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�=�-�l-vh�Őlő�bv��oumķ�lƷƐķ�o|_;u�bv;ķ�lƷƏĺ�$_;�;L1-1��
o=�|_;�l-vh�Őrl-vhő�bv�v�0|u-1|;7�=uol�|_;�0-v;�ruo0-0bѴb|��
o=�bm=;1ঞom�Őr0-v;ő�|o�o0|-bm�|_;�bm7b�b7�-Ѵ�ruo0-0bѴb|��o=�
bm=;1ঞom�Őrőĺ

pi = 1 - (1- p)R

Őrő� bv� v�0|u-1|;7� =uol� Ɛ� |o� 1-Ѵ1�Ѵ-|;� |_;� ruo0-0bѴb|�� o=�
u;l-bmbm]� �mbm=;1|;7� -m7� |_;m� u-bv;7� |o� |_;� ro�;u� o=�
|_;� m�l0;u� o=� bm=;1ঞo�v� m;b]_0ouv� Ő!őĺ� $_bv� u;v�Ѵ|� bv�
v�0|u-1|;7�=uol�Ɛ�-m7�bv�|_;�rbĺ

ƒĺ� Ő�ő� Ŋƻ� Ő!őĹ� bm7b�b7�-Ѵv� 1-m� ruo]u;vv� =uol�lbѴ7� |o� v;�;u;�
v�lr|olv�-|�-m�-];Ŋ7;r;m7;m|�ruo0-0bѴb|�ĺ��v�bm7b�b7�-Ѵv�
ruo]u;vv�|o�v;�;u;�v�lr|olvķ�|_;bu�lo�;l;m|�7;1u;-v;v�
-m7�1-m�7b;�0-v;7�om�-];Ŋ7;r;m7;m|�1-v;�=-|-Ѵb|��u-|;vĺ�
$o�blrѴ;l;m|�|_bvķ��;�7;�;Ѵor;7�ruoCѴ;v�r;u�-];�]uo�r�
0��|_;�ruo0-0bѴb|��o=�v;�;u;�v�lr|olv�-m7�7;-|_ķ�0-v;7�
om�u-|;v�o=�_ovrb|-Ѵb�-ঞom�-m7�7;-|_�u-|;v�u;vr;1ঞ�;Ѵ�ĺ

$_;�vbl�Ѵ-ঞom�Ѵ-ম1;�u;ru;v;m|;7�Ɛ�vt�-u;�hl�ror�Ѵ-|;7�0��
ѶƖƏ�r;orѴ;ķ�ruorouঞom-Ѵ�|o�|_;��u0-m�7;mvb|��o=��om|u;-Ѵĺ�
	-|-ƕ�=uol�|_;�lov|�u;1;m|�1;mv�v�ruoCѴ;�o=��om|u;-Ѵ��-v�
�v;7�|o��;b]_�-];�]uo�rvķ�;-1_�u;ru;v;mঞm]�-�u-m];�o=�ƐƏ�
�;-uvķ�;�1;r|�|_;��rr;u�Ѵblb|�o=�ѶƏƳ�Ő
b]�u;�ѵőĺ�$_;�lo7;Ѵ�_-7�
ƔƏ�ঞl;�v|;rvķ�;-1_�om;�u;ru;v;mঞm]�-�7-�ĺ

