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KMLON,PQPSRTLQPSRTU!V*WYXZPSL�[J\SRTUJ]_^XZ`�N,`baTRcXZ`dPQebRgfh`iPSRj\Q`bRjPlk"m�n�ope�N_L�V�RTRj`qNr\SRj^ON,\QstN,VJuZWvLQwbaTaTRTLSLyxzwJu{UJR5|
LQXZ}t`=~�f�P�[J\S]��*X�UJRTL�N_UJRT�iw�N,PSR�[�Rj\yx�]_\Q^ON,`baTR�PS]g�{X�UJRjuZWGU>X��	Rj\SRj`iP�N,[J[JuZX�alN,PQX�]_`bL0XZ`�}t\SRlN,PQuZWr�tN,\QX�RTUG`bRjPh��]_\Qs
Rj`i�2XZ\S]_`J^�Rj`iPSL�~0�M]l��Rj��Rj\lk	PQeJX�L�e�N_L�]_`JuZW�V�RTRj`�[�]tLSLSXZVJu�R�PQeJ\S]_wJ}te�aT]_`*PQXZ`iwb]_wbL�LSPQwbU>W�k�XZ^[J\S]l��Rj^�Rj`iPSL�N,`bU
^�]2U>X���alN,PQX�]_`bLlk�^ON,s*XZ`J}rm�n�o�]_`bR�],x{PQebRO^�]tLQP0N_ajPQXZ��R�`bRjPh��]_\Qs2XZ`J}�\SRTL�RlN,\SaSevN,\SRlN_Ll~�fh`�PQeJX�L0UJ]*ajwJ^�Rj`*Plk
��R�UJRTLSaj\QXZV�R�PQebR0�tN,\QX�]_wbL�^�RTa�e�N,`JX�LQ^�LMxz]_\�\SRjuZX�N,VJu�R�UbN,P�NOUJRjuZXZ��Rj\QW�N,`bUraT]_`J}�RTLQPQX�]_`�aT]_`iPQ\S]_u�XZ^[Ju�Rj^�Rj`iPSRTU
XZ`cm�n�o�k�U>X�LSajwbLSL�PQebRjXZ\�Rj��]_uZwJPQX�]_`=k�N,`bUg[J\SRTL�Rj`iP�N�LQwJ\Q��RjWg],x�PQebR�^ON,XZ`�m�n�o�|�\SRju�N,PSRTU�\SRTLSRlN,\SaSerN,\SRlN_Ll~
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m"ebR�fh`iPSRj\Q`bRjPl¥¦LO§hm�n�o�¨,f©o�ªc[J\S]_PS]2aT]_u�N,\Sa�eJXZPSRTajPQwJ\SRrX�LOLQeb]��{`«XZ`q¬�XZ}b~®t~�m"ebRr¯±°�²�³5´±°�³j²�µ"´y¶t²�¶�·S¶_¸�¹zf©o�º
[J\S]l�2X�UJRTL�PQebR�V�N_LQX�aOVJwJXZu�U>XZ`J}�VJu�]2aSs�k%NgwJ`JX���RTU [�N_aSs�RjPLQ�{XZPSa�ebRTU LSRj\Q�2X�aTR��{eJX�a�eYaT]_`J`bRTajPSL�U>X��	Rj\SRj`iP�`bRjPy|
��]_\Qs>Ll~%fhP�UJR5�b`bRTL�N0wJ`JX�x�]_\Q^»N_UJU>\SRTLSLQXZ`J}LSaSebRj^�R�N,`bU¼aT]_^^�]_`g[�N_aSs�RjP"x�]_\Q^ON,P$¹zalN,uZu�RTUG½�¾t²�¾l¿_´Q¾_ÀÁº��{eJX�a�e
N,uZu�]l��XZ`*PSRj\y|�`bRjP���]_\Qs!aT]_^^0wJ`JX�alN,PQX�]_`=~ ÂMX��	Rj\SRj`iP`bRjPh��]_\Qs>LON,\SR¼aT]_`J`bRTajPSRTU!ViW�[�N_a�s�RjP�LQ�{XZPSaSebRTL�k.alN,uZu�RTU
¯±°�²�³5´5°�³j².¿i¾t²�³5Ã@¾_Ä,Å�]_\�´Q¶_Æ2²�³j´�Åjk��{eJX�aSe�[�Rj\yx�]_\Q^ÇP���]Á^ON,XZ`�x:wJ`bajPQX�]_`bL$N,PMPQebR0V�]_wJ`bUbN,\QW�],x.PQebR0`bRjP���]_\Qs2L�~
m"ebRM�b\SLQP�xzwJ`bajPQX�]_`gXZ`i��]_uZ��RTL{PQ\�N,`bLQu�N,PQXZ`J}�UbN,P�N,}t\�N,^�L{PS]�xz]_\Q^�L"PQe�N,P�N,\SR�wJ`bUJRj\SLQP�N,`bUbN,VJu�R$XZ`ÁPQebR�`bR5È>P"eb]_[
`bRjP���]_\Qsr]_`rPQebRjXZ\M[�N,PQe=k�xz]_\�R5ÈJN,^[Ju�Rtk�Rj`balN,[bLQwJu�N,PQXZ`J}cUbN,P�N,}t\�N,^�L�XZ`rPQebR0`bRjP���]_\Qs�¥¦L�[�N_a�s�RjP�x�]_\Q^ON,Plk	N,`bU
PQebR�x:\�N,}t^�Rj`*P�N,PQX�]_`c],x=u�N,\Q}�RMUbN,P�N,}t\�N,^�L�k*X�x=`bRTaTRTL�L�N,\QW�~%fho!LQ[�RTajX���RTL�PQebR�[J\S]2aTRTU>wJ\SR�wbLSRTUOV*W�\S]_wJPSRj\SL��{ebRj`
xz\�N,}t^�Rj`iPQXZ`J}Á[�N_aSs�RjPSLlk�N,`bUgPQebR$f©odebRlN_UJRj\�aT]_`*P�N,XZ`bL�PQebR0N,[J[J\S]_[J\QX�N,PSR���Rju�UJL�PQe�N,P�N,uZu�]l��eb]tLQPSL{PS]X�UJRj`*PQX�x:W
xz\�N,}t^�Rj`iPSL�N,`bUY\SRlN_LSLSRj^0VJu�R�PQebRj^ÉaT]_\Q\SRTajPQuZW�Ê7~�m"ebR¼LSRTaT]_`bU�xzwJ`bajPQX�]_`YX�L�PQebR�\S]_wJPQXZ`J}G],x�[�N_aSs�RjPSL�PS]�PQebR
N,[J[J\S]_[J\QX�N,PSR�`bR5È>P�eb]_[Á`bRjP���]_\Qs�kb]_\�PS]0PQebR�UJRTLQPQXZ`�N,PQX�]_`¼eb]tLQP�X�xËPQebR�\S]_wJPSRj\�N,`bU�PQebRMUJRTLQPQXZ`�N,PQX�]_`¼\SRTLQX�UJR�]_`
PQebR$L�N,^�R�`bRjPh��]_\Qs�~
m"ebR�fh`iPSRj\Q`bRjP¼X�LgN�u�N,\Q}�Rr^�RTLQe(],x�`bRjP���]_\Qs2L¼�{eJX�a�e�XZ^[Ju�Rj^�Rj`iPgPQebRrf�`*PSRj\Q`bRjPco%\S]_PS]2aT]_u¹zf©o�º5~�m"ebR

fh`iPSRj\Q`bRjP@[�N_a�s�RjP�\S]_wJPQXZ`J}0XZ`>x:\�N_LSPQ\QwbajPQwJ\SR�aT]_`bLQX�LSPSL@],x=LQ�{XZPSaSebRTL�¹:\S]_wJPSRj\SL±º%XZ`iPSRj\SaT]_`J`bRTajPSRTUÁViW0§�uZXZ`Js>Lyª�ki�{eJX�a�e
aT]_wJu�U!V�R¼N_LU>XZ��Rj\SL�RcN_L�u�]*alN,u�N,\SRlNr`bRjPh��]_\Qs>Llk@u�]_`J}GU>X�LQP�N,`baTRg�bV�Rj\]_[JPQX�agalN,VJu�RTLlk�]_[JPQX�alN,u�`bRjP���]_\Qs2Llk�]_\
�{XZ\SRju�RTLSL.N,`bU�L�N,PSRjuZuZXZPSR"aT]_`J`bRTajPQX�]_`bLl~�ÌÍebRj`�\S]_wJPSRj\SL�\SRTaTRjXZ��R"f©o�UbN,P�N,}t\�N,^�LlktPQebRjW0R5ÈbN,^XZ`bR�PQebR"UJRTLQPQXZ`�N,PQX�]_`
��Rju�UGXZ`�PQebROUbN,P�N,}t\�N,^�Ll¥Ëf©o�ebRlN_UJRj\lk�N,`bU�LSRj`bU�PQebRj^ÎPS]g�{e�N,P$X�LlkËPS]gPQebRV�RTLQP�],x"PQebRjXZ\�s2`b]l�{u�RTU>}�RtkÏPQebR
`bR5È>P.eb]_[OPS]���N,\SUÁPQebR�UJRTLQPQXZ`�N,PQX�]_`=~%m"eJ\S]_wJ}te¼LQwba�eOeb]_[>|�ViW*|�eb]_[�xz]_\Q�"N,\SU>XZ`J}bk2UbN,P�N,}t\�N,^�L�LSRj`*P@ViWON$LS]_wJ\SaTR
N,\SR�UJRjuZXZ��Rj\SRTU PS]gPQebR�UJRTLQPQXZ`�N,PQX�]_`=~¼m"ebR�ÐMLSRj\�Â�N,P�N,}t\�N,^�o%\S]_PS]*aT]_u�¹zÐ�Â�o�º�[J\S]l�2X�UJRTL�N,[J[JuZX�alN,PQX�]_`bL0�{XZPQe
U>XZ\SRTajP�N_aTaTRTLSL�PS]�fho�¥¦L{[�N_aSs�RjPMUJRjuZXZ��Rj\QW¼L�Rj\Q�*X�aTRt~
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UDP TCP

Multiplexing
Datagram service

Routing, fragmentation/reassembly

IP

MAC and Physical Layers

FTP Email HTTP Telnet

Application Layer

VideoVoice

Multiplexing, end−to−end flow  control
Congestion  control

Reliable in−order byte stream delivery, 

¬�XZ}twJ\SR�tô@m�n�o�¨,fho«[J\S]_PS]*aT]_u�N,\SaSeJXZPSRTajPQwJ\SRt~

m"ebRÁ[�N_aSs�RjPUJRjuZXZ��Rj\QW [J\S]*aTRTLSL0XZ`YPQebRÁfh`iPSRj\Q`bRjP�^ONlWGx�N,XZu�x�]_\0^ON,`*W�\SRlN_LS]_`bLl~r¬b]_\R5ÈbN,^[Ju�Rtk�\S]_wJPSRj\SL
^ONTWre�NT��R�XZ`baT]_\Q\SRTajP0]_\$]_VbLS]_u�RjPSR�\S]_wJPQXZ`J}cXZ`>x�]_\Q^ON,PQX�]_`=~�o�N_aSs�RjPSL0^ONTWrV�RU>\S]_[J[�RTU�XZ`�PQebR�`bRjPh��]_\QsGU>wbR
PS]�aT]_`J}�RTLSPQX�]_`q]_\OPS]�VJXZP�Rj\Q\S]_\SLÁalN,wbLSRTUvViWv`b]_X�L�RgXZ`«PQebR�PQ\�N,`bLQ^X�LSLQX�]_`q^�RTU>XZwJ^ck{]_\�U>X�LSalN,\SUJRTUÍN,P�PQebR
UJRTLQPQXZ`�N,PQX�]_`!eb]tLQPSL�U>wbR�PS]�u�N_a�s�],x�VJw>�	Rj\�LS[�N_aTRt~r¬bwJ\QPQebRj\Q^�]_\SRtk.XZ`!]_\SUJRj\�PS]�XZ^[J\S]l��R¼PQebRÁR5õOajX�Rj`bajW ],x
PQebR�f�`*PSRj\Q`bRjP�N,`bUÁXZPSL{LQwJ\Q�*XZ�tN,VJXZuZXZP�W�k>[�N_a�s�RjPSL{V�Rju�]_`J}tXZ`J}�PS]�]_`bR�aT]_`i��Rj\SL±N,PQX�]_`c^ONTW�V�RM\S]_wJPSRTUg]_`gU>X���Rj\SRj`*P
[�N,PQebL.XZ`PQebR�`bRjP���]_\Qs�~.m"eJX�L%u�RlN_UJL@PS]�PQebR{[�]tLSLQXZVJXZuZXZP�W],x	]_wJPy|�],xE|�]_\SUJRj\"N,\Q\QXZ�_N,u�N,P@PQebR�UJRTLQPQXZ`�N,PQX�]_`=~%¬�XZ`�N,uZuZW�k
U>wJ[JuZX�alN,PSR�[�N_aSs�RjPSL0^ONTW�N,[J[�RlN,\0U>wbR�PS]cVJwJ}�L�XZ`�\S]_wJPSRj\�LS],xzP���N,\SRÁ]_\$\SRjPQ\�N,`bLQ^X�L�LQX�]_`�xz\S]_^öPQebR�LS]_wJ\SaTRTLl~
m"eiwbL�kJPQebR�[�N_aSs�RjPMUJRjuZXZ��Rj\QWgLSRj\Q�*X�aTR�XZ`gPQebR�f�`*PSRj\Q`bRjP�UJ]2RTL{`b]_P{}tXZ��R�N,`iW¼}tw�N,\�N,`*PSRTRTL�PS]�PQebR$L�Rj`bUJRj\l~
÷ ]tLQP�N,[J[JuZX�alN,PQX�]_`bLlk"eb]���Rj��Rj\lk�\SRT�iwJXZ\SRg\SRjuZX�N,VJu�Rtk�XZ`>|�]_\SUJRj\�UJRjuZXZ��Rj\QWd],x�^�RTLSL�N,}�RTLOV�RjPh��RTRj`ÍP���] Rj`bU2|

