajq>A3E>�D76�57698c^	;7@CB9:���D:n8%;7`�@	;[jqI	3EF�8t@	`�8%=	@CVW=	8MhwF�@C3}5K;[@CVAVW8%;[D�>�3S:E;78%=�>W@CBEDc8��?:n8%;[>�j�8M3}57DG uDK8%8i�?8MF�57>W@C3UQ?x ¤9xRQ?xA�R¡Hx

*3+



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

z�698qD78MVW8MF�5K8Mh�>A3<hE>W=�>AhEBEI	VAD�@	`c576E8�8%=	@CVAB957>W@C3EIJ;[ml;[B<3ED�V?L ,?L *]L <?L-+XI	3Eh��%�X6EIR=?>A3E^Q57698\n8MDK5�j�8MhE>AI	3U:n8%;7`�@	;[jqI	3<F�8�IJ;78�8%=,I	V�BEIJ5K8Mh�@C3_�JLR>LVJ�#5K8MDK57DOB<D7>A39^�57698�`uBEVAV�ebF%>A;[F%VW8O:n@CD7>A57>W@C3E>A39^j�8%5769@�hyxGza698U;78MD7BEVW57D�IJ;78�D76E@RNa3k>A3 £ >W^CB9;[8 Q?xR>L<?x�z�698UNa6<>W5K8G\n@R�?8MDtF�@	;7;[8MDK:n@C3Ehw5K@Q57698@	;[>W^C>A3<I	V�:pVAI	F�8Mj�8M3]5#j�8%5769@�hyxUz�698_ uVA>W^C6]5tI	3EhkhEIJ;7ZE¡�^	;[IRmw\n@R�?8MDt;[8%`�8%;t5K@X576E8�`�BEV�V�ebF%>W;[F%VW8:n@CD7>W57>W@C3E>�39^9x
q @Cj�:pIJ;[>A39^�57698GNa6E>W5K8GI	3EhXVA>W^C6]5�^	;[IRmQ\n@M��8MD�>W5�F%I	3_\n8#DK8%8M3_576EIJ5a576E8G398%N�:<VAI	F�8Mj�8M3]5j�8%5769@�hU;78MD7BEVA57D�>A3UI�;78MVAIJ57>A=	8MVWm{\<>W^�:n8%;7`�@	;[jqI	3EF�81h98MF�;78MI	DK81`�@	;r57698�>A3EhE>A=?>Ah<BEI	VADyF�@C3EF�8%;[3<>A39^57698�8%=	@CVAB957>W@C3<D�V?L(,?L�<iI	3Eh +?xOza698�jq8MhE>AI	3ShE>ADK57I	3<F�8�^CI	>A3S@	`�57698t>A3EhE>A=?>Ah<BEI	V�@	` 8%=	@CVABE57>W@C3�%�_>ADtD[VA>W^C6]57VWmlh98MF�;[8MI	D7>A39^Q`�;7@Cj ,?xA�?>_5K@UV?xRVJ��x�2�3kF%I	DK8�@	`157698q>A3EhE>A=?>Ah<BEI	V�@	`18%=	@CVAB957>A@C3 *57698#j�8Mh<>AI	3QhE>ADK57I	3<F�8t8%=	8M3_D7VA>A^C6}57VWm�>A3EF�;78MI	D78MD�`�;[@Cj V?xRQ��{5K@ V?xR<�*]x243T\g@	576TF�@C3ED[>Ah98%;78MhTF%I	DK8MD�576E8�5K8MD757DqVAI	DK59>J�kDK8MF�@C3Eh<D%x�2�`�Nc8Q8��?5K8M3EhT576E8SD[>AjGB<VAIJ57>W@C3:n8%;[>W@�hG`�@	;r5K8M3qI	hEh<>W57>W@C3EI	V�DK8MF�@C3Eh<D%LC57698�j�8Mh<>AI	3U:n8%;7`�@	;HjqI	3EF�8MD�@	`nI	VAV9>A3EhE>A=?>Ah<BEI	VAD�>A3<F�;78MI	DK8IJ^CI	>A3� uhEIJ;7Z_^	;[IMml\g@R�?8MD ¡Hx q @C3EF�8%;[3E>�39^"57698U8%=	@CVABE57>W@C3ED2V?L ,�I	3<h�<?Ly57698UI	hEhE>A57>W@C3EI	V�57>Aj�8@	`P5K8M3kD78MF�@C3EhED{>AD�8M39@CBE^C6d5K@XF�@Cj�:n8M3ED7IJ5K8�57698qVW@CD[D�@	`c:n8%;7`�@	;[jqI	3EF�8�F%I	BEDK8Mhd\?m_576E8q398%N:<VAI	F�8Mj�8M3]5PD75K;[IJ5K8%^	mp�r576E8ahE>��n8%;78M3EF�8MDr@	`n57698a@	\<DK8%;7=	8Mh�j�8MhE>AI	3qh<>ADK57I	3EF�8�^CI	>�3ED�F�@C3EF�8%;[3<>A39^576981Na6E>W5K81I	3EhUhEIJ;7Z#^	;[IMmi\n@M��8MD�@	`p5769818%=	@CVAB957>W@C3<D�V?L),�I	3<h <�IJ;781;[IJ576E8%;�VA@RN   0X� ' ¤�Q?L?��x��J¤I	3Ehd��xA�R¡Hx{243wF%I	D78i@	`P57698i@	57698%;t5769;78%8i8%=	@CVAB957>W@C3<D�576E8U>�3EhE>W=�>AhEBEI	V�DP:n8%;7`�@	;[j-8%=	8M3d\n8%5K5K8%;ML>W`�57698q3E8%N :pVAI	F�8Mj�8M3]5{DK5K;[IJ5K8%^	md>AD�BEDK8MhkI	3Ehw5K8M3kI	hEhE>A57>W@C3EI	V�DK8MF�@C3EhEDtIJ;78qIR=,I	>�VAIJ\<VW8	��57698j�8MhE>AI	3dhE>�DK57I	3EF�8i^CI	>A3ED�@	`O576E8Uh<IJ;7ZX^	;[IRm_\n@M��8MD�`�@	;t576E8i8%=	@CV�B957>W@C3ED *]L�+SI	3EhT�%��8���F�8%8Mh57698�jq8MhE>AI	3�=JI	VAB98MDO@	`g576E8�F�@	;7;78MD7:g@C3<hE>A39^�Na6E>A5K8�\n@M��8MD�\?m5>?xA�?>?Lg�JxRQ���I	3Eh_�JxR>,¤9xP�a@�NP8%=	8%;MLI	VADK@q576E8#DK57I	3EhEIJ;Hh_h98%=�>AIJ57>W@C3EDa>A3EF�;78MI	DK8	x q @C3EF�8%;[3<>A39^�57698{@	\pDK8%;7=	8Mh_h<>ADK57I	3EF�8{^CI	>�3Q=,I	V�B98MD`�@	;i57698�8%=	@CVAB957>W@C3ED V?L�,?L *]LA<?L +XI	3Eh �%�_576E8�DK57I	3Eh<IJ;[h�h98%=�>AIJ57>W@C3<D#BED7>�39^X57698�`�BEV�V�ebF%>W;[F%VW8:n@CD7>W57>W@C3E>�39^ijq8%5769@?hlI	3EhX6EIR=?>�39^5QJ�"DK8MF�@C3<hED�@	`rD7>AjiBEVAIJ57>W@C3S57>�j�8{IJ;78=Q?x�� +l  Hd� 'R<��R¡HL,>?x ,�*  Hd� '�*'<C¡HL4Q?x ¤�V�  Hd� ' ,LVC¡HL Q?x ¤�Qq  Hk� ' ¤E�R¡HL Q?x�+LV�  HT�+'R>,+C¡�I	3<h >?x�*U  Hk� 'RVC¡Hx�z�69813]BEjG\n8%;[D�>A3G57698:<IJ;78M3]57698MDK8MDO;78%`�8%;O5K@#57698�hE>W�g8%;78M3<F�8�Na>W576U;78MDK:n8MF�5�5K@#57698aDK8Mjq>WebF%>W;[F%VW81:n@CD7>W57>W@C3<>A39^�DK5K;[IJ5K8%^	mI	3EhXIqD[>AjGB<VAIJ57>W@C3�57>Aj�8t@	`A>J�qDK8MF�@C3<hED%x243�F�@Cj�:pIJ;[>ADK@C3�Na>W576"57698a:n8%;7`�@	;[jqI	3EF�8�IJ5K57I	>A398MhS>A3�I#D7>Aj">AVAIJ; � � 5K8MDK5c\?mq57698�>�3EhE>W=�>AhEBEI	V�DDK8MVW8MF�5K8Mh�`�@	;�57698�I	3EI	VWm�D7>AD�F�@C3EF�8%;[3E>�39^�576E8c8%=	@CV�B957>W@C3EIJ;7m#;[BE3ED�@	`E576981:E;[8%=?>W@CB<D 8���:n8%;[>Aj�8M3]57D uDK8%8��?8MF�57>A@C35Q?x ¤9xRQ?xA�R¡�57698�F�@C3]5K;7@CVAVA8%;[Dr576EIJ5�6EIR=	8�\n8%8M3U^	8M398%;[IJ5K8Mh�>A3i576E>AD�8���:g8%;H>Aj�8M3]5�D78%8Mj5K@q\n8{D7VA>W^C6]57VWm�j�@	;78t;7@	\<B<DK5�Na>W576S;78MD7:g8MF�5�5K@�57698{398%N :n@CD7>A57>W@C3E>A39^UDK5K;[IJ5K8%^	m	x

����������������� � 
 ����� 
�� �"#�� � � #���� � �

z�698GoE57398MD7Da`�BE3<F�57>W@C3XBEDK8Mhl\?m�576E8#8%=	@CVAB957>A@C3EIJ;7mXI	VW^	@	;[>A576Ej�;78%N1IJ;[hEDa57698#:<;78MDK8M3EF�8G@	`�I	D4eDK8MjG\<VW8Mh#DKef\g@	5�DK5K;[BEF�57BE;78MD�F�@C3<398MF�5K8Mhi5K@�57698P:E;78%mq uDK8%8��?8MF�57>W@C3 Q?xRQ?xRQC¡Hx�z @�^	8%5�I�jqI,�9>AjiBEj;78%N1IJ;[hyL�8MI	F[6XDKef\g@	51D769@CB<VAh"8MD757IJ\<VA>AD76�IUF�@C3E398MF�57>W@C3S8M>A57698%;�hE>W;78MF�57VWm�5K@U57698�:E;[8%mq@	;�5K@�I	3�e@	57698%;"D4ef\n@	5U576EIJ5�>AD�hE>A;78MF�57VWmk@	;">A3<hE>W;78MF�57VWmkF�@C3E3E8MF�5K8Mh�5K@k57698S:E;78%m	x � >W=	8M3�Id^	;7@CB9:T@	``�@CBE;�D4ef\n@	57D%Ln57698%;[8iIJ;78S� *q:g@CD[D7>W\<VW8GDK5K;[BEF�57B9;HI	V F�@C39oE^CBE;[IJ57>W@C3ED�@	`OD4ef\n@	57D�F�@C3E398MF�5K8Mhw\n@	5765K@#8MI	FH6�@	576E8%;PI	3Eh"5K@#57698�:<;78%m	x � ��z�698MDK8aD75K;[BEF�57B9;78MDPIJ;78a>AV�VABEDK5K;[IJ5K8Mh�>�3 £ >W^CB9;78[Q?xR>,+?x q @C3�e
� �)I A)���"�0�����)0&�9 K>"�7�=<���� ���>-/�AC���  =A�:�' ����� ') =#�;�������  1(2 =A?�$������� �8�$���"+.��� +.A"% ���-��!+1��� >���� :9�-��% ;
� ( 4&���H>?� �H>?���� ���"+1��+D���!�>�� .-/ .���"�?�>�$ =A :�')� K>"AC�7 =A?��=;

<J�



���� ���2	0(��L���#(

5 6 7 8 9 10

−15

−10

−5

0

5

10

15

Robustness with Respect to Initial Positioning Strategy
prey: different masses, shapes and sizes
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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, different shapes and sizes
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group size: 16; prey: 2,000 g mass, different shapes and sizes

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

di
st

an
ce

 g
ai

n

�	��,�Q���T�/� � ���� �U�5(8�)���/�$� ,;����� 0k�'�*F��� �$���$�;�#(8����Q+�<��Q/��� (D�$�$�=($�>��'�E��?�%�"�"!����=(8�)(*��0 ��?��(D�&�%�=�<���&F
�%�+FG���!�5FGQ/��� ��0L��Q� � ��?�-FG�5(8�)���/�$�],'���%� �5(#./�%���D���=F ��,;�����/(D�#��?�-(D�$�$� ��0R��?/� ���'�����&(�.9���/FG���,
��(�(D�&1 
���&F ���)���+(D.9����� (8����Q/����Q���K��
/(��$� ���=F ���O��?� #/�/���J����1*�L(8���$.T��0r�&�'�)? ���&(D�&�

<�*



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

W�X�� X�� f2g��Ac�a��&^-f g��

2�3l576E>AD�F[6<IJ:E5K8%;MLyNc8i6EIR=	8�I	hEh9;78MD7D78Mh_57698i:E;7@	\pVW8Mj�5K@QF�@C3]5K;7@CV�I�^	;[@CB9:l@	`O`�@CB9;�D4ef\n@	57D�5K@F�@]@	:n8%;[IJ57>A=	8MVWmQ5K;[I	3EDK:n@	;75�I�698MIR=]mQ:<;78%mXI	D�F%VA@CDK8GI	D�:n@CD7D7>W\<VA8t5K@�I�VA>W^C6]5�8Mjq>W5K57>A3E^q\n8MI	F�@C3Na>W576E>�3�Iwo9��8Mh&:n8%;[>A@?h&@	`a57>Ajq8	x � 8%:n8M3Eh<>A39^_@C3�57698QjqI	D[DU576EIJ5�>ADi=,IJ;7m�>A39^wI	j�@C39^vhE>A`�e`�8%;[8M3}5t:E;[8%mX@	\�~K8MF�57D%L�57698U:E;78%mlF%I	3d\g8Uj�@�=	8Mhk8%|"F%>W8M3]57VWm_@C3<VWmX\?mlF�@?@	:g8%;HIJ57>W=	8U\g8M6<IM=�>W@	;@	`r5bNc@9Lp576E;78%8#@	;�I	VAVy`�@CB9;�D4ef\n@	57D%x )+>W576E>A3S5YNP@S>A3EhE8%:g8M3<h98M3}5�DK8%;H>W8MD�@	`�8���:g8%;H>Aj�8M3]57D%LE\n@	576D7jqI	VAV :E;78%mQ@	`�I":<IJ;757>AF%BEV�IJ;�D76EIJ:n8#I	3<hlD7>As%8	LpI	3Ehl:E;78%mQ@	`�hE>W�g8%;78M3]5aD76<IJ:g8MD�I	3EhlD7>Ws%8MD�IJ;78F�@C3ED7>AhE8%;78Mhyx
z�@dF�@C3]5K;7@CVc8MI	F[6 D4ef\n@	5G@	`aIl^	;7@CB9: L�Iw3E8MB9;[I	VO3E8%5bNc@	;7Z&F�@C3]5K;7@CVAVW8%;�DKm�3]57698MD7>Ws%8Mh�\?m�I	3IJ;757>Wo<F%>�I	V�8%=	@CVAB957>A@C3_>AD�B957>AVA>Ws%8Mh�x : \n@CB95a6EI	VA`�@	`O57698#8%=	@CVABE57>W@C3EDa6<IM=	8i8%=	@CVW=	8Mhw`�I	>W;HVWmS^	@]@�h:n8%;7`�@	;Hjq>A39^U>A3EhE>A=?>Ah<BEI	VAD%x za698MDK8#6EIR=	8{\n8%8M3Q`uB9;757698%;�I	3EI	VAm]s%8Mhyx
£ @	;1j�@CDK5�DK@CV�B957>W@C3ED%L}57698�5K;[I	3EDK:n@	;75r:n8%;7`�@	;[jqI	3<F�8MD%L}>�x 8	xWL]57698ahE>AD757I	3EF�8�^CI	>A3�Na>A576U;78MDK:n8MF�55K@#57698a57IJ;7^	8%5%L]@	\pDK8%;7=	8Mh">�39>?LRVJ�	�#5K8MDK57DPIJ;78a=JIJ;7m�>A39^tF�@C3ED7>�h98%;[IJ\<VWm	x�z�@#DK@Cj�8ahE8%^	;78%8a576E>�Dr>ADF%I	BEDK8Mh_\]m�57698t=JIJ;[>AIJ57>W@C3S@	`rjqI	D7DaI	j�@C39^q:E;[8%m�>W5K8MjqD�;[I	39^C>A39^U`�;7@Cj VJ�	��5K@l�J���	�	��^Ex e�3988%=	@CVW=	8Mhv>A3<hE>W=�>AhEBEI	Vn@	`P57698UoE;[DK5�DK8%;[>W8MD�@	`P8��?:n8%;[>�j�8M3}57DMLn>fx 8	xWLy57698U8��?:n8%;[>Ajq8M3}57D�Na>W576w:E;78%m@	`�IG:<IJ;757>AF%B<VAIJ;cD[6EIJ:n8�I	3Eh�D7>Ws%8	L�8��96E>W\<>W57DO;78MjqIJ;7ZJIJ\<VW8�`�8%N�:n8%;7`�@	;[jqI	3EF�8 ¢ BEF�57B<IJ57>W@C3EDcI	3EhIJ5K57I	>A3EDUIl;78MDK:n8MF�57IJ\<VW8�VW8%=	8MVc@	`�:g8%;[`�@	;[j"I	3EF�8	xlz�6E8�>A3Eh<>W=?>�hEBEI	VAD�@	`�57698SDK8MF�@C3Eh�DK8%;[>A8MD#@	`8��?:n8%;[>�j�8M3}57Da6EIM=	8iD769@RN�3Q5K@�I	F�5�`uI	>W;[VAm";7@	\<B<DK5�Na>W576Q;[8MDK:n8MF�5�5K@q:E;78%m�@	`rhE>��n8%;78M3]5�D76EIJ:n8MDI	3EhiD7>Ws%8MD%x e�3EVWm�>A3GF%I	DK81@	`9=	8%;7m#D7jqI	V�V	:E;78%mt@	\�~K8MF�57D%L	57698P:n8%;7`�@	;HjqI	3EF�8O@	`ED7@Cj�8cF�@C3]5K;7@CVAVA8%;[Dh98MF�;78MI	DK8MD�F�@C3ED7>�h98%;[IJ\<VWm	x243v@	;[h98%;G5K@lj�@�=	8�576E8q:E;78%m	L�57698�DKef\g@	57D#`�@	;Hj�=JIJ;[>W@CBEDt5Ym]:n8MDG@	`�I	D7DK8MjG\<VW8Mhv5K;HI	3EDK:n@	;75DK5K;[BEF�57BE;78MD�B<D7>A39^�57698#^	;[>A:E:n8%;a8MVW8Mj�8M3]5%x�z�698#`�@	;[jqIJ57>A@C3_@	`OD75K;[BEF�57B9;78MD�6EI	D�\n8%8M3_8Mjq:<6EI,eD7>Ws%8MhT\?m&576E8�o<57398MD7DU`uBE3EF�57>W@C3EDi576EIJ5q6<IM=	8X\n8%8M3�BEDK8Mh�h<B9;[>A39^l8%=	@CVAB957>W@C3�>�3&\n@	576�DK8%;H>W8MD@	`a8���:n8%;[>Aj�8M3]57D%x q @C3EF�8%;[3E>A3E^lj�@CDK5i@	\<DK8%;[=,IJ57>W@C3<D%L�DK8%=	8%;[I	V1hE>W;[8MF�5iF�@C3E3E8MF�57>W@C3EDi\n8%5bNc8%8M357698i:E;78%mXI	3EhlDK@CVA>W57IJ;7mQ@	;�I	D7DK8MjG\<VW8MhwD4ef\n@	57D�6EIM=	8U\n8%8M3_8MD757IJ\<VA>AD76E8Mhyx�2�3_57698UjqI�~4@	;H>W5bmQ@	`@	\<DK8%;7=JIJ57>W@C3EDMLpI	3_I	D[DK8Mj#\pVW8MhX^	;7@CBE:_@	`�D4ef\n@	57Da>�D�:<IJ;75a@	`r57698#5K;[I	3<DK:n@	;75�DK5K;[BEF�57BE;78{576EIJ5�>ADF�@C3E398MF�5K8Mhl5K@q57698t:E;[8%m	x
s_@CDK5�@	`<57698PI	3EI	VAm]s%8MhiF�@C3}5K;[@CVAVW8%;[D�`�I	>�VC5K@�:g8%;[`�@	;[j ;7@	\<BED75�Na>W576#;78MDK:n8MF�5�5K@�57698P`�BEV�V�ebF%>W;[F%VW8:n@CD7>W57>W@C3E>�39^�jq8%5769@?hX uI#DK5K;[IJ5K8%^	m�IJ:E:<VA>A8Mhih<B9;[>A39^�57698�D7F%I	VAIJ\p>AVA>W5YmGI	3EI	VWm�D7>AD ¡Hx-)�8%=	8%;757698MVW8MD[D%LjqI	3]mwF�@C3]5K;7@CVAVW8%;HDtIJ;78�DK57>AVAV�IJ\<VW8U5K@Q:E;[8MDK8%;7=	8�I	3kI	F%F�8%:E57IJ\<VW8�VW8%=	8MV�@	`O:n8%;7`�@	;[jqI	3EF�8�>W`O57698D7>AjiBEVAIJ57>W@C3S:n8%;[>A@?hS>AD18���5K8M3Eh98Mh_`�@	;�5K8M3_I	hEhE>W57>W@C3<I	VyDK8MF�@C3EhED%x�?8%=	8%;[I	V�F�@C3}5K;[@CVAVW8%;[D�IJ;78_IJ\<VW8_5K@�;78MDK:n@C3EhT8%|�F%>W8M3}57VAm�5K@�Ivh9m�3EI	jq>AFS;[8%:g@CD[>W57>W@C3E>A3E^l@	`57698t57IJ;7^	8%5ah<B9;[>A39^iD7>AjiBEVAIJ57>W@C3�F�@C3EF�8%;[3<>A39^U8M>W^C6]5�hE>��n8%;78M3}5�I	39^CB<VAIJ;�hE>ADK:<V�I	F�8Mj�8M3}57DMx���@Cj�8F�@C3}5K;[@CVAVW8%;[D#`�I	>AV�5K@lI	hEIJ:E5{57698�hE>W;78MF�57>W@C3v@	`1jq@R=	8Mj�8M3]5#@	`157698q:<;78%mw>A`P57698�398%N/57IJ;7^	8%5i>ADVW@�F%IJ5K8Mh_>A3QIqh<>W;78MF�57>W@C3S@	:E:n@CD7>A5K8�5K@�57698t:E;78%=�>W@CBED1@C3E8� �Na>W576S;78MD7:g8MF�5�5K@�57698t:E;78%mE¡Hx
z�698�:n8%;7`�@	;HjqI	3EF�8�@	`�I	VAV<I	3EI	VWm?s%8Mh�F�@C3]5K;7@CVAVW8%;c>A3EhE>A=?>Ah<BEI	VAD�h98MF�;78MI	DK8MDP5K@UDK@Cj�8a8���5K8M3Eh�>A3F%I	DK8"\n@	576k^	;[@CB9:�D7>Ws%8�I	3Ehk:E;78%mdjqI	D7DGIJ;78">A3<F�;78MI	DK8MhvVA>�398MIJ;[VWml\]mw57698q`uI	F�5K@	;[D >?L�QS@	;G¤9LF�@	;7;78MDK:n@C3Eh<>A39^S5K@X^	;7@CB9:pD�@	`o<?Lc�?>QI	3Eh��-,XD4ef\n@	57Dt5K;[I	3EDK:n@	;757>�39^S:E;78%mw@	\�~48MF�57D#@	` VJ�	�_5K@

>?���	�	��^_jqI	D7DMx )�8%=	8%;757698MVW8MD[D%LgD7@Cj�8GDK@CV�B957>W@C3ED�D757>AVAVyIJ5K57I	>A3wI"VW8%=	8MV @	`r:n8%;7`�@	;HjqI	3EF�8t576EIJ5�>ADI	F%F�8%:E57IJ\<VW8�`�@	;P^	;7@CB9:�D7>Ws%8MD�B9:"5K@��-,?x���@RNc8%=	8%;ML�NP8�D7B9:E:n@CDK81576EIJ5P57698MDK8aDK@CV�B957>W@C3ED�F%I	3<39@	5

<L<



����L� �I�4���'�0	�� �*���

\n8{IJ:E:<V�>W8MhSD7BEF%F�8MD7DK`uBEVAVAmq5K@"^	;7@CBE:<D�jGB<F[6_V�IJ;7^	8%;�576EI	3 >J�"D4ef\n@	57D%x
£ @	;�57698GD7F%I	VAIJ\<>AV�>W5bmSI	3EI	VWm�D7>AD%L9576E8#>A3EhE>A=?>Ah<BEI	VADO6<IM=	8i\g8%8M3X8��?:n@CDK8Mh_5K@q5K8MDK57D�>A3QNa6E>�F[6XI398%N�:n@CD7>W57>W@C3<>A39^�DK5K;[IJ5K8%^	mS �57698P`uBEVAVWebF%>W;[F%VW8�:n@CD7>W57>W@C3<>A39^]¡g>AD�B957>AVA>Ws%8Mh{5K@�8M3ED[B9;78�:E;[@	:g8%;�:<VAI	F�8�ej�8M3]57D�@	`�VAIJ;7^	8t^	;7@CB9:pDP@	`�D4ef\n@	57D�>A3�57698t>Ajqjq8MhE>AIJ5K8�=?>�F%>A3E>W5Ym�@	`�57698�:E;[8%m	x�z�6E>ADc`uBEVAV�ebF%>W;HF%VW8:n@CD7>W57>A@C3E>A39^{6EI	DcF%I	BEDK8MhSIih98MF�;78MI	DK8�>A3":g8%;[`�@	;[j"I	3EF�8a`�@	;cjq@CDK5c>�3EhE>W=�>AhEBEI	V�D%x £ B9;7576E8%;[j�@	;78	LNc8"6EIR=	8"@	\<DK8%;[=	8Mhk576EIJ5{`�@	;#\<>A^	^	8%;{^	;7@CB9:�D[>Ws%8MD{jqI	3]mwDKef\g@	57DGIJ;78q39@	5#I	F�57>A=	8MVWmd8M39^CIJ^	8Mh>A3w57698�5K;HI	3EDK:n@	;75�57I	DKZpx )k8qD7BE:E:n@CDK8G576<IJ5t57698�8%|"F%>W8M3EF�m	L ;7@	\<BEDK573E8MD7D�I	3EhkD7F%I	VAIJ\<>�VA>W5bm_@	`57698�8%=	@CVW=	8Mh_DK@CVAB957>W@C3<DcF�@CB<VAh�\g8�>Aj�:<;7@R=	8Mh�\?m�I	3Q>A3EF�;[8Mj�8M3}57I	Vg8%=	@CVABE57>W@C3yx���8%;78	LEIU\<>W^	^	8%;^	;7@CBE:_D7>Ws%8t@	`A<i5K@l�%�"D4ef\n@	57D�I	3EhQ57698t`uBEVAVWebF%>W;[F%VW8�:n@CD7>W57>W@C3E>�39^iF�@CB<VAhS\n8{IJ:E:<VA>W8Mh�x

W�X���Xlh�a e a�j�k�� fojLp

243�576E>�D�NP@	;[ZTI�DKNcIJ;HjUef;7@	\n@	57>AFXDKm�DK5K8MjQL�F%I	VAVA8MhSM � G'F=h�5 7.KLDuLa>AD�>A3]5K;7@?h<BEF�8Mhyx : DKN1IJ;[jUe\n@	5t>ADtISDK8MVW`�ebI	D7DK8MjG\<VA>A3E^�I	3EhkD78MVW`�ef@	;[^CI	3E>WsM>A39^SIJ;757>W`uI	F�5{F�@Cj�:n@CDK8Mhd@	`cI�M � G'F=h @	`cD7>Aj�:<VA8I	B95K@C3E@Cj�@CBED#jq@	\<>AVW8U;7@	\n@	57D%L�F%I	VAVW8Mh M 5 7.KLDCM"576EIJ5iIJ;78"IJ\<VW8�5K@_8MDK57IJ\<VA>AD[6  uI	3Ehk5K@l;78MVW8MI	DK8�¡:<6]m�D7>AF%I	VyF�@C3E398MF�57>A@C3ED�\n8%5bNc8%8M3X8MI	FH6X@	57698%;�I	3EhS5K@"@	576E8%;�@	\�~K8MF�57D%x
)k8�6EIM=	8�h98MD7>W^C398Mhk3E8MB9;[I	V�398%5bNc@	;7Z�D#F�@C3]5K;7@CVAVA>�39^S^	;7@CB9:<D�@	;#D7NcIJ;[j"Dt@	`cD[>Aj�:<VW8UD4ef\n@	57D8M39^CIJ^	8Mh">A3#576E8cF�@?@	:n8%;[IJ57>W=	815K;[I	3EDK:n@	;75�@	`<698MIR=]mG:E;78%m{\?m#BED[>A39^ : ;757>WopF%>AI	V�=O=	@CVAB957>W@C3yx�z�698F�@CjqjiBE3E>�F%IJ57>W@C3�D75K;[BEF�57B9;78�I	j�@C39^UD4ef\n@	57Dc6EI	Dc\g8%8M3�VA>Aj">W5K8Mh�5K@�>A3]5K8%;[I	F�57>W@C3EDP=?>�I{57698�8M3}=�>�e;7@C3<j�8M3}5�@	;U uI	h<hE>W57>W@C3EI	V�VWm9¡c>�3}5K8%;[I	F�57>A@C3ED�=�>AI"D78M3ED7>A39^9xRdO;78%mQ@	\�~K8MF�57Da@	`�hE>W�g8%;78M3]5�j"I	D7DK8MD%LD76<IJ:g8MDaI	3EhQD7>Ws%8MD�6<IM=	8#\n8%8M3XF�@C3<D7>Ah98%;78Mh�x
)k8U6EIR=	8iI	3EI	VAm]s%8Mhl57698i@	\E57I	>A398Mh_5K;[I	3EDK:n@	;75aD75K;[IJ5K8%^C>W8MD�Na>W576_;78MDK:n8MF�5a5K@�h98MD7>W;78Mh_:E;7@	:9e8%;757>A8MD�D7BEFH6XI	D�8%|"F%>A8M3EF�m	LE;7@	\<B<DK57398MD7D%L ¢ 8���>W\p>AVA>W5YmqI	3EhXD7F%I	VAIJ\p>AVA>W5Ym	x��@Cj�8U:<IJ;757>AF%BEV�IJ;�F�@C3]5K;7@CVAVW8%;HDtIJ;78�IJ\<VW8i5K@Q:g8%;[`�@	;[j ¢ 8��9>W\<VAmSI	3<hd8%|"F%>W8M3]57VWmX`�@	;t^	;7@CB9:<D@	` >"5K@k�-,"DKef\g@	57DMx���@RNc8%=	8%;MLy57698i:n8%;7`�@	;HjqI	3EF�8#@	`PI	VAV DK@CV�B957>W@C3ED�h98MF�;78MI	DK8MD�Na>A576X^	;7@�Na>A39^^	;7@CBE:vD7>Ws%8	xi2Y5{DK8%8Mj"D�5K@X\n8U3E@	5�`�8MI	D7>W\pVW8U`�@	;{I	3]ml@	`P57698�8%=	@CVW=	8Mh&>A3EhE>W=�>AhEB<I	VAD15K@_VW8%5�57698D4ef\n@	57D"5K;[I	3EDK:n@	;75�:E;[8%m�@	`tIJ;7\p>W5K;[IJ;7m�6E>W^C6�jqI	D[DK8MD"I	3Eh�F�@C3EDK57I	3]5�D7>As%8X\]m�I	hEIJ:<57>A39^k57698^	;7@CBE:�D7>Ws%8�VA>A398MIJ;HVWm#Na>A576q;78MDK:n8MF�5P5K@#57698�jqI	D7D%x : DOhE>�D7F%BED7DK8Mh">A3q57698�:E;78%=�>W@CBED�D78MF�57>W@C3yL?NP88���:n8MF�5{576EIJ5#576E8q8%|"F%>W8M3EF�m	L�;7@	\<B<DK57398MD7D{I	3<hvD7F%I	VAIJ\<>�VA>W5bml@	`157698q8%=	@CVW=	8Mh�DK@CVAB957>A@C3EDtF�@CBEVAh\n8{>Aj�:<;7@R=	8MhQ\?mS>A3EF�;78Mj�8M3]57I	Vy8%=	@CVABE57>W@C3yx
=PI	F[6k8%=	@CV�B957>W@C3wNP8q6<IM=	8�:n8%;7`�@	;[j�8Mhd>A3w57698�F�@C3}5K8���5{@	`cF�@]@	:n8%;[IJ57>W=	8�5K;HI	3EDK:n@	;75�VAI	DK5K8MhDK8%=	8%;HI	V�NP8%8%Z�D�@C3�IdD7>A3E^CVW8�j"I	F[6E>A3E8	x&z�@k8%=,I	VAB<IJ5K8XIwD[>A39^CVW8S>A3EhE>A=?>Ah<BEI	V�L o<=	8XF�@Cj�:<B957I,e57>W@C3<I	VAVWm_8���:n8M3ED7>W=	8":<6}m�D7>AF%I	VrD[>AjGB<VAIJ57>W@C3ED�Na>A576vjGB<VW57>W:<VW8i;7@	\n@	57D#IJ;[8q:n8%;7`�@	;Hj�8Mhyxq243k57698`uB957B9;78	L9Nc8{Na>�VAVpF�@C3<D7>Ah98%;�5K8MFH6E3E>�;?B98MD
� 5K@�hE>AD75K;[>W\<B95K8�57698{8%=	@CVABE57>W@C3EIJ;7mSI	VW^	@	;[>W576<j BEDK8MhyL
� 5K@";78MhEB<F�8t57698{6]BE^	8#I	j�@CBE3]5�@	`�oE57398MD7D�8%=JI	VABEIJ57>A@C3ED%L
� 5K@�>Aj�:<;7@R=	8t57698 E�N�K3' N�G 7"@�' @-D���@	`�57698#:E;7@	\<VW8MjXL�I	3<h
� 5K@�h98MF�;78MI	D78{57698t8���8MF%B957>W@C3X57>�j�8t@	`�57698{D7>AjiBEVAIJ5K@	;Mx

