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-� ub1_� 1oѴѴ;1|bom� o=�lo7;Ѵv� =ou� |_;� -m-Ѵ�v;v� o=� ;1oѴo]b1-Ѵ� 1oll�-
mb|b;v�|_-|� bm1Ѵ�7;�r_�Ѵo];m;|b1�1ouu;Ѵ-|bomv�-lom]�vr;1b;v�-m7ņou�
vr-|b-Ѵ�1ouu;Ѵ-|bom�-lom]�Ѵo1-|bomvĺ��;Ѵo�ķ��;�=buv|�]b�;�-�0ub;=�o�;u-
�b;��o=�|_;�v|u�1|�u;�-m7�v�m|-��o=�|�o�h;��=�m1|bomv�r]ѴllŐő�-m7�
1ouōr_�ѴoŐőĺ�r]ѴllŐő�-ѴѴo�v�|_;�=oul�Ѵ-|bom�o=�-�7b�;uv;�v;|�o=�r_�-
Ѵo];m;|b1�];m;u-Ѵb�;7�Ѵbm;-u�lo7;Ѵv�Ő�����ő�|_-|�1-m�0;��v;7�mo|�
omѴ��|o�-m-Ѵ�v;�r_�Ѵo];m;|b1�1oll�mb|��1olrovb|bom�0�|�-Ѵvo�1ol-
r-u-|b�;� lo7;Ѵv� =ou� �-�vvb-m� -m7� momŊ�-�vvb-m� 7-|-ĺ� 1ouōr_�ѴoŐő�
1olr�|;v�|_;��;-uvom�1ouu;Ѵ-|bomv�-lom]�vr;1b;v�|u-b|v��_bѴ;�;v|b-
l-|bm]�|_;�v|u;m]|_�o=�r_�Ѵo];m;|b1�vb]m-Ѵ��b|_bm�;-1_�|u-b|ĺ�);�|_;m�
1olr-u;�r]ѴllŐő�-m7�1ouōr_�ѴoŐő�|o�l;|_o7v�-m7�ruo]u-ll;v�|_-|�
-u;�1�uu;m|Ѵ��-�-bѴ-0Ѵ;ĺ�
bm-ѴѴ�ķ��;�-rrѴ��r]ѴllŐő�-m7�1ouōr_�ѴoŐő�|o�
vbl�Ѵ-|;7�7-|-�|o�bѴѴ�v|u-|;�|_;bu�blrѴ;l;m|-|bom�-m7�o�|r�|ĺ

ƑՊ |Պ�(�!(��)��
�r_�u

r_�u� 1om|-bmv� |_u;;� ]uo�rv� o=� =�m1|bomv� Ő$-0Ѵ;� ƐőĹ� r_�Ѵo];m;|b1�
����v� Őr]ѴllŐőőķ� r_�Ѵo];m;|b1� 1olr-u-|b�;�l;|_o7v� Ő1ouōr_�ѴoŐő�
-m7�r]Ѵllō1olr-u;Őőőķ�-m7�1oll�mb|��r_�Ѵo];m;|b1�7b�;uvb|��l;|-
ub1v�Ő;ĺ]ĺ�rv�Őőķ�rv;Őőőĺ�$_;��ouh_ouv;�=�m1|bomv�o=�-ѴѴ�]uo�rv�-u;��ub|-
|;m�bm��++�|o�bm1u;-v;�1olr�|-|bom-Ѵ�vr;;7ĺ��;u;ķ��;��bѴѴ�=o1�v�om�
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|_;�=buv|�|�o�]uo�rv�o=�=�m1|bomv�Ő;vr;1b-ѴѴ��r]ѴllŐő�-m7�1ouōr_�ѴoŐőő�
0;1-�v;� |_;�� -u;� lou;� 1olrѴb1-|;7� -m7� Ѵ;vv� u;-7bѴ�� -�-bѴ-0Ѵ;� |o�
ru-1|b|bom;uv�|_-m�1oll�mb|��r_�Ѵo];m;|b1�7b�;uvb|��l;|ub1vĺ

ƑĺƐՊ|Պr]ѴllŐő


�m1|bom�r]ѴllŐő�1omv|u�1|v�-m7�=b|v�����v�|_-|� bm1ourou-|;�1o-
�-ub-m1;�l-|ub1;v�1om|-bmbm]�|_;�r_�Ѵo];m;|b1�u;Ѵ-|bomv_brv�-lom]�
vr;1b;vĺ�$_;�v�m|-��=ou�r]ѴllŐő�u;v;l0Ѵ;v�|_-|��v;7�bm�|_;�r�r-1h-];�
Ѵl;Ɠ�Ő�-|;vķ1࢜��_Ѵ;uķ��oѴh;uķ�ş�)-Ѵh;uķ�ƑƏƐƔőķ�-m7�bm7;;7�r]ѴllŐő�
�bѴѴ� =b|�lov|�o=� |_;�lo7;Ѵv� |_-|� 1-m�0;� =b|��b|_� Ѵl;uŐő� -m7�]Ѵl;uŐőĺ�
r]ѴllŐő�]o;v�0;�om7� Ѵl;uŐő� -m7�]Ѵl;uŐő�0��-ѴѴo�bm]� |_;�vr;1b=b1--
|bom�o=�1o�-ub-m1;�l-|ub1;vķ��_b1_�1o�Ѵ7�0;�r_�Ѵo];m;|b1�1o�-ub-m1;�
l-|ub1;v�ou�-m��o|_;u�1o�-ub-m1;�l-|ub1;v�|_-|�|_;��v;u�7;=bm;v�Ő;ĺ]ĺ�
vr-|b-Ѵ�ou�|;lrou-Ѵ�-�|o1ouu;Ѵ-|bom�l-|ub�őĺ�r]ѴllŐő�1-m�-Ѵvo�=b|�lo7-
;Ѵv��b|_� ļm;v|;7Ľ�1o�-ub-m1;�v|u�1|�u;v� Ő;ĺ]ĺ�-�vr;1b;v�r_�Ѵo];m;|b1�
1o�-ub-m1;�l-|ub��m;v|;7��b|_bm�-�vb|;�1o�-ub-m1;�l-|ub�őĺ�r]ѴllŐő�
1-m�or;u-|;�bm�0o|_�=u;t�;m|bv|�lo7;ķ��b|_�|_;�7bv|ub0�|bom�o=�vr;-
1b;v�-lom]�1oll�mb|b;v�0;bm]��-�vvb-mķ�0bm-u�ķ�0bmolb-Ѵ�ou��obvvomķ�
-m7��-�;vb-m�lo7;��b|_�|_;�-77b|bom�o=��;uoŊbm=Ѵ-|;7�0bmolb-Ѵ�-m7�
�obvvom�7bv|ub0�|bomvĺ�
bm-ѴѴ�ķ�b|�bv�o�u�_or;�|_-|�|_;�=oul�Ѵ-�v�m|-��
o=� r]ѴllŐő� 1-m�0;��v;7� |o� =b|� vblbѴ-u�lo7;Ѵv��b|_� o|_;u� ruo]u-lv�
v�1_�-v�"|-m�Ő;ĺ]ĺ��b-�r�r-1h-];�0ulv��ুuhm;uķ�ƑƏƐѶőĺ