[�]_XZ`iPSLl~ m"ebRjW!N,u�LS]r\SRT�*wJXZ\SR�ø�]l�ùaT]_`*PQ\S]_u{XZ`d]_\SUJRj\PS]�[�N_aTR¼PQebRÁPQ\�N,`bLyx�Rj\�\�N,PSR¼�{ebRj`vPQebRÁ\SRTaTRjXZ��Rj\l¥¦L�\SR5|
LS]_wJ\SaTRTLlk>LQwba�ecN_L�[J\S]2aTRTLSLQXZ`J}�[�]l��Rj\�]_\�VJw>�	Rj\"LS[�N_aTRtk>N,\SRM`b]_P"LQw>õOajX�Rj`iP{PS]0e�N,`bU>u�R�PQebR�PQ\�N7õOa�XZ`_úyRTajPSRTUÁViW
PQebR�LSRj`bUJRj\Sût~�Kü[�]tLSLQXZVJu�R�N,[J[J\S]�N_aSe�PS]gxz]_uZu�]��ü��]_wJu�U�V�R�x�]_\�RlN_a�eYN,[J[JuZX�alN,PQX�]_`�PS]cXZ^[Ju�Rj^�Rj`iP�PQebR�Rj\Q\S]_\
UJRjPSRTajPQX�]_`vN,`bU�\SRTaT]l��Rj\QWG^�RTa�e�N,`JX�LQ^�L�\SRT�iwJXZ\SRTU�xz]_\�XZPSL�]_[�Rj\�N,PQX�]_`=~g��]���Rj��Rj\lk�}tXZ��Rj`�PQe�N,P0PQebRTLSR^�RTa�e�N7|
`JX�LQ^�L�N,\SR$`bRTRTUJRTU�ViWg^ON,`*W�N,[J[JuZX�alN,PQX�]_`bLlk�PQebR�N_U>�tN,`iP�N,}�RTL�],x@N�aT]_^^�]_`r[J\S]_PS]*aT]_u��{eJX�aSer[J\S]l�2X�UJRTLMPQeJX�L
xzwJ`bajPQX�]_`�N,uZXZP�WdN,\SR¼XZ^^�RTU>X�N,PSRjuZW!N,[J[�N,\SRj`*Pl~vý�]_P]_`JuZW ��]_wJu�UvPQebRgNT�tN,XZu�N,VJXZuZXZP�Wd],x�LQwbaSedNr[J\S]_PS]2aT]_u�RlN_LSR
PQebR�UJRTLQXZ}t`�N,`bU¼XZ^[Ju�Rj^�Rj`*P�N,PQX�]_`�],x�N,[J[JuZX�alN,PQX�]_`bL�kJVJwJP{XZP�N,u�LS]N,uZu�]l��L�PQebRMR5õOajX�Rj`*P�^0wJuZPQXZ[Ju�R5È2XZ`J}O],x�UbN,P�N7|
}t\�N,^�L�\SRTaTRjXZ��RTUÁN,P"N�eb]tLQP�PS]$PQebR�N,[J[J\S]_[J\QX�N,PSR�Rj`bU2|�[J\S]2aTRTLSLSRTLl~%fh`�PQebR�ajwJ\Q\SRj`iP{f�`*PSRj\Q`bRjP"N,\Sa�eJXZPSRTajPQwJ\SRtk>PQeJX�L
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FTP HTTP Telnet FTP HTTP Telnet

¬�XZ}twJ\SR � ôvm�n�o�X�L�N,`�Rj`bU2|�PS],|�Rj`bU�[J\S]_PS]2aT]_u$�{eJX�a�e�[J\S]l�2X�UJRTLg\SRjuZX�N,VJu�R�UbN,P�NvUJRjuZXZ��Rj\QW(LSRj\Q�2X�aTR�PS]!wbLSRj\
N,[J[JuZX�alN,PQX�]_`bLl~

[J\S]2aTRTLSLy|�PS],|�[J\S]2aTRTLSL�aT]_^^�wJ`JX�alN,PQX�]_`�\S]_u�R�X�L{[Ju�NlW�RTUcV*W¼m�n�o�k�N_L�UJRj[JX�ajPSRTU�XZ`c¬�XZ}b~ � ~
m�n�o e�N_L�Ph��] XZ^[�]_\QP�N,`*POxzwJ`bajPQX�]_`bLl~(m"ebRg�b\SLSPOX�L�PS]�[J\S]l�2X�UJRc\SRjuZX�N,VJu�RrUbN,P�NGPQ\�N,`bLyx�Rj\OPS]YN,[J[JuZX�alN7|

PQX�]_`bLl~%m"ebR�LSRTaT]_`bUOX�L�PS]0[�Rj\yx�]_\Q^ aT]_`J}�RTLQPQX�]_`gNT��]_X�UbN,`baTR�^�RlN_LSwJ\SRTL@PS]0[J\S]_PSRTajP�PQebR�`bRjP���]_\Qs�xz\S]_^ a�eJ\S]_`JX�a
aT]_`J}�RTLQPQX�]_`=~@Ì�R�U>X�LSajwbLSL�RlN_a�e�],xÏPQebR$P���]OXZ`gPQwJ\Q`cV�Rju�]l�$~

����� ��������� �!�#"%$&��"%��������� �!�(')� *�+-,/.0*-�213, $4,513�6*�+-7��8�49
: `�PS]_[!],x�PQebR�wJ`J\SRjuZX�N,VJu�Rtk@aT]_`J`bRTajPQX�]_`Ju�RTLSL�fho LSRj\Q�2X�aTRtk�m�n�o X�L�N�·S¶t°b°�³Q·T²<;�¶_°q¶t´=;�³5°�²�³Q½�>�´y¶t²�¶�·S¶_¸��{eJX�a�e
[J\S]l�2X�UJRTL�PQebR�xz]_uZu�]��{XZ`J}OLSRj\Q�2X�aTRTL{PS]`bRjP���]_\Qs�N,[J[JuZX�alN,PQX�]_`bLlô

t~@?�³5¸A;�¾�B%;:¸C;:²zÄt~$fh`�PQebR�Rj��Rj`*P$],x@[�N_aSs�RjP�u�]tLSL�]_\MVJXZP�Rj\Q\S]_\SLlk	m�n�o�XZ`bLQwJ\SRTL�PQe�N,P$N,`*W�u�]tLQP�]_\�aT]_\Q\QwJ[JPSRTU
UbN,P�NON,\SR�\SRjPQ\�N,`bLQ^XZPQPSRTU�N,`bUc\SRTaTRjXZ��RTU�N,P�PQebR�UJRTLQPQXZ`�N,PQX�]_`=~

� ~�¯±°6D©¶_´Q½i³5´½i³5¸C;�E_³5´±Äc¶GFHB5Ät²�³±Å5~�m�n�oq\SRT]_\SUJRj\SLMUbN,P�NÁN,`bU�RjuZXZ^XZ`�N,PSRTL�U>wJ[JuZX�alN,PSRTL�N,P�PQebR�\SRTaTRjXZ�*XZ`J}¼Rj`bU
V�R5x�]_\SR�UJRjuZXZ��Rj\QXZ`J}�PQebR�UbN,P�N�PS]0PQebRMN,[J[JuZX�alN,PQX�]_`¼[J\S]2aTRTLSLl~�m"ebR�V*W*PSR�}t\�N,`iwJu�N,\QXZPhW�[J\S]��*X�UJRTL�ø�R5È>XZVJXZuZXZP�W
XZ`!e�N,`bU>uZXZ`J}�UbN,P�NrU>wJ\QXZ`J}GPQ\�N,`bLyx�Rj\SLlk%�{eJXZu�RgNT��]_X�U>XZ`J}GPQebR¼aT]_^[Ju�R5È>XZP�W!],xMUJRlN,uZXZ`J}��{XZPQevPQebR��b`bRTLQP
}t\�N,`*wJu�N,\QXZP�W ¹:X�~¦Rt~ZkbVJXZPSL±º5~

I ~KJ�Æ*¸�²<;�>�¸Z³ML4;E°*¿�~�m�n�o N,uZu�]l��L�PQebR"R5õOajX�Rj`iP%^0wJuZPQXZ[Ju�R5È2XZ`J}0N,`bU�UJRj^�wJuZPQXZ[Ju�R5È>XZ`J}�],x�PQ\�N7õOa@xz\S]_^ U>X���Rj\SRj`*P
[J\S]2aTRTLSLSRTL%]_`]_`bR�^ON_aSeJXZ`bRtkiViW0X�UJRj`iPQX�xzW*XZ`J}�RlN_a�e�{XZPQe�N � V*W*PSR"XZ`*PSRj}�Rj\%`iwJ^�V�Rj\�¹zalN,uZu�RTUm�n�o�[�]_\QP±º5~

N ~@O@¸Z¶_Ã ·�¶_°�²z´Q¶_¸æ~ÁK m�n�oî\SRTaTRjXZ��Rj\�alN,`�PQeJ\S]_PQPQu�R�NgLSRj`bUJRj\�ViWGLQ[�RTajX�x:W2XZ`J}�N¼uZXZ^XZP�]_`�PQebR�N,^�]_wJ`iP0],x
UbN,P�NXZP�alN,`gPQ\�N,`bLQ^XZPl~

m�n�o�¥¦L¼PQ\�N,`bLQ[�]_\QPgLSRj\Q�2X�aTRTL¼N,\SR�\SRT�*wJXZ\SRTU(ViWd^ON,`*W«[�]_[JwJu�N,\¼fh`iPSRj\Q`bRjP�N,[J[JuZX�alN,PQX�]_`bL�~ n�]_`bLQX�UJRj\QXZ`J}!PQebR
aT]_^[Ju�R5È>XZP�Wv],x�LSwbaSeqN�[J\S]_PS]2aT]_u0¹zRt~ }b~Zk�XZ`dPQebRQP	XZ`*w>Èds�Rj\Q`bRju�k�m�n�o N,u�]_`bRg\SRT�iwJXZ\SRTLÁN,V�]_wJPcSR>k�T4T4T�uZXZ`bRTL
],x�aT]*UJRtk%N,`bU�[J\�N_ajPQX�alN,uZuZW�`b]cXZ^[Ju�Rj^�Rj`*P�N,PQX�]_`vX�L�VJwJ}�x:\SRTR�º5k�XZ^[Ju�Rj^�Rj`iPQXZ`J}�N�aT]_^[�N,\�N,VJu�RO[J\S]_PS]2aT]_u@x�]_\
RlN_aSe�N,[J[JuZX�alN,PQX�]_`���]_wJu�U�aT]_`bLSPQXZPQwJPSR�NLSXZ}t`JX���alN,`iP�UJRj��Rju�]_[J^�Rj`iP�]l��Rj\QebRlN_U	~{fh`bUJRTRTU	kbPQebR�NT�tN,XZu�N,VJXZuZXZP�W�],x@N
}�Rj`bRj\QX�a�UbN,P�NPQ\�N,`bLQ[�]_\QP�[J\S]_PS]*aT]_uËPSRTLQPSRTU�N,`bUcUJRjVJwJ}t}�RTU�ViW¼^ON,`iW¼wbLSRj\SL�]l��Rj\MLSRj��Rj\�N,u=W�RlN,\SL�e�N_L�Rj`�N,VJu�RTU
PQebR�\�N,[JX�UcUJRj[Ju�]�W*^�Rj`*P�],xÏ`bRj� N,[J[JuZX�alN,PQX�]_`bL�XZ`gPQebR�fh`iPSRj\Q`bRjP0¹zRt~ }b~ZkJPQebR�Ì�RjV�º5~.Ì�R�}�]�XZ`iPS]PQebR�UJRjP�N,XZu�L�],x
m�n�o�¥¦L�UbN,P�NUJRjuZXZ��Rj\QWgLSRj\Q�*X�aTRTL�XZ`VU2RTajPQX�]_`bL N N,`bUWR>~

