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∗ ACB 69D@EF69=>GIH0J>K�GML ∗ AON 6?K;PRQTS#8O6?K0UVPW8
XWG5K ∗ A UVJ>4YJ>DYZO6\[
Z;4YG5DYL@ZO6 †

]�^`_Yacbedgf�hjilkFmonqpr_Yacb@ngs�tMacaeu`v`wxsTyzvMp{n
|C}~t���bTp���w��9bY}~sTtza

��yz�`�?tz}rpg�`b�}rb@s{^`bT}{s{^`b�v?�O�z�M�`�	i��`bT�R}ruRyz}rm	���z�M��ij�F���Ryz�zb@n

�&���Y�T���`�z�z�.  v#yM�&^RtFs�a¡tM�`w£¢�b�¤gw£}~bT¢�bYn~n�v`bTp�¤¥tM}r¦onY§5bYv`bT}~�zm¨sTtzvRnru`a¡�op~w£tMvVwxn�y�v	w�ac�?tz}rp~yzv5p�wxn~nqu`b
yMn�a¡tMnqp�actM�`w�¢£b¡^`t5n�p{n�tz�?bT}{y�p~bctMvI¢�w�acw£prb@�©�Ry�prprbY}rmª}~bYnrtzuR}~sTbz«¡¬O­ow�nqprw�v`�3a¡to�obT¢xn�®¯tz}�bT°�y�¢�uRy�p~w£vR�
p~^`b�bYv`bT}~�zm	s�tMvRnquRac�`prw�tzvª�?bT^Ry7°Fw�tz}�tz®±y²a¡tz�`w�¢�beyz�ª^`tos�v`b�p�¤³tz}~¦	^Ry7°zb�nr^`t�¤gv#pr^9y�p�p~^`b�°�yz}rw�tzuRn
sTtza¡�?tzv`bYvMp{n;t�®?bTv`bY}r�Mm�}rbY¢�y�prb@�esTtMnqp~n;w�vRs�¢�uR�ob�p~}~yzvRnqa¡wxnrnrw�tzv��?t�¤³bT}Oyzn;¤³bT¢�¢Ryzn;�?t�¤³bT};t�®W}rb@s�bY�oprw�tzv´«

  v3p~^`wxn��Ryz�9bY}Y§9¤¥b�b�­FprbYvR�#pr^Rb�a¡tF�`bT¢
®¯tz}µsYy�¢xs�u`¢xy�p~w£vR�¡pr^`bebTv`bY}r�MmVnr�9bYvMp�y�pµy¨v`to�ob��ou`b�prt&y
¶ t�¤�w£v&pr^`b�v`bTp�¤¥tM}r¦W«!·¸b�w£v9s�¢�uR�obµpr^`bµpr}{y�vRnra¡w�n~nrw£tMv&y�vR�&}rb@s�bY�oprw�tzv&sTtMnqp~n¥w¹®
pr^`b�v`to�ob��9bY¢£tMv`�Mn±prt
y ¶ t�¤�§´yzvR�º}~bYsTbT�op~w£tMvºs�t5n�p{n�w¹®³w¹p�wxn�v`bYyz}�y ¶ t�¤�«�]�^Rbca¡to�obY¢O�zw�°zbYn�pr^RbcbYv`bT}~�zmªsTtMnqp~n�t�®¥v`to�obYn
w�v&wx�ob@y�¢Ws�tzv9�ow¹p~w£tMvRn¥¤g^`bT}~bµw�v5prbY}q®¯bY}rbYvRs�b@n±y�v9�&s�tM¢£¢�wxnqw�tzvRn³y�}~b�yz�RnqbYv5pY§oy�vR�¨^`bTvRsTb�sYy�vV�9b�b�­FprbYvR�ob@�
p~t¡bT°�y�¢�uRy�p~b�p~^`b�b�»WbYs�pgt�®
w�v5prbY}q®¯bY}rbYvRs�b��?b�p�¤³bTbTv ¶ t�¤�n³tzv	bTvRbT}~�zm¨s�tMvRnru`a¡�oprw�tzvVw£v#a¡tz}~bµ}~bYyz¢£wxnqprwxs
sTtzvR�`w¹p~w£tMvRnT«;]�^`b�sTtz¢�¢£wxnqw�tzv9nC�ou`bgp~t�pr^`b ¶ t�¤�nCy�}~bgy�¢xnqt�a¡b@yznru`}rb@�¼§�¤g^`wxs{^¨y�}~b�uRnrbY�cprt�bY°�y�¢�uRy�p~bgpr^`b
bT»?b@s½p�tz®±nqu9s{^	w�v5prbY}q®¯bY}rbYvRs�b�w�v#pr^Rb�bTvRbT}~�zmVsTtzvRnru`a¡�op~w£tMv´«�·Ib�pr^`bYvªnq^`t�¤¾^`t�¤0pr^Rb�b�­Fp~}~y¡bYv`bT}~�zm
nr�?bTv5p¡�`u`b	prt¿s�tM¢£¢�w�nrw�tzvRncsTyzvÀ�?b#sYy�¢xs�u`¢xy�p~bY�À�5m¿�R}rb@�ow�s�prw�v`�Ipr^`b3s�tM¢£¢�wxnqw�tzvRnew�vÀp~^`b#v`to�obYnct�®µpr^`b
vRb�p�¤³tz}~¦?«;]�^`wxn��`}~bY�owxs½p~w£tMv&wxngnq^`t�¤gv&prt¡�?b�sYy��Ryz�`¢�b�tz®
yzsYs�u`}{y�p~b�sYy�¢xs�u`¢xy�p~w£tMv&tz®!pr^Rb�bT­Fpr}{y�bYv`bT}~�zm
sTtzvRnru`a¡�op~w£tMv´«
Á3Â5ÃWÄ~Å�Æ ��Ç��z�jÈ �oÉ>^`tos�v`bTp�¤¥tM}r¦onY§MbYv`bT}~�zmM§ow£v5p~bT}r®¯bT}~bTvRsTbYnY§   ¬C¬C¬��z�5�o«��z�Y�´§5sTtz¢�¢£wxnrw£tMvRnT«

∗ Ê
ËÍÌ�Î�ÏÑÐ�Ò½ÓÔÌ7ÏÕÒ{ÖÕÎ�Ð�×qØ�Ù¯Ú
Û!ÙÝÜIÛ!ÒTÐ�ÞYß@Îqà@ÐqÒ½ß@ÏÕ×qØ5á�ÏÑâ{à7Ð�Î
† á`ËÍÏÑãÕ×Câ{ß@×Ñä7Ò½Ï�åCÚ
ËÍÏÕËÍã>ä�â�æYä@ÏÑÎ�ãÑ×Ñä�â@Ø`ç
ÎqÌ7â{ÏÕ×ÑÓgÎ�àT×CÒ{è¼é¼Ò½ÓgÌ@ß@×>ËÍà@ê7ØFë�â{Ð�ÞTß�â{ÏÑËÍÎ�ì
à7Ë í�Î�ÏÕã>Ë ×Ýî�ØoÚ!Ò½ÏÕ×ÑäcÛ¼îYï7Î½ØFÚ�æTðñ@òqó½ô Ø�Ü�ß7ãÕ×>ÏÑâ{õÍËöâ@÷
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�� � ��� y�vRn�¢�bYnµ}��@nqb@y�uo­3nryzvRn��R¢;b�p�actM�`w�¢£b@nT§¼h È�� ¬±]�§¼¢xy&sTtzvRnrtza¡a²y�p~w£tMvª��� �Yv`bT}~�zw�b�b@n�p
uRvºyznr�9b@s½p�w£a¡�?tz}rp~yzvMpµ�Ry�}{s�b��MuRb�¢xy¨�`¢�u`�Ryz}qp��obYn�prbY}ra¡w�vRy�uo­3a¡tz�Rw£¢�bYnµtz�?_T}~bTv5p�nru`}��obYn��Ry�pqprbY}rw�bYn
�`tzv5p
¢xyµsYy��RyMs�w£p��¥bYnqp�¢�w£a¡w£p��Ybz« � b@n!a¡to�o_T¢�bYn�bT­Fwxnqp~y�v5p{n
��� �T°�yz¢£uRy�prw�tzv��`b¥¢xyµsTtzvRnrtza¡a²y�p~w£tMv����TvRbT}~�zw�b
�Ry�vRnOh È�� ¬±]�tzv5pOa¡tzv5pr}����MuRb³¢ � �Tv`bY}r�Mw£b�bYnqpC���T�?bTv9n!�Yb�yzuRn~nqwo�`w�bTvcbTv��Ta¡wxnrnrw�tzvRn"�5u#� bTvc}��@s�bY�oprw�tzvRn
�`bYn��Ry$�MuRb�p~nY«

� y�vRncs�b&}~yz�`�9tM}qp@§;v`tzuRn%��p~bTvR�otMvRn�¢�b&a¡to�o_Y¢£b	�ob&sTyz¢�sTu`¢���� �Yv`bT}~�zw�b¨s�tMvRnrtza¡a&�Tb¨�Ryz}�u`v ¶ uo­
nru`}�uRv\v`tFbTuR�¿�`u¿}��@nqb@y�u´«('´tM}~n��5u`b²¢£b&v`tFbTuR�©b@n�p�°Fwxnqw£p��&�Ry�}e¢£b ¶ uo­¼§
¢�bVsYy�¢xs�u`¢Cw�vRsT¢£uopc¢)� �TvRbT}~�zw�b
sTtzvRnrtza¡a&�TbºbTv*�Ya¡w�n~nqw�tzv�bTp	bYv�}��Ys�bY�oprw�tzv!« d¥bIacto�o_Y¢£b¸�?bT}~acbTp	��� �T°�yz¢£u`bY}V¢xyÀsTtzvRnrtza¡a²y�p~w£tMv
�#� �Yv`bT}~�zw�b��`yzvRn³u`vVsYyznCwx���@y�¢ +;s,� b@n�prÉ.-�É �`w£}~b�bTvV¢)� y��9nqbYvRs�b��#� w�v5prbT}r®/�T}~bTv9s�bYn¥b�pg�ob�s�tM¢£¢�w�nrw�tzvRn±bTv5pr}~b�¢�bYn
¶ uo­¨�ou¨}��YnrbYy�u!« � tMuRn¥actMv5pr}~tzvRnObYvRnru`w¹p~bµsTtza¡a¡bTv5p0�TprbTv9�o}rbµs�b�a¡to�o_Y¢£bµ�9tMu`}±�`}~bTv9�o}rb�bTv&sTtza¡�oprb
¢�bYn¥w�vMp~bT}r®/�T}~bTvRsTbYn±b�p¥tM�oprbYv`w�}¥u`vVa¡tF�`_T¢�b��`¢�uRn¥}��@y�¢�w�nqprbM«�'!bYn³s�tz¢�¢�w�nrw£tMvRnCbYv5pr}~b ¶ uo­¨nrtzv5p³sTtzvRnrwx���T}��Tb@n
bTp�v`tzu9n1�Mu9y�v5prw2�Rtzv9n¥¢xy3�5uRy�v5p~w¹p����#� �Yv`bT}~�zw�b�nqu`�R�`¢2�Ya¡bTv5p~yzw£}~b��ou`b4-¡s�bYn�s�tz¢�¢�w�nrw£tMvRnY«
5�Æ �@� Ä �,6 � �V� �1�@nqb@y�uo­&yM�FÉ>^RtFsz§��Tv`bY}r�Mw£bM§ow£v5p~bT}r®/�T}~bTvRsTbYnY§   ¬±¬C¬��z�5�o«��z�T�!§FsTtz¢�¢£wxnrw£tMvRnT«
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È hªtz�`w�¢£b È �I^`tos � bTp�¤¥tM}r¦��Ñh È�� ¬±]	��wxn�y3�obYsTbTv5pr}{y�¢�w�
YbY�ºw£vo®¯}{yznqpr}~uRs�pru`}~b�É ¢£b@nrn�v`bTp�¤¥tM}r¦3¤g^RbT}~b
¤gw�}~bT¢�bYn~nµvRtF�`bYn�a¡t�°zb¡y�}~�`w£pr}{y�}~w£¢�mz«¡]�^`b²v`to�ob²sTtza¡a�u`vRw�sYy�prb²�ow�}~bYs½p~¢£mºprt#v`to�ob@n�w£v¸pr}{y�v9nqa¡wxnrnrw£tMv
}{y�vR�zbz§¼yzvR�ªp{y�¦Mbe�Ryz}qp�w�vIaeu`¢¹p~w¹É ^`tM�Is�tMa¡a�u`v`wxsTy�prw�tzvI¤gw¹p~^Itzpr^`bY}~nY«ckFu9s{^ºv`bTp�¤¥tM}r¦on�y�}~be�5y�w�v`w£vR�
a¡tM}rb�y�vR�ca¡tz}~b³�9tM�`u`¢xy�}~w¹p�m��?bYsYy�uRnrb�t�®?pr^`bYw£}Ob@yznrb�t�®?�`bT�`¢�t�mFacbYv5pY«;��t�¤³bT°zbY}Y§@p~^`bTmcy�}~b³nru`�o��b@s½pOprt
a¡tM}rb�s{^Ryz¢£¢�bTv`�MbYn¥pr^9y�v3s�tMv5°MbTv5prw�tzv9y�¢?¤gw£}~bT¢�bYn~ngy�vR�	¤gw�}rb@�&vRb�p�¤³tz}~¦FnY« � u`b�prtcpr^`b�nr^Ryz}rb@�&¤gw�}rbY¢£b@nrn
a¡b@�ow£uRa y�vR�Àw¹p{n²�omFvRy�a¡wxs&v9y�pruR}rbM§¥nruRs{^Àv`bTp�¤¥tM}r¦on�®ÕyzsTbV°�y�}~w�tzuRne�`}~tz�`¢�bTa²nc¢£w�¦zb	u`v`�R}rb@�ow�s�p~yz�`¢£b
p~tz�?tz¢�tz�Mmz§`w�vRs�}~bYyMnqb@�	w£v5prbY}q®¯bY}rbYvRs�b�yzvR�3s�tMv`�zb@n�p~w£tMv´§RyzvR�#¢£w�a¡w¹p{y�p~w£tMvªt�®O}~bYnrtzu`}{s�b@n�¢£w�¦zb��9y�vR�o¤gwx�Fp~^
yzvR�VbTv`bY}r�Mmz«

]�^`b�v`to�obYngw�v#pr^Rw�n�p�m5�?b�tz®;vRb�p�¤³tz}~¦Fngyz}rb�u9nquRyz¢£¢�m&�?t�¤³bT}�s�tMvRnqpr}{y�w�v`bY�#nrw£vRsTb�pr^`bYm	�`bT�?bTvR�#tMv
¢�w�acw£prb@���Ry�pqp~bT}~m�}~bYnrtzuR}~sTbYn¼¤g^`w�¢�b¥¤gw�}rbY¢£b@nrn
s�tMacaeu`v`wxsTy�prw�tzvRn
s�tzv9nqu`a¡b¥¢£tzp�tz®`bTv`bY}r�Mmz«´·�w�}rbY¢£b@nrn�y�¢xnrt
a¡b@y�vRn´pr^Ry�p!pr^RbT}~bCw�n�y�nr^Ry�}~bY��bYvF°5w�}~tzv`a¡bTv5p@§@yzvR��nqtMa¡b±bTvRbT}~�zm�wxn�s�tzv9nqu`a¡b@���ou`bCp~t�v`bYw£�M^5�?tz}~^`tFto�
p~}~yzvRnracwxn~nqw�tzvRn�+´v`to�ob@nOy�}~bgnq�?bTvR�`w£v`��p~^`bTw�}C�Ry�pqp~bT}~w£b@n;v`t�pCtMv`¢£me�Fm�nqbYvR�ow�v`��pr^RbTw�}Ct�¤gve�9yzs{¦zbTp~nY§��`uop
yz¢�nrt��Fm���u9n�p³t�°zbT}~^`b@y�}~w£v`���RyMs{¦zb�p{n;®¯}~tza t�pr^RbT}Cv`to�ob@nT« È n±yz�¡^RtFs�v`b�p�¤³tz}~¦�wxnC�RyMnqb@�¡tzv²aeu`¢¹p~w¹É ^`tM�
sTtza¡a�uRv`w�sYy�p~w£tMv´§!bYv`bT}~�zm3wxn�y�¢xnrtªnq�?bTv5p��Fmª®¯tM}r¤�y�}{�ow�v`�V�9yzs{¦zbTp~n�®¯tM}�t�pr^RbT}{nT«&]�^Rb²u`v`w �MuRbTv`b@nrn�tz®
p~^`wxn��ob@s�bTv5p~}~yz¢£w�
Tb@�©v`b�p�¤³tz}~¦º}~b��5u`w�}rb@n��ow£»?bY}rbYvMpcbTv`bY}r�Mmºa²y�v9y��zbYa¡bTv5p�n�p~}~y�prbY�zw�bYnY« � bYnrw��zv¿t�®�yM�
^RtFs³v`bTp�¤¥tM}r¦on
¤g^`w�¢£bgs�tMvRnrw��obY}rw�v`��pr^`bgbYv`bT}~�zm�wxnrnru`bYn;^9yzn;nq�Ru`}r}~bY�ey��z}~bYy�p;�obYyz¢ot�®?}rb@nqb@y�}{s{^�w£v5prbY}rb@n�p
}~bYsTbTv5pr¢�mz«

�RbTbTvRbTm¨bTpgyz¢Ñ«
� �`§ !��´^Ry7°Mbµ�R}rb@nqbYvMp~bY�Vy�v&bYv`bT}~�zm¨sTtzvRnru`a¡�op~w£tMv&a¡to�obT¢¼w�v&p~bT}~a²n�t�®!p~^`b�s�t5n�p{n¥tz®
�?t�p~^	nrbTv9�ow£vR�cyzvR�¨}~bYsTbTw�°5w�v`�epr}{y��¨s�«O]�^`b�}~bYnru`¢¹p{n³�`}rb@nqbYv5prbY�&^Ry7°zb��?bYs�tMa¡b�ye�Ryznrwxn¥tz®�sTtza¡�Ry�}~w�v`�
p~^`b��?bT^9y7°5w�tz}¥t�®´}~tzuop~w£vR���`}~t�prtosTtz¢9sTtzvRnrwx�obT}~w£vR��pr^`b�t�°zbY}r^RbYyz�c�ou`bµprte}rtMuoprw�v`��yMn±¤³bT¢�¢9yMnCp~^`bµ�Ry�p~y
p~}~y��¨s�«   vÀpr^`wxne�Ry��?bT}@§O¤¥bVb�­FprbYvR�¿p~^`wxn�a¡to�obT¢��Fm¿sTyz¢�sTu`¢�y�prw�v`�3p~^`bVbYv`bT}~�zm©s�tMvRnru`a¡bY�\y�pebYyMs{^
vRtF�`b	�ouRbVp~t ¶ t�¤�n�w�vÀp~^`b#v`b�p�¤³tz}~¦W«©·Ib3s�tMvRnrw��obY}evRt�p²tzv`¢�m©pr^Rb&p~}~yzvRnqa¡wxnrnrw�tzvÀyzvR�À}~bYsTbT�op~w£tMv
sTtMnqp~n�tz®¥p~^`b¨v`to�ob@n��?bT¢�tzv`�Mw£v`�#p~tºy ¶ t�¤�§
�`uopeyz¢�nrt#pr^`bVs�tMnqp~n��`u`b²prtºw£v5prbY}q®¯bY}rbYvRs�b¡tz®³p~^`b ¶ t�¤�n
w�vªp~^`bYnrbcv`to�obYn�y�v9�ªt�p~^`bT}�v`to�ob@nµw�vªp~^`bcv`bTw��z^F�?tz}~^`tFtF�ªt�®Cp~^`b ¶ t�¤�nT«��³mªnqw�a�uR¢�y�prw�tzv´§W¤³bcnr^`t�¤
p~^`b�yzsTsTu`}{y�prbYv`bYn~nOtz®´pr^`b�a¡to�obT¢>§5pr^`bYv&uRnrb�p~^`wxn¥a¡to�obY¢Rp~tebY°7yz¢£u9y�prb�pr^`b�b�»WbYs�p³tz®´w£v5p~bT}r®¯bT}~bTvRsTbµy�v9�
sTtz¢�¢£wxnrw£tMvRn³tzvVpr^`b�bYv`bT}~�zm&sTtzvRnru`a¡�op~w£tMv´«

]�^`b	}~bTa²y�w�vR�obY}etz®�pr^`wxn¡�Ryz�9bY}ewxnctz}~�My�vRw�
YbY�¿yzne®¯tM¢£¢�t�¤�nT«   v nqb@s½prw�tzvÔ�F§C¤³bVtMuopr¢�w�v`bV°�yz}rw�tzuRn
bYv`bT}~�zmea²y�vRyz�zbTa¡bYvMp;p~bYs{^`v`w �5u`bYn¥y�vR�cp~^`b�bYv`bT}~�zmeacb@yznru`}~bTa¡bTv5pCa¡to�obT¢9�`}rb@nqbYv5prbY�c�Fm¡�`bTbYv`bTmM«   v
nrbYs�prw�tzv !`§o¤³bµ�`}~bYnrbTv5pgtzuR}³a¡to�obY¢W®¯tz}gsTyz¢�sTu`¢�y�prw�v`�epr^`b�bTvRbT}~�zm¨s�t5n�p{n�y�pg°�y�}~w£tMuRn±vRtF�`bYnY«±kFbYs�prw�tzv&�
�`bYn~s�}~w£�?bYn!pr^`b³nqw�a�uR¢�y�prw�tzv�a¡b�p~^`to�otz¢�tz�Mmz§�y�v9��nrbYs½p~w£tMve�g�R}rb@nqbYvMp{n¼p~^`b¥}~bYnru`¢£p~n�y�vR��pr^`bYw£}O�owxnrsTuRn~nqw�tzv´«
È a¡b�p~^`to�3®¯tz}��`}~bY�`w�s�prw�v`�VsTtz¢�¢£wxnqw�tzvIy�vR�ºacb@yznru`}~w£v`�¨pr^`bcbTv`bY}r�Mm3s�tzv9nqu`a¡�op~w£tMvº�ou`beprt#s�tM¢£¢�wxnqw�tzvRn
wxng�owxnrsTuRn~nqb@�&w�v3nqb@s½prw�tzv#�`«C��w�vRy�¢�¢�mz§o¤³b�sTtzvRsT¢£u9�ob�w£v3nrbYs�prw�tzvª�5«

