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XZY0[�\�]_^a`-[cb-de^f^DgihijkbmlFhn\�[
oqp dFrs`_\�tq` p�u `wvx[

y lFziz�d p \c{i` p `-b�|&` p b |&`}h�~Z����������lede�i\������F�������
z�lF��`-[

�����m�m���i����� u |ijk[�z�lFz�` p z p `-[�`_hZ\�[�l�b-de^��ij�h�lF\�jkdeh�dF����` p j���bmlF\�jkdeh�lFh&{Qb-dehI��d p ^ lFh&b-` \�`-[�\�j�hi��\�`-b�|ihijk¡Zg&`-[
�¢d p \�|&` �¢d p ^ lF£��elF£�jk{&lF\�jkdeh¤dF� p `mleb_\�j���`K[�Y0[�\�`_^a[w¥§¦¨��d p ^ lF£�[�z�`-b_j���bmlF\�jkdeh©dF�ªl«[�YI[�\�`_^¬DlFh3j�hizigi\s¬®degi\�zigi\
lFgi\�de^ lF\�deh3¯�j�\�|Q��l p j°lF�i£k`-[�\�|�lF\D^ l-Y p lFhi��`�dm��` p j�hI�&hij�\�`�{ide^ lFj�h&[D¬cjk[
le[�[�gi^a`-{±¥#¦�{i{Ij�\�jkdeh�lF£�£�Y�²ql�[ `_\DdF�
[ l��¢`_\®Y3z p dez�` p \�jk`-[f�¢d p \�|&`�[�z�`-b_j���bmlF\�jkdeh³l p `���j���`_h´gih&{i` p \�|&`���d p ^µdF��de�&[�` p ��` p [�{i`-[�b p j��*`-{´j�h©\�|&`�[ lF^a`
�¢d p ^ lF£�jk[�^¶¥ u |&`_hB²B`mleb�|Qz p dez*` p \·Y«jk[���` p j���`-{§deh§\�|&`f[�z*`-b_j���bmlF\�jkdeh;g&[�j�hi��lFgi\�de^ lF\�jkba\�`-b�|ihijk¡Zg&`-[�¸�`�¥ �&¥�²�lF�I¬
[�\ p leb_\fj�hZ\�` p z p `_\ lF\�jkdeh�¹�\�|�lF\ l p `#[�degih&{��igi\
h&de\fh&`-b-`-[�[ l p j�£�Yºb-de^fzi£k`_\�`K�¢d p \�|&`�b_£°le[�[
dF�ª[ l��¢`_\®Y;z p dez�` p \�jk`-[
b-deh&[�jk{i` p `-{¶|&` p `�¥q»ª`?¼0\m²0�¢d p `mleb�|�z p dez�` p \®Y�²�l
\�`-[�\�bmle[�`�jk[clFgi\�de^ lF\�jkbmlF£�£�Y#��`_h&` p lF\�`-{�� p de^�\�|&`=[�z*`-b_j���bmlF\�jkdeh
lFh&{�\�|&`#z p dez�` p \®Y�lFh&{�jk[
`?¼i`-b_gi\�`-{¤deh¤l«�i£°leb ½n¬¾��d-¼�j�^fzi£k`_^a`_hn\ lF\�jkdeh¿dF��\�|&`K[�Y0[�\�`_^�¥§À®�c\�|&`K��` p j���bmlF\�jkdeh
[�\�`_z�¯xle[
[�g&b-b-`-[ [s�8gi£¾²/\�|�lF\�jk[m²/j�\�|�le[�`-[�\ lF�i£�jk[�|&`-{�\�|�lF\�\�|&`�[�z*`-b_j���bmlF\�jkdeh3[ lF\�jk[s��`-[�\�|&`�z p dez*` p \·Y�²�\�|&`_h�\�|&`
\�`-[�\x`?¼I`-b_gi\�jkdeh#^ lmYa{i`_\�`-b_\Á\�|&`��Zjkde£°lF\�jkdeh#dF�B\�|&`�z p dez�` p \®Y �nYa\�|&`cj�^fzi£k`_^a`_hn\ lF\�jkdeh¶lFh&{�\�|&`c�0jkde£°lF\�jkdehKdF�B\�|&`
[�\ lFh&{&l p {fÂ8Ã � Ãfb-dehI�¢d p ^ lFh&b-` p `_£°lF\�jkdeh#Ä�Åm��ÆI��`_\®¯Á`-`_hfj�^fzi£k`_^a`_hZ\ lF\�jkdeh�lFh&{�[�z*`-b_j���bmlF\�jkdehB¥qÇ�h�\�|&`�de\�|&` p |�lFh&{±²
j���\�|&`f��` p j���bmlF\�jkdeh�[�\�`_zQ{Ijk{§h&de\�b-deh&b_£�g&{i`«¸8j¾¥È`�¥�²Bj�\�{Ijk{;h&de\�lF£�£kdw¯}\�d�z p dw��` d p \�d�{Ijk[�z p dm��`a\�|&`az p dez*` p \·Yi¹?²
\�|&`_h�\�|&`=\�`-[�\�`?¼I`-b_gi\�jkdeh«^ l-Y�le{i{Ij�\�jkdeh�lF£�£�Y�{i`_\�`-b_\�l
�0jkde£°lF\�jkdeh¶dF��\�|&`�z p dez*` p \·Y#�nYK\�|&`=[�z�`-b_j���bmlF\�jkdehB¥