I



����X YZ��[]\^�6�_$`+-��[bac7���+edf,�[]���g,�[]dhYZ��[�$4�`��*
fh`�N_UJU>XZPQX�]_`�PS]gPQebR�L�Rj\Q�*X�aTRTL�[J\S]��*X�UJRTU�PS]�N,[J[JuZX�alN,PQX�]_`bLlk�Ngaj\QXZPQX�alN,u�N_LQ[�RTajP�],x�N,`iW�PQ\�N,`bLQ[�]_\QP$[J\S]_PS]2aT]_u.X�L
XZPSL�V�Rje�Nl�*X�]_\�XZ`rPQebR�`bRjPh��]_\Qs�~Mfh`bUJRTRTU	k�PQebR�ebRjPSRj\S]_}�Rj`bRjXZPhWr],x.PQebR�fh`iPSRj\Q`bRjP�aj\SRlN,PSRTL�`bRjP���]_\Qs�V�]_PQPQu�Rj`bRTaSs>L
N,u�]_`J}rPQebRO[�N,PQebL�],x�aT]_`J`bRTajPQX�]_`bLl~jiMXZ��Rj` PQebRÁ]_[�Rj`YN_aTaTRTLSL0PS]�PQebRO`bRjP���]_\Qs�k@N,`bU �{XZPQeb]_wJP�\�N,PSR�aT]_`*PQ\S]_u
N,P�PQebR�LS]_wJ\SaTRTLlk�PQebR�VJw>�	Rj\SL$N,PMPQebRTL�R0V�]_PQPQu�Rj`bRTaSs>L��buZu�wJ[=k�u�RlN_U>XZ`J}gPS]Áu�N,\Q}�R�iwbRjwJXZ`J}cUJRju�NlW2L$N,`bUr[�N_a�s�RjP
u�]tLSLl~�k�RjPQ\�N,`bLS^X�LSLQX�]_`�],x�u�]tLSP�UbN,P�N�]_`JuZWN,}t}t\�NT�tN,PSRTL.PQebR�[J\S]_VJu�Rj^c~%m"ebRj\SR5x�]_\SRtk�^�RTa�e�N,`JX�LQ^�L%x�]_\%LS]_wJ\SaTRTL%PS]
N_UbN,[JP�PS]$`bRjP���]_\Qs�aT]_`J}�RTLQPQX�]_`cN,\SR�`bRTRTUJRTU	~.¬b]_\�PQeJX�L@\SRlN_LS]_`=k2m�n�oYXZ`bajuZwbUJRTL{N_UbN,[JPQXZ��RMaT]_`J}�RTLSPQX�]_`ÁaT]_`*PQ\S]_u
^�RTaSe�N,`JX�LS^�Llk2�{eJX�aSe¼\SRlN_ajP�PS]0aT]_`J}�RTLQPQX�]_`ÁXZ`bU>X�alN,PQX�]_`bL$¹:X�~¦Rt~Zki[�N_a�s�RjP�u�]tL�L±º�ViWOuZXZ^XZPQXZ`J}0PQebR�N,^�]_wJ`iP"],xËUbN,P�N
s�Rj[JP�]_wJPSLQP�N,`bU>XZ`J}b~�m"ebRTLSR�^�RTaSe�N,`JX�LQ^�LMN,uZu�]l�îm�n�odPS]�N_UbN,[JP�PS]�ebRjPSRj\S]_}�Rj`bRT]_wbL�`bRjPh��]_\QscRj`i�2XZ\S]_`J^�Rj`iPSL�k
N,`bU�e�NT��R0V�RTRj`�XZ`bLQPQ\QwJ^�Rj`iP�N,u%XZ`�s�RTRj[JXZ`J}�PQebR�f�`*PSRj\Q`bRjPMx:\S]_^ÇLQXZ`Js*XZ`J}�XZ`iPS]ÁaT]_`J}�RTLQPQX�]_`GaT]_uZu�N,[bLSRt~�fh`cx�N_ajPlk
XZP�X�L��iwJXZPSRaT]_^^�]_`�xz]_\�`bRjP���]_\Qs�^ON,`�N,}�Rj\SL�PS]¼LSRjPQwJ[��b\SRj��N,uZu�L�PQe�N,P��buZPSRj\�PQ\�N7õOa�x:\S]_^ ]_PQebRj\�[J\S]_PS]2aT]_u�L
x�]_\"xzRlN,\�],x�XZPSL�R5�	RTajPSL�]_`gPQebR�`bRjPh��]_\Qs�~
Ð�`bUJRj\SLQP�N,`bU>XZ`J}gm�n�o�¥¦L�aT]_`J}�RTLQPQX�]_`�aT]_`iPQ\S]_u�^�RTaSe�N,`JX�LQ^�L�X�L���Rj\QWcXZ^[�]_\QP�N,`iPMxz]_\�P���]O\SRlN_LS]_`bL�~�¬�XZ\SLQPlk

PQebRjWcU>X�ajP�N,PSR0PQebR$[�Rj\yxz]_\Q^ON,`baTR�],x@UbN,P�N�N,[J[JuZX�alN,PQX�]_`bLMXZ`��_N,\QX�]_wbL�`bRjP���]_\Qs�Rj`i�2XZ\S]_`J^�Rj`iPSL�~KU2RTaT]_`bU	k�}tXZ��Rj`
m�n�o�¥¦L�[J\SRj[�]_`bUJRj\�N,`baTRtktPQebRjW0UJRjPSRj\Q^XZ`bR�PQebR"aSe�N,\�N_ajPSRj\QX�LSPQX�aTL.],x�PQebR"N,}t}t\SRj}iN,PSR"PQ\�N7õOa�XZ`�PQebR"f�`*PSRj\Q`bRjPl~�¬b]_\
PQebRTLSR�\SRlN_LS]_`bL�k	m�n�o�¥¦L$aT]_`J}�RTLQPQX�]_`�aT]_`*PQ\S]_u%^�RTaSe�N,`JX�LQ^�L�e�NT��RV�RTRj`�PQebRLQwJV>úQRTajP�],x{N�u�N,\Q}�RON,`bU�U>XZ��Rj\SLSR
V�]*U>W!],xM\SRTL�RlN,\SaSeqLSPQwbU>X�RTLlk�\�N,`J}tXZ`J}Gx:\S]_^ Rj`Je�N,`baTRj^�Rj`iPSLÁPS]GPQebRg^�RTa�e�N,`JX�LQ^�LOPQebRj^�L�RjuZ��RTL�PS]G`bRjPh��]_\Qs
^�RlN_LQwJ\SRj^�Rj`*PSL�N,`bUÁPQ\�N7õOa�^�]*UJRjuZXZ`J}b~.Ì�RMUJRTL�aj\QXZV�R�m�n�o�¥¦L{aT]_`J}�RTLSPQX�]_`�aT]_`iPQ\S]_u	^�RTa�e�N,`JX�LQ^�L�XZ`gUJRjP�N,XZu	XZ`
U2RTajPQX�]_`)l2~

����m nj�^,�*��Q�^oc$`p]+��W1j�q�sr]tu�6[�$
fh`gPQeJX�L�UJ]*ajwJ^�Rj`*Plkb��R�e�NT��R�PQebRMxz]_uZu�]��{XZ`J}O}�]�N,u�Llô

t~@i�XZ��R$N�LQwbaTajXZ`bajP�[J\SRTLSRj`*P�N,PQX�]_`�],x�PQebR�U>X���Rj\SRj`*P�^�RTaSe�N,`JX�LQ^�L�XZ^[Ju�Rj^�Rj`iPSRTU�XZ`cm�n�oÏ~ : wJ\�N,XZ^�X�L{PS]
wJ`bUJRj\SLSP�N,`bUceb]l�îPQebRjWÁXZ`*PSRj\�N_ajPMN,`bU¼�{e�N,P�XZ^[�N_ajP�PQebRjW�e�Nl��R$]_`�N,[J[JuZX�alN,PQX�]_`�[�Rj\yx�]_\Q^ON,`baTRt~

� ~�mË\�N_aTR�PQebR�Rj��]_uZwJPQX�]_`�],x%m�n�o«N,`bUgLS]_\QP�]_wJP{PQebR�U>X��	Rj\SRj`iP���Rj\SLSX�]_`bL{PS]�ebRjuZ[gwJ`bUJRj\SLQP�N,`bUgXZPSL{ajwJ\Q\SRj`*P
UJRTLSXZ}t`=~

I ~�Â�RTLSaj\QXZV�R"m�n�o�¥¦L@N,[J[JuZX�alN,PQX�]_`XZ`*PSRj\yx�N_aTRtk2N,`bU0eb]��dU>X���Rj\SRj`*P@N,[J[JuZX�alN,PQX�]_`bL%wbLSR"m�n�o�~tm"eJX�L�s*`b]��{u�RTU>}�R
X�L�aj\QwbajX�N,uËXZ`gwJ`bUJRj\SLQP�N,`bU>XZ`J}¼N,`bUgXZ^[J\S]l�2XZ`J}�m�n�oÍN,[J[JuZX�alN,PQX�]_`bLl¥b[�Rj\yxz]_\Q^ON,`baTRt~

N ~@U*wJ\Q��RjWÁPQebRM^ON,XZ`g\SRTLSRlN,\SaSe�N,\SRlN_L"\SRju�N,PSRTU¼PS]�m�n�o�ô>[�Rj\yx�]_\Q^ON,`baTR�LQPQwbU>X�RTL"XZ`¼�_N,\QX�]_wbL"`bRjPh��]_\QsgRj`i�2X�|
\S]_`J^�Rj`*PSLlkb`bRjPh��]_\Qsg^�RTa�e�N,`JX�LQ^�L�P�N,\Q}�RjPSRTU�N,P�m�n�odPQ\�N7õOatk�N,`bU�R5��]_\QPSL�N,P�m�n�od^�]2UJRjuZXZ`J}b~

m"ebR�\SRTLSP�],x	PQebR�UJ]2ajwJ^�Rj`iP�X�L@]_\Q}iN,`JXwvlRTU¼N_L.x�]_uZu�]l��L�~qU2RTajPQX�]_`Á}tXZ��RTL"N�VJ\QX�R5x=]l��Rj\Q�2X�Rj�Í],x=m�n�o�¥¦L"]_[�Rj\�N,PQX�]_`=k
N,`bUrUJRTLSaj\QXZV�RTLMXZ`GNOLSwbaTajXZ`bajP�x�N_LQeJX�]_`rPQebR�^ON,XZ`�^�RTa�e�N,`JX�LQ^�LMxz]_\M\SRjuZX�N,VJu�R�UbN,P�N�PQ\�N,`bLQxzRj\�N,`bU�aT]_`J}�RTLQPQX�]_`
aT]_`iPQ\S]_u�~�f�`xU2RTajPQX�]_` I k���R�[J\SRTLSRj`iPgNGPQXZ^�RjuZXZ`bRr],x�m�n�o�¥¦L¼UJRj��Rju�]_[J^�Rj`iPlk�N,`bU«U>X�LSajwbL�LOPQebR�XZ^[�]_\QP�N,`*P
^XZu�RTLQPS]_`bRTLl~0U2RTajPQX�]_` N X�L{UJRj��]_PSRTUgPS]�PQebR�^�RTaSe�N,`JX�LQ^�L�PQe�N,P{XZ`bLQwJ\SR�\SRjuZX�N,VJu�R�UbN,P�N�UJRjuZXZ��Rj\QW�~@fh`WU2RTajPQX�]_`VR>k
��R�[J\SRTLSRj`iP.m�n�o�¥¦L.ø�]l�«aT]_`*PQ\S]_u�LSa�ebRj^�Rt~]U2RTajPQX�]_`ZyMUJRTLSaj\QXZV�RTL.PQebR"^�RTaSe�N,`JX�LQ^�L�wbLSRTU�XZ`�m�n�oGx�]_\%uZXZ^XZPQXZ`J}
PQebR%`*wJ^�V�Rj\�],xbLQ^ON,uZu�[�N_a�s�RjPSLÏL�Rj`iPlktN,`bU�XZ^[J\S]l�2XZ`J}MPQ\�N,`bLyxzRj\ÏR5õOajX�Rj`bajW�~qU2RTajPQX�]_`Hl�[J\SRTLSRj`*PSLËPQebR�aT]_`J}�RTLQPQX�]_`
aT]_`iPQ\S]_u�^�RTa�e�N,`JX�LQ^�L�PQe�N,P�N,\SR�XZ^[Ju�Rj^�Rj`*PSRTUGXZ`rm�n�o�N,`bU�UJRTLSaj\QXZV�RTL�PQebRjXZ\�U>X��	Rj\SRj`iP���Rj\SLQX�]_`bLl~Mm"ebRj`=k�XZ`
U2RTajPQX�]_`�z>kt��R"[J\SRTLSRj`iP�N�uZXZPSRj\�N,PQwJ\SR�LSwJ\Q��RjW0]_`m�n�o�¥¦L%[�Rj\yxz]_\Q^ON,`baTR�XZ`��tN,\QX�]_wbL%`bRjPh��]_\QsRj`i�2XZ\S]_`J^�Rj`iPSLl~%fh`

N



U2RTajPQX�]_`�{>k_��R{U>X�L�ajwbLSL%N_ajPQXZ��R{�iwbRjwbR�^ON,`�N,}�Rj^�Rj`iP@^�RTaSe�N,`JX�LQ^�L@N,XZ^�RTU�N,P�XZ^[J\S]��*XZ`J}$m�n�o�¥¦L.[�Rj\yx�]_\Q^ON,`baTR
XZ`�PQebR{`bRjPh��]_\Qs�~%Ì�R{[J\S]2aTRTRTUXZ`|U2RTajPQX�]_`rST�PS]�[J\SRTLSRj`*P@PQebR�a�e�N,\�N_ajPSRj\QX�LQPQX�aTL{N,`bU\SRT�iwJXZ\SRj^�Rj`*PSL"],x�[�]_[JwJu�N,\
m�n�o�N,[J[JuZX�alN,PQX�]_`bLl~�U2RTajPQX�]_`!t�PQebRj`�u�]2]_s>LMN,PMm�n�o�¥¦L�LS]*a�s�RjP�XZ`*PSRj\yx�N_aTRN,`bU�UJRTLSaj\QXZV�RTLMPQebR���NTWrLS]_^�R�],x
PQebR�[�]_[JwJu�N,\0UbN,P�N�N,[J[JuZX�alN,PQX�]_`bLg¹:`�N,^�RjuZW�k%mËRjuZ`bRjPlk�PQebR�Ì�RjV!N,`bU�¬�m{o�º�wbL�ROm�n�o�~�U2RTajPQX�]_`Í � [J\SRTLSRj`*PSL
PQebRM^ON,XZ`�\SRTLSwJuZPSL{],xËm�n�ov^�]*UJRjuZXZ`J}R5�	]_\QPSL{N,`bU�U>X�LSajwbL�LSRTL�X�LSLQwbRTL�\SRju�N,PSRTU¼PS]0aT]_^[JwJPSRj\�LQXZ^0wJu�N,PQX�]_`bL"�{XZPQe
m�n�o�~�¬�XZ`�N,uZuZW�kJ��R�aT]_`bajuZwbUJR$XZ`VU2RTajPQX�]_`  I ~

