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w-mh{-k���[	�s£sj¤w�4 erqxjf�¡Z2��kv[zd��¡[ok�q;[�dG¢LerdfZ2mr{-y�[ok�wx£nqsdfehjfexy�er��[r¦TW¼eu£xjG[�¢Ler��k�ª;y�[zk�mhZ50����¡eudfmhjG��er{-k�eu{¬j60�j�0
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ws[zk¸d�0okv[omh£x°�kfmh{-k&3-��ªB[z{Vq-mrdvjf��y�£s���¡[zd¸��[zk¸d/0zkG[zmr£x°�mrw�X-e�y�Z2er�-�¡��[zkzªBm�Z2��k>=	gieu£sd	wx[ok¸y�erZ2q;erdGjG[��
Z2[z{ujlkJ��{-w?0zkG��dfmr�s�¡[ok	wx[�W�\+cPª�7u£-�Tw?0z�rdlmrwx[z{uj`¢Leudvjf[�Z2[�{¬j	��[zk	q;[�dG¢LerdfZ'mh{-y�[zk'�LjG[�Z2q-k]wx[�d/0�q;er{-kG[rª
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_ner�s���¡[T±�w	²�exy�³�[�ji�+erdf¥xkI�Q_n±¤³�´IWPkl��mrdG[Iy�erZ2qs��[�°	wx��kijfdG���s£xjf[zw	kG�xkijf[�Z'k«jfX-mMj7y�eu{-kv��kvj¼eh¢s����dG[z�¡[okGk
Z2eu�s�¡��[�{sexwx[okCjfX-mMjTyzmh{�¢Ldf[�[����2mh{-w'wx��{-mrZ2��yzmh���¡��kv[z�µ¢ � erdf�umr{s�¡¯z[r¦�§¨{2jGXs��kI��mN�	jfXs[��]¢LerdfZ�mrdG�-�µjfdfmrdG�uª
mr{-w'jf[�Z2q;erdlmhdf���vmuw�Xsexy��`{s[�ji�+erdf¥xkIjferq;er��er�u�¡[ok�ª�mh���¡eM����{s�2wx[�����y�[ok�jfe'kv[omhZ2�¡[okGkG���'�¡{¬jG[zdfy�er{s{-[zy¾j���{
mrdG[omrk����¡jGX�{-e�qsdf[�� [�°x��kvjG��{s�'��{x¢LdlmrkvjGdf£-y¾jf£sdG[u¦�p�[zy�[�{¬jG���rªtjGXs[]�¡{¬jfdGexwx£-y�jG��er{ner¢7{-[��­qsdfehjGexy�er��k�kv£tylX
muk��+�¡£s[�jGe�ehjfX��¡�	��ªs§i´�´I´ �r�¬�x¦��r��� � �Pmh{tw?²��¬q;[�df��mh{�� �!��mhdf[`Z'mh¥��¡{-�'qte¬kGkfkv���s��[¸jGXs[	wx[zqs��eM�¬Z2[z{uj�er¢
_�±�³�´�W�k�¢Leud�y�erZ2Z2[�dly���mh�;qs£sdfq;eukG[zkz¦7±¤k�m�dG[okv£s�¡jzªxy�er{-kG��ws[�dlmh�s��[¤df[zkG[zmrdfylX'[�º;eudvjlk+X-mN�r[¸�t[z[�{5qs£xj
eu{�jfXs��k�{s[��­ylX-mr�¡��[�{s�u�¡{-�]����dG[z�¡[okGk+[z{¬����dGeu{sZ2[�{¬jz¦

W�\+c¿�EW�dfmr{-kvZ2��kGkG��er{�\Ter{¬jGdfer�;cCdfehjGexy�er� �C��mrkIwx[okv���r{-[zw2jfe/qsdfeM����wx[�dG[z�¡��mh�s��[�[z{-w���jGeh� [�{tw'wx[����¡�¬�
[zdG�¤eh¢swsmhjfm�eM�r[zd«£s{sdf[�����mr�s��[C{s[�ji�+erdf¥xk�¦«§¨{`jfXs[�eudG�uªoW�\+cnkGXser£-��w`�;[I��{-wx[�q;[�{twx[�{¬j�er¢ujfXs[Ijf[zylXs{-er��er�r�
er¢IjGX-[]£s{twx[�df�¡����{s����{x¢LdlmrkvjGdf£-y¾jf£sdf[r¦`§¨{ q-mrdvjf��y�£s��mhdoª;W�\+c½kvX-er£s��wn{serj`yzmhdf[/��Xs[�jGXs[zd¤jfXs[�§¨{ujf[�df{s[�j
cIdGerjGexy�eu�	�L§ic�����k'df£s{s{s��{s�©eM�r[zd�����df[zw¶erd'����dG[z�¡[okGk2y�eu{s{s[oy¾jG��er{tk�¦�§¨{ qsdlmry¾jf��y�[rª+�µj�wse¬[ok2Z'mMjvjf[�d
�;[zyzmh£-kG[/Z2e¬kijJW�\+c¿ws[�qs��eM��Z�[z{¬jfk¤X-mN�r[]�t[z[�{Vyzmhdf[�¢L£s�����5euqxjG��Z2�¡¯z[zw �-mrkG[zw er{VmukGkG£sZ2qxjf�¡eu{-k�jfX-mMj
mrdG[	kGq;[zy��B3ty`jfe�����dG[ow5{s[�ji�+erdf¥xk�¦�§¨�r{-erdf�¡{s��jfXs[/qsdferq;[�dGjG��[zk�eh¢C���¡df[���[zkfk�jfdfmr{-kvZ2��kGkG��er{ny�mr{n�¡[omrw5jGe
W�\+c ��Z2qs�¡[zZ2[�{¬jfmhjG��er{-k����¡jGX�q;e¬eud�qt[zdv¢LeudGZ'mr{-y�[u¦

§¨{�_n±�³¤´IWPk�ªTjGXs[�Z'mh��{9q-dGeu�s�¡[zZ eh¢¤W�\+c.���¡[ok2�¡{¶qt[zdv¢LeudGZ2��{s�®y�er{s�u[zkvjG��er{9y�er{¬jGdfer�+��{ yzmrkG[
er¢���eukfkv[ok	jfX-mMj'mhdf[�{serj���{-wx£ty�[zw9���¹{s[�ji�+erdf¥¹y�er{-�r[zkvjG��er{¼¦�"x�¡{-y�[?�-�µj'[�dfdferd/dlmMjf[zk�mhdf[��u[�df�®��eM�
��{5���¡df[zw?{s[�ji�+erdf¥xk�ª�{s[omhdf�¡��mr�¡�BW�\+c �u[�dlkv��er{-kT{seM��mrwsmN�xk+mrkfkv£-Z�[¸jfX-mMj�q-muyl¥r[�jlk+�¡e¬kGkG[zk�mhdf[Jwx£s[¸jGe
y�er{s�u[zkvjG��er{B¦7\Ter{-kG[ 7¬£s[z{ujf�¡�uªM��Xs[�{�m�qtmryl¥r[�j���k7wx[�jf[zy¾jf[zw/jGe¸�t[+��eukvjzªM[��¡jGX-[�d7���`jG��Z�[zer£xjCeud����`jGdf��qs�¡[
ws£sqs����yzmMjG[owV±�\$#JkzªBW�\+c½kv��eM��k`wxeM��{�jfXs['kv[z{-wx��{s��dfmhjG[��¬��muwNgi£-kvjG��{s���µjlkJy�eu{s�r[okijf�¡eu{����¡{twxeM���¾¦
§¨{?jGX-[	y�mrkG[¸eh¢¼jf�¡Z2[zer£xjoª-W�\+c9[z{¬jG[�dlk+�¡{5jfXs[Jkv��eM�<kvjfmhdGj�qsX-mukv[`����kv[�jvjf�¡{s�2�¡jfk�y�£sdfdG[z{uj�y�eu�r�u[zkvjG��er{
����{-wxeM�½jfe �r¦¤§¨{�jfXs[]yzmrkG[	eh¢CjfdG��qs��[�wx£-qs�¡��y�mhjG[ow�±�\$#Jk�ª»W�\+c [z{¬jG[�dlk�jfXs[]y�er{s�u[zkvjG��er{�mN�uer��wsmh{-y�[
q-X-mrkG[?��� Xtmh���¬��{s�©�¡jfk'y�£-dGdf[�{¬j�y�eu{s�r[okijf�¡eu{9����{-wxeM�J¦&%�{x¢Leudvjf£s{-mMjf[����rª+���¡df[���[zkfk�{s[�ji�+erdf¥xk]kG£xº»[�d
¢LdferZ·kG[��u[�dlmh�tji��qt[ok�eh¢¼��eukfkv[okTjGX-mhj�mrdG[¤{sehj�df[���mMjf[zw'jfe�y�er{s�u[zkvjG��er{Bª�Z'mh¥���{s�2W�\+c9{serj�mrwsmrqxjG[ow'jGe
jfXs��k�[�{����¡dfer{-Z�[z{¬jz¦
³�£sZ2[�dfer£-k�[�{sX-mr{-y�[zZ2[�{¬jfk¤mh{-wneuqxjG��Z2�¡¯omMjf�¡eu{-k�X-mN�u[J�t[z[�{�q-dGeuqte¬kv[ow�eM�r[�d�jGXs[]��mukij�¢L[z�|�r[omhdlk

jfe/��Z2qsdGeM�u[�W�\+c¹q;[�dG¢LerdfZ2mr{-y�[�eM�r[�d�er{s[���Xseuq'���¡df[���[zkfk��E{sehj+{s[zy�[zkfkGmrdG��mrw'X-e�yo�C{s[�ji�TeudG¥xkz¦�W�Xs[okv[
��Z2qsdfeM�r[�Z2[z{ujlk���{-y���£-wx[2��{x¢LdlmrkvjGdf£-y¾jf£sdG[]�-mrkG[zw(' :¼±¤³�k�� �tªB~xª*)xª,+-� ª«Z2er�s���¡[2y�[z�¡��£s��mhd`{s[�ji�TeudG¥���{s�
[z{��¬��dfer{sZ2[�{¬jlk.� �sª0/!��ª+mh{-w kGmhjG[z�¡���µjf[�{s[�ji�+erdf¥xk.���z�xª��u�1� ¦�_n±¤³�´IWPk'��{sXs[zdG�¡j�kv[z�r[�dlmh�+¢L[omMjG£-dG[ok]er¢
jfXs[zkG[/{-[�ji�+erdf¥�kzªs��{ q-mrdvjf��y�£s��mhd�Xs���rX �s�µj¸[�dfdGeud�dlmMjG[ok�mr{-wnq-mhjGX mukv��Z2Z2[�jGdf�rª»mh{twnmrwswn{-[��|qsdfer�x�
��[�Z'k¤jGXtmMj	y�euZ�[�¢LdferZ Z2er�-�¡���µji��mr{-wVZ/£s�¡jG�¡��X-erqVy�erZ2Z/£-{s��yzmMjf�¡eu{-k�ªBkG£-ylX®mrk¸{s[�ji�+erdf¥nq-mrdvjf�µjf�¡eu{-k�ª
dfer£sjG[¸¢Emh���¡£-dG[ok�ªsmr{-w�X-��wsws[�{¹�Leud�[�°xqte¬kv[ow-��jG[zdGZ2��{-mh��k�¦

'®[5y���mukGkG�¡¢L�VjfXs[5Z2mr�¡{ mhqsq-dGe¬mrylXs[ok`jGX-mhj2mr�¡Z jfe ��Z2qsdGeM�u[�W�\+c.qt[zdv¢LeudGZ'mh{ty�[���{ _n±¤³�´IWPk
��{¶ji�Te¹y�mhjG[z�rerdf��[zk-25y�dGe¬kGk���mN�r[�d�qsdferq;eukfmh��k2mh{-w¶��mN�u[�df[zw9qsdGeuqte¬kGmr��kz¦9§¨{�y�dGe¬kGk���mN�r[�d2qsdferq;eukfmh��kzª
W�\+c©mr{-w2�µjlkC£s{-ws[�df�¡����{s�`qsdGerjGexy�eu��k7�+erdf¥�gieu�¡{¬jG���r¦43seudI[�°smrZ�q-�¡[uªuy�eu{-kG��wx[zdfmr�s��[T��Z2qsdGeM�u[�Z2[�{¬jlkCmhdf[
q;eukfkG�¡�s��['��Xs[z{ W�\+c|y�mh{¹wx�¡º»[�df[�{¬jG��mMjf['�t[�ji�T[z[�{¹q-muyl¥r[�jJ��eukfkv[ok	wx£s[�jGe�y�eu{s�r[okijf�¡eu{ jfX-mMj�kvXseu£s��w
muy¾jf�¡�MmMjf[IjfXs[�y�er{-�r[zkvjG��er{	y�er{¬jGdfer��mh���reudG�¡jGX-Z5ªMmr{-w	��eukfkv[ok¼wx£-[Tjfe�jfXs[�kvq;[zy��D3ty�¢L[zmhjG£sdf[zk�eh¢»_n±�³¤´IW�kz¦
§¨{�erdlwx[�d�jGe]wseJjGX-mhjzªxkGerZ2[�qsdferq;eukfmh��kIkG£s�r�u[zkvjIjGXtmMjT��X-[�{'jfXs[¤dfer£sjG��{s�	��mN�r[�dTwx[�jf[zy¾jlkTm/dGeu£xjG[�¢Emh���µ�
£-dG[uªt�¡j¤{serjG�B3-[zk�jGX-[]W�\+c kG[�{-ws[�d¤mr�teu£xj¸m�dGeu£xjG��{s�'¢Emr�¡��£sdf[5���o��ªP�-�xªP���-ª��N~�ª���) � ¦�%�q;er{ dG[oy�[������¡{-�

6,687:9<;�=?>1@
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�������������VkvjfmMjf[r¦ §¨{9jGXs��k'kvjfmMjf[rª�W�\+c�kvjGerqtk]kG[�{-ws�¡{s�
w-mMjfm5q-muyl¥r[�jfkzª¼mh{-wV�¡jJ¢LdG[z[�¯�[okJmh���I�¡jfkJ�Mmhdf��mh�s��[zk¤jGe�jfXs[���d	y�£-dGdf[�{¬jJ�Mmh��£s[rªPkv£-ylX©mrk¸jfXs[�y�eu{s�r[okijf�¡eu{
����{-wxeM�½mh{-w?jfXs[	df[�jGdlmh{tkvZ2��kGkG�¡eu{�jf�¡Z2[�do¦�±�¢ jG[�d�dGeu£xjG[Jdf[�� [zkvjfmr�s�¡��kGXsZ2[�{¬jzªsW�\+c�kG[�{-wx[zd��re�[ok��-mryl¥
jfe5jGXs['{seudGZ'mr�7kvjfmhjG[u¦�§¨{©��mN�r[zdG[ow�qsdferq;eukfmh��k�ª»jfXs[2qsdfer�s��[�Z'k`eh¢�W�\+c½��k	mhjvjlmryl¥r[ow mhj`eu{s[2eh¢+jGXs[
^ "x§���mN�r[�dlkz¦43-erd�[�°xmrZ2qs�¡[uªs��{ ��� +��BjGXs[	mr£xjGX-erdlk�£-kv[	muwsmhqsjG���r[JW�\+c�wx[���mN�r[ow?±�\$# jGe'df[zwx£-y�[`jGXs[
y�er{¬jG[z{¬jG��er{2er{2����dG[z�¡[okGkIylXtmh{s{s[z�Q¦P§¨{ ���z� � ªhjfXs[�mh£sjGXseudfkCq-dGeuqte¬kv[+ji�+eJ�¡��{s¥���mN�u[�d7jG[oylXs{s�87¬£s[zkzªuyzmh���¡[ow
:¼�¡{-¥�p�´��.mh{-w5mrwsmrqxjG���r[`q-muy���{s�-ª�jfe2�¡Z2qsdfeM�r[`W�\+c qt[zdv¢LeudGZ'mh{ty�[r¦