��];m;u-Ѵ�;�-lrѴ;�o=�|_;�v�m|-��=ou�r]ѴllŐő�bv

r]ѴllŐ
 Y ~�|u-b|�* env +
��ŐƐ�|�vrōōő�+ 
��ŐƐ�|�vb|;ōōő�+ 
��Ő|u-b|�|�vb|;ő�+ 
��Ő;m��|�vrōōő�+ 
��ŐƐ�|�vrōō@vb|;őķ
�7-|-�=�7-|-ķ 
�1o�ōu-m;=�= Ѵbv|Ővr�=�r_�ĺvrķ�vb|;�=�(ĺvr-1;őķ 
�=-lbѴ��=�ŝ0bmolb-Ѵŝķ 
�0-�;v�=�
��"�ķ 
�!����=�$!&�

ő

�;u;ķ�+�bv�-�0bm-u��Ő�;umo�ѴѴbő�7;r;m7;m|��-ub-0Ѵ;��_b1_�|-h;v��-Ѵ-
�;v� o=� ;b|_;u� Ə� ou� Ɛĺ� $_;� vr;1b=b1-|bom� =-lbѴ�� Ʒ� ŝ0bmolb-Ѵŝ� -ѴѴo�v�
0bm-u�� 7-|-� -m7� -Ѵvo� 0bmolb-Ѵ� 7-|-� =ou� �_b1_� +� bv� -� l-|ub�� 1om-
|-bmbm]�1oѴ�lmv�=ou�v�11;vv;v�-m7�=-bѴ�u;vĺ�$_;�bm7;r;m7;m|��-ub-
-0Ѵ;v� |u-b|�-m7�;m�� |-h;�om�7b==;u;m|��-Ѵ�;v� =ou�;-1_�vr;1b;v�-m7�
vb|;ķ� u;vr;1|b�;Ѵ�ĺ� "b|;v� Ővb|;ő� -m7� vr;1b;v� Ővrő� -u;� |u;-|;7� -v� u-m-
7ol�;==;1|vĹ� ŐƐŇvb|;ő� blrѴb;v�|_-|�-��-Ѵ�;�=uol�-��-�vvb-m�u-m7ol�
�-ub-0Ѵ;�bv�rb1h;7�=ou�;-1_�vb|;ķ�|_;u;0��u;ru;v;m|bm]��ml;-v�u;7�
7b==;u;m1;v�-lom]� vb|;vĺ�
ou� |_;� 1-v;�o=� vr;1b;vķ� |_;�7o�0Ѵ;��m-
7;uv1ou;�bm�ŐƐŇvrōōő�blrѴb;v�|_-|ķ�bm�-77b|bom�|o�-�u-m7ol�;==;1|�=ou�
vr;1b;vķ�|_;u;�bv�-�v;1om7�u-m7ol�;==;1|��_b1_�1om|-bmv�|_;�r_�-
Ѵo];m;|b1� u;Ѵ-|bomv_brv�-lom]�vr;1b;v� Őou� vol;�o|_;u�1ouu;Ѵ-|bom�
v|u�1|�u;�vr;1b=b;7�0��|_;��v;uőĺ�$_;�r_�Ѵo];m;|b1�u-m7ol�;==;1|�
-vv�l;v�|_-|��-Ѵ�;v�=ou�;-1_�vr;1b;v�-u;�rb1h;7�=uol�-�l�Ѵ|b�-u-
b-|;��-�vvb-m�7bv|ub0�|bom��b|_�r_�Ѵo];m;|b1�1o�-ub-m1;�l-|ub��

∑

ĺ���1o�-ub-m1;�l-|ub��
∑

� bv� vr;1b=b;7�0��1o�ōu-m;=�Ʒ� Ѵbv|Ővr�Ʒ�r_�ĺ
vrķ� vb|;�Ʒ�(ĺvr-1;őĺ�$_;�1o�-ub-m1;�l-|ub��r_�ĺvr�-vvo1b-|;7��b|_�
vr;1b;v�1-m�0;�-�r_�Ѵo�o0f;1|� =uol�|_;�r�r-1h-];�-r;� Ő�-u-7bv�ş�
"1_Ѵb;rķ�ƑƏƐѶőĺ�$o�1omv|u�1|�

∑

� =uol�-� ļr_�ѴoĽ�o0f;1|ķ�r]ѴllŐő�-v-
v�l;v�|_-|� |_;�u;vb7�-Ѵ��-ub-|bom�-vvo1b-|;7��b|_�vr;1b;v� =oѴѴo�v�
-��uo�mb-m�lo|bom�lo7;Ѵ�o=�;�oѴ�|bom�vo�|_-|�|_;�1o�-ub-m1;�0;-
|�;;m�vr;1b;v�bv�ruorou|bom-Ѵ�|o�|_;bu�v_-u;7�;�oѴ�|bom-u��_bv|ou��
Ő;ĺ]ĺ� v_-u;7� 0u-m1_� Ѵ;m]|_� om� -� r_�Ѵo];m�őĺ� �|� bv� -Ѵvo� rovvb0Ѵ;� |o�
vr;1b=��-m�;�rѴb1b|�1o�-ub-m1;�l-|ub�ķ�v�1_�-v�vb|;�Ʒ�(ĺvr-1;ķ��_;u;�
(ĺvr-1;�bv�-�1o�-ub-m1;�l-|ub��1u;-|;7�=uol�|_;�7bv|-m1;�0;|�;;m�
vb|;vĺ�
ou�;�-lrѴ;ķ�b=��;�-vv�l;�|_-|�vr-|b-Ѵ�1ouu;Ѵ-|bomv�=oѴѴo��-�
�-�vvb-m�=�m1|bomķ�|_;m�|_;�1ouu;Ѵ-|bom�bm�u;vb7�-Ѵv�=uol�vb|;v�i and 
j� Ѵo1-|;7�-�7bv|-m1;�dij� =uol�;-1_�o|_;u� bv�;�rŐƴŐdij/rő2őķ��_;u;�r� bv�
|_;� ļu-m];Ľ� ]b�bm]� _o�� t�b1hѴ�� vr-|b-Ѵ� 1ouu;Ѵ-|bom� 7;1u;-v;v��b|_�
7bv|-m1;�Ő�;v-]�ş��ou-mķ�ƐƖƕƔőĺ

$_;�v�m|-�� ŐƐŇvrōōő�ou� ŐƐŇvb|;ōōő�];m;u-|;v�|�o�u-m7ol�;==;1|vķ�
om;� �b|_o�|� -m7� om;��b|_� r_�Ѵo];m;|b1� ou� vr-|b-Ѵ� 1o�-ub-m1;vĸ� bm�
1om|u-v|ķ�ŐƐŇvrő��o�Ѵ7�];m;u-|;�omѴ��-�vbm]Ѵ;�u-m7ol�;==;1|�|_-|�bv�bm-
7;r;m7;m|�-lom]�vr;1b;vĺ�r]ѴllŐő�=ou1;v�bm�-�|;ul�=ou�ŐƐŇvrő��_;m-
;�;u�ŐƐŇvrōōő�bv�vr;1b=b;7ķ�0;1-�v;�o|_;u�bv;�-m��7b==;u;m1;�-lom]�
vr;1b;v��o�Ѵ7�0;�1-r|�u;7�0�� |_;�7b-]om-Ѵ� ;Ѵ;l;m|v� bm�

∑

 even in 
|_;�-0v;m1;�o=�1o�-ub-m1;v�-lom]�r_�Ѵo];m;|b1-ѴѴ��u;Ѵ-|;7�vr;1b;v�
�_b1_� -u;� vr;1b=b;7�0�� |_;�o==Ŋ7b-]om-Ѵ� ;Ѵ;l;m|v�o=�

∑

ĺ� $_;u;=ou;ķ�
b=� ŐƐŇvrő��;u;� mo|� bm1Ѵ�7;7ķ� |_bv� 1o�Ѵ7� Ѵ;-7� |o� |_;� b7;m|b=b1-|bom� o=�

�uo�r �-bm�=�m1|bomv �ub;=�7;v1ubr|bom

�b�;7�lo7;Ѵv r]ѴllŐő �_�Ѵo];m;|b1������=ou�;1oѴo]b1-Ѵ�1oll�mb|��7-|-�
Ő;ĺ]ĺ�vr;1b;v�1olrovb|bom�-1uovv�vb|;vĸ�0br-u|b|;�
bm|;u-1|bomvő

�olr-u-|b�;�
l;|_o7v

1ouōr_�ѴoŐő �ouu;Ѵ-|bomv�-lom]�l�Ѵ|brѴ;�|u-b|v��b|_�
r_�Ѵo];m;|b1�vb]m-Ѵ

r]Ѵllō1olr-u;Őő r]ѴllŐő�|-bѴou;7�=ou�1olr-u-|b�;�7-|-�bm��_b1_�
vr;1b;v�Ő|brv�o=�-�r_�Ѵo];m�ő�omѴ��o11�u�om1;

�;|ub1v rv�Őőĸ�rv;Őőĸ�rvuŐőĸ�
rv1Őőĸ�rv7Őő

�_�Ѵo];m;|b1�-Ѵr_-�7b�;uvb|��o=�1oll�mb|b;v

r17Őő �-bu�bv;�r_�Ѵo];m;|b1�0;|-�7b�;uvb|��o=�1oll�mb|b;v

�1�ƑŐő �om�;u|�-�r_�Ѵo];m��|o�-�1o�-ub-m1;�l-|ub�ķ�-�=-v|;u�
�;uvbom�o=�-r;ĹĹ�1�Őő

