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Z�Ska � SVSVl�UW\>ipt�drlQq�Y[lj��ipoQSfipt���\[dWl�acdWlQqjx �Ál�\[^p�>SV^¡a`\�SVljechQ^`Saco]Y�a��>dW^caG���jY[q[Sfe�Y[^cS¡lQ\[a � ^`d¨acacSVl�dWl�ac\�ipoQSnipt���\[dWl�a`efgf|�Y[l��ec��ewacSf|�e�^`Sf·�hQdW^cS�a`oQSOipoQSfipt���\[dWl_a`drljq��Q^`\�iVSfe`e�ac\�Y[if·_hjdr^`S
UW\�ipt>eîÿ �b7 �zx���drl]ikS a`oQSîipojSfipt��]\_drl�a`drlQq7�Q^c\>iVSfe`e�q[SflQSV^pYbUWUW�
^`hQlje*su^`Sf·�hQSVl�a`Ur�_g@Ur\>ipt�dWlQq¢ecoQ\_hQUW��Z�S�Y�a�Yî�jlQS�q[^pYbl�hQU{Yb^cy
draG�ªa`\ªY��[\_dW�«hQlQlQSnikSnece`Yb^`�ªZQUW\>ipt�drlQq ¸ � oQd{ipo�dWe©drl iV\[l�ac^pY[ewaac\!acojS�Y[^cq_hQ|�SVl�a¢Y[Z]\��_S�su\[^Oik\�Yb^pewSVyzq_^`Y[l�hQUWY[^�Ur\>ipt�dWlQq�»�x
° l3YbUracSV^`ljYbacdW�[S[g�lQ\_l>y§Ur\>ipt�drljq�Yb�Q�Q^`\_Y_ipo:dWeîY(acSnipoQlQd{·_hjS
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UW\�ipt>efg�Yblj��a`o�hje¡�>dr^caG���jYbq_Sfe�iVYblªZ]Snik\[|�ST�jYb^ca�\[sjY�ipoQSnipt�y
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Z�S7^`Skachj^clQSn�!ac\!Y�a`^`Y[lje`Y[i�a`dr\_l>yÁik\[l]ewd{eGa`SVl�a eGapY�a`S��>hQ^`dWlQq
^`Sfik\��_SV^`�[x�m�ojS � \[^`t¤�QSfe`ik^`drZ�Sf�.oQSV^`S7d{e0Z]Y[ecSf��\_l�acojS�*Y�a`Y_RTUrdracþ
����û�YbdWl>yÁû�SV|�\_^c���
Yba`YbZ]Y[ecSî���>eGa`SV|Og � oQd{ipohjecSfe±Y«suhQþfþV�îipojSfipt��]\_drl�a`drlQq�Y[Urq_\[^`d¨a`oQ| ÿ � � �§x
�Ál�\[hj^0Yb�Q�jUrd{iVYbacdW\[l��>\[|�Y[drl@g�|�\_ewa a`^`Y[ljecY_i�a`dr\_lje�Yb^`S

Sk¥�a`^cSf|�SfUr��ecoQ\[^ca4Ybl]��acoQS
�Q^`\[ZjY[ZQdrUWdraG�ª\bs@UW\>ipt�iV\[l�acSfl�acdW\[l
Sk¥�a`^cSf|�SfUr��Ur\ � x¤û�\[^`SV\��_SV^ng � d¨a`o:ecoQ\_^wangH|�YbdWl>yz|�Sf|�\_^c�ac^pYbl]ecY_i�acdW\[l]eVg[acoQS*ik\_ewa4\[s "T  &�y§ifY[ipoQS 2jh]ewoQSne4�QhQS�a`\�acojS
dWl_a`SV^`UrSnY���drlQq�\bs�ik\_ljikhj^c^`SVl�a�ac^pYblje`Y[ikacdW\[lje�d{e ecdrq_lQd¨��iVYbl�anx
�Q\_^�a`oQSfecS0^`SfY_ew\_ljeVg � S0eGa`hj�>dWSf�!YbUracSV^`ljYbacdW�[S Yb�j�Q^c\�Y[ipoQSneac\�iV\[ljiVhQ^c^`SVl]ik��ik\_l�ac^`\[U�drl�|�YbdWl>y§|�SV|�\[^`��ew�>ewacSf|�e¡Z]Y[ecSf�
\[lOSV¥�a`^cSf|�SVUW�_yÁik\�Yb^pewS
q[^pYbl�hQU{Yb^TUr\>ipt�dWlQqjgQYba±acoQS��QYba`Y[ZjY[ecS
UWSV�[SfU�¸Çaco]Y�a�dWefg�a`^`Y[ljecY_i�a`dr\_lje�Y[^cS4Sk¥>SfiVh>acSn�ªecSV^`dWY[UrUW�[g�SV¥QikSV�Qa
su\[^±ec\[|�S�ik\[l]ikhQ^`^cSfljik���>hj^cdWlQq�ik\_|�|�dra�»�x �
hQ^ � \_^ct�aco�hjea`Y[t[SneH�Q^`SV��dW\[hje � \_^ct�drl acoQd{e�Yb^`SfY*ac\«d¨apeTUr\_q[d{iVYbUjSk¥�ac^`SV|�S[x
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�Q^c\[ac\>ik\_UWeªsu\[^�ecSV^`dWY[U
ac^pYbl]ecY_i�acdW\[l�SV¥>SfikhQacdW\[l@g�SnY[ipo�dWl�a`hQ^cl.dr|��Q^`\���drlQq�hQ�]\_l
acojS�UrdW|�d¨apY�acdW\[l]e�\bs�d¨ape��Q^cSn�>SfiVSfe`ew\_^fx!­�S�Z�SVq_drl:dWl:�>Sfi�y
acdW\[l �]x � � draco�YOl]Y
� �W�[S��Q^`\ba`\�iV\[U�a`ojY�a«dWe��j^cSnewSfl_a`Sf��\[ljUr�su\[^�dWUWUrhjewac^pY�a`dr�_S4�jhQ^c��\_ecSfefx��Ál���Sni�a`dr\_l �]x �Qg � S�^`SV��dWS � Y[lj�Sk¥>�jY[lj��hQ��\[l�acoQST�Q^`Sfik\_|�|�draÔiV\[ljiVSV�>aÔdrl�a`^c\>�>hjiVSf��Z���ÿ � �zx
��Sni�acdW\[l �]x �«�Q^`SfecSVl�a`e�\_hQ^�Yb�Q�j^c\�Y[ipo@x
m�oQ^`\[hQq_oQ\[hQafg � SõY[e`ewhj|�S�Y��Q^`\>ikSfe`e.ewac^`hjikachQ^`S�dWl

