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^`_badcYeYfhgjiFkmlnemoqpsr3eutvlnwslxtyadcYeml
z;{n|q}xeutv~D���s^Fiv�v�

ivo�����|q{nt��se({neT��_�ed{���_�e����1�����R��g�~[�vi�� �q�q�R��g��q����o��qeTl

���1�m�d�,�� q�q¡ ^`_be¢�boq��em{Pl�tnpb��£¤eTl¥{y|qpsty£¤�b�v£¦�A§¤|Rlnl1��edtx¨©|�{nªslN£¦�Aty_�e¢«*{�o�cYem¨©|�{nª�|�«bo��b|q�s¬­�u|W|q��ed{�o,ty£¤®�e
�Ro�cYe¯¨F£¤tn_°l�em§²±�l�_³pbl�em{ylm´(^¥¨I|�ln|q§¦psty£¤|��³�u|��b�uem�stylho�{ye��d|q�bln£µ�sed{yem�N¶`ty_�e\·vo�l�_9eT¸Rp�£¤§¦£¦¹�{n£¦p�cDº»�u|�{�¬
{yemln��|q�b�s£¦���[ty|�ty_�eD�doqlneZ|q«�o[±b�b£²tye��Wp�c�¹�em{�|q«vo��qem�Rtyl ¼@lnpb��_½oqlKlned{y®R£µ�ue3��{n|,®W£µ�sed{�l�¾htn_bo�t�t�o�ª�e
{y|qp�tn£¦���3�seT�u£µl�£¦|q�blmºNo��b�[tn_�eK¿°oq{y��{n|��[em¸Rp�£¦§¤£¦¹�{y£¤p�cDº�£¦��¨F_�£µ��_�{y|qpsty£¤�b�3�sem�d£¦ln£¦|q�blho�{ye(tyoqªqem�9¹WwDo
®�ed{yw9§µo�{y�qeY�Wp�c¯¹�ed{A|q«I£¦�b�s£¦®W£¦��pbo�§©pbl�em{ylm´Z¿°e3ln_�|,¨Àty_bo,t(ty_�emlneZeT¸�pb£¤§¦£¤¹b{n£µoD�s|9��|qt(«@o�§¦§Á£¤�Rty|[tn_�e
l�tyoq�b��oq{y��«*{�o�cYed¨I|q{yªsl`|�«;��|q��¬Â�d|R|���em{yo�tn£¦®qe�{y|qpsty£¤���3��o�cYeTld´F�vl�o\{yemlnp�§²tTºb¨Ie¯ln_�|,¨�tn_bo�tvp���£µ¸Rp�eu¬
�bemlyl¯|q«vem¸Rp�£¦§¤£¦¹�{y£¦o³|q{Ked®�ed��|�«vpsty£¤§¦£¦Ãmo,ty£¤|��blKo,tYem¸Rp�£¦§¤£¦¹�{y£¦o³c\oÄw³«@oq£¤§`em®qed��£¤�½tn_�e[�moqlne3|�«hl�£¦cY��§¤e
ty|q��|q§¦|q��w9|�«`�bo�{�o�§¦§¦ed§;§¦£¤��ªslm´�Åv|,¨©em®qed{TºN¨IeZl�_�|,¨Btn_�o,t¯ln|qcYe\|�«Itn_�e\�b{n|�¹�§¤emc\lA�s£µlnoq����eTo�{(£¦�Ætn_�e
�moqlne�£¦�3¨F_�£µ��_\tn_bev¹boq�b�s¨F£µ�Wtn_�{neT¸�pb£¤{yem�Y¹WwY|�«¥oq§¤§��u|�����em�utn£¦|q�bl©£µlÁty_�e�lyo�cYeq´;Çb|q{Áty_�e�l���em�d£¦oq§��moqlne
|q«�oh�boq{yoq§¤§¦ed§s§¦£¤�bª(tn|���|�§¤|��qwqºq¨©e`|q¹�tyo�£¦�Yl�|�cKeFlnp�{y��{n£µln£¤����§¤wAln£¦cK�b§¤eF¨`oÄw(|�«Nl�|�§¤®W£¦����tn_�eFeT¸�pb£¤§¦£¤¹b{n£¦p�c
«*|�{F¹�|qtn_[�do�l�eTlI|�«>¿°oq{y�s{y|q� oql`¨Ied§¦§»oqlF·�oqln_�eT¸�pb£¤§¦£¤¹b{n£¦p�cD´
È[ÉRÊ�ËyÌ¯Í �,ÎP�q¡ �¥|�lyl`��eutx¨I|q{yªsldº�Ï�oqcKehty_�ed|�{nw�º�·voqln_ em¸Rp�£¦§¤£¦¹�{y£¤p�cDº�¿Æo�{��s{y|q��em¸Rp�£¦§¤£¦¹�{y£¤p�c!´