$���� �ƐՊ�bv|�o=�l-bm�=�m1|bomv�bm�|_;�
r_�u�r-1h-];
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r_�Ѵo];m;|b1�vb]m-Ѵ�bm�|_;�-0�m7-m1;v�o=�vr;1b;v�;�;m�bm�b|v�-0v;m1;�
=uol�-�1oll�mb|�ĺ�$o�-11o�m|� =ou�7b==;u;m1;v�-lom]�vb|;v� bm�_o��
|_;�� v;Ѵ;1|� =ou� vr;1b;v� �b|_� 7b==;u;m|� |u-b|vķ� Ő|u-b|Ňvb|;ő� -ѴѴo�v� |_;�
vѴor;�o=�+�-]-bmv|�|u-b|�|o�0;�-��-�vvb-m�u-m7ol��-ub-0Ѵ;ĺ�"blbѴ-uѴ�ķ�
|o�-11o�m|�=ou�|_;�7b==;u;m1;v�-lom]�vr;1b;v�=ou�_o��|_;��u;vrom7�
|o�;m�ķ�Ő;m�Ňvrōōő�-ѴѴo�v�|_;�u;Ѵ-|bomv_br�o=�+�-]-bmv|�;m��|o�0;�]b�;m�
0�� |�o� vѴor;vķ� |_;� =buv|� vѴor;� |_-|� bv� rb1h;7� =uol� -��-�vvb-m� u-m-
7ol��-ub-0Ѵ;�bm��_b1_�vr;1b;v�-u;�bm7;r;m7;m|�-m7�|_;�v;1om7�vѴor;�
|_-|� bv�rb1h;7�=uol�-�l�Ѵ|b�-ub-|;��-�vvb-m��b|_�1o�-ub-m1;�l-|ub��
∑

ĺ�
bm-ѴѴ�ķ� ŐƐŇvrōōŠvb|;ő�];m;u-|;v�-�m;v|;7�|;ulĹ��b|_bm�-�vb|;ķ� |_;�
u;vb7�-Ѵ� �-ub-|bom� bm� +� v_o�v� r_�Ѵo];m;|b1� u;Ѵ-|;7m;vvķ� �b|_� r_�-
Ѵo];m;|b1-ѴѴ�� u;Ѵ-|;7�vr;1b;v�lou;� Ѵbh;Ѵ�� |o�o11�u� bm� |_;�v-l;�vb|;ĺ�
�o|;�|_-|�ŐƐŇvrōōő�7b==;uv�=uol�ŐƐŇvrōōŠvb|;ő�0;1-�v;�ŐƐŇvrōōő�];m;u-
-|;v�7b==;u;m1;v�bm�|_;�l;-m��-Ѵ�;�o=�+�=ou�vr;1b;v�-1uovv�-ѴѴ�vb|;vķ�
�_;u;-v�ŐƐŇvrōōŠvb|;ő�bv�Ѵo1-Ѵ�|o�vb|;vķ�]b�bm]�|_;�1o�-ub-m1;v�-lom]�
vr;1b;v�omѴ���b|_bm�vb|;vĺ�$_bv�m;v|;7�|;ul�1-m�0;��v;7�|o�|;v|�=ou�
1oll�mb|��1Ѵ�v|;ubm]�ou�o�;u7bvr;uvbom�Ő��;v�ş��;Ѵl�vķ�ƑƏƐƐĸ�);00�
;|�-Ѵĺķ�ƑƏƏƑőĺ��|_;u�=oulv�o=�-�m;v|;7�|;ul�-u;�-�-bѴ-0Ѵ;�bm�r]ѴllŐőķ�
�_b1_�1-m�0;��v;7�|o�v|�7��lou;�1olrѴb1-|;7�t�;v|bomv�v�1_�-v�0b-
r-u|b|;�m;|�ouhvĺ

)b|_� 0-�;v�Ʒ� 
��"�ķ� r]ѴllŐő� bv� =b||;7� �vbm]� -� =u;t�;m|bv|� -r-
ruo-1_ĺ����ou�!����bv��v;7�=ou�=b||bm]ķ��b|_�!����Ʒ�$!&��-v�|_;�
7;=-�Ѵ|ĺ�
ou�-�momŊ�-�vvb-m�lo7;Ѵ�Ő;ĺ]ĺ�=-lbѴ��Ʒ�ŝ0bmolb-Ѵŝőķ�-m�b|;u-
-|;7�t�-vbŊѴbh;Ѵb_oo7�l;|_o7�bv��v;7�=ou�lo7;Ѵ�=b||bm]��_b1_�]b�;v�
|_;�-rruo�bl-|;�Ѵbh;Ѵb_oo7ĸ�p��-Ѵ�;v�=ou�|_;�=b�;7�;==;1|v�-u;�]b�;m�
0��-�)-Ѵ7�|;v|�-m7�=ou�|_;�u-m7ol�;==;1|v�0��ruo=bѴ;�Ѵbh;Ѵb_oo7ķ�-Ѵ-
|_o�]_��;�u;1oll;m7�0oo|v|u-rŊ0-v;7�|;v|v��_;m�1olr�|-|bom-
-ѴѴ��=;-vb0Ѵ;ĺ��o|;�|_-|�!����Ʒ�$!&��bv�-m�or|bom�=ou�momŊ�-�vvb-m�
lo7;Ѵv� Őbm� 1om|u-v|� |o� ]Ѵl;uŐőő� 7�;� |o� |_;� -Ѵ]oub|_l� �v;7ĺ� )b|_�
0-�;v� Ʒ� $!&�ķ� -� �-�;vb-m� -rruo-1_� bv� blrѴ;l;m|;7� �vbm]� �����
Ő!�;ķ��-u|bmoķ�ş��_orbmķ� ƑƏƏƖőķ��_b1_� ]b�;v�r-u-l;|;u� ;v|bl-|;v�
-m7�1u;7b0Ѵ;�bm|;u�-Ѵvĺ�
ou�Ѵ-u];�ruo0Ѵ;lv��b|_�|_;�m�l0;u�o=�vr;-
1b;vŊvb|;�1ol0bm-|bomv�;�1;;7bm]�ƑķƏƏƏķ�|_;��-�;vb-m�1olr�|-|bomv�
-u;�1omvb7;u-0Ѵ��=-v|;u�|_-m�|_;�=u;t�;m|bv|�1olr�|-|bomvĺ�
bm-ѴѴ�ķ�
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buv|ķ�0��b7;m|b=�bm]�1ouu;Ѵ-|bomv�|_-|�lb]_|�0;�;�r;1|;7�
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-lom]�vr;1b;v�7�;�|o�r_�Ѵo];m�ķ�r]ѴllŐő�]b�;v�0;||;u�v|-|bv|b1-Ѵ�
ruor;u|b;v� =ou� |;v|v� o=� =-1|ouv� �m7;uѴ�bm]� 1oll�mb|�� 1olrovb-
|bomĺ�
ou�;�-lrѴ;ķ��b�-m7���;v�ŐƑƏƐƕő�v_o��|_-|�=-bѴ�u;�|o�-11o�m|�
=ou�r_�Ѵo];m;|b1�1ouu;Ѵ-|bomv�1-m�bm=Ѵ-|;�|�r;���;uuouv�bm�|;v|v�=ou�
-vvo1b-|bm]�;m�buoml;m|-Ѵ��-ub-0Ѵ;v�-m7�|u-b|v�|_-|��m7;uѴb;�1ol-
l�mb|��1olrovb|bomĺ�";1om7ķ�r]ѴllŐő�-ѴѴo�v�;�rѴb1b|�=o1�v�om�|_;�
blrou|-m1;�o=�;�oѴ�|bom-u��_bv|ou�� bm�v|u�1|�ubm]�vr;1b;v�-vv;l-
0Ѵ-];vķ� vbm1;� r_�Ѵo];m;|b1� 1o�-ub-m1;v� -u;� ;�rѴb1b|Ѵ�� ;v|bl-|;7ĺ�
$_bv�bv�bm�1om|u-v|�|o�l-m��o|_;u��"	�v�Ő;ĺ]ĺ�|_ov;�bm�7;v1ub0;7�bm�
)bѴhbmvomķ��oѴ7bm]ķ���bѴѴ;u-Ŋ�uuob|-ķ�$bm]Ѵ;�ķ�ş��1�-u|_�ķ�ƑƏƐƖőķ�
�_b1_�-||;lr|�|o�;v|bl-|;�-ѴѴ�r-bu�bv;�vr;1b;v�1o�-ub-m1;v��b|_-
o�|�-11o�m|bm]�=ou�r_�Ѵo];m�ĺ