} ~x��������¤���

m"eJX�L�LSRTajPQX�]_`Y}tXZ��RTL�N�LSRju�x:|�aT]_`iP�N,XZ`bRTUv]���Rj\Q�*X�Rj��],x�m�n�o�¥¦L0xzwJ`bajPQX�]_`bLN,`bU ^�RTa�e�N,`JX�LQ^�Llk%�{eJX�a�e![J\S]l�2X�UJRTL
V�N_LQX�a�s*`b]��{u�RTU>}�R{],x�PQebR�[J\S]_PS]*aT]_u�¥¦L%]_[�Rj\�N,PQX�]_`=~�m"ebR�XZ`*PSRj\SRTLQPSRTU�\SRlN_UJRj\�^ONTW0LSs*XZ[�PQeJX�L�LSRTajPQX�]_`�N,`bU�[J\S]2aTRTRTU
PS]�PQebR�x�]_uZu�]l�{XZ`J}ÁLSRTajPQX�]_`bLlkJ�{ebRj\SR�PQebR�UJRjP�N,XZu�LMN,\SR�xzwJ\QPQebRj\�UJRj��Rju�]_[�RTU	~
KMLXZ`bU>X�alN,PSRTUÍRlN,\QuZX�Rj\lk�m�n�o [�Rj\yxz]_\Q^�LOP���]�^ON,XZ`dxzwJ`bajPQX�]_`bLl~«K"POPQebRcPS]_[v|�N,[J[JuZX�alN,PQX�]_`q|$u�Rj��Rju�k"XZP

VJwJXZu�UJL@]���Rj\�f©o�¥¦L�§�V�RTLQPy|�R5�	]_\QPyª�UJRjuZXZ��Rj\QWN�\SRjuZX�N,VJu�RtkiXZ`>|�]_\SUJRj\�ViW2PSR�LQPQ\SRlN,^pPQ\�N,`bLQxzRj\�LSRj\Q�*X�aTR{xz]_\%wbLSR�ViWUbN,P�N
N,[J[JuZX�alN,PQX�]_`bLl~�K"P�PQebR�V�]_PQPS]_^ |.`bRjP���]_\QsÁ|�u�Rj��Rju�kbXZP�XZ^[Ju�Rj^�Rj`*PSL�aT]_`J}�RTLSPQX�]_`caT]_`iPQ\S]_u=^�RTa�e�N,`JX�LQ^�Llkb�{eJX�a�e
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m"eJX�L�u�RTUÁPS]�PQebRMLQ[JuZXZP{],xËPQebR�^�RTaSe�N,`JX�LQ^�L{LQ[�RTajX���RTU�xz]_\�PQebRM]_\QXZ}tXZ`�N,u=m�n�o!XZ`iPS]�fhovN,`bUÁm�n�odN_L���RMs*`b]��
PQebRj^üPS]2UbNTW�~%m"e*wbLlk2fho�XZ`JebRj\QXZPSRTU�PQebR�eJX�Rj\�N,\Sa�eJX�alN,u=N_UJU>\SRTLSL@LQPQ\QwbajPQwJ\SR�¹:�{XZPQeÁN,`�XZ`baj\SRlN_L�RTUÁN_UJU>\SRTLSL@u�Rj`J}tPQe
xz\S]_^ PQebR]_\QXZ}tXZ`�N,u � N VJXZPSL�PS] I4� VJXZPSL±º5k	PQebR�\S]_wJPQXZ`J}cx:wJ`bajPQX�]_`�N,uZXZPhW�N,`bU�PQebR�x:\�N,}t^�Rj`*P�N,PQX�]_`�^�RTaSe�N,`JX�LS^c~
: `rPQebR�]_PQebRj\Me�N,`bU	k�PQebR�ajwJ\Q\SRj`iP�m�n�oÍXZ^[Ju�Rj^�Rj`iPSL�PQebR0]_\QXZ}tXZ`�N,u�^�RTa�e�N,`JX�LQ^�L�xz]_\�x:wJuZu�|�U>wJ[Ju�R5È	k�\SRjuZX�N,VJu�Rtk
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��N_L�s�Rj[JP�XZ`gPQebR�`bRj��N,\Sa�eJXZPSRTajPQwJ\SRt~
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XZ`Vk�¬Ïnl&{ I ¹yS{4z>tk�¥ZSR`l#¦:º5~{m"ebR�LQP�N,`bUbN,\SU�m�n�oÍebRlN_UJRj\MX�L�LQeb]��{`�XZ`r¬�XZ}b~ I ~{m"ebR$^�]tLQP�`b]_P�N,VJu�R0a�e�N,`J}�R
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¬�XZ}twJ\SR I ôGm�n�o ebRlN_UJRj\Áx�]_\Q^ON,Pl~�m"ebRrUbN,P�N�],�	LSRjPO��Rju�U«XZ`bU>X�alN,PSRTLÁPQebR�u�Rj`J}tPQe(],x$PQebR�ebRlN_UJRj\lk��{eJX�a�e
UJRj[�Rj`bUJL�]_`gPQebR�[J\SRTLSRj`baTR�],x�]_[JPQX�]_`bLlkbXZ`g^�wJuZPQXZ[Ju�RTLM],x N V*W*PSRTLl~

aT]_`J`bRTajPQX�]_`�X�L�RTLQP�N,VJuZX�LQebRTUc]_\{`b]_Pl~

�6¸^Ä�X�¿��6¸^Ä�ºu�Z�`�^.0*-�6tÍ�Z�V+Î$`p�Æ�tu,�*�*���,/��Ï^�s$`�
K [J\S]_VJu�Rj^ Rj`baT]_wJ`*PSRj\SRTU��{XZPQerRlN,\QuZWÁXZ^[Ju�Rj^�Rj`*P�N,PQX�]_`bL���N_L�PQebR$XZ`bR5õOajX�Rj`bajWg\SRTLQwJuZPQXZ`J}Ox:\S]_^ùLS^ON,uZu=[�N_aSs*|
RjPSLl~�m"ebRTLSR���Rj\SR�PQebR�\SRTLQwJuZP$],x"LSXZ^[JuZX�LQPQX�a�XZ^[Ju�Rj^�Rj`iP�N,PQX�]_`bL0XZ}t`b]_\QXZ`J}�aT]_^^�]_`�LSRj`bL�R0\QwJu�RTL�kËN,`bUGu�RTU�PS]
PQebR�N_UJU>XZPQX�]_`�],x�PQeJ\SRTR�^�RTa�e�N,`JX�LQ^�L�PS]gm�n�o�~=m"ebR0�b\SLQPlk=alN,uZu�RTUg�6;:¸:¸ Ä¾Ð�;E°�½�¶_Ãx��Ä_°�½t´y¶_ÀO³Ã�@E7¶&;�½�¾_°�·�³Tk	X�L
XZ^[Ju�Rj^�Rj`iPSRTUÍN,PV�]_PQedL�Rj`bUJRj\ON,`bU!\SRTaTRjXZ��Rj\ORj`bUJLPS]�[J\SRj��Rj`iP�wJ`J\SRlN_LS]_`�N,VJuZW!LQ^ON,uZu{�{XZ`bUJ]l� N_U>��Rj\QPQX�LSR5|
^�Rj`iPSL�x:\S]_^ V�RjXZ`J}cUJRTaju�N,\SRTUG]_\�wbLSRTU	~�m"ebRLSRTaT]_`bU	k=alN,uZu�RTU�Ñ�³5¸�¾tÄ�³S½����^Ò$Åjk�eb]_u�UJL�V�N_aSsrPQebR�}�Rj`bRj\�N,PQX�]_`
],x�N_aSs2`b]l�{u�RTU>}t^�Rj`*PSL$�{XZPQerPQebR�}�]�N,u�],x@aT]�N,u�RTLSajXZ`J}gN_aSs2`b]l�{u�RTU>}t^�Rj`*P$XZ`>xz]_\Q^ON,PQX�]_`=k��{XZ`bUJ]�� UJRTaju�N,\�N,PQX�]_`=k
N,`bU�`bRj�pUbN,P�N¼XZ`�]_`bRLSRj}t^�Rj`*Pl~m"eJX�L�^�RTaSe�N,`JX�LS^ÎX�L�`b]l�pXZ^[Ju�Rj^�Rj`*PSRTU�XZ`G^�]tLQP$m�n�oî\SRTaTRjXZ��Rj\SLl~�m"ebR
PQeJXZ\SU	k�alN,uZu�RTU2Ó$¾l¿t¸Z³8Ô ÅÁN,uZ}�]_\QXZPQeJ^ck�[J\SRj��Rj`iPSL�LSRj`bUJRj\SL$x:\S]_^Î[Ju�N_ajXZ`J}�^�]_\SR�PQe�N,`�]_`bR�LS^ON,uZu.[�N_aSs�RjP�XZ`GPQebR
`bRjP���]_\Qs�N,P�N,`iW¼]_`bR�PQXZ^�Rt~%Ì�R$}�]�XZ`iPS]�^�]_\SR�UJRjP�N,XZu�L�aT]_`baTRj\Q`JXZ`J}OPQebRTLSR$^�RTaSe�N,`JX�LQ^�L�XZ`VU2RTajPQX�]_`Vy>~

�6¸^Ä�Ê�¿��6¸^Ä�Ä©"���,�pf����YZ��[]\^�6�_$`+-��[�YZ��[�$4�`��*
ÌÍeJXZu�R{PQebR{PQeJ\SRTR{^�RTa�e�N,`JX�LQ^�L"UJRTLSaj\QXZV�RTU�N,V�]���R�aT]_\Q\SRTajPSRTU�PQebR{XZ`bR5õOajX�Rj`bajW\SRTLSwJuZPQXZ`J}$xz\S]_^üLQ^ON,uZub[�N_a�s�RjPSLlk
PQebRjWg��Rj\SR�]_`JuZW�N,VJu�R�PS]�UJRju�NlWgPQebR�XZ`bRj�2XZP�N,VJu�Rtô"`bRjP���]_\Qs�]l��Rj\Qu�]�N_U�alN,wbLSRTU�ViW�L�Rj`bUJRj\SL�[Ju�N_ajXZ`J}ÁPS]*]O^�wba�e
UbN,P�N�XZ`!PQebR�`bRjPh��]_\Qs�k�N,`bUY`b]_P�\SRlN_ajPQXZ`J}GPS]rPQebRÁ\SRTLQwJuZPQXZ`J}�aT]_`J}�RTLQPQX�]_`=~�m"ebRÁ[J\S]_VJu�Rj^ X�L�aT]_^[�]_wJ`bUJRTU
ViW�N�aj\QwbUJR�§�}�]gV�N_a�s�ý�ª\SRjPQ\�N,`bLQ^X�LSLSX�]_`�^�RTaSe�N,`JX�LS^ck�N,u�]_`J}��{XZPQeYN,`�XZ`�N,[J[J\S]_[J\QX�N,PSRÁ\SRjPQ\�N,`bLQ^XZP0PQXZ^�Rj\
alN,u�ajwJu�N,PQX�]_`=~îm"eJX�LÁLQXZPQw�N,PQX�]_`(LS]2]_`«u�RlN_UJL�PS]�§haT]_`J}�RTLQPQX�]_`(aT]_uZu�N,[bLSR5ª�k�N�LQP�N,PSRc�{ebRj\SR�PQebRc`bRjPh��]_\Qs«X�L�XZ`
uZXZ��Rju�]2aSs�kJ[�Rj\yx�]_\Q^XZ`J}��Rj\QWÁuZXZPQPQu�R�wbLSR5xzwJu	��]_\Qsj¥Z I R_¦�~�U2Rj��Rj\�N,uËLQwba�egXZ`bajX�UJRj`iPSL�]*aTajwJ\Q\SRTUgXZ`gPQebR$^X�U2|�S{4z4T_Ll~
m"ebR�LSRj��Rj\QXZPhWÁ],x�PQebR�[J\S]_VJu�Rj^»u�RlN_U¼PS]�PQebR$N_UJU>XZPQX�]_`�],x�aT]_`J}�RTLQPQX�]_`�aT]_`iPQ\S]_uË^�RTaSe�N,`JX�LQ^�L�PS]m�n�ovXZ`�S{4z`l
¥�{4{!¦�~dm"ebRTL�RcaT]_`bLQX�UJRj\�[�N_a�s�RjP�u�]tLSL�N_LON,`dXZ`bU>X�alN,PQX�]_`q],x�aT]_`J}�RTLQPQX�]_`=k�N,`bUv\SRTU>wbaTR�m�n�o�¥¦LOL�Rj`bU>XZ`J}�\�N,PSR
�{ebRj`Á[�N_aSs�RjP{u�]tLSL�X�L�UJRjPSRTajPSRTU	~@m"ebR�aT]_`J}�RTLQPQX�]_`gaT]_`*PQ\S]_u	^�RTaSe�N,`JX�LQ^�L"��Rj\SR��b\SLSP�UJRTLSaj\QXZV�RTU�XZ`¼N�[�N,[�Rj\�ViW
Õ N_aT]_VbLS]_`gN,`bU|±$N,\SRju�L@¥�{4{!¦�~�m"eJX�L���Rj\SLQX�]_`¼],xËm�n�o�¥¦L"aT]_`J}�RTLQPQX�]_`ÁaT]_`*PQ\S]_u�^�RTaSe�N,`JX�LQ^�L�e�N_L�V�RTaT]_^�R�s*`b]��{`
N_L$m�N,eb]*Rm�n�o�k=V�RTalN,wbLSR�PQebRjWGN,[J[�RlN,\SRTU�XZ`3�"Rj\Qs�Rju�RjW�¥¦LÃU2],x:Ph��N,\SR�Â�X�LSPQ\QXZVJwJPQX�]_`�Ð�ýMfeÖ�k�\SRju�RlN_LSR N ~ I ��U2Â
mÏN,eb]2Rt~%Ì�R�}�]�XZ`iPS]PQebR$UJRjP�N,XZu�L�],x�PQebR$aT]_`J}�RTLSPQX�]_`�aT]_`iPQ\S]_uÏ^�RTaSe�N,`JX�LQ^�L�XZ`VU2RTajPQX�]_`�l2~
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m"ebR��b\SLQP"^�]*U>X���alN,PQX�]_`�PS]�m�N,eb]*Rt¥¦L�aT]_`J}�RTLQPQX�]_`caT]_`iPQ\S]_u	^�RTa�e�N,`JX�LQ^�L�^ON_UJRMPQebR�U>X�LQPQXZ`bajPQX�]_`gV�RjP���RTRj`gu�]tLSL
UJRjPSRTajPSRTU�PQeJ\S]_wJ}te¼N$\SRjPQ\�N,`bLQ^XZP�PQXZ^�RT]_wJP{N,`bU�u�]tL�L@UJRjPSRTajPSRTUÁPQeJ\S]_wJ}te�PQebR�\SRTaTRj[JPQX�]_`Á],xÏN_a�s*`b]��{u�RTU>}t^�Rj`iPSL
alN,\Q\QW2XZ`J}OPQebR�L±N,^�R�LSRT�*wbRj`baTR$`*wJ^�V�Rj\l~�f�`�[�N,\QPQX�ajwJu�N,\lk�m�n�o�¥¦L�PQeJ\S]_wJ}teJ[JwJP�\SRTU>wbajPQX�]_`rXZ`�\SRlN_ajPQX�]_`rPS]PQebR
u�N,PQPSRj\%��N_L.^ON_UJR"u�RTLSL�U>\�N_LQPQX�at~�m"ebR{aSe�N,`J}�RtkiUJRTL�aj\QXZV�RTU�V*W Õ N_aT]_VbLS]_`OXZ`N,`�Rj^ON,XZuJPS]MPQebR{f�Ì.m{¬rRj`bU2|�PS],|�Rj`bU
XZ`iPSRj\SRTLSP�uZX�LQPc¥ZST>%¦�kJ�"N_L�XZ^[Ju�Rj^�Rj`*PSRTUcXZ`cPQebRM§ek�Rj`b],ªM��Rj\SLSX�]_`c],x�m�n�o�kb\SRju�RlN_LSRTUcXZ` N ~ I ��U2Â�k�Rj`b]J~