� oQd{ipo�ecSV�_SV^pYbUC�j^c\>ikSnececSfe L�\[^±a`oQ^cSnY[�Qefg�YbUracoQ\_hQq[o � S«hjecS\[ljUr�îacoQSªacSf^c| Y��VZ�SEW	���±oQSf^cS�L�Y_iViVSfe`e�Y0ecojYb^`Sf�O�QYba`Y[ZjY[ecS
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Y�sÇa`SV^�YOac^pYblje`Y[ikacdW\[l@¬ e�iV\[|�|�d¨a�\[^«Y[Z]\_^wa«�Q^c\>iVSfe`ewdWlQq�ojY_e
Z�SVSVl�ik\[|��QUWSka`Sf��x "4UrSnYb^`Ur�_gjSV¥�Snikh>a`dr\_lje
q[\��[Sf^cljSf�îZ��¢a`oQdWe
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�§x
m�oQS«|�Y!5G\[^
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� \[^peGa�iVY[ecS[g�^`SVq_Y[^`�QUrSnece�\[s@acojS
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h>acUWdrljS*\[sÔY��Q^`SfiV\[|�|�d¨acyzZjY_ewSn� �Q^`\ba`\>ik\[Uzx��Q\_^
ik\_^c^`SfikaclQSnecefgTac^pYblje`Y[ikacdW\[l��>Sf�]Sflj�>SVl]ikdWSfeî|ªhjewaîZ�S7|�YblQy
Ybq_Sf��¸¹ecSVS*acSV¥�a�»px
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° ac^pYblje`Y[ikacdW\[l d{e�ecY[dW� ac\�Z]ScY � WESVZ $ $�[,^�^�W ��d¨sÔd¨ape±ik\[|�|�dra
^`Sfik\_^`��d{eÔdrlªacoQST|�YbdWl>y§|�Sf|�\[^`�
UW\[q
ZQh>º$SV^ � Y[d¨a`drljq�su\[^�acojSUW\[qOac\�Z�Sd2jh]ewoQSn��xîm�^`hQS0ik\_|�|�draª�>\�Sfe�lQ\baª\>ifikhQ^�hjl_a`drU
acojSOiV\[|�|�d¨a�^`SfiV\[^p��dWe�2]hjewojSf��x:m�oQS¢�Q^cSnik\_|�|�dra�\[��SV^cy
Y�a`dr\_l�iVYbl(Z�S�hjecSf��ac\�\��_SV^pik\_|�S«acojS�UrdW|�d¨apY�acdW\[l]e�\bs�acojS
ljY � �r�_SHYb�Q�j^c\�Y[ipo*\bs]��Sni�acdW\[l �jx �[xCm�oQSTew�>ewacSf|3|«hjeGaÔSVljechQ^`S
aco]Y�aCa`^`Y[lje`Y[i�a`dr\_lje@iV\[|�|�d¨aCdWlªY[l�\[^p�>SV^Cechjipo�a`ojY�a¡ik\[|�|�dra
�>Sf�]Sflj�>SVl]ikdWSfe�Y[|�\_lQq«ac^pYblje`Y[ikacdW\[lje�Yb^`S�|�YbdWl_apYbdWlQSf�@x
�Ál ÿ � �zgna`oQ^cSfS©ecSka`e�Yb^`SHY[e`ew\>iVdWYbacSf� � draco�SnY[ipo�Ur\>ipt#
$acoj\_ecSY[ikachjY[UrUW�7oj\[U{�>drljq�acoQS0Ur\>ipt$gCa`oQ\_ecS � YbdracdWlQqOsu\[^�a`oQS0UW\>ipt$gYbl]�*acoQ\�ewS�a`ojY�a�oQ\[U{�*acoQS4Ur\>ipt*ZQh>a�Y[^cS4eGa`drUWU[dWl�acojSH�Q^`Sfik\_|�y

|�d¨a�ewa`YbacS[x�m�oQSnewS�UW\>ipt��jY�a`Y�ik\_|ªZQdWlQSn� � dracoîac^pYblje`Y[ikacdW\[l�>Sf�]Sflj�>SVl]ik���QY�apY�Yb^`S±hjecSf��a`\�SVljechQ^`S�Y�iV\[^`^cSni�aH\[^p�>Sf^cdWlQq
\bsÔacojS�Ur\_qby�2jhjecoQdrljq«\_�]Sf^`YbacdW\[ljefx
�Q\_^�\[hQ^ª�QhQ^`�]\�ewSneVg�drl � oQd{ipo � S iV\[ljecd{�>SV^�UW\>ipt�drlQq�Yba\[ljUr�3acoQS¤�QY�apYbZjY_ewS�q_^`Y[l�hQUWY[^cdraG�[g � S�|�Y��1iV\[ljecd{�>SV^7Y[lY[�jYb�>apY�acdW\[l�\bs�a`oQSî�j^cSnik\[|�|�dra�Y[�Q�Q^`\_Y[ipo�Z]Y[ecSf��\_l�acojS

\[hQacUWdrlQS�\bsª�ÔdWq[hQ^`S �_x ° l.hj���QYbacS�ac^pYblje`Y[ikacdW\[l:a`ojY�aOdWe
YbZ�\[hQa
a`\îik\_|�|�dra�^cSfUrSnY[ecSfe±a`oQS��QY�apYbZjY_ewS«|ªh>a`Sk¥�lQ\[a*Y�sÇy
acSf^fg�ZQhQa�Z]SVsu\[^`S.2jh]ewoQdWlQq«acoQS�UW\[q¢¸¹ecSVS*acoQS
�jq_hQ^cS�»px�­�oQdWUWS
\[ljS�ac^pYblje`Y[ikacdW\[lOd{e � YbdracdWlQq�su\[^*Y�Ur\_qby�2jhjecoO\[��SV^pY�acdW\[l¢a`\ik\_|��QUrSVacS_gjYblQ\[acoQSf^±iVYbl¢Z�SVq[dWlOd¨ape±�Q^`\>ikSfe`ecdrlQq��QojY_ewS_x
° e�ewa`YbacSn��dWl�acoQS��jq_hQ^`S[g�a`oQS��Q^`\bac\>iV\[U�d{e�drljiV\[|��QUWSka`S

¸¹Y[lj��g¡a`oQSV^`Sksu\_^cS_g¡Y_i�a`hjYbUWUr��dWljik\_^c^`Sfika�»px�m�oQSî�>d�� ikhQUraG�(dWe
aco]Y�afg�Z�SfifYbhjecS�acoQS��QYba`YbZ]Y[ecS�|«h>acSV¥.dWeO^`SVUWSfY_ewSn��SnYb^`Ur�_g
^`SfY[�>yz\_lQUr�«ac^pYbl]ecY_i�acdW\[l]eHiVY[l lQ\ � ik\_|�|�dra4dWl�a`oQS*ewa`YbacS
\bsojY���dWlQq�^`SfY[� hQljik\_|�|�drawa`Sf�î�QY�apY ¸¹ecdrl]ikS*^cSnY[��y§\[lQUW��a`^`Y[ljewy
Y[ikacdW\[lje±Y[^cS*lQ\[a�^`Sf·�hQdW^`Sf�0ac\�2jhjeco0a`oQS�UW\[q�»�x �
lQS � Y���a`\\��[Sf^`iV\[|�S4acoQd{eH�>d�� ikhQUraG�[g�\bs�ik\_hQ^`ecS[g[dWe¡a`\�su\[^pikS±^`SfY_��yz\_lQUW�
ac^pYbl]ecY_i�acdW\[l]eTY[UWec\«ac\�2jhjeco0a`oQS�UW\[q��Q^cdW\[^Ta`\�iV\[|�|�d¨acacdWlQqjx
&�l]�>SV^�acoQd{e�Y[�Q�Q^`\_Y[ipoCgQoQ\ � SV�[Sf^fg>^`SfY_��y§\[lQUW� a`^`Y[ljecY_i�a`dr\_ljeYbU � Y���e¡ZjUr\>iptO¸u^`SVq_Y[^`�QUrSnece¡\[s � ojSkacojSV^Ha`oQSV��Y[ikachjY[UrUW��^cSnY[�hQljiV\[|�|�d¨acacSn�0�QYba`Y�»¡hQl�acdWU$Y[UrU]\bs�a`oQSVdW^4�j^cSn�>SfiVSfe`ew\_^`e¡ojY��_S
ik\_|��QUrSVacSn�OacoQSfdr^�ik\_|�|�dra��QojY[ecS[x*m�oQd{e
Y_�Q�>dracdW\[ljY[UÔ�>SfUWY��
Ybl]��drl]ik^`SfY[ecSf�¢��Yb^`d{YbljiVS�drl7^cSnew��\[ljecS�a`dr|�S«ifYbl�Z�S«hjljY[iky
ikSf�>a`Y[ZQUWS
su\_^�^`Sfec�]\_ljewSVy®a`dr|�S�ik^`d¨a`dWifYbU@Y[�Q�QUWdWifY�acdW\[l]eVx
�
hQ^
q[\_Y[UCdWl�a`oQdWe
�jY[�]Sf^
d{e�a`\îSf|��QUr\��îacojS�iV\[ljiVSV�>a*\bs
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Y[ikacdW\[l¢Sk¥>SfiVh>acdW\[lCg � oQdWipo � S��>\�Z]SfUr\ � x