u |&`aj�hI��d p ^ lF\�jkdeh&[
lF�*degi\�\�|&` p `_£°lF\�j���`¶¸8j�h�¹Éb-deh&[�jk[�\�`_h&b_jk`-[��*`_\·¯Á`-`_h�[�z*`-b_j���bmlF\�jkdehB²�j�^fzi£k`_^a`_hn\ lF\�jkdehB²%lFh&{
z p dez�` p \�jk`-[ql p ` p `_z*d p \�`-{�\�dª\�|&`Êg&[�` p le[/\�`-[�\/��` p {Ijkb_\�[m¥ u |&`�lFziz p d�leb |fjk[/j�£�£�g&[�\ p lF\�`-{
deh�\�|&`�Ë yco z p de\�d0b-de£�ÄÍÌ�Æ®¥
Î�ÏnÐ�Ñ�Ò Ã ��Ó/��� [�Y0^D��de£�jkb���` p j���bmlF\�jkdehB²�b-dehI�¢d p ^ lFh&b-`=\�`-[�\�j�hi�&²&[�Y0^D��de£�jkb�\�`-[�\���`_h&` p lF\�jkdeh
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��� ����� � � vx`_\%l p \�jkb_£k`Áz p�� [ `_hn\�`�gih&`xb-de^D�ij�h�lFjk[�deha{i`x\�`-b�|ihijk¡Zg&`-[%{i`x� �_p j���bmlF\�jkdehf`_\�{i`Á\�`-[�\�{i`�b-dehI��d p ^fj�\ �
z�deg p £°l¶� �_p j���bmlF\�jkdeh¤{i`�[�Y0[�\�]_^a`-[ p�� leb_\�j��¢[m¥«¦¨z�l p \�j p {�� gih&`#[�z � b_j���bmlF\�jkdehQ�¢d p ^a`_£�£k`#{�� gih�[�YI[�\�]_^a` p�� leb_\�j��s²
{ � b p j�\Ê[ deg&[�£°l��¢d p ^a`�{�� gih lFgi\�de^ lF\�`���`_hZ\ p�� `-[s¬®[�d p \�jk`-[ � \�`_h&{Ig�lm��`-b�{i`-[%��l p j°lF�i£k`-[%z*d p \ lFhZ\q[�g p {i`-[%{ide^ lFj�h&`-[
�&hijk[�degºj�hI�&hijk[w²/`_\�{�� gih�de�&[ ` p �elF\�`_g p ¸�{ � b p j�\�{&lFh&[�£k`a^��_^a` �¢d p ^ lF£�jk[�^a`w¹�z�deg p gih&`�z p dez p j � \ � {i` [�� p `_\ � ²
£°l¶z p `_^fjk] p ` � \ lFz�`Kb-deh&[�jk[�\�`���� �_p j���` p lFgi\�de^ lF\�jk¡ng&`_^a`_hZ\a£°l�z p dez p j � \ � [�g p £°l�[�z � b_j���bmlF\�jkdeh3z�l p {i`-[�\�`-b�|I¬
hijk¡Zg&`-[ÊlFziz p d0b�| � `-[�¸��ª��le[ `�{�� j�hn\�` p z p `_\ lF\�jkdeh�lF�&[�\ p lFj�\�`w¹/¡ngij&[ dehn\qb-deh&[�` p ��lF\�j���`-[qz�deg p £°l�b_£°le[�[�`�{i`�z p dez p j � \ � [
b-deh&[�jk{ �_p�� `�¥��%h&[�gij�\�`�²�gih3bmle[�{i` \�`-[�\�`-[�\�lFgi\�de^ lF\�jk¡Zg&`_^a`_hn\f� � h �_p�� `_\�`?¼ � b_gi\ � [�g p gih&` j�^fzi£ � ^a`_hZ\ lF\�jkdeh
��d! k\�`?¬¾h&dej p `f{Ig [�Y0[�\�]_^a`�¥DXZj/£°l�� �_p j���bmlF\�jkdehQlaz�` p ^fjk[�{�� � \ lF�i£�j p ¡ng&`�£°l�z p dez p j � \ � `-[�\�[ lF\�jk[s�¾lFj�\�`Dz�l p £°l�[�z � ¬
b_j���bmlF\�jkdehB²*£"�È`?¼ � b_gi\�jkdeh«{Ig«bmle[�{i`=\�`-[�\cz*`_gi\ª{ � \�`-b_\�` p {i`-[��Zjkde£°lF\�jkdeh&[ª{i`�£°lfz p dez p j � \ � z�l p £"� j�^fzi£ � ^a`_hZ\ lF\�jkdeh
`_\$#Fdeg©£°l«�0jkde£°lF\�jkdeh´{i`#£°l p `_£°lF\�jkdeh´{i`�b-dehI�¢d p ^fj�\ � Â8Ã � Ã Ä�Åm��Æc`_hn\ p `�j�^fzi£ � ^a`_hn\ lF\�jkdeh¿`_\a[�z � b_j���bmlF\�jkdehB¥%�%h
p `_��lFh&b�|&`�²±[�j/£°l � �_p j���bmlF\�jkdeh§h&�Ílaz�le[ªz�` p ^fjk[�{�� � \ lF�i£�j p [�j�£°l [�z � b_j���bmlF\�jkdeh§[ lF\�jk[s�¾lFj�\ª£°laz p dez p j � \ � deg h&deh¤¸�b-`
¡ZgijIz*`_gi\ql p�p j���` p `_h
z p lF\�jk¡ng&`�z�deg p {i`-[%[�Y0[�\�]_^a`-[/j�hI�&hijk[W¹?²�£"�È`?¼ � b_gi\�jkdehf{Igfbmle[%{i`x\�`-[�\�z�`_gi\m²�`_h
zi£�g&[m²�{ � \�`-b_\�` p
£°lD�Zjkde£°lF\�jkdeh#{i`�£°l=z p dez p j � \ � z�l p £°l=[�z � b_j���bmlF\�jkdehB¥('B`-[Áj�hI��d p ^ lF\�jkdeh&[�lFj�h&[�j�de�i\�`_hng&`-[�[�g p £k`-[xb-de^fz*d p \�`_^a`_hZ\�[
p `_£°lF\�j��¢[�{i`D£°lK[�z � b_j���bmlF\�jkdehB²±{i`�£"� j�^fzi£ � ^a`_hn\ lF\�jkdehB²�`_\�{i`�£°l�z p dez p j � \ � [�dehn\ p `_\�deg p h � `-[)��£"� gi\�j�£�jk[ lF\�`_g p [�deg&[
£°l��¢d p ^a`�{i`���` p {Ijkb_\�[�{i`�\�`-[�\m¥('(�ÍlFziz p d0b�|&`�`-[�\�j�£�£�g&[�\ p�� `=[�g p £k`�z p de\�dZb-de£k`=Ë y�o ÄÍÌFÆO{i` o |ij�£�£�j�z&[w¥
* Ã �m� Ñ �,+ � � � �_p j���bmlF\�jkdeh«[�YZ^��*de£�jk¡Zg&`�²i\�`-[�\�{i`=b-dehI�¢d p ^fj�\ � ²i� � h �_p lF\�jkdeh {i`�\�`-[�\�[�[�Y0^D��de£�jk¡Zg&`-[