Ð¢Ñ*ÒPÓ»ÑÕÔ°ÖP× ØZÙÛÚTÜ�ÝÛÞÛÞ�ß�Ó»àÛáTâUã;äÄãxå1æWáTç�èéàÛêéãxå1ÞÛëÛÙÛÞÛÝ�ìmàÛíÄîÄèðï©ÔPñuâòèéí�àÛêéèéå1ó�ã�äTãxô�õ,öUï�ñÄçxã
÷ Ñ*ÒPÓ»ÑÕÔ°ÖP× ØZÙÛÚTÜ�ÝÛÞÛÞ�ß�Ó»àÛáTâUã;äÄãxå1æWáTç�èéàÛêéãxå1ÞÛëÛÙÛÞÛÝ�ìmàÛíÄîÄèðï©ÔPñuâòèéí�àÛêéèéå1ó�ã�äTãxô�õ,öUï�ñÄçxã
ø;ù�ú ï�èéêµûWüdýdï�çÂîÄãxåòê²þPèéñuâUã�öx× ñÄã­â�× èéê
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-!. �0/�1 . ¡ ·�|�pbl;kdtnpb�s£¦|q��l¢��oq�blÁ�uedt©o�{ntn£µ�u§¦e`§¤ev{n|�pstyoq�qeF��o���lÁ�seml¢{nkTl�eTo�psr32���em{�tyemlÁ��oq�bl;§¦ev�do��s{ye
��e�}xedpsrÆ��|q��¬Â�d|R|���km{yo�tn£¤«@l�oÄ®qem�Y�seTl(pblyo���ed{�l�£¦�b�s£¦®W£¦��pbo�§¦£¦l�tneTld´�4vempsr°�d|q�b�ded�st�lA�seZln|q§¦pstn£¦|q��lAl�|��Rt
�d|q�bln£µ�skd{ykmlm¶¯§65 kT¸Rp�£¤§¦£¦¹�{ne �se3·�oqln_»ºÁ¸Rp�£©�d|q{y{neTl���|q�b�Æoqp �doql��75 p�� ��|�c¯¹�{ye\±b��£`�75 o���ed�Rtyl�¼Õtnem§I¸Rp�e
��eml�«*|qp�{y��£µlnlnedpb{yl��seKlned{y®W£¦�deT¾v¸�pb£P�b{nem����ed�Rt(�seml�o��Ûtn£¦|q�³�se�{y|qp�tyo���eqº�eut�§85 km¸Rp�£¦§¦£¤¹�{yeY�se�¿Æo�{��s{y|q�»º
|:9�§¦eml3�skm�d£¦ln£¤|��bl\�se[{y|qpst�o���emlYl�|��RtZ��{n£µlnemlY�boq{\p�� tn{yaml\��{yoq�b� ��|�c¯¹�{ye[�75 pblnoq�qem{ylY£¦�b�s£¦®W£¦�spbed§µld´
·v|qpblAcK|��Rtn{y|q�bl(¸Rp�eZ�deml(kT¸�pb£¤§¦£¤¹b{neTl(��eYtn|�c¯¹�ed�Rt¯�bo�l(��o���l(§¤eTlA�do��s{yeml(l�tyo�����o�{���l(�se(}xempsr³�b|q�s¬
�d|W|q��kd{�o,tn£¤«@l\�se[{y|qpst�o���eq´ z>o�{Z�u|��blnkm¸Rp�ed�RtTº©��|�pblYcY|q�Rtn{y|q��l\¸�pbe[§85 p���£µ�u£¤tnk9�se[§65 km¸Rp�£¦§¤£¦¹�{ye[�,5 eTlxt
��oql�lno�tn£µlx«@oq£²tye�c<;mcKe\��oq�bl�§µoZty|q��|q§¦|q�q£¦eK§¦o���§¦pbl(l�£¦cY��§¦eY��eK§¦£¦ed�bl��boq{yoq§¤§¦ad§¦emlmº�eut(§65 psty£¤§¦£µlno�tn£¦|q�Æ�seml
§¦£¦ed�blI�,5 eml�tI��oqlIp���£µ¸Rp�e��b|q�3�b§¤pblm´>=©ed��ed�b�bo��Rtmºs��|�pbl©cK|��Rtn{y|q�blI¸Rp�eh�de��b{n|�¹�§¤amcYe��s£µl���o�{�o@?d¸�p�o��b�
§¦eml�¹boq�b�se3��oqlylnoq��tyeml��sedc\o����skdeTl¯�boq{�§¦emlK�u|�����edrW£¦|q��l�ln|q�Rt�§¦eml�c<;dcYemlm´Æz1|�p�{K§¤eD�do�l��seTl¯§¦£¦ed�bl
��o�{�o�§¦§¤am§¤eTldºW��|�pbl`|q¹styed��|��bl`p���e�cYkuty_�|s�seAln£¤cY��§¦e(��|�p�{F{ykmln|qpb�s{yev§¦eml���{n|�¹�§¦adcYeml`�se(§65 kT¸Rp�£¤§¦£¦¹�{ne(�se
·�oqln_�edtv�se(¿Æo�{��s{n|��»´
AÀÍ �T� Ë  CB . � ¡ iFkTl�eTo�psr
2Y��ed{ntneTldºWty_�kd|�{n£¦e(�semlP}xempsrNº�km¸Rp�£¦§¤£¦¹�{ye(�seA·vo�l�_»ºskT¸Rp�£¤§¦£¦¹�{neA��eh¿Æo�{��s{y|q�»´
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·v|q�s¬­�u|W|���em{yo�tn£¦®qeF{y|qpsty£¤���¯_boql©§¤|����¯¹�edem�3l�tnpb�s£¦em�3¹�|qtn_�£¤�\ty_�e�«*{yoqcKem¨©|�{nª�|�«¥{y|�o��W¬òtn{�o��Z�Foql¢¨©em§¤§