(��=< > .@? )A>�	�������� .4��@6��@��1@6�
�Ál�a`oQdWe¡ecSfikacdW\[l@g � S©�>SneciV^cdWZ]S4\[hQ^¡ecSV^`dWY[U[�Q^`\ba`\�iV\[Uzgb�> ¡xnm�ojSlQS � �Q^`\bac\>iV\[U�dWe¡ZjY_ewSn��\[lªa � \*|�SfipojY[lQd{ew|�e	
�acdW|�Sfewa`Yb|��jeYbl]�¤Y�|ªh>a`Sk¥¤Y[^c^pY��[x3m�dr|�Sfewa`Y[|��je Yb^`S�hjecSf�!ac\!�>Ska`SV^cy
|�drljS[g4su\[^�SfY_ipo�^`SfY[�>yz\_lQUr��a`^`Y[ljecY_i�a`dr\_l@g�acojS¢d{�>Sfl_a`d¨aG��\bs
acojSª|�\_ewawy§^cSnikSfl_a��j^cSn�>SfiVSfe`ew\_^±su^c\_| � ojdWipo�a`ojY�a
ac^pYblje`Y[ikyacdW\[l0ojY[e4^cSnY[��x¡m�oQS
|ªh>a`Sk¥0Yb^`^pY��ªd{eHa`oQSVl h]ewSn��ac\«SVljechQ^`S
aco]Y�a«Y�^`SfY_��y§\[lQUW��a`^`Y[ljecY_i�a`dr\_l�d{eªZjUr\>ipt[Sn�(Y�aªUWSfY_eGaªhjl_a`drU
aco]Y�a��Q^`Sf�>SnikSnecec\[^�ik\_|��jUrSVacSfe�d¨ape±ik\[|�|�dra��Q^c\>iVSfe`ewdWlQqjx

(��=<)��� BF�C; 	������D;�E � �
�F> .
G�SV� ac\¯�>  d{e�a`oQS-h]ewS�\bs)acdW|�Sfewa`Y[|��]eVx &�lQUWdrt_S
acojS7a`^`Y_�>d¨a`dr\_ljYbU�acdW|�Sfewa`Yb|��>y§ZjY_ewSn��ik\_ljikhQ^`^`SVljiV�_yÁik\_l�ac^`\[U
e`ipoQSV|�SfeOÿ � �§gT�> õhjecSfe�a`^`Y[lje`Y[i�a`dr\_l�acdW|�Sfewa`Y[|��]e�su\[^�acojS
ec\[UWS��QhQ^`�]\�ewS�\[s�Sfljewhj^cdWlQq:aco]Y�a�iV\[|�|�d¨a��QSV��SVlj�>SfljikdWSfe
Yb|�\_lQq�ac^pYbl]ecY_i�acdW\[l]e�Yb^`Sªe`Y�a`dWew�jSf�@x ° i�ach]YbU�ik\_ljikhQ^`^`SVljiV�
d{e�|�YbljY[q[Sf��Z���acoQS��QY�apYbZjY_ewS¢|ªh>a`Sk¥9¸Çaco�hjefg4acoQS�ljY[|�S
��W	� [-� �=Y � Z!^AZ�SEZ � »px
° e«dWl��Q^`dr\_^�acdW|�Sfewa`Y[|��QyzZjY_ewSn��ecipojSV|�Sfefg¡SfY[ipo(a`^`Y[ljewy

Y[ikacdW\[lIH�d{e�Y[e`ewdWq[ljSf��Y�a`dr|�SneGapYb|��IHKJ±¸CH*»�¸ � oQdWipoîdWe4dWlQd¨yacd{YbUWdWþVSf�!a`\ 7�» � oQSfl¤dra0Z�SVq_drljefg�Yblj�¤SfY_ipo��QY�apY�dracSf|ML
d{e�Y_ececdWq[lQSn��Y � ^`dracSîacdW|�SneGapYb|��ONPHKJ±¸CL>»px &�lQUWdrt_S0a`^`Yby�>dracdW\[ljY[U>acdW|�Sfewa`Y[|��QyzZjY_ewSn��ecipoQSf|�Sfefg[lQ\�^`SfY_�ªa`dr|�SneGapYb|��
d{e�lQSfSf�>Sn��x ° suhQ^cacoQSf^
�>d{eGa`drl]i�acdW\[l�\[s�\[hQ^�e`ipoQSf|�SªdWe�acojYba
ac^pYbl]ecY_i�acdW\[l9a`dr|�SneGapYb|��je(Yb^`S�lQ\[a��Q¥>Sn��x mC^pYblje`Y[ikacdW\[l
acdW|�Sfewa`Y[|��]e�Yb^`S
|�Y[drl�a`Y[drljSf�OY[e4su\[UWUW\ � e 

Q �Á|�|�Sf�>d{Y�a`SVUW�(Z]SVsu\[^`S�ac^pYblje`Y[ikacdW\[l�H£d{ecechQSfeªd¨ape��j^pewa
� ^`d¨a`S�\[��SV^pY�acdW\[lCg&H.d{e�dWe`ewhjSf�OY�lQS � HKJ±¸RH�»�q_^cSnY�acSf^a`ojYbl7Y[l��¢d{e`ewhQSn���Q^`SV��dW\[hjecUr�_x«¸®m�oQdWe*|�Y��¢Z]S�dr|��QUWSky
|�SVl�a`Sf��Z��(dWljik^`SV|�SVl�a`drlQq�Y�q_Ur\_ZjYbUTik\[hjl_a`SV^nxI$�\ba`S
Y[UWec\�acojYbaHac^pYbl]ecY_i�acdW\[l]e¡lQSVSn�O\ Z!^jZ]S��Q^cSVy§�QSfikU{Yb^`Sf��Y_e
/c^cSnY[��y§\[lQUW�=0�\_^±lQ\ba±hQlj�QSV^
�> ¡x »

Q ­�^cdracS!acdW|�Sfewa`Y[|��]e�Y[^cS!|�YbdWl_apYbdWlQSf��drl�acoQS¤hjechjYbU
� Y��#
 � oQSfl¤Y�a`^`Y[ljecY_i�a`dr\_l4H � ^`dracSfe��QYba`Y�dracSV|MLjg
NPHKJ�¸CL>»îdWe�ewSVa�ac\�Z�S*HKJ�¸RH*»�x ¸�$�\ba`S�acojYbafg�Z�Sky
ifYbhjecS�a`^`Y[lje`Y[i�a`dr\_lje�Sk¥>SfiVh>acS�ecSV^`dWY[UrUW�[gSNPHKJ±¸TL�»�dWe
lQ\_l>yÁ�>SfiV^cSnY[ecdrlQq]x¼»

Q ­�oQSflOac^pYblje`Y[ikacdW\[lUH3^`SfY_�Qe��QYba`Y�dracSf|VL]gWHKJ±¸CH*»©dWe
ecSka±a`\�Z�S�acojS�|�Yb¥>dr|«hQ|#\[s:HKJ±¸CH*»©Yblj�XNPHKJ±¸TL�»�x

m�o�hjefgThj�]\_l:iV\[|��QUWSka`dr\_l¤\[s�Y[l:hQ���jY�acSOa`^`Y[lje`Y[i�a`dr\_l#Hªg
HKJ±¸CH*»0dWe7Y:lQS � acdW|�Sfewa`Y[|��Cg�oQdWq[oQSf^OacojY[l Ybl��.\[acoQSf^
� dracoQdWl¤acoQS�ec�>eGa`SV|Ox &���\[l:ik\[|��QUWSka`dr\_l:\bs*Y�^`SfY_��yz\_lQUW�ac^pYbl]ecY_i�acdW\[lCgYHKJ±¸CH*»�dWe�acoQS�a`dr|�SneGapYb|���\bs�acojS |�\_ewa�^cSVy
ikSfl�aªac^pYbl]ecY_i�acdW\[l�su^`\[| � oQd{ipo�H£^cSnY[�Qefx��Q\_^ªSfY_ipo��QY�apYdracSV|ZL]gYNPHKJ±¸TL�»±dWe
a`oQSªa`dr|�SneGapYb|��7\[s�acoQS�|�\_ewa*^`SfiVSVl�a
ac^pYbl]ecY_i�acdW\[l�a`ojY�a � ^c\[acS dWl�ac\�L]xT$�\[acd{ikS0acojYbaªacojSV^`S0Yb^`SlQ\�YbZ�\[^ca`e4\[^ � Y[d¨ape©dWlj�>hjiVSf�0Z���a`oQdWe4a`dr|�Sfewa`Y[|��îe`ipoQSV|�S[xû�\_^cSf\��[SV^ng�acojS!�QYba`YbZ]Y[ecS�|ªh>a`Sk¥ Ybl]�9acoQS!|�\[lQ\[ac\[ljdWiky
draG�!\[s�acdW|�SneGapYb|��je0SVljechQ^`Sfe�a`ojY�ang��Q^`dr\_^�ac\!Ybl�hQ�$�QYbacS[g
NPHKJ±¸TL�»\[#HKJ±¸CH*»px
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�Ôdrq_hQ^`S�� 
*�> '
 ° ecSV^`d{YbUÔ�Q^c\[ac\>ik\_UCa`ojY�a�hjecSfe�acdW|�Sfewa`Yb|��je
Ybl]�*Y[l�Yb^`^`Y��±\[s�|«h>acSV¥>Sfe$a`\�SVljechQ^`S¡acojYba@^cSnY[��y§\[ljUr�±a`^`Y[ljewy
Y[ikacdW\[lje
Yb^`S�ZQUW\�ipt_Sf�OhQl�a`drUCacoQS«�Q^cSn�>SfiVSfe`ew\_^`eTsu^`\[| � oQd{ipoacojSV�0^`SfY_�îiV\[|�|�d¨anx