������� ���
	��������	������������������� �!�#"��%$&���!����	�������(')���*�+	,'-�-��/.0���#12���)�����" 3

4 5 �������� ��	O������

6 d p ^ lF£i��` p j���bmlF\�jkdehKlFh&{�b-dehI�¢d p ^ lFh&b-`�\�`-[�\�j�hi�=l p `x\®¯xd�¯Á`_£�£�¬®`-[�\ lF�i£�jk[�|&`-{ lFziz p d�leb�|&`-[%��d p ��lF£�jk{&lF\�j�hi�=[�dF�8\·¯xl p `
[�YI[�\�`_^a[m¥%Ë�de\�|«lFziz p d�leb |&`-[�b-deh&[�jk[�\�j�h¶b�|&`-b ½Zj�hi��\�|&`�b-deh&[�jk[�\�`_h&b_Y�dF��\®¯Ád p `_z p `-[�`_hn\ lF\�jkdeh&[ªdF�ql
[�Y0[�\�`_^87

9 ��d p ^ lF£±��` p j���bmlF\�jkdeh \®Y0zijkbmlF£�£�Y�b-de^fz�l p `-[�lFh¶dez�` p lF\�jkdeh�lF£�[�z*`-b_j���bmlF\�jkdeh¶dF��\�|&`=[�YI[�\�`_^�¯�j�\�| p `-[�z*`-b_\�\�d
[�de^a`�|ij���|&` p ¬¾£k`_��`_£ p `-¡Zgij p `-{�z p dez�` p \�jk`-[m²

9 b-dehI��d p ^ lFh&b-`�\�`-[�\�j�hi� ÄÍ�I²�Å?Æ�b-de^fz�l p `-[ª\�|&`�de�&[�` p ��lF�i£k`=��`_|�l-�0jkdeg p dF�Álf�i£°leb ½n¬¾��d-¼¶j�^fzi£k`_^a`_hZ\ lF\�jkdeh;dF�
\�|&`�[�YI[�\�`_^�²I¯�j�\�|�\�|&`=b-d p�p `-[�z�deh&{Ij�hi�a��`_|�l-�0jkdeg p {i`-[�b p j���`-{��ZY#lFh¶dez�` p lF\�jkdeh�lF£O[�z�`-b_j���bmlF\�jkdehB¥

vxdehI�¢d p ^ lFh&b-`c\�`-[�\�j�hi�Djk[q\·YZzijkbmlF£�£�Y z*` p �¢d p ^a`-{a�ZYflFgi\�de^ lF\�jkbmlF£�£�YK{i` p j��Zj�hi� �:�#"��;�
	�"-�#" � p de^}\�|&`c[�z*`-b_j���bmlF\�jkdehB²
lFh&{Q�nY p gihihij�hi� \�|&`a\�`-[�\Dbmle[ `-[DdehQ\�|&` j�^fzi£k`_^a`_hn\ lF\�jkdeh3\�d¶de�i\ lFj�h �:�#")�&<=�)�,�����-�>" lF��degi\D\�|&`ab-dehI�¢d p ^ lFh&b-`
��`_\®¯x`-`_h¶\�|&`�\·¯Ád p `_z p `-[ `_hn\ lF\�jkdeh&[ªdF�/\�|&`=[�Y0[�\�`_^ Ä 3 ²�?I²OÅm�I²±ÅA@I²±Åm�I²BÅmÌ�Æ®¥
6 d p `?¼ilF^fzi£k`�²ªj�h.Ä�Åm��Æ®²�`_hngi^a` p lF\�j���`Q^adZ{i`_£�¬®b |&`-b�½0j�hi�³lF£���d p j�\�|i^a[ l p `§`_^fzi£kdmY�`-{ �¢d p ��`_h&` p lF\�j�hi�©\�`-[�\