� � 
���

�����À

�V�����

 ��� ��" ��
��½�µ��
������

����� �����! #"%$&�('*),+*-/.	0213�('4-/��5	 #6879':5;$=<	7>"279$?0@ A"B1C)D021C$E�GFIHKJMLONQP
]�^Rb�¤gw�}~bT¢�bYn~n³s{^9y�v`v`bY¢Ww�ngs{^Ryz}~yMs½p~bT}~w�
YbY�²�Fm¨nrw£�MvRy�¢¼nqpr}~bTv`�zpr^#y�pqp~bTvFuRy�prw�v`�e¤gw£pr^#�owxn�p{y�vRsTb�®¯}rtMa pr^`b
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p~^`b�y�a¡�`¢�w¹p~uR�ob�t�®´p~^`b�}rb@s�bTw�°zb@�²nqw��zv9y�¢Wy�pg�ow�nqp~yzvRs�b
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α
wxnCp~^`b��Ry�p~^&¢�tMn~nC®ÕyMs½p~tz}³¤g^`tMnrb�°�y�¢�u`b

wxn�p�m5�Rw�sYy�¢�¢£m¸�9bTp�¤¥bYbTv��ºy�vR�À�`« � to�obYncsTyzv\s�tM}r}~bYs�pr¢�mI}~bYsTbTw�°zb&yº�Ryzs{¦Mb�p�w£®�pr^RbVnrw£�MvRy�¢³n�p~}rbYv`��p~^
tz®gpr^`b#�RyMs{¦zbTpey�pcpr^Ry�pcvRtF�`b&wxncyz�9t�°Mb&y¸s�bT}rp~yzw£v\pr^`}~bYnr^`tz¢x�\sYy�¢�¢£b@�\�gbYsTbTw�°zb	]�^`}rb@nq^Rtz¢x�¼«   ®µpr^`b
�`w�nqp~yzvRs�b��?b�p�¤³bTbTv	p~^`b�pr}{y�v9nqa¡w£pqprbY}�y�vR�	}~bYsTbTw�°zbT}�wxn�nruRs{^&p~^Ry�p�pr^`b�nrw£�MvRy�¢´nqpr}~bTvR��pr^	wxn�y��?t�°zb�pr^Rw�n
p~^`}~bYnr^`tz¢x�¼§Wpr^Rbc}~bYsTbTw�°zbY}µwxn�nryzw��ªprt#�9b¡¤gw£pr^`w�vIpr^`bcpr}{y�v9nqa¡wxnrnrw£tMvª}{y�v`�Mb�t�®¥pr^`b²nrbTvR�`bT}@«�]�^`bT}~bcw�n
y&¢£t�¤³bT}�pr^`}~bYnr^`tz¢x�ªsYy�¢�¢£b@�Id³y�}~}rw�bT}�kFbTvRnrbe]�^R}rb@nq^`tM¢��´§9u`�ºprtV¤g^`w�s{^ªpr^`bc}rb@s�bYw£°MbY�3nrw£�MvRy�¢�n�p~}rbYv`��p~^
wxn�bYv`tzuR�z^©®¯tz}epr^Rb&}~bYs�bYw£°MbT}�p~tº�obTprbYs�p�p~^`b&�RyMs{¦zbTpenqbYv5pY§;�`uopcpr^`bV}rb@s�bYw£°MbT}�wxn�u`v9y��`¢�b¨p~tª}rb@s�bYw£°Mb
w£pµsTtz}~}rb@s½pr¢�mz« È ¢£¢�}rb@s�bYw£°MbY�#nqw��zv9y�¢xn�pr^Ry�p�®Õy�¢�¢��9bTp�¤¥bYbTv#pr^RbYnrb�pr^`}~bYnr^`tM¢��`nµsTyzuRnqb�p~^`bes{^9y�v`v`bY¢¼prtV�9b
nrbTv9nqb@�&�`u9nqm&yzvR�#s�tMvMp~}rw��`uop~b�prtcpr^`b�w�v5prbY}q®¯bY}rbYvRs�b�y�p�p~^`b�}rb@s�bYw£°MbT}@«

È v`t�p~^`bT}¨w�a¡�9tM}qp{y�v5p¨�Ryz}~yzacbTprbY}²w£v�¤gw�}rbY¢£b@nrn¡vRb�p�¤³tz}~¦\w�n²pr^`bIkow£�MvRy�¢gp~t   v5prbT}r®¯bT}~bTv9s�b3��y�p~w£t
�>k   �:��«³]�^`wxnV�Ry�}{y�a¡b�p~bT}¨�Mw£°MbYn¡p~^`bº}{y�p~w£t¿tz®�pr^`bº}rb@s�bTw�°zb@��nqw��zv9y�¢�nqpr}~bTv`�zpr^Ôp~t\pr^9y�p&tz®�pr^`b¸s�t�É
s{^9y�v`v`bY¢5yzvR��yM�7�qyzsTbTv5p�s{^9y�v`v`bY¢Fw£v5prbY}q®¯bY}rbYvRs�bM«   ®Rp~^`b�s�u`}~}rbYv5p;k   �Àw�n�¢�t�¤¥bY}´pr^9y�v�p~^`bgk   �\p~^`}~bYnr^`tz¢x�
β
�¯p�m5�Rw�sYy�¢�¢£m¨tz®³�@�z�2�Ôw�v3�z�5�o«��z��v`b�p�¤³tz}~¦on ��§5bY°zbYv&p~^`tzu`�M^&p~^`b�}~bYs�bYw£°MbY�	nqw��zv9y�¢´nqpr}~bTv`�zpr^	w�ngyz�9t�°Mb

p~^`b�}rb �5u`w£}~bY�V�gbYsTbTw�°zb�]�^`}~bYnr^`tz¢x�¼§Fw¹p�sYy�v`vRt�p��9b�}~bYs�bYw£°MbY�Vs�tz}~}~bYs½p~¢£mM§oyzn¥pr^`b�w�v5prbT}r®¯bT}~bTv9s�b�nqw��zvRyz¢Ww�n
p~tFt�^`w��z^´«   v¨nruRs{^¨y�sTyMnqbM§5sTtz¢�¢£wxnrw£tMvcwxn³nryzw��cp~t�^Ry7°zbgtosYs�u`}~}rb@�¼§MyzvR�cpr^Rb��RyMs{¦zb�p¥w�n±¢£t5n�p@«   v9s�}~bYyznrw�v`�
p~^`b&�?t�¤³bT}�tz®gpr}{y�vRnra¡w�n~nqw�tzv¿sYy�v¿w�vRs�}~bYyMnqb¡p~^`b&}~bYsTbTw�°zbY�¿nrw��zvRyz¢±n�p~}rbYv`��p~^´§;¤g^`wxs{^Às�tMu`¢��©w�vRsT}rb@yznrb
k   ��§´�`uop�w£pesYy�v©y�¢xnqt#w�vRs�}~bYyMnqbepr^`b²w�v5prbY}q®¯bY}rbYvRs�bc®¯tz}�t�pr^RbT}�v`to�ob@nT«   v¸pr^Rw�n��9y��?bT}@§!¤³bc¤gw�¢�¢Ctzv`¢�m
sTtzvRnrwx�obT}�tza¡v`w£É �ow£}~bYs�prw�tzvRyz¢?yzv5prbTvRvRy`§ow>« bM«£§`yzvFm²t�pr^RbT}gv`to�ob@n�¤gw¹p~^`w£vVpr^Rb�¤gw£}~bT¢�bYn~n³}~yzv`�zbµt�®�ycv`to�ob
sYy�v	�9b�w�v5prbY}q®¯bY}rb@�&�Fm²p~^`b�v`to�ob,� ngnrw£�MvRy�¢>§Fpr^FuRngw�vRsT}rb@yznrw£v`�epr^Rb�s{^Ry�vRsTbYn³t�®;w�vMp~bT}r®¯bT}~bTvRsTbz«
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]�^Rb�a¡tz�`w�¢�b�v`to�obYn¥w�v&h È�� ¬±]�uRnruRyz¢£¢�mevRbTbY�²prt��?b�uRvMp~b�p~^`bT}~bY�¼§oyzvR�¡pr^FuRn±�9t�¤³bT}~bY�¡�Fm¡�Ry�pqprbY}rw�bYn
¤g^Rw�s{^²�`}~t�°Fw��`b³¢�w�acw£prb@�²bTvRbT}~�zmz«   v¡pr^Rb�y��RnrbTv9s�b�tz®WsTbTv5pr}{y�¢?s�tzv5p~}rtM¢£¢�w£vR��bYv5prw£p�me¢�w£¦Mb�y��RyMnqb�nqp~y�prw�tzv´§
b@yzs{^¡v`to�obµ^Ry7°zb�p~t��Ry�}rprwxs�w��Ry�prb�w�v¨�owxn�p~}rw��`uop~bY�²�`}~t�p~tos�tz¢ �Õn �
®¯tz}¥�`u`w�¢��`w£v`�e}rtMuoprb@nT§5sTyzuRnqw�v`��p~^`bTa prt
nr�?bTvR�¡a¡tz}~b�bYv`bT}~�zmM«   v²p~^`b��RyMn�p±®¯bT¤Ômzb@y�}{nT§�a²yzv5mcbTvRbT}~�zm5É y7¤�y�}~b³�`}rtzprtos�tM¢�n;^9y7°zbg�?bTbTv&�`}rtM�9t5nqb@�
®¯tM}e¤gw�}~bT¢�bYn~n�h È�� ¬±] y�vR��nqbYvRnqtM}�v`bTp�¤¥tM}r¦onY«I]�^`bYm\y�}~bVyzw£a¡w�v`�Iy�pcnrtz¢�°5w�v`�¸�ow¹»WbT}~bTv5p¡�zt5y�¢xn�yzn
�`bYn~s�}~w£�?bY�V�9bY¢£t�¤�«

]�^`b��R}{nqp�nrb�p�t�®³�`}rtzprtos�tM¢�n�pr}~m3prt	a¡w£vRw£a¡w�
Tb¡�`}~tMyz�RsTyznqp�p~}~y��²sz§´y�vR�ªpr^`b¡bYv`bT}~�zm	pr^FuRn�nr�?bTv5pY«
�   |/� �`� � § '!hIko] � ��� §!y�v9� ���T���³y�}~be�RyMnqb@�ªtMvIa¡w�v`w£aeu`acÉ>bYv`bT}~�zmº�`}rt5yz�`sYyznqprw�v`�&u9nqw�v`�#h3w£vRw£aeu`a
ko�Ry�v`vRw£v`��]
}rbYb³�obY°zbY¢£tM�`a¡bTv5pY«;kFw£a¡w�¢�yz}r¢�mz§ ���/5 �`u9nqb@n;ko^`tz}rprb@n�prÉ>|Oy�p~^e]
}rbYb³�`bT°zbY¢£tM�`a¡bTv5pY«�]�^`bT}~b�^Ryzn
yz¢�nrtg�?bTbTv�nrtza¡bC¤³tz}~¦��otMv`bCtMv�pr^`bO®¯tM}ra²y�prw�tzv�t�®`y�°Fw�}qp~uRy�¢M�Ryzs{¦F�?tzv`bM§Y¢�w£¦Mb¥d¥tzv`vRbYs½p~bY� � tza¡w�vRy�p~w£v`�
kob�p~ngyzvR�	t�p~^`bT}�®¯tM}ra²n�t�®;s�¢�uRnqprbT}~w�v`�²y�¢��ztz}~w£pr^`a²n¥®¯tz}g}~tzuop~w£vR�c�Ru`}r�?tMnrbYnY§obz« �R«
�Í�z� �>«

]�^`b�nrbYsTtzvR�VnqbTpgt�®;�`}rtzprtos�tM¢�n³y�}~b��RyznrbY�VtzvVprtM�9tM¢£tM�zm¨s�tMv5pr}~tz¢¼y�vR�Va¡w£vRw£aeu`a bYv`bT}~�zm²}~tzuop~w£vR�
�R}rtM�`¢£bYa²nT« ]�^`bIv`to�obYnVsTyzv�y�¢£prbT}&pr^`bYw£}Vpr}{y�v9nqa¡w£p&�9t�¤³bT}V¢£bY°zbY¢�prtÀa¡yzw£v5p{y�w�vÔpr^`b¸s�tzvRv`bYs�prw�°5w£p�m
tz®±p~^`b¡v`b�p�¤³tz}~¦#prtM�9tM¢£tM�zmz§¼¤g^Rw£¢�b¡w£vRsT}rb@yznrw£vR�Vv`bTp�¤¥tM}r¦3sYy��RyMs�w£p�mz§!yzvR�ª}~bY�ou9s�w�v`�#w£v5prbY}q®¯bY}rbYvRs�b¡y�v9�
bYv`bT}~�zmVs�tzv9nqu`a¡�op~w£tMv´«���bT}~bz§?k   � pr^`}~bYnr^`tM¢��¼§Rpr}{y�vRnra¡w¹p��?t�¤³bT}�y�v9�#}rb@s�bTw�°zb@�Vnrw��zvRyz¢!n�p~}rbYv`��p~^3y�}~b
�MbTv`bY}~yz¢£¢�m²uRnrbY�&prt��RvR�Vp~^`b�a¡w£v`w�a�uRa pr}{y�v9nqa¡wxnrnrw£tMv&�?t�¤¥bY}�}rb �MuRw£}~bY�&�9bTp�¤¥bYbTv#y�vFm²p�¤³tcvRtF�`bYn�w�v
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p~^`b�vRb�p�¤³tz}~¦?«;kFuRs{^¨�R}rtzprtos�tM¢�nOu9nquRyz¢£¢�mc�`}rbT®¯bT}³nqbY°zbT}{y�¢9nq^`tM}qp¥^`tz�RnCprtetzv`b�¢�tzvR��^`tz�!§5yMnOpr^RbYnrb�^Ry7°Mb
�?bTbYv¡®¯tzu`v9�cprt�}~bY�ou9s�bgw�vMp~bT}r®¯bT}~bTvRsTb�y�vR�²sTtzv5prbYv5prw�tzv¡w£v¡p~^`b�v`bTp�¤¥tM}r¦W«2���Y���9�`}~bYnrbTv5p~nOy��`}rtzprtos�tM¢F®¯tz}
�9vR�ow�v`�gpr^Rb±s�tMaca¡tMv�¢£t�¤³bYnqpWpr}{y�vRnra¡w¹p!�?t�¤³bT}¼®¯tM}!y�¢�¢�p~^`bCv`to�ob@n´w�v�pr^`bCvRb�p�¤³tz}~¦?§@¤g^`w�¢£b±a¡yzw£v5p{y�w�v`w£vR�
vRb�p�¤³tz}~¦csTtzv`v`b@s½p~w£°Fw£p�mz«CkFbT°MbT}{y�¢9}rtMuoprw�v`�¡�`y�bYactMvRn³y�}~b��`}~tz�?tMnrbY�¡p~te}~u`v&w�v&�9y�}{y�¢�¢£bY¢Ñ§5tzv`b�®¯tz}�bYyMs{^
�?t�¤³bT}�¢£bY°zbT¢Onrt¨p~^Ry�p�s�tM}r}~bYs�p�p~}~yzvRnqa¡w£p��?t�¤³bT}�sTy�vI�9b²s{^`t5nqbYvºy�p�}~tzuop~w£vR�&¢xy7mzbT}@« � �z�o§��Y���C�`}rb@nqbYv5p
nrtza¡bcprtM�9tM¢£tM�zmºsTtzv5pr}~tz¢Cyz¢£�Mtz}~w¹p~^`a²n��RyznrbY�¸tMvIp~^`b¨�MbTtza¡bTpr}~w�sc�`}~tz�?bT}rprw�bYn�tz®³p~^`b²v`bTp�¤¥tM}r¦W«&]�^`b
�R}rtzprtos�tM¢!w�v ���@� �;pr}~w�bYn�prt	¢£w�a¡w¹p�pr^`b²�obY�z}~bTb�tz®Cpr^Rbev`to�ob@n��Fm#®¯tM}ra¡w�v`�Vh3w�v`w�a�u`a ko�Ry�v`vRw£v`�#]
}rbYb
�Ñhºko]	�¥�RyMnqb@�²tzvV¢£tosTyz¢?sTtzv`vRbYs½p~w£°Fw£p�mz«;| È ��f/�Í� �¼uRnrbYn�y�sTtMnqp¥®¯uRvRs½p~w£tMv&�RyMnqb@�¨tzv¨pr}{y�vRnra¡w¹p��9t�¤³bT}
¢�bT°MbT¢>§oy�vR�Vw¹®;w�vMp~bT}~a¡bY�owxy�p~bµv`to�ob@ngsTyzv&®¯tM}r¤�y�}{�²¤gw£pr^	¢£b@nrn³p~t�p~yz¢W�9t�¤³bT}@§5pr^`bYm¨t�»WbT}�p~tc�?bYsTtza¡b�pr^`b
}~b�É �ow�}rb@s½p~tz}{n�t�®O�Ryzs{¦Mb�p{nT«�kFw�a¡w£¢xy�}~¢�mz§#� 5 �;uRnrbY�#^`bY¢£¢�t¨a¡bYn~nryz�zb@n�prt&�`w�nqpr}~w£�Ruoprb�pr}{y�vRnra¡w�n~nqw�tzv#�?t�¤¥bY}Y§
yzvR�²uRnrbYn¥p~^`bµa¡w�v`w�a�u`a �?t�¤³bT}±}~b��5u`w�}~bY�¡p~tcsTtzv`v`b@s½p³prtcy�v`bYw£�M^F�9tM}Y§5¤g^`w�¢£b�s�tMvRnqwx�obY}rw�v`��p~^`b�s�tMnqp~n
tz®
}~bYsTbT�op~w£tMvVtz®;yc�RyMs{¦zb�pgy�pgp~^`b�v`bYw£�M^5�?tz}~w�v`�evRtF�`bYnY«

� b�­Fpµnrb�pµsTtzvRnrw�nqp~n�t�®;}rtMuoprw�v`�¡®¯tz}�a¡y�­ow£aeu`a v`bTp�¤¥tM}r¦&¢£w£®¯b�p~w£a¡bz«   v3�Ryz�9bY}~n�¢£w�¦zb ���@�F§{�M§~���5§{�Y���>§
}~tzu`prw�v`��w�nO�otMv`bg�Fm�uRnrw�v`��y�v²y��`�R}rtM�`}rwxy�p~b¥a¡bTpr}~w�s¥®¯tz}±tz�op~w£a¡w�
Yy�p~w£tMvetz®?�?t�¤³bT}Os�tMvRnquRac�`prw�tzv¡t�®?pr^`b
vRb�p�¤³tz}~¦²w£v5prbY}q®ÕyMs�b��?bT}g�RyMs{¦zb�p@§o¤g^`w�¢£b�p{y�¦Fw£vR�ew�v5prt¨yzsYs�tMu`v5p¥p~^`b��Ry�prprbY}rm¨}~bYnrbT}~°zb@n�y�p�pr^`b�vRtF�`bYnY«

�RbT¤ tzpr^`bY}��`}rtzprtos�tM¢�n³a²y�¦Mb�uRnrb�t�®
pr^`b��?t�¤¥bY}³n~y7°zbµacto�ob�y7°�y�w�¢xy��`¢�b�w�v&p~^`b�v`b�p�¤³tz}~¦²w�vMp~bT}r®ÕyzsTb
p~t�}~bY�ouRsTbgbTv`bY}r�MmesTtzvRnru`a¡�oprw�tzv!«Okow£vRsTbgpr^RbT}~b�w�n±v`t�s�bYv5pr}{y�¢`bYvMp~w¹p�meprtes�tzv5p~}rtM¢opr^`b�nq¢�bTbY�²y�vR�¡¤�y�¦Mb
uR�\�9bY}rw�to�`nY§CnqtMacb	�owxn�p~}rw��`uop~bY�ÀsTtzv5pr}~tz¢¥a¡bYs{^Ryzv`w�nra�w�ne}~b��5u`w�}rb@�¸®¯tz}¡nquRs{^À�`}rtzprtos�tM¢�nY«º¬C­oyza¡�`¢£b
tz®�nruRs{^ �`}rtzprtos�tM¢�n¡yz}rb	| È h È k �£�'! �>§³¤g^`bY}rb	pr^Rb3v`to�obYn²nr¢£bYbT� ¤g^`w�¢£b3t�°MbT}~^`bYyz}rw�v`�ª�RyMs{¦zbTp~ncv`t�p
yM�`�o}~bYn~nqb@�¡prt¡w£pY§RyzvR�V�`}rtzprtos�tM¢�n¥¢�w£¦Mb�ko| È�� � � �>§RyzvR��� È � �Í��! �´¤g^RbT}~b�nrtza¡b�t�®
pr^`b�v`to�ob@ng�obYsTw��ob
p~t²n�p{y7m¨u`�3y�vR�V^RyzvR�o¢�b�pr^`b�}~tzuop~w£vR�cyMsTs�tM}~�`w£v`�eprt¡p~^`b�prtM�9tM¢£tM�zwxsTy�¢W�`}~tz�?bT}rprw�bYn�tz®!p~^`b�v`b�p�¤³tz}~¦W«

����� HK A79),+:"2 #-/ #' 0%�(F  #'	 #" ��� $&� ':) +:-/.	021��('
kow£vRsTb¨bTvRbT}~�zmºwxn�yºnrsYy�}{s�b²y�vR�©vRtzvoÉ }rbYv`bT¤�y��R¢£b¡}~bYnrtzu`}{s�b¡w�v\¤gw£}~bT¢�bYn~n�yM�I^RtFs¨v`b�p�¤³tz}~¦onT§
bTv`bY}r�MmMÉ
b �¨s�w�bTv5p¨�`}~t�prtosTtz¢g�obYnrw��zvÔw�n²y©¦MbTmÀsTtzvRsTbT}~v´«�]�^`b3�ob@nqw��zv�y�v9�À�?bT}r®¯tz}~a²y�vRsTb#yzvRy�¢�monqwxn¡t�®�nqu9s{^
�R}rtzprtos�tM¢�n²}~b��5u`w�}~b3�`}rtM�9bY}¨a¡to�obT¢�w£vR�¿®¯tz}&pr^`bIacb@yznru`}~bTa¡bTv5p&tz®�bYv`bT}~�zm s�tMvRnquRac�`prw�tzv´« �RbTbTvRbTm
� �����ö«�� �9§D!����`}~bYnrbTv5prb@�Ànrtza¡b	}rb@nqu`¢£p~n¡tz®µa¡bYyMnquR}rw�v`�ºbYv`bT}~�zm\sTtzvRnru`a¡�op~w£tMvRnct�®µ°�yz}rw�tzuRnev`bTp�¤¥tM}r¦
w�v5prbY}q®ÕyMs�bYnY«3�`tMu`}��?tMn~nqw��`¢�b¨bTv`bY}r�MmIsTtzvRnru`a¡�oprw�tzv\nqp~y�prb@n�y�}~b²wx�obTv5prw2�Rb@��+�p~}~yzvRnracw£pY§;}~bYsTbTw�°zbz§�wx�o¢£b
yzvR�Ônq¢�bTbY�´« ]�^`b �R}~nqp¡p�¤¥t\nqp~y�prbªyz}rb#¤g^`bYv�p~^`bªv`to�ob3wxn¡p~}~yzvRnqa¡w£pqp~w£v`�\yzvR� }rb@s�bYw£°Fw�v`�©�Ryzs{¦Mb�p~n
}~bYnr�?bYs½p~w£°MbT¢�mz§;p~^`bVwx�o¢�b3n�p{y�prbVw�nc¤g^`bYvÀp~^`b	v`to�obVwxnc¤³yzw¹p~w£vR�ª®¯tz}²yzv5m©�RyMs{¦zbTp�pr}{y�v9n�®¯bY}~nY§Cy�vR�\pr^`b
nr¢�bTbT�#nqp~y�p~b�w�n�yc°MbT}~m²¢£t�¤0�9t�¤³bT}�nqp~y�prb�¤g^`bT}~b�pr^`b�vRtF�`b�sTy�v	v`bYw¹p~^`bT}g}~bYsTbTw�°zb�v`tz}³p~}~yzvRnqa¡w£pY«