m�oQSOZjY_ewd{iOecipoQSf|�S � SOojY��[S¢\[hQacUWdrlQSn�:YbZ�\��[SOiVYbl¤Z�SachjlQSf�õsu\_^�S	� iVdrSfl_a�acdW|�SneGapYb|��£|�YbdWl�acSVl]YbljiVS�Yblj�õsu\_^
ec�jY[iVSîS���iVdrSfljik��dWl!acoQSO^`SV�Q^`SfecSVl�a`YbacdW\[l�\[s�a`dr|�Sfewa`Y[|��jeVx
­�S��>dWe`ikh]eceTa`oQdWe�UWYbacSV^±dWl���SfikacdW\[l �jx �Qx �jx

(��=<)�:� B���	�� �)��	�� )?�
�����

m�oQS�ik\_|�|�draÔ�j^c\>ikSneceCdrl��> �dWe�q[\��_SV^`lQSf��Z���YblªY[^c^pY��
acojYba
SVlQsu\[^pikSfeÔYbUWU_ac^pYblje`Y[ikacdW\[lª�>Sf�]Sflj�>SfljikdWSfefxÔXCSka! !�QSVlQ\[acS4Y[l
dWl>�jlQdracS�Yb^`^`Y��
\bsj|«h>acSV¥>SfeT¸ � oQd{ipo�|�drq_o�aÔZ�S©dW|��QUrSf|�SVl�acSn�Z���Y��jlQdracS�Yb^`^`Y���acojYba�d{eCdWlj�>SV¥�Sn��|�\>�>hQUW\�acojS4Yb^`^pY��
ecdrþfS�»px
"4\[l]ewd{�>SV^�Ybl�hQ�$�QYbacS a`^`Y[lje`Y[i�a`dr\_l�H�x�­�oQSfl*H£drl�a`SVlj�Qe
ac\�iV\[|�|�d¨angCdra�Y_iV·�hQdW^cSne" ªÿ HKJ±¸RH�» � L¤a`ojY�a�dWefg�a`oQS�|ªh>a`Sk¥
dWl��]\�ewdracdW\[l�HKJ±¸CH*»�drl�Y[^c^pY��� L��Q^`dr\_^�ac\�^`SVUWSfY_ewdWlQq¢acojS
�QYba`YbZ]Y[ecS¢|«h>acSV¥�x# «ÿ HKJ�¸RH*» ��dWe�a`oQSVl�ojSVU{�:hQl�acdWU H�^cSVy
ikSfdr�_SfeHacoQS*Y[ipt�lQ\ � UWSf�>q_|�Sfl�aÔa`ojY�aTd¨ape4iV\[|�|�d¨aT^cSnik\_^`��ojY_eZ�SVSVl � ^`drawacSfl�ac\��>d{ewt$g¡Y�a � oQd{ipo(�]\_drl�a$ «ÿ H J±¸RH*» �HdWe�^cSVyUWSfY[ecSf�@x�$�\ � iV\[ljecdW�QSV^CY�^cSnY[��y§\[lQUW��a`^`Y[lje`Y[i�a`dr\_l H�xC­�oQSfl
H:drl�a`SVlj�Qe�ac\ªiV\[|�|�d¨ang[draH�j^peGaH^`SVUWSfY_ewSneÔacoQS��jY�a`Y[ZjY[ecS�|ªh>y
acSV¥�Yblj��acoQSfl!Y_iV·�hQdW^cSne$ «ÿ HKJ�¸RH*» � L�ZQh>a�\[lQUW��drl]eGapYbl�a`Yby
lQSf\[hjecUr�_x H�|�Y��¢acoQSfl�iV\[|�|�d¨anxªRT��oQ\[U{�>dWlQq a`oQS�|ªh>a`Sk¥
ZQ^`drS�2j�[g H#SVl]ewhQ^`Sfe�Y[l���a`^`Y[ljecY_i�a`dr\_l�\[l � oQdWipo¤dra�o]Y[e�Yik\_|�|�dra��>Sf�]Sflj�>SVl]ik�0o]Y[e�dra`ecSVUrs¡iV\[|�|�d¨acacSf�@x
m�oQd{e��Q^`\ba`\�iV\[U�d{e ewt_SkapipoQSf�!drl��ÔdWq[hQ^`S��>x $�\ba`SOacojYba

acojST2jh]ewo>y§UW\[q�\_�]Sf^`YbacdW\[l�d{e¢�]Sf^wsu\_^c|�Sn��ewSn·�hQSVl�acd{YbUWUW�¤\_l
UW\[q¢^cSnik\[^p�Qe�¸u\_^��jYbq_Sfe�»�ec\îacojYba�Ur\_qî^`SfiV\[^p�Qe�Yb^`SF2jh]ewoQSn�
dWlîa`oQS�\[^p�>Sf^TdWl � oQd{ipo0a`oQSV� � Sf^cS�ik^`SfYbacSn��x

(��=<)�=< % @6�
�
	��b��� 	����-@6� > .
m�oQS4�Q^c\�\[s>acojYba��> 7SVljechQ^`SfeÔewSf^cd{YbUWdWþfYbZjdrUWd¨aG�*Yblj�«Y�a`\[|�dWiVd¨aG�
d{eH^`SVU{Y�acdW�[SfUr��eGa`^`Y[drq_o�awsu\[^ � Yb^p��x@­�S��Q^`SfecSVl�aHa`oQS
�>SVa`Y[drU{eHdWlacojdWe�ecSfikacdW\[l@x
�Ál�a`oQSîY[ZjewSfljikSî\bs±s¹Y[drUWhQ^`Sfe0¸®Yblj��acoQSf^cSVsu\[^`S[g�dWq[lQ\_^cdWlQq

acojS�dWe`echQS�\bs�ik\_|�|�dra�»�g��> �¬ e�hjecS�\bs�Y�ewdWlQq_UrS�UW\>ipt�\��[Sf^
acojS�SVl�acdW^cS��jY�a`Y[ZjY[ecS�q[hjY[^`Y[l�acSVSne�ewSf^cd{YbU�¸¹Y[lj�îaco�hje
ewSf^cd{YbUry
dWþfYbZjUrS�»�SV¥�Snikh>a`dr\_l@x &�l]�>SV^�acojdWe�Y_ecechQ|��>acdW\[lCg©Y�a`\[|�dWiVd¨aG�
d{eHq[h]Yb^pYbl�acSfSf��Ybh>a`\[|�Y�a`dWifYbUWUr�_g_ec\�acoQS�acdW|�SneGapYb|��je4�>\�lQ\[a
|�Y�acacSV^nx
(±SfUWYb¥�dWlQq(\[hj^0Y[e`ewhj|��QacdW\[l�YbZ�\[h>a0s¹YbdWUrhQ^`Sfefg � S�|«hjewaSVl]ewhQ^`S!acojYba�¸ ��»7lQ\1ac^pYbl]ecY_i�acdW\[l�ik\[|�|�dra`e(dWlõY1eGapY�a`S