�=� 1o�uv;ķ� |_;� ]o-Ѵv� o=� voѴb7� bm=;u;m1;� -m7� ru;7b1|bom� -u;� mo|�
l�|�-ѴѴ�� ;�1Ѵ�vb�;ĺ� �oo7� ru;7b1|bom� u;t�bu;v� -�ob7bm]� o�;u=b||bm]ķ�
�_b1_�1-m�0;� =-1bѴb|-|;7�0�� u;7�1bm]� |_;�m�l0;u�o=�r-u-l;|;uv� bm�
|_;�lo7;Ѵĺ��m�vol;�v�v|;lvķ�b|�l-��0;�rovvb0Ѵ;�|o�l-h;�0;||;u�ru;-
7b1|bomv��vbm]�-�vblrѴ;�r_�Ѵo];m;|b1�lo7;Ѵ�b=�r_�Ѵo];m��bv�-�v|uom]�
ru;7b1|ou�o=�vr;1b;v�1o�-ub-m1;ķ�ou�b=�l-m��vr;1b;v�-u;�roouѴ��v-l-
rѴ;7ķ�-m7�|_�v�;v|bl-|bm]�1o�-ub-m1;v�0;|�;;m�|_;l�bm7b�b7�-ѴѴ��u;-
v�Ѵ|v�bm�_b]_;u�ru;7b1|bom��-ub-m1;ĺ�&vbm]�r_�Ѵo];m��1-m�_;Ѵr�1Ѵov;Ѵ��
u;Ѵ-|;7�vr;1b;v�v_-u;�v|-|bv|b1-Ѵ�v|u;m]|_�|_uo�]_�r_�Ѵo];m;|b1�r-u-
|b-Ѵ�rooѴbm]ĺ�&Ѵ|bl-|;Ѵ�ķ� b|�1-m�0;�ro�;u=�Ѵ�|o��v;�|_;�v-l;�hbm7�o=�
v|-|bv|b1-Ѵ� =u-l;�ouh�|o�7o�0o|_�ru;7b1|b�;�-m7� bm=;u;m|b-Ѵ��ouh� bm�
;1oѴo]�� 0;1-�v;� b|� -ѴѴo�v� ;1oѴo]bv|v� |o� vloo|_Ѵ�� lo�;� 0;|�;;m�
|_;v;� |�o�]o-Ѵv�-m7�lou;�;-vbѴ��-m7�t�b1hѴ��7u-��l�|�-Ѵ� bmvb]_|v�
0;|�;;m�|_;lĺ