o�lh£¤��tn_�eK«*{�o�cYed¨I|q{yª�|q«¢tyed§¦em�u|�cYc¯p���£µ�do�tn£¦|q�9�beutx¨I|q{yªWlm´¯�Wpb��_�«*{yoqcYed¨I|q{yªWlho�§¦§¦|,¨�tn| cK|s�sem§>tn_�e
� |,¨ �d|q�s±b��p�{�o,tn£¦|q��tn_bo�t¯{yemlnp�§²t�l(£¦� ��eutx¨I|q{yªsl�£¦� ¨F_�£µ��_ {n|�pstn£¦���[�seT�u£µl�£¦|q�bl¯o�{yeKc\o��seZ£¦�ÆoD�b|q�s¬
�d|W|q��ed{�o,tn£¦®qeKo��b�Æ�s£µl�tn{y£¤¹�p�tnem�³c\o����bed{(¹�eutx¨Ieded�³tn_be\pbl�em{ylm´K�­�°�moqlneK|q«Io ®qem{nw[§µo�{y�qeK�Wp�c¯¹�ed{(|q«
p�l�em{ylmº¢ty_�e[{yemlnp�§²ty£¤�b� � |,¨��d|q�s±b��p�{�o,tn£¦|q� �u|�{n{yemln��|��b��lKty|³ty_�e�ln| �do�§¦§¦em� ¿°oq{y��{n|���eT¸�pb£¤§¦£¤¹b{n£¦p�c
 f"!�#�¨F_�£¦��_ £µlY¹boqlnem��|q��tx¨I|³��{y£¦�b�u£¦��§¦emlm¶Æ¼@£µ¾Yoq§¤§F{y|qp�tneml\o��Ûtypbo�§¦§¤w½pbl�eT�½¹�eutx¨Iedem� oÆln|qp�{��ueDo����
o ��eml�tn£¦�bo,ty£¤|�� _�oÄ®qe tn_�e³lnoqcKe[�sem§¦oÄw�¼@�d|�l�t�¾ÛºFoq�b��¼*£¦£µ¾Kty_�£µl3�sem§¦oÄw"¼@|q{3�d|�l�t�¾K£µl\��| §µo�{y�qem{Ytn_boq�
ty_bo,tZoq§¤|���� o��Ww |�ty_�ed{\{y|qpstyeD¹�edtx¨©emed��tn_bo�t3l�|�p�{y�deu¬­�seml�tn£¦�bo�tn£¦|q� �boq£¤{T´ �­� tn_�e[�do�l�eD|q«ho³±b��£¤tne
¼@��|�tK®qem{nw°§¦oq{n��eT¾��Wp�c�¹�em{¯|q«vo��qem�Rtylmº1ty_�e3{yemlnp�§¤tn£¦��� � |,¨ �d|q�s±��qp�{�o,ty£¤|��Æ�d|q{y{neTl���|q����l�tn|�tn_�eDln|
�mo�§¦§¤eT��·�oqln_½eT¸�pb£¤§¦£¤¹b{n£¦p�c  �$#���eu±b��eT��o�l\o³ln£¤tnpbo�tn£¦|q� £¤� ¨F_�£µ��_��b|Æoq�qem��tY_bo�lKoq��£¦�b�ded�Rtn£¦®qe tn|
��ed®W£¦o�tneFp��b£¤§µo,tyed{�o�§¦§¤w�´1��§¤tn_b|qp���_K¿Æo�{��s{y|q�Kem¸Rp�£¦§¤£¦¹�{y£¤pbcÀ_bo�l;c\o�£¦��§¤w�¹�emed�\pblnem�K£¦�Ktn_�e�{y|�o��Aty{yo%�Z�
�d|q�RtnedrWtmºW£²t�_�oql`o�§µl�|K¹�eded�D�sed±b��em��£¦�b�sed��ed���sed�Rtn§¦wZ£¦�D|�tn_bed{Fo�{yemo�ld¶1£¤�Dem�d|q��|�c¯w[¼@lnede  fT�$#*¾Io��b��£¦�
tyed§¦em�d|qcYc¯p��b£¦�mo,tn£¦|q��l  �&#Á£¦�³tn_�eY«*{�o�cYed¨I|q{yªD|�«`�F�°Åv|s�K·veutx¨I|q{yªsld´K^`_�e\·voqln_°em¸Rp�£¦§¤£¦¹�{y£¤p�c!_boql
¹�edem��edrWtned��l�£¦®qem§¤wYpblnem��£¤�3tnem§¤eT�u|qcYc�p���£µ�do,ty£¤|��blmºWlnedeheq´ �b´  f"�sºNfT�&#Â´P¿ _bed�Do,t�tyedcY�sty£¤���Kty|�pblnehtn_�e
�d§¦o�lnln£µ�do�§¢{neTl�p�§¤tyl��u|��b�uem{n��£¦���9¿Æo�{��s{y|q� eT¸�pb£¤§¦£¤¹b{n£¦p�c |q{�·�oqln_ em¸Rp�£¦§¦£¤¹�{y£¦p�c «*|q{¯�b|q�s¬­�u|W|q��ed{�o,ty£¤®�e
{y|qp�tn£¦���A��oqcYeml;«*|�{Ioq�bo�§¦wWÃd£¦���A��ed��em{yoq§�§¤|Rlnl©��edtx¨©|�{nªslmºq|q�be�£¦l¢«@oq�dem�\¨F£¤tn_3tn_�e�«*|q§¦§¦|,¨F£¤���¯��{n|�¹�§¦edc\ld´