� oQSf^cS
d¨a±ojY_e©^`SfY_��hQljiV\[|�|�d¨acacSf�î�QY�apY«Y[lj��¸ �_»�acoQS�ik\_|�y|�d¨a�\_^`�QSV^�\bsÔac^pYblje`Y[ikacdW\[lje�iV\[^`^cSnew��\[lj�je©a`\�acoQS�ecSV^`dWY[UrdWþfYby
acdW\[l0\[^p�>SV^nxÔ�j\[^4Sk¥QYb|��QUWS[g�Y�^`SfY_��yz\_lQUW��ac^pYbl]ecY_i�acdW\[l�|«hjewa
lQ\[a¡^`SfY_�ªY
��YbUWhQS � ^`drawacSfl«Z��ªY[lªhQ�$�QYbacSTac^pYblje`Y[ikacdW\[lªacojYbaik\_|�|�dra`e�Y�sÇa`SV^ªacoQS¢^cSnY[��y§\[ljUr�7ac^pYblje`Y[ikacdW\[l�ik\_|�|�dra`e'&4Y_e
acojSªhQ�$�QY�a`S�a`^`Y[ljecY_i�a`dr\_l�|�Y��îacojSVl7echQZjecSf·�hQSfl_a`Ur��Y[Z]\_^wanx
­�S�ewoQ\ � acojYba
�> ¤drl¢s¹Y_i�a±|�SVSkape�acojSfecS�^cSn·_hjdr^`SV|�SVl�apeVxX@SVa�a`oQS)( \��#� ^
[ $-W	��^!� $8Y�\bs H�g�HKJ+*j¸RH*»�g]Z�S«acoQSª�jljYbU
��YbUWhQS*\bs:H J±¸RH*»�g[a`ojY�a±d{eVg�a`oQS���YbUWhQS�\bs@a`oQS*acdW|�SneGapYb|��¢\bs
H�Y�a4acoQS
acdW|�SKH:�]lQdWecoQSne©dra`eTSk¥>Snikh>a`dr\_l0Yblj�0Y�awa`SV|��>apeHa`\
ik\_|�|�drafx
��dWljikS�Ur\_q�^cSnik\_^`�Qe7Yb^`S�hjechjYbUWUr� 2jhjecoQSn�)drl�hQlQdra`e�\bs

�jY[q[Sfefg>a`^`Y[ljecY_i�a`dr\_lje � oQ\_ecSªiV\[|�|�d¨a�^`SfiV\[^p�Qe±ecojYb^`S�Y�Ur\_q�jY[q[S*|�Y��îik\[|�|�dra-/`ewdW|ªhjU¨apYblQSf\[hjecUr�_x 0�m�o�hjeVg>dWl¢\[hQ^±�>d{eGy
ikh]ececdr\_lªZ�SVUW\ � g � ST|�Y���h]ewS��QoQ^pY[ecSfeÔUWdrt_S /clQ\�UWYbacSf^�a`ojYbl60^pY�acojSV^�aco]YblîacoQS � \[^p� /cZ]SVsu\[^`S�0«drl��>d{e`ikhje`ewdWlQq�ik\_|�|�drafx
.4��@WE @6���,����@ � �-, Y � �b^�W?^-�'�!\ ���bS�^
[�Z�\ �dSEZ#$%$ [,^%[]\ ^
[ $-W�_
��^!� $8Y Z#�'�1W	��.0/ U �!^.[ �21c[ NKH43��!\��@H65 � � WdP�Y � �b^�W ^-����\ � _
�bS�^
[�Z�\ �*^:U �!^ SEZ#$%$ [,^�1 ^]U�W�\3[ N HKJ+*j¸RH43V»�7$HKJ+*j¸RH65n»81 ^]U�W�\
H43dSEZ#$%$ [,^-� \ Z ���!^AW	� ^]U �!\ H65�.
 H^`\�\bs 
¡��drl]ikS H J * ¸CH 3 »�7#H J * ¸CH 5 »pg,H 3 ��SV^csu\[^`|�e©d¨ape��j^pewa
hQ�$�QY�a`S�Z�Sksu\_^cSKH 5 �>dW�+&�ec\ H 3 Y_iV·�hQdW^cSne�a`oQS
�QYba`Y[ZjY[ecS±|ªh>y
acSV¥�Z]SVsu\[^`S H 5 x ° e�ec�]Snikdr�jSf��drl���dWq[hj^cS �Qg H 3 iV^cSnY�a`Sfe�dra`e
UW\[q�^cSnik\_^`�QeTdWlO|�Y[drlO|�SV|�\_^c��Z�Sksu\_^cS H65�ik^`SfYbacSfe±Y[l�� Ur\_q
^`Sfik\_^`�jeVxHm�o�hjefg>acojS 2jhjecoO\[��SV^pY�acdW\[l � dWUrU�\[h>a`�Qh>a±acojS�Ur\_q^`Sfik\_^`�jeH\bs:H+3±Z]SVsu\[^`S
\_^4iV\[ljiVhQ^c^`SVl�a � d¨a`o acoj\_ecS�\bs:H95[x;:
.4��@WE @6���,����@ � �=< W ����_ Z�\�� R ^-����\ ���1S�^
[�Z�\ � ^]U �b^ SEZ#$%$ [,^
�bZ \ Z!^ �bZ ��Z%"EW
N�Z#� W �!\#R SEZ $ $�[,^
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Serial protocol (SP)

�Ôdrq_hQ^`S � 
 ° �_SV^pYbq[Sª^cSnew��\[ljecS�a`dr|�S�Y[e*Y0suhQlji�a`dr\_l�\[sHacojS
l�hQ|ªZ�SV^±\[sÔ�j^c\>ikSnecec\[^pe	
��b 4X(Yblj�îhQlQ|�\>�>dr�jSf���> ¡x

\[ljS«�Q^`\>ikSnecec\[^�iVY[l7Z�S�Zjhjew��Yba�Y[l��OacdW|�S_g@UWSfY���drljq¢Y_�Q�>dry
acdW\[l]YbU��Q^c\>iVSfe`ew\_^`e©dW�>UWS[x �ÁlîacoQd{e�ewSni�a`dr\_l@g � S
�Q^cSnewSfl�aTY�ewSVy^`drSne©\[sCSk¥>��SV^`dr|�SVl�apeHa`ojY�a±oQSfUr�¢·_h]Ybl�acdrsu��Yblj�0Sk¥>�QU{YbdWl acojS
ac^pY[�QSky§\bº�eC\[s�ik\_ljikhj^c^`SVljiV��Yblj�«ewSf^cd{YbU�Sk¥>Snikh>a`dr\_lªdWl«|«hQU¨a`d¨y
�Q^`\>ikSfe`ec\[^�ew�>ewacSf|�efx &�lQUWdrt_S�acoQS±SV¥���SV^`dW|�Sfl�a`e�^`SV��\[^cacSn�ªdWl
��Sni�acdW\[l �>g_acoQ\�ewS
^cSf�]\_^wa`Sf��oQSf^cS
Yb^`S�ZjY_ewSn��\[l0Y[l0YbljY[Ur��acy
d{iVYbU�|�\>�>SfU®gQ�>^`dW�[SVl¢Z�� ^`SfYbU�ifYbUWU¨yÁ�QY�apY�a`^`Y_ikSneVx �Ál¢q[SVljSV^pYbUzg
SfY_ipo7a`^`Y[lje`Y[i�a`dr\_l7q_\�Sne*acoQ^`\[hjq[o�acoQ^`SVS��QojY_ewSne 
 � YbdracdWlQq]g�Q^`\>ikSfe`ecdrlQq]g@Yblj��UW\[q[q_drljqjx��Ál(\[^p�>Sf^�a`\OY��_\[d{��a`oQS�Y[�Q�>Sn�
��Yb^`dWY[ZQUWSfeT\bs��>d{ewt¢ewdW|ªhQU{Y�a`dr\_ljefg � S�|�\>�>SVU@\_lQUW� acojS � Y[d¨acydWlQq*Y[lj���j^c\>ikSnececdWlQq��Qo]Y[ecSfefx�m�o�hjefg /w^`Sfec�]\_ljewSHacdW|�S�0*oQSV^`S
^`SksuSV^pe�ac\îacoQS«acdW|�S«hQl�a`drU�Y0ac^pYblje`Y[ikacdW\[l��>Snikd{�>Sfe
ac\Oik\_|�y
|�d¨a ¸uacoQS�Y[ikachjY[UÔ^`Sfec��\[ljecS�a`dr|�S�|�Y��OZ�S�Ur\_lQq[Sf^�Z�SfiVY[hjecS
\bs¡UW\[q[q_drljq�»px
�
hQ^�|�\>�>SVU]ewSVa`e¡a`oQS±^`YbacdW\�\bs�acoQS�ecSV^`��dWiVSTacdW|�S�su\[^ �b 4X