]�^`b�s�t5n�p¥yMnrnrtos�wxy�p~bY�c¤gw¹p~^¨bYyMs{^²�Ryzs{¦Mb�p±y�p¥y�v`to�obµw�n±}rbY�`}rb@nqbYv5prbY�¡yMnOpr^Rb�prtzp~yz¢Rt�®´w�vRsT}rbYacbYv5p~y�¢
sTtMnqp

m
�R}rtM�9tM}qp~w£tMvRy�¢zprt�pr^`b��RyMs{¦zbTp

size
y�v9��y��`­obY�es�tMnqp

b
yzn~nrtFsTw�y�prb@��¤gw¹p~^²s{^Ry�v`vRbT¢oyzs��MuRw�nrw¹p~w£tMv#+

Cost = m × size + b
�Ñ�D�

]�^FuRnY§opr^Rb�s�tMnqpgt�®;ye�R}rt5yz�`sYyznqp³�RyMs{¦zbTp�¤gw�¢�¢¼�9b�tz®
p~^`b�®¯tz}~a

Costbroadcast = msend × size + bsend

+
∑

n∈ �
(mrecv × size + brecv)

� ! �

Ù¯Ú�Û´ÙÝÜ



���������	��

����������������������� ��
 �

¤g^RbT}~b

� =
nqbTp�t�®
vRtF�`bYng¤gw£pr^`w�v	pr}{y�vRnra¡w�n~nrw£tMv&}{y�v`�Mb
t�®�pr}{y�vRnra¡w¹prprw�v`�¡v`to�ob

msend, bsend =
w£vRsT}rbYa¡bTv5p~yz¢´y�vR� �`­obY�#s�t5n�p�®¯tM}
nqbYvR�ow�v`�cpr^`b��`}~tMyM�`sTyMn�p��RyMs{¦zb�p@§

mrecv, brecv =
w£vRsT}rbYa¡bTv5p~yz¢´y�vR� �`­obY�#s�t5n�p�®¯tM}
}rb@s�bTw�°Fw£vR�ep~^`b��`}~tMyM�`sTyMn�p³�Ryzs{¦Mb�pY«

kow£a¡w�¢�yz}r¢�mz§zpr^`b�s�tMnqp±tz®W�?tzw�v5pqÉ>prtzÉ>�?tzw�v5pCpr}{y��¨sgy�p¥pr^`bµnqbYvR�obT}³y�vR�¡}~bYsTbTw�°zbY}C¤g^`w�¢£b�sTtzvRnrwx�obT}~w£vR���`}rb@n�É
bYvRs�b�tz®?�;]�k��zd³]�kes�tMv5pr}~tz¢Fa¡bYn~nryz�zbYn
w�v¡�M�M�`«£�M�±�RyMnqb@��v`bTp�¤¥tM}r¦on;sTyzv��?bg}rb@nq�?bYs�prw�°zbT¢�m�}~bT�`}~bYnrbTv5prb@�
�Fm²p~^`b�®¯tz¢�¢�t�¤gw£v`�cb��5uRy�prw�tzv#+

Costunicast � sender = bsendctl + brecvctl
�¯�,�

+msend × size + bsend + brecvctl

Costunicast � receiver = brecvctl + bsendctl
�Ñ�D�

+mrecv × size + brecv + bsendctl

¤g^RbT}~b

bsendctl =
�R­Fb@�#s�tMnqp�®¯tz}�nrbTvR�`w£v`�²y¡s�tMv5pr}~tz¢W�Ryzs{¦Mb�p@§

brecvctl =
�R­Fb@�#s�tMnqp�®¯tz}g}~bYsTbTw�°5w�v`�¡y¡s�tzv5p~}rtM¢¼�Ryzs{¦Mb�pY«

�³b@nqwx�obYn¥p~^`w�n�acto�obY¢W®¯tz}�bTvRbT}~�zm¨s�t5n�p{nT§ow£pg¤³yMn�y�¢xnqt¡nq^Rt�¤gv&p~^Ry�p�pr^Rb�bTv`bY}r�Mm¡sTtzvRnru`a¡bY�V�Fm&y�v	wx�o¢£b
vRb�p�¤³tz}~¦Vw�v5prbT}r®ÕyzsTbc�`tza¡w£v9y�prb@n�p~^`bcprtzp~y�¢�bTvRbT}~�zm3s�tMvRnquRac�`prw�tzv%�Ñy��?tzuop�yVa¡yz�zv`w£pru9�obea¡tM}rb�pr^Ryzv
nr¢�bTbT�	a¡to�ob ��«

� bT°MbT¢�tz�`w�v`��tMv�p~^`w�n�bYv`bT}~�zm�a¡to�obT¢>§�¤¥b¥�`}~bYnrbTv5p;yµnqw�a¡�`¢�b¥a¡to�obT¢5p~t�sYy�¢xs�u`¢xy�p~bCpr^Rb¥bYv`bT}~�zm�nr�9bYvMp
y�p�bYyMs{^Vv`to�ob��`u`b�prt¡p~^`b ¶ t�¤�n��`}~bYnrbTv5p�w�vVp~^`b�v`bTp�¤¥tM}r¦W«���nrw�v`�¡pr^`b��?t�¤³bT}�s�tMvRnru`a¡�oprw�tzv	°�y�¢�u`bYn
®¯tM}Cp~}~yzvRnqa¡w£p³yzvR�²}~bYs�bYw£°Mb�nqp~y�p~bµyMnCa¡bYyMnqu`}~bY�¡w�vV�RbTbYv`bTm � n±}~bYnru`¢£p~nY§M¤³b�nr^`t�¤Ôpr^`}~tzuR�z^¨nrw£aeu`¢�y�prw�tzvRn
w�v � k5É��Vpr^9y�p�w�v\y�v©w��`bYy�¢OvRb�p�¤³tz}~¦ª¤gw¹p~^`tzu`pey�vFmªw�v5prbT}r®¯bT}~bTv9s�b²y�vR�©sTtz¢�¢£wxnqw�tzv9nT§
tzu`}�a¡to�obT¢±�zw�°zbYn
bT­`yzs½pca¡bYyznru`}~bTa¡bTv5p�tz®�bTvRbT}~�zm©s�tzv9nqu`a¡�op~w£tMv\w�vÀv`to�ob@ne�ouRb¨prt©y ¶ t�¤ w�v\p~^`b	v`b�p�¤³tz}~¦W«I]�^`bYv
p~^`wxn�acto�obY¢Ow�n�uRnrbY�ºprt3sTtza¡�Ry�}~b�p~^`b¡bTv`bY}r�Mmªs�tMvRnquRac�`prw�tzv¸w£v¸v`tzv`É>wx�obYyz¢�nrw�a�u`¢xy�p~w£tMv¸nrb�prprw�v`�Mnµprt
bY°�y�¢�uRy�p~b&p~^`b#b�»WbYs½p¡t�®�w£v5p~bT}r®¯bT}~bTvRsTb	yzvR�ÀsTtz¢�¢£wxnqw�tzvÀtzvÀbYv`bT}~�zmM«   v\®ÕyMs½p@§¥nrw£a¡w�¢�yz}ca¡to�obY¢�sTy�v��9b
u9nqb@�	prt²a¡bYyMnqu`}~b�t�p~^`bT}��Ry�}{y�a¡b�p~bT}{n�t�®;pr^Rb�v`b�p�¤³tz}~¦¨¢�w£¦Mb��RyzvR�o¤gwx�Fpr^ ���z� ��w£v3tM}~�`bT}�prtVsTy�}~}~m¨tzuop
�?bT}r®¯tz}~a²y�vRsTbµbY°�y�¢�uRy�p~w£tMvVtz®�}~tzuop~w£vR�e�`}~t�p~tos�tz¢xnY«

� (+�3�V�g�©��� ��" �g�� !�V����" �g�e


]�^RbebYv`bT}~�zm3nr�9bYvMp�y�p�b@yzs{^ºvRtF�`bc�ouRb�p~t#y ¶ t�¤ sYy�vº�?b²sTyz¢�sTu`¢�y�prb@�ªw�vIy	nqw�a¡�`¢£b¡¤�y7m3yzsTsTtz}{�ow�v`�
p~t#tzu`}�a¡to�obT¢>«²��w£�Mu`}rb#�²nr^`t�¤�n�pr^`b¡a¡to�obT¢Cpr^Ry�p�¤³yMnµu9nqb@�¼« � bY�9bYvR�ow�v`�3tzv¸¤g^`bTpr^`bY}�pr^`b²v`to�ob
�?bT¢�tzvR�Mn±prt¡y ¶ t�¤ tz}³v`t�pgy�vR�&¤g^`bT}~b�w£v&pr^`b ¶ t�¤Ôp~^`b�v`to�obµw�v��5u`b@n�p~w£tMv&tM}¥v`to�ob@n³b�»WbYs½p~w£vR�ew£p�y�}~b

Û
Û à�A�BDCDB ò



� ��� � ��� � ��� �����

nrw£pruRy�prbY�´§Mp~^`bµprt�p{y�¢WbTvRbT}~�zm¡b�­o�?bTvR�ow£pruR}rb�y�pgy�v`to�ob��ou`bµprt¡y�vRt�pr^RbT}³v`to�obµw�v¨p~^`b�v`b�p�¤³tz}~¦¡sTy�vV�9b
sYy�¢xs�u`¢xy�p~bY�	yzn³®¯tM¢£¢�t�¤�n +

EN/M = � n>0( � M=NETack
+ � M 6=NERack

)

+ � m>0( � M=NETpck
+ � M 6=NERpck

)
�Õ� �

¤g^RbT}~b

EN/M =
bYv`bT}~�zm¨nr�?bTv5p�y�pgv`to�ob � �ouRbµp~t²v`to�ob�h¿§

ETack
=

bYv`bT}~�zm¨nr�?bTv5pg®¯tz}�p~}~yzvRnqa¡wxnrnrw�tzv&tz®
tMv`b
yMs{¦Fv`t�¤g¢£b@�o�zbYa¡bTv5p¥�RyMs{¦zbTpY§

ETpck
=

bYv`bT}~�zm¨nr�?bTv5pg®¯tz}�p~}~yzvRnqa¡wxnrnrw�tzv&tz®
tMv`b
�Ry�p~yc�RyMs{¦zbTpY§

ERack
=

bYv`bT}~�zm¨nr�?bTv5pg®¯tz}g}~bYsTbT�op~w£tMvVtz®
tzvRb
yMs{¦Fv`t�¤g¢£b@�o�zbYa¡bTv5p¥�RyMs{¦zbTpY§

ERpck
=

bYv`bT}~�zm¨nr�?bTv5pg®¯tz}g}~bYsTbT�op~w£tMvVtz®
tzvRb
�Ry�p~yc�RyMs{¦zbTp

� p =

{

1 p
w�n�p~}ruRbz§

0
t�p~^`bT}~¤gwxnqbM«

�
w��zuR}rb¡�,+;¬O»WbYs�p�tzv	v`to�ob � �ou`b�p~t²v`to�ob�h w£v ¶ t�¤ ®

� � �Y" �V�T��

�����

�µnqw�v`�#p~^`b²a¡tF�`bT¢±�R}rb@nqbYvMp~bY�Iw£v©p~^`b²�`}~bT°Fw�tzuRn�nrbYs�prw�tzv´§�y#v5uRa��?bT}�tz®�nrw£aeu`¢xy�prw�tzv9n�¤¥bY}rb²�otMv`b²w�v
� k5É��cprt¨bT­o�9bY}rw�a¡bTv5p�¤gw¹p~^ªbTvRbT}~�zmVsTtzvRnru`a¡�op~w£tMv3w£v3¤gw�}rbY¢£b@nrn�yz�#^`tos�v`bTp�¤¥tM}r¦onY§`¤g^`bY}rb�p~^`b ¶ t�¤�n
y�»?b@s½p �7w�vMp~bT}r®¯bT}~b�¤gw¹p~^ºb@yzs{^3t�p~^`bT}@«�]�^`bea¡yzw£vIy�w�a ¤�yzngprt&a¡b@yznru`}rb�bTv`bY}r�MmVy�pµpr^`bev`to�obYnµw�v3pr^`b
¶ t�¤Ày�vR�cnrbTb�^`t�¤¿p~^`bgbTv`bY}r�Mm�s�tMvRnquRac�`prw�tzv�wxnOy�»WbYs�prb@�e�Fm�w�v5prbT}r®¯bT}~bTv9s�b³®¯}rtMa�t�p~^`bT} ¶ t�¤�nY§�nrtµp~^Ry�p
bT»?b@s½p�tz®�s�tz¢�¢�w�nrw£tMvRn�sYy�v©�9b&tz�RnrbT}~°zb@�¼«V]�^`bVnqw�a�u`¢xy�p~w£tMv\nqbTpqp~w£v`�5n�y�v9�©}rb@nqu`¢£p~n�¤gw£¢�¢±�?b&�owxnrsTuRn~nqb@�
vRb�­FpY«

Ù¯Ú�Û´ÙÝÜ
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�:��� ��1�- +*637 0213�(' ), 
0 0@1C' � )
� to�obYn±^Ry7°zbgp~^`bµ�`b�®Õy�uR¢¹p¥pr}{y�vRnra¡w�n~nqw�tzv²}{y�vR�zbgt�®
�M���za yzvR�²ycd³yz}r}~w£bY}±kFbTv9nqbµ}~yzv`�zbgtz®
���z�za#«�]�^`b
�;]�k��Md³]�k#tz�`prw�tzvªwxn�p~u`}~v`bY�3tz»¸w�v3p~^`bch È d0¢�y7mMbT}@«��Cy�}~w£tMuRn�d¥tMvRnqp~y�v5p*�³w£pqÉ ��y�p~b � d �³�*� ¶ t�¤�n
y�p�ye�`w£p³}{y�p~bµtz®��z�z��¦F�`�Rn³y�}~bµsTtzvRnrwx�obT}~bY�¡®¯tM}³pr^`b�nrw£aeu`¢�y�prw�tzv²p~w£a¡b�t�®��z�z�Mn±b@yzs{^´«;]�^`b�nqw�
Tb�t�®
pr^`b
�Ry�p~yc�RyMs{¦zbTp~n³w�n�nqbTpgy�p��z«Í� 6���«

�:� � �!7>6C$
+:6�7�021��(';�GFQ �'	 A" � � "2 �� +:1�"2 #5 F �G" 0@"279':) - 1�) ) 13� ';79':5 "2 �$& A.	0213� '
�(FI7 ) 1�' � 63 .:79$��G 
0

(
	 )�	 " � Æ �&Ç
�`�Y��
��R��� Â �Y�
|OyMs{¦zb�p�¢�bTv`�zpr^�� �7���z�e�Fm5prbYnY§
�³w£p�}~y�prb����M���e¦F�`�Rn��¯�5�ca¡n �7�9yzs{¦zbTp³tM}����R« �e�Ryzs{¦Mb�p{n ��nqb@s �
]
t�p{y�¢W�RyMs{¦zb�p�nqw�
Tb��¾nrw�
Ybµtz® �Õ�`}rb@y�ae�`¢£b��¾| ';d¥|�^RbYyz�`bT}��¾h È dÔ^RbYyz�`bT}��   | ^`bYyM�obT}��¾�`y�p~y �
�

(144 + 48 + 28× 8 + 20 × 8 + 1500× 8)
�`w£p~n �Ñ�ob�®Õyzu`¢£p�°7yz¢£uRbYnY§`yzn�uRnrbY�Vw£v � k5É � �½«

È ¢¹p~^`tzuR�z^´§Mpr^`b��`}~bYyza��`¢�b�y�v9�²| '�d¥|�^`bYyM�obT}³y�}~b�p~}~yzvRnqa¡w£pqp~bY�¨y�pµ�Yhª�`�Rn¥¤g^`w£¢�b�p~^`b�}~bYnqp³yz}rbµnqbYvMp
y�p��z��h3�`�RnY«O]�^FuRnT§z¤¥bg^Ry7°Mb��T�z�����M���`w£p~nCnrbTv5pCy�p���h3�R�RnT§M¤gw¹p~^²y�p~}~yzvRnracwxn~nqw�tzveprw�a¡b�®¯tz}±nrw£vR�z¢�b
�9yzs{¦zbTp����`«��/5ea²nT«
·�w£pr^

8 × 1548
�`w¹p{nµnrbTv5p�y�pe�M��h3�`�9nT§?pr^Rb�pr}{y�v9nqa¡wxnrnrw£tMv#prw�a¡b�®¯tz}�y&nrw�v`�z¢�b��RyMs{¦zb�pµw�n 8×1548

11×106

�
�M«£�7����a¡nY«
��bTvRsTb�pr^`b�p~t�p~yz¢¼pr}{y�v9nqa¡wxnrnrw£tMv¨p~w£a¡b�®¯tz}�y¡nrw£vR�z¢�b��9yzs{¦zbTp�� �z«��@�z��� �`«��/5�� �M« !R�Y�ea¡n

(
	 )�	 ) � Æ �&� = Á 
��R��� Â �Y�
|OyMs{¦zb�p�¢�bTv`�zpr^�� �Y�c�Fm5prb@nT§o�Rw¹p�}{y�p~b����z�z��¦F�`�Rn
]
t�p{y�¢¼�RyMs{¦zbTp�nrw�
Yb���nrw�
Yb�t�®��¯�`}~bYyza��`¢�b�� | ';d¥| ^RbYyz�`bT}�� È d�6 ���

(144 + 48 + 14 × 8)
�Rw¹p{n

kotR§Fpr}{y�v9nqa¡wxnrnrw£tMv¨p~w£a¡b�®¯tz}�nrw�v`�z¢�b��Ryzs{¦Mb�p����R« !M���ca¡n

(
	 )�	 2 = � 6Õ�,
�6Õ�`�/& Æ % Æ-,�Â % Â ��� Ã ��
 Â % �
�Rtz}epr^`b#nrw£aeu`¢�y�prw�tzv´§;p~^`bVp�m5�Rw�sYy�¢¥pr}{y�vRnra¡w�n~nqw�tzv\yzvR�\}~bYsTbT�op~w£tMvÀs�t5n�pe®¯tz}&'´uRsTbTv5p¨kFw£¢�°zbY}csYy�}{�\yzn
nr�?bYs�w2�Rb@��w�v � !`§½����¤³yMn¡uRnqb@�¼«¾]�^5u9nT§³pr}{y�v9nqa¡wxnrnrw£tMv��?t�¤³bT}²uRnrbY� ¤�yzn3�M« !¸a�·�§³y�vR�Ô}~bYsTbT�op~w£tMv
�?t�¤³bT}�¤³yMng�`« 5�aµ·�«9]�^FuRnY§Fpr^`b�°�yz}rw�tzuRn³bYv`bT}~�zm&sTtMnqp�s�tza¡�?tzv`bYv5p~n�¤³bT}~b

ETpck
= 1.3× 1.318× 10−3 = 1.713mW

ERpck
= 0.9× 1.318× 10−3 = 1.186mW

ETack
= 1.3× 304× 10−6 = 0.395mW

ERack
= 0.9× 304× 10−6 = 0.274mW

]�^FuRnY§5uRnqw�v`��p~^`b�bTv`bY}r�MmesTyz¢�sTu`¢xy�prw�tzv²b �5uRy�p~w£tMv �Õ�D��§5pr^`b�bTv`bY}r�Mm�®¯tM}±p~^`b ¶ t�¤�yMn±nr^`t�¤gv²�9bY¢£t�¤�¤�yzn
sYy�¢xs�u`¢xy�p~bY�&®¯tz}gb@yzs{^	v`to�ob�w£v	pr^Rb ¶ t�¤0nr^`t�¤gv	�9bY¢£t�¤4+