<,+



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

�?@Q`uIJ;ML Nc8"6EIR=	8"F�@C3ED7>�h98%;78Mhd57698qF%I	DK8�576EIJ5#IS^	;7@CBE:v@	`P:<;78Mh98%5K8%;[jq>�398MhkD7>Ws%8q>AD�:pVAI	F�8Mh>A3d57698q>Aj"j�8MhE>AIJ5K8�=�>AF%>A3E>A5bmX@	`�IS:E;78%mw576EIJ5{6EI	D{5K@X\n8qj�@R=	8Mh�5K@RN1IJ;[hED#IS57IJ;[^	8%5%x"243d57698`�BE57B9;78�NP8tN1I	3}5�5K@�I	hEhE;78MD7Dc57698t:E;7@	\pVW8Mj�@	`�F�@]@	:n8%;[IJ57>A=	8t:E;78%mq;78%5K;H>W8%=,I	Vn>A3�8M3]=?>A;7@C3Ej�8M3]57D>A3SNa6E>�F[6QjiBEVW57>W:<VA8�:E;[8%m�>W5K8MjqDaIJ;78t:E;78MDK8M3]5%xc�?8MIJ;HF[6XI	3EhS;[8MF�;[BE>W57j�8M3]5�5K8MF[6<3E>�;?B98MD�Na>AV�V<\n8@	`rDK:n8MF%>AI	Vy>A3]5K8%;78MDK5%x )k8{N1I	3]5�5K@�h98MD[>W^C3QDK5K;[IJ5K8%^C>W8MDa576EIJ5�8M3EIJ\pVW8{IqDKN1IJ;[j @	`�D4ef\n@	57D
� 5K@�F[69@?@CDK8#F�@CVAVA8MF�57>W=	8MVWm�57698{:E;78%m�@	\�~K8MF�57D�5K@q\n8t;78%5K;H>W8%=	8MhyLEI	3Eh
� 5K@UDK8%8%Zq`�@	;1I	3�IJ:<:E;7@	:E;[>�IJ5K8�^	;7@CB9:SD7>Ws%8�@	` D4ef\n@	57DO8M3E^CIJ^	8MhQ>A3q57698�5K;[I	3ED7:g@	;[5O@	`y8MI	F[6:pIJ;757>AF%BEVAIJ;1:E;[8%m	x
� I	D75�\<B95�39@	5qVW8MI	DK5%LcNc8QNcI	3]5�5K@�F�@C3]5K;7@CV�Id^	;7@CB9:�@	`�;78MI	V�D4ef\n@	57D%x�z�6E8%;78%`�@	;[8�8M>A57698%;F�@C3}5K;[@CVAVW8%;[D�Na>AVAVJ\n8P5K;[I	3EDK`�8%;78Mh{`�;7@Cj�57698PD[>AjGB<VAIJ5K8Mh{5K@�57698O;[8MI	V]D4ef\n@	57D%L,@	;�57698O8%=	@CV�B957>W@C3EIJ;7mIJ:E:E;7@CI	FH6UNa>AVAV}\n8cIJ:E:pVA>W8MhihE>W;78MF�57VWmt@C3i576981;78MI	V�D4ef\n@	57D%x�243GI	3]mGF%I	D78	L}57698c;78MI	V9D4ef\n@	5�DKm?D75K8MjNa>AVAVg\n8{BEDK8MhS`�@	;a`uB9;7576E8%;�=,I	VA>�hEIJ57>W@C3SI	3EhX>Ajq:E;7@R=	8Mjq8M3}57Da@	`�57698GD7>AjiBEVAIJ57>W@C3Sj�@�h98MV�x

+J�



� ��� ��������� � �
	 
�( ����� 
 ' � � � ������
z�6E8�j�@Cjq8M3}51@	` >A3E8%;757>AI�� � @	`�IiD7@CVA>Ah�\g@�h9mU@	`�hE8M3ED7>W5Ym��� ��n¡ONa>W576�;78MDK:n8MF�5c5K@�IG^C>A=	8M3�I,�9>AD��>AD�h98%op398MhS\]m�57698{=	@CV�BEj�8{>A3]5K8%^	;[I	V

� � F����� ��n¡�
 �  ��n¡ 4 �����
N�698%;78�
 �  ��n¡1>AD1576E8{:n8%;7:n8M3EhE>AF%BEV�IJ;PhE>AD757I	3EF�8t@	`�:n@C>A3]5��_`�;7@Cj 576E8{I,��>AD	��@	`�;7@	57IJ57>W@C3�xza698tj�@Cj�8M3]5�@	`�>�398%;757>AIG@	`�I�F%BE\g@C>�h�@	`�jqI	D7D��kLED7>Ah98tVW8M39^	576 �pL 
�I	3Eh��,LEI	3EhQBE3E>A`�@	;[jh98M3<D7>W5bmS uDK8%8 £ >W^CB9;78 : xA�{ 4�R¡K¡�`�@	;r;7@	57IJ57>W@C3qIJ\n@CB95�57698�5769;[8%8c\pI	D7>AF1I,��>�D�5769;7@CB9^C6U57698�F�8M3]5K8%;@	`rjqI	D7Da>AD1^C>W=	8M3X\?mg�

� 7 F �
�?> ��  
 4 H�� 4 ¡H�

����F �
�?> ��  � 4 H � 4 ¡H�

�"!	F �
�?> ��  � 4 H 
 4 ¡ '

za698qj�@Cj�8M3]5{@	`�>A398%;757>�I�`�@	;#IXF�m�VA>A3<h98%;�@	`1j"I	D7D#�kL ;HI	hE>ABED5
�L�698M>A^C6}5�$&I	3EhkBE3E>A`�@	;[jh98M3<D7>W5bmk uDK8%8 £ >W^CBE;78 : xA�� #>C¡K¡�>AD1^C>W=	8M3_\]mg�

� 7 F �
�?> �%$ 4 H �

¤ � 
 4 ���� F �
�?> �%$ 4 H �

¤ � 
 4 ��"!F �
> � 
 4 '

� 8%57D�F�@C3<D7>Ah98%;�I	3 @	\�~K8MF�5�F�@Cjq:g@CD78Mh @	`t5YNP@�;[>W^C>Ah<VWm&F�@C3E3E8MF�5K8Mh F%BE\g@C>�hED'& � I	3Eh�& 46EIR=?>�39^�I�B<3E>W`�@	;[j h98M3ED7>A5bmT8MI	F[6$ uDK8%8 £ >W^CBE;78 : xR>  4�R¡K¡Hx �c@	576 F%B9\n@C>AhED�6EIR=	8l>Ah98M3]57>AF%I	VD7>�h98�VW8M39^	576D�pL 
iI	3Eh(�,x q B9\n@C>Ah)& � 6<I	D{IXjqI	D7D{@	`*� � I	3Eh�F%B9\n@C>Ah)& 4 6<I	D{IXjqI	D7D{@	`

 4 xSz�698%;78%`�@	;78"576E8q@	\�~K8MF�57D#5K@	57I	VcjqI	D7Di>AD#� � H�� 4 x � >W=	8M3�IlF�@]@	;HhE>A3EIJ5K8"D7m?DK5K8Mj�Na>W57657698�:n@C>A3}5t@	`�@	;H>W^C>A3v>A3v57698q^	8%@Cj�8%5K;[>�F%I	VcF�8M3]5K8%;i@	`�57698q@	\�~K8MF�5iI	3<hk57698�I,�9>AD�� L,+dI	3<h.-

+��



� ����	0���!�1� � ��� ��3 	0� � ��1��H� 	����#�/�

yz

x

a

b
c

h

rr

(1) (2)

�	��,�Q�����L��������% 
.�8�&����(6NP�%��? Q��%0k����1 F�$�/(�� �87 � 8���6��Q
9���5F ���/F ����6��7!���%�/F�$�

h

rr

h

rr

yz

x

B2

b
c

c

B1

a

C1

C2

(1) (2)
�	�%,'Q��� �L���G��� % 
��8�&�<�)(U�$��1*.+�;(D�=F���0�� �%�4NO�$� .+����� NP�%��?]13��(�( ���L���/F]����Q..9�$�2./����� NP�%��? 1*�'(�(

�
	'���H���)? ./�����P?/��(P� Q�/� 0k�'��1 FG�$�/(��%�87���8���O��Q
9���5F ���/F�����O��7!�%���/FG�&�&�

@	;[>W8M3]5K8MhQ:<IJ;[I	V�VW8MVg5K@q57698{D7>AhE8MD��<L 
�I	3Eh���@	`�57698{F%B9\n@C>AhED%L�57698t@	\9~48MF�5%��D�F�8M3}5K8%;�@	`�jqI	D[D�>ADIJ5G u���7�����
4
	
8 �
	
�

	
���
	
8
¡Hx

2�`�57698�j�@Cj�8M3]5�@	`O>A398%;757>�I�� � @	`OI�\n@�h9mXIJ\n@CB95�I	3dI,�9>AD��X:<I	D[D7>A39^�5769;7@CB9^C6d>W57D�F�8M3}5K8%;@	`OjqI	D7D�>ADaZ?39@�Na3yLp57698Gj�@Cjq8M3}5�@	`�>A398%;757>�I � �� @	`r57698G\n@?h9mQIJ\n@CB95�I	39@	57698%;�I,��>AD��� 576EIJ5>AD�:<IJ;HI	VAVW8MVg5K@"I,�9>AD �SF%I	3Q\n8{h98%5K8%;[jq>�398MhQI	D

� �  F�� � H � � 4 �
Na698%;[8'�>ADt57698�jqI	D7D{@	`157698"\g@�h9m	L I	3<h��l>�Dt57698"DK8%:pIJ;[IJ57>W@C3v@	`�I,��8MD �dI	3EhvI,��8MD � � xz�6E>AD1`�@	;[jiBEVAIU>AD�Z�39@�Na3XI	D�57698#:<IJ;[I	VAVW8MVWebI,��>ADc@	;t�?5K8M>A398%;[D1576E8%@	;78MjQx
: :E:<VWm�>A39^��?5K8M>�398%;[Dy57698%@	;[8MjQLJ57698Pj�@Cjq8M3}5�@	`E>A398%;757>�I1@	`957698O@	\�~K8MF�5�D769@RN�3#>A3 £ >W^CBE;78 : xR> 4�R¡r`�@	;c;7@	57IJ57>W@C3SIJ\n@CB95�57698�5769;78%8�\<I	D7>AF�I,�9>ADP5769;7@CB9^C6"57698a@	\9~48MF�5%��D1F�8M3]5K8%;�@	`�jqI	D7DcF%I	3"\n8h98%;[>W=	8Mh_I	D%�

+L>



� 7 F �
�?>  �� � H � 4 ¡�  
 4 H � 4 ¡�H � �

� ��� 4� � H � 4�� 4 H � 4 � ��� �� � H � 4�� 4����F �
�?>  �� � H � 4 ¡�  � 4 H � 4 ¡�H � �

� � � 4� � H � 4�� 4 H � 4 � ��� �� � H � 4�� 4�"!	F �
�?>  �� � H � 4 ¡�  � 4 H 
 4 ¡

za698�j�@Cj�8M3]5�@	`c>A398%;757>�I"`�@	;t57698U@	\�~K8MF�5{F�@Cj�:n@CDK8Mhd@	`O5YNP@_F�m�VA>A3<h98%;[D�@	`1jqI	D7D�� � I	3Eh� 4 I	3<h_Na>A576Q;[I	hE>AB<D@
"I	3Ehl698M>W^C6]5 $l8MI	F[6� uDK8%8 £ >W^CB9;78 : xR>w #>C¡K¡�`�@	;�;7@	57IJ57>W@C3wIJ\g@CBE5a576985769;[8%8{\<I	D7>AF�I,�9>AD�5769;[@CB9^C6Q57698{@	\9~48MF�5%��D�F�8M3}5K8%;�@	`�j"I	D7D�>AD�^C>A=	8M3Q\]mg�

� 7 F� �� � H � 4 ¡�  ��?> $ 4 H �
¤ 
 4 ¡�H � �

� $ � 4� � H � 4 � 4 H � 4 � $ � �� � H � 4 � 4��� F� �� � H � 4 ¡�  ��?> $ 4 H �
¤ 
 4 ¡�H � �

� $ � 4� � H � 4�� 4 H � 4 � $ � �� � H � 4�� 4� ! F �
>  �� � H � 4 ¡�
 4

+LQ



+,¤



� ��� * � 
��/���������

: 3Eh98%;HDK@C3yL q x" #>J�	�J>C¡HxU�?8MVA`�ef@	;7^CI	3<>WsMIJ57>W@C3$>A3 ;78MVAIJ57>W@C3$5K@ D78%=	8%;[I	V�D7>Ajq>�VAIJ;wF�@C3<F�8%:E57D%�
: ;78d57698w\n@CBE3EhEIJ;H>W8MDq5K@�DK8MVW`�ef@	;7^CI	3E>AsMIJ57>W@C3+>A3EhE>AD757>A3EF�5
	 ��
�E��@#K3' KZPL@#I.G3'���� ' '�E�D-@CBEL
>J�J>9 #QC¡H�R>,¤ *�� >LVLV?x

: ;7Z�>A3yL - x  4��+,+L>C¡Hx q @?@	:n8%;[IJ57>W@C3QNa>A5769@CB95�F�@CjqjiBE3E>AF%IJ57>W@C3��Us_BEVA57>AIJ^	8M3}5�D[F[698MjqI,ef\pI	DK8Mh;7@	\n@	5a3EIM=�>W^CIJ57>W@C3�x���K ��F0B G3'�K)i��oK�7.KLD-@#I�� ��M0D
E4h M L +9 #QC¡H�RQLV��
� Q.,,¤9x
: D7I	jqI�Ly�GxWLrslIJ57D7BEjq@	5K@9L : xWLnI	3Eh_24D76E>�hEI�L��Ux� 4��+L<,+C¡Hx � 8MD7>W^C3l@	`�I	3lI	BE5K@C39@Cj�@CBED�I	3EhhE>ADK5K;[>A\<B95K8Mhw;7@	\n@	5{DKm�DK5K8MjQ� : F�5K;78MD7DMx�2�3�� F K?I�E�ED�'@CB!P'MOK)i5D 
�E������ �"!$#%#&#(')���*�+!�B 5

D
E"F0B GLD-@#K'B G3'�, K'F���M.
 K��SK'B-!�B D
E '�' @ P!E�B�D.�oK 7ZKLDCM G'B �/� ��M0D
E4h=MHL�:<IJ^	8MD >L<LQ0� >,+J��LP��@CD
: VAI	j">W5K@CD%L q : x920= = = q @Cj�:<BE5K8%;��?@?F%>A8%5bm d�;78MD[D%x

: D76]\]m	L ) x� 4��+,¤ *	¡HxRd�;H>A3EF%>W:<VA8MDG@	`�57698lDK8MVW`�ef@	;7^CI	3E>WsM>A3E^vh9m?3<I	jq>AFQDKm�DK5K8MjQx1�4K ��F0B G3' K<i
2 E"B E�FHG3'�� M=�LIC
 K3' KZP��JL,Q�*]�A�?>LV?x

�1I	VAFH6yL}ztxE 4��+,+�*,I}¡Hx �P8M6<IM=�>W@	;[I	V9hE>W=	8%;HD7>W5bmG>A3#;[@	\g@	5�5K8MI	jqDMx	2�33!�B54�K3' '�EZI�D
ED�6��G �4E"F�M�i�F K!h
D 
�E"��� ��7 ��� ��!8,UK'F �*M1
 K �TK'B-9 ��' D-@#G?P!E�B�D1: EZGLF�B&@CB!PCLr:<IJ^	8MD%*��p�?>?x : : : 2#dO;78MD7D%L
q I	j#\<;[>Ah9^	8	L s : x

�1I	VAFH6yL�z{xr 4��+,+�*�\n¡Hx��?@�F%>AI	V�8M3]5K;7@	:]mg� : 398%N/j�8%5K;[>AFU`�@	;#VW8MIJ;H3E>A39^SjGB<VW57>�ef;7@	\n@	5�5K8MI	jqD%x2�3��oFHK�I�E.E1�'@CB!P'M K<i;� 	'D 
<!�B�D
E"F0B GLD-@#K'B G,'�= ' K'F0@��JG � F"D-@ > I?@-G,'?!�B�D
E '�' @ P!E�B I�E/��E"M�EZGLFHIC

� �!h��4K�M�@ � hiLg:<IJ^	8MD >�*'>0� >�*.*]L � IRm]5K@C3EI��c8MI	F[6yL £ �Ox £ VW@	;[>Ah<I : 2 - 8MDK8MIJ;HF[6w��@?F%>W8%5Ym	x

�1I	VAFH6yLEztx� 4��+,+,+C¡Hxpza698t>Aj�:<I	F�51@	`�hE>W=	8%;[D7>A5bmq@C3S:n8%;7`�@	;[jqI	3EF�8t>A3SjiBEVW57>�ef;[@	\g@	5c`�@	;[IJ^C>A39^9x2�3@� F K?I�E�ED�'@CB!P'M K)i D 
�E8��
�@CF�+!�B�D
E"F0B GLD-@#K'B G3'64�K'B�i?E"FZE"B I�E KLB	� �4D�K'B K!h9K � M � P!E�B�DCM
A � P!E"B DCM)B ���DC�Lp:<IJ^	8MD�+L>0��+,+?L��?8MIJ5K57VW8	L ) : x : q s d�;[8MD7D%x

�1I	VAFH6yL<ztx9I	3Eh : ;7Z�>A3yL - x q xy 4��+,+,¤]¡Hx q @CjqjiBE3E>�F%IJ57>W@C3S>A3S;78MI	F�57>W=	8#jiBEVW57>�IJ^	8M3}5�;7@	\n@	57>AFDKm?D75K8MjqD%x � �4D�K'B K!h9K � ME�oK�7.KLDCMHL��C 4�R¡H�R>�*�� VL>?x
�1I	39sM6<IJ`YL ) x� #>J�	�J>C¡Hx��?8MVA`�ef@	;7^CI	3<>WsM>A39^"D7m?DK5K8Mj"D%x<243F#oB IC�JI�' K��&ED�'@#G K)iG� 
 �*M0@-I�G3'H� I�@�E"B I�E

G'B �8� EZI�
!B K3' KZP��JLg=	@CVABEj�8q��¤9LE:pIJ^	8MD[VL<,+0� V,+L<?x : F%I	hE8Mjq>AF#dO;78MD7D%L )�8%NI��@	;7ZgL()��ix
�1I	39sM6<IJ`YL )�xWL )�@	;[hE>A3yLId�xWL 1t8MVAVA8%;ML - xWL�I	3Eh £ ;HI	3EF�@C398	L £ xP 4��+,+L<C¡Hx � 8M398%57>AF�:<;7@	^	;[I	jUejq>A39^G��I	3S>A3]5K;7@�hEBEF�57>W@C3 2]@C3�57698�I	BE5K@CjqIJ57>AF�8%=	@CVAB957>W@C3�@	` F�@Cj�:pB95K8%;P:<;7@	^	;[I	jqD1I	3Eh>W57D�IJ:E:<V�>AF%IJ57>W@C3ED%x
�1IJ;[6E8M3yLKJ9xWL � ;78MD[D%L�) xWL}I	3Eh3J	@	;[^	8M3EDK8M3yL q xE 4��+L<�*	¡Hx : :E:pVA>AF%IJ57>W@C3ED�@	`pF�@C3<F%B9;7;78M3]5�398MB9;7@Jej�@	;7:<6E>�F�I	VW^	@	;[>W576Ej"Dr`�@	;cI	B95K@C39@Cj�@CB<DO;7@	\n@	57D%x}2�3 =PF7Z�jq>AVAVA8%;ML - x]I	3Eh slI	VADK\<BE;7^9L q xWL8MhE>W5K@	;[D%LML=E ��F G3'.4�KGh�� ��D
E�F.M L<:<IJ^	8MD QL>��
� QLQLQ?xy��:E;[>A39^	8%;7eONr8%;[VAIJ^9L��c8%;[VA>A3�L � 8%;[jqI	3]m	x