ac^pYbl]ecY_i�acdW\[l]e�a`\OacojYbaª\bs��> 3ac^pYbl]ecY_i�acdW\[l]e�ZjY[ecSf��\[l(\[hj^
SfY[^cUWdWSV^ªSV¥>�]Sf^cdW|�SVl�a`Y[U4^`SfechQUra`e«drl!�>Sfi�a`dr\_l �Qx �_g � oQSV^`S � Ssu\[hjlj��UW\>ipt�dWlQq \��_SV^`oQSfY_�¢ac\îZ]S�^c\_hQq[ojUr� ��a`dr|�Sfe
a`oQS«SV¥�y
SfiVh>acdW\[l.acdW|�S�su\_^¢Y�ac^pYbl]ecY_i�acdW\[lCg�^cSnewhjU¨a`drlQq¤dWl3Y ��
��
ecSV^`��d{ikSVy®a`dr|�SH^pY�a`dr\]x�m�oQS � \_^ct�UW\_Y_�*�QSkacSf^c|�dWlQSf��acoQSTdrl�a`SV^cyYb^`^`dr��YbU�a`dr|�SfefxHm�oQSf^cS � Y[e�lQ\�Y�y§�Q^`dr\_^cd�Z�\[hQlj�¢\_l0a`oQS��>Skyq[^`SVS*\bs¡|ªhjU¨a`dr�Q^`\[q_^`Y[|�|�dWlQq]x
­�S
ik\_lj�>hjikacSn��acoQ^`SVS
Sk¥>�]Sf^cdW|�SVl�a`efx¡m�oQS��j^pewa©hjecSfe4�Q 

Y[e��Q^`SfecSVl�acSn��SfY[^cUWdWSV^@dWlªdra`eÔlQ\_l>yz�]Yb^pYbUWUrSfUrdWþfY[ZQUrS¡su\_^c|OxÔm�oQdWe
Sk¥>��SV^`dr|�Sfl_a�YbUWUW\ � eªhje�a`\�q�YbdWl�dWljecdrq_o_a�dWl_a`\7a`oQS��>SVq_^cSfS\bs��jY[^`Y[UrUWSVUWd{ew| �[ ©X9lQSfSf�Qe�ac\�\_h>ac��SV^csu\[^`| lQ\_l>y§�jYb^pYbUWUrSfU
�> ¡x©m�ojS7ewSnik\_lj��SV¥>�]Sf^cdW|�SVl�a0hjecSfe�Y(|�\>�>dr�jSf�¤su\_^c| \bs
�> ¦a`ojY�a¢YbUWUr\ � e��]Yb^pYbUWUrSfUrd{ew|��>hQ^`drljq�acoQ\�ewSOa`dr|�Sne � oQSflacojS0\[ljUr�(Y[ikacdW�[S�a`^`Y[ljecY_i�a`dr\_lje�Yb^`S ^`SfY_��yz\_lQUW�[xC'�Sf^cS_g��Q 
iVY[l�apYbt[STew\_|�STY_�>��Ybl�a`Y[q[SH\[sQacoQS�|«hQU¨a`dr�j^c\>ikSnecec\[^Ôew�>ewacSf| &
acojS¢SV¥>�]Sf^cdW|�SVl�a�acSVUWU{e�hje�oQ\ � |ªh]ipo@x!�ÔdWljYbUWUr�_g � S�ik\[lQyecdW�>Sf^cSn�:Y��jYb^cacdracdW\[ljSf��yÁ�QY�apYbZjY_ewS�Y[^`ipoQdracSni�a`hQ^cS�dWl � oQd{ipoacojS � \_^ct�UW\_Y[��Yblj�õ�QY�apY9iVYbl¦Z�S:�jYb^cacdracdW\[lQSn��iVUrSnYblQUW�[x° Uracoj\[hQq_o!a`oQd{e�acojdr^p�¤Sk¥>�]Sf^cdW|�SVl�a0Yb�j�]SnYb^pe��>Sfecdrq_lQSf�!a`\
|�Ybt_S��Q !UW\�\[t q_\�\���¸¹Y[lj�îdrlj�QSVSf�¢dra��>\�Sfe±SV¥QY[i�a`Ur��a`ojY�ak»pg
� SîlQ\[acS¢aco]Y�a�acoQS�e`ikSVl]Yb^`dr\�\bs�a`oQd{e�Sk¥>�]Sf^cdW|�SVl�a�drl!s¹Y[ikaik\_l>su\[^`|�e«iVUr\�ewSfUr��a`\�ecSV�[Sf^`Y[UHa`SVUWSfik\_|�|ªhQlQd{iVYbacdW\[l�Y[�Q�QUWd¨y
iVYbacdW\[lje�ÿ �bg �
�zx

1

10

100

1000

0 2 4 6 8 10 12

A
ve

ra
ge

 r
es

po
ns

e 
tim

e,
 n

om
in

al
ly

 in
 m

ill
is

ec
on

ds

Number of processors

Serial protocol (SP), 100% updates
Serial protocol (SP), 50% updates
Serial protocol (SP), 10% updates
Serial protocol (SP), 1% updates

�Ôdrq_hQ^`S � 
 ° �_SV^pYbq[Sª^cSnew��\[ljecS�a`dr|�S�Y[e*Y0suhQlji�a`dr\_l�\[sHacojS
l�hQ|ªZ�SV^±\[sÔ�j^c\>ikSnecec\[^pe	
C|�\>�>d¨�]Sf���> ¡x

�)��� 7<� ; @ 
 ��� 	 
O> . ,6	�������� � . �

m�oQST�j^peGa�SV¥���SV^`dW|�Sfl�a � S��]Sf^wsu\_^c|�Sn� � Y[e�ac\�|�SfY_ewhj^cSTacojSSkº$SfikaÔ\_lªY��[Sf^`Y[q[S¡^`Sfec�]\_ljewSHacdW|�ST\bsQh]ewdWlQq
Y_�Q�>dracdW\[ljY[U_�j^c\[y
ikSnecec\[^pefx�m�oQdWe � SO�>dW��su\[^�Y � \_^ct�UW\_Y_��q[SflQSV^pY�a`Sf�(su^`\[|
�«�jY���¬ e � \[^caco7\bs©iVY[UrU¡�QYba`YQx�m�oQS«�]Sf^`iVSVl�a`Y[q[S�\[s©hQ�$�QY�a`Sac^pYbl]ecY_i�acdW\[l]e � SªhjecSf� � SV^`S ��7b7 
£hQ�$�QYbacS«ac^pYblje`Y[ikacdW\[ljefg
�!7 
0g���7 
0gQY[lj� �#
0x
m�oQS�^`SfechQUra`e�\bs*acojdWe �j^`ewa Sk¥>��SV^`dr|�Sfl_a0Y[^cSO�Q^`SfecSVl�a`Sf�

dWl9�ÔdWq[hQ^`S �Qx��Ôdr^peGang�lQ\ba`S�a`ojY�a�a`oQS�Y��[Sf^`Y[q[S�^`Sfec��\[ljecS
acdW|�S�hjecdrljq�hQlQ|�\>�>d¨�]Sf�7�> :d{e±hQl]Y�º$Sfi�a`Sf�OZ��OipojYblQq_Sfe�dWl
acojS�l�hQ|«Z]Sf^0\bs«�Q^c\>iVSfe`ew\_^`efg4\_^îZ���ipojY[lQq[Sne�drl.acoQS��>Sky
q[^`SVS�\[sTik\_l�acSVl�a`dr\_l�Z�Ska � SVSfl�a`^`Y[lje`Y[i�a`dr\_lje'&@d¨a�d{e � ���î|�edWl¢Y[UrU@ifY[ecSfefxÔm�oQd{e�d{e�lQ\ba±ewhj^c�Q^`d{ewdWlQq�q[dW�[SVl0acojYba±hQlQ|�\>�>d¨y
�jSn���> ��Q^`\>ikSfe`ecSfe�a`^`Y[ljecY_i�a`dr\_lje±ewSf^cd{YbUWUW�îYbl]��iVYbljlQ\ba�SV¥�y
�QUW\[dra�Y_�Q�>dracdW\[ljY[U4�Q^`\>ikSnecec\[^peVx���Snik\_lj��g � S0\[Z]ewSf^c�_S�acojYbaacojS t[Sf��s¹Y[ikac\_^«Y�º$SfikacdWlQq�Y��[Sf^`Y[q[S�^cSnew��\[l]ewS�a`dr|�S0dWl(acojS
iVY_ewS
\bs@UW\>ipt�dWlQq«dWe©acoQS��>Sfq[^`SVS�\[sC�QY�apYªiV\[l�acSfl_a`dr\_l0Yb|�\_lQq
ac^pYbl]ecY_i�acdW\[l]eVx �§s�ik\[l�a`SVl�acdW\[l1dWe�Ur\ � g*acojSVl1acoQS���\ba`SVl>yacd{YbUCsu\[^±�jY[^`Y[UrUWSVUWd{ew|'dWe±ojdrq_o@g]Y[lj�OeGa`^cd{i�a �[ ©X(iVY[lOSk¥>�QUW\[dra
aco]Y�aO�jYb^pYbUWUrSfUrd{ec|¢x �§sGg*\[l.acoQS�\ba`oQSV^¢ojYbl]��g*iV\[l�acSfl�acdW\[l
d{e�oQdrq_o@g$acojSVl�acoQS���\bacSfl�acd{YbU¡su\[^��jY[^`Y[UrUWSVUWd{ew|�d{e*Ur\ � g@Y[lj�|�Ybl���a`^`Y[lje`Y[i�a`dr\_ljeÔ|ªhjewaHZ�S�Sk¥>SfiVh>acSn��ewSf^cd{YbUWUr�î¸uSV�_SVl�hQl>y
�>Sf^0eGa`^cd{i�a �[ ©X¡»px©m�oQd{e�SVº�Sni�aîifYbl:Z]S7\[ZjecSV^`�[Sn��dWl��Ôdrq[y
hQ^`S �jx(XC\>ipt�dWlQq7�QSVUWdr�_SV^`Sf��Z�SkacacSV^�^`Sfec�]\_ljecS�acdW|�Sfe«acojY[l
�> £\_lQUW� � oQSfl�acojS7l�hQ|ªZ�SV^î\bs��Q^`\>ikSfe`ec\[^pe�Sk¥QikSfSf�>Sn� �\[^ ��7jg�su\[^0hj���QYbacSVy®a`^`Y[ljecY_i�a`dr\_l�^`YbacSfe0\bs � 
 Y[lj� ��7 
0g
^`Sfec�]Sni�acdW�[SfUr�_xî­�S \_ZjewSf^c�_S�acojYba«Y�aªUW\ � ik\[l�a`SVl�acdW\[l@g�acojS
�b 4X�Yblj���> �iVhQ^`�[Sfe�ik^`\_e`e � oQSVl¢acojS�l�hQ|ªZ�SV^
\bs¡�Q^c\>iVSfewyec\[^pe�ik\_^c^`Sfec�]\_lj�QeTa`\�acoQS�ewSf^c��d{ikSVy®a`dr|�S�^pY�acdW\0Y[lj��ik\_l�5GSfiky
achj^cS±a`ojY�a©acoQd{eHoQ\_UW�je�drl�q_SVlQSf^`Y[U®x ° a©oQdWq[o>yÁik\_l�acSVl�a`dr\_l@g � Sik\_l�5GSfikachQ^`S�aco]Y�a�a`oQS0ik^`\_e`ec\��[SV^*��\[dWl_a � \_hQUW��\>iViVhQ^ªYbaªYU{Yb^`q[SV^±l�hQ|«Z]Sf^�\[s¡�j^c\>ikSnecec\[^pe±Y[e±acoQS«�Q^c\_ZjYbZjdrUWd¨aG�î\bs�UW\�ipt
� Ybdra`e±Ybl]�î�>SnY[�>UW\>ipt0Y[�Q�[SV^pecSVUW��dr|��jY_i�a �b 4XHx
m�oQd{e�SV¥���SV^`dW|�Sfl�afgÔacoQ\_hQq[o�iVUrSnYb^`Ur�(�>SnewdWq[lQSn��ac\7ecoQ\ ��> !Y�a4dra`e � \[^peGang��QSV|�\[ljewac^pY�a`SfeHacojYba4su\_^Tec|�YbUWU]|«hQU¨a`dr�j^c\[yikSnecec\[^pefg�d¨a�dWe�Z�SkacacSV^�a`\�^`hQl:�> �Y[lj��UWSfY��_SîY[UrU�ZQh>a�\[ljS

�Q^`\>ikSfe`ec\[^TdW�>UWS[gj^`YbacoQSf^�acojY[lîa`\�hjewS�UW\>ipt�dWlQq]x



�)�:� � @ 
�� � 	 
 > .@?!% @ ���1�)�
��	�� � � 	���
 	1���
�Q\_^±\[hQ^
ewSnik\[l]�îecSka�\[sÔSV¥���SV^`dW|�Sfl�a`efg � S�iV\[ljecd{�>SV^�Y[l¢SV¥�yacSflj�>Sn� �[Sf^`ecdW\[l�\bs��Q �dWl � oQd{ipo hQ�$�QY�a`S�a`^`Y[lje`Y[i�a`dr\_ljeHSV¥�ySfiVh>acS*eGa`^cd{i�a`Ur��ecSV^`dWY[UrUW��Y_eHZ�Sksu\_^cS_g_ZQhQa4^`SfY[�>yz\_lQUr�ªac^pYblje`Y[iky
acdW\[l]eCSV¥�Snikh>a`S©dWl��jY[^`Y[UrUWSVUzx�m�\�Y[ipojdrSf�[S�a`oQdWe�Sk¥�a`SVljecdr\_l@g�acojS
�>  Y[Urq_\[^`d¨a`oQ|ü�>Sfe`ik^`drZ�Sf�(dWl!��Sni�a`dr\_l ��d{eªY[�jYb�>a`Sf��echjipo
aco]Y�aT�jY�a`Y[ZjY[ecS�Y_iVikSnece©dWe4ik\_l_a`^c\_UrUWSf��lj\ba4Z���Y�|«h>acSV¥$g�ZQh>a
Z��7YOewdWlQq_UrSVy � ^`d¨a`SV^ng$|ªhQUracdW�QUWSky§^cSnY[�>Sf^`e�ecSV|�Yb�Qoj\[^`S¢¸¹Skº$Sfi�yacdW�[SfUr�_g�acoQSf^cS
dWe4\[lQS*ewo]Yb^`Sf� ��Sk¥QikUWhjecdr�_S±Ur\>ipt�su\[^4acoQS*SVl�a`dr^`S
�QYba`YbZ]Y[ecS�»px ° UWU�\bacojSV^�Y[ec�]Sni�a`e©\bs�a`oQdWeTecSka4\[s�Sk¥>�]Sf^cdW|�SVl�a`e
Yb^`S*acoQS�e`Yb|�S�Y[e�dWl���SfikacdW\[l��Qx �[x
m�oQS�SVº�Sni�a�\bs�a`oQdWeTipojY[lQq[S±d{e©dWUWUrhjewac^pY�a`Sf��g_su\[^©acoQS�e`Yb|�S