' ^`_�e�tn_bed|q{ywZty_bo,t�_�oqlF¹�edem�D��ed®qem§¤|���eT��«*|q{F{y|qpsty£¤���\�Ro�cYemlFo�lnlnp�cYemlIty_bo,tv�d|�l�tyl�oq{ne(lnp�c |q«
§¤£¦��ª �u|�l�tylm´;^`_�£µlF|q¹W®W£¤|�pbln§¤wY«@oq£¤§µl`£¤�D§¦|�lyl`��eutx¨I|q{yªsld´

' �­��¿Æo�{��s{y|q��em¸Rp�£¦§¤£¦¹�{y£¤p�cDºqo�l�tyoq�b��o�{��¯o�lnlnp�cY�sty£¤|��¯£µlPtn_bo�t;o�t;em¸Rp�£¦§¤£¦¹�{y£¤p�cDº,ty_�e��u|RlxtF¼@��ed§µoÄws¾
¹�edtx¨©emed�AoFln|qp�{��ue;oq�b��oF�seml�tn£¦�bo,ty£¤|���£¦l»tn_�e¢lyo�cYeP«*|q{1o�§¦§qpblned{�ld´»^`_b£¦l1�s|WemlN��|qt»_�|q§µ�(o��WwWcY|q{ye
«*|q{F§¦|�lyl`��eutx¨I|q{yªsld´

���boq{�ty£¦�dp�§¦oq{¢��{y|q¹b§¤emc oq{n£µln£¤����£¤� ·�|��s¬Â�d|W|q��ed{�o,tn£¦®qev§¤|Rlnl©��eutx¨I|q{yªslÁ_bo�l¢¹�edem� l�tnp��s£¤eT�Z£¦�  ��#N£¦�
ty_�eA«*{�o�cYem¨©|�{nªZ|q«;¿°oq{y�s{y|q�[eT¸Rp�£¤§¦£¦¹�{n£¦p�c ¼*¨F£¤tn_[ty_�e�lyo�cYe(ty|q��|q§¦|q��w�oql�tn_�e¯tn_bo�tv|�«;ty_�e¯|�{n£¦�q£¦�boq§
(I{�o�eTlnlh�boq{yo��s|Ärb¾Û´YÅ�|,¨Ied®qem{mºN£¤tA£µlAoqlyl�pbcKeT�9ty_�ed{yeKtn_bo�t(tn_�e\¹�o��b�s¨F£µ�Wty_ {neT¸�pb£¤{yem��¹Rw³emo���_³pblned{
£µl¯tn_�eDlnoqcYeq´³^`_b£¦lKoqlyl�pbcK��tn£¦|q� c\oÄwÆ¹�e pblneu«*p�§I£¦�½cY|s�sed§¦£¤�b�9tnem§¤em��_�|���e3��edtx¨©|�{nªslmº>¹�pstY£¦l���|�t
®,oq§¤£µ�Æo��WwWcK|�{neY£¦� £¤�Rtyed�q{�o,tyem�°l�em{n®W£µ�ueTld´�)Áeut¯em®qed�Æp����sed{(ty_�e3o�lnlnp�cY�stn£¦|q�Æ|q«`eT¸Rpbo�§Á¹�o��b�s¨F£µ�Wty_
{yem¸Rp�£¦{yedcYed�Rtmº>ty_�e[¸Rp�eml�tn£¦|q� |q«�edrW£µl�tned���ue�oq�b� pb��£¦¸Rp�em��emlylK|�«�·�oqln_½eT¸�pb£¤§¦£¤¹b{n£¦p�c�o���� ¿Æo�{��s{n|��
eT¸Rp�£¤§¦£¦¹�{n£¦p�c�_bo�lh��|�t�¹�emed�°oq���s{yemlylnem�NºNo����9��|�{�_boÄ®�e¯cYeuty_�|s��lh«*|q{��u|�cY��pstn£¦����tn_�eYeT¸�pb£¤§¦£¤¹b{n£¦p�c
¹�edem�D��{n|���|Rl�eT�N´
�­� ty_�£¦l3�bo���ed{3¨©e[±�{yl�tZ��{yemlned�Rt\tn_�e�cYo�tn_�emc\o,tn£µ�doq§�cY|s�sed§µl\«*|�{Z¹�|qtn_ ¿Æo�{��s{y|q� o��b� ·�oqln_

eT¸Rp�£¤§¦£¦¹�{n£µo £¦��§¦|�lyl\��eutx¨I|q{yªsldºFoq�b� tn_bed�"ln_�|,¨�tn_�{y|qpb�q_�lned®qem{yoq§Feur�o�cY��§¦eml�l�|�cYe9��{y|q��ed{ntn£¦emlZ|q«
ty_�ed£¦{���{y|q��ed{ntn£¦emlm´h¿°e\l�_b|,¨�tn_bo�them®qed�³£¤��tn_�e\ln£¤cY��§¦eml�thtn|q��|q§¦|q��wD|�«¢�boq{yoq§¤§¦ed§P§¦£¤��ªslmºN��ed£¤tn_bed{htn_�e