+LV



� � ��� ����� � ���
	��

�c8MF7Z	8%;ML - xWL	��@CVAVAI	3EhyLeixWL	I	3Eh � 8M398MB9\n@CB9;7^9L�J9x eb�Ox� 4��+,+,¤]¡Hx £ ;[@Cj VA@?F%I	V]I	F�57>W@C3ED�5K@�^CVA@	\<I	V57I	D7Z?D%�r�?57>W^Cj�8%;[^	m�I	3<hGF�@CVAVA8MF�57>W=	8O;7@	\n@	57>AF%DMxR243 �c;7@?@	Z?D%L - x : x�I	3Eh s_IJ8MDML!d�xWL	8MhE>A5K@	;[D%L
�oFHK�I�E.E1�'@CB!P'M=K<i_D 
�E6=6K�� F"D 
 !�B�D
E�F�B GJD-@-K'B G3'�,UK'F �*M1
 K � K'B D 
�E � �'B�D 
�E"M�@/M G'B � �&@ h ��5
' GLD-@#K'B K)i.:�@/N*@/B!P � ��M0D
E4h=MHL}:pIJ^	8MD��?<��
�p�?<,+?L q I	jG\E;[>Ah9^	8	L/s : x/sX24z d�;78MD[DK!��c;[I	h9`�@	;[h
�c@?@	Z?DMx

�c8%8%;ML - x�I	3Eh � I	VAV�IJ^C698%;ML�J9xy 4��+,+L>C¡Hx =�=	@CVW=�>A39^Uh9m�3EI	jq>AFa398MB9;[I	Vg398%5bNc@	;7Z�D1`�@	;�I	hEIJ:<57>W=	8\n8M6EIR=?>A@	;Mx��)�JG � D-@/NLEG�2E=
 GLN�@#K'FHL��C 4�R¡H��+��
�p�?>L>?x
�c8M3E>�L � xc 4��+L<L<C¡Hxrz�698qF�@C3<F�8%:E5#@	`�F�8MVAVAB<VAIJ;t;7@	\n@	57>AFqDKm�DK5K8MjQx 2�3-�oFHK�I�E.E1�'@CB!P'M K)i/��
�@CF�

!$#&#%#8!�B D
E"F0B GLD-@#K'B G3' ���;h ��K'M�@ �9h K'B�!�B D
E '�' @ P!E�B�D%4�K'B�D-F K3' L}:<IJ^	8MD�V�*��),L>?L?��@CD : V�I	jq>�e5K@CDML q : x92 = = = q @Cj�:<B95K8%;���@?F%>W8%5Ym-dO;78MD7D%x
�c8%m	8%;ML��Gx e � x� 4��+,+LQC¡Hx z @�NcIJ;HhwI�57698%@	;7ml@	`�8%=	@CVAB957>A@C3lDK5K;HIJ5K8%^C>W8MD%����@Cj�8GI	DKm�j�:E5K@	57>�F%I	V;[8MD7BEVW57D1`�;7@Cj 57698" 4�J� H p¡bef57698%@	;[m	x�#oN�K3' �4D-@-K'B G'F.�54�K!h � �4D�GLD-@#K'BEL��C #>C¡H�A�-,LV0�p�?<L<?x
�c8%m	8%;MLn�#x e � x� 4��+,+,¤]¡Hxyz @�NcIJ;[h<DaI�57698%@	;[m�@	`�8%=	@CVABE57>W@C3_DK5K;HIJ5K8%^C>W8MD%�Kd�;7@	^	;78MD[D�;[IJ5K8MD�I	3Eh

;?BEI	VA>A5bmk^CI	>A3�`�@	;_ 4�J� H�p¡{ebDK5K;HIJ5K8%^C>W8MD�@C3� u398MIJ;[VWmE¡GIJ;7\<>W5K;HIJ;7mkoE57398MD7Di`uBE3EF�57>W@C3<D%x 243
��G'F G3' '�E '�� F K�7 '�E h � K3' N�@CB!P i0FHK!h L GLD���F E%LE=	@CVABEj�8_Q?L<:<IJ^	8MD[VL<0�),�*]x

�c8%m	8%;ML��#x e � xn 4��+,+LVC¡Hx9z @�NcIJ;[h�It57698%@	;7mU@	`n8%=	@CVAB957>A@C3qDK5K;[IJ5K8%^C>W8MDM� et3�57698�\n8M398%oE5�@	`yDK8��e�576E8�  � ���r� � �"� 
:� �9¡bef57698%@	;7m	x # N'K3' ��D-@#K'B GLF.�54�K!h � �4D�GLD-@#K'BEL,Q9 4�R¡H�R<��
�p�	�	�Jx
�c8%m	8%;MLr�#x e � x1 4��+,+.,C¡Hxrz�@RN1IJ;[h&I_z�698%@	;7md@	` =�=	@CV�B957>W@C3&�?5K;HIJ5K8%^C>W8MD%�q�?8MVW`�e : hEIJ:<57IJ57>W@C3yx

#oN�K3' �4D-@-KLB G'F=�F4�K!h � �4D�GLD-@#K'BEL,Q9 #QC¡H�RQ��	�
� Q,¤ *]x
�c8%m	8%;MLy�#x e � xr #>J�	�9�R¡Hx?��
4E"��
�EZKLF.� K)iG# N'K3' ��D-@#K'B5��D-F GLD
E
PL@�E0MHx �?:<;[>A39^	8%;1Nr8%;HVAIJ^9L �P8%;HVA>A3yL

� 8%;[jqI	3]m	x
�1>AVAVAIJ;HhyL : xWL92A~7DK:n8%8%;75%L : xWLEI	3<h�slIJ;757>A3E@CVA>�L : x� 4��+,+,+C¡Hx : jiBEVW57>Wef;7@	\n@	5PDKm�DK5K8Mj `�@	;1I	h<IJ:9e57>A=	8"8���:<VW@	;[IJ57>W@C3�@	`�IX`uI	DK5GFH6EI	39^C>A3E^_8M3]=?>W;[@C3Ej�8M3]5%�TdO;7@	\<IJ\<>AV�>ADK57>AFUj�@�h98MVAVA>�39^QI	3Eh8���:n8%;[>Aj�8M3]57I	VyDK57BEhEm	x%4�K'B&B E.I?D-@#K'B5� I�@�E"B I�E�L��	�J�RQLV,+0� Q�*3+?x
�c@C3EIJ\n8MI	ByL =�xWL � @	;H>W^	@9L6s�xWL�I	3Ehvz�698%;HI	BEVAIJs	L � xc 4��+,+,+C¡Hx.� � G'F=h !�B D
E '�' @ P!E�B I�E�3=8F K!h

L GLD���F G3' D�K � F"D-@ > I�@#G3'�� ��M0D
E4h M xre���`�@	;[h ��3<>W=	8%;[D7>W5Ym-dO;78MD7D%L )�8%N ��@	;[ZpL�)��Ux
�c@C3EhyL : xE�#xEI	3<h � I	D7DK8%;MLE�Ox  4��+L<L<C¡Hx ��E.G �'@CB!P'M�@CB���@/M0D-F0@ 7 �4D
ED� � F"D-@ > I?@-G,'M!�B�D
E '�' @ P!E�B I�E%x
s_@	;7^CI	3 1{I	B9`ujqI	3E3yL<��I	3[slIJ5K8%@9L q : x

�c@]@	Z	8%;RL��OxWL � @CV�h9\n8%;7^9L � xWL�I	3<hk�a@CVAV�I	3EhyL JExP 4��+L<,+C¡Hx q VAI	D7D7>Wo<8%;�D7m?DK5K8Mj"D#I	3Ehk^	8M3E8%57>AFI	VA^	@	;[>W576EjqDMx �2F0D-@ > I�@#G3' !�B D
E '�' @ P!E�B I�E%L9¤C�E 4� e)QC¡H�R>LQLV0� >L<L>�x
�c;7@?@	Z?D%L - x# 4��+L<.,C¡Hx : ;7@	\<B<DK5XVAIMm	8%;[8Mh F�@C3]5K;7@CV{DKm�DK5K8Mj `�@	;_I�j�@	\p>AVW8d;7@	\n@	5%x?!$#%#&#

�4K ��F0B G3' K)iE�oK�7ZKJD-@-I�M G'B � � �4D�K!h9GLD-@#K'BEL - : e)>9 4�R¡H�A��¤ � >LQ?x
�c;7@?@	Z?D%L - xG 4��+,+L>C¡Hx : ;[57>Wo<F%>AI	VtVA>A`�8vI	3Eh ;78MI	Vt;7@	\n@	57D%x�243IN�IJ;78MV�I�L £ xaI	3Eh �c@CB9;[^C>A398	L
d�xWL�8MhE>A5K@	;[D%L ��KLF � G'F6� G8�oFHG�I?D-@#I�E K)i�� �4D�K'B K!h9K � M� ��M"D
E h=M�;�oFHK�I�E.E1�'@CB!P'MnK)i D 
�E
= @CF.M"D # � F K��4E.G'B 4�K'B�i?E"FZE"B I0E K'B � F"D-@ > I�@#G3'?:�@ i?E�L�:<IJ^	8MDUQ0�p�%��L q I	j#\E;H>Ah9^	8	L3s : x
s_24z d�;78MD[DK!��c;[I	h9`�@	;[h �c@]@	Z�D%x

+.,



� � ��� � ����� � � 	 �

q I	jqIJsM>A398	L��gxWL � 8M398MBE\g@CBE;7^9L3J9x eb��xWL £ ;[I	39Z�D%L )#xWL��9398%m?h�L JExWLqz�698%;[I	B<VAIJs	L � xWL"I	3Eh
�P@C3<IJ\g8MI	B�L =�x� #>J�	�9�R¡Hx%� E�' i 5 � F-P!G'B&@��?GLD-@#K'B @/B5��@#K3' KZPL@#I.G,' � ��M0D
E h=M x�d�;[>A3<F�8%5K@C3 ��3E>�e=	8%;[D7>W5Ym�dO;78MD7D%LcdO;[>A3EF�8%5K@C3�L )�JEx

q IJ@9L �Ux �#xWL £ BEZ?BE3<IJ^CI�L : x#�gxWLUI	3Eh 1{I	6E39^9L : x���xq 4��+,+�*	¡Hx q @?@	:n8%;[IJ57>W=	8�j�@	\<>AVA8;7@	\n@	57>AF%D%� : 3}5K8MF�8MhE8M3}57D�I	3EhQhE>W;[8MF�57>W@C3ED%x � �4D�K'B K!h9K � M��oK�7ZKJDCMHLg¤< 4�R¡H��*�� >LQ?x
q 6EI	3EF�8	LMs�x - x<I	3<h"J	@CVAVWm	L q x*J9x  4��+�*,�}¡Hx(� K?I�@#G3' 2 FHK ����M K)i�9nKLB �LEC�*M�� � �&E0M G'B �39 E"BEx

� BE5K5K@C3yLp� @C3Eh9@C3yL �/1�x
q VA>���L � xWLQ��IJ;7=	8%m	L_2HxWLSI	3Eh ��B<DK\<I	3EhEDML d�xS 4��+,+LQC¡Hx?=r��:<VW@	;[IJ57>W@C3<D�>A3 8%=	@CVAB957>W@C3<IJ;7m;7@	\n@	57>AF%D%x � �JG�� D-@CN'EG�2E�
 G'N�@#K'F L >?��*'Q0�p�	�%��x
q @CVW@Cj#\n8%5K57>�L	svxgI	3Eh � @	;[>W^	@9Lrsvx� 4��+,+,¤]¡Hxnz�;[I	>A3<>A39^�IJ^	8M3}57D�5K@q:n8%;7`�@	;[j�D78?;]B98M3]57>AI	V \g8�e6EIM=�>W@	;Mx � �JG��8D-@/NLE6� E�
 G'N*@-K'F L >9 #QC¡H�R>,¤ *�� >�*'V?x
q @R=	8M398%m	LRd�x�I	3EhT��>A^C69oE8MVAhyL - xa 4��+,+LVC¡Hx =,FHK'B D-@#E�F.MUK)i84�K!h �('�ED�J@CD�� 5 ��
4E � E.G'F I�
 i"KLF

� F��E�F_@CBnG+4 
 G�KLD-@-I8, K'F ' �JxF�1I	VAVAI	3]57>A398/�c@]@	Z�D%LE243EFJx
q ;[I	j�8%;ML )Gx���xO 4��+L<LVC¡Hx : ;78%:E;[8MDK8M3}57IJ57>A@C3k`�@	;t576E8qI	hEIJ:E57>W=	8�^	8M398%;HIJ57>W@C3k@	`PD[>Aj�:<VW8UDK8�e

;]B98M3]57>AI	V�:<;7@	^	;[I	jqD%xO2�3 � ;78%`�8M3<DK5K8%5K5K8	L�J9x&JExWLP8Mh<>W5K@	;ML1� F K?I�E�ED�'@CB!P'M K)i G'B�!�B�D
E�F�B G,5
D-@-K'B G3'&4�K'B�i?E"FZE"B I�E=K'B 2 E�B E�D-@#IB�/' P!K'F0@CD 
/h=M_G'B � D 
�E�� � �(' @#I.GJD-@-K'B&MHL<:pIJ^	8MDt�?<LQ0�p�?<�*]L
dO>W5K57DK\pB9;7^C6yLJd : x ��� : )�IM=?m	xp:<BE\<VA>AD76E8%;P39@	5�Z�39@�Na3yLEDK:n@C3EDK@	;[8MhS\]m ��� : )�IM=?m	x

� � I	6E>A3yL =axWLO� IJ\n8MVAVAI�L�z{xWLPz�;[>AI	3E3E>fL(NixWL � 8M398MBE\g@CBE;7^9L&J9x eb�OxWL - I	D[DK8	L d�xWL £ VW@	;[8MI	39@9L � xWL
� I	j#\pIJ;[h98MVAVAI�L��OxWL sX@C3<hEI	hEI�L £ xWL )a@CVAo�L��gxWL�I	3Eh � @	;[>A^	@9LEsvx� #>J�	�J>C¡Hx��) : - sQe
�Retz��g�*d�IJ5K5K8%;H3�`�@	;HjqIJ57>W@C3$>A3 I�DKN1IJ;[j @	`�D78MVW`�ebI	D[DK8Mj#\pVA>A39^ j�@	\<>AVW8&;7@	\n@	57D%x�2�3
=OV 1{I	j�8MV�L : xWL s_8MVAVW@CBEV�>�L 1�xWL�I	3Eh��c@	;[398	LUd�xWL�8MhE>A5K@	;[D%L&� F K?I0E.ED�L@/B!PLMUK)iOD 
�E !$#&#%#
!�B�D
E"F0B GLD-@#K'B G3' 4�K'B�i?E"FZE"B I�E K'B�� ��M"D
E h=M�� 9nGLBTGLB ��4 � 7�E"F0B E�D-@#I"M L�:<IJ^	8MDw��¤�V0�p�?VJ��L��I	jqj"I	j�8%5%Lpz�BE3E>AD[>AI�xJdO>AD7F%IJ57IRNcIRm	L )EJ9�920= = = dO;78MD7D%x

� IJ;7N�>A3yL q x] 4�?<LV,+C¡Hx � B9D 
4E � F�@ PL@CB9K)i%���4EZI?@#E"M 7��19 E.G'B4M K<iHL GLD���FHG3' � E�' E.I?D-@#K'BEx�� @C3Eh9@C3yx
� 8%\�L 1�xpI	3<h �c8%m	8%;MLn�#x e � xr 4��+,+,+C¡Hx �?8MVW`�e : h<IJ:E57IJ57>W@C3_>�3 - 8MI	V�eDd�IJ;[I	jq8%5K8%; � 8M398%57>AF : V�e^	@	;[>W576EjqDaNa>W576l�9>AjGB<VAIJ5K8Mh �1>A3EIJ;7m q ;[@CD7DK@R=	8%;Rxp243 �1I	39sM6EIJ`�L ) xWL � I	>�hEI�L JExWL =O>A\g8M3�L

: xWL � IJ;7s%@C3yL s�xWL<�a@C3<IM=JIJ;ML NixWL*JCIJZ�>W8MVAI�LcsvxWLpI	3Eh_��jq>W576�L - xWL98MhE>W5K@	;[D%L 2 # 4 4 � 5 ��� 
� F K?I�E�ED�'@CB!P'M K)i D 
�E 2 E�B E�D-@#I G'B �+# N�K,' �4D-@#K'B G'F=��4�K!h � �4D�GLD-@#K'B 4�K'B�i�E�F E�B I�E%L�:<IJ^	8MD� *'>0�p� *3+?L��9I	3 £ ;[I	3EF%>�D7F�@9L q : xMs_@	;7^CI	3 1{I	BE`�jqI	3<3yx

� 8M398MBE\g@CBE;7^9L J9x�I	3Eh � @CD[D%LU�gxi 4��+L<,+C¡Hx q @CVAVW8MF�57>W=	8&:<IJ5K5K8%;[3EDwI	3Eh hE8MF%>AD7>W@C3�ebj"IJZ?>A3E^9x
#oD 
 K3' KZP ���%#�I�K3' KZP�� G'B � # N'K3' ��D-@#K'BEL��J�R>,+LV0� Q��	�Jx