bmle[�`-[K� p de^ lFh dez*` p lF\�jkdeh�lF£=[�z�`-b_j���bmlF\�jkdeh lFh&{ [�dF¬®bmlF£�£k`-{ �:�#")�B1�CD�E1F��"-�#" le[���gijk{i`_£�j�h&`-[���d p \�`-[�\�[�`_£k`-b_\�jkdehB¥
u `-[�\f��`_h&` p lF\�jkdeh©b-deh&[�jk[�\�[
j�h¤`?¼Izi£kd p j�hi�Ql¶z p d0{Ig&b_\
�*`_\·¯Á`-`_h´[�z*`-b_j���bmlF\�jkdeh´lFh&{�\�`-[�\
zig p z�d�[�`�²q`_£�j�^fj�h�lF\�j�hi�
h&deh&{i`_\�` p ^fj�hijk[�^�²�lFh&{3j�h&b-d p z�d p lF\�j�hi�;��` p {Ijkb_\�[fj�hZ\�d \�|&` p `-[�gi£�\HG�lFh&{º\�|&`#��`_h&` p lF\�`-{©\�`-[�\fbmle[�`-[fb�|&`-b ½�\�|&`
b-dehI�¢d p ^ lFh&b-`Ê��`_\®¯x`-`_h�\�|&`Êj�^fzi£k`_^a`_hn\ lF\�jkdehalFh&{=\�|&`Êz�l p \�dF�i\�|&`Ê[�z*`-b_j���bmlF\�jkdeh�[�`_£k`-b_\�`-{=�ZY�\�|&`q\�`-[�\Bzig p z�d�[�`-[m¥

¦�h�lF£�\�` p h�lF\�j���`�lFziz p d�leb�|�jk[±z p dez�d�[�`-{=j�h Ä�Åm��Æ®¥ y lF\�|&` p \�|�lFhD`?¼0zi£kd p j�hi��\�|&`�¸8£°l p ��`�²Fd p z�de\�`_hn\�j°lF£�£�Y=j�hI�&hij�\�`w¹
[�\ lF\�`f[�z�leb-`�dF�x\�|&`�z p dZ{Ig&b_\���`_\®¯x`-`_h;\�`-[�\�zig p z*d�[ `
lFh&{§[�z*`-b_j���bmlF\�jkdehB²±\�|&`
z p d0{Ig&b_\�jk[ª½�`_zi\�j�h;l#[�YZ^��*de£�jkb
�¢d p ^�¥ u |&` p `-[�gi£�\�j�hi��\�`-[�\xbmle[�`-[�l p ` p `mleb_\�j���`�z p de� p lF^a[�\�|�lF\xdez�` p lF\�`�dehK[�YZ^��*de£�jkb��el p j°lF�i£k`-[w²IlFh&{#`?¼ib�|�lFhi��`
��lF£�g&`-[�¯�j�\�|�\�|&`�j�^fzi£k`_^a`_hZ\ lF\�jkdeh«�ZY#^a`mlFh&[cdF��j�hizigi\$#Fdegi\�zigi\ªleb_\�jkdeh&[cbml p�p Y0j�hi� [�Y0^D��de£�jkb�z�l p lF^a`_\�` p [m¥

À·h¤Ä�ÅH?�Æ®²�¯Á`�z p dez�d�[�`�\�d�j�hZ\�`_� p lF\�`
\�|&`���` p j���bmlF\�jkdehQdF�Á[ l��¢`_\®Y«z p dez*` p \�jk`-[=lFh&{ b-dehI�¢d p ^ lFh&b-`
\�`-[�\�j�hi�#j�h§l
�¢d p ^ lF£B��lF£�jk{&lF\�jkdeh�^a`_\�|&dZ{ide£kde��Y#�¢d p�p `mleb_\�j���`=[�YI[�\�`_^a[H7

9 � p [�\m²I\�|&`=[ l��¢`_\®YKz p dez�` p \�jk`-[�l p `DlFgi\�de^ lF\�jkbmlF£�£�Y���` p j���`-{�deh¶\�|&`�[�z*`-b_j���bmlF\�jkdeh«�nYK^adZ{i`_£�b�|&`-b�½0j�hi�&²

9 \�|&`_hB²i\�`-[�\�bmle[�`-[�l p `DlFgi\�de^ lF\�jkbmlF£�£�Y�{i` p j���`-{#� p de^ \�|&`�[�z�`-b_j���bmlF\�jkdeh lFh&{#\�|&`�z p dez�` p \�jk`-[m²