Ó1Ó�ñ�*�ßÛßuÞ�+



� ���������	��

����������������
��������������� 

¿Æo�{��s{y|q� ��|q{Ztn_�e�·�oqln_ em¸Rp�£¦§¤£¦¹�{y£¦o oq{ne[p��b£¦¸Rp�e�´�~D|�{nem|,®qem{mº©ed®qem� tn_�e9§¦£¦��ª�p�tn£¦§¤£¦Ãmo�tn£¦|q� £¦l3��|�t
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��� ÉWÍ � É 1 k �Q�	n�uKn�n! Ex=z�rFz9|��;|�uK�ouKs"� nq���
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� � Í»Í����½¿°e���|qtne3tn_bo�t�ty_�e lneutK|�«���|q§¦£¦�d£¤eTlK£¦l�¹�|�p��b�seT�N´ ^`_�e3�b{n|W|�«Fty_�ed�½«*|q§¦§¤|,¨�l��s£¦{neT�Ûtn§¦w
«*{y|qc ^`_�ed|�{nemc ��´¦f\£¦�  fm��#òºP¨F_�£µ��_ lxt�o,tneTl�tn_�o,t�o[ln|q§¦pstn£¦|q�ÆedrW£µl�tyl�ty|�o[l�edtA|�«�ln|qcYe\®,o�{y£¦o�tn£¦|q�boq§
£¦��eT¸�p�o�§¦£²ty£¤eTld´(^`_�em�»º»^`_�ed|�{nemc ��´¦fd�3£¦�  fd�%#>eTlxt�o�¹�§¦£µl�_�eTl�tn_bo�t�ty_�eKln|q§¦psty£¤|��9tn|3tn_�eTl�eK£¦��em¸Rpboq§¤£¤tn£¦eml
£µl`£¦�b�sedeT�Do�¿Æo�{��s{y|q� em¸Rp�£¦§¤£¦¹�{y£¤pbc ´
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�4]�$'HK`�H�P' 1HK$'O
¿°e���|,¨ �u|��bln£¦�sem{;tn_beF«*|q§¦§¤|,¨F£¦���(edrsoqcY��§¤e�´P^`_bed{yevo�{ye`tx¨©|(��o�{�o�§¦§¤em§�§¤£¦��ªslm´P^`_�e�±b{yl�t¢|���eqºR�sed��|qtneT�

Common source

Common destination

link a,
2 units of
bandwidth

link b,

bandwidth
3 units of

ÇP£¦�qp�{yeYfq¶ÁiF|�pstn£¦���Ktn|Y�boq{yoq§¤§¦ed§N§¦£¤�bªWl

¹Ww���ºT�d|q�bln£¦l�tyl¥|�«b�I¹boq�b�s¨F£µ�Wtn_Apb��£²t�ldº,oq�b�htn_�e©l�eT�u|q����|q��e�ºT�sem��|�tyem��¹Wwh;Äº,�u|q��l�£µlxt�lN|�« �F¹�o��b�s¨F£µ�Wty_
pb��£²t�ld´Æ^`_�em{ne o�{ye��[��{n|�p��bl�ty_bo,tY¨F£¦ln_ ty|³ln_�£¤�½tn{�o��Z�Y«*{y|qc o��d|qcYcY|q�½ln|qpb{y�de\tn|°o��u|�cYcK|��
��eml�tn£¦�bo,ty£¤|��»´%)Áoq��_�oq{n{y£¦®Äoq§�|�«�Ïh{y|qpb� �K{yem¸Rp�£¦{yeml9f�¹bo��b��¨F£¦�Wty_�p���£¤tylmº�¨F_�em{neToqlZoq��o�{y{n£¦®,o�§�|q«
Ïh{y|qpb���n�©{yem¸Rp�£¦{neTlI|q��§¦w���¹bo����s¨F£¦�stn_Dp���£¤tm´
¿°e�o�lnlnp�cYe�tn_bo�t�o�§¦§¥p�l�em{yl��mo��[lned�b� ty{yo%�\�(tn_�{y|qp���_D¹�|qtn_[§¦£¤��ªslm´`¿³e¯��ed��|qtne(ty_�e��d§¦o�lnlneml`¹Ww

ty_�eYtnpb��§¤e l 3iG�+JqF¨F_�em{ne{3 Q�� G ��� lxt�o��b�blh«*|q{�tn_be\pbl�em{Ao��b�a+ Q ��G�;¯l�tyoq�b��lh«*|q{�ty_�e\§¦£¤��ª�´Z^`_Wpbl
Y Q C l�� G�� q[G l�� GI;@qIG l���� G�� q[G l���� G�;@qoOR´³��§¦§F�u§µoqlyl�eTl(_boÄ®�e\tn_�e lnoqcYe�ln|qp�{��ueZoq�b� �seTlxty£¤�bo�tn£¦|q�»´³¿³e
_�oÄ®qe�Y�� Q C l�� G�� q[G l�� GI;@q[O(oq�b��Y���� Q C l���� G���qIG l���� GI;@q[O�´>¿°e(_boÄ®qeh£¤�D�boq{�ty£¦�dp�§µo�{Itn_�e(¹�o��b�s¨F£µ�Wty_
{yem¸Rp�£¦{yedcYed�Rtylm¶*;�� ��< �	� Q ;�� ��< ��� Q E(o����];�� ����< �	� Q ;�� ����< ��� Q H�´
·v|�tne�¶Ptn_�£µl¢�beutx¨I|q{yª�£µl¢�b|�t`em¸Rp�£¦®Äoq§¤em�RtÁtn|YoAln£¤����§¤e��bo�{�o�§¦§¦ed§b§¦£¦��ªY¨F£²ty_��doq�boq�d£²txw\�sºWln£¤�b�dev¨Ie��s|