�6¸^¸�º�"�ØZY|ÙÚ,�[]dÜÛZ�8\^,��)YZ��[]\^�6�_$`+-��[�YZ��[�$4�`��*
fh` S{4{ N k���\�N,s2^�]¼N,`bU�o�RjPSRj\SLS]_`�[J\S]_[�]tLSRTUrN`bRj�®LSRjP�],x.PSRTa�eJ`JX��iwbRTL�x�]_\�aT]_`J}�RTLQPQX�]_`�aT]_`iPQ\S]_u�k�u�RlN_U>XZ`J}¼PS]
N,`b]_PQebRj\�m�n�oq��Rj\SLQX�]_`=kbalN,uZu�RTUQÝ.Rj}iN_Lc¥ I {!¦�~
fh`�¥�y4{!¦�k�¬Ïu�]�W2U�LQPQwbU>X�RTL�PQebR�V�Rj`bR5�bPSLM],x%XZ^[Ju�Rj^�Rj`iPQXZ`J}QÌ�È>[JuZX�ajXZP�n�]_`J}�RTLQPQX�]_`�ýM]_PQX���alN,PQX�]_`�XZ`cPQebR�`bRjPy|

��]_\Qs�kt�{ebRj\SRjV*W�\S]_wJPSRj\SL�^ON,\Qs�\�N,PQebRj\�PQe�N,`U>\S]_[�[�N_aSs�RjPSL%U>wJ\QXZ`J}$aT]_`J}�RTLQPQX�]_`=k*N,`bU�[J\S]_[�]tLSRTL�^�]2U>X���alN,PQX�]_`bL
PS]m�n�o!x�]_\"wbLQXZ`J}LQwbaSegXZ`bU>X�alN,PQX�]_`bLl~�f�`GS{4{4{>kbN�x�]_\Q^ON,u	[J\S]_[�]tL�N,u�x�]_\�N_UJU>XZ`J}°Ì�n�ý�PS]�f©o!�b\SLQP�N,[J[�RlN,\SRTU
XZ`(k�¬�n � N z>�¥ZSy4T_¦�k�N,`bUgX�L{ajwJ\Q\SRj`*PQuZW�N�[J\S]_[�]tLSRTUgLQP�N,`bUbN,\SUgXZ`Wk�¬Ïn I Sy4zQ¥ZSy>Þ¦�~
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fh`qN�LQPQwbU>Wv],xâk�Rj`b]J¥¦LO[�Rj\yx�]_\Q^ON,`baTRtk{�M]*RgX�UJRj`*PQX���RTUÍ[J\S]_VJu�Rj^�LO�{XZPQeqXZPSL�[�Rj\yxz]_\Q^ON,`baTR��{ebRj`«^0wJuZPQXZ[Ju�R
[�N_aSs�RjPSL�N,\SR�u�]tLQP�XZ`�N��{XZ`bUJ]l�«¥�{ I ¦�~@m"eJX�L�LQPQwbU>W¼u�RlN_UcPS]^�]2U>X���alN,PQX�]_`bL�XZ`cPQebR�V�Rje�NT�2X�]_\�],xqk�Rj`b]Jkb�{eJX�a�e
��Rj\SR$XZ^[Ju�Rj^�Rj`iPSRTU�XZ`cPQebR�ý�Rj��k�Rj`b]��Rj\SLQX�]_`�],x%m�n�o«aT]_`J}�RTLSPQX�]_`�aT]_`iPQ\S]_u�~
÷ N,PQeJX�L$RjP$N,u�~�XZ`*��RTLQPQXZ}iN,PSRTUGPQebR�wbLSR],x"LSRju�RTajPQXZ��R�N_aSs2`b]l�{u�RTU>}t^�Rj`*PSLg¹-U2K�n0±�º5k��{eJX�aSe�[J\S]��*X�UJRXZ`>x�]_\y|

^ON,PQX�]_`�N,V�]_wJPM`b]_`>|�aT]_`*PQXZ}twb]_wbL�VJu�]2aSs>L�],x�UbN,P�N�\SRTaTRjXZ��RTU�N,P�PQebR�UJRTLQPQXZ`�N,PQX�]_`=~�m"eJX�L�XZ`>xz]_\Q^ON,PQX�]_` alN,`rV�R
wbLSRTUOPS]0LQXZ}t`JX���alN,`*PQuZW�XZ^[J\S]l��R�m�n�o�¥¦L�[�Rj\yxz]_\Q^ON,`baTR��{ebRj`Á^�wJuZPQXZ[Ju�RM[�N_aSs�RjPSL{N,\SR�u�]tLSP��{XZPQeJXZ`¼]_`bR��{XZ`bUJ]��
¥�R4y!¦�~�m"ebR{^�]2U>X���alN,PQX�]_`bL.\SRT�*wJXZ\SRTU�xz]_\%PQebR�N_UJU>XZPQX�]_`�],x^U2K�n0±�PS]�m�n�oYN,[J[�RlN,\SRTU�N_L@NM[J\S]_[�]tL�RTULQP�N,`bUbN,\SU
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[�]_\QP{`iwJ^�V�Rj\�XZ`>x�]_\Q^ON,PQX�]_`cx�]_\�N�LSRTLSLSX�]_`3¥�z4y!¦�~
K aT]_`J`bRTajPQX�]_`!alN,`�V�R�aju�]tLSRTU�V*WG]_`bROLQX�UJRXZ`Y]_`bROU>XZ\SRTajPQX�]_`=k�VJwJP0LSPQXZuZu.V�R�wbLSRTU�PS]gPQ\�N,`bLQxzRj\�UbN,P�NgXZ`

PQebR]_PQebRj\�U>XZ\SRTajPQX�]_`=~���]���Rj��Rj\lk=PQeJX�L�[J\S]_[�Rj\QP�WrX�L�`b]_P�\SRT�iwJXZ\SRTU�N,`bUGL�]_^�R0XZ^[Ju�Rj^�Rj`*P�N,PQX�]_`bL0UJ]_`=¥ P�e�Nl��R
PQeJX�L�N,VJXZuZXZP�W�~�m"ebRÁaT]_`J`bRTajPQX�]_`«X�L�aju�]tL�RTU �{ebRj`v]_`bR¼LQX�UJRÁ[�Rj\yxz]_\Q^�LN,`dN,V�]_\QP]_\�N7xzPSRj\�V�]_PQe!LQX�UJRTLaju�]tLSR
PQebRÁaT]_`J`bRTajPQX�]_`=~GK�LSRj}t^�Rj`iP��{XZPQe©k�U2mpø�N,}rX�L�LSRj`*P0�{ebRj`dN�aT]_`J`bRTajPQX�]_`YX�LN,V�]_\QPSRTU�PS]�XZ`bU>X�alN,PSRÁPQe�N,P
UbN,P�N�^XZ}teiP�e�Nl��R0V�RTRj`�u�]tLQPl~�m"ebR�LQP�N,PSR0xz]_\�NOaju�]tL�RTUraT]_`J`bRTajPQX�]_`Ge�N_L�PS]�V�R�\SRj^�Rj^0V�Rj\SRTU�x�]_\�N�§�uZXZ`J}�Rj\yª
PQXZ^�R�¹zalN,uZu�RTU�m{f ÷ Ì�Â{Ì�K�f©m�LQP�N,PSR�º5k��{eJX�aSerX�L � fh`iPSRj\Q`bRjP ÷ N7È2XZ^0wJ^¶U2Rj}t^�Rj`iPKP	X�x�RjPQXZ^�RTL�¹ ÷ UÁPÏº5k�]_\ � N T
LSRTaT]_`bUJLl~0ÂMwJ\QXZ`J}gPQeJX�L�[�Rj\QX�]2U	k�PQebRc¹:\SRj^�]_PSRLS]2aSs�RjPlk	u�]2alN,u%LS]2aSs�RjP±º�[�N,XZ\�X�L�aT]_`bLQX�UJRj\SRTU�VJwbLQW�N,`bUGalN,`J`b]_P
V�R�wbLSRTU	~

ºf��X '���"%����df�8�£+�[f\u,�[]d�13r]½�*e+���,�$4��ØH*�+etu+e[f,�$`+-��[
fh`�PQeJX�L�LSRTajPQX�]_`r��R�UJRTLSaj\QXZV�R$PQebR0^�RTaSe�N,`JX�LQ^�L��{eJX�a�eGN,uZu�]�� UbN,P�NOPS]OV�R0\SR5|�]_\SUJRj\SRTUGN,P�PQebR0\SRTaTRjXZ��Rj\lk	N,`bU
U>wJ[JuZX�alN,PSR�UbN,P�NPS]�V�R�RjuZXZ^XZ`�N,PSRTU	~

Ì��	RTajPQXZ��RjuZWm�n�oG[J\S]l�2X�UJRTL�N��2XZ\QPQw�N,ub[JXZ[�R"N,P@N�]_`bR"V*W*PSR"}t\�N,`*wJu�N,\QXZP�W�~.m�n�oYN_aSeJX�Rj��RTL@\SRjuZX�N,VJu�R{XZ`>|�]_\SUJRj\
UJRjuZXZ��Rj\QW�],x�PQebR�ViW2PSRTL�PQeJ\S]_wJ}te�PQebR�wbL�R�],x�[�Rj\y|�V*W*PSROLSRT�iwbRj`baTR�`*wJ^�V�Rj\SLlkÏN¼LQuZX�U>XZ`J}g�{XZ`bUJ]��p^�RTaSe�N,`JX�LS^
PS]�UJRjPSRTajP¼U>wJ[JuZX�alN,PSRTLgN,`bUÍN�aSebRTa�s2LQwJ^ ��Rju�UqPS]�UJRjPSRTajPÁVJXZP�Rj\Q\S]_\SLl~�Ì�R�}�]�XZ`*PS]�^�]_\SRrUJRjP�N,XZu�LOXZ`qPQebR
[�N,\�N,}t\�N,[JebL�V�Rju�]��$~
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rcv.nxt

rcv window

allowed sequence numbers not allowedreceived & ACKed

snd.una snd.nxt

snd window

sent and ACKed send asap send not allowedsent but not ACKed yet

¬�XZ}twJ\SRcy>ô.m�n�o«�{XZ`bUJ]l��Ll~

Ã?Ä�Å:ÄkÆ Ç ¡cÈ?É�¡£¢�Ê`¡)®!É�Ë.Ìf¡�ÍaÎH§8¢�Ï Ç:ÐCÑ Ï Ñ ¢�Ò=Ó Ñ ¢�Ï�¤Á¯
n�]_`baTRj[JPQw�N,uZuZW�kËm�n�o�N_LSLQXZ}t`bL�NÁLSRT�iwbRj`baTR�`*wJ^�V�Rj\�PS]ÁRlN_a�e�UbN,P�NÁViW2PSR�V�N_LSRTU�]_`rXZPSL�[�]tLQXZPQX�]_`��{XZPQeJXZ`�PQebR
UbN,P�NcLSPQ\SRlN,^c~gm"ebROLSRT�*wbRj`baTR�`*wJ^�V�Rj\�],x�N�LSRj}t^�Rj`iP0X�L�PQebR�LSRT�iwbRj`baTRO`iwJ^0V�Rj\�],x{PQebR�b\SLQP0ViW2PSRO],x{PQebR
LSRj}t^�Rj`*Pl~@m"ebR�UJRTLQPQXZ`�N,PQX�]_`�alN,`cUJRjPSRTajP�PQ\�N,`bLQ^X�LSLQX�]_`cRj\Q\S]_\SL�ViW¼aT]_^[JwJPQXZ`J}�N�aSebRTa�s2LQwJ^ ]_`gPQebR�\SRTaTRjXZ��RTU
LSRj}t^�Rj`*PN,`bUYaT]_^[�N,\QXZ`J}GXZP�PS]�PQebRÁaSebRTa�s2LQwJ^É�tN,uZwbROXZ`!PQebRÁm�n�o ebRlN_UJRj\l~Gf�x{PQebR¼aSebRTa�s2LQwJ^�x�N,XZu�Llk�PQebR
LSRj}t^�Rj`*P�X�LU>X�LSalN,\SUJRTU	~ : PQebRj\Q�{X�LSRtk�PQebR¼\SRTaTRjXZ��RTUdLSRT�*wbRj`baTR¼`iwJ^�V�Rj\SL�N,\SRga�ebRTaSs�RTU«N,}iN,XZ`bLSPONv¹zLQuZX�U>XZ`J}*º
�{XZ`bUJ]l� ],x%N_aTaTRj[JP�N,VJu�R�`iwJ^0V�Rj\SLlk�N_L"x�]_uZu�]l��Ll~
m�n�oÍwbLSRTL�PQebR�LQuZX�U>XZ`J}��{XZ`bUJ]l� PS]OUJRjPSRTajP�U>wJ[JuZX�alN,PSRTL
Ô�kb�{eJXZu�R�N,uZu�]l�{XZ`J}¼Rj`b]_wJ}terL�Rj}t^�Rj`iPSL�PS]�V�R$]_wJPy|