�u;mm;u�blrѴ;l;m|;7�|�o�7b-]movঞ1�|;v|v�|o�7;|;ulbm;�|_;�
v�11;vv�o=�v-=;|��roѴb1b;vķ�l-vh��;-ubm]�-m7�vo1b-Ѵ�7bv|-m1bm]ĺ�
$_;�";1om7-u����-1h�!-|;� Ő"�!ő� bv� -� u-ঞo�o=� |_;� bm=;1|;7�
ror�Ѵ-ঞom� |o� |_;� |o|-Ѵ� m�l0;u� o=� v�v1;rঞ0Ѵ;� bm7b�b7�-Ѵvĺ�
$_;� 0-vb1� u;ruo7�1ঞ�;� m�l0;u� Ő!Əő� bv� |_;� m�l0;u� o=�
v;1om7-u��1-v;v�=ou�om;�bm=;1ঞo�v�1-v;�bm�-�ror�Ѵ-ঞom��b|_�
omѴ��v�v1;rঞ0Ѵ;� bm7b�b7�-Ѵvĺ�$_;v;�l;-v�u;vķ� bm�-77bঞom�|o�
|_;�|o|-Ѵ�m�l0;u�o=�7;-|_v�-m7�r;-h�bm=;1ঞom�m�l0;uķ��;u;�
�v;7�|o�1olr-u;��-ubo�v��-11bm-ঞom�roѴb1b;v�-m7�|_;�;@;1|�
o=�-];Ŋ7;r;m7;m|�v;�;ub|��-m7�7;-|_�ruo0-0bѴb|�ĺ�"r;1bC1-ѴѴ�ķ�
|_;�l;-mv�o=�7;1;-v;7�1-v;vķ�r;-h�m�l0;u�o=�bm=;1ঞomvķ�"�!�
-m7�!Ə��;u;�1-Ѵ1�Ѵ-|;7�=ou�|_;�oub]bm-Ѵ�lo7;Ѵ�Ő	őķ�|_;�lo7;Ѵ�
�b|_�-];�7bv|ub0�ঞomv�Ő	-];őķ��-11bm-|;7�ƒƏŊƔƖ��;-u�oѴ7v�Ő(lb7ő�
-m7��-11bm-|;7�ѵƏƳ��;-u�oѴ7v�Ő(oѴ7őĺ

$o� vbl�Ѵ-|;� |_;� ;@;1|� o=� �-11bm-ঞomķ� 7;-|_� -m7� v;�;ub|��
ruo0-0bѴbঞ;v��;u;�v;|� |o�Ə� bm� |_;�lb77Ѵ;�-];�]uo�rķ�ƒƏŊƔƖķ�
-m7�oѴ7;u�]uo�rķ�ѵƏƳĺ�);��v;7�-�l;7b�l�Ѵ;�;Ѵ�o=�v-=;|��roѴb1��
-1uovv�-ѴѴ� |ub-Ѵvķ�-v�v�1_ķ� |_;�ruo0-0bѴb|��o=�vo1b-Ѵ�7bv|-m1bm]�
-m7�|_;�ruo0-0bѴb|��o=��;-ubm]�-�l-vh��;u;�v;|�|o�ƑƔѷĺ

Results

)b|_bm�;-1_�|;v|;7�]uo�r�Ő	ķ�	-];ķ�(lb7�-m7�(oѴ7őķ�|_;u;��-v�-�
7o�m�-u7�|u;m7��b|_�_b]_;v|��-Ѵ�;v�o=�7;1;-v;7�1-v;vķ�r;-h�
m�l0;u�o=�bm=;1ঞomvķ�"�!ķ�-m7�!Ə�u;rou|;7�bm�|_;�	�]uo�r�
-m7�|_;�Ѵo�;v|��-Ѵ�;v�bm�|_;�(oѴ7�]uo�r�Ő
b]�u;�ƕőĺ