ƒĺƒՊ|Պ1ouōr_�ѴoŐő

$_;�r�r-1h-];�l���!���Ő�Ѵ-�;Ѵķ��v1-u]�;Ѵķ�ş��;u1;uomķ�ƑƏƐƔő�1-m�
=b|�-�0uo-7�u-m];�o=�lo7;Ѵvķ�o=��_b1_�1ouōr_�ѴoŐő�1-m�0;�=oul�Ѵ-|;7�
-v�-�vr;1b-Ѵ�1-v;ĺ�)_bѴ;�1ouōr_�ѴoŐő�7o;v�mo|�_-�;�|_;�=Ѵ;�b0bѴb|��o=�
l���!��ķ� b|� bv� 1ouu;vrom7bm]Ѵ�� vblrѴ;u� |o� �v;ĺ� �Ѵvoķ� 1ouōr_�ѴoŐő�
_-v� 0�bѴ|Ŋbm� 0oo|v|u-rrbm]� 1-r-0bѴb|b;v� |_-|� -u;� m;1;vv-u�� |o� ]b�;�
1om=b7;m1;� bm� |_;�r-u-l;|;u�;v|bl-|;v�-m7�r��-Ѵ�;vĺ�$_;� =�m1|bom�
;�oѴ�1�ĺѴb|;Őő� bm�|_;�r�r-1h-];�r_�|ooѴv� Ő!;�;ѴѴķ�ƑƏƐƑő��bѴѴ�1olr�|;�
r_�Ѵo];m;|b1�1ouu;Ѵ-|bomvķ�-m7�1_-m];v�bm�r_�Ѵo];m;|b1�1ouu;Ѵ-|bomv�
|_uo�]_� |bl;� Őv;;� -Ѵvo� �-;|-mo� ş� �-ulomķ� ƑƏƐѶőķ� -Ѵ|_o�]_� |_;�
r_�Ѵo];m;|b1�1o�-ub-m1;�l-|ub��bv�7;ub�;7��m7;u�|_;�-vv�lr|bom�o=�
�uo�mb-m�lo|bom�;�oѴ�|bomĺ�$_bv�1om|u-v|v�1ouōr_�ѴoŐő�bm��_b1_�|_;�
v|u;m]|_�o=�r_�Ѵo];m;|b1�vb]m-Ѵ�bv�1olr�|;7�-|�|_;�v-l;�|bl;�-v�|_;�
1ouu;Ѵ-|bomĺ� �|� bv� -Ѵvo�rovvb0Ѵ;� |o�1o7;� |_;�1ouōr_�ѴoŐő�lo7;Ѵ��vbm]�
rѴ-|=oulv�v�1_�-v�)bm��]vķ�"|-m�-m7����"ĸ�0�|�-]-bmķ�|_bv��bѴѴ�u;-
t�bu;�1omvb7;u-0Ѵ;�ruo]u-llbm]�-m7�;�r;u|bv;ĺ

ƓՊ |Պ�*������&"���

);� vbl�Ѵ-|;7� 7-|-v;|v� |o� 7;lomv|u-|;� _o�� |o� �v;� r]ѴllŐő� -m7�
1ouōr_�ѴoŐőĺ�	;|-bѴv�-0o�|�vbl�Ѵ-|bomv�o=�������-u;� =o�m7� bm� |_;�
�rr;m7b�ĺ���u�]o-Ѵ�bm�|_bv�v;1|bom�bv�|o�ruo�b7;�vol;�];m;u-Ѵ�b7;-v�
-0o�|� |_;� bmr�|v� -m7� o�|r�|v� o=� |_;v;� |�o� =�m1|bomv� bmv|;-7� o=�

|;v|bm]�|_;bu�v|-|bv|b1-Ѵ�r;u=oul-m1;v�ou� bm|;uru;|bm]�|_;�;1oѴo]b1-Ѵ�
l;-mbm]v�o=�lo7;Ѵ�u;v�Ѵ|vĺ�
ou�|_ov;�r�urov;vķ�rѴ;-v;�v;;�|_;�r-1h-
-];��b]m;||;v�-m7���;v�ŐƑƏƐѶőĺ

ƓĺƐՊ|Պr]ѴllŐő

);� =b||;7� -� ������ |_-|� ;�-lbm;7� _o�� -� _�ro|_;|b1-Ѵ� =�m1|bom-Ѵ�
|u-b|ķ�;m�buoml;m|-Ѵ�]u-7b;m|�-m7�|_;bu�bm|;u-1|bom�-==;1|�7bv|ub0�|bomv�
o=�ƒƏ�vr;1b;v�-1uovv�ƑƏ�vb|;vĺ�);�=o1�v;7�om�-0�m7-m1;�-m7��v;7�|_;�
7;=-�Ѵ|� =-lbѴ��o=�7-|-�7bv|ub0�|bom� Ő�-�vvb-mőķ�0�|�o|_;u�7bv|ub0�|bomv�
1-m�-Ѵvo�0;�vr;1b=b;7�0��u;v;||bm]�|_;�=-lbѴ��-u]�l;m|ĺ��_�Ѵo];m;|b1�
u;Ѵ-|bomv_brv�-lom]�vr;1b;v�-m7�vb|;�vr-|b-Ѵ�-�|o1ouu;Ѵ-|bomv�-u;�vr;1-
b=b;7�0��1o�ōu-m;=�Ʒ�Ѵbv|Ővr�Ʒ�r_�ķ�vb|;�Ʒ�(ĺvr-1;ő��_;u;�vr�-m7�vb|;�-u;�
]uo�r��-ub-0Ѵ;v�o=�u-m7ol�|;ulvķ�r_��1-m�0;�-�r_�Ѵo];m���b|_�1Ѵ-vv�
r_�Ѵo� ou� -� r_�Ѵo];m;|b1� 1o�-ub-m1;�l-|ub�ķ� -m7�(ĺvr-1;� bv� -� 1o�-ub-
-m1;�l-|ub��-lom]�vb|;vĺ�$_bv�lo7;Ѵ�1-m�-Ѵvo�0;�=b||;7��b|_�-��-�;vb-m�
=u-l;�ouh�0��v;||bm]�0-�;v�Ʒ�$!&�ķ��_b1_�bv�u;1oll;m7;7��_;m�|_;�
7-|-v;|�bv�Ѵ-u];ĺ

