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� ³ j·iClwj~o!hgi}hpë'e]q>b]oYb]o!hXiC� ��³ b]fgb � hgj~fki��~j~lYd!ë²i}hg�8y´b]d2j~yGîcnÖhXiC�8stb]iCowy}ë � e:s��2e:�kj~l�d!ë ³ ë�lwfke � b]fkd2e:ow�
�:j~owj~fgb6hgj~l�d!ëth ³ jxb]o!hSb]owl�b]yC�keYd!ë ��³ j~s�i � b]y2�kvwdw��h�b]o � j~�Sh ³ b6hae:fkiC�:iCoÀb6hgjSj~i}h ³ j~f·qrfke:s h ³ j%qre�e�l
e:f{h ³ j�owj~��h�m �xstb6hgj~fki´b]yC�Se]q<h ³ j¶b]o!h�î0� ³ j~fkj¶b]fkjYb]yC�keæstb]o!ë�j¦õ�hgj~fkoÀb]y8qTb � hge:fk�{h ³ b6h � b]o�iCowlwv � j
��³ b]ow�:j~�EiCoYh ³ jay´b]d2j~ywb]owlAs�e�lwi}qÜë'h ³ jSfkj � e:�:owi}hgiCe:oY��ë���hgj~s�î<� ³ jSiCo&%Àvwj~o � jSe]q>h ³ j~�kjaqTb � hge:fk� ³ b]�
d2j~j~o ³ iC� ³ yCiC� ³ hgj~ltd!ëæ�ke:s�j0j¦õ��2j~fkiCs�j~o!hg�«h ³ b6hab]fkj%�kvws�s�j~lævw��iCoth ³ j%owj¦õ�hS�kj � hgiCe:o�î � j%stb�ë
� i}hgj�b]s�e:ow��h ³ j~�kj � �k�2j � iCj~�¶h ³ b6hAstb�ëRiCowlwv � j�u"vÀb]o!hgi}h�b6hgi}|:j�b]owlVu"vÀb]yCi}h�b6hgi}|:j ��³ b]ow�:j~��iCoRh ³ j
� e:o � j~o!hgfgb6hgiCe:ote]q ³ ë�lwfke � b]fkd2e:ow�·e]qMh ³ j{y´b]d2j~yGî � j{stb�ë�b]yC�ke²owe]hgi � jah ³ j0�Àb]f�hgi � vwy´b]f4fke:yCjS�wy´b�ë:j~l
d!ëVh ³ j�u"vwj~j~oMîànpo��ke:s�j��k�2j � iCj~� � h ³ j�u"vwj~j~o�iC�tbßstbPýke:f¶lwiC� � fkiCs�iCoÀb6hge:fYe]q%h ³ j�fkj � e:�:owi}hgiCe:o
��ë���hgj~s d2j � b]vw�kj{h ³ jSu"vwj~j~o�b]lwlw�.i}hg�EePíSo ��³ j~s�i � b]yÀ�kvwdw��h�b]o � j~�·hge'h ³ jSy´b]d2j~yC�4e]qMi}hg�Eowj~��hgstb6hgj~� �
í ³ j~fkj�b]�0iCo��ke:s�j²e]h ³ j~f{�k�2j � iCj~� � i}h{e:owy}ë ³ j~yC�w�{�k�wfkj�b]lwiCow��h ³ j � e:yCe:owi´b]yMe�lwe:vwfShgetb�stb¤õ�iCsYvws
o"vwsYd2j~fSe]qXowj~��hgstb6hgj~�~î
�à³ j~o�d2e:fko � b]o!hg� � b]o�owe]htlwiC��hgiCow�:vwiC� ³ d2j¼hpí·j~j~o)owj~��hgstb6hgj~�tb]owl�owe:o�ñpowj~��hgstb6hgj~�tb]owl�h ³ j~iCf
y´b]d2j~y8iC�%fkj~lwv � j~l�hge�bæ�kiCs��wyCj²ó:dwfke�e�l�stb]�k÷"iCow�æe�lwe:vwfkówîx� ³ iC�%e�lwe:vwf%�wy´b�ë��0hpí·e�stbPýke:f0fke:yCj~� �
ðÀfk��h4i}hX�wfkj¼|:j~o!hg�4ë:e:vwow�'b]o!hg�Xqrfke:s�d2j~iCow�%j�b6hgj~o¶d!ë²h ³ j«e]h ³ j~fk�4b]owlY�kj � e:owlAi}hXstb]÷]j~�Xh ³ j~s��ks�j~yCy