9 �&h�lF£�£�Y�²i\�|&`�\�`-[�\�bmle[�`-[�l p `�`?¼I`-b_gi\�`-{�deh�\�|&`=�i£°leb�½Z¬¾�*dm¼#j�^fzi£k`_^a`_hZ\ lF\�jkdeh dF��\�|&`�[�YI[�\�`_^�²I¯�|ijkb�| lF£�£kdm¯�[
\�dab�|&`-b ½�\�|&`D[WlF\�jk[s�¢leb_\�jkdeh dF�q\�|&`=z p dez�` p \�jk`-[c�ZY�\�|&`=j�^fzi£k`_^a`_hZ\ lF\�jkdehQlFh&{�\�|&`Db-dehI�¢d p ^ lFh&b-`��*`_\·¯Á`-`_h
j�^fzi£k`_^a`_hn\ lF\�jkdeh§lFh&{�[�z�`-b_j���bmlF\�jkdehB¥

u |&`�z p `-[�`_hn\qz�lFz�` p z p dez�d�[�`-[Êlª[�Y0^D��de£�jkbclFziz p d�leb�|a\�|�lF\Á`?¼0\�`_h&{i[�Ä�ÅH?�Æ®²���` p Y�^�g&b�| £�j�½�`�Ä�Åm�eÆi`?¼I\�`_h&{i[�Ä�Åm�FÆ:7

9 \�|&`���` p j���bmlF\�jkdeh lFh&{�\�|&`=\�`-[�\���`_h&` p lF\�jkdeh«[�\�`_z&[�l p `=[�Y0^D��de£�jkb�² p lF\�|&` p \�|�lFh¶`_hZgi^a` p lF\�j���`�G

9 [ l��¢`_\®YKz p dez*` p \�jk`-[m² p lF\�|&` p \�|�lFh�\�`-[�\�zig p z�d�[�`-[m²�l p `�`_^fzi£kdwY�`-{��¢d p \�`-[�\���`_h&` p lF\�jkdehB¥

¦¿^ l�rsd p {IjJI�` p `_h&b-`���`_\®¯x`-`_h«Ä�ÅH?FÆ�lFh&{a\�|ijk[%z�lFz*` p b-deh&b-` p h&[q\�|&`�{i`-b_jk{&lF�ij�£�j�\·YadF�*\�|&`���` p j���bmlF\�jkdehK[�\�`_zB¥�À®hf\�|&`
�&hij�\�`?¬®[�\ lF\�`ª� p lF^a`_¯Ád p ½#dF�xÄ�ÅH?�Æ®²I\�|&`ª��` p j���bmlF\�jkdeh�jk[�{i`-b_jk{&lF�i£k`=lFh&{Kjk[�z�` p ��d p ^a`-{K�nY�^adZ{i`_£±b |&`-b�½0j�hi�&¥ÊÀ·hK\�|&`
z p `-[�`_hZ\�� p lF^a`_¯xd p ½ \�|�lF\�b-deh&[�jk{i` p [�j�hI�&hij�\�`?¬®[�\ lF\�`�[�Y0[�\�`_^a[�lFh&{Kz p dez*` p \�jk`-[w²Z\�|&`ª��` p j���bmlF\�jkdeh�jk[xgih&{i`-b_jk{&lF�i£k`�G
j�\ªjk[ªz*` p �¢d p ^a`-{¶g&[�j�hi�#lFgi\�de^ lF\�jkb�\�`-b�|ihijk¡Zg&`-[���le[�`-{ deh lF�&[�\ p leb_\ªj�hZ\�` p z p `_\ lF\�jkdeh§\�|�lF\�l p `�[�degih&{ �igi\m²�le[�l
z p jkb-`�\�dfz�l-Y#�¢d p lFgi\�de^ lF\�jkdehB²±l p `Dh&de\ch&`-b-`-[�[ l p j�£�Y�b-de^fzi£k`_\�`D��d p \�|&`Db_£°le[�[�dF�q[ l���`_\·Y�z p dez*` p \�jk`-[ªb-deh&[�jk{i` p `-{
|&` p `�¥�À®��\�|&` ��` p j���bmlF\�jkdeh3[�g&b-b-`-`-{i[m²�\�|&`_hB²/\�|&` z p dez*` p \·Y;jk[�[WlF\�jk[s��`-{;�ZY§\�|&` [�z�`-b_j���bmlF\�jkdehKGÊde\�|&` p ¯�jk[�`�²�\�|&`
[�\ lF\�g&[�dF��\�|&`az p dez�` p \®Y§jk[Dgihi½Zh&dw¯�hB²qlFh&{;\�|&`f\�`-[�\���`_h&` p lF\�jkdeh3lF£���d p j�\�|i^2|�le[=\�d¶\ lF½�`a\�|ijk[�j�hn\�d leb-b-degihn\m¥
L `_h&b-`�²�\�|&`x\�`-[�\%`?¼I`-b_gi\�jkdehfz p d0{Ig&b-`-[���` p {Ijkb_\�[m²n¯�|ijkb�|f^ l-Y p `_��`mlF£&deh&`�d p [�`_��` p lF£idF��\�|&`Á��de£�£kdw¯�j�hi�=[�j�\�g�lF\�jkdeh&[H7

9 �Zjkde£°lF\�jkdeh«dF�/\�|&`�z p dez�` p \®Y��ZY�\�|&`=[�z*`-b_j���bmlF\�jkdehB²