�m� u;]-u7v� |o� |_;� |o|-Ѵ� m�l0;u� o=� 7;-|_vķ� -� vb]mbC1-m|�
7b@;u;m1;� 0;|�;;m� ]uo�rv��-v� =o�m7� Ő�Őƒő� Ʒ� ѵƖĺƓƓƓķ� r� ƺ�
ƏĺƏƏƐőĺ� �ov|� _o1� -m-Ѵ�vbv� u;�;-Ѵ;7� vb]mbC1-m|� 7b@;u;m1;v�
0;|�;;m�(oѴ7�Ő��Ʒ�Əķ�"	�Ʒ�Əő�-m7�	-];�Ő��Ʒ�ƒĺƒƏķ�"	�Ʒ�ƐĺƏƒő�Őr�
ƺ�ƏĺƏƏƐő�-v��;ѴѴ�-v�0;|�;;m�(oѴ7�-m7�	�Ő��Ʒ�ƐƔĺѵƔķ�"	�Ʒ�ƑĺѶƕő�
Őr�ƺ�ƏĺƏƏƐőĺ�$_;u;��;u;�-Ѵvo�vb]mbC1-m|�7b@;u;m1;v�0;|�;;m�
(lb7�Ő��Ʒ� ƑĺƒƔķ�"	�Ʒ�ƐĺƓƑő�-m7�	�Őr�ƺ�ƏĺƏƏƐőķ�0;|�;;m�
(oѴ7�-m7�(lb7�Őr�ƺ�ƏĺƏƏƐőķ�-m7�0;|�;;m�	-];�-m7�	�Őr�ƺ�ƏĺƏƏƐőĺ


ou� r;-h� m�l0;u� o=� bm=;1ঞomvķ� -� vb]mbC1-m|� 7b@;u;m1;�
0;|�;;m�]uo�rv��-v�=o�m7�Ő�Őƒő�Ʒ�ƑƔĺƔƕƔķ�r�ƺ�ƏĺƏƏƐőĺ��ov|�
_o1� -m-Ѵ�vbv� bm7b1-|;7� -� vb]mbC1-m|� 7b@;u;m1;� 0;|�;;m�(oѴ7�
Ő��Ʒ�ƐƐƑĺƐƔķ�"	�Ʒ�ƐƑĺƏƖő�-m7�	-];�Ő��Ʒ�ƐƑƖĺƏƏķ�"	�Ʒ�ƐƖĺƓƔő�
Őr�Ʒ�ƏĺƏƏѵőķ�0;|�;;m�(oѴ7�-m7�	�Ő��Ʒ�ƐƒƖĺƒƏķ�"	�Ʒ�ƐƓĺƓƑő�Őr�
ƺ�ƏĺƏƏƐőķ�-m7�0;|�;;m�(lb7�Ő��Ʒ�ƐƑƒĺƒƏķ�"	�Ʒ�ƐƒĺƔƑő�-m7�	�
Őr�Ʒ�ƏĺƏƏƖőĺ

$_;�l;-m�"�!��-Ѵ�;v� u-m];� =uol�ƏĺƑƐƓŊƏĺƑƐѵĺ� 
ou� "�!ķ� -�
vb]mbC1-m|�7b@;u;m1;�0;|�;;m�]uo�rv��-v�=o�m7�Őr�Ʒ�ƏĺƏƐƒőĺ�
��vb]mbC1-m|�7b@;u;m1;��-v�=o�m7�0;|�;;m�(oѴ7�Ő��Ʒ�ƏĺƑƐƓķ�
"	�Ʒ�ƏĺƏƒƕő�-m7�	�Ő��Ʒ�ƏĺƑѵƐķ�"	�Ʒ�ƏĺƏƓƏő�Őr�Ʒ�ƏĺƏƏƒőĺ�(lb7�
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b]�u;�ѵĺ�	bv|ub0�ঞom�o=�ror�Ѵ-ঞom�-];�]uo�rv�bm��om|u;-Ѵķ�ƑƏƐѵ

Ő��Ʒ�ƏĺƑƒѶķ�"	�Ʒ�ƏĺƏƒƖő�-m7�	-];�Ő��Ʒ�ƏĺƑƓƏķ�"	�Ʒ�ƏĺƏƔѵő�_-7�
bmvb]mbC1-m|�]uo�r�7b@;u;m1;vĺ