b6hkhgfgb � hgi}|:jahge'h ³ j{owj~��hgstb6hgj~�%ú �¤üGî<ò0�Eh ³ j{owj~��hgstb6hgj~�Eh�b]÷]j � b]fkj{e]qÙh ³ j~s � h ³ jSë:e:vwow�Yb]o!hg�.yCj�b]fko
³ ePí hgeYfkj � e:�:owi��~j0h ³ j'b]o!hg�«e]qch ³ j~iCf � e:yCe:o!ë:î4� ³ j¼ë�lwj¼|:j~yCe:�æh ³ j~iCf·ðÀfk��h«hgj~s��wy´b6hgj0d!ëæ� ³ ë��ki � b]yCy}ë
iCs��wfkj~�:oÀb6hgiCow�0e]h ³ j~f � e:yCe:o!ë�s�j~sYd2j~fk�<y´b]d2j~yC�Xd!ëYfkj~�2j�b6hgj~lA�ke � i´b]y � e:o!h�b � hg�E�kv ��³ b]�Xqrj~j~lwiCow�'b]owl
�:fke�e:s�iCow�wîcò{qÜhgj~fEbx� ³ e:f�h4hgiCs�j � b]o!hg�Eb]fkjSb]dwyCj·hge'��ë�o!h ³ j~�kiC�kjSh ³ j~iCf4ePíSo � vwj~�.b]owl � b]oAj¦õ ��³ b]ow�:j
h ³ j~s íSi}h ³ e]h ³ j~f%b]o!hg�~î%ò �~� e:fklwiCow�thge�h ³ jAôxj~��h�b]y}h0e�lwe:vwfSh ³ j~e:f�ë � h ³ j ³ e:s�e:�:j~owj~e:vw�0� ³ b]fkiCow�
e]qcb]yCy>owj~��hgstb6hgj~�·e�lwe:vwfk�·yCj�b]lw�Ehge²h ³ j%j~��h�b]dwyCiC� ³ s�j~o!h·e]qMh ³ j � e:yCe:owi´b]yÀe�lwe:vwf~î<nÖh·iC�«b ��³ iCj¼|:j~l�d!ë
hgfke:� ³ b]yCy´b¤õ�iC� �Tb]oßb]o!h'lwj � b]o!hg�'i}hg�x�2e:��h�ñp� ³ b]f�ë�ow�:j�b]y<�:y´b]owl �T�E�.ô 	 � e:o!hgj~o!h�iCoèb]oèe]h ³ j~fxe:owj 	 �
d!ëæó!b]yCyCe6ñp�:fke�e:s�iCow�:ó �rj�b ��³ b]o!halwj � b]o!hg�SbY�2e:f�hgiCe:ote]qci}hg�a�E�.ô�eP|:j~f·h ³ jxe]h ³ j~f~m � � v�hgi � yCj 	Ee:f«d!ë
�kiCs��wyCj � e:o!h�b � hg� �re:owy}ë � v�hgi � vwy´b]f«�kvwdw��h�b]o � j~�%b]fkj'j¦õ ��³ b]ow�:j~l 	¦î
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µ·j¼qre:fkj0lwj¼h�b]iCyCiCow�'h ³ j0s�e�lwj~y � í·j%u"vwi � ÷"y}ë�lwj~� � fkiCd2j%�ke:s�j0j¦õ��2j~fkiCs�j~o!hg�.h ³ b6h ³ iC� ³ yCiC� ³ hEiCo!hgj~fkj~��h�ñ
iCow�A�wfke:�2j~f�hgiCj~�ae]q8h ³ j'fkj � e:�:owi}hgiCe:o���ë���hgj~s e]q<b]o!hg�~î
npo�ú � ü � h ³ j�b]v�h ³ e:fk�x��hgvwl�ëèbæ�2e:y}ë�lwe:s�e:vw� � e:yCe:o!ë�e]q76 �98 �;:'(-&�* ���/. �=<?>A@+� �,� iCo�í ³ i ��³ h ³ j¶owj~��h�ñ
stb6hgj~�Sb]fkjxiC�ke:y´b6hgj~læiCo�lwi)0Ùj~fkj~o!h{owj~��hg�SlwvwfkiCow�Yh ³ jxíSiCo!hgj~f~î4nÖhSiC�«÷"owePíSo�h ³ b6hSb6qÜhgj~f«h ³ jx�kj~�Àb]fgb¤ñ
hgiCe:o � b]o!hg�.e]qÙh ³ iC� � e:yCe:o!ë ³ b�|:j{hge�j¦õ ��³ b]ow�:j0s�e:fkj ��³ j~s�i � b]y>�kvwdw��h�b]o � j~�·hge�b �~� j~��h«j�b ��³ e]h ³ j~fk�
b]�!b]iCo � d2j � b]vw�kj�bßlwi}|:j~fk�:j~o � j�iCo�h ³ j�y´b]d2j~ySe]q0h ³ j�lwi)0Ùj~fkj~o!ht�:fke:vw�w� ³ b]�tb]�w�2j�b]fkj~lMîànpo�h ³ j