9 �Zjkde£°lF\�jkdeh«dF�/\�|&`�z p dez�` p \®Y��ZY�\�|&`�j�^fzi£k`_^a`_hZ\ lF\�jkdehB²

9 �Zjkde£°lF\�jkdeh«dF��b-dehI�¢d p ^ lFh&b-`=��`_\®¯x`-`_h¶j�^fzi£k`_^a`_hn\ lF\�jkdeh§lFh&{�[�z�`-b_j���bmlF\�jkdehB¥
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u |&` j�hI�¢d p ^ lF\�jkdeh de�i\ lFj�h&`-{ j�h¿\�|ijk[#^ lFhih&` p ^ lmY´��`«`_^fzi£kdwY�`-{ �¢d p {i`_\�`-b_\�j�hi�¿lFh&{¿�i¼Ij�hi�¤` p�p d p [#j�h³\�|&`
[�z�`-b_j���bmlF\�jkdehB²Z\�|&`�j�^fzi£k`_^a`_hn\ lF\�jkdehB²id p \�|&`�z p dez�` p \®Y�¥ u |&`���` p j���bmlF\�jkdeh�lFh&{a\�`-[�\�j�hi�D[�\�`_z&[q^ lmYf�*` p `_z*`mlF\�`-{±²
gihZ\�j�£�[�g�� b_jk`_hZ\�b-dehI��{i`_h&b-`�jk[��nlFj�h&`-{ lF�*degi\�\�|&`Db-deh&[�jk[�\�`_h&b_Y�dF�/\�|&`�\�| p `-` p `_z p `-[�`_hn\ lF\�jkdeh&[m¥

