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acojSOipojSfipt��]\_drl�a`drlQq��Q^`\�iVSfe`e«�Q\�Sne�lQ\ba�Y[if·_hjdr^`Sî�QYba`Y[ZjY[ecS
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Sk¥�a`^cSf|�SfUr��ecoQ\[^ca4Ybl]��acoQS
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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
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ikSnececSfefx��oQdrUWS�\[ljS«�Q^`\>ikSnece*oQ\_UW�Qe*a`oQS �QYba`YbZ]Y[ecS«|«h>acSV¥$g
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Y�a`dr\_l�iVYbl(Z�S�hjecSf��ac\�\��_SV^pik\_|�S«acojS�UrdW|�d¨apY�acdW\[l]e�\bs�acojS
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�>Sf�]Sflj�>SVl]ikdWSfe�Y[|�\_lQq«ac^pYblje`Y[ikacdW\[lje�Yb^`S�|�YbdWl_apYbdWlQSf�@x
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acSf^fg�ZQhQa�Z]SVsu\[^`S.2jh]ewoQdWlQq«acoQS�UW\[q¢¸¹ecSVS*acoQS
�jq_hQ^cS�»px��oQdWUWS
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ikSf�>a`Y[ZQUWS
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�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%"EWN�Z#� W �!\#R SEZ $ $�[,^^AW � P�Y � �b^�W4^ �'�!\ ���bS�^�[�Z!\ �
N � Z $?>�U=[�SVU ^]U�W�R � W � ��.
 H^`\�\bs �X@SVa:H65�Z�S©Y±^`SfY_��yz\_lQUW��ac^pYbl]ecY_i�acdW\[l*a`ojY�a�iV\[|�|�d¨apeVx
X@SVaSH 3 Z�Sîa`oQS¢ac^pYblje`Y[ikacdW\[l�su^`\[| � ojdWipo$H 5 ^`SfY_�Qe«acojYbaojY_e�acoQS�oQdWq[oQSneGa �]ljYbU�acdW|�SneGapYb|��@x)RT�¤ ©^c\_�]\�ewdracdW\[l �[g
H 3 iV\[|�|�d¨apeHU{Y[ewaTYb|�\_lQq�YbUWUja`^`Y[lje`Y[i�a`dr\_lje¡su^`\[| � oQd{ipoSH 5^`SfY[�jeVx0RT�7acoQS �>SV�jlQdracdW\[l�\[s4a`dr|�Sfewa`Y[|���Y[e`ewdWq[lQ|�Sfl_a�a`\
^`SfY[�>yz\_lQUr� ac^pYblje`Y[ikacdW\[ljefgDHKJ * ¸RH 3 »�@ HKJ * ¸CH 5 »�x���dWljiVS H 5
^`SfY[�je¡su^c\_| H 3 g�draTiVY[lQlQ\[a©Z]Sfq[dWl�d¨apeHSV¥�Snikh>a`dr\_l�hQl�acdWU]YbsÇacSV^
H 3 ^`SVUWSfY[ecSfe�acoQS¢�QY�apYbZjY_ewS�|«h>acSV¥$x�RTh>ang¡�Q^cdW\[^�ac\��Q\[dWlQq
ec\jg H 3 Y_iV·�hQdW^cSneA ªÿ HKJ * ¸RH 3 » �zg � oQd{ipo�d¨a¢oQ\[U{�QeîhQl�acdWU
dra`eik\_|�|�dra�^cSnik\_^`��o]Y[e�Z]SfSVl 2jhjecoQSf�@x*H65¢ifYblQlj\ba�ik\[|�|�dra
� dracoQ\_h>a±�j^peGa�Y[if·�hQdr^`dWlQqB ªÿ HKJ+*Q¸CH65n» �6@C «ÿ HKJ4*Q¸RH43f» �§xD:
m�oQS�lQSk¥�aO�Q^`\[��\_ecd¨a`dr\_l�dWe¢ZjY_ewSn��\_l3Y¤eGapYblj�QY[^`�.Y[ewy

echQ|��>acdW\[l¤YbZ�\[h>a�acoQS¢s¹Y[drUWhQ^`Sî|�\>�>SVU�\[s
ik\_|��jh>acdWlQq(ew�>ewy
acSf|�eH��acojYbaTY�s¹YbdWUrhQ^`S
ifYbhjecdWlQqªUW\_e`eH\[s@|�Y[drlî|�SV|�\[^`�«d{eTY
ec��ewacSf|#ik^pY[eco@x



.4��@WE @6���,����@ �$<�� \#Rd^ �'��\ ���bS�^�[�Z!\ ^:U �!^ �VW���� � � �b^!� > � [,^_
^AW�\ "�R ��\ � "EZ#��^AW � ^ �'�!\ ���bS�^�[�Z!\T[,^-��W	� N ��"EZ#��^-� .