�b|�t�o�§¦§¤|,¨�oYl�£¦���q§¦e(�doq§¤§�ty|\¹�eAln��§¦£²tF¹�eutx¨Ieded�D§¦£¤�bª �Zoq�b� §¤£¦��ª�;Ä´
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^`_�eAl�tyo�tneAln�boq�de�£¦lIty_�eA��{y|s�spb�ÛtF|q«1ty_�eAlxt�o,tyeAl��bo��ue�|�«Pemo���_ lned�boq{yo�tne�§¦£¤��ª�´Á����£¤®�ed�Dlxt�o,tne(|q«
§¦£¦��ª,+K£¦lIo¯tnp���§¦e l�� G���q>¨F_bed{ye � £¦l©tn_be��Wp�c�¹�em{I|q«¥|q�b�q|q£¦���¯�mo�§¦§¦l©|�«¥txwR��eh�ÛºWoq�b���Y£µl©tn_�eh�Wp�c¯¹�ed{
|q«1|����q|�£¤���Y�doq§¤§µl`|�«PtxwW��e��n�©|,®�ed{`§¤£¦��ª^+b´Á^`_be�l�tyo�tneAln�boq�de�� . |q«P§¦£¤�bª�+\£µlItn_Wpblmº

� � Q C l �JG!��q[G l EFG ��qIG l H�G �Jq[G l �JGdE q[O
oq�b�

� � Q C l �JG �Jq[G l EUG!��qIG l HJG �Jq[G l�� G!��q[G l ��GLE qIG l EUGLEUqoOTK
Çb|q{Fpblned{ ��� º�o\�do�§¦§N£µl`¹�§¤|s��ª�em��|q� §¤£¦��ª �Z£²«;£¤t�£¦l`��|qt�edcY�stxw�´Á^`_�£¦l`|s�m�up�{�l`¨F£²ty_D��{n|�¹bo�¹b£¤§¦£²txw

��� ����< �	� Q EU� P
	 � ����< �	� P�	 � ��< �	�P 	 � ����< �	� P 	 � ��< ���
� P 	 � ����< �	� P 9� ��< �	��� P 9� ����< �	� P 	 � ��< ���
� P 	 � ����< �	� P n � ��< �	� S H � Q EF�
EE � P 9� ��< �	��� P 9� ����< �	�
� P n � ��< �	� S H

Çb|q{`�q{y|qpb� ��� º�oY�mo�§¦§N£¦l`��|qt�¹�§¦|W��ª�em�3|q� §¤£¦��ª];v£¤«1ty_�ed{ye(o�{ye���|Y|����q|�£¤���Y�doq§¤§µl`|�«1tn_bo�t��q{y|qp���|,®qem{
ty_bo,t�§¦£¦��ª3o����3ty_�ed{ye�£¦lvo,tFcY|�l�t`|���e(�doq§¤§»|q«P�d§¦o�lnl`�©|,®qed{`§¦£¤�bª];Ä´;^`_Wpbl

��� ����< ��� Q E<� E � P � ��< ���E � P � ��< � � � P n � ��< ��� S H � P
� � ��< ��� S�� � P � ����< � � � P � ����< ��� P � ��< ��� K
Çb|q{F��{n|�p��3�Ûº�§¦£¦��ª �Z£µl`¹�§¦|s��ªqem��£¤«1ty_�ed{ye�£¦lFem£²ty_�ed{F|���e(�doq§¤§N|q«Ppblned{`�n�©|���ty_bo,tF§¦£¤�bª3|q{`ty_�ed{ye(o�{ye��
�mo�§¦§¦l`|q«1��{n|�p����Û´�^`_b£¦lF|s�m�up�{�lI¨F£²ty_[��{n|�¹bo�¹b£¤§¦£²txw

��� ��< �	� Q P � ����< �	� � P n � ��< �	� S HE � P 9� ��< ���
� P 9� ����< �	��� P n � ��< �	� S H
Çb|q{��q{y|qp��[�Ûº�§¤£¦��ª ;h£µlv¹�§¦|s��ªqeT�D£²«Áty_�ed{yeA£µlvem£²ty_�ed{h|q�be¯�doq§¤§P|�«;pblned{h����oq�b�[|q�beA|�«Ápblned{��F|q�[ty_bo,t
§¦£¦��ªZ|q{`ty_�ed{ye(o�{ye
�K�mo�§¦§¦l`|q«P��{n|�p��3�Û´�^`_�£¦l`|s�m�up�{�l`¨F£²ty_D��{n|�¹bo�¹b£¤§¦£²txw

��� ��< ��� Q P � ����< ��� P � ��< ��� � P � � ��< ��� S��E � P � ��< ��� � P n � ��< ��� S H � P�� � ��< ��� S�� � P � ����< ��� � P � ����< ��� P � ��< � � K
¿°eÆ�u|q��l�£µ�sed{yem� ty_�e³«*|q§¦§¤|,¨F£¦���½��o�{�o�cYeutyed{�ld¶k5 4 Q EUG��:0�_ Y ¼*tn_�£µlD��_�|q£µ�ue³¨F£¤§¦§(o�§¦§¤|,¨	pbl�tn|
£¦�Rtnem{y��_boq���qeh2 4 ¨F£²ty_ P 4 ¾�2 � Q Eqº 2 ��� Q �JK Hs´�¼@iFeT�do�§¦§»ty_bo,t	5 7�94 £µl`tn_�e�oÄ®qed{�o���e��mo�§¦§¥�sp�{�o,ty£¤|�� |q«
�d§¦o�lnl<0�º�o��b�3tn_bo�t P 4hQ 2 4FS 5 4 ´é¾
¿°e(��|,¨4ln|q§¦®qeT�Zty_�eAlneutF|�«P«*|qp�{FeT¸Rpbo,ty£¤|��bl