j¦õ��2j~fkiCs�j~o!hg� � h ³ jxb]v�h ³ e:fk� ��³ b]ow�:j~l�h ³ jxj¦õ�hgj~fkoÀb]yÙqTb � hge:fk�·e]q ³ iCd2j~fkoÀb6hgiCe:ote]q8j�b ��³ �kvwd�ñpowj~��hg�Se]q
h ³ j � e:yCe:o!ëtb]owl�� ³ ePí·j~l�h ³ b6hSb]o!hg�·í·j~fkjxs�e:fkj%b]�:�:fkj~�k�ki}|:jxb6qÜhgj~f.h ³ j%�kj~�Àb]fgb6hgiCe:oæ�2j~fkiCe�lMî<� ³ j~�kj
j¦õ��2j~fkiCs�j~o!hg�'�wfkeP|:j¶h ³ b6hxí ³ j~o,b � e:yCe:o!ë�iC�x�kj~�Àb]fgb6hgj~lßiCo��kj¼|:j~fgb]yE�kvwd�ñ � e:yCe:owiCj~�0h ³ j~fkjAiC�'b�lwi�ñ
|:j~fk�:j~o � jxiCo�h ³ j%�kvwd�ñ � e:yCe:owi´b]yÀe�lwe:vwfk�«b]owlth ³ b6h«�ke:s�j0j¦õ�hgj~fkoÀb]y2qTb � hge:fk� �r�kv ��³ b]�·hgj~s��2j~fgb6hgvwfkj 	
� b]o�iCo � fkj�b]�kjxh ³ iC�alwi}|:j~fk�:j~o � j]î
npo�ú � ü � h ³ j�b]v�h ³ e:fk�Shgj~��hgj~l�h ³ j²s�e�lÀb]yCi}hgiCj~�«e]q4b �~� j~��h�b]o � j�e]q4b]o�iCo!hgfkvwlwj~fSiCo�bAowj~��h%d!ë�h�b]÷"iCow�
b]oèb]o!h%qrfke:s�b � e:yCe:o!ë�b]owl�d!ë � e:o�qrfke:o!hgiCow�æi}h{hge�b]o!hg�0qrfke:s�e]h ³ j~f0owj~��hg�~î²� ³ j¼ë�� ³ ePí·j~lèh ³ b6h
i}qXh ³ j²iCo!hgfkvwlwj~f{iC�aí«b]� ³ j~l��keæb]�Shge�ó:j~fgb]�kj~ó�h ³ j�y´b]d2j~yM�k�wfkj�b]l�eP|:j~f0i}hg� � v�hgi � yCj²b]owl�i}q<i}hg�Sy´b]d2j~y
iC�Yfkj~�wy´b � j~lVd!ëRh ³ j�y´b]d2j~y·e]q0b�owj¼í owj~��h � h ³ j�b]o!h � b]oVd2j�b �~� j~��hgj~l�iCoRh ³ j�owj¼í owj~��h�îR� ³ j
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iCo!hgj~�:fgb6hgiCe:o � b]otd2jS�ke��kv �~� j~�k��qrvwy2h ³ b6h.h ³ j{iCo!hgfkvwlwj~f � b]oæb]yC�ke²�Àb]f�hgi � iC�Àb6hgj«hge'h ³ j{lwj¼qrj~o � j0e]qMi}hg�
owj¼í&owj~��h{b]�!b]iCow��hai}hg�«e:yCl�owj~��hgstb6hgj~�~îE� ³ iC�«j¦õ��2j~fkiCs�j~o!hSlwj~s�e:ow��hgfgb6hgj~�ah ³ jxiCs��2e:f�h�b]o � j0e]qch ³ j
y´b]d2j~y<iCo�h ³ jAfkj � e:�:owi}hgiCe:o���ë���hgj~sùb]owlß�wfkeP|:j~�'h ³ b6hxh ³ jAfkj � e:�:owi}hgiCe:oèfkj~yCiCj~�%s�e:fkj¶e:o ��³ j~s�i � b]y
� vwj~�Sh ³ b]o�e:o�e]h ³ j~f � e:s�sYvwowi � b6hgiCe:ow�.í«b�ë�� � ³ j�b]fkiCow� � j¼ë:j~�kiC� ³ h � �:j~��hgvwfkj 	¦î
�0h ³ j~f4j¦õ��2j~fkiCs�j~o!hg�4� ³ ePí�h ³ jaiCs��2e:f�h�b]o � j·e]q>h ³ j«qre�e�l �riCo�h ³ iC� � b]�kj � |:j~�:j¼h�b]dwyCj«qrfgb]�:s�j~o!hg� 	