� \[^`t�UW\_Y_��g$drl(�Ôdrq_hQ^`S �7¸Ça`oQS�ecifYbUWS«\_l7a`oQS �_yÁY�¥>d{e�d{e�lQ\ �UW\[q_Y[^cdracoj|�d{in»�x�­�draco ��7b7 
-hQ���jY�acS¢a`^`Y[ljecY_i�a`dr\_ljeVgHY��_SV^cy
Ybq_S(^cSnew��\[ljecS(acdW|�S�\bs �> �d{e�hQl]Y�º$Sfi�a`Sf�)Y[lj�1^cSf|�Y[drl]e
�	����|�e±¸Ça`oQSV^`S±Yb^`S©lQ\*^`SfY[�QSV^pe@a`\*Z�SVljSk�Qa¡su^`\[|�Y_�Q�>dracdW\[ljY[U
ik\_ljikhj^c^`SVljiV�j»px3'�\ � Sf�[Sf^fg � draco 5GhjeGa�Y¢suS � ^cSnY[�>Sf^`e�Y[ZQUWSac\�SV¥�Snikh>a`S�drl��jYb^pYbUWUWSVU�¸Çsu\_^ �b7 
9Y[lj��suS � Sf^�hQ�$�QY�a`S4a`^`Y[ljewyY[ikacdW\[lje�»pg � Ybdra*acdW|�Sne�Yb^`S«ewa`Y[^ct�UW��^cSn�>hjikSn��g@Ybl]�7Y��[Sf^`Y[q[S^`Sfec�]\_ljewS«acdW|�Sfe�dW|��Q^`\��[S�Y[iViV\[^p�>dWlQq[UW�[g�Sf�[SVl � draco<5GhjewaªYsuS � �Q^`\>ikSfe`ec\[^peVg>Y[e±ecoQ\ � l¢drl¢a`oQS��jq[hj^cS_x ° a�Ur\ � hQ�$�QY�a`S^pY�acSneVg¡a`oQSOY��[SV^pYbq_S�^cSnew��\[ljecS a`dr|�SOYb�Q�j^c\�Y[ipoQSne�acoQSOecSV^cy
��dWiVS�a`dr|�S�¸u\[s ��|�e�»px �
ljiVS�a`oQd{e4UWSV�_SVU�dWeT^`SfY_ipoQSf��g>Y_�Q�>dWlQq
|�\[^`S��Q^c\>iVSfe`ew\_^`eT�>\�Sfe�lQ\[a�oQSVUW�@x
m�oQd{e�ecSV^`drSne�\bs¡Sk¥>�]Sf^cdW|�SVl�a`e�ewoQ\ � eTa`ojY�a � draco�\_hQ^±|�d¨ylQ\_^4|�\>�>dr�]iVYbacdW\[l@gj�> !iVY[l a`Y[t[S�suhQUrU@Y_�>��Ybl�a`Y[q[S
\bsC|«hQU¨a`d¨y

�Q^`\>ikSfe`ec\[^pe � oQSfl«a`oQS��]Sf^`iVSVl�a`Y[q[S4\bs]hj���QYbacS�a`^`Y[ljecY_i�a`dr\_ljed{eCUW\ � ac\�|�\>�>Sf^`YbacS[g�Y_eCd{e@a`oQS4ifY[ecSHdWlª|�\_ewaÔY[�Q�QUWdWifY�acdW\[l]eVx �
�Ál¢\[hQ^±SV¥���SV^`dW|�Sfl�a`YbU@e`ikSfljYb^`dW\jg�Y«ojdrq_oQSV^±UW\_Y_�0ik\_hQU{�0SnY[ewy
dWUr�¤ojY��[S7Z]SfSVl.Y_iVik\_|�|�\>�QYbacSn�!dWl.Y�ec�>eGa`SV|�\bº$SV^`drljq �
\[^
|�\[^`Sª�Q^`\>ikSfe`ec\[^peVx���a`drUWU¡Z]SVawa`SV^�^cSnewhjU¨ape�|�Y��¢Z]S��]\�ececdry
ZQUWS�d¨s � S�ojY[��dW|��jUrSf|�Sfl�acSf��Ybl�drl�a`SVUWUrdWq[Sfl_a�a`^`Y[ljecY_i�a`dr\_l>y·�hQSVhjSVdWlQq�ecipojSV|�S�acojYba©Y�acacSV|��>ape�a`\�^cSnYb^`^`Y[lQq[S©acoQS � \[^`t�yUW\_Y[� ac\�^chjl0dWlî�jY[^`Y[UrUWSVU$Y[e4|�Ybl���^`SfY[�>yz\_lQUr��a`^`Y[ljecY_i�a`dr\_lje
Y[eTa`oQSV^`S�Yb^`S��Q^c\>iVSfe`ew\_^`efx

�)�=< ) .c�=�
���,����@ ��	 
 >)�b	�� �=����@
° UWdr|�dracdWlQq�s¹Y_i�a`\[^�su\_^T�> �dWl�acojS
ecSV^`drSne�\bs�Sk¥>��SV^`dr|�Sfl_apeHdWl
��Sni�acdW\[l��jx �±dWe@acoQS4lQSVSn��ac\�UW\>ipt�a`oQSHSfl_a`dr^`S©�QYba`Y[ZjY[ecSHdWl�\[^cy
�>Sf^4a`\«^`hQlOYblîhQ���jY�acS*a`^`Y[ljecY_i�a`dr\_l@x�­�S�ojY��[S�su\[hQl]� a`oQdWe
^`Sf·�hQdW^cSf|�Sfl�a�ac\�Z]S¢Sk¥QikSnececdW�[S�dWl�|�Ybl���\bs±acojS0a`SVUWSfik\_|�y
|ªhjlQdWifY�a`dr\_lOY[�Q�QUWdWifY�a`dr\_lje�aco]Y�a � S�ojY��[S�iV\[ljecdW�QSV^`Sf��x ��sÇyacSfl@gTacoQS��jY�a`Y[ZjY[ecSOdWe��]Yb^cacdracdW\[lQSn��g4h]ewhjY[UrUW��Z]Y[ecSf�!\[l:Y
t[Sf��echjipo�Y_eªY�iVhjewac\[|�Sf^ªd{�>SVl�acdr�jSf^fg�|�\[ZjdrUWSky§dW�(l�hQ|«Z]Sf^fg
\[^¡Y�acSVUWSV�joQ\[lQSTl�hQ|ªZ�SV^nx�m�ojdWeÔ�jY[^wa`d¨a`dr\_lQdrljq
YbUWUW\ � eC|«hQU¨a`d¨y�QUWS±ewhQZQy§�QYba`Y[ZjY[ecSfe�ac\�iV\�SV¥>dWewa�\[l�Y*ecdWlQq[UWS�|ªhQUracdW�Q^`\�iVSfe`ew\_^
|�Y[ipoQdWlQS_x<&4Y[ipo(drl]�>dr��d{�>hjY[U4echQZ>yÁ�QY�apYbZjY_ewS�hjecSfe��> ¡g@ZQh>a
�jY[^`Y[UrUWSVUWdWec|£d{e±�]\�ececdWZQUrS�Y[|�\_lQq�ewhjZ>y§�jY�a`Y[ZjY[ecSfefx
° e`echQ|�drlQq�a`ojY�a
Y��QYba`Y[ZjY[ecS�Yblj�¢dra`e � \[^`t�Ur\�Y[�0ifYblOZ�S�jY[^wa`d¨a`dr\_lQSf�(dWl(acoQd{e � Y��[g � S�lQSk¥�a�iV\[ljecd{�>SV^�a`oQS0ifY[ecS�\bs^`hQlQlQdWlQq�\[ljS��QY�apYbZjY_ewS�dWljeGapYbljiVS�¸ � oQd{ipo � S�ifYbUWUjYO/cecdracS�0�»su\[^¢SV�_SV^`�:�Q^c\>iVSfe`ew\_^fx£��dWljikS�SfY_ipo.ewdracS�ojY_e¢Y¤ecSV�jY[^`YbacS

�QYba`YbZ]Y[ecS�|ªh>a`Sk¥�g�acoQd{e��]Yb^cacdracdW\[lQdWlQq dWl�ac^`\��QhjikSne±acojSª��\_ewy
ecdrZQdWUWd¨aG��\bs��jYb^pYbUWUrSfUrd{ec|�lQ\[a)5Ghjewa±Yb|�\[lQqª^cSnY[�>Sf^`efg[ZQhQa�Y[UWec\
���  !� ���
	!� ")
*� �*
*����	�	!
*�� �$ ��" � 	���
 ����	�����	������� !����-#
���
*� ÍnÅ�À�ÄwÒ�Â��

� ¾§Ò�� � ���%����")
*���� !� �� �����$-)	��%���� !� ����� � 
#������ !�	�. 

1

10

100

1000

0 2 4 6 8 10 12

A
ve

ra
ge

 r
es

po
ns

e 
tim

e,
 n

om
in

al
ly

 in
 m

ill
is

ec
on

ds

Number of processors

Serial protocol (SP), 100% updates
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