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K�LNM2O9PRQTSVU:W2XJP2Y[Z]\&P�^:XJ_`Xa^JM2O9P2X
bdcJegfhP2^�U:P�i/P2j�X

UkY[lNlmeBca^:nNPocJP2j�LNP2c-j�L`Pqp/r2sgt]u�v�Sxw�y`cJz|{%Q@}~}~��S�vmQTlNY~�~P@X

�&�5�2�����N�~�~� K�L`PkL`e[{|z�XJ^az�j�^JL`P2e[cJ_�z�XdY�y[P2cJ_�z�pB^aP2cJP2XJ^az�p`��Y[lNlNcJe[Y~j�L���e[c-O9P2cJ{|_9lNcJe[l/e[XJP2nR�B_9K�z�pNn`P2{|{
Y[pNn9��{�Y~c-��� sgv��`��eBc5Y[XJXJP2X-XJz�p`��^JL`P���P@Y~XJz��`z�{�z|^�_�e~�m�N\`P2n�lNcJz|eBcaz�^�_�caP@Yg{|��^Jz�O9P�Xa_`XJ^aP2ORX2�� �^-X%ORY�fhe[c5O9P2cJz|^
z�X¡^Je�ORY~�~P:^JLNP�Y~pmYg{�_]XJz�X%eg��n`z�XJ^JcJz��NZN^aP2n&Xa_`XJ^aP2ORXd^Jc-Y~j�^-Y~�`{�P~¢[£�z|^-L`e[ZN^��/P�z�p`��Y~^d^JLNP�X-Y~O9P:^az�O9Pk^JeBe
l/P2X-XJz�O9z�Xa^Jz�j~�� hpR^-L`z�X�lNY~l/P2cd£�P�P�\`^aP2pmnR^JL`PkLNe~{�z�XJ^az�j�^JL`P2e[cJ_�^Je�^JL`P�Y~pNY~{|_`XJz�XGe~�
nNP2Y~nN{|z�p`P:X-j�L`P2nNZN{|P@n
cJP2Y~{¤�¥^az�O9PTnNz�XJ^JcJz��mZ`^aP@n!XJ_`Xa^JP2ORX2�

¦ £�z�p`�§^ae¨z|^-X&lNcJP2n`z�j�^-Y~�`z�{�z|^�_[¢�^-L`P©K�z�O9P2nªK�e[�gP@pD«©wk��lNcae[^ae`j�e[{�z�X�Y~X-XJZmO�P@nD^ae¬Y~c-�`z�^Jc-Yg^JP
pNP�^�£�e[c-�&Y~j2j�P@XJXJP2X�Y[O�eBp`�7L`eBXa^klmcae`j�P@XJXJe[c-X2�d/Zmca^-L`P2c-O9e[cJP~¢mz�p(e[c-n`P@c�^ae&Y[j�L`z�P�y~P�Y7{�Y[ca�[P�caP@XaeBZNcJj�P
ZN^az�{|z�®2Y~^az�e[p
¢�e[Z`^J�~e[z�p`�¯lNY[j��gP�^-XRY~cJP!Y[XJX-ZNO9P2n°^ae¬�/P({|e`j�Y~{|{�_¨±]Z`P@Z`P2nDP2Y[ca{�z�P2XJ^9n`P@Y~n`{�z�p`P!�/cJXJ^��²w
lmcae`j�P@nNZNcJPk��eBc�^JL`P�j�e[ORlNZ`^-Yg^Jz|eBp&e~�5£�e[c-Xa^a�¥j2Y~XJP�O9P2X-X-Yg�~Poj�eBORO�ZNp`z�j�Y~^az�e[p!n`P�{�Y�_`X�z�X:Y~{�XJe9�~z�y~P2p4�

K�L`P!^JLNP�e[cJ_¯n`P2X-j�cJz��/P2n¬z�p¨^JL`P!lNY~l/P2c�z�X9y�Yg{�z�nNYg^JP2n¬�B_§O9P2Y~pmX�e~�kY©j�Y[XaP�Xa^-ZNn`_¬Y~lml`{|z�j�Y~^az�e[p
¢
z�p³£:L`z�j�L´£�e[c-XJ^h��j�Y~XJPRcaP@XJl/e[pNXJPR^az�O9P2X�e~��µ�¶¸·g¹�º¥»g¹aµ�¶¼·Rj�e[ORlNZN^JYg^Jz|eBpNX�Y[caPR^az��[LB^J{|_³�meBZNpNn`P@n
��K�L`P
P�\NY~ORl`{�PoLmY~X�j�eBp]�/c-O9P2n�^JL`P�P�½¸P@j�^az�y~P@p`P2X-X�eg�GY9�~{�e[�NY~{4n`P2Y[n`{|z�p`P�X-j�L`P2nNZN{|z�p`��Y~lNlmcaeBY~j�L
�
¾(¿BÀ¼Á-Â�Ã ��Ä5�~� cJP2Yg{|�¥^az�O�P(j�eBORlNZ`^az�p`�/¢�n`P@Y~n`{�z�p`PÅXJj�LNP2nNZ`{�z�p`�m¢d��P2Y~XJz��`z|{�z�^�_¨Y~pNY~{|_`XJz�X2¢�nNz�XJ^JcJz��mZ`^aP@n
XJ_`Xa^JP2ORX2¢NK�z�O9P2n(K�e[�~P2p7«´wk�²lNcJe~^Je`j�e~{��
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��� ����� � ��� Y�^JL`W2e[cJz|P��N»�� �"!�º#�%$'&mµ�¢mlNcJe[l/e[XJW�PolNY~c�K�z�pNn`P�{�{4P2^:��{�Y~c-� � sgv��¥¢`P2XJ^�ZNp`P�Y~lmlNcae`j�L`P�^JcJM2X
z�pB^aP@caP@XJX-Y~pB^aP:l/e[ZmcdW2^JY~�N{|z�cd{�Yo�ÜY~z�X-Y~�`z�{�z|^JW�n`PTXa_`XJ^aM2O9P@Xd^JP2ORlNXa�¥cJW�P2{)(�lmcaz�e[cJz|^JW2X¡�N\`P2X2�+*]e[p�lNcJz�pmj�z�lNYg{
O9W@caz�^aP:P@Xa^�n`P�l/P2c-O9P�^J^JcJPk{-, Y[pNYg{�_`XaP:n`PTXa_`XJ^aM@O�P@XdcJW2lNY[ca^Jz�X2¢[X-Y~pmXd±]Z`P�j�P�{�{|P��¥j�z/XJe~z�^d^-caeBl�lmP@XJXJz�O9z�Xa^JP~�
.oY~pmX�j�P�lNY[l`z�P2c5p`e[ZNX�W�^JP2pNnNe[pNX5{�Y:^JLNW�e[cJz�P�L`e[{|z�Xa^Jz�±]Z`P/(:{-, Y~pNY~{|_`XJPdn`P�Xa_`XJ^aM2O9P@X�cJW2lNY[ca^Jz�X�^aP@ORlNXh��cJW�P�{
eBcJnNe[pNpNY[pNj�W@X�XJP�{�e[p�{�P2X�W@j�L`W2Y[pNj�P@X��

0 c21~j�P3(�X-YRlNcJP2n`z�j�^-Y~�`z�{|z�^aW[¢N{�P�lNcae[^ae`j�e[{|PoK�z�O�P@n(K�eB�gP2p!YRW�^JW�j�eBpNXaz�n`P@caW�l/e[ZNc�{-, Y[cJ�Nz|^-cJY~�~Pon`P2X
Y[j�j�M2X4Y[Z�caW@XaP@Y~ZTn`Pd{�Y�lNY~cJ^�n`P@X�n`z|½¼W2cJP2pB^aP@X4Xa^-Yg^Jz|eBpNX���4dp�l`{�ZNX2¢�l/e[Zmc4e[�N^aP2pNz�c�ZNp`Pd�/e[pNpNPdZ`^az�{�z�X-Yg^Jz|eBp
nNP2X�cJP2X-XaeBZNcJj�P2X2¢
p`e[ZNXoY�y[e[pNXoX-ZNlNl/e[XJWR±]Z`PR{�P2X�lNY[±]Z`P�^-X�W@O9z�X�XJe[pB^o{|e`j2Yg{�P2O9P2pB^oe[c-n`e[pmpNY~pNj�W2XTlNY~c
W@j�L`W2Y[pNj�P�{�YTl`{�ZNX%lNcJe`j�L`P�P@p�lNcJP2O9z�W2c2�65�e[ZNXGY�y~eBpNX5Y~ZNX-Xaz`n`P2y~P2{|eBlNlmW�ZNp`P�lNcJe`j�W2nmZNcaP�l/e[ZNc5{�P�j2Yg{�j�Z`{
nNP2X�n`W2{�Y~z�X�n`P�j�e[ORO�Zmp`z�j2Yg^Jz|eBp&P@p�l`z�cJPoj2Y~X2�

� Y�^-L`W�eBcaz�P�n`W2j2caz�^aP7nmY~pNXo{�P7lNY~lNz|P@c�Y�W2^aW�y�Yg{�z�n`W�P�X-ZNc�ZNp³P�\`P2ORl`{�P7n7, Y~lNlN{|z�j�Y~^az�e[p³n`z�XJ^JcJz��NZ`W�P
^JP2ORlNXa�¥cJW�P2{é¢%l/e[ZNc�{�Y~±]Z`P�{�{�P7{|P@X�lNz�cJP2X�^aP@O9lmX�n`P!caW@lmeBpNXJP&n`P2X�^Jc-Ygz�^aP@O9P2pB^JX9n`P98Þ»�&`ºé¹aµ�¶m¹:8Þ»;&`º�XaeBpB^
XJ^JcJz�j�^aP@O9P2pB^¡�meBcJpNW2X2� � , P�\]P@ORl`{|P:Y�j�e[p]�¸cJO9W�{-, P'<�j2Y~j�z|^JW:n`P�{#, Y~lmlNcae`j�L`P�(oeBcJn`eBpNpNY[pNj�P@O�P@pB^5�[{|eB�NYg{
lmY~c�W2j�LNW2Y~pmj�P2X2�
= Ã �@� Á �?> � � j�Yg{�j�ZN{�P2^Tj�e[ORO�ZNpNz�j2Yg^az�e[pmXk^JP2ORlNXa�¥cJW�P2{é¢¸e[c-n`e[pmpNY~pNj�P2O9P2pB^klmY~c�W2j�L`W@Y~pNj�P~¢¼Y~pNY~{|_`XJP
nNP��ÜY~z�X-Y~�Nz|{�z|^JW~¢mXJ_`Xa^JM2O9P2X�cJW2lmY~cJ^az�X�¢`lNcJe~^Je]j�e~{�PTK�z�O9P2n(K�e[�gP@p
�
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��eBpB^JcJe~{�Xa_`XJ^aP@O9X�cJP2lmcaP@XaP@p[^9^JLNPÅpNYg^-ZNcJY~{:Y~lNlN{|z�j�Y~^az�e[pDn`e[ORYgz�p°eg��caP@Yg{|��^Jz�O9P(j�e[ORlNZN^az�p`�m� *]Zmj�L
XJ_`Xa^JP2ORXoLNY�y~P9eg��^JP2p³Y(n`z�XJ^JcJz��NZ`^aP@n´Y[cJj�LNz|^JP2j�^-ZNcJP ��nmYg^JY(Y[caPRj�e[{|{�P2j�^aP2n´�B_©XaP@pNXJe[cTn`P�y]z�j�P2X2¢4^-cJY[pNXh�
O9z�^a^JP2n¬^Je³lmcae`j�P@XJXJz�p`�©n`P2yBz�j�P@X�¢¡Y[pNn¬Y[j�^az�e[pmX�Y[caP��¸pNYg{�{|_§^-Y~�~P2p¬�B_§Y~j�^JZNY~^ae[c�n`P�y]z�j�P@X��§K�LNY~^�z�X�¢
^-L`P��/P2LNY�y]z�e[ZNc:eg�¡^JLNP�Xa_`XJ^aP@O�j�e[pNXJz�XJ^JX�ORYgz�p`{|_!z�p caP@XJl/e[pNnNz�p`��^Je&^-caz��~�[P2c�P�y[P2pB^JXk£:L`P2pNP�y~P@c�^JLNP�_
Y[caP9n`P�^JP2j�^aP2n4�� hp©eBcJnNP2ckpNe~^T^ae9fhP�eBlNY~c-n`z�®�P�^-L`PRlNcae`j�P2X-X�ZNpmn`P2coj�eBpB^JcJe~{�¢¸^-L`P2XJPRcaP@XJl/e[pNXJP2X2¢¼£:L`z�j�L
Y[caPT^JLNP�caP@XJZ`{�^JX�e~��µ�¶¸·g¹�º¥»g¹aµ�¶¼·oj�e[ORlNZN^JYg^Jz|eBpNX2¢NO�ZNXJ^��mP�^-Y~�gP@p&£�z�^JLNz�p(ORY�\`z�O�ZNO�n`P�{�Y�_`X�¢]^aP@cJO9P@n
·[µ��~· � �È¶¼µ !�¢¸XJl/P2j�z¤�mP@n(Yg^:n`P@Xaz��[p�^az�O9P~�
¦ £�z�p`�o^aeo^JLNP:Xa^-caz�j�^-p`P2X-X5eg�
n`P2Y[n`{|z�p`P@X�¢~cJP2Y~{¤�¥^az�O9P�XJ_`Xa^JP2ORX%O�ZmXa^%�/P:n`P2XJz|�Bp`P2n�z�p�X-ZNj�L9Y�£�Y�_�^ae

�[z|y[Pk^-L`P�Y�lNcJz�e[cJz/�BZNY~c-Y~pB^aP2P:^JLmYg^�^JL`Po^az�O9z�pN�Rj�e[pNXJ^Jc-Ygz�pB^JX�Y~cJPTO9P�^�P�y[P2p�ZNpNn`P@c�l/P2Y[�R{|eBY~n�j�e[pmn`z¤�
^Jz|eBpNX2�� hp¯eBcJn`P@co^ae©Y[j�L`z�P�y~PR^-L`z�X�n`P2XJz��[p³�~eBYg{�¢�X-Z`z|^-Y~�`{�P&Y~{|{�e`j�Yg^Jz|eBp©^JP2j�LNpNz�±]Z`P@X�Y~pmn³lmcaP@n`z�j�^JY[�`{|P
X-j�L`P@nNZ`{�z�p`� Y~{|�[e[cJz|^-LNORX�Y~cJP9p`P2P2n`P@n³z�p¯^-L`P7lNcJe]j�P2X-Xaz�p`�(caP@XaeBZNc-j�P2XoY[Xo£�P2{|{dY[Xoz�p³^-L`P&p`P2^�£�eBcJ�Bz�p`�
eBp`P2X2�

 hp�z�^JXd�~P@p`P2c-Yg{]��eBcJO�Z`{�Y~^az�e[p
¢[^JL`PTlNcJe[�`{�P2Oqeg�4Y~X-XaP@XJXJz�p`�o^JL`Pk��P2Y~XJz��`z|{�z�^�_�eg�4Y�cJP2Y~{¤�¥^az�O9P:n`z�Xa^-caz��NZ]�
^JP2n�Xa_`XJ^aP2O!¢g^-LNYg^5z�X�¢gP@Xa^-Y~�`{�z�XJL`z�p`��£:L`P�^-L`P2cGYg{�{]^az�O9z�p`��cJP2±]Z`z�caP@O9P2pB^JX5Y~cJP�O9P�^2¢gz�X�5�b%��LNY~c-n&� s~s@�¥�5 hp
eBcJnNP2c�^aeRe�y~P@cJj�e[O9P:^JLNz�X�z�pNL`P@caP@p[^�n`z <7j�Z`{�^�_~¢NlNcJe[�N{|P@O caP@Xa^-caz�j�^Jz|eBpNX�Y~pNn�L`P2ZNcJz�Xa^Jz�j2X�O�ZNXJ^��/P�ZNXJP2n
�
w j�e[ORO9e[p¯Y~lmlNcaeBY~j�L´z�X�^aeÅXJ^JYg^Jz�j2Yg{�{|_³Yg{�{|e`j2Yg^aP�Y[lNl`{�z�j2Yg^az�e[p³^-Y~X-�BX�Y~^�L`e[XJ^�lNcJe`j�P2X-XJe[c-X9�|Q�u]¢dQ2����¢
Y[pNn�{�e`j�Yg{�{�_RZN^az�{|z�®�P�P�z�^JL`P@c�Y�£�P2{|{¼�]p`e�£:p�X-j�L`P2nNZN{|z�p`��Y~{|�[e[cJz|^-LNO {|z��gP�UkYg^JPk«ÅeBp`e~^Je[p`z�j:eBc+4dY[ca{�z|P@Xa^
.TP2Y[n`{�z�p`PTGz�c-XJ^�!#4+.T#"T�|Q�$g��¢]e[c�Y�^aP@O9lN{�Y~^aP�XJj�LNP2nNZ`{�PT{�Y�_[P2n�eBZ`^�Y~^�XJ_`Xa^JP2O n`P@Xaz��[p&^az�O9PR�|Q@s����¡wk{¤�
^JP2c-pNYg^Jz|y[P�{�_~¢`Y9j�e[ORl`{�P�^JPTnN_]pmY~O9z�jTY~lmlNcaeBY~j�L7XJ^JcJe[pN�~{�_R�mY~XJP2n�eBp�L`P@ZNcJz�XJ^az�j�X�j�Y[p��/Pk��e[{|{�e�£�P2n©� s`Q����

 hp�^JL`z�X�lNY[lmP@c�£�PoY~X-XJZNO9PTY�XJ_`Xa^JP2O j�eBp]�m�BZNcJY~^az�e[p�z�p�£:L`z�j�L�Y~lNlN{|z�j�Y~^az�e[p7^-Y~X-�]X�Y[caPoXa^-Yg^Jz�j2Yg{�{|_
Y~{|{�e`j�Y~^aP2n7^aeRL`e[XJ^�lmcae`j�P@XJXJe[c-XdY[pNn&X-j�L`P@nNZ`{�P2n&Y[j�j�e[c-n`z�pN��^aeR^JLNP 4+.T°Y~{|�[e[cJz|^-LNO!�5K�LNPTY~{|{�e`j�Yg^Jz|eBp
ORY�_ª�/P´^-L`P³cJP2X-Z`{�^&e~��Y°X-Z`z�^JY~�N{|P³Y~pNY~{|_`XJz�X�Y~pNn eg��LNY[cJn`£�Y~cJP©j�e[pNXJ^Jc-Ygz�pB^JX2� K�L`z�X!z�X-XJZNP©z�X�p`e
{�e[pN�~P2cRY[nNnNcJP2X-XaP@n¬z�p°£:LmYg^9��e~{�{|e�£:X2�ªK�L`P j�L`e~z�j�P(e~��^JLNP 4+.� Yg{��~eBcaz�^JLmO z�X�O9e~^Jz|y�Y~^aP2n �B_¬z�^JX
lmcaP@n`z�j�^JY[�`z|{�z�^�_~¢NY~X�£�P�{�{4Y~X��B_7z�^JX:e[l`^Jz�ORYg{�z�^�_7z�p(ZNpNz�lNcJe`j�P@XJXJe[c�X-j�L`P2nNZN{|z�p`� � s %��¥�

4dpmn]��^Jeg�¥P2pNnªnNP2Y~nN{|z�p`P �[ZmY~c-Y~pB^aP2P2XRY~cJP lmeBXJXJz��N{|P eBp`{|_°z¤��^-L`P©j�eBORO�ZNp`z�j�Y~^az�e[pDp`P�^�£�e[c-�¬X-ZNl]�
l/e[cJ^JX�^JL`P�^Jz�O9P�{�_¯n`P�{�z|y[P2cJ_Åeg��z�p[^JP2ca��^-Y~X-�ÅO9P2X-XJY~�~P@X9� s��¥��w�O9e[p`� ^-L`P7j�eBO9O�ZNp`z�j�Y~^az�e[p³lNcae[^ae`j�e[{�X
^-LNYg^olNcJe�y]z�n`P9^JLNz�Xon`P2�[cJP�P�e~��lNcJP2nNz�j�^JY~�Nz|{�z|^�_ £�P��/pNnÅ^-L`P�K�z�O9P@n´K�e[�~P2pÅO9P2nNz�ZNO Y~j�j�P2X-X�j�e[pB^JcJe~{
lmcae[^ae`j�e[{��¤Q&%��¥¢Bj2ZNcJcJP2pB^J{|_�z�pNj�{�Zmn`P2nRz�p�Y�p]ZNO��/P2cdeg�
{�e]j2Yg{mY[caP@Y�p`P�^�£�e[c-��XJ^JY[pNnNY~c-nNX2¢[pNY[O9P�{�_�^-L`P��N�
�/P2c%nNz�XJ^JcJz��mZ`^aP@n�nNY~^JY�z�pB^JP2ca�ÜY~j�P�!Ü . .� '"�¢~^-L`P�  4+4+4¬t %Bs`� $m¢�^JLNP�LNz|�BL�X-lmP2P2n9nNYg^-Y��mZNX%Y~pNn�^JLNP�LNz|�BL
X-l/P�P2n(cJz�pN�R�mZNX(!�) * .�*,+-)3*BU�*,"�¢/Y[pNn&^-L`P�X-ZNcJyBz�y�Y~�`{�P�Y~nNY[l`^JY[�`{�P��¸�mP@c�e[l`^Jz�joP@pB�/P2nmn`P2n(p`P2^�£�eBcJ�
! *]w: 4+5 4dK�"�� s@�¥�
 hp³^JLNPRnNP2X-j�cJz�l`^Jz|eBpÅe~��^JLNPR��e~{�{|e�£�z�p`�(XaP@j�^az�e[pmX�£�P�Y~X-XJZmO�PRp`P2^�£�eBcJ� Y[j�j�P@XJXJP2XTY~cJP9�[c-Y~pB^aP@nÅ^ae

LNe[XJ^5lNcJe`j�P@XJXJe[c-X4�B_�ZNXJz�p`�T^JLNP�K�z�O9P2n9K�eB�gP2p�«©wk�¯lNcJe~^Je]j�e~{��4/Zmca^-L`P2c-O9e[cJP~¢�z�p�e[c-n`P@c�^JeTY[j�L`z|P2y~PdY
LNz|�BL`P2c�caP@XaeBZNc-j�P:Z`^Jz|{�z|®@Yg^Jz|eBp
¢]£�PTYg{�Xae9Y~X-XJZNO9P�^JLNY~^�eBZ`^a�[e~z�p`��lNY[j��gP�^-XdY[caP�{|e`j�Y~{|{�_R±BZNP2Z`P@n7P2Y[ca{�z�P2XJ^
nNP2Y~nN{|z�p`P��/c-Xa^2� 5ke~^JP�^JLNY~^¡^JLNz�X¡��e[c-Oqe~�¼p`P2^�£�eBcJ��XJj�LNP2nNZ`{�z�p`��LNY~Xd�mP2P2p�cJP2j�P@pB^a{�_�X-Z`�~�[P2XJ^aP2n���e[cd^JL`P
P@Xa^-Y~�`{�z�XJLNO9P@p[^�e~�.�Jµ���� ¹�º#����µ�� �/�g¶m¶¼µ � !�� }`¢/s[u@���

 hp e[c-n`P2c&^ae Y~pNY~{|_`XJPÅ^JL`P´��P2Y[Xaz��`z�{|z�^�_ eg��^-L`z�X!XJe[cJ^7e~��Xa_`XJ^aP@O9X2¢:£�P´lNcJe[l/e[XJP´Y[pªz�pNp`e�y�Yg^Jz|y[P
Y[lNlNcJe[Y[j�L ^aP2c-O9P2n �m»;� �"!�º-���0�g¶��;�1� ! �"!�� K�L`P¯L`e[{|z�Xa^Jz�j³Y~lmlNcaeBY~j�L LNY[X!�/P�P@pª��eBcJO9P2cJ{�_°z�pB^JcJe]nmZNj�P@n
�B_DK�z�pNnNP�{�{�Y~pmnª��{�Y~c-�²� sgv��¥¢�£:L`e¨LNY�y[P n`P2X-j�cJz��/P2n L`e�£+^ae¬Y[XJXJP2X-XR^JLNP(��P2Y~XJz��`z|{�z�^�_¨eg��cJP2Y~{¤�¥^az�O9P
nNz�XJ^JcJz��mZ`^aP@n9XJ_`Xa^JP2ORX¡j�e[ORlmeBXaP@n�e~�/�m\]P@nRlNcaz�e[cJz�^�_�XJj�LNP2nNZ`{�P2nRL`eBXa^¡lmcae`j�P@XJXJe[c-X5Y~pNnRYo^az�O9P:n`z�yBz�XJz|eBp
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O�Z`{�^az�l`{|P!Y~j2j�P2X-X�p`P2^�£�eBcJ�¸� � Yg^aP@c�¢GK�z�pNn`P�{�{�µ�º �;����� s�$���LNY�y~P�P�\]^JP2pNnNP2n§^-L`P�Y[pNYg{�_`Xaz�X�^ae´Xa_`XJ^aP2ORX
£�z�^JL4¢mcaP@XJl/P2j�^az�y~P2{|_[¢NY9cJP2Y~{¤�¥^az�O9PTY[pNn(Y9^az�O�P@n!^ae[�~P2p!j�eBO9O�ZNp`z�j�Y~^az�e[p!lNcae[^ae`j�e[{�X2�

 hp9^JLNP:L`e~{�z�XJ^az�j�Y~lNlmcaeBY~j�L
¢�P2pmn]��^Jeg�¥P2pNn9cJP2X-lmeBpNXaP�^az�O9P2X¡Y[caP�^az��[LB^J{|_��/e[ZmpNn`P2nRY[pNn�^-L`P2pRj�e[ORlNY��
cJP2nR^Je�^-L`PTnNP2XJz|�Bp�caP@±BZNz�cJP2O9P2pB^-X�¢Bz�p7e[c-n`P2cd^ae�P@Xa^-Y~�`{�z�XJLR£:L`P2^JL`P@cd^-L`PoXa_`XJ^aP2O z�X¡��P@Y~XJz��`{�P~� 4dpmn]��^Jeg�
P@pNn7�/e[ZNpmnNX�Y~cJPkj�eBO9lmZ`^aP@n7�B_7Y~j�j2ZNc-Yg^aP�Y~pNY~{|_`XJz�p`��P@Y~j�L7X-ZN�NXJ_`Xa^JP2O !éLNe[XJ^�lNcJe`j�P2X-XJe[c%eBc�j�e[ORO�Z]�
pNz�j2Yg^az�e[p!O9P2n`z�ZNO "�z�p&eBcJnNP2c�^aeRP�\`Y[j�^J{|_7P2y�Yg{�ZNYg^JPT£�e[c-XJ^h��j�Y~XJPk^-Y~X-�&Y[pNn�O9P@XJX-Yg�[PTcJP2X-lmeBpNXJPT^Jz�O9P@X��
*]z�pNj�P&^-L`P&^Jz�O9z�p`�´Y[pNYg{�_`Xaz�X�eg�:^-L`P�O9P@XJX-Yg�[P2X�z�X�Yg½¸P@j�^JP2n¬�B_¯^JL`P!caP@XJl/e[pmXaP7^Jz�O9P@X�e~��^-L`P(XaP@pNn`P2c
^-Y~X-�]X�¢¼Y~pNn©Xaz�O9z|{�Y~cJ{|_(^-L`P�^Jz�O9z�p`��Y[pNYg{�_`Xaz�X:e~�d^JLNP�n`P@Xa^Jz�pNY~^az�e[p ^-Y~X-�]Xkz�X�Yg½¸P@j�^JP2n©�B_(^JLNP9j�e[ORO�Z]�
pNz�j2Yg^az�e[p(n`P2{�Y�_`X�e~�G^-L`P�O9P2X-X-Yg�~P@X�¢`^-L`P�e�y[P2c-Yg{�{4Y~pNY~{|_`XJz�X�e~�5^-L`P�n`z|½¸P@caP@pB^kXJZm�NXa_`XJ^aP@O9X:z�X:cJP2l/P2Y~^aP@n
XJP�y[P2c-Yg{¼^az�O9P2X�ZNpB^Jz|{�XJ^JY[�`z�{|z�^�_&z�X�caP@Y~j�L`P@n
�

5�e~^aPk^JLNY~^de[pNP:eg�
^JLNPk�gP2_9Y[XJl/P2j�^JX%e~�¼^-L`P�LNe~{�z�XJ^az�j:Y~lmlNcaeBY~j�L�z�Xd^JL`PTY~�`z�{�z|^�_�^ae�j�e[ORlNZ`^JPk£�e[c-Xa^a�
j2Y~XJP�caP@XJl/e[pNXJP�^az�O9P2X¡�/e~^-L9��e[c%^-Y~X-�]X%Y~pNnRO9P2X-XJY~�~P@X��5w²lNcJe]j�P2nNZmcaP���e[cdXJZNj�LRY�j�e[ORlNZ`^-Yg^az�e[p9z�pR^JL`P
j�e[pB^aP�\`^�eg�¸ZNp`z�lNcae`j�P2X-XaeBc74+.T©XJj�LNP2nNZ`{�z�p`��LNY[XG�mP2P2p�nNP2X-j�cJz��/P2n�z�p&� s�%��`Y[pNn�£�z�{�{]�/P��Ncaz�P�i/_ocJP2j2Yg{�{|P@n
z�p&Y�{�Yg^aP@c�XJP2j�^az�e[p
�G hp�^JL`z�X�lNY~l/P2c�£�PTlmcaeBlmeBXaPkY9lNcJe`j�P2nmZNcaP�^aeRj�eBO9lmZ`^aPo£�e[c-Xa^a�¥j2Y~XJP:j�e[ORO�ZNp`z�j�Y��
^Jz|eBp�nNP�{�Y�_]XGe~�¸z�pB^aP@ch�¥^JY[XJ��O9P2X-X-Yg�~P@X�¢�£:LNP2p9^JL`P:K�z�O9P2nRK�e[�gP@p�«©wk�¨lNcJe~^Je]j�e~{`z�X%ZNXJP2n9^ae�Y~c-�`z�^Jc-Yg^JP
Y[j�j�P2X-XaP@X�^ae7^-L`P�pNP�^�£�e[c-�/¢¸Y~pNnÅ£:L`P2p eBZ`^a�[e~z�p`�7lNY[j��gP�^-X:Y~cJP�{�e`j�Yg{�{�_!±]Z`P@Z`P2nÅY~^kj�eBORO�ZNp`z�j�Y~^az�e[pNX
Y[nNY~lN^aP2c-X:P@Y~cJ{|z�P2XJ^�nNP2Y~nN{|z�p`P��¸cJXJ^���K�£�e!XJZN�¸j�Y[XaP@X�Y[caP�j�e[pmXaz�n`P2cJP2n ��£:L`P2p´�me[^JL ! ��¶��2� �J»�¶¼»;& !kY~pmn
�;! ��¶�� � �J»g¶¸»;& !5XaP@cay]z�j�P2X5Y~cJP�ZN^az�{|z�®�P@n��B_�L`eBXa^GlNcJe]j�P2X-XaeBcJX2¢�Y~pNn�£:L`P2p�e[p`{�_�^JL`P�XJ_`pNj�LNcJe[p`eBZNX�XJP2cJy]z�j�P
z�X�Yg{�{�e�£�P@n
�

K�L`P�lmcaeB�`{|P@O eg�GP2XJ^az�ORYg^Jz�p`��^-L`P�Y�y~P@cJY~�~P�^JY~X-�7cJP2X-lmeBpNXJPT^Jz�O9P@X�z�p(cJP2Y~{¤�¥^az�O9PonNz�XJ^JcJz��mZ`^aP@n!XJ_`Xh�
^JP2ORX%£�z�^JL�cJP2XJe[ZNc-j�P�j�e[pB^aP@p[^Jz|eBpNX%£�Y~XG^-Y~j��B{|P@nR�[_���L]ZÅµ�º �;���Bz�p �×u@�¥�� hp � t��/P@pNn]�¥^ae~��P@pNn9�[ZNY[cJY[p[^JP�P@X
Y[caP��~z�y~P2p©�[_ X-l`{�z|^J^az�p`��^-L`PRXJj�L`P@nNZ`{�z�pN��lNcJe[�`{�P2O+z�pÅ^�£�e�lNLmY~XJP2X2¢/eBp`P�e~½/�¥{|z�p`P[¢¸eBp`P9e[p]�¥{|z�p`P[�TK�L`P
e~½/�¥{�z�p`P9XJj�LNP2nNZ`{�P2c��NZ`z�{�nmX�Y&^aP2ORl`{�Yg^JP��B_ Y~X-Xaz��[pNz�p`��P@Y~j�L(^-Y~X-�!Y[p¬µ��]µ��'&`º#�Ü»g¶	� �È¶¼·~»
�%¢4Y~j�j�e[c-n`z�p`�
^Je¯^JL`PÅlNcJP2j�P2n`P@pNj�P(j�eBpNXJ^Jc-Ygz�p[^-XRY~pNnD^JLNP(cJP2XJe[ZmcJj�P!p`P2P2nNX2�ªK�L`P {�e]j2Yg{�e[p`��{�z�pNP(X-j�L`P@nNZ`{�P2c-X�^-L`P2p
^-ca_§^Je³Y[j�^-ZNYg{�{|_¬c-ZNp°p`e[p]��lNcJP�P@O9lN^az�y~P�{�_¯^JL`P(^-Y~X-�BX9z�p¬^-L`P�z�c�Y~X-Xaz��[pNP2n§£�z�pNn`e�£:X2�¬K�L`P Y~X-XJZmO�P@n
Y[cJj�LNz|^JP2j�^-ZNcJP:z�X��NY[XaP@n7eBp&Y�j�e~{�{|P@j�^Jz|eBp�eg����« 4%���NZNX�O�Z`{|^Jz�lmcae`j�P@XJXJe[c-Xdj�e[pNpNP2j�^JP2n��[_�Y��/�/P2c�e[l`^Jz�j
cJP�i/P2j�^Jz|y[PTO9P@O�eBca_�p`P�^�£�e[c-�¸�
UkY[ORY~ORcaz�^JLmY~O �¤Q@t��%XJZ`�[�~P@Xa^-X:^JLNP�ZNXJP�e~�dn`P2Y[n`{|z�p`P9nNcaz�y~P@p L`P2Zmcaz�Xa^Jz�j2X:��eBck^-L`P�Y~{|{�e`j�Y~^az�e[p Y~pmn

^-L`P�Xa^-Yg^az�j�XJj�L`P@nNZ`{�z�pN�keg�¸lmP@caz�e`n`z�jd^JY[XJ�]XGcaP2{�Y~^aP@n��B_olmcaP@j�P2nNP2pNj�P~¢gj�eBORO�ZNp`z�j�Y~^az�e[p
¢�Y[pNn�cJP2l`{�z�j�Yg^Jz|eBp
cJP2±]Z`z�cJP2O9P2pB^JX2�: hp ^-L`PRn`P2X-j�cJz�lN^az�e[p Y&lmcaP@n`z�j�^JY[�`{|P9lNcJe~^ae`j�e~{4��eBckp`P2^�£�eBcJ�!Y~j2j�P@XJXJP2X2¢m{�z��~P�l/e~z�pB^h�¥^aeg�
l/e~z�pB^�eBc�K/.T«©w�¢Nz�X�Y[XJX-ZNO9P2n
��.TP2Y~nN{|z�p`P�nNcJz|y[P2p7L`P@ZNcJz�XJ^az�j�X�LNY�y[P�Yg{�XJe��/P�P2p!ZNXJP2n��[_ *�P2^a^JY~^az
Y~pmn
� z�Z(� @�m��eBcG^JL`P:XJe~{�Z`^Jz|eBp�e~�¼XJP�y[P2c-Yg{���»��%¹ ! �N»���lNcJe[�`{�P2ORX���^Jz�O9z�p`��j�eBpNXa^-cJY~z�pB^-X5Y[caP��[z|y[P2p9Y~X%P@pNn]�¥^aeg�
P@pNn cJP�{�P2Y~XJPo^az�O9P2XkY[pNn(n`P2Y[n`{�z�p`P@X�¢¸Yg{�{4^JLNP�^JY[XJ�]X�P�\]P@j�Z`^JP�e[p(n`z|½¼P2cJP2pB^klNcJe`j�P2X-XJe[c-X�z�p(^JZmcJp(z�p(^JL`P
X-Y~O9P�eBcJnNP2c2�k hp ^-L`P�«´Y~c-XkXJ_]XJ^aP@O �¤Q�s@�¡Y7^az�O9P��¥^JcJz|�[�~P@caP@n!Y[cJj�LNz|^JP2j�^-ZNcJP�z�XTY~X-X-ZNO9P2n
� 4¡y~P@ca_]^-L`z�pN�
z�X��]p`e�£:pD�mP���e[cJP!^-L`PÅXJ_]XJ^aP@O z�X�cJZNp4¢�Y[pNn¨^-L`PÅX-j�L`P2nNZN{|P(z�X�Xa^-Yg^az�j�Y~{|{�_¬{�Y�_~P@n¬e[ZN^7�[_°O�P@Y~pNXRe~�
LNP2ZNcJz�XJ^az�j�X2�%w�j�j�P2X-X�^aeR^JL`P�pNP�^�£�e[c-�Rz�X��BcJY[pB^aP2n��B_&ZNXJz�p`�7YRK/.T«©w0lNcJe~^Je]j�e~{��

K�L`P cJP2XJ^Reg�k^-L`PÅlNY~l/P2c9z�X�Xa^-cJZmj�^JZmcaP@n¨Y~X���e[{|{�e�£:X�� *BP2j�^az�e[pDs´nNP2X-j�cJz��/P2X9^JLNP(nNP�^JY~z|{�XReg�T^JL`P
Y[XJX-ZNO9P2n�Xa_`XJ^aP@O O�e`n`P2{
Y~pNn&^JL`P�p`e[^JYg^Jz|eBp7{�Yg^JP2c�Z`^az�{�z|®2P2n
�¡K�L`PoL`e[{|z�Xa^Jz�joY[lNlNcJe[Y~j�LRz�X�caP2y]z|P2£�P@n7z�p
*]P2j�^Jz|eBp7vN�5 hp *BP@j�^Jz|eBp $�^-L`P�cJP2X-Z`{�^JX¡e~�d� s %��¸��e[c�^JL`PTY~pNY~{|_`XJz�Xdeg��ZNp`z�lNcJe`j�P2X-XJe[c¡n`P@Y~n`{�z�p`PkX-j�L`P2nNZN{|P@n
XJ_`Xa^JP2ORX9z�X��mcaz�P�im_°caP@j�Yg{�{�P2n
�DK�L`P lNcae`j�P2nNZNcJP���e[cR^JLNP!^Jz�O9z�p`�¬Y~pmYg{�_]XJz�X�e~��^JLNPÅj�e[ORO�ZNp`z�j�Yg^Jz|eBp
O9P@n`z�ZmO z�XGn`P@XJj2caz��mP@n�z�p *BP@j�^Jz|eBp�`�5K�L`P�j�e[ORlNZN^JYg^Jz|eBp�e~�mP2pNn`��^Jeg�¥P2pNn�cJP2X-l/e[pNXJPd^Jz�O9P2X5z�XGlNcaeBlmeBXaP@n
z�p�*BP@j�^Jz|eBpÅ�N�TK�L`P9Y[pNYg{�_`Xaz�X:lNcJP2XJP2pB^JP2n ^-LNcaeBZ`�[LNe[Z`^:^-L`P�lmY~l/P2c�z�X�^JL`P@p©Y[lNl`{�z|P@n ^ae!Y&j�Y[XaP�Xa^-ZNn`_
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Host Processors

Physical or Logical Ring
Token

Gz|�BZNcaPRQ �Gw�XJX-ZNO9P2n(p`P2^�£�eBcJ�R^Je[l/e~{�e~�[_~�

P�\NY~ORl`{�P�z�p *BP@j�^az�e[p&u`�� hp�*]P2j�^Jz|eBpRtoe[ZNc%{�Y~XJ^¡cJP2ORY~c-�]X%Y~cJP��¸pNYg{�{|_9n`z�XJj2ZNXJXJP2nRY[pNn9e[ZNc¡j�e[pNj�{�ZmXaz�e[pNX
XJ^JY~^aP@n
�

� "9���4	��:1 � �� ����

K�LNP�^�_]lNz�j2Yg{dXJ_`Xa^JP2O�£�P7j�eBpNXJz�n`P@coz�p¯eBZNc�Y~pmYg{�_]XJz�Xoz�X�j�e[ORl/e[XJP2n³eg��XaP2y~P@cJY~{¡L`e[XJ^�lNcJe]j�P2X-XaeBcJX2¢
e[c
pNe]nNP2X2¢Gj�e[pNpNP2j�^JP2n¬�B_§YÅlNLB_`XJz�j2Yg{�e[c�{�e~�[z�j2Yg{dcJz�p`�0!éz�p§^-L`z�X�j2Y~XJP7^JL`P(Y~j�^JZNY~{�p`P2^�£�eBcJ�³ORY�_³�/P�Y
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Generation delay

Queuing and transmission delays

Delivery and processing delays
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j�e[ORO�Zmp`z�j2Yg^Jz|eBp´n`P2{�Y�_`XTz�X�j�eBpNj�P@cJp`P@n
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lmcaz�e[cJz|^�_�z�pB^aP@ch��P@caP@pNj�P[¢`£:L`z�j�L�z�p�^-ZNc-p!j2Y~p!�mP�lmcaP@j�z�XaP2{|_&�/e[ZmpNn`P2n4�

K�L`P�£�e[c-XJ^h��j�Y~XJP�j�e[ORO�Zmp`z�j2Yg^Jz|eBp�n`P2{�Y�_�e~�GYRO9P2X-X-Y~O9P ��z�X�^-L]ZNX

� � � ������� ����  � � ?�� @ $ � !  "

^-L`P�ORYg\]z�O�ZmO+Y[O9e[p`�!Yg{�{5X-j�P@pNY~cJz|eBX�{�z��~P�^JLmYg^�X-L`e�£:p z�p Gz��[ZNcJP�$/¢¸z�p £:L`z�j�L eBp`P�e`j�j2ZNc-caP@pNj�P�e~�
O9P@XJX-Yg�[P���Y[cJcJz|y[P2X�Y~^k^az�O9P 5 � � Y~pNnÅY~{|{�e~^-L`P2c�O�P@XJX-Yg�[P2X:Y[caP�caP2{|P@Y~XJP2n
¢/{|e`j�Y~{|{�_(Y~pNnÅcJP2O9e[^aP�{�_~¢
XJ_`pNj�LNcJe[p`eBZNXJ{|_§Y~pmn°Y~^9^-L`P�z�c�ORY�\`z�O�ZNO c-Yg^JP~� � Y~^aP2cRz�p°^JL`z�X7XJP2j�^Jz|eBp¬£�P(£�z|{�{kn`z�XJj2ZNX-X9LNe�£�^ae
�/e[ZmpNn!^JL`P�y�Yg{�Z`P@X�eg� � ��e[c�£:L`z�j�L � � ?�� @ LNY[X�^ae7�/PTP2y�Yg{�ZNYg^JP2n!z�p 4d±]ZNY~^az�e[p !  "Þ�

*Bz�pNj�Pk^JLNPk^Jc-Y~pmXJO9z�XJXJz|eBpReg��lNY[j��gP2^JX%z�X�pNe[p]��lNcJP�P2ORl`^-Y~�`{�P~¢[z�p7e[c-n`P2cd^ae�P�½¸P@j�^Jz|y[P�{�_�P2y�Y~{�ZmYg^aP�^JL`P
j�e[ORO�Zmp`z�j2Yg^Jz|eBp§n`P�{�Y�_´e~�:O�P@XJX-Yg�[P �³¢ � � ?�� @ ¢%£�P���e~{�{�e�£ ^-L`P(Y~lNlNcJe[Y[j�L´nNP2X-j�cJz��/P2n§z�p²� s-$�� �R£�P
XJP2lmY~c-Yg^aP�^-L`P�±]Z`P@Z`z�p`�&Y~pmn ^JL`P�^Jc-Y~pNX-O9z�X-XJz|eBp!nNP�{�Y�_]X:eg� � �[_!P�\NY[j�^a{�_(�meBZNpNn`z�p`�7^-L`P�j�e[ORO�ZNpNz¤�
j2Yg^Jz|eBp´n`P2{�Y�_©eg��^JL`PR�/c-XJ^

� � � lNY[j��gP2^JXoY~pNn³^-L`P�^Jc-Y~pNX-O9z�X-XJz|eBp´n`P2{�Y�_ e~��^-L`P � ^-L³lmY~j��gP2^��7K�L`P
z�n`P@Y�z�X�^aeRP�\NY~j�^a{�_7�meBZNpNn�^JL`PT£�e[c-Xa^a�¥j2Y~XJP:^az�O9PopNP�P2nNP2n!�[_�^-L`P

�
^JL!lNY[j��gP�^�^ae9�[Y~z�p�Y~j2j�P2X-X�^aeR^JL`P

pNP�^�£�e[c-�9Y[pNn7^-L`P2p&^aeRz�pNj�{�ZNn`PT^JL`Po^Jz�O9P�p`P�P@n`P2n7��e[c�z�^JX�^Jc-Y~pNX-O9z�X-XJz|eBp�^ae9^JL`P�n`P@Xa^Jz�pmYg^az�e[p&P2pNn4�% hp
lmcJY[j�^az�j�P[¢`^JL`P�j�e[ORO�Zmp`z�j2Yg^Jz|eBp&n`P2{�Y�_7e~�5^-L`PT�/c-Xa^

�
lNY~j��~P�^-X�eg� � z�X�^-LBZmX

� �	� � ?�� @ � ��� �  � �� � �  � �  � � 9 �	� � ?�� @  �  �1� � $ �
£:LNP2cJP&9��	� � ?�� @ z�Xk^JL`P�{|P@p`�~^-L eg�%^JLNP�L`z��[L`P@cklNcJz�e[cJz|^�_!p`P�^�£�e[c-�&�NZmXa_(lmP@caz�e`n £:L`z�j�L lNcJP2j�P@n`P2Xk^JL`P
^-cJY[pNX-O�z�X-Xaz�e[p!eg�%^-L`P

�
^-LÅlNY[j��gP�^keg� �´¢¸^JLmYg^kz�X2¢/^-L`P�ORY�\`z�O�ZNO�^az�O9P�p`P2P2n`P@nÅ�B_�^-L`P

�
^JLÅlNY[j��gP2^

^Je caP@Y~j�L ^-L`P7p`P�^�£�e[c-�¸¢¼£:L`z|{�P �  ��z�Xo^JLNP9^Jz�O9P9��e[coz�^JXo^-cJY[pNX-O�z�X-Xaz�e[p´Y~pNn©��e[cTz�^JX�lNcJe[lNY~�[Y~^az�e[p

 
 Ù�ÚÜà ��àhá�àhÚéÝÞø×ø æ�÷¸ä�Ô�àTÚéàhø×àaÝÞÖ�à��éÕ äÜä�àhÚ�ÙÞê�ä�Ô@àoè�àhÖ�Ö¥Ý���àkìhÙ�â�ø×å7ßgàTÖ�è:ÝÞø×ø×àhÚdÕ ê�Ø¼àoÝÞÚÜà�ÝÞß�ø×à:ä�Ù��á�å&Ý�è�Õ×á�Õ×è�â�è

Úéàhø Ý-äéÕ ��à��2â�àhâ�Õ×á ��ä�Õ×è�à ��ÚéàaÝ-äéàaÚ�ä�Ô�ÝÞá��hàhÚéÙ�÷gÝÞá@åoÝ�è:Ý��2Õ×è�â�è³Úéàhø Ý-äéÕ ��à���â�àhâ�Õ×á���ä�Õ×è�àGø×àhÖéÖ¼ä�Ô�ÝÞá����������hý/Ó
Ô�à%ÚÜàaø×àaÝÞÖéà
�éÕ äÜä�àhÚ4ÙÞêmè�àhÖ�Ö¥Ý���à�� Õ×Ö
äéÔ�à%å�Õ �~àhÚéàhá�ìhàdßgàhäÈØ¼àaàháTäéÔ�à%äÈØ
Ù �ÞÝÞø×â�àhÖJý

���5í����



��»;� �"!�º-������¶��;��� ! �"!
	�»����µ��~· � �È¶¸µ���� �NµÞ·�& �|µÞ·���µ���� ¹��6���Rµ���"!Þº�� �%8'&`º¥µÞ·���� !Þº�µ���! Q 

Hp

-Jm’

-Jm’’

Other
local
outgoing
messages 0 t

t

t

t

d
Message m

a

Mostly delayed token arrivals
at local communications adapter

Gz��[ZNcJP�$ � � e`j�Y~{GpNP�^�£�e[c-�!X-j�P@pNY~cJz�e7��e[cT^-L`PRP�y�Yg{�ZNYg^Jz|eBp©e~��O9P2X-XJY~�~P9£�eBcJXJ^h��j�Y[XaP�j�e[ORO�ZNp`z�j�Yg^Jz|eBp
nNP�{�Y�_]X2�

^-LNcJe[Z`�BL§^JL`P p`P2^�£�eBcJ�³^Je´z�^JX�n`P@Xa^Jz�pmYg^az�e[p4� � � z�X9^JL`P �`{�e`j��[z�p`�´^az�O�P(e~� � ��nNZ`P(^Je´^-L`P!pNe[p]�
lmcaP2P2ORl`^az�y~PRj�LNY[cJY[j�^aP@cke~��lNY[j��gP2^JX�^Jc-Y~pNX-O9z�X-Xaz�e[p4¢�� O9Y�_Å�/P�n`P�{�Y�_~P@n©�B_Å^-L`PR^Jc-Y~pNX-O9z�X-Xaz�e[p©eg��Y
{�e�£�P2c�lNcJz|eBcaz�^�_7lNY~j��~P�^2� )�P2pNj�P~¢ � � � � �

K�L`P9ORY�\`z�O�ZNO+Y~O9e[p`��^-L`P�^�£�e&±]ZNY~pB^Jz|^Jz|P@X�z�X�p`P2j�P2X-XJY[ca_!�mP@j�Y[ZNXaP � �  � � 
�
�  � z�XkY[p

eB�ByBz�e[ZmX�{�e�£�P2c��/e[ZNpNn³^Je!^-L`P7y�Yg{�Z`PReg� � �	� � ?�� @ �&K�L`P�£�e[c-XJ^h��j�Y~XJPRj�e[ORO�ZNp`z�j�Yg^Jz|eBp´nNP�{�Y�_Åeg��^JL`P
£:LNe~{�PdO9P2X-XJY~�~P � j�Y~p��/PdP@Y~XJz|{�_oj�e[ORlNZN^aP2n��[_oX-ZN�NXJ^az�^JZ`^Jz�p`�

� � ���¢�^JLNY~^�z�X�¢ � � ?�� @ � � �	� � � ?�� @ �
K�L`P�L`z��[LNP2c�lNcJz|eBcaz�^�_ p`P�^�£�e[c-� �NZNXJ_©l/P2cJz|e`n³lNcJP2j�P@n`z�p`��^-L`PR^Jc-Y~pNX-O9z�X-XJz|eBpÅeg���, X

�
^-L´lNY[j��gP2^

j2Y~p!�mP�nNz|y]z�n`P2n!z�p�^-LNcJP�P�j�eBO9l/e[pNP2pB^JX��

� ^JL`P�{|e`j2Yg{[LNz|�BL`P2c�lNcaz�e[cJz�^�_k£�e[c-�[{�e[Y[nke~�mO9P2X-XJY~�~P2X4£:L`z�j�L�LmY�y~P¡n`P@Y~n`{�z�pNP2X5�mP���e[cJP¡e[c4Y~^ �  �����
� ^JL`P�lmcaP2yBz�e[ZmX�lNY~j��~P�^JX�e~�5O9P2X-XJY~�~P ���
� ^JL`P�z�pB^JP2ca��P2cJP2pNj�P7eg�:e[^JL`P@c�L`eBXa^-X�Y[pNn¯eg�:^-L`P�l/e[X-Xaz��`{�P7{�e]j2Yg{�Y~XJ_`pNj�LNcJe[p`eBZNXo^Jc-Y;<7j�eBp§^JL`P
Xa_`pNj�LmcaeBp`e[ZNX�p`P2^�£�eBcJ��Y[j�j�P2X-X��

K�LNPd�/c-XJ^5^�£�e�j�e[ORl/e[p`P@p[^-XGn`e�p`e~^Gn`P2l/P2pmn�eBp�^-L`P�lNY~cJ^az�j�Z`{�Y~c�y~P@cJXJz�e[p�e~�m^JL`P�lNcJe~^Je`j�e~{B£�P�Y[XJX-ZNO9P~�
K�L]ZNX�£�P�n`e7p`e[^�pNP�P2n!^JeRORY[�gP�YRn`z�XJ^az�pNj�^az�e[p
�

K�L`P�L`z��[LNP2c�lNcJz|eBcaz�^�_(£�eBcJ�B{�e[Y[n {|e`j2Yg{�{|_©lmcaP@j�P2nNz�p`�!^JLNP9^-cJY[pNX-O�z�X-Xaz�e[p©eg� �9, X
�
^JL³lNY~j��~P�^oj�Y[p

�/PRP�\NY~j�^a{�_(^JY~�~P2p©z�pB^ae(Y~j2j�eBZNpB^T�B_Ån`P��/p`z�p`�(^JL`P��ÜZNpNj�^az�e[p � > � ?�� � 5 @ �� hp©^-L`P�z�pB^aP@cay�Yg{�! 7 � 5��%Y
O9P@XJX-Yg�[P ���Gz�X�cJP�{�P2Y[XaP@n �  � � �� �	�� �
� � ^az�O�P@X�¢��NZ`^�Yg^�O9e[XJ^ � �� � � � � �  �	� � � �
�� �	� � e`j�j2ZNc-caP@pNj�P@X
LmY�y~Pon`P2Y[n`{|z�p`P@X�{|P@XJX�^-LNY~p!e[c�P@±]ZNYg{
^Je �  � ��¢N^JL]ZNX

� > � ?�� � 5 @ � � �
� � �	 �� ����
� � � � 	� �	� 	 � � � � �� �	�

� ��� ; �  � 5  � � �� � � � � �  � �  � �  � � � � � � �� � � � � �� � �

í�í+á-2�3Þö�üÞò



Q@� � �-���-» ��� & � �

£:LNP2cJP���� 5 ? � @ z�X�^-L`P�XJP�^�eg�5e[Z`^J�~e[z�p`��O9P2X-X-Yg�~P@X�eg�5LNe[XJ^�lmcae`j�P@XJXJe[c ��¢`£�z|^-L ������� 5 ? � @ �
5�e~^aP�^-LNYg^Gz�p�^-L`P�P2±]ZNYg^Jz|eBp�^-LNYg^%n`P��/p`P@X � �	� � ?�� @ ¢[e�£�z�pN��^Je�^-L`P�p`e[p]��lNcJP�P@O9lN^JY~�Nz|{�z|^�_�e~�¸lNY[j��gP2^

^-cJY[pNX-O�z�X-Xaz�e[pNX2¢d£�PÅLNY�y[P(XJP2lmY~c-Yg^aP@n¨^-L`PÅ±]Z`P2ZNz�p`�§^Jz�O9PÅe~�T^-L`P
�
^-L lNY~j��~P�^�¢ 9��	� � ?�� @ ¢��ÜcaeBO z�^JX

^-cJY[pNX-O�z�X-Xaz�e[p!n`P2Y~{|_�^ae7^-L`P�n`P@Xa^Jz�pmYg^az�e[p(P@pNn
¢ �  �7� )�e�£�P2y~P@c�¢`^-L`z�Xkz�ORl`{�z�P2X:^-LNYg^k^JL`P9n`P��/pNz|^Jz|eBp
e~� � > � ? � ��5 @ LNY~X�^ae9z�pNj�{�ZNn`P�Yg{�XJe�L`z��[L`P@c�lmcaz�e[cJz|^�_�O9P2X-X-Yg�~P@Xdl/e[X-Xaz��`{�_�caP2{|P@Y~XJP2n7Y~^�^Jz�O9P 5Þ¢`Xaz�pNj�P
^-L`P�_�£�z|{�{4lNcJP2j�P2n`Po^JLNP�^Jc-Y~pNX-O9z�X-Xaz�e[p&eg�G^JL`P�lmY~j��gP2^�£�P�Y~cJPT{|e]e[�Bz�p`��Yg^��g�

K�L`P�XaP@j�eBpNn�j�eBORlmeBp`P2pB^4e~�N^JL`P�L`z��[L`P@c�lNcJz|eBcaz�^�_op`P�^�£�e[c-�k�NZmXa_�l/P2cJz|e`n�j2Y~p��/P�P@Y~XJz|{�_TY[j�j�e[ZNpB^aP@n
��eBc��G hp�^JL`P�X-j�P@pNY~cJz|e�£�P�Y[caPTP�\NY~O9z�p`z�p`�m¢]^JLNPTe`j2j�ZNc-caP@pNj�PTeg�5O�P@XJX-Yg�[P ��Y[cJcJz�y~P2n&Yg^�^az�O�PA5 � � z�X
lmcaP@j�P2nNP2n!�[_ � � � ��� � � e[^JL`P@c�e`j�j�ZmcJcJP2pNj�P2X2¢`L`P2pNj�P�^JL`P � ^JL(lNY~j��~P�^�z�XklNcaP@j�P@n`P2n!�B_

� �  � ���� � � �  � � �
e[^JL`P@c�lNY~j��~P�^-X�e~��^-L`PÅXJY[O9P(O9P@XJX-Yg�[P~� *Bz�pmj�P(£�P Y[caP(e[pN{|_¬z�pB^aP@caP@Xa^JP2n°z�pD�NZNXJ_°l/P2cJz|e`nNXR£:LNe[XJP
{�P2pN�~^JLmX:Y~cJP��[cJP2Y~^aP2c�^-LNY~p � ¢m^-L`P�^Jc-Y~pmXJO9z�XJXJz|eBp!^az�O�P�eg�%Yg{�{4^JL`P@XaP�lNY~j��~P�^JX�ORY�_!�mP�z�pNj�{�ZNnNP2n Y~X�Y
£:LNe~{�PTz�p!^JL`P�nNP��/p`z�^az�e[p!e~� 9��	� � ?�� @ �

K�L`Po^-L`z�c-n&Y[pNn��¸pNYg{
j�eBORlmeBp`P2pB^�z�X�P2X-XJP2pB^az�Yg{�{|_7nmZ`P�^Je�^Je[�~P2p7y]z�Xaz�^JX�n`P2{�Y�_[P2n7Y[X�O�ZNj�L�Y~X�lmeBXh�
XJz��`{|P:�B_9^JL`P�p`P�^�£�e[c-��Y~j2j�P@XJXJP2XGe~�¸e[^JL`P@c¡L`e[XJ^JX2�GK�L`PkORY�\`z�O�ZNO n`P�{�Y�_�e~�
Y[pB_�y]z�XJz�^¡j�Y~p��/P:P�\`Y[j�^J{|_
j�e[ORlNZ`^JP2n �B_�j2Y~cJP��ÜZ`{�{�_�Y~pmYg{�_]XJz�p`�R^JL`P�lmcae[^ae`j�e[{é�¡ hp(^-L`P���e[{|{�e�£�z�pN�RX-ZN�NXJP2j�^az�e[pNX:£�P�lNcJe[l/e[XJP�^�£�e
nNz¤½¼P2cJP2pB^�Y~pNY~{|_`XJz�X���eBc�^JL`Po�ÜZN{|{�Y[pNn�^JL`P�cJP2XJ^JcJz�j�^aP@n&y[P2c-Xaz�e[pNX�e~��^JLNP�lNcae[^ae`j�e[{é¢NcJP2X-l/P2j�^Jz|y[P�{�_~�

	 	�� <;
���>4 � 6���
 4B(� �  �� * ( � (���( �
�²LNP2p©Y[Xa_`pNj�LmcaeBp`e[ZNX�XaP@cay]z�j�P�z�XoYg{�{�e�£�P@nÅYg^oY~pB_ L`e[XJ^�¢4X-ZN�NXJP2±]Z`P@pB^�^Je[�gP@p y]z�XJz�^JXoYg^op`e`n`P �´ORY�_
�/Pon`P�{�Y�_~P@n7�B_RXJ_`pNj�LNcJe[p`eBZNXdY[pNn7Y[Xa_`pNj�LNcJe[pNe[ZNX¡lmY~j��gP2^JX�^Jc-Y~pNX-O9z|^J^aP@n&�B_Re~^JLNP2c�L`e[XJ^JX2¢`Y~X�£�P2{|{
Y~X
�B_ {�e`j�Yg{%Y[Xa_`pNj�LNcJe[pNe[ZNX�lNY~j��~P�^JX2���¼LNY[p`�(Y~pNn *�ZmcJpNXR� s�@�dLmY�y~P�nNP2cJz|y[P2n©Y[pÅP�\`Y[j�^oZNlNl/P2c��/e[ZNpmn
eBp&^-L`P�^az�O9P��mP2^�£�P2P2p(Y~pB_��&j�e[pNXJP2j2Z`^az�y~Po^Je[�gP@p�Y[cJcJz�y�Y~{�X�Yg^:LNe[XJ^�lmcae`j�P@XJXJe[c � �

5�� ����� ��� � � 5�� � � � ? � � � @ � ��� �  �� �	 � � �  � � � � � ��  � � � � ��� � � �� � 	�� � � � ��� �
£:LNP2cJP"5 � � � z�X¡^-L`P:^Jz�O9Pk^-L`Pk^Je[�~P2pRORY~�gP@X%z�^JX���^JL�Y[cJcJz|y�Y~{mYg^dLNe[XJ^ �4¢BY~pNn � z�X¡^-L`P�l/e[cJ^az�e[p9eg��� ��� �
ZmpNY�y�Ygz�{�Y[�`{|P���e[cT^Jc-Y~pmXJO9z�^a^az�p`�(O9P2X-XJY~�~P2X2� 5ke[^aP9^JLNY~^o^JL`P �aP2±]ZNYg{"!�XJz|�Bp©L`e[{�nNXTz�p©^-L`P9£�eBcJXJ^h��j�Y[XaP[�
K�LNP!y]z�Xaz�^JXRe~��^-L`P ^aeB�gP2p°Yg^�L`eBXa^ �4¢�ZNXJP��ÜZ`{:��e[cRXa_`pNj�LmcaeBp`e[ZNX�^Jc-Y~pmXJO9z�XJXJz|eBpNX2¢dY~cJP(^JL`P@p°O9e[XJ^a{�_
nNP�{�Y�_~P2n&£:L`P2p �

� ^JL`P9�/c-XJ^ky]z�XJz�^�e`j�j2ZNc-X�Y~^k^az�O9PC5 � 7 � ¢¼^-LNYg^oz�X�¢BfaZNXJ^��mP���e[cJP�Y~pB_ XJ_]pmj�LNcaeBp`e[ZmXklNY[j��gP�^TLNY~X
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H pH pH p H p

Hp Hq H r∆ = TTRT - ( ++ + τ)

H q H r TTRT TTRTTTRT-  ∆

Synchronous messages (host p)

TTRTTTRT+ + + τ

Gz��[ZNcJP /��«Åe[XJ^a{�_ n`P�{�Y�_~P@n(^aeB�gP2pÅyBz�XJz|^-XTY~^�L`eBXa^TlNcJe]j�P2X-XaeBc �©£:L`P2pÅ�ÜZ`{|{%K�z�O9P2n©K�e[�~P2p lNcJe~^Je`j�e~{
z�X�Y~X-X-ZNO9P2n
�

*]P�PT5z��[ZmcaP ���eBc�Y��[c-Y~lNLNz�j2Yg{/cJP2lmcaP@XaP@p[^-Yg^Jz|eBp
¢[£:LNP2cJPk^JLNPTy]z�Xaz�^JX�ZNXJP��ÜZN{/��eBc�XJ_`pNj�LNcJe[p`eBZNXdO9P@XJX-Yg�[P
^-cJY[pNX-O�z�X-Xaz�e[pNX�Y~^�LNe[XJ^ � Y[caP 5 � � � � 5�� � � �������Nw�j2j�e[c-n`z�p`�~{�_~¢]z|�%�&z�X:X-ZNj�L�^JLNY~^5���� ��� �  ��� � 5�� 5�� � �  � � �
^-L`P&z�pB^aP@ch��P@caP@pNj�P�eg�:^JLNP�e[^JL`P@c�lNcJe`j�P@XJXJe[c-X�Y~pNn¬^JL`P!{|e`j2Yg{�Y~XJ_]pmj�LNcaeBp`e[ZmX�^Jc-Y;<7j�z�p¬^-L`P�z�pB^aP@cay�Yg{! 7 � 5���j�Y[p&^-L`P2p(�/P�n`P��/pNP2n(Y~X �� � ? 5 @ � 5�� � � � ? � � � @ � � �
£:LNP2cJP 5�� � � � �#� � � �  �� �	 � � �  � � � �

�  � � � �.��� � � �� � 	�� � � � � � �
K�L`P�{�P2pN�~^JL�eg�¼^JLNP:L`z|�BL`P2c%lmcaz�e[cJz|^�_�pNP�^�£�e[c-���NZNXJ_�lmP@caz�e`nRj�Y~p9�/P��/pNYg{�{�_�j�eBO9lmZ`^aP@n9�B_�XJe~{�y]z�pN�

^-L`P�P2±]ZNY~^az�e[p

9��	� � ?�� @ � � > � ?�� � 9��	� � ?�� @�@  � � �  � �� � � ��  � � � � �  ��
� ? 9��	� � ?�� @�@ � !é� "

*�P2z�p`� �� � ? 5 @ Y~pNn � > � ?�� ��5 @ �/e~^JLRO9e[pNe~^aeBp`z�j�Yg{�{�_�p`e[p]��n`P@j�cJP2Y~XJz�p`�TXJ^aP@l��ÜZmpNj�^Jz|eBpNX�¢ 4d±]ZNYg^Jz|eBp !é� "
j2Y~p!�mP�lmcJY[j�^az�j�Y~{|{�_7XJe~{�y~P2n!Y~X�ZmXJZNY~{4�B_&O9P2Y~pmX�eg�%Y~p�z|^JP2c-Yg^az�y~PT�N\`P@n�l/e~z�pB^:j�e[ORlNZN^JYg^Jz|eBp �

� 9 �=< 	�	� ��?�� @ � 7 �9 � 
 ���
	�	� � ?�� @ � � > � � � ��9 � 
 	� � ��?�� @ �  � � � ����� � � � �� � � � � �  �� � � 9 � 
 	�	� ��?�� @ � �
K�LNPoj�e[ORlNZ`^-Yg^Jz|eBp�z�X�LNY~{|^JP2n!£:L`P2p�^�£�eRj�e[pNXJP2j2Z`^az�y~Poy�Yg{�Z`P@X�Y~cJPk��eBZNpNn!P2±]ZNY~{é�
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Synchronous messages 

Synchronous messages (host p)

Gz��[ZNcJP �/� «ÅeBXa^J{|_Dn`P�{�Y�_~P@n¬^Je[�gP@pDyBz�XJz|^-X�Yg^7L`eBXa^7lNcJe`j�P@XJXJe[c �D£:L`P2p cJP2XJ^JcJz�j�^aP@nDK�z�O9P2n K�e[�gP@p
lmcae[^ae`j�e[{¸z�X:Y[XJX-ZNO9P2n
�

K�L`P&£�eBcJXJ^h��j�Y[XaP9j�e[pmn`z|^Jz|eBp³£:L`z�j�L¯{�P2Y[nNXo^ae´O�eBXa^J{|_³n`P�{�Y�_~P@n©^Je[�~P2p´yBz�XJz|^-X�z�X�n`P2lNz�j�^aP2n³z�p¯Gz¤�
�BZNcJP7�N��5�e~^JP7^JLNY~^�^JLNP��/c-Xa^�y]z�Xaz�^�eg��^-L`P7^aeB�gP@p´^Je©L`eBXa^��¬ORY�_©�/P�lmY~cJ^az�Yg{�{|_ �a£�Y~XJ^aP2n !���e[c�^JL`P
^-cJY[pNX-O�z�X-Xaz�e[p(e~��Y7{�e�£�P@cklNcJz�e[cJz|^�_(lNY~j��~P�^2¢/£:L`z�j�LÅz�Xop`e~^TlNcJP�P2ORl`^-Y~�`{�P~��K�L`z�XTlme[^aP2pB^Jz�Y~{G�N{|e`j��Bz�pN�
^Jz�O9P � � ?�� @ z�X�^-L]ZNX�Yg^�O9eBXa^o^JLNP�^Jc-Y~pNX-O9z�X-Xaz�e[p´^az�O9P � eg��Y Xaz�p`�[{|P�lNY[j��gP�^2� )ke�£�P�y[P2c2¢
z|^�O�ZNXa^
�/P�Y~j2j�e[Zmp[^JP2n(��eBcTe[p`{�_ z¤��z�p©L`eBXa^�lNcJe`j�P2X-XJe[c �´^JLNP2cJPRY[caP9O9P2X-XJY~�~P2X�^JLmYg^o£:L`P2p´±]Z`P2Z`P@n´Y~^�^Jz�O9P5 �!7 � ^-L`P�_�j�Y[pNp`e[^�LNY�y[P�Y~p&Y~j�^-ZNYg{¼n`P@Y~n`{�z�pNPT�/P���eBcaP�e[cdY~^ �  � � ! � �Èµ �mO9P2X-XJY~�~P2X�p`e~^�z�pNj�{�ZNn`P@n
z�p � > � ?�� ��5 @ " �

� � ?�� @ � ; � z|��� � ��� ��� 5 ? � @ " � � ��� �  � �  � � �7 e[^JL`P@ca£�z�XaP[�

5�e~^JPk^JLmYg^�z�p�^-L`Po�NZNXJ_Rl/P2cJz�e]n&Y��`{�e`j��[z�p`��cJP�{�Yg^Jz|y[P:^ae �  ��� j2Y~p�eBp`{�_9e`j2j�ZNc�Yg^d^-L`Po�mP2�~z�pNp`z�p`�m�
*Bz�O9z|{�Y~cJ{�_�^aeT£:LNYg^%XJP�P@p�z�p�^-L`P�lNcJP�y]z|eBZNXGXJZm�NXaP@j�^Jz|eBp
¢g^JLNP�£�e[c-XJ^h��j�Y~XJP¡z�pB^aP2ca��P2cJP2pmj�P�eg�/^-L`P�e~^-L`P2c

LNe[XJ^�lNcJe`j�P2X-XJe[c-X�e[p ^-L`P9pNP�^�£�e[c-�&Y~j2j�P@XJXJP2Xkeg�dL`eBXa^TlNcae`j�P2X-XaeBc �Åz�p©Y~pÅz�pB^aP@cay�Y~{�eg�¡^Jz�O9P 5�j�Y[pÅ�mP
P�\NY~j�^J{|_Åj�e[ORlNZ`^JP2n³�B_Åj�Y~cJP��ÜZN{|{�_Ån`P��¸p`z�pN�!^-L`P9�ÜZNpNj�^az�e[p ��
� ? 5 @ � 4dY[j�L©L`eBXa^��&LNY[XoY ! ��¶��2� �J»�¶¼»;& !
8��g¶¸·�� �Ü·gº � � � �(��eBpNXaP@±]Z`P2pB^a{�_~¢��[_³ZNXJz�p`�ÅY XJz�O�z�{�Y~c�Y~cJ�[ZmO�P@pB^oY[XT��e[c�^-L`P�{�e]j2Yg{dLNz|�BL`P2c�lNcJz�e[cJz|^�_£�e[c-�B{|eBY~n
¢Bz�p�^-L`P�z�p[^JP2cJy�Yg{ ! 7 ��5��4^-L`P�z�p[^JP2ca��P2cJP2pNj�Poeg����z�X�ZNlNl/P2c:�/e[ZNpmn`P2n(�B_� �  � 5

� � � � ��� � � �
)�e�£�P2y~P@c�¢g^-L`z�X�ZNlmlmP@c��/e[ZNpmn7ORY�_9�/P�l/P2X-Xaz�O9z�XJ^az�jk�/P2j2Y~ZNXJP:z�^�Y[XJX-ZNO9P2Xd^JLNY~^d^JLNP�j�eBORO�ZNp`z�j�Y~^az�e[pNX
Y[nNY~lN^aP2coY~^oLNe[XJ^olmcae`j�P@XJXJe[c��7z�X�Yg{�£�Y�_]XT�NZNXJ_Å^-cJY[pNXJO9z�^a^Jz�p`� O9P2X-X-Yg�~P@X:��eBc�Y(lmP@caz�e`n©e~��^az�O9P � �£:LNP2p`P2y~P2cRz�^7cJP2j�P2z|y[P2X9^JLNP ^ae[�~P2p
�²K�LNz�X7ORY�_¨pNe~^7�/P ^Jc-Z`P z¤�o^JLNP2cJPÅY~cJP!p`e[^�P2p`eBZ`�[L°e[ZN^a�~e[z�pN�
O9P@XJX-Yg�[P2Xo±]Z`P2Z`P@n¯�[_��]� *Bz�pNj�P�£�P7�]p`e�£ P�\NY~j�^a{�_Å^JL`P�±BZNP2Z`z�p`� {�Y�£qeg��^JLNP2XJP7O�P@XJX-Yg�[P2X2¢4£�P7Y~cJP
Y[�`{�P�^ae�n`P2^aP@cJO9z�p`P:Y�XJP2j�eBpNnR�meBZNpNnReBp�^-L`P:z�pB^aP2ca��P2cJP2pmj�P�eg���Tz�p�^-L`Pkz�pB^aP@cay�Yg{ ! 7 ��5��¥¢[�B_�j�e[ORlNZ`^Jz�p`�
^-L`P�O9P2X-XJY~�~PT£�eBcJ�B{�e[Y[n7Yg^�z�^JX�j�e[ORO�ZNpNz�j2Yg^az�e[pmX�Y~nNY[l`^aP@c�z�p!^JL`P�X-Y~O9Poz�p[^JP2cJy�Yg{��

> � ? 5 @ � � �
� � � 
� � � � 	
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K�LNPTY[j�^JZmYg{
�meBZNpNn&z�X�^-L`PTO9z�p`z�O�ZNO �/P�^�£�P�P@p7^-L`Po^�£�e�y�Y~{�ZNP2X2�GK�LNPTe�y[P2c-Yg{�{mz�pB^aP2ca��P2cJP2pmj�PkeBp&L`eBXa^
lmcae`j�P@XJXJe[c��(z�X�^JL`P@p

��
� ? 5 @ � � �  � 5
� ��� � ��� �  � � �	 � ����� ;�� �  � 5

� ��� � � � � � � > � ? 5 @ � �
)�P2pNj�P~¢Nz�p!^JL`z�X:j�Y[XaPT^JLNP�P2±]ZNYg^Jz|eBp7��eBc�^JL`P�j�e[ORlNZ`^-Yg^Jz|eBp&e~� 9 � � � ?�� @ z�X

9 �	� � ?�� @ � � > � ?�� � 9 �	� � ?�� @�@  � � �  � �� � � � �  � � � � �  � � ?�� @  �� � ? 9 �	� � ?�� @�@ �(!¥u "

K�LNPoXJe~{�Z`^Jz|eBp&e~�5^-L`P�P2±]ZNY~^az�e[p!j�Y~p!�/Po��e[ZNpNn(Y[X�lNcaP2y]z|eBZNXa{�_7�B_&Y��N\`P2n(l/e~z�p[^:j�e[ORlNZ`^-Yg^Jz|eBp
�

	 	�� � ��� * ������ �#� *�� ���
K�LNP�{�Y[Xa^�z�XJX-Z`P�^JeÅ�mP&Y[nNnNcJP2X-XaP@n©z�p³^JL`z�X�nNP2X-j�cJz�l`^Jz|eBp³z�X�LNe�£q^ae©z�n`P@pB^az|��_©^JLNP&Xaz��[pNz¤�/j2Y~pB^oy�Yg{�Z`P2X
e~�:^JL`P!y�Y~cJz�Y[�`{�P � z�p 4d±]ZNYg^Jz|eBp !  "Þ�§K�L`P(Y~cJ�[ZmO�P@pB^�£�P!Y~cJP&�[e~z�p`�Å^ae¯ZNXJP&z�X9^JL`P(XJY[O9P�Y~X���e[c
^-L`P�P�y�Y~{�ZNY~^az�e[p´eg��^JY[XJ�©£�eBcJXJ^h��j�Y[XaP9caP@XJl/e[pNXJPR^az�O9P2X2� *Bz�pNj�P�z�p³^JL`P7j�e[ORlNZ`^-Yg^az�e[p³e~� � � � � ?�� @ £�P
P2y�Yg{�ZNYg^JP�^-L`P�{|P@p`�~^-L&e~�5YR�NZNXJ_&l/P2cJz|e`n
¢ 9 �	� � ?�� @ ¢N£�Poe[�`^-Ygz�p�Y[p�ZmlNlmP@c��meBZNpNn�e[p�^JL`P�XJz��[p`z|�/j�Y[pB^
y�Y~{�Z`P@X�eg� � �B_���e[ZmpNn`z�p`��^JL`P�ORYg\]z�O�ZmO {|P@p`�~^-L!eg�5Y[pB_&lmeBXJXJz��`{|P�Y[nNY~l`^JP2c��NZmXa_&l/P2cJz�e]n4¢19 � �

K�L`Pk{|P@p`�~^-LC9 � j2Y~pR�mP�n`P�^JP2c-O�z�p`P@n��[_�^JY[�[z�p`��z�pB^ae�Y~j2j�eBZNpB^%^JL`P:{�e`j�Y~{mO9P2X-XJY~�~P�£�eBcJ�B{�e[Y[n�Y~pmn
^-L`P�cJP2O9e~^JPTz�pB^aP@ch��P@caP@pNj�P[¢]Y[pNn(�B_&ZNXJz�p`�R^-L`P�£�P2{|{��BpNe�£:p��N\`P2n(l/e~z�pB^:j�e[ORlNZN^JYg^Jz|eBp �

� 9 �=< 	� � � � � � 	� � � � 	 � � �9 � �����
	� � > � � 9 � � 	� �  � � � 9 � ��	� � �
£:LNP2cJP > � ? 5 @ Y~pmn �
� ? 5 @ ¢�j�eBp[^-cJY[ca_¯^Je³^-L`PÅj�eBcJcJP2X-l/e[pNn`z�p`� > � ? 5 @ Y~pNn ��
� ? 5 @ ¢�cJP2X-l/P2j�^Jz|y[P�{�_~¢�Y~cJP
nNP��/p`P@n!e[p�^JL`P�z�pB^aP2cJy�Yg{ ! 7 � 5 ! ¢`^-LNYg^�z�X�¢`^-L`P�_�e[p`{�_7z�pNj�{�ZNn`P�z�pNXJ^JY[pNj�P@X�Y~c-caz�y~P@n&�/P���e[cJP 5��

> � ? 5 @ � � �
� � 
� � � � 	 B

5  � �
��� D ��

Y[pNn � � ? 5 @ � 5�� � � � ? � � � @ � � �
£:LNP2cJP��&z�X�X-ZNj�L�^JLNY~^ 5���� ��� �  ��� � 5 � 5�� � �  � � �
z|�G^JL`Po�ÜZ`{�{4y[P2c-Xaz�e[p&eg�G^JL`P�K�z�O9P2n!K�eB�gP2p!lNcJe~^Je]j�e~{¼z�X:Y~X-XJZmO�P@n
¢

� � ? 5 @ � B 5
� � � � D �  � � �	 � ����� ; B 5

� � � � D � � � > � ? 5 @ � �
z|�h¢Ny]z�j�Poy~P@cJX-YN¢]^JLNP�caP@Xa^-caz�j�^JP2n�y~P2c-XJz|eBp7z�X�Y~X-XJZNO9P@n
�
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