iCo�h ³ j'lwiC� � fkiCs�iCoÀb6hgiCe:otd2j¼hpí·j~j~o�qrvwow�:vw�S�:fkePíSiCow�Ab]o!hg�Sí ³ j~fkj ��³ b]ow�:j~�{iCo�h ³ j'lwiCj¼h � b]o�s�e�lwi}qÜë
lwfgb]stb6hgi � b]yCy}ë�h ³ j%lwiC� � fkiCs�iCoÀb6hgiCe:oA�wfke � j~�k�'ú¬ÿ:ÿ~üGî � j0íSiCyCy>lwj¼|:j~yCe:�æqrvwf�h ³ j~f·h ³ j~�kj%j¦õ��2j~fkiCs�j~o!hg�«iCo
h ³ j'fkj~�kvwy}h{�kj � hgiCe:o�d2j � b]vw�kj'í·j²vw�kjxh ³ j~s hgeAj¼|]b]yCvÀb6hgjxe:vwfas�e�lwj~yGî
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�%vwf's�e�lwj~y4lwj~fki}|]b6hgj~�xqrfke:s h ³ j�� ��³ j~s�j�iCo!hgfke�lwv � j~l,d!ë ¸ b]fkyCiCoèb]owl��
	e:yCyClwe:dwyCj~f%iCo�ú¬ÿ~üGî�� ³ iC�
� ��³ j~s�j��wfkj~�kj~o!hg�æh ³ j � e:yCe:owi´b]ySb]owl�h ³ j�iCo!hgj~fkoÀb]y{fkj~y´b6hgiCe:ow� �rd2j¼hpí·j~j~oàs�j~sYd2j~fk�te]q%h ³ j�owj~��h
b]owl�d2j¼hpí·j~j~o�iCo!hgj~fkoÀb]yce:fk�!b]ow� 	«h ³ b6h{yCj�b]l�hgeAh ³ j�j~��h�b]dwyCiC� ³ s�j~o!h{e]qEb � e:yCe:owi´b]yMe�lwe:vwfaqre:f{j�b ��³
b]o!h�î�� ³ j�b]v�h ³ e:fk��lwj¼ðÀowj�b]o�b]o!htb]��bè�kj¼hte]q%dwiCe:yCe:�:i � b]y.j~o!hgi}hgiCj~� �Üh ³ j�y´b]d2j~y � h ³ j�hgj~s��wy´b6hgj
b]owl�h ³ j��:j~owe:s�j 	Yh ³ b6htiCo!hgj~fgb � h�íSi}h ³ j�b ��³ e]h ³ j~fk�æb]owl�íSi}h ³ h ³ j�j~o!|�iCfke:ows�j~o!h�î���iCs�iCy´b]fky}ë
hge�h ³ iC�²í·e:fk÷ � í·j�iCo!hgfke�lwv � jæb�� ��³ j~s�jth ³ b6hYfkj~�wfkj~�kj~o!hg�Yh ³ j ��³ j~s�i � b]y.fkj~y´b6hgiCe:ow�'d2j¼hpí·j~j~o�b]o
b]o!h�b]owl)h ³ jèj¦õ�hgj~fkoÀb]yxj~o!hgi}hgiCj~�th ³ b6h�stb�ë�iCo&%Àvwj~o � j�h ³ j�fkj � e:�:owi}hgiCe:o��wfke � j~�k� � � iC�wî{ÿ¼ñpyCj¼qÜh 	¦î
� ³ j � e:ow�kiClwj~fkj~l�b]o!h�iC�¶lwfgb�íSo�iCo�h ³ j � j~o!hgfkj�e]q{h ³ j�ðÀ�:vwfkj�íSi}h ³ d2e:yCl�yCiCowj~�Yh ³ b6hAfkj~�wfkj~�kj~o!h
i}hg� � v�hgi � yCj�b]owl�i}hg�{iCo!hgj~fkoÀb]yce:fk�!b]ow�{h ³ b6h0�Àb]f�hgi � iC�Àb6hgjxhgeth ³ j�j~��h�b]dwyCiC� ³ s�j~o!h0e]q<h ³ j�iCowlwi}|�iClwvÀb]y
e�lwe:vwf~î4� ³ jxstb]iCotj¦õ�hgj~fkoÀb]y[j~o!hgi}hgiCj~�·h ³ b6h � b]o�s�e�lwi}qÜëAh ³ jxfkj � e:�:owi}hgiCe:oæ��ë���hgj~s b]fkj0h ³ jxu"vwj~j~o �
h ³ j²qre�e�l � h ³ j�j~o!|�iCfke:ows�j~o!h � h ³ j²owj~��h%stb6hgj~fki´b]yC�Sb]owl�h ³ j�e]h ³ j~f0b]o!hg�~îS� ³ j�stbPýke:fSlwi)0Ùj~fkj~o � j~�
d2j¼hpí·j~j~oàh ³ j�owj¼í s�e�lwj~y0b]owl�h ³ j�s�e�lwj~y{e]q ¸ b]fkyCiCo�b]owl��
	e:yCyClwe:dwyCj~f�b]fkj�h ³ b6h�iCo�h ³ j�owj¼í
s�e�lwj~y � b]yCy«h ³ j�j~o!hgi}hgiCj~� ³ b�|:j�d2j~j~o�lwj¼h�b]iCyCj~lVs�e:fkj�b �~� vwfgb6hgj~y}ë �Üqre:fAiCow��h�b]o � j � h ³ j�qre�e�l�b]owl
j~o!|�iCfke:ows�j~o!h�b]fkj�s�e�lwj~yCyCj~lRiCo���lwiC��hgiCo � h¶j~o!hgi}hgiCj~� 	Yb]owlVj�b ��³ fkj~y´b6hgiCe:o�b]�k�ke � i´b6hgj~����j~o!hgi}hgiCj~�
hgeRbß�wfke:dÀb]dwiCyCi}hpëRe]q'b]�w�2j�b]fgb]o � j � bß�wfke:�2e:f�hgiCe:o�e]q ��³ j~s�i � b]yS�kvwdw��h�b]o � j~�æj¦õ ��³ b]ow�:j~l b]owl�iC�
s�e�lwj~yCyCj~l�d!ë�b¶stb6h ³ j~stb6hgi � b]y2qrvwo � hgiCe:oMî
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j~��hgiCstb6hgiCe:oæe]qX�kiCs�iCy´b]fki}hpëAd2j¼hpí·j~j~o�b]o!hg�{b]owl�b¶�kj¼h{e]qX�wfke:dÀb]dwiCyCi}hgiCj~�Eh ³ b6hSlwj¼ðÀowj'h ³ j'd2j ³ b�|�iCe:vwf
e]q.h ³ jAb]o!hg�xqre:f0h ³ iC� � e:yCe:o!ë �r�wfke:dÀb]dwiCyCi}hgiCj~�Shge�s�j~j¼hxh ³ jAu"vwj~j~o � s�j~j¼h²b�owj~��hgstb6hgj � d2j¶iCo�h ³ j
owj~��hae:f·e:v�hg�kiClwj � ðÀowl�b��ke:vwf � j%e]q[qre�e�l � î~î~î 	¦îEò0�·h ³ j0�kiCsYvwy´b6hge:f.b � hg�ab]�«b��:j~owj~fgb]y>qrfgb]s�j¼í·e:fk÷ �
i}h ³ b]�ahgeAd2j²b]lÀb]��hgj~l�hge�lwi)0Ùj~fkj~o!hS�k�2j � iCj~�{d!ë��kj¼hkhgiCow�Ah ³ j~�kj²�Àb]fgb]s�j¼hgj~fk�~î
� ³ j�e:owy}ë�h ³ iCow�,h ³ b6h�iC� � e:s�s�e:o�hgeVb]yCySh ³ j��k�2j � iCj~��iC�th ³ j���hgfkv � hgvwfkj�e]q'h ³ j�d2j ³ b�|�iCe:vwfgb]y
� ��³ j~s�jYe]q4h ³ jYb]o!hg�xb]�0iCo�ðÀ�:vwfkj � � iC�wîcÿ¼ñpfkiC� ³ h 	¦îSnpo�h ³ iC�{��hge ��³ b]��hgi � |�iCj¼í � b]yCy[h ³ jYd2e�õ�j~�0íSi}h ³
fke:vwowl � e:fkowj~fk�tfkj~�wfkj~�kj~o!h�bß��h�b6hgj�e]q%h ³ j�b]o!h �r�kj�b]f ��³ iCow�,qre�e�l � hgf�ë�iCow�ßhge,s�j~j¼hth ³ j�u"vwj~j~o �
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î~î~î 	Ab]owlæh ³ j'b]fkfkePíS�as�e�lwj~y>h ³ jx�wfke:dÀb]dwiCyCi}hgiCj~�4hge¶�2j~f�qre:fks h ³ j'b � hgiCe:o�b]owl��:eYhgeAbYowj¼í���h�b6hgj]î
� ³ jAfkj � h�b]ow�:vwy´b]f%d2e�õ�j~�'fkj~�wfkj~�kj~o!h ��³ j~s�i � b]yXj¦õ ��³ b]ow�:j~� �ró"�YîMj¦õ ��³ b]ow�:j~�kó � ó:ò0yCyCe6ñp�:fke�e:s�iCow�:ó �
ó:�8fke:� ³ b]yCy´b¤õ�ë�ó�b]owlVó"��j~y}q´ñp�:fke�e:s�iCow�:ó 	%e:fYe�lwe:vwf¶yCj�b]fkowiCow� �ró"�YîXyCj�b]fkowiCow�:ó 	¦îR�%vwf¶�kiCsYvwy´b6hge:f