 H^`\�\bs ªXCSka H43«Z�S0Ybl�hj���QYbacS�a`^`Y[lje`Y[i�a`dr\_l7a`ojY�a�YbZ�\[^ca`efx
�Sªik\_ljewd{�>Sf^±a � \îiVY[ecSfefx4�ÔdW^`ewafg$Y[e`echQ|�S H+3�YbZ�\[^ca`e � draco>y\[hQa0ojY���drljq��Q^`Sfik\_|�|�drawa`Sf��x ° l���a`^`Y[ljecY_i�a`dr\_lOH95�acojYba
^`SfY[�je«�QYba`Y � ^cdrawa`SVl!Z���H43 |ªhjewa�Y[iV·�hQdW^`S acojS¢�QYba`Y[ZjY[ecS|ªhQacSk¥(Y�sÇa`SV^ H43«^cSfUrSnY[ecSfe*drafx RTh>aªecdrljiVSSH43ªY[Z]\_^wape��Q^`dr\_^
ac\��Q^`Sfik\_|�|�drawa`drljqjgOd¨a�YbZ�\[^ca`e��Q^`dr\_^�a`\�^`SVUWSfY[ecdWlQq)acojS
�QYba`YbZ]Y[ecS0|ªhQacSk¥�g©Y[lj��dra`e�hQ�$�QYbacSfe�Y[^cSîhQlj�>\_lQS[x $�Sk¥�afg
ik\_ljecdW�>Sf^©a`oQS�ewSnik\[l]� iVY_ewS�dWl � ojdWipo H 3 YbZ�\[^ca`eTY�sÇa`SV^TojY���ydWlQq.�Q^`SfiV\[|�|�d¨acacSn��x m�oQSfl a`oQS�UW\[q�dWl�|�Y[drl |�Sf|�\_^c�
¸ � ojdWipo�ik\_l�a`YbdWlje H 3 ¬ e�ik\_|�|�dra�^cSnik\_^`�]»�|ªh]eGa�ojY��_S�Z�SVSflUW\_ewa�Z]SVsu\[^`S�d¨a
iV\[hQU{�¢Z]S 2jhjecoQSf��x�RT�îY_ecechQ|��>acdW\[lCgjY�s¹YbdWU¨y
hQ^`S�aco]Y�a�iVYbh]ewSne Y�UW\_e`e \[s�|�Y[drl�|�Sf|�\_^c�¤d{eîY�ec�>eGa`SV|
ik^pY[eco�drl � oQdWipo«YbUWU_Y[ikacdW�[S�a`^`Y[lje`Y[i�a`dr\_lje@Y[Z]\_^wanx�RT�* ©^c\_�]\[yecd¨a`dr\_l �3¸usu\[^�hQ�$�QY�a`S�a`^`Y[ljecY_i�a`dr\_ljep»�\[^� H^`\[��\_ecd¨a`dr\_l �
¸Çsu\_^H^`SfY[�>yz\_lQUr��a`^`Y[lje`Y[i�a`dr\_lje�»pg[Y[l���ac^pYblje`Y[ikacdW\[l«acojYbaH^cSnY[�
su^`\[| H+3�iVYbljlQ\ba�ojY��_S ik\_|�|�drawa`Sf�(�Q^`dr\_^�ac\�acoQS0acdW|�S0\bs
acojS�ik^pY[ecoîYbl]�0a`oQSV^`Sksu\_^cS�Y[Z]\_^wapeVx :
$�SV¥�afg � S Y[�j�>^cSnece!a`oQS d{ecechQS9\bs(ZQUW\�ipt�dWlQq¦\[lMacojS�QYba`YbZ]Y[ecS�|ªh>a`Sk¥�xO�S dWq[lj\[^`S�acoQS¢iVY[ecS � oQSf^cS Y[l�\[��SV^cyY�a`drljqOec�>eGa`SV| �j^c\>ikSnece��>dWSfe � ojdrUWS�oQ\[U{�>dWlQq¢acoQS��QYba`Y[ZjY[ecS|ªhQacSk¥�xªm�ojdWe�d{ecechQS�dWe
a`^cSnY�acSn��\_h>a`ecdW�QS«a`oQS�eciV\[��S«\[s©acojS

ac^pYbl]ecY_i�acdW\[l�|�Y[ljYbq_SV^nx��Álj�>SVSn���*Y�a`Y_RTUrdracþ_g�acoQSTew�>ewacSV| � ShjecSf�«drl�\_hQ^¡Sk¥>�]Sf^cdW|�SVl�a`efg[�>SVacSni�a`e©Yblj�«�Q^`\[��SV^`Ur��^`SfiV\��[SV^pe
su^`\[|#echjipo�eciVSVljY[^cdW\_efx
.4��@WE @6���,����@ � (�� ^-����\ ���1S�^[�Z�\ U�Z ����[]\�` ^]U�W ���!^ � " � ��W
$�P�^�W�&CS ��\#\ Z!^ "�� Z�SVX N�Z#� ��[ � X������ \ Z#� N�Z#� ��\ Z!^]U�W�� $ P=_
^AW'& .