0 // 1 // 2 // 3 // 4 // 5 // 6

Û
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�Rtz}gv`to�ob�� +

E0/0 = ETpck
= 1.713mW

E0/1 = ERack
+ ERpck

= 1.46mW

E0/2 = ERack
+ ERpck

= 1.46mW

E0 = 4.633mW

kFw�a¡w£¢xy�}~¢�mz§WbTv`bY}r�MmV¤�yznµsTyz¢�sTu`¢�y�prb@�#®¯tz}µt�pr^RbT}�v`to�obYnY«µ]�^`b¡sTyz¢�sTu`¢xy�prb@�#°�y�¢�u`bYnµ¤¥bY}rbes�tza¡�Ryz}rb@�
¤gw£pr^Àpr^`b	bTvRbT}~�zm¸b�­o�9bYvR�ow£pru`}~b	t�®gpr^RbVv`to�ob@nc�9bY}cnrbYsTtzvR� �/�R}{n�p@§Opr^`b	}~bYnru`¢¹p{neyz�9t�°Mb¨^Ry7°Mb²prt¸�9b
aeu`¢£prw��`¢£w�bY�#�FmV�z�`« �e®¯tz}gp~^`b�vFu`a��?bT}�tz®��9yzs{¦zbTp~n³�?bTw�v`�¨�zbYv`bT}{y�p~bY�&�5m&pr^`b ¶ t�¤ �?bT}�nrbYsTtzvR�=�½«±]�^`b
�`w¹»WbT}~bTvRsTb�w�v¡pr^`bgp�¤³t�bTvRbT}~�zm�¢�bT°MbT¢xnC�5y7°zb³pr^`b�b�­`s�b@nrnObYv`bT}~�zme¢£t5n�p³�ou`bgp~t��Ryzs{¦Mb�p±sTtz¢�¢£wxnqw�tzv9nO�ou`}~w£v`�
p~^`b²nqw�a�uR¢�y�prw�tzv´«&f�pr^RbT}�a¡tz}~b¡sTtza¡�`¢�b�­ºn~s�bYvRy�}~w£t5n�¤¥bY}rbepr^`bYv¸prbYnqprb@�¼«²]�^`b��R}{n�p�tzvRb¡sTtzvRnrwxn�p{nµtz®
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��w��zu`}~b���+±kFw�a�uR¢�y�prw�tzv	v`b�p�¤³tz}~¦²¤gw¹p~^ ! ¶ t�¤�nT«

p~^`}~bTb ¶ t�¤�nY§`bYyMs{^ ¶ t�¤ s�tMvRnqwxnqprw�v`�¡t�®±�ev`to�obYn��ÑnqbYb��
w��zuR}rb��D��§Ry�v9�&p~^`b�nrbYsTtzvR�Vtzv`b�sTtzvRnrw�nqp~n�tz®��
¶ t�¤�n¥w�v3ycv`b�p�¤³tz}~¦¨¤gw£pr^ª���M��v`to�ob@ngs�}~bYy�prbY�V}{y�vR�otMa¡¢£m²w�v#}~yzvR�otza ¢£tosTy�prw�tzvRn �ÑnqbYb��
w��zuR}rb��D�
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��w��zu`}~b�! +&kFw�a�u`¢xy�p~w£tMv\v`b�p�¤³tz}~¦©¤gw¹p~^ ! ¶ t�¤�nT§;a¡wx�`�o¢�bVw�vÀtM�`�9t5nqw£prb	�ow�}rb@s½prw�tzv!« � bTw��z^F�?tz}{n�y�v9�
w�v5prbY}q®¯bY}rw�v`�cv`to�obYn�yz}rb�yzngnr^`t�¤gv	w£v �R�Mu`}~b��o«
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����� ��1�' � 63 ��*���
  v#p~^`benrw�ac�R¢£b�sYyznrb�t�®Cy¨nrw�v`�z¢�b ¶ t�¤�§Rpr^`b�tM�o��bYs�prw�°zb�¤�yzngprt3�Rv9�#pr^`bcs�tM}r}~bYs�prv`b@nrn�tz®�p~^`b�®¯tM}raeu`¢xy
sYy�¢xs�u`¢xy�p~bY�¡y��?t�°zb��Ñ� �½«CkFw�vRsTbgpr^`bY}rb�¤³yMn;v`t�w�vMp~bT}r®¯bT}~bTvRsTbgw£vF°Mtz¢�°zbY�´§�w¹p¥¤³yMnOb�­o�?bYs½p~bY�cp~^Ry�pCp~^`b�nrw£acÉ
uR¢�y�prbY�	y�v9�	sYy�¢xs�u`¢xy�p~bY�&°7yz¢£uRbYn�nr^`tzuR¢��Va²y�p~s{^!«   p�¤�yzn³®¯tMu`vR�&pr^Ry�pgpr^`b�sYy�¢xs�u`¢xy�p~bY�	y�vR�	nrw£aeu`¢�y�prb@�
bYv`bT}~�zm²¢�bT°MbT¢xn�¤¥bY}rb�bT­oyMs½p~¢£m¡p~^`b�nryza¡bz§o�`}~t�°Fw£v`�epr^Rb�s�tz}~}~bYs½p~v`bYn~n³t�®
pr^`b�®¯tM}raeu`¢�yR«

��� � P!<	"B A ��*���%)
�Rtz}�pr^`b�sYyznrb�¤gw£pr^I�`��v`to�obYn�y�vR� ! ¶ t�¤�nT§Rp�¤¥t¨sYyznrbYn�¤¥bY}rb�sTtzvRnrw��`bT}~bY�¼§9tzv`b�¤g^RbT}~b�y�¢�¢´p~^`b ¶ t�¤�n
yz}rb³w�vep~^`b�n~y�a¡bg�ow�}rb@s½prw�tzv��Õ��w��zu`}~b��D�;yzvR��tMv`bg¤g^`bY}rb ¶ t�¤0�³wxnOw�vcpr^`bgtM�`�9t5nqw£prbg�ow�}~bYs½p~w£tMv �Ñ��w£�Mu`}rb
! �½«C]�^`b�}~bYnru`¢£p�tz®
p~^`b�nrw£aeu`¢�y�prw�tzv	w�ngyMngnq^Rt�¤gvVw�v3�
w��zuR}rb��`«

�R}rtMa p~^`bº}~bYnru`¢£p~nY§�pr^`bY}rbªwxn&y\¢�yz}r�MbT}¨�ow£»?bY}rbYvRs�bºw£v�p~^`bºsYy�¢xs�u`¢xy�p~bY��y�v9��nqw�a�u`¢xy�p~bY�ÔbYv`bT}~�zm
sTtzvRnru`a¡�op~w£tMv3w£vºpr^`bcnqtMu`}~sTb�v`to�ob@n8�Õu`�3prt	y��?tzuop���!za�· ��nrbYs �½§?nq^`t�¤gw�v`�²p~^Ry�pµpr^`b@nqbev`to�obYnµ^Ry7°Mb
p~t&p~}~yzvRnracw£p�y�vR�º}rb@s�bTw�°zbea¡tz}~bz§¼a¡tMnqp��R}rtM�Ry��`¢�m3�ou`beprt3s�tM¢£¢�wxnqw�tzvRnY«�]�^`wxn�sTy�vI�9b¡bT­F�R¢�yzw£v`b@�¼§?®¯tz}
bT­`y�a¡�`¢�bz§F®¯tz} ¶ t�¤ �z§Fv`to�ob@ng�cyzvR� !csYy�v&pr}{y�vRnra¡w¹p�y�p�p~^`b�nryza¡b�p~w£a¡bz§9nqw�vRs�b�p~^`bTm&yz}rb�v`tzp�w�v	pr^`b
sYy�}~}rw�bT};nrbTvRnrb�}rbY�zw�tzv�tz®9b@yzs{^ct�pr^RbT}@§��`uop !�yzs�p~nOyMn�y�^`wx�`�obYv¡v`to�ob�prt�v`to�obg�`§MsTy�u9nqw�v`��s�tM¢£¢�w�nrw�tzvRn;y�p
vRtF�`bc�M«O]�^`w�n�wxn�°zbY}rw2�Rb@�¨�Fm3�R�Mu`}rb��F§`¤g^Rw�s{^#nq^Rt�¤�nCp~^`b�vFu`a��?bT}�t�®��Ryzs{¦Mb�p{n³�`bYnqprw�v`bY� �7®¯tz}~¤³yz}~�`bY�
p~t¡pr^`b�vRtF�`bYn�p~^Ry�p�¤³bT}~b�¢£t5n�p��`u`b�prt¨sTtz¢�¢£wxnqw�tzv9ngy�vR�#y�¢xnrtep~^`b�vFu`ae�9bY}�t�®;}rbTpr}{y�vRnra¡w�n~nrw£tMvRn³�5m&pr^`b
vRtF�`bYnY«   p�wxn�nqbYbTvVpr^Ry�p�®¯tz}�pr^Rb��9}~nqp ¶ t�¤�§o¢£tzp~n³t�®��Ryzs{¦Mb�p{n±®¯tM}r¤�y�}{�ob@�¡prt¡v`to�ob¡��®¯}rtMa v`to�ob��¡y�}~b
¢�tMnqp±�ou`b�prt�s�tM¢£¢�wxnqw�tzvRnY§�}~b��5u`w�}rw�v`��v`to�ob���p~t�}~b�pr}{y�v9nqa¡w£pOpr^`bYa	«CkFw�vRsTb�pr}{y�vRnra¡w�n~nqw�tzv¡}~b��5u`w�}rb@n;a¡tz}~b
bYv`bT}~�zm&pr^Ryzv3}rb@s�bY�oprw�tzv´§9v`to�ob��¨nr^`t�¤�nga¡tM}rb�bYv`bT}~�zm	s�tzv9nqu`a¡�op~w£tMvª�ou`b�prt¨}~b�p~}~yzvRnqa¡wxnrnrw�tzvVpr^Ryzv
vRtF�`bc���`u`b�prt¡}~bYs�bY�oprw�tzv	t�®�pr^Rb�}rbTpr}{y�vRnra¡w¹prprbY�V�RyMs{¦zb�p{nT«CkFw�a¡w£¢xy�}g�?bT^9y7°5w�tzuR}gw�ngnrbTbYv	w�v#v`to�obYn�tz®
tzpr^`bY} ¶ t�¤�nY§
sTyzuRnrbca¡tM}rb¡bTvRbT}~�zmª¢�tMn~n�y�p�v`to�ob@n�pr^9y�p�}~b�pr}{y�v9nqa¡w£p�yzvR�©nqtMa¡bcbYv`bT}~�zmº¢£t5nrn�w�v©pr^`b
sTtz¢�¢£wx�ow�v`�cv`to�obYng�ouRb�prt¡}rb@s�bY�oprw�tzv	t�®
pr^`b�}~b�p~}~yzvRnqa¡w£pqp~bY�¨�9yzs{¦zbTp~nY«;|C¢£b@yznrb�nqbYb�nrbYs�prw�tzv#��®¯tM}ga¡tz}~b
�`w�n~s�uRn~nrw£tMv&t�®�pr^RbYnrb�}rb@nqu`¢£p~n�tMv	sTtz¢�¢£wxnrw£tMv´«

]�^`b³}~bYnru`¢¹p{n!nr^`t�¤©pr^9y�pOnqtMu`}~sTbCv`to�ob@n!bT­F�?bT}~w�bTvRsTb¥y��?tzu`p !`����w�vRsT}rb@yznrbCw£vebTv`bY}r�Mm�sTtzvRnru`a¡�op~w£tMv
�`u`b�prtVs�tz¢�¢�w�nrw£tMvRnY«   p�w�nµy�¢xnqt²vRt�prwxs�b@�	pr^Ry�p�nrtza¡b�v`to�obeyzs½p~uRy�¢�¢�m	sTtzvRnru`a¡b�¢£b@nrn�bTv`bY}r�Mm¨p~^Ry�v3p~^Ry�p
sYy�¢xs�u`¢xy�p~bY�¼«�]�^Rw�n�wxn��ou`beprt	pr^`be®Õyzs�p�pr^Ry�pY§¼¤g^`bYv¸�otMw£vR�&p~^`bcsYy�¢xs�u`¢xy�p~w£tMv´§¼¤³bcyMnrnru`a¡b�p~^Ry�p�bYyMs{^
¶ t�¤ wxn�s�tMvMp~w£vFu`tMuRnY§`s�}~bYy�p~w£vR� �@®¯tM}r¤�y�}{�ow�v`��y¡v`bY¤0�9yzs{¦zbTp�®¯tz}gbYyMs{^V�9yzs{¦zbTpgw£v5prbY}r°�yz¢!y�p�b@yzs{^	v`to�obz§
sYy�uRnrw�v`��bTvRbT}~�zm�s�tMvRnquRac�`prw�tzv�y�p
v`to�ob@n
w�v�p~^`b ¶ t�¤\y�vR��vRbYy�}~�Fmz«���t�¤³bT°zbY}Y§7�ou`b±prt�°�y�}~w£tMuRn¼®ÕyMs½prtM}~n
¢�w�¦zb��RyMs{¦ztz»I�ou`b�p~t²pr^Rb�a¡bY�ow�u`a-�?bTw�v`�¨�`uRnrmz§?�RyMs{¦zb�p{ng�?bTw�v`�¨¢�tMnqpµy�vR�#vRbTbY�`w£v`�&}rbTpr}{y�vRnra¡w�n~nqw�tzv9n
�`u`bgprt�sTtz¢�¢£wxnrw£tMvRnT§My�vR�²�obY¢�y7m��9bT®¯tz}~b�y�vR� È d�60w�nC}rb@s�bTw�°zb@�¡�ou`b�prt�pr^`b��R}rbY°5w�tzu9n;}rb@yznrtzvRnY§�pr^Rb ¶ t�¤
wxnCvRt�p³yMs½p~uRy�¢�¢£m¡s�tMv5prw�v5uRtzuRnY«�]�^Rb �RvRyz¢RbYv`bT}~�zmca¡bYyznru`}~bY�¼§M¤g^`wxs{^¨w�n±pr^Rbµy7°zbY}~yz�zb�bTvRbT}~�zmenr�?bTv5p¥�Fm
vRtF�`bYnµbYyzs{^ªnrbYsTtzvR�´§?sYy�vª�?b�¢�t�¤¥bY}�w£®±y¨v`to�obew�nµv`tzp�y��R¢£b�prt¨p~}~yzvRnracw£p�nrtza¡b��9yzs{¦zbTp~nµ�ou`}~w£v`�&pr^`b
nrw�a�u`¢xy�p~w£tMv&p~w£a¡b��ou`b�p~t¡¢£tMv`�²�obT¢xy7monT«

·�^`bYv&p~^`b ¶ t�¤�w�v¨pr^Rbµa¡wx�`�o¢�b�wxn³w£v&pr^`b�tM�`�9t5nqw£prb��ow�}rb@s½prw�tzv!�¯v`tzprbµpr^Ry�pY§`yz¢¹p~^`tzu`�M^²pr^Rb ¶ t�¤�w�n
nqprw�¢�¢´®¯}~tza vRtF�`b��cprt¨vRtF�`b��`§`p~^`b��?tMnrw¹p~w£tMv3t�®�pr^`b@nqb�v`to�obYnµy�}~b�w�v5prbY}~s{^Ryzv`�zb@�B�½§`pr^`b��`w¹»WbT}~bTvRsTb�w�v
bYv`bT}~�zm¡wxn³�z}~bYy�p~bT}@§zu`�Vprtc�5���&«   v&pr^`b�a¡w��R�o¢£b ¶ t�¤�§5p~^`b�b�»WbYs½p�t�®�s�tz¢�¢�w�nrw£tMvRn³y�vR�&}rbTpr}{y�vRnra¡w�n~nqw�tzv9n
wxn¥a¡y�­ow£aeu`a ®¯tz}¥pr^`b�bYvR�¨v`to�ob@n*�Õv`to�ob��R§`�o§o� ��§F¤g^`w£¢�b�w¹p�w�n³a¡tz}~b�®¯tM}±p~^`b�nqtMu`}{s�b�v`to�ob�y�v9�¨t�p~^`bT}
vRtF�`bYn�w�v¿�?bT�zw�v`v`w�v`�ªtz®gpr^`b ¶ t�¤ w£v©p~^`b&tzpr^`bY}�p�¤³t ¶ t�¤�nT«   p¡nq^`t�¤�n�pr^Ry�p�pr^`b	nqtMu`}{s�b²v`to�ob@n�w�v
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¶ t�¤�nµ�¨yzvR� !²bT»?b@s½p�pr^`bcv`to�obe�R§¼�o§¼�¡pr^Rbe�M}rb@y�prb@n�p@« È nµa¡bTv5prw�tzvRbY�ªyz�9t�°Mbz§?v`to�ob�!Vn�p~w£¢�¢�sYy�uRnrbYn
sTtz¢�¢£wxnrw£tMvRn�w£v©v`to�ob#�¡w£v ¶ t�¤ �z§!�Ruop��ou`bcprtªsTtz¢�¢£wxnrw£tMvRn�w£v¸pr^Rb ¶ t�¤�n !	yzvR�I�R§¼p~^`b¨nqtMu`}{s�bcv`to�obYn
p~}~yzvRnracw£p ��}rbTpr}{y�vRnra¡w¹p
actM}rb³�RyMs{¦zb�p{n
sYy�uRnrw�v`��a¡tz}~b³bTv`bY}r�Mm�¢�tMn~n;y�p�pr^`b@nqb¥pr^R}rbYb¥v`to�ob@nT«;]�^`wxn;nq^`t�¤�n
p~^Ry�p�w�v5prbY}qÉ ¶ t�¤ sTtz¢�¢£wxnqw�tzv9n³sYy�v#sTyzuRnqb�y¡nrw£�Mv`w �?sTy�v5p�y�a¡tMu`v5p�tz®�bYv`bT}~�zm¨sTtzvRnru`a¡�op~w£tMv´«

·�^`bYvªbT°�yz¢£uRy�prw�v`� ¶ t�¤�nµy�p�p~^`b�n~y�a¡b�}{y�prb�yzvR�#¤g^`bYvºy�¢�¢¼pr^Rb ¶ t�¤�n�yz}rb�nqp~yz}qp~bY�3y�p�pr^`bcnryza¡b
p~w£a¡bM§±s�tM¢£¢�w�nrw�tzvRney�}~b¨a¡tz}~b&¢�w£¦MbT¢�mºp~tªp~yz¦zbV�`¢�yMs�b&pr^Ryzv\¤g^`bTvÀpr^`bY}rbVw�ncnrtza¡bV�obY¢�y7m¸�?b�p�¤³bTbTvÀpr^`b
¶ t�¤�nT«O·�^`bYv3y���w¹prprbT}�w�n�yM�`�ob@�¼§Rs�tM¢£¢�wxnqw�tzvRn��ob@s�}~bYyMnqb��Fm&y¡¢xy�}~�zb�y�a¡tzu`v5p@«   v#pr^`b�nrw£aeu`¢xy�prw�tzv �ÕnrbTb
��w��zu`}~b��?�Õs ���½§`nrtza¡b±��w¹prprbT}�wxn�yz�`�ob@�¨�?b�p�¤³bTbYv¨pr^Rb ¶ t�¤�n³nrt�p~^Ry�p³pr^`b�nrbYs�tMvR� ¶ t�¤0n�p{y�}rp~n!��uRn�pgy�®Ýp~bT}
p~^`b��R}~nqp ¶ t�¤ �Rv`wxnq^`b@n¥pr^`bµpr}{y�vRnra¡w�n~nrw£tMv¨t�®C���Ryzs{¦Mb�p*�Ñyzn~nquRacw�v`�ev`tcsTtz¢�¢£wxnrw£tMv=�½§Fnqt�pr^Ry�p³w�v5prbY}qÉ ¶ t�¤
sTtz¢�¢£wxnrw£tMvRn�y�}~b��M}rb@y�pr¢�m&}~bY�`uRs�b@�¼«   v3p~^`w�n�sTyMnqbM§`p~^`b�w�vRs�}~bYyMnqb�w�vªbYv`bT}~�zm	w�n�v`t�¤¾}rb@�ouRsTbY�#p~t&y��?tzuop
�'5��&§´�`u`p�t�°zbT}{y�¢�¢>§Wpr^`b²bYv`bT}~�zmºsTtzvRnru`a¡�op~w£tMvIwxn�a¡tz}~b¡�Ry�¢xy�vRsTbY�¼§
y�vR�¸w�vMp~}rto�ou9s�bYn�¢�bYn~n�s�tM¢£¢�wxnqw�tzvRn
p~^Ry�v3w�vªv`t���w£pqp~bT}�sTyMnqb@nT«g]�^`b�vFu`ae�9bY}�tz®;}~b�p~}~yzvRnracwxn~nqw�tzvRngyz}rb�p~^FuRn��M}rb@y�pr¢�m&}~bY�`uRs�b@�¼§9yMn�sTyzv3�9b
nrbTbYvVw�v �R�zuR}rb��F«
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�Rtz}�p~^`b�sTyMnqb�t�®C���M��v`to�ob@ngy�vR�	� ¶ t�¤�nY§o�²sTyznrbYn³¤³bT}~b�s�tzv9nqwx�obT}~bY�#+

� k   � w�n�s�u`aeu`¢�y�prw�°zbM§ov`t���w¹prprbT}��9bTp�¤¥bYbTvVpr^`b ¶ t�¤�nY§
� k   � w�n�s�u`aeu`¢�y�prw�°zbM§7��w¹prprbT}��`}rb@nqbYv5p��?b�p�¤³bTbYv&p~^`b ¶ t�¤�nY§
� k   � w�n�v`tzvoÉ s�uRa�u`¢xy�p~w£°Mbz§Fv`t���w¹prprbY}��9bTp�¤¥bYbTv	pr^Rb ¶ t�¤�nT§
� k   � w�n�v`tzvoÉ s�uRa�u`¢xy�p~w£°Mbz§@��w¹prprbY}��`}~bYnrbTv5pg�9bTp�¤¥bYbTvVpr^`b ¶ t�¤�nY«
�³m¿�ob�®Õyzu`¢£pY§ � kFÉ �#u9nqb@ney3vRtzvoÉ s�u`aeu`¢xy�prw�°zb	k   � a¡to�obT¢>§O¤g^`bT}~b²p~^`b&v`tMw�nrb²®¯}~tza pr^Rb&¢�tzv`�MbYnqp

nrw��zvRyz¢³wxn¡p{y�¦zbYvÀp~t¿sTy�¢xs�uR¢�y�prb	pr^`bºk   � ®¯tM}²bYyzs{^ }~bYs�bY�oprw�tzv!«Ô]�^Rw�n¡a¡to�obT¢µ�otFbYn¡v`tzp²yMsTsTu`}~y�prbY¢£m
}~bT�R}rb@nqbYvMp{n¥pr^`b�}~bYyz¢?bYvF°5w�}~tzv`a¡bTv5p@«

  v tzu`}¡a¡to�obT¢>§¥y¸s�uRa�u`¢xy�p~w£°Mb#k   � a¡to�obT¢gwxn¡yz�`�ob@�¼§±¤g^RbT}~b&p~^`b#v`tzwxnqbVp~yz¦zbYvÀ¤�yznepr^`b3nru`a
tz®g}rb@s�bT�`prw�tzv©�9t�¤³bT}�t�®�y�¢�¢¥nrw£�MvRy�¢xn�p~^Ry�p¡s�tzuR¢��©�?b¨^`b@y�}{�¿y�p�p~^`b¨v`to�obV}rb@s�bTw�°Fw£vR�ªy#�Ryzs{¦Mb�pY§;y�v9�
}~bYsTbT�op~w£tMvVwxngnruRsTsTbYn~n�®¯u`¢¼tMv`¢�m¨w¹®;p~^`b�v`bT¤¾k   � w�n��M}rb@y�p~bT}³pr^Ryzv	pr^`b�sYy�}~}rw�bT}�nqbYvRnrbµp~^`}~bYnr^`tz¢x�¼«

]�^`b&}rb@nqu`¢£p~n�t�®³pr^`b&nrw�a�u`¢xy�p~w£tMvRn�®¯tz}�pr^`b¨bYv`bT}~�zm¸s�tMvRnquRac�`prw�tzv©}~y�prb²tz®�nrtza¡b²v`to�ob@nT§;y�a¡tzvR�
�z�z�µ}~yzvR�otMac¢�m��`¢xyzsTbY�ev`to�obYnY§zyz}rbgnr^`t�¤gvew�v²��w£�Mu`}rb@n±�8�¯¤gw£pr^`tMuop´��w£pqprbY}±y�v9��¤gw£pr^¡v`tMvoÉ
s�uRa�u`¢xy�p~w£°Mb
k   � hªtF�`bT¢ ��y�vR�¸� �¯¤gw£pr^#��w£pqprbY}�y�v9�IsTu`a�u`¢xy�p~w£°Mb¨k   � h3to�obT¢ �½«¨�Rtz}�bYyMs{^IvRtF�`bc�R}rb@nqbYvMp~bY�¼§!pr^`b
sYy�¢xs�u`¢xy�p~bY�!�¯¢�b�®Ýp �gy�vR�	nrw£aeu`¢�y�prb@� �Õ}rw��z^5p �³bYv`bT}~�zm²°�yz¢£u`b@ngy�}~b��`}rb@nqbYv5prbY�´«