Environment

Queenppg

Food

Template

Organs
Biosynthesis

Label

Other Ant

Label
Cuticular

aEnv

aFood

aBSP

aTemp

aPPG

Cuticle

Cuticle

Genome

aBSL

aGen

aLabel

aLabel

aLabel

aPPG

aPPG

aPPGt

(3)

(4)

(1)

(2)

(9) (8') (8)

(7)

(6)
(5 )'

(5)

Cuticular

One
ant

Queengen

(3)

Nest
materials

aNmat

Post Pharyngeal
Gland

Post Pharyngeal
Gland

(10)

Food

In the nest

Environment

Meet the queen

Nest materials
 contacts

Meet a nestmate

Acceptance test Self-grooming ?

Allo-grooming Trophallaxy

1 2 3
NoneO. learning

Yes No

1 2 3
O. learning

Yes No

O. exchanges

Yes No

Yes
No

Self-grooming

End action 

No

� iC�:vwfkjYÿ ��� ÉkÓ´Ã��4Â~ÉkÌ�Ê}É�Ò È¼Ã�Å Í:Â�È6Ò"Ñ·Í]Î6É�Ò6Í~ÓMÃkÄ~É%Ê}É�Ð�Í�Ô!Â¤Å Ã�Å Í:Â0ÆÖÕ~ÆpÃÖÉ�Ñ�Í~ÓcÈ6Â¼ÃGÆ¦×��2Å Ô!Ä¼Ã��<Ú¤É�Ä�È¦Û6Å Í:Ï6ÊCÈ6ÒPÆ^Ð�Ä~É�Ñ·É
ÓÜÍ¤ÊMÈ6Â%È6Â¼Ã.Å Â{ÃkÄ~É%Ñ·Í]Î6É�Ò
�:i}|:j~�Eb%s�j�b]�kvwfkjae]q2lwiC��h�b]o � jad2j¼hpí·j~j~o � e:yCe:owiCj~�Xh ³ b6h<h�b]÷]j~�.b]�4iCow�wv�h<h ³ jas�j�b]o ��³ j~s�i � b]y��wfke]ðÀyCj
e]q'j�b ��³ owj~��h � � e:s��wv�hgj~l�íSi}h ³ h ³ j��2e:��h�ñp� ³ b]f�ë�ow�:j�b]y0�:y´b]owl � e:o!hgj~o!h�e]q²j�b ��³ b]o!h 	tb]owl�h ³ j
iCo&%Àvwj~o � j�e]q²qre�e�l � �:j~owj¼hgi � b]owlàj~o!|�iCfke:ows�j~o!h�qre:fth ³ j � e:yCe:owiCj~�~î�� ³ iC��s�j�b]�kvwfkj�iC��b,|]b]yCvwj
d2j¼hpí·j~j~o��Ab]owlßÿP�:��h ³ b6h � e:fkfkj~�k�2e:owl�hge�b¶í·j~iC� ³ hgj~l�º�iCow÷]ePíS�k÷!ë�lwiC��h�b]o � j²b6hSe:fklwj~f'ÿ:î

� -����0/1
��2�"�����
�8e¶�kj~jxh ³ j%j�� � iCj~o � ë�e]q8e:vwf«�kiCsYvwy´b6hge:fEí·j'b]iCs b6has�e�lwj~yCyCiCow� � e:yCe:owiCj~�.qre:f·í ³ i ��³ h ³ j%lwiCj¼h ³ b]�
b%dwiC�:�:j~f<iCo&%Àvwj~o � jSiCoYh ³ jafkj � e:�:owi}hgiCe:oY�wfke � j~�k�4h ³ b]oAe]h ³ j~f � vwj~� �ró:�:j~owj¼hgi � ó'b]owlAj~o!|�iCfke:ows�j~o!h 	¦î
� ³ j«�wfke]hge � e:y!h ³ b6hXí·j«�wfke:�2e:�kj·iC�8h ³ j.qre:yCyCePíSiCow� �Ùí·j«�:j~owj~fgb6hgjab{s�e]h ³ j~f � e:yCe:o!ë'h ³ b6h � e:ow�kvws�j~�
e:owjAqre�e�l�hpë��2jæb]owlèí·jt�k�wyCi}h'i}h²iCo,���kvwd�ñ � e:yCe:owiCj~�~ît� ³ jAðÀfk��h��:fke:vw� � � 	%÷]j~j~�w��h ³ j�u"vwj~j~oRe]q
h ³ j's�e]h ³ j~f � e:yCe:o!ë�b]owl�i}hg�ae:fkiC�:iCoÀb]y2lwiCj¼h � h ³ j'�kj � e:owl��:fke:vw� � � 	ae:owy}ëæ÷]j~j~�w�{h ³ j'e:fkiC�:iCoÀb]yÙlwiCj¼h
í ³ j~fkj�b]�<h ³ j.h ³ iCfklY�:fke:vw� � � 	 ��³ b]ow�:j~�<h ³ j«lwiCj¼h�î8nÖqÀh ³ j«�wfkj~lwi � hgiCe:ow�Xe]qÀh ³ j·s�e�lwj~y�b]fkj·�2j~f�hgiCowj~o!h �
h ³ j~oæí·jxj¦õ��2j � hah ³ b6h � b6qÜhgj~fab²hgiCs�j{e]q8�kj~�Àb]fgb6hgiCe:oth ³ b6hab]yCyCePíS�.h ³ j%e�lwe:vwfk�«e]q[h ³ j%�kvwd�ñ � e:yCe:owiCj~�
hge � e:o!|:j~fk�:j � í·jSíSiCyCywe:d�h�b]iCo¶h ³ jSqre:yCyCePíSiCow�%fkj~�kvwy}hg�~î4� ³ j{lwiC��h�b]o � jSd2j¼hpí·j~j~o � � 	4b]owl � � 	4� ³ e:vwyCl
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�Xb]dwyCj�ÿ � �wÉgÆ�Ï6Ò ÃGÆ.Í~ÓcÃkÄ~ÉSÆgÅ Ñ{Ï6Ò È¼Ã�Å Í:Â0Í~Û�É�Ê��¶ÊrÏ6Â¼Æ·È6Â~Î'Ì.Å ÃkÄ�����È6Â¼ÃGÆ«Å ÂxÉ¦È~Ð�ÄxÐ�Í:Ò Í:Â¦Õ¦×4ØEÄ~ÉaâÀÊ�ÆpÃ4Ð�Í:Ò Ï6Ñ{Â¼Æ
�:ãÙÉ�Â~ÉgÃ�Å Ð��!Ë��	��Â¦Û6Å Ê}Í:Â6Ñ·É�Â¼Ã
��È6Â~Î��"å�Í]Í]Î��tÅ Â~Î!Å Ð¦È¼ÃÖÉ{ÃkÄ~É²Å Â¦êÀÏ~É�Â~Ð�É0Í~ÓXÃkÄ~ÉgÆ^É{ÓrÈ~ÐgÃÖÍ¤Ê�Æ0Å ÂxÃkÄ~É0Î!Å Æ^Ð�ÊÜÅ ÑSÅ Â�È¼Ã�Å Í:Â
Ç�Ê}Í]Ð�ÉgÆpÆ·È6Â~Î'ÃkÄ~ÉxÒ È¼ÆpÃXÐ�Í:Ò Ï6Ñ{Â¼ÆSÇ�Ê}ÉgÆ^É�Â¼Ã<ÃkÄ~ÉSÎ!Å ÆpÃpÈ6Â~Ð�ÉaÍ:Ú¼Æ^É�Ê¬Û�É�Î�Ú¤ÉgÃ´ÌcÉ�É�ÂxÐ�Í:Ò Í:Â¤Å ÉgÆ������Ë�����EÈ6Â~Î�����k×