� 8M398MBE\g@CBE;7^9L?J9xWL � @CD7D%L{�gxWLt��I	3EhE>A3<>�L � xWL £ 8%;[;[IJ;[>�L £ xWL�I	3Eh � IJ;[>W@9L d�x{ 4��+,+J�}¡Hx���8MVW`�e@	;7^CI	3E>WsM>A3E^XF�@CVAVW8MF�57>W@C3vI	3<hk5K;[I	3EDK:n@	;75�@	`1@	\�~K8MF�57D#>A3kB<39:E;78MhE>�F�57IJ\<VW8i8M3}=�>W;7@C3Ejq8M3}57D%x2�3I� F K?I�E�ED�'@CB!PLM K)i+��G��4G'B 5
	�� �� � � �!h ��K�M0@%� h K'B<= '�ED�J@ 7�' E�� �4D�K!h9GLD-@#K'BEL�:<IJ^	8MD�%� +LQ0�p�%� +L<?L 1tm	@	5K@9L J}IJ:<I	3yx927� q 20=�x
� 8M398MBE\g@CBE;7^9L JEx eb��xWL � @CD7D%LE�gxWL £ ;HI	39Z?DML�)GxWL?I	3<h d�I	DK5K8%8MVAD%L�J9xg 4��+L<,+C¡Hx�za698�\<VA>�3EhUVW8MI	hE>A39^57698�\pVA>A3Ehy�TsX@�h98MVA>A3E^_F[698Mj">AF%I	VAVWmkj�8MhE>�IJ5K8Mh&IJ;[jGmvI	3]5G;[I	>�hv:<IJ5K5K8%;[3<D%x%�4K ��F�B G3' K<i

+�*



� � ��� ����� � ���
	��

!�B&M�EZI�DH�2E�
 G'N�@#K ��F L >?��*?��+0� *'>LV?x
� @	\EsM6EI	3ED7Z]m	L�ztx� 4��+LQ�*	¡Hx 2 E�B E�D-@#I"M9G'B � D 
�E � F�@ PL@CB K)i�� �4E.I�@�E0M x q @CVABEjG\<>AI ��3E>W=	8%;HD7>W5bm
dO;78MD7D%x

� @C3EI	VAhyL ��x - xWL JC8M3E3E>A3E^CD%LMJ9xWLnI	3Eh - BEDML � xr 4��+,+,¤]¡Hx : 3EI	VAm]sM>A3E^q5K8MI	jqD�@	`OF�@?@	:g8%;HIJ57>A39^jq@	\<>AVW8l;7@	\n@	57D%xP243I� F K?I�E�ED�'@CB!P'M 5 !$#%#%# !�B D
E"F0B GLD-@#K'B G3' 4�K'B�i�E�F E�B I�E K'B �oK 7ZKLD-@#I"M
GLB � � �4D�K!h9GLD-@#K'BEL}=	@CV�BEj�8[Q?L]:<IJ^	8MDa�?QJ� �p�?QLV?L9��@CD : V�I	jq>W5K@CD%L q : x	20= = = q @Cj�:pB95K8%;��@?F%>W8%5Ym-dO;78MD7D%x

� @	;[>W^	@9LMs�x� 4��+,+LVC¡Hx : � = q � �{��I	3EhQ576E8 : B95K@C3E@/sX@CBED78	�O��8MIJ;[3<>A39^U5K@ q @C3]5K;7@CV�I - 8MI	V
- @	\n@	5�\]m � >ADK5K;[>W\pB95K8Mh q VAI	D7D[>WoE8%;a�?m�DK5K8MjqD%xM9 GJI�
�@CB E6: EZG'F0B&@CB!P	L���+?�R>J� +0� >,¤C��x

� @	;[>W^	@9L/s�x	I	3Eh q @CVW@Cj#\n8%5K57>�Ls�x� 4��+,+L<C¡Hx)�oK�7ZKJD �2
 G � @/B P  � B # � �4E"F0@ h9E�B�D6@CB �2E=
�G'N�@#K'F
#oB!PL@CB E�E"F0@/B!PCx sX24z dO;78MD7DK!��c;[I	h9`�@	;[h �c@?@	Z?DML q I	jG\E;[>Ah9^	8	L s : x

� @	;[>W^	@9L�svxWL�z ;[>�I	3E3E>�L�NixWLS� �HI	6E>�3yL =�xWL"��IJ\n8MVAVAI�LqztxWL � ;7@CD7D%L - xWL �1I	VAhEI	D[D7IJ;7;78	L � xWL
)�@CVWo�Ln�gxWL � 8M398MB9\n@CB9;7^9L J9x eb��xWLrsX@C3<hEI	hEI�L £ xWL £ VW@	;78MI	39@9L � xWLgI	3Eh � I	j#\<IJ;Hh98MVAVAI�L<�Ox #>J�	�JQC¡Hx =�=	@CVW=�>A39^q�?8MVW`�e�e�;7^CI	3E>AsM>A39^3�c8M6EIR=?>A@	;[D1`�@	;�I�� � GLF&h�5�7ZKLD xEz�8MF[6E3E>�F%I	V - 8%:n@	;75z - !�2 - 2 � 2 : !'>J�	�JQ�e[�	�JLg2 - 2 � 2 : e���3E>W=	8%;[D[>W5��8{� >W\E;[8�hE8/�P;HB��?8MV�VW8MD%L��c8MVW^C>ABEjXx

� ;7@	^	@CBEV�L : x<I	3Eh £ 8%;7\n8%;ML JEx� 4��+,+LQC¡Hx £ ;7@Cj-5K@Cj)576?BEjG\_5K@�57698#h9@�F7Z	8%;HD%�a�?@Cj�8#8���:n8%;Ke>�j�8M3}57D�N�>W576d`�@	;HIJ^C>A39^Q;7@	\n@	57D%xy243-� F K?I0E.ED�L@/B!PLM K)i9D 
�E �8EZI.KLB � !�B�D
E"F0B GLD-@#K'B G3'E4�K'B 5
i?E"FZE"B I�E K'B;�&@ h � ' GLD-@#K'B K)i �)��G�� D-@CN'E��2E=
 G'N*@-KLFHL�:pIJ^	8MD�¤�V��
�}¤�V,+?L q I	jG\E;[>�h9^	8	L�s : x
s_24z d�;78MD[DK!��c;[I	h9`�@	;[h �c@]@	Z�D%x

� B9;7`�8%8	L =ax}�Gx]I	3Eh - @CDK8M3ED[F[698M>A3�L J9x��gxg 4��+,+,¤]¡Hx � >ADK5K;[>A\<B95K8MhU:E;7@	\pVW8Mj/DK@CVW=�>A39^{I	3<h"jiBEV�e57>�IJ^	8M3}5�DKm?D75K8MjqD%� q @Cj�:<IJ;[>AD7@C3ED�I	3EhX8��9I	j�:<VA8MD%xE243 1{VW8M>A3�LJs�xWL<8Mh<>W5K@	;ML �oFHK?I0E.E1�'@/B P'M
K<i2D 
4E ���JD 
3!�B D
E"F0B GLD-@#K'B G3'�, K'F���M1
�K�� K'B � �?!HL?:<IJ^	8MD +,¤ �p�%�J¤9Lg� IJZ	8���BE>�3EI	VW5%L) : x

=OV�jqI	3yL*J9x  4��+,+J�}¡Hx £ >A3EhE>�39^iD75K;[BEF�57B9;78{>�3S57>Aj�8	x%4�KZPJB&@CD-@CN'E � I�@�E"B I0E�L ��¤9�A� *3+0� >��	�Jx
=O3<h9@9L 1qxWL!slIJ8M39@9L	ztxWL	I	3Eh 1{>A57I	39@9L,�Gx? #>J�	�J>C¡Hx q @Jef8%=	@CV�B957>W@C3{@	`9j�@	;[:<69@CVW@	^	mtI	3EhtN1I	VWZ]e>�39^_:<IJ5K5K8%;H3&@	`a\<>W:n8Mh�6?BEjqI	39@C>�hv;7@	\n@	5UBED7>A39^_8%=	@CVAB957>W@C3EIJ;[m�F�@Cj�:<B957IJ57>A@C3�e�`�;7@CjD[>AjGB<VAIJ57>W@C3k5K@d57698�;78MI	VP;7@	\n@	5%x�243 �1>Ah<I	BEhyL6d�xrI	3Eh��c8M3 : jqIJ;RL £ xWLr8Mh<>W5K@	;[D%L%� F K35

I0E.E1�'@/B P'M K<i D 
�E��LD 
�!�B�D
E�F�B GJD-@-K'B G3'�4�K'B�i?E"FZE"B I0E9K'B 4-' @ h 7"@CB!P G'B � , G3' �*@CB!P �oK�7.KLDCM
A 4 :�� , �?�.C�L9:<IJ^	8MD *'<LQ0� *3+J��x	dO;7@	`�8MD[D7>W@C3EI	V =P39^C>A398%8%;[>�39^�dOB9\<V�>AD76E>A3E^9x

£ VW@	;78MI	39@9L � xJI	3Eh s_@C3EhEI	hEI�L £ x? 4��+,+,¤]¡Hx : B95K@CjqIJ57>�FOF�;78MIJ57>W@C3G@	`EI	3iI	B95K@C39@Cj�@CBED�IJ^	8M3]5%�
� 8M398%57>AF�8%=	@CVAB957>W@C3�@	` IU398MB9;HI	V�eb398%5bNc@	;7Z"hE;[>W=	8M3q;[@	\g@	5%x?243 q VA>���L � x?I	3<h���BEDK\pI	3EhED%L
d�xWL�8MhE>W5K@	;[DML�=8F K!h � B�@ h9G3' M D�K	� B&@ h%GJDCM�� �3� F K?I�E�ED�'@CB!P'M K)i D 
�E<��
�@/F6�@!�B�D
E"F0B G35
D-@#K'B G,'E4�K'B�i�E�F E�B I�E KLB �&@ h � ' GLD-@-KLB K)i � �JG��8D-@/NLE �2E=
 GLN�@#K'F A � ��� B �
	 C,L�:<IJ^	8MDi¤�>��
�¤�QJ��L q I	jG\E;[>Ah9^	8	Lcs : x	sX24z d�;[8MD7DK!��c;[I	h9`�@	;[h �c@?@	Z?D%x

£ VW@	;78MI	39@9L � x�I	3<h sX@C3<hEI	hEI�L £ xc 4��+,+.,C¡Hx>=�=	@CVABE57>W@C3k@	`�69@Cjq>A3E^_3EIM=�>W^CIJ57>W@C3&>A3vI_;78MI	Vjq@	\<>AVW8{;[@	\g@	5%x�!$#%#&# �4F G'B4M�GJI?D-@#K'B4M5K'B;� ��M0D
E h=M�� 9 G'B ��G'B �;4 ��7�E"F0B E�D-@#I"M L,>.,?�RQ,+.,0�¤C��*]x

+L<



� � ��� � ����� � � 	 �

£ @	^	8MV�L���x� 4��+.,L>C¡Hx�z @�NcIJ;[hd>A3<hEBEF�57>W=	8#>�39`�8%;[8M3EF�8GI	B95K@Cj"IJ57I�xg2435� F K?I�E�ED�'@CB!P'M9K)i D 
�E !�B D �
= ED�!E"F GLD-@-KLB i�K'F�!�B�i�K'F=h%GJD-@-K'BF� F K?I�E"M.M�@CB!P54�K'B PLFZE0M.M�4�K'B�i?E"FZE"B I0E�L<:pIJ^	8MD[Q,+LV0� Q,+,+?x

£ @	^	8MV�L���xWL�e�Nc8M3ED%L : xWLyI	3Eh )vI	VAD76yL s�x� 4��+.,.,C¡Hx � F"D-@ > I�@#G3' !�B�D
E '�' @ P!E�B I�E%D 
�FHK��LP�
/��@ h � 5
' GLD
E1� # N'K3' ��D-@#K'BEx ) >AVA8%m����?@C3<D%L )a8%N ��@	;7ZgL�)1�Ux

£ B9Z,I	h<I�LOztx�I	3Eh )�IJZJIJ^CIMN1I�L��gx� 4��+L<�*	¡Hx : h9m�3EI	jq>�F%I	VAVWmd;78MF�@C39oE^CBE;[IJ\<VW8�;7@	\n@	57>AF"DKm�D4e5K8MjQxp243/�oFHK�I�E.E1�'@CB!P'M5K)i=D 
�EG!�B�D
E�F�B GJD-@-K'B G3'�4�K'B�i?E"FZE"B I0E9K'B+!�B � � M0D-F0@-G3' # ' E.I?D-F K'B&@#I"M��
4�K'B�D-F K3' ��G'B �3!�B&M0D-F �9h5E�B�D�GLD-@#K'B A !$# 4 � L C,L9:<IJ^	8MD[VL<L<0� V,+LV?x

� IJ;[>AD%Ly�Gx� 4��+,+��R¡Hx � 8M398%57>AFi:E;7@	^	;[I	j"jq>A39^9� : ;757>Wo<F%>�I	V 398%;7=	@CB<D�D7m?DK5K8Mj"D%LyIJ;757>Wo<F%>AI	V�8MjUe\E;7m	@CDUI	3Ehv8MjG\E;7m	@CVA@	^C>AF%I	Vc8MVW8MF�5K;7@C3E>AF%DMx 243T��FH6}Nc8%`�8MV�L��#x eDd�x�I	3Ehms��I	3E3E8%;ML - xWLr8MhE>�e5K@	;[D%L ��G'F G3'�' E�'H� F K�7�' E4h � K3' N�@CB!PTi0FHKGh L GLD���F E%L�:pIJ^	8MD"�	� *��p�?>LQ?L#�c8%;[VA>A3�L � 8%;[jqI	3]m	x�?:E;[>A3E^	8%;KeONr8%;[VAIJ^9xE� 8MF�57B9;78&)�@	5K8MDa>A3 q @Cj�:<B95K8%;��9F%>W8M3EF�8t¤�+.,?x
� I	D7DK8%;MLr��x�I	3Eh���BE6E3�LOs�x )Gxc 4��+L<,+C¡Hx �_@ M"D-F�@ 7 �4D
ED� �2F0D-@ > I�@#G3'(!�B D
E '�' @ P!E�B I�E%L�=	@CVAB<j�8 >@	`���E"M�EZGLFHIC
 L KLD
E0M @CB�� F"D-@ > I�@#G3' !�B�D
E�' ' @ P!E"B I�E�xKdO>A57jqI	3 dPB9\<VA>�D76E>A39^kI	3Ehfs_@	;7^CI	3

1{I	B9`ujqI	3E3yLE� @C3Eh9@C3yL �/1�x
� 8M3yL9s�xCI	3Eh q 698M3E^9L - x< #>J�	�	�}¡Hx 2 E"B E?D-@-I �/' P�KLF�@-D 
/h=M G'B �6#oB!PL@CB E.E�F�@CB!P � � D-@ h @ ��GLD-@-KLBEx

) >AVA8%m�����@C3ED%L )�8%N ��@	;7ZgL�)��ix
� @CVAh9\n8%;7^9L � x� #>J�	�J>C¡Hx1��
�E � E0M�@ PLBnK)iE!�B&B K'N'GLD-@-KLB �: E"M.M�K'B4MUi0FHKGh G'B � i"K'F 4�K!h �4E�D
E�B�D

2 E"B E?D-@-I �/' P�KLF�@-D 
/h=MHx 1{VAB]NP8%; : F%I	h98Mjq>AF dOB9\<V�>AD7698%;[DML )�8%NI��@	;7ZgL()��ix
� @CVAh9\n8%;7^9L � xEI	3Eh s_IJ57IJ;H> �FJLMsvx*JEx  4��+,+,+C¡Hx q @?@	;[hE>�3EIJ57>A39^ij�@	\<>AVW8�;7@	\n@	51^	;7@CB9:Q\n8M6EIR=}e>W@	;iB<D7>A39^XIwj�@�h98MV�@	`�>A3]5K8%;[I	F�57>W@C3�h9m�3EI	jq>AF%DMx�2�38=�5KsM>A@C3E>�L eixWL s��BEV�VW8%;ML(JExId�xWL�I	3Eh

�P;HI	hED76EIRN{L JEx/svxWL]8MhE>W5K@	;[D%L)� F K?I�E�ED�'@CB!P'M K)i[D 
4E ��
�@/F6� !�B�D
E�F�B GLD-@-KLB G3' 4�K'B�i?E"FZE"B I0E K'B
� �4D�K'B K!h9K � MB� P!E�B�DCM A � P!E�B�DCM)B ���DC,LE:<IJ^	8MD#�%�	� �p�%��*]L �?8MIJ5K57VA8	L ) : x : q s dO;78MD7D%x

� @CVAh9\n8%;7^9L � x�=�x< 4��+L<,+C¡Hx 2 E"B8E�D-@#I �
' P!K'F�@-D 
/h=M�@CB �8EZG'F I�
 � � � D-@ h @ ��GLD-@-KLB � G'B �69nGJIC
�@CB E
: EZGLF�B&@CB!PCx : hEhE>ADK@C39e )k8MD7VW8%m	L - 8MI	hE>A39^9L s : x

� @CD7D%L��gxnI	3Eh � 8M398MB9\n@CB9;7^9L J9x eb�Ox� 4��+,+L>C¡Hx ��IJ;[=	8MDK57>A39^S\?m_I�^	;7@CB9:d@	`O;7@	\n@	57D%xg2435�oFHK,5
I�E.E1�'@CB!P'MUK)i D 
�E�= @CF.M"D�# ��F K��4E.G'B 4�K'B�i?E"FZE"B I0EUKLB � F"D-@ > I�@#G3'%:�@ i�E%LO:<IJ^	8MD_��+LV0� >J�J¤9L
q I	j#\<;[>Ah9^	8	L s : x	sX24z d�;[8MD7DK!��c;[I	h9`�@	;[h �c@?@	Z?D%x

� ;[I	D7D �8	Lcd�x� 4��+LV,+C¡Hx<� Ii;78MF�@C3ED75K;[BEF�57>W@C3�hEBS3E>Ah"8%51VA8MDcF�@?@	;[hE>�3EIJ57>W@C3EDP>A3}5K8%;7eb>A3EhE>W=�>AhEBE8MVAVW8MDF[698%s�\n8MVAV�>AF�@C>W5K8%;[j�8MD�3EIJ57I	VA8M3E>AD�8%5OF%B9\<>A5K8%;[j�8MD�DK:�xCVAI�57698%@	;H>W8�h98�VAI�DK57>W^Cj�8%;[^C>W8	�:=PD7D7I	>hy��>A3]5K8%;7:E;78%57IJ57>W@C3_h98MD�5K8%;[jq>A5K8MD�F�@C3EDK5K;[B<F�5K8MB9;[D%x !�B&M�EZI�D%� K?I�@�E�D-@�E0M L ,?� ¤	¤ � <LQ?x
��IJZ	8M3yL9�Gxn 4��+L<L<C¡HxM!�B�i�K'F=h9GLD-@-KLB GLB � � E�' i 5 � F-P!G'B&@��?GLD-@#K'B � � 9 GJI�F K�M�I.K�� @#I � � � FHK�GJI�
 D�K