LQP�N,`bU>XZ`J}0XZ`�PQebR{`bRjP���]_\Qs�PS]M§��buZu�PQebR{[JXZ[�R5ª�~�m"ebR��{XZ`bUJ]l�ÍX�L.LQeb]l�{`�XZ`O¬�XZ}b~qy>~�m"ebR�u�R5x:P�RTU>}�R�aT]_\Q\SRTLQ[�]_`bUJL
PS]�PQebR�`bR5È2P.R5È>[�RTajPSRTU�ViW2PSR$¹zUJRj`b]_PSRTUViW�´y·ÞE�ÕZ°£L�²Qº5ki�{eJXZu�R"PQebR"\QXZ}teiP@RTU>}�R{aT]_\Q\SRTLS[�]_`bUJL%PS]MPQebR"\SRj^ON,XZ`bUJRj\@],x
PQebR"\SRTaTRjXZ��R"VJw>�	Rj\l~�KqUbN,P�N�ViW2PSR"�{eb]tLSR{LSRT�*wbRj`baTR"`iwJ^�V�Rj\.UJ]2RTL�`b]_P�x�N,uZu>�{XZPQeJXZ`PQebR"�{XZ`bUJ]l�«X�L%U>X�LSalN,\SUJRTU	~
��W*PSRTL@XZ`�N�LSRj}t^�Rj`*P@PQe�N,P@x�N,uZub�{XZPQeJXZ`�PQebR��{XZ`bUJ]��«VJwJP�UJ]$`b]_P�aT]_XZ`bajX�UJR��{XZPQe�PQebR{u�R5xzP@RTU>}�R�],x	PQebR{�{XZ`bUJ]��
N,\SR�VJw>��Rj\SRTU	~.m"eJX�L{N,uZu�]���L"PQebR�[J\S]_[�Rj\"\SRT]_\SUJRj\QXZ`J}�],xË]_wJPy|�],xE|�]_\SUJRj\�UbN,P�N>~%K�uZPQeb]_wJ}te¼PQebR�VJw>�	Rj\QXZ`J}],xË]_wJPy|
],x:|�]_\SUJRj\MUbN,P�NOX�L�`b]_PM\SRT�*wJXZ\SRTU	k�XZPMX�LMaj\QwbajX�N,uÏx�]_\MNO}�]2]*U�[�Rj\yx�]_\Q^ON,`baTRt~�Â�N,P�NO\SRTaTRjXZ��RTU�XZ`>|�]_\SUJRj\$N_U>�tN,`baTR
PQebR0u�R5x:P�RTU>}�R0],x.PQebR0�{XZ`bUJ]l�$~�ÂMwJ[JuZX�alN,PSR�UbN,P�N�XZ`�m�n�o(^ONTW�\SRTLQwJuZP�xz\S]_^Ç[�N_aSs�RjP�U>wJ[JuZX�alN,PQX�]_`GViW¼x�N,wJuZP�W
UJRj�2X�aTRTLlk>xz\S]_^»PQebR��b`JXZPSRj`bRTLSL�],x�PQebR�LSRT�iwbRj`baTR�LQ[�N_aTRO¹:�{\�N,[>|hN,\S]_wJ`bU�º5k�x:\S]_^»PQebR$[J\SRTLSRj`baTR�],x%LSRj}t^�Rj`iPSL�XZ`
PQebR�`bRjP���]_\QsÁLSRj`iP�ViW�RlN,\QuZX�Rj\�XZ`balN,\Q`�N,PQX�]_`bL{],xËPQebR�aT]_`J`bRTajPQX�]_`=kJ]_\@xz\S]_^ \SRjPQ\�N,`bLQ^X�LSLQX�]_`bL�xz\S]_^üPQebRMLS]_wJ\SaTRt~
fh` ]_\SUJRj\�PS]�uZXZ^XZP�PQebR�[�]tLSLSXZVJXZuZXZP�W�],x�U>wJ[JuZX�alN,PSRTL�xz\S]_^ö[J\SRj�2X�]_wbL0XZ`bLSP�N,`baTRTL�],x�PQebRÁL�N,^�R�aT]_`J`bRTajPQX�]_`

V�RjXZ`J}�Rj\Q\S]_`bRT]_wbLSuZWgN_aTaTRj[JPSRTU	k>PQebR�`*wJ^�V�Rj\QXZ`J}O],x�UbN,P�N�V*W*PSRTL��{ebRj`�N0aT]_`J`bRTajPQX�]_`�X�L"XZ`JXZPQX�N,PSRTUgLQP�N,\QPSL"�{XZPQe
N�§�\�N,`bUJ]_^�ª�`*wJ^�V�Rj\l~|k�¬Ïnl&{ I LQ[�RTajX���RTL$PQe�N,P�PQebRXZ`JXZPQX�N,u�LSRT�*wbRj`baTR�`*wJ^�V�Rj\�V�RP�N,s�Rj`Gxz\S]_^ NgaT]_wJ`*PSRj\
XZ`baj\SRj^�Rj`iPSRTU(Rj��Rj\QW N ^X�aj\S]tLSRTaT]_`bUqViWvPQebR�^ON_aSeJXZ`bRt¥¦LÁXZ`iPSRj\Q`�N,u�aju�]2aSs�~�f�`q[J\�N_ajPQX�aTRtk{eb]l��Rj��Rj\lk�PQeJX�L�X�L
wbLQw�N,uZuZWÍ�*X�]_u�N,PSRTU	~ ¬b]_\�R5ÈbN,^[Ju�Rtk���U2Â�|�UJRj\QXZ��RTU�XZ^[Ju�Rj^�Rj`iP�N,PQX�]_`bLrXZ`baj\SRj^�Rj`iPrPQebRGaT]_wJ`iPSRj\�ViW×y N k�T4T4T
Rj��Rj\QWjR4T4T,^�LSRTa�N,`bU�N7x:PSRj\$aj\SRlN,PQXZ`J}rNÁ`bRj�pm�n�o�aT]_`J`bRTajPQX�]_`�¥Z#l&R_¦�~�ÌÍebRj`�N�LSW2LQPSRj^ aj\�N_LQebRTL0N,`bU�u�]tLSRTL
XZ`>x�]_\Q^ON,PQX�]_`vN,V�]_wJP�PQebR�LSRT�*wbRj`baTRÁ`iwJ^0V�Rj\SL�wbLSRTU�xz]_\�[J\SRj�2X�]_wbL�aT]_`J`bRTajPQX�]_`bL�k%XZP0e�N_L�PS]���N,XZP�x�]_\� ÷ UÁP
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§h�*wJX�RjP�PQXZ^�R5ª�¹y � T�L�RTaT]_`bUJL±º�V�R5x�]_\SRÁRTLSP�N,VJuZX�LQeJXZ`J}�N,`iW�m�n�o aT]_`J`bRTajPQX�]_`=~�m"eJX�L�\SRT�*wJXZ\SRj^�Rj`iPX�L�wbLQw�N,uZuZW
�2X�]_u�N,PSRTU	k�eb]���Rj��Rj\lk=]_`rPQebR�N_LSLQwJ^[JPQX�]_`�PQe�N,P�\SRjV�]2]_PQXZ`J}ÁP�N,s�RTLMPQXZ^�R0u�]_`J}ÁRj`b]_wJ}te�PS]ÁU>\�N,XZ`�PQebR�`bRjPh��]_\Qs
xz\S]_^®]_u�U�[�N_a�s�RjPSL�¥Z#l&R_¦�~�m"ebR�XZ`JXZPQX�N,ubLSRT�iwbRj`baTR"`*wJ^�V�Rj\SL@N,\SR{R5ÈJaSe�N,`J}�RTUU>wJ\QXZ`J}�PQebR"PQeJ\SRTR5|���NlW�e�N,`bUJLQe�N,s�R
[Je�N_LSRt~
m"ebRÁLSRT�*wbRj`baTR�`iwJ^0V�Rj\LQ[�N_aTR�wbLSRTU�XZ` m�n�o X�L I4� |�VJXZP�u�]_`J}b~�m"eJX�L0^�RlN,`bL�PQe�N,P�Ng�b`JXZPSRO`*wJ^�V�Rj\�],x

LSRT�*wbRj`baTRc`*wJ^�V�Rj\SL¼N,\SR�[�]tLSLQXZVJu�Rtk{N,`bUdx�]_\Om�n�o PS]�e�N,`bU>u�R�N,\QVJXZPQ\�N,\QXZuZWdu�N,\Q}�R�PQ\�N,`bLyxzRj\SL�k"PQebR�LSRT�*wbRj`baTR
`iwJ^0V�Rj\LQ[�N_aTR�`bRTaTRTLSL�N,\QXZuZWG�{\�N,[bLN,\S]_wJ`bU	~�m"ebR�LQuZX�U>XZ`J}r�{XZ`bUJ]l��LQXwvlR�alN,`J`b]_P�V�ROu�N,\Q}�Rj\0PQe�N,`Ye�N,u�x�PQebR
PS]_P�N,u%LSRT�*wbRj`baTR�LS[�N_aTRtk	]_PQebRj\Q�{X�LSR�N�\SRTaTRjXZ��Rj\���]_wJu�U�`b]_P�V�R�N,VJu�R�PS]¼U>X���Rj\SRj`*PQX�N,PSRV�RjPh��RTRj`G`bRj�pN,`bU�]_u�U
UbN,P�N>~Áf�`Gx�N_ajPlk�LQXZ`baTRPQebR�LSRj`bUJRj\�N,`bUG\SRTaTRjXZ��Rj\��{XZ`bUJ]l��L�alN,`�V�RO]_wJP0],x"[Je�N_LSRtkËPQebRO^ON7È2XZ^0wJ^ö�{XZ`bUJ]��
LQXwvlROX�L�Ngxz]_wJ\QPQeY],x�PQebROPS]_P�N,u"LSRT�*wbRj`baTROLQ[�N_aTRtk�X�~¦Rt~ÙØ�Ú
ÛOViW2PSRTLlk%]_\�#iK��~Ïm"ebRO�{XZ`bUJ]�� LQXwvlR���Rju�U�XZ` PQebR
m�n�o®ebRlN_UJRj\�X�L�Sy�VJXZPSL�u�]_`J}bk@N,uZu�]l�{XZ`J}��{XZ`bUJ]���LwJ[ PS]�y N ±�� ¹zL�RTR�¬�XZ}b~ I º5~�m"eJX�L�^�RlN,`bL�PQe�N,P�PQebRj\SR
��]_wJu�U�V�R0N�uZXZ^XZP�]_`cPQebR�[�]_PSRj`*PQX�N,uËPQeJ\S]_wJ}teJ[JwJP�],x�m�n�oÍaT]_`J`bRTajPQX�]_`bLlk�wJ`Ju�RTLSL�N�u�N,\Q}�Rj\��{XZ`bUJ]l�®LQXwvlR�alN,`
V�R�aT]_^^�wJ`JX�alN,PSRTU	~PËN,\Q}�Rj\��{XZ`bUJ]���LMN,\SR$`bRTRTUJRTUgx�]_\{u�N,\Q}�R$V�N,`bU>�{X�U>PQe=kbu�]_`J}�UJRju�NTWguZXZ`Js>Ll~.m"ebRj\SR5x�]_\SRtkbPS]
�buZu%LQwbaSe�u�N,\Q}�R�[JXZ[�RTLlk	N,`r]_[JPQX�]_`rx�]_\�L�alN,uZXZ`J}ÁwJ[rPQebR��{XZ`bUJ]l�pLQXwvlR0��N_L�XZ`*PQ\S]*U>wbaTRTU�N_LM[�N,\QP�],x�k�¬ÏnM I4�4I
§eÌ�È>PSRj`bLQX�]_`bL0xz]_\���XZ}teYoÏRj\yx�]_\Q^ON,`baTR5ª�¹zLSRTR|U2RTajPQX�]_`©z>~ � º°¥ZST � ¦�~ViMXZ��Rj`YPQe�N,P0PQebR�LSRT�iwbRj`baTRÁLQ[�N_aTRO�{\�N,[bL
N,\S]_wJ`bUYXZ`YN�PQXZ^�ROXZ`*��Rj\SLSRjuZW�[J\S]_[�]_\QPQX�]_`�N,u"PS]�PQebR�PQ\�N,`bLyx�Rj\0\�N,PSRtk�PQebRÁL�N,^�ROL�RjP�],x�R5È>PSRj`bLQX�]_`bL�XZ`bajuZwbUJRTU
N_UJU>XZPQX�]_`�N,u	[J\S]_PSRTajPQX�]_`�N,}iN,XZ`bLQP��{\�N,[J[�RTU¼LSRT�*wbRj`baTRM`iwJ^0V�Rj\SL"XZ`¼PQebR�xz]_\Q^�],x�N�PQXZ^�RTLQP�N,^[cN_UJUJRTUÁPS]�RlN_a�e
LSRj}t^�Rj`*Pl~Ym"ebR¼PQXZ^�RTLSP�N,^[bLON,\SR I4� VJXZPu�]_`J}�Llk�N,`bU!�{ebRj`«N,[J[�Rj`bUJRTU!PS]�PQebR I4� VJXZP�LSRT�iwbRj`baTRÁ`*wJ^�V�Rj\
[J\S]l�2X�UJR�N�u�N,\Q}�Rj\�R5��RTajPQXZ��R$L�RT�iwbRj`baTR$LS[�N_aTRt~