ó"ôxj~owj¼hgi � ó � o!|�iCfke:ows�j~o!h � e�e�l � � 	 � � 	 � � 	 ��� 	 � � 	 ��� 	
� 4 » � 4 » ÿ � » �
ÿ ÿ ÿ ÿ � �

owe]hAd2j��kiC�:owi}ð � b]o!h¶d2j � b]vw�kj�h ³ j¼ë ³ b�|:j�h ³ j��gb]s�j�lwiCj¼hAb]owlVh ³ j�u"vwj~j~o ³ b]�AoweèiCo&%Àvwj~o � j�e:o
lwiC� � fkiCs�iCoÀb6hgiCe:o¶qre:fEh ³ j~�kj � e:yCe:owiCj~�~î<� ³ j%lwiC��h�b]o � j~�«d2j¼hpí·j~j~o � � 	.b]owl ��� 	.b]owl�d2j¼hpí·j~j~o � � 	.b]owl
��� 	<� ³ e:vwyCl�d2jSs�e:fkjaiCs��2e:f�h�b]o!hEb �~� e:fklwiCow�xhge'h ³ jaqTb � hEh ³ b6hEh ³ jS�:fke:vw�w�Elwe²owe]h.� ³ b]fkjah ³ j{�gb]s�j
lwiCj¼h�î
npoæe:fklwj~fEhge�d2j%b]dwyCjahge�j¼|]b]yCvÀb6hgj{e:vwf·�kiCsYvwy´b6hge:f4iCotb²fkj�b]y>qrfgb]s�j¼í·e:fk÷ � í·j � e:ow�kiClwj~f·owj~e]hgfke:�wi � b]y
qrvwow�:vw�%�:fkePíSiCow�tyCj�b6q´ñ � v�hkhgiCow�tb]o!hg�0qrfke:s h ³ j²hgfkiCd2j�ò«hkhgiCowi � �A@,!  & @  >���. ��< 8 >A@?@ �'" > � . . ��< 8 >A@��
@ �'" > � . í ³ i ��³ lwiC� � fkiCs�iCoÀb6hgiCe:oæ�wfke � j~�k�0�kj~j~s��{hge�fkj~y}ë�fgb6h ³ j~fSe:o�qre�e�l�h ³ b]o�e:o�e]h ³ j~f � vwj~�~îanpo
qTb � h � h ³ j~�kjYb]o!hg�SyCi}|:j'iCo�e:dwyCiC�!b6hge:f�ët��ë�sYdwiCe:�kiC�aíSi}h ³ bYqrvwow�:vw�Sh ³ b6hSh ³ j¼ë��:fkePí&e:o�qrfkj~� ³ yCj�b�|:j~�
³ b]f�|:j~��hgj~lßd!ë�í·e:fk÷]j~fk�~î ¸ e:yCe:owi´b]ycfkj � e:�:owi}hgiCe:o�iC�0yCiC÷]j~y}ë�dÀb]�kj~lèe:o ��³ j~s�i � b]y � vwj~�x�wfkeP|�iClwj~lèd!ë
� v�hgi � vwy´b]f ³ ë�lwfke � b]fkd2e:ow��h ³ b6h ³ b�|:jæd2j~j~oRqre:vwowl,hge�d2jæ�Àb]f�hgy}ëèiCo&%Àvwj~o � j~l�d!ë,j~o!|�iCfke:ows�j~o!h�b]y
�ke:vwf � j~�~îEnpoèú¬ÿ:ÿ¼ü � h ³ j0b]v�h ³ e:fk�.hgj~��hgj~læh ³ j0iCs��Àb � h.e]q[lwi)0Ùj~fkj~o!h·�wy´b]o!h·lwiCj¼hg�·e:o � e:yCe:owi´b]yÀfkj � e:�:owi�ñ
hgiCe:oMî � j.vw�kjEiCo²e:vwf[�kiCsYvwy´b6hge:fÙh ³ jEfkj�b]y ��³ j~s�i � b]y!�wfke]ðÀyCj~�cj¦õ�hgfgb � hgj~l²qrfke:s�h ³ jE�2e:��h�ñp� ³ b]f�ë�ow�:j�b]y
�:y´b]owl�e]q<h ³ j~�kj²qrvwow�:vw�0�:fkePíSiCow�tb]o!hg� � hget�kj¼h0h ³ j²e�lwe:vwf{e]q<h ³ j'qre�e�l�qre:vwowl�d!ë�h ³ jYb]o!hg�~îS� ³ j
h�b]dwyCj �r�Xb]dwyCj]î�ÿ 	8�kvws��<vw�Yh ³ jafkj~�kvwy}hg�<e]q2e:vwf<j¦õ��2j~fkiCs�j~o!hg�~î<� ³ j � e:yCvws�ow� ³ j�b]lwiCow�:�<ó"ôxj~owj¼hgi � ó �
ó � o!|�iCfke:ows�j~o!hgó¶b]owlæó � e�e�lwó²iCowlwi � b6hgj~�Eh ³ j%iCo&%Àvwj~o � j%e]qMh ³ j~�kj0qTb � hge:fk� � b]owl ��� 	 �! 	4fkj~�wfkj~�kj~o!hg�
h ³ j'lwiC��h�b]o � j²e:dw�kj~f�|:j~l�d2j¼hpí·j~j~o � e:yCe:owiCj~� ��� 	Sb]owl �! 	¦îE� ³ j²fkj~�kvwy}hg�{b]fkj'�:i}|:j~o�qre:fahpí·et�kj¼hg�{e]q
�Àb]fgb]s�j¼hgj~fk� �'e:owj¶h ³ b6h'�:i}|:j~�²s�e:fkj¶iCo&%Àvwj~o � j¶hge�h ³ jAlwiCj¼h'iCo�h ³ jAlwiC� � fkiCs�iCoÀb6hgiCe:o���ë���hgj~sùb]owl
e:owjxh ³ b6h ³ b]�{owe��wfkj¼qrj~fkj~o � j]î«ò0�{j¦õ��2j � hgj~l � h ³ j's�e�lwj~y[�wfkj~lwi � hg�{bA�kiC�:owi}ð � b]o!h{iCo � fkj�b]�kj²iCo�h ³ j
lwiC��h�b]o � jxd2j¼hpí·j~j~o�h ³ j%�:fke:vw�w�«h ³ b6halwe¶owe]ha� ³ b]fkj%h ³ j%�gb]s�j%e�lwe:vwf
� � iCow��hgj�b]l�e]qX� 	·b]owl�b]yCyCePí
hgeRb6hkhgj~o"vÀb6hgj�h ³ j�lwiC��h�b]o � j�lwvwj�hgeßh ³ j��kj~�Àb]fgb6hgiCe:o�d2j¼hpí·j~j~oà�:fke:vw�w� � � 	�b]owl � � 	 �rlwiC��h�b]o � j
j~u"vÀb]yC�{�¶iCow��hgj�b]l�e]q·ÿ 	¦î