$_;�]uo�r�7b@;u;m1;�=ou�!Ə��-v�bmvb]mbC1-m|�Ő�ŐƒőƷ�ƓĺѶƕƐķ�r�
Ʒ�ƏĺƐѶƑő�Ŋ�(oѴ7�Ő��Ʒ�ƐĺѶƐƔķ�"	�Ʒ�ƏĺƐƓѶőķ�(lb7�Ő��Ʒ�ƐĺѶƔƒķ�"	�Ʒ�
ƏĺƏƖƑőķ�	-];�Ő��Ʒ�ƐĺѶƔƒķ�"	�Ʒ�ƏĺƏƖƔő�-m7�	�Ő��Ʒ�ƐĺѶƕƔ�ķ�"	�
Ʒ�ƏĺƐƐƔőĺ

	bv1�vvbom

$_uo�]_� Ѵ;�;u-]bm]� �u;mm;uĽv� -rruo-1_ķ� �;� �;u;� -0Ѵ;� |o�
blrѴ;l;m|� -m� -];� 7bv|ub0�ঞom� 0-v;7� om� �om|u;-ѴĽv� �u0-m�
ror�Ѵ-ঞom� -m7� |;v|� |�o� �-11bm-ঞom� roѴb1b;vĺ� ��u� 7-|-�
v_o�;7�-�1omvbv|;m|�|u;m7�Ŋ�|_;��-11bm-ঞom�o=�|_;�(oѴ7�]uo�r�
1-�v;7�|_;�Ѵ-u];v|�7;1u;-v;�bm�|o|-Ѵ�m�l0;u�o=�7;-|_vķ�r;-h�
m�l0;u� o=� bm=;1ঞomvķ� "�!ķ� -m7� !Ʀ� u;Ѵ-ঞ�;� |o� |_;� o|_;u�
|;v|;7�]uo�rvĺ��o|-0Ѵ�ķ�(lb7� u;ru;v;m|;7�-Ѵlov|�7o�0Ѵ;� |_;�
ror�Ѵ-ঞom�vb�;�1olr-u;7�|o�(oѴ7ķ�u;vr;1ঞ�;Ѵ�ķ�ƓƑѷ�-m7�ƑƑѷĺ�
$_bv�;@;1|�om�-�vl-ѴѴ;u�ror�Ѵ-ঞom�v�rrou|v�ruboubঞ�-ঞom�o=�
|_;��-11bm-ঞom�o=�oѴ7;u�ror�Ѵ-ঞomvĺ���1-�;-|�o=�|_bv�Cm7bm]�
bv�|_-|�lo�;l;m|�7;r;m7;7�om�v;�;ub|��-m7�roѴb1��-7_;u;m1;�
u-|_;u�|_-m�-];ĺ

$_;� (lb7� ]uo�r� 1olr-u;7� |o� |_;� 	-];� ]uo�r� v_o�;7�
Ѵb�Ѵ;� 7b@;u;m1;� -1uovv� |_;�l;-v�u;7� 7;1;-v;7� 1-v;vķ� r;-h�
m�l0;u�o=�bm=;1ঞomvķ�"�!ķ�-m7�!Əĺ�);�-�ub0�|;7�|_bv�u;v�Ѵ|�
|o�7;-|_� u-|;v�_b]_Ѵ��1om1;m|u-|;7� bm� |_;�oѴ7;u�ror�Ѵ-ঞomĺ�
�m� |_bv� bmv|-m1;ķ� b|� -rr;-u;7� |_-|� -Ѵ|;ubm]� |_;�lo7;Ѵ� _-7� -�
Ѵ-u];u�;@;1|�|_-m��-11bm-ঞm]�|_;�lb77Ѵ;�-];�]uo�rĺ��ubou�|o�
blrѴ;l;mঞm]�|_;�-];�7bv|ub0�ঞomķ�|_;�v-l;�7;-|_�u-|;v�-m7�
ruo0-0bѴb|��o=� bm=;1ঞom��;u;��v;7�|_uo�]_o�|ķ� bmY-ঞm]�|_;�
|o|-Ѵ�m�l0;u�o=�7;-|_vķ�r;-h�m�l0;u�o=�bm=;1ঞomvķ�"�!ķ�-m7�
!Əĺ�"�0v;t�;m|Ѵ�ķ�b|�bv�;�r;1|;7�|_-|�-Ѵ|;ubm]�|_;�lo7;Ѵ�-m7�
u;7�1bm]�7;-|_�u-|;v�-m7�ruo0-0bѴb|��o=�bm=;1ঞom�o�;u-ѴѴ�_-v�-�

Ѵ-u];u�;@;1|�|_-m�7;1u;-vbm]�|_;v;��-Ѵ�;v�|o�Ə�=ou�voѴ;Ѵ��|_;�
(lb7�]uo�rĺ

$_;�l;-m�"�!��-Ѵ�;v�ŐƏĺƑƐƓŊƏĺƑƐѵő�=-ѴѴ��b|_bm�|_;�1ollomѴ��
u;rou|;7�u-m];�o=�ƏĺƐƓƕŊƏĺƑƕ�=ou�_o�v;_oѴ7�1om|-1|vĸ�momŊ
_o�v;_oѴ7�7-|-�-u;�1�uu;m|Ѵ��mo|�-�-bѴ-0Ѵ;�ŐƐƒőĺ��lrѴ;l;mঞm]�
�-11bm-ঞom� �-v� ;�r;1|;7� |o� 7;1u;-v;� "�!� �-Ѵ�;vķ� �_b1_�
-u;� �v;7� -v� -� l;-v�u;� o=� �-11bm;� ;L1-1�� ŐƐƓőĺ� $_;u;� -u;�
vl-ѴѴ� 7;1u;-v;v�o=�"�!�rov|Ŋ�-11bm-ঞomķ��b|_� |_;�]u;-|;v|�
7;1u;-v;� =oѴѴo�bm]� �-11bm-ঞom� o=� |_;� ѵƏƳ� -];� ]uo�rĸ�
_o�;�;uķ�|_;�vb�;�o=�|_;�1_-m];�bm�"�!�rov|Ŋ�-11bm-ঞom�7b7�
mo|�u;Y;1|�|_;�l-]mb|�7;�o=�|_;�1_-m];v�bm�r;-h�m�l0;u�o=�
bm=;1ঞomv�-m7�|o|-Ѵ���(�	ŊƐƖ�u;Ѵ-|;7�7;-|_vĺ�$_;�Ѵ-1h�o=�-�
vb]mbC1-m|��-ub-ঞom�1o�Ѵ7�0;�-�u;v�Ѵ|�o=�-�vl-ѴѴ;u�v-lrѴ;�vb�;ķ�
-v�"�!�-m7�!Ə�-u;�0o|_�u-ঞov�-m7�-u;�Ѵ;vv�ruom;�|o�bm7b�b7�-Ѵ�
Y�1|�-ঞomvĺ

"bm1;� o�u� vbl�Ѵ-ঞom� bv� om� -� vl-ѴѴ� v1-Ѵ;ķ� -� Ѵ-u];u� Ѵ-ম1;�
�o�Ѵ7�0;�m;;7;7�|o�lo7;Ѵ�_�0v�o=�-1ঞ�b|��-m7�-m��m;�;m�
7bv|ub0�ঞom� o=� |_;� ror�Ѵ-ঞom� bm� ou7;u� |o� ];m;u-Ѵb�;� o�u�
u;v�Ѵ|vĺ�$_bv� bm1Ѵ�7;v� |_;�1Ѵ�v|;ubm]�o=�;Ѵ7;uѴ�� bm7b�b7�-Ѵv� bm�
Ѵom]Ŋ|;ul� =-1bѴbঞ;v��_;u;� lo�;l;m|� ruo0-0bѴb|���o�Ѵ7� 0;�
Ѵo�ĺ� �m� 7obm]� voķ� ]o�;uml;m|v� 1o�Ѵ7� |;v|� 7bv;-v;� 1om|uoѴ�
l;|_o7v� om� -� Ѵ-u];u� v1-Ѵ;ĺ� �77bঞom-ѴѴ�ķ� -m� o0v;u�-ঞom�
o=� Ə� 7;-|_v� =oѴѴo�bm]� �-11bm-ঞom� o=� |_;� ѵƏƳ� -];� ]uo�r� bv�
�mu;-Ѵbvঞ1��_;m�];m;u-Ѵb�;7ĺ��o�;�;uķ�]b�;m�|_;�v1-Ѵ;�o=�o�u�
vbl�Ѵ-ঞomķ�|_bv�bv�-m�;�r;1|;7�u;v�Ѵ|ĺ