u |&` p `-[�\OdF�i\�|&`Êz�lFz*` p jk[Od p �nlFhijk[�`-{
le[±�¢de£�£kdm¯�[m¥%X0`-b_\�jkdehf��z p `-[�`_hn\�[/\�|&`Ê^adZ{i`_£0dF�iÀ·hizigi\s¬ÉÇ�gi\�zigi\qXZYZ^��*de£�jkb
uOp lFh&[�j�\�jkdeh�XZY0[�\�`_^a[�¸�À�Ç�X u Xi¹O\�|�lF\�¯x`xg&[�`q�¢d p ^adZ{i`_£�j�hi�=lF£�£ile[�z*`-b_\�[/dF�*l�[�YI[�\�`_^¨¸�[�z*`-b_j���bmlF\�jkdeh&[m²ez p dez�` p \�jk`-[m²
j�^fzi£k`_^a`_hZ\ lF\�jkdeh&[m²�lFh&{�\�`-[�\abmle[�`-[W¹?¥º¦ch¤`?¼&lF^fzi£k`;¸8\�|&`�[�`_h&{i` p dF��\�|&`�Ë yco z p de\�d0b-de£=ÄÍÌ�Æ8¹�j�£�£�g&[�\ p lF\�`-[f\�|&`
^ad0{i`_£¾¥�À·h
X0`-b_\�jkdeh 3 ¯x`Á{i`?�&h&`Á[�`_��` p lF£I[�YZ^��*de£�jkbÁdez*` p lF\�jkdeh&[�deh�ÀsÇ�X u X*²w\�de��`_\�|&` p ¯�j�\�|�[�de^a`%�¾lFj p £�Y=[�\ lFh&{&l p {
{i`?�&hij�\�jkdeh&[ p `_£°lF\�j���` \�dº��` p j���bmlF\�jkdeh lFh&{ b-dehI��d p ^ lFh&b-`§\�`-[�\�j�hi�¤g&[�j�hi�¤ÀsÇ�X u X le[K\�|&` gih&{i` p £�Y0j�hi�¤^adZ{i`_£¾¥
X0`-b_\�jkdeh � jk[ª{i`_��de\�`-{¶\�d�{i`?�&hij�hi�#l [�Y0^D��de£�jkb=\�`-[�\���`_h&` p lF\�jkdeh§lF£���d p j�\�|i^ \�|�lF\ª\ lF½�`-[ªl [�z*`-b_j���bmlF\�jkdeh§lFh&{«l
[ l��¢`_\®Y�z p dez*` p \·Y�²�lFh&{#z p d0{Ig&b-`-[�l�\�`-[�\�bmle[�`���d p b�|&`-b ½Zj�hi� \�|&`�b-dehI��d p ^ lFh&b-`�dF�%lFh�j�^fzi£k`_^a`_hn\ lF\�jkdeh¶¯�j�\�|�\�|&`
[�z�`-b_j���bmlF\�jkdehB²�lFh&{=\�|&`Á[ lF\�jk[s�¾leb_\�jkdehDdF�&\�|&`q[ l��¢`_\®Y�z p dez�` p \®Y��ZY�\�|&`qj�^fzi£k`_^a`_hZ\ lF\�jkdehB¥%¦�[�{Ijk[�b_g&[�[�`-{DlF��dm��`�²e\�|&`
\�`-[�\xbmle[�`�^ lmY lF£k[�dD{i`_\�`-b_\Á�Zjkde£°lF\�jkdeh&[xdF�±\�|&`�z p dez�` p \®Yf�nYf\�|&`�[�z�`-b_j���bmlF\�jkdehB¥ u |&`�\�`-[�\q��`_h&` p lF\�jkdeh�lF£���d p j�\�|i^
jk[�z p dw��`-{§b-d p�p `-b_\m²±j�h \�|&`f[�`_h&[�`�\�|�lF\�\�|&`���` p {Ijkb_\�[ p `_\�g p h&`-{ �nY¶\�`-[�\�`?¼i`-b_gi\�jkdeh;b-d p�p `-b_\�£�Y b�|�l p leb_\�` p jk[�`f\�|&`
p `_£°lF\�jkdeh&[K��`_\®¯Á`-`_h³j�^fzi£k`_^a`_hn\ lF\�jkdehB²�[�z�`-b_j���bmlF\�jkdehB²clFh&{©z p dez�` p \®Y�¥ ¦ª[�l �ZYn¬¾z p d0{Ig&b_\#dF��\�|&`«b-d p�p `-b_\�h&`-[�[
z p d0dF��[#¯x`;[�|&dw¯ \�|�lF\�b-dehI��d p ^ lFh&b-`Q\�d3l���j���`_h [�z*`-b_j���bmlF\�jkdeh jk[�`-¡Zgij���lF£k`_hn\�\�d¤[ lF\�jk[��¢leb_\�jkdeh dF�fl3[ l���`_\·Y
z p dez�` p \®Y�²±¯�|ijkb |;bmlFh �*`�`?¼0z p `-[ [�`-{ le[�lFh§de�&[�` p ��` p �igij�£�\ª� p de^ \�|&`
[�z�`-b_j���bmlF\�jkdehKGOle[��¢l p le[�¯Á`�½0h&dm¯=²�\�|ijk[
p lF\�|&` p ��`_h&` p lF£ p `-[�gi£�\�b-dehih&`-b_\�j�hi����` p j���bmlF\�jkdeh;lFh&{ b-dehI�¢d p ^ lFh&b-`
\�`-[�\�j�hi�Kjk[ªh&`_¯=¥ªÀ·h;X0`-b_\�jkdeh§� ¯Á`
degi\�£�j�h&`
l�\�`-b |ihijk¡ng&`=��d p [�\ lF\�jkbmlF£�£�Y#`_£�j�^fj�h�lF\�j�hi� z�l p \�[cdF�%l�\�`-[�\�bmle[ `ª� p de^�¯�|ijkb |¶�0jkde£°lF\�jkdeh&[�dF�/\�|&`�z p dez�` p \®Y#�ZYK\�|&`
j�^fzi£k`_^a`_hZ\ lF\�jkdeh¤¸¢l p ��g�lF�i£�Y�²�\�|&`�^ lFj�h���d�lF£OdF��\�`-[�\�j�hi�Z¹�bmlFhih&de\c�*`�{i`_\�`-b_\�`-{ lFhnY#^ad p `�¥��;`=[�|&dw¯ \�|�lF\�\�|ijk[
dezi\�j�^fjk[ lF\�jkdeh«z p `-[�` p ��`�\�|&`=b-d p�p `-b_\�h&`-[ [cdF��\�`-[�\�bmle[�`-[m¥ÊX0`-b_\�jkdeh ?
b-deh&b_£�g&{i`-[�lFh&{�z p `-[�`_hZ\�[ p `_£°lF\�`-{¶¯Ád p ½�¥
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u |&`c^adZ{i`_£*dF�±À·hizigi\s¬ÉÇ�gi\�zigi\�XZYZ^��*de£�jkb uBp lFh&[�j�\�jkdeh�XZY0[�\�`_^a[�¸�À�Ç�X u Xi¹�jk[qj�h&[�zij p `-{f� p de^}À #�Ç lFgi\�de^ lF\ laÄ�Å 3 Æ®¥
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9 M`>@?aAb4]cH4]KTd
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9 O�>@?�C�\]K j�hij�\�j°lF£Ob-deh&{Ij�\�jkdeh g/A0�Bc�cHI�K�A|4�KF�hGJ^_K�?T?F>�cH4�cH4�w�� { g

9 Q�>@?BA�4]cH4]KTd
G#Cfehg�ij4j>kClKB?9K+CmcHn £kd0bmlF\�jkdeh&[+�

9 S U ��Q�>@?�C�\]K j�hij�\�j°lF£O£kdZbmlF\�jkdeh�

9 W�>@?;Ab4]cH4]KTd
G#Cfehgyij4j>kClK lF£�zi|�lF��`_\ g/[#\j>�qr\D>@?XC�\]KBph>@?tsHcH>f4�CaEV4j>�cH4�cHnvAz?_K+C�W;�5cHn j�hizigi\�leb_\�jkdeh&[ g�A�?_K+C�WB�
cHn degi\�zigi\�leb_\�jkdeh&[ gA|4]p�A�?_K+CaWm�����;cHn j�hn\�` p h�lF£qleb_\�jkdeh&[+�m� cH^
K�A!ql\ A!q+C�>�cH4�¡���WBg�>kC¢? [�j���h�lF\�g p ` "���£!��¡��
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9 Yx>@?BAR?_K+CacHn \ p lFh&[�j�\�jkdeh&[+��§ A!ql\¨C�^PA|4y?F>kC�>�cH47>@?XA-CFEHGJI�K�L�S�NT¡�NT©#NPªRNT«
NTS�¬Zad�A!pjK�cHnF®