 H^`\�\bs �m�oQS�\[ljUr���>d{ewt������«gja`oQS�Ur\_q?2jhjeco@g��>\�Sfe*lQ\[a*\>iky
ikhj^ � oQdrUWS�acoQS �jY�a`Y[ZjY[ecS�|ªh>a`Sk¥7d{e�oQSVU{��x�m�oQS�\[ljUr�7ifY[ecS
� oQSf^cS©Y±ac^pYblje`Y[ikacdW\[l�Y[if·_hjdr^`Sfe@Y�|ªh>a`Sk¥ � oQdWUrS4oQ\[U{�>dWlQq±acojS�QYba`YbZ]Y[ecST|«h>acSV¥�d{e�a`oQS�ifY[ecS±\bs�Ybl�hQ�$�QY�a`S±ac^pYbl]ecY_i�acdW\[l H
Y[if·�hQdr^`dWlQqB ªÿ HKJ * ¸RH*» �zx�RTh>a
ecdrljiVS�dra�oQ\[U{�Qe�a`oQSª�QYba`Y[ZjY[ecS
|ªhQacSk¥(Y�a�acojdWe���\[dWl�afg�lQ\�\ba`oQSV^�a`^`Y[ljecY_i�a`dr\_l�ik\_hQU{�7ojY��_S
^`SfY[��su^`\[|AH�Yblj�!lQ\�\[acoQSf^�hQ���jY�acSOa`^`Y[lje`Y[i�a`dr\_l!iV\[hQU{�
ojY��_S«��SV^csu\[^`|�Sf�7Y[l7hQ�$�QYbacS�Y�sÇa`SV^ H Z�SVq�Ybl@x�m�oQSV^`Sksu\_^cS_g
HKJ * ¸RH*»Hd{eTewac^`d{i�acUW��acojS*U{Yb^`q[SneGa4acdW|�Sfewa`Yb|��î\bsÔY[l��«a`^`Y[ljewy
Y[ikacdW\[l0Y[lj�A «ÿ H J * ¸CH*» �@iVY[lQlQ\[a4ojY��_S�Z�SVSVl¢Y[if·_hjdr^`Sf���j^cSVy
��dr\_hjecUr� Z��0Y[l�� \ba`oQSV^�a`^`Y[ljecY_i�a`dr\_l@x :

(��=<)��( ��;�E �	0; 	�� ���=����@ � @6� > .