��<- r]ѴllŐ 
   abund ~ 1 + env +�|u-b|�+ env:|u-b|�+ 
�������ŐƐ�|�vrōōő�+�ŐƐ�|�vb|;ōōő�+ 
�������Ő;m��|�vrő�+�ŐƐ�|�vrōō@vb|;őķ 
���7-|-�=�7-|ķ 
���1o�ōu-m;=�= Ѵbv|Ővr�=�r_�ķ�vb|;�=�(ĺvr-1;ő 
ő 
v�ll-u�Ő�ő 
ŲŲ��bm;-u�lb�;7�lo7;Ѵ�=b|�0��u;v|ub1|;7�l-�bl�l�Ѵbh;Ѵb_oo7 
## 
## Call:abund ~ 1 + env +�|u-b|�+�;m�Ĺ|u-b| 
## 
ŲŲ�Ѵo]�bh�������������� 
ŲŲ�ŊƐƐƔƖ���ƑƒƒƖ���ƑƒƕƔ 
## 
ŲŲ�!-m7ol�;==;1|vĹ 
ŲŲ�����������������������(-ub-m1;���������"|7ĺ	;� 
ŲŲ�ƐŇvr���������������ƐĺƓѶ;ŊƏѵ��������ƏĺƏƏƐƑƑ 
ŲŲ�ƐŇvrōō�����������ƐĺƑѶ;+ƏƏ�������ƐĺƐƒƑƔƖ 
ŲŲ�ƐŇvb|;�������������ƑĺƕƑ;ŊƏѵ��������ƏĺƏƏƐѵƔ 
ŲŲ�ƐŇvb|;ōō���������ƕĺƐѶ;ŊƏƐ������� �ƏĺѶƓƕƑƔ 
ŲŲ�;m�Ňvr�����������ƖĺƕƑ;ŊƏƐ��������ƏĺƖѶѵƐƑ 
ŲŲ�ƐŇvrōōŠvb|;�� ƖĺѵѶ;ŊƏƐ��������ƏĺƖѶƒƖƔ 
ŲŲ�u;vb7�-Ѵ���������ƖĺѶѶ;ŊƏƐ��������ƏĺƖƖƓƏƐ 
## 
ŲŲ�
b�;7�;==;1|vĹ 
ŲŲ�����������������������(-Ѵ�;�������"|7ĺ�uuou����,v1ou;������-Ѵ�; 
ŲŲ�Ő�m|;u1;r|ő����ƐĺƑƒѵ������ƐĺƓƒѶ����������ƏĺѶѵ��������ƏĺƒƖƏƒ 
ŲŲ�;m�����������������ƏĺѶƖƑ������ƏĺƒƏƏ����������ƑĺƖƕ��������ƏĺƏƏƑƖ�ŖŖ 
ŲŲ�|u-b|���������������ƏĺѶƏƑ������ƏĺƐƖƖ����������ƓĺƏƒ��������Ɣĺѵ;ŊƏƔ�ŖŖŖ 
ŲŲ�;m�Ĺ|u-b|�������ƐĺƏƖѵ������ƏĺƐƖƔ����������Ɣĺѵƒ��������ƐĺѶ;ŊƏѶ�ŖŖŖ 
## --- 
ŲŲ�"b]mb=ĺ�1o7;vĹ�Ə�ŝŖŖŖŝ�ƏĺƏƏƐ�ŝŖŖŝ�ƏĺƏƐ�ŝŖŝ�ƏĺƏƔ�ŝĺŝ�ƏĺƐ�ŝ�ŝ�Ɛ
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$_;� v�ll-u�� o=�lo7;Ѵ� u;v�Ѵ|v� bm1Ѵ�7;v� |_;�lo7;Ѵ� =b||bm]�l;|_o7�
Ől-�bl�l�Ѵbh;Ѵb_oo7�ou��-�;vb-mőķ�|_;�lo7;Ѵ�=oul�Ѵ-ķ�Ѵo]�Ѵbh;Ѵb_oo7�
-m7�o|_;u�u;Ѵ-|;7�v|-|bv|b1v�Ő���ķ�����-m7�	��őķ�;v|bl-|;v�o=��-ub-m1;v�
o=�u-m7ol�|;ulvķ�1o;==b1b;m|v�o=�=b�;7�|;ulv�-m7�|_;bu��m1;u|-bm|b;vĺ�
$_;v;� u;v�Ѵ|v� v_o�� |_-|� r]ѴllŐő� 1ouu;1|Ѵ�� u;1o�;u;7� |_-|� |_;� _�-
ro|_;|b1� =�m1|bom-Ѵ� |u-b|� bm|;u-1|;7��b|_�;m�buoml;m|-Ѵ��-ub-0Ѵ;� |o�
-==;1|�vr;1b;v�1olrovb|bomĺ

ƓĺƑՊ|Պ1ouōr_�ѴoŐő

�;u;ķ� �;� vbl�Ѵ-|;7� |�o� _�ro|_;|b1-Ѵ� =�m1|bom-Ѵ� |u-b|v� Ő|u-b|ōƐ�
-m7�|u-b|ōƑő�=ou�ƔƏ�vr;1b;vĺ�);�v;|�|_;�|u�;�1ouu;Ѵ-|bom�0;|�;;m�
|_;v;� |�o� |u-b|v� |o�0;�Əĺƕ�-m7� |_;bu�r_�Ѵo];m;|b1� vb]m-Ѵv� Ő�b-�-m�
�umv|;bmŋ&_Ѵ;m0;1h� ruo1;vvő� |o� 0;� Əĺƒ� -m7� ƏĺƖƔķ� u;vr;1|b�;Ѵ�ĺ�
);� -Ѵvo� v;|� |_;bu�l;-v�u;l;m|� ;uuouv� |o� 0;� ƏĺƑ� -m7� Ɛķ� u;vr;1-
|b�;Ѵ�ķ� -m7� -vvb]m;7� |_;� 1o�-ub-|;� 1o�ō|u-b|ōƑ� |o� |u-b|ōƑ� �b|_� -�
vѴor;�o=�Ɛĺ