W�Xs[/dG[okij�eh¢7jfXs[JdG[zqteudvj���k�eudG�¬mh{s��¯�[ow�mrk�¢Ler���¡eM��k-2C§¨{ "�[zy�jG��er{����T[	ws��kfy�£-kfk�W�\+c�4 k�ylX-mr�¡��[�{-�r[zk
��{�_n±�³¤´IWPk�[�{�����dGeu{sZ2[�{¬jz¦C§¨{ "�[oy¾jG��er{ �2�+[	kv£sdf�r[z�'q-mhq;[�dlk�er{nW�\+c q;[�dG¢LerdfZ2mr{-y�[`eM�u[�d�Z2er�s���¡[
����df[���[zkfk¼Z]£s�µjf�µ� Xseuq]mrw/Xsexy�{-[�ji�+erdf¥�kz¦B§¨{ "�[zy�jG��er{/�¸�+[Tdf[�����[��©jGX-[TZ'mh��{/q-dGeuqte¬kGmr��k¼¢LerdP�¡Z2qsdfeM���¡{-�
W�\+c q;[�dG¢LerdfZ'mh{-y�[r¦0"�[zy�jG��er{n~�y�er{ty���£-wx[zk+jfXs[Jq-mrqt[zd�mh{-w5�r���r[ok+dG[okv[omhdlylX�wx��dG[oy¾jG��er{tk�¦
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W�X-[�q;[�dG¢LerdfZ'mh{-y�[]er¢�W�\+c­wx[z�rdlmrwx[ok���{ _n±�³¤´IWPkJ[�{����¡dfer{-Z�[z{¬jzª¼W�Xs��k`X-mrqsqt[z{-kJ�;[zyzmh£-kG[�W�\+c
XtmrkB�;[�[z{/euqxjG��Z2�¡¯z[zwJ¢Leud¼df£s{s{s��{s�¤eM�r[�d����¡df[zw`{-[�ji�+erdf¥�kz¦B§¨{]_�±�³�´�W�kzªrW�\+c�Xtmrk¼jGe�¢Emuy�[T{s[�� ylX-mr�µ�
��[�{-�r[zk�mhdf��kG�¡{-�2¢LdGeuZ jfXs[]kGqt[oy��B3ty��¡ji�5eh¢CjGX-[zkG[	{s[�ji�+erdf¥xk	2TXs���rXn�s�¡j¤[zdGdferd�dlmMjf[zkzª-q-mhjGX mukv��Z2Z2[�jGdf�rª
{-[�ji�+erdf¥'q-mhdGjG�¡jG��er{-kzªxdfer£xjf[¤¢Emr�¡��£sdf[zk�mr{-w�dfer£sjG[`dG[���[okijlmh�s����kvXsZ2[z{ujlk�ª�q;eM�T[zd�y�er{tkijfdfmr�¡{¬jfkz¦

!#"%$ &('*)+)-,/.1032�4346587%)
W�X-[¸Z'mr�¡{ny�mr£-kG[zk+eh¢7[�dfdGeudfkT��{5����df[���[zkfk�ylX-mh{s{-[��Bmhdf[¤jGXs[`¢Leu�¡��eM���¡{-�<2

9 "����r{-mr�ImMjvjf[�{�£-mhjG��er{ 2`W�Xs��k¤��kJwx£s[�jfe�m�wx[oy�df[zmukv[]�¡{VjGXs['��{¬jG[z{-kv�¡ji�neh¢TjGXs[2[z�¡[oy¾jGdferZ'mr�r{s[�jG��y
[�{s[zdG�u��mMj¸jGXs[2df[zy�[����r[�d2�L[u¦ �t¦/wx£s[�jfe5��er{-�?wx��kijlmh{-y�[o��ªB��Xs��ylX ��[zmrw-k�jfe��¡eM� kG�¡�u{-mh�¡��jGeh� {seu��kG[
dfmhjG��en� "x³¤p��¾¦

9 ��euqsqs��[�d+kvXs�¡¢ j-2CW�Xs��kI��k�ws£s[�jfeJjGXs[�dG[z��mhjG���r[��r[z�¡exy��µjf�¡[okIeh¢»jfXs[�jGdlmh{tkvZ2�¡jvjG[zdTmr{-w�jGXs[¤dG[oy�[z�¡�u[�do¦
��euqsqs��[�d`kvX-�µ¢ jJy�mr£-kv[ok�¢Ldf[ 7¬£s[z{-y��nkGXs�µ¢ jlk¸�¡{njfXs[2mhdfdG�����¡{s��kG���r{-mr�QªtjGXs[zdG[z����y�erZ2qs����yzmMjf�¡{s��jGXs[
kv£ty�y�[okGkv¢L£s�Bdf[zy�[�qxjf�¡eu{�er¢�jfXs[	kv���r{tmh��¦

9 _�£s�¡jG��q-mMjfX©¢Emrwx��{s� 2/´C��[zy¾jfdGeuZ'mh�r{-[�jG��y��+mN�u[zk¸df[;:-[oy¾jG��{s�nerº9er�xgi[oy¾jlk`erd	wx�¡º;dlmry�jG��{s��mhdfer£-{-w
er�xgi[oy¾jlk¤yzmh{ndf[zkG£s�µj¸�¡{�jGXs[2kv���r{tmh�BjfdfmN�u[����¡{-�'eM�r[�d�Z/£s�¡jG��qs��[]q-mhjGX-k�¢LdferZ jGXs[]jGdlmh{-kGZ2�µjGjG[zd�jGe
jGXs[Jdf[zy�[����r[zdz¦I_�£s�¡jG��q-mhjGX�qsdferq-mr�umMjf�¡eu{?yzmh{5�¡[omrw�jGe<:-£-y�jG£-mhjG��er{-k���{5jGXs[	mrZ2qs�¡�¡jG£twx[rªsq-X-mrkG[rª
mh{-w5�u[�er�udfmrqsXs��y�mr�;mr{s�r��[¤er¢�jfXs[	kG�¡�u{-mh�»df[zy�[z�¡�u[zw5mMj�m�dG[oy�[z�¡�u[�do¦
§¨{¿erdlwx[�d�jGe �¡{-y�dG[omrkG[njGX-[®kG£-y�y�[zkfki¢L£-��jfdfmr{-kvZ2��kGkG��er{�dlmMjG��e9����{s¥���mN�u[�d�q-dGerjGexy�eu��k��¡Z2qs��[�Z2[�{¬j

jfXs[¸¢Ler���¡eM����{s�]jG[oylXs{s�87u£-[zk-27±�£xjGeuZ'mMjG��yJp�[zqt[omMj�dG[�=¤£s[zkvjJ�E±�p6=`�?>Nªseud 3-erdf�+mrdfw�´CdGdferd�\TeudGdf[zy�jG��er{
� 37´T\��¾ªuerdC�;ehjGX'er¢tjfXs[�ZA@u¦ 3-£sdGjGXs[zdI�¡{�_n±¤³�´IWPkzª¬kvjfmhjG��er{-k7Z'mN�/df[����	eu{�q-X¬�xkG��yzmh�syzmhdfdG��[�dG� kG[�{tkv��{s�
BDC 7 >FE1@�G =1=FH1IKJML�7ONQP�RSN�7MTSU#V PSPSLDRXWMLYPSL%ZYPST6N�7<LDRSR\[FRDH�V P*I8V^]^]�RSLYPSR�N�7�T�U#V PXPSJML6_`RSNaU#LFHbLDRSR\[FRcWMLYPSL%ZYPSV^[17OV^T*PSV^U#LDR

d NaT�LDWeaf ]^gMLYPS[h[aPSJiV^U#jM]^LDU#L�7;P�T d [aPSJQk46mlnN�7MWio1p�q�[17QT�[FU#LrTSs-7MZ�JMR\[17M[FgMTrN�7MWikrT\s�7�Z�JMR\[17M[FgMTrZD[17 7�L%ZYPSV^[17MT
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Z2[oylX-mh{s��kGZ�jfe]wx[�jG[�dfZ2�¡{-[���wx�¡[¸ylX-mh{-{s[���ªxkv£-ylX�muk���{'jfXs[�§i´I´�´¶�u�u�x¦��r�6�J\$3V¢L£s{-y�jG��er{B¦IW�Xs��k+kv[z{-ki�
��{s�5Z2[zylX-mr{s��kGZ �r[z{s[�dlmMjf[zk¤y�erZ2qs��[�°�q-Xs[�{seuZ2[�{-m-ªBkv£-ylX®mrk¤jGX-[�� ����� � � �$#-��# � "���mh{-w jGX-[ ���  ?"������
�$#-��# � "��`qsdfer�s��[�Z'k ���-/ � ¦4�T[�¢Lerdf[�[�°xqs��mh��{s�¡{-�¤jfXs[zkG[�qsdfer�s��[�Z'kzªh�T[�{s[z[zw]jGeJy���mrdG�¡¢L�JjGX-[ �¨jfdfmr{-kvZ2��kGkG��er{
dlmh{-�r[1��jf[�dfZ�¦7W�X-[¤jfdfmr{-kGZ���kfkv��er{?dfmr{s�r[¤��k+jfXs[`dfmr{s�r[uª¬���¡jGX5df[zkGqt[oy¾j�jGe�jGX-[¤jfdfmr{-kGZ��¡jvjf�¡{-��kvjfmhjG��er{Bª
���¡jGX-�¡{���Xs��ylX5m�jfdfmr{-kGZ��¡jvjf[zw?q-mryl¥u[�j�y�mr{?�;[	kG£-y�y�[zkfki¢L£s������dG[oy�[z�¡�u[zw«¦

± ji��qs��y�mr��Xs��wswx[�{�jf[�dfZ2�¡{-mr��kG�µjf£-mMjf�¡eu{ ��k�wx[zqs��y¾jG[ow �¡{ 3P�¡�u£sdf[¹�r¦ "¬jlmMjf�¡eu{-k�± mh{tw�\·X-mN�u[
mn¢LdfmrZ�[�jGe�jfdfmr{-kGZ��¡j	jfeVkvjfmMjf�¡eu{ �¸¦ "¬jlmMjG��er{¶± y�mr{s{serj]wx[�jf[zy�j'\&4 k	jfdfmr{-kvZ2��kGkG��er{©�t[oy�mr£-kv[��µj���k
eu£xjfkG��wx[`jGXs[	jGdlmh{-kGZ2��kfkv��er{5dlmh{s�u[¸er¢T\¤¦ "¬jlmMjG��er{ \.�Ldf[zkGqB¦+±¤����k�jfXs[�df[�¢LeudG[ �vXs��wswx[�{ �¸jfe�kijlmMjG��er{�±
�EdG[okvq¼¦T\��¾¦ "���{-y�[	±|mh{-wn\�jfdfmr{-kGZ���kfkv��er{�mhdf[zmuk+mrdG[¸{serj�wx��kEgier��{¬jzªxjfXs[�df[`���¡���B�;[Jq-mryl¥u[�j�y�eu�¡����kv��er{-k
mhj$�¸¦�W�Xs[zkG[¤y�er���¡��kv��er{tkIZ'mh¥u[�jGX-[�jGdlmh{tkvZ2��kGkG�¡eu{2jGeM��mhdlw � qsdGeu�s��[�Z'mMjf��yr¦PW�e]mr�¡��[�����mMjG[�jGXs[¤Xs��wswx[�{
kvjfmhjG��er{�qsdfer�s��[�Z�ªr����dvjf£-mh�syzmhdfdG��[�dCkG[�{-kG��{s�JX-mrk7�;[�[z{'�¡{¬jfdGexwx£-y�[zw � ��ªu�h�:��¦7§ jI��kC�-mrkG[zw�eu{2m¤ji�+eh� �+mN�
Xtmh{-wskGX-mr¥¬��{s�5jGXtmMj/qsdf[zy�[zwx[ok	wsmhjfm5jGdlmh{tkvZ2��kGkG�¡eu{B¦ "xqt[oy��B3ty�mr�¡���rª�jGXs[?kveu£sdfy�['kijlmMjG��er{®jfdfmr{-kvZ2�¡jfk	m
kGXseudvj]y�er{¬jGdfer��¢LdfmrZ2[rªCy�mr�¡��[zw p�[ 7¬£s[zkvjv�¨W�eh��"�[�{-w��Qp7W�"s�¾ªPjGe jGXs[�wx[okijf�¡{-mhjG��er{ kvjfmhjG��er{B¦ %�q;er{9df[��
y�[������¡{s�VjGX-[�p7W�"9¢LdlmhZ2[rª�jGXs[nwx[okijf�¡{-mhjG��er{�kijlmMjf�¡eu{9df[�qs���¡[ok��¬�¶m¹\T��[zmrdv�¨W�eh��"�[�{-w<��\+W�"s�/¢LdlmhZ2[rª
��{-wx��y�mhjG��{s�JjfX-mMj+�µj���kTdG[omrwx�/jGe	df[zy�[����r[�jGX-[¤wsmhjfm`¢LdlmhZ2[r¦4�+ehjfX�pPW�"�mh{-w�\+W�"]¢LdlmhZ2[zkTy�eu{ujlmh��{2jGXs[
jfehjlmh�Bwx£sdlmMjf�¡eu{?er¢�jfXs[	wsmhjfm]jGdlmh{-kGZ2��kfkG�¡eu{B¦P±��¡��kijlmMjG��er{tk�dG[oy�[������¡{-��[z�µjfXs[�d�p7W�"?erd¤\+W�"?�����¡�«¥u[�[zq
kG���¡[z{uj�wx£-dG��{s��jGXs[	w-mMjfm]jfdfmr{-kvZ2��kGkG��er{5qt[zdG��exwV�E[r¦ �-¦IkvjfmMjf�¡eu{n\��¡{ 3P���r£sdf[2�o�¾¦

²�eM�T[z�r[�doªImrk�q;er��{¬jG[zw¶er£sj2��{ �¡�o�xª��x�1��jfXs[�Xs��wswx[�{�kvjfmMjf�¡eu{¶q-dGeu�s�¡[zZ Z'mN�¹qt[zdfkG��kvj2�¡{ §i´I´I´
�u�u�s¦¡�u�	mrwnXsexy/{s[�ji�+erdf¥xk�[��u[�{����¡jGX jGXs[]£-kv[]eh¢IjfXs[]p7W�"	�u\+W�"�X-mr{-wskGX-mh¥u[r¦¤W�X-��k¤��k¸wx£s[/jGe?jGXs[
¢Emuy¾j'jfX-mMj�jfXs[�q;eM�T[zd'{s[�[owx[zw ¢Leud���{ujf[�dfdG£-qxjG��{s� m©q-muyl¥r[�j�df[zy�[�qxjf�¡eu{¶��k�Z]£-ylX��¡eM�+[�d2jfX-mh{�jfX-mMj
er¢¸wx[z�¡���r[zdG��{s�¹m®q-mryl¥u[�j�kG£-y�y�[zkfki¢L£s�����r¦ 3seud'Z2erdf[�ws[�jfmr�¡��k'kG[�[5jGXs[nZ2exwx[z��eh¢¸jGXs[nq-X¬�xkG��yzmh����mN�r[zd
��Z2qs��[�Z2[�{¬jG[ow5�¡{n³�"��¨� � �r��ªt� � � ¦

A B C

Transmission Range

Transmissions Collision

3����r£-dG[2� 2I²���w-wx[�{5jG[zdGZ2��{-mh�«q-dGeu�s�¡[zZ 27c7muyl¥r[�jlk�kv[z{¬j+jfe � ����±|mh{twn\����¡���¼y�er���¡��wx[JmMj �¸¦

W�Xs[?[�°xq;eukG[zw kvjfmhjG��er{¹qsdfer�s��[�Z df[zkG£s�¡jfkJ¢LdferZ mVkv�¡jG£-mhjG��er{¹��Xs[zdG[5mnjfdfmr{-kvZ2��kGkG��er{©X-mrk/jGeV�t[
ws[���mN�r[zw��t[oy�mh£tkv[2eh¢TjGXs[�jfdfmr{-kvZ2��kGkG��er{��;[�ji�+[�[z{ ji�+e?erjGXs[zdJkijlmMjG��er{tk¤���¡jGX-�¡{®jGX-[2kG[�{twx[�d�4 k¤jfdfmr{-ki�
Z2��kGkG��er{�dlmh{s�u[r¦P§¨{ 3P���r£sdf[¸�sªx�T[¸kvX-eM�<m	ji��qs��y�mr�;kfy�[z{-mhdf��e/��Xs[zdG[�jGXs[`[�°xq;eukG[zw�jG[�dfZ2�¡{tmh�»qsdfer�s��[�Z
exyzy�£sdlk�¦�:¼[�j	£-k	mukGkG£sZ2[�jGX-mhj/±"mh{-w¹\�mhdf[����¡jGX-�¡{��@4 kJjGdlmh{-kGZ2��kfkv��er{Vdfmr{s�r[uª¼mh{twV±"��k`er£sjfkG��wx[

6,687:9<;�=?>1@



) � (��1�����/�)( ��� � ( #��5�)�	� � �:� �

\&4 k+jGdlmh{tkvZ2��kGkG�¡eu{�dlmh{s�u[r¦ :B[�j�£-k�mh��kGe�mukGkG£sZ2[¸jGX-mhj ����k�jGdlmh{-kGZ2�µjGjG��{s��jGe'±	ª-mr{-w�\�X-muk�m]¢LdfmrZ�[
jfe��t[�jGdlmh{tkvZ2�¡jvjG[ow�jfe �/¦B±�yzy�erdlwx��{s�?jGe?jGXs[�yzmhdfdG��[�d`kv[z{-kG[]Z2[zylXtmh{s��kvZ�ª�\ kv[z{-kv[okJm��-£-kv�VylX-mh{x�
{-[��C�;[zy�mr£-kG[]er¢$�@4 k¤jfdfmr{-kvZ2��kGkG��er{B¦�W�Xs[�df[�¢LeudG[uª»kvjfmhjG��er{ \­�����¡�Cdf[�¢Ldlmh��{�¢LdferZ jfdfmr{-kGZ��¡jvjf�¡{-�?jfe �]ª
mr�µjfXser£-�rX�jfXs��k�jfdfmr{-kGZ���kfkv��er{?�Teu£s��w�{sehj�y�mr£-kG[¤��{¬jG[�dG¢L[�df[�{ty�[`mMj�±	¦sW�Xs[¸[�°xq;eukG[zw�kvjfmhjG��er{5qsdfer�s��[�Z
Z'mN�'jfX�£-k�dG[okv£-�µj���{�m�df[zwx£ty¾jG��er{�er¢PylX-mr{s{s[��«£sjG���¡��¯zmhjG��er{B¦