�S�lQ\ � �>Sfe`ik^`dWZ]SªecSV�_SV^pYbU�dW|��QUrSf|�SVl�a`YbacdW\[l��>SVa`YbdWU{e±aco]Y�afgsu\[^�ecdW|��jUrd{ikdraG�[g � S�ojY��[S�dWq[lQ\_^cSn��a`o�h]e�s¹Yb^nx
	 @6� ��
 ��� 9 �'� 	5>)���1	 @6�O� B �C; 	������D;*E\? ° e0�j^cSVy
ecSVl�acSn��YbZ�\��[S[gCacdW|�Sfewa`Yb|��jeªq[^`\ � Sf�[SV^ªUWY[^cq_SV^nx �Ál��Q^pY[ikyacd{ikS_g � S�iVY[l�^cSneGapYb^ca�dWe`echjYbljiVS�\bs¡acdW|�Sfewa`Y[|��]e�a`\ hQ�$�QY�a`Sac^pYbl]ecY_i�acdW\[l]e�Y�a � � oQSVlQSf�[Sf^�a`oQS�ec�>eGa`SV|�e*^cSneGapYb^ca`efg]�j^c\[y��dW�QSf�7acojYba � S�YbU{ew\î^cSnewSVa�YbUWU¡�jY�a`Y0acdW|�Sfewa`Y[|��]e*ac\OþVSf^c\]x° a�ec�>eGa`SV|ý^cSneGapYb^cafgÔ^cSnewSVawa`drlQq��QY�apYOacdW|�Sfewa`Yb|��je«d{e�SfY_ew�
ac\��>\]g_Y_eCa`oQS��QYba`YbZ]Y[ecSTd{e¡^`SVUW\_Y[�QSf��dWl�ac\�|�SV|�\[^`�[x ° a�acojS
�Q^`dWiVS4\[s�ecUrdWq[o�a`Ur��q_^cSnY�acSf^ÔiV\[|��QUWSk¥>draG�[g�a`dr|�Sfewa`Y[|��je¡iVYbl�Z�S
^`SfecSka�Ybl���a`dr|�S�acojS�ew�>ewacSV|#dWe�·�hQdWSfe`ikSfl�afx
B �T; 	������D;�E�3����� � �����
���8� ? ° acdW|�SneGapYb|��(dWe�Y_ecec\>ikdry
Y�a`Sf� � dracoOSfY_ipo¢�QYba`Y�dracSf|¢gjoQ\ � Sf�[Sf^fg � S�ojY��[S*lQ\ba�ec��Sfi�ydr�jSf��ec\�s¹Y[^ªSV¥>Y_i�a`Ur�(oQ\ � U{Yb^`q[S0Y /c�QYba`Y�dracSf|-07dWefx�m�ojS

^`SVU{Y�acdW�[S�Y[�Q��Y[l�a`Ybq_Sfe
\bs4iV\_Y[^`ecS«Y[lj���]lQS�q[^pYbl�hQU{Yb^`d¨aG�OYb^`S
� SVUWU�t�lQ\ � l@x
��dWlQS�q[^pYbl�hQU{Yb^`d¨aG�îYbUWUr\ � e�q[^`SfY�a`SV^���\ba`SVl�acd{YbUik\_ljikhj^c^`SVljiV��Ybaªa`oQSî�j^cd{ikS¢\bs�oQdWq[ojSV^�\��[SV^`oQSnY[��ac\�eGa`\[^`S
Ybl]��|�YbdWl_apYbdWlOacdW|�Sfewa`Yb|��jefx �Ál(�> ¡gQa`dr|�SneGapYb|��je*ik\[l�a`^c\_U
\[ljUr� � ^cdracSVyz^`SfY_��ew��ljipoQ^`\[ljdrþnY�acdW\[l�Y[lj��^cSfUWYbacdW�[SfUr�ªsuS � hQ�>y�QYbacS�a`^`Y[lje`Y[i�a`dr\_lje�Y[^cS�UWdWt[SVUW�îac\0Z�S«Y � YbdracdWlQq Y0Ur\_qd2jhjecoY�a*Ybl��0��\[dWl�a�drlOa`dr|�S_x�m�o�hjefgj\_lQUW�¢Y�UW\ � �QSVq[^`SVS�\[sHik\[lQyikhj^c^`SVljiV��dWeÔhjechjYbUWUW��lQSVSn�>Sf�«Yblj�«ik\_Y[^`ecS�a`dr|�Sfewa`Y[|��«q_^`Y[l>y
hQU{Yb^`d¨aG�îewoQ\_hQU{�îech � ikS�dWlîq_SVlQSf^`Y[U®x
�Q\_^�\_hQ^±acSfUrSnik\_|�|«hQlQd{iVYbacdW\[l�Yb�j�QUrd{iVYbacdW\[ljefg]acoQSªY[�Q�QUWd¨y