�Rtz}epr^`wxn�vRb�p�¤³tz}~¦Iy�v9� ¶ t�¤ nqbTpqp~w£v`�5nT§;p~^`b&}~bYnru`¢£p~ne¤¥bY}rbVnqw�a¡w£¢xy�}�prtªp~^Ry�pct�®gp~^`b¨p~^`}rbYb ¶ t�¤�n
sYyznrbYn�+Opr^Rb�nqtMu`}{s�b�v`to�ob@n�nq^Rt�¤�n�pr^`b�act5n�p�bYv`bT}~�zmV¢£t5nrnY«   v#pr^`b��`b�®Õy�uR¢¹pµsYyznrbz§`¤gw£pr^3vRt���w¹prprbY}µy�v9�
k   ��v`tzv`É sTu`a�u`¢xy�p~w£°Mbz§Ws�tM¢£¢�w�nrw�tzvRn�a¡y7m	w�vRs�}~bYyMnqb�p~^`b�bYv`bT}~�zm#s�tMvRnru`a¡�oprw�tzvª�Fm#u`�ºprt&�F�o« � �&«�]�^`b
w�v5pr}~to�ouRs½p~w£tMvVtz®R��w£pqp~bT}�w�v5prtcpr^Rb�acto�obY¢¼}rb@�ouRsTbYn³pr^Rb�v5uRa��?bT}gt�®Os�tM¢£¢�wxnqw�tzvRn��ob@s�}~bYyMnqw�v`�epr^`b�bYv`bT}~�zm
sTtzvRnru`a¡�op~w£tMvV�Fm¨u`�	p~t&���`«Í� �&§F�`uop�wxn�yz�9tMuop���� w�v#y7°zbT}{y��Mbz«

�³t�p~^�pr^Rb¥sTyMnqb@n´¤gw£pr^���w¹prprbT};y�v9��v`tC��w£pqp~bT}�¤¥bY}rb¥y�¢xnqt�sTtza¡�Ryz}rb@��prt�p~^`b¥sYyznrb±¤g^`bY}rb¥y�s�uRa�u`¢xy�p~w£°Mb
k   ��wxn�uRnrbY�¼§!�`uop�pr^Rb²bTv`bY}r�Mmªs�tzv9nqu`a¡�op~w£tMvI¤g^Rw£¢�b²uRnrw£v`�3sTu`a�u`¢xy�p~w£°MbcyzvR�¸v`tzv`É sTu`a�u`¢xy�p~w£°Mb¡k   �
a¡to�obY¢´�ow��	v`tzp�nq^Rt�¤0nrw£�Mv`w �?sTy�v5pg�ow£»?bY}rbYvRs�b@nT«
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]�^FuRnY§Rw£p�¤�yzngnrbTbTv#p~^Ry�pgp~^`tzuR�z^ªs�tM¢£¢�wxnqw�tzvRn��?b�p�¤³bTbYvª�ow£»?bY}rbYvMp ¶ t�¤�n�sTyzv	w�vRsT}rb@yznrbµp~^`b�bYv`bT}~�zm
sTtzvRnru`a¡�op~w£tMv	nrw£�Mv`w2�9sTyzvMp~¢£mM§ow£v5p~}rto�ouRs�prw�tzv#t�®?��w£pqprbY}�sTyzv3�obYsT}rb@yznrb�nruRs{^3s�tM¢£¢�w�nrw�tzv	�`}rtM�Ry��Rw£¢�w¹p~w£b@nT«   p
¤³tzuR¢����9b�w�vMp~bT}~bYnqprw�v`��p~t�b�­FprbYvR��p~^`b�b�­o�9bY}rw�a¡bTv5p~n
p~tµw�vRs�¢�uR�ob�a¡tz}~b ¶ t�¤�n!w�vc°zbT}~m��obTv9nqb�v`bTp�¤¥tM}r¦onY§
¤g^RbT}~bgpr^`b�sTyz}r}~w£bY}±nrbTvRnrb��ow�a¡w£v`wxnr^`bYn³y�pCp~^`bµsTbTv5prbY}±tz®¼pr^`bµv`b�p�¤³tz}~¦e�ouRb�prteb�­FprbYvRnrw£°Mb�w£v5p~bT}r®¯bT}~bTvRsTb
yzvR�	s�tz¢�¢�w�nrw£tMvRn � �o§q� �>«

� ���������T !�����)��� �����g�	�g ! 

  p	sTy�v��?bI�`bY�ouRsTbY�Ô®¯}~tza pr^Rbº}~bYnru`¢¹p{n²�`}~bYnrbTv5prb@�Ô^`bT}~bz§�p~^Ry�p	s�tz¢�¢�w�nrw£tMvRn&sYy�v�bT»?b@s½p¨p~^`bºbYv`bT}~�zm
sTtzvRnru`a¡�op~w£tMv\t�®�v`to�ob@ncw£v¿p~^`b	v`b�p�¤³tz}~¦W«I]�^`b	bTv`bY}r�MmIa¡b@yznru`}rbYa¡bTv5pea¡to�obT¢³�`}~bYnrbTv5prb@�¿w�v\pr^Rw�n
�9y��?bT}³p~yz¦zbYn¥w�vMp~tcyMsTsTtzu`v5pgy�¢�¢9p~^`b�v`to�obYn¥p~^Ry�p�y�}~b�w�vVpr^`b�}~bYs�bY�oprw�tzvVy�}~bYy�tz®!p~^`b ¶ t�¤�«;kotR§ov`tzp�yz¢£¢
sTtz¢�¢£wxnrw£tMvRnOa²y7me}~bYnru`¢£p±w�v¨a¡tz}~b�bTv`bY}r�MmesTtzvRnru`a¡�oprw�tzv!«�]�^`bµa²y�w�v²b�»WbYs½p³t�®!sTtz¢�¢£wxnqw�tzv²¤gw�¢�¢R�?bµy�p¥pr^`b
vRtF�`bYngw�v	pr^`b ¶ t�¤�§R¤g^`bT}~b�pr^`b��9yzs{¦zbTp~n¥pr^9y�p�¤�yzn³®¯tM}r¤�y�}{�obY�¨prt¡p~^`bTa s�tz¢�¢�w��obM§Rnrt¡pr^Ry�pgpr^`bYm&^Ry7°Mb
p~te�?b�}rb@nqbYvMp@«;kotetMv`¢£m¡p~^`bYnrbµsTtz¢�¢£wxnrw£tMvRn±¤³bT}~b�a¡b@yznru`}rb@�¼« È n³�`}~bY�owxs½p~bY�¼§Fp~^`bµvRtF�`bYn�y�p³¤g^`w�s{^	nqu9s{^
sTtz¢�¢£wxnrw£tMvRnOtosTsTu`}±y�v9�cpr^`b�vRtF�`bYnC¤g^Rw�s{^²^Ry7°Mb�prt�}~b�p~}~yzvRnracw£p±yznOpr^`b�}~bYnru`¢£pY§Fnq^Rt�¤�a¡tz}~b��ob@s�}~bYyznrbgw�v
bYv`bT}~�zmM«;kow£vRsTb�pr}{y�vRnra¡w�n~nrw£tMv¨}rb �5u`w£}~bYn³a¡tz}~b�bTv`bY}r�Mm¡pr^RyzvV}~bYsTbT�op~w£tMv´§ov`to�obYn�}~b�p~}~yzvRnracw£pqp~w£vR�cnr^`t�¤
a¡tM}rb¨bYv`bT}~�zm¿sTtzvRnru`a¡�oprw�tzv��ou`bVprtº}~b�p~}~yzvRnracwxn~nqw�tzv¸pr^9y�v\p~^`b#s�tz¢�¢�w��ow�v`�Iv`to�obYne¤g^`wxs{^Às�tMvRnquRacb
a¡tM}rb�bTvRbT}~�zm¨�ou`b�p~t¡}rb@s�bT�`prw�tzv	t�®�pr^`b�}~b�pr}{y�v9nqa¡w£pqprb@�&�9yzs{¦zbTp~nY«

� u`bµprtepr^`b�sTyz}r}~w£bY}¥nrbTvRnrw�v`��a¡bYs{^9y�v`wxnqa yzvR�²�RyMs{¦zt�»	�`}~tFsTbY�ouR}rbµuRnqb@�¨¤g^`bYv&yev`to�ob�¤�y�v5p~n±prt
nrbTv9�¨y��9yzs{¦zbTp¥�`u`p¥p~^`b�s{^9y�v`v`bY¢9wxn³v`t�p�wx�o¢£bM§5pr^`b��`}~tz�Ryz�`w£¢�w£p�mep~^Ry�p³p�¤³t�pr}{y�v9nqa¡w£pqprbY}¥vRtF�`bYn³s�tz¢�¢�w��ob
sYy�v	�9b�v`bY�z¢�bYs�prbY�V¤g^`bYv&p~^`bYnrb�v`to�obYngyz}rb�v`bYw£�M^5�?tz}{nY«���t�¤¥bY°zbT}@§5pr^`wxn�wxn�v`t¡¢£tMv`�zbY}¥p~^`b�sTyMnqb�¤g^`bYv
p~^`bTm¸�ot3v`tzp�^`bYyz}�bYyMs{^Itzpr^`bY}Y«&]�^9y�p�wxn�¤g^Fmz§�w£v¸pr^Rw�n��Ry��?bT}@§!¤³b¨y�}~b¡w£v5prbY}rb@n�p~bY�¸w�vIp~^`b&sYyznrbctz®
sTtz¢�¢£wxnrw£tMvRn�tzv\yª¢£w�v`¦¿�ou`b²p~tº^`wx�`�obYv\v`to�ob@n�prtªpr^Ry�pe¢�w£v`¦W§Oyzn�¤¥bVyzn~nqu`a¡b²p~^Ry�pcv`tº�;]�k��Md³]�k¸w�n
u9nqb@�¼« '!b�peu9n�s�tMvRnrw��obY}eyº¢£w�v`¦

(T, R)
¤g^`bT}~b

T
wxn�p~^`b¨p~}~yzvRnracw£pqp~bT}cy�vR�

R
w�n�pr^RbV}~bYsTbTw�°zbT}@« È

�9yzs{¦zbTp±�?bTw�v`��p~}~yzvRnqa¡w£pqp~bY�¡®¯}~tza v`to�ob
T
prt�vRtF�`b

R
bTvRsTtzu`v5prbY}~n¥y�sTtz¢�¢£wxnqw�tzv²w£®!y�v9�²tzv`¢�m¡w¹®!�`u`}rw�v`�

w£p~n�pr}{y�vRnra¡w�n~nrw£tMv´§
y3^Rw��`�`bTv¿v`to�ob&yz¢�nrt#pr}{y�v9nqa¡w£p~nY«V·¸b&}~bYsYy�¢�¢Opr^Ry�pey#^`wx�`�obYv\v`to�ob²p~t3pr^`b&¢£w�v`¦
(T, R)

wxn³y�vFmevRtF�`b
H
p~^Ry�pgsTyzv²�9b�^`bYyz}~�c®¯}~tza v`to�ob

R
y�vR�¨sYy�v¨vRt�p¥�?b�^RbYy�}{�¡®¯}~tza v`to�ob

T
«   v

p~^`b�®¯tM¢£¢�t�¤gw�v`�R§9¤¥b�yMnrnru`a¡b�p~^Ry�pµpr^`bev5uRa��?bT}�t�®O^`wx�`�obTvIv`to�obYn�prt	y�vFmV¢�w�v`¦W§?�obYv`t�p~bY�
nhidden

§?w�n
y7°�yzw£¢xy��`¢�bz«

]�^FuRnY§Cw£®�pr^`b3�ouR}~y�prw�tzv\tz®�pr}{y�vRnra¡w�n~nrw£tMv¿t�®µyI�Ryzs{¦Mb�p�tMv\p~^`bV¢�w�v`¦
(T, R)

wxn
ttrans

y�vR�\pr^`b
yza¡tzu`v5p�t�®³prw�a¡b¡pr^`b&s{^9y�v`v`bY¢Ow�n�nqbYvRnqb@�¸w��o¢�b �¯vRt3v`tzwxnqb¡wxn��obTprbYs�prb@�B��y�p�v`to�ob

T
wxn

tidle
§
¤g^RbT}~b

tidle > ttrans
§opr^RbTv#pr^Rb��`}rtM�Ry��Rw£¢�w¹p�m&t�®Os�tz¢�¢�w�nrw£tMvVtMv	pr^Ry�p��Ryzs{¦Mb�pgw�n

p = ttrans

tidle

§R�Mw£°MbTvVpr^Ry�pgpr^`bY}rb
wxngy�p�¢�bYyMn�pgtMv`b�^`w��R�obTv#v`to�obM«

'!b�p
tbusy

�?b¨p~^`b#y�a¡tzu`v5p�tz®gprw�a¡b&p~^`bVs{^Ryzv`v`bY¢±wxn��`u9nqm¿y�pcv`to�ob
T
�`u`b¨p~tºv`to�ob

T
� n�t�¤gv

p~}~y��¨s�y�v9�²v`tzwxnrbYn³�ob�p~bYs½p~bY�¼«O]�^`bµprtzp~yz¢?yzactMu`v5p¥tz®´prw�a¡bµv`to�ob
T
nr�9bYvR�`n��ou`bµprte}rbTpr}{y�vRnra¡w�n~nqw�tzv9n

tz®¥yV�Ryzs{¦Mb�p��ou`beprt
i
nqu9sTs�b@nrnrw�°zbesTtz¢�¢£wxnrw£tMvRn�wxn��zw�°zbYvª�Fm

Θi = i(ttrans + EIFS) +
∑i

j=1 CWj
§

¤g^RbT}~b
EIFS

w�n!pr^Rb¥¬O­Fp~bTvR�ob@�   v5prbY}q®¯}{y�a¡b¥ko�RyzsTbC®¯tz¢�¢�t�¤gw£v`��}rb@s�bT�`prw�tzv�tz®Ry�v�bY}r}~tzv`bYtzuRn¼®¯}~yzacb³y�vR�
CWj

wxn�pr^Rb³y7°MbT}{y��zb¥nqw�
Tb³t�®9pr^`bgs�tMv5prbTv5p~w£tMv�¤gw£v9�ot�¤Ày�p
jth nqp~y��Mb¥yMsTs�tM}~�`w£v`��prtµpr^`b   ¬C¬±¬©�M�M�`«£�M�T�nqp~yzvR�`yz}~�¡¤g^`bY}rb

CWj
w�n³�Mw£°MbTv¨�Fm

CWj = CWmin ∗ 2j − 1
«�]�^`bY}rbT®¯tz}~bz§Mpr^`b��?bT}{s�bTv5p{y��zbµt�®¼p~w£a¡b

p~^`b�s{^Ryzv`v`bY¢`w�n¥nqbYvRnrbY�cw��`¢£b�y�®ÝprbY}
i
nruRsYs�bYn~nrw£°Mb�sTtz¢�¢£wxnrw£tMvRnOtzvcp~^`bµn~y�a¡bg�RyMs{¦zb�pCwxn

ti = 1−
tbusy+Θi

tarrival

§
¤g^RbT}~b

tarrival
wxn³pr^`b�w�v5prbY}qÉ y�}~}rw�°�y�¢?prw�a¡b�t�®��Ryzs{¦Mb�p~n³tMv	¢�w�v`¦

(T, R)
«

Û
Û à�A�BDCDB ò



�z� ��� � ��� � ��� �����

·¸besYy�v3v`t�¤�s�tMa¡�`uoprb�pr^`bcy�a¡tzu`v5p�tz®ObTv`bY}r�MmVs�tMvRnru`a¡�oprw�tzvªy�p�y²v`to�ob
N
�ou`b�p~t&s�tM¢£¢�wxnqw�tzvRn

tMv¸pr^`bV¢£w�v`¦
(T, R)

§��obYv`t�p~bY�
EN

(T,R)

§
u9nqw�v`�3p~^`b&s�tM¢£¢�wxnqw�tzv©a¡to�obT¢¥�`}rb@nqbYv5prbY�¸w�vM�£�M� � §�uRvR�obT}�pr^`b
yMnrnru`a¡�op~w£tMv&p~^Ry�p�yc�RyMs{¦zb�pgs�tM¢£¢�wx�obYngy�p�act5n�pgtMvRs�b�¤gw£pr^3yc�zw�°zbTv	^`wx�`�obYv	vRtF�`b,+

EN
(T,R) =

∑nhidden

i=1 i(EN
T + EN

R )δi

1 +
∑nhidden

i=1 δi

¤g^RbT}~b

δi =
titrans

∏i−1
j=0 tj

wxn³pr^Rb��R}rtM�Ry��`w�¢�w¹p�m²tz®�bYvRs�tMu`v5prbT}~w�v`�
i
nruRsYs�bYn~nrw£°Mb�sTtz¢�¢£wxnqw�tzv9n¥tMv	yc�RyMs{¦zbTpY§F�zw�°zbYv¨pr^9y�p�y�pg¢�bYyMn�p�tzv`b

sTtz¢�¢£wxnrw£tMv&wxngbTvRsTtzu`v5p~bT}~bY�¼§

EN
NT

=







ETpck

w¹®
N ≡ T

ERpck

w¹®
N
sTyzvV}~bYsTbTw�°zb��Ryzs{¦Mb�p~n¥®¯}~tza

T

0
t�p~^`bT}~¤gw�nrb

,

yzvR�

EN
NR

=







ETack

w¹®
N ≡ R

ERack

w¹®
N
sTy�v	}~bYs�bYw£°Mbµ�9yzs{¦zbTp~n³®¯}~tza

R

0
t�pr^RbT}~¤gw�nrb

.
'!b�p

L
�?b�p~^`b�nqbTp³tz®!¢£w�v`¦on±pr^Ry�p³w�v5prbT}r®¯bT}~b�¤gw£pr^Vv`to�ob

N �
wÑ« bz«Ov`to�ob

N
wxn±w�v¨p~^`b�}rb@s�bT�`prw�tzv&yz}rb@y

tz®¥bYw¹p~^`bT}�p~^`b¡pr}{y�vRnra¡w¹prprbY}�tM}�pr^`b¡}~bYsTbTw�°zbT}�tz®¥bYyMs{^º¢�w£vR¦?«²]�^`b²yzactMu`v5p�t�®¥bYv`bT}~�zmªsTtzvRnru`a¡bY�¸y�p
vRtF�`b

N
�ouRb�prt¡�Ryzs{¦Mb�p�s�tM¢£¢�wxnqw�tzvRn³tz®

L
wxn

EN
L =

∑

l∈L EN
l

«
��w��zu`}~bYn�5&y�v9�¿�Y�¨sTtza¡�Ryz}rb�p~^`b�}~bYnru`¢£p~nµt�®C�RyMs{¦zb�p�sTtz¢�¢£wxnrw£tMvRn�tM�op~yzw£v`b@�3�Fm � k5É��¨nrw£aeu`¢�y�prw�tzvRn

yzvR���Fm�sTtza¡�`uop{y�prw�tzveuRnrw£v`��pr^`bgyz�9t�°MbC®¯tz}~a�uR¢�yR«!·¸b¥uRnrb¥pr^`bgn~y�a¡b±�Ryz}~yza¡b�prbY}~n
t�®9�Ryzs{¦Mb�p�nrw�
Tbz§��Rw¹p
}{y�p~bYnCyzvR�cv`to�ob�sTtzv��R�Mu`}{y�prw�tzve®¯tz}Cpr^`b�nrw�a�u`¢xy�p~w£tMvRnCy�v9�²s�tza¡�`u`p~y�p~w£tMv²yznOw�v¨nqb@s½p~w£tMv²�`«;·Ib�vRt�prwxs�b
p~^Ry�p�pr^`b�}~bYnru`¢£p~ngtM�op~yzw£vRbY�	�Fm	sTtza¡�`uop{y�prw�tzv#}~bT¢xy�p~w£°MbT¢�m&a²y�p{s{^	¤gw£pr^#p~^`b�tMv`bYngtM�op~yzw£vRbY�#�Fm � k5É �
nrw�a�u`¢xy�p~w£tMvRnT«;]�^`wxn¥nr^`t�¤�n±pr^Ry�p±p~^`b�sTtz¢�¢£wxnrw£tMv²acto�obY¢W�`}rb@nqbYv5prbY�¨^`bT}~b�sTyzv¨�`}~bY�owxs½pgs�tM¢£¢�wxnqw�tzvRn±w£v&pr^`b
vRtF�`bYng�?bT¢�tzv`�Mw£vR�ep~t&y ¶ t�¤ y�vR�Vpr^FuRn�pr^`b�bYv`bT}~�zm	nq�?bTv5p��?bYsYy�uRnrb�t�®�pr^`bes�tz¢�¢�w�nrw£tMvRnY«   pµnr^`tzu`¢x�	�9b
vRt�prb@�²y��5y�w�vep~^Ry�p³}rbTpr}{y�vRnra¡w�n~nrw£tMve}~b��5u`w�}rb@nOa¡tz}~b�bTvRbT}~�zm�p~^Ry�v&}rb@s�bT�`prw�tzv²sTyzuRnqw�v`��}~b�p~}~yzvRnracw£pqp~w£vR�
vRtF�`bYn³prt¨sTtzvRnru`a¡b�a¡tz}~bµbYv`bT}~�zm²p~^Ry�vVpr^RtMnrb�}rb@s�bTw�°Fw£vR��p~^`b��Ryzs{¦Mb�pgy��5y�w�v	�ouRb�prt²s�tM¢£¢�w�nrw�tzv´«

Ù¯Ú�Û´ÙÝÜ



���������	��

����������������������� ��
 �`�

 0

 1000

 2000

 3000

 4000

 5000

 6000

143576213869159101099

nu
m

be
r 

of
 p

ac
ke

ts

node

Flow 1 Jitter SNR Cumulative

collsion CBR
retransmission

collision ACK

� â��´á`õÍÒ�� ò

 0

 2000

 4000

 6000

 8000

 10000

 12000

104941737030

nu
m

be
r 

of
 p

ac
ke

ts

node

Flow 2 Jitter SNR Cumulative

collsion CBR
retransmission

collision ACK

� � �´á`õÍÒ�� ñ

 0

 1000

 2000

 3000

 4000

 5000

 6000

231543070136149284

nu
m

be
r 

of
 p

ac
ke

ts

node

Flow 3 Jitter SNR Cumulative

collsion CBR
retransmission

collision ACK

� Ð��¼áRõÍÒ����

 0

 500

 1000

 1500

 2000

 2500

 3000

 3500

1628742731971

nu
m

be
r 

of
 p

ac
ke

ts

node

Flow 4 Jitter SNR Cumulative

collsion CBR
retransmission

collision ACK

� ï �´á`õÍÒ����

��w��zu`}~b�5 + � u`ae�9bY}�t�®±�RyMs{¦zbTp~ngp~^Ry�p�sTyzuRnrbY�3bT­5p~}~y¨bTv`bY}r�Mm#sTtzvRnru`a¡�op~w£tMv �Õ�ouRb�p~t	sTtz¢�¢£wxnqw�tzv9n�y�v9�
}~b�p~}~yzvRnracwxn~nqw�tzvRn �²y�pVp~^`bIvRtF�`bYn	t�®�p~^`bI®¯tzu`} ¶ t�¤�nY§�¤gw£pr^���w¹prprbT}3yzvR� sTu`a�u`¢xy�p~w£°Mb©k   � h3to�obY¢Ñ§
tM�op~yzw£vRbY�V�5m � k5É��cnqw�a�u`¢xy�p~w£tMvRnY«

Û
Û à�A�BDCDB ò



�M� ��� � ��� � ��� �����

 0

 2

 4

 6

 8

 10

 12

 14

 16

 18

 20

9 109 10 159 69 138 62 57 143

en
er

gy
 (

m
W

at
t/s

)

node (9=source, 143=destination)

� â��´á`õÍÒ�� ò

 0

 5

 10

 15

 20

 25

30 70 173 94 104

en
er

gy
 (

m
W

at
t/s

)

node (30=source, 104=destination)

� � �´á`õÍÒ�� ñ

 0

 2

 4

 6

 8

 10

 12

 14

 16

 18

84 2 149 136 70 30 154 23

en
er

gy
 (

m
W

at
t/s

)

node (84=source, 23=destination)

� Ð��¼áRõÍÒ����

 0

 2

 4

 6

 8

 10

 12

 14

 16

71 19 73 42 87 162

en
er

gy
 (

m
W

at
t/s

)

node (71=source, 162=destination)

� ï �´á`õÍÒ����

��w��zu`}~bc�Y� + È a¡tMu`v5p�tz®!b�­Fp~}~yebTv`bY}r�Mm²s�tzv9nqu`a¡b@� �Õ�`u`b�prt¡s�tz¢�¢�w�nrw£tMvRn³y�vR�V}rbTpr}{y�vRnra¡w�n~nrw£tMvRn �Cy�p�pr^`b
vRtF�`bYn�t�®�pr^Rb�®¯tzu`} ¶ t�¤�nY§Ftz�op{y�w�v`bY�	�Fm&sTtza¡�`uop{y�prw�tzv!«

Ù¯Ú�Û´ÙÝÜ



���������	��

����������������������� ��
 ��!