§ j/��kJ�+erdGjGX®{sehjf�¡{-��jGX-mhj	Xs��w-wx[�{©jf[�dfZ���{-mr��mh{-w®[�°�q;eukG[zw jG[zdGZ2��{-mh��qsdGeu�s��[�Z'k	mhdf['y�eudGdf[���mMjf[zw
���¡jGX¶jGX-[�jGdlmh{-kGZ2��kfkv��er{9dfmr{s�r[u¦ �+�¹�¡{ty�df[zmrkG��{s� jfXs[5jGdlmh{-kGZ2��kfkG�¡eu{9dlmh{s�u[rªCjfXs[�Xs��w-wx[�{¶jG[zdGZ2��{-mh�
q-dGeu�s�¡[zZ exy�y�£sdlk��¡[okGk�¢Ldf[ 7¬£s[z{¬jG���r¦�^¤{?jfXs[	erjGXs[zd�X-mh{tw«ªxjGX-[	[�°xq;eukG[zw?jG[zdGZ2��{-mh�Bq-dGeu�s�¡[zZ �;[zy�erZ2[zk
Z2eudG[C��Z2qteudvjlmh{¬j¼mrk»jfXs[Cjfdfmr{-kvZ2��kGkG��er{¸dfmr{s�r[C��wx[�{¬jf�D3-[ok»jGX-[�mhdf[zm�mhº;[oy¾jG[ow¸�¬�`m�kG�¡{s�u�¡[7jfdfmr{-kGZ���kfkv��er{B¦

c7mryl¥u[�jlk2jGdlmh{-kGZ2�µjGjG[ow�eM�r[�d�m®¢Emuwx��{s�9ylX-mr{s{s[���Z2mN� y�mr£-kv[ndfer£sjG��{s�¹qsdfehjGexy�er��jfe¹�¡{-y�erdfdG[oy¾jf�¡�
y�er{-y��¡£twx[�jGX-mhj'jGXs[zdG[n��k�m©{s[z� er{s[���Xseuq¶{-[����rX��teudz¦¿W�Xs��k�er{s[���Xseuq¶{-[����rX��teud�y�eu£s��w qsdfeM����ws[�m
kGXseudvjf[�d�dfer£sjG[Jjfe�[��u[�{�Z2eudG[/ws��kvjfmr{uj¸{sexwx[zkz¦ %�{x¢Leudvjf£s{-mMjf[����rªtjGXs��k¸{s[�� kGXseudvjf[�d�dfer£sjG[	��k�£tkv£-mr�¡���
£-{sdG[z�¡��mh�-�¡[u¦?§¨{ � �M�:� ªPjGXs[5mh£xjfXserdlkJwx[zqs�¡eM��� " ��� � �r~:�+mh{tw®±�^Q��� � � ) ��dGeu£xjG��{s�nqsdfehjfe�y�er��k`�¡{ m
df[zmr�¼{s[�ji�TeudG¥»ªtjGXs[z� 3-{-w�jGX-mhj¸{s[z�µjfXs[�d`er¢CjGXs[okv[�qsdfehjGexy�er��k�y�mr{�qsdfeM����wx[]m?kvjfmr�s�¡[]dGeu£xjG[]eM�r[zd¤mh{��
Z]£s�¡jG�¡��Xseuq?{-[�ji�+erdf¥�y�er{-{s[zy�jG��er{B¦

A B C D

B’s Transmission Range

C refrains transmission

3P���r£sdf[�� 2¤´7°xq;eukG[zw�jG[�dfZ2�¡{tmh�7qsdfer�s��[�Z 2��+[oy�mh£tkv[]eh¢ �@4 k�jfdfmr{-kGZ���kfkv��er{®\­dG[�¢Ldfmr�¡{-k�jGdlmh{tkvZ2��kGkG�¡eu{
jfeA�/¦

!#"S! � 2��b0/2�)-,���� 5��
	 ,
c7mhjGX�mrkG��Z2Z�[�jGdf����{ _n±�³¤´IW�k¤Z'mN��mhq-qt[omhd���{�kv[z�r[zdfmr�»¢LerdfZ2k��¡��¥r[J�-mr{-wx����w�jGX�mukv��Z2Z2[�jfdG�uªs�¡e¬kGk
dlmMjf[JmrkG�¬Z2Z2[�jfdG�uªxmh{-w5dfer£xjf[`mukv��Z2Z2[�jfdG�u¦

� �
��Æ Ä�� Æ������s� Â � � Á �z� Â � "smMjG[z�¡���¡jG['{s[�ji�TeudG¥xk`kv£sº;[zd`¢LdGeuZ)Xs���rX®�-mh{twx����wxjGX mrkG��Z2Z�[�jGdf�rªBdf[��
kG£s�¡jG��{s�	¢LdferZ �Mmhdf��er£-kT[�{s�u�¡{-[�[�df��{s�JjGdlmrws[�ehº«k��Qkv£tylX?mrkTq;eM�T[zdzªuZ2mukGkzªxmh{-w��rer��£sZ2[o��ªxmrkI�+[����«mrk�jGXs[
¢Emuy¾j�jfX-mMj�¢Lerd¤kGq-muy�[	kfy���[�{¬jG�B3tyJZ2��kGkG�¡eu{-kzªsZ2eukvj�eh¢7jGX-[/wsmMjlm'erdf���r��{-mMjf[zk�mMj�jGXs[/kfmMjf[����¡�¡jG[]mh{-w :-eM��k
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jfe2jGXs[J[omhdGjGXB¦TW�Xs[JdG[�jG£sdf{5�¡��{s¥5��k�{-ehj�£-kG[zw«ª-�¡{��r[z{s[�dlmh��ª�¢Lerd�w-mMjfm�jfdfmr{-kv¢L[�dfdG��{s�-¦03-erd�[�°xmrZ2qs�¡[uªs��{
�-dGe¬mrwsyzmrkvjTkGmhjG[z�¡���µjf[`{s[�ji�+erdf¥xk�m]�-mh{-ws����w�jfX?dlmMjf�¡e]eh¢+�z�r�u�J��k�{sehj�£s{-y�erZ2Z2er{(���z�:��¦T^¤{�jGXs[`ehjfXs[�d
Xtmh{-w���{ _n±�³¤´IWPk�ª;jGX-[/wx[��udG[z[Jeh¢I�-mr{-wx����w�jGX�mukv��Z2Z2[�jfdG�?��k�{sehj��u[�df��Xs���rX¼¦�3serd�[�°smhZ2qs��[rªtjGXs[
�tmh{-wx����w�jfX'dfmhjG��eJ�¡��[zk��t[�ji�T[z[�{��Jmr{-w�~M�J��{�_n±�³¤´IWPkIjfX-mMj���Z2qs��[�Z2[�{¬j�jfXs[�§i´I´�´9�r�¬�x¦��r���r[zdfkG��er{
��qsdfehjfe�y�er� � �:��¦IW�X-[¸mukv��Z2Z2[�jGdf�'df[zkG£s�µjlkT¢LdGeuZ jGXs[`£-kG[`eh¢Pws�µº»[�df[�{¬j+jGdlmh{-kGZ2��kfkv��er{�dfmhjG[zkz¦ �+[zy�mr£-kG[
er¢-jfXs��k�wx�µº»[�df[�{¬j7jGdlmh{tkvZ2��kGkG�¡eu{/dlmMjf[zkzªh[��u[�{2kv��Z2Z2[�jGdf��y+kGer£-dfy�[+wx[okijf�¡{tmMjG��er{�q-mhjGX-k7Z'mN�/kG£xº»[�d7¢LdferZ
�tmh{-wx����w�jfX�mukv��Z2Z2[�jfdG�u¦

�TÅ �o� �M�x� Á �s� Â � � Á �z� Â � W�X-��k�ji�¬q;[�er¢`mukv��Z2Z2[�jGdf� jlmh¥u[zk2qs��mry�[���Xs[�{ jfXs[��-muyl¥¬��mhdlw¶q-mMjfX
��kIkG�¡�u{s�B3ty�mr{ujf�¡�/Z�eudG[���eukfkG�JjGX-mr{�jGXs[�¢LeudG��mhdlw]q-mMjfXB¦�§¨{�_�±�³�´�W�kzªrjfXs��kImrkG��Z�Z2[�jGdf�/��kIwx£s[�jfeJjGXs[
¢Emuy¾j�jfX-mMj¸[�dfdGeudv� qsdfer{s[`wx[zqt[z{-wsk¤er{n��e�yzmh�Py�er{tkijfdfmr�¡{¬jfk�jGX-mhj¸y�mr{n�Mmhdf��¢LdferZ qs��mry�[	jGe�qs��mry�[r¦�³�ehjG[
jfX-mMj`��eukfk�dlmMjf[�mukv��Z2Z2[�jGdf��Z'mN�5q-dGexwx£-y�[]�tmh{-wx����w�jfX®mukv��Z2Z2[�jGdf�r¦�3-erd`[�°smhZ2qs��[rª»��{VZ]£s�¡jG�¡��dlmMjf[
§i´�´I´­�r�u�s¦¡�u�	qsdfehjfe�y�er�7�r[zdfkG��er{-kzª«kv[z{-wx[�dlk¸Z'mN�n£-kv[]jGX-[2±�£xjGer� p�mMjG[�� 3tmh���¡�tmryl¥¹�E±¤p�3C�`mh���rerdf�¡jGXsZ
¢Leud�jGdlmh{-kGZ2��kfkG�¡eu{�dfmhjG[JkG[���[zy¾jf�¡eu{ � � +���¦ '��¡jGXn±�p 3Tªtkv[z{-wx[�dlk�mMjGjG[�Z2qxj�jfe'£-kG[¸X-�¡�uXs[�d+jGdlmh{tkvZ2��kGkG�¡eu{
dlmMjf[zk`mM¢ jf[�dJy�eu{-kG[zy�£sjG���r[]jGdlmh{-kGZ2��kfkv��er{Vkv£-yzy�[okGkG[zkzªBmh{-wVdf[��r[zdvj¤jGe���eM�T[zd¤dlmMjf[zk`mM¢ jf[�d¸¢Emh���¡£-dG[ok�¦ "�e-ª
muk+jGXs[J��eukfk+dfmhjG[`��{-y�df[zmukv[ok�jfXs[	kG[�{-wx[zd����¡���B¥u[�[�q5£-kG�¡{-����eM� jfdfmr{-kGZ���kfkv��er{?dfmhjG[zkz¦

�?Å �¼� Á �s� Â � � Á ��� Â � %�{s���¡¥u[�jGX-[¸q-dG[z�¬��er£tkCji�+e/¢LeudGZ'kTeh¢�mukv��Z2Z2[�jGdf�rª¬��Xs[zdG[�jGXs[¸¢Lerdf��mhdlw2q-mMjfX
mr{-wnjfXs[2�-mryl¥���mhdlw�q-mMjfXVyzmh{ �;[�jGXs[2kfmhZ2[rª«dfer£xjf[�mukv��Z2Z2[�jfdG����Z�q-�¡��[zk¤jGXtmMj	wx��kijf�¡{-y�jJq-mMjfX-k`mhdf[
£tkv[ow'¢Lerd�W�\+c wsmMjlm/mr{-w�W�\+c ±�\$#Jk�¦CW�Xs��k�mrkG��Z�Z2[�jGdf��Z'mN�'df[zkG£s�¡j+[z�µjfXs[�d+¢LdferZ·wx�¡º;[zdG[z{¬j�ylX-mrdv�
muy¾jf[�df��kvjG��y�k¸eh¢�����dG[z�¡[okGk`y�mrdfw-k¤eud	wx£s[2jfe?jfXs['��mryl¥neh¢+jGdlmh{tkvZ2��kGkG�¡eu{ q;eM�T[zdz¦�§ ¢+jGXs['��[�{s�rjGX®eh¢+jGXs[
�tmryl¥��+mrdfw?q-mhjGXBªt[�°xqsdf[zkfkv[ow?��{n{�£sZ/�;[�d¤eh¢CXseuq-k�ªt��k�Z2erdf[`jGX-mr{njGXs[/�¡[z{s�hjfXneh¢7jGXs[/¢Lerdf�+mrdfw?q-mhjGXBª
jfXs[��-muyl¥��+mrdfw9q-mMjfX����¡�����;[njGX-[��terjvjf�¡[z{s[zyl¥»¦ �T[oy�mr£-kv[�eM�u[�d�m©Z/£-�µjf�µ� Xserq�����df[���[zkfk2q-mMjfXBª�jGXs[
jfXsdfer£s�uXsqs£xj`wx[zy�dG[omrkG[zk�dlmhqs��wx���?��X-[�{�jfXs[/{�£sZ]�t[zd¤er¢IXserqtk���{-y�df[zmukv[ok���� +�ªP�z�sª»�r�xª»� / � ¦�'®[�y�er{x�
y��¡£twx[¸jGX-mhj�dfer£sjG[JmrkG��Z�Z2[�jGdf�'Z2mN�'��[zmuw'jfe��tmh{-wx����w�jfX�mukv��Z2Z2[�jfdG�uª�mr{-w?�µj���k�£sq5jGe]jGXs[Jdfer£xjf�¡{-�
q-dGerjGexy�eu�tjfe�kv[z�¡[oy¾j�kG�¬Z2Z2[�jfdG��y¸q-mMjfX-k���Xs[z{5kG£-ylX5dGeu£xjG[ok�mhdf[JmN�Nmr�¡��mh�-�¡[u¦

§¨{�jfXs[]y�er{¬jG[�°¬j�er¢IkGmhjG[������µjf[J{s[�ji�+erdf¥xk�ªxjfXs[�df[	X-muk��;[�[�{�m��¡erj�eh¢CdG[okv[omhdlylX?eu{�XseM�½jGe'��Z�q-dGeM�u[
W�\+c<qt[zdv¢LeudGZ'mr{-y�[u¦ �+£xjJkG�¡{-y�[�kfmMjf[����¡�¡jG[]{s[�ji�+erdf¥xk¤mrdG[]er£xj¸eh¢IjfXs['kGy�erq;[/er¢IjGXs[�df[�q;erdGjzª»�T[������¡�
����Z��¡jCer£sdlkG[����r[zkBjGe`����kvj�jfXsdf[�[TjG[zylX-{s�E7¬£s[okP�¡{¬jGdfexwx£-y�[zw	���`jfXs[zkG[�qsdGeuqte¬kGmr��kzªN��Xs��ylX/�+[T�;[����¡[z�r[+Z2�¡�uXuj
�;[J£-kG[�¢L£s�¼�¡{�_n±¤³�´IWPk�¦

W�Xs[;3-dlkvj¤er{-[]��k��vW�\+c¿Xs[zmuwx[�d`y�euZ2qsdG[okGkG��er{ �JjGXtmMjJdG[owx£-y�[zk�jGXs['kG�¡¯z[/eh¢TjGXs[2W�\+c½±�\$#Jk�eu{
jfXs[��tmryl¥��+mrdfw�q-mhjGX � �r�:��¦CW�Xs[¸kv[oy�er{tw2er{s[���k4�v±�\$# 3-�¡jG[zdG��{s�:��jfX-mMj+dG[owx£-y�[okCjfXs[�{�£sZ]�t[zdTer¢«W�\+c
±�\$#JkJjGdlmh{-kGZ2�µjGjG[zwBª�����jlmh¥���{s��mrwx�Mmr{ujlmh�u[�er¢�jGXs['¢Emuy¾j	jfX-mMj�W�\+c|±�\$#Jk	mhdf[�y�£sZ]£s��mMjG���r[ � �s����¦
W�X-[JjGXs��dlw�er{s[J��k �G±�\$#.y�er{s�u[zkvjG��er{ny�eu{¬jGdfer� �¤jGXtmMj���[�j�jfXs[/df[zy�[����r[zd�mh��kve'y�eu{¬jGdfer�«jfXs[/y�eu{s�r[okijf�¡eu{
eu{2jGXs[¸�-muyl¥¬��mhdlw�q-mMjfXB¦CW�Xs��k���kTwser{s[����'wx��{-mrZ���y�mr�¡����Z2mr�¡{¬jlmh��{s�¡{-�/m/wx[z��mN�u[zw��¨±�\$#<¢Emry¾jferd��/���
jfXs[`dG[oy�[z�¡�u[�doª�mr{-w?�¬�?kv[z{-wx��{s�2er{s[`±�\$#|¢Leud�[��r[zdG���'w-mMjfm�q-muyl¥r[�j+df[zy�[����r[zw(� �-�1� ¦0%�{x¢Leudvjf£s{-mMjf[����rª
jfXs[zkG[njf[zylXs{s�87¬£s[zk5mh��er{-[�y�mh£tkv[�q-dGeu�s�¡[zZ'k�kG£-ylX mrk��¡{-y�dG[omrkG�¡{-� kv[z{-wx[�d�4 k��s£sdlkvj�jGdlm���y�mr{-w�mh��kGe
kG��eM���¡{s�¶wxeM��{�jGXs[©kG[�{-wx[zd 4 k�y�er{s�u[zkvjG��er{�����{-wxeM� �udGeM��jfXB¦ "�etª��¡j?��k�{s[oy�[okGkfmhdf�9jfe¶muwsmhqxj?jGXs[
kG[�{twx[�d`y�eu{s�r[okijf�¡eu{�y�er{¬jfdGeu��mh���reudG�¡jGX-Z jfe?mN�reu��w5jfXs[zkG[/q-dGeu�s�¡[zZ'k�¦ 3seud¤wx[�jfmh����k¸mr�teu£xj�jfXs[2kv[z{-wx[�d
muwsmhqsjfmMjf�¡eu{2jG[oylXs{s�87u£-[zkzªu�+[�df[�¢L[�d�jGe � �-�1��� jfW�X-[¤mrw-mhqxjf�¡�u[�wx[���mN�r[ow��¨±�\$# qsdferq;eukG[zw2��{ ��� +-�«mh��Z'kCjGe
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df[zws£-y�[JjfXs[/y�er{¬jG[z{ujf�¡eu{ner{�jfXs[]ylX-mr{s{s[z�Qªt�¬�5df[zwx£-y��¡{-�2jGXs[]{¬£-Z/�;[�d�er¢IW�\+c ±�\$#Jk�jfdfmr{-kvZ2�¡jvjf[zw«¦
W�X-��k�q-dGeuqte¬kGmr�Bmh��kve�mr�¡��[�����mMjG[ok+jGXs[]mrkG�¬Z2Z2[�jfdG�?qsdfer�s��[�Z �¡{�_n±¤³�´IWPk�¦ '®[	X-mN�u[¸{-ehj�¢Leu£s{-wnmh{��
erjGXs[zd�qsdferq;eukfmh�«wx[zmr�¡��{s�2���¡jGX5jGXs[	mukv��Z2Z2[�jfdG�'qsdfer�-�¡[zZ·�¡{�_n±¤³�´IWPkz¦