iVYbacdW\[l�d¨apewSfU¨sThjewh]YbUWUr�OdWlj�>d{iVY�a`Sfe*a`oQS /cljY�a`hQ^pYbU:0 q[^pYbl�hQU{Yb^cy
draG�[gQS_x q]xrgQY�ikh]eGa`\[|�SV^±^`SfiV\[^p� \[^�Y[l<'
X)(1^`Sfik\_^`�@x
� �¢=CJ��pFHJ  õ��B��$=����±?�=@J]¶  õ=CB4<Q�
�Ál9\[^p�>SV^¢a`\�SV��YbUWhjY�a`S��> ¡g � S�ifYb^`^cdWSf�3\[h>a�Y�ecSV^`drSne¢\bs��SV^csu\[^`|�Y[ljikS�Sk¥>��SV^`dr|�Sfl_ape�hjecdrlQq��*Y�apY[RTUrdracþ_x��*Y�apY[RTUWd¨a`þ
hjecSfe�eGa`^cd{i�a �b 4X£su\_^�iV\[ljiVhQ^c^`SVl]ik�)ik\_l_a`^c\_U®x '�\ � SV�_SV^ng�*Y�a`Y_RTUrdracþ*YbU{ew\ªechQ�Q��\[^ca`eHacoQS�YbZjdrUWd¨aG�«ac\ªachQ^`l \[º¢UW\>ipt�dWlQq]g
\bº$SV^peªiV\[l�ac^`\[U4\��[Sf^�acoQS¢��\[dWl_a�Y�a � oQdWipo�Ur\_q[q[dWlQq�\_�]Sf^`YbyacdW\[l]e Yb^`SO�]Sf^wsu\_^c|�Sf�@gTY[lj���j^c\���d{�>Sfe�Y[l!S���iVdrSfl�afg�hjecSV^cy
UWSV�[SfU�ewSf|�Y[�QoQ\_^cS«dr|��QUWSV|�SVl�apY�acdW\[l:ÿ �
�§x &�ecdWlQq0a`oQSfecS�suSfYby
achj^cSneVg � SOdW|��jUrSf|�Sfl�acSf�!a`oQS7�> õ�Q^`\bac\>iV\[U±�>Sfe`ik^`dWZ]Sn��dWl��Sni�acdW\[l �]x ��Y�a`\[�îacoQSªSk¥>dWewacdWlQq]g>Ur\ � SV^cyzUWSV�_SVU$�Q^`dr|�dracdW�[Sne�\bs�*Y�a`Y_RTUrdracþ_xTm�oQd{e±�Q^`\���dW�QSf�OY�ewdWlQq_UrS��QU{Y�acsu\[^`| � oQ\�ewS�Z�SkyojY���dW\[^±ik\_hQUW�îZ�S�ac\[q_q[UWSf�îZ]SVa � SfSVlOeGa`^cd{i�a �[ ©X�Yblj���> ¡x
�
hQ^�Sk¥>��SV^`dr|�SVl�apYbU �QYba`YbZ]Y[ecS!ik\_ljecdWewacSn� \bs¢Y1ecdWlQq[UWS

ojY_ewo�apYbZQUWS[g � draco��b7Qg 7b717 ���by§Z��_a`S�^cSnik\_^`�Qefx@�S©��SV^csu\[^`|�Sf�Sk¥>��SV^`dr|�Sfl_ape7\_l�Y.hQlQdryz�Q^`\>ikSnecec\[^�ew�>ewacSV| ��Yb^`��drljq�acojS
|ªhjU¨a`d¨y§�Q^`\[q[^pYb|�|�dWlQq0UWSV�_SVUÔsu^c\_| �ªa`\����>x«R4SVsu\[^`SªZ�SVq_drl>y
lQdWlQqjg�SfY_ipo�ac^pYbl]ecY_i�acdW\[l��>Ska`SV^`|�drlQSn��^`Y[lj�>\[|�UW� � oQSka`oQSV^dra � Y_e�Y�^cSnY[��y§\[lQUW��\[^HY[l�hQ���jY�acS�a`^`Y[lje`Y[i�a`dr\_l¢¸®Y[ifik\[^p�>dWlQqac\OY¢�Q^`\[ZjY[ZQdrUWdraG�îa`ojY�a � Y[e*YbU{ew\¢��Yb^`drSn�]»px &©Y[ipo7ac^pYblje`Y[ikyacdW\[l(�Q^`\[Z�Sf� �!7¢Sfl_a`^cdWSfe�dWl�acoQS a`YbZjUrS_gCSVdracojSV^�^`SfY[�QdrlQqO\_^
hQ�$�QY�a`drljq�SfY[ipo�SVl�a`^c��¸®Y[e��>SVacSf^c|�dWlQSf�(YbZ�\��[S�»px �
hQ^�SV¥�y