4�K!h �(' E1� � ��M"D
E h=MHxg��:E;[>A39^	8%;7eONr8%;[VAIJ^9L��c8%;[VA>A3�L � 8%;HjqI	3}m	x
��IMm	8MDML : xWLMslIJ;757>A39@CVA>fL : xWL<I	3<h � @?@?hEj"I	3yL - x� #>J�	�	�}¡Hx q @Cj�:pIJ;[>A39^qhE>�DK5K;[>W\<BE5K8Mh"8���:<VW@Je;[IJ57>W@C3�DK5K;[IJ5K8%^C>W8MD1Na>A576"D7>AjiBEVAIJ5K8Mh�I	3Eh�;78MI	VpI	BE5K@C39@Cj�@CBEDc;7@	\n@	57D%x]2�3 � F K?I�E�ED�'@CB!PLM�K<i

D 
�E&= @ i0D 
6!�B�D
E"F0B GLD-@#K'B G3'����;h ��K'M�@ �9hbK'B �_@ M"D-F�@ 7 �4D
E1�)� �4D�K'B K!h9K � M%�oK�7.KLD-@-I�� ��M0D
E4h=M
�)����� 5 	 	,LE:<IJ^	8MD >.,��
� >�*,��L �P8%;HVA>A3yL � 8%;[jqI	3]m	xn��:E;[>A39^	8%;7eONr8%;[VAIJ^9x

+,+



� � ��� ����� � ���
	��

��8%m?VA>A^C698M3yL £ xr #>J�	�J>C¡Hx�z�698iD7F%>W8M3EF�8G@	`ODK8MVW`�ef@	;7^CI	3E>WsMIJ57>A@C3lI	3EhlI	hEIJ:E57>W=�>W5Ym	xp243���
4EG# B 5
I&�JI�' K��4ED�L@-G K)iE:�@ i�E � ������KLF0D � ��M"D
E h=MHx2=2e����E� dOB9\<V�>AD7698%;[D q @9x<� 57hyx

��@CVAVAI	3EhyL JEx��Gx� 4��+.,L>C¡Hxre�BE57VA>A398�`�@	;�IUVW@	^C>�F%I	Vn57698%@	;7m�>�3�I	h<IJ:E57>W=	8{DKm�DK5K8MjqD%x��4K ��F0B G3' K)i
D 
4E �2M�M"K?I?@-GLD-@#K'B�i�K'F 4�K!h � �4D-@CB!P 9 GJI�
�@CB E�F.�JL(+9 #QC¡H�R>,+�*�� Q���¤9x

��@CVAVAI	3EhyL(J9x��GxP 4��+�*'VC¡Hx!�)�JG � D�GLD-@#K'B @CB5L GLD���FHG,' G'B ��� F"D-@ > I�@#G3' � ��M"D
E h=MHxIs_24z d�;[8MD7D%L
q I	j#\E;H>Ah9^	8	Lcs : x

� �@CVAVAh9@	\<VA8%;ML ��x] 4��+L<LQC¡Hx	z 8%;[;[>W5K@	;[>AI	VJ\n8M6EIR=?>A@	; >A3t57698O^	;78%8M3{5K;78%8PI	3}51 �@]8MF�@	:<6]m�VAVAI�D7j"IJ;[IJ^Jeh<>A3EI}¡Hx*��@-KLD-F K�� @#I.G	L��?V?�R>,¤E�
� >LVJ��x
� �@CVAVAh9@	\<VA8%;ML ��xgI	3<h )+>AVADK@C3�L =�xr 4��+,+J�}¡Hx?��
�E �2B�DCMHxn��IJ;[=,IJ;[h ��3E>W=	8%;[D7>A5bm d�;[8MD7D%L q I	jUe\<;[>Ah9^	8	Lcs : x
��@	:EoE8MVAhyLHJ9x JExP 4��+L<L>C¡Hx )a8MBE;[I	V�398%5YNP@	;7Z�DiI	3Ehk:<6]m?D[>AF%I	V�DKm�DK5K8MjqD#Na>W576k8Mj�8%;[^	8M3}5iF�@CV�eVA8MF�57>W=	8tF�@Cj�:<B957IJ57>W@C3<I	VgIJ\p>AVA>W57>W8MDMx}243 �oFHK�I�E.E1�'@CB!P'M K)i D 
�EEL GLD-@#K'B G3' �[I.G �!E h � K)iE� I?@ 5

E�B I�E"MHL9=	@CVAB<j�8�*3+?L<:<IJ^	8MD >LVLV,¤ � >LVLVL<?x
��BE6E3ED%L!svx3)Gx? 4��+L<�*	¡Hx �_@ M"D-F�@ 7 �4D
ED� � F0D-@ > I?@-G3'�!�B�D
E�' ' @ P E"B I0E�L,=	@CVABEj�8���@	`*��E"M�EZGLFHIC
GL KLD
E0M

@CB � F"D-@ > I�@#G3'�!�B D
E '�' @ P!E�B I�E%x	dP>W57jqI	3>dOB9\<V�>AD76E>A3E^UI	3<h>s_@	;7^CI	3 1{I	B9`ujqI	3E3�Lp��@C3<h9@C3yL
�/1�x

��BEDK\<I	3Eh<D%L3d�x�I	3Eh ��IJ;7=	8%m	L{2 xi 4��+,+L>C¡Hx =�=	@CVABE57>W@C3�=	8%;[D7B<D_h98MD7>A^C3y� q @C3]5K;7@CVAVA>�39^�I	B�e5K@C3E@Cj�@CBED�;[@	\g@	57DMxE2�3/� F K?I�E�ED�'@CB!P'M9K)i_D 
4E"��
�@CF� � B�B �&G3'.4�K'B�i�E�F E�B I�E%KLB �2F0D-@ > I�@#G3'
!�B D
E '�' @ P!E�B I�E � ��@ h � ' GJD-@-K'B G'B �E� ' G'B&B�@/B!PCL	:<IJ^	8MD1�?Q,+0�p��¤�,?L?� @CD : VAI	j">W5K@CD%L q : x�20= = =
q @Cj�:<B95K8%;��?@�F%>W8%5Ym�dO;78MD7D%x

JCIJZ	@	\p>�L )Gx� 4��+,+L<C¡Hx?9 @CB&@ h9G3'��&@ h � ' GLD-@#K'B4MTi"KLF #oN�K3' �4D-@-K'B G'F.�;�oK 7ZKLD-@#I"M xKdP6 � 57698MD[>AD%L
��3E>W=	8%;HD7>W5bm�@	`O��BED7DK8��nx

1{IJ5K@9L�ztxyI	3Eh £ VW@	;78MI	39@9L � xP #>J�	�9�R¡Hx : 3d8%=	@CV�B957>W@C3EIJ;7mwI	F�57>W=	8�ef=�>AD7>W@C3kDKm�DK5K8MjQxy243;� F K35
I0E.E1�'@/B P'M9K)i%D 
�E��
	 	���4�K'B!PJF E"M.M5K'B8# N�K,' �4D-@#K'B G'F=�-4�K!h � �4D�GLD-@#K'B 4 #G4 �
	 	��JL :pIJ^	8MD�%��*��p�	��¤9Ln��@CD : V�I	jq>W5K@CD%L q : x920= = = q @Cj�:<BE5K8%;��?@�F%>W8%5bm�d�;78MD[D%x

1t@Cj�@CD[>A3EDKZ�>�L's�x] #>J�	�	�}¡HxJz�698rNc@	;[VAh�@	`?`�;[I	j"DK57>AF7Z�D%���9>AjGB<VAIJ57>W@C3yL%8%=	@CVABE57>W@C3yL�>�3}5K8%;[I	F�57>A@C3yx243T�a8MB<hE>A3yL%JEx e q xWL�8MhE>W5K@	;RL.� F K?I�E�ED�'@CB!PLMUK)i D 
�E �8EZI.KLB �/!�B D
E"F0B GLD-@#K'B G3' 4�KLB�i�E�F E�B I�E
KLB�� @CF0D��&G3'�,UK'F6' ��M Lp=	@CVAB<j�8q�?<LQ,¤9Lp:pIJ^	8MD >���¤ � >L>,¤9L �c8%;[VA>A3F!,�a8M>AhE8MVW\n8%;7^9L � 8%;[jqI	3]m	x��:E;[>A39^	8%;7eONr8%;[VAIJ^9x9��8MF�57B9;[8&)a@	5K8MD�>A3 : ;757>Wo<F%>�I	Vp243]5K8MVAVA>W^	8M3EF�8	x

1t@	sMI�L3J9x - xq 4��+,+J�}¡Hx =O=	@CVAB957>W@C3�@	`"D7BE\<D7BEj�:<57>W@C3 BED7>�39^ ^	8M398%57>�F&:<;7@	^	;[I	jqjq>�39^9xa243
N�IJ;[8MVAI�L £ x%J9x�I	3Eh��c@CB9;7^C>A398	L d�xWLO8MhE>W5K@	;[D%L � F K?I�E�ED�'@CB!P'M��6= @CF.M"D?# ��F K��4EZGLB 4�K'B�i�E�F65
E�B I�E=K'B � F"D-@ > I�@#G3' :�@ i?E�L9:<IJ^	8MDG�	�%� �p�	��+?L q I	j#\<;[>Ah9^	8	Lcs : xMs_24z d�;[8MD7D%x

1t@	sMI�L J9x - x  4��+,+L>C¡Hx 2 E"B8E�D-@#IE�oFHK.PLF G!h h=@CB!P  � B D 
�E6� F KZPJFHG!h h @CB!P K)i 4�K!h � �4D
E"F�M�7��
9 EZG'B&M K)i?L_GJD�� F G3' � E '�EZI�D-@-K'B<x	s_2�z dO;78MD7D%L q I	j#\E;H>Ah9^	8	L s : x

1t@	sMI�L J9x - xWL 1t8MI	398	L : xWLE�?5K;78%8%5K8%;RL s�xWL s_m�hEVW@RNc8MFJL�)�xWLK�OByL�J9xWL�I	3Eh"��I	39sMI�L � xn #>J�	�JQC¡Hx
2 E�B E�D-@#I3� F KZPJFHG!h h @CB!P5!�� %��K �4D-@/B E�� � h9G'B 5 4�K!h �4E?D-@CD-@CN'E 9nGJIC
�@/B8E !�B�D
E '�' @ P!E�B I�E%x
1#VAB}Nc8%; : F%I	h98Mjq>AF#dPB9\<VA>�D7698%;[D%L�)a8%N ��@	;7ZpL )1�Ux

�%�	�



� � ��� � ����� � � 	 �

1{@	sMI�L%J9x - x�I	3Eh - >AF�8	L J9xOd�x1 4��+,+L>C¡Hx : B95K@Cj"IJ57>AFq:E;[@	^	;[I	jqjq>A3E^X@	`�;7@	\n@	57D#BED[>A39^Q^	8�e398%57>AF{:<;7@	^	;[I	jqjq>�39^9x92�3F� F K?I�E�ED�'@CB!PLM K)i � E�B�D 
 L_GJD-@-K'B G3' 4�KLB�i�E�F E�B I�E9K'B � F"D-@ > I?@-G,'
!�B�D
E '�' @ P!E�B I�E%LE:<IJ^	8MDG��+,¤ � >J�9�JL q I	j#\E;H>Ah9^	8	Lcs : x : :[: 2Rd�;78MD[DK!!sX24z dO;78MD7D%x

1#B9\n8	L q x1I	3Eh��n6EI	39^9L��#x{ 4��+,+L>JI}¡Hx q @CVAVW8MF�57>W=	8d;7@	\n@	57>AFw>A3]5K8MVAVA>W^	8M3EF�8	xc243fs_8%m	8%;ML6J9xWL
- @C>W5K\<V�IJ5%L �#xWL�I	3Eh ) >�VADK@C3yL �gxWL�8Mh<>W5K@	;[D%L �oFHK?I0E.E1�'@/B P'M K)i%D 
�E � E.I.K'B ��!�B D
E"F0B GLD-@#K'B G3'
4�K'B�i?E"FZE"B I0E KLB;�&@ h ��' GLD-@#K'B K)i �)�JG � D-@/NLE�� E�
 G'N*@-K ��F L�:<IJ^	8MD�¤�,J� �}¤�,L<?L q I	jG\E;[>Ah9^	8	L
s : x	s_2�z d�;78MD7DMx

1#B9\n8	L q x - xEI	3Eh �c@C3EIJ\n8MI	ByL�=�x� #>J�	�	�}¡Hx q @?@	:g8%;HIJ57>W=	8�5K;[I	3EDK:n@	;751\?m�I	3]57D�I	3EhS;7@	\n@	57D%x
�oK�7ZKJD-@-I�M G'B � � �4D�K'B K!h9K � M � ��M0D
E4h M L QJ�E �24D7D7B98"� !'>C¡H�R<LV0�p�%�9�Jx 2K�E� )#�9� +L>�� e)<L<,+J��x

1#B9\n8	L q x - x�I	3Eh��n6EI	3E^9L��#x� 4��+,+L>,\g¡Hx q @CVAVA8MF�57>W=	8�;[@	\g@	57>�F%D%� £ ;7@Cj DK@�F%>AI	Vc>A3EDK8MF�57DG5K@;7@	\n@	57D%x � �JG�� D-@CN'E6�2E=
�G'N�@#K ��F�� �����
	EL >9 #>C¡H�A�?<,+0� >��?<?x
1#B9\n8	L q x - x�I	3Eh��n6EI	3E^9L��Gxt 4��+,+LVC¡Hxt�?57IJ^C3EIJ57>W@C3+;[8MF�@R=	8%;7m+\n8M6EIM=�>W@CB9;HD"`�@	;XF�@CVAVW8MF e57>W=	8#;7@	\n@	57>AF%DMxE2�3/� F K?I�E�ED�'@CB!P'M �����
	/!$#%#%#H')��� � ' 2 !E!�B�D
E�F�B GJD-@-K'B G3'14�K'B�i?E"FZE"B I0E%K'B

!�B�D
E '�' @ P!E�B�D1�oK�7.KLD-@-I�M GLB �/� ��M0D
E4h M Lr:<IJ^	8MDS�?<L<LQ0�p�?<,+J��LP� @CD : VAI	jq>A5K@CD%L q : x�2 = = =
q @Cj�:<B95K8%;��?@?F%>A8%5bm d�;78MD[D%x

1#BE3E>Wm	@CD76<>�L �UxWL 1{>A57I�L )#xWL - @CB9^	8MI	B��nL1�gxWLP�9IJZ,I	398	L1�gxWLr2�D[6E>A>�LPsvxWLPI	3Eh 1{IJZ?>AZ?B9;HI�LUsvx 4��+,+,¤]¡Hx q @]@	:n8%;[IJ57>W@C3d\?md@	\<DK8%;7=JIJ57>W@C3de�57698�`�;HI	j�8%NP@	;[ZdI	3<hk\<I	D7>AFU57I	D7Zw:pIJ5K5K8%;[3ED%x2�3 � F K?I0E.ED�L@/B!PLM K)i�D 
4E8����� 	 !$#%#&# !�B�D
E�F�B GJD-@-K'B G3' 4�K'B�i?E"FZE"B I0E KLB �oK�7.KLD-@-I�M GLB �
� �4D�K!h9GLD-@-KLBEL�:<IJ^	8MD�*+,�*�� *.*�¤9LE� @CD : VAI	jq>W5K@CDML q : xC20= = = q @Cj�:pB95K8%;c�?@�F%>W8%5bm�dO;78MD7D%x

��I	jqIJ;[F[ZpL J9x���x� 4�?<J� +C¡Hx � 
�@�' K'M"K���
!@#E ��K?K3' KZPL@�����E%x	d�IJ;[>ADMx
��I	39^Ch9@C3yL ) x ��xqI	3Eh d�@CV�>�L - xX #>J�	�J>C¡Hx�= K ��B �JGLD-@#K'B4M K)i 2 E"B E?D-@-I��oFHK.PLF G!h h=@CB!PCx�?:E;[>A3E^	8%;KeONr8%;[VAIJ^9L��c8%;[VA>�3yL � 8%;[jqI	3]m	x
��>W:<DK@C3�L��#x�I	3Eh d�@CV�VAI	F7ZgL(JExO #>J�	�	�}¡Hx : B95K@CjqIJ57>AF"h98MD7>W^C3kI	3Ehkj"I	3]B9`uI	F�57B9;78�@	`1;7@	\n@	57>AFVA>W`�8%`�@	;[j"D%x*L_GLD���FZE�LE¤C��,?��+�*�¤ ��+�*'<?x
slIJ;7Z	@C3yL��gxWL : ;H39@CVAhyL � x NixWLA�1IJ8MF[ZpL�ztxWLA�c8M>W8MVADK5K8M>A3�LPztxWLcI	3Eh �c8%m	8%;ML1�#x e � x� #>J�	�9�R¡Hxz�69;78MD76E@CVAhE>A39^XetIdDK8MVA8MF�57>W@C3T@	:n8%;[IJ5K@	;�`�@	;q3E@C>ADKm =c�nx�243 � F K?I�E�ED�'@CB!PLM K<iOD 
4E �
	 	��

4�K'B!PLFZE0M�M%KLB+# N�K,' �4D-@#K'B G'F=�;4�K!h � �4D�GLD-@#K'B 4 # 4 �
	 	��JLn:<IJ^	8MD�¤�,LV0�}¤ *'>?L�� @CD : VAI	jq>�e5K@CD%L q : x920= = = q @Cj�:<BE5K8%;��?@?F%>A8%5bm d�;78MD[D%x
slIJ;7@�F%F�@9L � x�I	3<h £ VW@	;78MI	3E@9L � x� #>J�	�J>C¡Hx : F�57>W=	8�=?>AD[>W@C3"I	3Eh�`�8MIJ57B9;78tDK8MVW8MF�57>W@C3�>A3�8%=	@CVAB�e57>W@C3EIJ;7m�\n8M6EIR=?>W@	;HI	VEDKm�DK5K8MjqD%x]2�3���I	VAV�I	jQL JExWL £ VW@	;78MI	3E@9L � xWL���IRm	8MD%L � xWL�I	3Eh s_8%m	8%;ML