!#"�� � 5�����' 	���� 2 	
��	 ��	D'*4
±�{ mrw�Xsexy	{s[�ji�TeudG¥5y�mh{ �t[]dG[zqsdG[okv[z{¬jG[zw�����m�kG�¡Z2qs��[/�udfmrqsX�
�¦¸_ner�s���¡[�kijlmMjf�¡eu{-k�mrdG[JjfXs[��i�u[�dG�
jf��y�[zk��l¦T± kv£ty�y�[okGkv¢L£s�»jfdfmr{-kvZ2��kGkG��er{5�t[�ji�T[z[�{5ji�Te'Z2eu�s�¡��[	kvjfmMjf�¡eu{-k���k�mh{�£s{-ws�¡df[zy�jG[zw �v[zwx�u[1�¾¦�³�[�jv�
�+erdf¥¹q-mrdvjf�µjf�¡eu{9X-mrqsqt[z{-k2��Xs[z{�
 ��k�wx��kfy�eu{s{s[oy¾jG[ow«¦�W�Xs[�Z2mr�¡{ df[zmrkGer{¶eh¢¤jGXs��k�wx��kGy�er{s{-[zy¾jf�¡eu{
��{ _n±�³¤´IWPk	��k`{sexwx['Z2er�s���¡�¡ji�r¦?±�{serjGXs[zdJ¢Emry�jGerd`jfXs[�y�mr{V��[zmuwVjGen{s[�ji�TeudG¥nq-mrdvjf�µjf�¡eu{V��kJ[z{s[�df�r�
y�er{-kvjGdlmh��{s[ow2erq;[�dlmMjG��er{�eh¢¼{sexwx[ok�¦C±�{?[�°xmrZ2qs�¡[¤eh¢¼{-[�ji�+erdf¥]q-mrdvjf�µjf�¡eu{����¡��£-kvjGdlmMjf[zw'��{ 3P���r£sdf[��-¦7§¨{
jfXs��k<3t�r£sdf[rª���Xs[z{?{sexwx[i�­Z2eM�r[okTmN��mN�/¢LdferZ"{-e�ws[	\ jGXs��k�dG[okv£-�µjlkT��{?m]q-mrdvjf�µjf�¡eu{�eh¢�jGXs[¸{s[�ji�TeudG¥
��{¬jGe2ji�+e'kv[zq-mhdlmMjf[`y�erZ2q;er{s[z{ujlk�¦�\T�¡[omhdf�¡�uª�jGXs[]W�\+c�mh�r[z{¬j�er¢P{-e�ws[/±|y�mr{5{-ehj�df[zy�[����r[¸jGXs[	W�\+c
±�\$# jGdlmh{-kGZ2�µjGjG[ow?����{-e�ws[ 3T¦-§ ¢PjfXs[	wx��kGy�er{s{-[zy¾jf�¡���¡ji��q;[�dlkv��kijlk+¢Lerd�m'wx£-dfmhjG��er{5�rdf[zmMjf[�d+jGXtmh{5jGXs[
df[�jfdfmr{-kGZ���kfkv��er{/jG��Z�[zer£xj¸�Ep7W�^`�7eh¢«{sexwx[¤±	ªhjfXs[�W�\+c¹mr�r[�{¬jC�����¡�-jGdf�¡�u�r[�d7jfXs[ ���  ?")� � ��# � ��(m����.�
)"��
mr�¡�uerdf�µjfXsZ � �u��� ªP��Xs��ylX¹y�er{-kG��kvjfk`er¢�wser£s�s����{s��jGXs[?pPW�^"��Xs[�{-[��r[zdJjGX-[2jG��Z�[zer£xj][�°xqs��dG[ok�¦5^¤df���r�¡�
{tmh���¡�uªPW�\+c|wxe�[okJ{sehj	XtmN�r[2�¡{twx��yzmMjf�¡eu{ mh�;er£xjJjfXs[�[�°smuy¾jJjG��Z2[�eh¢�{s[�ji�TeudG¥VdG[oy�er{-{s[zy�jG��er{B¦�W�X-��k
��mryl¥Jer¢;��{-wx��y�mhjG��er{�Z'mN�	�¡[omrw/jGe`��er{s�`��wx�¡[�q;[�df�¡exwskCws£sdG��{s�`��Xs��ylX�jGXs[�{s[�ji�TeudG¥J��kCy�eu{s{s[oy¾jG[ow]mr�umr�¡{Bª
�-£xj�W�\+c ��k�kvjG���¡�¼�¡{5jGX-[J�-mryl¥uehº�kijlmMjf[r¦

A

B

C

D

TCP

E

F
Sink

Moving (1)

Moving (2)

3P���r£sdf[ � 2�³�[�ji�+erdf¥¹q-mrdvjf�µjf�¡eu{¶kfy�[�{tmhdf�¡e 2.'�Xs[z{ � ��k2Z2eM���¡{s�©mN��mN�V¢LdferZb\¤¦IW�Xs[�{s[�ji�+erdf¥©��k
df[zy�er{s{-[zy¾jf[zw?��Xs[�{�´ ��k�Z�eM����{s�]jGeM��mhdlw5\¤¦

!#"�� � '�����	%4����a2�	 7�� 	b5K)
§¨{©����dG[ow {-[�ji�+erdf¥�k`dfer£sjG[�¢Emh���¡£-dG[ok`e�yzy�£sd/�r[�df�ndlmhdf[����r¦'§¨{ _n±�³¤´IWPkJjGX-[��VmrdG[�¢Ldf[ 7¬£s[z{uj	[z�r[z{ujlk�¦
W�X-[�Z'mh��{ y�mh£tkv['er¢�dfer£sjG[2¢Emh����£sdG[ok	��kJ{sexwx[�Z2eu�s�¡���¡ji�r¦n±�{serjGXs[zd	¢Emuy¾jGeudJjGXtmMj]yzmh{¹��[zmrw®jfe�dfer£xjf[
¢Emr�¡��£sdf[zk'��k'jfXs[�df[�q;[zmhjG[zw jfdfmr{-kGZ���kfkv��er{¶¢Emh���¡£-dG[ ws£s[njGe¹����{s¥¶��mN�r[zd�y�eu{¬jG[�{¬jf�¡eu{B¦½W�X-[�dGeu£xjG[ndf[��
[okijlmh�s����kvXsZ2[z{uj	wx£-dfmhjG��er{©mM¢ jG[zdJdGeu£xjG[�¢Emr�¡��£sdf[���{ _n±�³¤´IWPk	wx[�q;[�{twskJer{VjGX-['£s{-wx[zdG�����¡{s��dfer£xjf�¡{-�
q-dGerjGexy�eu�QªIZ2eu�s�¡���¡ji� q-mMjGjG[zdG{-k2er¢¤{sexwx[ok�ª+mh{-w9jGdlm���y�ylX-mrdfmuy¾jG[zdG��kvjG��y�kz¦9±�k'mr�¡df[zmuwx� wx��kGy�£-kGkG[zw¶��{
"x[zy¾jf�¡eu{��x¦ �sªx�¡¢CW�\+c�kG[�{twx[�d�4 k�wse¬[ok�{serj�X-mN�r[`��{-wx��y�mMjf�¡eu{-k�eu{�jfXs[	dfer£xjf[¸df[�� [zkvjfmr�s����kGXsZ2[�{¬j�[��u[�{¬jzª
jfXs[�jfXsdfer£s�uXsqs£xjTmr{-w�kG[zkfkv��er{�ws[���mN�]�����¡�»wx[z�rdlmrwx[��;[zyzmh£-kG[�eh¢«jfXs[���mhdf�r[���wx��[�jf�¡Z2[u¦7±���kGe-ª�mM¢ jf[�dTjGXs[
dfer£sjG[Jdf[�� [zkvjfmh�-�¡��kvX-Z�[z{¬j�W�\+c����¡���¼¢Emuy�[	m'�-dG£xjlmh�K:-£-y¾jf£-mMjf�¡eu{n�¡{�p�er£s{-wnW�df�¡q�W���Z2[��Ep7W�W���jfX-mMj
Z]£-kvj��;[¸jfmr¥r[�{5��{ujfe'mry�y�er£s{¬j+jGe'y�euZ2qs£xjG[¸jfXs[J{s[��½p7W�^ ��jGXs��k���k�kGe2�t[oy�mr£-kv[`wx£sdf��{s��jGXs[`�-muyl¥rehº
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kvjfmhjG[JW�\+c�wxe�[zk�{serj�y�euZ�q-£xjG[`jfXs[	p7W�W<mh{tw?��{-y�dG[omrkG[zk�p7W�^­[�°xq;er{s[z{¬jG��mh���¡� � �u� ��¦

§¨{nmrw-wx�µjf�¡eu{?��{n_n±�³¤´IW�kzª-dfer£sjG��{s�]q-dGerjGexy�eu��kTjGXtmMj�dG[z�¡��er{5�sdGe¬mrwsyzmrkvj+²�[����¡e'Z2[zkfkfmh�r[okIjfe'wx[��
jf[zy�j�{s[����rX��;erdlk�dG[omrylX-mr�s�¡���¡ji�rªxZ'mN�?kG£xº»[�d�¢LdferZ �vy�erZ2Z/£s{-��yzmMjG��er{5�rdlmN�'¯�eu{s[zk��¸q-dGeu�s�¡[zZ�¦�§¨{5jGXs[okv[
¯zer{s[okCwsmMjlm`Z2[zkfkGmr�r[zkCyzmh{s{-ehjI�;[�[�°sylX-mr{s�r[ow]mr�µjfXser£s�uX]�-dGe¬mrwsyzmrkvjC²¤´': :7^�Z2[okGkfmh�u[zkCmh{tw�y�er{¬jGdfer�
¢LdlmhZ2[ok��¡{twx��yzmMjf[	{s[����rX��;erd¤dG[omrylX-mr�s�¡���¡ji�r¦+§¨{�� � � ��jfXs[/mr£xjGXseudfk�X-mN�r[	y�er{-wx£ty¾jG[ow�[�°xq;[�df�¡Z2[�{¬jlk�mh{tw
XtmN�r['y�eu{-y���£-wx[ow jfX-mMj/jGXs[�eudG���r��{®eh¢�jGXs��k	q-dGeu�s�¡[zZ ��mrkJXs[�jG[zdGeu�r[�{-[�er£tk�jfdfmr{-kGZ���kfkv��er{©dlmMjG[ok�ªPmh�x�
kG[�{ty�[/er¢Tmryl¥�{seM����[zws�rZ2[�{¬j�¢Lerd`�sdfeumuwsy�mukij¤q-mryl¥u[�jfkzª»kvZ'mh���7²�[�����e�4 k¤qtmryl¥r[�j¤kG�¡¯z[rªBmh{tw :-£-y�jG£-mhjG��er{-k
er¢�����dG[z�¡[okGk�����{s¥xk�¦

!#"�� � ' �	5 	 .�'*4 ) �
	b2 	 4 �b)
�+[oy�mh£tkv[¤�-mMjGjG[�df��[zk�y�mrdGdf�¡[ow����'[zmuylX�Z2er�-�¡��[¤{-e�ws[¸XtmN�r[�����Z��¡jG[ow5qteM�+[�d�kv£-qsqs���rªxqsdfexy�[zkfkG�¡{s�]qteM�+[�d
��k2���¡Z2�¡jG[zwB¦<W�Xs��k2��k�m®Z'mMgieud2��kfkv£-[n�¡{�_n±�³¤´IWPk�ª�mrk2[omrylX {sexwx[n��k'mry¾jf�¡{-�©muk'mh{ [�{-w�kG�xkijf[�Z
mr{-wnmrk¤m'dfer£xjf[�d�mhj�jGXs[�kGmrZ2[JjG��Z2[rª;��Xs��ylX�jGXs[]�¡Z2qs����yzmMjf�¡eu{�jGX-mhj¸mrw-wx�µjf�¡eu{-mh�¼[�{s[zdG�u�?��k�df[ 7¬£s��dG[ow
jfe ¢LeudG��mhdlw¹mh{tw df[���mN�Vq-muyl¥r[�jfkz¦©W�\+c.Z/£tkij2£-kG[�jfXs��k2kfy�mrdfkG[�q;eM�T[zd/df[zkGer£sdly�[?�¡{ mh{��i[ �'y��¡[z{¬j��
Z'mr{s{s[�do¦2²�[�df[rª�[ ��y���[�{ty���Z2[zmr{-k`Z2�¡{-�¡Z2��¯���{s�5jGXs['{�£sZ]�t[zdJeh¢T£-{s{s[zy�[zkfkGmrdG�ndf[�jfdfmr{-kGZ���kfkv��er{-k¸mMj
jfXs[2jGdlmh{tkvq;erdGj¸��mN�r[zdJmrk¸�T[z�¡�Tmrk`mMjJjfXs[2�¡��{s¥ ��mN�r[zd��N¦'§¨{©�u[�{s[zdfmr�Qª«��{¹mrwVXsexy]{-[�ji�+erdf¥�k¤jfXs[�df['mhdf[
ji�+e�y�eudGdf[���mMjf[zwVqteM�+[�d/qsdGeu�s��[�Z'k	2/jGXs[ 3-dfkvj/eu{s['��k �iq;eM�+[�d/kfmN���¡{s�!�]jfX-mMj]mr�¡Z'k	mhj/df[zwx£-y��¡{-�njGXs[
q;eM�+[�d�y�eu{-kv£-Z�qsjG��er{ �xjfXs[	kG[zy�eu{-w?er{s[J��k �vqteM�+[�d�y�eu{¬jGdfer� ��jGX-mhj�mh��Z'k�mMj�mrwMgi£-kijf�¡{-�2jGXs[`jfdfmr{-kvZ2��ki�
kG��er{�q;eM�T[zdTer¢¼Z2er�s����[�{sexwx[ok�¦CcPeM�T[zd+kfmN���¡{-�/kijfdfmhjG[z�r��[zkIXtmN�r[��;[�[z{���{��r[zkvjG���umhjG[ow�mMj�kv[z�r[zdfmr�-��[��r[z��k
er¢�mnZ2er�s���¡[5wx[�����y�[���{-y��¡£-ws�¡{s��jGXs[?qsX���kG��y�mh�T��mN�u[�dJjfdfmr{-kGZ���kfkv��er{-kzªBjfXs[�euqt[zdfmhjG��er{¹kG��kvjG[zZ'k�ªCmh{tw
jfXs[�mrqsqs����yzmMjG��er{tk � �r�:� ¦5cPeM�+[�d/y�er{¬jGdfer�Iyzmh{¹�;[Jgier��{¬jG���V£-kG[zw®���¡jGX dfer£sjG��{s�nerd`jfdfmr{-kvq;erdGj/mh�u[�{¬jfk
jfe'�¡Z2qsdfeM�r[¤jGX-[Jqt[zdv¢LeudGZ'mh{ty�[`eh¢I_n±�³¤´IWPk�� �¬~xª<� ) � �sqteM�+[�d�y�er{-kvjGdlmh��{¬jfk�y�euZ2Z/£s{s��y�mhjG��er{-k�df[��u[zmr�
mr��kGe¸jGXs[¤qsdfer�s��[�Z.eh¢«y�e�erq;[�dlmMjf�¡eu{��;[�ji�+[�[z{2{sexwx[zkzª¬mukC{sexwx[okCZ'mN�/{serj�q-mhdGjG��y���q-mhjG[���{'dGeu£xjG��{s�	mh{tw
¢LeudG��mhdlwx��{s�/q-dGexy�[owx£sdf[zk+��{5eudfws[�d�jGe'kfmN�r[¸�-mMjGjG[zdG��q;eM�+[�do¦
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	?&T� ���	��� , ���P������1¼1 � �?�¾*P�/���?��� �	! �?�'& 	?�+*��
,.�	�P021