ºf��m '��s$4�`,�[]�&tÍ+��&�&+-��[��^oAÜ����_$)1j,�$4,
fh`ÁPQeJX�L{L�RTajPQX�]_`g��R�UJRTLSaj\QXZV�R�m�n�o�¥¦L{^�RTa�e�N,`JX�LQ^�L"x�]_\�u�]tL�L"\SRTaT]l��Rj\QW�kb`�N,^�RjuZW¼N�[�]tLSXZPQXZ��R�N_a�s*`b]��{u�RTU>}t^�Rj`iP
LQPQ\�N,PSRj}tW¼�{XZPQegPQXZ^�Rj\y|�V�N_LSRTU�\SRjPQ\�N,`bLQ^X�LSLQX�]_`=~

Ã?Ä�Ý?ÄkÆ Þ Ê�ß^¢�¤£¯ Ð ¡�Ï�Ò«Ë3¡£¢«à�Î
m"ebR�\SRTaTRjXZ[JP"],xËRlN_a�e�PQ\�N,`bLS^XZPQPSRTU�V*W*PSR�e�N_L�PS]�V�R�N_a�s*`b]��{u�RTU>}�RTU¼ViW�PQebRMUJRTLQPQXZ`�N,PQX�]_`=~%K{a�s*`b]��{u�RTU>}t^�Rj`iPSL
N,\SR{[JXZ}t}tW2V�N_aSs�RTU�]_`OUbN,P�N�[�N_aSs�RjPSL�]_\@LSRj`*P.XZ`ORj^[JPhW�L�Rj}t^�Rj`iPSL�¹zalN,uZu�RTU[á�É�Í!¡ Þ ��â·Î7º5k*X�x�PQebRj\SR{X�L.`b]$UbN,P�N
ø�]l�!XZ`�PQebR@\SRj��Rj\SL�R�U>XZ\SRTajPQX�]_`=~%m�n�oGN_aSs2`b]l�{u�RTU>}t^�Rj`*PSL@alN,\Q\QW$PQebR�LSRT�*wbRj`baTR�`iwJ^�V�Rj\%],xbPQebR�`bR5È2P�R5È2[�RTajPSRTU
ViW2PSRt~%m"eJX�L"X�L�\SR5xzRj\Q\SRTU¼PS]�N_L�N�§�[�]tLQXZPQXZ��R�N_a�s*`b]��{u�RTU>}t^�Rj`iPyª�LQPQ\�N,PSRj}tW�~.m�n�ovK�n0±�L�N,\SR�§hajwJ^0wJu�N,PQXZ��R5ª�kJX�~¦Rt~
PQebRjW¼aT]l��Rj\�N,uZu	V*W*PSRTL�aT]_\Q\SRTajPQuZW¼\SRTaTRjXZ��RTU�N,P{PQebR�UJRTLSPQXZ`�N,PQX�]_`=~.Kî\SRTaTRjXZ��RTU�LSRj}t^�Rj`iP�PQe�N,P{X�L�RjXZPQebRj\�]_wJPSLQX�UJR
PQebR{�{XZ`bUJ]��$k*]_\%XZ`bLQX�UJR�VJwJP@UJ]*RTL.`b]_P%x�N,uZub]_`OPQebR"u�R5x:P@RTU>}�R�],x�PQebR{�{XZ`bUJ]��$k*RjuZX�ajXZPSL�N,`�N_aSs2`b]l�{u�RTU>}t^�Rj`*P�x�]_\
PQebR$ajwJ\Q\SRj`*P�u�R5xzP�RTU>}�R�],x�PQebR��{XZ`bUJ]l� ¹©´y·ÞE�ÕZ°£L�²Qº�¥ I yJk N4N k	SR`l_¦�~.m"ebRTL�R$K�n0±�LlkbalN,uZu�RTU!Ï¸É�á ÐCÑ Ê`§7àS¡ Þ ��â!Î�k
N,\SR�LSRj`iP"XZ`¼Rj^[JP�WÁLSRj}t^�Rj`iPSLlkbN,`bU¼LQPQXZ^0wJu�N,PSR�PQebR�L�Rj`bUJRj\�PS]0\SRjPQ\�N,`bLQ^XZP{PQebR�LSRj}t^�Rj`*P�PQe�N,P�N,[J[�RlN,\SL"PS]�V�R
^X�LSLQXZ`J}b~

: `bR$N_U>�tN,`iP�N,}�R0],xÏPQebR�ajwJ^�wJu�N,PQXZ��R0K�n0± LSaSebRj^�R$X�L"PQe�N,P�N�u�N,PSRj\�N_aSs2`b]l�{u�RTU>}t^�Rj`iP�aT]l��Rj\SLMN,`cRlN,\QuZX�Rj\
]_`bRtk��{eJX�aSe�}tXZ��RTL�LS]_^�R$\S]_VJwbLQPQ`bRTL�L�N,}iN,XZ`bLSP�PQebR�u�]tLSL�],x@K�n0±�L�~��M]l��Rj��Rj\lk�PQebR�XZ`>xz]_\Q^ON,PQX�]_`�[J\S]��*X�UJRTUrXZ`
NrajwJ^�wJu�N,PQXZ��RcK�n0±ÇX�L�\�N,PQebRj\uZXZ^XZPSRTU	k�N,`bUYeJXZ`bUJRj\SLR5õOajX�Rj`*Pu�]tLSL�\SRTaT]l��Rj\QW�~Yf�`vN,`vR5��]_\QP�PS]r^XZPQXZ}iN,PSR
PQeJX�L0N_LS[�RTajPlk	PQebR|U2Rju�RTajPQXZ��ROK�n0±ö¹-U2K�n0±�º$m�n�oî]_[JPQX�]_`�e�N_L$\SRTaTRj`iPQuZWGV�RTRj`�XZ`iPQ\S]2U>wbaTRTU5¥Z �4� ¦�kË�{ebRj\SRjViW
NÁ\SRTaTRjXZ��Rj\�alN,`�LS[�RTajX�xzW�wJ[GPS] N `b]_`>|�aT]_`*PQXZ}twb]_wbL�VJu�]2aSs>L$],x"\SRTaTRjXZ��RTU�UbN,P�N>~°��u�]2aSsrXZ`>xz]_\Q^ON,PQX�]_`�aT]_`bLSX�LQPSL
],x$PQebRrLSRT�iwbRj`baTR�`iwJ^0V�Rj\c],x$PQebR�u�R5xzP�¹E�b\SLQPÁViW2PSR�XZ`qVJu�]2aSsbºON,`bUq\QXZ}teiPgRTU>}�R!¹:`bR5È2PÁViW2PSR�N7x:PSRj\¼Rj`bUq],x
VJu�]2aSsbº�],x�RlN_a�ecVJu�]*a�s�~@f�`c]_\SUJRj\�PS]�[J\S]��*X�UJR$PQebR�u�N,PSRTLQP�K�n0±®XZ`>x�]_\Q^ON,PQX�]_`=kbPQebR��b\SLQP@U2K�n0±pVJu�]*a�s¼N,uZ�"NTW>L
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aT]_`iP�N,XZ`bL@PQebR"XZ`>xz]_\Q^ON,PQX�]_`ÁN,V�]_wJP%PQebR{LSRj}t^�Rj`*P.�{eJX�aSeOPQ\QXZ}t}�Rj\SRTUPQebR{K�n0±ktwJ`Ju�RTLSL�PQeJX�L.L�Rj}t^�Rj`iP�N_U>�tN,`baTRTU
PQebR¼\SRj}twJu�N,\OajwJ^0wJu�N,PQXZ��R�N_aSs2`b]l�{u�RTU>}t^�Rj`*P��tN,uZwbRt~!m"eJX�LON_UJU>XZPQX�]_`�N,u�XZ`>x�]_\Q^ON,PQX�]_`qN,uZu�]l��L�PQebRcLSRj`bUJRj\PS]
X�UJRj`iPQX�xzWÁPQebR�}iN,[bL�XZ`ÁPQebR�\SRTaTRjXZ��RTU¼V*W*PSR�L�RT�iwbRj`baTRtkbN,`bUÁ^�]_\SR�XZ`iPSRjuZuZXZ}�Rj`*PQuZWg\SRjPQ\�N,`bLQ^XZP{PQebRMu�]tLQP�UbN,P�N�N,`bU
NT��]_X�U�wJ`J`bRTaTRTLSL�N,\QW¼\SRjPQ\�N,`bLQ^X�LSLSX�]_`bLl~.�M]l��Rj��Rj\lk�N�LSRj}t^�Rj`*P�X�L�aT]_`bLQX�UJRj\SRTU�ViWÁPQebR$LSRj`bUJRj\�PS]�V�R�aT]_\Q\SRTajPQuZW
\SRTaTRjXZ��RTU N,P�PQebR�UJRTLQPQXZ`�N,PQX�]_` ]_`JuZW��{ebRj`�XZP�X�L�aT]l��Rj\SRTU�ViW�N¼\SRj}twJu�N,\lk�ajwJ^�wJu�N,PQXZ��RÁK�n0±~ ÷ ]_\SRT]l��Rj\lkÏPQebR
U2K�n0±ÍXZ`>xz]_\Q^ON,PQX�]_`�X�L�U>X�LSalN,\SUJRTU��{ebRj`bRj��Rj\�PQebR�\SRjPQ\�N,`bLQ^XZP�PQXZ^�Rj\�R5È>[JXZ\SRTL.N,PÏPQebR�LSRj`bUJRj\lk_�{eJX�a�e�aT]_`bLSX�UJRj\SL
PQe�N,P"PQebR�\SRTaTRjXZ��Rj\{^XZ}te*P"e�NT��R�U>\S]_[J[�RTU¼N,uZu�PQebR�]_wJP{],xÏ]_\SUJRj\{UbN,P�N>k2Rt~ }b~�V�RTalN,wbLSR�XZP"\�N,`Á]_wJP{],xÏLQ[�N_aTRt~%K�`
N,uZ}�]_\QXZPQeJ^ù�{eJX�a�e�wbLSRTL�PQebRÃU2K�n0±p]_[JPQX�]_`�PS]XZ^[J\S]l��R�m�n�o�¥¦L�aT]_`J}�RTLSPQX�]_`�aT]_`iPQ\S]_uÏV�Rje�Nl�*X�]_\�X�L�UJRTLSaj\QXZV�RTU
XZ`VU2RTajPQX�]_`�l2~�R>~
ýM]_PSROPQe�N,P�PQebRÁ\SRTaTRjXZ[JP],xMN,`!K�n0±ùx�]_\�UbN,P�N�UJ]2RTL�`b]_P0XZ^[JuZW PQe�N,P�PQebR�UbN,P�N���N_L�\SRTaTRjXZ��RTUYV*W�PQebR

UJRTLQPQXZ`�N,PQX�]_`r[J\S]*aTRTL�Ll~�kMN,PQebRj\lkbXZP�^�RlN,`bL�PQe�N,P�PQebR$UJRTLQPQXZ`�N,PQX�]_`�m�n�o«e�N_L�\SRTaTRjXZ��RTU�XZPlk�N,`bUc�{XZuZuËP�N,s�R0alN,\SR
],xMUJRjuZXZ��Rj\QXZ`J}�XZP�PS]�PQebR¼[J\S]2aTRTLSLl~ m�n�o [J\S]l�2X�UJRTLON�ø�N,}bk@alN,uZu�RTUd[JwbLQe�¹zo�U2��º5k�V*W �{eJX�a�e«N�LSRj`bUJRj\alN,`
[J\S]_^[JP�PQebR�UJRTLQPQXZ`�N,PQX�]_`¼m�n�oYPS]0UJRjuZXZ��Rj\�PQebR�UbN,P�N�PS]$PQebR�N,[J[JuZX�alN,PQX�]_`=~.m"ebR�wbLSR�],x=PQeJX�L@ø�N,}�X�L@UJRTLSaj\QXZV�RTU
XZ`g^�]_\SR$UJRjP�N,XZuÏXZ`VU2RTajPQX�]_`�tt~

Ã?Ä�Ý?Ä�Å �|¡Là�Í!§8¢�Î<Ë Ñ Î�Î Ñ ¤�¢
m�n�o(wbLSRTL�N�PQXZ^�RT]_wJPy|�V�N_LSRTU�\SRjPQ\�N,`bLQ^X�LSLSX�]_`G^�RTaSe�N,`JX�LQ^ PS]Á\SRTaT]l��Rj\�xz\S]_^ [�N_aSs�RjP�u�]tLSL�~Mm"e*wbLlk��{ebRj`G`b]
N_aSs2`b]l�{u�RTU>}t^�Rj`*P�X�L�\SRTaTRjXZ��RTU�x�]_\�N[�N,\QPQX�ajwJu�N,\�LSRj}t^�Rj`*P��{XZPQeJXZ`�NPQXZ^�RT]_wJPM[�Rj\QX�]2U	k�m�n�oÍ\SRjPQ\�N,`bLQ^XZPSLMXZPl~
ýM]_PSRgPQe�N,POLSRj}t^�Rj`*PSLOalN,\Q\QW2XZ`J}�`b]�UbN,P�N>k�X�~¦Rt~«]_`JuZWvalN,\Q\QW2XZ`J}�aT]_`iPQ\S]_u�XZ`>xz]_\Q^ON,PQX�]_`®¹zRt~ }b~Zk�[JwJ\SR�K�n0±�L±º5k
¾_´S³�°�¶t²�PQ\�N,`bLQ^XZPQPSRTUd\SRjuZX�N,VJuZW�k{R5ÈJaTRj[JPx�]_\�LSRj}t^�Rj`iPSLÁalN,\Q\QW2XZ`J}�PQebR)Ucã�ý ]_\�¬�f©ýùø�N,}b~5Ì@N_a�eq],x�PQebRTLSR
PQebRj\SR5x�]_\SR�aT]_`bLQwJ^�RTL�N�LSRT�iwbRj`baTRO`iwJ^0V�Rj\lk�V�R5xz]_\SROPQebR��b\SLSP�N_ajPQw�N,u"UbN,P�N�]2ajPSRjP�N,`bU!N7x:PSRj\0PQebR�u�N_LQP�UbN,P�N
]2ajPSRjP�\SRTLQ[�RTajPQXZ��RjuZW�~
n�]_`baTRj[JPQw�N,uZuZW�kJPQebR�L�aSebRj^�RM��]_\Qs>L�N_L�xz]_uZu�]���Ll~%ÌÍebRj`cN0L�Rj}t^�Rj`iP{X�L"LSRj`iPlk>XZP"X�L�[Ju�N_aTRTU¼XZ`cN0\SRjPQ\�N,`bLQ^XZP