��SV^`dr|�SVl�a � Y_eC�>SnewdWq[ljSf��a`\*ecdr|«hQU{Y�acS©acoQS � \[^`t�UW\_Y_�*q[SVljSV^cyY�a`Sf�¢Z���acSfUrSnik\_|�|«hQlQd{iVYbacdW\[l�Yb�Q�jUrd{iVYbacdW\[lje±echjipoOY[eTacoj\_ecS
�>d{eciVhje`ewSn��dWl���Sni�acdW\[l �>x �Ál«\_^`�QSV^�ac\�Y��[\[d{��a`oQS4��\_e`ecdrZQdWUWd¨aG�
\bs©�QSfY[�QUr\>iptOZQd{Y[ecdrlQq0\[hQ^
^cSnewhQUra`e*Ybq�YbdWljewa�acoQS�ewac^`dWika �b 4X
iVY_ewS_g�a`Y[ZQUrS�Sfl_a`^cdWSfe � SV^`S��Q^`\[Z�Sf�¢ewSn·_hjSVl�acd{YbUWUr�_x�S �>dWe`ikh]ece�Z�\ba`o(acoQ^`\[hjq[oQ�QhQaªYblj��acojS |�\[^`S�dr|���\[^cy
a`Y[l�a�|�SVac^`dWi
su\_^±\[hQ^�Y[�Q�QUWdWifY�acdW\[l]eVg>^`Sfec�]\_ljecS�a`dr|�S[x
����� B��)��@ �:9 �YE ���4�#�*���)� � �!���@6� @ � 7 E�
��=��	�� ����
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�Ál�\[hQ^¡�]^`ewa©ewSVaH\bs$Sk¥>��SV^`dr|�SVl�apeVg � S�|�SfY_ewhQ^`Sf�«|�Y�¥>dW|ªhQ|acoj^c\_hQq[oQ�jh>a�su\[^��*Y�a`Y_RTUrdracþ�hjecdWlQq �> ¡gQYblj�0su\[^��*Y�apY[RTUWd¨a`þ
hjecdrljq1ewac^`dWika �[ ©X©g*Y_e�Y.suhQljikacdW\[l�\[s0Z�\baco�acojS!|«hQU¨a`d¨y
�Q^`\[q_^`Y[|�|�dWlQqªUWSV�_SVU�Ybl]��acojS��]Sf^`iVSVl�a`Y[q[S�\[sCa`^`Y[ljecY_i�a`dr\_lje
aco]Y�aîY[^cS�hj���QYbacS�a`^`Y[lje`Y[i�a`dr\_ljefx1m�oQS7^cSnewhQUra`eîYb^`S�drUWUWhjeGy
ac^pY�a`Sf�7drl���dWq[hj^cS��Qx �Ál�a`oQSª�]q[hQ^`S[g � Sª�QUW\ba*acoQ^`\[hjq[oQ�QhQa¸Ça`^`Y[lje`Y[i�a`dr\_lje4�]Sf^�ewSnik\[l]�]»HY_e�Y�suhQl]i�acdW\[l¢\bs�acoQS*su^pY[ikacdW\[l
\bs*ac^pYbl]ecY_i�acdW\[l]e�acojYbaîYb^`SOhQ���jY�acS�ac^pYblje`Y[ikacdW\[lje�Ybl]�¤�Q\
acojdWeªsu\[^����>dWewacdWljika«UWSV�[SfUWeª\bs±|ªhjU¨a`dr�Q^`\[q_^`Y[|�|�dWlQq]x<&4Y[ipo
q[^pYb�jo�ojY[e � ikhj^c�_Sfe	4\_lQS�su\_^*�> ¡g$Yblj��\[lQS�su\_^ �[ ©X©xj�S
ecSVS a`ojY�a0�> �YbU � Y��>eª�]Sf^wsu\_^c|�e«Z]SVawacSf^fg4Sfec�]Snikd{YbUWUr� � oQSflsuS � SV^îaco]Ybl �17 
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Update rate = 100%, write txns[SP]
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Serial protocol (SP)
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Serial protocol (SP), 100% updates
Serial protocol (SP), 50% updates
Serial protocol (SP), 10% updates
Serial protocol (SP), 1% updates
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