� ����� �¥���	 !�T���

]�^Rw�ng�9y��?bT}�a²y�w�v`¢�mV�R}rb@nqbYvMp{ngy²v`bY¤0a¡to�obT¢!®¯tz}�sYy�¢xs�u`¢xy�p~w£vR�¡pr^`b�bYv`bT}~�zmVs�tzv9nqu`a¡�op~w£tMv3y�pµy¡v`to�ob
�`u`b�prt²°�yz}rw�tzuRn ¶ t�¤�ngw£v#p~^`b�v`bTp�¤¥tM}r¦W«�kFuRs{^3y¡a¡bYyznru`}~bTa¡bTv5p�sYy�v#�9b�uRnqb@�	®¯tz}�sYy�¢xs�u`¢xy�p~w£vR�¨s�tMnqp~n
w�v¡bTv`bY}r�Mm�y7¤³yz}rb¥}rtMuoprw�v`�9§��9bY}q®¯tM}ra²yzvRs�b�bT°�yz¢£uRy�prw�tzvet�®Wt�pr^RbT}O}~tzuop~w£v`���`}~t�p~tos�tz¢xn;y�vR�ebT°MbTvcw£v ¶ t�¤�n
}~b��5u`w�}~w£v`���µt5k�¤g^`bY}rbM§z�?bYnrw��ob@nOt�p~^`bT}O}~bYnrtzuR}~sTb¥�MuRy�}{y�v5prbYbYn
®¯tz};p~^`b ¶ t�¤��9bYw£v`��yMsTsTbT�op~bY�¼§Mw¹pCwxnCy�¢xnrt
�MuRy�}{y�v5p~bTbY�¨pr^Ry�p�pr^`b�nrbT¢�bYs�prbY�	}~tzuop~b��otFbYn�v`tzpg�`w£b�a¡wx�o¤³y7mM«

·¸b&bY°7yz¢£u9y�prb@�¸pr^`b	yzsYs�u`}{yzsTmºt�®�p~^`b&a¡to�obT¢>§Cy�v9�¸®¯tzu`vR�\w¹peprtª�Mw£°Mb²b�­`yzs�p�a¡bYyznru`}~bTa¡bTv5p{n�w�v
wx�ob@y�¢�v`b�p�¤³tz}~¦©s�tzv9�ow¹p~w£tMvRnc¤gw¹p~^�vRtIw�v5prbT}r®¯bT}~bTv9s�b&tM}csTtz¢�¢£wxnrw£tMvRnT«\]�^RbVa¡to�obT¢�¤�yzn�pr^`bYv�u9nqb@�¿prt
sYy�¢xs�u`¢xy�p~b�pr^`b�bYv`bT}~�zm&sTtzvRnru`a¡�op~w£tMv	tz®�a¡tM}rb�s�tMa¡�`¢£bT­ ¶ t�¤�nY§`y�v9�&p~^`b�s�tMa¡�Ry�}~w�nrtzv	t�®OsTyz¢�sTu`¢xy�prb@�
yzvR�ºnrw�a�u`¢xy�p~bY�ª°�yz¢£u`b@n�y�¢�¢£t�¤³bY�#®¯tM}�y�vºbY°�y�¢�uRy�p~w£tMvºt�®¥^`t�¤�pr^Rb ¶ t�¤�n�w�v5prbT}r®¯bT}~bc¤gw¹p~^Ib@yzs{^ºtzpr^`bY}Y«
]�^R}rtMu`�z^ nqw�a�u`¢xy�p~w£tMvRnY§¥w£p¨¤³yMn²nq^Rt�¤gvÀp~^Ry�p²p~^`b ¶ t�¤�n¡a²y7m\w�vMp~bT}r®¯bT}~b#bYyzs{^ t�p~^`bT}@§�sTy�u9nqw�v`�¸pr^`b
bYv`bT}~�zmªsTtzvRnru`a¡�op~w£tMvIp~t#w£vRsT}rb@yznrb¡u`�¸prt3y��?tzuop��5���-�`u`b¡prt#p~^`b¨s�tM¢£¢�w�nrw�tzvRnµpr^9y�p�tosTsTu`}Y«   p�¤�yzn
yz¢�nrtcv`t�p~w�sTbY�²p~^Ry�pgw�v5pr}~tF�`uRs�w�v`�²nqtMa¡b±��w£pqp~bT}g�?b�p�¤³bTbTvVpr^Rb ¶ t�¤�n¥}~bY�`uRs�b�pr^Rb�vFu`ae�9bY}�t�®�sTtz¢�¢£wxnrw£tMvRnT§
�`bYs�}~bYyMnqw�v`�²p~^`bcbTv`bY}r�Mm	sTtzvRnru`a¡�oprw�tzv¸s{^Ry�vR�zb�p~t	yz�9tMuop��5� �&«�]�^`bc�`b�®Õy�uR¢¹p�k   � a¡to�obY¢
w�v � k5É �
¤�yznµy�¢xnqtVs{^Ry�v`�MbY�	p~t&w�vRs�¢�uR�obcy&s�uRa�u`¢xy�p~w£°Mb�a¡tF�`bT¢�¤g^`bT}~b�p~^`b�p~t�p~yz¢
w�v5prbY}q®¯bY}rbYvRs�b�wxn�pr^`b¡nquRa tz®
yz¢£¢?p~^`b�v`tzwxnqb@n³w£vVpr^`b��RyMs{¦F�z}~tzu`vR�´«   pg¤³yMn³^`t�¤¥bY°zbY}C®¯tzuRvR�¨p~t¡�`}rw�v`�cw£v9nqw��zv`w2�9sYy�v5p�s{^9y�v`�MbYn¥w£vVpr^`b
bYv`bT}~�zm¨sTtzvRnru`a¡�op~w£tMv	yMngs�tza¡�Ryz}rb@�¨p~tcpr^`b��obT®Õy�u`¢£p�a¡to�obT¢>«

��w�vRy�¢�¢£mM§`nqw�vRsTbµ¤³b�sTtzvRsT¢£u9�obY�¨pr^Ry�p�sTtz¢�¢£wxnqw�tzv&w�n¥pr^Rb�a²yzw£v	sTy�u9nqb�t�®
�`w�n~s�}~bT�RyzvRs�w�bYn¥�?b�p�¤³bTbTvVtzu`}
nrw�a�u`¢xy�p~bY�	}rb@nquR¢¹pµyzvR�3sTyz¢�sTu`¢xy�prb@�	°7yz¢£uRbYnY§R¤³b�pr}~w£b@�	prt¨a¡bYyMnquR}rb�p~^`w�n�b�­Fpr}{y¡bTvRbT}~�zmVsTtzvRnru`a¡bY�	�Fm
�R}rb@�ow�s�prw�v`�²p~^`besTtz¢�¢£wxnqw�tzv9n�w�v3pr^`bev`to�obYn�t�®Op~^`b�v`bTp�¤¥tM}r¦W§?y�vR�3sYy�¢xs�u`¢xy�p~w£v`�¨pr^`bebTv`bY}r�Mm	nr�9bYv5p��ou`b
p~t�p~^`bYnrb�sTtz¢�¢£wxnrw£tMvRnT«;]�^`b��`}~bY�owxs½p~w£tMv¨¤³yMn±yz¢�nrt�®¯tMu`vR�²p~t��?b�yMsTsTu`}~y�prbM§M¤gw£pr^&pr^`b�sTyz¢�sTu`¢�y�prb@�²°�y�¢�u`bYn
a²y�p~s{^`w�v`��p~^`b�°7yz¢£uRbYn³nqw�a�u`¢xy�p~bY�¼«O]�^`wxn¥}rb@nqu`¢£p³®¯u`}qp~^`bT}�nqpr}~bTv`�zpr^`bYvRnCp~^`b�s�tz}~}~bYs½p~v`bYn~nOtz®´pr^`b�a¡to�obT¢
®¯tM}µbYv`bT}~�zm	a¡bYyMnqu`}~bTa¡bYvMp@«µ]�^`bca¡to�obT¢xn��R}rb@nqbYvMp~bY�3^RbT}~besTyzvª�?beuRnrbY�3prt#�ob �RvRb�pr^Rbe�`}~tz�R¢£bYa tz®
a¡w�v`w�a�u`a bTv`bY}r�Mm¨s�tzv9nqu`a¡�op~w£tMv3y�vR�V¤¥b�yz}rb�¢�t5tM¦Fw£v`�¡y�p�w£p�yzngyc�?tMn~nqw��`¢�b�®¯uopru`}~b�b�­Fp~bTvRnrw£tMv´«

* ���²�	��� ���1�	��" �g�e


|Oyz}qp�t�®
pr^`wxn�¤¥tM}r¦¡¤�yzn��otMv`bµ¤g^Rw£¢�b � �T}{y�uR� È ¢�¢�yz}~�¼§o|±^`w£¢�w��`�9b��5yzs��5u`b�pgy�vR� � yzv`��É��µuRyzv � �Mu`mzbYv
¤³bT}~b�°Fw�nrw£prw�v`�I�³bT}~vRy�}{�#hªy�v9nµy�pµhªyzs��5uRy�}~w£b ��v`w�°zbT}{nrw¹p�mVw£v � bYsTbTae�9bY}����M���9«�]�^Rbey�u`pr^`tM}~ng¤gwxnr^
p~tcpr^Ryzv`¦&|C^Rw£¢�w£�R�9b�yzvR� �¥bY}rv9y�}{�²®¯tz}�p~^`bTw�}�b@y�}~¢£m¨sTtza¡a¡bTv5p~ngyzvR�#yz�o°Fwxs�bYnY«

� �g�����;�g���³�g 

�£� ���9« É ��«5d¥^Ry�vR�R§zyzvR� '±«�]
yMnrnrw�u`¢�yMnT§
	�� 
-� ������� ��
�
 ���D�'� 
 ��� ���;��� 
@��� 
�� � � � � ��
�
�� ����� ����
-� ��� ������
½§ �
  v#|C}~tos�«`tz®   ¬C¬±¬   vo®¯tos�tza#§`°Mtz¢>«¼�z§o�`�!«9�z��É !R�z§o���z�M�`«

� ������«�d¥^`bYv´§ 6¡«��5y�a¡w�bYnrtzv´§���«��³yz¢�yz¦F}rwxnq^RvRy�v´§µy�vR�0��«gh3tz}~}rwxnY§ 	�� � ��
"! ��
 ��

��� ��� � ��#$� � � 
��
� �'��� � � 
-����� ��
	��� � ���D� � �&%(' ��� � ��� ��� � ��� % ��� 
:� � 
-��
"� � � 
 � ��� ����� � � ��� ��
�
 
-� ��� ������
½§ �µw�vV|C}~tos�«
h¸f �   dgf�h\§��zu`¢�mV�z�z�`�

Û
Û à�A�BDCDB ò



��� ��� � ��� � ��� �����

� !��4'±«5h\«M�`bYbTv`bYmz§�	���
-� ����� � # � � ��
:� � � % % �;
�� � ����� ��
 � 
 � ��� ������� � � � � 
�
�� � ��� ������
½§ � d¥tMaeÉ
�RuoprbY}�yzvR� � b�p�¤³tz}~¦ È }~s{^Rw¹p~bYs½p~u`}~bYn '!y��?tz}{y�p~tz}~mz§WkF¤¥b@�owxnq^   v9n�p~w¹p~uoprb¡t�®gd¥tza¡�`uop~bT}�kos�w�bTvRsTbz§
^5prpr�#+ � ��¤g¤g¤�« nrw�sYnT« nrb ��¢£ac®¯bTbYv`bTm���s{^Ry��op~bT}

�
�otzvRbz« �?�F® §9�z�z� !

� �D�4'±«9h¿«9�`bTbYv`bTmM§9h¿« � w�¢�n~nqtMv´§ 	���
�����
D� � � ����� 
@� � � � � 
-� ����� � ��
�
D� % �-� � ��
 � ' � � � � � � ��
�
�

��� � �����
� 
:� � � ' � � � � 
 ��
 � � � ��� 
-� ��� ������� 
@� � 
��'� � ��
 % � 
��>§ �   v |C}~tFsz«;t�®   ¬C¬±¬   v`®¯tFsTtza#§ È �`}~w£¢
�z�z�R�z«

� �����9« ��tza¡b 
M§ È «�]�«zd³y�a¡�`�?bT¢�¢Ñ§Mh¿« � y��M^Rnr^`w£vRbT^eyzvR�edµ«��³w�n~�ow�¦Fw�yzv´§
	 � ��
�
 � �D�/� 
@��� � ��
 
 % � 
�
D� ��

� ��� � � � 
	� � � � � � 
 
 � �
� ����� � ��� ������
½§ �cw�vº|C}~tos�«Wt�®±pr^`b � w�v5pr^   vMp~bT}~vRy�p~w£tMvRy�¢Cd¥tzv`®¯bT}~bTvRsTb
tMv � b�p�¤³tz}~¦²|C}~t�p~tFsTtz¢xn �   d � |�� �R� �½§R�´« ���R§ � t�°zbTae�9bY}����z�R�

� ����|;« �MyMs �5u`bTpY§�	�� � ��� � � � � % ����
 ' ��� % ����� ��
�� � � ��� � ��� � ��
 � 
 � ��
 � � ��� ��� ������� � � � � 
�
�� � ��� ������
½§ �
�z�z�z�   ¬C¬±¬   vo®¯tz}~a²y�prw�tzv#]�^`bYtz}~m²·ItM}r¦onr^`tz�´§`]
b�­`yMnT§Rf�s½p~tz�?bT}��z�z���

�Í� ��|;« �MyMs �5u`bTpY§ 	�� � � % � � �D� � ' ��
 ' ��� % ��� � ��
���� ��� �/� ����� ��
 � 
 � ��
�
D� � � ������� 
�
 � � � � ��� ����� �
� ������
½§ � h3tz�`wx��tos����M���9§F]
tz¦FmMtR§&�Myz�Ry�v!§Fhºy7mV���M���

� ��� � « '´w>§ �9«´��tMu´§
yzvR��'C«!kF^9y`§"	�� � 
 � ��
 ��
 � ��

������
D� 
 � ' ��
 � � � ��� ��
 � � �:� ����� � ��� � ��
�� � ���
��� � ���D� � �&% § ��w�v#|C}~tFsz«  �� �;f�dgf�h �z�z� !`«

� 5�����«´��«#'´w�u´§��e« ��yztR§
dµ«¼]�«
d¥^`tzu!§!kW« �z^9y`§ 	���
 ��

��� ��� � # ��� � 
�� �
� � ������� �
��� % ��� ����� � � 
 ���
� � ��� � � ��� ' ����� � � ��� ��
�
 � ��� � ��� � ��� ������
½§ � ]!b@s{^`v`wxsTyz¢���bT�?tz}rpY§ � � kF·ÔÉqd�kF¬OÉ ]g��É ��� !`�z§
� b�p�¤³tz}~¦¨�gbYnrbYyz}~s{^ '!yz�9tM}~y�prtz}~mz§ ��vRw£°MbT}{nqw£p�m²t�® � bY¤ kFtMuopr^#·©y�¢�bYnY§RkFmo�ov`bTmM§ È uRnqpr}{y�¢�wxy`§9f�s½É
p~tz�?bT}µ�z�z�z�

���Y����k¼« � y�}{y7mMy�v9yznr¤³yza�mz§ ��«-6�y7¤³yM�owxy`§`��«WkW«Wko}rbYbTv`w�°�yznY§Ry�vR�#|;«W��«:6�uRa¡yz}Y§ 	�� ��� � � � ��
:��� ��� � 

� ����� � ��
-� � � ������
 !�� � � ���D��� ����� � � � ��� ���;� ��� ��� � ���D� � � % ��
 � � % �
� � % � 
�� ��� � ��
 � ' � � � � ��� �����
�
� ��� ��� ���ö§ ��w�v	¬Cu`}~tz�?bYy�v#·�w�}rbY¢£b@nrn�d¥tMvo®¯bT}~bTv9s�bz§`�z�z�M�`«

���z� � � « � �zu`mMbTv´§M|;«zh3w�v`b�p@§�	�������� ����� � ��
 � ' � � � � ��
 � � � � � � � � � � � � ��� � � � ��� �"!$#�% �'&(&�
�) � � � �ö§ �
��bYnrbYy�}{s{^V��bT�?tz}rpY§`vFu`ae�9bY}��z�z��!`§  �� �  �È §R�R}~yzvRs�bM§ È �`}~w£¢����z�5�o«

���@������«`��y�a²y�v9y�pr^9y�vVyzvR�	��«`�gtMn~y�¢�bYnqÉ ��y�w�v´§�	 ����� ��� � ��� � ��
�� � ��� � ' % �;��� � � ��� � � � � � � 
�
 

��� � ������

� 
D� 
@� � � ��
 
 % � � � � � ��� � �+* � 
D� % � 
��>§ ��w£v#+±|C}rtosz«   ¬C¬C¬  �� �;f�dgf�h¿§`]
bT¢£É È °Fw£°W§   nr}~yzbT¢>§o�z�z�M�`«

���/!���k¼«¥kFw�v`�z^Ôy�vR��dµ«±kW«¥��y��M^Ry7°zbYvR�o}{y`§ 	�� � � ��� ��#$� � ��
:����� � �-� ��� ��� ��� ' ��� % �;��� � � ��� � � � � �


��� � ������
½§ �³w£v�]�^`b � w�vMp~^   ¬C¬C¬   vMp~bT}~vRy�p~w£tMvRy�¢zkom5a¡�?tMnrw£uRa tMv�|�bY}~nrtzv9y�¢>§   vR�otFtM}!y�vR��hªtz�`w�¢£b
��yz�ow�t&d¥tza¡a�u`vRw�sYy�prw�tzv9nT§o�`�!«´�@��!�É{�@�M�o§R�'5�5z�R«

���T�D��k¼«okow£v`�M^´§`dµ« kW«o��yz�z^Ry7°MbTvR�`}~y�y�v9� �R«ok5prbY�`^Ryzv`bT¦W§ 	�� ��� � � � ��� ��� �,
 � �'� � � ��
 � � 
 � � 
 % �(
�� � ��� �
� � � 

��� � ������
½§ ��]
bYs{^`v`wxsTyz¢`}~bT�?tz}rpY§5fµ}~bT�MtzvckFp~y�p~b ��v`w�°zbY}~nrw£p�mz§ � bT�Ryz}qp~a¡bTv5pCt�®W¬C¢�bYs½p~}rwxsTyz¢Ry�v9�
d¥tMa¡�`uoprbY}�¬Cv`�Mw£vRbTbT}~w�v`�R§¼�'5�5�5R«

���@����k¼«
kFw�v`�z^´§
h¿«´·¸t5t9§!y�v9�©dµ«!��y��z^9y7°zbTv9�o}~yR§�	�� ��� � � � ��� ��� � � ���;� � 
 � � 
 % �(
�� � � � � � ��� 

��� �
� ������
½§ �©w�v�|C}~tos�«³��p~^ È v`vFuRyz¢ È d³h �   ¬C¬C¬   v5p@«gd¥tMvo®�«³hªtz�`w�¢£b©d¥tza¡�`uop~w£v`� � bTp�¤¥tM}r¦Fw�v`�
�Ñh3tz�RwÝd¥tMa ��§?f�s½p@«¼�/5 5z�`«

Ù¯Ú�Û´ÙÝÜ

http://www.sics.se/~lmfeeney/chapter_done.pdf


���������	��

����������������������� ��
 �M�

���Y����·�«zkotzv`�e§��e«�·©y�v`�e§���« '!wÑ§ 	�) ��� �������'� � ��� � ���D� � �&% 
 ' ����� 
-� ������� # ��� � 
�� � ��� ��� � ��� � 
 � � � ��� � 
�

� � � � � 
-� � � ������
{§ ��|C}rtosTbTbY�`w£v`�5n³t�®�pr^`b��7p~^ È d³h w�v5prbT}~vRy�prw�tzvRyz¢´nqmFa¡�9t5nqw�u`a tMv	hªtz�`w�¢£b�yM�
^RtFs�vRb�p�¤³tz}~¦5w�v`�¡y�vR�	s�tMa¡�`uoprw�v`�9§`]!tM¦5mMtR§��5y��Ryzvº§Rhºy7mV���M���R«

���7� ��dµ« É 6¡«W]
tz^!§´hªy�­ow�a�u`a �Ry�pqp~bT}~m	¢�w£®¯bc}~tzu`prw�v`�¨p~t	nru`�`�?tz}rp�uR�`w �5u`w£prtMuRn�a¡tz�`w�¢�bcsTtza¡�`uop~w£v`�	w�v
¤gw�}~bT¢�bYn~ngyz�V^`tos�v`b�p�¤³tz}~¦onT§   ¬C¬C¬0d¥tMa¡a�u`v`wxsTy�prw�tzvRn�hªyz�MyD
Tw�v`bz§F�`�´«!�/!z��É~�Y�F�o§ �Mu`v`b����M�`�M«

���Y����]�«Ch\«;]
}~u`v`�IyzvR��kFÉ~« 'C« 6�w�a	§��½¬±� È +O¬Cv`bY}r�MmMÉ�koy7°Fw�v`�º�gtMuoprw�v`� È ¢��ztz}~w£pr^`a²n�®¯tz} È �À��tFs
� b�p�¤³tz}~¦onT§��µw£vª|±}rtos�« È uRnqpr}{y�¢�wxy�v3]!bY¢£b@s�tMacaeu`v`wxsTy�prw�tzvRnY§ � bTp�¤¥tM}r¦on�yzvR� È �R�`¢£wxsTy�prw�tzvRn�d¥tzvoÉ
®¯bY}rbYvRs�bM§Rh3bY¢£�?tzu`}~v`bM§ È uRnqpr}{y�¢�w�yR§R���M��!