¯ A�I�c�q�A�C�>�cH4�S���Q�g=q�A|IfI�K9p�C�\]K d p j���j�h cHnaC�\]K�C�^PA|4y?T>kC�>�cH4 �
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�r�|�J����© � ��º�½ � �

¯ A��Bc�cHI�K�A|4 KF�hGJ^_K�?T?F>�cH4�ªÇcH4�wÃ� { �D©�g=q�A|IfI�K9p�C�\]K ��g�l p {/�
¯ A|4 le[ [�j���hi^a`_hn\ «
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¯ A�I�c�q�A�C�>�cH4�S|¬J�°QÇq�A|IfI�K9p�C�\]K {i`-[�\�j�h�lF\�jkdeh cHnaC�\]K
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rn=0 & head=0
& max>=1 & bit=true

tau2
rn:=0

l>head
REQ?(l)
last:=l

pMsg=f[head] & pBit=bit
MSG!(pMsg,pBit)

rn:=rn+1

head<last-1
ACK?

head:=head+1
rn:=0, bit:=not bit

rn<max
tau1

rn=max
tau1

head=last-1
ACK?

head:=head+1

head<last-1
NOT_OK!

head=last
OK!

head=last-1
DONT_KNOW!

Wait_Req

Send_File

Wait_Ack

Send_Complete

Wait_Timeout2

6 j���g p `aÅ�7&7�\�|&`�X0`_h&{i` p dF��\�|&`=Ë yco©o%p de\�d0b-de£¾¥

Ç�g p�p gihihij�hi�=`?¼&lF^fzi£k`Ájk[�\�|&`�[�z�`-b_j���bmlF\�jkdehfdF��\�|&`�Ë yco z p de\�d0b-de£�ÄÍÌ�Æ®²e¯�|ijkb |f¯xle[%{i`-[�j���h&`-{�\�d�[ l��¢`_£�Y=\ p lFh&[�^fj�\
�&£k`-[Ádm��` p lFhfgih&[ l��¢`�^a`-{Ij�gi^�¥ u |&`�z p de\�d0b-de£&g&[�`-[Êl�b-de^��ij�h�lF\�jkdehKdF�BlF£�\�` p h�lF\�j�hi�e¬¾�ij�\�lFh&{ p `-[�`_h&{0¬®dehI¬¾\�j�^a`-degi\
^a`-b |�lFhijk[�^a[m¥ L ` p `�²�¯x`xl p `xdehi£�Y�j�hn\�` p `-[�\�`-{�j�h�\�|&`Á[ `_h&{i` p dF�&\�|&`Áz p de\�dZb-de£¾²F¯�|ijkb |�jk[ p `_z p `-[�`_hZ\�`-{�j�h 6 j���g p `�Å�¥
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rn=0 & head=0 & max>=1 & bit=true

head=last
OK!

l>head
REQ?(l)
last:=l 

head=last-1
DONT_KNOW!

DELTA!

head>last+1
DELTA!

pMsg=f[head] & pBit = bit
MSG!(pMsg,pBit)

rn:=rn+1

tau2
rn:=0

head<last-1
ACK?

head:=head+1
rn:=0

bit:=not bit

rn<max
tau1

rn = max
tau1

head=last-1
ACK?

head:=head+1

rn>max
DELTA!

head<last-1
NOT_OK!

Wait_Req

Send_File

Wait_Ack

Send_Complete

Wait_Timeout2
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rn=0 & head=0 & max>=1 & bit=true

head>last+1
DELTA!

l>head
REQ?(l)
last:=l

rn<max&
pMsg=f[head]&

pBit=bit
MSG!(pMsg,pBit)

rn:=rn+1

DELTA!

rn=max&
head<last-1
NOT_OK!

pMsg=f[head]&
pBit=bit

MSG!(pMsg,pBit)
rn:=rn+1

rn=max&
head=last

OK!

head<last-1
ACK?

head:=head+1
rn:=0

bit:=not bit

rn=max&
head=last-1

DONT_KNOW!

head=last-1
ACK?

head:=head+1

rn=max&
 head>last+1

DELTA!

rn>max
DELTA!

l>head
REQ?(l)

rn:=0
last:=l

head<last-1
NOT_OK!

DELTA!
rn:=0

head=last
OK!

head=last-1
DONT_KNOW!

Wait_Req

Send_File

Wait_Ack

Send_Complete

Wait_Timeout2
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rn=0 & head=0&
max>=1 & bit=true

rn=max & head=last-1
DONT_KNOW?

m>head
REQ!(m)
last:=m

head<last-1
NOT_OK?

DELTA?

head=last
OK?

pMsg=f[head]& pBit=bit
MSG?(pMsg,pBit)

rn:=rn+1

head=last-1
DONT_KNOW?

head<last-1
ACK!

head:=head+1
rn:=0,bit:=not bit

DELTA?

head=last-1
ACK!

head:=head+1

m>head
REQ!(m)

rn:=0
last:=m

DELTA?

DELTA?
rn:=0

rn<max & pMsg=f[head] & pBit=bit|MSG?(pMsg,pBit)|rn:=rn+1

rn=max&
head<last-1
NOT_OK?

rn=max & head=last
OK?

Wait_Req_l0

Send_File_l1

Wait_Ack_l1

Send_Complete_l1

ViolateFail

Wait_Timeout2_l0
ViolateFail
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