J9xWL�8MhE>W5K@	;[D%LH=8F K!h �2B&@ h9G3' M5D�K�� B&@ h9GLDCM7�3� F K?I0E.ED�L@/B!PLM K)i5D 
4E � E"NLE"B�D 
+!�B�D
E�F�B G,5
D-@-K'B G3'E4�KLB�i�E�F E�B I�E K'B �&@ h ��' GLD-@#K'B K)i �)�JG � D-@/NLE �2E=
�G'N�@#K'F Lr:<IJ^	8MD=>,¤ *�� >LVLV?L q I	jUe\E;[>Ah9^	8	L s : xMsX24z dO;78MD7DK!��c;[I	h9`�@	;[h �c@?@	Z?DMx

slIJ;757>A3E@CVA>�L : x�I	3Eh =PI	DK5K@C3yL 1�x� #>J�	�JQC¡Hx6e�:E57>Ajq>WsMIJ57>A@C3_@	`cDKNcIJ;Hj-;[@	\g@	57>�FiD7m?DK5K8Mj"D�=?>AIjqI	F�;7@CD7F�@	:<>�F�j�@?hE8MVAD%xg2�38� F K?I0E.ED�L@/B!PLM K)i%D 
�E3� EZI�K'B � !�B�D
E"F0B GLD-@#K'B G,' , K'F���M.
 K�� K'B
9 � ' D-@�5O�oK�7ZKJDCM � ��M"D
E h=MHLg:<IJ^	8MDi�?<��
�p��+L>?L�)a8%N���@	;7ZgL )��Ux(1{VAB]Nc8%; : F%I	h98Mjq>AF dOB9\9eVA>AD7698%;HD%x

�%�9�



� � ��� ����� � ���
	��

slIJ;757>A39@CVA>fL : x{I	3Eh s_@C3EhEI	hEI�L £ x" 4��+,+LVC¡Hx q @CVAVW8MF�57>A=	8�I	3Eh�F�@]@	:n8%;[IJ57>A=	8�^	;7@CB9:/\n8�e6<IM=�>W@CB9;[D%� �1>W@CVW@	^C>AF%I	VAVAm >A3<DK:<>W;78Mh+8���:n8%;[>Aj�8M3]57DX>A3 ;7@	\n@	57>AF%D%x�243 1#6EIJ57>W\�L eix�I	3Eh�9I	VA>ADK\<BE;7m	L(JExWL�8MhE>W5K@	;[DML&� F K?I�E�ED�'@CB!P'M K)iOD 
�E =6K ��F"D 
-� �!h ��K�M0@%� h K'B # � �4E"F0@ h5E�B�D�G3'
��K�7ZKLD-@#I"M%!
� #&�/5 � �JLJ:<IJ^	8MD�Q0�p�%��L �P8%;HVA>A3yL � 8%;[jqI	3]m	xC�?:E;[>A3E^	8%;�Nr8%;[VAIJ^9xJ��8MF�57B9;78 )a@	5K8MD>�3 q @C3}5K;[@CV�I	3EhQ2439`�@	;[jqIJ57>W@C3_��F%>A8M3EF�8MD%x

slIJ;757>A39@CVA>fL : xWL*�OI	jqI	j�@	5K@9L�s�xWLpI	3Eh>sX@C3Eh<I	hEI�L £ x� 4��+,+�*	¡HxHe�3X57698Gj�@�h98MVAV�>A39^i@	`r\<>W@Je>�3EDK:<>W;[8MhtF�@CVAVW8MF�57>W=	8P8��?:n8%;[>Ajq8M3}57D�Na>W576#;78MI	VC;7@	\n@	57D%x�2�3i��BEDK\<I	3Eh<D%L'd�xJI	3EhG��IJ;7=	8%m	L	2 xWL8Mh<>W5K@	;[D%L =6K ��F"D 
3# ��FHK��&EZG'B 4�K'B�i?E"FZE"B I�E=K'B �2F0D-@ > I�@#G3'*:�@ i?E�#G47��: 5$��7%L�:<IJ^	8MD�>L<0� Q��JL
q I	j#\E;H>Ah9^	8	Lcs : xMs_2�z d�;78MD7DMx

slIJ57IJ;[>AFJL	s�xMJEx� 4��+,+L>JI}¡Hx � 8MD7>A^C3E>A39^�8Mj�8%;[^	8M3}5�\g8M6<IM=�>W@	;[D%� £ ;[@Cj)VW@�F%I	V�>A3]5K8%;[I	F�57>W@C3EDa5K@F�@CV�VW8MF�57>W=	81>A3}5K8MV�VA>W^	8M3EF�8	x�2�33� F K?I0E.ED�L@/B!PLM�K)i�D 
�E1� EZI�K'B �E!�B�D
E"F0B GLD-@#K'B G3'(4�K'B�i?E"FZE"B I0E[KLB
��@ h � ' GJD-@-K'BnK)i � �JG��8D-@/NLE��2E�
 G'N�@#K'F LE:<IJ^	8MDa¤�QL>0�}¤	¤E�JL q I	jG\E;[>AhE^	8	LJs : x sX24z d�;[8MD7D%x

slIJ57IJ;[>AFJL9s�x J9xE 4��+,+L>,\g¡Hx s_>�3E>Ajq>WsM>�39^�F�@Cj�:pVW8���>A5bmG>�3iF�@C3]5K;7@CVAV�>A39^�Itj�@	\<>AVW8c;7@	\n@	5r:n@	:<B�eV�IJ57>W@C3yxE243/�oFHK?I0E.E1�'@/B P'M5K)i D 
4E3����� � !$#%#&# !�B�D
E"F0B GLD-@#K'B G,' 4�KLB�i�E�F E�B I�E5K'B/�oK 7ZKLD-@#I"M
GLB ��� �4D�K!h9GLD-@-KLBEL�:<IJ^	8MD <LQJ� � <LQLV?LO� @CD : VAI	jq>W5K@CDML q : x�20= = = q @Cj�:<BE5K8%;i�?@�F%>W8%5bm
dO;78MD7D%x

slIJ57IJ;[>AFJL	s�xMJEx  4��+,+,¤]¡Hx�!�B�D
E�FHG�I?D-@#K'B G'B �3!�B�D
E�' ' @ P!E"B D(�2E=
 GLN�@#K'FHx	dO6 � 57698MD[>AD%L s_2�ztx
slIJ57IJ;[>AFJL/s�x JEx? 4��+,+LVC¡Hx	24D7D7B98MD�I	3EhGIJ:<:E;7@CI	F[6E8MD�>�3{57698ch98MD7>W^C3#@	`EF�@CVAVW8MF�57>W=	81I	B95K@C39@Cj�@CB<DIJ^	8M3]57D%x��oK�7ZKJD-@-I�M=G'B � � �4D�K'B K!h9K � MG� ��M0D
E h=M L��-,?�RQL>��
� QLQ��Jx
slIJ57IJ;[>AFJL s�xHJExWL )�>�VAD7DK@C3yLPs�xWLOI	3Eh���>AjqD7IJ;H>AI	3yL 1�xc 4��+,+LVC¡Hx q @]@	:n8%;[IJ57>W=	8SjiBEVW57>�ef;7@	\n@	5\n@R�]ef:<B<D76E>A39^9x92435� F K?I�E�ED�'@CB!P'M ��� �
	F!$#&#%#H')��� � ' 2 !6!�B�D
E�F�B GJD-@-K'B G3'�4�K'B�i?E"FZE"B I0E5KLB

!�B D
E '�' @ P!E�B�D �oK 7ZKLD-@#I"M GLB � � ��M0D
E4h M L#:<IJ^	8MD VLV.,0� V.,��JL���@CD : VAI	j">W5K@CD%L q : x�20= = =
q @Cj�:<B95K8%;��?@�F%>W8%5Ym�dO;78MD7D%x

slIMm?;ML =�x9 4��+,¤�>C¡Hx�� ��M0D
E4h%GJD-@-I�MoG'B ��D 
�E � F�@ PL@CB K)i.� �4E.I�@�E0M x q @CV�BEj#\p>AI���3E>W=	8%;[D7>A5bm#d�;[8MD7D%x
slIMm?;ML =�x� 4��+L<L<C¡Hx1# N'K3' �4D-@#K'BEL1F[6EIJ:<5K8%;?=�=	@CV�B957>W@C3yLP:<IJ^	8MD <0�p��+?x��?:n8%Z]5K;[B<j h98%; )+>AD4eD78M3ED7F[6<IJ`�51Nr8%;HVAIJ^9L<��8M>Ah98MVW\n8%;7^9L � 8%;[j"I	3}m	x
slIMm?;ML =ax  #>J�	�9�R¡Hx�, 
�GLD # N�K,' �4D-@#K'B @ M x��cI	D[>AF/�c@]@	Z�D%L�)�8%N ��@	;[ZpL�)��Ux
s_8M3Eh98MV�L � x J9x� 4�?<.,.,C¡Hx Nr8%;[D7BEFH698 �B9\n8%; d ¢ I	39s%8M3�eb��m]\E;H>Ah98M3yxr243 � E"F.
 G'B � ' ��B!P!E�B ��E0M

L GLD���F i"K'F�M"IC
�E"B ��E"B ��E"FZE"@CB E0M @/B@��F����B&BELO=	@CV�BEj�8�¤9L�:<IJ^	8MD9Q0�}¤ *]L q s%8MF[69@CD[VW@R=JIJZ?>�I�x
)�IJ57B9;[I	V<��>AD75K@	;7m���@?F%>W8%5YmU@	` �c; �B<3E3yx =O39^CVfx	57>W57VW8	� =��?:n8%;[>�j�8M3}57Dr>�3]dOVAI	3]5���m]\E;H>AhE>WsMI,e57>A@C3yx

sl>W57F[698MV�V�L svx  4��+,+.,C¡Hx7� B !�B�D-FHK�� �&I?D-@#K'B D�K 2 E"B E?D-@-I �/' P�KLF�@-D 
/h=MHxMs_24z d�;78MD[DK!��c;[I	h9`�@	;[h
�c@?@	Z?DML q I	jG\E;[>Ah9^	8	L s : x

s_@J�g8%5%L s�xO 4��+L<L<C¡Hx q @]@	:n8%;[IJ57>W=	8�`�@?@?hd5K;[I	3<DK:n@	;75t\]mdI	3vI	D7>�IJ57>AFqI	3]5%x(L_GJD-@-K'B G3' 2 EZK.P �
��E0M ��LE¤9�RQL<.,0� Q,+,¤9x

s_@C3EhEI	hEI�L £ xWL £ ;HI	39sM>�L =�xWL�I	3<hv2�8M3E398	LId�xP 4��+,+LQC¡Hx s_@	\<>AVW8�;[@	\g@	5Gjq>A3E>AIJ57BE;[>WsMIJ57>W@C3y� :5K@?@CV�`�@	;">A3]=	8MDK57>W^CIJ57>W@C3 >A3�F�@C3}5K;[@CV�I	VW^	@	;[>W576<jqD%xr243���@CD76E>WZJIMN1I�L�ztx�I	3Eh sl>WmCIJsMIJZ�>�L

�%�J>



� � ��� � ����� � � 	 �

£ xWL?8MhE>W5K@	;HD%L)�oFHK?I0E.E1�'@/B P'M�K)i[D 
�E ��
�@/F6� !�B�D
E�F�B GLD-@-KLB G3' � �!h ��K�M�@ � h K'B # � �4E"F0@ h9E�B�D�G3'
�oK�7ZKJDCMHLg:<IJ^	8MD[VJ�9�
� V��?Q?L �c8%;[VA>A3�L � 8%;[jqI	3]m	xg�?:E;[>�39^	8%;KeONr8%;[VAIJ^9x

s_@C3EhEI	h<I�L £ xWL � BE>W^C3<IJ;[hyL : xWL q @CVW@	5%L : xWL £ VW@	;78MI	39@9L � xWL � 8M398MBE\g@CBE;7^9L.JEx eb��xWL � I	jUe\<IJ;[h98MVAV�I�Lg�OxWL )�@CVWo�L �gxWLnI	3Eh � @	;H>W^	@9LHsvxr #>J�	�J>JI}¡Hx��?N1IJ;[jUef\n@	5%� : 398%N F�@C3<F�8%:E5�@	`;7@	\<BEDK5{I	V�V�ef5K8%;7;[I	>A3kjq@	\<>AVW8U;7@	\n@	57>AF�DKm�DK5K8MjQx�z 8MFH6E3E>AF%I	Vr;[8%:g@	;[5%L���� : >�ea2 >C�le��9z�2HL�?Na>AD7D £ 8Mh98%;[I	V�243EDK57>A57B95K8�@	`�z�8MF[6<39@CVW@	^	m	Lp��I	BED7I	3E3E8	Lp�?Na>W5Ks%8%;[V�I	3Ehyx
s_@C3EhEI	h<I�L £ xWL6d�8%5K57>�3EIJ;7@9L � x q xWL 1tNc8%8	L�2 xWL � B<>W^C3EIJ;[hyL : xWL � I	jG\<IJ;[h98MVAV�I�L���xWL £ VW@	;78�eI	39@9L � xWL,)�@CVWo�LJ�nxWL � 8M398MB9\n@CB9;7^9L J9x eb�OxWL,I	3Eh � @	;H>W^	@9L!s�x] #>J�	�J>,\g¡Hx	�) : - sQe	�Le�zt� :DKNcIJ;Hj @	`9I	B95K@C39@Cj�@CB<D j�@	\<>�VW8r;7@	\n@	57DyNa>W576#DK8MVW`�ebI	D7DK8MjG\<VA>A39^�F%IJ:<IJ\p>AVA>W57>W8MDMx 243{��8Mj�8MV�e;[> ~KZpL q x<I	3Eh �c@C3EIJ\n8MI	ByL2=�xWLp8MhE>W5K@	;[D%L � F K?I�E�ED�'@CB!P'M9K)i_D 
4EG!�B�D
E"F0B GLD-@#K'B G,'E,UK'F �*M1
 K �

K'B � E�' i 5 K'F-P!G'B&@/M"GLD-@#K'B G'B ��# N�K,' �4D-@#K'B K)i.� K?I?@-G,'��2E�
 G'N�@#K ��F L	:<IJ^	8MD�QJ��*�� Q��?>?L : D7F�@C3EI�L�?Na>W5Ks%8%;[V�I	3Ehyx ��3<>W=	8%;[D7>W5Ym�@	` �nB9;H>AF[6yx
)�>AF�@CVA>�D%L � x�I	3Eh#d�;H>W^	@	^C>A398	L,2Hx} 4��+�*.*	¡Hx)� E�' i 5 � F-P!G'B&@��?GLD-@#K'B !�B L K'B 5O# � � @�' @ 7�F�@ � h � ��M0D
E4h=MHx

) >AVA8%m�����@C3ED%L )�8%N ��@	;7ZgL�)��ix
)�@CVWo�L+�gxT 4��+,+L<C¡Hx =O=	@CVAB957>W@C3<IJ;7m ;7@	\n@	57>AF%D�e 8���:<VW@C>A57>A39^�57698 `uBEVAVk:n@�NP8%;�@	` D78MVW`�e@	;7^CI	3E>WsMIJ57>W@C3�x&4�K'B&B E.I?D-@#K'B5� I?@#E�B I�E%L��%�E #Q�ef¤]¡H�A�-,�*��p�?<,¤Ex
)�@CVWo�LC�gx,I	3Eh £ VW@	;[8MI	39@9L � x9 #>J�	�	�}¡Hx # N'K3' �4D-@#K'B G'F=���oK 7ZKLD-@#I"M  ��
�E&��@-K3' KZP ����!�B�D
E '�' @ P!E�B I�E �

G'B �8� EZI�
!B K3' KZP�� K)iG�8E ' i65 � F-P!G'B&@��"@CB!P 9nGJIC
�@CB E0M xMsX24z dO;78MD7D%L q I	jG\E;[>�h9^	8	L s : x
)�@CVWo�L��nxWL £ VW@	;78MI	39@9L � xWLOs_>W^CV�>A39@9LIeixWL�I	3Eh sX@C3Eh<I	hEI�L £ xO 4��+,+,¤]¡Hx���@RN 5K@Q8%=	@CVW=	8"I	B�e5K@C39@Cj�@CBED�;[@	\g@	57DM� � >W�g8%;78M3]5�IJ:E:E;[@CI	F[698MD�>�3�8%=	@CV�B957>W@C3EIJ;7m�;7@	\n@	57>AF%D%x�243 �c;7@?@	Z�D%L - xI	3Eh slIJ8MD%LOd�xWL�8MhE>W5K@	;[DML(� F K?I�E�ED�'@CB!PLMOK)i9D 
�E = K ��F0D 
/!�B D
E"F0B GLD-@#K'B G3'64�K'B�i?E"FZE"B I0EOK'B