�Ƒ�<- 1ouōr_�ѴoŐ�-ub-|;v�= ~�|u-b|ōƐ�+�|u-b|ōƑķ 
�������������������� 1o�-ub-|;v�= Ѵbv|Ő|u-b|ōƑ�~�1o�ō|u-b|ōƑőķ 
�������������������� vr;1b;v�= ~�vrķ�r_��=�r_�ķ 
�������������������� l;-vō;uuouv�= Ѵbv|Ő|u-b|ōƐ�~�v;ō|u-b|ōƐķ�|u-b|ōƑ�~  
� � v;ō|u-b|ōƑőķ 
�������������������� 7-|-�=�|u-b|vő 
�Ƒ

## 
ŲŲ��-ѴѴ�|o�1ouōr_�ѴoĹ 
ŲŲ�1ouōr_�ѴoŐ�-ub-|;v�= ~|u-b|ōƐ�+�|u-b|ōƑķ�vr;1b;v�= ~vrķ�r_��=�r_�ķ� 
� 1o�-ub-|;v�=�Ѵbv|Ő|u-b|ōƑ�~�1o�ō|u-b|ōƑőķ�l;-vō;uuouv�=�Ѵbv|Ő|u-b|ōƐ� 
 ~�v;ō|u-b|ōƐķ�|u-b|ōƑ�~�v;ō|u-b|ōƑőķ�7-|-�=�|u-b|vő 
## 
ŲŲ�Ѵo]�bh�������������� 
ŲŲ�ŊƒƖĺѶ�����ƖƔĺѵ���ƐƏƐĺѶ 
## 
ŲŲ��ouu;Ѵ-|bom�l-|ub�Ĺ 
ŲŲ�����������������|u-b|ōƐ����|u-b|ōƑ 
ŲŲ�|u-b|ōƐ����ƐĺƏƏƏ������ƏĺƕƖƑ 
ŲŲ�|u-b|ōƑ����ƏĺƕƖƑ������ƐĺƏƏƏ 
## 
ŲŲ��_�Ѵo];m;|b1�vb]m-Ѵ�Ő�&�ruo1;vvőĹ 
##                  d 
ŲŲ�|u-b|ōƐ����ƏĺƓѶƓ 
ŲŲ�|u-b|ōƑ����ƏĺƖѶƖ 
## 
ŲŲ��o;==b1b;m|vĹ 
ŲŲ����������������������������������������v|bl-|;�����"��������������,Ŋv1ou;���������Ŋ�-Ѵ�; 
ŲŲ�|u-b|ōƐōƏ����������������������ƏĺƐƓƑѵ��������ƏĺƑƓƑƏ�����ƏĺƔƖ��������������ƏĺƔѵ 
ŲŲ�|u-b|ōƑōƏ����������������������ŊƏĺƒƑƒƐ������ƐĺѶѶƓƏ�����ŊƏĺƐƕ������������ƏĺѶѵ 
ŲŲ�|u-b|ōƑō1o�ō|u-b|ōƑ����ƏĺƖƖƓƐ��������ƏĺƏƐƕƖ�����ƔƔĺƔƔ�����������<Ƒ;ŊƐѵ�ŖŖŖ 
## --- 
ŲŲ�"b]mb=ĺ�1o7;vĹ�Ə�ŝŖŖŖŝ�ƏĺƏƏƐ�ŝŖŖŝ�ƏĺƏƐ�ŝŖŝ�ƏĺƏƔ�ŝĺŝ�ƏĺƐ�ŝ�ŝ�Ɛ

$_;� o�|r�|� o=� 1ouōr_�ѴoŐő� bm1Ѵ�7;v� Ѵo]ŊѴbh;Ѵb_oo7� �-Ѵ�;vķ� ���ķ� ���ķ�
;v|bl-|;7�1ouu;Ѵ-|bom�l-|ub��o=�|u-b|vķ�;v|bl-|;7�r_�Ѵo];m;|b1�vb]m-Ѵv�
o=�|u-b|vķ�;v|bl-|;7�1o;==b1b;m|v�-m7�|_;bu��m1;u|-bm|b;v�ŐSEvķ�Z�v1ou;v�
and p��-Ѵ�;vőĺ��m�|_bv�;�-lrѴ;ķ�|_;�lo7;Ѵ�]-�;�]oo7�;v|bl-|;v�o=�|_;�
r-u-l;|;uv��v;7� |o�vbl�Ѵ-|;� |_;�7-|-ĺ� �=�0oo|v|u-rrbm]��-v�;m-0Ѵ;7�
0��v;||bm]�|_;�0oo|�-u]�l;m|ķ�|_;�Ѵo�;u�-m7��rr;u�0o�m7-ub;v�o=�1ou-
u;Ѵ-|bomvķ�r_�Ѵo];m;|b1�vb]m-Ѵ��-Ѵ�;v�-m7�1o;==b1b;m|v��bѴѴ�0;�-rr;m7;7ĺ

ƔՊ |Պ���"����!���!�"

�m�u;1;m|��;-uvķ�|_;u;�_-v�0;;m�-m�bm1u;-vbm]�;==ou|�|o�-rrѴ��lo7;ѴŊ
0-v;7� -rruo-1_;v� bm� 1oll�mb|�� ;1oѴo]�ĺ�	;vrb|;� |_;��;ѴѴŊhmo�m�
blrou|-m1;�o=�r_�Ѵo];m;|b1�u;Ѵ-|bomv_brv�bm�v|u�1|�ubm]�vr;1b;v�7bv-
|ub0�|bomv�-m7�1oll�mb|��1olrovb|bomķ�u;Ѵ-|b�;Ѵ��=;��v|�7b;v�_-�;�
bm1ourou-|;7� r_�Ѵo];m;|b1� u;Ѵ-|bomv_brv� bm� lo7;ѴŊ0-v;7� -m-Ѵ�v;v�
o=�vr;1b;v�7bv|ub0�|bomv�-m7�1oll�mb|��;1oѴo]�ĺ���ro|;m|b-Ѵ�u;-vom�
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