���/5���|;« �R«R·¸yzv´§ �c«?d³yz¢£w�v`bYn~s�u!§���« �e« '!wÑ§RyzvR�	�`«`�`}~w�bY�obY}Y§ 	 � � 
�� % � % � ��
-� ����� � � �'� � � ��
D�	�����;� � 
 �
� 
 �:� ��� � � � � � ��� � � � � � � 
 
������ � ������
½§ ��w�v#|C}rtosz«9����pr^ È v`v!« �Mtzw�vMp�d¥tMvo®�«   ¬C¬±¬ d¥tza¡�`uop~bT}
yzvR�ªd¥tza¡a#«RkFtos�«�§  �� �;f�dgf�h�
 È vRs{^`tz}{y��Mbz§ È ¢xyznr¦�y`§ È �`}rw�¢
�z�z�`�M«

�Í��������«?·©y�prprbYv`^`t�®¯bY}Y§ 'C«�'!wÑ§ ��«
��y�^`¢>§Wy�vR� �c«W·¸yzv`�R§&	���� 
D� �D� 
��;� � � � � ����� � ��� � ��
�� � ��� ' ��� ����� � �
��# ��� � 
���� ��� � ��� � ��
 � 
 % �;��� � � ��� � � � ��� � 
�
�� � � ����
-� ��� ������
½§ �&w£v   ¬±¬C¬  �� ��f�dgf�h¿« È �`}~w£¢
�z�z�R�

�Í�o� � �9« ¬�«¼·�w£b@nqbY¢¹p~^`w�bT}@§ �c« � « � �zuRmzbTv¸y�vR� È «W¬C�`^R}rbYacwx�ob@nT§ 	�� 
	� � � � ��
 
 � �D� � ��� ��
 ��
 � � 
-� ����� �
��# ��� � 
�� 
�� �'� � � ��
D� ��
 � % �;��� � � ��
D� ��� � � 
 � 
 � � � � � � 
�
�

��� � ������
½§ ��w£v#+!|C}rtosz«   ¬±¬C¬  �� ��f�dgf�h¿§
]
bT¢£É È °Fw�°?§   nr}{y�bT¢>§R���M�z�R«

�Í�z��� �9«�·¸u²y�vR�c�³« � yzwÑ§�	�� � � 
 � �D� 
 �;� � �
� ��� % ��� � ��
 � ' ��� � �D� ����� � ��� �(
 ��
-��� 
 � � � ��� ����� � ������

� 
D� 
@� � �+* � 
D� ��
 � � � � ��
�
 % � 
�
D� ��
�����
 � ��
½§ �   v	|±}rtos�«otz®   d � d�kW§9�z�z�z�R«

�Í��!�� �c«��µu´§ �9«9��bTwx�obTa²yzv`v´§9yzvR� � «9¬±nqpr}~w�v´§ 	�� � � ��� ��� � � � � 
 ' ��� % � � ��

��������� ��
 
 ���D����� � ��
 ' ��� � �
� � � � ���;��� 
@��§ �{«   v©|C}~tos�«¼tz®��7pr^ È v`vFuRyz¢   v5prbT}~vRy�prw�tzvRyz¢Cd¥tMvo®¯bT}~bTv9s�b¡tzv©h3tz�Rw£¢�b&d¥tza¡�`uop~w£v`�
yzvR� � bTp�¤¥tM}r¦Fw�v`�R§F�`�´«W����É ���9§ �Mu`¢�mV���M�`�M«

Û
Û à�A�BDCDB ò



�z� ��� � ��� � ��� �����

� �g !�	�{

 ���À
��V� ��� ���  �� � � �	�3�	�g �¥�� 
�

 0

 10000

 20000

 30000

 40000

 50000

 60000

 70000

 0  5  10  15  20

nu
m

be
r 

of
 c

ol
lis

io
ns

node

Total collisions, 3 flows in same direction

� â��¼Ü�õÍõ ��Ò��
ã!ËÍàµ×Ñä7ÎOã>â{ÓgÎ;ï7ËÍÏÕÎqÐ ×ÑËÍÒ½à

 0

 10000

 20000

 30000

 40000

 50000

 60000

 70000

 80000

 90000

 100000

 0  5  10  15  20

nu
m

be
r 

of
 c

ol
lis

io
ns

node

Total collisions, 3 flows middle in opposite direction

��� �¼ë�ËÍï7ï7õÍÎ��7Ò��ªËÍà�×>ä7ÎCÒ½Ì7Ì�Ò½ãÑË ×>ÎCï7ËÍÏÕÎ�Ð�×ÑËÍÒ½à

 0

 5000

 10000

 15000

 20000

 25000

 30000

 35000

 0  5  10  15  20

nu
m

be
r 

of
 c

ol
lis

io
ns

node

Total collisions, 3 flows, same direction, with jitter

� Ð��¼Ü�õÍõ���Ò��!ã´ËÍàµ×Ñä7ÎOã â{ÓgÎ�ï7ËÍÏÑÎ�Ð ×ÑËÍÒ½à �!Ë ×>ä¥ÖÑË ×Õ×>Î�Ï!â{ï7ï7Î�ï

��w£�Mu`}rb¡�M�,+O]!tzp~yz¢¼v5uRa��?bT}�tz®�s�tM¢£¢�wxnqw�tzvRn�y�pgpr^`b�v`to�ob@n�w£v	p~^`b�v`b�p�¤³tz}~¦²¤gw£pr^ ! ¶ t�¤�n

Ù¯Ú�Û´ÙÝÜ



���������	��

����������������������� ��
 �5�

 0

 2000

 4000

 6000

 8000

 10000

 12000

 14000

 16000

 18000

 0  5  10  15  20

nu
m

be
r 

of
 c

ol
lis

io
ns

node

Collision of CBR packets from previous hop, 3 flows in same direction

� â��¼Ü�õÍõ ��Ò��
ã!ËÍàµ×Ñä7ÎOã>â{ÓgÎ;ï7ËÍÏÕÎqÐ ×ÑËÍÒ½à

 0

 2000

 4000

 6000

 8000

 10000

 12000

 14000

 16000

 18000

 0  5  10  15  20

nu
m

be
r 

of
 c

ol
lis

io
ns

node

Collision of CBR packets from previous hop, 3 flows mid. in opposite direction

��� �¼ë�ËÍï7ï7õÍÎ��7Ò��ªËÍà�×>ä7ÎCÒ½Ì7Ì�Ò½ãÑË ×>ÎCï7ËÍÏÕÎ�Ð�×ÑËÍÒ½à

 0

 500

 1000

 1500

 2000

 2500

 3000

 3500

 0  5  10  15  20

nu
m

be
r 

of
 c

ol
lis

io
ns

node

Collision of CBR packets from previous hop, 3 flows, same direction, with jitter

� Ð��¼Ü�õÍõ���Ò��!ã´ËÍàµ×Ñä7ÎOã â{ÓgÎ�ï7ËÍÏÑÎ�Ð ×ÑËÍÒ½à �!Ë ×>ä¥ÖÑË ×Õ×>Î�Ï!â{ï7ï7Î�ï

��w��zu`}~bª�7��+¡]!tzp~y�¢¥vFu`a��?bT}ct�®µd ��� �RyMs{¦zb�p{n�®¯}~tza �`}~bT°Fw£tMuRn��o}~tz�R�9b@�\�ou`b&prtºsTtz¢�¢£wxnqw�tzv9n�y�pepr^`b
vRtF�`bYn�w�vVp~^`b�v`bTp�¤¥tM}r¦²¤gw£pr^ ! ¶ t�¤�n

Û
Û à�A�BDCDB ò



�z� ��� � ��� � ��� �����

 0

 2000

 4000

 6000

 8000

 10000

 12000

 14000

 16000

 18000

 0  5  10  15  20

nu
m

be
r 

of
 r

et
ra

ns
m

is
si

on
s

node

Retransmissions, 3 flows in same direction

� â��¼Ü�õÍõ ��Ò��
ã!ËÍàµ×Ñä7ÎOã>â{ÓgÎ;ï7ËÍÏÕÎqÐ ×ÑËÍÒ½à

 0

 2000

 4000

 6000

 8000

 10000

 12000

 14000

 16000

 18000

 0  5  10  15  20

nu
m

be
r 

of
 r

et
ra

ns
m

is
si

on
s

node

Retransmissions, 3 flows middle in opposite direction

��� �¼ë�ËÍï7ï7õÍÎ��7Ò��ªËÍà�×>ä7ÎCÒ½Ì7Ì�Ò½ãÑË ×>ÎCï7ËÍÏÕÎ�Ð�×ÑËÍÒ½à

 0

 500

 1000

 1500

 2000

 2500

 3000

 3500

 0  5  10  15  20

nu
m

be
r 

of
 r

et
ra

ns
m

is
si

on
s

node

Retransmissions, 3 flows, same direction, with jitter

� Ð��¼Ü�õÍõ���Ò��!ã´ËÍàµ×Ñä7ÎOã â{ÓgÎ�ï7ËÍÏÑÎ�Ð ×ÑËÍÒ½à �!Ë ×>ä¥ÖÑË ×Õ×>Î�Ï!â{ï7ï7Î�ï

�
w��zuR}rb¡�/! +O]!tzp~y�¢¼vFu`ae�9bY}�t�®�}rbTpr}{y�vRnra¡w�n~nrw£tMvRn¥y�pgpr^`b�vRtF�`bYn�w�vVp~^`b�v`bTp�¤¥tM}r¦²¤gw£pr^ ! ¶ t�¤�n

Ù¯Ú�Û´ÙÝÜ



���������	��

����������������������� ��
 ��5

� �g !�	�{

 ��� 

�	� � � ���  � ����� �	�3�	�g ��¥�� 
� � � �{

� �´�{
´
���� �����

�³�#" �V�T��

�½��� � � � (+�3�V�g�

 0

 1000

 2000

 3000

 4000

 5000

 6000

 7000

 8000

 9000

143576213869159101099

nu
m

be
r 

of
 c

ol
lis

io
ns

node

Flow 1 Jitter SNR Cumulative

� â��´á`õÍÒ�� ò

 0

 2000

 4000

 6000

 8000

 10000

 12000

 14000

 16000

104941737030

nu
m

be
r 

of
 c

ol
lis

io
ns

node

Flow 2 Jitter SNR Cumulative

� � �´á`õÍÒ�� ñ

 0

 1000

 2000

 3000

 4000

 5000

 6000

 7000

 8000

231543070136149284

nu
m

be
r 

of
 c

ol
lis

io
ns

node

Flow 3 Jitter SNR Cumulative

collsion

� Ð��¼áRõÍÒ����

 0

 500

 1000

 1500

 2000

 2500

 3000

 3500

 4000

 4500

 5000

1628742731971

nu
m

be
r 

of
 c

ol
lis

io
ns

node

Flow 4 Jitter SNR Cumulative

collsion

� ï �´á`õÍÒ����

��w��zu`}~b��T� +
]
t�p{y�¢9sTtz¢�¢£wxnrw£tMvRnCy�pOp~^`b�vRtF�`bYnCtz®Wpr^`b�� ¶ t�¤�nT§z¤gw¹p~^���w¹prprbY}¥y�v9�²s�u`aeu`¢�y�prw�°zbµk   ��h3to�obT¢

Û
Û à�A�BDCDB ò



!M� ��� � ��� � ��� �����

 0

 100

 200

 300

 400

 500

 600

 700

 800

143576213869159101099

nu
m

be
r 

of
 c

ol
lis

io
ns

node

Flow 1 Jitter SNR Cumulative

� â��´á`õÍÒ�� ò

 0

 100

 200

 300

 400

 500

 600

 700

 800

 900

 1000

104941737030

nu
m

be
r 

of
 c

ol
lis

io
ns

node

Flow 2 Jitter SNR Cumulative

� � �´á`õÍÒ�� ñ

 0

 100

 200

 300

 400

 500

 600

231543070136149284

nu
m

be
r 

of
 c

ol
lis

io
ns

node

Flow 3 Jitter SNR Cumulative

collsion

� Ð��¼áRõÍÒ����

 0

 100

 200

 300

 400

 500

 600

1628742731971

nu
m

be
r 

of
 c

ol
lis

io
ns

node

Flow 4 Jitter SNR Cumulative

collsion

� ï �´á`õÍÒ����

��w��zu`}~bª�7��+¡]!tzp~y�¢¥vFu`a��?bT}ct�®µd ��� �RyMs{¦zb�p{n�®¯}~tza �`}~bT°Fw£tMuRn��o}~tz�R�9b@�\�ou`b&prtºsTtz¢�¢£wxnqw�tzv9n�y�pepr^`b
vRtF�`bYn�t�®�pr^Rb�� ¶ t�¤�nT§F¤gw£pr^¡��w£pqprbY}�y�v9�VsTu`a�u`¢xy�p~w£°Mb�k   �¾h3to�obT¢

Ù¯Ú�Û´ÙÝÜ



���������	��

����������������������� ��
 !R�

 0

 1000

 2000

 3000

 4000

 5000

 6000

143576213869159101099

nu
m

be
r 

of
 c

ol
lis

io
ns

node

Flow 1 Jitter SNR Cumulative

� â��´á`õÍÒ�� ò

 0

 2000

 4000

 6000

 8000

 10000

 12000

104941737030

nu
m

be
r 

of
 c

ol
lis

io
ns

node

Flow 2 Jitter SNR Cumulative

� � �´á`õÍÒ�� ñ

 0

 1000

 2000

 3000

 4000

 5000

 6000

231543070136149284

nu
m

be
r 

of
 c

ol
lis

io
ns

node

Flow 3 Jitter SNR Cumulative

collsion

� Ð��¼áRõÍÒ����

 0

 500

 1000

 1500

 2000

 2500

 3000

 3500

1628742731971

nu
m

be
r 

of
 c

ol
lis

io
ns

node

Flow 4 Jitter SNR Cumulative

collsion

� ï �´á`õÍÒ����

��w��zu`}~b¡�Y� +;]
t�p{y�¢WvFu`a��?bT}�t�® È d�6��Ryzs{¦Mb�p{n³�`bYnqprw�v`bY�Vprt²w£p~nrbT¢£®O�o}rtM�`�?bY�	�ou`b�prt²sTtz¢�¢£wxnqw�tzv9n³y�pgpr^`b
vRtF�`bYn�t�®�pr^Rb�� ¶ t�¤�nT§F¤gw£pr^¡��w£pqprbY}�y�v9�VsTu`a�u`¢xy�p~w£°Mb�k   �¾h3to�obT¢

Û
Û à�A�BDCDB ò



!5� ��� � ��� � ��� �����

 0

 100

 200

 300

 400

 500

 600

 700

 800

143576213869159101099

nu
m

be
r 

of
 r

et
ra

ns
m

is
si

on
s

node

Flow 1 Jitter SNR Cumulative

� â��´á`õÍÒ�� ò

 0

 200

 400

 600

 800

 1000

 1200

104941737030

nu
m

be
r 

of
 r

et
ra

ns
m

is
si

on
s

node

Flow 2 Jitter SNR Cumulative

� � �´á`õÍÒ�� ñ

 0

 200

 400

 600

 800

 1000

 1200

231543070136149284

nu
m

be
r 

of
 r

et
ra

ns
m

is
si

on
s

node

Flow 3 Jitter SNR Cumulative

retransmission

� Ð��¼áRõÍÒ����

 0

 100

 200

 300

 400

 500

 600

1628742731971

nu
m

be
r 

of
 r

et
ra

ns
m

is
si

on
s

node

Flow 4 Jitter SNR Cumulative

retransmission

� ï �´á`õÍÒ����

��w��zu`}~b¨��� +�]!tzp~y�¢
vFu`a��?bT}µ}rbTpr}{y�vRnra¡w�n~nqw�tzv3y�p�pr^`bev`to�obYnµt�®;p~^`b�� ¶ t�¤�nT§?¤gw¹p~^²��w£pqprbY}�yzvR�3s�uRa�uoÉ
¢xy�p~w£°Mb�k   �¾h3to�obT¢

Ù¯Ú�Û´ÙÝÜ



���������	��

����������������������� ��
 ! !

� �g !�	�{

 ���#
��V� � � � �  �� ����� �V�3�	�g *�³�� !� � � �{
�� �´�½
´

��� ��� � �V���
�

�³�#" �V�T��

�½��� � � � (+�3�V�g�

 0

 1000

 2000

 3000

 4000

 5000

 6000

 7000

 8000

 9000

143576213869159101099

nu
m

be
r 

of
 c

ol
lis

io
ns

node

Flow 1 Jitter SNR Non-cumulative

� â��´á`õÍÒ�� ò

 0

 2000

 4000

 6000

 8000

 10000

 12000

 14000

 16000

104941737030

nu
m

be
r 

of
 c

ol
lis

io
ns

node

Flow 2 Jitter SNR Non-cumulative

� � �´á`õÍÒ�� ñ

 0

 1000

 2000

 3000

 4000

 5000

 6000

 7000

 8000

231543070136149284

nu
m

be
r 

of
 c

ol
lis

io
ns

node

Flow 3 Jitter SNR Non-cumulative

collsion

� Ð��¼áRõÍÒ����

 0

 500

 1000

 1500

 2000

 2500

 3000

 3500

 4000

 4500

 5000

1628742731971

nu
m

be
r 

of
 c

ol
lis

io
ns

node

Flow 4 Jitter SNR Non-cumulative

collsion

� ï �´á`õÍÒ����

��w��zu`}~b¨�@� +g]!tzp~yz¢
s�tM¢£¢�wxnqw�tzvRnµy�p�p~^`bcv`to�obYn�t�®Opr^Rb�� ¶ t�¤�nT§?¤gw¹p~^²��w£pqprbY}�yzvR�3v`tMvoÉ s�u`aeu`¢�y�prw�°zbek   �
hªtF�`bT¢

Û
Û à�A�BDCDB ò



!z� ��� � ��� � ��� �����

 0

 100

 200

 300

 400

 500

 600

 700

 800

143576213869159101099

nu
m

be
r 

of
 c

ol
lis

io
ns

node

Flow 1 Jitter SNR Non-cumulative

� â��´á`õÍÒ�� ò

 0

 200

 400

 600

 800

 1000

 1200

104941737030

nu
m

be
r 

of
 c

ol
lis

io
ns

node

Flow 2 Jitter SNR Non-cumulative

� � �´á`õÍÒ�� ñ

 0

 100

 200

 300

 400

 500

 600

231543070136149284

nu
m

be
r 

of
 c

ol
lis

io
ns

node

Flow 3 Jitter SNR Non-cumulative

collsion

� Ð��¼áRõÍÒ����

 0

 100

 200

 300

 400

 500

 600

 700

1628742731971

nu
m

be
r 

of
 c

ol
lis

io
ns

node

Flow 4 Jitter SNR Non-cumulative

collsion

� ï �´á`õÍÒ����

��w��zu`}~bª�'5 +¡]!tzp~y�¢¥vFu`a��?bT}ct�®µd ��� �RyMs{¦zb�p{n�®¯}~tza �`}~bT°Fw£tMuRn��o}~tz�R�9b@�\�ou`b&prtºsTtz¢�¢£wxnqw�tzv9n�y�pepr^`b
vRtF�`bYn�t�®�pr^Rb�� ¶ t�¤�nT§F¤gw£pr^¡��w£pqprbY}�y�v9�&v`tMvoÉ s�u`aeu`¢�y�prw�°zb�k   �¾h3to�obT¢

Ù¯Ú�Û´ÙÝÜ



���������	��

����������������������� ��
 !5�

 0

 1000

 2000

 3000

 4000

 5000

 6000

143576213869159101099

nu
m

be
r 

of
 c

ol
lis

io
ns

node

Flow 1 Jitter SNR Non-cumulative

� â��´á`õÍÒ�� ò

 0

 2000

 4000

 6000

 8000

 10000

 12000

104941737030

nu
m

be
r 

of
 c

ol
lis

io
ns

node

Flow 2 Jitter SNR Non-cumulative

� � �´á`õÍÒ�� ñ

 0

 1000

 2000

 3000

 4000

 5000

 6000

231543070136149284

nu
m

be
r 

of
 c

ol
lis

io
ns

node

Flow 3 Jitter SNR Non-cumulative

collsion

� Ð��¼áRõÍÒ����

 0

 500

 1000

 1500

 2000

 2500

 3000

 3500

1628742731971

nu
m

be
r 

of
 c

ol
lis

io
ns

node

Flow 4 Jitter SNR Non-cumulative

collsion

� ï �´á`õÍÒ����

��w��zu`}~b���� +;]
t�p{y�¢WvFu`a��?bT}�t�® È d�6��Ryzs{¦Mb�p{n³�`bYnqprw�v`bY�Vprt²w£p~nrbT¢£®O�o}rtM�`�?bY�	�ou`b�prt²sTtz¢�¢£wxnqw�tzv9n³y�pgpr^`b
vRtF�`bYn�t�®�pr^Rb�� ¶ t�¤�nT§F¤gw£pr^¡��w£pqprbY}�y�v9�&v`tMvoÉ s�u`aeu`¢�y�prw�°zb�k   �¾h3to�obT¢