" � ��� � � ��� ���

ò0�.h ³ j{ðÀfk��hafkj~�kvwy}hg�·� ³ ePí � e:vwf·s�e�lwj~y>�kj~j~s��·hge�d2j0�wfke:s�iC�kiCow�wî � e:fEh ³ j{hgiCs�j{d2j~iCow� � i}hg�«b]yCyCePíS�
hge²�wfkj~lwi � h.fkj~�kvwy}hg�Eh ³ b6h·b]fkjS�kiCs�iCy´b]f8hgexh ³ e:�kj{e:d�h�b]iCowj~lAíSi}h ³ h ³ j ��³ j~s�i � b]yÀ��hgvwl�ë�e]q2h ³ jSqrvwow�:vw�
�:fkePíSiCow�Ab]o!hg� � í ³ j~o�í·j²lwj¼ðÀowj � e:yCe:owiCj~�·h ³ b6haqTb�|:e:vwfk�aqre�e�l�lwiC� � fkiCs�iCoÀb6hgiCe:oMî �{ePí·j¼|:j~f � í·j²b]fkj
owe]h.b]dwyCj«ë:j¼h.hge'yCiCow÷ ��³ j~s�i � b]yÀ��hgvwlwiCj~�4íSi}h ³ d2j ³ b�|�iCe:vwfgb]yw��hgvwlwiCj~�·b]�4dwiCe:yCe:�:iC��hg�<vw�kvÀb]yCy}ë�lwewî � j
�wy´b]othge¶s�e�lwj~y2h ³ j%� � b]yCj%e]qXb]�:�:fkj~�k�kiCe:oævw�kj~l�d!ëædwiCe:yCe:�:iC��hg�EhgeYfkj�b]yCiC�kj � e:s��wyCj¼hgj%�wfkj~lwi � hgiCe:otqre:f
h ³ jS�Àb]fgb]s�j¼hgj~fkiC�kj~lA�k�2j � iCj~�~î.º�e:fkj~eP|:j~f � í·jS�wy´b]o¶hge'j~o ³ b]o � j{e:vwf4s�e�lwj~ywd!ë�b]lwlwiCow�'bxí·j~iC� ³ hgj~l
u"vwj~j~o,e�lwe:vwf � h ³ b6h'b � hg�²b]�'b�stb]fk÷]j~fxe:o�h ³ jAowj~��hgstb6hgj~�²b]owl�í ³ i ��³ß³ b]�xd2j~j~oßlwj~� � fkiCd2j~lèqre:f
�ke:s�jx�k�2j � iCj~�~î
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