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,0z �dy"o=hjhrq]u�kvp�z }|z hr� � z oDy]kR�=i�hr{jz!��{�{jkvq�{�hjm � {jk���Dz q � p�� oDknoDz sdq y�k %vh
��hjhrq {�sd} } hr{�o=hr� kvq�� �vhrq svo'�"i�hr� u�svm%oDy�z mDo=hjhrq i�sd}*�'p#svmDiOy�z|{ p�knm��vhjm1��� (Iy�h
y�knil} svo'�"i�hr� knm1h-u	s��lq������1z|q �#oDy h������������������� ��=svu�o � knmDh��� mDsdp u kvp�z|}*�
��knoDk'� - �"!��n�-��z �=hrkv�=h � kv}|} hr}|h {jknm1m���z q ��z|q���z*%'z|���lkv}|� knmDhI{�sd}|}|hr{�o=hr��kv�:k-�Dkvp �
il} h svu�oDy hI��z|�=hrkv�Dh%i�svi ��}|knoDz sdq;�vkvq�� ��-#! ����y hrkv} oDy�� mDhr}|knoDz*%vhr��knmDh ���=hr��kv�
oDy h#q svm1p�kv}fi�svi ��} knoDz sdq��1kvp#il} h� ( y h#��z|�=oDkvq�{�hr��u�mDsdp oDy h#�vhrq�hjoDz|{#}|z|q ���
kn�vhIp�kni ���=hr��z|q oDy h%�=o�������knmDh o=m1kvq��D}|kno=hr� o=s�mDhr{�sdp��lz|qlknoDz sdq u	mDh � � hrq�{jz|hr�
���Dz|q � oDy h �Kkv}|��kvq h-p�kni�u �lq�{�oDz sdq�� +�hr{jk���=h-svuf�=sdp#h�{�sdq��=o=m1kvz|q"oD�%sdq s�� m
hr�=oDz|p�kno=hv��kv}|}�p�knm��vhjm3�0� s-q svo ��z hr} �#kvq�hr�=oDz|p�kno=h� (Iy hIp#hrkvq %nkv}�� h svuOs�� m
-j�#hr�=oDz|p�kno=hr� mDhr����}|oD�%z|q kvq�kn�vh�hr�DoDz|p�kno=h-svu$-r�����vhrq hjm3knoDz sdq����

�q h%�Dz|p���}|knoDz|sdq�svu �n��kvq���kvq svoDy hjm:svu !n���vhrq hjm1knoDz|sdq��:y�k�%vhI��hjhrq#i�hjm �
u	svm1p�hr�;����Dz|q �Kp�knm��vhjm:��z �=oDkvq�{�hr�fkvq���p�knm��vhjm:kv}|}|hr} h0u�mDh � � hrq�{jz hr�bsv��oDkvz|q�hr�
z|q u�kvp�z }*�-��knoDk�� (Iy h�mDhr���l} oDz|q �Khr�=oDz|p�kno=hr�:��hjmDh��n�%$&- ��!���kvq�� �n��$ ��-�- !��vhrq��
hjm1knoDz sdq��bmDhr�=i�hr{�oDz*%vhr}&�� (Iy ���j�noDy h�hr�=oDz|p�kno=h�sv�loDkvz|q hr� kn��s4%vhIz|�bp#sd�=of}|z �vhr}*�
p���{3y�}|knmD�vhjm oDy�kvq oDy h-o=m � h�%�kv} � h�

�`q {3y�kni�o=hjm /��Op�� oDknoDz|sdq��%knmDh-z|q"o=mDs'����{�hr� z|q oDy h�hrknm1} z hjm � �
	 p#s���hr} �
(Iy h�p�z|{�mDsd�Dkno=hr} }|z o=htp�knm��vhjm1�%knmDh�kv�D���lp#hr� o=s u�sd}|} s�� oDy h�~�o=hji"�tz|�=h�w � oDk��
oDz sdq�w�s�� hr} � � �dkvz|q�k#u	svm3p���} k�u�svmIoDy h�o=m1kvq��Dz oDz|sdq�� svubp�knm��vhjmtkv}|}|hr} hr�%z|q&�
�vhrq hjm1knoDz sdq�� z|�I� hr���l{�hr���

(Iy h�{�sdq�{�hjilo-svu�y�sdp#s� �"�vsd�1z o+� p�knililz|q � z|��oDy hrq z qNo=mDs'����{�hr� �;��hrz q �



�

s�� m �=hr{�sdq�� � kv} o=sdq��
	 knoD�Dsdqxknilil}|z|{jknoDz sdq �  � mI�vsdkv} y hjmDh�z �%o=s } s'{jkv}|z|�Dh�k
��z|�=hrkv�=h��vhrq�h� ~'y svm1oD}*� � hr�1{�m1z ��hr�;� y sdp#s� ���vsd�Dz o'��p�kni�ilz|q�����svm��'�I� � ��� �
z|q ����z! �hjmDhrq�{�hr�:z q�p�knm��vhjm0kv} } hr} hI} hrq �voDyl��o=s�{�sdp#ilknm1h q svm1p�kv} kvql����z|�=hrkv�Dh
i�svi ��}|knoDz sdq��Ko=s ��q���oDy h�p�sd�=o-i�mDsv�Okn�l} h#} s'{jknoDz sdq�u�svm�oDy h��lz|�=hrkv�=h#�vhrq h�
� �dkvz|q � ��h-{�sdq��1z|� hjmIk#��z|�Dhrkv�=h-{jk���=hr� � � k�u	s���ql� hjmIp���oDknoDz sdq;� � � o � z|oDy
oDy h���z|�=oDz|ql{�oDz sdq�oDylkno���h-knmDh�� hrkv}|z q ���tz oDy k�m1hr{�hr�D�Dz*%vh-��z �=hrkv�=h� (Iy ���j�'knu �
u	hr{�o=hr��z|q���z*%'z|���lkv}|�:knmDh�{jknm1m���z q �#o ��s���z|�Dhrkv�=h-kv}|} hr} hr�r��z|q�y hjm1z|o=hr� sdq�h�u	mDsdp
hrkv{1y�iOknmDhrqNo��

(Iy h {�sdq�{�hjilo����=hr� z|��oDy�kno���� h o=sRy�sdp#s� �"�vsd�1z o+� � � ��hr�D{�hrqNoj�-z q��
��z*%'z|����kv}|� {jknmDm��'z|q ��oDy�h���z|�Dhrkv�=h�kv}|} hr} h�knm1h�y sdp#s� ���vs���� z|q oDy h�knm1hrk svu
oDy h�{3y mDsdp#sd�=sdp�h ����mDmDs���q��lz|q ��oDy h��lz|�=hrkv�=h�}|s�{����tz|q�p���{3y�}|knm1�vhjm h�'o=hrqNo
oDy�kvq h��i�hr{�o=hr� 5 {�u ��5���m � �d}&�dk ��* 5 ���$� � - ����!�7 kvq�� 54� kvq�� hjmIkvq���+�svoD�=o=hrz|q;�
- ������7 7 �
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(Iy h��vhrq hjoDz|{��O}�� hji�m1z qNo:svubh %vhjm�� }|z*%'z|q �-svm1�dkvq�z|�Dp8z|��u�s���q�� z|q oDy h %&@��

< �=*>!/5��.��*G#����=oDkv{ �vhr� z|q <! �, !��"!$#!/�"*#�� y�z|{3y�knmDh��dknoDy hjm1hr��z|q�oDy�h�q ��{j} h��l�
svu�hrkv{1y#{�hr}|}'kv�boDy h�hrqNoDz|mDh - *%�!/�"*fsvu�oDy�knofsvmD�dkvq�z|�1p � (Iy�h�q ��{j} hjsvoDz|��hr� knmDh
ilkvz mDhr� o=sv�vhjoDy hjm �lo ��s�� � o ��s �lu�svm1p�z|q �#k��Do=m1z|q �#svufq%�l{j} hjsvoDz|� hr�Ikno=oDkv{3y hr�
o=sKkK�Dz|q ���l}|knm1}*�K� hjo=hjm1p�z|q�hr��{�sdp#il}|hrp#hrqNoDknm �-�=o=m1z|q �tsvu�q%�l{j} hjsvoDz|� hr�j�n� �lz|}|���
z|q � � i�oDy h-{3y mDsdp#sd�Dsdp#h�z|q oDy�h�u	svm1p svufk#} kv��� hjm��

	 y�hrq�kvq�svm1�dkvq�z|�Dp y�kv�Isdq h �=hjo svu:{3y mDsdp#sd�Dsdp#hr�j��z o z|�I�1kvz|��o=s ��h-k
 �#"�� !��.��svm1�dkvq�z|�Dp �Okvq���z ufz o ylkv�Io ��s �=hjoD�Isvu:{3y mDsdp#sd�=sdp�hr�j��z � h��ilkvz|m1�%svu
{1y mDsdp�sd�=sdp#hr�j�lz|oIz|�I{jkv}|} hr�4�/�$"�� !��.� �

(Iy h�i�mDs'{�hr�D�foDy�knofi�mDs'����{�hr� - ��� * 5I*G#$5 kK�dkvp#hjo=h z|�fk�y�knil} sdz ��{�hr}|}�oDy�kno
u ���Dhr��� z|oDy�kK{�svmDmDhr�=i�sdq���z q � y�knil}|sdz|��{�hr}|}"u�mDsdp oDy�h�svi�i�sd�Dz|o=h��=h��o=sKu�svm1p]k
q hj� z|q���z*%'z|���lkv} 7Oz|�f{jkv}|} hr� � *�.!$#:�(# 5 �=hjh �fz ��� mDh%� �&-�7 �:g � m1z|q��toDy�z ��i�m1s�{�hr�D�r�
{�hjmDoDkvz|q <?, !�#6#!&%�*,:#0p�k�� s'{j{�� mr�"� y hjmDh oDy h �Dz|�Do=hjm0{1y m1sdp#sd�=sdp#hr��h�'{3y�kvq �vh
ilknmDoD��� �`u�kvq#s'���#q ��p���hjm�svu;{�mDsd�1�=s�%vhjm1��y�k�%vhIs�{j{���mDmDhr�#��hjo ��hjhrq�oX��s } s'{jz �
��h�{jkv} }�oDy�kno k ,>*><:!�� ���%��/5��.!�% h %vhrqNo��

(Iy h�{1y m1sdp#sd�=sdp#hr�%{jknmDm ���vhrq hjoDz|{�z|q u�svm1p�knoDz|sdq z|q oDy hKi�mDsvo=hrz|q�� {�s���z q �
mDhj�dz sdq��I{jkv} } hr� oDy h - *%;*# � �tsdq�� {�s'��z|q ��mDhj�dz sdq��Iknm1h�q svoIo=svoDkv}|}&� z q u	svm3p�k��
oDz sdq�u�mDhjhv���Dz|q�{�h {�hjmDoDkvz|q'"
!�� 2�� !/,(") ��<��=h � � hrq�{�hr��{jkvq���h����=hr�xkv� - *%;*?5���<
� �/,6'A*,:# � (Iy�z|��p�kno=o=hjm z|��u ��mDoDy hjm�h��iO}|kvz|q hr� z|q^oDy h�q h�'o#�=hr{�oDz sdq�� + �
oDy h�o=hjm3p i�sd}*�'p#svmDiOy�z|{n����h p�hrkvq�oDylkno�z q�oDy h i�svi ��}|knoDz sdq �O�=h %vhjm1kv}bily�h �
q svo+��ilz|{ u�svm1p�� 5 �/�(�=*�=*G#�7 h�'z �=o�kno�k {�hjmDoDkvz q �Dz o=h 5 � !?< @ #�7 � �K�#����z|� hr��o=s
oDy h��vhrq sdp#hv��- *%;*?5���< �"�#"1#�knmDh�{�sdq��Do=m ��{�o=hr�;�%{�sdq"oDkvz|q�z|q � p�knm��vhjm1��kvq��
��z|�=oDkvq�{�hr��� (Iy�h ��q�z o �l�=hr� z|��p#sd�=oD}*��{jwV��� y�hjmDh�oDy h ��z|�=oDkvq�{�h�svu - {jw
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Diploid cell with a homolog pair
of sister chromatids. Only focusing
on one set of chromosomes.

crossover event.

First meiotic cell division:
The sister chromatids split up
leaving one in each cell.

Second cell division:
Resulting in four haploid cells.
One of these will, together with
a similarly created haploid cell, 
form a new individual.

Chiasma - the sister chromatids
exchange pieces. This is the

�bz|��� mDh�� �&-  ~ z|p#il}|z �lhr���D{3y hrp#h-s4%vhjmtoDy�h�p#hrz sd�Dz �

��hjoX��hjhrq oX��s } s'{jzt{�svm1mDhr�=i�sdq�����o=s^oDy�h�mDhr{�sdp��lz|qlknoDz sdqRilmDsv�lkn�lz|} z o+�^��h �
o ��hjhrqRoDy hrp svu���$ ��- 5 z � h� sdq h�i�m1s����l{�o#svu�p�hrz sd�Dz|�#s���o�svu -j�v� � z|} }�z q
k %vhjm1kn�vh ��h�mDhr{�sdp��Oz|q�kvq"o67 �

� *%�!A5�2 "&* z|��� y�kno���h�{jkv}|}OoDy hK�Di�hr{jz �O{ kv}|}|hr}|z|{IknmDm3kvq �vhrp#hrq"o�svu�sdq htsvm
�=h %vhjm1kv};�vhrq hr�tkvq�� oDy h ") *%�!/5�2#" *tz|� oDy�h�� hjo=hr{�oDkn�l} h�s���o � knm1��p�kvqlz u	hr�DoDk��
oDz sdq svufk��=i�hr{jz!�O{K�vhrq svo'�"i�h�

� ,>*><G*G#:#:� %�* o=m3kvz o%� z|}|}Osdq�}*� ��h�%�z|�1z �l} hKz|q kvq�z|q���z&%�z|� ��kv}�{jknmDm��'z|q �#oX��s
{�svilz hr� svu-oDy�kno o=m1kvz oj� z � h� z|q�y hjm3z o=hr� u�mDsdp ��svoDy ilknmDhrq"oD��� �`u�sdq�}*� sdq�h
{�svi���svu%oDy h ��z|�=hrkv�=h kv}|} hr} h�z ��hrq s�� �dy o=s�h�'i�mDhr�D��oDy h�o=m1kvz|o�z o�z|���Dkvz|��o=s
��h �A!��)�(%;��%15 � �+@
5�!�#!��"��� �A!��)��%���%15�z|�0� y hrq�oDy�h o=m1kvz o�z|�0q�svo�} s'{jkno=hr��sdq
oDy h-�=h��{1y m1sdp#sd�=sdp#hr�j��7kvq���� �

� svm:p#svmDh%� hjoDkvz } hr��z|q u�svm1p�knoDz sdq;�n��h mDhju	hjm�o=s�h� z|�=oDz|q��K}|z|o=hjm1kno�� mDh� (%��s
�=s�� m1{�hr� ���Dhr� z|q oDy�z|� z|q"o=mDs'����{�oDz sdq knmDh�5 � m3z���oDy�� *?5 �����|� - ����/�7Ikvq�� 54��z �;�
- ������7 �

��� � ��� ����� ����� ����� ��� �������� �"!#! � 
���
� hrq hjoDz|{tp�knm��vhjm1��knmDhtg � � ��� �l�Dh � � hrql{�hr�:oDy�kno�h�'z|�Do0z|q��=h %vhjm3kv}li�sd}*���

p#svmDily�z {%u	svm3p�� z|q z q���z*%'z|����kv} � �tz oDy�z|q k��=i�hr{jz hr���:~'h %vhjm1kv} ��z|ql���0svu p�knm����
hjm1��ylk %vh���hjhrq � hjo=hr{�o=hr��kvq�� knm1h ���Dhr��u�svm %nknm1z s��l�0mDhrkv�Dsdq���� �q htsvu oDy hr�=h
knmDh-u � mDoDy hjm%h�'il}|kvz|q�hr� z q oDy h�q h�'oI��� �l�Dhr{�oDz sdq��

� }|knmD�vh:q ��p���hjm svu {�hjmDoDkvz q-p#sd} hr{���} knm�p�knm��vhjm1��y�k %vh���hjhrq�{�sd}|} hr{�o=hr�-o=s
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��h%kn�l}|h%o=s�� hr�D{�m1z|��h%kvq�� �Oq���s�� m�� k ��knmDs��lq��#z|q�oDy h%�vhrq sdp�h� (Iy hr�=hIknmDh
� hjo=hr{�o=hr��� ��i�mDsv��hr�  tsdq h��Dy svm1oK�=h � � hrq�{�h���q���z|q � oDy h���hj�dz|q�q�z|q���svu�oDy�h
p�knm��vhjmIkvq�� kvq svoDy hjm%o=s��Oql� oDy�hKhrql��z|q � ��� y�z|{3y�
 {���o�s���o�
�s���mIp�knm��vhjm%svu
z|qNo=hjm1hr�=otkvq����Dy s�� ���toDy h {�sdqNo=hrq"oD�j�;�Dz|p#iO}*� h�'il}|kvz q hr���$(Iy hr�=h p�knm��vhjm1�r�
��hrz q �Vh %vsd} � oDz sdq�knm�� q h�� o=m1kv} �Ky�k %vhVk^ylz �dy } h %vhr}�svu�y hjo=hjm1s� �"�vsd�Dz|o+� u	svm
�=sdp#h-o'�"i�h�svu�q h�� o=m1kv};g � � %�knm1z knoDz sdq 5 z � h�:i�sd}*�'p#svmDiOy�z|{�7 �

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

�t��p#hrq"oDz sdq hr��hrknm3}|z hjmr�Ng � � {�sdqNoDkvz q���k %�kv�Do0kvp#s���q"o0svu z|q�u	svm1p�knoDz sdq
z|q mDhj�dz sdq���{�s���z q � u	svm�ilmDsvo=hrz|q�� � ��o oDy hjmDh z|��kv} �=s k y%���vh kvp#s���q"o�svu
ilz hr{�hr��oDylkno �=hjhrpAo=s {jknmDm�� q sVz q u	svm3p�knoDz sdq kno kv}|} � �Kp#sdq � oDy�hr�=h�knmDh
�Dy svmDo �=o=m1z|q��d��svu g2� � {jkv}|} hr� �)��<?, !$# �/5I*��� ��5I*#�svm+#:��� "��=* #?*��?@&* %�<:* ,>*	" *6�/5�#
5~�~�-27 ���K��oDy�h�qlkvp#hK� � �v�vhr�=oD�j� oDy h � {�sdq��Dz|�Do�svu��Dh %vhjm1kv}�mDhji�hrknoD��svu �Dy svm1oj�
�Dz|p#il}|h-�=h � ��hrq�{�hr��� �K�Kk�m �l} hv�Ok p�z|{�mDsd�1kno=hr}|}|z o=h�z � k �Dy svmDoK�=h � ��hrq�{�h�svu -
o=s /��lkv�=hjiOkvz m1� mDhji�hrkno=hr��knu�o=hjm hrkv{3y�svoDy hjm � i�o=s -j�v�#oDz p#hr� 54��z �;� - ������7 �

(Iy h p�sd�=o0{�sdp�p#sdq��'z|q���svu p�z|{�m1sd�Dkno=hr}|}|z o=hr�0z|��mDhji�hjoDz oDz*%vhtg2� � �lkv�=hr�
sdqx�lz|q%�l{j} hjsvoDz|� h-m1hji�hrknoD�r��}|z��vh�oDy h # ���mDhji�hrkno��2( y�z|� p�z|{�mDsd�Dkno=hr}|} z o=h�{�sdq��
�Dz|�=oD�Ksvu0oDy�h#o ��s�q%��{j}|hjsvoDz|� hr� # kvq�� � m1hji�hrkno=hr���VoDz|p�hr�j� kvq���z|���=sdp#h �
oDz|p#hr�I� hrq�svo=hr� ��� 5 # � 7 � �

, %vhrq oDy s����dy oDy hr�=h#g � � ilz hr{�hr���=hjhrp o=s ��h�q sdq��=hrql�=hv����h�{jkvq ���Dh
oDy hrp kv��p�knm��vhjm1��� y hrq�o=m��'z|q �-o=s p�k �vhK�Dsdp#hjoDy�z|q ��s�� o0svu;oDy h hrq svm1p#s����
kvp#s���q"o svu z|q u�svm1p�knoDz sdq�{�sdq"oDkvz|q hr��z|q�oDy h:�vhrq sdp�h� ( y h�mDhrkv�=sdq�� y3�KoDy hr�=h
ilz hr{�hr�:svu;g � � knm1h ���=hju ��} z|�:oDy�kno:oDy hKq%��p���hjm�svu�mDhji�hrknoD�0��z! �hjm:u�mDsdp sdq�h
{1y mDsdp�sd�=sdp#h o=s-kvq svoDy hjm�� 	�hIz|q�y�hjm1z o sdq h%�=hjofsvu�{1y mDsdp�sd�=sdp#hr��u�mDsdp hrkv{1y
ilknmDhrq"obkvq���oDy hjmDhj� ��kv}|�=sKsdq h�p�knm��vhjmfu	m1sdp hrkv{3y��)�Xobz|� u	hrkv�Dz|�l} h:o=s2%�z ����kv}|}*�
�=hjh�oDy�h���z! �hjmDhrq�{�hxz|qR}|hrq �voDyRsvu�p�knm��vhjm1� ���Dz|q�� kni�i�mDsvilm1z|kno=h�p#hjoDy�s����r�
����{1y kv��oDy h "
!/�82�� *, �$# * <! ����%0,>*>��<?5��.!�%�� � # - � (Iy�h p�z {�mDsd�Dkno=hr}|}|z|o=hr�tknmDh
���=hju ��}�� y hrq;�dkvp#sdq���svoDy hjm�oDy�z|q �d�r�v��h%� kvqNo0o=s�mDhr{�sdq��=o=m �l{�o�ily3�'} sv�vhrq hjoDz {
mDhr}|knoDz sdq��1y�z il�j�Ou	svm�u�svmDhrq��1z|{��D{jz hrq�{�hv�;ilknm1hrqNoDkn�vh�o=hr�DoDz|q � kvq�� kv�-z o��=hjhrp��j�
z|q i�svi ��}|knoDz sdq �vhrq hjoDz {j�15 {�u � 5 �tknm3��z|q � *?5 �����|� - ������7 7 �
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� p#svoDz*%nknoDz sdq�u	svm ���Dz q �IoDy�z|�bp#s'� hr}Nz ��oDy h�u�sd}|} s �tz|q � � # sdql�Dz|� hjmbk �vhrq h
{�s���z q ��u�svm k�i�mDsvo=hrz|q � z oDy �n�v�xkvp�z|q sdkv{jz|��� �Kz o y�kv��oDy h } hrq��voDy svu �n�v�
q%��{j}|hjsvoDz|� hr��� 	�h oDy hjmDhj� � y�k %vh �%$'&'&�( -j�*),+�- i�sd�D�Dz �O} h���k���� svu%il}|kv{jz q �
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sdq h�svu�u�s�� m�q%�l{j} hjsvoDz|� hr�Kknothrkv{3y i�sd�Dz oDz sdq�� ( y�knoKz �j�l��h ylk %vh#����{3y�}|knm1�vh
q%��p���hjm�svu�i�sd�D�Dz|�l} h�{�sdp��lz q�knoDz sdq���oDy�kno�oDy�h#i�mDsv�lkn�lz }|z o+��oDy�kno�oDy h��Dkvp#h
{�sdp��lz q�knoDz sdqV� z|}|}�s'{j{�� m�p#svmDh oDy�kvq^sdq�{�h z|��q�hj�d}|z �dz �l}|h� (Iy%�l�j�f� y hrq k
q hj� p���oDknoDz sdq s�{j{���m1�j��k#q hj� kv}|}|hr} hKz ��{�m1hrkno=hr��oDy�knoI��z � q�svo�h� z|�=oIz q oDy�h
i�svi ��}|knoDz sdq hrknm1}|z|hjm��

(Iy�z|�tp#s'� hr} z �K{jkv} } hr��oDy�h���%�� %&��5I*����(�=*�=*G# �"!?��*� ���Dz q�{�h�oDy�hjmDh knm1h�z q��
�Oq�z o=hr}*��p�kvq3�#�=oDkno=hr�0o=s-� y�z {1y#kvq�kv}|}|hr} h%{jkvq�p�� oDkno=h kvq��#h %vhjm ��p�� oDknoDz sdq
�=oDkno=h#z|�Kh � ��kv} }*� i�mDsv�lkn�O} h�z m1mDhr�=i�hr{�oDz*%vh�svu0oDy h#�=oDkno=h#svu:oDy h�kv}|} hr} h��~'z q�{�h
��h y�k %vh#z|q���q�z o=hr}*� p�kvq3� i�sd�D�1z �lz|}|z|oDz hr� kvq���oDy h i�mDsv�Okn�lz|}|z o'� svu:p�� oDknoDz|q��
o=s�kvq kv} mDhrkv�.��h� z|�=oDz|q���q%��p���hjm�svu mDhji�hrknoD�-z|��oDz|q��v����h�y�k�%vh�u�hj� �=oDkno=hr�
mDhji�mDhr�=hrq"o=hr��z|q oDy�h-i�svi ��}|knoDz sdq kvq���h %vhjm�� p�� oDknoDz|sdq � z|}|}���h ��q�z � � h�

	 ylknotp�k �vhr�KoDy�z|�tp#s'� hr} } hr�D� ���=hju ��} ��oDy�s�� �dy;�Oz �IoDy�knotoDy h���z  �hjmDhrql{�h
z|q�oDy h�q ��p���hjm-svu mDhji�hrknoD�-��hjo ��hjhrq oX��sxp�knm��vhjm1���dz*%vhr������z|q�u	svm1p�knoDz sdq
kn��s���o�y s�� u knm��lkv{���z q�oDz|p�h oDy h ��ylk %vh�k�{�sdp�p#sdq kvql{�hr�=o=svmIkv}|} hr} h�)(Iylz|�
z|q u�svm1p�knoDz sdq�z �tq svotoDk �vhrq�z|q"o=s {�sdq��Dz � hjm1knoDz sdq���� oDy�z �tp#s'� hr} 5 � sd}|���=o=hrz q
* 5������|� - ����!�7 ��	 y hrq k p�� oDknoDz sdqxs'{j{�� m1�j����h �vhjo�k q hj� p�� oDkvq"otoDylkno�z �
mDhr}|kno=hr� o=s�oDy�h�� svm1z �dz|qlkv} 
 kv}|} hr} hv� � z|oDy mDhr�=i�hr{�o%o=s�oDy h�q ��p���hjm%svubm1hji�hrknoD���
w � oDknoDz|sdq o=hrq��l�-o=s {1y�kvq �vh oDy h �1z �jh�svu%oDy h kv}|} hr} h�%vhjm�� }|z o=oD} hv� ��� k�u	hj�
mDhji�hrknoD�tp#svm1h-svmK}|hr�D���$(Iy hr�=h�o ��s u kv{�oD��knmDh�oDy�h�mDhrkv�=sdql�I� y�� ��h q hjhr��k
p#s���hr}���hjo=o=hjmt����z o=hr� u�svm p�z {�mDsd�Dkno=hr}|}|z|o=hr���

��� ��� � � � ��� � � ����� � � � � ������� � ��� � �%
����
(Iy�z|�%p�s�� hr};{jkvq���h-z qNo=hjmDilmDhjo=hr��z|q oX��s �D}|z �dy"oD}*����z  �hjmDhrq"o%� k �'���

	 ��� � �� ��� # . & � � # 	 � �)	 ��� ' � 	 ' ( # �

(Iy�z|�Kp#s'� hr}f�=oDkno=hr�-oDy�kno��ty hrq k p�z|{�mDsd�Dkno=hr} }|z o=h�} s�{jzfp�� oDkno=hr�j�bz oKkv}|��k����
{1y�kvq �vhr� �Dz �jh �tz oDy sdq h�m1hji�hrkno p#svmDh svm }|hr�D�j� z � h� �%kvq kv}|} hr} h �tz oDy�
�m1h �
i�hrknoD�%p�� oDkno=hr� o=s�
 ! -�svm
 0 -�mDhji�hrknoD�%� z oDy oDy h-�Dkvp�h�i�mDsv�lkn�lz }|z o+� "��n�
mDhr�=i�hr{�oDz*%vhr}*��

(Iy hIilmDsv�lkn�lz|} z oDz hr� u	svm�kv����z|q �-kvql��� hr} hjoDz q ��sdq h m1hji�hrkno�� s"hr��q svo0q hr{9�
hr�D�Dknm1z|}&��q hjhr� o=s ��h�oDy�h��Dkvp#h� (Iy�z|�Kp#s'� hr}f{jkvq kv}|�=s ��h��vhrq hjm1kv}|z|�Dhr��o=s
i�hjm3p�z o svoDy hjm %nknm1z|kvq"oD�%svu�p���oDknoDz sdq����

	 � # . & � � # 	 � ��	���� ' � 	 ' ( # �

(Iy h�p�svmDh��vhrq�hjm1kv}"p�s�� hr}�kv}|} s�� � svoDy�hjmf{3y�kvq �vhr��z|q�oDy h q%��p���hjm�svu�m1hji�hrknoD�
oDy�kvq oDy�h �=o=m3z|{�o �Do=hji"� z �=h p�� oDknoDz sdq p#s'� hr} � �Xo�z|��oDy%����{�sdq��1z|�=o=hrq"o�� z|oDy
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1−θ

�fz ����mDh�� � �  (Iy�h�o=m1kvq��Dz oDz|sdq i�mDsv�lkn�lz }|z oDz hr��z|q oDy h�~'wxw p#s'� hr}

oDy h �lz|�=o=m1z � � oDz sdq svu0kv}|}|hr} hr�tkno�p�z|{�m1sd�Dkno=hr}|}|z o=h } s'{jz � 5��:kv} � hr�"* 5������|�)- ������73�
� � o%kno oDy h-�1kvp#h-oDz|p#h-kv} �=s�k#�lz o%p#svm1h���z�� {��l} o�o=s z|p#il} hrp�hrqNo��

w ��oDknoDz sdq��tmDhr����} oDz q ��z|q�k �=oDkno=h#kv} mDhrkv��� mDhjilmDhr�=hrq"o=hr��z|q�oDy h�i�svi �l}|k��
oDz sdq�knmDhIoDy�hIp#sd�=o0{�sdp�p�sdq�sdq hr��� �Jq#oDy ht~'wxwV�doDy hjmDh knm1hIu	hj��hjm:i�sd�D�Dz|�l} h
kv}|} hr} hr��oDy�kvq z|qVoDy h � �Kw u�svm#oDy h �Dkvp#h i�svi ��} knoDz sdq �Dz��jh kvql�^p�� oDknoDz sdq
� hj�vmDhjh��~'z q�{�h�s�� mIkv}|} hr} hr� {�sdq��1z|�=o svu oDkvql� hrp�}*� mDhji�hrkno=hr���=h � � hrq�{�hr�j� oDy�z �
p#s���hr} z|��p#svm1h�knili�mDsvi�m1z kno=h�oDy�kvqxoDy h � �tw ���t} �=s �;oDy�z|��p#s'� hr}b� s"hr��q�svo
i�mDhr��z|{�o kv� y�z|�dy�} h %vhr}|��svuly hjo=hjmDs� ���vsd�Dz o'��kv� oDy h � �Kw 5 {�u � 5 �Kknm1��z|q �)* 5������|�
- ������7 7 �

���
	 � � � ������� � � � ��� �
� hrq hjoDz|{ } z|q �nkn�vh z|���ty�kno���h {jkv}|} oDy h kv�D�Ds�{jz|knoDz|sdq svut�vhrq hr��} s�{jkno=hr�

sdq oDy h �Dkvp#h {1y�mDsdp#sd�=sdp#h�L� svm��vhrq hr� sdq^oDy h �Dkvp#h {1y m1sdp#sd�=sdp#hv�:oDy�h
�=hj�vmDhj�dknoDz sdq�m1knoDz sd� u�svmIoDy h��vhrq svo'�"i�hr� ��hjilknmDo u	m1sdp8oDy h-w�hrq�� hr}|z|kvq z|ql� h �
i�hrql� hrqNoIkv�1�=svmDoDp#hrq"o m1knoDz|sd��� �`ufoDy h-i�sd�Dz oDz|sdq svu�k�p�knm��vhjmKz|�I{j} sd�Dh�o=s�oDy�h
��z|�=hrkv�=hI}|s�{����r�dmDhr����}|oDz|q ��z|q#k-} s�� i�mDsv�Okn�lz|}|z o'��svu�{�mDsd�D�=s4%vhjm�kno�p#hrz sd�Dz �j�v��h
�Dk �xoDy�kno���h�y�k %vh�} z|q �nkn�vh���hjo ��hjhrq�oDy hrp ��(Iy ���j� } z|q �vhr��o=s�oDy h#��z|�=hrkv�Dh
} s�{��l�IknmDh��Dsdp#h�p�knm��vhjm3��� +�hrz q ��}|z|q��vhr��z|p#il} z hr��oDy�kno oDy h � knmDh z|q�y hjm3z o=hr�
o=sv�vhjoDy hjmt�tz oDy oDy h-��z|�Dhrkv�=h-kv}|} hr} h-p�sd�=oIsvuboDy h-oDz|p#hv� � � o%mDhr{�sdp��lz|q�knoDz sdql�
kvq���p�� oDknoDz sdq h %vhrq"oD� s'{j{jkv�Dz sdqlkv}|}*���lmDhrk � oDy�z|�%z|q�y�hjm1z oDkvq�{�h�ilkno=o=hjm1q �
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	�h�{�sdq��Dz|� hjm%kvq k� o=sd�=sdp�kv};� sdp�z|q�kvq"o��lz|�=hrkv�=hK� y�z|{3y knm1sd�=h�z|q k�q svm��

p�kv} ��y sdp�sv�vhrq hjs����-i�svi �l}|knoDz sdqx����k �vhrq hjoDz {�p���oDknoDz sdq z|q oDy�h�g � �Gsvu
kvq�z|q���z&%�z|� ��kv} � 5�u�mDsdp q s�� sdq�{jkv}|} hr��oDy h�u	s��lq�� hjm973� �=sdp#h���q �'q s � q oDz|p�h
kn�vs � (Iy�z ���lz|�=hrkv�=h-y�kv� �=hjhrp�z|q �d}&� q s�q hj�dknoDz&%vh-h  �hr{�otsdq oDy h�u�hjmDoDz|}|z|o+� 5 kno
} hrkv�=o ��q"oDz|}�oDy h%{jknmDm1z hjm:y�kv�fm1hrkv{1y hr��k�{�hjmDoDkvz q�kn�vh47f�=s�oDy h%��z|�Dhrkv�=h � {jk���Dz|q��
p�� oDknoDz|sdq^ylkv�#�=i�mDhrkv�^o=s oDy h s  ��Di�m1z|q �x��� h o=s q svm1p�kv}��=hj�vmDhj�dknoDz|sdq u	svm
�vhrq hjm1knoDz sdq���� (Iy h�i�mDsviOkn�dknoDz sdq svuboDy h���z|�Dhrkv�=h�z|�%{�sdq3%vhrqlz hrqNoD}&� p�s�� hr} } hr�
���Dz|q ��k � kv} o=sdq��
	 knoD�=sdq��lm1kvq�{1ylz|q �Ki�mDs'{�hr�D� 5�u ��mDoDy hjmfh��iO}|kvz|q hr��z|q � � � �&-�7 �
�t��svu o=s���k��v����h���q�s �GoDy h ��z �=hrkv�=h �lz|� q svo ��z h#s�� oj���=s�oDy h���m3kvq�{1y�z q �
i�mDs'{�hr�D�I{�sdq��Dz � hjmDhr� z|�%����i�hjm3{�m1z oDz|{jkv} �

�q oDy h��Dkvp#h�{1y m1sdp#sd�=sdp#h�kv� oDy h���z|�Dhrkv�=hx}|s�{���� ��h ylk %vh �=h %vhjm1kv}
}|z|q �vhr� �vhrq hjoDz|{�p�knm��vhjm1���

�`q oDy�z|��{3y�kni�o=hjmr����h sdq�}*� y�k�%vhVz|q"o=hjmDhr�=o�z q sdq h i�sd}*�'p#svmDilylz|{�p�z �
{�mDsd�Dkno=hr}|}|z|o=h�p�knm��vhjm�kno�k oDz|p�hv��{1y�sd�=hrq kno�k����lz oDkn�l} hv� �'q s�� q ��z|�=oDkvql{�h
u	mDsdp oDy h-��z|�=hrkv�Dh-} s�{��l���

	�h�kv�D� ��p#h�oDy�knoIoDy�h���z|�=hrkv�Dh � {jk���Dz|q ��p�� oDknoDz sdq�z|�%mDhr} knoDz*%vhr}*� mDhr{�hrqNoj�
�=stoDy�h�i�svi ��} knoDz sdq�svulz|ql��z*%'z|����kv}|��{jknmDm ��z|q��tq svm1p�kv}Nkv}|} hr}|hr� z|�b{�sdq��Dz � hjm1kn�l}*�
}|knmD�vhjmIoDy�kvq�oDy h���z|�Dhrkv�=h-kv}|} hr} h�{jknmDm ��z|q�� i�svi �l}|knoDz sdq��

 � m:z|q"o=hjmDhr�=o�y hjmDhrz|q�}|z hr�0z|q��Oq���z q �Kkvq�hr�=oDz|p�kno=hIsvu�oDy hIoDz p#hI�Dz|q�{�h%oDy�h
��z|�=hrkv�=h%kv}|}|hr} h�knili�hrknm1hr�#z|q oDy h i�svi ��}|knoDz sdq�� 	�h%� z|}|}�}|kno=hjm:z|q oDy�z �b{3y�kni�o=hjm
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i�mDsvi�sd�=h�kvq hr�DoDz|p�kno=hv�bu	s���ql� ��svoDy ���Dz|q � oDy�h�p#hjoDy s'��svu%p#sdp#hrq"oD��kvq��
oDy h�p�k$�'z p���pG}|z �vhr} z|y s�s�� p#hjoDy s'�;�'u	svm oDy h�q ��p���hjm svu��vhrq�hjm1knoDz sdq��%�Dz q�{�h
oDy h�u	s���ql� hjm%p�� oDknoDz|sdq knmDsd�=h�z|q oDy h�i�svi ��}|knoDz sdq � (Iylz|�0hr�DoDz|p�kno=h-z|���lkv�=hr�
sdq�z|q u�svm1p�knoDz sdq �dkvz q hr� u�mDsdp8oDy h-p�knm �vhjmtkv}|} hr}|hKu�mDh � � hrq�{jz hr���

��� � � � � � ��� �"!
	�h �1� k ����z|oDkn�l} h��vhrq hjoDz|{ p�knm��vhjm�}|z|q��vhr� o=s oDy�h���z|�Dhrkv�=h�} s'{������$(Iy�h

p�knm��vhjm�{�sdql�Dz|� hjmDhr��z �-k i�sd}*�'p#svmDily�z {�p�z|{�m1sd�Dkno=hr}|}|z o=h#�ty sd�=h#i�sd�Dz oDz sdq�z q
mDhr}|knoDz sdq o=s�oDy�h���z|�=hrkv�Dh-} s�{��l�%z|�%h� kv{�oD}*����q s�� q��

	�h-q hjhr� o=s �'q s � oDy h�o=m ��h�p�knm��vhjm kv}|} hr}|htu�mDh � � hrq�{jz hr� z|q oDy h�q svm1p�kv}
i�svi ��}|knoDz sdq;�'kv�D���lp#hr� ��hrz|q �#�=oDkn�l}|h-kvq���y sdp#sv�vhrq�hjs������

(Iy h�p�knm �vhjm�kv}|} hr} h�� z }|} q�svo�kv} � k �'����h�z|q�y hjm1z|o=hr��o=sv�vhjoDy hjm � z oDy oDy�h
��z|�=hrkv�=h�kv}|} hr}|h���� h o=s mDhr{�sdp��lz|q�knoDz sdqxh %vhrq"oD��� �JqxoDy h#{jkv�=h�svu�{�mDsd�D� �s�%vhjmr�
��h�i�mDhr����p�h�oDy h q hj� p�knm��vhjmKkv} } hr} h-m1kvql� sdp�}*� {1y�sd�=hrq kv{j{�svm1��z|q � o=s oDy�h
kv}|} hr}|z|{x��z|�Do=m1z � � oDz|sdqRz|q oDy h q svm3p�kv}Ki�svi ��}|knoDz sdq ��� h o=s ilkvqlp�z � z|k 5 z � h�
m1kvq�� sdp8p�knoDz q ��z|q�k�i�svi ��} knoDz sdq 7 �
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�vm1knily�z|{jkv}�svm3z �dz|q z|q oDy h���hr�=o=hjm1q�ilknmDo%svu0~���hr� hrq��
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