��� 5=< �	� l BUq Q ��� 5=< ��� l BFqIG 3 Q � G ��� ¼�fm��¾
P � 5=< �	� � P � 5=< ��� Q 2 5 G 3 Q � G ��� K ¼�fqfT¾

¨F_b£¦��_(�RoÄ®qe;pbl¥tx¨©|�lneut�l¥|q«�l�|�§¤psty£¤|��blm´ )ÁeutP|q��§¦wh|q��eÁ|q«stn_�eTl�e©l�|�§¤psty£¤|��bl¥lyo,ty£¦l�±beT�htn_�e©��|q���bed��o�tn£¦®W£²txw
�d|q�bl�tn{�o�£¦�Rtyl P � 5=< . ��� ��G�� 31G +�´>^`_�£¦lvl�|�§¤psty£¤|���£µl`�q£¦®qem��¹Ww

P � ��< �	� Q �JK H ����� G P � ��< ��� Q ��K�� � E���G P � ����< �	� Q �JK � ����� G P � ����< � � Q ��KNE � ����K
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^`_beh|�¹styoq£¤�bem� {ne�}xem�utn£¦|q� ��{n|�¹bo�¹b£¤§¦£²ty£¤eTl`o�{ye
��� ��< �	� Q ��� ��< ��� Q ��K ��� ����� G ��� ����< �	� Q ��� ����< ��� Q ��K H � HFH�K

^`_�e3«@oq�utAtn_bo�t¯em¸Rpbo�tn£¦|q��¼�fm��¾­¬�¼�fqfÄ¾h_boÄ®qeZo9ln£¦���q§¦e3ln|q§¦pstn£¦|q� �s|WeTl(��|�tKcYemo��Æty_bo,t¯tn_�em{neZ£µl¯o
ln£¦���q§¦ev¿Æo�{��s{y|q�ZeT¸�pb£¤§¦£¤¹b{n£¦p�cD´;¿³e�ln_�|qp�§µ�3l�tn£¦§¦§»��_�em��ªK«*|q{`¿Æo�{��s{y|q�ZeT¸�pb£¤§¦£¤¹b{n£µoA£¦��¨F_b£¦��_3«*|q{Fl�|�cYe
3¢o��b��+bº P � 5=< . � Q �b´ =©_bem��ªW£¤�b�\«*|q{�tn_�eY�s£N!�em{nem�Rt���|�lyl�£¦¹�£¦§¤£¤tn£¦emlmº�¨©eK�do�cYe�|qpsth¨F£²ty_9tn_be¯«*|�§¤§¦|,¨F£¤�b�
lnem�d|q�b��¿Æo�{��s{n|��3eT¸�pb£¤§¦£¤¹b{n£¦p�cD¶

P � ��< �	� Q ��K � ��� ��G P � ��< ��� Q �JK � � ��� G P � ����< �	� Q ��G P � ����< ��� Q �JK H�K
^`_beh|�¹styoq£¤�bem� {ne�}xem�utn£¦|q� ��{n|�¹bo�¹b£¤§¦£²ty£¤eTl`o�{ye

��� ��< �	� Q ��� ��< ��� Q �JK � ����� EUG ��� ����< ��� Q �JK ����� ��G ��� ����< ��� Q �JK H ��� ��K
¿°e3lnedeKtn_�o,t¯_�em{ne\¨Ie\_boÄ®�e���� ��< �	� Q ��� ��< ��� ¹�p�t ��� ����< �	� �Q ��� ����< ��� ´ (IpstAty_�£¦l¯o��q{yedeTl�¨F£²ty_Ætn_�e
¿Æo�{��s{y|q����{n£¦�b�d£¤��§¦ehtn_bo�t�lnoÄwsl©tn_bo�t`tn_�e(�u|RlxtF|q«PoK�bo,ty_3ty_bo,tF£µl`pblnem�°¼*£¦� |�p�{F�do�l�eh{n|�pstneR;�tn_bo�tF£¦l
p�l�eT�D¹RwDpblned{�����¾uº�ln_�|qpb§¦�D¹�e¯��|3§¦oq{n��ed{Fty_bo��[ty_bo,th|�«Áo��Ww �bo,ty_9��|qtvpblnem� ¼@£¤�9|�p�{��moqlneqº�{n|�pstne ��º
¨F_b£¦��_ _boql`£¦�b�semem� §µo�{y�qed{`¹�§¦|s��ªW£¤���K��{y|q¹boq¹�£¦§¤£¤txw�¾Û´
¿°eI�d|q�b�d§¤p��se¢ty_bo,t>¨Ie¢_boÄ®�e¢_�em{ne©£¤�b��edem�Atx¨©|��ox=z�r x>�Up�rR¿Æo�{��s{y|q�AeT¸Rp�£¤§¦£¦¹�{n£µo�´1�­�Aty_�e6bdlxt�o��b�bo�{��0b