)_bѴ;�o�u�Cm7bm]v�-u;�mo|�m;1;vv-ubѴ��v�urubvbm]ķ�|_;�=-1|ouv�
�;� _-�;� b7;mঞC;7� v_o�Ѵ7� 0;� bm|;]u-|;7� bm� bm=;1ঞo�v�
7bv;-v;� lo7;Ѵvĺ� $_;� r-u-l;|;uv� o=� |_bv� -rruo-1_� 1o�Ѵ7�
0;� -7f�v|;7� |o� vbl�Ѵ-|;� o|_;u� bm=;1ঞo�v� 7bv;-v;v� -v� -];Ŋ
7;r;m7;m|�1_-u-1|;ubvঞ1v�-u;�1ollom�0�|�_-�;�0;;m�Ѵ-u];Ѵ��
�m-11o�m|;7� =ou� bm� ru;�bo�v�lo7;Ѵvĺ��Ѵ|_o�]_��;� =o1�v;7�
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b]�u;�ƕĺ��u-r_b1-Ѵ�|u;m7v�o=�7;1;-v;7�1-v;vķ�r;-h�Ų�o=�bm=;1ঞomvķ�
"�!ķ�-m7�!Ə�r;u�|;v|;7�]uo�r�ŐmƷƑƏő�-u;�v_o�mĺ�$_;�;uuou�0-uv�
v_o�m�u;ru;v;m|�|_;�v|-m7-u7�7;�b-ঞomĺ�Ŗ���ƺ�ƏĺƏƔ�Ő	�mm�|;v|ő

om��-11bm-ঞomv�o=�7b@;u;m|�-];�]uo�rvķ�-7f�v|l;m|v�|o�|_;�
lo7;Ѵ� 1-m� 0;� l-7;� |o� |;v|� 7b@;u;m|� u;]�Ѵ-ঞomvķ� v�1_� -v�
t�-u-mঞm;� ou� o�;uŊ;�rov�u;ĺ� $_bv�lo7;Ѵ� 1-m� 0;� ;�|;m7;7�
|o� |;v|� u;]�Ѵ-ঞomv� om� ]uo�rv� 7b@;u;mঞ-|;7� 0�� =-1|ouv�
o|_;u� |_-m� -];ķ� v�1_� -v� �m7;uѴ�bm]� l;7b1-Ѵ� 1om7bঞomv� ou�
o11�r-ঞomĺ�$_uo�]_�|�;-hbm]�|_;�lo7;Ѵķ��m|;v|;7�l;|_o7v�
=ou� 7bv;-v;� 1om|uoѴ� 1-m� 0;� |;v|;7� =ou� v-=;|�� -m7� ;L1-1��
0;=ou;�blrѴ;l;m|-ঞom�bm�u;-Ѵ�Ѵb=;ĺ

$_;� vb]mbC1-m|� 7;1u;-v;v� o=� |o|-Ѵ� 7;-|_vķ� r;-h� bm=;1ঞom�
m�l0;uķ� -m7� "�!� �_;m� �-11bm-ঞm]� |_;� oѴ7;u� ror�Ѵ-ঞom�
7;lomv|u-|;v� |_;� blrou|-m1;� o=� ruboubঞ�bm]� �-11bm-ঞom� o=�
|_;�;Ѵ7;uѴ��=ou�|_;���(�	ŊƐƖ��-11bm;ĺ�$_uo�]_�ruboubঞ�-ঞomķ�
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