§¨{�����dG[z�¡[okGk�Z/£s�¡jG�¡� Xserq2mrw/XsexyT{-[�ji�+erdf¥�kzªMmh���sW�\+c q;[�dG¢LerdfZ'mh{-y�[TkvjG£-ws�¡[okPjGX-mhjCyzmh{]�t[�¢Leu£s{-w]�¡{]jGXs[
���¡jG[�dlmMjf£sdf[�mhdf[+�tmrkG[zw2er{'kG�¡Z]£s��mMjG��er{tkImh{-w �NerdC[�°xqt[zdG��Z2[�{¬jfkz¦PW�e`jGX-[��t[okijTeh¢«er£sd�¥¬{-eM���¡[owx�r[uªMjGXs[zdG[
wse¬[ok	{serj][�°���kvj�mh{��¹mh{tmh���ujf��yzmh��kvjG£twx� mh��Z2�¡{s�VmMj]Z2exwx[z�¡��{s�VW�\+c eM�r[�d/Z/£s�¡jG�¡��X-erq9muw¹Xsexy�{s[�jv�
�+erdf¥xk�¦�§¨{?qtmrkfkv��{s�-ª¬�+[¤q;er��{¬j+eu£xj�jGX-mhj+dfer£xjf�¡{-�/qsdfehjfe�y�er��kTmr{-w�����{s¥'��mN�u[�d+qsdfehjGexy�er��k���{5_n±¤³�´IWPk
mrdG[T�t[z�reu{-w	jfXs[�kGy�erq;[Ter¢sjGX-��kCkG£sdf�r[��u¦�W�Xs[+��{ujf[�df[zkvjG[ow	df[zmrws[�dlk�mrdG[+dG[�¢L[�dfdG[ow`jGe � � +¬ª:�u� �x¢LerdCwx[�jfmh����k�¦
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N*]^[ Z%Na]-R\LYP�RSN�7MTSU#V^T�T�V^[173N?P�PSJML�]^V 7	� ] N%s;LDR�gMj [173WMLYP�LDZYP�V 7�
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§¨{ �¡�:+¬ª��z�xªh�h�sªN� / ��jGXs[�mh£xjfXserdlkBdf[�q;erdGjPkG��Z/£s��mMjf�¡eu{	dG[okv£-�µjlk¼eu{/W�\+cnjfXsdGeu£s�rX-qs£xj7�¡{/m¸kvjfmMjf��y��¡��{x�
[omhdPZ/£s�¡jG�¡� Xserq/ylXtmh��{BªM��Xs[�df[�§i´�´I´©�r�u�s¦¡�u�CqsdfehjGexy�er�¬��kP£-kG[zw«¦�§¨{ 3P���r£sdf[��tªM�T[�wx��kvqs��mN�Jm�Z]£s�µjf�µ� Xseuq
ylXtmh��{�er¢�� {sexwx[zkz¦7§ j���k�[�°xq;[zy¾jf[zw�jfX-mMjoª¬mukCjGX-[�{�£sZ/�;[�dTeh¢«XserqtkC�¡{ty�df[zmrkG[zkzªhjfXs[�kGq-mMjf��mr�sdf[�£-kG[������¡�
mr��kGe¸�¡{-y�dG[omrkG[r¦P²�eM�+[��r[zdzªhkG��Z/£s��mMjf�¡eu{/df[zkG£s�µjlk7�¡{twx��yzmMjf[�jGX-mhj�W�\+c�jfXsdGeu£s�rX-qs£xj�wx[oy�df[zmrkG[zk �vdfmrqs��ws�¡� �
muk¤jGXs[2{�£sZ/�;[�d`er¢TXseuq-k¸�¡{-y�dG[omrkG[zkz¦	§ jJ��kJmrdG�u£s[zwnjGX-mhj¸jfXs��k`[�°xqteu{s[�{¬jf��mr�7ws[zy�df[zmukv[]��kJws£s[�jGe5jGXs[
X-��wsws[�{�jf[�dfZ2�¡{-mr��k�qsdfer�s��[�Z�ª���Xs��ylX��¡{ty�df[zmrkG[zkIq-mryl¥u[�j+y�er���¡��kG�¡eu{-k�¦7±�¢ jf[�d�m	df[�q;[zmhjG[zw���jGdlmh{tkvZ2��kGkG�¡eu{
¢Emr�¡��£sdf[¤_n±�\¶��mN�r[zdI���¡���;dG[omry¾jT�¬�13-dlkij�wx��kGyzmhdlwx�¡{-�`jGXs[¤Xs[zmuw���er¢ ������{s[�¢LdlmhZ2[¤wx[okijf�¡{tmMjG[okCjfe	jGX-[�{s[�°¬j
X-erqBªhmr{-w]kG[zy�er{-w	�¬�/{sehjf�µ¢L����{s��jfXs[�£sqsq;[�dC��mN�r[zd�mh�;er£sjCm¤���¡{s¥`¢Emr�¡��£sdf[r¦ '�Xs[�{]jGX-[+dfer£sjG��{s��qsdfehjfexy�er�
er¢»mJkGer£-dfy�[T{sexwx[�ws[�jG[oy¾jlk�m¸dGeu£xjG��{s�`¢Emr�¡��£sdf[rªh�¡j������¡�s��{s�¡jG��mMjf[�m¸dGeu£xjG[�df[�� [zkvjfmr�s�¡��kGXsZ2[�{¬jCqsdGexy�[zkfk�¦�§¨{
�u[�{s[zdfmr�»jGXs[]dGeu£xjG[/dG[���[okijlmh�s����kGXsZ2[�{¬j�wx£-dfmhjG��er{���k��rdf[zmhjG[�d�jfX-mh{�jGXs[	df[�jfdfmr{-kGZ���kfkv��er{?jG��Z2[�d�er¢CjGXs[
W�\+c©mr�r[�{¬j �rXs[z{-y�[�jfXs[�W�\+c¹mh�u[�{¬jC���¡���-[z{¬jG[�d7jfXs[��-muyl¥rerº�qsdGexy�[zwx£sdf[�mh{-w������¡�;kv[�jI�µjlkIy�eu{s�r[okijf�¡eu{
����{-wxeM�<jGe��r¦

1 2 3 4 NN−1

TCP
sink

TCP
source

3����r£-dG[¸�<2�_�£-�µjf�µ� XserqnylX-mr�¡{?jGeuqteu�¡eu�r�

§¨{ � � / � ª+jGXs[�mr£xjGX-erdlk2dG[zqteudvj�kG�¡Z]£s��mMjG��er{ df[zkG£s�µjlk'er{ jfXs[nqt[zdv¢LeudGZ'mr{-y�[�eh¢JW�\+c"p�[z{se¹eM�r[zd
jfXsdf[�[]ws�µº»[�df[�{¬j¤dfer£sjG��{s��qsdfehjfexy�er��k/�Q±�^Q��� � �!):��ªm� "xp � �u�:��ª«±3��� � �-�1�L�¾¦`§ j`��k�¢Ler£-{-wnjfX-mMj`±3���
q;[�dG¢LerdfZ'kJ�+[����I£s{-wx[zd]m��Mmhdf��[�ji� er¢�Z�eu�s���¡�¡ji� q-mhjvjf[�df{-k/mr{-wVjGerq;er��er�u�¡[ok�¦ 3s£sdGjGX-[�doª¼jfXs[��®qsdferq;eukG[
mr{�Xs[�£sdf��kijf��y`jf[zylXs{-�E7¬£s[/yzmh���¡[ow 3s°x[zwnp7W�^|jGe���Z2qsdGeM�u[`jGXs[/qt[zdv¢LeudGZ'mh{ty�[Jeh¢Ceu{x� ws[�Z'mh{-w5dfer£xjf�¡{-�
q-dGerjGexy�eu��k`�E±�^Q��� mh{-w � "sp��¾¦;±�{�eM�r[zdG����[���eh¢PjGX-��k�jf[zylXs{-�E7¬£s[`��k�wx��kfy�£tkGkG[zw5��{ "�[oy¾jf�¡eu{5�t¦ �s¦¡�u¦

§¨{ � ������ªhjGXs[�mh£xjfXserdlk¼kvjG£twx�`jGXs[�q;[�dG¢LerdfZ'mh{-y�[Ieh¢tW�\+cVW�mrXse�[rªhp�[z{se-ªh³�[��9p�[�{setª:"smryl¥Jmh{-w �C[��
�¬mrkCeM�u[�d7jfXs[�Z/£-�µjf�µ� Xserq�ylXtmh��{]jferq;er��er�u�]kGXseM��{2�¡{.3P���r£sdf[��-ªu�¡{�jGXs[�yzmrkG[���Xs[�df[�jGX-[�§i´I´I´9�r�u�s¦¡�u�
q-dGerjGexy�eu�B��k�£-kG[zw«¦�§ j¸��k¤kvXseM��{�jfX-mMj¸W�\+c �C[��¬m�wx[������r[�dlk�jfXs[/�;[�jGjG[�d¸q;[�dG¢LerdfZ2mr{-y�[	mr{-wnwxe�[zk�{sehj
kG£xº»[�dT¢LdGeuZ"�¡{tkijlmh�s���¡�¡ji�r¦ �+�2jG£-{s�¡{-�/jfXs[¸kG[�{twx[�d�W�\+c�4 k�Z2mh°x�¡Z]£sZ ���¡{-wseM�<kv��¯�[��Emuwx�r[zdvjf��kG[zw'����{x�
wseM���Cjfe�mrqsqsdfeN°���Z'mMjf[����/¢Leu£sd�q-mryl¥u[�jfkzªxmh���«W�\+c �r[zdfkG��er{-kTqt[zdv¢LeudGZ·kG��Z�����mhdf�¡�u¦ 3-£sdvjfXs[�dfZ2erdf[rª¬jGX-[��
mr£xjGX-erdI��{��r[zkvjG���umhjG[+jGX-[�q;[�dG¢LerdfZ2mr{-y�[�er¢;jfXs[zkG[�W�\+c¹�u[�dlkv��er{tk7£-kv��{s�`jfXs[�wx[z��mN�u[zw��¨±�\$# euqxjG��er{Bª�mrk
ws[ 3-{s[ow���{�p�3P\|�r�o�u�x¦7W�Xs[��'df[�q;erdGj+jGX-mhj�mr{?��Z2qsdfeM�r[�Z2[z{uj+eh¢+�o~���jfe �u����yzmh{5�t[`eu�xjfmr�¡{s[ow����
£tkv��{s�'jfXs��k¤wx[���mN�r[ow��¨±�\$# erqsjG��er{B¦�±�yzy�erdlwx��{s�2jGe�jGXs[]Z�[z{¬jG��er{s[ownp�3P\¤ª-jGXs[�W�\+c�kv��{s¥����¡����kG[�{tw
eu{s[?W�\+c.±�\$# q-mryl¥u[�j]¢Lerd�[��r[zdG�Vji�+eVW�\+c qtmryl¥r[�j/df[zy�[z�¡�u[zw«¦®§¨{9�u[�{s[zdfmr�QªPjfXs[5ws[���mN�r[zwx� ±�\$#
euqxjG��er{5X-muk+ji�Te'mrws�Nmr{¬jfmh�u[zk-2 3tdfkvjzªs�¡j�df[zwx£-y�[zk+jfXs[J{�£sZ/�;[�d�er¢7W�\+c�±�\$# qtmryl¥r[�jfkTjGXtmMj�y�eu{¬jG[�{tw
���¡jGX?jGX-[¸W�\+c¶q-mryl¥u[�jlkIjfe�muy�y�[okGk�jGX-[`ylXtmh{s{s[z� �xkG[zy�er{-w«ªxwx[z��mN�u[zw��¨±�\$#Jk�mrdG[¤�¡[okGk�mr�r�rdf[zkfkG�¡�u[�jGX-mr{
�
	 7(RSLDj L%N?P�LDW<PSR�N�7�T�U#V^T�TSV^[17(_`NaV^]^gMR\LFH >FE1@�G =1=��ik8q V^T*Na]^]^[ I�LDW P�[QRSLYPSR�N�7MTSU#V P*T�JM[FRuP _ RSNaU#L%T�TSL�
;L�7(P�V^U#LDT�N�7MW

]^[17	
X_ R�NaU#LDT�_ [FgMR�P�V^U#LDT G
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±�\$#JkJkG[�{¬jJ��{VjfXs[�kvjfmh{twsmhdlwVW�\+c � � � � ¦�W�Xs��kJ��kJkve��;[zy�mr£-kG[2W�\+c½��k �G±�\$#¸� y��¡exyl¥r[ow �¾ª;{tmhZ2[����rª
jfXs[�W�\+c kG[�{twx[�dI��{-y�dG[omrkG[zkC�¡jfkTy�er{-�r[zkvjG��er{2����{-wxeM��mrk�m`¢L£s{-y�jG��er{�er¢;jfXs[$�v{�£sZ/�;[�d?��eh¢BW�\+c¹±�\$#
df[zy�[����r[ow«¦

§¨{ � �r�!��ª7jfXs[?mr£xjGXseudfk/kijf£-wx�®jGXs[?�¡Z2q-muy¾j�eh¢�jGXs[?Z'mM°x�¡Z]£sZ ���¡{twxeM�"kv��¯�[�eu{©jGXsdfer£-�rXsqs£sj]��{
_�±�³�´�W�kz¦�W�X-[��nqsdfeM�r[/jGX-mhj`df[��¬mhdlwx��[zkfk�eh¢�jGXs[�_n±�\|��mN�u[�d¸�t[z�¡{s�5£-kG[zw«ªBjGXs[2�-mr{-wx����w�jGXx�¨wx[z��mN�
q-dGexwx£-y�jCeh¢tZ]£s�¡jG�¡��Xseuq2dGeu£xjG[ok���{�_n±�³¤´IWPkIy�mr{s{sehjC[�°xy�[�[ow	jfXs[�p�er£-{-w��¨W¼df�¡q�²�euqx�i\Teu£s{¬j��Ep7W�²¸\��
er¢TjfXs[�q-mhjGXB¦�W�Xs['�-mr{-wx����w�jGXs� wx[z��mN�Vqsdfe�ws£-y¾j	��k	¥�{seM��{¹mrk¸jfXs[�Z'mM°x��Z/£sZ%{�£sZ/�;[�d/eh¢�q-mryl¥u[�jfk
jfX-mMjJjfXs[�q-mhjGX yzmh{¹kv£-qsqteudvj	���¡jGX-er£xj]yzmh£-kG��{s�ny�er{-�r[zkvjG��er{¼¦�§¨{ y�mukv[2eh¢�m�Z]£s�µjf�µ� Xseuq©ylXtmh��{VjfX-mMj
��Z2qs��[�Z2[�{¬jfk�§i´�´I´��r�¬�x¦��r�¸_�±�\¤ªxjGXs[`�-mr{-wx����w�jGXs� wx[z��mN��qsdGexwx£ty¾j�y�mr{s{sehj�[�°xy�[�[ow�eu{s[ � ��� eh¢PjGXs[
p7W�²`\¤¦ ��mukv[owner{ jGXs��k¤jG���rX¬jG[zd¸�;er£-{-w«ª»jGX-[��nqsdferq;eukG[]mr{Vmh���reudG�¡jGX-Z jfe?muwNgi£-kvjJW�\+c<Z'mM°x�¡Z]£sZ
����{-wxeM� kG��¯�[/muy�y�eudfws�¡{s��jGe�jfXs[��¡[z{s�hjfX�eh¢CjfXs[�ylXtmh��{B¦¸W�X-[]mh£sjGXseudfk��¡{ �¡�o� �Pdf[�q;erdGj�jfX-mMjoª»�r���r[�{�m
kGq;[zy��B3ty�{s[�ji�TeudG¥	jGerq;er��er�u�/mh{tw(:teM�9q-mhjvjG[zdG{tk�ªrjGXs[zdG[�[�°���kvjfkImr{�euqxjG��Z'mh�-W�\+c64 kC����{-wxeM��kG�¡¯z[����M¦
%¤kv��{s������W�\+c®mrylX-�¡[z�r[zkBjGXs[+�;[zkvj�jfXsdGeu£s�rX-qs£xj7�¬��m���Z2qsdfeM�r[zw/kvq-mhjG��mh�¬dG[z£-kG[r¦,�+£xjoªM£s{x¢Leudvjf£s{-mMjf[����rª
W�\+cVerq;[�dlmMjf[zkPmMjCmh{�mN�r[�dlmh�u[C���¡{twxeM�9kG�¡¯z[�jfX-mMjC��k�Z]£-ylX/��mhdf�r[zd¼jfX-mh{	�����rjGXs��kP�¡[omrwsk�jfe¤��{-y�df[zmukv[ow
qtmryl¥r[�j¤��eukfk¤ws£s[/jfe�jfXs['y�er{¬jf[�{¬jG��er{�eu{njGX-[]����dG[z�¡[okGk¸ylX-mr{s{s[���¦JW¼e5Xs[z�¡q®W�\+c erq;[�dlmMjf�¡{-�?mhdfer£-{-w
���hªujGXs[z�]qsdferq;eukG[�ji�+e`jG[zylX-{s�E7¬£s[ok	2P���¡{s¥2p�´���� :�p�´��­�Cmh{tw'mrwsmrqxjG���r[�q-muy���{s�	mMj�jGXs[¤�¡��{s¥���mN�u[�do¦
�+� y�er£sq-�¡��{s�5jGXs[okv[�ji�+e5jG[zylX-{s�E7¬£s[ok¸jGXs[z�VkGXseM��m�

� � ��Z�q-dGeM�u[�Z2[�{¬j`�¡{®jGX-['qt[zdv¢LeudGZ'mh{ty�[r¦2±�{
eM�u[�df���¡[z��eh¢PjGXs[okv[¸jG[oylXs{s�87¬£s[zk���k��r���r[z{?��{ "�[zy�jG��er{5�-¦ �x¦ �x¦

§¨{ � �h�xªh��~�� ªhjGX-[�mr£xjGX-erdlkCkijf£-wx�JjfXs[�¢Emh��dG{-[zkfk7eh¢;W�\+c®��{�jGXs[�y�er{¬jG[�°¬jCer¢»muw/Xsexy+{s[�ji�TeudG¥»¦�W�X-[��
df[�q;erdGjCkveuZ�[�ylX-mr{s{s[��x�tmh{-wx����w�jfX]£s{s¢Emh��dG{s[okGkP£-kG��{s�¸jGXs[�mry�jG£-mr�s_n±�\¹�u�u�x¦��r�T�¡{2m¸Z/£s�¡jG�¡� Xserq2y�euZ]�
Z]£s{s��y�mhjG��er{n[�{�����dGeu{sZ2[�{¬jz¦�_�eudG[zeM�r[zd��¡{ � � ):��ª;jGX-[]mh£sjGXseudfk¤kvXseM�¿jGXtmMj¤��{Vkfy�[z{-mhdf��euk���Xs[zdG[/W�\+c
y�dGe¬kGkG[zkT����dG[z�¡[okGk�mrw5Xsexy`mh{tw�����dG[ow�{-[�ji�+erdf¥�kzª¬jGXs[JW�\+c £s{x¢Emr�¡df{s[okGk�qsdfer�-�¡[zZ"qt[zdfkG��kvjfk�mr��kGe-¦CW�Xs[
mr£xjGX-erdlk/��{ � � +-��df[�q;erdGjfk/jGX-mhj�p�´�� � �u� ��wx��w9{-ehj'kveu�¡�u[?W�\+c�4 k�£s{x¢Emh��df{s[zkfk/��{�_n±�³¤´IW�kz¦9W�Xs[
df[zmukveu{?��k�jfX-mMj`y�eu{s�r[okijf�¡eu{�wse¬[ok�{serj�X-mhq-qt[z{��¡{�m�kv��{s�r��[	{sexwx[uª-�s£sj¤��{�mh{n[�{¬jf�¡df[/mhdf[zm���{��rer�����¡{-�
Z]£s�¡jG��qs�¡[�{sexwx[ok�¦&"�e-ª�jGXs[���exy�mh��q-muyl¥r[�j57¬£s[z£s[nmMj�mh{��¹kv��{s�u�¡[�{sexwx[ny�mr{s{serj2y�erZ2qs��[�jG[z�¡�¹df[;:t[zy¾j
jfXs[5{s[�ji�+erdf¥¹y�er{-�r[zkvjG��er{¶kijlmMjG[u¦ 3seud/jfXs��k2dG[omrkGer{Bª7jfXs[�� wx[ 3-{s[nmV{s[�� ws��kvjGdf�¡�-£xjG[ow 7¬£s[z£s[�jfX-mMj
y�er{¬jfmr�¡{tk+mr�¡�«qtmryl¥r[�jfk+��Xse¬kv[¤jGdlmh{-kGZ2��kfkG�¡eu{-k+���¡���BmMº»[zy�j�jGXs[`{sexwx[¸jGdlmh{tkvZ2��kGkG�¡eu{���{nmrwswx�¡jG��er{?jGe2�¡jfk
eM��{©q-muyl¥r[�jfkz¦5±�{¹eM�r[�df���¡[z��er¢+jfXs��k	qsdferq;eukfmh�C��k	�u�¡�u[�{©�¡{ "x[zy¾jf�¡eu{¹�-¦ �x¦ �x¦5§¨{ � � / � ª�jfXs[�mr£xjGXseudfk
��{��r[okijf�¡�¬mMjG[]jGX-[�q;[�dG¢LerdfZ'mh{-y�[2eh¢T§i´�´I´|�r�¬�x¦��r�]muw X-e�y�{s[�ji�TeudG¥n����Z2[omh{-k`er¢�mr{V[�°�q;[�df��Z�[z{¬jfmh�
kvjG£twx�r¦�W�Xs[z�¡dF3-{-wx��{s�¬k�Z'mMjlylXnjGXse¬kv[/er�xjlmh��{s[zw�����kv��Z/£s��mMjf�¡eu{-kzª-{-mrZ�[z�¡�uªtW�\+c y�er{s{-[zy¾jf�¡eu{-k�Z'mN�
[�°xqt[zdG��[�{-y�[�kG���r{s�B3ty�mr{¬j¤£s{x¢Emr�¡df{s[okGkz¦/W�Xs[z��Z2[�{¬jG��er{®kv[z�r[�dlmh�7mrkGq;[zy¾jlk¤jGX-mhjJmrdG[]£-kG£-mh���¡�n{-[��r��[zy�jG[ow
��{'kv��Z/£-��mhjG��er{2kijf£-wx��[zkCer¢;§i´I´�´¹�r�u�s¦¡�u���]qsdGerjGexy�eu�Q¦ 3seudC�¡{-kvjfmr{-y�[uªukG�¡{ty�[+jGXs[¤y�er{¬jfdGeu�u¢LdlmhZ2[ok��Ep7W�"»ª
\+W�"«ª»±�\$#	�¸mr{-w wsmhjfm�¢LdfmrZ2[]Z'mN���t[�jfdfmr{-kvZ2�¡jvjf[zw mhj	wx�µº»[�df[�{¬j`dfmhjG[ok�ª»jfXs��k¸qsdfexwx£-y�[zk`wx�¡º;[zdG[z{uj
jfdfmr{-kGZ���kfkv��er{?dfmr{s�r[ok+mr{-w5y�mhdfdf�¡[zd�kG[�{tkv��{s�2dfmr{s�r[ok+�¡{?jGXs[J{-[�ji�+erdf¥;¦

� �|��� � �	1 �/��1.*�� �h� �?�P���	� ����� � ���P�M�	��� �
	?&T�%� 	$����( � �©1

§¨{�jGXs��k¤kG[zy�jG��er{n�+[/qsdf[zkG[�{¬j�jfXs[/�MmrdG��er£-k�qsdferq;eukfmh��k���Xs��ylXnX-mN�r[	�;[�[z{�Z'mrwx[]�¡{�jGXs[]�¡�¡jG[zdfmhjG£sdf[JjGe
��Z2qsdfeM�r[IjfXs[�q;[�dG¢LerdfZ2mr{-y�[+eh¢»W�\+c ��{�_n±�³¤´IWPk�¦ 'V[�y���mukGkG�¡¢L�`jGXs[okv[�qsdferq;eukfmh��k¼��{�ji�Te`y�mhjG[z�rerdf��[zk-2
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y�dGe¬kGk¸��mN�r[zd¤qsdferq;eukfmh��k`mh{-wV��mN�r[�df[zw qsdferq;eukfmh��k�¦]§¨{®��mN�r[zdG[ow�qsdferq;eukfmh��kzª»jGXs['mrw-mhqxjlmMjG��er{®��{¬�uer���r[ok
eu{s����er{s[/^ "�§T��mN�u[�doª���Xs[�df[zmuk��¡{�y�dfeukfk+��mN�u[�d�qsdferq;eukfmh��k+mhj��¡[omrkvj�ji�Te�^ "�§+��mN�u[�dlkTmrdG[`��{¬�uer���r[ow«¦

�3"%$ � 	b'*)+) 7D2m,*5 	 � 	b' � ' )-2�7 )
\TdfeukfkT��mN�u[�d+qsdGeuqte¬kGmr��k+y�mr{?�;[Jy���mrkfkv�B3-[ow���{�jfXsdG[z[¸ji�¬q;[zk-2��i�N�TW�\+c mh{tw�{s[�ji�TeudG¥'y�dGe¬kGk+��mN�r[�doª»�Q�r�
W�\+c�mr{-w�q-X¬�xkG��yzmh�By�dGe¬kGk+��mN�r[�doªxmh{-w®���¬�+{s[�ji�+erdf¥�mh{tw�qsX��xkG��yzmh�By�dfeukfk+��mN�u[�do¦
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 Ã�� � W�\+c 3s[z[zwx�tmryl¥ � ~r� �]��k m�¢L[z[zwx�tmryl¥<�tmrkG[zw|mhq-qsdGe¬mrylX¿jGe Xtmh{-wx��[ dfer£xjf[©¢Emh���¡£-dG[ok���{
_�±�³�´�W�kz¦CW�Xs��kTmhqsq-dGe¬mrylX2mh���¡eM��kPjfXs[¤W�\+c¹kG[�{-ws[�dCjfe/wx��kijf�¡{s�u£s��kvX'�;[�ji�+[�[z{���eukfkG[zkIwx£-[�jGe	dfer£sjG[zk
¢Emr�¡��£sdf[]mr{-w�jGX-eukG[]wx£s[]jGe?{s[�ji�+erdf¥�y�er{-�r[zkvjG��er{¼¦¸W�Xs��k¤��k`wxeu{s[]muk�¢Leu�¡��eM��k�¦�'�Xs[�{VdGeu£xjG��{s�5mh�r[z{¬j
er¢Im�{sexwx[�wx[�jf[zy¾jlk�jfXs[�ws��kGdG£-qxjG��er{ner¢�m'dGeu£xjG[uªt�¡j¤[�°xqs�¡��y��¡jG���nkv[z{-wsk¤m�p�er£sjG[ 3tmh���¡£-dG[/³�ehjf�D3tyzmMjf�¡eu{
�Qp�37³¤�	q-mryl¥u[�jJjGe�jfXs[�kGer£sdly�[u¦n^¤{©df[zy�[����¬��{s��jfXs[�p�37³	ª�jGX-[�kveu£sdly�[2�re�[zk	�¡{¬jGeVmnkv{se�eu¯�[�kvjfmMjf[r¦
W�\+c�kG[�{twx[�d���{�kG{se�er¯�[JkvjfmhjG[	�����¡��kijferq�kG[�{-wx��{s�'q-muyl¥r[�jfkzªsmh{-w������¡�¼¢LdG[z[�¯z[	mh���B�µjlk��Mmhdf��mh�s��[zkzªskv£tylX
muk�jf�¡Z2[zdfk`mh{tw�y�eu{s�r[okijf�¡eu{����¡{twxeM� kv��¯�[u¦JW�Xs[�W�\+c½kG[�{-wx[zd¤df[�Z'mr�¡{-k¤��{�jGX-��k`kG{se�er¯�[�kijlmMjf[]£s{¬jf�¡�
�¡j]��k�{sehjf�D3t[zw¹er¢�jGXs[5dG[okijferdlmMjf�¡eu{®er¢�jGX-[�dfer£xjf[�jGX-dGeu£s�rX p�eu£xjG[�p�[���[okijlmh�s����kGXsZ2[�{¬j]³�ehjf�D3tyzmMjf�¡eu{
�Qp�p�³¸��q-mryl¥u[�jo¦I^¤{5df[zy�[z�¡����{s��jGXs[	p�p�³	ªxjfXs[	W�\+c�kG[�{-wx[zd����¡���B��[zmN�u[�jfXs[	kv{-e¬eu¯�[JkvjfmMjf[Jmh{-w5�����¡�
df[zkG£sZ2['jfdfmr{-kvZ2��kGkG��er{©�-mrkG[zw©eu{¹jGX-[�qsdf[�����er£-k	kG[�{twx[�d]���¡{-wseM�·mh{-w®jf�¡Z2[�eu£xj]�Mmr�¡£s[ok�¦VW¼e mN�uer��w
�-�¡exyl¥��¡{-�?kfy�[�{tmhdf�¡e���{�jfXs[2kv{se�eu¯�[]kvjfmhjG[uªtjfXs[2W�\+c¿kG[�{-ws[�doª;eu{�df[zy�[z�¡����{s�?p 3P³/ª;jGdf�¡�u�r[�dlk�m?dfer£xjf[
¢Emr�¡��£sdf[�jG��Z2[�do¦,'�X-[�{'jfXs��k�jG��Z2[�dT[�°xqs��dG[ok7jGXs[¸y�eu{s�r[okijf�¡eu{2y�er{¬jGdfer�tmh���rerdf�¡jGXsZ.��k��¡{��reu¥r[ow]{-erdfZ2mr�¡���r¦

W�Xs[¸mh£xjfXserdlkCdf[�q;erdGjTmh{'��Z2qsdfeM�r[�Z2[z{ujT�¬��£-kG�¡{-�/W�\+c7� 3VeM�u[�d�W�\+cP¦�W�Xs[¤kG��Z/£s��mMjf�¡eu{�kGy�[�{-mrdG��e
��k¸�-mrkG��y/mh{tw���k¤{-ehj¤�tmrkG[zw�eu{Vmr{ mrw Xsexy/{s[�ji�TeudG¥»¦¸§¨{-kvjG[zmuw«ª»jGX-[��n[�Z]£s��mMjG[/jGXs[2�;[�X-mN����erd¤eh¢Tmr{
muw�X-e�y`{-[�ji�+erdf¥2¢LdGeuZ"jGXs[J����[���q;er��{¬j�er¢7m]jfdfmr{-kvq;erdGj���mN�u[�do¦

� �����5Ã ���-� Á Æ�� Á � � � ��� � Á � ´7°xqs����y��µj :B��{s¥ 3tmh���¡£sdf[?³�ehjf�D3tyzmMjf�¡eu{ jG[oylXs{s�87¬£s[ ���-�:����k2kv��Z2�¡��mhd]jGe
W�\+cC� 3+¦�²�eM�T[z�r[zd¸��{ y�eu{¬jGdlmrkvj¸jfe�W�\+c7� 3Tª¼jGXs[�[��Mmh��£-mMjf�¡eu{Ver¢�jGXs[�q-dGeuqte¬kGmr�C��kJ�tmrkG[zw®er{¹m�df[zmh�
��{¬jG[zdfmuy¾jG��er{¶�t[�ji�T[z[�{ W�\+c.mr{-w jfXs[�dGeu£xjG��{s�®qsdfehjGexy�er��¦9W�Xs��k2�¡{¬jG[zdfmuy¾jf�¡eu{¶mh��Z'k]jGe©�¡{s¢LerdfZ jGXs[
W�\+c©mr�r[�{¬j�mr�teu£xjIdGeu£xjG[+¢Emr�¡��£sdf[zkC��Xs[z{�jGXs[z�]exy�y�£sdo¦�W�Xs[�mr£xjGXseudfk7£tkv[�mr{2´<: 37³�Z2[zkfkGmr�r[uªh��Xs��ylX
��k�qs���r�r�¬� �-mryl¥u[zw¹eu{ jfXs[�dGeu£xjG[?¢Emh���¡£-dG[�Z2[zkfkGmr�r[5kv[z{uj'���©jGX-[5dfer£sjG��{s�Vq-dGerjGexy�eu�Tjfe jfXs[�kG[�{-wx[zdz¦
W�X-[¸´':,37³­Z�[okGkfmh�u[���k��¡��¥r[`m �iXse¬kij�£s{sdf[zmuylX-mh�-�¡[���§¨{ujf[�df{s[�j¤\Teu{ujfdGeu�»_n[zkfkGmr�r[¤cIdGerjGexy�eu�7�E§G\�_nc��
Z2[okGkfmh�u[rª«��Xs��ylX®y�er{¬jfmr�¡{tk¸jGXs['kG[�{-wx[zdJdG[oy�[z�¡�u[�dJmrwswsdG[okGkG[zk¸mh{-w®q;erdGjfkzª¼mrk`�+[����Imrk`W�\+c½q-muyl¥r[�j�4 k
kG[ 7¬£s[z{-y�[�{¬£-Z/�;[�do¦¹^¤{ df[zy�[������¡{s��jGXs[5´': 37³ Z�[okGkfmh�u[rªPjGX-[?kGer£sdly�[�df[zkGq;er{-wsk/���©ws��kfmh�s����{s� �¡jfk
df[�jfdfmr{-kGZ���kfkv��er{�jf�¡Z2[�dlkJmh{tw�[�{¬jf[�dlk¸m �Gkijlmh{-ws�¬� �/Z2exwx[r¦ ��£-dG��{s�5jGXs['kvjfmr{-wx���nqt[zdG��exw«ª»jGX-[2W�\+c
kG[�{twx[�d`qsdfer�;[zk¤jGX-[�{-[�ji�+erdf¥?jfe5ylX-[zyl¥n�¡¢�jGX-[�dfer£sjG[���k`df[zkvjGeudG[ow«¦J§ ¢�jfXs['mryl¥�{seM����[zwx�uZ�[z{¬j¤eh¢TjGXs[
q-dGeu�t[	qtmryl¥r[�j���k�df[zy�[����r[zwBª;W�\+c kG[�{twx[�d¸�¡[omN�r[ok�jGXs[�kijlmh{-ws�¬��Z2exwx[rª»df[zkG£sZ2[zk��µjlk�df[�jfdfmr{-kvZ2��kGkG��er{
jf�¡Z2[zdfkzªsmh{-w�y�er{¬jG��{�£s[zkTjGX-[J{serdfZ'mh�«erq;[�dlmMjf�¡eu{-kz¦