¿Æo�{��s{y|q�³em¸Rp�£¦§¤£¦¹�{y£¤p�c!l�edt�tn£¦����º»£¤�°¨F_�£µ��_�ty_�eZ�u|Rlxt�|�«`oD�u§µoqlylh��ed��ed�b��l�|���§¦w9|q�³tn_�e\ln|qp�{��ueYo����
��eml�tn£¦�bo,ty£¤|��»º�¨IeFªW��|,¨ tn_bo�t©¿Æo�{��s{y|q�Yem¸Rp�£¦§¤£¦¹�{y£¤pbcB��emem�Y��|qt©¹�e�p���£µ¸Rp�evem£²ty_�ed{TºR¹�pst¢ty_bo,t¢tn_�e�§¤£¦��ª
p�tn£¦§¤£¦Ãmo�tn£¦|q�Zo�{ye�p��b£¦¸Rp�em§¤wY�seu±���em�N´;�­�\|qtn_�em{¢¨I|q{���lmºq¨Ie�_boÄ®qe�tn_�em{ne�pb��£¦¸Rp�e�®,o�§¦p�eml¢|�« P . Q � 5 P 5=< .«*|�{�em®qem{nwÆ§¦£¤��ª +Æo�tKeT¸Rp�£¤§¦£¦¹�{n£¦p�cDº©lnede�eq´ �b´  fd��º©�»´ � �%#I|�{Yed®qem�½ln|qcYe�c�p�§¤tn£¤¬Â�d§¦o�lnl�eurWtnem�bln£¤|��bldº
lnede  f #ò´9�­�½|qp�{K�doqlneZ��|qt�|���§¤w³tn_be3em¸Rp�£¦§¦£¤¹�{y£µo9o�{yeZ��|qt�p���£µ¸Rp�eqº;¹bpst�¨Ie�lnede\ty_bo,tYo�§µl�|9tn_�e�§¤£¦��ª
p�tn£¦§¤£¦Ãmo�tn£¦|q�Do,t�em¸Rp�£¦§¦£¤¹�{y£µoK��£"!�ed{T´
���F� VYXZ(	[ � ]�$)H�`�H�P' 1HK$'O
·veurWtmºb¨©e(�u|��bln£¦�sem{`tn_�eAlyo�cYe�eur�oqcK�b§¤e�£¦��ty_�eA�u|��RtneurWtF|�«>·vo�l�_Dem¸Rp�£¦§¦£¤¹�{y£¦p�c�¨F£¤tn_ tx¨©|Y��§µoÄwqem{ylmºW�
oq�b�D���F�d|q{y{neTl���|q�b��£¤���Kty|\tn_�eAtx¨©|\��{n|�p��blF¨IeA�semly�u{y£¦¹�eT�D£¤�Dty_�eA��{yed®W£¦|qpbl�lnem�utn£¦|q�»´ =©|��bl�£µ�sem{Ftn_�e
«*|�§¤§¦|,¨F£¦������o�{�o�cYeutyed{�ld¶*2 � Q 2 ��� Q �JK � ºf5 � Q EUGo5 ��� Q Hs´
^`_�em� tn_�{yede�em¸Rp�£¦§¦£¤¹�{y£µoKoq{ne�|�¹styoq£¤��eT�Nº�^`_�e�±b{�l�t`£µl

2�� ��< ��� Q �JK ����� ��� GZ2 � ����< ��� Q �JK ������� G62�� ��< ��� Q ��K ��������� G62�� ����< ��� Q ��K ������� G
ty_�eAlnem�u|��b�

2 � ��< �	� Q �JK H � � � GZ2 � ����< ��� Q �JK ������� G62�� ��< ��� Q ��K � � � EUGZ2 � ����< ��� Q �JK � ��� � G
oq�b�3tn_�e�ty_�£¤{��

2�� ��< ��� Q �JG	2 � ����< ��� Q �JK ��� � ��� GZ2 � ��< ��� Q �JK � G<2�� ����< ��� Q ��K ����� � � K
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=©|��bln£¦�sem{Itn_�e(§¦|�lyl`��eutx¨I|q{yªslI£¤�[ÇP£¤��p�{yemlF�Ko��b� ��´

a b

c

ÇP£¦�qp�{yeK��¶�·�edtx¨©|�{nªD�À¨F£¤tn_³|q��e¯«*|q{y¨Ioq{y��£¤���
¹b£¦�s£¦{yem�Ûty£¤|��bo�§N§¦£¦��ª

a b

c

Ç1£¦�qpb{ne ��¶�·�edtx¨©|�{nª (�¨F£¤tn_[tx¨I|Z«*|�{n¨`o�{��s£¦���
p���£µ�s£¤{yem�utn£¦|q�boq§N§¤£¦��ªsl

^`_�eTl�e�txwW��eTlI|�«¥��edtx¨©|�{nªsl¢_boÄ®qe�¹�emed��l�tnp��s£¤eT�Z£¦�  VRº !�#N£¦�Zty_�eh�d|q�RtnedrWtI|q«1�sed§µoÄwYcY£¤��£¦cY£¤ÃTo,ty£¤|��
¨F_bed{yevty_�eA�sed§µoÄwsl¢|q«1§¦£¤�bªWlF�d|q{y{neTl���|q���\tn|\~��q~��Wf�¸Rp�edp�eTl`¨F£²ty_�£¦�s±b�b£²tye(¹�p�!�ed{�ld´ÁÅved{ye�¨Ie(lxtypb�sw
ln|qcYe�|�«1tn_�em£¤{v��{n|���em{�ty£¤eTlI¨F_�ed� tn_be(|q¹s}xeT�Ûtn£¦®qeTlItn|Y¹�e(cK£¦��£¦cY£¤Ãmem�Do�{ye�¹�§¤|s��ªW£¦�����b{n|�¹bo�¹�£¦§¦£²ty£¤eTld´
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