Û
Û à�A�BDCDB ò



!M� ��� � ��� � ��� �����

 0

 100

 200

 300

 400

 500

 600

 700

 800

143576213869159101099

nu
m

be
r 

of
 r

et
ra

ns
m

is
si

on
s

node

Flow 1 Jitter SNR Non-cumulative

� â��´á`õÍÒ�� ò

 0

 200

 400

 600

 800

 1000

 1200

 1400

104941737030

nu
m

be
r 

of
 r

et
ra

ns
m

is
si

on
s

node

Flow 2 Jitter SNR Non-cumulative

� � �´á`õÍÒ�� ñ

 0

 200

 400

 600

 800

 1000

 1200

 1400

231543070136149284

nu
m

be
r 

of
 r

et
ra

ns
m

is
si

on
s

node

Flow 3 Jitter SNR Non-cumulative

retransmission

� Ð��¼áRõÍÒ����

 0

 100

 200

 300

 400

 500

 600

 700

1628742731971

nu
m

be
r 

of
 r

et
ra

ns
m

is
si

on
s

node

Flow 4 Jitter SNR Non-cumulative

retransmission

� ï �´á`õÍÒ����

��w��zu`}~b&�o�$+�]!tzp~yz¢CvFu`a��?bT}�}~b�p~}~yzvRnracwxn~nqw�tzv©y�p�p~^`b¨v`to�ob@n�t�®³pr^`b&� ¶ t�¤�nT§
¤gw¹p~^#��w¹prprbY}ey�v9�IvRtzvoÉ
sTu`a�uR¢�y�prw�°zb�k   �¾h3to�obT¢

Ù¯Ú�Û´ÙÝÜ



���������	��

����������������������� ��
 !F�

 0

 1000

 2000

 3000

 4000

 5000

 6000

143576213869159101099

nu
m

be
r 

of
 p

ac
ke

ts

node

Flow 1 Jitter SNR Non-cumulative

collsion CBR
retransmission

collision ACK

� â��´á`õÍÒ�� ò

 0

 2000

 4000

 6000

 8000

 10000

 12000

104941737030

nu
m

be
r 

of
 p

ac
ke

ts

node

Flow 2 Jitter SNR Non-cumulative

collsion CBR
retransmission

collision ACK

� � �´á`õÍÒ�� ñ

 0

 1000

 2000

 3000

 4000

 5000

 6000

231543070136149284

nu
m

be
r 

of
 p

ac
ke

ts

node

Flow 3 Jitter SNR Non-cumulative

collsion CBR
retransmission

collision ACK

� Ð��¼áRõÍÒ����

 0

 500

 1000

 1500

 2000

 2500

 3000

 3500

1628742731971

nu
m

be
r 

of
 p

ac
ke

ts

node

Flow 4 Jitter SNR Non-cumulative

collsion CBR
retransmission

collision ACK

� ï �´á`õÍÒ����

��w��zu`}~b��z� + � u`a��?bT}�t�®
�9yzs{¦zbTp~n³p~^Ry�p�sYy�uRnrbY�Vb�­Fpr}{yebTv`bY}r�Mm&s�tMvRnquRac�`prw�tzv �Õ�ou`b�p~t¨s�tM¢£¢�w�nrw�tzvRn�y�v9�
}~b�p~}~yzvRnracwxn~nqw�tzvRn �Cy�pgpr^`b�vRtF�`bYn�t�®�pr^Rb�� ¶ t�¤�nT§F¤gw£pr^¡��w£pqprbY}�y�v9�&v`tMvoÉ s�u`aeu`¢�y�prw�°zb�k   �¾h3to�obT¢

Û
Û à�A�BDCDB ò



!M� ��� � ��� � ��� �����

� �g !�	�{

 ����

�V� � � ���  � � ��� �	�3�V�g �³�� !� � � �{

� �V� �´�{
´

��� �����

�³�#" �V�T��

�½��� � � � (+�3�V�g�

 0

 5000

 10000

 15000

 20000

 25000

 30000

 35000

 40000

143576213869159101099

nu
m

be
r 

of
 c

ol
lis

io
ns

node

Flow 1 Jitter SNR Non-cumulative

� â��´á`õÍÒ�� ò

 0

 5000

 10000

 15000

 20000

 25000

 30000

 35000

 40000

 45000

104941737030

nu
m

be
r 

of
 c

ol
lis

io
ns

node

Flow 2 Jitter SNR Non-cumulative

� � �´á`õÍÒ�� ñ

 0

 5000

 10000

 15000

 20000

 25000

231543070136149284

nu
m

be
r 

of
 c

ol
lis

io
ns

node

Flow 3 Jitter SNR Non-cumulative

collsion

� Ð��¼áRõÍÒ����

 0

 5000

 10000

 15000

 20000

 25000

1628742731971

nu
m

be
r 

of
 c

ol
lis

io
ns

node

Flow 4 Jitter SNR Non-cumulative

collsion

� ï �´á`õÍÒ����

��w��zu`}~b¨��! +�]
t�p{y�¢Cs�tM¢£¢�wxnqw�tzvRn�y�p�pr^`b¡v`to�ob@n�t�®¥pr^`b²� ¶ t�¤�nY§´¤gw£pr^©v`tc��w¹prprbY}�y�vR�¸s�uRa�u`¢xy�p~w£°Mb²k   �
hªtF�`bT¢

Ù¯Ú�Û´ÙÝÜ



���������	��

����������������������� ��
 ! 5

 0

 1000

 2000

 3000

 4000

 5000

 6000

 7000

 8000

 9000

 10000

143576213869159101099

nu
m

be
r 

of
 c

ol
lis

io
ns

node

Flow 1 Jitter SNR Non-cumulative

� â��´á`õÍÒ�� ò

 0

 500

 1000

 1500

 2000

 2500

 3000

 3500

 4000

 4500

104941737030

nu
m

be
r 

of
 c

ol
lis

io
ns

node

Flow 2 Jitter SNR Non-cumulative

� � �´á`õÍÒ�� ñ

 0

 500

 1000

 1500

 2000

 2500

 3000

 3500

231543070136149284

nu
m

be
r 

of
 c

ol
lis

io
ns

node

Flow 3 Jitter SNR Non-cumulative

collsion

� Ð��¼áRõÍÒ����

 0

 1000

 2000

 3000

 4000

 5000

 6000

1628742731971

nu
m

be
r 

of
 c

ol
lis

io
ns

node

Flow 4 Jitter SNR Non-cumulative

collsion

� ï �´á`õÍÒ����

��w��zu`}~bV��� +¡]!tzp~y�¢¥vFu`a��?bT}ct�®µd ��� �RyMs{¦zb�p{n�®¯}~tza �`}~bT°Fw£tMuRn��o}~tz�R�9b@�\�ou`b&prtºsTtz¢�¢£wxnqw�tzv9n�y�pepr^`b
vRtF�`bYn�t�®�pr^Rb�� ¶ t�¤�nT§F¤gw£pr^3v`t���w£pqprbY}�y�v9�VsTu`a�u`¢xy�p~w£°Mb�k   �¾h3to�obT¢

Û
Û à�A�BDCDB ò



�5� ��� � ��� � ��� �����

 0

 2000

 4000

 6000

 8000

 10000

 12000

 14000

 16000

 18000

143576213869159101099

nu
m

be
r 

of
 c

ol
lis

io
ns

node

Flow 1 Jitter SNR Non-cumulative

� â��´á`õÍÒ�� ò

 0

 5000

 10000

 15000

 20000

 25000

 30000

104941737030

nu
m

be
r 

of
 c

ol
lis

io
ns

node

Flow 2 Jitter SNR Non-cumulative

� � �´á`õÍÒ�� ñ

 0

 2000

 4000

 6000

 8000

 10000

 12000

 14000

 16000

 18000

 20000

231543070136149284

nu
m

be
r 

of
 c

ol
lis

io
ns

node

Flow 3 Jitter SNR Non-cumulative

collsion

� Ð��¼áRõÍÒ����

 0

 2000

 4000

 6000

 8000

 10000

 12000

 14000

1628742731971

nu
m

be
r 

of
 c

ol
lis

io
ns

node

Flow 4 Jitter SNR Non-cumulative

collsion

� ï �´á`õÍÒ����

��w��zu`}~b��z� +;]
t�p{y�¢WvFu`a��?bT}�t�® È d�6��Ryzs{¦Mb�p{n³�`bYnqprw�v`bY�Vprt²w£p~nrbT¢£®O�o}rtM�`�?bY�	�ou`b�prt²sTtz¢�¢£wxnqw�tzv9n³y�pgpr^`b
vRtF�`bYn�t�®�pr^Rb�� ¶ t�¤�nT§F¤gw£pr^3v`t���w£pqprbY}�y�v9�VsTu`a�u`¢xy�p~w£°Mb�k   �¾h3to�obT¢

Ù¯Ú�Û´ÙÝÜ



���������	��

����������������������� ��
 �9�

 0

 1000

 2000

 3000

 4000

 5000

 6000

 7000

 8000

 9000

 10000

143576213869159101099

nu
m

be
r 

of
 r

et
ra

ns
m

is
si

on
s

node

Flow 1 Jitter SNR Non-cumulative

� â��´á`õÍÒ�� ò

 0

 500

 1000

 1500

 2000

 2500

 3000

 3500

 4000

 4500

104941737030

nu
m

be
r 

of
 r

et
ra

ns
m

is
si

on
s

node

Flow 2 Jitter SNR Non-cumulative

� � �´á`õÍÒ�� ñ

 0

 500

 1000

 1500

 2000

 2500

 3000

 3500

 4000

231543070136149284

nu
m

be
r 

of
 r

et
ra

ns
m

is
si

on
s

node

Flow 3 Jitter SNR Non-cumulative

retransmission

� Ð��¼áRõÍÒ����

 0

 1000

 2000

 3000

 4000

 5000

 6000

1628742731971

nu
m

be
r 

of
 r

et
ra

ns
m

is
si

on
s

node

Flow 4 Jitter SNR Non-cumulative

retransmission

� ï �´á`õÍÒ����

��w��zu`}~bª��� +ª]!tzp~y�¢gvFu`ae�9bY}¨}~b�pr}{y�v9nqa¡wxnrnrw£tMv�y�p²pr^`b3v`to�ob@n²t�®�pr^Rb3� ¶ t�¤�nT§³¤gw£pr^Ôv`t#��w£pqprbY}&y�v9�
sTu`a�uR¢�y�prw�°zb�k   �¾h3to�obT¢

Û
Û à�A�BDCDB ò



�F� ��� � ��� � ��� �����

 0

 2000

 4000

 6000

 8000

 10000

 12000

 14000

 16000

 18000

143576213869159101099

nu
m

be
r 

of
 p

ac
ke

ts

node

Flow 1 Jitter SNR Non-cumulative

collsion CBR
retransmission

collision ACK

� â��´á`õÍÒ�� ò

 0

 5000

 10000

 15000

 20000

 25000

 30000

104941737030

nu
m

be
r 

of
 p

ac
ke

ts

node

Flow 2 Jitter SNR Non-cumulative

collsion CBR
retransmission

collision ACK

� � �´á`õÍÒ�� ñ

 0

 2000

 4000

 6000

 8000

 10000

 12000

 14000

 16000

 18000

 20000

231543070136149284

nu
m

be
r 

of
 p

ac
ke

ts

node

Flow 3 Jitter SNR Non-cumulative

collsion CBR
retransmission

collision ACK

� Ð��¼áRõÍÒ����

 0

 2000

 4000

 6000

 8000

 10000

 12000

 14000

1628742731971

nu
m

be
r 

of
 p

ac
ke

ts

node

Flow 4 Jitter SNR Non-cumulative

collsion CBR
retransmission

collision ACK

� ï �´á`õÍÒ����

��w��zu`}~b��M��+ � u`a��?bT}�t�®
�9yzs{¦zbTp~n³p~^Ry�p�sYy�uRnrbY�Vb�­Fpr}{yebTv`bY}r�Mm&s�tMvRnquRac�`prw�tzv �Õ�ou`b�p~t¨s�tM¢£¢�w�nrw�tzvRn�y�v9�
}~b�p~}~yzvRnracwxn~nqw�tzvRn �Cy�pgpr^`b�vRtF�`bYn�t�®�pr^Rb�� ¶ t�¤�nT§F¤gw£pr^3v`t���w£pqprbY}�y�v9�VsTu`a�u`¢xy�p~w£°Mb�k   �¾h3to�obT¢

Ù¯Ú�Û´ÙÝÜ



���������	��

����������������������� ��
 � !

� �g !�	�{

 ����

�V� � � ���  � � ��� �	�3�V�g �³�� !� � � �{

� �V� �´�{
´

��� �����

�	���
�

�¥�#" �	����

�½��� � � � (+�3�	�g�

 0

 5000

 10000

 15000

 20000

 25000

 30000

 35000

 40000

143576213869159101099

nu
m

be
r 

of
 c

ol
lis

io
ns

node

Flow 1 no Jitter SNR nonC

� â��´á`õÍÒ�� ò

 0

 5000

 10000

 15000

 20000

 25000

 30000

 35000

 40000

 45000

104941737030

nu
m

be
r 

of
 c

ol
lis

io
ns

node

Flow 2 no Jitter SNR nonC

� � �´á`õÍÒ�� ñ

 0

 5000

 10000

 15000

 20000

 25000

231543070136149284

nu
m

be
r 

of
 c

ol
lis

io
ns

node

Flow 3 no Jitter SNR nonC

collsion

� Ð��¼áRõÍÒ����

 0

 5000

 10000

 15000

 20000

 25000

1628742731971

nu
m

be
r 

of
 c

ol
lis

io
ns

node

Flow 4 no Jitter SNR nonC

collsion

� ï �´á`õÍÒ����

��w��zu`}~b¨��� +�]!tzp~y�¢CsTtz¢�¢£wxnrw£tMvRn�y�p�p~^`b²v`to�obYn�t�®³pr^`b²� ¶ t�¤�nY§´¤gw£pr^©v`t¡��w£pqp~bT}�yzvR�¸v`tzvoÉ s�uRa�u`¢xy�p~w£°Mb
k   � hªtF�`bT¢

Û
Û à�A�BDCDB ò



�M� ��� � ��� � ��� �����

 0

 1000

 2000

 3000

 4000

 5000

 6000

 7000

 8000

 9000

 10000

143576213869159101099

nu
m

be
r 

of
 c

ol
lis

io
ns

node

Flow 1 no Jitter SNR nonC

� â��´á`õÍÒ�� ò

 0

 500

 1000

 1500

 2000

 2500

 3000

 3500

 4000

 4500

104941737030

nu
m

be
r 

of
 c

ol
lis

io
ns

node

Flow 2 no Jitter SNR nonC

� � �´á`õÍÒ�� ñ

 0

 500

 1000

 1500

 2000

 2500

 3000

 3500

231543070136149284

nu
m

be
r 

of
 c

ol
lis

io
ns

node

Flow 3 no Jitter SNR nonC

collsion

� Ð��¼áRõÍÒ����

 0

 1000

 2000

 3000

 4000

 5000

 6000

1628742731971

nu
m

be
r 

of
 c

ol
lis

io
ns

node

Flow 4 no Jitter SNR nonC

collsion

� ï �´á`õÍÒ����

��w��zu`}~bV��5 +¡]!tzp~y�¢¥vFu`a��?bT}ct�®µd ��� �RyMs{¦zb�p{n�®¯}~tza �`}~bT°Fw£tMuRn��o}~tz�R�9b@�\�ou`b&prtºsTtz¢�¢£wxnqw�tzv9n�y�pepr^`b
vRtF�`bYn�t�®�pr^Rb�� ¶ t�¤�nT§F¤gw£pr^3v`t���w£pqprbY}�y�v9�&v`tMvoÉ s�u`aeu`¢�y�prw�°zb�k   � h3to�obT¢

Ù¯Ú�Û´ÙÝÜ



���������	��

����������������������� ��
 �F�

 0

 2000

 4000

 6000

 8000

 10000

 12000

 14000

 16000

 18000

143576213869159101099

nu
m

be
r 

of
 c

ol
lis

io
ns

node

Flow 1 no Jitter SNR nonC

� â��´á`õÍÒ�� ò

 0

 5000

 10000

 15000

 20000

 25000

 30000

104941737030

nu
m

be
r 

of
 c

ol
lis

io
ns

node

Flow 2 no Jitter SNR nonC

� � �´á`õÍÒ�� ñ

 0

 2000

 4000

 6000

 8000

 10000

 12000

 14000

 16000

 18000

 20000

231543070136149284

nu
m

be
r 

of
 c

ol
lis

io
ns

node

Flow 3 no Jitter SNR nonC

collsion

� Ð��¼áRõÍÒ����

 0

 2000

 4000

 6000

 8000

 10000

 12000

 14000

1628742731971

nu
m

be
r 

of
 c

ol
lis

io
ns

node

Flow 4 no Jitter SNR nonC

collsion

� ï �´á`õÍÒ����

��w��zu`}~b !z� +;]
t�p{y�¢WvFu`a��?bT}�t�® È d�6��Ryzs{¦Mb�p{n³�`bYnqprw�v`bY�Vprt²w£p~nrbT¢£®O�o}rtM�`�?bY�	�ou`b�prt²sTtz¢�¢£wxnqw�tzv9n³y�pgpr^`b
vRtF�`bYn�t�®�pr^Rb�� ¶ t�¤�nT§F¤gw£pr^3v`t���w£pqprbY}�y�v9�&v`tMvoÉ s�u`aeu`¢�y�prw�°zb�k   � h3to�obT¢

Û
Û à�A�BDCDB ò



�5� ��� � ��� � ��� �����

 0

 1000

 2000

 3000

 4000

 5000

 6000

 7000

 8000

 9000

 10000

143576213869159101099

nu
m

be
r 

of
 r

et
ra

ns
m

is
si

on
s

node

Flow 1 no Jitter SNR nonC

� â��´á`õÍÒ�� ò

 0

 500

 1000

 1500

 2000

 2500

 3000

 3500

 4000

 4500

104941737030

nu
m

be
r 

of
 r

et
ra

ns
m

is
si

on
s

node

Flow 2 no Jitter SNR nonC

� � �´á`õÍÒ�� ñ

 0

 500

 1000

 1500

 2000

 2500

 3000

 3500

 4000

231543070136149284

nu
m

be
r 

of
 r

et
ra

ns
m

is
si

on
s

node

Flow 3 no Jitter SNR nonC

retransmission

� Ð��¼áRõÍÒ����

 0

 1000

 2000

 3000

 4000

 5000

 6000

1628742731971

nu
m

be
r 

of
 r

et
ra

ns
m

is
si

on
s

node

Flow 4 no Jitter SNR nonC

retransmission

� ï �´á`õÍÒ����

��w��zu`}~b !`�$+ª]!tzp~y�¢gvFu`ae�9bY}¨}~b�pr}{y�v9nqa¡wxnrnrw£tMv�y�p²pr^`b3v`to�ob@n²t�®�pr^Rb3� ¶ t�¤�nT§³¤gw£pr^Ôv`t#��w£pqprbY}&y�v9�
vRtzvoÉ s�u`aeu`¢xy�prw�°zb�k   �¾h3to�obY¢

Ù¯Ú�Û´ÙÝÜ



���������	��

����������������������� ��
 �o�

 0

 2000

 4000

 6000

 8000

 10000

 12000

 14000

 16000

 18000

143576213869159101099

nu
m

be
r 

of
 p

ac
ke

ts

node

Flow 1 no Jitter SNR nonC

collsion CBR
retransmission

collision ACK

� â��´á`õÍÒ�� ò

 0

 5000

 10000

 15000

 20000

 25000

 30000

104941737030

nu
m

be
r 

of
 p

ac
ke

ts

node

Flow 2 no Jitter SNR nonC

collsion CBR
retransmission

collision ACK

� � �´á`õÍÒ�� ñ

 0

 2000

 4000

 6000

 8000

 10000

 12000

 14000

 16000

 18000

 20000

231543070136149284

nu
m

be
r 

of
 p

ac
ke

ts

node

Flow 3 no Jitter SNR nonC

collsion CBR
retransmission

collision ACK

� Ð��¼áRõÍÒ����

 0

 2000

 4000

 6000

 8000

 10000

 12000

 14000

 16000

1628742731971

nu
m

be
r 

of
 p

ac
ke

ts

node

Flow 4 no Jitter SNR nonC

collsion CBR
retransmission

collision ACK

� ï �´á`õÍÒ����

��w��zu`}~b !M� + � u`a��?bT}�t�®
�9yzs{¦zbTp~n³p~^Ry�p�sYy�uRnrbY�Vb�­Fpr}{yebTv`bY}r�Mm&s�tMvRnquRac�`prw�tzv �Õ�ou`b�p~t¨s�tM¢£¢�w�nrw�tzvRn�y�v9�
}~b�p~}~yzvRnracwxn~nqw�tzvRn ��y�p�p~^`b&vRtF�`bYn�tz®�pr^`bV� ¶ t�¤�nT§;¤gw£pr^`tMuop���w£pqp~bT}¡y�vR�©¤gw£pr^\vRtzvoÉ s�u`aeu`¢xy�prw�°zb&k   �
hªtF�`bT¢

Û
Û à�A�BDCDB ò



Unité de recherche INRIA Rocquencourt
Domaine de Voluceau - Rocquencourt - BP 105 - 78153 Le Chesnay Cedex (France)

Unité de recherche INRIA Futurs : Parc Club Orsay Université - ZAC des Vignes
4, rue Jacques Monod - 91893 ORSAY Cedex (France)

Unité de recherche INRIA Lorraine : LORIA, Technopôle de Nancy-Brabois - Campus scientifique
615, rue du Jardin Botanique - BP 101 - 54602 Villers-lès-Nancy Cedex (France)

Unité de recherche INRIA Rennes : IRISA, Campus universitaire de Beaulieu - 35042 Rennes Cedex (France)
Unité de recherche INRIA Rhône-Alpes : 655, avenue de l’Europe - 38334 Montbonnot Saint-Ismier (France)

Unité de recherche INRIA Sophia Antipolis : 2004, route des Lucioles - BP 93 - 06902 Sophia Antipolis Cedex (France)

Éditeur
INRIA - Domaine de Voluceau - Rocquencourt, BP 105 - 78153 Le Chesnay Cedex (France)��������� �	��
�


���������� ��� ���

ISSN 0249-6399


	Introduction
	State of the art and motivation
	Power consumption model and characteristic of MANET
	Energy-aware routing protocols
	Measurement of energy consumption

	Model and measurement
	Simulation
	Simulation settings
	Calculation of energy required for transmission and reception of a single packet
	For data packets
	For ACK packets
	Calculation of energy spent


	Discussion and analysis of results
	Single flow
	Three flows
	Four flows in a random network

	Collision awareness
	Conclusion