§¨{ jGX-[nZ�[z{¬jG��er{s[ow9df[�¢L[zdG[z{-y�[uª�jfXs[�mh£xjfXserdlk2kijf£-wx�9jGXs[n[�º;[oy¾j�eh¢¸�Mmhdf�¬��{s�®jGX-[�jG��Z�[n��{¬jG[zdG�Mmh�
�;[�ji�+[�[z{9qsdfer�;[5q-mryl¥u[�jfkz¦9±���kGe-ªCjfXs[��9[��Mmh��£-mMjf[�jfXs[��¡Z2q-muy¾j2eh¢¤jGXs[np7W�^ mh{tw¹jGX-[�\Teu{s�r[okijf�¡eu{
'���{-wxeM�%��\ '<�2£-qteu{¶df[zkvjGeudfmhjG��er{9er¢�jfXs[ndGeu£xjG[u¦�W�Xs[�� 3-{-w¶jGX-mhj�m®qsdGeu�t[���{¬jG[�df�Mmh��er¢��®kv[oyh¦
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q;[�dG¢LerdfZ'k+jGXs[/�t[okijoªtmh{tw�jfXs[��5kv£-�r�r[okij�jfe'Z2mr¥r[¸jGX-��k��¡{¬jG[zdG�Mmr�Bm�¢L£s{-y¾jf�¡eu{neh¢PjGXs[]pPW�W¿��{-kijf[zmuw?er¢
�u�¡����{s�2�µj�m;3-°�[ow5�Nmr�¡£-[r¦03seud�jGXs[]pPW�^ mh{-w�\ ' �Mmh��£s[zk�£-qteu{5dfer£sjG[`dG[okijferdlmMjf�¡eu{Bª¬jGXs[z� 3-{-w5jfX-mMj
£tkv��{s��jGXs[Jq-dG��erd��Mmh��£s[zk��;[�¢LeudG[Jdfer£sjG[¸¢Emh���¡£-dG[`q;[�dG¢LerdfZ2k+�;[�jGjG[�d�jGX-mr{5��{s�¡jG��mh���¡¯z�¡{-��\ ' jGe �`q-muyl¥r[�j
mr{-w �Merd�p7W�^½jGe��2kG[zyr¦¡ªxjfXs[J��mMjvjf[�d��Mmh��£s[J�;[���{s��jGXs[J��{s�¡jG��mh�¼ws[�¢Emh£-�µj��Mmh��£s[Jer¢7p7W�^­��{nW�\+c�p�[�{se
mr{-w5³�[��­p�[z{se2�r[�dlkG�¡eu{-k�¦
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q-dGeN°x��mryzy�eudfwx��{s�/jGe�jGXs[J��{¬jG[zdv� qsdfeN°��'wx��kvjfmh{ty�[`q-mhdlmhZ2[�jG[�do¦7W�Xs[`qsdGeN°x�'��{¬jG[�dly�[zqxjfk�W�\+c q-muyl¥r[�jlk�ª
�-£xº;[zdfkCjGXs[zZ5ª¬mryl¥�{seM����[zwx�u[zk�jGX-[���dIdG[oy�[z�¡qxjCjfe`jGXs[¤kveu£sdfy�[J�LerdCq-dG[z�¬��er£tk7qsdGeN°x�s�����]kG[�{-wx��{s�	m`��exy�mh�
muyl¥�{seM���¡[owx�rZ2[z{ujJ� :�±�\$#	�¾¦;±���kvetª-m2qsdfeN°�����k�dG[okvq;er{-kG���s�¡[¸¢Leud�wx[������r[�df��{s�2jGXs[Jqtmryl¥r[�jfkzª-mMj�mr{�mhqx�
q-dGeuqsdG��mMjf[�dfmhjG[rªrjGe`jfXs[�{s[�°¬jT�¡exy�mr�-kG[��rZ2[z{ujo¦ %�qteu{2jGXs[�dG[oy�[���qxjIer¢«m>:�±�\$#.�L¢LdGeuZ�jfXs[�{s[�°�jIqsdGeN°x�
eud�¢LdferZ·jfXs[ 3t{-mh�Pwx[zkvjG��{-mMjf�¡eu{t�¾ª;m'qsdfeN°x�����¡���¼q-£sdG�u[`jGXs[]q-mryl¥u[�j�¢LdferZ �µjlk��s£xº»[�do¦�W�e'[�{-kG£sdf[JjGXs[
kGer£-dfy�[	jGe�wx[okijf�¡{-mhjG��er{�df[�����mh�s���¡�¡ji�rªBmr{ ±�\$#"��k`kv[z{uj`����jGXs[2wx[okijf�¡{-mhjG��er{ jGe?jGXs[2kveu£sdly�[]kG��Z�����mhdf�¡�
jfe/jfXs[Jkijlmh{-w-mhdlw�W�\+cP¦x§¨{�¢Emuy¾joªujfXs��k�kGylXs[zZ2[¸kGqs���µjlk�mh��kve/jGXs[¸jGdlmh{tkvq;erdGj+��mN�r[zd�¢L£-{-y¾jf�¡eu{-mh���µjf�¡[ok+�¡{¬jGe
jfXseukG[J[�{tw��Qjfeh� [�{-w?df[�����mr�s�¡���¡ji��mh{-w�y�er{s�u[zkvjG��er{�y�er{¬jfdGeu�Q¦IW�Xs��k���k�wxeu{s[`����£-kG�¡{-�2ji�Te�jGdlmh{tkvZ2��kGkG�¡eu{
����{-wxeM��k¸mMj¸jGX-[�kGer£sdly�[]��Xs��ylX mhdf[	jfXs[�y�er{s�u[zkvjG��er{�����{-wxeM� mr{-wnjfXs[�[�{-w���jGer��[z{-w�����{-wxeM�J¦JW�Xs[
y�er{s�u[zkvjG��er{]���¡{-wseM� ��kCm`kG£s�x� ���¡{twxeM� eh¢;jGX-[+[z{-w���jGer��[z{-w/����{-wxeM�J¦,'�Xs���¡[�jfXs[�y�eu{s�r[okijf�¡eu{	���¡{twxeM�
ylXtmh{s�u[zkP�¡{2mryzy�eudfwsmr{-y�[+���¡jGX�jGXs[�dlmMjf[+er¢;mrdGdf�¡�Mmr�¬er¢ :�±�\$#Jk�¢LdGeuZ|jGXs[�{-[�°�jIqsdfeN°��uªNjGXs[�[z{-w���jGer��[z{-w
����{-wxeM�<���¡���BylX-mh{-�r[���{�mry�y�erdlwsmh{ty�[����¡jGX?jGXs[`dlmMjf[¤er¢Pmhdfdf�¡�Mmh�;eh¢¼jGXs[`[�{tw��Qjfeh� [�{-w?±�\$#JkT¢LdGeuZ"jGXs[
ws[zkvjG��{-mMjf�¡eu{B¦C±+jT[zmuylX�qsdfeN°x�rªhjfXs[�df[¸�Teu£s��w2�;[`m/y�eu{s�r[okijf�¡eu{'���¡{twxeM��jGX-mhj+�+er£-��w'�ueM�r[zdG{�jGX-[¤dlmMjf[
er¢PkG[�{-ws�¡{s�2�;[�ji�+[�[z{5q-dGeN°x��[zkz¦

S DP1
P2

Lack Message from P1 to S 
Lack Message from P2 to P1 

Lack Message from D to P2 

Message flows through the

Message flows through the Message flows through the
first stage from S to P1

second stage from P1 to P2

first stage from P2 to D

3P���r£sdf[	~ 2IW�\+c "�qs���µj

"���Z/£-��mhjG��er{ dG[okv£s�¡jfk2��{-wx��y�mhjG[�jfX-mMj�mh{ ��{ujf[�dG��q-dGeN°x�¹wx��kijlmh{-y�[5�;[�ji�+[�[z{ 
®mr{-w � Xtmrk'm®�re�exw
��Z2q-mry�j	er{®�terjGX®jGX-dGeu£s�rXsq-£xj/mh{-wV¢Emr�¡df{s[zkfkz¦2W�X-[�mh£xjfXserdlk`dG[zqteudvj`jfX-mMj/mr{V��Z2qsdGeM�u[�Z2[�{¬jJ£sq®jGe


� � yzmh{��;[/mrylXs��[��u[zw?�¡{�jfXs[Jjfehjfmr�«jGX-dGeu£s�rXsq-£xj�����£-kG�¡{-�."�qs���µj¤W�\+cP¦;W�Xs[	wxdlmN���-mryl¥xk�mhdf[`��mrdG�u[
�-£xº;[zdfk�mr{-w5{s[�ji�+erdf¥'eM�r[zdGX-[zmrwB¦

��������� �	�	
 �
��Æ � � Â � � �u��I��h� Å �z��IE� Â;Á �
�BÅ � �;� I Â�� �¼� � �©��I � Å ��� Á �z� �EÅ � Ã � Å �;�z� Å I¸�
�¼Æ 
 Å�Ä/Á � Ã � Å �;�z� Å I��
	���
G� cPeM�+[�d`y�er{¬jfdGeu�P��{®jGXs[
q-X¬�xkG��yzmh�B��mN�r[zd�y�mr{neh¢ jG[z{n�¡{b:-£s[�{ty�[JjfXs[	jfdfmr{-kvZ2��kGkG��er{5dfmhjG[Jeh¢CZ2er�-�¡��[	{sexwx[ok�¦�3seud�[�°xmrZ2qs�¡[uª-Z2eh�
�-�¡��[�{sexwx[ok�ªrjGX-mhjT��Z2qs�¡[zZ2[�{¬j�jfXs[�§i´I´�´9�r�¬�x¦��r��qsdfehjfexy�er�tmh{-w�jfXs[¤±¤p�3®dfmhjG[�kG[���[zy�jG��er{�mh���reudG�¡jGX-Z5ª
df[zws£-y�[?jGXs[z�¡d2jfdfmr{-kGZ���kfkv��er{ dlmMjf[?��{�y�mrkG[5eh¢�q-muyl¥r[�jfk��¡e¬kGkz¦9W�Xs[okv[���eukfkv[ok/Z'mN�¹df[zkG£s�¡j]¢LdferZ ��eM�
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kG���r{-mr�tjfe'�¡{¬jf[�dG¢L[�df[�{-y�[¸q;eM�+[�d�dfmhjG��e-¦

§¨{�_n±�³¤´IW�kzªxjfXs[�gieu�¡{¬j�y�eu{s�r[okijf�¡eu{�mh{-w�qteM�+[�d�y�eu{ujfdGeu�-qsdfer�-�¡[zZ���kTjGe�Z'mM°x�¡Z2��¯�[�jGXs[`kveu£sdly�[zk
£sjG���¡�¡ji� ¢L£-{-y¾jf�¡eu{����2kG£s�xgi[oy¾j	jfe��¡��{s¥©y�mrq-mry��µji�©y�eu{-kijfdfmr�¡{¬jlk����¨¦�W�Xs[�kGer£-dfy�[zkJ£xjf�¡���¡ji� ¢L£s{ty¾jG��er{9��k
df[�q-dG[okv[z{ujf[zw jGXsdfer£s�uX y�er{¬jG��{�£ser£tkv���9wx�¡º;[zdG[z{¬jG��mh�s��[rª+�¡{ty�df[zmrkG��{s�-ª+mh{-w�kvjGdf��y�jG���9y�eu{-y�mN�u[�¢L£s{ty¾jG��er{
er¢�jfXs['kveu£sdfy�[J4 k�jfdfmr{-kGZ���kfkv��er{VdfmhjG[	��
h¦2W�Xs[2mh£xjfXserdJy�er{-kG��ws[�dlkJ\Texwx[A�¤�¡����kv��er{©_�£s�¡jG��qs��[�±�y�y�[okGk
� \X�¸_�±¤�JmuwVX-e�y2{-[�ji�+erdf¥�kz¦2§¨{®jGXs��kJji��q;['eh¢�{s[�ji�+erdf¥xk�ª«jfXs[�y�mrq-mry��µji� eh¢�m?����{s¥
�+��kJ{serj>3s°x[zw«ª
muk��¡jJmhqsq;[zmrdfk¸mrk¸m���er�¬mhdf�µjfXsZ2��yJ¢L£s{-y¾jf�¡eu{ er¢Tkv���r{tmh��jGe5�¡{¬jG[zdv¢L[zdG[z{-y�[]dfmhjG��eV�������J��¦	W¼e5kveu�¡�u[	jGX-��k
euqxjG��Z2�¡¯omMjf�¡eu{ qsdfer�s��[�Z�ª»jfXs['mh£xjfXserd`qsdferq;eukG[zk¸m?ws��kvjGdf�¡�-£xjG[owVmr�¡�uerdf�µjfXsZ y�mh����[zw��rer��{¬jG���V^¤qxjG��Z'mh�
\Teu{s�r[okijf�¡eu{x�¨y�er{¬jfdGeu�Bmh{-wncPeM�+[�dG� y�er{¬jGdfer�I���¬^J\+c���¦;W�X-[/¥r[z�?��wx[om�eh¢���^J\+c���k�jfX-mMjoª;wx£-dG��{s�?y�er{x�
�u[zkvjG��er{�qt[zdG��exwskzªr{sexwx[okC���¡���xjfdG�/jGe`jGdlmh{tkvZ2�¡jIq-mryl¥u[�jfkP¢Emukijf[�dImhjCjGXs[��;ehjGjG��[�{s[oyl¥/���¡{-¥�kI�¬�]£sq»wsmMjf�¡{s�
jfXs[���d¸jGdlmh{-kGZ2��kfkG�¡eu{�qteM�+[�do¦/_�eudG[2kvq;[zy��D3;y�mh�����rªBmMj`[zmuylXnjG��Z2['kv��ehj¸jGXs[�jfdfmr{-kvZ2��kGkG��er{�q;eM�T[zd¸mhj`m
jfdfmr{-kGZ��¡jvjf[�d �¤���¡���I��{-y�df[zmukv[�qsdferq;erdGjG��er{-mr�¡����jGen�¡jfkJqtmryl¥r[�j 7¬£s[z£s��{s��wx[���mN������mh{tw �����¡�Twx[zy�dG[omrkG[
q-dGeuqteudvjf�¡eu{-mh���¡� jGeV�µjlk�y�£sdfdG[z{uj]qteM�+[�d]�¡[z�r[������v¦¹±���kGe-ªC�¡jfk/jGdlmh{-kGZ2��kfkv��er{¹q;eM�+[�d]kGXseu£s��w9wx[�q;[�{-w
er¢CehjGX-[�d�{-e�ws[zk 4C7¬£s[z£s�¡{-��wx[���mN��mh{-w�������¦ 3seud�jfXs��k¤df[zmrkGer{¼ª-W�Xs[]mr£xjGX-erdlk�Z'mh¥u[zk�jfXs[	jfdfmr{-kvZ2��ki�
kG��er{�qteM�+[�d¤wx[zy�dG[omrkG[zk����5m��T[z�¡�uXujf[zw�kG£sZ er¢7jGXs[]�NmrdG��mh�-�¡[ok�� �	df[zy�[z�¡�u[zw?¢LdferZ mh���BehjfXs[�d¤{sexwx["!
jfXsdfer£s�uX5m :-e�exwx��{s�2qsdGerjGexy�eu�Qª���Xs[zdG[