�*wbRjwbRtk2N,`bU¼N�PQXZ^�Rj\�X�L@XZ`JXZPQX�N,uZXwvlRTUÁPS]�N�¹zU>W2`�N,^X�alN,uZuZWOaT]_^[JwJPSRTU�º@\SRjPQ\�N,`bLQ^XZP�PQXZ^�RT]_wJP��tN,uZwbR0¹<k�m : º5k>N,`bU
LQP�N,\QPSRTU	~.m"ebRj`=k2X�x�PQebRML�Rj}t^�Rj`iP{X�L�`b]_P�N_aSs2`b]l�{u�RTU>}�RTUcV�R5x�]_\SR�PQebRMPQXZ^�Rj\{R5È>[JXZ\SRTLlk>XZP�X�L"\SRjPQ\�N,`bLS^XZPQPSRTU	~.Ì�R
}�]XZ`*PS]PQebR$UJRjP�N,XZu�L�],x�eb]l��PQebR�PQXZ^�RT]_wJP��tN,uZwbR�X�L�aT]_^[JwJPSRTUcXZ`)U2RTajPQX�]_`�l2~
fh`�[J\�N_ajPQX�aTRtk�XZ` ]_\SUJRj\0PS]c\SRTU>wbaTROPQebR�[J\S]2aTRTLSLQXZ`J}�]���Rj\QebRlN_U	k%m�n�o XZ^[Ju�Rj^�Rj`iP�N,PQX�]_`bL�\SRjuZW�]_`�[�N_a�s�RjP

\SRTaTRjXZ��R$XZ`*PSRj\Q\QwJ[JPSLMN,`bUcu�N,\Q}�RtkJ�JÈJRTUcaju�]*a�s¼XZ`iPSRj\Q�tN,u�L�x�]_\{}iN,PQXZ`J}O[J\S]_PS]2aT]_uËRj��Rj`iPSL�k�LQwba�erN_L�LSRj`bU>XZ`J}ÁK�n0±�L
N,`bU$\SRjPQ\�N,`bLS^XZPQPQXZ`J}�LSRj}t^�Rj`*PSLlktN,`bU�x�]_\=^�RlN_LQwJ\QXZ`J}�PQXZ^�Rt~�m"eiwbL�k,m�n�o�XZ^[Ju�Rj^�Rj`iP�N,PQX�]_`bL�wbLSR�N{LQXZ`J}tu�R@aju�]2aSs
PQe�N,P�PQX�a�s2L�N,P�\SRj}twJu�N,\{§haT]�N,\SL�R5ª�XZ`*PSRj\Q�_N,u�L��{eJX�aSe�UJR5�b`bR$PQebR�}t\�N,`*wJu�N,\QXZP�W�],x%PQebR�PQXZ^�Rj\�¹zRt~ }b~Zk8��U2Â�|�UJRj\QXZ��RTU
XZ^[Ju�Rj^�Rj`iP�N,PQX�]_`bLMwbLSR$N�R4T4T�^�LSRTa$aju�]2aSs�k>�{eJXZu�RâP	XZ`iw>È�m�n�o«wbLSRTL�N � T4T�^�L�RTa�aju�]*a�sJº5~
fh`�[J\�N_ajPQX�aTRtk�\SRjPQ\�N,`bLQ^X�LSLSX�]_`�X�LMaT]_^^�]_`JuZW�XZ^[Ju�Rj^�Rj`*PSRTU�N_L�x�]_uZu�]l��Ll~�ÌqebRj`GN�LSRj}t^�Rj`*P�X�L�LSRj`*Plk�XZP�X�L

[Ju�N_aTRTU�XZ`�N�\SRjPQ\�N,`bLQ^XZP"�*wbRjwbRt~�f�x	PQebR��*wbRjwbR��"N_L�Rj^[JPhW�k*PQebR�\SRjPQ\�N,`bLQ^XZP�PQXZ^�R�X�L�LSRjP�N,P@PQebR�ajwJ\Q\SRj`iP�PQXZ^�R
[JuZwbL�N,`Qk�m : ~JK"P"RlN_a�ecaju�]*a�sOPQX�a�s�kJm�n�oda�ebRTaSs>L"PQebR�LS]2aSs�RjPSL"�{eJX�aSege�Nl��R�`b]_`>|�Rj^[JP�W¼\SRjPQ\�N,`bLQ^XZP��*wbRjwbRTL
x�]_\�LSRj}t^�Rj`iPSL�PQe�N,P�`bRTRTU�PS]V�R$\SRjPQ\�N,`bLQ^XZPQPSRTU	~"f�x�XZP�X�L�PQebR�alN_LSRtkbPQebR$L�Rj}t^�Rj`iPMN,P�PQebR$ebRlN_Uc],x%PQebR��*wbRjwbR
X�L"\SRjPQ\�N,`bLQ^XZPQPSRTU	~�m"ebR�k�m : �tN,uZwbRMX�L{UJ]_wJVJu�RTU	k�N,`bUÁPQebR�`bR5È2P"\SRjPQ\�N,`bLQ^X�LSLSX�]_`gPQXZ^�R�X�L�L�RjP{N,P{PQebR�ajwJ\Q\SRj`*P
PQXZ^�R�[JuZwbL{PQebR$`bRj� k�m : �_N,uZwbRO¹zR5È>[�]_`bRj`iPQX�N,uËV�N_a�s�],��º5~
ÌÍebRj`bRj��Rj\.PQebR�LSRj}t^�Rj`*P�N,P%PQebR{ebRlN_U],x�PQebR"\SRjPQ\�N,`bLQ^XZP��*wbRjwbR"X�L@N_a�s*`b]��{u�RTU>}�RTU	k*PQebR"\SRjPQ\�N,`bLS^XZP.PQXZ^�R

],x�PQebR�`bRj��ebRlN_Ug],x�PQebR��iwbRjwbR�X�L�L�RjP{PS]�PQebR�ajwJ\Q\SRj`iP�PQXZ^�R$[JuZwbL�]_`bR�k�m :Wä ~>ÌqebRj`�N,uZuË]_wJPSLSP�N,`bU>XZ`J}OUbN,P�N
å ÿ¼Û�Õ�Ö�âÙâ_Ü5í�Þ�×ëÕ{×�æQÖSÞ�×ÙÜ5Ø{×ÙÛ�å7Û�ÔQä{×ëØ>çi×ÙØ�å#��è5ì=Ó,ÔhÚ�ÔËÞ�Ó7Ô=Ú�ÔhÞ�Ú�Ö±Ø,Û�Õ{×¦Þ�Þ�×ÙÕ{ÔË×ÙÛ�Û�Ô©Þ�ÖSÞ�
1è�é�êbê1ë-ì�í�í îOï�ë�ðUñ�ò|ó5ô�ñ�ò:ò.ë-õ1í îOï�öoítë�

Þ�Ü{Ö�ßyßyÜ5å7ØTÞ	Ý�Ü±ÚËÞ�Ó,ÔÏÞ�×ëÕ{Ô�×ÙÞ=Þ�ÜTÜ±ê�Þ�Ó7Ô�í7Ú�×ÙÜ±ÚËÓ7ÔQÖ5ä�Ü±ÝJÞ�Ó,Ô¸÷lå7Ôyå,ÔÏÞ�Ü"átÔ%Ö±ß�êlØ,ÜQì=âÙÔQä7à±ÔQäiï
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N,\SRON_a�s*`b]��{u�RTU>}�RTU	kÏPQebR�\SRjPQ\�N,`bLS^XZP0�*wbRjwbR�V�RTaT]_^�RTL0Rj^[JP�W�N,`bUGX�L�P�N,s�Rj`�],�!PQebR�uZX�LQP$],x{LS]2aSs�RjP��*wbRjwbRTL
��N,XZPQXZ`J}Oxz]_\{PQXZ^�RT]_wJPl~
fh`�N_UJU>XZPQX�]_`=k=N§�x�N_LQPyª$\SRjPQ\�N,`bLQ^X�LSLQX�]_`G],x.PQebR�ebRlN_Ur],x@PQebR0�*wbRjwbR�alN,`rV�R0PQ\QXZ}t}�Rj\SRTU�V*WcPQebR0\SRTaTRj[JPQX�]_`

],x�LSRj��Rj\�N,uM¹zRt~ }b~Zk I º�U>wJ[JuZX�alN,PSR�K�n0±�L�V�R5x�]_\SRPQebRPQXZ^�Rj\0R5È>[JXZ\SRTLl~¼fh`�V�]_PQe alN_LSRTLlkÏPQebR\SRjPQ\�N,`bLQ^X�LSLQX�]_` X�L
x�]_uZu�]l��RTU�ViWgaT]_`J}�RTLQPQX�]_`�aT]_`*PQ\S]_uË^�RlN_LQwJ\SRTL�kJ�{eJX�aSec��R$U>X�LSajwbLSL�XZ`)U2RTajPQX�]_`)l2~
ýM]_PSR�PQe�N,P"LS]_^�R�XZ^[Ju�Rj^�Rj`*P�N,PQX�]_`bL�]_\Q}iN,`JXwvlRMPQebR�UbN,P�N�XZ`OPQebR�\SRjPQ\�N,`bLQ^XZP"�iwbRjwbR�XZ`�LSRj}t^�Rj`*PSLlkJN_L@PQebRjW

��Rj\SRÁPQ\�N,`bLQ^XZPQPSRTU	k@�{eJXZu�R¼]_PQebRj\SLUJ]�`b]_P�s�RTRj[!PQebR¼LSRj}t^�Rj`iPV�]_wJ`bUbN,\QX�RTLl~Gfh` PQebR��b\SLQP�alN_LSRtk��{ebRj`!PQebR
\SRjPQ\�N,`bLQ^XZPÁPQXZ^�R�],x�PQebR�L�Rj}t^�Rj`iPgN,POPQebRcebRlN_Uq],x�PQebR��*wbRjwbRcX�L�[�N_LSLSRTU	k�XZPOX�LO\SRjPQ\�N,`bLQ^XZPQPSRTU	~�fh`dPQebR
LSRTaT]_`bU�alN_LSRtk2N$`bRj�ÍL�Rj}t^�Rj`iP"alN,`OV�R�aj\SRlN,PSRTU��{eJX�aSe¼aT]_^�VJXZ`bRTL�^�wJuZPQXZ[Ju�RM[J\SRj�2X�]_wbLQuZW�LSRj`iP"LSRj}t^�Rj`*PSLl~%m"eJX�L
\SRTLQwJuZPSL�XZ`!^�]_\SRgR5õOajX�Rj`iPwbL�RÁ],xMPQebRÁ`bRjP���]_\Qs!V*W UJRTaj\SRlN_LQXZ`J}GPQebR¼ebRlN_UJRj\�]���Rj\QebRlN_U	~ mÏ]�N,[J[J\S]TÈ>XZ^ON,PSR
PQeJX�L�V�Rje�NT�2X�]_\lk"XZ^[Ju�Rj^�Rj`iP�N,PQX�]_`bL¼�{eJX�a�eqs�RTRj[ÍLSRj}t^�Rj`iPÁV�]_wJ`bUbN,\QX�RTLÁN,PQPSRj^[JP�PS]�aT]�N,u�RTLSaTR�`bRjXZ}teiV�]_\QXZ`J}
LSRj}t^�Rj`*PSL��{ebRj`c\SRjPQ\�N,`bLQ^XZPQPQXZ`J}ÁUbN,P�N>~
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FAST RETRANSMIT

Send "lost" segment

SLOW START

FAST RECOVERY
Inflate window by 1MSS 

Send new segment if
possible

Increase cwnd by 1MSS
for each new ACK

Reno, NewReno

CONGESTION AVOIDANCE
Increase cwnd by 1/cwnd for each

new ACK

Reno

NewReno

Non−duplicate ACK received

All data sent before entering
Fast Recovery are ACKed
set cwnd to sshthesh

Reno
Duplicate ACK received

NewReno
Duplicate or partial ACK
received

Retransmit Timeout
set cwnd to 1MSS

3 or more duplicate ACKs
received

set cwnd to 1MSS
Tahoe

3 or more duplicate ACKs
received

cwnd > ssthesh

 ssthresh to large value
set cwnd to 1MSS

START

for each duplicate ACK

set cwnd to flightSize/2+3MSS

¬�XZ}twJ\SR�l2ô�U*wJ^^ON,\QW0],xbm�n�o�¥¦L�aT]_`J}�RTLQPQX�]_`aT]_`iPQ\S]_u2^�RTaSe�N,`JX�LQ^�L%LSeb]l�{XZ`J}MPQebR�U>X��	Rj\SRj`baTRTL�V�RjPh��RTRj`mÏN,eb]2Rtk
k�Rj`b]�N,`bU�ý�Rj��k�Rj`b]J~

Slow
Congestion

timeout

co
ng

es
tio

n 
w

in
do

w

time

ssthresh

Avoidance

Start

loss

loss

loss

ssthresh
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