� F0D-@ > I?@-G3' :�@ i�E%L9:<IJ^	8MD#��+J� �p��+�*]L q I	jG\E;[>AhE^	8	L s : xMs_2�z dO;78MD7D%x
)�@CVWo�L��gx I	3<h slIJ;7@?F%F�@9L � x1 #>J�	�J>C¡Hx : F�57>W=	8�:n8%;[F�8%:E57>W@C3y� : DK8M3EDK@	;[>�j�@	5K@	;GI	F%F�@CBE3]5i@	`@	\�~48MF�5�F%IJ5K8%^	@	;[>WsMIJ57>A@C3yxp243_��I	VAVAI	jXL ��xWL £ VW@	;78MI	39@9L � xWLg��I	VAVAI	jQL J9xWLp��IMm	8MDML � xWLnI	3Eh
sX8%m	8%;ML JEx e : xWLp8MhE>W5K@	;[D%L =8F K!h G'B&@ h9G3'RM D�K G'B&@ h9GLDCM 7�5 ��
4E � E"NLE"B�D 
 !�B D
E"F0B GLD-@#K'B G3'
4�K'B�i?E"FZE"B I0E�K'B5D 
4E �&@ h ��' GLD-@#K'B K)i$�)��G�� D-@CN'E%�2E�
 G'N�@#K'F L	:<IJ^	8MD�>.,.,0� >�*?�JL q I	jG\E;[>Ah9^	8	L
s : x	s_2�z d�;78MD7DMx

d�IJ;7Z	8%;RLp��x�=ax  4��+,+,¤]¡Hx �=E�D
E�FHK.P!E"B8EZK � ME9 ��' D-@�5 �oK 7ZKLD64�K?K��&E"F GLD-@-KLBEx dO6 � 57698MD7>�D%L sX24ztx
d�IJ;7Z	8%;RL��Ox =�xO 4��+,+L<C¡Hx : VAV�>AI	3EF�8	� : 3�IJ;[F[6E>A5K8MF�57B9;78q`�@	;{`uI	BEVW54ef5K@CVW8%;[I	3]5{jiBEVW57>�ef;7@	\n@	5tF�@Je@	:g8%;HIJ57>W@C3yx !$#&#%# �4F G'B4M�GJI?D-@#K'B4M%K'B�oK�7ZKJD-@-I�M G'B � � �4D�K!h9GLD-@#K'BEL���¤< #>C¡H�R>L>J� � >,¤C��x
d�IJ;7Z	8%;RL��Ox =axg 4��+,+,+C¡Hx : hEIJ:E57>W=	8�698%5K8%;7@	^	8M398%@CBED1jiBEVW57>�ef;[@	\g@	5O5K8MI	jqD%x L E�� F K?I�K!h � �4D-@/B!PCL

>L<?��*'V0��+L>?xr�?:n8MF%>AI	V�>AD7D[B98G@	` )�=�� - : d +L<?�/)�8MB9;[I	V )�8%5bNc@	;7Z�D{I	3Ehdz�698M>W; : :E:<VA>AF%I,e57>W@C3ED%x
d�IJ;7Z	8%;RL��Ox;=�x1 #>J�	�	�}¡Hx q B9;7;78M3]5{DK57IJ5K8�@	`157698�IJ;75i>A3vhE>�DK5K;[>W\<BE5K8MhwI	BE5K@C39@Cj�@CBEDij�@	\<>AVA8;7@	\n@	57>AF%D%x<243>d�IJ;[Z	8%;MLy��x =axWLF�c8%Z	8%m	L � xWLyI	3Eh �1IJ;[698M3yL J9xWLg8MhE>W5K@	;[DML �_@/M0D-F0@ 7���D
E1� � � 5

D�K'B K!h9K � M��oK�7ZKJD-@-IG� ��M0D
E h 	9L?:<IJ^	8MD Q0�p�?>?L�z�@	Z?m	@9L�J}IJ:<I	3yx?��:E;[>A39^	8%;7eONr8%;[VAIJ^9x	27�L� )#�¤Jef¤�Q�� e *,�J>,+LV�ef¤9x

�%�JQ



� � ��� ����� � ���
	��

d�;[8Mj#=�B957>�L]�gx	I	3Eh �OBE57I�L?�gxE 4��+,+J�}¡Hx q @C3<D7>Ah98%;[IJ57>A@C3#@C3�576E81F�@?@	:n8%;[IJ57>W@C3U@	`gjGBEVA57>W:<VW8cI	B�e5K@C3E@Cj�@CBEDcj�@	\<>AVW8�;[@	\g@	57DMx}243��oFHK?I0E.E1�'@/B P'M�K)i D 
4E�!$#%#&#(')�E� ��!�B�D
E�F�B GLD-@-KLB G3'1, K'F���5
M.
 K�� K)i !�B�D
E '�' @ P!E�B�D%�oK�7.KLDCM5G'B �"� ��M0D
E h=M !$� � ��B � 	,Ly:<IJ^	8MD�V,+0�),LQ?L � @CD : VAI	j">W5K@CD%L
q : x920= = = q @Cj�:pB95K8%;��?@�F%>W8%5bm d�;[8MD7D%x

- 8MFH698M3]\g8%;[^9L]2 x< 4��+.,LVC¡Hx 4 � 7�E"F0B E�D-@#I�� K3' �4D-@-KLB ��GLD 
 K<i[G'B # � �4E"F0@ h9E�B�D�G3' � F K�7 '�E hUx9dO6 �576E8MD7>AD%L - @RmCI	V : >W;[F�;[IJ`�5 =ODK57IJ\pVA>AD76Ejq8M3}5%LO��I	3]57D £ IJ;H3}\n@	;7@CB9^C6�L �/1�x - 8%:<;[>A3]5K8Mh�>A3
� =O=	@CVAB957>W@C3<IJ;7m q @Cj�:<B957IJ57>W@C3v�Oz�698{`�@CD7D7>�Vn;78MF�@	;[hy�WL � xF��x £ @	^	8MV�L�=OhyxWLEFH6EIJ:�x <?L<:E:�x
>,+�*Re)QJ� +?Lg20= = = d�;78MD[D{��+,+L<?x

- 8MFH698M3]\g8%;[^9L92Hx� 4��+�*'QC¡Hx #oN�K3' �4D-@-K'B&M.M0D-F GLD
E
PL@�E � � � D-@ h @#E�F���B!P D
E.I�
�B&@/M"IC
�E"F6���*M"D
E h5E_B GJIC

�oF�@CB ��@ � @�E"B ��E�F�7"@#K3' KZPL@/M"IC
�E"B#oN�K3' �4D-@-K'B<x £ ;7@Cj"jqI	3E3�eb��@CVWs%\n@]@	^9x

- 8%m�39@CVAh�L q x�)�x� 4��+,+,¤]¡Hx =�=	@CVABE57>W@C3{@	`EF�@	;7;H>Ah9@	; `�@CVAVW@�Na>A39^�>�3#Ia3E@C>ADKm�NP@	;HVAhyxM243 q VA>���L � xWL��BEDK\pI	3EhED%L/d�xWLcs_8%m	8%;ML*J9x e : xWL9I	3Eh )+>AVAD7@C3yL9�nxWL]8MhE>A5K@	;[D%L =8F K!h � B&@ h9G3' M D�K �2B&@ h9GLDCM
�  � F K?I0E.ED�L@/B!PLM K)i9D 
�E/��
�@CF� !�B�D
E�F�B GLD-@-KLB G3'�4�KLB�i�E�F E�B I�E K'B��&@ h ��' GLD-@#K'B K)i � �JG��(5
D-@CN'E.�2E=
 GLN�@#K ��F A � �����
	 C,LC:<IJ^	8MDr¤C�J>0�}¤E�%��L q I	jG\E;[>AhE^	8	LGs : x/sX24z d�;78MD[DK!��c;[I	h9`�@	;[h
�c@?@	Z?DMx

- 8%m�39@CVAh<D%L q xn 4��+,+LQC¡Hx : 3�8%=	@CVW=	8MhyL9=�>AD7>W@C39ef\<I	DK8Mh�j�@?hE8MV<@	`�@	\<DK57I	F%VW8tIM=	@C>�hEI	3EF�8�\n8M6EIM=]e>A@	;Mx92�3l� I	39^	5K@C3�L q x � xWL<8MhE>W5K@	;RL � F"D-@ > I�@#G3' :�@ i?E6!$!$!� � F K?I0E.ED�L@/B!PLM K)i=D 
�EF, KLF �*M1
 K��
KLB �2F0D-@ > I�@#G3'M:�@ i?E�LE=	@CV�BEj�8q�-,?LE:<IJ^	8MD QL>�*�� Q,¤�,?L - 8MI	hE>A3E^9L s : x : hEhE>ADK@C39e )k8MD7VW8%m	x

- @	\pDK@C3yLO�gx I	3Eh�z�;[I	3E>W8MVAVA@9L(J9x1 4��+,+L<C¡Hx - 8MDK@CB9;HF�8�I	D7D78MD7D7j�8M3]5%Lr;78MF�;[BE>A57j�8M3}5#\g8M6<IM=�>W@	;MLI	3<h�@	;7^CI	3E>AsMIJ57>W@C3 @	`GF�@]@	:n8%;[IJ57>W=	8l:E;78%m�;78%5K;H>W8%=,I	V�>A3�576E8lI	3]5�`�@	;[jq>AF%I&D7F[6<I	B9`�B<D7D7> u6]m�j�8M39@	:E5K8%;[I�� £ @	;[jq>AF%>�hEIJ8�¡Hx � � !�B4M�E.I?D � E�
 G'N*@-K'F L��	�J�A�
� >L>?x
��FH6}Nc8%`�8MVfLn�Gx eDd�x� 4��+�*�¤]¡Hx : hEIJ:E57>A=	8 s_8MF[6EI	3<>AD7j�8M3w>A3_hE8%;�\<>A@CVW@	^C>AD7FH698M3 =O=	@CVAB957>W@C3lBE3Eh>�69;�=P>A3 ¢ B��iI	B9`�hE>W8 =�=	@CV�B957>W@C3EDK^	8MD[F[6]Na>A3EhE>A^	Z	8M>W5%x?z�8MF[6<3E>AF%I	V - 8%:n@	;75 - 8�>��?V !'Q?Lgz��

�c8%;[V�>A3yxCz�8MF[6E3E>�F%I	V - 8%:n@	;75P@	`n57698�)k@	;7Z�>A39^ � ;7@CB9:�@	` �1>W@C3E>AF%DPI	3Eh =O=	@CVAB957>W@C3qz�8MF[69e3<>�;]BE8MDcIJ5�57698t243EDK57>W57B95K8t`�@	;Es_8MI	D7B9;78Mjq8M3}5aI	3<h q @C3]5K;7@CV�z�8MF[6E39@CVA@	^	m	x
��FH6}Nc8%`�8MVfL]�Gx eDd�x< 4��+�*'VC¡Hx # N'K3' ��D-@#K'B4M�M0D-F GLD
E�PJ@#E � B �_B �9h5E�F�@/M"IC
�E � � D-@ h @�E"F ��B!P	x/dP6 � 57698�eD[>AD%L9z�� �P8%;HVA>A3yx
�?8M3yL : xWL<�?8%Z,IJ;HI	3yLcsvxWLEI	3EhS��I	VW8	L J9x� 4��+,+,¤]¡Hx<� 8MIJ;[3E>A39^i5K@�F�@]@	;HhE>A3EIJ5K8�Na>W5769@CBE5cD76<IJ;[>A39^>�39`�@	;HjqIJ57>W@C3yx�2�3��oFHK�I�E.E1�'@CB!P'M�K<iOD 
4E�� � E�' i"D 
-L_GJD-@-K'B G3' 4�K'B�i?E"FZE"B I0E�K'B �2F0D-@ > I�@#G3'

!�B D
E '�' @ P!E�B I�E%L9:<IJ^	8MD�¤�>.,0�}¤�Q��JL�s_8M3EVW@]d�IJ;7ZgL q : x :[: : 2RdO;78MD7D%x
��6EI	3<39@C3yL q x�I	3Eh )k8MIM=	8%;ML	)�x9 4��+,¤�+C¡Hx ��
�E&9nGLD 
�E4h9GLD-@-I�G3' ��
�E.K'F.�=K)iE4�KGhTh ��B&@#I.GLD-@#K'BEx

��3E>W=	8%;HD7>W5bm�@	`�2�VAV�>A39@C>AD2d�;78MD[D%L �a;[\<I	3EI�L924VAVA>A39@C>�D%x
��>Aj"D%L�1�x? 4��+,+,¤CI}¡Hx =O=	@CVW=�>A39^[QJhGj�@	;7:<69@CVA@	^	m�I	3<ht\n8M6EIM=�>W@	; \?mtF�@Cj�:n8%57>W57>W@C3yx%243 �c;7@?@	Z�D%L

- x]I	3Eh-s_IJ8MDML d�xWL?8MhE>W5K@	;[DML)� F K?I0E.ED�L@/B!PLM_K)i D 
4E 	&D 
 !�B D
E"F0B GLD-@#K'B G3'1, KLF �*M1
 K��nK'B D 
�E
����B D 
�E0M0@ M9G'B ��&@ h � ' GLD-@#K'B K<iG:�@/N*@/B P � ��M0D
E4h=M A � F"D-@ > I?@-G,' :�@ i?E !�� C�Ln:<IJ^	8MD�>L<0� Q,+?L
q I	j#\E;H>Ah9^	8	Lcs : xMs_2�z d�;78MD7DMx

��>Aj"D%L 1�x� 4��+,+,¤	\g¡Hx =�=	@CVA=?>A3E^_=�>W;757BEI	VcF�;78MIJ57B9;78MDMxr2�3 � VAI	D7D[398%;ML : xWLO8MhE>W5K@	;RL 4�K!h � �4D
E"F
2 F G���
!@-I�M A �&@ P�PJFHG ��
 B �
	"� F K?I�E�ED�'@CB!P'M C�Lg:<IJ^	8MD#�?V0� >L>?x : q s d�;[8MD7D%x

�%�J¤



� � ��� � ����� � � 	 �

�9BEhEhyL J9x  4��+.,LQC¡Hxn��@RN�>�3EDK8MF�57D�Nc@	;7ZQ>A3S^	;7@CB9:pD%x �_@ M�I.K'NLE"F=�,L >,¤9�A�?V0�p��+?x
�9BEhEhyL J9x  4��+.,LVC¡Hxnz�698t5K;HI	3EDK:n@	;751@	`�:E;78%m�\]mSI	3}5%x � E�
 G'N*@-K ��F L >LV?�R>LQ,¤ � >�*?�Jx
z�;[I	3E>A8MVAVW@9L J9x�I	3<h �c8MD7698%;HD%LO�gxc 4��+,+��R¡HxUslI,��>�jq>WsMIJ57>W@C3&@	`�`�@	;[IJ^C>A39^l8%|"F%>W8M3EF�mvI	3Eh&;78�eDK@CB9;[F�8Sh98%`�8M3EDK8"\?mk^	;7@CB9:�;78%5K;[>A8%=,I	Vc>A3v576E8�I	3]5G`�@	;[jq>AF%IlD7F[6<I	B9`�B<D7D7>�x(�2E�
 G'N � #�I�K3' �

� K?I�@#K�7�@-K3' ��L >,+?�R>L<LQ0� >L<,+?x
z�;[>AI	3<3E>�L NixWL � ;7@ �9L - xWL�� IJ\n8MVAVAI�Lcztx��GxWL�� �HI	6<>A3yL =axWL - I	D7DK8	LRd�xWL � 8M398MBE\g@CBE;7^9L JEx eb��xWLI	3Eh � @	;[>W^	@9LHs�xO #>J�	�JQC¡Hx;=�=	@CVW=�>A39^SIJ^	^	;78%^CIJ57>W@C3�\n8M6EIM=�>W@	;[D�>A3wIQDKN1IJ;[j @	`O;7@	\n@	57D%x2�3# 47�?: �
	 	 � �� F K?I�E�ED�'@CB!PLM=K)i�D 
�E 7?D 
 # ��F K��4E.G'B�4�K'B�i?E"FZE"B I0E=K'B � F0D-@ > I?@-G3'*:�@ i?E�L

�P8%;HVA>A3yL � 8%;[j"I	3}m	xy�?:E;[>A3E^	8%;KeONr8%;[VAIJ^9x
z�BE39^9LL��x9I	3Eh 1#VW8M>A39;7@�F7ZgL]�Oxn 4��+,+LQC¡Hx � >�DK5K;[>W\<BE5K8Mh"F�@C3]5K;7@CVnj�8%5769@�hED%x}243"� F K?I�E�ED�'@CB!PLM�K<i

D 
�E ��B �?!�B�D
E�F�B GLD-@-KLB G3' � �!h ��K�M0@%� h KLB ��@ P�
E��E�F i�K'F=h%GLB I�E �_@ M"D-F�@ 7 �4D
ED� 4�K!h � �4D-@/B P	L:<IJ^	8MD[>J��,0� >��?V?L dO>�D7F%IJ57IMN1IMm	L )�JExE20= = = d�;78MD[D%x
N�>W@CVAI�Lcd�x� 4��+L<L<C¡Hx s_@	\<>AVW8t;7@	\n@	5�8%=	@CVABE57>W@C3yx��1I	F[698MVA@	;[D�57698MD[>AD%L s_2�ztL q I	j#\E;H>Ah9^	8	L s : x

�%�JV



�%��,



� �Ap g f m c/k���� `lk g e �

2�N1I	3]5t5K@�8���:E;78MD[D�jGm_576<I	39Z?D�5K@QI	VAV�j#mwF�@CVAVW8MIJ^CB98MDtIJ5�2 - 2 � 2 : `�@	;{I	VWN1IMm�D�\n8M>A39^"Z�>A3Eh�L698MVA:E`�B<V I	3Ehw@	:n8M3_5K@Q`�;[BE>A5K`�BEV hE>AD7F%BED[D7>W@C3ED%x{�?:n8MF%>AI	V 576EI	39Z�D�5K@l�9698%;7=�>A3 )�@CB9mCI	3yLHslIJ;757>A3
N�>AVAVWNc@�F7ZgL.N�>W5K@�z ;[>�I	3E3E>�L 1t8M39@ : VW\E;[8MF[6]5%L =OVA>W@&z�BEF%>fLRslIJ;757>A3 £ >W8MhEVW8%;ML1��I	VW=,I&� IJ\n8MVAVAI�L
JC@CD76]B<I 1{3E@RNaVW8MDML�I	3Eh d�IJ5K;[>�F7Z � B<3EhEVAI	FH6 Na6E@&F�@C3]5K;[>W\<B95K8Mh >A3E3?BEj�8%;HIJ\<VW8XD7B9^	^	8MD757>W@C3EDI	3Ehd8M3<F�@CB9;[IJ^	8Mj�8M3]57D%x £ B9;7576E8%;[j�@	;78	Ly2�576EI	39Zwj#mwD7B9:n8%;7=�>ADK@	;3s_IJ;[F�@ � @	;[>A^	@Q`�@	;t^C>W=�>A39^j�8#57698t@	:E:n@	;757BE3E>A5bm"5K@"NP@	;7ZQIJ5�2 - 2 � 2 : x