�#�%$ � �'&)(+* �,��� �-&)(+*�.� &)(+* 
 �i�o�

���¡jGX/���`��kTjfXs[¤qtmryl¥r[�j,7¬£s[z£s�¡{-��wx[z��mN��mhj+{-e�ws[�!tª0�����1��jfXs[Jkv���r{tmh�tjGe��¡{¬jG[zdv¢L[zdG[z{-y�[¤dfmhjG��e]mhj+{sexwx[
!tª2�3����k�jfXs[�g 4 k�jfdfmr{-kvZ2��kGkG��er{ q;eM�T[zdzªTmh{-w 
 ��k]jGXs[nq-mhjGX¶�¡e¬kGkz¦ _�eudG[zeM�r[zdzª7[zmuylX jf�¡Z2[nkv��ehj ( ª
jfXs[	W�\+c ���¡{twxeM�½kG��¯�[`��k�£sq;w-mMjG[ow5£-kv��{s�2jfXs[`jGerjfmh�¼qsdGeuq-mh�¬mMjf�¡eu{�wx[���mN���;[�ji�+[�[z{?jfXs[/kGer£sdly�[`mh{tw
ws[zkvjG��{-mMjf�¡eu{546�oªs���¡¥u[`�¡{�W�\+c �C[��umuk��r[zdfkG�¡eu{B¦7�¬^J\+c y�eu{¬�u[�df�r[ok��u[�erZ2[�jGdf��yzmh���¡��¢Emrkvj�mh{tw��¡jfk�y�er{x�
�u[�df�r[z{-y�[	yzmh{��;[/Z'mh��{¬jfmr�¡{s[own£s{-ws[�d`mh{�� 3t{s�µjf[�y��¡exyl¥�mrkG��{-ylXsdfer{s��kvZ�¦�W�Xs[2mh£sjGXseud�df[�q;erdGjfk�jfX-mMj
��^J\+cV��k7dfer�s£tkijPjGeJ����dG[z�¡[okGk7ylX-mr{s{s[z�¬�MmrdG��mMjf�¡eu{-k7mh{-w]q-mMjfX2�¡e¬kGkP[zkvjG��Z'mMjf�¡eu{][zdGdferdlk�¦,�T�/[�°xq-mh{twx�¡{-�
jfXs[�kfy�euqt[�er¢»{-[�ji�+erdf¥	£xjG�����µji�]¢L£s{-y�jG��er{'jfeJX-mh{-ws�¡[�[z��mukijf��y�����{s¥�yzmhq-muy��¡jG��[zkzªhjfXs[�mh£sjGXseudIqsdfeM�r[zkPjfX-mMj
��^J\+c­mrylXs��[��u[zk`euqxjG��Z'mh�I�-mr��mr{-y�['�;[�ji�+[�[z{®jGdlmh{-kGqteudvj/mr{-w®qsX��xkv��y�mr�I��mN�u[�dlk¸�¡{¹����dG[z�¡[okGk/\X�`_n±
muw�X-e�y`{-[�ji�+erdf¥�kz¦

������� 	 �nÁ � Ä/Å ��� � �¼Æ � � Â � � �r��I��r� Å �o��IL� Â;Á �

 � Á�Á � �¼� �98tÁ � Å �B� � ��� � �¿�-Æ � Å � � Á � Ä/Å ���B�r� W�X-��k¤er�xgi[oy¾jf�¡�u[]er¢CjGXs��k`qsdferq;eukfmh�¼��k¤jGe?dG[owx£-y�[
jfXs['{�£sZ/�;[�dJer¢+dfer£sjG��{s�5¢Emh���¡£sdf[zk � ~r~ ��¦�W�Xs��kJ��k	mrylX-�¡[z�r[zw ���VkG���µjlylXs�¡{-�?jfenm�{s[��.dGeu£xjG[2��Xs[z{©m
����{s¥¹eh¢�jfXs[ny�£sdfdf[�{¬j�dfer£sjG[���k�[�°xq;[zy¾jf[zw9jGeV¢Emh�����¡{9jGXs[5¢L£xjf£sdf[®�Qkv[z[5�;[���eM���¾¦¶W�Xs��k]jf[zylXs{s�87¬£s[5��k
y�er£sq-�¡[ow����¡jGX�jfXs[�er{x�¨wx[�Z'mr{-w�dfer£xjf�¡{-��qsdfehjfe�y�er�7±�^Q��� mh{-w � "xp	¦»W�X-[�wx[�jG[oy¾jG��er{®Z2[zylX-mr{s��kvZ
er¢�¢Emh����£sdG[?��k�q;eM�T[zd]�tmrkG[zw«¦ _�eudG[5kvq;[zy��D3tyzmh���¡�uªI��Xs[z{ jGX-[5kG�¡�u{-mh�+q;eM�T[zd�wxdferqtk/�;[���eM�·m �u�¡�u[�{Bª
yzmh���¡[ownqsdf[�[zZ�qsjG���r[	jfXsdf[zkGXser��w«ª;jGXs[�dfer£xjf�¡{s�5mh�u[�{¬j¤er¢CjGXs[2kveu£sdly�[	��k¸{sehjf�D3-[ow9�Qkv[z[ 3P�¡�u£sdf[ )u��¦/^¤{
df[zy�[������¡{s�2jfXs��k¤{-ehjG�B3tyzmMjG��er{¼ªsjGX-[�kGer£sdly�[�4 k�dGeu£xjG��{s��mr�r[�{¬j�q-dGe¬mry¾jf�¡�u[�������e�er¥xk�£sq�¢Lerd¤m�{s[��|dfer£sjG[r¦
'�X-[�{VjGXs[�{s[���dGeu£xjG[���k`mN�Mmh����mh�s��[rª;jGX-[�dfer£sjG��{s�?mr�r[�{¬j`kv���¡jfylXs[ok¤jGe?jGXs��k¸{s[��.dGeu£xjG[u¦	W�Xs[]�Mmr�¡£s[
er¢IjGX-[�q-dG[z[�Z2qxjG���r[/jGXsdf[zkGXseu��wVmhqsq;[zmrdfk�jGe5�t['y�dG�¡jG��y�mr�Q¦J§¨{-ws[�[zwBªB�¡{®y�mukv[�eh¢���eM�­jGX-dG[okvXseu��w �Mmh��£s[rª
jfXs[�df[`���¡���B{serj��t[	kG£ ��y���[�{¬j�jG��Z2[`jGe�wx��kfy�eM�r[zd+mr{5mr�µjf[�df{-mMjf�¡�u[`q-mMjfX?�;[�¢LeudG[`jfXs[JdGeu£xjG[¸¢Emr�¡��k�¦C±���kGe-ª
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��{©jGX-[?y�mukv['er¢�Xs���rX¹�Mmh��£s[rªPjfXs[���mhdf{s�¡{-�nZ�[okGkfmh�u['���¡���+�t[��u[�{s[zdfmhjG[ow jfe�e�[zmrdG���r¦nW�e�eM�r[zdfy�erZ2[
jfXs[<:-£-y�jG£-mhjG��er{-k	eh¢+jGXs[�df[zy�[����r[owVkG�¡�u{-mh�Cq;eM�+[�d	wx£s[2jfe ylX-mr{s{s[��7¢Emuwx��{s��mh{-w®Z]£s�µjf�¡qtmMjGX¹[�º;[oy¾jlk�ª
jfX-mMj	Z'mN�njfdG���r�u[�dJm�qsdf[�[zZ�qsjG���r[2dGeu£xjG[2��mhdf{s��{s�nmh{-w®y�mr£-kv['£-{s{s[zy�[zkfkGmrdG�ndfer£sjG[2dG[�7¬£s[zkvji:-e�e�w-k�ª
jfXs[2mh£xjfXserdlk�£tkv[2m�df[�q;[zmhjG[ow�kvX-erdGj¸Z2[zkfkfmh�r[/qsdGeu�s��{s��jfe?�u[�df�µ¢L�5jGX-[2y�erdfdG[oy¾jf{s[zkfk�er¢IjGXs[���mhdf{s�¡{-�
Z2[okGkfmh�u[r¦

1 2 3 4 NN−1

AODV AODV AODV AODV AODV AODVInfo
Phy. layer

Phy. layer
Info

MACMAC MACMACMACMAC

3P�¡�u£sdG[�)<27³�[�ji�+erdf¥�mh{-w�cCX��xkG��yzmh�By�dfeukfk+��mN�u[�d

%¤kv��{s��kG�¡Z]£s��mMjG��er{tk�jGXs[]mh£xjfXserdlk�kGXseM�<jfX-mMj�jGXs[z�¡d¸kGylXs[zZ2[J�¬��[���wsk¤m'dG[owx£-y�jG��er{�eh¢7jGX-[	{�£sZ/�;[�d
er¢IdGeu£xjG[/¢Emh���¡£-dG[ok�mh{tw�wx[zy�dG[omrkG[zk�jGXs[]��mhjG[�{ty������ 

� ��¦�§ jJkGXser£s��wn�;[/{serjG[ow�jGX-mhj¤jfXs��k¤kfylXs[�Z2[]��k
�vq-muyl¥r[�j¸dG[oy�[z�¡qxjJ[z�r[�{¬jG� wxdf���r[�{ �]mh{-w�jGX-mhj¸¢Emr�¡��£sdf[zkJyzmh{s{serj¸�;['wx[�jf[zy�jG[zw®�¡¢T{se�q-muyl¥r[�jfk¸mhdf[/jfdfmr{-ki�
Z2�¡jvjf[zw«¦

� � � �¼��I��z��� Á ���-� �.�P�s� Á Æ I � � ���©�
��� � Á � Á �;� � � �sÆ � Å � � Á � Ä/Å ���C� W�Xs��k2mh���rerdf�¡jGXsZ � �u~��
��k¸kv��Z2�¡��mhd¤jGe�jGXs[�qsdf[����¡eu£-k¤er{s[u¦¸²�eM�T[z�r[�doª;�¡{njfXs��k¸mr�¡�uerdf�µjfXsZ [zmuylXn{sexwx[]¥u[�[zq-k¤m�dG[oy�eudfw�er¢IjGXs[
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[�°x��kvjG[z{-y�[`eh¢Cwx�¡º;[zdG[z{¬j�w-mMjfm�q-muyl¥r[�jfk�kv��¯�[J��{5jGXs[J{-[�ji�+erdf¥�kvXseu£s��w��;[J�¡{tkvq;[zy�jG[zwB¦
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w-mMjfm q-mryl¥u[�j	jfe�jfXs[�_�±�\¤¦C^¤{s���¹mM¢ jf[�d]jG��Z�[zd2[�°xqs��dfmhjG��er{BªPjGX-[ 7¬£s[z£s[�eu£xjGqs£sjfk2mh{serjGXs[zd/q-muyl¥r[�j
jfe5jGXs[�_n±�\¤¦�W�Xs[�wx£sdlmMjf�¡eu{Ver¢�jG��Z2[�d	��k`£sq»wsmMjf[zw©mryzy�eudfwx��{s�?jGe�jfXs[ 7¬£s[�£s[2eu£xjGqs£sj	dfmhjG[2�Mmh��£s[r¦
"xqt[oy��B3ty�mr�¡���rª-jGXs[/ws£sdfmhjG��er{�eh¢PjGX-[JjG��Z2[�d���k�m'kG£sZ�eh¢7jGXsdf[�[JqtmhdGjfk 4 � ª 4 �hªtmr{-w/4��h¦�4 � ��k�[�7¬£-mh�
jfe/jfXs[`wsmMjlm	q-muyl¥r[�j+�¡[z{s�hjfX?wx������ws[zw����2jfXs[¤�tmh{-wx����w�jfX�eh¢¼jGXs[`ylX-mh{-{s[���¦74 �¤��k+m]wx[���mN�rª¬jfXs[¤�Mmr�¡£s[
er¢C��Xs��ylXn��k�ws[zy���wx[own����jfXs[/df[zy�[�{¬jF7¬£s[�£s[/er£xjfqs£xj¤dlmMjf[r¦�W�Xs[;7u£-[�£s[/yzmh��y�£s��mMjf[zk�jfXs[/eu£xjGq-£xj¤dlmMjf[
���5y�er£-{ujf�¡{-�'jGXs[/{¬£-Z/�;[�d�er¢P���¬jG[ok�ª���ªt�¡j�eu£xjGqs£sjfk���{�[z�r[�df��3s°x[ow��¡{¬jG[zdG�Mmr� �	¦�W¼e�ws[zy���wx[	eu{�jGXs[
�Mmr�¡£s[�eh¢�4 � ª«jfXs[�mh£xjfXserdlk¸kv[�j¸jfXsdf[�[�jGXsdf[zkGXseu��wsk�� ª	��ª¼mh{tw�
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 4 � � 
 4 ��� 
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W�X-[�Xs[�£-dG��kijf��y��t[zXs�¡{tw �Q�u�J��kJjGe qt[z{-mh���¡¯z[��udG[z[zwx�V{sexwx[zk/���µjfX Xs���rX¹er£sjGqs£xj�dfmhjG['���®�¡{-y�dG[omrkG�¡{-�
jfXs[���d�7¬£s[z£s[���{s��wx[���mN�	4 � mh{-w�jfe	¢EmN�reudI{sexwx[okCj����µjfX�kvZ'mr�¡�ter£xjfqs£xjTdlmMjf[zkz¦�4 � ��k+mJdlmh{-wxeuZ.�Mmr�¡£s[
£-{s�µ¢LeudGZ2���?wx��kvjGdf�¡�s£sjG[zw5�;[�ji�+[�[z{ �'mr{-w/4 �h¦�4��`��k�£-kG[zw?jGe�mN�uer��w?kG��{-ylXsdfer{s��¯zmhjG��er{�q-dGeu�s�¡[zZ mh{tw
jfe'dG[owx£-y�[	y�er������kG�¡eu{-kz¦ �+��Z2[zmr{-k�eh¢IkG�¡Z]£s��mhjG��er{-kzª�jGX-[/mh£xjfXserdlk�df[�q;erdGj�jGX-mhj�jGXs[z�¡d¸kGylXs[zZ2[¸�udG[omMjf�¡�
��Z2qsdfeM�r[zk/jGX-[?¢Emr�¡df{s[okGk2mhZ2eu{s�®W�\+c�y�eu{s{s[oy¾jG��er{tk�mhj2jGXs[ny�e¬kij'er¢¤Z2exwx[�dlmMjf[�jfehjfmr�+jGXsdfer£s�uXsqs£xj
ws[��rdlmrw-mMjG��er{¼¦

� C 7 t���� @�H��+V 7	�#] NDs;L%R�� gMLDgML�V^TKZ%Na]^]^LDW C 7;PSL%R\o NaZDL�� gMLDgML � C o!��"�G

Cut 6 C k



� ���������	� "�
 �<% *�
 ")��
 ����� ��� �s�

������ �����

4 � $ 4 � � ¢Lerd � � �
4 � $ 4 � � ¢Lerd � 
 � � �
4 � $ 4 ��� ¢Lerd � 
 � � 

4 �%$ 4 ��� ¢Lerd ��� 

� ��4 � � 
 4 � � 
 4 ��� 
�4 ���

�Q�r�

�nÁ � � �»� Å � � ÅBÅ Æ � � � � W�Xs��k+qsdferq;eukfmh� � � +-�¼mh��Z'k�jfe][z{sX-mr{-y�[`W�\+c ¢Emr�¡df{s[okGk+��{5_n±¤³�´IWPk�¦ %�{x�
����¥r[n��{ ���¡df[zw�{-[�ji�+erdf¥�kzªTjGXs[ mr£xjGX-erdlk�kvX-eM� jfX-mMj5p�´��%wxe�[zk�{-ehj?kGer���r[�W�\+c�4 k�£-{x¢Emh��dG{-[zkfk���{
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7¬£s[z£s[rª�y�mh����[zw�{-[����rX��teudGX-e¬exw 7u£-[�£s[u¦]±+j/m?{sexwx[rª«jfXs[2{s[����rX��;erdfXse�exw 7¬£s[�£-[2kGXseu£s��wVy�eu{ujlmh��{Vmr�¡�
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{-[����rX��teudGX-e¬exw 7¬£s[�£-[	��k��¡{¬jfdGexwx£-y�[zw«¦�§ j`mh�r�udG[z�umhjG[zkTjfXs[/{sexwx[�4 k��¡exyzmh� 7¬£s[z£s[rª»mh{-w5jfXs[/£-q-kijfdG[omhZ
mr{-w®wxeM��{-kvjGdf[zmhZ 7¬£s[z£s[zk`er¢T�¡jfk2����XseuqV{-[����rX��teudfkz¦]³�eM�Jª«jGX-[�p�´�� mr�¡�uerdf�µjfXsZ ��k`�-mrkG[zwVer{VjGXs[
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y�erZ2qs£xjf[IjfXs[+mN�u[�dlmh�u['7u£-[�£s[�kv��¯�[u¦¼§¨{/jGXs��k7mh���rerdf�¡jGXsZ�ªojGXs[TjG��Z2[T��kPkv��ehjGjG[zwB¦r�¤£sdf�¡{s�¤[zmuylXJjG��Z2[+kG�¡erjzª
jfXs[���wx��[�qt[zdG��exwneh¢IjfXs[2ylX-mh{s{-[��P��k¤Z2[zmrkG£sdf[zw«¦�%¤kv��{s��jfXs��k¤Z2[omrkG£sdG[zZ2[�{¬jzª»m�{-e�ws[/[zkvjG��Z'mMjf[zk¤jGXs[
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